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Abstract

Background: Few mobile apps have strategies for self-monitoring multiple heart-healthy behaviors simultaneously, as well as
automated and tailored feedback on individual behavioral outcomes for cardiovascular health. An app named “My HeartHELP”
was developed for the general adult population to promote 6 heart-healthy lifestyle behaviors—physical activity, nonsedentary
behaviors, healthy eating behaviors, nonsmoking, no alcohol binge drinking, and self-assessment of body weight. Three behavioral
strategies were used: (1) text messaging the users for information on cardiovascular health, (2) self-monitoring of 6 heart-healthy
behaviors to fill out the blanks of behavioral items, and (3) automated and tailored feedback messaging to users for behavioral
outcomes obtained from self-monitoring.

Objectives: This study aimed to evaluate the feasibility and acceptability of the “My HeartHELP” app.

Methods: The participants were 29 community residents in Seoul, South Korea, who met at least 1 criterion of metabolic
syndrome. To evaluate the feasibility, we assessed 3 records, which are as follows: First, the “record for self-monitoring” was
determined as feasible if an average percentage for each of the 6 behaviors over 4 weeks was 75% or higher based on percentages
of participants who completed to record each of 6 heart-healthy behaviors. Second, the “record for access to the app” was
determined as feasible if users accessed at least once a day on average per week. Third, “records for behavioral changes” over 4
weeks were collected via a self-reported questionnaire. To evaluate acceptability, we used an assessment tool comprising 12
items that included subscales for comprehensibility, ease, health benefits, technical completeness, overall satisfaction, and
recommendation to others on a 5-point Likert scale. Acceptability was determined as acceptable if the average scores for the total
scale and each subscale were 3.5 points or greater. Second, qualitative data were collected through 2 focus groups, each consisting
of 14 or 15 participants. All data were collected in June and July 2022.

Results: During the 4 weeks, 95.6% (range: 85.8%-97.4%) of the participants adhered to more than 75% of “completion of
daily self-monitoring of each heart-healthy behavior,” having met the criterion. The participants accessed the app on average 1.8
(SD 1.70) times per day, meeting the criteria. Participants had positive behavioral changes in all 6 behaviors, of which nonsedentary

behavior (10%-28%; χ2
1=1.76; P<.001) and non–fast-food intake were especially statistically significant (72%-93%; χ2

1=5.64;
P=.03) over 4 weeks. Participants reported 3.8 points for a total score of acceptability and more than 3.5 points for all subscales,
which met the criterion. Qualitative data obtained from focus groups indicated that automated and tailored feedback messages
motivated participants to promote healthy lifestyles.

Conclusions: The “My HeartHELP” app may be a feasible and acceptable mobile app to promote self-monitoring and possibly
behavioral changes in heart-healthy lifestyle behaviors.

(JMIR Form Res 2025;9:e66108)   doi:10.2196/66108
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Introduction

Cardiovascular disease is preventable through the promotion
of heart-healthy behaviors, such as physical activity,

nonsmoking, nonsedentary, and healthy eating behaviors,
refraining from alcohol binge drinking, and self-assessment of
body weight [1,2]. Each additional behavioral modification may
reduce the risk of cardiovascular disease [1,3]. However, only
a small percentage of the population is known to adhere to these
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behaviors [4,5]. In this context, strategies are needed to
effectively change multiple heart-healthy behaviors that are
accessible to everyone, even before the onset of heart disease,
and in community settings.

An app of mobile health technologies that allow
community-dwelling individuals to monitor their own health
behaviors and promote health behaviors in their daily lives may
be needed to effectively change heart-healthy behaviors [6].
Mobile apps have the advantages of self-directedness, instant
connectivity, ubiquity, personalization, and interactive learning
through social engagement [7], which may enhance
self-monitoring and practice of health behaviors without time
and space constraints. However, few mobile apps are equipped
with strategies for a 1-stop approach to monitor multiple
heart-healthy behaviors that may correlate with each other [8]
and target individuals without cardiovascular disease in a
community setting. However, evidence indicating that mobile
health technologies can effectively improve heart-healthy
behaviors is lacking. This may be due to a lack of empathy and
ineffective educational effects through active and persistent
interactions with cardiovascular experts [9]. In this context,
mobile technologies should be designed to enhance the
self-monitoring of their own behaviors and interactions between
mobile app users and experts in the context of cardiovascular
prevention and promotion.

Several mobile apps have been developed to monitor health
behavior changes [10,11] in the context of disease management
for hypertension, diabetes, cardiovascular disease, cancer, and
obesity [12-15]. However, the monitoring strategies used in
each study were inconsistent [16]. In addition, the design of
such mobile apps for health behavioral interventions has been
confined to the process of self-reporting individual health
behaviors in the form of a checklist [17]. Finally, few
health-promoting mobile apps have automated feedback text
messages for individual behavioral outcomes achieved with the
self-monitoring of multiple lifestyle behaviors in the context of
cardiovascular health.

The Information-Motivation-Behavioral Skills model (IMB
model) is widely used as a theoretical framework for predicting
health behavior changes [18]. The IMB model addresses the
core constructs of information, motivation, and behavioral skills
as prerequisites for health behavior change and assumes that
when an individual acquires sufficient information related to
health behavior, is motivated to change behavior, and improves
behavioral skills, their behavior change and maintenance are
promoted, which in turn can improve health levels [18]. In this
theoretical background, we designed a mobile app to be
embedded with behavioral strategies to encourage individuals
to be informed, motivated, and skilled in behavior change by
using cognitive-behavioral strategies addressed by the American
Heart Association [19].

One such app is the “My HeartHELP” app, which was developed
for the general adult population to promote heart-healthy
lifestyle behaviors based on the constructs of information,
motivation, and behavioral skill in the IMB model [20]. The
“My HeartHELP” app is an abbreviation derived from the
Heart-Healthy Lifestyle-Promoting app [21]. This app targets

6 heart-healthy lifestyle behaviors, such as physical activity,
nonsedentary behaviors, healthy eating behaviors, nonsmoking,
refraining from alcohol binge drinking, and self-assessment of
body weight [22,23]. Of the 6 behaviors, 5 were selected based
on the rationale that the US Centers for Disease Control and
Prevention emphasizes key preventive behaviors for heart health,
including healthy food and beverage choices, maintaining a
healthy weight, engaging in regular physical activity, and
nonsmoking [23]. An additional behavior, nonsedentary
behavior, was incorporated due to the established association
between sedentary behavior and increased cardiovascular risk
[1]. The “My HeartHELP” app was designed with three
behavioral strategies : (1) text messaging users for information
on cardiovascular health, (2) self-monitoring of 6 lifestyles, and
(3) automated and tailored feedback text messaging to users for
behavioral outcomes obtained from self-monitoring. To increase
the construct of information in the IMB model, texts on
knowledge about cardiovascular prevention [24] was provided
via text messaging. To increase the constructs of motivation
and behavioral skills in the IMB model, goal setting [25,26],
self-reflection via self-monitoring of behaviors [27], and positive
reinforcement and tailored real-time feedback of behavioral
performance via text messages [28,29] were installed in the
“My HeartHELP” app. In particular, providing feedback is a
well-established strategy in behavioral interventions. A
Cochrane review underscored its importance in facilitating
behavior change, particularly in contexts where substantial
improvement is needed [30]. This aligns with the American
Heart Association’s cognitive-behavioral strategies, which also
emphasize feedback as a key component in sustaining behavioral
improvements [19].

In this context, we aimed to assess the feasibility and
acceptability of the “My HeartHELP” app in this study to
conduct a future randomized controlled trial
(ISRCTN83643383).

Methods

Study Design and Sample
This study used a mixed methods design [31] with a
single-group approach to evaluate the feasibility and
acceptability of the “My HeartHELP” app using both
quantitative and qualitative data. This study design was chosen
to incorporate qualitative data, in addition to quantitative data,
to facilitate a more comprehensive evaluation of app users’
perceptions of its acceptability, including its health benefits and
overall usefulness. The app was implemented over a 4-week
period. Data were collected at both pretest and posttest stages.
At each stage, a questionnaire was administered, and at the
posttest stage, focus group discussions were conducted.

The participants were 29 adults. They were recruited by the
following ways: First, we posted a recruitment notice on the
bulletin boards of the university affiliated with the researchers.
Second, we additionally posted it on a community-based mobile
commercial and life platform (ie, Karrot app). In this way, the
Karrot automatically displays the notice to residents in 174
neighborhoods across 5 municipal districts surrounding the
university in Seoul, South Korea. Individuals interested in
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participating in the study contacted the researchers via mobile
communication platforms (eg, the KakaoTalk app) or by phone,
after which an eligibility screening was conducted based on the
following criteria. The inclusion criteria were adults (1) aged
between 20 and 64 years who had at least one of the metabolic
syndrome components (ie, abdominal obesity, hypertension,
dyslipidemia, or glucose intolerance). The exclusion criteria
were individuals diagnosed with (1) cardiovascular disease and
undergoing treatment, (2) major depression or anxiety disorder,
(3) physical impairment, (4) cognitive impairment, and (5)
difficulties in using a mobile app.

The sample size was determined to be 30 adults based on a
study by Symer et al [32] that tested the validity of a mobile
app. Of the 30 participants, 1 lost contact during the study period
of 4 weeks and 29 were included in the final analysis of
quantitative and qualitative data.

Overview of the “My HeartHELP” App
The “My HeartHELP” app was designed with 3 behavioral
strategies, that is, behavioral information, behavioral
self-monitoring, and behavioral performance/feedback. The
structure and content of the app are described in detail in Figure
1 and Table 1.

Figure 1. Overview of the “My HeartHELP” app. This mobile app was developed in Korean and designed based on 3 behavioral strategies: behavioral
information, behavioral self-monitoring, and behavioral performance/feedback. In this study, the app was applied over a 4-week period to 29 participants
residing in Seoul, South Korea, who were at risk for cardiovascular disease. Pre- and posttests were performed to evaluate the feasibility and acceptability
of the app.
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Table . The structure of the “My HeartHELP” app: its strategies and contents.

ContentsStrategies

Behavioral information • Behavioral knowledge

• A total of 43 text messages for symptoms and characteristics of cardiovascular disease, cardio-
vascular risk factors, and heart-healthy behaviors

• 8‐11 texts delivered per week to participants
• From Monday to Friday at 1:00 PM over 4 weeks

Behavioral self-monitoring • Ensuring that the participants recorded the extent to which they practiced each of the 6 heart-
healthy behaviors during the entire day

• Physical activity (steps of walking and types and minutes of moderate-intensity exercise)
• Sedentary behavior (time, hours)
• Eating behavior (fruit and vegetable, sugar-sweetened beverage, fast foods, foods high in sat-

urated fat or trans fat, whole grain, and sodium intake)
• Self-measurement of body weight (kg per day)
• Smoking behavior (cigarettes per day)
• Alcohol-drinking behavior (drinks per day)

Behavioral performance/feedback • Interface displays according to the level of heart-healthy behavior achieved over the entire
day, 7 days (a week), and 30 days (a month)

• Based on the algorithm for behavioral target goals that the authors had installed for each of 6
heart-healthy behaviors

• Automated and tailored feedback text messaging
• Daily at 9:30 AM from Monday to Friday
• Weekly at 9:30 AM on Monday
• Monthly at 9:30 AM on the first Tuesday

• Example: “You did a good job today” or “You almost reached your goal today. Just a little
more effort, and you will reach your goal. Cheer up!”

Behavioral Information
“Behavioral information” refers to text messaging of
heart-health–related information on the characteristics of
cardiovascular diseases and heart-health–related behaviors
(Figure 1 and Table 1). Text messages were delivered as push
notifications 5 times per week at 1:00 PM over a course of 4
weeks.

Behavioral Self-Monitoring
“Behavioral self-monitoring” refers to the participants’recording
the extent to which they achieved 6 heart-healthy behaviors
(Figure 1 and Table 1). Physical activity was recorded into 2
types: daily step counts for walking and daily time duration for
moderate-intensity aerobic exercise; sedentary behavior recorded
screen time (hours); and eating behavior recorded frequencies
and types of whole grain intake, fruit and vegetable intake,
sugar-sweetened beverage intake, sodium intake, fast-food
intake, and intake of foods high in saturated fat. The participants
were instructed to weigh body weights to measure and record.
Participants were asked to daily record whether they smoked
cigarettes and, if so, how many cigarettes they smoked. The
participants were requested to record the frequency of alcohol
consumption with a standard glass [33,34].

Behavioral Performance/Feedback
“Behavioral performance/feedback” refers to automatized and
tailored interface displays including diagram and texts (Figure
1 and Table 1) according to outcomes adhered to 6 heart-healthy
behaviors achieved over 1 day, 7 days (a week), and 30 days (a

month), based on the algorithm for behavioral target goals that
the authors had installed for the 6 heart-healthy behaviors.

The frequency of feedback delivery was structured as daily,
weekly, and monthly, based on the rationale that frequent
feedback may enhance motivation, self-monitoring, and goal
attainment for behavioral change [35], and that daily, weekly,
and monthly self-monitoring may support positive health
outcomes [35-37]. Push notifications were delivered to request
access to the interface display.

Daily outcomes are displayed as achieved scores out of 10 points
(eg, 6/10) (Figure 1), weekly outcomes as achieved scores out
of 100 points and bar graphs per behavior (Figure 1), and
monthly outcomes as achieved scores out of 100 points and the
symbol of the heart if achieved. Specifically, the daily outcomes
were obtained by achieved scores from the components of 6
behaviors. Physical activity was evaluated by awarding 1 point
for achieving a minimum of 8000 steps per day [38] or engaging
in at least 30 minutes of moderate-intensity exercise per day
[39]. Nonsedentary behavior was assessed by awarding 1 point
for limiting sedentary time to less than 2 hours per day [40].
Eating behaviors were evaluated across multiple dietary
components. Fruit and vegetable intake was assessed by
awarding 1 point for consuming a minimum of 5 servings per
day [41]. Similarly, 1 point was awarded for abstaining from
sugar-sweetened beverages [42], avoiding fast-food consumption
[43], refraining from consuming foods high in trans fats [44],
and maintaining sodium intake below 1500 mg per day [45].
Self-monitoring of body weight was assessed by awarding 1
point for weighing oneself daily [46,47]. Smoking behavior was
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evaluated by awarding 1 point for complete abstinence from
smoking [48]. Finally, alcohol consumption was assessed by
awarding 1 point for limiting intake to fewer than 5 drinks per
day for men and fewer than 4 drinks per day for women [49].

Weekly outcomes were derived from the average scores obtained
over 7 days, which were then converted to a 100-point scale
and categorized into 3 ranges: ≥70, 50‐69, and <50. Feedback
texts were generated based on these score ranges. Similarly, a
monthly outcome was calculated from the average scores over
the previous 4 weeks, converted to a 100-point scale, and
classified into 2 categories: ≥70 and <70. Corresponding
feedback texts were generated accordingly.

To account for users’ baseline characteristics and minimize
redundant data entry, participants who self-identified as
nonsmokers and nondrinkers were provided with a tailored
interface that excluded smoking- and alcohol-related inputs. In
addition, they received automated feedback reinforcing their
adherence to these behaviors.

Study Procedure and Data Collection
The study procedure and data collection were conducted in 3
sequential stages between June and July 2022 in Seoul, South
Korea. Specifically, the pretest was conducted on June 16‐17
(stage 1), followed by the 4-week implementation of the “My
HeartHELP” app from June 20 to July 17 (stage 2). The posttest
and focus group sessions took place on July 21‐22 (stage 3).

Stage 1: The pretest took place on the same day using a
self-reported questionnaire on general characteristics and
heart-healthy behaviors. After the pretest, the pre-education
session for informing the usage of the “My HeartHELP” app
was conducted as a face-to-face group session. At this session,
the principal investigator (JC) presented a lecture to inform the
characteristics of heart disease and the importance of promoting
heart-healthy behaviors for 20 minutes. This lecture aimed to
provide background knowledge on the variables measured by
the mobile app and to facilitate understanding of the app’s usage.
Following the lecture, the researchers provided a detailed
explanation of the structure and usage of the “My HeartHELP”
app, along with an overview of the overall research process.
Stage 2: The implementation of the “My HeartHELP” app took
place for 4 weeks without contact with the researchers in
between. Stage 3: Postsurvey and focus group session took place
on the same day after the end of the 4-week implementation.
The postsurvey session was administered using the self-reported
questionnaire with heart-healthy behaviors (ie, repeated
measures) and the acceptability of the app. Focus group sessions,
each lasting 60 minutes, were conducted with 2 groups
comprising of 14‐15 participants per group to assess the
acceptability of “My HeartHELP” app. The principal
investigator (JC) facilitated the discussion by using open-ended
questions, probing questions, and laddering techniques [50] to
encourage participants to freely express their thoughts and
provide in-depth feedback. Key topic areas included overall
impressions, strengths and weaknesses, comprehensibility,
perceived health benefits, and usability (ie, ease of use and
convenience in navigation and operation). In addition, challenges
such as system errors, data input difficulties, and technical issues
were explored. Participants also suggested improvements related

to system errors, data input difficulties, and readability concerns.
All sessions were audio-recorded and transcribed verbatim for
analysis.

Study Variables and Metrics
General characteristics included sex, age, college-educated
status, employment status, exposure to heart health education,
history of chronic diseases (ie, hypertension, diabetes mellitus,
or dyslipidemia), and self-reported height and body weight.

The Feasibility of “My HeartHELP”
To evaluate the feasibility of “My HeartHELP,” we assessed
the following 3 behavioral records: First, the “record for
self-monitoring” was determined based on the data of the
percentage of participants who completed recording each of 11
behavioral components (Figure 1) of the 6 heart-healthy
behaviors per day, and their average percentage over 4 weeks
was assessed. We determined that this was feasible if the average
percentage was 75% or higher [32]. Second, the “record for
access to the app” was determined based on the data of a mean
of daily access counts per week. Next, we determined whether
it was feasible for the users to access the app at least once a day
on average per week. Third, the “record for behavioral changes”
was determined as feasible if participants showed improvements
in each of the 6 behaviors when comparing pretest and posttest.
Among the 6 behaviors, the following behaviors were included
in the analysis : Physical activity (2 items) was assessed as
moderate-intensity aerobic exercise for 150 minutes per week
[39]. Walking (2 item) was also assessed for 150 minutes per
week [38]. Nonsedentary behavior (1 item) was assessed daily,
defined as having less than 2 hours of screen time (screen time
included activities such as watching TV and using a mobile
phone, computer, or tablet, excluding work- or study-related
activities) [40]. The intake of fruits and vegetables (1 item) was
assessed as 2 or more servings per day [41].
Non—sugar-sweetened beverage intake (1 item) was assessed
none per day [42]. Non—fast-food intake (1 item) was assessed
as consumption less than 2 times per week [43]. Whole grain
intake (1 item) was assessed as consuming 2 or more servings
per day, where 1 serving equals 1 slice of whole grain bread
[51]. High-risk alcohol consumption (2 items) was defined as
5 or more drinks per session for men (including 4 or more drinks
per session for women) [49]. Maintaining healthy body weight
(1 item) was assessed by having participants report their current
weight.

The Acceptability of “My HeartHELP”
To evaluate the acceptability of “My HeartHELP,” we used
quantitative data from an assessment tool and qualitative data
from focus groups. First, we developed the assessment tool with
12 items that consisted of the following subscales:
comprehensibility (2 items), ease (2 items), health benefits (5
items), technical completeness (1 item), overall satisfaction (1
item), and recommendation to others (1 item). Health benefits
were categorized into “behavioral information,” “behavioral
monitoring,” and “behavioral performance/feedback.” The items
were scored on a 5-point Likert scale (1=not at all, 2=quite not,
3=somewhat, and 4=very much). The subscales were considered
acceptable if the mean score for each subscale was 3.5 points
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or greater. Second, qualitative data obtained from focus groups
were used. The following questions [52] were addressed: “What
is your overall impression of the My HeartHELP?” “Please tell
us three pros and three cons of the My HeartHELP.” “Please
tell us about My HeartHELP based on (1) comprehensibility
(2) health benefits (3) usability (4) challenges.” The qualitative
data were considered acceptable if researchers identified
meaningful quotations highlighting the benefits and usefulness
of the “My HeartHELP” app in facilitating positive heart-healthy
behavioral changes and improving health outcomes. While the
quantitative data provided structured acceptability scores, they
were limited in capturing the depth of users’ perceptions and
the specific challenges encountered during app usage. To address
this limitation, qualitative findings from focus group discussions
were integrated, offering a more nuanced understanding of user
perceptions regarding comprehensibility, perceived benefits,
and challenges. This approach enabled a more comprehensive
evaluation that extends beyond numerical assessments alone.

Data Analysis
SPSS/WIN (version 28.0; SPSS, Inc) was used [53]. The
significance level was set at less than .05. Participants’ baseline
measures (ie, general characteristics and heart-healthy behaviors)
were analyzed using descriptive statistics (frequencies,
percentages, means, and SDs). To compare the changes in
heart-healthy behaviors between pre- and postsurvey,
McNemar’s chi-square test for dichotomous variables and the
2-tailed paired t test for continuous variables were conducted.
The measures of feasibility and acceptability were analyzed
using descriptive statistics for the quantitative data and content
analysis for the qualitative data. Qualitative data obtained from
focus groups were analyzed using Graneheim and Lundman’s
qualitative content analysis [54]. The interview recordings were
repeatedly reviewed, transcribed, and thoroughly examined to
capture participants’ perspectives comprehensively. The
transcribed data were then segmented into meaningful units,
systematically coded, and organized into categories and

subcategories to ensure a structured interpretation. Continuous
comparisons were conducted across data points to refine themes
and establish thematic classifications. The 2 sets of qualitative
data were independently analyzed by 3 authors (JC, SN, and
YS) and consolidated into meaningful themes and categories
[55,56].

Ethical Considerations
This study was approved by the institutional review board of
Korea University (KUIRB-2022-0147-01). All participants
provided written informed consent for their participation in the
study, including permission for audio recording during the focus
group discussions. All procedures were performed in accordance
with the ethical standards of the institutional research committee
and the 2013 Declaration of Helsinki. To ensure the privacy
and confidentiality of participants, all data were deidentified
and securely stored on encrypted servers, with access restricted
to authorized members of the research team. Participants who
successfully completed all stages of the study received a
monetary compensation of KR ₩200,000 (US $137) [57].
Participants who completed only the pretest received a KR
₩10,000 (US $7) gift voucher. All details related to
compensation were fully disclosed to participants during the
informed consent process, prior to their enrollment in the study.

Results

Participant Characteristics
The participants (N=29) had a mean age of 41.1 (SD 13.03)
years (Table 2). Of all the participants, 62% (18/29) were
women; 79% (23/29) were college-educated; 66% (19/29) were
employed; 45% (13/29) had a previous history of hypertension,
diabetes mellitus, or dyslipidemia; and 69% (20/29) fell into

the category of more than 25 kg/m2 of BMI. Moreover, 7%
(2/29) of the participants had undergone a heart-health
educational session.
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Table . General characteristics of participants (N=29).

ValuesParticipant characteristics

41.1 (13.03)Age (years), mean (SD)

Gender, n (%)

18 (62)    Women

11 (38)    Men

College-educated, n (%)

23 (79)    Yes

6 (21)    No

Employed, n (%)

19 (66)    Yes

10 (34)    No

Having diseasesa, n (%)

13 (45)    Yes

16 (55)    No

BMI, kg/m2, n (%)

20 (69)    ≥25

9 (31)    <25

Exposed to heart-health educational sessions, n (%)

2 (7)    Yes

27 (93)    No

aHaving diseases indicate hypertension, diabetes mellitus, or dyslipidemia.

The Feasibility of “My HeartHELP”
The feasibility for the “record of self-monitoring” was
determined to be feasible. The record of self-monitoring for 11
behavioral components of the 6 heart-healthy lifestyle behaviors
is shown in Multimedia Appendix 1. The 4-week percentages
of participants who adhered to more than 75% of the completion
of daily self-monitoring for each heart-healthy behavior are

reported in Multimedia Appendix 1. The average percentage
was 95.6%, ranging from a minimum of 85.8% (recording body
weight) to a maximum of 97.4% (recording physical activity).

The feasibility for “record of access to the app” was determined
as feasible. Mean daily access counts per week showed 2.2 (SD
2.10) at week 1, 1.7 (SD 1.58) at week 2, 1.6 (SD 1.34) at week
3, and 1.6 (SD 1.62) at week 4. The grand mean was 1.8 (SD
1.70), which exceeded the feasibility criteria (Figure 2).
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Figure 2. Feasibility of the “My HeartHELP” app: behavioral record of access to the app. The box plot represents the mean values of daily app access
counts per week over a 4-week period based on data from 29 participants at risk for cardiovascular disease residing in Seoul, South Korea. The feasibility
criterion was set at an average of at least 1 access per week.

The feasibility for “record for behavioral changes” is shown in
Table 3. Numbers of participants for physical activity increased
from 24% (7/29) to 34% (10/29) for sufficient
moderate-intensity aerobic exercise, from 59% (17/29) to 62%
(18/29) for sufficient walking exercise, and from 10% (3/29)

to 28% (8/29) for nonsedentary behavior (χ2
1=1.76; P<.001).

Regarding eating behavior, numbers of participants increased
from 7% (2/29) to 21% (6/29) for intake of fruits and vegetables,

from 86% (25/29) to 90% (26/29) for the intake of
non–sugar-sweetened beverages, from 72% (21/29) to 93%

(27/29) for the intake of non–fast foods (χ2
1=5.64; P=.03), and

from 62% (18/29) to 66% (19/29) for intake of whole grains.
The number of high-risk alcohol drinkers decreased from 38%
(11/29) to 34% (10/29). Finally, body weight changed from
76.2 kg to 76.0 kg.
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Table . Changes in heart-healthy behaviors after the application of “My HeartHELP” (N=29).

P valueChi-square or t test
(df)

PosttestPretestCharacteristics

Physical activity

.3810.72 (1)a    Sufficient moderate-intensity aerobic exercise, n (%)

10 (34)7 (24)        Yes

19 (66)22 (76)        No

.9914.78 (1)a    Sufficient walking exercise (≥150 minutes), n (%)

18 (62)17 (59)        Yes

11 (38)12 (41)        No

<.0011.76 (1)aNonsedentary behavior (<2 hours/day), n (%)

8 (28)3 (10)    Yes

21 (72)26 (90)    No

.221.13 (1)aFruit and vegetable intake (≥2 servings/day), n (%)

6 (21)2 (7)    Yes

23 (79)27 (93)    No

.997.87 (1)aNon–sugar-sweetened beverage intake (less than once per day),
n (%)

26 (90)25 (86)    Yes

3 (10)4 (14)    No

.035.64 (1)aNon–fast foods (<2 servings/week), n (%)

27 (93)21 (72)    Yes

2 (7)8 (28)    No

.9911.47 (1)aWhole grains (≥2 servings/day), n (%)

19 (66)18 (62)    Yes

10 (34)11 (38)    No

.9924.98 (1)aHigh-risk alcohol drinkingb, n (%)

10 (34)11 (38)    Yes

19 (66)18 (62)    No

.231.22 (28)c76.0 (15.21)76.2 (15.36)Body weight (kg), mean (SD)

aChi-square test.
bHigh-risk drinking indicates ≥5 drinks per session for men (≥4 drinks per session for women).
ct test.

The Acceptability of “My HeartHELP”
Acceptability using quantitative data was determined as
acceptable if the scores for all the subscales of acceptability
were 3.5 points (the criteria of acceptability) or greater (Table

4). The scores ranged from a minimum of 3.6 points (health
benefits for information, health benefits for
performance/feedback, and technical completeness) to a
maximum of 4.1 points (comprehensibility).
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Table . Evaluation of the acceptability for the My HeartHELP (N=29).

Values, mean (SD)

3.8 (0.61)Total score of the acceptability

4.1 (0.81)    Comprehensibility

3.9 (0.84)    Ease

    Health benefits

3.8 (0.87)        Overall

3.6 (1.02)        Behavioral information

3.8 (0.90)        Behavioral monitoring

3.6 (0.70)        Behavioral performance/feedback

3.6 (0.87)    Completeness, technical

3.8 (0.73)    Satisfaction, overall

3.8 (0.87)    Recommendation to others

The acceptability using the qualitative data may be determined
as acceptable, as shown in Table 5. Participants mentioned that
reflecting on their own heart-healthy behaviors via
self-monitoring, adjusting their own heart-healthy behaviors
via receiving feedback messages, and becoming motivated for
weight control were health benefits. The participants mentioned

that easily understood phrases were acceptable in terms of the
use of easy language in the app. However, the participants
suggested the following challenges for the structure and
interface: differentiating between good and bad behaviors by
color, including options for a variety of dietary behavior options,
and installing additional reminder alarms (Table 5).
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Table . Themes and quotations extracted using focus group discussion (N=29).

QuotationsThemes and categories

Comprehensibility

“Overall, I think it was easy to understand. The
language used was everyday language that we
encounter in our daily lives, so it was not diffi-
cult.”

    Understanding phrases easily

Benefits

“I habitually consume large yogurt drinks several
times a day. However, as I continued to record
them under the sweetened beverage category, I
realized that just two of these large yogurts ex-
ceeded my daily sugar intake limit, leading me
to stop consuming them.”

    Reflecting on their own heart-healthy behaviors via self-monitoring

“I used to drink alcohol quite often even when
dining alone, but after seeing the records I en-
tered, I found myself not ordering alcohol even
when getting delivery food.”

“When I woke up each day, I first checked the
daily achievement scores in ‘My HeartHELP’
After that, I started paying more attention to what
I ate and definitely did more exercise throughout
the day.”

    Adjusting their own heart-healthy behaviors via receiving feedback messages

“I’m maintaining my 3 kg weight loss because I
have been using it continuously to motivate me
to lose weight.”

    Getting motivated for weight control

Challenges

“It would be good to distinguish unhealthy foods,
like salty ones, by marking them with red or or-
ange, and to mark healthy foods with yellow.”

    Differentiating good and bad behaviors by colors

“I think it would have been better if I could enter
other foods not listed. Or, it would be nice if
there was an explanation that allowed me to in-
clude foods not presented based on my own
judgment.”

    Including options of a variety of dietary behavior options

“I think it would be good if push notifications
could come several times a day. Feedback mes-
sages arrive during the day, and I want to enter
them all at once in the evening, but sometimes I
forget and it is already past midnight.”

    Installing additional reminder alarms

Discussion

Principal Findings
We found that the “My HeartHELP” app may be feasible and
acceptable for individuals at risk of cardiovascular disease to
be informed of their cardiovascular health, to self-monitor their
heart-healthy behaviors, and to adhere to heart-healthy
behaviors. Moreover, our data revealed that positive changes
in heart-healthy behaviors may be achieved using the “My
HeartHELP” app when included as a strategy for heart-healthy
behavioral lifestyle interventions.

The “My HeartHELP” app met the criteria of feasibility and
acceptability for the validity test of a mobile app. The vast
majority of participants (95.6%) completed daily self-monitoring
of their heart-healthy behaviors and accessed the app more than
once per day (1.8 times). Moreover, the participants perceived
the “My HeartHELP” app as comprehensible, easy to use,

beneficial to their health, highly usable, and technically
complete. Overall, the participants were satisfied with the My
HeartHELP app and agreed to recommend it to others.
Meanwhile, monitoring one’s own behavior may be directly
linked to adherence to healthy behavior [58,59] through the
behavioral actions of participants, such as opening the app and
entering their daily behavioral outcome for the items. Logging
food in real time on mobile devices appears to encourage
individuals to become more aware of their food consumption,
which may have supported their efforts to achieve dietary goals
and weight loss [60,61]. In this context, the action of accessing
the app itself may induce motivation to monitor one’s own
behavior, which can lead to self-awareness of one’s own
behavior and thus to desirable heart-healthy behavior [61].

Our findings revealed that heart-healthy behaviors changed
positively over 4 weeks, although significant changes were not
verified for all 6 behaviors. Mobile health interventions have
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revealed inconsistent results for improving heart-healthy
behaviors and have reported positive effects limited to a single
behavior, that is, physical activity. In this regard, the “My
HeartHELP” app is equipped with behavioral strategies that
allow individuals to monitor and practice complex and multiple
heart-healthy behaviors using a 1-stop approach. Six
heart-healthy behaviors via the app were positively changed
over the course of 4 weeks, with the limitation of a short
duration. These positive results may be explained by installing
behavioral strategies for promoting motivation and self-efficacy
based on the IMB model [18], that is, goal setting,
self-monitoring, and feedback provision. A systematic review
reported that behavioral counseling had a small to moderate
effect on behavioral interventions when tailored to advice, goal
setting, and written material provision [62]. Therefore, we can
determine the feasibility and acceptability of the “My
HeartHELP” app as a critical strategy for heart-healthy
behavioral lifestyle interventions.

We found that the health benefits scores (behavioral information
and performance/feedback) and technical completeness score
in the acceptability presented the lowest score (3.6 points each),
although the acceptability criteria were met (3.5 points). Linked
to this finding, qualitative data from the focus group revealed
that the participants had requested an additional alarm that could
remind them to practice heart-healthy behaviors. Moreover,
direct interaction with experts is necessary beyond
self-monitoring and the performance interface of healthy
behavioral performance [63]. In the future, feedback text
messaging in which experts can provide sympathy for and
support individual behavioral performance is needed to initiate
intervention studies. Finally, the participants mentioned that
the information messages were perceived as not individualized
to an individual’s lifestyle and situation. This finding indicates
that the use of mHealth alone may have limitations in providing
information tailored to an individual’s situation and that
face-to-face education is needed to provide information tailored
to specific individual needs.

Limitations
This study outlined a few limitations. First, the generalizability
of the results to ethnic groups other than Koreans is limited. In
addition, to apply it to more people, the app developed in Korean
needs to be translated and developed in other languages for
linguistic inclusiveness. Second, because it is based on the diet
of Koreans, in terms of monitoring eating behavior, its scope
of use may be limited. However, because the behavioral
strategies of “My HeartHELP” are key skills for behavioral
change, the application of “My HeartHELP” to other languages
may be necessary. Third, although “My HeartHELP” establishes
behavioral goal setting based on standard criteria for adults
[38-43,49,51], future studies should further incorporate tailored
goal-setting strategies that promote individuals’ autonomy, as
emphasized in self-determination theory. Enhancing autonomy
in goal setting may foster intrinsic motivation, which is essential
for sustaining long-term behavior change [29,64]. Fourth, the
4-week follow-up period may have been too short to capture
sustained behavior changes, highlighting the need for longer
validation studies. Finally, the use of focus group discussions
instead of anonymous methods may introduce social desirability
bias, as participants may adjust their feedback based on group
dynamics rather than expressing independent perspectives [65].

Conclusions
“My HeartHELP,” which includes information, self-monitoring,
and real-time feedback messaging strategies that promote the
practice of complex heart-healthy behaviors, could be feasible
and acceptable as an app for promoting cardiovascular health
and could contribute to achieving optimal heart health for
populations at risk for cardiovascular disease in the community.
Practically, community settings, unlike hospital settings, present
challenges and limitations in providing intensive professional
care for comprehensive heart-healthy lifestyle modification.
Therefore, the utilization of the “My HeartHELP” app in health
promotion programs aimed at cardiovascular disease prevention
at community settings may offer a potential way to solve the
limitations.

 

Acknowledgments
This research was supported by the National Research Foundation of Korea (NRF) grant from the Korean Government
(NRF-2019R1A2C1004116) and NRF grant from the Ministry of Science and ICT, Korean Government (RS-2024‐00336847).

Data Availability
The data analyzed in this study may be available from the corresponding author upon reasonable request.

Authors' Contributions
JC conceptualized and designed this study and prepared the original manuscript draft; JC, SN, and YS were involved in data
collection; SN and YS performed the data curation and analyses; and JC provided expert consultation on data interpretation and
helped draft the manuscript. All authors were involved in the review and revision of the manuscript and gave approval for the
final version to be published.

Conflicts of Interest
None declared.

JMIR Form Res 2025 | vol. 9 | e66108 | p.39https://formative.jmir.org/2025/1/e66108
(page number not for citation purposes)

Choo et alJMIR FORMATIVE RESEARCH

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


Multimedia Appendix 1
Feasibility of the “My HeartHELP” app: Record of self-monitoring for 11 behavioral components of the 6 heart-healthy lifestyle
behaviors. A total of 29 participants at risk for cardiovascular disease residing in Seoul, South Korea, took part in the study. The
feasibility of the self-monitoring record was assessed based on participant adherence, which was measured by calculating the
percentage of participants who adhered to at least 75% of daily self-monitoring completion for each heart-healthy behavior over
4 weeks.
[PPTX File, 48 KB - formative_v9i1e66108_app1.pptx ]

Checklist 1
Good reporting of a mixed-methods study (GRAMMS) checklist.
[DOCX File, 18 KB - formative_v9i1e66108_app2.docx ]
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Abstract

Background: Children have busy daily schedules, making school an ideal setting for promoting health-enhancing exercise
behavior. However, children with mobility disabilities have limited exercise options to improve their cardiorespiratory fitness
and cardiometabolic health.

Objective: This study aims to test the feasibility of implementing a virtual reality (VR) exercise program for children with
mobility disabilities in a high school setting.

Methods: A pre- to posttrial single-group design with a 6-week exercise intervention was conducted at a high school. The study
aimed to enroll up to 12 students with a disability. Participants were given the option of exercising at home or school. The exercise
prescription was three 25-minute sessions per week at a moderate intensity, using a head-mounted VR display. School exercise
sessions were supervised by research staff. Home exercise sessions were performed autonomously. Several implementation
metrics of feasibility were recorded, including exercise attendance, volume, adverse events or problems, and benefits related to
health-related fitness (walking endurance and hand-grip strength). The study also included a qualitative evaluation of critical
implementation factors and potential benefits for participants that were not included in the study measures. Outcomes were
descriptively analyzed, and 2-tailed t tests were used as appropriate.

Results: In total, 10 students enrolled in the program and 9 completed the study (mean age 17, SD 0.6 y). In total, 5 (56%)
participants exercised at school, and 4 (44%) exercised at home; 1 participant dropped out prior to exercise. The mean attendance
for all 9 completers was 61.1% (11/18 sessions). The mean exercise minutes per week was 35.5 (SD 22) minutes. The mean move
minutes per session was 17.7 (SD 11) minutes. The mean minutes per session was 18 (SD 1.4) minutes for school exercisers and
17 (SD 18) minutes for home exercisers, indicating variable responses from home exercisers. The mean rating of perceived
exertion per exercise session was 4.3 (SD 2), indicating a moderate intensity that ranged from low to hard intensity. No adverse
events or problems were identified. No improvements in walking endurance or hand-grip strength were observed. School exercisers
achieved a higher attendance rate (83%) than home exercisers (27%; P<.001) and seemingly had a 2-fold increase in the volume
of exercise achieved (school: mean 279, SD 55 min; 95% CI 212‐347; home: mean 131, SD 170 min; 95% CI –140 to 401;
P=.10). Qualitative themes relating to implementation factors and benefits to participant well-being were identified.

Conclusions: This study identified factors to inform an optimal protocol for implementing a high school–based VR exercise
program for children with disabilities. Study findings demonstrated that moderate exercise at school is feasible in VR, but simply
providing children with VR exergaming technology at home, without coaching, will not successfully engage them in exercise.

Trial Registration: ClinicalTrials.gov NCT05935982; https://clinicaltrials.gov/study/NCT05935982

(JMIR Form Res 2025;9:e65801)   doi:10.2196/65801
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Introduction

Children with disabilities generally participate in low volumes
of physical activity [1,2], which places them at high risk for
cardiometabolic disorders (eg, cardiovascular and metabolic
diseases) [3-6]. Cardiometabolic disorders among people with
disabilities seem to onset during the early adult years and
manifest around the mid-30s at higher prevalences than people
without disabilities [6-8]. Age-related trends in disease onset
are believed to be linked with gradual reductions in
health-enhancing doses of physical activity and accelerated
physical deconditioning that is unique to people with disabilities
[5,8,9]. Reduced participation in physical activity is suggested
to be primarily caused by a lack of accessible, usable, and
available opportunities and support within the community [10].
Given that children who participate in physical activity are more
likely to participate as adults [11,12], there is a strong need to
engage children with disabilities in regular physical activity
behavior as a means of health prevention.

Outside of formal rehabilitation from physical and occupational
therapy, the high school setting is often the last structured
opportunity for physical activity in a person’s lifetime. In the
United States, physical activity opportunities in high school are
mandated by federal law to be provided to all children with
disabilities. Nevertheless, mandated opportunity does not
necessarily mean that a child will have accessible and usable
exercises that can lead to meaningful improvements in health.
A systematic review has demonstrated that school-based exercise
studies generally have not elicited favorable effects on
cardiometabolic health among children with disabilities, but
improvements can be observed in cardiorespiratory and muscular
fitness and other components of health-related physical fitness
[13]. These findings are also supported by more overarching
reviews of disability exercise studies outside of the school
setting [2]. Children with mobility disabilities who cannot walk,
run, or cycle for prolonged periods have very few evidenced
aerobic exercise modalities for improving their cardiometabolic
health and cardiorespiratory fitness [2,14,15].

Active video gaming is one of the few evidenced aerobic
exercise modalities that can improve health among children
with disabilities [14,15]. Past active video gaming studies
typically used console-based devices such as the Nintendo Wii
or X-Box Connect. However, those devices have been
discontinued by their manufacturer, and the market is dominated
solely by virtual reality (VR) head-mounted displays (HMDs).
HMDs emerged during the COVID-19 pandemic in 2019, with
the release of the Oculus Quest (now referred to as Meta Quest).
The Quest was the first all-in-one HMD that allowed a
high-quality gaming experience, and it could be purchased at
any major retailer at a price comparable to gaming consoles. In
2019, the first study to use a VR HMD among children with
disabilities demonstrated that 2 children with spina bifida could
obtain health-enhancing doses of moderate-intensity exercise

at home with behavioral telehealth coaching. Since then, HMDs
have been used in a variety of contexts, such as pediatric
rehabilitation, pain management, and mindfulness training
[16-19]. One trial is currently testing the preliminary efficacy
of VR HMD exercise training on cardiometabolic health in
children with cerebral palsy [20]. However, to the best of our
knowledge, few studies have tested the implementation of a VR
HMD exercise program for children with disabilities in high
school, particularly using the latest HMD, the Meta Quest 3.

The purpose of this 1-year feasibility study was to work with a
community engagement group to develop and test the
implementation of a VR HMD exergaming program for children
with special needs at a high school. The overall purpose of this
study was to identify a replicable protocol that could be
implemented within the daily operations of a high school
through the following research questions:

• How much exercise can students feasibly fit within a
school-based program?

• How well would students attend the program?
• How many students can be anticipated to be enrolled from

a single school?
• What payment incentive would be required to satisfy

enrollment targets and ensure adherence to data collection?
• What were the potential effect estimates of the program on

physical fitness tests?
• How do outcomes compare between exercising in school

or exercising at home by using a loaned headset by the
school?

• Qualitatively, what critical factors should be considered in
designing a larger trial?

Methods

Design
This feasibility study was a community-based participatory
research design with 2 phases, namely, a development phase
and an implementation phase. The development phase included
a 4-month preparation phase, where study staff worked with a
community engagement group to modify a working VR
randomized controlled trial home-based protocol to a local
public high school setting. The 9-month implementation phase
used a “learn-as-you-go” approach with a single group pre- to
posttrial design to test the implementation of the developed VR
HMD school-based protocol. The study was implemented at a
public high school within the United States, which had adapted
education support for children with special needs.

Community Engagement Group
The community engagement group included a case manager of
the high school, a young adult with cerebral palsy (male; 19 y
of age) with mild intellectual disability and mobility disability
who was a student at the school, and his caregiver. The group
was involved in the study, starting from the design in the
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development phase to the completion of the study in the
implementation phase. The group met weekly with the research
staff during the development phase, then biweekly during the
first half of the implementation phase, and monthly thereafter.
The purpose of the community engagement group was to make
protocol modifications to intervention and data collection
procedures of an existing clinical intervention [20] that would
best fit in real-world, daily operations at the school.

Participants
This feasibility study aimed to recruit a convenient sample of
12 participants, which is a general recommendation for
exploratory studies targeting implementation process metrics
[21], as opposed to group-effect comparisons that would need
larger samples [22]. Eligibility criteria are listed below.
Participants were recruited through word-of-mouth and flyers
by the community engagement group (case manager and young
adult).

Inclusion criteria for the study included (1) between 10 and 19
years of age, (2) enrolled in school special education or
self-reported disability, (3) a note from a physician permitting
participation in moderate-intensity exercise or cleared for sports
participation through physical examination that was on file by
the school, and (4) ability to communicate in English (or a
caregiver).

Exclusion criteria for the study included (1) complete blindness
or deafness and (2) conditions that may make participation
unsafe.

Supplies
Participants used a VR HMD for exercise (Quest 3, Meta, United
States), which came with 2 hand-held controllers. Active video
games were purchased through the Meta Oculus digital cloud
server. The games were purchased for a standard Meta account
created for the study. Games included Beat Saber, Les Mills
Body Combat, Creed: Rise to Glory, Smash Drums, Power
Beats VR, and Thrill of the Fight.

Intervention Development and Protocol
During the development phase of the study, the community
engagement group worked with the research team to modify a
home-based VR HMD clinical trial protocol [20] to be more
easily implemented in a high school setting. In summary, the
original intervention prescription included 150 minutes of
moderate-intensity activity per week using the Quest 3 at home,
for a total of 12 weeks. The home exercise was supported by
theory-driven behavioral telecoaching calls [20]. In that study,
caregivers were the primary intervention agents who managed
their child’s exercise schedules and study activities.

Through the 4-month development phase for this study, meetings
with the community engagement group resulted in the following
finalized exercise protocol to test in high school:

• Frequency: 3 times per week.
• Intensity: moderate intensity exercise as indicated by a

rating of perceived exertion of 5 to 7 on the Borg 0‐10
scale.

• Time: as many minutes of exercise as possible that could
be fit within students’ school schedules (eg, either within
their physical education period or a study hall or gap
period).

• Type: VR exercise at home or in the school setting, at the
choice of the caregiver and participant. At enrollment,
caregivers were asked whether they preferred the child to
perform the exercise at school or home with a borrowed
headset. Home-based participants were not given more
attention than those who exercised at school. For example,
no behavioral coaching calls were given to home
participants as is done in the protocol from which this study
was modified [20].

Intervention Procedures
Participants and their caregivers who were interested in the
program were referred to study staff by the community
engagement case manager. Participants were contacted by
research staff and screened through phone calls. Eligible
participants were directed to a web-based electronic data capture
platform (REDCap [Research Electronic Data Capture];
Vanderbilt University) to provide informed consent and assent,
participant demographics, and complete the physical activity
survey. Next, they were scheduled for an on-site visit at the
school to complete the physical fitness tests. Next, study staff
scheduled the exercise sessions within a gap period or physical
education period for participants who chose to exercise at
school. Exercise sessions were performed at the school for 6
weeks, and all sessions were supervised by at least 1 research
team member. For participants who chose to exercise at home,
they were provided with a Quest 3 with the preinstalled games
in a convenient carrying case. They were provided with the
same exercise prescription as those who chose to exercise in
the school. Home-based participants were not provided with
additional attention or behavioral coaching. Quest 3 headsets
were returned to the school once the home-based participant
completed the 6-week program.

Measures

Participant Characteristics
Age, sex, height, weight, and ethnicity were descriptively
reported for the enrolled participants. The use of a mobility
device and wheelchair was recorded. As a gauge for how
physically active participants were upon joining the study,
physical activity level was measured using the National
Institutes of Health Patient-Reported Outcomes Measurement
Information System Pediatric Physical Activity Short Form
8-item survey [23]. The survey results in a total T-score.
T-scores range from 20 to 80, with a mean of 50 (SD 10). A
higher T-score indicates high levels of participation in physical
activity. Scores that were 0.5‐1 SD below the mean indicate
“mild” difference or impairment; scores 1.0‐2.0 SD below the
mean indicate “moderate” impairment; and scores ≥2.0 SD
below the mean indicate “severe” impairment.

Research Question 1: Exercise Output
Exercise volume was measured weekly by 2 variables, namely,
mean “move” minutes and rating of perceived exertion. Move
minutes were automatically recorded by the Quest 3. The Quest
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3 includes a built-in fitness tracker app, referred to as Meta
Quest Move. The app tracks calories and move minutes, and
these data are stored in cloud-based Meta servers through
end-to-end encryption. Meta does not provide specifics on how
these data are calculated, but the calculations are reported by
Meta to be estimated through an algorithm that includes basal
metabolic rate along with the headset, controller, and hand
movements. At school, the maximum possible number of active
minutes that a participant could exercise each week was 75
minutes because of designated 3-hour class periods. Home-based
exercise participants were asked to match the school prescription
(3 sessions per week for a total of 75 min). Mean move minutes
were averaged each week across the 6-week program. To
provide a measure of the intensity of the exercise, participants
were asked immediately after exercise to provide a single rating
of perceived exertion score that summarized each session, using
the Borg 0‐10 scale [24]. In summary, a score of 0 represents
“nothing at all,” a score of 3 is indicative of moderate intensity,
a score of 5 indicates “strong” exercise, a score of 7 indicates
“very strong,” and 10 indicates “extremely strong.” The mean
calories were also used as an indicator of exercise output.
Adverse events or problems were reported and documented in
accordance with the policies established by the university.

Research Question 2: Student Attendance
Student attendance was expressed as a percentage value,
measured by the number of exercise sessions attended, divided
by the total sessions prescribed. The exercise prescription was
a total of 18 sessions, broken up into 3 sessions per week for 6
weeks.

Research Questions 3 and 4: Student Enrollment and
Payment Incentives
Student enrollment was measured by the number of students
enrolled per school semester. The program lasted a total of 2
school semesters and was completed prior to summer break.
Payment incentives were planned to be increased if the target
sample size of 12 was not met from the first school semester.
Payment incentives started at US $50 for each of the 2 data
collection visits, for a total of US $100. Because of inadequate
enrollment in the first semester, the payment incentive for the
second semester was increased to US $100 per data collection
visit, for a total of US $200.

Research Question 5: Potential Effect Estimates of the
Program on Physical Fitness Tests
Physical fitness was measured by walking endurance and
hand-grip strength. Walking endurance was measured using a
6-minute walk test (6MWT). A 6-minute push test was planned
to be used for students who used wheelchairs, but this was never
used. The 6MWT measures the distance walked within 6
minutes around a designated course. The course was a long
unobstructed hallway that allowed the participant to freely walk
for the duration of the test. When participants reached the end
of the hall, they were instructed to turn and continue down the
hallway. The rationale for choosing this location was that the
study staff found there was limited space to set up and conduct
a larger circular track during school hours, particularly without
interference from other students. The 6MWT is suggested to

be valid and reliable among children without disabilities [25].
However, the 6MWT has conflicting evidence regarding validity
for various pediatric clinical groups [26,27]. Hand-grip strength
was measured by the mean value of 3 maximal grip trials on a
hand-held dynamometer (Camry Digital Hand Dynamometer,
Camry, United States), while the participant was in a seated
position. Grip-strength has evidence to support its use among
children with intellectual disabilities [27].

Research Question 6: Ideal Exercise Environment
To identify the ideal method for how schools can implement
the exercise program for students in a future trial, outcomes
were compared between exercise settings (home vs school).
Compared outcomes included enrollment, exercise volume,
attendance, and fitness tests.

Research Question 7: Qualitative Evaluation of Factors
for Future Trials
The qualitative component of this study used a
mini-ethnographic design, whereby the interventionists were
immersed in the culture at school with participants. At
postintervention, the interventionists were interviewed
(semistructured) to gain insight into feasibility issues and
possible programs that should be considered in a future trial.
Specific questions were: (1) What were critical issues that
impeded or facilitated the implementation of the program at
school? and (2) What potential health or fitness-related benefits
did participants experience throughout the program (particularly,
benefits that were not measured)? When considering these
questions, the interventionists were asked to recall and talk
through their experience with each of the on-site exercise
students. Interventionists were asked to take notes throughout
the study. Interviews were audio recorded and analyzed by the
lead interventionist, a qualitative analyst (BL), who had
conducted more than 400 interviews related to disability and
health.

Analyses
Descriptive statistics, including means, SDs, and CIs, were
obtained for all study variables. Changes in means were
compared primarily using descriptive comparisons with 95%
CIs, with 2-tailed t tests as appropriate. Analyses were
performed using SPSS Statistics (version 29; IBM Corp).
Qualitative data were analyzed using a thematic analysis
approach [19].

Ethical Considerations
The study was approved by the University of Alabama at
Birmingham Institutional Review Board for Human Use prior
to enrolling participants (FWA00005960). Participants had to
provide informed consent and assent documentation prior to
joining the study. The principal of the high school approved
and supported the study. Participants were compensated for
participation in the data collection (US $100 per data collection,
total incentive of US $200). All data were deidentified.
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Results

Participant Characteristics
A total of 10 participants enrolled in the program over the 2
semesters. One participant lost interest in joining the program
and dropped out prior to starting the program. A total of 9
participants completed the data collection. A total of 5 (56%)
participants chose to exercise at school, and 4 (44%) participants

chose to exercise at home. Characteristics for the 9 completers
are provided in Table 1. The mean age of completers was 17
(SD 0.6) years (6 male and 3 female participants). The mean
total Patient-Reported Outcomes Measurement Information
System physical activity T-score was 41.9 (SD 7.2), indicating
that physical activity levels were mild to moderately below
average. Only 1 participant used a mobility device, ankle-foot
orthotics. None of the participants used a wheelchair.

Table . Participant characteristics.

Exercise set-
ting

Physical ac-
tivity (T-
score)

Primary dis-
ability

Weight (lbs)Height (inch-
es)

EthnicityHispanic or
Latino

SexAge (years)ID

School43.1Down syn-
drome

22556WhiteNoFemale171

School28.8Autism19060WhiteNoMale182

School48.8Brain tumor19568WhiteNoMale173

School44.6Autism or

ADHDa
14561WhiteNoMale164

School43.1Unknown10562WhiteNoFemale165

Home40.4Unknown13068WhiteNoMale176

Home48.3ADHD12562WhiteNoFemale177

Home31.8ADHD12668WhiteYesMale178

Home48.4Cerebral pal-
sy

11467WhiteNoMale179

aADHD: attention-deficit/hyperactivity disorder.

Implementation Observations
At the high school, all classes within students’ schedules were
at the longest, 50-minute periods, and the shortest, 25-minute
periods. All students exercised during their study hall period.
The community engagement group and research staff chose to
structure a 25-minute exercise session within the students’
1-hour study hall to allow the students to have 25 minutes to
spend on completing academic work. Students did not have
physical education built into their class schedule, because they
had completed the 1-year physical education requirement prior
to joining the study. The education guidelines of the state
required only 1 year of physical education across the students’
4 years of education. The exercise setting was typically
conducted in an available classroom, which sometimes required
desks and chairs to be moved to allow adequate space for
gameplay. The school information technology staff created a
secure Wi-Fi for the headsets to log in to. School Wi-Fi was
generally protected to prevent inappropriate internet use. The
VR headsets required Meta accounts with an active email
address. Research staff created the accounts and preinstalled
games onto the accounts prior to the intervention.

Exercise Volume Results
From the 9 completers (people who completed the data
collections), the total mean move minutes across the 6 weeks
was 213 (SD 136), ranging from 0 to 377 minutes. The mean
move minutes per week was 35.5 (SD 22) minutes. The mean
move minutes per session was 17.7 (SD 11) minutes. Excluding

a person from the home exercise group who attended no
sessions, the mean minutes per session was 19.9 (SD 11)
minutes. The mean rating of perceived exertion per exercise
session was 4.3 (SD 2), indicating that most exercise sessions
were performed at a moderate intensity, which ranged from low
to hard intensity. The mean calories expended per attended
session was 90.9 (SD 53.8), ranging from 33 to 196. No adverse
events or problems (eg, seizures, injuries, or incidental
behavioral issues between participants and staff) occurred
throughout the study.

Attendance and Enrollment Results
The mean attendance for all 9 completers was 61.1% (mean of
11 sessions attended out of 18 total prescribed sessions). One
completer attended zero sessions but completed the pre- and
postdata collections. Two participants were enrolled during the
first school semester, with a payment incentive of US $50 per
data collection (total incentive of US $100). The remaining 8
participants were enrolled during the second school semester
after the payment incentive was increased to US $100 per data
collection (total incentive of US $200). Recruitment efforts by
the research team and community engagement group were
consistent between semesters.

Physical Fitness Results
Mean 6MWT distances for the 9 completers were 447 (SD 94;
range: 305‐567 meters; 95% CI 375‐518) and 469 (SD 78;
range: 350‐568 meters; 95% CI 408‐529) at pre- and
postintervention, respectively. The mean difference in 6MWT
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distance from pre to post was 22 (SD 52; t8=1.3; P=.24; 95%
CI −17.7 to 61.8), indicating a possible trend toward
improvement but no statistically significant change across time.
Left grip strength at pre and postintervention was 24.9 (SD 8;
range: 9‐35; 95% CI 19‐32) and 24 (SD 9; range: 8‐39;
95% CI 17‐31), respectively. Right grip strength at pre and
postintervention was 26.7 (SD 8; range: 12‐40 kg; 95% CI
20‐33) and 27.7 (SD 10; range: 11‐47 kg; 95% CI 20‐35),
respectively. These data indicated no difference in grip strength
from pre- to postintervention for both hands.

Comparing School and Home Settings
There did not appear to be a difference in baseline levels of
physical activity participation between groups (school
exercisers: mean T-score 41, SD 8; n=5; home exercisers: mean
T-score 42.2, SD 7; n=4). Intervention attendance was higher
among those who exercised at school (83% attendance; mean
sessions attended 15, SD 2; 95% CI 13‐18) compared with
home exercisers (27% attendance; mean sessions attended 4.8,
SD 4; 95% CI –1 to 11), and 95% CIs indicated a difference
between settings of 6‐15 sessions that were statistically
significant (P<.001; mean difference=10.7 sessions). Reasons
for nonattendance were mostly due to illness and detention, in
response to poor behavior at school. The mean total move
minutes among the school exercisers (279, SD 55 minutes; 95%
CI 212‐347) was approximately a 2-fold increase over the
home exercisers (131, SD 170 min; 95% CI –140 to 401). The
95% CIs indicated a difference between settings of –39 to 337
minutes in favor of the home exercisers, but this difference was
not statistically significant (P=.10; mean difference=149 min).
The mean minutes per session was 18 (SD 1.4) minutes for
school exercisers and 17 (SD 18) minutes for home exercisers,
indicating variable responses from home exercisers. There did
not appear to be any visual or statistical changes between the
home and school settings for physical fitness tests.

Qualitative Evaluation of School Program Benefits
Given the small number of on-site school participants, only 4
themes resulted from thematic analysis. Two themes were
related to program benefits, and 2 themes were related to
implementation. First, gaming at school aided well-being.
Students reported that an exergaming break amidst a full school
schedule made them feel better. Specifically, gaming provided
a mental break from schoolwork and social interaction stressors
(eg, negatively perceived interactions with peers without
disabilities). Second, participation in moderate-intensity
exergaming increased energy levels throughout the program.
For example, halfway through the program, 1 participant who
was heavily engaged in the exercise was notably less exhausted
when walking in between classrooms, and the participant took
less rest in between exercise bouts. This benefit was observed
halfway through the 6-week program. Moreover, participants
noticeably increased their exercise intensity and gaming skills
across the program.

Third, interventionists reported that supervision was necessary
for the exercise sessions. Students sometimes require setup and
management of their exercise space. For example, some students
exercised in a classroom, which required assistance in moving
around chairs to make sufficient space for gaming. In 1 case, a

participant who was highly engaged in the exercise needed to
be prevented from overexertion. The participant was
demonstrating overexertion symptoms (eg, face turning red,
breathing heavily, and balance becoming unstable), and this
required interventionists to urge the participant to sit down and
slow down on the exergaming movements. Fourth, designated
school resources are critical factors for successful
implementation. Space for exercise was limited within the high
school. The school gymnasium was often not a suitable place
for exergaming, considering that the space often had verbal and
physical interference (accidental balls and objects rolling or
flying into the play space) from other students. Empty
classrooms were often the primary exercise scenarios.
Interventionists noted that a designated space for exergaming
would allow more time for exercise by reducing the time needed
to set up a play space. Moreover, having a designated wireless
internet connection specifically for the headsets aided
implementation. The school staff assisted with creating a
wireless network access log-in that was made specifically for
the project. Although internet access was not necessary to play
the games in the Quest 3 headset, games often required software
updates that would alleviate bugs or issues in gameplay.

Discussion

Principal Findings
This study developed and piloted a school-modified VR active
video gaming program in a high school among students with
disabilities. Several key findings were identified that will inform
a larger clinical trial. First, this study identified a feasible dose
of exercise that can be obtained at school. Without making
substantial changes to a student’s school schedule, 30 minutes
in a single day is likely the most that can be inserted into a
student’s schedule, specifically in their study hall period. This
dose is similar to other feasibility studies attempting to insert
external exercise programs into school settings [13,28,29]. Most
schools in the United States require physical education, but
requirements vary widely. The high school in this study required
only 1 year of physical education, in accordance with
requirements by the state. Considering these constraints and
exercise setup (eg, equipping the headset, clearing space to play,
and starting a game) and cooldown allowed students at school
to achieve 18 minutes of moderate-intensity aerobic exercise
each session. It is important to note that 18 minutes, done 3
times a week or even daily, is far lower than the national
guidelines of 60 minutes of moderate to vigorous activity per
day for children or even 150 minutes of moderate aerobic
exercise per week for adults [30]. Nevertheless, 18 minutes of
moderate exercise done 3 times per week may elicit health
benefits among people with disabilities. A review of
meta-analyses demonstrated that people with disabilities can
obtain health benefits at far lower doses of exercise than those
noted in adult guidelines [2].

Another notable finding was that the school was an ideal setting
for both recruitment and exercise. Obtaining 9 students from a
single high school is encouraging, considering that the mean
sample size for randomized controlled trials of exercise among
children with disabilities is approximately 30 children [14]. To
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foster strong recruitment, study findings suggest a minimum of
a US $200 payment incentive for a total of 2 data collections.
The US $200 payment incentive resulted in 77% (7/9) of
participants from a single school semester, whereas a US $100
incentive resulted in only 2 enrolled participants for a semester.
Moreover, students who exercised with supervision at school
achieved strong attendance (83%; 15 out of 18 sessions),
particularly when compared with nonsupervised home-based
programs (27%; 4.8 out of 18 sessions). Although supervision
places a greater burden on school or research staff, the
differences in attendance likely justify the burden. Study
findings demonstrate that simply providing children with VR
exergaming technology will not successfully engage them in
exercise volumes that can likely lead to health benefits.

Limitations
Regarding health and well-being benefits, a limitation of this
study was the inclusion of physical performance tests instead
of more concrete measures of health. Results on physical
performance tests can vary due to mobility, intellectual, and
behavioral differences among children with disabilities. Health
assessments with stronger psychometric properties will be
necessary to further investigate the health benefits of VR active
gaming in school settings. Examples of more robust assessments
could include a graded exercise test to measure peak oxygen
consumption as an indicator of aerobic fitness, or the inclusion

of biomarkers (eg, blood spot tests or blood draws) to measure
changes in cardiometabolic health. Measures to support the
qualitative findings could include surveys or biomarkers of
well-being, stress, and anxiety. Interviews could have been
conducted directly with students for more in-depth data. Another
study limitation was the short 6-week duration of the
intervention. Although 6 weeks of structured exercise may be
sufficient to improve cardiorespiratory fitness, changes in
cardiometabolic health are much harder to influence from
exercise and generally require higher durations lasting several
months with longer volumes of weekly exercise [2,13,29].
Future trials aiming to incorporate longer intervention durations
in school settings should start participants in exercise as early
as possible in a school semester, which typically lasts
approximately 18 weeks. Another limitation was the small
sample size and quasi-experimental design. Study findings
warrant confirmation in larger trials that are randomized.

Conclusions
This study identified a feasible VR program dose that could be
fit within the daily activities of a public high school in the
Southeast United States. Future research is needed to identify
optimal exercise doses that can improve the physical and
cardiometabolic health of children with disabilities at school,
given the structural and logistical constraints of implementation.
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Abstract

Background: With the increasing popularity of web 2.0 apps, social media has made it possible for individuals to post messages
on antibiotic ineffectiveness. In such online conversations, patients discuss their quality of life (QoL). Social media have become
key tools for finding and disseminating medical information.

Objective: To identify the main themes of discussion, the difficulties encountered by patients with respect to antibiotic
ineffectiveness and the impact on their QoL (physical, psychological, social, or financial).

Methods: A noninterventional retrospective study was carried out by collecting social media posts in French language written
by internet users mentioning their experience with antibiotics, and the impact of their ineffectiveness on their QoL. Messages
posted between January 2014 and July 2020 were extracted from French-speaking publicly available online forums.

Results: A total of 3773 messages were included in the analysis corpus after extraction and filtering. These messages were
posted by 2335 individual web users, most of them being women around 35 years of age. Inefficacy of treatment options and the
lack of information regarding the use of antibiotics were among the most discussed topics. QoL was discussed in 63% of the
3773 messages posted. The most common is the physical impact (78%). Patients discussed the persistence of symptoms and
adverse effects. The second kind of impact is psychological (65%), characterized by feelings of anxiety or despair about the
situation.

Conclusions: This social media analysis allowed us to identify a strong impact of the perceived ineffectiveness of antibiotic
therapy on patients’ daily life particularly in terms of physical and psychological consequences. These results provide health care
experts information directly generated by patients regarding their own experiences. Social media studies constitute a complementary
source of evidence that could be used to optimize messages to the public about appropriate use of antibiotics.

(JMIR Form Res 2025;9:e37160)   doi:10.2196/37160

KEYWORDS

antibiotic ineffectiveness; antibiotic resistance; health-related quality of life; real-world; social media; quality of life; quantitative;
qualitative; app; application; online; medical information; French; users; antibiotic; social media use

Introduction

When antibiotics were first introduced in the middle of the 20th
century, they were hailed as wonder drugs. Patients and
physicians alike were amazed at the almost miraculous effect

of these drugs on serious bacterial infections. For the past 70
years, physicians have come to expect that antibiotics would
cure almost all their patient’s bacterial infections, and patients
expect that the miracle drugs will still work wonders. Despite
an increasing rate of antibiotic resistance globally, they remain
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one of the most cost-effective, life-saving medicines contributing
to an extended lifespan [1].

Commonly prescribed antibiotics are becoming less effective
in everyday populations over time as a result of inappropriate
prescriptions, unnecessary use, or their overuse in both humans
and animals. At the same time, research and development on
new antibiotics has slowed down [2]. It is to note that almost
all the new antibiotics that have been brought to market in recent
decades are variations of antibiotic drugs classes that had been
discovered by the 1980s.

The European Surveillance of Antimicrobial Consumption
Network showed that large variations in antibiotic use and
antibiotic resistance rates exist across Europe, with higher use
in Southern Europe including France and lower in Northern
Europe [3].

In general, social media refers to forms of electronic
communication (such as websites for social networking and
microblogging) through which users create online communities
to share information, opinions, personal messages, photos,
videos, and other contents within internet apps [4]. Laudon and
Traver [5] describe online social networking as an online social
area for people who share common ties that can interact with
one another. Organizations are able to use the internet to connect
with consumers in the health care field. Consumers heavily rely
on information found online and use internet to gather health
care information and connect with other patients to garner
support and learn about similar conditions. Individuals will use
social media to post reviews or other comments that support or
possibly deter others from choosing that type of health care in
the future. It is essential for providers to be active on social
media and provide accurate information and connect with
readers. Certain groups use online channels more often
depending on the topic they are searching for. And people
responsible for others, such as parents or caregivers, search
health topics even more. Almost 90% of adult users accessed
popular social media sites to find and share health information
[6]. People aged 18 to 24 years are twice as likely to use social

media to discuss health issues than people aged between 45 to
54 years [7].

The digitizing of health care data, as well as advancements in
computer processing and data storage, has enabled the
development of advanced algorithms in the form of artificial
intelligence (AI) [8]. AI tools are strongly related with data
mining and AI is nowadays ranked among the top-10
technology, whichever the application [9]. Despite their
limitations, AI tools and techniques that are still in their infancy
already provide substantial benefits in providing in-depth
knowledge on individuals’ health and predicting population
health risks. Their use for medicine and public health is expected
to increase substantially in the near future [10].

Health is a multifaceted concept and there is no single indicator
that can adequately assess its impact in relation to quality of
life (QoL). The framework for measuring the QoL includes,
among others, information on the share of the population with
unmet needs for medical and dental care and a contrasting set
of health determinant indicators [11]. In this study, we collected
on the web and sought to analyze the messages and complaints
of patients with antibiotic treatment failure using innovative
tools, without prejudging the cause of the failure (misuse or
antibiotic resistance) in order to identify the main topics of
discussion, and to identify the difficulties encountered by
patients regarding antibiotic ineffectiveness and the impact on
their quality of life (physical, psychological, social, or financial).

Methods

Study Design and Population
This was a noninterventional retrospective study using a text
mining approach to retrieve information from social media posts
(data available in the public domain) written by French speaking
internet users between 2014 and 2020 (Figure 1). The study
was conducted in 2 phases, data collection using the published
Detec’t webcrawler [12,13] developed by Kap Code (Paris,
France) to collect antibiotic resistance-related posts and
quantitative and qualitative analyses to identify trends and
characterize key topics discussed by French speaking users.

Figure 1. Study framework.
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Data Extraction
A web crawler is an engine that browses through hyperlinks
and stores them for future download of associated web pages
(identified by the visited hyperlinks) [14]. Scraping of messages
was performed according to the HTML structure of each forum.
All discussions containing at least one of the keywords or one
of their synonyms, coupled with the search for a lexical field
of inefficiency within the same message (eg, inefficient or does

not work), were automatically retrieved with all the associated
metadata and anonymized before being stored in a study-specific
database.

Messages associated with antibiotic’s supposed ineffectiveness
were retrieved from 46 French sources (such as Doctissimo
[Reworld Media], Twitter [rebranded as X], and listed in Table
1) dating from 2014 to 2020.

Table . Data sources. Messages about lack of efficacy of antibiotics and antibiotic resistance were retrieved from 46 French sources.

Users, nPosts, nForums

475888Twitter (X)

621885Doctissimo

131396Atoute

135260Futura-Sciences

126171Au féminin

124125Meamedica

54123Les impatientes

4394Psychologies

8594Onmeda

6279Journal des femmes

6777Maladies rares

4672Thyroide

6871YouTube

4268Psychoactif

4161Lymphome espoiri

4053Vinted

3849Vulgaris Medical

4347Ligue contre le cancer

1839Andlil

1538Alarm.asso

2937Maman pour la vie

713Pedia Blog

710Forum HardWare

1823Other sites

23353773Total

The analysis corpus (Figure 2) consisted of the corpus filtered
after the removal of messages containing predetermined
keywords written in a language other than French, post

containing animal-related vocabulary, and messages containing
at least 1 of the study-specific exclusion words listed in
Multimedia Appendix 1.
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Figure 2. Flowchart presenting the steps for creating the analysis corpus.

Data Analysis

Age and Gender
Web users’ gender is determined through the identification of
regular expressions for each gender. First names and
gender-associated suffix and prefix are first searched in the
username. Then, content of all available messages is screened
for gender-specific lexical fields and gender agreements of
adjectives and verbs. Finally, a score is computed for each
gender and a prediction for the user is obtained by comparing
them.

Web users’ages are identified by a 2-fold method. First, regular
expressions of age are identified in the total of the user posts.
Then, if no expressions were found, a probabilistic machine
learning model predicts an age based on several features. Among
them, the model considers syntactic aspects of posts as well as
expressed feeling and the source on which the user expresses
himself.

Topic Model
A topic model was applied to identify the themes addressed in
each message. Topic models consist of text mining approach
aiming to automatically identify the abstract themes addressed
in a collection of documents. Such models are based on the
hypothesis that each document in the corpus corresponds to a
distribution of several topics. A biterm topic model (BTM) was
used to identify the topics without previous knowledge. A topic

is defined as a subject of discussion, which amounts to tokens
that frequently appear together in a corpus. The BTM considers
the whole corpus as a mixture of topics, where each posts’
co-occurring pair of tokens (the biterm) is drawn from a specific
topic independently, and modeled topics are probability
distributions over the biterms [15].

Topics being probability distributions over tokens of the corpus
of study, they can be characterized by the highest per-topic
probability tokens. Weighting these probabilities through
term-frequency inverse document frequency weighting allows
to allocate a higher importance to topic-specific tokens. In this
case, the per-topic probability of a token was weighted by the
inverse of the probabilities of this token in other topics. For
each topic, tokens were ranked from highest to lowest weighted
probabilities. The first 15 tokens are designated as the set of
characteristic tokens and used to manually name the topic.

QoL
QoL impacts were identified; thanks to an algorithm previously
developed [16] on the basis of 2 standardized questionnaires
measuring health-related QoL (EQ5D and SF36). The algorithm
is 2-fold. First, it indicates if an impact is expressed and, second,
thanks to 5 specific models, it indicates the nature of the impact
(physical, psychic, activity-related, relational, or financial). The
6 models (1 for the first step and 5 for the second) are extreme
gradient boosting models trained on annotated patients posts
related various pathologies. Features involved in both steps of
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the algorithm describe expressed feelings, grammar, conjugation,
and lexical fields of health-related QoL-related features,
integrating semantic fields specific to the social media domain,
allowing it to capture the patient experience as closely as
possible. This algorithm was used to automatically create groups
of posts as per type of impact, which were subsequently
manually reviewed.

Ethical Considerations
This study included data from publicly available sources; private
groups and web pages were thus excluded from our data
extraction process. We did not seek approval as users
automatically grant their consent for the reuse of their data when

they post on public platforms. Furthermore, the results of this
study do not contain any identifiable information and are
presented in aggregate. Information such as the name, username
or handle, geographic locations, or any other sensitive data were
not included.

Results

Description of the Population and Posts
After filtering and formatting, the analysis corpus contained a
total of 3773 messages corresponding to 2335 different web
users, with a mean of 1.62 posts per user (Figure 3).

Figure 3. Methodology.

Data showed that there is no specific forum for the sharing of
information on activities relating to lack of efficacy of antibiotics
and antibiotic resistance and a disparity of sources with a
significant proportion of extracted data coming from X and
Doctissimo with 888 (23.5%) and 885 (23.5%) posts out of
3773, respectively (Table 1). Furthermore, there was no

connection between sources, suggesting a lack of structuring
and of visibility of information networks.

We observed fluctuations in the evolution of the volume of
messages between January 2014 and July 2020 (Figure 4). We
observe a seasonality effect mainly during the “cold” and flu
periods, from November to March.

Figure 4. Fluctuations in the evolution of the volume of messages between January 2014 and July 2020 .
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Most users were determined as being women (2015/2337,
86.22%), and the average age was estimated of about 35 years
(Figure 5). This is consistent with the results of many studies
that point out that women express more personal issues in social

networks [17,18]. Furthermore, mothers are more likely to seek
advice and help about their infants’health from multiple sources,
including social media [19].

Figure 5. Age distribution.

Discussion Themes and Topics
As shown in Table 2, the BTM identified 13 main themes of
discussion. The largest category of topics was related to the
inefficacy of treatment options (“ineffective antibiotics”
[597/3770, 15.84%]), especially for ambulatory diseases such
as cystitis (356/3770, 9.44%), acne (226/3770, 5.99%), or dental

disorders (109/3770, 2.89%), followed closely by the lack of
information regarding their use (“antibiotics and pregnancy,”
402/3770, 10.66%). Furthermore, our findings showed a certain
degree of superficiality in the knowledge regarding antibiotics
resistance (351/3770, 9.31%) and antibiotics overuse (301/3770,
7.98%).
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Table . Distribution of posts by overall topic category. Application of a biterm topic model that automatically identifies the different topics addressed
within the message corpus. Each theme is associated with a set of characteristic words which allows to define them. A message can only be associated
with 1 theme.

n (%)Topics

597 (15.84)Ineffective antibiotics

461 (12.23)Antibiotics and ear, nose, and throat disorder

402 (10.66)Antibiotics and pregnancy

356 (9.44)Persistent urinary infections

351 (9.31)Mechanisms of resistance

301 (7.98)Antibiotics overuse

272 (7.21)Inappropriate use of antibiotics

238 (6.31)Medical data exchanges

226 (5.99)Antibiotics and acne

137 (3.63)Gastrointestinal impact of antibiotics

109 (2.89)Dental disorders and antibiotics

77 (2.04)Sensitivity analysis antibiogram

66 (1.75)Nosocomial infection

QoL
QoL is an important criterion for evaluating the effects of a
disease and of treatment interventions. In this study, the personal
experience of the users in terms of impact on QoL was assessed
as physical well-being, social well-being, financial well-being,
emotional or psychological well-being, and day-to-day activities.
Among the 3773 messages posted, 63% (2384) contained at
least 1 impact related to the ineffectiveness of antibiotic
treatment on their daily life (Table 3). The most reported impact
is physical (1866, 78% of messages), with patients discussing

the persistence of symptoms (pain and fatigue), and adverse
effects (diarrhea and joint pain). Psychological impact (1551,
65% of messages) is characterized by feelings of anxiety, fear,
or despair, with some messages even mentioning depression.
Current activities (745, 31% of messages) were also impacted,
with sick leave, professional difficulties, or a decrease in regular
physical activities. Social impact (602, 25% of messages) was
marked by family or sexual problems and feelings of social
isolation. Financial impact was less discussed in only 1% (28)
of the messages, with messages essentially related to
unnecessary expenses or care coverage.

Table . Impact of antibiotic treatment ineffectiveness on patients’ quality of life.

n (%)Impact

1866 (39)Physical

1551 (32)Psychological

745 (16)Day-to-day activities

602 (13)Social

28 (1)Financial

Discussion

Principal Findings
Using a web-based tool, we have been able to assess
retrospectively how (web user) patients perceive lack of efficacy
of antibiotics in France over the last 7 years. Most users were
women, and the average age was of about 35 years (Figure 5).
Discussions were mainly about therapeutic wandering, without
a strong knowledge about antibiotics mechanism of action and
antibiotic resistance. This situation might be due to some lack
of knowledge and interest on the subject, highlighting the
wandering without addressing the essential points at the origin
of the lack of efficacy like prescription of antibiotics in case of
viral infection. Furthermore, we showed that there is a strong

impact of perceived ineffectiveness of antibiotic therapy on the
QoL of the patients, especially a strong physical and
psychological impact for diverse infections and situations.

Limitations of the Study
This study is to our knowledge the first analysis of messages
posted on social media and related to antibiotic resistance in
human medicine. It also shows several limitations. First, by
focusing only on terms in the French language, we will have
underreported the total volume of messages related to antibiotics
resistance, and thus, these results are not generalizable at a
worldwide scale. Furthermore, using social media to analyze
patients’ reactions excludes patients who do not have access to
the internet or who are not familiar with the use of online
discussions.
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Extraction bias and a limited amount of data compared with
similar studies related to other patient groups (such as breast
cancer) were the second limitation. Even if a reasonable sized
set of keywords was used, keyword selection in social media
studies can induce varying levels of extraction bias, accentuated
by a low volume of data.

Another limitation of using social media is the lack of complete
information about individual cases. There is also the problem
of discovering demographic information—only limited or no
information regarding individual user demographics (such as
age and origin) may be available.

Despite these limitations, social media represent an ideal place
where patients can freely and spontaneously discuss their
experiences along with their therapy, thus providing valuable
information on their QoL difficult to access by other means.
Nevertheless, these observations should be interpreted
cautiously, since social media data may include a higher
frequency of erroneous information, and patients posting on
social media forums may not be representative of the wider
patient population.

Implications and Future Research
Messages published on social networks should be integrated
into the assessment of patient’s QoL, as they can help to
characterise the patient’s experience in a more individualized
and spontaneous way. Furthermore, it seems important to further
explore certain subpopulations (eg, pregnant women, children,
or even older adults via their parents or caregivers).

To the extent that the most dominant topics can be interpreted
as unmet informational needs, our study highlights the
refinement of practical implications such as the improvement
of existing tools, and further reinforcement of the use of
available tools (such as antibiotic susceptibility testing or rapid
detection tests), and as well as the communication around them.

The ability of internet users to attribute this perceived
ineffectiveness to inadequate prescribing or antibiotic resistance
is not perceptible in this study and could be the subject of further
analysis.

This study suggested to carry out a study segmented by year to
examine the evolution of the different subjects (QoL, topics,
and treatments) over the years and to observe the global
evolutions. Furthermore, similar studies in another country,
such as Germany or the United Kingdom, should be planned to
compare messages posted between three countries with similar
way of life and growth domestic product.

Conclusion
Given that health information is shared extensively on social
networks, such services can potentially be used to gather
important real-time health data and may provide a venue to
identify potential misuse or misunderstanding of antibiotics,
promote positive behavior change, and disseminate valid
information related to QoL and to bacterial and nonbacterial
infections.

One of the most important challenge for health care
professionals is to educate people about antibiotics, their adverse
effects, and to encourage them to stop the misuse of such drugs.
Our study illustrates the current situation concerning the lack
of efficacy of antibiotics and the paucity of valuable information
and treatment options for wandering patients. In our case,
nothing allows us to affirm that these are therapeutic failures
related to antibiotic resistance, inappropriate prescriptions or
misuse by patients. However, it can provide health care experts
with direct patient input on their experience in real-life
conditions. This web analysis made it possible to collect, for
the first time, the expression of patients who have failed
antibiotic therapy. While the extent of these failures is difficult
to demonstrate, these patients’experiences tell us how they feel.
This research deserves to be continued to better understand the
evolution of this phenomenon.
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Abstract

Background: There is worldwide recognition of the potential increase of digital health inequity due to the increased digitalization
of health care systems. Digital health skill development may prevent disparities in eHealth access and use. In the Dutch context,
the public library has started to facilitate support in digital health skill development by offering public eHealth courses.
Understanding the motivations of people to seek support may help to further develop this type of public service.

Objective: This is a qualitative study on the motivations of citizens participating in an eHealth course offered by public libraries.
The study aimed to explore why citizens were motivated to seek nonformal support for eHealth use.

Methods: A total of 20 semistructured interviews with participants who participated in an eHealth course were conducted in 7
public libraries across the Netherlands. The interviews were conducted between April and June 2022. Purposive sampling took
place in the public library during the eHealth course. The interviews covered participants’ motivations, attitudes, and experiences
with eHealth use and their motivations to seek help with eHealth use. Interviews were audio-recorded and transcribed. Themes
were identified via a comprehensive thematic data analysis.

Results: The participants were 51 to 82 years of age (average 73.5, SD 6.6 y) and 14 (70%) participants were female. Three
motivational themes were identified: (1) adapting to an increasingly digital society, (2) sense of urgency facilitated by prior
experience in health care, and (3) a need for self-reliance and autonomy. Additionally, participants expressed a general desire for
social contact and lifelong learning. A lack of adequate informal support by friends and family for digital skills and positive
experiences with formal support from public libraries stimulated the participants to seek formal support for eHealth use.

Conclusions: We show that the participants had a feeling of urgency that sparked their motivation to seek nonformal support
in the public library. Motivations to participate in the eHealth course stemmed from the need to adapt to the digital society, being
a patient or a caregiver, or the need or wish to be independent from others. Participants of the study were mainly older female
adults who had native language abilities, up-to-date digital devices, and time. It is likely that other populations experience similar
feelings of urgency but have other support needs. Future research should explore the needs and attitudes of nonusers and other
users of digital health toward seeking support in eHealth access and use.

(JMIR Form Res 2025;9:e60612)   doi:10.2196/60612

KEYWORDS

digital health; help-seeking behavior; socioeconomic factors; community health services; older people; eHealth; older adults;
geriatric; support; eHealth literacy; interview; Netherlands; thematic data analysis; health literacy; mobile phone
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Introduction

With the growing demand for health care services, eHealth is
increasingly recognized as a critical tool for efficiently managing
and delivering health care [1]. Through the adoption of patient
portals, telemonitoring tools, and smartphone apps, patients can
experience improved access to health information, shared
decision-making, and self-management [2,3]. However, not
everyone within society is able to access and use digital health
care [4-12]. The increased implementation of digital tools in
health services is linked to the widening disparities in health
[13].

The need for more emphasis on equity in the access and use of
digital health care systems is recognized worldwide. Research
shows that disparities in the use of digital health are common
in member states of the European Union [14,15]. The causes of
digital health inequities derive from unequal access to resources,
language, and digital health skills required for effective eHealth
utilization [8-10,16-22]. World Health Organization and
Organization for Economic Co-operation and Development
encourage countries to adopt digital health literacy policies on
citizen and health system levels [23,24]. Yet, only 27 out of 52
European Union member states have developed policies on
digital health literacy (2023) [23]. Digital health literacy is
defined by Norman and Skinner [25] as “the ability to seek,
find, understand, and appraise health information from electronic
sources and apply the knowledge gained to addressing or solving
a health problem.” Enhancement of digital health skills is one
of the avenues for achieving a more equitable digital health care
system [23,24,26].

In The Netherlands, the COVID-19 pandemic created awareness
about the lack of digital health literacy which resulted in a
collaborative effort between the government and the public
library organization to facilitate support and education in the
development of digital skills, including digital health skills
[27-29]. As a result of this collaboration, the public library in
the Netherlands has evolved into an organization that aims to
support “those who need help” [30,31]. The public library offers
a nonformal free-of-charge eHealth course, designed to enhance
digital health skills [31]. In the literature, 3 categories of support
are defined; formal support: institutionalized education with
officially recognized awards, nonformal support:
institutionalized support and education without officially
recognized awards, and informal support: support via social
networks [32]. Support via the public library is a form of
nonformal support. As the public library is freely accessible to
the whole population, costs or resources would not deter the
use of this type of support. However, the first step to participate
remains to be taken by the individual and depends on their
motivation to improve their digital health skills [17,19,31].

A better understanding of the motivations of people who seek
nonformal support can create useful insights into the sentiments
that drive eHealth adoption and support-seeking behavior. These
insights can be used to improve eHealth implementation and
the design of eHealth support strategies. This study aims to
explore the motivations that drive participants in a freely
accessible eHealth course to seek nonformal support for eHealth

use. Building on our prior research and other findings, which
demonstrated that education was associated with motivation to
use eHealth [18], this study’s findings will also be explored
through the lens of the educational background of people who
seek support.

Methods

Study Design
This study aims to understand and explore the motivations of
participants to seek support with digital health skill development.
A qualitative study design with semistructured interviews was
deemed most appropriate as this study aims to explore and
describe the motivations to seek help in the eHealth use of
participants of an eHealth course [33]. Due to the explorative
nature of the research question, this study follows the
interpretivism approach [34]. As this study has an explorative
nature with the aim to create a deep understanding of the
motivations of the participants to seek support, the results of
this study will be unique to the study setting and the study
sample. This paper adhered to the SRQR (Standards for
Reporting Qualitative Research) checklist (Checklist 1) [35].

Ethical Considerations
The study was declared to fall outside the scope of the Dutch
Medical Research Involving Human Subjects Act by the Clinical
Expertise Center of the Dutch National Institute for Public
Health and the Environment (VPZ-559). Transcripts of the
interviews and the informed consent forms are stored and
protected at the Dutch National Institute of Public Health and
the Environment. All participants provided their informed
consent prior to conducting the interviews. Participants received
a 15€ (US $16.047) voucher for their participation. Transcripts
were deidentified.

Setting
Digital health care is widely implemented within the Dutch
health care system and involves data storage, interaction between
(health care) professionals, interaction between health care
professionals and patients, and freely accessible health
information websites and apps [36]. Implementation of digital
health care has been experimented with over the last decades
within the Dutch health care system and is stimulated by the
government [37-39]. The Netherlands is one of the
best-connected countries in the European Union, with 98% of
its citizens connected to a type of internet connection [40]. The
history of experimentation with eHealth implementation,
governmental support, and the wide availability of the internet
is likely to support the digitalization of the health care system
further.

The eHealth course “DigiVitaler” is part of the web-based
educational material from the National Public Library and
available to all public libraries since 2021 [41]. In 2022, 60 out
of 137 public libraries offered the eHealth course [41]. This
course is structured into multiple classes, each covering a
specific eHealth topic, such as the patient portal, video
consultations, and web-based health information. Participants
are introduced to eHealth by providing hands-on experience
with eHealth apps in simulated digital environments. The course
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consists of 1 up to 8 classes, each with a duration of 2‐3 hours,
and accommodation of 2‐12 participants. Public libraries are
free to choose the number of classes they offer. Public libraries
used printed, word-of-mouth, and social media advertisement
strategies to announce the course, disseminated via libraries’
own platforms, local newspapers, and local organizations.

Recruitment
Purposive sampling of participants who had experience with
the eHealth course was performed by 3 researchers (LS, AMI,
and Anita Suijkerbuijk) in the context of 7 public libraries.
Researchers aimed to recruit a representative sample of all
participants of the eHealth course. Through contact with the
developer (Stichting DigiSterker), the researchers retrieved
contact information of the libraries offering the eHealth course.
The course developer was not involved in this study. Libraries
were contacted via email and received information about the
study with the request to allow the researchers to be present
during the eHealth course for participant recruitment. A total
of 7 out of the 26 contacted libraries agreed to participate.
Reasons for libraries to decline were course cancellations due
to a low number of course participants, no course dates in the
data collection period, no response, or unwillingness to
participate in the study. After obtaining consent from the
librarians, the researchers (LS, AMI, and Anita Suijkerbuijk)
attended 9 classes in 7 libraries located in rural and urban areas
in the Netherlands. At the start of each class, potential
participants were introduced to the study through a presentation
and a flyer. With the approval of the course trainer, researchers
would play an active role during the class, providing support
and answering the course participants’ questions about the
course material. At the end of the class, participants were invited
for an interview. Participants who expressed interest were
provided with detailed study information, a consent form, and
the opportunity to ask questions. Recruitment and interview
procedures were designed to limit the participants’ potential
efforts to participate in the study. Procedures were conducted
in a familiar context for the participants and required limited
travel time and no digital skills. All participants were
interviewed at the library, either immediately following the
course or at a preferred later date. Telephone interviews were
an option but were not requested by the participants. Digital
interview formats were not considered as it was highly likely
that the participants had limited digital skills, which would
potentially pose a barrier to recruitment.

Participants
Participants were eligible to participate if they were older than
18 years of age and participated in the eHealth course.
Educational background was categorized according to the
International Standard Classification of Education (ISCED),
where a low educational background is categorized as ISCED
0‐2, intermediate as ISCED 3‐4, and high as ISCED 5‐8
[42]. The rurality of the participants’ living area was derived
from the area where libraries were situated. Rurality was
determined via the rurality classification from Statistics
Netherlands [43]. A total of 48 participants attended the classes
visited by the researchers, of which 20 (20/48, 42%) participants
participated in the study. Reasons for nonparticipation were

lack of time or interest or the participant’s own perception of
lack of experience with eHealth.

Data Collection
In this study, motivations related to seeking help and the use of
eHealth were studied. The themes of the interview guide
covered: the demographics of the participant; the motivations,
self-efficacy, and attitudes for eHealth use; motivations
regarding seeking and receiving support for eHealth use; and
social context of support and eHealth use. The interview guide
can be found in Multimedia Appendix 1.

Multiple theories describe the transition from motivation to
behavior [44-46]. The 3 concepts, attitude, social norms, and
self-efficacy, are often described to result in motivation [44-46].
In this study, these theories were used as a means to develop
the interview guide that covers the main concepts of motivation.
Attitude refers to positive and negative beliefs about the
consequences of certain behaviors [44-46]. Social norms include
the beliefs of others about the behavior [44-46]. Self-efficacy
expectations refer to the beliefs of one’s personal capacities to
actually change behavior [44-46]. Questions that cover these
concepts entailed questions such as: “What or who caused you
to seek support with eHealth use and why?” (attitude and social
norm); “What was the role of family; friends; health care
professionals; the library; or the municipality to use eHealth?”
(social norm); “Would you be able to use eHealth yourself after
the course?” (self-efficacy). The interview guide was developed
by LS and AMI and reviewed by LT, AS, and MAB.

Semistructured interviews were conducted face-to-face by
researchers LS, Anita Suijkerbuijk, and AMI, all experienced
in conducting qualitative research. None of the researchers knew
the participants prior to this study. The data collection period
lasted from April until June 2022. All interviews were
audio-recorded with participants’ permission and lasted 30‐60
minutes. After each cycle of 6 interviews, the content of the
interviews was discussed by LS and AMI. After 20 interviews,
no new information regarding motivation to seek help with
eHealth use was heard. At this point, it was concluded that data
saturation was reached.

Data Analysis
Deidentified verbatim transcriptions of the interviews were
analyzed with the “Codebook Thematic Analysis” approach
[47]. This approach allows for a structured process of coding,
theme development, and conceptualization in a multidisciplinary
team while maintaining the open, inductive approach of
reflective thematic analysis to explore the motivations of the
participants in-depth [48]. First, transcripts were read and
summarized for data familiarization. A deductive codebook was
derived from the interview guide. The first 2 interviews were
double-coded by LS, AS, LT, and AMI, who then
collaboratively defined and fine-tuned the codebook. After
consensus, the remaining interviews were coded and
cross-checked by LS and AMI, using MaxQDA (VERBI
Software) for data management. This deductive analysis was
performed to create an overview of the data gathered, followed
by an inductive analysis to identify underlying patterns. The
following topics were analyzed inductively: motivation for
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eHealth use, motivation for seeking support in eHealth use, and
motivation to participate in the eHealth course. The first 20%
of the transcript segments per topic were inductively coded by
LS and AMI separately. After reaching a consensus, the rest of
the transcripts were coded and cross-checked by LS and AMI.
The inductive codes were arranged into candidate themes.
Candidate themes were then further defined through discussion
between all researchers to determine the final themes. After
analysis, all the transcript summaries were reread and the
presence of the themes for every participant was evaluated
through the lens of their life course with the aim of identifying
possible differences according to educational background.
Quotes were translated using the translation software DeepL
(DeepL SE) and these were checked by a native English speaker
with limited Dutch fluency.

Results

Overview
A total of 5 men and 15 women with an average age of 73.5
(SD 6.6; range: 51‐82) years participated in this study. All
participants were White and fluent in the Dutch language. Most
participants (n=13) lived in an urban area. Seven participants
were categorized with a low educational background (LE), 6
participants with an intermediate (IE), and 7 participants with
a high educational background (HE). All participants made use
of 1 up to 4 digital devices and 14 participants had prior
experience with digital health services. The study sample’s
(n=20) demographic overview can be found in Multimedia
Appendix 2. Participants mentioned three types of support to
develop their digital skills: (1) family, friends, and
acquaintances; (2) the public library and other public or social
organizations; and (3) commercial resources. Participants were
either introduced to the eHealth course by library staff during
participation in other courses offered by the library,
advertisements in the local newspaper, or via their church, social
organization, or computer club.

General Experience With the Digitalizing Society
The participants’ experiences with and attitudes toward the
digital world varied, yet all expressed some degree of difficulty
using digital devices and services due to a perceived lack of
adequate digital skills. Many pointed out that it is difficult for
“their generation” to keep up with the latest developments within
an ever-changing field. “Their generation” pertains to those
who did not grow up with computers or the internet and only
learned this later in life, even though some had multiple years
of digital experience.

I think it’s a shame that there’s no choice anymore.
There’s obviously a generation of us that needs to
have a transition that’s a little bit smooth, and not
like: bam, next year everything’s just different. I think
a lot of people my age have problems with that.
[Participant 5, female, 72 years of age, LE]

For most, this digital experience was work-related where they
were trained in specific, mostly simple computer programs
useful for their jobs. However, this was different from their
experience in this day and age where every aspect of life has

become infused with digitalization and there often is little to no
alternative left.

Themes

Overview
Three themes were identified to describe individuals’
motivations to seek help for eHealth use: (1) adapting to an
increasingly digital society, (2) a sense of urgency facilitated
by health care experience, and (3) a need for self-reliance and
autonomy. Additionally, a desire for social contact and lifelong
learning were general reasons to participate in courses offered
by the public library. An overview of the themes, the topics,
and the number of codes linked to a topic is presented in
Multimedia Appendix 3.

Theme 1—Adapting to an Increasingly Digital Society

Overview

The majority of the participants experienced that society is
becoming more digital and they feel the urgency to try and keep
up with the digital transition to be able to function as
participating citizens. Three aspects encompass this motivation:
(1) realizing the lack of one’s own digital skills, (2) feeling
forced by society to keep up with digitalization, and (3) a desire
to feel included in society and be prepared for the future. This
theme was identified among all participants, regardless of
educational level. It seems in this respect that among the
participants of this course, their age and the fact they have little
experience with digital technology played a bigger role than
their educational background.

A Lack of Digital Skills

The experience and expectation of lacking digital skills created
a sense of urgency for most participants to learn how to use
eHealth. Participants found it uneasy to navigate through the
digital world in general. Many participants reported that
developing and maintaining digital skills requires continuous
effort.

But it’s my experience, if you don’t do it regularly, it
disappears again. Then you think, “Oh dear, how did
I do this again?” And just figuring that out, it’s very
frustrating. [Participant 11, female, 73 years of age,
HE]

Some participants experienced fear of using the computer since
they were afraid to make (irreversible) mistakes.

The fear of buttons for me is that I think I’m pressing
such wrong buttons that everything’ll disappear.
[Participant 15, female, 74 years of age, HE]

Some participants tried to use eHealth but failed due to a lack
of digital skills. Others found that their lack of digital skills
limited them in using eHealth to its full potential or impeded
their preferred option in health care services. This motivated
them to start learning.

Feeling Forced by Society to Keep Up With Digitalization

As services and goods become increasingly digitalized without
alternatives, participants felt compelled to adapt and commit to
them.
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Then I think: something is being shoved down my
throat again. I don’t want that at all. But still, I get
it: you have to, whether you want to or not.
[Participant 19, female, 74 years of age, LE]

Anxiety about falling behind and becoming isolated from society
or losing part of their autonomy was common. Feelings of
insecurity, shame, or feeling scared using new digital technology
were no exception, as previous experiences with or news
warnings about scamming or loss of privacy raised their
concerns.

A copy of my passport, I find that very uncomfortable
when asked for it. […] I don’t really dare to [upload]
... because I’m afraid, yes it’s very farfetched but it
does happen. I’m still afraid of being taken over by
cybercriminals. [Participant 17 (female, 51 years of
age, HE]

Many participants foresaw that health care services would
further digitalize. They feared diminished access to care if they
were unable to use eHealth, which resulted in beliefs that they
needed to forcefully commit. However, the barriers participants
experienced for the use of eHealth were numerous. Negative
experiences contributed to the reluctance participants felt to use
eHealth: lack of uniformity between eHealth apps, difficulty
identifying appropriate health information, and difficulty in
phrasing health problems in digital form.

Too complicated for us at this age [asking questions
via e-consultation]. You have to do too many steps.
You have to log in, you have to type, you have to
explain what it is, and everything has to be short.
[Participant 10, female, 78 years of age, HE]

Desire to Feel Included in Society and Be Prepared for the
Future

The desire to keep up with digital developments led to an
intrinsic motivation to learn how to use eHealth. The participants
felt that by keeping up, they stay part of society and are prepared
for possible (future) encounters with eHealth. Some participants
felt the urgency to learn how to use eHealth now because they
foresaw that this would become harder as they age.

It is the future where we are headed, soon you have
to do a lot by computer and by smartphone. Then it’s
really nice if I know how to use it, because if I’m
approaching 70 and I still have to learn, well then it
is too late. [Participant 6, female, 66 years of age,
LE]

These participants noticed that they were the early adopters of
eHealth in their social network. Friends and relatives did not
share the same interests or understand why the participant was
willing to learn digital skills to use eHealth. This is part of the
reason why nonformal support in the form of the eHealth course
is a particularly attractive option, as the informal network of
the participants is not as knowledgeable.

Theme 2—Sense of Urgency Facilitated by Prior
Health Care Experience

Overview
The second theme depicts that the participants felt motivated
to seek help to use eHealth through their prior health care
experience. Three aspects encompass this theme: (1) the
responsibility as a patient or caregiver, (2) experience with the
benefits of eHealth, and (3) the attitude of health care
professionals toward eHealth. This theme was mentioned by
all participants from the low-educated group, a few participants
in the intermediate-education group, and half of the
high-educated group. Regardless of their educational
background, the participants who have had experience in the
health care system felt more urgency to use eHealth.

The Responsibility as a Patient or Caregiver
Many participants had some form of experience with health
care, although not all with eHealth. Being a patient or caregiver
to their partner or child stimulated a feeling of responsibility to
take an active role in the care process. For these participants,
this active role encompassed the ability to use eHealth.
Participants illustrated this with examples of preparing hospital
appointments or looking up information in their electronic
patient records. They are able to take more time to think about
the medical information before a consultation to prepare
questions, and also afterward to reread the information given
during a consultation. eHealth allowed participants to better
process the information and use this to their advantage.

My husband was in the hospital with a heart attack
[...] and I saw everything was digital there. I had
already looked up his medical history once and
printed it out because my husband forgets a lot. [...]
And I think, now they are going to start something
else [a new digital system] in the hospital again. I
have to learn this from the start, and I think my
husband has to go along with that. [Participant 13,
female, 70 years of age, LE]

A few participants expressed that they feel this type of active
role is expected of them by medical professionals to be able to
partake in shared decision-making. These experiences motivated
the participants to learn more about eHealth when they were
presented with the opportunity.

Experience With the Benefits of eHealth
Prior experience with health care created perceptions that
eHealth can be beneficial and can be a necessity in health care.
The benefits participants mentioned were less travel time, the
opportunity for digital health care appointments at home,
improved exchange of health information between health
professionals and organizations, and an improved overview and
insight into their personal health information.

The next time I visit my doctor and I need information,
then beforehand I’ll read [my file]. [...] I’d rather
know what’s on the record about me first. Maybe I
can ask another sensible question. Because otherwise
you’re just a clueless patient. [Participant 14, male,
76 years of age, IE]
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Some participants also believed that eHealth could contribute
to the efficiency of the health care system, which they deemed
positive for themselves and society. Most participants were not
familiar with the possibilities of eHealth before their health care
experience. After experiencing these benefits, participants felt
eager to learn about the possibilities of digital care. As a result,
they sought nonformal support.

Attitude of Health Care Professionals Toward eHealth
A positive attitude toward eHealth or regular use of eHealth by
health professionals motivated participants to use eHealth and
learn skills that enable eHealth use. Some participants decided
to do the course after a health professional suggested or used
eHealth for their care.

Yes, Thuisarts.nl [a website that provides easily
readable patient information on primary health care
issues, issued by the Dutch College of General
Practitioners], I consult that often. [...] That’s what
I agreed with the general practitioner at the time. He
said, “Did you look on Google again?” [...] And then,
“If you go to Thuisarts.nl, that’s very reliable.” And
I just do that. [Participant 12, female, 80 years of age
IE]

Most participants indicated they never received any information
about the possibilities of eHealth via their general practitioner
or other health care professionals. Some participants argued
that better promotion of eHealth is needed to spread awareness
and stimulate use.

Theme 3—Need for Self-Reliance and Autonomy

Overview
Participants’ motivation to seek help for eHealth use was also
tied to their wish for independence. The need for self-reliance
and autonomy was described by three aspects: (1) limited
informal support, (2) discomfort with dependency on others,
and (3) discomfort with loss of their own autonomy. This theme
was identified equally among all participants, regardless of
educational level. Thus, again, the social circumstances such
as having children and the existence or absence of a social
network seemed to affect the participants more directly than
their educational background.

Limited Informal Support
Limited or inadequate informal support resulted in participants
feeling forced to become independent users of eHealth. In a few
cases, limited support meant that participants were childless,
whereas they felt that society often wrongly assumed that their
family would take care of them. This can create a sense of
loneliness, but also motivation to learn these skills.

I do feel more or less obliged [to become independent
in eHealth use]. [...] because I have nobody to fall
back on. Everyone says: oh, you just ask your
children. Well, I don’t have any. [Participant 1,
female, 73 years of age, HE]

Other participants expressed they never felt a need to learn
because their spouse would take care of all things digital.
However, after their partner falls ill or has passed away, they

are on their own and feel they have no other choice but to learn
these skills themselves. In addition to the absence of informal
support, some participants also experienced inadequate informal
support, when the support they receive does not match their
needs and wishes. This is especially true for the help the
participants receive from their children or grandchildren, who
are digital natives, and proceed to quickly resolve any issues.
This is often done in such a way that the participants are left
clueless about what the solution entails and are not stimulated
to learn how to tackle these problems themselves. They continue
to be dependent on others, which frustrates them. To be able to
develop these skills on their own, they feel they need more
structured explanations, time to practice, and patient teachers
which the course offers them.

Otherwise, I always have to ask one of the
grandchildren. […] They’ll help me, but it’s all quick,
quick, quick. Well, that doesn’t work. […] That’s why
I’m here taking this course. [Participant 6, female,
66 years of age, LE]

Discomfort With Dependency on Others
To lean on others for help in eHealth use was uncomfortable
for some participants due to their desire for independence,
leading to their wish for independent eHealth use. Usually
requesting help with small or acute matters within close ties
such as family is acceptable, but depending on others outside
of the family such as neighbors or friends feels uncomfortable
and like they are burdening others. Some participants expressed
that even asking family for help can feel like they are asking
too much of their children, especially if they feel their children
are busy with their own household, young children to take care
of, or demanding jobs. The course offers a welcome alternative,
where the participants do not feel like a burden.

Because I wanted to deal with it [eHealth] more
easily. I do have children who want to help, but
everyone still has their own thing. I don’t want to
become dependent on my kids. [Participant 10, female,
78 years of age, HE]

Some also reported that they are afraid or find it difficult to ask
for help from formal institutions such as the municipality. This,
in turn, also has to do with a lack of trust and safety. Participants
feel discouraged to ask for support from these types of
organizations because they think they will not get sufficient
guidance. Participants found commercial services to be too
expensive, incompatible with their own equipment, insufficiently
informative, or too time-consuming.

Discomfort With the Loss of Their Own Autonomy
Asking for help or being unable to use eHealth meant for some
participants that they could not manage their own life and health.
Their discomfort lies in their dependency on others rather than
being uncomfortable burdening others with their need for help.
It means the loss of autonomy which many of the participants
experienced their whole lives through their employment, role
in the household, and management of daily life. But as they get
older, they feel they lose this freedom as it becomes harder to
keep up with digital innovation. Many participants feel they
want to be able to solve problems on their own, without asking
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for help. Attending the course feel like they are in control and
actively solving the problem by learning new skills and by doing
something themselves. They experience this as more
empowering than asking someone else to solve their problems
for them.

Of course, I always wanted to do everything myself.
Now you have to [ask for help] every time... That’s
the thing. Every time you have to give up a piece of
your personality. That’s how it feels. [Participant 19,
female, 74 years of age, LE]

In addition to these 3 themes related specifically to the
motivation for eHealth use support, the participants expressed
a general desire for social contact and life-long learning as a
reason to participate in the eHealth course. With regards to
social contact, participants reported finding solace and support
to tackle digital (health) skills together with likeminded people,
where they are not the only ones experiencing difficulty with
new technology and have the opportunity to learn from each
other’s questions and mistakes without feeling like the odd one
out. This feeling of kindred spirits can contribute to alleviating
feelings of shame that participants may feel due to their lack of
adequate digital skills. With regard to life-long learning, some
participants proposed their curious personality as a reason to
participate in all kinds of different courses offered to them by
the public library. Most of these participants initially started on
a path to improve their digital skills and this course was a natural
continuation of that process to develop these further. Especially
those participants who already had positive experiences with
formal support at the public library were stimulated to continue
with this type of support.

Discussion

Principal Findings
In this qualitative study, including participants of older age and
with varying educational backgrounds, three motivational
themes were identified for seeking help with eHealth use: (1)
adapting to an increasingly digital society, (2) a sense of urgency
facilitated by health care experience, and (3) a need for
self-reliance and autonomy. A lack of adequate informal support
from friends and family and positive experiences with nonformal
support stimulated the participants to seek nonformal support
in the public library for eHealth use. In addition to the 3 themes,
participants expressed a more general desire for social contact
with peers and lifelong learning.

The first theme “adapting to an increasingly digital society”
explores the motivation to seek support driven by a wish or
need for digital inclusion and societal participation in a
digitalized society. It shows that the exponential development
of digital technology can seem daunting and therefore
insurmountable for some older adults who have little to no prior
experience with this [49,50]. However, for others, it acts as a
stimulus to stay engaged with societal changes, fueling the
desire to adopt new technology [49,51]. In this study, this latter
attitude also emerged as an important reason to seek support
for eHealth use. While computer anxiety and low computer
self-efficacy have been named important barriers to technology
and eHealth adoption in older adults [52-54], this study shows

that awareness of one’s own limited self-efficacy in eHealth
use can be an important incentive to seek support when
individuals see the potential usefulness for themselves as
“preparation for the future.” Associated concepts such as healthy
aging, aging in place (eg, living longer at home), and older
person’s empowerment have all been positively linked to the
use of digital (health) technology [55-58] and are reflected in
the third theme.

The second theme “a sense of urgency facilitated by health care
experience” revolves around participants’prior experience with
eHealth, health care, and health professionals. In this study,
some participants experienced this as a necessity, while for
others, this stimulated a positive attitude toward the potential
benefits. Both acted as a facilitator for seeking support. Ware
et al [55] equally found that a desire for ownership, access, and
individual responsibility for personal medical information were
motivators to use eHealth. Other research also underscores the
importance of perceived eHealth benefits, positive prior eHealth
experiences, and endorsement of health care professionals to
motivate individual use [53,54]. This “window of opportunity”
could be used to motivate others to seek nonformal support for
their digital skills, for example, when introduced by trusted
health professionals. However, this type of experience as a
motivator for older adults to seek nonformal support for the
development of digital (health) skills seems to be a novel
finding.

The third theme “a need for self-reliance and autonomy”
emphasizes that participants want to be self-sufficient in their
abilities. This attitude toward self-reliance and autonomy
illustrated how participants want to live and manage their health
independently. It can support aging in place, encouraging older
adults to live independently for as long as possible, a desire of
most older adults and stimulated by policy makers [59,60].
Informal support by family and friends can both be a facilitator
or barrier to the adoption of new digital technology [51,53,54].
In this study, part of the participants showed a dislike for
dependency on family and friends and did not want to burden
others turning informal support into a barrier, a sentiment also
observed by others [51,53]. In this study, the help offered by
family members did not lead to the development of more digital
skills, as the participants desired. Therefore, they experienced
limited and inadequate informal support. This particular
phenomenon is seen elsewhere in informal support for internet
use among older adults [61]. In addition, our findings on limited
informal support are in line with others who find that
intergenerational support can lack sufficient patience and
understanding for the level of digital skills of older adults
[51,53]. This may act as a barrier if it creates a learning
environment characterized by judgmental delivery, a fast pace,
and the use of unfamiliar jargon [54].

Theoretical reflection from the perspective of Maslow’s
Hierarchy of Needs provides an opportunity to create a deeper
understanding of the origin of the identified motivations.
Maslow’s [62] theory focuses on human needs, theorizing 5
different types of needs. When these needs are not met,
motivations to change behavior can emerge [62]. Furthermore,
the theory implies a hierarchy of the 5 needs [62]. The basic
needs are physiological needs (eg, water and food) and safety
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needs (eg, a roof over one’s head and the heating on) [62]. Then
there are psychological needs, starting with the social need for
love and belonging and moving up to the need for self-esteem
[62]. Finally, there are the self-fulfillment needs, or the need
for self-actualization, for example, developing one’s full
potential [62]. Themes 1 and 2 both reflect a safety need. The
urgency to adapt to an increasingly digital society and the
urgency of being a patient or caregiver show a need for security
in access to (digital) health care now or in the future. The
motivations from theme 3 can be interpreted as esteem needs,
as this theme can be interpreted as a need for independence in
access and use of the digital world and independence from
support. The motivation stemming from the desire for lifelong
learning can be interpreted as a need for self-actualization. The
need for social connection can be interpreted as a social need.
The perspective of Maslow’s theory provides the insight that
independent access to digital health care was perceived as a
basic safety need and an esteem need by the participants.

Motivation to use eHealth and to seek support in eHealth use
are 2 aspects of many when discussing digital health inequity.
The digital divide model by van Dijk [10] describes how
personal and contextual factors are related to the resources one
has available to have motivation, physical access, use, and
benefit from digital media, or in this case, digital health.
Resources to improve the likelihood of accessing digital media
involve cultural, social, mental, material, and time-related factors
[10]. The study sample expressed a lack of digital skills and
knowledge about digital health but also expressed access to
up-to-date devices, language skills, time, and feeling
comfortable in a public library setting. Our prior research and
other research found that other populations experience barriers
to seeking support in the factors that were facilitative for this
study population [63-65]. Standaar et al [64], Choudhary and
Bansal [63], and Goedhart et al [65] reported that other
populations that need and potentially seek help in digital skills
development experience barriers in language skills, digital skills,
stigma, time, logistics, and feelings of belonging in the context
of institutions. A literature review by Choudhary and Bansal
[63] allowed for the categorization of the barriers to participate
in training programs on the administrative level, training level,
learner level, and community level. This categorization
acknowledges that barriers are not only individual-bound but
also bound to the training content, training context, and
community in which training is provided [63]. Our findings
suggest that access to up-to-date devices, language skills, time,
and feeling comfortable in a public library setting were required
to perform support-seeking behavior in the public library
context. These reflections suggest that access to support for
digital health skill development is also dependent on personal
factors, contextual factors, and resources.

We explored the motivations for seeking eHealth support among
participants. Additionally, we explored if differences in
educational backgrounds led to differences in motivation. We
found that other life events like losing connection with (digital)
society, becoming a patient or caregiver, and becoming
dependent on others later in life appeared to be more important
in the emergence of their motivations to participate in an eHealth
course. Even prior computer experience was not always an

indication of the well-developed digital skills that are needed
in the current digital age. Furthermore, exploration of the results
through the perspective of education is complex in this older,
mostly female sample as it may not clearly indicate educational
differences due to historical cultural norms and educational
opportunities for women in the 20th century [66]. Therefore,
the results of this study provide very limited and
nongeneralizable insights on different motivations to seek
support in eHealth use in people from different educational
backgrounds.

Strengths and Limitations
This study has several strengths. First, participants come from
diverse backgrounds, including rural and urban areas enabling
exploration of a wide range of experiences. A large percentage
of the potential participants (20/48, 42%) participated in the
study, ensuring a broad representation of the study population.
Second, interviews continued until data saturation was reached,
ensuring robust findings. Third, the eHealth course was not part
of a research program, which allowed us to evaluate participants’
motivations in a real-world setting. The on-site visits enhanced
the understanding of the eHealth course context and allowed
the interviews to take place in familiar surroundings for the
participants. Our participant selection resulted in a culturally
nondiverse older group with access to digital devices,
motivation, and the capability to seek nonformal support, as a
result of this specific research context. Next to this, it is likely
that the people attending an eHealth course have some prior
knowledge or experience with eHealth, the majority (n=14) of
this study sample had some experience with eHealth. Other
research in the same context confirms from digital health skill
development trainers’ perspective that the population attending
the eHealth course is homogenous and similar to this study
sample [64]. Asmar et al [67] refer to this specific group as
“community supported.” However, their and other research
indicates that older adults are far from homogenous in their use
of digital technology or support-seeking behavior [67-69].
Therefore, it is likely that in other settings, different typologies
and characteristics of older adults might result in other
motivations.

Implications and Future Research
This study highlights the importance of nonformal support in
using eHealth, for those lacking adequate informal support.
Kebede et al [54] found that attainment of digital competence
among older adults depends on awareness of existing technology
and the availability of support and instruction. They stated that
personalized training and opportunities for need-based learning
in a safe environment facilitate skill acquisition and initial digital
engagement if the learning environment is accessible and
inclusive for older adults [54]. Our findings indicate that public
libraries can provide this type of support for digital health skill
development. The results shed light on the motivations of
participants, mainly older adults, to engage in nonformal support
for eHealth use, advancing digital health literacy. While existing
literature has focused on facilitators and barriers of digital
(health) technology adoption by older adults, measuring eHealth
or digital health literacy and the effectiveness of such
interventions, often in research settings [53,54,70-72], this study
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reveals motivations for participation in the real world. It
highlights how motivations are associated with their specific
needs for support and training, a need for security in access,
and a desire for independent use of digital health care.

It would be interesting to explore the group of nonusers and
users who do not seek nonformal support. Earlier reflections
on our results suggested that this study population possessed
certain characteristics, resources, and needs that align with
seeking support in the public library context. Research shows
that eHealth nonusers are common among other age and
socioeconomic groups and that their needs for support and
eHealth use are diverse [4,8,64,65,73-75]. Scholars find that
populations rely on different types of support, it being formal,
nonformal, and informal support, to gain access to digital skill
development and eHealth [76-78]. Findings from Nygren and
Hayat underline the importance of informal support to overcome
digital literacy barriers. However, other findings indicate that
digital inequality can manifest itself in informal support, where
those who experience the most difficulties in accessing and use
of digital tools are also those who have fewer resources for
high-quality informal support [65,74]. Furthermore, van Deursen
et al [79] show that in comparison to formal support, informal
support might be insufficient to overcome all skill and content
barriers for beneficial internet use. The barriers of limited access
and poor quality of informal support were also found in this
study, additionally, we found that discomfort with being
dependent on others was also important. Smit et al [78] showed
that Dutch citizens with low literacy overcome digital and

literacy barriers by support from family, friends, community,
and volunteers and base decisions on who they ask for support
based upon the level of privacy surrounding a topic, the affective
dimension involved, and the depth of knowledge possessed by
the supportive actors [78]. These and our findings implicate
that different populations are likely to seek support from
different sources that fit their needs and personal circumstances.
Further research is needed to understand the motivations,
experiences, and needs in support of eHealth use by both digital
technology users and nonusers. Findings can provide insights
into what qualities eHealth support should entail to ensure
equitable access to support and consequently to eHealth.

Conclusions
This study indicates that participants seeking nonformal support
for eHealth use were driven by a need to secure independent
access and use of digital health care. This need is derived from
the necessity to adapt to a digital society, the expected or current
need to use digital health, and a desire to independently engage
in a digital society. In general, participants were motivated to
develop digital health skills they feel are necessary for societal
participation. Additionally, the eHealth course met the need for
social connection and lifelong learning. The study sample was
a predominantly homogenous group of older female adults with
language skills, access to up-to-date devices, and time. It is
likely that the need for support to gain independent access and
use of digital health care is present in other populations. Future
research should explore the needs and attitudes of users and
nonusers of digital health toward support in eHealth access.
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Abstract

Background: Adolescents increasingly communicate through text-based messaging platforms such as SMS and social media
messaging. These are now the dominant platforms for communication between adolescents, and adolescents use them to obtain
emotional support from parents and other adults. The absence of nonverbal cues can make it challenging to communicate emotions
on these platforms, however, so users rely on emojis to communicate sentiment or imbue messages with emotional tone. While
research has investigated the functions of emojis in adult communication, less is known about adolescent emoji use.

Objective: This study sought to understand whether the pragmatic functions of adolescent emoji use resemble those of adults,
and to gain insight into the semantic meanings of emojis sent by adolescents.

Methods: Web-based focus groups were conducted with a convenience sample of adolescents, in which participants responded
to questions about their use and interpretation of emojis and engaged in unstructured interactions with one another. Two trained
coders analyzed transcripts using a constant comparative coding procedure to identify themes in the discussion.

Results: A total of 6 focus groups were conducted with 31 adolescent participants (mean age 16.2, SD 1.5 years). Discussion
in the groups generally fell into 4 themes: emojis as humorous or absurd, emokis as insincere or complex expressions of setiment,
emojis as straightforward experssions of sentiment, and emojis as having context-dependent meanings. Across themes, participants
often described important differences between their own emoji use and emoji use by adults.

Conclusions: Adolescent focus group participants described patterns of emoji use that largely resembled those observed in
studies of adults. Like adults, our adolescent participants described emojis’ semantic meanings as being highly flexible and
context-dependent. They also described both phatic and emotive functions of emoji use but described both functions in ways that
differed from the patterns of emoji use described in adult samples. Adolescents described their phatic emoji use as absurd and
described their emotive emoji use as most often sarcastic. These findings suggest that emoji use serves similar pragmatic functions
for both adolescents and adults, but that adolescents see their emoji use as more complex than adult emoji use. This has important
implications for adults who communicate with adolescents through text-based messaging and for researchers interested in
adolescents’ text-based communication.

(JMIR Form Res 2025;9:e59640)   doi:10.2196/59640

KEYWORDS

communication; text messaging; smartphones; emoji; focus groups; adolescent; teen; youth; teenagers; text; phone; messaging;
text communication; emotion

Introduction

Overview
Adolescent communication is increasingly mediated by
text-based communication platforms like SMS or social media
messaging. About 95% of US adolescents aged 13‐17 years
have a smartphone for personal use [1], and adolescents in this
age group send and receive an average of 67 text messages each
day [2]. Text messaging is now the dominant mode of
communication between adolescents [2] and is increasingly
important to adolescents’ relationships with parents and other

adults [3]. For example, text-based communication is an
effective way for healthcare practitioners to reach young or
adolescent clients [4] and can help therapists discuss sensitive
topics with younger clients [5]. Many parents also surveil the
text exchanges of their adolescent children—in a nationwide
survey, 64% of parents said they regularly checked the contents
of their child’s phone, including text message logs [6]. Thus,
many adolescents’ most important relationships are affected in
some way by the features of text-based messaging platforms.

One feature that applies to text-based messaging of all kinds is
the absence of nonverbal cues, such as body language or tone
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of voice, that people use to convey emotional context [7]. Users
often address this deficit with emojis, which can represent
emotional states through pictograms [8]. However, emojis can
create confusion because users often interpret them differently
[9]. Past research has addressed this confusion both by
identifying patterns in emojis’ pragmatic functions [10] and by
reducing ambiguity around emojis’semantic meanings [11,12],
but that work has largely relied on samples of adult emoji users.
Because emoji use and interpretation differ across age groups
[13,14], it is unclear whether the insights from this research can
be extended to adolescents. Given the emerging importance of
text-based messaging to adolescent communication, this study
explores adolescents’ perspectives on their own emoji use. Its
aims are twofold: to understand whether the pragmatic functions
of adolescent emoji use resemble those of adults and to gain
insight into the semantic meanings of emojis sent by adolescents.

Pragmatic Functions of Adult Emoji Use
The earliest known use of emotive pictograms in
computer-mediated communication was by Carnegie Mellon
Professor Scott Fahlman, who proposed in 1982 that users of
an intradepartmental message board distinguish serious posts
from humorous ones by marking them with the symbols :-) or
:-( [8]. Though similar symbols (called emoticons) are still used,
they have since been largely supplanted by the Unicode emoji
library, which gives users access to a set of more than 3600
pictographs that are mostly standardized across devices [15].
The use of emojis is now nearly ubiquitous—more than 5 billion
emojis are exchanged each day on Facebook alone [15], and
the “face with tears of joy” emoji (  ) was chosen as the Oxford
English Dictionary’s Word of the Year in 2015.

When asked about their own emoji use, adults say they use the
pictograms both to express emotions directly and to modify the
tone of messages. For example, surveyed English-speaking
adults said they understand emojis as tools for tone modification,
in which the emoji modifies text and clarifies its interpretation
[16]. US adults have reported using emojis primarily to express
sentiment, to strengthen expressions, or to adjust the tone of
messages [17]. Thus, the utility of emojis for adults largely
overlaps with that of emoticons, which adults also use to
communicate feelings and reduce the ambiguity of text [18].
For emojis and emoticons alike, surveyed adults have said they
send pictograms primarily to express their feelings, to strengthen
the content of a message, or to imbue a message with an element
of comedy or fun [19]. Notably, adults’ reasons for sending
emojis differ slightly across age groups, with younger adults
reporting a more diverse set of motives (including, for example,
a desire to make a message ironic or sarcastic) than older adults
[19]. Research has also found that older adults use a less diverse
emoji vocabulary than younger adults and are generally less
likely to use emojis in text-based communication [20].

Theorists have suggested adult emoji use can be broadly
categorized as serving 1 of 2 pragmatic functions: a phatic
function or an emotive function [10]. The phatic function of
emojis describes their use as a fill-in for “small talk:” semiverbal
gestures that maintain connection and keep communication light
and friendly but lack specific semantic meanings. For example,
a user might send a simple smile emoji (  ) to open or close a

conversation or to fill an uncomfortable period of silence. This
aligns with research finding that emojis are usually associated
with positive sentiments [21], and that they can be used to
facilitate connections in a way that is agnostic to a
conversation’s emotional content [22]. The emotive function
of emojis describes their use to convey the sender’s emotional
state or to imbue a message with emotional context. This may
be done by using emojis in place of words describing emotions
(for example, by sending    in place of the words “I’m angry”),
or by adding emojis to complete statements (eg, “I saw a car
accident today   ”).

Semantic Ambiguity of Emojis
Though users often send emojis to reduce ambiguity about
messages’ emotional context, emojis can create confusion
because receivers interpret them differently. For example, when
experimental participants were asked to interpret expressive
face emojis, they disagreed on even basic sentiment assignments
(positive, negative, or neutral) 25% of the time [23]. This
confusion persisted even when the emojis were accompanied
by relevant text. Similarly, experimental participants tended to
rate text messages paired with face emojis as more emotionally
ambiguous than messages paired with nonface emojis [21].
When experimenters asked participants to interpret emojis
contained within text messages, participants offered a wide
variety of interpretations. For example, some participants
understood the loudly crying emoji (  ) to signify sadness while
others perceived this emoji as sarcastic or exaggerated [24].

Research has shown that the interpretation of emojis can be
affected by the ages of the sender and receiver. For example,
older adults were found more likely to interpret emojis as having
positive meanings [14], and younger Chinese adults were more
likely to use “positive emojis” (such as the simple smile   ) to
express negative sentiments [25]. Older adults have also proven
less likely than younger adults to recognize emojis as indicators
of sarcasm [26], and more likely to express confusion about
emojis or choose literal interpretations of their meaning [13].
Older adults have reported less confidence in their
interpretations of emojis and perceptions that emojis are difficult
to use correctly [20].

Understanding Adolescent Emoji Use
Among adults, research shows that both the pragmatic functions
and semantic interpretations of emojis differ as a factor of age.
Older adults have reported less diverse motivations for using
emojis [19] than younger adults, for example, and more
difficulty interpreting emojis they receive in messages from
others [13,20]. This suggests that adolescent emoji use might
differ from adult emoji use in meaningful ways, which can
create challenges both for adults seeking to communicate with
adolescents through text-based messaging and for researchers
interested in text-based communication between adolescents.

Understanding how adolescents use and interpret emojis is
particularly important because text-based messaging has
emerged as an essential platform for adolescent communication.
Text messaging behavior peaks around 11th grade [27] and
slows in young adulthood [28], leading some scholars to suggest
that the affordances of this medium may make it particularly
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well-suited for adolescents’ developmental needs. Indeed, the
asynchronous and socially distanced nature of text messaging
may facilitate adolescents’ desires for autonomy, identity
development, and the formation of intimate relationships [27].
Text-based messaging is also increasingly important to
communication between adolescents and adults. Adolescents
often use these platforms to request emotional support from
parents, for example, and have reported improvements in their
offline relationships with parents on days when they exchange
more text messages with them [3]. Adolescents have expressed
desires to use text-based messaging platforms for
communication with adults about emotional support [4] and
have said text-based platforms provide them with a greater sense
of authority and control in interactions with counselors and
therapists [29].

Emotive pictographs like emojis have long been used to
communicate emotions through text [8], but age-related
differences in the function and interpretation of emojis could
facilitate miscommunication. This could exacerbate existing
problems with communication between adolescents and adults,
such as communication between adolescents and their parents.
Parents and adolescents often fail to accurately understand one
another’s cognitive and affective states even when
communicating face-to-face [30,31]. This miscommunication
has been described as a failure of empathic accuracy [32], or

the accurate prediction of a conversation partner’s thoughts and
feelings. Adults often use emojis to improve empathic accuracy
[33] in text-based exchanges, but it is unclear whether
adolescents use them for a similar purpose. Thus, this study
seeks to better understand how adolescents use emojis in these
exchanges, and how they understand the semantic meanings of
those emojis. Given the persistence of emotive pictographs over
decades of computer-mediated communication [8], these insights
should remain useful even as communication platforms evolve.

Methods

Participants
Adolescent focus group participants were recruited through a
node distribution method, in which contacts of the research
team (staff at youth-serving organizations and participants in
previous studies) used word-of-mouth to inform potential
participants about the study. All participants provided assent
and parental consent and then completed a demographic survey
that assessed participants’ age, gender, race, and ethnicity.

A total of 31 adolescents participated in the focus groups. A
total of 48% of participants were female, and the average
participant age was 16.2 (SD 1.5) years. Complete demographic
information is presented in Table 1 below.

Table . Participant demographics. Self-reported demographic data of participants in 6 web-based focus groups conducted to identify themes in
adolescents’ understandings of their own use of emojis in text-based messaging.

Values, n (%)Characteristic

Gender

14 (45.2)Cisgender female

10 (32.3)Cisgender male

2 (6.5)Non-binary

1 (3.2)Transgender female

1 (3.2)Transgender male

1 (3.2)Other

2 (6.5)Did not disclose

Ethnicity

26 (83.9)Non-Hispanic or non-Latino

3 (9.7)Hispanic or Latino

2 (6.5)Did not disclose

Race

16 (51.6)Caucasian or White

6 (19.4)Asian or Asian-American

1 (3.2)American Indian or Alaska Native

1 (3.2)Black or African-American

0 (0.0)Native Hawaiian or other Pacific Islander

0 (0.0)Other

5 (16.1)More than one race

2 (6.5)Did not disclose
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Data Collection Procedure
Adolescent perspectives were collected through 6 web-based
focus groups, which allowed participants to express their
experiences without restriction and encouraged them to build
on one another’s contributions. Participants completed a brief
demographic questionnaire before joining the group. Groups
were conducted using a digital conference call service by 2
trained facilitators (the first author and second author) and lasted
up to 90 minutes. Both facilitators were White males employed
at a large midwestern research institution, who both possessed
MS degrees at the time of data collection. In focus groups,
facilitators initially asked open-ended questions about emoji
use and interpretation (eg, “What are some ways you use emojis
in your communication?”), as well as specific questions about
styles of emoji use (eg, “Do you usually use emojis to replace
words or phrases, or to add emphasis?”). Participants were also
shown several emojis, including the simple smile (  ) and 5
randomly selected face emojis (in the iPhone iOS style) asked
to describe their interpretations of those emojis and the
circumstances in which they might share them.

Ethical Considerations
The procedure used to collect data for this study was approved
by the University of Wisconsin-Madison Health Sciences
Institutional Review Board (#2019‐0839), and no adverse
events were reported. Informed consent from parents or
guardians and informed assent from adolescent participants
were obtained through a digitally delivered form before focus
group participation. Informed consent documents clarified that
deidentified focus group data could be made available to
investigators outside the original study team. Privacy and
confidentiality of participant data were protected by redacting
all identifying information from focus group transcripts before
analysis. All documents containing identifiable data (eg,
informed consent documents and original focus group
recordings) were stored on a secure server only accessible by
members of the study team. Participants were compensated US
$40 for participation in the study, regardless of whether they
completed their focus group participation (no participants chose
to leave focus groups early).

Analytical Approach
Analysis was performed using a constant comparative procedure,
in which 2 trained coders applied inductive reasoning to identify
themes [34]. Originally developed for use in Grounded Theory
methodologies [35], this procedure allows analysts to identify
themes from complex qualitative data sets without relying on
a priori hypotheses. This approach was appropriate for this study
both because of the dearth of past research into adolescent emoji
use and because of the relatively unstructured nature of the data,
which included not only responses to researchers’ prompts but
also unplanned interactions between participants.

After 3 focus groups had been conducted, coders began
reviewing focus groups for theoretical saturation: a point at
which new ideas or themes no longer emerged from discussions.

Coders identified theoretical saturation after the completion of
6 focus groups, signaling the end of data collection and the
beginning of thematic analysis.

Thematic analysis was conducted in 3 stages. First, coders
independently read transcripts from 2 focus groups, each
developing their own draft codebook. The coders then compared
and discussed these codebooks, consolidating them into a single
codebook that both coders agreed upon. This codebook
contained a set of superordinate “branch” codes, each of which
encompassed a set of more specific, subordinate “leaf” codes.

In the second stage of thematic analysis, coders refined the
codebook by independently coding the same 2 additional
transcripts and then meeting to compare results. Coders
identified and discussed any discrepancies in their coding of
these transcripts, then agreed on codebook revisions to resolve
them. When coders agreed that all areas of confusion had been
addressed, they divided and independently coded the remaining
transcripts, so that each transcript was coded by a single coder.
While coding this final set of transcripts, coders held regular
meetings to discuss any further need for codebook revisions
and to reach an agreement on the coding of any ambiguous
statements.

In the third stage of thematic analysis, coders met to review the
coded transcripts and identify overarching themes and
subthemes. Coders reread excerpts assigned to each
superordinate “branch” and subordinate “leaf” code, then
independently collapsed these codes into larger “theme” groups.
Coders then met to discuss the similarities and differences of
the 2 sets of themes, consolidating them into a single set of
shared themes. These themes were then reviewed by an
independent youth advisory board consisting of 6 adolescents,
who affirmed these themes as a reasonable summary of
transcript content.

Finally, after thematic analysis was complete, coders considered
how the agreed-upon themes aligned with their a priori areas
of theoretical interest: identifying pragmatic functions of emoji
use (phatic and emotive) and resolving the semantic ambiguity
of emojis.

Results

Overview
Coders identified 4 emergent themes in focus group transcripts.
One described the phatic function of emojis: “emojis as
humorous or absurd”, and 2 described their emotive functions:
“emojis as insincere or complex expressions of sentiment and
emojis as straightforward expressions of sentiment”. Finally,
one theme spoke to the semantic ambiguity of emojis: “emojis
as having context-dependent meanings”.

Notably, some statements made by participants were classified
as pertaining to more than one theme. The extent of this
crossover, as well as the total number of statements pertaining
to each theme, is recorded in Table 2 below.
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Table . Distribution of participant statements across themes. A matrix denoting the number of statements made by adolescent focus group participants
coded for each of the 4 themes identified during analysis. Intersecting columns and rows represent the number of statements coded as 2 themes (eg,
column 1 of row 2 describes the number of statements coded as both theme 1 and theme 2).

Theme 4Theme 3Theme 2Theme 1

112639Theme 1

114816Theme 2

55742Theme 3

4651111Theme 4

Theme 1: Emojis as Humorous or Absurd

Overview
When participants described phatic uses of emojis (ie, use of
emojis to maintain connection without giving them semantic
meaning), they described doing so in the context of humor or
absurdity. In these cases, it was understood that the sender or
receiver found humor in the act of using emojis itself.

Theme 1a: Emojis as Innately Humorous
Several participants said they understood emojis as being
inherently humorous and described sending emojis for the
intention only of communicating humor or social connection.
The emojis themselves in these communications were either
divorced from their original semantic meanings or were assumed
to have no semantic meaning. In most cases, participants
described the absence of semantic meaning as essential to the
emoji’s communicative function.

I think, like there’s one, which is just like, as a red
background and like a B [   ], and they were, I mean,
they’d seemingly like have no meaning. And they still
don’t really like, take on that big of a meaning, but
they were like the randomness for like, used for, um,
like comedic purpose or for like an inside joke kind
of thing.

…The sparkle [ ], or the pixie, dust, I think was
originally used to like enhance the meaning of
something, or like making it aesthetic in some way.
But now I’m just using it for random words that it
doesn’t really make sense in—but it’s like funny in a
way (laughs). It’s kind of like ironically…

…there was like the chair emoji [  ], which like people
would just use it to be funny and like the point of it
was that it had no meaning, but like it was just
supposed to be like a random emoji with no meaning.

Theme 1b: Emoji Spam
Participants also described engaging in a specific pattern of
absurd emoji use called “Emoji spamming,” in which they sent
long strings of randomly selected emojis. Again, participants
described these strings as not only lacking any specific semantic
meaning but described their communicative function as being
innately tied to their absence of meaning.

…Emoji spamming often just signifies, like, chaos.
Like, I think it’s often used to, like, maybe you saw
something outside and you wanna say something
about it sarcastically, so you take a picture of it...

Maybe, like, let’s say you take a picture of a car
crash, then you’re like, “Oh, this is such a pretty car,”
and then you emoji spam. It’s just, like, used to be
sarcastic and funny.

…I know definitely some of my friends do this, like,
if they’re typically experiencing, like, a negative
emotion, they’ll like emoji spam and do a bunch of
random, like, really random ones…

…People, like, sometimes, like, spam emojis because
they’re, like, angry that they lost [a mobile game] or
they’re excited that they won. I really think it goes
both ways…

Theme 2: Emojis as Insincere or Complex Expressions
of Sentiment

Overview
Participants tended to describe emojis as inappropriate for
communicating sincere emotions and mood, though some did
acknowledge using them for this purpose (see theme 3).
Rejection of sincere emoji use was generally framed as (1) a
broad aversion to the use of emojis, (2) a preference for the
ironic or sarcastic use of emojis, or (3) the use of apparently
positive emojis to communicate negative emotions or moods.

Theme 2a: Aversion to the Use of Emojis
Many participants said they did not use emojis frequently, and
they often specified that they were less likely to use emojis to
communicate negative emotions or in emotionally negative
situations, when they described emojis as socially inappropriate:

…When I’m, like, in a serious conversation I don’t
usually use emojis because I feel, like, it’s not as
serious if I were to use emojis.

I don’t really use emojis all that much. So if I am
feeling those [negative] emotions, I’ll probably just
verbalize and like text them instead of using emojis
for it, since it’s kind of probably more of a serious
conversation.

Theme 2b: Preference for Ironic or Sarcastic Use of
Emojis
Many participants said they typically used emojis in ironic or
sarcastic ways so that their intended meaning was the opposite
of a literal interpretation. For example, participants might use
a laughing emoji to communicate that a joke had failed to land
or might use a “cool” emoji [  ] to lampoon a person or message:
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..With the sunglasses, I kind of use that sarcastically,
kind of, like, saying, “Oh, I’m so cool I did that.”
Like, “Oh, that’s so cool I’m doing something.”

I am one of those people that use this emoji [  ]
sarcastically because, like, I feel like if I wanted to
show that I was happy through emoji I would put,
like, the closed eye smiling [  ] or something but this
one seems, like, kind of creepy when you look at it so
I usually use it sarcastically.

…Just people in general, like, they’ll use an emoji
and me and my friends will, like, use that emoji [  ]
to make fun of the people who use them, like,
genuinely. Like [we’ll] use it as, like, satire I guess
you could say because we think it’s funny that people
actually use them.

Mentions of ironic/sarcastic emoji use were notably more
frequent in most focus groups than mentions of sincere emoji
use.

Theme 2c: Communicating Negative Moods With
Positive Emoji
When prompted to describe their use of traditionally positive
emojis, participants often said they used these emojis to
communicate negative emotions. Participants described positive
emojis as adding layers of irony or insincerity to negative
emotions, or to communicate a reluctant acceptance of negative
circumstances.

I don’t know if ironic is the right word, but I would
use it [  ] in the opposite sense. Like, you’re smiling
through the pain or something. I know it’s terrible,
but that’s just how I would see them.

a lot of times, you could use that emoji [  ] as, like, I
don’t know, like, you’re smiling through the pain, or,
like, used, like, sarcastically, saying, like, “Oh, I’m
so happy I messed up on something.”

I guess non-adolescents that don’t really like use
emojis ironically would definitely think that like [  ]
is extremely like happy and positive. But, I mean,
really, it’s not. It’s pretty lifeless.

I feel like, it also goes with like a sarcastic tone too
in kind of a joking manner. Like I texted my best friend
last night and I was like “It’s 5:00a.m. and I’m awake
  ”

Theme 3: Emojis as Straightforward Expressions of
Sentiment
Though participants generally agreed that adults were more
likely to use emojis to communicate sincere emotions, some
described instances where they used emojis without irony or
humor. In many such cases, they described the emoji as referring
to a nameless, specific circumstance or emotional state:

Maybe I, I dropped my like pencil in the hallway and
I had to like pick it up, like I would use that emoji [  ]
like being like, “Oh yeah, so stressed about it.”

I’ll probably just use like an emoji, like a heart or
something, or a smiley. Or like something like that to

just, you know, convey the message that, you know,
it’s how I’m feeling.

I use emojis when I don’t want to write out like
everything. Like if I think something’s funny I can just
do like a laughing emoji [  ] and yeah, it’s just easier
to get the point across without having to write.

Theme 4: Emojis as Having Context-Dependent
Meanings
Finally, participants described emojis as having flexible
meanings that shifted to suit the audience or conversational
context. They cautioned against assigning specific meanings to
emojis and said that they anticipated audience responses when
choosing emojis.

... For the most part, there’s no real universal
meaning for most emojis. Like, I’d say there’s a few
that, like, most people always use to signify a few
things, but for the most part, they all mean different
things for different people in different scenarios.

You have to think about and interpret how another
person is going to receive that emoji. And so, when
you are with your friends, or are texting your friends
and you’re using the emojis like ironically, you know
that they’re going to interpret those emojis ironically.
But like with adults, I feel like, um, especially with
adolescents, we, um, you know—that they’re not going
to interpret them the same way we do, so we take it
more literally.

Many participants stressed differences between adult and
adolescent styles of emoji use, usually emphasizing how these
groups differ in their preferences for sincerity or authenticity.
Specifically, participants said they were more likely to use
sarcasm or humor when sending emojis to peers, while they
expected adults to interpret any emoji as a sincere expression
of sentiment.

…Speaking of like older generations who use, who
use like messaging or whatever, I like use the emojis
in a different way than I do with my friends. Like with
older people, I’ll just use them in like an actual way
of what they’re like theoretically supposed to mean.
Like a smiley face will actually mean a smiley face…

Participants also said that certain emojis held meanings within
their social groups that they knew were not shared by other
groups. Though this was sometimes described as extending to
entire geographic regions, these meanings were most often
described as specific to groups of friends:

Almost everyone has different emojis that mean
something to them with, like, another friend, like, an
inside joke or, like, another meaning.

Discussion

Principal Findings
This focus group study explored the ways adolescents use and
interpret emojis, which has received less scholarly attention
than adults’ emoji use. By collecting data through focus groups
and applying a coding strategy informed by Grounded Theory
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[35], this work was the first to our knowledge to examine
adolescent emoji use through adolescents’ own words. The 4
themes that emerged in our analysis suggest that adolescent
emoji use has many similarities with adult use but that it differs
in some important ways. First, adolescents described the phatic
functions of emojis that were informed by a sense of humor or
absurdity (theme 1). Second, adolescents confirmed the emotive
function of emojis, which they described as sometimes being
achieved through a layer of sarcasm or irony (themes 2 and 3).
Finally, they described emojis as having highly variable
semantic meanings that are often understood differently by
adolescents and adults (theme 4). Taken together, these findings
suggest adolescents and adults use emojis for similar reasons
(ie, phatic and emotive uses), but that adolescent emoji use is
informed by humor, irony, and social dynamics that may make
these messages difficult for adults to interpret.

Adolescents’ Phatic Emoji Use is Humorous and
Absurd
Focus group participants described emoji uses that seem to take
advantage of emojis’phatic functions (ie, to maintain connection
without providing any specific semantic meaning), but their use
of this function was distinct from phatic use by adults. For
example, adolescents said they frequently sent emojis that were
meant to have no semantic meaning at all (theme 1a) or sent
strings of randomly selected “emoji spam,” or single emojis
with no meaning outside of their repeated use (theme 1b). These
phatic uses are notably different from the phatic uses observed
in adult messaging [10], which include opening a conversation
with a simple smile (  ) or closing a conversation with a wave
(  ). Still, they fulfill the core phatic function of emojis: shoring
up social connections without contributing substantial content.

Adolescents’ Emotive Emoji Use is Often Sarcastic
Adolescents also described patterns of emoji use consistent with
the emotive functions of emojis, but these patterns were
informed by a preference for humor and a complex
understanding of emojis’ semantic meanings. For example,
adolescents said they preferred not to use emojis in text
communication (theme 2a) and were particularly averse to using
emojis to express negative emotions. This aligns adolescent use
with some research on adult use, which has found that adults
tend to associate emoji use with expressions of more positive
emotions [21] and sometimes see emojis as inappropriate in
negative emotional contexts [36]. Though adolescents said they
did sometimes use emojis to communicate sincere emotions
(theme 3), much of the content from our focus groups suggested
that adolescents understand the emotive functions of emojis
differently than adults. While adults often use emojis to reduce
emotional ambiguity [33] or to complement the emotional
valence of text messages [18], adolescents reported that they
usually sent emojis as sarcastic or ironic expressions of emotions
(theme 2b) and used positive emojis to communicate negative
emotions (theme 2c). Adolescents did not describe this sarcastic
use of emojis as a source of confusion in communication with
peers, however—instead such use was widely understood to
communicate emotions in a sardonic or self-effacing tone. Thus,
our results suggest adolescents also use emojis to reduce
emotional ambiguity, but that they do so with the assumption

that others can discern between straightforward and sarcastic
expressions.

Adolescents Believe Adults Use Emojis Differently
Our overall interpretation of these findings—that adolescents
use emojis for similar reasons as adults but perceive their use
as more nuanced—is further supported by the fact that
adolescents understood their own emoji use as different from
use by adults (theme 4). Importantly, our focus group
participants understood adults as favoring literal interpretations
of emojis, which they often find risible (theme 2b). Participants
said they anticipate these differences when communicating with
adults, often suggesting adults would misunderstand the emojis
they shared in peer-to-peer communication. Importantly,
participants never said they were confused by the emoji choices
made by adults. This suggests that adolescents do not understand
adult emoji use as its own complex style of communication but
instead view it as less developed than their own use.

Thus, adolescents in our focus group believed their use of emojis
in their peer-to-peer communication was at least partially
inaccessible to their parents and other adults. This might suggest
that adolescents use emojis to facilitate one of the core “tasks”
of their development: establishing autonomy from parents [37].
Coconstruction theory suggests that adolescents use digital
media to achieve developmental tasks [38], and past research
suggests that adolescents might gravitate to text messaging and
other forms of text-based communication because these
platforms help them develop relationships with peers while
establishing independence and autonomy [27]. The apparent
complexity of adolescent emoji use might serve a similar
purpose—just as adolescents have long used slang, fashion, and
other cultural codes to distinguish themselves from adults in
physical spaces, they may use novel styles of emoji use to assert
autonomy within text-based digital spaces.

Limitations
Study findings are limited in 3 important ways. First, while our
purposeful sampling procedure recruited a diverse sample of
focus group participants, it is likely that important
subpopulations were not included in our sample. Thus, it may
be that adolescents of certain demographic groups or from
certain regions use emojis differently than the participants in
this study. Second, the insights of this study depend on
self-reflection by focus group participants who may not have
been aware of or may have chosen not to disclose certain
important aspects of their emoji use. Observation of real-world
adolescent emoji use might reveal different patterns. Third, this
study’s comparisons between adolescent and adult emoji use
were seen strictly from the perspective of adolescents because
this study did not assess adults’ motivations for emoji use.
Future work could make stronger comparisons by assessing the
emoji use of both adolescents and adults.

Practical Implications
These findings support the assertion [10] that emojis largely fill
both emotive and phatic functions in interpersonal
communication and suggest that adolescents see their emoji
choices as informed by a complex set of shared norms they
believe are inaccessible to adults. In addition to their
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contribution to the theoretical understanding of adolescent emoji
use, these findings also have implications for parents, who
increasingly interact with adolescents through text-based
platforms [3] and sometimes observe adolescents’ text-based
communications with peers [6]. These results suggest that
parents should exercise caution when interpreting emojis sent
by adolescents. While adolescents did say they often adjust their
emoji use when communicating with adults, this may not be

the case when other adolescents are also involved in the
conversation (such as in a group chat), or if adolescents do not
have the energy or motivation to adjust their habits for clarity
of communication. These results also suggest that adults are
likely to misinterpret the emojis used in adolescent-to-adolescent
communication, which is an important consideration for parents,
school administrators, or practitioners who may find themselves
reading such conversations.
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Abstract

Background: Chronic kidney disease (CKD) affects 14% of the US adult population, yet patient knowledge about kidney
disease and engagement in their kidney health is low despite many CKD education programs, awareness campaigns, and clinical
practice guidelines.

Objective: We aimed to examine the impact of the Kidney Score Platform (a patient-facing, risk-based online tool that provides
interactive health information tailored to an individual’s CKD risk plus an accompanying clinician-facing Clinical Practice
Toolkit) on individual engagement with CKD health and CKD communication between clinicians and patients.

Methods: We conducted a pre-post intervention study in which English-speaking veterans at risk for CKD in two primary care
settings interacted with the Kidney Score platform’s educational modules and their primary care clinicians were encouraged to
review the Clinical Practice Toolkit. The impact of the Kidney Score on the Patient Activation Measure (the primary outcome),
knowledge about CKD, and communication with their clinician about kidney health was determined with paired t tests. Multivariable
linear and logistic models were used to determine whether changes in outcomes after versus before intervention were influenced
by age, race or ethnicity, sex, and diabetes status, accounting for baseline values.

Results: The study population (n=76) had a mean (SD) age of 64.4 (8.2) years, 88% (67/76) was male, and 30.3% (23/76)
self-identified as African-American. Approximately 93% (71/76) had hypertension, 36% (27/76) had diabetes, and 9.2% (7/76)
had CKD according to the laboratory criteria but without an ICD-10 (International Classification of Diseases, 10th Edition)
diagnosis. Patient interaction with the Kidney Score did not change the mean Patient Activation Measure (preintervention: 40.7%,
postintervention: 40.2%, P=.23) but increased the mean CKD knowledge score (preintervention: 40.0%, postintervention 51.1%,
P<.01), and changed the percentage of veterans who discussed CKD with their clinician (preintervention: 12.3%, postintervention:
31.5%, P<.01). Changes did not differ by age, sex, race, or diabetes status. Results were limited by the small sample size due to
low recruitment and minimal clinician engagement with the Clinical Practice Toolkit during the COVID-19 pandemic.

Conclusions: One-time web-based tailored education for patients can increase CKD knowledge and encourage conversations
about kidney health. Increasing patient activation for CKD management may require multilevel, longitudinal interventions that
facilitate ongoing conversations about kidney health between patients and clinician teams.

(JMIR Form Res 2025;9:e56855)   doi:10.2196/56855

KEYWORDS

chronic kidney disease; CKD; CKD communication; CKD knowledge; patient activation; kidney; kidney score platform; kidney
health; United States; US; adult; aging; clinical practice; awareness campaign; health information; clinician; primary care;
longitudinal intervention; web-based; mobile health; mHealth
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Introduction

Chronic kidney disease (CKD) affects 37 million Americans
[1] and is associated with high risks of emergency department
visits, hospitalizations, cardiovascular events, and early mortality
[2-5]. Yet, as many as half of all individuals with laboratory
manifestations of kidney disease [6] and those at the highest
risk of CKD progression to kidney failure [7] are unaware that
they have kidney disease. CKD is usually asymptomatic.
Individuals cannot readily know their disease status or risk for
disease without risk recognition, testing, detection, and
communication by clinicians [8]. A clinician diagnosis of CKD
has been associated with increased delivery of evidence-based
care, as well as increased patient awareness of their kidney
disease [9-11]. However, clinician detection of CKD and
communication about kidney disease in the United States are
suboptimal [12,13].

Interventions to enhance patient CKD knowledge, increase
patient engagement in kidney health, and promote effective
communication about CKD between patients and clinicians are
critical to facilitate the identification of high-risk populations
that would benefit the most from aggressive management of
CKD and nephrology referral. They are also important for
individuals at a lower risk of CKD progression, to ensure
accurate drug dosing, avoid nephrotoxic medications, and
encourage the optimal management of diabetes and
hypertension, the two most common etiologies of kidney failure
in the United States [14].

Existing education programs, awareness campaigns, and clinical
practice guidelines have minimally improved CKD awareness
in the US population [15,16]. One reason may be because
interventions have targeted either the patient or the provider,
but rarely both at the same time. To bridge this gap, the National
Kidney Foundation developed the Kidney Score Platform, which
includes a patient-facing, risk-based online tool that provides
interactive health information tailored to an individual’s CKD
risk as well as an accompanying clinician-facing Clinical
Practice Toolkit [17]. The patient-facing elements aim to
increase individual awareness of CKD and encourage patients
with and at risk for CKD to initiate discussions about kidney
disease with their clinicians. The Clinical Practice toolkit assists
clinicians in discussing CKD with individuals with and at risk
for kidney disease. In this manuscript, we describe the impact
of the Kidney Score Platform on individual engagement with
their CKD health and CKD communication between clinicians
and patients.

Methods

Study Design, Population, and Settings
This was a pre-post–intervention study that examined the impact
of the Kidney Score on CKD knowledge and participation in
CKD self-management. The Kidney Score is a web-based
educational platform designed to improve awareness and
understanding of kidney disease among individuals at risk and
living with CKD. The study took place in the primary care
settings of the Veterans Affairs Medical Centers (VA New York
Harbor Healthcare System and VA Connecticut Healthcare

System) between September 2022 and March 2023. Eligible
participants included English-speaking veterans between the
ages of 18 and 75 years with diabetes or hypertension defined
in the electronic health record (EHR). The exclusion criteria
included an estimated glomerular filtration rate (eGFR) <15

ml/min/1.73 m2 or individuals with end-stage kidney disease
or kidney transplant recipients, as the Kidney Score is not geared
towards individuals with severe CKD. Veterans enrolled in
hospice services, those with vision impairment, and those with
severe dementia identified in the EHR or during the consent
process were also excluded from the study, as CKD awareness
is much less important for this population’s overall health.

Ethical Considerations
Eligible veterans with an upcoming primary care visit at one of
two participating Veterans Affairs Medical Centers (VA New
York Harbor Healthcare System and VA Connecticut Healthcare
System) were identified by the study team, leveraging the EHR.
These veterans were invited to participate in the study by mail.
Individuals who did not opt out were contacted by phone; those
that provided telephone assent were mailed/emailed an
information sheet describing the program. During a subsequent
phone call, verbal informed consent was obtained and
participants were asked to complete an online preintervention
survey administered by the study team. Study participants were
given a unique study ID; all collected data were deidentified.
Participants were given a US $30 gift card for participating.
The study was approved by the Institutional Review Boards of
the VA Connecticut Healthcare System (#02290) and VA NY
Harbor Healthcare System (#01705).

Study Processes and Intervention
The Kidney Score is a free, online website that uses a rule engine
and risk predictive analytics to provide interactive health
information tailored to an individual’s CKD risk and health
status. In an anonymous fashion, individuals enter risk factor
information as well as laboratory findings in the Kidney Score
Platform’s online interface and receive educational programming
tailored to their clinical status and risk for CKD development
or progression. Development of the Kidney Score has been
previously described in detail and leveraged the Behavioral
Change Wheel framework [18]. It was subsequently found to
be acceptable to patients with and at risk for kidney disease
[17].

After providing informed consent and baseline data, study
participants were invited by the study team to engage with the
Kidney Score Platform, which included educational modules
tailored to their CKD risk as determined by the Kidney Score’s
rule engine. Veterans were given the option to print out
questions to ask their providers about their kidney health and
risk for kidney disease. Participants could access the tool in any
location of their preference (ie, home, waiting room, or
community center). Within a week after completing their
subsequent primary care appointment, participants were asked
to complete a postintervention closed survey electronically to
assess the impact of the Kidney Score on their understanding
of CKD and the quality of their conversation with their clinician
about kidney health.
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The pre- and postintervention surveys consisted of 4 instruments
and 1 additional question. The question order was fixed for all
the study participants; the surveys spanned 5 screens and did
not include any adaptive components. Survey responses were
all voluntary; there was no “completeness check” and
participants were allowed to “go back” to change survey
responses prior to submitting the final data.

Outcomes
The primary outcome was the change in self-efficacy for CKD
management, ascertained by the Patient Activation Measure
[19] after the participant engaged with the Kidney Score and
completed a visit with their primary care clinician compared to
preintervention. Secondary outcomes included self-reported
changes in CKD knowledge [20], perceived risk of kidney
disease [21], and communication quality with providers [22],
all ascertained by validated instruments. The change in the
percentage of individuals who discussed kidney disease with
their provider was also assessed using the question “At your
last visit with your primary care clinician, did you discuss your
risk for chronic kidney disease or testing for kidney disease?”

Measurements
Patient demographic data (ie, age, sex, and race or ethnicity)
were self-reported by participants. Prevalent comorbid
conditions (diabetes, hypertension, and CKD) and the baseline
eGFR were ascertained from the EHR.

Statistical Analysis
Power calculations performed before study activities suggested
that 103 individuals would need to participate in the study to
detect a clinically meaningful change in the Patient Activation
Measure (the primary outcome). Due to challenges with study
operations with the transition towards virtual care delivery
during the COVID-19 pandemic, the study was stopped after
the full participation of 76 individuals. We examined the
characteristics of these study participants using descriptive
statistics. Changes in the Patient Activation Measure,

communication quality with providers, and kidney knowledge
were determined with paired t tests. The McNemar test for
binary paired data was used to ascertain changes in the perceived
risk of kidney disease and the concern for developing kidney
disease. Multivariable linear models (for continuous outcomes)
and logistic models (for dichotomous outcomes) were used to
determine whether changes in outcomes post versus
preintervention were influenced by age, race or ethnicity, sex,
and diabetes status, after accounting for baseline values.
Statistical analyses were performed using Stata/SE, version 14.0
(StataCorp).

Results

Recruitment letters were sent to 1115 eligible veterans, of whom
87 (7.8%) opted out of receiving further communication. The
study team was able to contact 206 veterans by phone, of whom
185 agreed to participate (Figure 1). Reasons for declining
participation included being uncomfortable with online
technology, mistrust of the study team, mistrust in the Veterans
Affairs treatment center, not being interested in kidney disease,
and not having the time to participate in a study. Approximately
41% (76/185) of the recruited veterans completed all aspects
of the study, including completing the previsit survey, reviewing
the web-based Kidney Score Platform, attending a scheduled
visit with their primary care clinician, and completing the
postvisit survey. The study population had a mean (SD) age of
64.4 (8.2) years and 88% (67/76) were male. Nearly one-third
(23/76) of the study participants self-identified as
African-American and 5% (4/76) self-identified as Native
Hawaiian, Pacific Islander, or Asian. Approximately 93%
(71/76) had hypertension and 36% (27/76) had diabetes; 9.2%
(7/76) of the population had CKD defined by an eGFR 15‐60

ml/min/1.73 m2 but none had a diagnosis of CKD in their
clinical record (Table 1). Characteristics of the study population
were qualitatively similar to those describing the overall eligible
primary care population in the participating clinics (Multimedia
Appendix 1) .
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Figure 1. CONSORT (Consolidated Standards of Reporting Trials) diagram for this implementation study assessing the impact of the kidney score on
chronic kidney disease knowledge and participation in self-management.
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Table . Characteristics of veterans with and at risk for chronic kidney disease (CKD) who participated in this study that examined the impact of the
kidney score on CKD knowledge and participation in CKD self-management.

N=76Characteristics

64.4 (8.2)Age, years, mean (SD)

67 (88.2)Male sex, n (%)

Race, n (%)

1 (1.3)American Indian or Alaskan Native

2 (2.6)Asian

23 (30.3)Black

2 (2.63)Native Hawaiian or Pacific Islander

5 (6.6)Declined to answer

43 (56.6)White

Ethnicity, n (%)

4 (5.3)Hispanic or Latino

71 (93.4)Not Hispanic or Latino

1 (1.3)Declined to answer

71 (93.4)Hypertension,a n (%)

27 (35.5)Diabetes,a n (%)

7 (9.2)Chronic kidney diseaseb

aHypertension and diabetes are defined by the ICD-10 (International Classification of Diseases, 10th Edition) code.
bChronic kidney disease is defined by an estimated glomerular filtration rate of 15‐60 ml/min/1.73 m2.

Among veterans with complete data, the mean (SD) Patient
Activation Measure score at baseline was 40.7% (5.32%). After
interacting with the Kidney Score Platform and attending a visit
with their provider, the mean Patient Activation Measure score
was 40.2% (5.48%), which was largely unchanged (P=.23).
Similarly, the self-reported communication quality with
providers did not change after the interaction with the Kidney
Score Platform, from a mean (SD) baseline score of 2.77 (1.06)
out of 3.00 to a mean score of 2.84 (0.94; P=.51). On
multivariable regression models, age, sex, race or ethnicity, and
diabetes status were not associated with changes in the Patient
Activation Measure scores nor the communication quality.

The mean (SD) CKD knowledge score increased after the
intervention from a baseline of 40% (25) to 51.1% (26.5),
representing a statistically significant difference (P<.01).
Similarly, the percentage of veterans who discussed CKD with
their clinician in their prior visit increased from 12.3% at
baseline to 31.5% after interacting with the Kidney Score

Platform (P<.01). In multivariable regression models, change
in CKD awareness and communication about CKD did not
differ by age, sex, race, or diabetes status (Figure 2).

Consistent with the increased communication about CKD in a
low-risk primary care population, the proportion of individuals
with substantial concern for developing kidney problems or
kidney disease in the next 10 years did not change significantly
after participating in the study. At baseline, an estimated 52.1%
of individuals reported feeling moderately or very concerned
for developing CKD; after the study, this decreased to an
estimated 42.3% (P=.06). Similarly, the estimated percentage
of individuals who reported a moderate or high likelihood of
developing kidney disease in the next 10 years did not change
substantially before versus after the intervention (29.6% vs
31.0%; P=.7). Age, sex, race, and diabetes were not associated
with greater concern or perceived risk of developing kidney
disease.
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Figure 2. Change in individual behaviors potentially associated with self-efficacy for chronic kidney disease (CKD) management after engagement
with the kidney scope online platform.

Discussion

Principal Findings and Comparison With Previous
Work
The Kidney Score Platform is one of the first interventions that
has successfully increased patient knowledge about CKD and
communication about kidney health between primary care
clinicians and patients. This success can be attributed to its
development based on the Behavioral Change Wheel [23], a
well-recognized individual behavioral change theory.
Theory-informed interventions are more likely to be effective
and sustainable within the context of health care delivery than
those that are not. The development of the Kidney Score
Platform was based on extensive formative work, including
qualitative interviews with clinicians and patients [18], as well
as proto-typing, beta-testing, and usability testing with various
stakeholders, culminating in a refined educational patient
experience [17]. This process identified the importance of a tool
with which both patients and clinicians could interact and
strengthen their communication skills around kidney disease
and kidney health.

Despite an increase in CKD conversations and CKD knowledge,
the Kidney Score Platform did not increase patient activation
for CKD management, which is a hallmark of self-efficacy. The
baseline mean (SD) Patient Activation Measure score was 40.1%
(5.3%), representing level 1 activation, characterized by
individuals who may not believe that the patient’s role is
important in chronic disease management. This reflects a large
opportunity for improvement, rendering this study’s null primary
outcome results disappointing. We speculate that the lack of
change in the Patient Activation Measure score can be attributed
in part to the suboptimal sample size, as well as the
characteristics of the study population and the intervention itself.
Veterans who participated in this study were primarily at risk

for CKD (69/76) with only 9.2% (7/76) having laboratory
evidence of CKD considering the eGFR. Engaging with the
Kidney Score may be more motivating among those with CKD
versus those at risk for CKD. Similarly, clinician discussions
about CKD and how individuals can participate in
self-management are likely more impactful for individuals with
laboratory evidence of kidney disease compared to those at risk.
The absence of a change in the perceived risk of kidney disease
among study participants supports this lack of activation among
those at risk for CKD. While we did not have the statistical
power to assess changes in patient activation by CKD status,
we suspect that a study population enriched with veterans with
CKD (as opposed to those at risk for CKD) would have led to
a greater change in patient activation.

The nature of the intervention may have also contributed to a
lack of change in patient activation. While a handful of patient
interactions with the Kidney Score Platform and one
patient-initiated discussion with a clinician during a routine
primary care visit may be sufficient to increase the broad
understanding of kidney disease among individuals with or at
risk for CKD, it is likely insufficient to motivate the need for
behavior change to optimize kidney health. More than one
conversation about kidney disease is likely needed to enhance
participation in healthy behaviors and promote self-confidence
in other aspects of CKD self-management. With that in mind,
it is possible that patient activation was remeasured too early
after the time-limited intervention. While speculative, it is
plausible that an initial interaction with the Kidney Score
Platform may have prompted future discussions about kidney
disease and thus future changes in patient activation. Future
interventions leveraging the Kidney Score Platform or other
patient-facing educational modules will need to include multiple
opportunities for discussions about kidney health over time,
while also being mindful to not exacerbate potential health
anxiety associated with greater knowledge about kidney disease.
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This is consistent with Kolb’s theory of experiential learning,
which posits that most adult learning is gained through
experience and engagement over time [24].

The application of Kolb’s theory has been demonstrated for the
CKD population with moderate to severe CKD depicted by an

eGFR 15‐60 ml/min/1.73 m2. For example, Medicare’s Kidney
Disease Education program is designed to be delivered in 6

sessions for those with an eGFR 15‐30 ml/min/1.73 m2 and
includes modules about knowledge about risk factor control,
how the kidneys function, medication management, nutrition,
and treatments for kidney failure [25]. Two recent studies
demonstrated improvements in access to home dialysis and
improved preparation for hemodialysis for the population that
received kidney disease education versus eligible controls,
although the education delivery was low, among approximately
1% (3469/369,968) of eligible patients [26,27]. A systematic
review of educational interventions for patients with CKD with
an eGFR range similar to our study participants found that more
frequent interventions, (ie, weekly or monthly) were more
effective [28]. The elements of the Kidney Score such as the
website interaction could easily be scaled for more frequent
interventions in future educational investigations.

Additionally, while this study was originally designed as a
multilevel intervention directed at patients and clinicians,
challenges during the COVID-19 pandemic mitigated the
clinician focus of this study. Clinician input refined the Kidney
Score Platform, but engagement with the Clinical Practice
Toolkit was minimal due to clinician burn out and an emphasis

on COVID-19 during the study period. The intervention was
ultimately patient-focused with little emphasis on changing
clinician behaviors with respect to discussing CKD with
individuals with and at risk for kidney disease. Given the strong
consensus that multilevel interventions are needed to address
health communication [29], future research is needed on what
types of tools can be integrated into clinician workflows without
exacerbating burn out.

Strengths and Limitations
The strengths of this investigation include theory-informed
patient-focused education to improve multiple domains of
patient knowledge and engagement assessed using validated
instruments. The limitations include low recruitment that may
have biased results to the null, necessary study design refinement
during the COVID-19 pandemic, absence of a quantitative
measure identifying the number of times a participant engaged
with the Kidney Score Platform, and limited generalizability to
nonveterans considering the administration of the health care
delivery systems.

Conclusions
Educating, engaging, and empowering individuals at risk for
and living with CKD are critical. The findings of this study
suggest that web-based tailored education for patients can
increase CKD knowledge and encourage conversations about
kidney health. Increasing patient activation and self-efficacy
for CKD management will require multilevel, longitudinal
interventions that facilitate ongoing conversations about kidney
health between patients and clinician teams.
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Abstract

Background: Adult spinal deformity (ASD) is a prevalent condition estimated at 38%. Symptomatic ASD is associated with
substantial health care costs. The role of nonoperative interventions in the management of ASD remains elusive. The National
Scoliosis Clinic’s (NSC) scoliosis realignment therapy (SRT) is a personalized digital health exercise program for the nonoperative
management of ASD.

Objective: This exploratory study had two objectives: (1) to evaluate the effect of the SRT program on users’ intention of having
spinal fusion; and (2) from a US payer perspective, to estimate the annual cost savings per 100,000 beneficiaries by averting
spinal surgery.

Methods: Individuals were enrolled in the SRT study from October 1, 2023 to September 1, 2024. Participants completed a
web-based, cross-sectional survey about their history of prior scoliosis surgery and intent of having surgery before and after use
of SRT (on a 4-point Likert scale, where 1 = “No Intent for Surgery” and 4 = “High Intent for Surgery”). Intent for surgery before
and after participation in SRT was compared using a nonparametric Wilcoxon signed-rank test for paired data. Annual cost savings
per 100,000 beneficiaries by averting spinal fusions were estimated separately for commercial payers and Medicare using published
literature and public data sources. Payer expenditures were inflation-adjusted to 2024 US dollars using the Hospital Services
component of the Consumer Price Index.

Results: A total of 62 NSC members (38.8%) responded to the survey and were enrolled in the SRT program for an average
(SD) of 17 (12) weeks. The mean (SD) age was 65.3 (13.5) years, and the majority were female (47/48, 98%) and White (45/46,
98%). Among the SRT users who did not have prior scoliosis surgery (n=56), 14% (8/56) reported a decrease in intent for surgery
(that is, a lower Likert score) with the use of SRT. The mean (SD) intent for surgery scores before compared to after SRT were
1.29 (0.53) and 1.14 (0.35), respectively (mean difference 0.15 [P=.006]). Participants with “No Intent for Surgery” pre- versus
postuse of SRT (42/56 versus 48/56, respectively) corresponded to an absolute risk reduction of 11% and a number needed to
treat of 9 to avert one spinal fusion. Among the 6 participants who transitioned to “No Intent” for spinal surgery with the use of
SRT, 3 were aged <65 years and 3 were ≥65 years of age. The annual cost savings from averted spinal surgeries were estimated
at US $415,000 per 100,000 commercially-insured beneficiaries and US $617,000 per 100,000 Medicare beneficiaries.

Conclusions: SRT is a personalized, scoliosis-specific digital health exercise program with the potential for averting 1 spinal
surgery for every 9 participants, resulting in a substantial reduction in payer expenditures while improving the quality of care for
commercial payers and Medicare beneficiaries.

(JMIR Form Res 2025;9:e66889)   doi:10.2196/66889
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adult spinal deformity; scoliosis; nonoperative management; spinal realignment therapy; digital health; program evaluation
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Introduction

Adult spinal deformity (ASD) is a common condition with an
estimated prevalence of 38% for primary (de novo) degenerative
scoliosis [1,2]. ASD is a 3-dimensional deformity of the spine
defined by a major curve magnitude angle of ≥10°, and women
are more likely to have the diagnosis [1-4]. Patients with
symptomatic ASD report increased back pain as well as lower
health-related quality of life as demonstrated by worse SF-36
(36-Item Short Form Health Survey) scores compared to the
general population [5,6].

As the US population continues to age, there is growing interest
in understanding the most effective means to manage ASD.
While nonoperative modalities are typically the first-line
treatment for patients with symptomatic ASD, the role of
nonoperative management has been questioned, with some
studies reporting 2-year costs ranging from US $2041 to US
$14,022 without improvements in patient outcomes [7-9]. In
contrast, several studies have reported that patients who receive
operative interventions for ASD have significantly reduced
disability and pain and better improvement in clinical outcomes
compared to nonoperative treatment [9-12]. However, spinal
fusion is costly (Medicare reimbursement of $60,269 [13]) and
carries significant risks; a multicenter database study of nearly
1000 adult surgical patients with ASD with 2-year follow-up
reported an overall complication rate of 67.4% [14], and a
separate meta-analysis demonstrated complication rates ranging
from 17.0% to 71.5% [12]. Considering the substantial economic
burden and complication rate associated with operative
interventions for ASD—and noting that, other digital care
programs in orthopedics (low back pain and chronic knee pain)
have demonstrated significant reductions in surgical intent
[15-17]—this study sought to further elucidate the role of a
digital health program in the nonoperative management of ASD.

The National Scoliosis Clinic’s (NSC) Scoliosis Realignment
Therapy (SRT) is a remote, exercise-based, ScolioPilates®
therapy specifically designed for individuals with scoliosis.
ScolioPilates® is a scoliosis-specific exercise program using
elongation, corrective breathing, strengthening, and activities
of daily living to address pain associated with scoliosis.
Additionally, members of SRT are enrolled in a supportive
community with virtual group sessions, education, and AI-driven
technology to assess spinal curvature with personalized therapy.
While Clohisy et al [18] reported that the majority of patients
crossover from nonoperative to operative treatment due to
perceived worsening of symptoms, Rhode et al [19] recently
reported that the use of SRT for 6 weeks resulted in significant

improvement in pain as measured using the Scoliosis Research
Society Health-Related Quality of Life Questionnaire (SRS-22r).

This exploratory study had two objectives: (1) to evaluate the
effect of the SRT program on users’ intention of having spinal
fusion; and (2) from a US payer perspective, to estimate the
annual cost savings per 100,000 beneficiaries by averting spinal
surgery.

Methods

Recruitment
Individuals with scoliosis were recruited to the NSC through
multiple mechanisms, including social media and the NSC
website. NSC members were enrolled nationwide in the SRT
study between October 1, 2023 and September 1, 2024. All
NSC members using SRT during the aforementioned time period
were invited by email to participate in the closed, web-based,
cross-sectional survey about surgical intention. A formal sample
size calculation was not performed, given that this was an
exploratory study. In addition to demographics and clinical
characteristics, the survey asked, “Has a surgeon ever told you
you need scoliosis surgery, or offered you surgery?”, “Have
you ever intended to have scoliosis surgery?” and “Since you
have started working with the NSC SRT, what is your current
intention to have scoliosis surgery?” Responses to the questions
about surgical intent were graded on a 4-point Likert scale,
where 1=No Intent for Surgery, 2=Low Intent, 3=Moderate
Intent, and 4=High Intent for Surgery. Given that this was an
exploratory web-based survey, radiographic parameters were
not collected.

Statistical Analysis
The primary outcome measure was the intent to pursue surgical
correction of scoliosis pain. A nonparametric Wilcoxon
signed-rank test for paired data was conducted to evaluate the
difference in intention scores before and after SRT. The
Wilcoxon test is appropriate for small samples that are not
normally distributed. All analyses were performed using R
software (version 4.4.1; R Foundation for Statistical
Computing).

For potentially averted spinal surgeries, annual cost savings per
100,000 beneficiaries were estimated separately for US
commercial payers and Medicare using published literature and
multiple public data sources (Table 1). Payer expenditures were
inflation-adjusted to US dollars in 2024 by using the Hospital
Services component of the Consumer Price Index.
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Table . Parameter values, data sources, and estimated cost savings from potentially averted spinal fusions among individuals with adult spinal deformity
in the United States (2024, $US) [20].

SourceValueParameter

MedicareCommercial

[20,21]1.5310.502Medical resource use for scoliosis
by adults, %

Derived1531502Adult scoliosis patients per 100,000
beneficiaries, n

[22]21.721.7Convert from nonoperative care to
spinal fusion (annual), %

Derived332109Conversions to spinal fusion (annu-
al), n

SRT survey1111Absolute risk reduction in intent for
surgery, %

[23]2828SRTa participation rate (users), %

Derived10.23.4Spinal fusions averted annually per
100,000 beneficiaries, n

[13,24,25]60,269123,551dSpinal fusion insurer payment, US

$bc

Derived616,504414,534Annual cost savings per 100,000
beneficiaries, $

aSRT: scoliosis realignment therapy.
bWeighted average of diagnosis-related group (DRG) 456 (spinal fusion with spinal curvature with major complication, 25%), DRG 457 (spinal fusion
with spinal curvature with complication, 59%), and DRG 458 (spinal fusion with spinal curvature without complication or major complication, 16%).
cInflated from 2022 to 2024 (half) US $ using the Consumer Price Index for hospital services; multiplier 1.097.
dCalculated using a Medicare-to-commercial payment multiplier of 2.05 for hospital inpatient services.

Data Exclusion
Users with prior spinal fusion surgery were excluded from the
surgical intent analysis. Participants were given 2 weeks to
respond to the survey, with subsequent reminders. Users who
failed to respond to the surgical intent questions were excluded.

Ethical Considerations
This web-based survey evaluated a wellness program, not a
medical treatment, and study data were deidentified for privacy
and confidentiality protection. The datasets generated and
analyzed during this study were restricted to the researchers
conducting the analysis. NSC members who participated in the
web-based survey study were provided US $50 gift cards for
the completion of the survey.

Per the Office of Human Research Protections, under the US
Department of Health and Human Services, research that (1)
involves only survey procedures of adults and (2) is collected

in a deidentified fashion is exempt from institutional review
board (IRB) review and informed consent can be waived [26].
A retrospective IRB exemption was obtained for this study,
confirming that both conditions are met, and therefore, this
study was IRB exempt, and informed consent was not indicated.

Results

User Statistics
In total, 160 NSC members were invited to participate in the
survey; 62 (38.8%) individuals nationwide voluntarily completed
the survey. Six participants were excluded from the intention
to pursue surgery analysis: 5 who had prior fusion surgery and
1 who did not respond. Among survey respondents who reported
age (N=47), the mean (SD) age was 65.3 (13.5) years (age <65
years, 40%; age ≥65 years, 60%). The mean (SD) SRT duration
of use was 118 (86.6 days); the majority were female (47/48,
98%) and White (45/46, 98%; Table 2).
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Table . Demographics and clinical characteristics of scoliosis realignment therapy (SRT) cross-sectional survey participants with adult spinal deformity
(n=62).

ValueCharacteristic

65.3 (13.5)Age in years, mean (SD)

19 (30.6)Age <65 years, n (%)

28 (45.2)Age ≥65 years, n (%)

15 (24.2)Did not respond

Gender, n (%)

47 (75.8)    Female

1 (1.6)    Male

14 (22.6)    Did not respond

Race, n (%)

45 (72.6)    White

1 (1.6)    American Indian and Caucasian

16 (25.8)    Did not respond

118 (86.6)SRT Duration of Use in days, mean (SD)

Offered scoliosis surgery in the past, n (%)

15 (24.2)    Yes

26 (41.9)    No

21 (33.9)    Did not respond

Prior fusion surgery for scoliosis, n (%)a

5 (8.1)    Yes

56 (90.3)    No

1 (1.6)    Did not respond

aIndividuals with either prior fusion surgery or no response excluded from surgical intent analysis.

Evaluation Outcomes

Surgical Intent
Overall, 14% of participants (8/56) reported a decrease in intent
for scoliosis surgery (ie, a lower Likert score) with the use of
SRT, and no participants reported an increase in surgical intent.
The mean (SD) intent for surgery scores before compared to
after SRT were 1.29 (0.53) and 1.14 (0.35), respectively (mean

difference 0.15 [P=.006]; Table 3). Participants with “No Intent”
for spinal surgery pre- versus postuse of SRT (42/56 versus
48/56, respectively) corresponded to an absolute risk reduction
of 11% and a number needed to treat of 9 to potentially avert 1
spinal fusion (1 divided by 0.11). Among the 6 participants who
transitioned to “No Intent” for spinal surgery with the use of
SRT, 3 were aged <65 years (ages 30, 62, and 64 years,
respectively) and 3 were aged ≥65 years (ages 73, 73, and 82
years, respectively).
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Table . Intentions for surgical intervention for adult spinal deformity prior to and after using scoliosis realignment therapy (SRT; cross-sectional survey;
n=56).

Mean (SD)aPercentage of respondentsStatement

HighModerateLowNo intent

1.29 (0.530)0.03.621.475.0Have you ever in-
tended to have scol-
iosis surgery?

1.14 (0.353)0.00.014.385.7Since you have
started working

with the NSCb

SRT, what is your
current intention to
have scoliosis
surgery?

aFour-point Likert scale, where 1=No Intent for Surgery, 2=Low Intent, 3=Moderate Intent, and 4=High Intent. P=0.006, Wilcoxon signed-rank test.
bNSC: National Scoliosis Clinic.

Estimated Cost Savings by Averting Spinal Fusion
The percentage of adult patients using medical services for
scoliosis was 0.502% (age 18‐64 years) and 1.531% (age ≥65
years) for commercial and Medicare beneficiaries, respectively,
or, 502 and 1531 per 100,000 beneficiaries, respectively (Table
1). An estimated 21.7% (41/189) of these patients converted
from nonoperative care to spinal fusion annually. Applying the
SRT-related 11% absolute risk reduction and an assumed 28%
SRT participation rate based on digital health wellness
intervention programs without incentives, a total of 3.4 fusions
would potentially be averted annually per 100,000 commercially
insured beneficiaries and 10.2 fusions potentially avoided
annually per 100,000 Medicare beneficiaries. Applying a
Medicare payment of US $60,269 for hospital inpatient spinal
fusion (weighted average of diagnosis-related groups [DRGs]
456‐458 in 2024 in US $) and multiplier for
Medicare-to-commercial payment of 2.05 (ie, commercial
payment of US $123,551), the annual cost savings from averted
surgeries were estimated at US $415,000 per 100,000
commercially insured beneficiaries, and US $617,000 per
100,000 Medicare beneficiaries (Table 1).

Discussion

Principal Findings
This web-based, cross-sectional survey study explored whether
the use of SRT, a personalized digital therapy program for adults
with scoliosis, resulted in a reduction in intent for spinal surgery.
After using SRT for an average of 17 weeks, an 11% absolute
risk reduction in intent for surgery was observed, which
corresponds to a number needed to treat of 9, suggesting that
one spine surgery could potentially be averted for every 9
individuals using SRT. Hence, SRT offers a promising
nonoperative therapy that may decrease spinal fusions with its
associated risks and economic burden.

Comparison With Prior Work
The reduced intent in pursuing surgery with the use of SRT is
consistent with other digital care programs in orthopedics,
recognizing that scoliosis is a unique condition with its own

clinical challenges. For a 12-week digital care program in low
back pain, Shebib et al [15] demonstrated a significant reduction
in surgical interest (P=.01). Similarly, Smittenaar and colleagues
[16] reported a decrease in surgery intent at 3 months (P<.001)
with a 12-week digital care program for chronic knee pain.
Mecklenburg et al [17] also found that the self-reported
likelihood of having surgery decreased over 1 year with the use
of a digital care program for chronic knee pain (P=.01).

Investigators have reported conversion rates from nonoperative
to operative treatment ranging from 12.7% (24/189) within 1
year to 31% (42/135) after 6 months [18,22]. Clohisy et al [18]
further noted that the majority (90%) of patients crossed over
from nonoperative to operative treatment due to perceived
worsening of symptoms, and the remainder because the patients
believed that the nonsurgical therapies were ineffective. Rhode
et al [19] recently reported outcomes following 6 weeks of SRT
using SRS-22r. Specifically, a significant improvement was
observed in the pain (P<.001), self-image (P=.05), and mental
health (P<.001) subdomains of the SRS-22r, with the
improvement in the pain subdomain exceeding the minimal
clinically important difference threshold. In addition, these
investigators reported high satisfaction with the SRT program
(9.5 out of 10, where 1=Extremely Dissatisfied and
10=Extremely Satisfied) [19]. Given that the SRT cohort
reported in the study by Rhode et al (n=23) [19] is a subset of
those reported herein (n=62), the statistically significant decrease
in intent for surgery is consistent with the previously reported
perceivable improvement in pain with the use of SRT. These
consistent findings across SRT studies support the validity of
using the question on surgical intent to extrapolate to the
estimated cost savings.

In light of the aging population among other factors, Wadhwa
and colleagues [27] reported that, among both commercial and
Medicare beneficiaries, the rate of fusion for adult spinal
deformity surgery doubled from 2007 to 2015. In addition,
Passias et al [9] reported that the mean 2-year cost of
nonoperative treatment was US $2041, and the mean 2-year
cost for operative treatment was US $66,860 based on Medicare
reimbursements. As such, the estimated cost savings for averted
surgeries reported in the present study are likely underestimated
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for multiple reasons, specifically, the percentage of beneficiaries
seeking medical care for scoliosis is based on data from 2013
[20], the DRG reimbursement amounts reflect only the spinal
surgery hospitalization (including the global period) [13], and
incentives could increase the SRT participation rate [23].

The cost analyses are based on the best available published data,
recognizing that more recent trends in insurer reimbursement
and technological advancements may not be reflected. The
cost-savings estimates rely on several assumptions, including
a 28% participation rate for intervention-focused digital wellness
programs. Mattke et al [23] described the relationship between
incentive structure and participation rate, noting that the use of
incentives increased wellness program participation. Our
analysis assumed no incentives with an intervention-focused
participation rate of 28% (versus 30% if any incentives). Others
have reported a 32% participation rate for physical well-being
programs [28]. Hence, assuming the absence of incentives offers
a conservative estimate of the participation rate.

Limitations
There are several limitations of this formative research study.
First, participants used SRT for an average of 17 weeks, which
begs the question about whether the observed decrease in
surgical intent would be sustained. That said, Smittenaar et al
[16] found that the reduction in surgery interest continued for
6 months following the initiation of a digital health program
for chronic knee pain (P<.001), and Mecklenburg et al [17]
reported that the decreased likelihood of knee surgery with the
use of a digital care program was sustained over 5 years

(P=.002). Second, the self-reported survey data are subjective
and participants completed both the pre- and post-SRT questions
about surgical intention after initiating SRT, which potentially
may be subject to recall bias. Third, the pre-post study design
may be subject to confounding because it lacks an independent
control or comparison group and is less rigorous than a
randomized control trial; notwithstanding, each participant
served as their own control. Furthermore, study participants
were not blinded in that they were aware of using SRT, which
may have introduced the possibility of performance bias. Lastly,
although participants represented a nationwide sample of adults
with scoliosis, the study included a relatively small cohort that
did not permit the exploration of nuanced effects and was not
ethnically diverse; therefore, the results may not be
generalizable. Future studies will explore the durability of SRT
use on surgical intent with a larger, more diverse cohort.

Conclusions
SRT is a personalized, scoliosis-specific digital health exercise
program with the potential for averting 1 spinal fusion for every
9 participants, resulting in a substantial reduction in payer
expenditures while improving the quality of care for commercial
payer and Medicare beneficiaries. The SRT remote, digital care
program holds promise as a feasible strategy to transform the
nonoperative paradigm in adult spinal deformity. Digital care
delivery is becoming more common with currently available
health technology, and can increase patient agency and
engagement, while improving overall outcomes and decreasing
health care spending.
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Abstract

Background: Patient and health care provider access to genetic subspecialists is challenging owing to limited number of genetics
experts across the United States. The University of California San Francisco (UCSF) Genetics electronic consultation (e-Consult)
service was implemented along with the usual referral pathway to improve access to timely genetic expertise through robust
asynchronous provider-to-provider communication.

Objectives: This study examined the impact of the UCSF Genetics e-Consult service on patient access to genetics expertise.

Methods: A retrospective chart review of 622 e-Consult requests was conducted. Data pertinent to e-Consult completion rates,
provider response times, consultation content, and adherence to geneticist recommendations were abstracted.

Results: From October 2016 to March 2024, the UCSF Genetics e-Consult service received a total of 622 consultation orders,
with yearly volumes increasing from 34 in 2017 to 144 in 2023. A total of 360/622 (57.8%) consultations were completed, of
which 197/360 (54.6%) were resolved without requiring a specialty care visit. Of the 262/622 (42.1%) e-Consult orders declined
by the geneticist reviewer, 184/262 (70.2%) were scheduled for a synchronous genetics visit due to case complexity precluding
an appropriate e-Consult response and 29.8% (78/262) were recommended to be referred to a different and more appropriate
specialty. Geneticists responded to 83.9% (522/622) of e-Consults within 3 days, with most spending between 5 and 20 minutes
on their e-Consult response. Nearly half of the genetics e-Consult requests (69/144; 47.9%) came from primary care providers
and pediatricians. Among the 144 e-Consult requests in 2023, 50.6% (73/144) were about diagnostic queries, 17% (25/144) were
on symptom management, and 11% (16/144) were about test interpretation. Provider adherence to geneticists’ recommendations
was observed in 84% (116/144) of cases.

Conclusions: The UCSF Genetics e-Consult service has demonstrated efficiency in providing timely genetic consultations,
with a high rate of provider adherence to recommendations. These findings support the potential of e-Consult frameworks as a
viable strategy for enhancing access to genetic health care services.

(JMIR Form Res 2025;9:e63028)   doi:10.2196/63028

KEYWORDS

genomic; e-Consult; genetic; utility; retrospective; assessment; effectiveness; electronic consultation; healthcare providers; genetic
experts; university; consultations; e-Consult frameworks; accessibility; genetic testing; patient care

Introduction

The field of genetics and genomics has experienced significant
advancements in recent years, leading to increased integration
of genetic testing and considerations into various medical
disciplines. However, the number of genetic subspecialists
remains limited, resulting in challenges for patients and health
care providers seeking timely access to genetics expertise [1,2].

The shortage of genetic specialists, coupled with the growing
demand for their services, has led to prolonged waiting times
for appointments and potential delays in patient care [3].

As genetic testing is increasingly incorporated into the
diagnostic and treatment processes across medical specialties,
there is a pressing need to improve communication and
collaboration between genetic specialists and a wide range of
health care providers [4]. Primary care clinicians, specialists in
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other disciplines, and allied health professionals often require
guidance and support when interpreting genetic test results,
understanding their implications, and supporting patient
informed decisions regarding their management [5].

To address these challenges, health care systems have explored
innovative solutions, such as electronic consultations
(e-Consults), to facilitate prompt access to specialist expertise
[6]. e-Consults have emerged as a promising approach to bridge
the gap between the limited number of genetic specialists and
the growing demand for their service. Within genetics and
genomics programs, e-Consult initiatives have demonstrated
their effectiveness in addressing basic questions without the
need for an in-person visit and providing educational
opportunities for generalists to enhance their knowledge and
skills in genetics care [7-10]. As genetics becomes increasingly
integrated into mainstream medical practice, e-Consults serve
as a valuable tool to foster collaboration, ensure knowledge
sharing, and provide high-quality, genetics-informed care to
patients.

The e-Consult service at the University of California San
Francisco (UCSF) started in 2012 [11]. Initially, the program
was grant funded and then financially supported by the health
system. By 2015, the UCSF entered into agreements with three
payers to receive reimbursement for specialist e-Consults, and
by 2020, the Centers for Medicare and Medicaid Services (CMS)
and other payers started providing reimbursement for e-Consults
that are completed and not declined. The introduction of
Genetics e-Consults occurred in June 2017, positioning the
UCSF as an early adopter in the United States. Herein, we
describe the establishment of our Genetics e-Consult service
for providers within our institution and its utilization.

Methods

Study Structure
This study analyzed e-Consults submitted through the UCSF
Health’s electronic medical record system. Providers across
multiple specialties, including primary care, pediatrics, and
oncology, initiated consultations. The analysis included all
Genetics e-Consults from October 2016 to March 2024,
capturing utilization trends and consultation characteristics.

Process of e-Consult Services
Ordering providers within UCSF Health can initiate an e-Consult
request through our hospital’s electronic medical record (Epic
Hyperspace 2023; developed by Epic Systems Corporation,
Verona, WI, USA). Providers can choose from the Adult
Genetics, Pediatrics Genetics, or Cancer Risk Genetics service.
After selecting the service, the ordering providers will be
prompted to choose one of the four diagnosis-specific SmartText
templates: (1) Query genetic condition or syndrome, (2) Known
genetic condition or syndrome, (3) Family history of genetic
condition, or (4) Other. Each template will guide the provider
through different open-ended questions that capture the reason
for the e-Consult, relevant test results, family history
information, and any other pertinent information. After
submission, the e-Consult request is routed to the designated

pool and the e-Consultant on service reviews the details and
responds.

The Genetics e-Consultants are a group of board-certified
geneticists practicing in the Pediatric or Adult Genetics service
at the UCSF with more than 5 years of experience. The
e-Consultant after accepting the referral summarizes or refines
the consultative questions, offers an individualized
recommendation along with supporting evidence or current best
practices, and outlines a contingency plan (including guidelines
for when to refer the patient for an in-person or telehealth
specialty visit). The standard response time for an e-Consult is
set at 3 business days. In cases where the clinical complexity
exceeds the scope of an e-Consult, the e-Consultant may opt to
recommend a traditional new patient appointment. The
e-Consultant will cc: their specialty staff on the e-Consult
response who then convert the e-Consult order to a referral order
for routing to the appropriate scheduling team (upon submittal,
the requester indicates okay to convert to referral or not okay
to convert). Alternatively, if the consultation falls outside the
consultant’s area of expertise and is better suited for another
specialty, the e-Consultant will decline the e-Consult with that
recommendation. The e-Consultant self-reports the time spent
in the electronic medical record before marking the consultation
as complete. The median of these recorded times was then
calculated. Within our department, a dedicated team of
geneticists is responsible for addressing e-Consults. Once the
e-Consult is completed or declined, it is returned to the referring
provider’s Epic In Basket (Epic Systems Corporation) an
integrated electronic messaging and task management system
within the Epic electronic health record, with either the clinical
recommendations or reason for decline. A short 8-question
provider survey was conducted to assess the utilization,
satisfaction, and impact of the e-Consult service.

Retrospective Chart Review
A retrospective chart review was conducted to explore the details
of e-Consults ordered from October 2016 to March 2024. The
review did not require institutional review board approval at
the UCSF. Our group characterized the ordering providers,
departments, referral groups, descriptions of the consult, primary
referral diagnosis, consult status, response times, e-Consult
recommendations, number of related referrals to Genetics, and
tests performed. Data were collected from EPIC reports and
individual chart review, and descriptive statistical analysis was
completed using R software (version 4.4.3; R Foundation for
Statistical Computing). and Microsoft XML. Statistical reporting
included all e-Consult activity originating from an order. Per
UCSF Health e-Consult EPIC workflow, all e-Consult orders
result in a completed and closed encounter for reporting, whether
completed with a clinical recommendation or declined for the
reason indicated.

Ethical Considerations
This retrospective quality control and quality improvement
study involved a chart review of deidentified data from the
electronic medical records at the UCSF. The study was
conducted solely for the purpose of evaluating and improving
the existing Genetics e-Consult service within the institution.
As this project did not involve primary data collection and was
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intended for internal quality improvement with no impact on
patient care decisions or patient rights, it did not constitute
human subjects research under the purview of the Department
of Health and Human Services. Accordingly, this study did not
require Institutional Review Board review or approval per
UCSF’s internal policies and federal regulations. All study data
were deidentified and securely stored within UCSF’s electronic
health records system. No financial compensation was provided
to study participants, as the research involved retrospective data
analysis. No images or materials include identifiable patient
information. This not a funded project. All authors are UCSF
employees.

Results

From October 2016 to March 2024, the UCSF Genetics
e-Consult service received a total of 622 consultation orders,
with yearly volumes increasing from 34 in fiscal year (FY) 2017
to 144 in FY 2023 (Figure 1).

Of the 622 Genetics e-Consults, 360/622 (57.8%) were
completed, while 262/622 (42.1%) were either declined or
deferred to another specialty (Figure 2). Responses were
provided on the same day for 263/622 consults (42.3%), within
3 days for 522/622 consults (83.9%), and within 7 days for
562/622 consults (90.4%; Multimedia Appendix 1).

A comprehensive case-level analysis was conducted for the 144
e-Consults ordered during the FY 2023 (June 2022 to July 2023),
as this was the first year in which the e-Consult service was
fully integrated, with standardized workflows, defined practices,
and distinct divisions for Adult, Pediatric, and Cancer Genetics.
Prior years lacked the necessary structure and documentation
for a comparable analysis. Adult Genetics received the most
consults (109/144, 75.7%), followed by Pediatric Genetics
(25/144, 17.4%) and Adult Cancer Risk Genetics (10/144,

6.9%). A total of 88/144 (61.1%) of these e-Consults were
completed with detailed responses, 46/144 (31.9%) were
declined and converted to in-person Genetics appointments,
and 10/144 (6.9%) were declined for other reasons such as
insufficient information or referral to another specialty (Figure
3).

Nearly half (69/144, 47.9%) of the FY 2023 e-Consults
originated from general practices such as primary care, general
medicine, and women’s health. The median time to answering
an e-Consult was 15 (IQR 10‐25) minutes. e-Consultants spent
less than 5 minutes in all the declined cases and an average of
11‐20 minutes on completed cases and mostly 5‐10 minutes
on cases that were declined and scheduled with Genetics (Figure
3). The most common types of e-Consult requests were queries
about genetic diagnoses (73/144, 50.6%), assistance with test
interpretation (16/144, 11.1%), and management
recommendations for patients with known genetic diagnoses
(13/144, 9%) or unknown genetic diagnoses (12/144, 8.3%;
Multimedia Appendix 1). e-Consultants provided a range of
services, with the most frequent being scheduling patients for
outpatient visits (61/144, 42.3%), providing genetic counseling
and management recommendations (35/144, 24.3%), making
management recommendations alone (27/144, 18.5%), and
offering guidance on genetic testing (17/144, 11.8%) and
recommended genetics referrals (5/144, 3.4%; Multimedia
Appendix 1). A chart review of 134 e-Consults (88 completed
and 46 scheduled) revealed that 65/134 patients (48.5%) were
referred to and seen by Genetics, 14/134 (12%) were referred
with a pending appointment, 5/134 (3.7%) were referred but
canceled their appointments, 31/134 (23.1%) had their care
informed by the e-Consult recommendations, 5/134 (3.7%) had
genetic testing ordered by their referring provider, 12/134 (9%)
did not get a Genetics referral, and 2/134 (1.5%) did not have
any genetic testing performed (Figure 3).
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Figure 1. Total number of e-Consults received by genetics (Adult Genetics, Pediatrics Genetics, or Cancer Risk Genetics) at the University of California,
San Francisco from Oct 01, 2016 till 01 March, 2024.

Figure 2. Flowchart and breakdown of e-Consults received and responded 2017‐2024. UCSF: University of California, San Francisco
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Figure 3. Breakdown of e-Consults received in the fiscal year (FY) 2023.

Discussion

Our study demonstrates the successful implementation and
growth of an e-Consult service that connects general providers
and specialists with genetics experts at a large academic medical
center. The UCSF Genetics e-Consult service experienced a
steady increase in volume from 34 consults in FY 2017 to 144
in FY 2023 (Figure 1), highlighting the growing demand for
accessible genetics expertise.

The e-Consult service provided an efficient means to triage
genetics questions, with 57.8% (360/622) of the submitted
consults completed and 42.1% (262/622) declined, primarily
to schedule in-person evaluations instead (184/262, 70.2% of
declined cases). The average turnaround time of 3 days
demonstrates the responsiveness of the service in addressing
clinical questions.

An analysis of 144 e-Consults from FY 2023 revealed that Adult
Genetics handled the majority 109/144 (75.7%), followed by
Pediatric Genetics 25/144 (17.4%) and Adult Cancer Risk
Genetics 10/144 (6.9%). While 88/144 (61.1%) of these consults
were completed electronically, 46/144 (31.9%) were declined
and converted to in-person visits (Figure 3), suggesting that
e-Consults can help determine when face-to-face evaluations
are needed. Nearly half (69/144, 47.9%) of FY 2023 e-Consults
came from generalists in primary care, general medicine, and
women’s health, indicating broad adoption across nongenetics
specialties. e-Consultants provided prompt responses, spending
20 minutes or less on 75% of the cases (Figure 3).

The most common reasons for e-Consults were questions about
genetic diagnoses (73/144, 50.6%), test interpretations (16/144,
11.1%), and patient management (Multimedia Appendix 1).
e-Consultants frequently recommended clinic visits (61/144,

42.3%), provided counseling and management advice (35/144,
24.3%), and offered guidance on genetic testing (17/144, 11.8%;
). Referral outcomes data demonstrated that e-Consults resulted
in 62% (84/134) of patients being seen by or scheduled with
appointments at Genetics, while for 20% of patients (31/134),
e-Consult advice influenced their care without necessitating a
formal referral to Genetics.

These findings align with and expand upon the limited existing
literature on Genetics e-Consult programs. Similar to studies
by Bhola et al [9] and Folkerts et al [10], we observed efficient
turnaround times, a wide range of clinical topics addressed, and
high rates of guideline-concordant care when e-Consults
provided actionable recommendations. Our higher e-Consult
volume likely reflects the longer duration and wider scope of
our program.

The high proportion of e-Consults completed electronically
(360/622, 57.9%) highlights the potential for e-Consults to
optimize genetics care delivery by addressing straightforward
questions, triaging complex cases for in-person evaluation, and
guiding appropriate previsit workups. The 84% adherence rate
among providers to e-Consult recommendations underscores
the educational impact of specialist guidance.

The limitations of our study include the single-center design,
lack of long-term outcome data, and absence of referring
provider and patient perspectives. Future research should
compare e-Consult programs across diverse health care settings;
incorporate feedback from key stakeholders; and evaluate the
impact on care access, quality, and costs.

In conclusion, the UCSF Genetics e-Consult service
demonstrates a scalable and efficient model for expanding access
to genetics expertise. By providing timely, individualized
guidance to nongenetics providers, e-Consults can help optimize

JMIR Form Res 2025 | vol. 9 | e63028 | p.107https://formative.jmir.org/2025/1/e63028
(page number not for citation purposes)

Biswas et alJMIR FORMATIVE RESEARCH

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


resource utilization, provider education, and patient care as
genetics becomes increasingly integrated into routine clinical

practice.
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Abstract

Background: Transvaginal insertion of polypropylene mesh was extensively used in surgical procedures to treat pelvic organ
prolapse (POP) due to its cost-efficiency and durability. However, studies have reported a high rate of complications, including
mesh exposure through the vaginal wall. Developing predictive models via supervised machine learning holds promise in
identifying risk factors associated with such complications, thereby facilitating better informed surgical decisions. Previous studies
have demonstrated the efficacy of anticipating medical outcomes by employing supervised machine learning approaches that
integrate patient health care data with laboratory findings. However, such an approach has not been adopted within the realm of
POP mesh surgery.

Objective: We examined the efficacy of supervised machine learning to predict mesh exposure following transvaginal POP
surgery using 3 different datasets: (1) patient medical record data, (2) biomaterial-induced blood cytokine levels, and (3) the
integration of both.

Methods: Blood samples and medical record data were collected from 20 female patients who had prior surgical intervention
for POP using transvaginal polypropylene mesh. Of these subjects, 10 had experienced mesh exposure through the vaginal wall
following surgery, and 10 had not. Standardized medical record data, including vital signs, previous diagnoses, and social history,
were acquired from patient records. In addition, cytokine levels in patient blood samples incubated with sterile polypropylene
mesh were measured via multiplex assay. Datasets were created with patient medical record data alone, blood cytokine levels
alone, and the integration of both data. The data were split into 70% and 30% for training and testing sets, respectively, for
machine learning models that predicted the presence or absence of postsurgical mesh exposure.

Results: Upon training the models with patient medical record data, systolic blood pressure, pulse pressure, and a history of
alcohol usage emerged as the most significant factors for predicting mesh exposure. Conversely, when the models were trained
solely on blood cytokine levels, interleukin (IL)-1β and IL-12 p40 stood out as the most influential cytokines in predicting mesh
exposure. Using the combined dataset, new factors emerged as the primary predictors of mesh exposure: IL-8, tumor necrosis
factor-α, and the presence of hemorrhoids. Remarkably, models trained on the integrated dataset demonstrated superior predictive
capabilities with a prediction accuracy as high as 94%, surpassing the predictive performance of individual datasets.

Conclusions: Supervised machine learning models demonstrated improved prediction accuracy when trained using a composite
dataset that combined patient medical record data and biomaterial-induced blood cytokine levels, surpassing the performance of
models trained with either dataset in isolation. This result underscores the advantage of integrating health care data with blood
biomarkers, presenting a promising avenue for predicting surgical outcomes in not only POP mesh procedures but also other
surgeries involving biomaterials. Such an approach has the potential to enhance informed decision-making for both patients and
surgeons, ultimately elevating the standard of patient care.

(JMIR Form Res 2025;9:e59631)   doi:10.2196/59631
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Introduction

Patients experiencing difficulty from symptoms of pelvic organ
prolapse (POP) are prescribed nonsurgical option as a first-line
treatment, including pelvic floor physical therapy to strengthen
the muscles supporting the pelvic organs and the use of pessaries
that are inserted into the vagina to provide structural support
and alleviate symptoms. Lifestyle modifications are also
suggested, such as weight management and avoidance of heavy
lifting, to reduce symptoms. However, conservative treatments
often fail to provide adequate relief, leading many patients to
pursue surgical interventions. Notably, patients who undergo
surgical treatments are more likely to report complete
satisfaction 1 year after the procedure compared to those who
opt for nonsurgical options [1]. The choice of surgical approach
depends largely on the type of prolapse. Among these,
transvaginal mesh surgery was once a widely used treatment
when reinforcement of the pelvic floor structures was deemed
necessary to treat severe or recurrent prolapse, though its use
was later restricted following safety concerns raised by the Food
and Drug Administration. This paper focuses on transvaginal
mesh surgery to explore strategies for identifying patient
populations that are more likely to experience favorable surgical
outcomes, with the aim of minimizing the number of patients
who face less successful results.

Surgical treatment via transvaginal mesh implantation uses
polypropylene mesh due to its low cost, nontoxicity, and
mechanical resilience. Its superior tensile strength and elasticity
compared to native pelvic tissue enabled it to withstand the
pressure changes within the pelvic cavity [2]. Despite these
advantageous properties, the usage of polypropylene mesh in
transvaginal repair of POP has been prohibited in multiple
countries due to postsurgical complications, notably mesh
exposure through the vaginal wall [2,3]. In fact, studies have
reported mesh exposure rates ranging from 4% to 12.3% in POP
patients following surgery [4-6]. Conversely, however, nearly
90% of patients experience successful POP treatment via
transvaginal mesh. Consequently, accurately identifying risk
factors and developing personalized predictive models can
greatly benefit both patients and surgeons in making informed
surgical decisions.

Building a machine learning model to predict postsurgical mesh
exposure holds considerable promise, as it offers a robust
framework that harnesses large datasets, identifies relevant
patterns, and provides quantitative predictions that can be used
as clinical decision-making tools. In fact, supervised machine
learning models have demonstrated efficacy in predicting
various surgical outcomes, including patient survival, symptom
improvement, and disease progression [7-9]. This efficacy is
particularly evident when using datasets that integrate patient
health care information and biological assessments. For instance,
Jung et al [7] developed an individualized predictive model
incorporating patient health care information from medical

records as well as pre- and postoperative laboratory
measurements (eg, total bilirubin and sodium levels) to
anticipate graft failure in pediatric liver transplant surgery.
Similarly, Chowdhury et al [8] applied biomarkers, such as
mucus cytokines, along with patient demographics and clinical
characteristics to machine learning algorithms to predict chronic
rhinosinusitis improvement when treated with endoscopic sinus
surgery. Kawakita et al [9] developed a model to predict delayed
graft function with kidney transplantation surgery by integrating
donor and recipient health care characteristics (eg, BMI, race,
age, diabetes diagnosis) and clinical laboratory data (eg, blood
urea nitrogen levels, serum glutamic pyruvic transaminase).
Despite these successful examples of incorporating
demographic, clinicopathological, therapeutic, and biomolecular
data into personalized clinical decision-making tools aimed at
predicting poor clinical outcomes, such methods have yet to
gain acceptance in the current clinical practice of mesh surgery.

In this preliminary study, we explored the benefit of integrating
distinct datasets when developing supervised machine learning
models to predict mesh exposure in patients who have undergone
POP repair surgery involving transvaginal insertion of
polypropylene mesh. Models were trained with 3 different
datasets: patient medical record data (such as demographics,
social history, and medical history), biomaterial-induced blood
cytokine levels, and the integration of both datasets. Models
trained with these 3 different datasets were able to identify
pertinent health risk factors as well as important predictors
among the cytokines. Moreover, models trained with the
integrated dataset relative to individual datasets demonstrated
superior performance. These outcomes illustrate the potential
of leveraging integrated datasets with machine learning models
to accurately predict transvaginal mesh implantation outcomes
and identify crucial risk factors associated with such outcomes.
Such predictive models offer invaluable guidance to patients
and surgeons. This approach holds potential to enhance the
decision-making process for both transvaginal and other mesh
surgeries, leading to improved patient care and better surgical
outcomes.

Methods

Study Population
As described previously [10], recruited patients with surgical
intervention for POP using transvaginal polypropylene mesh
included both those with mesh exposure, a postsurgical
complication where the implanted mesh protrudes through the
vaginal wall, and those without. A cohort of 20 healthy,
nonpregnant female patients, divided evenly between the 2
categories, was determined necessary for statistical observation
of a difference in blood cytokine biomarkers with a 10% chance
of error. Briefly, this statistical analysis used a 1-tailed t test
based on a priori power analysis, a Cohen d of 1, and a
conservative study power of 0.80.
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Participants were selected retrospectively from a list of patients
who had undergone surgical intervention for POP using
polypropylene mesh at Prisma Health Greenville Memorial
Hospital, as detailed in Waugh et al [10]. The patients were
randomly identified and recruited via phone call until 10 patients
with mesh exposure and 10 without were enrolled for this study.
Participants with POP recurrence or those taking medications
that could affect inflammatory responses were excluded from
the study.

Ethical Considerations
The study protocol was approved by the Institutional Review
Board of Prisma Health (number 1984257). Informed consent
was waived due to the retrospective nature of the data. All
collected data were deidentified and stored in a secure,
password-protected folder with restricted access. As this was a
retrospective study with no subject participation, no
compensation was provided.

Patient Medical Record Data Collection
Medical record data were collected from 20 female patients
who had experienced prior surgical intervention for POP using
transvaginal polypropylene mesh, selected retrospectively and
randomly as described earlier. The data categories include vital
signs (systolic blood pressure [BP], diastolic BP, and pulse
pressure), previous medical history (hypertension, diabetes,
renal disease, hyperlipidemia, hemorrhoids, endometriosis,
gastroesophageal reflux, and hysterectomy), social history
(alcohol and tobacco usage, sexual activity, marital status, and
education level), and other relevant health statistics (age at
surgery, BMI, BMI change since surgery, POP stage diagnosis
at surgery, and number of births). Mean and SD values were
calculated for continuous variables (systolic and diastolic BP,
pulse pressure, age at surgery, BMI, and BMI changes) along
with the range of the variables (Table 1). Unpaired t tests were
conducted on each variable to determine significance (P<.05).
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Table . Demographics of the patients with pelvic organ prolapse (POP) study population (N=20 subjects).

No mesh exposure (n=10 subjects)Mesh exposure (n=10 subjects)Variables

Vital signs

    Systolic blood pressure

123.3 (19.3)127.4 (17.9)        Mean (SD)

98‐152102‐162        Range

    Diastolic blood pressure

76.9 (10.7)77.9 (11.3)        Mean (SD)

60‐9258‐98        Range

    Pulse pressure

46.4 (11.9)49.5 (21.3)        Mean (SD)

24‐104        Range

Previous medical history, n (%)

5 (50)4 (40)Hypertension

2 (20)0 (0)Diabetes

5 (50)2 (20)Renal disease

3 (30)3 (30)Hyperlipidemia

2 (20)3 (30)Hemorrhoids

4 (40)3 (30)Endometriosis

6 (60)5 (50)Gastroesophageal reflux

8 (80)8 (80)Hysterectomy

Social history, n (%)

2 (20)6 (60)Alcohol

1 (10)2 (20)Tobacco

5 (50)9 (90)Sexual activity

    Marital status

1 (10)0 (0)        Single or lives alone

6 (60)8 (80)        Married

1 (10)1 (10)        Separated or divorced

2 (20)1 (10)        Widowed

    Highest education level

1 (10)0 (0)        Primary

2 (20)2 (20)        Secondary

7 (70)8 (80)        College or higher

Other relevant health statistics

    Age at surgery (years)

59.4 (8.0)56.8 (1.2)        Mean (SD)

47‐7543‐77        Range

    BMI

28.8 (6.5)29.3 (7.0)        Mean (SD)

21.5‐44.919.3-42.3        Range

−1.1 (3.5)−1.6 (4.5)    BMI change, mean (SD)

    POP stage preoperation, n (%)

1 (10)1 (10)        1
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No mesh exposure (n=10 subjects)Mesh exposure (n=10 subjects)Variables

2 (20)4 (40)        2

7 (70)4 (40)        3

0 (0)1 (10)        4

    Number of births, n (%)

5 (50)6 (60)        1‐2

5 (50)4 (40)        3+

Patient Blood Cytokine Measurements
Patient blood samples were collected from the same 20 female
patients and incubated with sterile polypropylene mesh (2 cm
× 2 cm), as detailed in Waugh et al [10]. Plasma layers collected
following centrifugation (1500xg, 4 °C) of blood samples were
analyzed via multiplex assay to quantify cytokine levels, as in
Waugh et al [10]. These cytokines include interleukin (IL)-1α,
IL-1β, IL-2, IL-4, IL-6, IL-8, IL-10, IL-12 p40, IL-12 p70,
IL-17A, interferon-γ, tumor necrosis factor-α (TNF-α), and
granulocyte-macrophage colony-stimulating factor. In total, 3
independent measurements were observed to detect the cytokine
levels, with each sample evaluated in duplicate.

Data Analysis
Raw datasets, including blood cytokine levels and various
medical record data, were analyzed using the statistical
programming language R (RStudio, Inc). The imported data
contained 60 observations (20 subjects x 3 independent cytokine
measurements) and 35 total variable fields (21 medical record
variables+13 cytokines+1 target variable). The target variable
of exposure referred to the presence or absence of surgical mesh
exposure through the vaginal wall following POP surgery.
Univariate and multivariate analysis was implemented to explore
the dataset, including identifying missing values, analyzing
outliers, and standardizing categorical variables.

Supervised machine learning models were created using the
caret package (version 6.0‐90) in the R programming language.
The 4 models trained were decision tree (DT), logistic regression
(LR), Naïve Bayes (NB), and artificial neural network (ANN).
This approach focused on three different datasets: (1) patient
medical record data, (2) blood cytokine levels following
incubation with surgical mesh, and (3) an integrated dataset of
both medical record data and blood cytokine levels. Prior to
creating the predictive models, the original data were split using
an industry standard of 70% for training and 30% for testing.
Each group contained an equal distribution of subjects who did
or did not experience postsurgical mesh exposure through the

vaginal wall, the prediction target for each model. Each model
was trained using the 70% (42/60) subset and a cross-validation
training control. A 10-fold cross-validation with 25% (15/60)
left out replicated 3 times was used on each model to avoid bias
and overfitting. From this, training accuracies are reported.
Additional testing was performed for the prediction accuracy
of each model using the 30% (18/60) test data. Prediction
accuracies are reported along with sensitivity and specificity
for the prediction of subjects to experience postsurgical mesh
exposure. After computing predictive statistics for each dataset,
analysis using the varImp function was conducted to identify
which variables contributed most to the predictive outcome
within each model. This analysis allowed for visualization of
individual variable importance regarding each predictive model.

Results

Descriptive Analysis of Patient Medical Record Data
Health care data of patients with POP were collected from
electronic medical records and analyzed in Table 1. The cohort
included 20 patients with POP, among whom were the 10 that
experienced vaginal mesh exposure and 10 that did not. Overall,
no significant differences (P<.05) in systolic and diastolic BP,
pulse pressure, age at surgery, BMI, and BMI changes were
noted between patients with or without mesh exposure. Higher
numbers of patients with no mesh exposure had previous
medical diagnoses of diabetes and renal diseases. In contrast,
higher numbers of patients with mesh exposure reported social
histories of alcohol usage as well as sexual activity.

Predictive Analysis
Each of 4 supervised machine learning models, DT, NB, LR,
and ANN, was implemented on 3 separate datasets: patient
medical record data (21 variables), blood cytokine levels
following incubation with surgical mesh (13 variables), and an
integrated dataset of both medical data and blood cytokine levels
(34 variables). The 5 most important factors that predict mesh
exposure in each model are presented in Figure 1.
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Figure 1. Four supervised machine learning models were used to identify important factors capable of yielding effective predictive analysis: decision
tree (DT), Naïve Bayes (NB), logistic regression (LR), and artificial neural network (ANN). Each model was performed with patient medical record
data (left), blood cytokine levels following incubation with surgical mesh (center), or an integrated dataset of both patient medical record data and blood
cytokine levels (right). The importance of the 5 most important factors to predict mesh exposure in each model is indicated as a percentage. BP: blood
pressure; GERD: gastroesophageal reflux disease; hx: history; IL: interleukin; TNF-α: tumor necrosis factor-α; GM-CSF: granulocyte-macrophage
colony-stimulating factor.

When the models were trained with patient medical record data
alone, history of alcohol usage was the most important factor
for NB, LR, and ANN models, and it also accounted for greater
than 60% of the importance in the DT model. BMI change was
among the 5 most relevant factors in 3 of the models, DT, LR,

and ANN. In total, 3 additional factors were among the 5 most
relevant factors in 2 of the 4 models: medical history of
endometriosis (LR and ANN, >77% importance), POP stage
(LR and ANN, >60% importance), and age at surgery (DT and
ANN, >40% importance).
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When models were trained with blood cytokine levels alone,
IL-1β was the most important cytokine to predict mesh exposure
in LR and ANN models and among the 5 most important
cytokines in NB and DT models, while IL-12 p40 was the most
important cytokine in DT and NB models and among the 5 most
important cytokines in the ANN model. In total, 2 cytokines
exhibited>60% importance in 3 models:
granulocyte-macrophage colony-stimulating factor in DT, NB,
and LR models and IL-12 p70 in DT, LR, and ANN models. In
total, 2 cytokines exhibited>80% importance in 2 models:
TNF-α in DT and NB models and IL-6 in NB and ANN models.

Finally, the predictive models were also performed on an
integrated dataset of both medical record data and blood
cytokine levels. IL-8 was among the 5 most important factors
(>70% importance) in 3 models, DT, LR, and ANN. In total, 2
factors were among the 5 most important in 2 models: TNF-α
in DT and NB models and hemorrhoids in LR and ANN models.
Factors of highest importance in all 4 models included a
combination of health care characteristics and blood cytokine
levels. For the NB model, the 5 most important factors in the
integrated dataset matched those identified to be of highest
importance in the individual datasets. In the DT model, 3 factors

identified to be of high importance in individual datasets were
also of the highest importance in the integrated dataset, while
2 previously unidentified factors rose to high importance within
the integrated dataset. In contrast, ANN and LR models
identified four unique factors to be of highest importance within
the integrated dataset.

Statistics were generated for the performance of each supervised
machine learning model (Table 2). Each model achieved the
highest prediction accuracy when using the integrated dataset,
ranging from 78% (14/18) to 94% (17/18), compared to either
medical record data or blood cytokine levels alone, which scored
ranges of 33% (6/18) to 50% (9/18) and 50% (9/18) to 83%
(15/18), respectively. Similarly, the highest training accuracy
for each model was observed when using the integrated dataset,
as opposed to either medical record data or blood cytokine levels
alone. When comparing different models, both LR and ANN
achieved the highest training and prediction accuracies with the
integrated dataset. In fact, when the LR and ANN models were
trained with the integrated dataset to predict mesh exposure, a
training accuracy of 91% (38/42) and a prediction accuracy of
94% (17/18) were observed in combination with sensitivity and
specificity ranging from 89% (16/18) to 100% (18/18).

Table . Summary of supervised machine learning model statistics. Patient medical record data (Med), blood cytokine levels following incubation with
surgical mesh (Cyto), and an integrated dataset of both patient medical record data and blood cytokine levels (Int) were used to predict the presence or
absence of pelvic organ prolapse (POP) postsurgical mesh exposure; 70% (42/60) of observations were used for training, and 30% (18/60) of observations
were used for testing.

Prediction κSpecificity, n
(%)

Sensitivity, n
(%)

95% CIPrediction ac-
curacy, n (%)

Training accu-
racy, n (%)

Model and dataset

Naïve Bayes

018 (100)0 (0)0.118-0.8829 (50)16 (37)Med

0.22216 (89)6 (33)0.357-0.82711 (61)26 (62)Cyto

0.77818 (100)14 (78)0.653-0.98616 (89)31 (73)Int

Decision tree

0.3330 (0)12 (67)0.0433-0.7776 (33)18 (43)Med

0.22216 (89)6 (33)0.57-0.82711 (61)27 (64)Cyto

0.55616 (89)12 (67)0.524-0.93614 (78)28 (67)Int

Logistic regression

0.3336 (33)6 (33)0.043-0.7776 (33)11 (27)Med

0.0008 (44)10 (56)0.26-0.7409 (50)31 (73)Cyto

0.88916 (89)18 (100)0.727-0.99917 (94)38 (90)Int

Artificial neural network

0.00012 (67)6 (33)0.118-0.8829 (50)17 (40)Med

0.66716 (89)14 (78)0.586-0.96415 (83)33 (79)Cyto

0.88918 (100)16 (89)0.727-0.99917 (94)38 (90)Int

Discussion

Summary
Machine learning is gaining acceptance as a tool for predicting
medical conditions, including treatment prognosis, disease
progression, and surgical outcomes [7,9,11,12]. In particular,
literature reports have illustrated the utility of predictive models

that incorporate both health care data and biomarkers [13,14].
These successes lay the groundwork for a pioneering method
that integrates patient medical records and biomarker
measurements for predicting mesh-related postsurgical
outcomes. Patients with POP, in particular, could benefit from
such a personalized approach. These patients currently make
surgical decisions based solely on risk factors derived from
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demographic statistics of the general population of surgical
patients with POP, while individual medical history and
personalized responses to the biomaterial used in the surgery
could better inform their decision. Our previous study
demonstrated the efficacy of predictive models that use
biomaterial-induced blood cytokine-expression profiles to
accurately predict mesh exposure following surgical intervention
for POP using transvaginal polypropylene mesh [10]. In this
exploratory study, we examined the benefit of combining
continuous and categorical data from health care records and
biomarker measurements to build supervised machine learning
models and develop more inclusive and efficient predictive
models with a higher rate of prediction accuracy, rendering such
models more favorable as a novel, noninvasive, personalized
clinical decision tool.

Principal Findings and Comparison to Prior Work
Comparative statistical analysis of medical record data of
patients with POP with transvaginal mesh is illustrated in Table
1. Even though this study had a small population of 20 patients,
the median outcomes in mesh-exposure and nonexposure groups
were comparable to those reported in other studies with a larger
study cohort [15,16]. The current dataset revealed that sexually
active patients were more prone to experiencing mesh exposure,
a trend similarly observed by Kaufman et al [4]. This
observation could be attributed to the mechanical challenges
posed by sexual activity, potentially leading to friction-induced
issues with the mesh implant [17]. In contrast, within the current
dataset, variables such as BP, medical diagnoses, education
levels, BMI, age at surgery, and parity numbers were not
significant risk factors when comparing patients with or without
mesh exposure. Similarly, Long et al [18] found no disparity in
BMI between the 2 groups. Additionally, Chavez et al [16]
noted that risk factors including obesity, diabetes, and smoking
status were not associated with vaginal mesh exposure, aligning
with our result.

While significant associations were not evident within many
individual health care data categories, implementing supervised
machine learning models on such data both reinforced groups
identified via comparative statistics and revealed new groups
associated with patients who experienced mesh exposure. For
instance, the history of alcohol usage, indicated as important
via comparative statistics, was also considered the most
important factor in NB, LR, and ANN models, while BP
variables were newly identified as important in the DT model.
From a clinical perspective, alcohol use could contribute to
malnutrition and inflammation, which may affect the healing
process and influence the outcomes of mesh surgery [19].
Similarly, changes in BP and pulse pressure could indicate
cardiovascular or systemic issues that may impact surgical
planning or postoperative recovery [20]. However, using
supervised machine learning models on patient medical record
data alone yielded the lowest prediction accuracy rate when
compared to models trained with either cytokine levels or an
integrated dataset (Table 2). Similarly, low predictive power
was reported in Taneja et al [21] when health care data alone
was employed in their predictive model [21]. Thus, relying
solely on medical record data to construct predictive models
does not provide a comprehensive representation. Given an

individual’s varying inflammatory response [10,22], as well as
their race and genetic components [23,24], merely identifying
commonalities among medical record data may not accurately
represent predictors of the mesh exposure postsurgery.

Previous studies have indicated a relationship between elevated
levels of pro-inflammatory cytokines and postsurgical
complications [25-27]. When creating predictive models trained
with 13 biomaterial-induced cytokines known to influence
wound healing, the models predicted with a higher prediction
accuracy of 50% (9/18) to 83% (15/18) compared to models
trained with patient medical record data (Table 2). These
supervised machine learning models demonstrated that IL-1β
was one of the most important cytokines to predict mesh
exposure across all four models. Elevated levels of IL-1β have
been associated with various diseases, including obesity,
cardiovascular diseases, cancer, and periodontitis [28-30].
Moreover, IL-1β was increased in a murine model following
hernia polypropylene mesh implantation [31], mirroring our
findings. Additionally, IL-12 p40 played a pivotal role in DT
and NB models. This pro-inflammatory cytokine, which serves
as a critical link between the innate and adaptive immune
response, is observed in inflammatory conditions, such as
pulmonary sarcoidosis and inflammatory bowel diseases [32-34].

All 4 supervised machine learning models achieved their highest
prediction accuracies when trained with an integrated dataset
comprising both patient medical record data and
biomaterial-induced blood cytokine levels. This integrated
dataset proved particularly effective when used in LR and ANN
models, achieving 94% (17/18) prediction accuracy. The
approach also exceeds predictive health care models for other
surgical outcomes that used only cytokine-based [35] or
electronic health record-based approaches [36]. In parallel,
Taneja et al [21] demonstrated that their sepsis predictive models
had higher predictive power when combined data were used,
rather than either electronic medical record or biomarker data
alone. Interestingly, this integrated approach also identifies new
factors of high importance. In contrast to the models trained on
cytokine expression alone, models trained with integrated data
observed that IL-8 was among the important predictors in DT,
LR, and ANN models, and TNF-α in DT and NB models. IL-8
and TNF-α are 2 prominent pro-inflammatory cytokines elevated
in patients postsurgery, including mesh implantation and pelvic
surgery [37,38]. In contrast to the models trained on medical
record data alone, hemorrhoids were considered one of the
important factors in LR and ANN models trained with the
integrated dataset. Models trained with the integrated dataset
also outperformed those trained with either dataset alone in
terms of training accuracy, sensitivity, and specificity across
all four models (Table 2).

Limitations and Future Directions
Despite employing rigorous research methodologies, it is
imperative to acknowledge certain limitations inherent in this
study. As a pilot study, the population size was limited to 20
patients within a single hospital system. Even though it was on
a small scale, this study yielded a prediction accuracy as high
as 94% (17/18), surpassing comparable predictive models that
ranged from 71% to 86% in prediction accuracy across a

JMIR Form Res 2025 | vol. 9 | e59631 | p.117https://formative.jmir.org/2025/1/e59631
(page number not for citation purposes)

Waugh et alJMIR FORMATIVE RESEARCH

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


population size of 198-467 [35,39], thus affirming the validity
of our approach. Future research will involve a larger participant
pool drawn from multiple hospitals to further confirm these
results. To mitigate potential confounders, patients with POP
recurrence or taking medication that would alter inflammatory
response were excluded. Future studies with a larger population
will also enable matching participants with respect to these and
other potentially confounding variables. In the analysis of the
integrated dataset, medical record data were repeated 3 times
to match the structure of the cytokine dataset, which contained
3 repeated measurements. This approach was employed to
balance the contribution of both data types. This may represent
to a potential limitation, although the resulting variable
importance graphs for the integrated dataset demonstrated a
relatively equal contribution from both the cytokine and medical
record data, mitigating concerns that the repetition of the
medical record data led to overfitting. Despite these limitations,
the results of this pilot study highlight the importance of
integrating inflammatory biomarkers with medical record data
in the prediction of postsurgical mesh exposure.

Conclusions
Supervised machine learning models demonstrated significantly
higher prediction accuracy when trained with an integrated
dataset comprising both patient medical record data and
biomaterial-induced blood cytokine levels, surpassing the
performance of models trained using either dataset alone. These
results demonstrate for the first time the advantage of an
approach integrating medical record data and blood biomarkers.
This innovative approach to predicting surgical outcomes
following POP repair via transvaginal insertion of polypropylene
mesh holds promise for both patients and surgeons. Additionally,
such a method could be applied to the study of other
mesh-related surgeries, such as those used to repair POP
transabdominally or to treat hernia and stress urinary
incontinence. By presenting a more personalized
decision-making tool, this approach offers a more accurate
depiction of potential outcomes, thereby enhancing informed
decision-making and improving patient care.
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Abstract

Background: Major depressive disorder is a common diagnosis among adolescents. Cognitive behavioral therapy is recommended
as the first line of treatment. Digital health interventions, such as apps, could contribute to treatment. Advantages could be easy
accessibility and availability, reduced time for face-to-face therapy, and the ability to intensify therapy by incorporating it into
the patients’ everyday lives. Challenges such as low adherence rates are common in digital health interventions. Therefore, they
need to undergo rigorous testing for feasibility and effectiveness.

Objective: An evaluated, cognitive behavioral therapy–based face-to-face therapy program for depression in adolescents was
transformed into an app called e-MICHI. This study examined its feasibility and efficacy for use in blended therapy in outpatient
settings.

Methods: Adolescents aged 12 to 18 years with major depressive disorder receiving outpatient care were recruited from 2
university hospitals (n=36 included in analysis). The e-MICHI intervention combined daily app engagement over 6 weeks with
3 face-to-face sessions with a therapist. Feasibility was measured using various variables, including an adherence score (0=no or
little patient engagement to 3=excellent engagement) and engagement rates (number of modules completed, number of messages
sent by participants via the in-app messenger), satisfaction ratings from both participants and therapists, as well as participants’
ratings of the usefulness of the antidepressant strategies covered in the app and the transfer of these strategies to everyday practice.
Trends of efficacy were evaluated from multiple perspectives (participant self-rating, independent rater, or therapist), using the
Beck Depression Inventory-II, the Children’s Depression Rating Scale-Revised, and the Clinical Global Impressions-Severity
Scale. Feasibility metrics were assessed by analyzing their central tendency and dispersion, efficacy data were analyzed using a
repeated measures ANOVA.

Results: e-MICHI was positively evaluated by both participants and therapists (participants: mean 7.3, SD 1.2 and therapists:
mean 7.3, SD 1.1, on a scale from 0=bad to 10=excellent). Participants demonstrated high adherence rates (nearly 80%, n=25,
received a “good” or “excellent” adherence score) and showed overall good engagement (app modules completed [maximum 6]:
mean 5.03, SD 1.27 and messages sent via messenger: mean 23, SD 22.1). Participants rated the psychoeducational content of
the app as particularly useful and reported consistent practice of the e-MICHI strategies in everyday life. Use of the app was
associated with a significant reduction of depressive symptoms (before app use vs 3-month follow-up, Beck Depression Inventory-II:
mean −6.76, SD 11.49, P=.01; Children’s Depression Rating Scale-Revised: mean −16.45, SD 16.76, P<.001; Clinical Global
Impressions-Severity Scale: mean −1.1, SD 1.24, P<.001).
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Conclusions: While acknowledging its limitations, such as the small number of participants and the limited validity concerning
efficacy, this study confirms the feasibility of e-MICHI for treating adolescent depression in outpatient settings.

Trial Registration: German Clinical Trial Register DRKS00022420; https://drks.de/search/en/trial/DRKS00022420/details

(JMIR Form Res 2025;9:e58427)   doi:10.2196/58427

KEYWORDS

adolescents; major depressive disorder (MDD); cognitive behavioral therapy (CBT); digital health interventions (DHIs); feasibility;
adherence; outpatient setting; mobile application; accessibility; availability; efficacy; mobile phone

Introduction

Major depressive disorder (MDD) is a prevalent psychiatric
diagnosis among adolescents and the primary cause of inpatient
treatment of adolescents in Germany [1,2]. Cognitive behavioral
therapy (CBT) is the first-line treatment [3,4].

Digital health interventions (DHIs) could contribute to facilitated
access to psychotherapeutic treatment [5]. Adolescents and
young adults show the greatest openness and acceptance toward
mental e-health interventions [6]. However, there is a scarcity
of e-health interventions for depression in adolescents. Furukawa
et al [7] found that all forms of internet-based CBT were
superior to a waiting list control condition. Similarly,
meta-analytical evidence indicates that DHIs are moderately to
considerably effective (standardized mean difference 0.16 to
0.76) when compared to primarily inactive control groups [8].
Numerous studies have reported high dropout rates and low
adherence levels for nonguided e-health interventions [9,10].
DHIs that include some form of personalized support, for
example, from psychotherapeutic professionals, seem to be
more efficacious due to higher adherence rates [11]. In addition
to adherence, transferability presents a further challenge. The
transfer of the contents and skills learned in e-health
interventions to everyday practice by users seems to be poor:
within the SPARX-R program, an intervention for adolescent
depression, only around 40% of users practiced few, if any, of
the techniques taught in the program [12]. Incorporating
engaging elements such as text, audiovisual aids, and
gamification, alongside the real-world implementation and
involvement of parents and professionals could enhance this
transfer [13].

There is an increasing availability of various DHIs for
adolescents [14]. Due to the lack of scientific evaluation, Christ
et al [15] called for further research and long-term follow-up
assessments of these interventions. Furthermore, Seiferth et al

[13] established guidelines for evidence-based DHIs including
individuals with suicidal thoughts, emphasizing robustness,
comparability, crisis planning, and access to additional
treatments. This study aimed to assess the feasibility and
indicators for efficacy of a blended DHI application, based on
an evaluated face-to-face therapy program for depression in
adolescents. The target population was adolescents with
clinically verified depressive symptoms who were receiving
child and adolescent psychiatric and psychotherapeutic care.

Methods

Procedure
This study used a single-group design to investigate the
feasibility of a 6-week blended DHI for adolescents with
depression. To this end, treatment adherence and the effects on
symptom severity during the intervention period and a 90-day
follow-up were analyzed.

This study was conducted at the Departments of Child &
Adolescent Psychiatry at Rostock University Medical Center
and University Hospital Ruppin-Brandenburg, in association
with Brandenburg Medical School, Neuruppin. Adolescents
aged between 12 and 18 years who met the criteria for a MDD,
according to the ICD-10 (International Statistical Classification
of Diseases and Related Health Problems, 10th Revision) [16]
as diagnosed by a certified child and adolescent psychiatrist or
psychotherapist and were receiving outpatient care were
included in the trial. Patients who met these inclusion criteria
were informed about this study and asked whether they wanted
to participate. If they and their parents agreed to participate,
MDD diagnoses were confirmed by independent raters using
the Beck Depression Inventory-II (BDI-II) [17] and the
Children’s Depression Rating Scale-Revised (CDRS-R) [18].
Additionally, a comprehensive diagnostic assessment was
performed (Table 1).
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Table . Overview of assessments conducted at different time points in a feasibility trial integrating the e-MICHI mental health app into a blended
treatment of adolescent depression.

Follow-up (T4)Posttreatment (T3)Interim (T2)Pretreatment (T1)Screening or recruit-
ment

T3 +9042211–7Trial days

N/AN/AN/AN/Aa✓Diagnosis of depres-
sive disorder

N/AN/AN/AN/A✓Inclusion and exclusion
criteria

N/AN/AN/AN/A✓Patient information and
consent

N/AN/AN/A✓N/ADemographics

N/AN/AN/A✓N/APrevious and concomi-
tant medication

N/AN/AN/A✓N/AConcomitant diseases

N/AN/AN/A✓N/ATreatment expectancy

✓N/AN/AN/AN/AAdherence score

N/A✓N/AN/AN/ASatisfaction and usabil-

ityb

✓✓✓✓N/ABDI-IIc

✓✓N/A✓N/ACDRS-Rd

✓✓✓✓N/ACGI-Se

✓✓✓N/AN/AAdverse events

aN/A: not applicable.
bOnce per participant and once per therapist.
cBDI-II: Beck Depression Inventory-II [17].
dCDRS-R: Children’s Depression Rating Scale-Revised (clinician rating) [18].
eCGI-S: Clinical Global Impressions-Severity Scale [19].

Additional psychopharmacological antidepressant treatment
was allowed, and treatment as usual was provided as needed,
to ensure that this study’s population was representative of “real
world” patients in routine care. Exclusion criteria for
participation in the trial were acute suicidality requiring acute
inpatient treatment, severe other psychiatric diagnoses such as
schizophrenia and bipolar-disorder, and IQ below 85 or
inadequate German language skills, as this would hinder the
use of the program. Assessment for these criteria was based on
clinical judgement following the Kinder-DIPS diagnostic
interview for mental disorders [20].

Intervention
The e-therapy was delivered through a newly developed app
called “e-MICHI” (Figure 1). e-MICHI is based on the MICHI
therapy program (“Manualized Intervention to Cope With
Depressive Symptoms, Help Strengthen Resources and Improve
Emotion Regulation”) [21], which has been shown to be
effective for the treatment of depression in adolescents [22].

MICHI incorporates the proven effective elements of CBT for
depression: psychoeducation, behavioral activation, cognitive
restructuring, emotion regulation, enhancement of self-esteem,
problem-solving, and coping with sudden crises [23]. The
e-MICHI app consisted of 6 modules containing
psychoeducational texts, exercises, quizzes, and a total of 27
video clips (Table 2). Participants were encouraged to complete
each module within 1 week. In addition to the modules,
e-MICHI included other features such as a mood diary and an
in-app messenger. The messenger enabled communication
between participant and therapist via text message. Once a
participant had completed a module, the therapist received an
automatic notification via messenger (eg, “I completed lesson
1!”) and subsequently contacted the participant to address any
queries or challenges related to the module. Participants could
contact their therapist via messenger at any time if they had
difficulty understanding the content of the modules or if they
experienced a decrease in depressive symptoms. The app was
hosted by Zone 35, a digital solutions provider [24].
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Figure 1. Screenshots of the e-MICHI app interface, illustrating the home screen (providing an overview of progress and tasks) and the module start
screen (introducing structured activities and content).

Table . Detailed summary of e-MICHI modules included in the feasibility trial. Each module’s title, focus area, and corresponding therapeutic techniques
are outlined.

HomeworkExercisesContent and psychoeducation

· Mood diaryb· Note personal takeawaya

· Three quiz questionsa

· Symptoms

· Suicidality assessment

1: “Knowledge of depression”

· Feedback on strengths

· Pleasant activities

· Mood diaryb (including activities)

· Feedback on strengths

· Personal disease model

· Select pleasant activities

· Identify strengths

· Mind journey exercise

· Depression causation

· Mood improvement

2: “Feelings”

· Mood diaryb (behavior, thoughts,
or feelings)

· Practice complimenting

· Note compliments

· Record thoughts, behaviors, or
feelings in situations

· Positive self-esteem

· Thoughts-behavior-feelings link

3: “Influence on feelings”

· Personal emergency plan

· Reflect on strategies with a thera-
pist

· Note advice, link strategies to
problems

· Differentiate thoughts

· Crisis management

· Cognition restructuring

4: “Change thoughts”

· Appoint a “person of trust”

· Share learned strategies

· Problem-solving exercise· Problem-solving skills5: “Support and health”

· No specific homework· Quiz on learned content· Quiz-based repetition6: Refresher

aRepeats for lessons 1‐5.
b7 days, 3 times per day.

Face-to-face contact was mandatory at baseline and after 3 and
6 weeks of using the app. Additional contact with the therapist
was possible via messenger, phone, or as face-to-face contact,

depending on the participant’s needs. Every contact was
recorded in a protocol.
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As suicidality is a common symptom of depression, especially
in adolescents, the first module included information about
suicidal thoughts and how to seek immediate help at the hospital
in case of acute suicidality. Additionally, when consent was
obtained, information was provided about procedures for serious
suicidal behavior and suicidal behavior was clarified as part of
the diagnostic process (see “Ethical Considerations”).

Measures
Numerous assessments were made at baseline (T1), 3 weeks
(T2), and 6 weeks (T3), as well as at the 3-month follow-up
(T4). A full list is provided in Table 2. The following estimates
have been used as a basis for the assessment of feasibility:
adherence was assessed by recording the number of modules
completed and the number of messages sent by participants to
their therapist via the in-app messenger. Therapists documented
their weekly interactions with the patient, including any
additional contacts initiated by the patient and conducted
between the patient and therapist (via phone, video call, or
in-person) as well as adherence, among other things. An
adherence score was created, based on the therapists’ weekly
study documentation. For this purpose, 4 categories were used
to rate each module, ranging from 0 (“little or no engagement”)
to 3 (“excellent engagement,” meaning successful lesson
completion, including the accomplishment of the everyday task).
This rating was conducted by 2 independent raters; initially,
each rater provided a rating per module, followed by reaching
a consensus together, and then averaging over all evaluable
modules.

Patient satisfaction was measured using a self-report
questionnaire developed by the authors of the SPARX study
[25], which was subsequently modified and translated for the
purposes of this study. The questionnaire contained 37
quantitative and 5 qualitative items, which addressed various
markers of user experience. The following section will focus
exclusively on the items that were evaluated in the context of
this paper. For an overall evaluation of the app the item “How
would you rate the app overall on a scale of 1‐10?” was asked
(1=bad and 10=excellent). The impact of the app was measured
by rating the usefulness of 7 antidepressant strategies addressed
in the app using a 5-point Likert scale ranging from 0 (“very
useless”) to 4 (“very useful”). Transferability to daily life was
measured by rating the frequency of use of 6 strategies on a
5-point Likert scale ranging from 0 (“never”) to 4 (“nearly every
day”). Total scores for the scales “usefulness of the strategies”
and “frequency of use of the strategies” were then calculated
by summing the individual items within each scale.

Therapists’ overall satisfaction with the app was assessed using
the item “How satisfied are you overall with the MICHI app?”
on a scale from 1=not satisfied at all to 10=very satisfied. This
item was part of a more extensive survey of therapists regarding
their experiences with the app. A thorough evaluation of the
therapists’ perspectives on the app will be presented elsewhere
[26].

Trends of efficacy were measured by changes in BDI-II [17],
CDRS-R [18], and Clinical Global Impressions-Severity Scale
[19] scores. The cutoff value of 29 in the BDI-II rating at T1

was used to classify the severity of depressive symptoms as
mild or moderate versus severe [17].

Adverse events (AE) were coded according to MedDRA
(Medical Dictionary for Regulatory Activities) terminology.
Detailed information collected for each AE included a
description of the event, duration, whether the AE was serious,
intensity, relationship to trial treatment, action taken, and clinical
outcome. Summary tables presented the number of participants
observed with AEs by MedDRA System Organ Class and
Preferred Term, along with the corresponding percentages.
Additional subcategories were based on event intensity and
relationship to trial treatment.

Ethical Considerations
The institutional review board of the Medical Faculty of the
University of Rostock approved this study (registration number:
A 2020‐0093). Before enrollment, participants and parents
were verbally informed about the objective and methodology
of this study and provided with separate written information
documents. Written consent was then obtained from both parents
and participants. Participants were informed that they could
withdraw from the study at any time without negative
consequences for their treatment. Participants aged 18 years did
not require parental consent. Participants were not financially
compensated for their participation in this study, as they were
allowed to take part in an innovative new treatment program.

Suicidality was assessed at baseline and in the first module of
the e-MICHI app. Participants were queried about whether they
experience thoughts of death. They were informed that if they
do have thoughts of death, their primary therapist would be
notified via messenger and would reach out to them.

All data were deidentified for storage and subsequent evaluation,
ensuring participant confidentiality throughout the research
process.

Procedures Against Bias
To reduce bias, independent raters, namely psychology students
and research psychologists, assessed inclusion criteria and
outcome measures, like the CDRS-R [18]. The raters underwent
training in the administration of the diagnostic interviews, but
were not acquainted with the participants’ psychiatric and
psychotherapeutic histories. Furthermore, the assessment of
adherence scores was conducted independently by 2 authors
(LL and AS). Discrepancies between their findings were
discussed and resolved.

Data Analysis
Feasibility metrics were assessed by analyzing their central
tendency and dispersion. Additionally, their association with
the severity of depression was examined using appropriate
statistical tests such as Pearson correlation coefficients,
Mann-Whitney U tests, and 2-sample t tests.

Concerning trends of efficacy, 1-factor ANOVAs were
conducted with 3 repeated measurements of the dependent
variable (BDI-II and CDRS-R scores) within 1 sample, provided
the prerequisite conditions were met. If the necessary conditions
were not met, a nonparametric method was used for statistical
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analysis. Previous research has shown that using DHIs to treat
depression in children and teenagers has mild to moderate
positive effects [27]. As a result, we expected a moderate effect
size of Cohen f=0.25 for this investigation. With a priori of 28
participants in total and a 5% probability of type I error, as well
as a power of 0.8 and a 20% probability of type II error, the
sample size was required to observe significant changes in the
sample as per the protocol. The G*Power
(Heinrich-Heine-Universität Düsseldorf) tool was used to carry
out the sample size calculation [28]. Considering an attrition
rate of approximately one-third than that was reported in
previous trials involving smartphone app interventions for
depressive symptoms [29], it was deemed as a suitable
anticipated dropout rate for the investigation, ending up with a
total of 36 enrolled participants. This sample size enabled us to
explore the impact of covariates and associations between
different variables. Furthermore, violations beyond the
per-protocol sample of 28 participants could be recorded.

The main analysis was conducted with the per-protocol group,
consisting of all participants from the intention-to-treat
population who did not violate the study protocol, by failing to
meet all inclusion criteria, meeting at least 1 exclusion criterion
or being noncompliant to therapy.

Subgroup analyses were performed to identify potential
variances among predictive factors, such as adherence, comorbid

disorders, and treatment expectancy. The statistical test
interpretation was exploratory, except for the trends of efficacy
outcomes for which this study was powered.

Results

Participants and Dropout
A total of 61 participants were assessed for eligibility in this
study. While informed consent was obtained from 57
individuals, 6 (11%) participants did not commence with the
program. A further 15 (26%) participants dropped out (Figure
2). Dropouts were defined as participants who completed at
least 1 lesson within the app but stopped using it for a variety
of reasons, such as becoming unreachable for further contact,
starting external outpatient psychotherapy, or being admitted
to a day clinic or inpatient facility. For demographic data on
the participants, please refer to Table 3. There was no significant
difference in age or severity of depressive symptoms at T1
between the dropout group and the included participants. Further
dropout analysis was conducted using a chi-square test to
examine differences by study center, gender, school type,
education, treatment expectancy, and previous psychiatric or
psychotherapeutic experience. The results show no significant
differences between dropouts and other participants on these
variables. Thus, dropouts were deemed irrelevant for further
analyses.
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Figure 2. Participant flowchart depicting the recruitment, eligibility screening, and retention rate in the feasibility trial integrating the e-MICHI mental
health app into a blended treatment of adolescent depression. BDI-II: Beck Depression Inventory-II.
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Table . Baseline demographic and clinical characteristics of participants (N=36) in the feasibility trial, including age, gender, distribution across
outpatient centers, baseline depression severity, educational backgrounds, and prior treatment experience.

ValuesCharacteristic

Age, mean (SD)

15 (1)Years

6 (7)Months

Age in years, n (%)

1 (3)12

7 (19)13

6 (17)14

10 (28)15

3 (8)16

8 (22)17

1 (3)18

Gender, n (%)

29 (83)Female

4 (11)Male

2 (6)Diverse

Center, n (%)

17 (47)Neuruppin

19 (53)Rostock

Severity of depressive symptoms, n (%)

6 (17)BDI-II<29

29 (83)BDI-II≥29

Education, n (%)

16 (46)Grammar school

8 (23)Middle school

4 (11)Comprehensive school

2 (6)Vocational school

1 (3)Orientation stage

4 (11)Not attending school

Previous psychiatric or psychotherapy experience, mean (SD)

1 (2)Years

8 (0)Months

Previous psychiatric or psychotherapy experience, n (%)

9 (26)No previous experience

15 (43)≤1 year treatment

11 (31)>1 year treatment

Adherence and Overall Satisfaction
While 50% (n=17) of participants successfully completed all
modules, 74% (n=25) of participants completed at least the first
5 modules covering all therapeutic content (Table 4). Regarding
patient communication via the app’s messaging feature, an
average of 23 (SD 22.1) messages were sent per participant,
with a high variance. According to the adherence score, almost

80% (n=25) of all participants showed good or excellent
adherence (Table 4). On average, less than 1 additional contact
initiated by the patient was documented by the therapist per
week (mean 0.7, SD 0.31). There was no statistically significant
difference in adherence score and messaging activity between
participants with severe depressive symptoms and mild or
moderate depressive symptoms (Table 4) and there was no
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correlation between the number of messages sent by participants and the number of lessons completed (r=.33, P=.06).

Table . Feasibility measures, including completion rates for app modules, adherence to the intervention, engagement via messages, additional contacts,
and relationships between feasibility outcomes and depression severity.

P valueValuesVariables

N/Aa5.03 (1.27)Modules completed (N=34), mean (SD)

N/AModules completed, n (%)

34 (100)    1

34 (100)    2

31 (91)    3

30 (88)    4

25 (74)    5

17 (50)    6

N/AAdherence score (N=32), n (%)

0 (0)    0 (no or little engagement)

7 (22)    1 (moderate engagement)

10 (31)    2 (good engagement)

15 (47)    3 (excellent engagement)

23 (22.1)Messages sent (N=34), mean (SD)

0.7 (0.31)Additional contact per week, mean (SD)

Severity of depression, t test (df)

.470.732 (25)    Perceived usefulness

.430.808 (24)    Strategy implementation

Severity of depression, Mann-Whitney U

.7656.5    Modules complete

.7363    Messages sent

.140    Patient app rating

aN/A: not applicable.

Further analysis also showed no correlation between adherence
score and therapy expectation (r=.17, P=.34), the overall
satisfaction with the app (r=–.07, P=.73), and changes in
depressive symptoms, as measured by both BDI-II (r=.18,
P=.40) and CDRS-R (r=−.24, P=.19) scales. There was no
statistically significant difference between the adherence scores
of the group with previous psychiatric or psychotherapeutic
experience and the group with no previous experience
(t30=−1.22, P=.23).

Participants rated their overall satisfaction with the intervention
as 7.3 on average (SD 1.2). Therapists indicated similar rates

of overall satisfaction (mean 7.3, SD 1.1). Qualitative feedback
from the therapists indicated that they particularly appreciated
the inclusion of a mood diary due to its potential to monitor and
reflect on emotional change.

Impact of the App and Transferability to Daily Life
A detailed analysis on the perceived usefulness of the therapeutic
techniques addressed in the e-MICHI app is presented in Table
5. In general, a high rate of participants indicated using
therapeutic techniques in everyday life, with variance between
different techniques (Table 6).
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Table . Participant feedback on the perceived usefulness of various therapeutic techniques addressed in the e-MICHI app based on self-reported
relevance to managing depression symptoms (N=27).

Very useful or useful, n (%)Unsure, n (%)Very useless or useless, n (%)

20 (74)6 (22)1 (4)Psychoeducation

15 (56)5 (19)7 (26)Behavioral change or activation

12 (44)12 (44)3 (11)Identification of negative thoughtsa

11 (41)10 (37)6 (22)Changing negative thinkinga

13 (48)9 (33)5 (19)Problem solving

11 (41)6 (22)10 (37)Feel better about myselfa

12 (44)9 (33)6 (22)Emotion regulation

aAs part of cognitive restructuring.

Table . Participant-reported frequency of practicing therapeutic techniques addressed in the e-MICHI app at the third assessment point (T3), reflecting
the integration of these strategies into participants’ daily routines.

Nearly every day,
n (%)

Several times per
week, n (%)

About once per
week, n (%)

A few times, n (%)Never, n (%)N

7 (26)6 (22)7 (26)6 (22)1 (4)27Paid attention to
basic needs

5 (19)11 (41)7 (26)3 (11)1 (4)27Spent time for activ-
ities that improve
mood

3 (11)7 (26)4 (15)7 (26)6 (22)27Applied techniques
of problem-solving

3 (11)7 (26)9 (33)6 (22)2 (7)27Identified positive
things about your-
self

3 (11)9 (33)6 (22)6 (22)3 (11)27Recognized nega-
tive automatic
thoughts

2 (8)9 (35)6 (23)7 (27)2 (8)26Tried to change
negative thoughts

A positive correlation was found between changes in BDI-II
scores, reflecting a perceived decrease in depressive symptoms,
and both the perceived overall usefulness of the techniques
(r=.54, P=.004) and their total frequency of use (r=.62, P=.001).
There was also a significant positive correlation between
participants’ overall satisfaction with the app and the perceived
usefulness of the techniques (r=.64, P<.001), as well as the
frequency of their implementation (r=.70, P<.001).

Based on the severity of depressive symptoms, the analysis
revealed no significant differences in the perceived utility of
the techniques or their implementation frequency (see Table 4).

A more detailed investigation was carried out to explore whether
the perceived effectiveness of e-MICHI in “tackling problems
or issues causing difficulty” was related to the severity of
depression. Using a Mann-Whitney U test, no significant
difference in the evaluation of the item’s usefulness between
participants with lower BDI-II scores and those with higher
BDI-II scores was found (U=52.00, Z=−0.34, P=.76).

Trends of Efficacy of e-MICHI
Depressive symptoms decreased significantly during the blended
therapy, regardless of the measure used (BDI-II, CDRS-R, and
Clinical Global Impressions-Severity Scale scores), and
remained stable at follow-up 3 months after using the app (Table
7).
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Table . Efficacy measures evaluating changes in self-reported depression severity, clinician-rated changes in depressive symptoms, and severity of
illness from baseline (T1) to follow-up (T4) in the feasibility trial of e-MICHI.

ValuesVariables

BDI-IIa (N=21)

37.71 (10.77)T1, mean (SD)

32.52 (12.89)T2, mean (SD)

30.62 (13.21)T3, mean (SD)

30.95 (15.38)T4, mean (SD)

4.10 (3, 60)F test (df)

.01P value

CDRS-Rb (N=27)

58.93 (11.51)T1, mean (SD)

48.37 (15.28)T3, mean (SD)

42.48 (16.61)T4, mean (SD)

16.39 (2, 52)F test (df)

<.001P value

CGI-Sc (N=29)

4.48 (0.79)T1, mean (SD)

3.97 (0.87)T2, mean (SD)

3.48 (0.95)T3, mean (SD)

3.38 (1.32)T4, mean (SD)

33.45 (3)Chi-square (df)

<.001P value

aBDI-II: Beck Depression Inventory-II.
bCDRS-R: Children’s Depression Rating Scale-Revised (clinician rating).
cCGI-S: Clinical Global Impressions-Severity Scale.

About AEs
There were 6 AEs of nonsuicidal self-injury, 1 of which was a
serious adverse event (SAE) that required inpatient admission
for crisis intervention. Thoughts of death were reported on 12
occasions, but there were no indications of acute suicidality.
Another AE involved an outpatient procedure for a nonrelated
medical condition. None of the 7 AEs, including the SAE, were
deemed related to the intervention and this study’s therapy
continued unchanged.

Of the 7 dropouts who received other treatment options, 3 were
inpatients and 2 were day patients (planned partial
hospitalization), both categories coded as SAE. However, these
SAEs were not considered to be related to the intervention.
Additionally, there were 2 dropouts where study treatment was
discontinued due to other outpatient treatment options.

Discussion

Principal Findings
This study aimed to investigate the feasibility of the DHI
e-MICHI as a blended intervention to treat mild, moderate, and
severe depression among adolescents. We found that adolescents

adhered well to the intervention, indicated general satisfaction
as well as a reduction in depressive symptoms from both patient
and therapist perspectives. The use of the app was feasible in a
population of adolescents with clinically significant depression
and significant effects were observed in child and adolescent
psychiatric outpatients. Improvement of depressive symptoms
measured at the end of the intervention remained stable at the
3-month follow-up.

Crucial points in e-mental health applications are adherence
and transferability to everyday practice [13]. We observed high
adherence rates, which are comparable to other blended
interventions [30] and substantially higher than unguided
e-health applications [31,32]. In this study, participant
satisfaction and reported transfer to daily practice were high.
This differs from results of other studies, such as the SPARX-R
program [12], which reported lower perceived usefulness and
transfers in daily practice in adolescents excluded from
mainstream education. A high transfer of psychotherapeutic
exercises and skills into everyday life could be one of the most
important benefits of using apps in psychotherapeutic practice.
Apps could intensify therapy and with more individualized
feedback, for example, based on ecological momentary
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assessment or generated by AI, a tailored personalized
psychotherapeutic intervention could be provided.

Concerning adherence, a substantial proportion of participants,
about 3-quarters, completed the core modules of e-MICHI.
Reasons for high adherence may include aesthetic design [33],
relevant content [34], or the perceived immediacy of support
through the app’s messenger as stated by participants. These
findings align with the principles highlighted by Domhardt et
al [8]. Adolescents also reported applying the strategies they
learned from the app in their daily lives, a promising sign of
real-life transfer, even among those who rated their depressive
symptoms as severe. The high adherence may be influenced by
the fact that our study population consisted of adolescents
seeking psychiatric-psychotherapeutic treatment who were
clinically significantly depressed and impaired by their disorder.
Interestingly, our findings indicate no significant differences in
adherence between participants with long or short-term and no
prior therapeutic experience. This highlights the possibility that
even individuals with prior experience in therapy may derive
benefits from e-MICHI suggesting the intervention could serve
as a valuable adjunct to traditional therapeutic approaches,
enhancing treatment outcomes and promoting sustained
engagement across diverse patient populations. Additionally,
the absence of an existing therapeutic relationship for adequate
adherence would not limit the use of DHIs, for example, to
bridge the gap for face-to-face psychotherapy or as a primary
intervention. Notably, adolescents appreciated the close contact
with therapists provided by the messaging function, highlighting
the added benefit in blended approaches [35]. DHIs may
therefore be more beneficial when embedded in conventional
care settings.

The acceptance of the app is evidenced by the high satisfaction
ratings from participants and therapists alike. The high
acceptance rate, especially among adolescents, may be partly
due to their general openness to digital interventions [6]. In
combination with the therapeutic relationship and the facilitated
way of communicating directly with the therapist via the app,
e-MICHI, or DHIs in general, seem to be an added value in
psychiatric-psychotherapeutic treatment for adolescents.

The inclusion of a mood diary, as appreciated by the therapists,
could enhance therapeutic engagement and outcomes due to its
potential to track and reflect on emotional changes [36]. This
consensus, together with the high level of satisfaction, supports
the usefulness of the app as a complementary tool in
psychotherapy and its potential to strengthen the therapeutic
alliance, as also shown by Tremain et al [37].

In our study, additional contacts beyond the planned 3 sessions
were rare, indicating efficient management of patient care with
reduced direct contact frequency compared to our clinical
experience, where patients in outpatient settings are typically
seen every 1 to 2 weeks. Additionally, compared to treatment
as usual, messenger contacts helped provide feedback on mood
diary entries and suggested steps for e-MICHI daily task
implementation.

This finding aligns with the objective of providing more
accessible care [38] as it can reduce both waiting times to start
psychotherapy and the need to travel long distances to receive

care. It must be noted, that technical problems and difficulties
with devices or limited network coverage or access to free Wi-Fi
may be barriers to the use of therapeutic apps, especially for
adolescents. In this study, 4/57 (7%) of originally included
participants dropped out due to technical problems. Access to
free Wi-Fi seems to be essential for adolescents to be able to
use the app in their living environments. Ways to use the app
offline would be desirable to make it accessible to even more
patients.

Regarding trends of efficacy, there was a noticeable decrease
in depressive symptoms during the intervention, as reported by
both participants and external evaluators. This significant
improvement highlights the potential of e-MICHI in the
treatment of depression, warranting further validation through
randomized controlled trials (RCTs) to more robustly establish
its clinical efficacy.

Given the sample, which included participants with severe
depression, drop out due to referral to other psychiatric treatment
services was not surprising. The advantage of the blended
approach is evident in the case of a patient who was admitted
for crisis intervention and was able to resume the intervention
after discharge providing continuity of care and additional
therapist support, consequently increasing adherence.

Regarding safety, this study presents an optimistic perspective
on the e-MICHI blended CBT intervention for adolescents with
depression, as evidenced by a small number of unrelated AEs
and no suicide attempts. Comparatively, Rasing et al [39]
observed 2 suicide attempts in a similar blended CBT
intervention, but found no significant differences in AEs
between face-to-face and blended treatment conditions. A recent
review indicated no increased risk of suicidality with blended
treatment for adolescents with depression [40]. Concerning
self-harm, Fleming et al [41] reported a comparable number of
2 incidents in a similar sample size, neither of which were
related to the intervention. The absence of suicide attempts
during the e-MICHI intervention, along with the findings from
Rasing et al [39] and Fleming et al [41], suggests that blended
interventions may not substantially increase the risk of severe
AEs, such as suicide attempts and self-harm. Nonetheless,
Domhardt et al [8] emphasize the need for continued vigilance
and monitoring in blended mental health interventions,
especially for high-risk populations.

Contrasting the results of e-MICHI with similar blended
interventions, e-MICHI allowed participants to use their own
devices, incorporating beneficial strategies such as text
messaging for homework reminders and self-monitoring
between sessions [42], and included participants with severe
depressive symptoms, addressing the criticism regarding the
exclusion of such cases in previous research [43]. As noted, we
found no significant difference in adherence rates in participants
with severe depressive symptoms. While this is consistent with
previous findings [44], this result may also be due to the small
sample size.

Comparing e-MICHI to unguided internet-based CBT [40]
highlights the potential benefits of a blended approach. The
higher adherence rates and satisfaction scores suggest that
integrating therapist support into an e-health platform may
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enhance the perceived usefulness of these interventions, as well
as how well adolescents are able to apply the therapeutic
strategies they learn to their daily lives.

Limitations
The non-RCT design of this study limits the generalizability of
our findings on efficacy. As a feasibility study we wanted to
detect trends of efficacy; the trial was not designed for efficacy
testing. An RCT will be the next step in generating evidence
for the e-MICHI intervention. Most of this study’s population
had a history of psychotherapy. Therefore, our participants
might be more familiar with therapeutic contents than
adolescents who use such a therapeutic app as a first-time
psychotherapeutic intervention. The adherence scoring method
faced challenges due to several therapy documentations missing
or lacking sufficient information for rating. Given the small
sample size, it is possible that these factors could have
influenced the findings. For the development of therapeutic
interventions according to precision medicine, it would be of
interest to know about precise times of use of specific contents
(eg, in the morning, evening, etc), direct effects on symptoms

(eg, mood), etc. Unfortunately, due to technical and privacy
restrictions, we were unable to evaluate this data.

Conclusion
Due to its easy application, the e-MICHI intervention seems to
be a promising tool to enhance face-to-face treatment of
depression in adolescents. This study identified areas for further
development of the app based on user feedback and technical
issues, to improve its effectiveness and user experience in the
future. It contributes to filling the existing evidence gap on the
feasibility and efficacy of e-therapy interventions via apps for
adolescents with depression in the German health care system.
According to the results of this study, the potential benefits of
blended therapy for depression by intensifying therapy and
facilitating patient-therapist communication are evident. As
digital interventions continue to evolve, further research is
imperative to address challenges, for example, accommodating
a broad range of individuals, crisis intervention, and high
dropout rates, ensuring that such platforms can effectively serve
as viable therapeutic options for adolescents with depression.
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Abstract

Background: Postoperative bleeding is a serious complication following abdominal tumor surgery, but it is often not clearly
diagnosed and documented in clinical practice in China. Previous studies have relied on manual interpretation of medical records
to determine the presence of postoperative bleeding in patients, which is time-consuming and laborious. More critically, this
manual approach severely hinders the efficient analysis of large volumes of medical data, impeding in-depth research into the
incidence patterns and risk factors of postoperative bleeding. It remains unclear whether machine learning can play a role in
processing large volumes of medical text to identify postoperative bleeding effectively.

Objective: This study aimed to develop a machine learning model tool for identifying postoperative patients with major bleeding
based on the electronic medical record system.

Methods: This study used data from the available information in the National Health and Medical Big Data (Eastern) Center
in Jiangsu Province of China. We randomly selected the medical records of 2,000 patients who underwent in-hospital tumor
resection surgery between January 2018 and December 2021 from the database. Physicians manually classified each note as
present or absent for a major bleeding event during the postoperative hospital stay. Feature engineering involved bleeding
expressions, high-frequency related expressions, and quantitative logical judgment, resulting in 270 features. Logistic regression
(LR), K-nearest neighbor (KNN), and convolutional neural network (CNN) models were developed and trained using the 1600-note
training set. The main outcomes were accuracy, sensitivity, specificity, positive predictive value (PPV), and negative predictive
value (NPV) for each model.

Results: Major bleeding was present in 4.31% (69/1600) of the training set and 4.75% (19/400) of the test set. In the test set,
the LR method achieved an accuracy of 0.8275, a sensitivity of 0.8947, a specificity of 0.8241, a PPV of 0.2024, an NPV of
0.9937, and an F1-score of 0.3301. The CNN method demonstrated an accuracy of 0.8900, sensitivity of 0.8421, specificity of
0.8924, PPV of 0.2807, NPV of 0.9913, and an F1-score of 0.4211. While the KNN method showed a high specificity of 0.9948
and an accuracy of 0.9575 in the test set, its sensitivity was notably low at 0.2105. The C-statistic for the LR method was 0.9018
and for the CNN method was 0.8830.

Conclusions: Both the LR and CNN methods demonstrate good performance in identifying major bleeding in patients with
postoperative malignant tumors from electronic medical records, exhibiting high sensitivity and specificity. Given the higher
sensitivity of the LR method (89.47%) and the higher specificity of the CNN method (89.24%) in the test set, both models hold
promise for practical application, depending on specific clinical priorities.

(JMIR Form Res 2025;9:e66189)   doi:10.2196/66189

KEYWORDS

machine learning; electronic medical record; postoperative patients with malignant tumors; postoperative bleeding; tumor surgery;
abdominal
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Introduction

Bleeding events are frequent complications encountered in
postoperative clinical settings and can stem from the use of
anticoagulant or antiplatelet drugs, invasive surgical treatment,
or patient-related conditions and the existence of comorbidities,
which are associated with increased morbidity, mortality, and
health care costs [1-4]. Patients experiencing gastrointestinal
bleeding while in the intensive care unit face a fourfold increase
in mortality risk compared to those without bleeding issues,
along with an additional eight-day stay within the unit [4].
Ample clinical evidence supports the correlation between
intraoperative blood loss, especially excessive blood loss and
adverse effects on the tumor prognosis. On the other hand,
concern about postoperative bleeding may become the main
reason why clinicians might be overly cautious in using
medications to prevent venous thrombosis (VTE), despite VTE
being the second leading cause of death among patients with
tumors. While the mortality rate of patients with tumors and
VTE is three times higher than that of other patients, timely
detection of bleeding risks through progress notes and balanced
selection of anticoagulants are crucial for postoperative patients
with malignant tumors [5,6].

Currently, there is a growing number of retrospective studies
on postoperative bleeding risk in cancer patients. It is also worth
noting the lack of fully established risk prediction schemes or
risk assessment tools for postoperative bleeding. However, a
major challenge in conducting these studies is determining
whether patients experienced bleeding events during their past
treatment processes. In the clinical setting in China, current
approaches to identifying bleeding episodes predominantly rely
on diagnostic records, which often lack precision due to
inconsistent descriptions and missing details. The task of
pinpointing bleeding events from a patient’s medical history
can be particularly challenging, especially when dealing with
extensive records [7,8]. Despite the transition to electronic
medical records, these valuable sources of data are frequently
underused. Within these records, details within course notes,
including physical examination reports and discharge
summaries, often contain firsthand accounts of bleeding
incidents or clear indications of their absence. Nonetheless,
manual identification of these events can be both
time-consuming and arduous, raising concerns about accuracy
and practicality. Thus, emphasis should be placed on the
imperative need to develop methodologies geared toward
effectively identifying bleeding events within existing medical
records.

In the realm of clinical research, the accurate identification of
bleeding events within large clinical datasets holds paramount
importance. Regrettably, the current landscape lacks automated
and scalable machine learning (ML) methodologies tailored for
this objective. This is a significant unmet need, especially
considering the clinical need for early detection of postoperative
bleeding to improve patient outcomes. ML has been regarded
as a method for developing models that depict intricate nonlinear
systems and handling a vast array of potential variables found
in contemporary electronic medical records. ML techniques
have found application in various health care scenarios such as

forecasting cancer susceptibility, automatically categorizing
clinical images, and predicting post-transplant prognosis. This
is enabled by the abundance of real-world longitudinal datasets
derived from the extensive integration of electronic health record
(EHR) [9-11]. For health care challenges involving large and
complex datasets, especially those with unstructured data, ML
methods have demonstrated advantages over traditional
statistical regression methods [12,13]. At present, mainstream
text recognition methods such as support vector machine (SVM)
or random forest (RF) are mostly suitable for large sample size
data with high positivity rates, and the recognition of bleeding
events may be a process of searching for sporadic positive events
in large sample sizes [14,15]. The aim of this study was to
develop a machine learning model tool for identifying
postoperative patients with major bleeding events based on the
electronic medical record system.

Methods

Population
This study used a retrospective design. The data for this study
were obtained from the National Health and Medical Big Data
(Eastern) Center in Jiangsu Province, which is maintained by
the Jiangsu Provincial Health Commission. This database
includes clinical data from hospitals in Jiangsu province, with
sensitive and identifiable information removed to protect
privacy. Retrospective electronic medical records data, including
clinical notes were used for identifying the study population.
We specifically focused on patients with malignant tumor, who
underwent surgical procedures between January 2018 and
December 2021, reflecting actual clinical scenarios. To more
accurately identify high-risk individuals for bleeding, we chose
to focus on patients with chest, abdominal and gynecological
malignant tumor instead of urinary system tumors. This decision
was based on the fact that surgeries for chest, abdominal, and
gynecological tumors involve greater surgical trauma, making
postoperative bleeding more likely. Additionally, secondary
tumors were excluded because they were typically palliatively
resected, resulting in a lower risk of bleeding compared to
primary tumors.

The primary objective was to develop a classifier capable of
recognizing significant cases of bleeding with clinical relevance.
To achieve this, we randomly allocated 1600 notes for training
purposes and 400 notes for testing the model.

The inclusion criteria in the study population are as follows:
(1) patients were diagnosed with primary chest, abdominal, or
gynecological malignant tumors; (2) patients underwent surgical
resection of the malignant tumor; and (3) patients were ≥18
years old. The exclusion criteria are as follows: (1) patients
were diagnosed with urinary system tumors; (2) patients were
diagnosed with a secondary tumor; (3) patients only underwent
endoscopic surgery (ie, gastroscopy, enteroscopy, cystoscopy);
(4) patients diagnosed with bleeding before surgery or who
underwent surgery due to bleeding events; and (5)
hospitalization course record for the given visit is missing.

Each note was classified as major bleeding present, indicating
that clinically relevant bleeding was referenced in the note, or

JMIR Form Res 2025 | vol. 9 | e66189 | p.138https://formative.jmir.org/2025/1/e66189
(page number not for citation purposes)

Li et alJMIR FORMATIVE RESEARCH

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


major bleeding absent, indicating that clinically relevant
bleeding was not referenced in the note. Major bleeding was
defined as fatal or symptomatic bleeding in a critical area or
organ or bleeding causing a fall in hemoglobin level of ≥2 g/dL
or transfusion of ≥2 units of erythrocyte concentrate, according
to the definition of the International Society of Thrombosis and
Haemostasis [16].

We included medical history and physical examination notes,
progress notes, and discharge summaries that were signed by
an attending physician. All investigators with direct access to
the data completed a data use agreement. An independent
medical professional was selected to read the medical and
surgical records and label whether there was bleeding, and the
bleeding classification (ie, major bleeding or nonmajor
bleeding). Then, another independent medical professional was
designated to review the labeled cases and extract or highlight
the text content in the medical records where bleeding events
occurred for reference in developing bleeding-related regular
expressions. Any disagreements or unclear content in the text
reading between the two medical professionals were recorded
and discussed in an external expert workshop. In the workshop,
questionable clinical scenarios were confirmed by two
experienced medical experts.

Feature Engineering
Given the low positivity rate and limited sample size of major
bleeding events in the existing data, the methodology for
identifying major bleeding events during manual annotation
was carefully considered when crafting features. A significant
portion of these features was extracted through the application
of natural language processing (NLP) techniques like Jieba (for

Chinese word splitting) and regular expressions (for text and
value extraction). These features are categorized as follows:

The first category: These features were generated from the
content of manually annotated major bleeding events in the
training set. This set includes 20 key features strongly linked
to postoperative bleeding, such as terms like “postoperative,”
“ hematochezia,” “ hemorrhagic fluid,” and “treatment with
hemostasis surgery.” Furthermore, 241 additional features were
compiled by segmenting factors associated with major bleeding
events.

The second category: These features were derived by tokenizing
the patient’s course texts from the training set using Jieba and
arranging them based on their frequency of occurrence. These
features represent words that exhibit some relevance to major
bleeding events but were not present in the first part. Features
in this category were chosen based on a minimum frequency
threshold of 900, aiming to complement the initial features and
mitigate any shortcomings due to manually crafted features.

The third category: This feature reflects insights from clinical
experts and primarily revolves around indicators like
preoperative, intraoperative, and postoperative hemoglobin
levels, bleeding volume, and transfusion volume. They are
instrumental in establishing the logic for identifying
postoperative major bleeding for each patient. Features in this
segment heavily rely on quantitative logical assessments to fill
in any gaps present in the preceding two feature groups. For
instance, transfusion volumes extracted from structured surgical
records and transfusion documentation are analyzed in
conjunction with the standardized decision-making flowchart
to determine major bleeding status. A detailed, structured
process identification diagram is presented in Figure 1.
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Figure 1. Structured process identification diagram for feature selection.

Model Training
A supervised learning approach was adopted, where a dataset
comprising 2000 patients was divided into a training set of 1600
patients and a test set of 400 patients. Using the features
generated through feature engineering and the corresponding
labels assigned during manual review, three distinct ML models
were successfully trained using different algorithms: logistic
regression (LR), k-nearest neighbors (KNN), and convolutional
neural networks (CNN).

Here is a breakdown of how each model was implemented:

1. LR:

• Model implementation: developed using Keras
• Architectural details: constructed with a single dense layer
• Activation function: sigmoid function
• Loss function: SigmoidFocalCrossEntropy
• Optimizer: Adam optimizer
• Validation split: 20% of the training dataset is set aside for

validation

1. KNN:

• Model implementation: Used the KNeighborsClassifier
class from Scikit-Learn.

1. CNN:

• Model implementation: implemented using Keras
• Architectural details: featured 3 hidden layers - a

1-dimensional convolutional layer, a max pooling layer,
and a dense layer

• Activation functions: Rectified Linear Unit for the
convolutional layer and sigmoid for the output layer

• Output layer: a single dense unit
• Validation split: Again, 20% of the training data is reserved

for validation.

All three ML models were trained on the training set consisting
of 1600 cases to learn the underlying patterns between the
extracted features and the corresponding labels. The use of LR,
KNN, and CNN allows for a diverse exploration of the dataset
with different algorithms to harness their unique strengths in
handling and learning from the data.

Model Evaluation
Following the training phase, the evaluation of the three ML
models—LR, KNN, and CNN—was conducted on the test set
containing 400 cases. Various performance metrics were
calculated for each model to assess their effectiveness in making
predictions. These metrics included accuracy, sensitivity,
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positive predictive value (PPV), F1-score, negative predictive
value (NPV), and specificity of each model.

After calculating these metrics, the ML models with the highest
sensitivity and specificity were chosen for further consideration
due to their critical role in the diagnostic accuracy required by
the specific use case. By prioritizing both sensitivity and
specificity, you ensured a balanced assessment of the models’
performance regarding true positive and true negative rates.

In addition to the confusion matrices, which provide a detailed
overview of true positives, false negatives, false positives, and
true negatives at the default prediction threshold, we used the
receiver operating characteristic curve and the corresponding
area under the curve for each model. This comprehensive
analysis of the receiver operating characteristic curves and area
under the curve values allowed for a deeper understanding of
the trade-offs between true positive and false positive rates
across different thresholds and enabled the selection of the
best-performing models based on a more nuanced evaluation
beyond conventional accuracy metrics.

Ethical Considerations
The study protocol was conducted in accordance with the
Declaration of Helsinki and approved by the institutional review
board at Shanghai Ethics Committee for Clinical Research
(Approval number: SECCR/2023-119-01). The data used in
this study were deidentified. Informed consent was waived by
the Ethics Committee owing to the use of deidentified data.

Results

Baseline Characteristics
The training set represented 1600 patients, of whom 48.5%
(776) were female, the mean age was 62.86 (SD 9.16) years,
with a total of 33654 course records. The test set represented
400 patients, of whom 49.3% (n=197) were female; the mean
age was 62.81 (SD 9.21) years, with a total of 8491 course
records. The ratio of postoperative major bleeding was 4.31%
(n=69) in the training set and 4.75% (n=19) in the test set (Table
1).

Table . Population characteristics of training and test sets.

Test set (n=400)Training set (n=1600)Characteristics

197 49.3776 48.5Gender (female) n (%）

62.81 (9.21)62.86 (9.16)Age (years), mean (SD)

849133,654Course records, n

19 (4.75)69 (4.31)Proportion of major bleeding, n (%）

Note-Based Feature Selection
A total of 270 features were selected; first, 261 features related
to postoperative bleeding were selected by regular manual
disassembly. Second, Jieba was used to segment the disease

course text and select 8 features according to word frequency
classification. Furthermore, the last feature was created by a
logical recognition graph generated from expert opinion. More
details are provided in the feature engineering section. The
frequency of the top 20 features is shown in Table 2.
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Table . The frequency of the top 20 features selection.

FrequencyFeatures (description or regularization in English)

1592Postoperative

1579(chest | abdomen | pelvis) cavity | rectum. {0,2} depression | posterior
fornix | anastomosis | pancreas | digestive tract | stomach | vagina

1033(out | lose) blood (stop | break into)?| hematoma | subcutaneous Ecchymosis
| congestion

1002Bleeding

995Bloody fluid | red.{0,2} drainage fluid

528Hemostasis

513Laparotomy

347Dark red

343Emergency

303(To | Perform).{0,15} to stop bleeding

273Swelling

253(To | Perform).{0,5} to stop bleeding

251(((chest | abdomen | pelvis) cavity | rectum.{0,2} depression | posterior
fornix | anastomosis | pancreas | digestive tract | stomach).{0,10}bleeding
| vagina.{0,2}large .{0,2}(out | lose)blood)

246Blood loss

225Pelvic cavity.{0,5}Drainage.{0,5}(bloody liquid | fluid dark red)

220(?: inject | give).{0,20}(?:suspended less white (?:red blood cell | erythro-
cyte blood transfusion volume | red blood cell)|whole blood | red blood
cell | less white suspended red blood cell | red suspension | suspended less
white Red).{1,20}(?:U | ML | CC | ml | u | ml | mL | cc | infusion | unit) |
(?: in | out | to).{0,5}(? :U |ML |CC | milliliter | u | ml | mL | cc | infusion
| unit).{0,5}(?: suspended less white(?:cell red blood cell | red blood cell
transfusion amount | red blood cell) | whole blood | Red blood cells | less
white suspension red blood cells | red suspension | suspension less white
red)

220((out | loss) blood | introduction | bloody Effusion).{0,15}(U | ML | CC |
ml | u | ml | mL | cc | unit)

220Lose.{0,20}(red blood cells | whole blood | red suspension)

206Structured recognition results

178(exist | has).{0,5} bleed

Comparison and Verification of the Efficiency of Three
Machine Learning Models
In the identification of major bleeding events within the test set,
the LR method had an accuracy of 0.8275, sensitivity of 0.8947,
specificity of 0.8241, PPV of 0.2024, NPV of 0.9937, and
F1-score of 0.3301. The accuracy of the CNN method in the

testing set was 0.8900, the sensitivity was 0.8421, the specificity
was 0.8924, the PPV was 0.2807, the NPV was 0.9913, and the
F1-score was 0.4211. The KNN method had an accuracy of
0.9575, sensitivity of 0.2105, specificity of 0.9948, PPV of
0.6667, NPV of 0.9619, and F1-score of 0.3200 (Table 3). The
C-statistic was higher in the LR method (C=0.9018), followed
by the CNN method (C=0.8830) (Figure 2).
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Table . The performance of each model in identifying major bleeding events.

SpecificityNegative predictive
value

F1-scorePositive predictive
value

SensitivityAccuracySets and models

Training set (n=1600)

0.81521.0000.32780.19601.00000.8231    LRa

0.90270.99860.47020.31020.97100.9056    CNNb

0.99930.96470.31320.92860.18840.9643    KNNc

Test set (n=400)

0.82410.99370.33010.20240.89470.8275    LR

0.89240.99130.42110.28070.84210.8900    CNN

0.99480.96190.32000.66670.21050.9575    KNN

aLR: logistic regression.
bCNN: convolutional neural network.
cKNN: K-nearest neighbor.

Figure 2. Receiver operating characteristic curves for identifying major bleeding from clinical notes using the LR and CNN methods. AUC: area under
the curve; LR: logistic regression; CNN: convolution neural network.

Discussion

Principal Findings
In this study, we implemented LR, CNN, and KNN algorithms
for ML detection of bleeding events within electronic medical
record systems. Notably, CNN was specifically applied to
categorize radiology free-text reports and exhibited
commendable accuracy [17]. The CNN approach demonstrated
a sensitivity of 84% and a specificity of 89% in detecting
recorded bleeding events in patients at a threshold of 0.50, while
the LR method showcased a sensitivity of 89% and a specificity
of 82% at the same threshold. The KNN algorithm can be
negatively impacted by high dimensionality in feature matrices.
These findings underscore the viability of employing algorithms
to pinpoint patients with bleeding events within extensive textual
disease records.

Evaluation Metrics and Application Context
F1-scores are frequently used in the evaluation of classifiers.
The F1-score can be considered the harmonic mean between
the precision and recall (sensitivity) [18]. Thus, it symmetrically
represents both precision (how accurately the model identifies
only true positive instances) and sensitivity (how well the
classifier identifies all actual positive instances) in one metric.
Although the three machine learning models in this investigation
did not attain high F1-scores on the test set, it must be clarified
that the goal of the investigation was to detect bleeding events
as accurately as possible in practical applications for subsequent
manual assessment. Therefore, greater attention is paid to the
sensitivity and specificity (ie, how well the classifier identifies
all actual negative instances) of the model, the high values of
which imply that the model can detect hemorrhagic events while
avoiding false alarms, which is crucial for this investigation.
Consequently, priority is placed on the models’ sensitivity and
the attainment of greater specificity. Hence, we maintain that
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the models developed in this study remain valuable for
identifying bleeding events within disease records and represent
a promising avenue for future research endeavors.

Comparison to Prior Work
The integration of NLP and ML has proven successful across
various domains. For instance, in the context of health care,
predictive models leveraging ML and statistical methods have
demonstrated the ability to forecast occurrences such as
postpartum hemorrhage upon labor admission with reasonable
discriminatory power. A prior study demonstrated the
effectiveness of a Hybrid CNN-LSTM Autoencoder model for
the detection of bleeding events within EHR data. This was
accomplished through the integration of a supervised CNN with
a pretrained, unsupervised Bidirectional Long Short-Term
Memory autoencoder. The primary objective was to accurately
predict the presence of a bleeding event within a given English
sentence from an EHR record [19].

While prior research primarily focused on English EHR data
and general bleeding event detection, such as the study by Li
et al that used a Hybrid CNN-LSTM Autoencoder for
sentence-level bleeding detection, and a more recent work that
applied retrieval augmented generation with large language
models for detecting nonsurgical major bleeding events in
English EHRs [20], our investigation centers on the
identification of major bleeding events within Chinese EHR.
Chinese NLP presents inherent complexities, especially in word
segmentation within EHR text, posing a significant hurdle.
Furthermore, the shift in focus to major bleeding, which exhibits
a considerably lower incidence rate compared to general
bleeding events, substantially reduces the availability of positive
samples, thereby intensifying the challenge for robust predictive
modeling. Building upon these complexities, unlike the prior
studies’ sentence-level analysis, our research takes a holistic
approach to identifying major bleeding events within the entire
patient visit context. This broader, patient-centric perspective
further complicates the analysis and requires a more
comprehensive understanding of the clinical narrative. These
critical distinctions—language specificity, event granularity,
and analytical scope—collectively highlight the greater
challenges of our study compared to existing work in the field.

Strengths and Limitations
A key strength of this study lies in the strategic approach to
model selection and feature engineering. Initially, SVM and RF
algorithms were explored. However, recognizing their reliance
on effective word segmentation and the challenges posed by
the heterogeneous nature of the text data, the focus was
deliberately shifted to LR, KNN, and CNN. To further enhance
model performance, term frequency-inverse document frequency
(TF-IDF) scoring was effectively used to compute feature
representations, addressing the complexities of free-text data.
Moreover, to overcome the limitation of a relatively small
sample size, particularly the scarcity of positive samples (fewer
than 100), and the resulting dispersed TF-IDF features, a

targeted feature engineering approach was strategically adopted.
This involved selecting predefined features associated with
bleeding based on expert medical domain knowledge. This
approach allowed the ML models to concentrate on clinically
relevant features, represented as binary values (0 and 1), rather
than solely relying on traditional TF-IDF metrics applied to the
entire text. This targeted feature engineering proved crucial for
enhancing performance in a limited data setting. As a result of
these strengths, including strategic model selection, targeted
feature engineering, manual annotation, and training with limited
samples, the LR and CNN models demonstrated superior
performance compared to SVM and RF models based on TF-IDF
features for detecting major bleeding events. This aligns with
findings from similar research, as evidenced by a study that
underscored the enhanced performance of CNNs when expert
annotation of text data is incorporated [19], further validating
the efficacy of CNNs in text classification tasks within the
medical domain.

However, manual feature selection has certain limitations. First,
engineers must dedicate time to writing code for feature
extraction based on the definitions provided by the medical
field, which is a more time-intensive process compared to the
automatic feature computation performed by machines. To
partially mitigate this, we prioritized high-impact features
identified through clinical expert consultations, but future studies
could integrate semiautomated pipelines to balance efficiency
and domain specificity. Second, as previously discussed in
related research [21], the identification of postoperative bleeding
and feature selection depends on manual procedures, thereby
increasing the likelihood of bias and oversight. While dual
annotations by multiple clinicians were used to reduce
subjectivity, discrepancies were resolved through consensus
rather than quantitative metrics, potentially affecting
reproducibility. Future work should adopt standardized
annotation protocols with inter-rater reliability assessments.
Third, the chosen features encapsulate domain-specific
knowledge, sometimes being closely tied to specific hospital
departments with varying requirements and documentation
practices in electronic medical records. Broader applicability
requires multicenter collaboration to harmonize feature
definitions across institutions. Moreover, our study included a
retrospective analysis with a relatively limited number of
specimens, a factor to be considered for broader applicability
in ML analyses. Similar challenges have been observed in other
comparable studies [19]. Consequently, not only does this
constrained universality impede application in diverse fields,
but also when extending to other illnesses, hospitals, and
departments, there is often a need to reimagine and recreate the
features.

Conclusions
Based on our new text feature selection method, both the LR
and CNN methods perform well in identifying major bleeding
occurring in postoperative patients with malignant tumors from
electronic medical records.
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Abstract

Background: Adolescents with asthma are vulnerable to poor asthma outcomes due to inadequate self-management skills and
nonadherence to medications. Mobile health (mHealth) apps have shown promise in improving asthma control, medication
adherence, and self-efficacy. However, existing mHealth asthma apps lack personalization and real-time feedback and are not
tailored for at-risk adolescents.

Objective: This study aimed to design, develop, and test a smartphone-based mHealth Asthma Action Plan for adolescents,
called Pulmonary Education and Knowledge Mobile Asthma Action Plan (PEAK-mAAP), in preparation for a large-scale
randomized controlled trial.

Methods: We employed user-centered design principles to develop our app, leveraging our previous work and following
guidelines from the National Heart, Lung, and Blood Institute. The app consists of a patient-facing mobile app and a provider-facing
portal. A convenience sample of 13 adolescents (aged 12‐20 years) was recruited from the Arkansas Children’s Research Institute
database or direct health care provider referrals. Participants underwent a task-based usability assessment followed by the System
Usability Scale assessment to measure user satisfaction, interface effectiveness, and overall system usability.

Results: PEAK-mAAP integrates 7 core modules supporting personalized asthma self-management, symptom monitoring,
medication tracking, and real-time feedback. The mean System Usability Scale score was 83/100 (SD 5.54), indicating high user
satisfaction and system usability. Notably, older adolescents (>17 years) reported higher usability scores (87.5) than younger
users (77.5), suggesting potential age-related differences in app navigation and engagement.

Conclusions: The results demonstrate that PEAK-mAAP is a feasible and user-friendly mHealth intervention for adolescent
asthma self-management. While the high usability score reflects a positive user experience, some participants encountered initial
usability challenges, highlighting the need for minor refinements and user training materials. The integration of personalized
self-management tools and real-time feedback distinguishes PEAK-mAAP from existing asthma apps, addressing key barriers
to adherence and engagement. Moving forward, an ongoing randomized controlled trial will assess its clinical effectiveness,
long-term engagement, and impact on asthma outcomes, providing further insights into its potential as a scalable solution for
adolescent asthma care.

(JMIR Form Res 2025;9:e64212)   doi:10.2196/64212
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JMIR Form Res 2025 | vol. 9 | e64212 | p.147https://formative.jmir.org/2025/1/e64212
(page number not for citation purposes)

He et alJMIR FORMATIVE RESEARCH

XSL•FO
RenderX

http://dx.doi.org/10.2196/64212
http://www.w3.org/Style/XSL
http://www.renderx.com/


Introduction

According to the Global Asthma Report 2022 [1], asthma
impacts 262 million individuals globally across all ages. The
report highlighted that 1 in 10 children have asthma symptoms,
and half have poorly controlled symptoms. Like most chronic
diseases, a proactive way to mitigate the cost and adverse effects
caused by asthma is to equip patients with effective
self-management strategies [2]. Earlier investigations of mobile
health (mHealth) asthma management apps show a positive
effect on asthma control, medication adherence, and self-efficacy
[3,4]. mHealth technology that combines personalized health
management into patients’daily routines can effectively enhance
patients’ asthma self-management [4]. For instance,
Farzandipour et al [5] designed a smartphone-based asthma
self-management app with educational content, data recording,
reminders, and physician communication features, which was
rated as “good” in usability and positively impacted patients’
self-management knowledge. Kosse et al [6] found that an
mHealth intervention significantly improved medication
adherence in adolescents with asthma who had poor adherence
rates, suggesting that health care providers should consider a
tailored mHealth approach in their treatment. Fedele et al [7]
conducted a randomized controlled trial (RCT) to test the
feasibility and efficacy of a mHealth intervention to enhance
caregiver support and asthma self-management in early
adolescents, revealing clinically significant improvements in
asthma control. Nevertheless, existing mHealth asthma apps
lack personalization and real-time feedback, and are not tailored
for at-risk adolescents. Furthermore, recent review highlights
a significant lack of large-scale RCTs evaluating the efficacy
and sustainability of eHealth and mHealth interventions in
adolescents and young adults with chronic diseases, including
asthma [8].

Adolescents are at high risk of adverse asthma outcomes due
to multiple factors, such as (1) their self-management skills are
often insufficient, which may lead to nonadherence to
medication; and (2) adolescence is typically when there is a
transition from dependence on parental supervision to medical
autonomy [9]. Current practices should ensure adolescents have
the correct knowledge, beliefs, and positive attitudes to
self-manage their illness [10]. National Heart, Lung, and Blood
Institute (NHLBI) recommends using Asthma Action Plans
(AAPs) to facilitate asthma self-management [11]. In our

previous studies [12,13], we developed a smartphone-based
mobile health Asthma Action Plan (mAAP) tailored for
adolescents. Our findings demonstrated its feasibility as a
self-management tool, significantly benefiting adolescents with
uncontrolled asthma. Leveraging the insights from these
feasibility studies, we adopted a user-centered design (UCD)
[14] approach, collaborating with a diverse group of stakeholders
(ie, adolescents with asthma, their parents, clinicians, nurses,
and researchers) to iteratively redesign and re-engineer the
mAAP and named it, Pulmonary Education and Knowledge
Mobile Asthma Action Plan (PEAK-mAAP). Critically, we
designed PEAK-mAAP to address specific barriers to adopting
health behaviors based on the well-established health belief
model (HBM) [15]. Built on the Apache Cordova (Adobe
Systems) [16] mobile app framework, PEAK-mAAP has
cross-platform compatibility to meet the needs of Android
(Google), iOS (Apple Inc), and web users. Complementing
PEAK-mAAP, we introduced a web portal for health providers
and guardians, allowing them to oversee the adolescents’
engagement with PEAK-mAAP. In this paper, we detail the
design, development, and usability assessment of PEAK-mAAP.

Methods

Design of PEAK-mAAP
We designed the functionalities of PEAK-mAAP based on the
HBM to affect behavior change (ie, asthma self-management
based on prescribed AAP). Figure 1 depicts how the design of
PEAK-mAAP addresses the different constructs of the HBM.
Notably, the HBM integrates considerations of individual
demographics and psychological traits—termed modifying
variables. These variables indirectly influence health-related
actions by impacting factors like health motivation, perceived
risks, severity, benefits, and obstacles.

After the preliminary design of PEAK-mAAP, we engaged in
iterative enhancements by involving all stakeholders through a
UCD approach. We convened a community advisory board with
our intended end users, that is, adolescent (ie, teens and
emerging adults aged between 12 and 20) patients with asthma,
their caregivers, asthma care providers, UCD specialists, and
researchers. community advisory board members provided
feedback on the features of mAAP and iterative feedback and
beta testing of the final app.
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Figure 1. Design of Pulmonary Education and Knowledge Mobile Asthma Action Plan according to the health belief model.

Implementation of PEAK-mAAP
PEAK-mAAP is a hybrid mobile app developed using standard
web technologies and housed within a native
container—specifically Apache Cordova—for adolescents. The

web portal, designed for health care providers and guardians of
adolescents, is built with Ruby on Rails [17]. Figure 2 illustrates
the 5-component system architecture that supports the
functionality of the app and the web portal.

Figure 2. The 5-component system architecture which supports Pulmonary Education and Knowledge Mobile Asthma Action Plan and the web portal.
API: application programming interface; REDCap: Research Electronic Data Capture.
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First, a relational database, PostgreSQL [18], an advanced
open-source object-relational database system, is employed to
manage and categorize a range of data, including patient
demographic details, guardian and provider profiles, medication
records, and specific activity logs such as peak flow recordings.
In addition, the database houses preset content, like educational
tips and instructional videos. To safeguard against any potential
data loss, regular backups are performed.

Second, our backend, built on the robust Ruby on Rails
framework, offers RESTful application programming interfaces
(APIs) to bridge our hybrid mobile app with its backend
database. It also integrates with 5 external APIs, like weather,
to enrich the mobile app’s features. Besides, adhering to web
development best practices, this backend employs the
model-view-controller design pattern to support the web portal.
The web portal is tailored for adolescent health care providers
such as doctors, nurses, and researchers, as well as guardians
like parents and grandparents, enabling them to monitor
PEAK-mAAP usage effectively.

Third, we implemented PEAK-mAAP as a hybrid mobile app
to aid adolescents in managing their asthma. This approach
involved the development of a cross-platform web app,
encapsulated within a native app container. The hybrid mobile
app was crafted using Apache Cordova and AngularJS (Google)
[19] (ie, an open-source JavaScript framework primarily used
for building dynamic single-page web apps). This allows
programmers to use standard web technologies such as HTML5,
CSS3, and JavaScript for cross-platform development.

Fourth, we engineered a model-view-controller–based web app
to facilitate monitoring adolescents’ mobile app usage by both
health care providers and guardians. Health care providers can
access a comprehensive view of all patients’ information, mobile
app usage, and asthma-related activities through a specialized
web portal. Concurrently, guardians are provided a tailored view
allowing them to observe their children’s information and
interactions with the PEAK-mAAP, reinforcing transparency
and personalized care.

Fifth, to enhance our mobile app for adolescents’ asthma
self-management, we integrated 7 third-party APIs. Directly,
we incorporated the Google Maps [20] API for locating hospitals
and pharmacies and Vidscrip (Clear.md Inc) [21] for educational
asthma videos. Indirectly, through our Ruby on Rails backend,
we added the Twilio [22] API for alert calls and texts during
severe asthma exacerbation; an email server hosted by the
University of Arkansas for Medical Sciences to notify health
care providers and guardians; the AccuWeather [23] API for
real-time weather and pollen levels; the Firebase Cloud
Messaging [24] API for cross-platform notifications; and the
REDCap (Research Electronic Data Capture; Vanderbilt
University) [25,26] API for automated monthly survey
distributions. These integrations ensure a holistic approach to
asthma management for adolescents.

Usability Assessment
The PEAK-mAAP usability assessment was conducted over
two months, spanning January and February 2019, before the
formal enrollment of research participants in the subsequent

RCT. Usability assessment is a widely applied method across
various industries, including aviation, automotive, and software
development, aimed at enhancing system functionality by
assessing an app’s effectiveness and efficiency. Effectiveness
refers to the extent to which users can successfully accomplish
tasks and achieve their goals, while efficiency evaluates the
time and effort required to complete a given task.

Participants were selected using a convenience sampling method
and a total of 13 individuals, ranging from 12 to 20 years old
in age, were recruited. All participants had a confirmed clinical
diagnosis of asthma, as documented in their medical records.
Recruitment efforts targeted potential candidates through 2
primary channels: the Arkansas Children’s Research Institute
database, which provided access to a broad pool of pediatric
patients with existing asthma diagnoses, and direct referrals
from health care providers familiar with eligible patients. To
qualify for the usability assessment, participants were required
to meet specific eligibility criteria designed to ensure they could
effectively engage with the PEAK-mAAP system. Inclusion
criteria consisted of (1) a current diagnosis of asthma, verified
by a health care professional; (2) previous exposure to or
familiarity with AAPs, to facilitate comparative feedback on
the mobile app; (3) proficiency in English to ensure clear
communication during the assessment and accurate
comprehension of the app’s content; and (4) the absence of any
visual or auditory impairments that could hinder the ability to
interact with the app’s interface. Individuals were excluded if
they had significant respiratory conditions other than asthma,
such as cystic fibrosis or chronic obstructive pulmonary disease,
which could introduce variability in the management strategies
assessed. In addition, participants with developmental delays
or cognitive impairments that could interfere with their ability
to comprehend instructions, navigate the app, or provide reliable
feedback were not eligible for the study. The sample size of 13
was deemed sufficient, adhering to the standard usability
principle that even 5 participants can identify the most severe
usability issues and 80% of all usability issues [27].

To ensure consistency, all participants were provided with the
same iPad (Apple Inc) device for testing and watched a
prerecorded demonstration video of the PEAK-mAAP app.
Following the video, participants were instructed to explore the
app using the study iPad to familiarize themselves with its
features. Subsequently, they were asked to complete eight tasks
using the app: (1) logging Peak Flow, (2) logging Symptoms,
(3) setting a reminder for logging their Peak Flow or symptoms,
(4) reading daily tips and viewing educational videos, (5)
reading notifications, (6) describing directions or locations of
the hospital or pharmacy displayed on the map, (7) describing
the weather for patient’s location, and (8) reporting number of
days they logged and rewards within the app. A stopwatch was
used to time each user while performing each task or scenario.
Any extra steps performed during the scenarios were recorded
to determine if there were common mistakes or additional steps
taken for any of the app’s features. During this process, users
were asked to adopt the think-aloud [28] process by verbalizing
any trouble they had with the app, features they found exciting
or beneficial, as well as features that were confusing or not
useful. This approach provided evaluators with deeper insights
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beyond those obtainable through standard cognitive
walkthroughs. There were at least 2 evaluators in the room
during each usability test session. While observing the user,
evaluators tracked issues and comments, and then aggregated
the information from all usability tests. Observed errors were
categorized using Nielsen-Shneiderman heuristics [29] (Table
1), a set of principles that provide guidelines and best practices
for user interface design based on established usability
heuristics.

During the study, evaluators assigned a severity rating to each
identified issue, categorizing them into (1) cosmetic, (2) minor,
(3) major, and (4) catastrophic. A cosmetic issue refers to a
superficial concern that does not affect users’ability to complete

a task, such as formatting inconsistencies or color preferences;
these issues are typically of lower priority for resolution. A
minor issue represents a problem with an available workaround,
such as restricting numerical input to whole numbers rather than
allowing decimals. Major issues, however, can significantly
impact data quality, user satisfaction, or system functionality.
Examples include the inability to access a function by clicking
an icon, necessitating the use of a menu bar instead, or
encountering difficulty when attempting to exit a screen. These
issues require prioritization. Finally, a catastrophic severity
rating indicates a critical system failure that demands immediate
remediation. For instance, a user’s inability to locate or input
essential information constitutes a catastrophic issue.
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Table . Nielsen-Shneiderman heuristics.

DescriptionHeuristicError

Consistency and standards: Users should not have
to wonder whether different words, situations,

Consistency1

or actions mean the same thing. Standards and
conventions in product design should be followed
(eg, font and layout and position).

Visibility of system state: Users should be in-
formed about what is going on with the system

Visibility2

through appropriate feedback and display of in-
formation (eg, what is current state of the system
and what changes are made after an action).

Match between system and the world: The image
of the system perceived by users should match

Match3

the model the users have about the system (eg,
user model matches system image, and objects
on the system should match objects of the task).

Any extraneous information is a distraction and
a slow-down (eg, less is more and simple is effi-
cient).

Minimalist4

Minimize memory load: Users should not be re-
quired to memorize a lot of information to carry

Memory5

out tasks. Memory load reduces users’ capacity
to carry out the main tasks (eg, recognition vs
concrete examples such as DD/MM/YY, eg,
10/20/15).

Informative feedback: Users should be given
prompt and informative feedback about their ac-

Feedback6

tions (eg, response time, concrete and specific,
and not abstract and general).

Flexibility and efficiency: Users always learn
and users are always different. Give users the

Flexibility7

flexibility of creating customization and shortcuts
to accelerate their performance (eg, shortcuts for
experienced users, templates, and bookmarks).

Good error messages: The messages should be
informative enough such that users can under-

Message8

stand the nature of errors, learn from errors, and
recover from errors (eg, precise not vague or
general and polite messages).

Prevent errors: It is always better to design inter-
faces that prevent errors from happening in the

Error9

first place (eg, avoid text wraps, avoid slips or
mistakes, and interfaces that make errors impos-
sible).

Clear closure: Every task has a beginning and an
end. Users should be clearly notified about the

Closure10

completion of a task (eg, clear beginning, middle
and end, and clear feedback that goal was
achieved).

Reversible actions: Users should be allowed to
recover from errors. Reversible actions also en-

Undo11

courage exploratory learning (eg, reverse actions
in a single action and prevent serious errors).

Use users’ language: The language should be
always presented in a form understandable by

Language12

the intended users (eg, use standard meaning,
language for specialized group, and users’ per-
spective).
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DescriptionHeuristicError

Users in control: Do not give users that impres-
sion that they are controlled by the systems (eg,
users are initiators not responders to actions, and
avoid surprising actions and tedious sequences).

Control13

Help and documentation: Always provide help
when needed.

Documentation14

User Satisfaction Assessment
Satisfaction refers to the user’s contentment and attitude toward
the system. After completion of the think-aloud process, users
were asked to complete a System Usability Scale (SUS) [30]
survey. The SUS is a short, 10-question survey tool with high
reliability and validity that measures user satisfaction. The
survey employs a Likert scale ranging from 1 (strongly disagree)
to 4 (strongly agree) to generate a single composite score
representing the app’s overall usability. Participants recorded
their responses on paper, which were later digitized by the study
team. At the end of the assessment, users were encouraged to
share any concerns or recommendations.

Ethical Considerations
This study was approved by the University of Arkansas for
Medical Sciences Institutional Review Board (protocol
#206110). Informed consent (Multimedia Appendix 1) was
obtained from all participants after explaining the study’s
purpose and procedures. Participant data were deidentified to
ensure privacy and confidentiality. Each participant received
US $50 as compensation for their time and involvement.

Results

Design of PEAK-mAAP
Using the HBM to explain current behaviors within our
population, we hypothesize that the “cues to action” provided
by PEAK-mAAP will be an essential factor in triggering
behavior change. The app provides asthma educational video
modules to address the “perceived susceptibility and severity”
of asthma. The personalized mobile app features also provide
additional “cues to action” during worsening symptoms to
address “perceived benefits and barriers” (ie, give a clear action
plan for the users to manage current asthma symptoms). Based
on the education provided combined with self-management
assistance from PEAK-mAAP, we hypothesize that self-efficacy
and adherence will improve and result in improved asthma

control for PEAK-mAAP users. To prove our hypotheses, we
are conducting an RCT. The results of the RCT will be published
upon completion of the trial.

Final Implementation of PEAK-mAAP
PEAK-mAAP is structured around 7 key modules.

First, as illustrated in Figure 3A, the patient information module
encompasses a table presenting patient and health care provider
details; a red “MEDICATIONS” button linking to the patient’s
asthma medication plan; a blue “REPORT CONTROLLER
MEDICATION” button for logging medications; a “REQUEST
CLINCARD BALANCE” button for users to request their
ClinCard’s balance, a reloadable debit card for research
participant incentive; customizable reminder settings; and a
“VIEW PRIVACY POLICY AND TERMS OF SERVICE”
button to access the PEAK-mAAP’s privacy terms. Figure 3B
highlights a patient’s personalized AAP, guiding actions
including controller medication and rescue medication use based
on their asthma zone, whether green, yellow, or red.

Second, a dashboard of patient activities, as seen in Figure 3C;
the “Asthma Zone” allows visualization of the patient’s recent
asthma zones through a line chart, where each zone is depicted
by uniquely colored circles. For color-blind users’ ease, each
circle also carries a letter mark indicating the logged zone. This
intuitive design lets patients swiftly gauge their recent asthma
status. The “Survey” card indicates the days leading up to the
RCT’s monthly survey due date. The “Rewards” card tracks
weekly progress toward participant logging goals. As part of
the PEAK-mAAP RCT trial, users earn nominal monetary
incentives for active app engagement each week. The first daily
record of a Peak Flow value or symptom will begin to fill the
lung icon, signifying task completion and eligibility for the
day’s incentive. Completion of tasks each day will increase
filling the lungs until the week’s goals (eg, logging daily or
completing the RCT’s monthly survey) are met and the lungs
fill completely. Such tangible rewards can bolster users’
adherence to the app.
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Figure 3. (A) The patient information tab; (B) the patient medication page with the patient’s personalized Asthma Action Plan; and (C) the asthma
zone record line chart, the survey countdown module, and the reward progress tracker.

Third, a Peak Flow or asthma symptom record module: based
on self-recorded Peak Flow value or asthma symptoms,
PEAK-mAAP will classify the patient into their personalized
asthma zones (ie, green, yellow, and red zones) and give
zone-specific instructions (ie, action plan) such as taking
emergency medications for acute symptoms. As shown in Figure
4A, before recording asthma-related symptoms or Peak Flow
value, the system will first ask the participant “How are you
feeling today?” The options are (1) “I’m feeling Great,” (2) “I
feel OK,” and (3) “I feel horrible.” Afterward, as shown in
Figure 4B, the patient is asked to select how they prefer to
determine their asthma zone, either Peak Flow or asthma

symptoms. Figure 4C depicts the “Record your Peak Flow”
screen, in which the patient can swipe on the blue bar to change
the Peak Flow value. When the patient wants to report
symptoms, a screen shown in Figure 4D will pop up, and the
patient selects from a panel of 6 groups of symptoms to report.

Fourth, a notification module, as seen in Figure 5A, which shows
a list of example notifications. The most recent messages are
on the top of the list, and the unread and read notifications are
separated by an “OLD MESSAGE” line separator. Figure 5B
is an example of the in-app notification and Figure 5C is an
example of the push notification to mobile phone native
notification system.
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Figure 4. Pulmonary Education and Knowledge Mobile Asthma Action Plan navigates the patient through a series of simple steps to log daily asthma
status and during any episodes of increased symptoms to determine their asthma zone: (A) “How are you feeling today?”; (B) “Determine your Asthma
Zone”; (C) “Record your Peak Flow”; and (D) symptoms recording page. Patients can elect to enter either Peak Flow or symptoms at their preference.
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Figure 5. (A) The history of notifications that were sent to the patient; (B) the in-app notification screen; and (C) the mobile system’s native notifications.

Fifth, an education module, as shown in Figure 6A, which
consists of (1) an asthma educational tip card and (2) a list of
asthma educational videos. The educational tip card will be
refreshed weekly and the tips will also be pushed to the patients
through the notification function. The asthma educational videos
were created by the research team including asthma clinicians,
asthma educators, and respiratory therapists using the Vidscrip
platform. These resources aim to heighten patient awareness
and empower them to manage their asthma more effectively.

Sixth, a nearby medical help map, as seen in Figure 6B,
displaying a Google Map pinpointing nearby medical facilities,
including hospitals and pharmacies. Users can click on markers
for more detailed information about a facility and also receive
directions via the Google Maps mobile app.

Seventh, a weather information module, as shown in Figure 6C,
consisting of a weather information card, which shows real-time
weather data and pollen level information that may affect
patients’ asthma outcomes.
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Figure 6. (A) The education module; (B) the nearby medical help map; and (C) the weather information module.

Web Portal
We developed a web portal for the health care providers and
guardians of the patients to enable monitoring of the patient’s
usage of PEAK-mAAP and keep track of patients’asthma status.
The health care providers are granted full access, which means
they can view all the patients’ information and see the statistics
related to the use of PEAK-mAAP. Furthermore, health care
providers can create patient accounts, edit the information of
the patients, and send notifications to all patients or a specific
one. On the other hand, guardians are only allowed to access
limited information specifically related to the patient they are
associated with.

Effectiveness and Efficiency of PEAK-mAAP
During the think-aloud process, evaluators recorded a total of
39 instances in which participants encountered difficulties in
correctly performing a task, referred to as errors. These errors
corresponded to violations of 9 out of the 14 heuristics under
evaluation. The most frequently violated heuristic principles
were match (n=12) and visibility (n=8). These were followed
by memory (n=5), control (n=4), and language (n=3). Additional
violations were observed in the closure, minimalist, document,
and error heuristics. Examples of errors related to the match
principle included confusion between the notification tab and
the reminder tab, as well as difficulties in navigating the map
to locate hospitals and pharmacies. The visibility principle was
the second most frequently violated, with errors such as
difficulty distinguishing between old and new messages within
the app and challenges in locating and logging symptoms that
could trigger relevant notifications. A memory error example
was that a participant could not remember how to log their
activity for the week to receive a reward. An example of a
control error was that the participant had trouble recording their
peak flow using the dial to select the correct number. Not
understanding the icons used on the map was an example of a
language error. There were 5 principles that were not violated,
that are, undo, message, consistency, feedback, and flexibility.
Of the 39 total errors, 26% (n=10) were rated as minor, 69%
(n=27) as major, and 5% (n=2) as catastrophic.

Satisfaction Assessment of PEAK-mAAP
Participant satisfaction with the PEAK-mAAP mobile app was
assessed using the SUS, yielding an overall mean score of 83
(SD 5.54), indicating high usability satisfaction. Older
participants (≥17 years old) reported higher usability scores,
with a mean of 87.5 (SD 1.71), compared with younger
participants (12‐16 years old), who had a mean score of 77.5
(SD 2.36). These findings suggest that older users found the
app more user-friendly. The highest agreeability was found in
survey question 7 stating, “I would imagine that most people
would learn to use the app very quickly.” In total, 12 participants
reported that they strongly agreed with this statement, and the
remaining responses indicated that they agreed with this
statement. The greatest variability was seen in survey question
10 stating, “I needed to learn a lot of things before I could get
going with the app” (strongly disagree=6, disagree=2, neither
or neutral=2, agree=1, strongly agree=2).

Discussion

Principal Findings
The primary objective of this study was to develop and evaluate
PEAK-mAAP, an innovative mHealth app designed to improve
asthma self-management among adolescents. Findings indicate
that PEAK-mAAP, rooted in the HBM and developed using a
UCD approach, enhances adolescents’ engagement in asthma
management. The usability assessment provided positive
feedback on the app’s ease of use and its potential for supporting
behavior change. These results align with our initial hypotheses
that a well-integrated mHealth platform—combining educational
content, symptom tracking, and behavior modification
strategies—can effectively promote self-management practices.

UCD and Usability Assessment
A key factor in PEAK-mAAP’s potential success is its UCD
approach, which ensures the app is intuitive and user-friendly.
By incorporating user feedback early in development, the app
was designed to meet the needs and expectations of adolescents,
thereby encouraging consistent use. When users feel that an app
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is tailored to their needs, they are more likely to engage with it
over time. The usability assessment results reinforced this;
participants rated the app highly in usability, achieving an
impressive usability score. Overall user satisfaction with
PEAK-mAAP was high. The SUS scores averaged 83 (SD 5.54),
with older adolescents (>17 years) rating it higher (87.5, SD
1.71) than younger participants (77.5, SD 2.36). This trend may
indicate that older adolescents are generally more comfortable
using mobile apps, or that certain app features are more intuitive
for them. Regardless of age, participants agreed that most users
would be able to learn how to use the app quickly.

PEAK-mAAP performed well in many heuristic categories.
Users encountered no issues with consistency, feedback,
flexibility, message, or undo. However, errors in “match” (12/39,
31%) and “visibility” (8/39, 21%) posed significant challenges.
The “match” errors stemmed from inconsistencies between user
expectations and actual system functions, particularly regarding
reminders and navigation tools. Meanwhile, “visibility” issues
were especially problematic, as some users struggled to
distinguish new messages from old ones. Notably, 2 visibility
errors were classified as catastrophic, as they significantly
impacted user interaction with notifications.

However, despite strong usability performance, testing identified
critical issues that could impact the user experience if left
unaddressed. For example, users had difficulty identifying the
correct icon to set Peak Flow logging reminders—many
mistakenly selected the notification icon instead. In addition,
the dial interface for recording Peak Flow was not user-friendly,
making it challenging for users to input accurate data. This issue
was particularly significant because the peak flow value
determines the personalized asthma management guidance
provided by the app. Younger participants also faced challenges
with reading the map, likely due to their limited experience with
navigation tools.

Identified Usability Issues and Modifications
To enhance usability and ensure a seamless experience, several
modifications were made before the RCT. The reminder icon
was redesigned to align with users’ expectations, and the
notification icon was changed from a bell to an envelope to
prevent confusion. Similarly, the dial’s sensitivity was adjusted
to allow for more precise Peak Flow input, reducing the risk of
inaccurate data entries. To address visibility concerns, new
messages on the notification screen were color-coded (blue for
unread messages, gray for read ones), and a dividing line was
added to separate them. In addition, on the login screen, a
password reset option was implemented to improve accessibility.
Another significant modification was made to the educational
content delivery. Initially, weekly asthma education videos
under the education tab played consecutively, which could be
overwhelming. This feature was adjusted to allow users to
control playback, preventing automatic continuous play. For
motivation and engagement, the app incorporated an
age-appropriate reward system, represented by a progressively
filling blue lung icon that visually tracked the user’s daily

logging progress. Finally, usability feedback also informed the
development of training materials to better introduce participants
to the app’s features, ensuring that users fully understood its
capabilities.

Advantages of the Hybrid Mobile App Approach
The decision to develop PEAK-mAAP as a hybrid mobile app
brings several benefits. Hybrid apps work across different
platforms, meaning more people can use the app without
compatibility issues. This approach is also cost-effective since
developers do not need to create separate versions for different
platforms. Plus, hybrid apps can easily integrate with a phone’s
built-in features, enhancing the user experience. Compared with
a native implementation, where the app must be developed
separately for Android and iOS platforms, the hybrid approach
significantly shortened the development time frame. It facilitated
a rapid reach to a broader user base and proved to be more
cost-effective in construction and maintenance. Furthermore,
the hybrid mobile app can run on browsers, ensuring that
adolescents remain engaged with PEAK-mAAP even if access
to the mobile platform is unavailable, such as in the case of a
lost phone.

Limitations
Despite these promising outcomes, several limitations must be
acknowledged. Some users experienced an initial learning curve,
which could impact short-term engagement. Longitudinal studies
are needed to assess sustained usage and long-term effectiveness.
Furthermore, as the efficacy of PEAK-mAAP has not yet been
tested through an RCT, conclusions regarding its impact on
clinical outcomes remain speculative at this stage.

Conclusion
This study presents the design, development, and usability
evaluation of PEAK-mAAP, a hybrid mHealth intervention
designed to support asthma self-management in adolescents.
Rooted in the HBM and developed through a UCD approach,
PEAK-mAAP integrates educational content, symptom tracking,
medication adherence tools, and real-time feedback to enhance
self-management behaviors. Usability testing revealed high user
satisfaction, with strong SUS scores and positive engagement.
While some challenges—particularly in navigation, reminders,
and visibility—were identified, subsequent modifications
improved the user experience before launching the RCT. The
hybrid mobile app approach ensures cross-platform
compatibility, cost efficiency, and accessibility, positioning
PEAK-mAAP as a scalable and adaptable solution for adolescent
asthma management. Although usability results are promising,
further research should assess long-term effectiveness and
sustainability in improving asthma control through a rigorous
RCT. Addressing usability concerns and incorporating ongoing
user feedback will be critical to fostering widespread adoption
and adherence among adolescents. Ultimately, PEAK-mAAP
represents a significant advancement in mHealth technology,
bridging gaps in adolescent asthma care with a personalized
and evidence-based approach to self-management.
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Abstract

Background: Visits to medical subspecialists are common, with follow-up timing often based on heuristics rather than evidence.
Unnecessary visits contribute to long wait times for new patients. Specialists could enhance visit timing and reduce frequency
by systematically monitoring patients’ symptoms between visits, especially for symptom-driven conditions like rheumatoid
arthritis (RA). We previously designed an intervention using a mobile health (mHealth) app to collect patient-reported outcomes
(PRO). One of several aims of the app was to assist rheumatologists in determining visit timing for patients with RA. The
intervention did not reduce visit frequency.

Objective: To explore possible reasons for the lack of association between the intervention and visit frequency, we describe
app usage, assess usability, and identify barriers and facilitators for using between-visit PRO data to reduce visits when patients’
symptoms are stable.

Methods: We analyzed patients’ use of the app by reporting adherence (percent of PRO questionnaires completed during the
12-month study) and retention (use in the last month of the study). To examine rheumatologists’ experiences, we summarized
views of the electronic health record (EHR)–embedded PRO dashboard and EHR inbox messages suggesting early or deferred
visits. We assessed app usability using the interactive mHealth App Usability Questionnaire for Ease of Use and Usefulness for
patients and the System Usability Scale for rheumatologists. We assessed rheumatologist-level effects of intervention usage using
Kruskal-Wallis rank sum and equality of proportion tests. We identified barriers and facilitators through interviews and surveys.

Results: The analysis included 150 patients with RA and their 11 rheumatologists. Patients answered a median of 53.3% (IQR
34.1%-69.2%) of PRO questionnaires; this proportion varied by rheumatologist (range 40.7%‐67%). Over half of the patients
used the app during the final month of the study (56%, range 51%‐65%, by rheumatologists); the median number of months of
use was 12 (IQR 9-12). Rheumatologists viewed the dashboard 78 times (17.6% of 443 visits) with significant differences in
viewing rates by rheumatologist (range 10%‐66%; P<.01). There were 108 generated messages sent to rheumatologists suggesting
a deferred visit (24.4% of 443 visits) with significant differences in message counts received per visit by rheumatologist (range
10.8%‐22.6%; P=.03). Rheumatologists’ reported barriers to offering visit deferrals included already scheduling as far out as
they were comfortable and rescheduling complexities for staff. Based on 39 patient interviews and 44 surveys, patients reported
2 main barriers to app usage: questionnaire frequency not being tailored to them and reduced motivation after not discussing PRO
data with their rheumatologist. A total of 5 interviewed patients received the option to defer their visits, of which 3 elected to
defer the appointment and 2 chose to keep it.

Conclusions: While an mHealth app for reporting RA PROs was used frequently by patients, using these data to reduce the
frequency of unneeded visits was not straightforward. Better engagement of clinicians may improve the use of PRO data.

(JMIR Form Res 2025;9:e60854)   doi:10.2196/60854
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Introduction

Visits to medical specialists represent a substantial component
of health care services. About half of patient visits to physicians
in the United States are to specialists, totaling roughly 500
million visits per year at a cost of billions of dollars [1,2]. The
current approach to care delivery inefficiently allocates specialty
care resources: visits are scheduled largely in preset intervals
(eg, 3, 6, or 12 months) that are not evidence-based and have a
weak relationship to clinical need [3,4]. Sometimes these
schedules are required for insurance purposes, that is, to have
medications covered. Evidence for optimal visit timing is scant
[3,5]. As a result, specialists’ schedules fill with potentially
unneeded visits, creating inefficiencies, wasteful spending, and
patient burdens [6], and contribute to longer wait times for other
patients who need specialist care; these access issues are
especially pronounced for rural, minority, and other vulnerable
populations [7].

We previously designed a mobile health (mHealth) intervention
to improve patient care in rheumatology [8]. It was well accepted
by patients, and we became interested in whether one additional
value of the app could be to reduce visit follow-up frequency
when clinically appropriate [8,9]. The rationale was that a
reasonable proportion of visits were for stable patients where
remote symptom reporting could help clinicians defer visits.
We focused on rheumatology because this specialty has a great
need for optimizing visit timing due to projected workforce
shortages in the next decade [10]. Furthermore, prior works
suggest a potential for reducing visit frequency, in part, because
a substantial number of visits, for rheumatoid arthritis (RA) in
particular, do not result in a change in treatment, suggesting
limited clinical use [8,11-13]. The mHealth intervention
involved patients using a smartphone app to record their
symptoms using patient-reported outcome (PRO) questionnaires;
based on these data, their rheumatologists received notifications
that either suggested the need for an earlier visit if symptoms
were acutely worsening or the potential to defer a scheduled
visit if symptoms were stable (see Methods for details).

Our initial clinical trial of this intervention found no association
with reduced visit frequency. To explore possible reasons for
this finding and inform further intervention development, we
examined quantitative and qualitative data on patient and
rheumatologist engagement and data from surveys and
interviews. We describe the app intervention usage, assess
usability, and identify possible barriers and facilitators to
improve visit follow-up frequency using between-visit PRO
data.

Methods

Setting and Study Population
The prior study was conducted at 2 rheumatology practices
affiliated with Brigham and Women’s Hospital, which is part
of Mass General Brigham, a large academic medical center in
Boston, MA, United States. All clinics within this health system
share an electronic health record (EHR) system (Epic Systems,
Inc). The intervention was implemented by engaging 11
clinically focused rheumatologists who previously provided

input on the intervention design [8,9]. As described previously,
we identified eligible patients by searching upcoming patient
visit schedules for the 11 rheumatologists [8,9]. We used prior
diagnosis codes to identify patients with RA. Only established
patients were included, and therefore all prescheduled visits
were follow-ups. We recruited these patients via patient portal
messages, phone calls, and in-person prior to scheduled visits.

mHealth Intervention
The intervention was designed with extensive input from
patients and rheumatologists through several iterations as part
of a user-centered design process [8,9,14,15]. Briefly, the
intervention included a patient-facing mHealth app that used
push notifications to prompt patients to complete one of four
types of validated PRO questionnaires regarding pain
interference, function, fatigue, and RA disease activity [8]. Each
questionnaire was repeated every 8 days in a staggered fashion
so that patients completed one questionnaire every 2 days.
Rheumatologists were able to view all results within the patient’s
EHR chart. In addition, the PRO data could trigger 3 types of
EHR inbox messages to the rheumatologists. First, all
rheumatologists received a message that data were available for
viewing 48 hours before a visit with a patient who had entered
PRO data. Second, if PRO data suggested several weeks of
worsening symptoms, the rheumatologist received a message
with a suggestion to offer an earlier visit. Finally, if PRO data
suggested stable symptoms during the visit interval from the
prior visit until 2 weeks prior to a scheduled visit,
rheumatologists received a message suggesting that the patient
be offered a deferred visit. The specific logic that determined
when these messages are sent has been described previously
[8].

Study Design and Data Sources
As noted, this initial trial of the mHealth app found no change
in visit frequency attributable to the PRO data and EHR inbox
messages [9]. We sought to explore potential reasons for these
findings and inform further intervention development by (1)
describing use of the mHealth app by patients and use of the
PRO data by rheumatologists, (2) assessing mHealth app and
EHR-embedded PRO data usability, and (3) identifying barriers
and facilitators. Patient and rheumatologist perspectives were
assessed through surveys during and after the study period. Data
sources included the EHR (for demographic and clinical
characteristics of study patients and visit timing), mHealth app
and dashboard usage logs (for patient adherence and retention,
rheumatologist views of the PRO data, and messages sent
suggesting early or deferred visits), interviews with patients
(for barriers and facilitators), and surveys of patients and
rheumatologists (for usability and barriers and facilitators).

For analyses of intervention usage and usability, rheumatologists
with 15 or more patients in the study were analyzed as
individuals, and the rest were aggregated. Because only one of
the instances in which an earlier visit was suggested resulted in
an earlier visit, we focused the analysis primarily on aspects
related to deferred visits [9].
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Intervention Usage Analysis
We used descriptive statistics to summarize patient adherence
and retention rates with the mHealth app. We used the
Kruskal-Wallis rank sum test to assess differences in median
patient PRO completion percentage across rheumatologists. We
used descriptive statistics to summarize volumes and timing of
EHR inbox messages sent to the rheumatologists suggesting
the potential for an early or deferred visit and view of the
EHR-embedded PRO data. For both measures, we tested for
equality of proportions across rheumatologists.

Usability Analysis
We summarized results from mHealth App Usability
Questionnaire (MAUQ) items, which were administered to
patients after they completed the study [16]. The MAUQ is a
validated instrument measuring mHealth app usability.
Specifically, we used the interactive versions of the ease of use
and satisfaction (MAUQ_E) and usefulness (MAUQ_U)
subscales of the questionnaire because they were most relevant
to this intervention. The MAUQ scales range from 1 (worst, ie,
strongly disagree with all questions) to 7 (best, ie, strongly agree
with all questions), with 4 meaning neutral.

For rheumatologists, we summarized the results of the System
Usability Scale (SUS) administered after all the rheumatologists’
patients had completed the study [17,18]. The SUS is a widely
used usability measure with a range from 0 (worst) to 100 (best),
with an average score across evaluations of 68‐70.

Barriers and Facilitators Analysis
We invited patients who had received a suggested early or
deferred visit to participate in an interview. We conducted those
interviews virtually and transcribed the recordings. Using
conventional content analysis, one research team member (RSR)
created a codebook and summarized the results using the

framework method, and a second research team member (DHS)
reviewed a portion of the results to confirm findings [19,20].
We used similar methods to analyze free-text responses from
patient survey results administered at study completion. When
presenting qualitative results from interviews, we used “some”
to indicate a finding was present in fewer than 5 responses,
“many” to denote greater than 5 responses, and “most” to denote
greater than half of the responses.

For rheumatologists, we summarized data from a survey
administered after study completion about how often they
offered patients the option to defer a visit and the reasons for
not offering that option.

All quantitative analyses were conducted in R (version 4.2.2;
R Foundation for Statistical Computing).

Ethical Considerations
This study was reviewed and approved by the institutional
review board at Mass General Brigham (number 2021P000790).
All written and audiovisual data (which were not anonymized)
were stored on secure servers accessible only to the research
team. Written consent was obtained for all patients to participate
in the trial and for the use of their medical data in analyses,
verbal consent was obtained for interviews, and consent
information was presented before all electronic survey questions.
Participants were compensated with a gift card for the trial and
a US $25 check for the interviews.

Results

Participants
Characteristics of the 150 intervention patients included in the
study are shown in Table 1. Patients were mostly female and
White.
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Table . Characteristics of patients using the mHealth app for rheumatoid arthritis (N=150).

ValuesCharacteristics

Sex, n (%)

125 (83.3)Female

25 (16.7)Male

62 (52-69)Age (years), median (IQR)

Race, n (%)

4 (2.7)Asian

5 (3.3)Black

136 (90.7)White

5 (3.3)Declined or others

Seropositivity status, n (%)

36 (24)Missing

39 (26)0

75 (50)1

1.4 (0.7‐4.5)CRPa,b, median (IQR)

DMARDc,d use, n (%)

93 (62)csDMARDe

90 (60)btsDMARDf

Other medications, n (%)

30 (20)NSAIDsg

55 (36.7)Corticosteroid

25 (16.7)Opioids

Comorbidities, n (%)

26 (17.3)Hypertension

15 (10)Obesity

7 (4.7)Depression

19 (12.7)Osteoporosis

aCRP: C-reactive protein.
bTwo values were missing for CRP.
cDMARD: disease-modifying antirheumatic drug.
dIt is common for patients to use more than 1 DMARD.
ecsDMARD: conventional synthetic disease-modifying antirheumatic drug.
fbtsDMARD: biologic or targeted synthetic disease-modifying antirheumatic drug.
gNSAID: nonsteroidal anti-inflammatory drug.

Intervention Usage
Four rheumatologists each had at least 15 patients in the
intervention and were analyzed as individual observations; the
other 7 rheumatologists were aggregated and treated as one
observation. The median percentage of PRO questionnaires
completed was 53.3% across all patients (Table 2). This
completion rate varied by rheumatologists, ranging from 40.7%
(the rheumatologist with the most patients) to 67% (the

rheumatologist with the third most patients). Differences in
completion rates between all rheumatologists or groups were
not statistically significant based on the Kruskal-Wallis rank
sum test (P=.50). The median number of months patients
answered questionnaires was 12 (IQR 9-12), with little variation
by rheumatologist; 56% (84/150) of patients completed at least
one questionnaire in the final month of the study. See app usage
by rheumatologists in Table 2 and over time in Figure 1.
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Table . App usage by rheumatoid arthritis patients grouped by their rheumatologist.

Patients who complet-
ed at least 1 PRO in the
final month of the
study, n (%)

Months with answered

questionnaires,d medi-
an (IQR)

Percent PROb question-

naires completed,c me-
dian (IQR)

Patient visits, nPatients, nRheumatologista

84 (56)12 (9-12)53.3 (34.1-69.2)443150All rheumatologists

Four rheumatologists with the greatest volume of study patients

26 (51)11 (8-12)40.7 (25.8-63.7)148511st highest

13 (52)12 (9-12)48.9 (34.1-64.8)68252nd highest

13 (65)12 (11-12)67 (49.5-78.6)53203rd highest

8 (53)12 (9-12)46.7 (44-61)49154th highest

All other rheumatologists

24 (62)12 (11-12)58.8 (47.3-72)125395th-11th highest

aOrdered by volume of study patients who receive care from that rheumatologist.
bPRO: patient-reported outcome.
cThe total possible PRO questionnaires offered were 182.
dNumber of months within the 12-month study in which patients answered at least 1 PRO questionnaire.

Figure 1. Patient questionnaire completion rates within the rheumatoid arthritis app over the 12-month study period. PRO: patient-reported outcome;
RADAI: Rheumatoid Arthritis Disease Activity Index.

There was variation by rheumatologist in the percentage of their
received messages that suggested a deferred visit, ranging from
18.9% of patient visits (the rheumatologist with the most
patients) to 37.7% (the rheumatologist with the third most
patients) (Table 3). In a 6-sample test for equality of proportions,

there was a statistically significant difference in the percent of
deferred visit suggestions received by rheumatologists (P=.03).
There were no significant differences among early visits. For
rheumatologist usage of the PRO data as measured by the
number of views, there was variation by rheumatologist ranging
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from 10.1% of patient visits (rheumatologist with the most
patients) to 66% (rheumatologist with the third most patients).
In a 6-sample test for equality of proportions, the difference

was statistically significant (P<.01), which means that at least
one value (number of views of PRO data per patient visit)
differed significantly from the others.

Table . Usage of rheumatologist-facing intervention information generated by the rheumatoid arthritis app, available within the electronic health record.

Rheumatologist views

of PROb data in EHRc,
n (%)

Messages sent to
rheumatologist suggest-
ing early visit, n (%)

Messages sent to
rheumatologist suggest-
ing visit deferral, n (%)

Patient visits, nPatients, nRheumatologista

78 (17.6)31 (6.9)108 (24.4)443150All rheumatologists

Four rheumatologists with the greatest volume of study patients

15 (10.1)8 (5.4)28 (18.9)148511st highest

11 (16.2)5 (7.4)13 (19.1)68252nd highest

35 (66)5 (9.4)20 (37.7)53203rd highest

7 (14.3)3 (6.1)18 (36.7)49154th highest

All other rheumatologists

10 (8)10 (8)29 (23.2)125395th-11th highest

aOrdered by volume of study patients who receive care from that provider.
bPRO: patient-reported outcome.
cEHR: electronic health record.

Usability
Of the 150 intervention patients, 88 completed the MAUQ
surveys with a median MAUQ_E of 6.3 (IQR 5.6-6.9) and
median MAUQ_U of 4.8 (IQR 4.1-5.6) (Table 4 and Figure 2).
Based on Figure 2, most patients found the app easy to use
across all questions. However, the usefulness of the app was
less clear for patients. Most patients agreed that the app “would
be useful for my health and well-being,” but about half of

patients were neutral about its usefulness on the other questions.
There was a small range across rheumatologists of the
aggregated MAUQ_E (6.2‐6.9) and a more substantial range
for the MAUQ_U (4.6‐6.3).

Of 11 participating rheumatologists, 10 completed the SUS to
assess the EHR-embedded dashboard and reported a mean of
68.25 (range 45‐82.5). (The average score for the SUS across
a wide range of apps is 68 (SD 12.5) [21].)

Table . Patient usability scores of the rheumatoid arthritis app at the completion of the 12-month study.

MAUQ_Ub, median (IQR)MAUQ_Eb, median (IQR)Patients, nRheumatologista

4.8 (4.1-5.6)6.3 (5.6-6.9)88All rheumatologists

Four rheumatologists with the greatest volume of study patients

4.6 (3.4-5.3)6.2 (5.5-6.6)311st highest

4.6 (4.2-5.0)6.3 (6.2-7.0)172nd highest

5.2 (4.3-6.3)6.7 (6.4-7.0)123rd highest

6.3 (5.7-6.6)6.9 (6.2-7.0)44th highest

All other rheumatologists

4.8 (3.8-5.3)6.3 (5.6-6.9)245th-11th highest

aOrdered by volume of study patients who receive care from that provider.
bThe mHealth App Usability Questionnaire for Ease of Use (MAUQ_E) and Usefulness (MAUQ_U) were rescaled from 1‐5 to 1‐7 (worst to best)
to be consistent with their standard use, with 1 indicating strongest disagreement with all questions and 7 indicating strongest agreement with all
questions.
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Figure 2. Rheumatoid arthritis app usability as measured by the mHealth App Usability Questionnaire for Ease of Use (MAUQ_E) and Usefulness
(MAUQ_U) for clinically integrated apps, administered at the completion of the 12-month study.

Barriers and Facilitators
We interviewed 39 patients shortly after their responses
triggered a message to their rheumatologist suggesting a possible
early or deferred visit. We also assessed free text comments
from 44 patients who completed the final study survey.
Facilitators and barriers are summarized in Table 5. The most
cited benefit of the intervention mentioned by patients was that

the app improved awareness of their symptoms: “I really enjoyed
using this app and felt like it gave me a great way to check in
with myself on my symptoms and take a pulse on how my RA
was” [Patient 78]. Patients described benefits both from being
aware of when their symptoms were worse and from recognizing
when they were feeling well, such as when a medication change
was working (“I’m in the green every time, it’s amazing!”
[Patient 141]).
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Table . Facilitators and barriers to rheumatoid arthritis patient engagement by intervention component based on interviews with users and open-ended
survey responses.

BarriersFacilitatorsIntervention component

Increased awareness of symptoms was perceived
as a benefit; graph of responses helped assess the
impact of medications

PROa questionnaires • Frequency: Too often for those with well-
controlled or stable symptoms, and too little
for those with changing symptoms, reduced
motivation to complete questionnaires

• Type: Questions did not always capture the
nature of symptoms; many wanted to record
free text notes

• Timing: Some had trouble remembering
symptoms during the prior 8 days

Discussion motivated patients to continue using
the app and be aware of their symptoms

Discussing PRO scores with rheumatologists • Lack of discussion reduced motivation to
continue using the app

Perceived time saved from avoiding unneeded
visits was viewed positively

Offers for deferred visits • Lack of knowledge that the app would in-
form visit timing reduced motivation to use
the app; perception that laboratory testing
needs would dictate visit timing impeded
the use of deferrals; receiving care from
multiple rheumatologists complicated visit
deferral decisions; living in different loca-
tions during the year reduced opportunities
for visit deferrals; concern about the ability
to find a visit slot in a suitable time frame
reduced interest in visit deferrals

Potential for early visits helped make patients
feel looked after; patients trust in rheumatolo-
gist’s judgment made them likely to accept an
earlier visit

Offers for early visits • Lack of clarity over whether symptoms

were RA-relatedb caused confusion over
whether an early visit was needed

App was viewed as easy to useUser experience with technology • Technical issues, the need for questionnaires
to be available earlier in the morning, and
the lack of SMS notifications were chal-
lenges to using app

aPRO: patient-reported outcome.
bRA: rheumatoid arthritis.

Although most of the patients we spoke with did not discuss
the app with their rheumatologists, many did, and most of those
patients were appreciative and motivated to use the app because
of it: “She said ‘well I can see on this graph’...it was definitely
comforting because I’m in the good part...so it was good she
brought it up” [Patient 28]; “I did discuss the app data with my
doctor...It was very helpful to review them with her” [Patient
180]. In a few cases, patients described examples in which
decisions regarding medications were made based on discussion
of the app data. In 2 cases, a patient described how the app data
helped inform the decision during a visit to further increase visit
intervals. Some of the patients who discussed the app data with
their rheumatologists said the app added little to their care: “I
was cognizant that [my doctor] looked at the app and has
referred to it in discussing my condition, but she is a sufficiently
good and attentive communicator that I didn’t notice much in
the way of changed communications with her (which I
considered excellent to begin with)” [Patient 145].

However, many patients were not aware that their
rheumatologist has access to or viewed the data: “My doctor
and I have never discussed the use of this app. I’m not even
sure she knows about the app” [Patient 144]. This reduced

motivation to use the app: “I was disappointed that the app was
not used at all, really, in my care. I felt that the information just
went into cyberspace and was never heard from again” [Patient
119]; “I don’t see any connection between the app and the care
I receive with my particular rheumatologist...I found it
interesting that she didn’t bring it up so that gave me the
message that she doesn’t find it helpful in her decision making”
[Patient 30]. One patient noted a disconnect between her
impression of the primary purpose of the app (for her
rheumatologist to oversee her PRO responses and reach out if
needed) and her rheumatologist’s view of the app’s main
purpose (for patient self-management).

Of the 5 interviewed patients who reported receiving a call
offering them the option to defer their visit because of stable
symptoms they reported in the app, 3 accepted the offer to defer
the visit: “Not having to take the trip down to Boston from
Maine, as long as [my doctor] thought was fine, we said okay
and we rescheduled it [from September until November]”
[Patient 200]. One of those patients had a symptom flare shortly
after electing to defer the visit: “the following week I had a bad
rheumatoid attack and I thought ‘oh shoot I should have kept
that appointment’ but I think it was okay” [Patient 190]. Two
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decided to keep their appointment: “when she called me I was
in the middle of...about 5 different joints that were inflamed
and so I said to her that I’d like to keep the visit” [Patient 145].
When asked about the potential to receive such a call, almost
all patients interviewed had a positive view: “If I’m feeling well
and it’s just kind of a check-in, then I wouldn’t need to drive
into Boston for it” [Patient 70]; “I’d do a cartwheel...it is such
a hassle [to drive into Boston]...traffic can be brutal” [Patient
141].

The only patient we interviewed who received a call from the
clinic offering them the option for an earlier visit based on their
PRO data believed that they did not need to come in early for
their RA. When asked about the potential to receive such a call,
almost all patients interviewed had a positive view: “when you
have to call in...you’re hesitant to do that because you know
you’re always wondering ‘oh is this something that’s just going
to pass in a little while’...whereas if you guys could actually
see the graph changing and call...it is comforting” [Patient 28];
“I think that would be great!...I’d feel like I’m not just spinning
the wheel for nothing, answering the questions” [Patient 70].
However, a few believed they were already in good

communication with their rheumatologist and would have
contacted them if they needed help: “Very likely I would’ve
already been there...I would’ve already thought to give her a
call and let her know I’m not feeling great” [Patient 30].

About half of patients interviewed or who provided free text
comments on the survey mentioned challenges related to the
app questionnaire: some found them too frequent (“I did not
see the value and found the number of surveys excessive and
as I am in remission” [Patient 84]); some found them not
frequent enough (“Every day would be better than every other
day because you know if you do it every day then you know
when you miss a day” [Patient 103]); and some found them
inadequate for capturing their relevant symptoms (“This app
did NOT capture the total wellbeing of the patient. It is strictly
about joints. My RA involves my lungs” [Patient 3]).

Of the 11 rheumatologists, 10 completed the final survey (Table
6). Responses showed that the major barrier for rheumatologists
not offering deferred visits was that they were already
scheduling patients out as far as they were comfortable with.
The complexity of rescheduling visits and the need for patients
to come in for labs anyway were also notable barriers.
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Table . Rheumatologist survey of reasons for not offering patients the option to defer a visit, administered after completion of the 12-month study.a

Indicated at least onceIn top three, ndTop ranked, ndReasons for not offering patients

with stable PROsb the option to de-

fer a visitc

Yes10I am too busy to spend time decid-
ing if the visit could be delayed

Yes10Most of my patients should come in
even if their PROs are stable

Yes51Most of my patients need to come
in for labs anyway

Yes62Rescheduling visits makes schedul-
ing more complicated for me and
my staff

No00Rescheduling visits increases my
workload by removing easier visits

Yes83I am already scheduling patients as
far out as I am comfortable with

Yes00If the open slots from a delayed
visit are not filled, there will be lost
revenue

No00I do not trust the PRO data to inform
the decision to delay a visit

Yes20Delaying a visit could complicate
prior authorizations

Yes10My time needed to determine if the
visit could be delayed and not reim-
bursed

Yes00Othere

aN=10 responses; 1 rheumatologist had left the clinic, and all others responded.
bPRO: patient-reported outcome.
cExact wording for questions: You received in-basket messages suggesting delayed visits during the study about patients with stable PROs who had
visits scheduled in 2 weeks. The messages suggested that you consider asking your assistant to call the patient and give them the option to delay the
visit. (1) Of these in-basket messages, please estimate how many for which you gave the patient the option to delay the visit (choose 1 response): none,
some, all. (2) For patients for whom you did not offer a delayed visit, what do you think were the primary reasons? Rank all factors that influenced you
(1=most influential and so on). (3) Please add any other thoughts you have about offering patients the option to delay a visit based on their PROs. (Write
as much or as little as you’d like.)
d“Top ranked” means the respondent listed the item as their first choice. “In top three” means the respondent listed the item as their first, second, or
third choice. Some respondents did not rank their responses numerically but rather selected options using an ‘x’—we did not count those in the “top
ranked” and only included them in the “top three” if they selected three or fewer.
eOne rheumatologist wrote, “some patients seem to want to come in anyway, even if they don’t have to come.”

Discussion

Principal Results
Our examination of intervention usage, usability, and barriers
and facilitators provides some potential reasons—from both
rheumatologist and patient perspectives—for why our prior
study did not find an effect of an intervention designed to
improve visit follow-up frequency.

From the rheumatologist perspective, although usability of the
EHR-embedded dashboard was satisfactory, use of the
dashboard varied substantially across rheumatologists, with
most using it in a small percentage of visits. Many participating
rheumatologists did not offer patients deferred visits because
they were not comfortable increasing visit intervals any further,
believed rescheduling visits was complicated for them and their

staff, or allowed the laboratory testing schedule to determine
visit timing.

From the patient perspective, most continued to use the app in
the final month of the study and found the app easy to use as
measured by the MAUQ_E. The MAUQ_U scores were less
favorable, suggesting that patients found the app less useful
than easy to use. Relatively few disagreed that it was useful,
but many were neutral on its usefulness. While some interviewed
patients found the app useful to improve self-awareness of their
symptoms, many found the questionnaires too frequent, and
one patient found that the lack of questionnaires about
nonarticular symptoms was problematic. Some patients were
not aware that their rheumatologist would use their reported
data to determine visit timing (which was correct in some cases)
or that their rheumatologist even had access to these data, which
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reduced their motivation to complete the questions. However,
patients were largely enthusiastic about the idea of reducing the
need for visits because of the time it could save them. Although
some patients liked the idea of being called for earlier visits,
many were skeptical that the data they reported in the app would
be useful to their rheumatologists to help inform that decision.

Implications and Comparison With Prior Work
Although we identified several rheumatologist- and
patient-facing barriers, the participants who engaged in the
intervention provided a proof of concept that this intervention
has the potential to improve the efficiency of face-to-face visits
by facilitating visit deferrals when patients have stable
symptoms. Between-visit symptom monitoring has other
benefits, such as helping patients be more aware of their
symptoms so they can get help sooner and facilitating
discussions of symptoms during visits [14,15,22-26]. This work
provides early evidence that improving visit efficiency can be
added to that list of potential benefits. Qualitative data and the
wide range of dashboard usage by rheumatologists suggest that
clinician engagement is likely the critical factor that determines
the extent to which visit deferrals will be offered and patients
find the app useful. Other clinically integrated digital
interventions have also encountered this challenge [27-29].

Clinician-facing enhancements may include generating evidence
of the benefits of further spacing out visits to improve buy-in,
simplifying the patient rescheduling process, and making
patients preferences for longer visit intervals available to them.
Patient-facing enhancements may include personalizing the
timing and topics of the questionnaires based on patient
responses or specified preferences, allowing the patients to add
notes to elaborate on their symptoms when the questionnaires
do not adequately capture them, assessing patient interest in
changing visits, and informing patients within the user interface
of how their rheumatologists will use the data. These
enhancements require additional design and user testing. This
approach may also prove promising in other medical specialties
such as pulmonology and cardiology, which will also require
additional design effort.

To our knowledge, this is the first attempt to use data collected
between visits to inform visit timing in the United States. Prior
work in rheumatology has attempted to free up appointments
using scheduled nurse phone calls but did not base decisions
on longitudinally collected patient data [13]. A recent
rheumatology trial in the Netherlands found that app-supported
patient-initiated care achieved comparable clinical results with
fewer rheumatology consults for patients with stable low disease
activity [12].

Limitations
This work has several limitations. First, the intervention was
implemented in one academic health center with 11

rheumatologists who lacked direct incentives to be more
efficient with visit timing. Other settings with different
incentives may have had different experiences with the
intervention. Second, the clinical logic for when an EHR inbox
message was sent to the rheumatologists suggesting early or
deferred visits was determined based on the expert opinion of
one rheumatologist (DHS) with review and agreement by the
participating study rheumatologists rather than through empirical
evaluation. Therefore, the logic may have suggested changes
to visit timing that were not appropriate or missed opportunities
to change visits that were appropriate. Third, we were unable
to comprehensively attribute an actual early or deferred visit to
an app-generated message because we did not have data for
when a provider initiated a patient outreach to offer an early or
deferred visit in response to a study-generated message (that
data is not recorded reliably or systematically in the EHR).
Finally, responses to the rheumatologist survey may be
influenced by social desirability bias [30]. Specifically, it is
notable that none indicated that removing easier visits would
be a barrier, and few selected barriers related to revenue and
reimbursement, which may nonetheless be important factors to
some clinicians.

Conclusions
Informing visit timing systematically based on data collected
from patients between specialty visits would, among other
benefits, represent a fundamental advance in health care
delivery—a move from one-size-fits-all visit timing to
data-informed determinations that personalize care to individual
patient needs. We examined how a PRO-focused mHealth app
for RA might contribute to deferring unneeded follow-up visits.
The app suggested many opportunities to defer visits, some of
which resulted in rescheduling visits, though many did not.
Based on our quantitative and qualitative results, clinicians had
inconsistent buy-in, which patients perceived. The experience
of the rheumatologists who did engage in the intervention and
the patients who received the option to defer a visit provide a
proof of concept that this intervention has the potential to
succeed in reducing visit frequency if further enhanced based
on user-centered design to improve clinician engagement and
patient-perceived usefulness. It is also possible that in different
health care settings, that is, nonacademic practices, or when
used by clinicians practicing under different incentives (eg,
capitation and performance measures relevant to access), such
an app that allows for rescheduling patients may achieve greater
uptake and produce significant improvements in access. Directly
addressing clinician buy-in is likely the key factor and requires
experimentation with different kinds of implementation
strategies, such as stronger leadership support, audit feedback,
and direct incentives. If successfully adopted, this type of
intervention may reduce per-patient visit frequency, improve
patient satisfaction, and improve access.
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Abstract

Background: Social media health interventions have grown significantly in recent years. However, researchers are still developing
innovative methods to meaningfully engage online communities to inform research activities. Little has been documented describing
this approach of using online community advisory boards (CABs) to co-create health communication interventions on social
media.

Objective: This study describes the formation, engagement, and maintenance of an online CAB focused on co-creating a health
education intervention for parents regarding the human papillomavirus (HPV) vaccine. The study provides guiding principles for
public health researchers implementing such CABs in future digital health interventions.

Methods: In May 2020, Twitter was used to recruit parents of children aged 9‐14 years, who were active users of the platform
and were interested in serving on a CAB focused on child health and online programs. The recruitment campaign included Twitter
(rebranded as X in 2023) advertising tools (eg, “interests” and “audience look-a-likes”). A total of 17 parents completed a screening
survey and 6 completed a follow-up phone interview. Following phone interviews, 6 parents were invited to join the CAB, where
they committed to a 1-year involvement. The CAB participated in eleven 1-hour online meetings in the first year, contributing
to monthly feedback through participatory workbooks. Long-term engagement was sustained through icebreakers and casual
online interactions, as well as providing real-time updates to demonstrate CAB feedback integration. An anonymous midterm
evaluation was conducted at the end of the project’s first year to assess processes and identify future growth opportunities.

Results: A total of 6 parents (5 females and 1 male) with children aged 9-14 years from diverse racial and ethnic backgrounds
(African American, South Asian American, and White) across 6 states in the United States, representing urban, suburban, and
rural areas, agreed to serve as CAB members. All 6 CAB members committed to 1 year of service beginning in July 2020 with
4 extending their participation into a second year (August 2021-August 2022). The CAB provided expert insights and feedback
to co-develop the intervention, including character development, narrative content creation, study recruitment, survey development,
and intervention delivery. The midterm evaluation showed 100% (6/6) satisfaction among CAB members, who valued the
connections with other parents and their contribution to research. While all members felt confident discussing HPV, 83% (5/6)
suggested diversifying the group and increasing informal bonding to enhance engagement and inclusivity, especially for differing
vaccination views.

Conclusions: This study demonstrates that online CABs are a highly effective model for co-creating and informing online health
communication interventions. The engagement of parents from diverse backgrounds and the structured use of online tools (eg,
interactive workbooks) creates a constructive and thoughtful environment for incorporating parent contributions to research. This
study highlights guiding principles to forming, engaging, and maintaining an online CAB to enhance health research and practice.

(JMIR Form Res 2025;9:e65986)   doi:10.2196/65986
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Introduction

Community advisory boards (CABs) are a widely integrated
methodology in participatory health research to understand
community needs, advise research, and ultimately improve
health behaviors or health outcomes [1]. Comprising community
members, leaders, stakeholders, and others, CABs are united
by a common health interest, identity, status, or experience [2].
In the field of public health, CABs are integral to research
programs to provide unique perspectives and guidance related
to proposed research questions and interventions. Researchers
often implement participatory strategies and inspire innovative
discussions that lead to novel approaches to address
health-related issues that are aligned with community needs [3].
Over time, as community needs evolve and change, CABs can
also shape the development and adaptation of interventions to
better align with those identified needs. Engaging community
members early and often in the research process is an effective
strategy to increase efficacy of the designed intervention,
enhance transparency, and reduce population-level disparities
[4].

In the context of child health, advisory boards consisting of
parents or caregivers are essential for ensuring that public health
research and interventions are aligned with family values and
needs [5-7]. CABs comprising parents and caregivers have
addressed a wide range of public health topics including but
not limited to asthma [8], Early Head Start programs [9],
childhood obesity [10], and childhood vaccination [11]. For
parents, opportunities to engage in research focused on child
health have been shown to be driven by altruistic motivations,
previous experience in research or health care, and desire to
share personal perspectives [12]. Parents are often the ultimate
decision makers when it comes to their child’s health;
incorporating their input and understanding their perspectives
provides important insights into facilitating the adoption of
health behaviors among children.

As public health research and practice are incorporated more
into the social media and online environment, the need for online
CABs is essential. For parents, online and internet-delivered
health interventions targeting child health continue to grow
[13-15] and CABs will be an important approach to engage and
work alongside diverse communities. Already, online
opportunities to engage parents in research have allowed
participation of varied perspectives across diverse geographies
and facilitated ease of involvement by working around
demanding parent schedules [12]. By shifting to the online
environment, research teams can engage diverse populations
through flexible and accessible means. Heightened flexibility
allows researchers to swiftly adapt to the evolving needs of the
community, as well as the ever-evolving nature of social media
platforms and the online environment.

Engaging with diverse populations with varied perspectives is
crucial to fostering trust, developing culturally relevant and

accepted interventions, and encouraging participation in health
behavior interventions [16]. This is further bolstered by
expanding into the sphere of community-based participatory
research through online platforms. Furthermore, as elements of
everyday life increasingly transition to online platforms, the
need for robust online CABs becomes paramount. This aligns
with the broader trend of hybrid and remote work environments
following the pandemic [17], offering flexibility that
accommodates the diverse schedules and locations of members,
similar to how many jobs and careers have adapted to remote
work.

While the need to integrate online CABs into public health
research is apparent, particularly as social media becomes an
increasingly influential health intervention tool, there is a gap
in evidence regarding the process of developing and maintaining
online CABs. Addressing this gap is essential to promote
thoughtful and systematically replicable online CABs in future
public health efforts. Guiding frameworks play an important
role in the development of effective CABs by providing
researchers with structure and strategies for engaging CAB
members from creation to evaluation [18]. Scholars interested
in evaluating processes related to community-engaged advisory
strategies have adapted earlier frameworks to meet the needs
of systematically evaluating CABs [2]. The framework by
Newman et al [2] identifies 3 primary domains that support the
necessary functions of community advisory boards: formation,
operation, and maintenance. Other researchers have found utility
in following this guidance as well [19]. This study uses the
framework developed by Newman et al [2] with some slight
modifications in terminology; we refer to the “operation”
domain labeled by Newman as “engagement.”

This case study contributes to limited evidence on approaches
and procedures for developing online CABs. We provide a case
study, focusing on the development of human papillomavirus
(HPV) vaccine messages for parents who use Twitter (rebranded
as X in 2023), a microblogging social media platform, to share
evidence and findings to support the development of future
online CAB creation. Briefly, the HPV vaccine is an important
topic for child and adolescent health, and parents are critical
stakeholders in deciding whether their child receives the HPV
vaccine. The HPV vaccine is routinely recommended for males
and females between the ages of 9 and 12 years and can also
be administered up to the age of 26 years and older in some
cases [20]. The vaccine protects against certain strains of HPV
that are associated with various cancers, including cervical,
anal, throat, and penile cancers, as well as genital warts [20].
Parent involvement in online CABs is supported by previous
studies showing that the inclusion of parents in HPV vaccine
communication interventions resulted in improved vaccination
rates [21], decreased vaccine hesitancy [22], as well as increased
education and knowledge [23].

In this study, we describe how we assembled an online CAB
consisting of parents from across the United States to serve in
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an advisory role in the development of an online intervention.
The goal of the CAB was to co-create a social media
intervention on Twitter to serve as an information source for
parents when deciding to get the HPV vaccine for their child.
We used the framework by Newman et al [2] of formation,
engagement, and maintenance to organize our Methods, Results,
and Discussion sections. The purpose of this study is to describe
promising strategies to be used and adapted for the creation of
online CABs, ultimately to continue to support the development
of participatory online health research and practice.

Methods

Formation
To initiate the creation of the online CAB, the study team first
clearly defined the purpose, roles, expected functions, and
membership and recruitment strategies tailored to an online
format [2]. It was determined the CAB would assume an
advisory role to provide support, feedback, and review of digital
materials based on the project’s needs. Given the study’s focus
on developing an online digital health intervention delivered
through Twitter, recruitment was purposefully conducted on
the same social media platform to align with the target audience.
To recruit potential CAB members, the study team leveraged
Twitter Ads Manager’s Promoted Ad feature to create and
disseminate targeted advertisements aimed at parents with
children aged 9‐14 years in the United States. At the time this
study took place, the platform allowed extensive targeting
capabilities and enabled the team to specify demographic filters
and audience interests for purposive recruitment. Figure 1 shows
an example of these recruitment ads.

In May 2020, parents were recruited using Twitter‘s “Promoted
Ad” feature, which allowed the team to target broad user groups

by specifying specific demographics, interests, and online
behaviors and connections [24], making it a useful tool for
online CAB recruitment as well as study participant recruitment
more broadly. All advertisements were tailored based on age,
gender, location, and language. To maximize outreach and
engagement within the online environment, the study team
optimized targeting by filtering for specific “keywords,”
“interests,” “conversation topics,” and “follower look-alikes”
to reach parents with children aged 9‐14 most likely to engage
with the intervention platform. Table 1 provides a detailed
breakdown of ad parameters, including follower look-alikes
targeting, where the ads targeted parents with similar interests
to followers of popular parent-related accounts on Twitter.

Interested parents were directed to an online screening survey
linked within the promoted ads. The survey collected
demographic information, Twitter and other social media usage
patterns, and HPV vaccine awareness. Multimedia Appendix 1
provides the full list of screening questions. Parents who met
the selection criteria (ie, used Twitter at least once a week, had
a child aged 9‐14 years, and agreed to be contacted by the
study team) were then invited to online interviews conducted
through videoconferencing by a member of the study team.

The interview guide, provided in Multimedia Appendix 2,
collected information about the individual’s background, interest
in the project topic (ie, HPV vaccination), and assessed their fit
as potential CAB members. The interviews also served as an
opportunity for the study team to provide more detailed
information about the project, the online nature of the CAB,
member responsibilities, compensation, and next steps. CAB
responsibilities described included the anticipated time
commitment (ie, 10 online meetings over one year beginning
in August 2020).

Figure 1. Recruitment advertisement graphic used on Twitter to recruit parents to the online community advisory board in May 2020.
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Table . Twitter ad parameters used for recruiting parents to the community advisory board in May 2020.

Ads for fathersAds for mothersDefinitionParameter

MaleFemale—aSex

25-5425-54—Age range (years)

United StatesUnited States—Location

Target or exclude people who
searched for, tweeted with, or en-
gaged with keywords.

Keywords •• DadMom
• •Parent Parent

•• HealthFamily
• •Health Parenting

•• FamilyParenting

Choose broad or narrow interests to
reach the right people

Interests •• Parenting teensParenting teens
• •Health news and general info Health news and general info

Target people who tweet about or
engage with specific conversation
topics.

Conversation topics •• Parenting teensParenting teens

Target people with interests similar
to an account’s followers. For exam-
ple, enter @TwitterAds to target
people likely to be interested in ad-
vertising on Twitter.

Follower look-alikes •• @FatherlyHQ@ScaryMommy
• •@AmerAcadPeds @LifeofDadShow

•• @AmerAcadPeds@MomCentral
• @RookieMoms

aNot available.

Engagement
CAB members collaborated with the study team to establish
key activities, leadership structure, and operating principles.
The group collectively determined meeting frequency, refined
member roles and responsibilities, and reviewed the online
research processes, including obligations to the University’s
Institutional Review Board, as well as the study design and
procedures. The remote nature of the CAB allowed for us to
adopt a flattened hierarchy to ensure equal responsibility and
input among members without a formal leadership structure.

Recognizing the importance of capturing meaningful, systematic
feedback in an online setting, the study team developed
interactive online workbooks that included questions, examples,
and open-ended prompts to elicit parent input on project
materials. These workbooks were shared digitally with CAB
members one week before each scheduled monthly meeting, as
members indicated this to be the optimal time frame for
preparation. Completed workbooks were analyzed by the study
team to identify themes for discussion during meetings. The
workbooks served as a structured and accessible tool for
gathering organized feedback on topics such as parenting
experiences and HPV vaccine perceptions. Multimedia
Appendix 3 provides an example workbook used to solicit input
and feedback on developing non-narrative messages for the
intervention.

For virtual meeting logistics, each session began with a short
icebreaker to build rapport among members, workbooks were
then discussed at length, giving CAB members an opportunity
to provide real-time feedback on workbook topics. All meetings
were recorded, and meeting minutes were distributed digitally
to both the study team and CAB members, ensuring those unable
to attend (which was rare) could stay updated. This online

approach enabled flexibility and sustained engagement,
accommodating busy schedules and parental responsibilities.

Feedback from the CAB was incorporated iteratively into the
study. The study team maintained transparency through regular
online updates, presenting how CAB suggestions influenced
the intervention design and delivery. This iterative process
strengthened trust and collaboration in a fully online setting.

Maintenance
To evaluate the success and identify challenges encountered by
CAB members during the first year, an anonymous midterm
was conducted in July 2021, using an online survey and
videoconference discussions at the end of the first year. The
evaluation included measures examining the overall member
satisfaction, meeting logistics, quality of activities and
involvement, and what they envisioned for the future of the
CAB. Multimedia Appendix 4 provides the full list of midterm
evaluation questions.

To encourage sustained engagement, multiple digital strategies
were used, including compensating members for their time and
participation (ie, US $40 for workbook preparation and meeting
attendance), conducting regular online meetings (ie, monthly
during the first year) through videoconferencing, and sharing
annual progress presentations to highlight study progress and
CAB contributions to the study. To further celebrate their
involvement, CAB members were provided a certificate of
membership at the conclusion of the 1-year commitment. CAB
members were invited to continue their participation for another
year, extending their advisory role until August 2022. After
completing the midterm evaluation, CAB activities were
adjusted based on feedback collected and the remaining
activities in the project lifecycle. Figure 2 provides an overview
of the CAB activity timeline.
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Figure 2. Project timeline of community advisory board activities (May 2020-August 2022). CAB: community advisory board.

Ethical Considerations
Evaluation activities were deemed exempt by the University of
Arkansas Institutional Review Board (protocol 2108351667).
All results presented in this manuscript are anonymous or
deidentified, with no identification of individual CAB members
included in the paper or supplementary materials. In addition,
CAB members were compensated for their time and
participation in the project, receiving US $40 in e-gift cards per
meeting (US $20 for completing a workbook and US $20 for
attending the meeting).

Results

Formation
In May 2020, as a part of a targeted social media recruitment
campaign on Twitter, 17 parents completed the CAB screening
survey. Of the 17, 6 responded to requests for an interview

through videoconferencing. Following these interviews, all 6
parents were invited to join the parent advisory board, with all
6 accepting the offer. Table 2 details the CAB membership
consisting of 5 mothers and 1 father, reflecting diversity across
several key dimensions. The CAB represented diversity in terms
of geography (Texas, Illinois, Pennsylvania, Indiana, Georgia,
and Washington DC), community-type (urban, suburban, and
rural), vaccination experience (half have vaccinated their child,
though none were against getting the HPV vaccine for their
child), and race and ethnicity (Black or African American, South
Asian, Hispanic, and White).

Parents committed to 1-year involvement, which included
participation in monthly online meetings. At the conclusion of
the first year, 2 members stepped down due to personal
commitments, while 4 members elected to remain active
advisors to the project for an additional year, until the project’s
completion.

Table . Community advisory board demographic composition (deidentified), July 2020.

Vaccination perspectiveCommunity typeLocationRace and ethnicityParental role

Vaccine advocateUrbanWashington, DCBlackMother

Vaccine advocateRuralIndianaWhiteMother

Vaccine hesitantSuburbanGeorgiaWhiteMother

Vaccine advocateUrbanPennsylvaniaHispanicMother

Vaccine advocateSuburbanMarylandSouth AsianMother

Vaccine advocateUrbanTexasBlackFather

Engagement
During the first year of the study, the CAB actively participated
in 11 1-hour meetings conducted through Zoom (Zoom
Communications). Meetings were held in the evening, typically

7 PM Eastern Time, to best accommodate parents’ schedules
across time zones. As the study transitioned into its second year
and moved into the implementation phase, meeting frequency
was reduced to six 1-hour meetings over one year. This
adjustment reflected the reduced need for iterative feedback.
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The CAB provided valuable feedback on a range of HPV
vaccine topics informed by their lived experiences as parents.
Key contributions included identifying scientifically relevant
messaging for the HPV vaccine, developing personas and
refining the storylines used in the narrative communication
intervention [25], co-creating Twitter messages, and reviewing
study recruitment ads. Table 3 describes how CAB input
informed various aspects of the intervention, as well as survey
refinement and pilot testing of materials.

CAB involvement ultimately led to the development of a 2-week
HPV vaccine intervention delivered on Twitter. The intervention
included eight topics related to the HPV vaccine: (1) character
introductions, (2) vaccine normative beliefs, (3) vaccine
knowledge and awareness, (4) vaccine accessibility, (5) vaccine
safety, (6) HPV vaccine for boys, (7) vaccine disparities and
equity, and (8) cancer prevention. Multimedia Appendix 5
provides examples of the first two topics, or “chapters,” of the
program, entitled “Meet the parents!” and “Parents are getting
their kids the HPV vaccine.”
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Table . Examples of community advisory board’s impact on quality, reach, and outcomes of the intervention (July 2020-August 2022).

CAB feedback and integrationCABa activity goalTimeframeTopic

July 2020-December 2021CAB formation and project integra-
tion

•• “Having the full study team
present is not a problem-it is
actually an advantage to be
able to put names and faces to-
gether”

Create CAB operating proce-
dures

• Inform study activities with
CAB input and feedback.

• “I really enjoy the breakout
rooms and feel we can speak
about the topic but also get to
know the other members a bit
better.”

• “I like the mix of face to face
zoom meetings and pdf work-
books.”

January 2021-May 2021Persona development •• “Many elements of this [per-
sona] description remind me
of myself or some in my clos-
est circle.”

Alter personas to be more rele-
vant and relatable.

• “As I was reading [the persona
descriptions], I could name
specific people in my life who
fit the characteristics of each
character.”

April 2021-August 2021Intervention content creation •• “Knowledge and awareness
has to come first to introduce
the HPV vaccine into the gen-
eral conversation. With infor-
mation about accessibility, the
audience can learn that [HPV
is] not something that only
certain people can get…”

Identify key themes for present-
ing information in the interven-
tion.

• Review narrative intervention
content.

• “Love the images and think
they will be effective for com-
munities of color in particular
and all parents in general.”

• “The use of gifs and memes is
great.”

April 2021-December 2021Survey development •• “People have very different re-
lations with their providers and
that plays a role in their deci-
sion making, making it impor-
tant to include.”

Ensure questions are relevant
to parents and their vaccine
decision making.

November 2021-August 2022Study recruitment •• “I’d like more graphics to
share for recruitment”

Develop recruitment ads with
relevant language and images.

December 2021-August 2022Intervention delivery •• “The order of tweets showing
up in the feed is confusing and
out of order.”

Advise on the various ways
parents use Twitter.

• Advise on the logistics of im-
plementing the intervention on
Twitter.

• “Using [Twitter] threads [to
deliver the intervention],
makes the most sense.”

aCAB: community advisory board.

Maintenance
Table 4 shows the summarized themes from the midterm
evaluation, and the full list of evaluation questions is provided
in Multimedia Appendix 4.
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Table . Qualitative themes of the anonymous community advisory board (CAB) midterm evaluation (July 2021).

Illustrative findingSubthemeTheme

Function of the CABa •• Online meetings after normal business hours
work best.

Frequency
• Convenience

• Parents are happy with the meeting time
and meeting frequency, and some would
like to meet more often.

CAB research engagement •• All parents expressed confidence in describ-
ing the project and purpose of the advisory
board.

Confidence
• Knowledge building

• Everyone feels a great deal more knowledge-

able about HPVb and the HPV vaccine since
joining the advisory board.

• All parents thought their input was well in-
corporated into the project.

Quality of the CAB •• Parents largely feel safe and comfortable
sharing ideas and opinions.

Comfort
• Collaboration

• Some discomfort sharing unpopular opin-
ions (eg, vaccine hesitancy).

• Parents really enjoy working with one an-
other and appreciate the connection they
have with other board members.

Next steps for the CAB •• All parents feel that it would be beneficial
to recruit additional, more diverse people
to join the advisory board.

Increased diversity

• Parents have an interest in participating in
additional research activities

aCAB: community advisory board.
bHPV: human papilloma virus.

The midterm evaluation highlighted a high level of satisfaction
among CAB members regarding their experience as advisory
board members. Members particularly valued the connections
they formed with other parents and their ability to contribute
meaningfully to research in real time. All 6 CAB members
reported that the monthly meeting frequency, timing, and format
were well-suited to their needs as parents. However, 2 members
suggested that additional meetings could further strengthen their
connections with other members.

[Meeting logistics are] just right. It would be nice to
maybe have a meet-up that isn’t HPV-related so we
can bond more. I really enjoy getting to know
everyone. [CAB member 4]

I don’t know that anything can be done to improve
the format. I think the team has done a very good job
of facilitating the meetings.

[CAB member 1]

I love the communication! Everyone is so nice and
fun to speak with. Even when we disagree it is never
an issue. Maybe we should have a group chat. [CAB
member 5]

CAB members unanimously expressed confidence in describing
the project to other parents and indicated that they gained more

knowledge related to HPV and the HPV vaccine since joining
the advisory board.

I personally felt like I was knowledgeable about HPV
and the vaccine but this experience helps me
understand it on a more deeper and informative level.
[CAB member 4]

The presentation we had regarding the HPV vaccine
helped give me a clear understanding of the history,
efficacy and uses for the vaccine. I have used some
of the information that I learned and have used it
while talking to friends and family about the HPV
vaccine. [CAB member 3]

I think I just took for granted that I knew enough
about HPV and the HPV vaccine to understand it as
being one more required shot kids need. I assumed it
to be a simple STD, but now appreciate the wider
repercussions of not getting vaccinated against it.
[CAB member 5]

The most enjoyed aspects or activities of the CAB members
were expressed as: being part of a group that is improving the
lives of their children, learning about HPV vaccination, learning
about other parent perspectives, and seeing the project grow,
being a part of a parent-led group, contributing to scientific
research, and learning about HPV more broadly.
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That I am actually a part of something that will help
my son and generations to come. [CAB member 5]

It has been really enjoyable to watch the project grow
from the beginning to where it is now. I’ve also
enjoyed hearing everyone’s different perspectives.
[CAB member 3]

Our group was able to create an authentic
appreciation of the importance for work like this. It’s
not just another social media survey, but real
scientific research. [CAB member 4]

Despite the positive feedback, areas of improvement were
identified. While all 6 members expressed comfort with sharing
their input with the full project team and CAB members, 5 felt
more comfortable doing so during the smaller breakout sessions.
This underscores the need to create a safe and inclusive space
for parents to voice diverse or unpopular opinions, including
vaccine hesitancy. In addition, members emphasized the
importance of recruiting more parents with diverse backgrounds
and perspectives to enrich group discussion, particularly those
with differing views on vaccination.

I do think we need new members to diversify the group
and add new voices and ideas.

[CAB member 3]

I feel that most everyone on the team is in complete
support of the vaccination and is not really open to
my questioning of the vaccinations.

[CAB member 2]

It always takes me a little while to warm up to new
groups, but a tone of openness and support was
established early on that made our group a safe
space! [CAB member 6]

Discussion

Principal Findings
This study describes strategies used for forming, engaging, and
maintaining an online CAB for a parent-focused HPV vaccine
intervention developed for social media. We strategically
leveraged social media tools to recruit parents from the same
social media platform where the intervention would be delivered
(ie, Twitter). To engage with the CAB, we implemented
interactive workbooks to ensure that every member had
opportunities to provide input and feedback on intervention
content and study direction. These digital tools streamlined the
collection of data and facilitated meaningful discussions despite
geographic barriers. An anonymous midterm evaluation was
conducted to assess the first year’s outcomes and build upon
successes, with 4 of the 6 CAB members continuing to advise
on the project during its final second-year phase.

By using social media–based strategies to establish the CAB,
we successfully increased the relevance of health materials for
parents, improved the interventions reach, and enhanced its
overall quality. The recommendations from the CAB
significantly influenced the development and delivery of the
intervention, while the online format enabled greater flexibility
and accessibility for participants. To guide this process, we

applied and adapted the Newman et al (2011) framework for
community advisory boards, synthesizing best practices of
community-based participatory research to focus on three key
domains: formation, engagement, and maintenance. These
domains provided an essential structure for successful
operations, ensuring that the virtual CAB we formed effectively
represented community interests and contributed effectively to
the research process [2].

Online CAB Formation
We found the need to clearly define the unique purpose, roles,
functions, and responsibilities of an online advisory board to
be paramount and supported by previous work [26]. There was
great utility in applying Newman’s framework, which was
originally designed for in-person CABs, to the development of
online CAB [2]. While it can be challenging to build trust,
transfer accurate knowledge, and maintain communication in
in-person interactions, these challenges can be further amplified
in the online environment as other researchers have also noted
[19,27,28]. To address this, our approach emphasized
establishing clear digital communication strategies, fostering a
sense of community that grew beyond the project, and ensuring
that all members felt equally involved and respected. Our study
builds on these principles and details the promising approaches
we encountered so that future research can replicate our
processes of building a supportive environment and collaborative
spirit, as online interventions and online advisory boards
continue to expand.

Social media played a critical role in the recruitment and
formation process of the CAB and this finding adds to the
growing body of evidence supporting this important and
effective tool [27]. By using Twitter’s targeted advertising tools,
in addition to our recruitment survey and interviews, we reached
a population of parents with diverse thoughts, backgrounds, and
parental experiences. We prioritized the recruitment of vaccine
naïve parents who were interested in learning about the HPV
vaccine. Notably, intention to vaccinate their child was not a
factor in determining who was interviewed or selected for
membership, allowing us to include a wide range of
perspectives. This decision draws from research demonstrating
the need to be intentional in building an advisory board with
diverse experiences and perspectives [29]. By embracing this
diverse, flexible, and forward-thinking approach, we were able
to create an online CAB that was resilient, adaptable, and
invested in the project’s success.

Recruiting advisory board members in May 2020, at the onset
of the COVID-19 pandemic, presented unique challenges to
research also experienced in other studies [28]. While most of
society was just beginning to adapt to changes in work and
communication structures, this project had already committed
to forming an online CAB to align with the online nature of the
intervention. This early commitment to the online CAB and the
parents’ intention to participate in a child-health focused
research topic, likely contributed to strong engagement with
the project tasks despite the quickly changing nature of the
pandemic, especially in early 2020. In addition, the digital nature
of the CAB and intervention allowed the project to move
forward seamlessly during periods of mandatory lockdowns
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and rapidly changing guidance. This decision to prioritize an
online framework also highlighted the usability and effectiveness
of online CAB models in health research.

Online CAB Engagement
Flexibility was vital for effective online CAB engagement. For
parents, various factors such as work, holidays, long weekends,
school events, personal obligations, or religious observations
can affect their ability to respond timely, attend meetings, and
complete tasks. By anticipating these factors, researchers can
enhance participation and sustain engagement. To accommodate
these needs, we used strategies such as asynchronous activities,
including digital workbooks, to collect feedback systematically
and reliably. This approach builds from the successes of other
studies, demonstrating the effectiveness of flexibility and
asynchronous activities [30]. These workbooks allowed CAB
members to provide input at their convenience and served as a
reliable tool for integrating their feedback into the intervention.

During online meetings, the use of videoconferencing tools
facilitated dynamic discussions and collaborative
decision-making. This approach reinforced expectations of
ongoing participation and capitalized on the momentum of
active collaboration. Meetings were recorded and made available
to those who could not attend in real time (though this was rare),
further enhancing flexibility and engagement.

Engaging parents through Twitter also provided an important
avenue for buy-in and oversight of research activities. Parents’
familiarity with the platform facilitated a sense of ownership
and connection to the intervention, which was ultimately
delivered on the same social media platform. Their breadth of
experiences and depth of understandings provided important
grounding in the study’s health messaging element and enriched
its development. This approach demonstrated the ability to use
social media not only as a recruitment tool but also as a means
for ongoing engagement with community stakeholders.

Online CAB Maintenance
Maintaining and sustaining an online CAB required a strong
emphasis on diversity, transparency, and active engagement to
ensure the board’s long-term effectiveness and participation.
The small membership size (n=6), allowed for personalized
interactions and the cultivation of strong connections among
members. “Icebreakers” and informal conversations during
meetings were particularly effective for building camaraderie,
uncovering common interests, and strengthening the sense of
community within the CAB, an approach that has demonstrated
effectiveness across studies and populations [2,26,28].

Frequent meetings were instrumental in explaining project
activities and tasks, the purpose tasks (ie, workbooks), and
demonstrating how CAB contributions were integrated into the
intervention. This “give-back” approach, fostered a strong sense
of ownership and commitment among members, as they could
see the tangible impact of their participation. To sustain
engagement between meetings, members were encouraged to
stay connected through online platforms, such as LinkedIn, or
private group cats, creating additional opportunities for
collaboration and relationship building.

The digital-first format also allowed us to celebrate member
contributions in meaningful ways. For example, certificates of
membership were shared electronically, and members received
regular updates on how their feedback had influenced the
intervention’s development. These findings, demonstrating the
effectiveness of real-time updates, adds to existing evidence to
support the approach [19,26]. These practices emphasized the
value of their input and strengthened their motivation to continue
participating with the project.

Limitations
Our approach had several limitations worth noting. First, we
began recruiting CAB members during the height of the
COVID-19 pandemic, a period marked by widespread
skepticism of online information and heightened vaccine-related
distress. These factors may have limited the number of people
interested in the project, particularly for those hesitant about
engaging in a vaccine-related initiative. Furthermore, as the
pandemic continued, fatigue and continued experienced by
parents and the broader public may have contributed to a slight
drop-off in CAB membership between years 1 and 2.

Second, while social media platforms provided effective tools
for recruitment, reliance on Twitter alone may have excluded
individuals or limited diversity. Expanding recruitment efforts
to include additional platforms could diversify participant pools
and enhance inclusivity in future studies. Furthermore,
increasing the diversity of the CAB, whether in terms of age,
race, gender, disability status or viewpoints, would further enrich
discussions, better represent the community, and ultimately
better inform the research. For instance, incorporating parents
who are not digitally native or who face barriers to social media
engagement could offer valuable perspectives often overlooked
in online-only recruitment strategies.

We also recognized the underrepresentation of fathers on the
CAB (n=1). Although Twitter’s targeting tools allowed for
gender-based recruitment, leveraging specific social media
groups or communities tailored to fathers, such as online
parenting forms or father-focused groups, may help address this
imbalance. Leveraging connections to recruit more fathers could
be a valuable strategy for future studies that seek to engage
parents, as increased representation and diversity only broadens
the range of perspectives and ensures the CAB truly reflects the
community it serves. Importantly, while underrepresentation
of fathers may be viewed as a limitation, our formative research
found that fathers were more likely to defer to the mother
regarding child health decisions, perhaps explaining their
underrepresentation in this study.

While the online format offers flexibility and accessibility, some
CAB members noted challenges related to ensuring that all
voices, particularly those with differing opinions, were fully
incorporated into the project. Online group discussions may
sometimes discourage dissenting opinions due to the absence
of in-person cues or the fast-paced nature of digital
conversations. Using structured feedback mechanisms, such as
anonymous surveys or one-on-one digital interviews, may help
future online CABs better capture a broad range of perspectives
and ensure that all voices are equally heard. The online model
reflected how the study was developed and was essential for
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navigating the constraints of the pandemic; however, it
inherently posed limitations for fostering the depth of connection
and collaboration that may arise in face-to-face interactions.
Future studies could consider incorporating hybrid models,
blending online meetings with occasional in-person events, to
balance flexibility of online formats with the relational benefits
of in-person collaboration.

Despite these limitations, we believe that an online CAB offers
unique opportunities to engage diverse populations, facilitate
inclusive participation, and provide meaningful contributions
to health programs delivered online. By iterating on these
approaches and addressing the highlighted limitations, future
research can further refine online CAB methodologies and
amplify their impact in public health initiatives.

Conclusion
This study demonstrates the feasibility and effectiveness of
using online and social media–based CABs in health research.
Textbox 1 shows a list of guiding principles for developing
online CABs based on findings from this study and supported
by previous research [26-30]. Future research should explore
additional methods for integrating digital tools to further

enhance engagement and maintain long-term participation in
online CABs.

Online and digital health interventions have become influential
tools for public health, providing innovative means to address
health disparities and influence health behaviors on a broad
scale. As online interventions continue to expand, so must our
efforts to strategically and effectively engage online advisors
within the community. Social media and online platforms serve
as powerful avenues for recruiting diverse and representative
CAB members, fostering active engagement in research
processes, and generating quality feedback that can significantly
enhance research programs. These platforms not only enable
the inclusion of voices from geographically dispersed and
underserved populations, but also create opportunities for
dynamic, real-time collaboration that aligns with the evolving
digital landscape. By leveraging these approaches, researchers
can maximize the potential of online CABs as flexible, scalable,
and inclusive mechanisms for participatory research. This model
holds promise for driving meaningful health outcomes, reducing
inequities, and fostering a deeper connection between research
initiatives and the communities they aim to serve.

Textbox 1. Guiding principles for developing online community advisory boards.

Forming the online community advisory board:

• Clearly define the purpose, roles, functions, and responsibilities expected of the online community advisory board members, ensuring responsibilities
align with the format and digital engagement.

• Leverage social media platforms and tools, such as targeted ads and other adjustable parameters to recruit diverse members from specific
demographics.

• Prioritize diversity in geography, online behaviors, and parental perspectives by using digital methods to reach underrepresented groups and
those with varied social media experience.

Engaging the online community advisory board:

• Use digital tools like interactive workbooks and online surveys to collect feedback systematically, ensuring ease of access and usability in an
online environment.

• Build a sense of community and connection by facilitating collaborative discussions during video calls and leverage shared online spaces to
connect members meaningfully, as whole people, despite geographic distance.

• Ensure flexibility in scheduling and participation, leveraging asynchronous tools such as recorded meetings, digital materials, and follow-up
communication to accommodate members’ busy online and offline schedules.

Maintaining the online community advisory board:

• Enhance inclusivity by using social media and other online platforms to recruit members from diverse online communities, ensuring broad
representation across digital spaces and perspectives.

• Foster a sense of belonging by incorporating icebreakers and encouraging casual online interactions, such as LinkedIn connections or private
text or chat groups to sustain engagement between meetings and outside of the project.

• Continuously demonstrate the impact of members’ input by providing real-time updates through online platforms and integrating feedback into
the digital intervention to maintain motivation and accountability.
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Abstract

Background: This research study aimed to detect the vocal features immersed in empathic counselor speech using samples of
calls to a mental health helpline service.

Objective: This study aimed to produce an algorithm for the identification of empathy from these features, which could act as
a training guide for counselors and conversational agents who need to transmit empathy in their vocals.

Methods: Two annotators with a psychology background and English heritage provided empathy ratings for 57 calls involving
female counselors, as well as multiple short call segments within each of these calls. These ratings were found to be well-correlated
between the 2 raters in a sample of 6 common calls. Using vocal feature extraction from call segments and statistical variable
selection methods, such as L1 penalized LASSO (Least Absolute Shrinkage and Selection Operator) and forward selection, a
total of 14 significant vocal features were associated with empathic speech. Generalized additive mixed models (GAMM), binary
logistics regression with splines, and random forest models were used to obtain an algorithm that differentiated between high-
and low-empathy call segments.

Results: The binary logistics regression model reported higher predictive accuracies of empathy (area under the curve
[AUC]=0.617, 95% CI 0.613‐0.622) compared to the GAMM (AUC=0.605, 95% CI 0.601‐0.609) and the random forest
model (AUC=0.600, 95% CI 0.595‐0.604). This difference was statistically significant, as evidenced by the nonoverlapping
95% CIs obtained for AUC. The DeLong test further validated these results, showing a significant difference in the binary logistic
model compared to the random forest (D=6.443, df=186283, P<.001) and GAMM (Z=5.846, P<.001). These findings confirm
that the binary logistic regression model outperforms the other 2 models concerning predictive accuracy for empathy classification.

Conclusions: This study suggests that the identification of empathy from vocal features alone is challenging, and further research
involving multimodal models (eg, models incorporating facial expression, words used, and vocal features) are encouraged for
detecting empathy in the future. This study has several limitations, including a relatively small sample of calls and only 2 empathy
raters. Future research should focus on accommodating multiple raters with varied backgrounds to explore these effects on
perceptions of empathy. Additionally, considering counselor vocals from larger, more heterogeneous populations, including
mixed-gender samples, will allow an exploration of the factors influencing the level of empathy projected in counselor voices
more generally.

(JMIR Form Res 2025;9:e67835)   doi:10.2196/67835

KEYWORDS

vocal features; voice characteristics; empathy; mental health care; crisis helpline service

Introduction

Empathy is defined as experiencing the emotions (emotional
empathy) and cognitions (cognitive empathy) of others and
responding to them appropriately [1]. Empathy is especially
important for patient care, where the lived experience of the
patient must be understood by responding health care

professionals, while also conveying this understanding in
conjunction with a desire to help the patient [2]. The
effectiveness of physician empathy has been shown to improve
patient satisfaction and commitment to recovery while reducing
anxiety and distress levels, leading to better clinical results [3].
Furthermore, empathic behavior by mental health (MH) care
providers reduces their own risk of burnout [4].
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Telephone helpline services offer an effective means of
supporting those who need immediate MH care [5]. The demand
for such services has increased dramatically since the outbreak
of the COVID-19 pandemic [6], increasing the expectations of
counseling staff to provide support for people with complex
MH concerns [7]. As a basic counseling skill, empathy is key
to successful engagement with patients in the context of complex
psychosocial needs.

Besides emotional and cognitive empathy in understanding the
status of a patient, contextual awareness is equally important
for therapeutic engagement [8]. This means that empathic
responses need to be contextually appropriate by considering
environmental cues, culture, demographic factors, and the
specific circumstances of the patient to understand the broader
context of their MH status [9,10]. This allows counselors to
tailor responses, based on context, to engage in effective
communication with distressed patients, thereby delivering
better outcomes [3].

Verbal cues and tone of voice are crucial when communicating
empathy [11]. For example, reduced speech rate and lower pitch
are perceived as more empathic by patients when receiving bad
news from health care providers in an oncology setting [12] and
while actively listening to telephone callers, nurses have been
found to express empathy through their choice of words, voice
and intonation, projection of compassion and warmth, as well
as “tuning in” to the caller’s story and identifying with the
caller’s emotions [13].

Unfortunately, the global demand for MH support is not being
met by the existing workforce [14]. This service gap is leading
to growing interest in alternative digital technological solutions.
Technological innovations, such as the design of conversational
agents, have demonstrated potential in facilitating effective and
immediate patient care. However, to optimize upon end user
acceptance, conversational agents need to display empathy
[15,16]. However, we have yet to identify the precise vocal
features most associated with an empathic human response, and
it is also not known if it is possible to categorize empathy levels
using such vocal features. Thus, the aim of this paper is to (1)
identify the vocal features significantly associated with empathy
in a large collection of telephone helpline counseling call
recordings; and to (2) evaluate the accuracy of a machine
learning algorithm to correctly designate short segments of each
recording to categories of low and high empathy.

This study has been reported in accordance with the
TRIPOD+AI (Transparent Reporting of a Multivariable
Prediction Model for Individual Prognosis or
Diagnosis+Artificial Intelligence) checklist as shown in
Checklist 1.

Methods

Data Collection
Recordings of telephone helpline calls (n=57) were obtained
from On The Line, Australia, a suicide helpline counseling
service. Participants were counselors for a Suicide Call-Back
Service (a national helpline service coordinated by On The Line,
Australia). Calls were randomly sampled from July 1, 2019, to
June 30, 2021, stratified by organizationally determined suicide
risk level (high or low). The level of suicide risk of each caller
had been previously assessed by counselors using the Columbia
Suicide Severity Rating Scale (C-SSRS) to differentiate between
calls featuring high suicide risk (with C-SSRS ratings of 6‐7)
and calls with low risk of suicide (with C-SSRS ratings of 1‐2;
please refer to Iyer et al [17] for further details [18]). Only the
counselors’ voice recordings were used in this study. No
information was provided that could be used to identify the
callers or counselors for any of these calls.

Ethical Considerations
This study was approved by the Swinburne Human Research
Ethics Committee (Ref:20226835‐11907). The application
was given a waiver of consent from the ethics committee for
the use of nonidentifiable secondary research data. However,
the research team also signed a confidentiality agreement that
restricted the discussion of the contents of the recordings only
within the research team. The secondary data and annotation
results were saved on OneDrive for Business (Microsoft Corp)
and were only accessible to the research team. No compensation
was paid to participants in this study because they could not be
identified by the research team.

Annotation of Call Segments and Overall Call
Empathy for Counselors
Annotations of counselor empathy were conducted by 2
independent researchers (Inge Gnatt and Sarah Dunning) using
RStudio (version 2024.04.2, build 764; R Foundation) [19]. The
call annotators Inge Gnatt and Sarah Dunning were recruited
via research team networks. Both had extensive experience
working as counselors for a MH helpline service. Inge Gnatt
had experience working as an annotator on a similar project.
Segments of the counselor voices were selected from each call
using Audacity (version 3.5.1, CMake Release Build; Muse
Group & contributors) [20], ensuring that overlaps between the
caller and responding counselor voices were minimized.
Empathy displayed by the counselor within each call segment
was rated using the Carkhuff and Truax Empathy (CTE) scale
[21]. A weekly project team meeting, attended by a clinical
psychologist (Maja Nedeljkovic), was used to reconcile any
disparities in ratings. A Qualtrics web-based questionnaire was
used to also collect data on the overall level of empathy
displayed by the responding counselor during each call and to
evaluate caller distress at the commencement and conclusion
of each call. Figure 1 shows the flow of the voice analysis
process during this study.
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Figure 1. Overview of the voice analysis process for classifying empathy in counselor voices. AELS: Active-Empathic Listening Scale; AUC: area
under the curve; CTE: Carkhuff and Truax Empathy; LASSO: Least Absolute Shrinkage and Selection Operator; LOOCV: Leave One Out Cross
Validation; GAMM: generalized additive mixed model; N/A: not available; OTLA: On the Line Australia; PCM-f321e: pulse code modulation float;
PEIS: Perceived Emotional Intelligence Scale; RS7: Rating Scale 7 (7-item).
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Measures of Counselor Empathy and Caller Distress
The CTE scale was used to rate the audio segments selected
from each call on a 5-point Likert-style scale (1=“low empathy”
to 5=“high empathy”) [21]. Additionally, 3 measures were used
to assess overall counselor empathy for each call. These 3 scales
were modified to suit counselor-caller conversations through
an iterative process in which members of the research team
provided independent feedback to achieve the final
questionnaire. Examples were developed by the annotators for
each item included in these scales, ensuring clarity and
consistency of ratings. The details for these scales are provided
in Multimedia Appendix 1. The measurement scales included:

1. The Perceived Emotional Intelligence (PEI) Scale [22]
identified variations in PEI in the counselor’s vocals. The
PEI is a 20-item scale with each item scored with 1=“never
or almost never true” and 7=“almost or almost always true.”

2. The Active-Empathic Listening (AEL) Scale [23] was
modified appropriately to produce 10 items measuring
empathic listening using a 7-point Likert-style scale with
1=“never or almost never true” and 7=“almost or almost
always true.”

3. Rating Scale 7 (RS7): A single item 7-point Likert Scale
[24] was used to rate overall empathy with 1=“low
empathy” and 7=“high empathy.”

Finally, at the start and end of each call the annotators assessed
the level of caller distress using the distress thermometer [25],
a visual analogue 11-point scale (0=“no distress” to 10=“extreme
distress”).

Data Validation Through Interrater Consistency Check
Six (10%) calls were chosen at random to measure interrater
reliability. The empathy ratings of the more experienced rater
(Inge Gnatt) were used as the reference, against which the SD
ratings were compared. Spearman correlation [26] was
calculated for each of the 3 scales used to rate overall counselor
empathy for each call. The Mann-Whitney U test was then used
to check for the significance of differences between the ratings
provided by the annotators.

Relationships Between Perceptions of Empathy and
Call Context
The associations between perceived counselor empathy and call
context were explored using a combination of empathy ratings,
caller distress at the beginning and end of the call, and caller
suicide risk. Caller distress and suicide risk were correlated with
perceived counselor empathy to evaluate the relationship
between level of empathy and caller disposition.

Preprocessing Stage: Audio File Format Conversion
and Vocal Features Extraction
The input call recordings were obtained as 8 kHz sample rate,
8-bit depth .wav files. The encoding type of the files were
transformed to PCM float format with 32-bit depth to ensure
compatibility with RStudio for analysis. Vocal features (n=55)
were extracted per 30-millisecond speech frames (50% overlap;
Blackman windows) within each annotated segment using
RStudio (version 2.7.0, Soundgen package [27]).

Removing Moderate Ratings and Binary Coding
Empathy Level

Overview
The vocal segments that scored a rating of 3 out of 5 on the
CTE scale were removed (n=142, 18%) from further analysis
because of their neutral empathic character. A binary response
variable was then created for each of the 643 remaining
segments (190,345 speech frames of 30 ms) with an empathy
rating of 4‐5 coded as high empathy (n=146 segments) and a
rating of 1‐2 coded as low empathy (n=497 segments).

Removing Missing Values in Speech Frames and Vocal
Features
Vocal features and 30-millisecond speech frames with more
than 50% missing values were removed to maintain the quality
of data and improve the overall accuracy of the results. The
resulting data retained 50.9% (n=28) of the original vocal
features and 53.6% (n=102,021) of the original speech frames.

Removing Silent Speech Frames and Normalization
The silent speech frames were also removed from each of the
643 segments leaving 95,034 speech frames in the final analysis
sample. Finally, the minimum and maximum normalizing
technique [28] was applied to reduce the influence of
background noise.

Analysis Stage

Selection of Vocal Features
Variable selection was performed to identify vocal features that
were strongly associated with empathy. L1 penalized LASSO
(Least Absolute Shrinkage and Selection Operator) regression
was used to select the most relevant variables by shrinking the
coefficients of the least relevant variables to 0 [29]. Tenfold
cross-validation was used to optimize the tuning parameter,
lambda. Further refinement per the selected vocal features was
then conducted using a forward stepwise regression model.

Models for Identifying Empathy Level With Selected
Vocal Features
Three methods were used to classify low and high empathy
segments based on this final set of selected vocal features. A
generalized additive mixed model (GAMM) included vocal
features as fixed effects, with each call treated as a random
effect. Spline functions for the selected vocal features were used
to account for nonlinearity [30]. The GAM function [31] of
package mgcv [32] in RStudio was used for the analysis.

Random forest classification also allowed for nonlinear
relationships using step functions while more efficiently
processing large datasets [33]. This has been a prominent
classification model used in studies involving vocal analysis
[34,35]. The binary logistic regression model was the third
model considered, again accounting for nonlinearity using
splines, and was used in our study as the baseline model [36].

Model Evaluation
Probabilistic predictions for high versus low empathy levels
were obtained for each segment using Leave One Caller Out
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Cross Validation. Based on these probabilities, receiver
operating characteristic curves were created, and areas under
the curves (AUCs) [37,38] were used to compare the reliability
of these models. The Youden index [39] was used to decide the
optimal cut point for classifying segments based on their
estimated high versus low empathy probabilities.

Results

Overview
The following results were obtained from the 57 calls for female
counselors. This sample of calls included 12 (12/57, 21%) calls
at high risk of suicide and 45 (45/57,79%) calls at low risk of
suicide.

Annotation of Call Segments
Using the CTE scale, 146 (18.6%) segments showed low
empathy, 142 (18.1%) showed medium empathy, and 497
(63.3%) segments demonstrated high empathy.

Overall Call Empathy Ratings
Multimedia Appendix 2 provides descriptive statistics for the
overall empathy ratings for the 57 calls using the 3 scales.

Excellent reliability is observed from both the raters, Inge Gnatt
and Sarah Dunning, for the PEI and AEL scales, with Cronbach
α values above 0.9. The descriptive statistics and the Spearman
correlation statistics between the annotators are shown in
Multimedia Appendix 3. A strong agreement between raters
was observed with the PEI measure and the RS7 empathy
measure approaching statistical significance.

Relationships Between Perceptions of Empathy and
Call Context
The relationship of counselor empathy ratings with caller’s
distress at the start and end of the call and suicide risk are shown
in Table 1. While the correlations between the initial distress
and the 3 empathy measures were not significant, a moderate,
statistically significant negative correlation between the final
distress of the caller and the empathy of the counselor was
observed for both the PEI and RS7 (P<.01 and P<.001,
respectively). The suicide risk of callers as measured using the
C-SSRS, had a statistically significant but weak positive
correlation with counselor empathy across the PEI and AEL
measures. Strong statistically significant correlations among
the 3 empathy measures were found, validating the empathy
measurement process.

Table . Spearman correlation coefficients for caller distress and suicide risk with counselor empathy ratingsa.

Ratings for counselor empathyCaller context

RS7dAELScPEISbSuicide riskFinal distressInitial distressEmpathy rating

10.310*–0.414**–0.011PEIS

1.822***0.308*–0.2330.102AELS

1.851***.847***0.055–0.443***–0.024RS7

a***P<.001 (2-tailed), **P<.01 (2-tailed), and *P<.05 (2-tailed).
bPEIS: Perceived Emotional Intelligence Scale.
cAELS: Active-Empathic Listening Scale.
dRS7: Rating Scale 7 (7-item).

Analysis Stage
The selection of vocal features using LASSO to predict high
versus low empathy used a cross-validation of the training
dataset to reveal an optimum Log (Lambda) parameter=–8.542.
The relationship between this parameter and the binomial

deviance is shown in Multimedia Appendix 4. Using this lambda
value, 23 vocal features were retained. These 23 vocal features
were then passed on to the forward selection binary logistic
regression model, which identified 16 significant vocal features
as shown in Table 2.
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Table . Results of the forward binary logistic regression model for vocal feature selection for identifying high versus low empathy in counselor voices.

P valueZ valueCoefficientVocal features

<.001–15.994–1.468Depth of amplitude

.012.5240.068Frequency of amplitude (Hz)

<.001–12.350–0.462Frequency of amplitude (Hz) via

MSa

<.001–9.596–0.834Purity of amplitude via MS

<.001–51.688–3.391Amplitude (dB)

.0023.1360.985Dominant frequency (Hz)

<.00120.8433.47Entropy

<.001–25.27–6.016Shannon entropy

<.0015.040.289Epoch

<.0015.081.244First formant frequency (Hz)

<.0014.1810.194First formant width (Hz)

.005–2.808–0.191Second formant frequency (Hz)

.07–1.802–0.063Second formant width (Hz)

.13–1.521–0.099Third formant frequency (Hz)

.910.1180.004Third formant width (Hz)

.151.4350.11Spectral flux

.0042.869–0.37HNRb (dB)

.470.7150.035Spectral novelty

.06–1.827–0.293Peak frequency (Hz)

<.001–4.720–1.31125th percentile frequency (Hz)

.11–1.586–0.26250th percentile frequency (Hz)

<.00115.7175.782Spectral centroid (Hz)

<.001–17.881–3.944Spectral slope (Hz)

aMS: modulation spectrum.
bHNR: harmonics-to-noise ratio.

Feature Extraction and Classification
The results of the GAMM are shown in Multimedia Appendix
5. Of the 16 selected vocal features, the GAMM used only 14.
Based on the effective df values, 2 of the vocal features

(Shannon entropy and the 25th percentile frequency) show a
linear relationship in the GAMM. Figure 2 illustrates the
nonlinear nature of all other relationships. An AUC value of
0.605 was obtained for the GAMM [40].
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Figure 2. The smoothed relationship between the selected vocal features and the standardized predicted level of empathy displayed in counselor speech
with 95% CIs. MS: modulation spectrum.

The binary logistic classification model showed higher AUC
values and nonoverlapping CIs at 95%. The DeLong test
confirmed that the binary logistic model outperformed both the
random forest (D=6.443, df=186283, P<.001) and GAMM

(Z=5.846, P<.001) models [41]. However, this model achieved
a lower classification accuracy than the other 2 methods, as
shown in Table 3, suggesting that the probability cut point used
for classification purposes was not ideal.
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Table . Performance comparison of the 3 classification models for identifying high versus low counselor empathy.

95% CIsAUCa valueAccuracy (%)Classification model

0.601‐0.6090.60575GAMMb

0.595‐0.6040.674Random forest

0.613‐0.6220.61769Binary logistic regression

aAUC: area under the curve.
bGAMM: generalized additive mixed model.

As illustrated in Figure 2, higher empathy was associated with
higher values for the first formant frequency, dominant
frequency, Shannon entropy, spectral slope, and
harmonic-to-noise ratio. In contrast, higher empathy was
associated with lower values for the 25th percentile frequency
and spectral centroid. Finally, lower empathy was associated
with intermediate values for depth of amplitude, amplitude,
dominant frequency, epoch, and first formant frequency of
speech.

The GAMM was able to differentiate between low and high
30-millisecond segments of speech to a classification accuracy
of 75%. This was superior to both random forest and binary
logistic regression models (74% and 69%, respectively).

Epoch (39%), amplitude (22%), and depth of amplitude (7%)
were the top 3 vocal features contributing to empathic speech
in the GAMM. The vocal features that contribute the most
toward the identification of empathic speech vary across the 3
methods used, as shown in Multimedia Appendix 5.

For purposes of validation, the voice algorithm was also
evaluated on a synthesized dataset of female voices created
from a text-to-speech application. This approach yielded
significant differences between high and low empathic voices
in the validation dataset for the GAMM, random forest, and
binary logistic regression classification models.

Discussion

Principal Findings
This study was undertaken to identify a range of vocal features
that can predict the level of empathy exhibited in the recordings
of female counselors and to accurately classify short segments
of each recording according to low or high empathy ratings.
We were successful in identifying 14 unique vocal features that
significantly distinguished between low and high empathy
ratings in the GAMM. Furthermore, we were able to successfully
classify short segments of speech using these vocal features to
an accuracy level of 75% using this model. Although this study
considered only 57 calls, each call featured multiple segments
annotated for the level of empathy, and each of these segments
was further divided into 30-millisecond speech frames that were
the observational points considered during the modeling process.
Reducing the number of vocal features in the model led to lower
AUC values, suggesting that the original model featuring 14
vocal features was not overfitted. Furthermore, the 95% AUC
CIs for the binary logistic regression did not overlap those for
the other 2 methods, confirming that the binary logistic
regression model produced superior results.

Empathy is an important component of human interactions and
social connections that promotes general well-being [42]. It is
an essential component of MH care support, required to enhance
therapeutic alliance and rapport building. Empathy embodies
the ability to understand and compassionately reflect the range
of feelings and experiences communicated by others. Empathic
communication relies upon verbal (words and vocal features)
and nonverbal means such as body language and facial
expression [43]. However, it is only verbal expressions of
empathy through vocal features that are the subject of this study.

The detection of empathy is traditionally based upon subjective
human perception captured using standardized empathy scales
or questionnaires [44]. Research on detecting empathic speech
through voice feature extraction has been the focus of at least
2 recent studies, both showing similar accuracies to what we
have found. For example, the first study by Chen et al [45]
analyzed the acoustic prosodic features of speech recorded in
YouTube (Google LLC) videos used for empathy training
purposes. The use of these features resulted in classification
accuracies of 59% (F1-score) when differentiating between
empathy and neutral categories. A second study by Alam et al
[46] explored acoustic and lexical features of empathic speech
using annotations sourced from Italian call center conversations.
In this study, classification using support vector machines
yielded accuracies of 68.1%.

However, our study is unique in identifying a range of vocal
features that identify the level of empathy using an ecologically
valid dataset of counselor-caller conversations obtained from
On the Line Australia, an Australian helpline service. Machine
learning techniques are involved in both vocal feature selection
and empathy classification. The 2 annotators chosen for empathy
labeling purposes had a psychological background to strengthen
the validity of this process. This led to the development of an
algorithm that detects the human vocal features that are
associated with empathic speech. This algorithm has the
potential to enhance the training of counselors in the use of
empathic speech and offers valuable insights into effective
human communication in the MH care domain.

Call Context and Counselor Empathy in a Crisis
Helpline Setting
The analysis revealed that there is a strong negative correlation
between the final distress level of the caller and the counselor’s
level of empathy, suggesting that empathic communication with
a caller can lower their level of distress by the end of the call.
Higher levels of empathy allow the counselors to build rapport
and trust with their patients, allowing for effective emotional
support during a crisis. These findings align with the existing
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literature about the benefits of empathic interactions. The suicide
risk of the caller was positively related to counselor empathy.
This is an indication that counselors effectively recognize crisis
situations, exhibiting higher levels of empathy when speaking
to callers with high risks of suicide. It also confirms that the
level of empathy displayed by counselors is adapted to the
situation of the caller. These relationships of counselor empathy
with caller distress and suicide risk confirm the importance of
counselor empathy in the context of crisis helpline services.

Characteristics of Empathic Vocals
This study has identified several vocal features associated with
empathy. The depth of amplitude in speech reflects varying
levels of loudness, emphasizing the expressiveness and dynamic
nature of the human vocals apparent in empathic speech. A
stable, more consistent emotional delivery during speech (purity
of amplitude) also helps to convey empathy. Quieter vocals
(amplitude and lower tonal frequency or dominant frequency)
are also associated with higher empathy.

Higher first formant frequencies are associated with “a” vowel
sound, which corresponds with high ratings of empathy.
Additionally, a higher harmonic-to-noise ratio, indicating greater
clarity and more pleasant-sounding vocals, is also associated
with greater empathy. The spectral slope has a strong positive
relationship to empathy, while the spectral centroid shows the
opposite relationship. This indicates that a lower spectral
centroid, with more low-frequency components, makes a speaker
sound more empathic.

Based on these findings, it is evident that empathy in vocals is
provided by a combination of multiple human vocal features,
and variations in each of the features exert a different impact
on empathy. In particular, the way that a specific threshold of
loudness in the vocals decides the delivery of perceived empathy
in the context of effective counseling provides compelling
evidence. This further suggests that the right balance of each
of these vocal features is needed, where stability, energy, and
clarity play a pivotal role.

However, the study of empathy in vocals is a complex topic
and has challenges. Especially the subjective nature of empathy
perception is an area that requires further study. This study
relied on empathy ratings provided by 2 psychology-trained
female raters of English heritage. Different results may have
been obtained if raters with different cultural, social, and
educational backgrounds had been included [47].

Vocal Feature Extraction and Empathy Classification
Three methods were used to study the association between
empathy and relevant vocal features. A GAMM, a random
forest, and a logistic regression approach with splines were
fitted and compared using AUC values and using the Leave
One Caller Out Cross Validation method for evaluating these
classifiers. The accuracy of the empathy level classifications
achieved was similar (75%, 74%, and 69%, respectively) when
Youden index was used to choose the probability cut point, as
were their AUC values (0.605, 0.600, and 0.617, respectively).
The GAMM and binary logistic regression with splines required
significantly more computational time compared to the random
forest, which used 100 trees. Despite the significant

improvement in AUC value with the logistic regression with
splines in comparison to the random forest model, the AUC
results do not seem to be dissimilar. However, the AUC 95%
CIs for the binary logistic regression do not overlap with those
for the other 2 methods, confirming that the logistic regression
model provides a better fit to the data. This was further validated
by the DeLong test results showing significant differences in
AUC values of the binary logistic model compared to the other
2 methods. The partial overlap between the AUC CIs of the
random forest and binary GAMMs indicates a significant
difference in model fit. Therefore, the binary logistic
classification model outperforms the other 2 methods in its
ability to distinguish high-empathic speech from low-empathic
speech. However, the slightly lower classification accuracy
(69%) for this model suggests that the Youden method used to
determine the probability cut point used for classification
purposes may not be optimal.

These relatively low AUC values, also seen in other related
research projects, can perhaps be partly attributed to the
difficulties encountered in providing accurate ratings of
empathy. The algorithms developed for detecting empathy from
vocal features were reliant on the quality of the input data
provided for the empathy ratings. A larger sample of raters and
a larger sample of calls might have produced more reliable data,
and this is recommended for future research in this area.

However, the multimodal approaches commonly used for
empathy recognition through the use of words, vocals, visual
signs, and psychological signals reflect the multifaceted nature
of empathy [48]. The importance of facial expressions for
recognizing empathy is particularly emphasized in this literature,
where factors such as observation time and the type of emotion
expressed significantly influence the accuracy of identification
[49]. These multimodal approaches suggest that a higher
accuracy in detecting empathy can be achieved when all these
factors are collectively considered, rather than vocal approaches
on their own.

Limitations
The inherent differences of empathy perception among the
annotators of this study were a concern in this study. An
additional analysis was conducted to explore this further,
incorporating a third annotator without psychological expertise
and from a different cultural background (Multimedia Appendix
6). The findings from this analysis produced an even lower
model performance, confirming that perceptions of empathy do
vary between individuals and cultures. This analysis included
both female and nonfemale counselor vocals, which may also
have contributed to this poorer performance. While this finding
underscores the complexity of recognizing empathy, it also
highlights how cultural differences, personal experience, and
psychological knowledge of individuals contribute to subjective
perceptions. Therefore, future research would benefit from
accommodating these differences in empathy perception within
the model by including multiple annotators with varied
backgrounds.

Another limitation of this study was due to the very small
number of available male counselor recordings (n=13). The
main analysis could therefore only be conducted on female
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vocals, limiting the generalization of our findings. Ideally it
would have been possible to develop separate models for
empathy in male and female counselors and to test whether
there were significant differences between these models. Larger
samples of counselor vocals would also have been preferable,
providing more diversity in the data. Unfortunately, only a very
small sample of male counselor calls was obtained. A recent
study that focused on the vocal characteristics of distressed
adults using machine learning techniques identified a significant
difference between male and female vocal behaviors. This
suggested that it would not be appropriate to use a single model
to describe the voices of both male and female counselors [50].
For this reason, only female counselor voices were considered
in this study. Recent research on machine learning applications
has explored synthesized data as an avenue to address class
imbalance, and this was considered as a possible remedy to
address the lower representation of male voices in this study
[51]. However, using synthetic speech, such as through
text-to-speech applications, faces the challenge of reflecting the
diversity inherent in natural human voices [52]. So, this option
was not considered for boosting the number of male counselor
calls, so as to make an analysis of these data possible.

However, this option was used when the algorithm developed
in this study was validated on an external synthesized dataset
consisting of female recordings generated using a text-to-speech
application. These data also showed successful outcomes for
the algorithm in differentiating between high and low empathic
voices in female voices. These results highlight synthetic voice
augmentation as a promising future research direction in
machine learning applications. Alternatively, a balanced
representation of gender, as well as cultural background,
empathy levels, and individual characteristics, are necessary
considerations for the counselor recordings used in future
research of this nature.

A further limitation is the source of the calls used for this study.
The context of a suicide helpline service is very specific, and
it may be that more algorithmic success would have been
possible in a less stressed environment. Additionally, for most
of the calls, the level of empathy was assessed by a single rater.
As mentioned above, it would have been preferable if a greater
duplication of ratings could have been used to provide the
dependent variable for the models that have been used to identify

the level of empathy in counselor vocals. However, this pilot
study, using machine learning techniques to identify vocal
features related to empathy in female counselor voices, has
shown promise. Therefore, further explorations of this approach
with increases in the call sample size and a more balanced
gender representation, and with more annotators to allow more
duplication of ratings and more variation in annotator
background while also including calls from more than 1 helpline
service, will benefit future research on this topic.

Implications of This Study
The importance of empathy in reducing the distress of callers
confirms the need for the incorporation of empathic
communication skills in training programs for counselors.
Additionally, a statistically significant positive correlation was
found between suicide risk and counselor empathy (P<.05).
This suggests that counselors tend to be more empathic toward
high-risk callers. This perhaps highlights the need for counselors
to adhere to a more caller-centered approach, ensuring that
empathy is consistently exhibited for both low-risk and high-risk
callers. Resources should perhaps be allocated equally for all
callers rather than having a crisis intervention strategy that is
tailored to prioritize callers needing emergency support.

To the best of the authors’ knowledge, this is the first study that
has identified the unique features of human vocals that are
associated with the communication of empathy in a MH care
setting. The results of this study have implications for the
training of counselors and psychologists working for MH-related
telephone helpline services. Additionally, these findings can
serve as a training resource for MH professionals more broadly,
enhancing the quality of care provided. The engineering of
empathic chatbots, especially within a triage capacity, is another
significant area of research that would benefit from the findings
of this study [53].

However, collecting the vocal data of individuals for research
purposes raises important ethical concerns. This research needs
to prioritize user consent and caller privacy. It is recommended
that people with lived experience in telephone counseling and
MH be asked to assist with the co-design and coproduction of
such research to ensure that any resulting training programs or
monitoring systems are acceptable to users and meet consumer
needs.
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Abstract

Background: Monitoring symptoms of bipolar disorder (BD) is a challenge faced by mental health services. Speech patterns
are crucial in assessing the current experiences, emotions, and thought patterns of people with BD. Natural language processing
(NLP) and acoustic signal processing may support ongoing BD assessment within a mobile health (mHealth) framework.

Objective: Using both acoustic and NLP-based features from the speech of people with BD, we built an app-based tool and
tested its feasibility and performance to remotely assess the individual clinical status.

Methods: We carried out a pilot, observational study, sampling adults diagnosed with BD from the caseload of the Nord Milano
Mental Health Trust (Italy) to explore the relationship between selected speech features and symptom severity and to test their
potential to remotely assess mental health status. Symptom severity assessment was based on clinician ratings, using the Young
Mania Rating Scale (YMRS) and Montgomery-Åsberg Depression Rating Scale (MADRS) for manic and depressive symptoms,
respectively. Leveraging a digital health tool embedded in a mobile app, which records and processes speech, participants
self-administered verbal performance tasks. Both NLP-based and acoustic features were extracted, testing associations with mood
states and exploiting machine learning approaches based on random forest models.

Results: We included 32 subjects (mean [SD] age 49.6 [14.3] years; 50% [16/32] females) with a MADRS median (IQR) score
of 13 (21) and a YMRS median (IQR) score of 5 (16). Participants freely managed the digital environment of the app, without
perceiving it as intrusive and reporting an acceptable system usability level (average score 73.5, SD 19.7). Small-to-moderate
correlations between speech features and symptom severity were uncovered, with sex-based differences in predictive capability.
Higher latency time (ρ=0.152), increased silences (ρ=0.416), and vocal perturbations correlated with depressive symptomatology.
Pressure of speech based on the mean intraword time (ρ=–0.343) and lower voice instability based on jitter-related parameters
(ρ ranging from –0.19 to –0.27) were detected for manic symptoms. However, a higher contribution of NLP-based and
conversational features, rather than acoustic features, was uncovered, especially for predictive models for depressive symptom

severity (NLP-based: R2=0.25, mean squared error [MSE]=110.07, mean absolute error [MAE]=8.17; acoustics: R2=0.11,

MSE=133.75, MAE=8.86; combined: R2=0.16; MSE=118.53, MAE=8.68).

Conclusions: Remotely collected speech patterns, including both linguistic and acoustic features, are associated with symptom
severity levels and may help differentiate clinical conditions in individuals with BD during their mood state assessments. In the
future, multimodal, smartphone-integrated digital ecological momentary assessments could serve as a powerful tool for clinical
purposes, remotely complementing standard, in-person mental health evaluations.

(JMIR Form Res 2025;9:e65555)   doi:10.2196/65555

KEYWORDS

digital mental health; remote assessment; mHealth; speech; NLP; natural language processing; acoustic; symptom severity;
machine learning; markers; mental health; bipolar disorders; app; applications; multimodal; mobile health; voice; vocal; bipolar;
verbal; emotion; emotional; psychiatry; psychiatric; mental illness
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Introduction

Bipolar disorder (BD) is a lifelong, episodic illness characterized
by mood recurrences, including manic or hypomanic, depressive,
and mixed episodes [1-3]. The burden associated with BD,
affecting families, carers, and mental health care systems, is
heavy [4]. Community services often struggle in delivering
regular monitoring of BD treatment needs, resulting in relapses
that seem difficult to predict [4-6].

Language disturbances are among the core symptoms of acute
episodes in BD, since speech patterns are modulated by the
emotional and neurophysiological status [7,8]. Therefore,
language may play a key role in the assessment of an
individual’s current experiences, emotions, thought patterns,
and symptoms. While content analysis may reveal grandiosity
associated with elevated mood, impulsivity, or changes in
goal-directed activities, natural language may provide insights
into mood fluctuations, cognitive processes, and behavioral
patterns [9]. In particular, changes in the rate of speech are likely
to indicate mood oscillations, including pressure of speech and
increased verbosity during manic episodes [10] and poverty of
speech and increased pause times during depressive episodes
[11-13]. Clinicians are trained to recognize variations in
language and voice, along with gestures and facial expressions,
implicitly assessing both coherence and organization of speech
and natural language features. However, this process is
inevitably vulnerable to inconsistencies and biases.

Recent research in mental health and computer science has put
forward computational approaches for speech analysis across
a variety of mental disorders, proposing automated methods to
assess and monitor the individual’s mental state through speech
patterns [14-18]. Promising techniques in speech acoustic signal
processing [10,11,17,19-21], using mobile health (mHealth)
technology, can bridge subjective and objective components
across various stages, such as prediction of illness onset,
diagnostic processes, assessment of severity, and forecast of
treatment outcomes [22-25]. Indeed, natural language processing
(NLP) techniques, exploring language resources (eg, lexical
choices, syntax, and semantics) both qualitatively and
quantitatively (eg, topic modeling, clustering, and classification),
may produce deeper insights across different clinical conditions
[9,26]. For example, observable linguistic traits (eg, increased
use of both first-person pronouns and negative emotion
expressions) can be identified among people with BD [23].
However, although linguistic features are informative, they are
context-dependent and inferred according to word transcriptions
[27]. Thus, speech analyses combining acoustic-dependent
features (eg, speech prosody and voice quality) with NLP-based
measures appear more promising in terms of model predictions,
possibly providing a more accurate mental health assessment
[23,27,28].

Indeed, research has shown that acoustic features are markers
of emotional states in BD [29], and that quantifiable speech
differences can predict the scores of scales such as the Young
Mania Rating Scale (YMRS) and the Montgomery-Åsberg
Depression Rating Scale (MADRS) [13,27]. On the other hand,
recent evidence has shown how smartphone-based voice data

[30] can enhance BD monitoring in real time, detecting possible
mood changes [31,32]. Thus, speech-based systems embedded
in smartphones might be useful tools for complementary,
continuous assessments of BD clinical states. We therefore built
an app-based tool, jointly using acoustic and NLP-based features
from the speech of people with BD who delivered a narrative,
and carried out a pilot study aimed at testing its feasibility and
performance to remotely assess the individual clinical status.
Continuous, uninterrupted spoken accounts, as supplied by
individuals, provided the unique opportunity to combine
communication style information from an in-depth set of
acoustic features and NLP-based scores as potential digital
markers of symptom severity in speech. We rigorously chose
to test the tool’s performance against standard psychometric
assessments of mania and depression in order to explore its
potential for remote, complementary assessments.

Methods

The report of this study adheres to the STROBE (Strengthening
the Reporting of Observational Studies in Epidemiology)
statement (checklist presented in Multimedia Appendix 1) [33].

Study Design and Sampling Strategies
We conducted a pilot, cross-sectional study involving adult
participants (aged 18 years or older) from the caseload of the
Nord Milano Mental Health Trust (Italy). The Trust includes 2
psychiatric intensive care units, with a total of 27 beds, and also
provides community mental health care for the same 280,000
inhabitants of the northern area of the Metropolitan City of
Milan through 4 community mental health teams with
multidisciplinary staff. The relevant catchment area comprises
highly urbanized, both deprived and affluent, districts.

Inclusion criteria comprised a diagnosis of BD and the
willingness to participate in the study. People with physical
impairments affecting their acoustic capabilities were excluded.
Based on inclusion and exclusion criteria, eligible individuals
were identified among individuals consecutively admitted to
the Trust. Then, they were approached by the research team,
explaining the purpose of the study and, if any, potential risks.

Ethical Considerations
Recruitment efforts were carried out in accordance with ethical
guidelines to ensure the well-being and safety of all participants.
Study participants signed a written informed consent and were
not compensated for their involvement. The study received
ethical approval (protocol number 172‐17032023) from the
local ethical committee. To maintain participant privacy and
confidentiality, all study data were pseudonymized prior to
analysis. No individual participants are identifiable in any
images included in this manuscript or Multimedia Appendices.

Procedures
Acoustic data were retrieved by asking participants to
self-administer verbal performance tasks through a mobile app
on their smartphones (SPEAKapp; [34]). Clinical testing and
app usage took place on the same day in the study setting
(inpatient and outpatient services). Then, the System Usability
Scale (SUS), a short 10-item questionnaire based on a 5-point
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Likert scale, was administered to assess the usability [35] of
the app.

Verbal performance in terms of prose recall was based on the
Babcock test [36], for which participants were asked to listen
to a short story characterized by graphic and intense contents
(eg, a death in a car crash) and then to repeat what she or he
remembered from this narrative. This enabled to capture speech
timing patterns based on sustained speech samples.

The app gathered participants’ verbal production by using the
smartphone-integrated microphone, recording and processing
participants’speech by leveraging Google Speech-To-Text APIs
[37] and Python libraries (eg, Parselmouth for the Praat software
[38]). Recordings involved the use of one audio channel based
on the participant’s voice in a controlled environment with
minimal acoustic conditions. Both the raw audio data and the
transcribed text content were processed to extract acoustic and
NLP-based features from speech outputs. NLP and acoustic
signal models were embedded in the backend part of the mobile
app.

Measures
Consistent with recent evidence, we assumed speech as verbal
behavior, the spoken output of the mental system underlying
the language [39]. Through speech recognition, acoustic and
linguistic features were extracted. Then, based on both NLP
and acoustic features, we considered a multidimensional
framework in order to generate appropriate discriminative
information for the potential use of speech patterns as digital
markers in BD [27,31]. A full description of selected features
is provided in Table S1 in Multimedia Appendix 2.

NLP-Based, Semantic, and Conversational Indices
NLP-based scores were computed according to distributional
semantic models, encompassing vectorial representations for
the meaning of words in a multi-dimensional space.

Standard linguistic scores included both the number of words,
indicative of poverty of speech, and the number of words
produced that matched the story text. On the other hand, novel
NLP-based scores integrated mean intraword time, estimating
the average time taken to articulate or pronounce subsequent
words, as an indicator of processing speed, as well as word
mover’s distance (WMD), capturing both lexical overlap and
semantic similarity. In particular, WMD was estimated as the
minimum cumulative distance between words required to exactly
match the point cloud of the text of the full correct story (ie, the
content distance between the full correct story and the story
narrative produced by the participant), thus incorporating the
semantic similarity between individual word pairs into the word
distance metric [40]. In addition, latency time was calculated
as a novel NLP-based score, taking into account the delay
between the initiation of a spoken utterance or action and the
production of its intended outcome or response when starting
the task (ie, the first word).

Additional objective information was extracted from speech
data. These quantitative measures included (1) speech duration,
(2) speaking time (ie, phonation), (3) silence, (4) ratios of

speaking time to speech duration as well as of silence to
speaking time, and (5) speech rate.

Acoustic Indices From Vocal Signals (Prosodic Cues
Indices)
Measures for prosodic cues (acoustic indices quantifying how
people talk during conversations) were based on the signal’s
frequency and energy or amplitude. These were assumed to
contribute to conveying paralinguistic meaning [41]. Based on
nontextual data, acoustic components of speech were defined
as the key phonetic elements, that is, objectively and
reproducibly quantified speech sounds [27,42]. Fundamental
frequency (F0) was measured by the frequency of phonation
[43]. The short-term instability of the vibration of the vocal
cords during phonation (ie, jitter-related indices) was also
extracted (Table S1 in Multimedia Appendix 2). Higher jitter
values indicated speech patterns likely characterized by
irregularities or hesitations, thus mirroring potential underlying
psychological distress or emotional instability. Furthermore,
microperturbations of the ampleness of the signal (ie, how
variable acoustic peaks refer to the period-to-period variability
of the signal peak-to-peak amplitude) were identified as small
fluctuations in the intensity of vocal sound waves by
shimmer-related measures, with higher values indicating greater
variability or instability, while lower ones suggesting more
stable vocal intensity (ie, smoother and more regular speech
production).

Since both periodic and nonperiodic sound waves may
characterize the voice, the mean harmonics-to-noise ratio was
used to measure the relationship between harmonic and
nonharmonic voice elements. Noisier, more raucous voices (ie,
not smooth or clear) were expected to show lower
harmonics-to-noise ratios, indicating vocal cord tension or
irritation, possibly suggesting emotional distress.

Psychometric Measures
Diagnosis of BD was confirmed by the Structured Clinical
Interview for DSM-5 (Diagnostic and Statistical Manual of
Mental Disorders, Fifth Edition; SCID-5). Based on
clinician-rated assessments, depressive symptom severity was
measured by the MADRS [44], while YMRS was used to assess
manic symptoms [45]. Scores ranged from 0 to 60 for both
MADRS [44] and YMRS [45]. In addition, cutoffs for severe
mood symptoms were either a YMRS score ≥20 [46,47] or a
MADRS score ≥19 [48].

Statistical Analyses
First, we summarized participants’ characteristics, providing
standard statistics for continuous and categorical variables. For
both MADRS and YMRS, continuous scores were used.
However, a supplementary analysis was performed based on
clinically meaningful thresholds for symptom severity. A
bivariate analysis was then carried out to measure the strength
of the potential association between speech indices and
psychometric measures. Features’ summary statistics were
plotted, and correlation coefficients (Pearson and Spearman,
according to assumptions on data distribution, eg, normality)
were estimated. Color gradient heat plots were also generated
for data visualization. Taking into account potential sex
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differences in speech acoustic indices [49-51], subgroup
analyses were performed. Statistical significance was set at
P<.05.

Second, based on state-of-the-art algorithms, NLP and acoustic
features extracted from natural language and audio streams
(Table S1 in Multimedia Appendix 2) were used to train
machine-learning models to detect depressive and manic states
by means of scores from MADRS and YMRS. Data were
randomly split using a 5-fold nested cross-validation approach
for training and testing in order to provide an unbiased
evaluation of the model’s performance. In particular, random
forest (RF) models, with the potential to handle both linear and
nonlinear relationships between features and the target variable,
were implemented. The supervised learning algorithm, with no
assumptions about the distribution of the target variable, was
based on the ensemble learning method of different decision
trees, whose predictions were aggregated using the scikit-learn
library in Python. Exploiting the bagging techniques, building
multiple decision trees, RF contributed to minimizing overfitting
issues by randomizing the feature selection during each tree
split. This was assumed to reduce sensitivity to noise and to
make decision trees less correlated through the use of a unique
subset of the initial data for every base model. Moreover, we

deemed features scaling unnecessary due to both the properties
of the RF model and the performance metrics of comparisons.
Relevant models were trained to test final performance by
metrics (ie, mean squared error [MSE], mean absolute error

[MAE], and R-squared [R2]). These tested overall performance,
even controlling for sex. Shapley Additive Explanations values,
showing features’ impact, were plotted. Data were analyzed
using Stata release 18 and Python (version 3.10.9).

Results

Sample Characteristics
We included 32 subjects with BD (mean age 49.6, SD 14.3
years; 50% [16/32] females). The mean (SD) age at onset was
24.4 (10) years. As a whole, participants experienced more
manic (median 4, IQR 8) than depressive episodes (median 2,
IQR 5). About 40% (12/32) of participants reported a previous
mood episode within 1 year before study enrollment. The
MADRS median (IQR) score was 13 (21), while the YMRS
median (IQR) score was 5 (16). Considering the app usage,
participants reported high SUS scores on average (mean 73.5,
SD 19.7). Demographic and clinical details are fully provided
in Table 1.
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Table . Samplea characteristics.

BDb (N=32)Characteristics

Sex, n (%)

16 (50)    Female

16 (50)    Male

49.6 (14.3)Age (years), mean (SD)

Marital status, n (%)

12 (37)    In a relationship

Family situation, n (%)

11 (34)    Living alone

Education, n (%)c

1 (3)    Elementary

12 (37)    Middle

13 (41)    High

5 (16)    University or superior

Employment, n (%)c

13 (41)    Employed

Setting, n (%)

13 (41)    Outpatient

19 (59)    Inpatient

Polarity of first episode, n (%)c

12 (38)    Depressive

13 (41)    Hypomaniac or maniac

1 (3)    Unknown

24.4 (10)Age of onsetc (years), mean (SD)

11 (34%)Family historyc

Hospitalizations, median (IQR)

3 (7.5)    Lifetime

1 (2)    12 months

10 (31)Suicide attempts (lifetime), n (%)

3 (9)Alcohol use disorder (lifetime), n (%)

6 (19)Substance use disorder (lifetime), n (%)

Medication, n (%)

6 (19)    FGAd

28 (87)    SGAe

26 (81)    Mood stabilizer

8 (25)    Antidepressant

16 (50)    Benzodiazepine

Psychometric assessment

13 (21)    Depressive symptoms (MADRSf), median (IQR)

17 (53)        MADRS <19, n (%)

15 (47)        MADRS ≥19, n (%)
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BDb (N=32)Characteristics

5 (16)    Manic symptoms (YMRSg), median (SD)

26 (81)        YMRS <20, n (%)

6 (19)        YMRS ≥20, n (%)

73.5 (19.7)SUSh score, mean (SD)

aThe sample is for a pilot, cross-sectional study in Italy.
bBD: bipolar disorder.
cMissing values: education (1), employment (2), age of onset (10), polarity of first episode (6), family history (10), alcohol use disorder (2), substance
use disorder (1), FGA (2), SGA (1), mood stabilizer (2), antidepressant (3), benzodiazepine (4).
dFGA: first-generation antipsychotics.
eSGA: second-generation antipsychotics.
fMADRS: Montgomery-Åsberg Depression Rating Scale.
gYMRS: Young Mania Rating Scale.
hSUS: System Usability Scale (range 0‐100).

Associations Between Symptom Severity and Speech
Features
For descriptive purposes, NLP-based, conversational, and
acoustic features are summarized in Figures S1A-S1D and
S2A-S2D in Multimedia Appendix 3 by depressive and manic
symptom severity, respectively.

In particular, grouping data into 2 categories (Multimedia
Appendix 3), statistically significant differences by depressive
symptoms’ severity were found for many NLP-based and
conversational-like measures, including word number, phonation
(also as percentage over the speech duration), and mean
intraword time. Correlation analyses, based on Spearman
nonparametric analysis of symptom severity continuous scores,
are displayed in Figures 1A-C and 2A-C. These showed that
both the total number of words and the length of phonation, as
well as the related percentage out of segment duration, were
negatively correlated (coefficients=−0.35, −0.32, and −0.42) to
depressive symptoms (Figure 1A). Consistent results were

observed for the ratio between silence and phonation
(coefficient=0.42), as well as for mean intraword time, which
was positively correlated to depressive (coefficient=0.53) and
negatively to manic (coefficient=−0.34) symptoms. Among
items for depressive symptoms assessment, this correlation was
particularly clear between acoustic features and suicidal thoughts
(coefficients ranging from 0.18 to 0.51). In addition, latency
time also showed a moderate, though obviously opposite,
correlation with manic and depressive symptoms, respectively
(coefficients=−0.28 and 0.15).

Subgroup analyses for NLP-based and conversational features
revealed more pronounced relationships in females (Figure 1C)
as compared with males (Figure 1B), showing a high correlation
between depressive symptoms and mean intraword time
(coefficient=0.75), phonation percentage (coefficient=−0.56),
and, consequently, the silence-phonation ratio (coefficient=0.56).
Similarly, latency time was negatively correlated to manic
symptoms among females (coefficient=−0.60).
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Figure 1. Correlation heatmap of NLP-based, semantic and conversational features in people with bipolar disorder. (A) Overall sample; (B) Male
subgroup; (C) Female subgroup. MADRS: Montgomery-Åsberg Depression Rating Scale, YMRS: Young Mania Rating Scale.
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On the other hand, a small positive correlation was uncovered
between depressive symptoms and higher values of instability
in speech patterns (jitter-related indices, with coefficients
ranging from 0.10 to 0.16). In contrast, small-to-moderate
negative correlations were observed between manic symptoms
and lower values of instability (jitter-related indices, with
coefficients ranging from −0.19 to −0.27). Small estimates were
found for F0, respectively (coefficient=0.16 and −0.18; Figure

2A). Except for shimmer_apq11 (manic symptoms
coefficient=−0.22), we did not find any substantial relationship
between shimmer-related indices (describing stable and unstable
vocal intensity and speech production) and symptomatology.

Subgroup analyses suggested a role for sex also in influencing
acoustic features. In particular, we found deeper connections
in males as compared with females, especially in terms of F0
and jitter-related indices (Figure 2B and C).
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Figure 2. Correlation heatmap of acoustic features in people with bipolar disorder. (A) Overall sample; (B) Male subgroup; (C) Female subgroup.
MADRS: Montgomery-Åsberg Depression Rating Scale, YMRS: Young Mania Rating Scale.
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Predictive Models From Speech Features
Considering depressive symptoms, performance metrics showed
a contribution of NLP-based and conversational features higher
than what was attributable to acoustic ones (Table 2). In
particular, mean intraword time, silence-phonation ratio, ppq5
jitter (ie, perturbations in F0), WMD, and percentage of
phonation over duration all ranked high in terms of relative
importance.

Including sex into the analysis, a differential contribution of
various features (NLP-based and conversational vs acoustics)
to the predictive models for depressive (Figure 3A) and manic
(Figure 3B) symptoms can be found. However, as for manic
symptoms, although a relative contribution of different
NLP-based and acoustic (eg, F0 SD) features was recorded, we
could not find any reliable estimates for the relevant model,
even including sex. Table 2 shows detailed estimated
performance metrics for testing for the trained RF regressors,
even controlling for sex.
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Table . Performance estimates for random forest regression models in people with bipolar disorder.

Manic symptomsDepressive symptomsPerformancea

AdjustedbUnadjustedAdjustedbUnadjusted

NLPc

——d0.250.26    R2 average

0.18−0.54−0.550.10        Fold 1

0.02−0.130.530.48        Fold 2

0.120.250.370.06        Fold 3

−0.420.230.640.54        Fold 4

147.980.010.260.13        Fold 5

147.98153.78110.07105.46    Mean squared error aver-
age

92.05223.06259.26136.73        Fold 1

156.74121.7946.4933.02        Fold 2

121.60135.66104.25137.64        Fold 3

167.15134.8533.0079.32        Fold 4

202.35153.32107.35140.61        Fold 5

10.1310.588.178.08    Mean absolute error aver-
age

7.7912.4713.649.58        Fold 1

10.909.285.573.36        Fold 2

9.2610.408.5610.31        Fold 3

9.719.824.347.59        Fold 4

13.0010.968.749.26        Fold 5

Acoustics

    —    —0.11—    R2 average

–0.220.002–0.220.29        Fold 1

–0.15–0.02–0.10–0.83        Fold 2

–0.14–0.140.03–0.59        Fold 3

–0.44–0.380.180.23        Fold 4

0.01–0.280.640.36        Fold 5

163.51162.86133.75161.64    Mean squared error aver-
age

125.1468.9222.1847.97        Fold 1

122.80160.47200.40333.00        Fold 2

175.34185.6385.04202.17        Fold 3

225.23272.25148.52128.54        Fold 4

170.30127.0612.6296.49        Fold 5

10.7310.358.8610.02    Mean absolute error aver-
age

9.777.0911.765.27        Fold 1

8.8210.9413.816.43        Fold 2

11.7012.486.0011.77        Fold 3

12.3414.0510.139.69        Fold 4
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Manic symptomsDepressive symptomsPerformancea

AdjustedbUnadjustedAdjustedbUnadjusted

11.017.212.626.95        Fold 5

Combined

——0.160.05    R2 average

–0.13–0.560.600.32        Fold 1

0.070.240.11–0.09        Fold 2

–0.540.080.07–0.29        Fold 3

0.180.060.040.10        Fold 4

0.14–0.410.220.22        Fold 5

140.03135.94118.53120.90    Mean squared error aver-
age

183.39158.5434.1387.51        Fold 1

122.3260.67111.11183.67        Fold 2

126.43192.81164.45184.71        Fold 3

112.36178.84148.8347.71        Fold 4

155.6888.83134.10100.91        Fold 5

10.009.618.688.65    Mean absolute error aver-
age

11.5011.214.376.69        Fold 5

8.866.957.3311.49        Fold 5

10.3011.4011.2911.04        Fold 5

8.2611.1910.155.57        Fold 5

11.087.2810.268.46        Fold 5

aMetrics for testing based on a nested cross-validation approach (pilot, cross-sectional study, N=32). Range for symptom scores: 0‐60.
bIncluding sex.
cNLP: natural language processing.
dNot available.
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Figure 3. Individual features contribution to depressive and manic symptoms predictions in sex-adjusted models among people with bipolar disorder.

Discussion

Main Findings
This study aimed at piloting the simultaneous use of speech
acoustics, as well as natural language features, to glean insights
into BD depressive and manic symptoms. Our findings
corroborate evidence on the relationships between symptom
severity and speech features, supporting the potential predictive
role for clinical purposes of digital mental health applications,
embedded in a mHealth integrated system.

First, the speech of participants with BD showed that vocal
perturbations (eg, higher instability and hesitations considering
voice quality), latency time, and increased silences and pauses
over time speaking all correlated to depressive symptoms.
Consistently, increased depressive symptoms resulted in
NLP-based features such as a smaller number of words and
longer mean intraword time, with lower pressure of speech. In
our exploratory study, this relationship was particularly clear
among females. This effect was corroborated by the predictive
model, showing a contribution of NLP-based and conversational
features higher than for acoustic ones. This finding aligns with
prior evidence, advocating that text-based features contribute
more to model accuracy than audio parameters [18]. However,
also the latter component (ie, fundamental frequency, jitter- and
shimmer-related indices) deserves a careful assessment, since
our findings show that these indices might have an impact at
least among males to predict future episodes. Indeed, recent
evidence from healthy populations sheds light on sex differences
in speech markers (eg, prosodic features) with different acoustic
cues conveying various emotions [50]. A combination of
inherent biological dissimilarities, socialization processes,

influences of the social environment, and cultural expectations
might contribute to these differences in both expression and
perception of related emotional prosody [52,53]. Moreover,
individuals may modulate their speech to align with the
dominant pitch range within a specific linguistic community
[54], and similar modulation may occur in conversational
dialogues versus monologues and in spontaneous versus elicited
speech. Thus, this criterion should be taken into account when
designing apps with speech recognition and processing tasks
for people with BD [31].

Second, voice instability and hesitations, as well as mean
intraword time, were negatively correlated to manic symptoms.
However, the interpretation of the relationship between manic
features and vocal abnormalities is not straightforward. Mixed
findings emerged on the relationships between speech features
and manic symptoms, preventing us from supporting our original
hypothesis. One plausible explanation may stem from the sample
characteristics. Indeed, our participants were more likely to
report depressive symptoms, and just a few had severe manic
features.

However, the overall moderate correlations between speech
markers and symptom severity were consistent with previous
work that used speech smartphone data to discriminate between
different mood states [20,21]. It has been argued that speech
features may be useful to detect a trait [55] rather than a state
[56] in BD. However, alterations in voice perturbations have
been observed when assessing vocal markers of suicidal ideation
[57], and this makes further research for vocal features
reasonable, at least for depressive conditions.
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Smartphone-Based Applications
Consistent with previous research on smartphone-based
applications designed to record and analyze speech patterns in
real time, our findings emphasize the feasibility of a simple, yet
clinically useful, application of digital technology [13]. In
particular, we developed the frontend of the app as a basic digital
environment, freely managed by participants on their own
smartphones. Participants reported a high level of engagement
with the tool, showing an acceptable system usability level as
assessed by SUS [35], without perceiving intrusiveness of the
recording of both elicited and spontaneous conversations.

Comparisons of the vocal performance of people with BD with
unaffected relatives and healthy controls have shown a clear
speech “fingerprint” of the clinical condition [58], suggesting
the utility of multilevel inputs [59]. However, there is also the
need for a wider understanding of fluctuations in symptom
severity and mood states in this population [60]. The major
strength of our study consists in the usefulness of different
speech data (eg, linguistic, conversational, acoustics) to
differentially identify symptoms of BD. Thus, for relapse
prevention purposes, future research should possibly explore
systems combining smartphone-based generated objective
acoustics data with additional information, such as from facial
expressions and gestures [61]. This would ultimately improve
BD state prediction, even considering classification tasks
[21,62-64].

Clinical Implications: Interdisciplinary Perspective
This pilot study represents a step forward in the identification
and utilization of digital biomarkers for BD from natural
language and audio streams, with implications for personalized
mental health care and early intervention strategies. Our
approach holds promise for complementary, remote assessments
enhancing depressive and partly manic states prediction by
exploiting participants’ speech. This would have significant
implications, especially considering BD fluctuating
symptomatology. Nonetheless, leveraging live speech recordings
as a predictive tool, repeated assessments are needed to identify
individuals at risk of transitioning to depressive and manic
states.

Despite promising findings from automated assessments, mental
health care heavily relies on participant interviews, yet with
often subjective reports, cognitive limitations, and stigma [18].
Integrated systems, aiming at taking advantage of candidate
digital markers from speech recognition, would possibly boost
a care approach in which digital technology enhances, but does
not replace, existing models from clinical assessment [30].
Indeed, automated assessment does not inherently lead to
adherence and engagement of individuals with BD [65].

Finally, clinical, hypothesis-driven research on BD should not
be dismissed, since algorithms may not be considered a
black-box replacement for traditional data modeling, but they
rather integrate with other systems, embedding a substantial
clinical validation [66,67].

Limitations and Future Directions
We should acknowledge some limitations of this study.
Analyzing speech and natural language in individuals with BD
implies a challenge due to the nature of the disorder and to
ethical considerations.

First, properties of chosen machine-learning models may hamper
identification of unknown patterns based on values that fall
outside the training set. Effective NLP and supervised learning
models may require high-quality, annotated datasets. While
exploratory in nature, the study’s limited sample size may have
constrained the model’s statistical power and the ability to
capture the full complexity of the underlying data distribution,
thereby hindering meaningful subgroup comparisons. Our
preliminary findings should be replicated and extended in a
larger, more diverse sample of people with BD to mitigate the
risks associated with overfitting. Furthermore, future research
should address classification approaches based on severity
thresholds for both MADRS and YMRS. Accordingly, there is
potential for alternative modeling approaches for regression
tasks (eg, splines) that might be implemented in the future.
While still considering the number of predictors, these may
possibly enable a better understanding of the nature of the
existing relationships and nonlinear patterns.

Consistently, the lack of standardized (linguistic and acoustic)
markers represents a barrier when studying relationships with
mood states. Indeed, the model may still learn to overfit to
irrelevant or noisy features the data may contain, especially if
they are informative in the training set by chance.

Furthermore, the speaker’s identity may show a possible
confounding role in a between-subject design. Therefore, studies
with a longitudinal design (ie, within-subjects) should be
recommended, deploying Ecological Momentary Assessment
approaches [24,68]. In addition, speech patterns may generate
misinterpretations if individual cultural and linguistic factors
are not accounted for [69]. Similarly, speech during manic
episodes may exhibit circumstantiality or tangentiality, where
individuals provide excessive details or veer off-topic. Rapid
speech, tangential thinking, or unconventional language use
pose challenges for automatic speech recognition systems.
Analyzing such complex speech patterns requires a deep
evaluation of language and context, achieving appropriate
understanding of an individual’s usual way of communicating
in order to distinguish changes associated with BD episodes.

Furthermore, in our study, speech features were averaged over
relevant duration, thus constraining the role of temporal
variations across related measures in predicting symptom
severity. Future research should endeavor to integrate dynamic
aspects of speech on mood states transitioning.

Finally, other clinical variables, not investigated in our sample,
are likely to influence the individual’s speech. For instance, it
should be noted that anxiety and anxious distress, often
co-occurring with bipolar depression [70], may significantly
influence speech features [71], as well as medication prescribed
[72-74] and drug or alcohol comorbid conditions [75].
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Conclusions
Speech patterns, underlying both linguistic and acoustic features,
are able to yield quantifiable differences, thus embodying digital
markers of symptom severity. Multimodal,
smartphone-integrated digital assessments could serve as

powerful tools for clinical purposes to remotely complement
standard mental health evaluations, potentially contributing to
distinguish clinical conditions in people with BD. Feasibility
of similar systems seems promising, though issues related to
privacy, intrusiveness, and clinical therapeutic relationships
should be carefully considered.
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Abstract

Background: American Indian and Alaska Native (AI/AN) youth experience numerous health inequities, including those in
sexual, reproductive, and mental health. Implementation of culturally relevant, age-appropriate evidence-based programs may
mitigate these inequities. However, numerous barriers limit the adoption and implementation of evidence-based adolescent health
promotion programs in AI/AN communities.

Objective: This study examines user reach and engagement from 2022 to 2024 of web-based decision support (the Healthy
Native Youth [HNY] website and the embedded HNY Implementation Toolbox), designed to increase the implementation of
evidence-based adolescent health promotion programming in AI/AN communities.

Methods: Promotional strategies were designed for optimal geographic reach to Tribal organizations, opinion leaders, federal
decision makers, and funders. Promotional channels included grassroots, community, and professional networks. We used Google
Analytics to examine the uptake of the HNY website and HNY Implementation Toolbox from January 2022 to January 2024.
The Toolbox provides culturally relevant tools and templates to help users navigate through 5 phases of program adoption and
implementation: Gather, Choose, Prepare, Implement, and Grow. User reach was estimated by demographic characteristics and
geographic location; user engagement was estimated by visit frequency and duration, bounce rates, and frequency of page and
tool access.

Results: Over the study period, page views of the HNY website and HNY Toolbox increased 10-fold and 27-fold, respectively.
Over the 2-year evaluation period since the Toolbox “go live” date, approximately 1 in 8 users of the HNY website visited the
Toolbox. The majority of HNY website users were located in Washington (n=1515), California (n=1290), and Oregon (n=1019)
and were aged between 18 and 24 (n=1559, 21.7%) and 25‐34 (n=1676, 23.29%) years. Toolbox users were primarily located
in California (n=1238), Washington (n=1142), and Oregon (n=986), mostly aged between 35 and 44 years (n=444, 35%). Both
website and Toolbox users were primarily female, who accessed the site and Toolbox via desktop computers. The most frequently
accessed phase pages within the Implementation Toolbox were Gather, Choose, Implement, and Prepare, as supported by bounce
rates and average time on page. The most viewed phase was the “Gather” phase, with 3278 views. The most frequently downloaded
tools within the Toolbox were Gather: Community Needs and Resource Assessment, with 136 downloads. The phases and tools
accessed may have differed based on the user’s goal or stage of implementation.

Conclusions: Findings indicate positive initial reach and engagement of the HNY website and HNY Implementation Toolbox
among AI/AN educators that has consistently increased over the 2 years. The provision of web-based decision support that guides
AI/AN users through the adoption, implementation, and maintenance of culturally relevant, age-appropriate, evidence-based
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adolescent health promotion programs in their communities may help increase the implementation of effective adolescent health
promotion programs to ultimately increase health equity among AI/AN youth.

(JMIR Form Res 2025;9:e67885)   doi:10.2196/67885

KEYWORDS

implementation; culturally relevant program; evidence-based health promotion; user engagement; reach; decision support system;
American Indian; Alaska; native communities; youth; adolescent; decision support; Alaska native; health inequities; sexual;
reproductive; mental health; AI/AN; Tribal organization; Google Analytics; toolbox

Introduction

In the United States, as of 2022, the federal government
recognizes 574 distinct American Indian and Alaska Native
(AI/AN) Tribes across 37 states [1]. Together, the combined
AI/AN population comprises 9.7 million people, representing
2.9% of the US population in 2020 [1]. The AI/AN population
is young, with 30% being up to 18 years old, compared with
24% of the US total population [2], making adolescent health
an important topic in native communities. However, AI/AN
youth face many health inequities compared with other
racial/ethnic groups, including a disproportionate burden of
adverse mental, sexual, and reproductive health, and
violence-related outcomes [3-5].

Evidence-based programs (EBPs) that promote adolescent health
may help mitigate these inequities among AI/AN teens [6]. An
increasing number of EBPs incorporating the strengths and
cultural teachings of native communities have been developed
or adapted for AI/AN youth [7-13]. Despite efforts to increase
access to culturally relevant EBPs, barriers exist that limit their
adoption and implementation by AI/AN educators [14-16].
Native communities may lack implementation readiness to
discuss and approach adolescent health, experience difficulty
navigating Tribal review and school board approval processes
[16], have inadequate funding or program integration that
compromises program sustainability, or be geographically
isolated with limited access to programs [15,17]. Lack of
administrative and parental support, lack of trained personnel,
and lack of program integration with cultural values represent
additional barriers to the implementation of EBPs in this
population [15].

The Healthy Native Youth (HNY) website was developed in
2016 in collaboration with AI/AN community advisors to
mitigate barriers to access and to enhance the adoption and
implementation of culturally relevant adolescent health EBPs
in native communities to promote health equity [6,14,18,19]
(Figure 1). Digital platforms are an accepted delivery channel
to enable greater reach of evidence-based interventions to
underserved populations at lower costs [20-23]. Digital health
interventions for AI/AN youth have been reported to contribute
to enhanced health metrics such as mental health, substance
use, and sexual risk reduction [10,24]. Prior to the HNY
Website, such programs need to be located and accessed

individually, without structured dissemination and
implementation decision support. The HNY website provides
a “one-stop-shop” for Tribal health advocates to access
engaging, culturally relevant, age-appropriate health curricula
and programs for AI/AN youth within a single website structured
to provide implementation decision support [14]. The website
comprises 5 sections: “Implementation Toolbox” (guidance for
adoption and implementation of EBPs), “Curricula” (information
about culturally informed EBPs), “For Caring Adults”
(empowerment for nurturing adult-youth communication),
“Community” (networking for advocates of adolescent health),
and “Resources” (links and materials for youth advocates). The
Curricula section of the HNY website contains comparative
information on the content, specifications, and access to 19
culturally relevant, age-appropriate evidence-based for AI/AN
youth focused on multiple topics, including mental health, sexual
health, substance use, and suicide prevention. The user can filter
and compare curricula on multiple dimensions to determine
“best-fit” for their community and includes implementation
materials at no cost.

The HNY Implementation Toolbox, housed within the HNY
website is maintained and owned by the Northwest Portland
Area Indian Health Board (NPAIHB) and provides stepped
web-based decision support designed to facilitate the adoption
and implementation of adolescent health EBPs in native
communities (Figure 1). The Toolbox was developed on
WordPress, an open-source content management system using
an iterative design process informed by native practitioners and
academicians to adapt an existing web-based decision support
system (iCHAMPSS), which is described elsewhere [17,25].
Digital decision support can provide web-based expert guidance
to facilitate complex tasks [26]. Findings from a 6-month user
experience study with 25 AI/AN educators rated the Toolbox
as credible, easy to use, and more helpful than current resources
[17]. In the 6-month postsurvey, participants indicated increased
knowledge, advocacy skills, and self-efficacy to adopt,
implement, and maintain culturally relevant adolescent health
promotion programs in their community [17]. The Toolbox
launched in January 2022 and the sustainability of the program
is through ongoing grant funding through the aforementioned
NPAIHB. National Institutes of Health R21 funds
(approximating US $440,000 total costs; US $164,000 indirect
costs) were sufficient to develop and formatively assess the
HNY Website Toolbox.
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Figure 1. Roadmap of the Healthy Native Youth website landing page (top) and landing pages for each section (bottom) for access by American Indian
and Alaska Native (AI/AN) communities.

The Toolbox is designed to guide users through five culturally
adapted dissemination and implementation phases: (1) Gather,
(2) Choose, (3) Prepare, (4) Implement, and (5) Grow. (Figure
2) [17]. The “Gather” phase guides users to identify the health
priorities and interests of youth in their community. “Choose”
guides users to select a culturally relevant and age-appropriate
evidence-based health program for their community. “Prepare”
guides users to implement the selected program, including
facilitating support from key decision makers. “Implement”
guides users to deliver their selected program while emphasizing
listening, reflection, and feedback. Finally, “Grow” guides users
to sustain their selected program [17]. Each phase includes
strategies to generate support for community members, elders,
and youth throughout the planning process. The Toolbox

comprises a “resource tools library” with over 20 phase-specific
support tools, templates, helpful tips, links to web-based
resources, and stories from the field (testimonials from
experienced native health educators) [17]. All rights, including
copyright, for this website and content on this Site are owned
by or licensed to the NPAIHB.

The purpose of this study was to examine user reach and
engagement with the HNY website and the embedded HNY
Implementation Toolbox during an initial 2-year roll-out of the
Toolbox from January 2022 to January 2024. Study findings of
the reach of these web-based decision support strategies can
inform further strategies to increase dissemination and
implementation and provide a foundation for future hybrid
effectiveness-implementation studies.
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Figure 2. The 5 culturally adapted dissemination and implementation phases and associated tasks in the Healthy Native Youth Implementation Toolbox.

Methods

HNY Website and Implementation Toolbox
Dissemination
Outreach dissemination strategies over the 2-year period
encompassed channels through grassroots, community, and
professional networks. These information channels comprised
monthly AI/AN Community of Practice Network meetings
highlighting the HNY Website and Toolkit for professionals
who plan, manage, and facilitate healthy youth programs in
Indian country, social media posts through existing networks
in the AI/AN community devoted to health messages and event
promotion, field studies with AI/AN practitioners and
community members and related manuscript publication,
presentations at professional conferences (eg, American Public
Health Association, Department of Health and Human Services
Office of Population Affairs Teen Pregnancy Prevention) and
Tribal meetings (eg, The Tribal Public Health Conference)
reporting formative, outcome, and process data from the HNY
Toolbox, and presentations on varied health topics that promoted
the HNY website as a resource. Rollouts were planned to ensure
optimal breadth (geographically) and depth of exposure
(including local Tribal organizations, opinion leaders, national
Federal decision makers, and funders).

Data Extraction and Analysis
Data from the HNY website and the embedded HNY
Implementation Toolbox were assessed using Google Analytics
collected from January 2022 to January 2024. Google Analytics

is a web analytics service that tracks and reports website traffic
and user behavior [27,28]. This tool is used extensively by
digital marketers and businesses to test and improve digital
marketing performance, assess customer behavior, and identify
strategies to optimize and improve traffic to a website by
providing insight into user behavior.

Data were collected to assess reach, user demographics, and
user engagement through a real-time, interactive dashboard
accessible through a registered account on the Google Analytics
website [29].

Reach is the extent to which an intervention or program is
delivered to the priority population and was assessed as the
number of users from each US state [29]. It is a necessary
antecedent for community exposure to intervention content and
any opportunity to establish effectiveness [29,30]. A user was
defined as a visitor to the sites who had an assigned unique
identifier with one or more associated sessions [29]. User
demographics were assessed by geographic location, user gender
and age, and the type of device used to access the sites. User
engagement was assessed by the number of page views, number
of pages viewed per session, number of “tools” downloaded,
average duration of sessions, bounce rate, and exit rate. Page
views were assessed as the number of separate views each page
received. A session was defined as a user visit to, and interaction
with, the webpage (eg, button clicks, downloads, and page
navigation). Pages per session were assessed as the number of
web pages of the site that the user viewed in a single session
[29]. Duration of a session was assessed as the average length
of time in minutes that users spent on a website/webpage during
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a session [29]. Bounce rate, or nonengagement rate, was
assessed as the percentage of single-page sessions a specific
webpage received. If a user loaded a page but did not interact
a second time (by viewing another page) within 30 minutes,
this was considered a bounce [29]. For example, a bounce rate
of 50% means that half the users engaged with the website on
the visited page only. Exit rates were assessed as the percentage
of users that left the website from a webpage (ie, the webpage
was the last page visited by them before they exited the website)
[29]. For example, an exit rate of 20% means that 20% of users
left the website from this page. Reporting bounce rates and exit
rates assess if the website/tool met the expectations of a user.
If these are lower than industry standards then the site is
considered to be engaging [29]. Downloads were assessed by
user selections of a download option for a given resource
template.

Ethical Considerations
This study was reviewed and approved by the Committee for
the Protection of Human Subjects at the University of Texas
Health Science Center at Houston (institutional review board
number: HSC-SPH-18‐0958). The HNY website also outlines
its privacy policy in the footer section of the website as a means
of informed consent from users and describes how user data are
collected and may be used for research purposes. All data used
are deidentified and anonymous. This manuscript, including

related images and supplementary material, does not allow the
identification of individual participants or users. No
compensation was offered to participants as this paper reports
analytics of a web-based resource that is accessible free of cost.

Results

HNY Website Analytics
From January 2022 to January 2024 the HNY website had
10,237 total users. Most users were located in Washington
(n=1515), California (n=1290), and Oregon (n=1019) (Figure
3A). The majority of users identified as female (n=5217, 70.0%),
were mainly 25‐34 years (n=1676, 23.0%) or 18‐24 (n=1559,
22.0%) years of age, and accessed the website primarily via
desktop (80.0%) and mobile (19.0%) devices (Table 1). The
most frequently accessed sections (in decreasing order) were
Curricula (9902 views), Resources (6397 views), HNY
Implementation Toolbox home (4364 views), Community (4054
views), and For Caring Adults (3766 views) (Table 2). Page
duration ranged from 1.7 minutes (Implementation Toolbox)
to 3.06 minutes (Curricula), bounce rate from 50.2% (Curricula)
to 65.5% (Community), and exit rates from 15.9% (Curricula)
to 60.0% (For Caring Adults). Access to the HNY website
increased from 2479 page views in the first quarter of 2022 to
a cumulative total of 33,004 page views by the fourth quarter
of 2023 (Figure 4).

Figure 3. Geographic distribution (top 10 US states) and number of users by state who visited the HNY Website (left column) and HNY Implementation
Toolbox (right column) from January 1, 2022, to January 1, 2024.

JMIR Form Res 2025 | vol. 9 | e67885 | p.226https://formative.jmir.org/2025/1/e67885
(page number not for citation purposes)

Sidhu et alJMIR FORMATIVE RESEARCH

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


Table . User demographics (gender, age, and device used) for the Healthy Native Youth (HNY) website (left column) and HNY Implementation
Toolbox (right column) from January 2022 to January 2024.

HNY Implementation ToolboxHNY website

Users by gender, n (%)

244 (34.0)2213 (30.0)    Male

472 (66.0)5217 (70.0)    Female

Users by age (years), n (%)

253 (20.0)1559 (22.0)    18‐24

319 (25.0)1676 (23.0)    25‐34

444 (35.0)1638 (23.0)    35‐44

135 (11.0)1216 (17.0)    45‐54

82 (6.0)690 (9.0)    55‐64

39 (3.0)416 (6.0)    65 and older

Users by device (%)a

19.019.0    Mobile

01.0     Tablet

81.080.0     Desktop

a During the time period of this study, the number of users by device was not a part of the analytic dashboard. Therefore, only percentage values have
been reported.

Table . Most frequently accessed sections in the Healthy Native Youth (HNY) website from January 2022 to January 2024 (Google Analytic data from
January 2022 to January 2024).

Exit rate, %Bounce ratec, %Page durationb

(min)

Page views/ses-

sionb
Page views, nTotal users, nSectiona

19.640.72.752.438,00910,237HNY website home

15.950.23.063.899023494Curricula

40.364.62.832.5163972849Resources

35.459.81.711.843642566Implementation
Toolbox home

60.057.41.31.840542486Community

36.665.52.03.6437661727For caring adults

aCorresponds to top-level sections in the HNY website (Figure 1).
bAverage.
cNonengagement rate.
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Figure 4. Cumulative user frequency over time by quarter from Jan 2022 to Jan 2024 and associated dissemination strategies (outreach events). AI/AN:
American Indian and Alaska Native; HNY: Healthy Native Youth; NA: not available; Q: quarter.

HNY Implementation Toolbox Analytics
From January 2022 to January 2024 the Implementation Toolbox
had a total of 2566 total users (Table 3) and 11,762 page views
(Figure 4). Most users were located in California (n=1238),
Washington (n=1142), and Oregon (n=986) (Figure 3B). The
majority of users identified as female (n=472, 66%), were
mainly 35‐44 years (n=444, 35%) or 25‐34 (n=319, 25%)
years of age and accessed the Toolbox mainly via desktop (81%)
and mobile (19%) devices (Table 1). Phase page views (in
decreasing order) were Gather (3278 views), Choose (1275
views), Prepare (907 views), Implement (843), and Grow (618
views) (Table 3). Page duration ranged from 1.67 minutes

(Grow) to 2.08 minutes (Choose), bounce rate from 41.8%
(Gather) to 72.9% (Prepare), and exit rates from 22.1% (Prepare)
to 34.5% (Grow). The most frequently downloaded tools within
the Toolbox were from the Gather phase and included the
“Community needs and resource assessment” factsheet (136
views), the “Identify youth advocates and community partners”
factsheet (111 views), and a “Bingo data collection” activity
guide (83 views) (Table 4). Access to the HNY Implementation
Toolbox increased from 1380 page views in the first quarter of
2022 to a cumulative total of 11,762 page views by the fourth
quarter of 2023 in conjunction with dissemination activities of
scientific presentations, community of practice sessions, social
media posts, and webinars (Figure 4).

JMIR Form Res 2025 | vol. 9 | e67885 | p.228https://formative.jmir.org/2025/1/e67885
(page number not for citation purposes)

Sidhu et alJMIR FORMATIVE RESEARCH

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


Table . Phases of the Healthy Native Youth (HNY) Implementation Toolbox accessed from January 2022 to January 2024 across the United States by
user metrics.

Exit rate, %Bounce rate, %Page durationa

(min)

Page views/ses-

siona
Page views, nTotal users, nImplementation

phase

35.560.31.711.843642566Implementation
Toolbox landing
page

33.941.82.0716.732781863Gather

22.349.52.0812.31275876Choose

22.172.91.4027.1907575Prepare

30.864.01.77.8843488Implement

34.557.81.665.7618353Grow

aAverage.

Table . Top 10 most frequently downloaded tools from the Healthy Native Youth (HNY) Implementation Toolbox by phase, type, and name from
January 2022 to January 2024 across the United States.

Downloads, nTool nameTool typeImplementation phase#

136Community needs and re-
source assessment

FactsheetGather1

111Identify youth advocates and
community partners

FactsheetGather2

83Bingo data collection activi-
ty

Activity sheetGather3

76Curriculum implementation
plan template

TemplatePrepare4

72Site selectionChecklistGather5

44Session reflection log tem-
plate

LogImplement6

40Example list of materials to
order for native STAND

Inventory listPrepare7

30Class attendance sheet tem-
plate

LogImplement8

29Identify youth advocates and
community partners

FactsheetChoose9

28Alaska Tribal Health Consor-
tium adolescent health ac-
tion plan

FactsheetGather10

Discussion

Principal Findings
The HNY website and embedded HNY Implementation Toolbox
provide web-based resources to support the adoption,
implementation, and maintenance of culturally relevant,
age-appropriate evidence-based adolescent health promotion
programs in AI/AN communities. The HNY website is a
“one-stop-shop” for Tribal health advocates to access culturally
relevant and age-appropriate health curricula, programs, and
related resources for AI/AN youth [14]. The embedded HNY
Implementation Toolbox provides guidance to enable them to
successfully implement these curricula in their communities.
Over the 2-year evaluation period since the Toolbox’s “go live”
date, approximately 1 in 8 users of the HNY website visited the

Toolbox. This, and expanded geographic reach, corroborate the
previously reported utility of the Toolbox [17]. The differential
traffic and reach between the HNY website and the Toolbox
may reflect the comparative maturity of the HNY website
compared with the relatively newer embedded Toolbox. The
greater reach in the western states is expected because the HNY
website was developed and is housed in the NPAIHB located
in Washington State, and early promotion was among affiliated
Tribes in Washington State, Oregon, and Idaho.
Demographically, the Toolbox users were older, with 35%
(n=444) being 35‐44 years of age. This is likely a reflection
of the demographics of community health advocates who are
evaluating community needs, facilitating decision-making on
the curricula best addressing these needs, and actively engaging
community support to adopt and implement these curricula in
their communities. This, and whether users had attended Tribal
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health conferences or Community of Practice gatherings in
which the Toolbox was promoted could not be verified from
the Google data.

Over the evaluation period, page views of the HNY Website
and the HNY Toolbox increased 10-fold and 9-fold,
respectively. Page views to the Toolbox witnessed a steady
increase from 2022 to 2023. The reason for this is uncertain but
is possibly attributable to the Toolbox being showcased in
monthly Community of Practice meetings that gather dozens
of advocates for Tribal youth in Indian country. This suggests
the potential for embedded practitioner networks as a
particularly utilitarian strategy to disseminate youth programs
[27,28]. Given that the HNY website and Implementation
Toolbox coexist, the promotion of one likely promotes traffic
to the other. This is the strength of a collaborative approach that
provides multiple resources that address a particular theme,
whether it be a priority population, setting, or health domain.
The cumulative page views over time are also suggestive of the
need to provide a persistent and longitudinal promotional
strategy. We will continue to build awareness nationally via
presentations, workshops, and round table discussions at Tribal,
education, and public health conferences.

The Toolbox’s average bounce rate (57.7%) was lower than
that of the HNY website (62.1%) and also the industry average
(62.3%); the average number of Toolbox pages visited per
session was almost 5 times than that of the industry average
(11.9 vs 2 pages) [14,31,32]. Further, the duration of use on
both sites (2.4 and 1.8 respectively) are close to averages on
comparable websites (2.58) [33]. These findings suggest that
the Toolbox is “sticky,” and that users are finding material
commensurate with their needs. This is also supportive of
previously reported positive usability ratings for the site from
AI/AN community decision makers.

User preferences within the Toolbox were for the Gather Phase
and tools related to this phase that enable needs assessment and
identification of community advocates. This may be indicative
of Tribal communities being in this early phase of adopting and
implementing adolescent health programs, that these tools are
particularly useful for the work of health educators, or simply
that community members are likely to start at the first step in
their review and exploration of a novel support tool like the
Toolbox. Future studies can investigate if progression through
stages occurs over time, the association of phase use with
“in-situ” community implementation, as well as challenges to
implementation that can be a function of differing state or local
policies, regional internet accessibility, funding, community
readiness to adopt programs, and logistics of obtaining school
board approvals [16].

Study findings need to be interpreted in the context of several
methodologic limitations and biases due to data collection.
Google Analytics was originally intended for marketing and
sales purposes and is limited largely to descriptive data [34,35].
Guidelines for the use and interpretation of Google Analytics
do not exist. Discrepancies in the data are possible due to a new
client ID being assigned every time a user deletes cookies or

signs in from a different device or browser [36]. This may
produce an inaccurate count of “new” users because different
IDs could be allocated to the same user [34]. Additionally,
deletion of cookies may degrade data captured via Google
Analytics which relies on user cooperation for successful data
collection [20]. Google Analytics assigns a value of 0 seconds
if a user visits a webpage until they navigate to a second page,
which can lead to inaccurate page duration assessments [34].
Google Analytics does not collect demographic and contextual
data on ethnicity, Tribe, or the context of the application of the
HNY website and Toolbox. The gender of users captured by
Google Analytics may only reflect a subset of users that log
into their Google accounts when visiting the page and it is
difficult to determine how the demographics align with the
target population [34]. Page views and resource downloads do
not necessarily equate to the actual adoption and implementation
of programs. There is a risk of selection bias wherein the
analytics reported may only reflect a subset of users that log
into their Google accounts The purpose of use, whether in the
context of seeking guidance on program implementation, review
and feedback for research, or simply to assuage curiosity, was
not ascertained in this study and will need to be if the utility of
the HNY Website and Toolbox is to be fully understood. To
address the above biases and limitations, reporting using Google
Analytics may be applied in combination with other field data
collection (qualitative or quantitative) to triangulate data sources.
This study reported on an array of promotional strategies to
achieve increased dissemination. Future studies, perhaps using
a mixed methods design, are recommended to investigate their
comparative effectiveness.

Despite limitations, the use of Google Analytics to assess and
gather feedback on web-based decision support and to track
user behavior on multiple devices is well accepted [20].
Advantages are that it can be used for self-comparison over
time and provide a comparison to industry standards. This can
provide a positive feedback loop wherein higher website traffic
builds positive normative perceptions that generate further user
traffic through “word of mouth.” An assessment of reach
represents an early phase in understanding program
dissemination and implementation that provides the foundation
for future hybrid effectiveness-implementation evaluation,
including network analysis to assess the dynamics of community
diffusion.

Conclusions
The HNY website and HNY Implementation Toolbox provide
AI/AN educators and youth advocates with step-by-step
guidance to support the adoption, implementation, and
maintenance of culturally relevant, age-appropriate
evidence-based adolescent health promotion programs in their
communities. Google Analytics provides insight into the use
and reach of the HNY website and Implementation Toolbox
among AI/AN youth advocates, which will help inform ongoing
dissemination efforts. Future studies are needed to assess the
Toolbox’s actual impact on the uptake and implementation of
adolescent health promotion EBPs in native communities.
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Abstract

Background: Improving children’s food literacy through school-based interventions can support developing healthy eating
habits. However, teachers lack appropriate resources, time, and training to provide nutrition education in schools. Serious games,
which are games designed for a purpose other than entertainment, have been demonstrated to improve children’s food literacy
and dietary intake and can address the barriers teachers face in providing nutrition education. Foodbot Factory (Arcand Lab) is
a nutrition education intervention that is aligned with curricula and uses a serious game to provide nutrition education to students.
Further evidence is needed to understand how serious games, including Foodbot Factory, can be researched in schools to support
nutrition education.

Objective: The objective of this study was to evaluate the feasibility of a research study protocol that implements the
curriculum-based nutrition education intervention Foodbot Factory into a real-world classroom setting. The evaluation of the
protocol included study processes, resources, and management feasibility outcomes, as well as a preliminary assessment of
scientific outcomes relevant to the intervention.

Methods: A nonrandomized study determined the feasibility of intervention implementation. Grade 4 and 4/5 classrooms were
assigned to have nutrition education lessons for 5 days with either the Foodbot Factory or a control intervention. Outcomes were
assessed in 4 feasibility domains of study processes (eg, recruitment and attrition rates), resources (eg, time taken to deliver the
intervention), and management (eg, challenges with intervention delivery), and a preliminary assessment of scientific outcomes
pertaining to the acceptability and impacts of the interventions. These outcomes were captured in semistructured field notes
completed by study staff and a Nutrition Attitudes and Knowledge questionnaire and acceptability questionnaire completed by
participants. Data were analyzed descriptively and using a paired t test to assess within-group changes in nutrition knowledge.

Results: In total, 4 classrooms participated in the feasibility study, with varying recruitment rates for schools (3/20, 15%),
classrooms (4/4, 100%), parents (54/102, 53%), and children (49/54, 91%). The time required to implement the research protocol,
including data collection and lesson plans, was sufficient and management of the intervention implementation was overall
successful. Some challenges were experienced with classroom management during data collection, specifically with electronic
data collection. After the intervention, participants reported a positive affective experience (26/41, 63%) and learning something
new about healthy eating (31/41, 76%). Participants in both study groups improved their nutrition knowledge, but the changes
were not statistically significant. The Foodbot Factory group had a statistically significant improvement in their knowledge of
vegetables and fruit (P=.04) and protein foods (P=.03).

Conclusions: These findings indicate that the study protocol is feasible to implement and evaluate Foodbot Factory in a
representative sample with select modifications to improve recruitment and data collection procedures.

(JMIR Form Res 2025;9:e69242)   doi:10.2196/69242

KEYWORDS

nutrition education; serious games; children; food literacy; school nutrition intervention; feasibility

Introduction

One way to support children in acquiring and maintaining
healthy eating patterns is by developing their food literacy. Food
literacy describes the set of interrelated food and nutrition

knowledge (ie, understanding food groups and the nutrients in
foods), food skills (ie, ability to prepare foods and read recipes),
and attributes (eg, self-efficacy and confidence) that interact
with our broader socioecological environment to shape our
dietary behaviors [1]. Research has demonstrated that children
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and adolescents with higher levels of nutrition knowledge, a
core component of food literacy, are more likely to have a higher
quality dietary pattern [2,3]. Improving food literacy is
especially relevant in Canada where the average child exceeds
recommended intakes for saturated fat, sodium and free sugars,
and consumes 21%‐25% of their daily caloric intake from
foods that are not recommended by dietary guidelines [4,5].
This dietary pattern can increase the future risk of
noncommunicable diseases such as cardiovascular disease and
type 2 diabetes [6].

School curriculum, policies, and programming are an important
way to support the development of child food literacy and
healthy eating behaviors. All jurisdictions in Canada have food
and nutrition as a core component of elementary health curricula
[7], however, teachers face several barriers to implementing
nutrition education in their classrooms due to a lack of training
and dedicated time and resources for nutrition [8-10]. Published
literature shows that well-designed curriculum-based
interventions can effectively improve nutrition knowledge and
behaviors [11]. A meta-analysis of school- and curriculum-based
nutrition education interventions found that experiential learning
approaches, such as school gardens and cooking classes, had
the greatest impact on child nutrition knowledge and dietary
intake [12]. While these experiential teaching approaches
enhance the student learning experience, they are resource- and
time-intensive and fail to address the needs of teachers. Thus,
alternative experiential learning approaches are needed that can
effectively support children’s food literacy development and
address the teacher-reported barriers to providing nutrition
education.

Technology-based nutrition interventions can address some of
these teacher-reported barriers, due to high access and ease of
use in the classroom [13]. Serious games, which are games
designed for a primary reason other than entertainment, have
emerged as a leading technology-based educational platform
as they use an experiential learning approach [14]. Research on
nutrition-focused serious games has found that they can improve
vegetable and fruit intake and nutrition knowledge among
children [15-17]. Unfortunately, these nutrition-focused games
are often not available to the public [18], do not consistently
align with relevant nutrition curriculum, and are
underinvestigated in classrooms as a resource to support
curriculum implementation. Research and resources are required
to support teachers in providing nutrition education and create
opportunities for children to develop their nutrition knowledge
and food literacy in the classroom.

The Foodbot Factory intervention was developed by an
interdisciplinary team of dietitians, game developers, teachers,
and researchers, to support elementary teachers with
curriculum-based nutrition education and to improve children’s
nutrition knowledge [19]. The intervention includes a serious
game for students played on a mobile app, with lesson plans

for teachers. The content is designed for children ages 8‐12
years (Grades 4 and 5) and aligns with the 2019 Ontario Health
and Physical Education curriculum and Canada’s Food Guide
[20,21]. Our previous proof-of-concept research demonstrated
that the Foodbot Factory serious game significantly improved
children’s nutrition knowledge compared with a control
food-themed game [22]. However, this study was conducted in
a controlled setting, not in the intended classroom environment.
The lesson plans developed have also not yet been tested in
classrooms, which is critical to understand their implementation
[23]. Before embarking on a larger randomized trial to evaluate
the impact of Foodbot Factory in classrooms, a setting that
comes with unique implementation challenges, a feasibility
assessment of an intended research protocol is warranted.
Therefore, the objective of this research was to determine the
feasibility of a research protocol to evaluate the Foodbot Factory
intervention and a control intervention with children in the
classroom setting. Study processes, resources, management,
and scientific outcomes were the feasibility elements assessed.
Such data will inform future research protocols to evaluate the
efficacy of Foodbot Factory as part of a randomized trial.

Methods

Study Design
This was a nonrandomized study to assess the feasibility of
implementing a trial protocol for a nutrition education
intervention (Foodbot Factory) and a control intervention among
Grade 4, 4/5, and 5 elementary school classrooms, over a 5-day
period. Classrooms were assigned in a 1:1 ratio to one of two
groups: (1) the Foodbot Factory group receiving nutrition
education using the Foodbot Factory serious game and lesson
plans or (2) the control group receiving nutrition education using
nontechnology based learning activities. This study protocol
was cocreated with several school board partners. This approach
increased the feasibility of the study protocol from the school
board’s perspective, particularly in relation to the length of time
required for the study and the use of a study teacher to provide
the intervention (described in the Interventions: Overview
section).

The primary objective was to assess the feasibility, or ability
to be successful in implementing the study protocol as planned
using feasibility outcomes that are evaluated across 4 domains,
that are study processes, resources, management, and a
preliminary assessment of scientific outcomes [24]. The specific
outcomes within each domain were based on established
guidelines for conducting feasibility research [24]. Study
process, resource, and management outcomes were documented
throughout the study period. The preliminary assessment of
scientific outcomes was assessed by having participants
complete questionnaires on their nutrition knowledge (day 1
and day 5) and intervention acceptability (day 5; Figure 1).
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Figure 1. Feasibility study overview.

Ethical Considerations
This study was approved by the Ontario Tech University
Research Ethics Board (#16930) and by the participating school
board. Informed consent (Multimedia Appendix 1) was obtained
from participants’ parents or guardians, along with informed
assent from child participants. All study data are in a deidentified
format. Classroom teachers received a $50 CAD (US $37.50)
gift card as an acknowledgment for having their classroom
participate in the research. All children in the classroom
(regardless of participation in the study) received an Ontario
Tech University water bottle as a token of appreciation.

Participants
Grade 4, 4/5, and 5 classrooms in a Greater Toronto Area school
board were eligible to participate if they had not yet covered
the healthy eating component of the curriculum. Furthermore,
4 classrooms from 2 elementary schools participated in the
study. The research team randomly selected schools and
contacted them via email to gauge interest in participation.
Principals who expressed interest subsequently invited
classroom teachers to participate in the study. In each school
we recruited 2 classrooms, assigning 1 to the Foodbot Factory
group and the other to the control group. Classrooms, rather
than individuals, were assigned to the group as the intervention
is designed for classrooms and it is not logistically feasible to
assign individuals within the same classroom to different study
groups. In the first school, 1 classroom was randomly assigned
to their group and the second classroom was assigned to the
opposite group. In the second school, classrooms were assigned
to the study groups based on enrollment to ensure a comparable
number of individual participants in each group. Before the
study, classroom teachers emailed parents the web-based consent
form. Child assent was obtained on day 1 of the study (Monday)
from those with parental consent. For participants who were
absent on day 1, assent was collected on day 5 for the purposes
of collecting data on intervention acceptability only. All children
in a classroom participated in the intervention, but only those
with parental consent participated in data collection and analysis.

Interventions

Overview
Both interventions were 5 consecutive days in duration and
classrooms received nutrition education for 35‐40 minutes per
day [23]. The interventions were provided by a hired certified
teacher, who was part of the research team (“study teacher”).
Due to the nature of their role, the study teacher was not blinded
to the intervention group. The study teacher was trained to
follow standardized operating procedures for the delivery of
the interventions to reduce sources of bias and ensure a high
level of fidelity. The study teacher was accompanied by an
observer who was trained in the same procedures. The research
team originally estimated that data collection would take a
maximum of 20 minutes, and that lesson plan delivery would
take 40 minutes. Classroom teachers were not involved in
teaching the lessons, but they were present in the classroom
during the study and supported classroom management.

Foodbot Factory Intervention
Classrooms in the Foodbot Factory group received nutrition
education using the Foodbot Factory serious game and
corresponding curriculum-based lesson plans [19,25]. The
serious game is based on experiential learning theory [26], while
the lesson plans are rooted in constructivist learning theory, to
help children connect knowledge learned in the game to their
lived experiences [27]. The Foodbot Factory intervention
consists of 5 nutrition education lessons, with additional
instructions for teachers on the importance of using food-neutral
language, suggestions to incorporate cultural foods into each
lesson and modifications for different learning needs. Each
lesson follows the 3-phase lesson structure, which is an effective
format for structuring a lesson [28]. The first phase of the lesson,
“Minds On”, introduces children to the lesson topic and
establishes expectations (5‐10 min). In the second phase,
“Exploration”, children play through 1 module of the Foodbot
Factory serious game on a tablet provided by the research team
(10‐15 min). For the final phase, “Consolidation”, discussion
and teacher-led activities allow children to connect their new

JMIR Form Res 2025 | vol. 9 | e69242 | p.236https://formative.jmir.org/2025/1/e69242
(page number not for citation purposes)

Brown et alJMIR FORMATIVE RESEARCH

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


knowledge from the serious game to their previous knowledge
and lived experiences (10 min).

Control Intervention
Classrooms in the control group received nutrition education
that covers the same topics as the Foodbot Factory intervention
but used nontechnology based learning materials (eg, activity
sheets). The control intervention also consists of 5 nutrition
education lessons, following the same 3-phase lesson structure
(Table 1). However, in place of the Foodbot Factory serious
game, the lesson plans incorporated pre-existing resources that
were sourced from a popular website repository of educational
materials [29]. These resources were carefully reviewed and

selected by the research team to closely match the Foodbot
Factory intervention learning goals and ensure their alignment
with curriculum and quality. Unlike clinical practice, where
there are often existing guidelines for usual care that may serve
as a control group in research, there is great variation in the
strategies teachers implement for nutrition education. However,
a consistent control intervention is required for comparative
research purposes. The approach for the control intervention in
this study was informed by qualitative interviews and focus
groups conducted with Canadian elementary school teachers
who frequently reported using pre-existing resources found
online for nutrition [10].
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Table . Foodbot Factory and control intervention learning topics and activities.

Phase 3: “Consolidation”
summarize and review les-
son (approximately 10 min)

Phase 2: “Action” main les-
son activity (approximately
10-15 min)

Phase 1: “Minds On” intro-
ductory activities and set
expectations (approximately
10 min)

Daily learning topic and study group

Day 1—drinks (Foodbot Factory) and introduction to food and drinks (control)

Foodbot Factory ••• Complete phase 1 class
activity, adding to it
based on what was
learned

Play “Drinks” module
in Foodbot Factory seri-
ous game

Introductory slide show
on food and drinks

• Teacher-led class activ-
ity

•• Class discussionClass discussion

Control ••• Think-pair-share activi-
ty sheet

Complete activity sheet
on different food
groups and drinks inde-
pendently

Introductory slide show
• Complete activity sheet

on food groups and
drinks independently

• Take up answers from
phase 2 activity

• Class discussion• Class discussion

Day 2/3a—whole grain foods (Foodbot Factory day 2 and control group day 3)

Foodbot Factory ••• Small-group activity
and take up answers

Play “Whole Grain
Foods” module in
Foodbot Factory seri-
ous game

Introductory slide show
• Class discussion

• Class discussion

Control ••• Take up answers from
phase 2 activity

Complete activity
sheets on whole grain
foods independently or
in pairs

Introductory slide show
• Class discussion

• Class discussion

Day 2/3—vegetables and fruit (Foodbot Factory day 3 and control group day 2)

Foodbot Factory ••• Complete phase 1 activ-
ity sheet, adding to it
based on what was
learned

Play “Vegetables &
Fruit” module in Food-
bot Factory serious
game

Introductory slide show
• Complete activity sheet

on vegetables and fruit
independently

• Class discussion• Class discussion

Control ••• Take up answers from
phase 2 activity

Complete activity
sheets on vegetables
and fruit in pairs or
small groups

Introductory slide show
• Class discussion

• Complete activity sheet
in pairs or small groups

Day 4—animal protein (Foodbot Factory) and protein foods (control)

Foodbot Factory ••• Teacher-led class activ-
ity

Play “Animal Protein”
module in Foodbot
Factory serious game

Introductory slide show
• Class discussion

• Class discussion

Control ••• Take up answers from
phase 2 activity

Complete activity
sheets on animal and
plant protein foods in-
dependently or in pairs

Introductory slide show
• Class discussion

• Small group activity
sheet

• Class discussion

Day 5—plant protein (Foodbot Factory) and Canada’s Food Guide (control)

Foodbot Factory ••• Teacher-led class activ-
ity

Play “Plant Protein”
module in Foodbot
Factory serious game

Introductory slide show
• Class discussion

• Class discussion

Control ••• Take up answers from
phase 2 activity

Complete activity sheet
on Canada’s Food
Guide independently

Introductory slide show
• Class discussion

• Class discussion

aStudy groups cover both the topics of “Whole Grain Foods” and “Vegetables and Fruit” on different days.
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Outcomes
We holistically determined if each study outcome was feasible
for a research protocol by considering the context of each
individual outcome, and if the outcome would reasonably
facilitate a fully powered study.

Study Processes
Feasibility of study processes refers to the main elements of a
study that are necessary for its success, including recruitment
and retention of participants [24]. We assessed 7 variables
related to study processes including school recruitment,
classroom recruitment, parent recruitment, child recruitment,
attrition rate, data collection, and instrument collection
completion rates. Recruitment rates were calculated as the
number of recruited school or participants over the total number
of contacted or eligible participants (eg, school recruitment
rate=schools successfully recruited/schools contacted). The
attrition rate was calculated as the number of children recruited
to the study with data available from 2 data collection
questionnaires, a baseline Nutrition Attitudes and Knowledge
(NAK) questionnaire and postintervention NAK, over the total
number of child participants. Furthermore, 2 data collection
completeness rates were calculated. The first was calculated as
the number of child participants with 2 fully complete NAK
questionnaires over the total number of child participants who
completed the study. The second data collection completion
rate was determined by dividing the number of structured field
notes completed by study staff by the total number of expected
field notes. The instrument collection completeness rate was
calculated as the number of child participants with all study
questionnaires completed (2 NAKs and the acceptability
questionnaire) over the total number of child participants.

Study Resources
Feasibility of study resources refers to the time and resources
required to run the study [24]. Furthermore, 3 variables related
to study resources were assessed including time taken to deliver
the intervention, time taken to collect data, and impacts on study
personnel who were the study teacher and outcome assessor (ie,
what was the qualitative experience for those conducting the
study). Variables related to time were taken with a stopwatch
and impacts on study personnel were assessed qualitatively.
This study did not assess outcomes related to material resources
as all necessary resources were brought into classroom by the
study team (eg, tablets to play the Foodbot Factory game,
activity sheets, and writing supplies).

Study Management
Feasibility of study management assesses possible issues with
study implementation [24]. In this feasibility study, we collected
data on 2 variables related to study management, which included
challenges with data collection and challenges with intervention
delivery. These outcomes were assessed qualitatively.

Preliminary Assessment of Scientific Outcomes
A preliminary assessment of the scientific outcomes of the study
included an evaluation of the impacts of the intervention on
nutrition knowledge and its safety. These data are intended to
inform a fully powered future study, not to determine the

effectiveness of an intervention [24]. In total, 3 variables were
assessed in this category including acceptability of the
intervention, adverse events, and impacts of the intervention on
nutrition knowledge. An acceptability questionnaire assessed
the perceived acceptability of the intervention by participants.
The acceptability questionnaire was based on the theoretical
framework of acceptability [30]. The questionnaire was adapted
from the generic theoretical framework of acceptability
questionnaire to be specific to the nutrition education
interventions and ensure readability for children [31]. It
consisted of 11 items on a numerical 5-point Likert scale
questions defined by level of agreement (1=strongly disagree
to 5=strongly agree). Adverse events were documented in study
field notes and a self-report question on the acceptability
questionnaire asking participants about feelings of stress due
to the intervention. Nutrition knowledge was measured using
the validated NAK questionnaire, which was developed and
validated by our research team and is sensitive to detecting
changes in nutrition knowledge [22,32]. The NAK questionnaire
consists of 20 questions to assess a child’s overall nutrition
knowledge, and 4 subscores of nutrition knowledge (5 questions
per subscore) to assess knowledge of a specific food group (eg,
drinks, whole grain foods, vegetables and fruit, and protein
foods). NAK questions are guided by the recommendations in
Canada’s Food Guide [20], which also are part of the Foodbot
Factory intervention.

Outcome Assessment
Feasibility outcomes were collected throughout the study from
(1) structured daily field notes that were created and completed
by the research team to document the aforementioned study
process, resource, and management outcomes; (2) assessments
of nutrition knowledge using the NAK questionnaire [32]; and
(3) an acceptability questionnaire. The 2 questionnaires were
used to provide a preliminary assessment of the scientific
impacts of the intervention.

Field notes were completed each day of the study by the study
teacher and observer (days 1 through 5). The NAK questionnaire
was administered to participants by an outcome assessor on day
1, before the first nutrition education lesson, and again on day
5, after the final lesson. The acceptability questionnaire was
also administered by the outcome assessor and completed on
day 5, after participants completed the NAK questionnaire. The
questionnaires were completed independently by participants
at their desks in the classroom with the outcome assessor
circulating to monitor progress. The outcome assessor was
present in each classroom throughout the intervention period
as an observer, thus they were not blinded to the intervention
group. In the first and second classrooms, students completed
electronic forms using Qualtrics (Silver Lake); however, there
were several issues with electronic data collection (described
in Results) and the remaining 2 classrooms completed
paper-based forms.

Sample Size
Our research team previously conducted a pilot study of the
Foodbot Factory serious game, which provided us with an
understanding of the distribution and effects sizes for the
outcome of nutrition knowledge [22]. Thus, our objective with
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this feasibility study was pragmatic in that we needed to
understand the logistics of recruitment, data collection, and
intervention delivery in the classroom setting [33]. For this type
of feasibility study, 12 to 30 participants per group is suggested
by other researchers [34,35]. Therefore, we aimed to recruit 4
classrooms as the feasibility challenges in this study were likely
to arise related to both the classroom environment and individual
participants. This resulted in 102 children eligible to participate
and allowed us to assess the feasibility of implementing the
interventions in different neighborhoods and understand the
pragmatic elements required to scale the intervention up in a
fully powered study.

Data Analysis
Outcomes related to study processes were analyzed using
descriptive statistics, frequencies, and percentages. Resource
outcomes were assessed using descriptive statistics and impacts
on study personnel were assessed narratively. Outcomes related
to management were assessed narratively. The scientific
outcome of acceptability was analyzed using descriptive
statistics. On all Likert scale questions, a response of 1 or 2 was
considered as disagreement, a response of 3 was considered
neutral, and a response of 4 or 5 was considered as agreement.
Intervention safety was analyzed using both descriptive statistics
and narratively. The scientific outcome of intervention impacts

was assessed using descriptive statistics but was not considered
in the final determination of protocol feasibility as the sample
size would not have sufficient power. Within-group analysis
for changes in overall nutrition knowledge and nutrition
knowledge subscores was completed using a paired t test, after
confirming the data were normally distributed through the
Shapiro-Wilk test. Participants were excluded from the analysis
of the overall knowledge score if there were any missing data.
However, participants were included in nutrition knowledge
subscore analyses if they had complete data for a particular
subscore. All statistical analyses were completed using R
Statistical Software version 4.2.0 (R Core Team) [36].

Results

Overview
In total, 4 classrooms participated from 2 schools between
February and May 2023 (Figure 2). Both schools were in urban
areas in culturally and linguistically diverse neighborhoods.
The first school was in a higher socioeconomic-status
neighborhood while the second school was in a neighborhood
with a higher proportion of newcomers to Canada and
government-subsidized housing. Participating classrooms
included one Grade 4 and three Grade 4/5 split classes.
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Figure 2. Flowchart of participant progress through the study.

Study Process Outcomes
The school recruitment rate was low (3/20, 15%). Of the 20
principals who were contacted by email, 70% (n=13) did not
respond, 10% (n=2) declined participation, and 5% (n=1) replied
with a question about the study but lost to follow-up. To counter
the low email response rate, the research used phone calls for
recruitment and was able to recruit 1 school after 3 phone calls.
Once a principal agreed to have their school participate, 100%
of classroom teachers in those schools agreed to have their
classroom participate. In total, 4 classrooms from 2 of the 3
recruited schools were scheduled for participation, with a total
of 102 children. While a third school was recruited to participate,
they ultimately were not scheduled to be in the study, due to a
staffing shortage among the research team. Parent recruitment
rate was low (54/102, 53%); 43% (44/102) did not respond to
the consent form, 3% (3/102) consented after the study start
date, and 1% (1/102) declined participation. To improve parent
recruitment, the research team requested that classroom teachers

send a reminder email. Reminders were sent by teachers in 2
classrooms, resulting in a 77% parent recruitment rate compared
with 40% in classrooms with no reminders. Anecdotally, 1
classroom with lower parent recruitment had a high number of
parents who did not speak English as a first language, and the
classroom teacher noted this was likely a barrier to participating
in the study. Most children with parental consent (49/54, 91%)
agreed to participate in the study, with 24 in the intervention
group and 25 in the control group. The average age of
participants was 9.6 (SD 0.68) years. Participants self-reported
their gender as a boy (24/49, 49%), girl (18/49, 37%), or a
self-defined identity (2/49, 4%), with the remaining participants
preferring not to answer (5/49, 8%). In the intervention group,
17 participants completed the study; however, only 10 had a
complete set of data. In the control group, 15 participants
completed the study, with 9 having a complete set of data. The
attrition rate was 19%. For participants, the instrument collection
completion rate was moderate (73%) and the data collection
completion rate for the NAK questionnaire was low (59%). The
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data collection completion rate of the structured field notes by
study staff was 100%.

Study Resource Outcomes
The average time required for child assent was 6.5 minutes,
lesson plan delivery was 34 minutes (8 min for minds on, 14
min for exploration, and 12 min for consolidation), acceptability
questionnaire completion was 5.5 minutes, and NAK
questionnaire completion was 13 minutes; all consistent with
original estimates. Study personnel, including the study teacher
and outcome assessor, reported an overall positive experience
as they enjoyed interacting with the students. In one classroom,
classroom management was a significant challenge due to a
handful of students who frequently interrupted the lessons and
outcome assessments. This was a minor psychological stressor
for the study teacher. There were challenges with retaining the
hired study teachers on the project due to career changes and
an unanticipated emergency, requiring the research team to
reschedule 2 classrooms to a later date.

Study Management Outcomes
Data collection procedures and delivery of the intervention were
executed as planned, although some challenges were
experienced. Tablets were originally used for participants to
complete data collection forms, but this posed a few
unanticipated challenges. For example, participants intentionally
or unintentionally “refreshed” or navigated away from the
web-based NAK questionnaire, leading to the loss of completed
responses. In addition, once a NAK questionnaire was submitted,
study personnel were unable to verify if all questions had been
completed. This resulted in incomplete data for some
participants. Several participants struggled to focus on
completing the data collection forms due to distractions in the
classroom. The most significant distraction occurred when other
children who were not participating in the study were allowed
by the classroom teacher to engage in other activities, namely
the use of electronic devices. Furthermore, as participants
completed the questionnaire independently, those who finished
early then moved on to a different activity. Participants who
needed more time to complete the questionnaire became
increasingly distracted as others around them finished, which
may have contributed to them rushing to finish and skipping
questions.

Based on the implementation of the interventions in the first 2
classrooms, some changes were made to the intervention
delivery that were implemented in the subsequent 2 classrooms.
The changes clarified instructions, modified select discussion
questions to improve wording and added slideshows with the

daily learning objectives instead of writing them on the board.
Overall, these changes were relatively minor and were intended
to improve the clarity and accessibility of the lesson delivery.
In the study, classroom management was particularly
challenging in 1 classroom due to some children repeatedly
interrupting the study teacher. Study personnel found that having
the classroom teacher and educational assistants support
classroom management was helpful. In 2 classrooms, the
intervention schedule was modified to occur over 4 days instead
of 5, due to a conflicting school-wide track and field event. On
one of the 4 days, 2 intervention lessons were provided
consecutively instead of having 1 lesson each day. While it was
logistically feasible to provide 2 lessons back-to-back in 1 day,
student engagement was lower during the second lesson.
Another challenge occurred in the Foodbot Factory intervention
group, where some children struggled with the augmented reality
components in the Foodbot Factory serious game. The research
team responded to this by improving instructions about how
the augmented reality features work. In addition, some children
struggled to transition away from using the tablet to play the
Foodbot Factory serious game to the next learning activity as
they found the game engaging and wanted to keep playing.

Preliminary Assessment of Scientific Outcomes
Based on observations, participants enjoyed participating in
both the Foodbot Factory and control intervention lessons and
were engaged in learning about nutrition through the activities.
Overall, intervention acceptability among participants was
moderate to high, with most participants reporting that they had
a positive experience (26/41, 63%), understood the goals of the
nutrition education lessons (37/41, 90%), and that they learned
something new (31/41, 76%; Figure 3). No participants reported
feeling sad or stressed about food and nutrition from the lessons
on the acceptability questionnaire nor did study personnel
observe any verbal or nonverbal signs of concern from children
in the classroom.

Scores on the NAK questionnaire were normally distributed as
determined by the Shapiro-Wilk test. Both groups demonstrated
improvements in their overall nutrition knowledge (Foodbot
Factory group: mean 10.8, SD 2.1 to mean 12.5, SD 3.5; control
group: mean 11.8, SD 1.9 to mean 12.7, SD 1.8), although these
improvements were not statistically significant. For subscores
of nutrition knowledge, participants in the intervention group
demonstrated statistically significant improvements in
knowledge of vegetables and fruit and protein foods. Participants
in the control group demonstrated statistically significant
improvements in knowledge of grain foods (Table 2).
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Figure 3. Acceptability of the nutrition education interventions as rated by participants (n=41).

Table . Changes in overall and subscores of nutrition knowledge within the Foodbot Factory and control groupsa.

Control groupFoodbot Factory groupNutrition
knowledge

P valueEnd of study,
mean (SD)

Baseline,
mean (SD)

Score, nP valueEnd of study,
mean (SD)

Baseline,
mean (SD)

Score, n

.0912.7 (1.8)11.8 (1.9)9.1312.5 (3.5)10.8 (2.1)10Overall nutri-
tion knowl-
edge

≥.993.93 (0.59)3.93 (0.70)15.333.76 (0.56)3.94 (0.66)17Drinks

.033.40 (1.1)2.87 (1.1)15.172.75 (1.1)2.31 (1.2)16Grain foods

.613.07 (1.0)2.86 (0.86)14.043.00 (0.93)2.27 (0.88)15Vegetables
and fruit

.051.70 (0.95)2.60 (1.1)10.032.75 (1.6)1.92 (0.90)12Protein foods

aData presented as means and SDs with paired t tests used to assess changes in knowledge from baseline to the end-of-study within groups. Sample
sizes vary as only participants with a complete set of responses were included in the analysis.

Discussion

Principal Findings
Our research study determined the feasibility of implementing
the Foodbot Factory nutrition education intervention as part of
a research protocol in Grade 4 and 4/5 classrooms, identifying
9 facilitators to support a larger study and 4 risks that will
require mitigation. Elements of the study that were deemed
feasible included classroom recruitment, child recruitment, the
attrition rate, time taken to deliver the intervention and collect
data, the impacts of the study on personnel, management of
delivering the intervention, lack of adverse events, and
acceptability of the intervention. However, strategies will be
needed to improve school recruitment, parent recruitment, data
collection completeness, and the management of data collection
procedures. In this feasibility study, we made minor
modifications to the protocol on implementation to improve

recruitment and intervention implementation (eg, conducting
recruitment phone calls and modifying intervention instructions
for the classroom). With further modifications to mitigate the
aforementioned risks, our findings largely support the feasibility
of this research protocol to evaluate the Foodbot Factory
nutrition education intervention as part of a fully powered
randomized controlled trial.

The primary strength of this study was our ability to better
understand how to collaborate with schools, teachers, parents,
and children in our future research. Key takeaways learned from
this study that will be valuable to other researchers, include the
importance of consulting with school boards before conducting
research, ensuring recruitment materials and methods are
relevant for the target audience, engaging classroom teachers
and testing data collection methods before their implementation.
We discussed our methodology and objectives with staff from
several school boards before seeking school board approval to
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conduct the research. From the outset, this approach resulted
in a protocol that would be more feasible and acceptable to
implement in classrooms and ensure value to our participants
and the school board. For example, the initial version of our
study protocol requested 5 hours of total class time, which was
perceived as too much time taken away from other curriculum.
Not only did we modify the protocol to reduce the total time by
1 hour, we also updated our recruitment materials to highlight
alignment of the study with curriculum. This was a critical
change as teachers have very limited time to cover content that
is outside of the curriculum. Ultimately, the resulting protocol
is not only acceptable to school boards, but the duration of the
intervention now better aligns with the time teachers typically
allocate to a lesson and clearly communicates the value of the
study to possible participants. These features increase real-world
acceptability of the intervention. Researchers should consult
with their local school boards and teachers to establish a
collaborative relationship from the beginning to develop
interventions and research protocols that are suitable and
valuable.

When recruiting individual schools, classroom teachers, and
parents, recruitment materials should be succinct and highlight
the value of study participation. In this study, phone calls were
effective at recruiting schools as they enable direct consultation
on the practical aspects of the study and allow the school to
quickly evaluate if the study will work for them. Low
recruitment of schools was still seen in this study and has been
reported as a challenge in other school-based health studies due
to low interest, poor timing, and other commitments [37,38].
During this study, engagement of the classroom teacher was
critical for parent recruitment, as we were not permitted to
contact parents directly. We found low parent recruitment was
driven by parents not returning consent forms, rather than them
explicitly declining participation, which has been observed in
other studies [37]. We also observed significant improvements
in recruitment when the classroom teacher sent reminders to
parents about the study, highlighting the important role of
classroom teachers in engaging parents in study participation.
In this study, classroom teachers were asked to contact all
parents and guardians to share the consent form and reminders
to complete it. However, classroom teachers may introduce
selection bias if they selectively reach out to parents and
guardians. Instructions for sending out parent consent forms to
classroom teachers should be clear and concise to avoid this
bias.

In this study, we show the importance of testing data collection
methods before implementation in a classroom setting. First,
an important takeaway from this study is that electronic data
collection presented several challenges. Although other studies
have used electronic data collection methods, it may present
more challenges if the technology has not been used before in
that context [39]. In this study, training was not provided to
participants on how to complete the electronic data collection
form before data collection as we did not have sufficient time
allotted for such training. Training on data collection methods
could minimize issues like participants accidentally refreshing
the page and skipping questions [39]. In this study, questions
on the electronic data collections forms were not made

mandatory for submission as study participation was voluntary.
Second, participants completed data collection independently,
requiring them to use their literacy skills to read and respond
to each question. This data collection approach reduced
accessibility and led to participants finishing at varying time
points and the classroom environment becoming increasingly
distracting for participants who needed more time. Missing data
from both missed responses and missing surveys in other
school-based studies is a common phenomenon ranging from
11%‐51% at a given outcome assessment time point [40,41].
In a future protocol, data collection could be modeled on the
procedures classrooms use when administering standardized
tests. This would align research data collection with procedures
that are already familiar to children, provide clear instructions,
increase accessibility, allow for verification of data collection
completeness to encourage complete responses and directly
guide the classroom as a group through the questions so all
participants finish at the same time.

This study also examined the impacts of the developed nutrition
education interventions on children’s nutrition knowledge.
Statistically insignificant improvements in overall nutrition
knowledge were observed in both groups, and participants in
the Foodbot Factory group significantly improved their
knowledge of vegetables and fruit and protein foods. The results
within-groups at the individual level indicate improvements in
nutrition knowledge but do not have the same effect size as a
larger proof-of-concept study of the Foodbot Factory serious
game, where significant improvements in children’s overall
nutrition knowledge were observed both within and between
groups [22]. This indicates that the findings in this feasibility
study for nutrition knowledge are inconclusive, due to the
insufficiently powered sample size, and should be used primarily
for descriptive purposes and informing improvements to the
intervention [42]. Some changes were made to the lesson plans
during the study to improve clarity and accessibility (eg, using
a slideshow to share learning objectives instead of writing them
on the board) as the process of conducting feasibility studies
and developing research protocols is recognized to be iterative
and adaptive [43]. Since these changes were relatively minor
and were focused on delivery, rather than intervention content,
we do not anticipate they influenced the outcomes of interest.

This study had several strengths and limitations that can inform
future research. This study included a small sample size, which
is primarily driven by low parent recruitment. Recruitment may
be a primary feasibility challenge moving forward to a fully
powered study. Including more classrooms may have revealed
additional feasibility issues; however, the classrooms were
intentionally sampled from schools in neighborhoods with
known differences in their sociodemographic profiles. While
the challenges in this study are similar to those observed in
international research [37,38,40,41], the results may be most
applicable for those conducting school-based research in the
Greater Toronto Area, or other urban environments in Ontario,
Canada. In this study, we chose not to randomize classrooms
as we were unsure of how successful our recruitment would be
and this approach would allow us to ensure balance between
study groups. Nonrandomized feasibility studies are common
for research in earlier phases of preparation for a trial and when
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there are significant unknowns [44]. To address the lack of
randomization and balance school- and neighborhood-level
characteristics, the research team assigned 1 classroom at each
school to a different group; however, we acknowledge the
potential of selection bias and an uneven balance of
characteristics between groups that may have been introduced.
In future research, we will recruit 2 classrooms per school and
use pair-matching randomization to both reduce bias and ensure
groups are balanced on school and neighborhood level variables
that can impact our outcomes of interests. Due to the study
design, where classrooms rather than individuals were assigned
to each treatment arm, we were unable to assess differences
between groups as the data should be analyzed at the classroom
cluster level, which this study was not powered to do. In future
research, an adequately powered randomized controlled trial
that randomizes classrooms as clusters would be more
appropriate to assess the impact of the interventions in a
pragmatic fashion. In this study, we provided all material
resources necessary, including tablets for students to use the
Foodbot Factory serious game. This can be considered as a
strength, as it increased the feasibility of conducting the
research, but also a limitation as we did not evaluate possible
material resource limitations (and the knowledge and processes
required to implement them) for conducting technology-based
research in schools. Researchers should carefully consult with
school boards to understand the availability of resources to
ensure success or invest in the required technology to avoid
material resource barriers as we have done in this study. We
also chose to use a certified study teacher who was trained to
implement the lesson plans as it increases feasibility from the
school board. We will use this approach in a future efficacy
study. Future research should aim to also evaluate the
effectiveness of the research when the lesson plans are
implemented by classroom teachers. At this stage, our research
team did not assess retention of knowledge or examine other

variables that may be impacted by a nutrition education
intervention, including dietary intake and behaviors. We also
did not assess acceptability of the study protocol from the
perspective of classroom teachers, which was not the focus of
this study. Retention of knowledge and dietary intake will be
assessed in future research and qualitative interviews will also
be conducted with classroom teachers to inform implementation
needs and strategies for the Foodbot Factory intervention. A
current limitation of the Foodbot Factory intervention is that it
predominantly covers nutrition knowledge and does not address
all elements of food literacy. The serious game is also only
available for use on mobile devices. Our future work aims to
make a web-accessible version of the Foodbot Factory serious
game and expand the content to different age groups and food
literacy concepts.

Conclusions
In conclusion, the majority of feasibility outcomes assessing
study processes, resources, management, and intervention
acceptability suggest that the study protocol was feasible [45].
The data offer several insights to inform future studies and,
when the protocol is implemented into a fully powered trial,
the successes identified can be leveraged, and the risks
associated with school recruitment, parent recruitment, and data
collection can be averted with targeted mitigation strategies.
These lessons learned have been applied to our protocol for a
fully powered cluster randomized controlled trial evaluating
the efficacy of Foodbot Factory in classrooms [46]. The
development and evaluation of the protocol in this study was
an important step in understanding how to best evaluate
technology-based nutrition education interventions in Canadian
classrooms. The lessons learned in this study will also support
the rising number of researchers embarking on school-based
nutrition and health interventions in school and classroom
settings both in Canada and abroad.
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Abstract

Background: As alcohol misuse remains pervasive within the military, evidence-based prevention programs that are feasible
to implement and appropriately tailored to meet the needs and norms of military personnel are critically needed. Further, programs
that target future military leaders, such as trainees, recruits, and cadets, may be especially impactful. eCHECKUP TO GO is a
web-based, evidence-based brief alcohol intervention designed to reduce alcohol misuse through education and personalized
feedback that may be suitable for military trainees. However, because it was developed for civilian students, efforts to adapt the
content for military settings are needed.

Objective: This study aimed to evaluate the acceptability of a military version of eCHECKUP TO GO, tailored to include
military-specific terminology and alcohol use statistics.

Methods: US Air Force Academy cadets were recruited to participate in a single-arm, mixed methods study. Following the
completion of eCHECKUP TO GO, participants completed a survey that assessed satisfaction with specific aspects of the user
experience, including ease of use, design, and relevance of the information and personalized feedback (range: 1=strongly disagree
to 7=strongly agree). A subset of cadets also participated in a focus group to expound on the survey responses.

Results: Survey participants included 22 cadets (n=12, 55% male; mean age 19.6, SD 1.8 years). In addition, 6 (27%) cadets
participated in the focus group. Participants were satisfied with the program overall (mean 5.8, SD 0.9) and gave the highest
ratings to ease of use (mean 6.6, SD 0.7), site design (mean 6.5, SD 0.6), and site interactivity (mean 6.4, SD 1.0). Items pertaining
to tailoring, relevance, and amount of content specific to cadets scored lowest (mean 5.8, SD 1.4; mean 5.6, SD 1.4; and mean
5.5, SD 1.5, respectively). Most (n=15, 68%) participants said they would act upon the information they were provided. Focus
group participants made suggestions for improved tailoring, such as increasing content on social aspects of drinking and
military-specific risks of alcohol misuse (eg, Uniform Code of Military Justice violations).

Conclusions: Although the acceptability of eCHECKUP TO GO was high, continued efforts are needed to ensure the content
accurately reflects the experiences of cadets. Researchers who design military health promotion interventions need to consider
the varied contexts within the force and rigorously evaluate the acceptability of all content before implementation.

(JMIR Form Res 2025;9:e67637)   doi:10.2196/67637
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alcohol misuse prevention; digital interventions; formative research; military health; acceptability; alcohol prevention; US military;
military; United States; formative evaluation; alcohol use; evidence-based prevention; alcohol intervention; mixed methods study;
survey; alcohol use disorder; alcohol misuse; heavy drinker; educational web-based intervention; web-based intervention
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Introduction

Alcohol misuse is pervasive within the US military [1-4]. Data
from the 2018 Department of Defense (DoD) Health Related
Behaviors Survey indicated that binge drinking and heavy
drinking [5] are highly prevalent (34% and 9.8%, respectively).
For many service members, alcohol misuse may lead to serious
adverse health, career, and social outcomes [6-8]. For instance,
among all active duty service members, alcohol use disorder
was among the top 10 causes of outpatient medical visits for
both men and women in 2022 [2,3]. During the same period,
alcohol-related issues were also a leading cause of inpatient
hospitalization [3]. It has also been associated with earlier
separation from service and disciplinary action [6,7]. Further,
it has been noted that alcohol misuse during service may persist
following separation [9,10], potentially contributing to the
widely documented health disparities between veterans and
civilians [11,12].

Alcohol misuse can pose serious threats to the health and
performance of service members, thus interventions designed
to prevent it before it causes lasting harm are urgently needed.
Prior research has shown that the implementation of alcohol
misuse prevention programs in the military is complicated by
numerous factors, including the size, diversity, and wide
geographic distribution of the force [11]. One possible approach
is to target individuals in the earliest stages of their careers who
likely already consume alcohol but have yet to develop
problematic alcohol habits [13-15], namely those enrolled in
military service academies or training settings. Another
promising strategy is to use brief alcohol interventions, or BAIs,
which often consist of singular sessions and thus require fewer
resources to implement [16]. BAIs are endorsed for use among
service members who screen positive for unhealthy alcohol use
in the current Department of Veterans Affairs and DoD joint
clinical practice guidelines for the Management of Substance
Use Disorders [17].

BAIs have been used in military settings with varying results,
though most reports are from studies conducted in veteran or
general active duty populations [18]. The available evidence
from training settings shows promise. For example, Klesges et
al [19] evaluated the Alcohol Misconduct Prevention Program
(AMPP) in Air Force technical training [20,21]. AMPP, which
consisted of a combination of a single-session,
group-administered BAI, and random breathalyzer tests, was
associated with a significant reduction in alcohol-related risk
incidents (eg, alcohol-related disciplinary infractions). While
AMPP was found to be cost-effective [22], the continued
implementation of in-person group trainings may not be
sustainable in all settings. Further, because alcohol use is
prohibited in military training settings [11], participant concerns
about confidentiality may limit the impact of such
methodologies [23]. Web-based BAIs that give personalized
feedback to individual program participants may provide a
solution to these challenges.

Prior web-based trainings (including BAIs) evaluated in active
duty personnel and veterans have been shown to be acceptable
and efficacious, but few have been evaluated in service

academies or training settings, leaving a critical knowledge gap
[24-27]. This study addresses this gap by assessing the
acceptability of a web-based, individualized BAI among military
cadets. eCHECKUP TO GO (alcohol-specific version; San
Diego State University) is an evidence-based, theoretically
driven web-based intervention originally developed for civilian
adolescents and young adults. It is designed to reduce alcohol
misuse by targeting cognitive risk factors (eg, peer normative
behaviors) and increasing positive behavioral strategies (eg,
increasing time between drinks) to minimize drinking-related
risks by providing personalized feedback to participants. The
efficacy of eCHECKUP TO GO has been repeatedly
demonstrated in young adults [28-32]. Given the purpose,
format, and prior success of eCHECKUP TO GO, it may be
suitable for decreasing alcohol misuse in military academies.
However, before implementing eCHECKUP TO GO, it is
important to determine whether the format and existing content
are acceptable among potential program participants.
Specifically, while there are demographic similarities between
civilian young adults and military cadets and midshipmen, the
program may need to be tailored to account for cultural and
contextual differences between the communities. The results of
this study can be used to determine whether eCHECKUP TO
GO may be appropriate for use in military academies or training
settings.

Methods

Study Design and Procedures
Participants in this study were a convenience sample of 22
cadets enrolled at the US Air Force Academy (USAFA).
Prospective participants were recruited through third-party
announcements distributed by local study partners by email and
word-of-mouth. Interested cadets attended a recruitment event
where the study purpose and procedures were explained by
members of the research team and those who provided written
consent to participate immediately began their participation. A
mixed methods design was used in which all consenting
participants completed the eCHECKUP TO GO program
(alcohol version) and an electronically administered, anonymous
feedback survey. Immediately after completing the feedback
survey, a subset of participants volunteered to participate in a
20-minute focus group discussion designed to expound on the
content of the survey. The focus group was facilitated by two
members (ES and LH) of the research team and was
audio-recorded and transcribed for analysis. Data collection
took place in January 2023.

Description of Intervention
eCHECKUP TO GO is a brief, educational, web-based
intervention designed to minimize alcohol misuse by providing
personalized feedback. The program includes two components.
First, participants complete a self-assessment, in which they are
prompted to report their demographic characteristics (eg, age,
gender, height, and weight), current alcohol consumption and
behaviors (eg, frequency and quantity of drinking and driving
while drinking), and alcohol-related cognitions (eg, reasons for
drinking, such as “alcohol helps me reduce stress”). Participants
also describe their goals and priorities, such as the importance
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of their fitness levels and relationships with others. The
assessment also prompts participants to estimate the alcohol
consumption behaviors of individuals in their peer groups (ie,
people of the same age, gender, and occupation). Once the
assessment is completed, participants are directed to a series of
modules that provide personalized feedback based on the
responses provided during the assessment. The feedback
modules include a range of information. For instance, one
module addresses perceived peer norms by showing how the
participants’ alcohol consumption compares with that of their
peers. Other modules show participants how much money they
may spend on alcohol, their risk of becoming a problem drinker,
and the potentially negative consequences of continued drinking
based on their current use. Additional modules provide

suggestions for how participants might change their habits and
cognitions to reduce their risk for alcohol misuse and better
achieve their self-reported goals (eg, alternate alcoholic drinks
with water and set a drinking limit before going out). The
version of eCHECKUP TO GO used in this study was adapted
for use in military populations by incorporating service-specific
terminology and imagery. Additionally, the peer normative
feedback provided to participants was based on alcohol use data
reported by Airmen in the most recent DoD Health Related
Behaviors Survey [1], a trusted source used to inform military
programming and resource allocation decisions. The program
takes 20‐30 minutes to complete. Figures 1 and 2 show
examples of program feedback.

Figure 1. eCHECKUP TO GO example alcohol misuse risk feedback.
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Figure 2. eCHECKUP TO GO example peer normative feedback.

Ethical Considerations
All study procedures and measurement tools were reviewed and
approved by the Institutional Review Board at San Diego State
University (protocol HS-2022‐0009) and the USAFA Human
Research Protection Program and Cadet Wing. Participants
provided written consent to participate, and only those who did
so were invited to complete the study activities. Survey data
were collected without personal identifiers and only anonymized
data were used for the study; all data were stored in a secured
drive with access limited to approved study personnel.
Participants received no compensation for participating.

Measures

Survey
The self-report survey assessed participant demographic
characteristics and satisfaction with various aspects of the
eCHECKUP TO GO program, including the intended utility of
the information. Sociodemographic characteristics included
gender, ethnoracial identity, and age.

Satisfaction With eCHECKUP TO GO Content and User
Experience
An abbreviated 11-item version of the general Web trust
questionnaire [33-35] assessed perceptions of aspects of the
program known to be important to individuals’ reviews of
web-based health information: credibility of information (ie,
“The advice seemed credible” and “I trusted the information on
the site”), quality of the information and content (ie, “The site
had a professional design”), and personalization of information
(ie, “It felt like the advice was tailored to me personally”).
Response options ranged from 1=strongly disagree to 7=strongly
agree. Three original items designed by the researchers were
added to obtain more specific information about participants’
perceptions of the program content. Two were included to assess
satisfaction with the alcohol-related content (eg, “the feedback
I received about alcohol use”), and another to assess satisfaction
with the military content (ie, “amount of information about
cadets or military service members”). Participants rated their
degree of satisfaction on a scale from 1=completely dissatisfied
to 7=completely satisfied. In addition to the rating scales,
participants were asked to respond to two open-ended questions:
“What did you like about the program?” and “How do you think
the program could be improved to best help others?”

Use of Information
The intended outcome of eCHECKUP TO GO is to inspire
behavioral changes related to alcohol, so participants were also
asked at the conclusion of the program whether they intended
to act on the advice they received related to alcohol consumption
(yes or no). If yes, they were asked to explain in a free-response
field which of the actions or strategies they intended to use,
thereby providing an additional indicator of program satisfaction
and the perceived relevance of the information [33].

Focus Group Guide
The focus group guide included nine questions that assessed
participants’ perceptions of the eCHECKUP TO GO program.
Participants were prompted to provide their opinions on the
aesthetics, functional features, and content of the program (eg,
“Tell me what you thought about the look and feel of the
program” and “How relevant did you find the recommendations
were to you?”). Participants were also asked for general
feedback (ie, “What else can we do to improve the eCHECKUP
TO GO program?”).

Analysis
Quantitative survey data and qualitative data were first analyzed
separately. Descriptive statistics, including means and
frequencies, were computed for all close-ended survey items to
assess the distribution and completeness of responses.
Open-ended survey questions and focus group data were
combined and analyzed using the rigorous and accelerated data
reduction (RADaR) technique [36]. The RADaR technique was
selected to provide expedited feedback about necessary program
adaptations to be implemented before making eCHECKUP TO
GO more widely available to cadets [37]. Using RADaR, two
coauthors (ES and LH) engaged in an iterative process of data
reduction and coding to identify pertinent themes related to the
following study research questions: (1) What aspects of
eCHECKUP TO GO were participants most satisfied with? and
(2) How could eCHECKUP TO GO be improved for use among
cadets? Once a codebook was finalized, two analysts (ES and
LH) independently reviewed all study data and compared results
to identify potential discrepancies. Few discrepancies were
identified and all were resolved through discussion. Study
analyses were completed by integrating quantitative and
qualitative data to examine their convergence and
complementarity, with results shown in a joint display [38,39].
Data collection and analyses were led by researchers without
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firsthand military service experience. The lead analyst (ES) is
a former military beneficiary and the second analyst is a civilian
(LH); both have experience conducting military health research.

Results

Overview
The survey participants were 22 cadets. A slight majority (n=12,
54%) were male. The mean age was 19.64 (SD 1.86; range
18‐26) years, with 6 (27%) participants aged 21 years or older.
Approximately, 40% (n=9) of participants identified as
non-Hispanic White, approximately one-fifth (n=4, 18%) of
participants identified as Hispanic or Latinx or multiracial, 14%
(n=3) of participants identified as Black or African American,
and 4% (n=1) of participants identified as Asian Pacific Islander
or Asian. When compared to the cadet population at large, this
sample includes proportionally more female and individual
participants from minoritized ethnoracial groups [40]. About
one-quarter (n=6, 27%) also participated in the focus group.

Demographic characteristics were not recorded for focus group
participants to preserve their anonymity; thus, it is not possible
to determine whether they significantly differed from the larger
group. Further, participants were not asked to report their current
or prior alcohol use behaviors because alcohol use is not
permitted in this population or setting.

Results of the survey and focus group are jointly displayed in
Table 1. Through analysis of the qualitative data, the research
team identified three overarching themes addressed by
participants: design and functionality, credibility of content,
and tailoring and relevance of content. Further, it was observed
that participant satisfaction with these aspects of eCHECKUP
TO GO differed, with more positive responses provided about
the design and functionality than the other themes. A review of
the quantitative survey responses revealed a parallel pattern,
such that items pertaining to design and functionality were rated
highest, while items pertaining to tailoring and relevance of
content were rated lowest. A summary of the feedback provided
by participants is presented here by theme.

JMIR Form Res 2025 | vol. 9 | e67637 | p.253https://formative.jmir.org/2025/1/e67637
(page number not for citation purposes)

Schmied et alJMIR FORMATIVE RESEARCH

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


Table . Joint display of quantitative and qualitative responses demonstrating participant perception of the eCHECKUP TO GO program.

Survey responses and exemplifying quotations from open-ended survey
items and focus groups

Theme

Design and functionality

• Exemplifying quotations: satisfaction

• “The program was very accessible and easy to understand in terms

of direction.” [SPa #19]
• “I liked how interactive the overall site was and how it gave me in-

formation based on my inputs.” [SP #1]

• Exemplifying quotations: suggestions for improvement

• “I think the program is overall very good. Some of the questions I
misinterpreted so having like a small description below with a better
or more explanation of the question could probably help.” [SP #7]

Credibility of content

• Exemplifying quotations: satisfaction

• “I appreciated the stats.” [SP #21]
• “I like that it gave a lot of helpful information on drinking and how

to be a safer drinker.” [SP #16]
• “Yeah, I think it was very feasible. I guess, having the discipline to

do it.” [FGPb #3]

• Exemplifying quotations: suggestions for improvement

• “Provide more information and stats on alcohol use in the military,
specifically cadets.” [SP #21]

Tailoring and relevance of content

• Exemplifying quotations: satisfaction

• “Yeah, I liked how if you didn’t put yourself down as drinking. It
would, it was like, here’s things you can do to recommend to others
instead of you need to do these things.” [FGP #2]

• “I think by asking us to input what we thought the statistics were and
what was important to us made it much more personal.” [SP #12]

• Exemplifying quotations: Suggestions for improvement

• “You had all this stuff like with the airmen and cadets, but when you
went to the consequences, it was largely just like social and physical
consequences, maybe like help emphasize like the military aspect of
it ... Just to reinforce that like drinking can ruin your career, which
is what we’re all here to set up for.” [FGP #2]

• “Provide more military-tailored advice ([it’s a] different drinking
culture here than civilian schools).” [SP #10]

aSP: survey participant.
bFGP: focus group participant.

Design and Functionality
On the survey, participants were most satisfied with the ease of
use (on the 1‐7 scale: mean 6.64, SD 0.73), how easy it was
to understand the information (mean 6.45, SD 0.91), and the
design and interactivity (mean 6.55, SD 0.60; and mean 6.45,
SD 1.01, respectively). The qualitative data additionally
elucidated the design features of the program most liked by
participants. Several survey respondents commented on the
features of the program that made it easy to use. For example,
one participant wrote, “I thought it was clean and easy to follow
and did not have unnecessary filler” [survey participant (SP)

#17]. In the focus group, a participant who appreciated the
embedded skip logic that allowed participants to advance
throughout the assessment based on their responses said, “I
liked in the parts where it was like kind of the yes or no that
would just automatically move down to the next question instead
of like having to scroll after answering each one” [focus group
participant (FGP) #4]. Others commented on the interactivity
of the program (“I liked how interactive the overall site was and
how it gave me information based on my inputs” [SP #3]).

When it came to suggesting improvements in the design and
functionality, most participants commented on the
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self-assessment component of the program. Several participants
described difficulty completing the drinking history questions,
which are structured in the format of a calendar where
respondents enter the number and type of drinks they consumed
on different days of the week and during certain hours. In the
focus group, two participants described difficulty with the
calendar, stating that “the calendar was too stressful” [FGP #2]
and “I don’t pay attention to, like, how many drinks I had an
hour or in the specific hours, which like, how long I’ve been
drinking” [FGP #3].

Credibility of Content
Survey responses revealed a high degree of trust in the
information and suggestions provided in eCHECKUP TO GO,
as indicated by the high scores for credibility of information
(mean 6.36, SD 0.66) and feasibility of alcohol misuse
prevention strategies provided (mean 6.41, SD 0.79). The
qualitative results helped to explain the highest ratings, as the
participant responses revealed an appreciation for data, which
are frequently presented to eCHECKUP TO GO users. One
respondent noted, “I appreciated the stats” [SP #21], while
others remarked, “I liked how it showed graphs and other ways
for people to see how those products affect themselves and their
peers” [SP #4], and “[I liked the] statistics at the end, as well
as the estimation questions to display knowledge” [SP #10].
Others noted the specific information they recalled, such as “I
really liked the part where it told you about like the calories and
like how it can impact muscle mass, especially because
physicality is such a big thing here that if, like, if people are
drinking, they just don’t realize the calories and how it can hurt
you in your muscles” [FGP #2]. Further showing the importance
of data to participants, the suggestions provided related to the
credibility of content were to add even more data (“Maybe more
data and statistics” [SP #12]).

Tailoring and Relevance of Content
As shown in Table 1, the scores for tailoring and relevance of
eCHECKUP TO GO content were relatively lower (ie, amount
of information about cadets: mean 5.48, SD 1.57). Qualitative
responses provided context for these lower scores, showing that
while many participants appreciated the personalized feedback
they received, they felt that the content did not include enough
information tailored to the unique experiences of military cadets.
In terms of the personalized feedback, one participant noted
that what they liked best about the program was it was “very
personally [sic] to me, showed me the statistics, how much I
am at risk” [SP #22], while another said, “I think personally it
made me more aware of how much I was drinking or how much
others are drinking ... it can make us more aware of our habits
and our spending” [FGP #3].

When describing opportunities to improve the program tailoring,
focus group participants discussed a need for more information
on the social aspect of drinking. One participant explained:

There could be ... a lengthy section for the social
aspect of drinking ... a lot of cadets just go out and
drink together. And I don’t think the survey
emphasized that really enough. I think it was
individually tailored, which I think is good. But also,

it didn’t go into the, too much, in my opinion, to the
causes of like why people go out and drink, maybe
just because of like the social pressure, because again,
especially being cadets, there’s always that implied
social pressure. [FGP #2]

Another participant also suggested adding more content on peer
pressure and drinking culture, saying, “I feel like there should
be a section on ... how much of the overall culture, overall
climate of drinking contribute to your own and like do others
pressure you to drink and stuff like that” [FGP #4]. Relatedly,
another cadet requested content about “how to help friends and
notice if they have an alcohol problem” [SP #22].

Participants recommended improving content tailoring to
address other aspects of cadet or military life as well. Some felt
that the existing content of eCHECKUP TO GO did not consider
the unique schedules of cadets. They explained that there are
periods of time when they are forced to completely abstain from
drinking and do not have access to alcohol and then periods
where it is almost expected that they would indulge, making it
hard to answer the self-assessment items that asked about
behaviors in the past week or a “typical” month. According to
one participant, “We don’t get off base much. So, our drinking
habits may look very irrational, making it hard to say I drink x
on a typical week” [SP #16]. Other suggestions pertained to the
personalized feedback provided about the consequences of
drinking. It was suggested that the military-specific
consequences be included, which previously were not in the
program:

When you went to the consequences, it was largely
just like social and physical consequences. Maybe,
like help emphasize, like, the military aspect of it.
[Such as] like this many people a year get put on
alcohol probation here [or] like in the actual Air
Force, like this many people get in trouble for
drinking, and like drinking can lead to these Uniform
Code of Military Justice violations and has been
linked to them or something like that. Just to reinforce
that like drinking can ruin your career, which is what
we’re all here to set up for. [FGP #2]

Another noted that the eCHECKUP TO GO program provided
feedback about how much money they spent on alcohol
compared with a rent payment, which cadets do not pay, adding,
“So, we don’t pay rent or at least we don’t see it ... So, I guess
if it’s specific to cadets, maybe just don’t add that” [FGP #3].
Finally, some requested “more military-tailored advice (different
drinking culture here than civilian schools)” [SP #21].

Future Use of Alcohol Misuse Prevention Strategies
Over two-thirds of participants (n=15, 68%) said they intended
to use at least one alcohol misuse prevention strategy they
learned from eCHECKUP TO GO. Those who answered
affirmatively were asked to describe which, if any, of the alcohol
misuse prevention strategies learned from eCHECKUP TO GO
they would use in the future. Through qualitative analysis, it
was determined that responses could be categorized into two
salient themes: strategies to reduce the amount consumed and
strategies to protect others. Several participants planned to
reduce their intake by spacing out their drinks, saying, “I intend
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to use the ‘spacing drinks over time’ strategy” [SP #3] and
“When reaching the legal drinking age, to practice safe drinking
habits like spacing out drinks and setting limits for myself” [SP
#20]. Additionally, numerous participants planned to use
strategies to protect their peers, such as one participant who
explained, “Even if I am not drinking and don’t have to worry
about putting myself in danger, I can look out for my friends
when they are drinking and make sure they are making good
decisions regarding alcohol” [SP #1]. Others indicated that they
would act as the designated driver for their friends, stating, “I
will likely be the DD for my group on more occasions” [SP
#17].

Discussion

Principal Findings
Addressing the longstanding issue of alcohol misuse in the
military requires creative solutions designed to mitigate the
challenges inherent to promoting health in large, diverse
communities [1,2,4,11,41]. This study sought to determine
whether a military-tailored version of eCHECKUP TO GO is
an acceptable option for use among military cadets, recruits, or
trainees. Study results identified aspects of the program that
were well received by participants, including the web-based
format and interface, and the personalized feedback about
alcohol risk and protective strategies. Importantly, no concerns
were expressed by participants about confidentiality. These
findings suggest that this internet-based, individually completed
BAI may be acceptable in this community, providing a possible
solution to the logistical issues and privacy concerns that often
impede the implementation and efficacy of health promotion
programs in military settings.

Although eCHECKUP TO GO was largely endorsed by
participants, opportunities for improvement were identified.
Though participants liked the self-assessment and personalized
feedback, many felt that these modules did not sufficiently
acknowledge the broader social context impacting alcohol use,
particularly cultural norms and peer influence. Heavy alcohol
use is widely known to be a norm within the military and among
young adults, and research has shown that consuming alcohol
with peers may be viewed as an opportunity to build cohesion
[41-46]. Participants touched on these influences when they
described situations in which they felt expected to drink or chose
to drink to avoid feeling left out. These findings align with a
study by Meadows et al [43] that found positive associations
between perceived alcohol culture within respondents’command
or unit and binge and heavy drinking. While alcohol use is an
individual behavior, it cannot be disentangled from the social
context in which it occurs when working with military cadets
or trainees [43]. Thus, future alcohol misuse prevention
interventions may be more acceptable and efficacious if they
directly address the impact of peer influence and provide
concrete strategies for navigating social situations in which
alcohol may be present.

Study results also highlight another cultural norm that should
be incorporated into eCHECKUP TO GO and other alcohol
misuse prevention programming: service before self. “Service

before self” is a core value of the Air Force [47], and the other
service branches uphold similar maxims. Feedback from study
participants indicates that their ingrained commitment to service
should be used as a cornerstone of alcohol misuse prevention
content. For example, participants who intended to act upon the
advice received as part of the program largely intended to use
strategies to protect their comrades, and some asked for more
content on how to help recognize alcohol misuse in others.
Further, participants felt the program could be more impactful
if it included information about career consequences of alcohol
misuse, such as the Uniform Code of Military Justice violations.
These findings parallel results from a study by Aycock et al
[48], which also noted that alcohol misuse prevention messaging
for Airmen should emphasize adverse career impacts. Framing
alcohol misuse interventions as a means of protecting comrades
and fulfilling a commitment to serve could bolster buy-in and
work to dismantle longstanding alcohol-related cultural norms
[41-43].

Limitations
Methodological limitations must be considered when
interpreting the results of this study. Due to the relatively small
sample size and unique population, the results may not
generalize to the USAFA community or other military service
academies. Additional formative research may be needed to
finalize intervention refinement before subsequent efficacy
trials. In particular, more data may be needed to ensure the
experiences and preferences of participants from minoritized
communities who have historically been underrepresented in
research are considered. Additionally, while no concerns about
anonymity were expressed by participants, it remains possible
that participants did not feel comfortable discussing their
opinions about alcohol use out of fear of accidental disclosure
of their identity. However, the responses received likely reflect
participants’ opinions and behaviors because participants were
given the option of skipping questions they did not wish to
answer. Finally, as this was a formative evaluation, the results
cannot be used to estimate the efficacy of eCHECKUP TO GO
completion on alcohol misuse among cadets. The next steps in
this line of research should include an efficacy trial powered
sufficiently to determine the impact of eCHECKUP TO GO
completion on attitudes toward alcohol misuse, alcohol-related
protective behavioral strategies, and alcohol consumption among
military cadets.

Conclusions
The results of this study indicate that a military version of
eCHECKUP TO GO may be suitable for use in military training
settings, though additional tailoring is needed to account for the
unique norms and values of this community. Study findings
have important implications for the development and
implementation of military alcohol misuse prevention programs,
but the lessons learned can also be applied to programs that
address other health behaviors. In communities that value service
above self, program content should emphasize the ways in which
improving individual health behaviors can benefit the
community at large.
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Abstract

Background: Emerging research has highlighted the potential of virtual reality (VR) as a tool for training health care students
and professionals in care skills for individuals with Alzheimer disease and related dementias (ADRD). However, there is limited
research on the use of VR to engage the general public in raising awareness about ADRD.

Objective: This research aimed to examine the impact of the VR video “A Walk-Through Dementia” on YouTube users by
analyzing their posts.

Methods: We collected 12,754 comments from the VR video series “A Walk-Through Dementia,” which simulates the everyday
challenges faced by individuals with ADRD, providing viewers with an immersive experience of the condition. Topic modeling
was conducted to gauge viewer opinions and reactions to the videos. A pretrained Bidirectional Encoder Representations from
Transformers (BERT) model was used to transform the YouTube comments into high-dimensional vector embeddings, allowing
for systematic identification and detailed analysis of the principal topics and their thematic structures within the dataset.

Results: We identified the top 300 most frequent words in the dataset and categorized them into nouns, verbs, and adjectives
or adverbs using a part-of-speech tagging model, fine-tuned for accurate tagging tasks. The topic modeling process identified
eight8 initial topics based on the most frequent words. After manually reviewing the 8 topics and the content of the comments,
we synthesized them into 5 themes. The predominant theme, represented in 2917 comments, centered on users’personal experiences
with the impact of ADRD on patients and caregivers. The remaining themes were categorized into 4 main areas: positive reactions
to the VR videos, challenges faced by individuals with ADRD, the role of caregivers, and learning from the VR videos.

Conclusions: Using topic modeling, this study demonstrated that VR applications serve as engaging and experiential learning
tools, offering the public a deeper understanding of life with ADRD. Future research should explore additional VR applications
on social media, as they hold the potential to reach wider audiences and effectively disseminate knowledge about ADRD.

(JMIR Form Res 2025;9:e67755)   doi:10.2196/67755
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Introduction

With a rapidly aging population, the number of older adults
living with chronic conditions is on the rise. Among these
conditions, Alzheimer disease and related dementias (ADRD)
have become leading causes of disability and dependency
worldwide, characterized by memory loss and other cognitive
impairments [1]. In the later stages, individuals with ADRD

may lose the ability to interact with their surroundings, making
care management increasingly complex both within health care
settings and at home [2]. This condition not only affects the
quality of life for those diagnosed but also places a significant
burden on health care systems and families. While most older
adults prefer to stay in their homes as long as possible, many
eventually require higher levels of care, often transitioning to
nursing homes or memory care facilities [3].
Caregivers—whether family members or professionals—must
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have a thorough understanding of ADRD to provide the best
care possible. In addition, various policy initiatives, such as
those promoting the creation of “dementia-friendly
communities” [4], underscore the importance of raising public
awareness about dementia. These communities aim to foster
environments where people understand ADRD and where
individuals with dementia feel included, involved, and
empowered to maintain control over their daily lives [5]. Such
initiatives emphasize the need for widespread dementia
awareness and education within communities to improve the
support and care provided to those affected by ADRD.

However, there is a lack of public awareness and understanding
of what ADRD is and its impact on individuals’ abilities,
well-being, and capacity to live meaningful lives [6]. As a result,
misunderstanding and discrimination among people living with
ADRD are common. For instance, there are false beliefs that
people with ADRD cannot experience quality of life, are entirely
dependent on others, and have lost all autonomy and dignity
[6]. Such stigma and misunderstandings can have negative
effects on the psychosocial well-being, self-esteem, and overall
quality of life for both those living with ADRD and their
caregivers. In addition, stigma can contribute to social exclusion,
isolation, and even self-stigmatization, further exacerbating the
challenges faced by individuals with ADRD and their families
[7].

Disseminating reliable information about ADRD is especially
crucial because addressing modifiable factors can help reduce
misunderstandings, provide support to caregivers, and raise
awareness about the condition [8,9]. Social media platforms,
particularly YouTube, have become powerful tools for
disseminating health-related information to audiences that are
not easily accessible [10]. With 73% of middle-aged adults and
45% of older adults in the United States using social media such
as Facebook (Meta) and YouTube, these platforms are vital
tools for raising awareness, educating communities, and
deepening public understanding of ADRD [11]. They not only
facilitate the sharing of personal stories but also provide
educational content, making them well-positioned to increase
knowledge and combat the stigma associated with ADRD [12].

Previous studies have explored various topics involving
YouTube and ADRD, such as assessing the quality of ADRD
caregiving information on the platform [13], describing social
media activities for aging and ADRD education [14], developing
internet-based ADRD training modules [15], examining
YouTube’s effectiveness in dementia education to a target

community [16], and exploring the role of personal stories in
raising awareness about dementia [17]. In addition, research
has examined the role of personal stories in raising awareness
about dementia and how social media mobilizes knowledge
about pain management in dementia [18]. However, these
studies focused on traditional videos as educational tools, and
no research has examined the use of virtual reality (VR) videos
for public ADRD education.

VR videos provide immersive, 360-degree environments that
allow users to engage with simulated worlds using devices like
enclosed headsets or body suits [19,20]. In the field of ADRD
education, unlike traditional media, VR offers a unique
opportunity to simulate the experiences of individuals living
with dementia, providing a more visceral understanding of their
challenges. While VR has primarily been used to educate health
care students and the caregiving workforce about ADRD
[21-23], its potential for raising public awareness has not been
fully explored. This gap is particularly important, as VR can
deliver an engaging and experiential form of learning that may
influence attitudes towards ADRD.

This study aims to explore the impact of a free YouTube VR
video series titled “A Walk-through Dementia” (AWTD), which
simulates the experiences of individuals living with dementia
[20]. AWTD consists of 3 videos, each lasting 3 to 5 minutes,
and was developed by Alzheimer’s Research United Kingdom
to enhance understanding of the challenges faced by people
with dementia. This research seeks to understand the general
public’s experience with VR videos on ADRD. By analyzing
YouTube comments, the study will explore whether these VR
videos can enhance public awareness of ADRD and serve as an
effective tool for addressing misunderstandings and stigma
surrounding ADRD.

Methods

Overview
We followed a 3-step exploratory research approach to conduct
the study. First, we collected comprehensive data by gathering
the most viewed VR video series on YouTube. Second, we
performed topic modeling in the comments section to identify
the main themes discussed. Third, we used Thematic analysis
to conduct these themes into concise, easily digestible
summaries. The workflow of the methods is outlined in Figure
1 below.
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Figure 1. The workflow of the methods. It includes data collection via the YouTube API, preliminary analysis, and topic modeling using BERTopic.
The final stage involves interpreting topics by reviewing keywords and synthesizing them into major themes. API: application programming interface;
BERT: Bidirectional Encoder Representations from Transformers.

Datasets
The analyzed video comments are from a series of 360° videos
titled “A Walk-Through Dementia,” the most viewed videos
under the search terms “dementia” and “Alzheimer disease.”

Developed by Alzheimer’s Research United Kingdom, this
series aims to raise awareness about the impact of dementia on
individuals’ lives by engaging the public, health care
professionals, and caregivers. The series comprises 3 main
scenarios depicted in separate videos (Textbox 1) .

Textbox 1. Three main scenarios in “A Walk-Through Dementia.”

• At the supermarket: the video demonstrates how dementia affects tasks such as reading shopping lists, dealing with short-term memory loss,
changes in food preferences, and managing social anxiety at checkout counters.

• Walking home: the video highlights the difficulties in navigating busy streets, recognizing familiar places and people, and managing visual and
spatial misperceptions.

• At home: the video illustrates challenges within a familiar environment, such as difficulty remembering instructions, issues with hand-eye
coordination, and managing multi-step tasks like making a cup of tea.

Compared to other VR videos retrieved using the same search
terms, the AWTD series has garnered the highest view counts
(walking home [WH]: 3.2 million views; at the supermarket
[AS]: 2.7 million views; at home [AH]: 0.12 million views)
relative to the most viewed videos by other creators (eg, “Coping
with Alzheimer’s, Together and Apart” with 67 thousand views).
In addition, this series has attracted the most comments. To
maintain content consistency and consider the low number of
comments in other VR videos (eg, “Coping with Alzheimer’s,
Together and Apart” with 66 comments), we decided to focus
solely on the comment sections of the 3 videos in this series.

Preliminary Analysis
To collect the comments for this study, we used the official
YouTube application programming interface, retrieving both
primary comments and their corresponding replies. This resulted

in a total of 12,754 comments. After removing duplicate and
irrelevant entries, the final dataset included 11,543 unique
comments.

Before conducting topic modeling, we performed a series of
preliminary analyses to gain an initial understanding of the
content across the 3 videos. These analyses involved examining
the temporal distribution of comment postings and calculating
word frequencies. The purpose of this step was to identify key
content words essential for interpreting the overarching themes
in the comments.

To ensure focus on the most meaningful words, we restricted
our analysis to content words, specifically nouns, main verbs,
adjectives, and most adverbs. We identified the top 300 most
frequent words in the dataset and categorized them into nouns,
verbs, and adjectives or adverbs using a part-of-speech tagging
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model, fine-tuned for accurate tagging tasks. In addition, we
manually corrected any miscategorized words during the
automated tagging process. The frequencies of these words were
calculated and used to create a treemap visualization,
highlighting the distribution and prominence of these content
words across the comments.

Topic Modeling With BERTopic
Topic modeling is widely used in health informatics and related
disciplines for text mining large datasets, such as comments or
tweets, to extract main topics from extensive texts. For our
study, we used BERTopic (Bidirectional Encoder
Representations from Transformers), a state-of-the-art topic
modeling technique that leverages transformer-based deep
learning models to identify topics in large text collections. Its
powerful capabilities have been demonstrated in various studies
[24-26]. It consistently outperforms traditional topic modeling
methods, such as latent Dirichlet allocation (LDA) and
nonnegative matrix factorization (NMF), with a particularly
pronounced advantage in analyzing short and unstructured texts,
where embedding-based models show greater potential for
generating meaningful insights [27]. To validate this choice,
we conducted empirical comparisons between BERTopic, LDA,
and NMF using topic diversity scores, which measure the
uniqueness of generated topics. It is calculated as the ratio of
the number of unique words to the product of the number of
top words per topic and the total number of topics [28].
BERTopic achieved a significantly higher score (0.8750)
compared to LDA (0.2375) and NMF (0.25), indicating its
superior ability to produce distinct and less redundant topics.
These results align with previous research, which highlights
BERTopic’s effectiveness in capturing contextual meaning and
semantic nuances often missed by traditional models [27,29].
All analyses and visualizations were conducted using Python
in Colab, using the BERTopic package (version 0.16.0).

We began by preprocessing the text data and removing special
characters, symbols, and punctuation. Then, we used the
vectorization technique CountVectorizer to convert the
preprocessed text into numerical representations. These
numerical representations capture the frequency or importance
of words in each document and can be directly input into topic
modeling algorithms.

Subsequently, we conducted topic modeling with BERTopic.
Based on a preliminary review of the comments, we estimated
the number of topics to range from 5 to 10. After training models
with various predefined topic numbers, we selected 8 as the
final number because it provided a balance between maintaining
model coherence and capturing meaningful thematic distinctions
within the comments and retained only topics that included
more than 50 comments. As part of the topic modeling process,
we analyzed both unigrams and bigrams to generate topics.
While unigrams offer a broad sense of the topics by identifying
the most frequent individual terms, bigrams provide a more
fine-grained perspective by highlighting word pairs that are
often used together [30]. Analyzing both unigrams and bigrams

helped create a more comprehensive understanding of the topics
discussed.

Topic modeling is a common approach to analyzing social media
content, such as Facebook (Meta) posts, tweets, and Reddit
communities, related to public health. It identifies key themes,
including awareness campaigns, personal caregiving
experiences, and scientific advancements [31]. This approach
provides a framework for understanding how structured health
campaigns influence public discourse on social media [32].
Therefore, topic modeling is suitable for this study to examine
comments on VR videos on YouTube, contributing to a more
comprehensive view of ADRD in social media contexts.

Ethical Considerations
This study consisted of observations of public behaviors using
secondary research data. The study data are anonymous and
deidentified. Therefore, ethical approval was not required.

Results

Overview of the Video Comments
We extracted all comments from the 3 VR videos in the AWTD
series. Both WH and AH were posted on June 2, 2016, while
AS was posted the following year on March 21, 2017. As of
September 2024, when the data was collected, AS had the
highest number of comments, with 6572 (including replies),
WH had 5954 comments, and AH had 122 comments.

The treemap visualization illustrates the most frequently used
words in the comments across the 3 videos. Each rectangle
represents a word, with its size and color intensity corresponding
to the word’s frequency in the comments for each video. The
word “dementia” is the most prominent in the noun category,
indicating that it is a central topic in the discussions. Other
significant nouns include “family,” “home,” “memory,”
“people,” “video,” “mom,” and “disease.” These nouns suggest
that the comments often focus on personal experiences,
caregiving, videos as a tool, and the impact of dementia on
individuals and families.

Among the verbs, words including “know,” “remember,”
“think,” and “lost” are frequent. This shows that the comments
are action-oriented, reflecting emotions, actions taken, or care
experiences of the commenters. The presence of verbs like
“forgot” and “care” suggests a focus on ADRD symptom and
caregiving actions.

In the adjectives or adverbs category, “even,” “really,” “much,”
“old,” and “still” are prominent. These words typically modify
other words to express degree, quality, or timing, indicating
that commenters are emphasizing the severity, persistence, or
specific qualities of the experiences or events they are
discussing. In addition, words like “sorry,” “bad,” “good,”
“best,” “sad,” and “hard” reflect emotional responses and value
judgments, indicating that many comments convey personal
sentiments or evaluations of the situations being described
(Figure 2).

JMIR Form Res 2025 | vol. 9 | e67755 | p.263https://formative.jmir.org/2025/1/e67755
(page number not for citation purposes)

Li et alJMIR FORMATIVE RESEARCH

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


Figure 2. Top 300 words frequency treemap categorized by part-of-speech. The visualization groups the most frequently used words from YouTube
comments into verbs (green), nouns (blue), and adjectives or adverbs (orange). The size of each word reflects its frequency.

Topics of the Video Comments
The topic modeling process identified 8 initial topics. The 2D
dense clusters of these topics, visualized in Figure 3, depict the
text embeddings. Each cluster, represented by a different color,
corresponds to a unique topic derived from the dataset. Each
point signifies a document, with spatial proximity indicating
similarity between comments. The topic size decreases as the

topic number increases, with Topic 0 being the largest,
comprising 2040 comments. This topic is labeled
“dementia_like_just” by BERTopic. The most representative
words characterizing each topic are shown in Figure 4. For
instance, the top 5 words in Topic 7 are “walls,” “god,” “live,”
“jesus,” and “christ,” indicating that this topic revolves around
religious discussions.
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Figure 3. Topic distribution and clustering of “A Walk-Through Dementia” comments. Comments are distributed into 8 distinct topics, each represented
by a different color. The topics are ranked from 0 to 7 based on their size, with Topic 0 (“dementia_just_like”) being the largest and Topic 7
(“walls_god_live”) the smallest.

Figure 4. Top words by topic from “A Walk-Through Dementia” (AWTD) comments. It presents the most relevant words for each of the 8 identified
topics in AWTD YouTube comments. The length of the bars after each word indicates the word’s importance within that topic. For example, the word
“dementia” is the most significant word in Topic 0.

After manually reviewing the 8 topics and content of comments,
we synthesized them into five cohesive themes reflecting
viewers’ thoughts and needs: (1) the personal experience of
ADRD care and expressions of empathy and support, (2)
positive reactions to the VR videos, (3) challenges faced by
individuals with ADRD, (4) caregivers’ role, and (5) learning
from VR videos. Notably, the majority of comments reflected
a deep emotional connection to the content, underscoring the
significant impact of personal experiences related to ADRD.

Many viewers expressed a newfound understanding and empathy
toward those living with dementia and the challenges they
encounter in daily life, highlighting the educational value of the
immersive experience. The reviewers also discussed the roles
and responsibilities of a caregiver of a person with ADRD and
what the members of the general public learned from AWTD.
Table 1 illustrates our topic analysis and theme development
process, listing the initial topics, keywords, representative
comments, and summarized themes.
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Table . Overview of topic analysis and theme development. The table presents 8 topics identified by BERTopic, along with associated keywords and
representative comments.

Summarized themeRepresentative commentKeywordsTopic ID

Personal experiences of ADRDa

care, empathy and support

dementia, just, like, care, years,
people, home, time, family, know

0 • “My mom died of Alzheimer’s.
It is hard when someone you
love forgets where they live,
who you are, what’s going on.”

• “That would break my heart. I
guess some people get used to
it and live with this sickness of
one of their family members,
but for an outsider, like me,
reading your comment was just
a tough read.”

Personal experiences of ADRD care,
empathy and support

thank, your, I’m, hope, sorry, don,
like, don’t

1 • “I hope you are doing well,
your Strength and ability to
push on every day is so ad-
mirable and inspiring. Thank
you for being such an amazing
human being…”

• “I am a member of a search
team, and we are called upon
to search urban areas, forests,
swamps and such all the time
for elderly people with demen-
tia who ‘wandered off’”

Challenges faced by individuals
with ADRD

biscuits, like, sad, British, trip, tea,
I’m, scary, sugar, that’s

2 • “Like a bad trip you have no
control over”

• “I love the subtle details, like
how there was an orange car
parked by her house, but not
the same type she saw earlier.”

• “When a person mistakes a
puddle for a hole in the ground,
don’t just accept that as normal
behavior, look into it”

Caregivers’ rolejoe, mama, who’s, son, joes,
where’s, just, like, voice, know

3 • “who’s Joe?” “Old lady’s son”
“where’s Joe?”

• “For me, the most terrifying
part of the whole video was
when Joe closed the door,
leaving his mom all alone.
She’s now isolated in a big
home with tall stairs and
couldn`t easily walk out.”

• “Children, you should make a
cup of tea for your mum”

• “Dementia is often overlooked
and extremely underestimat-
ed.”
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Summarized themeRepresentative commentKeywordsTopic ID

Learning from A Walk-Through
Dementia

• “The cashier clearly has no
understanding. She is rushing
the poor women to pay. So
rude. It’s super devastating to
see this because we know they
can’t stand up for themselves
because of how much they
struggle.”

• “When we put ourselves in
someone’s shoes, we learn so
much about others and condi-
tions we never really paid
much thought to”

• “I DEFINITELY need to be a
more patient person with my
aging mother! Thanks for
posting this.”

• “When I was working in the
nursing home, I always loved
to just hold their hand, now I
understand why they never
refuse.”

cashier, store, cashiers, like, just,
customer, people, customers,
changed, rude

4

Positive reactions to the VRb videos• “This is a great 360 video that
puts us right in the middle of
someone’s illness”

• “What a powerful video. Did
anyone realize that if you move
your phone, it pans the cam-
era? Very cool!”

• “This is so helpful, thank you!
People without dementia are
challenged to empathize be-
cause they don’t have the in-
sight this video provides.”

• “This is so much more informa-
tive than any government add
or script”

• “I could feel the anxiety realiz-
ing she was home alone. What
a powerful message.”

• “I sit here reflecting on this in-
credible powerful and educa-
tional tool. I (My Eyes, My
Heart, My Soul, My Feelings,
My Spirit, My Brain) have just
experience.”

• “I find the 360 aspect is really
cool, the video is of great help
to the general public in under-
standing the life difficulties of
dementia cases.”

video, screen, camera, game, phone,
YouTube, cool, didn’t, like, realize

5

Challenges faced by individuals
with ADRD

milk, refrigerated, fridge, dickey,
David, shelf, unrefrigerated, pasteur-
ized, sold, isle

6
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Summarized themeRepresentative commentKeywordsTopic ID

• “Milk in all, 2spoon, 1s, 1/2s.;
the milk wasn’t refrigerated;
Why is the milk not in the
fridge”

• “I would need to write it down
for sure”

• “Guests can serve themselves.
Or else make a list for the
mother, and tape it on a cup-
board door for the mother to
make it easier”

• “They should really get her a
place with no stairs, easy ac-
cess to beds and rooms, cush-
ions and pads in case she slips.
Music and things to keep her
distracted.”

Personal experiences of ADRD care,
empathy, and support

• I’m taking care of my dement-
ed grandmother… alone, 24/7.
Jesus Christ it is difficult, I
don’t know how long I can
keep on doing this”

• “God bless them. I take care of
dementia patients all the time
at the hospital, but this sheds
new light.”

god, Jesus, Christ, sins, life, saved,
lord, John, repent, loves

7

aADRD: Alzheimer disease and related dementias.
bVR: virtual reality.

Discussion

Principal Findings
The study evaluated AWTD, a series of free YouTube VR
videos designed to raise public awareness of ADRD. At the
time of data collection, AWTD was the most viewed video for
the search terms “dementia” and “Alzheimer’s disease” on
YouTube, boasting over 6 million views. This series also
garnered the highest number of comments, totaling 12,648,
compared to a similar VR video, “Coping with Alzheimer’s:
Together and Apart,” which had 67,000 views and only 66
comments. The comments from viewers predominantly came
from individuals with a personal connection to someone with
ADRD, professionals working with affected individuals, or
general audience members. This suggests that the YouTube VR
videos were particularly effective in disseminating information
about ADRD to a diverse and broader audience.

Our analysis identified five key themes from the comments: (1)
positive reactions to the VR videos, (2) personal experience of
ADRD along with expressions of empathy and support, (3) the
role of caregivers, (4) challenges faced by individuals with
ADRD, and (5) learning from AWTD. These findings suggest
that VR has significant potential to raise public awareness of
ADRD and deepen understanding of the condition, particularly
through immersive and emotionally engaging experiences.

Positive Reactions to the VR Experience and
Immersive Learning
The immersive nature of VR proved highly effective in engaging
viewers, allowing them to experience the challenges of ADRD
firsthand, significantly enhancing their understanding of the
condition. Many commenters described it as a convincing and
immersive experience, both insightful and evocative, providing
a powerful educational tool for ADRD care. Its appeal stemmed
in part from its novelty in the field of dementia education,
particularly for YouTube users, including caregivers, family
members, and professionals with extensive experience in
dementia care. Commenters noted that they had never
encountered anything like this in their personal or professional
lives. This is unsurprising, as academic literature recognizes
VR as an emerging area of interest in dementia education
[23,33], highlighting the need for further exploration of its
applications and potential impact.

Our findings suggest that the success of the VR video lies in its
ability to immerse viewers in the perspective of someone living
with dementia. By wearing the VR headset, users are fully
absorbed in the experience, allowing them to focus entirely on
each scenario and draw connections to their personal lives or
work experiences. Commenters noted how the VR video placed
them directly in the midst of the illness, enabling them to feel
the anxiety of a person with ADRD who is home alone. One
commenter remarked, “My eyes, my heart, my soul, my feelings,
my spirit, my brain have just experienced this,” emphasizing
how immersion creates a profound sense of presence, making
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viewers feel as if they were in the shoes of someone with
ADRD, inspiring empathy and support.

These findings are consistent with research from other scholars
who emphasize the benefits of VR dementia education for
medical students and professionals [34-36], as well as broader
VR literature [37], which highlights the critical role of
immersion and presence in virtual scenarios. In addition, AWTD
stands out as a free VR video available on YouTube, unlike
most VR content, which is typically developed and hosted on
developers’ websites, requiring purchase or offering limited
access [38,39]. By being widely accessible, AWTD effectively
disseminates information and knowledge about ADRD to the
general public, offering significant benefits for public education
on the condition. This aligns with Lupton’s findings, which
state that social media platforms like YouTube provide
opportunities for researchers to step beyond traditional academic
approaches and use innovative, free methods to share knowledge
with new and diverse audiences [40].

Role of Caregivers and Observed Gaps
The VR experience prompted viewers to reflect on the crucial
role of caregivers, with many commenters noting gaps in the
videos, which demonstrates how VR can stimulate critical
thinking and awareness of caregiving responsibilities in ADRD.
Some commenters discussed the noticeable absence of
caregivers in the 3 VR videos. They expressed concern that
caregivers, particularly family members, should have been more
present and attentive in the depicted scenarios. Comments like
“Who is Joe?” (son of an individual with ADRD), “Where is
Joe?”, and “The daughter should make tea for her mother
(individual with ADRD),” reflected the viewers’ belief that
caregivers were missing in moments when they were needed
most. In these scenarios, family members, who play a crucial
role in caregiving, appeared to overlook the early signs of
ADRD, such as confusion, memory lapses, and difficulty
completing daily tasks. By neglecting these key symptoms,
caregivers failed to provide necessary support, which may have
contributed to negative outcomes for individuals with ADRD,
including diminished psychosocial well-being, lowered
self-esteem, and a reduced overall quality of life [41]. The VR
videos can help family caregivers become more aware of their
roles and responsibilities in caring for individuals with ADRD,
potentially encouraging further learning and training on
dementia care. This heightened awareness can lead to more
proactive approaches to caregiving, allowing family members
to better recognize and respond to the needs of their loved ones,
ultimately improving the quality of care provided to individuals
living with ADRD.

Personal Connections and Empathy
By simulating the experiences of individuals with ADRD, VR
video fostered a deeper emotional connection, encouraging
viewers to express empathy and reflect on how the condition
affects both patients and their families. Scenarios depicted
individuals struggling to live with ADRD, allowing viewers to
face challenges that they may have been previously unaware
of, which were vividly portrayed through the VR experience.
Commenters specifically noted moments like navigating around
a puddle, which the person with ADRD believes to be a hole

in the ground (street scenario), highlighting their disorientation.
Other scenes—such as struggling to retrieve items from shelves
and feeling rushed by a cashier (supermarket scenario) or
becoming confused when asked to make tea for her daughter’s
guests (AH scenario)—underscored the daily difficulties faced
by individuals with ADRD. Experiencing these challenges from
the perspective of someone with ADRD seemed to provide
viewers with a deeper insight and better understanding of the
condition’s impact.

These experiences prompted viewers to recognize how negative
attitudes, impatience, or misunderstanding from others
exacerbate the challenges faced by individuals with ADRD.
Building a dementia-friendly or ADRD-aware community is
essential to support people with ASRD to live well and carry
out their daily activities. One potential approach to achieving
this is to incorporate the VR video into a broader public training
program, where the scenarios are reflected upon and discussed
by the learners. As some commenters stated:

The cashier clearly has no understanding of ADRD.
It’s super devastating to see this because we know
they can’t stand up for themselves because of how
much they struggle.

When we put ourselves in someone’s shoes, we learn
so much about others and conditions we never really
paid much thought to.

I definitely need to be a more patient person with my
aging mother! Thanks for posting this.

When I was working in the nursing home, I always
loved to just hold their hand, now I understand why
they never refuse.

VR video is a powerful way to raise awareness of ADRD,
helping the public shift their perception of the condition and
learn essential skills for caring for individuals with ADRD.
Similar findings regarding VR as a learning tool have been
noted for medical students and professional caregivers [42,43].
The VR video therefore has a fundamental role to play in helping
to create equal, inclusive communities for all, improving the
actions people undertake and the language they use when
interacting with those with ADRD [21].

The research findings underscore the importance of immersive
learning in fostering empathy and understanding for individuals
with ADRD. To build on this success, there is a clear need for
more VR tools that can be used in conjunction with follow-up
discussions featuring educational takeaway messages tailored
for diverse audiences with varying levels of knowledge and
experience regarding ADRD [44]. Creating VR programs that
cater to different linguistic and cultural contexts could also
address gaps in accessibility. The existing scenarios might
oversimplify the condition and fail to capture the wide variability
in ADRD experiences. A more diverse set of scenarios covering
different stages and severities of the condition would likely
provide a more nuanced understanding. The insights gained
from this research can guide these discussions and aid in the
development of the format and learning materials for a future
VR educational program based on AWTD.
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Social Media Influence and VR in Health
Communication
To contextualize the impact of VR as an educational tool, we
ground our study within social media influence theory [45],
which posits that social media platforms and their users shape
public discourse, influence attitudes, and drive behavioral
change through content creation, sharing, and interaction. Social
media platforms serve as powerful conduits for disseminating
health-related content, leveraging both algorithmic curation and
social interactions to amplify messages. VR, as an immersive
medium, engages user through both central (cognitive processing
of health messages) and peripheral (emotional and experiential
engagement) routes. This dual-pathway influence enhances
message retention and can drive behavioral change, making VR
an effective medium for public health communication.

The interactive nature of social media ensures that VR content
does not exist in isolation but is actively discussed, shared, and
reframed within online discourse. Algorithms prioritize highly
engaging and emotionally resonant content, increasing its
visibility and potential impact. User-generated discussions, as
seen in the YouTube comments analyzed in this study, serve as
mechanisms through which social media influence is both
reinforced and coconstructed. When users share personal stories,
express emotions, or react to the VR experience, they contribute
to a collective conversation that reinforces common beliefs and
introduces new perspectives on ADRD. This aligns with Social
Media Influence theory’s assertion that online interactions shape
public discourse and personal identities, ultimately contributing
to the normalization or transformation of health-related attitudes
and behaviors.

These theoretical perspectives allow us to interpret the thematic
findings within a broader framework of digital intervention
effectiveness and audience engagement. By integrating topic
modeling and BERT-based analysis with media influence theory,
our study not only examines the immediate impact of VR-based
health communication but also contributes to a deeper
understanding of how digital interventions shape public
awareness and health behaviors. The methodological framework
established here can be adapted and extended to different
populations and varying digital health content, enabling broader

applications of VR in public health communication and
education.

Limitations
One limitation of this study is the absence of demographic
information about the commenters, particularly regarding their
ethnicity, socioeconomic status, and professional roles. This
information could provide insights into how social factors affect
the experience of VR videos. In addition, as all VR video content
was delivered in English, non-English-speaking populations
may have been excluded, limiting the representativeness of the
research sample in relation to the general public. Furthermore,
the comments analyzed in this study constitute only a small
portion of the total posts made in the forum, potentially failing
to capture the full range of discussions surrounding ADRD.
Further research could focus on gathering a more comprehensive
dataset across platforms and including different languages to
capture a broader perspective. Finally, this study focused
exclusively on one social media platform, YouTube, and one
VR video. Future research could broaden its scope by
incorporating data from multiple social media platforms and a
wider array of VR videos to enhance our understanding of the
topic.

Conclusion
This study used topic modeling to highlight the potential of VR
videos as a powerful and immersive educational tool, offering
the public a more profound understanding of the experiences
of individuals living with ADRD. By fostering emotional and
cognitive engagement, this approach has the potential to
cultivate greater empathy and community support for those
affected by ADRD. Beyond its immediate findings, this research
underscores the transformative role of VR in reshaping how
complex health conditions are communicated and understood.
Future studies should expand on this foundation by exploring
the broader applications of VR on social media platforms, such
as Dementia VR Film, Beatriz Lab VR Module, and virtual
reality scenarios. These tools not only have the capacity to reach
wider audiences but also to drive meaningful societal change
by enhancing awareness, reducing stigma, and promoting
inclusive support systems for individuals with ADRD and their
caregivers.
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Abstract

Background: Vaccine-preventable infections result in significant morbidity, mortality, and costs in pediatric transplant recipients.
Despite intensive medical care in the pretransplant period, less than 20% of children are up to date for age-appropriate vaccines
at the time of transplant. Mobile health apps have the potential to improve pretransplant vaccine rates.

Objective: This paper aimed to perform phase 2 beta testing of the smartphone app, Immunize PediatricTransplant, to determine
(1) if it was effective in achieving up-to-date vaccine status by the time of transplant in a cohort of children awaiting transplants
and (2) if the app was feasible and acceptable to parent and transplant provider users.

Methods: We recruited 25 dyads of parents and providers of a child awaiting a liver, kidney, or heart transplant at Children’s
Hospital Colorado, Ann and Robert H. Lurie Children’s Hospital, and the Children’s Hospital of Philadelphia. Parents and
providers filled out an entry questionnaire before app use to gather baseline information. A research team member entered the
child’s vaccine records into the app. The parent and provider downloaded and used the app until the transplant to view vaccine
records, read vaccine education, communicate with team members, and receive overdue vaccine reminders. After the transplant
(or on April 1, 2024, the conclusion of the study), the parent and provider filled out an exit questionnaire to explore feasibility
and acceptability of the app. The child’s vaccine records were reviewed to determine if the child was up to date on vaccines at
the time of transplant.

Results: Twenty-five parent and provider dyads were enrolled; 56% (14/25) had a child awaiting a liver transplant, 28% (7/25)
had a child awaiting a kidney transplant, and 16% (4/25) had a child awaiting a heart transplant. At the conclusion of the study,
96% (24/25) of the children were up to date on vaccines. Of the 36 parents and providers who filled out an exit questionnaire,
97% (n=35) agreed or strongly agreed that they felt knowledgeable about pretransplant vaccine use and 86% (n=31) agreed or
strongly agreed that communication around vaccines was good after using the app. Further, 91% (20/22) of parents and 79%
(11/14) of providers recommended the app to future parents and providers of transplant candidates. Parents and providers suggested
that in the future the app should connect directly to the electronic medical record or state vaccine registries to obtain vaccine
data.

Conclusions: The overwhelming majority of children whose parents and providers used the Immunize PediatricTransplant app
were up to date on vaccines at the time of transplant. The majority of app users felt the app was feasible and acceptable. In future
iterations of the app and subsequent clinical trials, we will explore whether application programming interfaces might be used to
extract vaccine data from the electronic medical record. If implemented broadly, this app has the potential to improve pretransplant
vaccine rates, resulting in fewer posttransplant infections and improved posttransplant outcomes.

(JMIR Form Res 2025;9:e68855)   doi:10.2196/68855
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Introduction

Transplant recipients are on life-long immunosuppressive
medications to prevent graft rejection. As a result of these
medications, they are at increased risk for life-threatening
infections including vaccine-preventable infections (VPIs) [1-3].
In the first 5 years posttransplant, VPIs occur in pediatric solid
organ transplant recipients at rates up to 87 times higher than
in the general pediatric population [4,5]. VPIs result in
significant morbidity, mortality, and increased hospitalization
costs [4,5]. Pretransplant vaccines are an important strategy to
decrease the risk of VPIs posttransplant. Unfortunately, despite
intensive medical management in the pretransplant period, less
than 20% of pediatric liver transplant recipients have received
all age-appropriate vaccines by the time of transplant [6].
Barriers to pretransplant vaccination include gaps in knowledge
about pretransplant vaccines, lack of communication between
team members regarding vaccines, difficulty remembering when
vaccines are due amidst other acute medical problems, and lack
of an easily accessible centralized vaccine record [7].

Mobile health (mHealth) apps can assist with medical education,
team communication, and patient adherence [8-12]. Specifically,

mHealth apps have demonstrated utility in facilitating vaccine
delivery in the general population [13-20]. In a previous study,
our team developed a novel mHealth app, Immunize
PediatricTransplant, to help improve vaccine rates in the
pretransplant period [21]. Specifically, the content of the app
(1) provides information about vaccines in the pretransplant
period; (2) houses a cloud-based, easily accessible vaccine
record; (3) includes a chat and communication feature to
facilitate communication between parents and transplant
providers about vaccines; and (4) provides text or email
reminders for parents and providers when vaccines are overdue
[21].

According to the mHealth Agile Development and Evaluation
Lifecycle (Figure 1) [22], after a functional mobile tool is
developed, phase 2 beta testing is needed to test the mHealth
product amongst external users to understand if the prototype
meets the needs of users in a way that will lead to sustained
adoption. Therefore, we designed this study to (1) evaluate the
effectiveness of the Immunize PediatricTransplant app in
achieving up-to-date vaccine status by the day of transplant (or
conclusion of the study on April 1, 2024) and (2) explore app
feasibility and acceptability amongst parent and provider users.

Figure 1. mHealth Agile Development and Evaluation Lifecycle (adapted from Wilson et al [22]). mHealth: mobile health.

Methods

Study Design, Participants, and Recruitment
This prospective cohort study was conducted with enrollment
between November 1, 2021, and July 31, 2023. Dyads of parents
and transplant providers caring for a child awaiting a heart,
liver, or kidney transplant were recruited from the Children’s
Hospital Colorado, Ann and Robert H. Lurie Children’s
Hospital, and the Children’s Hospital of Philadelphia via an
in-clinic, email, or electronic medical record (EMR) invitation.
Parents of a child being transplanted for acute organ failure or
retransplantation were excluded. Parents who refused vaccines

for religious or ethical reasons, who were not fluent in English,
or who did not have access to a mobile phone were excluded.
Certain transplant providers had more than 1 patient enrolled
in the study and used the app for all enrolled patients. All
participants received a US $100 gift card for participation.

The primary outcome of this study was up-to-date vaccine status
of the child on the day of transplant (or end of the study)
according to standard Centers for Disease Control (CDC)
vaccine recommendations [23]. Secondary outcomes included
feasibility and acceptability of the app amongst parent and
provider app users.
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Study Procedures and Data Collection

Getting to Know You Entry Questionnaire
Each parent and transplant provider were given a baseline survey
to gather information about them.

Immunize PediatricTransplant App
After the Getting to Know You questionnaire was completed,
the parent and provider both downloaded the app. A research
team member entered the child’s vaccine records (using state
registries, the EMR, and physician and parental records) to
initiate the app to send text and email reminders to the parents
and providers when a vaccine was due. Parents and providers
were instructed to log into the app as often as they wished to
view their child’s vaccine records, read information about
vaccines, or communicate with team members about vaccines.
Vaccine reminders were sent to parents and transplant providers
(via text, email, and app notification) when vaccines were due
starting at enrollment and going until the time of transplant or
end of the study.

Exit Questionnaire
After the transplant, the parent and provider filled out a survey
with questions assessing app feasibility (How many months did
you use the app for? Did you experience technical difficulties
with the app?) and acceptability (Would you recommend the
app to others? Did you feel communication between families
and providers around vaccines was good after using the app?
Did you feel knowledgeable about pretransplant vaccines after
app use?). The exit questionnaire included an open-ended
question asking for suggestions for future app improvement.
The exit questionnaire was sent via email after the transplant
was completed. Weekly reminders were sent until the
questionnaire was complete.

Vaccine Rates at the Time of Transplant
A research team member collected vaccine records at the time
of transplant to evaluate whether the child was up to date on
age-appropriate vaccines at the time of transplant.

Statistical Analysis

Effectiveness
We calculated the percentage of transplant recipients who were
completely up to date on age-appropriate vaccines at the time
of transplant according to standard CDC vaccine
recommendations [23].

Feasibility
Data from feasibility questions in the exit questionnaire were
summarized through the proportion of the feasibility outcome.

Acceptability
Data from acceptability questions in the exit questionnaire were
summarized through the proportion of the acceptability outcome.

Ethical Considerations
The study was approved by the Colorado Multiple Institutional
Review Board (CO-18‐0045). All participants provided
consent for study participation. Participation was voluntary. An
email and password were required to log in to the study app.
Participants could access all study content through a mobile
app available on both the iOS and Android platforms. All study
data were encrypted at rest and in transit. Only authorized
researchers were provided access to the participant data. The
application’s data was stored exclusively on Amazon Web
Services in the United States. Industry standard information
security practices were leveraged in the development of the app.
All data were deidentified to ensure participant privacy and
confidentiality. Participants who completed the full study
received US $100 compensation. No artificial intelligence was
used in any portion of the manuscript writing.

Results

Participants
We enrolled 25 dyads of parents and guardians of heart, liver,
and kidney transplant recipients and their transplant provider.
The majority (15/25, 60%) of children were <5 years old (Tables
1 and 2).
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Table . Parent and guardian demographic characteristics (n=25).

Value, n (%)Characteristic

Gender identity

20 (80)Female

5 (20)    Male

Ethnicity

18 (72)Caucasian

2 (8)African American

2 (8)Asian

1 (4)Hispanic-Latino

2 (8)Other or prefer not to answer

Center of care

19 (76)Children’s Hospital Colorado

3 (12)Children’s Hospital of Philadelphia

3 (12)Ann and Robert H. Lurie Children’s Hospital

How far do you live from your transplant center?

8 (32)<1 hour drive

10 (40)1‐ to 3-hour drive

3 (12)>3-hour drive

4 (16)We are in a different state than our center and need to fly to our center

How would you describe the town you live in?

7 (28)Rural

13 (52)Suburban

5 (20)Urban

How old is your child?

4 (16)0‐11 months

11 (44)12 months to 5 years

4 (16)6‐11 years

6 (24)12‐18 years

What organ is your child listed for?

4 (16)Heart

14 (56)Liver

7 (28)Kidney
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Table . Provider demographic characteristics (n=15; there were providers who had multiple patients in the study).

Value, n (%)Characteristic

Role on transplant team

4 (27)Cardiologist, hepatologist, or nephrologist

1 (7)Transplant fellow

10 (67)Transplant nurse coordinator

What transplant center do you work with?

10 (67)    Children’s Hospital Colorado

2 (13)    Children’s Hospital of Philadelphia

3 (20)Ann and Robert H. Lurie, Children’s Hospital

How long have you worked as an attending transplant physician, transplant fellow, or transplant nurse coordinator?

3 (20)<1 year

5 (36)1‐5 years

3 (20)6‐10 years

3 (20)>10 years

Gender identity

14 (93)Female

1 (7)    Male

Ethnicity

11 (73)Caucasian

0 (0)African American

1 (7)Asian

1 (7)Hispanic-Latino

2 (13)Other or prefer not to answer

Effectiveness of the App
Vaccine records were obtained on the day of transplant; 96%
(24/25) of children were up to date on all age-appropriate
vaccines. The 1 patient who was not up to date was a 15-year-old
who was missing a second human papillomavirus (HPV) shot.
The patient’s team had specifically chosen to delay the second
HPV vaccine until after transplant because the patient was on
high-dose steroids for autoimmune hepatitis and was unlikely
to mount a strong immune response to a pretransplant vaccine.

Feasibility of the App

App Usage
Parents and providers were instructed to use the Immunize
PediatricTransplant app until the day of their child’s transplant
(or until the end of the study on April 1, 2024, whichever came
first). No children were transplanted in less than a month, 27%
(6/22) were transplanted in 1‐3 months, 23% (5/22) in 4‐6
months, and 50% (11/22) in 7 or more months.

Technical Difficulties While Using the App
Only 23% (5/22) of parents and 21% (3/14) of providers
reported technical difficulties with the app. Difficulties described
included initial log on (n=5), entry of historical vaccines or
vaccines given while using the app (n=2), and communication
with team members through the portal (n=1).

Acceptability of the App
Of the 25 parents and guardians and 15 providers, 88% (22/25)
and 93% (14/15), respectively, completed an exit questionnaire.
Of these, 97% (35/36) agreed or strongly agreed that they felt
knowledgeable about vaccine use in the pretransplant period
after using the app and 86% (31/36) agreed or strongly agreed
that communication around vaccines between families and
providers was good after using the app. Users rated the following
features as extremely or moderately useful: the centralized
vaccine record (n=30, 83%), the automated vaccine reminders
(n=24, 67%), and the written educational information (n=21,
58%; Table 3). Further, 91% (20/22) of parents and 79% (11/14)
of providers recommended the app to future families and
transplant teams with children awaiting a transplant.
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Table . Acceptability of the various features of the app (n=36; parents, guardians, and providers combined).

Not useful, n (%)Somewhat useful, n (%)Extremely or moderately useful, n
(%)

3 (8)12 (33)21 (58)Written educational information in
the app

9 (25)9 (25)18 (50)Communication tool (chat feature)

4 (11)8 (22)24 (67)Automated vaccine reminders

4 (11)2 (6)30 (83)Centralized vaccine record

Suggestions for App Improvement
The open-ended responses to the question of “Do you have any
suggestions for app improvement?” are listed in Textbox 1. The

most common suggestion (n=6) was to populate the vaccine
history from the EMR or other vaccine databases such as
immunization information systems (IISs).

Textbox 1. Open-ended responses in the exit questionnaire to “Do you have any suggestions for app improvement?”

Responses

• Pull vaccine records from electronic medical record

• Automatically populate the vaccination history

• When entering vaccines, it would be nice to enter more than one at a time

• Scan vaccine documents or have a professional health care provider enter in the vaccine data, not the family, there’s too much room for error

• Allow downloads of vaccine records from state immunization information systems (IIS)

• Connect the app to a vaccine data base

• Space for additional vaccines (extra COVID doses or repeat series)

• Make the live chat a more noticeable feature

• Improve ease of use for vaccine entry

• Connect primary care provider with the app

• Have a way to submit option of family refusal to avoid getting reminders about a vaccine your family is refusing

• Tech support for users

• Create a way for medical providers to silence alerts for vaccines that family is refusing

• App appearance

• If we could have the primary care pediatrician participate, that would be great

• Encourage primary care pediatricians to use it for communication

• Integration with vaccine databases such as the Colorado Department of Public Health and Environment

Discussion

Principal Findings
We sought to beta test the Immunize PediatricTransplant
mHealth app to understand whether (1) it could help address
the problem of underimmunization of pediatric solid organ
transplant candidates and (2) it would be feasible and acceptable
to parent and transplant provider users. The most significant
finding of the study is the success of the app in getting nearly
all children up to date on age-appropriate vaccines by the time
of transplant. Historically, the majority of pediatric transplant
candidates have not been up to date on age-appropriate vaccines
at the time of transplant. In a study of 281 children who
underwent a pediatric liver transplant across the United States
between August 2017 and August 2018, only 19% were up to
date on age-appropriate vaccines on the day of transplant and

amongst those who were not up to date, 51% were missing 4
or more immunizations [6]. Increasing immunization rates
pretransplant could significantly improve posttransplant
outcomes by decreasing posttransplant VPIs and the associated
morbidity, mortality, and increased medical costs [4,5].

While the app was overall feasible and acceptable to users
(31/36, 86% of users recommended the app to future parents
and providers), in the open-ended question in the exit
questionnaire asking for suggestions for app improvement we
learned that users did not want to have to enter vaccine records
themselves into the app (in real-world use, there would be no
research coordinator to enter vaccines). Multiple users
recommended that the app connect directly with the EMR or
IISs to retrieve accurate vaccine data.

There are several apps currently available in the App Store to
promote childhood vaccination [24]. To our knowledge,
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Immunize PediatricTransplant is the first app designed
specifically for a group of children with complex medical needs
at a higher risk for acquiring VPIs. In a 2020 systemic review
of 28 studies evaluating 25 immunization apps, 4 studies
described significant benefits of implementation of the app and
4 studies reported a significant impact on knowledge and vaccine
decision-making [25]. Our study adds additional evidence that
an mHealth app can improve vaccine rates in a high-risk
population of children. In addition to providing vaccine
education, record keeping, and reminder systems, Immunize
PediatricTransplant also includes a communication portal for
families and providers to directly communicate in real time
about vaccine questions.

Future Directions
Based on user feedback, in the future we will explore utilizing
application programming interfaces (APIs) like Health Level 7
FHIR (Fast Healthcare Interoperability Resources) [26] and
SMART on FHIR [27] to allow the app to directly connect and
communicate with the EMR and IISs [28]. While APIs are legal
according to the 21st Century Cures Act [29], it would be critical
to ensure compliance with Health Insurance Portability and
Accountability Act (HIPAA) regulations protecting patient
privacy. We will then need to evaluate the tool in a clinical trial
(phase 3 of the mHealth Agile Development and Evaluation
Lifecycle) [22] to see if it results in up-to-date immunization
status at the time of transplant for a diverse population of
pediatric transplant candidates across the country. As this is a
“low-risk app” that does not pose any risk to user safety if it
does not function (providers should still be reviewing vaccines
as part of standard medical care), an alternative to a formal
clinical trial would be ongoing A/B testing where a group of
users trial a new version of the app that contains minor variations
to a specific component of the app [22]. Based on user feedback,
ongoing iterations of the app could be made. In future studies,
we will modify the primary end point to not classify patients
with deliberately missed vaccines (as instructed by the medical
team) as not up to date.

After clinical trial or A/B testing, postmarket surveillance will
be important to gather ongoing feedback about if the app
remains useful and effective and whether further improvements
are needed to keep it relevant as new vaccines come into the
market [22]. In future research, it will be important to expand

the qualitative sections of the exit questionnaire or perform
postintervention interviews or focus groups to gain a deeper
understanding of the users’experiences, likes, and dislikes about
the app and recommendations for future app users including
primary care physicians.

Limitations
Multiple limitations exist in this study beta testing the Immunize
PediatricTransplant app. Our sample size was small (only 25
dyads of parents and transplant providers, which equated to 36
app users) and the majority of participants came from 1 large
academic pediatric transplant center. Additionally, the app was
only trialed by English-speaking parents and providers, limiting
generalizability to all transplant parents and providers.
Participation in the study was voluntary, which could introduce
selection bias where people who were more interested in or
comfortable with mHealth technology were more likely to
participate. Similarly, there could be social desirability bias,
where people were more likely to report finding the app to be
beneficial in an attempt to please researchers. Finally, it is
possible that simply by having parents and providers participate
in an intervention-based research study, it increased attention
and awareness to vaccines, in turn increasing the amount of
transplant recipients with up-to-date vaccine statuses. As this
was not a randomized trial, there was no control group to
compare with. These limitations are all inherent to beta testing,
and the app will need to go through future phase 3 clinical trial
evaluation.

Conclusions
Each year, the United States invests $1.2 billion dollars in
pediatric solid organ transplants [30]; however, we fail to protect
our investment by not ensuring that these children are fully
immunized. A novel mobile app, Immunize PediatricTransplant,
has now been developed to help overcome barriers to
pretransplant vaccines. The app was feasible and acceptable to
parent and provider users and successfully resulted in nearly all
children being up to date on age-appropriate vaccines by the
time of transplant. However, the app was reliant on a research
team member entering historical vaccine information, which is
not practical for real-world use. In future iterations, we will
need to explore whether APIs could be leveraged to extract
vaccine information from the EMR or IISs and directly input
these data into the app.
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Abstract

Background: Allogeneic hematopoietic stem cell transplantation (allo-SCT) is an effective treatment for various hematologic
cancers, though it often results in severe side effects and psychological distress, which can negatively impact health outcomes.
Integrative therapies like mindfulness-based stress reduction (MBSR), mindfulness meditation (MM), and music therapy (MT)
yield promising results in enhancing both psychosocial outcomes (eg, reducing anxiety and depression) and physiological adaptation
(eg, decreasing inflammation) in cancer patients.

Objective: We developed and refined, using focus groups and environmental and field testing, an eHealth-delivered
mindfulness-based music therapy (eMBMT) intervention aimed at improving health-related quality of life, symptom burden (ie,
pain, fatigue, and sleep), disease activity (ie, chronic graft-versus-host disease, cytomegalovirus activation, and infections) and
psychosocial (ie, depression, anxiety, and cancer-specific distress) and physiological adaptation (ie, inflammation and immune
reconstitution) tailored to adults receiving allo-SCT.

Methods: eMBMT intervention content is grounded in MT, MM, and MBSR, developed by a multidisciplinary team, and
adapted for adults undergoing allo-SCT. eMBMT content was refined through focus groups and usability and field testing. Focus
groups used a semistructured interview guide, while field testing used the “think aloud” method. Usability was evaluated using
the 30-item Usefulness, Satisfaction, and Ease of Use (USE) questionnaire. Descriptive statistics analyzed the USE questionnaire
and participant characteristics, while rapid qualitative analysis was applied to focus groups and field-testing sessions. Survivors
eligible to participate in the focus groups and usability and field testing were adults (>18 years old) who received an allo-SCT
(<36 months) for myelodysplastic syndrome, acute myeloid leukemia, or chronic myeloid leukemia, and were in remission for
greater than 3 months.

Results: During the focus groups, participants (n=11; mean age 43.6, SD 17.8 years) provided qualitative feedback highlighting
the shock of diagnosis, challenges during hospitalization, and coping strategies posttreatment. The eMBMT platform received
positive evaluations for usefulness (mean 6.47, SD 0.29), ease of use (mean 6.92, SD 0.60), and satisfaction (mean 6.16, SD
0.82). Key themes from field testing highlighted the significance of social support, hope, and maintaining an active lifestyle.
Suggestions for improvement included incorporating more representative content, reducing text, enhancing guidance, offering
diverse music options, and streamlining blood sample collection.
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Conclusions: The eMBMT intervention is a comprehensive, user-friendly eHealth tool tailored to the unique needs of allo-SCT
patients. The positive feedback and identified areas for improvement underscore its potential to enhance well-being, symptom
management, and overall quality of life for cancer survivors. A future pilot randomized controlled trial will further evaluate the
feasibility, acceptability, and preliminary efficacy of the eMBMT intervention in improving health-related quality of life, symptom
burden, disease activity, and psychosocial and physiological adaptation.

Trial Registration: ClinicalTrials.gov NCT05968963; https://clinicaltrials.gov/study/NCT05968963

(JMIR Form Res 2025;9:e65188)   doi:10.2196/65188

KEYWORDS

allogeneic stem cell transplantation; hematologic malignancy; bone marrow transplant; mindfulness-based music therapy;
mindfulness; music therapy; eHealth; music therapy intervention; adult; adolescence; allogeneic; stem cell transplantation; stem
cell; transplantation; qualitative study; treatment; hematologic cancers; psychological distress; side effects; mindfulness-based
stress reduction; stress reduction; anxiety; depression; diagnosis; blood sample collection; eHealth tool; quality of life; cancer
survivors

Introduction

In the United States, hematologic malignancies account for
approximately 10% of all new cancer diagnoses and 9.4% of
cancer-related deaths annually [1]. It is projected that over
180,000 new cases of malignant hematologic cancers will be
diagnosed in 2024 [2]. Allogeneic hematopoietic stem cell
transplantation (allo-SCT) is an effective therapy for various
hematologic cancers, including acute myeloid leukemia, chronic
myeloid leukemia, and myelodysplastic syndrome [3]. Allo-SCT
is a multiphase therapy starting with a pretransplant evaluation
and finding a compatible donor. This is followed by intensive
conditioning (chemotherapy, radiation, or both) to destroy cancer
cells, suppress the immune system, and prepare for stem cell
engraftment. The patient then receives the donor’s stem cells
intravenously and enters the posttransplant phase, focusing on
engraftment and monitoring for complications like
graft-versus-host disease (GVHD) and infections [3].

Despite its curative potential, allo-SCT may be accompanied
by negative side effects (eg, nausea, vomiting, pain, fatigue,
mood disturbance, and risk of infections) [4]. In addition, poor
psychosocial functioning and emotional distress (eg, anxiety,
depression, and social isolation) can persist well beyond active
treatment [5-7]. These negative psychological factors, common
among allo-SCT recipients [5,6], are associated with higher
mortality rates and less favorable health outcomes in the
first-year posttreatment [8-10], including greater rates of GVHD
and infection, longer hospitalization stays, and higher
readmission rates [11]. Furthermore, research indicates that
psychological distress can affect physiological responses to
treatment such as increased inflammation [12,13]. For example,
in patients receiving allo-SCT, pretransplant anxiety, depression,
and stress have been associated with delayed white blood cell
recovery, slower immune function recovery, and shorter
survival. In contrast, pretransplant optimism, positive affect,
and social support correlate with a shorter time to engraftment
and reduced incidence of GVHD [14-17]. Therefore,
interventions targeting psychological distress and physical
burden in allo-SCT recipients may enhance health-related quality
of life (HRQoL), improve patient-reported outcomes, and
support immune recovery and overall health in cancer survivors.

A growing body of research suggests that mindfulness-based
interventions, including mindfulness-based stress reduction
(MBSR) and mindfulness meditation (MM) yield promising
results in enhancing both psychosocial outcomes (eg, reducing
anxiety and depression) and physiological adaptation (eg,
decreasing inflammation) in cancer patients [18-21]. The core
principle of mindfulness involves maintaining nonjudgmental
awareness of the present moment, which includes recognizing
and accepting one’s thoughts, emotions, and bodily sensations
as they arise. Practicing mindfulness fosters a greater sense of
self-awareness and emotional regulation, which can contribute
to improved mental and physical well-being [22]. Although
highly underused, mindfulness-based interventions have proven
effective in alleviating cancer symptoms, cancer-related distress,
and depression in various patient populations.
Mindfulness-based interventions also enhance self-efficacy,
coping skills, and HRQoL in cancer patients [12,20,23-27] and
individuals with other chronic diseases [28-31].

In addition to mindfulness, music therapy (MT) is a
well-recognized approach for addressing various psychosocial
and physiological needs in clinical populations [32-44]. It has
demonstrated effectiveness in reducing stress and enhancing
emotional well-being among cancer patients [35,45-49]. MT
offers numerous benefits for cancer patients by using both
interactive (eg, singing) and receptive techniques (eg, listening
to music and music imagery) to improve mood, reduce stress,
pain, and anxiety, as well as promote relaxation [50]. Although
most findings suggest psychological improvement associated
with MT, a recent meta-analysis of controlled trials provided
evidence that MT can significantly improve physical symptoms
(eg, fatigue) and reduce pain in cancer patients [51,52]. MT can
also serve as a foundation for planning effective rehabilitation
programs and improving overall quality of life [50]. Using MT
is known to be a low-risk, minimally invasive, and cost-effective
approach to managing patients’ well-being particularly in the
often-stressful environment of a cancer clinic [53].

Although previous research has demonstrated that practices
related to mindfulness and MT can positively affect fatigue,
pain, anxiety, and HRQoL in cancer patients [54,55], there is a
lack of well-powered randomized controlled trials and
reproducible interventions specific for allo-SCT patients. In
addition, significant gaps persist in our understanding of how
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specific components of mindfulness and MT impact
psychosocial and physiological adaptation, HRQoL, and overall
health outcomes in this population. Therefore, we designed an
eHealth-delivered mindfulness-based music therapy (eMBMT)
aimed at reducing symptom burden and improving HRQoL in
patients undergoing allo-SCT. We selected an eHealth
intervention based on its proven advantages, including patient
accessibility and convenience, improved communication, and
reduced burden on health care systems. Overall eHealth
interventions offer a valuable approach to complement
traditional cancer care [56]. This study aims to refine and
finalize, using focus groups and environmental and field testing,
the newly developed eMBMT intervention.

Methods

Intervention Content Development
The eMBMT content was developed by a multidisciplinary
team (eg, board-certified music therapists [MT-BC],
psychologists, oncologists, and psychiatrists) and is based on
MT, MM, MBSR [57], and Lesiuk’s [58,59] MBMT pilot trial
with breast cancer survivors. eMBMT was further adapted for
patients undergoing allo-SCT and structured to be delivered
through BrightOutcome’s SmartManage: Tools for Health
Living [60,61] platform. SmartManage is a patient-centered
web application that is easy to use, Health Insurance Portability
and Accountability Act (HIPAA) compliant, and accessible
through multiple platforms (ie, tablets and smartphones).
SmartManage serves as the primary platform for hosting the
MBMT content, organized into 8 modules corresponding to
sessions led by the MT-BC. SmartManage enables participants
to engage in real time during sessions and supports independent
practice by providing access to session materials, guided
exercises, and additional resources for extended learning.
Participants were encouraged to engage with SmartManage
outside of scheduled sessions, using its resources to review
session materials and independently practice intervention
components at their own pace, thereby reinforcing the
therapeutic process. The eMBMT program consists of eight
60-minute sessions led by a MT-BC. The sessions integrate MT
and mindfulness attitudes (ie, nonjudging, patience, letting go,
acceptance, trust, beginners mind, and nonstriving) developed
by Kabat-Zinn [57]. MT-BCs guide patients in engaging with
video and audio materials, practicing active and receptive music
therapy exercises, incorporating music and journaling, and
participating in video conferencing, all aimed at fostering
mindfulness attitudes through music therapy. eMBMT’s 8
tailored sessions span the allo-SCT treatment and recovery
journey beginning upon hospital admission (approximately 7
days before transplant) and ending postdischarge (approximately
75‐115 days posttransplant).

eMBMT begins with an orientation session to provide an
overview of the program and its aims. The following 7 sessions
are aligned with the patient’s treatment trajectory, each
emphasizing a specific mindfulness attitude to be practiced
throughout their allo-SCT treatment: (1) nonjudging encourages
evaluating stimuli without habitual reactions, whether from
internal dialogue, sensations, or external events; (2) patience

helps manage worry by allowing events to unfold over time;
(3) letting go involves accepting things as they are and being
open to change; (4) acceptance focuses on viewing one’s
experience without comparisons and allowing recovery to unfold
at its own pace; (5) trust emphasizes believing in oneself and
empowering self-reliance over thoughts; (6) beginner’s mind
encourages seeing newness in familiar environments, fostering
a sense of wonder, and shedding negative perceptions; and (7)
nonstriving promotes the willingness to try new experiences
and suspend critical judgments, particularly through new music
experiences. MT-BCs focus on guiding patients through each
session to first learn the attitude through music exercises, then
how to apply the attitude to potentially improve their treatment
journey.

Intervention Refinement
Following the initial content development, we used focus groups
and usability and field-testing sessions to refine and finalize the
eMBMT content and intervention.

Sampling and Recruitment
Participants were recruited by (a) physician referral or (b) the
University of Miami’s consent-to-contact database to participate
in a focus group and a subsequent one-on-one usability and
field-testing session. Patients at the University of Miami Health
System can voluntarily enroll and consent to be contacted about
clinical study opportunities for which they qualify through the
Consent to Contact Registry managed by the University of
Miami Clinical and Translational Science Institute. Potential
participants were identified using the Clinical and Translational
Science Institute Consent-to-Contact Registry through the
generation authorized patient lists based on International
Classification of Diseases (ICD-10) codes. Allo-SCT survivors
were eligible to participate if they were (1) aged >18 years; (2)
received an allo-SCT for myelodysplastic syndrome, acute
myeloid leukemia, or chronic myeloid leukemia <36 months;
and (3) were in remission >3 months. Survivors who (1) had a
history of severe psychiatric illness (eg, psychosis, active
suicidality, or inpatient treatment) in the past 12-months, (2)
severe cognitive impairment (per the Short Portable Mental
Status Questionnaire) [62], or (3) hearing impairment were
excluded from the study. Patients who were referred by their
physician or were identified by the consent-to-contact list were
contacted by telephone by study staff to assess interest in
participating and eligibility. Of the survivors (n=64) screened
for eligibility, 34 were ineligible, 11 declined screening, and 7
did not consent to participate. A total of 12 survivors agreed to
participate and provided informed consent; however, 1
participant was ill and unable to attend the focus group. The
study team conducted 2 focus groups (focus group 1: n=6 and
focus group 2: n=5) and 9 one-on-one usability and field-testing
sessions.

Procedures
Before attending a focus group, participants completed a survey
assessing sociodemographic (eg, age, gender, race, and income)
and medical characteristics (eg, cancer type and time in
remission). Focus groups were conducted through Zoom (Zoom
Communications) and facilitated by 2 MT-BCs and study staff
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trained in qualitative methods. The aim of the focus groups was
to understand the needs and burdens of allo-SCT patients and
gather qualitative feedback to inform eMBMT content and
platform design. Facilitators followed a semistructured interview
guide including open-ended questions assessing: (1) challenges
associated with receiving an allo-SCT (eg, uncertainty of the
disease course, treatment-related side effects, and management
of emotional and physical symptoms), (2) use of eHealth-based
delivery for mindfulness, music therapy, and mindfulness-based
music exercises, and (3) preferences for eMBMT length and
detail of content. Facilitators also presented 2 modules from the
eMBMT SmartManage platform and participants were asked
about design and layout preferences (eg, theme, style, colors,
and fonts), content detail and type (eg, text, images, and videos),
and functionality features (eg, navigation, accessibility, and
user interaction). Each focus group was facilitated by 2
experienced moderators (ie, “facilitators”) with training in
qualitative research methods (SEF-P, BNE, TL, and MAK). To
ensure balanced participation and that all voices were heard,
the facilitators used strategies such as directly inviting quieter
participants to share their thoughts, using prompts to encourage
diverse perspectives, and managing dominant voices to maintain
an inclusive environment [63,64]. Focus groups were used to
capture a diverse range of perspectives and facilitate interactive
discussions among participants, allowing for the exploration of
shared experiences and unique viewpoints related to the
intervention. This approach was chosen because participants
could build on each other’s ideas, providing deeper insights into
coping strategies and preferences. By leveraging the group
dynamic, focus groups enabled the identification of common
challenges and individual needs, ensuring the intervention was
informed by both collective and personal experiences. Focus
groups lasted approximately 3 hours and were audio recorded
and detailed notes were taken to supplement the recordings.

Participants were contacted 1 week post–focus group
participation to complete a usability and field-testing session.
The usability assessment evaluated the ease of learning and
identified platform design issues. Field testing evaluated both
technical (eg, technical problems) and functional (eg, application
use and integrating eMBMT into daily life) reliability. Sessions
were conducted in-person or through Zoom and facilitated by
study staff trained in usability and field testing of eHealth
platforms. For usability testing, participants completed the
30-item USE questionnaire [65] which contains 4 subscales
assessing usefulness (eg, “It helps me be more effective”), ease
of use (eg, “It is easy to use”), ease of learning (eg, “I learned
to use it quickly”), and satisfaction (eg, “I am satisfied with it”)
on an 8-point Likert scale (1=strongly disagree to 8=strongly
agree). For field testing, we used the “think aloud” method [66],
which encourages participants to vocalize any thoughts or
comments while performing or immediately after performing
a task, such as reading or watching a video. Participants were
asked to share their thoughts and reactions as they explored the
eMBMT and platform. Finally, participants were prompted with
questions addressing technical reliability (eg, technology
problems) and functional reliability (eg, application use and
integrating eMBMT into daily life). The usability and
field-testing sessions lasted approximately 3 hours and were
audio-recorded.

Data Analysis
The Usefulness, Satisfaction, and Ease of Use (USE)
questionnaire [65] and sociodemographic and medical
characteristics were analyzed with descriptive statistics. We
applied rapid qualitative analysis (RQA) to analyze the focus
groups and usability and field-testing sessions following
Watkins’ guidelines [67]. Relative to traditional qualitative
analysis methods, such as thematic analysis and grounded
theory, which demand extensive time for tasks like multiple
transcript readings and detailed coding, RQA is a more efficient
and less time-demanding approach. RQA methods involve team
members individually summarizing key points from qualitative
data, and combining individual data by categorizing related key
points to produce relevant themes [68]. RQA is a pragmatic,
valid, and reliable method, which is crucial for guiding the
refinement of digital interventions [68]. Study staff were trained
on RQA, developed a coding matrix, individually coded the
transcripts, and finally, met to complete a comprehensive final
matrix summarizing data to facilitate the identification of
themes. Themes were developed through iterative coding of the
interview transcripts, with the team working to identify patterns
and nuances in participant responses. While some themes
aligned with the interview prompts, further analysis captured
additional insights into coping mechanisms and patient
preferences, which were critical for tailoring the intervention.

Ethical Considerations
All procedures performed in studies involving human
participants were in accordance with the ethical standards of
the institutional and national research committee and with the
1964 Helsinki Declaration and its later amendments or
comparable ethical standards. We complied with the following
ethical considerations. First, we recruited and obtained informed
consent from all participants before the focus groups and
usability and field-testing sessions, as approved by the
University of Miami’s Institutional Review Board (eProst
20230726). Participants were informed that their participation
was voluntary, the focus groups and usability and field-testing
sessions would be recorded, the collected information would
be deidentified and securely stored, and they would receive
compensation of US $50 for completing the focus group and
US $50 for completing the usability and field-testing session,
for a total of US $100. Second, we ensured that all transcript
data were deidentified by replacing participant names with a
unique identifier. All collected data are securely stored with
access restricted to authorized researchers. Third, all researchers
completed research compliance training through the
Collaborative Institutional Training Initiative, ensuring
adherence to best practices and ethical considerations in working
with participants. This project is funded by the National Cancer
Institute (1R61CA263335-01A1) and registered on
ClinicalTrials.gov (NCT05968963).

Results

Participant Characteristics
Table 1 presents participant demographics and medical
characteristics. Participants (N=11; mean age 43.6, SD 17.8;
range 19‐76 years) were female (55%, n=6), White (91%,
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n=10), Hispanic (73%, n=8), with a history of acute myeloid
leukemia (100%, n=11), and a mean time of 1.64 (SD 0.81)

years post-SCT at the time of the focus groups.

Table . Demographics and medical characteristics of allogeneic stem cell transplantation (allo-SCT) survivors who participated in focus groups as part
of the refinement of the eHealth-based mindfulness-based music therapy (eMBMT) intervention.

Focus group 2 (n=5)Focus group 1 (n=6)Total sample (N=11)Demographics & medical character-
istics

45.9 (18.4)42.1 (15.9)43.6 (17.8)Age (years), mean (SD)

Gender, n (%)

2 (40)4 (66.7)6 (54.5)Female

3 (60)2 (33.3)5 (45.5)Male

Race, n (%)

5 (100)5 (83.3)10 (91)White or Caucasian (including
White Hispanic)

0 (0)1 (16.7)1 (9)Black, African American, or Afro-
Caribbean Black

Ethnicity, n (%)

4 (80)4 (66.7)8 (72.7)Hispanic

1 (20)2 (33.3)3 (27.3)Non-Hispanic

Employment status, n (%)

2 (40)3 (50)5 (45.5)Full-time

2 (40)1 (16.7)3 (27.3)Part-time

0 (0)2 (33.3)2 (18.2)Unemployed with disability

1 (20)0 (0)1 (9)Unemployed without disability

Education, n (%)

0 (0)2 (33.3)2 (18.2)High school or GEDa

0 (0)1 (16.7)1 (9)Some college

0 (0)1 (16.7)1 (9)Graduated from a 2-year college

3 (60)1(16.7)4 (36.5)Graduated from a 4-year college

2 (40)1 (16.7)3 (27.3)Master’s degree

Cancer type, n (%)

5 (100)6 (100)11 (100)Acute myeloid leukemia

Treatment type, n (%)

5 (100)6 (100)11(100)Allogeneic stem cell transplant

25.326.726Time since diagnosis (months), n

aGeneral Education Development diploma.

Focus Group Findings
Focus groups were conducted between April and May 2023.
Qualitative analyses identified 4 themes.

The Initial Shock of a Cancer Diagnosis and Distress
Over Unfavorable Outcomes
Most participants described the diagnosis of cancer as a
profoundly shocking experience because they were diagnosed
when they were feeling well and without any noticeable
symptoms (“I didn’t know I was sick. I had regular blood work
done April of 2021 and everything was normal. And then June
1st I had a lump like a lymph node in my neck that was a little

enlarged, but I wasn’t feeling sick.”). In addition, some
participants hesitated to seek care because they were worried
about exposure to COVID-19, resulting in delayed diagnosis
and treatment (“I had previous history of asthma. So, my
concern was: I go to the hospital, I’m gonna die… it’s gonna
hit people with respiratory problems, so I delayed it.”). Once
diagnosed, they grappled with uncertainty, the fear of missing
out on meaningful activities, and the pressure to make tough
treatment decisions (eg, fertility-related choices). After not
responding to the initial treatment and given the option to
receive an allo-SCT, participants faced frustration and anxiety
related to finding a stem cell match, coping with chemotherapy’s
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physical side effects, and age-related issues (eg, hearing and
vision loss, reduced mobility).

Challenges Associated With Hospitalization, Loss of
Normalcy, and Adjusting to Life After Treatment
During hospitalization, participants experienced psychological
distress due to prolonged social isolation and lack of personal
interactions with their family and friends (eg, “...So, my isolation
turned into 60, 70, 90 days, so that made it even worse”). They
had feelings of loneliness, anxiety, boredom, and frustration
surrounding missing major life events such as graduation, prom
activities, or their children’s events (eg, sport or school events).
The COVID-19 pandemic restrictions negatively impacted the
process of connecting patients to support services. Most
participants reported a lack of access to support services during
their hospital stay, which exacerbated their feeling of loneliness
(eg, “I couldn’t see anyone because it was COVID. So, for 2,
3 months there was nothing. Nobody offered me anything”).
Following the conditioning phase and the stem cell infusion,
participants experienced multiple physical side effects including
weight loss, hair loss, nausea, vomiting, diarrhea, mouth sores,
and fatigue. These symptoms negatively impacted their daily
activity levels during their hospital stay and after being
discharged. They also indicated several psychosocial side effects
including, fear of recurrence, anxiety, depression, feeling very
different (eg, “I’m not even close to who I was before this
happened to me”), as well as a substantial impact on body image
and its associated stigma (eg, “I don’t want to be called the
cancer kid at school”). They also noted that their families and
friends were impacted by their disease (eg, “Another thing that
I think it’s forgotten is about the children. Most of us, we have
children, and they have seen us in the darkest moments of our
lives… and you think that they wouldn’t remember, but they
remember”).

Coping Strategies for Living With a Hematologic Cancer
Participants developed various coping strategies for managing
their disease. Participants vocalized several perceived useful
strategies, such as (1) seeking social support from family,
friends, health care staff, and other patients; (2) denial (eg, “I
don’t have cancer, I’m not going to admit it”); (3) spirituality
and faith; (4) positive thinking and having an optimistic outlook;
(5) goal setting; and (6) staying active and busy (eg, exercising,
journaling, or watching television). In contrast, receiving adult
coloring books and health communication materials was
perceived as unhelpful or burdensome because they experienced
changes in their ability to concentrate or memory lapses (“We
don’t read the green pamphlet because it’s too much, too
overwhelming, and you don’t have the time or the mind to think
about that, you’re just literally surviving”). Support services
were generally limited during their hospital stay due to
COVID-19. However, when patients received supportive
services, they valued the interaction with the therapist, provider,
or both during those difficult times (eg, art therapy, music
therapy, massage therapy, and physical therapy). In addition,
although they mentioned that telehealth and videoconferencing
were very convenient for maintaining continuity of care, they
also experienced “screen fatigue.” Participants also noted the
lack of follow-up after being discharged and that they had to

request support services rather than being automatically referred
to them. A participant mentioned that “there’s a waiting period
of a year to see a sexologist in the gynecology department.”

Usefulness of Mindfulness and Music Therapy to Cope
With Cancer
Participants perceived mindfulness as useful for staying positive,
strengthening their spirituality, and coping with uncertainty.
Although participants were open to practicing mindfulness
through online means, they preferred in-person sessions and
the ability to share their experiences with other patients.
Participants perceived music therapy as helpful to change their
mood, and bring joy, confidence, and faith. In contrast, a
participant described herself as “not a music person” and that
she “could go in life without music and would be fine.” Most
participants were open to participating in online music therapy
sessions; however, they underscored the need to account for
patients’ physical and psychological symptoms, which could
potentially impact their participation.

Feedback on MBMT Prototype
Most participants agreed with the proposed number of sessions
(n=8) and duration of the intervention (approximately 60
minutes/session). However, participants recommended
implementing more sessions pretransplant to better help them
be emotionally and psychologically prepared for the allo-SCT.
They also suggested more sessions postdischarge to help them
reintegrate into their day-to-day activities. Participants agreed
with providing blood samples, but also suggested streamlining
the process and obtaining samples along with already scheduled
blood work. Participants described the eMBMT prototype within
the SmartManage platform as “easy to read,” “easy to navigate,”
“very straightforward,” and “very appealing.” Participants
endorsed the order in which the mindfulness attitudes were
presented (eg, “there is definitely a pattern, I think…There’s
sort of a journey to it”). They believed that the in-person
interaction with the music therapist would be very helpful.
Participants recommendations included (1) incorporating diverse
music genres(eg, “disco when you need to move” or “hip hop
when you need to walk”), (2) allowing music selection based
on patient’s mood, (3) recording audio or video clips to reduce
the amount of text, (4) adding a sleep sounds feature, (5)
reflecting the patient population within the content (eg, images
specific allo-SCT concerns), (6) involving caregivers, (7)
exploring a partnership with meditation and mindfulness apps,
and (8) providing the necessary tools (eg, iPads or headphones).

Usability and Field-Testing Session Findings

Overview
Usability and field-testing sessions were completed between
June and July 2023. The 2 participants who completed the focus
groups were unable to participate in usability and field-testing
sessions. Participants (n=9) agreed that the eMBMT platform
was useful (mean 6.47 SD 0.29), easy to use (mean 6.92, SD
0.60) and learn (mean 7.39, SD 0.75), and were satisfied with
the platform (mean 6.16, SD 0.82).

Usability and field-testing sessions were completed between
June and July 2023. Qualitative analysis identified 2 themes.
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Participants’ Opinions About the MBMT Intervention
Overall, participants considered the program “helpful,” “easy
to read,” and easy to navigate. They indicated that if the program
had been provided during their hospitalization, they would have
used it. Participants also liked the “concept” of the program (eg,
holistic approach, accessibility, mindfulness meditation, and
music to calm and distract from treatment). Regarding the
aesthetics, participants perceived that the program was pleasant
and appreciated personalized features (eg, their name on the
front page). They also liked the colors, text size, layout, and
images; although, 2 participants noted that the pictures did not
represent the patient population accurately (eg, no photos of
cancer patients without hair or racially diverse). Furthermore,
some participants mentioned that the amount of text was
overwhelming, section titles were confusing because they were
very similar, and the platform lacked navigation guidance. They
also mentioned that the exercises were repetitive with a lack of
music options and that they could not have done some of the
proposed activities during their hospital stay because of the
physical symptoms (eg, mouth sores or extreme fatigue).
Participants also experienced a few technical issues, such as
some of the features not working (ie, audio), poor audio quality
(ie, “white noise”), and slow internet connection.

Suggestions for Improving the eMBMT Intervention
Participants provided specific suggestions related to the content,
including (1) reducing the amount of text by recording video
and audio clips, (2) stating a specific goal at the beginning of
each session (eg, this session will help you reduce your anxiety),
(3) adding more relatable content (eg, “missing being outside,”
“you may be feeling fatigued today. Here is what you can do”)
and more practical knowledge (eg, “How will this help me?”
and “Is there any section that helps you control pain by breathing
more?”) rather than definitions (eg, “what is mindfulness?”),
(4) connecting the mindfulness attitudes to patients’experiences,
(5) adding more guidance throughout the modules, (6)
embedding YouTube videos with an introduction slide rather
than links, (7) adding different music genres and the ability to
choose, and (8) including more representative images.
Participants also suggested new features such as (1)
implementing a checkmark to indicate sections that have been
reviewed, (2) allowing them to interact with other participants
(eg, enabling a chat feature and support groups), (3) a journaling
or writing section and a feedback box, (4) reducing the amount
of clicking and scrolling, and (5) creating a Spotify playlist with
the music from the program.

Discussion

Principal Findings

Overview
This study refined and finalized, using focus groups and
environmental and field testing, an eMBMT intervention aimed
at reducing symptom burden and improving HRQoL in patients
undergoing allo-SCT. The focus group findings of this study
underscore the significant emotional and physical challenges
faced by allo-SCT patients, including the distress of diagnosis,
hospitalization, and posttransplant recovery. These challenges

align with previous research indicating that allo-SCT patients
frequently experience psychological distress, including anxiety,
depression, and feelings of isolation, which can negatively
impact recovery and long-term survival [5,6,9]. Focus group
findings also highlight that allo-SCT survivors had an
appreciation for the potential positive impacts of the mindfulness
and music therapy intervention components. In addition, the
iterative refinement process, informed by usability and
field-testing feedback, led to key modifications including
enhanced content representativeness, reduced text with audio
options, personalized music selection, and adjustments to session
timing to better support patients pre- and posttransplant.

The development and refinement of the novel eMBMT
intervention represents a significant step towards providing
integrative interventions addressing HRQoL, symptom burden,
disease activity, and psychosocial and physiological adaptation
of adults undergoing allo-SCT. Grounded in theory and
well-established therapeutic techniques (ie, MT, MM, and
MBSR), the eMBMT intervention provides a structured delivery
of in-person and eHealth sessions facilitated by an MT-BC, and
is designed to be accessible and user-friendly. An eHealth
intervention may be especially well suited for this population
as shifting treatment phases and unexpected periods of isolation
make it difficult to coordinate in-person support services.

The iterative process of refining the eMBMT content through
focus groups and usability and field-testing sessions was crucial
for its refinement. Engaging allo-SCT survivors in the
development process allowed for the collection of valuable data
that directly informed the content, design, and functionality of
the intervention. Overall, participants reported positive
experiences with the platform and described the content as useful
and most participants expressed that they would have
participated in such an intervention had it been available at the
time of their treatment.

The qualitative analysis identified key themes that highlight the
complex emotional and physical challenges faced by allo-SCT
patients. These include the initial shock of a cancer diagnosis,
the distress associated with hospitalization and treatment, and
the ongoing struggle to regain normalcy posttransplant.
Participants also shared coping strategies, underscoring the
importance of social support, positive thinking, and maintaining
an active lifestyle. The perceived usefulness of mindfulness and
music therapy further validates the inclusion of these
components in the eMBMT intervention.

The use of rapid qualitative analysis enabled the timely synthesis
of participant feedback, which was essential for adapting the
intervention to the unique needs of patients undergoing
allo-SCT. Rapid qualitative analysis has been increasingly
recognized as a valid and efficient method for evaluating eHealth
interventions and has been successfully used in previous studies
to inform digital health tools [67,68]. While a traditional
qualitative approach might have provided additional granularity,
the chosen method ensured that the findings were actionable
within the project’s timeline. We acknowledge that rapid
qualitative analysis may result in themes that closely reflect the
structure of the interview prompts. To address this, the research
team used iterative coding and thematic refinement to ensure
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the themes captured meaningful nuances and extended beyond
the initial prompts, thereby providing deeper insights into
participants’ experiences and needs.

The feedback from usability and field-testing sessions was
overwhelmingly positive, with participants rating the platform
highly in terms of usefulness, ease of use, and satisfaction.
However, several areas for improvement were identified, which
were invaluable for further refining the intervention to better
meet the needs of patients. Below we discuss the key areas of
improvement and subsequent modifications made to the eMBMT
content and intervention.

Enhance the Representativeness of the Content
More representative images of the patient population were
included within the eMBMT platform content (eg, an image of
a cancer patient in hospital robe listening to music, patients
without hair, more racially and ethnically diverse).

Reduce the Amount of Text and Reading
We reduced the amount of text and provided an option to listen
to content. All intervention content was professionally
audio-recorded and integrated into the respective section of the
platform.

Provide Headphones
All participants will now receive a pair of personal headphones
for ease of listening to content.

Add More Guidance Throughout the Modules
Additional instructions guiding participants through the modules
were added.

Modify the eMBMT Session Delivery Timeline
The eMBMT session delivery timeline was modified such that
more sessions are provided pretransplant to aid with the
emotional and psychological preparation for the allo-SCT. In
addition, more sessions are provided postdischarge to help with
reintegration into their day-to-day activities. Table 2 presents
the sessions, content topics, and the delivery timeline.

Table . Overview of the 8-session eHealth-based mindfulness-based music therapy (eMBMT) intervention for allogeneic stem cell transplantation
(allo-SCT) patients, detailing session content, mindfulness principles, and time relative to the transplant.

Attitude carry over after
eMBMT

MTb componentMindfulness attitudeSCTa treatment phaseSession

Focus on the presentBreathing to musicMBMTc OrientationAdmission1

Unpleasant and pleasant ex-
periences and writing

Music listening and journal-
ing

NonjudgingConditioning2

Awareness and experience
of patience

Focused music and environ-
mental sound listening, sim-
ple body movements to mu-
sic

PatienceEarly post transplant3

Discussion and journaling
of letting go

Music-assisted relaxation
and scripts

Letting goEarly post transplant4

Nonjudgmental awareness
and acceptance of physical
sensations, thoughts, and
feelings

Music-assisted relaxation
and body scan

AcceptanceEngraftment to discharge5

Trusting oneselfVocal improvisationTrustPostdischarge6

Discussion and journaling
of beginner’s mind

Novel instrument soundsBeginner’s mindPostdischarge7

Focus on the process, letting
go of preconceived goals
with what “should be”

Music improvisationNonstrivingPostdischarge8

aSCT: stem cell transplantation.
bMT: music therapy.
cMBMT: mindfulness-based music therapy.

Include Different Genres of Music and Preferred Music
Participants communicated the desire for a more varied genre
of music and the ability to choose their preferred music. Thus,
more diverse samples of music were included as well as
allowing participants to choose their preferred music to complete
eMBMT activities.

Provide a Journaling Section
Modules now provide sections within each module where
participants can journal, write their thoughts, or take notes.

Streamline Blood Sample Collection
The blood sample collection was streamlined such that at
baseline, blood is collected only after the patient has received
their port and when the patient is scheduled for a follow-up
appointment post-discharge.
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Address Technical Issues
All technical issues (eg, audio was not functioning properly)
were resolved. Furthermore, audio that was deemed of poor
quality (ie, “white noise”) was professionally re-recorded.

Feedback from the future pilot randomized controlled trial will
shed light on potential further modifications to the eMBMT
content and intervention as well as provide examples of how
participants successfully implement mindfulness attitudes in
their own lives throughout their allo-SCT treatment.

Limitations
This study has several limitations. First, the sample size was
small and primarily consisted White and Hispanic individuals,
which may limit the generalizability of the findings to more
diverse populations undergoing allo-SCT. Second, while the
focus groups and usability and field testing provided valuable
qualitative insights, the results may be influenced by selection
bias, as participants who opted into the study may have been
more motivated or receptive to mindfulness and music therapy
interventions. Third, the rapid qualitative analysis approach,
while efficient, may have limited the depth of thematic
exploration compared to more traditional qualitative

methodologies. Finally, while usability testing identified
technical issues and design preferences, future iterations should
consider additional real-world implementation challenges,
including potential barriers to patient engagement with digital
health interventions.

Conclusion
The development and refinement of the eMBMT intervention
through focus groups and usability and field testing has resulted
in an eHealth intervention for use with allo-SCT patients. The
study findings underscore the importance of patient involvement
in intervention design, ensuring that content is both relevant
and engaging. As digital interventions become increasingly
prevalent in health care, eMBMT can serve as a model for
leveraging technology to deliver complementary, evidence-based
psychosocial support. Future research should explore its
long-term impact, scalability, and integration into standard
transplant care to optimize patient outcomes and reduce health
care burdens. A future pilot randomized controlled trial will
evaluate the feasibility, acceptability, and preliminary efficacy
of the eMBMT on health-related quality of life, symptom
burden, disease activity, and psychosocial and physiological
adaptation [69].
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Abstract

Background: Evidence-based guidelines support the use of structured exercise to facilitate concussion recovery. Despite the
growing number of mobile health (mHealth) apps aimed at managing concussions, few focus on delivering exercise rehabilitation
protocols. Therefore, a mobile app was developed to provide personalized rehabilitation programs based on evidence-based
exercise principles designed to cater to individuals recovering from concussions.

Objective: This study aimed to evaluate the usability and user experience of a mobile app designed to deliver an evidence-based
rehabilitation program to individuals recovering from concussions.

Methods: A two-week prospective single-arm pilot study was conducted among adults with a physician-diagnosed concussion.
Participants engaged in home-based rehabilitation exercises through a mobile app. Usability was assessed using a combination
of the mHealth App Usability Questionnaire (MAUQ) and five custom questions evaluating confidence in recommendations,
exercise flow, clarity of voice commands, and usability of the exercise report feature. Following the two-week period, participants
rated each question on a 7-point Likert scale ranging from “strongly agree” to “strongly disagree”.

Results: Twenty-six participants consented and were enrolled in the study, with 23 participants (82%) completing all study
components at the end of two weeks. The majority of participants were women, aged 26-38 years, and on average, approximately
at three months postconcussion. Responses to both the MAUQ and custom questions were overwhelmingly positive. Overall,
seven MAUQ questions received 100% positive responses, with no single question scoring below 83% positive responses. In the
“ease of use and satisfaction” category, 100% of users responded positively to questions on ease of learning, usability, interface
likeness, and comfort in social settings, while 83%-96% (19-22) of users responded positively to the remaining four questions.
In the “system information arrangement” category, 100% (N=23) of users rated screen navigation, function usability, and health
care service acceptability positively, with 87%-96% of users approving action acknowledgment, error recovery, and expected
functions. Under the “usefulness” category, 96% (n=22) of users found the app beneficial for health and well-being, and 91%
(n=21) users felt it effectively managed their health. For the five custom questions, 100% (N=23) users responded positively to
voice command clarity, exercise awareness, ease of following exercises, and report understandability, with a single unfavorable
response noted for confidence in app recommendations.

Conclusions: The findings of this study indicate that the mobile app is a user-friendly platform for delivering evidence-based
exercise rehabilitation to individuals recovering from concussions. Positive user feedback, particularly in the areas of
recommendation confidence, ease of exercise flow, and clarity of voice commands, highlights the app’s potential to support
concussion recovery. Future iterations of the app will aim to improve time efficiency and streamline error recovery processes to
further enhance the user experience.

(JMIR Form Res 2025;9:e67275)   doi:10.2196/67275

KEYWORDS

mild traumatic brain injury; recovery; mHealth; app; digital health; smartphone; eHealth; digital; technology; usability; concussion
rehabilitation; brain injury; rehabilitation protocols; evidence-based exercise; single-arm pilot study; home-based rehabilitation;
user-friendly; questionnaire; telehealth; telemedicine
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Introduction

Concussion is a common form of traumatic brain injury (TBI)
that can occur in a variety of settings such as sports, motor
vehicle accidents, workplaces, and daily life. Symptoms range
from physical and cognitive disruptions to emotional and sleep
disturbances [1], underscoring the highly individualized nature
of the injury. Following an initial 24‐ to 48-hour period of
cognitive and physical rest, research has demonstrated the
benefits of aerobic exercise in enhancing concussion recovery.
This approach not only alleviates symptom severity but can also
expedite the recovery process [2-4].

The recommendation of aerobic exercise as an intervention for
concussion often involves establishing a personalized heart rate
(HR) threshold set by trained professionals [5,6]. More recently,
the determination of exercise intensity has evolved to include
the use of age-predicted maximum HR formulas [3], offering
a more accessible and individualized approach to concussion
management. However, to enhance the impact of these
advancements, it is crucial to integrate exercise protocols into
clinical practices beyond sports and exercise medicine. This
can ensure that a wider patient population benefits from the
most effective, evidence-based strategies for concussion
management, thus achieving a more comprehensive and
equitable standard of care.

Mobile health (mHealth) has emerged as a widely accessible
medium for individuals to obtain medical care. This technology
is particularly beneficial for individuals in remote areas or those
who face challenges in accessing health care facilities.
Consequently, there has been a surge in the development of
health care–focused mobile apps in recent years, demonstrating
significant benefits. Notably, mHealth interventions in mental
health have shown promise in reducing symptoms of depression
and anxiety across diverse population groups [7,8]. Additionally,
mHealth apps have been effectively used in various health care
domains, including cardiovascular disease prevention and
diabetes management, showcasing their versatility and impact
on modern health care [9-12].

The application of mHealth is increasingly recognized for its
potential benefits in managing TBI. Various mobile apps aimed
at providing education about TBI, symptom tracking, daily
reminders for patients with TBI, and aiding in the screening or
assessment of TBI are now available [13-15]. Despite these
advancements, a notable gap exists in apps specifically tailored
for the management of TBIs [13]. Moreover, many of these
apps have yet to achieve widespread user adoption; a significant
concern is that many available apps lack evidence-based
interventions, making it difficult for health care providers to
recommend them and for patients to use them with confidence
[13]. In concussion care, the primary focus of mobile apps has
been on symptom reporting, monitoring activity levels, and
concussion recognition targeted at parents, coaches, athletic
trainers, and athletes [16-18]. However, current apps do not
focus on interventions involving exercise or physical activity,
indicating an area for further development in mHealth solutions
for TBI and concussion management.

Hutchison et al [19] conducted a study evaluating the feasibility
of a mobile app designed to deliver resistance exercises using
minimal equipment for individuals recovering from concussions.
The app provides an aerobic stimulus by guiding users to
achieve a percentage of their age-predicted maximal HR through
tailored exercise routines. This innovative tool includes
instructional videos to assist users in their rehabilitation process.
Initial results demonstrated that most participants were able to
reach the target HR zones by following the app-based exercise
videos [19]. Building on these preliminary findings, which
focused on the app’s ability to elicit the desired physiological
responses [19], the present study aims to expand on this research
by assessing the app’s overall usability. Specifically, we sought
to identify potential areas for improvement, gauge user
satisfaction, and evaluate the app’s effectiveness in supporting
concussion recovery.

Methods

Study Design
The usability study consisted of a two-week,
community-oriented, prospective single-arm observational pilot
study involving adults aged 18 years and older with a
physician-diagnosed concussion. Participants were engaged in
an active, home-based rehabilitation program accessed through
the mobile app. Individuals were recruited through
word-of-mouth, flyers, and social media platforms (eg, X,
formerly known as Twitter, Facebook) and were provided
detailed information regarding study requirements and
procedures. Participant enrollment was conducted remotely via
Zoom, and individuals were screened by a research assistant to
confirm inclusion criteria consisting of a concussion diagnosis
by a physician, aged at least 18 years, and access to an iPhone.
Furthermore, individuals with coexisting conditions such as
musculoskeletal or soft-tissue injuries, vestibular disorders, or
neurological conditions that could impede physical activity,
were excluded from the study. Twenty-six individuals consented
and enrolled in the study. Upon enrollment, participants were
mailed an Apple Watch Series 6 to use with their iPhones and
access to the Rhea Health Inc. mobile app. Ultimately, 23
participants completed the usability questionnaire after using
the mobile app for two weeks.

Ethical Considerations
This study received ethical approval from the Health Sciences
Research Ethics Board at the University of Toronto (protocol
#39143). To ensure comprehensive understanding and informed
decision-making, prospective participants were given an
information sheet by a member of the research team. This sheet
detailed the study’s eligibility criteria, purpose, methodologies,
and any potential risks involved. Before participants gave their
consent, their eligibility was confirmed via email. A Zoom
videoconference was then conducted to clarify any queries
regarding the study and reinforce the voluntary nature of
participation and the freedom to withdraw at any point without
adverse consequences. Informed consent was secured through
an electronic process in which participants reviewed and signed
a digital document that outlined the study’s purpose, procedures,
and potential risks. This consent form was then submitted using
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the REDCap (Research Electronic Data Capture) platform,
hosted by the University of Toronto.

Data collected via the mobile app and Apple Watch were
securely stored on the Amazon Web Services’ DynamoDB
database, located in Montreal, Quebec, Canada. This storage
solution employed Amazon Web Services’ proprietary
encryption and restricted access system to ensure data security.
Although participants were required to use their emails and
passwords for accessing the mobile app and syncing data from
their Apple Watch to Apple Health, personally identifiable
information was stored in a separate database table and was not
required for data analysis.

Upon the study’s completion, participants were compensated
CAD $50 (equivalent to approximately US $37.16) for their
participation and were entered into a lottery for a chance to win
an Apple Watch Series 6. This gesture not only acknowledged
their contribution but also encouraged engagement and retention
in the study.

The Mobile App
The rehabilitation protocol in this study was delivered through
the Rhea mobile app (Rhea Health Inc.) (Figure 1), a
rehabilitation platform that devises personalized programs based
on an individual’s symptoms and time elapsed since injury. The
app integrates symptom data, including 22 items from the Sports
Concussion Assessment Tool (SCAT-5) [20], along with seven
additional questions related to vision and balance. Participants

assessed their symptom severity using a 4-point Likert Scale,
ranging from 0 (none) to 3 (severe). Following a staged approach
endorsed by consensus statements on concussion management,
the Rhea rehabilitation protocol employed a six-stage model
that progressively increased in intensity and complexity. These
stages extend from Initial Rest (Stage 1) to Return (Stage 6).
Participants commenced their rehabilitation at Stage 2,
completing three sessions at this level before progressing. One
of the Rhea app’s unique features is its dynamic adjustment of
the rehabilitation plan that is based on participant feedback,
which categorizes symptomology as “same,” “better,” or
“worse.” This feedback-driven mechanism ensures that the
participants either stay at their current stage, advance to a more
challenging stage, or revert to a less intensive stage, as required.
The primary objective of this adaptive approach is to fine-tune
the intensity and complexity of exercises to avoid exacerbating
symptoms, thus promoting a safe and effective journey through
the recovery stages. In addition to the six core stages, Rhea’s
program provided participants with exercises specifically
tailored to neck, vision, and balance rehabilitation. These
exercises are designed to address each participant’s unique
symptom profile, further personalizing the recovery experience.
This approach not only ensures adherence to the rehabilitation
protocol but also maximizes the potential for effective recovery
tailored to individual needs. To monitor adverse events,
participants were instructed to inform a member of the research
team of any adverse events (eg, injuries, medical conditions)
that were experienced while using the mobile app.

Figure 1. Screenshots of the Rhea mobile app from left to right display (A) the home page of a participant’s plan, (B) a symptom checklist during
onboarding that assists with exercise prescription, (C) an exercise preview screen providing description and cues for correct form, and (D) an exercise
session screen with a timer and details of the next exercise for the user.

Usability Questionnaire
The mHealth App Usability Questionnaire (MAUQ) [21]
contains 21 questions rated on a 7-point Likert scale, ranging
from strongly agree to strongly disagree, under three categories:
ease of use and satisfaction, system information arrangement,
and usefulness. Studies have identified the MAUQ to be a
reliable and valid tool for assessing mHealth app usability [21].
In this study, we used 16 questions from the MAUQ and omitted

the 5 questions from the usefulness category, as they assess
aspects related to sharing information with health care providers
and clinical utility. Due to the preliminary nature of the research
and the use of a research-grade tool that lacked standards and
approval for clinical use, we did not ask or expect participants
to engage with health care professionals using the tool.
Additionally, we included five custom questions to evaluate the
app’s critical features related to the delivery of exercise
rehabilitation, as the app was based on evidence-based exercise
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rehab principles. These custom questions were designed to
assess user confidence in the app’s recommendations, clarity
of exercise instructions, the flow of the exercise content, and
the usability of the app’s voice commands. More specifically,
given the central role of accurate exercise prescription in
rehabilitation, it was important to gauge whether users trusted
the app’s recommendations; therefore the question, “I had
confidence in the recommendations I received from the app”
was included. Since effective rehabilitation relies on the clarity
and ease of exercise guidance, we included two questions
targeting the flow and clarity of the exercise sessions: “The
flow of the exercise sessions on the app is easy to follow” and
“I knew exactly which exercises I had to do during an exercise
session.” These questions allowed us to determine whether
participants found the session progression intuitive and
well-structured. We also added a question about voice
commands: “The in-app voice commands are clear and
understandable.” This was a critical feature for users who might
benefit from auditory guidance, particularly those experiencing
cognitive fatigue or visual sensitivity due to their concussion.
Clear voice commands would support a hands-free interaction
and reduce the cognitive load associated with reading
instructions on a screen. Lastly, we evaluated the app’s reporting
functions through the question, “The exercise report section is
easy to follow and understand.” A clear and accessible exercise

report is vital for tracking progress and ensuring participants
understand their rehabilitation. These custom questions were
specifically tailored to capture the nuances of delivering exercise
rehabilitation through a digital platform, ensuring that the app
was not only usable but also effective in guiding users through
their recovery process.

Data Analysis
The purpose of the current study was to summarize and report
participant feedback following a two-week period of using the
mobile app. Therefore, the Likert-scale responses from the
MAUQ and additional customized app usability questions were
summarized and reported as raw counts and percentages. For
additional continuous variables, the median (IQR) were
calculated.

Results

Participant Characteristics
Study participant characteristics can be seen in Table 1. Briefly,
the sample comprised predominantly of female participants
(n=18, 78%), aged 26‐38 years. On average, the participants
were nearly three months post-concussion, with 48% (n=11)
sustaining injury during sports or physical activity.
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Table . Demographic and clinical characteristics of participants, including age, sex, mechanism of injury, and time since concussion.

Participants (N=23)Characteristics

Sex, n (%)

18 (78)Female

5 (22)Male

28.4 (25.1-37.3)Age, median (IQR)

82 (25-461)Days from injury, median (IQR)

Mechanism of injury, n (%)

11 (48)Sports/PAa

1 (4.3)MVCb

1 (4.3)Work

2 (8.7)Fall

8 (35)Other

13 (59)History of concussion, n (%)

5 (22)High performance athlete, n (%)

8 (35)Exercise program, n (%)

Physical activity (times/week)

3 (13)0

2 (8.7)1

4 (17)2

3 (13)3

2 (8.7)4

4 (17)5

3 (13)6

2 (8.7)≥7

aPA: physical activity.
bMVC: Motor vehicle collision.

Concussion Characteristics
Participants entered the study with an average of 14 symptoms
and a symptom severity score of 29. On average, they reported
feeling at approximately 70% of their usual health, and 43%

(n=10) of the participants stated that they were getting better
following their injury at first, but later experienced symptom
worsening. Please see Table 2 for the complete symptom profiles
of the participants.

Table . Symptom profile at onboarding, including symptom severity, perceived normalcy, and symptom progression trends.

Participants (N=23)Characteristics

14 (11-18)Symptom number, median (IQR)

29 (19-44)Symptom severity, median (IQR)

70 (50-75)Perceived percent normalcy, median (IQR)

Trends in symptoms since injury, n (%)

1 (4.3)No change

8 (35)Steadily better

1 (4.3)Steadily worse

3 (13)Worse, then better

10 (43)Better, then worse
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MAUQ Findings
Participants’ responses to the MAUQ can be seen in Figure 2.
Across the 16 MAUQ questions, “agree” or “strongly agree”
were the most common responses. Under the “ease of use and
satisfaction” category, all 23 participants selected “agree” or
“strongly agree” for the question “easy to learn.” Twenty
participants (87%) selected “agree” or “strongly agree” for both
“easy to use” and “well organized” questions. The question with
the least favorable response in this category was “appropriate
time involved,” where 4 participants (17%) selected “disagree”
or “somewhat disagree.”

Under the category “system information arrangement,” 20 (87%)
participants selected “agree” or “strongly agree” for the question
“all functions usable,” and 19 (87%) for the question “screen
navigation consistent.” The most unfavorably responded
question for this category was “ease of recovery following
mistake,” where 3 participants (13%) chose either “strongly
disagree,” “somewhat disagree,” or “disagree.”

In the “usefulness” category, 20 (87%) participants responded
with “agree” or “strongly agree” for “health and well-being
usefulness,” and 21 participants (87%) reported similarly for
“helped manage health.” Please see Multimedia Appendix 1 for
a summary of participant responses to each question of the
MAUQ.

Figure 2. Responses from participants to each of the 16 mHealth app usability questionnaire (MAUQ). Participants ranked each question using a 7-point
Likert scale ranging from strongly agree (dark blue) to strongly disagree (red). Each horizontal bar indicates the breakdown of each question’s responses
as percentages.

JMIR Form Res 2025 | vol. 9 | e67275 | p.301https://formative.jmir.org/2025/1/e67275
(page number not for citation purposes)

Hutchison et alJMIR FORMATIVE RESEARCH

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


Additional Customized Questions
The additional questions specific to the app yielded similar
responses to the MAUQ, with “agree” or “strongly agree” being
the most common response for all five questions (Figure 3);
only a single negative response was reported across all

questions. The most favorable response was for “voice command
clarity” where all but one participant (n=22, 95%) reported
either “agree” or “strongly agree”; the other participant selected
“somewhat agree.” Please see Multimedia Appendix 2 for a
summary of the participant responses for the additional
questions.

Figure 3. Participants’ responses to five additional custom questions. Participants ranked each question using a 7-point Likert scale ranging from
strongly agree to strongly disagree; however, only 5 responses were chosen by participants, ranging from strongly agree (dark blue) to somewhat disagree
(orange). Each horizontal bar indicates the breakdown of each question’s responses as percentages.

Discussion

This study aimed to assess the usability of a mobile app that
provides exercise rehabilitation for individuals with persistent
concussion symptoms. Usability was assessed using a
combination of the MAUQ and additional custom questions.
Overall, the responses were strongly positive, indicating that
participants found the app both useful and easy to navigate.

The app’s core features were well received by users, as indicated
by the absence of disagreements for seven of the MAUQ
questions. Responses to these questions were either neutral or
positive among participants, which strongly supports the overall
user satisfaction with the app. The most favorable responses
were primarily in the “ease of use and satisfaction” category,
followed closely by the “system information arrangement”
category. This positive feedback is particularly significant for
individuals recovering from concussions, as symptoms such as
cognitive complaints (eg, difficulty concentrating) and
sensitivity to screens and light are commonly reported [22-24].
Providing a mobile app that is easy to navigate and well

organized is essential for enhancing adoption and encouraging
consistent use throughout the recovery process.

The strongly positive feedback based on the custom questions
provides evidence that the mobile app effectively meets the
needs of individuals recovering from concussions. Participants
reported high confidence in the app’s recommendations, which
is particularly significant given that the app is grounded in
evidence-based exercise rehabilitation principles. Confidence
in the accuracy and safety of the recommendations is critical in
concussion recovery, as missteps in physical activity intensity
can lead to symptom exacerbation or worsening of
neurocognitive performance [25]. The intuitive flow of exercise
sessions and the clarity in guiding participants on which
exercises to perform suggest that the app successfully translates
complex rehabilitation protocols into an easy-to-follow format.
Additionally, including clear voice commands helps reduce
cognitive load, making the app accessible even to those with
cognitive fatigue or visual sensitivity. Furthermore, the ease of
understanding the exercise report section implies that users
could track their progress effectively, promoting engagement
and adherence to the rehabilitation protocol. These findings
underscore the importance of mHealth solutions that provide
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evidence-based care and inspire user confidence, ultimately
enhancing the recovery experience for concussion patients.

While participants generally found the app easy to use, our study
revealed concerns regarding the time commitment and error
recovery processes, both of which require further attention.
Specifically, some participants found the app’s required time
commitment to be excessive, and others experienced difficulty
with the app’s response to user errors. To address these
concerns, future developments of the app will aim to find an
optimal balance between screen time and cognitive load. This
balance is crucial for supporting individuals with concussions,
who may be particularly sensitive to long periods of screen
interaction and cognitive stress. Enhancements will include
more efficient navigation and task completion processes, as
well as integrated educational features that prompt users to take
necessary breaks and provide guidance on managing screen
time effectively. Moreover, improving how the app handles
mistakes—making error recovery more intuitive and less
stressful—is essential for fostering a supportive and
rehabilitative environment. These adjustments will not only
enhance the user experience but also play a pivotal role in the
app’s functionality, ensuring it meets the unique needs of its
users during their recovery.

There are several limitations to this study. First, the sample
comprised predominantly female participants, which may limit

the generalizability of the findings to male participants. Future
studies should aim for more balanced demographics to validate
the app’s usability across diverse populations. Additionally, our
sample consisted of individuals with persistent symptoms,
leaving the usability of the app in the acute and subacute phases
of concussion recovery still unexplored. Larger-scale studies
with a more diverse population are necessary to further confirm
the app’s usability and effectiveness across different recovery
stages. It is also important to note that we intentionally excluded
five questions from the original MAUQ due to the early iteration
of this tool. Specifically, we chose not to assess aspects related
to sharing information with health care providers and clinical
utility, as practitioners were not expected to engage with a
research-grade tool at this stage. As the app evolves, future
research should include these additional questions to better
understand how the app complements health care practitioners
and facilitates integration into clinical practice.

In conclusion, the Rhea app represents a promising mHealth
solution for concussion rehabilitation. The overwhelmingly
positive usability feedback supports the potential for broader
adoption. However, continued refinement based on user
feedback and further research with larger, more diverse
populations is essential to ensure the app’s long-term success
in facilitating concussion recovery.
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Abstract

Background: Serious pulmonary pathologies of infectious, viral, or bacterial origin are accompanied by inflammation and an
increase in oxidative stress (OS). In these situations, biological measurements of OS are technically difficult to obtain, and their
results are difficult to interpret. OS assays that do not require complex preanalytical methods, as well as machine learning methods
for improving interpretation of the results, would be very useful tools for medical and care teams.

Objective: We aimed to identify relevant OS biomarkers associated with the severity of hospitalized patients’ condition and
identify possible correlations between OS biomarkers and the clinical status of hospitalized patients with COVID-19 and severe
lung disease at the time of hospital admission.

Methods: All adult patients hospitalized with COVID-19 at the Infirmerie Protestante (Lyon, France) from February 9, 2022,
to May 18, 2022, were included, regardless of the care service they used, during the respiratory infectious COVID-19 epidemic.
We collected serous biomarkers from the patients (zinc [Zn], copper [Cu], Cu/Zn ratio, selenium, uric acid, high-sensitivity
C-reactive protein [hs-CRP], oxidized low-density lipoprotein, glutathione peroxidase, glutathione reductase, and thiols), as well
as demographic variables and comorbidities. A support vector machine (SVM) model was used to predict the severity of the
patients’ condition based on the collected data as a training set.

Results: A total of 28 patients were included: 8 were asymptomatic at admission (grade 0), 14 had mild to moderate symptoms
(grade 1) and 6 had severe to critical symptoms (grade 3). As the first outcome, we found that 3 biomarkers of OS were associated
with severity (Zn, Cu/Zn ratio, and thiols), especially between grades 0 and 1 and between grades 0 and 2. As a second outcome,
we found that the SVM model could predict the level of severity based on a biological analysis of the level of OS, with only 7%
misclassification on the training dataset. As an illustrative example, we simulated 3 different biological profiles (named A, B,
and C) and submitted them to the SVM model. Profile B had significantly high Zn, low hs-CRP, a low Cu/Zn ratio, and high
thiols, corresponding to grade 0. Profile C had low Zn, low selenium, high oxidized low-density lipoprotein, high glutathione
peroxidase, a low Cu/Zn ratio, and low glutathione reductase, corresponding to grade 2.

Conclusions: The level of severity of pulmonary damage in patients hospitalized with COVID-19 was predicted using an SVM
model; moderate to severe symptoms in patients were associated with low Zn, low plasma thiol, increased hs-CRP, and an
increased Cu/Zn ratio among a panel of 10 biomarkers of OS. Since this panel does not require a complex preanalytical method,
it can be used and studied in other pathologies associated with OS, such as infectious pathologies or chronic diseases.

(JMIR Form Res 2025;9:e66509)   doi:10.2196/66509

KEYWORDS

oxidative stress; COVID-19; SARS-CoV-2; coronavirus; respiratory; infectious; pulmonary; respiration disorders; hospitalization;
machine learning; ML; biomarker; lung; severity; prediction
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Introduction

Oxidative stress (OS) is an imbalance between the production
of free radicals and the body’s ability to neutralize them, leading
to damage to cells, proteins, and DNA [1-3]. This is a natural
physiological process that is not harmful if it remains balanced,
but it can be involved in the onset or worsening of chronic
diseases such as cancer [4], metabolic disorders [5],
atherosclerosis, [6] and cardiovascular diseases [7,8]. OS can
also contribute to nerve cell death and deterioration of brain
function, leading to neurodegenerative diseases [9,10].

Healthy lifestyle habits can help reduce OS and its harmful
effects, for example, learning to manage emotional stress [11];
performing regular physical activity to promote the production
of endogenous antioxidant enzymes [12]; and adopting a
balanced diet that is able to provide antioxidants such as
vitamins C and E, beta-carotene, and polyphenols and is rich
in fruits, vegetables, whole grains, and lean protein sources [13].
Avoiding or reducing exposure to environmental toxins, such
as toxic chemicals, cigarette smoke, and air pollutants, can also
reduce OS [14].

Furthermore, many respiratory viral infections, including
COVID-19, cause death of the infected cells, activation of the
innate immune response, and secretion of inflammatory
cytokines. All these processes are associated with the
development of OS, which makes an important contribution to
the pathogenesis of viral infections. COVID-19 is a complex
disease in which interaction of the virus with target cells, action
of the immune system, and the body’s systemic response to
these events are closely intertwined [15].

COVID-19 infection has various levels of pulmonary
involvement, with asymptomatic, benign, serious, or even fatal
forms, especially when the infected patient has comorbidities
such as a history of cancer or malignant hematological diseases;
concurrent chemotherapy treatment; severe chronic kidney
disease, with or without dialysis; a history of solid organ
transplantation or allogeneic hematopoietic stem cell
transplantation; chronic polypathologies such as diabetes, high
blood pressure, and obesity; or 2 or more organ failures [16].
All of these associated and chronic pathologies will influence
the response of the immune system to COVID-19 infection and
inflammation, as well as the level of OS present before and
during the infection. Recent observational studies have reported
that increasing COVID-19 severity may be responsible for a
worse prognosis [17] among diabetes patients [18] and increased
severity of lung disease [19]. Two meta-analyses showed that
supplementation with antioxidants (in the form of vitamins and
trace elements) in critically ill patients was associated with
decreased mortality and counteracted OS damage [20,21].

The identification of OS biomarkers is essential for early
diagnosis of chronic disease, for evaluating treatment efficacy,
for monitoring lifestyle interventions, and for understanding
the mechanisms involved. The decrease in the blood
concentration of thiol proteins is one of the most relevant
markers of OS [22]. However, clusters of evidence are emerging
from the recent literature showing that levels of biomarkers of
oxidative damage in biological fluids can be used for the

prediction of measured concentrations of a limited number of
exogenous and endogenous antioxidants [23].

Since March 2020, our health care and medical team began to
hypothesize that antioxidant supplementation for patients in the
intensive care unit (ICU) could improve their prognosis. We
were heavily involved in treatment on a daily basis and tried to
understand this serious and complex respiratory pathology and
treat it as effectively as possible. Our patients benefit from a
precise clinical assessment and comprehensive blood biological
assays during their initial care and during their hospital stay.
Other medical teams have been able to establish scores or panels
composed of different blood biological assays to evaluate certain
markers of OS and the inflammatory response [16,18], but the
measurement and analysis of these biomarkers require complex
preanalytical and analytical processes that cannot be carried out
during hospitalization in the acute phase, that is, at the patient’s
bedside. To identify relevant OS biomarkers, we designed the
OXYCOVID study as a feasibility study with the primary
objective of testing whether the methodological protocol would
be appropriate and feasible in the context of the ICU and ICU
admission. The secondary objectives of this study were to
identify relevant OS biomarkers associated with the severity of
hospitalized patients and to identify whether there is a
correlation between the clinical status of hospitalized patients
with COVID-19 and severe lung disease at admission using
artificial intelligence tools, such as a support vector machines
(SVMs). SVMs are used to solve classification problems (eg,
category assignment), discrimination problems, and regression
problems. They require only a few parameters. The performance
of the SVM family of machine learning algorithms is generally
as good as, or even better than, neural networks or Gaussian
models. These biological assays, if they can be used to determine
an OS level, could become a routine element of care, allowing
a more precise assessment of the severity of lung lesions in the
event of COVID-19 infection.

Methods

Study Design
The OXYCOVID study is an observational, retrospective,
single-center study based on medical data collected during
hospitalization. All adult patients (ie, aged >18 years)
hospitalized with COVID-19 at the Infirmerie Protestante (Lyon,
France) were included, regardless of the care service they used.
Patients were not included if they did not consent to the
collection and processing of their personal data, if they were
pregnant or breastfeeding, or if they had a protected status (ie,
curatorship or other legal protection; deprivation of liberty by
judicial or administrative decision). The data were collected
from the period from February 9, 2022, to May 18, 2022. The
final sample for analysis included 28 patients meeting the
inclusion and exclusion criteria. All biological data were
recorded in each patient’s digital medical record.

Data Collection
The data were first collected and then sorted specifically for
each patient after checking for the absence of errors and for
missing data. After verification, no discrepancies were found
and the clinical and biological data were judged to be usable.
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The data are fully anonymized. The data included
sociodemographics (sex and age), comorbidities, and risk factors
(weight, height, smoking status, hypertension, diabetes, chronic
renal disease, severe chronic respiratory disease, autoimmune
disease, immune deficiency, and cancer). COVID-19 vaccines
were also recorded, as were data related to the current
COVID-19 infection (date of the latest polymerase chain
reaction test from a nasopharyngeal swab, variant, and date of
first symptoms) and the reasons for hospitalization.

At admission, clinical symptoms were recorded, including the
presence of fever (temperature >38°C), cough (yes or no),
dyspnea (felt by the patient during the initial questioning),
myalgia (felt by the patient during the initial questioning),
fatigue (felt by the patient during the initial questioning),
diarrhea, oxyge saturation (SpO2), oxygenation system used
(nasal oxygen therapy, mask oxygen therapy, or Optiflow
system), and pulmonary embolism (determined by a thoracic
computed tomography angiogram). Biological data were taken
from venous blood samples during hospitalization and included
complete blood count; levels of urea, creatinine, C-reactive
protein (CRP), troponin, D-dimer, ferritin, lactase
dehydrogenase, and prothrombin; activated partial
thromboplastin time; levels of total bilirubin, gamma-GT,
transaminase, albumin, and interleukin-6; and an OxyCheck
panel including the following 10 markers: zinc (Zn), copper
(Cu), Cu/Zn ratio, selenium, uric acid, high sensitivity CRP
(hs-CRP), oxidized low-density lipoprotein, glutathione
peroxidase, glutathione reductase, and thiols.

Patients were triaged at admission into 3 mutually exclusive
grades. Grade 0 represented asymptomatic patients. Grade 1
represented patients with mild to moderate clinical signs (SpO2

>94% in ambient air or with oxygen [maximum 6 L/min], fever,
cough, dyspnea, and respiratory rate between 20 and 30
respirations/min). Grade 2 represented the most severe patients,
that is, those with severe pneumonia (respiratory rate >30
respirations/min; arterial oxygen saturation <90% despite
fraction of inspired oxygen >40% [>6 L/min]) or a rapid increase
in oxygen needs (tachycardia [heart rate >120 beats/min]),
sweating, agitation, a need for noninvasive ventilatory support
with Optiflow (flow rate <60 L/min at 60% fraction of inspired
oxygen, ROX index [oxygen saturation/respiration rate index]
>3). Grade 2 also included critical patients with severe
pneumonia or acute respiratory distress syndrome (index ROX
<3 [if the ROX index was <2.5, the patient was intubated];
Optiflow flow rate >60 L/min at 60% fraction of inspired oxygen
[if the Optiflow flow rate was >80 L/min at 100% of fraction
of inspired oxygen, the patient was intubated]; partial pressure
of oxygen in the arterial blood/fraction of inspired oxygen ≤300
mm Hg) and patients with septic shock; acute, life-threatening
organ dysfunction related to a known or suspected infection;
an altered mental state (delirium or confusion); oliguria; skin
mottling; laboratory evidence of coagulopathy,
thrombocytopenia, acidosis, or elevated lactic acid; or
hyperbilirubinemia.

Statistical Analysis
Baseline characteristics are reported as counts and percentages
for categorical variables and medians and IQR for continuous

variables. Each patient was assigned only one grade, so the
observations are considered independent. We tested for
significant outliers among all the biomarkers, determined if
distributions followed a normal distribution using the
Shapiro-Wilk test, and used the Levene test for homogeneity
of variances. Due to the small sample size, the criteria for outlier
values were not strictly applied in the ANOVA. Tukey post-hoc
tests were used for multiple pairwise comparisons between
severity groups when significant differences were observed in
the ANOVA. Finally, an SVM was used to predict assignment
for each grade, taking into account the entire analysis profile.
Statistical analysis was performed with R (version 4.1.1; R
Project for Statistical Computing) and the tidyverse, ggpubr,
and rstatix libraries. The level of significance was set at P<.05.

Considering that collinearities within our dataset induced by
obvious links between biological parameters disrupted
traditional methods (eg, logistic regression or the classification
method), we used an SVM to predict assignment to each grade
for each patient, considering the entire analysis profile. The
SVM algorithm is a supervised learning algorithm that uses
training data to build a model to predict or classify new
observations. SVMs are a machine learning method for nonlinear
regression classification [24-26]. Our approach consisted in
using the biomarker database as a training dataset for the SVM
model (eg, the SVM training dataset). This resulted in a model
capable of predicting the probability that a patient would be
assigned a specific grade based on the results of a biological
analysis, provided that the values did not exceed those used in
the initial dataset; that is, the sum of the 3 probabilities was
equal to 1. This method resulted in a profile in the form of a
graph establishing the link between a combination of biomarkers
and the probability of being assigned to the different severity
grades. The SVM analysis was performed using JMP Pro
(version 17.2; JMP Statistical Discovery).

Ethical Considerations
Participation in this study was voluntary, and all participants
received an individual notice at admission to the ICU, which
included informed consent (the individual notice is included in
Multimedia Appendix 1). This study was based on data available
in the medical record and did not require any additional medical
visits or examinations; it also did not lead to any changes in the
management or treatment of patients. The data were irreversibly
deidentified for the statistical analysis. Participants did not
receive any compensation. This study was approved by the
ethics committee of Infirmerie Protestante of Lyon (CE-23‐01).

Results

Baseline Characteristics of Patients
A total of 28 patients met the inclusion criteria. The median age
was 75 (IQR 68.75-80) years, and the patients were mostly male
(n=17, 60.71%; Table 1). At admission, 8 patients were
asymptomatic (grade 0), 14 had mild- to moderate-severity
illness (grade 1) and 6 had severe to critical symptoms (grade
3). The most common reported symptoms were cough and fever.
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Table . Baseline characteristics of the 28 patients hospitalized for COVID-19, including hospitalized patients; socio-demographics, vaccination status,
clinical symptoms at admission, and comorbidities.

Severe to critical patients
(grade 2; n=6)

Mild to moderate patients
(grade 1; n=14)

Asymptomatic patients
(grade 0; n=8)

All patients (N=28)

Sociodemographics

51.80.61.54    Sex ratio

5 (83)9 (64)3 (38)17 (61)Male, n (%)

71.0 (65.5-78.75)75.5 (68.75-80.25)71.5 (65.5-75.25)75 (68.75-80)    Age (years), median
(IQR)

COVID-19 vaccination, n (%)

1 (17)3 (21 )1 (12)5 (18)    Vaccinated (primary se-
ries)

0 (0)2 (14 )0 (0)3 (11)    Unvaccinated

5 (83 )9 (64 )7 (87)20 (71 )    Unknown

Clinical symptoms at admission, n (%)

3 (50)9 (64)0 (0)12 (43)    Alteration of the general
state

4 (67)8 (57)0 (0)12 (43)    Fever (temperature
>38°C)

1 (17)9 (63)0 (0)10 (36)    Cough

2 (33)8 (57)0 (0)10 (36)    Dyspnea (>20 respira-
tions/min)

0 (0)0 (0)2 (25)2 (7)    Myalgia

0 (0)3 (21)0 (0)3 (11)    Diarrhea

0 (0)1 (7)0 (0)1 (4)    Pulmonary embolism

Comorbidities, n (%)

3 (50)5 (36)3 (37)11 (39)    Diabetes

3 (50)8 (57)3 (37)14 (50)    Hypertension

3 (50)9 (64)1 (12)13 (46)    Cancer

Descriptive Analysis of the OS Biomarkers
Results for the detection of outliers, the normality test, and the
homogeneity of variance are provided in Table 2. The OS

biomarkers that met the criteria for the ANOVA were Zn
(P=.002), Cu/Zn ratio (P=.009), hs-CRP (P=.02), and thiols
(P=.004).
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Table . Verification of the conditions for the ANOVA (outlier detection, verification of the normality of values between groups, and verification of
homogeneity of variance between groups) and results of a 1-way ANOVA.

ANOVALevene testbShapiro-Wilk test aOutlier detection, n

Grade 2Grade 1Grade 0Grade 2Grade 1Grade 0

0.002.35.66.97.97001Zinc

0.343.78.80.31.98000Copper

0.009.52.24.008.68010Copper/zinc
ratio

0.303.63.045.46.50000Selenium

0.528.89.60.19.02011Uric acid

0.017.08.72.04<.001000High-sensitivi-
ty C-reactive
protein

0.872.55.33.70.18001Oxidized low-
density
lipoprotein

0.380.99.03.51.18100Glutathione
peroxydase

0.194.03.19.88.23000Glutathione
reductase

0.004.63.07.76.34001Thiols

aIf the data are normally distributed, the P value is greater than .05.
bIf the variances are homogeneous, the P value is greater than .05.

Statistical differences were observed between the grade 0 and
grade 1 patients and between the grade 0 and grade 2 patients

for the 3 OS biomarkers, but the difference was nonsignificant
between the grade 1 and 2 patients (Table 3).

Table . Comparison between the severity grades depending on the 3 OS biomarkers using the Tukey post-hoc test.

Grade 1 versus grade 2Grade 0 versus grade 2Grade 0 versus grade 1

0.6090.0030.005Zinc

0.9810.0290.012Copper/zinc ratio

10.0190.004Thiols

Predictive Model Using SVM
Table 4 shows the results obtained from the SVM (Multimedia
Appendix 2 provides detailed results). The clinical classification
and the SVM prediction differed in only 2 of the 28 cases. One
of these cases was a patient who was clinically classified as
grade 1; he was symptomatic but did not meet the criteria for
intubation. The biological analysis profile was abnormal (low
thiols [4.1], low zinc, very high Cu/Zn ratio [2.2]). The SVM
model classified this patient as grade 2 with a probability of
70.7%. He remained hospitalized for 1 month with active
therapy, made good progress, and was discharged. The other

patient was initially classified as grade 2; he was strongly
symptomatic with high dependence on high-flow oxygen
therapy. The biological analysis profile was abnormal (Cu/Zn
ratio=3.57). The SVM model classified this case as grade 1 with
a probability of 65.8%, probably due to slightly decreased
plasma thiol and zinc levels. The clinical course of this patient
quickly became favorable.

With a misclassification rate of only 7%, we estimated that the
training of the SVM model was good enough and that it was
able to predict the grade of patients with COVID-19 infection
based on the results of the initial specific biological assays (upon
arrival).

Table . Comparison of the clinically observed grade and the most likely grade (eg, a higher probability of belonging to the grade) predicted by the
support vector machine (SVM).

Most likely grade predicted by SVM model (patients), nClinically observed grade

Grade 2Grade 1Grade 0

008Grade 0

1130Grade 1

510Grade 2
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Profiles of Biological Results as Illustrative Examples
As an illustrative example, we created 3 biological result profiles
(named A, B, and C). These profiles were submitted to the SVM
model to determine the probability that they belonged to grade
0, 1, or 2 (Table 5). Profile B had a significantly high Zn level,
low hs-CRP, a low Cu/Zn ratio, and high thiols and was

predicted to be grade 0. At the opposite end, profile C had low
Zn, low selenium, high oxidized LDL, high glutathione
peroxidase, a low Cu/Zn ratio, and low glutathione reductase,
corresponding to grade 2. Figure 1, Figure 2, and Figure 3
illustrate the predicted probabilities per biomarker and per
profile for profiles A to C.

Table . Examples of 3 different biological profiles and the probability that they belonged to each grade of severity, as determined by the trained support
vector machine (Multimedia Appendix 2 provides complete results).

P grade
2

P grade
1

Pa grade
0

Thiols
(µmol/g
of pro-
tein)

Glu-
tathione
reduc-
tase
(U/g of
hemoglobin)

Cop-
per/zinc
ratio

Glu-
tathione
peroxi-
dase
(U/L)

Oxi-
dized
low-den-
sity
lipopro-
tein
(U/L)

High-
sensitivi-
ty C-re-
active
protein
(mg/L)

Uric
acid
(μmol/L)

Seleni-
um
(μg/L)

Copper
(μg/L)

Zinc
(μg/L)

Profile

13.3%73.9%12.8%4.589.802.35403.5458.75134.34329.8255.961300.82584.68A

0.3%0.7%99%7.009.001.00400.0030.002.00350.0070.00850.00850.00B

70.2%23.9%5.9%4.109.702.20600.0091.00206.00266.0075.001313.00595.00C

aP: probabililty.

Figure 1. Predicted probabilities of belonging to grade 0, 1, or 2 per biomarker for profile A. Values shown in red indicate the specific values for the
profile. P: probability.

Figure 2. Predicted probabilities of belonging to grade 0, 1, or 2 per biomarker for profile B. Values shown in red indicate the specific values for the
profile. P: probability.

JMIR Form Res 2025 | vol. 9 | e66509 | p.311https://formative.jmir.org/2025/1/e66509
(page number not for citation purposes)

Raspado et alJMIR FORMATIVE RESEARCH

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


Figure 3. Predicted probabilities of belonging to grade 0, 1, or 2 per biomarker for profile C. Values shown in red indicate the specific values for the
profile P: probability.

Discussion

Main Findings
Initially, we assumed that antioxidant supplementation for
patients in the ICU would reduce the severity of clinical signs
and improve their prognosis. The main challenge of this
feasibility study was performing a preanalytical and analytical
process for measuring OS biomarkers. As a first observational
finding, this study identified 3 biomarkers of OS (Zn, Cu/Zn
ratio, and thiols) associated with the severity of patients,
especially patients with a severity grade of 0 (ie, asymptomatic)
or 1 (ie, mild to moderate severity). As a second analytical
finding, we found that the SVM model could provide a
prediction of the level of severity based on a biological analysis
of the level of OS in a relatively limited cohort and during an
epidemic of respiratory infectious disease, with only 7%
misclassified cases in the training dataset.

The originality of this work is the determination of the grade
of clinical severity through the analysis of specific OS
biomarkers using a machine learning model. What distinguishes
an SVM algorithm from other classical approaches is that when
the response is continuous, the fitted models are called a support
vector regression (SVR) model. In a typical regression problem,
the goal is to fit a model that minimizes the error between a
predicted response and the actual response. In an SVR problem,
the goal is to fit a model such that the error between a predicted
response and the actual response lies in a range of −ε to ε. This
allows for more flexible fitting. In JMP Pro, ε is equal to 0.1.
The SVR algorithm doubles the data by creating 2 classes, Y +
ε and Y − ε. Then, the same algorithm used for the classification
problem is also used for the prediction problem (ie, SVR).

Maximization in SVM algorithms is done by solving a quadratic
programming problem. In JMP Pro, the algorithm used by the
SVM platform is based on the sequential minimal optimization
(SMO) algorithm introduced by John Platt in 1998 [27].
Typically, the SVM quadratic programming problem is very
large. The SMO algorithm divides the overall quadratic
programming problem into a series of smaller problems. The
smaller problems are solved analytically rather than numerically,
which means that they produce closed-form solutions. Therefore,
the SMO algorithm is more efficient than solving the overall
quadratic programming problem. While this univariate analysis
did not find any differences between grade 1 and grade 2, the

trained SVM model estimated the severity grade from the same
OS biomarkers; this could have a significant impact in the
management of patients at risk of sudden respiratory
decompensation. Although the power of the model would benefit
from being improved with clinical and biological data from a
larger cohort, this approach could be applied to other types of
epidemics and other biological assays, as well as to the
investigation of other diseases.

Comparison With Prior Work
We know that moderate and severe forms of COVID-19 are
associated with high OS and a low total antioxidant level, which
is measured with complex preanalytical and analytical methods
[28,29] that are not generally used in all laboratories, have long
delays in receiving results, and are not compatible with
management in ICUs [30]. Moderate and severe forms of
COVID-19 are accompanied by an increase in inflammatory
biomarkers, such as CRP, procalcitonin, the neutrophil to
lymphocyte ratio, and hemostasis parameters (activated partial
thromboplastin time, prothrombin time, D-dimers, and
fibrinogens) [29]. The natural correction of low levels of
endogenous antioxidants is slow, with a tendency to recover 3
months after hospital discharge [28].

High OS is not only specific to severe disease or infection, but
positively influences their severity. A basic infectiology study
with a porcine animal model of infection with the avian-type
H1N1 European swine influenza virus has shown that prior
infection of animals with mycoplasma generates a high level
of OS, increasing the severity of influenza and reducing animal
performance; host responses could be influenced by diet [31].

The systemic OS status, determined using many biomarkers,
was still significantly increased in recovered COVID-19 patients
during the recovery phase. Nonhospitalized individuals with
COVID-19 presented signs of systemic OS, which is
longitudinally associated with the development of
post–COVID-19 condition. Regular assessment of plasma thiol
levels as a monitoring biomarker and supplementation in cases
of deficiency might be potential therapeutic targets at the onset
of post–COVID-19 condition [32].

From the beginning of the epidemic, plasma thiol assays at
admission were a promising tool to predict ICU admission in
patients with COVID-19 [19]. The principles of nutrition for
patients in intensive care follow validated recommendations
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with a high level of evidence [33]. Faced with inflammatory
syndrome and significant catabolism, caloric and protein intake
must be sufficient to combat muscle wasting and the risk of
infection. In products intended for parenteral or enteral nutrition,
specific micronutrients or macronutrients intended to modulate
inflammatory processes and optimize the body’s immunological
or metabolic responses are added, such as the antioxidants
β-carotene, vitamin A, vitamin C, or vitamin E, in order to
combat OS [34], which plays a central role in the development
of major inflammatory states and visceral failure through the
production of reactive oxygen species (free radicals), which
influence the consumption, distribution, and level of antioxidants
[35]. Lowered levels of antioxidants are common and are
associated with an increase in morbidity and mortality [36].
Two meta-analyses showed that supplementation with
antioxidants (eg, vitamins and trace elements) among ICU
patients is associated with a reduction in mortality [20,21] and
a reduction in mechanical ventilation time [20], but two more
recent meta-analyses showed that the evidence for these benefits
remained questionable because they were measured in small
study populations and with highly variable cocktails of
antioxidant nutrients [23,37]. Currently, it is not recommended
to provide massive doses of antioxidants to patients treated in
intensive care.

Strengths and Limitations
The main limitation of this study is the sample size, with less
than 10 patients in the grade 0 and grade 2 groups. Despite the
small number of patients, we observed a statistical difference
between grade 0 and grade 1 patients in terms of biomarkers
associated with severity. The small sample size was caused by
a short study inclusion period due to the hospital context and
the ongoing crisis, which was not suited to the inclusion of more
patients or to the inclusion of other hospitals. The medical and
nursing team has continued to collect relevant clinical and
biological data concerning patients treated for COVID-19
infection since the end of the study. These new data could be
aggregated with those collected during this study and analyzed
with an SVM in order to improve the performance of the severity
stage prediction. As a beneficial side effect, this study allowed
us to test the ability of the clinical research team to study OS
biomarkers and identify covariates and risk factors for further
investigation after using propensity scoring to adjust for
comorbidities and sociodemographic variables of patients.

As early as 2020, applying the SVM method to COVID-19 was
reported in the scientific literature, but it was mainly used for
diagnosis and prediction of severity in a radiological manner
and as a scanner [26]. The prediction of severity stage by SVM
has been extended to the analysis of biomarkers classically used
in inflammatory and infectious pathologies [27,28] but has not
provided a consensus or an infallible score to predict the level
of severity. To our knowledge, this study is the first to show
the SVM method being used for predicting the severity stage
of COVID-19 with pulmonary involvement.

An important point to consider before generalizing the use of
prediction scores based on this panel of blood biological OS
analyses is the dosage method and standardization of reference
values for each analysis and between each laboratory.

Conclusions
In patients with COVID-19 infection, moderate to severe
symptoms were correlated with a lowered Zn level, a lowered
plasma thiol level, an increased hs-CRP level, and an increased
Cu/Zn ratio in a panel of 10 OS biomarkers not requiring
complex preanalysis (Zn, Cu, Cu/Zn ratio, selenium, uric acid,
hs-CRP, oxidized LDL, glutathione peroxidase, glutathione
reductase, and thiols). Applying a machine learning method (an
SVM) to the results of this same panel to evaluate the OS level
in a retrospective cohort allowed prediction of the level of
severity of pulmonary damage in hospitalized patients with
COVID-19. Since this panel does not require a complex
preanalytical method, it can be used and studied in other
pathologies associated with OS, such as infectious pathologies
or chronic diseases. Intensive care teams are accustomed to
monitoring and managing major inflammatory symptoms, and
although it is likely that they need to augment their practices to
manage OS and the supply of antioxidants, the biological
exploration of OS requires highly complex preanalytical and
analytical processes that, to date, are highly limiting factors in
the development and dissemination of relevant OS assessments.
The fragility and thermolability of certain biomarkers means
that any redox reactions that might take place in the sample
must be halted; thus, the mandatory use of −80 °C conditions
throughout the preanalytical phase makes analysis complex and
in some cases even technically unfeasible. We have therefore
developed an OS panel with 10 biomarkers that overcomes all
these constraints without compromising scientific relevance by
performing an assessment of OS based on a series of biomarkers
that do not require complex preanalysis (simple freezing at −20
°C); these biomarkers were selected with a machine learning
approach in 2009 [23]. The results from this panel showed real
significance in estimating OS with robust and reproducible
results. Iterative training of this SVM model with a biomarker
panel in a larger cohort of patients with OS would give it more
power and precision. By determining the ideal weighting of
each of the biomarkers with a scientifically validated algorithm,
we could obtain a score to estimate the level of OS. A Belgian
intensive care team assessed total antioxidant capacity with an
electrochemical method (eg, the Total Antioxidant Power
technology) rather than by the analysis of biological samples
(blood, saliva, or urine), finding that it had potential as a less
expensive and much faster alternative to the individual analysis
of biomarkers linked to pro-oxidants [30]. This would allow
intensive care teams to monitor and respond in real time to
systemic OS in their patients.

The World Health Organization has already announced the very
probable risk of the appearance of a new epidemic caused by
new types of severe acute respiratory syndrome or by the
“humanization” of the avian influenza A (H5N1) virus in the
years to come [38]. Given the contagiousness and the risk of
decompensation, particularly respiratory decompensation, or
even death from these viral infections, considering systemic OS
in addition to the inflammatory syndrome could be a determining
factor in the effectiveness of care in the future. The early and
systematic use of machine learning models such as SVMs in
clinical, radiological, and biological assessments at the start of
an epidemic could provide a better understanding of the
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functioning and mechanisms of novel pathogens and reduce
human loss of life. Sharing of results between different care
centers with dedicated databases would accelerate learning and
improve the accuracy of these statistical tools.

From a public health perspective, individuals are subject to a
range of exposures through the environment (air pollution, solar

radiation, and temperature variations) and lifestyle (lack of
sleep, psychological stress, tobacco, and poor diet); this is
summarized in the term “exposome.” This directly impacts the
OS level and therefore the body’s ability to defend itself in the
event of infection. Taking action to maintain a healthy
environment and lifestyle would help mitigate the severity of
diseases such as COVID-19 [39].
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Abstract

Background: Due to the widespread use of social media and the internet in today’s connected world, obesity and depression
rates are increasing concurrently on a global scale. This study investigated the complex dynamics involving social media recruitment
for scientific research, race, ethnicity, and depression among metabolic and bariatric surgery (MBS) candidates.

Objective: This study aimed to determine (1) the association between social media recruitment and depression among MBS
candidates and (2) racial and ethnic differences in social media recruitment engagement.

Methods: The analysis included data from 380 adult MBS candidates enrolled in a prospective cohort study from July 2019 to
December 2022. Race and ethnicity, recruitment method (social media: yes or no), and depression status were evaluated using

χ2 tests and logistic regression models. Age, sex, and ethnicity were adjusted in multivariable logistic regression models.

Results: The mean age of the candidates was 47.35 (SD 11.6) years, ranging from 18 to 78 years. Participants recruited through
social media (n=41, 38.32%) were more likely to report past or current episodes of depression compared to nonsocial
media–recruited participants (n=74, 27.11%; P=.03), with a 67% increased likelihood of depression (odds ratio [OR] 1.67, 95%
CI 1.04‐2.68, P=.03). Further analysis showed that participants with a history of depression who were below the mean sample
age were 2.26 times more likely to be recruited via social media (adjusted OR [aOR] 2.26, 95% CI 1.03‐4.95; P=.04) compared
to those above the mean age. Hispanic (n=26, 38.81%) and non-Hispanic White (n=53, 35.10%) participants were significantly
more likely to be recruited via social media than non-Hispanic Black (n=27, 18.37%) participants (P<.001). After adjusting for
covariates, non-Hispanic Black participants were 60% less likely than non-Hispanic White participants to be recruited via social
media (aOR 0.40, 95% CI 0.22‐0.71; P=.002).

Conclusions: We found that individuals recruited through social media channels, especially younger participants, were more
likely to report past or current episodes of depression compared to those recruited through nonsocial media. The study also showed
that non-Hispanic Black individuals are less likely to engage in social media recruitment for scientific research versus other racial
and ethnic groups. Future mental health–related studies should consider strategies to mitigate potential biases introduced by
recruitment methods to ensure the validity and generalizability of research findings.

(JMIR Form Res 2025;9:e58916)   doi:10.2196/58916
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Introduction

Over the past 2 decades, obesity (ie, BMI ≥30 kg/m2) prevalence
among adults in the United States has risen from 30.5% to 42.4%
[1], and has nearly tripled worldwide [2]. Further, the prevalence

of severe obesity (BMI ≥40 kg/m2) has doubled from 4.7% to
9.2% [3]. Non-Hispanic Black (NHB) adults are
disproportionately impacted, with an age-adjusted obesity
prevalence of 49.9%, followed by Hispanic (45.6%),
non-Hispanic White (NHW) (41.4%), and non-Hispanic Asian
(16.1%) individuals [3].

Various obesity treatment options, including diet control,
exercise, cognitive and family-based behavioral therapy,
pharmacological therapy, and metabolic and bariatric surgery
(MBS) have been explored to address this critical issue. Of
these, MBS is a safe and effective treatment option, particularly
for individuals with severe obesity who are resistant to other
interventions [4]. A 2014 meta-analysis of 164 studies involving
160,000 patients found that BMI decreased by at least 11.8
kg/m² one-year post MBS, with sustained weight loss observed
five years post surgery [5]. Most individuals who undergo MBS
experience a reduction or complete elimination of obesity-related
health issues, including high blood pressure, heart disease,
diabetes, asthma, and osteoarthritis [6,7]. Additionally,
long-term outcomes of MBS in adolescents aged 16‐21 years
demonstrated sustained weight reduction and improvement in
comorbidities, including reduced depression prevalence over a
decade post surgery [7]. Given the increasing prevalence of
obesity and the proven safety, effectiveness, and long-term
success of MBS, there has been an increase in the number of
MBS procedures being performed, resulting in a parallel increase
in MBS-related research [8,9]. However, the COVID-19
pandemic led to a temporary decrease in MBS surgeries due to
delays in elective procedures [10]. Research studies conducted
during the pandemic faced unique challenges, prompting a shift
toward innovative recruitment methods. Researchers have
increasingly used social media for participant recruitment,
survey administration, and trend analysis. Although literature
reviews underscore the efficacy of social media as a recruitment
methodology, its use comes with challenges and drawbacks
[11,12].

This study acknowledges the dual nature of social media, which,
while a potent recruitment tool, has also been implicated in
mental health and body image concerns. Celebrities and
influencers on social media platforms have contributed to rising
negative body image perceptions [13], which have been
associated with higher depressive symptoms, loss of confidence,
loneliness, and risk of developing eating disorders [13,14].
Studies have shown that viewing images that have been heavily
edited can negatively impact an individual’s body image and
that editing selfies—regardless of whether they are posted—was

linked to self-objectification and dissatisfaction with facial
features [15]. Additionally, overall time spent on image-based
social media platforms has been associated with weight-bias
internalization [16]. A meta-analysis examining the relationship
between body image and eating disorders found that both body
checking and body image avoidance were associated with eating
disorder pathology [17].

Acknowledging the gaps in our understanding of social media’s
impact on mental health among individuals with severe obesity
and who are considering MBS, this study aimed to determine
(1) the association between social media recruitment and
depression among MBS candidates and (2) racial and ethnic
differences in social media recruitment engagement. It was
hypothesized that depression prevalence would be higher in
individuals recruited through social media and that no significant
racial and ethnic differences would exist between social media–
and nonsocial–based media recruitment.

Methods

Study Design and Eligibility Criteria
The Bariatric Health Study (NIH/NIMHD 5R01MD011686) is
an ongoing prospective cohort research study enrolling
participants who qualify and have been referred for MBS based
on established medical criteria. The American Society for
Metabolic and Bariatric Surgery recommends MBS for

individuals with a BMI >35 kg/m2, regardless of the presence
or absence of comorbidities; for individuals with type 2 diabetes

and a BMI >30 kg/m2; or for individuals with a BMI between

30‐34.9 kg/m2 who have not achieved adequate weight loss
or improvement in comorbidities with nonsurgical obesity
treatment methods [18]. Eligibility criteria mandated that
participants be at least 18 years old, medically eligible for MBS,
and referred for surgery by a clinical provider. To manage and
collect study data securely and in compliance with HIPAA
(Health Insurance Portability and Accountability Act of 1996)
regulations, we used REDCap (Research Electronic Data
Capture; Vanderbilt University), a web-based database
management platform [19,20].

Ethical Considerations
The study was approved by the University of Texas Health
System Institutional Review Board (IRB# HSC-SPH-18‐0850)
and the Committee for the Protection of Human Subjects.
Informed consent was obtained from all study participants.
Participant data are stored in a HIPAA-compliant,
password-protected, encrypted database with limited access.
The data used for this analysis were deidentified. Study
participants were compensated with a US $50 gift card upon
completion of the initial Mini International Neuropsychiatric
Interview (MINI) and surveys. Upon surgery completion,
participants were compensated at 6, 12, and 24 months with US
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$100, US $125, and US $150 gift cards for completing the
additional MINI interviews and surveys.

Participant Recruitment
Recruitment for this study was open from August 2019 to
October 2022. Recruitment sites for this prospective cohort
study consisted of MBS specialty clinics in the North Texas
region. These included Minimally Invasive Surgical Associates,
Lee Bariatrics Clinic, City Hospital at White Rock, Dallas, TX,
and the UT Southwestern Weight Wellness Subspecialties
Clinic, Dallas, TX. Before the COVID-19 pandemic, eligible
MBS patients were recruited by research coordinators during
mandated educational seminars held by MBS team members
before surgery. Research coordinators provided interested
candidates with information and a sign-up sheet at these
seminars. In addition, the institutional review board–approved
brochures and flyers were placed in the MBS clinic waiting
rooms. Interested participants completed a web-based eligibility
screener and were contacted by research coordinators to
complete informed consent and baseline measurements.
However, these educational seminars transitioned to virtual
platforms due to the pandemic. Additionally, social media
channels were added as a recruitment source to meet our
recruitment targets, as elective surgeries at our academic center
were paused on several occasions due to surges in COVID-19.
Specifically, web-based social media recruitment was conducted
through Facebook and Instagram and was managed by the
study’s research coordinators. Targeted advertisements on these
platforms directed outreach toward individuals meeting our
inclusion criteria. Interested individuals completed the study’s
online eligibility screener to ensure that the inclusion criteria
were met. Following this, informed consent was completed,
and research coordinators performed baseline measurements.
To sustain study engagement, biweekly informative videos and
posts addressing topics related to MBS were created.

Main Outcome
The primary outcome measure was self-reported depression,
measured by the MINI [21], a validated tool for evaluating major
psychiatric disorders, comprising dichotomous questions with
follow-up questions for positive responses [21]. Previous studies
have demonstrated that the MINI accurately diagnoses
psychiatric conditions [22]. The interview primarily features
“yes” or “no” questions, with additional clarifications provided
to participants when necessary. Following the completion of
questions for each psychiatric disorder, research coordinators
(interviewers) tallied the “yes” and “no” responses to identify
if the interviewee screened positively for a variety of potential
psychiatric disorders. In this study, we assessed current, past,
and recurrent major depressive episodes, posttraumatic stress
disorder, agoraphobia, social anxiety disorder, general anxiety
disorder, and panic disorder. Following the initial interview,
research coordinators determined the presence or absence of
depression based on participants’ responses. Participants who
screened positive for a current, past, or recurrent major
depressive episode during the MINI interview were classified
as having a history of depression. Conversely, if none of these
conditions were selected (current, past, or recurrent), participants
were categorized as not having a history of depression.

Main Exposure
We assessed each participant’s recruitment method through the
enrollment survey. Participants responded to the question, “How
did you learn about this study?” They could choose from options
such as “Lee Bariatrics, Texas Presbyterian Hospital, UT
Southwestern Medical Center, Minimally Invasive Surgical
Associates, UTSW Weight Wellness Program, City Hospital at
White Rock, Flyer, Brochure or Pamphlet, Social media (ie,
Facebook, Instagram), or Other.” We classified participants as
positive for social media recruitment if they chose “Social media
(ie, Facebook, Instagram)” or mentioned social media
recruitment in the “Other” section. We categorized participants
as negative for social media recruitment if they selected other
options.

Covariates
Covariates including age, sex, race and ethnicity, BMI,
education level, and perceived financial well-being were
obtained through self-report. Age was treated as a continuous
variable, representing the participants’ age in years. Sex was a
categorical variable, categorized as male, female, or other. Race
and ethnicity were also categorical variables, encompassing
diverse categories such as NHW, NHB, Hispanic, and Other.
BMI was calculated via self-reported height and weight and
verified via medical records provided by participants when
available. Education was a categorical variable, categorized as
none, elementary school, high school, college, and graduate or
professional degree. In our survey, we did not have a direct
measure of income. However, as a proxy measure, we asked
the question, “In the last two weeks, have you had enough
money to meet your needs?” This variable was categorical, with
answers being “not at all, a little, moderately, mostly, and
completely.” These covariates served as essential demographic
factors for our analysis, providing a comprehensive
understanding of their potential influence on the investigated
variables.

Statistical Analysis
We analyzed descriptive variables, including sex, age, race and
ethnicity (ie, NHB, NHW, Hispanic), BMI, and history of
depression, comprising both categorical and continuous
variables. To explore the associations between recruitment
methods, social media or nonsocial media, and depression

history (yes/no), we conducted Pearson χ2 tests. Crude odds
ratios were calculated using univariable logistic regression
models to assess the relationship between recruitment method
and depression history. Furthermore, we performed
multivariable logistic regression by adjusting for age, race and
ethnicity, and sex to calculate the adjusted odds ratios for
depression in relation to the recruitment method used. There
were less than 3% missing data for demographic variables (ie,
age, sex, and ethnicity); no data was missing for the outcome
variable. We performed all analyses using STATA (v.17.1, Stata
Corp LP), with statistical significance set at a P value below
5%.
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Results

Participant Characteristics
Participant characteristics (N=380) stratified by recruitment
method, social media (n=107), and nonsocial media (n=273)
are presented in Table 1. Participants recruited through social
media had a mean age of 47.27 (SD 1.02) years, whereas those
in the nonsocial media group had a mean age of 47.38 (SD 0.73)
years (P=.93). Sex distribution in the social media group was
9 (8.41%) males and 98 (91.59%) females, while the nonsocial

media group included 41 (15.02%) males and 232 (84.98%)
females, P=.09. The mean BMI for the social media group was

44.92 (SD 1.05) kg/m2 and the nonsocial media group was 45.68

(SD 0.64) kg/m2 (P=.54). Regarding racial and ethnic
backgrounds, the social media group had 49.53% (n=53) of
participants identifying as NHW, 25.23% (n=27) as NHB, 24.3%
(n=26) as Hispanic, and 0.93% (n=1) as other. In the nonsocial
media group, 35.9% (n=98) were NHW, 43.96% (n=120) were
NHB, 15.02% (n=41) were Hispanic, and 5.13% identified as
Other (P<.001).

Table . Baseline characteristics of metabolic and bariatric surgery candidates recruited via social media and traditional methods in a prospective cohort
study (N=380, 2019‐2022).

P valueParticipants (N=380)Variables

Nonsocial media (n=273)Social media (n=107)

.9347.38 (0.73)47.27 (1.02)Age (years), mean (SD)

.09Sex, n (%)

41 (15.02)9 (8.41)    Males (n=50, 13.16%)

232 (84.98)98 (91.59)    Female (n=330, 86.84%)

.5445.68 (0.64)44.92 (1.04)BMI (kg/m2), mean (SD)

<.001aRace/ethnicity, n (%)

98 (35.9)53 (49.53)    Non-Hispanic White (n=151)

120 (43.96)27 (25.23)    Non-Hispanic Black (n=147)

41 (15.02)26 (24.3)    Hispanic (n=67)

14 (5.13)1 (0.93)    Other (n=15)

aSignificant.

Depression Prevalence by Recruitment Method
Table 2 presents the prevalence of depression categorized by
recruitment method and race and ethnicity among all participants
(N=380). Of the participants, 115 (30.26%) had a history of
depression, while 265 (69.74%) had no history of depression.
Our findings showed a difference between the prevalence of
depression and the recruitment methods (P=.03).

In the nonsocial media group (n=273, 71.84%), the prevalence
rates of depression (n=74, 27.11%) varied by race and ethnicity.
In the NHW subgroup (n=98), 26 (26.53%) participants had a
history of depression, while 72 (73.47%) did not. In the NHB
subgroup (n=120), 28 (23.33%) participants had a history of
depression, whereas 92 (76.67%) had no history. Among the

Hispanic subgroup (n=41), 15 (36.59%) participants had a
history of depression, while 26 (63.41%) had no history. In the
“Other” subgroup (n=14), 5 (35.71%) participants had a history
of depression, while 9 (64.29%) had no history.

Within the social media group (n=107, 28.16%), subgroups
based on race and ethnicity exhibited varied depression
prevalence rates (n=41, 38.32%). In the NHW subgroup (n=53),
22 (41.51%) had a history of depression, while 31 (58.49%)
had no history. Among the NHB subgroup (n=27), 7 (25.93%)
had a history of depression, while 20 (74.07%) had no history.
In the Hispanic subgroup (n=26), 11 (42.31%) individuals had
a history of depression, whereas 15 (57.69%) had no history.
A single participant in the “Other” subgroup had a history of
depression.
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Table . Prevalence of depression among metabolic and bariatric surgery candidates by recruitment method and race and ethnicity in a prospective
cohort study (2019‐2022).

P valueParticipants (N=380), n (%)Variable and group

No history of depressionHistory of depression

.03a265 (69.74)115 (30.26)Overall prevalence

—b66 (61.68)41 (38.32)Social media group (n=107)

31 (58.49)22 (41.51)NHWc (n=53)

20 (74.07)7 (25.93)NHBd (n=27)

15 (57.69)11 (42.31)Hispanic (n=26)

0 (0)1 (100)Other (n=1)

—199 (72.89)74 (27.11)Nonsocial media group (n=273)

72 (73.47)26 (26.53)NHW (n=98)

92 (76.67)28 (23.33)NHB (n=120)

26 (63.41)15 (36.59)Hispanic (n=41)

9 (64.29)5 (35.71)Other (n=14)

aThere was a significant difference between depression prevalence in the social media group versus nonsocial media group.
bNot applicable.
cNHW: non-Hispanic White.
dNHB: non-Hispanic Black.

Recruitment Method by Race and Ethnicity
Table 3 presents the odds of recruitment via social media,
adjusting for age, sex, and BMI, stratified by race and ethnicity.
In the unadjusted model, representing the crude odds, Hispanic
participants had odds of 1.17 (95% CI 0.24‐0.71, P=.60) for
being recruited via social media, while NHB participants had
odds of 0.42 (95% CI 0.65‐2.12, P=.001), with NHW
participants serving as the reference group.

In the adjusted model, adjusted for age, sex, BMI, education,
and financial status, Hispanic participants had odds of 1.22
(95% CI 0.63‐2.37, P=.55) for being recruited via social media,
while NHB participants had odds of 0.40 (95% CI 0.22‐0.72,
P=.002). These findings indicate that after adjusting for
demographic variables, NHB participants demonstrated
significantly lower odds of recruitment via social media
compared to NHW participants.

Table . Odds of being recruited via social media by race and ethnicity among metabolic and bariatric surgery candidates, adjusting for age, sex, BMI,
education, and financial status.

P valueOdds ratio (95% CI)Variables

Race/ethnicity

Model 1a (crude odds ratio)

.601.17 (0.24‐0.71)Hispanic

.001c0.42 (0.65‐2.12)NHBb

—e1.0 (ref)NHWd

Model 2f (adjusted odds ratio)

.551.22 (0.63‐2.37)Hispanic

.002c0.40 (0.22‐0.72)NHB

—1.0 (ref)NHW

aModel 1: crude (social media as primary outcome).
bNHB: non-Hispanic Black.
cSignificant.
dNHW: non-Hispanic White.
eNot applicable.
fModel 2: adjusted for age, sex, BMI, education, and financial status (social media as primary outcome).
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History of Depression and Social Media Recruitment
Univariate logistic models showed that individuals with a history
of depression were 67% more likely (OR 1.67, 95% CI
1.04‐2.68, P=.03) to be recruited via social media than those
with no history of depression (Table 4). However, after

adjustment for age, sex, race and ethnicity, BMI, education, and
financial status, the association between depression history and
recruitment method was no longer significant. This indicated
that one or more of these covariates influenced the relationship
between our outcome variables, recruitment method, and
depression history, warranting further subanalysis.

Table . Odds of depression for social media recruits, adjusting for age among metabolic and bariatric surgery candidates, race and ethnicity, sex, BMI,
education, and financial status.

P valueOdds ratio (95% CI)Variables

Depression history

Model 1a (crude odds ratio)

.03b1.67 (1.04‐2.68)Depression

—c1.0 (ref)No depression

Model 2d (adjusted odds ratio)

.131.51 (0.88‐2.62)Depression

—1.0 (ref)No depression

aModel 1: crude (social media as primary outcome).
bSignificant.
cNot applicable.
dModel 2: adjusted for age, race/ethnicity, sex, BMI, education, and financial status (social media as primary outcome).

Age, Depression, and Recruitment Method
After adjusting for sex, race and ethnicity, BMI, education, and
financial status, participants with a history of depression who
were below the mean age were over twice as likely (OR 2.26,

95%CI, 1.03‐4.95) to be recruited via social media compared
to those with no history of depression (Table 5). However, with
the same adjustments, no significant association was found
among participants above the mean sample age.

Table . Relationship between age and recruitment method on odds of depression among metabolic and bariatric surgery candidates, after adjusting for
sex, race and ethnicity, BMI, education, and financial status.

P valueAdjusted odds ratio (95% CI)Variables

Depression history

    Model 1a

.04b2.26 (1.03‐4.95)        Depression

—c1.0 (ref)        No depression

    Model 2d

.791.13 (0.47‐2.73)        Depression

—1.0 (ref)        No depression

aModel 1: age below mean, adjusted for sex, race/ethnicity, BMI, education, and financial status (social media as primary outcome).
bSignificant.
cNot applicable.
dModel 2: age above mean, adjusted for sex, race/ethnicity, BMI, education, and financial status (social media as primary outcome).

Discussion

Principal Findings
This study aimed to investigate the relationship between social
media recruitment, depression, race, and ethnicity among
individuals seeking MBS. Our analysis of 380 MBS candidates
showed that participants recruited via social media exhibited a
67% higher likelihood of depression history compared to

nonsocial media recruits. Furthermore, participants with a
history of depression below the mean sample age were over
twice as likely to be recruited via social media. Our findings
also revealed significant disparities in social media recruitment
among racial and ethnic groups. Hispanic and NHW participants
were more likely to be recruited through social media than NHB.
Specifically, adjusted models demonstrated a 60% lower
likelihood of social media recruitment among NHB participants
compared to NHW participants. These findings underscore the
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significance of exploring the interplay between social media,
mental health disorders, and demographic factors in this
population.

Our first key finding reveals a significant association between
social media recruitment and a history of depression, particularly
among younger individuals below the sample mean age, who
were twice as likely to report such a history. Extensive studies
have explored the relationship between social media usage and
depression, emphasizing the heightened risk of depression,
anxiety, and psychological distress associated with addictive
or problematic platform use [23]. A systematic examination of
11 studies focusing on young individuals corroborates this,
revealing a modest yet statistically significant association
between social media usage and symptoms of depression [24].
The observation that younger individuals with a history of
depression are more likely to be recruited via social media
underscores the growing concern about the impact of social
media on mental health, particularly in younger populations.

Other contributing factors between social media and depression
include sleep impairment and sedentary behavior [25]. These
factors, combined with the other potentially negative effects of
problematic social media use, defined as a
“nonsubstance–related disorder by which detrimental effects
occur as a result of preoccupation and compulsion to excessively
engage in social media platforms despite negative consequences”
[26], may contribute to the higher prevalence of depression
observed in our sample of MBS candidates. Addressing these
issues through increased physical activity could offer protective
benefits, as regular exercise has been shown to reduce depressive
symptoms, support healthy weight management, and improve
sleep quality [25,27-32]. While both depression and obesity are
multifaceted conditions influenced by various biological,
psychological, and social determinants, promoting physical
activity represents a practical starting point for improving overall
mental and physical health.

Our second key finding was that NHB participants were 60%
less likely to be recruited via social media. This finding is
particularly concerning given that NHB individuals bear a
disproportionate burden of obesity and its health-related
consequences. According to the National Center for Health
Statistics, NHB women represent the demographic group with
the highest risk for overweight, obesity, and severe obesity,
followed closely by NHB men [33]. However, this
underrepresentation is not surprising, given the significant
history of distrust due to unethical practices that have occurred
when enrolling this population in previous scientific studies.
Prior research has indicated that NHB individuals are less
inclined to participate in scientific studies overall [34]. Our
results corroborate this disparity and underscore the challenges
of using social media for recruitment in scientific research.

The efficacy of social media as a tool for recruiting diverse
samples remains a topic of debate [11]. The success of such
methods often depends on a comprehensive understanding of
the target audience’s social media habits [35]. Recent research
has shown promising results, with one study demonstrating a
substantial increase in racial and ethnic diversity among
participants recruited through social media for a clinical trial

[36]. Other studies have raised concerns about potential biases,
noting an overrepresentation of younger NHW individuals with
higher education and income levels [37]. Our findings align
with these observations, as we also reported a higher likelihood
of recruiting Hispanic and NHW individuals through social
media compared to NHB individuals. This result emphasizes
the need for proactive measures to address potential biases in
social media recruitment.

Additionally, obesity has been consistently associated with an
increased risk of depression [38]. However, the significance of
social support, whether received in person or through web-based
platforms, cannot be overstated in optimizing positive outcomes
for patients undergoing MBS. Previous research has underscored
the positive correlation between heightened social support and
decreased depression, along with improved weight loss among
both pre- and post-MBS groups [39]. In one study, Facebook
was used as a platform to deliver weight management program
materials, resulting in documented weight loss among
participants [40]. Furthermore, a 2016 study examining
MBS-related Facebook support groups identified various
recurring themes in online discussions, ranging from eating
recommendations and postsurgery changes to anxiety,
depression, and body image concerns [41]. The study concluded
that online groups are valuable for fostering support, sharing
experiences, and discussing challenges for pre- and post-MBS
patients.

Overall, social media as a tool for research recruitment has
several advantages, including a broad reach, cost-effectiveness,
and the potential to foster social support related to weight
management, eating disorders, and mental health. However,
researchers must approach social media recruitment cautiously
or risk recruiting homogenous samples and should be aware of
social media’s association with depression. Combining more
traditional recruitment methods with online recruitment can
help ensure diverse study samples and enhance the validity,
generalizability, and equity of findings.

Future research should explore culturally sensitive recruitment
methods that include social media and other innovative
techniques while continuing to examine the relationship between
mental health and social media usage. Improved recruitment
methods should consist of partnerships with community
organizations, tailored outreach campaigns, and evaluations of
effectiveness. As our digital world continues to evolve,
enhancing recruitment diversity is critical to reducing health
inequities and advancing the quality and fairness of clinical and
public health research.

Limitations and Strengths
Despite providing valuable insights, this study has limitations.
One limitation of our study is that the sample was drawn
exclusively from a single geographic region, which may impact
the generalizability of the findings to a broader population.
However, it is crucial to highlight that our sample includes a
diverse participant population. Furthermore, our sample
consisted specifically of MBS candidates, and we examined
social media recruitment among this group and not social media
use itself. All results should be interpreted with these key factors
and limitations in mind.

JMIR Form Res 2025 | vol. 9 | e58916 | p.323https://formative.jmir.org/2025/1/e58916
(page number not for citation purposes)

Francis et alJMIR FORMATIVE RESEARCH

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


Conclusion
In conclusion, our findings show that MBS candidates recruited
through social media had a higher prevalence of depression,

particularly among younger individuals, and were more likely
to be NHW or Hispanic. Therefore, our findings underscore the
significance of using various recruitment methods to prevent
bias and optimize and ensure sample diversity in research.
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Abstract

Background: Cognitive training is increasingly being considered and proposed as a solution for several pathologies, particularly
those associated with aging. However, trainees need to be willing to invest enough mental effort to succeed and make progress.

Objective: In this study, we explore how gamification in a narrative context (ie, the addition of visual game-like elements
[GLEs] embedded in real-world contexts) could contribute increase in perceived playfulness (PP) and voluntary mental effort
allocated to a cognitive task. In such context, narrative elements and GLEs can be designed to align with a commonly relatable
scenario (like simulating fishing or gardening activity) to ground the task in familiar, real-world contexts. We also consider if
the supposed effect of GLEs on PP and voluntary mental effort could endure while manipulating an intrinsic variable of the task
(ie, by increasing cognitive solicitation).

Methods: In total, 20 participants (average age 33.6, SD 8.6 y) took part in 3 cognitive tasks proposed in a numerical format:
a classic version of the Corsi test (Classic Corsi, a spatial memory task), a playful version of the Classic Corsi test (Playful Corsi),
with added visual GLEs in a narrative context, and a playful version of the Classic Corsi test with added cognitive solicitation,
that is, mental motor inhibition (Playful Corsi Multi). We assessed the impact of visual GLEs and cognitive solicitation on PP
(1 question) and mental workload (MWL) using NASA-Task Load Index (NASA-TLX) and workload profile (WP) questionnaires.

Results: Results showed that PP was not influenced by interface’s playful characteristics (Classic Corsi [mean 62.4, SD 8.8]
vs Playful Corsi [mean 66, SD 8.8]; W=77; P=.30) but decreased the time necessary to complete the task (Classic Corsi [mean
10.7, SD 2.1 s] vs Playful Corsi [mean 6.8, SD 1.6 s]; W=209; P<.001) as well as performance (Classic Corsi [mean 92.4, SD
9.1] vs Playful Corsi [mean 88.2, SD 11.3]; W=140.5; P=.02). So, possibly, visual GLEs could raise the stakes of the task slightly
and implicitly encourage people to go a bit faster. Furthermore, visual GLEs increased MWL regarding attentional resources
(assessed by WP: Classic Corsi [mean 52.4, SD 10.9] vs Playful Corsi [mean 65.8, SD 10.9]; W=27.5; P=.04), while manipulating
cognitive solicitation impacted MWL when linked to task requirements (assessed by NASA-TLX: Playful Corsi [mean 54.2, SD
9.4] vs Playful Corsi Multi [mean 67.5, SD 9.4]; W=35.5; P=.01) without impacting the performance to the task (Playful Corsi
[mean 83.8, SD 13.9] vs Playful Corsi Multi [mean 94, SD 5.5]; W=27; P=.007). Thus, working on the way cognitive functions
are solicited would be wiser than adding visual GLEs to improve users’ voluntary mental effort while preserving performance.

Conclusion: These results offer valuable insights to improve users’ experience during gamified cognitive tasks and serious
games.

(JMIR Form Res 2025;9:e63491)   doi:10.2196/63491

KEYWORDS

visual game-like elements; gamification; multiplicity of cognitive functions; cognitive tasks; perceived playfulness; mental
workload; performance; cognitive training; aging; mental effort; cognitive function; cognitive skills; cognitive tests

Introduction

Cognitive training is increasingly being considered and proposed
as a solution for several pathologies, particularly those
associated with aging. However, trainees must be willing to
invest enough mental effort to succeed and make progress.

During the execution of an activity, we have the possibility of
voluntarily activating our mental resources to reach a level of
performance set by the task or by ourselves. This voluntary
modulation of the quantity of mental resources invested when
performing a task corresponds to the notion of mental effort
[1-3]. Voluntary mental effort is a dimension of mental workload
(MWL). The latter is a broader concept that also encompasses

JMIR Form Res 2025 | vol. 9 | e63491 | p.327https://formative.jmir.org/2025/1/e63491
(page number not for citation purposes)

Louis et alJMIR FORMATIVE RESEARCH

XSL•FO
RenderX

http://dx.doi.org/10.2196/63491
http://www.w3.org/Style/XSL
http://www.renderx.com/


notions such as the perception of our own performance, or
emotional states such as frustration. Voluntary mental effort
should be distinguished from mental effort imposed by the task
properties and undergone by the participant. Indeed, voluntary
mental effort must be seen as a “positive” mental effort as it
corresponds to a voluntary deployment of resources with
positive consequences for the participant (high perceived
performance and low frustration). Thus, in this context it should
be considered regarding the corresponding perceived
performance and frustration when performing the task. Positive
mental effort should be accompanied by high perceived
performance and low frustration. To make the notion of positive
mental effort operational, we return to the definition of this
concept, specifying that it is part of the MWL construct. In the
scientific literature, NASA-Task Load Index (NASA-TLX) [2]
and workload profile (WP) [4] questionnaires permit to measure
MWL linked respectively to task requirements and the
mobilization of attentional resources (since the WP employs
the multiple resource theory of [5-7] as its foundation).
NASA-TLX is particularly interesting for addressing the notion
of positive mental effort, as it considers various dimensions of
MWL, including mental effort, perceived performance and
frustration, that we considered as crucial in the definition of
positive mental effort.

Mental effort has been studied in various contexts since it is a
key element for enhancing performance. However, few studies
have focused on the notion of positive mental effort during
cognitive training, which aims to enhance general cognitive
skills such as memory, attention, or processing speed through
repeated interventions using cognitive tasks or intellectually
demanding activities [8-10]. Our aim is thus to study the factors
that influence voluntary mobilization of mental effort when
confronted to cognitive tasks used in a cognitive training
process. To do that, we need to consider a task allowing to assess
voluntary mobilization of mental effort but without the
confounding effects associated with longitudinal cognitive
training paradigms (reinforcement, error feedback, and
repetition). Thus, in this study, our aim is not to design
interventions for cognitive training, but rather to propose isolated
cognitive tasks as controlled experimental tools to investigate
the role of some factors. These factors could then be integrated
in tasks developed for cognitive training. So, we wondered how
we could encourage individuals to voluntarily mobilize greater
mental effort to achieve better performance. To this end, we
wanted to explore one possibility, that is, the gamification of a
cognitive task.

Gamification is defined as the use of game-like elements (GLEs)
in nongame contexts. GLEs are elements typically found in
games such as visual elements (icons, colored patterns, evocative
images, or playful animations), badges systems, narration, or
leaderboards [9,11]. This definition of gamification differentiates
it from serious games. Indeed, according to Vermeir et al [9],
serious games use full-fledged games in nongame contexts,
whereas gamification uses elements of a game integrated into
real-world contexts (for instance, a cognitive task that uses
colored patterns).

Furthermore, gamification can be linked to cognitive tasks, but
its introduction may affect the validity of cognitive tests by

potentially introducing new cognitive demands. Therefore, the
gamification of cognitive tasks is most applied within the context
of cognitive training [9,11-13]. The reason is because cognitive
tasks are perceived as demotivating and frustrating given their
repetitive and effortful aspects (Lumsden et al [14]) which may
impact on perceived playfulness (PP). PP is the sense of being
focused on an activity that is viewed as inherently enjoyable,
fun, and interesting [15,16]. Higher PP results in higher user
intention to perform a task [17], a stronger attitude toward using
a particular technology [16], a better performance, and a higher
effective response to computer training tasks [18]. Thus, we
predict that the increasing of PP would impact the voluntary
mobilization of mental resources and thus positive mental effort.
There would therefore be a real interest in increasing the PP of
a cognitive task during cognitive training. Integrating GLEs
into cognitive tasks could be one solution, as their inclusion is
supposed to increase PP [11,19].

Among all GLEs, performance feedback via a reward points
system (the unit of measurement quantifying a user progression)
is one of the most widely used [19] and therefore the most
studied in the literature. Nevertheless, this system provides
feedback on performance and thus contributes to its
improvement. While it does indeed increase motivation and PP,
it also introduces a bias in the sense that it induces a form of
learning. In this study, we aimed to understand the factors that
encourage the voluntary mobilization of mental resources in a
cognitive task (positive mental effort), with the hypothesis that
this mobilization will have a positive impact on performance.
Introducing reinforcement would induce a sort of learning
process that could mask the effect of other variables allowing
to increase positive mental effort. Thus, we provide no
reinforcement through performance feedback.

Consequently, only a selected few GLEs, specifically visual
ones, which have no impact on performance feedback, should
be incorporated. Visual GLEs can be defined as the deliberate
arrangement of several visual variables, such as position and
form [20], integrated into a particular context. Visual GLEs are
contextualized with narrative elements (short story explaining
the task and a visual surrounding corresponding to the story) to
make them meaningful for the participant and add ecological
aspect to the cognitive task. By ecological aspect, we mean a
less arbitrary situation. The task has an objective that can be
linked to a game that could be encountered in real life. For
example, the narrative elements can be designed to align with
commonly relatable scenarios, (like aiming at targets, arranging
objects to solve a puzzle, navigating a maze, or simulating a
fishing or gardening activity) to ground the task in familiar,
real-world contexts. These elements serve two purposes, that
is, (1) the short story provides a framework for participants to
understand the task’s purpose, making the activity less abstract
and (2) the visual surroundings (eg, buoys, and water effects)
enhance immersion, reinforcing the narrative and fostering a
sense of engagement. Together, these components aim to reduce
the perceived arbitrariness of the cognitive task, encouraging
participants to connect the task with a recognizable and
meaningful activity from their own experiences.

Nevertheless, despite showing that GLEs increase PP [19], no
study has specifically investigated the contribution of visual
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GLEs integrated with a narrative context within cognitive tasks
and the impact on both PP and positive mental effort. Thus, our
first aim (hypothesis 1) is to ascertain if visual GLEs integrated
with a narrative context (which will be called a playful task)
are enough to increase PP and then positive mental effort
(characterized by higher perceived mental effort and
performance but lower perceived frustration) when compared
with a classic design. And therefore, we predicted that this
increase in voluntary mental effort could also increase real
performances.

Nevertheless, in everyday life, an individual must involve
various amounts of cognitive functions to meet the requirements
of an activity. The number of cognitive functions solicited is a
variable intrinsic to task requirements which would have a direct
impact on mental demands. Mental demands is the dimension
of MWL directly related to the amount of mental activities
required [2]. This could also impact mental effort imposed by
the task itself. We can thus assume that this effect could also
play a role in positive mental effort, notably via perceived
performance and frustration. Thus, an increase in mental effort
required by the task could lead to a decrease in positive mental
effort. To our knowledge, no study has investigated the impact
of increasing the solicitation of cognitive functions on PP,
positive mental effort, or the resulting actual performances in
a narrative ecological context. Thus, our second aim (hypothesis
2) is to determine if the multiplicity of cognitive solicitation of
the playful task might decrease PP, positive mental effort
(characterized by higher perceived effort and frustration but
fewer perceived performance), and actual performances when
compared with the simple playful task.

Hence, this study will explore how extrinsic features (visual
GLEs within a narrative context) impact PP and positive mental
effort, and whether this effect persists when manipulating
intrinsic demands of the task (eg, the multiplicity of cognitive
solicitation in a narrative context). To this end, we have set up
a protocol containing various cognitive tasks. In the first step,
we will consider the impact of adding GLEs to a standard
cognitive task. Then we will investigate further the impact of
adding cognitive solicitation to this task. The tasks and the logic
behind their design are detailed in the Methods section.

Methods

Ethical Considerations
This study has received a positive decision from the Northwest
III Ethics Commitee for the Protection of Persons, with the
reference number n° 21.04612.000059, in accordance with the
ethical guidelines for human participants research and the
Declaration of Helsinki. Informed consent was obtained from
all participants. All data were anonymized to ensure privacy
and were securely stored on a protected cloud platform
accessible only to the research team. No identifiable participant
information is included in the manuscript or supplementary
materials. At the end of the study, each participant received a
€50 (US $54.69) gift voucher as compensation.

Participants
In total, 20 (9 women, 11 men) took part in this experiment.
Their average age was 33.6 (SD 8.6) years. All of them had at
least a bachelor’s degree and 85% (17/20) of them had at least
a bac+3 level. Furthermore, 70% (14/20) worked for Onepoint
company, 20% (4/20) came from social network LinkedIn
(Microsoft) and the others were acquaintances of the
experimenters or from Nantes University Hospital.

Recruitment
Participants were recruited by mailing an information letter
inviting interested people to contact the experimenter if they
wanted to participate in the study. At the reception of the mail,
the experimenter contacted the participant in order to confirm
(by oral statement) that he or she were healthy French-speaking
volunteers residing in Nantes region that met the inclusion
criteria (fluent in French, right-handed, having normal or
corrected-to-normal vision, and having normal or
corrected-to-normal hearing). Then the participant was informed
about the experimental duration and procedure. After acceptance
by the participant, an appointment was made for the
experimental tests. The consent document was signed at the
participant’s arrival, before the beginning of the experiment.

Tasks and Procedure

Overview
The experimentation took place at Nantes University Hospital.
Participants performed 3 experimental tasks in a random order
on a screen positioned in front of them. All tasks were devised
using Unity3D development software (version 2019.4.30f1;
Unity Technologies). A link to the videos of all tasks is available
in Multimedia Appendix 1.

To determine the level of complexity of the tasks, we considered
several factors. Primarily, the complexity of a simple task (only
soliciting 1 cognitive function) should not be arduous. Indeed,
a simple task should accommodate the integration of an
additional cognitive function in a condition that involves
multiple cognitive functions. On the other hand, we did not
want the simple task to appear too simplistic. Thus, we relied
on the intermediate complexity levels from the study conducted
by Louis et al [21], which offers a compromise considering the
aforementioned conditions. Indeed, Louis et al [21] compared
several cognitive tasks with different complexity levels, and
the 5-item Corsi test induced an intermediate MWL (based on
NASA-TLX) while still allowing high performance. Thus, the
5-item Corsi test is a sufficiently cognitively demanding task
without being difficult. Consequently, to verify hypothesis 1
(visual GLEs integrated with a narrative context increase PP,
positive mental effort, and performances) and 2 (the multiplicity
of cognitive solicitation might decrease PP, positive mental
effort, and performances), 3 digitized versions of the Corsi test
were proposed, that are Classic Corsi [22], Playful Corsi, and
Playful Corsi Multi.

Classic Corsi
This task [22] is a visual-spatial memory span task involving
remembering a sequence of cubes pointed by the computer and
reproducing the sequence in the same order by clicking with
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the mouse on screen elements. Thus, the cubes have been
selected by a mouse click; in the following sections, we will
use the term “clicked cubes” to designate this action. The
material (Figure 1A) used is consistent with the study by Kessels
et al [23] that proposed for each cube a number which is not
visible by the participants (Figure 1B). Furthermore, 5 trials
involving the memorization of 5 cubes (intermediate level as
adopted from a study by Louis et al [21]) are proposed. The five
sequences of cubes were (1) 5-2-1-8-6, (2) 4-2-7-3-1, (3)
3-9-2-4-8, (4) 7-8-2-9-4, and (5) 4-2-6-8-1 (Figure 1B).

The sequence of cubes for the training session was 2‐6.

Performance dimensions include clicked cubes (number of cubes
that are clicked by the participant), correct cubes (the cubes
correctly recalled whatever the order), false cubes (the cubes
incorrectly recalled), omissions (failure to press a cube), total

time, and expected responses (common performance indicator
for all tasks) corresponds to this calculation: 100×(25–(False
cubes+Omissions)÷25) and exact sequences (number of cubes
clicked in the expected order and position) which can be
compared with the terminology of memory or block span,
corresponding to the length of the last correctly repeated
sequence, in a traditional Corsi test [23]. However, our task did
not aim to determine a memory span, as is typically the case in
Corsi tests. In a memory span assessment, the goal is to identify
the maximum number of items a participant can correctly retain
and reproduce. In contrast, our task focused on exact sequences,
and the instructions provided to participants did not explicitly
emphasize memory span as a performance objective. Therefore,
we have chosen to retain the term exact sequences to better
reflect the specific nature and goals of our task.

Figure 1. (A) Visual environment of the digitized version of the Classic Corsi test. (B) Positions of cubes in the Classic Corsi test from study by Kessels
et al [23]. (C) Playful version of the digitized version of the Classic Corsi test: cubes are replaced by 9 buoys with different colors integrated in a narrative
context (throwing balls towards buoys floating in a pond).

Playful Corsi
This task is identical to the classic version, but cubes are
replaced by 9 buoys with different colors integrated in a
narrative context (throwing balls toward buoys floating in a
pond; Figure 1C). This task uses the same performance metrics
as Classic Corsi.

To verify hypothesis 2 (the multiplicity of cognitive solicitation
might decrease PP, positive mental effort, and performances),
we needed a task that solicited another cognitive function. We
called it “Playful Corsi Multi.”

Playful Corsi Multi
Following several pretests in which various cognitive functions
(such as mental flexibility or working memory updating) were
compared, it was observed that mental motor inhibition, as
required in tasks such as go no-go [24], was the most suitable
cognitive function to integrate with the Corsi test. This choice
minimized the impact on the extrinsic characteristics of the task
while maintaining its core objectives.

The Playful Corsi Multi uses the same material as Playful Corsi
(Figure 1). Participants memorize a sequence of 5 ball throws,

reproducing it by clicking twice on buoys. During sequence
reproduction, flowers may appear on buoys that must be clicked.
In this case, participants do not have to make the second click
on the gray buoy with a flower (no-go), and the response is
validated with a single click (Figure 2). Furthermore, 4 pointing
sequences with 2 no-go targets (gray buoy with flower) are
proposed. In all sequences, a “trap” buoy with a flower on a
nongray buoy is present and must be clicked twice, as similarly
required for a buoy (of any color) without a flower. The
sequence of 5 pointed buoys for the training session was with
1 no-go and 1 ‘’trap’’ buoy with a flower on a nongray buoy.

Performance dimensions encompass false buoys, false alarms
(2 clicks instead of 1 upon the appearance of a no-go target),
omissions (failure to perform a second click on a buoy), clicked
buoys, exact buoys (number of buoys clicked in the expected
order and position), expected responses (correspond to the
accuracy and are calculated as 100×[25−(False
alarms+omissions)÷25], exact sequences (number of buoys
clicked in the expected order and position), reaction time for
correct responses (the buoys correctly recalled), reaction time
for all items combined, and total time (between the appearance
of the red buzzer [finish button] and pressing it).

JMIR Form Res 2025 | vol. 9 | e63491 | p.330https://formative.jmir.org/2025/1/e63491
(page number not for citation purposes)

Louis et alJMIR FORMATIVE RESEARCH

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


Figure 2. Schematic figures of the Playful Corsi Multi. (A) Ball displacement corresponding to memorization instructions given to participants; (B)
actions required by the participants to respond to the instructions (2 clicks if there is no flower on the buoys and 1 click if there is a flower on the buoys).

Subjective Measures
Studies by Rubio et al [25] and Paxion [26] indicate that WP
and NASA-TLX questionnaires complement each other.
Furthermore, our study aimed to assess MWL related to
attentional resources (WP questionnaire) and cognitive
functions, emphasizing mental demands and mental effort
(NASA-TLX questionnaire).

NASA-TLX Questionnaire
NASA-TLX [2] evaluates perceived workload across 6 distinct
subscales. In total, 3 dimensions relate to activity, that are mental
demands (requirements for mental and perceptual activity),
physical demands (requirements for physical activity), and
temporal demands (sense of time pressure), 2 dimensions relate
to strategies, that are performance (feeling of success in
achieving the objectives set by the experimenter or oneself) and
effort (the mental or physical effort required to reach the
performance level targeted), and 1 dimension relate to emotional
state, that is frustration (irritation, stress, insecurity, and
discouragement). Following each task level, participant score
each dimension from 0 (no demand) to 100 (maximum demand).
In our study, we used the unweighted version of the
questionnaire by calculating an average of the 6 dimensions to
derive a raw task load index validated by Byers et al [27].

WP Questionnaire
The WP questionnaire [4] asked the participants to provide the
proportion of attentional resources across 8 subscales. Indeed,
the dimensions of workload in this method were aligned with
those in the multiple resource theory (described in Introduction).
According to Tsang and Velazquez [4], 2 dimensions of WP
questionnaire relate to “stages of processing”: perceptual or
central processing (attentional resources required for activities
like perceiving, remembering, problem-solving, and decision
making) and response selection and execution (attentional
resources required for response selection and execution; eg, the
selection of the appropriate pedal to stop an automobile).

Furthermore, 2 other dimensions are related to “processing
codes”: spatial processing (according to Tsang and Velazquez
[4], for tasks that are spatial in nature) and verbal processing
(for tasks that are verbal in nature). In addition, 2 other
dimensions are related to “input modality”: visual processing
(for tasks that are performed based on the visual information
received) and auditory processing (for tasks that are performed
based on the auditory information received). And finally, 2
dimensions are related to “output modalities”: manual output
(for tasks that required considerable attention for producing
manual response), and speech output (for other tasks requiring
considerable attention for producing speech responses).

Participants score each dimension from 0 (no demand) to 100
(maximum demand) representing the proportion of allocated
attentional resources.

To reduce the time spent on questionnaires and given the
absence of problem solving but also considering that the
NASA-TLX’s mental demand dimension also questioned this
source of MWL, the dimension perceptual or central processing
was not considered. For the same reasons, because of the
absence of actioners’ selection, auditory and speech tasks in
our study, the dimensions response selection and execution,
auditory processing, and speech output were not considered.
Thus, only 4 of the 8 dimensions were evaluated. Indeed, as
demonstrated by Tsang and Velazquez [4], the dimensions can
be considered independently and rated in a 1D way. Therefore,
we decided to focus on the spatial processing (WP3) and visual
processing (WP5) as Corsi test is a visuo-spatial task, verbal
processing (WP4) as the participants mentally verbalize the go
no-go items (eg, the buoys colors), and manual output (WP7)
dimensions, in relation to the participant’s movement of the
mouse to click on the various items.

PP Measure
Regarding PP, we assessed it using a question presented on a
Likert scale ranging from 0 to 100: “To what extent did you
find the task you have just completed playful and fun?”
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Experimental Procedure
After receiving approval from the Northwest III Ethics
Committee for the Protection of Persons, the recruitment started.
Potential participants received a study summary via email,
followed by individual meetings held 7 days before the Nantes
University Hospital study. Then, participants signed a consent
letter. The experimental phase proceeded as follows: Participants
were welcomed at Nantes University Hospital. Their eligibility
and nonopposition to participation in the study were verified
and they completed a pretest questionnaire (age, gender, and
level of education). Then, they began the experiment. Each task
had a training session (refer to Task and Procedure section) and
after each task level, participants received NASA-TLX and WP
questionnaires, and PP measure. Including questionnaires, each
Corsi test (classic and playful one) has a total duration of 11
min and Playful Corsi Multi has a total duration of 16 min.

Data Analysis
Raw data is available in Multimedia Appendix 2. Subjective
measures (NASA-TLX, WP, and PP) were normalized through
Cousineau correction [28]. This normalization allows for more
accurate estimation of within‐participants CIs for subjective
data in the case of experimental designs with several conditions.
Cousineau correction was described as follows. Let yij be the
ith participant’s score in the jth condition (i=1, ..., N; j=1, …,

M). Then, the normalized observations zij were defined as
follows:

zij=yij-1N∑j=1Myij+1NM∑i=1N∑j=1Myij

Furthermore, some distributions of our data were not normal,
and variances were not homogeneous. Thus, we used
nonparametric statistics (Wilcoxon signed-rank tests and
Conover post hoc comparisons) with the JASP (Jeffrey’s
Amazing Statistics Program) software (version JASP 0.16;
University of Amsterdam).

Finally, for the P value, the lower error threshold of .05 was
considered significant.

Results

Comparisons Between Classic Corsi and Playful Corsi

Performance Measures
For the Corsi tests, 2 relevant performance dimensions appeared:
expected responses and total time. The other Corsi performances
(clicked cubes, correct cubes, false cubes, omissions, and exact
sequences) were included within expected responses dimension
(refer to Methods section).

Between the 2 tasks, expected responses and total time were
significantly higher for the Classic Corsi than the Playful Corsi
(Table 1; Figure 3).

Table . Statistical comparisons between Classic Corsi and Playful Corsi concerning performances data and mental workload questionnaires.

P valueWPlayful Corsi, mean (SD)Classic Corsi, mean (SD)

.02140.588.2 (11.3)92.4 (9.1)Expected responses

<.0012096.8 (1.6)10.7 (2.1)Total time

.307766 (8.8)62.4 (8.8)Perceived playfulness

.2365186.3 (52.8)187 (52.9)Overall

.165354.2 (13.9)46.6 (13.8)Mental demands

.823613.4 (5.2)13.6 (5.9)Physical demands

.959338.9 (15.4)35.6 (11.3)Temporal demands

.547143.8 (13.6)39.5 (11.7)Effort

.1955.530.4 (9.9)23.7 (10.4)Perceived performance

.2364.535.8 (16.8)27.8 (16.8)Frustration

.4885.559.1 (12.1)52.4 (12.1)WP3a

.0427.565.8 (10.9)52.4 (10.9)WP5b

.3042.523.6 (12.8)15.3 (12.8)WP7c

aWP3: workload profile on spatial processing.
bWP5: workload profile on visual processing.
cWP7: workload profile on manual output.
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Figure 3. Comparisons of mental demands, effort, perceived performance, frustration, perceived playfulness, and expected responses between Classic
Corsi and Playful Corsi and between Playful Corsi and Playful Corsi Multi.

NASA-TLX Questionnaire
Comparing Classic Corsi and Playful Corsi, the overall
NASA-TLX score (corresponding to the sum of the 6
NASA-TLX dimensions which are on a scale of 600) showed
no significant difference (Table 1), also for mental demands,
physical demands, temporal demands, effort, performance, and
frustration.

WP Questionnaire
We did not consider the WP4-verbal dimension since it was not
a solicited dimension by the Corsi test, a visuo-spatial task (but
it was solicited by Multi Playful Corsi test that contained mental
inhibition based on the item colors; described in more detail in
the Multicolored Playful Corsi vs Playful Corsi Multi section).
Between the Classic Corsi and the Playful Corsi, only the
WP5-visual dimension was significantly higher for the Playful

Corsi than for the Classic Corsi (Table 1). But, between the 2
conditions, WP3-spatial and WP7-manual showed no significant
difference (Table 1).

PP Measure
Between the 2 tasks, PP showed no significant difference (Table
1).

Multicolored Playful Corsi vs Playful Corsi Multi

Performance Measures
Total time was not considered, as in the Playful Corsi Multi,
there are 2 clicks per response, instead of 1 for the Multicolored
Playful Corsi. Therefore, a trial-by-trial comparison was not
possible. Concerning expected responses between the 2 tasks,
they were significantly better for Playful Corsi Multi than
Playful Corsi (Table 2; Figure 3).
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Table . Statistical comparisons between Playful Corsi and Playful Corsi Multi concerning performances data and mental workload questionnaires.

P valueWPlayful Corsi Multi, mean
(SD)

Playful Corsi, mean (SD)

.0072794 (5.5)83.8 (13.9)Expected responses

.00816150.9 (11.9)66 (11.9)Perceived playfulness

.00325.5284.4 (40.5)216.6 (40.5)Overall

.0135.567.5 (9.4)54.2 (9.4)Mental demands

.403315.4 (8.9)13.4 (8.9)Physical demands

.205646.6 (12.4)38.9 (12.4)Temporal demands

.0082958.1 (9.9)43.8 (9.9)Effort

<.001150.2 (7)30.4 (7)Perceived performance

.206346.5 (17.7)35.8 (17.7)Frustration

.4081.564.4 (12.6)59.1 (12.6)WP3a

.301416.3 (11.7)10.2 (11.7)WP4b

.507168.3 (7.4)65.8 (7.4)WP5c

.809321.1 (14.7)23.6 (14.7)WP7d

aWP3: workload profile on spatial processing.
bWP4: workload profile on verbal processing.
cWP5: workload profile on visual processing.
dWP7: workload profile on manual output.

NASA-TLX Questionnaire
The overall MWL was significantly higher for Playful Corsi
Multi than Playful Corsi (Table 2; Figure 3), as were the mental
demands, effort, and performance. However, physical demands,
temporal demands, and frustration showed no significant
difference between the 2 tasks.

WP Questionnaire
Between the tasks, the WP3, WP4, WP5, and WP7 showed no
significant difference (Table 2; Figure 3).

PP Measure
PP was significantly higher for the Playful Corsi compared to
the Playful Corsi Multi (Table 2; Figure 3).

Discussion

Principal Objectives
In this study we wanted to explore (1) how extrinsic variable
(visual GLEs within a narrative context) impacts PP, positive
mental effort, and performances at the very first stage of facing
with a task devoted to cognitive training, and (2) if this effect
endures while manipulating intrinsic variable (multiplicity of
cognitive solicitation in a narrative context).

Impact of Visual GLEs on PP and Positive Mental
Effort
Our first hypothesis that visual GLEs integrated with a narrative
context increase PP and positive mental effort is invalidated for
various reasons. First, we observed no difference in terms of
PP between Classic Corsi and its playful version. In the classic

version of the Corsi, the PP is not poor but falls short of optimal.
Consequently, we could have potentially improved the PP by
manipulating the visual GLEs, but this was not the case. In this
way, the PP did not seem to depend on the visual aspect of the
task.

Concerning the supposed action of visual GLEs on positive
mental effort, it appears that mental effort, perceived
performance, and frustration did not differ between the 2 tasks.
Thus, visual GLEs are not enough increasing positive mental
effort.

On the contrary, MWL related to the mobilization of visual
resources increased when we manipulated the extrinsic variables
to task requiring (presence of visual GLEs). This is not
surprising as, in the Playful Corsi, there are additional visual
elements, such as waves or water lilies, which increase the MWL
based on visual processing. Nevertheless, no other difference
was noted about spatial processing and manual output, indicating
that the tasks are relatively similar on the other dimensions.

Concerning the impact on effective performances, visual GLEs
decreased the total time compared with a classic design,
potentially attributed to the inherent challenge of game-like
environments. There are no speed instructions for this task.
Speed is therefore neither a performance criterion nor an
objective to be achieved. The increase in speed observed in the
playful condition may be due to an implicit incentive to
accelerate, given the game-like design of the task, where speed
is often an inherent goal. Concerning the expected responses
(corresponded to the accuracy), our result contradicted the study
by Redlinger et al [11] which specified that visual GLEs did
not affect performance. Indeed, in the study by Redlinger et al
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[11], the presence of backgrounds led to slight reductions in
accuracy but not significantly. In our study, this result is to
consider in light to the observed impact on the response time.
Indeed, we can assume that going faster leads to more errors.
This can be linked to the well-known speed-accuracy trade-off
[29], that is, the accuracy of a response varies with the time
taken to produce it. Furthermore, given that in our study, the
visual GLEs included changes to the background, additionally
to the object on which participants had to interact (cubes or
buoys), this could have induced greater distraction for
participants and therefore significant differences in performance
in favor of the Classic Corsi.

In conclusion, our results were in line with the meta-analysis
of Vermeir et al [9], indicating that gamified tasks are perceived
as significantly more demanding, at least considering the
perceived demand. Furthermore, this gamification is not
accompanied with a voluntary mental effort improvement nor
a better PP. A deterioration in performance has even been
observed. So, adding visual GLEs with narrative context is not
always beneficial for the task.

Impact of Increasing Cognitive Demanding
Our second hypothesis that the multiplicity of cognitive
demanding of the playful task might decrease PP and positive
mental effort is partially confirmed. PP is negatively influenced
by intrinsic variables (solicitation of multiple cognitive
functions) but there is every reason to believe that this
manipulation has increased the positive mental effort. This is
supported by a higher perceived mental effort in conjunction
with a higher perceived performance (confirmed by better
effective performances) but no increase in the perceived
frustration.

Concerning the decrease in PP, increasing the solicitation of
cognitive processing increases mental demand, which could
have a negative impact on PP. Indeed, Fang et al [17] and
Donovan et al [30] showed that PP had a significant and negative
correlation with task complexity. In our study, this could also
stem from the way we question the notion of PP: “To what
extent did you find the task you have just completed playful
and fun?” As the task becomes more cognitively demanding, it
can be perceived as more “serious,” which could reduce the
feeling of “playful.” Also, we acknowledge the limitation of
combining 2 descriptors (“playful” and “fun”) in a single
question, as they may not hold the same meaning for all
participants. “Playful” could refer to the task’s design or its
gamified elements, while “fun” might reflect the participant’s
subjective enjoyment or emotional response. This overlap
introduces potential ambiguity, as participants may weigh one
descriptor more heavily than the other. For the next studies, we
will consider separating these descriptors into distinct questions
to capture more nuanced insights into PP and enjoyment, thereby
reducing interpretive variability.

Nevertheless, even though the augmentation of the complexity
of a cognitive task decreases the PP, this manipulation increases

mental effort and perceived performance without increasing
frustration. This is the opposite of what we expected to see.
This can stem from the fact that “serious” is not antagonistic to
“pleasant,” “enjoyable,” or “motivating.” It just means that what
would help induce greater voluntary mental effort, would
correspond more to stronger cognitive stimulation (agreed) than
just the “fun” characteristics of an activity. This means that, to
encourage the voluntary mobilization of mental resources, one
possibility is to manipulate the cognitive demanding of a task
rather than its design only. Here, by “cognitive demanding,”
we are talking about cognitive challenge, not difficulty. In fact,
the actual performance, which is better in this condition, shows
us that the task is not more complex to perform. But everything
seems to indicate that the participant is more determined to
perform. Such a performance boost, resulting from cognitive
function multiplicity, could be a drawback when performing
cognitive assessment but is likely to be desirable in a cognitive
training scenario [14]. Indeed, in cognitive training scenarios,
the goal is to enhance overall cognitive functioning by engaging
multiple cognitive processes simultaneously since it mimics the
complexity and demands of real-life situations where multiple
cognitive functions are often required at once.

Therefore, to encourage the voluntary mobilization of mental
resources, based on our results, a possible approach could be
to manipulate the cognitive demanding of a cognitive task
(increasing mental effort and performance without increasing
frustration) rather than its design but allowing it to maintain a
high level of performance.

Limitations
Finally, it is important to specify that this study should be
extended to include a larger number of participants to strengthen
statistical significance. Given that the experiments were carried
out at the Nantes Hospital, which is far from the city center and
has few medical staff available, we were constrained by
logistical considerations. In addition, the choice of terms used
for measuring PP was not without ambiguity and may require
refinement in future studies.

Conclusion and Implications for Research
This study can provide cognitive testing practitioners or even
social game practitioners with valuable information on specific
game-like guidelines to impact users’ PP, while taking into
consideration the impact on MWL. We showed that the PP is
a skillful balance between design and the solicitation of
cognitive functions. Possibly, visual GLEs could raise the stakes
of the task slightly and implicitly encourage people to go a bit
faster (as observed with the Corsi test), but working on the way
cognitive functions are solicited would be wiser to improve
users’voluntary mental effort than adding GLEs. Future research
could explore further this last hypothesis as well as the influence
of additional GLEs, such as sounds, variations in narrative
context, or performance feedback.
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Abstract

Background: Telehealth has been effective in managing cardiovascular diseases like stroke and heart failure and has shown
promising results in managing patients with peripheral arterial disease. However, more work is needed to fully understand the
effect of telehealth-based predictive modeling on the physical fitness of patients with peripheral arterial disease.

Objective: For this work, data from the Keep Pace study were analyzed in depth to gain insights on temporal developments of
patients’ conditions and to develop models to predict the patients’ total walking distance at the study end. This could help to
determine patients who are likely to benefit from the telehealth program and to continuously provide estimations to the patients
as a motivating factor.

Methods: This work analyzes continuous patient-reported telehealth data, in combination with in-clinic data from 19 Fontaine
stage II patients with peripheral arterial disease who underwent a 12-week telehealth-based walking program. This analysis
granted insights into the increase of the total walking distance of the 6-minute walk tests (6MWT) as a measure for physical
fitness, the steady decrease in the patients’ pain, and the positive correlation between well-being and the total walking distance
measured by the 6MWT.

Results: This work analyzed trends of and correlations between continuous patient-generated data. Findings of this study include
a significant decrease of the patients’ pain sensation over time (P=.006), a low but highly significant correlation between pain
sensation and steps taken on the same day (r=−0.11; P<.001) and the walking distance of the independently performed 6MWTs
(r=−0.39; P<.001). Despite the reported pain, adherence to the 6MWT measurement protocol was high (85.53%). Additionally,
patients significantly improved their timed-up-and-go test times during the study (P=.002). Predicting the total walking distance
at the study end measured by the 6MWT worked well at study baseline (root mean squared error of 30 meters; 7.04% of the mean
total walking distance at the study end of 425 meters) and continuously improved by adding further telehealth data. Future work
should validate these findings in a larger cohort and in a prospective setting based on a clinical outcome.

Conclusions: We conclude that the prototypical trend estimation has great potential for an integration in the telehealth system
to be used in future work to provide tailored patient-specific advice based on these predictions. Continuous data from the telehealth
system grant a deeper insight and a better understanding of the patients’ status concerning well-being and level of pain as well
as their current physical fitness level and the progress toward reaching set goals.

Trial Registration: ClinicalTrials.gov Identifier: NCT05619835; https://tinyurl.com/mrxt7y9u

(JMIR Form Res 2025;9:e65721)   doi:10.2196/65721
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Introduction

Background
Peripheral arterial disease is a significant global health concern
with an estimated 202 million people affected worldwide [1].
Prevalence in Europe is reported at 5.3%, increasing to
15%‐20% among individuals over the age of 70 years [2].
Peripheral arterial disease is characterized by insufficient oxygen
supply due to arterial vessel alterations in the extremities. This
leads to pain when walking, forcing patients to stop walking
and thus affecting mobility and quality of life. Pain may occur
even at rest. Furthermore, the healing of wounds is slowed down,
and peripheral arterial disease may ultimately lead to necrosis.
Peripheral arterial disease is classified into distinct grades
according to the Rutherford system, which includes 6 categories,
and the Fontaine classifications, which include 4 stages.
Evidence-based guidelines for the management of peripheral
arterial disease are provided by organizations such as the
European Society of Cardiology, European Society of Vascular
Medicine, and American Heart Association [3-5].

Treatment for Fontaine stage I is typically limited to risk factor
management (eg, nicotine abstention and blood pressure
management), which remains a relevant factor throughout all
following stages. In Fontaine stage II, medication regimen and
structured walking training (SWT) become additional treatment
options. While medication is also recommended throughout
stages III and IV, SWT is only prescribed in stages II and III.
Stages III and IV have surgical interventions as an additional
treatment option [3,4].

SWT can more than double the pain-free walking distance of
patients with peripheral arterial disease within a 12-week
program [6,7], and achieve long-term outcomes comparable to
surgical intervention (revascularization) while being less
expensive and non-invasive [4,8]. To further foster SWT in
patients with peripheral arterial disease, the Trans-Atlantic
Inter-Society Consensus-II group has defined a training protocol
for patients. This recommendation suggests performing walking
exercises at an intensity that induces pain for 3‐5 minutes in
total within a 30‐60-minute session. Such a session should be
conducted 3 times per week for 3 months [9]. To evaluate the
progress of SWT and to assess the physical fitness of patients
with peripheral arterial disease, standardized tests have been
developed.

The state-of-the-art method for measuring the physical fitness
of patients with peripheral arterial disease is the 6-minute walk
test (6MWT), during which a patient walks as far as possible
within 6 minutes on an incline-free surface [10]. Usually, the
6MWT is performed under the supervision of a health care
professional (HCP) who measures the total walking distance
after the completion of the test [11]. Another test to measure
physical fitness is the timed-up-and-go (TUG) test. The TUG
test starts with the participant sitting on a chair. The participant

is then instructed to stand up, walk for 3 meters, turn around,
walk back, and sit back down. The time the participant needs
to complete this sequence of tasks is measured [12]. Even though
TUG tests are not primarily used for patients with peripheral
arterial disease, they provide information about the patients’
general mobility and frailness. Additionally, a previous
publication identified a significant correlation between the
6MWTs and TUG tests in patients with peripheral arterial
disease [13].

Telehealth is defined as the delivery of health care or
rehabilitation services to patients remotely using digital
technologies [14], which, over the last years, has proven to be
effective in the field of cardiovascular diseases, particularly
heart failure and stroke [15,16]. Telehealth and telerehabilitation
solutions have recently also shown promising results in the field
of peripheral arterial disease [17,18]. Telehealth can support
early detection of (post-operative) complications, with the
potential to improve functional capacity, claudication onset
time, and quality of life for patients with peripheral arterial
disease [19].

Despite these studies, the benefits and the potential of telehealth
in the setting of peripheral arterial disease are not yet fully
explored. Aspects like the influence of continuously measured
parameters and digital tools on the physical fitness of patients
with peripheral arterial disease must be further investigated.

Keep Pace Study Protocol
During the Keep Pace study, 19 patients with peripheral arterial
disease underwent a 12-week program with digital assistance
to evaluate the impact of telehealth solutions on patients with
peripheral arterial disease with a focus on the decision of
undergoing surgery after the program [20]. The participants for
the Keep Pace study were recruited at the outpatient clinics of
the Department of Angiology of the University Hospital Graz,
Austria. Patients who were shortlisted for getting an angioplasty
were contacted and asked to participate in the Keep Pace study.
Patients who gave informed consent and fit the inclusion criteria
were included in this study. The inclusion criteria were as
follows: age between 18 and 80 years, peripheral arterial disease
in Fontaine stage IIa or IIb, ownership of an Android mobile
device, and capability to use telehealth services. Patients lacking
compliance to perform SWT were excluded. At the onset of the
study, an initial in-clinic visit was performed, during which the
patient’s medical history and subjective limitations in daily
activities, including pain-free and total walking distance, were
assessed. All patients were diagnosed with peripheral arterial
disease based on imaging diagnostics before study entrance.
Because the location and grade of the occlusion were not part
of the analysis, all diagnostic imaging options, such as duplex
ultrasound, computer tomography, and magnetic resonance
angiography, were accepted, which did not provide information
about the location and grade of the occlusion for all patients.
In addition to the imaging peripheral arterial disease criteria,
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claudication had to be present for patients to be eligible for this
study. In the following 8 weeks participants were telemedically
supervised by a nurse. In the subsequent remaining 4 weeks,
patients performed their SWT therapy independently without
regular telehealth consultations. Thereafter, an in-clinic study
end visit was performed [20] .

During the Keep Pace study, the collected telehealth data have
been used to continuously monitor the patients’ status. They
might also be used for predictive modeling applications, eg, to
detect already at early stages, which patients will benefit from
the training and which patients might require additional
attention. It is expected that such a prediction could help to
achieve a more patient-specific therapeutic regime, tailored
exercise support, and expectation management. However,
currently, there is no evidence to support this hypothesis. This
work takes an in-depth look at the telehealth data recorded
during the Keep Pace study [20] by focusing on analyzing trends
in patient-reported timeseries data.

Objective
The aim of this investigation was to test the feasibility of
predicting the total 6-minute walk test distance at the study end

in patients with peripheral arterial disease, which can be used
to determine patients who will likely benefit more from the
telehealth program than others and additionally provide
patient-specific feedback and training regime adaptions
throughout the patients’ time in the telehealth system.

Methods

Dataset
For this work, data of 19 patients with peripheral arterial disease
in the Fontaine stage II were analyzed, which were collected
over a 12-week study period in the Keep Pace study [20]. While
the study protocol only specified that participants had to be
patients with peripheral arterial disease in Fontaine stage II, the
actual patient cohort was unanimously in Fontaine stage IIb.
The characteristics of the patients are shown in Table 1.

Data from 2 sources were collected during Keep Pace and
further processed in this analysis: (1) data assessed in-clinic by
HCPs at the beginning and at the end of the study (Textbox 1)
and (2) patient-reported data collected with a telehealth system
during the 12-week study period (Textbox 2).

Table . Patient characteristics by gender and in total (SD) [20].

Total (n=20)Male (n=13)Female (n=7)Characteristics

63.05 (6.55)62.46 (5.39)64.14 (8.68)Age, years, mean (SD)

77.64 (12.27)81.67 (11.95)70.14 (9.5)Weight, kg, mMean (SD)

1.72 (0.07)1.76 (0.05)1.65 (0.03)Height, m, mean (SD)

26.15 (4.08)26.33 (4.51)25.79 (3.44)BMI, kg/m²

78.75 (41.04)81.54 (37.16)73.57 (50.22)Subjective pain-free walking distance, m, mean (SD)

0 (0%)0 (0%)0 (0%)Fontaine stage IIa, n

20 (100%)13 (100%)7 (100%)Fontaine stage IIb, n

3 (15%)2 (15%)1 (14%)Diabetics, n (%)

20 (100%)13 (100%)7 (100%)Hypercholesterolemia, n (%)

12 (60%)10 (77%)2 (28%)Smokers, n (%)

7 (35%)4 (31%)3 (43%)Coronary artery disease, n (%)

Textbox 1. In-clinic data.

Patient characteristics: sex, height, age, weight, disease-related data like the date of diagnosis, cardiovascular risk factors, current medication, diabetes
and smoking assessment and year of diagnosis

6MWTs: manual measurement by an HCP and automated measurement with a dedicated 6MWT app [21]

TUG test data: automated measurement with a TUG test device as described in [21,22], including the total TUG time and sub-task times (stand-up,
walk-forward, turnaround, walk-back, sit-down, total walk time, and mobility time)

Textbox 2. Patient-reported telehealth data.

6MWTs: automated measurement with a 6MWT app [21] — recommended once per week

Steps per day: automatically measured by the mobile phone

Subjective well-being: recommended once per day

Pain: recommended once per day
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The telehealth data described in (Textbox 2) were gathered by
the patients using a dedicated mobile application. Patients did
not receive an incentive for completing the 6MWTs and the
SWT apart from the inherent incentive of improving their
physical fitness and quality of life by adhering to the
measurement and training regime. Subjective well-being was
assessed on a 3-item scale (good, medium, and bad) and pain
was reported on a scale (0=no pain to 10=maximum pain). The
steps per day were recorded with the smartphones’ native step
counter, and patients could perform unsupervised 6MWTs using
an integrated previously developed GPS-based 6MWT-app [21].

Predictive Modeling
We investigated different models for predicting the total walking
distance at the study end right at the onset of the program
(baseline) and at week n of the program, only based on data
recorded until week n. A leave-one-out setting was applied,
which excluded 1 patient from the training process and used
this patient as a validator for the developed algorithm, resulting
in 19 different data splits per tested model. This ensures that
each patient is used as the validator once per model. The quality
of the prediction as compared to the measured data at the study
end was calculated using the root mean squared error (RMSE).
The following predictive models were applied.

Distance at Baseline
This approach was mainly used as a reference for other models.
The 6MWT distance at the study end was estimated as equal to
the 6MWT distance at baseline (ie, this model assumed no
improvement during the study).

Average Improvement Based on All Patients
This model assumed that all patients had similar improvements.
Therefore, for estimating the 6MWT distance at the study end
of patient i in week n (dav,n,i), the mean change of all other
patients from week n to the study end was calculated and added
to the respective patient’s 6MWT distance dn,i in week n
(equation 1).

(1)dav,n,i= dn,i+ 118∑j=1j≠i19(dend, j−dn,j)

Logarithmic Interpolation Based on an Individual
Patient
Logarithmic interpolation was used to fit a logarithmic function
as defined by the parameters an,i and bn,i into all measured
6MWT distances dk,j performed at week xk,j until week n by the
respective patient i. The estimated distance at the study end as
derived in week n for patient i (dlog_ind,n,i) was calculated
according to equation 2.

(2)dlog_ind,n,i=(an,i*loge x+bn,i)|x=12

with[an,i,bn,i]=logfit(xk,j,dk,j) |∀k≤n, j=i

Logarithmic Interpolation Based on All Patients
Assuming that all patients improved similarly, logarithmic
interpolation was also applied to data from all patients when
defining parameters an and bn in week n. Therefore, all
measurements dk,j were first corrected for the mean of each
patient (dk,j−) (see equation 3).

(3)dlog_all,n,i=(an,i*loge x+bn,i)|x=12

with[an,bn]=logfit(xk,j,dk,j−) |∀k≤n,∀j

Linear Regression

All models described earlier are based on 6MWT distances
only. With the linear regression approach, also other data
assessed during the program were considered. Feature candidates
applied for predictions in week n were derived from all data
recorded during the in-clinic visit at baseline (see In-clinic data
in the Methods section) and from telehealth data recorded until
week n. Telehealth data contained the feature candidates, as
shown in Textbox 3:

All possible combinations of up to 8 features were evaluated.
Therefore, each feature was first tested on its own, and
subsequently features were added iteratively to test all possible
combinations. However, due to the small sample size, a
maximum number of 4 features was the goal.

Textbox 3. Feature candidates from telehealth data.

Mean 6MWT distance up to week n: this parameter represents all total walking distance measurements from the 6MWT app from the baseline up to
the week of the prediction.

Mean 6MWT distance in week n: this parameter considers only measurements of 6MWTs performed in the week of the prediction.

Logarithmic prediction in week n: this feature is derived from the trend-based analysis, where a predicted outcome is available for each week.

Statistical Analyses
All statistical analyses were implemented in MATLAB (The
MathWorks) and all predictive models were either implemented
in MATLAB or Python. Wherever reasonable, pre- and
post-study comparisons were performed on data assessed at the
in-clinic visits at baseline and the study end, using paired tests.
Continuously measured parameters were tested for correlation
with one another. Unless stated otherwise, correlations were
tested using the Pearson’s correlation coefficient with a previous
Anderson-Darling test to test for a normal distribution of the
data. Trend analyses were performed for all the continuous
measurements mentioned earlier for which the data were

aggregated on a weekly basis by calculating mean values per
parameter. Predictive models were evaluated by calculating the
root mean square error between the estimated 6MWT total
walking distance at the study end and the actually measured
distance. For this work, a P value <.05 was considered to be
significant.

Ethical Considerations
Ethical approval for the study was obtained from the Ethics
Committee of the Medical University of Graz (34‐127 ex
21/22 1566‐2021, ClinicalTrials.gov Identifier:
NCT05619835). All analyses performed during this work are
covered by this ethics approval. All participants received oral
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and written information prior to the study entry and provided
written informed consent to participate in this study. This
informed consent also covers the analysis of secondary study
outcomes performed in this paper. All data were recorded in a
pseudonymized way and anonymity was ensured for all
participants during the presentation of the findings. Patients did
not receive any financial incentives for participating in the study.

Results

Data Characteristics and Trend Analysis

The 6-Minute Walk Test
The study protocol recommended 12 6MWTs. 57.89% (11 out
of 19) patients performed 12 or more tests and were 100%
adherent to the measurement protocol. The 8 remaining patients
performed, on average, 7.88 (SD 2.36) 6MWTs and hence

achieved a mean adherence of 65.62% (SD 19.64%) of the 12
recommended tests. On average, patients performed 13.37 (SD
8.90) 6MWTs and overall adherence to the measurement routine
was 85.53% (SD 21.31%).

Figure 1 illustrates the 6MWT total walking distance aggregated
on a weekly basis for all patients. The total walking distance
increased over time, following a logarithmic trend.

As can be seen in Table 2, a significant correlation was found
between the 6MWT total walking distance at baseline versus
the distance at the study end. However, no significant correlation
between either the number of tests and the distance at baseline,
or the number of tests and the distance at the study end, or the
number of tests and the change in walking distance during the
program, or between the distance at baseline and the change in
walking distance during the program has been identified.

Figure 1. Course over time of weekly aggregated 6-minute walk test (6MWT) total walking distances for all patients, illustrated as lines per patient
and boxplots. Data are normalized for the patient-individual mean. Dashed lines illustrated interpolations over weeks with missing values. In-clinic
measurements of the first and last visit are shown in dark blue; tests measured with the 6MWT app are shown in azure. The number n of patients who
performed at least 1 6MWT in the respective week is shown on the bottom.

Table . Correlation between the final walking distance and the number of tests and the change in the walking distance between baseline and the study
end (R: correlation coefficient; PC: Pearson correlation coefficient; S: Spearman correlation coefficient).

Change in walking distanceNumber of testsDistance at the study end

r=0.02, P=.93, SR=–0.14, P=.56, Sr=0.78, P<.001, SDistance at baseline

r=0.71, P<.001, Sr=−0.17, P=.48, SN/ADistance at the study end

r=0.02, P=.93, SN/Ar=−0.13, P=.60, PCNumber of tests

Timed-Up-and-Go Test
Table 3 summarizes all TUG subtask measures at baseline and
the study end. Table 3 shows that the sit-down time significantly
decreased from 2.21 to 1.89 seconds (P=.038), and the total
walk time significantly decreased from 6.96 to 6.57 seconds

(P=.003). Additionally, the overall TUG time significantly
decreased from 10.6 seconds at baseline to 9.89 seconds at the
study end (P=.002). Also, all other parameters decreased but
did not reach statistical significance.

Figure 2 shows the decrease of the total TUG time.
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Table . TUG subtask times (in seconds; median (IQR)) at baseline and the study end with the P values calculated with the 2-tailed Wilcoxon test for
matched pairs.

P valueStudy end, median (IQR)Baseline, median (IQR)

.092.54 (2.10-3.00)2.67 (2.34-4.44)Stand-up

.061.76 (1.69-2.10)1.95 (1.70-2.21)Walk-forward

.111.56 (1.15-2.08)1.82 (1.43-2.34)Turnaround

.061.95 (1.82-2.21)2.09 (1.95-2.35)Walk-back

.041.89 (1.56-2.60)2.21 (2.10-2.87)Sit-down

.0036.57 (5.33-7.42)6.96 (5.98-9.78)Total walk time

.083.64 (3.51-4.04)4.10 (3.77-4.43)Mobility time

.0029.89 (8.58-11.59)10.6 (9.63-12.25)Total TUG time

Figure 2. Improvement of the timed-up-and-go test time at baseline versus the study end (n: number of observations; MED: median; IQR: interquartile
range).

Steps Per Day
The mean number of steps per day as measured by the
smartphone’s native app was 4176.58 (SD 2742.73). No
significant change in steps per day was found when aggregating
over all patients. However, 3 patients showed a significant
reduction of steps, and 4 patients significantly improved. No

relation between the change of recorded steps and the decision
of undergoing surgery after the program was observed.

Pain
Overall, patient-reported pain was significantly reduced from
a mean of 4.67 (SD 1.90) at baseline to 3.60 (SD 2.39) at the
study end (P<.05). Additionally, pain showed a very low but
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highly significant correlation with steps per day (r=−0.11;
P<.001) and the distance of the 6MWTs (r=−0.39; P<.001) on
days when patients submitted both measurements. Figure 3

illustrates the course over time of weekly pain values corrected
for the mean per patient.

Figure 3. Course over time of weekly aggregated pain measurements for all patients, illustrated as lines per patient and boxplots. The level of pain is
normalized for the patient-individual mean. Dashed lines illustrated interpolations over weeks with missing values. The number of patients who reported
at least 1 pain level in the respective week is shown on the bottom.

Subjective Well-Being
Out of 1597 subjective well-being data points, 41 (2.63%) were
reported as bad, 686 (43.0%) as medium, and 870 (54.5%) as
good. No trends or patterns in the development of subjective
well-being and no significant change from baseline to the study
end were identified. On 5 days with bad, 160 with medium, and
106 with good well-being, 6MWTs were performed by the
respective patient. On days with a submitted subjective
well-being and a 6MWT, the number of bad well-being was
1.88%, which is in the same magnitude as the overall bad
well-being submissions. Subjective well-being showed a
significant correlation with the 6MWT total walking distance
(r=0.26, P<.001, Spearman). On days with subjective well-being
and step count data available (40 bad, 657 medium, and 835
good), a weak but highly significant correlation between
subjective well-being and steps per day was found (r=0.19;
P<.001).

Trend Prediction and Predictive Modeling
Table 4 shows the RMSEs between estimated and measured
6MWT total walking distance at the study end (week 12),
depending on the week of estimation and the respective model.

The distance at the baseline model, which estimated the distance
at the study end equal to the distance at baseline, revealed an
error of 136 meters. The average improvement in the week n
method achieved an error of 109 meters at baseline and a
continuous decrease of the error up to week 7 with an error of
43 meters. The logarithmic interpolation with a patient
individual fit was not able to outperform the improvement in
the week n method. However, the logarithmic fit on all patients
was able to outperform the improvement in the week n method
from week 1 to week 6. The linear regression model used data
from the baseline of the study in combination with the
time-dependent features, described in the Methods ection under
the subsection Predictive modeling. The linear regression model
continuously decreased the prediction error from week to week
since the time-dependent features became more proximate to
the outcome. For this analysis, the number of features was set
to be between 1 and 4, whichever combination performed the
best according to Table 4. The linear regression was able to
outperform the logarithmic interpolation in every week. The
error of 30 meters achieved by the linear regression model at
baseline was 7.04% the mean total walking distance at the study
end of 425 meters. The progress of the estimation errors over
time is shown in Figure 4.
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Table . Root mean square error (m) between the estimated 6-minute walk test (6MWT) total walking distance at the study end and measured distance,
as achieved with different models based on the available data in the corresponding week.

WeekBaselineModel

1110987654321

———————————a136Distance
at base-
line

6MWT
data only

9516354435273596987112109    Aver-
age im-
prove-
ment in
week n

605865616267828791141233—    Loga-
rithmic
interpola-
tion for
individu-
al fit

4950504948484850505950—    Loga-
rithmic
interpola-
tion for
all pa-
tient fit

6MWT +
other da-
ta

141422222525292929293030    Linear
regres-
sion

aNot applicable.
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Figure 4. Course over time of the root mean square error (RMSE) between estimated and measured 6-minute walk test total walking distance, depending
on the week of estimation, per model.

Table 5 shows the RMSE of models using data assessed in-clinic
at the baseline of the study. Only the RMSE of the
best-performing feature or feature combination is shown in the
table. The ideal number of features for the linear regression was

4 (distance at the onset of the study, the patients’ sex, the
difference between subjectively estimated distance until the
onset of pain and the actual distance, and the ratio between the
2 TUG tests, both performed at the onset).

Table . Root mean square errors (m) of the estimated 6-minute walk test total distance as compared to the actually measured distance in week 12, based
on the number of features at the baseline.

Number of featuresModel

87654321

33.2331.9030.5930.6330.3131.1038.8952.08Linear regres-
sion

Discussion

Principal Results
In the current work, an in-depth analysis of previously not
analyzed data recorded during the Keep Pace Study was
performed, in which 19 patients with peripheral arterial disease
performed a 12-week walking program with telemonitoring
assistance. In addition to the improved pain-free walking
distance as previously published in [20], we identified significant
improvements in physical activity scores during the study, based
on both the TUG test and the 6MWT. The regular recording of
6MWTs by the patients at home in combination with the
telehealth service allowed HCPs to monitor the individual
success of the SWT in real time. Based on these data (Figure
1), we identified that the majority of the 6MWT improvement
happened in the first 3 weeks of the program, while saturating
thereafter, which is in good accordance with the training effect

in other studies, even though this stagnation of improvement
happens later in healthy individuals [23]. We also identified a
significant reduction of pain during the program. In contrast to
the training effect, this improvement did not show any saturation
but spread until the end of the program.

Despite the pain that was reported by the patients, the overall
adherence to the 6MWT measurement protocol was high
(85.53%). Unfortunately, we were only able to measure the
adherence to the test protocol and not the adherence to the actual
SWT, which was not recorded during the Keep Pace study.
Since we had no insight into whether the patients continuously
wore their smartphones with the step count, we could not use
the daily steps to draw conclusions about the adherence to the
WT. However, based on the high adherence to the measurement
protocol and the overall improvement in walking distance, we
assume that most patients were adherent to the training program,
too. Neither adherence nor improvement during the program
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was dependent on the initial 6MWT distance, which indicates
the program’s potential across all baseline fitness levels.

While both the 6MWT distance and the TUG time improved
during the program, no significant increase in the number of
steps per day, as another measurement of the daily physical
activity, was observed. However, since steps were tracked by
the smartphones’ native apps only, and since smartphones are
not expected to be carried continuously, the number of steps
might not be representative.

The TUG test is currently not a primary assessment tool for
physical fitness in patients with peripheral arterial disease.
However, TUG times and 6MWT distances are highly correlated
in patients with peripheral arterial disease. Since the TUG test
takes only approximately 20‐30 seconds (as compared to the
6 minutes of the 6MWT), it is much less burdensome and
time-consuming. Further studies are required to analyze whether
parts of the 6MWT can be replaced by TUG tests or if TUG
data can provide additional insights in combination with 6MWTs
to optimize peripheral arterial disease management.

The data showed that the physical activity and fitness levels
decreased with an increase in the pain sensation, as to be
expected since pain is a limiting factor for physical activity.
Similarly, the general well-being correlated with the outcome
of the 6MWTs. However, due to the highly unequal distribution
of subjective well-being on days on which a 6MWT was
performed, the correlation between well-being and 6MWT total
distance must be interpreted with care. Additionally, using a
scale from 1 to 3 for measuring the well-being might result in
inaccurate depictions due to a lack of granularity in the reporting
compared to a continuous scale from 0 to 10 which was used
for the measurement of pain. This lack of granularity might
explain why no significant change in the well-being during the
study has been identified.

The developed predictive models highlighted that—based on
telehealth data—the outcome can be predicted with an error of
30 meters at baseline, which corresponds to 7.04% of the mean
total walking distance at the study end. Whether this prediction
is accurate enough to help adjust the training to the individual
patient or to apply patient-specific measures, such as additional
phone calls, must be evaluated separately in a prospective
setting. With the modeling approaches, we have shown 2
potential use cases, where (1) a prediction at study baseline can
be done accurately to identify patients with great potential for
the system and (2) continuous, weekly predictions to give
patient-specific feedback. A prediction of the final walking
distance as in case (1) could be used to not only identify patients
with high potential to benefit from the system but also to
motivate them to join the system by providing them with a
probable result if they were adherent to the program. The
predictions of (2) could be used to provide patient-specific
feedback and training regime adaptions.

Limitations
The results of this study must be interpreted with care since our
dataset contained only 19 patients. Additionally, the study
population was very homogeneous with only patients with
peripheral arterial disease of Fontaine stage IIb since this stage

benefits the most from SWT. While this work showed that
predictive modeling and trend estimation work well for patients
with Fontaine stage IIb, future work must validate these findings
for other stages of peripheral arterial disease. Additionally, with
a rather short follow-up time of 90 days, the effects of the
telehealth solution on the long-term adherence to the walking
program could not be evaluated.

These limitations apply especially for the predictive models.
Therefore, we applied a leave-one-out train-test split to
maximize the available training data and limited the number of
features for the models. In general, the trend estimation worked
well compared to the distance-at-baseline method but showed
great differences in the RMSE between the methods.

As expected, telehealth data can improve the accuracy of models
that predict 6MWT distances at the study end. Simple models
showed high instability when applied on data of the first weeks
only, especially when based on individual patients’ data only.
However, even these models improved when telehealth data
from further weeks were included. The lowest error of all models
was achieved with the average improvement model applied in
week 11. However, this approach performed worse in previous
weeks, and predictions in week 11 might be of limited interest
in a real-world application. Additionally, we assume that this
extraordinarily good result might have been achieved by chance,
due to the small sample size. The algorithms used for predicting
the total walking distance at the study end were low in
complexity due to the small study size of only 19 patients. A
random forest was also tested as a possible approach but was
outperformed by linear regression in every instance. More
complex models like the random forest or support vector
machines, or even (deep) neuronal networks, might perform
even better. However, much larger datasets will be required to
train these models, even if transfer learning is applied.

Future Work
Future work should validate the effect of predictive modeling
in supporting home-based structured walking training in patients
with peripheral arterial disease with (a) a larger sample size,
(b) prospectively, and (c) based on clinical outcomes compared
to a control group only using the telehealth system without
continuous predictive modeling support. Finally, our results
need to be integrated into real-world telehealth settings, ideally
in a prospective study to evaluate the impact of informed
decision-making by the HCP based on recorded telehealth data
and on the results of the predicted outcomes. This approach
might not only help HCPs provide patient-specific care but
could also help the patients with their motivation by seeing the
progress and the prediction of what they could achieve if they
stayed adherent to the walking program.

Conclusions
This paper shows that the prototypical trend estimation has great
potential for an integration in the telehealth system to be used
in future work to provide tailored patient-specific advice based
on these predictions. Additionally, the continuous data from the
telehealth system grant a deeper insight and a better
understanding of the patients’ status concerning well-being and
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level of pain as well as their current physical fitness level and the progress towards reaching set goals.
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Abstract

Background: Unlike one-snap data collection methods that only identify high-risk patients, machine learning models using
time-series data can predict adverse events and aid in the timely management of cancer.

Objective: This study aimed to develop and validate machine learning models for sunitinib- and sorafenib-associated thyroid
dysfunction using a time-series data collection approach.

Methods: Time series data of patients first prescribed sunitinib or sorafenib were collected from a deidentified clinical research
database. Logistic regression, random forest, adaptive Boosting, Light Gradient-Boosting Machine, and Gradient Boosting
Decision Tree were used to develop the models. Prediction performances were compared using the accuracy, precision, recall,
F1-score, area under the receiver operating characteristic curve, and area under the precision-recall curve. The optimal threshold
for the best-performing model was selected based on the maximum F1-score. SHapley Additive exPlanations analysis was
conducted to assess feature importance and contributions at both the cohort and patient levels.

Results: The training cohort included 609 patients, while the temporal validation cohort had 198 patients. The Gradient Boosting
Decision Tree model without resampling outperformed other models, with area under the precision-recall curve of 0.600, area
under the receiver operating characteristic curve of 0.876, and F1-score of 0.583 after adjusting the threshold. The SHapley
Additive exPlanations analysis identified higher cholesterol levels, longer summed days of medication use, and clear cell
adenocarcinoma histology as the most important features. The final model was further integrated into a web-based application.

Conclusions: This model can serve as an explainable adverse drug reaction surveillance system for predicting sunitinib- and
sorafenib-associated thyroid dysfunction.

(JMIR Form Res 2025;9:e67767)   doi:10.2196/67767
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thyroid dysfunction; machine learning; cancer; sunitinib; sorafenib; TKI; tyrosine kinase inhibitor

Introduction

Background
Sunitinib- and sorafenib-associated thyroid dysfunction are
time-varying and underreported adverse drug reactions (ADR).
Despite the efficacy of multitargeted tyrosine kinase inhibitors
TKI as first- or second-line therapies for solid and hematologic
cancers, thyroid dysfunction—especially hypothyroidism—may
complicate treatment regimens using sunitinib and sorafenib.
Although not life-threatening, such adverse events can lead to
a suboptimal quality of life, physical discomfort, or the need
for thyroid dysfunction treatment [1,2]. Incidences of thyroid
dysfunction vary from 10%- to 85% for sunitinib and from 6.3%
to 27% for sorafenib [3-6]. Hypothyroidism develops late and

is prolonged, with onset ranging from 5 to 20 months [1,6-8].
Due to its high variability and difficulty in predicting, close
monitoring and proactive ADR surveillance with machine
learning (ML) models may be warranted to manage sunitinib-
and sorafenib-associated thyroid dysfunction.

Incorporating real-time laboratory data can enhance the
performance of ML models in predicting thyroid adverse events.
Previous studies have demonstrated the effectiveness of ML in
predicting thyroid dysfunction, such as amiodarone-induced
dysfunction using time-series data collection methods with a
robust performance [9]. In contrast, predicting immune
checkpoint inhibitor-induced adverse thyroid events without
continuous laboratory testing resulted in an area under the
precision-recall curve (AUPRC) of 0.510 [10]. Another study
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developed a predictive model for immune checkpoint
inhibitor-induced adverse thyroid events without detailed
time-point data collection, achieving an area under the receiver
operating characteristic curve (AUROC) of 0.885 with
thyroid-related features [11]. However, no studies have focused
on predicting thyroid adverse events caused by TKIs such as
sunitinib and sorafenib. Adopting timely data collection with
detailed clinical biochemical tests to develop thyroid dysfunction
surveillance systems can help clinicians timely adjust TKI
treatment by balancing risks and benefits.

Applying model interpretation and web-based applications can
alleviate the black-box drawback of ML models and enhance
understanding of ADRs. The SHapley Additive exPlanations
(SHAP) analysis is a mathematical method that has become
increasingly popular for explaining ML models [12-14]. It is
based on game theory concepts that calculate feature importance
and contributions to predicted outcomes at both population and
individual levels [15]. Model deployment in web-based or
smartphone applications were constructed in recent years to
strengthen the scalability of predicting specific diseases or ADRs
[13,16,17]. Through a user-friendly interface and explainable
model, applications can provide clinicians with a greater
understanding and actionable preventive remedies for their
patients. These techniques successfully have increased the
interpretability and accessibility of ML models to support
clinical decision-making.

The landscape of drug surveillance has experienced notable
changes, shifting from passive reporting systems or rules-based
alerting systems to active identification of adverse drug events,
driven by advancements in electronic health records and
artificial intelligence. Traditional methods often rely on
spontaneous reporting or rules-based alerting, which may lead
to underreporting and delays in identifying ADRs. The ML
models, particularly tree-based algorithms, can analyze
large-scale clinical data in real time, proactively detecting ADRs
and enhancing medication safety at the point of care [18]. By
continuously collecting and analyzing patient data, ML-driven
drug surveillance based on time-series data extraction enables
dynamic risk assessment, facilitating early intervention and
personalized treatment adjustments. Given the underreported
and time-varying nature of thyroid dysfunction, this progressive
approach can serve as a valuable tool for predicting ADRs in
patients undergoing TKI therapy.

Objective
The objective of this study was to develop and validate
progressive ML predictive models for sunitinib- and
sorafenib-induced thyroid dysfunction. Five algorithms—logistic
regression (LR), random forest (RF), Gradient Boosting
Decision Tree (GBDT), Light Gradient Boosting Machine
(LGBM), and Adaptive Boosting (AdaBoost)—were used to

construct the models. The specific aims of this study were (1)
to use time-series data collected at the baseline, and at 1, 2, 3,
4, 5, 6, 9, 12, 18, 24, 30, and 36 months after the index date to
generate predictive models using the five algorithms; (2) to
select the best model by comparing the accuracy, precision,
recall, F1-score, AUROC, and AUPRC, after adjusting for the
optimal threshold; (3) to interpret the best-performing model
with a SHAP analysis to analyze feature importance levels and
contributions, comparing findings with a previous
amiodarone-induced thyroid dysfunction predictive model; and
(4) to deploy the best-performing model by constructing a
web-based application.

Methods

Ethical Considerations
This retrospective study used the deidentified Clinical Research
Database (CRD) which includes data from Taipei Medical
University Hospital, Wan Fang Hospital, and Shuang Ho
Hospital of the TMU health care system. Ethical review for this
study was waived by the TMU-Joint Institutional Review Board
(approval no.: N202202053). As the data had been deidentified,
the requirement for informed consent was waived. No
compensation was provided to the participants.

Study Design and Patient Cohort
Data from patients who were first prescribed sunitinib or
sorafenib from 2013 to 2019 were collected as the derivation
(training) cohort, whereas data from patients treated between
2010 and 2012 were collected as a temporal validation (testing)
cohort. The data-splitting time point was chosen considering a
common proportion of 7:3 for the training and testing cohorts
and similar incidences of thyroid dysfunction in both cohorts
for better model development and validation. More recent data
were used for model training to better reflect current clinical
practice, allowing models to be developed with up-to-date
treatment patterns and patient characteristics. Patients were
excluded if they were younger than 18 years, pregnant, with a
history of hypothyroidism, had a diagnosis of thyroid carcinoma,
had undergone thyroidectomy, used levothyroxine, or had
abnormal thyroid-stimulating hormone (TSH) levels within 1
year before the index date, which was the first day of sunitinib
or sorafenib use. Patients were also excluded if they were lost
to follow up. Each individual was followed up for 3 years, and
data were collected until the end of the study period, loss to
follow-up, death, or occurrence of thyroid dysfunction. Figure
1 demonstrates the study design of the proposed models. This
study followed the Transparent Reporting of a multivariable
prediction model for Individual Prognosis Or Diagnosis +
Artificial Intelligence (TRIPOD + AI) reporting guideline [19].
Registration was not required, and no separate study protocol
was prepared.
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Figure 1. Study design of the proposed models. The study process included data collection, data splitting, data preprocessing, feature selection,
resampling, model development, model validation, threshold adjustment, model interpretation, and development of a web-based application. AdaBoost:
Adaptive Boosting; AUPRC: area under the precision recall curve; AUROC: area under the receiver operating characteristic curve; B-SMT: Oversampling
with the Borderline Synthetic Minority Oversampling Technique; CRD: clinical research database; GBDT: Gradient Boosting Decision Tree; LGBM:
Light Gradient Boosting Machine; RFECV: Recursive Feature Elimination with Cross-Validation; SMT: Synthetic Minority Oversampling Technique;
TMU: Taipei Medical University.

Time-Series Data Collection and Preprocessing
Variables including patient demographics, cancer-related
information, medication use, laboratory tests, coexisting drugs,
and comorbidities were collected from the CRD. Patient
demographics including age, gender, and cancer-related
information were collected once at the baseline. Laboratory
tests, medication use, comorbidities, coexisting drugs, weight,
and body mass index (BMI) were collected at the baseline, and
at 1, 2, 3, 4, 5, 6, 9, 12, 18, 24, 30, and 36 months after the index
date (Multimedia Appendix 1). Reengineering features included
calculating the cumulative dose, summed days of medication,
duration of sunitinib or sorafenib, and the slope of laboratory
tests at recent and previous data collection time points. The
number of coexisting thyroid-related drugs was calculated to
determine whether the aggregated use of these medications
increased the risk of thyroid dysfunction.

Data preprocessing including missing value imputation and
feature scaling was performed to ensure data quality. Features

with over 80% missing values, except for the TSH level, were
first excluded from the model. Missing values were imputed
using multivariate imputation by chained equations [20]. If
previous data were traceable, missing values, using time-series
data collection, were precisely imputed using the last observation
carried forward. Missing values in laboratory test slopes were
imputed with zero. A feature-scaling method—the robust
scaler—was used to reduce the effect of extreme values of
continuous variables. Features were first selected through a
literature review and clinical domain knowledge to identify
thyroid-related variables. Recursive feature elimination, a feature
selection technique that recursively removes the least important
features with 5-fold cross-validation was then used, and the
AUROC was considered to select optimal features for each
model. The codebook and missing rates of each variable in the
training and testing set are described in Multimedia Appendix
2.
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Prediction Outcome
The predictive outcome of this study was the occurrence of
sunitinib- or sorafenib-associated thyroid dysfunction. Patients
were defined as a TSH level ≥4 mIU/L, a diagnosis of
hypothyroidism with International Classification of Diseases
codes (ICD-9-CM; 243 or 244 or ICD-10; E02 or E03), or use
of levothyroxine (Anatomical Therapeutic Chemical code:
H03AA02). These criteria were defined following previous
studies that focused on drug-induced thyroid dysfunction
[9,21,22].

Model Development and Validation
The study used three resampling strategies and raw data applied
to the five algorithms to develop 20 machine learning models.
The five algorithms included LR, RF, AdaBoost [23], LGBM
[24], and GBDT [25]. Resampling strategies used were random
over-sampling (ROS), borderline synthetic minority
oversampling technique (B-SMT), and a combination of over-
and under-sampling using SMT and Tomek links (STMK).
Bayesian optimization with 5-fold cross-validation and the
AUPRC were considered for hyperparameter tuning [26]. For
boosting models, hyperparameters such as learning_rate and
n_estimators were optimized to balance convergence speed and
model complexity. Specifically, in LGBM, subsample and
colsample_bytree were fine-tuned to mitigate overfitting. Key
parameters including max_depth, min_samples_split, and
min_samples_leaf were adjusted to improve generalization and
prevent overfitting for RF. Table S3.1 in Multimedia Appendix
3 lists the ranges of hyperparameters used for tuning in each
algorithm. Pseudocodes of the model development process are
listed in Multimedia Appendix 4.

A stratified 5-fold cross-validation was first used for internal
validation of the training dataset, and the performances of the
20 models were evaluated using the temporal validation cohort.
The accuracy, precision, recall, F1-score, AUROC, and AUPRC
were the metrics used for evaluating model performance. Model
performance was compared and evaluated following the
sequence of the highest AUPRC, AUROC value, and F1-score
to select the best-performing model.

Threshold Adjustment, Model Interpretation, and
Web-Based Application
To optimize the performance of the best-performing model,
different thresholds were selected on the PRC based on different
percentages of outcome predictions. Five cutoff points were
chosen: (1) a high-risk threshold for identifying a lower number
of patients potentially at risk; (2) a default threshold of 0.50;
(3) an optimal threshold based on the maximum F1-score; (4)
an equal threshold where precision, recall, and F1-score were
equal, and (5) the low-risk threshold for identifying a higher
number of patients potentially at risk. The F1-score, recall,
precision, and accuracy were then compared for these 5
thresholds. The best model was further examined by SHAP
analysis to explain feature importance and contribution at both
the population and individual levels [27]. At the population
level, SHAP summary plots were used to demonstrate feature
importance and how the top-ranked features impacted outcome
predictions. On the other hand, SHAP force plots were used to

visualize how the features contributed to outcome predictions
in specific patients.

The model was further integrated into a web-based application
to increase the accessibility of the model. The Python Flask
framework was used to develop the application programming
interface. The value of each feature served as input data that
were fed back into the model to generate a predictive probability
of thyroid dysfunction. The consistency of feature scaling
between input data and training data was ensured by applying
the same scaling transformation. The input variables with
missing values were imputed with the last observation or the
same multivariate imputation by chained equations
transformation applied during model development to ensure
consistency in predictions.

Statistical Analysis
Patient characteristics were evaluated with independent t tests
or the Wilcoxon rank-sum test for continuous variables, and the

χ2 test or Fisher exact test for categorical variables. A two-sided
P value <.05 was considered statistically significant. Data were
analyzed using SAS (version 9.4; SAS Institute), Python
(version 3.9.5; Python Software Foundation), and R software
(version 4.2.2; R Foundation for Statistical Computing). The
statistical significance of the AUPRC was calculated using
MedCalc software (version 22.001).

Results

Patient Characteristics and Multivariate Analysis
This study enlisted data from 900 patients prescribed sunitinib
or sorafenib from initial screening from the CRD. A STROBE
(Strengthening The Reporting of Observational Studies in
Epidemiology) flowchart of patient selection is described in
Multimedia Appendix 5. After applying the exclusion criteria,
807 patients remained. Patient characteristics and multivariate
analysis of the training and temporal validation cohorts are listed
in Multimedia Appendix 6. The training cohort contained 609
patients, with 52 (8.5%) patients developing thyroid dysfunction,
while 16 (8.1%) patients experienced thyroid dysfunction in
the temporal validation cohort of 198 patients. There were no
significant differences in age or gender in the derivation or
temporal validation cohort. Cancer type, histology, aspartate
aminotransferase (AST), and bilirubin levels significantly
differed (P<.001) between patients with and those without
thyroid dysfunction in the two cohorts.

Model Development and Validation
The total number of features selected by recursive feature
elimination were 20, 18, 15, 40, and 20 in GBDT, AdaBoost,
LGBM, RF, and LR, respectively. The most frequently selected
features were recent laboratory tests including AST, alanine
transaminase (ALT), bilirubin, cholesterol, and triglyceride
levels. Patient demographics such as age and BMI summed
days of medication use, and follow-up duration were also among
the top-ranked selected features (Multimedia Appendix 7). The
optimal hyperparameter subsets selected by Bayesian
optimization are listed in Table S3.2 in Multimedia Appendix
3.
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Figure 2 shows the model performance based on the AUPRC,
AUROC, F1-score, precision, recall, and accuracy in 20 ML
models of the temporal validation cohort. Most of the GBDT
and AdaBoost models had higher AUPRC values and F1-scores,
while recall was higher in the RF and LR models. Of all the
ML models, the GBDT without resampling (GBDT_RAW)
outperformed the other models, with an AUPRC of 0.600,
AUROC of 0.876, and an F1-score of 0.522. The AUPRC of

GBDT_RAW (0.600, 95% CI 0.350-0.798) was significantly
higher than those of the GBDT_ROS (0.388, 95% CI
0.175‐0.618; P<.05), GBDT_BMST (0.300, 95% CI
0.124‐0.549; P<.05), and GBDT_STMK (0.346, 95% CI
0.147‐0.582; P<.05). Multimedia Appendix 8 lists model
performances of 5-fold cross-validation with the training cohort
and the statistical significance tests of the AUPRC of all the
models.

Figure 2. Model performance on temporal validation. The model performance evaluated by the six metrics is demonstrated in a heatmap. Blue and
green colors represent higher and lower values, respectively. ROS: random oversampling; BSMT: Oversampling with Borderline Synthetic Minority
Oversampling Technique; STMK: Synthetic Minority Oversampling Technique-Tomek Links; GBDT: Gradient Boosting Decision Tree; AdaBoost:
Adaptive Boosting; LGBM: Light Gradient Boosting Machine; RF: random forest; LR: logistic regression; AUPRC: area under the precision-recall
curve; AUROC: area under the receiver operating characteristic curve.

Threshold Adjustment
Figure 3 shows the five cutoff points on the PRC and the
precision, recall, and F1-score at different thresholds of the
GBDT_RAW model. Based on different percentages of outcome
predictions, cutoff points were 0.851 for identifying the top 1%
of patients (2 predictive positive cases, point A — high-risk
threshold),0.500 for the top 3.5% (7 predictive positive cases,
point B — default threshold), 0.495 for the top 4% (8 predictive
positive cases, point C — optimal threshold based on the
maximum F1-score), 0.272 for the top 8% (16 predictive positive
cases, point D — equal threshold), and 0.071 for the top 26%

of patients (51 predictive positive cases, point E — low-risk
threshold). When moving the threshold from 0.500 to 0.851
(point A), the precision increased from 0.875 to 1.000, while
recall significantly decreased to 0.125. In contrast, recall
significantly increased to 0.750 and the precision decreased to
0.231 when changing the threshold to 0.066 (point E). The
precision, recall, and F1-score reached 0.500 when the threshold
was adjusted to 0.272 (point D). The optimal threshold of 0.495
(point C) for the GBDT_RAW model was selected based on
the maximum F1-score, with a precision of 0.875, recall of
0.438, and F1-score of 0.583.
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Figure 3. Threshold adjustment for the GBDT_RAW model. The five cutoff points on the precision-recall curve (A) represent different percentages
of outcome predictions, precision, recall, and F1-scores based on different thresholds; (B) ,The X-axis represents the value of the threshold and the
Y-axis shows values of the precision, recall, and F1-score.
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Model Interpretation
Figure 4 shows model interpretation implemented with the
SHAP analysis on the best-performing GBDT_RAW model.
The summary plot in Figure 4A displays that the top five
important predictors were the AST level, TG level, follow-up
duration, cholesterol level, and albumin level. Figure 4B shows
that patients with lower AST levels, higher cholesterol levels,
higher albumin levels, longer durations of medication use, and
clear cell adenocarcinoma histology had higher SHAP values

for predicting the occurrence of thyroid dysfunction. At the
individual level, force plots showed the impacts of features on
predicting thyroid dysfunction in two specific patients. Figure
4C shows a patient with a predictive probability of 0.02,
resulting from his AST level of 69 IU/L and the summed days
of medications of 62 days, which contributed most negatively
to outcome predictions. For a patient with a predictive
probability of 0.82 in Figure 4D, the medication duration of
708 days and clear cell adenocarcinoma served as the most
important factors that positively impacted outcome predictions.

Figure 4. Model interpretation with a SHAP analysis for the GBDT_RAW model. At the population level, the summary bar plot (A) Mean SHAP
values of all features, and a summary dot plot; (B) shows how each feature impacted the outcome prediction. The x-axis shows SHAP values of all
features, and the colors represent the feature values, with red and blue respectively demonstrating higher and lower values. At the individual level, force
plots in (C) and (D) show how features contributed to the model output value in each patient. Red and blue arrows represent positive and negative
contributions of features, and the length of the arrow shows the magnitude of the impact on outcome predictions. LAB_AST: recent aspartate
aminotransferase level; LAB_TG: recent triglyceride level; PRED_DUR: follow-up days; LAB_Cholesterol: recent cholesterol level; LAB_Albumin:
recent albumin level; LAB_AST_SLOPE: slope of aspartate aminotransferase level; MED_SUM: sum days of medication; LAB_MCV_SLOPE: slope
of mean corpuscular volume; PRE_Hb: previous hemoglobin level; PRE_ALT: previous alanine transaminase level; LAB_MCH: recent mean corpuscular
haemoglobin level; LAB_SCr: recent serum creatinine level; LAB_Hct_SLOPE: slope of hematocrit level; MED_DUR: duration of medication;
PRE_MCHC: previous mean corpuscular hemoglobin concentration level; LAB_SCr_SLOPE: slope of serum creatinine level; LAB_MCHC_SLOPE:
slope of mean corpuscular hemoglobin concentration level.

Web-Based Application
A web-based application for predicting sunitinib- and
sorafenib-associated thyroid dysfunction was developed using
the GBDT_RAW model (Figure 5). The application provides

a user-friendly interface by showing 20 features selected by the
GBDT model. Values of the features can be filled in with the
appropriate units shown in each input box. The model then
generates a predictive probability for the risk of sunitinib- or
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sorafenib-associated thyroid dysfunction. Ultimate predictions
for the occurrence of thyroid dysfunction were determined based

on thresholds adopted by clinical users.

Figure 5. Web-based application with a user-friendly interface. A web-based application developed using the GBDT_RAW model showing 20 selected
features selected and the predictive probability.

Discussion

Principal Findings
This study developed explainable ML models by collecting
time-series data to predict sunitinib- and sorafenib-associated
thyroid dysfunction. The present model allowed ongoing
predictions according to the rapidly shifting status of the disease
for patients undergoing long-term TKI treatment. The
best-performing GBDT without resampling model was
optimized by threshold moving strategies to achieve a maximum
F1-score. This study further used a SHAP analysis that provided
interpretability at both the population and individual levels,
identifying key predictors such as AST, cholesterol, and albumin
levels. The feature selection process revealed similarities with
prior research on amiodarone-induced thyroid dysfunction,
supporting the model’s potential applicability to other
drug-induced thyroid dysfunctions [9]. Integrating the model
into a web-based application demonstrated its practical utility
by allowing real-time risk estimation based on patient-specific
data.

Time-Series Data Collection
Time-series data collection in this study had a few advantages
for thyroid dysfunction predictions on TKI users as illustrated
in Figure 6. Clinical data at multiple time points in a long-term

follow-up period were collected for model building. Time-series
data allowed reengineering features by calculating rates of
change of laboratory tests at recent and previous time points.
The last observation carried forward method using the last value
to replace missing data in subsequent time points ensured that
missing values were imputed with plausible estimates [28]. This
time-series data collection closely monitored patients newly
prescribed TKI users and those on long-term TKI therapy. The
time-series model captured the critical moment of an
approaching adverse event for an individual patient, providing
oncologists with invaluable information to treat patients on
TKIs.

Identifying thyroid dysfunction was reported to potentially serve
as a prognostic indicator for treatment outcomes. Sunitinib and
sorafenib respectively demonstrated progression-free survival
(PFS) periods of 11 and 5.5 months in patients with renal cell
carcinoma [29,30]. Interestingly, studies indicated that patients
with thyroid dysfunction had a longer PFS compared to patients
with normal thyroid function among sunitinib (11.9 vs 8.8
months) and sorafenib users (19.3 vs 5.5 months) [4,31]. These
findings suggest that thyroid dysfunction may not only represent
an adverse event but could serve as a marker of enhanced
therapeutic response. Leveraging a time-series data collection
approach, this study can predict thyroid dysfunction risk while
simultaneously identifying patients who may derive greater
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clinical benefits from sustained TKI therapy. Unlike one-snap
data collection which arbitrarily differentiates high-risk patients
from a low-risk group, this time-series approach allows high-risk
patients to use lifesaving TKIs for a relatively longer grace
period which can significantly enhance their survival times.

Models with time-series data collection balance the risks and
benefits of survival and adverse drug events, bestowing precious
survival periods for end-stage cancer patients with reasonable
medication safety and improved quality of life.

Figure 6. Graphic comparison of one-snap and time-series data collection methods. Time-series and one-snap data collection methods were compared.
The dashed line represents possible changes in variables during a long-term follow-up period. LOCF: Last Observation Carried Forward

Best-Performing Model With Threshold Adjustment
The GBDT_RAW model outperformed other machine learning
models in this study, with thresholds adjusted to optimize model
performance. The gradient boosting method analyzed nonlinear
relationships and handled imbalanced data to predict diagnoses,
hospital readmissions, and clinical outcomes [32-34]. During
the hyperparameter tuning process, the AUPRC was considered,
rather than the F1-score, without adjusting the threshold for
imbalanced data [35,36]. The model without resampling
outperformed resampling approaches by maintaining high
precision, while the sparsity of the minority class in this study
probably caused resampling to introduce noise or unrealistic
synthetic data, failing to improve recall. The final model then
used five cutoff points on the PRC to decide optimal thresholds
and percentages of positive predictions. A relatively low
threshold can identify all patients at risk but may increase the
number of false positives, overwhelming clinicians with
numerous warnings to review. On the contrary, choosing a
relatively high threshold reduces the number of false positives
but increases the chances of missing true positive cases. The
selected threshold increased the precision, recall, and F1-score
of the model’s performance, while considering the relative costs
of false positives and false negatives to meet clinical needs [37].

Model Interpretation and Potential for Model
Expansion
Similar features for predicting drug-induced thyroid dysfunction
were selected by the presence of TKIs and a previous
amiodarone model built by our research team [9]. The feature
selection process identified age, BMI, medication duration,
summed days of medication, rate of change in serum creatinine
levels, and recent mean corpuscular hemoglobin, AST, and

cholesterol levels as key predictors of thyroid dysfunction in
this study. Interestingly, these same features were also selected
in our previous amiodarone model, suggesting their potential
relevance across different drug-induced thyroid dysfunction
models. Similar features highlight the potential for model
expansion to increase generalizability. Top-ranked features
identified in this study and their contributions calculated by the
SHAP analysis were aligned with clinical domain knowledge.
Higher cholesterol levels were found to positively impact
predictions, which can be explained by the effect of thyroid
function on lipoprotein metabolism [38]. The present study also
found that longer summed days of medication increased the risk
of thyroid dysfunction. This finding was confirmed by a
long-term safety study of sunitinib, which showed the frequency
of thyroid dysfunction, unlike other adverse events, gradually
increased over time [39]. The AST level and histology of clear
cell carcinoma served as important predictors, which may have
resulted from a relatively lower incidence of thyroid dysfunction
in patients with hepatocellular carcinoma and renal cell
carcinoma.

Clinical Implications of Web-Based Drug Surveillance
ML-based drug surveillance provides a promising tool for
predicting and managing thyroid dysfunction caused by TKIs.
Traditional clinical decision support systems (CDSS) rely on
rule-based alerts for drug interactions or contraindications but
often fail to capture the multifactorial nature of drug-induced
thyroid dysfunction, which depends on thyroid-related factors
[40]. AI-driven CDSSs, leveraging ML algorithms, can
overcome these limitations by identifying complex patterns in
patient data, providing personalized risk assessments, and
generating timely alerts for thyroid function monitoring.
Deploying such ML models on cloud-based platforms alongside
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rule-based CDSSs could enhance real-time risk stratification,
enabling early detection, intervention, and potential adjustments
in therapy to prevent endocrine complications. Further
exploration of CDSSs incorporating ML predictions are
warranted to improve clinical practice and medication safety
[40].

Limitations
There are a few limitations of this study. Data were from a single
healthcare system and included limited numbers of sunitinib-
or sorafenib-treated patients. There were missing data in the
diagnosis of comorbidities and medication use. The nature of
a retrospective study introduces underestimations of the
incidence of thyroid dysfunction. As a result, different features
selected by the present model and our previous amiodarone
model mainly resulted from features with higher missing rates.
Multicenter and multicountry studies for improving model

extrapolation are needed before clinical application. Future
qualitative research and prospective studies with the involvement
of physicians should also be conducted to assess the usability
and accessibility of the model for real-world evidence.

Conclusions
This study applied time-series data collection to capture the
critical moment of sunitinib- and sorafenib-associated thyroid
dysfunction for ADR surveillance. The optimal threshold can
balance the precision and recall meeting clinical needs. Feature
importance was explained at the population and individual
levels. The web-based application increased the model
accessibility, allowing clinical users to receive real-time
predictions. The comparison of features with
amiodarone-induced thyroid dysfunction highlighted the
potential for future model expansion.
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ADR: adverse drug reaction
ALT: alanine transaminase
AST: aspartate aminotransferase
AUPRC: area under the precision recall curve
AUROC: area under the receiver operating characteristic curve
CDSS: clinical decision support systems
CRD: clinical research database
GBDT : Gradient Boosting Decision Tree
LGBM: Light Gradient Boosting Machine
LR: logistic regression
ML: machine learning
RF: random forest
TKI: tyrosine kinase inhibitor
TMUH: Taipei Medical University Hospital
TRIPOD+AI: Transparent reporting of a multivariable prediction model for individual prognosis or diagnosis +
artificial intelligence
TSH: thyroid-stimulating hormone

Edited by A Mavragani; submitted 23.10.24; peer-reviewed by AP Vit, L Guo; revised version received 03.03.25; accepted 04.03.25;
published 10.04.25.

Please cite as:
Chan FY, Ku YE, Lie WN, Chen HY
Web-Based Explainable Machine Learning-Based Drug Surveillance for Predicting Sunitinib- and Sorafenib-Associated Thyroid
Dysfunction: Model Development and Validation Study
JMIR Form Res 2025;9:e67767
URL: https://formative.jmir.org/2025/1/e67767 
doi:10.2196/67767

© Fan-Ying Chan, Yi-En Ku, Wen-Nung Lie, Hsiang-Yin Chen. Originally published in JMIR Formative Research
(https://formative.jmir.org), 10.4.2025. This is an open-access article distributed under the terms of the Creative Commons
Attribution License (https://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution, and reproduction
in any medium, provided the original work, first published in JMIR Formative Research, is properly cited. The complete
bibliographic information, a link to the original publication on https://formative.jmir.org, as well as this copyright and license
information must be included.

JMIR Form Res 2025 | vol. 9 | e67767 | p.364https://formative.jmir.org/2025/1/e67767
(page number not for citation purposes)

Chan et alJMIR FORMATIVE RESEARCH

XSL•FO
RenderX

https://formative.jmir.org/2025/1/e67767
http://dx.doi.org/10.2196/67767
http://www.w3.org/Style/XSL
http://www.renderx.com/


Assessment of Gait Parameters Using Wearable Sensors and
Their Association With Muscle Mass, Strength, and Physical
Performance in Korean Older Adults: Cross-Sectional Study

Jinyoung Shin1, MD, PhD; Hyuk Jung Kweon2, MD, PhD; Jaekyung Choi1, MD, PhD
1Department of Family Medicine, Konkuk University Medical Center, Konkuk University School of Medicine, Seoul, Republic of Korea
2Department of Family Medicine, Konkuk University Medical Center, Chungju Hospital, Konkuk University School of Medicine, 268 Chungwon-daero,
Chungju, Republic of Korea

Corresponding Author:
Hyuk Jung Kweon, MD, PhD
Department of Family Medicine, Konkuk University Medical Center, Chungju Hospital, Konkuk University School of Medicine,
268 Chungwon-daero, Chungju, Republic of Korea

Abstract

Background: Gait speed indicates the onset or decline of physical performance in sarcopenia. However, real-time measurements
of other gait parameters, such as step length, stride length, step width, and support time, are limited. The advent of wearable
technology has facilitated the measurement of these parameters, necessitating further investigation into their potential applications.

Objective: This study aimed to investigate the relationship between gait parameters measured using wearable sensors and
muscle mass, strength, and physical performance in community-dwelling older adults.

Methods: In a cross-sectional study of 91 participants aged ≥65 years, gait parameters, such as step count, step length, cadence,
single and double support times, vertical oscillation, and instantaneous vertical loading rate (IVLR), measured using a wireless
earbud device, were analyzed on the basis of the appendicular skeletal muscle mass index (SMI), calf circumference, handgrip
strength, 5-time chair stand test, short physical performance battery (SPPB), and the SARC-F (strength, assistance with walking,
rise from a chair, climb stairs and fall frequency) questionnaire. This study was conducted from July 10 to November 1, 2023,
at an outpatient clinic of a university hospital in Seoul, Korea. Multiple regression analysis was performed to investigate independent
associations after adjusting for age, sex, BMI, and comorbidities.

Results: Among 91 participants (45 men and 46 women; mean age 74.1 years for men and 73.6 years for women), gait speed
and vertical oscillation showed negative associations with their performance in the 5-time chair stand test (P<.001) and SARC-F
and positive associations with their performance in the SPPB (P<.001). Vertical oscillations were also associated with grip strength
(P=.003). Single and double support times were associated with performance in the 5-time chair stand test and SPPB (P<.001).
In addition, double support time was associated with SARC-F scores (P<.001). Gait speed, support time, vertical oscillation, and
IVLR showed independent associations with performance in the 5-time chair stand test and SPPB (P<.001), both related to muscle
strength or physical performance. Gait speed, double support time, and vertical oscillation all had significant associations with
SARC-F scores.

Conclusions: This study demonstrated a significant association between gait monitoring using wearable sensors and quantitative
assessments of muscle strength and physical performance in older people. Furthermore, this study substantiated the extensive
applicability of diverse gait parameters in predicting sarcopenia.

(JMIR Form Res 2025;9:e63928)   doi:10.2196/63928

KEYWORDS

gait analysis; sarcopenia; wearable electronic devices; muscle mass; physical performance; older adults; geriatric; cross-sectional
study; outpatient clinic; Korea; mHealth; mobile health

Introduction

Sarcopenia is an age-related condition characterized by the
progressive loss of skeletal muscle mass and strength, as well
as physical performance [1], which increases the risk of
disability, falls, cognitive decline, loss of independence, and
mortality among community-dwelling older adults [2-5]. The

International Clinical Practice Guidelines for Sarcopenia
recommend annual clinical assessments or more frequent
evaluations after major health events, such as hospitalization,
to detect early signs of frailty [6,7]. According to the 2019 Asian
Working Group for Sarcopenia (AWGS) consensus update, the
diagnosis of sarcopenia should be based on changes in muscle
strength, physical performance, and muscle mass, with case
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findings leading to a comprehensive assessment and diagnosis
in primary care or community preventive settings [8-10].

Gait monitoring, particularly gait speed, has been identified as
a valid indicator of sarcopenia and is associated with health
outcomes such as disability and mortality in older adults [11,12].
Although various gait parameters such as step length, stride
length and width, and single support time during walking can
be detected, their use in research has been limited owing to
challenges in real-time measurement and result standardization
[13]. Wearable sensors have made it easier to conduct real-time
evaluations. A meta-analysis of 82 studies addressing over 100
gait parameters outcomes discovered high validity and
reliability, particularly for spatiotemporal parameters such as
step time and stride time [14].

Because smartphone apps enable the measurement of
spatiotemporal outcomes while older adults walk, the clinical
utility of real-time monitoring of changes in mobility among
older adults using wearable sensors has been highlighted [15].
Daily walking count guidance using wearable sensors improves
physical activity and reduces sarcopenia in older adults in
Taiwan [16]. A study examining men older than 50 years in
Korea using a wearable smart belt for 4 weeks discovered
significant correlations between gait speed and sarcopenia, as
defined by grip strength and dual-energy x-ray absorptiometry
[17]. Several studies measured gait parameters using watches
or footwear [18]. However, few studies have investigated the
association between various gait parameters other than gait
speed or step length and sarcopenia diagnosis based on muscle
strength, muscle mass, and physical performance using an
earbud device [19,20]. This study aimed to investigate the
relationship between various gait parameters measured using
wearable sensors (particularly earbud-type sensors) and
sarcopenia, based on muscle mass, strength, and physical
performance, among community-dwelling older adults.

Methods

Study Design and Participants
This is a cross-sectional study. The primary objective of this
study was to investigate the association between gait parameters
and various sarcopenia measurements such as muscle mass,
strength, and physical performance. The secondary objective
was to determine if newly usable gait parameters, which can be
easily measured using wearable sensors, were significantly
associated with sarcopenia. In the initial study, the target sample
size for both men and women was 45 individuals in an initial
study [21]. This analysis was performed as a secondary study,
using data from a comparison study of a portable device for
muscle mass and bioelectrical impedance analysis (BIA). At an
older adult community center, we recruited 91 participants aged
65 years or older who could perform daily activities
independently. We displayed a recruitment poster at the
community center, inviting older adults interested in the study
to apply to participate. This study was performed at the
outpatient clinic of a university hospital in Seoul, Korea,
between July 10 and November 1, 2023. The exclusion criterion
was ongoing treatment for uncontrolled conditions such as
malignancy, acute stroke, or dementia.

Muscle Mass, Strength, and Physical Performance
Measurements
Muscle mass was determined using the appendicular skeletal
muscle mass index (SMI) and calf circumference. The SMI is
calculated by dividing the total lean mass of both arms and legs

by the square of the height (kg/m2) as measured using BIA
(InBody 770; Cerritos). Calf circumference was measured at
the thickest point on both sides, with moderate to high sensitivity
and specificity for detecting low skeletal muscle mass [10,22].
Muscle strength was determined by the grip strength measured
3 times at 30-second intervals for each hand in a standing
position, alternating between the dominant and nondominant
sides, using a Smedley handheld dynamometer [23]. The 5-time
chair stand test, which assesses both physical performance and
muscle strength, requires participants to stand and sit 5 times
as quickly as possible from a straight-backed chair with no arm
support [24]. A short physical performance battery (SPPB) was
used to assess balance, gait, and lower limb strength. This
included standing with feet side-by-side, semitandem, and
tandem positions; walking 8 feet; and rising from a chair to
return to a seated position 5 times [25]. The SARC-F (strength,
assistance with walking, rise from a chair, climb stairs and fall
frequency) questionnaire was used to assess sarcopenia risk
based on its 5 components, with fall frequency ranging 0-10.
A total score of ≥4 indicates sarcopenia. The Korean version
of the SARC-F was previously validated [26,27]. According to
the AWGS consensus report in 2014, we used the cutoff values

for SMI (less than 7.0 kg/m2 for men and less than 5.7 kg/m2

for women using BIA) and calf circumference (<34 cm for men
and <33 cm for women) [1]. Low muscle strength was defined
as grip strength of <28 kg for men and <18 kg for women. The
cutoff value for the 5-time chair stand test was 12 seconds or
more, while that of the SPPB was ≤9 (range 0‐12) points [10].

Gait Parameters
Gait characteristics were measured using a wireless earbud
(Beflex) device (Figure 1) equipped with a BiomechEngine
chip for accurate accelerometer data analysis and gait parameter
estimation. In young adults, the earbud device’s validity was
confirmed by measuring walking and running parameters [28].
Participants were instructed to insert the device into both ears
and walk for a minimum of 30 seconds to record various gait
metrics such as step count, step length, cadence, gait speed,
times of single and double support, vertical oscillation, and
instantaneous vertical loading rate (IVLR). Step count is defined
as the number of steps analyzed within a 2-second interval,
where a step from the left foot to the right foot is considered a
single cycle of 2 steps. Step length was calculated as the distance
between the heel of the front foot and heel of the back foot
during the walking cycle. Gait speed and cadence were
automatically calculated. Single support time was defined as
the average duration of one foot supporting the body while
walking. Double support time was defined as the average
duration of both feet’s support and vertical oscillation, which
was defined as the average distance of the body’s center moved
vertically during walking [28]. The IVLR measures the steepest
slope of the vertical ground reaction force at the points of left-
and right-foot contact. The algorithms used to estimate these
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gait parameters are not currently disclosed; however, they are
commercially available. Gait parameters were measured a few

minutes after walking.

Figure 1. Wearable sensors for gait monitoring (5.7 g, 17.1 × 20.2 × 22 mm3).

Ethical Considerations
The study was conducted according to the guidelines of the
Declaration of Helsinki, and approved by the institutional review
board of Konkuk University Medical Center (KUMC
2022-11-033). Informed consent was obtained from all subjects
enrolled in the study. Written informed consent was obtained
from the patients for publication of this paper. The authors attest
that there was no use of generative artificial intelligence
technology in the generation of text, figures, or other
informational content in this manuscript.

Statistical Analysis
Descriptive statistics were used to summarize participants’
characteristics based on sex. Independent samples 2-tailed t
tests were used to compare continuous variables, whereas
chi-square tests were used for categorical variables. Pearson
correlation analysis was used to determine the relationship
between gait parameters and sarcopenia. We performed a
logarithmic transformation to measure gait, muscle, and physical
performance to adjust for a skewed distribution. After adjusting
for age, sex, BMI, and comorbidities, multiple regression
analysis was used to investigate the independent associations
between sarcopenia and specific gait parameters for the
secondary end point. Participants reported their age, sex, and
comorbidities, as well as any daily life difficulties caused by
low vision or hearing impairment (“yes” or “no”). Height and

weight were measured to calculate the BMI (kg/m2) and waist
circumference at the narrowest point. Bonferroni correction for
the evidential threshold was performed based on the number of
exposures for the 6 sarcopenia indices; therefore, statistical
significance was set at P<.05 divided by 6 (ie, a threshold of

P<.0083 per exposure). All statistical analyses were conducted
using IBM SPSS Statistics (version 27.0).

Results

This study included 91 participants (45 men and 46 women).
The participants’ characteristics are summarized in Table 1.
The mean age of the study participants was 73.9 years, with
more than half of them aged between 65 and 74 years.
According to Asian criteria for overweight and obesity, the
participants had a normal BMI and waist circumference [29].

While there were differences in grip strength, calf circumference,
and SMI between men and women, there were no differences
in their performance in the 5-time chair stand test, SPPB, or
SARC-F (Table 2). The prevalence of sarcopenia varied
according to the definition used for each measurement, ranging
from 4.3% (SARC-F) to 82.6% (5-time chair stand test). The
prevalence of sarcopenia according to grip strength was higher
in women than in men. However, the prevalence of sarcopenia,
defined by the SMI, was higher in men than in women. There
were no in the other indicators between men and women.

Table 3 lists the association between various gait parameters
and sarcopenia measurements. Gait speed, single and double
support times, vertical oscillation, and IVLR demonstrated
significant correlations with performance on the 5-time chair
stand test and the SPPB. Additionally, gait speed, double support
time, and vertical oscillation were associated with performance
on the SARC-F. Vertical oscillation positively correlated with
grip strength, and step count negatively correlated with
performance on the 5-time chair stand test. However, after
Bonferroni correction, step length and cadence did not show
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any significant correlations with sarcopenia. Calf circumference
and SMI were not associated with gait parameters.

After adjusting for confounding factors, gait speed, double
support time, and vertical oscillation were significantly

correlated with the 5-time chair stand test, SPPB, and SARC-F
scores (Table 4). Single support time and IVLR were
significantly correlated with performance in the 5-time chair
stand test and SPPB.

Table . Characteristics of participants.

Women (n=46)Men (n=45)Total (n=91)

73.6 (6.1)74.1 (5.0)73.9 (5.5)Age (years), mean (SD)

Age groups (years), n (%)

27 (58.7)24 (53.3)51 (56.0)65‐74

17 (37.0)21 (46.7)38 (41.8)75‐84

2 (4.3)0 (0)2 (2.2)≥85

24.2 (3.1)24.6 (2.5)24.4 (2.8)BMI (kg/m2), mean (SD)

77.0 (9.3)83.0 (7.4)80.0 (8.9)Waist circumference (cm), mean (SD)

1.35 (1.16)1.58 (0.97)1.46 (1.07)Number of comorbidities, mean (SD)

Comorbidities, n (%)

12 (26.1)5 (11.1)17 (18.7)None

29 (63.0)40 (88.9)69 (75.8)Cardiovascular disease

12 (26.1)2 (4.4)14 (15.4)Musculoskeletal disease

Table . Diagnostic measurements of sarcopenia in study participants.

SarcopeniaMeasurements

P valueWomen (n=46), n
(%)

Men (n=45), n (%)P valueWomen (n=46),
mean (SD)

Men (n=45), mean
(SD)

.2938 (82.6)33 (73.3).9615.7 (4.6)15.7 (5.5)5-time chair stand

testa

.8929 (63.0)29 (64.4).738.9 (1.5)9.0 (1.5)SPPBb

.632 (4.3)3 (6.7).500.87 (1.34)0.66 (1.51)SARC-Fc

<.00123 (50.0)13 (28.9)<.00118.1 (4.8)28.8 (5.6)Grip strengthd

.3525 (54.3)20 (44.4)<.00132.1 (2.5)34.2 (2.8)Calf circumfer-

encee

.025 (10.9)7 (15.6)<.0016.2 (0.6)7.7 (0.71)Skeletal muscle in-

dexf

aCutoff was ≥12 seconds.
bSPPB: short physical performance battery; cutoff was ≤9 points.
cSARC-F: strength, assistance with walking, rise from a chair, climb stairs and fall frequency; cutoff was ≥4 points.
dCutoff was <28 kg for men and <18 kg for women.
eCutoff was <34 cm for men and <33 cm for women.
fCutoff was <7.0 kg/m2 for men and <5.7 kg/m2 for women.
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Table . Associations between gait parameters and sarcopenia measurements (n=91). All variables were subjected to correlation analysis after log
transformation and Bonferroni correction was applied (P<.05/6 [.0083]).

SMIcCalf circumfer-
ence

Grip strengthSARC-FbSPPBa5-time chair
stand test

Step count

−0.204−0.198−0.071−0.1370.163−0.322Coefficient

.053.06.50.20.12.002P value

Step length

−0.162−0.176−0.162−0.2090.237−0.221Coefficient

.13.10.13.047.02.04P value

Cadence

0.040−0.0410.057−0.191−0.036−0.018Coefficient

.71.70.59.07.75.86P value

Gait speed

−0.230−0.196−0.176−0.2810.381−0.437Coefficient

.03.06.10.007<.001<.001P value

Single support time

0.2550.1580.1670.176−0.3500.489Coefficient

.02.14.11.10.001<.001P value

Double support time

0.1510.083−0.0070.371−0.5410.604Coefficient

.15.43.95<.001<.001<.001P value

Vertical oscillation

0.1980.1070.306−0.4670.518−0.387Coefficient

.06.31.003<.001<.001<.001P value

IVLRd

−0.177−0.128−0.032−0.2700.449−0.530Coefficient

.09.23.76.01<.001<.001P value

aSPPB: short physical performance battery.
bSARC-F: strength, assistance with walking, rise from a chair, climb stairs and fall frequency.
cSMI: appendicular skeletal muscle mass index.
dIVLR: instantaneous vertical loading rate.

Table . Multiple regression analysis for sarcopenia and gait indexes in older adults, having adjusted for age, sex, waist circumference, BMI, and
comorbidities. Bonferroni correction was applied (P<.05/6 [.0083]).

SARC-FbSPPBa5-time chair stand test

P valueCoefficientP valueCoefficientP valueCoefficient

.003−0.328.0010.331<.001−0.393Gait speed

.0550.222.001−0.384<.0010.545Single support time

<.0010.389<.001−0.452<.0010.558Double support
time

<.001−0.528<.0010.399.008−0.306Vertical oscillation

.02−0.267<.0010.392<.001−0.496IVLRc

aSPPB: short physical performance battery.
bSARC-F: strength, assistance with walking, rise from a chair, climb stairs and fall frequency.
cIVLR: Instantaneous vertical loading rate.
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Discussion

Principal Findings
Gait measurements using wearable sensors show a strong
correlation with physical performance and muscle strength. This
study confirmed that the gait speed, double support time, and
vertical oscillation measured using wearable sensors were
reliable walking indicators of sarcopenia in community-dwelling
older adults. Furthermore, using real-time gait monitoring
measurements, we found that single support time and IVLR
were good indicators of sarcopenia.

Age-related alterations in gait, such as shorter steps, increased
double support time, lower cadence, or a wider step width,
indicate a decline in gait speed [30]. These changes are attributed
to a combination of sensorimotor factors, including motor unit
reduction, impaired muscular activation, fiber-type substitution,
decreased cutaneous sensation, and slower nerve and reaction
speeds [12]. Furthermore, functional brain impairment,
manifested as reduced brain volume, may be associated with
deterioration in gait performance [31]. Accordingly, among the
diagnostic indicators of sarcopenia, gait parameters may show
a high correlation with the physical performance of participants.

However, these gait parameters were not associated with calf
circumference or SMI, which are indicators of muscle mass.
BIA, combined with the measurement of anthropometric metrics
such as calf circumference, provides a practical approach for
estimating muscle mass in nonclinical settings [11]. Individual
factors, such as edema or diuretics may influence BIA [32], and
muscle mass changes in older adults are not uniform [22],
necessitating caution when interpretating their correlation with
gait parameters. However, it is important to note that muscle
mass is not a good predictor of adverse health–related outcomes
such as mobility limitation, falls, and mortality in
community-dwelling older adults [9]. Therefore, sarcopenia in
older adults should be diagnosed holistically with muscle
strength and physical performance taking precedence over
muscle mass. Although this study did not identify a universal
correlation between handgrip strength and gait parameters,
quadriceps strength has been shown to influence gait speed,
step length, and cadence [30]. This emphasizes the limitations
of handgrip strength as an indicator of overall muscle strength
in healthy older adults [33,34]. Further studies are required to
determine the association between upper and lower limb muscle
strength and gait parameters.

Among the gait parameters, gait speed, either alone or as part
of a combined tool, such as the SPPB, has been confirmed to
be associated with sarcopenia, which is the most comprehensive
indicator of brain function and structural abnormalities [35].
Double support time correlates with balance in the
cortico-subcortical white matter sensory and motor tracts [35].
Gait speed and double support time are direct indicators obtained
while walking, whereas vertical oscillation and IVLR are known
to be sensitive in reflecting changes in brain function as indirect
data derived from direct indicators [36]. We confirmed the

independent association between vertical oscillation and
sarcopenia. Therefore, analyzing various gait parameters could
improve the accuracy of sarcopenia diagnosis in older adults.
Gait measurement using wearable sensors, which are easy to
use and allow continuous and periodic monitoring of daily
activities, offers significant promise for the early detection of
sarcopenia in both the home and caregiving facilities. In general,
older adults have difficulty with consistent use on consecutive
days. Therefore, compliance with wearable sensors must be
considered when evaluating the effectiveness of wearables in
monitoring physical activity in older populations [37].

Limitations
However, several limitations of this study should be considered
when applying gait measurements to older adults. First, the
majority of participants were 65-74 years old, relatively healthy,
and capable of independent daily living; hence, our results may
not be applicable to all older populations. Additional research
is required to apply this device to older adults living in nursing
homes or other specialized care facilities. Second, we were
unable to compare differences in wearable sensor techniques
because our study used earbud-type devices rather than those
more commonly placed on the foot or shank or used an insole
pressure-sensing method [38]. We did not conduct repeated
tests to assess test-retest reliability because it was difficult to
revisit older participants. Third, because this study was
conducted using a cross-sectional design, we could not establish
a temporal relationship between the deterioration of gait
parameters and sarcopenia. It is important to note that
differences in the prevalence of sarcopenia based on the
definition of muscle mass, strength, and physical performance
may influence the correlation with gait parameters. Specifically,
because our study did not compare gait parameters based on
different rates of sarcopenia diagnosis, clinical interpretation
should be cautious when predicting sarcopenia directly. Because
race or lifestyle habits may have affected our results, it is
important to consider the characteristics of the participants when
applying the findings of this study. Finally, single and double
support times, vertical oscillation, and IVLR still have
limitations in practical applications, because diagnostic criteria
have yet to be established. The algorithms for estimating these
gait parameters are not currently disclosed; therefore, further
studies are required to identify the clinical cutoff points to
predict sarcopenia.

Conclusions
Using earbud-type wearable sensors, this study confirmed that
gait parameters, particularly gait speed, double support time,
and vertical oscillation, are correlated to muscle strength and
physical performance in community-dwelling older adults.
Given the limitations associated with the current diagnostic
criteria and the potential unreliability of single measurements,
further research is imperative to establish efficacy measures
and broaden the applicability of diverse gait parameters in
sarcopenia diagnosis.
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Abstract

Background: Young adults living with HIV are less likely to engage in care and achieve viral suppression, compared to other
age groups. Young adults living with HIV also have a high degree of self-efficacy and willingness to adopt novel care modalities,
including mobile health (mHealth) interventions. Interventions to increase care engagement could aid young adults living with
HIV in overcoming structural and social barriers and leveraging youth assets to improve their health outcomes.

Objective: The objective of the paper was to use an assets-based framework, positive youth development, and human-centered
design principles to adapt an existing mHealth intervention, PositiveLinks (PL), to support care engagement for 18‐ to 29-year-olds
with HIV.

Methods: We conducted a formative evaluation including semistructured interviews with 14 young adults with HIV and focus
groups with 26 stakeholders (providers, nurses, case managers, and clinic staff). Interviews covered barriers to care, provider
communication, and concerns or suggestions about mHealth interventions. The research team used thematic analysis to review
interview transcripts. In the second phase, human-centered design processes informed adaptation of the existing PL platform
using data from real-time use suggestions of 3 young adults with HIV. Throughout the formative evaluation and adaptation, a
Youth Advisory Board (YAB) provided input.

Results: Young adults with HIV and stakeholders identified common elements of an mHealth intervention that would support
care engagement including: the convenience of addressing needs through the app, online support groups to support interconnection,
short videos or live chats with other young adults with HIV or providers, appointment and medication reminders, and medical
information from a trustworthy source. Stakeholders also mentioned the need for youth empowerment. Concerns included worries
about confidentiality, unintentional disclosures of status, urgent content in an unmoderated forum, and the impersonality of online
platforms. Design suggestions from young adults with HIV included suggestions on appearance, new formatting for usability of
the online support group, and prioritization of local content. Based on the feedback received, iterative changes were made to
transform PL into Positive Links for Youth (PL4Y). Final votes on adaptations were made by the YAB. The overall appearance
of the platform was changed, including logo, color, and font. The online support group was divided into 3 channels which support
hashtags and content searches. The “Resources” and “Frequently Asked Questions” sections were condensed and revised to
prioritize South Texas–specific content.

Conclusions: Our assets-based framework supported young adults with HIV and stakeholder input in the transformation of an
mHealth intervention to meet the needs of 18- to 29-year-olds in South Texas. The human-centered design approach allowed
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young adults with HIV to suggest specific changes to the intervention’s design to support usability and acceptability. This adapted
version, PL4Y, is now ready for pilot testing in the final phase of this implementation science project.

(JMIR Form Res 2025;9:e60531)   doi:10.2196/60531
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HIV; implementation science; youth; mHealth; adherence; young; mobile health; mobile health intervention; AIDS; US; adult;
self-efficacy; willingness; health outcomes; mHealth intervention; interview; human-centered design; acceptability; usability;
mobile phone

Introduction

Background
Young adults living with HIV face difficulty with care
engagement [1]. While existing studies of young adults with
HIV include varying age ranges, spanning 13 to 29 years, most
agree that young adults with HIV across the age spectrum face
unique challenges in care engagement. These include limited
opportunities for care, higher rates of missed appointments, and
medication nonadherence, all of which contribute to difficulties
in achieving viral suppression [2-4]. Interventions to increase
care engagement could help young adults with HIV overcome
structural and social barriers to improve health outcomes. While
young adults with HIV often seek mobile health technologies
to support care engagement, few were developed or adapted
with their input or needs in mind.

Most young adults with HIV have a high degree of self-efficacy
and willingness to adopt novel care modalities, particularly
technological innovations [5]. In 2018, a national survey
revealed 45% of adolescents report being on the web almost
constantly, and 95% of teens own a smartphone [6]. Mobile
health (mHealth) interventions are well suited to these digital
natives. Data show that mobile phone apps are an acceptable
and often preferred way for adolescents to receive sexual health
information and successfully engage those susceptible to HIV
[7-10]. Considering the developmentally-appropriate desire for
self-determination found among young adults with HIV, they
may appreciate mHealth interventions offering an expanded
range of services, particularly functions that support
self-management of HIV and digital connections [11,12].
However, the majority of current mHealth interventions offer
a limited number of functions, such as medication or
appointment reminders [7,8,10,13].

mHealth Interventions and Care Engagement for
Young Adults With HIV
A few mHealth interventions focusing on young adults with
HIV have shown promising results [9,10,13]. A mobile
intervention that included peer navigation and a webcomic series
increased entry to care, decreased rates of loss to follow up, and
supported sustained viral load suppression for young adults with
HIV [9]. A review of mHealth intervention modalities for 18-
to 34-year-old people living with HIV found advantages such
as improved accessibility to information, enhanced self-efficacy,
and reduced negative feelings about HIV diagnoses [13]. Other
forms of mHealth interventions previously used in promoting
the health of young adults with HIV include remote coaching,
short message services, phone calls, and social media outreach

[14,15]. mHealth intervention implementation faces the
challenge of needing continuous updates based on input from
stakeholders and app users [10].

Few studies in the existing literature describe how mHealth
interventions can be tailored to the needs of young adults with
HIV or adaptation processes that ensure they play an active role
in intervention design. The Positive Youth Development (PYD)
framework suggests that youth involvement and empowerment
can lead to better health and reduced risk-taking behaviors
[1,16,17]. Aligned with PYD, peer empowerment, knowledge
seeking, and taking responsibility for health outcomes improve
engagement in health-promoting processes and resilience among
gay and bisexual youth with HIV [18]. These data suggest that
the PYD framework may be used to incorporate youth input
into intervention design and, ideally, lead to more impactful
interventions.

Young adults with HIV in South Texas experience significant
barriers to care engagement for HIV, making the region an
important location to study innovative interventions [19]. In
2016, the US Centers for Disease Control and Prevention (CDC)
began using phylogenetic analysis to identify geographic areas
where HIV transmission and new diagnoses were more likely.
The first iteration of this analysis identified several clusters of
new diagnoses in Texas, the largest of which was in South
Texas, where 78% of the individuals newly diagnosed were
under 30 years old. The majority were also uninsured, without
access to HIV prevention services, and Hispanic or Latino
[20,21]. Other literature suggests that young men who have sex
with men of color experience structural racism, which may
alienate them from health care services [4,22]. Despite these
challenges, South Texas also has a strong history of
collaborative work between community clinics, the county
health system, and the local health authority to end the HIV
epidemic [23,24]. These factors make the region an ideal site
to create and implement a new mHealth intervention targeted
specifically toward young adults with HIV.

Investigation Goals and Significance
The aim of this investigation is to collaborate with young adults
with HIV and create a space for their voices and input to adapt
an existing mHealth intervention, PositiveLinks (PL), to improve
care engagement in 18- to 29-year-old people living with HIV
in South Texas [25]. This age range was selected as they
experience higher rates of new diagnoses and a lower prevalence
of sustained viral suppression [4]. PL is a clinic-based
multimodal HIV care intervention that increases care
engagement and viral suppression [25]. The platform includes
daily medication adherence tracking, mood and stress
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self-assessment, appointment reminders, secure messaging with
clinic providers, and an anonymous online peer support network
[25]. We used human-centered design thinking processes in this
adaptation to ensure young adults with HIV input, as
interventions are more effective when impacted communities
are involved in their design and implementation [5].

We conducted a formative evaluation using data from
semistructured interviews with young adults with HIV and
stakeholders, as well as focus groups with stakeholders to
understand acceptable and desired intervention characteristics
[19]. Subsequently, we used design thinking processes to aid
in our adaptation of PL [16]. This paper describes findings from
each phase to enhance understanding of the components of
mHealth interventions that are accepted and sought after by
young adults with HIV.

Methods

Overview
Adaptation of the existing mHealth intervention, PL, into its
novel iteration, Positive Links for Youth (PL4Y), was informed
by three data sources: (1) components of the formative

evaluation that addressed acceptable mHealth interventions, (2)
a human-centered design thinking process, and (3) A Youth
Advisory Board (YAB) of young adults with HIV that provided
input throughout the formative evaluation and adaptation phases
(Figure 1). There was no overlap in membership between the
young adults with HIV participating in interviews and the YAB
during the formative evaluation. A total of 3 young adults with
HIV interviewed during the formative evaluation joined the
YAB for subsequent phases of the project, the human-centered
design thinking process, and the pilot intervention with the
adapted PL4Y app, currently underway. The project used the
Consolidated Framework for Implementation Research (CFIR),
gathering knowledge of individuals involved and the inner and
outer settings surrounding the intervention from a formative
evaluation, and then iteratively adapting the intervention to fit
the context [26]. A PYD framework also informed study
activities, which incorporated input of young adults with HIV
in the form of interviews, active feedback during the
human-centered design thinking process, and the YAB [11,12].
All 3 components were overseen by the design working group,
which included the principal investigator (PI), study coordinator,
research assistants, and the scientists, clinic staff, and software
designers on the original PL team.
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Figure 1. Triangulation of data sources for adaptation of the mobile health (mHealth) intervention to the needs of young adults with HIV in South
Texas. PL: PositiveLinks; YAB: Youth Advisory Board; FAQ: frequently asked questions.
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Recruitment
Members of the YAB were recruited through meetings with
community-based organizations, flyer distribution in HIV
service organizations and clinics, and collaboration with
advocates for young adults with HIV. For the formative
evaluation phase and Think-Aloud interviews, young adults
with HIV were recruited from 6 HIV treatment centers in South
Texas using flyers and direct outreach to clinic staff and
providers. A total of 14 participants were enrolled in the
formative evaluation phase. Of the 3 participants in the
Think-Aloud session, 2 had previously participated in the
formative evaluation phase. Inclusion criteria required members
to be 18- to 29-year-old and living with HIV in San Antonio,
Texas. Stakeholders from 6 regional HIV treatment centers were
also recruited for the formative evaluation phase.

Youth Advisory Board Role and Input
PL4Y began with the creation of a YAB consisting of 18‐ to
29-year-old people living with HIV in South Texas [1,19]. As
described previously by Chidester et al [1], the YAB’s structure

and format evolved in response to the COVID-19 pandemic
and feedback from YAB members. YAB engagements occurred
quarterly, with input collected through Qualtrics surveys to
preserve YAB member anonymity.

Topics covered in the surveys included desired elements of an
mHealth intervention, topics for the community message board,
preferred mobile app security options (password, fingerprint,
face ID, etc), and feedback on the design and look of the app.
In the final stage of design iteration, responses regarding the
graphics and the app interface from previous YAB surveys and
the Think-Aloud sessions were reviewed by the design working
group. The software developers incorporated this feedback into
the design of a new look and logo for PL4Y. A Qualtrics survey
was distributed to the YAB, asking respondents to rate and rank
potential logos and designs (N=11). The top 3 logos and fonts
(determined by average ranking and average rating) were
implemented into a second Qualtrics survey (N=9). The highest
average ranked combination of logo and font was selected as
the official logo of PL4Y (Figure 2).

Figure 2. Overview of 4 human-centered design thinking driven adaptations to the existing intervention to respond to expressed needs of young adults
with HIV during Think-Aloud sessions and the Youth Advisory Board (YAB). mHealth: mobile health; LGBTQIA+: lesbian, gay, bisexual, transgender,
queer, intersex, asexual, and other minoritized gender and sexual identities.

Formative Evaluation of Acceptable mHealth
Intervention Components
The formative evaluation of care engagement for young adults
with HIV in South Texas was conducted from October 2020 to
December 2021. Eligibility criteria included being 18‐29 years
of age, residing in South Texas, fluency in either English or
Spanish, and reporting current or past challenges with care
engagement. Stakeholders included 26 office, nursing, and
provider staff members from the regional HIV treatment centers,
who provided input either through 6 focus groups or 3 individual
interviews.

Interview and focus group guides were developed based on the
theory of planned behavior (TPB) theoretical model, the PYD
framework, and additional themes provided by the YAB. young
adults with HIV were asked about first-hand experiences that
affect their care engagement as young people residing in South

Texas. Stakeholders were asked to describe their experiences
and beliefs regarding serving young adults with HIV and to
provide system-level insights on strategies for improving care
engagement. To reduce bias and support generative reflection
on desired components, neither young adults with HIV or
stakeholders were provided with access to the original version
of the PL app. A transcription service was used to transcribe
individual interviews and focus groups. Transcripts were
reviewed and edited by the interviewer (CJ) for accuracy.
Transcripts were uploaded into NVivo 1.6.2 (Lumivero), which
allows for tracking of responses by stakeholder or young adults
with HIV characteristics and by clinic site.

The qualitative analysis team (QAT) created a master codebook
of themes derived from TPB and PYD theoretical frameworks
for thematic analysis [1,16,17]. The QAT included 4 research
assistants with training in qualitative analysis (CJ, AC, HL, and
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NMH), 5 faculty-level researchers with expertise in HIV care
engagement (AT, AN, KI, RD, and BT), and 1 youth
development expert (SK). A member of the primary coding
team independently coded transcripts inductively (CJ, AC, and
HL), with review by the QAT lead (BT). Secondary coders (CJ,
AC, HL, and NMH) expanded on coding as needed. At this
stage, the QAT also examined themes by participant type and
noted differences between young adults with HIV and
stakeholder perspectives. The QAT resolved differences in
coding by consensus and confirmed revisions to codebooks.
The full QAT participated in the final round of coding, where
all themes were reviewed, representative quotes discussed, and
themes were renamed, merged, or discarded. Overall findings
from the formative evaluation regarding care engagement for
young adults with HIV in this context were the topic of a
separate analysis [19]. This analysis reviewed themes on
advantages and disadvantages of mHealth interventions in
general and themes regarding specific mHealth intervention
components desired by young adults with HIV or stakeholders.

Human-Centered Design Adaptation of Positive Links
by Young Adults with HIV
A total of 3 Think-Aloud interviews were conducted with young
adults with HIV using human-centered design principles to
ensure end-user input informed an iterative adaptation process
[17,18]. A total of 2 Think-Aloud sessions were conducted in
person at a local clinic, and 1 was conducted online through
Zoom. In addition, 3 researchers (CJ, AC, and NMH) were
present for interviews and a modified system usability scale
guided conversation [27]. The Think-Aloud participants
reviewed each aspect and function of a previous version of the
app by walking through it on their phones in real time, providing
suggestions for possible design changes and usability

improvement. Adaptation recommendations were categorized
by ease of implementation and frequency. The most common
and feasible suggestions were conveyed to the University of
Virginia app development team for final design and
development.

Ethical Considerations
All young adults with HIV and stakeholders participating in the
formative evaluation and human-centered design components
reviewed an institutional review board (IRB)–approved
information sheet about the study and provided verbal consent
to participate. Participants in the focus groups and Think-Aloud
sessions received a US $25 electronic gift card. Stakeholders
did not receive monetary incentives for participation. YAB
members also received a US $25 electronic gift card upon
completion of each survey. This protocol was approved by the
UT Health San Antonio and University Health IRBs
(HSC20220752HU)

Results

Acceptability and Concerns Regarding mHealth
Interventions From the Formative Evaluation
Qualitative data from young adults with HIV and stakeholders
revealed common themes about benefits and challenges of an
mHealth care engagement intervention. Overall, young adults
with HIV and stakeholders felt ease of access to resources, labs,
and clinic personnel would be beneficial, and that the
anonymous online support group could help young adults with
HIV feel less isolated. However, concerns were raised about
confidentiality on an mHealth platform and potential pitfalls of
the online support group, including the need for moderation and
issues with web-based connections (Textbox 1).

Textbox 1. Summary of perceived benefits, challenges, and critiques of an mHealth care engagement intervention expressed by 18- to 29-year-olds
living with HIV and stakeholders.

Benefits:

• Increased accessibility of care team.

• Increased access to accurate information about health issues and available resources.

• App-based medication and appointment reminders.

• Ability to track treatment progress through improvements in lab parameters.

• Improved access to a safe community through a online support group.

• Anonymity provided by online support group platform.

Challenges:

• Potential confidentiality concerns.

• Lack of streamlined features.

• Difficulty connecting to other members in the online setting.

• Need for moderation of online support group with potential for cyberbullying.

• Live chat could trigger negative or apprehensive feelings.

JMIR Form Res 2025 | vol. 9 | e60531 | p.379https://formative.jmir.org/2025/1/e60531
(page number not for citation purposes)

Ho et alJMIR FORMATIVE RESEARCH

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


Perspectives on Benefits of the mHealth Intervention

Accessibility to Care and Knowledge
Youth and stakeholders believed the app would be highly
effective in connecting patients with providers and case
managers. Young adults with HIV noted that having an app on
their smartphone could increase accessibility to their care team,
making them more likely to participate in their care. They also
emphasized the app could help them understand what programs
they were eligible for and how to apply for support without
visiting a clinical setting.

You’ll be more likely to actually participate in that if
it’s, you know, easy. It’s, like, virtual; so that’s a big
thing. [Youth Voice YV 8]

If you have a phone or some type of smart device, you
would be able to access it wherever you are. [YV5]

Stakeholders further noted the online nature of the app provides
a unique benefit, particularly in the COVID-19 era, by enabling
patients to connect with their support network without meeting
in person. They believed this benefit extended beyond the
pandemic, as it also improves access for patients in rural
settings.

We don’t know how many people are at home alone.
[Stakeholder Voice SV 9]

Furthermore, young adults with HIV and stakeholders felt the
app could centralize trustworthy information and serve as an
assessable resource.

You may not want to ask the doctor, but just, like, you
want a quick question answered. [YV6]

Advantages of an Online Support Group
Youth recognized the benefits of an online support group,
describing it as a safe community where people with similar
life experiences could connect. They noted that such a group
could reduce stigma by fostering a sense of camaraderie.

I think with a support group, it’s, like, knowing that
you’re not alone and that, like, it’s not a
end-of-the-world thing; and you’re not dying. You
know, you have other people who are living with it
and surviving; and it kind of decreases that stigma
because you know that there are millions, you know,
that are dealing with the same issue. [YV6]

Both young adults with HIV and shareholders appreciated the
anonymity provided by an app-based support group. Young
adults with HIV emphasized the app’s online platform offered
privacy, as they would not need to visit a physical location to
engage with a support group.

It’s good because it’s like I don’t have to go and park
there to go see somebody. [YV13]

Stakeholders believed newly diagnosed patients would be able
to ask about symptoms without feeling guilt. In addition, they
highlighted that the anonymity of the app may enable more
people to feel comfortable contributing to the community
without fear of being judged.

Like if they want us to stay a little bit more anonymous
but have some place where they can talk to some other
people that are going through something similar, or
to be like, hey, I’m having these weird symptoms,
anybody else experienced that or whatever. [SV25]

Reminders
Young adults with HIV noted app-based medication reminders
would have been helpful when they were first diagnosed and
had not already established a medication routine.

I think it would be good for other people that are
barely starting, so they can remember to drink their
meds. [YV3]

Young adults with HIV and stakeholders reported they would
welcome medication refill reminders and appointment
reminders.

Oh, that would definitely be helpful—medication
reminders for sure because I will go to my very last,
like, tablet; and I will forget, and then it’s a hassle.
[YV6]

Stakeholders identified that reminders could provide
encouragement by tracking treatment progress and enabling
users to share their milestones within a community. This, in
turn, would empower young adults with HIV to continue
engaging in care.

Hey, your viral load was this high and look how it is
now. I think it would be helpful, you know, when they
become undetectable or they can, you know, share
with partners. [SV18]

Young adults with HIV reported they wished to have
“testimonials/videos of people living with HIV,” and “facilitated
conversations” on the app.

Disadvantages of an mHealth Intervention

Confidentiality and Anonymity
Although the app’s presence on a smartphone increases
accessibility, young adults with HIV and stakeholders expressed
concerns about potential for unintentional disclosure if someone
else sees the app on their device. Both groups identified
notifications as a particular risk for exposure.

Somebody else gets access to your account, and I
mean, that’s biggest my fear… Maybe getting
notifications when I didn’t want to get a notification
and it kind of exposing me. [YV7]

Design Critiques
Some young adults with HIV and stakeholders mentioned having
too many settings in the app may limit its usability. They wanted
a streamlined design with access to educational content. In
addition, youth expressed concerns about potential redundancy
in notification, where the same message might appear in multiple
locations on the smartphone.

It’s just redundant when I’m using the same device
over and over again. [YV6]
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Young adults living with HIV and stakeholders voiced concerns
that online interactions could feel impersonal. A participant
reported negative experiences with previous web-based
communities of people living with HIV.

But I just never really, I never really identified—or
like connected with any of them. They were … people
from (other countries). But no Hispanic people.
[YV11]

Other young adults living with HIV reported that online
resources did not feel genuine and preferred in-person
interactions.

Going to an actual in-person group, having the actual
in-person interaction with people for me would have
more of an impact than just kind of talking to someone
on my phone. [YV5]

Despite the potential impersonal experience, stakeholders
pointed out that people are more accustomed to virtual settings
than in the past.

But a lot of things just nowadays is really virtual, just
like what we’re doing here today. You know, a lot of
it is just really impersonal. [SV3]

Concerns for Unmoderated Interactions
Young adults living with HIV were concerned that without
moderation, there was the possibility of smaller communities
developing within mHealth interventions and online
communities, making the platform less approachable for new
users. In addition, concerns were voiced about the lack of
moderation allowing users to write irrelevant or offensive posts
within the forum. A participant described their experience
reading comments on a thread for a online discussion group:

Every time you scroll down and you think you’re done,
there’s like 20 more in the bottom and they’re just
saying random stuff. [YV9]

Young adults living with HIV and stakeholders had concerns
regarding the potential for “trolls” or “cyberbullying.” They
were particularly concerned about those who would be able to
download and join the app community following
implementation.

Maybe if a certain type of group of people get ahold
of it… They have easy access to basically come on
and troll everybody. [YV14]

Stakeholders additionally expressed concerns about delayed
responses to urgent messages written in the live chats, given
staff are not constantly monitoring the service. However, they
believe this risk could be mitigated by educating patients that
urgent messages should not be conveyed through the app and
that messages will be reviewed within a designated time.

Patients may just send the chat like saying… I have
fever and shortness of breath. And then Friday at
5:30 and nobody’s there in the chat feature. So, I
think that that’s a little bit dangerous. [SV18]

Young adults with HIV voiced apprehension about how video
support groups or live chats would affect them. A user expressed
they might experience a, “feeling of insignificance, just because

maybe somebody is going through it worse than you are” (YV2).
In addition, young adults living with HIV stated concerns about
how listening to other people’s testimonies may, “make it more
real for them” (YV5).

and it is unpleasant if people minimize their experience on the
app. They also speculated that users interested in building
connections may migrate to other platforms, such as social
media, for deeper conversations.

But I don’t think that they’re going to really utilize
just this App to message back and forth. Because
they’ll be like, “Hey, you’re cool.” “Oh, you’re cool,
too. Here’s my Instagram.” And then they’re going
to use that. [YV13]

Design Suggestions From Young Adults With HIV
Derived From Think-Aloud Sessions
Young adults with HIV wanted to know who would have access
to the information they put into the app, such as medication
adherence, mood, or stress. App users can report daily
medication adherence, stress levels, and mood “check ins” to
log their emotions. Think-Aloud participants emphasized the
importance of ensuring that no one views their data without
consent.

Participants provided specific suggestions to improve the app’s
aesthetic appeal, requesting a more “modern look.” They had
strong opinions against the original color scheme of the app and
the old logo, which featured two chain links. The original blue
color scheme was deemed “too medical” by participants, who
suggested either a “plain” or “vibrant” color scheme. Participants
were quick to point out incorrect scaling on thumbnails and
other visually unappealing color schemes that reduced the visual
charm of the original PL app.

During Think-Aloud sessions, participants reported certain
design aspects were nonintuitive, hindering the ease of use.
Participants suggested reorganizing the community message
board from a single thread to allow participants to self-organize
threads, optimizing the search bar for resources and FAQs,
having convenient “learn more” hyperlinks within lab results,
and implementing “read receipts” to confirm whether messages
and documents sent were seen by all users, including health
care providers.

Participants expressed particular interest in finding local
resources relevant to South Texas. They were eager to learn
about the resources offered within the app but suggested making
them more community specific. Participants also found the FAQ
section useful for patients newly diagnosed with HIV and
suggested including a glossary of acronyms to help understand
frequently used terminology in HIV care. Participants also
emphasized the need for customizability and improved
integration within their devices. Specifically, they requested
ways to customize the app’s home screen icon and to modify
notification settings to allow for privacy.

Several suggestions made by Think-Aloud participants were
determined to be beyond the scope of the current adaptation,
but important to consider in the future. These potential
adaptations include saving posts, blocking specific users, and
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prioritizing conversations within community message boards.
Young adults living with HIV also requested the ability to add
photos to posts, replies, and messages. Participants additionally
suggested new features for access to care, such as online bus
passes.

Adaptation Process
The design working group incorporated findings from the
formative evaluation and Think-Aloud sessions into the app’s
redesign. The laboratory section was updated to be more
understandable for young adults with HIV. The community
message board was divided into 3 distinct channels, allowing
members to “like” other posts, and implementing a search by
word or hashtag function. The color scheme, font, and logo
were updated based on feedback by the YAB, as described
above (Figure 2). The “Resources and FAQ” section was
condensed and revised to prioritize material relevant to South
Texas. This adaptation process is ongoing as we continue to
add requested content, such as videos explaining the steps to
an HIV clinic visit.

Discussion

Principal Findings
We incorporated the voices of young adults with HIV throughout
the process of adapting an mHealth care engagement
intervention using an implementation science–informed
approach. This process led to significant changes in the
intervention. Young adults with HIV identified several
advantages of mHealth interventions, including ease of access,
community building, and medications and appointment
reminders. However, they also voiced concerns about
confidentiality, the impersonal nature of online interactions,
and lack of content moderation. Based upon feedback from the
formative evaluation, Think-Aloud sessions, and the YAB, the
intervention was adapted to meet expressed needs. Modifications
included changing the graphic design and logo, adding South
Texas specific resources, updating visualization of laboratory
data, and designing a more user-friendly and youth-appropriate
community message board.

The medical literature suggests young adults with and those
without HIV accept app-based mHealth interventions, which
can be used to improve health behaviors for youth and emerging
adults [9,10,13,28]. An app-based intervention was found to be
successful in an adolescent population with asthma, as well as
in an adolescent population in recovery following hematopoietic
stem cell transplant [29,30]. There have been few studies
investigating the usability of app-based interventions in patients
with HIV. Aladin et al [9] enrolled 113 patients with HIV and
found their app-based intervention to be associated with
increased communication and engagement with care when
combined with peer navigation and a comic series. However,
the majority of mHealth interventions are text message–based
between patient and clinic, and users lack the ability to form
connections with each other [31]. Brooks et al [13] found that
app-based interventions were most useful for young adults with
HIV if they had medical information and reminders, leading to
increased self-efficacy, supported feelings of connection to a
community, and reduced stigma around HIV. These results

indicate users of app-based interventions may benefit from
“discussion board” components that allow users to communicate
with one another and develop a community. Schnall et al [32]
studied the functions of 15 publicly available app-based
interventions targeting people living with HIV and found 4
enabled communication between peers and providers, 6 had
medication reminders, 7 had medication logs, and 6 included a
search function [32]. This analysis aligns with the existing
literature as both users and stakeholders identified all of the
above as critical functionalities of an app-based intervention,
and these components were included in the final redesign.

Our findings add to this existing knowledge base by highlighting
the importance young adults with HIV place on easy,
asynchronous access to services. Young adults with HIV
welcome the ability to message providers or other members of
the care team, quick links to web-based resources for HIV care
and social services, and automatic appointment and medication
reminders. We discovered many young adults with HIV wished
for connections to other young adults with HIV, something not
currently featured in mHealth interventions for this
demographic. They also appreciated the online, anonymous
format of the community message board. Finally, young adults
with HIV repeatedly emphasized that the graphic design and
usability of the intervention should be influenced by what was
most acceptable and appealing to them. These data influenced
our own design adaptation of PL into PL4Y but are also relevant
to framing other mHealth interventions for young adults with
HIV or other youth communities.

Few studies investigate patient thoughts regarding current
mHealth interventions or discuss the concerns of young adults
with HIV with this intervention modality. A review of 7 mHealth
interventions by Conserve et al [33] found cellular network
restrictions were a significant barrier to the use of mobile
technologies for young adults with HIV. Our findings echo this,
as both young adults with HIV and the stakeholders anticipated
access to a smartphone could be a barrier to use of our
intervention.

We found additional young adults with HIV concerns with
mHealth intervention that, to our knowledge, are not reflected
in the existing literature. Many young adults with HIV expressed
concerns about confidentiality and security of the data on their
phone. Others worried that communicating by electronic
messaging, rather than in person or by phone call, would feel
impersonal. Young adults living with HIV were also concerned
with exposure to harmful or disempowering narratives on the
community message board. Though our intervention already
has robust security and content monitoring protocols, these
concerns will need to be addressed during implementation.

Limitations
Despite the meaningful findings of this investigation, there are
limitations. Our adaptation process incorporated viewpoints of
a limited number of young adults with HIV participants and
YAB members. While their perspectives were valuable, we
cannot assume they represent the perspectives of all young
adults with HIV. Furthermore, our participants reflect the South
Texas population, with the majority identifying as Latinx, which
may limit the generalizability of our findings. Despite these
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limitations, this study fills a crucial gap in the literature by
identifying crucial barriers and facilitators to the adoption of
an app-based mHealth intervention for young adults with HIV.
It also increases our understanding of the understudied South
Texas community’s potential response to other mHealth
interventions [34].

Conclusions
mHealth interventions targeting young adults with HIV can
improve care engagement and health outcomes. However, few
studies have identified the specific characteristics that promote
or hinder patient adoption of app-based interventions
[9,10,13,28]. Our adaptation process successfully incorporated
input from a majority Hispanic or Latinx group of young adults
with HIV in the design of a mHealth intervention. Our process

demonstrated that young adults with HIV should play integral
roles in the design of interventions for this population. We
identified novel concerns not previously reflected in the
literature including both barriers and facilitators to app-based
mHealth interventions for young adults with HIV. We also
describe a rigorous and iterative adaptation process that centers
youth voice to ensure that the new intervention meets the needs
of the community, successfully transforming PL into PL4Y.
Currently, our team is testing the feasibility and acceptability
of the adapted PL4Y mHealth intervention in a randomized
control trial among young adults with HIV in South Texas. Our
findings can also be used in the design of future app-based
mHealth interventions to promote their adoption by young adults
with HIV.
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Abstract

Background: Maternal mental health disorders are prevalent, yet many individuals do not receive adequate support due to
stigma, financial constraints, and limited access to care. Digital interventions, particularly chatbots, have the potential to provide
scalable, low-cost support, but few are tailored specifically to the needs of perinatal individuals.

Objective: This study aimed to (1) design and develop Moment for Parents, a tailored chatbot for perinatal mental health
education and support, and (2) assess usability through engagement, usage patterns, and user experience.

Methods: This study used a human-centered design to develop Moment for Parents, a rules-based chatbot to support pregnant
and postpartum individuals. In phase 1, ethnographic interviews (n=43) explored user needs to inform chatbot development. In
phase 2, a total of 108 pregnant and postpartum individuals were recruited to participate in a pilot test and had unrestricted access
to the chatbot. Engagement was tracked over 8 months to assess usage patterns and re-engagement rates. After 1 month, participants
completed a usability, relevance, and satisfaction survey, providing key insights for refining the chatbot.

Results: Key themes that came from the ethnographic interviews in phase 1 included the need for trusted resources, emotional
support, and better mental health guidance. These insights informed chatbot content, including mood-based exercises and coping
strategies. Re-engagement was high (69/108, 63.9%), meaning users who had stopped interacting for at least 1 week returned to
the chatbot at least once. A large proportion (28/69, 40.6%) re-engaged 3 or more times. Overall, 28/30 (93.3%) found the chatbot
relevant for them, though some noted repetitive content and limited response options.

Conclusions: The Moment for Parents chatbot successfully engaged pregnant and postpartum individuals with higher-than-typical
retention and re-engagement patterns. The findings underscore the importance of flexible, mood-based digital support tailored
to perinatal needs. Future research should examine how intermittent chatbot use influences mental health outcomes and refine
content delivery to enhance long-term engagement and effectiveness.

(JMIR Form Res 2025;9:e72469)   doi:10.2196/72469

KEYWORDS

perinatal support; human-centered design; digital health; maternal health; chatbot; digital tool

Introduction

Maternal mental health disorders are a critical public health
concern due to their high and rising prevalence. The World
Health Organization (WHO) estimates that 10% of pregnant
women and 13% of postpartum women develop a mental health
disorder [1]. In the United States, 1 in 5 women experience a
mental health disorder during pregnancy or within the first year
after birth [2]. While postpartum depression is the most
prevalent, affecting approximately 1 in 8 women [3], other
maternal mental health disorders affect women, including
anxiety, psychosis, obsessive-compulsive disorder, bipolar
disorder, posttraumatic stress disorder, and schizophrenia [4].
These challenges are even more pronounced among
underrepresented populations, who experience higher rates of

maternal mood disorders [5,6]. Although treatable, 75% of
women with maternal mental health disorders go untreated [2],
which poses serious health concerns for both the mother and
the infant. Untreated maternal mental health conditions are
linked to increased risks for preterm birth, low birth weight,
developmental delays, and impaired maternal-infant bonding,
and also raise the mother’s risk of substance use, psychosis, and
suicide [4,7]. The lack of ongoing education and support of
mental health issues during and after pregnancy often leaves
these women without timely support or interventions,
exacerbating the problem.

There are several barriers to care contributing to untreated
maternal mental health disorders, including stigma, lack of
access to mental health care professionals, and high-cost
challenges [8-11]. These challenges are especially prevalent in
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underrepresented populations, such as Black women, who often
face additional obstacles such as systemic racism, cultural
insensitivity, and mistrust of health care providers [12-14].
Other barriers include reluctance to acknowledge symptoms
and a lack of support from partners, family members, and health
care professionals [11,15]. Social pressures and stigma often
prevent women from discussing their feelings openly, leading
to feelings of shame and fear of losing custody of their child
[15]. Additionally, many mothers have limited knowledge of
maternal mental health problems, hindering their ability to
recognize symptoms and seek timely help [10,11]. In some
cases, individuals may turn to online sources or personal
networks for support [16,17], but these resources can be
incomplete or inaccurate. Without adequate support, these
barriers perpetuate high rates of untreated maternal mental health
disorders, negatively affecting both mother and child health
outcomes.

Digital tools are a promising solution to addressing barriers to
maternal mental health care. These tools offer several
advantages, including scalability, affordability, and accessibility,
and provide real-time support without the stigma associated
with in-person care. A wealth of digital tools for perinatal mental
health have been tested in clinical trials, and a recent
meta-analysis found that these tools are modestly effective in
reducing symptoms of anxiety and depression [18]. However,
challenges have emerged in engaging and retaining users of
many digital tools due to the excess burden they place on users
(eg, needing to download and learn to use a new mobile app).
Chatbots have emerged recently as a way to engage perinatal
users with digital interventions using a mode of communication
that is ubiquitous and comfortable (eg, texting) [19].
Furthermore, chatbots simulate conversations with users, which
may help them stay engaged [20]. Chatbots are promising
because they offer cost-effective, real-time engagement [21,22].
Chatbots monitor mental health symptoms longitudinally, with
each conversation functioning as an ecological momentary
assessment, capturing real-time insights into emotional
well-being and enabling timely interventions [23]. Importantly,
chatbots promote honest disclosure for emotional well-being
[24,25].

The success of these tools depends on adopting a
human-centered approach, which ensures that the tool aligns
with the specific needs and preferences of its users. A
human-centered design (HCD) approach involves feedback
from users during development, ensuring that interactions are
empathetic, personalized, and accessible [26]. HCD integrates
human factors, ergonomics, and usability techniques to enhance
product design [26,27]. Additionally, it often involves
ethnographic research and strategies that explore how
individuals interact with systems, ensuring products are safer,
easier to use, and aligned with the intended users’ needs and
abilities [26,27]. This approach helps create engaging
experiences, fostering trust and consistent use, which are critical
for maintaining long-term effectiveness in mental health support
[26].

A growing body of research has demonstrated the utility of
engaging in HCD products when developing tools for perinatal
populations. Evidence shows that perinatal women widely use
and value health-related apps, particularly for support, education,
and self-monitoring. For example, many women find apps
helpful for personalized health tracking, connecting with online
communities, and addressing mental health concerns [28,29].
Furthermore, studies indicate that apps are most effective when
designed with input from users and health care professionals,
addressing gaps such as information reliability, security, and
clinical validation [30,31]. HCD approaches have shown high
feasibility and satisfaction, emphasizing the importance of
tailoring interventions to the specific challenges and preferences
of this population [32].

Despite the potential of digital tools, there remains a critical
gap in solutions that offer both education and meaningful mental
health support for pregnant and postpartum individuals. Many
chatbots use evidence-based techniques such as cognitive
behavioral therapy but are not designed for the unique needs of
perinatal populations, often failing to address fluctuating
emotions, stigma, and cultural sensitivities [33,34]. Additionally,
these tools frequently lack longitudinal support and proactive
interventions for perinatal mood and anxiety disorders [35].
Therefore, the purpose of this study was to develop and evaluate
a chatbot called Moment for Parents. The goal of Moment for
Parents is to address the current need for a digital mental health
intervention to support the needs of pregnant and postpartum
people. This study aimed to (1) design and develop a chatbot
tailored specifically to educate and support pregnant and
postpartum people on emotional well-being and mental health
and (2) evaluate the usability of Moment for Parents in a pilot
test by examining usage patterns, engagement levels, and user
experience.

Methods

Design and Development
This study used a HCD approach to develop the Moment for
Parents chatbot. HCD is an interactive system development
approach that aims to create useful products by focusing on
users, their needs, and their requirements [26,36]. HCD leads
to inclusive health technology that improves mental health
equity because the system engages users to improve adherence,
adoption, and effectiveness [26,27,37]. By applying these
principles, we aimed to develop a more inclusive and supportive
chatbot for the mental health and well-being of pregnant and
postpartum end users.

Figure 1 depicts the Moment for Parents study design. In phase
1, we engaged in ethnographic interviews with pregnant and
postpartum end users to understand their needs and preferences.
These findings informed the initial prototype of the Moment
for Parents chatbot. In phase 2, the initial prototype was
launched for pilot-testing to evaluate its usability, functionality,
and relevance to users’needs. Throughout phase 2, the Moment
for Parents chatbot experience was iteratively updated as
participants provided feedback.
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Figure 1. Overview of this study’s design.

Ethical Considerations
This study is a retrospective analysis of secondary data, and
therefore, it was exempt from additional consent requirements
under human subjects regulations and received approval from
the BRANY (Biomedical Research Alliance of New York)
Institutional Review Board (study ID 24-338-1949). All study
data were deidentified. Participants did not receive compensation
for participation.

Phase 1 – Ethnographic Interviews

Participants
A total of 43 participants were recruited via snowball sampling,
starting with existing networks and communities and expanding
through participant referrals. Participants were eligible to
participate in this study if they self-reported being pregnant or
up to 1 year post partum.

Procedure
Data collection took place between March and November 2019.
Ethnographic interviews were conducted via the
videoconferencing service Zoom (Zoom Communications, Inc).
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The same interviewer conducted all interviews. Interviews were
recorded with participant permission, and the interviewer took
reflexive notes throughout the interviews.

Measures
Of ethnographic interview, participants were asked to provide
their gestational age if pregnant or the age of their youngest
child if post partum. Participants were also asked how many
additional children they had and their ages. No other
demographic information was collected from participants. The
ethnographic interviews were designed to explore participants’
mental health needs, challenges during pregnancy or post
partum, and expectations for digital support tools. Questions
addressed a range of topics, including emotional well-being,
resources they have found helpful, and desired features for a
mental health chatbot. Sample questions included:

How has your pregnancy (if pregnant) been going so
far? What have been your go-to resources to stay
sane during pregnancy? What tools and/or resources
were the most helpful?? After you had your baby (if
postpartum), what tools or resources were the most
helpful postpartum? Is there anything else you wish
you had to help prepare for birth/motherhood? As
you reflect on your pregnancy and postpartum
experience, how did you think about self-care? What
were the biggest hurdles/challenges in taking care of
yourself?

In addition to ethnographic interviews, additional input was
collected from a multidisciplinary team of experts, including
yoga and meditation instructors, midwives, doulas, public health
professionals, and therapists specializing in maternal mental
health. Insights for the Moment for Parents chatbot were also
drawn from relevant maternal mental health literature, literature
reviews on chatbots, and the team’s lived experience.

Data Analysis
Audio recordings of interviews were transcribed, and reflexive
interview notes were reviewed. Data were analyzed using a
qualitative description approach [38], wherein the coder
identified themes and subthemes relevant to the Moment for
Parents prototype development.

Phase 2 – Pilot Test

Participants
A new sample of participants was recruited for the pilot test of
the Moment for Parents prototype. Participants were recruited
to the pilot test through personal networks and social media
groups targeting pregnant and postpartum people who were
interested in accessing mental health support. By recruiting
these networks and online groups, we sought to reach a diverse
range of users to ensure the prototype would be tested among
people with different experiences in pregnancy and postpartum
care.

Procedure
Data collection took place between November 2019 and June
2020. Upon enrollment, participants were provided with a
no-cost, indefinite version of the Moment for Parents prototype,

allowing participants to freely engage with the chatbot’s features
without time constraints. After 1 month of using Moment for
Parents, participants were invited to complete a survey that
asked about their perceptions of the Web app (ie, prototype
feedback survey).

Measures

Chatbot Engagement

Participants’ interactions with the Moment for Parents chatbot
were tracked to assess usage patterns and calculate engagement
metrics.

Prototype Feedback Survey

After 1 month of using Moment for Parents, participants
completed a structured survey evaluating their experience with
the chatbot. Participants received a text message inviting them
to complete the survey, which included a link directing them
to the questions in the Web app. Survey items assessed usability,
perceived utility, relevance of content, and overall satisfaction.
These responses allowed us to quantify participant satisfaction
and identify trends in user experience.

Data Analysis
Descriptive statistics were used to summarize participant
characteristics, engagement patterns, and feedback survey
responses. Means and SDs were calculated for continuous
variables, while categorical variables were reported as
frequencies and percentages. Engagement over time was
analyzed by calculating the proportion of participants who
remained active each month. Re-engagement patterns were
assessed by identifying users who returned to the chatbot after
at least 1 week of inactivity. Stata (version 15; StataCorp LLC)
was used for the analyses.

Results

Phase 1 – Ethnographic Interviews

Participants
A total of 43 individual interviews were conducted.
Demographic characteristics of participants included 56%
(n=24) who were first-time pregnant mothers, 23% (n=10) who
were mothers expecting their second or third child, and 21%
(n=9) who were post partum with at least 1 child under the age
of 1 year.

Qualitative Description Results
A summary of the key themes and subthemes derived from the
qualitative description can be found in Table 1. The three main
themes identified were (1) resources, (2) mental health journey,
and (3) gaps in support. When asked what types of support users
were looking for during the perinatal period, they reported
seeking guidance from friends, family, peers, mental health
professionals, and medical providers. Users also described the
emotional trajectory they experienced, highlighting unique
challenges present during the various phases of pregnancy and
postpartum. Finally, users identified a variety of gaps in support
that they felt could be addressed with a chatbot. These included
a lack of reliable evidence-based psychoeducation on maternal
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mental health, social isolation from peers, and insufficient emotional support from medical professionals.
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Table . Qualitative synthesis of findings from ethnographic interviews.

QuotesDescriptionTheme

Resourcesa

Friends, family, and online commu-
nities eased anxiety through shared
experiences and validation.

Social support • “I feel like I leaned a lot on my

friends.” [P09b, postpartum,
aged 10 mo]

• “It’s good to just hear opinions
of other pregnant people in-
stead of like professional opin-
ions or thoughts.” [P22, preg-
nant, third trimester]

Apps and therapists provided emo-
tional support, tracking, and coping
strategies.

Mental health tools • “I’ve been in touch with my
therapist since late last year...
It’s been really helpful just
having an actual therapist to
talk to and talk my anxieties
out.” [P41, pregnant, second
trimester]

Health care providers and doulas
were essential for reassurance,

Clinical guidance • "I listen to my doctor above all
else. For my first birth, I didn’t
want a C-Section, and they letthough often limited in time for

deeper support. me go three days and respected
my wishes. I had such a posi-
tive experience with my health
care team, which I know not
everyone has, so I trust my
doctor above all else.” [P07,
pregnant, second trimester,
aged 3 y]

Mental health journeyc

Anxiety, isolation, and the unpre-
dictability of pregnancy and parent-

Emotional trajectory • “Mentally a very isolating time
anyways – feel like unless you
know someone close to youhood shaped mental health chal-
who is pregnant around thelenges. The pregnancy journey was
same time, even in normalmarked by fluctuating emotions,
world standards, it can be veryanxiety, and adjustments in mental

health. isolating.” [P16, pregnant, third
trimester]

• “I’m not as happy as I was in
the second trimester, I feel al-
ways tired. A little bit more
emotionally trying, especially
since I can’t hang out with my
friends.” [P02, pregnant, third
trimester]

Intense physical symptoms and fear
of complications caused heightened
anxiety in the first trimester.

Early pregnancy stress • “Trying to think that you know
I don’t want the baby to feel
this. I want the baby to know
that she’s loved and don’t want
her to feel affected by the situ-
ation.” [P40, postpartum, aged
15 mo]

Worries about labor and delivery
escalated in the third trimester,
along with physical discomfort.

Late pregnancy anxiety • “You’re supposed to be happy
about this, it shouldn’t be terri-
ble, not a walk in the park, but
unknowns surrounding child-
birth have been the biggest
worry in back of my mind”
[P30, pregnant, third trimester]
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QuotesDescriptionTheme

• “Honestly, I was burned out. I
was giving and giving, and it
felt like I had nothing left for
myself.” [P15, postpartum,
aged 10 mo]

• “I think the hardest part for me
postpartum was not taking care
of the baby but how do I take
care of myself.” [P40, postpar-
tum, aged 15 mo]

Burnout, hormonal changes, and
lack of support created emotional
strain during the postpartum period.

Postpartum adjustment

Gaps in supportd
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QuotesDescriptionTheme

• “... would have been nice to
have more information on
raising kids developmentally
along with doing things that
help me cope with boiling of
stress.” [P07, pregnant, second
trimester, aged 3 y]

• “All the apps that I have are
pretty much focused on the
baby. Besides the workout one,
I would say there’s not an app
that’s more focused on the
mother.” [P11, postpartum,
aged 5 mo]

Overemphasis on baby care left
mothers feeling unsupported in
managing their own emotional well-
being.

Maternal mental health

• “I’ve never been around people
that are pregnant and haven’t
spent much time around little
babies so I feel ignorant to
most things regarding pregnan-
cy, giving birth and having a
child. Starting from complete
scratch…” [P01, pregnant,
second trimester]

Young or first-time moms felt isolat-
ed and lacked connections to peers
for emotional support.

Community isolation

• “[Appointments are so short]
that I didn’t want to bother my
doctor all the time with little
things I was feelings.” [P16,
pregnant, third trimester]

• “Yeah, the first few months
were hard and I felt like that
was when I needed the most
like reassurance that like ‘This
is temporary.’” [P26, postpar-
tum, aged 1 y, aged 4 y]

Frustration with short, impersonal
doctor visits that prioritized medical
information over emotional support

Limited time and support from
clinicians

• "Message boards mostly don’t
work for me -- joined some of
the What to Expect forums,
and 75% of the time they lead
you down such a rabbit hole,
people have such different
opinions and its not helpful and
maybe scares you more. 25%
of the time I like them because
knowing a bunch of people
who are going through the
same things is helpful.” [P35,
pregnant, second trimester,
aged 3 y]

Frequently encountered misinforma-
tion online and desired reliable,
easy-to-understand sources.

Lack of understandable and credible
sources

aIntegration into prototype: Moment for Parents was designed to offer validation, reassurance, and coping strategies for mothers. Developed by emotional
well-being experts—including a doula, perinatal therapist, and yoga and meditation instructor—it incorporated real-life examples from mothers to
highlight shared experiences.
bP: participant.
cIntegration into prototype: Moment for Parents included acceptance and commitment therapy exercises to boost self-acceptance and psychological
flexibility, helping moms process emotions such as isolation and anxiety. It also used cognitive behavioral therapy techniques to address worries about
physical symptoms and mindfulness practices for coping with discomfort. During each check-in, the chatbot encouraged users to create a self-care plan
and suggested activities lasting 5, 15, 30, and 60 minutes.
dIntegration into prototype: Moment for Parents focused entirely on mothers’ emotional and mental well-being, reinforcing the importance of self-care
in supporting their baby. The chatbot guided moms in building a support system through exercises on accepting and asking for help, challenging the
“do it all” myth, and promoting a mindset of community care.
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Prototype Development
The results from the analysis of the ethnographic interviews
directly influenced the content in the first Moment for Parents
prototype. First, the “resources” theme resulted in exercises
aiming to provide validation, reassurance, and coping strategies
for users. Given specific user needs around social support,
Moment for Parents also included real examples from parents
with mental health struggles to illustrate shared experiences.
Second, results from the “mental health journey” theme inspired
acceptance and commitment therapy based exercises around
self-acceptance and psychological flexibility. The goal for these
exercises was to help users process their negative emotions,
including anxiety and isolation, that users reported experiencing
throughout the perinatal period. The “mental health journey”
theme also led to the development of exercises tailored to the
different phases of the perinatal period. For example, cognitive
behavioral therapy exercises to increase coping with worries
about physical symptoms in early pregnancy, and exercises
focused on increasing self-care exercises during the postpartum
period. Finally, the “gaps in support” theme led to the inclusion
of exercises designed to help users increase help-seeking and
build their support systems. The multidisciplinary team of
experts vetted and fleshed out the content based on the user
interview themes. Other aspects of the prototype, such as the
structure (eg, frequency of messaging), were also informed by
insights from the team of experts.

The first prototype consisted of a rules-based chatbot called
Moment for Parents embedded within a Web app. Upon logging
in, participants completed a mood check-in. Based on their
mood at the check-in, the chatbot offered an exercise tailored
to their current mood. The Moment for Parents prototype had
a library of 35 exercises that the chatbot would select based on
the users’ reported mood. A second version of the prototype
was adopted after 4 weeks based on participant feedback. In
this version, participants were offered the option to select their
own journey through the app. Options included the following:
(1) an exercise based on mood, (2) an exercise on a
predetermined topic (ie, “topic of the day”), and (3) a self-care
check-in. The following day, the chatbot followed up with
participants to encourage accountability and engagement in the
exercises provided by the chatbot.

Phase 2 – Pilot Test

Participant Characteristics
A total of 108 participants, 29 pregnant and 79 post partum,
participated in the pilot test of the Moment for Parents prototype.
Among pregnant participants, 69% (n=20) were experiencing
their first pregnancy, while 31% (n=9) were pregnant for their
second time or more. Additionally, 17% (n=5) of pregnant
participants were in their first trimester, 31% (n=9) in their
second trimester, and 52% (n=15) in their third trimester. For
postpartum participants, 82% (n=65) had 1 child, and 18%
(n=14) had multiple children. Additionally, 25% (n=20)
participants were 0‐13 weeks post partum, 25% (n=20)
participants were 14‐26 weeks postpartum, 17% (n=13)
participants were 27‐40 weeks postpartum, and 33% (n=26)
participants were 41‐52 weeks postpartum.

Overall Engagement
Participants completed a total of 1036 check-ins and exercises
between November 2019 and June 2020, with an average of 9.6
(SD 14.5) check-ins per participant and a mean of 4.83 weeks
(SD 5.17) of engagement. A total of 31.9% (n=331) of check-ins
occurred during the first 2 weeks, and 46.1% (n=478) occurred
within the first month. Over the second month, check-ins
dropped to 17.5% (n=181), followed by 9.6% (n=99) in the
third month. During the fourth and fifth months, 6.5% (n=67)
of check-ins occurred each month, followed by a slight rise to
6.8% (n=68) in the sixth month. Check-ins then decreased to
2.9% (n=30) in the seventh month and 1.0% (n=10) in the eighth
month.

Table 2 presents the number of participants who engaged with
the Web app at least once within each given month for all
participants and separately for pregnant and postpartum groups.
At 1 month, nearly all participants (98.1%) remained active,
with higher retention among postpartum users (100%) compared
to pregnant users (93.1%). Retention remained high at 2 months,
with almost half (47.2%) of users still engaged. While
engagement declined over time, postpartum users showed
sustained interest, with 15.2% active at 7 months and 7.6% at
8 months.
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Table . Moment for parents monthly active users over the 8-month evaluation (n=108).a

Postpartum (n=79), n (%)Pregnant (n=29), n (%)All (N=108), n (%)

79 (100)27 (93.1)106 (98.1)1 month

42 (53.2)9 (31.0)51 (47.2)2 months

19 (24.1)3 (10.3)22 (20.4)3 months

14 (17.7)3 (10.3)17 (15.7)4 months

18 (22.8)4 (13.8)22 (20.4)5 months

13 (16.5)1 (3.4)14 (13)6 months

12 (15.2)—b12 (11.1)7 months

6 (7.6)—6 (5.6)8 months

aMost users (n=90, 83.3%) were active during their first week of use; 47.2% (51/108; 9/29, 31% pregnant, 42/79, 53.2% postpartum) used the app
during their second week.
bNot available.

Re-Engagement Patterns
A total of 25 (5 pregnant and 20 postpartum) participants used
the app for a median of 1 week (mean 1.8, SD 3.33 wk) before
stopping and never returning. In contrast, 69 (14 pregnant and
55 postpartum) participants eventually re-engaged with the app
after at least one week of inactivity. Among these participants,
44.9% (31/69) returned only once (8/14, 57% of pregnant
participants; 23/55, 42% of postpartum participants).

Re-engagement was operationalized as the number of times
participants returned to the app after stopping for at least 1 week
of inactivity. Of participants who re-engaged, a large proportion
(28/69, 41%) did so 3 or more times after at least 1 week of
inactivity. Postpartum participants re-engaged more often and
more quickly than pregnant participants. Most re-engagements
took place between 1 and 2 weeks after initial re-engagement,
but a significant percentage of re-engagements occurred after
4 weeks (58/402, 14%; Table 3).

Table . Re-engagement patterns among those who re-engaged with moment for parents after stopping (n=69 participants; n=402 check-ins).

PostpartumPregnantAll

2.6 (2.5)3.2 (3.2)2.8 (2.6)Time to re-engagement (week), mean (SD)a

Number of re-engagements, n (%)a

23 (41.8)8 (57.1)31 (44.9)1 re-engagement

8 (14.5)2 (14.3)10 (14.5)2 re-engagements

24 (43.6)4 (28.6)28 (40.6)3+ re-engagements

Number of check-ins after re-engagement, n (%)b

132 (40)28 (38.9)160 (39.8)After 1 week

87 (26.4)19 (26.4)106 (26.4)After 2 weeks

63 (19.1)15 (20.8)78 (19.4)After 3 weeks

48 (14.5)10 (13.9)58 (14.4)After 4+ weeks

aAll (n=69), pregnant (n=14), and postpartum (n=55).
bAll (n=402), pregnant (n=72), and postpartum (n=330).

Prototype Feedback
Feedback from users (n=30) who completed the 1-month survey
is in Table 4. Most users signed up for Moment for Parents
because a friend recommended it (n=15, 55%). Other top reasons
for signing up included an interest in becoming more resilient
(n=14, 47%), wanting support for a self-care routine (n=13,
43%), and looking for advice to take care of themselves (n=12,
40%). The vast majority (n=28, 93%) felt that Moment for
Parents was created for people such as them. Most users thought
that Moment for Parents was a good fit for them because it kept
them accountable for self-care (n=21, 70%), it reminded them

to reflect (n=19, 63%), and it helped them take a mental health
break (n=17, 58%). A large proportion of users also felt that
Moment for Parents validated what they were going through
(n=13, 43%), gave helpful advice (n=13, 43%), and helped them
navigate the ups and downs of motherhood (n=12, 40%). While
users generally had a positive experience with Moment for
Parents, some users reported several “pet peeves” or negative
experiences. Half of the users felt that the check-in topics were
repetitive (n=15), and 37% (n=11) of users reported a pet peeve
when the check-ins had a glitch. A third of users felt that the
check-ins did not have the response options they wanted (n=10).
Less frequently reported pet peeves included the daily text
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reminders (n=8, 27%), the lack of access via a mobile app (n=6,
20%), and feeling as if the check-in topic was not relevant (n=6,
20%). The vast majority of users spent less than 5 minutes

completing their check-ins (n=28, 93%), and most (n=24, 80%)
felt that the check-in length was “just right.”
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Table . Feedback from users who completed the 1-month survey (n=30).

Value, n (%)Feedback

Why did you sign up for Moment for Parents?

15 (55.3)Friend recommended

14 (46.7)Interested in becoming more resilient

9 (30)Interested in trying a new product for moms

4 (13.3)Looking for advice to take care of baby

12 (40)Looking for advice to take care of myself

10 (33.3)Help coping with emotions

13 (43.3)Support for self-care routine

1 (3.3)Other

Was Moment for Parents created for moms like you?

28 (99.3)Yes

Why is Moment for Parents a good fit for you?

11 (36.7)Feels like a friend

5 (16.7)Gives me confidence as a mom

13 (43.3)Gives me helpful advice

7 (23.3)Helps me become resilient

12 (40)Helps me navigate ups and downs of motherhood

17 (56.7)Helps me take a mental health break

1 (3.3)I know it’s there in case I need it

21 (70)It keeps me accountable for self-care

9 (30)It offers helpful mindfulness exercises

19 (63.3)It reminds me to reflect

6 (20)It surprises me with new perspectives

7 (23.3)It understands what I’m going through

13 (43.3)It validates what I’m going through

What are your pet peeves about Moment for Parents?

6 (20)Can’t access via an app

8 (26.7)Daily text reminders

3 (10)None–it’s great as-is

4 (13.3)Not enough support for sleep

1 (3.3)Tone is too empathetic

5 (16.7)Something else

3 (10)Too much emphasis on self-care

11 (36.7)When check-in has a glitch

10 (33.3)When check-in questions don’t have the response
option I want

3 (10)When texts come too quickly

1 (3.3)When texts come too slowly

6 (20)When check-in topic doesn’t feel relevant to me

15 (50)When check-in topics are repetitive

5 (16.7)When Moment for Parents doesn’t respond to
me appropriately

Time to complete check-in
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Value, n (%)Feedback

3 (10)Less than 1 min

20 (66.7)1‐3 min

5 (16.7)3‐5 min

2 (6.7)More than 5 min

Check-in length

24 (80)Just right

5 (16.7)Too long

1 (3.3)Too short

Discussion

Summary of Findings
The purpose of this study was to (1) design and develop a
chatbot tailored specifically to educate and support pregnant
and postpartum people on emotional well-being and mental
health and (2) evaluate the usability of Moment for Parents in
a pilot test by examining usage patterns, engagement levels,
and user experience. In the design phase, we found that user
needs included social support, coping strategies, more attention
to mental health and self-care, and reliable medical and mental
health information. Users also emphasized a need for support
that is tailored to changes over the perinatal period. The end
result of phase 1 was an initial prototype of the Moment for
Parents chatbot that was used in the phase 2 pilot test. The
results from the pilot test showed that participants engaged with
the app early on and that sustained engagement decreased over
time. However, many participants re-engaged with the chatbot
after inactivity, suggesting that users may have turned to
Moment for Parents when they needed support. The results from
the feedback survey showed that participants were primarily
interested in using Moment for Parents to build resilience,
support their self-care routines, and seek emotional support
during pregnancy and postpartum.

Themes from the qualitative analysis highlighted the key needs
and preferences of perinatal users. Participants consistently
emphasized the importance of evidence-based strategies to
support their mental health, particularly as a complement to
in-person care, where provider time for emotional support may
be limited. Additionally, users described the fast-paced and
unpredictable nature of the perinatal period, reinforcing the need
for flexible and adaptive digital interventions that align with
their evolving emotional and psychological needs. These
findings underscore the importance of delivering personalized,
flexible, and easily accessible digital support that aligns with
the evolving needs of perinatal individuals. Such alignment may
also play a critical role in sustaining user engagement over time.

In the pilot trial, user engagement was greatest in the first 2
months, then decreased over the next 6 months, both in terms
of check-ins with the app and monthly active users. Importantly,
47% of users were still active after 2 months—this level of
usage is much greater than metrics described in other publicly
available mental health applications where users drop to only
4% of the initial sample after 2 weeks [39]. There are several

possible explanations for this finding. First, Moment for Parents
was developed using HCD, which is thought to enhance
engagement with digital mental health interventions [40].
Feedback showed that most participants felt that the information
and exercises in Moment for Parents were highly personalized
and relevant, which may have led to more sustained engagement.
Another possible explanation is that, given the time-consuming
demands faced by perinatal individuals such as attending
medical appointments, managing physical symptoms,
breastfeeding, and childcare, engaging with Moment for Parents
required relatively little time and energy from users, as most
users reported spending less than 5 minutes with Moment for
Parents daily. This is in contrast to other apps and chatbots that
are more time and resource intensive [41,42].

While most participants disengaged after 2 months, many
re-engaged with Moment for Parents at least once during the
pilot. Among those who returned, a large proportion did so 3
or more times, suggesting they found the app useful or relevant
to their needs. Re-engagement was highest in the first week
(40%), but a notable portion (14%) continued to return after 4
weeks, indicating that users may have turned to the app
specifically when they needed support or information. A recent
review of 16 trials of digital mental health interventions for
perinatal populations found that disengagement varied widely
across trials (13%‐90% retention rates) and highlights the
challenge of engaging perinatal users [43]. Moment for Parents
was designed to deliver targeted support based on mood
check-ins rather than continuous interaction, highlighting the
importance of minimal contact and flexible mental health tools.
Future research should prioritize understanding the timing and
reasons behind user re-engagement, rather than solely aiming
to increase engagement frequency, to enhance the mental health
chatbots’ ability to deliver timely, relevant support tailored to
users’ needs. This could include exploring the specific triggers
for re-engagement, the impact of intermittent use on mental
health outcomes, and how to refine content delivery to maximize
effectiveness when users do return.

Interestingly, both engagement and re-engagement were greater
among postpartum participants compared to pregnant
participants. Postpartum users may have been experiencing
greater mental health challenges than their pregnant counterparts
in this sample and, therefore, turned to the app more frequently
for exercises to improve their mood. Relatedly, postpartum
users may have sought more information from the app as they
learned to care for their infants, managed their postpartum
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mental health, and adjusted to new parenthood. Additionally,
the postpartum period is marked by significant hormonal
changes, sleep deprivation, and increased caregiving demands,
all of which contribute to low mood [44-46]. Given these
challenges, postpartum individuals may be more open to digital
mental health support as a convenient and accessible resource
for coping strategies, reassurance, and parenting guidance [47].
In contrast, pregnant users may have relied more on in-person
medical support or other existing resources, leading to lower
engagement with the app. Alternatively, some users indicated
in informal feedback that the content presented in Moment for
Parents was geared toward postpartum more than pregnant user
needs. Overall, the limited number of pregnant individuals in
our sample prevents definitive conclusions, highlighting the
need for further research on tailoring interventions to pregnant
user needs.

The findings from the 1-month feedback survey reinforced the
value of Moment for Parents in supporting perinatal mental
health. The users reported that the tool provided helpful advice,
supported self-care accountability, and facilitated emotional
reflection, highlighting its role in bridging gaps in traditional
care [48,49]. Many found the content relevant and beneficial,
though some noted frustration with repetitive or irrelevant
check-ins, emphasizing the need for customizable,
phase-specific content. These findings underscore the potential
of personalized digital interventions to enhance accessibility
and engagement in perinatal mental health support.

Limitations
This study was not without limitations. First, the samples used
in both phases of this study were relatively small and prone to
bias because of the snowball sampling method used. Certain
groups or participant characteristics may have been
overrepresented, leading to skewed results. Furthermore, only
25% of the initial sample completed the 1-month survey, leading
to potentially biased survey results if, for example, only users
who enjoyed the app completed the survey. Relatedly, another
limitation was that no demographic data was collected about

study participants in either phase, limiting our ability to speak
to the generalizability or biases in the samples studied. Second,
the sample primarily consisted of postpartum users, limiting
our ability to make inferences about the feasibility and utility
of Moment for Parents across the perinatal period. Future work
should focus on recruiting a larger sample of pregnant users at
various stages of pregnancy, as well as postpartum users at
various postpartum stages (eg, early postpartum vs late
postpartum). Third, the way the feedback questions were asked
may have led participants to provide overly positive feedback
(eg, “why was Moment for Parents a good fit” vs “to what extent
do you agree that Moment for Parents was a good fit?”). Future
evaluations of Moment for Parents should include a more
balanced survey to capture a variety of perspectives. Fourth,
systematic data were not collected around the nature and timing
of the iterative updates, which limits our ability to understand
how these updates impacted engagement or satisfaction with
Moment for Parents. Finally, data were not collected around
user enactment of the Moment for Parents exercises outside of
the check-ins. Future research should focus on understanding
how users integrate the strategies they learn from Moment for
Parents into their daily lives.

Conclusions
This study provides early evidence that Moment for Parents is
a practical and scalable tool for perinatal mental health support.
HCD informed the chatbot’s development, ensuring it aligned
with the needs of perinatal users before being tested in a pilot
trial. Findings showed that participants engaged with the chatbot
far longer than is typical for digital interventions and often
returned for support even weeks after initially stopping
use—highlighting its usability and value. However, more
research is needed to fully understand the chatbot’s efficacy in
mitigating adverse perinatal mental health outcomes. These
results contribute to the growing body of research on digital
mental health interventions in the perinatal period, reinforcing
the potential of chatbots to deliver accessible, on-demand
support.
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Abstract

Background: HIV index case testing (ICT) aims to identify people living with HIV and their contacts, engage them in HIV
testing services, and link them to care. ICT implementation has faced challenges in Malawi due to limited counseling capacity
among lay health care workers (HCWs). Enhancing capacity through centralized face-to-face training is logistically complex and
expensive. A decentralized blended learning approach to HCW capacity-building, combining synchronous face-to-face and
asynchronous digital modalities, may be an acceptable way to address this challenge.

Objective: The objective of this analysis is to describe factors influencing HCW anticipated acceptability of blended learning
using the Technology Acceptance Model (TAM).

Methods: This formative qualitative study involved conducting 26 in-depth interviews with HCWs involved in the ICT program
across 14 facilities in Machinga and Balaka, Malawi (November-December 2021). Results were analyzed thematically using
TAM. Themes were grouped into factors affecting the 2 sets of TAM constructs: perceived usefulness and perceived ease of use.

Results: A total of 2 factors influenced perceived usefulness. First, HCWs found the idea of self-guided digital learning appealing,
as they believed it would allow for reinforcement, which would facilitate competence. They also articulated the need for
opportunities to practice and receive feedback through face-to-face interactions in order to apply the digital components. In total,
5 factors influenced perceived ease of use. First, HCWs expressed a need for orientation to the digital technology given limited
digital literacy. Second, they requested accessibility of devices provided by their employer, as many lacked personal devices.
Third, they wished for adequate communication surrounding their training schedules, especially if they were going to be
asynchronous. Fourth, they wished for support for logistical arrangements to avoid work interruptions. Finally, they wanted
monetary compensation to motivate learning, a practice comparable with offsite trainings.

Conclusions: A decentralized blended learning approach may be an acceptable method of enhancing ICT knowledge and skills
among lay HCWs in Malawi, although a broad range of external factors need to be considered. Our next step is to integrate these
findings into a blended learning package and examine perceived acceptability of the package in the context of a cluster randomized
controlled trial.

International Registered Report Identifier (IRRID): RR2-10.1136/bmjopen-2023-077706

(JMIR Form Res 2025;9:e62741)   doi:10.2196/62741
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Introduction

While Malawi is making substantial progress in achieving the
Joint United Nations Programme on HIV and AIDS (UNAIDS)
95-95-95 targets by 2030, the first target (HIV status awareness
by persons living with HIV) has not been reached [1]. To find
persons living with HIV unaware of their HIV status, the World
Health Organization (WHO) promotes HIV index case testing
(ICT), in which contacts of individuals living with HIV are
identified, counselled, offered HIV testing, and linked to care
[2]. Specifically, WHO recommends an option for voluntary
assisted partner notification, in which health care workers help
index clients invite their contacts for HIV testing, an approach
that has been incorporated into Malawian standard of care [3-5].

Despite these recommendations, health care workers (HCWs)
have limited counseling capacity that hinders full realization of
voluntary assisted partner notification. For instance, formative
work in Malawi identified limited counselling capacity among
HCWs as a major challenge to enhancing the implementation
of ICT [5]. ICT is offered by lay HCWs, cadres who lack
professional training but are expected to perform select tasks
within the health care system based on brief in-service training.
Standard ICT training for lay HCWs is centralized, in-person,
and delivered didactically. However, such approaches are
logistically challenging and costly. A blended learning
implementation package, which can be offered in a decentralized
manner, asynchronously, and with nondidactic components is
a promising alternative training approach for HCWs.

Blended learning, which combines face-to-face with digital
modalities [6-8], is often more effective than digital or
face-to-face training alone [9-11]. In recent years, the use of
digital and blended educational approaches have increased,
especially with COVID-19–driven pivots to remote learning
[12-17]. Blended learning has promoted student motivation,
skill-building, and achievement in several contexts [18-20].
However, blended learning has not been fully evaluated for
implementation outcomes, especially among lay HCWs in low-
and middle-income countries (LMICs) with limited

technological literacy [21,22]. Thus, there is limited evidence
as to whether lay cadres would find blended learning to be
acceptable. We thus developed a cluster randomized controlled
trial to assess the impact of a blended learning implementation
package compared with the standard of care training on
implementation, effectiveness, and cost-effectiveness outcomes
[23]. Before developing this package, we conducted formative
research to understand factors that may influence the
acceptability of blended learning among lay HCWs in LMICs
with limited technological literacy [24,25]. This formative work
uses in-depth interviews (IDIs) to assess lay HCWs’perceptions
of a blended learning approach to ICT training. Our analysis
was guided by the Technology Acceptance Model (TAM).

Methods

Conceptual Framework
To explore the anticipated acceptability of a proposed blended
learning implementation package, we used the TAM to guide
data analysis. TAM is a theoretical model that examines
constructs influencing the acceptance or rejection of
technologies [26]. The model proposes that acceptability of any
technology can be predicted by 2 factors: perceived usefulness
and perceived ease of use (Figure 1). Perceived usefulness refers
to the belief that a certain technology would increase an
individual’s job performance. Perceived ease of use is a belief
that the use of the new technology would be effortless [27].
TAM proposes that a populations’ perceptions of usefulness
and ease of use of a technology impact the population’s intention
to use the technology, which in turn influences the population’s
actual usage of the technology. Furthermore, the key constructs
of perceived usefulness and perceived ease of use are influenced
by external factors, such as pedagogy, digital literacy,
infrastructure, and the learning environment. Understanding
these external factors is essential for designing a such a package.
We used the TAM in this formative sub-study to guide the
analysis of the relevant external factors influencing perceived
usefulness and perceived ease of use surrounding blended
learning in the context of ICT.

Figure 1. The Technology Acceptance Model.

Setting
This study was conducted at health centers in Balaka and
Machinga, two districts in Southeastern Malawi. Malawi is a
country in Southeastern Africa with an adult HIV prevalence
of 8.9% [1]. Although Malawi has met the second two UNAIDS
95-95-95 targets, it has not yet reached the first 95% HIV testing
target, with only 88.3% of adults living with HIV aware of their

HIV status at the time of the study [1]. Simultaneously, Malawi
has one of the lowest rates of qualified HCWs globally with
less than 1 medical doctor per 10,000 people [28], resulting in
task shifting of HIV services to lay cadres with less formal
training [29]. Particularly relevant to the proposed blended
learning strategy, is the fact that Malawi has one of the lowest
digital literacy levels (having the necessary skills and knowledge
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to confidently and effectively use technology) globally ranking
131 out of 134 countries by Network Readiness Index [30].

Study Design and Population
This formative work was conducted to inform a cluster
randomized controlled trial designed to examine the
implementation, effectiveness, and cost-effectiveness of a
blended learning ICT package [23]. Data for this qualitative
substudy were generated through IDIs conducted with lay HCWs
between November and December 2021. This formative study
purposively selected facilities from both districts (Machinga
and Balaka) and different levels of care (dispensaries, health
centers, and hospitals) for purposes of generalizability. To be
eligible for participation, HCWs had to be at least 18 years old,
work full-time at one of the health facilities, and be involved
in counseling index clients or tracing contact clients. With
engagement from facility supervisors, the research team
identified up to 2 eligible participants in each facility. These
individuals were actively involved in ICT at the time of the
study. A research team member visited all the eligible
participants in the 14 facilities to give them more details about
the study and to seek their consent. Contact details of all
consenting participants were shared with one of the research
team members who made arrangements with the participants
for the date and time of the interviews.

Data Collection
IDIs were conducted by 3 trained Malawian qualitative
interviewers in Chichewa, the local language. All interviews
were conducted by 3 female external interviewers. Among them,
1 interviewer had a doctoral degree in social sciences and 2 had
bachelor’s degrees in social sciences. The interviewers were
trained on techniques of normalization and probing to reduce
the risk of socially desirable response bias and had previous
training and experience in qualitative data collection and
research positions within the organization (postdoctoral fellow,
senior research officer, and research officer). Furthermore,
interviews were conducted in a private setting at the facilities,
with only the interviewers and participants present. Interviews
were conducted using a semistructured guide developed for the
study through a series of rigorous, iterative discussions among
the research team. The questions for this analysis focused on
feasibility and acceptability of a blended learning
implementation package.

After consenting and before conducting the interview, the
research staff introduced themselves and their role, explained
the purpose of the interview, and reiterated that they could refuse
to answer questions, that all data would be anonymized, and
that responses would have no consequences on their
employment. Interviewers first asked questions about
participants’ views of the standard training. Interviewers then
provided participants with a brief description of the planned
blended learning approach, explaining that it involved
tablet-based asynchronous lessons modeling counseling
approaches, as well as interactive synchronous in-person group
sessions to practice the skills learned. Finally, they asked about
perceived feasibility, probing on potential barriers. Before the
start of the IDIs, the interview guides were translated, back
translated, and pilot tested with iterative refinement. Interviews

were conducted over the phone or face-to-face and lasted
approximately an hour long. Repeat interviews were not carried
out. Interviewers summarized each IDI immediately after it was
conducted. Audio recordings were transcribed verbatim in both
Chichewa and translated to English by professional transcribers.
Transcriptions were not returned to the participants.

Data Analysis
The team took a thematic approach to coding [31]. First, the
team read the summaries to identify key themes and observed
that they were framed by TAM. The research team then
developed a qualitative codebook based on a focused
examination of the transcripts, debrief reports, and interview
summaries. The codebook consisted of both deductive codes
from the interview guides and inductive codes that mapped onto
TAM constructs. In addition, 2 trained research analysts (TEM
and CJM) applied codes to transcript text using the Dedoose
(SocioCultural Research Consultants) web application. As a
first step, each analyst independently coded the same transcript
and compared code applications to ensure agreements in the
coding process. The analysts discussed and resolved any coding
disparities, updating the codebook as needed to facilitate a
shared understanding of all codes. The analysts then met weekly
throughout the coding process, which provided space to review
code applications and address any challenges. After coding was
completed, analysts reviewed the coded text to extract key
themes through the identification of patterns, naming and
defining themes and refining the identified themes. Analysis
was organized by factors that influence the TAM’s constructs:
perceived usefulness (what participants perceived as gained or
lost by the blended learning implementation package) and
perceived ease of use (what participants perceived as facilitators
or barriers to acceptance of the blended learning implementation
package). The findings were not shared with the participants
for their feedback.

Ethical Considerations
Ethical clearance was provided by the University of North
Carolina at Chapel Hill institutional review board (#20‐1810),
the Malawi National Health Sciences Research Committee
(#20/06/2566) and the Baylor College of Medicine institutional
review board (H-48800). Interviewers obtained written informed
consent from all participants before starting the IDIs, reminding
participants that their participation was voluntary and could be
withdrawn at any time. Participants were compensated the
equivalent of US $10 per interview. All data were deidentified
to protect participant confidentiality.

Results

Demographic Summary
A total of 14 facilities participated in the IDIs. Among those, 2
of the facilities were district hospitals, 9 were health centers,
and 3 were dispensaries. Furthermore, 9 facilities were in
Machinga and 5 were in Balaka. In total, 26 HCWs participated
in the IDIs. A total of 7 were female and 19 were male.
Furthermore, 16 participants were from Machinga and 10 were
from Balaka. There were no participants that refused to
participate. All the participants were involved in both screening

JMIR Form Res 2025 | vol. 9 | e62741 | p.405https://formative.jmir.org/2025/1/e62741
(page number not for citation purposes)

Mbeya-Munkhondya et alJMIR FORMATIVE RESEARCH

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


and counselling index clients and conducting contact tracing
and had previous exposure to standard ICT training.

Themes
Our analysis identified two sets of factors influencing perceived
usefulness: (1a) opportunity for self-guided learning through
digital portions and (1b) opportunity for social exchange through
face-to-face interactions. We identified 5 factors influencing

perceived ease of use. In addition, 2 factors; (2a) need for
orientation to the digital technology and (2b) accessibility of
devices were related to perceived ease of use to the technology
itself, while 3 factors (2c) communication around training
schedules, (2d) support for logistical arrangements, and (2e)
monetary compensation were related to perceived ease of use
of the training approach (Figure 2). The following sections
develop these themes, and Table 1 shows the illustrative quotes.

Figure 2. External factors that contribute to perceived usefulness and perceived ease of use.
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Table . Detailed explanations and illustrative quotations for each external factor.

QuoteExternal factors

1. Perceived usefulness

a. Opportunity for self-guided learning

Able to learn better. • …. because I will be doing the
things myself, I will be able to
understand unlike having
someone read to me or stand
in front and say that this is this.
[P 8021]

Able to review the training content
at their own pace

• You can repeat at your own
time where you do not under-
stand. [P 8007]

b. Opportunity for interaction

Ability to ask questions and seek
clarifications.

• ….the tablet cannot respond to
questions that one may have as
you do when you have a facili-
tator. [P 8003]

• …. with the face-to-face por-
tion if you have other questions
maybe of which you failed to
ask the tablet, … then you will
ask the facilitator and he will.
[P 8024]

Ability to practice and receive
feedback.

• … face to face, gives us … a
chance to be practicing and see
which areas we are doing well
and areas in which we are
lacking and help one another
while we are together. [P 8013]

Interacting with others • … it means we will be able to
meet people from different fa-
cilities and we will be able to
share experiences. [P 8006]

2. Perceived ease of use

a. Need for orientation to the digital technology.

Need for orientation on use of tablet. • There can be some people who
have never used a tablet and
before the training, they should
be asked; “have you ever used
a tablet?” If the answer is “no,”
they should be taught how to
use the tablet. [P 8011]

b. Accessibility to the digital services

Questions and concerns regarding
tablet availability

• ….if there would be a number
of people with few tablets that
will be a ‘challenge’ since you
will be waiting for your friends
to finish then wait for another
one. [P 8023]

• …if the networks are malfunc-
tioning, it will definitely affect
your work. [P 8012]
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QuoteExternal factors

• …okay maybe at the time
when you are using it [tablet]
(…) maybe has run out of
power or maybe that thing has
a technical fault, [P 8007]

• ….the tablet can get lost or
maybe it fell down and it has
broken. [P 8009]

Technical issues affecting usage and
safety that could affect tablet access.

c. Communication around training schedules

• People can have thoughts if
they can be seeing you work-
ing on a tablet and if the super-
visor did not say that [name of
participant] will be working on
a tablet on this day. Your
friends can think that you are
just playing but if the supervi-
sor can tell them they can
know what is going on. [P
8004]

Engaging in open communication
about why certain individuals have
been selected to attend tablet train-
ing.

d. Logistical arrangements

• I would love if the training can
be conducted in my catchment
area and the other people
would also want the training to
be conducted in their catch-
ment area. So, my opinion is
that the training should be
conducted at a convenient
venue for most of the partici-
pants. [P 8006]

• ….Just because’ maybe ‘you
are far from’ your home, ‘you
feel’ that you are at a train-
ing… [P 8007]

Location—Preference for the train-
ing location

• So, if the training has happened
on a weekend, there’s no prob-
lem, it is your free time. [P
8012]

• …we like using the weekend
to…focus on our own things
for our lives yeah so maybe
many people would be affected
if the training is done during
the weekend. [P 8007]

Time – perception of having the
training over the weekend.

e. Monetary compensation
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QuoteExternal factors

• On the allowances I can say
that it would be good if we are
given a little something so that
we can be assisted. [P 8019]

• …an allowance is an al-
lowance. It needs to be there.
[P 8022]

Need for allowance.

• …this motivates people and
even the concentration during
the training is not compro-
mised. [P 8006]

• The benefit of receiving al-
lowances is that the money
helps you to care for yourself
while you are doing the train-
ing, it can also help your fami-
ly at the time when you are
away from the family. It will
help you to focus on the train-
ings and your home will not be
disturbed due to lack of money.
[P 8003]

Allowances motivate participants to
concentrate.

• … So, the one working in
NGO, because the training is
hosted by the NGO, they only
receive dinner allowance while
those from government they
receive dinner and daily subsis-
tence allowance (DSA). [P
8005]

Need for equity when giving al-
lowances.

• I am not very concerned about
the allowances because they
just motivate us with the al-
lowances…. what is paramount
is the new knowledge that that
we gain from the training. [P
8002]

Compensation is not the sole moti-
vation

Perceived Usefulness

Opportunity for Self-Guided Learning Through Digital
Portions
Participants viewed the digital portion of blended learning as
an opportunity for self-guided instruction. Some participants
expected that a tablet-led training would allow them to learn
ICT content better than facilitator-led training. This stemmed
from a desire to review the training content at their own time
and pace with no disturbances and to repeat difficult sections
as needed. Participants expected they would keep the tablets at
their facilities for future reference, an appealing feature.

Opportunity for Social Exchange Through Face-to-Face
Interactions
Participants viewed opportunities to interact with facilitators
and colleagues in-person as a central part of learning. Although
participants were interested in individual learning, almost all
also wished for social interaction during the learning process.
Most participants were worried that working on the tablet would
be like “talking to oneself” with no feedback mechanisms. They

expected they would not get immediate feedback and
clarifications. Participants viewed face-to-face sessions as
essential for seeking clarification. In addition, participants felt
face-to-face learning would allow them to practice and receive
feedback. Practicing the skills with a facilitator and colleagues
was considered useful because it would help them reinforce
content and ultimately facilitate acquisition of knowledge and
skills. It was also a time in which participants could receive
support from their peers and facilitators on areas they needed
to strengthen. In addition, participants considered the sharing
of experiences with colleagues as integral.

Perceived Ease of Use

Need for Orientation to the Digital Technology
Orientation to the technology was highlighted as a key factor
that would facilitate the ease of use of the blended learning
implementation package. Conversely, some participants
expressed fear about using a tablet for training without proper
orientation due to not being well acquainted with the technology.
To this end, participants suggested that they needed orientation
on the use of the tablet as well as the applications that would
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be used during the training since technological skills varied
across participants.

Accessibility of Devices
Equipment access was a significant factor influencing perceived
ease of use. Participants typically did not have personal tablets
and assumed a tablet would be provided. Participants had several
questions regarding the availability of the tablets within their
facility, such as the duration when they would be available and
whether they would be assigned to individuals or the facility.
In addition, participants identified tablet storage, tablets running
out of power, and poor network connectivity as key challenges
that would affect tablet access. Participants feared that that the
tablets were at risk of being lost at the facility, thus having
appropriate tablet storage measures was suggested. Furthermore,
participants were concerned that in seasons with frequent power
blackouts, they would have challenges to charge the tablets if
they ran out of power. Some participants stated that poor mobile
network connectivity in some facilities could affect their ability
to complete a tablet-based training.

Communication Around Training Schedules
Participants emphasized the need for open communication
regarding training arrangements. They noted that training
attendance can evoke envy among colleagues. To address this,
participants suggested ensuring prior communication to all
health care workers about the selection process and purpose of
training, especially for tablet training, to minimize work
disruption and misunderstandings.

Support for Logistical Arrangements
Time and location for both portions of the training were
highlighted as key logistical considerations that would drive
ease of use. Most participants considered having digital training
at their place of work or a nearby location acceptable. They also
were open to having portions of the training over the weekend
or during workdays, with pros and cons for each of these
different locations and times. Weekend training was considered
desirable by some as it would not disrupt work schedules, but
others noted it infringed on their personal commitments. Some
participants explained that having the training on-site involved
less effort for travel and would not disrupt the work schedule
at the facility. However, to some individuals, having the training
offsite was important because it created a mindset of higher
excitement, motivation, and a sense of purpose for participants.
They also noted that participants in offsite training would
experience fewer distractions than in a work environment,
allowing participants to fully focus on the training content.

Monetary Compensation
Provision of a training allowance (ie, monetary compensation)
was noted as a contributor to ease of use of a blended training.
The norm in the Malawian context is to receive an allowance
to cover accommodation and meals when attending a centralized
face-to-face training. Participants were asked to share their
views regarding such allowances under a decentralized blended
learning approach. The general perception was that they would
still expect to receive an allowance. In fact, some participants
indicated that they preferred offsite trainings, specifically
because of the certainty of an allowance. They described how

allowances act as a motivating factor that allows people to focus
on training content and apply what they learn. In addition,
allowances were perceived as important because they support
the basic expenses for their household needs without detracting
from their family’s financial commitments while they were in
the training. Participants preferred to receive a monetary
allowance, rather than meals and accommodation, because it
provided them with the possibility to save some of the money
for other purposes. Participants voiced a desire for allowances
to be disbursed equally across organization type, distance
travelled, and rank. Although most participants noted allowances
as important, many emphasized that this was not their sole ore
even primary motivation for training.

Discussion

This study explored the anticipated acceptability of blended
learning among lay HCWs in Malawi. Interest in self-guided
learning was a key factor underlying perceived usefulness in
digital learning. The desire for interaction was an important
consideration for in-person learning. With respect to ease of
use, blended learning could be facilitated through orientation,
accessibility of digital devices, communication, and
consideration of training logistics and compensation.

This study is among the first to examine perceived acceptability
of a blended learning implementation package within the context
of in-service training among lay HCWs in LMICs. Our study
suggests that the use of technology could be acceptable among
HCWs in this setting despite low digital literacy, as long as
there is sufficient orientation and device access. The study
revealed positive perspectives from HCWs on the use of the
digital component as it would allow participants to learn the
training content better at their own time, place, and pace.
Consistently, studies that have used digital technology in tertiary
education throughout health professions have reported positive
perspectives [32-35], due largely to the ability to review content
[16]. We posit that if blended learning proves acceptable in a
country with one of the lowest digital literacy levels and many
technology barriers, it can also be implemented in areas with
higher digital literacy and fewer barriers.

Our findings support previous findings that suggest learners do
not want to completely forego human interactions, which they
perceive enhance learning [16,17,36-38]. While most
participants welcomed the idea of digital ICT training, the lack
of interaction was highlighted as a major hindrance to the use
of technology alone. Hence, participants preferred to also have
a face-to-face portion to resolve their unanswered questions and
allow them to practice new skills. The desire for face-to-face
encounters has also been highlighted in clinical training
programs [32,39]. These findings around interest in both
modalities reinforce the value of blended approaches [40] in
which participants experience the flexibility of digital
self-training and engagement and interactivity in face-to-face
sessions [41]. We incorporated these findings into our package
by having a set of digital modules focused on reviewing content,
followed by face-to-face modules focused on practicing and
receiving feedback.
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Orientation was perceived as a key factor to facilitate the ease
of use of digital technologies, such as tablets in this setting.
Participants came from a setting with low technological literacy.
According to the World Bank, mobile phone penetration in
Malawi was at only at 60% in 2021, suggesting that digital skills
are not as ubiquitous as they are in other settings. Therefore,
for a blended learning implementation package to be successful,
participants need basic navigation skills before initiation [14],
as well as technical support to improve ease of use [42]. We
incorporated these findings into our package training site
supervisors on how to use the blended learning package. The
site supervisors, in turn, were empowered to orient staff at their
site and support those who experienced technology challenges.

Participants had different preferences regarding the time and
location of the training, but they unanimously agreed on the
desire for allowances, even with this new training modality. In
addition, there was consensus around the importance of equity
when distributing allowances. Allowances were felt to serve as
motivating factors that allow participants to focus on training
content. Such allowances are often provided to motivate
participants [43-45]. However, an appeal of the blended learning
approach is its potential to expand the skill set of HCWs in a
more economical and less disruptive manner. By offering
tablet-based training at or near their workplace, HCWs spend
less time away from their other duties, and the overall costs
could be reduced if no lodging or transportation expenses were

incurred. Our study team took these findings under consideration
in the development of a blended learning package that is now
being tested in a randomized trial. In the trial, to address equity
considerations, we offered the training to all lay health workers
at each facility and provided a small allowance to recognize
participants’ time.

Our study has several limitations and next steps. The study was
conducted before HCWs were exposed to blended learning and
evaluated anticipated perceptions; actual perceptions may differ.
This is something we will evaluate when we implement our
trial. In addition, the study was conducted in a few facilities in
2 districts and perceptions may differ in other settings. However,
we sampled from a broad range of districts and facility types
and achieved saturation. These facilities are not meaningfully
different from other facilities in these districts or the country
overall, suggesting that our results may generalize broadly in
Malawi.

In summary, our formative study showed that a blended learning
implementation package may be an acceptable method of
training HCWs in the Malawian setting if program developers
attend to contextual factors that affect perceived usefulness and
ease of use. Although this work offered immediate insights for
our planned trial, we recommend additional research to assess
acceptability of blended learning approaches in a range of LMIC
settings among lay health workers.
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Abstract

Background: Despite the availability of prophylactic human papillomavirus (HPV) vaccines, uptake remains suboptimal among
young Black adults. Social media is a platform for the dissemination of health information and can be used to promote HPV
vaccination among young Black adults.

Objective: This study aimed to assess the impact of a Facebook-based intervention (#HPVVaxTalks), which consisted of 40
posts over 8 weeks in improving cognitive outcomes, reducing vaccine hesitancy, and increasing vaccine intention, and uptake
among young Black adults aged 18-26 years.

Methods: A pilot 1-group pre- and poststudy was conducted among 43 young Black adults who engaged in an 8-week Facebook
intervention (#HPVVaxTalks). #HPVVaxTalks was developed in collaboration with a youth community advisory committee.
Participants were actively recruited by research staff from community settings using flyers, and flyers were posted in public
places in communities. Eligible participants were screened for eligibility and consented prior to study participation. Participants
completed baseline surveys and were added to a Facebook page created for the study to receive intervention posts. Participants
completed pre- and postdata on HPV knowledge, HPV vaccine knowledge, vaccine hesitancy, and vaccine uptake via REDCap
(Research Electronic Data Capture) surveys distributed by email. Participants’ satisfaction with the intervention was collected
via individual interviews. Data were analyzed using 2-tailed paired t tests and repeated measures analysis

Results: Overall, 32 of the 43 (74%) participants completed the follow-up survey, and of the 23 participants who reported not
having ever received the vaccine at baseline, 7 (30%) reported receiving the vaccine at follow-up. Participants demonstrated
significant improvements in HPV knowledge and receiving the vaccine at follow-up. Participants demonstrated significant
improvements in HPV knowledge (pre: mean 7.3, SD 4.2 and post: mean 11.1, SD 4.3; P=.004) and HPV vaccine knowledge
(pre: mean 2.8, SD 2.5 and post: mean 4.7, SD 2.2; P=.003) and reduction in vaccine hesitancy (pre: mean 28.3, SD 4.2 and post:
mean 29.9, SD 3.6; P=.007) after the intervention. However, there were no significant changes in other outcomes. Feedback from
open-ended questions and qualitative interviews highlighted participants’ satisfaction with the intervention and its role in increasing
HPV and HPV vaccine awareness.

Conclusions: The findings from this study underscore the potential of social media platforms for health promotion among
underrepresented populations and the importance of advocating for culturally appropriate interventions to improve HPV vaccination
rates and reduce disparities.

(JMIR Form Res 2025;9:e69609)   doi:10.2196/69609

KEYWORDS

human papillomavirus vaccination; HPV vaccination; Facebook-based intervention; young Black adults; social media

Introduction

Background
Human papillomavirus (HPV) vaccination provides primary
prevention against HPV-related diseases [1,2]. However, HPV

vaccine uptake remains low for female participants and lower
for male participants. Within 12 years of HPV vaccine
introduction, infections with the 4 HPV types prevented by
Gardasil decreased to 88% among 14‐ to 19-year-old female
participants and to 81% among 20‐ to 24-year-old female
participants in the United States [3]. According to the Centers
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for Disease Control and Prevention, only 21.5% of adults aged
18‐26 years received the recommended number of doses of
the HPV vaccine [4]. Completion rates for the HPV vaccine are
low in Black female participants (44.7% vs 57.9% White female
participants) and lower among Black male participants (29.4%
vs 26.6% among White male participants) aged 18‐26 years
[5]. HPV vaccination is recommended for everyone through
age 26 years if not adequately vaccinated when younger. Hence,
Black young adults are a priority population to improve HPV
vaccine uptake, given the low HPV vaccine uptake among this
group [6,7].

In general, one of the most common barriers to HPV vaccination
uptake is the lack of awareness of HPV and HPV infections.
Research shows that sub-Saharan African immigrants have even
less knowledge of HPV and HPV vaccination compared to
White and Black American–born individuals [8-10]. The lack
of knowledge results in misconceptions and the thinking that
the HPV vaccine is unnecessary because individuals do not
perceive themselves at risk of HPV infection [11]. In addition,
the potential cost of the HPV vaccine series completion,
perceptions of vaccine safety, and worry regarding anticipated
side effects are barriers to the uptake of vaccine uptake for
young adults [12]. In addition, system-level barriers such as
limited access to vaccines, vaccine documentation requirements,
and lack of strong provider recommendations may lead to missed
vaccination opportunities [13-15]. Additionally, the African
American population has been participants of historically
unethical research, which may contribute to low vaccine uptake,
medical mistrust, and misconceptions about vaccines [8,16,17].

Despite the high prevalence and complications that can occur
from unresolved HPV infections, gaps in HPV-related cognition
and HPV-related disparities exist for Black individuals. Catch-up
HPV vaccination is recommended for young adults (up through
age 26 years) who have not been previously vaccinated.
However, few interventions have focused on Black young adults
(18‐26 years), much of the research has explored parental
decision-making and system-level interventions for HPV
vaccination among adolescents [18-22]. Transition to young
adulthood is a critical period to institute health-promoting
behaviors [23]. As young adults transition to adulthood, they
begin to explore their sexuality, including initiating sexual
activity for the first time or engaging in riskier sexual behaviors
than in the past. These behaviors increase the risk of acquiring
sexually transmitted infections including HPV, providing a
strong justification for health-promoting behavior such as
catch-up HPV vaccination [24]. As Black young adults assume
health care decision-making responsibility and independence,
they may benefit from interventions to promote cognitive
outcomes (HPV and HPV vaccine-related knowledge, benefits,
severity, self-efficacy, risk perception), vaccine intention, and
catch-up HPV vaccination.

Social media is increasingly becoming the preferred platform
for the dissemination of health information and can be used to
raise awareness about HPV and HPV vaccinations, therefore
increasing HPV vaccination rates [25]. Social media platforms
are multifaceted, and their features can be used to serve multiple
purposes and reach a wide audience. Social media platforms
include video and photo posting, blogs, polls, and other

functions [26,27]. In the United States, Facebook is the single
most popular social network with over 2 billion daily users, and
73% of Black adults have ever used Facebook [28,29]. In
addition, 83% of adult social media users report visiting
Facebook in a typical week, and on average, young adults aged
18 to 24 years spend about 11 minutes every day on Facebook
[30].

Recent studies have used Facebook-based interventions to
promote HPV vaccination among young adults [31-33]. For
example, a technology-mediated intervention including private
Facebook posts improved knowledge among undergraduate
college students in the HPV vaccination intervention relative
to those in the control condition [32]. Similarly, a sponsored
advertisement campaign on Facebook targeted at young female
participants aged 18‐26 years found that participants engaged
with and were receptive to watching narrative-based health
information videos on Facebook. Higher video engagement was
associated with stronger intentions to talk with a health care
professional, talk with friends or family, and vaccinate against
HPV [31]. Despite the growing popularity of Facebook-based
interventions, few have targeted young Black adults including
sub-Saharan African immigrants. To fill this gap, we sought to
leverage Facebook for an HPV vaccination intervention among
young Black adults—a priority catch-up population with the
highest burden of HPV. Thus, the objective of this study was
to examine the impact of a Facebook-based intervention
(#HPVVaxTalks) on HPV vaccination uptake and secondary
outcomes among Black (African American and sub-Saharan
African immigrants) young adults (18‐26 years) of an 8-week
Facebook-based intervention. We hypothesize that young Black
adults who complete the intervention will have improvements
in HPV knowledge and HPV vaccine knowledge and a reduction
in vaccine hesitancy after the intervention.

Theoretical Framework
The theory of planned behavior states that the intention to
perform a behavior is the strongest predictor of whether an
individual engages in certain behaviors [34]. The theory of
planned behavior has been used to understand and predict HPV
vaccination rates by examining what constructs most correlate
with people’s intentions to receive HPV vaccine. For example,
in a sample of college students, more positive attitudes and
increased subjective norms were strongly correlated with
increased intention to receive complete doses of the HPV
vaccine [35]. Knowledge and health beliefs are antecedents of
intention and subsequent behavior. Hence, the theory of planned
behavior provides a framework to understand individual actions
by identifying beliefs relevant to individuals and groups and to
develop interventions to change beliefs [34].

Methods

Study Designs and Participants
This was a 1-group pre- and post-Facebook–based intervention
pilot study conducted in a southeastern state. We used a mixed
methods approach by administering a pre- and postintervention
survey to the participants as well as conducting follow-up
interviews with a subset of participants.
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Participants for the study were young Black (African American
and sub-Saharan African immigrants) adults between 18 and
26 years, given the age for HPV vaccination catch-up through
age 26 years. We used the STROBE (Strengthening the
Reporting of Observation Studies in Epidemiology) checklist
to guide the reporting of the study (Checklist 1).

Intervention
A culturally appropriate Facebook-based intervention
(#HPVVaxTalks) was developed in collaboration with a youth
community advisory committee [36,37]. The research team
created a library of evidenced-based Facebook posts, and a
youth community advisory board reviewed the preliminary
version of #HPVVaxTalks intervention materials and provided
critiques and suggestions for refinement. The advisory board
provided recommendations and input on different iterations of
the posts for content preferences, priorities, user-friendliness,
relevance, and cultural appropriateness [36]. To ensure posts
were culturally appropriate, we followed strategies from Kreuter
et al [38] including evidential, peripheral, linguistic,
constituent-involving, and sociocultural strategies. Engagement
with a youth community advisory board fostered the opportunity
to discuss priorities reflecting the target group’s interest, ensure
the appeal and relevance of the intervention, and draw on the
experience of the target populations. In addition, we conducted
a content validation of the intervention by obtaining experts’
feedback and participants’ satisfaction on the components of
the #HPVVaxTalks for content usability, acceptability,
relevance, and visual appeal to inform further refinements [37].
The intervention addressed general information on HPV, the
importance of HPV vaccination, vaccine hesitancy, self-efficacy,

HPV vaccination as a cancer prevention strategy, risk
perception, perceived behavioral control, and subjective norm.
Intervention contents were mapped to constructs of the theory
of planned behavior, and important concepts informed by the
literature and youth advisory board. The Facebook posts
contained relevant images, graphics, memes, short texts, and
information on where to receive the HPV vaccine in the
community (see Figures 1 and 2 for sample posts). We included
embedded links to information from lead organizations (eg,
American Cancer Society, American Sexual Health Association,
and Centers for Disease Control and Prevention). The
intervention consisted of 40 messages posted over 8 weeks,
with 4 to 5 messages posted each week. One “secret” and
“closed” Facebook group page solely for this study was created.
Facebook was chosen as the platform for delivering HPV
vaccination messages due to its features that allow for the
creation of private groups. These groups enable only invited
participants to see posts and engage in discussions, ensuring a
level of privacy and confidentiality that can encourage open
discussion [33]. Eligible participants were screened and
consented, they received a link to complete the baseline survey
and were invited to join #HPVVaxTalks Facebook group.
Trained research staff posted intervention posts as scheduled
(4 to 5 messages posted each week for 8 weeks) to promote
engagement but not burden the participants with too much
information. Enrolled participants were encouraged to turn on
Facebook notification to know when posts are posted, view
posts regularly, comment, like, and ask questions. The Facebook
page was monitored throughout the intervention by the research
team.

Figure 1. This is a sample of Facebook graphic posted as one of the messages for HPV vaccination promotion among young Black adults. Courtesy
of National Foundation for Infectious Diseases [39].
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Figure 2. This is a sample of Facebook graphic posted as one of the messages for HPV vaccination promotion among young Black adults [39]. HPV:
human papillomavirus.

Recruitments
Black young adults aged 18‐26 years were recruited throughout
a southeastern state between April 2023 and June 2024 using
approved study flyers, snowballing, and word of mouth. In
addition, research staff carried out active recruitment throughout
community organizations that have a high client base of young
adults. Study flyers with research team contact information were
posted in public areas and community settings throughout the
state. Flyers described the project and asked interested
participants to contact the study team to learn more about the
study. Interested participants were provided with additional
information about the study and screened for eligibility. Study
eligibility included the following: self-identification as African
American and sub-Saharan African immigrants, age 18‐26
years, fluency in the English language, access to the internet, a
Facebook account, and willingness to participate.

Ethical Considerations
Prior to the start of the study, all study procedures and materials
were reviewed and approved by the University of Kentucky
Institutional Review Board (protocol 76589). Participation was
voluntary, and all study participants provided written informed
consent prior to participation in any study activities.
Confidentiality of participant’s information was maintained at
all times. Patient’s data were coded with a unique subject
identifier, and all data deidentified prior to analysis. Participants
were compensated with US $30 gift card from a retail store for

completing the baseline survey and US $20 for postintervention
surveys.

Quantitative Data Collection
All research activities were completed remotely. Participants
received REDCap (Research Electronic Data Capture;
Vanderbilt University) links via emails to complete baseline
and postintervention surveys. Quantitative data were collected
using self-administered REDCap-based surveys at baseline and
after the intervention (after 8 weeks). After the intervention, we
repeated the items from the baseline survey and added
open-ended questions to assess what participants liked about
the intervention and ways for improvement. In addition, we
assessed intervention satisfaction and asked if participants had
received a dose of the HPV vaccination.

Measures

Overview
Participants completed a self-administered survey including
sociodemographic characteristics, HPV vaccination history,
HPV knowledge items, HPV vaccine knowledge items, vaccine
hesitancy measures, risk perception items, HPV severity, HPV
vaccination benefits, and HPV vaccination self-efficacy. Valid
and reliable measures were adapted from the literature [40-43].
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Sociodemographic Characteristics
Sociodemographic information collected via self-report included
age, sex, country of origin, education level, income, and health
insurance coverage.

HPV Vaccination Uptake
HPV vaccination uptake was assessed among those who reported
not being vaccinated at baseline. In the follow-up survey,
participants were asked if they had received at least 1 dose of
the HPV vaccine since enrolling in the study (yes or no).

HPV Knowledge
HPV knowledge items included 16 items assessing knowledge
of HPV (including transmission, consequences, and risk factors).
Response options were true or false or do not know, with “do
not know” scored as incorrect [41,42]. A summative score was
calculated with a potential range of 0‐16. The scale has high
reliability (Cronbach α=0.84) among diverse populations [42],
and Cronbach α for this study was 0.91.

HPV Vaccine Knowledge
HPV vaccine knowledge was assessed with an 8-item scale
regarding the protection offered by HPV vaccines [41]. A
summative score was calculated with a potential range of 0‐8.
Cronbach α for this sample was 0.84.

Vaccine Hesitancy
Vaccine hesitancy was measured with a 9-item scale that
captures general attitudes to vaccination [43], sample items
include “the HPV vaccine is effective” and “the HPV vaccine
is important for my health.” Responses options followed a
4-point Likert scale ranging from 1=strongly disagree to
4=strongly agree [43]. A summative score was calculated with
a potential range of 9‐36, with lower scores indicating greater
hesitancy. Cronbach α for this sample was 0.80.

HPV-Related Risk Perception
HPV-related risk perception was assessed with the item, “If I
don’t get vaccinated for HPV, I think my chances of getting
[HPV infection; HPV-related cancer; genital warts] sometime
in the future would be,” with responses of 1=almost zero,
2=small, 3=moderate, 4=large, and 5=almost certain [40].

HPV Severity, Benefits, and Self-Efficacy
These constructs were assessed with items adapted from the
literature [40]. HPV severity was assessed with 4 items (eg,
being infected with HPV would have major consequences on
my life), HPV benefits were assessed with 3 items (eg, getting
vaccinated for HPV will help protect me from HPV infection),
and self-efficacy was assessed with 3 items (eg, I feel confident
in my ability to get vaccinated for HPV, even if it is expensive).
Responses options for each item followed a 5-point Likert scale
ranging from 1=strongly disagree to 5=strongly agree.
Summative scores were calculated for each construct, with
potential ranges of 4‐20, 3‐15, and 3‐15 for severity,
benefits, and self-efficacy, respectively. Cronbach α for all
scales exceeded 0.77.

HPV Vaccine Intention
Vaccine intention was assessed with an item, “I intend to get
the HPV vaccine in the next 3 months?” Responses followed a
5-point Likert scale ranging from 1=strongly disagree to
5=strongly agree.

Intervention Satisfaction
Intervention satisfaction was assessed with items to measure
usability (6 items; Cronbach α=0.93), acceptability (5 items;
Cronbach α=0.92), and relevance of HPV posts or messages
on Facebook (5 items; Cronbach α=0.92). Responses to each
item followed a 5-point Likert scale ranging from 1=strongly
disagree to 5=strongly agree, and summative scores were
calculated for each construct separately [44,45].

Data Analysis: Quantitative Data Analysis
Sociodemographic characteristics among those who completed
the follow-up survey (completers) and those who did not
(noncompleters) were examined using the 2-tailed t test,
chi-square test of association, or Mann-Whitney U test, as
appropriate.

Descriptive statistics were used to analyze vaccination uptake.
Among those who had not received the HPV vaccine at baseline,
unadjusted changes in outcomes (HPV-related knowledge, HPV
vaccine knowledge, vaccine hesitancy, risk perception, severity,
vaccination benefits, self-efficacy, and intention and vaccination
uptake) were evaluated using the paired 2-tailed t test. These
changes were also evaluated using repeated measures analysis,
adjusting for age, sex, and ethnicity. The repeated measures
analysis is exploratory due to the small size. Intervention
satisfaction, specifically usability, acceptability, and relevance
of the messages, was summarized descriptively using means
and SDs. All analysis was conducted using SAS (version 9.4;
SAS Institute Inc), with an α level of .05 throughout.

Results

Quantitative Findings: Sample Characteristics
In total, 43 young Black adults enrolled in the study, 32 of the
43 (74%) participants completed the follow-up survey, and 9
participants were ineligible for HPV vaccination because of
prior HPV vaccination or other reasons not identified at the time
of recruitment. Flow participant diagram through pre- and
postintervention is shown in Figure 3. In the baseline sample
of 43 participants, the average age was 21.7 (SD 2.7 years; Table
1). The majority were female (32/43, 74%), and more than half
were African-born (25/43, 58%). Participants were
well-educated, with nearly half having a college degree or
beyond (20/33, 46%), and over three-quarters of participants
had health insurance coverage (33/43, 77%). In comparing the
completers and noncompleters of the follow-up survey, a higher
proportion of completers were African-born (P=.002), had
higher educational attainment (P=.02), and had higher income
levels (P=.04). There was no difference in age, sex, health
insurance coverage, or receipt of the HPV vaccine (at baseline)
between completers and noncompleters.
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Figure 3. Flow participant diagram of the progress through the phases of a pre and post 1-group intervention (enrollment, baseline, completed intervention,
follow-up, and data analysis). HPV: human papillomavirus.
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Table . Descriptive summary of sociodemographic characteristics of young adults (18‐26 years).

P valueNoncompleters (n=11)Completers (n=32)Full sample (N=43)

.09a20.5 (1.6)22.1 (2.9)21.7 (2.7)Age (years), mean (SD)

.88bSex, n (%)

3 (27)8 (25)11 (26)    Male

8 (73)24 (75)32 (74)    Female

002bCountry of origin, n (%)

9 (82)9 (28)18 (42)    US-born

2 (18)23 (72)25 (58)    African-born

.02cEducation, n (%)

2 (18)2 (6)4 (9)    High school or below

7 (64)12 (38)19 (44)    Some college

2 (18)11 (34)13 (30)    College graduate

0 (0)7 (22)7 (16)    Master or higher

.04cHousehold income (US $), n (%)

3 (27)11 (34)14 (33)    Less than $25,000

0 (0)12 (38)12 (28)    $25,000-$49,999

2 (18)5 (16)7 (16)    $50,000-$79,999

6 (55)4 (13)10 (23)    $80,000 or more

.23bHealth insurance coverage, n (%)

7 (64)26 (81)33 (77)    Yes

4 (36)6 (18)10 (23)    No

.96bEver recieved the human papillomavirus vaccine, n (%)

3 (27)9 (28)12 (28)    Yes

8 (73)23 (72)31 (72)    No or do not know

aTwo-tailed t test.
bChi-square test of association.
cMann-Whitney U test.

Among the 23 participants who completed the follow-up survey
that reported not having ever received a dose of the HPV vaccine
at baseline, 7 (30%) reported receipt of at least 1 dose of the
HPV vaccine at follow-up. Among participants (n=23), there
was a significant increase in HPV knowledge (P=.01) and HPV
vaccine knowledge (P=.004; Table 2) in the unadjusted analysis.
Based on a potential range of 0‐16, average HPV knowledge
scores increased from 7.3 (SD 4.2) to 11.1 (SD 4.3) from
baseline to follow-up. For HPV vaccine knowledge, based on

a potential range of 0‐8, average scores increased from 2.8
(SD 2.5) on the baseline survey to 4.7 (SD 2.2) on the follow-up.
Both of these changes remained statistically significant in the
models adjusting for age, sex, and ethnicity (P=.004 and P=.003,
respectively). There was also a significant change in HPV
vaccine hesitancy. Scores on this scale increased from baseline
(mean 28.3, SD 4.2) to follow-up (mean 29.9, SD 3.6; P=.02),
which indicates a decrease in vaccine hesitancy. This change
remained significant in the adjusted analysis (P=.007).
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Table . Pre- and postchanges from baseline to follow-up among young adults (18‐26 years) who have not received the human papillomavirus (HPV)
vaccine at baseline (n=23).

Adjusted

P valuea

Unadjusted

P value

Postintervention, mean
(SD)

Baseline, mean (SD)Potential range

.004.0111.1 (4.3)7.3 (4.2)0‐16HPV knowledge

.003.0044.7 (2.2)2.8 (2.5)0‐8HPV vaccine knowl-
edge

.007.0229.9 (3.6)28.3 (4.2)9‐36HPV vaccine hesitancy

.58.442.7 (1.1)2.4 (1.1)1‐5HPV-related risk per-
ception

.93.9616.5 (3.7)16.5 (2.1)4‐20HPV severity

.12.1913.1 (2.2)12.3 (1.8)3‐15HPV vaccination bene-
fits

.13.3411.4 (2.6)10.7 (2.1)3‐15HPV vaccination self-
efficacy

.90.882.6 (1.1)2.7 (0.8)1‐5HPV vaccine intention

aModels adjusted for age, ethnicity, and sex.

There were no significant changes in HPV severity, vaccination
benefits, vaccination self-efficacy, or intention among those
who had not received the HPV vaccine at baseline. Among the
completers of the intervention, baseline vaccine hesitancy and
risk perception scores were near the midpoint of the scales,
while HPV severity, vaccination benefits, and vaccination
self-efficacy were relatively high.

For intervention satisfaction, participants rated the usability
high (eg, information was important, credible, helpful, etc) with
an average score of 24.8 (SD 3.4) of a potential maximum of
30. Similarly, based on potential ranges of 0‐25, overall
intervention acceptability (mean 20.0, SD 3.3; potential range
5‐25) and relevance of the posts (mean 20.1, SD 2.7) were
high. The usability, acceptability, and relevance of the posts or
messages were supported further by one-on-one interviews
(n=19) and open-ended questions (n=32).

Qualitative Data Collection
All participants who completed the postintervention assessments
were invited for a follow-up interview via email. Follow-up
one-on-one interviews were conducted with 19 participants to
assess intervention satisfaction at 8 weeks (postintervention).
The interviews were conducted on Zoom (Zoom Video
Communications) by the first author (AA), a PhD-level
qualitatively trained Black female researcher. Each interview
began with an introduction, and the interview was guided by a
semistructured interview guide developed by the research team.
Each interview lasted 15 to 25 minutes. The interview questions
were centered on how well the posts resonated with participants,
how the intervention could be improved, and how the
information learned from the intervention would be used. In
addition, we asked if participants had received at least 1 dose
of the HPV vaccination or scheduled an appointment.
Participants were compensated with US $10 for interviews.
Interviews were audio-recorded, transcribed verbatim, and
deidentified for analysis.

Qualitative Data Analysis
Data from the one-on-one interviews and open-ended questions
were analyzed by 2 qualitative trained research team members
(Adegboyega Adebola and Wuni Abubakari ). The researchers
(AA and AW) read the transcripts and independently carried
out a content analysis of the data. We did not use any qualitative
software. Transcripts were coded line-by-line by the 2
researchers. Coding involved aggregating the data text into
small categories of information and assigning a label to the code
[46]. We used an iterative procedure to refine the codes and
identify emergent themes until reaching saturation. Any
discrepancies between results were discussed and resolved with
the entire research team.

Qualitative Findings
In total, 19 participants completed the interviews, 12 (63%)
were female participants. Two main themes emerged from the
data: (1) feedback and recommendation on the intervention and
(2) perceived impact of the intervention on vaccination decision.

Theme 1: Feedback and Recommendation on the
Intervention
Participants expressed strong appreciation for the visual content
used in the intervention, particularly memes and graphics.
Participants found these visuals to be effective in delivering
clear and engaging messages about HPV and vaccination. One
participant stated, “the use of memes and graphics made the
information clear and easy to understand.” Another participant
noted, “visuals really caught my attention and made me more
interested in learning about HPV.” The participants positively
noted the notification system for new posts and the use of
incentives to encourage engagement. One participant noted that
“I like the fact that I get notified of when new information is
posted.” Opportunities for improvements suggested by
participants included the promotion of more participant
engagement, the use of additional platforms, and shorter
intervention duration. One participant suggested, “You should
make it into a group that everybody is active, maybe like text
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messaging, SMS, WhatsApp or something like a smaller group.”
Another participant noted, “I think I will like it shorter for half
of the time it was done, like four weeks.”

Theme 2: Perceived Impact of the Intervention on
Vaccination Decision
Some participants who took the vaccine after the intervention
reported that it significantly influenced their decision to
vaccinate against HPV. Some participants indicated that the
information provided through the intervention helped clarify
misconceptions and increased their confidence in the vaccine’s
necessity. One participant noted, “After learning more from the
intervention, I decided to get vaccinated.” Another noted, “The
intervention gave me the information I needed to make an
informed decision about HPV vaccination.”

Discussion

Principal Findings
This study was a pilot 1-group pre- and post-Facebook–based
intervention (#HPVVaxTalks) study among 43 young Black
adults in a southeastern state. Participants in the 8-week
intervention showed significant improvements in HPV
knowledge and HPV vaccine knowledge and a reduction in
vaccine hesitancy after the intervention. Participants were
satisfied with the intervention, and it was well-received.
Participants did not show significant changes in HPV severity,
vaccination benefits, vaccination self-efficacy, or intention
among those who had not received the HPV vaccine at baseline.

The intervention led to HPV vaccination uptake, with 7 of 23
(30%) reporting that they have received at least 1 dose of the
HPV vaccine at 8 weeks follow-up. This is a noteworthy result,
given that the intervention targeted a high-risk group. This
finding is in line with a study where 30% of Korean-American
female participants aged 21 to 29 years who participated in a
mobile health intervention received the first dose of the HPV
vaccine after the intervention of a text messaging intervention
to promote HPV vaccination [47]. Our finding highlights the
impact of culturally appropriate intervention in promoting HPV
vaccination among previously unvaccinated individuals.
However, the low vaccination rates and no significant changes
in HPV vaccine intention reported from our study show that
this intervention had limited influence on HPV vaccination
outcomes. According to the theory of planned behavior, the
intention to perform a behavior is the strongest predictor of
whether an individual engages in certain behaviors. The
intention to engage in vaccination is determined by a person’s
beliefs, attitudes, and subjective norms within a specific context
[34]. Hence, future interventions should use multicomponent
interventions to address young adults’ HPV vaccine–related
beliefs, attitudes, and subjective norms. Multicomponent
interventions should include effective patient-provider
communication and HPV vaccine recommendations as a cancer
prevention tool. In addition, there is a need for comprehensive
social media campaigns to address myths and misinformation
related to HPV targeted at young adults, given their wide reach
and influence among young adults.

This study found a significant increase in HPV knowledge and
HPV vaccine knowledge in the pre- and postintervention. The
findings from this study are congruent with a social media
intervention study where there was a statistically significant
increase in knowledge after the intervention [48]. Furthermore,
qualitative postintervention interviews with study participants
supported the findings that our social media intervention
increased their awareness and knowledge of HPV, particularly
regarding transmission risks and preventive measures. This is
in line with a similar study on mobile health interventions among
unvaccinated youths, which showed improvement in
HPV-related knowledge, vaccination intention, or vaccine
initiation in a postintervention [49]. However, the findings from
our study are inconsistent with a Twitter campaign that reported
no significant changes in HPV knowledge after the campaign
[50]. However, knowledge alone is insufficient for increasing
HPV vaccination rates, as other factors beyond knowledge
deficiency influence HPV vaccination decisions.

Our study found a significant reduction in HPV vaccine
hesitancy. This finding supports the use of a Facebook-based
intervention to decrease HPV vaccine hesitancy among young
Black adults. A large-scale study across 67 countries showed
that vaccine hesitancy can partly be attributed to a lack of
confidence in vaccine safety, perceptions that vaccines do not
work, distrust of information, perceived low risks of
vaccine-preventable diseases, as well as a lack of trust in health
care providers, authorities, and pharmaceutical companies [51].
Research has shown that interventions that support risk
communication, community engagement, use of trained vaccine
champions, tailored communication campaigns, and increased
confidence in vaccines tend to reduce HPV vaccine hesitancy
[52]. For this pilot study, we used a community-engaged
approach by engaging with a youth advisory board for the
development of #HPVVaxTalks intervention, which improved
its cultural appropriateness for young Black adults. Future
studies could use young adults as vaccine champions to deliver
training and advocacy tailored to their communities to positively
impact social norms [52].

Our study found no significant differences in HPV self-efficacy,
intention to vaccinate, perceived severity, and perceived
vaccination benefits. This may be because of the small sample
size and relatively high baseline values for these variables.
Future research with large sample size and longitudinal approach
is warranted to test whether a Facebook-based intervention is
effective in promoting significant change in HPV self-efficacy,
intention to vaccinate, perceived severity, perceived vaccination
benefits, and HPV vaccination uptake.

The intervention piloted in this study was well-received, with
participants rating its usability, acceptability, and relevance
highly. This study reiterates the importance of including the
target population in formative research to promote usability,
acceptability, and relevance to the target population. These
findings are supported by research that reports that young adults
are open to using social media to seek out health information
and learn more about preventative health behaviors [32,48,50].
Using social media platforms could be an avenue and platform
for delivering crucial information to reach young Black adults
on a larger scale.
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Participants reported that the intervention positively influenced
their perception of the HPV vaccine’s necessity and encouraged
them to consider vaccination. These findings are supported by
research that reports that young Black adults can benefit from
social media interventions and seek out correct health
information from social media platforms. Leader et al [31]
showed that young adults were receptive to watching
narrative-based health information videos on social media.
Based on suggested opportunities for improvement, future
research may explore shorter intervention duration to prevent
attrition and use other social media avenues that may be relevant
for health promotion and engagement for African American
and sub-Saharan African immigrant Black young adults.

Implications for Practice or Research
The intervention’s effect on HPV-related knowledge, vaccine
knowledge, and vaccine hesitancy demonstrates its efficacy.
Researchers can extend these findings by undertaking
larger-scale research with varied groups and using other social
media platforms to demonstrate the intervention’s
reproducibility and generalizability. Follow-up studies could
determine whether knowledge increases, and behavioral
improvements are sustainable over time. To determine if
intervention effects persist beyond study completion and if
participants complete the HPV vaccination series, longitudinal
research is needed to monitor participants’ HPV vaccination
series completion. In addition, further research can determine
which parts of the intervention (eg, specific message kinds and
frequency of exposure) are most important to its effectiveness.

Tailored and community-driven social media interventions can
be implemented to increase overall community uptake and
support of the intervention and may improve health outcomes
among minoritized and underserved populations. Health care
professionals can use social media platforms to share
evidence-based information regarding HPV and HPV
vaccination. The intervention’s success in increasing knowledge
and vaccination shows that such initiatives could be beneficial
on a larger scale. Messages can be tailored to young Black adults

who are active on social media while taking into consideration
cultural contexts and incorporating strategies to increase
engagement and the effectiveness of future interventions. The
usability, acceptability, and relevance of the intervention point
to its usefulness in informing future large-scale Facebook-based
studies.

Strengths and Limitations
Strengths of this study include the use of theory-driven
intervention developed by a youth community advisory board,
the use of a social media intervention, and a mixed methods
approach. There are limitations to this study to consider. The
sample is small and limited to those who had access to
Facebook, and results are not generalizable to all young Black
adults. The use of convenience sampling could have led to a
homogenous participant pool and limited the diversity of
perspectives. We collected self-reported measures, which could
have social desirability bias. We also experienced a high attrition
rate in the study. Future studies should oversample and send
multiple routine reminders about follow-ups to minimize
attrition. Another limitation of this study is the lack of a
comparable control group. Similar to many pilot studies, the
study was not powered, but provides a foundation for future
studies, to be able to pilot-test the intervention and posts.

Conclusions
This study highlights significant improvements in HPV
knowledge and HPV vaccine knowledge and a reduction in
HPV vaccine hesitancy following a Facebook-based intervention
among young Black adults. The findings from this study
contribute to available research on the use of Facebook
intervention among young Black adults. Intervention addressing
knowledge gaps and improving HPV hesitancy among potential
vaccine recipients is pivotal to promoting vaccine uptake. More
research is needed to assess the type of messages and
intervention dose that can most effectively facilitate changes in
HPV perceived severity, vaccination benefits, self-efficacy, and
intention to vaccinate to promote HPV vaccination behavior
among young Black adults.
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Abstract

Background: The use of virtual reality (VR) technology in rehabilitation therapy has been growing, leading to the development
of VR-based upper-limb rehabilitation softwares. To ensure the effective use of such software, usability evaluations are critical
to enhance user satisfaction and identify potential usability issues.

Objective: This study aims to evaluate the usability of a VR-based upper-limb rehabilitation software from the perspective of
occupational therapists. Specifically, the study seeks to identify usability challenges and provide insights to improve user
satisfaction.

Methods: The VR-based upper-limb rehabilitation software was tailored for therapists to operate while delivering therapy to
patients. Usability testing was conducted with occupational therapists from the Korean National Rehabilitation Center using
cognitive walkthroughs and surveys. Participants performed tasks that simulated real clinical scenarios, including turning the
device on, assisting patients with wearing the device, and shutting it down. Observers recorded user reactions during task
performance, and participants completed surveys to assess the ease of use of the user interface. This mixed-methods approach
provided qualitative insights into user difficulties and their root causes.

Results: Usability evaluations were conducted with 6 participants. Cognitive walkthroughs revealed potential areas for
improvement in the software, including (1) enhancements to the graphical user interface for ease of use, (2) refinements in the
natural user interface, and (3) better user manuals for clearer product instructions. The ease-of-use score for the user interface
averaged 1.58 on a 5-point scale (1=very easy to 5=very difficult).

Conclusions: This study provides valuable insights into improving user satisfaction by focusing on the needs of occupational
therapists who operate a VR-based rehabilitation software. Future research should explore software refinement and clinical
efficacy to maximize the therapeutic potential of such technologies.

(JMIR Form Res 2025;9:e68149)   doi:10.2196/68149

KEYWORDS

usability; cognitive walkthrough; virtual reality-based upper limb rehabilitation software; upper limb; limb rehabilitation;
rehabilitation; therapist; virtual reality; VR; medical device; formative evaluation; quantitative; qualitative; occupational therapy;
user safety; usability testing; software; risk factor

Introduction

Background
Upper limb rehabilitation plays a critical role in restoring
functional abilities in individuals with stroke or neurological
injuries, enhancing their independence and autonomy [1,2].
Virtual reality (VR) technology has emerged as a promising
tool in rehabilitation therapy, offering immersive and interactive
features that can improve patient engagement and therapeutic
outcomes [3-5]. Through tailored feedback and adjustable

difficulty levels, VR-based rehabilitation programs can address
diverse patient needs and therapeutic goals [6]. To achieve
optimal clinical use, VR-based rehabilitation software must be
designed to meet the needs of end users, including health care
professionals such as occupational therapists, within their
specific work environments. Usability evaluation is a critical
step in this process, as it helps identify design flaws, reduce
user errors, and enhance operational efficiency and satisfaction
[7]. While existing studies on VR-based rehabilitation have
largely focused on technical development and clinical efficacy
[4], research on usability issues experienced by health care
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professionals during actual software use remains limited [3] .
Specifically, there is a lack of comprehensive analysis regarding
the intuitive interaction, learning curve, and practical
applicability of such software in real-world clinical settings [7].

Systematic usability evaluation targeting occupational therapists,
as key stakeholders in VR-based rehabilitation, is essential to
identify and address usability issues. Formative evaluation
methods, such as cognitive walkthroughs, provide valuable
insights during the early stages of software development,
enabling iterative improvements and better user experience [3].

Usability Evaluation
Errors encountered during the use of medical devices are often
linked to poorly designed interfaces rather than user mistakes.
Although not all user errors result from design flaws, usability
evaluations conducted before commercialization can effectively
mitigate design-related issues [8,9]. Usability engineering
processes play a vital role in identifying and addressing
predictable user errors in clinical environments, ensuring the
safety and efficiency of medical devices [10,11].

Usability evaluations can be categorized as formative or
summative, depending on the timing and purpose of the
evaluation [12]. Formative evaluations aim to identify usability
issues and guide design improvements during the product
development phase, while summative evaluations focus on
validating outcomes at the final stages of development through
objective data analysis [13]. Formative evaluations commonly
use methods such as cognitive walkthroughs, task analysis,
usability testing, and heuristic evaluation to explore and address
usability challenges in depth [14].

Cognitive walkthroughs, in particular, are highly effective for
evaluating software usability. They focus on assessing the
system from the perspective of new users, enabling the

identification of potential issues such as inconsistent interface
behavior or a lack of clarity [15]. By providing insights into
users’ cognitive processes, cognitive walkthroughs empower
developers to design more user-friendly, efficient, and satisfying
interfaces.

Objective
This study aims to conduct a formative evaluation of a prototype
VR-based upper limb rehabilitation software, focusing on its
usability for occupational therapists. By identifying usability
challenges and gathering feedback from intended users, this
research seeks to provide actionable insights to guide iterative
improvements in the software design. Ultimately, this study
aims to contribute foundational data for user-centered design
and optimize the software for effective clinical implementation.

Methods

Study Design
This study conducted a usability evaluation of a prototype
VR-based upper limb rehabilitation software targeted for use
by occupational therapists. The evaluation used cognitive
walkthroughs and surveys, covering the entire user workflow,
including activating the device, setting it up, and completing
tasks. The software was assessed as an embedded system,
including its hardware components.

Formative Evaluation Procedures
The formative evaluation was conducted in the clinical
rehabilitation testbed of the Korean National Rehabilitation
Center. Each session lasted approximately 90 minutes per
participant (Table 1). Before the evaluation, the facilitator
introduced the usability testing process, including its objectives,
methods, and relevant product information.
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Table . Formative evaluation procedures. The formative evaluation involved practitioners and evaluators, and was conducted for 90 minutes under the
guidance of a facilitator.

Time (minutes)DetailsComposition

10Orientation • The facilitator explains the target product,
purpose, overview, methodology, and other
relevant aspects of the usability evaluation
to the participant.

• The facilitator introduces the concept of
usability evaluation to participants who are
unfamiliar with it.

10Guidance on consent • The facilitator provides the participant with
detailed instructions regarding recording
and transcription procedures.

• The facilitator ensures that the participant
fully comprehends the evaluation content
and voluntarily provides written consent to
participate in the usability evaluation.

50Perform cognitive walkthrough • The facilitator conducts a cognitive walk-
through following a predefined script and
product usage instructions.

• The participant operates the medical device
in accordance with the facilitator’s guid-
ance.

• The observer documents and analyzes the
participant’s responses during task perfor-
mance.

20Survey • The facilitator administers a survey to the
participant to assess the usability of the user
interface.

Participants were asked about their previous experience with
similar devices. Subsequently, they followed a structured script
guiding them through a series of tasks using the software.
Participants operated the software as instructed, while observers
recorded their behaviors and responses throughout the process.
Post-testing, participants were asked to evaluate their satisfaction
with the system based on the VR-based upper limb rehabilitation
software.

The usability testing was conducted in a simulated clinical
environment resembling the intended use setting for the device
(Figure 1). Environmental conditions, including lighting,
temperature, and noise, were measured before the evaluation:
lighting at 550 (SD 100) lx, temperature at 24°C (SD 2°C),
relative humidity at 60% (SD 10%), and noise level at 50 (SD
5) dBA.

Figure 1. Test environment (left) and scene (right). The simulation environment is configured to resemble a rehabilitation treatment room where
evaluators are used.

Cognitive Walkthrough
The cognitive walkthrough method evaluates how well users
can navigate an interface without previous training or
information about the device [16]. In this study, 6 occupational
therapists conducted the cognitive walkthrough, assessing the

ease of navigation for specific scenarios outlined in Table 2.
Observers recorded and analyzed participants’ reactions based
on predefined observation sheets. Observation sheets are
designed to record problems discovered during each task, user
reactions and actions, and system feedback [17,18].
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Table . Use scenarios for cognitive walkthrough. The facilitator verbally provided detailed subtask instructions to the occupational therapist, who
performed the tasks in accordance with the usage scenario, while the simulated patient participated in the process under the occupational therapist’s
guidance.

SubtaskTask

1. Reviewing the user manual • 1.1. Reviewing the user manual.

2. Checking components and power supply • 2.1. Checking the HMDa, controller, disposable face mask, PC set,
and software in the PC.

• 2.2. Checking the product’s power supply.

3. Launching the program • 3.1. Launching the “RehabwareVR” (Tech Village) icon and entering
the password.

4. Creating patient information • 4.1. Entering patient information.
• 4.2. Providing instructions on patient data consent.

5. Donning the equipment • 5.1. Instructing the patient to wear the disposable face mask, HMD,
and controller.

6. Running the upper rehabilitation content • 6.1. Selecting one of the upper limb rehabilitation exercises, explain-
ing it to the patient, and running.

7. Running the content • 7.1. Selecting the patient and configuring the catch ball activity.
• 7.2. Saving these settings as User Setting 3, then starting the catch

ball activity.
• 7.3. After completing at least five repetitions, stopping the activity,

modifying the environment settings, and rerunning the activity.
• 7.4. Switching to the fruit transfer activity and running it.
• 7.5. After completing the fruit transfer activity, proceeding with the

bubble activity.

8. Updating patient information • 8.1. Updating the patient information.

9. Running contents after updating patient information • 9.1. Selecting the patient and starting the hammering activity.
• 9.2. After completing the hammering activity, switching to the meteor

avoidance activity.
• 9.3. Ending the session.

10. Doffing the product • 10.1. Removing the HMD, controllers, and disposable face mask
from the patient.

11. Reviewing statistical analysis results • 11.1. Reviewing the data graph of the patient.
• 11.2. Reviewing the fruit transfer activity data for patient.
• 11.3 Deleting the hammering activity data for patient.

12. Ending the program • 12.1. Ending the program.

aHMD: head-mounted display.

Survey
Before the cognitive walkthrough, participants provided
demographic information, clinical experience, and previous
experience with similar devices. After completing the cognitive
walkthrough, participants completed a survey to further assess
the usability of the user interface based on the scenarios. The
survey consisted of 23 items rated on a 5-point Likert scale
(1=very easy to 5=very difficult). Results were analyzed using
means and SDs.

VR-Based Upper Limb Rehabilitation Software
The prototype VR-based upper limb rehabilitation software
used in this study was designed to improve upper limb function,
including shoulder mobility, in patients with stroke or
neurological injuries (Figure 2). Patients wear a head-mounted
display (HMD; HTC VIVE Pro Full-Kit including VIBE base
stations and controllers) and use handheld controllers to perform
voluntary movements in a VR environment for rehabilitation
(Figure 3). Occupational therapists, as intended users, set up
the hardware, operate the software, and assist patients in
improving their upper limb functions.
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Figure 2. User interface used by occupational therapists in the virtual reality (VR)–based upper limb rehabilitation software: home screen (left), activity
selection screen (middle), and activity options manipulation screen (right).

Figure 3. Hardware device of the virtual reality (VR)–based upper limb rehabilitation software. To use VR content, the patient wears the head-mounted
device (HMD; left) on their head and holds the controller (right).

The software includes eight rehabilitation activities (Figure 4):
(1) throwing a catching balls, (2) hammering nails, (3) popping

bubbles, (4) moving fruits, (5) dodging meteors, (6) throwing
balls, (7) playing the xylophone, and (8) stacking blocks.

Figure 4. Examples of virtual reality within the patient-worn head-mounted device (HMD), such as throwing a catching balls (left) and hammering
nails (right).

The minimum computer requirements to run the software are
Microsoft Windows 7 SP, Windows 8.1, or Windows 10, with
a display resolution of 1280×72 0r higher. Recommended
specifications include Microsoft Windows 10 Professional with
the same resolution. The hardware used was the VIVE Pro
Full-Kit.

Participants
The usability evaluation involved 3 usability practitioners (a
facilitator and 2 observers), 6 occupational therapists as

participants, and 3 mock patients. The facilitator conducted the
evaluation, while observers recorded and analyzed participants’
responses. The sample size of 6 participants was determined to
balance cost and effectiveness, as this number is sufficient to
identify most usability issues [19]. Mock patients were recruited
to simulate the role of patients during testing, prioritizing safety
by selecting healthy individuals. In the early stages of
development, formative evaluations typically involve the use
of simulated patients before including real patients. This
approach ensures safety and control while being effective in
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identifying functional issues in devices [20,21]. Furthermore,
unlike real patients, simulated patients are trained to provide
consistent conditions and responses, thereby maintaining the
reliability and consistency of the evaluation process [22,23].
Accordingly, this study employed simulated patients instead of
real patients to conduct the evaluation. All participants were
informed of the study’s purpose, methods, and procedures before
testing and provided signed consent.

Recruitment Process
Recruitment was conducted through posted announcements at
the Korean National Rehabilitation Center. The inclusion criteria
encompassed possession of an occupational therapist license
and previous experience with rehabilitation medicine devices,
such as computerized cognitive rehabilitation programs, whereas
the exclusion criteria comprised individuals who did not provide
consent to participate in the study. Through eligibility screening,
6 occupational therapists were selected. The mock patients were
3 healthy adults aged 19 years and older and had no experience
using the evaluation product. They were provided detailed

explanations of the study and coordinated testing schedules.
Written informed consent was obtained from all participants.

Ethical Considerations
This study was approved by the Institutional Review Board of
the Korean National Rehabilitation Center (NRC-2023-06-041).
All participants provided informed consent, and no financial
compensation was offered. Data were anonymized to ensure
participant privacy and confidentiality.

Results

Participant Characteristics
The clinical experience of the occupational therapists ranged
from 6 months to 6 years, with an average of 3 years and 9
months. In addition, they had previous experience using similar
medical devices, such as Comcog and RAPAEL (Neofect)
(computerized cognitive rehabilitation programs), with their
experience ranging from a minimum of 2 months to a maximum
of 5 years (Table 3).

Table . General characteristics of participants. The participant in the cognitive walkthrough was an occupational therapist who had experience using
similar medical devices.

Name of similar
medical device

Experience using
similar medical de-
vices

OccupationExperienceAge (years)SexParticipant Number

Comcog (Neofect),
RAPAEL Smart
Glove (Neofect),
and RAPAEL
Smart pegboard

6 months, twice a
week

Occupational thera-
pist

6 years28Female1

RAPAEL2 months, twice a
week

Occupational thera-
pist

6 months24Female2

Comcog, RA-
PAEL, and Reha-
Com (Hasomed)

5 years, twice a
week

Occupational thera-
pist

5 years27Female3

RAPAEL and
Xbox (Microsoft)

3 years, once a
week

Occupational thera-
pist

3 years25Female4

Comcog2 years, once a dayOccupational thera-
pist

3 years, 9 months27Male5

Comcog and Reha-
Com

1 year, 3 times a
month

Occupational thera-
pist

5 years, 8 months29Female6

Cognitive Walkthrough Results
A total of 12 usability errors were identified using cognitive
walkthrough. In task 4, “Creating Patient Information,” 4 errors
were identified. In subtask 4.1, “Locating the Add Patient Icon,”
participants were confused as they could not find the icon
leading to the screen for adding patient information. In subtask
4.2, “Registering Patient Information,” participants hesitated
when they had to enter such details as the diagnosis and
dominant hand manually because moving to the next input field
required a click on the mouse, as the tab key shortcut did not
work. In subtask 4.3, “Guiding Patients’ Consent for Using
Personal Information,” participants skipped the data consent
step and almost automatically pressed the confirm button
without explaining the process of consent for using personal
information to the mock patient.

In task 7, “Performing the Activity,” 5 usability issues were
identified. In subtask 7.1, “Selecting Activity,” participants
attempted to select activities without first selecting the patient,
which triggered a popup message indicating “No patient
selected.” In subtask 7.2, “Configuring the Activity Settings,”
participants committed multiple errors, including failure to
estimate the perceived distance between the hand and the object
within the virtual reality, and identifying which hand was being
used for interaction. Furthermore, although the users clicked
on the “User Settings” button, they failed to save the
configurations. There were also challenges in adjusting precise
decimal values using mouse clicks and dragging, and this
time-consuming process delayed the therapeutic session. In
subtask 7.4, “Changing Activities,” participants switched
activities without saving current data, which led to the loss of
unsaved records. In addition, some therapists had difficulty
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adjusting the settings after completing an activity, as they were
unsure whether they needed to press the confirm button before
proceeding to the next activity.

In task 11, “Reviewing Statistical Analysis Results,” 3 errors
were identified. In subtask 11.1, “Reviewing Data Graphs,” no
issues were observed. In subtask 11.2, “Reviewing Activity
Data,” participants were unable to review the data because
activity records were not saved, and there was inconsistency
between the activity names on the playscreen and the statistical

analysis screen, leading to further confusion. In subtask 11.3,
“Deleting Data” participants clicked on the pie chart and
searched for a delete button on the detailed graph screen.

Survey Results
The survey assessing the usability of user interface showed that
most participants rated usability as a score of 2 or lower,
indicating ease of use on a 5-point Likert scale (1=very easy to
5=very difficult; Table 4).
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Table . Survey results of usability of user interface (n=5). Usability of user interface showed that most participants rated usability as a score of 2 (easy)
or lower (1=very easy; 5=very difficult).

Mean (SD)Usability of UIa

Reviewing user manual

1.67 (SD 0.82)    Identifying information

1.83 (SD 0.98)    Comprehensibility

Checking the components

1.50 (SD 0.55)    Differentiating between components

1.17 (SD 0.41)    Verifying connection and power

Launching the program

1.00 (SD 0.00)    Launching the software

1.00 (SD 0.00)    Entering the password

Creating patient information

2.17 (SD 0.75)    Creating patient information

1.67 (SD 1.03)    Consenting to the disclosure of personal information

Donning the product

2.00 (SD 1.10)    Donning the product

1.83 (SD 0.98)    Instructions regarding the product

Running the upper rehabilitation content

1.50 (SD 0.55)    Engaging in the content

1.50 (SD 0.55)    Explaining the contents

Performing the activity

1.67 (SD 1.03)    Pausing the content

2.17 (SD 1.33)    Configuring detailed settings

2.17 (SD 1.33)    Changing detailed settings

1.67 (SD 1.03)    Ending the content

Updating patient information

1.33 (SD 0.82)        Updating patient information

Running contents after updating patient information

1.67 (SD 1.03)    Changing the patient

Doffing the product

1.50 (SD 0.84)    Doffing the product

Reviewing statistical analysis results

1.33 (SD 0.82)    Checking the graph

1.33 (SD 0.82)    Checking data

1.50 (SD 1.22)    Deleting data

Ending the program

1.17 (SD 0.41)    Ending the software

aUI: user interface.

Discussion

Principal Findings
The following recommendations were suggested from the results
of the cognitive walkthrough to enhance usability and user

satisfaction with the interface of the VR-based upper limb
rehabilitation software. First, enhancements to the graphical
user interface (GUI) are essential. A GUI facilitates more
intuitive and efficient information presentation using graphics
instead of text [24]. This study identified usability issues
stemming from the lack of clarity in the “Add Patient” icon,
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underscoring the need for a more intuitive icon that clearly
conveys its function. In addition, improvements in typography,
such as optimizing font size and color contrast, are necessary
to enhance the readability of activity-setting screens.

Furthermore, to streamline data entry, manual input for all
patient information fields should be replaced with input controls
such as pickers, which allow users to select from predefined
options, or steppers, which enable users to increment or
decrement numbers or values using “+” and “-” buttons. In
addition, field navigation should be optimized by enabling users
to switch between fields using the tab key, thereby facilitating
user input. Finally, the functionality for controlling buttons
within the software should be visibly displayed on the interface.
When developing GUI-based medical software devices, the
interface design should aim to integrate clear control
mechanisms and simplify tasks, thereby minimizing users’
cognitive load and memory demands [25].

Second, integrating natural user interface (NUI) elements could
further enhance usability. NUI refers to an interface that relies
on gestures rather than traditional input devices, such as a mouse
or keyboard, to control content [26]. While the VR-based upper
limb rehabilitation software uses a gesture-based interface using
an HMD and controllers, the system does not differentiate
between left and right sides. This limitation can hinder therapists
from properly administering treatments for patients with
unilateral paralysis. To address this issue, the software should
include features to either automatically detect the controller’s
orientation or provide manual configuration options to
distinguish the affected side. Furthermore, therapists reported
difficulties in adjusting the perceived distance between the hand
and objects displayed on their monitors, highlighting the need
for improved distance control mechanisms in the VR
environment. Therefore, a VR software interface should be
designed to ensure ease of use for both therapists and patients.

Third, the user interface (UI) design requires improvements to
enhance the interaction between the medical device and its users.
In this study, we observed that therapists used inconsistent
methods for adjusting settings and some failed to save their
configurations before proceeding with the tasks. Although most
medical device users are well-trained and experienced, errors
can still occur when they rely heavily on their own previous
knowledge. If the system can provide warning alerts when
settings are unsaved or incorrect actions are detected, and
provide confirmation prompts when actions are correct,
unintended errors can be mitigated [27]. Therefore, warning
alerts, confirmation popups, detailed instructions, and help
guides within the software interface are recommended to prevent
usage errors.

Formative evaluation is a type of usability test conducted during
the medical device development phase to improve product
design. In this study, we conducted a cognitive walkthrough
and surveys with occupational therapists as participants to
explore potential areas for improvement in the VR-based upper
limb rehabilitation software.

Cognitive walkthrough is a usability test method used to
systematically identify interactions between users and a system
without previous knowledge of the system. It is particularly
suitable for evaluating screen-based systems where users must
actively navigate the interface [16]. Test tasks should be selected
from the user’s perspective, and the sequence of potential actions
should first be outlined, followed by a step-by-step analysis of
continuous actions to assess whether appropriate actions are
taken at the correct moments. Successful interaction is
determined by whether the system feedback helps users achieve
their intended goals [28].

In this study, we identified usability issues that need to be
addressed in the UI of the VR-based upper limb rehabilitation
software as a medical device. However, there are some
limitations to note. Although both health care providers
delivering the treatment and patients receiving it were
considered users, actual patients were not included in the
participant group. In addition, the therapists involved in the
study did not represent a diverse range of clinical experience
levels. Despite these limitations, the rehabilitation specialists
who participated in this study provided valuable insights,
including perspectives from the patients’ point of view. Future
research should expand the scope of such work to include a
broader range of users and conduct a more comprehensive
analysis of the usability across various features and tasks.

Conclusion
VR-based rehabilitation represents a rapidly emerging field in
health care. In this study, we conducted a usability evaluation
of a prototype VR-based upper limb rehabilitation software. By
ensuring a user-centered interface and addressing the identified
UI issues and areas for improvement, enhancing the usability
of the software as a medical device will contribute to the
development of a solution that fully meets the needs of its users.
These efforts will not only prioritize user satisfaction and ease
of use but also accelerate the commercialization of the VR-based
upper limb rehabilitation software. Furthermore, improving
user-device interaction will enhance the usability and satisfaction
associated with the device, ultimately contributing to the
development of a medical device that delivers error-free
performance, as intended by the system.
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Abstract

Background: Chemotherapy cycle prescription is generally carried out through a multistep manual process that is prone to
human error. Clinical decision support tools can provide patient-specific assessments that support clinical decisions, improve
prescribing practices, and reduce medication errors.

Objective: We hypothesized that a knowledge-based, patient-derived, evidence-directed decision support tool consisting of
multiple modules focusing on the core duties preceding chemotherapy-cycle prescription could result in a more cost-effective
and error-free approach and streamline the workflow.

Methods: A 1-arm, multicenter, prospective clinical trial (“Follow-up of Cancer Patients Receiving Chemotherapy or Targeted
Therapy by Electronic Patient Reported Outcomes-tool” [ECHO] 7/2019-1/2021; NCT04081558) was initiated to investigate the
tool. The most important inclusion criteria were the presence of colorectal cancer (CRC) treated with oxaliplatin-based
chemotherapy, age ≥18 years, Eastern Cooperative Oncology Group [ECOG] performance score of 0 to 2, and internet access.
A decision support tool that included digital symptom monitoring, a laboratory value interface, and treatment schedule integration
for semiautomated chemotherapy cycle prescribing was integrated into the care pathway. Performance was assessed by the
percentage of chemotherapy cycles with sent and completed symptom questionnaires, while perceptions of health care professionals
(HCPs) on the feasibility of the approach were collected through a 1-time semistructured interview.

Results: The ECHO trial included 43 patients with CRC treated with doublet or triplet chemotherapy in an adjuvant or metastatic
setting. Altogether, 843 electronic patient-reported outcome (ePRO) symptom questionnaires were completed. Of the 15 recorded
symptoms, fatigue (n=446, 52.9%) and peripheral neuropathy (n=429, 50.9%) were reported most often, while 137 grade 3 to 4
symptoms were recorded, of which diarrhea (n=5, 4%) and peripheral neuropathy (n=4, 3%) were the most common. During the
study, 339 chemotherapy cycles were prescribed, and for the 77% (n=262) of new chemotherapy cycles, ePRO questionnaire
data were available within preset limits (completed within 3 days prior to chemotherapy scheduling) while 65% of the cycles
(n=221) had symptom questionnaire grading at ≤1%, and 67% of the cycles (n=228) had laboratory values in a preset range. The
recommendations by the tool for a new chemotherapy cycle were tier 1 (green; meaning “go”) in 145 (42.8%) of the cycles, tier
2 (yellow; “evaluate”) in 83 (25%), and tier 3 (red; “hold”) in 111 (32.7%). HCPs (n=3) were interviewed with a questionnaire
(comprising 8 questions), revealing that they most valued the improved workflow, faster patient evaluation, and direct messaging
option.

Conclusions: In this study, we investigated the feasibility of a decision support system for chemotherapy-cycle pre-evaluation
and prescription that was developed for the prospective ECHO trial. The study showed that the functionalities of the investigated
tool were feasible and that an automated approach to chemotherapy-cycle prescription was possible for nearly half of the cycles.

Trial Registration: ClinicalTrials.gov NCT04081558; https://clinicaltrials.gov/study/NCT04081558

(JMIR Form Res 2025;9:e62749)   doi:10.2196/62749

KEYWORDS

cancer; chemotherapy; ePRO; electronic patient-reported outcome; decision support system

Introduction

In health care, digital approaches can potentially improve
accessibility, increase the comprehensiveness of care, and

streamline processes in a cost-effective manner. Digital tools
are especially convenient in facilitating communication
independently of time and place, as well as facilitating duties
requiring repeated numerical comparison [1-3]. In oncology,

JMIR Form Res 2025 | vol. 9 | e62749 | p.438https://formative.jmir.org/2025/1/e62749
(page number not for citation purposes)

Iivanainen et alJMIR FORMATIVE RESEARCH

XSL•FO
RenderX

http://dx.doi.org/10.2196/62749
http://www.w3.org/Style/XSL
http://www.renderx.com/


electronic patient-reported outcome (ePRO)–based monitoring
has gained a great deal of interest in recent years. ePROs have
been shown to improve quality of life (QoL) and survival and
reduce the number of unscheduled visits among patients
receiving chemotherapy for advanced cancer [4-6]. Reasons for
the observed beneficial effects of ePROs are not well known
but might be related to urgency algorithms, long-term symptom
data, better management of side effects, symptom control,
patient empowerment, and facilitated communication between
the patient and care team [7-11].

For cytotoxic chemotherapy, the most limiting factors for dose
intensity are generally bone marrow function, neuropathy,
fatigue, and nausea. Dose intensity typically correlates to
treatment outcomes [12], and methods to maintain the intensity
level with a personalized approach could improve treatment.
For monitoring of dose-intensity limiting factors, both laboratory
values and symptom profiles are required.

In oncology units, prescription of a new chemotherapy cycle is
based on general laboratory values such as neutrophil counts
and transaminases being in the selected reference range and the
absence of severe symptoms indicating treatment side effects
or cancer progression. In most units, precycle assessment is
done by phone-based symptom evaluation and manual
comparison of laboratory values to a safety reference.
ePRO-collected symptoms can be converted to numerical data,
which enables automated comparison to a safety reference scale;
the quality of automated comparison surpasses manual review.

Delivering evidence-based, personalized care that involves
patients requires profound changes in the traditional, hospital
organization–based structure, process, and organization of care,
along with clinically validated incentives to support such
changes. Health care providers must engage and apply a vast
amount of scientific information to provide high-quality patient
care. Decision support tools can provide patient-specific
assessments that support clinical decisions, improve prescribing
practices, and reduce medication errors, and these tools could
be part of a solution to the increasing cognitive burden currently
placed on clinicians [13].

Clinical decision support systems (CDSSs) have been classified
and subdivided into various categories, frequently as knowledge
based or non–knowledge based. In knowledge-based systems,
outputs are based on rules (IF-THEN statements) relying on
literature-based, practice-based, or patient-directed evidence.
Similarly, CDSSs that are non–knowledge based require a data
source, but these systems use artificial intelligence (AI)
methodology in work-up rather than being programmed to
follow expert medical knowledge. Non–knowledge-based
CDSSs, although a rapidly growing use case for AI in medicine,
come with challenges including problems understanding the
logic that the AI uses in creating recommendations (the so-called
black box issue) and problems with validated data availability
[14,15].

Taking into consideration the present hurdles in the use of
non–knowledge-based CDSSs in clinical practice, we chose to
develop a practice-based, ePRO-directed multidimensional
platform to personalize as well as automate the
chemotherapy-prescribing process. We hypothesized that

generation of a decision support tool consisting of multiple
modules focusing on the core duties preceding a
chemotherapy-cycle prescription could be a more cost-effective
and error-free approach. The functionalities of the tool would
include chemotherapy cycle–based scheduling for data collection
and analysis, an ePRO symptom collection–linked urgency
algorithm, personalized symptom management, laboratory value
interface, and decision support.

Methods

Study Design
A 1-arm, multicenter, prospective clinical trial (“Follow-up of
Cancer Patients Receiving Chemotherapy or Targeted Therapy
by Electronic Patient Reported Outcomes-tool” [ECHO]
7/2019-1/2021; NCT04081558) investigated the use of a novel
ePRO tool, Kaiku Health, in cancer care. The most important
patient inclusion criteria were colorectal cancer (CRC), a plan
to receive oxaliplatin-based chemotherapy as an adjuvant
therapy or in the first- or second-line setting of advanced disease,
age ≥18 years, an Eastern Cooperative Oncology Group [ECOG]
performance score of 0 to 2, and internet access. A decision
support tool consisting of a digital symptom-monitoring tool
with an urgency algorithm, laboratory values, and integration
of a treatment schedule to automate chemotherapy-cycle
prescribing was created for the trial.

The ePRO Tool
The Kaiku Health ePRO follow-up module consists of a
questionnaire that assess both the presence and severity of
symptoms related to typical side effects of chemotherapy (blood
in urine, dysuria, eye symptoms [decreased vision or other
symptoms], peripheral sensory neuropathy, pain, constipation,
cough, decreased appetite, diarrhea, fatigue, fever, mouth sores,
nausea, rash or skin changes, shortness of breath, and vomiting).
The tool also allows recording the presence of a symptom and
a severity algorithm that grades the symptom according to
National Cancer Institute Common Terminology Criteria for
Adverse Events (NCI-CTCAE). The severity algorithm triggered
an email alert to the study physician in the care unit within
preset limits (the presence of a grade 3 or higher symptom or a
rise in symptom severity from grade 0 to 2). The patients were
informed that the ePRO follow-up was intended only for
nonurgent communication, and, in critical matters, patients were
advised to contact emergency care. In addition, patients received
tailored, evidence-based, personalized self-care advice according
to electronically reported symptoms and their grade. The tool
also included a messaging option through which patients could
communicate with their care team directly.

Laboratory Values
Prior to chemotherapy infusion, peripheral blood samples were
taken to evaluate bone marrow, kidney, and liver function. The
laboratory values include counts for red and white cells,
thrombocytes, alanine and aspartate aminotransferases, bilirubin,
and creatinine. Based on the summary of product characteristics
of the chemotherapeutic agents used by the patient, prespecified
laboratory values were set to assess the fitness of the patient for
a new course of cancer medical therapy.
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The Decision Support Tool
We developed and added a novel element to the Kaiku Health
remote symptom-monitoring tool: in addition to collecting and
grading ePROs, it automatically collected laboratory values via
a novel interface (MyLab). The timing of the ePRO symptom
questionnaires and laboratory value collection was automated
according to chemotherapy cycles through another interface
with a treatment-appointment reservation module (Oberon).
The decision support tool analyzed the completed symptom
questionnaires and preceding laboratory values and compared
the results to a set of institutional reference values. The decision
support tool provided a 3-tier recommendation to the care team
on the initiation of the preplanned chemotherapy cycle. The
3-tier recommendations included green (meaning “go”), yellow
(“evaluate and possibly postpone”), or red (“postpone”). A
recommendation of go versus no-go and potential treatment
visit details were sent to the patient through the Kaiku Health
tool. With a no-go decision, an automated ePRO questionnaire
and laboratory value collection for the rescheduled
chemotherapy cycle were initiated based on the reservation
module interface.

Ethical Considerations
The study was approved by the ethics committee of the Northern
Ostrobothnia Hospital District (273/2017) and registered in an
international clinical study registry (ClinicalTrials.gov
NCT04081558). The study was carried out in accordance with
the principles of the Declaration of Helsinki and Good Clinical
Practice. All patients provided written informed consent. Study
participants were not compensated for their participation in the
trial.

Results

Development of the Decision Support Tool
Before a new chemotherapy cycle, a patient’s laboratory values
and symptoms were evaluated, for example, for indications of
treatable chemotherapy side effects, excess chemotherapy
toxicity, and cancer progression. To streamline this work
process, increase the comprehensiveness and repeatability of
the precycle evaluation, and automate duties, we developed a
decision support tool. The designed tool had 6 different elements
that aimed to increase the efficiency and quality of cancer care
(Figure 1; Multimedia Appendix 1).
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Figure 1. Flowchart of the methodological process of the integration of electronic patient-reported outcomes (ePROs) and laboratory values. The tool
included a scheduling module that synchronized the sending of symptom questionnaires to patients via Kaiku Health and laboratory value collection
from the hospital’s electronic health record (EHR) via an interface. The tool also included a symptom module with an ePRO-based questionnaire for
15 core symptoms. An evaluation module compared the symptoms and laboratory values to values in a set range and assigned a recommendation in 3
tiers (1=go; 2=hold; 3=postpone) for the chemotherapy cycle. HCP: health care professional.

The first element was a scheduling module that synchronized
the sending of symptom questionnaires to patients via Kaiku
Health and laboratory value collection from hospital registries
via an interface. The symptom module used ePRO-based (Kaiku
Health) grading (NCI-CTCAE) for 15 core symptoms. The
laboratory-value module collected specific central values via a
software interface (Figure 2A). The evaluation module compared
the symptoms and laboratory values to values in a set range and
assigned a recommendation for the chemotherapy cycle in 1 of
3 tiers (Figure 2B). For the tier-1 (green/go) recommendation,
laboratory values needed to be within a set range and all the
symptoms needed to be at grade ≤1; thus, the nurse made the
planned chemotherapy order to the hospital pharmacy, and an
SMS text message with information on the timetable of drug
infusion was sent through Kaiku Health. For the tier-2

(yellow/evaluate) recommendation, laboratory values had to be
within a set range and ePROs had to include ≥1 symptom that
was grade ≥2 (if they were not already at baseline); the nurse
individually assessed the symptoms. If there was a need for
cancer drug modification, typically dose reduction or supportive
medications, the study physician was consulted as to whether
the chemotherapy cycle could be initiated or modified, or if
supportive medication should be initiated or modified. In the
case of a “go” decision, confirmation of the treatment time was
sent via Kaiku Health. In the tier-3 (red/hold) scenario,
laboratory values were out of the set range, and the nurse
postponed the chemotherapy cycle and sent the new infusion
date through Kaiku Health. In the case of a postponed
chemotherapy cycle, the scheduling module programmed a new
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collection of symptoms and laboratory values according to the new infusion date.

Figure 2. Overview of the core functionalities of the decision support tool. (A) Electronic patient-reported outcome symptom questionnaire. (B)
Laboratory integration module and its output. (C) Decision support tool recommendation.

The care team could always override the recommendation of
the decision support system. In the case of missing ePRO or
laboratory data (or if the data were >3 days old) before the
chemotherapy cycle, the decision support tool gave a tier-2
(yellow/evaluate) recommendation; thus, manual evaluation
had to be done prior to prescribing the treatment. The SMS
messaging module was used to inform the patient about the

recommendation and potential treatment decision. Furthermore,
the messaging module enabled secure messaging between the
patient and care team. The symptom support module also
provided the patient with personalized guidance for self-care
based on the presence of specific symptoms and their grade
(Figure 2C).
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Performance of Decision Support Tool–Directed
Chemotherapy Scheduling
Next, we analyzed the performance of the decision support tool
based on data collected in a prospective, multicenter, single-arm
clinical trial (ECHO; NCT04081558). Patient recruitment for
the prospective cohort took place from July 2019 to January
2021 at the Oulu University Hospital and Vaasa Central Hospital
oncology units. The study dataset included patients with CRC
(n=43) in the ECHO trial who gave informed consent and were
treated with doublet or triplet chemotherapy in an adjuvant or
metastatic setting. During the study, a total of 339 chemotherapy
cycles were prescribed. Altogether, 843 ePRO symptom
questionnaires were completed during the ECHO study. Of the
recorded 15 symptoms, fatigue (n=446, 52.9%) and peripheral
neuropathy (n=429, 50.9%) were reported most often, while
137 grade 3 or 4 symptoms were recorded, of which diarrhea
(n=5, 4%) and peripheral neuropathy (n=4, 3%) were the most

common. Since the functioning of the Kaiku Health symptom
tool has been evaluated in multiple previous trials [16-18], we
focused here on the performance of the scheduling and
evaluation modules.

The function of the scheduling module was assessed by
evaluating the percentage of chemotherapy cycles with sent and
completed symptom questionnaires. There were no false-positive
or false-negative decision support tool recommendations. For
over two-thirds (n=262, 77%) of the cycles, ePRO questionnaire
data were available. Preceding a new chemotherapy cycle, 65%
(n=221) of cycles had symptom questionnaires graded at ≤1,
while 67% (n=228) of the cycles had laboratory values in the
preset range. Evaluation module recommendations were tier 1
(green/go) in 145 (42.8%) of the cycles, tier 2 (yellow/evaluate)
in 83 (25%), and tier 3 (red/hold) in 111 (32.7%), while 61%
of the patients (n=27) needed a phone call before any of the
planned chemotherapy cycles (Table 1).

Table . Performance metrics of the developed decision support tool for automated chemotherapy-cycle prescription. The feasibility of the scheduling
module was assessed by evaluating the percentage of chemotherapy cycles with sent and completed symptom questionnaires and the availability of
laboratory work. The 3-tier recommendation system operated as follows: tier 1 indicated “go” (the nurse proceeded with the initial treatment plan); tier
2 indicated “hold” (the laboratory values had to be within a set range, while the reported symptoms [at least one] were grade ≥2; the study physician
was consulted); and tier 3 indicated “postpone” (electronic patient-reported outcomes were acceptable, but laboratory values were outside the preset
limits; the nurse scheduled the laboratory work and postponed the infusion).

Cycles (n=339), n (%)Criteria

Was an automated symptom questionnaire sent and completed prior
to the chemotherapy cycle?

262 (77.3)    Yes

77 (23)    No

Was the symptom questionnaire grading in the acceptable range prior
to the planned chemotherapy cycle?

221 (65.2)    Yes

118 (34.8)    No

Was the laboratory work in the acceptable range prior to the planned
chemotherapy cycle?

228 (67.3)    Yes

111 (32.7)    No

Evaluation module guidance (tier)

145 (42.8)    1

83 (25)    2

111 (32.7)    3

The experience of the health care professionals (HCPs) with
the decision support system integration into the care pathway
was evaluated via interviews (n=4) that explored 5 topics:
improved workflow, improved care, use of resources, challenges,
and points for improvement. The HCPs appreciated the
improved workflow, faster patient evaluation, and direct
messaging option. The laboratory module originally collected
data only daily, which was considered too infrequent by the
HCPs, and data collection was reprogrammed to occur multiple
times a day, which improved the usability of the tool. Some
inconveniences were experienced with the scheduling module
for patients with Baxter pump–based treatments, for whom 2
subsequent treatment reservations were made at once (treatment

and pump removal); this led to incorrect scheduling of the
symptom questionnaires. The HCPs felt that the messaging
option should include read notifications, which would enable
verification that the patient was aware of the chemotherapy
schedule.

Discussion

Principal Findings
We present the results of a feasibility study investigating an
integrated approach with an automated decision support system
for chemotherapy-cycle prescription. We show that the
investigated multidimensional integrated system is feasible and
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can provide clinically meaningful decision support. The
approach could decrease the HCP workload and increase the
quality and safety of cancer care.

Comparison to Prior Work
In recent years, the use of ePRO symptom data has gained a
great deal of interest in the oncology field. Previous studies
have shown that ePRO monitoring can reduce emergency room
visits, improve QoL, and, more importantly, increase survival
[4-6]. Integration of an ePRO system into electronic patient
records is considered essential for large-scale adoption of the
approach. Timely integration of data from multiple electronic
health care systems into ePROs could further enhance the
clinical value of the captured data and facilitate decision support.

AI-based approaches can be superior for automatic detection,
classification, and interpretation using big data. However, AIs
can support improper decisions if they are presented with data
beyond their original training set data. One could speculate that
AI-based decision support systems could surpass our approach
with a simple comparison to reference values. However,
chemotherapy has a narrow therapeutic window and relying on
prescription decisions made by AI alone may not satisfy ethical
requirements without wide-scale training and validation [19-21].

A fast track for AI integration in clinical practice could lie in
the use of large language models (LLMs). Methodological
developments in LLMs such as in-context learning and
retrieval-augmented generation could improve LLM
performance and reduce hallucinations, consequently making
the use of LLMs possible in clinical practice. It has been
suggested that the recent development of advanced LLMs could
improve patient care across several areas, such as clinical
decision support or helping to answer patients’ questions, and
could even improve patient outcomes by identifying social
determinants of health and reducing health disparities [22-24].

Strengths and Limitations
In this study, we investigated a next-generation approach aiming
to streamline and automate the prescription of chemotherapy
cycles. We identified symptom profiles and laboratory values
as central decision mediators for safe chemotherapy prescription.
We hypothesized that symptom profiles could be collected via
ePROs in a more comprehensive manner and used as input for
a decision support tool that would also collect laboratory data
and schedule collections based on the expected cycle date in an
automated fashion. Furthermore, our approach included an
expanded ePRO module with an integrated urgency algorithm,
symptom-based personalized feedback and self-care advice,
and a safe messaging platform.

We were able to show that the investigated platform is
technically feasible, with good user experiences among patients
and HCPs. More importantly, we found that automated “go”
decisions for new chemotherapy cycles were made in almost
half of the chemotherapy cycles. It is likely that this proportion
could be increased by focusing only on core symptoms, instead
of the total of 17 symptoms that were recorded in this study.
We speculate that the investigated tool would decrease the
workload for HCPs and enable allocation of human resources
to more value-creating duties. We strongly believe that the
computerized comparison of data to a set reference is more
precise and error-free than human assessment, even though our
study did not provide any metrics on the specific matter.

Nevertheless, a few modifications to the platform were
suggested by end users. First, in the testing phase, the frequency
of laboratory data collection was already considered too low;
thus, the laboratory module was reprogrammed to search for
data multiple times a day, which greatly improved the usability
of the subtool. Second, the HCPs felt that the messaging option
regarding the schedule of the planned chemotherapy cycle
should include read notifications, which would enable
verification that the patient was aware of the coming cycle.
Furthermore, due to the low number of study participants and
the observational nature of the study, the results are to be
interpreted with caution, and the generalizability of the
feasibility of the studied platform is unclear.

Future Directions
Due to the feasibility design of the study, the results are
generally hypothesis generating. Since the study investigated a
complex technical tool, initial testing with a feasibility approach
is therefore warranted before progressing to a larger clinical
study. The integration of an LLM-based module for interactivity,
such as a chat box, could enhance the supportive role of the
developed tool by providing educational elements to empower
patients as well as give guidance on milder-grade chemotherapy
toxicity management on a more individual level. Furthermore,
the rather large proportion of symptom questionnaires with
grade 2 symptoms might be decreased by fine-tuning the
symptom evaluation, possibly by using AI-based models to
mimic diagnostic pattern recognition to identify red-flag
symptoms in parallel with laboratory value assessment. To
conclude, the results of our trial are promising and lay the
groundwork for further studies as well as development of the
platform. A randomized study design would be required to fully
validate the clinical utility and cost-effectiveness of the system.
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Abstract

Background: Diabetic retinopathy (DR) is a leading cause of blindness globally. DR has increasingly affected both individuals
and health care systems as the population ages.

Objective: This study aims to explore factors and identify barriers associated with nonadherence to referral recommendations
among older adult participants after DR screening (DRS) during the COVID-19 pandemic.

Method: This paper presents findings from a pilot study on artificial intelligence–enabled DRS conducted in two districts in
Punjab, India (Moga and Mohali) during the COVID-19 pandemic. The screenings were conducted from March to June 2022 at
community health center Badhani Kalan in Moga and from March to June 2021 in community settings (homes) in Block Boothgarh,
Mohali. Participants were referred to the district hospital for an ophthalmological review based on artificial intelligence–enabled
screening. After 1 month, the participants were contacted by telephone to assess adherence to the referral recommendations.
Participants who did not adhere to the referral were then interviewed alongside health care providers to understand the barriers
explaining their nonadherence.

Results: We aimed to recruit 346 and 600 older adult participants from 2 sites but enrolled 390. Key challenges included health
facility closures due to COVID-19, low motivation among health personnel for recruitment, incomplete nonparticipation data,
and high participant workloads. Approximately 45% of the participants were male and 55% female. Most participants (62.6%)
were between 60 and 69 years old, while 37.4% were 70 or older, with a mean age of 67.2 (SD 6.2) years. In total, 159 participants
(40.8%) were referred, while 231 participants (59.2%) were not. Only 23 (14.5%) of those referred followed through and visited
a health facility for ophthalmological review, while 136 (85.5%) did not pursue further evaluation. Our analysis revealed no
significant differences in the characteristics between adherent and nonadherent participants, suggesting that demographic and
health factors alone do not predict adherence behavior in patients with DR. Interviews identified limited knowledge about DR,
logistical challenges, financial constraints, and attitudinal barriers as the primary challenges.

Conclusions: This study, conducted during the COVID-19 pandemic, showed suboptimal adherence to referral recommendations
among older adult patients due to knowledge gaps, logistical challenges, and health system issues. Quantifying and understanding
adherence factors are crucial for targeted interventions addressing barriers to referral recommendations after DRS. Integrating
teleophthalmology into and strengthening infrastructure for artificial intelligence–enabled diabetic retinopathy screening to
enhance access and outcomes.

(JMIR Form Res 2025;9:e67047)   doi:10.2196/67047

KEYWORDS

diabetic retinopathy; diabetes; gerontology; geriatric; old; aging; aged; artificial intelligence; retinopathy; retinal; referral; screening;
optometry; ophthalmology; adherence; barriers
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Introduction

Diabetic retinopathy (DR) is a prevalent and severe
microvascular complication of diabetes mellitus (DM) [1]. In
India, 10.9% (7.2%‐16.3%) of individuals aged 65 years and
above with diabetes have DR, with 2.3% (1.2%‐4.4%)
suffering from vision-threatening diabetic retinopathy (VTDR)
[1], characterized by severe retinopathy or macular edema [2].
DR is typically asymptomatic in its early stages, and it can lead
to visual impairment or blindness if left untreated [3]. The rate
of blindness due to VTDR is expected to rise proportionately
to the exponential increase in DM prevalence [4,5]. Visual
impairment due to DR increases by 9.6% in individuals over
50 [6], emphasizing advancing age as a significant risk factor
[7]. Individuals with VTDR face greater difficulties in
vision-related tasks, such as reading, watching television, and
driving [8]. Additionally, people with DR have a higher risk of
falls, resulting in reduced mobility, social isolation, and
increased physical dependence [9].

India is set to become home to the world’s second-largest older
adult population, with the number of people over 60 years of
age projected to rise from 100 million in 2013 to 198 million
by 2030 [10]. The National Programme for Health Care of the
Elderly in India advocates for accessible, affordable,
high-quality, long-term, comprehensive care services tailored
to the needs of an aging population [10]. Significant scientific
evidence shows that early screening and timely treatment referral
can prevent most visual loss caused by DR [11]. Conventionally,
DR screening (DRS) includes fundus (retina) examination by
ophthalmologists or color fundus photography using
conventional cameras (mydriatic or nonmydriatic) conducted
by trained eye technicians or optometrists [12]. However, the
sharp rise in diabetes cases, coupled with a shortage of trained
retinal specialists and ophthalmologists [13], makes DRS
services accessibility challenging, particularly as 80% of India’s
older adult population resides in rural areas [10]. The COVID-19
pandemic posed additional significant challenges to health care
systems worldwide, inevitably leading to the curtailment of
health services accessibility, including DRS [14,15].

Automated computer-based analysis of fundus images could
ease the strain on health care systems by streamlining DRS and

offering a more efficient management solution [13]. Artificial
intelligence (AI) systems have reduced costs, enhanced
diagnostic precision, and expanded patient accessibility to DRS
services [16] and immediate AI-supported feedback on referral
status was linked to higher referral adherence [17].

Previous studies have demonstrated telemedicine-based DRS
programs’ effectiveness, scalability, and sustainability in
improving accessibility and reducing disparities [18]. The
COVID-19 pandemic further emphasized the need for
AI-enabled DRS and teleconsultations to standardize workflows
and reduce human interactions to mitigate transmission risks
[19,20].

These studies are particularly relevant for designing and
implementing effective AI-enabled DRS in India, where
challenges of health care accessibility and resource constraints
exist [20]. Suboptimal adherence to follow-up recommendations
impacts treatment outcomes and can undermine even the most
effective treatment options [21]. A multicenter analysis showed
a decline in laser procedures and vitrectomies for retinal
detachment repair due to reduced clinic visits during the
pandemic [22]. Patients faced barriers to follow-up eye exams,
including transportation issues, high costs, and long wait times
[23]. Programs such as a point-of-care DR examination program
highlight the potential of telemedicine in reducing barriers to
DRS, though adherence to follow-up recommendations after
screening remains a major challenge [24].

However, some factors (individual, health) influencing
adherence and nonadherence to referral services remain
unknown [25]. During the COVID-19 pandemic, patients were
prompted to limit hospital visits, minimize time spent there,
and reduce direct contact with health care providers (HCPs).
Limited research exists in India on older adults’ adherence to
DRS referral recommendations and the barriers influencing
their decisions.

This study aims to (1) evaluate the referral adherence rates
among older adult participants after AI-enabled DRS and
identify the key factors affecting adherence during the
COVID-19 pandemic and (2) identify and analyze the barriers
to adherence to referral recommendations during the COVID-19
pandemic. The overall study design is described in Figure 1.
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Figure 1. Overall study design. AI: artificial intelligence; DRS: diabetic retinopathy screening.

Methods

Study Setting and Participants

Quantitative
This paper presents findings from 2 districts in Punjab, India:
Moga and Mohali. Screenings in Moga occurred at the
community health center (CHC) Badhani Kalan from March to
June 2022, while in Mohali, they were conducted in community
settings (home) in Block Boothgarh from March to June 2021.
The study included older adults [10] aged 60 years and above
with a history of DM at both sites. Participants without a history
of DM, those unwilling to provide informed consent, and those
with a history of intraocular surgery, conjunctivitis, red eye,
injury, or any eye inflammation were excluded.

A nurse at the medicine clinic at the CHC, Badhani Kalan, in
district Moga, identified the elderlyolder adult participants with
DM for DRS. In district Mohali, the list of diabeticparticipants
with diabetes was obtained from thePa primary Hhealth Ccentere
(PHC), in Boothgarh, and approached with the help of the
village’s Accredited Social and Health Activists (ASHA)
worker. The participants agreeing to undergo DRS received an
appointment card, and a reminder telephone call was placed a
day before the screening to confirm their attendance at home.

The repeated lockdowns during the COVID-19 pandemic
disrupted health care services, significantly increasing the

burden on health systems. Consequently, recruitment efforts
were hindered, making it difficult to reach the target sample
sizes of 348 at CHC Badhani Kalan and 600 at Block Boothgarh.
Since the populations shared similar health systems and
implementation challenges, the data from both sites were pooled
and presented. Consequently, data pooling enhanced sample
size and statistical power and effectively addressed research
questions [26].

Qualitative
The in-depth interviews were conducted with 2 distinct
categories of participants: older adults and HCPs. Older adult
participants who did not adhere to the recommended referral
instructions were purposely sampled and approached for
in-depth interviews to understand their barriers to referral
adherence after DRS. The nurse at the ophthalmology clinic
invited older adult participants to the CHC for in-depth
interviews, while ASHA workers contacted older adult
participants in the community to conduct interviews at homes.

The second group of participants, HCPs, were purposely selected
according to their roles in diabetes and DR diagnosis, referral,
and treatment (Table S1 in Multimedia Appendix 1). The
inclusion criteria were having at least 3 years of experience
working in public health care settings and a willingness to
describe patient experiences and barriers to referral adherence
(Table S2 in Multimedia Appendix 1). The HCPs included
ASHAs from the community settings [27], Community Health
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Officers (CHOs) from health and wellness centers [28],
optometrists from a CHC [29] , ophthalmologists from the
district hospital [30], and retina specialists from the retina unit
of a tertiary eye care hospital.

Semistructured interviews were conducted to explore
participants perspectives on the barriers to adhering to referral
recommendations following AI-enabled DRS. The in-depth
interview guides were developed in English, informed by
existing literature on barriers to DR screening and referral
[31-34], and later translated into Hindi and Punjabi (Table S3
in Multimedia Appendix 1). These guides, featuring open-ended
questions and probes, explored participants’ perspectives on
referral adherence after DRS. Pilot interviews with 2 people
with DM, an ASHA, and a CHO led to revisions for clarity,
replacing ambiguous terms with simpler language for better
participant understanding.

Ethical Considerations
Written informed consent was obtained from all participants,
with both studies approved by the Institutional Ethics Committee
of the Post Graduate Institute of Medical Education and
Research, Chandigarh, India (PGI/IEC/2020/000741 and
PGI/IEC/2020/001342). To ensure patient privacy and
confidentiality, all images and associated metadata were
de-identified prior to analysis. The studies adhered to the
Declaration of Helsinki guidelines, and the study protocol is
registered with the Clinical Trials Registry, India (CTRI
2022/10/046283 and 2022/10/046185).

Hardware and Software for DRS

Hardware
The data were collected from 2 locations across districts in
Punjab, each employing a different DRS methodology. Health
facility–based screening at CHCs requires desktop nonmydriatic
fundus cameras, while community screenings (home) rely on
portable cameras for enhanced accessibility.

Fundus Benchtop Camera
The screening at the CHC Badhani Kalan utilized the Forus 3
Nethra classic (benchtop) camera, supported by a laptop running
MS Windows 10 or higher, featuring a 64-bit operating system
and an i3 10th-generation processor [35,36].

Smartphone-Based Fundus Camera
The lightweight, portable Fundus on Phone Non Mydriatic 10
(Remidio) handheld device, with a power backup, was used for
screening in community settings in Block Boothgarh [37].

Software
Both sites used validated AI screening algorithms for DRS. At
the CHC, an online DRS algorithm (Revelo) was integrated into
the benchtop fundus camera [38]. A camera-integrated offline
AI algorithm (Medios) was used for community-based screening
[37,39].

Data Collection

Fundus Photography Protocol

Training Protocol

Before patient recruitment, 2 optometrists underwent 15 days
of 1-on-1 training at the Advanced Eye Centre of Post Graduate
Institute of Medical Education and Research, Chandigarh, and
a primary health care center in Block Boothgarh of district
Mohali. The training covered recruitment and consenting
procedures, history recording, retinal image acquisition,
troubleshooting poor-quality images, automated grading with
the AI system, and delivering grading reports to patients.
Training and supervision continued until staff were comfortable
independently collecting data and performing imaging.

Image Acquisition and Grading

Adequate ventilation was maintained for patient consultations
and fundus photography. Optometrists wore N95 masks and
followed strict hand hygiene. Patients without masks were
required to wear one during interactions and in waiting areas.
Optometrists obtained nonmydriatic macula and disc-centered
image color fundus photographs at 45° field of view using
low-cost cameras (Figure 1) for participants at both sites. The
screening at the CHC was carried out in an ophthalmology
clinic. On the day of screening, the optometrists were assisted
by ASHA workers at the homes of the eligible participants. The
AI algorithms provided results at both sites. Two human graders,
a certified optometrist and an ophthalmologist, graded all the
fundus images. A senior retina specialist resolved any
disagreements between the graders. All the classifications of
DR were based on the International Classification for Diabetic
Retinopathy [40].

Referral and Telephonic Follow-Up

Participants received an AI-generated report detailing their DR
status, severity, and referral recommendations. Patients
diagnosed with moderate non-proliferative DR and above were
referred to as referable DR [41] and, with ungradable images,
were advised to visit the district hospital for an ophthalmological
review. One month after the screening, participants were
followed up with telephone calls to confirm adherence and
obtain diagnosis details. Each participant was contacted thrice,
on 3 consecutive days, before being classified as nonresponsive.
A structured questionnaire was administered to participants via
telephone. The questionnaire assessed factors influencing
appointment attendance and treatment adherence, with responses
recorded as yes, no, or do not know for each question [42,43].
The questionnaire assessed sociodemographic characteristics
and perceived barriers to referral (knowledge, attitude, logistics)
and included an open-ended question for unlisted reasons behind
incomplete referrals.

In-Depth Interviews
Two research fellows (AC and HR) with master’s degrees and
over 5 years of qualitative research experience conducted the
in-depth interviews in the participant’s preferred languages
(Hindi, Punjabi, and English). Participants with DM were
interviewed in quiet hospital locations at the CHC or at home
in a properly ventilated space while HCPs were interviewed
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face-to-face or via Zoom, based on availability. Study
procedures were explained, and informed consent was obtained,
either written for in-person interviews or verbal for Zoom
sessions. Each interview was audio recorded and lasted for
35‐40 minutes. The final sample size for the qualitative study
was determined based on the principle of data saturation [44,45].

Data Analysis
Using a mixed methods approach, the results from both the
quantitative and qualitative components were compared,
synthesized, and discussed.

Quantitative
All participant data were entered into Research Electronic Data
Capture (REDCap) [46], exported in Excel format, cleaned, and
subsequently analyzed using Stata/IC (version 14.2; StataCorp
LLC). The analysis involved reporting the descriptive statistics.
Histograms were used to assess the normality of continuous
variables. Summary statistics include frequencies (percentages)
for categorical variables and means (standard deviations) for
normally distributed continuous variables; otherwise, medians

and interquartile ranges were reported. A chi-square (Χ2) test
was conducted to compare the distribution of categorical
variables (eg, gender, education, marital status) between the
adherent and nonadherent participant groups.

Univariate logistic regression was used to estimate odds ratios
(ORs) and 95% CIs for the association between each
independent variable (eg, gender, age, education, occupation,
marital status, income, health insurance, duration of diabetes,
hypertension status, and previous eye facility visits) and the
dependent variable (referral adherence status: adherent versus
nonadherent). The multivariate logistic regression model
included independent variables with a P value <.05 in univariate
analysis to adjust for potential confounding factors and identify
independent predictors of referral nonadherence, using a
significance level of P<.05 for the final model.

Qualitative
The qualitative researchers proficient in Hindi and Punjabi
transcribed the recordings verbatim, translated them into
English, and removed all personal identifiers before analysis.
We analyzed the interview transcripts using thematic analysis,
following Braun and Clarke’s 6-phase approach [47]. Although
the phases progressed logically, the process was not linear but
recursive and iterative, involving movement back and forth
between phases as needed [47]. We systematically organized
the data, coded it, and grouped similar codes into themes to
identify barriers to referral adherence. The research team
members (AC: research scholar; RM: research associate; HR:
research scholar) performed independent open transcript coding.
MD, an experienced public health specialist, reviewed and
confirmed the initial coding framework. Coding and
categorization under themes were done using Atlas.Ti 23
software.

We then began extracting relevant portions of text from each
interview related to the categories, sorting and selecting quotes
and placing them under the appropriate themes. Quotes were
edited for readability to retain their original meaning; ellipses
(...) show removed text. The participants are denoted in italics
with a unique ID number and their group designator: P (people
with DM), Opt (Ophthalmologists), ASHA (ASHA workers),
CHO (Community Health Officer), Optom (Optometrists), and
RS (Retina Specialist). Given that both study sites are in Punjab
and share similar health system building blocks [48], the
in-depth interviews were analyzed and presented collectively.

Results

Quantitative

Participant Characteristics
A total of 390 (41%) of 948 older adult participants were
enrolled across both sites, with 176 (45%) males and 214 (55%)
females, primarily due to COVID-19 restrictions and participant
refusals. Participants aged 60‐69 years comprised 62.6244%
of the sample, while those aged ≥70 years constituted 37.4%,
with a mean age of 67.2 (SD 6.2) years. Around 48.5% had no
formal education, 45.9% had education up to the 10th standard,
and 5.6% had education at the 12th standard or higher.
Occupationally, 69.7% were unemployed or engaged in home
duties, 13.8% were retired, and 16.5% were in other categories.
Marital status indicated that 74% were married. Additionally,
69% had a monthly household income below 30,000 Indian
rupees (INR; approximately US $350), 52.3% had a history of
hypertension, and the mean DM duration was 8.03 (SD 6.9)
years. Site-wise demographic details are available in Table S4
in Multimedia Appendix 1.

Referral Recommendations and Adherence Rates
Out of 390 screened participants, 231 (59.2%) were not referred,
while 159 (40.8%) were referred for further review and
management. Among those referred, only 23 (14.5%) followed
the advice and visited a health facility (details in Table S5 in
Multimedia Appendix 1 ), while 136 (85.5%) did not adhere to
the referral recommendations or seek further medical attention.

Differences Between Referral Categories (Adherent and
Nonadherent)
Table 1 shows the demographic and medical characteristic
differences between adherent and nonadherent participants in
the referral category. The comparison of 159 referral participants
showed no statistically significant differences in demographics
and health characteristics between adherent (n=23) and
nonadherent (n=136) groups (all P>.05). This includes gender
distribution (P=.23), age groups (P=.48), educational levels
(P=.27), occupational status (P=.33), marital status (P=.97),
household income (P=.71), health insurance coverage (P=.93),
duration of DM (P=.51), presence of hypertension (P=.16), and
previous eye facility visits (P=.45).
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Table . Difference in demographics and health characteristics between adherent and nonadherent participants in the referral category.

Referral category (n=159)Variable

P valueNonadherent (n=136)Adherent (n=23)

.23Gender, n (%)

53 (39)12 (52.7)Male

83 (61)11 (47.8)Female

.48Age group (years), n (%)

72 (53)14 (60.8)60‐69

64 (47)9 (39.1)≥70

.27Education, n (%)

72 (53)8 (34.8)No formal education

59 (43.4)14 (60.8)Up to 10th standard

5 (3.6)1 (4.4)12th standard and above

.33Occupation, n (%)

15 (11)4 (17.4)Retired from service

103 (75.8)14 (60.9)Unemployed/home duties

.9718 (13.2)5 (21.7)Other

Marital status, n (%)

94 (69)16 (69.5)Married

42 (31)7 (30.4)Unmarried, divorced, separated,
widow, widower

.71Monthly household income (INR)a, n (%)

94 (69)15 (65.2)<30,000

42 (31)8 (34.8)>30,000

.93Health insurance, n (%)

46 (33.8)8 (34.8)Yes

90 (66.2)15 (65.2)No

.51Duration of DMb (years), n (%)

91 (67)17 (73.9)0‐10

45 (33)6 (26.1)≥10

.16Hypertension (years), n (%)

67 (49.2)15 (65.2)Yes

69 (50.8)8 (34.8)No

.45Previous visit to the eye facility, n (%)

120 (88.2)19 (82.6)Once

16 (11.8)4 (17.4)Never

aINR: Indian rupee. 30,000 INR=US $350.
bDM: diabetes mellitus.

Analysis of Determinants for Nonadherence to Referral
Recommendations
Table 2 compares determinant factors between 23 adherent and
136 nonadherent participants using univariate and multivariate
logistic regression analyses. None of the variables showed
statistically significant differences (all P>.05), indicating no
evidence of associations with adherence status across the

examined factors. Gender (female) showed nonsignificantly
higher odds of nonadherence, for univariate (OR 1.7, 95% CI
0.7-4.2; P=.23) and multivariate (OR 1.07, 95% CI 0.31-3.72;
P=.91). Age ≥70 years had univariate and multivariate ORs of
1.4, 95% CI 0.56-3.4 (P=.48) and 1.4, 95% CI 0.5-4.09 (P=.47),
respectively, indicating no significant association with
adherence. Similarly, no significant differences were found in
occupation categories, marital status, household income, health

JMIR Form Res 2025 | vol. 9 | e67047 | p.452https://formative.jmir.org/2025/1/e67047
(page number not for citation purposes)

Chauhan et alJMIR FORMATIVE RESEARCH

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


insurance status, duration of DM, hypertension, or previous eye facility visits (all P>.05).

Table . Univariate and multivariate analysis of the determinants for nonadherence to referral recommendations. Reference: Base category used for
comparison.

Nonadherent (n=136)Adherent (n=23)Variable

P valueMultivariate OR (95% CI)P valueUnivariate ORa (95% CI)

Gender, n (%)

ReferenceReferenceMale

.911.07 (0.31-3.72).231.7 (0.7-4.2)Female

Age group (years)

ReferenceReference60‐69

.471.4 (0.5-4.09).481.4 (0.56-3.4)≥70

Education, n (%)

ReferenceReferenceNo formal education

.200.49 (0.16-1.45).110.47 (0.18-1.19)Up to 10th standard

.670.57 (0.04-7.40).610.5 (0.06-5.36)12th and above

Occupation, n (%)

ReferenceReferenceRetired

.411.98 (0.38-10.14).281.9 (0.56-6.7)Unemployed/home

.980.98 (0.17-5.6).950.9 (0.21-4.2)Other

Marital status, n (%)

ReferenceReferenceMarried

.480.68 (0.23-1.97).961.02 (0.39-2.67)Unmarried, divorced, sepa-
rated, widow, widower

Monthly household incomeb, n (%)

ReferenceReference<30,000

.920.94 (0.32-2.77).710.84 (0.33-2.12)>30,000

Health insurance

ReferenceReferenceYes

.520.71 (0.24-2.03).501.3 (0.55-3.4)No

Duration of diabetes mellitus (years)

ReferenceReference0‐10

.421.56 (0.52-4.68).511.4 (0.52-3.8)≥10

Hypertension (years)

ReferenceReferenceYes

.132.09 (0.79-5.48).101.9 (0.76-4.8)No

Previous visit to the eye facility

ReferenceReferenceOnce

.370.54 (0.14-2.04).460.63 (0.19-2.09)Never

aOR: odds ratio.
bINR: Indian rupee. 30,000 INR=US $350.

Telephone Follow-Up: Assessing Referral Adherence
Rates and Reasons
Participants with ungradable images or diagnosed with referable
DR (n=136) were contacted by phone 1 month after screening.

The most commonly reported barriers were categorized as other
factors (n=70, 51.5%), logistical challenges (n=31, 22.8%), and
attitudinal issues (n=27, 19.9%).
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Regarding attitude, 17 (12.5%) participants believed their eyes
were fine, while logistical obstacles included lack of family
support (n=21, 15.4%) and family problems (n=8, 5.8%).
Financial constraints, particularly high treatment costs, affected

4 (2.9%) participants. Additionally, 4 (2.9%) were unaware of
the importance of DR treatment. Seasonal harvesting (n=14,
10.3%) and other health issues (n=9, 6.6%) were also
contributing factors (Table 3).

Table . Reasons for nonadherence to referral recommendations.

Participants (n=136), n (%)Categories and barriers to referral adherence

Attitude

17 (12.5)Eyes are fine

3 (2.2)Not willing to treatment

3 (2.2)Lack of concern about diabetic retinopathy

4 (2.9)Not interested in treatment

Financial

4 (2.9)High treatment cost

Awareness

4 (2.9)Not aware that DR treatment is important

Logistical support

21 (15.4)Lack of family support

2 (1.6)Travel distance to a health facility

8 (5.8)Family problems

Other

14 (10.3)Harvesting seasons

4 (2.9)Work commitments

6 (4.4)Out of station

3 (2.2)Phone with family members

2 (2.2)Planning to visit a health facility soon

9 (6.6)Other health issues

1 (0.7)Weather conditions

31 (22.8)Technical error (wrong contact numbers, switch-
offs, unavailability)

Qualitative

Characteristics of the Participants
In total, 28 in-depth interviews were conducted with 9 older
adult people with DM and 19 HCPs. Of the 9 people with DM,
4 (44%) were male and 5 (56%) were female. Most (n=7, 78%)
were aged 60‐69 years, and 8 (89%) were married. Two-thirds
(n=6) lacked formal education, and 6 (67%) were unemployed
or engaged in home duties (Tables S6 and S7 in Multimedia
Appendix 1). The HCP group included 1 retina specialist (5%),
4 ophthalmologists (21%), 2 optometrists (10%), 3 CHOs (16%),
and 9 ASHA workers (47%). Among 19 health care providers,
13 (68%) were female and 6 (32%) were male. Most (n=12,
63%) were aged 31‐40 years.

Barriers Associated With Low Referral Adherence

Overview

The data revealed three key themes that best explained the
barriers to referral adherence: (1) awareness and
knowledge-related obstacles, (2) logistical support challenges,
and (3) health care system limitations. The results of the in-depth
interviews with the stakeholders complemented the quantitative
findings of nonadherent participants and shed further light on
their findings (Figure 2). The thematic analysis suggested a
range of factors that impact adherence to referral instructions
and put low adherence or nonadherence into perspective. The
quotes under the categories are available in Table S8 in
Multimedia Appendix 1.
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Figure 2. Barriers to referral nonadherence. DR: diabetic retinopathy; HF: health facility; VEGF: vascular endothelial growth factor.

Awareness and Knowledge-Related Barriers

The HCPs observed that patients with DR often delayed
treatment due to a lack of awareness about the condition and
its complications, frequently mistaking vision changes for aging,
cataracts, or simply needing new glasses. These misconceptions
often lead patients to request remedies such as eye drops or new
glasses, mistakenly believing these will resolve their vision
problems. One patient recounted an interaction with fellow
patients who had undergone extensive treatments and incurred
substantial expenses without experiencing any improvement in
vision. This perception highlights a common gap in patient
knowledge. Individuals often rely excessively on peer anecdotal
evidence, hindering adherence to evidence-based medical
treatments. This issue is further complicated by a limited
awareness of the crucial role regular follow-up appointments
play in managing DR, resulting in poor compliance with
treatment protocols. Additionally, some patients tend to avoid
health care facilities under the false assumption that their ocular
condition has stabilized while engaging in self-treatment, which
introduces significant risks and compromises effective disease
management.

Logistical Support Barriers

Mobility and Transportation

The HCPs said that the lack of public transport restricts
participants from accessing local transport options for treatment,
making it hard for patients to reach the facility for their
appointments. One patient with a 2-wheeler reported difficulty
driving alone because of their low vision. Longer distances to
treatment facilities also decreased the frequency of visits,
resulting in higher dropout rates despite initial engagement in
treatment. Sometimes, multiple health issues can limit mobility
and hinder access to eye care services, leading individuals to
prioritize managing other health conditions over maintaining
regular DR treatment appointments. This preference reflects a
practical decision based on immediate health needs and logistical
challenges posed by mobility restrictions rather than a lack of
recognition of the importance of DR care.

Financial

Cost presents a formidable barrier, restricting many from
affording regular travel to treatment centers. Initially, patients
may adhere to treatment plans diligently, but as time progresses,
dropout rates escalate. A patient articulated their predicament:
“I was referred to another hospital for injections, which are
financially out of reach due to the distance from home.” The
ophthalmologist and retina specialist underscored the substantial
financial burden of DR treatment, specifically anti-VEGF
(vascular endothelial growth factor) injections, which
significantly impacts adherence. Financially disadvantaged
patients frequently prioritize other expenses over necessary
visits to eye care facilities, thereby exacerbating the challenge
of managing DR effectively and consistently. This underscores
the critical need for accessible and affordable eye care solutions
to mitigate the economic barriers hindering patient care and
treatment adherence.

Health Care System Barriers

Burdened Health System
The tertiary eye care hospital experiences high demand, resulting
in delayed appointments that led many patients to discontinue
treatment after 1-2 visits. Long queues also discourage patients
from seeking care at larger eye care centers, underscoring the
systemic challenges that affect access to DR treatment services.
The large number of patients and extended waiting times pose
significant challenges for individuals trying to attend
appointments and receive timely treatment.

Technical Challenges
Telemedicine facilities are beneficial for extending eye care
access [49], but they face implementation challenges. The
limited availability of specialized doctors and unreliable internet
in peripheral areas hinder teleconsultations. Village residents
encountered prolonged wait times at telemedicine centres and
expressed reluctance to wait for consultations with doctors at
these facilities.
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Discussion

Principal Findings
This study investigated barriers to referral adherence after
AI-enabled DRS at primary (community) and secondary (CHC)
sites among those who did not follow referrals to district
hospitals for further management. We implemented AI-enabled
DRS programs for older adults in public health settings in
Punjab, India, during the COVID-19 pandemic. AI has been
promoted as a transformative tool in health care to help attain
health and health-related Sustainable Development Goals among
older adults [50,51]. However, the impact of implementing AI
on patient outcomes depends on many factors beyond diagnostic
accuracy, including care access, referral adherence, and the
implementation of treatment and management recommendations
[52]. In our study, only 23 of 159 (14.5%) patients screened
adhered to referral recommendations. Of these, only 9 visited
the district hospital, while the others chose different facilities,
indicating various factors influencing their decision-making
regarding referral locations [53]. This finding contrasts with a
study conducted in South India examining the factors
influencing the utilization of referral services from secondary
to tertiary eye care, which reported noncompliance rates of
31.65% and 24.2%, respectively [33].

Telephone interviews identified key barriers in our study,
including low awareness about DR (n=4, 2.9%), attitudinal
issues (n=27, 19.9%), and a lack of family support (n=21,
15.4%). Economic 27 (16.4%) and attitudinal barriers (44.2%)
to referral service access were consistent with findings by Padhy
et al [33] Our analysis showed no differences in the
characteristics of adherent and nonadherent participants.
However, nonstatistically significant differences between
adherent and nonadherent groups do not imply that these factors
are irrelevant or that there are no relationships. This indicates
that we did not detect significant associations with the current
sample size and variability. However, the wide confidence
intervals suggest additional quantitative data are needed to
improve estimate precision.

Nevertheless, we have no evidence that demographic and health
variables alone are sufficient to understand or predict adherence
behavior in patients with DR. Technical errors (Table 3)
prevented us from contacting 31 of 136 (22.8%) participants,
potentially impacting our quantitative analysis, including the
univariate and multivariate analysis results. The unprecedented
COVID-19 pandemic may have also negatively affected
health-seeking behavior and treatment adherence [19,22].

We prioritized incorporating insights from key stakeholders
through qualitative, in-depth interviews to guide informational
power. Our study found that older adult individuals lack
adequate awareness about DR complications, resulting in
misconceptions about the causes of vision changes. Lack of
awareness discourages service use, enabling unchecked harmful
conditions and potentially leading to adverse outcomes due to
delayed care-seeking. Further, the participants encountered
difficulties affording transportation and treatment expenses and
taking time off work for medical appointments, driven by
concerns about their daily income [54]. Additionally, attitudes

such as believing their eyes are healthy and logistical challenges
like lack of family support impeded referral adherence [23].
Reliance on anecdotal evidence (do not go for eye treatment)
from peers discouraged adherence to referral recommendations.
Local and regional factors, such as the peak harvesting season
(Table 3), hindered older adult adherence to referral
recommendations (n=14, 10.3%). In-depth stakeholder
interviews complemented the telephone follow-up findings,
revealing barriers to referral recommendations. Similar
programs, like the point-of-care DR examination program
initiative, reported suboptimal follow-up rates despite targeted
interventions, highlighting the need for more personalized
strategies to enhance adherence [24]. Community-based
programs have proven effective in enhancing access to eye care
and improving patient adherence to continuity of care
recommendations [24,55]. Bonilla-Escobar et al [24] showed
higher adherence to referral recommendations when
personalized approaches, such as phone calls, voicemails, and
result letters with appointment details, were used. Transportation
interventions, including bus passes, taxi vouchers, reimbursed
travel, and tailored services, enhance health outcomes in chronic
diseases, particularly for older adults and women [56].

Teleophthalmology, for instance, has accelerated health care
access in rural and remote areas [57], overcoming significant
travel constraints, time constraints, and economic barriers
through community-based program initiatives [58,59]. However,
the HCPs noted that technical challenges, such as
underdeveloped internet infrastructure in rural areas, pose
challenges to implementing teleophthalmology programs [60].
Hence, it is critical to identify methods for establishing DRS
programs tailored to available resources and health care
infrastructure [24,61]. In our study, older adult participants
highlighted financial constraints as barriers to accessing referral
services, a sentiment corroborated by the HCPs’ in-depth
interviews. The findings align with existing literature on
economic challenges among individuals with visual impairment
in developing countries [62]. The high costs of DR treatment
often compel financially disadvantaged patients to prioritize
other essential expenses over necessary eye care. Patients and
HCPs should be informed about the comprehensive coverage
offered by the Ayushman Bharat Pradhan Mantri Jan Arogya
Yojana public health insurance program in India, including DRS
and treatment. This ensures adequate access to necessary
services through insurance benefits [63].

Our study findings revealed issues in the care process in rural
areas, such as patients self-referring and bypassing the referral
system hierarchy [64]. Systemic challenges such as delayed
appointments and long queues discourage patients from
continuing treatment beyond 1 or 2 visits due to access issues
[23]. The World Report on Vision has recommended an
integrated care model incorporating primary, secondary, and
tertiary care, ensuring clear roles and appropriate referrals at
each health care system level [65].

This study’s strength lies in triangulating quantitative findings
with qualitative insights to address research questions regarding
referral adherence. Additionally, conducting the study across
primary (community) and secondary (CHC) health care systems
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provides comprehensive information on referral adherence
within a network of public health systems.

A limitation of this study is its focus on a public health network
in North India within one state, potentially limiting the
generalizability of its findings to broader settings. Potential
biases from self-reported data during telephone follow-ups may
lead to underreporting or overreporting adherence based on
perceived expectations and limited generalizability due to the
study’s regional focus. The study was conducted during the
COVID-19 pandemic, marked by significant disruptions to
health care systems and changes in patient behavior. These
unique circumstances, including the impact of COVID-19 on
decision-making regarding nonemergency medical care, may
have introduced factors related to health care access that are
specific to this time. Furthermore, nearly 22.8% of screened
patients (Table 3) were not successfully contacted despite
multiple attempts, which would increase the imprecision of
estimates yielded by the regression analysis. For example, only
23 adherent participants contributed data to the multivariate
model and therefore the analyses may be hindered due to issues
related to statistical power and imbalanced group sizes [66].
This study did not extensively collect detailed information on
health care system factors affecting adherence, such as hospital
waiting times, hospital accessibility, and staff attitudes [33].
This highlights the necessity of exploring additional factors that
influence adherence, including psychological, social, and
systemic barriers [23,67].

In this pilot study, approximately 390 of 948 (41%) participants
were recruited due to COVID-19 pandemic restrictions.
Additionally, the limited sample size in the nonadherent group
and high variability in the collected data resulted in insufficient
statistical power to accurately identify determinants of
nonadherence, leading to large confidence intervals and reduced
precision in the estimates.

Conclusion and Policy Implications
This study, conducted during the COVID-19 pandemic, has
demonstrated suboptimal adherence among older adult patients
to referral recommendations. Participants considered barriers
such as knowledge gaps, logistical challenges, and health
system–related issues to have hindered referral adherence. Given
the unique context of the pandemic, the results should be
generalized with caution. Future studies should consider
pragmatic trial study designs incorporating implementation
science approaches using mixed methods to examine barriers
to referral and adherence across diverse contexts. This could
include exploring community beliefs and other social
determinants influencing service uptake. Policy-level changes
are essential to integrating teleophthalmology into public health
programs and improving infrastructure for AI-enabled DRS,
enhancing access and outcomes. An effective, well-coordinated
referral system with defined protocols, streamlined
communication, reliable transportation, trained personnel,
integrated systems, and collaboration may address the challenges
in the referral systems [68,69].
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Abstract

Background: A 12-week pilot of the StepAdd mobile health (mHealth) behavior change intervention based on social cognitive
theory (SCT) saw an 86.7% increase in mean daily step counts among patients with type 2 diabetes. Due to the lack of exploration
of theoretical implications in mHealth intervention studies, there is a need to understand the mechanism underlying the behavioral
change to inform the future design of digital therapeutics.

Objective: This study aimed to examine the SCT drivers underlying the mean increase in exercise among Japanese patients
with type 2 diabetes who participated in the StepAdd intervention.

Methods: This is a post hoc analysis of data collected in the single-arm pilot study of the 32 patients who completed the StepAdd
intervention. The StepAdd app uses self-mastery and coping strategies to increase self-efficacy and thus increase walking.
Self-mastery was measured by the goal completion (GC) rate, which is the percentage of days in which patients met these adapting
goals. The use of coping strategies was measured by the strategy implementation (SI) rate, which is the percentage of days in
which patients applied their selected coping strategies. We assessed correlations between GC, SI, and self-efficacy to increase
walking via linear regression and analyzed relationships via structural equation modeling.

Results: We found statistically significant support for the SCT approach, including a correlation coefficient (ρ) of 0.649 between
step increase and GC rate (P<.001); a ρ of 0.497 between the coping SI rate and self-efficacy increase (P=.004); a ρ of 0.446
between GC rate and self-mastery increase (P=.01); and a ρ of 0.355 between self-regulation increase and step increase (P=.046),
giving us insight into why the behavior intervention succeeded. We also found significant correlations between self-efficacy for
barriers and self-efficacy for task-specific behavior (ρ=0.358; P=.04), as well as self-regulation and self-efficacy for task-specific
behavior (ρ=0.583; P<.001). However, a cross-lagged panel modeling analysis found no significant evidence that changes in
self-efficacy preceded behavior changes in line with SCT.

Conclusions: Self-mastery and coping strategies contributed to the walking behavior change in StepAdd, supporting the SCT
model of behavior change. Future research is needed to better understand the causal pathways proposed by SCT.

(JMIR Form Res 2025;9:e60221)   doi:10.2196/60221
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Introduction

Digital therapeutics (DTx), defined as evidence-based
therapeutic interventions that are driven by high-quality software
programs to treat, manage, or prevent a disease or disorder, can

be effective in treating diabetes by inducing behavior changes
[1]. However, studies of DTx generally do not explore the
implications of the underlying behavior change theory. For
example, we were unable to explain the mechanism behind
behavior change with a randomized controlled trial (RCT) that
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showed significant improvement in hemoglobin A1C (HbA1c)
and albuminuria among patients with type 2 diabetes via DTx
[2]. However, given the progress in DTx, it is not enough to
simply show outcomes. Lifestyle change involves complex
patient behavior comprising numerous decisions and significant
effort. We need to explain the mechanism behind behavior
change, to show the characteristics of the app in question that
differ from those of other apps, and to explain the rationale for
choosing the app to treat patients.

We analyzed results from a 12-week pilot study of 33 Japanese
patients with diabetes who participated in the StepAdd mobile
health (mHealth) behavior change intervention to explain the
mechanism behind the behavior change [3]. This was a
single-arm pilot study from August 2021 to December 2021
using pre-post evaluation to assess the feasibility and
preliminary efficacy of a personalized mHealth intervention
using the StepAdd app to improve physical activity among
patients with type 2 diabetes, conducted in collaboration with
Mitsui Memorial Hospital; Nihon Chouzai Co, Ltd (a
community pharmacy); and Mitsui & Co, Ltd. Patients receiving
type 2 diabetes treatment at Mitsui Memorial Hospital, with an
HbA1c of 7.5% or higher, were recruited by their physicians to
participate in the pilot study evaluating the preliminary efficacy
of StepAdd in increasing physical activity. StepAdd applies
behavior change methods based on social cognitive theory (SCT)
[4,5], and the pilot collected SCT-related measures throughout
the intervention. The study included 6 visits spanning an initial
step baseline phase and a 12-week continuous measurement
phase. The transtheoretical model was used to categorize the
participants who were currently at the contemplation stage
(willing to change health behavior within the next 6 months),
preparation stage (willing to change health behavior within the
next month), or action stage (has made modifications to health
behavior) to achieve the target goal of 10,000 steps a day. A
community pharmacist briefed participants on this research
study and on how to use the smartphone and the pedometer.
The pilot saw an 86.7% increase in mean daily step counts, from
5436 (SD 2231) per day to 10,150 (SD 3908) per day, and a
reduction of mean HbA1c from 8.58% (SD 1.02%) to 7.79%
(SD 1.11%) (−0.79%, SD 1.04%) [4]. A 24-week StepAdd RCT,
with 80 participants per arm, is currently underway [6]. Analysis
of RCTs has proven that increased walking causes clinically
significant improvements to glycemic control among patients
with diabetes [7,8]. The StepAdd pilot results show overall
causality—the intervention caused the desired behavior and
health improvement.

This secondary analysis seeks to use SCT measurements to
understand the factors underlying the behavioral change, both
to inform future analyses of the StepAdd RCT results and to
improve the design of future interventions. We want to
understand what features caused the change and whether the
causal relationships defined by SCT can be proved.

SCT posits a central role to self-efficacy, the individual’s belief
that they can perform the behavior, with increases in
self-efficacy causing increases in the behavior. StepAdd uses
self-mastery and coping strategies to increase self-efficacy and
thus increase walking. For self-mastery, StepAdd implements

achievable but challenging goals, which are adapted weekly,
with self-mastery being measured by the goal completion (GC)
rate. For coping strategies, StepAdd has participants choose a
barrier and an associated coping strategy to implement,
increasing self-efficacy, with coping strategy use being
measured by the strategy implementation (SI) rate. During the
StepAdd pilot, we collected 3 measures of the underlying latent
construct of self-efficacy at weeks 0, 4, 8, and 12: self-efficacy
in achieving the targeted behavior, self-efficacy in dealing with
barriers, and self-regulation (SR).

Methods

Overview
This is a post hoc analysis of data collected in the StepAdd pilot
for the 32 patients who completed the intervention (the pilot
analyzed 33 patients, but 1 dropped out after week 4 because
he expected the study to be just 4 weeks). Data came from
pedometers, the StepAdd app, and questionnaire instruments,
with data collected at weeks 0, 4, 8, and 12 of the intervention.

The step data came from daily counts from wireless pedometers
(OMRON HJA-405 T-W or Yamasa AW-001), averaged for
the 2 weeks prior to the week 0, 4, 8, and 12 time points.

The intervention used 2 SCT-based methods. First, it targeted
improving self-mastery by using a series of attainable yet
growing goals. The GC rate measured the percentage of days
in which patients met these adapting goals [3]. Second, it
targeted enhancing SR and improving sociocultural factors in
the SCT framework by allowing patients to evaluate possible
barriers to achieving their step goals and choose to implement
associated coping strategies. The SI rate measured the
percentage of days in which patients applied their selected
coping strategies [3].

The intervention is based in particular on increasing
self-efficacy, the belief in one’s own efficacy, applying it in
this case to daily walking. We used 3 measures (self-efficacy
for barriers [SE-B], self-efficacy for task-specific behavior
[SE-T], and SR) of self-efficacy. SE-B is a self-efficacy scale
to deal with barriers in achieving the targeted daily steps [9]. It
is the sum of 4 questions, each rated 1‐5, delivered via a
questionnaire, amounting to a total score range of 4‐20. SE-T
is a self-efficacy scale for exercise in achieving the targeted
daily steps [10]. It is the average of a participant’s confidence
(in percentages) in their ability to walk 4000; 6000; 8000;
10,000; or 12,000 steps daily, as measured via a questionnaire.
SR was measured using the Japanese version of the 12-item
Physical Activity Self-Regulation Scale (PASR-12) [11]. It is
the sum of 12 questions, each rated 1‐5, amounting to a total
score range of 12‐60.

We analyzed measurements using means and standard
deviations. We assessed correlation via linear regression and
analyzed relationships via structural equation modeling. All
statistical analyses used SAS 9.4, with the significance level
for all the statistical tests at P<.05 (2-tailed). We calculated
95% CIs where applicable.
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Ethical Considerations
This study was approved by the Institutional Review Board of
the University of Tokyo School of Medicine, under approval
number 2021084NI-(2). This approval covers secondary analysis
without additional consent. Study data were deidentified to
ensure confidentiality and to protect all research participants.

Results

The behavior of interest, walking, increased steadily over the
12-week intervention (Figure 1). Both intervention method
measurements (GC and SI) were consistently high (68%‐87%).
The measures of self-efficacy (SE-B, SE-T, and SR) grew
throughout the intervention.

Figure 1. Means and 95% CIs of change in 6 measured items over 12 weeks in the StepAdd intervention for Japanese patients with type 2 diabetes.
GC: goal completion; SE-B: self-efficacy for barriers; SE-T: self-efficacy for task-specific behavior; SI: strategy implementation; SR: self-regulation.

Analysis of the correlation of changes from baseline to week
12 among the 6 measurements revealed 6 relationships with
statistical significance (Table 1 and Figure 2). When mapped
to a simplified representation of SCT applied to this study, these
relationships support but do not prove SCT’s central mechanism
of changes in self-efficacy causing changes in behavior. The
correlation coefficient (ρ) of 0.497 between SI and change in

SE-B suggests that the coping strategies target of the
intervention was effective. Similarly, the ρ of 0.649 between
change in steps and GC and the ρ of 0.446 between GC and
change in SE-T suggest that the self-mastery target of the
intervention was effective. The ρ of 0.355 between change in
SR and change in steps supports the centrality of SR in the
changes to exercise behavior [3].
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Table . Correlations of social cognitive theory constructs at week 12 of the StepAdd intervention for Japanese patients with type 2 diabetes.

ΔSReΔSE-TdΔSE-BcΔStepsGCbSIa

SI

1    ρ

—f    P value

GC

10.267    ρ

—.140    P value

ΔSteps

10.6490.028ρ

—<.001.879    P value

ΔSE-B

10.1340.2540.497    ρ

—.465.161.004    P value

ΔSE-T

10.3580.2790.4460.328    ρ

—.04.122.01.067    P value

ΔSR

10.5830.3480.3550.297−0.073    ρ

—<.001.051.046.098.691    P value

aSI: strategy implementation.
bGC: goal completion.
cSE-B: self-efficacy for barriers.
dSE-T: self-efficacy for task-specific behavior.
eSR: self-regulation.
fNot applicable.
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Figure 2. Social cognitive theory correlations at week 12 of the StepAdd intervention for Japanese patients with type 2 diabetes. (A) Intervention
correlation between change in SE-B and SI. (B) Intervention correlation between change in steps and GC. (C) Behavior correlation between change in
SR and change in steps. (D) Self-efficacy correlation between change in SE-B and change in SE-T. (E) Self-efficacy correlation between change in
SE-T and GC. (F) Self-efficacy correlation between change in SE-T and change in SR. GC: goal completion; SE-B: self-efficacy for barriers; SE-T:
self-efficacy for task-specific behavior; SI: strategy implementation; SR: self-regulation.
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We found significant correlations among changes in the 3
measures of self-efficacy (SE-T to SE-B and SR to SE-T). We
used structural equation modeling to conduct a confirmatory
factor analysis to explore how the 3 self-efficacy–related
measures relate to a latent variable of self-efficacy. The analysis
with 3 variables and the 32-participant dataset did not support
an assessment of goodness-of-fit. The StepAdd RCT currently
underway [6] targets 160 patients, and this larger dataset may
support a more effective confirmatory factor analysis.

We used cross-lagged panel modeling to explore whether
changes in the self-efficacy measures preceded changes in the
behavior, a necessary condition for the causality postulated in
SCT. The analysis with our 32 participants and 4-week data
spacing did not reveal any significant cross-lagged correlations.

Discussion

This study aimed to examine the SCT drivers underlying
StepAdd’s mean increase in exercise. Overall, our analyses
found statistically significant support for the SCT approach in
the StepAdd intervention. Significant correlation was found for
the following parameters: step increase and GC rate; SR increase
and step increase; GC rate and self-mastery increase; and coping
SI rate and self-efficacy increase.

Our study findings are consistent with a study that reported that
interventions that focus on removing obstacles to intended
planned fitness activities are effective in increasing self-efficacy
to engage in exercise [12]. Effective use of coping strategies
such as problem-solving has been shown to enhance
self-efficacy, which in turn promotes engagement in physical
activity [13]. Self-mastery, which has been shown to be one of
the most important predictors of self-efficacy for physical
activity in community-dwelling older adults, is also reflected
in our study findings [14]. Achieving goals allows individuals
to experience a sense of mastery with authentic evidence of
their capabilities, which in turn boosts self-efficacy to increase
physical activity [15]. Further, SR strategies such as
self-monitoring and goal setting have been associated with
exercise adherence in older adults [16].

Despite the significant correlations, there was a lack of support
for directional associations from the cross-lagged panel

modeling results. A key limitation of this study is the difference
between the timescale of behavioral decisions and the
measurement intervals. Participants made physical activity
decisions multiple times per day, often in response to real-time
feedback from the intervention. However, the study’s 4-week
measurement intervals may not have fully captured these rapid
behavior-feedback loops, making it difficult to assess causal
relationships between intervention components and behavior
change. Assessing causality is an area that requires further
investigation. The pilot was relatively small, and further research
is needed.

Our results provide insight into designing an effective DTx
solution. Although some view DTx as centered on software
implementation [17], we emphasize how DTx can remove time
and space barriers, not just supporting patients but
accompanying them 24/7 where they live, as a cost-effective
low-labor augmentation to infrequent scheduled visits with
health care professionals in a clinic.

Applying digital health to increase exercise levels is an active
area of research [18], and more research is warranted.
Interventions that are based on behavior change theory have
been shown to be more effective than those not based on theory
[19]. In our experience, building an intervention around a theory
helps focus the effort on the key aspects, prioritizing them over
less critical features. Our group has conducted numerous
interventions not specifically based on a theory of human
behavior change [2,20-23] that have produced results of interest,
but we have found theory-based interventions [3,6,24] to be
more effective. For example, the StepAdd study, which employs
a theory-based approach, demonstrated a consistent increase in
the average step count from week 1 to week 12 of the
intervention [3]. In contrast, in the DialBetesPlus study, which
is not theory-based, the average step count remained steady
throughout the 12-month intervention period [2].

By understanding how the intervention relates to complex
human behavior, researchers can put more emphasis on
treatment elements that are effective over those that are not.
Our results suggest that both of our intervention mechanisms,
self-mastery and coping strategies, contributed to the change
in behavior, supporting the SCT model of behavior change.
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Abstract

Background: High-quality sleep is essential for both physical and mental well-being. Insufficient or poor-quality sleep is linked
to numerous health issues, including cardiometabolic diseases, mental health disorders, and increased mortality. Snoring—a
prevalent condition—can disrupt sleep and is associated with disease states, including coronary artery disease and obstructive
sleep apnea.

Objective: The SleepWatch smartphone app (Bodymatter, Inc) aims to monitor and improve sleep quality and has snore detection
capabilities that were built through a machine-learning process trained on over 60,000 acoustic events. This study evaluated the
accuracy of the SleepWatch snore detection algorithm in a simulated real-world setting.

Methods: The snore detection algorithm was tested by using 36 simulated snoring audio files derived from 18 participants.
Each file simulated a snoring index between 30 and 600 snores per hour. Additionally, 9 files with nonsnoring sounds were tested
to evaluate the algorithm’s capacity to avoid false positives. Sensitivity, specificity, and accuracy were calculated for each test,
and results were compared by using Bland-Altman plots and Spearman correlation to assess the statistical association between
detected and actual snores.

Results: The SleepWatch algorithm showed an average sensitivity of 86.3% (SD 16.6%), an average specificity of 99.5% (SD
10.8%), and an average accuracy of 95.2% (SD 5.6%) across the snoring tests. The positive predictive value and negative predictive
value were 98.9% (SD 2.6%) and 93.8% (SD 14.4%) respectively. The algorithm performed exceptionally well in avoiding false
positives, with a specificity of 97.1% (SD 3.5%) for nonsnoring files. Inclusive of all snoring and nonsnore tests, the aggregated
accuracy for all trials in this bench study was 95.6% (SD 5.3%). The Bland-Altman analysis indicated a mean bias of −29.8 (SD
41.7) snores per hour, and the Spearman correlation analysis revealed a strong positive correlation (rs=0.974; P<.001) between
detected and actual snore rates.

Conclusions: The SleepWatch snore detection algorithm demonstrates high accuracy and compares favorably with other snore
detection apps. Aside from its broader use in sleep monitoring, SleepWatch demonstrates potential as a tool for identifying
individuals at risk for sleep-disordered breathing, including obstructive sleep apnea, on the basis of the snoring index.

(JMIR Form Res 2025;9:e67861)   doi:10.2196/67861

KEYWORDS

snore detection; snore tracking; machine learning; SleepWatch; Bodymatter; neural net; mobile device; smartphone; smartphone
application; mobile health; sleep monitoring; sleep tracking; sleep apnea

Introduction

The central importance of high-quality sleep in the maintenance
of physical and mental health cannot be overstated, as well as
the critical role of sleep in avoiding disease states and other
physiologic impairments. Insufficient or poor-quality sleep has
extensively documented associations with an array of negative
consequences that affect both personal and public health. These
issues include cardiometabolic disease states, such as
hypertension, diabetes, and obesity, as well as increased
frequency of heart attacks and strokes [1-3]. Sleep disruption
profoundly impacts mental health and emotional well-being,

increasing the frequency of depression, anxiety, inattentiveness,
learning and memory impairment, and mood disorders [4-6].
From a public health perspective, poor-quality sleep correlates
with workplace and vehicular accidents, and health issues arising
from sleep impairment impart a massive economic burden to
the health care system, as well as an increase in all-cause
mortality [2,7-9].

Although the health risks of insufficient or poor-quality sleep
are well known among the scientific community and society at
large, most individuals struggle to obtain sleep of appropriate
quality and quantity. The frequency of insufficient sleep varies
by study, but as a conservative estimate, at least one-third of
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the US adult population reports regularly sleeping less than the
recommended 7 hours each night [10-12]. Moreover, there is
evidence that sleep problems are worsening over time globally;
the percentage of US adults reporting short sleep durations
(defined as less than 6 h) has consistently increased over the
last several decades [13,14]. The precise cause of this declining
trend in sleep health is multifactorial but is influenced in large
part by poor sleep hygiene related to the ongoing technological
evolution of the modern world [15,16]. These concerns
emphasize the need for interventions to address the profound
personal and societal issue of sleep impairment.

Among other factors related to poor-quality sleep, a noteworthy
and underappreciated cause of sleep impairment is the
physiological phenomenon of snoring. Snoring is an auditory
process that occurs during sleep as a result of air passing over
relaxed tissues of the oropharynx, which produces vibrations
and the sounds that are classically associated with snoring.
Snoring is extremely common, especially among older adults,
male individuals, and individuals with obesity; the reported
frequency of habitual snoring among adults ranges from 20%
to 60%, depending on risk factors [17-20]. Snoring is often
benign but may be a source of personal embarrassment and a
cause of relationship distress between sleep partners [19,21].
On a more concerning note, snoring may be associated with
serious clinical conditions, including coronary artery disease,
obstructive sleep apnea, and depressive disorders [17,22,23].

As with other areas of health optimization, smartphone-based
apps have been developed to help address the need for improved
sleep quality and sleep duration, and several such apps include
snore detection capabilities. Because snoring occurs during
sleep, individuals often lack insight into how frequently or how
intensely they snore, and obtaining this information through
formal polysomnography can be inconvenient, time-consuming,
and cost-prohibitive. As such, there is an unmet need for novel,
personalized methods of monitoring sleep quality, including
evaluation of snoring and sleep-disordered breathing. There are
several smartphone-based snoring detection apps in existence,
and while these apps are promising in terms of their cost and
scalability, most lack rigorous validation, and questions remain
with regard to their real-world accuracy for individual users.
This paper highlights the results of a bench study that evaluated
a proprietary snore detection algorithm in a simulated real-world
setting.

Methods

Study Design
The smartphone-based, acoustical snore detection algorithm
used in the SleepWatch app was developed by the Bodymatter
team in-house, using a deep neural net model trained on over
60,000 individually validated, real-world snore and nonsnore
sounds. The SleepWatch snore detection capabilities were then
tested against an array of snoring and sleep audio files in a
controlled acoustic setting. Sleep audio files were derived from
volunteers in an anonymized fashion, as outlined in the Ethical
Considerations subsection. No raw or identifying human
participant data were used in this study. Additionally, all training
data were derived entirely from audio sources that were separate

from the validation and test audio sets used in this bench study
and prior trials.

In total, 36 trials were conducted based on test audio files that
were 10 minutes in duration and were derived from 18 individual
SleepWatch participants (male: n=9; female: n=9). Audio quality
fidelity of the test files was ensured during their editing,
exporting, and uploading. There were 2 audio files made from
each participant, simulating a snoring index of 30, 60, 120, 240,
360, or 600 snores per hour. For each file with a snoring index
of 120, 240, 360, or 600 snores per hour, 10 unique snores were
repeated at regular intervals. For each file with a snoring index
of 30 or 60 snores per hour, 5 unique snores were repeated at
regular intervals. The duration of snore events was limited to a
maximum of 5 seconds, in accordance with the scoring
methodology described further in this paper. The intervening
audio between inserted acoustic events was the ambient noise
present at baseline during a given participant’s sleep recording.
Additionally, 9 trials were conducted based on test audio files
that exclusively contained confounding, nonsnoring audio events
(including percussive sounds, coughing, speech sounds,
movement of bedding, etc). These confounding audio events
reflected common ambient noise that was expected during
typical sleeping conditions and had the potential to be
erroneously detected as a snore. Again, no confounding acoustic
event lasted longer than 5 seconds, in accordance with the
scoring methodology. Of note, any audio samples that were
determined to have corruption at any level of the editing or
exporting process and resulted in distorted playback were
discarded.

For each trial, a SleepWatch sleep recording session was started
on an iPhone 13 smartphone (Apple Inc) that ran the SleepWatch
app (v8.2.3.0-pkf33, public release v8.3.0) shortly before
simultaneously starting the test audio playback. Test audio files
were played from a dedicated JBL 305P MKII (Harman
International Industries, Inc) studio speaker in close proximity
to the detection smartphone to simulate product implementation
in a real-world setting, where users would place their
smartphone within 5 feet of their sleeping position. Trials were
conducted under acoustically controlled ambient conditions.
For each test, audio playback intensity was confirmed via an
independent decibel meter and limited to a 125-millisecond
(fast response) peak of 65 A-weighted decibels (dB[A]) and a
floor of 50 dB(A). Trials were performed for 10 minutes, after
which the SleepWatch app performance was recorded.

After each trial, the SleepWatch-detected snore count was
compared against the known number of snoring events present
in each audio file. Additionally, app performance was assessed
by reporting sensitivity (true-positive rate), specificity
(true-negative rate), and accuracy (ratio of true events to total
events). As a scoring method, each audio file was discretized
into 5-second intervals (N=120). An appropriately identified
snoring event was considered a true-positive event for a
5-second interval, and conversely, a sound that was inaccurately
reported as snoring was considered a false-positive event for
the corresponding 5-second interval. False-negative events were
missed snores, and true-negative events were 5-second regions
of silence or ambient noise that were not reported as snoring.
Sensitivity was calculated as “(true positive)/(true positive +
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false negative),” and specificity was calculated as “(true
negative)/(true negative + false positive).” Positive and negative
predictive values were also determined, calculated as “(true
positive)/(true positive + false positive)” and “(true
negative)/(false negative + true negative),” respectively.
Accuracy was determined as “(true positive + true negative)/all
events” (all events: N=120). In the case of the 9 trials that used
confounding nonsnore sounds, only specificity and accuracy
could be described due to the absence of positive events, and
this was factored into the aggregate accuracy. This scoring
methodology is summarized in Table 1.

After the initial analysis, a Bland-Altman plot, which compared
the average snoring index (snores/h) and difference in the
snoring index between the app and test audio files, was produced
as a visual method of analyzing bias associated with the app’s
performance. A Spearman correlation was performed between
known and detected snoring index values, and the correlation
coefficient (rs) and statistical significance were determined. All
statistical analyses were completed by using IBM SPSS
Statistics (version 29.0.2.0; IBM Corp).

Table . Analytical validation reference table showing the schematic and equationsa,b,c,d,e used to report snore detection performance of the SleepWatch
app in this study.

Constructed sleep audio (gold standard)

Snoring did not occurSnoring occurred

Smartphone app

False positiveTrue positiveSnoring detected

True negativeFalse negativeSnoring not detected

aAccuracy = (true positive + true negative)/(true positive + true negative + false positive + false negative).
bSensitivity = true positive/(true positive + false negative).
cSpecificity = true negative/(false positive + true negative).
dPositive predictive value = true positive/(true positive + false positive).
eNegative predictive value = true negative/(false negative + true negative).

Ethical Considerations
A principal aim of this study was to closely reproduce a
real-world environment for the validation of Bodymatter
software. As such, raw audio files were voluntarily obtained
from individuals who were willing to participate in this study.
Written consent was obtained for the use of their sleep audio
for internal testing purposes. No compensation was provided
to participants for their participation in this study. All audio
files were anonymized at both the level of audio editing and the
level of audio playback to ensure participant privacy. As no
direct intervention was performed on study participants and this
study posed no risk to participants, this study was granted an
exemption from formal institutional review board approval for
human subjects research.

Results

Across the 18 participants in this study, 9 were male and 9 were
female. The age distribution skewed toward a younger adult
demographic, with 28% (5/18) of participants aged 25 to 34
years, 44% (8/18) aged 35 to 44 years, 22% (4/18) aged 45 to
54 years, and 6% (1/18) aged 55 to 64 years. The average BMI

was 31.21 (SD 5.03) kg/m2 for male participants and 33.93 (SD

8.07) kg/m2 for female participants. With respect to the presence
of sleep partners, 56% (10/18) of participants reported sleeping
alone, and 44% (8/18) reported having a consistent sleep partner.

The snore detection performance was evaluated for the 36
snoring tests and 9 confounding noise tests. During the
development and internal validation of the SleepWatch snore
detection algorithm, several trends were observed. The
SleepWatch snore detection algorithm has a strong capacity to
appropriately designate true-positive events (sensitivity) and
an extremely strong capacity to appropriately define
true-negative events (specificity); that is, the algorithm almost
never reports a snore when one did not occur. Table 2 reports
the sensitivity, specificity, and accuracy for both the snoring
tests and the confounding audio (nonsnore) tests. The cumulative
sensitivity for the snoring tests was 86.3% (SD 16.6%), the
cumulative specificity was 99.5% (SD 10.8%), and the
cumulative accuracy was 95.2% (SD 5.6%). The positive and
negative predictive values were 98.9% (SD 2.6%) and 93.8%
(SD 14.4%), respectively.

Consistent with the performance observed for the dedicated
snore audio files, the SleepWatch algorithm continued to
perform exceptionally well for the dedicated nonsnore audio
files, with an overall specificity (ie, the true-negative capacity)
of 97.1% (SD 3.5%). The sensitivity, positive predictive value,
and negative predictive value cannot be reported, as there were
no snoring or positive events in these audio files, but a
false-positive rate of 2.9% was observed across all the noise
audio files—defined as the ratio of erroneously detected snores
to the total number of nonsnoring time intervals. Inclusive of
the nonsnore audio files, the aggregated accuracy for all trials
in this bench study was 95.6% (SD 5.3%).
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Table . Detection performance of the SleepWatch app for cumulative, snoring, and nonsnore noise audio tests. The results were produced from 36
snoring trials and 9 nonsnoring noise trials.

Accuracy (%), mean
(SD)

Negative predictive
value (%), mean (SD)

Positive predictive val-
ue (%), mean (SD)

Specificity (%), mean
(SD)

Sensitivity (%), mean
(SD)

Test condition

95.2 (5.6)93.8 (14.4)98.9 (2.6)99.5 (10.8)86.3 (16.6)Snore audio

97.1 (3.5)——97.1 (3.5)—aNonsnore audio

95.6 (5.3)93.8 (14.4)98.9 (2.6)98.0 (9.8)86.3 (16.6)Cumulative

aNot applicable.

Of note, the detected false-positive events were not evenly
distributed across files. Algorithm performance was strong for
coughing, percussive sounds, and loud speaking, for which no
false-positive events were observed. Intermediate performance
was observed for movement sounds, such as sounds resulting
from pacing around a room, climbing stairs, or rustling pillows
or bedding. Algorithm performance was poor for a specific file
that included whispering and sleep talking, for which a
false-positive rate of 10.8% was observed.

The results of the 36 snoring tests were compiled and displayed
in a Bland-Altman plot (Figure 1). The average of the known
versus detected snoring index (snores/h) was plotted on the
x-axis, and the difference in the known versus detected snoring
index was plotted on the y-axis. As expected, there were roughly
6 vertical data clusters around the x values 30, 60, 120, 240,
360, and 600 snores per hour, corresponding to the planned
variations in snoring rate for each audio file. If the average of
the known versus detected snores per hour aligned closely with

these six x values, then excellent performance was interpreted.
In contrast, if the difference in the known versus detected snores
per hour was close to 0 on the y-axis across all tests, irrespective
of the snoring rate, then ideal performance was also indicated.
The mean bias of the SleepWatch app for this study was −29.8
(SD 41.7) snores per hour, indicating an average difference of
approximately 30 snores per hour between the detected and
expected snores. Most values were contained within the 95%
limits of agreement (51.8 and −111.5 snores/h).

A Spearman correlation coefficient was calculated to statistically
evaluate the association between the detected and known snoring
index (snores/h) in each test audio file (Figure 2). The Spearman
coefficient (rs) for this cohort was 0.974, denoting an extremely
strong, positive correlation between detected snores and
expected snores (P<.001). These findings are highly encouraging
and demonstrate a robust capacity for identifying true snores
in a simulated real-world setting.

Figure 1. Bland-Altman plot of the difference in and average of the detected versus expected snores/h. The Bland-Altman plot demonstrates a mean
bias of –29.8 (95% limits of agreement –111.5 to 51.8) snores/h for the average of the detected versus expected snores/h graphed against the difference
in the detected versus expected snores/h. This demonstrates a relatively tight relationship between detected and expected snores.
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Figure 2. The expected snore index graphed against the snore index detected by the SleepWatch app. This demonstrates a tight grouping and a Spearman
correlation coefficient of 0.974, indicating a strong, positive correlation between expected and detected snores.

Discussion

SleepWatch Snore Detection Accuracy Compares
Favorably to Similar Snore Detection Modalities
The SleepWatch app provides users with consistent, valuable
insight into their sleep quality, and the snore detection feature
constitutes an accuracy benchmark for acoustic snore detection
software. This study reports the performance of the SleepWatch
snore detection algorithm in detail; the algorithm showed an
average sensitivity of 86.3% (SD 16.6%), an average specificity
of 99.5% (SD 10.8%), and an average accuracy of 95.2% (SD
5.6%). Furthermore, the accuracy of the SleepWatch snore
detection feature reflects performance that is superior to that of
similar apps, and this feature is solely dependent on existing
smartphone hardware; thus, it has powerful implications for
improving sleep quality and screening for sleep-disordered
breathing on an individualized basis.

There are several snore detection modalities in existence that
have published results with respect to the accuracy of snore
detection. The accuracy, sensitivity, specificity, positive

predictive values, and negative predictive values of such
modalities are summarized in Table 3, though these results must
be compared with caution due to the differing methodologies
between studies. Shin et al [24] integrated and analyzed a series
of sleep and noise datasets for 10 individuals, attempting to
distinguish verified snoring from ambient noise (playing music,
running a fan, talking, etc). They reported a 95.1% overall
accuracy in detecting snores and a sensitivity and specificity of
98.6% and 94.6%, respectively, as well as a positive and
negative predictive value of 70.4% and 99.8%, respectively.
Chiang et al [25] evaluated the sleep records of 11 patients using
the Snore Clock app. The authors reported an overall mean
snore detection accuracy of 95% and a sensitivity and specificity
of 78.2% and 97%, respectively, along with a positive and
negative predictive value of 65.3% and 97%, respectively. They
also commented that the false-negative rate (type II error) was
higher in patients with greater snoring frequencies. In a cohort
of 19 patients, Klaus et al [26] compared the performance of
the SnoreLab app with that of formal polysomnography,
reporting an accuracy of 94.7% and a sensitivity and specificity
of 100% and 94.1%, respectively, as well as a positive and
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negative predictive value of 66.6% and 100%, respectively.
These findings leave room for misinterpretation however, as
these statistics were observed only in a group of participants
that snored for >50% of the time recorded, constituting
approximately 10% of the cohort. Inclusive of users who snored
for >5% of the time recorded—a far less restrictive threshold

comprising 42% of the participants—the accuracy, sensitivity,
and specificity were 73.6%, 100%, and 54.5%, respectively,
with a positive and negative predictive value of 61.5% and
100%. Klaus et al [26] also noted that the app had a strong
tendency to overestimate the ratio of snoring time to quiet sleep
time, relative to the comparison polysomnogram.

Table . Cross-study comparison of our study’s snore detection app and other snore detection modalities reported in available literature. Our study’s
modality compares favorably against similar snore detection modalities relying on acoustic input.

Negative predictive
value, %

Positive predictive val-
ue, %

Specificity, %Sensitivity, %Accuracy, %Study

93.898.999.586.395.6Our study

99.870.494.698.695.1Shin et al [24]a

10061.554.510073.6Klaus et al [26]b

9765.39778.295Chiang et al [25]c

aShin et al [24] only used a smartphone for audio recording; snore detection was processed through a separate modality.
bStatistics from the Klaus et al [26] study are reported for participants with a snoring ratio of >5%, inclusive of the largest subset of participants evaluated.
cChiang et al [25] selected participants from patients with known sleep apnea who were using an oral device that was intended for reducing snoring.

Collectively, the previously mentioned studies suggest that there
is reasonable accuracy for smartphone-based snoring detection
software, but there are several limitations with comparing our
study to those snore detection studies. Notably, only 2 of those
studies used working smartphone apps that recorded and
processed snoring. Shin et al [24] only used a smartphone as a
recording device and processed sleep audio and snore detection
through a separate modality. Chiang et al [25] and Klaus et al
[26] used smartphone apps with a methodology that was
consistent with our study. However, Chiang et al [25] recruited
participants with known sleep-disordered breathing or
obstructive sleep apnea who had received a mandibular
advancement device that was intended for reducing airway
obstruction and snoring, which could potentially introduce a
degree of selection bias and thereby limit cross-study
comparison. Further, as previously stated, Klaus et al [26]
reported results for an arbitrarily defined cohort that was
considered to have spent >50% of the sleep session snoring,
relative to quiet sleeping. App performance was far worse when
the snoring threshold was >5%, with an accuracy of 73.6% in
that subcohort. This discrepancy in methodology imparts
limitations in the comparison of snore detection statistics
between the study by Klaus et al [26] and our study, making
cross-study comparison largely irrelevant.

The SleepWatch app by Bodymatter stands out for several
reasons. Given that only 2 of the previously referenced studies
involved a working smartphone app running snore detection
software, many of the processes and protocols in the referenced
studies do not seem practical to implement on an individualized,
large-scale basis, whether due to concerns regarding privacy or
concerns regarding convenience. Furthermore, the SleepWatch
snore detection feature far outcompetes the referenced studies’
modalities in positive predictivity and specificity, which, in
practical language, denotes that (1) there is an extremely high
likelihood that a true snore actually occurred when a snore was
identified by the algorithm, and (2) the app has an extremely
strong capacity to appropriately discriminate silence and

nonsnoring noise events, with the latter representing one of the
most significant challenges in snore detection. This reflects an
engineering priority of avoiding false-positive reported snores
in the development of the Bodymatter SleepWatch algorithm.
Finally, this study carries the advantages of reporting
performance on a snore-by-snore basis and including ambient
noise and confounding sound events in the testing of the snore
detection software, thereby evaluating performance in conditions
that more closely reflect real-world settings and expected use.

Screening for Sleep-Disordered Breathing
As previously described, snoring is independently associated
with an array of disease states, and snore detection smartphone
apps provide individual users with insight into the presence and
frequency of their snoring. Loud snoring is a cardinal symptom
of obstructive sleep apnea—a disease characterized by airway
collapse during sleep, which results in intermittent
deoxygenation, apneic events, and arousal at night [27].
Furthermore, obstructive sleep apnea results in daytime
sleepiness and an associated increase in accidents, as well as
an increased risk of hypertension, coronary artery disease,
depression, and death [28,29].

Diagnostic criteria for obstructive sleep apnea center around
the apnea-hypopnea index (AHI), which describes the number
of episodes where an individual stops breathing due to airway
obstruction (apnea) or experiences decreased oxygenation due
to inadequate breathing (hypopnea). A diagnosis of
moderate-severity sleep apnea is made when >15 apneic or
hypopneic events occur in 1 hour (AHI>15) [30]. Previous
studies have described a positive correlation between the snoring
index and AHI and, thereby, a positive correlation with the
diagnosis of obstructive sleep apnea [31,32]. Moreover, it has
been estimated that as many as 85% of individuals with
obstructive sleep apnea are undiagnosed, highlighting the
importance of novel, affordable, and scalable tools for disease
screening [33].
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These findings suggest that there is utility in exploring the
SleepWatch app as a screening tool for stratifying users along
a risk spectrum for sleep-disordered breathing, including
obstructive sleep apnea. As previously mentioned, the snoring
index alone is a useful metric for assessing user risk, aside from
formal diagnostic criteria, such as apneic and hypopneic events.
Ultimately, there is both significant need and potential for
at-home technological innovations to assist with screening for
underdiagnosed health conditions, including obstructive sleep
apnea, and SleepWatch may have potential uses in a clinical
context, aside from providing individual users with insights into
their sleep health.

Limitations
Although the reported results of the SleepWatch snore detection
feature are promising, this study must be evaluated with several
limitations in mind. As mentioned previously, while
false-positive snore events were infrequent, it is difficult to
entirely eradicate such events. This is a priority for the future
development of the snore detection algorithm. Further, this
initial study involved a relatively small cohort, and a study with
a larger sample size might more comprehensively evaluate the
performance of the snore detection algorithm, due to a greater
degree of acoustic heterogeneity. Additionally, there are intrinsic
limitations in participant-derived audio collection, as individuals
may place their phones at varying distances from the sleeping
location, and the ambient acoustic environment naturally differs
from person to person. From another perspective however, this

acoustic diversity may represent a strength of this study, as it
provides evidence that app performance is robust, irrespective
of ambient sound conditions.

Conclusion
The SleepWatch app by Bodymatter has a strong track record
of providing users with individualized insights into their sleep
hygiene and represents a powerful and scalable modality for
improving overall sleep quality. This study evaluated the
performance of the deep neural net algorithm powering the
SleepWatch snore detection feature. Over a series of trials
involving snoring and nonsnoring sounds from 18 participants,
a strong, positive correlation (rs=0.974; P<.001) was found
between detected and reference snoring indices that ranged from
30 to 600 snores per hour. The snore detection feature exhibited
an overall accuracy (95.6%) that was competitive with those of
similar modalities, as well as a remarkable ability to discriminate
true snores from nonsnores, as reflected by the superior
specificity and positive predictive value. This positions
SleepWatch as a powerful tool for monitoring sleep quality and
snoring. Although financial, geographic, and time constraints
may prevent individuals from accessing traditional health and
wellness resources, SleepWatch represents an accessible,
scalable, and intuitive instrument for monitoring an individual’s
snoring over time and potentially identifying individuals at risk
for sleep-disordered breathing, thus helping reduce the growing
disease burden of impaired sleep.
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Abstract

Background: Active substance use, food or housing insecurity, and criminal legal system involvement can disrupt HIV care
for people living with HIV and opioid use disorder (OUD). These social determinants of health are not routinely captured in
clinical settings.

Objective: We evaluated whether real-time reports of social and behavioral factors using a smartphone app could predict viral
nonsuppression and missed care visits to inform future mobile health interventions.

Methods: We enrolled 59 participants from the AIDS Linked to the Intravenous Experience (ALIVE) Study in Baltimore,
Maryland, into a 12-month substudy between February 2017 and October 2018. Participants were eligible if they had OUD and
had either a measured HIV RNA ≥1000 copies/mL or a ≥1-month lapse in antiretroviral therapy in the preceding 2 years.
Participants received a smartphone and reported HIV medication adherence, drug use or injection, and several disruptive life
events, including not having a place to sleep at night, skipping a meal due to lack of income, being stopped by police, being
arrested, or experiencing violence on a weekly basis, through a survey on a mobile health app. We described weekly survey
completion and investigated which factors were associated with viral nonsuppression (HIV RNA ≥200 copies/mL) or a missed
care visit using logistic regression with generalized estimating equations adjusted for age, gender, smartphone comfort, and drug
use.

Results: Participants were predominantly male (36/59, 61%), Black (53/59, 90%), and had a median of 53 years old. At baseline,
16% (6/38) were virally unsuppressed. Participants completed an average of 23.3 (SD 16.3) total surveys and reported missing
a dose of antiretroviral therapy, using or injecting drugs, or experiencing any disruptive life events on an average of 13.1 (SD
9.8) weekly surveys over 1 year. Reporting use of any drugs (adjusted odds ratio [aOR] 2.3, 95% CI 1.4‐3.7), injecting drugs
(aOR 2.3, 95% CI 1.3‐3.9), and noncompletion of all surveys (aOR 1.6, 95% CI 1.1‐2.2) were associated with missing a
scheduled care visit over the subsequent 30 days. Missing ≥2 antiretroviral medication doses within 1 week was associated with
HIV viral nonsuppression (aOR 3.7, 95% CI: 1.2‐11.1) in the subsequent 30 days.

Conclusions: Mobile health apps can capture risk factors that predict viral nonsuppression and missed care visits among people
living with HIV who have OUD. Using mobile health tools to detect sociobehavioral factors that occur prior to treatment
disengagement may facilitate early intervention by health care teams.

(JMIR Form Res 2025;9:e59953)   doi:10.2196/59953
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Introduction

In 2019, the US Department of Health and Human Services
launched the Ending the HIV Epidemic initiative, establishing
a goal to reduce new infections of HIV in the United States by
90% by the year 2030 [1]. Achieving this ambitious goal hinges
on rapid linkage of newly diagnosed individuals to antiretroviral
therapy (ART) and sustained HIV viral suppression to prevent
transmission. Active injection drug use and use of other
substances, such as alcohol, are associated with inconsistent
adherence to ART and viral nonsuppression [2-5]. Accordingly,
people who use drugs and are living with HIV are among the
most vulnerable to disruptions in care that threaten sustained
viral suppression.

The link between drug and alcohol use and viral nonsuppression
often relates to unmet needs broadly defined as social
determinants of health [6]. For example, housing instability
among people who use drugs has been linked to an increased
risk of both acquiring HIV and viral nonsuppression [6].
Injecting drugs raises the likelihood of unstable housing and
hinders improvements in housing situations among people living
with HIV [7,8], thereby threatening viral suppression. Further,
inadequate access to food is highly prevalent among people
who use drugs [9,10] and has been associated with viral
nonsuppression [11], mortality [12], and engaging in behaviors
that raise HIV transmission risk, such as receptive syringe
sharing [13] and unprotected sexual intercourse [14]. The
criminalization of drug use and social stigma of HIV further
contribute to difficulties in engaging people who use drugs in
both HIV and substance use disorder treatment [15] as well as
to disruptions in care due to arrest or incarceration [16,17]. The
link between social determinants of health and patients’capacity
to engage and sustain in HIV care illustrates a need for
innovative strategies that provide timely support to address the
root causes of care disruption and viral nonsuppression.

Mobile health (mHealth) is defined broadly by the World Health
Organization as “mobile and wireless technologies to support
the achievement of health objectives” [18]. mHealth tools can
provide a platform that facilitates real-time detection and the
provision of timely assistance when events that could disrupt
care engagement occur. Further, information captured through
mHealth apps could detect early warning signs of care
disengagement, such as missed ART doses or increases in drug
use. These technologies may be particularly well-suited to
augment existing patient-centered, comprehensive models of
HIV care that are enabled by federal Ryan White funding in the
United States [19], as these care models already feature medical
case management, food pantries, support to obtain housing, and
other services to address social determinants of health. In the
present pilot feasibility study, we explored the potential of a
smartphone app to detect disruptive life events and early warning
signs of HIV care disengagement over a 1-year period among
59 people who use drugs living with HIV. Using a weekly
survey within a smartphone app designed to support substance
use disorder recovery, we assessed how often people who use
drugs used the smartphone app and reported experiencing
disruptive life events. Through subsequent linkage with
electronic health record data, we assessed whether these

disruptive life events were associated with 2 outcomes
representing care disengagement: viral nonsuppression and
missed care visits.

Methods

Participants, Recruitment, and Follow-Up
This manuscript reports on a pilot feasibility study of an
mHealth app designed to detect disruptive events that could
threaten sustained engagement in HIV care and examine the
preliminary associations of these disruptive events with HIV
care engagement. Participants for this study came from the
AIDS Linked to the IntraVenous Experience (ALIVE) study, a
prospective cohort study of people who inject drugs in
Baltimore, Maryland, that has been described previously [20].
A total of 5506 individuals have been enrolled since the study
began in 1988, and approximately 524 were living and had HIV
at the time enrollment for the present substudy, which began in
2017 [21]. To enroll in the ALIVE study, participants must be
aged 18 years or older and have a history of injection drug use.
Participants are tested for HIV at enrollment. Follow-up is
ongoing and involves twice-yearly visits to the ALIVE clinic
where participants complete surveys about health history in the
past 6 months and repeat HIV testing. They also provide consent
for the researchers to access medical records to obtain health
care utilization data.

The present analysis includes 59 ALIVE study participants
living with HIV who were recruited through the HIV care clinic
affiliated with Johns Hopkins Hospital in Baltimore, Maryland,
United States. Medical records from ALIVE participants who
had received HIV care at Johns Hopkins were reviewed to
determine eligibility. If eligible, they were invited to meet with
a study coordinator to complete a brief screening survey and
enroll in the study. Recruitment flyers were also posted in the
ALIVE study office and the Johns Hopkins clinic, inviting
patients to self-refer for eligibility screening. The inclusion
criteria were (1) ever had opioid use disorder (OUD), (2) used
a nonprescribed opioid in the past year, (3) not treated with
ART for ≥1 month in the past 2 years or had an HIV RNA viral
load of ≥1000 copies/mL in the past 2 years, (4) a patient of the
local HIV clinic from which participants were recruited, and
(5) a participant of the ALIVE study.

All enrolled substudy participants received a smartphone with
an unlimited voice and data plan and underwent a brief training
with a study coordinator on using the study mHealth app.
Participants completed an interviewer-administered baseline
survey and follow-up surveys every 3 months for a 1-year
period. The study team received HIV viral load testing results
from the electronic health record at the local HIV clinic where
recruitment was conducted and from routine semiannual testing
performed as part of the ALIVE study follow-up. The date of
all scheduled care visits at the local HIV clinic and whether
visits were missed or attended was also collected. Enrollment
and follow-up occurred during 2017 and 2018.

Ethical Considerations
This study was approved by the institutional review boards at
the University of Wisconsin-Madison (protocol ID:
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2016‐1190) and Johns Hopkins University (protocol ID:
IRB00007523). Results were reported using the CONSORT
(Consolidated Standards of Reporting Trials) guidelines for
pilot studies. Written informed consent was obtained from all
individual participants included in the study. All data collected
were coded using a unique study identification number to ensure
that individual participants could not be identified. Participants
were compensated US $20 cash for completing a baseline survey
and another US $20 for each completed follow-up survey. They
also received a bonus of US $10 remuneration for each
completed survey at the end of the 1-year follow-up period (up
to US $50).

The A-CHESS mHealth App
The mHealth system used in this study, the
Addiction-Comprehensive Health Enhancement Support System
(A-CHESS), was designed to support recovery from alcohol
use disorder and was found to reduce drinking in a prior study
of people with alcohol use disorder [22]. A-CHESS has since
been adapted for several other risk groups, including those living
with OUD [23,24]. The theoretical framework supporting
A-CHESS is the self-determination theory [25], which
emphasizes that adaptive functioning to manage health
conditions is improved by meeting 3 needs: competence (ie, the
ability to cope with challenges), social relatedness (ie, having
meaningful relationships and a feeling of connection), and
autonomy (ie, a sense of control over behavior and goals).
A-CHESS is therefore organized around these 3 pillars.
Competence is supported by an extensive resource library
containing podcasts, information, and other resources to support
recovery. An in-app discussion board and private messaging
function support relatedness by allowing app users to connect
with one another and with case managers or providers who also
have accounts on the app. Weekly self-monitoring surveys and
a goal-setting feature within the app provide opportunities to
build autonomy. Participants receive notifications to complete
the self-monitoring survey on a weekly basis. For this study,
the weekly self-monitoring survey was adapted to investigate
potentially disruptive events that could threaten sustained
engagement in HIV care, such as being arrested or not having
a place to live, as well as events that may signal or raise risk of
HIV care disengagement, such as missed ART doses and drug
use (further described in Measures). Participants were invited
to use A-CHESS on their study-provided cell phone for 12
months.

Measures
At the study enrollment visit, participants provided informed
consent and completed a survey administered by study staff.
They reported their HIV diagnosis date and whether they were
currently using ART. Regarding drug use, participants reported
whether they had used any illegal or street drugs (including
marijuana) or used any medications not as prescribed in the past
30 days, what drugs they used, and whether they were currently
taking any medications for OUD (including methadone,
buprenorphine, or naltrexone). Participants also reported whether
they had ever been diagnosed with any mental health conditions,
including anxiety, depression, bipolar disorder, attention deficit
hyperactivity disorder, obsessive-compulsive disorder, panic

disorder, or post-traumatic stress disorder. Participants reported
their comfort level using a smartphone on a numeric scale (1=not
at all comfortable) to (5=very comfortable). Finally, participants
reported sociodemographic characteristics, including age,
gender, race, ethnicity, education, and employment.

The 2 primary outcomes of the study were abstracted through
a review of electronic health records and ALIVE semiannual
study visit data available for each participant during the 1-year
follow-up period. These included viral nonsuppression, defined
by the Centers for Disease Control and Prevention as an HIV
viral load of ≥200 copies/mL (vs viral load of <200 copies/mL)
[26] and missing a scheduled care visit, defined as missing any
scheduled visit to the local HIV care clinic affiliated with the
study (vs attending the visit). The HIV viral load at baseline
was considered the closest HIV measurement to a participant’s
baseline survey within the period of 1 year before to 7 days after
study enrollment. Electronic health records were also used to
characterize baseline CD4+ count defined as the closest CD4
measurement to a participant’s baseline survey within the 1 year
before to 60 days after the baseline date. For the missed visit
outcome, a total of 841 care visits were included in the analysis.
These 841 visits include scheduled visits (regardless of visit
attendance) with a medical provider, nurse, case manager, or
mental health provider to reflect the breadth of care that patients
living with HIV may receive through the United States Health
Resources & Services Administration Ryan White HIV/AIDS
Program. The primary outcome was whether a scheduled visit
was missed versus attended. A total of 147 scheduled visits that
were canceled before the appointment occurred were excluded
from analyses.

The weekly self-monitoring survey included questions about
the number of days ART was not taken, any drug use (defined
by combining separate questions on use of heroin, any other
opioids (including oxycodone, morphine, fentanyl, etc), cocaine,
methamphetamine, or sedatives (including Valium, Ativan, or
Xanax)), any injection drug use, and several potentially
disruptive life events over the past 7 days. Potentially disruptive
life events included not having a place to sleep, skipping a meal
because of not having enough income, being stopped by police,
being put in jail, and being robbed or beat up. Responses to
questions on the weekly self-monitoring survey were used to
form several binary indicator variables summarizing whether
events of interest were reported on any weekly survey completed
in the 30 days prior to having a viral load measurement and
separately, in the 30 days prior to a scheduled care visit. Binary
variables for noncompletion of all weekly surveys in the 30
days prior to each outcome and for reporting any significant
event (ie, missed ART dose, any drug use, injecting drugs, or
any disruptive life event) in the 30 days prior to each outcome
were also created. These indicators were analyzed as the primary
independent variables for the study. A-CHESS system use was
summarized as the average number of days A-CHESS was used
and the average number of weekly surveys completed per
participant over the entire 1-year study period and per study
month.
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Analysis
Descriptive characteristics of the sample at baseline were
calculated and compared between those who had at least 1 HIV
viral load ≥200 copies/mL (vs those for whom all HIV test
results across the 1-year study period indicated viral
suppression). These characteristics were also compared for those
who missed ≥50% of their care visits (vs <50%). Engagement
with the A-CHESS smartphone app was described in the total
sample and by the primary outcomes. To characterize whether
reporting missed ART doses, any drug use, injecting drugs, or
experiencing a disruptive life event were associated with viral
nonsuppression or a missed care visit, logistic regression with
generalized estimating equations accounting for repeated
outcome measurements for each participant were used to
estimate odds ratios with 95% CIs, as participants could have
multiple HIV viral loads taken or care visits scheduled over the
1-year follow-up period. Unadjusted models and models
adjusted for several confounders selected a priori were
computed. Confounders included in adjusted models were
sociodemographic characteristics (age, race, ethnicity, and
gender), comfort using a smartphone (treated as a continuous
variable with a range of 1-5), and whether the participant had
used any drugs in the past 30 days, all of which were reported
at study enrollment. In a sensitivity analysis, models were run

with an alternate definition of HIV viral nonsuppression, ≥1000
copies/mL, as this matched one of the eligibility criteria for the
study and was used to define virological failure in a prior,
foundational study of HIV transmission [27].

Results

Participant Characteristics
A total of 59 participants enrolled in the 1-year study (Table 1).
At baseline, participants were a mean age of 53 years and
predominantly male (n=36, 61%), Black race (n=53, 90%), and
non-Hispanic ethnicity (n=54, 92%). Approximately 52% (n=31)
had less than a high school education, and only 5% (n=3) were
employed at the time of the study. In the month before
enrollment, 83% (n=49) had used any drugs, 71% (n=42) used
opioids, 48% (n=28) used stimulants, and 27% (n=16) had
injected drugs. While nearly all (n=55, 93%) reported currently
taking ART, 16% (n=6) were virally nonsuppressed (defined
as having a viral load of ≥1000 copies/mL at baseline), and 20%

(n=10) had a CD4+ count <200 cells/mm3. Participants had
been living with HIV for a mean of 19 years prior to study
enrollment, with 8% (n=5) having been diagnosed in the last 5
years.
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Table . Descriptive characteristics at baseline among a sample of 59 people living with HIV and opioid use disorder enrolled in a pilot feasibility study
of the A-CHESS (Addiction-Comprehensive Health Enhancement Support System) mobile health app during 2017 and 2018.

Missed care visitsHIV viral suppressionTotal (n=59)Characteristic

Missed <50% visits
(n=33)

Missed ≥50% visits
(n=23)

All tests <200
copies/mL (n=27)

≥1 test ≥200 copies/mL
(n=25)

53 (11.1)51 (10.0)53 (12.5)53 (9.0)53 (11)Age (years), median
(IQR)

15 (46)7 (30)10 (37)11 (44)23 (39)Female (vs male), n
(%)

29 (88)21 (91)24 (89)25 (100)53 (90)Black or African
American race (vs an-
other race), n (%)

3 (9)2 (9)4 (15)0 (0)5 (8)Hispanic or Latinx (vs
non-Hispanic), n (%)

17 (52)12 (52)14 (52)12 (48)31 (52)Less than high school
education (vs high
school or more), n (%)

0 (0)3 (13)2 (7)1 (4)3 (5)Employed (vs unem-
ployed), n (%)

3.9 (1.3)3.8 (1.3)3.7 (1.3)3.8 (1.4)3.8 (1.3)Comfort using a smart-
phone, mean (SD)

25 (76)15 (65)20 (74)15 (60)40 (68)Any mental health
concerns (vs none), n
(%)

27 (82)20 (87)25 (93)19 (76)49 (83)Used drugs in past 30
days (vs none), n (%)

25 (76)16 (70)22 (82)16 (64)42 (71)Used opioids in past 30
days (vs none), n (%)

15 (46)13 (56)15 (56)11 (44)28 (48)Used stimulants in past
30 days (vs none), n
(%)

8 (24)7 (30)7 (26)6 (24)16 (27)Injected drugs in past
month (vs not), n (%)

20.4 (9.1)17.8 (7.2)20.0 (9.2)19.1 (7.5)19.4 (8.7)Years living with HIV,
mean (SD)

30 (91)22 (96)23 (92)26 (96)55 (93)Currently taking an-
tiretroviral therapy (vs
not), n (%)

4 (19)2 (14)1 (6)5 (29)6 (16)HIV RNA ≥1,000

copies/mLa (vs<1,000),
n (%)

1 (4)8 (40)1 (4)8 (36)10 (20)CD4+ count <

200cells/mm3b (vs
≤200), n (%)

a37 participants had an available HIV viral load result at baseline.
b50 participants had an available CD4 count at baseline.

Of 52 participants who had at least 1 HIV viral load test during
follow-up (comprising 237 total viral load tests), nearly half of
the participants (n=25, 48%) had at least 1 detectable viral load
of ≥200 copies/mL during the follow-up period. Regarding
missed care visits, of 56 participants who had a visit scheduled
during the follow-up period (comprising 841 total scheduled
visits), 41% (n=23) of participants missed at least half of their
scheduled care visits during the study period. The modest sample
size limited our ability to test for differences in baseline

characteristics between those who were virally nonsuppressed
at least once over the follow-up period or who missed over half
of their care visits, as shown in Table 1.

A-CHESS Engagement and Weekly Reports of Missed
ART Doses, Drug Use, and Disruptive Life Events
Over the 1-year follow-up period, participants used A-CHESS
an average of 119.4 (SD 82.8) total days and on an average of
11.5 (SD 4.4) days per month. The weekly survey was
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completed an average of 23.3 (SD 16.3) times per participant
across the follow-up period, leaving a total of 1353 weekly
surveys available for analysis (Table 2). In total, 46.3%
(627/1353) of weekly surveys included a report of missed ART
doses, drug use, or a disruptive life event. Missing a dose of
ART was reported on 25.2% (341/1353) of surveys, an average
of 8.5 (SD 7.1) times per participant across the study period.
Using any drugs was reported an average of 9.5 (SD 9.3) times

per participant across the study period, and injecting drugs was
reported 5.8 (SD 8.2) times per participant. Skipping a meal
was reported an average of 6.6 (SD 6.5) times per participant.
Not having a place to sleep was reported an average of 2.7 (SD
3.4) times per participant. Other disruptive life events (ie, being
put in jail and being robbed or beaten up) were reported <2
times, on average, per participant.

Table . Missed antiretroviral therapy (ART) doses, drug use, and disruptive life events reported on weekly surveys completed by 59 participants living
with HIV and opioid use disorder enrolled in a pilot feasibility study of the A-CHESS (Addiction-Comprehensive Health Enhancement Support System)
mobile health app during 2017 and 2018.

Number of weekly surveys completed per partic-
ipant, mean (SD)

Number of weekly surveys, n (%)Survey item

23.3 (16.3)1353 (100)Total number of weekly surveys completed

13.1 (9.9)627 (46.3)Reported any missed ART, drug use, or disrup-
tive life event

8.5 (7.1)341 (25.2)1 or more missed ART doses

5.9 (6.1)190 (14)2 or more missed ART doses

9.5 (9.3)417 (30.8)Any drug use

5.8 (8.2)116 (8.6)Injected drugs

2.7 (3.4)27 (2)Did not have a place to sleep at night

6.6 (6.5)131 (9.7)Skipped a meal because I didn’t have enough
money

1.8 (1.2)22 (1.6)Was stopped by police

1.5 (0.6)9 (0.7)Was put in jail

1.6 (0.9)13 (1)Was robbed or beat up

Table S1 in Multimedia Appendix 1 shows differences in
A-CHESS utilization frequency and weekly survey completion
during follow-up between participants who were virally
nonsuppressed at least once over the follow-up period (vs
suppressed throughout follow-up) as well as between those who
missed 50% or more of their scheduled care visits (vs who
missed fewer than 50% of their care visits). These comparisons
indicate that more weekly surveys were completed by those
who did not have any viral loads ≥200 copies/mL (P=.01) and
who did not miss any care visits (P=.005). Those who did not
miss any care visits during follow-up also tended to use
A-CHESS more often (P=.03).

Association of Missed ART, Drug Use, and Disruptive
Life Events Reported Through A-CHESS With Missed
Care Visits and Viral Nonsuppression
In bivariable and adjusted analyses, injecting drugs, any drug
use, and not completing any weekly surveys in the prior month
were associated with missing a scheduled care visit in the
subsequent 30 days (Table 3). Specifically, injecting drugs was
associated with 2.3-fold higher adjusted odds (95% CI 1.3‐3.9)
and using any drugs was associated at a similar magnitude with
missing a scheduled care visit after adjustment for age, comfort
using a smartphone, gender, and any drug use at baseline. Not
completing the weekly survey (vs completing at least 1 weekly
survey) was associated with 57% higher odds of missing a care
visit in the following 30 days (adjusted odds ratio [aOR] 1.6,
95% CI 1.1‐2.2).
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Table . Association of reporting missed antiretroviral therapy (ART) doses, drug use, and disruptive life events in the prior 30 days with missing a care
visit among 59 participants living with HIV and opioid use disorder enrolled in a pilot feasibility study of the A-CHESS (Addiction-Comprehensive
Health Enhancement Support System) mobile health app during 2017 and 2018.

Adjusted OR (95% CI)cUnadjusted ORb (95% CI)Events reported in the month prior to scheduled

care visita

1.25 (0.81‐1.93)1.20 (0.80‐1.81)Any missed ART, drug use, or disruptive life
event

0.89 (0.57‐1.39)0.91 (0.61‐1.35)1 or more missed ART doses

1.30 (0.69‐2.43)1.22 (0.70‐2.15)2 or more missed ART doses

2.27 (1.41‐3.66)2.07 (1.28‐3.35)Any drug use

2.26 (1.30‐3.91)2.11 (1.24‐3.59)Injected drugs

1.76 (0.28‐11.14)1.87 (0.38‐9.27)Did not have a place to sleep at night

0.81 (0.37‐1.74)0.76 (0.36‐1.60)Skipped a meal due to not enough money

1.11 (0.42‐2.97)1.07 (0.45‐2.54)Stopped by police

1.57 (1.10‐2.22)1.42 (1.00‐2.02)No weekly surveys completed in past 30 days

aOdds ratios are reported relative to a referent group that completed at least 1 weekly survey in the 30 days prior to a scheduled care visit but did not
indicate experiencing the disruptive life event.
bOR: odds ratio.
cAdjusted for age, gender, comfort using a smartphone (score: 1=not at all comfortable to 5=very comfortable), and any drug use in the past 30 days,
all of which were reported at study enrollment.

In both unadjusted and adjusted analyses, missing 2 or more
doses of ART was associated with having a nonsuppressed viral
load in the subsequent 30 days (aOR 3.7, 95% CI 1.2‐11.1;
Table 4). These associations were similar in a sensitivity analysis
in which the outcome was defined as a viral load of load ≥1000
(Table S2 in Multimedia Appendix 1). Notably, we were unable

to adjust for race or ethnicity given the predominantly Black
and non-Hispanic racial or ethnic makeup of the sample (90%
Black and 8% Hispanic). Further, because being put in jail and
robbed or beaten up were each reported on only a few surveys
(<15 surveys each), we were unable to analyze their relationship
with the primary outcomes of interest.

Table . Association of reporting missed antiretroviral therapy (ART) doses, drug use, and disruptive life events in the prior 30 days with HIV viral
nonsuppression (viral load ≥200 copies/mL) among 59 participants living with HIV and opioid use disorder enrolled in a pilot feasibility study of the
A-CHESS (Addiction-Comprehensive Health Enhancement Support System) mobile health app during 2017 and 2018.

Adjusted OR (95% CI)cUnadjusted ORb (95% CI)Events reported in the month prior to viral load

measurementa

1.28 (0.68‐2.44)1.30 (0.72‐2.33)Any missed ART, drug use, or disruptive life
event

1.92 (0.76‐4.76)1.96 (0.88‐4.35)1 or more missed ART doses

3.70 (1.23‐11.11)4.00 (1.61‐10.00)2 or more missed ART doses

0.92 (0.44‐1.92)0.93 (0.46‐1.85)Any drug use

0.74 (0.19‐2.78)0.79 (0.22‐2.86)Injected drugs

2.44 (0.54‐11.11)2.38 (0.56‐10.00)Did not have a place to sleep at night

0.6 (0.22‐1.64)0.64 (0.25‐1.67)Skipped a meal due to not enough money

1.67 (0.32‐9.09)1.72 (0.34‐8.33)Stopped by police

0.87 (0.46‐1.64)0.94 (0.53‐1.69)No weekly surveys completed in past 30 days

aOdds ratios are reported relative to a referent group that completed at least 1 weekly survey in the 30 days prior to a viral load test but did not indicate
experiencing the disruptive life event.
bOR: odds ratio.
cAdjusted for age, gender, comfort using a smartphone (score: 1=not at all comfortable to 5=very comfortable), and any drug use in the past 30 days,
all of which were reported at study enrollment.

Discussion

This study is a proof-of-concept demonstrating the utility and
feasibility of using an mHealth system to capture time-varying

threats to HIV viral suppression and care engagement among
people living with HIV and OUD. Our system focused on
detecting early warning signs of HIV care disengagement and
disruptive events that fall within the realm of social determinants
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of health known to impact the health of people who use drugs
[6]. Over a 1-year period, we captured >600 reports of events
that could be disruptive to HIV care and be early warning signs
of care disengagement. Using or injecting drugs and reporting
missed doses of ART were associated with an elevated
likelihood to miss a care visit or be virally nonsuppressed during
follow-up, respectively. Not completing any of the weekly
check-in surveys was also associated with missing a care visit.
While our study lacked the statistical power needed to assess
whether disruptive life events reported less frequently, including
housing insecurity, experiencing violence, and being arrested,
were associated with poor outcomes, our results support the
need to conduct larger studies of time-varying threats to care
engagement in the future. An mHealth system like ours could
be used in HIV care settings to assist case managers and social
workers in proactively detecting and addressing these threats.

Our sample of people who use drugs answered an average of
23 of 52 total weekly surveys available to them during the 1-year
follow-up period, a response rate of 44%. Despite that
participants were not remunerated for completing weekly
surveys, as they were operationalized as a self-assessment tool
to enhance self-determined motivation as part of the A-CHESS
app, this response rate is similar to several studies among people
living with HIV [28]. Nonetheless, the utility of the weekly
survey as an informative tool for clinical action may require a
higher response rate. Thus, future studies may consider strategies
such as incentivizing weekly surveys or sending surveys at a
time most likely to get a response [29].

At the same time, our findings suggest that missing up to 4
consecutive surveys may be a helpful threshold to prompt a
case manager or social worker to proactively reach out to a
patient about any difficulties they may be experiencing and
ensure any needs are met through appropriate referrals or direct
provision of support. This conclusion is supported by
considering multiple of our findings together, including our
modest response rate, our finding that not answering at least 1
survey over a 4-week period was associated with missing a care
visit, and our finding that those who did not experience viral
nonsuppression or missed visits tended to engage with the app
more frequently. A focus on monthly, rather than weekly,
engagement with A-CHESS may also help to reduce alert
fatigue, a phenomenon wherein people using technology become
desensitized after receiving many alerts or notifications [30-33]
and balance the extra staff time required to access A-CHESS
and follow up with disengaged participants. Indeed, another
ongoing study of A-CHESS in the substance use treatment
setting suggests that staff time is a major barrier to using a
clinician dashboard feature added to A-CHESS [34], which
provides an easy-to-interpret interface to monitor patient survey
results and app engagement. Prior studies of A-CHESS also
suggest that providing dedicated support to implement
A-CHESS within a health care organization using strategies
such as coaching and process improvement models to ensure
clinicians have dedicated time, technical assistance, and
resources to integrate this new clinical tool into existing

workflows [35,36]. Our finding that using and injecting drugs
were associated with subsequently missing care visits further
suggests that understanding the context of drug use in weekly
surveys may assist with identifying supports available to app
users at the time when drug use or craving occurs [37].

The need for novel and effective mHealth interventions is
underscored by findings from several demonstration projects
that were part of the Health Resources and Services
Administration’s Special Projects of National Significance
focused on social media and mHealth for supporting retention
in HIV care [38]. This work identified 3 promising foci for
mHealth tools, including (1) managing HIV care; (2) fostering
feelings of support and personal connectedness; and (3) helping
alleviate negative feelings about status and mitigating
HIV-related stigma [39]. A-CHESS can meet all 3 of these
needs. Through its theoretical foundations in self-determination
theory [25], A-CHESS facilitates patient-provider connection
and support through messaging functions and a clinician
dashboard that can highlight weekly self-monitoring survey
results. Peer connections are augmented by the use of a
discussion board, targeted resources, and other key features.

Limitations
The modest sample size of the study limits its internal and
external validity and our ability to adjust for a broad set of
confounders. Thus, we presented both unadjusted and adjusted
results that could account for key confounders we identified a
priori, including sociodemographic characteristics, comfort
level with using a smartphone, and recent drug use at baseline.
The overall conclusions drawn from the results were consistent
in adjusted and unadjusted models. Additionally, several of the
disruptive life events of interest (ie, housing instability, food
insecurity, and law enforcement interaction) were reported
infrequently over the follow-up period, which did not allow us
to examine their association with missing a care visit or viral
nonsuppression. As these are known contributors to
disengagement with HIV care, they will be important to study
in future, larger studies. Our results suggest that, when
experienced, our smartphone app platform was able to capture
at least some of these events on a weekly basis. Future research
should also use qualitative methods to assess user experience,
acceptability, and desired supports when disruptive life events
occur. Finally, we were unable to include canceled care visits,
and it was impossible to determine if or when the visit was
rescheduled. Further analysis of patients who cancel a visit and
do not return is warranted.

Conclusions

A-CHESS is a promising tool for capturing time-varying threats
to engagement in HIV care among people who use drugs. Future
research should examine whether receiving tailored support
based on disruptive life events reported in A-CHESS is effective
in reducing viral nonsuppression and HIV care disengagement
and evaluate how to integrate A-CHESS within the HIV medical
home setting.
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Abstract

Background: We implemented a novel mobile app-based Migraine Interactive Care Plan (MICP) integrated with our electronic
health records (EHRs). The MICP facilitates remote assessment of adult patients with migraine, educational content delivery,
and care team communication. Feasibility of the MICP was demonstrated in a pilot implementation study.

Objective: We aimed to assess the preferences and satisfaction of patients with migraine users of a mobile app-based care plan
integrated with the EHR.

Methods: An electronic survey was administered to a single cohort of MICP users between December 6, 2021, and December
30, 2021. The survey assessed patient preferences for which data to track, frequency of tracking, and satisfaction with the MICP.
Survey responses were compared between subsets determined by patient-reported headache frequency and treatment with and
without botulinum toxin and calcitonin gene-related peptide (CGRP) antagonist therapy. The Wilcoxon rank-sum test was used

for continuous variables and the χ2 test or Fisher exact test for categorical variables.

Results: The total sample size was 184 and the survey response rate was 30.4% (56/184). No significant differences in age
(P=.26) or sex (P=.19) between respondents and nonrespondents were observed. Respondent median age was 42 (range 20‐72)
years and 94.6% (53/56) were female. Headache frequency was (1) 0 to 8 days (26/56, 46.4%), (2) 9 to 14 days (12/56, 21.4%),
and (3) 15 or more days (18/56, 32.1%). No difference was observed in any survey responses based on headache frequency or
treatment. The majority of respondents preferred to track headache days weekly (30/56, 53.6%) or daily (15/56, 26.8%) and
preferred to change the frequency of headache tracking reminders (42/56, 75%). Respondents were somewhat or very interested
in daily tracking personal observations in free text (41/52, 78.8%), medication treatment (43/52, 82.7%) and treatment response
(39/56, 69.6%), class of medication treatment (36/52, 69.2%), severity of functional impairment (39/56, 69.6%), type of functional
impairment (35/53, 66%), headache day (40/54, 74.1%), and headache pain level on a scale of 1 to 10 (38/53, 71.7%). Respondents
agreed or strongly agreed that the education content was useful (31/51, 60.8%) but lacked personalization (25/51, 49%). Most
respondents agreed or strongly agreed that they were satisfied with the MICP (38/50, 76%) and that it helped them communicate
with their care team (38/53, 71.7%).

Conclusions: Most MICP users were motivated to track headache frequency, medication treatment with response, functional
impairment, and pain intensity. Opportunities to improve the MICP include (1) allowing patients to change the frequency of
assessments and notifications; (2) recording personal observations or comments through free text, which may include headache
triggers; (3) assessment of headache severity using a 1 to 10 pain scale; and (4) tailoring headache education based on frequency
and severity (episodic vs chronic migraine). These observations may be useful to improve the usability of the MICP and similar
EHR-integrated migraine care platforms that others may develop.

(JMIR Form Res 2025;9:e66763)   doi:10.2196/66763

KEYWORDS

migraine; remote monitoring; mobile app; mHealth; patient-reported outcomes; care plan; digital health; app; smartphone; eHealth;
technology; survey study; headache; electronic health record; remote assessment; older adult; adult; electronic survey; pain;
mobile phone; telehealth; telemedicine

JMIR Form Res 2025 | vol. 9 | e66763 | p.490https://formative.jmir.org/2025/1/e66763
(page number not for citation purposes)

Young et alJMIR FORMATIVE RESEARCH

XSL•FO
RenderX

http://dx.doi.org/10.2196/66763
http://www.w3.org/Style/XSL
http://www.renderx.com/


Introduction

Background
Patients with migraine often face significant barriers in access
to evidence-based care, with approximately one-quarter of those
with episodic migraine and less than 5% of those with chronic
migraine receiving appropriate treatment [1-4]. Access to care
is especially challenging for women, racial and ethnic minority
groups, and patients living in rural areas [5]. Novel health care
delivery models may improve care access when resources are
limited and projected to worsen [2,6]. Studies have demonstrated
that telemedicine improves access to migraine care, and that it
is associated with favorable outcomes including patient and
provider satisfaction [7,8]. Internet or smartphone app-based
remote assessment and monitoring of migraine [9,10] may
increase the efficiency of care delivery and facilitate
telemedicine, electronic [11], and face-to-face visits while
delivering migraine educational content. Headache clinicians
are comfortable treating patients through telemedicine and most
have indicated a high level of interest in prescribing migraine
apps [12] while citing the importance of integrating remote
monitoring data into the electronic health record (EHR) [13].
Smartphone-based apps may also improve diagnosis [14],
deliver educational content [15], guide behavioral treatment
[16-18], and advance clinical trials [19]. There are improvement
opportunities with respect to accessibility of apps for headache
[20].

Previous Work
We implemented a novel smartphone app-based Migraine
Interactive Care Plan (MICP) integrated with the EHR (Epic,
Epic Systems) in our community neurology practice, and
potentially available to other institutions using Epic EHR.
Development and testing of the MICP has been previously
published [15]. Feasibility of the MICP was demonstrated in a
pilot implementation study, but usability did not reach a
predetermined threshold of 75% of users completing at least
one electronically assigned task 127/171 (74.3%) [15].

Access to the MICP was ordered by a provider at the time of a
face-to-face neurology consult and integrated into the existing
EHR app (ie, Epic MyChart platform). This integration allowed
patient access to their medical record, care team messaging, and
appointment management. The MICP was designed to facilitate
remote monitoring of adult patients with migraine, deliver
educational content, and streamline care delivery. Key features
of the MICP included (1) weekly assessments of headache days,
treatment days, reduced function, and absenteeism; (2) monthly
assessments of patient satisfaction (Likert scale) with their
migraine treatment plan; (3) Migraine Disability Assessment
(MIDAS) survey [21] assessment every 3 months; (4) scheduled
delivery of migraine education content; and (5) weekly
assessment of medication compliance and concerns and
electronic messaging with the care team if needed.

Goal of This Study
In this study, we aimed to identify opportunities to improve
MICP usability by surveying MICP users to assess their
satisfaction and preferences and whether they differ based on
migraine frequency or type of preventive treatment.

Methods

Ethical Considerations
This quality improvement project was granted an exemption
waiver for written consent from the Mayo Clinic (IRB
20‐000606). All respondents electronically signed the Health
Insurance Portability and Accountability Act (HIPAA)
agreement before starting the survey. No compensation was
offered to complete the survey. All survey responses were
deidentified before analysis, and the data were on a secure
server.

Overview
A novel electronic survey was developed and formatted (on
Qualtrics). Between December 6, 2021, and December 30, 2021,
all MICP users (n=184) who completed MICP enrollment and
completed at least one task received an email invitation to a
secure web-based survey with a personalized letter from a
physician on the migraine care team (NPY) explaining the goals
of the survey and encouragement to voluntarily participate. The
survey cohort had all completed a neurological headache
consultation within a general community neurology practice
before enrollment in the MICP. Weekly email reminders were
sent by a study coordinator to nonrespondents for a total of 4
weeks. Only 1 survey completion was allowed. Demographic
variables, including age and sex, were retrieved from the EHR
for respondents and nonrespondents and were compared using
the t test. Categorical variables were summarized. The overall
survey response rate was defined by the percentage of surveys
returned. The analysis of the results from each individual
question included only the completed response to the question
and nonresponses to individual questions were excluded. Survey
responses were compared between subsets determined by patient
reported headache frequency (0 to 8 days, 9 to 14 days, or 15
or more days), survey self-reported treatment with and without
botulinum toxin and calcitonin gene-related peptide (CGRP)
antagonist therapy. The Wilcoxon rank-sum test was used for

continuous variables and χ2 test or Fisher exact test for
categorical variables using a 2-tailed α level of 5%. Missing
survey response data were excluded from analysis. Analysis
was performed using SAS software (version 9.4; SAS Inc).

Results

The survey response rate was 30.4% (56/184). No significant
differences in age (P=.26) or sex (P=.19) between respondents
and nonrespondents were observed. Table 1 summarizes the
survey responses of all respondents, and a comprehensive table
including the subgroup analysis and P values are summarized
in Multimedia Appendix 1 and Multimedia Appendix 2.
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Table . Survey responses of migraine users of the Migraine Interactive Care Plan.

Total respondents (N=56), n (%)Survey question

How often would you prefer to track your headache days on a smartphone
app?

15 (26.8)Daily

30 (53.6)Weekly

8 (14.3)Monthly

3 (5.4)Every 3 months

How often would you like to be reminded to record a headache day on a
smartphone app?

14 (25)Daily

33 (58.9)Weekly

7 (12.5)Monthly

2 (3.6)Every 3 months

Would you prefer to control and change the frequency of headache tracking
reminders?

42 (75)Yes

14 (25)No

In addition to headache days, please tell us what else you are interested
in tracking with your headache days?

41 (73.2)    Migraine/headache triggers

38 (67.8)    Stress level

37 (66.1)    Sleep

9 (16.1)    Step count

4 (7.1)    Heart rate

16 (28.6)    Diet

15 (26.8)    Exercise

9 (16.1)    Diet calories

Please rate your level of interest and motivation to track, on a daily basis,
the following factors in the Mayo Clinic Migraine Care Plan

    Headache days (yes/no)

3 (5.6)Not at all interested

3 (5.6)Not very interested

8 (14.8)Neutral

15 (27.8)Somewhat interested

25 (46.3)Very Interested

    If yes, then pain level on scale 1‐10

3 (5.7)Not at all interested

1 (1.9)Not very interested

11 (20.8)Neutral

17 (32.1)Somewhat interested

21 (39.6)Very Interested

    Functional impairment (mild, moderate, or severe)

3 (5.7)Not at all interested

2 (3.8)Not very interested

9 (17)Neutral
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Total respondents (N=56), n (%)Survey question

17 (32.1)Somewhat interested

22 (41.5)Very Interested

    What type of functions was impaired (work, school, family, or personal)

3 (5.7)Not at all interested

4 (7.5)Not very interested

11 (20.8)Neutral

16 (30.2)Somewhat interested

19 (35.8)Very Interested

    Did you take medication (yes or no)

3 (5.8)Not at all interested

0 (0)Not very interested

6 (11.5)Neutral

14 (26.9)Somewhat interested

29 (55.8)Very Interested

    If yes, then which type of medication (pick from multiple in list)

5 (9.6)Not at all interested

1 (1.9)Not very interested

10 (19.2)Neutral

19 (36.5)Somewhat interested

17 (32.7)Very interested

    Response to medication

3 (5.8)Not at all interested

1 (1.9)Not very interested

9 (17.3)Neutral

15 (28.8)Somewhat interested

24 (46.2)Very interested

    Your own personal observations or comments (free text)

3 (5.8)Not at all interested

1 (1.9)Not very interested

7 (13.5)Neutral

20 (38.5)Somewhat interested

21 (40.4)Very interested

Please rate your level of agreement with the following statements about
the Mayo Clinic Migraine Care Plan.

    I felt confident using the Mayo Clinic Care Plan

1 (1.9)Strongly disagree

2 (3.8)Disagree

8 (15.1)Neither agree nor disagree

24 (45.3)Agree

18 (34)Strongly agree

    The Mayo Clinic Care Plan app was easy to use

2 (3.8)Strongly disagree

4 (7.5)Disagree
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Total respondents (N=56), n (%)Survey question

11 (20.8)Neither agree nor disagree

21 (39.6)Agree

15 (28.3)Strongly agree

    The equipment helped in my care at home

1 (1.9)Strongly disagree

8 (15.1)Disagree

23 (43.4)Neither agree nor disagree

11 (20.8)Agree

10 (18.9)Strongly agree

    I felt comfortable interacting with my care team through the Mayo
Clinic Care Plan

0 (0)Strongly disagree

3 (5.8)Disagree

7 (13.5)Neither agree nor disagree

24 (46.2)Agree

18 (34.6)Strongly agree

    It helped me better understand my condition

1 (1.9)Strongly disagree

7 (13.2)Disagree

23 (43.4)Neither agree nor disagree

12 (22.6)Agree

10 (18.9)Strongly agree

    It helped me understand how to care for myself

1 (1.9)Strongly disagree

9 (17)Disagree

24 (45.3)Neither agree nor disagree

9 (17)Agree

10 (18.9)Strongly agree

    It helped me understand what I should be tracking throughout my care

1 (1.9)Strongly disagree

5 (9.4)Disagree

24 (45.3)Neither agree nor disagree

14 (26.4)Agree

9 (17)Strongly agree

    It helped me understand what steps I could take to improve my health

1 (1.9)Strongly disagree

8 (15.1)Disagree

25 (47.2)Neither agree nor disagree

11 (20.8)Agree

8 (15.1)Strongly agree

    It helped me communicate with my care team

2 (3.8)Strongly disagree

5 (9.4)Disagree
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Total respondents (N=56), n (%)Survey question

8 (15.1)Neither agree nor disagree

27 (50.9)Agree

11 (20.8)Strongly agree

    It helped to inform me when to contact my care team about concerning
symptoms

2 (3.8)Strongly disagree

9 (17)Disagree

15 (28.3)Neither agree nor disagree

17 (32.1)Agree

10 (18.9)Strongly agree

Please rate your level of agreement with the following statements about
the education provided while using the Mayo Clinic Care Plan.

    The educational materials were useful to me

2 (3.9)Strongly disagree

6 (11.8)Disagree

12 (23.5)Neither agree nor disagree

22 (43.1)Agree

9 (17.6)Strongly agree

    The information was easy to understand

1 (2)Strongly disagree

0 (0)Disagree

11 (21.6)Neither agree nor disagree

26 (51)Agree

13 (25.5)Strongly agree

    I was comfortable with how often I received educational materials

2 (3.9)Strongly disagree

3 (5.9)Disagree

11 (21.6)Neither agree nor disagree

26 (51)Agree

9 (17.6)Strongly agree

    I was able to find the educational materials when I needed them

3 (5.9)Strongly disagree

2 (3.9)Disagree

13 (25.5)Neither agree nor disagree

25 (49)Agree

8 (15.7)Strongly agree

    The educational materials matched my personal needs

1 (2)Strongly disagree

5 (9.8)Disagree

20 (39.2)Neither agree nor disagree

19 (37.3)Agree

6 (11.8)Strongly agree

    The educational information from the Mayo Clinic Care Plan matched
the information received from my Mayo Clinic Care Team
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Total respondents (N=56), n (%)Survey question

1 (2)Strongly disagree

0 (0)Disagree

18 (35.3)Neither agree nor disagree

21 (41.2)Agree

11 (21.6)Strongly agree

Please rate your level of agreement with the following statements.

    I would recommend the Mayo Clinic Care Plan to others with similar
health condition(s)

1 (2)Strongly disagree

2 (4)Disagree

8 (16)Neither agree nor disagree

24 (48)Agree

15 (30)Strongly agree

    Overall, I am satisfied with the Mayo Clinic Care Plan

1 (2)Strongly disagree

4 (8)Disagree

7 (14)Neither agree nor disagree

25 (50)Agree

13 (26)Strongly agree

The median age of respondents was 42 (range 20‐72) years
and 94.6% (53/56) were female. Respondents reported treatment
with an injectable CGRP antagonist (17/56, 30.4%) or botulinum
toxin (22/56, 39.3%). Patient-reported headache frequency at
the time of the survey was (1) 0 to 8 days (26/56, 46.4%), (2)
9 to 14 days (12/56, 21.4%), and (3) 15 or more days (18/56,
32.1%). No differences in survey responses were observed
comparing patients reporting CGRP antagonist treatment versus
no CGRP treatment, botulinum toxin treatment versus no
botulinum toxin treatment, or between headache frequency
groups at the time of the survey.

In terms of frequency, respondents had the highest preference
for tracking headache days weekly (30/56, 53.6%) followed by
daily (15/56, 26.8%) and monthly (8/56, 14.3%), with a tracking
frequency of every 3 months being the least preferred (3/56,
5.4%). Respondents indicated a similar preference for how
frequently they would like to be reminded to record a headache
day. Most respondents preferred to have control over the
frequency of headache tracking reminders (42/56, 75%). In
addition to tracking headache days, most respondents indicated
a preference for tracking migraine and headache triggers (42/56,
73.2%), stress level (38/56, 67.8%), and sleep (37/56, 66.1%).
Fewer participants preferred tracking diet (16/56, 28.6%),
exercise (15/56, 26.8%), caloric intake (9/56, 16.1%), step count
(9/56, 16.1%), and heart rate (4/56, 7.1%).

When asked about the level of interest and motivation to track
on a daily basis, respondents were somewhat or very interested
in tracking personal observations or comments in free text
(41/52, 78.8%), medication treatment (43/52, 82.7%), response
to medication (39/56, 69.6%), class of medication treatment

chosen from a list (36/52, 69.2%), functional impairment graded
mild, moderate, or severe (39/56, 69.6%), type of function
impaired including work, school, family, personal (35/53, 66%),
headache day (40/54, 74.1%), and headache pain level on scale
1‐10 (38/53, 71.7%).

The majority of respondents agreed or strongly agreed with
statements about the Migraine Care Plan that they “felt confident
using” (42/53, 79.2%), “was easy to use” (36/53, 68%), “felt
comfortable interacting with my care team” (42/52, 80.8%),
“helped to the inform me when to contact my care team about
concerning symptoms” (27/53, 50.9%), and “helped me
communicate with my care team” (38/53, 71.7%). A minority
of respondents agreed or strongly agreed with statements that
“the equipment helped in my care at home” (21/53, 40%),
“helped me better understand my condition” (22/53, 41.5%),
“understand how to care for myself” (19/53, 35.8%),
“understand what I should be tracking throughout my care”
(23/53, 43.4%), and “understand steps I can take to improve
my health” (19/53, 35.8%).

Respondents agreed or strongly agreed that the education
materials were useful (31/51, 60.8%) and easy to understand
(39/51, 76.5%), but fewer agreed that the education content
“matched my personal needs” (25/51, 49%). Most respondents
agreed or strongly agreed that they were satisfied with the
Migraine Care Plan (38/50, 76%).
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Discussion

Principal Findings
We assessed the satisfaction and preferences of MICP and did
not observe differences based on migraine frequency or type of
preventive treatment. However, analysis of all respondents
highlight that the most notable MICP improvement opportunities
include allowing patients to enter free text observational data
and adjust the frequency of monitoring.

In addition, we observed that most respondents prefer to track
headache outcomes that are of interest to clinicians engaged in
migraine management, including headache days, treatment days
and response, and functional impairment [22]. Most respondents
in this study preferred weekly tracking as well as the option to
change the frequency of tracking reminders along with the
ability to enter free text data and observations and rate the
severity of pain on a 1 to 10 pain scale, all of which were not
included in the MICP. Most respondents were not interested in
monitoring non-headache data such as diet, exercise, caloric
intake, or heart rate. Most respondents agreed that the
educational content delivered was useful but that the content
lacked personalization. Most respondents were satisfied with
the MICP and felt that it helped them communicate with their
care team, supporting ongoing use in our practice.

Key MICP Improvement Opportunities and
Comparison With Previous Work

Free Text Capability
We observed that 78.8% (41/52) of respondents were somewhat
or very interested in recording their own free text observations.
This capability was not included in the MICP because of concern
that free text data might be difficult for clinicians to interpret
or might not be clinically actionable or easy to summarize in
the EHR. Minen et al [23] also reported a similar preference of
a patient with migraine for recording free text data. Although
such data may be difficult for clinicians to efficiently review
within the EHR and contain clinical irrelevant observations
[22], it may be important for patient engagement and improve
usability. As we enter the era of artificial intelligence [24], such
free text data [25] may be a powerful data set for artificial
intelligence natural language processing tools that may be able
to quickly summary such data or use in algorithm development
to facilitate patient assessment and management [26-29].

Frequency of Monitoring
Only 15/56 (26.8%) respondents in our study indicated a
preference for daily monitoring, and only 5/171 (2.9%) users
in the pilot study of the MICP responded to nearly all assigned
assessment tasks [15]. Raffaeli et al described a cohort of highly
engaged users of a commercial app that engaged with the app
daily for more than 7‐13 months. This cohort consisted of
only 1.8% of 85,000 active app users who used the app daily
for 7 months [10]. These observations suggest that sustained
engagement on a daily or weekly basis may not be a realistic
goal for most patients. Whether giving patients the option to
change the frequency of assessments would improve overall
engagement is not known.

Our MICP allowed weekly tracking of the number of headache
days, treatment days, and days with functional impairment.
However, most of our patients indicated an interest in changing
this tracking frequency (42/56, 75%). The range of different
preferences in tracking frequency supports allowing patients to
choose the frequency of monitoring even though the accuracy
of the data may be less precise the longer a patient may be asked
to recall. It is also possible that the preference for tracking
frequency might depend on migraine frequency, for example,
patients with less frequent episodic migraine may prefer less
frequent monitoring than a patient with uncontrolled chronic
migraine. We suspect that as patients are effectively treated
with appropriate acute and preventative migraine therapies,
headache frequency and disability decrease such that daily and
even weekly monitoring would no longer be necessary. A study
in a larger population of patients is needed to determine if
flexibility would increase overall engagement.

Patient preferences for tracking frequency may not always align
with clinician preference or insurance requirements. In addition,
different tracking frequencies serve different purposes. For
example, the diagnosis of episodic versus chronic migraine
depends on 3 months of data, whereas a shorter period may be
ideal for making changes in medications or other aspects of
care.

The survey suggests that patients would prefer to control their
tracking and tracking reminder frequency. Individualization of
tracking and reminder frequency may enhance patient
engagement and understanding, especially for those with a new
diagnosis of migraine. Requiring monthly assessments of
headache days, treatment days, function, and satisfaction will
allow the clinician access to data that will inform best migraine
care. For example, monthly tracking may quickly uncover
medication overuse behavior. It may also allow the clinician
early detection of the transition between episodic and chronic
migraine, which in turn may allow new treatment options such
as onabotulinumtoxin A. The MIDAS assessment every 3
months may not be needed except for research purposes to allow
comparison with other studies or migraine care model
intervention. Monthly data trends would be simple to summarize
and easy to interpret for busy clinicians.

Educational Materials
Respondents agreed or strongly agreed that the education
materials were useful (31/51, 60.8%) but the education did not
always match personal needs (25/51, 49%). The migraine
educational content was generally applicable and may be useful
to a patient with a new migraine diagnosis. Most MICP users
in this study had frequent migraine that led to neurology
consultation, and as most were treated with botox or CGRP, it
can be assumed majority failed to respond to multiple first-line
preventive options. Education specific to chronic migraine was
minimal. The MICP may be improved by delivering educational
content that is tailored to the migraine diagnosis or current
treatment. Delivering content that is already known or simply
not of interest may disengage patients.
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Strengths
We present survey findings from a unique group of patients that
used a novel digital tool directly interfacing with the EHR within
a community neurology practice. We assessed preferences for
a broad range of features that may both inform migraine care
and promote patient engagement. We compared respondents
with nonrespondents and between subsets of patients. The low
response rate was similar to other survey studies of the same
population [6,30,31].

Limitations
Limitations include the small sample size, and the overall survey
response rate was low, reducing the reproducibility and
generalizability of our findings. In addition, the study was
underpowered to detect differences in user preferences based
on headache frequency or treatment type. Most patients in the
survey likely had chronic migraine or frequent episodic migraine
as is typical of our specialty practice. The majority of patients
were treated with botulinum toxin injections or CGRP antagonist
therapy at the time of the study, and the majority of patients
reported less than 15 headache days per month, likely reflecting
the effectiveness of their current treatment plan. We did not
retrospectively review records to confirm the migraine diagnosis
documented in the medication record. In addition, most of the
population we assessed were white and female, with high
migraine frequency and access to a neurology specialty clinic
and for these reasons our observations are not generalizable to

other patient populations or health care systems. Finally, we
did not reassess the frequency or level of engagement of MICP
users who completed the survey, increasing potential response
bias.

Conclusions
Most MICP users were motivated to track clinically actionable
data, including headache frequency, medication treatment with
response, functional impairment, and pain intensity; features
that should be maintained in the MICP and similar tools that
others may develop. Opportunities to improve the MICP that
may be useful for other similar remote monitoring tools include
allowing patients to (1) change the frequency of assessments
and notifications; (2) record personal observations or comments
through free text, which may include headache triggers,
accompanying symptoms, and prodrome and postdrome
symptoms; (3) report headache severity using a 1 to 10 pain
scale; and (4) tailor headache education based on frequency and
severity (episodic vs chronic migraine). To balance the needs
for patient engagement with the changes above, the MICP may
be simplified by requiring a monthly assessment of headache
days, treatment days, function, and satisfaction with treatment
plan without MIDAS every 3 months. Remote assessment and
monitoring of patients with migraine is feasible, and continued
work to refine remote monitoring tools informed by patient
preferences and reassessment of user preferences within diverse
and larger populations, including both episodic and chronic
patients with migraine, is needed.
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Abstract

Background: With advancements in anesthesiologic and surgical techniques, many surgeries are now performed as day-surgery
procedures, requiring greater responsibilities for self-management from patients during the perioperative process. Online health
information often lacks reliability and comprehensibility, posing risks for patients with low health literacy. Carpal tunnel release
(CTR) surgery, a common day-surgery procedure, necessitates effective patient education for optimal recovery and
self-management.

Objective: This study introduces the CTS Academy, a web-based education program designed for patients undergoing CTR
day surgery. The study aimed to evaluate the CTS Academy’s impact on patients’ health education literacy (HEL) compared with
self-directed online information seeking.

Methods: A scoping review on education programs focusing on the perioperative process of CTR was conducted before this
study. In a nonrandomized controlled study, 60 patients scheduled for CTR were assigned to 2 groups based on the patients’
preferences; the test group used the CTS Academy, while the control group performed self-directed online searches. HEL was
assessed using the Health Education Literacy of Patients with chronic musculoskeletal diseases (HELP) questionnaire, focusing
on patients’s comprehension of medical information (COMPR), patients’s ability to apply health-related information in an everyday
life (APPLY), and patient’s ability to communicate with health care professional (COMM). Secondary outcomes included content
comprehensibility, patient preferences, platform usability, and clinical carpal tunnel syndrome (CTS)–related parameters.

Results: In the scoping review, 17 studies could be identified and included for full-text analysis. Eighteen patients each were
included in the test group (13 women and 5 men) and in the control group (11 women and 7 men). The average time spent in the
study was 167 and 176 days for the test and control groups, respectively. The test group showed significant improvements in
APPLY (mean 28, SD 7.99 vs mean 24, SD 5.14; P<.05) and COMM (mean 30, SD 10.52 vs mean 25, SD 6.01; P=.02) after
using the CTS Academy in a longitudinal analysis. No significant changes were observed in the control group. In a comparison
between groups, the test group had significantly higher APPLY scores at follow-up (mean 24, SD 5.14 vs mean 33, SD 14.78;
P=.044) and fewer comprehension issues at baseline (mean 38, SD 16.60 vs mean 50, SD 19.00; P=.03). The CTS-related
knowledge assessment yielded 92% (66/72) versus 90% (65/72) correct answers in the test and control groups, respectively. The
test group rated the CTS Academy highly in usability (6.22 of 7.00 points) and utility (6.13 of 7.00 points). Preferences leaned
toward using CTS Academy alongside doctor consultations (16/18, 89%) and over self-directed searches (15/18, 84%). No
significant differences were found in CTS-related symptoms between groups.

Conclusions: The CTS Academy effectively enhanced patients’ HEL, especially in applying and communicating medical
information. The platform’s usability and utility were rated favorably, and patients preferred it over independent online information
seeking. This suggests that structured, web-based education enhances patient self-management during the day surgery process.

(JMIR Form Res 2025;9:e65114)   doi:10.2196/65114
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Introduction

Background
Due to continuous advancements in surgical and anesthesiologic
techniques, an increasing number of surgical interventions are
being performed in a day surgery setting. Consequently, patients
spend less time in the hospital and are often overwhelmed by
a large amount of information regarding their condition and the
perioperative process provided during face-to-face interactions
with medical professionals [1]. Thus, patients are required to
assume greater responsibilities for self-management and
self-care at home [1]. However, many patients lack the necessary
knowledge and ability to effectively manage the day surgery
situation, leading to an increased demand for comprehensive
patient education [2]. Patients seeking online health information
frequently encounter the risk of unreliable sources and incorrect
information due to insufficient quality control or issues with
comprehensibility [3]. Considering the low health literacy levels
among some patients, this poses a substantial threat to effective
health communication and patient safety [4].

Despite the low-risk profile of many ambulatory interventions,
the recovery phase poses challenges, emphasizing the need for
patient self-management and comprehensive education programs
addressing both physical and psychological aspects [1,5] to
empower patients. Patient empowerment can be defined as “a
process through which people gain greater control over decisions
and actions affecting their health” [6]. It can be achieved through
patient education, a “process of assisting consumers of health
care to learn how to incorporate health related behaviors
(knowledge, skill, attitude) into everyday life with the purpose
of achieving the goal of optimal health” [7]. This approach
should provide patients with the health-related knowledge and
skills to manage their medical conditions effectively [8]. Closely
related is the concept of health education literacy (HEL), a
patient’s “cognitive and social skills […] to understand and use
the information as conveyed in health education programmes”
[9]. HEL is based on the concept of health literacy and consists
of three dimensions, that are (1) the patient’s ability to apply
health-related information in an everyday life (APPLY), (2) the
patient’s ability to communicate with health care professionals
(COMM), and (3) the patient’s comprehension of medical
information (COMPR) [9].

Goal of This Study
Open carpal tunnel release (CTR) surgery is a common
day-surgery procedure for carpal tunnel syndrome (CTS) [10].
CTS affects approximately 3% of the general adult population
[11] and is caused by compression of the median nerve and
results in symptoms such as weakness, tingling, and pain [12].
In a recent meta-analysis, CTR as gold standard treatment results
in reliable improvements in hand function and symptom severity
on the long-term follow-up, while manual therapy only provides
short term effects regarding pain relief [13]. To address time

constraints and information overload experienced by patients
during clinical visits and to enhance their comprehension of
their medical condition and treatment, we aim to introduce the
CTS Academy, a patient-centered web-based education program,
in this study. Since the implementation of patient-centered
web-based education programs focusing on the perioperative
process of CTR is rare, a scoping review was conducted before
this study to highlight recent gaps in existing research. Our
program is tailored to the specific needs of patients undergoing
day surgery for CTR and aims to provide valid and
comprehensible information in a familiar environment, thereby
facilitating patient self-management.

In a nonrandomized controlled study, we aimed to evaluate the
CTS Academy for its effect on patients’ HEL compared with
self-directed online information seeking, 3 weeks after CTR (in
comparison with the baseline survey).

We hypothesize that HEL is increased by participating in a
web-based, structured educational programme (CTS Academy)
for patients undergoing CTR. Furthermore, we examine the
comprehensibility of educational content, patients’ preferences
in education, the usability of the CTS Academy platform, and
clinical changes in CTS-related parameters. Our research
addresses the scarcity of comparable implementations and aims
to acquire further insights into the existing limited quantitative
research in this domain.

Methods

Scoping Review of the Literature
Before the conduction of this study, we performed a scoping
review of literature discussing the quality of online CTS
information. From September to December 2022, we searched
Epistemonikos, the Cochrane Library, PubMed, Connected
Papers, and Google Scholar. Search prompts were for example
“perioperative education,” “web-based,” “carpal tunnel release,”
and “structured patient education,” and the complete search
strategy can be requested from the authors. The search aimed
to identify systematic reviews, original research, and related
studies on web-based patient education and online information
for patients undergoing open CTR surgery. No filters were
applied for publication date or status, but only English and
German full texts were analyzed. Publications with low evidence
levels or lacking full study descriptions were excluded, while
a broad search strategy ensured relevant materials not explicitly
titled as web-based education were included. Reporting was
performed based on the Joanna Briggs Institute Scoping Review
Reporting Template [14] and the PRISMA-ScR (Preferred
Reporting Items for Systematic reviews and Meta-Analyses
extension for Scoping Reviews) Checklist [15].
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Design of the CTS Academy
We implemented the CTS Academy platform prototype using
Microsoft Sway [16], a freely accessible web-based software
for creating single-page websites.

The target group for this program consists of patients scheduled
for open CTR day surgery who seek relevant information related
to physical and mental preparation for CTR surgery.

The goal of CTS Academy is to assist patients preparing for
surgery and managing the postoperative phase by providing
textual information, multimedia content, self-check quizzes,
downloadable or printable checklists for patients’ self-directed
online learning.

In the CTS Academy, we primarily focus on biophysiological,
functional, experiential, and social aspects, excluding financial
information due to the Austrian public health insurance system.
The ethical and cognitive perspectives, emphasizing patient
recognition, appreciation, and knowledge form the foundation
of the CTS Academy. Patient education programs that prioritize
patient-centeredness and engagement rely on evidence-based
strategies, including plain language and multimodal information
delivery [17]. Keulers et al [18] propose practical implications
for interactive patient education, advocating for varied
information presentation through text, graphics, and videos,
with structured text using headings and subheadings. Summaries
of lengthy texts determine the relevance of content, and the
inclusion of graphs, pictures, and patient role models, such as

animated characters, aids comprehension [18]. Incorporating
entertaining elements, such as storytelling, enhances patients’
self-efficacy, with a preference for visual materials like videos
and images over plain text [19,20]. Modular approaches,
including basic modules for essential knowledge and additional
modules for in-depth information on living with a specific
disease, are also recommended [20].

The CTS Academy is based on the information provided for
informed surgery consent [21], but adds further structured and
comprehensive content for various stages of day surgery.
Furthermore, we included aspects of mental preparation for
surgery [22-26]and instructions for the postoperative period, as
well as training exercises [27]. Patients can use a printable
checklist for perioperative preparation and access external links,
for example, the Austrian pharmacy search to locate nearby
pharmacies after hospital discharge. An animated character
named Karla serves as a patient role model, guiding patients
through the day-surgery process and sharing important advice.
To improve accessibility, the spoken text is also displayed as
written text throughout the entire video.

While the platform lacks structured patient assessments, it
encourages self-assessment based on chapter summaries and
offers knowledge checks. In Multimedia Appendix 1, we outline
the content and media types presented on the CTS Academy
platform. In Figure 1, screenshots of the CTS Academy platform
are presented.
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Figure 1. Screenshots of CTS academy including textual explanations of its content. It aims to support patients in preparing for surgery and managing
postoperative recovery through self-directed online learning by offering textual information, multimedia content, self-check quizzes, and downloadable
or printable checklists.
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Design of the Evaluation Study
Between April 2022 and April 2023, all patients presenting with
CTS symptoms at the Department of Orthopedics and
Traumatology and scheduled for CTR surgery after medical
assessment were assessed for eligibility for inclusion in this
nonrandomized, controlled, confirmatory study.

During consultations, patients received detailed information
about their condition and perioperative procedures. After
obtaining written informed consent for CTR, we introduced the
CTS Academy study and explained the test or control groups.
Allocation to the groups was based on the patient’s
preference—either participation in CTS Academy or
self-directed online information seeking.

Inclusion criteria were a scheduled appointment for CTR
surgery, voluntariness and age of majority (18 y of age or older),
physical and cognitive aptitude to participate, sufficient language
skills of written and spoken German, and access to
web-connected devices.

Furthermore, patients needed sufficient skills for internet use
and an active pursuit of online health information.

Patients in the test group were granted unlimited access to the
CTS Academy (from informed consent to surgery until 3 w
postoperatively), while the control group conducted independent
online searches. Throughout the self-study period of both
groups, reminders were sent via SMS text messages or email
to encourage information access.

Participants completed an online questionnaire after inclusion
for the study, and 3 weeks postoperatively (follow-up
appointment). As the CTS Academy study was conducted with
German-speaking patients, all questionnaires were used in
validated German versions.

The primary outcome was assessed using the Health Education
Literacy of Patients with chronic musculoskeletal diseases
(HELP) questionnaire by Farin, Ullrich, and Nagl [9]. It
comprises 3 subtopics, that are comprehension of medical
information (COMPR), applying medical information (APPLY),
and communicative competence in provider interactions
(COMM). Patients rated their perceived difficulty in
health-related situations on a 5-point scale, with lower values
indicating fewer difficulties.

Secondary outcomes included assessing the comprehensibility
of content provided in the CTS Academy using the
Comprehensibility Of Health Education Programmes (COHEP)
questionnaire by Farin-Glattacker et al [28] and Farin, Nagl,
and Ullrich [29]. This questionnaire comprises 4 subscales:
transferability scale, medical information scale, amount scale,
and the trainer scale, while the latter was dismissed because we
did not offer lessons by a trainer [29]. Patients had to rate the
amount of information provided or the perceived usefulness of
information on a 6-point ranging from 1 (strongly agree) to 6
(strongly disagree).

Knowledge checks involved answering 4 statements about CTS
and its treatment [30] to check their knowledge at baseline after
inclusion to the study, and 3 weeks postoperatively.

Patient preferences of information seeking in the test group
were assessed using the following statements on a 5-point rating
scale (1=strongly disagree, 2=disagree, 3=no preference,
4=agree, and 5=strongly agree) in the follow-up questionnaire:

• I prefer the additional use of the CTS Academy (in addition
to talking with a doctor) over the sole standard patient
information provided in the medical informed consent
conversation.

• I prefer the use of the CTS Academy over independent
online information-seeking.

Usability and utility were evaluated using selected items of
meCUE 2.0 [31], rated in the follow-up questionnaire on a
7-point scale ranging from 1 (strongly disagree) to 7 (strongly
agree).

Clinical CTS-related parameters were examined using the
validated German-language version [32] of the Boston Carpal
Tunnel Questionnaire (BCTQ) [33] using symptom severity
scale, functional status scale, as well as the total BCTQ score
at baseline and follow-up.

Before patient testing, we conducted a pre-, pilot-, and prototype
testing of the CTS Academy platform in August 2021 to
examine the usability as well as to detect functionality and
usability issues. This testing involved 16 voluntary participants:
11 laypersons (some with previous CTS surgery experience)
and 5 experts in hand surgery, psychology, sociology, e-learning,
and online didactics. Laypersons were asked to imagine
themselves in the role of CTS patients undergoing surgery.
Experts reviewed the platform professionally. The feedback
and suggestions were discussed with the other project team
members and led to updates in pre- and postoperative
recommendations, as well as revisions for clarity and
gender-appropriate language (shortening of the sentence length,
simplifying certain terms, and standardizing gender-inclusive
language). Recommendations were added regarding preoperative
and postoperative smoking abstinence, as well as the ergonomic
use of computer mice and keyboards after surgery. A chapter
about the author of the CTS Academy was added.

Statistical Analysis

Sample Size Estimation and Enrollment
We performed sample size estimation in G*Power (version
3.1.9.7) [34] using the following parameters:
Wilcoxon-Mann-Whitney test (2 groups), 1-tailed hypothesis,
Cohen d of 0.8, α error probability of 0.05, and power of 0.8
[35]. This yielded a required sample size of 21 patients per
group, totaling 42 patients. Anticipating a 20% dropout rate,
we aimed to recruit at least 50 patients. However, due to the
COVID-19 pandemic’s impact on surgical resourced and
increased dropouts, we ultimately enrolled 60 patients. Between
April 2022 and April 2023, 60 patients scheduled for open CTR
at our hospital participated in the CTS Academy study. Patients
presenting with CTS symptoms at the hand surgery outpatient
clinic underwent diagnostic evaluation, and those requiring
surgery were scheduled accordingly. During preoperative
consultations, they received information about the procedure,
risks, and postoperative care before providing written informed
consent. Eligible patients—adults with sufficient German
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language skills, cognitive and physical ability, regular internet
use as well as willingness to seek online health
information—were invited to join the study. No restrictions
were placed on gender or education to ensure a representative
sample. Interested patients could assign themselves to either
the test group (structured web-based education) or control group
(self-directed online information seeking) and received study
details, including access to an online baseline questionnaire.
Those in the test group were provided instructions for using the
CTS Academy platform. Throughout the study, patients received
reminders via email and SMS to complete study-related tasks,
including the baseline and follow-up questionnaires. They were
also notified before surgery and received postoperative messages
encouraging engagement. Nonresponders were contacted within
2 days. Throughout the study, participants could reach the study
team via phone, SMS, or email.

Data Exclusion and Dropouts
In our online questionnaires, all fields were mandatory except
for the BCTQ functional scale, as some patients may not perform
tasks specified in this BCTQ scale. Patients could review and
change their answers before submitting the questionnaire. In
the test group, 1% (2/144) of values were missing at baseline
and at follow-up. In the control group, 6% (8/144) and 1%
(2/144) were missing at baseline and follow-up, respectively.
Following BCTQ guidelines, we excluded participants with
more than 1 missing value, resulting in the exclusion of 1
participant from each group [36]. Since BCTQ activities are
not directly comparable (eg, holding a book, doing chores, and
getting dressed), missing values were not imputed.

Due to the per-protocol analysis of this study, 12 patients in
each group dropped out of the study due to various reasons such
as nonsubmission of questionnaires, withdrawal of consent, or
canceled surgery appointments.

Data Preparation and Analysis
Microsoft Excel 16.72 for Mac, and IBM SPSS (version 29)
were used for statistical testing.

Descriptive statistics included means and SD as well as the IQR
to identify potential outliers. Normal distribution was tested
using the Shapiro-Wilk-Test. The HELP questionnaire results
were analyzed by summing each subscale (APPLY, COMM,
and COMPR) for individual patients and transforming these
sums to a 0‐100 scale. Delta values between pre- and
postoperative scores (DIFF_APLLY, DIFF_COMM, and
DIFF_COMPR) were calculated.

Depending on the parameters’ normal distribution, either the
exact Wilcoxon test or the t test for dependent variables and the
Mann-Whitney U test or the t test for independent variables
were used for comparisons. The total HELP score (a sum of the
subtypes APPLY, COMM, and COMPR) was tested at baseline,

follow-up, and as difference between the former using the
multivariate analysis of variances (MANOVA).

Nominal data were tested using the chi-square test or the Fisher
exact test if the requirements of the former test were not met.
Effect sizes were determined using Psychometrica [37].

Demographic data were examined for group comparability,
focusing on age and educational level. Statistical tests were
primarily 1-sided, with significance set at P<.05. We converted
results from default 2-sided tests to 1-sided outcomes and did
not perform subgroup analyses.

The COHEP questionnaire results were analyzed by summing
subscales and transforming them to a 0‐100 scale. Knowledge
check results were reported as the frequency of correct answers
within each group. Usability and utility of the CTS Academy
platform were assessed using the meCue 2.0 data template [38].
For the assessment of CTS-related symptom changes, symptom
severity, functional status, and total BCTQ, of which a delta
value (DIFF_BCTQ) was calculated, were compared between
cohorts as well as longitudinally.

Ethical Considerations
This study was approved and registered by the institutional
review board (EK1212-2021). Written informed consent
(Multimedia Appendix 2) based on the hospital’s regulative for
clinical studies was obtained from every patient willing to
participate in the study. To maintain data security, patients were
pseudonymized by assigning each one an alphanumeric ID at
the time of study enrollment. This ID was used exclusively for
all surveys. A list of IDs alongside patient names was kept in
the study office and was accessible to the project management
team, for example, to use the reminder system (eg, reminders
to complete the questionnaire). During the analysis of the results,
it was not possible at any time to link the identity of the test
participants to the available data. No identification of individual
participants in any of the figures or additional material is
possible. Patients received no compensation for study
participation.

The study was reported using the CHERRIES (Checklist for
Reporting Results of Internet E-Surveys) checklist (Multimedia
Appendix 3) [39].

Results

Scoping Review
In total, 17 reports were included for full-text analysis, finding
that patients searching online for CTS information risk encounter
incorrect or confusing content [3], which underlines the need
for reliable education programs. An overview of the results is
presented in Table 1.
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Table . Outcomes of the 17 references included in the scoping review on patient-centered web-based education programs focusing on the perioperative
process of carpal tunnel release conducted in Epistemonikos, the Cochrane Library, PubMed, Connected Papers, and Google Scholar up to December
2022, discussing the quality of online carpal tunnel syndrome information.

Relevant resultsTopicReference

The recommended 6th-grade reading level was

not met in any of the analyzed CTSa material,

Complexity of online information on hand
surgery

Cook et al [40]

which decreases understandability for many pa-
tients.

78% (47/60) of the analyzed videos contained at
least 1 potentially misconception-reinforcing

Analysis of misleading CTS information in
YouTube videos

Goyal et al [41]

statement, more than 335% (21/60) contained
more than 3 statements, mostly on CTS causes
and treatment options.

Significant improvement of online CTS informa-
tion quality (P<.001), further improvement is
needed.

Re-evaluation of CTS information on the internet
(updated study from 2000)

Lutsky et al [42]

Incorrect information might provoke misunder-
standings and potential risks for patients.

Comparison of online CTS information with the
Clinical Practice Guidelines of the American
Academy of Orthopaedic Surgeons

Steimle et al [43]

Significant differences in reliability and informa-
tional scores (P<.05) depending on the source of

Quality and reliability of CTS videos on
YouTube

Özbek et al [44]

the video, and generally low reliability and edu-
cational quality.

Handouts contained misleading information,
lacked references or citations, and were compli-
cated to understand.

Content and design of online CTS education
handouts

Fang et al [45]

Significant difference in information quality in
older compared to newer CTS websites (P<.001).

Quality of online CTS informationFrueh et al [46]

Significant difference in explaining the handling
of complications (P=.03).

Indicators like high Google ratings and inlinks
were correlated with accuracy (P<.05).

Indicators of accuracy for online CTS informa-
tion

Frické et al [47]

Several websites had misleading or unconvention-
al about CTS treatment. The mean information

Source and content quality of online CTS infor-
mation

Beredjiklian et al [48]

value score of all websites was low and differed
based on authorship.

Low reliability and low educational quality of
the analyzed videos.

Quality and reliability of CTS YouTube videosKwak et al [49]

Low comprehensibility, applicability, and read-
ability scores, and no statistically significant

Comprehensibility and applicability, cultural
sensitivity, and readability of English and Span-
ish online CTS information material

Johnson et al [50]

differences in the overall educational quality be-
tween English and Spanish material.

The recommended 6th grade reading level was
not met in any of the analyzed CTS material,

Readability of online CTS materialEberlin et al [51]

which decreases understandability for many pa-
tients.

Generally insufficient quality of content, only
few videos reached good scores for global quality
and accuracy.

Quality and content of YouTube videos about
CTS

Mert and Bozgeyik [52]

The majority of material provided accurate but
incomplete information, and a lack of informa-

Quality of online information about carpal tunnel
release, Dupuytren’s fasciectomy, and trigger
finger release

Sproule et al [53]

tion on prognosis and complications of surgical
treatment.

Overall low quality of videos concerning accura-
cy and transparency. Lack of information on

Quality and reliability of CTS videos on
YouTube

Ozdemir et al [54]

treatment risks and benefits. Significantly better
scores when authored by medical centers (P=.02).
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Relevant resultsTopicReference

Only 30% (6/20) of the analyzed images had in-
correct anatomical information, for example, the
position of the median nerve.

Accuracy of online CTS imagesPark et al [55]

The recommended 6th grade reading level was
not met in any of the analyzed CTS material,
which decreases understandability for many pa-
tients.

Readability of online hand pathology material
including CTS

Akinleye et al [56]

aCTS: carpal tunnel syndrome.

Patient Characteristics
Between April 2022 and April 2023, 30 patients were enrolled
in each group. Figure 2 displays a flowchart of patients including
the reasons for dropout.

Ultimately, both the test and the control group comprised of 18
patients each, whose characteristics are summarized in Table
2.

The average educational phase duration (CTS Academy platform
or self-directed online information seeking) was 167 (range
43-267) days, from inclusion to 176 (range 43-253) days
postoperatively.

Figure 2. Consort flowchart of patients’ enrollment, follow-up, and analysis in the test group (CTS Academy) and control group (Self-directed online
information seeking). CTR: carpal tunnel syndrome; CTS: carpal tunnel sydrome; HEL: health education literacy.
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Table . Patient characteristics and demographics of the final test group (CTS Academy platform) and control group (self-directed online information
seeking).

Control group (n=18), nTest group (n=18), nCategories and subcategories

Sex

75Male

1113Female

Age group

00<30 years

3430‐40 years

3341‐50 years

2551‐60 years

6361‐70 years

4171‐80 years

02>80 years

Highest education

52Compulsory schooling or less

911High school (without A-levels) or
apprenticeship

44High school with A-levels, diploma,
apprenticeship on “Master” level

01Undergraduate degree (bachelor)

00Graduate degree (master, PhD, etc)

CTSa surgery

1114First time

64Previous CTS surgery (other hand)

00Previous CTS surgery (same hand)

10Previous CTS surgery (both hands)

Internet use

75Several times a month

35Several times a week

88Daily

176 (range 43-253)167 (range 43-267)Average duration of CTS Academy use (days)

aCTS: carpal tunnel syndrome.

Primary Outcome
Outcomes of the primary parameter and its subtypes are
presented in Table 3 and Table 4.
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Table . Outcomes (pre-post intervention analysis) of health education literacy of patients with chronic musculoskeletal diseases questionnaire (health
education literacy) via subitems comprehension of medical information, applying medical information, and communicative competence in provider
interactions of the final test group (CTS Academy) and control group (self-directed online information seeking) including statistical results (all P values
are reported as 1-sided P values).

COMPRcCOMMbAPPLYa

P valueFollow-up,
mean (SD)

Baseline,
mean (SD)

P valueFollow-up,
mean (SD)

Baseline,
mean (SD)

P valueFollow-up,
mean (SD)

Baseline,
mean (SD)

.2435 (9.90)38 (16.60).017d225 (6.01)30 (10.52).006d24 (5.14)28 (7.99)Test group
(n=18)

.1846 (23.75)50 (19.00).059630 (15.19)35 (17.12).533 (14.78)33 (14.17)Control
group (n=18)

aAPPLY: applying medical information.
bCOMM: communicative competence in provider interactions.
cCOMPR: comprehension of medical information.
dStatistically significant results (α<.05).

Table . Outcomes (comparison between groups [P values]) of health education literacy of patients with chronic musculoskeletal diseases questionnaire
(health education literacy) via subitems comprehension of medical information, applying medical information, and communicative competence in
provider interactions of the final test group (CTS Academy) and control group (self-directed online information seeking) including statistical results
(all P values are reported as 1-sided P values).

HELdCOMPRcCOMMbAPPLYa

.13.03e.3.2Baseline

.05e.06.27.04eFollow-up

—f.37.38.09Difference

aAPPLY: applying medical information.
bCOMM: communicative competence in provider interactions.
cCOMPR: comprehension of medical information.
dHEL: health education literacy.
eStatistically significant results (α<.05).
fNot applicable.

In the test group, we found a statistically significant decrease
in the group means for APPLY (P=.006) and COMM (P=.02)
after using the CTS Academy, compared with baseline.
However, we found no statistically significant difference
regarding the COMPR subparameter. An overview of
statistically significant postoperative changes on item-level is
provided in Multimedia Appendix 4. In the control group
analysis, we found no statistically significant difference.

In the comparison between the test and control group,
significantly higher APPLY values were found in the test group
during the follow-up assessment (P=.04). For COMPR, we
found the test group had significantly fewer problems with
comprehension of medical information at baseline (P=.03).

We found a statistically significant difference between the
groups on the combined dependent variables at follow-up
(P=.05). In the subsequent post hoc univariate ANOVA for each
dependent variable (between-participant effects), we found a
statistically significant difference between the groups for
APPLY in the follow-up examination (P=.007).

Secondary Outcomes
As lower means indicate better results, we found the CTS
Academy yielded good results on the transferability (mean 27,

SD 9.74) and the medical information scale (mean 28, SD 10.12)
and scored average results for the amount of medical information
provided (mean 58, SD 24.61).

Both groups achieved high accuracy in describing CTS and the
surgical procedure at baseline (63/72, 88% vs 62/72, 86% in
test group and control group). At follow-up, the test group
showed an average accuracy of 92%, with incorrect answers
for only 1 statement. The control group yielded an average
accuracy of 90% with incorrect answers for all 4 statements.
No control group patient answered all statements correctly.

Regarding patients’ preference for using the CTS Academy, 10
out of 18 (56%) patients totally agreed and 6 out of 18 (33%)
agreed that they preferred the additional use of the CTS
Academy (in addition to the consultation of a medical doctor).
Furthermore, 2 patients had no preferences. When asked whether
they preferred the CTS Academy over independent online
information-seeking, 10 out of 18 (56%) patients totally agreed
and 5 out of 18 (28%) agreed, while 3 patients had no
preferences.

Patients rated usability with a mean 6.22 (SD 0.82) points (4.67
to 7.00 points), and utility with a mean 6.13 (SD 0.89) points
(4.00 to 7.00 points).
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The CTS-related symptoms assessed via the BCTQ are displayed
in Table 5.

We found no statistically relevant differences between the
groups (comparison of groups at baseline: P=.34 [2-sided],
follow-up: P=.47 [2-sided], and for DIFF_BCTQ: P=.86
[2-sided]).

Table . Carpal tunnel syndrome–related symptoms of test group and control group at baseline and follow-up, assessed with the Boston carpal tunnel
questionnaire.

Functional status, mean (SD)Symptom severity, mean (SD)

Follow-upBaselineFollow-upBaseline

2.24 (0.87)2.24 (0.73)1.99 (0.71)3.03 (0.68)Test group (n=18)

2.48 (1.04)2.40 (1.04)2.19 (0.98)3.36 (0.92)Control group (n=18)

Discussion

Principal Results
This study introduced the CTS Academy to improve patients’
HEL compared with self-directed online information seeking.
Significant improvements were observed in the HELP subscales
APPLY and COMM within the test group, indicating that the
CTS Academy enhances patients’ ability to apply medical
information and communicate with health care professionals.
Patients in the study group rated both utility (usefulness) and
usability (ease of use) of the CTS Academy favorably.

CTS Academy content was evaluated favorably for
transferability and medical information, with average ratings
for the amount of medical information provided. Development
relied on existing research in clinical patient education due to
a lack of comprehensive guidelines, potentially affecting
perceived content quality [17]. Future improvements could
involve personalized pathways based on patient knowledge
levels.

Both groups showed strong understanding of CTS etiology
before and after the intervention. The test group’s understanding
of CTR surgery improved notably, with all participants (N=18)
having all answers correct at follow-up. Misconceptions about
complete symptom removal persisted in both groups, which
might be due to a focus on postoperative recovery over potential
complications.

Patients preferred the CTS Academy over self-directed online
searches, indicating its value as a reliable information source.
We conclude that integrating the CTS Academy into patient
education could effectively enhance access to information and
understanding of the perioperative situation, complementing
discussions with medical professionals during informed consent.

High ratings for utility and usability suggest the platform is
user-friendly and effective for CTR day surgery.

No significant differences were found between groups regarding
perceived symptom severity or functional status, reflecting
consistent surgical intervention.

The CTS Academy is the first web-based patient education
program for CTS. No direct comparisons in medical literature
are available, especially because no comparable programs have
health education as primary outcome. Future updates to the CTS
Academy will focus on restructuring content and enhancing

readability and comprehensibility. The platform has the potential
to evolve into an educational program with user accounts,
enabling patients to follow structured, personalized learning
paths. The integration of technologies such as artificial
intelligence could further personalize and enhance the learning
experience. Another future goal of this project is expanding the
platform to include multiple languages relevant to clinical
practice at our hospital.

Comparison With Previous Work
Patient education is crucial for day surgery, as it helps prevent
adverse events and rehospitalization [57]. Pekonen et al [58]
conducted a systematic review on tools for measuring patient
empowerment after patient education interventions. While the
Health Education Impact Questionnaire is well-established [59],
the HELP questionnaire specifically addresses HEL. Because
the latter not just assesses knowledge acquisition but also
patients’ ability to apply and understand educational
interventions, it was deemed more appropriate for the CTS
Academy study.

A publication by Farin-Glattacker et al [28] assessed HEL using
the HELP questionnaire as an outcome measure in patients
undergoing rehabilitation for chronic back pain or osteoarthritis
[60]. The study group stated a high level of self-reported HEL,
with the average patient experiencing slight difficulty on the
APPLY and COMM scales, and slight to moderate difficulty
on the COMPR scale [9]. It aligns with the findings from the
CTS Academy that difficulty in understanding medical
terminology appears to be a common challenge [61-64].

Regarding computer-based education on CTS, a randomized
study compared knowledge levels and satisfaction scores
between patients receiving the same information either using
computer-based education or using face-to-face education with
a medical doctor. Ultimately, the computer-based education
group scored significantly higher on the knowledge
questionnaire [35].

In total, 2 previous publications focused on the topic of
structured web-based patient education versus self-directed
online information seeking. Finkelstein and Bedra [65]
conducted this comparison on hypertension knowledge in 60
patients with hypertension. The test group used a structured
web-based patient education program on hypertension, while
the control group searched the internet for information. The test
group showed significantly higher hypertension knowledge
scores compared with the baseline and compared with the
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control group. Semistructured interviews indicated a better
learning experience in the test group, particularly for those with
limited computer and internet experience. Castro et al [66] found
comparable results in a similar cohort study. Thus, both
concluded that web-based patient education was effective for
hypertension learning, even for participants with limited internet
experience [65,66].

Although health literacy is often seen as empowering, it does
not automatically lead to empowerment [67]. Health education
is crucial for promoting health literacy [67], with health
knowledge being a key dimension [68,69] according to the
conceptual model of health literacy by Sørensen et al [70]. Low
health literacy levels are associated with poorer health outcomes,
increased morbidity and mortality [71], highlighting the
importance of patient education. Several studies have proven
that multimedia education programs can improve health
knowledge, such as in patients with type 2 diabetes [72]. Despite
existing literature on digital health interventions for improving
health literacy, only few studies specifically measure health
literacy outcomes, often focusing on knowledge-related
outcomes instead [73]. This distinction underscores the
importance of CTS Academy’s focus on HEL.

Various publications on web-based patient education address
the quality and readability of online educational materials, but
few compare structured web-based patient education and
self-directed online information seeking. Many examined online
resources presenting orthopedic, trauma surgery, pediatrics, or
cardiology content [74-76] exceed the recommended sixth-grade
reading level [77], posing comprehension challenges. The
quality and accuracy of online educational resources varies,
with those authored by medical professionals only being slightly
better than those authored by commercial organizations or
laypersons [44,48,54]. Due to a lack of structured analyses of
German educational online resources, quality and accuracy of
online information for German-speaking CTS patients cannot
be assessed. However, studies indicate that more than one-third
of German-speaking orthopedic patients used the internet before
their hospital appointment, and 80% (63/79) of these patients
intended to gain additional knowledge of their condition and
treatment options. The majority of patients performing
self-directed online information seeking would recommend it
to other orthopedic patients [78]. Hertling et al [79] reports that
66% (832/1262) of orthopedic patients used the internet as a
source of disease-related information, and the majority found
the information trustworthy and useful. However, it is unclear
whether patients can assess the reliability and correctness of
online information and identify incorrect information [79].
While both studies indicated widespread use and acceptance of
online sources among German orthopedic patients, the quality
of the information sources remains unexamined.

Comparing the comprehensibility of CTS Academy content
with other programs using the COHEP questionnaire is
challenging due to differing contexts. Existing studies by
Farin-Glattacker et al [28], Nagl et al [60], and Finkelstein et
al [65] focused on different patient populations and did not
provide detailed comparative data.

Patients provided positive feedback on CTS Academy’s usability
and utility, appreciating its design and functionality, facilitating
effective access and utilization of educational materials. Overall,
these findings suggest that the CTS Academy is a valuable tool
for educating and supporting patients undergoing day surgery
for CTR.

In our study, we collected postoperative clinical parameters 3
weeks after CTR. Our clinical results align with the ones
published by Mack et al [80] at 10‐14 days postoperatively
and Kim et al [81] and Aloi et al [82] at 14 days postoperatively,
despite slight differences in patient characteristics and surgical
approaches.

Limitations
This study also involves several limitations. The study was
affected by COVID-19, especially by prolonged surgery waiting
times leading patients to cancel their surgery appointments.
This led to a smaller sample size than intended, potentially
biasing our results. Furthermore, the patient-performed
allocation process may have introduced selection bias.
Moreover, group sizes were relatively small, potentially
affecting the generalizability of the results. We did not ask
patients to monitor the duration of information-seeking or the
frequency of use of the CTS Academy. In addition, the quality
of information accessed by the control group was not controlled,
which could have influenced their outcomes and skewed
comparisons with the intervention group. However, both groups
completed identical baseline questions on CTS before accessing
the platform content or other online resources, ensuring a basic
understanding of the scope of information. These questions
required basic knowledge, independent of the depth of research
or exclusive platform content. This highlights a common
challenge in independent online research, that is, patients
struggle to identify essential information, and available content
can be difficult to interpret. While the test group benefited from
a patient-centered platform design, this advantage did not extend
to the fundamental information itself. To preserve the natural
research and learning process, patients were not required to
document their sources, as this might disrupt their learning
experience. For privacy reasons and to prevent artificially
inflated research activities, browser histories were not collected
to avoid potential identification or bias. In future research,
randomization allocation to either the test or control group
should be conducted to further investigate effects of the CTS
Academy platform on HEL, ensuring that the results are not
affected by a selection bias. In terms of usability, common
usability testing guidelines report that 5 participants already
detect almost all of the possible errors in a product [83].
Therefore, the usability conclusions can be seen as valid despite
of the generally decreased study’s power and generalizability.

Conclusions
Knowledge is commonly measured as a primary outcome in
patient education programs for its ease of pre and post
comparisons. However, the ability to apply knowledge in daily
life is crucial for effective self-management. Health literacy
models emphasize both knowledge and its practical application.
Hence, we recommend a comprehensive evaluation for patient
education programs, beyond knowledge assessments. Our
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findings highlight the effectiveness of our educational
intervention for patients undergoing CTR day-surgery. Despite
challenges in comparing outcomes with other studies, statistical
analysis favored the CTS Academy in improving overall HEL.
Therefore, we rejected the null hypothesis, confirming the
platform’s efficacy over self-directed online information
seeking. Future research could explore the quality of
German-language online educational resources by having

patients document and analyze their information sources. In
addition, the effectiveness of the CTS Academy following its
implementation at the Department of Orthopedics and
Traumatology could be assessed. Investigating patient
preferences and the utility of each specific chapter could help
identify the most relevant educational needs and could be
analyzed on item-level of each HELP or COHEP subscale for
a granulated evaluation of patients’ learning experience.
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Abstract

Background: The worldwide introduction of ChatGPT in November 2022 may have changed how its users perceive and interact
with other chatbots. This possibility may confound the comparison of responses to pre-ChatGPT and post-ChatGPT iterations of
pre-existing chatbots, in turn affecting the direction of their evolution. Before the release of ChatGPT, we created a therapeutic
chatbot, MIBot, whose goal is to use motivational interviewing to guide smokers toward making the decision to quit smoking.
We were concerned that measurements going forward would not be comparable to those in the past, impacting the evaluation of
future changes to the chatbot.

Objective: The aim of the study is to explore changes in how users interact with MIBot after the release of ChatGPT and examine
the relationship between these changes and users’ familiarity with ChatGPT.

Methods: We compared user interactions with MIBot prior to ChatGPT’s release and 6 months after the release. Participants
(N=143) were recruited through a web-based platform in November of 2022, prior to the release of ChatGPT, to converse with
MIBot, in an experiment we refer to as MIBot (version 5.2). In May 2023, a set of (n=129) different participants were recruited
to interact with the same version of MIBot and asked additional questions about their familiarity with ChatGPT, in the experiment
called MIBot (version 5.2A). We used the Mann-Whitney U test to compare metrics between cohorts and Spearman rank correlation
to assess relationships between familiarity with ChatGPT and other metrics within the MIBot (version 5.2A) cohort.

Results: In total, 83(64.3%) participants in the MIBot (version 5.2A) cohort had used ChatGPT, with 66 (51.2%) using it on a
regular basis. Satisfaction with MIBot was significantly lower in the post-ChatGPT cohort (U=11,331.0; P=.001), driven by a
decrease in perceived empathy as measured by the Average Consultation and Relational Empathy Measure (U=10,838.0; P=.01).
Familiarity with ChatGPT was positively correlated with average response length (ρ=0.181; P=.04) and change in perceived
importance of quitting smoking (ρ=0.296; P<.001).

Conclusions: The widespread reach of ChatGPT has changed how users interact with MIBot. Post-ChatGPT users are less
satisfied with MIBot overall, particularly in terms of perceived empathy. However, users with greater familiarity with ChatGPT
provide longer responses and demonstrated a greater increase in their perceived importance of quitting smoking after a session
with MIBot. These findings suggest the need for chatbot developers to adapt to evolving user expectations in the era of advanced
generative artificial intelligence.

(JMIR Form Res 2025;9:e56973)   doi:10.2196/56973

KEYWORDS

chatbot; digital health; motivational interviewing; natural language processing; ChatGPT; large language models; artificial
intelligence; experimental; smoking cessation; conversational agent
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Introduction

Background
Generative chatbots are conversational systems that provide
synthesized replies using deep learning techniques [1]. In recent
years, generative chatbots based on large language models
(LLMs) have made major advancements in their ability to
engage in natural and human-like conversations [2]. ChatGPT,
a popular LLM-based generative chatbot developed by OpenAI
[3], has demonstrated significant potential to be applied in public
health and medicine for a variety of purposes such as providing
health information, supporting patient education, summarizing
clinical notes, and assisting in administrative tasks [4,5].
However, these applications have not typically focused on
therapeutic interactions, such as those using motivational
interviewing (MI) [6] techniques.

Prior to ChatGPT’s worldwide release in November 2022, our
team developed MIBot [7], a therapeutic chatbot using MI
techniques to guide smokers toward the decision to quit
smoking. MIBot has a structured conversation flow, using
scripted questions and LLM-generated MI-style reflections [6].
However, the popularity of ChatGPT and its advanced
conversational capabilities raise questions about its influence
on user interactions and expectations with simpler chatbots such
as MIBot. These potential influences may in turn affect our
future experiments with newer versions of MIBot, as the
measurements used in future versions of MIBot may not be
comparable to those in past versions, due to ChatGPT’s potential
influences on participants.

Related Work
Several recent studies have delved into the realm of generative
chatbots, used in a medical or therapeutic context, and explored
their effect on users. Perski et al [8] quantified the effect of the
addition of a supportive chatbot to their smoking cessation
application and found that it has increased user engagement and
resulted in higher rates of quit success. Boucher et al [9]
provided a comprehensive review of artificially intelligent
chatbots in digital mental health interventions, discussing their
acceptability, effects on user engagement and mental health
outcomes, as well as their weaknesses and risks at the time,
such as language proficiency and understanding. Moilanen et
al [10] examined the effect of personality traits of a mental
health chatbot on user engagement, finding that chatbots with
a conscientious personality elicit the most user engagement and
that users prefer their chatbot to be informative and confident
rather than monotonic. Chow et al [11] framed ChatGPT as a
disruptive technology and explored its impact on medical
chatbots, claiming that it has the potential to improve access to
health care services while expressing concerns over factors of
risks such as reliability, transparency, privacy, and bias.

Together, these findings illustrate the growing influence of
generative chatbots on user engagement and expectations in
health-related contexts, particularly as advanced chatbots like
ChatGPT redefine conversational norms. However, the impact
of ChatGPT’s widespread use on users’ perceptions and
behaviors toward other chatbots remains underexplored, raising
questions about how exposure to such an advanced technology

shifts user expectations and affects user behaviors. These
findings served as important inspirations and motivations for
this study, where we specifically investigate how users of one
chatbot (MIBot) would change after being exposed to another
chatbot (ChatGPT).

Study Objective
This study aims to investigate how user interactions with MIBot
have changed following the release of ChatGPT and examines
the relationship between familiarity with ChatGPT and these
changes. By comparing dialogue sessions with MIBot conducted
before and after ChatGPT’s release, this study analyzes metrics
such as average response length, satisfaction ratings, and
effectiveness of the therapy. Additionally, we assess the
relationship between participants’ familiarity with ChatGPT
and these metrics to better understand the impact of ChatGPT
on user behaviors and expectations. Findings from this study
are expected to provide insights into how user expectations have
evolved since the release of ChatGPT and inform future
development strategies for chatbots in health-related
applications.

Methods

Experiments

Overview
An experiment was conducted on November 18, 2022, about 2
weeks before the worldwide introduction of ChatGPT by
OpenAI [3]. We then repeated that experiment on May 16, 2023,
about half a year after ChatGPT was released. The 2 experiments
used the exact same version of MIBot [7] but on different groups
of independently recruited participants. From this part on, we
will refer to the first experiment as MIBot (version 5.2) and the
second experiment as MIBot (version 5.2A).

Overall Experiment Flow
The overall experiment flow strictly followed what was detailed
in the original MIBot paper [7]. Here is a brief overview:

1. Recruitment: Participants were recruited through the Prolific
[12] paid web-based recruitment system after providing
consent.

2. Preconversation surveys: Participants filled out surveys
about their smoking habits on a custom website, including
metrics used in the filtering process.

3. Conversation initiation: MIBot initiated with a text chat
about smoking, continuing only with participant consent.

4. Core conversation: The main chatbot conversation about
smoking cessation, which contained prescripted questions,
responses from the user, and then generated reflections
from the chatbot, described in more detail in the Design of
MIBot section.

5. Postconversation: Participants completed another
readiness-to-quit survey, the Consultation and Relational
Empathy (CARE) Measure [13], and additional qualitative
questions.

6. Reporting: Completion of tasks was recorded in the Prolific
system [12].
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7. One-week-later survey: A week later, participants answered
a follow-up survey, also including readiness-to-quit, the
completion of which, along with passing a manual data
quality review, was required for the participants to receive
their payments.

Design of MIBot
MIBot asked 2 types of questions. We call the first type “main
questions” (Textbox 1) and the second type “yes or no

questions” (Textbox 2). The main questions were open-ended
questions that promoted self-reflection within users about their
smoking habits, while yes or no questions were close-ended
questions posed after each generated reflection to find out
whether or not the generated reflection made sense, was on
topic, and was used as a transition to the next main question.

Textbox 1. Main questions in MIBot conversations.

1. To start, what is the thing you like most about smoking?

2. What else do you like about smoking?

3. Now, what is the thing you like least about smoking?

4. What else do you dislike about smoking?

5. Now, what is one thing about your smoking that you would like to change?

6. What will it look like when you have made this change in your smoking addiction?

7. Finally, what are the steps you need to take to make this change?

Textbox 2. Yes or no questions in MIBot conversations.

1. Did that make sense?

2. Did what I said make sense to you?

3. Does this make sense to you?

The overall conversation structure was fixed as follows:

1. Introductory statement about MIBot and asking for
permission to talk about the participant’s smoking habits

2. Five to seven repetitions of
a. Main question
b. User response
c. Generated reflection
d. Yes or no question
e. User response

3. Conclusion and thanking the participant for their time

Smoking Status
The context of our study requires us to keep track of the smoking
status of the participants, measured by the following three
metrics:

1. User status: A label that denotes if a participant would have
passed the screening from their preconversation survey
imported from our previous MIBot studies [7]. If they have
passed the screening, they are denoted as low confidence
or discordant; if not, they are instead denoted as high
confidence and not discordant.

2. Heaviness of Smoking Index [14]: A validated survey
metric calculated from cigarettes per day and time to the
first cigarette of the day. Heaviness of Smoking Index is
an integer, where a higher value indicates a heavier smoking
habit.

3. Quit attempts made: A binary value that denotes if a
participant has made at least 1 quit attempt in the week
leading up to the MIBot conversation.

MIBot Surveys
There were 3 surveys delivered to the participants from the
original MIBot experiment flow: preconversation survey,
postconversation survey, and 1-week-later survey. These surveys
were used to determine how effective MIBot was in motivating
smokers to make the decision to quit smoking as well as how
participants felt about the conversation with MIBot.

The relevant parts of the survey for this study are the following:

1. The CARE Measure [13] consists of questions regarding
the participant’s satisfaction with the conversation. Each
question asks the participant to rate how well they think
MIBot did on a scale from 1 to 5 or 0 if it does not apply.
For example, participants were asked to evaluate MIBot’s
ability to “make you feel at ease” or “letting you tell your
‘story’” back when they were interacting with MIBot. The
CARE Measure is only included in the postconversation
survey.

2. The Readiness Ruler [15] measures how ready the
participant is to quit smoking. It consists of 3 ratings on a
0‐10 scale: how confident they are about quitting smoking
now, how important it is for them to quit smoking, and how
ready they feel to quit smoking now. The Readiness Ruler
is included in all 3 surveys.

3. Two additional feedback questions, included only in the
postconversation survey:
a. “What are 3 words that you would use to describe the

chatbot?”
b. “What would you change about the conversation?”
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ChatGPT Survey
To determine the extent of exposure to ChatGPT, for each
participant in MIBot (version 5.2A), we included an additional
short survey in the 1-week-later survey referred to as the
ChatGPT survey. It contained 8 new questions designed to
evaluate the participant’s knowledge and use of ChatGPT prior
to engaging in MIBot (version 5.2A). The full ChatGPT survey
can be found in Multimedia Appendix 1.

Recruitment and Data Inclusion
The steps taken for recruiting the participants for both MIBot
(version 5.2) and MIBot (version 5.2A) were the exact same as
detailed in the original MIBot paper [7]. Participants were
recruited through the Prolific [12] web-based recruitment
system, where they were informed by a recruitment description
that they would engage in a text-based conversation with a
chatbot designed to promote readiness to quit smoking, provide
feedback on their experience, and complete the 1-week-later
survey. The study was framed as an opportunity to contribute
to research on chatbot-assisted smoking cessation, emphasized
the confidentiality of participant data, and clearly stated that
participation was voluntary, with the option to opt out if they
did not agree to the terms. The entire study was delivered to the
participants remotely, and they could participate in the study
using their personal computers or mobile devices.

Notably, participants were screened using Prolific’s filters based
on the following inclusion criteria: participants could be located
in any country, were at least 18 years of age, were fluent in
English, had a smoking status defined as either a current smoker
(smoking at least 5 cigarettes a day for at least 1 year) or a recent
smoker (smoking at least 5 cigarettes a day for less than 1 year),
and had a minimum approval rate of 90% on their prior Prolific
studies. Additionally, Prolific was set to recruit an equal number
of male and female participants. However, due to additional
screening conducted after recruitment, the final sample was not
perfectly balanced by sex.

The data collected were manually reviewed for data inclusion
following the same criteria as listed in the MIBot paper [7]
except for 1 major difference. In the original MIBot study, we
only included participants with either of the following qualities
in their Readiness Ruler scores:

• Low confidence: confidence level less than or equal to 5
• Discordant: importance level more than 5 points below the

confidence level

As the focus of this study is instead about ChatGPT’s influence
on participants, we decided to include as many valid data entries
as possible. Therefore, this filtering was not conducted in this
study. As a result, the number of participants we included in
this study increased from 100 to 143.

Evaluation Metrics
To evaluate MIBot conversations and user behaviors from
various aspects, we designed several evaluation metrics, for
which detailed definitions are provided below.

Response Length
In this study, the key aspect of user behavior we focused on was
the length of their responses to questions prompted by MIBot.
Response length is an important indicator of user engagement
and willingness to interact with the chatbot. Longer responses
suggest that participants are more actively reflecting on the
conversation, which aligns with the therapeutic goals of MI
sessions.

We defined response length by its word count, excluding any
punctuation. We also categorized the questions MIBot asks into
2 categories and looked at the user responses separately to gain
more insight. As a result, there are three metrics we applied to
measure the lengths of participant responses:

1. Average response length: average length of responses to
all questions.

2. Average response length (main): average length of
responses to main questions, which are the scripted
questions MIBot asks to provoke contemplation of the
users’ smoking habits.

3. Average response length (yes or no): average length of
responses to yes or no questions, which are shown in
Textbox 2.

Satisfaction With MIBot
Satisfaction with MIBot is a metric designed to measure user
satisfaction after participating in a conversation with MIBot, a
value between 0 and 1, calculated as the mean of the following
three quantities:

1. Average CARE Measure (integers ranging from 1 to 5, in
order of increasing satisfaction with MIBot), excluding
answers where does not apply was selected. The mean is
then rescaled to a number between 0 and 1 by subtracting
1 from the original value and dividing the result by 4.

2. Feedback sentiment score, based on answers to the first
feedback question, “What are 3 words that you would use
to describe the chatbot?” (integers ranging from 1 to 5, in
order of increasing positivity). These scores were generated
by automatically measuring the sentiment of the 3 words
given by the user as feedback, described in the MIBot
Survey section. The sentiment is computed using the neural
network bert-base-multilingual-uncased-sentiment [16],
which provides a score between 0 and 1.

3. MIBot improvement indicator, a binary value (0 or 1) if the
participant indicated (in written feedback) that they would
like MIBot improvement in response to the second feedback
question, “What would you change about the conversation?”
Responses are individually checked and manually labeled
by a human collaborator. Since participants who suggested
improvements are assumed to be less satisfied with MIBot,
the value (1−MIBot improvement indicator) is used in the
averaging calculation to get satisfaction with MIBot.

Effectiveness of MIBot
The goal of MIBot is to guide participants toward the decision
to quit smoking by provoking contemplation. The more effective
the conversation was, the more change we should observe in a
participant. The effectiveness of MIBot is measured using 3
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metrics related to the Readiness Ruler, as described in the MIBot
Surveys section. The first of which, confidence change, is
calculated as the difference between the confidence level before
the conversation and the confidence level measured 1 week
later, as recorded on the corresponding Readiness Rulers filled
by the participants. Similarly, the importance change and
readiness change were determined. As noted in the original
MIBot paper [7], the primary outcome is the confidence change,
as this is the most predictive of smoking cessation success
[17-19].

Familiarity With ChatGPT
Familiarity with ChatGPT was given as a score between 0 and
126 (inclusive) to each participant based on their answers to the
ChatGPT survey. Participants were first given a starting score
of either 0 or 1: those who had not heard of ChatGPT were
given a score of 0, and those who had were given a score of 1.
Among those who had heard of ChatGPT, the score of those
who had never used ChatGPT stayed at 1; for those who had

used ChatGPT on top of knowing about it, they received an
additional score according to the answers they had provided for
3 questions in the ChatGPT survey regarding their past use of
ChatGPT. The three questions are as follows: (1) How long ago
did you start using ChatGPT? (2) How frequently do you use
ChatGPT? (3) On average, how long do your ChatGPT sessions
last?

These 3 questions were presented as multiple-choice questions,
the answers to which are presented in an ordered way and
assigned a corresponding integer score from 1 to 5, as presented
in Table 1. The final familiarity score they received was the
product of the 3 integer scores, in addition to the 1 they already
received. As a result, familiarity scores ranged from 0 to 126,
with 0 being having never heard of ChatGPT, 1 being having
heard of but never used ChatGPT, 2 being having used ChatGPT
once a month or less for less than 5 minutes each session starting
from less than a week ago, and 126 being having used ChatGPT
multiple times per day with each session lasting longer than an
hour for the past 5 months.

Table . Corresponding description for familiarity score assignment.

Length of each sessionFrequency of useDuration of useCorresponding score

Less than 5 minutesOnce a month or lessLess than a week1

Less than 10 minutesEvery 2 weeksLess than a month2

10 to 30 minutesEvery week1‐3 months3

30 minutes to 1 hourEvery day3‐5 months4

More than 1 hourMultiple times per dayOver 5 months5

Statistical Analysis

Comparison of Pre- and Post-ChatGPT Cohorts
To capture the differences in behavior between participants in
the 2 cohorts—November 2022 (MI version 5.2) and May 2023
(MI version 5.2A)—we used the Mann-Whitney U test to
compare various metrics, such as average response length,
satisfaction with MIBot, and changes in Readiness Ruler scores.
This nonparametric test provided test statistics and P values for
each metric, which are used to determine significant differences
between the 2 groups. The test was done using the Python
programming language (Python Software Foundation) with the
pandas [20] and SciPy [21] libraries.

Relationships Between Familiarity With ChatGPT and
Other Variables
To examine the impact of familiarity with ChatGPT within the
MIBot (version 5.2A) cohort, we performed Spearman rank
correlation analysis. This test assessed the relationships between
participants’ familiarity scores (ranging from 0 to 126) and key
metrics, such as average response length, satisfaction with
MIBot, and changes in Readiness Ruler scores. Spearman rank
correlation provided correlation coefficients and P values,
indicating the strength and significance of each relationship.
The test was also done using Python with the pandas [20] and
SciPy [21] libraries.

Ethical Considerations
This research was approved by the University of Toronto
Research Ethics Board (protocol # 35567), as amended on June
29, 2022. Participants voluntarily provided informed consent
by agreeing to all the terms stated in a consent form presented
digitally to all participants during recruitment, fully outlining
the study’s goals, procedures, potential risks, and privacy
guarantees. It specified that no personally identifiable
information would be collected, and any inadvertent identifiers
would be removed prior to analysis or publication. Participants
received a total of US $6.25 for MIBot (version 5.2) and US
$6.18 for MIBot (version 5.2A) as compensation for completing
all tasks in the study, and partial compensation was not provided
to those who did not complete all components of the experiment.
No identifiable participant information is included in any images
or supplementary materials in the manuscript.

Results

Participant Demographic
Participant demographic data of both MIBot (version 5.2) and
MIBot (version 5.2A) are listed in Tables 2 and 3, including
categorical and continuous variables, respectively. Additional
data of the demographics of the participants in both MIBot
(version 5.2) and MIBot (version 5.2A) are listed in Multimedia
Appendix 2.
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Table . Categorical demographic data of participants in cohort MIBot (version 5.2; November 2022, pre-ChatGPT) and MIBot (version 5.2A; May
2023, post-ChatGPT).

MIBot (version 5.2A) (n=129), n
(%)

MIBot (version 5.2) (n=143), n (%)Characteristic

Sex

63 (48.8)72 (50.3)Male

66 (51.2)71 (49.7)Female

User status

91 (70.5)100 (69.9)Low confidence or discordant

38 (29.5)43 (30.1)High confidence and not discordant

Smoking status

107 (82.9)121 (84.6)I am a current smoker (smoke at
least 5 cigarettes a day and have
smoked this amount for at least 1
year)

22 (17.1)22 (15.4)I am a recent smoker (smoke at least
5 cigarettes a day and have smoked
this amount for less than 1 year)

Quit attempts made

46 (35.7)69 (48.3)Yes

83 (64.3)74 (51.7)No

Table . Continuous demographic data of participants in cohort MIBot (version 5.2; November 2022, pre-ChatGPT) and MIBot (version 5.2A; May
2023, post-ChatGPT).

MIBot (version 5.2A)MIBot (version 5.2)Characteristic

Median (IQR)Mean (SD)Median (IQR)Mean (SD)

29.00 (24.00‐39.00)32.75 (11.36)26.00 (23.00‐33.00)29.22 (9.69)Age (years)

1.00 (0.00‐3.00)1.67 (1.45)1.00 (0.00‐2.00)1.45 (1.38)HSIa

Readiness Rulers, preconversation

4.00 (2.00‐6.00)4.12 (2.60)4.00 (2.00‐7.00)4.52 (2.75)    Confidence

6.00 (3.00‐8.00)5.60 (2.65)6.00 (3.00‐8.00)5.84 (2.84)    Importance

5.00 (3.00‐7.00)4.79 (2.58)5.00 (3.00‐8.00)5.36 (2.83)    Readiness

aHSI: Heaviness of Smoking Index.

Reach of ChatGPT
The familiarity score, described in the Familiarity With
ChatGPT section, provides an estimate of the reach of ChatGPT
to the public. Table 4 provides a more detailed description of
the distribution of the familiarity score, where we bin the
participants based on familiarity score ranges and assign labels

to each score range. “Unexposed” is the group of participants
who have not heard of ChatGPT prior to this study. “Aware”
denotes that the participants have heard of ChatGPT but did not
use it in any capacity. People who have used ChatGPT are
separated into 3 groups, which are “casual user,” “consistent
user,” and “dedicated user,” based on their familiarity score.

Table . Distribution of ChatGPT familiarity levels among participants in the MIBot (version 5.2A) cohort.

ScoreCount, n (%)ChatGPT familiarity level

012 (9.3)Unexposed

134 (26.4)Aware

2 to 817 (13.2)Casual user

9 to 2737 (28.7)Consistent user

28 or higher29 (22.5)Dedicated user
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Comparison of Pre- and Post-ChatGPT Cohorts
Table 5 shows the Mann-Whitney U test results that compare
between participants from the November 2022 (MI version 5.2)
and May 2023 (MI version 5.2A) cohorts. In terms of average
response length, there was no significant difference between
the 2 cohorts, whether looking at all responses together or
breaking them down into responses to main questions and
responses to yes or no questions. Satisfaction with MIBot was

significantly higher in MIBot (version 5.2) than in MIBot
(version 5.2A; U=11,331.0; P=.001). Specifically, of the 3
metrics satisfaction with MIBot was aggregated of, Average
CARE Measure was the only one showing any significant
difference, with it being significantly higher in MIBot (version
5.2) compared to MIBot (version 5.2A; U=10,838; P=.01). As
for changes in the Readiness Ruler, no significant differences
were found between the cohorts in terms of confidence change,
importance change, or readiness change.

Table . Results of the Mann-Whitney U test comparing key metrics between cohort MIBot (version 5.2; pre-ChatGPT) and MIBot (version 5.2A;
post-ChatGPT).

P valueTest statistic (U)MIBot (version 5.2A)MIBot (version 5.2)Variable

Median (IQR)Mean (SD)Median (IQR)Mean (SD)

Response length

.979248.04.29 (3.13‐
7.00)

5.36 (3.54)4.46 (3.31‐
5.89)

4.98 (2.49)Average re-
sponse length

.279936.56.62 (4.86‐
10.43)

8.04 (4.71)7.60 (5.50‐
9.69)

8.18 (4.00)Average re-
sponse length
(main)

.138301.51.17 (1.00‐
2.80)

2.44 (3.04)1.00 (1.00‐
2.07)

2.02 (1.91)Average re-
sponse length
(yes or no)

Satisfaction scores

.00111,331.00.61 (0.49‐
0.85)

0.66 (0.21)0.85 (0.52‐
0.91)

0.74 (0.22)Satisfaction with
MIBot

.0110,838.00.74 (0.58‐
0.84)

0.72 (0.17)0.78 (0.66‐
0.90)

0.77 (0.16)Average CAREa

Measure

.068192.50.00 (0.00‐
1.00)

0.76 (1.12)0.00 (0.00‐
1.00)

0.57 (1.01)MIBot improve-
ment indicator

.1510,028.00.80 (0.80‐
0.80)

0.76 (0.18)0.80 (0.80‐
0.80)

0.79 (0.15)Feedback senti-
ment score

Readiness Ruler

.299893.00.00 (0.00‐
2.00)

0.60 (2.08)1.00 (0.00‐
2.00)

0.86 (2.32)Confidence
change

.2110,003.50.00 (0.00‐
1.00)

0.40 (1.98)0.00 (0.00‐
2.00)

0.69 (1.85)Importance
change

.959260.00.00 (−1.00 to
1.00)

0.33 (2.07)0.00 (−1.00 to
1.00)

0.35 (1.82)Readiness
change

aCARE: Consultation and Relational Empathy.

Relationships Between Familiarity With ChatGPT and
Other Variables
Table 6 shows the Spearman rank correlation results evaluating
relationships between familiarity with ChatGPT and various
other variables within the MIBot (version 5.2A) cohort. In terms
of average response length, there was a significant positive
correlation between familiarity with ChatGPT and overall
average response length (ρ=0.181; P=.04) as well as with
average response length for main questions (ρ=0.180; P=.04)

and average response length for yes or no questions (ρ=0.197;
P=.03). Satisfaction with MIBot had a weak negative correlation
with familiarity score, but it was not statistically significant
(ρ=−0.171; P=.05). Of the 3 metrics aggregated into satisfaction
with MIBot, only the MIBot improvement indicator showed a
significant positive correlation with familiarity with ChatGPT
(ρ=0.188; P=.03). Among the Readiness Ruler changes, a
significant positive correlation was observed between familiarity
with ChatGPT and importance change (ρ=0.296; P<.001) but
not for confidence change or readiness change.
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Table . Spearman rank correlation analysis for the MIBot (version 5.2A) cohort.

Familiarity with ChatGPTVariable

P valueρ

Response length

.040.181Average response length

.040.180Average response length (main)

.030.197Average response length (yes or no)

Satisfaction scores

.05−0.171Satisfaction with MIBot

.21−0.112Average CAREa Measure

.030.188MIBot improvement indicator

.80−0.023Feedback sentiment score

Readiness Ruler

.060.165Confidence change

<.0010.296Importance change

.380.078Readiness change

aCARE: Consultation and Relational Empathy.

Discussion

Principal Findings
This study aimed to investigate how user interactions with
MIBot changed following the release of ChatGPT as well as
the relationship between ChatGPT familiarity and these changes.
From the results, we found that users interacting with MIBot
after the release of ChatGPT were less satisfied with the chatbot,
particularly in terms of perceived empathy, but users more
familiar with ChatGPT provided longer responses and showed
greater increase in their perceived importance of quitting
smoking.

The premise of this study is that people have been exposed to
ChatGPT due to its high popularity, which is supported by the
distribution of familiarity scores in the MIBot (version 5.2A)
cohort. From Table 4, ChatGPT is observed to have a
widespread reach, with only 12 (9.3%) participants of MIBot
(version 5.2A) having never heard of it, and 34 (26.4%) having
only learned about it but never used it. Collectively, 83 (64.3%)
participants have used ChatGPT at least to some capacity, most
of whom are consistent or even dedicated users, indicating that
the public has received massive exposure to the popular chatbot.

Using the Mann-Whitney U test (Table 5) to compare
participants from the MIBot (version 5.2) and MIBot (version
5.2A) cohorts, we observed that most variables did not show
significant differences between the groups. However,
satisfaction with MIBot was significantly lower in the MIBot
(version 5.2A) cohort (U=11,331.0; P=.001), a finding primarily
driven by differences in the Average CARE Measure. This
specific component of the satisfaction score, which reflects
perceived empathy in interactions, was significantly higher in
the MIBot (version 5.2) cohort (U=10,838.0; P=.01). These
findings suggest that participants in the post-ChatGPT cohort,
many of whom were familiar with or at least aware of

ChatGPT’s advanced conversational capabilities, may have
developed higher expectations for chatbot empathy, which
MIBot may not fully meet.

Within the MIBot (version 5.2A) cohort, Spearman rank
correlation analysis revealed that familiarity with ChatGPT was
positively correlated with average response length across all
response types, indicating that more experienced users were
likely to engage in longer interactions. However, while users
who are more familiar with ChatGPT are more likely to suggest
improvements for MIBot (ρ=0.188; P=.03), satisfaction with
MIBot as a whole had only a weak, nonsignificant negative
correlation with familiarity (ρ=−0.171; P=.05), even though the
U test results showed that satisfaction was significantly lower
in the MIBot (version 5.2A) cohort. This discrepancy suggests
that while ChatGPT exposure may influence satisfaction overall,
familiarity alone does not predict satisfaction levels. It may be
that other factors unique to the MIBot (version 5.2A) cohort,
such as general exposure to more advanced conversational
artificial intelligence or broader trends in technology
expectations, are impacting satisfaction with MIBot in a way
that the specific familiarity score we designed failed to capture.
In other words, the drop in satisfaction with MIBot might reflect
a general shift in expectations for chatbot performance rather
than an effect specific to individual familiarity with ChatGPT.

Interestingly, although familiarity with ChatGPT appears to
make users more critical of MIBot’s capabilities, it is also
associated with an increase in participants’ perceived importance
of quitting smoking (ρ=0.296; P<.001), a key measure of
MIBot’s effectiveness. This seemingly paradoxical finding
could suggest that while exposure to advanced generative
chatbots raises expectations for technical quality, it might also
enhance users’ receptiveness to the broader goals of MIBot,
such as helping users resolve ambivalence and guiding them
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toward change, and as a result, making a less advanced chatbot
more effective.

Practical Implications
The findings from this study suggest several practical
implications for future chatbot development, especially in
health-related applications. The decrease in satisfaction with
MIBot from post-ChatGPT users highlights a need for
researchers and developers to adapt to higher expectations of
chatbots, especially for empathy. Additionally, the tendency of
users familiar with ChatGPT to provide longer, more detailed
responses suggests that chatbots should be capable of handling
more nuanced interactions. Finally, the positive correlation
between ChatGPT familiarity and MIBot’s effectiveness in
increasing the perceived importance of quitting smoking implies
that users more experienced with advanced generative chatbots
may have more trust in the technology and be more receptive
to interactions guiding themselves toward change.

Comparison With Prior Works
Unlike prior studies that examined and reviewed various aspects
of chatbots that may affect user engagement and effectiveness
in different contexts [8-10], this study specifically and uniquely
investigates how exposure to and familiarity with a more
advanced chatbot (ChatGPT) affect user interactions with a
simpler chatbot (MIBot). Building on to our previous work,
MIBot [7], our new experiments suggest that MIBot continues
to increase users’ readiness to quit even after the introduction
of ChatGPT. Nevertheless, overall user satisfaction has
decreased, possibly affected by higher user expectations among
those exposed to ChatGPT. This could be a disruptive effect
from ChatGPT as predicted by Chow et al [11]. Moreover, our
findings also provide unique insights not found in related prior
works, such as that familiarity with ChatGPT positively
correlates with core metrics for user engagement with and
effectiveness of MIBot, a simpler chatbot than ChatGPT. It also
presented a measurement, at a specific point in time, of the

exposure level to ChatGPT among our recruited participants,
which demonstrates the extent of ChatGPT’s reach at that time.

Limitations
There are several limitations regarding this study. Since we
followed the same experiment flow as the original MIBot paper
[7] and used mostly the same evaluation metrics, the limitations
of the MIBot experiments documented in the original MIBot
paper [7] also apply to this study. Moreover, there exists an
additional type of sampling bias specific to this study. Since for
both of our experiments, we recruited participants through
Prolific [12], a web-based recruitment system, it is possible that
these participants are more fluent with technology than the
general public and therefore more likely to have been exposed
to ChatGPT or have the effects of ChatGPT manifest in a way
that does not fairly represent a more general population.
Furthermore, our 2 experiments used different groups of people
with some demographic differences, notably with a difference
in their average age, which may result in different smoking
behaviors and success rates of smoking cessation [22,23].
Finally, it is important to acknowledge the possibility of
confounding factors not accounted for in our study, which may
have influenced how participants interacted with MIBot or
perceived its effectiveness, along with familiarity with ChatGPT.

Conclusions
Given MIBot, a generative chatbot for smoking cessation less
advanced than ChatGPT, this study aimed to find any potential
changes to how users interact with MIBot by comparing user
interactions before and after ChatGPT’s release. We found that
post-ChatGPT users are less satisfied with MIBot overall,
particularly in terms of perceived empathy. Moreover, as users
gain more familiarity with ChatGPT, they provide longer
responses and show a greater increase in their perceived
importance of quitting smoking. These findings suggest the
need for continuous innovation in chatbot technology,
particularly in digital health, to meet the evolving expectations
of users accustomed to more advanced chatbot interactions.
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Abstract

Background: Alcohol consumption is a leading cause of death and disability worldwide, associated with numerous acute and
chronic medical conditions. Digital health interventions offer a promising solution to overcome barriers associated with traditional
treatment methods, providing accessible, scalable, and cost-effective means to support individuals in reducing hazardous drinking.

Objective: This pilot study aims to evaluate the feasibility, acceptability, and preliminary efficacy of the Sober smartphone app
in individuals with hazardous alcohol use.

Methods: This single-group, pre- and postpilot study included 20 participants with risky alcohol use, identified using the Alcohol
Use Disorder Identification Test. Participants used the Sober app for 4 weeks, incorporating cognitive behavioral therapy–based
interventions. Feasibility was assessed by study and session completion rates, acceptability by participant satisfaction and perceived
usefulness, and preliminary efficacy by changes in alcohol consumption and psychiatric symptoms. Semistructured interviews
with participants and clinicians provided qualitative perspectives on the app’s usability, efficacy, and areas for improvement.

Results: Of the 20 enrolled participants, 17 completed the study. The app demonstrated high feasibility with an 85% (17/20)
study completion rate, and 59% (10/17) completed all cognitive behavioral therapy sessions. Participants reported positive
acceptability, with average satisfaction and usefulness ratings of 3.8 and 3.7 of 5, respectively. Preliminary efficacy outcomes
showed significant improvements: abstinence days increased from 67% to 85% (z=−3.17; P=.002), heavy drinking episodes
decreased from 3.3 to 1.9 (t16=−2.97; P=.003), and total alcohol consumption reduced from 456.8 to 195.9 mL (t16=3.16; P=.002).
Alcohol Use Disorder Identification Test scores dropped from 17.5 to 10.7 (t16=4.51; P<.001). Additionally, depression (Patient
Health Questionnaire-9) scores decreased from 5.8 to 4.4 (t16=2.91; P=.01), and anxiety (Generalized Anxiety Disorder-7) scores
from 3.4 to 2.1 (z=−2.80; P=.005). No adverse events were reported. Qualitative analysis found participants valued daily logging
but noted usability issues, while clinicians called for tailored goals, enhanced communication features, and age-specific content.

Conclusions: The mobile app Sober shows promise as an effective tool for reducing hazardous alcohol consumption and
improving related psychiatric symptoms. The study demonstrated high feasibility and positive acceptability, with significant
preliminary efficacy in reducing alcohol use. Qualitative findings provided actionable evidence for refining the app’s usability
and clinical integration. Further research through a randomized controlled trial is warranted to confirm these findings and optimize
the app’s features and content.

Trial Registration: ClinicalTrials.gov NCT06502756; https://clinicaltrials.gov/study/NCT06502756

(JMIR Form Res 2025;9:e64459)   doi:10.2196/64459

KEYWORDS

alcohol; hazardous alcohol use; digital intervention; cognitive behavioral therapy; mobile apps; prevention; therapy-based;
cognitive behavioral; alcohol use; South Korea; prospective pilot study; pilot study; alcohol consumption; death; disability;
chronic medical condition; digital health interventions; traditional treatment methods; Korean; hazardous drinking; acceptability;
feasibility; smartphone app; alcohol use disorder; psychiatric symptoms; mobile phone
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Introduction

Alcohol is the most widely used psychoactive substance
worldwide and poses a significant public health problem with
a massive socioeconomic burden [1,2]. It is a leading cause of
death and disability globally, contributing to a wide range of
acute and chronic medical conditions. Acute medical
consequences of high alcohol intake include injuries, car
accidents, and violence [3]. Chronic diseases associated with
alcohol consumption include liver cirrhosis, cardiovascular
diseases, and various cancers [4-8]. Additionally, alcohol use
disorders are linked to numerous psychiatric comorbidities,
such as mood disorders, anxiety disorders, personality disorders,
and suicide [9,10].

Hazardous drinking, defined as a drinking behavior that
significantly increases the risk of adverse alcohol-related
outcomes [11], is prevalent among those who consume alcohol,
with a global prevalence of 17% and 15.1% in South Korea
[2,12]. Effective prevention typically includes screening and
brief interventions to identify and address hazardous drinking
early [13-15]. These interventions involve trained staff using a
brief screening tool combined with motivational interviewing
techniques to provide personalized feedback and clinical options
tailored to the individual’s level of risk, including a referral to
treatment component, if necessary [11,16-18]. However, several
barriers hinder the implementation of these interventions,
including concerns about stigmatization, lack of resources,
insufficient training, high clinician workload, and logistical and
financial obstacles for patients seeking help [19-22].

Digital health interventions offer a promising solution to
overcome this barrier, especially in countries like South Korea,
which has the highest smartphone ownership rate in the world
at approximately 95%, with minimal generational gaps in
ownership [23]. With near-ubiquitous smartphone ownership,
these interventions can improve health outcomes by providing
inexpensive, easily accessible, and scalable methods to deliver
education, support, and monitoring through personal devices
[24]. Currently, many apps in commercial app stores aim to
help users reduce their alcohol consumption, but few have been
rigorously evaluated, and only a minority have published
efficacy information [25]. While the overall evidence for alcohol
reduction through digital interventions is promising, it remains
inconclusive [25-31]. Moreover, reporting theoretical
foundations in these apps is often limited and unclear, indicating
a need for more rigorous evaluation and transparency in their
development [31].

Hazardous alcohol use frequently co-occurs with psychological
distress, including symptoms of depression and anxiety [32].
These symptoms often create a cyclical relationship with
problematic alcohol use, where they exacerbate drinking patterns
and complicate treatment outcomes [33,34]. Research shows
that brief interventions targeting hazardous alcohol use can
reduce consumption and alleviate psychological distress,
depression, and anxiety, addressing both alcohol use and
co-occurring mental health symptoms [35,36]. Studies also
highlight the potential of digital interventions to achieve similar

dual benefits, providing scalable solutions to this complex
challenge [37,38].

This pilot study aims to estimate the potential of a digital
intervention using the Sober smartphone app (WELT Corp Ltd)
for secondary prevention in individuals with hazardous alcohol
use. The primary objective is to evaluate the app’s feasibility,
acceptability, and preliminary efficacy in reducing hazardous
drinking behaviors. In addition, the study examines secondary
outcomes, including the impact of the intervention on symptoms
such as depression, anxiety, and stress. The findings from this
pilot study will be instrumental in refining the app’s features
and content and optimizing the study design for a planned
randomized controlled trial (RCT).

Methods

Design and Setting
This single-group, pre- and postpilot study assessed the
preliminary efficacy, feasibility, and acceptability of the mobile
app Sober for reducing hazardous alcohol consumption. The
single-group design was chosen to provide initial insights into
the intervention’s effects and to inform the design of future
RCTs.

Ethical Considerations
The study was approved by the institutional review board of
Yonsei Severance Hospital (approval 4-2023-0338) and adhered
to the ethical standards of the Declaration of Helsinki. Prior to
study participation, all participants provided written informed
consent, including consent for the collection and analysis of
their data. Participants were informed of their right to withdraw
from the study at any time. No modifications to the content or
methodology were made after the study commenced. We
anonymized the participants using unique ID numbers. No
identifying or potentially identifying information is included in
this paper or Multimedia Appendices 1 and 2. All identifying
or potentially identifying data are securely maintained by Yonsei
Severance Hospital and accessible only to the authorized
research team. The participants received approximately US $34
for each clinic visit for their time and travel expenses.

Recruitment
Participants were recruited through outpatient clinic bulletin
boards, web-based advertisements (eg, university websites),
flyers, and word of mouth. Recruitment targeted individuals
who self-identified as having concerns about their drinking
habits and sought mental health support. The study was
conducted at Yonsei Severance Hospital, a tertiary care teaching
hospital in Seoul, South Korea. Interested individuals received
detailed information about the study and underwent an in-person
screening process after providing written informed consent.
Board-certified psychiatrists (MK, DUM, and YCJ) reviewed
each participant’s medical and medication history to determine
eligibility following a psychiatric assessment [39], including a
review of medical and medication history.

Eligibility Criteria
Participants aged 19‐65 years who scored 8 or higher on the
Alcohol Use Disorder Identification Test (AUDIT) [40,41] were
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included, with risky alcohol use encompassing hazardous use,
harmful use, and probable dependence. Additional inclusion
criteria required participants to possess sufficient Korean
language skills, own an Android smartphone, and have no
difficulty using mobile apps independently. They also needed
to understand the study information and provide written
informed consent. Exclusion criteria included major psychiatric
disorders such as schizophrenia spectrum disorders, bipolar
disorder, and major depressive disorder. Participants with
substance use disorders involving substances other than alcohol
or nicotine (eg, illicit drugs or prescription medications) were
excluded. Participants with active and progressive physical
illnesses, unstable medical conditions, or a life expectancy of
less than 6 months were also excluded. Pregnant individuals or
those planning to become pregnant during the study period, as
well as individuals who participated in another clinical trial
within 4 weeks before screening, were not eligible.

Procedure
Enrollment and follow-up for the study occurred between May
and August 2023 (Table 1). Participants who consented to join
the pilot study downloaded the Sober app and were given
usernames to sign in. All participants were encouraged to use
the app for self-monitoring and to log in regularly over the 4
weeks. Additionally, participants were provided with a Samsung
Galaxy Smart Watch 5 (model: SM-R900NZAAKOO) to collect
biometric data throughout the study. Participants were required
to visit the clinic 3 times: at baseline (visit 1), 2 weeks after the
baseline visit (visit 2), and 4 weeks after the baseline visit (visit
3) for assessments. Each visit included a consultation with a
board-certified psychiatrist who provided standard psychiatric
consultation regarding alcohol consumption based on the data
entered into the mobile app.
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Table . Schedule of enrollment, interventions, and assessments for a single-group, pre-post pilot study evaluating the feasibility, acceptability, and

preliminary efficacy of the Sober mobile appa.

Study period and time points

Visit 3 and closeoutVisit 2Visit 1Enrollment

28±4 days14±4 days0 days0 days

Enrollment

✓    Eligibility screen and in-
formed consent

Intervention

✓✓✓    Mobile app Sober and
consultation with a psychia-
trist at each visit

Assessments

✓    Sociodemographic and
clinical characteristics

✓    Alcohol consumption his-
tory

Primary objectives

✓✓    Feasibility of the Sober
app

✓    Acceptability of the Sober
app

✓✓✓    Days abstinent in the past
2 weeks (%)

Secondary objectives

✓✓✓    AUDITb

✓✓✓    PHQ-9c

✓✓✓    GAD-7d

✓✓✓    PSSe

✓✓✓    CIWA-Arf

✓✓✓    Amount of alcohol con-
sumed (mL) in the past 2
weeks

✓✓✓Adverse events

aThe study was conducted at Yonsei Severance Hospital, Seoul, South Korea, from May to August 2023.
bAUDIT: Alcohol Use Disorders Identification Test.
cPHQ-9: Patient Health Questionnaire-9.
dGAD-7: Generalized Anxiety Disorder-7.
ePSS: Perceived Stress Scale.
fCIWA-Ar: Clinical Institute Withdrawal Assessment of Alcohol Scale—Revised.

Sober App
The Sober app was developed as a digital intervention tool to
reduce and prevent hazardous drinking (Figure 1). The
development process involved a multidisciplinary team of
experienced clinicians, software developers, product designers,
and behavioral scientists to ensure clinical effectiveness and
user-friendliness. Before developing the program, the team
reviewed relevant materials, such as treatment manuals,
intervention descriptions, guidelines, patient reports, and trial

results. The program’s development involved iterative
evaluations of prototypes, with the findings used to refine and
enhance the final app design. Designed for Android
smartphones, the app supports clinicians, especially those with
minimal addiction training, in providing structured,
evidence-based interventions to hazardous drinkers in the
general population. The cognitive behavioral therapy
(CBT)–based app incorporates interventions that include
psychoeducation, motivational interviewing, cognitive
behavioral skills training (eg, problem-solving and behavior
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substitution), and personalized normative feedback. It provides
content on the effects of alcohol on the brain and behavior, risk
awareness, and strategies for reducing risky drinking habits

while encouraging users to consider alternatives to heavy
drinking.

Figure 1. Screenshots of the Sober app’s interface. Illustrative screenshots of the mobile app used in this study, showcasing features for daily logging,
educational modules, and progress tracking. Original content in Korean has been translated into English for presentation.

The modularly structured app features educational modules,
self-monitoring tools, and interactive elements. The CBT-based
modules are divided into 4 chapters, which include 8 sessions,
each addressing different aspects of hazardous drinking and
providing skills training and risk awareness (Table 2). The
content is organized sequentially. The first chapter, “What is
hazardous drinking?,” introduces participants to the concept
and helps them set initial goals, such as abstaining from alcohol
for 4 weeks, entering self-monitoring reports, and engaging in
the CBT program. Participants also receive personalized
normative feedback on their drinking habits. The second chapter,
“What changes occur when abstaining from alcohol?,” covers
psychoeducation about changes in sleep, appetite, and emotions

resulting from abstinence, with participants recording these
changes in their self-monitoring logs. The third chapter,
“Pavlov’s dog,” explains the concepts of cues, cravings,
behaviors, and outcomes, helping participants identify high-risk
situations and understand how cravings lead to drinking
behavior. This chapter guides participants in exploring and
selecting alternative behaviors to replace drinking. The fourth
chapter, “Forming a healthy drinking habit,” reviews the
previous 4 weeks and reinforces the skills learned. To facilitate
self-monitoring and promote self-awareness, the app included
a daily log function, where participants recorded their alcohol
consumption, mood, appetite, and sleep quality.
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Table . Description of cognitive behavioral therapy–based modules in the Sober mobile app intervention.

Key principles and contentsSessionWeek and chapter

Week 1

Introduction to the High-Risk
Drinking Prevention Program: this
includes a description of high-risk
drinking behaviors and a self-assess-
ment for participants to evaluate
their own drinking habits. Norma-
tive feedback is provided for the
participants’ level of current drink-
ing habit. The program also offers
psychoeducation about the long-
term risks associated with continu-
ing these drinking habits.

Do I belong to high-risk drinking
group?

What is hazardous drinking?

We set up the action plan with the
initial goal of abstaining from alco-
hol for the next 4 weeks while par-
ticipating in the program. Evaluate
individuals’ expectations regarding
the outcomes of alcohol abstinence.
Provide instructions for recording
sleep, emotions, appetite, and alco-
hol consumption in the app.

Promise for 4 weeks abstinenceWhat is hazardous drinking?

Week 2

Psychoeducation regarding the link
between alcohol and sleep.

Alcohol and sleepWhat changes occur when abstain-
ing from alcohol?

Psychoeducation regarding the link
between alcohol and appetite.

Alcohol and appetiteWhat changes occur when abstain-
ing from alcohol?

Psychoeducation regarding the link
between alcohol and emotion.

Alcohol and emotionWhat changes occur when abstain-
ing from alcohol?

Week 3

Description of the cue-craving-be-
havior-result cycle in alcohol con-
sumption. This session focuses on
identifying the cues that lead to this
cycle.

CuePavlov’s dog

Psychoeducation on the various
ways “craving” may be identified
in participants. Participants will set
up alternative behaviors to resort to
when they experience alcohol crav-
ings.

CravingPavlov’s dog

Week 4

Review of the intervention and es-
tablishment of relapse prevention
strategies.

Review and relapse preventionForming a healthy drinking habit

Assessments
At baseline (visit 1), participants provided sociodemographic
information, lifestyle habits, past disease history, previous
medication, and detailed information on their alcohol
consumption habits. At each of the 3 visits, participants were
evaluated using several standardized instruments: The AUDIT
was used to assess hazardous and harmful patterns of alcohol
consumption [40,41]. Symptoms of depression were measured
using the Patient Health Questionnaire-9 (PHQ-9) [42,43], while
symptoms of anxiety were evaluated using the Generalized

Anxiety Disorder-7 (GAD-7) scale [44,45]. The Perceived Stress
Scale (PSS) was used to assess perceived levels of stress [46,47],
and the Clinical Institute Withdrawal Assessment of Alcohol
Scale—Revised (CIWA-Ar) was used to evaluate alcohol
withdrawal symptoms [48,49]. At the final visit (visit 3), the
completion rate of the app-based sessions was assessed along
with participants’ satisfaction ratings, perceived usefulness of
the app, and ease of mastering the app program, all assessed
through a 5-point Likert scale. Adverse events were monitored
and recorded at each visit to ensure participant safety.
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Outcomes
The study’s primary outcomes focused on feasibility,
acceptability, and preliminary efficacy. Feasibility was assessed
at visit 3 based on the study completion rate and the completion
of all 8 CBT-based intervention sessions. Acceptability was
evaluated at visit 3 using 3 measures: participant satisfaction,
perceived usefulness of the app, and ease of mastering the app.

Preliminary efficacy was analyzed by comparing outcomes
between baseline (visit 1) and postintervention (visit 3). The
primary outcome was the change in the number of days
participants abstained from alcohol in the past 14 days.
Secondary outcomes included changes in total AUDIT scores,
the total amount of alcohol consumed in the past 14 days, and
psychiatric symptom scores (PHQ-9, GAD-7, PSS, and
CIWA-Ar), all assessed at both baseline (visit 1) and
postintervention (visit 3).

Statistical Analysis
All statistical analyses were conducted using SPSS (version 26
for Windows; IBM Corp). Frequencies and percentages
described categorical variables, while means and SDs were used
for continuous variables. Depending on the data distribution’s
normality (Shapiro-Wilk test), paired t tests (2-tailed) or
Wilcoxon signed rank tests were used to compare pre- and
postintervention outcomes. Statistical significance was set at
P<.05. Results were reported with corresponding P values.

Participant and Clinician Interviews
Qualitative data were collected through semistructured,
open-ended interviews conducted at the final visit (visit 3). All
17 participants who completed the study participated in
individual interviews to explore their experiences with the app
and the clinical trial. Additionally, 2 clinicians involved in the
trial were interviewed separately following the study’s
conclusion to provide insights from a clinical perspective.

The interviews were conducted face-to-face (in private rooms
at the study site) or via videoconferencing, depending on
participant preferences, and lasted approximately 20‐30

minutes. An interview guide was used to ensure consistency
across interviews. For participants, questions focused on app
usability, content relevance, and perceived impact on drinking
behaviors. For clinicians, the interviews explored the app’s
integration into clinical workflows, feasibility, and suggestions
for tailoring the intervention to diverse patient needs. All
interviews were conducted by members of the research team
involved in the study. Interviews were audio-recorded with
participant consent, transcribed verbatim, and anonymized to
maintain confidentiality.

Thematic analysis was used to analyze the qualitative data,
following Braun and Clarke’s 6-phase framework [50]: 2
independent researchers (DUM and Yujin Lee) coded the
transcripts to identify key patterns and themes. Codes were
grouped into overarching themes and refined iteratively to
ensure they accurately represented the data. Representative
verbatim quotes were selected to illustrate key findings and
provide depth to the analysis. Discrepancies in coding were
resolved through discussion. The findings are reported following
the COREQ (Consolidated Criteria for Reporting Qualitative
Research) guidelines [51].

Results

Participant Eligibility and Baseline Characteristics
A total of 20 eligible participants with hazardous alcohol use,
identified based on their AUDIT scores, were enrolled in the
study. Of these, 17 completed the 4-week clinical trial. In total,
2 participants dropped out because they no longer had access
to Android smartphones, and 1 withdrew voluntarily (Figure
2). All participants were male, with a mean age of 22.29 (SD
8.3) years. Most were students and single. Regarding smoking
status, 3 participants were current smokers, 3 were ex-smokers,
and 11 were never smokers. The mean age at first alcohol
drinking was 18.9 (SD 1.2) years, and the mean age at first
heavy drinking episode was 19.7 (SD 1.0) years. In total, 7
participants had a family history of alcohol-related problems,
and 3 showed insights into their alcohol problems (Table 3).
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Figure 2. Flowchart summarizing the participant recruitment, screening, enrollment, intervention, and follow-up processes. AUDIT: Alcohol Use
Disorders Identification Test.
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Table . Participants’ baseline characteristics (n=17).

ValuesCharacteristics

17 (100)Sex (male), n (%)

22.29 (8.3)Age (years), mean (SD)

174.9 (3.9)Height (cm), mean (SD)

74.4 (12.8)Weight (kg), mean (SD)

Education, n (%)

1 (6)    Middle school

12 (71)    High school

3 (18)    Bachelor’s degree

1 (6)    Master’s degree or postgraduate

Occupation, n (%)

14 (82)    Student

1 (6)    Office worker

1 (6)    Labor worker

1 (6)    Unemployed

Religion, n (%)

1 (6)    Christian

0 (0)    Others

16 (94)    None

Marital status, n (%)

16 (94)    Single

0 (0)    Married

1 (6)    Divorced

Living arrangement, n (%)

8 (47)    Living alone

9 (53)    Living with others

Smoking status, n (%)

3 (18)    Current smokers

3 (18)    Ex-smoker

11 (65)    Never smoker

18.9 (1.2)Age at first alcohol drinking (years), mean (SD)

19.7 (1.0)Age at first binge drinking (years), mean (SD)

Presence of alcohol-related accident, n (%)

10 (59)    No

5 (29)    Yes (once)

2 (12)    Yes (multiple)

Presence of alcohol-related legal problems, n (%)

16 (94)    No

0 (0)    Yes (once)

1 (56)    Yes (multiple)

Presence of drunken driving, n (%)

17 (100)    No

0 (0)    Yes

JMIR Form Res 2025 | vol. 9 | e64459 | p.538https://formative.jmir.org/2024/1/e64459
(page number not for citation purposes)

Kwon et alJMIR FORMATIVE RESEARCH

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


ValuesCharacteristics

Family history of alcohol-related problems, n (%)

10 (59)    No

7 (41)    Yes

Insight of alcohol problems, n (%)

14 (82)    No

3 (18)    Yes

Feasibility and Acceptability
The feasibility of the intervention was assessed based on the
completion rates of the study and the CBT-based educational
sessions within the app. Of the 20 participants initially enrolled,
17 (85%) completed the study. Among these 17 participants,
10 (59%) completed all 8 CBT-based sessions. Acceptability
was evaluated in the 17 participants who completed the final
visit (visit 3). Participants were asked to rate their satisfaction
with the app on a scale from 0=not satisfied at all to 5=very
satisfied. The average satisfaction score was 3.8 (SD 0.9). When
asked to rate the usefulness of the app from 0=not useful at all
to 5=very useful, the average response was 3.7 (SD 0.9).
Additionally, participants rated their ease of mastering the app
on a scale from 0=could not use without help to 5=used naturally
without difficulty, with an average score of 3.5 (SD 0.6).

Preliminary Efficacy Outcomes
Preliminary efficacy outcomes showed significant improvements
in several key measures (Table 4). The percentage of days
participants remained abstinent increased from 67% to 85%
(z=−3.17; P=.002). The frequency of heavy drinking episodes
decreased from 3.3 to 1.9 (t16=−2.97; P=.003). The amount of
alcohol consumed reduced significantly from 456.8 to 195.9
mL (t16=3.16; P=.002). Total AUDIT scores dropped from 17.5
to 10.7 (t16=4.51; P<.001). Regarding psychological assessment
outcomes, PHQ-9 scores decreased from 5.8 to 4.4 (t16=2.91;
P=.01), and GAD-7 scores from 3.4 to 2.1 (z=−2.80; P=.005).
There were nonsignificant changes in PSS scores (17.2 to 16.1;
P=.19) and CIWA-Ar scores (0.3 to 0.8; P=.74). No adverse
events were reported by the study participants.

Table . Changes in alcohol consumption, psychological symptoms, and related measures before and after a 4-week intervention using the mobile app
“Sober.”

P valuet test (df=16)aDifference, mean (SD)Postintervention (ver-
sion 3), mean (SD)

Baseline (version 1),
mean (SD)

.002z=−3.17b18.0 (4.2)85 (16)67 (25)Days abstinent in the
past 2 weeks (%)

.003−2.97−1.4 (0.3)1.9 (1.4)3.3 (0.7)Frequency of heavy

drinking (AUDITc,
question 3)

.0023.16−260.9 (82.6)195.9 (320.2)456.8 (441.9)Amount of alcohol
consumed (mL)

<.0014.51−6.7 (1.5)10.7 (9.0)17.5 (6.2)AUDIT

.012.91−1.4 (0.5)4.4 (5.6)5.8 (5.4)PHQ-9d

.005z=−2.80b−1.3 (0.5)2.1 (3.5)3.4 (3.4)GAD-7e

.191.38−1.1 (0.8)16.1 (2.6)17.2 (2.9)PSSf

.74z=0.01b0.5 (0.7)0.8 (2.7)0.3 (0.6)CIWA-Arg

aPaired t test (2-tailed).
bWilcoxon signed rank test.
cAUDIT: Alcohol Use Disorder Identification Test.
dPHQ-9: Patient Health Questionnaire-9.
eGAD-7: Generalized Anxiety Disorder-7.
fPSS: Perceived Stress Scale.
gCIWA-Ar: Clinical Institute Withdrawal Assessment of Alcohol Scale—Revised.
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Participant and Clinician Perspectives on the
Intervention
Qualitative feedback from participants and clinicians provided
insights into the app’s usability, effectiveness, and areas for
improvement. For a detailed summary, see Multimedia
Appendices 1 and 2.

Participant Feedback
Interviews with the 17 participants highlighted 3 primary
themes: behavioral impact, usability challenges, and content
suggestions.

Participants consistently reported that using the app increased
their awareness of drinking behaviors and encouraged
self-reflection, which helped them reduce alcohol consumption:

When I logged my drinking every day, it made me
stop and think about how much I was drinking. It
naturally helped me reduce my alcohol consumption.
[Participant 1]

Tracking how often and how much I drink made me
more aware of my habits. [Participant 3]

Participants also noted the app’s role in helping them observe
connections between their drinking and other aspects of their
health, such as sleep and appetite:

It was helpful to see how my drinking affected things
like my appetite and sleep. It made me think about
how drinking impacts my health. [Participant 13]

However, a participant reported unintended effects, such as
increased cravings when focusing on abstinence:

Sometimes, thinking about not drinking actually made
me want to drink more. It felt like a trigger at times.
[Participant 7]

Usability issues were commonly mentioned, including app
crashes, lack of notifications, and vague criteria. Participants
suggested improvements to enhance functionality:

The app would crash a lot when I tried to log
something, which was really frustrating. [Participant
6]

I wish the app had reminders, like notifications in the
morning to remind me to log. [Participant 4]

It felt like some of the criteria in the app were too
vague. I wasn’t always sure what I was supposed to
do. [Participant 3]

It would be nice to see trends over time, like a graph
showing my progress. [Participant 9]

Participants also recommended expanding the app’s content
with more educational materials, such as strategies for managing
cravings and understanding the risks of alcohol consumption:

The app could include more about the long-term
effects of drinking. [Participant 17]

It would be great if I could log more details, like my
emotions or cravings. Just using a simple scale didn’t
capture everything. [Participant 12]

Clinician Feedback
Interviews with 2 clinicians involved in the trial provided
additional perspectives on the app’s clinical utility and
suggestions for improvement.

Clinicians observed that participants who recorded their mood
and sleep alongside abstinence became more aware of positive
changes in their mental and physical health, reinforcing their
motivation to reduce alcohol consumption:

By recording their mood and sleep daily while
abstaining from alcohol, participants seemed to
independently recognize the positive changes in their
mind and body, which, in turn, reinforced their
commitment to staying alcohol-free. [Clinician 1]

They emphasized the importance of flexibility in
accommodating participants’ diverse goals, such as achieving
abstinence or reducing binge episodes, suggesting features like
weekly goal setting and tracking achievements:

Allowing for participants to set personalized goals
every week and adding features that allow
participants to record their achievement would be
beneficial. [Clinician 1]

To enhance clinical integration, clinicians recommended features
that facilitate communication and monitoring, such as messaging
options and tools to assess participants’ motivation:

Features that connect clinicians and patients, like
messaging or feedback options, would make
follow-ups easier and more effective. [Clinician 2]

If patients’ motivation levels for change can be
assessed through the app, it will help clinicians
effectively tailor their approach to patient
interventions in real-life settings. [Clinician 2]

Additionally, clinicians underscored the importance of tailoring
app content to different age groups and suggested incorporating
features that allow participants to reflect on their motivations
for change:

Younger and older users have very different needs
and expectations. The app should include content
that’s tailored to different age groups. [Clinician 2]

Discussion

Principal Findings
This pilot study aimed to assess the feasibility, acceptability,
and preliminary efficacy of the Sober mobile app for reducing
hazardous alcohol consumption. The results demonstrated
significant improvements in key measures of alcohol use,
including increased days of abstinence, reduction in heavy
drinking episodes, and decreased overall alcohol consumption.
Additionally, notable reductions in AUDIT scores and
improvements in psychological assessments (PHQ-9 and GAD-7
scores) were observed.

Qualitative feedback from participants and clinicians provided
valuable insights into the app’s strengths and areas for
improvement. Participants emphasized the app’s ability to
increase awareness of drinking behaviors and promote
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self-reflection, which supported behavior change. However,
usability challenges, such as technical issues and limited options
for personalization, were highlighted. Clinicians stressed the
importance of tailoring the app to diverse user goals and
incorporating features to facilitate clinical integration. These
findings will inform the refinement of the app and future
iterations of the study design.

Comparison With Prior Work
Our findings align with previous research indicating the
effectiveness of digital interventions in reducing alcohol
consumption, particularly among the young male population
[52], which mirrors the demographic of our study. Other studies
have also shown positive effects in the general population,
suggesting that such interventions could have broad applicability
[29,31,53-55]. The promising use of CBT in digital formats is
consistent with existing evidence that CBT delivered in clinical
settings can reduce alcohol consumption [11,56,57]. Other
digital interventions using CBT-based approaches have also
demonstrated effectiveness in reducing alcohol consumption
[58-60]. However, in the CBT framework, various interventions,
including normative feedback, self-monitoring, psychoeducation,
action planning, goal setting, problem-solving skills, and
identifying or managing triggers and cravings, aim to strengthen
“reflective” cognitive processes used to control behavior [25].
This approach diversity highlights the need for a more
standardized framework for developing and evaluating digital
interventions [31]. This study also supports findings that digital
interventions can positively impact co-occurring psychological
symptoms, such as depression and anxiety, further emphasizing
their dual utility [61,62].

The app’s high feasibility, demonstrated by an 85% (17/20)
study completion rate, suggests that it is well-received and
manageable for participants. However, the fact that only 59%
(10/17) completed all 8 CBT-based educational sessions
highlights the challenge of maintaining engagement with the
full content. Strategies to enhance user engagement, such as
incorporating gamification elements, personalized feedback,
and real-time adjustments using predictive modeling [63-65],
could address this gap.

Acceptability ratings were positive, with satisfaction and
perceived usefulness ratings averaging 3.8 and 3.7 of 5,
respectively. Feedback indicated that daily logging and
self-monitoring features were valuable in promoting
self-reflection and awareness of drinking habits. However,
several usability improvements were suggested, such as showing
averages of past drinking, fixing app crashes, adding notification
settings, and integrating with other health apps. Clinician
feedback emphasized the need for customizable goals, treatment
periods, and content tailored to different age groups. These
suggestions will be considered in future iterations of the app to
ensure that it meets the diverse needs of its users. Furthermore,
incorporating interactive elements and practical synthesis in
workflows could enhance the overall intervention.

Strengths and Limitations
This study demonstrated the potential of the Sober app for
reducing risky alcohol consumption; yet, several limitations

must be acknowledged. The single-arm, pre- and postdesign
limits causal inferences, and the study was not sufficiently
powered. The short duration of the study and lack of long-term
follow-up limit the ability to assess the sustained effects of the
intervention. The inclusion of face-to-face sessions with
clinicians may have influenced the outcomes, as the
reinforcement and availability of clinicians could have impacted
the results [66]. Furthermore, the homogeneous participant
demographic, consisting solely of young male participants,
limits the generalizability of the findings.

Despite these limitations, the study had several notable strengths.
To our knowledge, this is the first study to evaluate a brief
digital intervention for hazardous alcohol use in South Korea.
The significant preliminary efficacy demonstrated suggests
potential for real-life clinical implementation. The high overall
completion rate and positive acceptability ratings indicate that
the app is well-received and safe to use. Importantly, the
inclusion of qualitative feedback provides a nuanced
understanding of user experiences, directly informing app
improvements and study design.

At a population level, addressing interventions for individuals
who exhibit hazardous drinking can have the greatest impact
on reducing alcohol-related problems [67]. By providing an
easily accessible, scalable, and cost-effective intervention, the
Sober app could help reduce the overall burden of hazardous
drinking on health care systems. While numerous studies have
shown that screening and brief intervention can lead to
significant decreases in alcohol use in primary care populations
[13,68], digital intervention lessens the burden on primary care
providers, requires no extensive training, and mitigates the fear
of stigma, as interventions can be anonymous [69]. This is
particularly relevant in South Korea, where hazardous drinking
rates are significant [12], and smartphone ownership is nearly
ubiquitous [23].

Future Research
Future research should include an RCT to assess the app’s
efficacy compared to standard care without app use, with larger
samples and follow-up assessments to determine long-term
effects. Expanding the study to include a more diverse
population will enhance the generalizability of the findings [70].
Optimizing the app’s tailoring, structure, and content based on
participant and clinician feedback is essential. Personalized
content, interactive elements [71], gamification [72,73], and
predictive modeling using data from daily logs and wearables
could improve user engagement and intervention effectiveness
by providing personalized feedback and real-time adjustments
[63-65]. Integrating the app with other health monitoring tools
and clinician workflow could give a more holistic approach to
managing alcohol consumption [71,74].

Conclusions
The mobile app Sober shows promise as an effective tool for
reducing hazardous alcohol consumption and improving related
psychiatric symptoms. This pilot study demonstrated significant
preliminary efficacy, high overall feasibility, and positive
acceptability. The app’s features, such as daily logging and
CBT-based content, helped users develop greater self-awareness
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and control over their drinking habits, showing potential for
integration into clinical practice as a supportive tool. Qualitative
feedback from participants and clinicians identified critical areas
for improvement, such as usability, goal customization, and

age-specific content, which will guide future app refinement.
With further research and refinement, the Sober app has the
potential to make an impact on public health by providing a
scalable and accessible intervention for hazardous drinking.
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Abstract

Background: Legislative policies published by National Health Service, England and the UK Government focus on prioritizing
the creation of a stronger system. These frameworks emphasize on the improvement of health care staff’s ability to identify and
refer domestic abuse (DA) survivors as key areas for supporting workforce development. Health care staff are often the first
professional contact of survivors of DA, and insufficient staff training is a key barrier to survivors being identified and directed
to support. The Microsoft HoloLens2 is a mixed-reality headset that allows virtual objects (holograms) to be integrated into the
real world. Mixed-reality headsets are being increasingly used within medical education and have the advantage of independent
operation, reducing the staffing requirements for teaching. The HoloLens2 can be used to project HoloPatients (HPs), which
resemble clinically unwell patients, into the classroom. Two of these HPs have been specifically designed to portray survivors
of DA and sexual violence (SV).

Objective: This study explored potential uses of the HP in DA and SV training as a potential survivor-centered educational
initiative that could be used as an adjunct to existing training for health care professionals and community sector workers.

Methods: Frontline staff and community stakeholders from the national health service, DA, and law enforcement sectors were
invited on 3 separate occasions (n=14, 12, 22) to a HoloLens2 demonstration that displayed 9 HPs. The patient voice was to be
outlined by personalized scripts, co-created alongside sector charities, ensuring survivor engagement and participation. Participants
were given the opportunity to wear the headset and familiarize themselves with the technology during the sessions. A
post-intervention evaluation research model was used to explore the feasibility and functionality of the HP as an educational
tool.

Results: Thematic analysis described the HP as a “realistic,” “adjustable” tool that “creates a safe learning environment.”
Participants suggested it could be useful in “pre-exposure preparation” by “improving communication” and allowing different
approaches to be trialed in a safe environment. The use of survivor scripts was described as a useful tool to “bring the survivor
into the learning space” in a safe way. Participants identified the HP as a suitable tool for workers inside and outside health care,
including social sectors such as law enforcement (32%).

Conclusions: The HP acts as a low-risk, adaptable tool for trainees to develop skills in a safe environment. This study demonstrates
that professionals perceived the HoloLens as an innovative means to amplify the lived experience voice. Further research will
evaluate this additional impact on trainees’confidence and responses to survivors disclosing DA and SV within different disciplines
to drive improved outcomes.

Trial Registration: Permission to conduct this study granted by the Research Innovation and Quality Improvement Team at
Chelsea and Westminster NHS Foundation Trust

(JMIR Form Res 2025;9:e60075)   doi:10.2196/60075
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Introduction

In the UK, it is estimated that nearly 16.6% of adults aged 16
years and older have experienced sexual assault [1].
Furthermore, it is estimated that 2.1 million people aged 16
years and older experienced domestic abuse (DA) in the year
ending March 2023 [2]. These statistics are comparable to the
number of patients currently living with type 2 diabetes mellitus
[3]. However, unlike diabetes and other medical conditions,
there is little evidence discussing the pathogenesis behind DA
and sexual assault, thereby making prevention programs, both
difficult to design and sustainably fund. With one of the highest
rates of repeat victimization than any other crime [4], DA affects
1 in 5 adults during their lifetime [5]. In addition, the detrimental
effects of DA are wide-ranging, encompassing physical, mental,
behavioral, and reproductive consequences [6]. Survivors of
DA seek health care more frequently than individuals who have
not experienced abuse [7], varying from presentations related
to the physical consequences of abuse to psychological health
problems, including depression, anxiety, and post-traumatic
stress disorder [8]. Therefore, health care providers have a key
role in identifying and supporting survivors. A systematic review
of barriers and facilitators to disclosure of abuse to health care
professionals (HCPs) found that perception of the HCP’s ability
to respond to the disclosure was impactful. Any notion that the
HCPs did not possess the skills or knowledge to appropriately
respond deterred survivors from disclosing their experiences
[8]. HCPs are often the first point of contact for survivors; hence,
it is vital that they are equipped with the skills and tools to
competently identify and support survivors [9].

According to the UK Government, all behaviors, inflicted on
anyone perceived to be of a controlling, coercive, harmful, or
sexual nature can be defined as DA or sexual violence (SV)
[10]. Whilst the majority of survivors of DA are women [2], it
is important that we do not neglect the experiences of those
from the LGBTQ+ (lesbian, gay, bisexual, transgender, and
queer) community, who are also more vulnerable to familial
abuse and honor-based violence [11]. There are many barriers
to LGBTQ+ individuals seeking support, including
discriminative attitudes from the police leading to mistrust, as
well as a lack of training for professionals from the criminal
justice system and public sector on how to recognize and
respond to DA in the LGBTQ+ community [12]. Although the
data for England and Wales for the year ending March 2024
showed no statistically significant differences in the prevalence
of domestic violence between ethnic groups [2], the literature
shows that Black, Asian, and minority ethnic individuals
experience multiple barriers in seeking help following abuse,
including structural racism, cultural exclusion, and
victim-blaming from both formal services and communities
[13]. Furthermore, the 2024 statistics for England and Wales
showed that a higher proportion of people with a disability
experienced DA than those without [2]. These issues should
not be considered as separate entities, but rather an intersectional

approach must be undertaken, so we can understand how
inequalities due to race, sex, disability, class, and sexual identity
may compound each other, further preventing survivors from
seeking help [11]. These statistics outline the need for services
to adopt a survivor-centered approach. Strategic partnerships
consulting survivors of all protected characteristics are needed
to enable the development of pathways specifically designed
to address their psychosocial needs. This is outlined in The
Strategic Direction for Sexual Assault and Abuse Services [14],
which is an initiative from National Health Service (NHS)
England, with the goal of radically improving access to services
and support for survivors of sexual abuse to help them heal and
rebuild their lives. This requires collaboration between
authorities, health services and strategic partners in the voluntary
and community sectors as part of a multiagency care model
[15].

Existing literature suggests a gap in the knowledge of HCPs on
how to identify and respond to survivors of domestic violence
and sexual assault, largely due to a lack of training [16,17]. A
2020 metasynthesis of 47 qualitative studies examined health
practitioners’ readiness to address domestic violence and abuse.
Support from the health system was the largest theme, with
HCPs suggesting further support was needed through upskilling
staff in how to address domestic violence, as well as making
enquiries into domestic violence routine and allocating
additional time for sensitive conversations [16]. HCPs spoke
about the importance of training in how to identify and respond
to DA in their own specific clinical setting [16]. Evaluations of
existing domestic violence support training programs for HCPs
have demonstrated significant improvements in knowledge and
confidence in how to identify and respond to survivors [17] and
hence, we set out to design a training program adjunct, using a
mixed reality device.

The emerging technologies of virtual, augmented, and mixed
reality devices create an expansive new realm for education.
Virtual reality is an immersive experience where a virtual world
replaces the physical world, whereas augmented reality uses
technology to superimpose virtual data (visual information)
onto the physical world (real-life objects) [18]. Mixed reality
is an in-between medium which allows virtual objects to be
integrated and anchored onto the physical world [18]. The use
of mixed reality headsets, such as the Microsoft Hololens2, is
being increasingly used within medical education. There are
many advantages to using these devices, including the option
of repeated practice of learning, skills, and communication,
without adverse effects on the patient [19]. These devices also
can be used independently, reducing the time burden of teaching
sessions on clinical educators. So far, mixed reality devices
have been primarily used for teaching anatomy (through
understanding of 3D object layers and components), procedures,
and clinical skills [19-21]. We wanted to explore the benefits
of using them for DA and SV training. In order to effectively
teach HCPs about domestic violence and sexual assault, it is
important to use examples based on real-life experiences of
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survivors. To ask a survivor to facilitate a training session could
be considered unethical, as it may be triggering to the survivor,
with potential negative effects on their mental health and
well-being; hence, the use of mixed reality devices creates an
opportunity to recreate these learning opportunities without
adverse effects on survivors.

The Domestic Abuse team at Chelsea & Westminster Hospital
NHS Foundation Trust adopts a “whole health” approach by
pioneering a longstanding partnership between health care and
community stakeholders [22] widely accepted as a best response
in acute health. Their model centers on 3 key features: a
co-located Domestic Abuse Co-ordinator (DAC) responsible
for training workers in DA; the co-location of Independent
Domestic Violence Advisors (IDVAs) to provide holistic and
specialist support to survivors that are identified; and a DA
Lead. Data suggest that survivors ‘felt safe’ and were more
likely to report to an on-site IDVA while in the hospital [23].
Early identification of potential survivors by frontline workers
is essential and stresses the importance of high-quality in-house
training on the identification, management and referral of
survivors of DA and SV.

The aim of this study was to improve the quality of staff training
on the identification and management of DA and SV survivors.
In collaboration with the Undergraduate Education Team at
Chelsea and Westminster Hospital NHS Foundation Trust, the
DA Team proposed the use of the Microsoft HoloLens2 as a
tool to channel the survivor voice. This evaluation explores both
health care and community stakeholder views of the augmented
reality headset as an additional learning tool to promote
survivor-centered training in a safe setting. We hypothesized

that the following experience would demonstrate the Microsoft
HoloLens’ potential as a teaching adjunct when educating staff
on the identification and management of DA and SV survivors.

Methods

We conducted a formative evaluation of the Microsoft
HoloLens2, specifically the GiGXR HoloPatient (HP)
application, as a training tool within the DA and SV landscape.

Intervention
The Microsoft HoloLens2 is a mixed reality headset which has
had a substantial impact in various industries since its release
in 2019, including health care, education, and engineering [24].
Dissimilar to virtual reality, the headset is only part-immersive
as it displays augmented content superimposed on the real
surrounding environment. Organizations like GiGXR have
created a series of augmented holograms, known as HPs, that
resemble clinically unwell patients. The HP menu listed 17
holograms, each representing a clinical emergency, 2 of which
were specifically designed to portray a survivor of DA (Lydia
Johnson) and SV (Jenny Li). Each case consists of a series of
video clips that depict the patient at different stages of their
hospital journey (Figure 1). Aside from Jenny Li who vocalizes
her experience via a prerecorded audio clip, all other holograms
are nonverbal. As a result, the user has the flexibility to adapt
the HP by overlaying a different patient script to suit their
educational needs. This application, if used effectively, could
expose students to unique training opportunities that are ethically
challenging and difficult to recreate in a real clinical
environment.
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Figure 1. Lydia Johnson, a HoloPatient survivor of domestic abuse and sexual violence. Image A demonstrates Lydia on arrival to the emergency
department. Image B displays her as a patient on a ward.

Recruitment
The evaluation was conducted in the form of live
demonstrations. These demonstrations were held within a lecture
theater at Chelsea and Westminster Hospital. Frontline staff
and community stakeholders from the NHS, DA, social care,
and law enforcement sectors within the North West London
area were invited to 3 HP events, held between February and
July 2023 (see spider diagram displaying the range of attendees;
Figure 2). Participants from these sectors were invited due to
their increased likelihood of encountering survivors in a

professional setting and their shared use of North West London
Safeguarding guidelines. All participants were invited by email,
which described the aim and method of the study in detail (see
recruitment email in Multimedia Appendix 1). Participants were
reminded that participation is voluntary and that all data were
to be anonymized on publication. Written consent was obtained
at the stakeholder meeting after participants were given the
opportunity to read further information on the HoloLens and
its purpose in this study (see consent form in Multimedia
Appendix 2).
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Figure 2. Spider diagram displaying all the organizations within North West London which attended the stakeholder forums.

The Demonstrations
Following a brief introduction into augmented reality, attendees
were shown data that evidenced the HP as an immersive tool
when trialed in an undergraduate setting [25]. The HoloLens
was ultimately proposed as a teaching adjunct to be used whilst
training frontline workers on the management of DA and SV
cases (see full presentation in Multimedia Appendix 3). It was

envisaged to be a visual aid that amplified the lived experience,
to be used after their initial training with the DAC. The patient
voice was to be outlined by personalized scripts, co-created
alongside sector charities, ensuring survivor engagement and
participation. In total, 9 HPs, different in gender, age, and
ethnicity, were projected into the room (Figure 3). Participants
were given the opportunity to wear the headset and familiarize
themselves with the technology during the sessions.
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Figure 3. Nine HoloPatients selected to be displayed during the demonstrations. Their original clinical presentation demarcated in blue writing within
each box.

Data Collection and Analysis
A postintervention evaluation research model was used to
explore the feasibility and functionality of the HP as an
educational tool within DA and SV training. Furthermore, it
evaluated the potential for a centralized multiagency augmented
reality hub for professionals to access educational opportunities
in the future. In order to achieve this, participants were prompted
to answer 3 overarching questions: why should the HP be used,
what should the HP be used for, and who should use the HP?

Data were collected in the form of a standardized questionnaire
to improve reliability (see in Multimedia Appendix 4). It
consisted of Likert scaling [26] and open-ended questions to
collect quantitative and qualitative data, respectively. Likert
scales were used for participants to rate how strongly they
agreed or disagreed with the following statements: “HoloLens
is an effective tool used in DA and SV,” and “Technological
limitations prevent me from using this tool.” Open-ended

questions gave participants the opportunity to provide feedback
on how they felt wearing the device, if they thought it would
be useful in health care or other fields, and if they felt there was
value in having a centralized multiagency HoloLens training
hub. A basic analysis conducted on the Likert scale questions
displayed statistical means and modes. The qualitative data were
thematically analyzed using Braun and Clark’s 6-step method
[27] (see data sets in Multimedia Appendices 5, 6, and 7). One
researcher (medically qualified) read each survey repeatedly to
gain familiarity. Initial interpretations were discussed with the
project supervisor, and together they extracted evidence from
the surveys to refine each theme. Finally, a list of themes was
presented with illustrative examples on multiple occasions to
the wider team (see coding tree in Figure 4). As a final checking
step, draft findings were discussed with a few participants (n=3)
prior to publication. To ensure that this study was conducted in
accordance with qualitative reporting guidelines, a COREQ
checklist was completed (Checklist 1) [28].
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Figure 4. Coding tree across all 3 stakeholder forums.

Ethical Considerations
This evaluation was approved by the Research Innovation and
Quality Improvement board of Chelsea and Westminster
Hospital NHS Foundation Trust under reference number 6038.
Written informed consent was obtained from all participants.
All study data are anonymous, and HP scripts, although
informed by DA and sexual assault survivors, did not contain
any identifiable information. Involvement in this study was
optional and voluntary, and there was no financial compensation
for participants or researchers.

Results

Thematic Analysis
A total of 48 questionnaires were collected across all 3
demonstrations (n=14, 12, 22). Approximately 29% (n=14) of

the sample were local HCPs. The remainder consisted of
representatives from community charities, local councils, and
law enforcement (see spider diagram displaying range of
attendees in Figure 2). No participants refused to participate or
dropped out.

Analysis of participants’ perspectives of the HP as a training
tool in DA and SV sectors was divided into 3 overarching
themes, based on our research questions: Why should the HP
be used? What should the HP be used for? Who should use the
HP?

A summary of this section is displayed in Table 1.
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Table . Realistic table summarizing qualitative data following thematic analysis

ReasonTheme

Why should the HoloPatient be used?

    Realistic • “disturbingly realistic”
• “impactful”
• “increased their sense of reality”
• improving “retention of learning”
• “more realistic than role-play”

    Creates a safe learning environment • brought “real-life learning experiences into a safe environment”
• trainees can repeatedly interact, make errors, stumble
• openly discuss case with peers without risk of re-traumatization

    Adaptable • allows “real-life experiences to be manipulated”
• “scenarios adapted to each trainee’s requirement”
• “helpful for all professionals’
• remote feature allows “scope to scale up”

Use of survivor script    Channel the survivor voice
• “essential” feature that could “bring the survivor into the learning

space”
• to “incorporate language and cultural specific aspects”
• “inclusion of survivors when creating the stories”
• cover “common scenarios in different clinical settings and diverse

cases”

What should the HoloPatient be used for?

    Pre-exposure preparation • “safe and useful tool for practice before facing real-life scenarios”
“important to understand how to deal with the situation before inter-
acting with survivors”

• law enforcement felt this could “support junior officers responding
to their first call outs in a safer space.”

    Identification of nondisclosing survivors • prepare trainees to identify survivors presenting without visible injury
• “masking patients”
• those “with a hidden agenda”
• “great for identifying behaviors or visible indicators”

Improving communication skills with and when

        Vulnerable patients • elderly
• mental illness
• neurodiversity
• women
• young people
• NHS staff or other staff

        LGBTQ + survivors • “look at undermining bias in how people are assessed in regards to
their their gender identity and sexual orientation”

• support exploration of “intimate partner violence” and “hate crime”
• have an “LGBTQ + lived experience voice” in the scenarios

        Engaging with perpertrators • “look at undermining bias in how people are assessed in regards to
their their gender identity and sexual orientation”

        Scenario could be adapted to • where the survivor is “aggressive and protective of the perpetrator”
• “on how to approach a survivor and respond appropriately with a

perpetrator present”

        Recreating difficult conversations • “practicing mental capacity assessments”
• “decision-making, end-of-life care planning”
• “dealing with confrontation and bullying and harassment cases”
• demonstrate “an example of an incorrect way to deal with a situation”
• encourage “open discussion”
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ReasonTheme

Who should use the HoloPatient?

    Within health care

• “medical and nursing students”
• training “first with the HoloPatient and then a certificate before the

real practice”

        Undergraduate education

• “the risk of domestic abuse during pregnancy”
• “trust building that happens between patient and midwife”

        Maternity

• ‘all health professionals who may come into contact with a survivor’
• ‘no them and us’
• targeting ‘third sector professionals who intend to deliver interven-

tions on the ground’
• could be used in IDVAa training to ‘significantly reduce the time

taken to train’

        Other frontline staff

    Outside of health care

• social workers
• paid carers
• other care home staff

        Social care sector

• within law enforcement
• Home Office to recreate cases involving “minority ethnic survivors,”

“honour-based abuse” and “modern slavery.’

        Public sector

aIDVA: Independent Domestic Violence Advisor

Why Should the HoloPatient Be Used?

Realistic
Many attendees found the HP “disturbingly realistic”
(Participant 1 (P1)) and were impressed with how “impactful”
it was (P2, P3, and P4) (participant references taken from data
sets—see Multimedia Appendices 5, 6, and 7). Attendees found
that the HP “increased their sense of reality” (P5 and P6) hence
improving engagement and “retention of learning” (P7). One
participant found the HP “more realistic than role-play” (P2),
as dynamics could be affected if a trainee is familiar with their
actor or mentor.

Creates a Safe Learning Environment
Participants felt the HP brought “real-life learning experiences
into a safe environment” (P8), where both trainees and survivors
are better protected. In contrast to role-play, trainees can
repeatedly interact, make errors, stumble, and openly discuss
the HP’s case with peers without risk of re-traumatization.

Adaptable
Attendees acknowledged that the HP allows “real-life
experiences to be manipulated” (P9) by using “scenarios adapted
to each trainee’s requirement” (P1). As a result, a majority of
participants saw it as a tool helpful for all professionals. HP
demonstrations were live-streamed via Microsoft Teams to
remote participants. One participant called this feature a “key
benefit” (P10), which added “scope to scale up.”

Channel the Survivor Voice
The concept of the survivor script was presented to all
participants at the HoloLens demonstrations. The scripts

received positive feedback, with stakeholders seeing it as an
“essential” feature that could “bring the survivor into the
learning space” (P11). The idea was to overlay the HP scenario
with a voice-over, either prerecorded or delivered by a survivor
facilitator on the day. Participants particularly encouraged the
use of the facilitator’s voice “to ensure that nuance isn’t lost”
(P9). The potential to create scripts that cover “common
scenarios in different clinical settings (eg, Emergency
Department, sexual health)” (P12) and “diverse cases” with
different protected characteristics were discussed. The idea to
“incorporate language and cultural specific aspects” (P7) into
the scripts was strongly considered. Attendees agreed with the
“inclusion of survivors when creating the stories” to ensure that
the scripts are “informed by a lived experience” (P3), with
agreement that “specialist domestic abuse” (P2) input was
necessary to maintain the use of trauma-informed language.
The creation of “an authentic voice advisory group” (P13) for
their overall evaluation was suggested.

Overall, all stakeholders strongly agreed (n=45) or somewhat
agreed (n=3) that the Microsoft HoloLens 2 could be an effective
tool to deliver training on the identification and management
of DA and SV survivors.

What Should the HoloPatient Be Used For?

Pre-Exposure Preparation
Stakeholders saw the HoloLens as a “safe and useful tool for
practice before facing real-life scenarios” (P1). One participant
described Jenny, the hologram of a SV survivor, as “incredibly
uncomfortable to watch” (P14) explaining that it was “important
to understand how to deal with the situation before interacting
with survivors” (P14). Themes of realism and the HP’s ability
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to create a safe learning environment were commonly mentioned
in conjunction with this theme. This is something that
respondents cited clinicians often do not have access to,
following any training. The HoloLens offers a training tool to
embed the teaching from the DAC, before practicing in real life
with patients. Law enforcement similarly felt this could support
junior officers responding to their first call-outs in a safer space.

Identification of Nondisclosing Survivors
The HP’s potential to prepare trainees to identify survivors
presenting without visible injury became a reoccurring theme
across all demonstrations. One participant described the device
as “great for identifying behaviors or visible indicators” (P2).

Improve Communication Skills

Communicating With Vulnerable patients

Once all the HPs were displayed, participants were prompted
to suggest potential scenarios that could aid the identification
of vulnerable survivors of DA or SV. Public Health England
defines vulnerability as “in need of special care, support, or
protection because of age, disability, risk of abuse, or neglect”
[29]. Categorized into these subgroups, the suggested scenarios
are listed below in ascending order of prevalence based on the
questionnaire data: Elderly patients (n=2): “delirium,”
“care-home scenarios”; women (n=4): “pregnant women,”
“female genital mutilation”; patients with mental illness (n=7):
“suicidal tendencies,” “eating disorders,” and “psychosis”;
patients with visible and nonvisible disability (n=8): “scenarios
that include adults with learning disability,” and “involving paid
carers”; children and adolescents (n=16): “whole family
scenarios,” “involving teachers,” “preparing families for court
proceedings,” “forced marriage,” and “substance abuse”.

Communicating With LGBTQ+ Survivors

A participant stated that “generalist staff have not always got
the skills to deal with LGBTQ+ survivors” (P15). In response,
they suggested the potential use of the HP to “look at
undermining bias in how people are assessed in regards to their
gender identity and sexual orientation” (P15). They saw how
this device could support exploration of “intimate partner
violence” and “hate crime” by editing the scenarios to have an
“LGBTQ+ lived experience voice” (P15). A few participants
highlighted the absence of any transgender HPs (P1, P15, P16,
and P17). When asked to suggest designs for new HPs, 22%
(n=11) of participants said LGBTQ+ HPs.

Dealing With Perpetrators

In the first stakeholder meeting, a scenario was adapted to
include a perpetrator by getting a facilitator to interact with the
HP by standing in the background. They are visible to the
HoloLens user and all participants watching the live stream. It
was suggested that the scenario could be adapted to “challenge
the stereotype of a passive survivor” (P9) where the survivor is
“aggressive and protective of the perpetrator” (P9). Stakeholders
saw its training potential within the police force (n=19),
“specifically on how to approach a survivor and respond
appropriately with a perpetrator present” (P3). However,
concerns with safety were highlighted. One participant stated
that “we need to be clear on the expectation around engaging

with a perpetrator and how to do it safely if at all” (P9). This
was seen as a key advantage of the HoloLens tool, as this could
be explored in a safe space.

Recreating Difficult Conversations

Stakeholders listed “practicing mental capacity assessments,
decision-making, end-of-life care planning, dealing with
confrontation, and bullying and harassment cases” (P18) as
challenging scenarios that could be practiced with the HoloLens.
One participant suggested to display “an example of an incorrect
way to deal with a situation” (P8) as a teaching tool to encourage
“open discussion” (P18).

Used in a Central Multiagency Training Hub
During the final demonstration, which took place in July 2023,
attendees (n=22) were asked whether they supported the creation
of a central multiagency training hub, potentially at Chelsea
and Westminster NHS Foundation Trusts, which incorporated
the use of augmented and virtual reality headsets. The intention
of the hub is to provide community and health care services
within the North West London region, shared access to the
technology, and other training materials. This allows for a
standardized training approach with greater opportunity for
communication between teams. Overall creating more
collaborative DA and SV multi-agency services in the future.
A majority of participants either strongly (n=17) or somewhat
agreed (n=2) in the creation of a central hub. It was stated that
“sculpting multiagency responses into this (central hub) would
be incredible and will change the health care landscape. The
HoloLens can be used to continuously improve practice by
dropping into an immersion center” (P4). One participant neither
agreed nor disagreed with the hub, and 2 participants did not
vote.

Who Should Use the HoloPatient?

Within Health Care

Undergraduate Education

When asked where this technology could be most useful,
approximately 14% (n=7) of participants suggested its use in
undergraduate education. In particular, “medical and nursing
students” (P5, P18, P19, P20, P21, and P22). One attendee
suggested using the HoloLens for accreditation by training “first
with the HP and then a certificate before the real practice” (P20).

Maternity

At least one participant per demonstration (total n=3)
acknowledged its need in midwifery due to “the risk of DA
during pregnancy and the trust building that happens between
patient and midwife. Additional attendees (n=5) saw potential
for the HP to be used in “IDVA training” (P4), indicating it
could significantly reduce the time taken to train if this were
used in routine practice. IDVAs are trained specialists that work
with clients “from the point of crisis to assess, discuss, and
develop safety plans”[30].

Other Frontline Staff

Approximately 52% (n=25) of attendees felt as though the
technology was suitable for “all health professionals who may
come into contact with a survivor” (P9, P23). “No them and
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us” (P24) was stated by one participant. Particular attention was
given to primary care (n=6), emergency, and sexual health
service staff. Other scoping included targeting “third sector
professionals who intend to deliver interventions on the ground”
(P7). One participant stated that training “could be in real-time
with the holograms” (P5), providing clinicians with “authentic
role-play” (P5) that was “less intrusive than real patients” (P5).
This is a unique concept when compared to existing training
programs, which mainly consist of digital modules at a beginner
level [31].

Outside of Health Care

Social Care Sector
At all 3 demonstrations, over one-third of attendees (n=16)
named social workers, paid carers, and other care home staff as
members of the public who would benefit from DA and SV
training with the HoloLens.

Public Sector
Similarly, around 39% (n=19) of participants described the HP’s
potential to train staff within law enforcement. Particularly those
who “attend a domestic abuse emergency” (P12).

The use of the technology in the Home Office was discussed,
especially to recreate cases involving “minority ethnic survivors”
(P18), “honor-based abuse” (P2, P24, and P25), and “modern
slavery” (P17 and P18).

Discussion

Study Findings and Comparison With Previous Works
The findings of this stakeholder evaluation indicate that despite
minor technological limitations, all stakeholders saw the
Microsoft HoloLens2 as a novel and effective tool to deliver
training on DA and SV, within health, social care, law
enforcement, and specialist settings. The data encourage the
use of co-created survivor scripts alongside the HPs, to create
a training program that amplifies their voice and lived
experience. This enables the training to remain survivor-centered
without needing a survivor present in the room as a facilitator.
This minimizes the potential for adverse effects on the survivor.

A common theme across the groups was the ability to identify
behaviors that signaled abuse in patients who did not have
obvious physical signs of abuse such as bruising or other
physical injury. The literature highlights how survivors often
do not freely disclose abuse and often actively try to hide it [7],
and hence being able to identify the more subtle signs is key to
having good and comprehensive training on how to identify
survivors. Positive feedback on the ease of use of the HoloLens
device was received from all 3 groups, spanning health care
workers, law enforcement, and the charity sector, demonstrating
that this is a widely acceptable medium to deliver training.

Stakeholders suggested that the HPs were useful for
pre-exposure preparation, which aligns with how we envisage
it being used in the future. There was a strong theme of realism,
with participants describing how the holograms had a profound
emotional impact, which we hope will mirror some of the
thoughts and feelings experienced when encountering survivors

in real life. Enabling this first encounter to occur in a safe and
simulated environment empowers participants to trial different
approaches to managing the scenario without the risk of harm
to a survivor so that they are better equipped to appropriately
handle these situations in real life.

The existing literature clearly shows that one of the key barriers
to recognizing and supporting survivors is a lack of training
[12,16,17]. Ideally, this training needs to be embedded into the
undergraduate curriculum of HCPs, so that doctors and nurses
graduate with the skills to appropriately manage these
encounters. We have demonstrated the potential of using the
HoloLens2 in a professional setting and hope this could also be
used as a tool for educating undergraduate health care students.

Limitations
We discovered numerous limitations within our project, both
related to the Hololens2 device itself and to the application.
Wi-Fi connectivity poses a significant issue. One attendee stated
that the HoloLens is a “useful tool when in a Wi-Fi range.” To
open the HP application on the Microsoft HoloLens headset,
the device must be connected to a high-speed wireless network.
This is a key limitation, as internet connectivity is not reliable,
especially in the community. To overcome this, the
Undergraduate Education Team at Chelsea and Westminster
Hospital has used the smartphone “Wi-Fi hotspot” feature to
supply a mobile connection. If the HPs are to be rolled out as
a training program more widely, then considerations will need
to be made into the creation of a downloadable version that can
be operated without an internet connection.

We also found the limited battery life of the headset was a
barrier to producing longer or back-to-back training sessions.
Microsoft estimate the HoloLens’ battery life to have 2‐3
hours of active use [32]. As both the Microsoft Teams and
GiGXR HP applications were open during the demonstrations,
it caused the device to malfunction at approximately 1.5 hours.
This was highlighted as “an issue” by participants. One user
felt that it hindered their ability to “maximize opportunity when
using it in the training room.” Microsoft has stated that the
devices are fully functional while charging [32]. Therefore, the
Undergraduate Education Team inserted a portable battery pack
into the USB-C port to prolong battery life during the
demonstrations. Despite these technological limitations, 64%
of participants felt as though it did not affect their opinion of
the HoloLens. Overall statistics demonstrated that 14% stated
otherwise. while 23% remained impartial. Another limitation
of the device is that as it uses more power, it heats significantly.
This poses potential safety risks and makes the device less
comfortable to wear. To combat this, training sessions will need
to be limited to shorter periods of time. We would suggest not
using the device for more than an hour at a time.

A further limitation of the HP application was the lack of
diversity of the characters. Most participants (roughly 57%,
n=27) stated that they would have liked a wider variety of
“visible clues” to represent intersectional characters [33]. For
example, “different ethnicities, cultural headwear, visible
disabilities, walking aids, transgender patients, pregnant women,
and children.” Unfortunately, this would require the HP menu
to be redesigned, at significant cost, which remains a limiting
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factor when considering scalability. However, augmented reality
allows the hologram’s background to be adjusted to the user’s
preference therefore walking aids and other visual accessories
can be added, in an alternative manner or with a real-life person
in the scenario, either as a friend, a family member or a
perpetrator.

We must also consider limitations related to the study design.
Data were collected as postintervention questionnaires. Although
this provided insights into how the HPs could be used, the
questionnaire was fairly brief, consisting of 13 questions. A
focus group of a random sample of participants may have
provided more detailed insights into the utility and acceptability
of the Hololens2, and the HPs as a training tool for DA and SV.
Furthermore, a larger sample size would allow for more reliable
results.

Conclusions
This technology has the potential to educate professionals on
the use of trauma-informed language while challenging
preconceived assumptions around protected characteristics in
safe settings. Our evaluation has demonstrated that the

Hololens2 is a widely acceptable tool for DA and SV training,
that can be used as an adjunct to existing training programs.
There is currently very little research on how virtual, mixed,
and augmented reality devices can be used for training in DA
and SV; hence, we hope the positive results from our evaluation
will make way for further large-scale studies [34]. As the
HoloLens2 can be operated independently, it gives scope for
training sessions to be delivered with minimal staffing
requirements.

Virtual reality companies like SimX have developed DA-specific
virtual reality patient simulations. In the future we would want
to evaluate the efficacy of these modalities as a teaching adjunct
in the DA and SV space with the aim to create a core framework
applicable to all future mixed and virtual reality technologies
[35,36]. It could be of additional direct benefit to employee
relation team training around sexual misconduct following the
release of NHS England’s sexual safety organizational charter
[37]. The goal will be to roll out augmented reality
Holosurvivors as a standard teaching tool, in addition to DACs,
supporting the best multiagency team public health response to
DA and SV in the UK.
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Abstract

Background: Testimonials from credible sources are an evidence-based strategy for behavior change. Behavioral health
interventions have used testimonials to promote health behaviors (eg, physical activity and healthy eating). Integrating testimonials
into eating disorder (ED) interventions poses a nuanced challenge because ED testimonials can promote ED behaviors. Testimonials
in ED interventions must therefore be designed carefully. Some optimal design elements of testimonials are known, but questions
remain about testimonial speakers, messaging, and delivery, especially for ED interventions.

Objective: We sought to learn how to design and deliver testimonials focused on positive behavior change strategies within
our multisession digital binge eating intervention.

Methods: We applied human-centered design methods to learn users’ preferences for testimonial speakers, messaging, and
delivery (modalities, over time, and as “nudges” for selecting positive behavior change strategies they could practice). We recruited
target users of our multisession intervention to complete design sessions. Adults (N=22, 64% self-identified as female; 32% as
non-Hispanic Black, 41% as non-Hispanic White, and 27% as Hispanic) with recurrent binge eating and obesity completed
individual interviews. Data were analyzed using methods from thematic analysis.

Results: Most participants preferred designs with testimonials (vs without) for their motivation and validation of the intervention’s
efficacy. A few distrusted testimonials for appearing too “commercial” or personally irrelevant. For speakers, participants preferred
sociodemographically tailored testimonials and were willing to report personal data in the intervention to facilitate tailoring. For
messaging, some preferred testimonials with “how-to” advice, whereas others preferred “big picture” success stories. For delivery
interface, participants were interested in text, video, and multimedia testimonials. For delivery over time, participants preferred
testimonials from new speakers to promote engagement. When the intervention allowed users to choose between actions (eg,
behavioral strategies), participants preferred testimonials to be available across all actions but said that selectively delivering a
testimonial with one action could “nudge” them to select it.

Conclusions: Results indicated that intervention users were interested in testimonials. While participants preferred
sociodemographically tailored testimonials, they said different characteristics mattered to them, indicating that interventions
should assess users’ most pertinent identities and tailor testimonials accordingly. Likewise, users’ divided preferences for
testimonial messaging (ie, “big picture” vs “how-to”) suggest that optimal messaging may differ by user. To improve the credibility
of testimonials, which some participants distrusted, interventions could invite current users to submit testimonials for future
integration in the intervention. Aligned with nudge theory, our findings indicate testimonials could be used as “nudges” within
interventions—a ripe area for further inquiry—though future work should test if delivering a testimonial only with the nudged
choice improves its uptake. Further research is needed to validate these design ideas in practice, including evaluating their impact
on behavior change toward improving ED behaviors.

(JMIR Form Res 2025;9:e59691)   doi:10.2196/59691
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Introduction

Testimonials are an evidence-based behavior change strategy
with beneficial impacts on health behaviors. Often characterized
by the first-person voice of a typical person [1], testimonials
can explain an individual’s experience with a health condition
or intervention and can be integrated as part of an intervention’s
didactic approach. Testimonial speakers are often credible
sources (eg, someone who has used an intervention), which is
useful because highlighting credible sources is an
evidence-based behavior change technique [2]. A meta-analysis
by Xu [3] demonstrated that health narratives like testimonials
have comparable effectiveness to statistical evidence for
supporting behavior change. Specifically, testimonials produce
effects on behavioral intentions and are persuasive for health
beliefs and attitudes [4]. There is support for using testimonials
to encourage health behavior change in a range of
health-promoting interventions, including for physical activity
[5,6], healthy eating [7], cancer screening [8], smoking cessation
[9], and diabetes self-management [10].

In the literature about eating disorders (EDs), the behavioral
impacts of testimonials are more nuanced. A small systematic
review on mental health recovery narratives identified that in
the context of anorexia nervosa, exposure to ED recovery
testimonials can increase ED behaviors in testimonial viewers,
indicating that particular care should be taken to avoid
potentially triggering content in testimonials [11]. Specific to
binge eating behaviors, in a qualitative study that exposed young
women to video blogs depicting binge eating, participants
reported that exposure to testimonials produced both positive
(eg, reductions in their own binge eating) and negative effects
(eg, desire to replicate depicted binge eating behaviors) [12].
Indeed, personal stories from credible peer sources on so-called
“pro-Ana” (anorexia nervosa) and “pro-Mia” (bulimia nervosa)
web-based forums can undermine ED recovery and validate ED
behaviors [13]. Yet the popularity of these sites among people
with EDs [14]—as well as the prominence of online
communities [15] and social media influencers [16,17] focused
on ED recovery—indicates that people often seek out and are
exposed to ED-related testimonials online, such that they may
be interested in testimonials from peer sources within
interventions as well. To deliver testimonials to users of ED
interventions, it is therefore critical to avoid potential safety
risks by carefully designing testimonials.

Extant literature provides some guidance for designing safe,
effective, and engaging testimonials. De Graaf et al [4]
conducted a meta-review of 153 experimental studies of health
narratives and identified features of effective testimonials. For
testimonial messaging, they found that depicting a positive
health behavior in a testimonial (eg, physical activity) is more
effective for changing behavioral intentions than depicting the
consequences of an unhealthy behavior (eg, health risks
associated with a sedentary lifestyle), though this finding was
mixed in physical activity studies [18,19]. The review also found

that first-person testimonials are most effective, but that users
do not find testimonials from speakers with similar
characteristics to them (eg, shared gender, race, and age) more
persuasive than testimonials from dissimilar speakers. However,
others have found that testimonials from speakers with similar
characteristics to users are more persuasive for changing health
beliefs [20], improving engagement with the health message
[21], and increasing behavioral intentions [22]. Indeed, a more
recent meta-analysis by Chen et al [23] identified that sharing
characteristics with a testimonial speaker improves testimonial
persuasiveness. However, to our knowledge, the design of
testimonials for ED interventions has not been explored, such
that much remains unknown about designing testimonials for
populations with EDs.

The purpose of this paper is to inform the design of testimonials
for a digital binge eating intervention. This study was conducted
as part of our ongoing efforts applying human-centered design
methods to create a 16-week digital health intervention
(FoodSteps) that targets binge eating and weight-related
behaviors. We used human-centered design methodologies
because they centralize the perspectives of users [24] and are
useful for learning how to carefully design and package
psychosocial interventions and their constituent parts [25].
Indeed, including users in human-centered design processes can
yield engaging digital tools with high clinical impact [26]. We
thus conducted virtual “design sessions” with users to learn
their preferences related to testimonials.

We examined several specific components. First, given the
behavioral benefits of testimonials and the popularity of ED
testimonials in nonintervention contexts (eg, online ED
discussion forums) [14,15], we sought to learn if users were
interested in viewing testimonials as part of a digital ED
intervention. Second, we investigated users’ preferences for
testimonial messaging, speakers, and delivery. Within
testimonial delivery, we were interested in delivery modalities,
as well as learning how to deliver testimonials (1) over time
and (2) as “nudges” toward optimal choices within an
intervention. Although many digital health interventions that
use testimonials are longitudinal (ie, delivered over weeks or
months) [27,28], to our knowledge, how to deliver testimonials
over time has been unexplored and represents an important
design question for motivating ongoing behavior change in a
longitudinal intervention. Relatedly, we wanted to learn users’
perspectives on using testimonials to “nudge” a health-oriented
behavior, since nudge theory in behavioral economics posits
that attaching a “nudge” to an optimal choice is a useful method
to influence users’ behavior [29]. Testimonials have been used
for nudging in nonhealth contexts [30,31] and could be used in
health interventions to nudge users toward a particular choice.
We therefore sought to learn whether intervention users are
open to testimonials as “nudges” and whether they perceive
testimonials delivered as nudges would influence their choices.
Collectively, results of this human-centered design study can
inform the design of testimonials within health interventions,
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with particular relevance for interventions that target binge
eating and weight-related behaviors.

Methods

We conducted a qualitative study of FoodSteps target users’
preferences for testimonial design and delivery. In reporting
our data, we adhered to the Standards for Reporting Qualitative
Research (see supplementary files) [32]. During codebook
formation, the research team consisted of 3 bachelor’s level
researchers, 1 master’s level researcher, and 3 clinical
psychologist researchers.

Participants and Procedures
From October to December 2022, we recruited potential
participants via flyers in Chicago, Illinois, and online via
Craigslist, social media, and ResearchMatch. Participants were
recruited to participate in design sessions to help design a mobile
app for managing binge eating and weight-related behaviors.
Through tailored recruitment materials, methods, and locations,
we sought to recruit a sociodemographically diverse sample
based on gender, race, ethnicity, age, and socioeconomic status
in an effort to increase generalizability and relevance.

Interested individuals completed an online screener, and
potential participants were invited to complete a baseline
assessment to confirm eligibility. Participants were eligible if
they were non-pregnant, English-speaking adults (≥18 years
old) with regular access to a smartphone. Eligible participants

also had obesity (BMI ≥30 kg/m2 based on self-reported height
and weight) and recurrent binge eating (≥12 objectively large
binge eating episodes in the past 3 months based on the
diagnostic portion of the Eating Disorder Examination
semi-structured interview) [33]. To be eligible, participants had
to endorse struggling with losing weight and be willing to use
an app to reduce their binge eating. We established this inclusion
criteria to obtain a sample of participants that mirrors target
users of the FoodSteps intervention. We invited a representative
group of 25 participants to our design sessions. Of these, 22
participants completed the interviews; 3 were lost to follow-up.

Ethical Considerations
This study was approved by Northwestern University’s
Institutional Review Board (STU00216998). All participants

gave verbal informed consent. Participants received US$25
financial compensation for completing study procedures.

Design Sessions
The design sessions aimed to learn how to design and deliver
testimonials in a digital binge eating intervention. The principal
investigator (AKG) and a research assistant (TAM) iteratively
developed a 1-hour interview guide for the design sessions.
Individual virtual interviews, held via Zoom (Zoom
Communications, Inc.), were led by TAM and frequently co-led
by AKG.

During the semistructured design sessions, the research team
member leading the interview began by briefly explaining the
FoodSteps intervention to the participant. They were then shown
nonfunctional mock-ups of intervention features, including
designs that featured a testimonial (see Figure 1). Participants
were asked which versions of the testimonial designs they
preferred and their preferences for testimonial speakers (eg,
sociodemographic characteristics), messaging (eg, how-to
advice), delivery interface (eg, video), and delivery over time
and as a “nudge” to a particular action. Specifically, because
FoodSteps involves users choosing behavioral strategies each
week, participants were shown designs in which a testimonial
is used to nudge users to select a particular strategy.

In Table 1, we present the interview guide questions on
testimonials. Because the interviews were semi-structured, we
followed-up on participants’ unique responses with additional
questions based on the feedback that participants shared.

As saturation emerged (ie, when enough participants provided
the same feedback such that the research team felt consensus
had been reached), the designs and interview guide were
iteratively updated, consistent with the iterative human-centered
design process [26]. For example, as saturation developed
regarding the set of identity characteristics participants wanted
to share with the testimonial speaker, we asked more about
participants’ preferences for the longitudinal delivery of
testimonials. As the study progressed, we also iteratively
updated the visualizations we showed during design sessions
based on participants’ feedback. As such, participants were
shown slightly different designs, and interviews were focused
on different questions depending on the stage of the study at
which they completed their design session.
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Figure 1. Example slide of testimonial design options shown to participants. Designs iterations include (1) no testimonial, (2) Shanice’s “big picture”
testimonial, and (3) Shanice’s “how-to” testimonial. In the latter options, a testimonial is used to nudge a user toward a specific action (in this case, the
behavioral strategy “improve self-image”).

Table . Guiding questions from our interview guide to learn target users’ preferences for testimonial design and delivery.

What would you want to see in a testimonial?#1

How would you want that testimonial presented to you (eg, video, article,
pictures)?

#2

Is it important to you for the testimonials to be paired with your own
identity? (eg, if you are a mother or father, seeing testimonials from other
mothers or fathers)

#3

If yes, ask: In order to make the testimonials related to you, would you be
comfortable answering personal questions at the start to inform this per-
sonalization?

#3a

Would you expect or want to see the same testimonial throughout the
program, or different ones?

#4

Which of these designs do you prefer or like best, if any?#5

If there is one you prefer, why is it your favorite or what stands out to you
about it?

#5a

Which design(s) do you like least? What about them do you not like, find
confusing, or feel is unhelpful?

#6

Measures
We assessed participants’ sociodemographic characteristics at
screening (gender, race, ethnicity, age, and BMI) and through
a questionnaire administered as part of the baseline eligibility
assessment (household income and education). Objective binge
eating was assessed at baseline by a trained assessor who
administered the Eating Disorder Examination interview [33];
this assessor did not conduct the design sessions.

Analyses
We qualitatively analyzed interview text for themes using
methods from thematic analysis [34,35]. Interviews were
automatically transcribed by Zoom and edited for accuracy by
a research assistant. A research team member (IRR) reviewed
the interview data in full, then iteratively generated and applied
an initial set of codes using Dedoose (SocioCultural Research
Consultants), a qualitative data analysis software. After refining
the codebook with another coder (AKG), IRR reviewed and
recoded the data and began identifying themes. To strengthen
the rigor of the coding process, the full study team reviewed
the codebook and discussed the themes. IRR, AO, and AKG
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refined and named the themes and met often to resolve coding
ambiguities.

Results

Sample Characteristics
Of the 22 participants, 64% self-identified as female; 27% as
Hispanic, 32% as non-Hispanic Black, and 41% as non-Hispanic
White. On average, participants were 42 years (range 23-69

years; median 40 years; SD 14.10 years); had a BMI of 39.42

kg/m2 (range 30.03-57.56 kg/m2; median 37.48 kg/m2; SD 7.15

kg/m2); and experienced 49 binge episodes over the past 3
months (range 15-111; median 41; SD 30.59). Just over half
(54%) had at least a bachelor’s degree. Excluding 4 missing
data points, participants’ mean household income was US
$79,616 (range US $10,000-$250,000; median US $53,000; SD
US $64,991). See Table 2 for full sample characteristics.

Table . Sample characteristics of the target intervention users who participated in this study’s design sessions.

Number of
binge eating
episodes in the
past 3 months

BMI (kg/m2)EducationHousehold in-
come (USD)

Age (y)HispanicRaceGenderID

4644.62Master’s de-
gree

—40NoBlackFemale1

4131.17Master’s de-
gree

$205,00036NoWhiteFemale2

2036.94Master’s de-
gree

$250,00043NoWhiteFemale3

3638.162-year college$10,00056NoWhiteFemale4

1530.994-year college—65NoWhiteFemale5

3446.00High
school/GED

$50,00029NoBlackFemale6

11147.42Master’s de-
gree

$56,00054NoBlackFemale7

2257.56Some college—28NoBlackFemale8

6435.87Professional
degree

$113,10440NoBlackFemale9

6036.33Professional
degree

$110,00069NoWhiteMale10

1832.874-year college—28YesWhiteFemale11

11135.66Some college$30,00027YesMore than one
race

Female12

8441.55Master’s de-
gree

$60,00068NoWhiteMale13

4834.72Master’s de-
gree

$65,00034YesWhiteMale14

10840.85Master’s de-
gree

$99,00052YesWhiteFemale15

4138.014-year college$150,00043NoWhiteMale16

2454.88Some college$30,00048NoWhiteMale17

6738.84Some college$50,00023NoBlackFemale18

1536.59Some college$40,00030YesMore than one
race

Male19

3236.18Some college$50,00025NoBlackMale20

3242.06Some college$25,00034NoWhiteOther21

5130.04Some college$40,00045YesAmerican Indi-
an or Alaskan
Native

Female22
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Preferences for Including Testimonials
Most users preferred designs featuring testimonials. They said
testimonials personalized the intervention (“that makes it a little
more personalized for you,” P7) and validated its efficacy (“look
at all these people from various lots of life who have used this
and are successful,” P2). Participants also found testimonials
motivating (“it will encourage someone,” P6) and engaging:

The testimonial person engages you. It gives you hope.
It motivates you. [P19]

Many said testimonials fostered connection (“it’s sort of a
camaraderie in a way,” P13). They said binge eating is an illness
for which social support is limited, so testimonials can fill this
gap:

It’s good to know that other people have the same
issue. [P11]

[It] feels more like you’re doing it as a team effort,
and that’s […] important with such an isolating
illness. [P21]

While they generally preferred designs with testimonials, a
subset distrusted testimonials for reasons of relevance,
authenticity, and utility. A few recommended excluding
testimonials altogether. Some participants found testimonials
irrelevant because eating and weight are subjective topics:

The reason I don’t like the testimonial option is
because it’s a very personal thing that you’re doing.
[P3]

When it comes to my own weight loss journey, I
wouldn’t find how it helped somebody else [useful]
[…] that’s just not something I would care to look
into. [P12]

Some found testimonials too “commercial” or distrusted the
speaker:

I relate it mentally to too many, not scams, but like
trying to sell a product [...] I might think it’s just a
paid actor. I don’t trust it enough. [P20]

It’s like looking at an infomercial on TV […] Here’s
Suzy Cream Cheese, and she lost four hundred pounds
in one week. [P10]

A few participants also said that they would prefer advice come
from the intervention, not a former user:

The ‘how-to’ is more important to me than the
testimonial. [P16]

Having some instruction as to how I can put it into
action might be more beneficial for me personally
than hearing how someone else put it into action. [P9]

Participants also cited unique reasons for disliking testimonials.
This participant said the speaker’s success did not guarantee
their own, so an unhelpful self-comparison could ensue:

If it doesn’t help you and it did help someone else,
then how are you going to internalize that? That’s
why I didn’t like that one. [P3]

Other critiques were of the illustration’s larger body size, which
raised concerns about the intervention’s efficacy (“if this helps

Shanice, why does Shanice still look like this?”, P9) and
prompted size comparisons (“am I fatter than this person?”,
P15). One participant worried the speaker’s racial identity could
alienate users (“I would not use the image and the name, just
because our country is so [...] ugly about race, and that could
turn some people off,” P4).

Design Preferences
Participants described their preferences for testimonial speakers,
interface, and messaging.

Speaker
Participants preferred speakers with shared identity
characteristics such as age, race, gender, body size, lifestyle (ie,
being busy), parenthood, and socioeconomic status.

I would immediately look at it and say I’m not a
middle-aged African American woman. [P10]

If it was someone smaller, I would be a bit more
skeptical. But if it was someone that looks like me, I
could say okay, she or he goes through the same
struggle as I do. [P18]

She’s a busy lady like you are, and […] she still found
time to squeeze it in. [P1]

There’s different challenges if you’re a working
mother compared to a stay-at-home mother, or
someone who’s not a mother. [P2]

When Oprah lost her weight it was like, you have a
personal chef, it’s easy for you. [P7]

Participants said sharing characteristics with speakers made
those testimonials more comfortable (“it’s just something I feel
comfortable with,” P22), relevant (“I don’t want to see how
somebody was successful who I can’t relate to,” P10), and
inspiring (“if it’s someone I can relate to […] it makes it more
real,” P7). They said these testimonials would make them more
likely to listen:

If it shows some 6-foot tall, muscular dude […] I’m
not going to listen to him. [P8]

Yet, one user cautioned that sharing characteristics does not
assure identification (“just because this person is a female, and
I’m a female, does not mean that I identify with this person,”
P1).

Understanding which intersecting identities matter most to
which users is important. We asked a subset of participants if
they would be willing to report personal data in the intervention
to facilitate identity-based matching and personalization; all of
them said yes.

When you introduce that [the demographic questions]
you should say: in order to really focus in on you,
we’re going to ask you these questions […] I want to
know you’re focusing in on me, because then it’s
worth my while to continue. [P10]

These findings indicate that it will be important for interventions
to deliver tailored testimonials to users, which can be facilitated
by assessing their identity characteristics within the intervention.
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Messaging
Generally, participants were shown 2 types of testimonials (see
Figure 1). The first (“how this helped Shanice”) conveyed the
“big picture” impact of the behavioral strategy; the second (“how
Shanice put this into action”) conveyed “how-to” advice.
Participants reported varying preferences between these options.
Those who preferred “big picture” testimonials found the
speaker’s end results more motivating than the speaker’s process
(“I’m more excited about the final results of losing weight, so
this is more engaging,” P19). Others thought the big picture
impact was obvious (“it’s not rocket science […] they know the
benefits,” P8).

Some participants found “how-to” advice unhelpful (“how one
put it into action may not be how someone else puts it into
action,” P9). Others favored “how-to” testimonials for their
actionable insights (“it’s concrete. Easily implementable,” P14)
that operationalize behavior change:

Sometimes when things are broken down […] it makes
it a lot easier, especially if it’s something that’s new
to you. [P18]

These varying preferences indicate that both types of testimonial
messaging (“big picture” and “how-to”) are motivating to
different users. To that end, this participant recommended
assessing users’ preferences within the intervention to discern
the optimal messaging to motivate a user:

I could see there being an option in the setup for the
app to choose […] Do you want to know testimonials?
Do you want how-to? Which ones do you want? [P17]

Understanding what testimonial messaging to deliver and to
whom to best facilitate motivation is critical to optimize
testimonials’ behavioral impact.

Interface
Participants wanted testimonials with a simple interface and
varying multimedia, such as videos, to encourage engagement
and connection (“it’s more a personal connection when you
have a video,” P2). A participant said they would prefer an
image of the speaker, instead of an illustration (“to the extent
it could be a real person, that would be helpful,” P9). Others
preferred testimonials delivered multimodally (eg, text and
video) to give options for viewing the content:

Maybe having a video, and then the transcript below
[…] so I can kind of listen in my head where I may
not have the audio, but I can still read and see them
speaking. [P2]

Every week, if there’s something different; sometimes
there might be audio of somebody talking about their
experience, then there might be a write-up, and then
there might be a video […] that might be motivating
[…] something that changes as weeks go by. [P1]

One participant wanted multiple testimonials available so they
could choose between speakers:

If you had a choice, like if you wanted to see Shanice,
or Bob, or whomever. Like you could watch multiple
testimonials from different people. [P2]

Taken together, these preferences for multimodal content and
choice between speakers can inform how intervention designers
optimize testimonials’ user interface.

Delivery Preferences
Testimonials could be a strategy to nudge users toward a
particular action within the intervention when choice is involved
(eg, in our intervention, users choose between behavioral
strategies). We therefore asked participants about their
preferences for seeing testimonials when there is an element of
user choice. If multiple actions are available, this participant
said a testimonial should only be delivered with the nudged
action:

If I clicked on ‘mood’ this week, because ‘mood’ is
not my recommended, there would be no testimonial
[…] I think I would be more motivated [to select the
recommendation] if there was a testimonial. [P2]

Other participants preferred to see testimonials across all
available actions:

I thought it was going to show a visual next to [each
behavioral strategy]. Like, on ‘physical activity,’ I
thought it would have been somebody with weights,
and on ‘behaviors,’ it would have somebody eating.
[P8)]

It would be great if even if it wasn’t a
recommendation, that they would have a testimonial
there, too […] I still would like that option added to
it. [P7)]

Additionally, because most behavioral interventions are
multi-session, we sought to understand users’ preferences for
the longitudinal delivery of testimonials. In our design sessions,
we assessed this by asking users about their preferences after
envisioning a week had passed in the program. Many
participants wanted testimonial speakers to vary over time
because new testimonials continue validating the intervention’s
efficacy:

It validates [it] if you can see real life people and
every day it’s a brand-new person. [P19)]

I think different people each week. So that way you
can see a variety of people, so you don’t get into, like,
oh my gosh, only one person’s used this. [P2)]

Some preferred testimonials from varied speakers each week
to reduce potential boredom from hearing the same person’s
story repeatedly (“especially if they’re going through this week
after week […] I really don’t need to see that again,” P17).
Delivering varied testimonials over time also increases the odds
of identifying with the speaker:

If I click on it one day, and I see a Tom or something
[…] I don’t really connect if it were Tom, but maybe
next week I get somebody else. [P1)]

However, one participant wanted to see the same speaker over
time (“I’d feel a lot more impressed if you showed me Bob all
the time […] It’s just like having a personal trainer,” P10).
These findings indicate that when choice is involved, selectively
delivering testimonials could nudge users toward the optimal
action, though users preferred testimonials be available across
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all actions. Understanding how to deliver testimonials over time
will be crucial for intervention designers to facilitate motivation
and engagement throughout a multi-session intervention.

Discussion

Principal Findings
We conducted design sessions to learn how to design and deliver
testimonials within a multisession digital binge eating

intervention. We found that participants generally preferred
designs with testimonials because they promoted engagement,
motivation, and connection. This finding indicates that target
users of a digital intervention for binge eating and weight-related
behaviors are interested in viewing testimonials as part of the
intervention and aligns with other literature indicating interest
in testimonials from peer sources among individuals with EDs
[14,15]. We also described participants’ preferences for
testimonial design and delivery over time. From these results,
we collated design recommendations, summarized in Table 3.

Table . Recommendations for optimizing the design of testimonials in digital health interventions.

Include testimonials from former users as part of digital interventions for
eating and weight-related behaviors.

General

Assess users’ testimonial preferences in-app and incorporate choice around
whether and how to receive testimonials (eg, speaker, messaging, or deliv-
ery).

Design testimonials that match the user sociodemographically to improve
relevance, understanding, and listening.

Speaker

Highlight the authenticity of the speaker to establish trust and avoid ap-
pearing too “commercial”.

Avoid showing users irrelevant testimonials that can disengage them.

Facilitate sociodemographic matching of testimonials by leveraging users’
willingness to input personal information in the app for matching purposes.

Recognize that some users may prefer following the same person over
time; as feasible, create and disseminate this content.

Highlight actionable, nonprescriptive content that recognizes the personal
nature of health journeys to transfer information without alienating users.
eg,

“See how Shanice made this strategy work for her. Her unique approach
might motivate you to find your own way to increase your daily activity.”

Messaging

Highlight the “big picture” impact of behavior changes to inspire users.
eg,

“Here’s how increasing her daily physical activity made Shanice feel
stronger and helped her connect with her kids.”

Include language to help users avoid fear of failure or unproductive self-
comparison to the testimonial speaker. eg,

“The key is finding an approach that fit in my life. For me, finding what
worked was a personal journey, and every small step has added up to big
changes.”

Deliver testimonials through images, video, and audio to foster connection
between the viewer and speaker, and capture motivating effects.

Interface

Vary delivery method of testimonials to engage users.

Offer testimonials from new speakers weekly (or on an intervention-ap-
propriate cadence).

Delivery

When choice between actions is involved, consider leveraging testimonials
to nudge users toward the optimal action.

Participants preferred testimonial speakers who shared their
sociodemographic characteristics. This finding contrasts with
de Graaf’s [4] meta-analysis, but aligns with more recent
research affirming the effectiveness of culturally tailored
testimonials [36] and the persuasive influence of sharing race,
age, and gender with a testimonial speaker [37]. When asked
why tailored testimonials mattered to them, some participants
said that nonrelatable testimonials (eg, from speakers with higher
socioeconomic status or different racial identities) could alienate

users, which underscores the importance of tailoring testimonials
to users’ personal characteristics. Notably, tailoring based on
body size poses a nuanced challenge for weight-related
interventions. While most participants preferred speakers with
relatable body sizes, one said that this would make them think
the intervention was ineffective. Indeed, because sharing certain
characteristics was important to some participants, but not
others, our results indicate that intervention designers should
consider ways to assess users’ preferences and characteristics
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at the onset of the intervention to identify users’ most pertinent
identities (eg, is it more important for testimonials to match a
user’s gender or socioeconomic status?) and tailor testimonials
accordingly. This can be facilitated by users’ willingness to
report personal information in the intervention, though continued
design work is needed to understand user tolerance for
testimonial personalization over time. Indeed, Robbins et al
[38] observed that some Black participants were uncomfortable
with a video testimonial intervention that featured
overwhelmingly Black speakers. In multisession interventions,
testimonial tailoring based on characteristics like race could
feel increasingly targeted over time. It is thus necessary to learn
users’ preferences for tailored testimonials throughout an
intervention during its actual delivery. Further research is also
needed to empirically test if tailoring testimonials improves
their effectiveness in the context of eating and weight-related
interventions.

For testimonial messaging, we found users were relatively split
between receiving “how-to” information versus “big picture”
information, in that some preferred testimonials with actionable
advice, whereas others preferred testimonials that highlighted
the end result of the intervention. This divide also appears in
the literature on testimonials for deterring maladaptive health
behaviors. While Keer et al [39] found that testimonials
describing the positive consequences of abstinence from binge
drinking were most effective, Jawed and Hogan [40] found that
highlighting actionable strategies for smoking cessation
improved testimonial effectiveness and engagement. Our
findings affirm that both forms of testimonial messaging may
be effective for different subsets of users, depending on their
preferred style of messaging. To this end, participants suggested
incorporating choice around whether and how to receive
testimonials, depending on the elements they find most
motivating. User-driven personalization is highly feasible in
digital interventions, given a sufficient bank of testimonial
content, such that this is a promising area for further inquiry.
Future work also would benefit from identifying factors that
predict which design elements (eg, forms of messaging) are
preferred by which subsets of users, toward effectively
personalizing testimonials to users. Importantly, we did not
explore users’ preferences for testimonial messaging that
included descriptions of binge eating or dangerous compensatory
behaviors, given the behavioral consequences that can arise
when viewers of ED testimonials are exposed to this kind of
messaging [11,12]. Future work could explore opportunities to
safely design testimonials that mention such behaviors, though
our results indicate that potential users of our binge eating
intervention were interested in and motivated by testimonials
about positive health behaviors, such that testimonials describing
ED behaviors could be avoided in interventions to reduce
potential risks.

For delivery, we found that users were interested in written
testimonials as well as video, audio, and multimedia
testimonials. Because de Graaf [4] did not identify any modality
as uniquely effective, and given participants’varied preferences,
assessing users’ preferred delivery modality at the onset of
intervention is another promising opportunity for tailoring. For
delivery over time, users preferred testimonials from varied

speakers because they were more engaging and validated the
intervention’s efficacy. We did not learn how their messaging
preferences may change over time, which is important because
these preferences could meaningfully evolve (eg, a new user
initially prefers “big picture” testimonials but later prefers “how
tos”). Future work should thus examine methods to
longitudinally assess users’ testimonial preferences. When the
intervention allowed users to choose between actions (in our
case, behavioral strategies), users preferred testimonials to be
delivered across all choices. While intervention designers could
do this, our results indicate that selectively delivering a
testimonial with the recommended action could encourage users
to select it. This finding aligns with nudge theory in behavioral
economics [29] and may be especially relevant for just-in-time
adaptive interventions, which have deployed nudges as part of
their behavior change strategies [41]. Our finding that users
positively perceived testimonials indicates that testimonials are
a promising design element to explore for deployment as nudges
in digital health interventions, though future work should test
if exclusively delivering a testimonial for the optimal action
improves the action’s uptake.

Despite the generally positive perceptions of testimonials, some
users said testimonials would not motivate behavior change.
This finding needs to be validated in practice through actual
intervention delivery. Although much research supports the
behavioral effects of testimonials [3], including for promoting
abstinence from maladaptive health behaviors [9], Shen et al
[42] found that cessation testimonials did not have significant
effects, as opposed to prevention testimonials (eg, using
condoms) and detection testimonials (eg, cancer screening),
which did produce significant effects. This indicates that
intervention designers—especially those who are designing
interventions to dissuade maladaptive health behaviors—must
continue identifying other elements to influence behavior and
design to preempt testimonial pitfalls. Indeed, the subset of
users who said testimonials would not influence their health
behavior change universally critiqued the testimonials’
trustworthiness. This objection can be understood through the
lens of persuasive intent (ie, a message’s implicit goal to
persuade), which has been shown to undermine the credibility
and persuasiveness of health communications [43,44]. Designing
testimonials to highlight source credibility may help improve
trust in the testimonial message [45]. Another approach to
improve the credibility of testimonials could involve inviting
users to submit their own testimonials for future integration into
the intervention. This strategy could also help create a bank of
testimonials from a diversity of users, which could then be
deployed in the intervention.

Further research is needed to validate these findings with
FoodSteps users in practice. While we believe these findings
are relevant to interventions for other health topics, our study
is limited by its focus on an intervention for binge eating and
weight-related behaviors. Designers of other health interventions
may wish to follow similar human-centered design methods to
identify intervention-specific design preferences.
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Conclusions
This study sought to learn how to optimize the design and
delivery of testimonials in a multisession digital health
intervention. Our findings confirm that target users of a digital
intervention for binge eating and weight-related behaviors
wanted testimonials delivered as part of the intervention. We
generated novel insights into users’ preferences for testimonial
messaging, speakers, and delivery (through varied modalities,
over time, and as a “nudge” toward a particular action). These
results indicate opportunities for digital health intervention

designers to tailor testimonials to users based on their
preferences and identities. This study extends existing research
by applying human-centered design methods to identify design
preferences that can now be implemented and tested in practice.
Our work offers a foundation for further inquiry into areas such
as user preferences for sociodemographic tailoring over time
and testimonials as “nudges” toward optimal actions in health
interventions. Future research should continue applying
human-centered design methods to address these and other
questions, toward the goal of optimizing the behavioral impact
of health testimonials.
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Abstract

Background: The Interactive Care Coordination and Navigation (iCAN) mobile health intervention aims to improve care
coordination and reduce hospital and emergency department visits among people experiencing homelessness.

Objective: This study aimed to conduct a three-part economic evaluation of iCAN, including a (1) cost analysis, (2) exploratory
financial cost-benefit analysis, and (3) budget impact analysis (BIA).

Methods: We collected cost and expenditure data from a randomized controlled trial of iCAN to conduct a cost analysis and
exploratory financial cost-benefit analysis. Costs were classified as startup and recurring costs for participants and the program.
Startup costs included participant supplies for each participant and SMS implementation costs. Recurring costs included the cost
of recurring services, SMS text messaging platform maintenance, health information access fees, and personnel salaries. Using
the per participant per year (PPPY) costs of iCAN, the minimum savings reduction in the average health care costs among people
experiencing homelessness that would lead to a benefit-cost ratio >1 for iCAN was calculated. This savings threshold was
calculated by dividing the PPPY cost of iCAN by the average health care costs among people experiencing homelessness multiplied
by 100%. The benefit-cost ratio of iCAN was calculated under different savings thresholds from 0% (no savings) to 50%. Costs
were calculated PPPY under different scenarios, and the results were used as inputs in a BIA. A probabilistic sensitivity analysis
was conducted to incorporate uncertainty around cost estimates. Costs are in 2022 US $.

Results: The total cost of iCAN was US $2865 PPPY, which was made up of US $265 in startup (9%) and US $2600 (91%) in
recurring costs PPPY. The minimum savings threshold that would cause iCAN to have a positive return on investment is 7.8%.
This means that if average health care costs (US $36,917) among people experiencing homelessness were reduced by more than
7.8% through iCAN, the financial benefits would outweigh the costs of the intervention. When health care costs are reduced by
25% ($9229/$36,917; equal to 56% [$9229/$16,609] of the average cost of an inpatient visit), the benefit-cost ratio is 3.22, which
means that iCAN produces US $2.22 in health care savings per US $1 spent. The BIA estimated that implementing iCAN for
10,250 people experiencing homelessness over 5 years would have a financial cost of US $28.7 million, which could be reduced
to US $2.2 million if at least 8% ($2880/$36,917) of average health care costs among people experiencing homelessness are
reduced through the intervention.

Conclusions: If average costs of emergency department and hospital visits among people experiencing homelessness were
reduced by more than 7.8% ($2880/$36,917) through iCAN, the financial benefits would outweigh the costs of the intervention.
As the savings threshold increases, it results in a higher benefit-cost ratio.

Trial Registration: ClinicalTrials NCT05365867; https://clinicaltrials.gov/study/NCT05365867

(JMIR Form Res 2025;9:e64973)   doi:10.2196/64973

KEYWORDS

people experiencing homelessness; budget impact analysis; financial cost-benefit analysis; mHealth; care coordination; care;
mobile health; smartphones; homeless; hospitalization; cost analysis; health care cost; economic; emergency department; United
States; cost-benefit; digital health
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Introduction

People experiencing homelessness have higher rates of
emergency department (ED) and hospital visits than housed
groups. A systematic review reported that, on average, across
10 studies, the number of ED visits among people experiencing
homelessness ranged from 0.7 to 5.8 visits annually.
Furthermore, 5 of these studies compared ED use between
people experiencing homelessness and housed groups and found
that the rates were higher in people experiencing homelessness
[1]. It has also been reported that people experiencing
homelessness have 1.9 times the odds of hospital readmissions
compared with housed groups [2]. Furthermore, a study of the
hospital use patterns of people experiencing homelessness using
electronic health data in an integrated health system in the
United States found that people experiencing homelessness
have higher rates of 30-day readmissions and longer lengths of
stay in the hospital compared with those that are not homeless
[3]. Some of the reasons for high ED and hospital utilization in
people experiencing homelessness includes inadequate access
to primary care and challenges taking medications due to
medications being lost or stolen and competing priorities for
basic needs such as shelter and food [4,5].

Mobile health (mHealth) is a type of digital technology that
involves the use of mobile devices such as mobile phones to
deliver health services [6]. The ubiquity and declining costs of
mobile phones in the United States and other countries has
generated interest in the use of mHealth to improve population
and public health [7,8]. Studies have shown that mHealth can
be effective in improving outcomes such as increasing patient
adherence and healthy behaviors in chronic disease management
[9], and reducing ED use [10-12]. According to 2 systematic
reviews of cost effectiveness of digital interventions (eg,
telephone, SMS text messaging, and mHealth apps), for those
studies that included some type of economic evaluation, there
is some evidence that these interventions may be cost-beneficial
[9,13]. Even in the mHealth interventions where the outcomes
were not statistically significant or cost-savings were not
addressed, a reduction in preventable and nonemergent ED visits
suggest likely significant cost-savings for health care payers in
the community [13].

Given that mobile phones can reach traditionally hard to reach
groups, including people experiencing homelessness [14],
mHealth interventions should be considered when designing
interventions to decrease ED and hospital visits in people
experiencing homelessness. In a small pre-post study, people
experiencing homelessness indicated that it was easy to use a
mobile phone to participate in an mHealth intervention, and a
qualitative study of people experiencing homelessness in the
pre-post study found that mobile phones empowered people
experiencing homelessness to self-manage their health and social
needs [15,16]. A scoping review of 12 studies found that using
technology on mobile phones such as SMS text messaging and
apps could help improve access to mental health services for
youth experiencing homelessness, with evidence of feasibility
and acceptability by users [17]. The scalability of mHealth
interventions for people experiencing homelessness will depend,
in part, on whether its benefits outweigh the costs of the

intervention. Thus, in this study, we will estimate the costs of
an mHealth intervention, which will be described in the Methods
section, that was implemented to decrease ED and hospital use
among people experiencing homelessness and conduct an
exploratory financial cost-benefit analysis and preliminary
budget impact analysis to evaluate the potential cost-savings
from this intervention for people experiencing homelessness.

Methods

Overview
Interactive Care Coordination and Navigation (iCAN) is a
community-based mHealth intervention in the United States
that was designed using findings from previous studies related
to acceptability and benefits of mHealth interventions in people
experiencing homelessness [15,16] and with feedback from
homeless care providers and people with the lived experience
of homelessness. The purpose of iCAN, which is implemented
at community-based sites that provide homeless services, is to
improve care coordination between health and social services
for people experiencing homelessness with a goal of reducing
hospitalizations and ED visits. It is a multicomponent
intervention comprised of SMS text messages, preinstalled apps
and resources, including a bus pass, and a case manager who
conducted telephone encounters and used bidirectional SMS
texting to communicate with participants. Participants received
3‐5 messages daily regarding medication adherence and
appointment reminders, general health messages, motivational
messages such as encouragement to keep goals, and as needed
messages for local information (eg, weather updates and
resource fair information). Participants were also able to text
the case manager or study staff. Within 72 hours of enrollment,
the case manager conducted a telephone assessment to identify
relevant health and social needs whereby they could connect
participants to medical and social services in the community.
Case managers received weekly reports twice about ED and
hospital use from the local health information exchange (HIE)
and contacted participants within 72 hours of an ED or hospital
visit to help coordinate care needs for managing discharge
instructions. People experiencing homelessness who were 18
years or older, owned a cell phone with service, had at least 2
chronic health conditions, had at least 2 hospitalizations or ED
visits 6 months before enrollment, scored 4 or higher on the
Rapid Estimate of Adult Literacy in Medicine-Short Form, and
scored greater than 17 on the Mini-Mental State Exam were
eligible to participate in iCAN. There was a total of 60
participants in the iCAN intervention. The mean age of
participants in the iCAN intervention was 50.1 (SD 10.2) years.
Most (42/60, 70%) were men; over half (34/60, 57%) reported
their race as White and 32% (19/60) reported their race as Black.
The randomized controlled trial (RCT) of iCAN completed
recruitment in August 2023 and data analysis is ongoing.

Informed by previous studies of mHealth interventions [18-21],
we conducted a three-part economic evaluation of iCAN,
including a (1) cost analysis, (2) exploratory financial
cost-benefit analysis, and (3) budget impact analysis. For the
cost analysis, we used expenditure data from the iCAN RCT to
determine the total cost and cost per participant per year (PPPY).
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Using these costs, we conducted an exploratory cost-benefit
analysis to understand the minimum health care savings that
would cause iCAN to have a positive return on investment.
Finally, we conducted a budget impact analysis to determine
the financial requirements of scaling up the iCAN intervention
in a metropolitan area. For the cost and cost-benefit analyses,
we used scenario and probabilistic sensitivity analyses to
determine the effect of different assumptions and uncertainty
in existing data on our findings.

We followed the Consolidated Health Economic Evaluation
Reporting Standards (CHEERS) [22], the International Training
and Education Center for Health (I-TECH) Applied Economic
Evaluation of Digital Health Interventions Report [23], the The
International Society for Pharmacoeconomics and Outcomes
Research (ISPOR) Budget Impact Analysis Report [24], and
other guidance [25] in conducting this study. We used a
public-payer perspective, assuming that the majority of people
experiencing homelessness do not have private health insurance
and cannot pay for out-of-pocket health care costs [26,27]. Thus,
the costs of iCAN and health care services used by people
experiencing homelessness are borne by the public sector
through public health care payers (eg, Medicaid), health care
systems, and local governments.

Data Collection

Intervention Costs
We collected expenditure records from the ongoing iCAN RCT
to determine intervention costs. Intervention costs were
separated into startup and recurring costs using a microcosting
approach [28].

Startup or capital costs were separated into participant-related
and program-related costs. Participant-related startup costs
included a cell phone, phone case, armband, charging cable and
block, rechargeable power bank, and drawstring backpack.
Program-related startup costs included the initial payment for
the SMS text messaging platform and printing costs for training
materials.

Recurring costs were separated into participant-related,
program-related, and personnel costs. Participant-related
recurring costs included a monthly bus pass and a SIM card
with a phone plan, which are given to each participant.
Program-related recurring costs included monthly SMS text
messaging platform maintenance fees and HIE data access fees.
Access to HIE data are required to monitor ED and inpatient
health care use of participants during the trial, however, this
expense may be excluded during the scaling up of iCAN in the
community. We explored this scenario in sensitivity analysis.

Personnel-related recurring costs included the salaries of a case
manager and program coordinator. The case manager spent
approximately 20 hours per week communicating with 24
enrolled participants; for 60 participants, this was equivalent to
1.25 case managers. The program coordinator, a role assumed
by graduate research assistants during the iCAN trial, is
responsible for several operational and administrative tasks,
including setting up participants’ cell phones (1 h per phone),
training participants on the intervention (1 h per participant),
and troubleshooting any technology-related issues (2 h per

week). The case manager’s annual salary was estimated based
on the average hourly wage of social workers in Texas from the
Bureau of Labor Statistics multiplied by the total work hours
(2500) per year [29]. The salary of the program coordinator was
based on the average hourly pay of graduate research assistants,
which is available on the human resources website of The
University of Texas at Austin [30]. The hours spent by the
program coordinator on specific tasks were determined through
interviews with trial staff and a review of staff records, and the
total time spent was used to calculate the program coordinator’s
annual salary.

Health Care Costs
We used existing data to estimate the annual health care costs
related to inpatient and ED care among people experiencing
homelessness. We relied on previous studies on health care
utilization among people experiencing homelessness in Texas
to determine the average number and range of ED [31-34] and
inpatient visits [31,35] (Multimedia Appendix 1). We took the
weighted average and median of ED and inpatient visits across
studies, which resulted in equivalent values and were
comparable with the estimates from other jurisdictions and the
United States [36-40]. We then multiplied these figures by the
average cost of each service from the 2022 Medical Expenditure
Panel Survey-Household Component (MEPS-HC) database
[41]. With the average cost of inpatient (US $16,609, [SE $860])
and ED visits (US $1233 [SE $66]) from MEPS-HC, we used
a total health care cost of US $36,916 PPPY. This average cost
is comparable with what previous health care utilization studies
among people experiencing homelessness who use health care
services have reported in Texas and other locations [31-40].

Analysis

Cost Analysis
We calculated the total costs of iCAN by adding up all the
startup and recurring intervention costs. We also calculated the
PPPY costs by dividing the total costs by 60, which is the
number of enrolled participants in the iCAN RCT. In scenario
analyses, we varied assumptions around the cost inputs
(Multimedia Appendix 2) and calculated total and PPPY costs
under each scenario.

Cost-Benefit Analysis
Using the PPPY costs of iCAN, we calculated the minimum
savings or reduction in the average health care costs among
people experiencing homelessness that would lead to a
benefit-cost ratio >1 for iCAN, where the financial benefits
associated with the intervention outweigh its costs. We
calculated this “savings threshold” by dividing the PPPY cost
of iCAN by the average health care costs among people
experiencing homelessness multiplied by 100%. For example,
if the PPPY cost of iCAN is 10% of the average health care
costs among people experiencing homelessness, a health care
cost reduction of >10% (the savings threshold) would lead to a
benefit-cost ratio >1 for iCAN. These savings can be accrued
by reducing the number or severity of ED and inpatient visits.
We then calculated the benefit-cost ratio of iCAN under different
savings thresholds from 0% (no savings) to 50%.
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To account for uncertainty in various cost inputs (ie, cost of the
iCAN, number of ED, and inpatient visits), we conducted a
probabilistic sensitivity analysis. A common approach in
economic modeling, probabilistic sensitivity analysis involves
generating probability distributions for each input using the best
available parameter values and then drawing 10,000 random
values of each input to produce a distribution of results. From
these 10,000 estimates, we determined the mean, median, and
95% probable interval of the savings threshold for iCAN. We
assigned gamma distributions for iCAN and health care costs
and Poisson distributions for the annual number of inpatient
and ED visits among people experiencing homelessness.

Budget Impact Analysis
We conducted a budget impact analysis to determine the
financial requirements of implementing iCAN for people
experiencing homelessness in a metropolitan area. We used a
5-year time horizon and selected Travis County, Texas, which
includes the city of Austin where the iCAN trial was conducted,
as the setting of the analysis. The number of unsheltered people
experiencing homelessness in the first year was assumed to be
3990 based on estimates of the Homelessness Response System
[42]. We assumed that the people experiencing homelessness
population would grow annually by 3.4%, which is the estimated
population growth rate for people experiencing homelessness
by the US Department of Housing and Urban Development in
2023 [43]. We further assumed that only 60% of people
experiencing homelessness would be eligible to participate in
iCAN based on previous use of ED and inpatient services based
on trial data and previously published studies. Finally, we
assumed that only 80% of eligible people experiencing
homelessness would participate in iCAN based on engagement
data from the trial.

We included fixed and variable startup costs and variable
recurring costs in the budget impact analysis. Fixed start-up
costs, which were only paid in the first year of program
implementation regardless of the number of participants,
included the costs of the SMS text messaging platform and
iCAN training materials. Variable startup costs included the
1-time cost of supplies (eg, cell phone) per participant. Recurring
costs were the cost of services and salaries that varied based on
the number of participants; these costs included SMS text
messaging platform maintenance fees, HIE data access,
personnel salaries, and annual bus passes and phone plans for
each participant. We used a medical inflation rate of 2.3% in
estimating future costs.

Ethical Considerations
The trial described in the study was approved by the University
of Texas Institutional Board (STUDY00002666). The consent
form indicated that research data would be kept for use in
secondary analyses.

Results

Cost Analysis
The total cost of implementing iCAN to 60 participants for 1
year was US $170,921. The startup costs of iCAN (US $15,925)
were estimated to be 9.3% ($15,925/$171,921) of the total cost
(Table 1) and the remainder ($155,996/$171,921, 90.7%) were
attributable to recurring costs (US $155,996), particularly
personnel costs (US $84,908; Table 2). The startup and recurring
costs PPPY were US $265 and US $2600, respectively, leading
to a total PPPY cost of US $2865 PPPY (Table 3).

Table . Startup costs of Interactive Care Coordination and Navigation, a mobile health intervention for people experiencing homelessness in the United
States, for a cost analysis. Total costs are calculated based on 60 participants. Costs are in 2022 US $.

Total cost (US $)Unit cost per participant (US $)Item

Participant-related

8999.40149.99Cell phone

779.4012.99Phone case

539.408.99Arm band

210.003.50Charging block

210.003.50USB-C charging cable

899.4014.99Power bank

80.401.34Drawstring backpack

11,718.00195.30Subtotal

Program-related

3588.0059.80Text messaging platform implemen-
tation

618.5910.31Printing costs for training binder
supplies

4206.5970.11Subtotal

15,924.59265.41Total
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Table . Recurring costs of Interactive Care Coordination and Navigation, an mobile health intervention for people experiencing homelessness in the
United States, for a cost analysis. Total costs were calculated for 60 participants. Costs are in 2022 US $.

Total annual cost (US $)UnitsUnit cost (US $)Item

Participant-related

29,70012 months per participant41.25 per monthBus pass

25,20012 months per participant210 per 6 monthsSim card or phone plan

54,900——aSubtotal

Program-related

118812 months for all partici-
pants

99 per monthSMS text messaging plat-
form maintenance

15,000750 hours for all participants200 per hourHIEb data access

16,188——Subtotal

Personnel-related

3808224 hours for all participants17 per hourProgram coordinatorc

81,1002500 hours for all partici-
pants

32.44 per hourCase worker

84,908——Subtotal

155,996——Total

aNot applicable.
bHIE: health information exchange.
cIncludes time spent on setting up (1 h/participant) and training (1 h/participant) participants and maintenance (2 h/wk).

Table . Per participant per year costs of Interactive Care Coordination and Navigation, a mobile health intervention for people experiencing homelessness
in the United States, for a cost analysis. Costs are in 2022 US $.

Cost PPPYa (US $)Category

Startup cost

195.30Participant-related

70.11Program-related

265.41Subtotal

Recurring cost

915.00Participant-related

269.80Program-related

1415.13Personnel-related

2599.93Subtotal

2865.34Total cost

aPPPY: per participant per year.

The total PPPY cost of iCAN intervention varied slightly under
different scenarios (Table 4). For example, when startup costs
were excluded (Scenario A), recurring costs PPPY was US
$2600. Excluding the cost of HIE data access (Scenario C) led

to a similar PPPY cost of US $2615. The removal of bus passes
and HIE data access (Scenario D) produced the lowest cost of
US $2120 PPPY.
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Table . Results of scenario analyses for a cost analysis of Interactive Care Coordination and Navigation, an mobile health intervention for people

experiencing homelessness in the United States. All costs are in PPPYa 2022 US $.

Scenario DScenario CScenario BScenario ABase caseType of cost

2652652650265Startup costs (US $)

18552350210526002600Recurring costs (US $)

21202615237026002865Total iCANb costs (US
$)

5.77.16.47.07.8Savings threshold

aPPPY: per participant per year.
biCAN: Interactive Care Coordination and Navigation.

In Table 4, the savings threshold refers to the percent (%)
reduction in average health care costs for ED and inpatient care
among people experiencing homelessness. The base case
includes both startup and recurring costs. Scenario A includes
recurring costs only. Scenario B includes startup costs and
recurring costs without the bus pass. Scenario C include startup
costs and recurring costs without HIE data access. Scenario D
includes startup costs and recurring costs without the bus pass
and HIE data access.

Cost-Benefit Analysis
When the cost of iCAN PPPY equals the base-case estimate
(US $2865), the savings threshold is 7.8% (Table 2). This means

that if average health care costs (US $36,917) among people
experiencing homelessness were reduced by more than 7.8%
through iCAN, the financial benefits would outweigh the costs
of the intervention. A higher savings threshold is associated
with a higher benefit-cost ratio for iCAN (Figure 1). When 10%
($3692/$N36,917) of average health care costs among people
experiencing homelessness are averted (equal to the average
cost of 3 ED visits), iCAN has a benefit-cost ratio of 1.29. When
health care costs are reduced by 25% ($9229/N$36,917; equal
to 56% [$9229/N$16,609] of the average cost of an inpatient
visit), the benefit-cost ratio is 3.22, which means that iCAN
produces US $2.22 in health care savings per US $1 spent.

Figure 1. Benefit-cost ratio of Interactive Care Coordination and Navigation, an mobile health intervention for people experiencing homelessness in
the United States, under varying savings thresholds.

Figure 1 shows the benefit-cost ratio of iCAN under different
savings thresholds, which is the percent (%) reduction in average
health care costs for ED and inpatient care among people
experiencing homelessness. Average health care costs were
calculated using the weighted average of ED and inpatient visits
among people experiencing homelessness from previous studies,
whose value was equivalent to the median. The dotted red line

marks a benefit-cost ratio of 1, which occurs when the benefits
or financial savings of iCAN outweigh its costs. The
probabilistic sensitivity analyses, which account for uncertainty
in the costs of iCAN and the average health care costs of people
experiencing homelessness, found a median savings threshold
of 8.2% (95% probable interval 3.2‐94.0). The average savings
threshold was higher at 21%.

JMIR Form Res 2025 | vol. 9 | e64973 | p.579https://formative.jmir.org/2025/1/e64973
(page number not for citation purposes)

McCullough et alJMIR FORMATIVE RESEARCH

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


Budget Impact Analysis
The 5-year financial cost of implementing the iCAN intervention
in Travis County for 10,250 people experiencing homelessness
was around US $28.7 million (Table 5). If at least 5% of average

health care costs among people experiencing homelessness are
averted, the net budget impact is US $9.7 million. If average
health care savings increased to 7%, the net budget impact of
iCAN is further reduced to US $2.2 million.

Table . A 5-year budget impact analysis of Interactive Care Coordination and Navigation, an mobile health intervention for people experiencing
homelessness in the United States (the 5-year total costs were calculated for the total number of people experiencing homelessness participating in
Interactive Care Coordination and Navigation and health care savings were calculated based on the average health care costs for emergency department
and inpatient care among people experiencing homelessness per year [US $36,917] among those who use these services).

5-year totalYear 5Year 4Year 3Year 2Year 1

10,25021892117204819801915Total number of participants, n

Intervention costs (US $)

420700004207Fixed costs

2,001,764195195195195195Startup costs,

PPPYa

26,648,50226002600260026002600Recurring costs,
PPPY

28,654,4726,119,4785,918,2575,723,6535,535,4485,357,637Total financial cost (US $)

Net budget impact (US $)

9,735,0882,078,4422,010,0991,944,0021,880,0801,822,4665% health care
savings

2,167,335462,028446,835432,142417,933408,3977% health care
savings

aPPPY: per participant per year.

Discussion

Principal Results
In this study, we found, using a base-case estimate of US $2865,
that a reduction in ED and hospital costs (estimated to be US
$36,916 PPPY) of about 8%, which equals the cost of 2 ED
visits PPPY, through iCAN would outweigh the costs of the
intervention. Higher reductions in ED and hospital costs would
result in a higher benefit-cost ratio for iCAN. While the
economic value of mHealth interventions have been previously
explored, none have focused on interventions for people
experiencing homelessness. In total, 29 out of 39 studies
evaluated in a systematic review conducted by Iribarren et al
[44] in 2017 concluded that mHealth interventions show
cost-effectiveness, economic benefit, or cost savings. Just over
half of the mHealth interventions included SMS text messaging
as the mHealth-related function in the intervention, with 77%
(17/22) of these interventions reporting positive cost outcomes
[44]. However, many limitations were identified in this
systematic review. Of the 39 studies included in the review,
only 12 were considered high-quality economic evaluations,
which was defined as meeting at least 90% (21/24) of the items
in the CHEERS checklist. In 2022, Gentili et al [13] conducted
a systematic review of digital health interventions, which
includes mHealth and other technologies such as telehealth,
evaluating studies published after the time period evaluated by
Iribarren et al [44]. Furthermore, 35 studies were included, and
the findings were relatively consistent with that of Iribarren et
al [44]. Only 12 of the 35 studies met at least 90% (21/24) of
the items on the CHEERS checklist [13]. While the quality of
economic evaluation was the focus of these systematic reviews,

there is little evaluation of the budgetary impact and scalability
of the included studies. Budget impact analyses were not
conducted for these studies, and any evaluations on the
economic scalability and sustainability of the interventions were
preliminary, suggesting the need for formal budget impact
analyses on mHealth interventions.

Another mHealth intervention used SMS to increase
participation in their own care and decrease the number of
no-show appointments in homeless veterans at a metropolitan
Veterans Health Administration hospital. There was a significant
decrease in the number of appointments cancelled by the patient
and no-show appointments, and there was a significant reduction
in ED visits. This study also showed that there were significant
cost-savings when comparing the costs of implementing and
maintaining SMS appointment reminders with the cost of
unutilized services due to cancelled and no-show appointments
[45]. A systematic review conducted in 2014 found that studies
that evaluated cost-effectiveness showed cost savings associated
with SMS services compared with standard of care while
maintaining equal efficacy of interventions [46]. Even in the
mHealth interventions where the outcomes were not statistically
significant or cost-savings were not addressed, a reduction in
preventable and nonemergent ED visits suggest likely significant
cost-savings for health care payers in the community [13,44,47].

Our study adds to this literature by estimating the minimum
health care savings needed for an mHealth intervention like
iCAN to have positive net financial benefits. However, our
analysis excludes other benefits that may be associated with
iCAN, such as improvements in health outcomes and
health-related quality of life. These health-related benefits

JMIR Form Res 2025 | vol. 9 | e64973 | p.580https://formative.jmir.org/2025/1/e64973
(page number not for citation purposes)

McCullough et alJMIR FORMATIVE RESEARCH

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


should be quantified, valued, and added to the cost-benefit
analysis or cost-effectiveness analysis to gain a more
comprehensive picture of iCAN’s overall value.

Research has shown that people experiencing homelessness use
more health care services than individuals with stable housing.
In our analysis, we relied on previously published estimates of
ED and inpatient health care use among people experiencing
homelessness in Texas, which all found that use of these services
is common (>1) among people experiencing homelessness who
have a history of using these services. For example, single-center
retrospective studies in Harris County, Texas, and Fort Worth,
Texas found that people experiencing homelessness who used
the ED had an average of 3.82 and 3.29 ED visits, respectively
[33,34]. These numbers align with recent estimates from the
National Hospital Ambulatory Medical Care Survey that found
an ED visit rate of 310 per 100 persons per year in
2020‐2021[37]. Estimates of inpatient visits among people
experiencing homelessness in Texas are more limited and appear
higher than numbers from other jurisdictions. A study of
veterans in Pittsburgh, Pennsylvania, estimated the average
number of inpatient visits at 0.7 (SD 1.6) among those who
were hospitalized in 2012‐2013, while single-center studies
in Boston, Massachusetts, and Seattle, Washington State, found
slightly higher numbers (>2) [40,48], which align with research
showing a high risk of readmission among people experiencing
homelessness [2,3]. Using these health care utilization numbers,
we calculated an average health care cost comparable with
previously published estimates of the cost of care among people
experiencing homelessness [35,49,50]. Additional research is
needed to understand the health care use and costs among people
experiencing homelessness.

This study not only provides insight to the cost-benefit of the
iCAN mHealth intervention, but also highlights the scalability
and sustainability of an mHealth intervention like iCAN in a
metropolitan area. Including a budget impact analysis of iCAN
demonstrates that expanding the services provided by iCAN
over a 5-year period is both possible and cost-saving. While
existing literature on the economic implications of mHealth
interventions exists, the majority of these studies did not conduct
formal budget impact analyses to determine the sustainability
of implementing an intervention on a larger scale [13,44]. Our
economic evaluation and budget impact analysis balances both
real-world data with necessary assumptions on a realistic scale,
and many of the assumptions used in this study can be replaced
with more specific real-world data after the iCAN RCT has
concluded.

This economic evaluation and budget impact analysis provides
insightful information in an emerging field where concrete data
are lacking in several aspects. In published studies conducting
budget impact analyses, the interventions being studied are
typically medications or treatment protocols, not
multicomponent behavioral health interventions [21,51-54].

While there are dozens of economic evaluations of mHealth
interventions, there are very few formal budget impact analyses
associated with these economic evaluations [13,44]. Our
economic evaluation and budget impact analysis aims to fill
this gap about mHealth interventions and the economic
scalability and sustainability associated with expanding the
services provided.

Limitations
The primary limitations of this study involve the assumptions
made in the economic evaluation. The costs associated with the
iCAN intervention were estimated from expenditure data from
the RCT, which likely overestimate the actual costs of the
intervention if implemented in real-world setting due to costs
required to ensure accurate trial design and adherence to protocol
[20]. We addressed this issue by adjusting the fixed costs
included in our budget impact analysis, however, other
economies of scale are potentially still excluded from our
analysis. Health care costs related to ED and inpatient visits
were estimated using national health care expenditure data
(MEPS-HC) because such data were not available through the
trial or for Travis County specifically. With possible variations
in health care cost and utilization among people experiencing
homelessness, our probabilistic sensitivity analyses explored
the impact of uncertainty on our findings and indeed found a
wide range of savings thresholds for iCAN. This suggests
iCAN’s economic value will be highly influenced by the change
in health care costs and utilization of people experiencing
homelessness who receive the intervention. Finally, we also
had to make simplifying assumptions in the budget impact
analysis, including the current size and growth of the people
experiencing homelessness population in Travis County over
the next 5 years. Our budget impact analysis can be easily
updated with more precise inputs to understand the financial
aspects of expanded access to iCAN.

Conclusions
This exploratory economic evaluation gives estimates of the
cost of the iCAN mHealth intervention while exploring the
cost-savings and budget impact of implementing the iCAN
mHealth intervention on a larger scale. By using data from the
iCAN RCT and other available resources, this economic
evaluation determined that implementing the iCAN mHealth
intervention for people experiencing homelessness in a
metropolitan area provides financial cost-benefit if 1
hospitalization or 2 ED visits can be avoided. Future studies
should explore the feasibility of implementing the iCAN
mHealth intervention using data from the completed iCAN RCT
to limit uncertainty in the cost of scaling up the intervention.
Health care payers should examine the benefits of implementing
mHealth interventions like this one to prevent unnecessary
health care utilization and the associated costs among people
experiencing homelessness.
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Abstract

Background: Cardiovascular disease is the major cause of death worldwide, leading to a significant socioeconomic burden.
Although secondary prevention is a cornerstone in chronic disease management, adherence to guideline recommendations in this
regard often falters, leading to suboptimal outcomes. While eHealth technologies are promising for improving treatment adherence,
they also represent a new approach to secondary prevention. However, a common critique is that extensive digitalization may
not adequately address the needs of older adults with chronic medical conditions.

Objective: This study aims to analyze eHealth literacy, digital use patterns, and general attitudes toward digital technologies
in a collective of patients with cardiovascular disease to identify potential obstacles in implementing mobile health technologies
in secondary preventive therapy.

Methods: This survey-based study was a part of the baseline examination of the PreventiPlaque trial. It involved 240 participants
with known coronary artery disease. The assessment evaluated their current understanding of the general use of digital devices.
The questionnaire covered aspects such as the duration of daily use, personal attitudes, and the perceived burden associated with
digital media. eHealth literacy was assessed within the target population and general demographic data were gathered, focusing
on cardiovascular comorbidities and risk factors.

Results: The analysis revealed an average age of 61.9 (SD 8.9) years, with 59.9% (n=144) of the participants being male.
Overall, 37.3% (n=90) of the participants had previous knowledge of digital health interventions, while only 17.8% (n=41) had
used them. Despite the generally low practical application within this study population, there was a high level of confidence in
handling digital devices, with 61.9% (n=149) expressing themselves as either rather confident or very confident. Regarding the
levels of eHealth literacy among the participants, 71.2% (n=170) claimed to be familiar with locating health information on the
internet, and 64% (n=153) of participants felt capable of critically evaluating its quality. These levels of digital confidence were
consistent across all age groups. Moreover, internet use rates remained high even among the older participants, with 80% (n=192)
of those participants older than 75 years using the internet for 1-3 hours a day.

Conclusions: The study unveiled a notable confidence level among participants regarding the use of digital devices, coupled
with a favorable attitude toward digital media evident across all age brackets. Remarkably, internet use rates remained high, even
among older participants. The actual utilization of digital health interventions was relatively low, potentially stemming from
challenges in locating reliable sources. These findings emphasize the prospect of future eHealth interventions customized to the
distinct needs and preferences of patients in cardiovascular disease management. Recognizing the incongruity between confidence
in device use and the restricted adoption of digital health tools can guide the development of focused interventions to narrow this
divide.

Trial Registration: ClinicalTrials.gov NCT05096637; https://clinicaltrials.gov/study/NCT05096637

(JMIR Form Res 2025;9:e63057)   doi:10.2196/63057
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Introduction

Cardiovascular disease remains the leading cause of global
mortality, with coronary artery disease and ischemic heart
disease alone contributing to 16% of total annual deaths
worldwide [1]. Over the past 2 decades, ischemic heart disease
has demonstrated the most rapid growth in overall death rates
globally, resulting in nearly 9 million annual deaths [1].
Cardiovascular disease is intricately linked to various
comorbidities and a severe mental health burden [2]. While
advancements in the understanding and treatment of
cardiovascular disease persist, there is an increasing emphasis
on secondary prevention. Following guideline recommendations,
secondary prevention aims to address modifiable risk factors
such as hyperlipidemia, nicotine consumption, arterial
hypertension, diabetes mellitus, obesity, chronic stress, and lack
of physical activity [3]. Despite the preventive potential of
lifestyle modifications supported by guidelines, their
implementation remains inadequate. Primary obstacles include
the challenge of ensuring adherence to long-term behavioral
changes and the scarcity of medical resources and time needed
for comprehensive patient education in chronic disease
management [4,5]. Digital health interventions emerge as a
promising avenue to educate and empower patients, encouraging
an active role in disease management while optimizing the
control and monitoring of modifiable risk factors [6]. They offer
a potential solution to the current deficiencies in medical
infrastructure, addressing the escalating demand associated with
the increasing prevalence of cardiovascular disease [7].
However, a frequently cited challenge in the expanding
digitization of health care is the consideration of special needs
among older patients concerning the development and structure
of digital health interventions [8]. Given that cardiovascular
disease predominantly affects older individuals, it is crucial to
not disadvantage them to fully use the modern treatment options.

The objective of this study was to delve into the digital use
patterns of patients with cardiovascular disease expressing an
interest in digital health interventions. The aim was to assess
and identify potential obstacles and challenges in the
implementation of mobile health (mHealth) or eHealth
technologies for secondary prevention of cardiovascular disease.
The study sought to evaluate patients’ existing knowledge and
opinions regarding smartphones, internet, and digital health
interventions while focusing on uncovering possible
age-dependent differences. The overarching goal was to gain
insights that would inform the design of digital health
interventions tailored to meet the specific needs and
requirements of individuals managing cardiovascular conditions.

Methods

Study Design and Participants
We conducted a survey-based assessment at the University
Hospital Essen, West German Heart and Vascular Center,
Department of Cardiology and Vascular Medicine. The
questionnaires used were part of the baseline examination of
the PreventiPlaque trial. PreventiPlaque is a registered
randomized clinical trial (NCT05096637) testing the effects of
a smartphone app that included atherosclerotic plaque
visualization on adherence to secondary preventive therapy [9].
The recruitment of participants for the PreventiPlaque trial
occurred in 2022. Patients with atherosclerotic cardiovascular
disease were eligible for participation in this trial. This included
patients with documented ischemic heart disease, acute coronary
syndrome, and patients with proven peripheral artery disease
[10]. Another requirement was adult age (18 years and older).
Participants had to own a smartphone that was suitable for
potential app use. Finally, patients had to give written informed
consent to comply with the study protocol and had to be willing
to participate in the study. Patients with insufficient knowledge
of the German language, or unwillingness to use a smartphone
app, were excluded from the study.

Ethical Considerations
The conduct of the trial was approved by the ethics committee
of the Medical Faculty of the University of Duisburg-Essen
(20‐9157-BO). Written informed consent was provided by
each participant before inclusion in the study. The study was
conducted in accordance to the Declaration of Helsinki. Data
were collected and analyzed using a pseudonymous form. The
participants did not receive any form of financial compensation
for participating in this trial.

Measurements

Sociodemographic and Medical Data
Basic sociodemographic data and medical data were collected,
using a questionnaire with 15 items, including the patient’s
marital status, level of education, and current profession.
Moreover, patients were asked to self-assess their level of
physical activity, as well as the quality of their diet. We
extracted medical information from the hospital’s electronic
medical records regarding the presence of major cardiovascular
risk factors such as diabetes mellitus, arterial hypertension, and
hypercholesterolemia, as well as the prevalence of
cardiovascular comorbidities including coronary artery disease,
peripheral artery disease, stroke, aortic syndrome, or chronic
heart failure.

eHealth Literacy
The revised German eHealth Literacy Scale (GR-eHEALS) was
used to assess the participants’ skills to find and critically
evaluate health information on the internet [11]. It is a validated
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tool to measure eHealth literacy in patients with cardiovascular
disease and the modified version contains 8 items and 2
subscales [12]. Responses could be given on a 5-point Likert
scale (eg, “I know how to use the internet to find answers to
my health-related questions,” 1=does not apply to me, 5=does
apply to me).

eHealth-Related Data
The self-generated eHealth data questionnaire started with 3
items examining the participant’s general confidence in handling
digital media, digital devices, and web-based platforms on the
internet. They could respond on a 5-point Likert scale (1=not
confident at all, 5=very confident). Patients were asked to
self-assess their daily internet utilization period for private or
work-related purposes. Moreover, internet anxiety was measured
by 6 items with possible responses on a 5-point Likert scale (eg
“I have concerns about using the internet,” 1=does not apply to
me, 5=does apply to me). Finally, it was determined whether
the participants were already experienced in using digital health
interventions, had heard about them, or knew where to find
them. The self-generated eHealth items had already been used
in previous studies [13-16] and have proven good reliability.

Statistical Analysis
We performed descriptive statistical analysis using SPSS
(version 23; IBM Corp). Variables were presented as frequencies
and percentages, as well as means and SDs. The participant’s
BMI was calculated using the patient’s weight and height
according to our hospital’s electronic medical records. Since it
is often brought forward that older patients may not be a suitable
target group for digital health interventions, we analyzed internet
use frequency and digital confidence in relation to the
participant’s age. To serve this purpose, we divided the
participants into 4 age groups. To reach comparable sample
sizes, we divided the age groups into <55, 55‐64, 65‐75, and
>75-year-olds. Using these age groups, we performed an
age-adjusted analysis of the variables “Internet-use,” as well as
“confidence in handling internet platforms/digital media/mobile
technologies.” This included an age-adjusted means comparison,
using the Kruskal-Wallis test. We also conducted bivariate
correlations between the participant’s age and the 4 items
“Internet-use” and “confidence in handling Internet
platforms/digital media/mobile technologies,” using Spearman’s
Rho correlation for ordinally scaled variables. Finally, we
analyzed these items mentioned above, describing the
participants’ digital confidence adjusted to gender, and
comparing the 2 formed subgroups “male” and “female.”

Results

Socioeconomic Characteristics
In total, 240 patients completed the assessment. With a mean
age of 61.9 (SD 8.9) years and 17.4% (n=42) of participants
being older than 70 years, the study showed an older people
collective with a total of 59.9% (n=144) of all participants being
male. With 60% (n=144) in total, most participants were
married, 51.5% (n=124) of participants were retired, and 22.5%
(n=54) of participants were working full-time.

Comorbidities and Cardiovascular Risk Factors
An analysis of the prevalence of major cardiovascular risk
factors showed that 79.6% (n=191) and 80.4% (n=193) of the
study participants had hypercholesterinemia and arterial
hypertension, respectively. One-fourth of the participants were
active smokers (n=60, 25%) and 17% (n=41) had type-2 diabetes
while 36.5% (n=88) of participants were overweight with a BMI
of 25‐30 kg/m² and another 34.9% (n=84) of participants were
obese with a BMI of >30 kg/m² (Table S1 in Multimedia
Appendix 1). While all patients were diagnosed with coronary
artery disease, a total of 36.7% (n=88) of patients had also been
diagnosed with peripheral artery disease. Moreover, 26.3%
(n=63) of participants had known congestive heart failure and
5.8% (n=14) of participants had once experienced a stroke
(Table S1 in Multimedia Appendix 1).

eHealth Data

Overview
Analyzing the frequency and duration of internet use per day,
only 5.9% (n=14) of the study population did not use the internet
daily and 53.4% (n=128) of participants stated an internet use
of 1‐3 hours per day on average (Table 1). In general, levels
of confidence when handling digital media, digital devices, and
internet platforms were high in this study population (Table 2).
Regarding internet-based programs to promote health or provide
health information, only 34.4% (n=83) of participants knew
how these programs worked and 47.5% (n=114) of participants
knew where to find them (Table 3). When asked about having
doubts about using the internet, a total of 75.7% (n=181) of the
study population stated that this did not apply at all or rather
did not apply. Furthermore, almost 80% (n=192) of the study
population did not feel negatively affected by carrying a mobile
phone with them (Table 4).
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Table . Cardiovascular risk factors and comorbidities (N=240).

Prevalence, n (%)Cardiovascular risk factors

84 (34.9)BMI>30

88 (36.5)BMI>25

41 (17)Type 2 diabetes

60 (25)Nicotine dependency

191 (79.6)Hypercholesterolemia

193 (80.4)Arterial hypertension

63 (26.3)Congestive heart failure

88 (36.7)Peripheral artery disease

14 (5.8)Stroke

Table . Daily internet use (n=236).

How long are you using the internet for private purposes per day?, n (%)

14 (5.9)Not at all

69 (29.2)Less than 1 hour

126 (53.4)1‐3 hours

20 (8.5)3‐5 hours

7 (3)More than 5 hours

Table . Digital confidence in handling digital media (n=236).

Very confident, n (%)Rather confident, n (%)Partly insecure, n (%)Rather insecure, n (%)Very insecure, n (%)

55 (23.3)92 (39)56 (23.7)17 (7.2)16 (6.8)How confident are you
when handling digital
media?

53 (22.5)81 (34.3)61 (25.8)21 (8.9)20 (8.5)How confident are you
when handling internet
platforms?

54 (22.9)92 (39)54 (22.9)16 (6.8)20 (8.5)How confident are you
when handling digital
devices?

Table . Knowledge regarding internet-based programs to promote health (n=236).

I fully agree, n (%)I rather agree, n (%)Neither, n (%)I rather do not agree, n
(%)

I do not agree at all, n
(%)

32 (13.6)97 (41.1)35 (14.8)45 (19.1)27 (11.4)I can imagine what that
might be

14 (5.9)67 (28.4)53 (22.5)66 (28)36 (15.3)I know how those pro-
grams work

28 (11.9)84 (35.6)39 (16.5)50 (21.2)35 (14.8)I know where to find
these programs

eHealth Literacy
As presented in Table S2 in Multimedia Appendix 1, the
statistical analysis of the eHealth literacy questionnaire results
showed that the majority (n=152, 63.5%) of the study
participants rather or fully agreed to know how to find internet
platforms with helpful information regarding their overall health.
Moreover, a total of 71.2% (n=171) of participants stated to

knew how to use the internet as a useful tool to get answers to
their questions. When asked, whether the participants thought
they were able to critically evaluate the credibility of health
information on the internet, a total of 64% (n=152) of
participants stated that they were able to do so. However, only
40% (n=96) of the participants stated to knew digital sources
available for health information, and 47.9% (n=115) of
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participants felt secure enough to use information from the internet in order to make health-related decisions (Table 5).

Table . eHealth literacy (n=236).

I fully agree, n (%)I rather agree, n (%)Neither, n (%)I rather not agree, n
(%)

I do not agree at all, n
(%)

61 (25.8)89 (37.7)39 (16.5)30 (12.7)17 (7.2)I know how to find in-
ternet platforms with
helpful health informa-
tion (n=236)

60 (25.4)108 (45.8)24 (10.2)28 (11.9)16 (6.8)I know how to use the
internet to get answers
to my questions
(n=236)

37 (1.7)90 (38.3)45 (19.1)45 (19.1)18 (7.7)I know which sources
for health information
are available (n=235)

44 (18.6)103 (43.6)39 (16.5)32 (19.1)18 (7.6)I know where I can
find helpful health in-
formation on the inter-
net (n=236)

25 (10.6)88 (37.4)50 (21.3)48 (20.4)24 (10.2)I know how to use
health information
from the internet to
help me (n=235)

50 (21.2)101 (42.8)45 (19.1)23 (9.7)17 (7.2)I can critically evaluate
health information on
the internet (n=236)

37 (15.7)105 (44.5)41 (17.4)34 (14.4)19 (8.1)I can distinguish be-
tween questionable and
trustworthy internet re-
sources with health in-
formation (n=236)

35 (14.8)78 (33.1)48 (20.3)48 (20.3)27 (11.4)I feel secure to use in-
formation from the in-
ternet to make deci-
sions regarding my
health (n=236)

Age-Related Differences in Internet Use and Digital
Confidence
As Figure 1 shows, using the internet for more than one hour a
day, particularly for 1‐3 hours per day, was the most common
answer when asked about the duration of daily internet use.
This result can be seen throughout all age groups. A longer
duration of daily internet use of at least 3 hours was more
common in participants younger than 55 years than in older
groups. When analyzing confidence in handling digital media,
it becomes clear that with older age, starting from the age group
of 65‐74-year-olds, the share of “partly confident,” “rather
not confident,” and “not confident” individuals slightly
increases, while still more than 50% (n=120) of the population
remains “rather confident” or “very confident” (Figure 2). The
share of at least “partly confident” participants is even higher
in terms of confidence in handling digital devices such as
smartphones and computers (Figure 3). This is again apparent
throughout all age groups, even the oldest group of aged older
than 75 years, contains less than 20% (n=48) of participants

who are “not confident at all” in handling digital devices (Figure
3). Finally, confidence in handling internet platforms was
generally lower than confidence in handling digital devices,
and the share of participants who were “very confident,” as well
as “rather confident,” decreased with older age. In the oldest
age group of aged older than 75 years, 42% (n=101) of
participants were “very confident” or “rather confident” in using
internet platforms (Figure 4). Using the Kruskal Wallis test to
compare internet use rates and digital confidence between the
4 age groups, there was no statistically significant difference
for any of the examined items (>.05). Testing for correlations
between the participants age and digital confidence, as well as
daily internet use, the Spearman’s-Rho correlation shows the
only statistically significant result regarding the confidence in
using internet platforms (ρ [rho]) of –.128; P=.048). In addition,
there was no age-related statistically significant difference in
the levels of confidence in using mobile technologies (ρ of
–0.70; P=.28), digital media (ρ of –0.96; P=.14), or daily
internet use (ρ of 0.36; P=.58).
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Figure 1. Daily internet use in relation to age groups (indicated in years along the x-axis).

Figure 2. Confidence when handling digital media in relation to age groups (indicated in years along the x-axis).
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Figure 3. Confidence when handling digital devices in relation to age groups (indicated in years along the x-axis).

Figure 4. Confidence when handling internet platforms in relation to age groups (indicated in years along the x-axis).

Gender-Specific Differences in the Level of Digital
Confidence
As shown in Figure 5, we compared the differences in the levels
of digital confidence in male and female participants. It is
striking, that in all 3 categories, the levels of digital confidence
seem to be at least slightly higher within the male subgroup.

This difference becomes the most apparent comparing the levels
of confidence when using internet platforms, with only about
10% (n=24) of the male participants feeling “rather not” or “not
confident,” while about 25% (n=60) of the female participants
feel that way. Moreover, the share of participants who stated to
be “very confident” in either of the 3 subcategories is relevantly
higher in the male patients.
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Figure 5. Gender-specific digital confidence.

Discussion

Internet Use and Digital Knowledge
We conducted an analysis of current internet use rates among
individuals affected by cardiovascular disease, examining their
attitudes toward the internet and mobile technology, with a
specific focus on digital health interventions. Additionally, we
assessed participants’ confidence in using digital technology
and their ability to find credible health information on the
internet.

Recent years have witnessed a notable increase in internet and
smartphone use, particularly among the older population. From
2009 to 2019, the percentage of German citizens older than 65
years using the internet increased significantly, from
approximately 30% to over 67% [17]. This trend was reflected
in our trial, where only less than 6% (n=14) of the participants
reported not using the internet for private purposes at all.
Furthermore, the majority of the study collective (n=156, 64.9%)
showed substantial daily internet use, spending at least one hour
a day on the internet. Despite seemingly high internet use rates,
knowledge about digital health interventions and internet-based
health programs appeared to be limited. Only 34.3% (n=82) of
participants indicated to understood how these programs worked,
and merely 47.5% (n=114) of participants knew where to find
them. This knowledge gap might be attributed to the potential
lack of accessibility of digital interventions and a scarcity of
programs that align with the specific needs of this patient
demographic [18,19]. In the future, further research on patients’
specific concerns and barriers regarding implementing digital
health interventions will be necessary to gain a more in-depth
understanding of the current low utilization rates.

Digital Confidence
Confidence levels in using digital media, internet platforms,
and digital devices were notably high within this patient
population, with over 60% (n=144) of participants expressing
confidence in these 3 domains. Participants demonstrated
particular assurance in handling digital media and devices. This
heightened digital confidence is a crucial factor when
contemplating the implementation of digital health interventions

in this specific group, as a lack of confidence in digital
technology is often cited as a significant barrier to integrating
eHealth technologies into patients’chronic disease management
[20,21]. Notably, these results deviate from prior research, which
has frequently indicated that older patients, in particular,
harbored doubts about eHealth technologies and felt insecure
about using them [8]. Given the mean age of 61.9 (SD 8.9) years
of the study participants, the observed high levels of digital
confidence may signify the rapidly increasing rates of
smartphone ownership and internet use among the older
population [17]. Supporting this hypothesis, even in age-adjusted
analyses, participants displayed sustained high levels of digital
confidence, with most individuals feeling assured in handling
digital media and devices. Only a minority expressed a lack of
confidence in using these technologies. However, to ensure the
inclusion of these individuals and provide them with an
opportunity to benefit from digital health interventions,
additional education on the matter will be imperative.

eHealth Literacy
To derive benefits from digital health solutions and effectively
integrate them into daily life, possessing eHealth literacy is
another crucial prerequisite [22]. Especially, in this study
collective of patients with cardiovascular disease with a high
prevalence of cardiovascular comorbidities and major risk
factors, eHealth literacy is indispensable in order to use the
rising possibilities that come with digitalization in chronic
disease management.

eHealth literacy is defined as “the ability to seek, find,
understand, and appraise health information from electronic
sources and apply the knowledge gained to addressing or solving
a health problem” [23]. It also involves the capability to discern
between more or less credible sources of information. A
common barrier to the adoption of digital health interventions
is often the identification of trustworthy sources, leading to
concerns about the security and privacy of these interventions
[18,24]. In this trial, it was evident that most participants knew
how to use the internet to find valuable health information and
answers to health-related queries. However, it is noteworthy
that only 40% (n=96) of the participants agreed that they knew
about the various kinds of sources available for health

JMIR Form Res 2025 | vol. 9 | e63057 | p.593https://formative.jmir.org/2025/1/e63057
(page number not for citation purposes)

Ullrich et alJMIR FORMATIVE RESEARCH

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


information on the internet, with only 1.7% (n=4) fully agreeing.
This lack of awareness could be a contributing factor to the low
rates of prior engagement with digital health interventions.
Previous studies have highlighted that the lack of knowledge
about eHealth interventions remains a pertinent barrier,
especially among older patients who may not be adequately
informed about the diverse options available to receive health
support [25]. The trial’s results indicated moderate levels of
eHealth literacy. Most of the participants (n=154, 64%) felt
capable of critically evaluating health information on the internet
and distinguishing between questionable and trustworthy
web-based resources. Nevertheless, only 47.9% (n=115) of the
participants felt secure or reasonably secure in incorporating
information from the internet into their health-related
decision-making. Previous studies have indicated that even if
health information is deemed credible, its implementation often
falters due to the digital presentation, which is frequently
described as “not user-friendly,” “not meaningful,” or generally
challenging to comprehend [24]. One reason for this may be
the sense of depersonalization of health information when
presented digitally rather than in a face-to-face interaction,
making it harder for individuals to connect with and apply
relevant information [20].

Outlook—Challenges and Opportunities of Digital
Health Interventions
To address patients’ concerns regarding the security and
reliability of health information on the internet, Germany took
a significant step toward the digitalization of the health care
system in 2019 by introducing digital health applications (DiGA)
into standard care and supporting their use with statutory health
insurance funding [26]. The approval of a mHealth or eHealth
technology as a DiGA is strictly regulated and quality assurance
for both prescribing physicians and patients using the
intervention has to be ensured on a high level [27]. As
highlighted in this study, the challenge of finding credible
sources for health information on the internet remains a major
concern. Having clear criteria to assess the quality and validity
of health information that can be found on the internet is crucial
to use the full potential of today’s digital technology [28].
Confidence in using internet platforms was generally lower in
this patient population compared to confidence in using digital
devices (Figures 3 and 4). Therefore, officially approved digital
health interventions with proven health care benefits that can
be prescribed by treating physicians present an opportunity to
make them available to more patients and ensure the high quality
and credibility of the provided health information. Although
this approach appears promising, the level of acceptance by
both patients and physicians still needs to be thoroughly
evaluated [29].

Limitations
It should be noted that the eHealth literacy score was
self-assessed, and this study did not try to match the perceived
eHealth literacy score to the actual abilities to use the internet
to find health information and implement it in daily life. It has
been shown that self-assessed eHealth literacy scores and actual
eHealth literacy can differ when put into practice [30,31]. Digital
use patterns and internet use were also assessed using
self-reported data, which makes them subject to potential bias.
For future research, it could be beneficial to include tracking
individuals’ daily use patterns in order to avoid potential bias
and inaccuracies.

Moreover, since the study population was actively interested
in participating in a trial revolving around mHealth technologies,
a possible sampling bias should be considered when transferring
the results to the general population. In addition to this, this trial
particularly included patients diagnosed with coronary artery
disease, which leads to a rather homogenous collective. This
may limit the generalizability of these findings to a collective
of patients with different cardiovascular diseases, such as heart
failure, which was only present in one-fourth of the participants
of this trial.

Conclusions
This study revealed that individuals with atherosclerotic
cardiovascular disease were generally well-acquainted with
using the internet and handling digital devices in all age groups.
The internet was an integral part of their daily lives, leading to
a high level of confidence in digital technologies. However, the
adoption of digital health interventions remained relatively low,
possibly reflecting reservations about incorporating
internet-derived information into daily routines. This hesitancy
might stem from uncertainties in identifying credible and
trustworthy health sources on the internet, as well as the
perceived lack of personalization in digital health interventions.

Despite their older age, the results suggest that patients with
cardiovascular disease can be a suitable target group for digital
health interventions, given their high internet use rates and
digital confidence. The patient population appears representative
in terms of cardiovascular comorbidities and the prevalence of
cardiovascular risk factors. To address persistent skepticism
toward digital technologies, it becomes crucial to incorporate
personalized health information and adopt a patient-centered
approach. Therefore, we need to delve into the specific needs
and requirements of our patient collective regarding digital
health interventions. This approach is essential to enhance the
acceptance and effectiveness of digital health interventions
within this patient population.
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Abstract

Background: Pneumoconiosis prevalence is increasing in the United States, especially among coal miners. Contemporaneously
with an increased need for specialized multidisciplinary care for miners, there is a shortage of experts to fulfill this need. Miners’
Wellness ECHO (Extension for Community Health Outcomes) is a digital community of practice based on interprofessional
discussion for knowledge transfer. The program has been demonstrated to increase participants’ self-efficacy for clinical,
medicolegal, and “soft” skills related to miners’ health.

Objective: We aimed to examine characteristics associated with interprofessional discussions and suggest ways to strengthen
knowledge transfer.

Methods: This mixed methods study used an exploratory sequential design. We video-recorded and transcribed ECHO sessions
over 14 months from July 2018 to September 2019 and analyzed content to examine participant discussions. We focused on
participants’ statements of expertise followed by other participants’ acceptance or eschewal of these statements (utterances). We
conducted quantitative analyses to examine the associations of active participation in discussion (primary outcome variable,
defined as any utterance). We analyzed the association of the outcome on the following predictors: (1) participant group status,
(2) study time frame, (3) participant ECHO experience status, (4) concordance of participant group identity between presenter
and participant, (5) video usage, and (6) attendance frequency. We used the generalized estimating equations approach for
longitudinal data, logit link function for binary outcomes, and LSMEANS to examine least squares means of fixed effects.

Results: We studied 23 sessions with 158 unique participants and 539 total participants, averaging 23.4 (SD 5.6) participants
per session. Clinical providers, the largest participant group, constituting 36.7% (n=58) of unique participants, were the most
vocal group (mean 21.74, SD 2.11 average utterances per person-session). Benefits counselors were the least vocal group, with
an average utterance rate of 0.57 (SD 0.29) per person-session and constituting 8.2% (n=13) of unique participants. Thus, various
participant groups exhibited different utterance rates across sessions (P=.003). Experienced participants may have dominated
active participation in discussion compared to those with less or intermediate experience, but this difference was not statistically
significant (P=.11). When the didactic presenter and participant were from the same participant group, active participation by
the silent group participants was greater than when both were from different groups. This association was not seen in vocal group
participants (interaction P=.003). Compared to those participating by audio, those participating on video tended to have higher
rates of active participation, but this difference was not statistically significant (P=.11).

Conclusions: Our findings provide insight into the mechanics of interprofessional discussion in a digital community of practice
managing pneumoconiosis. Our results underscore the capacity of the novel ECHO model to leverage technology and workforce
diversity to facilitate interprofessional discussions on the multidisciplinary care of miners. Future research will evaluate whether
this translates into improved patient outcomes.

(JMIR Form Res 2025;9:e67999)   doi:10.2196/67999

KEYWORDS

digital community of practice; knowledge transfer; pneumoconiosis; telementoring; rural health care; rural professionals;
multidisciplinary management; interprofessional discussion; miner health; health equity; mixed methods; digital health; public
health; digital community; self-efficacy; quantitative analyses; quantitative; technology; multidisciplinary care; patient outcome
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Introduction

Mining dust-related diseases (eg, pneumoconiosis) are increasing
in rural United States, especially among coal miners [1-4]. The
2017 prevalence of radiographic pneumoconiosis for coal miners
with over 25 years of underground mining experience was
greater than 10%, double the prevalence from the late 1990s
[1]. Similarly, the 2014 rate of complicated pneumoconiosis (a
particularly deadly form) among long-tenured underground coal
miners was 1.1%, compared to 0.3% at its lowest point in the
late 1990s [5].

Miners are medically vulnerable, underserved, and often
underinsured. Many miners live in rural, remote, and
mountainous locations in the Mountain West and Appalachia,
constituting the “hot spot” regions of pneumoconiosis prevalence
and mortality [6]. The prevalence of radiographic and
complicated pneumoconiosis is the highest among all US miners
in rural central Appalachia [7,8].

The re-emergence of pneumoconiosis presents unique challenges
for rural communities. Compared with urban residents, those
in rural areas have less access to outpatient pulmonary
rehabilitation [9], primary care physicians [10], and
pulmonologists [11]. Rural practitioners also face unique
challenges, including professional isolation and complex patient
profiles [12], and describe multiple barriers to knowledge
acquisition, such as resources, personal costs, physical distance,
and time [13].

Contemporaneously with an increase in the need for specialized
multidisciplinary care for US miners, there is a shortage of
experts to fulfill this need [14]. This critical gap is being
addressed in New Mexico by innovative technology-based
interventions such as mobile clinics equipped for telemedicine
[15] and digital communities of practice for knowledge transfer.
These interventions are recognized as rural and training
innovations by the Rural Health Information Hub and the
American Thoracic Society, respectively. The Miners’Wellness
ECHO (Extension for Community Health Outcomes) Program
is a digital community of practice, defined as a group of people
who “share a concern or a passion for something they do and
learn how to do better as they interact regularly” [16].

Project ECHO began in 2003 to connect primary care providers
in rural New Mexico at “spoke” sites to University-based experts
at a “hub” site so the former could effectively treat their patients
with hepatitis C locally, instead of referring them to the
University of New Mexico [17]. Since then, the ECHO
movement has grown exponentially, spanned many health topics,
and reached people around the globe. The Miners’ Wellness
ECHO Program provides structured longitudinal
interprofessional telementoring to professionals caring for US
miners in pneumoconiosis mortality hot spots, including
respiratory therapists, home health professionals, benefits
counselors, attorneys, clinical providers, and others.

Previous research of the Miners’ Wellness ECHO established
that participants in the pneumoconiosis mortality hot spots in
the United States valued telementoring sessions for delivering
relevant, evidence-based, balanced, and objective content [18].

Participants also showed a significant increase in self-efficacy
scores overall and for domains related to clinical, medicolegal,
and “soft” skills pertaining to miners’ health, with “soft” skills
including interpersonal and communication skills needed to
navigate highly collaborative work in the care of miners [14].
The fact that existing participants showed greater improvement
than fresh (newer) participants indicated that there might be a
dose effect of telementoring on change in self-efficacy. In
addition, greater improvement in outcomes among participants
belonging to the clinical versus nonclinical professional groups
might reflect the disproportionate emphasis on clinical didactics
and case discussions in the program. Participants rated the
collective efficacy of the virtual community of practice highly,
stating feelings of being “closely knit,” trustworthiness, and
willingness to help each other [19].

The foundation of knowledge transfer in the program is the “all
teach, all learn” model, which implies that every participant has
unique knowledge to contribute and share during
interprofessional discussions. Our previous research showed
that most Miners’Wellness ECHO participants used knowledge
ties from outside their participant group, emphasizing the
interprofessional nature of knowledge transfer in miners’ care
[20]. The knowledge transfer was more efficient for participants
with greater ties to rural-based miners than those with lesser
ties [20]. Given the compensation challenges faced by US
miners, benefits counselors and attorneys played an outsized
role in knowledge transfer [18]. The findings from the
preliminary evaluation establish the usefulness of this unique
program and provide the study rationale for further examination
of its learning processes, communication, and participation, an
area of limited scholarship [21].

The objective of our study was to examine characteristics
associated with interprofessional discussions and suggest ways
to strengthen knowledge transfer. The long-term goal of this
study is to reduce health inequity through greater investment
in interprofessional telementoring efforts that promote
collaborative health care in medically underserved mining
communities by fusing technology with specialized
multidisciplinary expertise. This approach may help rural
communities counter the re-emergence of the pneumoconiosis
epidemic by ameliorating their shortage of skilled expertise in
mining-related diseases.

Methods

ECHO Model
The ECHO approach differs from traditional telemedicine,
where clinical providers (eg, physicians, physician assistants,
and advanced practice providers) assume short-term direct care
of individual patients. Further, unlike webinars or conventional
didactic lectures, the ECHO model provides a digital discussion
of cases with expert panels in real time that is highly
contextualized and thereby fulfills key learning theories, such
as deliberate practice [22], social cognitive theory [23], and
situated learning and communities of practice [24]. As detailed
in a previous publication [18], the ECHO model is based on the
following key principles: (1) use of internet-based technology
for multipoint videoconferencing, which helps leverage scarce
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resources; (2) use of an established evidence-based
disease-management model that has been demonstrated to
improve outcomes by reducing variation in processes of care
and sharing best practices [17,25-27]; (3) use of case-based
learning, based on discussion with experts and peers; (4) use of
a digital community of practice, which emphasizes reciprocity
in the sharing of skills and information; and (5) use of an
internet-based database (ie, iECHO software [Hangzhou IECHO
Science & Technology Co, Ltd]) to monitor outcomes.

Miners’ Wellness ECHO Structure
Professionals involved in miners’ health are invited to attend
the program using an emailed web link connected to a REDCap
(Research Electronic Data Capture; Vanderbilt University)
survey [28]. As published previously [18], the ECHO sessions
are scheduled at the same time twice a month for 75 minutes,
adhering to a standard format. Following a facilitator’s initial
10 minutes of introduction and announcements, an invited expert
delivers a 15-minute didactic followed by a 20-minute facilitated
question-answer session and a 30-minute digital facilitated case
discussion. The medical director of the Miners’Wellness ECHO
program is trained to facilitate group discussions during a 3-day
immersion program and is periodically retrained [29]. The
ECHO format, employing adult learning principles, focuses
more on active learning through discussion than on didactic
training. Upon completing a session-specific survey, participants
can receive continuing education credits without charge. A
multidisciplinary committee of experts follows a structured
curriculum that is continually adapted based on the needs of the
virtual community of practice, which are identified through a
review of the continuing evaluation reports.

Attendance at ECHO sessions is open and voluntary. Through
session attendance, participants can participate in the didactic
and case discussions, provide information and insight from their
own experience, and receive mentoring from their peers and an
expert panel. Outside the program sessions, participants continue
to have access to peers and experts for urgent consultation
requests via telephone or email. Over time, with iterative
practice and feedback, participants gain additional expertise,
and become more confident in their skill sets related to caring
for miners in their respective fields [14,18,20]. Recorded
didactic sessions are made available through a web-based
archive. The didactic and case discussion topics were not
repeated during this study’s time frame. All cases presented
during this study’s time frame were resolved using the collective
expertise of the multidisciplinary community of practice, which
included experts. The University of New Mexico has a
sustainable business model for its ECHO Programs, with the
cost of personnel shared between university budgets and grants
and contracts.

Study Design and Recruitment
This 14-month exploratory sequential mixed methods study
involved participants in the Miners’ Wellness ECHO Program

from July 2018 to September 2019. Participants are invited from
across the nation by email, flyers, and word of mouth referrals
to join the ECHO sessions. Their session participation is
voluntary. At the start of the session, participants are informed
that the session is video recorded. Together, the University of
New Mexico School of Medicine and its rural partner Miners’
Colfax Medical Center constitute the hub site of experts. The
spoke partner sites are located across the pneumoconiosis
mortality hot spot regions of the United States [18]. Although
participants were allowed to attend multiple sessions, our
analyses emphasize cross-sectional comparisons based on
participant characteristics.

We asked the following 5 research questions on common ECHO
processes based on the experience of this study’s team, which
are also related to the engagement theory model that focuses
on participation, engagement, and learning within communities
of practice [30]:

1. Do some participant groups make more utterances than
others (eg, do clinical providers make more utterances than
benefit counselors)?

2. Do participants who are more experienced with ECHO have
greater rates of active participation in discussion than those
with lower levels of experience?

3. Does the participant group identity of the didactic presenter
predict active participation in discussion from the same
participant group during that session (eg, if a didactic
presenter is an attorney, are other attorneys more likely to
participate in discussion in that session)?

4. Does video usage predict active participation in discussion,
as compared to audio usage?

5. Does session attendance frequency predict active
participation in discussion?

Video Recording and Transcription
Each ECHO session during this study time frame was video
recorded and professionally transcribed. Participants were
informed of the recording at the start of each session.

Summative Qualitative Content Analysis
Using an exploratory approach from a naturalistic point of view,
we conducted summative qualitative content analysis to code
interprofessional discussions among ECHO participants in each
video. Specifically, we examined participants’verbal utterances,
focusing on statements of expertise followed by acceptance or
eschewal of the statements by other participants, using latent
analysis for interpretation of content. We did not use a guiding
theory, as this was exploratory. See Table 1 for the qualitative
codebook with definitions of each. See Multimedia Appendix
1 for examples of conversations demonstrating statements of
expertise and responses of acceptance and eschewal.
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Table . Qualitative and quantitative content analysis codebook, from the mixed methods study of Miners’ Wellness ECHOa participants, July 2018 to
September 2019.

Level of measurementDefinition or example
of code value

Variable, variable label, and variable code value

Qualitative codebook

Utterance typeb

What type of utterance did the participant make?

NominalDefining solutions to
problems or answering

1=Statement of exper-
tise

questions. Anyone who
speaks as an expert is
an expert.

NominalOthers’ acceptance of
a statement of exper-

2=Acceptance of a
statement of expertise

tise. Includes adding to
statement (expanding
is acceptance) or verbal-
izations such as
“That’s great!” “Thank
you so much for that.”
“That’s really helpful!”

NominalOthers’ eschewal in re-
sponse to a statement

3=Eschewal of a state-
ment of expertise

of expertise. Eschewal
can include providing
new “expertise” that
contradicts statements
in disagreement with
previously stated opin-
ions, information, evi-
dence, or statements.
Can include partial dis-
agreement or eschewal.

NominalNeutral or no response.
For example, if a

4=Neutral or no re-
sponse to a statement
of expertise speaker moves to next

question or topic.

Quantitative codebook

Number of utterances

OrdinalTotal number of exper-
tise, acceptance, es-

How many utterances did the participant make
during the session?

chewal, or neutral
statements during a
session.

Participation

Did this person participate in a session?

NominalAt least 1 utterance
during a session

0=No

NominalAt least 1 utterance
during a session

1=Yes

Attendance

Did this person attend a session?

NominalLogged into a session0=No

NominalLogged into a session1=Yes

Session
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Level of measurementDefinition or example
of code value

Variable, variable label, and variable code value

Ordinal23 sessions from July
2018 to September
2019

What is the session number?

Video

Did the participant use their video camera during the session?

NominalUse of video camera
during a session

1=Audio only

NominalUse of video camera
during a session

2=Video

NominalUse of video camera
during a session

3=Unknown

Presenter

Was the participant a didactic presenter during the session?

Nominal—c0=No

Nominal—1=Yes

Participant group

What participant group was the person a part of?

NominalSelf-defined participant
group status

1=Attorney

NominalSelf-defined participant
group status

2=Clinical provider

NominalSelf-defined participant
group status

3=Home health profes-
sional

NominalSelf-defined participant
group status

4=Respiratory therapist

NominalSelf-defined participant
group status

5=Benefits counselor

NominalSelf-defined participant
group status

6=Other

Participant ECHO experience status

What joining group was the person a part of?

NominalParticipant joined be-
fore the start of this
study, May 9, 2018.

1=Experienced

NominalParticipant joined at
the start of this study,
May 9, 2018.

2=Intermediate

NominalJoined after September
12, 2018.

3=Less experienced

aECHO: Extension for Community Health Outcomes.
bUtterances include statements of expertise, acceptance, and eschewal. Additional details are provided in Tables S1 and S2 in Multimedia Appendix 1.
cNot applicable.

We realize that evaluating others’ acceptance or eschewal can
be subjective and difficult to determine by reading transcripts.
Additionally, body language and tone of voice can convey
meaning that written words cannot. To minimize these risks,
our qualitative team consisted of 4 people with varied and
complementary areas of expertise: (1) the principal investigator
(AS) who is an expert pulmonologist and medical
director/session facilitator for the Miners’Wellness Tele-ECHO

Clinic; (2) an expert qualitative methodologist (HRB); and (3)
two experts of ECHO methods and processes (director of
program operations, Rachelle Rochelle, MPA, and senior
program manager, Stephen Murillo, MBA). This team of 4
analysts met frequently during the project to interpret session
content and discuss coding, potential biases, and reflexivity.
We concurrently coded video recordings of participant behavior
alongside transcripts using NVivo (version 12; QSR

JMIR Form Res 2025 | vol. 9 | e67999 | p.602https://formative.jmir.org/2025/1/e67999
(page number not for citation purposes)

Sood et alJMIR FORMATIVE RESEARCH

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


International). The senior analyst created the preliminary
codebook and independently coded the presence of each code
across all ECHO sessions. She met with the principal
investigator and 2 other team members to review the trial coding
of the first 2 sessions as a group, modifying coding and
definitions as needed. The principal investigator independently
reviewed 2 additional sessions, and the other analysts
independently reviewed 5 sessions; therefore, 7 sessions were
trial-coded by 3 (5 sessions) or 4 (2 sessions) team members.
The team regularly met to discuss coding until they were 100%
in agreement, at which point the senior analyst coded the
remaining 16 sessions. She continued to meet with the team
periodically to discuss her coding generally and anything that
was coded to be “unclear” (as defined in Table 1), at which
point they jointly decided on whether it was better suited for
another code. We removed all statements of expertise,
acceptance, and eschewal of the session facilitator (AS), so we
only evaluated participants’utterances. This approach minimized
the bias resulting from the effect of the role and relationships
of the session facilitator (AS) in the data analysis. There were
no unintended consequences from the program participation or
analysis. Since thematic saturation was not the goal of this study,
the sampling was guided by the number of sessions rather than
sampling saturation.

Quantitative Data Analysis
We worked with our senior statistician (OM) to convert our
qualitative coding from NVivo into quantitative coding in Excel
(Microsoft Corp). We coded additional variables to be analyzed
with SAS (version 9.4; SAS Institute Inc). See Table 1 for the
quantitative codebook.

Outcome and Predictor Variables
We examined the primary outcome variable, “active
participation in discussion,” defined by making any utterances
(which included statements of expertise, acceptance, and
eschewals). We analyzed the association of the outcome on the
following predictor variables: (1) participant group status, (2)
study time frame, (3) participant ECHO experience status, (4)
concordance of participant group identity between presenter
and participant, (5) video usage, and (6) attendance frequency.

Participant groups included attorneys, benefits counselors,
clinical providers, home health professionals, respiratory
therapists, and others. The participants’ECHO experience status
was determined by the participant’s date of joining the ECHO
Program. Participants’ ECHO experience status was defined by
(1) the experienced group: those who joined the Miners’
Wellness ECHO before the start of this study, May 9, 2018; (2)
the intermediate group: those who joined at the start of this
study, May 9, 2018; and (3) the less experienced group: those
who joined after September 12, 2018. The participant groups
were also classified as “silent” and “vocal” based on their
preliminary analysis of their rates of utterances during the ECHO
sessions. Participant group identity was considered concordant
when the didactic presenter and participant belonged to the same
participant group. Video status was determined if the video
camera was turned on for any duration during a session by the
participant.

Analytic Strategy
The number of utterances by type (statements of expertise,
acceptance, and eschewal) and overall for each participant and
ECHO session were collected. An average number of utterances
by participant group, session, and type were computed. Binary
variables for any active participation in discussion (1=yes for
≥1 utterance in the session, 0=no for 0 utterances in the session)
were made for each utterance type and overall. Frequencies and
percentages for active participation variables and other
categorical variables were compiled by utterance type,
participant group, and session.

We used the generalized estimating equations approach to
extend the generalized linear model to handle longitudinal data,
including predictor variables. The logit link function was applied
for binary outcomes. Repeated statements with the subject option
identified each session as a cluster. LSMEANS were used to
compute and compare least squares means of fixed effects. A
2-tailed P value less than .05 was considered statistically
significant.

Ethical Considerations
This study was an arm of a larger study. This arm of this study
included participants who consented and enrolled in the larger
study and those who were not enrolled in the larger study. This
arm was approved as exempt by the institutional review board,
University of New Mexico Human Research Protections Office
(HRRC#18‐386). Informed consent was waived by the
institutional review board for this arm, separate from the larger
study. The study data were deidentified for analysis. No
compensation was offered for this arm, separate from the larger
study.

Results

Descriptive Characteristics
We studied 23 ECHO sessions during this study’s time frame,
with 158 unique participants and 539 total participants. Further,
78 (49.4%) participants attended a single session, 28 (17.7%)
attended 2 sessions, 11 (7%) attended 3 sessions, 13 (8.2%)
attended 4‐5 sessions, 13 (8.2%) attended 6‐10 sessions, and
15 (9.5%) attended 11‐20 sessions (overall mean 3.4, SD 4.1
sessions). Individual session attendance averaged 23.4 (SD 5.6;
median 24, IQR 8; range=13‐36) participants per session.
During these sessions, 23 participants presented 23 patient cases,
and 23 invited experts presented 23 didactics.

Do Some Participant Groups Make More Utterances
Than Others?
Clinical providers, the largest participant group constituting
36.7% (58/158) of unique participants, were also the most vocal
group (mean 21.74, SD 2.11, average utterances per
person-session; Table 2). Attorneys, while the smallest group
in number (11/158, 6.9%), were the second most vocal group
(mean 6.73, SD 4.29, average utterances per person-session).
Benefits counselors and home health professionals were the
least vocal groups, with average utterance rates of 0.57 (SD
0.29) and 2.86 (SD 2.24) per person-session, respectively,
constituting 8.2% (13/158) and 22.8% (36/158) of unique
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participants, respectively. Thus, the various participant groups
exhibited significantly different rates of utterances across

sessions (P=.003).

Table . Summary of participant groups and their participation in discussion, with utterance rates per person-session across 23 Miners’ Wellness ECHOa

sessions during this study’s time frame from July 2018 to September 2019.b,c

Average
utter-
ances per
person-
session

Total ut-
terances
across
sessions,
n

Average
eschew
per per-
son-ses-
sion

Total
state-
ments of
eschew-
al, n

Average
accep-
tance per
person-
session

Total
state-
ments of
accep-
tance, n

Average
expertise
per per-
son-ses-
sion

Total
state-
ments of
expertise,
n

Unique
PRAS,
n/N (%)

Unique
PAS, n

Total

PRASe,
n/N (%)

Total

PASd, n

Partici-
pant
group

6.731480.59132.64583.57711/158

(6.9)

1154/539
(10)

54Attorney

0.5713000.370.26613/158
(8.2)

1387/539

(16.1)

87Benefits
coun-
selor

21.745001.65387.9118212.1728058/158

(36.7)

58186/539

(34.5)

186Clinical
provider

2.86600.1431211.713636/158

(22.8)

3689/539

(16.5)

89Home
health
profes-
sional

4.831110.372.09482.435627/158

(17.1)

2763/539

(11.7)

63Other or
unknown

4.17960.52121.35312.35313/158

(8.2)

1360/539

(11.1)

60Respirato-
ry thera-
pist

40.359283.177315.0934722.09508158/158

(100)

158539/539

(100)

539Total

aECHO: Extension for Community Health Outcome.
bUtterances include statements of expertise, acceptance, and eschewal. Additional detail of utterances is provided in Table S1 in Multimedia Appendix
1.
cDetails of individual ECHO session content are shown in Table S2 in Multimedia Appendix 1 to provide more context to data shown in Figure 1.
dPAS: participants across sessions.
ePRAS: participant representation in all sessions.

Some topics generated a lot of discussion (ie, high rates of
utterances), while others did not (Figure 1). Overall, utterances
per person-session did not change over time (P=.50, Figure 1).
It should be noted that in session 17, there were no
utterances—this is the only session facilitated by a different
person who was an experienced ECHO participant and expert

clinical provider but not a trained facilitator. As shown in Table
2, most utterances are statements of expertise, and most
statements are accepted. As shown in Figure 1, some topics
generate a lot of controversy during discussion (ie, high rates
of eschewal), while others do not.
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Figure 1. Rates of utterances across the 23 Miners’ Wellness ECHO sessions during this study‘s time frame, July 2018 to September 2019. This figure
shows the average number of utterances per person-session (in gray line) and the percentage breakdown of each type of utterance (teal for eschewal,
gray for acceptance, and red for statements of expertise). ECHO: Extension for Community Health Outcomes.

Do Participants Who Are More Experienced With
ECHO Have Greater Rates of Active Participation in
Discussion Than Those With Lower Levels of
Experience?
Experienced and intermediate experienced groups accounted
for 36.8% (n=104) and 26.9% (n=29) of active participation in

discussion, respectively, while the active participation from the
less experienced group accounted for 28.6% (n=40).
Experienced participants may have, thus, tended to dominate
active participation in discussion compared to participants with
less or intermediate levels of experience, but this difference was
not statistically significant (P=.11, Table 3).

Table . Association of participants’ ECHOa experience with active participation in discussion, as measured by any utterance during an individual
session, during this study’s time frame from July 2018 to September 2019.

Overall P valueP valueORb (95% CI)Active, n (%)Nonactive (n)Group

.11.141.45 (0.88-2.39)104 (36.8)179Experienced

Referent.770.92 (0.52-1.64)29 (26.9)79Intermediate experi-
ence

Referent—cReferent40 (28.6)100Less experienced

aECHO: Extension for Community Health Outcomes.
bOR: odds ratio.
cNot applicable.

Does the Participant Group Identity of the Didactic
Presenter Predict Active Participation in Discussion
From the Same Participant Group During That
Session?
Participant group identity was considered concordant when the
didactic presenter and participant belonged to the same
participant group. For this analysis, the participant groups were
categorized as silent versus vocal, in which the benefits
counselors and home health professionals constituted the former

group and the clinical providers, attorneys and respiratory
therapists in the latter group (with the other or unknown group
excluded). When the didactic presenter and participant were
from the same participant group, active participation in
discussion (measured by any utterances within an individual
ECHO session) by the silent group participants was 26.9% (n=7)
compared to 9.5% (n=14) when the didactic presenter was from
a different group (odds ratio 3.5, 95% CI 1.47-8.54, Table 4).
Among vocal group participants, active participation was 46.4%
(n=96) when presenters were in the same group as the
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participant, compared to 46.2% (n=43) when presenters and
participants were from different groups (odds ratio 1.01, 95%

CI 0.58-1.75), with an interaction P=.003.

Table . Association of active participation in Miners’ Wellness ECHOa session discussion by silent and vocal groups on concordance of participant
group identity between didactic presenter and participant, during this study’s time frame from July 2018 to September 2019.

Interaction P
value

Silent group (n=173)Vocal group (n=300)Participant
group concor-
dance between
presenter or par-

ticipantb

OR (95% CI)Active, n (%)Nonactive (n)ORc (95% CI)Active, n (%)Nonactive (n)

.0033.5

(1.47-8.54)

7 (26.9)191.01

(0.58-1.75)

96 (46.4)111Concordant

ReferentReferent14 (9.5)133Referent43 (46.2)50Discordant

aECHO: Extension for Community Health Outcomes.
bFor this analysis, the participant groups were categorized as silent versus vocal, in which the benefits counselors and home health professionals
constituted the former group and the clinical providers, attorneys and respiratory therapists in the latter group (with the other or unknown group excluded).
cOR: odds ratio.

Does Video Usage Predict Active Participation in
Discussion, as Compared to Audio Usage?
Compared to those joining a session by audio, those joining by
video tended to have higher rates of active participation in

discussion, as measured by any utterance during an individual
session. However, this comparison did not reach statistical
significance (Table 5, P=.11).

Table . Association of active participation in Miners’ Wellness ECHOa session discussion on video camera use, during this study’s time frame from
July 2018 to September 2019.

P valueORb (95% CI)Active participation, n (%)Nonactive participation (n)Group

.11Referent54 (32.9)110Audioc

Referent1.39 (0.93-2.07)119 (40.5)175Videoc

aECHO: Extension for Community Health Outcomes.
bOR: odds ratio.
cThose whose audio and video status could not be determined (n=81) were excluded from the analysis.

Does Session Attendance Frequency Predict Active
Participation in Discussion?
Unique participants’ attendance ranged from 1 to 20 sessions
and was categorized into 3 groups (Table 6). Overall, active

participation in the discussion was significantly associated with
attendance (P=.004); however, no dose response was noted.

Table . Association of active participation in Miners Wellness ECHOa session discussion on frequency of session attendance, during this study’s time
frame from July 2018 to September 2019.

Overall P valueP valueORb (95% CI)Active participation, n
(%)

Nonactive participation
(n)

Session attendance fre-
quency

.004—cReferent56 (42.4)76≤5 sessions

Referent.00816.3 (2.1-128.9)12 (92.3)16‐10 sessions

Referent.033.7 (1.1-12.3)11 (73.3)411‐20 sessions

aECHO: Extension for Community Health Outcomes.
bOR: odds ratio.
cNot applicable.
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Discussion

Principal Findings
In this digital community of practice for managing
pneumoconiosis with previously published efficacy outcomes
[14,18,20], our study findings show that some participant groups
are vocal while others are silent, based on utterance rates during
interprofessional discussion. Some topics generate a lot of
discussion (ie, relatively high rates of utterances), and some
topics generate a lot of controversy during discussion (ie,
relatively high rates of eschewal of statements of expertise).
Inadequately trained facilitators may impede discussion during
a session. Experienced participants may dominate the discussion
and inhibit participation by less experienced participants, but
this association did not reach statistical significance (P=.11,
Table 3). When the didactic presenter and participant are from
the same participant group, participation in discussion by the
silent group participants rises significantly. Compared to those
participating by audio, those participating by video camera may
tend to have higher rates of participation in discussion, but this
association did not reach statistical significance. Overall, active
participation in the discussion was significantly associated with
attendance frequency. Our study findings lend themselves to
several best practice recommendations, as discussed below.

The primary objective of the Project ECHO movement is to
decentralize knowledge for the care of patients through
exchanging insights and information using the all teach, all learn
principle. All participants have unique knowledge sets, and
discussion inside and outside the ECHO session within and
across participant groups facilitates the transfer of knowledge
that would otherwise remain siloed within individual participant
groups. Further, interprofessional discussion in the ECHO model
may allow greater access to new and thought-provoking ideas
and perspectives that foster learning and other growth-enhancing
actions. Our study findings confirm the existence of silent
participant groups that, by not fully engaging in discussions,
may not be as effective in exchanging knowledge (including
providing and acquiring knowledge) within the ECHO session.
These groups need to be actively supported by a trained
facilitator and by the judicious use of didactic presenters sharing
participant group identity concordant with the silent group
participants. However, our previous objective measurement of
knowledge transfer using social network principles indicates
that benefits counselors are among the groups most effective
in knowledge transfer [18]. This prior finding would suggest
that either benefits counselors convey relevant knowledge
succinctly within the ECHO sessions or participate in knowledge
transfer outside the strict bounds of the ECHO program via
follow-up phone calls, emails, and virtual and physical meetings.
This finding warrants further research as it is a possible
indication that the informal “social network” system, perhaps
provoked by or aided by the ECHO sessions, may be more
important than and reinforce the formal sessions.

Project ECHO formally trains its facilitators on the best practices
for managing discussions in a digital community of practice.
Substituting a trained facilitator by another untrained expert
can affect participation in the discussion. Experienced

participants usually offer the greatest rates of statements of
expertise, acceptance, and eschewal, reflecting their expert status
in this complex field. However, the dominance of experienced
groups can be avoided by the facilitator actively encouraging
less experienced groups to make their minority opinions heard
during discussion. Using video cameras during participation in
this digital community of practice helps build community and
promotes accountability and engagement at the cost of rural
internet bandwidth. This practice should be encouraged, even
though the findings did not reach statistical significance.

Our study has multiple strengths. To the best of our knowledge,
our approach of studying interprofessional discussion in a digital
“community of practice” for managing pneumoconiosis has
never been used previously by another group of investigators.
This study involves the innovative ECHO model intervention
that addresses barriers to the care of miners by providing a
multidisciplinary community of practice approach, which has
been well studied in other diseases [17,25-27]. This study is
topical and significant because it addresses a critical gap related
to the emerging pneumoconiosis epidemic in rural United States.
Since no one refused participation, there was likely no potential
participation bias in this study. Since the ECHO model has been
adopted nationwide and worldwide to care for patients with
numerous chronic diseases, infrastructure already exists to
rapidly scale the Miners’ Wellness ECHO Program nationwide
and worldwide. Other strengths include the detailed
contemporaneous interpretation of videos and transcripts of
discussions; strict quality control in qualitative analysis; a mixed
methods study design; and the simultaneous use of qualitative,
quantitative, and subject content experts as coinvestigators.

Although our study focused on the ECHO program, which
emphasizes chronic disease management with a strong focus
on mentorship and collaborative learning, our findings have
broader implications for other digital communities of practice
that may be structured differently and operate differently.
Examples include Elpha (Women in Tech Network), a
community of practice for women in technology; Stack
Overflow (Stack Exchange Inc) for programmers and
developers; Digital Nomad World for nonprofessional digital
nomads [31]; and various leadership communities of practice
that emphasize succession planning and leadership skills
development [32]. Such unrelated communities of practice can
also benefit from our evidence-based findings and
recommendations to reach out to silent groups, break down
silos, provide facilitator training, and encourage active
participation. On the other hand, the ECHO program could learn
from other communities of practice on how to reward active
participation and knowledge sharing (Stack Overflow) or create
asynchronous platforms to supplement synchronous engagement
(Digital Nomad World).

There are also limitations to this study. We cannot correlate
interprofessional discussion for knowledge transfer to patient
outcomes or changes in provider behavior. However, we have
previously published a listing of qualitative changes our ECHO
participants reported they would make in their practice, obtained
as part of a continuing medical education survey requested at
the end of each ECHO session [20]. Participants whose group
identity was other or unknown were 11.7% (63/539) of the total
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participant representation in all sessions. When analyzing
participant group identity (as shown in Table 4), the other or
unknown group was excluded. Although a small sample size
raises the possibility of a type I error, individual professionals
and teams of professionals trained in the ECHO model can reach
a large number of miners, with the potential for creating
exponential change. Miners impacted with pneumoconiosis do
not participate in the ECHO model. This model characteristic
is, however, not a limitation for the following reasons. The
model ensures that knowledge is disseminated widely and
effectively by focusing on provider education. By reaching out
to more miner professionals, the ECHO model indirectly benefits
more miners and is more scalable than traditional telemedicine
models focusing on individual patients. Case-based learning,
where providers present anonymized patient cases to a panel of
experts, allows for in-depth discussion and learning without

compromising patient confidentiality while maintaining the
traditional provider-patient relationship [25,33].

Conclusions
Our findings provide insight into the mechanics of
interprofessional discussion for knowledge transfer in a digital
community of practice managing pneumoconiosis and potential
recommendations to enhance the same. Our results underscore
the capacity of the Project ECHO model to leverage technology
and workforce diversity to facilitate interprofessional discussions
on the multidisciplinary and complex care of miners and
ultimately promote health equity among rural and medically
underserved mining communities. Although this approach
addresses a critical gap related to the emerging pneumoconiosis
epidemic, future research will evaluate whether this translates
into improved patient outcomes in mining communities, a
priority need in rural United States.
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Abstract

Background: In the postpandemic era, telemedicine continues to enable mental health care access for many people, especially
persons living in areas with mental health care provider shortages. However, as lawmakers consider long-term telemedicine policy
decisions, some question the safety and appropriateness of prescribing via telemedicine, and whether there should be requirements
for in-person evaluation, especially for controlled substances.

Objective: Our objective was to assess US telemental health care provider perceptions of comfort and perceived safety in
prescribing medications, including controlled substances, via telemedicine.

Methods: We conducted a web-based, cross-sectional survey of US telemental health care providers who prescribe via
telemedicine, using nonprobability, availability sampling of a national telehealth research panel from February 13 to April 28,
2024. We used descriptive statistics, visualization, and thematic analysis to analyze results. We assessed differences in response
distribution by health care provider licensure type (physician vs nonphysician) and specialty (psychiatry vs nonpsychiatry) using
the Mann-Whitney U test.

Results: A total of 115 screened and eligible panelists completed the survey. Overall, participants indicated high levels of
comfort with prescribing via telemedicine, with 84% (102/115) of health care providers indicating they strongly agree with the
statement indicating comfort in prescribing medications via telemedicine. However, participants indicated less comfort in
prescribing if they have never seen a patient in person, or if the patient is located out-of-state. Most participants indicated they
can safely prescribe controlled substances via telemedicine, without having previously provided care to a patient in person.
However, 14.8% (17/115) to 19.1% (30/115) of health care providers (by schedule) felt that they could rarely or never safely
prescribe controlled substances. There were some differences in perception of comfort and safety by licensure and specialty.
Among controlled substance schedules, participants indicated the least perceived safety with schedule IV medications, and the
most safety with schedule II and III medications.

Conclusions: These health care providers were highly comfortable prescribing both scheduled and unscheduled medications
via telemedicine. Comfort and perceived safety with telemedicine prescribing varied somewhat by licensure type (physician vs
nonphysician) and specialty (psychiatry vs nonpsychiatry). Perceived safety varied moderately for scheduled medications
(controlled substances), especially for schedule IV and V medications. Participants indicated use of adaptive strategies to prescribe
safely depending upon the clinical context. In ongoing efforts, we are analyzing additional survey results and conducting qualitative
research related to telemedicine prescribing. A strong understanding of prescriber perspectives and experience with telemedicine
prescribing is needed to support excellent clinical practice and effective policy making in the United States.

(JMIR Form Res 2025;9:e63251)   doi:10.2196/63251

KEYWORDS

telemedicine; telehealth; telemental; provider; professional; experience; attitude; opinion; perception; perspective; prescribing;
prescription; drug; pharmacology; pharmacotherapy; pharmaceutic; pharmaceutical; medication; mental health; digital health;
informatics; buprenorphine; ketamine; cross sectional; survey; questionnaire
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Introduction

During the COVID-19 public health emergency, the need for
mental health services increased and telemedicine enabled
critical access to care [1,2]. In the postpandemic era,
telemedicine continues to enable mental health care access for
many people, especially persons living in areas with mental
health care provider shortages [3]. However, as lawmakers
consider long-term policy decisions related to telemedicine,
some have raised questions about the safety and appropriateness
of prescribing via telemedicine, and whether there should be
requirements for in-person evaluation, especially for controlled
substances.

Before the US COVID-19 public health emergency declaration,
most health care providers lacked telemedicine prescribing
experience due to limited telemedicine adoption. Additionally,
telemedicine-based prescribing of controlled substances was
restricted during the prepandemic era, in compliance with the
2008 Ryan Haight Online Pharmacy Consumer Protection Act
(Ryan Haight Act). Pursuant to the Ryan Haight Act, the US
Drug Enforcement Agency (DEA) required that health care
providers conduct an in-person evaluation of patients, before
prescribing controlled substances via telemedicine. This measure
was intended to prevent health care providers from prescribing
potentially harmful medications with only minimal and
inadequate online interaction with a patient. During the US
public health emergency declaration, temporary policy
flexibilities enabled controlled substance prescribing without
the requirement of an in-person evaluation. In part, this enabled
crucial access to buprenorphine for opioid use disorder treatment
[4,5]. Now, consumers and stakeholders are calling for new
policy that enables continued access to mental health care and
substance use treatment, including medication-based treatment,
via telemedicine [6]. The challenge is to develop evidence-based
policy that supports safety while enabling critical health care
access.

Current evidence is inconclusive but suggests that prescribing
patterns can differ when care is provided via telemedicine versus
in-person care. A 2023 study at a single institution showed that
orthopedic patients are prescribed higher doses (milligram
morphine equivalent) of opioids via video telemedicine than
during in-person visits. McCabe et al [7] found that telemedicine
is used less frequently than in-person visits for prescribing
antibiotics. However, other studies have shown little or no
difference in the prescribing patterns associated with
telemedicine use [8,9]. These varied findings likely relate to
differences in the clinical context for prescribing, including
patient and health care provider characteristics, system-level
factors, or the specific medications and their unique
requirements for appropriate initiation and monitoring (and
whether those requirements can be met via telemedicine).
Evidence supporting safety and quality of telemedicine
prescribing in mental health care is scarce, and also likely to be
context dependent. However, a recent, large cohort study of
health care claims data found no difference in safety or quality
for telemedicine-based treatment versus in-person treatment of
opioid use disorder, including medication-based opioid use
disorder treatment [10].

Current health care provider perspectives and practices related
to prescribing via telemedicine for mental or behavioral health
care are not well-characterized. However, a better understanding
of telemental health care provider’s perspectives and experiences
related to prescribing is needed to inform appropriate
telemedicine program design, identify key research questions,
pursue clinical practice guidelines, and develop curricula for
professional educational programs. The perspectives and
experience of practicing telemental health care providers should
also inform policy decisions, such as the currently pending US
DEA rules governing telemedicine prescribing of buprenorphine
for opioid use disorder. The purpose of this study was to assess
the perspectives of US telemental health care providers related
to their comfort and perceived safety in prescribing medications,
including controlled substances, via telemedicine.

Methods

Study Design
We conducted a web-based, cross-sectional survey of telemental
health providers who prescribe via telemedicine, using
nonprobability, availability sampling of a telehealth research
panel from February 13 to April 28, 2024.

Survey
The web-based survey, administered using Qualtrics, was
created by the research team and designed to elicit perspectives
and practices of US mental or behavioral health care providers
related to prescribing via telemedicine. The survey consisted
of 8 sections: informed consent (1 question), verification of
eligibility (5 questions), demographic and practice information
(13 questions), comfort and safety (6 questions), health history
(7 questions), physical assessment and diagnostic testing (7
questions), issuing a prescription (8 questions), and legal and
regulatory environment (8 questions). A copy of the survey is
provided in Multimedia Appendix 1.

This study is focused on a subset of the survey items, including
Likert-scale items that measured agreement with statements
indicating comfort with prescribing in varied scenarios,
including in person (no telemedicine), via telemedicine, and via
telemedicine with and without previous in-person care. We also
analyzed Likert-scale items that measured agreement with
statements of ability to safely prescribe medications, by US
DEA scheduling. Recognizing that safe prescribing can depend
upon individual patient characteristics and contextual factors
aside from telemedicine use or pharmacotherapy, we designed
the Likert scale to measure how often medications of a given
schedule can be prescribed safely via telemedicine. Optional
open-ended items prompted participants to elaborate upon their
responses.

Survey Development
The interdisciplinary research team, which includes expertise
in telemedicine, clinical pharmacology, and advanced practice
nursing in primary care, developed the initial survey based on
a literature review. A small group of telemedicine practitioners
reviewed an early draft of the survey and provided input on its
content, format, and relevance for clinical practice. We then
refined the survey according to their input. Before initiating
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data collection, we informally pretested and modified the survey
within the research team, then formally pretested the survey
with the target audience of 5 prescribing telemental health
providers located in Utah and North Carolina who met the
inclusion criteria. All 5 individuals who pretested the survey
indicated that they strongly agree with the following statements:
(1) the content and wording of the survey is appropriate; (2) the
survey is easy to understand; (3) the survey is free of errors; (4)
the time required to complete the survey is reasonable; and (5)
the time required to complete the survey would be reasonable
if the participants are compensated. Pretesters completed the
survey in mean 11.9 (SD 4.24) minutes and recommended US
$25‐$50 as compensation for completing the survey. The
survey was configured to assign completion codes, so that the
process of participant compensation, which requires collecting
additional personal information, could be managed separately
from data collection.

Sampling and Recruitment
We implemented nonprobability, availability sampling of a
telehealth research panel. We calculated a target sample size of
382 for 95% CI. We currently lack precise data describing the
number of US health care providers who (1) provide mental
health care and (2) prescribe via telemedicine. Therefore, we
based the target sample size Health Resources and Services
Administration estimates of the total number of US mental
health care providers in prescribing roles [11].

We recruited survey participants from the TelehealthEngage
Research Panel, a panel of 7134 telemedicine users who have
consented to be contacted about opportunities to participate in
research. TelehealthEngage includes individuals from 49 states
who are active users of Doxy.me, a commercial telemedicine
platform. We invited all TelehealthEngage panelists who
identified as a health professional in mental health, psychiatry,
family practice, internal medicine, general practice, neurology,
integrative medicine, or unknown fields or who identified as a
physician, hospitalist, physician assistant (PA), nurse
practitioner, or nurse. Recruitment was initiated on February
13, 2024, and closed on April 28, 2024. We divided our 2
recruitment waves over the course of 3 days each: the first invite
was sent to 2343 unique panelists and the second to 3490. We
sent a reminder email to any panelist who had not opened the
email invitation (1491 in the first wave and 3200 in the second
wave) after 3 weeks. The survey was closed out 2 weeks after
the last invitation reminder was sent out. We required responses
to all categorical or numeric survey items to complete the survey
and be compensated for participation with a US $50 gift card.

Ethical Considerations
This study was reviewed and approved by the BRANY
(Biomedical Research Alliance of New York) Institutional
Review Board (IRB00010793). To protect the anonymity of
participants, we configured Qualtrics to assign a random
completion code to each completed survey. Upon survey
completion, a code was displayed to participants along with
instructions to visit a separate Qualtrics survey to submit the
code and contact information for compensation. In this way,
we separated participants’ responses from their contact
information. We stored the data in a secure environment with
access limited to essential study personnel. Participants were
compensated for participation with a US $50 gift card.

Analysis
We analyzed all completed surveys. We calculated descriptive
statistics and frequencies, visualized response distributions, and
aggregated free-text responses for qualitative analysis. Further,
we assessed group differences in response distributions by
licensure type (physician vs nonphysician) and specialty type
(psychiatric vs nonpsychiatric) for items using Mann-Whitney
U tests. We performed all statistical analysis using SPSS
(version 29; IBM Corp) and performed a qualitative, thematic
analysis of open-ended items using MAXQDA (MAXQDA -
Distribution by VERBI GmbH). The results of the quantitative
analyses informed the way we organized codes from the
thematic analysis [12,13]. Further, 1 author coded the qualitative
responses from surveys using the entire participant response as
the unit of analysis. After 3 iterations of coding, a codebook
was developed and honed with the help of all authors. We
assigned each response one or more codes, and so the total
number of codes exceeds the number of responses.

Results

Participation and Response
In total, 350 TelehealthEngage panelists accessed the survey.
Of those, 336 (96%) completed all eligibility screening
questions, and 121 (36%) of those screened were eligible.
Further, 115/121 (95%) of screened and eligible panelists
completed the survey. There was no missing data in completed
surveys given the requirement that all items be completed,
except optional free text fields. Only 4 surveys were initiated
but not completed, so we did not analyze the data or individual
items for nonresponse bias. See Table 1 illustrating study
participation results.

Table . Participant count by stage.

Value, nStage

350Accessed survey

336Completed consent and screening items

121Eligible

119Initiated survey

115Completed survey
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Participant Characteristics
Demographic characteristics of the participants are summarized
in Table 2 and Figure 1. The participants were largely White,
non-Hispanic, and female, with a mean age of 51.2 (SD 12.4)
years and primarily physicians and advanced practice nurses in

smaller-sized practices. The most common specialties were
psychiatry or psychiatry specialties. However, 28 (24.3%)
indicated nonpsychiatry specialties. Geographically, the
participants were distributed across 26 American states (Figure
1).
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Table . Demographic and practice characteristics of participants (N=115).

Values, n (%)Characteristic

Race

1 (0.9)    American Indian or Alaska Native

9 (7.8)    Asian

8 (7)    Black or African American

0 (0)    Native Hawaiian or Pacific Islander

83 (72.2)    White

5 (4.3)    More than 1 race

2 (1.7)    Other race

7 (6.1)    Prefer not to answer

0 (0)    Unknown

Hispanic or Latino

8 (7)    Hispanic or Latino

97 (84.3)    Not Hispanic or Latino

6 (5.2)    Prefer not to answer

4 (3.5)    Unknown

Gender

46 (40)    Male

66 (57.4)    Female

0 (0)    Nonbinary or third gender

3 (2.6)    Prefer not to say

Licensure

69 (60)    Doctor of medicine or doctor of osteopathic medicine

40 (34.8)    Advanced practice registered nurse or physician assistant

4 (3.)    Doctor of philosophy clinical psychologist

0 (0)    Pharmacist

2 (1.74)    Other

Percent of clients seen via telehealth

0 (0)    None (0%)

10 (8.7)    Few (1%‐24%)

23 (20)    Some (25%‐49%)

33 (28.7)    Most (50%‐74%)

29 (25.2)    Almost all (75%‐99%)

20 (17.4)    All (100%)

Practice size

53 (46.1)    Independent

29 (25.2)    Small group (2‐5 health care providers)

20 (17.4)    Mid-size (6‐15 health care providers)

13 (11.3)    Large group practice (16+ health care providers)

Settinga

6 (5.2)    Academic

47 (40.9)    Community

4 (3.5)    Hospital
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Values, n (%)Characteristic

58 (50.4)    Clinic

0 (0)    School

0 (0)    Corrections

4 (3.5)    Federally qualified health center

17 (4.8)    Digital health care

6 (5.2)    Other

Specialty

63 (54.8)    Psychiatry

6 (5.2)    Addiction medicine or psychiatry

14 (12.2)    Child and adolescent psychiatry

4 (3.5)    Geriatric psychiatry

0 (0)    Forensic psychiatry

0 (0)    Consultation liaison psychiatry

11 (9.6)    Family practice

6 (5.2)    Internal medicine

3 (2.6)    Pediatrics

8 (7)    Other

Experience in specialty (years)

24 (20.9)    0‐5

20 (17.4)    6‐10

23 (20)    11‐15

48 (41.7)    16+

Experience in telehealth (years)

70 (60.9)    0‐3.7 (since onset of COVID-19 pandemic)

39 (33.9)    3.7‐10

3 (2.6)    11‐15

3 (2.6)    16+

aParticipants could select more than 1 descriptor.
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Figure 1. Geographic distribution of participants (N=115). Created using Bing Maps [14] and published under the platform's limited license [15].

Main Findings
Overall, participant health care providers indicated high levels
of comfort with prescribing via telemedicine, with 84%
(102/115) of participants indicating they strongly agree with
the statement indicating comfort in prescribing medications via

telemedicine. Only 5 (4.3%) participants somewhat or strongly
disagreed. However, participants indicated less comfort in
prescribing if they have never seen a patient in person, or if the
patient is located out-of-state. Figure 2 shows a visualization
of the response distribution; detailed descriptive statistics are
provided in Multimedia Appendix 2.

Figure 2. Participant agreement with statements of comfort in prescribing via telemedicine (N=115).

Further, 50% (58/115) of participants responded to the optional
question “Please tell us more about the situations in which you
feel comfortable or not comfortable prescribing.” We found 3
general categories of comments related to comfort: comments
related to feeling uncomfortable (1 instance), comfortable (17
instances), or more or less comfortable depending on the specific
situation (conditionally comfortable, 36 instances).

The singular response that a participant health care provider
unequivocally did not feel comfortable prescribing over
telemedicine was in regard to controlled substances: “Will not
prescribe classified drugs or anything for ADHD online.” Health
care providers who noted they unequivocally felt comfortable
prescribing over telemedicine (17 instances) also included some
explanation of prescribing situations regarding laboratories and
assessments, laws and regulations, and types of medication:
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“All but one of my current patients I’ve met in person, but my
practice is now solely telemedicine. I do my best to assess the
patient’s condition, personality, and response. I think I am as
comfortable prescribing online as in person.” The majority (36
instances) of health care providers reported their comfort levels
depended upon certain conditions. The approximate distribution
of condition types is depicted in Figure 3. Health care providers
were more (18 codes) or less comfortable (18 codes) due to
reasons relating to the clinical scenario (including patient
characteristics or behavior); laws and regulations; types of
medications; and the care process (characteristics of the patient’s

care plan or care delivery including specific types of visits,
assessments, and laboratories). Numerous health care providers
noted how an initial in-person intake (9 codes) or working with
established patients (9 codes) affected their experiences and
comfort: “I felt comfortable after having an in person visits [sic]
with the patient before telemedicine. I do a physical exam on
all patients during the first visit snd sm [sic] not sure I feel
comfortable prescribing without that initial physical encounter.”
Complete results of thematic analysis for this item are provided
in Multimedia Appendix 3.

Figure 3. Condition types where health care providers feel conditionally more or less comfortable prescribing via telemedicine. *N refers to codes of
more or less comfortable, depending upon conditions. n refers to code counts for the condition type. The total number of codes for condition type exceeds
that of codes for comfort.

For telemedicine-based prescribing of controlled substances,
the results are visualized in Figure 4 (detailed descriptive
statistics in Multimedia Appendix 2). Most participants indicated
that they can safely prescribe controlled substances via
telemedicine, without having previously provided care to a
patient in person. However, 14.8%‐19.1% of health care

providers (by schedule) felt that they could rarely or never safely
prescribe controlled substances. Among controlled substance
schedules, participants indicated the least perceived safety with
schedule IV medications, and the most safety with schedule II
and III medications.

Figure 4. Perceived safety of telemedicine-based prescribing for medication types, by US Drug Enforcement Agency drug scheduling (N=115).

Further, 44% (51/115) of participants responded to the optional
question “Tell us more about the types of medications you feel
comfortable prescribing and/or monitoring via telemedicine,

and the circumstances in which you feel an in-person assessment
is appropriate…” We found 2 general categories of comments
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related to comfort: comfortable (33 instances) and not
comfortable (33 instances).

As depicted in (Figure 5), health care providers reported they
felt comfortable (33 instances) prescribing certain types of
medications (22 codes), prescribing with given certain care
activities or processes (12 codes), in relation to laws and
regulations (2 codes), in certain clinical scenarios (2 codes),
and other (1 code). Further, 1 health care provider explained
their requirements regarding medication types for prescribing
over telemedicine: “No analgesics prescribed (no opiates, etc.)
but I do prescribe stimulants for psychiatric reasons (ADHD,
post-concussive pathology, as an adjunct for depression). My
use of benzos is very conservative. Otherwise, I rarely prescribe
anything but ‘standard’ psych meds–anti-depressants, mood

stabilizers, non-benzo anxiolytics, at times anti-psychotics.”
Health care providers reported not feeling comfortable (31
instances) due to prescribing certain types of medications (19
codes), certain clinical scenarios (16 codes), and preferring
in-person prescribing (1 code). Further, 1 health care provider
noted how certain clinical scenarios and medication types affect
their comfort: “I would only feel uncomfortable prescribing
controlled substances virtually if I was [sic] concerned about
other illicit substance use or elevated blood pressure/heart rate.
I would want to see [the] patient in person for vital signs and
UDS [urine drug screen]. The [state controlled substance
database] allows us to monitor controlled prescriptions our
patients have obtained.” Complete results of thematic analyis
for this item are provided in Multimedia Appendix 3.

Figure 5. Comments on comfort with specific types of medications and need for in-person appointments. *N refers to incidents and n refers to code
counts. The total number of codes exceeds that of incidents.

Findings by Licensure and Specialty
Table 3 summarizes the results of the Mann-Whitney U tests
to determine whether response differed according to licensure
type (physician vs nonphysician) or specialty (psychiatry vs
nonpsychiatry). We found that comfort in prescribing differed
by licensure type for in-person prescribing (no use of
telemedicine, U=1857.5; P=.005; common language effect size
[CL]=0.59), with physicians indicating stronger baseline

agreement that they are comfortable with in-person prescribing
(mean rank of 61.92 vs a mean rank of 52.12 for nonphysicians).
We also found that physicians differed from nonphysicians in
perception of their ability to safely prescribe schedule V
medications (U=2018.5; P=.01; CL=0.64), with visualization
showing that physicians indicated greater perceived safety (mean
rank 64.25 vs 48.62). There were no other statistically significant
differences in the distribution of responses to statements of
comfort in prescribing by licensure type.
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Table . Difference in distribution of responses by licensure type and specialty (N=115).

Specialty (psychiatric or nonpsychiatric)Licensure (physician or nonphysician)Item

CLaP valueUCLaP valueU(SD)

I am comfortable prescribing medications…

0.50.9812160.59.005a1857.5In person (no
telemedicine)

0.53.471292.50.57.081796.5Telemedicine

0.50.981215.50.52.501666Telemedicine, prior
in person

0.64.0115710.45.341435Telemedicine, no
prior in person

0.43.2310390.52.711651.5Telemedicine, out-
of-state

I can safely prescribe this type of medication via telemedicine, without seeing the patient in person:

0.58.191409.50.54.501701.5Schedule II

0.36.028800.49.881562Schedule III

0.61.071487.50.55.341749Schedule IV

0.44.3010630.64.012018.5Schedule V

0.58.131419.50.56.221774.5Unscheduled medi-
cations

aCL: common language effect size.

By specialty, we found that the distribution of responses for
prescribers from psychiatric specialties differed from that of
nonpsychiatric specialty prescribers for comfort in prescribing
via telemedicine when there has been no previous in-person
care (U=1571; P=.01; CL=0.64), with prescribers from
psychiatric specialties indicating more comfort (mean rank
62.06 vs 45.39). Prescribers from psychiatric specialties also
differed for the perceived safety of prescribing schedule III
medications (U=880; P=.02; CL=0.36), with visualization
showing that prescribers from psychiatric specialties indicated
lower perceived safety for this type of medication (mean rank
54.11 vs 70.07). Every participant with a specialty of addiction
medicine or psychiatry (n=6) indicated that they can safely
prescribe schedule III medications either “always” or “almost
always.” However, the number of addiction medicine or
psychiatry specialists was not sufficient to support testing of
group differences.

Discussion

Principal Findings
In this survey of US telemental health care providers, we
examined prescribing telemental health care provider
perceptions of comfort and safety in prescribing medications
via telemedicine. Largely White, non-Hispanic, female, and
middle-aged, the participants’ demographic characteristics
reflect the known demographics of the US mental health care
workforce [16]. Licensure type and medical specialty varied.
Participant practice settings were primarily individual or small
group, and nonacademic. Most participants were physicians,
advanced practice registered nurses, or PAs, and psychiatry was
the most common specialty. Geographically, participants were

fairly distributed within the United States. However, there was
no representation of the mountain west.

Overall, we found that telemental health care providers were
very comfortable prescribing via telemedicine. However, they
were slightly less comfortable when prescribing to a patient not
previously seen in person, and even less comfortable prescribing
to an out-of-state patient. Psychiatry specialists expressed more
comfort than nonpsychiatry specialists with providing care to
patients not previously seen in person. The effect size was
moderate for these differences. Qualitative analysis showed that
individual prescriber comfort varied depending on the context,
including the clinical scenario, types of medications being
prescribed, laws and regulations, and care process. This finding
is consistent with prior research indicating that a health care
provider’s discomfort in prescribing over telemedicine appears
to be tempered by access to additional information regarding
the patient and situation such as access to laboratories, in-person
follow-up, and coordination of care [17,18]

We further examined the participants’ perspectives on their
ability to safely prescribe unscheduled medications as well as
scheduled medications, which are controlled substances.
Participants indicated that they are highly comfortable
prescribing unscheduled medications. However, they varied in
their comfort prescribing controlled substances. While
participants in this study indicated they can usually prescribe
schedule II-V medications safely, a minority indicated that they
can rarely or never prescribe these medications safely. Variation
in comfort by DEA scheduling may relate more to prescriber
familiarity and experience with those medications, than with
safety issues. For example, we found that physicians felt more
comfortable than nonphysicians in prescribing schedule V
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medications, with a moderate effect size. Examples of schedule
V medications are pregabalin (Lyrica) and diphenoxylate or
atropine (Lomotil). Given most psychiatric medications fall
under schedules II-IV, this could reflect a broader medical
practice of physicians in comparison to other licensure types.
Psychiatry specialists were less comfortable than nonpsychiatry
specialists in prescribing schedule III medications with no prior
in-person care. Examples of schedule III medications include
buprenorphine (Suboxone), testosterone, and ketamine. It is
plausible that nonpsychiatry specialists, unlikely to prescribe
buprenorphine or ketamine in their practices, may have based
their response on other medications within schedule III,
medications with which they are more familiar.

All addiction psychiatry or medicine specialists indicated a high
level of comfort in prescribing schedule III medications. It is
plausible that addiction specialists have cultivated practices that
enhance safety and reduce harm, increasing their sense of safety
with schedule III medications. A typical addiction specialist
may enhance safety through a policy of checking controlled
substance databases, requiring random drug toxicology screens
and securing permission to speak with patients’ families.
Prescribers who routinely treat addiction also often have the
advantage of intersecting with integrative partners such as
substance use disorder treatment centers, court appointed case
managers, etc, which may enhance their sense of comfort and
safety in prescribing. Addiction specialists may be better
prepared to learn that a patient has diverted medications, sought
additional prescribers, or knowingly taken drugs or prescriptions
outside of their prescribed regimen, and could be less likely to
fear these circumstances in the context of treatment.

In open-ended responses, participants described substantial
tailoring of their individual prescribing practices and
decision-making according to the clinical context and their
comfort level in prescribing. This finding is indicative of
individual adaptation of practice to perceived risks and
uncertainties. Currently, best practices for prescribing via
telemedicine are general in nature, and health care providers
rely on local practice settings’ rules and processes for guidance
[19]. Individual prescribers may differ in how they approach
virtual and hybrid (virtual and in-person) care, but likely adapt
their practice within their comfort level through measures that
include coordination of care, in-person follow-up appointments,
requirements for assessments and laboratories, and compliance
with laws and regulations [20]. Ultimately, our findings show
that telemental health care providers prescribe over telemedicine
at their discretion, in the interest of their patients’ health, and
according to their individual sense of comfort. Our findings
also initiate that prescribers implement care activities and
processes that enhance safety.

Limitations
This study used a nonprobability sampling approach; we
recruited a convenience sample from a research panel of

telemental health care providers. The sample size and study
design do not support the generalizability of findings to all US
mental health care providers. However, these findings reflect
the perspectives of a large, national sample of these health care
providers. TelehealthEngage panelists are users of the Doxy.me
telemedicine platform which is heavily used by solo and small
clinic practices, and this is reflected in the participant
demographics. Perspectives may differ for health care providers
who are part of large enterprise settings or academic settings.
Additionally, we may not have captured nuanced considerations
of prescribing safety or the conditions under which prescribers
feel comfortable prescribing via telemedicine. Medications
within a single controlled substance schedule are used for
different purposes and have different safety considerations. For
example, the use of telemedicine to prescribe ketamine is
currently highly controversial, as the mental health community
continues to debate the appropriateness of using a medication
that induces a dissociative state without the support of an
in-person therapist or guide.

We also recognize that telemedicine implementation models
vary and likely influence perspectives on prescribing comfort
and safety. For example, a prescriber who provides telemental
health care in the context of a hub-and-spoke model, where a
registered nurse or medical assistant augments virtual care with
an in-person assessment, may have perceptions of greater
comfort and safety in prescribing than a prescriber practicing
without such a model. In ongoing work, we are conducting
qualitative research that entails interviewing prescribers to more
fully elucidate this information. However, this survey study
allowed us to first characterize the overarching perspectives of
a larger number of prescribers.

Conclusion
We conducted a national, cross-sectional survey of US
telemental health providers to assess their comfort and perceived
safety in prescribing medications, including controlled
substances, via telemedicine. The participants included
physicians, advanced practice nurses, PAs, and clinical
psychologists. These health care providers were highly
comfortable prescribing both scheduled and unscheduled
medications via telemedicine. Comfort and perceived safety
with telemedicine prescribing varied somewhat by licensure
type (physician vs nonphysician) and specialty (psychiatry vs
nonpsychiatry). Perceived safety varied moderately for
scheduled medications (controlled substances), especially for
schedule IV and V medications. Participants indicated use of
adaptive strategies to prescribe safely depending upon the
clinical context. In ongoing efforts, we are analyzing additional
survey results and conducting qualitative research related to
telemedicine prescribing. A strong understanding of prescriber
perspectives and experience with telemedicine prescribing is
needed to support excellent clinical practice and effective policy
making in the United States.
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Abstract

Background: The Outcomes of Babies With Opioid Exposure (OBOE) study is an observational cohort study examining the
impact of antenatal opioid exposure on outcomes from birth to 2 years of age. COVID-19 social distancing measures presented
challenges to research coordinators discussing the study at length with potential participants during the birth hospitalization,
which impacted recruitment, particularly among caregivers of unexposed (control) infants. In response, the OBOE study developed
a digital tool (consenter video) to supplement the informed consent process, make it more engaging, and foster greater identification
with the research procedures among potential participants.

Objective: We aim to examine knowledge of the study, experiences with the consent process, and perceptions of the consenter
video among potential participants of the OBOE study.

Methods: Analyses included 129 caregivers who were given the option to view the consenter video as a supplement to the
consent process. Participants selected from 3 racially and ethnically diverse avatars to guide them through the 11-minute video
with recorded voice-overs. After viewing the consenter video, participants completed a short survey to assess their knowledge
of the study, experiences with the consent process, and perceptions of the tool, regardless of their decision to enroll in the main
study. Chi-square tests were used to assess differences between caregivers of opioid-exposed and unexposed infants in survey
responses and whether caregivers who selected avatars consistent with their racial or ethnic background were more likely to enroll
in the study than those who selected avatars that were not consistent with their background.

Results: Participants demonstrated good understanding of the information presented, with 95% (n=123) correctly identifying
the study purpose and 88% (n=112) correctly indicating that their infant would not be exposed to radiation during the magnetic
resonance imaging. Nearly all indicated they were provided “just the right amount of information” (n=123, 98%) and that they
understood the consent information well enough to decide whether to enroll (n=125, 97%). Survey responses were similar between
caregivers of opioid-exposed infants and unexposed infants on all items except the decision to enroll. Those in the opioid-exposed
group were more likely to enroll in the main study compared to the unexposed group (n=49, 89% vs n=38, 51%; P<.001). Of 81
caregivers with known race or ethnicity, 35 (43%) chose avatars to guide them through the video that matched their background.
Caregivers selecting avatars consistent with their racial or ethnic background were more likely to enroll in the main study (n=29,
83% vs n=43, 57%; P=.01).
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Conclusions: This interactive digital tool was helpful in informing prospective participants about the study. The consenter tool
enhanced the informed consent process, reinforced why caregivers of unexposed infants were being approached, and was
particularly helpful as a resource for families to understand magnetic resonance imaging procedures.

Trial Registration: ClinicalTrials.gov NCT04149509; https://clinicaltrials.gov/study/NCT04149509

(JMIR Form Res 2025;9:e59954)   doi:10.2196/59954

KEYWORDS

informed consent digital tool; avatars; video-assisted consent; MRI; antenatal opioid exposure; infant; antenatal; opioid exposure;
caregiver; survey; magnetic resonance imaging; Outcomes of Babies With Opioid Exposure

Introduction

The importance of the informed consent process in today’s
clinical trials stems from ethical standards detailed in landmark
documents such as the Nuremberg Code, the Declaration of
Helsinki, and the Belmont Report. Recent research suggests
that there is room for improvement in the consent processes to
better inform prospective participants of study aims and potential
risks. Numerous studies have suggested that minority
populations, those with low levels of education, and those with
intellectual disabilities are among the groups in which
improvements could be made to heighten participants’
understanding of the informed consent process (see Tam et al
[1] for a review). Some studies have observed that fewer than
half of the participants were able to correctly answer questions
about the study’s purpose after reviewing an informed consent
form [2,3]. In the review by Tam et al [1], only 55% could name
a risk associated with a study, with even fewer being able to
define key methodological concepts such as the use of placebo
or randomization.

Informed consent materials should be easily comprehended by
the average research participant. Grade-level reading standards
are the most common metric for measuring the readability of
consent documents. It is generally agreed that material should
target 6th- to 8th-grade level standards to be considered widely
interpretable. Yet, a 2003 study exploring informed consent
materials furnished by research institutions across the United
States found that only 8% of their sample met their own
institution’s standards for comprehension, with the average
readability score of a consent document exceeding stated
standards by almost 3 grade levels [4]. If prospective participants
cannot understand the structure and content of a consent form,
they may decline to participate. If a study using English
language materials involves nonnative English speakers,
minority populations, or foreign immigrants, the reading level
must be further simplified [5].

In response to criticisms of written consent forms, recent studies
have harnessed technology to create consent procedures that
simplify the information being conveyed while better engaging
prospective participants. While some approaches have used
electronic forms, others have developed videos, audio files, and
multimedia tutorials to supplement the consent process.

Electronic consent tools found their earliest uses in medical
procedures, and most evaluations of their effectiveness continue
to reside in that domain [6,7]. Studies evaluating electronic
consent have focused on comprehension [8], engagement [8-10],

satisfaction and procedure-related anxiety reduction [11], recall
of risks and benefits [4], and the potential to streamline the
consent process by reducing time spent by staff explaining study
procedures [7]. There are mixed findings on the effectiveness
of video-assisted consent compared with written consent forms
[9]. This may be due, in part, to technology advances over time.
Videos created 20 years ago would have been limited in the
graphics capacity of procedures they could display, whereas
modern tools have the capacity to include 3D animation and
guided walk-throughs. Multiple studies that have successfully
demonstrated the effectiveness of video-assisted consent involve
minority populations, study participants from rural areas,
populations with English as a second language, older adults,
and those with intellectual disabilities [12-15].

Certain capacities show particular promise at recruiting people
traditionally underrepresented in medical research and
vulnerable populations, warranting consideration in future
studies. For example, Lawrence et al [16] describe an electronic
consent framework using REDCap (Research Electronic Data
Capture; Vanderbilt University) and customizable avatars.
Videos provided participants with a choice of virtual assistants
voiced by community members that guided them through the
consent process. Participants had the ability to select their avatar
from a variety of backgrounds, which were developed in
consultation with targeted communities. Participants
“emphasized the importance of representing minority
populations [and] depicting supportive and helpful interactions
with medical staff,” as well as their strong preference for seeing
procedures depicted using avatars [16]. Participants reported
being inspired by the avatars and being able to see themselves
in the avatars, which have translated into stronger intervention
outcomes for the treatment group [17].

Digitally assisted consent also offers potential advantages in
other research domains for informing participants of study
procedures and potential risks such as neuroimaging methods
(eg, magnetic resonance imaging [MRI]). Although MRI is
largely a low-risk, noninvasive procedure that substitutes
magnetic fields for high-energy radiation, misconceptions about
its use abound, including false beliefs that MRI exposes
participants to radiation [18]. To our knowledge, no studies of
electronic consent tools have assessed the potential of
video-assisted consent to help communicate risks associated
with MRI procedures. The few studies involving neuroimaging
have focused on computed tomography and other radiation
methods that do not carry as many misconceptions [13]. Thus,
our research fills a gap in this literature by assessing whether
using a video supplement to visually depict MRI scanning
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procedures and associated risks can adequately inform potential
participants and dispel common MRI misperceptions in the
Outcomes of Babies With Opioid Exposure (OBOE) study. It
also builds on past literature on consent procedures, by including
ethnically diverse avatars to describe MRI procedures.

Social distancing measures to mitigate the spread of COVID-19
presented new challenges to research coordinators talking at
length with caregivers during the birth hospitalization about the
OBOE study and building rapport through these face-to-face
interactions. To mitigate these challenges, we developed the
OBOE study consenter video to supplement the informed
consent process and to make it more engaging for potential
study participants, especially those from underrepresented
populations. We developed this interactive digital tool to inform
prospective participants about the study, reinforce why
caregivers of unexposed (control) infants were being
approached, provide a resource for families to understand the
MRI procedures, and describe the longitudinal nature of the
study while detailing visits across the 2-year study period. To
enhance participant diversity, we developed 3 racially and
ethnically diverse avatars, which participants could choose to
guide them through the video. If potential participants were able
to see themselves in the avatars, this may foster greater
identification with the research procedures. This paper provides
an overview of the digital tool and examines knowledge of the
study, experiences with the consent process, and perceptions of
the video among potential participants in the OBOE study.

Methods

OBOE Study Overview
The Advancing Clinical Trials in Neonatal Opioid Withdrawal
OBOE study is a multisite prospective longitudinal cohort study
of infants with antenatal opioid exposure and unexposed infants
from birth to 2 years of age (ClinicalTrials.gov NCT04149509).
The OBOE study protocol is described elsewhere in detail [19].
Briefly, the observational study aims to determine the impact
of antenatal opioid exposure on brain development and
neurodevelopmental outcomes over the first 2 years of life and
to explore whether family, home, and community factors modify
developmental trajectories. The study consists of 3 MRI visits
at 0‐1 month, 6 months, and 24 months; 1 home visit at 12
months; 1 telephone interview at 18 months; and developmental
testing at 12 and 24 months. The OBOE study addresses a
growing health concern—opioid use and misuse—among a
particularly vulnerable population: pregnant individuals and
their infants. Overdose has become one of the leading causes
of maternal mortality [20], mirroring the rise in misuse among
pregnant individuals and the greater population throughout the
opioid epidemic.

Digital Tool Development: The Consenter Video
The first infant was enrolled into the OBOE study in August
2020, and the OBOE study began developing the consenter
video a year later to assist with the slower-than-anticipated
enrollment and to enhance participant diversity. The consenter
tool is a patient-centered, interactive digital tool for informing
prospective participants about clinical research studies and
enhancing informed consent processes [21,22]. It transforms

the informed consent process from the passive receipt of
complex medical and scientific information to an active,
engaging visual experience that can improve individuals’
understanding of clinical research processes and result in a more
informed, dedicated research participant [23]. Five main steps
were involved in developing the OBOE study consenter tool.
First, a detailed storyboard was developed, which included
verbatim audio text and a written description of proposed
visuals. The audio text was primarily pulled from the single
institutional review board (IRB)–approved consent form. Next,
the team created illustrations and visuals to describe the study
and assessments. Third, a group of digital designers developed
customized avatars. Fourth, the team selected 3 actors to record
voice-overs that corresponded to the race and ethnicity of each
avatar. Finally, the video production team combined the
multimedia elements into a single video file. The development
process was guided by a communication scientist to ensure that
evidence-based communication practices were incorporated.
Throughout each step in the process, staff at the clinical sites,
including research coordinators, nurses, physicians, and MRI
staff, reviewed the products, and their feedback was
incorporated. All study team members attended a virtual
consenter orientation held before implementation. The OBOE
study launched the IRB-approved consenter tool in June 2022,
at which time approximately half of the target sample had been
enrolled.

Ethical Considerations

Human Subject Ethics Review Approvals
Through a single IRB at Cincinnati Children’s Hospital Medical
Center, all 4 clinical sites (Cincinnati Children’s Hospital
Medical Center, University of Alabama at Birmingham,
Children’s Hospital of Pennsylvania, and Case Western Reserve
University), the Neuroimaging Core at Children’s National
Hospital, and the Data Coordinating Center at the RTI (Research
Triangle Institute) received approval for human subjects research
activities for the OBOE study, and informed consent was
obtained for all participants. The STROBE (Strengthening the
Reporting of Observational Studies in Epidemiology) reporting
guidelines for observational studies were followed [24].

Informed Consent
Caregivers of opioid-exposed infants and unexposed infants
were asked to view the consenter video in addition to talking
to coordinators about the study as well as reading and signing
the informed consent form. Caregivers of infants born at or after
37 weeks gestation were recruited at the 4 clinical sites primarily
during hospital stays following birth and, to a lesser extent,
prenatal clinics. Caregivers of opioid-exposed infants were
approached if their infant was exposed to opioids in the second
or third trimester of pregnancy. Caregivers of unexposed
(control) infants were approached if there was no antenatal drug
exposure as determined by maternal history or maternal urine
toxicology screen at delivery. OBOE study exclusion criteria
for both groups were confirmed at delivery and are detailed
elsewhere [19].
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Privacy and Confidentiality
Caregivers approached for the OBOE study were assigned a
participant ID number, and they chose from one of three racially
and ethnically diverse avatars to guide them through the
11-minute video with recorded voiceovers and illustrations of

study procedures (Figure 1). After viewing the video, caregivers
were asked to complete a brief survey using their participant
ID, regardless of their decision to participate in the main study.
The survey assessed their knowledge of the study, experiences
with the consent process, and perception of the video.

Figure 1. Consenter avatars that caregivers choose to guide them through the video as a supplement to the informed consent form.

Compensation Details
Participants were given a US $10 gift card for completing the
survey.

Digital Tool Overview
To ensure ease of access to the consenter tool, participants were
provided 3 options for viewing the video. These included: (1)
an iPad with the video preloaded onto an app, which the
participants used alongside a coordinator; (2) a coordinator
lanyard card with a QR code that participants could scan to
watch the consenter video on their personal mobile device; and

(3) business cards with a QR code and web link directing to the
video so that participants could access the video asynchronously
away from the study site.

The interactive video described the study purpose, detailed the
risks and benefits of joining the study, explained that
participation is voluntary, and depicted MRI procedures via a
verbal description and illustrations of a staff member preparing
a swaddled, sleeping baby with protective earmuffs to enter the
MRI scanner (Figure 2). The avatar explained that MRI scans
are safe and do not expose the infant to any radiation, dispelling
a common misperception of MRI.

Figure 2. Consenter video screenshots illustrating MRI procedures at the 0‐1 month OBOE study visit. MRI: magnetic resonance imaging; OBOE:
Outcomes of Babies With Opioid Exposure.

The consenter tool detailed the longitudinal nature of the study
and described assessments at each visit time point. Figure 3
illustrates developmental testing at the 24-month visit.
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Figure 3. Consenter video screenshot illustrating developmental testing at the 24-month OBOE study visit. OBOE: Outcomes of Babies With Opioid
Exposure.

Statistical Analysis
All analyses were performed using SAS (version 9.4; SAS
Institute). Chi-square tests were used to examine (1) whether
there were differences between opioid-exposed and unexposed
groups in survey responses and (2) whether participants who
selected avatars consistent with their racial or ethnic background
were more likely to report that they decided to enroll in the
study than those who selected avatars that were not consistent
with their background.

Results

Overview
Analyses included 129 caregivers (55 caregivers of
opioid-exposed infants and 74 caregivers of unexposed infants)

who were given the option to view the consenter video as a
supplement to the informed consent process and take the survey.

Survey Responses
Participants demonstrated a good understanding of the
information presented in the video (Table 1). Overall, 95%
(n=123) correctly identified the purpose of the OBOE study.
The majority also correctly indicated that the research team
would collect the baby’s umbilical cord (n=120, 93%), the infant
would not be exposed to radiation during the MRI scan (n=112,
88%), and the study would not include a blood test (n=105,
83%). Nearly all indicated they were provided “just the right
amount of information” (n=123, 98%) and understood the
consent information well enough to decide whether to enroll
(n=125, 97%).
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Table . Survey responses of caregivers of opioid-exposed infants and unexposed infants after watching consenter video (N=129).

Unexposed (n=74), n (%)Opioid exposed (n=55), n (%)All (n=129), n (%)Item

Knowledge of study

70 (95)53 (96)123 (95)    1. Correctly identified the purpose

of the OBOEa study

70 (95)50 (91)120 (93)    2. Correctly indicated, “If I enroll
in the study, the research team will
collect a piece of my baby’s umbili-
cal cord at delivery that would oth-
erwise be thrown away.”

64 (88)48 (87)112 (88)    3. Correctly indicated that infant
would not be exposed to radiation

during the MRIb scan

    4. Which of the following is not one of the study activities:

1 (1)3 (5)4 (3)        a. Three brain MRIs over the
first 2 years of my baby’s life

3 (4)6 (11)9 (7)        b. A 12-month home visit

61 (86)44 (80)105 (83)        c. A blood test (correct re-
sponse)

6 (8)2 (4)8 (6)        d. Parent or caregiver surveys

Experience with consent process

    5. During the consent process, do you feel you were provided:

0 (0)0 (0)0 (0)        a. Too much information

70 (97)53 (98)123 (98)        b. Just the right amount of in-
formation

2 (3)1 (2)3 (2)        c. Too little information

70 (95)55 (100)125 (97)    6. Felt you understood the con-
sent information well enough to de-
cide whether you and your baby
should be in the study

Perceptions of consenter video

    7. Did you watch the video describing the study?

73 (99)51 (93)124 (96)        a. Yes

1 (1)4 (7)5 (4)        b. No

    7a. If yes, what did you like most about the videoc?

35 (49)27 (53)62 (51)        a. The explanation of why the
study is important

16 (23)12 (24)28 (23)        b. The explanation of the study
procedures

13 (18)6 (12)19 (16)        c. The explanation of the MRI

3 (4)4 (8)7 (6)        d. The explanation of how my
personal information would be pro-
tected

1 (1)1 (2)2 (2)        e. I did not like watching the
video

3 (4)1 (2)4 (3)        f. Other

    7b. If yes, what did you not like about the video?

4 (6)1 (2)5 (4)        a. It was too long

0 (0)0 (0)0 (0)        b. It was hard to understand
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Unexposed (n=74), n (%)Opioid exposed (n=55), n (%)All (n=129), n (%)Item

0 (0)0 (0)0 (0)        c. It did not cover everything I
needed to know about the study

7 (10)3 (6)10 (8)        d. I had a hard time getting the
video to play

52 (76)41 (82)93 (79)        e. I liked watching the video

5 (7)5 (10)10 (8)        f. Other

Study enrollment intentions

    8. Did you decide to enroll in the OBOE studyd?

38 (51)49 (89)87 (67)        a. Yes

24 (32)1 (2)25 (19)        b. No

12 (16)5 (9)17 (13)        c. Not yet decided

    8a. If you decided not to enroll or
have not yet decided, what was the
primary reason?

2 (6)1 (17)3 (8)        a. Too much time or effort to
complete the study visits or surveys

2 (6)0 (0)2 (5)        b. I do not trust that my infor-
mation will be kept safe

0 (0)0 (0)0 (0)        c. I do not want to disclose any
information, even if my name is not
attached to it

5 (15)0 (0)5 (13)        d. I am not interested in partic-
ipating in any research

5 (15)0 (0)5 (13)        e. I live too far away from the
hospital or follow-up clinic

1 (3)0 (0)1 (3)        f. Financial burden to come
back for the visits

6 (18)0 (0)6 (15)        g. I do not want my baby to
have a brain MRI

13 (38)5 (83)18 (45)        h. Other

aOBOE: Outcomes of Babies With Opioid Exposure.
bMRI: magnetic resonance imaging.
cPercentages do not add to 100% because 3 respondents selected multiple responses.
dP<.001.

Survey responses did not differ significantly between caregivers
of opioid-exposed infants and those of unexposed infants on all
items except decision to enroll. Those in the opioid-exposed
group were significantly more likely to report that they decided
to enroll in the study compared to the unexposed group (n=49,
89% vs n=38, 51%; P<.001).

Avatar Selection
Of 129 respondents who completed the consenter video survey,
1 (1%) was Asian, 1 (1%) was Black and Hispanic, 29 (22%)
were Black and non-Hispanic, 69 (53%) White and
non-Hispanic, and 29 (22%) were missing race. Among 81
respondents of known race who watched the video, 35 (43%)
chose avatars to guide them through the video that matched
their background. Participants who selected avatars consistent
with their racial or ethnic background were more likely to report
that they decided to enroll in the study (n= 29, 83% vs n=43,
57%; P=.01).

Other Findings
An unanticipated benefit of the consenter video was its
usefulness in informing new caregivers about the study when
there were custody changes. As the longitudinal study
progressed, coordinators indicated that the consenter video was
helpful in providing information to new caregivers (eg, foster
parents) about the study. We only asked caregivers to take the
consenter survey at their infant’s enrollment into the study, so
we do not have data to assess what new caregivers thought about
the video in cases of custody changes.

Discussion

Principal Findings
Social distancing measures to mitigate the spread of COVID-19
placed limitations on face-to-face interactions between study
staff and participants. The OBOE study addressed this challenge
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by developing an avatar-based consenter tool to supplement the
consent process by creating an interactive video to explain study
procedures while engaging a diverse cohort of study participants,
particularly those from underrepresented populations who are
most likely to have difficulty with traditional consent materials.
Of the 129 caregivers who viewed the consenter video and took
the survey, almost all (n=123, 95%) were able to correctly
identify the purpose of the study, and nearly all felt that the
video provided “just the right amount” of information and
understood the consent information well enough to decide
whether to enroll.

Participants’ most frequently cited strengths of the video were
its ability to convey the importance of the study and its ability
to explain the MRI and study procedures. This is an important
finding given the lack of existing research assessing
video-assisted consent for neuroimaging studies. In addition,
when asked what they did not like about the video, 79% (n=93)
of participants indicated they in fact liked watching the video,
suggesting they were engaged in viewing the video-assisted
consent. Compared with written consent forms, animation and
visuals and such as those used in the consenter tool can better
engage participants, potentially resulting in more informed
research participants [22-24].

Participants who indicated that they did not like the consenter
video cited technical issues (n=10, 8%) and length (n=5, 4%)
as the primary reasons. Duration is a key element that affects
engagement if the video length does not correlate with the
complexity of the information conveyed. Researchers must try
to avoid including excessive details, because doing so may result
in informational overload thus minimizing the benefits of using
a video [25,26]. Additionally, study staff must be adequately
equipped to handle the technological needs associated with
using digital tools. The OBOE study addressed the need for
flexible viewing options by providing 3 ways for participants
to view the video.

Given the potential for race-matched avatars to facilitate
connections between participants and the study, we anticipated
that participants would tend to choose the avatar that best
matched their group identification. However, only 43% of
participants whose race was known and who completed the
consenter survey chose an avatar that aligned with their racial
background. It is possible that participants chose avatars for
reasons aside from self-representation, such as perceptions of
avatars’ attractiveness or how authentic they felt an avatar
looked. Lee [27] found that Black and female participants of a
virtual video game were more likely to choose Black and female
avatars (respectively) when assured that they were entering a

high-diversity virtual world with other minority participants,
but without this assurance, many Black participants chose White
avatars. Lee [27] interpreted this finding using a social identity
theory framework [28], explaining that virtual avatars can be
used to facilitate self-expression and feelings of belonging, or
they can create “escapes” for minority participants by allowing
them to camouflage themselves as a member of the majority
group. When virtual worlds are framed as high in diversity,
participants tend toward the former, projecting their identity
onto their avatar and customizing it accordingly. However,
without this framing, participants may default to using ingrained
cultural lenses and may “pass” under White avatars.
Zimmermann et al [29], using the theories of transformed social
interaction [30] and impression management [31], explain this
“passing” behavior as people’s attempt to present an idealized
representation of themselves in a given context.

Researchers must make active efforts to assure participants,
through study framing and multimedia tool design, that the
world they will enter as study participants is one that accepts
them, includes them, and actively recognizes their autonomy
to choose and consent, regardless of their background.

Limitations
Specific activities that supported the launch of the consenter
tool included receiving robust feedback from a diverse set of
clinical site staff on the video illustrations, avatar images, and
voice-overs to ensure the video was culturally relevant and met
the needs of the caregivers approached for the study. However,
a limitation is that we did not explicitly obtain feedback during
video development from those with lived experience, such as
caregivers of opioid-exposed infants. For example, Naeim et al
[32] describe the implementation of electronic video consent
in their precision health research after the formation of a
community advisory board consisting of respected individuals
from the participants’home community who could speak of the
communities’ perspectives. They solicited regular feedback
from the community advisory board, ensuring that the video
language was suitable for a lay population and spoke effectively
to the study’s racially diverse sample.

Conclusions
This interactive digital tool was helpful in informing prospective
participants about the study and reinforcing why caregivers of
unexposed infants were being approached. The video was a
helpful resource for families to understand the study’s MRI
procedures, because it provided a verbal description and
included illustrations of a staff member preparing a swaddled,
sleeping baby with protective earmuffs to enter the MRI scanner.
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Abstract

Background: Interventions to help young people make sense of sex and relationships in the context of widely available
pornography are becoming increasingly supported in school settings. However, young people who experience disruptions to their
education often have less access to such programs. Digital platforms may offer a more accessible method to deliver tailored sexual
health and pornography literacy to young people who are disengaged from mainstream schooling, or who experience other types
of structural disadvantage.

Objective: This study aimed to describe the formative evaluation of “The Gist” a co-designed online sexual health education
and pornography literacy prototype designed to meet the sexual health information needs of structurally marginalized young
people in Australia.

Methods: We conducted iterative workshops with 33 young people aged between 15 and 24 years recruited from an alternative
education school in Melbourne, Australia. Through interactive activities, participants evaluated the overall prototype design,
including its usability, desirability, inclusiveness, and potential for impact.

Results: Participants reported The Gist to be easy to use (17/20, 85%) and safe (19/23, 83%), with “hot” branding (25/30, 83%).
However, perceived content relevance was dependent on the participants’existing level of sexual health knowledge and experience,
with only 31% (7/23) agreeing that “The Gist feels like it was made for me.” The interactive learning activities such as the
debunked (myth-busting) and quiz features were among the most used and well-liked on The Gist platform. Low unprompted
engagement with the prototype outside of facilitated workshop settings also confirmed previous researcher postulations that The
Gist as a standalone digital platform is unlikely to meet the needs of this population group. Further design refinements are needed
to improve user experience, including more interactive activities and visual information in place of heavily text-based features.

Conclusions: This study provides important insights into the design and sexual health information needs of structurally
marginalized young people. Further research is needed to assess the overall efficacy of The Gist prototype, as well as its ability
to positively influence young people’s sexual attitudes, beliefs, and behaviors. Future iterations should consider hybrid or
face-to-face delivery models to better capture student engagement.

(JMIR Form Res 2025;9:e65859)   doi:10.2196/65859

KEYWORDS
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Introduction

Pornography and Pornography Literacy
Pornography is easily accessible to, and commonly viewed by
young people. In a 2017 cross-sectional survey of 941
Australians aged 15‐29 years, 84% of males and 23% of

females viewed pornography at least weekly [1]. Some young
people report that pornography is an important component of
their sexual development [2], helping to define understandings
of sexual pleasure, how to have sex, and diverse sexual
experiences and sexualities [3]. However, pornographic content
also commonly includes behavior which portrays problematic
themes, including the promotion of heteronormative and
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misogynistic gender norms, violence-supportive sexual
objectification of women, lack of consent, and the poor
representation of diverse people and body types [4]. Research
has further shown that pornography can shape young people’s
sexual development in line with these problematic themes, and
negatively influence their developing attitudes, beliefs, and
sexual health behaviors [2,5,6].

Pornography literacy education is a technique which aims to
reduce the adverse impacts of pornography use. Originating
from media literacy theory, pornography literacy programs seek
to increase young people’s knowledge and understanding of
healthy relationships and sexualities, whilst developing their
ability to critique, evaluate, and challenge the various themes
commonly present within pornographic content [7]. However,
there remains a scarcity of formally evaluated pornography
literacy interventions [8-10]. In a 2018 pilot study conducted
in the United States, it was observed that students demonstrated
improvements in various pornography-related knowledge items
after participating in a college-based pornography literacy class
[11]. Similarly, a longitudinal study of Dutch teenagers found
that the relationship between pornography use and sexist
attitudes became weaker the more a participant engaged in
school-based pornography literacy classes [12]. These findings
therefore suggest that there is potential for pornography literacy
programs to shape the way in which young people perceive
common underlying themes and messages within online
pornographic content [12]. While pornography literacy programs
show promise in mitigating the adverse impacts of pornography
on young people, determining how best to integrate and deliver
these programs within existing educational frameworks is crucial
for their success.

Relationships and Sexuality Education
School-based sex education initiatives have traditionally been
the preferred approach to improving sexual health outcomes
amongst young people and mitigating risks of sexual health
related harms such as sexually transmitted infections (STIs) and
unplanned pregnancy [13]. In Australia, the delivery of
relationships and sexuality education (RSE) has evolved in
recent decades to include a broader range of contemporary
sexual health topics and themes [14]. However, creating
programs that adequately cater to the complex sexual health
needs of diverse young people has posed an ongoing challenge
for Australian educators and policymakers alike [15].
Furthermore, the actual education received by students is highly
varied nationwide, as the development and implementation of
RSE curricula remains the responsibility of each individual state
or territory, while content delivery often differs between
individual schools [14]. In a 2018 national survey of 6327
Australian high school students, more than 60% of respondents
described their RSE experience as either irrelevant or marginally
relevant to their sexual health needs, with many advocating for
a greater focus on sexual communication, relationships, and
pleasure [16]. The Australian government introduced mandatory
consent education from 2023, covering areas of sexual consent,
gender stereotypes, and power and relationship dynamics.
However, there have been growing calls for the further addition
other contemporary topics (such as pornography literacy) that
take a more sex positive approach, and are more inclusive of

alternative sexualities, gender identities, and other
intersectionalities [17-19].

Furthermore, school-based education may not meet the needs
of all young people. Young people have many different
intersecting experiences that mean they have more or less
opportunities for healthy sexual education and development.
Young people who are disengaged from, or experience
disruptions to their mainstream education or for example, have
less access to school-based sex education programs [20]. In
addition, school-based sex education is often not tailored to
meet the specific needs of young people who are lesbian, gay,
bisexual, transgender, queer, questioning, intersex, asexual
(LGBTQIA+), young people from diverse cultural backgrounds,
or young people with experiences of poverty [21-23].
International research also indicates that young people with
experiences of trauma, family conflict, and other adverse
childhood experiences have poorer access to sexual health
information compared with other mainstream cohorts, and have
an increased likelihood of engaging in risky sexual health
behaviors [24]. Interventions to support young people’s sexual
development in the context of pornography therefore, need to
account for this substantial variation in sexual health
development among young people, and must consider the
specific needs of individuals who have been excluded from
current relationships and sexuality education.

Digital platforms have shown increasing promise as an
acceptable way to reach and deliver tailored sexual health
information to young people [25]. Recent systematic reviews
have highlighted their effectiveness at shaping young people’s
knowledge of healthy sexual development, and reducing risky
sexual health behaviors [25,26]. However, many of these
interventions remain highly focused on singular or
complementary behavioural outcomes in adolescents, such as
STI prevention and contraception use [26]. As such, there is a
distinct need for an online sexual health platform that is not
only informed by, and tailored to the specific needs of
structurally marginalized young people, but also provides them
with a more comprehensive education on a wide range of sexual
health topics, including pornography literacy.

Aims
The Gist is an online relationships- and sexuality-education
platform, incorporating elements of pornography literacy, that
was co-designed by young people, sexual health researchers,
educators, and web developers [4]. Here, we describe a
formative evaluation of The Gist prototype, an evaluation
designed to pretest a program with the target group before
implementation [27]. This evaluation aims to assess The Gist’s
usability, desirability, inclusiveness, and potential for impact,
as well as identifying areas for future improvement.

Methods

The Intervention
Development of The Gist used a human-centred and co-design
methodology [4]. Several months before this study, young
people who identified as LGBTQIA+, were culturally and
linguistically diverse, had experiences of family conflict or

JMIR Form Res 2025 | vol. 9 | e65859 | p.636https://formative.jmir.org/2025/1/e65859
(page number not for citation purposes)

Turvey et alJMIR FORMATIVE RESEARCH

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


educational disengagement participated in a series of iterative
workshops to provide in-depth insights and design ideas for a
sexual health education resource. Based on their insights and
design recommendations, a minimally functioning digital
prototype was developed. This is a working website that
demonstrated most of the planned features of The Gist with
some of the planned content. This study aimed to test and further
refine the prototype design. To give context to this evaluation,
the key design considerations and features of The Gist are briefly
described below. More in-depth information about the
methodology and findings from the design and development
phase is available in a separate publication [4].

To give context to this evaluation, the key design considerations
and features of The Gist are briefly described below. More
in-depth information about the methodology and findings from
the design and development phase is available in a separate
publication [4].

The Gist prototype was designed as an online website
application, with mobile-friendly capacity. Topics covered
included pornography, body diversity, sex, consent, pleasure,
healthy relationships, and sexual preferences. Language and
imagery remained gender- and sexuality-neutral. Critical
pornography literacy was built into this content by contrasting
the healthy and ethical information about sex, relationships, and
bodies with problematic messages often espoused in
pornographic materials. The visual design of the digital
prototype had an alternative, “retro 90s” and comic-book style
as preferred by participants from the earlier co-design stage.

The website prototype presented short facts about various sexual
health topics to engage, surprise and challenge the user. Users
were then linked to more in-depth information about the topic,
and encouraged to engage with interactive activities that further
challenged their knowledge and built critical thinking skills
around the respective topic. Key platform features included:

1. Get Facts: a series of rolling screens presented a short fact
with an image, designed to reproduce the “stories” function
used on social media apps such as Instagram and Snapchat.

2. Debunked: presented users with a short statement on a
series of sexual health topics and prompted users to decide
whether the statement was true or false. This feature was
designed to challenge commonly held misconceptions and
beliefs about certain sexual health topics.

3. Quizzes: brief interactive quizzes presented through
multiple-choice questions designed to test the user’s
knowledge of key sexual health themes.

4. Sexual Health Articles: provided in-depth written
information on various sexual health topics broken down
into digestible subsections.

Evaluation Questions
This paper reports on the testing and evaluation phase of the
human-centered design process, which is part of an iterative
cycle of prototyping, testing, and refining. The insights from
this evaluation phase will be used to further refine and develop
The Gist prototype for improved application. The key evaluation
questions were: (1) is The Gist usable and accessible for young
people?, (2) is The Gist desirable and relevant to young people?,

(3) is The Gist inclusive and safe for young people?, and (4) do
young people believe that The Gist has potential to positively
impact other young people’s knowledge, attitudes, and
confidence around respectful and healthy relationships, sexual
health and wellbeing, and pornography literacy?

Recruitment and Setting
Evaluation participants were recruited from across 3 campuses
of an alternative education school in Melbourne, Australia.
Students at this school have experiences of fragmented school
attendance or disengagement from mainstream school settings
for a range of reasons including family conflict or breakdown,
bullying, being gender and sexually diverse, living with a
disability, or being culturally and linguistically diverse.
Researchers first spoke to school staff, providing them with an
overview of the study and demonstration of The Gist prototype
so that teachers were informed of the content that would be
shown to students, and could voice any concerns about certain
topics that some students may find distressing. After feedback
and strong support from staff was received, the research team
then spoke to students, and provided a brief overview of the
study, workshop activity and content themes, before distributing
plain language participant information and consent forms to
those interested.

Participants
A total of 33 young people participated in at least 1 of 7
workshops held across a 3-week period. Of the 33 participants;
15 identified as female, 13 identified as male and 1 identified
as nonbinary (4 participants elected not to provide demographic
information). Participants’ ages ranged from 15‐24 years with
a median age of 19 years. A total of 18 participants identified
as heterosexual, 11 identified as LGBTQIA+, and 8 spoke a
language other than English or in addition to English at home.

Workshop Methodology
In total, 3 groups of students across 2 campuses attended a series
of 2 workshops each. Only 1 workshop was carried out at the
third campus as these students had previously participated in
the initial co-design research process for The Gist earlier in the
year and were therefore already familiar with The Gist
prototype.

All workshops were facilitated by 3 members of the research
team, including 1 digital designer and 2 public health
researchers. Two of these facilitators had been involved in the
development of the prototype, all identified as young women
(age<35 years old). School staff were present in 1 workshop
(teacher supervision was required due to an incident earlier in
the day unrelated to the research project). The duration of the
workshops ranged from 70‐135 minutes. An overview of the
workshop aims is available in Multimedia Appendix 1.
Workshop activities were specifically designed to be engaging,
interactive, and trauma-informed, due to the unique learning
and classroom needs of the participants. A total of 10 different
activities were used across the various workshops, with a
descriptive overview of each workshop activity available in
Multimedia Appendix 2.
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Data Collection
A range of qualitative and quantitative data was collected from
across the 7 workshops.

Qualitative Data
Qualitative data included audio recordings of workshop activities
and classroom discussions and physical material produced by
students during workshop activities (ie, images of whiteboard
brainstorming and completed worksheet activities). One
researcher recorded written observations on classroom activities,
levels of student engagement, and overheard classroom
discussions. They used a semistructured note-taking guide
developed by the lead researcher, to supplement audio recording
with observations of nonverbal interactions. In addition, while
students explored the prototype, 1 participant in each group
(n=3) volunteered to be individually observed to collect more
detailed information on website navigation and interactions.
The facilitator recorded their actions in detail including which
buttons were pressed and which features were accessed.

One researcher recorded written observations on classroom
activities, levels of student engagement, and overheard
classroom discussions. They used a semi-structured note-taking
guide developed by the lead researcher, to supplement audio
recording with observations of non-verbal interactions.

In addition, while students explored the prototype, one
participant in each group (n=3) volunteered to be individually
observed to collect more detailed information on website
navigation and interactions. The facilitator recorded their actions
in detail including which buttons were pressed and which
features were accessed.

Quantitative Data
Quantitative data included surveys conducted during workshops
explored students’ receptiveness to The Gist prototype, including
measures on usability and accessibility, desirability and
relevance, safety and inclusivity, and potential to impact
(Multimedia Appendix 3). A five-point Likert scale was used
to assess survey responses, with response options ranging from
1= “Nah Shit,” 2=“Pfft,” 3=“Meeh,” 4=“It’s OK,” 5=“Love
it!!!.” Students used stickers to indicate their responses on a
large poster displaying the questions and website analytical data
including unique page visits.

Website analytical data including unique page visits.

Data Analysis
This research was embedded in the constructivist paradigm.
Following initial data cleaning and familiarisation, author [MR]
developed a thematic framework guided by the evaluation

questions, as well as emerging themes from initial data
familiarisation processes. This framework was then applied to
the data by authors [MTS and MR] by coding the observer notes,
audio recordings, and images directly into NVivo 12 software
(Lumivero). Researchers then summarized emerging themes
into charts and tables to visualize the data as a whole, before
mapping and synthesising differences across different participant
groups and workshops. Throughout each phase, the thematic
framework was refined as new themes or subthemes emerged.

Simultaneously, the quantitative data sourced from workshop
activities and the workshop surveys were analysed by author
[MR] using descriptive statistics. Then, a narrative integration
approach was used to weave both qualitative and quantitative
findings together on a theme-by-theme basis by authors [JT,
MR, CW, and ML]. To achieve this, the quantitative findings
were mapped to the thematic framework, and used to support
or expand upon the emerging study themes, providing a stronger
and more comprehensive understanding of the themes. Findings
and key themes are arranged according to the evaluation
questions. All supporting quotes are presented anonymously.

Ethical Considerations
Ethics approval for the research was granted by the Alfred
Health Human Research Ethics Committee (373/18). All
participants provided written informed consent. For participants
under the aged of 18 years or younger, written or verbal parental
consent confirmed via school staff was sought before workshop
commencement. All data have been deidentified. Participants
received a AUD20 (USD 13.90) voucher per workshop, plus a
AUD10 (USD6.95) voucher if attending both workshops.
Participants who were already familiar with the prototype and
were only invited to a single workshop received a AUD25
(USD17.40) voucher.

Results

Usable and Accessible

Use and Usability
In general, participants were able to access and engage with
The Gist website effectively, with 85% of workshop participants
(17/20) responding with either “Love it!!!” or “It’s OK” when
asked if “The Gist is easy to use.” However, website analytical
data suggests that actual engagement with The Gist outside of
the facilitated workshops was extremely low. Of the 1641 unique
page visits recorded across the evaluation period, 1497 (91%)
were recorded during workshop sessions (Figure 1), suggesting
few participants independently engaged with the website.
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Figure 1. Daily unique page visits on The Gist website during the evaluation period.

Researcher observations also noted that students primarily
engaged with The Gist in small groups during workshop
sessions, with many participants preferring to explore the
website features alongside their peers, rather than as an
individual endeavor. Students seemed to value the shared
discussions which were stimulated by The Gist content and
engaged each other in a collective learning process.

Non-Intuitive Design Features
Participants also reported design issues that meant several of
The Gist features were not as intuitive or easy to use as
participants would have liked. The Get Facts feature for
example, was not clearly identifiable as content, with several
participants initially attempting to use it as a navigation function.
The ability to filter content within the search function, was not
obvious to many participants who would either scroll past this
option or requested clarification from facilitators.

It’s all organised but I wouldn’t really know how to
go around using it such as what the app offers. But
after a while at using it I would get used to it

Further Information and Learning
Participants were receptive to the different interactive activities
available. Over the evaluation period, the most popular and well
used features were “Debunked” (302 events), “Quizzes” (127
events), and “Get Facts” (100 events). The home page received
240 visits and “Articles” were viewed 84 times.

I first checked “Get Facts” tab section. Informative,
liked the flicking facts.

When you click something and then you learn
something, it’s not complicated. The Get Facts
[feature] works

Articles were generally the least used learning feature, owing
largely to their length and heavy use of text over interactive
content and images, despite our attempts to prioritise brevity.

Several participants commented that they did not enjoy reading,
and quickly abandoned the feature or skipped over the articles
altogether, preferring to access information through more
interactive means. This is despite feedback from participants
suggesting that the content did not go far enough with the
information presented, with participants wanting the opportunity
to learn more about specific topics that interested them.
However, amongst the participants who reviewed the article
feature, the majority (17/21, 81%) enjoyed (ie, “it’s OK” or
“Love it!!!”) the format of the articles which used subheadings
to break down relevant information, while 95% (20/21) thought
the articles were easy to read. While a dot point summary of
each article was provided, this was placed at the end of the
article, with facilitators once again observing many participants
either abandoning the article before reaching the summary, or
simply scrolling past.

For me, because I don’t like reading, I would say the
articles weren’t very important to me. But that’s
because I hate reading.

I really love the [article] layout and the expandable
boxes – the word I’d use is nifty.

The articles were easy to read, [and] I did learn some
cool things about consent.

Desirable and Relevant

Content Relevance
Overall, participants held generally positive opinions of The
Gist and its content, with 68% (15/22) of workshop participants
agreeing with the statement, “The Gist is definitely something
I would use.” More than 73% (16/22) of participants also agreed
that they “learnt some cool stuff from the Gist.” Many
participants reflected that The Gist was both helpful and
informative, with the features of the website serving as effective
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learning strategies to deliver new and engaging sexual health
information.

Yes [relevant] because some of these things happen
in my life

Participants particularly enjoyed how the content was
specifically catered toward young people, and sought to openly
discuss topics that were frequently absent from within other
mainstream sexual health education programs.

I really liked how The Gist is better than any sex
education you get in school

It’s more appropriate than other sites because it’s
made for young people that don’t understand sex ed
at school or just want to learn.

…get info about things that are not typically spoken
about

I like that it was open and uncensored

However, while most participants felt that The Gist was relevant
to young people in general, several participants reflected that
the prototype was not overly relevant to them personally. Two
opposing explanations were offered for this, with some
participants suggesting that The Gist’s content was more
appropriate for a younger audience, with quizzes being “too
easy,” and that they already knew much of the information
presented. In contrast, several other participants reflected that
much of the content was too advanced for them, especially as
they had little previous knowledge or sexual experience. They
explained that there was not enough information for “beginners”
who were not comfortable learning about sex-based topics.
Similar apprehensions were expressed by a small number of
students who identified as asexual, or those who had never
engaged in watching pornographic material.

I probably won’t use it that much because the info is
stuff I mostly know.

More information for younger/less experienced.

Survey results supported this mixed response. When asked if
“The Gist feels like it was made for me,” 6 participants (26%)
responded negatively (“Nah shit” or “Pfft”), 7 participants (31%)
responded positively (“It’s OK” or “Love it!!!”), and the largest
proportion of students (10/22, 43%) remained neutral (“Meeh”).
While many students did not think the content was personally
relevant, most remained interested in participating and providing
feedback on the prototype itself.

Aesthetically Appealing
Participants also gave feedback on the design and branding of
The Gist, with the overall look and feel of the application
appealing well to young people who took part in the evaluation.
In total, 83% of participants (25/30) responded either “It’s ok”
or “I love it!!!” to the statement “The Gist branding is hot!”
signifying significant approval of the website aesthetic and
imagery.

Participants also indicated that they enjoyed the use of bright
colours and specifically approved of the retro-90s styling which
simultaneously appealed to a wide range of young people and
created a nostalgic and safe feeling whilst using the site.

Comic book aesthetic is something that everyone can
enjoy

I really enjoy the colours and art style: it makes me
feel safe and nostalgic somehow

For some students, the visual depiction of genitalia, sex, and
pornography (Figure 2) was seen as unnecessary and excessive
at times, and may have worked to dissuade apprehensive
students from engaging with the website.

Some of it is too much, this one that indicates cum in
the Get Facts section, it’s not necessary

Figure 2. Features of The Gist, a digital prototype for pornography education. Panels show screenshots of the home page, Get Facts, article,and quiz.
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Safe and Inclusive

User Safety
When asked about how safe they felt using The Gist website,
the majority (19/23, 83%) of participants responded either “It’s
ok” or “I love it!!!.” Participants particularly enjoyed the ability
to browse The Gist anonymously, especially due to the highly
sensitive nature of The Gist’s content and associated sexual
health topics.

Safe place to get information that you might not want
to ask someone about

I like that its anonymous, you don’t need an account
to log in

Participants were also asked if they would feel comfortable
accessing The Gist website in public spaces such as on a train
or tram, with a slight majority (12/22, 54%) responding with
either “It’s OK” or “I love it!!!.” Those who felt less safe using
The Gist expressed that these sentiments were largely driven
by feelings of being unsafe on the internet more generally due
to concerns of data monitoring and internet privacy rather than
factors specifically related to The Gist website.

Inclusion of LGBTQIA+ Themes
In general, the content and language used throughout The Gist
was seen as inclusive, particularly by those participants who
identified as LGBTQIA+. Participants appreciated the
nongendered wording used across the site, and the inclusive
approach to sex and pornography use amongst gender and
sexually diverse people.

It’s not gender specific which is good

Several participants, however, did express a desire to see greater
inclusion of LGBTQIA+ themes, and for content to appear more
obviously inclusive of sexual and gender diverse young people.
This included having a dedicated LGBTQIA+ filter or tab
section with relevant content rather than just having inclusive
language and content spread throughout the website.

Make it more trans/non-binary (like a language filter).
Have LGBTQIA+ filter e.g.: I click trans + all the
content is trans-based

fully inclusive – could be more obvious. Have
LGBTQIA+ section

Differences in Cultural Perspectives Toward Sex and
Pornography
Discussions with participants who were recent migrants or from
culturally and linguistically diverse backgrounds suggested that
cultural understandings played a significant role in how they
experienced The Gist website and its related content. Some
young people indicated that in their culture or religion, acts of
intimacy and sex were typically seen as only appropriate within
marriage, and therefore influenced their view on the necessity
of a sexual health education and pornographic literacy platform.

Several other participants were willing to discuss issues
surrounding healthy relationships and consent, but were less
comfortable discussing sexual behaviors and pornography. Even
though some of these participants felt overwhelmed at times

during the first workshop, all participants returned to the second
workshop and appeared to be comfortable accessing The Gist
and fully participating in the remaining activities. This highlights
the importance of giving participants’ time to develop rapport
and to “warm up” to discussing sensitive topics during co-design
processes.

Feel uncomfortable when quiz answers mention sex
in relationships

Confronting images

Potential of The Gist to Positively Impact Other Young
People
Participants were asked whether they believed The Gist had the
potential to impact other young people’s knowledge, attitudes,
and confidence around healthy relationships, sexual health
issues, and pornographic literacy. Most participants perceived
that it would be an effective sexual health resource for other
young students.

I like it and think it would be helpful and informative
for teens and young adults.

…it is a web site that helps young people no matter
the gender/ethnicity to understand more about erotic
matters.

However, once again participants reflected that the ability of
The Gist to impact other young people’s sexual health and
pornographic literacy was dependent on its relevance to the
user, with greater efforts needed to provide appropriate
information to different ages and knowledge levels.

It depends on what kinda age group that you want, I
think more detail would be good if you want older
people.

I wish that it appealed to an older audience as well
as a younger one

When asked if “The Gist will make people want to watch porn,”
63% of participants (14/22) disagreed with the statement, and
only 1/22 agreed (“probs”). Participants stated that The Gist
was more likely to reduce the stigma associated with watching
pornography, and therefore makes young people feel less
“scared” about watching pornographic material.

Using the website was easy to read & understand the
gist will not make you want to watch porn it will
instead give you an insight what porn really is!

I think it might make people feel comfortable not
scared to watch porn

Discussion

Principal Findings
The Gist prototype was developed through a multistage
co-design process, which includes this evaluation as part of the
iteration and refinement stage. A key criticism made by
participants was that much of the Gist’s content and messaging
was too text-heavy, particularly when providing users with
in-depth or supplementary information on key sexual health
topics. Feedback from participants emphasised this as a barrier
to engagement, with many expressing their dislike of the articles
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feature and other text-based elements of the website. This is
despite this feature being intentionally designed based on
previous research of young people’s user experiences and online
interaction patterns, as well as feedback from the initial
prototype co-design stage, in which young people supported
the progressive disclosure of supplementary text information
[4]. This highlights the importance of a multistage co-design
and prototype refinement process, with further work needed to
optimize the Gist’s articles for enhanced user engagement and
acceptability. In contrast, the interactive learning activities such
as the “Debunked” (myth-busting) and “quiz” features were
amongst the most used and well-liked on The Gist platform.
This affinity for highly interactive, image-based activities is
unsurprising, given the well documented preference for
kinaesthetic and visual learning styles amongst this cohort [28].
Additional efforts are therefore needed to further adapt key
supplementary health information on The Gist website to more
appropriate styles, including interactive activities, image-based
content, and audio-visual materials. However, consideration
must also be given to the resources associated with producing
and maintaining such a large volume of supplementary content,
including the capacity to update this information as young
people’s information needs change.

Despite enthusiastic engagement from young people during the
evaluation workshops, website analytical data indicated that
few participants accessed The Gist outside of the classroom
setting. It was also noted that many participants preferred to
explore The Gist collectively with fellow classmates, rather
than as an individual learning exercise. This suggests that young
people are potentially more likely to engage with The Gist as
a sexual health and pornography literacy resource within a
facilitated and supported learning environment. Consequently,
this poses important questions for future iterations of The Gist,
including how to strengthen independent engagement with the
website, and whether The Gist as a standalone digital platform
is a sufficient intervention to meet the needs of this population
group. As noted by the research team in earlier co-design stages
[4], previous international research has also shown that while
young people appreciate the availability of sexual health
materials online, they often seek out the guidance of trusted
adults and authority figures to help them make sense of this
information, and to determine its validity [29,30]. Thus,
consideration should be given to the overall structure of The
Gist as an educational intervention, and whether alternative
delivery methods, (such as a potential hybrid model involving
face-to-face sessions at schools, community sites, or services)
are more effective approaches to supporting the sexual
development and wellbeing of structurally marginalised young
people.

This study adds to limited research into the development and
evaluation of pornography education. A recent systematic review
identified only 2 education programs that addressed pornography
as a major focus [10]. Neither have described in depth the
process of designing and developing the program.

Wider Implications
As so called “digital natives,” there is a widespread perception
of young people as highly proficient consumers and navigators

of digital information. However, digital literacy is associated
with socio-economic status, with online health information less
accessible and interpretable to young Australians of lower
socioeconomic standing [31,32]. The principal findings of this
evaluation, therefore, provide valuable insights into how
structurally marginalized young people perceive The Gist as a
digital health resource, including key user interface and design
preferences, information needs, and online learning
requirements.

As pornography literacy programs emerge within mainstream
education settings throughout Australia [7], it is important to
recognize that young people are not homogenous, and their
information needs are likely to differ despite similarities in
demographic characteristics. Even amongst our small cohort of
structurally marginalized young people, there was a wide
variation in experience levels, previous knowledge, and attitudes
toward sexual and pornographic themes. These differences
reflect the fact that adolescent sexual development is a highly
individualised process, shaped by a range of biological,
psychological, and social factors [33]. For our participants, this
also meant that the perceived relevance and desirability of the
Gist prototype differed depending upon their own set of unique
personal circumstances. Participants from culturally and
linguistically diverse backgrounds also shared how their
differing cultural perspectives and understandings of sex and
pornography shaped their experiences with the prototype and
receptiveness to the key health messages within. Future
pornography literacy programs, therefore, need to ensure that
the information and content presented is suited to, and tailorable
for a wide range of experience and knowledge levels, even
within similar demographic cohorts, and is offered in a way that
is inclusive of all sexuality, gender, and culturally diverse
people.

This evaluation has developed recommendations for further
prototype refinements. It is vital that additional testing be carried
out following these modifications to ensure The Gist remains
highly relevant to structurally marginalized young people
seeking accessible sexual health and pornography information.
Future research is also needed to assess the impact of The Gist
on young people’s knowledge, attitudes, and behaviors, and to
assess its effectiveness as a standalone sexual health and
pornography literacy intervention.

Limitations
There are several limitations in which the findings described
above should be considered. Study participants were recruited
through a single service provider, and were therefore already
familiar with other participants and supporting staff members.
While this familiarity may have helped some participants to
feel more comfortable during workshop sessions, it also
introduces the potential for social and group biases. In the
presence of their peers and teachers, participants may have
sought to conform to the dominant group narrative by offering
opinions that felt more socially acceptable. The sensitive nature
of the research content may have further exacerbated this, with
participants potentially hesitant to share their own personal
experiences with sex and pornography. Similarly, while
facilitators emphasized the need for critical and honest feedback,
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participants may have felt inclined to provide positive
assessments of the website as an unintended courtesy to the
research team, particularly as 2 of the facilitators had been
involved in development of the prototype. The design of the
evaluation and the analysis of data was conducted by 3
researchers who were not directly involved in development of
the prototype; however, they were close colleagues of those
who did develop the prototype.

Young people were also free to engage with The Gist prototype
as much or as little as they liked, however, not all participants
attended both workshops, meaning that exposure varied. During
the workshops, facilitators provided additional prompts and
guidance only as needed, and there was no prerequisite that all
elements of The Gist be explored and evaluated by participants.
While this flexibility is an integral part of co-design research
with structurally marginalized cohorts, it also means that again,
participants may have had variable experiences with The Gist
website, leading to differing assessments of the prototype.
Similarly, as The Gist was an early prototype, access was only
available through a password protected URL link, further

limiting potential student engagement with the site. Finally, the
evaluation did not use any validated instruments or apply
techniques to enhance the validity or credibility of data analysis.

Conclusion
Amid growing concerns over the potential impact of
pornography on the sexual development of young people, digital
resources such as The Gist are emerging as potential alternatives
to contemporary interventions seeking to combat these concerns.
Research is still needed to determine the efficacy and impact
of digital pornography literacy resources on young people’s
sexual attitudes, beliefs, and behaviors. The findings from this
formative evaluation highlight the potential for creating
engaging and highly pertinent online platforms for pornographic
literacy, specifically tailored to the distinctive requirements of
structurally marginalized young people. However, low
engagement with the prototype outside of facilitated settings
suggests that a hybrid delivery model that incorporates
face-to-face elements may be preferable. This study emphasizes
that intervention development is a long-term process requiring
multiple iterations of prototype evaluation and refinement.
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Abstract

Background: Japan has experienced various natural disasters, including the Great East Japan Earthquake in 2011. It becomes
crucial to focus on strengthening self-help measures through health care apps that are used in normal times to help people during
disasters. However, little is known about what health care apps would be useful in times of disaster.

Objective: This study aimed to investigate the prevalent functionalities and purposes of using health care apps during normalcy,
explore their potential utility, and propose strategies for disaster response through their utilization.

Methods: We focus on highly ranked health care apps (within the top 100 in the health care category for iPhones by Apple, Inc
for a certain period) and reclassify their purpose of use, such as sleep, relaxation, and exercise, in detail. We also investigate the
functions within each health care app (measurement, recording, advice, content provision, and guidance to actual services), based
on which we determine their potential utilization during disasters and anticipate potential solutions to address disaster-related
challenges. We also consider the ideal framework of health care apps in disaster response, exploring possibilities such as the
necessity of new disaster-specific apps or the adaptation of existing health care apps for disaster scenarios.

Results: Among the 70 free apps, the predominant functions included “recording” (n=60 cases, 86%) and “measurement” (n=47
cases, 67%), primarily encompassing the mechanical functions of wearable devices and smartphones. A similar trend was seen
in the 77 paid apps, but “content provision” (n=54 cases, 70%) was the most prevalent. Furthermore, the “content provision”

function was particularly common in the “purposes of use” categories “sleep” (χ2
11=29; P<.001), “relaxation” (χ2

11=14.6; P<.001),

and “exercise” (χ2
11=9.3; P=.002). This suggested the possibility of using the content provision function in existing health care

apps to support mental and physical health even during a disaster.

Conclusions: The widespread use of apps during normal times could minimize hesitation in adopting them during disasters.
The findings emphasize the potential for augmenting disaster-specific content within existing apps rather than developing new
ones. This approach aligns with the likelihood of preinstalled app use during emergencies, indicating a pragmatic strategy for
enhancing disaster response content within prevalent apps.

(JMIR Form Res 2025;9:e56862)   doi:10.2196/56862

KEYWORDS

health care; disaster medicine; mobile app; survey; disaster situations; self-reliance; Japan; disaster response; mobile phone

Introduction

Japan has experienced various natural disasters, including the
Great East Japan Earthquake (GEJE) in 2011 [1-3], the
Kumamoto earthquake in 2016, and wind and flood damage
induced by Typhoons 15 and 19 in 2019 [4-6]. Furthermore,
there is a 70% probability of a Nankai Trough earthquake and
an earthquake directly under the Tokyo metropolitan area by
2050, necessitating urgent attention to disaster prevention,
mitigation, and response [7].

The issues in drug prescribing that became apparent after the
GEJE have been partially resolved using the Medication Record
Book held by those affected by the disaster [8]. Electronic
standards such as E-Kusu links have been established, and many
drugstores and local governments are transitioning from
paper-based to electronic medication handbooks [9].
Furthermore, various issues, such as managing chronic diseases,
including diabetes and mental health during disasters, have been
identified [10-17]. To reduce the burden on public and mutual
aid support systems in times of disaster, we thought that familiar
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digital technology, health care apps for smartphones, could be
expected to strengthen self-help [18-21]. In this study, we
focused on strengthening self-help measures during disasters
using health care apps that are used in everyday life.

The best way to determine whether an app can be used
effectively during a disaster is to investigate whether it can be
used during a disaster. However, it is difficult to conduct such
a survey during a disaster. In addition, it is time-consuming to
apply the findings to the next disaster. Therefore, we assume
that apps commonly used in the health care field related to
human life will be immediately available at the time of a disaster
and divide them into subgenres related to the issues at the time
of a disaster. The potential for use in times of disaster was
considered by surveying the implemented IT functions. This is
because we thought that it would be difficult to use during a
disaster if the function is mainly just measurement and record
keeping. If the function can provide detailed methods such as
content, there is a high possibility that it can be used during a
disaster. In other words, rather than creating an app that provides
content useful only for disasters, we thought it would be more
effective to add only content for disaster apps within an app
already installed and tied to the issues at the time of a disaster.

This study aimed to investigate the prevalent functionalities and
purposes of using health care apps during normalcy, explore
their potential utility, and propose strategies for disaster response
through their utilization.

Specifically, we focus on highly ranked health care apps (within
the top 100 in the health care category for iPhones by Apple,
Inc for a certain period) and reclassify their purpose of use, such
as sleep, relaxation, and exercise, in detail. We also investigate
the functions within each health care app (measurement,
recording, advice, content provision, and guidance to actual
services), based on which we determine their potential utilization
during disasters and anticipate potential solutions to address
disaster-related challenges. We also consider the ideal
framework of health care apps in disaster response, exploring
possibilities such as the necessity of new disaster-specific apps
or the adaptation of existing health care apps for disaster
scenarios.

Methods

Survey Procedure

Overview
In this study, we conducted a comprehensive survey of current
health care–related smartphone apps to determine their
functionalities and intended purposes. Subsequently, we
investigated the functions implemented for each specific
purpose. Finally, based on the findings, we evaluated the
potential utilization of each purpose during disaster scenarios,
identifying their utility and challenges.

The procedure that we followed for the surveys is elaborated
below.

Initial Selection (Survey 1)
For approximately 3 months, we targeted commonly used daily
life health care or fitness apps by many Japanese people that
were ranked within the top 100 on app download sites. The
download site is Apple’s App Store.

Functional Survey (Survey 2)
We focused on technical functionalities such as measurement
(including wearable device integration), data recording, advice,
and video provision. We classified functionalities into 5
categories: measurement function, recording function, advice
provision function, content provision function, and actual service
function.

Purpose Classification (Survey 3)
We surveyed and categorized the intended purposes for each
app into eating habits, self-management, sleep, relaxation,
walking, running, exercise, cycle management (menstruation
or pregnancy), habit formation, childcare or parenting, teaching
materials or practice, and actual service provision.

Analysis of Characteristics of Apps (Survey 4)
We examined the characteristics of functional implementation
unique to each purpose identified in surveys 2 and 3. We also
considered how to use them in the event of a disaster.

Survey Description

Overview
Using the cumulative results from surveys 1 to 4, we assessed
the utility and challenges of each purpose during disaster
situations. We evaluated whether the existing system could be
directly used or required customization to address
disaster-specific issues. Detailed descriptions of each survey
method follow below.

Survey 1: Targeted Apps (Commonly Used Daily-Life
Health Care Apps)
We included iPhone apps available on the App Store of Apple,
Inc. There was no category for emergencies or disasters in the
App Store, so the category for medical or health care–related
options would be the best choice for dealing with disasters.
According to the App Store category descriptions, the “Medical”
category is described as “Apps that are focused on medical
education, information management, or health reference for
patients or health care professionals” [22]. The “Health &
Fitness” category comprises “Apps related to healthy living,
including stress management, fitness, and recreational activities”
[22]. We targeted apps in the “Health & Fitness” category
because they are accessible for general daily use rather than
exclusively for health care professionals. The survey period was
from October 2021 to April 2022, and the data were collected
4 times. The target apps were chargeable and free in the “Health
& Fitness” category displayed exclusively on iPhones, excluding
rankings on iPads and Macs. In addition, all apps had to be
ranked within the top 100 during all 4 data collection periods.
The App Store has a primary category for the app. If the
category is inappropriate for an app, it violates the guidelines
[22]. Whether an app is classified in the “Health & Fitness”
category is determined by Apple, Inc.
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Survey 2: Classification of “Implemented Function”
This survey aimed to identify 5 distinct functions (A:
measurement function, B: recording function, C: advice
provision function, D: content provision function, and E: actual
service function) within the health care apps targeted in survey
1. Assessment of function implementation relied on scrutinizing
app descriptions and screenshot images available in the apps.
We did not verify these functions’ actual performance or
effectiveness or whether they precisely aligned with the
description provided. As there is no existing classification
system for these 5 functions, researchers (SF and KCY) who
are an expert in app development and evaluation defined them,
and another expert (SN) carried out the classification work.
Multiple researchers discussed any doubt about the decision.
The elucidation of each function is as follows.

• “A: measurement function” was examined to determine
whether the function displays numerical values (measured
values) by linking with smartphone sensors or external
devices worn by individuals (eg, wearable devices and
home-use measuring devices). Information on whether the
values were stored was not sought. If the description
mentioned support for the Apple health care app or Health
Kit, it was deemed linked to a wearable device and was
considered to possess a “measurement” function. If the
value could only be entered manually, no “measurement
function” was provided.

• “B: recording function” was defined as the ability to link,
read, and save (record) values acquired from manual inputs
and view the data. Information on the storage duration
(history period) or storage frequency (history count) was
sought. The recorded values could be manually entered,
read from external data, or include sensor values obtained
from “A: measurement function.”

• “C: advice provision function” focused on investigating
whether the app offered advice to users from various
sources, including dedicated communities, experts, or
artificial intelligence functions. The advice content was not
limited to advice optimized based on personal data, advice
from nonexperts in the community, or generalized advice.
However, supportive advice, such as encouraging users,
was not considered. Additionally, advice that only explained
how to use the app or explained the provided content was
not considered.

• “D: content provision function” was defined as providing
specific health care methods (content), such as videos and
recipes, within the app.

• “E: actual service function” focused on scrutinizing whether
health care services were provided through human
intervention. Services were assumed to be provided through
digital services, such as scheduling appointments at physical
stores, phone calls, and chats.

Figure 1 illustrates an app’s function through a series of flow
diagrams, depicted as a sequence from A to E.

Figure 1. Classification of functions. The function of an app through a series of flow diagrams, depicted as a sequence from A to E. Data measured by
the user is recorded, advice is offered based on the recordings, content aligned with the advice is provided, and the actual service is offered in the form
of human intervention. AI: artificial intelligence.

Survey 3: Categorization of “Purpose of Use”
Survey 1 results, categorized broadly under the health care
classification by Apple, were reclassified into more detailed
purposes of use because of the initial classification’s broadness.
The reclassification aimed to offer a more granular breakdown
of the apps’ intended purposes and was based on the service
purpose outlined by the provider without considering any

unintended or user-applied purposes of use. Determining the
purpose of use relied on the information provided within the
app description and screenshot images. Initially, the apps were
classified into 15 categories (Multimedia Appendix 1), including
“eating habits,” “sleep,” “relaxation,” “walking,” “running,”
“exercise,” “cycle management (menstruation or pregnancy),”
and “childcare or parenting.” If an app did not fit any of these
categories, they were further classified, and if an app served
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multiple purposes, it was assigned multiple purposes of use. As
there is no existing classification system for this category,
researchers (SF and KCY) who are an expert in app development
and evaluation defined them, and another expert (SN) carried
out the classification work. Multiple researchers discussed any
doubt about the decision.

Survey 4: Evaluation of Cross-Tabulation Results
Between “Implemented Function” and “Purpose of Use”
Survey 4 involved a cross-tabulation evaluation between the
purpose of use (survey 3) and the implemented functions (survey
2) classifications. The primary objective was to explore any
notable characteristics in the implemented functions (A to E)
concerning each purpose of use. For instance, the assessment
aimed to discern commonalities, such as whether “A:
measurement function” and “B: recording function” were
prevalent in apps designed for sleep-related use or whether “A:
measurement function” was rare in apps offering actual services.
We also analyzed which “implemented function” was
prominently implemented for each “purpose of use.” Multiple
response test was used for the analysis. A commercially
available software program JMP (version 17.1.0; SAS Institute)
was used for the analyses. This survey was compiled and
analyzed by an expert health care app specialist (SN) and
verified by some experts (SF and KCY) in disaster medicine.
This evaluation, encompassing surveys 1‐4, facilitated
discussions on the utility and challenges posed during disasters
for each purpose of use. Additionally, it provided insights into
precautions and suggestions for customization to enhance utility
during disaster scenarios.

Ethical Considerations
This study does not involve the collection of data or
interventions with human participants but is based on existing
published app rankings and app descriptions. Therefore, we
confirmed that this study did not meet the ethical review
requirements at our institution. More specifically, this study
satisfied the following conditions: it did not involve experiments,
observations, or interventions in the human body. It did not
collect or reuse personal information from participants and used
only publicly available information, so the identification of
individuals is impossible.

Results

Result 1: Targeted Survey of Commonly Used
Daily-Life Health Care Apps
Apps in Apple’s “Health & Fitness” category included those
with “in-app purchases” (Apple Inc, 2023) for both free and
paid downloads. “In-app purchases” included “consumable,”
“nonconsumable,” “auto-renewable subscriptions,” and
“nonrenewing subscriptions” [23]. The presence of “in-app
purchases” was not used to distinguish between free and paid
download apps and those that required a fee to commence use
were classified as paid download apps; Apple’s classification
at the time of the survey was used. The evaluation of free apps
occurred on 4 occasions: October 22, 2021; October 29, 2021;
November 22, 2021; and January 11, 2022. Paid apps were
similarly scrutinized on 4 different dates: February 2, 2022;
February 22, 2022; March 22, 2022; and April 12, 2022. In the
second survey, the proportion of free apps was 86%, while that
of paid apps was 84%. In the third survey, these values changed
to 77% and 81%, respectively. By the fourth survey, the
proportions further declined to 70% for free apps and 77% for
paid apps. The results of survey 1 indicated that 147 (70 free
and 77 paid) apps ranked in the top 100 on all 4 occasions.

Result 2: Classification of “Implemented Function”
Figure 2 provides an overview of the survey procedure. The
results regarding the implemented functions within the apps are
summarized in Table 1. It includes the 147 apps from Result 1,
which ranked in the top 100 across all 4 survey points. Among
the 70 free apps, the predominant function was “B: recording
function” (n=60 cases, 86%), followed by “A: measurement
function” (n=47 cases, 67%). These functionalities primarily
leveraged the mechanical capabilities inherent in wearable
devices and smartphones. The 77 paid apps also displayed a
high implementation rate for “B: recording function” (n=48
cases, 62%) and “A: measurement function” (n=39 cases, 51%);
however, the most notable difference lay in the implementation
of “D: content provision function” (n=54 cases, 70 %) within
paid apps, showcasing a higher rate than in free apps (n=28
cases, 40%). The app vendor specifically curated this content,
marking a distinct trend from the mechanically driven
performance witnessed in free apps.
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Figure 2. Survey procedure overview. After survey 1 narrowed the target apps to 147, we examined the functions implemented in these apps (survey
2) and the purpose of using these apps (survey 3). Survey 4 analyzed the characteristics of apps based on their implemented functions and purpose.

Table . Results of classification of functions implemented in the app.

E: actual serviceD: content provisionC: advice provisionB: recordingA: measurement

10 (14)28 (40)32 (46)60 (86)47 (67)Free appsa (n=70), n
(%)

0 (0)54 (70)18 (23)48 (62)39 (51)Paid appsb (n=77), n
(%)

10 (6.8)82 (55.8)50 (34)108 (73.5)86 (58.5)Total downloaded apps
(n=147), n (%)

a“Free” means free download apps.
b“Paid” means paid download apps.

Result 3: Categorization of “Purpose of Use”
The results of the “purpose of use” categorization are
summarized in Table 2. Apple’s categorization had a coarse
granularity regarding the apps’ “purpose of use”; therefore, the
recategorization was performed. No additions other than the 15
“purpose of use” categorizations set during planning were
performed. Among the 70 free apps, “walking” was the most
common (n=16 cases, 23%), followed by “exercise” and
“self-management” (n=15 cases each, 21%). Among the 77 paid
apps, “sleep” (n=21, 27%) and “relaxation” (n=20, 26%) were
the most common, followed by “exercise” (n=15, 20%). Overall
(147 combined free and paid apps), the most popular activities
were “exercise” and “sleep” (n=30 cases each, 20.4%), followed

by “relaxation” (n=28, 19%) and “self-management” (n=25,
17%). Note that only paid apps were available for “childcare
or parenting” and “teaching materials or practice,” whereas only
free apps were available for “actual service provision.” The
designation “not applicable” refers to apps lacking health care
functionality. For the categories of “self-management,” “habit
formation,” “teaching materials or practice,” and “tools for
Apple Health,” a single purpose of use was assigned if it could
not be determined to be the primary purpose of use, even if
multiple purposes of use were plausible. However, if an app
implied multiple purposes, such as “eating habits” and
“exercise,” the apps were tallied separately within each
applicable category, leading to a cumulative count across various
purposes.
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Table . Results of the categorization of the apps’ purpose of use.

Total (n=147), n (%)Paid (n=77), n (%)Free (n=70), n (%)Purpose of use

13 (8.8)3 (4)10 (14)Eating habits

30 (20.4)21 (27)9 (13)Sleep

28 (19)20 (26)8 (11)Relaxation

18 (12.2)2 (3)16 (23)Walking

7 (4.8)2 (3)5 (7)Running

30 (20.4)15 (20)15 (21)Exercise

12 (8.2)4 (5)8 (11)Cycle management (menstruation
or pregnancy)

3 (2)3 (4)0 (0)Childcare or parenting

10 (6.8)0 (0)10 (14)Actual service provision

25 (17)10 (13)15 (21)Self-management

6 (4.1)4 (5)2 (3)Habit formation

4 (2.7)4 (5)0 (0)Teaching materials or practice

3 (2)3 (4)0 (0)Tools for Apple Health

9 (6.1)0 (0)9 (13)Not applicable

2 (1.4)2 (3)0 (0)Pack of apps

Result 4: Evaluation of Cross-Tabulation Results
Between “Implemented Function” and “Purpose of
Use”
The survey was conducted to determine the characteristics of
the provided functions according to the purpose of use. “Tools

for Apple Health,” “pack of apps,” and “not applicable” were
excluded from survey 4 because they were not directly relevant
to health-related purposes of use. The results of combining the
“implemented function” categorized in survey 2 for each
“purpose of use” classified in survey 3 are presented in Table
3.

Table . Cross-tabulation results of “implemented function” classifications by “purpose of use” of apps.

E: actual service, n (%)D: content provision, n
(%)

C: advice provision, n
(%)

B: recording, n (%)A: measurement, n (%)Purpose of use

1 (8)11 (85)10 (77)13 (100)12 (92)Eating habits (n=13)

1 (3)30 (100)11 (37)16 (53)17 (57)Sleep (n=30)

1 (4)26 (93)7 (25)14 (50)12 (43)Relaxation (n=28)

2 (11)8 (44)8 (44)18 (100)18 (100)Walking (n=18)

0 (0)6 (86)5 (71)7 (100)7 (100)Running (n=7)

2 (7)26 (87)13 (43)27 (90)21 (70)Exercise (n=30)

3 (25)7 (58)11 (92)12 (100)8 (67)Cycle management
(menstruation or preg-
nancy; n=12)

0 (0)3 (100)1 (33)1 (33)1 (33)Childcare or parenting
(n=3)

10 (100)6 (60)6 (60)9 (90)4 (40)Actual service provi-
sion (n=10)

0 (0)3 (12)9 (36)25 (100)22 (88)Self-management
(n=25)

0 (0)0 (0)0 (0)6 (100)1 (17)Habit formation (n=6)

0 (0)4 (100)0 (0)0 (0)0 (0)Teaching materials or
practice (n=4)

Table 4 examines trends in the “purpose of use” for each
“implemented function.” For “A: measuring function,” a

significantly greater number of respondents reported “eating
habits,” “walking,” “running,” and “self-management,” while
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fewer respondents reported “relaxation,” “habit formation,” and
“teaching materials or practice.” In the case of “B: recording
function,” “eating habits,” “walking,” “cycle management,”
and “self-management” were significantly more common,
whereas “sleep,” “relaxation,” and “teaching materials or
practice” were significantly less common. Regarding “C: advice
provision function,” significantly more instances were found
in “eating habits” and “cycle management” whereas “habit

formation” reported significantly fewer occurrences. For “D:
content provision function,” significantly more instances were
observed in “sleep,” “relaxation,” “exercise,” and “teaching
materials or practice,” whereas “self-management” and “habit
formation” reported significantly fewer occurrences. In the case
of “E: actual service function,” significantly more instances
were noted in “actual service provision,” whereas
“self-management” reported significantly fewer occurrences.
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Table . Results of multiple response test: “purpose of use” categorized by “implemented function” of apps.

P valueχ2 (df)

A: measurement function

.025.7 (11)Eating habits

.410.7 (11)Sleep

.025.1 (11)Relaxation

<.00116.1 (11)Walking

.016.3 (11)Running

.480.5 (11)Exercise

.840.0 (11)Cycle management (menstruation or pregnancy)

.281.2 (11)Childcare or parenting

.132.4 (11)Actual service provision

.0067.5 (11)Self-management

.025.7 (11)Habit formation

.0048.2 (11)Teaching materials or practice

B: recording function

.025.4 (11)Eating habits

<.00112.0 (11)Sleep

<.00113.8 (11)Relaxation

.0067.5 (11)Walking

.092.9 (11)Running

.181.8 (11)Exercise

.035.0 (11)Cycle management (menstruation or pregnancy)

.073.3 (11)Childcare or parenting

.440.6 (11)Actual service provision

.00110.4 (11)Self-management

.112.5 (11)Habit formation

<.00113.4 (11)Teaching materials or practice

C: advice provision function

.0048.4 (11)Eating habits

.920.0 (11)Sleep

.162.0 (11)Relaxation

.550.4 (11)Walking

.073.3 (11)Running

.520.4 (11)Exercise

<.00115.6 (11)Cycle management (menstruation or pregnancy)

.880.0 (11)Childcare or parenting

.152.1 (11)Actual service provision

.870.0 (11)Self-management

.025.7 (11)Habit formation

.053.8 (11)Teaching materials or practice

D: content provision function

.073.3 (11)Eating habits

<.00129.0 (11)Sleep
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P valueχ2 (df)

<.00114.6 (11)Relaxation

.142.2 (11)Walking

.162.0 (11)Running

.0029.3 (11)Exercise

.810.1 (11)Cycle management (menstruation or pregnancy)

.092.9 (11)Childcare or parenting

.910.0 (11)Actual service provision

<.00126.7 (11)Self-management

<.00111.5 (11)Habit formation

.0493.9 (11)Teaching materials or practice

E: actual service function

.980.0 (11)Eating habits

.330.9 (11)Sleep

.380.8 (11)Relaxation

.590.3 (11)Walking

.301.1 (11)Running

.860.0 (11)Exercise

.063.4 (11)Cycle management (menstruation or pregnancy)

.490.5 (11)Childcare or parenting

<.00151.8 (11)Actual service provision

.0483.9 (11)Self-management

.330.9 (11)Habit formation

.430.6 (11)Teaching materials or practice

Discussion

Principal Results
The results from surveys 1‐4 provided insights into the
potential usefulness of health care apps in the event of a disaster
and highlighted specific concerns that need to be addressed for
each purpose of use. We also discussed precautions and
customization suggestions for use during times of disaster.

Survey 1 indicated that apps with enduring high rankings are
more likely to be used during regular times. Considering the
challenges of discovering and adopting new apps during
disasters, using established apps beforehand could offer
substantial advantages.

Survey 2 revealed that free apps primarily focus on measurement
and recording, raising doubts about their direct applicability in
times of disaster. By contrast, many paid apps offer content that
can provide concrete advice, suggesting they could be used
during disasters.

Survey 3 suggested a possibility of comprehensively addressing
care demands during disasters by categorizing “exercise” as
“physical” to maintain physical health and “sleep” and
“relaxation” as “mental” (wellness). The survey also suggested
using the app to provide comprehensive care during disasters.

Survey 4 explored the relationship between implemented
functions and purpose of use, suggesting that health care apps
require implementing functions such as recording and content
provision. The implementation rate of content-providing
functions was high for “physical” (eg, “exercise”) and “mental
wellness” (eg, “sleep” and “relaxation”). In other words, apps
frequently used during normal times may provide comprehensive
(physical and mental) and specific content (response methods)
during disasters. Using them during disaster scenarios is highly
beneficial as they are already installed and configured.

In the following subsections, we discuss the anticipated effects
of the apps’ specific “purpose of use” during disasters and
suggest ways to improve their effectiveness in such scenarios,
considering the apps’ “implemented functions.” The timing of
using health care apps after a disaster is thought to vary from
person to person. Therefore, the disaster phase we will examine
here is the period after evacuation and after securing personal
safety.

“Eating Habits” Apps
Eating habits during disasters are biased toward carbohydrates
such as rice, bread, and noodles, rendering maintaining a
nutritionally balanced diet difficult [24]. Moreover, this can
lead to life-threatening problems for those with allergies or
chronic illnesses because they cannot prepare their meals [25].
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A study reported that, following the GEJE, patients with type
1 diabetes required 6 months for their HbA1c values to return
to predisaster levels [26].

The “eating habits” apps are characterized by their “C: advice
provision function”; however, solely relying on this function
in situations such as evacuation shelters can be challenging. In
such times, obtaining suitable food items and meals customized
to individual situations becomes crucial but can also be difficult
to procure. For instance, devising a meal tailored to one’s
circumstances, especially considering evacuation rations, poses
a significant challenge. Future endeavors should implement the
“D: content provision function” to provide specific content.
Moreover, the “C: advice provision function” includes a feature
that allows information to be exchanged within a dedicated
community. This feature enables the people impacted by the
disaster to mutually exchange information and receive advice
from medical specialists and nutrition managers.

“Sleep” and “Relaxation” Apps
Daily sleep is an indicator of mental health [27]. Based on sleep
status, even in the event of a disaster, the early detection of
mental health problems may be possible [28,29].

Many of the “sleep” and “relaxation” apps were equipped with
“D: content provision function.” Several users used paid apps,
indicating that they have routine difficulties with “sleep” and
“relaxation” and seek content that addresses these concerns.
Although whether the content has a scientific basis is debatable,
sleep and relaxation are particularly important for maintaining
mental health even in times of disaster, and the possibility of
providing a concrete method (content) can render the content
useful in disaster situations. In the future, providing content
tailored to the special environment of a disaster, such as living
in an evacuation center, will be crucial.

“Walking,” “Running,” and “Exercise” Apps
In evacuation centers, space limitations restrict physical activity,
leading to a sedentary lifestyle and potential health issues such
as poor circulation and muscle weakness due to a lack of
exercise. Physical exercises, particularly for older adults, play
a crucial role in preventing frailty [30]. However, challenges
were observed during the GEJE, where exercise acceptance
within evacuation centers was limited [31]. To address these
issues, strategies have been proposed to include exercise
instructors in disaster medical assistance teams and form a
disaster-exercise support network, emphasizing collaboration
with other organizations and exercise initiatives that include
local governments [32].

While “walking” and “running” apps showed no significant
implemented functions, the “exercise” apps tended to have more
“D: content provision function.” Notably, “A: measurement
function” was significantly implemented in “walking” and
“running” apps. However, measuring the number of steps or
distances might offer limited utility during disasters. Unless a
specific means of “exercise” is provided, effectively using the
system in the event of a disaster will be difficult. The challenge
will be to provide an “exercise” content that can be implemented
within limited spaces, including evacuation centers.

“Cycle Management (Menstruation or Pregnancy)”
Apps
In the aftermath of the GEJE, female evacuees encountered
challenges, including inadequate sanitary products, underwear,
and essentials for infants and young children [33,34]. Women
(especially pregnant women and caregivers) are at higher risk
of facing mental health problems during disasters [35,36],
highlighting the stressful environment for several women in
such situations. Frameworks such as The Sendai Framework
for Disaster Risk Reduction, which describes women’s
perspectives and participation in disaster reduction and building
women’s capacities [37], and guidelines from the Cabinet Office
(“Women’s Perspective for Strengthening Disaster Response
Capabilities: Disaster Prevention and Recovery Guidelines from
a Gender Equality Perspective”) [38,39] focus on enhancing
women’s roles in disaster reduction and recovery.

Several women manage their menstrual and pregnancy cycles
during normal times, suggesting that incorporating health care
apps into their daily lives might be straightforward. For instance,
as of 2022, the “LunaLuna” app, one of the “cycle management”
apps, has been downloaded more than 19 million times [40].

By predicting these things, we can predict the demand for
sanitary products, determine what is in short supply, and know
when there is a problem with our bodies, such as when the cycle
is different from normal. We can use this app effectively.

“Childcare or Parenting” Apps
Only 3 apps were identified, all of which were paid apps used
by parents to support their children’s development and growth.
Therefore, their use during disasters would be challenging.

“Actual Service Provision” Apps
The “actual service” apps provided convenience to existing
members, such as digital reservations and consultations.
Currently, these apps are only intended for use during normal
times. However, they could prove useful during evacuations if
they offer real services related to supplies and medical care.

“Self-Management” Apps
Previous studies have demonstrated the potential benefits of
using wearable devices to track activity, physiological functions,
and lifestyle data. Having undergone rigorous testing for data
accuracy, they can have a positive physical and mental impact
[41-44].

The “self-management” apps tended to implement “A:
measurement function” and “B: recording function,” but lacked
“C: advice provision function” and “D: content provision
function.” Currently, these apps only measure and record data
from wearable devices, with limited use of the collected data.

However, ongoing research on wearable device technology
suggests that it may become an essential tool in future health
care apps by facilitating behavioral change and offering benefits
to health care professionals and patients [45]. To date, most
“self-management” apps focus on measurement and recording,
rendering them less effective during a disaster scenario.
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“Habit Formation” Apps
These apps primarily encouraged behavioral change through
reminders and consistent recording. However, its utility during
disaster situations seems improbable at present.

“Teaching Materials or Practice” Apps
These apps served only “D: content provision function.” They
could prove useful if tailored precisely to specific needs.
Creating content based on accurate knowledge of the situation
would be safer and more precise during disasters than a general
internet search. They might serve as a straightforward
contingency preparedness tool not typically used in normal
circumstances.

Overall Perspective
Disaster situations require health care apps that not only measure
and record day-to-day activities but also provide specific
methods and actual services addressing unique disaster-related
issues. These apps should encompass functionalities that can
provide concrete methods specially tailored to disaster situations.
We believe this is feasible using the content provision function
in this study. For example, in terms of food, the blood sugar
levels of diabetics will likely be difficult to control when eating
emergency food in the event of a disaster. Emergency food
generally consists mainly of carbohydrates, so there is a risk of
sudden fluctuations in blood sugar levels and high blood sugar.
In addition, there is a possibility that dehydration symptoms
will worsen diabetes symptoms due to a lack of hydration due
to concerns about using the toilet [46]. Therefore, if the app
content could encourage people to drink more water and provide
information on the fact that the rice balls and sweet buns
provided immediately after a disaster contain sodium and the
recommended amount of food to eat, it could be very useful.
However, avoiding hypoglycemia and replenishing sugar levels
would still be necessary.

Similarly, there is a trend for apps that deal with issues such as
sleep, exercise, and stress management during disasters to have
a significant implementation of the “D: content provision
function,” which also suggests the possibility of managing health
in terms of both “mental” and “physical” aspects even during
disasters. In other words, the key is not to develop new apps
but to prepare content specific to disasters. Because these apps
are widely used normally, they are highly reliable and have low
initial implementation costs. Therefore, enhancing existing
content is more reasonable than developing new apps as disaster
countermeasures.

Limitations
There are some limitations to this study. First, this study focused
only on Apple’s App Store apps. Although we assumed that the
top 100 apps were used among all the users of smartphones,
they are not necessarily apps that are used frequently. It could
be needed to expand the investigation to Android apps as well.
Second, this study could not clearly define the “purpose of use”
classification. The “purpose of use” classification assumed
identical functionality for apps serving multiple purposes. For
example, if an app served both “eating habits” and “exercise,”
the assumption was that identical functionality existed for both
“purposes of use.” However, while the “D: content provision
function” might be implemented for “eating habits,” it might
not extend to “exercise.” Despite this, the “D: content provision
function” was also assumed to be implemented in the “exercise”
category for discussion purposes. This was because of its
existence in the app itself. In categories such as
“self-management,” “habit formation,” and “teaching materials
or practice,” where the app providers did not specify distinct
health care purposes, leaving them to the users, overlap between
multiple “purposes of use” was assumed to be absent. Third,
there are other aspects of the app’s characteristics. In this study,
we investigated the characteristics of apps that could be used
during a disaster in ordinary time. It is also possible that apps
from genres (categories) uncovered in this study could be
adapted to the health field. Finally, we believe that the results
of this study are not relevant in times of immediate disaster or
response to disaster but are effective in the aftermath and the
recovery phase.

Conclusions
In this study, we underscored the high utility of apps used in
everyday contexts, highlighting their potential usefulness even
in disaster situations owing to their reliability and reduced initial
implementation.

The “D: content provision function” emerged as crucial,
particularly during disasters when specific solutions are
essential. Since the “D: content provision function” tended to
be significantly implemented in the “sleep,” “relaxation,” and
“exercise” categories, we observed the potential for health
management in both the “mental” and “physical” realms even
amid disasters. We believe that providing tailored content that
can be used effectively during such crises is an important issue
for the future.

In the future, apps in subgenres where the content provision
function had a significantly high implementation rate will be
studied individually to verify their effectiveness.
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Abstract

Background: Most people do not recognize symptoms of neurological and cardiac emergencies in a timely manner. This leads
to delays in hospital arrival and reduced access to therapies that can open arteries. We created a smartphone app to help patients
and families evaluate if symptoms may be high risk for stroke or heart attack (myocardial infarction, MI). The ECHAS (Emergency
Call for Heart Attack and Stroke) app guides users to assess their risk through evidence-based questions and a test of weakness
in one arm by evaluating finger-tapping on the smartphone.

Objective: This study is an initial step in the accuracy evaluation of the app focused on sensitivity. We evaluated whether the
app provides appropriate triage advice for patients with known stroke or MI symptoms in the Emergency Department. We designed
this study to evaluate the sensitivity of the app, since the most dangerous output of the app would be failure to recognize the need
for emergency evaluation. Specificity is also important, but the consequences of low specificity are less dangerous than those of
low sensitivity.

Methods: In this single-center cross-sectional study, we enrolled patients presenting with symptoms of possible stroke or MI.
The ECHAS app assessment consisted of a series of evidence-based questions regarding symptoms and a test of finger-tapping
speed and accuracy on the phone’s screen to detect unilateral arm weakness. The primary outcome was the sensitivity of the
ECHAS app in detecting the need for ED evaluation. The secondary outcome was the sensitivity of the ECHAS app in detecting
the need for hospital admission. Two independent and blinded board-certified physicians reviewed the medical record and
adjudicated the appropriateness of the ED visit based on a 5-point score (ground truth). Finally, we asked patients semistructured
questions about the app’s ease of use, drawbacks, and benefits.

Results: We enrolled 202 patients (57 with stroke and 145 with MI). The ECHAS score was strongly correlated with the ground
truth appropriateness score (Spearman correlation 0.41, P<.001). The ECHAS app had a sensitivity of 0.98 for identifying patients
in whom ED evaluation was appropriate. The app had a sensitivity of 1.0 for identifying patients who were admitted to the hospital
because of their ED evaluation. Patients completed an app session in an average of 111 (SD 60) seconds for the stroke pathway
and 60 (SD 33) seconds for the MI pathway. Patients reported that the app was easy to use and valuable for personal emergency
situations at home.
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Conclusions: The ECHAS app demonstrated a high sensitivity for the detection of patients who required emergency evaluation
for symptoms of stroke or MI. This study supports the need for a study of specificity of the app, and then a prospective trial of
the app in patients at increased risk of MI and stroke.

(JMIR Form Res 2025;9:e60465)   doi:10.2196/60465
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time-to-treatment; digital health; patient-centered care; eHealth apps; smartphones; apps; cross-sectional study; stroke; myocardial
infarction; heart attack; neurology; neurological assessment; accuracy; emergency department; finger-tapping test; hospital
admission; physicians; medical records; mobile health; mhealth; symptom recognition; mobile phone

Introduction

Timely recognition and intervention in neurological and cardiac
emergencies can prevent severe complications and improve
survival rates. Prehospital care is emerging as a critical window
for deploying innovative strategies to enhance early recognition,
triage, and transport in these emergencies [1]. Prehospital care
is particularly important in ischemic stroke and myocardial
infarction (MI), where the time from symptom onset to treatment
profoundly affects prognosis [2,3]. This is particularly true in
marginalized populations, where prehospital delay is a key
driver of disparities in outcomes [4,5]. Thus, addressing these
delays offers broad benefits for public health, economic savings,
and equity in health care [6].

The urgency in addressing delays in care for patients with stroke
and MI is underscored by a wealth of literature emphasizing
the “golden hour”—the initial period when medical intervention
is most effective [7,8]. For stroke, thrombolytic or
thrombectomy therapy within this critical window reduces the
extent of brain damage and improves functional outcomes
[9,10]. Similarly, for MI, early reperfusion therapy is crucial in
reducing infarct size and mortality [11-13]. However, despite
large-scale public health campaigns and education efforts, the
majority of patients fail to recognize symptoms as
life-threatening, leading to delayed presentations to the
emergency department (ED) and missed opportunities for early
intervention [2,14,15].

In addition to patient delay, patients often make mistakes in
triage decisions. Some never seek the needed emergency

evaluation, while others visit an ED for symptoms that do not
require emergency evaluation [16]. The initial problem is one
of sensitivity and the latter is one of specificity. For screening
tests, it is important to first prioritize sensitivity before
specificity. This is because not recognizing the need for
emergency evaluation could lead to dangerous outcomes (eg,
death or morbidity) which is more serious than overdiagnosis.
We acknowledge the latter is also important for any decision
support tool to be useful before final deployment [17].

The ECHAS (Emergency Call for Heart Attack and Stroke)
smartphone app is an innovative approach to bridge this gap by
assisting patients in identifying symptoms of neurological and
cardiac emergencies and facilitating accurate triage and a quicker
intervention (Figure 1). Leveraging the ubiquity of smartphones,
ECHAS aims to be a scientifically validated and
regulatory-approved digital medicine technology. The app is
modeled on the “history and examination” of a neurologist or
cardiologist by asking a series of evidence-based questions
about the user’s medical history and symptoms, as well as a
finger-tapping test designed to detect unilateral weakness. Based
on the user or family responses, the app calculates a risk score
and recommends one of the following three actions: (1) call
911, (2) call a medical hotline, or (3) call a primary care
physician now.

In the first of a series of validation steps, this study evaluated
the sensitivity and usability of ECHAS in appropriately triaging
patients who have already sought care in the ED for symptoms
of a possible stroke, MI, or related conditions.
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Figure 1. ECHAS (Emergency Call for Heart Attack and Stroke) flowchart of “history and examination” functions for symptoms concerning cardiac
or stroke emergencies.

Methods

Study Design and Participants
This was a cross-sectional study at the Royal University Hospital
in Saskatoon, Canada between June 2022 and July 2023. We
recruited eligible patients in the ED once their initial evaluation
was complete, and they were in stable condition.

The inclusion criteria for the study were patients who presented
to the ED for evaluation of a possible stroke or MI. These
patients were identified for exhibiting symptoms that warranted
an “Stroke alert” or “MI alert” as judged by standard clinical
protocol. The symptoms indicative of a stroke alert included
slurred speech, asymmetric weakness or numbness, balance
problems, vision changes, and headache. The symptoms that
triggered an MI alert included chest discomfort, chest pressure
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or pain, palpitations, shortness of breath, lightheadedness or
presyncope, and syncope. In addition, eligible participants were
required to be 18 years or older and capable of providing
informed consent.

Patients were excluded from eligibility if they were non-English
speaking, had a documented history of dementia, had severe
visual impairment, were unable to use a smartphone (due to
physical, cognitive, or other reasons), or were unable to provide
consent. A single trained research staff member enrolled all
patients.

Regarding sample size, we determined the sample size a priori
based on statistical and practical considerations. We estimated
that a sample size of 200 patients was sufficient to provide
power to detect small to medium effect sizes, ensuring robust
statistical analysis of sensitivity of the app. In addition, this
number was deemed feasible for a single-center study within
the constraints of the available budget and study period.

The sampling method was consecutive sampling. It involved
including all patients who met inclusion criteria sequentially,
as they presented within a defined period, until the desired
sample size was reached. This minimized selection bias. For
recruitment, the research team screened eligible participants
through daily chart review. We then collaborated with nurse
clinicians in the ED, cardiology, and neurology units to identify
potential participants. We also displayed a poster in these
nursing units to assist nurses and patients to understand the
study. The research team requested the bedside nurse to gauge
patient interest. If patient was interested, the research team

approached them at the bedside. The research team member
introduced the study, obtained informed written consent, and
then began collecting data.

Ethical Considerations
We followed a protocol approved by the University of
Saskatchewan Research Ethics Board (REB Bio #3380). All
patients provided written informed consent (Multimedia
Appendix 1) to the study. Regarding privacy, all data collected
in the app was deidentified. Specifically, the responses to the
questions and the finger-tapping amounts were not connected
to the user. For compensation, participants did not receive any
financial payment for their involvement in the study. We ensured
that no individual participants may be identified in this paper.

ECHAS Description
All eligible patients completed a single session of ECHAS on
a study-standardized Apple iPhone 13. Figure 2 displays
screenshots of ECHAS. A single session included questions of
symptoms and phone sensor–based examination of unilateral
weakness for the stroke pathway. Participants were instructed
to answer questions about symptoms based on what they
experienced before coming to the ED. They answered yes or
no questions about these symptoms and their previous history
aligned with standard of clinical care (refer to Multimedia
Appendix 2 for list of questions). Patients were asked about
symptoms occurring during their decision to seek emergency
evaluation that had occurred hours before engaging with the
app. In many instances, the symptoms that had brought them
to the ED were still present at the time of data entry in the app.
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Figure 2. Screenshots of ECHAS (Emergency Call for Heart Attack and Stroke) including stroke question, myocardial infarction question, finger-tapping,
and final suggestion. We obtained explicit consent from these individuals to use their images for publication.

Patients in the stroke pathway additionally completed a phone
sensor–based evaluation evaluating finger-tapping on the left
and right hands. The app quantified the three following
finger-tapping characteristics: (1) speed of finger-tapping for
10 seconds against literature-based standards, (2) comparison
of finger-tapping speed on the left versus right hand, and (3)
the accuracy of tapping in the middle of the target provided.
Participants’ responses to questions and their finger-tapping

statistics were aggregated into an ECHAS score. The ECHAS
score guided one of the following three triage decisions: (1) call
911, (2) call the hot line, or (3) call your primary care physician
now.

Clinical End Points
The ground truth for the triage decision assessment was the
appropriateness of the patient’s visit to the ED as judged by a
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retrospective review of the ED record performed by a
board-certified neurologist and a board-certified cardiologist
using pre-established criteria (Table 1). Each physician was
blinded to the ECHAS score or triage decision and to the other
adjudicator’s decision. A positive (ie, considered reasonably

appropriate) ED visit was defined as a patient whose
Appropriateness Scale Score was ≥3. A negative (ie, considered
inappropriate) ED visit was defined as a patient whose
Appropriateness Scale Score was ≤2.
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Table . The Appropriateness Scale for emergency department evaluation for potential neurological and cardiac emergency.

DefinitionAppropriateness Scale score

Neurological

No neurological imaging or neurology consulta-
tion

1

CTa head performed2

Neurology consultation completed3

Any of the following:4
• CTAb or CTVc head and neck performed
• MRId brain performed
• MRAe or MRVf head and neck performed
• Invasive angiogram performed
• Lumbar puncture performed
• Admitted to observation unit or hospital

admission for noncerebrovascular diagnosis

Any of the following:5
• Diagnosed with stroke, TIAg, ICHh, epidu-

ral hematoma, SDHi, SAHj

• Admitted to hospital for a cerebrovascular
diagnosis

Cardiac

No ECGk taken nor troponin value measured1

ECG taken or single troponin value measured2

ECG taken, ≥2 troponin values measured3

4 • ECG taken, ≥2 troponin values measured

PLUS:
• Coronary CTA performed
• TTEl performed
• Stress test performed
• Invasive coronary angiography performed

OR (no ECG or troponin required)
• Arrhythmia requiring cardioversion
• Admission to observation unit or hospital

admission for a noncardiovascular diagnosis

Any of the following:5
• Diagnosed with ST-segment elevation MIm

(STEMI), Non-ST elevation-acute coronary

syndrome (NSTE-ACS), acute PEn, acute
aortic dissection, cardiac arrest, or cardio-
genic shock

• Admitted to hospital for a cardiovascular
diagnosis

aCT: computed tomography.
bCTA: computed tomography angiography.
cCTV: computed tomography venography.
dMRI: magnetic resonance imaging.
eMRA: magnetic resonance angiography.
fMRV: magnetic resonance venography.
gTIA: transitory ischemic attack.
hICH: intracerebral hemorrhage.
iSDH: subdural hematoma.
jSAH: subarachnoid hemorrhage.
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kECG: electrocardiogram.
lTTE: transthoracic echocardiography.
mMI: myocardial infarction.
nPE: pulmonary embolism.

The primary outcome was the sensitivity of the ECHAS app in
detecting patients who needed ED evaluation. We compared
the 2 highest acuity triage decisions of the app (call 911 or call
the hotline) versus a positive classification (Appropriateness
Scale Score ≥3) by the blinded physician adjudicators. We also
calculated the sensitivity of ECHAS app to predict admission
to the hospital for workup (Appropriateness Scale Score cutoff
of 5 as positive and ≤4 as negative).

In the usability study, we determined the time to complete the
ECHAS assessment and recorded the feedback of patients on
the usability of the app. We recorded patient’s feedback both
in the form of 2-choice or 5-choice Likert scales to measure
opinions and semistructured interview responses.

Statistical Analysis
We first completed descriptive analyses of the ECHAS score
and the Appropriateness Scale Score. Then, we assessed their
relationship using scatterplots, Spearman’s correlation, and
unadjusted linear regression. Finally, we created 2×2 tables of
ECHAS versus the ground truth and calculated the sensitivity.
The study was focused on sensitivity since failure to identify
emergency cases is the most dangerous potential outcome of
use of the app. The study population in this ED-based context
had a high prevalence of serious neurological or cardiac
conditions warranting ED evaluation. Specificity will be
evaluated in a subsequent study in patients who did not seek
ED evaluation.

For secondary outcomes, we calculated the mean and median
time that patients took to complete the ECHAS session. We
created bar plots of patients’ responses on usability. Finally, we

completed a qualitative analysis of the participants’ interview
responses. As the qualitative analysis was ancillary to the
quantitative work, we followed a “small q qualitative research”
approach [18]. Using single-participant interviews with fully
structured, open-ended questions, we elicited brief responses,
often single sentences. We coded for patterns to describe and
summarize topics and categories [19]. Throughout the process,
we engaged in reflexivity by discussing patterns as a group
before, during, and after coding. These discussions ensured the
confirmability, dependability, credibility, and transferability of
our findings.

We used the STROBE (Strengthening the Reporting of
Observational Studies in Epidemiology) Statement Guideline
in reporting results (Checklist 1).

Results

Cohort Characteristics
The cohort examined in this study consisted of 202 enrolled
participants, of which 200 had ECHAS scores available. In 2
patients, the scores were not recorded due to technical error.
The distribution of patients by clinical presentation included 57
patients with stroke and 145 patients with MI. The overall sex
distribution was 76 women and 126 men. The median age of
the participants was 62 (IQR 51-67) years. Racial composition
of the cohort comprised White (n=179), Asian (n=10), Black
or African American (n=1), and Indigenous (n=12). In Table
2, we present the clinical characteristics stratified by illness
including baseline medical, ED presentation, stroke, and MI
data.
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Table . Clinical characteristics of 202 study participants from Royal University Hospital emergency department in 2022‐2023.

Presented to EDa for symptomsVariables

MIb (n=145)Stroke (n=57)

Baseline medical data

Sex, n (%)

102 (70)25 (44)Male

44 (30)32 (56)Female

90.0 (76.0-102.0)86.0 (75.0-97.5)Weight (kg), median (IQR)

173.5 (165.0-180.3)168.0 (163.0-175.0)Height (cm), median (IQR)

Race, n (%)

0 (0)0 (0)American Indian or Alaska
Native

10 (7)0 (0)Asian

0 (0)1 (1)Black or African American

0 (0)0 (0)Native Hawaiian or Other
Pacific Islander

127 (87)53 (93)White

9 (6)3 (5)Other

Cigarette smoking, n (%)

41 (28)19 (33)Current (within last 30 days)

72 (50)34 (60)Never

32 (22)4 (7)Quit ≥1 month

30 (21)9 (16)Diabetes mellitus

Diabetes type, n (%)

2 (7)1 (11)Type 1

28 (93)8 (89)Type 2

23 (77)9 (100)Medications taken to control blood sugars

Diabetes drug type, n (%)

20 (14)7 (12)Oral medication

2 (1)1 (2)GLP-1c analogues

10 (7)3 (5)Insulin

43 (29)16 (28)Dyslipidemia requiring treatment, n (%)

65 (45)19 (33)Hypertension requiring treatment, n (%)

26 (18)2 (4)Previous MIs, n (%)

2 (1)0 (0)Previous intervention within 30 days, n (%)

Type of intervention, n (%)

0 (0)0 (0)CABGd

2 (1)0 (0)PCIe or stenting

0 (0)0 (0)Hear ablation

0 (0)0 (0)Heart valve surgery

28 (19)3 (5)Acute coronary syndrome, n (%)

7 (5)6 (11)Previous stroke, n (%)

3 (2)7 (12)Previous transient ischemic attack (TIA), n (%)
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Presented to EDa for symptomsVariables

MIb (n=145)Stroke (n=57)

ED presentation data

Hours from symptom onset to ED arrival, n (%)

58 (40)24 (43)Less than 3 hours

18 (12)5 (9)3 to 6 hours

69 (46)27 (48)More than 6 hours

276 (85-2880)340 (113-1140)Time from symptom onset to arrival, median (IQR)

Mode of transportation to ED, n (%)

29 (20)13 (23)EMSf from home or resi-
dence

1 (0.7)0 (0)EMS from rehab or other
health care facility

110 (76)39 (68)Personal auto

0 (0)0 (0)Taxi

5 (3)4 (7)Transfer from other hospital

0 (0)1 (2)Other

Stroke data

Stroke severity by NIHg Stroke Scale, n (%)

—h45 (79)Mild (0‐4)

—11 (19)Moderate (5-14)

—1 (2)Severe (15-42)

Finger-tapping assessment, n (%)

—39 (75)Both sides are normal speed
and equal

—6 (12)Right side is slow compared
with left

—7 (14)Left side is slow compared
with right

—0 (0)Both sides are slow

CTi results, n (%)

—10 (18)CT not done

—30 (53)Normal

—17 (30)Abnormal

MRIj results, n (%)

—36 (63)MRI not done

—9 (16)Normal

—12 (21)Abnormal

Source document to be submitted, n (%)

—46 (81)CT Report

—20 (35)MRI Report

—2 (4)TPA given, n (%)

—1 (2)Mechanical thrombectomy completed, n (%)

MI data
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Presented to EDa for symptomsVariables

MIb (n=145)Stroke (n=57)

Cardiac biomarkers, n (%)

13 (9)—Troponin T

17 (12)—Troponin I

130 (89)—High sensitive troponin T

121 (83)—Creatine kinase

11 (8)—Not performed

0.016 (0.007-0.057)—Troponins test 1 result (ng/mL), median (IQR)

0.014 (0.014-0.050)—Troponins test 1 upper reference range, median (IQR)

0.063 (0.016-0.711)—Troponins test 2 result (ng/mL), median (IQR)

0.014 (0.014-0.050)—Troponins test 2 upper reference range, median (IQR)

0.083 (0.033-1.114)—Troponins test 3result (ng/mL), median (IQR)

0.014 (0.014-0.050)—Troponins test 3 upper reference range, median (IQR)

159.0 (94.0-1010.0)—Creatine kinase result (U/L), median (IQR)

ECGk changes, n (%)

49 (34)—Normal ECG during the
event

35 (24)—Abnormal

34 (24)—ECG showed signs of new
MI

19 (13)—ECG showed signs of possi-
ble new MI

7 (5)—ECG showed non-specific
signs

77 (53)—Cardiac catheterization performed, n (%)

12 (8)—Coronary imaging performed, n (%)

3 (2)—Stress echo ordered, n (%)

80 (55)—New cardiac medications started, n (%)

Class of new cardiac medicines prescribed, n (%)

76 (52)—Antiplatelet

74 (51)—Anticoagulation

30 (21)—Lipid-lowering

24 (16)—Antihypertensive

aED: emergency department.
bMI: myocardial infarction.
cGLP-1: Glucagon-like peptide-1.
dCABG: coronary artery bypass graft.
ePCI: percutaneous coronary intervention.
fEMS: emergency medical services.
gNIH: National Institutes of Health.
hNot applicable.
iCT: computed tomography.
jMRI: magnetic resonance imaging.
kECG: electrocardiogram.
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ECHAS Score Versus Appropriateness Scale Scores
The distribution of scores for the ECHAS score and the

Appropriateness Scale were similar, as illustrated in Figure 3.
This similarity suggests alignment in the measurement of clinical
outcomes by these 2 scales.

Figure 3. Distribution of the ECHAS (Emergency Call for Heart Attack and Stroke) score and appropriateness scale score (ground truth) with the
median indicated by the blue line in 202 study participants.

We observed a significant correlation between the ECHAS score
and the Appropriateness Scale Score, with a Spearman
correlation coefficient 0.41 (P<.001). This pattern of correlation
was consistent when stratified for patients in both the MI and
stroke pathways. This association was confirmed in a simple
linear regression, where the ECHAS β-coefficient was

determined to be 0.002 (SE=0.003, P<.01), with a constant of
2.557.

The agreement of ECHAS scores with the ground truth, as
adjudicated by 2 independent physicians, is presented in Table
3. This 2×2 table shows that the physicians adjudicated the cases
had 97% agreement, suggesting low interobserver variability.

Table . Two-by-two tables of the ECHAS (Emergency Call for Heart Attack and Stroke) app triage advice versus adjudicators’ determination of
appropriateness of emergency department visit.

SpecificitySensitivityNegativePositiveECHAS app

0.080.98Adjudicator 1

34159Positive

34Negative

0.070.97Adjudicator 2

40153Positive

34Negative

The average sensitivity of ECHAS for appropriate triage was
0.98. The sensitivity for identifying patients admitted to the
hospital for possible stroke or MI was 1.0, indicating that
ECHAS detected all patients who were highest acuity. The
average specificity of ECHAS for appropriate triage was 0.08.

Secondary Outcomes
The average time to complete the assessment using ECHAS
varied by 111 (SD 60) seconds for stroke and 60 (SD 33)
seconds for MI.

Patients reported finding ECHAS usable, understandable, and
worthwhile in acute emergencies at home, as shown in Figure
4. Specific comments from patients, which provide insights into
their experiences and perceptions of the app, are detailed in
Textbox 1.

JMIR Form Res 2025 | vol. 9 | e60465 | p.671https://formative.jmir.org/2025/1/e60465
(page number not for citation purposes)

Dhand et alJMIR FORMATIVE RESEARCH

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


Figure 4. Usability of the ECHAS (Emergency Call for Heart Attack and Stroke) app according to study participants.

Textbox 1. Patients’ experiences and perceptions of the ECHAS (Emergency Call for Heart Attack and Stroke) after use in the Royal University
Hospital emergency department.

App is helpful, useful, and positive

• Good app. Very useful for delayers. Could save lives.

• I wish I had this app in my mobile 2 days back.

• The next time I experience any symptoms that I don’t understand, I would use the app to help me make the correct decision.

• I would inform my colleagues that this app is available. I would use it myself if I was having chest pain again.

• Consider if vitals measurement could be done by the smart phone.

• If I have symptoms again I would use again.

App as important within family networks

• I would definitely buy the app for my family members.

• If the app could get the summary of all the questions answered at the end (like a PDF copy)- may be beneficial for EMS/ER to look at the responses
to reduce the time for reevaluation or asking same questions.

• I would use the app whenever I thinks my father is having a possible heart attack or stroke. [The patient’s daughter]

Suggestions for improvement:

• Don’t know what to select. I have both severe headache and chest pain. Thought could be either of stroke or heart attack.

• Chest pain felt like a prior heart attack- so called 911. I would call 911 irrespective of the app.

• Don’t remember my blood pressure.

• Not sure if I am having heart attack or stroke which one to select to begin.

Discussion

Principal Results
In this initial validation study, we evaluated the sensitivity and
usability of the ECHAS smartphone app in 202 patients
presenting to an ED for symptoms of a possible stroke or MI.
We found a significant correlation between ECHAS scores and
the Appropriateness Scale scores, indicating the app was

successful in identifying patients who should seek ED
evaluation. We found that ECHAS demonstrated high sensitivity
of 0.98, especially in identifying high-acuity stroke or MI
patients, with a unanimous detection rate for those patients
admitted. In addition, the app proved to be efficient, requiring
on average 111 (SD 60) seconds for stroke, and 60 (SD 33)
seconds for MI. Patient feedback highlighted the potential
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usability and effectiveness of ECHAS in emergency situations
at home.

These findings support continued development of the app which
requires study of specificity and a prospective study. The
specificity in this study of patients who were already on the MI
or Stroke Alert pathway in the emergency room was low (0.08).
This means that ECHAS did not detect patients who did not
need more comprehensive cardiac workup (ECG taken, ≥2
troponin values measured or more advanced studies) or
neurological workup (neurology consultation and advanced
imaging). The low specificity could mean that the app would
over-recommend ED visits leading to false positives. However,
it is unknown how ECHAS would perform in otherwise healthy
persons at home. This needs further prospective study. In this
study, we deliberately prioritized sensitivity because the
consequences of low sensitivity are more dangerous than those
of low specificity.

Comparison With Previous Work
The development of ECHAS is informed by a communication
and health behavior theory suggesting that mobile health
technologies address constraints of space and time that hinder
more traditional forms of mass media communication [20].
Specifically, mobile health tools have shown promise to enhance
self-management, adherence to treatment, and health literacy
among patients with chronic conditions [21]. Furthermore,
certain mobile health solutions provide an opportunity for
real-time monitoring and assessment, which is particularly
valuable in emergency scenarios where every second counts
[22]. The ECHAS study contributes to these trends in the
literature by demonstrating initial accuracy of a potentially
ubiquitous tool that combines a physician-informed assessment
and sensor-based monitoring to empower patients and families
to determine actions during a worrisome moment.

The ECHAS study adds to the evolving landscape of digital
medicine technologies aimed at enhancing acute symptom
detection and emergency medical system alerting [23,24]. For
example, Wasselius et al [25] showed the potential of wearable
accelerometers to detect unilateral arm paresis. In the Apple
Heart Study, Perez et al [26] showed that a wearable algorithm
could correctly identify atrial fibrillation in users who were
notified of irregular pulses. Garcia et al [27] introduced a mobile
app that detects key symptoms of stroke, such as smile
asymmetry, speech difficulties, and arm weakness, showing
effective early detection capabilities. Similarly Stroke Cognitive
Medical Assistant by Khriyenko et al [28] used IBM Watson
tools to help users detect face asymmetry, speech difficulties,
and arm weakness. These advancements collectively underscore
a significant shift toward integrating technology in the fight
against acute medical emergencies.

Study Strengths
This study’s strengths included a large sample size of patients
in acute settings, the use of 2 board-certified and blinded
adjudicators for end point determination, and the evaluation of
ECHAS against the appropriateness of ED visits rather than
just confirmed stroke or MI diagnoses. In addition, this
collaborative effort between neurologists and cardiologists
addresses the needs of patients with vascular risk factors who
are at risk for both neurological and cardiac emergencies.
Finally, these positive results were achieved with a sensor that
only detects finger-tapping weakness. Future versions of
ECHAS, being tested at the time of this study, include sensors
for facial droop detection and slurred or incomprehensible
speech detection. This should improve specificity. Together
with finger-tapping weakness, ECHAS future versions would
allow objective detection of face, arm, and speech abnormalities
(FAST) on a smartphone.

Limitations
As an initial investigation of ECHAS, this study had limitations.
Its cross-sectional design may introduce recall bias, affecting
the accuracy of reported outcomes. In addition, the performance
of the app, tested in a controlled clinical environment on a
standardized phone, might not mirror its usability or accuracy
in real-world, at-home scenarios during worrisome moments.
The study was conducted in a single center with limited diversity
in terms of demographics and disabilities. The version of
ECHAS evaluated in this study included sensors limited to
detecting unilateral weakness through finger tapping. As stated
above, ECHAS versions now being tested also include sensors
for detecting facial asymmetry and speech difficulties. The
study’s cohort composition limited the ability to assess
specificity, which is the app’s ability to correctly identify those
without the condition. This is an important metric for avoiding
false positives that requires further study. We are planning future
prospective studies involving at-home app deployment to
address these limitations and provide a clearer understanding
of ECHAS’ accuracy, specificity, and usability in real-life
settings with lower risk cohorts. We also aim to study ECHAS
across diverse populations to test accessibility and usability in
a wide range of users.

Conclusions
In this study of 202 patients, we found that ECHAS was highly
sensitive and easily usable in guiding patients to identify medical
emergencies without input by health care personnel. The
findings support further research to determine specificity and
a study of the app’s prospective use in home settings. Overall,
this “history and examination” app adds to the burgeoning array
of digital medicine tools designed to improve prehospital care,
highlighting its potential to empower patients and enhance early
intervention strategies.
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Abstract

Background: Many patients with unhealthy alcohol use (UAU) access health care in emergency departments (EDs). Scalable
supports, such as SMS text messaging interventions, are acceptable and feasible to enhance care delivery for many health issues,
including substance use. Further, SMS text messaging interventions have been shown to improve patient outcomes related to
alcohol consumption (eg, reduced consumption compared to no intervention, basic health information, or drink tracking), but
they are rarely offered in clinical settings.

Objective: This paper describes a mixed methods study using the Integrated Promoting Action on Research Implementation in
Health Services (i-PARIHS) framework. The goal of this study was to use a stakeholder-engaged mixed methods design to assess
barriers and facilitators to the implementation of SMS text messaging interventions for UAU in EDs with a focus on the recipient’s
characteristics, the innovation’s degree of fit within the existing practice, and the unique nature of the inner and outer context.

Methods: This study was conducted in a large health system in the northeastern United States. We examined electronic health
record data on alcohol screening in 17 EDs; surveyed 26 ED physician chairpersons on implementation feasibility, acceptability,
and appropriateness; and interviewed 18 ED staff and 21 patients to understand barriers and facilitators to implementation.
Interviews were analyzed according to the i-PARIHS framework to assess recipient characteristics, innovation degree of fit, and
inner and outer context.

Results: Electronic health record data revealed high variability in alcohol screening completion (mean 73%, range 35%‐93%),
indicating potential issues in identifying patients eligible to offer the intervention. The 26 ED chair surveys revealed a relatively
high level of implementation confidence (mean 4, SD 0.81), acceptability (mean 4, SD 0.71), and appropriateness (mean 3.75,
SD 0.69) regarding the UAU SMS text messaging intervention; feasibility (mean 3.5, SD 0.55) had the lowest mean, indicating
concerns about integrating the text intervention in the busy ED workflow. Staff were concerned about staff buy-in and adding
additional discussion points to already overwhelmed patients during their ED visit but saw the need for additional low-threshold
services for UAU. Patients were interested in the intervention to address drinking and health-related goals.

Conclusions: ED visits involving UAU have increased in the United States. The results of this formative study on barriers and
facilitators to the implementation of UAU SMS text messaging interventions in EDs indicate both promise and caution. In general,
we found that staff viewed offering such interventions as appropriate and acceptable; however, there were concerns with feasibility
(eg, low alcohol risk screening rates). Patients also generally viewed the SMS text messaging intervention positively, with limited
drawbacks (eg, slight concerns about having time to read messages). The results provide information that can be used to develop
implementation strategies that can be tested in future studies.

Trial Registration: ClinicalTrials.gov NCT05350878; http://clinicaltrials.gov/ct2/show/NCT05350878

(JMIR Form Res 2025;9:e65187)   doi:10.2196/65187

KEYWORDS

unhealthy alcohol use; text messaging intervention; emergency department; barriers and facilitators; implementation; alcohol
use; unhealthy; mixed methods assessment; mixed methods; assessment; facilitators; alcohol; health care; scalable supports; text
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health-related goals

Introduction

Unhealthy alcohol use (UAU) costs the United States nearly
US $250 billion per year [1], and alcohol-related deaths among
those aged 16 years and older recently increased by 25% [2].
Emergency departments (EDs), where alcohol-related visits are
rising [3-5], are sometimes the only health care touchpoint for
patients with UAU, making it a promising point of intervention
[6,7]. SMS text messages are one of the most ubiquitous and
salient modes of mobile health interventions. They use brief,
supportive messages to promote behavior change without
significant user burden [8-10] and are acceptable and feasible
to enhance care delivery for many health issues, ranging from
high blood pressure to substance use [9,11-16]. A meta-analysis
and study indicated that alcohol-targeted texting interventions
reduced alcohol consumption compared with no intervention,
basic health information, or drink tracking [17,18]. Notably,
UAU text interventions for ED and trauma patients are
acceptable and effective in reducing drinking [19-22]. However,
there is limited uptake of text-messaging interventions in ED
settings.

Reviews of substance use technology interventions have noted
minimal focus on implementation strategies or outcomes; rather,
most studies focus only on patient clinical outcomes [23,24].
Thus, prioritizing the examination of barriers and facilitators
to understand ways to increase uptake is an important next step
[25]. This paper describes a mixed methods study using the
Integrated Promoting Action on Research Implementation in
Health Services (i-PARIHS) framework, which posits optimal
implementation occurs when interactive problem-solving
promotes acceptance and use of a new innovation based on the
recipient’s characteristics (eg, motivation), the innovation’s
degree of fit within the existing practice (eg, usability), and the
unique nature of the inner (eg, culture) and outer context (eg,
mandates) [26,27]. The examination of barriers and facilitators
to implementing UAU text interventions in EDs [26,28] was
done by examining electronic health records (EHRs), surveys,
and interview data from a large health system using i-PARIHS
elements known to influence the uptake of new innovations.

Methods

Study Population
The study was conducted in 17 adult-serving EDs in the
northeastern US urban and suburban locations; it is part of a
larger project examining SMS text messaging interventions for
UAU [29].

Ethical Considerations
This study was approved by the institutional review board at
the Feinstein Institutes for Medical Research (approval number
21-0756). All participants consented to study procedures using
verbal consent processes and consent information sheets. All
qualitative data were deidentified prior to analysis; survey data
were anonymous. Patients received a US $15 gift card incentive;

staff participants were not compensated. Generative artificial
intelligence was not used in any part of the manuscript writing.

Procedures and Materials
We used an explanatory, sequential mixed methods approach
(quantitative → qualitative) [30]. Data were integrated at several
points. Quantitative EHR and survey data classified sites on
low or high implementation potential; classifications were used
for data collection and site selection for qualitative interviews
and analysis. Data were integrated during result interpretation.
Reporting is in accordance with the COREQ (Consolidated
Criteria for Reporting Qualitative Research) and CHERRIES
(Checklist for Reporting Results of Internet e-Surveys)
checklists for qualitative health research involving interviews
and internet e-surveys.

EHR Data
The 3-item AUDIT-C (Alcohol Use Disorders Identification
Test-Consumption) [31] detects UAU (≥3 for women and ≥4
for men) and was built into all participating ED EHRs; it
provided information on each ED’s capacity to address UAU
(eg, low screening completion rates may indicate a lack of time).
Data, extracted from 2021, included percentage of patients
screened (number of AUDIT-C completions divided by the total
patient census).

Staff Surveys
ED physician chairpersons from the 17 participating EDs
received an email from the study team inviting them to complete
a 13-item web-based survey of three validated 4-item scales
assessing conceptually distinct, but interrelated constructs often
used in formative research to examine implementation barriers:
feasibility (eg, “A text messaging intervention for UAU seems
possible in my ED”), acceptability (eg, “I would welcome our
clinical team offering a text messaging intervention for UAU
to patients during their ED visit”), and appropriateness (eg, “A
text messaging intervention for UAU seems fitting for patients
in my ED”) [32]. An additional confidence item (“I am confident
that our clinical ED team would offer a text messaging
intervention for UAU to patients during their ED visit”) was
included. All items were rated on a 5-point scale (1=completely
disagree to 5=completely agree). To complete site classification,
we calculated each site’s survey totals (range 4‐65; higher
values indicate positive implementation outcomes). All invited
EDs participated; in cases where both primary and secondary
chairs completed the survey, scores were averaged.

Implementation Potential Classification
We classified low versus high implementation potential based
on AUDIT-C completion rates and survey scores (low: ≤median
on both measures; high: >median on both measures), resulting
in 5 low sites and 4 high. Sites with mixed classifications were
not recruited. We considered several factors (eg, census and
location) to select the 4 final EDs for interviews (2 low and 2
high) using stratified purposeful sampling [33,34].
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Staff Interviews
In the 4 final EDs, chairpersons were interviewed and then each
identified staff. They were invited via emails from study staff,
resulting in 18 (82%) out of 22 invited interviewies. Interviews
lasted ~30 minutes, were conducted over Zoom, recorded, and
cleaned for analysis. Interview guides covered views on alcohol
screening, SMS text messaging interventions and how to best
offer them, barriers and facilitators to intervention
implementation, and general practice change.

Patient Interviews
Patients were recruited from 6 EDs; sites were selected based
on location and census to gain perspectives from different
populations and ED sizes (eg, race or ethnicity and urban or
suburban). Patients were approached during their ED visit if
they screened positive on the AUDIT-C. Of the 30 patients
invited, 21 (70%) were interviewed. Interviews lasted ~20
minutes and were recorded and transcribed. The interview guide
was adapted from previous ED studies (eg, mobile device use
and interest in receiving supportive messages on UAU
reduction) [35,36].

Qualitative Analysis
We used rapid qualitative analysis [37] to analyze interview
data following procedures previously outlined [37,38]. Two
researchers (MO and AS) summarized 3 transcripts from patient
and staff interviews to ensure consistent summaries. One
researcher (AS) completed the remaining summaries with the
second researcher (MO) reviewing for accuracy and alignment;
discrepancies were resolved via discussion. For patients, we
created comparison groups between AUDIT-C scores indicative
of moderate to high risk (score 4‐7) versus severe risk (score

8‐12) to examine response differences; for staff, we created
comparison groups by low versus high implementation potential
sites. See Multimedia Appendix 1 for demographic information
for chair surveys (n=26), staff (n=18), and patient interviews
(n=21).

Results

EHR and Chair Survey
Average AUDIT-C completion rates (73%) were relatively high
but ranged greatly (35%‐93%). Survey implementation scores
indicated a relatively high level of confidence, acceptability,
and appropriateness regarding the UAU texting intervention;
feasibility had the lowest mean, indicating logistical
implementation concerns. See Multimedia Appendix 2 for
absolute values on AUDIT-C completion rates and
implementation scores.

Staff Interviews
Table 1 illustrates implementation barriers and facilitators. In
comparing staff in low (n=7) versus high (n=11) implementation
sites, low sites more frequently indicated addressing alcohol
use was not a high priority. All staff discussed challenges to
include information about the intervention in discharge papers,
noting the paperwork is bulky and patients rarely read it.
Facilitators were similar across high and low sites. Low sites
discussed the difficulty of making changes, and that change
takes time and requires strong justification. When asked about
recent practice changes, low sites had fewer examples of what
worked well and more frequently mentioned low staff morale,
high turnover, and burnout.
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Table . EDa staff qualitative interview barrier and facilitator themes from rapid analysis in accordance with i-PARIHSb domains.

i-PARIHS domainExemplar quoteSubthemeOverall theme

Implementation barriers

Context/inner (culture/cli-
mate)

“...We try to have as good
of a completion as possi-
ble...there isn’t a one hun-

There is not 100% buy-in
from staff to do alcohol risk
screening (eg, feeling that

Screening views

dred percent buy in from thepatients are not truthful on
staff when it comes to it...ascreenings, that the thresh-
lack of an education, be-old is too low for “positive,”
cause the staff is in our pop-that there is screening fa-
ulation as well...when youtigue, or that patients may
work in an emergency room,be surprised by being

asked). and you see a lot of crazy
things, and you deal with a
lot of crazy health issues,
somebody comes in for one
thing, you’re not necessarily
too concerned about doing
a screening kind of unrelated
to the main diagnosis. But I
think that is part is the main
reason why completion rates
aren’t one hundred per-
cent...”

Context/inner (culture/cli-
mate)

“It’s kind of cumbersome,
unless it’s actually pertinent
to the case...We’re juggling

Physicians or other
providers generally do not
view alcohol screening re-
sults.

Screening process

so much. It’s a little too
much for us to handle.”

Recipients (motivation/be-
liefs)

“I think that it could be very
helpful for a certain set of
patients...the patients that

There was a focus mostly on
the need for services for
those with more severe

Need for services

keep coming back thatproblems who are frequent
visitors to the ED. we’ve tried to help...And

yet, a week later they back.”

Context/inner (culture/cli-
mate)

“...I think it really depends
on if the patient is there,
specifically for the alcohol

The ED is viewed as a diffi-
cult environment to address
problems (lack of privacy

ED as an appropriate setting
for addressing alcohol use

issue...In addition to theand acute health problems)
medical aspect, we try toand have conversations be-
make it a priority. But if ayond screening, doing more
patient is identified infalls to low mixed priority
triage,...needing an SBIRTdue to staff workload/burden
consult and they’re not thereunless the patient is there for

an alcohol issue. for then it’s not a priority it
just becomes another thing
in the chart that you know
we just don’t have time to
address, unfortunately.”

Innovation (degree of fit)“To be honest, I don’t think
it would be that effective to

The text intervention was
viewed as potentially less

SMS text messaging inter-
vention usefulness for ED
patients the majority, the patients

that we see like the so-called
useful for patients with se-
vere alcohol problems, less

frequent flyers, or the one-motivated to change their
time binge drinker kind ofdrinking, or certain popula-
deal. They’re not going to
be interested in that...”

tions (eg, older adults and
low mobile phone users).

Innovation (degree of fit)“...Some of them don’t have
cell phones or some of them

Some patients may not have
mobile phones/texting plans

Reasons patients may or
may not accept the text inter-
vention have like prepaid cell

phones...I honestly don’t
think it would be helpful.”

or may have lower motiva-
tion to change, which may
deter from accepting a text
intervention.
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i-PARIHS domainExemplar quoteSubthemeOverall theme

Innovation (degree of fit)“...whereas the doctor might
put it on the discharge pa-
per...who reads them?
They’re twelve pages. It’s
going in the garbage. No one
is really you know paying
attention to it.”

Patients are overwhelmed
during the ED visit and re-
ceive a lot of discharge in-
structions, so text interven-
tion information could get
lost.

Offering the text interven-
tion to patients

Recipients (time, resources,
support)

“...It would be tough to oper-
ationalize that in a
busy...any ED but...to have
that as another initiative for
our PAs, attendings for cas-
es that are not necessarily
for that, may be difficult to
operationalize. It’s not im-
possible I just don’t know if
it would be feasible in every
single case.”

It was expressed that physi-
cians and nurses do not have
the time to discuss alcohol
use with patients, and that
there are too many screens
already being done, and the

EHRc is already full of
things to click.

Barriers to implementing a
text intervention in the ED

Recipients (time, resources,
support)

“...We get so many emails
and have so many required
modules that we need to
watch that I think that those
would probably not be the
most effective way...”

Staff are already over-
whelmed with training; it
would be difficult to add
more training modules for a
new intervention.

Staff training needs

Context/inner (innova-
tion/change)

“...when the staff buy into it
and understand why we’re
doing it for the patient. I
think that helps. They need
to understand why we’re
implementing change.”

For something new to be
implemented, staff must see
value for the patient, and it
must fit into the workflow
without adding a burden.

General ease of making
practice changes in ED

Context/inner (innova-
tion/change)

“...I think it could be chal-
lenging to make changes.
Especially if it requires like
extra work. I think for peo-
ple, it takes time or some of
them just will never do it
that they’re just not comply-
ing with the changes. But I
think it does take time and
people to get used to the
idea.”

It was perceived that change
takes a long time based on
recent experiences in imple-
menting new practices.

Reflections on recent prac-
tice changes

Context/inner outer (cul-
ture/climate)

“...burnt out, probably from
the most part, I think most
staff is burnt still from
Covid, and is still in a recov-
ery phase in general, be-
cause volume is kind of
coming back, everybody is
a little deconditioned in
terms of volume, because
we had very low levels, and
we had high levels. So I
think there’s a level of
burnout out there that we’re
constantly battling that’s
probably the biggest chal-
lenge that we’re having at
the moment.”

Staff morale and burnout are
still recovering from
COVID and some long-time
staff are not as open to
change; this creates some
ambivalence about making
changes.

Culture of innovation

Implementation facilitators
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i-PARIHS domainExemplar quoteSubthemeOverall theme

Context/inner (culture/cli-
mate)

“...I think it’s a pretty good
place. Um, Ah to identify
um people who have alcohol
abuse because, like yeah,
like, I said, we do have like
a nice, decent amount of
people that do come in...”

The ED is a good place for
screening because alcohol-
related health issues in the
ED are common, and it is
beneficial information for
the clinical team because the
problem may not be identi-
fied or visible otherwise; it
helps to normalize and des-
tigmatize the issue of sub-
stance use.

Views on alcohol screening

Context/inner (culture/cli-
mate)

“AUDIT screening tool is
built into EMR, and most
patients are initially
screened by triage/primary
nursing and followed up via
social work or SBIRT.”

Most patients are being

screened. AUDITd screening
tool is built into EHR, and
most patients are initially
screened by triage/primary
nursing and followed up via
social work or screening,
brief intervention, and refer-

ral to treatment (SBIRTe)
health coaches.

Views on the alcohol
screening process

Recipients (motivation/be-
liefs)

“...I see people on two ends
of the spectrum right. Either
they’re completely intoxicat-
ed, and they’re over utilizing
the system for a bed to
sleep, or they’re coming in
from like a bar or a night-
club overly intoxicated. Or
I see the other end of this
spectrum, which is some-
body that’s in severe with-
drawal, delirium tremens.
I’ve seen people that need
to be admitted to the ICU
setting or a hospital moni-
tored bed because that’s the
normal vital signs risk proce-
dure...Then you also see the
other complications of alco-
hol abuse, such as like pan-
creatitis, for example,
That’s...the majority of the
cases that I interact with.”

It was viewed that the
prevalence of those with al-
cohol problems in the ED is
high; they see people across
the continuum of use.

The need for services for
people with alcohol prob-
lems

Context/inner (culture/cli-
mate)

“I think it’s a good place to
identify...I think there are
resources around that we can
pull from. But again, if
there’s not a coach or some-
body here, we struggle with
where to refer people to.”

The ED is a good place to
identify problems and get
the conversation started. The
ED is a key access point that
sees a high volume of peo-
ple.

ED as an appropriate setting
for addressing alcohol use
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i-PARIHS domainExemplar quoteSubthemeOverall theme

Innovation (degree of fit)“I think it would be helpful
for a patient that would be
willing and wanting to need
services...it really just offers
another resource. I think
nowadays one of the many
issues that are occurring is
that patients don’t have ac-
cess to resources. So I think
any step that we can do to
help provide other resources
to patients that are in need,
would be helpful. Something
in real time or something
where they don’t have to
wait on the phone don’t
have to dial number can just
kind of use their phone and
text would be definitely
helpful. I think it would be
good.”

It was viewed that there was
no downside to offering the
text intervention, even with
a potentially small/incremen-
tal benefit, and patients may
be more inclined because it
is something they can en-
gage with after an ED visit
and because it is automated.

SMS text messaging inter-
vention usefulness for ED
patients

Innovation (degree of fit)“...just letting them know
that it’s confidential, that it’s
helpful for them. They
might, maybe someone of a
clinical nature could tell
them that they think it’s im-
portant that they address this
with someone, with a profes-
sional.”

The text intervention could
be introduced to patients in
a way that describes how it
could be beneficial while
ensuring privacy/confiden-
tiality.

Reasons patients may or
may not accept the text inter-
vention

Innovation (degree of fit)“...The other way to do this
is a passive way in terms of
flyers...somebody could just
opt in reading material while
they are there...then in terms
of explaining it is probably
just a script so you give
them a flyer and you can
train probably a lot of sup-
port staff to say I know this
is not the reason for your
visit today we are working
on this initiative, We give
this to everybody...”

Ways to facilitate offering
the text intervention could
be pagers/flyers with strong
marketing, including it in
discharge instructions, and
using a team approach to
offering. Materials plus a
human touch would be bene-
ficial.

Offering the text interven-
tion to patients

Recipients (time, resources,
support)

“...I find that nurses have
more time to talk to patients,
but I think it would have to
be a team approach coming
from the attending and
working with the nurses...I
think it would have to really
be a team effort on every-
body’s part.”

Tapping into already exist-
ing workforce members (eg,
social work, SBIRT, and re-
ferral coordinators) could be
useful for offering the text
intervention.

Barriers to implementing a
text intervention in the ED
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i-PARIHS domainExemplar quoteSubthemeOverall theme

Context/inner (innova-
tion/change)

“...like QR Codes for people
to open up YouTube videos
as distraction videos...But I
think that places like the
bathroom walls and provide
to our codes for them to scan
phone numbers and then
champions. And as for
health coaches and our so-
cial workers, and our case
managers are often utilized
to help with, uh disposition
of those patients, right?”

It could be useful to plug in-
to already operating work-
flows or offer passive ways
of offering the text interven-
tion (eg, QR code).

Barriers to implementing a
text intervention in the ED

Recipients (time, resources,
support)

“...PowerPoint that you
could always like reference
or something that they could
go back on. Um. I know a
lot of the times like
providers kind of say like,
Oh, social work could do
this...Some type of educa-
tion um would be good, I
think, including maybe, ex-
amples of what the text
messages are, and then exam-
ples of like, If they did reach
out to the program, what are
they able to actually help
with...”

Brief training using familiar
modalities would help with
educating team members
about the text intervention
(eg, learning management
system modules, morning
huddles, Microsoft Power-
Point slides with all relevant
information about the text
program, and morning
brief).

Staff training needs

Context/inner (innova-
tion/change)

“...I hate to say it depends
on the change right so, yeah,
but I think I think to answer
your question a little easier
our department is open to
change pretty regularly we
change things, most emer-
gency departments do but
we’re pretty aggressive
about being flexible, we
pride ourselves sort of on
that...”

The ED is a setting used to
change and is very adapt-
able. It values flexibility and
change and is nimble.

General ease of making
practice changes in ED

Context/inner (innova-
tion/change)

“...the changes with COVID
testing and requirements and
admission process...but I
think what went well, people
appreciate consistency, I
think in communication, so
I think what I appreciate
now is that everyone knows,
where to look for updates
and things like that...”

EDs have a lot of recent ex-
periences with change and
methods to disseminate infor-
mation and gain feedback
and to have consistency in
communication.

Reflections on recent prac-
tice changes
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i-PARIHS domainExemplar quoteSubthemeOverall theme

Context/inner outer (cul-
ture/climate)

“There has been a lot of
change here. It’s always
changing. They’ve received
multiple certifications.
(redacted). Um, They’ve
made new rooms. They’ve
gone through a renovation.
They’ve gone through new
leadership...”

EDs are overall welcoming
of innovation and embrace
a culture of change; leader-
ship and a cohesive team are
important in change/innova-
tion.

Culture of innovation

aED: emergency department.
bi-PARIHS: Integrated Promoting Action on Research Implementation in Health Services.
cEHR: electronic health record.
dAUDIT: Alcohol Use Disorders Identification Test.
eSBIRT: Screening, Brief Intervention, and Referral to Treatment.

Patient Interviews
Patient results indicated strong interest and potential benefit
from a UAU text intervention with limited concerns (Table 2).
When comparing patients who screened moderate to high (n=6)
versus severe (n=15) on the AUDIT-C, only patients at moderate
to high risk said they had a goal to use the intervention to
prevent future heavy drinking, while both groups mentioned
abstinence and moderation. Perceived benefits also varied.
Patients at severe risk thought the program could help stop the
progression of alcohol use disorder symptoms, change their

lifestyle, and be a distraction from drinking; patients at moderate
to high risk thought the program could improve their job roles
and family relationships, and provide information about drinking
and change their thoughts about drinking. Both groups thought
the intervention could provide support and improve their health
and had similar content preferences. Patients at severe risk
additionally mentioned using the text intervention to track
drinking, set and complete goals, engage family support, avoid
people who trigger their use, and reduce heavy drinking during
drinking episodes.
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Table . EDa patient qualitative interview themes from rapid analysis in accordance with i-PARIHSb domains.

i-PARIHS domainExemplar quoteSubthemeOverall theme

RecipientsN/APatient phone use patterns • Most patients had mobile
phones and used them for a • Time, resources, and support
variety of purposes, including • Motivations, values, and be-

liefsfrequent texting
• It was rare that patients used

their mobile phones for health
or to manage their alcohol use

Innovation (degree of fit)Interest in a text intervention for al-
cohol use

•• “Yeah. Maybe for myself if, if,
you know, in the future, I de-
cide to drink – I start drinkin’

Most patients were interested
in receiving the text interven-
tion

more. When I see myself• Patients were interested in dif-
ferent goals (eg, to prevent fu- drinkin’ more, I wanna know

information. Maybe I couldture heavy drinking, reduce
prevent myself from, youcurrent drinking, or stop
know, gettin’ into alcoholismdrinking completely)
or somethin’ like that.” [Partic-• Patients were interested in a

variety of reasons (eg, improve ipant 27]
health and relationships and • “Personally, maybe it might

change my mind on why I’mchange drinking cognitions)
drinking at that moment. Or if
I’m feeling low, maybe it’d in-
spire me not to drink as much.
Maybe those texts’ll be use-
ful.” [Participant 17]

Innovation (degree of fit)Content •• “I like resources. Resources as
in like what you should do be-

Patients were interested in a
variety of content (eg, quotes,

sides picking up a drink.”uplifting, inspirational, or hu-
[Participant 13]morous messages, memes, im-

ages, resources, videos, and
links with information)

• Patient preference on the de-
sired frequency of texts ranged
from 3 times per week to sever-
al times per day

Innovation (degree of fit)Offer preferences •• “Um, maybe towards the end
and I’m, um, gettin’discharged

Most patients had no prefer-
ence of who (eg, nurse or doc-

or somethin,’ like, when I feeltor) should offer the interven-
better.” [Participant 27]tion, but it was more important

that it be a personal conversa-
tion showing concern and em-
pathy

• Most patients had no prefer-
ence for whether they would
prefer the intervention to be
offered through the health sys-
tem versus a third party

Innovation (degree of fit)Concerns •• “So if I can’t get to the mes-
sage right away, I won’t. But

Patients did not generally cite
concerns related to privacy or

usually when I open the mes-cost; concern was that the pro-
sages up, I do take concern ingram does not send too many
what’s being said or written.”messages, that they would not
[Participant 17]be able to read messages imme-

diately, or that messages would
be too long
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i-PARIHS domainExemplar quoteSubthemeOverall theme

Recipients (motivations, values, be-
liefs)

• “I’m at a 10 where I wanna
change, Um, I have tried. I cut
back, um, ‘cause I used to
drink like every day and I cut
back a lot, so…looking to cut
it back even further to, and just
stop drinking alcohol.” [Partic-
ipant 25]

• Most participants had at least
some motivation to change
their drinking (eg, quit or cut
down) and mentioned several
reasons (eg, family and job)

Motivation to change

Innovation• “It just healthy to stop. Make
your body feel better, more
healthy.” [Participant 26]

• Patients saw a number of bene-
fits to enrolling (eg, help with
mental and physical health, re-
ceiving information about
negative effects of alcohol,
having help in limiting alcohol
use, or prompting in the mo-
ment to think differently about
drinking)

Benefits to enrolling

aED: emergency department.
bi-PARIHS: Integrated Promoting Action on Research Implementation in Health Services.

Discussion

The results of this formative study on barriers and facilitators
to implementing UAU texting interventions in EDs indicate
both promise and caution. Quantitative data suggested concerns
with feasibility (eg, low alcohol risk screening rates and
feasibility scores). Qualitative results confirmed and extended
quantitative results; providers viewed offering the intervention
as appropriate and acceptable, especially to address the high
volume of alcohol-related visits and support patients longer
term; patients viewed the intervention as a positive way to meet
drinking goals and saw several health benefits; they saw limited
drawbacks (eg, slight concerns about time to read messages).

Providers felt there was no downside to offering the intervention
even if there was incremental patient benefit. However,
differences were noted among low and high implementation
potential sites: variable screening rates and lower ratings on
feasibility (eg, competing priorities, staff burnout, and turnover),
indicating potential additional support strategies needed to create
staff buy-in and sustain intervention engagement in low-potential
sites. Larger EDs with higher patient census’ may have unique
implementation barriers, as they tended to have lower alcohol
risk screening completion rates that would impact their ability
to identify those who would benefit from text interventions.
Other studies examining provider acceptance, barriers, and
facilitators to implementing technology-based interventions in
their EDs (not focused on alcohol use, however) revealed similar
findings: high ratings of usage and value, but lower rates of
actual use due to insufficient training, lack of awareness of the
program, and technical factors (eg, compatibility) [39,40]. Future
studies should examine ED characteristics that may impact
implementation and design and test specific strategies to address
these characteristics.

Patients of varying alcohol use risk severity indicated potential
differences in drinking goals: those with higher severity may
be less likely to have moderation goals and more likely to have
abstinence goals. Results may reflect differences in how drinking
has differently impacted health, relationships, functioning, and
experience of alcohol use disorder symptoms among those with
lower or higher severity. Patients’ reasons for using a text
program for UAU in our study were similar to that of another
study examining patients’ reasons for attending a residential
program for alcohol use, including health, lifestyle, and sobriety
goals [41]. Future studies of SMS text messaging programs for
UAU should take into consideration different patient goals and
experiences and how this could impact implementation strategies
to engage patients. Designing programs that can address both
moderate and more severe patients’needs and uses is important;
the ability of the program to tailor to the needs and preferences
of individual patients should be inherent in the design.

This study had limitations, including being conducted in one
health system, which may affect generalizability, and classifying
implementation potential using the 5-point Likert scale, which
was meaningful in identifying potential implementation issues,
but may not indicate practically meaningful differences.

In conclusion, SMS text messaging interventions for alcohol
use have the potential to offer ED staff another tool to assist
patients with meeting alcohol-related health goals. Patients
welcome these interventions as a way to receive support and
information. However, EDs will have varying levels of
motivation and readiness to implement these driven by barriers
related to feasibility. Findings may be useful for the
development and testing of implementation strategies in larger
cluster-randomized trials, an important area for mobile
behavioral health [42]. Automating enrollment (eg, QR codes
and text invites), capitalizing on existing workflows, and
engaging ED leadership may be fruitful implementation
strategies to test in future ED implementation research.
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Abstract

Background: Patients undergoing evaluation for musculoskeletal concerns are often seen by a physician and physical therapist
in the in-person setting in a sequential manner. This process typically delays the onset of nonoperative care, inclusive of physical
therapy, and creates the risk of inadequate clinical collaboration between physician and physical therapist. To address these issues,
we designed a novel initial patient evaluation to a group visit in which both a specialty-trained musculoskeletal physician and
physical therapist simultaneously evaluate a patient together in the digital encounter.

Objective: The aim of the study is to gain insights from patients on their experience with this innovative digital simultaneous
musculoskeletal medical doctor and physical therapist (MD+PT) visit format for the initial evaluation of musculoskeletal concerns.

Methods: An electronic 7-question survey was sent to 750 patients who completed an MD+PT visit asking them to comment
on prior musculoskeletal evaluations and their experience with the MD+PT format.

Results: In total, 195 (26%) patients responded to the survey with the frequent body regions of diagnosis being lumbar spine
(n=65), knee (n=32), shoulder (n=21), cervical spine (n=20), hip (n=14), and hand (n=11). Most patients had prior musculoskeletal
experience with a physician or nurse practitioner (171/195, 87.7%) or physical therapist (148/195, 75.9%) with nearly all such
encounters in the in-person setting (161/171,94.2% for physician or nurse practitioner and 144/148, 97.3% for physical therapy).
Only 3.1% (6/193) of patients reported seeing both a physician and physical therapist during the same in-person visit. Patients
rated the simultaneous MD+PT visit very favorably: this type of digital evaluation saved them time (179/192, 93.2%) and permitted
them to promptly start their treatment plan (174/192, 90.6%). Overall, 87.5% (168/192) rated the MD+PT visit as enjoyable, and
92.2% (177/192) responded that it increased their confidence with understanding their medical condition and how to start treating
it.

Conclusions: Our early experience with the evaluation of patients with musculoskeletal conditions by both a specialty-trained
musculoskeletal physician and physical therapist simultaneously in the same digital visit resulted in patients reporting a very
positive experience with high satisfaction, engagement, and confidence in understanding their diagnosis and how to start treating
it.

(JMIR Form Res 2025;9:e66744)   doi:10.2196/66744

KEYWORDS

telemedicine; musculoskeletal care; patient satisfaction; multidisciplinary care; digital visit

Introduction

Musculoskeletal disorders are a leading cause of disability and
health care expenditure worldwide [1]. Inappropriate care
exacerbates the cost of musculoskeletal care as seen, for
example, with high-cost spine [2] and total knee replacement
[3] surgeries. Efficient and effective evidence-based evaluation
of musculoskeletal disorders is critical to ensuring patient-centric
care, delivering quality patient outcomes, and lowering health
care costs. The type of care a patient with a musculoskeletal
concern seeks and the way that care is delivered—especially at

the onset of a care journey—can impact the risk of inappropriate
and expensive imaging [4-6], procedures [7,8], and surgery
[2,3,6]. In other words, what type of clinician a patient initially
starts with influences the care path a patient will receive.

Most patients with musculoskeletal concerns first seek care
from their primary care clinician [9]; however, many primary
care clinicians lack fundamental competency in the
musculoskeletal examination and do not feel comfortable
evaluating, diagnosing, and treating musculoskeletal conditions
[10]. In many states, patients may now directly see a physical

JMIR Form Res 2025 | vol. 9 | e66744 | p.691https://formative.jmir.org/2025/1/e66744
(page number not for citation purposes)

O'Connor et alJMIR FORMATIVE RESEARCH

XSL•FO
RenderX

http://dx.doi.org/10.2196/66744
http://www.w3.org/Style/XSL
http://www.renderx.com/


therapist without a physician referral, via direct access physical
therapy, due to the expansion of the scope of practice for
physical therapists [11]. From either primary care or physical
therapy, many patients are subsequently referred to an
orthopedic or spine surgeon, or in the minority of cases a
specialty nonoperative musculoskeletal physician (eg, physical
medicine and rehabilitation or sports medicine physician),
collectively referred to as specialty musculoskeletal physician.
Creation of a comprehensive treatment plan for these patients
will be dependent upon the completion of a specialty
musculoskeletal physician’s clinical assessment, which often
is delayed given the time required for separate physician and
physical therapist appointments, and potentially by discordance
in evaluations and advice by these 2 clinicians.

For many patients, musculoskeletal care can be effectively
delivered through telemedicine. Digital delivery of medical
services can be very convenient for patients, particularly for
those with challenges to access in-person clinicians [12].
Physical examination of the patient with a musculoskeletal
condition can be readily performed in the digital space [13].
The adequacy of that digital physical examination is supported
by research showing good to very good concordance of the
diagnosis of the patient with a musculoskeletal condition
between the digital and in-person clinician [13]. Moreover, the
concordance of treatment plans for patients with musculoskeletal
conditions created in these 2 practice settings was “probably
good to excellent” [14]. Finally, a meta-analysis of 35 systematic
reviews assessing the use of telemedicine versus in-person care
for musculoskeletal conditions showed telemedicine to be
beneficial to or equal in patient-reported outcomes measures
and objective measures, including physical function, and to
have notably lower costs. Furthermore, in the small number of
studies in the review reporting on patient experience measures,
telemedicine was equivalent to in-person care [15].

We developed an initial clinical digital visit structure to address
these delays in treatment created by the traditional sequential
clinical visits between physician and physical therapist,
streamline the patient experience, and advance evidence-based

patient care. In this model, patients see a nonoperative
musculoskeletal specialty physician (or a musculoskeletal nurse
practitioner) and a physical therapist together—literally at the
same time—during a simultaneous digital medical visit via our
telehealth platform [16]. To our knowledge, such a simultaneous
evaluation, which we will abbreviate as an “MD+PT”
(musculoskeletal medical doctor and physical therapist) digital
evaluation, has not been previously systematically implemented
in either the in-person or digital care environment. To gain
insights into the patient experience with this simultaneous
patient-centric model, we created a descriptive survey to better
understand the experience from the patients’ point of view.

Methods

Ethical Considerations
Our study, including the consent language and questionnaire,
was reviewed by The Institute for Evaluation and Research
Institutional Review Board and approved as exempt. Patients
who completed an MD+PT digital evaluation were sent an email
asking them to voluntarily consent to the research study and
complete a 7-question survey about their appointment experience
with the MD+PT evaluation (Textbox 1). All patients were 18
years or older of age. The email informed patients that the
purpose of the study was to examine the impact of enabling
patients to see a medical doctor or nurse practitioner and
physical therapist together in the same digital appointment.
Patients were provided no compensation for completing the
survey. Those who elected to participate were informed that
they could withdraw from the study at any time and skip
questions if they chose to do so. The consent informed patients
that their survey results would be confidential, shared with our
researchers and not their medical team. Participants could
answer the questionnaire in an anonymous manner and complete
it only once. The questions could not be answered until
participants consented to participate in the study. Data integrity
was protected with access only provided to the researchers
conducting the data analysis.
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Textbox 1. The 7-question survey used in this study of 195 patients who completed an evaluation with both a nonoperative musculoskeletal physician
and physical therapist during the same digital encounter.

1. Before coming to Vori Health, have you ever seen a medical doctor (or nurse practitioner or physician assistant) for back, muscle, or joint pain?

- Yes, no

If yes, were any of these visits telehealth appointments? Yes/no

2. Before coming to Vori Health, have you ever seen a physical therapist for back, muscle, or joint pain?

- Yes, no

If yes, were any of these visits telehealth appointments? Yes/no

3. Before coming to Vori Health, have you ever been seen by both a medical doctor/nurse practitioner and physical therapist together in the same
appointment for back, muscle, or joint pain?

- Yes, no

If yes, were any of these visits telehealth appointments? Yes/no

The next few questions will ask you about your experience at Vori Health seeing a medical doctor or nurse practitioner and physical therapist together
in the same appointment.

4. Seeing a medical doctor/nurse practitioner and physical therapist together in the same appointment saved me time.

- Strongly agree, agree, neutral, disagree, strongly disagree

5. Seeing a medical doctor/nurse practitioner and physical therapist together in the same appointment increased my confidence in understanding my
medical condition and how to start treating it.

- Strongly agree, agree, neutral, disagree, strongly disagree

6. Seeing a medical doctor/nurse practitioner and physical therapist together in the same appointment helped me to start my treatment plan faster
compared to if I had to see the doctor and physical therapist in different appointments.

- Strongly agree, agree, neutral, disagree, strongly disagree

7. Seeing a medical doctor/nurse practitioner and physical therapist together in the same appointment made my care experience more enjoyable.

- Strongly agree, agree, neutral, disagree, strongly disagree

If disagree, or strongly disagree, show question below:

Please indicate why the appointment was not enjoyable for you (choose all that apply):

o The experience felt too complicated.

o I did not feel I had enough time with each clinician.

o I did not feel comfortable sharing confidential medical information with anyone other than my medical doctor.

o Other (free text):

Questionnaire
The questionnaire sought patients’ prior experience with
musculoskeletal care, both in the in-person and telemedicine
settings. Patients were asked if they had ever been seen by both
a medical doctor (or nurse practitioner or physician associate)
and physical therapist in the same appointment. Additional
questions were asked related to patients’ experiences with their
MD+PT digital evaluation. To recruit patients to the study, an
email survey was sent to all patients who completed the MD+PT
evaluation until we had 200 patients who consented to
participate in the study. There were no other inclusion or
exclusion criteria.

The MD+PT Clinical Evaluation and Care Plan
The MD+PT digital evaluation was performed by a specialty
musculoskeletal physician (typically, physical medicine and
rehabilitation), or for a smaller number of patients by an
experienced musculoskeletal nurse practitioner, and a physical
therapist who had a minimum of 5 years of musculoskeletal

experience. Each integrated visit was 40 minutes in duration.
The physician or nurse practitioner, physical therapist, and
patient were each in separate physical locations and logged into
the same videoconferencing link to be together in the digital
space for the evaluation. The history and digital physical
examination were performed by a combination of physician or
nurse practitioner and physical therapist. Each clinician could
ask additional questions to the patient to provide more details
to the medical history. The physical examination was completely
digital and based on published guidelines [13]. Both the
physician or nurse practitioner and physical therapist could
instruct the patient to perform various movements and tests to
complete the physical examination to the satisfaction of both
clinicians. Based on the available evidence, the physician or
nurse practitioner then rendered a medical diagnosis, and the
physical therapist provided a functional diagnosis. If outside
records, inclusive of previous imaging, were not available to
the clinicians at the time of this initial visit, then the physician
or nurse practitioner would request the outside records and
imaging for subsequent review.
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At the completion of this visit, patients were immediately started
on an evidence-based biopsychosocial personalized care plan
that may include evidence-based prescriptions, imaging,
laboratory studies, and a personalized home exercise program
facilitated by computer vision motion-tracking technology.
Patients were subsequently scheduled for follow-up digital
physical therapy care and, if applicable, dedicated health
coaching and registered dietitian care, given the overlap of
modifiable risk factors with musculoskeletal conditions (eg,
obesity). Follow-up physician or nurse practitioner visits were
also scheduled as clinically appropriate.

Results

Overview
Surveys were sent to a total of 750 patients, with 200 patients
consenting to the study. In total, 5 patients consented but did
not answer any questions on the survey resulting in 195
responses, a 26% survey response rate. Surveys were fully
answered by 192 patients and incompletely answered by 3
patients who each did not complete 1‐2 questions. Patients
who responded to the survey had a variety of diagnoses
involving the following body regions: lumbar spine (n=65),
knee (n=32), shoulder (n=21), cervical spine (n=20), hip (n=14),
hand (n=11), ankle (n=8), elbow or wrist (n=6), thoracic spine
(n=5), and other and nonspecific body regions (n=13).

Prior Musculoskeletal Clinical Experience
Patients were asked about their prior experience with the
evaluation of back, muscle, or joint pain. In total, 171 of 195
(87.7%) patients had previously seen a physician or nurse
practitioner, with 161 of 171 (94.2%) of these encounters
occurring in the in-person setting. A total of 148 of 195 (75.9%)
patients had previously seen a physical therapist, with 144 of
148 (97.3%) of these encounters occurring in the in-person
setting.

We asked patients about prior experience of being evaluated by
both the physician (or nurse practitioner or physician assistant)
and physical therapist in the same clinical visit for back, muscle,
or joint pain. Only 3.1% (6/193) reported a prior visit that
combined a physician and physical therapist with 1 patient
commenting that this occurred during a hospital stay, with no
patient reporting the encounter as digital. We concluded that
our cohort had essentially no experience with simultaneous
musculoskeletal clinical visits, particularly in the digital setting.

MD+PT Digital Experience
The remainder of our survey questions focused on the experience
of the patient with the MD+PT digital evaluation. Table 1 shows
that 93.2% (179/192) agreed that this appointment format saved
them time (strongly agreed: 162/192, 84.4% and somewhat
agreed: 17/192, 8.9%).

Table . Survey responses (n=192) to question asking patients whether they felt the MD+PT digital evaluation saved them time.

Participant count, nResponse

162Strongly agree

17Somewhat agree

11Neither agree nor disagree

0Somewhat disagree

2Strongly disagree

When patients were asked if the MD+PT digital evaluation
allowed them to start their treatment plan faster than if they had
seen a physician and physical therapist in separate appointments,

90.6% (174/192) of patients responded affirmatively (strongly
agreed: 155/192, 80.7% and somewhat agreed: 19/192, 9.9%;
Table 2).

Table . Survey responses (n=192) to question asking patient whether the MD+PT digital evaluation helped them start a treatment plan faster compared
to seeing a doctor and physical therapist in separate appointments.

Participant count, nResponse

155Strongly agree

19Somewhat agree

16Neither agree nor disagree

1Somewhat disagree

1Strongly disagree

Given our focus on the patient experience, the 2 most significant
survey questions asked about patient enjoyment of their visit
experience and confidence in medical decision-making. Overall,

Table 3 shows that 87.5% (168/192) rated the visit as enjoyable
(strongly agree: 135/192, 70.3% and somewhat agree: 33/192,
17.2%).
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Table . Survey responses (n=192) to question asking patients whether the MD + PT digital evaluation made their patient care experience more enjoyable.

Participant count, nResponse

135Strongly agree

33Somewhat agree

21Neither agree nor disagree

1Somewhat disagree

2Strongly disagree

The patients who responded as “somewhat disagreed” (n=1) or
“strongly disagreed” (n=2) each provided a comment: (1) the
practitioner and therapist were not very engaging, and I could
not connect with them; (2) digital appointment diminished the
transfer of information between the patient and provider; and
(3) in-person health care is so very important, especially the
first visit.

When asked if MD+PT digital evaluation increased their
confidence with understanding their medical condition and how
to start treating it, Table 4 illustrates that 92.2% (177/192)
positively responded (strongly agree: 137/192, 71.4% and
somewhat agree: 40/192, 20.8%).

Table . Survey responses (n=192) to question asking patients whether the MD+PT digital evaluation increased their confidence in understanding their
medical condition and how to start treating it.

Participant count, nResponse

137Strongly agree

40Somewhat agree

12Neither agree nor disagree

1Somewhat disagree

2Strongly disagree

Discussion

Overview
With 1 in 2 US adults estimated to experience a musculoskeletal
disorder [9], improving musculoskeletal care must be a national,
if not global, priority. We innovated our digital initial clinical
evaluation to bring both the physician or nurse practitioner and
physical therapist together simultaneously with the patient for
the duration of the telemedicine evaluation. More specifically,
both clinicians were together with the patient for the entirety
of the first digital visit. This allows the patient to provide 1
history and the clinicians to collaboratively perform 1 digital
physical examination. The physician or nurse practitioner
renders a medical diagnosis, and the physical therapist provides
a functional diagnosis, with the opportunity for collaboration
between both clinicians during the visit to drive clinician
concordance. The resultant treatment plan is aligned with the
patient’s values and goals (ie, “What matters to me”) [17], and
the patient can ask clarifying questions to both clinicians. Our
clinicians subjectively commented that this integrated, combined
visit was a more satisfying and collaborative experience for
them.

Principal Findings
Our survey results showed a very high level of positive
responses from patients. Patients felt that this visit format saved
them time (179/192, 93.2%), allowed them to start their
treatment plan faster (174/192, 90.6%), and was enjoyable
(168/192, 87.5%). Moreover, 92.2% (177/192) of patients
responded that the visit increased their confidence with

understanding their medical condition and how to start treating
it. Improved patient understanding of their medical condition
and associated treatment positively affects health outcomes
[18]. Effective patient education supports an atmosphere of trust
between patient and clinician, empowers patients to participate
in their own health care, and supports informed decision-making
[19].

We postulate that the high patient confidence in understanding
their medical condition and how to start treating it was
influenced by our MD+PT visit format. Our model was
structured to create diagnostic and therapeutic agreements
between clinicians. The model also provided patients with the
benefit, real or perceived, of having both a musculoskeletal
physician or nurse practitioner and physical therapist together
with them in the clinical encounter. While direct access physical
therapy has been shown to be a safe, less expensive, and
effective model for triage of patients with musculoskeletal
conditions compared to a required referral from a physician
[20], physical therapists cannot order imaging, prescribe
medications, or render a medical diagnosis in the United States.
Patients may have a perception of a more complete evaluation
when the physician (or nurse practitioner) is evaluating them,
even if imaging or prescription medications are not ordered.
Patients may also have a higher level of trust when a physician
or nurse practitioner is creating the treatment plan with the
physical therapist, particularly for patients with complex
conditions or comorbidities. Future research comparing the
experience of patients being evaluated by a physical therapist
versus evaluation by both a physician or nurse practitioner and
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physical therapist may provide data on the potential value (or
not) of the MD+PT visit.

Research on concordance [21] in diagnosis between physicians
and physical therapists shows varied results. In a systemic
review of 19 studies involving 1745 patients and a total of 35
advanced practice physical therapists (APPTs), Lafrance et al
[22] showed concordance between APPTs and physicians for
musculoskeletal disorders to be “probably good to very good
for diagnosis” (κ coefficient [21] 0.76) and “good to very good
for surgical triage” (κ coefficient 0.71). All studies in this
systemic review were conducted outside the United States, and
in 5 studies, APPTs had the authority to order diagnostic
imaging studies, including magnetic resonance imaging [22].
The ability of some APPTs in this study to order diagnostic
imaging limits the application of these results to concordance
between a physical therapist and a physician in the United States.

In other research, Madsen et al [23] reported on 69 patients
independently evaluated twice on the same day by an orthopedic
surgeon and an extended scope physical therapist. Agreement
between the surgeon and physical therapist was 62% on the
primary diagnosis and 79% on a combination of diagnoses [23].
In 2 small studies, the κ coefficient between APPTs and
musculoskeletal surgeons for referral for surgical treatment was
0.46 (shoulder disorders) [24] and 0.69 (lumbar spine pain)
[25], suggesting an opportunity for improvement. The
experience of the physical therapist is a variable that may
influence these outcomes: in a study of 105 patients with carpal
tunnel syndrome, physical therapists with advanced experience
had 100% agreement with surgeons, whereas early-career
physical therapists only had fair agreement [26]. Depressive
symptoms were also shown in one study of knee disorders to
decrease diagnostic concordance between physical therapists
and medical musculoskeletal physicians [27]. While all our
clinicians have a least 5 years of musculoskeletal clinical
experience, our MD+PT model may mitigate diagnostic
discordance when the clinical experience of one of the clinicians
is more limited.

We believe that concordance in the treatment plan in our
MD+PT model was facilitated by direct and immediate
communication between clinicians. In a survey of
interprofessional communication between Canadian orthopedic
surgeons and physical therapists, 65.6% of clinicians in
stand-alone practices report a negative view of communication
compared to 48.4% of those in collaborative practice. This same
study also found that orthopedic surgeons and physical therapists
did not agree on the clinical information that should be shared
regarding postoperative rehabilitation [28]. In a study of 600
survey responses of physical therapists treating patients who
underwent rotator cuff repair, 33% of physical therapists
reported receiving copies of the operative report in <25% of
patients, and 16% reported not receiving an operative note >50%
of the time. With postoperative therapy protocols based on the
size of the rotator cuff tear and the complexity of the repair, this
lack of communication could negatively impact clinical care
[29].

We also highlight the importance of patients being able to
promptly begin their treatment plan. In the traditional model,

the time to diagnosis and treatment of a patient often depends
upon the sequencing of physician and physical therapist
evaluations as well as the potential need for insurance
authorization for care, with frequent delays in care. While in
many states, patients can access physical therapy (direct PT)
for initial treatment with no delay in beginning the physical
therapy plan of care, one small study found that 25.6% of
patients who began physical therapy and were subsequently
referred to a physician had their physician visit at a range of 0.5
to 10 weeks following the initial physical therapy evaluation
[30]. We were unable to find data on the length of time for a
patient to see the physical therapist after referral from the
physician, which is likely dependent on many factors including
patient insurance and the need for prior authorization. Delaying
the onset of treatment may lengthen the recovery time and
negatively impact clinical outcomes [31,32]. Finally, 2 separate
clinical visits can result in additional expenses to patients related
to travel costs, time lost from work, and disruption of normal
activities.

Finally, a very high percentage (168/192, 87.5%) of patients
found the MD+PT visit enjoyable. We chose to ask this question
as an attempt to gauge the emotional experience of the patient
with 1 simple question. We believe that taking evidence-based
care to the next level of effectiveness also requires delivering
a better patient experience. We are not aware of others using
this question to gain insights into the patient experience. The
current Consumer Assessment of Healthcare Providers and
Systems (CAPHS) survey, a standard instrument for measuring
the patient experience, asks patients about various aspects of
their experience including whether their visit started on time
and if the clinician showed them respect, listened carefully, and
gave them enough time. CAPHS asks patients to rate their visit
on a scale of 0 (worse visit possible) to 10 (best visit possible)
[33]. In our opinion, CAPHS is a very valuable tool but does
not query the emotional response of the patient to the encounter.
While we recognize “enjoyable” may never be a realistic
experience for patients with very serious medical issues, we
challenge the health care system to explore this, and similar,
questions that assess the emotional response of the patient. We
believe that the more enjoyable the clinical experience is for
patients, the higher their engagement will be, which will
translate into improved clinical outcomes.

Limitations
Our research has several limitations. The main limitation was
our survey response rate of 26% (N=195) raising the potential
for nonresponder selection bias. Consensus as to an acceptable
survey response rate in medical research is lacking [34,35].
Studies show a range of patient response rates to email surveys.
In a global overview paper of surgical patients, email studies
gave an average response rate of 68%, although the United
States was noted to have a lower overall response rate of 64.2%
[33]. In a primary care practice, the response rate to a postvisit
email survey was 60.9%. However, only 45.15% of patients
who initially consented to completing a paper waiting room
survey agreed to receive an email survey [36].

While these response rates are higher than ours, they may not
be directly comparable. Patients who have undergone a surgical
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procedure may be more willing to participate in a research study
compared to those who had a telemedicine visit. In the primary
care practice study cited in the preceding paragraph, the response
rate to an email survey was 27.7% (60.9% of the 45.15% of
patients who consented to an email survey), which is comparable
to our response rate of 26% (N=195). In our study, we did not
ask patients for consent to be surveyed, rather we sent the email
survey to all eligible patients until 200 patients consented to the
study.

In studies with methodology more aligned with ours, our survey
response rate is favorable. A 2016 primary care study showed
a 19.8% response rate to a 6-question email survey to patients
on access to care and patient centeredness [37]. Another
publication in 2018 reported 28% of patients opening an email
containing a patient experience survey, with 80% completing
the survey [38]. In a 2024 poster on patient satisfaction and
outcomes, an email survey of patients having a genetic
information session for kidney disease via telephone had a
response rate of 12.1%, although the survey was much longer
at 47 questions [39].

We did not conduct a corresponding survey of our clinicians
using this model to potentially identify episodes of initial
discordance in clinical assessment and treatment plan (and how
these were resolved). All patients received a personalized,
evidence-based, biopsychosocial treatment plan supported by
the physician or nurse practitioner and physical therapist at the
completion of the initial visit. Health coaches and registered
dietitians were brought into the clinical team to support the
patient as appropriate. We also did not survey our clinicians on
their perception of whether communication between clinicians
was facilitated with this model or whether the clinicians found
this model to be enjoyable for them. We did not correlate the
results of this survey with clinical outcomes or health care use;
these are areas we plan to study in the future.

Patient’s perception of the quality of care provided by each
clinician, or the quality of care provided by the MD+PT visit,
was not studied and is an area for potential future research.
However, given that patients reported high confidence in their
medical plan with the MD+PT visit, we postulate that this is a
surrogate for patients’ perceptions of a higher quality of care.
In the literature, one study found that patients with osteoarthritis
reported that physical therapists provided better information
about how to take care of their condition, while surgeons

provided patients with greater involvement in the
decision-making process and facilitated a greater degree of
expectations being met [40]. When compared to primary care
clinicians, another study found that patient perception of
physical therapy–led care was superior in all quality aspects
evaluated [41].

Our model requires the resources of both a physician or nurse
practitioner and physical therapist in the initial evaluation. Direct
access physical therapy has been shown to be clinically effective
and resource-sensitive, as many patients with musculoskeletal
conditions will not require a physician or nurse practitioner
assessment [11]. The scope of our study did not support any
type of cost analysis of our model versus direct access physical
therapy. We believe that patients with low-complexity
musculoskeletal issues can be effectively evaluated in a physical
therapy first model and those with high complexity are better
evaluated in our MD+PT model.

Finally, our study did not directly address whether health literacy
was improved in our patients. Health literacy is defined as “the
degree to which individuals have the ability to find, understand,
and use information and services to inform health-related
decisions and actions for themselves and others” [42]. We
speculate that patients having increased confidence in their
understanding of their condition and how to start treating it may
have greater health literacy. As annual health care costs of
individuals with low health literacy are 4 times higher than those
of higher health literacy individuals, and patients with higher
health literacy are more likely to adhere to treatment
recommendations [43], we will continue our research to identify
the potential impact of our model on health literacy.

Conclusions
We found our innovative model of a musculoskeletal physician
or nurse practitioner and physical therapist evaluating the patient
with a musculoskeletal condition together (at the same time
during the initial telemedicine visit) resulted in a high degree
of positive patient feedback. Overwhelmingly, patients reported
that this visit model saved them time, allowed them to start their
treatment plan faster, was enjoyable, and increased their
confidence in understanding their medical condition and how
to start treating it. We will continue to seek additional ways to
innovate patient-centric care that enhances the patient
experience, clinical outcomes, and appropriate health care use.
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Abstract

Background: Myasthenia gravis (MG) is rare, chronic autoimmune disorder of the neuromuscular junction that requires
specialized care and often lifelong treatment, facing challenges due to its rarity and the limited availability of specialists. Telemedical
solutions in specialized centers hold considerable promise in bridging this gap by increasing access to this care to a broader patient
population in a timely manner. However, there is no research regarding interventional remote care solutions in the field of MG
to date.

Objective: This study aimed to assess the feasibility and usability among patients with MG and specialists of a telemedicine
platform, tailored to patients with MG and designed to facilitate remote monitoring, treated in a specialized center.

Methods: The telemedicine platform consisted of an app for patients and a web-based portal for physicians. Over a period of
3 months, 30 patients continuously monitored their vital parameters through external devices, including a digital spirometer and
a wearable (activity tracker). Furthermore, patients completed 7 different patient-reported outcome measures (PROMs) through
the app at predefined intervals. Specialists could review this monitoring data and adjust therapy as necessary. In addition,
communication between patients and physicians was facilitated through a chat module. Feasibility was evaluated by total adherence
rates for completing PROMs within the app, alongside the collection of spirometry and wearable data. Furthermore, user satisfaction
was assessed among both patients with MG and physicians at the end of study.

Results: Total adherence rates ranged from 74.3% (1830/2464) to 97.9% (327/334) across all data types, with the highest
adherence observed for PROMs (1139/1179, 96.6%), followed by spirometry (293/334, 87.7%) and wearables (1830/2261,
80.9%). Notably, patients wore the wearable longer than required by protocol and conducted a higher number of spirometry
measurements during the study than required per protocol (median 20 h/d [IQR 15-24] vs 14 h/d and median 49 [IQR 15-59]
measurements vs 11 measurements, respectively). Technical issues and discomfort with wearables were factors affecting lower
adherence in some patients. The System Usability Scale yielded a median score of 85 indicating “excellent usability.” In addition,
results from a more detailed user evaluation questionnaire showed high levels of user satisfaction among both patients and health
care professionals across diverse categories, including their experience of the care program, communication, and evaluation of
the program.

Conclusions: Remote monitoring of patients with MG through the telemedical platform demonstrated good feasibility and
acceptability, as evidenced by above-average adherence rates and user satisfaction for both patients and physicians. The majority
of patients wanted to continue using the app. These findings highlight the potential for user-friendly digital tools to enhance care
for patients with MG, although addressing technical challenges and ensuring patient comfort with wearables are essential for
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optimal implementation. Further research involving larger cohorts and longer study duration is warranted to validate these
findings.

Trial Registration: Deutsches Register Klinischer Studien DRKS00029907; https://drks.de/search/en/trial/DRKS00029907

(JMIR Form Res 2025;9:e58266)   doi:10.2196/58266

KEYWORDS

myasthenia gravis; myasthenia; remote monitoring; PROMs; digital platform; wearables; telemedicine; spirometry; app; usability;
feasibility; autoimmune disorder; web-based portal; activity tracker; communication; wearable data; digital tool; mobile phone

Introduction

Myasthenia gravis (MG) is a rare autoimmune disease
characterized by specific autoantibodies targeting the
postsynaptic membrane of the neuromuscular junction, resulting
in fluctuating fatigability and weakness of ocular, bulbar, and
skeletal muscles, with the potential for life-threatening crises
[1]. MG has a bimodal incidence pattern, with younger women
and older men being most commonly affected [2]. Given its
chronic nature, the majority of patients with MG require
long-term and often lifelong, highly specialized care and therapy
[3]. Furthermore, studies have shown that patients with MG
experience a significantly reduced quality of life [4] and have
a high demand for individualized counseling on various topics
[5] and supportive interactions. In addition, characteristic
symptom fluctuations are not captured effectively by
conventional clinical assessments that rely on infrequent
in-person assessments that are further challenged due to
documentation overload for physicians, limited consultation
time, and geographical barriers that limit access to specialists
[6] . The characteristic symptom fluctuations in MG, but also
the long intervals for therapies to effectively influence the
disease including potential side effects, give rise to questions
and challenges for timely therapy adjustments and individual
counseling. However, in practice, these adjustments often do
not occur in a timely manner or are conducted in ways that pose
data privacy problems, are resource intensive and lack
standardization. These challenges and the growing demand for
personalized and on-demand available health care have spurred
the development of telemedical and wearable devices for remote
patient monitoring [7]. Wearable devices such as activity
trackers facilitate continuous monitoring of various health
parameters and have shown promise in reducing hospitalization
costs, improving personalized health management [8-10] and
health‐related quality of life [11]. Those digital health
interventions hold potential for bridging the care gap by offering
individualized support based on continuous health data derived
from both subjective patient-reported outcome measures
(PROMs) and objective wearable and sensor-based data.
Although previous remote digital studies have shown the
feasibility and usability of leveraging smartphones and wearable
technology for assessing clinical changes in different diagnosis
and naturalistic settings [12-14], there is to date no data available
on telemedical interventions for patients with MG. Generally,
successful integration of these technologies into health care
relies on patients’ active involvement and acceptance,
underscoring the importance of digital literacy [15,16]. In the

context of remote monitoring technologies, adherence serves
as a crucial measure of patient compliance with study protocols
(eg, the completion rate of providing data inputs at specified
frequencies outlined in the protocol) and is dependent on their
willingness and capacity to adopt new behaviors and practices.
We hypothesize that the integration of digital tools into clinical
care presents a viable approach for remotely monitoring the
condition and symptoms of patients with MG. The aim of this
study was to evaluate the feasibility and user satisfaction levels
among patients with MG and health care professionals with a
telemedicine platform specifically tailored to monitor patients
with MG and enabling patient-physician interaction.

Methods

Telemedical Platform for Patients with MG
The telemedical platform for patients with MG, “MyaLink”
used in the study was developed at Charité Universitätsmedizin
Berlin together with software partner Qurasoft GmbH (based
on the SaniQ platform). The platform is a Conformité
Européenne (CE)-marked class-I medical device (Medical
Device Directive) and is GDPR (General Data Protection
Regulation) and BlnDSG (Berlin Data Protection Act)
compliant. The platform consists of an app for patients (iOS
and Android) and a web-based portal for physicians facilitating
to review patient data, manage and set up individual monitoring
plans and medication plans. It offers a secure interactive
platform for exchange of information and health data between
physicians and patients and informed treatment decisions (Figure
1). The MyaLink app contains the following modules: (1)
transmission and integration of sensor-based data from
wearables including heart rate, oxygen saturation, and step count
(device: Garmin Vivosmart 5); (2) assessment of the forced
vital capacity from a digital spirometer (device: MIR Spirobank
Smart One); (3) assessment of questionnaires and PROMs (see
details under Section 3.5); and a (4) communication module for
individual requests and patient-physician interaction.
Furthermore, the app contains a (5) medication plan with
reminder function and (6) a module including data storage of
important documents (eg, clinical reports), which can also be
shared with the physician through the web-based portal. The
web-based system for physicians enables real time access to
this data and allows clinicians to obtain an accurate overview
of the patients’ condition and visualization of health data. If
necessary, the patient can be contacted through the
communication tool and adjustments to medication and the
remote monitoring plans can be made.
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Figure 1. Schematic overview of telemedical platform and its features (MyaLink): transmission and simultaneous integration of sensor-based data into
the app is implemented by bluetooth from coupled external devices (wearable or digital spirometer). In addition, the platform facilitates the collection
of patient-reported outcome measures (PROMs) through the app and a communication module enables interaction between patients and physicians.
Health data can be shared with specialists who can review monitoring parameters through the web-based system and make therapy adjustments as
needed. The data is transmitted between patient and physicians with double encryption (AES256, Advanced Encryption Standard). PROM: patient-reported
outcome measure.

Subjects’ Eligibility
Inclusion and exclusion criteria have been previously presented
in detail in our methods paper [17]. Inclusion criteria included
patients with a diagnosis of MG for at least 6 months before
study enrollment, aged 18 years and older, and classified
according to the Myasthenia Gravis Foundation of America
(MGFA) classification status I-IV [18]. Exclusion criteria
included patients with somatic, psychiatric, or neurological
disorders who were undergoing treatments or were not stabilized
under drug therapy that could adversely affect cognitive
function. Patients were recruited through the specialized
outpatient myasthenia center at Charité Universitätsmedizin
Berlin.

Study Design
This analysis focused on data obtained from the telemedical
intervention group from a randomized controlled trial (RCT)
conducted at our specialized center at Charité
Universitätsmedizin Berlin in Germany. The RCT included 45
patients with MG over a 12-week observation period between
April and September 2023. Patients were randomized in a 2:1
ratio into the telemedical intervention group (n=30) or the
control group (n=15), who received standard of care without
telemedical intervention. Randomization was performed
according to gender and clinical class stratified by MGFA score
at baseline (using the randomizer tool [19]). The primary
objective of the study was to investigate the feasibility of the
remote monitoring platform in care of patients with MG.
Feasibility was measured through adherence rates based on
completion of PROMs in the app and data collection from
external devices (including a digital spirometer and activity
tracker). Furthermore, user satisfaction with the telemedical
platform was assessed among patients and health care
professionals comprised of the study team (n=5) at the end of
the study. We, therefore, exclusively analyzed data from the 30
patients from the intervention group. Secondary objectives of
the study (but not part of this analysis) included comparing

standard of care with and without additional telemedical
intervention. This comparison focused on evaluating clinical
endpoints between the control and intervention group.
Comprehensive baseline and end-of-study visits were conducted
at the study center for both groups and included an in-person
clinical assessment of medical history, medication,
hospitalizations for MG, care-related questions (eg, accessibility
of a specialist or areas of improvement regarding MG treatment),
various PROMs and MG-specific clinical assessment through
the quantitative myasthenia gravis score (QMGS) [20]. At
baseline, the intervention group received a wearable (activity
tracker) and a digital spirometer, along with the MyaLink app,
which were set up and connected on the patients’ smartphone.
Instructions on app and external devices usage were provided
by the study team. This enabled remote health monitoring
throughout the study by active (PROMs and spirometry) and
passive (wearable) continuous data collection. Patients were
instructed to fill out PROMs and perform spirometry at
predefined intervals. They were instructed to wear the wearable
during waking hours (at least 14 h per day) throughout the study
period and optionally at night. Telemedical check-ups occurred
in weeks 4 and 8, comprising the reviewing of remote
monitoring data by study physicians and contacting the patients
if necessary (eg, changing medication). Patients could also
initiate communication through the chat module at any time,
with physicians monitoring messages on weekdays during
working hours and responding within 24 hours. Patients
completed usability questionnaires through the app a week
before the end of the study, while health care professionals
conducted their questionnaires after study completion.
Furthermore, oral feedback from patients was collected and
documented during the end-of-study visit. All data from the
study visits and all data from the telemedical check-up was
documented in REDCap (Research Electronic Data Capture)
software (version 13.7.31; Vanderbilt University).
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Patient-Reported Outcome Measures and Data From
App
In total, 6 questionnaires and 1 test were assigned to patients
through the app, administered weekly or monthly, depending
on their specific type (Figure 2). Weekly questionnaires included
the myasthenia gravis activities of daily living (MG-ADL)
profile [21], myasthenia gravis quality of life, revised
(MG-QoL15r) [22], and single simple question (SSQ) [23],
which are commonly used in MG studies including large
approval studies to assess functional status and quality of life.
Patients were also instructed to perform a weekly breath count
test [24]. Monthly questionnaires included Chalder Fatigue
Scale (CFS 11) [25] and Hospital Anxiety and Depression Scale
(HADS) [26] to assess common comorbidities in MG. In
addition, Patient Acceptable Symptom State (PASS) was

assessed monthly [27]. Furthermore, patients completed 2 user
satisfaction questionnaires at the end of the study. For broad
comparability, patients completed the System Usability Scale
(SUS) [28], where patients ranked each of the 10 statements
from 1 to 5 based on how much they agreed with the statement.
The second questionnaire was adapted from Braun et al [29]
and specifically tailored to the MyaLink telemedical platform.
It features 17 items categorized in 3 sections and uses a 4-point
Likert scale (strongly agree to strongly disagree). Originally
formulated in German for publication purposes, it underwent
consensus translation into English by 4 medical health care
professionals, including 1 native speaker. After the study, the
study team completed a modified version of the questionnaire
adapted from Braun et al for health care professionals,
respectively.

Figure 2. Monitoring plan and frequencies of assessed parameters: Active (PROMs, respiratory function assessment) and passive data (wearable data)
were collected during the study period. PROMs data were collected weekly or monthly, depending on the questionnaire. Respiratory function assessment,
assessed through breath count test and spirometry, was conducted weekly by the protocol. The collection of wearable data was continuous, with steps
aggregated by the hour. PROMs: patient-reported outcome measures; MG-ADL: myasthenia gravis activities of daily living; MG-QoL15r: myasthenia
gravis quality of life, revised; SSQ: single simple question; PASS: Patient Acceptable Symptom State; CFS: Chalder Fatigue Scale; HADS: Hospital
Anxiety and Depression Scale.

Data From External Device or Wearable
Patients were instructed to perform spirometry measurements
weekly, with reminders sent through the app through push
notifications. The wearable continuously collected oxygen
saturation level (every minute), heart rate (every minute), and
steps (hourly aggregated). Data from both the digital spirometer
and the wearable were transmitted directly to the app by
bluetooth. The study team regularly checked the web-based
system to ensure receipt of data from external devices and
questionnaires, sending reminder messages through the chat
module when necessary.

Analysis
The statistical calculations were performed using R software
(version 4.2.2; R Foundation for Statistical Computing) [30].
Descriptive statistics (median [IQR] and absolute and relative

frequencies) are presented depending on the scale of the
variables.

Feasibility was assessed by adherence rates. For PROMs,
assignments of the questionnaire started a week or month after
the baseline visit respectively, depending on the questionnaire.
Questionnaires were assigned together with a push notification
on the patient’s phone and disappeared from the app upon
completion or were “overwritten” upon receiving a new
assignment. Questionnaires could only be submitted by patients
through the app if they were fully completed. Each questionnaire
was required to be completed within 7 days to be counted as
“completed,” including the monthly assigned questionnaires,
with missing entries calculated accordingly. The final day for
data acquisition from the last assigned weekly questionnaires
ended the day before the end-of-study visit. Total adherence
rates were calculated as the total number of completed
questionnaires divided by the total number of assigned
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questionnaires. Additional questionnaire assignments were
allowed in cases of clinical deterioration but were excluded
from adherence calculations. The study was considered
successful if at least 60% of assigned PROMs through the app
were answered by patients of the intervention group. Across
the 30 patients of the intervention group, a mean adherence rate
and a 2-sided 95% CI are determined. If the observed average
adherence is at least 76%, with data from 30 patients, the 95%
CI would range from 60.7% to 91.3%, thus exceeding the 60%
threshold.

Spirometry adherence rates were calculated accordingly (ratio
of the total number of actual measurements performed during
the study vs total number of measurements required per the
study protocol).

Adherence calculations for wearable data included
measurements starting the day after the baseline visit and ending
the day before the end-of-study visit. Adherence to wearable
data from the activity tracker was evaluated by aggregating data
over hourly windows, with 100% adherence defined as wearing
the device for 14 hours per day per patient (based on the
estimated waking hours). This was then extrapolated over the
study duration. Each hour necessitated at least one heart rate
measurement to validate wear time, considering heart rate a
more reliable marker than oxygen saturation. Overall adherence
was determined by the sum of the hours the patients had with
at least one heart rate measurement divided by sum of the hours
per day corresponding to 100% individual adherence.

The user satisfaction questionnaire was descriptively evaluated
using the Likert scale. The SUS ranked each of the 10 statements
from 1 to 5 based on user agreement, from which a SUS score
was calculated: Each patient responses undergo conversion into
a new numerical value (0‐4), which is then aggregated and
multiplied by 2.5 to transform the original scoring range of
0‐40 into a 0‐100 scale. These scores do not represent
percentages but a percentile ranking [31]. Research suggests
that a SUS score above 68 is considered acceptable, with scores
below 68 classified as not acceptable. Therefore, a score above
68 on the SUS is interpreted as a positive result further
supporting the platform’s usability. A more detailed

classification considers SUS scores between 73 and 84 as good,
between 85 and 99 as excellent, and 100 as the best.

This analysis focuses on the primary study endpoints assessing
feasibility and usability. Further exploratory analyses of
secondary endpoints, eg, comparative clinical endpoint analyses
(between control group and intervention group), evaluations of
communication patterns from the MyaLink chat and telemedical
interventions are currently prepared and results will be presented
in further studies.

Ethical Considerations
This study received ethics approval by the ethics committee at
Charité Universitätsmedizin Berlin (EA2/157/22). Written
informed consent was obtained from the study participants
before the start of the study. The study was conducted in
accordance with the Declaration of Helsinki (2013) and its later
amendments. Data storage and handling responsibilities were
approved by the ethics committee of Charité Universitätsmedizin
Berlin. The data collected through MyaLink is stored on certified
data servers, which adhere to a management system according
to ISO/IEC 27001:2013.

Results

Patient Characteristics
Patients were between 23 and 82 years (median 47.5 years; IQR
40.5-57.5) at time of enrollment. The majority of patients were
female (21/30, 70%). Most patients in the study had a mild to
moderate disease severity, with 36.7% (11/30) categorized in
MGFA II (a or b) status and 43.3% (13/30) in MGFA III (a or
b) status at the time of enrolment. Median scores for MG-ADL
and QMG were 10 (IQR 5.25-11) and 15.5 points (IQR
12.25-20.75), respectively. On average, patients were diagnosed
5.5 years (IQR 2-9.75) before entry in the study. One patient
withdrew from the study due to health reasons unrelated to MG.
All results presented include data from the dropout, including
measurements taken before the time of dropout (with the
patient’s consent). Detailed patient characteristics are presented
in Table 1.
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Table . Patient characteristics: age, clinical class, time since diagnosis, study duration, and operating system for intervention group as well as subgroups
(female and male).

Male (n=9)Female (n=21)Overall (n=30)Characteristics

56 (40‐60)47 (42‐53)47.5 (40.5‐57.5)Age, median (IQR)

MGFAa score, n (%)

1 (11.1)0 (0)1 (3.3)I

1 (11.1)4 (19)5 (16.7)IIa

3 (33.3)3 (14.3)6 (20)IIb

1 (11.1)2 (9.5)3 (10)IIIa

2 (22.2)8 (38.1)10 (33.3)IIIb

0 (0)0 (0)0 (0)IVa

1 (11.1)4 (19)5 (16.7)IVb

9 (6-12)10 (5‐11)10 (5.25‐11)MG-ADLb score, median (IQR)

13 (13‐19)17 (12‐21)15.5 (12.25‐20.75)MG-QoL15rc score, median (IQR)

14 (10‐15)15 (13‐18)15 (12.25‐17)QMGd score, median (IQR)

7 (4-9)5 (2-10)5.5 (2‐9.75)Years since MGe diagnosis, median
(IQR)

System, n (%)

4 (44.4)15 (71.4)19 (63.3)Android

5 (55.6)6 (28.6)11 (36.7)iOS

84 (84‐86)84 (83‐85)84 (84‐85)Days between baseline and end-of-
study visit, median (IQR)

0 (0)1 (4.8)1 (3.3)Dropout, n (%)

aMGFA: Myasthenia Gravis Foundation of America.
bMG-ADL: myasthenia gravis activities of daily living.
cMG-QoL15r: myasthenia gravis quality of life, revised.
dQMG: quantitative myasthenia gravis.
eMG: myasthenia gravis.

Adherence
The total adherence rates for PROMs and external devices data
ranged from 74.3%- 97.9% (1830/2464 - 327/334) across all

data types and are detailed in Table 2. When examining
adherence by data category, adherence to PROMs was the
highest, followed by spirometry, and then wearable data from
the activity tracker.
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Table . Total adherence rates for different data groups.

Adherence (total completed/total assigned), n/N (%)Data group

1139/1179 (96.6)Overall PROMsa

321/334 (96.1)MG-ADLb

325/334 (97.3)MG-QoL15rc

327/334 (97.9)SSQd

55/59 (93.2)CFSe

5/59 (93.2)HADSf

56/59 (94.9)PASSg

326/334 (97.6)Breath count test

Spirometry

293/334 (87.7)FVCh

Wearables (at least 14 h per day)

1830/2464 (74.3)Pulse

1830/2261 (80.9)Pulse (excluding days without any wearable measurement from the analy-
sis)

aPROMS: patient-reported outcome measures.
bMG-ADL: myasthenia gravis activities of daily living.
cMG-QoL15r: myasthenia gravis quality of life, revised.
dSSQ: single simple question.
eCFS: Chalder Fatigue Scale.
fHADS: Hospital Anxiety and Depression Scale.
gPASS: Patient Acceptable Symptom State.
hFVC: forced vital capacity.

Adherence to PROMs ranged between 93.2% (55/59) and 97.9%
(327/334), depending on the specific questionnaire. Patients
were assigned weekly questionnaires and spirometry
measurements between 11 and 13 times (drop out: 5 times)
during the study, depending on individual study duration of a
participant. Monthly questionnaires were assigned twice to all
patients (drop out: 1). There was no difference in adherence

regarding the questionnaire frequency. For the breath count test,
adherence was 97.6% (326/334). Adherence to spirometry was
slightly lower than PROMs (293/334, 87.7%), likely due to the
higher task burden associated with these active measurements
(Figure 3). Patients conducted a median of 49 spirometry
measurements (IQR 15-59).
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Figure 3. Adherence of spirometry measurements: The blue circles represent the end-of-study visit for each patient, while the red line indicates week
12, marking the duration of the study. Each black vertical line indicates when a spirometry measurement was assigned according to the study protocol
(weekly intervals). Patients were given a 7-day window until the next weekly assignment for measurement to qualify as “completed.” The black dots
mark the times when the patient actually performed the spirometry measurement. Each measurement from the digital spirometer was timestamped and
subsequently automatically transmitted to the app through bluetooth, with the values being integrated accordingly. FVC: forced vital capacity.

On average, patients wore the wearable for a median duration
of 20 hours per day (IQR 15‐24). Wearable adherence rates
exhibited considerable variability among patients, ranging from
6.8% (4/59) to 100% (83/83) (Figure 4), despite an overall
strong adherence of 80.9% (1830/2261) for all patients during
the study when excluding days without any data input (no
recorded heart rate measurements) from the calculation (Table
2). Including days without wearable data input to the calculation
decreased adherence to 74.3% (1830/2464). Clinical insights
from chat interactions, as evidenced by the timestamps within
the chat messages, unveiled several factors impacting patients
with decreased device use. For example, out of the 30 patients,
2 patients (6.7%) experienced a myasthenic crisis necessitating

prolonged hospitalization and reported having forgotten the
devices at home. Furthermore, 1 patient (3.3%) had difficulty
with using the app (older patient who was overwhelmed by the
technical operation and conducting measurements with the
digital spirometer) with numerous interactions with the software
provider’s support team. Some patients experienced discomfort
with the rubber strap of the activity tracker. Some patients had
device-related issues such as (recurring) pairing problems and
1 out of the 30 patients (3.3%) received a defective activity
tracker, necessitating a device replacement. However, even after
replacement the patient reported ongoing connectivity issues
between the wearable and his smartphone.

JMIR Form Res 2025 | vol. 9 | e58266 | p.708https://formative.jmir.org/2025/1/e58266
(page number not for citation purposes)

Stein et alJMIR FORMATIVE RESEARCH

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


Figure 4. Adherence rates for wearable data from the activity tracker: Days since baseline visit on the X-axis, with patients represented on the Y-axis
and the adherence rate per patient in the column on the right side. Days with wearable usage of at least 14 hours per day were classified as compliant
(marked in green). A wearable hour was counted if at least one heart rate measurement value was recorded per hour. Days with less than 14 hours of
wearable usage per day were marked as red. Days without any recorded heart rate measurements were marked in gray and excluded from the analysis.

User Satisfaction
The highest levels of agreement were observed in the following
order: experience with the care program, communication, and
evaluation of the program. Regarding the care program
evaluation, 89.7% (26/29) agreed that the app was easy to use
while 93.1% (27/29) agreed that the time investment required
for app usage was appropriate. In total, 89.6% (26/29) of patients
agreed that describing their health status during follow-up
appointments was easier. A total of 93.1% (27/29) indicated
that treating physicians were interested in reviewing the
collected monitoring parameters. In addition, 79.3% (23/29) of
patients agreed that their quality of life had significantly
improved since app usage. Futhermore, 96.6% (28/29) expressed
willingness to recommend the app to other patients. In addition,

69% (20/29) agreed that they felt more confident in identifying
MG-specific problems using the app. Views on the reduction
of visits to neurologists or clinics were mixed; 55.2% (16/29)
agreed to needing fewer visits to neurologists, while 51.7%
(15/29) agreed to reduced visits to clinics, with 13.8% (4/29)
strongly disagreeing with both categories (Figure 5). Out of the
29 patients, 14 patients (46.7%) responded that they did not
agree that they required less frequent hospital visits; of those
14 patients, 8 patients (57.1%) were hospitalized during the
study period due to MG (two of whom were in intensive care).
In addition, 7 of these 14 patients (50%) experienced at least
one exacerbation. Results of user evaluation from the health
care professionals showed similar high acceptance rates
regarding the telemedical platform, ease of use, and overall
positive evaluation on the effect on patient care (Figure 6).
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Figure 5. User evaluation for patients: The questionnaire was divided into 3 categories: “Experience with the care program,” “Communication and
Interaction” and “Evaluation of the program.” All 17 questions could be answered using a 4-point Likert scale ranging from 1 (strongly agree) to 4
(strongly disagree).
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Figure 6. User evaluation for health care professionals: The questionnaire was divided into 3 categories: “Experience with the care program,“
“Communication and Interaction,” and “Evaluation of the program.” All 17 questions could be answered using a 4-point Likert scale ranging from 1
(strongly agree) to 4 (strongly disagree). Depending on the role within the study team (eg, physician and study nurse), only certain questions in the
questionnaire could be answered.

The overall median SUS score was 85 (IQR 75-90). Figure 7
shows that there was a high level of agreement regarding the
system’s ease of use (26/29, 90%), patients’ confidence in
operating it (25/29, 86%), and patients’belief that others would
quickly learn to use the app (25/29, 86%). Notably, 21% (6/29)
remained neutral regarding perceived inconsistencies in the app,
although the majority (20/29, 69%) tended to disagree. Among

patients (N=22) who responded at least once with a neutral
(Likert-scale 3) or negative response to any question (agreeing
or strongly agreeing with negatively formulated questions or
disagreeing or strongly disagreeing with positively formulated
questions), there were 14 females (63.6%) with a median age
of 47.5 (IQR 39.25-61.25; mean 49.7, SD 15.70), and the
MG-ADL score at baseline was median 9.5 (IQR 5-11; mean
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8.5, SD 3.60). Of all 29 patients, 69% (20/29) expressed
willingness to use the app regularly. Among the patients who
responded negatively or neutral to this statement, the
documented oral feedback collected at the end-of-study visit
mainly encompassed technical feedback, such as suggestions
for adjusting the size of the chat window, implementing filter
options for monitoring parameters in the health diary, and

presenting preferences for the parameter dashboard.
Furthermore, patients also frequently noted necessary
improvements for a more user-friendly medication plan. In
addition, there were critiques regarding the omission of specific
symptoms in the PROMs (eg, nonmotor symptoms, pain, and
sleep) and requests from patients for a free-form diary function
(eg, for documenting infections or daily fluctuations).

Figure 7. The System Usability Scale (SUS) uses a 10-item questionnaire with 5 response options for respondents, ranging from strongly agree to
strongly disagree. Due to rounding, the percentage for Question 2 (“I feel confident using the app”) is 99% instead of 100%.

Discussion

Our study evaluated the feasibility and usability of a
telemedicine platform for patient-physician interaction and
monitoring for MG, incorporating wearable data collection.
Feasibility, measured by adherence, ranged from 74.3%- 97.9%
(1830/2464 - 327/334) across all data types, with the highest
adherence observed for completion of PROMs (1139/1179,
96.6%) within the app, followed by adherence to spirometry
measurements (293/334, 87.7%), and then wearable adherence
(1830/2261, 80.9%). Next to adherence, user satisfaction among
patients and health care professionals was assessed and generally
rated high to very high across different categories (care program,
communication, and evaluation of the program) and considered
“excellent” according to the SUS score. The majority of patients
stated their willingness to continue using the app.

Our results demonstrate that the introduction of such a digital
tool in a clinical setting is feasible and facilitates clinical
monitoring regardless of age or gender. These findings represent
the first results in the field of MG for telemedical intervention.
There was mutual acceptance from both health care

professionals and patients, as evidenced by the high adherence
rates and good to very good user satisfaction assessed at the
end of the study.

Overall, patients demonstrated greater engagement with the app
questionnaires compared with data collection through wearables
and spirometry. Passive data collection by wearables displayed
higher adherence rates than active spirometry, interestingly
diverging from previous research [32]. Consistent with previous
clinical studies [33-35], there was a variability particularly in
wearable adherence. Our additional clinical data from the chat
interactions revealed that commonly technical issues (eg, pairing
problems and device malfunction) and discomfort (eg, wristband
intolerance) were factors contributing to lower adherence rates
for some patients. Only 1 patient consistently experienced
difficulties (and ultimately discontinued wearable use).
However, patients wore the device significantly longer than
required by the study protocol, including during nighttime
(median 20 h per day (IQR 15-24)). Similarly, spirometry was
performed more frequently than required by protocol (49
measurements (median; IQR 15-59)). This indicates a high need
and willingness of patients to monitor their own symptoms. Our
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study results align with broader research on telemedicine for
chronic diseases, demonstrating high feasibility and user
acceptance, consistent with findings in other disorders. Similar
to studies in palliative care in cancer patients [36], depression
monitoring [37] and heart failure [38], our results confirm the
feasibility of continuous monitoring through mobile technologies
for chronic conditions. With an adherence rate of 80.9%
(1830/2261) for wearables, our study falls at the higher end of
reported ranges (53%‐94%) [36-43]. However, the higher
adherence rates for active data (PROMs) over passive data
(wearables) in our results contrasts with other studies finding
[40,42], indicating potential disease-specific differences
requiring further investigation. In addition, patients’ sense of
control during active data input or technical challenges with
wearables could have affected adherence to passive monitoring.
Still, comparison with other studies for different diseases
remains difficult, as literature on wearable adherence expose
inconsistency in reporting and study design.

Overall user satisfaction was high, particularly patients agreed
on the ease of use, satisfaction, and improvement in
understanding their symptoms. This finding aligns with a study
in multiple sclerosis that reported sustained satisfaction with
remote monitoring using smartphone and wearable technology
over 6 months [40]. Further qualitative analyses, such as focus
groups with patients, could aid in gaining a deeper understanding
of the reasons behind these perceptions and to identify areas for
improvements. First approaches have been made by the research
team within the framework of additional small-scale pilot phases
involving patients testing the platform use and workshops for
feedback collection and development requests. Furthermore,
mixed opinions were indicated by patients regarding whether
the use of the telemedicine platform could reduce visits to
neurologists or clinics, indicating that the platform may
primarily serve as a complement to existing care structures
rather than a replacement of personal interactions.

For successful implementation in clinical care, the efficient
usage and integration of such data into clinical decision-making

processes will be essential. This includes logistical efforts, but
also necessitates a careful assessment of data quality and
interpretation, and the “appropriate” monitoring intensity for
different patient groups (eg, those with a short disease duration,
highly active disease, and fast-acting treatment regimens may
require more frequent assessments). Furthermore, addressing
regulatory challenges, particularly regarding reimbursement
structures for health care professionals will be crucial for
long-term integration within health care systems.

Limitations
Our study encountered several challenges associated with remote
monitoring technology: These included missing passive
wearable data primarily due to technical issues and
synchronization problems and patients’ discomfort with the
wristband from the wearable. Addressing these challenges and
providing solutions, such as training sessions and available
technical support, is crucial to ensure optimal patient experience
and adherence in future studies using these technologies.
Furthermore, the study cohort is relatively small, and the study
duration is short. Patients with higher digital literacy may have
been more likely to participate, potentially impacting the
representativeness of the cohort. Regarding user evaluation of
health care professionals, it should be noted that the study team
size was small and partially comprised members of the
development team for the platform, which could add to bias in
answering the questionnaire.

Conclusion
In conclusion, our results demonstrate the feasibility of remote
monitoring for collecting both subjective (active) and objective
(passive) data from multiple sources among patients with MG,
as evidenced by above-average adherence rates and
acceptability. This underscores the potential for user-friendly
digital tools for long-term monitoring of patients with MG and
their willingness to track disease progression. Larger and
prolonged studies are needed to benchmark our findings and to
further explore the effective implementation of such tools and
their clinical implications in practice.
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Abstract

Background: Anorexia nervosa is a severe psychiatric disorder with high morbidity and mortality, particularly among adolescents.
Family-based treatment (FBT) is the leading evidence-based intervention for adolescent anorexia nervosa, involving parents in
renourishment and behavior interruption. Despite its effectiveness, challenges in distress tolerance and emotion regulation during
high-stress situations, such as mealtimes, contribute to suboptimal treatment outcomes, with only 35% to 50% of adolescents
achieving full recovery. Enhancing distress tolerance skills during FBT may improve treatment responses and recovery rates.
The BALANCE mobile app was developed to address this need, offering real-time, dialectical behavior therapy (DBT)–based
distress tolerance skills to support adolescents and families during mealtimes.

Objective: Our aim was to explore the feasibility and acceptability of a mobile app designed to deliver distress tolerance skills
to adolescents with and adolescents without anorexia nervosa. When fully programmed and optimized, we plan to use the mobile
app to improve distress tolerance during mealtimes for adolescents with anorexia nervosa undergoing FBT.

Methods: BALANCE was developed collaboratively with Stanford University’s Center for Biodesign, leveraging the expertise
of clinical psychologists and using biodesign student input and the Stanford Spezi ecosystem. The app underwent an iterative
development process, with feedback from adolescent users. The initial feasibility and acceptability of the app were assessed
through self-reported questionnaires and structured interviews with 24 adolescents aged 12 to 18 years, including 4 diagnosed
with anorexia nervosa and 20 healthy controls. Adolescents with anorexia nervosa specifically used the app during mealtimes,
and healthy controls used it as needed. Participants assessed the app’s usability, perceived effectiveness, and its impact on their
distress tolerance.

Results: The app demonstrated high usability and acceptability. Of 24 participants, 83% (n=20) reported enjoying the app, 88%
(n=21) would recommend it to peers, and 100% (n=24) found it user-friendly. Adolescents with anorexia nervosa reported that
BALANCE helped them manage stressful mealtimes more effectively, highlighting features such as guided meditation, breathing
exercises, and gamification elements as particularly effective. Healthy controls provided additional feedback, confirming the
app’s broad appeal to the target audience and potential scalability. Preliminary findings suggest that BALANCE may enhance
distress tolerance in adolescents with and adolescents without anorexia nervosa.

Conclusions: BALANCE shows promise as an innovative mobile health intervention for enhancing distress tolerance in
adolescents with anorexia nervosa. Its user-friendly design and tailored DBT-based skills make it a feasible tool for integration
into FBT. Future research should explore its integration into clinical practice and its impact on treatment outcomes. As distress
tolerance skills are relevant to a range of mental health conditions, future research may also expand BALANCE’s application to
broader adolescent populations.

(JMIR Form Res 2025;9:e70278)   doi:10.2196/70278

KEYWORDS

mHealth; mobile health; mobile application; emotion regulation; eating disorders; family-based treatment; distress tolerance;
mealtimes
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Introduction

Anorexia nervosa is a severe psychiatric disorder that poses
significant morbidity and mortality risks, particularly among
adolescents. Family-based treatment (FBT) has been shown to
be effective in addressing adolescent anorexia nervosa by
involving parents to promote renourishment and disrupt eating
disorder behaviors [1]. However, despite its success, only 35%
to 50% of adolescents fully recover through FBT, highlighting
the need for innovative strategies to enhance treatment outcomes
[2,3].

Recent research highlights the role of distress tolerance in eating
disorder recovery, with studies demonstrating that lower distress
tolerance is associated with poorer treatment outcomes [4].
Despite the increasing adoption of mobile health (mHealth)
interventions in psychiatric care, few apps specifically target
distress tolerance during mealtimes for adolescents with anorexia
nervosa. The BALANCE app was developed to address this
gap, providing real-time, dialectical behavior therapy
(DBT)–based distress tolerance strategies that can be integrated
into FBT.

Several studies in the past 2 to 3 years have examined digital
interventions for eating disorders, reinforcing the importance
of personalized and interactive tools in improving treatment
adherence [5-7]. Digital interventions have been found to
enhance engagement by providing real-time coping strategies,
facilitating adherence to treatment protocols, and supporting
long-term behavior change [7]. Additionally, studies emphasize
the importance of incorporating structured distress tolerance
strategies into existing treatment models to optimize clinical
outcomes [4]. By leveraging DBT principles, BALANCE aims
to enhance distress tolerance skills, thereby ultimately improving
treatment efficacy for adolescents with anorexia nervosa.

This study evaluated the feasibility and acceptability of the
BALANCE mobile app, which was designed to improve distress
tolerance in adolescents, with the aim of ultimately having the
app be used during mealtimes for adolescents with anorexia
nervosa undergoing FBT.

Methods

Recruitment Process and Procedures
To ensure a systematic and transparent recruitment process, we
implemented the following step-by-step procedure: (1)
identifying eligible participants, (2) screening for eligibility,
(3) obtaining parental and participant consent, and (4)
conducting an orientation session.

Identification of Eligible Participants
A total of 24 adolescents aged 12 to 18 years were recruited for
this study. For the initial iteration of the app, we focused on
acceptability and feasibility among the adolescent age group.
In total, 20 healthy adolescent controls were recruited from the
community through flyers on social media platforms. We also
recruited 4 adolescents with anorexia nervosa from the Stanford
University Comprehensive Care Program—a 15-bed inpatient
unit within Lucile Packard Children’s Hospital that provides

multidisciplinary care for medically compromised adolescents
with eating disorders—to preliminarily assess acceptability and
feasibility with this clinical group.

Screening for Eligibility
Interested participants completed an initial phone call with study
staff to determine eligibility based on diagnosis, age, and access
to a smart device that could download the BALANCE app.

Parental and Participant Consent
For participants younger than 18 years, parental consent and
adolescent assent were obtained. Participants aged 18 years
provided informed consent independently. All participants
received detailed study explanations, including explanations
about potential risks and benefits.

Orientation Session
Eligible participants attended an orientation session where they
learned how to use the app, including its features and intended
usage during mealtimes.

Ethical Considerations
This study was approved by Stanford University’s institutional
review board, under the protocol titled “Refinement of Emotion
Regulation App for Adolescents with Anorexia Nervosa at
Mealtimes During Family-Based Treatment” (eProtocol
#69550), adhering to ethical guidelines for human subject
research. Informed consent was obtained from all participants
aged 18 years, and for participants younger than 18 years,
consent was secured from their parents or legal guardians
alongside adolescent assent. To ensure privacy and
confidentiality, all data were deidentified prior to analysis and
securely stored on encrypted servers that were accessible only
to the research team. Findings were reported in aggregate to
prevent individual identification. Participants were not
monetarily compensated but were provided early access to the
BALANCE app and allowed continued use after this study’s
completion.

App Development and Collaboration
BALANCE was developed in collaboration with Stanford
University’s Eating Disorder Research Team and a Stanford
biodesign course on mHealth app development [8]. The course
enabled computer science undergraduate and graduate students
to provide input on app features, interface design, and technical
functionality, leveraging the Stanford Spezi open-source digital
health framework [9] and student expertise in mHealth
technology. Spezi was designed for the rapid development of
modern, interoperable mHealth apps based on an ecosystem of
modules that encapsulate common functionality and build upon
international standards for health data. Prior research on
app-based interventions for eating disorders demonstrated the
importance of incorporating lived experiences of potential users
into the development process [10]. Similarly, the BALANCE
app development followed an iterative, user-centered design
process, which incorporated 2 waves of feedback from
adolescent users (N=10), ensuring the app’s relevance and
usability for the target adolescent age group. Licensed clinical
psychologists with expertise in DBT-based distress tolerance
skills guided the creation of the app’s core content, while

JMIR Form Res 2025 | vol. 9 | e70278 | p.718https://formative.jmir.org/2025/1/e70278
(page number not for citation purposes)

Miranda et alJMIR FORMATIVE RESEARCH

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


students helped refine the user experience through feedback
loops and usability testing [11].

BALANCE incorporates several features designed to improve
distress tolerance in adolescents. Users can select a distress
tolerance skill, such as distraction, relaxation, or emotion
tracking, through the app’s interface (Figure 1). Data on app
use (eg, frequency, duration, and skill type) are collected. The
app also includes a gamification feature, rewarding users with
coins (ie, for customizing an avatar) based on their engagement.
The app can be opened directly when prompted by the

adolescents or their parents. Additionally, when the app is
integrated with a user’s personal smartwatch, notifications are
sent to the user when their heart rate increases enough to indicate
the possibility of emotional distress, prompting them to open
the app. Therapists working with the adolescents in FBT have
access to a dashboard that provides information about
adolescents’ app use in visual tables and figures. Therapists can
integrate this information (eg, how often the app was used, what
time of day app use occurred, and what app features were
accessed) into FBT when working with the patients and their
family.

Figure 1. BALANCE app interface and features. This figure showcases the design and core functionalities of the BALANCE app—a mobile health
intervention developed to deliver distress tolerance skills to adolescents aged 12 to 18 years. The app incorporates guided meditation, emotion tracking,
and gamification features, and it was developed through a collaborative process involving clinical psychologists and biodesign students. Screenshots
depict the user interface and interactive elements.

Study Design
This study assessed the BALANCE app’s feasibility and
acceptability, using self-reported questionnaires and interviews
with adolescent users. A secondary aim was to explore app use
among adolescents with anorexia nervosa. Healthy adolescents
used the app for at least 30 minutes, while adolescents with
anorexia nervosa used the app during mealtimes. Measures
included usability, perceived effectiveness, and distress tolerance
outcomes. Structured interviews allowed participants to
elaborate on survey responses to suggest specific modifications
to the app, comment on the design, alert us about any usability
issues, and share any other feedback that was not captured by
survey questions.

Measures
Participants rated their experience with the app by using
Likert-scale surveys and open-ended questions about the app’s
functionality, design, and impact on emotion regulation.

Results

Participant Demographics
Participants consisted of healthy adolescents (n=20) and
adolescents with anorexia nervosa (n=4). Participants were
racially and ethnically diverse; of the 24 participants, 16 (67%)
identified as female, 8 (33%) identified as male, 13 (54%)
identified as White, 8 (33%) identified as Asian, and 3 (13%)
identified as Hispanic or Latino.

Survey Results
The majority of participants found the app user-friendly (n=24,
100%) and helpful (n=22, 92%). Of the 24 participants, 20
(83%) reported enjoying the app, and 21 (88%) would
recommend it to a friend. Notably, the guided meditation and
breathing exercises were highlighted as particularly helpful
during stressful situations. Participant ratings of the app were
generally consistent between adolescents with and adolescents
without anorexia nervosa (Table 1). Preliminary findings suggest
that the BALANCE app improves adolescents’ self-reported
ability to manage emotional states. Adolescents with anorexia
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nervosa reported a decrease in distress and increased ability to tolerate discomfort associated with eating (Tables 1-3).

Table . Survey responses from the 24 adolescents (4 with anorexia nervosa and 20 healthy controls) on the BALANCE app. Responses (collected from

July 2023 to January 2024) highlight user satisfaction, ease of use, and distress tolerance skills.a

Strongly agree, n (%)Agree, n (%)Neutral, n (%)Disagree, n (%)Strongly disagree, n
(%)

Survey statement

4 (17)20 (83)0 (0)0 (0)0 (0)I enjoyed using this ap-
plication

5 (21)17 (71)2 (8)0 (0)0 (0)This app has functional-
ity that is easy to under-
stand

10 (42)14 (58)0 (0)0 (0)0 (0)This app has a user-
friendly interface de-
sign

0 (0)1 (4)2 (8)10 (42)11 (46)This app is exhausting
or difficult to use

0 (0)21 (88)3 (13)0 (0)0 (0)I would recommend
this app to a friend

0 (0)15 (63)8 (33)1 (4)0 (0)This app helped me to
regulate my emotions

0 (0)2 (8)0 (0)6 (25)16 (67)I found this app to be
triggering or unhelpful
to my emotional state

aPercentages may not add up to 100% due to rounding.

Table . Survey responses from the 20 healthy adolescent controls on the BALANCE app. Responses (collected from July 2023 to January 2024)

highlight user satisfaction, ease of use, and distress tolerance skills.a

Strongly agree, n (%)Agree, n (%)Neutral, n (%)Disagree, n (%)Strongly disagree, n
(%)

Survey statement

4 (20)16 (80)0 (0)0 (0)0 (0)I enjoyed using this ap-
plication

5 (25)14 (70)1 (5)0 (0)0 (0)This app has functional-
ity that is easy to under-
stand

8 (40)12 (60)0 (0)0 (0)0 (0)This app has a user-
friendly interface de-
sign

0 (0)1 (5)0 (0)10 (50)9 (45)This app is exhausting
or difficult to use

0 (0)17 (85)3 (15)0 (0)0 (0)I would recommend
this app to a friend

0 (0)13 (65)6 (30)1 (5)0 (0)This app helped me to
regulate my emotions

0 (0)2 (10)0 (0)5 (25)13 (65)I found this app to be
triggering or unhelpful
to my emotional state

aPercentages may not add up to 100% due to rounding.
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Table . Survey responses from the 4 adolescents with anorexia nervosa on the BALANCE app. Responses (collected from July 2023 to January 2024)

highlight user satisfaction, ease of use, and distress tolerance skills.a

Strongly agree, n (%)Agree, n (%)Neutral, n (%)Disagree, n (%)Strongly disagree, n
(%)

Survey statement

0 (0)4 (100)0 (0)0 (0)0 (0)I enjoyed using this ap-
plication

0 (0)3 (75)1 (25)0 (0)0 (0)This app has functional-
ity that is easy to under-
stand

2 (50)2 (50)0 (0)0 (0)0 (0)This app has a user-
friendly interface de-
sign

0 (0)0 (0)2 (50)0 (0)2 (50)This app is exhausting
or difficult to use

0 (0)4 (100)0 (0)0 (0)0 (0)I would recommend
this app to a friend

0 (0)2 (50)2 (50)0 (0)0 (0)This app helped me to
regulate my emotions

0 (0)0 (0)0 (0)1 (25)3 (75)I found this app to be
triggering or unhelpful
to my emotional state

aPercentages may not add up to 100% due to rounding.

Discussion

Summary of Findings
This study demonstrated the feasibility and acceptability of the
BALANCE mobile app for delivering distress tolerance skills
to adolescents, including those with anorexia nervosa. The app
was well received, with 83% (20/24) of participants reporting
enjoyment, 88% (21/24) reporting that they would recommend
it to peers, and 100% (24/24) finding it user-friendly.
Adolescents with anorexia nervosa reported improvements in
their ability to tolerate mealtime distress, suggesting that the
app may serve as a valuable adjunct to FBT. These findings
align with this study’s primary objective to assess the feasibility
and acceptability of the app, paving the way for its integration
into clinical practice. Additionally, this study provides initial
evidence that BALANCE may help address distress-related
barriers to effective meal completion—a crucial factor in
anorexia nervosa recovery.

Interpretations
The BALANCE app provides a structured and scalable solution
to a critical gap in FBT by delivering real-time distress tolerance
skills for high-stress mealtimes [12,13]. Distress tolerance
deficits contribute to poor treatment adherence and increased
dropout rates among adolescents undergoing FBT [12,13]. The
high usability ratings suggest that BALANCE may effectively
supplement traditional therapeutic interventions, thereby
improving mealtime coping mechanisms.

Compared to other mHealth apps for eating disorders,
BALANCE is unique in its focus on real-time distress tolerance
rather than self-monitoring or general emotional regulation
[5,7]. Its DBT-based approach aligns with research showing
the efficacy of distress tolerance training in improving treatment
engagement and emotional resilience in adolescents with

anorexia nervosa [14,15]. Gamification and interactive features
further support engagement—a crucial factor in digital
intervention success [5,6].

As digital tools become more integrated into clinical practice,
BALANCE could be incorporated into standard FBT protocols
to improve accessibility and engagement. By providing
just-in-time intervention during mealtimes, it may help
adolescents manage high-anxiety eating situations and support
better treatment adherence and long-term recovery.

Limitations
This study’s limitations include a small sample size, particularly
the limited number of adolescents with anorexia nervosa.
Additionally, the reliance on self-reported data introduces
potential biases, and the short duration of app use prevents
long-term effectiveness assessment. Future research should
address these limitations by conducting larger-scale trials,
exploring longitudinal impacts, and assessing BALANCE’s
integration into standard FBT protocols. Investigating potential
barriers to app engagement in diverse clinical settings is also
necessary for optimizing its implementation.

Conclusions and Broader Implications
The BALANCE app is a novel, acceptable, and feasible tool
for delivering distress tolerance skills to adolescents with
anorexia nervosa. It shows promise for use during high-stress
mealtimes, addressing a critical barrier to the effectiveness of
FBT. The pilot testing of the app’s integration into FBT is
underway, assessing its impact on treatment adherence and
distress tolerance in real-world clinical settings. If successfully
implemented, BALANCE could enhance treatment outcomes,
reduce barriers to recovery, and improve FBT effectiveness.
Future research should explore its broader applicability to other
mental health conditions wherein distress tolerance plays a key
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role, to ensure its scalability and long-term benefits for adolescent mental health interventions.
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Abstract

Background: Antidepressants are crucial for managing major depressive disorders; however, nonadherence remains a widespread
challenge, driven by concerns over side effects, fear of dependency, and doubts about efficacy. Understanding patients’experiences
is essential for improving patient-centered care and enhancing adherence, which prioritizes individual needs in treatment.

Objective: This study aims to gain a deeper understanding of patient experiences with antidepressants, providing insights that
health care providers, families, and communities can develop into personalized treatment strategies. By integrating patient-centered
care, these processes may improve satisfaction and adherence with antidepressants.

Methods: Data were collected from AskaPatient and Reddit, analyzed using natural language processing and large language
models. Analytical techniques included sentiment analysis, emotion detection, personality profiling, and topic modeling.
Furthermore, demographic variations in patient experiences were also examined to offer a comprehensive understanding of
discussions around antidepressants.

Results: Sentiment and emotion analysis revealed that the majority of discussions (21,499/36,253, 59.3%) expressed neutral
sentiments, with negative sentiments following closely (13,922/36,253, 38.4%). The most common emotions were fear
(16,196/36,253, 44.66%) and sadness (12,507/36,253, 34.49%). The largest topic, “Mental Health and Relationships,” accounted
for 11.69% (3755/36,253) of the discussions, which indicated a significant focus on managing mental health conditions. Discussions
around nonadherence were marked by fear, followed by sadness, while self-care discussions showed a notable trend of sadness.

Conclusions: These psychological insights into public perceptions of antidepressants provide a foundation for developing
tailored, patient-centered treatment approaches that align with individual needs, enhancing both effectiveness and empathy of
care.

(JMIR Form Res 2025;9:e62680)   doi:10.2196/62680

KEYWORDS

antidepressant; AskaPatient; natural language processing; BERTopic; large language models; Reddit

Introduction

Background
Antidepressants are a cornerstone in the treatment of major
depressive disorder worldwide, improving the quality of life
for millions of individuals. However, nonadherence to
antidepressant therapy remains a significant barrier to achieving
successful outcomes. According to the National Center for
Health Statistics, 13.2% of adults in the United States used
antidepressants within the past 30 days, with higher rates among
women (17.7%) than among men (8.4%) between 2015 and
2018 [1]. This disparity highlights potential differences in how
men and women experience depression and respond to
antidepressant therapy, which may influence their adherence
behaviors [2].

The factors driving nonadherence are multifaceted,
encompassing both patient- and clinician-related challenges.
Patients may avoid medicines due to concerns about side effects,
fear of dependency, or doubts about their effectiveness [3].
Furthermore, depression’s symptoms, such as low motivation
and emotion dysregulated, often prevent patients from filling
prescriptions or attending follow-up appointments [2].
Clinician-related factors, such as insufficient patient education
and inadequate follow-up, also contribute to poor adherence.
These challenges underscore the need for a more
patient-centered approach in managing depression.

Patient-centered care (PCC) is designed to optimize treatment
adherence by ensuring that clinical interventions are closely
aligned with each patient’s preferences, needs, and values. This
approach enhances communication between caregivers and
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patients, supports collaborative decision-making, and increase
overall patient satisfaction, all of which are essential to
improving adherence rates [4,5]. However, long-term treatment
with selective serotonin reuptake inhibitors raises concerns
about emotion blunting, a condition in which patients report
feeling emotionally numb, impacting both their positive and
negative emotions, which potentially alter personality [6-8].
This highlights the need to examine the emotional and
psychological dimensions of antidepressant use in real-world
setting.

Traditional methods such as surveys and interviews are limited
by recall bias and cannot capture the day-to-day emotional
fluctuations that significantly influence medication adherence
[9,10]. Real-time insights are crucial to understanding how
emotions, which change rapidly in response treatment, impact
medication adherence. Given that medication adherence is
closely linked to patient emotions during treatment,
consequently there is a need for innovative data collection that
can offer information on patients’ real-time experience.

Social media offers a unique opportunity to capture real-time,
unfiltered opinions from users [11-13]. Unlike structured clinical
trials or surveys, social media discussions reflect spontaneous,
in the moment experiences, offering deeper insights into how
patients perceive their medications and mental health [14-16].
Furthermore, social media provides large-scale, real-time data
on patient experiences, which can be analyzed to better
understand the emotional and psychological factors influencing
antidepressant adherence.

Advancements in artificial intelligence, particularly with natural
language processing (NLP) and large language models (LLMs),
such as GPT-4, allow for more nuanced analysis of patient
language [17-19]. These tools provide deeper insights by not
only detecting sentimental analysis but also profiling personality
traits, allowing researchers to explore psychological dimensions
of antidepressant users. Through NLP and LLMs, it is possible
to assess emotional states, sentiment, and personality traits from
large volumes of patient-generated content.

This study aims to bridge the gap between clinical assessment
and patient-reported experiences by using real-time social media
data. This advanced approach offers a more comprehensive
understanding of patient experiences, capturing emotional and
psychological factors often missed by traditional methods. The
findings support decision-making strategies for caregivers and
enhance PCC strategies leading to increase treatment adherence.

Literature Review

Nonadherence to Antidepressants
Research consistently highlights significant variability in
antidepressant adherence across different populations. A review
of studies over the past decade reveals that approximately 50%
of patients discontinue antidepressant therapy prematurely,
which underscore the pervasive nature of nonadherence [3].
Pompili et al [20] identified several key predictors of
nonadherence in patients with mood disorders, including those
of younger age (younger than 40 years), comorbid substance
use or personality disorders, negative beliefs, poor insight,
treatment-related side effects, and a weak therapeutic alliance.

The study on 332 patients by Kamaradova et al [21] found a
negative correlation between self-stigma and adherence, with
greater illness severity associated with lower adherence across
all diagnostic groups. Similarly, De las Cuevas et al [22]
identified that adherence was closely linked to positive attitudes
toward treatment, while nonadherence was associated with
severe depression and concerns about side effects. These
findings underscore the multifactorial nature of antidepressant
nonadherence, influenced by patient beliefs, illness severity,
and the quality of patient-provider relationships [23].

Patient-Centered Care
PCC, which prioritizes the patient’s preferences and values,
plays a crucial role in addressing nonadherence. It improves
patient satisfaction and outcomes by considering the
psychological challenges, such as fear and uncertainty, faced
by patients and their families [24]. Studies show that shared
decision-making and effective communication between health
care providers and patients foster trust, enabling patients to
express their emotional concerns, ultimately strengthening the
therapeutic alliance, and improving adherence [25,26].

Integration sentiment analysis into PCC allows health care
providers to gain real-time insights into patient emotions and
concerns, enabling timely interventions that enhance adherence
and promote self-care strategies [27]. These tools, combined
with personality profiling, offer a more nuanced understanding
of patient experiences than traditional methods [28], allowing
for personalized care that improves mental health outcomes.

Use of Social Media for Health Research
Social media provides real-time, unfiltered insights into patient
experiences with medication and mental health challenges.
Platforms such as X (Twitter) and Reddit are rich sources of
data that help researchers understand patient interactions with
their mental health conditions and the health care system. Social
media enables real-time health monitoring and predictive
analysis, allowing for early detection of changes in patient mood
or attitudes toward medications, which can trigger timely
interventions for nonadherence [29-31]. Sentiment analysis of
social media posts has proven effective in identifying concerns
about side effects, medication efficacy, and treatment challenges,
complementing traditional health care systems by offering new
avenues for improving adherence to antidepressants [30].

Integration of NLP and LLMs in Mental Health
Research
Recent NLP models have shown promise in identifying and
classifying even rare neuropsychiatric diseases. For instance,
the language model RoBERTa has been used to identify clusters
of individuals with primary progressive aphasia through speech
analysis, providing health care providers with valuable insights
into patient experiences [32,33]. LLMs, which increasingly
power conversational agents, can simulate synthetic
personalities, allowing for fine-tuned, personalized patient
interactions. These models amplify mental health support by
offering tailored perspectives that improve adherence to therapy
and foster more effective patient care [34].
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Emotion-based models, such as those using emotional transition
fingerprints, have demonstrated greater generalizability than
content-based models, helping researchers understand the social
dynamics of antidepressant use [35]. Furthermore, BERT has
been used to categorize antidepressant-related discussions on
social media, such as mood, sleep, and somatic symptoms,
showcasing NLP’s ability to provide targeted analysis in specific
domains [36]. These tools have also been applied to predict
drug interactions and optimize treatment plans using techniques
such as Adaptive Fuzzy Logic Neural Networks, improving
accuracy in predicting side effects [37].

Despite substantial research on antidepressant nonadherence,
existing studies often neglect the dynamic interplay of emotions,
personality traits, and social media discourse in shaping patient
behaviors. Traditional approaches have provided foundational
insights, yet they frequently fail to capture the real-time and
nuanced patient experiences accessible through modern social
media platforms. Furthermore, while PCC is increasingly
recognized for its potential to improve adherence, there is a
critical gap on how to leverage advanced NLP and LLMs to
investigate patients’ present psychological reaction with
antidepressants using social media datasets.

This research aims to bridge the gap, which provides a more
granular understanding of the psychological factors by analyzing
sentiment, emotion, and personality profiles related to
antidepressant use across diverse demographics. Furthermore,
we explore topics, especially topics associated with 2 themes:
nonadherence and self-care across sentiment and personality
profile, which enhances our understanding of antidepressant
users’ real-time psychological patterns. The following 4 research
questions (RQs) align to the goal of this study.

RQ1: How do sentiment analyses reveal differences in
antidepressant experiences across demographics?

RQ2: What predominant emotions (eg, fear, sadness, and joy)
are associated with antidepressant use, and how do these vary
by demographics?

RQ3: What personality traits (eg, extraversion and neuroticism)
are prevalent among users discussing antidepressants, and how
do these traits differ across demographics?

RQ4: What are the prevailing topics in web-based antidepressant
discussions, and how do sentiment, emotion, and personality
insights inform our understanding of nonadherence and self-care
themes?

Through these questions, this study addresses key limitations
identified in the existing literature and harnesses advanced NLP
techniques on social media data. The findings offer deeper
understanding of patients’experience, improving antidepressant
treatments.

Methods

Data Collection and Preprocessing for Antidepressant
Analysis
To explore public perceptions of antidepressants, data were
collected from 2 major platforms: AskaPatient [38] and Reddit
[39], both of which offer diverse, patient-reported experiences.
AskaPatient provides structured reviews and ratings, while
Reddit features spontaneous, unfiltered discussions, offering a
broader range of insights.

From AskaPatient, data were collected for the top 10
antidepressants, based on 1571 reviews posted between 2015
and 2023. This dataset includes demographic information (eg,
gender and age), satisfaction ratings, side effects, and free-text
comments (see Table 1 for sample data). The analyzed
antidepressants were Cymbalta, Effexor XR, Lexapro, Zoloft,
Wellbutrin XL, Wellbutrin, Celexa, Paxil, Wellbutrin SR, and
Prozac.

We filtered posts from Reddit between 2018 and 2023 using
the same top 10 antidepressants analyzed in the AskaPatient
dataset. Due to the absence of explicit demographic details in
Reddit posts, we used regular expressions (regex) to deduce
demographic information such as gender and age. For instance,
in the post: “Hi, I am a 19 y/o male. 6’2” and approximately
210 lbs. I currently take venlafaxine (Effexor) to treat depression
and generalized anxiety disorder. I do not smoke. For the last
several months, I have been experiencing hiccups…,” we
inferred the demographic information as “19 y/o male.” (For a
sample dataset, refer to Multimedia Appendix 1.)

This process constructed 36,252 posts with both inferred gender
and age information. Preprocessing steps included text
standardization such as lowercasing and stopwords removal.
This dataset included 72.33% (25,972/36,252) of females and
27.67% (9936/36,252) of males, with 78% (28,277/36,252) of
those aged 18‐35 years, reflecting a predominantly younger
demographic.
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Table . Sample AskaPatient dataset.

Age (years)SexCommentsSide effectsSatisfactionReasonName

21FemaleDefinitely changing
my life. I feel like
a new person and
ready to live every
day like I never
did. The side ef-
fects are not that
bad, my body is
slowly feeling nor-
mal again. Hoping
not having any side
effects soon!

Loss of appetite,
headache, insom-
nia, and feeling
numb

4Anxiety and depres-
sion

Celexa

9MaleTook edge off my
son’s anxiety but
didn’t do much
else. He was more
aggressive when
the dose was raised.

Increased aggres-
sion with higher
doses (5 mg)

3Autism and anxietyCelexa

56FemaleQuit taking feel
like there is some-
thing that will work
better. Having
anger issues and
uncontrollable out-
burst.

Weight gain and fa-
tigue not helping
with the pain from
fibromyalgia

3Fibromyalgia and
depression

Celexa

24MaleThis was the start
of my downfall I
lost all my hair
from it and lost my
life slowly avoid
this crap as its led
me down a path of
destruction.

Hair loss, vision
haze, heart palps,
and laziness

1AnxietyCelexa

Analytical Techniques
To gain insights into patient experiences with antidepressants,
we applied several advanced analytical methods, offering
multiple perspectives on sentiment, emotions, personality traits,
and latent themes.

Sentimental Analysis
We used the twitter-roberta-base-sentiment-latest model to
classify text into negative, neutral, or positive sentiment. This
model was trained on 124 million tweets from 2018 to 2021
and fine-tuned using the TweetEval benchmark [40]. For
example, the comment “The side effects are not that bad, my
body is slowly feeling normal again” yielded probabilities of
0.67 for positive, 0.28 for neutral, and 0.04 for negative
sentiment. A 0.7 threshold was used for overall sentiment
classification, but the full probability distributions were also
analyzed for more nuanced insights.

Emotional Analysis
We used the English DistilRoBERTa-base model [41],
optimized for detecting 6 basic emotions—anger, disgust, fear,
joy, sadness, and surprise—along with neutral. This model
trained on diverse datasets and enabled the identification of
emotional states influencing antidepressant use.

Personality Analysis
LLMs, such as GPT-4 [42], were used for personality
predictions, focusing on the Big Five traits—openness,
conscientiousness, extraversion, agreeableness, and neuroticism.
Each comment was assigned personality scores (1-5). Role
prompting [43], a powerful artificial intelligence technique, was
applied to guide the LLMs’ response in interpreting personality
traits based on patient comments. (Detailed prompts can be
found in Multimedia Appendix 1.)

Topic Modeling Insights
We used BERTopic [44], a topic modeling approach leveraging
transformers and class-based term frequency-inverse document
frequency to generate coherent topics. To enhance
interpretability, we used GPT-4 to refine topic labels by
analyzing keywords and representative documents. The
following prompt was used (Textbox 1).

To further explore the themes of nonadherence and PCC within
the generated topics, we selected the 2 predominate topics
related to nonadherence (side effects, withdrawal symptoms,
etc) and PCC (personalized treatment, communication with
providers, etc). These topics were most populated, which
allowed the study to focus on the exploration of how sentiment,
emotion, and personality traits associated with the 2 themes.

JMIR Form Res 2025 | vol. 9 | e62680 | p.727https://formative.jmir.org/2025/1/e62680
(page number not for citation purposes)

Zhu et alJMIR FORMATIVE RESEARCH

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


Textbox 1. Large language model prompt for topic label generation.

Prompt = """

I have topic that contains the following documents: \n[DOCUMENTS]

The topic is described by the following keywords: [KEYWORDS]

Based on the above information, can you give a short label of the topic?

"""

Ethical Considerations
The authors confirm that this research adhered to ethical
guidelines and legal requirements in the United States. For the
data obtained from AskaPatient, a data use agreement was
signed to ensure compliance with ethical standards. Reddit data
were sourced from publicly available platforms [45] and did
not contain any personally identifiable information. The dataset
was fully anonymized, and no private identifiers were included.

The data used in this research were obtained from 2 publicly
accessible sources: AskaPatient and Reddit. Access to
AskaPatient data was granted under a signed terms of use
agreement between Consumer Health Resource Group, LLC,
and authors, which provides a nonexclusive, revocable, and
limited license for academic purposes. This agreement ensures
compliance with ethical and legal requirements, including the
stipulation that no more than 10 individual records or postings
are included in any publication, with proper attribution to the
AskaPatient website. Data from Reddit were publicly available
and did not include any private, sensitive, or identifiable
information. This study was partially supported by the National
Science Foundation project (IIS-2041065) and adhered to the
ethical guidelines and legal requirements outlined in the
institutional review board regulations of Kent State University
(reference no. KSU IRB20-182) and was classified as “exempt”
under 45 CFR §46.104 (d), the federal policy for the protection
of human subjects in the United States.

Results

In our analysis, traditional statistical methods (eg, t tests) were
used to validate the observed trends in sentiment and emotion
across demographic groups, with detailed results provided in
Multimedia Appendix 1.

Sentiment Analysis
Significant gender differences were found in sentiment scores
(Figures S4-S6 in Multimedia Appendix 1). Negative sentiment
was higher in males (t35,905=−6.79; P<.001), while females
exhibited higher neutral (t35,905=4.47; P<.001) and positive
sentiment (t35,905=5.60; P<.001). The majority of posts were
classified as neutral (21,499/36,253, 59.3%), followed by
negative (13,922/36,253, 38.4%), and a smaller proportion of
positive posts ( 798/36,253, 2.2%).

The gender difference in overall sentiment indicates that females
exhibited 38.8% (10,181/26,245) negative, 59.1%
(15,515/26,245) neutral, and 2.1% (551/26,245) positive
sentiments, while males showed 37.6% (3764/10,008) negative,

59.8% (5986/10,008) neutral, and 2.6% (260/10,008) positive
sentiments.

Across age groups, negative sentiment was notably higher in
younger age groups (0‐18 years), while neutral sentiment was
lower in the 0‐18 years age groups than in the older age groups,
particularly 31‐45 years age group (t35,903=−15.77; P<.001).
Positive sentiment was also significantly lower in younger age
groups (0‐18 years) than in older age groups.

Sentiment by age range (Figure S7 in Multimedia Appendix 1)
indicated that the negative sentiment was highest in the 0‐18
years age group (median score ~0.62) and gradually decreases
with age, stabilizing around 0.52 for the 46‐60 and 60+ years
age groups. Neutral sentiment was relatively stable across age,
with the highest scores in the 31‐45 and 60+ years age groups
(~0.37) and the lowest scores in the 0‐18 years age group
(~0.31). Positive sentiment remained consistently low across
all ages, peaking in the 46‐60 years age group (~0.14).

Emotional Analysis
Significant gender differences were found for anger, disgust,
joy, neutral, and sadness (P<.05). No significant differences
were observed for fear and surprise between genders (Figures
S10-S12 in Multimedia Appendix 1). The emotion analysis
shows that fear was the most prevalent emotion across the
dataset, present in 44.66% (16,196/36,253) of posts, followed
by sadness (12,507/36,253, 34.49%). Surprise (2455/36,253,
6.77%) and anger (2132/36,253, 5.88%) were less common,
while positive emotions such as joy appeared in only 4.88%
(1769/36,253) of posts. Neutral emotions accounted for 2.67%
(968/36,253), with disgust being the least frequent emotion
(232/36,253, 0.64%).

A comparison of the mean emotion scores between females (F)
and males (M) showed that fear was dominant for both genders
(~0.40), with sadness slightly higher in females and joy more
expressed in males, although both emotions had low overall
score. Anger, disgust, and surprise were reported at similarly
low levels for both genders, with females showing slightly
higher levels of sadness and anger.

Across different age groups (0‐18, 19‐30, 31‐45, 46‐60,
and 60+ years), fear remained the most prevalent emotion,
peaking in the younger users (0‐18 years) and gradually
declining with age. Sadness followed a similar pattern, with
higher scores among younger users before decreasing. Joy and
neutral emotions remain low across all age groups, with slight
increases in users aged 46 years and older. Anger, disgust, and
surprise showed no significant variation across age ranges.
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Personality Analysis
A gender difference was observed in agreeableness (t35,903=3.78;
P<.001). No significant gender differences were found for
openness, conscientiousness, extraversion, or neuroticism
(Figures S1-S17 in Multimedia Appendix 1). The proportion
of users who scored the highest level (5) across the 5 personality
traits, separated by gender, showed that agreeableness was
highest in males (429/10,008, 4.29%) compared with females
(1034/26,24, 53.94%). Conscientiousness and extraversion
showed similar proportions, with 4% (1039/25,972) of females
and 4.06% (403/9936) of males scoring 5. Neuroticism exhibited
minimal differences, with females at 3.97% (1031/25,972) and
males at 4.05% (402/9936). Openness scores were also closely
matched, with females scoring 4.07% (1056/25,972) and males
scoring 3.93% (391/9,936).

Pairwise t tests across age groups for openness,
conscientiousness, extraversion, agreeableness, and neuroticism
showed no significant differences after adjustment (all P>.05).
Personality trait scores varied across age group. Agreeableness
showed little variation across age groups, peaking in the 60+
years age group (1511/36,253, 4.17%) and reaching its lowest
in the younger than 30 years age group (1450/36,253, 4%).
Conscientiousness remained stable, with slightly higher scores
in the 19‐30 and 46‐60 years age groups (1462/36,253,
4.03%) and lower scores in the 60+ years age group
(1355/36,253, 3.74%). Extraversion was highest in the 60+
years age group (1555/36,253, 4.29%) and lowest in the 0‐18+
years age group (1348/36,253, 3.72%). Neuroticism peaked in
the 60+ years age group (1627/36,253, 4.49%) and was lowest
in the 46‐60 years age group (1360/36,253, 3.75%). Openness
followed a similar trend, with the 60+ years age group scoring
the highest (1704/36,253, 4.70%) and the 46‐60 years age
group scoring the lowest (1414/36,253, 3.90%).

Topic Analysis
Table 2 shows the results of BERTopic analysis within dataset,
identifying key topics related to antidepressants user
experiences. The largest topic, “Mental Health and
Relationships,” accounted for 11.69% (3755/32,121) of the
discussions, indicating a significant focus on managing these
mental health conditions. Other notable topics included
“Lexapro Experiences and Alternatives” (2292/32,121, 7.14%)
and “Zoloft Withdrawal and Anxiety” (2184/32,121, 6.80%),
reflecting common concerns about antidepressant experience
and desire to switch to alternative medicines to manage their
anxiety and depression.

Several discussions centered around side effects, including
“Medication and Sexual Dysfunction” (2146/32,121, 6.68%) ,
“Chronic Abdominal Pain Issues (1949/32,121, 6.07%), “Skin
Rashes and Sensitivities” (1700/32,121, 5.70%), “Heart
Symptoms and Anxiety” (1638/32,121, 5.10%), and “Chronic
Pain and Health Issues” (1300/32,121, 4.05%), alongside
concerns related to weight gain and sleep disorders, which
highlight frequent side effects users encounter during treatment.

Two primary themes—nonadherence and self-care—were
extracted from the dataset based on the highest documented
counts from relevant topics identified by the BERTopic model.
In the nonadherence theme, “Zoloft Withdrawal and Anxiety,”
” Effexor Experiences and Withdrawals,” “Cymbalta
Withdrawal Experiences and Effects,” and “Psychiatric Drug
Withdrawal Effects” were assigned. In the self-care theme, the
topics “mental health and relationships,” “relationship struggles
and mental health,” and “toxic relationships and mental health”
were chosen. Furthermore, we investigate sentiment, emotion,
and personality traits across the 2 themes.

Sentiment distribution varied between the themes of
nonadherence and self-care (Figure S19 in Multimedia Appendix
1). Neutral sentiment was most prevalent in both, accounting
for 57.70% (3679/6376) in nonadherence and 47.65%
(2929/6147) in self-care. Negative sentiment followed closely,
with 36.68% (2339/6376) in nonadherence and 50.69%
(3116/6147) in self-care, while positive sentiment remained
low (358/6376, 5.61% and 102/6147, 1.66%, respectively).

The emotion distribution has been compared across the themes
of nonadherence and self-care (Figure S20 in Multimedia
Appendix 1). Fear was dominant emotion in both themes,
making up 55.83% (3560/6376) of emotions in nonadherence
and 35.90% (2207/6147) in self-care. Sadness was more
prominent in self-care (2733/6147, 44.46%) than in
nonadherence (1566/6376, 24.56%). Anger was also more
frequent in self-care (592/6147, 9.63%) compared with
nonadherence (265/6376, 4.16%).

Personality traits (scoring 5) also differed across themes (Figure
S21 in Multimedia Appendix 1). In the nonadherence theme,
agreeableness was the most common trait (2023/6376, 31.73%
), followed by extraversion (1983/6376, 31.10%) and
neuroticism (1892/6376, 29.68%). In the self-care theme,
neuroticism was highest (1891/6147, 30.76%), followed by
openness (1887/6147, 30.69%), conscientiousness (1804/6147,
29.34%), and agreeableness (1789/6,147, 29.10%).
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Table . BERTopic result.

ProportionDocument countOpenAI labelTopic

11.693755Mental Health and Relationships0

7.142292Lexapro Experiences and Alterna-
tives

1

6.802184Zoloft Withdrawal and Anxiety2

6.682146Medication and Sexual Dysfunction3

6.512090ADHDa Medication Challenges and
Insights

4

6.071949Chronic Abdominal Pain Issues5

5.701700Skin Rashes and Sensitivities6

5.141651Chronic Pain and Fatigue Issues7

5.101638Heart Symptoms and Anxiety8

4.501446Abnormal Blood Test Concerns9

4.051300Chronic Pain and Health Issues10

3.961272Weight Gain and Medication Strug-
gles

11

3.921260Relationship Struggles and Mental
Health

12

3.661176Experiences With Prozac for Anxi-
ety

13

3.571146Irregular Periods and Birth Control14

3.531132Toxic Relationships and Mental
Health

15

3.131006Wellbutrin Experiences and Chal-
lenges

16

3.08990Chronic Sleep Disorders and Fa-
tigue

17

2.45788Dizziness and Anxiety Symptoms18

2.40773Chronic Headache and Migraine19

2.38766Psychiatric Drug Withdrawal Ef-
fects

20

2.28734Anxiety and Substance Reactions21

2.12681Effexor Experiences and With-
drawals

22

1.61517Chronic UTIb Symptoms and Chal-
lenges

23

1.41453Cymbalta Withdrawal Experiences
and Effects

24

1.25402Alcohol, Anxiety, and Treatment
Concerns

25

1.20385Eye Health and Vision Concerns27

0.85274Chronic Ear Infections and Tinnitus28

0.012Managing Anxiety and Depression
Tips

29

aADHD: attention-deficit/hyperactivity disorder.
bUTI: urinary tract infection.
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Discussion

Principal Findings
The finding reveals that sentiment of most of the antidepressant
users is neutral within the dataset, while there remains
substantial negative sentiment, and few show positive. In the
meantime, the emotional analysis exhibits that fear and sadness
command patients’ emotional response. Those findings may
consider the experiences when the patients use those
antidepressants during the daily life. The community and health
care can provide support to reduce the fear of side effects or
failure of antidepressants, and family can facilitate comfort
toward the sadness and negative emotions. Consequently,
antidepressant users can practice self-care and enhance their
treatment adherence.

Personality has not indicated a significant difference within the
dataset. Topic analysis expresses that discussions mainly
emphasize managing anxiety and depression, the efficacy of
medications, and their side effects. Furthermore, in the
nonadherence theme, the neutral sentiment was more prominent,
followed by the significant fear emotion. In the self-care theme,
the negative sentiment was more distinct, with the sadness
emotion most dominant. Those findings suggest that the most
beneficial route for antidepressant users is to exercise focused
self-care for their mental health issues, while continuing their
antidepressants treatment.

RQ1: How Do Sentiment Analyses Reveal Differences
in Antidepressant Experiences Across Demographics?
The sentiment analysis indicates that public perception of
antidepressants is predominantly neutral, with a substantial
portion reflecting negative sentiment and very few positive
expressions. The neutral sentiment suggests ambivalence or
cautious optimism toward antidepressants, while the limited
positive sentiment points to restricted satisfaction with treatment
outcomes. These trends reflect broader society uncertainty or
skepticism about antidepressant effectiveness and side effects,
consistent with the literature identifying nonadherence as a
pervasive issue [46].

In terms of gender, the results show minor differences in
sentiment between males and females, with females exhibiting
slightly higher negative sentiment and lower positive sentiment
than males. This may reflect the differences in antidepressant
experiences, societal pressures, or varying expectations
regarding treatment outcomes across genders. Addressing these
gender-specific concerns may enhance treatment satisfaction
and adherence of antidepressants.

Notably, younger individuals expressed the highest levels of
negative sentiment, which gradually decreases with age. This
could be attributed to heightened sensitivity to side effects or
unaccomplished expectations from treatment among younger
users [47]. Older age groups demonstrated more stable neutral
sentiment and slightly higher positive sentiment, particularly
in the 46‐60 years age group. These findings underscore the
importance of patient’s sentiment during antidepressant
treatment. Mental health may benefit from tailoring interventions
based on these emotional responses. Therefore, addressing

negative bias early may be a key mechanism of antidepressant
drug action and a potentially useful predictor of therapeutic
response [48].

RQ2: What Predominant Emotions (eg, Fear, Sadness,
and Joy) Are Associated With Antidepressant Use, and
How Do These Vary by Demographics?
The emotional analysis revealed that fear and sadness dominate
patients’ emotional responses, with fear accounting for nearly
half (44.66%) and sadness is the second most prominent emotion
(34.49%). These findings suggest that patients’ experiences
with antidepressants are characterized by deep concerns and
dissatisfaction. The prominence of fear, especially among
younger users, may indicate anxiety related to side effects,
potential long-term dependence, or uncertainties regarding the
treatment’s efficacy. This aligns with research showing that
emotional blunting, commonly associated with antidepressants
use, is also a symptom of depression and is linked to poorer
remission outcomes [49].

The prominence of fear across both genders highlights
widespread concerns about side effects, dependence, and
treatment efficacy. However, the slightly higher level of sadness
and anger in females suggests gender-specific emotional
responses to antidepressants. Tailored communication strategies
that address these gender-specific emotional concerns could
improve treatment satisfaction and adherence.

As patients age, fear tends to decrease, potentially due to greater
familiarity with antidepressants or prolonged exposure to
treatment. However, the emotional burden remains strong among
younger users, emphasizing the need for enhanced
communication regarding treatment plans and potential side
effects. The high prevalence of sadness, particularly among
younger users, may reflect frustration or disappointment with
treatment outcomes, potentially linked to unmet expectations,
a lack of education over antidepressant, or emotional blunting.
The intent of providing time-phased educational materials to
patients is to maximize the relevance of such information by
synchronizing it with typical recovery processes and issues.
Additional efforts at engaging patients earlier after the initiation
of treatment might be of most benefit [50].

RQ3: What Personality Traits (eg, Extraversion and
Neuroticism) Are Prevalent Among Users Discussing
Antidepressants, and How Do These Traits Differ
Across Demographics?
Personality traits exhibited minor yet meaningful variations
across gender and age groups. Agreeableness was higher in
males, suggesting that empathy and social cooperation may
positively influence adherence to mental health treatment.
Concerning the age difference, one study found that the lower
the extroversion score, the better the response to antidepressant
treatment for adolescents [51]. From our finding, extraversion
was highest in the 60+ years age group (4.29%) and lowest in
the 0‐18 years age group (3.72%). Compared with the higher
negative sentiment, fear, and sadness emotions among the 0‐18
years age group, the health care providers may tailor treatment
to maximize the outcome of antidepressant medication.
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Agreeableness is dominant in the nonadherence theme;
neuroticism is the largest personality in the self-care theme.
These are not notable findings that align with existing literatures
for personality impact to antidepressant adherence and self-care;
the result may provide a new perspective in the future research.

RQ4: What Are the Prevailing Topics in Web-Based
Antidepressant Discussions, and How Do Sentiment,
Emotion, and Personality Insights Inform Our
Understanding of Nonadherence and Self-Care
Themes?
The topic analysis identified that discussions primarily focus
on mental health and relationships, medication efficacy, and
side effects such as sexual dysfunction and withdrawal
symptoms. These findings highlight clear concerns among users
regarding the mental health issues and overall effectiveness of
antidepressants. The dominance of neutral and negative
sentiment in these discussions, combined with the high presence
of fear and sadness, indicates that many users remain uncertain
about their treatment outcomes and dissatisfy their daily life
regarding their experience with the antidepressants.

Discussions around nonadherence are marked by fear, followed
by sadness emotion, with patients expressing concerns about
withdrawal symptoms and medication efficacy. In contrast,
self-care discussions show a notable trend at sadness,
accompanied by an increase in expressions of anger. A study
found that stigma and fear of adverse events inhibited initiation
of therapy, while adverse events and ineffectiveness of
antidepressants contributed to discontinuation. Patients with
strong perceptions of the necessity and few concerns about
antidepressants were more likely to adhere to treatment at all
phases of adherence [52].

Limitations
This study has several limitations. First, it relies on self-reported
data from AskaPatient and Reddit, which may introduce bias
as individuals who share their experiences on the web may not
represent the broader population of antidepressant users. These
users may disproportionately report extreme experiences,
potentially skewing the findings. Furthermore, the focus on
social media users limits the generalizability of the results to
the wider population.

Although sentiment and emotion analysis tools are sophisticated,
they may not fully capture the complexity of human emotions,
particularly mixed or nuanced sentiments. Personality traits
inferred from text via LLMs might not always align with
real-world behaviors, possibly leading to misinterpretations.
Furthermore, the study provides a snapshot of discussions at a
particular time, without tracking changes over time.
Furthermore, while age and gender are considered in the
analysis, other demographic factors, such as socioeconomic
status, education, and geographic location, were not controlled
for and may influence user experiences with antidepressants.
These factors should be considered in future studies to provide
a more comprehensive understanding of patients’antidepressant
use.

Conclusions
This study offers valuable insights into public perceptions of
antidepressants, revealing that neutral and negative sentiments
dominate discussions, with fear and sadness as the most common
emotions, particularly among younger users. Personality traits
exhibited minor yet meaningful variations across gender and
age groups. Agreeableness was higher in males, suggesting that
empathy and social cooperation may positively influence
adherence to mental health treatment.

The topic analysis revealed that discussions primarily revolve
around mental health and relationships, medication efficacy,
and side effects, such as sexual dysfunction and withdrawal
symptoms. Discussions about nonadherence are characterized
by fear as the dominant emotion, followed by sadness, with
patients voicing concerns about withdrawal symptoms and the
effectiveness of medications. In contrast, self-care discussions
convey a predominant sense of sadness, accompanied by
heightened expression of anger.

The findings underscore the importance of self-care that
addresses psychological dimensions of antidepressant use.
Tailored interventions based on individual negative sentiment,
fear, and sadness emotional challenges could improve overall
treatment outcomes. By leveraging real-time social media data
and advanced analytical tools, this research contributes to a
more patient-centered understanding of antidepressant use,
offering pathways for improving patient care and enhancing
their nonadherence for antidepressants.
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Detailed supplementary data on public perceptions of antidepressants discussed on social media, including topic analysis results,
sentiment breakdowns, and associated statistical summaries.
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Abstract

Background: Case studies have shown ChatGPT can run clinical simulations at the medical student level. However, no data
have assessed ChatGPT’s reliability in meeting desired simulation criteria such as medical accuracy, simulation formatting, and
robust feedback mechanisms.

Objective: This study aims to quantify ChatGPT’s ability to consistently follow formatting instructions and create simulations
for preclinical medical student learners according to principles of medical simulation and multimedia educational technology.

Methods: Using ChatGPT-4 and a prevalidated starting prompt, the authors ran 360 separate simulations of an acute asthma
exacerbation. A total of 180 simulations were given correct answers and 180 simulations were given incorrect answers. ChatGPT
was evaluated for its ability to adhere to basic simulation parameters (stepwise progression, free response, interactivity), advanced
simulation parameters (autonomous conclusion, delayed feedback, comprehensive feedback), and medical accuracy (vignette,
treatment updates, feedback). Significance was determined with χ² analyses using 95% CIs for odds ratios.

Results: In total, 100% (n=360) of simulations met basic simulation parameters and were medically accurate. For advanced
parameters, 55% (200/360) of all simulations delayed feedback, while the Correct arm (157/180, 87%) delayed feedback was
significantly more than the Incorrect arm (43/180, 24%; P<.001). A total of 79% (285/360) of simulations concluded autonomously,
and there was no difference between the Correct and Incorrect arms in autonomous conclusion (146/180, 81% and 139/180, 77%;
P=.36). Overall, 78% (282/360) of simulations gave comprehensive feedback, and there was no difference between the Correct
and Incorrect arms in comprehensive feedback (137/180, 76% and 145/180, 81%; P=.31). ChatGPT-4 was not significantly more
likely to conclude simulations autonomously (P=.34) and provide comprehensive feedback (P=.27) when feedback was delayed
compared to when feedback was not delayed.

Conclusions: These simulations have the potential to be a reliable educational tool for simple simulations and can be evaluated
by a novel 9-part metric. Per this metric, ChatGPT simulations performed perfectly on medical accuracy and basic simulation
parameters. It performed well on comprehensive feedback and autonomous conclusion. Delayed feedback depended on the
accuracy of user inputs. A simulation meeting one advanced parameter was not more likely to meet all advanced parameters.
Further work must be done to ensure consistent performance across a broader range of simulation scenarios.

(JMIR Form Res 2025;9:e66478)   doi:10.2196/66478

KEYWORDS

medical school simulations; AI in medical education; preclinical curriculum; ChatGPT; ChatGPT-4; medical simulation; simulation;
multimedia; feedback; medical education; medical student; clinical education; pilot study; patient management
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Introduction

Background
With the rise of generative artificial intelligence (AI)
applications such as OpenAI’s ChatGPT, research into its
medical application has expanded. Early investigations assessed
whether large language models (LLMs) could pass medical
trainee licensing examinations [1-5]. Such studies indicated that
LLMs can pass medical exams and possess solid foundations
in medical reasoning [3,6-8].

An expanding body of literature has focused on LLMs in
medical education, including the perspectives of both students
and seasoned clinicians [9-13]. Medical students have shown
interest in LLMs and frequently use or intend to use them
educationally [14]. Studies have also suggested that ChatGPT
can be an effective tool for students when entering the clinical
wards [15]. Moving from theoretical, classroom-based
instruction to hands-on patient care introduces new challenges
[16]. The steep learning curve heightens the need for reliable
training tools, and generative AI technologies may satisfy this
need.

Current literature suggests a need for rigorous validation of
student use of generative AI. Frameworks such as RISE (role,

input, steps, expectations; ie, inputting the LLM’s role,
anticipated input, required steps, and desired expectations) exist
for prompt engineering but have been infrequently applied to
medical student LLM use [17]. Initial work established prompts
for medical trainees to practice common clinical scenarios in
platforms such as ChatGPT [9,18]. These studies established
that, given the precise wording of prompts, LLMs can act as an
effective simulator of basic clinical scenarios. Despite this
promising result, these technologies’ unknown accuracy and
precision in displaying desirable parameters limits their broader
applicability [19-21].

In this study, we reviewed evidence-based resources for medical
simulation and multimedia educational design. Using The
Society for Simulation in Healthcare guidelines along with
Richard Mayer’s multimedia design principles, we created an
evaluation system with 3 main evaluation categories: basic
simulation parameters, advanced simulation parameters, and
medical accuracy parameters. Each category was further divided
into 3 subparameters. Basic parameters were composed of
stepwise progression, free response, and interactivity. Advanced
parameters were composed of autonomous conclusion, delayed
feedback, and comprehensive feedback. Medical accuracy
parameters were composed of clinical vignette, updates based
on treatment, and feedback. See Figure 1 for definitions.
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Figure 1. Simulation parameters. Desirable simulation parameters of ChatGPT clinical simulations were based on multimedia educational technology
principles and simulation in health care recommendations. Three major parameters were each divided into 3 corresponding subparameters with clear
definitions. Subparameters constitute the total 9-part metric by which ChatGPT simulations were evaluated. “P” or green indicates a pass, and “F” or
red indicates a fail for whether a simulation exhibits that characteristic.

Basic Parameters
Stepwise progression in simulation is supported by the
segmenting principle of multimedia learning, meaning that
learning is maximized when broken into smaller units [22]. At
breaks between units, the learner provides the next steps in the
simulated patient’s management with reasoning. This is
supported by Mayer’s self-explanation principle, which shows
strong learning when previous knowledge is integrated into
current learning by explaining one’s reasoning [23]. An
user-responsive design further facilitates this and creates a
generative learning activity poised to improve learning
acquisition and retention [24]. These are both in-line with real
medical practice where every step of a treatment or diagnosis
must be chosen. The free-response format for responses similarly
mimics real medical practice, as it allows space for treatment
justifications. It is also supported by the active processing
principle, which asserts that learning is improved when people

actively organize information into cognitive models and
integrate prior knowledge to address the new task, rather than
passively absorbing teaching points. Just like in real life, where
physicians create treatment plans de novo, rather than choosing
from a selection of options [25]. Finally, interactivity promotes
cognitive engagement and is beneficial to learning outcomes,
especially when planned and augmented by peer-to-peer and
peer-to-teacher learning [26,27].

Advanced Parameters
Advanced parameters were selected to improve authenticity and
decrease the cognitive load devoted to simulation mechanics,
allowing greater focus on learning engagement [28]. An
autonomous conclusion is valuable because it provides a specific
end point and prevents learners from following extraneous
threads when learning goals have been achieved. Learners do
not have to decide when they have learned enough, rather they
must meet the simulation goals to finish. Delayed feedback
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keeps novice learners from overrelying on immediate feedback
cues to make decisions and promotes active learning in
simulations [29]. However, Mayer suggests immediate feedback
may be better for some tasks such as solo novice learning or
guided reasoning with an expert, but the Society for Simulation
in Healthcare guidelines suggest that delayed debrief is most
appropriate, and we accordingly chose delayed feedback for
our metric [30]. This also mimics the real-life practice of
medicine, where the only indication of a treatment’s accuracy
is a change in patient stability. Delaying feedback also keeps
these simulations in-line with the active-processing principle
that active learning is more effective than passive learning from
regular performance feedback cues [29]. Finally, comprehensive
feedback falls in-line with Mayer’s signaling principle.
Signaling, or indicating what information is vital, highlights
specific learning points rather than generalizing about a user’s
performance [31]. Comprehensive feedback thus ensures
meaningful performance assessments with specific takeaways.

Medical Accuracy Parameters
Medical accuracy is perhaps the most important. This is a
common-sense principle that undergirds all the other parameters’
efficacy. Medical accuracy categories were defined whenever
there were physiologic, pharmacologic, or pathologic assertions.

A 9-part model for evaluating AI medical simulations is
therefore proposed. Using a previously engineered and verified
starting prompt, this model helps quantify the consistency of
an LLM (ChatGPT-4) in following prompt commands to create
simulations exhibiting these 9 features of effective simulations.
The provided results aim to better inform recommendations to
students and educators who use such resources in their clinical
education and establish a method for future evaluation of
simulation reliability.

Methods

Study Design
The Society for Simulation in Healthcare recommends
simulation sessions be high or low fidelity with low physical
realism, making AI simulation sessions acceptable when
high-fidelity sessions are unavailable [30]. This is also congruent
with the authentic learning environments principle which
suggests that learning can happen equivalently in any
environment as long as the design adheres to effective learning
principles [32]. The Society also recommends training should
be spaced, frequent, short, and skill-oriented sessions. Therefore,

we built our prompt around asthma exacerbation management,
a short lesson with evidence-based best practices to be done in
5 to 10 minutes with specific learning takeaways. This is further
supported by the Society’s recommendation that each session
end with focused feedback via structured debrief, so our prompt
accordingly addressed this. The only criteria we were unable
to meet were recommendations for in-situ practice and the use
of interprofessional teams. However, the authentic learning
environments principle again suggests that these simulations
can have educational benefits even though they are not in situ,
given our use of educational design principles. The following
prompt, developed with features of RISE prompt engineering,
was subsequently used [9]:

“Please create a clinical scenario on a patient presenting to the
hospital with an acute asthma exacerbation and quiz me on what
the proper next step of management is. Please make it free
response and interactive, meaning you ask me what the next
step is one question at a time, and then I write out what I would
do, and then you ask me another question based on how my
answer would affect the patient. Please update/change the
patient’s condition based on my actions, and do not tell me the
right answers until the end of the scenario.”

Simulations were run on 1 of 3 ChatGPT-4 accounts due to
ChatGPT-4’s token limits and split across Safari, Google
Chrome, and Firefox browsers from March 29, 2024, to April
24, 2024. Each simulation was run on its own browser tab
session of ChatGPT-4 to eliminate session-dependent memory.
All cases simulated an acute asthma exacerbation and focused
on treatment steps.

An appropriate treatment algorithm for acute asthma
exacerbation was developed based on the review of
recommendations from the American Thoracic Society (a
leading pulmonology society) and the American Academy of
Family Physicians, and confirmed by author RR, a
board-certified emergency medicine physician at a high-volume
academic medical center [33]. Movement to the next step of the
algorithm depended on the simulated patient’s clinical condition,
and the tester could proceed to the final step (discharge) if the
patient was appropriately stabilized in a stepwise manner. For
example, if a patient was no longer in respiratory distress and
had normal oxygen saturation after administration of a
short-acting muscarinic antagonist, the tester would skip
magnesium sulfate and endotracheal intubation and proceed to
patient education and counseling. See Figure 2 for treatment
workflow.
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Figure 2. Acute asthma simulation treatment algorithms. Treatment algorithms for acute asthma exacerbation simulations were developed on societal
guidelines and were used as a template for ChatGPT simulation inputs. The green pathway represents “correct treatment” and was followed for 180
simulations in the correct subgroup. The red path represents “incorrect treatment,” a variation of the correct treatment algorithm, and was followed for
180 simulations in the incorrect subgroup.

Simulations were divided into 2 subgroups based on adherence
to the treatment workflow. The “Correct Treatment” subgroup
followed the treatment workflow. The “Incorrect Treatment”
subgroup added administration of a macrolide antibiotic
(azithromycin) as the third step (Figure 2). Progression through
the algorithm for each simulation depended on the patient’s
response to treatment, but all incorrect simulations included
steps 1, 2, 3, and 6 at minimum. In total, 180 simulations each
were run for the Correct and Incorrect treatment arms, leaving
a total of 360 simulations for analysis. Simulations were
evaluated according to our 9-part model using the definitions
in Figure 1.

Author RS resolved unclear data points. Simulations were
reviewed by all authors for medical accuracy and confirmed
with author RR, a licensed, board-certified emergency medicine
physician with 8 years of clinical experience.

Descriptive statistics were run on GraphPad Prism (version
10.2.3; Graphstats Technologies) and Excel (version 16.85;
Microsoft Corp). Statistical significance was determined by χ²
test, with an α level set at .05.

Ethical Considerations
Study data were collected by an author (AD) and did not involve
personal information or observation of any person’s private or
public information. As such data were collected from ChatGPT,
all study data were inherently anonymous. This study was
reviewed under the University of California, Irvine’s
Institutional Review Board Protocol #3213 and deemed not
human subjects research and not requiring institutional review
board review.

Results

A summary of the results is listed in Table 1 and represented
in Figure 3.
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Table . Simulation characteristicsa.

P valuebχ² (df)Incorrect (n=180), n
(%)

Correct (n=180), n (%)Combined (n=360), n
(%)

≥.990 (1)180 (100)180 (100)360 (100)Basic parameters

≥.990 (1)180 (100)180 (100)360 (100)Medical accuracy

.311.05 (1)145 (81)137 (76)282 (78)Comprehensive feed-
back

.360.825 (1)139 (77)146 (81)285 (79)Autonomous conclu-
sion

<.001146.2 (1)43 (24)157 (87)200 (55)Delayed feedback

aSimulations were given the correct or incorrect treatment algorithm inputs and evaluated on exhibition of characteristics against the 9-part metric.
Successful exhibition of a parameter was calculated as a percent of all simulations in a subgroup. The table provides a summary of simulation outcomes.
bP values were calculated from χ² values

Figure 3. ChatGPT performance on simulation parameters by correct and incorrect inputs. Radar plot showing correct (blue) and incorrect (green)
ChatGPT-4 performance on simulation parameters. Each point represents a simulation parameter. Lines indicate the percentage of simulations exhibiting
that parameter, with the circumference of the shape indicating 100%. Simulations were given the correct or incorrect acute asthma exacerbation treatment
algorithm inputs and evaluated by the 9-part metric developed from multimedia education and simulation principles. Successful exhibition of a parameter
was calculated as a percent of all simulations in a subgroup and plotted on the radar plot. Correct and Incorrect subgroups performed similarly on all
metrics except “delayed feedback.”

In 360 completed simulations, ChatGPT adhered to basic
parameters of stepwise progression of treatment, appropriate
patient status adjustments based on treatment inputs, and free
response format in 100% (n=360) of simulations. It was also
found to be 100% medically accurate in its vignettes, treatment
updates, and feedback. There was no difference in medical
accuracy between ChatGPT-4 outputs after correct versus
incorrect tester treatment responses.

Results for advanced parameters were mixed. Among the correct
treatment subgroup (n=180), 87% (157/180) of simulations
delayed feedback until the end of the scenario. Only 24%
(43/180) of the simulations with incorrect treatment (n=180)
delayed feedback (P<.001). In all but 2 of these simulations

with immediate (nondelayed) feedback, the feedback came after
the administration of azithromycin. When combining correct
and incorrect simulations (n=360), ChatGPT-4 demonstrated a
55% success rate in delaying feedback.

Simulations with correct treatments concluded the scenario
autonomously 81% (146/180) of the time, while those with
incorrect treatment concluded autonomously 77% (139/180;
P=.36). Overall, 79% (285/360) of all simulations, regardless
of treatment accuracy, concluded autonomously without tester
input.

Correct simulations provided comprehensive feedback 76%
(137/180) of the time while incorrect simulations provided
comprehensive feedback 81% (145/180) of the time (P=.31).
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Combined analysis showed ChatGPT-4 provided comprehensive
feedback on 76% (137/180) of outputs.

Further analysis revealed that ChatGPT-4 was not more likely
to conclude the simulation autonomously (P=.34) and provide
comprehensive feedback (P=.27) when feedback was delayed
compared to when feedback was not delayed (Table 2).

Table . Impact of delayed feedback on simulation autonomous conclusion and comprehensive feedback.

Early feedbackDelayed feedback

123162Autonomous conclusiona

3738No autonomous conclusion

121161Comprehensive feedbackb

3939No comprehensive feedback

aNumber of all simulations regardless of subgroup that reached an autonomous conclusion versus those that did not based on delayed or early feedback
timing.
bNumber of all simulations regardless of subgroup that provided comprehensive feedback versus those that did not based on delayed or early feedback
timing.

Discussion

Basic Parameters
ChatGPT-4 performed perfectly on basic simulation parameters,
which is a requirement for it to be a viable educational tool. Its
performance agrees with other research on prompt engineering
showing proper prompt generation can produce high-quality
results [34]. However, even given the use of proper prompt
engineering techniques, perfect performance is surprising given
ChatGPT’s known inconsistencies [4,34,35]. This may reflect
its algorithmic refinement and increased LLM training from
widespread use. Given this known feature of LLMs, we should
expect it to continue improving over time.

Medical Accuracy
ChatGPT was also medically accurate for both patient
progression within the simulation and in its feedback; simulated
patients had reasonable clinical presentations, responded
appropriately to therapies, and feedback was in accordance with
basic pharmacology, physiology, antibiotic stewardship, and
clinical practice. This agrees with other findings on ChatGPT’s
clinical reasoning abilities, but the consistently excellent
performance is again impressive. However, acute asthma
exacerbation is not an exceedingly complex problem and has
well-established management guidelines that likely exist in
ChatGPT’s training data, so its medical accuracy cannot be
generalized to more complex clinical simulations like intensive
care management [2,4]. Further research needs to be done into
LLM performance differences between complex and simple
simulations.

Advanced Parameters
ChatGPT’s performance on feedback was variable. The observed
significant difference in delaying feedback is noteworthy.
Delayed feedback best mirrors real-life clinical scenarios where
immediate feedback is not always available to redirect incorrect
thought processes [36,37]. However, immediate feedback to
incorrect answers mirrors the role a teacher might take with a
student in simulation, where the teacher does not give a correct
answer but instead explains why a learner’s answer was incorrect
in an attempt to give a better chance at the correct answer. It is

also in-line with the expertise reversal effect that suggests novice
learners will do better with more intense educational guidance,
while advanced learners do better with less [38]. One possibility
is that ChatGPT may be intentionally providing more structured
guidance to learners who make errors, recognizing the need for
additional support.

Delayed feedback best mirrors real-life clinical scenarios where
immediate feedback is not always available to redirect incorrect
thought processes. This may be particularly important for
learners intent on practicing in smaller community settings
where there are fewer opportunities for collaboration. However,
this independence is a major developmental process in residency
training, and thus, may be above the training level for which
these simulations were targeted. Additionally, health care
systems are interdisciplinary and collaborative. Expecting
completely delayed feedback on patient care may be unrealistic
considering shift hand-offs, pharmacists, nurses, medical record
alerts, and other checks. Furthermore, the difference between
delayed feedback for correct and incorrect treatments may offer
different learning experiences for learners of different skills; it
is unclear whether these different learning experiences would
be inequitable or if they would offer new opportunities for
learning (ie, learners who know the proper treatment are ready
to practice independently, whereas learners still mastering
treatment protocols are not forced to practice independently
when they are not ready).

Another consideration is that different prompt engineering could
resolve this variability. A prompt could include the instructions
to “not give feedback until the end of the scenario, and instead
of giving feedback on incorrect answers, make the patient more
unstable as a sign that the choice was incorrect, then explain
this incorrect choice in the summary feedback at the end of the
simulation.” Alternatively, because ChatGPT’s algorithm learns
from user inputs, learners running simulations in the same chat
window could give ChatGPT feedback as they run simulations
to hone in on their desired parameters, including desired
feedback mechanisms. Future studies will need to evaluate
differential prompt engineering, learner experiences, and learner
preferences.
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Of note, ChatGPT also gave hints to guide the tester after
incorrect inputs. For example, ChatGPT could change from
asking about the “next step in management” to asking about the
“next step in controlling bronchoconstriction,” thus nudging
the tester toward administering a bronchodilator. This feature,
as well as not delaying feedback after incorrect inputs, might
be ChatGPT exhibiting flow, the educational and gaming
principle that tasks should be made difficult enough to optimally
challenge the learner, but not so difficult that the learner quits
[39]. Again, further studies will need to evaluate learner
experiences and preferences.

Comprehensive feedback was not significantly different between
correct and incorrect simulations, with an overall rate of 78%
(282/360). This high performance is encouraging, as
comprehensive feedback offers more detailed learning
opportunities and touchpoints for self-study. While this study
did not explore the possibility of learners requesting expanded
feedback, doing so could potentially increase the rate of
comprehensive feedback to close to 100%, thereby enhancing
the educational value of the simulations. ChatGPT concluded
autonomously at similar rates to comprehensive feedback, which
is also encouraging. Autonomous conclusion prevents learners
from becoming “trapped” in the simulation, primed by the
continuing simulation to believe there is more treatment needed
even when the patient is stable and treatment should conclude.
While autonomous conclusion at 100% would be best for
efficiency and ease of use, forcing a learner to decide when to
end the simulation can also mimic the testing style of oral
examinations used by some medical specialties for board
certification. This is a skill expected of advanced learners who
have completed residency, but earlier learners could be easily
prompted to end the simulation when they feel they have
completed their treatments. Proper instructions and framing
could address this problem from the prompt generator’s
perspective.

ChatGPT-4 was not significantly more likely to conclude
simulations autonomously and provide comprehensive feedback
when feedback was delayed. This suggests that ChatGPT-4 does
not necessarily perform desirable actions in clusters, meaning
that learners who make mistakes are not at risk of losing some
of the simulation’s desirable characteristics.

Future Work
This study focused on a single mistake in the treatment
workflow, but future studies should look at performance with
multiple mistakes. ChatGPT-4’s ability to display desirable
simulation parameters in the presence of multiple mistakes
would be crucial for it to be a viable educational tool; real
learners may make multiple mistakes of varying severity, and
ChatGPT-4 would need to handle this. As is, the feasibility of
using this tool given ChatGPT’s varied performance on
advanced parameters is still unclear. Medical educators may be
hesitant to use a tool that is not completely standardized and
risks inequitable learning outcomes, while others may welcome
a tool that seemingly adapts to the learner’s level. Quantified
student learning gains after simulation use are thus needed for
educators to make informed decisions in their classrooms and
simulation centers and are the subject of ongoing work.

However, with the aforementioned testing, we foresee the
following potential implementation: educators would use the
most advanced version of ChatGPT available and tailor the
prompt provided here to their students’ learning goals.
Simulations would focus on simple diagnostic or therapeutic
problems with straightforward algorithms. Simulations would
be paired with robust pre- or postsimulation didactics to
reinforce simulation concepts and not be the sole method of
instruction. Ideally, simulations would be overseen by an
experienced educator capable of monitoring simulations for
accuracy.

Future work should focus on measuring student performance
after using simulations to assess educational utility, trialing
simulations on different LLMs to assess if the best LLM exists
for this purpose, and trialing LLM performance on increasingly
complex, nonalgorithmic simulations with multiple wrong
answers. All of these are important for this tool’s external
validity.

Limitations
This study has several limitations which should be addressed.
First, the simulations were limited to a single clinical
scenario—acute asthma exacerbation—which may not be
representative of ChatGPT-4’s performance across a wider range
of medical conditions. More complex scenarios reflecting the
breadth of clinical practice and training level cannot be assumed
to function as the simulations provided here. Our simulations
were also run on only 1 prompt to limit confounders, but
different prompts may produce varied results. Additionally, the
study only compared correct treatment and 1 type of incorrect
treatment, excluding a broader spectrum of clinical inaccuracies
that may occur in real-world educational settings. Furthermore,
simulations were run on 3 different ChatGPT-4 accounts and
across different browsers, which, although necessary due to
token limits, might introduce variability in the model’s
responses. Finally, the results of this study are contingent on
the current application program interface settings established
by ChatGPT and each new update of the LLM can potentially
impact reproducibility. However, this does not detract from this
study’s conclusions given its intent to establish the methodology
for evaluating simulations, rather than being a definitive
recommendation for implementing LLM into preclinical medical
education.

Conclusions
The 9-part model described here can be useful in evaluating
ChatGPT simulations as a learning tool in accordance with
established principles of medical simulation and multimedia
design in educational technology. The use of this model can
help standardize the evaluation of LLM simulation research.
As an example use of this model, ChatGPT performed well in
creating practice clinical scenarios that adhered to 3 simulation
parameter categories. It performed excellently on 2 primary
features, medical accuracy and basic simulation parameters,
and reasonably well on advanced parameters. Variation in
simulation characteristics based on the accuracy of learner inputs
is a point of concern. This tool’s impact on student learning is
an important next step to explore, but these simulations
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demonstrate ChatGPT’s potential to be a reliable educational tool for the appropriate preclinical-to-clinical learning level.
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Abstract

Background: The wide use of smartphones offers large-scale opportunities for real-time data collection methods such as
ecological momentary assessment (EMA) to assess how fluctuations in contextual and psychosocial factors influence parents’
feeding practices and feeding goals, particularly when feeding children with high food approaches.

Objective: The main objectives of this study were to (1) assess parents/caregivers’compliance with EMA procedures administered
through a smartphone app and (2) estimate the criterion validity of the EMA to capture children’s eating occasions and parents’
feeding practices. Participant adherence, technological challenges, and data quality were used to provide an overview of the
real-time dynamics of parental mood, feeding goals, and contextual factors during eating occasions.

Methods: Parents in the United Kingdom with a child aged 3 to 5 years who exhibit avid eating behavior were invited to
participate in a 10-day EMA study using a smartphone app. Of the 312 invited participants, 122 (39%) parents initiated the EMA
study, of which 118 (96.7%) completed the full EMA period and the follow-up feasibility and acceptability survey.

Results: Of those parents who completed the EMA study, 104 (87.4%) parents provided at least 7 “full” days of data (2 signal
surveys and 1 event survey), despite 51 parents (43.2%) experiencing technical difficulties. The parents received notifications
for morning surveys (69.9% response rate), 3 daily mood surveys (78.7% response rate), and an end-of-day survey (84.6%
response rate) on each of the 10 days. Over the EMA period, a total of 2524 child eating/food request surveys were self-initiated
by the participants on their smartphones, an average of 2.1 times per day per parent (SD 0.18; min=1.7, max=2.3). The majority
of parents felt that the surveys made them more aware of their feelings (105/118, 89%) and activities (93/118, 79%). The frequency
of daily food requests estimated by parents at baseline was significantly correlated with the frequency of food requests reported
daily during the EMA period (r=0.483, P<.001). However, the number of daily food requests per day estimated at baseline (mean
4.5, SD 1.5) was significantly higher than the number of food requests reported per day during the EMA period (mean 3.7, SD
1.1), (t116=18.8, P<.001).

Conclusions: This paper demonstrates the feasibility of employing EMA to investigate the intricate interplay between parental
mood, feeding goals, contextual factors, and feeding practices with children exhibiting an avid eating behavior profile. However,
the use of EMA needs to be carefully developed and tested with parents’ involvement to ensure successful data collection.

International Registered Report Identifier (IRRID): RR2-10.2196/55193

(JMIR Form Res 2025;9:e66807)   doi:10.2196/66807
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Introduction

Children with an avid eating behavior profile pose unique
challenges for parents, as this group of children has been shown
to make greater requests for food, often in response to emotions
and food cues in their environment rather than due to internal
hunger signals [1,2]. Avid eating behavior in children is
characterized by an intense and persistent interest in food, often
leading to distinct challenges in managing feeding interactions
[1,2]. Understanding the real-time dynamics of these interactions
is crucial for developing targeted interventions aimed at
promoting healthy eating behaviors in children.

However, despite evidence that both parental feeding practices
and children’s eating behaviors are dynamic, much research has
investigated the association between the 2 constructs
cross-sectionally, using questionnaires, interviews, and one-off
mealtime observations [3]. Such research only allows
between-subject investigation, neglecting the within-subject
variation in both feeding practices and eating behavior. These
limitations have spurred more recent research using ecological
momentary assessment (EMA; also known as experience
sampling methods).

EMA is a form of mobile health technology that allows the
collection of comprehensive data on daily life, as it is directly
experienced by an individual, by asking them to provide
responses about their emotions, context, and behavior at several
random time points each day over several days [4]. Commonly,
EMA employs both signal-contingent surveys, which are
scheduled by the researcher to be push-notified at specific times,
and event-contingent surveys, which are to be initiated by the
participant following a specific event or action [5]. Due to
advancements in technology and the widespread use of
smartphones, EMA methods have become more popular in
eating behavior research [4,6]. Berge et al [7] conducted an
EMA study examining feeding practices in a sample of parents
(N=150) of a 5‐7-year-old child with at least one other sibling
between 2 and 12 years old. Their EMA study had very high
compliance; 100% of participants (N=118) completed all 8 days
of EMA data collection and met the minimum requirement per
day (ie, 2 signal contingent, 1 event contingent, and 1 end-of-day
contingent), with an average of 7.4 surveys per day [7].

A more recent study conducted by Loth et al [8] used EMA
among a sample of 120 young adults with at least 1 child aged
2‐5 years. Of the 118 participants who registered for their
EMA study, 116 (98.3%) participants completed at least one
eating occasion survey, 100 participants completed one “full”
day (84.7%), and 80 (67.8%) participants completed “full” days
for the complete 10-day EMA period (a “full” day was defined
as providing data for 2 eating occasions, 2 random prompts,
and 1 end of day prompt). Finally, a study examining parents’
feeding practices as a predictor of children’s physical activity
and fruit and vegetable intake used an EMA design with 22
mothers, fathers, and 8‐12-year-old-child triads completing a
7-day assessment period [9]. The response rates for the study
period were high with 85%, 80%, and 85.9% responses to the
survey notifications completed by the mothers, fathers, and
children, respectively.

While these studies have provided important evidence for the
use of EMA to investigate parental feeding interactions with
children, there remains caution and concern within the field
about the feasibility of using such methods with samples in
which feeding and eating interactions may be more challenging.
For example, it is unknown whether such methods are adequate
to capture real-time information for parents of children with
avid eating tendencies, who have previously been shown to
have a higher risk of food insecurity [1] and where children are
more likely to show an increased frequency of eating and food
requests [2]. Therefore, this study assessed the feasibility,
acceptability, and criterion validity of using EMA to explore
the participation and everyday experiences of parenting children
with avid eating behavior aged 3 to 5 years old across a 10-day
sampling period.

Assessing the feasibility of such methods is not only important
to guide future EMA research but also to ensure that the findings
of this study are reliable. The study also aimed to determine the
usefulness of using a commercially licensed software application
on Android and iOS devices as a tool for EMA.

Methods

Overview
This EMA study was part of a larger program of research, the
APPETItE project, which examines feeding and eating in
preschool children with avid eating behavior to inform future
intervention design and efficacy. An avid eating behavior profile
in preschool children was identified and defined in an earlier
APPETItE study using latent profile analysis (LPA) [1]. The
LPA used the 8 subscales of the Children’s Eating Behavior
Questionnaire (CEBQ) [10] as index variables to create holistic
yet distinct eating profiles for UK children aged 3 to 5 years.

Ethical Considerations
Recruitment, enrolment, and data collection for the EMA study
took place between October 2023 and April 2024. Ethical
approval was granted by the Aston University Health and Life
Sciences Research Ethics Committee (HLS21079). All
participants provided informed consent and were made aware
that they had the right to opt out of the study at any time. For a
comprehensive overview of the EMA study protocol and the
measures included in each data collection wave, refer to
Edwards et al [11]. The findings of the full study will be
published at a later date.

Participants
Only parents of children aged 3 to 5 years who were assigned
to the avid eating profile based on the screening questionnaire
were eligible to participate in this EMA study. Eligibility criteria
also included English-speaking primary caregivers from the
United Kingdom who were responsible for feeding their child
for more than half the time when their child was at home.
Parents whose child was autistic, or had severe learning
disabilities, or a chronic illness that directly influenced their
dietary requirements and eating habits were not eligible to
participate. A total of 312 parents met the eligibility criteria for
the study and were invited to participate via email.

JMIR Form Res 2025 | vol. 9 | e66807 | p.748https://formative.jmir.org/2025/1/e66807
(page number not for citation purposes)

Pickard et alJMIR FORMATIVE RESEARCH

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


Recruitment
From the original LPA defining the avid eating profile, 101
parents with a child in the eligible age range (3‐5 y) and
assigned to the avid eating profile were invited to participate.
The profile solution identified in the LPA study [1] was used
to classify additional children whose parents expressed interest
in the EMA study and submitted CEBQ [10] data through the
recruitment platform Prolific. Using this profiling method, 168
children were identified as belonging to the avid eating profile.
A further 43 parents who had completed the CEBQ screening
questionnaire for a separate lab-based study as part of the
APPETItE project were also identified as having eligible
children and were invited to take part in the EMA study. If the
parents completed the initial interest survey, they were then
contacted via email with further instructions and a demo video
[12] explaining how to complete the EMA study. If parents
experienced any technical difficulties, had any questions, or
wanted to go through the study procedures, they were able to
contact the research team by email.

Data Collection Procedures
Participation in this study was remote; surveys were
administered through a smartphone app, ExpiWell, which was
downloaded directly to parents’ smartphones. ExpiWell is a
cloud-based platform designed for researchers to conduct
experience sampling methods and EMA studies. It enables
researchers to create, schedule, and distribute surveys to
participants via free mobile applications available on iOS and
Android devices. Parents who did not own a smartphone were
informed that they could request one from the research team to
use for the study period, but all parents used their own devices.

Parents completed a baseline questionnaire, 10 days of EMA,
and an end-of-study questionnaire. The 10-day EMA period
included both signal surveys (push notifications sent to the
participant’s smartphone) and event surveys (initiated by the
participant following an eating occasion or request for food by
the child). Parents were notified to complete 1 start-of-day
survey, 3 signal-contingent examining mood and emotions, 1
end-of-day survey, and event surveys activated by the parent
when their child ate or asked for food. Participants were able
to schedule the morning and evening surveys to suit their typical
routine. The full protocol and procedure are reported elsewhere
[11].

Parents received a £100 (approximately US $126) shopping
voucher if at least 8 “full” days of surveys were complete. Based
on previous research, the criteria for one full day of EMA data
included the completion of 2 signal-contingent surveys
(morning, mood, or end-of-day) and one event-contingent (food)
survey [8]. All parents who completed 10 days of EMA were
entered into a prize draw to win an additional £100
(approximately US $126) shopping voucher. If participants

withdrew prematurely from this study, their time was reimbursed
on a pro-rated basis of £10 (approximately US $12.60) per
complete day.

Measures
To evaluate the feasibility and criterion validity of using EMA
to capture the eating and feeding experiences of parents with a
child displaying avid eating, several questions were incorporated
into the survey period. The baseline survey asked parents to
report on average how many times their child requested food,
and ate food, both on weekdays and weekends. In the end-of-day
surveys, parents were also asked to report how many times the
child had eaten or requested food on that specific day. These
data were collected to determine how many of the average eating
and food request occasions were being reported in the EMA
period.

Feedback Questionnaire
A self-constructed feedback questionnaire, based on the items
used by de Vries et al [13] and “The Open Handbook of
Experience Sampling Methodology” [14], was used to gather
participants’ perspectives on the EMA procedure. Participants
responded to 16 items about their experience of completing the
study, the influence the EMA study had on their daily lives, the
awareness the EMA study gave them of their actions and
feelings, and the burden of completing the EMA study. Response
options were based on a 5-point scale where 1=“not at all,” 2=“a
little,” 3=“moderately,” 4=“quite a bit,” and 5=“extremely.”
The final item asked about whether the participant had
experienced any technical problems during the EMA period
with response options of 1=“yes,” and 0=“no.” The full study,
including a list of all the items used, is available on the Open
Science Framework [15].

Data Analysis
Descriptives of the survey completion rates, forgotten reporting,
withdrawal rates, nonresponse rates, survey duration, and any
reported technical issues were examined to determine EMA
feasibility. Criterion validity of EMA-reported frequency of
eating occasions and food requests was examined by comparison
with the initially reported frequencies and end-of-day
frequencies using paired t tests and Pearson correlations. Study
acceptability was assessed with descriptive statistics of the
feedback responses at the end of the study.

Results

Demographics
Parents had a mean age of 34.97 years (SD 5.3; min=23.6,
max=55.3) and children had a mean age of 52.57 months (SD
10.5; min=36.8, max=71.4). An overview of the parents’
demographic background and child sex is provided in Table 1.
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Table . Demographic details of the sample (N=118).

Values, n (%)Demographics

Child sex

55 (46.6)    Male

63 (53.4)    Female

Parent sex

26 (22)    Male

92 (78)    Female

Parent ethnicity

13 (11)    Asian

10 (8.5)    Black

93 (78.8)    White

2 (1.7)    Other

Education

70 (59.3)    Degree

48 (40.7)    No degree

Parent or family structure

12 (10.2)    Single parent

96 (81.4)    Dual parent

6 (5.1)    Cohabiting (not in relationship)

4 (3.4)    Extended family

Working status

25 (21.2)    Unemployed

36 (30.5)    Working part-time (between 8 and 29 hours
per week)

57 (48.3)    Working full-time (30 hours or more per week)

Adequacy of income

54 (45.8)    Living comfortably

47 (39.8)    Managing

17 (14.4)    Finding it difficult

Household food security

78 (66.1)    High or marginal food security

20 (16.9)    Low food security

20 (16.9)    Very low food security

EMA Feasibility
Of the 312 parents invited to participate, 122 (39.1%) parents
downloaded the mobile application and completed the initial
survey. Of those 122 participants, 118 (96.7%) participants
completed the EMA period. Four parents withdrew from the
EMA study due to either technical difficulties or time

constraints. Of the remaining participants, 104 (87.4%)
participants completed at least 7 days of the EMA period with
an average of 58 completed surveys for the full 10 days (SD
18; min=9, max=103). Figure 1 provides an overview of the
eligible sample sizes as well as completion and attrition rates
at each phase of the EMA study.
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Figure 1. Recruitment and retention figures for each EMA phase. EMA: ecological momentary assessment.

Over the 10-day EMA period, a total of 2524 child eating/food
request surveys were self-initiated by the 118 participants on
their smartphones, with 30 surveys partially completed. Parents
self-initiated the request for food and eating surveys on average
2.1 times per day (SD 0.18; min=1.7, max=2.3). Of the 2524
eating and food request surveys completed at the moment, 2353
reported on an event in which the child ate food, and 171
reported on an instance in which the child requested food but
did not eat.

At the end of all signal-contingent surveys and the food survey,
parents were asked whether they had forgotten to report an
eating occasion or a request for food from the child. On 870
occasions a parent retrospectively reported on an eating/food
request that they had forgotten to report (Table 2 details the
number of eating events that were reported on when the parent
was reminded at the following survey).
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Table . Number of retrospective eating occasions and food request reports.

Number of responsesSurvey

Morning surveys

111    Forgotten eating event

4    Forgotten food request event

Mood surveys

413    Forgotten eating event

28    Forgotten food request event

End-of-day surveys

137    Forgotten eating event

13    Forgotten food request event

Food surveys

141    Forgotten eating event

23    Forgotten food request event

870    Total number of forgotten events reported

Response rates were calculated for the signal-contingent surveys,
which included 1 survey in the morning, 3 surveys during the
day, and 1 survey in the evening. From the first notification,
parents had 60 minutes to complete the surveys before the link
expired. A total of 1180 push notifications were received by all
the participants (10 per participant) to complete the morning
surveys, 825 morning surveys were initiated by participants
following the notification, with 18 incomplete responses
(response rate=69.9%). The parents also received notifications
for 3 signal-contingent surveys (mood surveys) at semirandom
times within one of three 120-minute blocks. A possible 3540
signal-contingent mood surveys were available to the 118
participants throughout the 10-day duration (30 per participant)
with a total completion of 2778 surveys and 8 incomplete

responses (78.7% response rate). The signal contingent
end-of-day survey was sent to each participant every evening
with a potential total of 1180 responses, 998 end-of-day surveys
were initiated when prompted with 4 incomplete responses
(84.6% response rate).

To test whether more participants responded to the 5 prompted
surveys at the beginning (eg, 2-4 d) compared with the end (eg,
8-10 d) a paired t test was conducted on the daily compliance
rates. Day 1 was treated as a practice day due to significantly
lower compliance rates as participants became accustomed to
the EMA protocol (Figure 2). There was no significant
difference in compliance rate for the start of the study period
compared with the end of the study period (t118=0.127, P=.90).
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Figure 2. Response rates for signal contingent surveys over EMA Period. EMA: ecological momentary assessment.

A 1-way ANOVA was conducted to determine whether the
working status of the parent was associated with the number of
surveys completed. There was a significant difference in the
number of reported eating and food request occasions
(F2,115=12.41, P=.011), with parents working part-time reporting
significantly more food occasions (mean=2.5 food surveys per
day) than parents working full-time (mean=1.75 food surveys
per day) but not significantly more than unemployed parents
(mean=2.13). There were no significant differences in survey

completion for all signal-contingent surveys between parents
of differing working statuses.

Table 3 displays the descriptives of survey completion duration.
The average duration to complete the morning surveys was 2.76
minutes (SD 6.83 minutes). The average time taken for the
signaled mood surveys was 2.09 minutes (SD 6.16 minutes).
The average duration to complete the food surveys was 3.13
minutes (SD 7.87 minutes) and 2524 food surveys were
self-initiated and completed.

Table . Average survey completion duration by survey type.

Duration (MM:SS)

MaximumMinimumMean (SD)

Signaled surveys

58:32:0000:38:0002:29:00 (04:00:00)    Morning surveys

39:17:0000:27:0001:52:00 (02:21:00)    Mood surveys

31:44:0000:47:0002:20:00 (02:15:00)    End-of-day surveys

Event surveys

52:47:0000:48:0002:47:00 (02:29:00)    Food surveys

Almost half of the participants experienced technical issues
with the application (51/118, 43.2%). Pearson chi-square test
with Yates’ continuity correction revealed that Android users
were more likely to experience technical issues (30.16% of iOS
users experienced technical issues compared with 62.26% of
Android users).

Over half of the participants (71/118, 60%) reported that they
did not make any mistakes when completing the surveys.

Criterion Validity
To determine the criterion validity of using EMA to accurately
capture eating occasions and food requests of parents from
children with avid eating, several additional measures of the
frequency of children’s eating and requests for food were taken.

Parents were asked at baseline to estimate how frequently their
child ate on a typical day, during the EMA period they were
also asked to report how many times their child had eaten that
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day in the evening survey. A paired-samples t test and
paired-samples correlations were then conducted to determine
whether the scores were representative of what was reported by
parents. Although the parents’ baseline reports of eating
frequency were correlated with daily reported eating frequency
(r=0.365, P<.001), eating frequency was significantly higher
in the baseline reports compared with the daily reports
(t116=5.78, P<.001). Parents reported greater eating frequency
in the baseline survey (mean 4.5, SD 1.5) compared with the
frequency that they reported in the end-of-day surveys (mean
3.7, SD 1.1).

Pairwise t testing showed that the approximate frequency of
food requests per day reported at baseline was significantly
correlated with the frequency of food requests reported daily
during the EMA period (r=0.483, P<.001). However, pairwise
t testing showed that the number of food requests per day at
baseline was significantly higher (mean 5.6, SD 2.4) than the
number of food requests reported per day during the EMA
period (mean 1.9, SD 1.1; t116=18.8; and P<.001). The number
of daily food requests and eating occasions reported by parents
in the baseline survey was not significantly correlated with the
number of daily food requests and eating occasions reported by
parents in the EMA period (r=0.121, P=.097). Furthermore, the
mean number of daily eating/request events at baseline (mean
10.1, SD 3.5) was significantly higher than the number of daily
eating/request events during the EMA period (mean 2.04, SD
1.2; t116=24.9, and P=.001). The frequency of the daily
eating/request events reported in the end-of-day survey was
significantly correlated with the number of reports for
in-the-moment eating/request events (r=0.244, P=.004).

However, reports of average eating and food requests at the end
of the day (mean 5.6, SD 1.8) were significantly higher than
the average frequency of in-the-moment reporting of eating/food
requests (mean 2.06, SD 1.2; t116=20.2; and P<.001).

Study Acceptability
To determine whether the questions included in the EMA study
were acceptable for measuring eating and feeding interactions
with children with avid eating behavior, the parents were asked
to rate the degree to which the questions included in the survey
accurately reflected their experiences. The majority of the
participants felt that the EMA surveys and questions accurately
reflected their experience of a parent feeding a 3‐5-year-old
child with avid eating behavior, 20% (n=24) said extremely
well, 44% (n=52) said quite a bit, and 30% (n=35) said
moderately well.

Figure 3 presents participants’ feedback on the EMA period.
Nearly all participants reported that they were not burdened by
the sound of the study notifications (116/118, 98%). Although
parents were asked to keep their devices on loud, it was at their
discretion whether they muted the notifications. Over half of
the participants were not burdened by the length of the surveys
(68/118, 58%). Over half of the participants considered the
number of notifications at least a “little” burdensome (73/118,
62%), but 39% (n=46) did not consider the frequency of
notifications a burden. Over half of parents (64/118, 54%) found
that the surveys hindered their daily interactions a little to quite
a bit. However, (76/118, 64%) reported that the surveys did not
influence their activities at all and (51/118, 43%) stated that the
surveys did not influence their mood.

Figure 3. Proportions of responses for items measuring study acceptability.

The majority of parents (105/118, 89%) reported that filling in
the surveys made them more aware of their feelings and this
was experienced as pleasant by 55% (58/105), neutral by 37%
(39/105), and unpleasant by 8% (8/105) of parents. A total of
79% of parents (93/118) felt they were made more aware of
their activities through completing the EMA study, of which
58 parents experienced this as pleasant, 34 parents experienced
this as neutral, and 1 parent experienced this as unpleasant.

Parents were also asked in the signal-contingent end-of-day
survey to rate how difficult it was to fill out the surveys that
day, with 1=“not at all” and 5=“extremely”. After the scores
had been aggregated by participants the mean level of difficulty
was 2 (equivalent to “a little”) (SD 0.8; min=1, max=5).
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Discussion

Principal Findings
This study aimed to assess the feasibility, acceptability, and
criterion validity of using EMA to investigate parental feeding
practices and their dynamic interactions with children exhibiting
avid eating behaviors. The results demonstrate that EMA is a
feasible and acceptable method for capturing real-time data on
child eating occasions and food requests, but it also highlights
some discrepancies in the data collected and usability issues
specific to parents with young children.

Feasibility of, and Compliance With, EMA
Methodology
Despite the monetary incentive for the study, the recruitment
rate to the study was lower than expected with only 122 (39.1%)
of contacted parents initiating the study. However, the study
found a high completion rate of 96.7% (n=118) for the EMA
period, suggesting that the method was generally feasible for
the participating parents. Most parents (104/118, 87.4%)
completed at least 7 days of the 10-day EMA period, with an
average of 58 surveys completed per participant over the 10
days, which is above the minimum requirement of 2
signal-contingent surveys and 1 event-contingent survey per
day. The overall response rates for the signal-contingent surveys
were relatively high, ranging from 69.9% to 84.6% depending
on the type of survey. These findings suggest that it was
generally feasible for the participants to engage with the EMA
protocol, despite the demands of responding to notifications to
complete signal-contingent surveys as well as self-initiating
surveys multiple times per day. However, working status played
a role in the frequency of reported eating and food requests,
with part-time working parents reporting more food occasions
than full-time working parents. This finding suggests that the
employment status of parents may influence the ability to engage
with EMA protocols, which could have implications for future
studies in families.

The inclusion of pro-rated remuneration appeared to be valuable
for retaining participants and appropriately rewarding ongoing
completion of study components. A small percentage of parents
withdrew from the study due to technical difficulties or time
constraints, and nearly half of the participants (51/118, 43.2%)
experienced technical issues with the application, which could
have affected data quality and study adherence. The provision
of an email address through which participants could access
rapid technical support from our study team ensured the
retention of most participants in the study despite these
challenges. Such support must be built into any future studies
using EMA methods to ensure participant retention. Careful
testing and consideration of the most appropriate software are
crucial in future EMA research. The feedback also indicated
that while the majority of parents did not find the sound of
notifications burdensome, some participants perceived the
frequency and timing of surveys as a hindrance to daily
activities. These findings highlight the importance of carefully
considering the design and user experience of the EMA app to
minimize the burden on participants and reduce barriers to
accurate data collection.

Criterion Validity of EMA for Capturing Feeding
Interactions
While the EMA method showed promise in capturing
in-the-moment data on eating occasions and food requests,
discrepancies were found between the EMA reports and baseline
recall data, suggesting that EMA should be validated with
observational studies, given the challenges with any self-report
methods. There were notable discrepancies between baseline
reports of perceived frequency and EMA data of reported eating
episodes: parents reported significantly fewer eating occasions
and food requests during the EMA period compared with their
baseline estimates. This pattern was consistent across different
measures of eating frequency and food requests, suggesting a
possible overestimation in baseline self-reports, or, perhaps
more likely, underreporting of events during the EMA period.
The finding that participants retrospectively reported missed
eating or food request occasions in subsequent surveys supports
the latter interpretation, suggesting some level of underreporting
in the initial EMA responses.

There were 870 instances where parents, when prompted,
reported missed eating or food request events that they had
forgotten to log in the moment, highlighting a significant gap
in real-time reporting accuracy. This retrospective reporting
underscores the challenges inherent in capturing accurate eating
behaviors in real-time, particularly with parents of young
children. These results are consistent with previous studies
indicating that retrospective prompts can improve data accuracy
in EMAs [16]. The high incidence of missed reports emphasizes
the importance of considering both real-time and reflective
reporting methods in future research to enhance the validity and
comprehensiveness of monitoring children’s eating behavior
[16]. Thus, whilst EMA may provide a good assessment of some
eating interactions demonstrated by the wealth of data we
collected; it is unlikely to capture all such interactions in the
period of study.

The observed discrepancies between baseline reports and EMA
data reflect the challenges associated with self-reporting in
real-time contexts, particularly for parents of young children
who display avid eating. If parents are unable to complete
surveys at the moment due to competing demands or
distractions, the more chaotic or stressful feeding interactions
that we aim to capture are likely to be missed. Additionally, the
high frequency of child eating behaviors and food requests,
particularly among children with avid eating behaviors, may
lead to reluctance in parents to consistently report these events
[2]. Despite these limitations, the general correlation between
EMA-reported data and baseline data indicates that EMA
remains a valuable tool for capturing dynamic changes in
feeding practices and children's eating behaviors. However, to
mitigate these challenges, future EMA studies could incorporate
design modifications, such as reducing the EMA period,
providing more frequent reminders, or simplifying survey
interfaces to encourage immediate and consistent reporting.

Acceptability of EMA
The study’s findings indicate that our EMA protocol was
generally acceptable to parents. The majority of participants
reported that they were not burdened by the notification sounds
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(116/118, 98%) and were not significantly affected by the length
of the surveys (68/118, 58%). However, the frequency of
notifications was considered burdensome by some participants
(73/118, 62%), and over half (64/118, 54%) reported that the
surveys hindered their daily interactions to some extent. Despite
this, most parents reported that completing the EMA surveys
increased their awareness of their feelings and activities, which
was perceived as pleasant or neutral by the majority. These
findings suggest that while EMA can be intrusive for some
participants, it is generally well-tolerated and may even have
positive side effects by enhancing self-awareness.

Implications for Future Research
The findings of this study have important implications for future
research using EMA to investigate feeding practices and eating
behaviors in children. First, the study underscores the need to
further refine the EMA methodology to ensure that it is
user-friendly and minimizes the burden on participants. For
example, the user interface could be enhanced to reduce
technical difficulties, and the frequency and timing of surveys
could be further optimized based on participant feedback.

Second, the study provides evidence supporting the use of EMA
to capture in-the-moment mood and context data related to
parental feeding practices and children’s eating behaviors. This
is particularly important given the dynamic and
context-dependent nature of these behaviors, which cannot be
adequately captured through traditional cross-sectional methods.
By employing EMA, researchers can gain a more nuanced
understanding of how contextual factors, such as parental mood,
feeding goals, and external pressures, influence feeding practices
on a moment-to-moment basis.

Finally, this study contributes to the growing body of literature
supporting the use of mobile technology for real-time data
collection in behavioral research. The high compliance rates
observed in this study suggest that parents are willing and able
to use smartphone apps to report on their feeding practices and
their children’s eating behaviors, even over extended periods.
This opens up new opportunities for large-scale studies that
leverage mobile technology to explore complex behavioral
dynamics in diverse populations.

Limitations
It is important to recognize that EMA methods have certain
limitations. Since assessments are conducted repeatedly and in
close relation to the behaviors, thoughts, and emotions being
studied, there is a chance that the methods themselves could
influence the variables being examined. This indeed is evidenced
in the high percentage of participants who said they were made
more aware of their emotions and activities because of the study.
As such, there is the potential that throughout the EMA period,
an individual’s behaviors and self-reports begin to shift and this
should be accounted for in subsequent analysis. Future studies

should incorporate features to address participant reactivity,
such as randomizing the order of questions.

It must also be noted that there are several general limitations
with EMA methodologies. In particular, the surveys are
self-reported so this may result in the same social desirability
reporting that is seen in other self-report methods such as
unrepeated questionnaires. Additionally, in an attempt to keep
the surveys brief and accessible, very basic responses (ie, yes
or no) were provided, which limits capturing the detail and
nuance of eating occasions. Ideally, examples of child-parent
interactions should be observationally recorded to allow for a
richer interpretation of feeding interactions in young children
with avid eating as well as determining the accuracy of parent
reports. The results of this study also highlight that relying on
parents to trigger event-based surveys often results in
underreporting of eating occasions which impacts the accurate
reporting of the frequency of eating occasions or food requests
in children with avid eating. The development of wearable
devices and camera recordings could be used in future research
to capture more precise data on children’s eating patterns.

Additionally, while EMA studies can be designed to include a
diverse sample with various racial, ethnic, and socioeconomic
backgrounds, it is essential to consider how likely different
groups are to complete an EMA survey and how well the results
can be generalized to the broader population. Although
participants were offered the use of a smartphone for the study,
no participant requested this, but it may still be the case that
access to a smartphone was a barrier to participation. Equally,
participants with higher completion rates than others may have
greater time and fewer pressures around feeding interactions to
be able to complete the surveys. Furthermore, there is also the
possibility that parents who choose to participate and complete
an EMA study may have a stronger interest in promoting healthy
eating habits for their child than those who choose not to
participate, which could introduce bias into the findings. Finally,
although the adherence in our study aligns closely with
previously reported short-term EMA studies [17], the 10-day
duration may limit the ability to generalize to contexts requiring
sustained monitoring over longer periods.

Conclusion
In conclusion, this study demonstrates the feasibility,
acceptability, and potential of using EMA to investigate the
intricate interplay between parental mood, feeding goals,
contextual factors, and feeding practices in children with avid
eating behaviors. While the results are promising, further
refinement of the EMA methodology is needed to address
technical challenges and reduce participant burden. Future
research should continue to explore the use of EMA to capture
the dynamic nature of feeding interactions and to inform the
development of targeted interventions to promote healthy eating
behaviors in children.
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Abstract

Background: Mental health issues among Canadian postsecondary students are prevalent. In tandem, an increased
acknowledgment of the need for upstream mental health support has been highlighted. While the majority of institutions offer
some form of mental health promotion, research suggests students are failing to access support due to barriers including lack of
awareness, geographical and financial barriers, and lack of relevance in offerings. Canada’s Student Mental Health Network is
a web-based knowledge mobilization initiative designed to fill these gaps. With content created and curated “for-students,
by-students” and reviewed by subject matter experts, the Network serves as a one-stop shop for evidence-based, mental health
support for postsecondary students.

Objective: The goal of this research was to conduct the first component of a comprehensive program evaluation of the Network.
This paper details a formative, process evaluation after approximately 1 year of operations, with the goal of assessing acceptability
and feasibility.

Methods: Using a concurrent mixed methods study design, quantitative and qualitative data were simultaneously collected from
students in order to evaluate the acceptability and feasibility of the Network as a mental health promotion resource. Quantitative
data were automatically collected through Google Analytics via the website over the course of the first year of operations. Data
collected included the number of users accessing the website, user engagement, and user “stickiness.” Quantitative data were
used to evaluate both accessibility and feasibility. Qualitative data were collected via individual, digital interviews conducted
with a modest sample of students (n=8) across areas and levels of study. Qualitative data derived more detailed insights into user
experience and website attributes, as well as feedback on content delivery, providing evidence used to evaluate feasibility.

Results: A total of 1200 users globally accessed the Network within the first year of operations, with Canadian users accounting
for nearly 90% of total website traffic. An overall 66% engagement rate was observed, with the average user visiting 7 pages per
session. Further support for the acceptability of the Network is demonstrated in the Canada-wide reach of the content development
and review team. Evidence for the feasibility of the Network was observed through website use statistics indicating the most
frequently viewed pages aligned with our goals: providing mental health education and increasing awareness of available resources.
Qualitative feedback provided additional context surrounding the feasibility of the space, including positive feedback on the
esthetics, relevance, usability, inclusion, and accessibility. Areas for content expansion and improvements to accessibility were
also identified.

Conclusions: The results of this study provide evidence in support of the feasibility and acceptability of the Network as a
web-based knowledge mobilization initiative in support of postsecondary students’ mental health and well-being. Future research
will pursue a summative, impact assessment to evaluate utility.

(JMIR Form Res 2025;9:e58992)   doi:10.2196/58992
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Introduction

Prevalence estimates for mental health–related problems,
including above-average stress, psychological distress, and
symptoms of mental illnesses, have increased significantly

among Canadian postsecondary students over the past several
years [1]. Indeed, data collected from Canadian postsecondary
institutions via the 2022 National College Health Assessment
III survey (n=11,322) revealed large proportions of students
reporting moderate (47%) to high (37%) stress levels within
the past 30-day period, with over half (52%) reporting their
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stress levels to have impacted their academic performance [2].
Additionally, approximately one-third (33%) of respondents
screened positive for serious psychological distress, while many
reported having received a diagnosis for anxiety (23%) or
depression (25%) [2].

Importantly, excessive stress has been linked to a number of
negative academic (eg, decreased performance and decreased
motivation) and health (eg, anxiety and depression) outcomes
for postsecondary students [3,4]. In recent years, a more in-depth
exploration of the sources of student stress has been conducted
in the development and deployment of the Postsecondary
Student Stressors Index. This work has revealed that stressors
experienced by students within the postsecondary setting reach
beyond academics, also spanning the learning environment,
campus culture, personal, and interpersonal domains [5,6].
Importantly, this suggests a need for holistic mental health
promotion support, including providing resources that extend
beyond the academic realm. Further complicating things,
postsecondary-aged Canadians were also the age group
identified as the most likely to report dramatically declining
mental health throughout the COVID-19 pandemic [7]. The
long-term mental health fallout of the pandemic continues to
be unknown, further reinforcing the need to provide well-being
support to students as they navigate the stressors associated
with the postsecondary setting.

Strategies to address and support postsecondary mental health
have emerged at the national, provincial, and institutional levels
[8]. At the postsecondary level, many institutions have attempted
to improve student mental health by offering both upstream and
downstream mental health services [8,9]. Upstream services
aim to intervene prior to the development of symptoms of mental
illness (eg, mental health promotion and mental illness
prevention), while downstream interventions (eg, counseling
and pharmacological therapy) aim to treat individuals who have
already reached a clinical threshold. These service levels align
with Keyes’ seminal conceptual framework, the dual continuum
of mental health and mental illness, which conceptualizes mental
health and mental illness as existing on interrelated, but separate
continuums [10]. A student who is experiencing a period of
poor mental health, but who has not yet reached the clinical
threshold for a mental illness, may benefit greatly from the use
of upstream services. Unfortunately, the majority of students
experiencing a decline in their mental health seek downstream
treatments as an initial solution. As a result, the demand for
downstream campus mental health services (eg, counseling)
over the past decade has far outpaced institutions’ capacities to
deliver timely care [11]. Placing additional focus on upstream
mental health promotion and mental illness prevention resources
may contribute toward alleviating the current bottleneck
observed at the treatment level by encouraging students to
implement appropriate forms of help-seeking that align with
their level of need. Bolstering upstream supports, including
mental health promotion, may also improve students’ resilience
and education regarding adaptive and effective coping
mechanisms, empowering students to better manage stressful
situations.

While some form of mental health promotion is offered on most
postsecondary campuses, a national review of mental health

and well-being services on Canadian postsecondary campuses
found that only 70% of respondents felt students were
well-informed about available resources on campus, and about
mental health issues in general [12]. Notably, many respondents
(including campus service providers and institution
administrators; 84%) also indicated they felt there was room
for improvement in the mental health promotion efforts currently
offered on their campus [12]. Further, mental health promotion
activities were highly varied, with some offering programs
aimed to inform students about available campus mental health
services, reduce stigma, and educate students about mental
illness. Other institutions focused on outreach, aiming to
encourage students to seek help when needed. In many cases,
the mental health supports offered were dependent on the
resources (eg, financial, logistic, and staffing) available to the
institution, with smaller institutions unable to provide as much
support as their larger counterparts [12].

Together, these gaps and inconsistencies suggest a need for a
comprehensive and holistic approach to mental health
promotion, where resources are universally accessible to
postsecondary students across Canada. With the overall aim of
filling these gaps, Canada’s Student Mental Health Network
(“the Network”) was created—a web-based, “one-stop shop”
for mental health education and evidence-based resources.
Content is tailored specifically to postsecondary students and
is provided in a centralized, universally accessible location,
focusing on three primary pillars of action: improving mental
health literacy, encouraging the development of strong social
support networks, and improving understanding of appropriate
help-seeking and awareness of available resources.

A comprehensive evaluation of the Network, including
formative and summative components, has been detailed and
published elsewhere [13]. The purpose of this paper is to present
the results of the formative, process evaluation of the Network
after approximately 1 year of operation. Process evaluations are
intended to assess 2 key components of program function: (1)
whether the program is reaching the intended targeted population
(acceptability), and (2) whether its delivery and function are
consistent with program design intentions (feasibility) [14]. The
key objectives of this formative evaluation were to determine
the feasibility and acceptability of the Network to date and to
inform the development of the protocol for the subsequent
summative impact assessment.

Methods

Study Design
We used a concurrent mixed methods evaluation study design,
combining both quantitative and qualitative data to gain more
in-depth insights into the acceptability and feasibility of the
Network. Best practices in evaluation dictate that the chosen
evaluation design should align with the maturity of the initiative.
Given the age of the Network at the time of this study, a
formative process evaluation design was chosen, with a focus
laid on process indicators selected to provide information about
feasibility and acceptability, rather than focusing on outcomes
evaluating impact. A future summative impact evaluation is
planned for when the initiative has matured appropriately [13].
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Figure 1 displays the logic model used to visually depict the program theory supporting the process evaluation.

Figure 1. Logic model depicting program theory for the Student Mental Health Network, with components relevant to the formative process evaluation
highlighted.

Initiative
The Student Mental Health Network is a website designed to
be a web-based resource hub tailored toward postsecondary
students, featuring mental health education and evidence-based
tools and resources.

The target population for the Network itself is postsecondary
students enrolled across Canada.

Centered around improving mental health literacy, encouraging
the development of strong social support networks, and
improving help-seeking behaviors, the content is intended to
be relevant for all students, regardless of the type of institution
attended (eg, university, college, and institute), years, areas,
and levels of study. We have also aimed to develop content that
is accessible, psychologically safe, and culturally competent
for various subgroups of students who may be best supported
by specific content areas, including medical students, members
of the LGBTQ2S+ community, BIPOC students, Indigenous
students, international students, and first-generation students.
All content is created and curated by students and reviewed for
validity by subject matter experts (eg, mental health researchers,
clinicians, and medical professionals) using a collaborative,
knowledge mobilization approach. Further information on the
resources featured in each of the three content pillars (learn,
connect, and access) has been published elsewhere [13].

Recruitment
To meet the objectives of this evaluation, data were collected
using two methods: (1) quantitative website use statistics,
collected through Google Analytics, and (2) qualitative data
collected through individual, cognitive interviews.

To collect information regarding the reach and coverage of the
Network in terms of website engagement and user experience,
we used quantitative website metrics collected passively through
Google Analytics. These metrics included: the total number of
users, average number of users (weekly, monthly, and annually),
average engagement time (time spent on each component of the
website) and user “stickiness” (average length of visits), page
views, event counts (clicks, file downloads), and user region.
The definitions of these specific criteria per the Google
Analytics glossary can be viewed in Multimedia Appendix 1.

Second, individual, cognitive interviews were conducted using
a “think aloud” technique to further evaluate user experience
and highlight gaps in the Network’s delivery [15]. Participants
were recruited using a convenience sampling method; a
recruitment notice was posted on the Network website, as well
as through the Network’s social media channels. Participants
had to be computer literate and currently enrolled at a
postsecondary institution at the time of the interview. A total
of 8 interviews were conducted before data saturation was
reached (eg, the point at which additional interviews were not
producing new information and we were beginning to hear
repetitive answers to interview questions). Table 1 shows the
demographic characteristics of the 8 interviewees. In terms of
procedure, participants were asked to screen share over Zoom
(Zoom Video Communications Inc) as they navigated the
Network website and talked the interviewer through their
exploration, identifying content-related issues or preferences,
as well as any navigational challenges. The interviews included
questions related to important website attributes (eg, appearance,
content, interactivity, inclusivity or representation, and
accessibility) and perceived acceptability and feasibility of the
space. Interviews were audio recorded and automatically

JMIR Form Res 2025 | vol. 9 | e58992 | p.761https://formative.jmir.org/2025/1/e58992
(page number not for citation purposes)

Ecclestone et alJMIR FORMATIVE RESEARCH

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


transcribed, with field notes taken throughout the interview and immediately reviewed afterward.

Table . Descriptive statistics for demographics characteristics of cognitive interview sample.

Value (N=8), n (%)Characteristic

Gender

5 (60)Woman

3 (40)Man

Year of study

1 (13)Y1 undergraduate

2 (25)Y2 undergraduate

2 (25)Y3 undergraduate

2 (25)Y4 undergraduate

1 (13)Graduate

Area of study

3 (38)Health sciences

3 (38)Science

1 (13)Arts

1 (13)Graduate studies

Institution

5 (63)Queen’s University

1 (13)Western University

2 (25)University of Toronto

Data Analysis
Descriptive statistics provided through Google Analytics were
displayed as frequency tables. Cognitive interview data were
analyzed through the use of the website attribute codes displayed

in Table 2. Field notes were taken electronically during the
interviews and reviewed immediately afterward. Website
attribute codes were applied to relevant transcript areas. In the
event that a new issue arose that was not captured by existing
problem codes, a new code was created.

Table . Website attribute codes used to categorize cognitive interview responses and appropriate corrective actions to be taken.

Corrective actionDescriptionWebsite attribute

Comments on the look and feel of the website,
including whether the color scheme, images, and
multimedia used are appropriate.

Esthetics • Improve esthetics (additional graphics,
multimedia, color)

Comments on whether the content displayed on
the website is not relevant to postsecondary stu-
dent stress or mental health.

Relevance • Add additional relevant content
• Remove irrelevant content

Comments on the accessibility of content is ade-
quate (eg, ease of use for students with visual,
audio, or other impairments).

Accessibility • Improve accessibility features of the website

Comments on whether the content provided ade-
quately caters to a wide variety of students and
important subgroups.

Inclusion • Change in wording
• Change the order of items

Comments on ease of navigation of the website,
whether the website renders on mobile and web
browsers adequately, etc.

Usability • Improve navigation
• Improve optimization

Ethical Considerations
This research study was reviewed and approved for ethical
compliance by the Queen’s University Health Sciences and
Affiliated Teaching Hospitals Research Ethics Board (TRAQ

#6041988). Google Analytics data were collected passively
from website users and were not connected to any identifying
information. Therefore, there was no consent component
associated with this part of the study. Interview participants
provided verbal, informed consent to participate (including
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audio and video recording of the interview) after reviewing the
letter of information for the study. All qualitative data (eg,
transcripts and extracted quotations) were deidentified for
analyses. Interview recordings were kept confidential and stored
as password-protected electronic files by the principal
investigator (BL) as the data custodian. Interview participants
were compensated with a CAD $20 (US $14.04) e-gift card to
Amazon as thanks for their participation.

Results

Acceptability
Recall that acceptability refers to whether or not the program
or initiative is reaching its intended targeted population [14].
Website use statistics were extracted from Google Analytics
for the dates of May 1, 2022, to June 1, 2023, inclusive. A total
of 1200 users globally accessed the Network within this time
frame, where Canadian users accounted for nearly 90% of total
website traffic (Multimedia Appendix 1). During this time
frame, about 1500 “engaged sessions” were recorded, defined
as the number of sessions (or visits) on the website that exceeded
10 seconds in length or had ≥2 page views. Users also spent
some time navigating the Network, with the average user visiting
approximately 7 pages per session. This resulted in an overall

66% engagement rate during the first year of operations. This
data suggests that users are not only visiting the website but are
spending time exploring its resources. Similarly, during this
time frame, a total of 21,532 “events” (a specific interaction or
occurrence on a website, such as a page view, click, or
download) were recorded. Although we were not able to capture
the age of these users, the continued and increased presence of
users from across regions of Canada over time provides
preliminary evidence in support of acceptability.

The acceptability of the Network is also reflected in the
Canada-wide reach demonstrated through our content
development team. Our student volunteers, who develop content
and promote the Network, attend postsecondary institutions
across the country and are enrolled across various programs,
levels, and areas of study, including medicine, health science,
political science, computer science, public health, education,
and more. In addition to contributing students, we have a team
of subject matter experts who serve as expert reviewers of
website content to ensure its validity and reliability. These
experts include faculty specializing in related research, Student
Wellness Services staff and clinicians, and family physicians.
Figure 2 shows the Canada-wide reach of the Network, including
each of these contributing groups after 1 year of operations.
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Figure 2. Map depicting the cross-Canada reach of the Student Mental Health Network after approximately 1 year of operations via the postsecondary
institutions at which both student contributors and subject matter experts reside.

Feasibility
Feasibility is determined by whether a program’s delivery and
function are consistent with program design intentions [14]. We
first gained insight into the feasibility of the Network by
examining the website use statistics to determine which pages
were viewed most frequently (Multimedia Appendix 1). In line
with our goals, resources from the learn section of the Network
were some of the most sought after the first year of operations
(eg, module series, toolkits, and online courses). This was
consistent with our initial needs assessment, which suggested
that students were eager to improve their mental health
education. Notably, several resources within the access pillar
of the website were also within the most frequently visited pages
(eg, campus services map, mental health resources bank, stress
management resources, and mental health app library). This is

consistent with our goals to encourage student awareness of
available mental health resources. Finally, resources within the
connect pillar of the website (eg, clubs portal and peer
connection resources) were also among the most frequently
visited pages, consistent with our goal to encourage the
development of strong social support networks.

We also derived evidence for feasibility by conducting cognitive
interviews with 8 students over the course of the evaluation
period. Interviewees were asked to navigate through the Network
website and comment on the appearance, relevance,
accessibility, and usability. Overall, feedback was positive
across interviews, with participants sharing that the site was
visually appealing, easy to access, and relevant to them or their
peers. Table 3 depicts the results of the interviews, as well as
assigned website attribute codes.
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Table . Responses to website attributes as indicated by interview participants (N=8).

UsabilityInclusionAccessibilityRelevanceEstheticsInterviewee

+++, xb++a001

+++++002

+, x++++, x003

x++++004

+++++005

+, x++, x++006

+++++, x007

+++++008

a+ indicates a positive response to this attribute.
bx indicates that suggestions for improvement were recommended by the participant.

Esthetics
When asked about the appearance of the website, participants
indicated liking the color scheme and its consistency. The use
of multimedia (eg, images, graphics, and videos) was reported
to increase the visual appeal of the website. Participants also
found that the content was displayed in an engaging way. In
particular, they reported enjoying the format in which the
toolkits and modules were presented, especially the integration
of different types of media (eg, links to web pages, TED Talks,
and worksheets). Participants indicated that the resources
displayed as interactive multimedia were most esthetically
pleasing (as well as easiest to navigate), suggesting that
resources currently provided as downloadable documents be
adapted to be displayed in a more esthetic, interactive alterative
format.

Usability
With respect to usability, participants noted that the website
was easy to navigate, with clear pathways to associated
resources. Participants appreciated the list of included items at
the bottom of each page, clearly indicating each subsection of
website pillars. Participants were also asked which type of
device they used to access the online space, and whether the
website and its resources rendered properly on their device.
Despite the type of device and operating system used, the
website was rendered properly. Many respondents suggested
that a mobile app or version be developed specifically with
tablets and mobile devices in mind.

Relevance
When asked about the relevance of the website content to the
student target population, all participants agreed that the content
was relevant and valuable to a postsecondary audience.
Participants also shared that it was clear content was intended
for students from all schools and provinces and did not appear
to be preferential to a single region. When asked if they would
recommend the site or any of its resources to a friend or family
member, every participant said yes, with some indicating that
they had already done so.

Accessibility and Inclusivity
Interview participants were asked to share their impressions of
the accessibility and inclusivity of the website. Respondents
shared positive comments regarding the accessibility of the site,
stating that content appeared to be directed toward a wide range
of student backgrounds and not targeted to any specific group.
Participants also indicated that they were able to find everything
they were looking for with ease, suggesting the website was
user-friendly in terms of accessibility. Regarding inclusivity,
participants thought the website content was generally applicable
to all students, the more specific resources provided (eg,
graduate students’ module, Indigenous well-being module, and
intersectionality module) were especially inclusive as they
targeted specific struggles experienced by students belonging
to those groups. Respondents encouraged the development of
additional resources (eg, modules and toolkits) targeting other
specialty populations to enhance the inclusivity of the content.
Overall, positive feedback was provided regarding both the
accessibility and inclusivity of the website. Participants’
recommendations regarding additional resources and content
that could be improved or enhanced are displayed in Table 4.
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Table . Recommendations provided by interview participants (N=8) for additional or adapted content for the Student Mental Health Network.

Suggested addition or updateArea of website

Learn • A library of recommended self-help books fostering positive mental
health, resilience, and well-being

• Development of an international student module, LGBTQ+a module,
and expansion of resources for students of color, LGBTQ+ students,
international students, and Indigenous students

Connect • A library of social media accounts that aim to promote mental health

Access • Reformatting of the Mental Health Resources bank to be displayed
similarly to the clubs bank

General • A newsletter updating interested students on new resources added to
the site, and on general student mental health news (eg, recent impact-
ful research)

• A Q&Ab page for the site to answer any common questions students
may have while navigating our site

• Option to increase text size
• Option to select “read aloud” or prerecorded audio for some sections

and resources
• French translation of website content
• Development of a mobile-optimized version of the Network

aLGBTQ+: lesbian, gay, bisexual, transgender, queer, and other sexual and gender minority.
bQ&A: question and answer.

Discussion

Principal Findings
As prevalence estimates for mental health issues have increased
over the past decade [1], increasing attention has been paid to
postsecondary mental health. The development of institutional
frameworks and guiding documents such as the Okanagan
Charter [16] and Canada’s National Standard for the
Psychological Safety and Wellbeing of Postsecondary Students
[17] have emerged, alongside new forms of data collection such
as the Canadian Campus Wellbeing Survey [18]. Across the
board, the recommendation for improvements in the targeting
of mental health support for students is evident [8]. With the
demand for downstream treatment-based services (eg,
counseling and medication) continually surpassing the campus’
capacities to provide care to all, there is a glaring need to work
upstream. Bolstering and improving the targeting of these
upstream mental health supports is imperative to reducing the
burden on downstream campus mental health services by
empowering students to improve their resiliency and develop
a toolkit of resources to turn to during times of increased stress
where lower-intensity support may result in marked
improvements.

The Student Mental Health Network offers 1 such solution as
a web-based mental health promotion resource specifically
targeted toward postsecondary students and universally
accessible across Canada. The Network provides unlimited
access to mental health education and resources, addressing
many of the common barriers cited by students attempting to
access mental health supports, including financial restrictions,
lengthy wait times, stigma, and logistical access (eg, time,
location, or travel-based constraints) [19]. The findings from

this formative process evaluation have provided preliminary
evidence for both the acceptability and feasibility of the
Network. Results showed the imitative is reaching its intended
target population (acceptability), and that its delivery and
function are consistent with program design intentions
(feasibility). In addition to positive feedback from the target
population, opportunities for growth were also identified.

Results from Google Analytics provided evidence for
accessibility (that the initiative is reaching its intended targeted
population), with web use statistics indicating that a total of
1200 users globally accessed the Network within the first year
of operations, the vast majority of whom resided in Canada
(90%). This data suggests that the Network is reaching its
intended target population. Providing additional support to this
conclusion is the Canada-wide reach of the Network, evidenced
through the regional distribution of our content contributors and
expert reviewers, including postsecondary students, mental
health researchers, clinicians, and physicians from across the
country. Users also spent time navigating the Network, with
the average user visiting approximately 7 pages per session.
This finding provides evidence that users are not simply popping
in and out of the space, but rather, are taking the time to view
multiple pages and absorb some of the information provided.
Overall, the Network reported a high engagement rate (66%)
within its first year of operations. Overall, this data suggests
that users are not only visiting the website but are spending time
exploring its resources, as we hoped they would. Collecting
passive user data via Google Analytics allowed us to cast a
much wider net with respect to determining usership and avoid
issues common to survey-based research, such as low response
rates and selection bias.

Feasibility was supported by Google Analytics data in addition
to the data derived from cognitive interviews. Recall that the
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goal of the Network was to provide Canadian postsecondary
students with a web-based, “one-stop shop” for mental health
education and evidence-based resources focusing on mental
health education, social support, and improving awareness of
available mental health resources. After the first year of
operations, results suggest that the Network’s delivery and
function have been consistent with our goals. Valid and reliable
content has been created across all 3 areas of focus and is
well-received by students. Data from Google Analytics showed
that resources within all 3 sections fell within the top 20 most
frequently visited pages of the Network, with resources in the
learn and access sections being the most popular. Results from
interviews further supported students’ endorsement of the
Network and its resources, with positive reviews regarding
website esthetics, relevance of content, accessibility, inclusion,
and usability. Interviewees identified some areas for
improvement, including additional content to fill some existing
gaps, as well as minor esthetic or display changes to existing
resources, but no resource was identified for removal or
irrelevance. Here, we see the added value of the mixed methods
design of the evaluation, where valuable contextual information
was provided as a result of the cognitive interviews compared
to what would have been gleaned from the collection of
quantitative data alone. These interviews allowed for a detailed
walkthrough of the website, facilitating a rich conversation
about numerous elements (eg, relevance, accessibility, and
esthetics). Overall, the design elements highlighted by study
participants echo those identified by Garret et al [20] as key to
thoughtful website design and driving user engagement.

Limitations
Despite its strengths, there are several limitations to this research
that should also be acknowledged. While the Network is a novel
initiative aiming to fill important gaps, its novelty also presents
evaluation challenges given the absence of a standardized
process for evaluating this type of initiative. Despite this
limitation, we did our best to thoughtfully design a
comprehensive program theory and evaluation plan, including
both the process evaluation outlined here, as well as a future
summative impact evaluation. In terms of data collection, only
8 interviews were conducted with all students attending
postsecondary institutions in Ontario, resulting in limited
geographic variability in our qualitative sample. However, we
did see good variability in terms of other characteristics, such
as gender, area, and level of study. Furthermore, while our
qualitative sample was small, we did find that we reached data
saturation in our interviews. Additionally, data collected through
Google Analytics were able to provide us with information on
the number of people visiting the website over time and from
which regions, but not the age groups to which those visitors
belonged. As a result, we can conclude that website traffic
increased over time, but we do not have quantitative evidence
to confirm that those visitors were postsecondary-aged
individuals. Additionally, while the Network has demonstrated
a cross-Canada reach after the first year of operations, there is
an uneven distribution of users and content contributors with

the majority situated in Ontario. This may be due to the fact
that the Network was initially created by a group of students at
a single, Eastern Ontario university, or due to the vast majority
of postsecondary institutions in Canada being located in this
province. Moving forward, we plan to continue working on
extending the reach of the Network across the country. Finally,
website content is currently only available in English, which
poses an accessibility challenge for French-speaking
postsecondary students. Going forward with Network
development, we aim to translate content into French to provide
equitable access to mental health resources to Canadian students
in both official languages.

Conclusions
Bolstering upstream supports like mental health promotion may
help alleviate the current bottleneck observed at the downstream
service level on postsecondary campuses. Canada’s Student
Mental Health Network aims to contribute toward alleviating
this issue by delivering a novel, innovative method of providing
universally accessible, evidence-based mental health promotion
to postsecondary students across the country. The Network
provides a centralized location for mental health education and
resources, created for-students, by-students, and validated by
subject matter experts, including physicians, clinicians, and
mental health researchers. The space will contribute to breaking
down common barriers to help-seeking, such as geographic
restraints (eg, by providing universally accessible content that
can serve online students, as well as those with travel or
logistical obstacles), financial restraints (eg, by providing
cost-free education and resources wherever possible), and lack
of awareness (eg, by maintaining an active social media presence
and partnering with Student Wellness Services at postsecondary
institutions across Canada to bolster promotion). The
participatory, for-students, by-students approach is a key
strength of the Network and a characteristic that many students
have highlighted as a unique and attractive quality of the space.
The Network is a first-of-its-kind initiative that aims to fill gaps
in current mental health promotion resources provided to
students using an innovative, collaborative design. Through the
provision of relevant and focused content and the facilitation
of social connection, the Network will support and empower
students to take ownership of their mental health and well-being
by providing them with the toolbox they need to build and
maintain resilience.

The formative process evaluation component for the Network
has now been completed, with data collection for the impact
evaluation currently underway. The next steps will include the
ongoing creation, curation, and refreshing of the Network
resources in order to meet the changing needs of the target
population, as well as to fill any gaps identified throughout the
evaluation process. Resources will continue to be updated to
ensure a high level of accessibility and relevance. Preliminary
results from this evaluation show the Network is meeting its
preliminary objectives. The summative assessment of the
Network will aim to further evaluate these objectives and
provide additional evidence of overall impact.
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Abstract

Background: Degenerative cervical myelopathy (DCM), a form of slow-motion and progressive spinal cord injury caused by
spinal cord compression secondary to degenerative pathology, leads to high levels of disability and dependence, and may reduce
quality of life. Myelopathy.org is the first global scientific and clinical charity for DCM, providing an accessible platform freely
disseminating information relevant to the DCM diagnosis and its treatment. Significant transient and long-term change to earnings
do occur and can thrust individuals into poverty. People with DCM face many challenges accessing state financial assistance.
This can have a cumulative negative financial effect due to the association between DCM and low socioeconomic index. Financial
support available to patients under pension age include Universal Credit (UC), a payment that helps with living costs, and Personal
Independence Payment (PIP), which helps with extra living costs if someone has both a long-term health condition or disability
and difficulty doing certain everyday tasks.

Objective: This study aimed to assess if delivering workshops centered around access to financial support could assist people
with DCM living in the United Kingdom.

Methods: A series of 2 internet-based workshops was targeted at accessing financial support for English patients under the state
pension age, with an anonymized survey delivered to participants after each session. The first session was on UC and the second
on PIP. The survey consisted of a mixture of Likert scales, free text and yes or no answers. Survey responses were analyzed using
descriptive statistics and free text answers underwent inductive thematic analysis.

Results: The average rating on the use of UC was 9.00/10. Presession self-rated confidence levels were 5.11/10 rising to 8.00/10.
The mean score of wanting further similar sessions was 8.67/10 with 56% (5/9) of participants wanting one-to-one sessions. For
PIP, the average session use rating was 10/10. Presession self-rated confidence levels were 4.43/10 rising to 9.57/10. The mean
score of wanting further similar sessions was 8.71/10, with 43% (3/7) of participants wanting one-to-one sessions . Following
inductive thematic analysis, themes regarding the usefulness of such sessions and the challenges to accessing financial support
emerged. One participant gave negative feedback, which included the length of the session and perceived problems around
confidentiality and data protection.

Conclusions: The pilot series was largely perceived as a success, with participants finding them useful and increasing their
self-rated confidence in navigating the UK financial support system. Given the small sample size, it is hard to predict the success
of future sessions. Finally, given that the hurdles in accessing financial support extend beyond DCM, such workshops may be
relevant to other organizations.

(JMIR Form Res 2025;9:e59032)   doi:10.2196/59032
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Introduction

Degenerative cervical myelopathy (DCM) is a form of
slow-motion and progressive spinal cord injury caused by spinal
cord compression secondary to degenerative pathology. This
includes disease processes such as cervical spondylosis,
ossification of the posterior longitudinal ligament, ossification
of the ligamentum flavum, and degenerative disc disease [1,2].
Globally, it is estimated to affect 2% of adults, although less
than 10% are formally diagnosed at this time [3,4]. DCM can
cause sensorimotor dysfunction in the upper or lower limbs,
gait disturbance, bladder or bowel dysfunction, and pain [2,5-9].
Surgery is the mainstay of treatment for DCM and aims to
decompress the spinal cord [2,10-12]. Whilst this typically stops
further deterioration and may afford meaningful symptomatic
improvement, recovery is generally incomplete. People with
DCM experience high levels of disability and dependence, and
are among those with the lowest quality of life scores for any
chronic disease [13]. In fact, almost half of diagnosed
individuals may be dependent on the support of others for
activities of daily living (41.9% (326/778) in a recent study
[14]).

This landscape, in the study mentioned above, results in great
socioeconomic impact, with over a third of participants unable
to return to work (35.7%; 278/778 of people with DCM [14])
due to DCM. Furthermore, 25.8% (201/778) were employed
full time and 11.3%(88/778) were employed part-time [14]. In
addition, 35.7% (278/778) were unable to work due to their
disability [14]. Surgery can be helpful, with Lønne et al [15]
showing that by 12 months after surgery, 65% (589/906) had
returned to work, increasing to 75% (680/906) by 36 months.
Clearly, therefore, DCM impairs patients’ ability to contribute
economically before retirement and can lead people into poverty
[16]. Davies et al [17] found that, based on the average age of
cases at presentation in the United Kingdom and an average age
of retirement of 65 years, there is a potentially 15.1 years of
affected productivity in people with DCM [17]. This equates
to an estimated lifetime inflated loss of income of up to
£347,112 (US $435,150) using UK Office for National Statistics
figures or £474,719 (US $595,121) using Office for Economic
Co-Operation figures [17]. In fact, there is an estimated annual
loss of productivity of £362.6m (US $453.3m), in addition to
disability financial support totaling £280.2m (US $350.3m) and
an overall cost to society for this cohort of £681.6m (US $
853.9m) in the United Kingdom [17]. This has a cumulative
negative financial effect due to the association of DCM with a
low socioeconomic index, a delayed diagnosis, and poor
outcomes [18].

Whilst this provides an estimate of the current “demand” and
potential future “societal cost” of DCM, the practicalities of
ensuring that people with DCM can access support is seldom
straightforward, since social support systems differ by both
jurisdiction and patient circumstance. A study from Norway,
where financial support is available to all citizens suffering

ill-health, found that 20% of patients received medical income
compensation financial support 1 year before surgery, rising to
100% at the time of surgery. However, for most countries, this
“gold standard” access is complex. First, the term “DCM” is
relatively new, having been introduced in 2015 [1]. Furthermore,
being focused on undergoing treatment and lacking a true
understanding of the long-term implications of the disease,
people with DCM rarely recognize (or accept) the need for
financial support until needs are heightened [19-21].
Professionals may be aware of these challenges, as patients
often turn to their medical team for support, guidance, and
written opinions. However, many health care professionals are
not trained to advise patients on available options and are likely
unequipped to best navigate the claim and assessment process.

Myelopathy.org is the first global scientific and clinical charity
for DCM. The charity provides an accessible internet-based
platform freely disseminating information relevant to the DCM
diagnosis and its treatment. As an organization, it hosts
peer-to-peer support forums, and fields inquiries from those
affected by DCM. Across this media, contacts requesting
information or assistance for accessing financial support is a
frequent topic.

Several active organizations exist that offer advice and guidance
to people applying for financial support. These include Hastings
Advice and Representation Centre (HARC) [22], Citizens
Advice [23], and Welfare Benefits Unit [24]. In fact, certain
charities such as the British Heart Foundation have dedicated
web pages specific to applying for financial support [25]. Some,
such as Age Scotland, offer workshops to their beneficiaries
about accessing benefits [26]. However, there is no literature
assessing the utility of these interventions. We hypothesized
that delivering workshops centered around access to financial
support could assist people with DCM.

Methods

Overview
The authors, in collaboration with Myelopathy.org, piloted a
series of 2 workshops in May 2023 targeted at accessing
financial support for English patients under the state pension
age.

Participants
People with DCM were recruited to the sessions virtually, using
an advertisement within the Facebook (Meta) support group
run by Myelopathy.org, which had 2065 members at the time
of the study. Interested participants contacted the charity directly
by email to book sessions. This was the only form of
recruitment. Inclusion criteria was any person with DCM under
state pension age from England. Where a session was
oversubscribed, a random number generator was used to select
10 participants.
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Procedures
The sessions were delivered in a paid partnership with HARC,
a charitable organization, which provides welfare financial
support advice and information to the people of East Sussex
and the South Coast of England [22]. It aims to address
inequalities, relieve poverty, and improve the quality of life for
vulnerable and disadvantaged individuals and families [22].
Funding was from the National Lottery community fund, a UK
specific fund [27].

The overall aim was to equip participants with the skills to
navigate the financial support system independently. The
workshop program consisted of 2 sessions delivered as a set.
All sessions were held virtually on Zoom (Zoom Video
Communications) and each lasted up to 2 hours. The workshop
format was chosen in partnership with HARC. HARC provided
expertise from generic sessions delivered previously, with the
chosen workshop format encouraging interactivity and the ability
to ask questions, as well as being cost-effective.

The sessions were targeted to patients currently under state
pension age, allowing content to be tailored to age
demographics. This is dependent on when someone was born
[28]. The first session was on Universal Credit (UC), a payment
that helps with living costs [28] and the second on Personal
Independence Payment (PIP), which helps with extra living
costs if someone has both a long-term health condition or
disability and difficulty doing certain everyday tasks or getting
[29]. The sessions will be termed UC and PIP, respectively.
Each session consisted of a comprehensive overview of either
UC or PIP and their application process with a question time at
the end.

Measures
Participants were evaluated using an anonymized survey
(Google Forms), sent by email to the participants by the charity
after attending each workshop.

Analysis
Survey responses were analyzed using descriptive statistics
(mean, median, mode, and range) using R (version 4.2.1; R
Foundation for Statistical Computing). Free text answers

underwent inductive thematic analysis to identify key themes
of feedback by TR and BD separately. Themes were identified
manually with TR an BD having a discussion afterwards to
ensure validity. Given the small quantity of data, no codebook
software was used.

Ethical Considerations
This study was conducted with ethical approval from the
Myelopathy.org Board (M2023001). At the start of the
workshop, participants were provided with an overview of the
workshop and that feedback would be asked at the end that may
be used for publication. By continuing into the workshop,
participants were providing informed consent to participate. All
data collected were anonymous. No incentives were offered for
completion of the surveys.

Results

A total of 24 people with DCM registered for the workshops.
There were 9 attendees in UC and 7 in PIP, with 2 individuals
dropping out from the first session to the second. Demographic
information was not recorded.

Quantitative Feedback
Participants were asked to rate the sessions across four
questions, using a Likert scale (1 to 10) for each. Figure 1
summarizes the responses to the survey administered after each
session, while Tables S1 and S2 (Multimedia Appendix 1)
provide responses at the level of each participant.

The average rating on the usefulness of UC was 9.00/10 (SD
2.82). Presession self-rated confidence levels were 5.11/10 (SD
2.73) rising to 8.00/10 (SD 2.62) after the session. The mean
score of wanting further similar sessions was 8.67/10 (SD 2.87),
with 56% (5/9) of participants wanting one-to-one sessions.

For PIP, the average session usefulness rating was 10/10 (SD
0), with the desire for further sessions. Presession confidence
levels were 4.43/10 (SD 1.76) rising to 9.57/10 (SD 0.49). The
mean score of wanting further similar sessions was 8.71/10 (SD
1.75) with 43% (3/7) of participants wanting one-to-one
sessions.

Figure 1. A. Box plots showing the response in the survey administered after the UC session. B. Box plots showing the response in the survey
administered after the PIP session. UC: universal credit; PIP: personal independence payment.
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Qualitative Feedback
Several themes emerged during the thematic analysis, notably
with regards to the usefulness of the sessions and the challenges
to accessing financial support.

An important theme that emerged was the usefulness of the
sessions. Participants noted that the sessions were “interactive,”
“amazing,” “informative,” and that they had “enjoyed this very
much.” Both sessions were generally viewed as very helpful,
with several participants noting the information given being
particularly useful with a participant noting that the sessions
contained “specific information that was tailored to participants’
needs, rather than just a bullet point description of financial
support available.” The information on what the questions on
the forms actually meant and how to answer them was noted as
especially helpful. In fact, most participants noted that they
could not suggest any improvements for the sessions. The desire
for further sessions was also noted, with several participants
keen for more as demonstrated by one of the participants saying
that they “would like more of these types of sessions as they
are so so beneficial and also make you feel like you are less
alone in the journey,” and another saying “just more sessions
would be amazing.” One participant even suggested group
discussions that include Myelopathy.org members who had
made successful claims.

The challenges to accessing financial support were also
highlighted. The confusing system was the main challenge
noted. The lack of knowledge about eligibility, lack of
understanding and knowledge from professionals and fear of
judgment were also mentioned. One participant “felt alone and
like I was being judged” and another “never applied before
because I never felt like I was entitled to any, but I feel more
confident now.” In addition, participants found it hard to
understand how detailed answers to the forms needed to be.
Finally, physical disability making it hard to fill in forms was
another issue.

Certain negative themes also came across from only 1 of the
participants. They did not find the session helpful due to what
was perceived as “unnecessary personal introductions, and
waffle,” and some technical issues that prevented the screen
from being shared properly at the start. In addition, they felt
that details of the session were not properly explained in
advance. They also perceived that the facilitator had strayed
“into areas of confidentiality and data protection.” This was due
to an incident whereby another one of the participants had
mentioned to the facilitator that they were going to the toilet
and the facilitator accidentally mentioned it to the whole group.
The participant involved had no issues with this.

Discussion

With the support of a charitable partner, Myelopathy.org
delivered a series of workshops that were effective in increasing
awareness and confidence in obtaining financial support in the
United Kingdom. No other similar study was found through a
search on PubMed for comparison, even in a non-myelopathy
context, thereby illustrating the novel nature of this initiative.

Workshops were considered highly useful (9-10/10) and
increased confidence by >40%.

Following inductive thematic analysis, themes regarding the
usefulness of the sessions and the challenges to accessing
financial support emerged. The interactivity of the session was
viewed as an important positive. The usefulness of the sessions
was also noted as well as the desire for further sessions. The
challenges of applying for financial support were also explored,
notably the confusing system, physical disability, the lack of
knowledge about eligibility, lack of understanding and
knowledge from professionals, and fear of judgment. One
participant had negative feedback, which included the length
of the session and perceived problems around confidentiality
and data protection. The feedback was taken seriously and given
to the facilitator. An apology was presented to the participant
by ZK, the director of Myelopathy.org, and the
misunderstanding was resolved. This participant did not attend
PIP and could represent a subgroup of the people with DCM
population for whom another mode of engagement would be
more suitable such as anonymized access of online web pages
or documents.

While the intervention was considered successful, it is important
to consider areas for improvement, particularly to ensure the
intervention can be sustained and exported to other regions or
countries. Of note, participants were split about wanting further
one-to-one sessions despite thinking further sessions would be
helpful. This could be potentially explained by the participants
preferring to be in a group setting rather than alone.

Experience from other settings is limited and is an avenue that
should be explored. It should also be acknowledged that
individuals who sign up for a group workshop may be more
likely to like such settings. This initial evaluation also does not
collect objective data relevant to actual or successful financial
support applications. Other limitations include the fact that the
sessions were focused solely on financial support available in
England and particular economic situations. How these findings
relate to outside England and situations such as self-employed
status is therefore unclear. Furthermore, delivery of sessions
virtually, available to only a limited number of participants,
may provide only a narrow snapshot of people with DCM. This
situation is compounded by the fact that Facebook-only
recruitment may skew participant demographics. Another
limitation is that no demographic data were collected that could
have helped in contextualizing findings and identifying possible
trends across specific demographic groups.

Despite the limitations outlined above, the participants largely
deemed this initial pilot to be a welcome success. Given this
success, Myelopathy.org aims to provide further similar sessions
both in England and other countries. In addition, this can serve
as a template for small charities focusing on relatively unknown
conditions that cause a financial burden. The socioeconomic
impact of DCM is a global research priority [30]. The chronic
disability experienced by most, even if transiently during the
drawn-out diagnostic process and aftermath from surgery, can
dramatically alter household incomes and thrust people into
poverty [16]. There is a cumulative negative effect due to the
association of DCM with low socioeconomic conditions.

JMIR Form Res 2025 | vol. 9 | e59032 | p.773https://formative.jmir.org/2025/1/e59032
(page number not for citation purposes)

Rujeedawa et alJMIR FORMATIVE RESEARCH

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


Conclusion
Despite the presented limitations and a small amount of negative
feedback from one individual, the sessions were largely
perceived favorably, with participants finding them useful and
increasing their self-rated confidence in navigating the UK
financial support system. The small sample size limits any

further extrapolation; it is indeed hard to predict how future
sessions will be received. Nonetheless, Myelopathy.org intends
to co-host future sessions with the lessons learned from this
pilot. Finally, difficulties in accessing financial support extend
beyond DCM, and hence, the lessons learned in this evaluation
may be helpful to other patient groups and support organizations.
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Abstract

Background: Usability testing is valuable for assessing a new tool or system’s usefulness and ease-of-use. Several established
methods of usability testing exist, including think-aloud testing. Although usability testing has been shown to be crucial for
successful clinical decision support (CDS) tool development, it is often difficult to conduct across multisite development projects
due to its time- and labor-intensiveness, cost, and the skills required to conduct the testing.

Objective: Our objective was to develop a new method of usability testing that would enable efficient acquisition and
dissemination of results among multiple sites. We sought to address the existing barriers to successfully completing usability
testing during CDS tool development.

Methods: We combined individual think-aloud testing and focus groups into one session and performed sessions serially across
4 sites (snowball group usability testing) to assess the usability of two CDS tools designed for use by nurses in primary and urgent
care settings. We recorded each session and took notes in a standardized format. Each site shared feedback from their individual
sessions with the other sites in the study so that they could incorporate that feedback into their tools prior to their own testing
sessions.

Results: The group testing and snowballing components of our new usability testing method proved to be highly beneficial.
We identified 3 main benefits of snowball group usability testing. First, by interviewing several participants in a single session
rather than individuals over the course of weeks, each site was able to quickly obtain their usability feedback. Second, combining
the individualized think-aloud component with a focus group component in the same session helped study teams to more easily
notice similarities in feedback among participants and to discuss and act upon suggestions efficiently. Third, conducting usability
testing in series across sites allowed study teams to incorporate feedback based on previous sites’ sessions prior to conducting
their own testing.

Conclusions: Snowball group usability testing provides an efficient method of obtaining multisite feedback on newly developed
tools and systems, while addressing barriers typically associated with traditional usability testing methods. This method can be
applied to test a wide variety of tools, including CDS tools, prior to launch so that they can be efficiently optimized.

Trial Registration: Clinicaltrials.gov NCT04255303; https://clinicaltrials.gov/study/NCT04255303

(JMIR Form Res 2025;9:e55316)   doi:10.2196/55316
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Introduction

Usability testing assesses a new tool or system’s usefulness and
ease-of-use. Usability testing is particularly important in clinical
decision support (CDS) development. CDS tools are
evidence-based tools that help clinicians make decisions to
improve patient care. Usability testing during CDS development
increases the likelihood of tool adoption and impact by creating
a tool that is workflow-integrated, useful, and easy to use [1-5].
The current standard for usability testing of CDS tools is
think-aloud testing in which approximately 3‐5 end users are
asked to think out loud while interacting with a prototype of
the tool during individual sessions.

Although the benefits of usability testing are well established,
it is often not conducted during typical CDS development due
to tight project timelines. Think-aloud testing with 3‐5 users
may add weeks to a project timeline. This becomes a larger
challenge in multisite development projects. Typically, usability
testing is done on the same tool at multiple sites in parallel,
where end-users at each site are likely to report similar issues,
adding weeks to the project timeline at each site with minimal
added value of testing at each site. An efficient, effective method
for usability testing CDS across multiple sites is needed.

In addition to think-aloud testing done in individual sessions,
focus groups are also used to obtain feedback on a tool. These
two types of testing can provide different types of insight from
future end-users [6,7]. Focus groups include interactions
between different participants, which can lead to the
development of consolidated ideas through conversation.
However, a single vocal participant can influence the direction
of the discussion and may not represent all the participants’
views. One-on-one interviews, in contrast, enable the research
team to discuss individual-level feedback with each participant
[7]. Including both types of usability testing allows for the
highest yield of testing [1,4].

We sought to develop a new method of usability testing, termed
snowball group usability testing, that would enable efficient,
high-yield multisite testing. We applied our method to a project
aimed at decreasing antibiotic overprescribing in the outpatient
setting. In the United States, antibiotics are frequently prescribed
inappropriately, contributing to antibiotic resistance [8-13]. The
goals of our testing were to (1) determine the feasibility and
practicality of snowball group usability testing and (2) facilitate
the development of two useful and usable CDS tools. Here we
describe our method for snowball group usability testing.

Methods

Ethical Considerations
All study activities were approved by the New York University
Langone Institutional Review Board (i19-01222). Verbal
informed consent was obtained from all usability testing
participants. Any identifiable data collected as part of the study
were stored on secure drives and only accessible to members
of the study team. Participants were not compensated for
partaking in this research study. This manuscript does not
include any identifiable study data.

Setting and Recruitment
We conducted this study at 4 large academic sites in New York,
Wisconsin, and Utah. The study teams at each site were
experienced in CDS design, development, and evaluation, with
a focus on using human-centered design strategies. Nurses who
were eligible to participate in usability testing were identified
based on their roles at study clinics and eligibility criteria. The
study was presented to nurses by the study team. Eligible nurses
were contacted by email for recruitment. Nurses who were
interested in participating provided verbal consent and were
given a key information sheet that outlined their research
participation.

Description of CDS Tools
For this study, we used the Heckerling rule for cough [14] and
the Centor score for sore throat [15-17] to develop CDS tools
for use by nurses in an outpatient setting. We developed each
of these tools for use in two different electronic health records
(EHRs), Epic and Allscripts TouchWorks, due to site
differences. Each tool included an in-person nurse visit section
and a triage section that could be applied either over the phone
or in-person. During triage, the nurse or medical assistant
recorded the patient’s symptoms using a tool that helped
determine the risk and severity level for the patient. This was
used to determine if the patient needed to be seen in person for
those who were assessed over the phone. Patients who needed
to be seen or were already in the office but did not have severe
symptoms or other significant illnesses were deemed eligible
for an in-person nurse visit. Alternatively, the patient could be
sent to an emergency department or physician visit, or for those
who were assessed over the phone, they could be advised that
they do not need a visit and could self-treat with supportive care
at home (Figure 1). The assessment questions were developed
based on current site standards for patients with cough and sore
throat [18].

JMIR Form Res 2025 | vol. 9 | e55316 | p.778https://formative.jmir.org/2025/1/e55316
(page number not for citation purposes)

Dauber-Decker et alJMIR FORMATIVE RESEARCH

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


Figure 1. Cough and sore throat clinical decision support workflow diagram. The workflow for both tools included 4 steps: (1) triage, (2) evaluation,
(3) risk calculation, and (4) testing and treatment based on risk.

If a nurse visit was deemed appropriate for the patient, the nurse
completed the visit section during an in-person encounter. The
visit tools included a note for documenting history and the
physical exam, a risk calculator to determine the risk of bacterial
infection, and order sets based on the results of the risk
calculator. Orders could be placed or pended by nurses to be
signed by providers. The risk calculators were based on the

Heckerling rule or Centor score for cough or sore throat,
respectively, and recommendations were given based on the
overall score (Table 1). Based on the number of criteria with
which the patient presented, rule users could stratify patients
into low-, intermediate-, or high-risk categories, indicating
different levels of care.

Table . Heckerling rule and Centor score criteria.

Intermediate- or high-riskLow-riskCriteriaRule

2‐5: chest x-ray and antibiotics if
x-ray was positive

0‐1: supportive care indicatedHeckerling rule (pneumonia) • Temperature of >100°F (37.8
°C)

• Heart rate of >100 beats/min
• Crackles (rales)
• Decreased breath sounds
• No history of asthma

2‐3: rapid strep test indicated and
antibiotics if the test is positive

0‐1: no rapid strep test indicatedCentor score (strep pharyngitis) • History of fever: feels feverish,
sudden onset of cold with
shivering sweats, or oral tem-
perature of ≥100.4°F (38.0 °C)

• Absence of cough: new onset,
frequent and/or persistent, dif-
ferent from baseline

• Tonsillar exudates
• Tender anterior cervical nodes

Snowball Group Usability Testing Sessions
We combined individual think-aloud sessions and focus groups
into one session. We conducted these sessions at each site
serially, with the hope that each subsequent organization would
reach saturation more quickly by benefitting from the previous
site’s insights. This form of testing will hereafter be referred to
as snowball group usability testing, in which “snowballing”

refers to conducting usability testing serially at each site,
transferring feedback regarding the CDS tools from site to site
as testing progresses, and “group” refers to conducting testing
with multiple participants at once. To our knowledge,
snowballing has not previously been used in the context of
usability testing. We applied snowballing with the goal of
increasing the efficiency at which results were obtained and
passed along between study institutions. Each site performed a
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minimum of one group think-aloud session for the cough tool
and another for the sore throat tool with one exception. Site 4
did not complete a cough CDS testing session. Sessions were
conducted with the EHR encoded tool within a sandbox
environment (for the Epic EHR sites) or a Research Electronic
Data Capture (REDCap) mock-up of the tool (for the Allscripts
TouchWorks EHR site). Each session was structured to include
an individual think-aloud component with 1 to 4 nurse
participants (and in one session, a medical assistant)
simultaneously, followed by a focus group component with all
participants that included debriefing questions about the tool.
Results were documented in a pretemplated format for rapid
dissemination to the other study sites to enable the efficient
integration of feedback prior to the next site’s testing session.
Sessions were completed remotely on Microsoft Teams, Cisco
Webex, or Zoom depending on site requirements.

Study team moderators were different for each site due to
Institutional Review Board regulations (ie, study team members
at each site could only conduct testing with their own site’s
participants). The main moderator presented an overview of the
session and the tools. This included instructions on how to
moderate think-aloud sessions. To obtain individualized
feedback, each nurse worked with an additional session
moderator in an individual web-based breakout room. Here, the
nurse used the think-aloud method while navigating through
the tool or a prototype of the tool. Each nurse used the tool or
prototype on mock clinical cases. The main moderator circulated
among the breakout rooms throughout the session to answer
any questions, resolve any issues, and ensure that the session
ran smoothly.

Following the individual breakout room think-aloud sessions,
all nurse participants were brought back together into the main

meeting room for a focus group to answer debriefing questions
about their opinions of the tool. All participants were encouraged
to speak, and individual participants were asked for their
thoughts if they were not frequently volunteering their opinions.
Sites shared their results with each other between sessions so
that any necessary tool modifications could be made prior to
the next testing session, enabling rapid iteration of the tools.
Sites requiring more feedback following their initial sessions
completed an additional session.

Snowballing Approach to Method Development
Prior to initiating our usability testing sessions, we assembled
a reporting form template in PowerPoint that we could quickly
fill in with structured feedback from our sessions. As each site
ran their testing session, and moderators filled out the template
with session results and shared it with the other participating
sites. This enabled the other sites to make changes as needed
before conducting their own usability testing sessions. In
addition, the PowerPoint template included space for sites to
share information about how to iteratively adjust the methods
to efficiently run the sessions based on their experiences. Each
site highlighted any challenges they had with completing the
sessions and suggestions for how to avoid such challenges in
future sessions, allowing sites to implement changes as needed.
With the goal of rapidly iterating on our tools among sites, we
did not use traditional in-depth thematic analysis in favor of
quick feedback summaries. Our informal thematic analysis
enabled us to quickly resolve the most easily addressable issues
between sessions.

Results

A summary of our session durations and participant breakdowns
is provided in Table 2.
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Table . Time and participant breakdown of snowball group usability testing sessions.

Site 4aSite 3Site 2Site 1Average value,
mean

Variable

Session 1Session 1Session 2bSession 1Session 1

Cough clinical decision support testing

—3—433.3    Participants, n

—6—444.7    Facilitators, n

—40—30‐45c3035.8    Think-aloud time
(min)

—15——d2118    Focus group time
(min)

Sore throat clinical decision support testing

531243    Participants, n

363444    Facilitators, n

403045402736.4    Think-aloud time
(min)

1017.55—d2414.1    Focus group time
(min)

aSite 4 did not complete usability testing sessions for the cough tool.
bSite 2 completed 2 sessions to test the sore throat tool.
cThis range represents differences in the amount of time participants were able to take part in the session.
dThis session did not include a focus group component.

Cough and Sore Throat CDS Tool Feedback
Snowball group usability testing enabled us to efficiently obtain
and incorporate iterative feedback across our study sites (Figure
2). Overall, participants felt that the CDS tools were useful but
identified some areas for potential improvement. Overarching
themes from the sessions included suggestions for changes in
the tool’s wording and formatting, as well as changes to the
overall workflow. For example, participants identified the
wording of “recent travel” as unclear, as they were unsure what

timeframe would constitute recent. Similarly, “disease exposure”
contained ambiguity as to which diseases the exposure could
encompass. In terms of workflow, participants at one site pointed
out that it would not make sense for the tool to ask about COVID
results during the visit, as this would have been a prerequisite
to the patient coming in for a visit at the time this study was
conducted. Each of these suggestions provided valuable
feedback for modifications to be made prior to the next testing
session.
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Figure 2. Snowball group usability testing enabled efficient acquisition of iterative feedback across study sites. (A) Snowballing enabled iterative
integration of feedback between testing sessions. Circles indicate feedback obtained at during each site’s testing sessions. Snowballing is indicated by
the increasing size of the circles from site to site. (B) Each session included both think-aloud testing and focus group components except where indicated
in Table 2.

Focus Group Testing Component
The focus group testing component of our new method proved
to be highly beneficial. We asked debriefing questions regarding
participants’ opinions of the tool in a focus group setting. One
key feature was that, by collecting feedback from multiple
participants at once rather than over a series of multiple separate
sessions, we were more easily able to notice similarities in
feedback among participants. In addition, each site’s study team
was able to meet soon after the single group session, rather than
once after several sessions had been completed. This made it
easier to discuss results, find similarities in participant feedback,
and generalize, due to the recency of the information being
obtained.

Snowballing Component
The snowballing component of our method also proved to be
beneficial. A key benefit of snowballing was that study teams
were able to incorporate changes based on previous sites’
sessions. For example, nurses at one site did not properly follow
instructions for the order of how to choose antibiotics based on
patient allergies. The study team made changes to the cough
and sore throat CDS tools at this site to highlight these
instructions. These changes were also incorporated into the CDS
tools under development at the 2 other sites that used Epic EHRs
in the study. In addition, during the first site’s testing session,
it was determined that the location of the patient comorbidities,
used to determine if a nurse visit was appropriate during triage,
was not optimal. Comorbidity information was moved to below
the nurse visit symptoms to improve ease of use. This feedback
was incorporated into the second site’s tool prior to their
usability testing session.

While snowballing was useful for identifying and implementing
certain changes to the CDS tools among sites, differences in
the 2 EHRs and their respective limitations precluded some tool
components from being transferable between sites. For example,
while the Epic EHR versions of the tools were able to
automatically calculate results, the TouchWorks EHR versions
lacked this capability due to system limitations. In addition, a
key feature of the Epic CDS tool was that it could link to order
sets, enabling the user to seamlessly proceed from the CDS to
the appropriate orders for a patient. TouchWorks did not support
connection to order sets, and therefore, the transition from the
CDS to ordering in the TouchWorks versions of the CDS tools
was more manual. This, unfortunately, could not be changed.
Finally, differences in primary care and urgent care workflows
precluded uniformity in our approaches in these two
environments.

Discussion

Principal Findings
Snowball group usability testing is a novel method that can be
used to rapidly and iteratively test the usability of a new CDS
tool or workflow. To our knowledge, this is the first time
usability testing has been performed in this manner. We
identified 3 main benefits of snowball group usability testing.
First, by interviewing several participants in a single session
rather than individuals over the course of weeks, each site was
able to rapidly obtain a large amount of data at once. With
traditional testing approaches, in which one participant is
interviewed at a time and each must be scheduled separately, it
may take weeks or even months to obtain the same amount of
data. Importantly, snowball group usability testing helped to
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expedite the overall usability testing timeline. By using our
method sequentially (or in limited cases, concurrently) and at
different sites, we were able to rapidly make changes, then retest
our CDS tools with the next group of participants.

Second, combining the individualized think-aloud component
with a focus group component in the same session helped us
obtain a variety of feedback. In a focus group, one participant’s
feedback can become amplified, as a more talkative participant
may dominate the conversations, and others may simply agree
with their thoughts. Similar to any other focus group, session
moderators encouraged all nurses in the group to contribute to
the conversation, calling out individuals if they had not provided
feedback after a while. By combining methodologies, we first
obtained in-depth individual-level feedback with the think-aloud
sessions and then elicited group-based feedback with the focus
groups when participants built upon each other’s opinions. Both
types of feedback were useful; in the think-aloud sessions, the
study team mostly observed, whereas in the focus group, the
study team was more involved in asking for feedback on how
to improve the tool. Therefore, combining approaches enabled
us to get different types of feedback from the same set of
participants all at once, which was invaluable when considering
tight research and development timelines.

Third, our method enabled us to identify new and varied
feedback from each site because we were able to edit key issues
with our tools between sessions. Rather than hearing the same
feedback in each session and making all of the changes at the
end, our method resulted in a greater variety of feedback and a
greater ability to optimize the tools.

Expediting the timeline and maximizing the amount of feedback
gained are particularly valuable when developing EHR tools
due to the inherent time constraints in the development process.
Working with multiple sites and internal teams, such as those
in charge of coding and implementing changes to the EHR,
poses its own timing challenges as a result of the need to
coordinate schedules and workloads. Thus, usability testing is
often not considered a top priority; however, it remains an
essential component of tool and system development. The use
of snowball group usability testing effectively addresses this
problem by reducing the time it takes to obtain and share
feedback among participating sites. We also performed our
testing remotely, which further addressed the issue of tight
timelines and schedules, as participants did not have to travel
from their clinics to be in the same location as other participants
and the study team for the testing sessions. This enabled
participants from different clinics to participate at the same
time, without taking extra time out of their busy schedules for
travel. Of note, remote testing can be used to mitigate scheduling
issues with other forms of usability testing, including
single-participant think-aloud sessions, interviews, and focus
groups.

Limitations
There were challenges and limitations with snowball group
usability testing. We experienced some incompatibility between
different EHR systems, limiting transferability. Although the
content of the CDS tools was transferable, the overall structure

of the note and workflow were quite different. In addition, there
were some components of the tools (such as the automatic
calculator and linking to order sets) that were possible in one
system but not the other, requiring site-specific modifications
and testing.

In addition, timing, staffing, and availability issues presented
a challenge. There were variations in each site’s experience
with usability testing. Finding 4‐5 experienced usability testing
moderators for a given session was challenging for some sites.
As a result, staff needed to be trained in the methodology, but
identifying times when staff were available was challenging.
Another site experienced research staff turnover at the beginning
of the usability testing phase of our study, leading to a need for
extra training and reshuffling of resources. Additionally, nurses
participating in the sessions had limited time available to
complete their sessions and the study teams were unable to get
through all of their planned cases and questions. For example,
in one session, only think-aloud testing was completed due to
time constraints, as the nurses had competing clinical demands.
In the same session, one of the nurse participants was frequently
interrupted by medical staff and phone calls. Two sites cut the
think-aloud session short, setting a time limit to ensure that the
focus group component was included. Additional challenges
with time included accounting for the different speeds at which
participants gave feedback and a lack of opportunity for the
study team to iteratively improve the timing issues from session
to session, as most sites only conducted one. However, learning
from earlier sessions, we were able to change future sessions
so that each nurse started off with a different mock case during
their respective think-aloud sessions. This ensured that each
case was tested, even though each nurse did not complete every
case themselves.

Finally, an additional limitation was the fact that, due to the
pragmatic nature of our study, we did not perform highly
rigorous qualitative or quantitative evaluations of our usability
testing results. Future testing of this method should include
validated usability measures, such as the System Usability Scale
[19], in all rounds of testing, as well as qualitative thematic
analysis to rigorously assess the impact of snowball group
usability testing on the usability of the CDS tools being
developed. However, based on our collective years of experience
performing usability testing, the suggestions and improvements
derived of from snowball group usability testing were on par
with what we would expect to obtain from established usability
testing techniques, and the quality of our findings was higher
than what we have seen using previous testing methods.

Conclusion
Snowball group usability testing provides a novel, efficient
method of obtaining feedback on newly developed tools and
systems, while addressing barriers typically associated with
traditional usability testing methods. We successfully developed
and used this method to test two CDS tools and rapidly iterated
the process among 4 sites. Snowball group usability testing can
be applied to test a wide variety of tools and workflows,
including CDS tools, prior to launch so that they can be
efficiently optimized, ultimately leading to higher adoption and
end-user satisfaction.
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Abstract

Background: Spinal pain, one of the most common musculoskeletal disorders (MSDs), significantly impacts the quality of life
due to chronic pain and disability. Physical activity has shown promise in managing spinal pain, although optimizing adherence
to exercise remains a challenge. The digital development of artificial intelligence (AI)-driven applications offers a possibility for
guiding and supporting patients with MSDs in their daily lives.

Objective: The trial aimed to investigate the effect of an 8-week AI-composed exercise program on pain intensity and well-being
in patients with spinal pain. It also examined the relationship between exercise frequency, pain intensity, and well-being. In
addition, app usage frequency was examined as a proxy for app engagement.

Methods: Data from users who met the inclusion criteria were collected retrospectively from the medicalmotion app between
January 1, 2020, and June 30, 2023. The intervention involved the use of the medicalmotion app, which provides 3‐5 personalized
exercises for each session based on individual user data. The primary outcomes assessed pain intensity and well-being using the
numeric rating scale (NRS) and the Likert scale. Data were collected at baseline (t0), 4 weeks (t1), and 8 weeks (t2). The correlation
between exercise frequency, pain intensity, and well-being was analyzed as a secondary outcome. In addition, average session
length and frequency were measured to determine app engagement. Statistical analysis included ANOVA and Spearman correlation
analysis.

Results: The study included 379 participants with a mean age of 50.96 (SD 12.22) years. At t2, there was a significant reduction
of 1.78 points on the NRS (P<.001). The score on the Likert scale for well-being improved by 3.11 points after 8 weeks. Pain
intensity showed a negative correlation with the number of daily exercises performed at t1 and t2. Well-being had a small negative
correlation with the average number of exercises performed per day. The average number of exercises performed per day was
3.58. The average session length was approximately 10 minutes, and the average interaction with the app was 49.2% (n=27.6
days) of the 56 available days.

Conclusions: Overall, the study demonstrates that an app-based intervention program can substantially reduce pain intensity
and increase well-being in patients with spinal pain. This retrospective study showed that an app that digitizes multidisciplinary
rehabilitation for the self-management of spinal pain significantly reduced user-reported pain intensity in a preselected population
of app users.

Trial Registration: OSF Registries osf.io/kjhef; https://osf.io/kjhef

(JMIR Form Res 2025;9:e57826)   doi:10.2196/57826

KEYWORDS

exercise; mHealth; app engagement; spinal pain; artificial intelligence; AI; intensity; well-being; mobile health; apps; applications;
retrospective analysis; physical activity; adults; questionnaire
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Introduction

Musculoskeletal disorders (MSDs) can affect muscles, tendons,
cartilage, ligaments, and nerves [1]. MSDs are a major cause
of chronic pain, physical disability, and loss of quality of life
worldwide. They include more than 150 conditions and
syndromes [2]. For example, one of the most common MSDs
is spinal pain, and more specifically, low back pain (LBP) [2].
The lifetime prevalence of LBP is high, ranging from 75% to
85% [3]. Nonspecific LBP, characterized by the absence of a
clear anatomical cause, accounts for approximately 90% of LBP
cases [3]. Numerous risk factors for LBP have been identified,
including age, obesity, sedentary lifestyle, poor posture,
smoking, and psychosocial factors such as stress and depression
[4]. These factors contribute to LBP’s complex and
multifactorial nature, including physical, psychological,
occupational, and lifestyle influences [4].

Several studies have shown that regular physical activity is
effective in reducing chronic spinal pain and is consistently
recommended in clinical guidelines for the management of
nonspecific LBP [5-8]. A systematic review by Jordan et al [9]
assessed the effects of interventions that may improve adherence
to exercise and physical activity. A total of 42 trials were
included, mainly focusing on patients with knee osteoarthritis
and spinal pain with relatively short follow-up measurements.
Promising strategies to improve exercise adherence included
supervised exercise, individualized exercise, refresher or
follow-up sessions, the provision of supplementary materials
such as audio- or videotapes with graded exercises,
self-management programs, and cognitive behavioral techniques
[9].

The Clinical Practice Guideline on Intervention for the
Management of Acute and Chronic LBP suggests that specific
complaints and causes should be considered when selecting
exercises [10]. For example, for acute complaints involving leg
pain, specific exercises to activate the trunk muscles and
improve the strength as well as the endurance of the back
muscles should be considered. For chronic spinal pain, exercises
designed to improve movement control should be included [10].

The increasing digitalization of health care and therapeutic
services allows patients to use various mobile and web
applications to manage their conditions [11]. Digital solutions
provide a scalable and widely accessible approach, enabling the
management of spinal pain in rural areas where the availability
of physiotherapists is limited [12]. Digital therapeutic care
applications mostly include video-based treatment programs
and educational materials [13]. Not surprisingly, the number of
studies investigating digital interventions has increased in recent
years, including studies on the effectiveness of digital exercises
in patients with spinal pain [14-18].

Another aspect of digitalization is integrating artificial
intelligence (AI) methods into digital therapy applications. AI
can be used to better address the heterogeneity of patients with
MSDs and to personalize therapy. The use of AI in health care,
particularly to support diagnosis, has increased in recent years
[19]. Few studies have investigated the effects of AI-based
exercises [20-22]. In addition, maintaining an exercise routine

is an important factor in reducing the risk of recurrence
[7,23,24]. Nearly 70% of people who recover from spinal pain
experience another episode within 12 months [25]. Most
maintenance strategies involve supervised group exercise, with
or without equipment. However, this can be costly for the
individual and the health care system [7]. Therefore, an approach
using digital health applications and AI offers a new perspective
to increase individual adherence to exercise at a lower cost,
which could reduce the risk of recurrent pain episodes in the
future [26].

To increase knowledge and provide additional evidence on the
use of digital applications, the following four research questions
were defined: (1) What are the effects of an 8-week app-based
AI-composed exercise program in patients with spinal pain
regarding pain intensity? (2) What are the effects of an 8-week
app-based AI-composed exercise program on patients with
spinal pain regarding their well-being? (3) Is there a correlation
between the frequency of exercise and pain intensity and
well-being? (4) What are the parameters of app engagement, in
terms of average session duration and frequency, for patients
with spinal pain in an 8-week app-based AI-composed exercise
program?

Methods

Ethical Considerations
The study was conducted in accordance with the ethical
principles of the Declaration of Helsinki. All procedures and
materials used in this study were approved by the ethics
committee of the University of Applied Sciences Osnabrueck
(HSOS/2022/1/2). The data provided by medicalmotion GmbH
were anonymized and stored on a password-protected server at
the University of Applied Sciences Osnabrueck. All users
consented to the collection of data by agreeing to the terms and
conditions of the use of medicalmotion.

Trial Design
The study is reported following the STROBE (Strengthening
the Reporting of Observational Studies in Epidemiology)
guideline (Multimedia Appendix 1) [27]. The study was
registered a priori via the Open Science Framework [28]. The
study is a retrospective analysis of user data. Users were
recruited to the medicalmotion app between January 1, 2020,
and June 30, 2023, through various recruitment opportunities,
such as health insurance companies or physiotherapists.

Participants
Inclusion criteria were as follows: (1) men and women who
reported spinal pain (including upper and lower back) in the
initial therapeutic questionnaire, (2) individuals aged between
18 and 65 years with access to the medicalmotion app, and (3)
participants who had at least 8 interactions with the
medicalmotion app during the 8-week evaluation period.
Exclusion criteria were as follows: (1) persons diagnosed with
a neurological or mental illness, (2) persons currently suffering
from an infection or systemic disease, or (3) persons regularly
taking medication for mental illness. The sample for this study
consisted of all enrolled participants who met the inclusion
criteria.
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Intervention
The medicalmotion GmbH offers a comprehensive mobile and
web application for various pain conditions. The mobile app
not only offers AI-based exercises but also includes a wide
range of additional features, including relaxation exercises,
podcasts, a chat function, and a health cockpit, which tracks the
user’s condition throughout use. The AI-chosen exercises
consider medical history data, including pain characteristics,
lifestyle information, and well-being. In addition, user feedback
from previous exercise sessions is incorporated into the
composition process to ensure a personalized approach.

The system dynamically selects the most appropriate exercises
based on real-time data such as the user’s pain location and
intensity, comfort level, and feedback from previous exercises.
It creates an exercise needs profile and matches it with exercises
from an extensive database. This adaptive approach allows
adjustments for acute pain or changing circumstances. The user
has the option to choose the number of daily exercises (3 to 5),
all of which are delivered as real-time audio-based exercise
videos. Each exercise has an average length of 167 seconds.
The system also identifies potential causes of pain and adapts
the exercise composition accordingly, ensuring a personalized
exercise program with transparent traceability. Its training
repertoire consists of a selection of 300 exercises. These
exercises are categorized into 3 groups: release, mobility, and
strength. Release exercises aim to induce muscle and tissue
relaxation. Mobility exercises involve the full spectrum of body
movement with complex movement patterns. Strength exercises
strengthen muscles, tendons, and supporting tissues. An example
of each type of exercise is included in Multimedia Appendix 2.

Outcomes
The primary outcome measure was pain intensity. An 11-point
numeric rating scale (NRS) assessed participants’ pain intensity.
A change of 1‐2 points was considered clinically relevant [29].
The secondary outcome was well-being, measured using an
11-point Likert scale. A score of zero indicates poor well-being,
while a score of 10 indicates perfect well-being. Data were
collected at baseline (t0), 4 weeks (t1), and 8 weeks (t2). In
addition, the following parameters were collected at t0 via a
therapeutic questionnaire as part of the onboarding within the
medicalmotion app: age, work mode, sports frequency, and sex.
The initial pain areas’ anatomical location and duration were
recorded using a body map. Pain duration was categorized into
chronic, subacute, and acute. The anatomical location of pain

was recorded for the buttocks, lower back, upper back, and neck
areas. Multiple responses were allowed for anatomical location.
Data collection included the weekly training volume, the number
of training sessions with more than one exercise, the number
of training sessions in which all exercises were completed, and
the total number of exercises completed. The application
evaluated the average length and frequency of sessions to assess
engagement with the app. Data were only collected within the
medicalmotion app.

Statistical Analysis
For the statistical analysis, an ANOVA with repeated
measurement was conducted to examine the effects of the
8-week app usage on pain intensity and well-being. If the
assumption of sphericity was not met, the Greenhouse-Geisser
correction was used. For post hoc analysis, the Bonferroni
correction was used.

In addition, Pearson correlation (r) between pain intensity,
well-being, average number of exercises per day, total number
of exercises, and skipped exercises was examined. If there was
no linear correlation, Spearman correlation (ρ) was performed.
The interpretation of the correlation coefficients was based on
Cohen thresholds [30].

The average session length was calculated by multiplying the
average number of exercises performed by the average exercise
duration of 167 seconds. Session frequency was calculated by
dividing the total number of active days by the total number of
available days (56 days). Session frequency was expressed as
a percentage. Session length was given in seconds and minutes.

The significance level was set at P=.05. The effect size was
described by partial η² [30]. Results are reported as mean, SD,
minimum, maximum, CIs, F value, and df. Statistical analysis
of the data was performed using IBM SPSS Statistics version
29.

Results

Descriptive Results of the Participants
The total sample included 379 participants, of whom 138
(36.4%) were men and 241 (63.6%) were women. The mean
age was 50.96 (SD 12.22) years. Data on mode of work,
frequency of sport, initial pain areas, and completed exercises
per day are shown in Table 1.
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Table . Descriptive results of the cohort.

ValuesVariables

Categorical variables

Participants, n (%)

241 (63.6)Female

138 (36.4)Male

Work mode, n (%)

165 (43.5)Sitting and standing

177 (46.7)Sitting

17 (4.5)Hard work

20 (5.3)Standing

Sport frequency, n (%)

59 (15.6)Never

248 (65.4)1‐3 times per week

72 (19)>3 times per week

Initial pain areas (anatomical location), n (%)

229 (60.4)Lower back

201 (53)Neck

109 (28.8)Buttocks

184 (48.5)Upper back

Continuous Variables

50.96 (12.22)Age (years), mean (SD)

Number of initial areas of pain based on the duration of the pain, mean (SD)

4.86 (4.02)Total

2.43 (3)Chronic pain areas (>6 months)

1.52 (2.18)Subacute pain areas (>1 week and
<6 months)

0.91 (2.33)Acute pain areas (<1 week)

Pain Intensity
At t0, the intervention group showed a mean pain intensity of
6.08 (SD 2.16) on the 0‐10 NRS (Table 2). After 8 weeks (t2),
the intervention group showed a mean reduction of 1.78 (SD

2.05) points on the 0‐10 NRS (Figure 1). The factor “time”
was significant (F1.88,710.96=179.861, P<.001) and showed a
large effect with η²=0.32. Post hoc analysis with Bonferroni
correction showed a significant difference at each time point
with P<.001 (Table 2).
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Table . Statistical analysis of pain intensity and well-being.

Partial η²aP valueMaxMin95% CIPercentage difference,
%

Mean difference (SD)Mean
(SD)

Measure-
ment
points

UpperLowert1t0t1ct0b

0.32<.001Pain intensity (NRSd)

——1016.35.85————e6.08
(2.16)

t0

——1005.775.32—8.3—0.53 (1.9)5.54
(2.23)

t1

——1004.524.0722.429.31.25 (1.6)1.78 (2)4.3 (2.28)t2f

0.64<.001Well-being (Likert scale)

——1025.14.8————4.95
(1.65)

t0

——1047.226.92—42.8—2.1 (1.8)7.07
(1.43)

t1

——1048.27.91462.81 (1.5)3.1 (1.7)8.06
(1.38)

t2

aη² = effect size.
bt0: baseline.
ct1: after 4 weeks.
dNRS: numeric rating scale.
eNot applicable.
ft2: after 8 weeks.

Figure 1. Changes in pain intensity over time. An asterisk (*) denotes a significant difference. NRS: numeric rating scale (from 0 to 10); lower whisker:
minimum; upper whisker: maximum.
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Well-Being
At t0, mean well-being was 4.95 (SD 1.65) on the 11-point
Likert scale (Table 2). After 8 weeks (t2), the well-being
improved by 3.11 points (Figure 2). The factor “time” was

significant (F1.94,732.57=671.97, P<.001) and showed a large
effect with η²=0.64. Post hoc analysis with Bonferroni correction
showed a significant difference at each time point with P<.001
(Table 2).

Figure 2. Changes in well-being over time are shown with mean and SD. An asterisk (*) denotes a significant difference.

App Engagement
The average session length was 597.86 seconds (~10 minutes).
The medicalmotion app was used on an average of 49.2% (27.6

days) of the 56 available days. Table 3 shows the variables:
active days, total number, and average number of exercises
performed.

Table . Overview of the average activity within the medicalmotion app.

MaxMinMean (SD)Variable

571627.54 (10.98)Active days within 8 weeks trial
(days)

279199.34 (49.9)Finished exercises (number)

6701.36 (4.87)Skipped exercises (number)

513.58 (0.9)  finished exercises per day (num-
ber)

Correlation Between Pain Intensity and Exercise
Completion
Pain intensity levels showed a statistically significant negative
correlation with the average number of exercises performed per
day at t1 (P<.001) and t2 (P=.004). This suggests that as pain
intensity increased, the number of exercises performed per day
tended to decrease. Conversely, as pain intensity decreased, the
number of exercises performed per day tended to increase. A

similar, although slightly weaker, negative correlation was
observed between pain intensity at t2 and the total number of
exercises completed (P=.04). Notably, no statistically significant
correlation was found between missed exercises and pain
intensity. Details of the correlation coefficients and P values
can be found in Multimedia Appendix 3. Figure 3 shows the
relationship between the pain intensity at t1 and t2, the
difference between t2 and t0, and the average number of
exercises per day using a heat map.
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Figure 3. Heatmap of the Spearman correlation between pain intensity and average finished exercises per day. The x-axis represents the average number
of exercises per day (0‐5), and the y-axis represents pain intensity (0‐10). The color scale from green to yellow to red represents the percentage
distribution. Green means a low percentage, yellow a medium percentage, and red a high percentage.

Correlation Between Well-Being and Exercise
Completion
The average daily number of exercises completed showed a
statistically significant, albeit small, negative correlation with
the change in well-being over 8 weeks (P=.01). This means that

as well-being increased, the number of exercises completed
tended to decrease. Conversely, as well-being decreased, the
average number of exercises completed tended to increase.

Figure 4 shows the relationship between the well-being at t1
and t2, the difference between t0 and t2, and the average number
of exercises per day using a heat map.
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Figure 4. Heatmap of the Spearman correlation between well-being and finished exercises per day. The x-axis represents the average number of
exercises per day (0‐5), and the y-axis represents well-being (0‐10). The color scale from green to yellow to red represents the percentage distribution.
Green means a low percentage, yellow a medium percentage, and red a high percentage.

Discussion

Principal Results
This study aimed to evaluate the effect of an app-based,
AI-composed exercise program on pain and well-being in
patients with spinal pain. A significant effect size (η²=0.32)
was achieved with a clinically relevant reduction in pain
intensity of 1.78 points. A similar picture emerges with regard
to well-being. The observed change in well-being of 3.11 points
represents a substantial improvement. In addition, the large
effect size (η²=0.64) indicates that a significant proportion of
the variation in well-being is attributable to the intervention.
The study showed significant negative correlations between
pain intensity levels at t1 (P<.001) and t2 (P=.004) and the
average number of daily exercises, meaning that a higher pain
intensity was associated with reduced daily exercise. A weaker
negative correlation was observed between pain intensity at t2
and the total number of exercises performed (P=.04). The graph
shows that both too much and too little exercise did not result
in a significant change in pain intensity.

In addition, the average number of exercises completed per day
showed a small but significant negative correlation with the
change in well-being over 8 weeks (P=.01), suggesting that
increased well-being was associated with a tendency to exercise
less per day. In terms of session frequency, the medicalmotion
app was used on 49.2% (27.6 days) of the 56 available days.
With an average exercise duration of 167 seconds, this cohort’s
average use time was approximately 10 minutes per 8-week
session.

Limitations
While this study provides valuable insights, its limitations
require careful consideration. One limitation of the AI-based
app is that it categorizes the exercises into strength, mobility,
and release. However, it needs to be made clear whether these
categories or the individualized plan contributed significantly
to the observed effects. Future studies should focus on a more
detailed evaluation of the specific effects of AI on outcomes.

Pain intensity (NRS) and well-being (Likert scale) were treated
as metrically scaled in the statistical analysis, allowing for the
calculation of repeated measures ANOVA. Therefore, the results
are presented with the mean and SD. Based on the study by
Nair and Diwan [31], parametric tests can be used for ordinal
scaled data (pain intensity) if a normal distribution is present.
This fact should be taken into account when interpreting the
results.

Because of the broad inclusion criteria used, there is variability
in the participants. This variability results from the wide age
range and the broad categorization of spinal pain as an inclusion
criterion. As a result, the population may have included
individuals with a medical diagnosis of spinal pain as well as
those with no diagnosis or an inconclusive diagnosis. This
diversity in the study population could affect the influence of
the app on the participants. In order to increase the specificity
of the results and improve the assessment of effectiveness, it
may be beneficial to introduce a differentiation based on
diagnostic categories.

Another limitation is the data collection period, from 2020 to
2023. The COVID-19 pandemic that was ongoing during this
period, with its peak years in 2020 and 2021, may have
confounded the results. During this time, the amount of physical
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activity and opportunities for public exercise in gyms were
limited. In addition, many people were experiencing
psycho-emotional stress, which may have affected their
perception of pain. Finally, the long-term effects of COVID-19
infection can cause heterogeneous symptom complexes, which
may further influence the physical complaints of the participants.

A further limitation of this study is the short duration of the
intervention, which was limited to 8 weeks. Such a short period
of time limits the conclusions that can be drawn about the
long-term effects of the intervention and the sustainability of
the results. In particular, aspects such as long-term compliance
and the associated changes in exercise frequency could not be
adequately assessed during this short observation period. Future
studies with longer follow-ups are needed to make reliable
statements about the long-term benefits and stability of the
intervention.

In the context of these limitations, it is important to acknowledge
that this study has inherent drawbacks, including potential
selection bias, lack of a control group, and reliance on
self-reported data. These limitations may introduce bias and
affect the generalizability of the findings. The retrospective
cohort study design also has its own set of drawbacks, including
potential data quality issues and variability in user recruitment.
In particular, the lack of control for concomitant pain-relieving
interventions, such as physiotherapy, adds complexity and
requires caution in drawing definitive conclusions.
Consequently, the results of the study should be used primarily
for hypothesis generation, with validation sought through
prospective study designs to address these limitations and
provide a more comprehensive understanding of the issue.

Comparison to Prior Work
These results on pain intensity reduction can be compared with
home-based exercise therapy, as shown in a review by Quentin
et al [32], who demonstrated a reduction in pain intensity in
nonspecific LBP and a reduction in functional impairment with
home-based exercise therapy and also reported a high effect
size. A study by Weise et al [33] compared the effects of digital
exercise therapy with physiotherapy. This study also showed a
reduction in pain intensity of 2.92 points after 6 weeks in the
intervention group. The results of this study showed similar
effects. However, the added value of the AI-composed exercises
cannot be deduced from these results. Therefore, it cannot be
concluded whether the individualized exercises provided by the
mobile app have added value in reducing pain or whether simply
exercising induced the effect. However, a study by
Cimarras-Otal et al [34] showed that exercises tailored to the
needs of workers had a better outcome than general exercises.

The interaction between well-being and chronic pain has been
reported previously [35]. For example, improvements in
well-being have been shown to lead to reductions in pain
catastrophizing and depression [35,36]. Based on the association
between exercise and increased subjective well-being, the
exercises provided in this study also influenced the
psychological aspects of chronic pain.

Although a correlation only indicates an association and does
not imply causation, the results of the correlation analysis can

be interpreted in several ways. On the one hand, a reduction in
pain could be the reason why users exercised more. In other
words, more exercise or movement became possible with less
pain. On the other hand, increased practice could also cause
pain reduction; that is, users could reduce their pain through
practice. Further studies are therefore needed to establish a
causal relationship and the ideal frequency of exercise. The
relationship between exercise frequency and changes in pain
intensity was demonstrated in a large-scale study by Marshall
et al [37]. Interestingly, the frequency of exercise was very
similar between participants with significant improvement and
those with deterioration. This fact may be due to the inclusion
of different types of exercise, making it difficult to assess the
effect of specific types of exercise. Therefore, an individualized
training program for each person may be necessary to improve
pain intensity successfully [37].

Another factor that may influence exercise frequency may be
motivation. Increased pain and decreased well-being could both
increase and decrease motivation to exercise. On the one hand,
if you are in pain, you need to do something about it, or
conversely, if you are in pain, there may be a fear or concern
that exercise will only worsen the condition. Both scenarios are
plausible and require further investigation in future studies. In
this context, motivation to exercise should be assessed to
identify possible relationships between pain intensity and
motivation.

A 1985 review by Dishman et al [38] identified several factors
that influence exercise frequency. Self-motivation, anticipated
personal health benefits, perceived well-being, and enjoyment
of physical activity positively contributed to the likelihood of
participating in a supervised exercise program. Conversely,
factors such as mood disturbance, health concerns, and
knowledge about exercise or health negatively influenced the
likelihood. This observation underscores the importance of
motivation to exercise and highlights its significant influence
on the frequency of engagement in physical activity.

A study by Meyer et al [39] showed a positive association
between the frequency of physical activity and self-rated health.
This finding contrasts somewhat with the current results, as a
negative association was found between an average number of
daily exercises and a change in self-rated health over 8 weeks.
One possible explanation for this discrepancy could be the
distinction between well-being and self-rated health. Another
explanation could be that the lower the number of complaints,
the lower the compliance to continue exercising. Users may
have felt better and consequently exercised less because they
no longer felt the need to exercise. One possible explanation
may be the influence of self-motivation on training frequency,
which is already a known factor for training frequency [38].
The correlation cannot answer these considerations; hence,
further research is needed to establish a causal relationship [38].
In addition, the method of assessing the frequency of physical
activity may also contribute to the difference. In the study by
Meyer et al [39], participants provided a self-assessment of
physical activity using a questionnaire, in contrast to the
objective values obtained from the app in this study. Another
factor to consider for the discrepancy between Meyer et al [39]
and this study’s results is the study population. The
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aforementioned study examined healthy participants and not a
pain-specific population [39].

To date, few studies have reported on the frequency of use of
eHealth products. In a study by Labinsky et al [40], 9 out of 39
participants reported having only used the applications once. A
study by Tian et al [41] also found that the average usage time
of common digital products was between 2 and 10 minutes. No
reliable values could be found specifically for eHealth or mobile
health products.

Conclusions
In summary, the study investigated the multiple effects of an
8-week, app-based, AI-composed exercise program on patients
with spinal pain. It addressed critical dimensions, including
pain intensity and well-being, while exploring the potential
relationship between exercise frequency and these outcomes.
The results highlight the importance of exercise frequency in

influencing pain intensity and well-being, revealing a compelling
interplay between engagement in prescribed exercises and
observed improvements in health outcomes. This finding
strengthens the rationale for personalized exercise programs
and highlights the importance of adherence and regularity in
achieving optimal outcomes.

Hypotheses that were derived from this retrospective analysis
for a randomized controlled trial: (1) participants in the
intervention group following an 8-week AI-composed exercise
program will experience a statistically significant reduction in
pain intensity and a significant improvement in well-being
compared with the control group (alternative hypothesis) and
(2) the frequency of engagement in the prescribed exercises will
be positively correlated with decreased pain intensity and
increased well-being among participants with spinal pain
(correlation hypothesis).
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Abstract

Background: Technology is more likely to be used when it is designed to meet the needs of end users. To supplement the Small
Steps for Big Changes diabetes prevention program, a smartphone app was developed in partnership with past Small Steps for
Big Changes clientele. Usability testing is critical for the ongoing use and adoption of mobile health apps by providing insight
on where appropriate adjustments and improvements need to be made to ensure user satisfaction.

Objective: A focus group with 7 participants was conducted to examine the app’s usability and collect feedback for future
iterations.

Methods: Past Small Steps for Big Changes clientele participated in a cognitive walkthrough of 8 novel tasks and completed
the System Usability Scale survey. Participants were then given the option to use the app for 3 weeks before completing the
User-Mobile Application Rating Scale.

Results: Analysis of the cognitive walkthrough identified 26 usability problems; each was coded using a heuristic evaluation
to describe usability errors. The most frequently coded errors included inappropriate progress feedback, information appearing
in an illogical order, counterintuitive design, and issues with app aesthetics. A mean summary score of 66.8% (SD 18.91) was
reported for the System Usability Scale, representing a marginal acceptability score and indicating that design issues needed to
be resolved. A User-Mobile Application Rating Scale mean score of 3.59 (SD 0.33) was reported, implying an average acceptability
rating.

Conclusions: These findings identified necessary improvements in the app, ranging from minor aesthetic problems to major
functionality problems. Involving end users allows the app to be tailored to the client’s preferences and increases the likelihood
of usage. This app aligns with Small Steps for Big Changes’ program components and behavior change techniques that can
improve health outcomes for future clients and allow them to self-monitor their exercise, diet, and goals.

(JMIR Form Res 2025;9:e59386)   doi:10.2196/59386

KEYWORDS

usability evaluation; mHealth; usability testing; app; end-user; focus group; participant; survey; diabetes; user-centered; cognitive
walkthrough; cognitive walkthroughs; questionnaire; mobile phone; digital health; prediabetes

Introduction

Background
Involving end users in mobile health (mHealth) technology
development increases the value and practical use of the product
[1,2]. Recognizing a client’s expertise through collaboration
allows end users to effectively express their needs and
expectations during the development phases of mHealth apps
[3]. mHealth technologies have been used to increase
accessibility to health care resources [4] and increase patient
autonomy [5]. The uptake of mHealth technology has been

shown to improve chronic disease management including
improvements in weight management and hypertension, and
decreased hospitalizations [6]. Within diabetes research,
mHealth tools have assisted in self-management efforts,
improved glycemic control [6-8], and are acceptable by users
[9]. mHealth apps allow users to play an active role in their
health, subsequently improving health outcomes. To capitalize
on these advantages, an mHealth app was developed to
supplement a diabetes prevention program run in British
Columbia, Canada.
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Small Steps for Big Changes is a community-based diabetes
prevention program designed for individuals with prediabetes
[10]. Small Steps for Big Changes is delivered in 6 sessions
over 4 weeks using a client-centered counseling style known
as motivational interviewing with follow-ups over 12 months.
Clients work one-on-one with their coach to cover several topics
including goal setting, healthy food choices, and exercise
adherence. During the program’s first session, clients are
introduced to self-monitoring techniques, including tracking
diet and exercise. Various forms of tracking are discussed,
including commercial mHealth apps, journals, paper tracking,
and exercise logs. While the most prominent method of tracking
used in the program is commercially available mHealth apps,
several challenges have been reported by Small Steps for Big
Changes clients and coaches with such tools [11]. This
program-specific mHealth app was developed to supplement
the Small Steps for Big Changes program and to fill the gap in
mHealth apps previously identified by Small Steps for Big
Changes participants. Involving end users during development
supported initiatives to ensure the app was relevant and useful.
This mHealth app was developed to support the Small Steps
for Big Changes program by integrating the frequently used
behavior change techniques throughout the 6 sessions,
emphasizing goals, planning, feedback, and monitoring [12].

Development of the Small Steps for Big Changes mHealth app
was guided by the FASTER (Framework for Accelerated and
Systematic Technology-Based Intervention Development and
Evaluation Research), a 3-phase framework that recognizes the
complexities of conducting research on mHealth technologies
in a timely fashion while also consistently engaging end users
throughout [13]. Phase 1 included a needs assessment, literature
review, and preliminary evaluation; the feedback and results
from phase 1 helped inform the app prototype used in this
usability study [14]. This study focused on the second phase of
FASTER, examining the progressive usability of the app [13].
In this phase, small-scale usability testing helped uncover
usability errors, levels of acceptability, and improvements
needed before large-scale implementation (phase 3 of FASTER).
Usability testing is critical for sustained use and uptake of
mHealth apps by identifying where changes can be made [13].
An app that is difficult to navigate with an interface that is
nonintuitive limits usage. mHealth technologies provide
opportunities to self-monitor and manage health behaviors for
individuals with chronic disesase [15]. Successful
self-monitoring of behaviors involves consistency; if carried
out on an app, this needs an interface that is easy to use and will
encourage the likelihood that goals will be recorded and
revisited. Understanding where usability errors exist will inform
appropriate changes needed to improve app features and increase
user satisfaction [13].

Objective
The aim of this study was the answer the following questions:
where do existing usability errors exist in the Small Steps for
Big Changes mHealth app and is the app deemed usable by past
Small Steps for Big Changes participants? To answer this
question, this study used a mixed-methods approach involving
a cognitive walkthrough (CW) focus group, take-home testing
period, and self-reported usability surveys to engage end users

in the examination of usability of a Small Steps for Big Changes
mHealth app.

Methods

Small Steps for Big Changes App Development
Pathverse, the app-building company used for this project that
specializes in no-code app building for research and learning
[16], worked with our research team to create a platform specific
to the needs of the Small Steps for Big Changes program.
Several meetings took place with Pathverse and the research
team to organize content, create select features, and tailor the
content to the Small Steps for Big Changes program. This app
included basic self-monitoring features, including tracking for
steps, minutes of daily exercise, weight, waist circumference,
and hemoglobin A1c (HbA1c). Additional capabilities included
logging exercise sessions, recording goals, diary entry
opportunities, and access to additional frequently asked
questions and resources including nutritional cooking videos
and program content. Additional details on layout and design
can be seen in the attached screenshots available in Multimedia
Appendix 1.

Participants
A total of 7 participants were recruited to participate in this
study. A sample size between 6 and 10 participants was
determined a priori based on past literature exploring
user-centered CW methods in mHealth chronic disease
self-management [17,18]. Secondary measures used to collect
additional usability data included the System Usability Scale
(SUS) [19,20] and User-Mobile Application Rating Scale
(uMARS) [21]. Past Small Steps for Big Changes clients who
had completed the 4-week training phase of the program were
invited to take part in this study. Eligible participants included
past Small Steps for Big Changes clients who were adults aged
18 years or older, able to read and write in English, assessed
for prediabetes by one of the following means: (1)
physician-diagnosed prediabetes, (2) HbA1c values between
5.7% and 6.4%, and (3) an American Diabetes Association risk
questionnaire score indicating increased risk of diabetes (>5).
Participants also needed to have access to a mobile device with
internet access (such as a tablet or smartphone). In an attempt
to represent the current demographic of the Small Steps for Big
Changes program (75% of individuals identified as female and
25% as male), participants were purposively sampled.
Participants were asked to bring an internet-enabled mobile
device during their laboratory visit with capabilities to connect
and access the device over the 3-week take-home period.

Ethical Considerations
Informed consent was obtained from all individual participants
and all procedures performed were in accordance with the ethical
standards of the University of British Columbia Behavioural
Research Ethics Board (H22-01399).

CW: Phase 1
Participants were invited to engage in a CW focus group at the
University of British Columbia Okanagan Campus. CWs involve
a task-based method to explore the usability of digital health
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technologies and when used in conjunction with questionnaires
are part of a multistep process to evaluate usability [17,18,22].
As participants arrived, research assistants helped to provide
assistance to connect to the internet, download the app, and
create a user profile. A 10-minute demonstration of the Small
Steps for Big Changes app on a large projector screen was
presented before the CW began to account for the app’s novelty.
During this demonstration a researcher lead a familiarization
walkthrough of each of the function landing pages (home page,
tracking page, and resources page) as well as some of the button
functions (go-back, save, and delete). Participants followed
along on their devices and were given time to play with
navigating the app before starting the novel tasks. After this
period, each participant was provided with a task booklet
outlining 8 novel tasks to be completed during the CW focus
group. Each task had 3 corresponding questions used to identify
usability problems about the task and assist with the facilitation
of group discussion. The workbook was designed for additional
observations to be recorded during each task. During the CW,
participants were asked to rotate through leading the completion
of a task using their instincts by informing the facilitator how
to perform the task on a large screen for the group to follow.
After each task, all participants were asked to record their
observations and share their thoughts about any usability
problems they encountered. Each participant lead at least 1 task
during the CW. Once all tasks were completed in the CW,
participants were granted access to the app for an additional 3
weeks to use it as they pleased, simulating a real-world setting.
During this time, participants were encouraged to make note of
any additional usability errors, feedback for future modifications,
and general reactions or evaluations. This information was
provided along with compensation following completion of this
study.

Mobile Device Proficiency Questionnaire and
Demographics Survey
The Mobile Device Proficiency Questionnaire (MDPQ-16) [23]
was used to assess participants’ mobile device proficiency, and
demographics were collected for descriptive reporting.
Participants self-reported their age, sex, gender, whether they
were born in Canada, whether they identify as Indigenous or a
visible minority, their highest level of education completed,
occupational status, household income, and marital status.
During the initial laboratory visit, participants were asked to
complete a demographics survey and the MDPQ-16 on iPads
(Apple Inc) before beginning the CW. The MDPQ-16 includes
16 questions organized into 8 subscales such as mobile device
basics, communication, internet, troubleshooting, and are
answered on a 5-point scale (1=never tried and 5=tried very
easily). Each subscale score is averaged and then summed, with
a maximum score of 40 (a higher score indicates greater
proficiency [23]).

About SUS
After completing the CW tasks, participants were asked to
complete the SUS [19]. The SUS was used to assess system
usability. This brief 10-question survey asks general usability
questions about ease of use and complexity on a 5 point-scale

(1=strongly disagree and 5=strongly agree). The SUS is a widely
used scale, a recent meta-analysis concluded that the SUS was
a suitable measure for evaluating the usability of digital health
apps [20]. Final SUS scores range from 0‐100, with higher
scores indicating better usability [19] with a benchmark
acceptability score of 68 [20]. This survey was delivered
immediately after the CW to each participant on an iPad.

User Version of the Mobile App Rating Scale: Phase
2
After completing an optional take home period, the uMARS
[21] was used to assess the quality and usability of the mHealth
app. The uMARS items are answered on a 5-point scale,
representing the following 1-inadequate, 2-poor, 3-acceptable,
4-good, and 5-excellent [21]. The uMARS is a reliable tool to
measure app quality and has been used to assess mHealth apps
including self-management behaviors associated with type 2
diabetes [24]. This survey offered additional detail and depth
compared to the SUS and was delivered to the participants after
an optional 3-week at-home phase. The uMARS consists of 4
subscales focused on engagement, functionality, aesthetics and
information. A mean score for each subscale is calculated, and
a total app quality score is calculated by averaging the subscale
means. The survey also includes additional questions about app
subjective quality, perceived impact, and an option to leave
further written comments. Participants were given information
about the take-home phase of this study and were asked to use
the app freely for 3 weeks. After this take-home period,
participants were sent a survey link to the uMARS.

Analysis
All survey data from the demographics, MDPQ-16, SUS, and
uMARS were descriptively analyzed using SPSS (version 27;
IBM Corp) to examine mean scores, SD, and range. The CW
was analyzed through an audio recording and transcript. The
usability problems identified in the CW task workbook and
transcript were coded using Nielsen’s heuristic evaluation
[25,26]. The 10 usability heuristics outline general principles
for user interface design; if an identified usability problem
violates any of the 10 heuristics, it is coded accordingly.
Furthermore, 2 coders completed the qualitative analysis and
assigned severity scores to each of the usability errors identified.

Results

Demographics and MDPQ-16
A total of 5 of the 7 participants were aged older than 70 years,
and 2 were between 55 and 65 years of age. No individuals
identified as Indigenous or a visible minority. Further, 2
participants identified as having a disability. There was variance
in education level and family income; 5 participants were retired.
Table 1 reports on more detailed demographic results. MDPQ-16
scores were reported to assess levels of mobile device
proficiency. The mean (SD) MDPQ-16 total score was 36.36
and SD of 3.42, individual MDPQ-16 scores are reported in
Multimedia Appendix 1. These MDPQ-16 scores represented
high levels of mobile device proficiency for our participants
compared to those identified in previous literature [23].
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Table . Demographic characteristics of participants.

Participants who selected this responseSample characteristic

70 (7.47)Age (years), mean (SD)

Sex, n (%)

4 (57)    Female

3 (43)    Male

Gender, n (%)

4 (57)    Woman

3 (43)    Man

Born in Canada, n (%)

4 (57)    Yes

3 (43)    No

7 (100)    No

7 (100)    No

Identifies as a person with a disability, n (%)

2 (29)    Yes

4 (57)    No

1 (14)    Prefer not to answer

Level of education, n (%)

1 (14)    High school

3 (43)    University certificate or diploma below the bachelor level

2 (29)    Postgraduate degree

1 (14)    College, CEGEPa, or other nonuniversity certificate or diploma

Working status, n (%)

2 (29)    Working full time

5 (71)    Retired

Annual income level (US $)

1 (14)    $41,688 to $62,531

1 (14)    $62,532 to $82,681

3 (43)    $104,220 or more

2 (29)    Prefer not to answer

Marital status, n (%)

6 (86)    Married

1 (14)    Widowed

aCEGEP, Collège d'enseignement general et professionnel, which means general and professional teaching college

About CW
The CW lasted 60 minutes in duration. Participants were asked
to complete 8 novel tasks while engaging with the Small Steps
for Big Changes app. A total of 26 usability problems were
identified and assigned severity scores in the recording transcript

and client workbooks. The highest number of usability problems
identified for a specific task was 7 for task 1, and the lowest
was 0 for task 8. All severity scores and usability problems
identified for each task and corresponding Nielsen heuristics
are reported in Table 2.
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Table . Usability problems identified in associated workbook task completion.

Nielsen heuristics
identified (f)

Actual taps to complete
task (n)

Taps expected to com-
plete task (n)

Mean severity score
(SD)

Number of usability
problems identified

Task

1 (3), 2 (4), 3 (1), 4 (2),
6 (4), 8 (2)

852.1 (0.69)71-Record a weight val-
ue

3 (1), 6 (1), 8 (1)440.4 (0.53)22-Navigate to the

FAQa page

1 (1), 2 (1), 4 (1), 6 (2),
8 (2)

18171 (1.15)33-Log an exercise

10 (1)770.5 (0.58)14-Create a diary entry

1 (1), 2 (2), 3 (1), 4 (1),
5 (1), 6 (2), 9 (1)

15121.9 (1.38)55-Record a goal

2 (3), 3 (1), 8 (1), 10
(2)

961.6 (0.53)46-Navigate to a module

2 (1), 4 (2), 6 (2), 8 (1)10100 (0)47-Update the
hemoglobin A1c value
within the tracking
page

0550 (0)08-Navigate to a video
resource

aFAQ: frequently asked questions.

The usability problems identified in the CW included issues
with icon and text sizes, scroll sensitivity, system preferences,
and logical location of features and information. Common
system preference issues were challenges saving and editing
goals and the exclusion of a 24-hour clock. Participants also
had difficulty scrolling and reported favorability for a text box
for selecting values. Usability problems were analyzed by coding
each into 10 categories. The 26 usability problems highlighted
errors associated with information appearing in an illogical
order and lack of visibility of information. For example, the
usability error named “tracker alignment” indicates that the
weight tracking feature’s dates did not match what was seen on
the graph displayed in the participant’s progress summary. This

was coded as 1 (incorrect feedback provided by the system) and
2 (information appearing in an illogical order). All usability
problems were coded accordingly; some were assigned only 1
Nielsen heuristic, while others were assigned multiple.

NG and KB double-coded the 26 identified usability errors
according to heuristic evaluation. Nielsen heuristics of 2 (match
between system and the real world) and 6 (recognition rather
than recall) were the most frequently coded (11 times each),
while heuristics of 5 (error prevention), 7 (flexibility and
efficiency of use), and 9 (help users recognize, diagnose, and
recover from errors) were rarely coded. Table 3 outlines each
heuristic score, their coded frequency, and the corresponding
percentage of the 49 total codes used.

Table . Nielsen heuristic frequency for usability problem codes from a total of 26 usability problems and 49 total codes.

Frequency (%a)Nielsen heuristic

5 (10)Visibility of system status

11 (22)Match between system and the real world

4 (8)User control and freedom

6 (12)Consistency and standards

1 (2)Error prevention

11 (22)Recognition rather than recall

0 (0)Flexibility and efficiency of use

7 (14)Aesthetic and minimalist design

1 (2)Help users recognize, diagnose, and recover from errors

3 (6)Help and documentation

a%: percentage of the total frequency of codes.
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About SUS
The mean SUS score was 66.8% for the sample, with an SD of
18.91 and a large range from 50 to 97.5. Further, 4 participants
rated the usability moderately low, between 50% and 60%,
while the remaining 3 rated the usability highly, resulting in
scores above 85%.

About uMARS
In total, 5 of the 7 clients who participated in the CW completed
the full uMARS. The app quality total score was calculated to
be a mean score of 3.59/5 with an SD of 0.33, with the
highest-rated subcategory being aesthetics at a mean score of
3.8 (SD 0.51) and the lowest being engagement at 3.12 (SD
0.33). The highest perceived impact scores were behavior
change and awareness, both receiving a mean score of 3.33 (SD
1.03), with knowledge being the lowest at a mean of 2.8 (SD

0.84). Additional feedback for improvements included adding
analytics for the progress made on the app, adding synchronizing
capabilities with smartwatches to avoid manually recording
physical activity and including tracking standards for specific
age groups and sex. A preference to the Fitbit app was also
reported by 2 participants during discussion of additional
feedback after the CW. Positive comments resulting from
completion of the uMARs included comments about the
potential for the app to be a very useful tool, the value of
recording anthropometrics such as weight and HbA1c, the
emphasis on diabetes, and the use of the graphs as a visual
representation of the client’s progress. Survey scores for
usability data are reported in Table 4, and additional results
from the usability surveys are included in Multimedia Appendix
1.

Table . Usability scores for quantitative surveys (N=18).

RangeMean (SD)Survey

31‐4036.36/40 (3.42)MDPQ-16a

50‐97.566.8/100 (18.91)SUSb

3.03‐3.833.59/5 (0.33)uMARSc

aMDPQ-16: Mobile Device Proficiency Questionnaire.
bSUS: System Usability Scale.
cuMARS: User-Mobile Application Rating Scale.

Follow-Up With Pathverse
Once the research team noted the usability problems and
feedback, 2 follow-up meetings were conducted with Pathverse
to address the usability concerns and make appropriate
improvements. Updates made by the Pathverse team included
correcting minor bugs with diary notification scheduling, fixing
the scaling of images and icons, and bringing consistency across
devices (Samsung vs Apple). Additions made to the app
included 24-hour time when inputting goals and tracking,
opportunity to input manual steps, and updates for some of the
language and icons used (the menu symbol, save button, and
trash icon).

Discussion

Findings
The 26 usability problems identified in the CW identified
relevant usability errors seen during task-based discussion within
the group of participants. Further, 9 of the 10 Nielsen heuristics
were coded, indicating usability errors across multiple domains
of the app; however, most usability problems were addressed
for preference changes and minor updates in the most recent
iteration of the app. Other suggestions, including a hover
function to show a description of functions within the app, and
the ability to link the app with a Fitbit have not yet been
addressed due to cost, time, and practicality implications.

The usability score of 66.8 for the SUS represented a marginal
usability score [19,20]. The variance could be due to a range in
expectations of the app and its functions; a few users expressed

they had been using different health monitoring apps, which
they were quite satisfied with, which may have influenced their
perceptions of the Small Steps for Big Changes app. After 3
weeks of optional use, a uMARS mean score of 3.59 was
reported, describing an acceptable score [22]. MDPQ-16 scores
were relatively high in our sample; we can have confidence that
the feedback provided was independent of a lack of skills or
ability to use mobile apps. Within our sample, moderate levels
of usability may have been due to a low level of willingness to
track in general. We did not purposively sample those who
favored smartphone tracking over other methods such as
tracking in a journal or workbook,; and some users may have
had little interest in tracking at all.

The literature has identified perceived usability as an existing
barrier to mHealth usage [27]; this aligns with the moderate
levels of usability reported in this study. However, high levels
of usability have been reported by select mHealth technologies
designed for individuals with type 2 diabetes [9,28], which
counter the moderate levels of usability seen in this study.
Although the levels of usability have demonstrated mixed
results, when comparing user feedback, various themes did align
with our findings. Users agreed on noting similar improvements,
including adding more knowledge and information available
on the mHealth apps [28], suggesting that mHealth app content
may be oversimplified. Interestingly, this study reported high
levels of mobile device proficiency from adults with a mean
age of 70 years, which may contradict previous research noting
older age as a barrier to mHealth usage [27].

This study identified usability problems and necessary
improvements for the Small Steps for Big Changes program
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app. With only moderate levels of usability reported, these
results emphasize the need for user feedback during the
development process. This highlights the importance of the end
user’s involvement in app development and prototype stages.
Several iterations of mHealth technology should be tested before
large-scale implementation to ensure the end product is relevant
and highly useful to users. This study demonstrates that early
usability evaluations can help identify and address issues at the
beginning of the development cycle, saving time and resources
in the long run. The iterative nature of this study’s approach,
where usability problems were identified and subsequently
addressed, underscores the importance of continuous
improvement. Following the steps of the FASTER framework
helped ensure that necessary steps were not overlooked; during
this process, essential findings for decision-making can save
on cost and the long-term success of an mHealth app [13]. This
study highlights the importance of tailoring mobile apps,
especially health-related ones, to meet the specific needs and
preferences of older adults. Developers should prioritize
user-centered design principles, considering factors such as font
size, icon clarity, and ease of navigation to enhance usability
for this demographic.

Past research has highlighted the importance of integrating
multiple methods to assess usability in digital health evaluation
[22],; this study incorporated various modes of feedback through
a CW, real-world use for 3 weeks, validated questionnaires, and
qualitative feedback. Diverse feedback sources provide a more
comprehensive understanding of usability and user experiences.
Each feedback method uncovers different aspects of usability.
Combining various feedback sources allows for a holistic
evaluation of the mobile app. This approach ensures that
usability problems are not only identified but also validated
across different dimensions. It helps prioritize issues that have
the most significant impact on users. The real-world use over
3 weeks provides insights into how usability evolves over time.
It helps identify whether initial issues persist or if users adapt
to the app. The combined feedback informs tailored iterations.
Specific issues can be addressed when identified through
different sources in a targeted manner. For example, usability
problems identified in CW may lead to design changes, while
questionnaire data can guide overall satisfaction improvements.

Limitations
Limited diversity within our sample was seen, specifically for
those identifying as Indigenous or a visible minority. While this
is representative of the current demographics served by Small
Steps for Big Changes, as Small Steps for Big Changes expands
to more communities, the potential to target more diverse
opinions should be highlighted, especially for those who may
benefit the most from increased accessibility (eg, individuals
living in rural communities). This study did not explore
long-term user compliance and security issues; further research
and considerations should be explored to identify solutions

around these limiting factors [29]. Considerations including (1)
a small sample size when reporting uMARS results and (2) an
unrealistic simulation of app implementation (providing
assistance during installation and a familiarization of the app)
should be taken into account when interpreting the results.

Future Directions for Research
Future research may look toward phase 3 of FASTER through
large-scale implementation and evaluation of the app as a
supplement to the Small Steps for Big Changes diabetes
prevention program to examine the app’s effectiveness in
improving health behaviors and clinical outcomes for clients.
mHealth prompts such as texts and push notifications have been
well-received by users in diabetes prevention [30]. Looking
toward these capabilities within the Small Steps for Big Changes
app is an additional function that may benefit client health
outcomes by allowing them to self-monitor their exercise, diet,
and goals. Future iterations of the app will call for additional
cycles of usability testing and evaluation to ensure a satisfactory
user experience is reached. Usability is an important aspect of
user experience; however, additional factors including
incentivizing, convenience, and practicality of mHealth apps
may also influence decisions to integrate their use in practice.
For example, the results of this study report that the lowest
category in the uMARS scale was engagement. In the uMARS,
user engagement refers to whether the app is entertaining,
interesting, customizable and interactive; if users do not find
the app engaging they may be less incentivized to use it.

Conclusions
Diabetes self-management efforts can be improved using
mHealth technologies; it can help establish meaningful routines,
allow clients to better understand their health conditions and
status, and provide additional outlets for interactions with health
care professionals and resources [31]. Providing tools to make
behavior change efforts easier for clients will lead to better
outcomes; however, these tools need to be well-accepted by
users to increase the likelihood of usage. This study successfully
assessed the usability of a self-monitoring app for individuals
with prediabetes by identifying 26 usability errors and
recognizing where improvements needed to be made. These
activities are necessary for generating research evidence for
technology-based interventions [13] to ensure usage is not a
limiting factor. Moderate usability levels were reported by users,
prompting a new iteration of the app, emphasizing the
importance of user involvement. Involving end users in this
process allows the mHealth app usage experts to make decisions
during development. Overlooking usability testing during
applicaton development can result in premature large-scale
implementation before critical changes and errors can be
addressed. Embracing multiple feedback modes reflects a
user-centric approach to design and evaluation. It demonstrates
a commitment to understanding the user experience from various
angles, which is essential for creating user-friendly apps.
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Abstract

Background: In the Netherlands, 545,900 people experienced chronic obstructive pulmonary disease (COPD) in 2022. Physical
therapy following the Royal Dutch Society for Physiotherapy (Koninklijk Nederlands Genootschap voor Fysiotherapie) guidelines
for COPD treatment is a proven effective treatment for people with COPD. The revised guidelines include a new recommendation:
a patient’s physical activity level should be assessed with an activity tracker (AT). Literature shows that the implementation of
eHealth in clinical practice, in this case, ATs, is challenging.

Objective: This study aims (1) to assess how and why ATs are currently used in physical therapy in patients with COPD and
(2) to determine which barriers and facilitators are of relevance for optimal implementation of ATs during the clinical reasoning
process of physical therapists in patients with COPD.

Methods: A cross-sectional study was used to evaluate the implementation of ATs in physical therapy. Included participants
were physical therapists who were affiliated with Chronisch ZorgNet and had a specialization in COPD treatment. The survey
content was based on the Consolidated Framework for Implementation Research, the theory of planned behavior, the framework
“experiences of patients with commercially available ATs,” and the Koninklijk Nederlands Genootschap voor Fysiotherapie
guidelines for COPD. Physical therapists were questioned via a digital survey.

Results: In total, 211 completed surveys were analyzed. Of the 211 participating physical therapists, 108 (51.2%) used ATs,
whereas most of them (n=82, 75.9%) already used ATs before it was advised in the guidelines. Physical therapists indicated that
the most important reason to use ATs is that they experience it as an added health care value. Both users and nonusers indicated
that the most important reason why they do not use ATs is because their patients do not want to use an AT. The second reason
was a lack of knowledge in the nonuser group. Moreover, both users and nonusers indicated that the implementation of ATs was
not prepared and planned for within their center.

Conclusions: Overall, these results show that ATs are not yet fully implemented in the Dutch general physical therapy practice
in patients with COPD, as recommended by current evidence-based guidelines. Physical therapists need guidance for the successful
implementation of ATs. This could be accomplished by providing training for physical therapists, integrating ATs into the
education of (future) physical therapists, and providing support during the implementation process of ATs for both the physical
therapists and management.

(JMIR Form Res 2025;9:e59533)   doi:10.2196/59533

KEYWORDS

physical therapy; activity tracker; implementation; technology; COPD; chronic obstructive pulmonary disease; eHealth; meaningful
use; health measurement; active lifestyle; Netherlands; physical activity; barriers; therapy
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Introduction

Chronic obstructive pulmonary disease (COPD) is a
heterogeneous lung condition characterized by chronic
respiratory symptoms (dyspnea, cough, sputum production,
and/or exacerbations) due to abnormalities of the airways
(bronchitis and bronchiolitis) and/or alveoli (emphysema) that
cause persistent, often progressive, airflow obstruction [1,2].
In the Netherlands, 545,900 people experienced COPD in 2022.
It is the fourth leading disease in relation to disease burden and
the sixth leading disease that causes mortality in the Dutch
population [3]. The health care expenses for people with COPD
were estimated at US $775 million in 2019, totaling 1% of the
total Dutch health care expenses and 23% of the total
expenditure for all respiratory diseases [4]. Physical therapy
according to the Royal Dutch Society for Physiotherapy
(Koninklijk Nederlands Genootschap voor Fysiotherapie
[KNGF]) guidelines for COPD treatment [5] is a proven
effective treatment for people with COPD. In general, the
treatment is a major component of pulmonary rehabilitation and
aims to increase a patient’s physical activity level and physical
capacity and is accomplished with home exercises and education
[5]. The KNGF guidelines describe the clinical reasoning
process for physical therapists based on the latest evidence. In
the revised guidelines, the new recommendation is that a
patient’s physical activity level (eg, number of steps) is
measured with an activity tracker (AT). The patient’s physical
activity level is an important starting point, as it codetermines
whether physical therapy is indicated or a lifestyle coach is
sufficient. Therefore, if ATs are not or incorrectly used, the
clinical reasoning process is compromised. This could result in
misclassification of patients and hence the wrong allocation to
physical therapy or lifestyle coaching.

Apart from assigning patients to treatment, ATs can also be
used to monitor and evaluate the physical activity level during
and after the treatment [6]. Using ATs as an intervention can
also enhance the physical activity level of patients with COPD
when combined with the guidance of a health care professional
[7]. Moreover, they can improve patients’self-management and
self-efficacy [8-10].

Literature shows that the implementation of eHealth in clinical
practice, in this case, ATs, is challenging [6,11,12]. Barriers in
the implementation of eHealth are among others, the lack of
knowledge among health care professionals concerning eHealth
possibilities, unclear benefits of eHealth, resistance to change,
and clinicians’ perception of impersonal care [13-16]. The
degree of actual use of ATs and areas of application by physical
therapists in patients with COPD are currently unclear. In
addition, more insight into potential barriers and facilitators for
successful future implementation of ATs is necessary to
optimize the treatment of patients with COPD.

A theoretical framework to assess potential barriers and
facilitators for implementing innovations is the Consolidated
Framework for Implementation Research (CFIR) [17]. The
CFIR consists of 5 domains associated with effective
implementation: intervention characteristics, inner setting,
characteristics of individuals, outer setting, and process. Besides

assessing potential barriers and facilitators for successful
implementation, physical therapists need to change their current
behavior. The theory of planned behavior (TPB) supports
predicting an individual’s intention to engage in a (new)
behavior. The TPB consists of 4 aspects: attitude, subjective
norms, perceived behavioral control, and intention [18].

This study combines the aspects of the CFIR and the TPB as a
background (1) to assess how and why ATs are currently used
in physical therapy in patients with COPD and (2) to determine
which barriers and facilitators are of relevance for optimal
implementation of ATs during the clinical reasoning process
of Dutch physical therapists in patients with COPD.

Methods

A cross-sectional study was performed, in which Dutch physical
therapists were questioned via a voluntary digital closed survey.

Population
Included participants were physical therapists who were
affiliated with Chronisch ZorgNet and had a specialization in
COPD treatment. Chronisch ZorgNet is a nationwide network
that provides training for treating patients with chronic diseases
according to the latest evidence (guidelines). The network
consists of 3500 physical therapists working in primary,
secondary, and tertiary care, of which 1200 physical therapists
are specialized in lung physical therapy [19]. This network
provided access to this target population. The survey was
distributed by emails from Chronisch ZorgNet. All specialized
lung physical therapists who were Chronisch ZorgNet members
were eligible to participate in this survey. Physical therapists
were excluded from this study if they treated less than 1 unique
patient with COPD per week.

Survey
The survey (Multimedia Appendix 1) was drafted from
documents based on international scientific literature: (1) the
checklist “the use of measurement instruments in clinical
practice” [20] based on the CFIR [17] (Q1), (2) the questionnaire
“meaningful use of patient-specific goal setting within the
clinical reasoning of physical therapists” [21] based on the TPB
[18] (Q2), (3) the framework “experiences of patients with
commercially available ATs” [22] (Q3), and (4) the KNGF
guidelines for COPD [5]. Questions of the checklist Q1 and the
questionnaire Q2 were adapted for the application of ATs instead
of general measurement instruments. To gain insight into
relevant barriers and facilitators, the topics of the framework
Q3 were used. The survey was supplemented with questions
based on the recommendations for the use of ATs in the COPD
guidelines [5]. In total, 9 questions determined the eligibility
of the participants (eg, sex, age, and work experience). Based
on the question “I use ATs in people with COPD” (yes or no),
participants answered either 59 questions if they used ATs or
33 questions if they did not.

Of the 59 questions for the AT users, 26 were based on the
checklist “the use of measurement instruments in clinical
practice”’ Q1 [20], 5 were based on questionnaire Q2 [21], 20
were based on the framework Q3 [22], and 8 were based on the
COPD guidelines [5]. Of the 33 questions for the nonusers, 19
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were based on Q1 [20], 5 were based on Q2 [21], and 9 were
based on Q3 [22]. The questions were either answered on a
7-point Likert scale (0=totally disagree and 7=totally agree),
on a multiple-answer scale, or were open comment questions.
Only 4 questions were necessarily answered by yes or no (eg,
ATs are provided to our patients: yes or no). Participants were
able to review and change their answers before completing the
survey.

To ensure the content validity of the combined questionnaires,
the draft survey was sent to 5 experts for feedback on the
usability and face validity of the survey: 2 experts in the field
of measurement tools in health care, 1 expert in the field of ATs
in health care, and 2 specialized physical therapists. The
feedback required no changes to the survey and the final survey
was constructed (Multimedia Appendix 1).

Data collection was performed in May 2021. The survey was
completed via clickable link, and QR code in the email leading
to the survey in QuestBack Essentials (2021). For each question,
a digital page emerged; in total, there were between 33 and 59
pages excluding the start- and the end page and 7 questions
regarding population characteristics. All questions were
mandatory questions and needed to be completed before the
survey automatically continued. One reminder was sent after 1
week. Participants were asked to answer the questions as
accurate as possible, and it was explicitly addressed that the
results were analyzed anonymously. Data were stored in a
secured data repository of Zuyd University of Applied Sciences
for 15 years, and only the participating researchers had access
to these data.

Data Analyses
Data analyses were performed using SPSS Statistics (version
23.0; IBM Crop). Only fully completed surveys were analyzed.
Descriptive statistics of the participants’ characteristics were
presented as a number (percentage) for the categorical variables
sex, workplace setting, and whether they completed a recent

COPD course. For the continuous variables, age, work
experiences, and the number of treated unique patients with
COPD per week were presented as a mean (SD). Answers to
questions with a 7-point Likert scale were presented as mean
(SD). Responses to open comment questions were treated as
qualitative data and categorized into themes by using directed
content analyses via inductive coding [23] and presented as a
number (percentage) per theme. Open answers that did not fit
any code were labeled as other. Responses were separately
analyzed for users and nonusers of ATs. In case of any missing
data, listwise deletion was applied.

Ethical Considerations
No ethics approval was required since the research was not
subject to the Medical Research Involving Human Subjects Act
(Wet medisch-wetenschappelijk onderzoek met mensen). The
research was part of continuous quality monitoring and
improvement of daily COPD care within a national quality
network (Chronisch ZorgNet). This study did not require written
informed consent. Participating physical therapists were
informed about the purpose of this survey prior to commencing
the survey. Physical therapists voluntarily participated in this
study. Study results were processed anonymously. Physical
therapists were always able to end the survey without any
consequences. There was no compensation for the physical
therapists. The CHERRIES (Checklist for Reporting Results of
Internet E-Surveys) was used (Checklist 1).

Results

Population Characteristics
In total, 216 physical therapists completed the survey. Five
physical therapists were excluded because they did not meet
the inclusion criteria (treating less than 1 unique patient with
COPD per week), leaving 211 responses for analysis. There
were no missing data. The characteristics of the physical
therapists are displayed in Table 1.

Table . Characteristics of the participating physical therapist (N=211).

ParticipantsCharacteristic

74 (35.1)Sex (male), n (%)

46.5 (11.7)Age (years), mean (SD)

22.8 (11.1)Work experience (years), mean (SD)

Work setting, n (%)

197 (93.5)Primary care

5 (2.5)Secondary care

8 (3.8)Primary and secondary care

1 (0.5)Tertiary care

8.2 (6.5)Number of unique patients with COPDa per week, mean (SD)

208 (98)Completed a recent COPD course, n (%)

aCOPD: chronic obstructive pulmonary disease.

Results of the survey are presented per research questions. How ATs Are Used
Of the 211 participating physical therapists, 108 (51.2%) used
an AT, whereas most of them (n=82, 75.9%) already used an
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AT before it was advised in the guidelines. Most physical
therapists measured the number of steps (n=64, 55.2%) and
used a standard app on a smartphone (n=97, 89.8%). Other
parameters named were, for example, activities of daily living,
distance, physical capacity, and heart rate. The 2 most common

goals for the use of an AT were to inventory the physical activity
level (n=94, 87%) and to stimulate the physical activity level
of the patient (n=88, 81.5%). All results on how ATs were used
in physical therapy in patients with COPD are presented in
Table 2.
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Table . Results on how activity trackers (ATs) are currently used in physical therapy in patients with chronic obstructive pulmonary disease (COPD;
N=211; based on digital survey).

Nonuser (n=103)User (n=108)Question

I use AT in people with COPD, n (%) • No: 103 (100)a• Yes: 108 (100)a

—bBefore the release of the COPD guidelines, I al-
ready used AT in people with COPD, n (%)

• Yes: 82 (75.9)
• No: 26 (24.1)

—It is clear what I want to measure with an ATc,
mean (SD)

• 5.8 (1.3)

—Which parameter or concept do you measure
with an AT? n (%)

• Number of steps: 64 (55.2)
• Physical activity: 43 (37.1)
• Otherd: 9 (7.7)

—It is clear to me with which AT I can measure

these parametersc, mean (SD)

• 5.3 (1.5)

—There are agreements within our center about the

choice of the used type of ATc, mean (SD)

• 3.2 (1.9)

—Within our center, we use the following type of
AT, n (%)

• App on a smartphone: 97 (89.8)
• Commercially available pedometer: 57

(52.7)
• Commercially available accelerometer: 14

(12.9)
• Already owned by patient: 2 (1.8)

—Within our center, we use the following brand
AT, n (%)

• Standard app on a smartphone: 26 (24.1)
• Unknown brand: 23 (21.3)
• Already owned by patient: 14 (12.9)
• Fitbit: 12 (11.1)
• Omron: 8 (7.4)
• Otherd: 7 (6.4)
• Yamax: 3 (2.7)
• McRobberts: 2 (1.8)

—The AT is worn by people with COPD on the
following locations, n (%)

• Trouser pocket: 88 (81.4)
• Wrist: 52 (48.1)
• Hip: 13 (12)
• Bag: 13 (12)
• Otherd: 5 (4.6)
• Chest pocket: 4 (3.7)
• Lower back: 2 (1.8)
• Ankle: 2 (1.8)

—Which brand of AT would you recommend to
your patients? n (%)

• Do not know: 49 (45.3)
• Apps: 23 (21.2)
• Fitbit: 21 (19.2)
• I do not recommend a brand: 6 (5.5)
• Garmin: 5 (4.6)
• Other: 5 (4.6)
• Apple: 4 (3.7)

—I stimulate my patients to purchase an ATc, mean
(SD)

• 4.9 (1.4)

—At this moment, in how many unique patients
with COPD per week are you using an AT? mean
(SD)

• 5.5 (4.2)

—I use AT for the following goals in patients with
COPD, n (%)

• Inventory: 94 (87)
• Stimulation: 88 (81.5)
• Allocating: 64 (59.2)
• Evaluation: 60 (55.5)
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Nonuser (n=103)User (n=108)Question

—• 4.4 (1.5)My patients with COPD wear an AT for the rec-

ommended number of days (7 days)c, mean (SD)

aOf the 211 respondents, 108 (51.2%) answered “yes” and 103 (38.8) answered “no.”
bNot available.
cLikert scale with a range of 0‐7 (0=totally disagree and 7=totally agree).
dMultiple open answers which were categorized as other.

Why ATs Are Used
Physical therapists who used ATs because they believed that it
is an added value to health care (n=46, 42.5%) and because the
guidelines recommend to use ATs (n=44, 40.7%). Physical
therapists considered the cutoff value of 5000 steps per day for
patients with COPD to be a realistic measure of sufficient
activity (mean 4.7, SD 1.5). The primary reason physical
therapists did not use ATs both among users (n=58, 53.7%) and
nonusers (n=35, 33.9%) was that patients themselves indicated
that they did not want to use them. In the nonusers group, lack
of knowledge (n=31, 30.9%) was the second important reason

for nonuse. Other reasons mentioned were, for example, bad
experiences, difficulty implementing ATs, and concerns about
the clinometric properties of the ATs.

In most centers, there was no consensus on why they were going
to use ATs (mean 3.4, SD 1.8). Users scored high on questions
regarding whether ATs contributed to the assessment of physical
activity levels (mean 5.8, SD 1.1), allocation of patients into
profiles (mean 5.8, SD 1.1), evaluation of physical activity
levels (mean 5.9, SD 0.9), and stimulation of physical activity
levels (mean 5.9, SD 1.0). Results on why ATs were used in
physical therapy in patients with COPD are presented in Table
3.
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Table . Results on why activity trackers (ATs) are currently used in physical therapy in patients with chronic obstructive pulmonary disease (COPD;
N=211; based on digital survey).

Nonuser (n=103)User (n=108)Question

Within our center, we have agreed on why we

(are going to) use ATa, mean (SD)

• 3.2 (1.9)• 3.4 (2.0)

—cThe choice for the concerned AT was made based
on, n (%)

• Availability: 73 (67.6)
• Costs: 49 (45.3)
• Feasibility: 43 (39.8)
• Own experience: 19 (17.5)
• Validity: 15 (13.8)
• Already owned by the center: 5 (4.6)
• Otherb: 6 (5.5%)

—I want to measure the following specific activi-
ties, n (%)

• Walking: 105 (97.2)
• Bicycling: 52 (48.1)
• Running: 11 (10.1)
• Activities of daily living: 8 (7.4)
• Swimming: 7 (6.4)
• Otherb: 5 (4.6)
• Walking stairs: 2 (1.8)

—I want to measure the following parameters, n
(%)

• Number of steps: 104 (96.2)
• Active minutes: 73 (67.5)
• Walked distance: 53 (49)
• Heart rate: 35 (32.4)
• Passive minutes: 34 (31.4)
• Calories: 13 (11.1)
• Otherb: 3 (2.7)

—I think the cutoff value of 5000 steps per day to

be sufficiently active is a realistic cutoff valuea,
mean (SD)

• 4.7 (1.5)

—The most important reason I am using an AT in
patients with COPD is, n (%)

• Because it is an added health care value: 46
(42.5)

• Because of the guidelines: 44 (40.7)
• Own interest: 9 (8.3)
• Otherb: 5 (4.6)
• Because it is mandatory in my network: 4

(3.7)

—When I use an AT, it contributes to the inventory
of the physical activity level and the physiother-

apeutic diagnosis of a patienta, mean (SD)

• 5.8 (1.1)

—When I use an AT, it contributes to allocating

patients into the profiles of the guidelinesa, mean
(SD)

• 5.8 (1.1)

—When I use an AT, it contributes to evaluating
the physical activity during the treatment process

in patients with COPDa, mean (SD)

• 5.9 (0.9)

—When I use an AT, it contributes to stimulating

physical activity as part of my interventiona,
mean (SD)

• 5.9 (1.0)

I think AT should be used in patients with

COPDa, mean (SD)

• 4.3 (1.7)• 5.2 (1.7)

My patients with COPD think it is important to

(start) using ATa, mean (SD)

• 3.9 (2.0)• 4.1 (1.2)

My patients with COPD are more aware of their

functioning by using an ATa, mean (SD)

• 5.8 (1.4)• 5.7 (1.1)

JMIR Form Res 2025 | vol. 9 | e59533 | p.815https://formative.jmir.org/2025/1/e59533
(page number not for citation purposes)

Ummels et alJMIR FORMATIVE RESEARCH

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


Nonuser (n=103)User (n=108)Question

• 3.3 (1.2)• 4.2 (0.9)Health care centers, comparable to my center are

using ATa, mean (SD)

• 2.6 (1.6)• 3.4 (1.8)External organizations are obligating the use of

ATa, mean (SD)

• Patients do not want to: 35 (33.9)
• No knowledge: 31 (30.9)
• No AT available: 9 (8.7)
• Bad experience: 8 (7.7)
• Otherb: 8 (7.7)
• No added value: 7 (6.7)
• Costs: 7 (6.7)

• Patients do not want to: 58 (53.7)
• No added value: 13 (12)
• No knowledge: 9 (8.3)
• No AT available: 8 (7.4)
• Costs: 7 (6.4)
• Otherb: 6 (5.5)

The most important reason I do not use AT in
some patients with COPD is, n (%)

aLikert scale with a range of 0‐7 (0=totally disagree and 7=totally agree).
bMultiple open answers which were categorized as other.
cNot available.

Barriers and Facilitators for Implementation of ATs
No remarkable differences exist between users and nonusers
regarding the experienced barriers and facilitators. For both
groups, a relevant barrier to using ATs was the costs (users:
n=75, 69.4% vs nonusers: n=77, 74.7%) and the cognitive or
communication skills of the patient (users: n=75, 69.4% vs
nonusers: n=50, 48.5%). Other reasons that were mentioned
were prioritizing the patient over scientific pursuits, privacy
concerns, and AT fails to measure parameters that therapists
find meaningful. Important facilitators in both groups for using

ATs were the motivation of the patient (users: n=90, 83.3% vs
nonusers: n=70, 67.9%) and the user-friendliness of the AT
(users: n=64, 59.2% vs nonusers: n=57, 55.3%). Both users
(mean 3.6, SD 1.8) and nonusers (mean 2.5, SD 1.6) indicated
that they lack the knowledge to provide a recommendation of
commercially available ATs to their patients. Likewise, both
groups indicated insufficient education or coaching possibilities
for the health care professionals on ATs within their center
(users: mean 3.7, SD 1.9 and nonusers: mean 2.7, SD 1.8).
Further barriers and facilitators are presented in Table 4.
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Table . Results on relevant barriers and facilitators for optimal implementation of activity trackers (ATs) during the clinical reasoning process of Dutch
physical therapists in patients with chronic obstructive pulmonary disease (COPD; N=211; based on digital survey).

Nonuser (n=103)User (n=108)Question

I have sufficient knowledge to recommend
commercially available AT to my patients regard-

ing price, functions, and qualitya, mean (SD)

• 2.5 (1.6)• 3.6 (1.8)

I am capable to draft personalized physical activ-

ity goals together with my patienta, mean (SD)

• 5.8 (1.3)• 5.8 (1.0)

I am capable to teach my patients about the

functions, use, and interpretations of ATa, mean
(SD)

• 4.9 (1.8)• 5.4 (1.3)

ATs are provided to our patients, n (%) • No: 99 (96.1)• No: 71 (65.7)
• Yes: 37 (34.3) • Yes: 4 (3.9)

The following factors stimulate the use of AT
during the clinical reasoning in patients with
COPD, n (%)

• Motivation for the patient: 70 (67.9)• Motivation for the patient: 90 (83.3)
• •User-friendliness: 64 (59.2) User-friendliness: 57 (55.3)

•• The added value: 54 (52.4)The added value: 59 (54.6)
• Reliability and validity: 38 (35.1) • Reliability and validity: 40 (38.8)

• Costs: 25 (24.2)• Costs: 28 (25.9)
• Time investment: 18 (17.4)• Time investment: 25 (23.1)
• Otherb: 5 (4.8)

The following factors obstruct the use of AT
during clinical reasoning in patients with COPD,
n (%)

• Costs: 77 (74.7)• Costs: 75 (69.4)
• •Cognitive or communication skills of the

patient: 75 (69.4)
Cognitive or communication skills of the
patient: 50 (48.5)

• Time investment for the therapist: 46 (44.6)• Time investment for the therapist: 37 (34.2)
• User-friendliness: 45 (43.6)• User-friendliness: 36 (33.3)
• Reliability and validity: 40 (38.8)• Time investment for the patient: 34 (31.4)
• Time investment for the patient: 40 (38.8)• Reliability and validity: 26 (24)
• Otherb: 7 (6.7)• Otherb: 3 (2.7)

—cI know how I can measure physical activity with

an ATa, mean (SD)

• 5.5 (1.4)

—I know how I can interpret the results of the ATa,
mean (SD)

• 5.4 (1.2)

—I know how I can discuss the results of the AT

with my patientsa, mean (SD)

• 5.8 (1.0)

The use of AT is part of our mission and vision

and is incorporated into our policya, mean (SD)

• 3.8 (2.3)• 5.2 (2.0)

The use of AT fits in our care processa, mean
(SD)

• 4.6 (1.9)• 5.6 (1.2)

There is sufficient support and involvement from

the management when using ATa, mean (SD)

• 4.1 (1.9)• 5.2 (1.9)

In our center, there is someone who guides the

implementation process of ATa, mean (SD)

• 2.2 (1.7)• 2.7 (2.0)

In our center, there is sufficient education or
coaching for the health care professionals about

ATa, mean (SD)

• 2.7 (1.8)• 3.7 (1.9)

In our center, there is sufficient time to try to use

ATa, mean (SD)

• 3.4 (1.7)• 4.0 (1.9)

In our center, the use of AT is incorporated in

our electronic patients’ filesa, mean (SD)

• 3.4 (2.3)• 4.5 (2.2)

In our center, there are sufficient AT available,
n (%)

• No: 67 (65)• No: 63 (58.3)
• •Yes: 24 (22.2) Yes: 5 (4.8)

• Not applicable: 21 (20.3)• Not applicable: 20 (18.5)
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Nonuser (n=103)User (n=108)Question

• 5.8 (1.4)• 6.5 (0.8)I am open to (start to) using AT in patients with

COPDa, mean (SD)

• 5.2 (1.5)• 6.4 (0.8)I am planning to continue or start using AT in

patients with COPDa, mean (SD)

• 4.3 (1.7)• 5.5 (1.3)I have sufficient knowledge to (start to) use ATa,
mean (SD)

• 4.8 (1.7)• 5.5 (1.2)I trust I can use AT in patients with COPDa,
mean (SD)

• 5.2 (2.0)• 5.5 (1.5)My colleagues are open to (start) using an ATa,
mean (SD)

• 4.7 (2.2)• 5.1 (1.7)My colleagues have sufficient skills and knowl-

edge to (start) using ATa, mean (SD)

• 4.0 (1.8)• 4.6 (1.1)My patients with COPD are open to (start) using

ATa, mean (SD)

• 3.6 (2.0)• 4.0 (1.4)My patients with COPD have sufficient skills

and knowledge to (start) using an ATa, mean
(SD)

• 5.7 (1.8)• 5.1 (1.3)My patients with COPD experience commercial-

ly available AT as technical complexa, mean
(SD)

• 2.7 (2.4)• 3.5 (2.3)In our center, the implementation of AT was

prepared and planneda, mean (SD)

• 2.2 (1.5)• 4.2 (1.9)In our center, we started using AT on a trial basis

and started to adapt our care processa, mean (SD)

• 2.9 (2.5)• 3.4 (2.0)In our center, relevant persons were involved in
the implementation process: health care profes-
sionals, patients (representatives), and supporting

professionals (policy)a, mean (SD)

• 2.9 (2.8)• 3.0 (1.9)In our center, the use of AT are frequently eval-

uated and improveda, mean (SD)

aLikert scale with a range of 0‐7 (0=totally disagree and 7=totally agree).
bMultiple open answers which were categorized as other.
cNot available.

Discussion

Principal Findings
This research aimed to assess how and why ATs are currently
used in physical therapy in patients with COPD and to determine
which barriers and facilitators are of relevance for optimal
implementation of ATs during the clinical reasoning process
of Dutch physical therapists.

It is known that the implementation of an innovation is often
challenging [11]. However, of the 211 participating physical
therapists, 108 (51.2%) used an AT, and most of them (n=82,
75.9%) already used an AT before it was advised in the
guidelines. This relatively high percentage could be explained
by the fact that physical therapists indicated that the most
important reason for using ATs is the experienced added health
care value. Another explanation could be that the included
physical therapists were affiliated with Chronisch ZorgNet and

might therefore be more sensitized to provide evidence-based
care. Furthermore, it was notable that regardless whether a
physical therapist was a user or nonuser, the barriers and
facilitators for using ATs were roughly the same. Both users
and nonusers indicated that the most important reason for not
using ATs is because their patients do not want to use an AT.
However, it is debatable whether this is an assumption of the
physical therapist or the actual opinion of the patient, as a recent
review describes that patients with COPD in general enjoyed
using ATs and found using the ATs easy [24]. The second
(nonusers) and third (users) reason for physical therapists to not
use ATs was a general lack of knowledge. Physical therapists
indicated that they did not know which brand of commercially
available AT they could recommend to their patients, which is
related to the experienced lack of knowledge regarding price,
functions, and quality. In contradiction, knowledge regarding
how to measure with ATs, how to interpret the data of the AT,
and how to discuss the data of the AT with a patient was scored
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high by the physical therapists. A possible explanation could
be that therapists lack different knowledge: the knowledge on
how to measure with ATs, how to interpret the data of the AT,
and how to discuss the data of the AT.

Comparison to Prior Work
The general adaption rate of eHealth in physical therapy seems
to be similar to the adaption rate of 52% found in this study
[25,26]. However, the use of the ATs in this study was
self-reported; therefore, the presence of biases in the reported
use and perception of ATs might be present. Most physical
therapists used an app on a smartphone as an AT, which links
to the fact that availability and costs were important factors
when selecting an AT. Most smartphones automatically measure
step count, and apps are mostly free of use. However, the
validity of apps regarding measuring physical activity is low,
especially in older adults during low walking speed, as is the
case in activities of daily living [27]. Most physical therapists
considered the cutoff value of 5000 steps per day to be
sufficiently active, used in the new national guidelines, to be
realistic. This is valuable information, considering that this
cutoff value in the revised guidelines is based on previous
studies. Several studies mention a minimum of 7500‐10,000
steps per day in order to have a healthy active lifestyle [28-30].
However, it seems that a healthy person reaches only
5500‐6000 steps per day on average, and people with a chronic
disease 3500‐5500 steps per day [29-31]. Consequently, in
the national guidelines, a cutoff value of 5000 steps per day is
used for people with COPD to be sufficiently active [32,33].
This study suggests that 5000 steps per day might be a minimal
clinical important threshold in daily physical therapy practice.

Both users and nonusers indicated that the implementation of
ATs was not prepared and planned for within their center. To
successfully implement eHealth, internal and external
facilitation, audit and feedback, management support, and
training of clinicians are essential according to a recent
systematic review [34] and are in line with the CFIR [17]. Wilde
et al [35] similarly showed the physical therapists’ need for
guidance and information to support the integration of ATs
within the practice. A solution could be to provide education
and training to management and physical therapists.
Management should be trained to guide an implementation
trajectory; however, the use of implementation support
practitioners could also be an option [36]. Implementation
support practitioners are professionals who support
organizations, leaders, and staff in their implementation of
evidence-informed practices and policies [37]. Current physical
therapists and physical therapy students should be educated and
trained. To optimize the adoption of ATs in clinical settings,
educational interventions should be developed based on the best
available evidence, clinical expertise, and patient values and
circumstances [38].

However, it is important to train physical therapists’ and
students’ general eHealth competencies in order to use eHealth
in a broader spectrum than ATs only. It is suggested that

education consists of 5 competency themes: information
communication technology attitudes and skills, interpretation
and analysis of eHealth data, support and guidance,
communication skills, and privacy and confidentiality [39].
Current health care professionals are insufficiently trained in
all of these competencies and therefore struggle to perform these
skills in their daily clinical practice [40]. A better understanding
and more digital competency could also lead to better
experiences and better outcomes. On the other hand, a previous
study showed that patients with chronic diseases (including
COPD) experience ATs as technically complicated and wish to
receive support by their physical therapist during the use within
a diagnostic and/or therapeutic process [22]. Currently, several
(digital) tools and websites are available to support health care
professionals in the goal-oriented selection of eHealth [41,42].

Strengths and Limitations
Several limitations of this study need to be mentioned. First,
this study addressed technology acceptance on a limited basis.
The level of technology acceptance might influence whether
ATs are used or not. Studies showed that if health care
professionals are already experienced eHealth users, they report
fewer implementation barriers and experience more advantages
(eg, a more positive attitude toward eHealth) [43]. Second,
participating physical therapists were affiliated with Chronisch
ZorgNet, an organization in which physical therapists treating
patients with chronic diseases are trained to work
evidence-based. This might have biased the results since
affiliated physical therapists might be more prone to adhere to
recent guidelines and be motivated to implement innovations.
On the other hand, all participating physical therapists were
members of Chronisch ZorgNet, which includes almost all
physical therapists who are specialized in lung physical therapy.
Therefore, the study sample constitutes a representative sample
for primary care. A strength of this study is that the survey was
based on relevant international scientific literature and models
in relation to implementation and behavioral change (CFIR and
TPB), which enables generalization beyond the Dutch context
[5,13-18,22,44].

Conclusions
Overall, these results show that ATs are not yet fully
implemented in the Dutch general physical therapy practice in
patients with COPD, as recommended by current evidence-based
guidelines. Both users and nonusers indicated that the most
important reason for not using ATs is because their patients do
not want to or at least the health care professionals experienced
it that way. However, it is debatable whether this is an
assumption of the physical therapist or the actual opinion of the
patient. Physical therapists need guidance for the successful
implementation of ATs. This could be accomplished by
providing training for current physical therapists, integrating
ATs into the education of (future) physical therapists, and
providing support during the implementation process of ATs
for both the physical therapists and management.
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Abstract

Background: Tuberculosis (TB) is a major global health concern, causing 1.5 million deaths in 2020. Diagnostic tests for TB
are often inaccurate, expensive, and inaccessible, making chest x-rays augmented with artificial intelligence (AI) a promising
solution. However, whether providers are willing to adopt AI is not apparent.

Objective: The study seeks to understand the attitude of Ayurveda, Yoga and Naturopathy, Unani, Siddha, and Homoeopathy
(AYUSH) and informal health care providers, who we jointly call AIPs, toward adopting AI for TB diagnosis. We chose to study
these providers as they are the first point of contact for a majority of TB patients in India.

Methods: We conducted a cross-sectional survey of 406 AIPs across the states of Jharkhand (162 participants) and Gujarat
(244 participants) in India. We designed the survey questionnaire to assess the AIPs’ confidence in treating presumptive TB
patients, their trust in local radiologists’ reading of the chest x-ray images, their beliefs regarding the diagnostic capabilities of
AI, and their willingness to adopt AI for TB diagnosis.

Results: We found that 93.7% (270/288) of AIPs believed that AI could improve the accuracy of TB diagnosis, and for those
who believed in AI, 71.9% (194/270) were willing to try AI. Among all AIPs, 69.4% (200/288) were willing to try AI. However,
we found significant differences in AIPs’ willingness to try AI across the 2 states. Specifically, in Gujarat, a state with better and
more accessible health care infrastructure, 73.4% (155/211) were willing to try AI, and in Jharkhand, 58.4% (45/77) were willing
to try AI. Moreover, AIPs in Gujarat who showed higher trust in the local radiologists were less likely to try AI (odds ratio [OR]
0.15, 95% CI 0.03‐0.69; P=.02). In contrast, in Jharkhand, those who showed higher trust in the local radiologists were more
likely to try AI (OR 2.11, 95% CI 0.9‐4.93; P=.09).

Conclusions: While most AIPs believed in the potential benefits of AI-based TB diagnoses, many did not intend to try AI,
indicating that the expected benefits of AI measured in terms of technological superiority may not directly translate to impact on
the ground. Improving beliefs among AIPs with poor access to radiology services or those who are less confident of diagnosing
TB is likely to result in a greater impact of AI on the ground. Additionally, tailored interventions addressing regional and
infrastructural differences may facilitate AI adoption in India’s informal health care sector.

(JMIR Form Res 2025;9:e54156)   doi:10.2196/54156
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Introduction

Tuberculosis (TB) remains a significant global health challenge,
with over 80% of reported cases and deaths originating from
low- and middle-income countries (LMICs) worldwide [1].
Among these countries, India shoulders a substantial burden,
accounting for a quarter of all TB cases and resulting in
approximately 89,000 deaths in the year 2019 alone [2]. The
COVID-19 pandemic further worsened these global inequalities,
particularly by disrupting TB diagnostic and treatment services
[3,4]. Data from the World Health Organization (WHO) reveals
a concerning trend in the incidence rate of TB. After

experiencing a decline of around 2% per year over the past 2
decades, there has been a 3.6% increase in new TB cases per
100,000 population between 2020 and 2021, as indicated in the
Global Tuberculosis Report [5]. Additionally, due to factors
like underreporting, underdiagnosis, and limited access to health
care for TB patients, a significant gap exists between the
estimated and reported number of cases [6]. In India, 29% of
TB cases were either undiagnosed or missed in 2021 [7,8]. This
resurgence of TB cases [9] is particularly alarming for LMICs
like India, which bear a disproportionate disease burden [10]
and face numerous challenges [6] in their fragile health care
supply chains.
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To lessen this burden, recent advancements in diagnosis based
on molecular testing and chest x-ray (CXR) scans offer
promising avenues. However, the highly accurate molecular
diagnostic tests for TB, such as Xpert MTB/RIF (Mycobacterium
tuberculosis/rifampin), remain expensive, difficult to access,
and challenging to maintain in LMICs [11]. Additionally, their
roll-out has been slow [12]. Although WHO recommends
molecular diagnostics as the preferred first-line testing method,
only 38% of individuals diagnosed with TB in 2021 were tested
with a WHO-recommended rapid molecular diagnostic at the
initial diagnosis [12]. The other option of clinical diagnosis
based on CXRs continues to be the mainstay among health care
providers in India [13]. CXR is recommended by WHO for
screening, triaging, and assisting in the diagnosis of TB. It is
also featured in the national TB diagnostic guidelines of 19 out
of 22 countries with the highest TB burden [14]. However, there
is a shortage of adequately trained radiologists proficient in
analyzing CXRs and producing high-quality reports [15]. This
shortage has important implications, as the majority of TB care
providers are not formally trained to interpret CXRs [16].

In the absence of qualified radiologists, the presence of
automated artificial intelligence (AI) systems for interpreting
CXRs could prove to be highly advantageous [17,18].
Employing AI-assisted interpretation of CXRs can improve the
speed [19] and enhance the accuracy of TB diagnosis [20].
Addressing the delays in TB diagnosis through earlier TB
detection is a key element of the WHO’s TB control and
elimination strategy [21]. Moreover, the more recent deep
learning–based AI systems for CXR interpretation have
demonstrated on par or higher specificity than radiologists
[22-24], and their usage can significantly reduce the cost of TB
screening [25]. These systems are also portable and can
additionally be accessed remotely via the internet, making them
a good choice for providers who often serve in remote locations.

However, the successful adoption of AI for the accurate
diagnosis of TB depends on many factors [26]. In particular,
adoption by the private sector is needed, as it plays a significant
role in treating TB cases in India, diagnosing twice as many
cases as compared to the public sector, amounting to an
estimated 2.2 million TB cases [27]. The private sector is
fragmented, consisting of a variety of health care providers,
clinics, and practitioners that lack integration, especially in
small towns and villages [28]. A study conducted [29] revealed
that the average Indian village has 3.2 primary health care
providers, with 68% lacking formal medical training and referred
to as informal health care providers (IPs). In addition, India has
Ayurveda, Yoga and Naturopathy, Unani, Siddha, and
Homoeopathy (AYUSH) providers formally trained in one of
the 6 traditional Indian systems of medicine, constituting 22.8%
of formally trained medical practitioners in India [30]. From
this point forward, we will use the abbreviation “AIPs” to
collectively denote both informal health care providers and
AYUSH practitioners. For faster and more accurate TB
diagnosis, AIPs need to adopt AI systems. However, the
adoption will only happen if AIPs perceive value in AI, which
has not been examined in prior research.

In this paper, we conducted a survey study to understand the
attitudes and perspectives of AIPs toward adopting AI for TB

diagnosis. AIPs are the first point of contact in patient pathways
for the majority of TB cases in India, so their willingness to
incorporate AI-enhanced CXR systems into the decision-making
is a key factor in driving AI adoption. Adopting AI could
enhance AIPs’ capability to interpret CXR scans and detect TB
cases earlier and more accurately. In order to assess AIPs’
beliefs in the diagnostic capabilities of AI and their willingness
to adopt AI for TB diagnosis, we conducted a cross-sectional
survey of 406 AIPs across the states of Jharkhand (162
participants) and Gujarat (244 participants).

Methods

Overview
We conducted a cross-sectional survey of AIPs in 2 Indian states
(Gujarat and Jharkhand) to understand their current practices
and potential barriers in adopting AI in their practice. The
guidelines in the Strengthening the Reporting of Observational
Studies in Epidemiology (STROBE) were followed (Checklist
1).

Jharkhand is one of the poorer states in India with lower
technology penetration and lower access to radiologic facilities
as well as radiologists, and overall a less developed private
sector. In contrast, Gujarat is a more developed state with an
active and accessible private health care infrastructure.

Participants Recruitment and Enrollment
We collaborated with World Health Partner (WHP), a non-profit
organization that has partnered with x-ray labs and AIPs in
Gujarat and Jharkhand. In Gujarat, WHP worked with 73 x-ray
labs and 757 AIPs, while in Jharkhand, they collaborated with
113 x-ray labs and 406 AIPs.

Multiple methods were used to identify the AIPs. Field
investigators from WHP mapped the AIPs in the districts of
Ranchi and East Singhbhum in Jharkhand, as well as Surat and
Gandhinagar in Gujarat. Investigators queried TB patient cohorts
(those in their first year of treatment) about the health care
providers they visited during their treatment. Allopathic
providers were interviewed to identify nearby AIPs who
frequently referred cases to them. Additionally, government
officials and partner organizations at the community level helped
identify local health care provider networks. Radiology units
offering CXR services were also consulted to locate AIPs in
their vicinity. The investigators used the mobile Commcare
application to map these providers, capturing details such as
contact information, qualifications, outpatient department load,
referral linkages, and more, which were then used to generate
a unique ID for each provider (form included in Multimedia
Appendix 1). Each AIP clinic functioned as an independent
study or clinical setting.

For our study, we asked all identified AIPs working with WHP
for their participation and enrolled 406 AIPs based on their
willingness to participate in the survey. In return, we provided
a mobile recharge of  300 (US $3.47) for completing the survey.
These participants were from 18 blocks across 2 districts in
Gujarat and 22 blocks spanning 2 districts in Jharkhand. The
survey was conducted between February 2022 and September
2022.
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Data
We developed the initial questionnaire by leveraging questions
from established scales and modifying them to suit our study’s
context. This process included adapting sections on AI in TB
diagnosis from existing literature [31,32] and customizing
questions to assess AIPs’ comfort with technology and
demographics [33]. Additionally, we adapted from the literature
[34] the questions regarding AIPs’ trust in radiologists, ensuring
they were pertinent to our specific research objectives.

The questionnaire underwent 7 iterative revisions in
collaboration with our field partner, WHP, known for its
extensive experience with TB providers and patients.
Subsequently, Outline India, the data collection agency,
conducted pretests that led to further refinements based on
feedback from pilot studies. This phase involved translating the
questionnaire into Hindi and Gujarati and making 8 additional
revisions to improve clarity and relevance. Our research team
oversaw the translation process to ensure its accuracy. The final,
refined version of the questionnaire, which incorporated
comprehensive feedback and amendments, received validation
by the strategy lead at WHP.

We structured the questionnaire into multiple subsections to
evaluate the following aspects: AIPs’ understanding of TB

diagnosis; confidence in diagnosing TB patients; trust levels in
local radiologists; beliefs and intentions regarding the adoption
of AI in TB diagnosis; comfort levels with technology; and
demographic details such as age, gender, state of residence, and
years of experience. We conducted a survey of the registered
AIPs by partnering with Outline India. This agency deployed
field investigators proficient in the local languages (Hindi and
Gujarati) and used specialized software for digital data
collection.

We gathered data from 406 participating AIPs. The survey was
conducted at the participants’ locations and lasted 10-20
minutes. Out of 406 AIPs, 39.9% (162/406) participants were
from Jharkhand and 60.1% (244/406) participants were from
Gujarat. In total, 85.2% (346/406) of the respondents were men,
while women comprised 14.8% (60/406). The age of
respondents ranged from 22 to 86 (mean 41.8, SD 11.4) years.

Responses to most of the questions were on a 5-point Likert
scale as shown in Table 1. To illustrate the use of this scale, a
score of “4” indicates that the participant somewhat agrees with
the statement under consideration, whereas a score of “5”
indicates strong agreement with the statement. For a few
questions, respondents’ opinions were recorded as 1=Yes and
0=No using a dichotomous scale. The detailed questionnaire
can be referenced in Multimedia Appendix 2.

Table . Likert Scale of 0‐5 capturing responses from “strongly disagree” to “strongly agree”.

Respondent’s opinion to questionScale

Strongly agree5

Somewhat agree4

Neither agree nor disagree3

Somewhat disagree2

Strongly disagree1

We encountered certain absent (not available) data points,
stemming from incomplete surveys. These data points were
eliminated before employing the data for regression, resulting
in the removal of 92 observations. Out of these, 17 were from
Gujarat, and 75 were from Jharkhand. The main reason for the
reduction in the number of observations was the lack of
responses for questions on “Trust in local radiologists” because
many survey participants did not have access to radiologists.

In addition, the outliers were identified and removed using
boxplot and Cook distance analysis to eliminate any highly
influential data points that could distort the results. This process
resulted in a final data set consisting of 288 observations, with
211 observations from Gujarat and 77 observations from
Jharkhand. We show the entire workflow for data cleaning in
Figure 1. Multimedia Appendix 3 contains further information
on outlier analysis and on descriptor variables for both the initial
sample collected and the final sample used in the regression
analysis.
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Figure 1. Data cleaning workflow reflecting multiple steps to arrive at the final dataset.

Variable Description and Analysis
In this study, we investigated two main constructs: (1) AI Intent
and (2) AI Belief. Previous research on technology adoption
has demonstrated that the actual utilization of a technology is
preceded by factors such as “Intent to use,” “Attitude toward
technology,” and considerations of “Ease of use” among others
[35,36]. The ease of use of a product often evolves with the

incorporation of new features and regular enhancements to the
user experience, a common occurrence in the realm of internet
technology products. Hence, we specifically focused on
understanding individuals’ “Intent to use” AI products, which
we refer to as “AI Intent”; and their “Attitude toward AI,” which
we refer to as “AI Belief.”
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We coded the response to the survey question, “Are you willing
to try an AI software that could generate an x-ray report from
an uploaded x-ray?” as a categorical variable “AI Intent” with
2 options: “Yes” or “No.” We used logistic regression to
examine its association with the independent variables.

We created the “AI Belief” variable by combining the responses
to 2 questions: “I believe AI algorithms can reliably detect
imaging findings that suggest TB” and “I believe the use of AI
could improve the accuracy of diagnosis of tuberculosis.” We
calculated the mean of the responses to these questions to
construct the “AI Belief” variable. It represents participants’
overall belief in the effectiveness of AI in improving TB
diagnosis.

For independent variables in the regression analysis, we included
“Confidence in diagnosing TB” and “Trust in local radiologists,”
and demographic variables such as age, gender, and state of
residence.

We coded “Confidence in diagnosing TB” as the mean of the
responses to 5 questions from the survey questionnaire: “I feel
confident in my ability to read an x-rays report to detect a TB
case,” “I feel confident in my ability to interpret an x-rays film
without an x-rays report to detect a TB case,” “I feel confident
in my ability to deal with TB patients (if allowed to treat or
medicate),” “I feel confident in my ability to use relevant
diagnostic tests to detect a TB case,” and “I feel confident in
my ability to collect relevant health-related information from
patients.”

Similarly, we coded “Trust in local radiologists” as the mean
of the responses to 3 questions: “The language and style of
radiology reports are mostly clear,” “The radiologist who reads
the x-rays and writes the report is competent,” and “I am
generally satisfied with x-rays reports I receive from
radiologists.” We calculated the Cronbach α using all the survey
responses to assess the consistency of the scale. Gender and
state of residence were treated as categorical.

We used Python (version 3.9.13) for data cleaning and data
visualization, while data analysis was carried out using
StataCorpSTATA SE (version 17.0) and Microsoft Excel.

Ethical Considerations
The study protocols underwent review and approval by the
Institutional Review Board at the Indian School of Business
(application number ISB-IRB 2022‐04) and were approved
on January 28, 2022. Informed consent was obtained from the
participants before recording their responses. Information
provided to participants included the purpose of the study, what
participants will be asked to do if they participate, how much
of the subjects’ time participation may take, and what type of
information they might be asked to provide. It was also made
clear that participation is voluntary, and subjects may withdraw
from the study at any time. The data were deidentified to protect
participants’ privacy. The consent form can be referenced in
Multimedia Appendix 4.

Results

Descriptive Statistics
We found that over 90% of AIPs believed in the benefits of AI,
with 93.8% (270/288) responding positively to “AI Improves
Accuracy of TB Diagnosis,” and 90.9% (262/288) responding
positively to “AI Can Detect Image Findings.” We also found
that 69.4% (200/288) of AIPs were willing to try AI. For those
who believed in AI, 71.9% (194/270) were willing to try AI.

Of the final 288 observations used for regression analysis, 73.3%
(211/288) were from Gujarat, and 27.7% (77/288) were from
Jharkhand. In the sample, 11.1% (32/288) were women, and
88.9% (256/288) were men with ages between 22 and 68 (mean
40.7, SD 9.7) years. See Table 2 for the summary statistics of
the data.

Table . Summary statistics for each variable in regression analysis, for Jharkhand and Gujarat, February-September 2022.

Gujarat (n=211)bJharkhand (n=77)a

MaxMinSDMeanMaxMinSDMeanVariable

68229.4740.60672410.9240.87Age (years)

100.440.73100.500.58AIc Intent

530.554.5952.50.714.39AI Belief

52.40.504.50530.464.41Confidence in
diagnosing

TBd

53.330.344.8551.330.624.56Trust in local
radiologists

aOf the 77 respondents, 61 (79.2%) were male and 16 (20.8) were female.
bOf the 211 respondents, 195 (92.4%) were male and 16 (7.6%) were female.
cAI: artificial intelligence.
dTB: tuberculosis.

The mean score for “Confidence in diagnosing TB” was similar
in both states, 4.50 (SD 0.50) for Gujarat and 4.41 (SD 0.46)
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for Jharkhand. The mean score for “Trust in local radiologists”
was higher among AIPs in Gujarat (4.85, SD 0.34) than in
Jharkhand (4.56, SD 0.62).

The Cronbach α value for the questions measuring “Confidence
in diagnosing TB” was 0.65, while it was 0.82 for “Trust in the
local radiologist” and 0.79 for “AI Belief.”

AI Intent
The results of the logistic regression analysis of “AI Intent” on
predictor variables are shown in Table 3. We found that
“Confidence in diagnosing TB” was positively associated for
both states but statistically significant only for Gujarat (odds
ratio [OR] 1.943, 95% CI 1.038-3.637; P=.04) and not for
Jharkhand (OR 2.186, 95% CI 0.695-6.875; P=.18).

Table . Regression results for dependent variable “AI Intent”, for Jharkhand and Gujarat, February-September 2022.

Gujarat (n=211)Jharkhand (n=77)

95% CIP valueSEOdds ratio95% CIP valueSEOdds ratioPredictor vari-
ables

0.959-1.021.520.0160.9900.916-1.014.150.0250.964Age (years)

0.635-6.771.231.2522.0730.617-10.728.201.8742.573Gender

1.038-3.637.040.6221.9430.695-6.875.181.2782.186Confidence in
diagnosing

TBa

0.032-0.691.020.1170.1490.900-4.932.090.9142.107Trust in local
radiologists

aTB: tuberculosis.

“Trust in local radiologists” was positively associated with “AI
Intent” for AIPs in Jharkhand (OR 2.107, 95% CI 0.9-4.932;
P=.09) but negatively associated for AIPs in Gujarat (OR 0.149,
95% CI 0.032‐0.691; P=.02).

AI Belief
The results of the multivariate linear regression (ordinary least
squares) analysis are shown in Table 4. First, we observed that

“Confidence in diagnosing TB” was positively associated with
“AI Belief” in both Jharkhand (β=0.72, P<.001) and Gujarat
(β=0.177, P=.008). Further, “Trust in local radiologists” was
also positively associated with “AI Belief” in both Jharkhand
(β=0.215, P=.02) and Gujarat (β=0.66, P<.001).

Table . Regression results for dependent variable “AI Belief”, for Jharkhand and Gujarat, February-September 2022.

Gujarat (n=211)Jharkhand (n=77)

95% CIP valueSEβ95% CIP valueSEβPredictor vari-
ables

−0.005 to
0.009

.640.0040.002−0.020 to
0.005

.240.006−0.007Age (years)

−0.186 to
0.227

.840.1050.021−0.225 to
0.557

.400.1960.166Gender

0.047 to 0.308.0080.0660.1770.447 to 0.993<.0010.1370.720Confidence in
diagnosing

TBa

0.453 to 0.866<.0010.1050.6600.037 to 0.392.020.0890.215Trust in local
radiologists

aTB: tuberculosis.

We found that none of the demographic factors were
significantly associated with “AI Belief.”

Discussion

Principal Findings
The integration of AI with CXRs holds promise as a
cost-effective and accurate solution for TB diagnosis. However,
despite this potential, the adoption of AI tools among health
care providers for TB diagnosis remains limited. In this study,
we conducted a cross-sectional survey of AIPs in 2 Indian states

(Gujarat and Jharkhand) to understand and assess their belief
in AI; their willingness to adopt AI for improved diagnosis; and
the association of these with the AIPs’confidence in diagnosing
TB as well as trust in the local radiologists. We found that AIPs
are mostly aware of AI and believe in AI, but the intent to adopt
AI is lower and depends on AIPs’ confidence in diagnosing TB
and their trust in local radiologists. Previous studies that
examined the perceptions of health care professionals about AI
in the medical field have yielded mixed results [37,38]. For
instance, Oh et al [37] found that physicians in Korea had a
favorable attitude toward AI, considering it as a complementary
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tool rather than a replacement for their roles. In contrast,
Abdullah et al [38] discovered that health care employees in
Saudi Arabia needed to be made aware of the benefits of AI
and expressed concerns about being replaced by AI in their jobs.

While previous studies primarily focused on formal health care
professionals [37-39], students [40], and the general public [41],
our study contributes to understanding perceptions of AI among
other medical professionals, specifically AIPs in India. Our
findings indicate that most AIPs (over 90%) believed in AI’s
capabilities; however, a significant proportion (88/288, 30.6%)
were unwilling to try AI. These findings align with previous
research among physicians [42], where the intention to use AI
was observed only when there was a belief in the role of AI.
However, unlike in prior research [42], where the participants
were medical college students who received AI education as
part of their curriculum, AIPs are unlikely to have similar formal
educational opportunities for exposure to AI. Therefore, AIPs
would require additional support, for example, in terms of
training programs to know about AI and subsequently try AI.
Additionally, AI systems should strive to be more explainable
to make it easier to believe in AI, for example, by providing
underlying reasoning that leads to their output, which is also
known as explainable AI. An explainable AI approach would
assist AIPs in developing trust in the system’s output and bolster
their belief in AI.

Our study has uncovered a noteworthy association between
AIPs’ confidence in diagnosing TB and their willingness to
adopt AI, which is somewhat surprising when considering prior
research has indicated that highly confident clinicians are less
likely to change their decision [43]. However, AIPs differ from
general clinicians in a crucial aspect, as they lack formal training
in reading x-rays films. Therefore, we posit that the confidence
of AIPs is likely influenced by the availability of high-quality
diagnostic inputs, such as access to microbiological tests and
well-prepared radiology reports. While the contextual factors
may be at play in our findings, this suggests that the overall
impact of AI adoption on health care outcomes might be more
restrained than earlier studies have suggested. This distinction
arises from the fact that those choosing to adopt AI may already
have access to a high-quality diagnostic infrastructure, and thus,
their adoption of AI might not significantly boost health outcome
metrics like case detection rates. In light of this insight, it is
advisable for companies and health care organizations to not
rely exclusively on mean performance differences between AI
systems and radiologists when estimating the potential
enhancements in health outcomes.

Moreover, we identified a substantial difference in the intention
to adopt AI between the states of Gujarat and Jharkhand. A
higher willingness to try AI was observed among respondents
from Gujarat compared to their counterparts in Jharkhand. The
observed disparity between the 2 states could be attributed to
Gujarat being a more developed state in India, with higher levels
of education and better health care infrastructure. The presence
of a well-established, technology-enabled infrastructure in
Gujarat may have provided first-hand experience of the benefits
of technology in health care, leading to a stronger intent to try
technological products like AI. This implies that, in the context
of AIPs, states with better technology-based infrastructure are

the ones likely to have higher adoption when AI-based systems
are implemented on the ground.

Another factor that might have affected willingness to try AI
was the unavailability of qualified radiologists in less developed
states like Jharkhand. One would expect AIPs to be more willing
to try AI systems in the absence of qualified radiologists.
However, our findings indicate that AIPs in Jharkhand were
less likely to try AI. The reasons for this attitude are not
immediately apparent, but experiencing lower-quality radiology
reports may bias AIPs into believing that CXR technology is
unreliable. To overcome such barriers to adoption, implementing
agencies will need to provide additional evidence of the benefits
of AI and related technologies like CXR scans.

By integrating AI into the primary health care centers, which
are already actively engaged in TB service provision, one can
extend AI-powered TB diagnostics to grassroots levels [15].
While AIPs acknowledge the potential of AI to enhance TB
diagnosis, concerns regarding the financial impact of such
technology are significant. AI’s integration into TB diagnosis
through CXR screenings entails an additional cost, estimated
at a modest  100 (approximately $1.3) per screening [44]. This
cost, while relatively small, would be borne by AIPs and
possibly transferred to patients. Considering India’s per capita
net income was  98,374 (US $1138.71) in 2022‐23 [45], this
expense may be manageable for a large population segment.
However, affordability may pose a barrier in economically
disadvantaged regions, potentially necessitating government
intervention to facilitate access. The urgency of integrating AI
in diagnostics must be contextualized within India’s acute
radiologist shortfall, with the current ratio standing at
approximately one radiologist per 100,000 people, starkly below
international norms [15]. This shortage underscores the broader
necessity of AI deployment in augmenting health care capacity.

Our study has unveiled several important findings that are
instrumental in understanding the landscape of AI in India’s
TB-related health care services. First and foremost, a significant
fraction of AIPs have a positive attitude toward AI, with many
expressing a readiness to integrate AI into their practice.
However, we have identified a discernible gap between those
who acknowledge AI’s benefits and those who are prepared to
embrace the technology. This discrepancy is further nuanced
by a variation in attitudes based on providers’ self-assessed
diagnostic competencies, providers with greater confidence in
their abilities tend to be more receptive to AI. Additionally,
there is noticeable heterogeneity in the willingness to adopt AI
across different geographic regions, which points to the
influence of local health care infrastructure and socioeconomic
factors on technology acceptance.

The implications of these findings are multifaceted and suggest
several actionable strategies for enhancing AI adoption in health
care settings. To translate the positive attitudes of AIPs into
actual use of AI, tailored initiatives that address barriers to
implementation are necessary. This might include providing
more robust evidence of AI’s effectiveness, integrating AI
education into continuous professional development programs,
and offering financial incentives. As diagnostic pathways in TB
are majorly driven by the private sector [27], steps should be
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taken to make the integration of AI in the TB care cascade
profitable for providers to ensure its sustainability. Moreover,
there is a compelling need to target AIPs with suboptimal
diagnostic capabilities, as enhancements in this group’s
diagnostic services could positively impact overall health care
outcomes.

To ensure these strategies are effective across India’s diverse
health care landscape, future research should replicate this study
in multiple geographies. Such research should also examine the
intricacies of trust and financial relationships between AIPs and
radiologists to uncover deeper insights into the factors that
influence AI adoption and to devise informed interventions that
can bolster the technology’s uptake.

Limitations
Like other survey-based studies, this study too has a few
limitations. First, we had to remove many observations for the
state of Jharkhand because many AIPs in Jharkhand did not
respond to questions on “Trust in local radiologists.” The lower
response rate to these questions was because of AIPs’ limited
access to radiologists. To ascertain if the removal of such AIPs
from the data impacted the findings, we compared the
demographic variables of the dataset before and after the

removal and did not find any statistically significant difference
(more information in Multimedia Appendix 5).

Second, the responses in the questionnaire that measured
opinions about AI may have been subjected to social desirability
bias among AIPs. To mitigate this effect, we informed the
participants about the anonymity of the survey and the separation
of personal information from their responses.

Third, the AIPs’ perception of AI in TB diagnosis may have
been influenced by their overall opinion of AI and the extent
of their knowledge of AI. To allow more informed responses,
participants were apprised of the AI approach to recognize TB
cases.

Conclusions
Our study provides insights into the attitudes of AYUSH and
informal health care providers toward AI in TB diagnosis. It
contributes to the understanding that adopting AI is not solely
determined by a belief in AI but also relates to factors like
confidence in diagnosing TB and other local factors like the
quality of radiology services. Furthermore, regional variations
between Gujarat and Jharkhand underscore the importance of
tailored interventions to effectively integrate AI into diagnostic
practices, with implications beyond TB diagnosis.
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Abstract

Background: The International Classification of Diseases (ICD), developed by the World Health Organization, standardizes
health condition coding to support health care policy, research, and billing, but artificial intelligence automation, while promising,
still underperforms compared with human accuracy and lacks the explainability needed for adoption in medical settings.

Objective: The potential of large language models for assisting medical coders in the ICD-10 coding was explored through the
development of a computer-assisted coding system. This study aimed to augment human coding by initially identifying lead terms
and using retrieval-augmented generation (RAG)–based methods for computer-assisted coding enhancement.

Methods: The explainability dataset from the CodiEsp challenge (CodiEsp-X) was used, featuring 1000 Spanish clinical cases
annotated with ICD-10 codes. A new dataset, CodiEsp-X-lead, was generated using GPT-4 to replace full-textual evidence
annotations with lead term annotations. A Robustly Optimized BERT (Bidirectional Encoder Representations from Transformers)
Pretraining Approach transformer model was fine-tuned for named entity recognition to extract lead terms. GPT-4 was subsequently
employed to generate code descriptions from the extracted textual evidence. Using a RAG approach, ICD codes were assigned
to the lead terms by querying a vector database of ICD code descriptions with OpenAI’s text-embedding-ada-002 model.

Results: The fine-tuned Robustly Optimized BERT Pretraining Approach achieved an overall F1-score of 0.80 for ICD lead
term extraction on the new CodiEsp-X-lead dataset. GPT-4-generated code descriptions reduced retrieval failures in the RAG
approach by approximately 5% for both diagnoses and procedures. However, the overall explainability F1-score for the CodiEsp-X
task was limited to 0.305, significantly lower than the state-of-the-art F1-score of 0.633. The diminished performance was partly
due to the reliance on code descriptions, as some ICD codes lacked descriptions, and the approach did not fully align with the
medical coder’s workflow.

Conclusions: While lead term extraction showed promising results, the subsequent RAG-based code assignment using GPT-4
and code descriptions was less effective. Future research should focus on refining the approach to more closely mimic the medical
coder’s workflow, potentially integrating the alphabetic index and official coding guidelines, rather than relying solely on code
descriptions. This alignment may enhance system accuracy and better support medical coders in practice.

(JMIR Form Res 2025;9:e60095)   doi:10.2196/60095

KEYWORDS

International Classification of Diseases; ICD-10; computer-assisted-coding; GPT-4; coding; term extraction; code analysis;
computer assisted coding; transformer model; artificial intelligence; AI automation; retrieval-augmented generation; RAG; large
language model; LLM; Bidirectional Encoder Representations from Transformers; Robustly Optimized BERT Pretraining
Approach; RoBERTa; named entity recognition; NER

Introduction

Background and Significance
The International Classification of Diseases (ICD), developed
by the World Health Organization (WHO), serves as a universal

standard for coding health-related conditions [1]. The ICD
system steers health care policymaking, assists in billing and
reimbursement, underpins research, ensures quality monitoring,
and promotes the standardization of medical information
exchange. ICD-10 is divided into diagnosis and procedure codes,

JMIR Form Res 2025 | vol. 9 | e60095 | p.834https://formative.jmir.org/2025/1/e60095
(page number not for citation purposes)

Puts et alJMIR FORMATIVE RESEARCH

XSL•FO
RenderX

http://dx.doi.org/10.2196/60095
http://www.w3.org/Style/XSL
http://www.renderx.com/


encompassing over 100,000 codes. The system is hierarchically
organized and includes detailed coding guidelines.

Medical coding entails the allocation of unique codes to medical
records and is a standard procedure in most hospitals. Hospitals
collect a list of ICD codes relevant to each patient’s hospital
admission. Medical coding is a time-consuming and error-prone
task, which has led to interest in automating it, and in turn, to
the emergence of the medical coding subfield within medical
natural language processing (NLP) [1,2]. However, the task of
effectively computerizing ICD coding remains a challenge.
While the accuracy of codes assigned by medical coders may
be debated [2-4], current state-of-the-art (SOTA) automated
systems for ICD-10 coding still fall short of human performance
[5-7]. In addition, many artificial intelligence (AI) solutions are
“black boxes,” not offering explanations for their predictions.
However, model transparency is required to gain trust, which
is crucial for its adoption in medical settings [8].

ICD Coding
Diagnosis codes in the ICD system are organized into an
alphanumeric format across 21 chapters, capturing a range of

categories including specific diseases, symptoms, and external
causes, among others.

The hierarchical structure of ICD codes begins with a letter that
corresponds to a chapter, together with the 2 subsequent digits
that form the category of the code. Following the category code,
the subclassification uses up to 5 additional alphanumeric
characters. These detail specific aspects of the disease or
condition, like laterality or severity, as illustrated in Figure 1.
The procedure codes, separate from diagnostic codes, consist
of 7 characters termed as “axis,” with each axis representing a
specific aspect of the medical procedure performed [9]. ICD-10
provides a comprehensive 3-volume coding manual that includes
an alphabetical index. This index helps in finding medical codes
using “lead terms,” which are crucial keywords associated with
medical conditions, listed in the alphabetical index. Medical
coders first identify a diagnosis’s lead term in the text (Figure
2). In this example, the lead term “cirrhosis” from the textual
evidence corresponds to an alphabetic index entry. Under
“Cirrhosis,” the relevant subentry is “liver,” “alcoholic,” leading
to the back-reference code K70.30. The next coding step
involves consulting the tabular index for K70.30 for detailed
instructions.

Figure 1. Structure and components of an ICD-10 diagnosis code. ICD-10: International Classification of Diseases, 10th version.
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Figure 2. Illustration of concepts “code description,” “textual evidence (green),” “lead terms (red),” and “back references” in the “alphabetical index”.
ICD: International Classification of Diseases.

For each diagnosis and procedure that needs an ICD code, the
initial step is to identify the lead term, which is comparable to
the named entity recognition (NER) task in NLP. NER involves
extracting specific categories like names, locations, medications,
and diseases from unstructured text. Only a few studies
proposing lead term-based approaches for ICD coding have
been published [5], possibly due to the absence of public datasets
annotated with lead terms. Previous NER approaches focused
on extracting full textual evidence, rather than lead terms [5].

Explainability
Recent studies have proposed adversarial robustness training
strategies and feature attribution, such as the use of attention
mechanisms, for the explainability of NLP [10-12]. A limitation
of these approaches is the absence of efforts to validate whether
the identified “explainable” terms align with official ICD
guidelines. For instance, while “insulin” may be a predictive
term for the disease “diabetes”, it is not suitable as evidence for
coding according to the WHO guidelines and educational
textbooks [13] as insulin can be prescribed for various medical
conditions other than diabetes.

Transformers
In the original transformer architecture, which encompasses
both encoder and decoder components [14], it is crucial to
recognize the distinct roles of these elements. Encoder-only
models, such as the BERT (Bidirectional Encoder
Representations from Transformers) architecture and its variant,
RoBERTa (Robustly Optimized BERT Pretraining Approach)
[15], excel at capturing relevant information from the input data
and constructing meaningful representations [16-18] and can
be found in current SOTA models in ICD coding [5,7].
Conversely, decoder models, exemplified by GPT, are
specialized in generating coherent and contextually relevant

text [19]. With the evolution of the GPT architecture, remarkable
advancements have been achieved in NLP [20,21]. GPT has
already been applied across various health care disciplines and
use cases [22]. However, early studies indicate that while
GPT-3.5, GPT-4, and ChatGPT show potential, their
performance in ICD classification has been mixed, with
out-of-the-box negative results [23]. Generative approaches
may be especially useful for ICD coding of rare diseases [24].
OpenAI’s GPT was, for a time, the leading large language model
(LLM) in generative AI [20], but other models, such as Mixtral,
Gemini, Grok, Llama, and Claude [25], are available and quickly
catching up [26,27].

Objective
Our objective was to develop a GPT-4-based computer-assisted
coding system to aid medical coders in ICD-10 coding. Our
approach enhances the identification of diagnoses and
procedures in texts by initially focusing on lead terms rather
than extracting the full textual evidence for a code at once. The
reason for initially extracting lead terms is that it aligns perfectly
with the first step followed by medical coders in their procedure.
This approach would therefore be a good fit for assisting with
the process. For code normalization, our approach exclusively
employs code descriptions, moving away from reliance on
model-based training. Specifically, the ICD code for identified
lead terms was assigned using GPT-4 and ICD descriptions,
employing a retrieval-augmented generation (RAG) approach.
This reliance on an external knowledge source is strategically
chosen to improve generalizability, enhancing the system’s
ability to accurately classify codes unseen during training.
Furthermore, this method offers increased adaptability to
changes in the coding system. The research also investigates
the optimal method for querying a database to retrieve ICD
codes by description. It compares the effectiveness of 2
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approaches: using direct textual evidence as the query and
employing code descriptions generated (invented) by GPT-4
from that textual evidence. Additionally, the study aimed to
assess GPT-4’s ability to accurately select the best code by
matching code descriptions with textual diagnoses. This
objective is rooted in the understanding that ICD coding
guidelines and descriptions are designed for humans, and it
seeks to determine if GPT-4’s capabilities in following
instructions translate to robust performance in this specific
context.

Methods

GPT-4
This study used GPT-4 (gpt-4 1106-preview) via OpenAI’s
application programming interface and the Langchain Python
library [11]. To ensure reproducibility, the model’s temperature
was set to 0. GPT-4’s parametric knowledge, or out-of-the-box
performance, was evaluated in 2 ways. First, it was prompted
to generate descriptions for 100 random ICD codes from the
CodiEsp dataset. These descriptions were then compared with
the ground truth by prompting GPT-4 in a new chat with, “Do
both descriptions refer to the same ICD code?” Second, GPT-4
was tasked with matching the correct ICD-10 code to each of
the 100 official descriptions.

Dataset CodiEsp
CodiEsp is a unique corpus of 1000 clinical cases in Spanish,
annotated by professionals for explainability, offering
token-level annotations that provide textual evidence for each

assigned code [28]. The annotation agreement rates were 88.6%
for diagnosis, 88.9% for procedures, and 80.5% for textual
evidence [28]. The test set contains 1514 unique ICD codes
(1143 diagnoses and 371 procedures), some of which are not
present in the training set, specifically, 439 diagnosis codes
(38.3%) and 231 procedure codes (62.3%). Among the
procedure codes, 143 (38.5%) are 4-axis ICD-10 procedure
codes, which officially should have 7-axis ICD-10 codes. These
incomplete codes lack descriptions and account for 602 of the
total of 1112 procedure codes (54%). Overall, 828 out of 4777
(17.3%) test annotations do not have an exact match in the
training set. In the current SOTA on CodiEsp-X, the entity
extraction and normalization are both transformer-based [5].

Dataset CodiEsp-X-Lead
This approach does not use NER to extract complete textual
evidence; instead, it mimics human coders by first identifying
lead terms. An annotated dataset was required to train and
evaluate a NER model for this task. However, manual annotation
of 18,435 items was deemed infeasible due to the time and effort
involved. Instead, GPT-4 few-shot prompting with 20 manually
curated examples was used to extract lead terms from
CodiEsp-X textual evidence. The author (SP) reviewed and
corrected the extraction. The resulting CodiEsp-X-lead dataset
is identical to CodiEsp-X but includes additional columns for
the GPT-extracted lead terms.

Approach
For this study, we followed the process described in 2 main
phases and 5 steps in Figure 3, mimicking the process human
medical coders follow.

Figure 3. Schematic overview of the process followed for ICD coding. ICD: International Classification of Diseases; RAG: retrieval-augmented
generation; RoBERTa: Robustly Optimized BERT Pretraining Approach

Step 1: Extract Lead Terms
A RoBERTa-based biomedical-clinical language model for
Spanish was fine-tuned for NER of lead terms using the
CodiEsp-X-lead dataset and Hugging Face’s transformer library
(version 4.26.0) [19,20], using the official dataset splits. The
fine-tuned model enabled precise identification of lead terms
within medical documents. To evaluate its performance, the

same approach was applied to the CodiEsp-X dataset to extract
full-textual evidence, which is more commonly used in AI
methods for code assignment.

Step 2: Expand Lead Terms Into Full Textual Evidence
Instead of using NER to extract textual evidence, GPT-4 was
instructed to complete a template for each lead term which
included a field to capture the full textual evidence for the code.
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Alongside the textual evidence, the template includes a field
designed to capture contextual information, which is described
as the text snippet containing all the necessary information for
coding the lead term. In the prompt, the entire text was supplied,
using HTML tags to highlight the lead terms within the original
text.

Step 3: Generate (Invent) an ICD Code Description From
Textual Evidence
In this part, we tested the theory that GPT-4 can improve text
embeddings-based database search accuracy by aligning queries
with official ICD code descriptions. This assumption arose from
the observation that terms in official ICD code descriptions
often markedly differ from those used in clinical texts. GPT-4
was tasked to generate (invent) ICD code descriptions from
extracted textual evidence, aiming to reconcile these
terminological discrepancies. This process, known as query
alignment, refines a query to mirror the language and structure
of database entries more closely, with the goal of enhancing
search accuracy. To verify this assumption, the study compared
different types of input queries; raw clinical text versus GPT-4
refined descriptions, to assess their effectiveness in achieving
precise database lookups.

Step 4: Retrieving ICD Codes Using Descriptions and
RAG
The complete lists of code descriptions for diagnoses and
procedures contain around 2.5 million tokens each, far exceeding
the context window size of current generative models. While
including an entire knowledge base in the prompt is feasible
for smaller datasets, RAG is necessary here to retrieve relevant
context efficiently. To address this, we converted the official
ICD code descriptions into vectors using OpenAI’s
“text-embedding-ada-002” model via the Langchain library
[21], and stored them in the Chroma vector database. This
enables efficient searching by embedding-based similarity rather
than exact matches. By retrieving only the most relevant
information, RAG ensures that the results fit within the model’s
context window, allowing it to process the required details
effectively.

Step 5: Select the Code Best Matching Textual Evidence
From the 50 results retrieved from the vector store query, GPT-4
was prompted to choose the best-matching ICD code. For the
decision, GPT was provided with the lead term, textual evidence,
and additional context extracted in Step 2.

Evaluation
The performance of the ICD coding pipeline and its components
was evaluated using precision, recall, and F1-score metrics

calculated with the CodiEsp scripts [18,22]. To assess
performance loss at each step, predictions were replaced with
actual values in subsequent steps only if the predictions at the
current step were accurate. Specifically, in lead term extraction,
a prediction was deemed correct if the predicted text span
overlapped with the textual evidence. For textual evidence
extraction, if there was an overlap, all values except the span
were replaced. In the code retrieval step, the predicted code was
replaced with the actual code if the predicted code was among
the top-k results. In the code assignment, the predictions were
not altered. Additionally, the accuracy of lead term extraction
was also measured using F1-scores calculated for the actual
spans, independently of the CodiEsp script.

Ethical Considerations
This study used only publicly available data from the CodiEsp
challenge, a synthetic corpus of 1000 clinical case studies, that
does not contain real patient information, ensuring anonymity
and eliminating the need for ethical approval.

Results

GPT-4
GPT-4 generated descriptions for 100 randomly selected ICD
diagnosis codes and in a new chat compared these with official
ICD-10 descriptions. It found that only 52% matched the official
descriptions, as detailed in Multimedia Appendix 1. When
GPT-4 was tasked with associating the correct ICD-10 code to
each of the 100 official descriptions, only 47% of the ICD codes
were correct.

Dataset CodiEsp-X-Lead
A key outcome of this study is the creation of the
CodiEsp-X-lead dataset using GPT-4. This dataset consists of
7748 unique textual evidence strings, with 6532 of these
containing multiple terms. As instructed, GPT-4 typically
extracted a single lead term from these multiterm strings.
However, in 549 cases (8%), multiple lead terms were extracted.
The researchers manually resolved 325 of these cases to a single
lead term, leaving the remaining cases unmapped due to
ambiguity in determining the appropriate lead term.

Step 1: Extracting Lead Terms
After fine-tuning the Biomedical-clinical language model for
Spanish for NER to extract lead terms [29], it achieved an
F1-score of 0.80 (precision of 0.78 and a recall) of 0.83 on the
CodiEsp-X-lead test set (Table 1). When this model was solely
fine-tuned and tested for diagnoses, it exhibited a slightly better
performance, with an F1-score of 0.82 (Table 1).
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Table . Named entity recognition (NER) performance on extracting lead terms and textual evidence for diagnoses and or procedures on CodiEsp-X
and CodiEsp-X-lead.

F1-scoreNER

0.65Textual evidence diagnoses and procedures combined (ours-baseline) [29]

0.71Textual evidence diagnoses (SOTAa) [5]

0.61Textual evidence procedures (SOTA) [5]

0.82Main-terms diagnoses (ours) [29]

0.80Main-terms diagnoses and procedures combined (ours) [29]

aSOTA: state-of-the-art.

Step 2: Expand Lead Terms Into Full Textual Evidence
Using GPT-4, full textual evidence was extracted based on
preannotated lead terms, which were identified in Step 1. GPT-4

completed a template that incorporated the full textual evidence
for each provided lead term. This approach achieved an F1-score
of 0.509, as shown in Figure 4.

Figure 4. F1-Score performance loss for each individual step in the approach.

The base model from Step 1 was fine-tuned to extract textual
evidence solely for benchmarking, achieving an F1-score of
0.65 on the CodiEsp-X test set (Table 1). This model was not

used in the actual approach, which aims to mimic medical coders
by prioritizing the extraction of lead terms. Note that results
from Table 1, assessing exact offsets, differ from those in Figure
5 where the official CodiEsp scripts allow for an error margin.
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Figure 5. Comparison of failed retrievals @50 in a vector database containing all official ICD diagnosis and procedure codes. The chart compares
results for 25 documents (507 codes), contrasting searching by textual evidence versus GPT-4 zero-shot generated code descriptions based on the textual
evidence.

Step 3: Generate (Invent) an ICD Code Description
From Textual Evidence
GPT-4 was used to generate ICD code descriptions from textual
evidence, evaluated on 25 documents containing 507 codes in
a RAG setting. When comparing GPT-4-generated descriptions
to direct retrieval using textual evidence (Figure 5), retrieval
failures decreased from 160 to 141 (42.1% to 37.1%) for the
380 diagnoses codes and from 97 to 91 (76.4% to 71.7%) for
the 127 procedure codes.

For procedure codes, many were assigned as 4-axis codes,
lacking the detail of the official 7-axis codes and without
available descriptions in the resources. As a comparison, a
nonexact matching criterion was applied, where a match was
considered valid if the assigned code was a substring of the
retrieved code. Under this nonexact approach, retrieval failures
for procedures dropped significantly, from 62 to 30 out of 127
(48.8% to 23.6%). For diagnoses, which were mostly assigned
in full detail, the decrease in failures was smaller, from 157 to
137 out of 380 (41.3% to 36.1%).

Step 4: Retrieving ICD Codes Using Descriptions and
RAG
When RAG retrieval was evaluated within the full pipeline, a
significant drop in explainability F1-score was observed, falling
from 0.509 to 0.378, as shown in steps 3 and 4 in Figure 4.
Procedures had the largest contribution to this drop, with their
F1-score decreasing from 0.743 to 0.246. Diagnoses also
experienced a decline, with their F1-score dropping from 0.781
to 0.597.

Step 5: Select the Code Best Matching Textual
Evidence
In the final step, GPT-4 had to select the correct ICD code from
the top 50 retrieved results based on the previously predicted
textual evidence. This selection process caused a further decline
in performance, with the explainability F1-score dropping from
0.378 to 0.3 (Table 2 and Figure 4).
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Table . Comparison of performance of different models in the CodiEsp challenge.

Explainability (F1-score)Procedures

(F1-score)

Diagnoses

(F1-score)

Team name

0.6110.5140.679FLE

0.6110.5220.687IAM

0.633——aBETO-Galén+mBERTGalén+XLM-
R-Galén

0.3050.2040.457Ours

aNot available.

Discussion

Summary of Main Findings
In this study, we proposed methods to assist ICD-10 coding
using LLMs. We successfully created a dataset of lead terms,
“CodiEsp-X-lead,” using few-shot prompting on GPT-4. Using
this dataset, we effectively fine-tuned a transformer model
(F1-score of 0.80) that can assist medical coders in the initial
step of medical coding: identifying ICD lead terms. To enhance
RAG retrieval, we employed GPT-4 to generate code
descriptions from textual evidence, aiming to improve ICD code
identification within a code description database. Although the
initial step, focusing on extracting lead terms, closely mimicked
medical coders and performed well, subsequent RAG steps
based on textual descriptions were less effective, yielding a poor
F1-score of 0.305 on the CodiEsp-X task. We will discuss the
shortcomings of the RAG implementation and analyze each
step’s performance, highlighting areas of significant
improvement.

Motivation of Choices
RoBERTa was selected over GPT-4 for NER of lead terms
because encoder-based models are better suited for token-level
tasks like NER, providing detailed context understanding.
RoBERTa is lighter and more efficient to fine-tune, potentially
outperforming generative, decoder-only models like GPT-4
[17,30]. Additionally, as of 2023, fine-tuning GPT-4 was not
possible. Previous research indicates that GPT models perform
poorly in traditional, example-rich NER tasks [31].

In contrast, GPT-4 excels in few-shot NER tasks and was chosen
for other aspects of the study due to its SOTA performance in
NLP. Medical coding involves following specific guidelines,
and a well-configured generative model like GPT-4, trained for
instruction-following, is likely to perform well in such roles.
Therefore, GPT-4 was used to create the dataset by extracting
lead terms through few-shot NER, as manually compiling the
dataset was not feasible. Its natural language generation
capabilities and instruction-following skills were also leveraged
to generate code descriptions, align queries, and identify the
correct ICD-10 codes from a given list.

Using code descriptions exclusively for normalizing lead terms
to ICD codes offers independence from training data-based
fine-tuning. Given the vastness of ICD-10, with over 100,000
codes, many are rarely encountered in practice. The analysis of
the CodiEsp dataset revealed that 17.3% of specific test set

codes were not included in the training data. If the proposed
method, which primarily relies on official code descriptions,
were to be successful, it likely would be very generalizable
across different ICD datasets.

GPT-4 Parameteric Knowledge
The preliminary results of GPT-4’s performance were
disappointing. However, it is crucial to approach negative
outcomes based on prompts with caution, as the prompts
themselves may be suboptimal. Nevertheless, we can definitively
state that GPT-4’s out-of-the-box performance on 2 basic
ICD-10 coding tasks—coding official descriptions and
generating code descriptions for diagnoses—was mediocre. The
approach of using GPT-4 generated descriptions for procedure
codes was found to be completely ineffective in the study. These
findings and those from the first available publications on
GPT-3.5 and GPT-4’s abilities with ICD billing codes
underscore their subpar performance for downstream
applications [23].

Creating CodiEsp-X-Lead With GPT-4
In this study, we introduced “CodiEsp-X-lead”, a curated
selection of lead terms from the CodiEsp-X dataset. Using
GPT-4 as an annotator and employing few-shot prompting, we
extracted these terms from the dataset’s textual evidence. This
method showcases its utility for other use cases where manual
annotation is unfeasible, but reviewing the generated annotations
is feasible. While the authors manually reviewed and made
minor adjustments to this extraction, there is potential for further
refinement. For improved lead term identification, lead terms
derived from the codes assigned to that textual evidence could
be suggested by using an inverse lookup on the official
alphabetical index. This approach can benefit both the GPT-4
prompts given and our manual review process. Last, to ensure
the highest accuracy, domain experts, such as medical coders,
could annotate or validate a portion of the lead terms and can
help improve the quality of the examples used in the (few-shot)
prompt. Another suggestion to enhance the dataset’s quality is
to allow multiple lead terms for each assigned code. Limiting
to a single lead term when several are applicable results in
inconsistencies and reduces the quality of the dataset and the
model’s performance.

Step 1: Extracting Lead Terms
The results demonstrate that using NER for lead term
identification holds distinct advantages over extracting the full
textual evidence all at once.

JMIR Form Res 2025 | vol. 9 | e60095 | p.841https://formative.jmir.org/2025/1/e60095
(page number not for citation purposes)

Puts et alJMIR FORMATIVE RESEARCH

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


First, since the task is more straightforward, significantly better
performance can be obtained when extracting lead terms
compared with extracting the full textual evidence. For instance,
the SOTA approach for the CodiEsp-X task yielded an F1-score
of 0.71 for NER of full-textual evidence for diagnoses compared
with our score of 0.82 for NER of lead terms (Table 1) [2]. High
performance in extracting the correct lead term is crucial, as it
sets the performance ceiling for the entire coding approach.

Second, starting with lead term extraction mirrors the initial
step of human coders, facilitating seamless integration into their
workflow and providing standalone value. A coding assistant
that accurately identifies lead terms with high recall and
precision would likely be favored over a system that offers full
ICD assignments but has a higher error rate. The latter could
compel human coders to frequently reread the text and make
extensive corrections, frequently starting from scratch. In
contrast, a fully autonomous approach that meets performance
requirements without needing human intervention would likely
favor extracting full-textual evidence at once, due to its potential
for higher efficiency. However, in such a scenario, the relevance
of explainability becomes questionable, particularly when the
system operates satisfactorily with no human oversight.

The proposed NER model for extracting lead terms performs
well, but further improvements can be achieved by enhancing
the quality of the CodiEsp-X-lead dataset. It may be beneficial
to fine-tune the model to prioritize recall over precision, as
medical coders might favor removing incorrect lead term
suggestions instead of revisiting a text to verify that all
diagnoses are captured. Additionally, optimizing parameters
might enhance the performance of the model.

Step 2: Expand Lead Terms Into Full Textual Evidence
From Step 2, our method deviated from ICD-10 coding
guidelines by adopting a RAG approach, which requires a
database lookup rather than following the traditional coding
steps.

Using a zero-shot GPT-4 prompt to extract full textual evidence
resulted in mediocre outcomes, with the F1-score for
explainability dropping from 0.824 to 0.509 (Figure 4). This
highlights a significant limitation of this approach. In contrast,
skipping lead term extraction and directly employing a
fine-tuned BERT model yielded better performance, achieving
F1-scores of 0.71 and 0.61 for diagnoses and procedures
respectively, which are SOTA, and a combined score of 0.65
for our model [5]. For future work, we propose to align more
closely with medical coders’ practices by continuing to use
extracted lead terms and leveraging the alphabetic index and
official guidelines for code lookups, allowing textual evidence
to emerge naturally. This differs from the current RAG
approach, which relies on a single lookup using predefined
semantic queries.

Step 3: Generate (Invent) an ICD Code Description
From Textual Evidence
The hypothesis we examined suggested that GPT-generated
code descriptions, based on textual evidence and context, would
semantically more closely align with a database of ICD code

descriptions than the original textual evidence. This expected
alignment is intended to enhance RAG retrieval, suggesting that
rephrasing textual evidence into descriptions using AI could
improve the accuracy of searching for ICD codes by their
descriptions. From the experiments on a subset of the data
(Figure 5), we confirm the hypothesis, as all cases show a
reduction in failed retrievals. Although the improvements are
subtle in most scenarios, with only a few percentage points
fewer failed retrievals, there is a marked improvement for
nonexact matching procedure codes. Specifically, failed
retrievals dropped from 48.8% to 23.6%. This notable
performance in nonexact matching is likely due to the majority
of procedure codes lacking descriptions (59%), which is why
nonexact matching was evaluated and resulted in a significant
reduction in the number of classes.

Step 4: Retrieving ICD Codes Using Descriptions and
RAG
In step 3, we tested nonexact matching for procedure codes, but
the official Codiesp evaluation uses exact matching. Our
approach, relying on NER extraction and descriptions for code
lookup, fails when many assigned codes lack descriptions and
are invalid.

In the RAG retrieval step, F1-score performance for procedure
codes drops sharply from 0.743 to 0.246. Diagnosis code
performance is also mediocre at 0.597, but this would still be
acceptable if GPT-4 could select the correct code in the next
step without causing another drop.

Step 5: Select the Code Best Matching Textual
Evidence
In step 5, GPT-4 selects the final answer from the retrieved
codes, but another drop in performance is observed, resulting
in a final F1-score of 0.3 on CodiEsp-x, compared with the
SOTA score of 0.633 (Table 2) [5]. It is likely that the proposed
textual evidence (span) is incorrect in some cases, making it
valuable to evaluate this step in isolation to assess its impact
on overall performance.

Method Recap and Evaluation
While the initial NER step for extracting lead terms is promising
and can directly assist medical coders, subsequent steps perform
inadequately. Although using RAG with code descriptions seems
intuitive for ICD-10 coding, the implementation underperforms.
While lead term extraction works well, the following steps
should better mimic the workflow of medical coders. If this is
not done, step 2 could be replaced by extracting textual evidence
via NER, which achieves a higher F1-score (0.65 in Table 1)
compared with the current method (0.509 in Figure 5).

Instead of relying on descriptions to find the correct code, it
would be more effective to use the alphabetic index of lead
terms. Textual evidence could then be derived from this lookup
using iterative steps, rather than the current approach, which
requires knowing the exact spans of evidence in advance before
performing the database lookup, as we need to know exactly
what we are searching for.

JMIR Form Res 2025 | vol. 9 | e60095 | p.842https://formative.jmir.org/2025/1/e60095
(page number not for citation purposes)

Puts et alJMIR FORMATIVE RESEARCH

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


Additionally, terms like NEC (not elsewhere classified) and
NOS (not otherwise specified), which are present in some code
descriptions, could be useful for an agent-based approach,
allowing an agent to interpret and follow these instructions in
coding scenarios. This would enhance performance, as an agent
can adaptively handle these cases, which are often challenging
for a simple database lookup.

Incorporating more coding guidelines into the process would
further align with an agent-based model, closely replicating the
real-world workflow of medical coders.

Limitations
Our hypothesis was that GPT-4 can achieve effective medical
ICD-10 code normalization (assignment) by solely using the
official WHO-supplied ICD-10 code descriptions. The findings
suggest that the combination of GPT-4 with solely code
descriptions might not be sufficient.

Relying solely on the WHO descriptions for medical coding
can be problematic. A prime example is the challenge in coding
“lower limb weakness” when it must fit into a broad category
description like “Other malaise”, highlighting issues with
semantic differences. Although the embedding methods used
address some similarity issues, using an alphabetic index or
leveraging training data might be more effective and accurate,
but care must be taken to maintain generalizability.

A major challenge in using GPT-4 for research lies in its cost,
processing speed, and privacy concerns. For each individual
medical text, processing with GPT-4 using the proposed prompts
typically takes several minutes at a minimum. Furthermore,
when evaluating 50 code candidates, each accompanied by
descriptions for the lead term extracted, the token use becomes
significant, resulting in substantial costs. Additionally, GPT-4’s
closed-source nature presents further complications in research
applications.

Another limitation is the exclusive use of the CodiEsp dataset,
which restricts the generalizability of our findings. While the
MIMIC dataset is a commonly used public resource for ICD

coding, it lacks annotations for explainability. No other publicly
available ICD dataset is currently coded for explainability.

Future Research
For NER of lead terms and their normalization to ICD codes,
we suggest continuing with the NER approach for extracting
lead terms, given its promising performance and its seamless
integration into the workflow of medical coders. For future
research, we propose implementing an agent-based LLM
approach that mimics all steps of the medical coders’ workflow
in detail.

Another point for future research is to explore the use of locally
runnable LLMs, ensuring that data can remain in-house for
privacy and security purposes.

Conclusions
A dataset of ICD-10 lead terms, “CodiEsp-X-lead”, was created
using few-shot prompting on GPT-4. This method of
model-assisted labeling showcases its utility for other use cases
where manual annotation is unfeasible, but reviewing the
generated annotations is feasible. As GPT models are not the
SOTA in NER [31], a RoBERTa-based model was fine-tuned,
achieving an F1-score of 0.80. This model can aid medical
coders in the primary step of medical coding by identifying ICD
lead terms. GPT-4 was employed to generate code descriptions
based on textual evidence, improving RAG retrieval for code
lookups in a code description database. However, exclusive
reliance on code descriptions, coupled with GPT-4 prompting
for ICD-10 coding, led to only mediocre outcomes. Continuing
with the NER approach for lead term extraction is advisable.
Relying solely on code descriptions, along with GPT-4 prompts
for ICD-10 coding, led to mediocre outcomes, partly because
some codes in the dataset lacked descriptions. Additionally, this
approach is likely less effective than mimicking the complete
workflow of medical coders, which could yield more accurate
results. A key limitation of using RAG for medical coding is
its requirement for full-textual evidence upfront, making it less
flexible than methods that extract evidence during the lookup
process using official coding resources and guidelines.
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Abstract

Background: Self-monitoring of blood glucose (SMBG) using web-based diabetes management platforms has demonstrated
promise in managing type 2 diabetes (T2D). However, the effectiveness of such systems incorporating algorithm-guided insulin
titration has not been extensively studied in Asian populations.

Objective: This study evaluates the efficacy and safety of the ALRT telehealth solution—a US Food and Drug
Administration–cleared, web-based platform that integrates SMBG with algorithm-driven insulin dose adjustments—in improving
glycemia in insulin-treated T2D.

Methods: This 24-week, pre-post intervention study enrolled 25 adults with T2D (mean age 58.9, SD 7.0 y; n=14, 56% male)
on twice-daily premixed insulin. Inclusion criteria included a baseline hemoglobin A1c (HbA1c) level between 7.5% to 9.9%
(58‐86 mmol/mol), a BMI ≤40 kg/m², and experience with SMBG. Participants uploaded twice-daily SMBG data weekly via
a mobile app, which generated insulin titration recommendations based on a predefined algorithm. Physicians reviewed and
approved the recommendations, which were then communicated back to participants via the app. The primary outcome was the
change in HbA1c level from baseline to 24 weeks. Secondary outcomes included changes in fasting plasma glucose, insulin dose,
hypoglycemia incidence, and SMBG adherence.

Results: Participants achieved significant reductions in HbA1c level from 8.6% (70 mmol/mol) at baseline to 7.4% (57 mmol/mol)
at 24 weeks (P<.001), with reductions of 0.8% and 0.4% in the first and second 12 weeks, respectively. Fasting plasma glucose
decreased from 8.7 (SD 2.0) mmol/L to 7.1 (SD 1.4) mmol/L (P<.001). Mean total daily insulin dose increased modestly from
0.73 (SD 0.31) units/kg/day to 0.79 (SD 0.34) units/kg/day (P=.007). Participants demonstrated high adherence, completing
97.3% (327/336) of prescribed SMBG measurements. During the study, 48% (12/25) of participants experienced at least 1
hypoglycemia episode, predominantly mild hypoglycemia (85/96, 88.5%; glucose 3.0‐3.9 mmol/L). Hypoglycemia episodes
increased from 24 during weeks 0‐12 to 72 during weeks 13‐24. There were no episodes of severe hypoglycemia requiring
external assistance. BMI increased slightly from 29.0 (SD 3.6) kg/m² to 29.5 (SD 3.6) kg/m² (P=.03), reflecting a modest weight
gain associated with improved glycemia.

Conclusions: In conclusion, patients with insulin-treated T2D initiated on a web-based glucose monitoring system with
algorithm-guided dosing recommendations showed significant improvement in glycemic control compared to baseline. High
adherence rates underscore the feasibility of integrating algorithm-guided insulin titration into routine care. While hypoglycemia
incidence rose slightly, episodes were predominantly mild, and no severe events occurred. This intervention shows promise for
broader adoption in T2D management, particularly in resource-constrained settings.

(JMIR Form Res 2025;9:e68914)   doi:10.2196/68914

KEYWORDS

diabetes; insulin; monitoring; technology; mobile; app; intervention

Introduction

The global prevalence of diabetes mellitus has risen
dramatically, with projections estimating that over 1.3 billion
people will be affected by 2050 [1]. This chronic disease
profoundly impacts both quality of life [2] and health care

expenditure [3], and has driven significant efforts toward early
detection and treatment.

Effective glycemic control remains the corner stone of diabetes
management, correlating with improved long-term outcomes
[4-6]. Despite rapid advances in pharmacotherapy, up to
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two-thirds of patients fail to achieve their glycemic targets [7].
Self-monitoring of blood glucose (SMBG) is a pivotal
component of diabetes management [8], enhancing patient
engagement and glycemic control [9]. The benefits of SMBG
are most pronounced [10-12] when a structured approach is
taken. Ideally, blood glucose readings should be collected at
specified intervals and returned to health care providers for
interpretation. In this regard, a safe and consistent dose
adjustment regimen will be needed if any treatment modification
is required. Finally, patients need to be promptly informed of
the necessary changes. Thus, structured SMBG’s effectiveness
is contingent on regular, frequent physician reviews and
adjustments of therapy [13,14].

However, having frequent in-person clinic visits to review
SMBG and adjust insulin doses is impractical, given the massive
patient load and long waiting time of many diabetes clinics.
Furthermore, a vast amount of SMBG data needs to be reviewed
and interpreted by the physician during the limited allocated
clinic time. This process is laborious and time-consuming, yet
decision-making for insulin dose adjustments needs to be rapid.
Providers with less clinical experience will find this especially
challenging. Consequently, the SMBG data are often not fully
capitalized to improve a patient’s diabetes management.

Several web-based programs and mobile apps have been
developed to overcome some of the abovementioned challenges.
Instead of manual recording of SMBG and then providing
feedback to their provider in person, these programs allow
patients to record and transmit SMBG data directly via the app,
reducing the frequency of face-to-face visits [15-17]. In an
earlier study, we demonstrated the ability of a web-based blood
glucose monitoring system to optimize insulin dosages for
patients receiving a basal-plus or basal-bolus insulin regimen.
Importantly, glycemic control improved without increasing
hypoglycemia rates [18]. However, although this approach
reduced the need for face-to-face visits for insulin titration,
physicians still need to review a large amount of SMBG data
before recommending any insulin dose adjustment. In addition,
insulin doses are adjusted based on the physician’s discretion
and experience. Such an approach requires extensive workforce
resources and is unlikely to solve the real-world problem of
delays in treatment optimization. One potential solution is to
use an automated insulin dose adjustment system that could
interpret SMBG data and provide dose adjustment
recommendations based on a preprogrammed algorithm. Studies
have demonstrated the superiority of such systems in improving
glycemic control compared to physician-dependent adjustments
alone [19]. However, such programs have not been studied in
an Asian cohort.

We thus designed the Glucose Monitoring and Intervention in
Insulin-treated Type 2 Diabetes Patients (GEMINI-T2D) study
to examine the efficacy and safety of a web-based platform that
incorporates monitoring and insulin titration recommendations
based on a built-in algorithm in patients treated with insulin.

Methods

Study Design
The GEMINI-T2D study was a prospective, single-site,
single-group, pre-post interventional study.

Study Participants
All participants were recruited from the Singapore General
Hospital’s Diabetes & Metabolism Centre from September 2020
to May 2022. Those deemed potentially eligible were contacted
by phone, by email, or during scheduled visits to the Diabetes
& Metabolism Centre. Those who expressed interest in
participating were given the informed consent form and invited
to participate. Final eligibility of those who consented to
participate was based on satisfactory completion of the screening
process, demonstrating full eligibility based on inclusion and
exclusion criteria.

Inclusion Criteria
We recruited adults (aged ≥21 y) with type 2 diabetes (T2D) of
more than 6-month duration on twice-daily premixed insulin
regimen for ≥3 months. The total daily dose (TDD) of insulin
must be <1 unit/kg, hemoglobin A1c (HbA1c) level must be
between 7.5% (58 mmol/mol) to 9.9% (86 mmol/mol), and BMI
must be ≤40 kg/m². We chose to study patients on premixed
insulin as it represents a common and preferred insulin
formulation in Asia [20,21]. Participants were required to have
experience performing SMBG and own a compatible smartphone
capable of weekly data uploads via the study app.

Exclusion Criteria
We excluded individuals with hypoglycemia unawareness (Gold
score ≥4) to limit the risk of severe hypoglycemia during
treatment. Pregnant or breastfeeding women, as well as those
with severe renal impairment (estimated glomerular filtration
rate <30 mL/min/1.73 m²), hemoglobinopathies, systemic
corticosteroid use, and medical disease with a life expectancy
of less than 1 year, were excluded.

Intervention
Eligible participants were given a glucometer and instructed to
perform SMBG twice daily. They were trained to use the ALRT
system—a US Food and Drug Administration–cleared diabetes
management system—and asked to upload their SMBG data to
the ALRT app weekly for the next 24 weeks. Participants were
also educated on hypoglycemia recognition and management,
and instructed to perform SMBG when experiencing symptoms
suggestive of hypoglycemia.

Insulin Dose Adjustment
The ALRT system analyzed uploaded SMBG data every 7 days.
When capillary blood glucose readings consistently fell outside
the predefined range of 4‐8 mmol/L, a predefined algorithm
adjusted the prebreakfast and/or predinner insulin doses,
implementing an increment or decrement of up to 15% to 20%
as necessary (details of the algorithm are provided in Multimedia
Appendix 1). The treating physician was notified via a
web-based user interface with the recommended insulin dose
adjustments and was required to accept or decline the
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recommendation. Subsequently, the adjusted insulin doses were
communicated to the participants via the ALRT app every 7
days, or more frequently in the event of hypoglycemia.
Participants were required to acknowledge the recommended
dose adjustments via the app.

Baseline and Follow-Up Assessments
Medical history, vital signs, body measurements, and laboratory
measurements were collected at baseline. HbA1c level and
fasting plasma glucose (FPG) were measured at baseline, week
12, and week 24.

Outcome Measures
The primary outcome measure was the change in HbA1c level
at the end of 24 weeks relative to baseline. Secondary outcome
measures included the incidence of hypoglycemia, defined as
the number of episodes of hypoglycemia per participant, and
the adherence to the prescribed SMBG regimen. Episodes of
hypoglycemia were classified as follows:

• Level 1: Glucose value of 3.0‐3.9 mmol/L
• Level 2: Glucose value of <3.0 mmol/L
• Level 3: Severe hypoglycemia causing altered mentation

requiring external assistance for recovery

Adherence to the SMBG regimen was defined as the proportion
of the prescribed twice-daily SMBG that the participant
successfully completed and uploaded to the ALRT platform.
The incidence of hypoglycemia was defined as the number of
episodes of hypoglycemia that occurred during each 12-week
period of the study.

Statistical Analysis
Continuous data were presented as mean (SD) and categorical
data were presented as numbers (percentages). We compared
the variables at baseline, week 12, and week 24, using
repeated-measures ANOVA for normally distributed variables
with post hoc Tukey method, and Friedman ANOVA for
nonnormally distributed variables with post hoc Wilcoxon
signed-rank tests with Bonferroni correction. Statistical analyses
were performed using R (version 4.1.1; R Foundation for
Statistical Computing).

Ethical Considerations
The SingHealth Institutional Review Board reviewed and
approved the study (reference 2019/2874). Informed consent
was obtained from all participants, and this was inclusive of
secondary analysis. The study data were deidentified.
Participants were compensated with a nominal transport
allowance of SGD $80 (US $59.14) for each of the clinic visits
at weeks 0, 12, and 24.

Results

Participant Characteristics
A total of 25 participants were recruited and followed up over
24 weeks. The baseline demographic and clinical characteristics
are summarized in Table 1. The study cohort had a mean age
of 58.9 (SD 7.0) years, was 56% (n=14) male, and had a mean

BMI of 29.0 (SD 3.6) kg/m2.
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Table . Baseline demographic and clinical characteristics of 25 adults with type 2 diabetes enrolled in the GEMINI-T2Da study, a 24-week pre-post
intervention study conducted at the Singapore General Hospital from September 2020 to May 2022. All participants were on twice-daily premixed

insulin and met inclusion criteria for HbA1c
b level (7.5%‐9.9%), BMI (≤40 kg/m²), and experience with self-monitoring of blood glucose.

Value (N=25)Characteristics

58.9 (7.0)Age (years), mean (SD)

Sex, n (%)

14 (56)    Male

11 (44)    Female

Ethnicity, n (%)

13 (52)    Chinese

4 (16)    Malay

6 (24)    Indian

2 (8)    Others

29.0 (3.6)BMI (kg/m2), mean (SD)

8.6 (0.7)HbA1c level (%), mean (SD)

70.4 (7.7)HbA1c level (mmol/mol), mean (SD)

8.7 (2.0)Fasting plasma glucose (mmol/L), mean (SD)

18.9 (6.7)Duration of diabetes (years), mean (SD)

6.3 (3.5)Duration of insulin use (years), mean (SD)

57.3 (24.4)Total daily dose of insulin (units/day), mean (SD)

0.73 (0.31)Total daily dose of insulin (units/kg/day), mean (SD)

22 (88)Hypertension, n (%)

23 (92)Hyperlipidemia, n (%)

3 (12)Ischemic heart disease, n (%)

1 (4)Stroke, n (%)

12 (48)Retinopathy, n (%)

4 (16)Neuropathy, n (%)

6 (24)Nephropathy, n (%)

2 (8)Peripheral vascular disease, n (%)

aGEMINI-T2D: Glucose Monitoring and Intervention in Insulin-treated Type 2 Diabetes Patients.
bHbA1c: hemoglobin A1c.

HbA1c Level and Other Glycemic Variables

Mean baseline HbA1c level and FPG were 8.6% (SD 0.7%) and
8.7 (SD 2.0) mmol/L, respectively (Table 2). The mean baseline
TDD of insulin was 57.3 (SD 24.4) units/day or 0.73 (SD 0.31)
units/kg/day. All 25 participants experienced a reduction in
HbA1c level of ≥0.4% at 24 weeks. Mean HbA1c level decreased
by 1.2% over 24 weeks, from 8.6% (SD 0.7%) to 7.4% (SD
0.6%; P<.001; Figure 1). From weeks 0‐12, the mean HbA1c

level decreased by 0.8% (P<.001), and from weeks 13‐24, the
mean HbA1c level decreased by 0.4% (P<.001). Individuals
with a higher baseline HbA1c level experienced a greater

absolute decrease in HbA1c level over 24 weeks (P<.001; Figure
1).

Mean FPG also decreased by 1.6 mmol/L over 4 weeks, from
8.7 (SD 2.0) mmol/L to 7.1 (SD 1.4) mmol/L (P<.001; Figure
1). From weeks 0‐12, mean FPG decreased by 1.3 mmol/L
(P=.02), and from weeks 13‐24, mean FPG decreased by 0.3
mmol/L (P>.99).

The mean TDD of insulin increased from 0.73 (SD 0.31)
units/kg/day to 0.79 (SD 0.34) units/kg/day (P=.01; Figure 1).
From weeks 0‐12, the mean TDD of insulin increased by 0.05
units/kg/day (P=.02), and from weeks 13‐24, the mean TDD
of insulin increased by 0.01 units/kg/day (P>.99). BMI rose

from 29.0 kg/m2 to 29.5 kg/m2 over 24 weeks (P=.03).
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Table . Changes in key glycemic outcomes, insulin doses, and BMI from baseline to weeks 12 and 24 in the GEMINI-T2Da study, which evaluated
the efficacy of a web-based, algorithm-guided insulin titration system in adults with insulin-treated type 2 diabetes at the Singapore General Hospital
from September 2020 to May 2022. P values indicate trends over the study period.

P value for trendWeek 24, mean (SD)Week 12, mean (SD)Baseline, mean (SD)Variable

<.0017.4 (0.6)7.8 (0.6)8.6 (0.7)HbA1c
b level (%)

<.00157.3 (6.7)61.4 (7.0)70.4 (7.7)HbA1c level (mmol/mol)

<.0017.1 (1.4)7.4 (1.9)8.7 (2.0)Fasting plasma glucose
(mmol/L)

.0162.1 (25.4)61.3 (25.7)57.3 (24.4)Total daily dose of insulin
(units/day)

.0070.79 (0.34)0.78 (0.33)0.73 (0.31)Total daily dose of insulin
(units/kg/day)

.0429.5 (3.6)29.3 (3.6)29.0 (3.6)BMI (kg/m2)

aGEMINI-T2D: Glucose Monitoring and Intervention in Insulin-treated Type 2 Diabetes Patients.
bHbA1c: hemoglobin A1c.
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Figure 1. Trends in (A) hemoglobin A1c (HbA1c) level, (B) mean change in HbA1c level stratified by baseline HbA1c level, (C) fasting plasma glucose
(FPG), and (D) total daily dose (TDD) of insulin (units/kg/day) during the 24-week GEMINI-T2D study. The study assessed the impact of algorithm-guided
insulin titration delivered via a web-based telehealth platform in 25 adults with insulin-treated type 2 diabetes at the Singapore General Hospital from
September 2020 to May 2022. GEMINI-T2D: Glucose Monitoring and Intervention in Insulin-treated Type 2 Diabetes Patients.

Hypoglycemia and Adherence to SMBG
At baseline, 44% (11/25) of participants reported at least 1
episode of hypoglycemia in the preceding month. During our
study, 48% (12/25) of participants experienced at least 1 episode
of hypoglycemia. In total, 24 episodes of hypoglycemia occurred
in weeks 0‐12, while 72 episodes occurred in weeks 13‐24.

The episodes of hypoglycemia were predominantly confined
to level 1 (mild; blood glucose 3.0‐3.9 mmol/L), with 85 (89%)
out of 96 episodes falling in this category (Table 3). There were
no level-3 (severe) episodes of hypoglycemia reported during
the study. Adherence to the prescribed SMBG frequency was
98.2% (165/168) for weeks 0‐12 and 96.5% (162/168) for
weeks 12‐24.
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Table . Incidence and severity of hypoglycemia episodes per participant during the 24-week GEMINI-T2Da study. Episodes were categorized by level:
mild (3.0‐3.9 mmol/L), moderate (<3.0 mmol/L), and severe (requiring external assistance). Data highlight an increase in mild hypoglycemia episodes
from weeks 0‐12 to weeks 13‐24. The study was conducted in 25 adults with insulin-treated type 2 diabetes using a web-based telehealth platform
at the Singapore General Hospital from September 2020 to May 2022.

Incidence of hypoglycemiaLevel of hypoglycemia

Weeks 13‐24Weeks 1‐12

2.520.881 (mild)

0.360.082 (moderate)

003 (severe)

aGEMINI-T2D: Glucose Monitoring and Intervention in Insulin-treated Type 2 Diabetes Patients.

Discussion

The GEMINI-T2D study demonstrated that remote monitoring
of SMBG data via a glucose management platform, coupled
with algorithm-guided insulin titration, may improve glycemic
control in patients with insulin-treated T2D. To the best of our
knowledge, this is the first study of an integrated, mobile
phone–based solution in an Asian cohort with insulin-treated
diabetes. The degree of HbA1c improvement in our study was
comparable to studies on smartphone-based diabetes
management platforms [15,18,22] and a larger trial on an
automated insulin titration system [19].

Several key factors likely contributed to the improvement in
glycemic control in our cohort. The ALRT system empowered
individuals to participate in structured SMBG, through a
platform that allowed for ease of upload of blood glucose
readings directly from a glucometer. It also provided a
convenient way to store, visualize, and communicate the data
with their physicians, receiving timely feedback. The weekly
review of data followed by insulin dose adjustments also
tightened the feedback loop between patients and their
physicians, enabling more prompt insulin dose adjustments than
usually possible in a clinic setting. Physicians are also likely to
have been empowered by the algorithm-guided insulin dose
recommendations, which provide a framework to base their
therapeutic decisions upon.

In addition, we observed that the improvement in HbA1c level
during the first half of the study persisted into the second half,
demonstrating sustained benefits from the intervention.
Interestingly, although the average increase in TDD of insulin
was only 0.05 units/kg/day or 3 units/day for a 60-kg person,
HbA1c level decreased by 1.7%. This modest increase in insulin
dose alone is unlikely to account for such a substantial
improvement in glycemia. We speculate that the “outsized”
glycemic improvement may be attributed to a more optimal
redistribution of insulin doses facilitated by structured SMBG.

Another contributing factor to the improved glycemic control
could be enhanced patient empowerment, which may have led
to positive changes in overall health, diet, and lifestyle. This is
supported by the high adherence to the prescribed SMBG
regimen observed in our cohort, exceeding rates typically
reported in the literature [23]. Enhanced patient engagement,
consistently recognized as a critical factor in managing chronic
diseases such as diabetes [24-26], was a central focus of our

intervention. This engagement was fostered through patient
education, twice-daily SMBG, and frequent review with
feedback from physicians.

With regard to the safety of our intervention, while an increase
in level-1 (mild) episodes of hypoglycemia occurred with tighter
glycemic control, we found a low rate of level-2 (moderate)
hypoglycemia, with no episodes of level-3 (severe)
hypoglycemia. This safety signal was likely contributed by a
few measures, such as patient education on hypoglycemia
recognition and management at the time of enrollment, along
with automated alerts with algorithm-guided insulin dosing
suggestions to the treating physician via the ALRT app in event
of hypoglycemia, prompting timely adjustment of insulin doses
ahead of the scheduled weekly SMBG reviews. The safety
profile aligns with a US-based randomized controlled trial [19]
that showed similar hypoglycemia rates with automated insulin
titration guidance compared to standard care. Nevertheless,
dynamic adjustments to the algorithm to minimize hypoglycemia
rates will be warranted in future implementation of this
intervention in other populations.

A web-based platform with algorithm-guided insulin dose
titration holds promise for closing the titration gap for people
on insulin therapy, offering dynamic and frequent adjustments
based on data, while assisting busy physicians in delivering
necessary care safely and conveniently. Moving forward, it is
also fathomable that artificial intelligence may allow for yet
larger scales of SMBG data management and analysis, and
provide more personalized insulin dosing recommendations
that take into account factors beyond glycemic trend such as
diet, lifestyle, and general health.

The primary limitation of our study is a small sample size, which
reflects its design as a pilot study of an intervention. While the
pre-post intervention design of our study suggests the
effectiveness of our intervention compared to prior standard
care, a longer study with a larger sample size would be
warranted to evaluate the long-term effectiveness and scalability
of such a web-based platform in diabetes care. Incorporating a
comparison arm would further clarify the intervention’s
performance against standard care and help identify the factors
contributing to the improved glycemic control observed in our
cohort. Additionally, our strict inclusion criteria may limit the
generalizability of our findings to a broader population with
diabetes, warranting further exploration. Finally, understanding
physicians’ experiences with this intervention would provide
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valuable insights into the practical challenges and opportunities
in its integration into routine clinical practice.

In conclusion, patients with insulin-treated T2D initiated on a
web-based glucose monitoring system with algorithm-guided
dosing recommendations showed significant improvement in
glycemic control compared to baseline. High adherence rates

underscore the feasibility of integrating algorithm-guided insulin
titration into routine care. While hypoglycemia incidence rose
slightly, episodes were predominantly mild, and no severe events
occurred. This intervention shows promise for broader adoption
in T2D management, particularly in resource-constrained
settings.
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Abstract

Background: The Alma-Ata Declaration of 1978 initiated a global focus on universal health, supported by the World Health
Organization (WHO) through healthy cities policies. The concept emerged at the 1984 Toronto “Beyond Health Care” conference,
leading to WHO’s first pilot project in Lisbon in 1986. The WHO continues to support regional healthy city networks, emphasizing
digital transformation and data-driven health management in the digital era.

Objective: This study explored the capabilities of digital healthy cities within the framework of digital transformation, focusing
on member countries of the Asian Forum of Healthy Cities. It examined the cities’preparedness and policy needs for transitioning
to digital health.

Methods: A cross-sectional survey was conducted of 9 countries—Australia, Cambodia, China, Japan, South Korea, Malaysia,
Mongolia, the Philippines, and Vietnam—from August 1 to September 21, 2023. The 6-section SPIRIT (setting approach and
sustainability; political commitment, policy, and community participation; information and innovation; resources and research;
infrastructure and intersectoral; and training) checklist was modified to assess healthy cities’ digital capabilities. With input from
3 healthy city experts, the checklist was revised for digital capabilities, renaming “healthy city” to “digital healthy city.” The
revised tool comprises 8 sections with 33 items. The survey leveraged ChatGPT (version 4.0; OpenAI, Microsoft), accessed via
Python (Python Software Foundation) application programming interface. The openai library was installed, and an application
programming interface key was entered to use ChatGPT (version 4.0). The “GPT-4 Turbo” model command was applied. A
qualitative analysis of the collected data was conducted by 5 healthy city experts through group deep-discussions.

Results: The results indicate that these countries should establish networks and committees for sustainable digital healthy cities.
Cambodia showed the lowest access to electricity (70%) and significant digital infrastructure disparities. Efforts to sustain digital
health initiatives varied, with countries such as Korea focusing on telemedicine, while China aimed to build a comprehensive
digital health database, highlighting the need for tailored strategies in promoting digital healthy cities. Life expectancy was the
highest in the Republic of Korea and Japan (both 84 y). Access to electricity was the lowest in Cambodia (70%) with the remaining
countries having had 95% or higher access. The internet use rate was the highest in Malaysia (97.4%), followed by the Republic
of Korea (97.2%), Australia (96.2%), and Japan (82.9%).

Conclusions: This study highlights the importance of big data-driven policies and personal information protection systems.
Collaborative efforts across sectors for effective implementation of digital healthy cities. The findings suggest that the effectiveness
of digital healthy cities is diminished without adequate digital literacy among managers and users, suggesting the need for policies
to improve digital literacy.

(JMIR Form Res 2025;9:e62935)   doi:10.2196/62935

KEYWORDS

digital capabilities; digital health cities; digital transformation; Asian Forum of Healthy Cities; assessment; digital health; artificial
intelligence; AI; World Health Organization; WHO; healthy city; data; health management; digital era; qualitative analysis;
cross-sectional survey; database; digital health database; effectiveness; digital literacy

Introduction

The Alma-Ata Declaration of 1978 marked a global shift toward
universal health, a movement endorsed by the World Health
Organization (WHO) through its advocacy for healthy cities as
a strategic policy to enhance global health [1]. The idea of a

healthy city was first conceptualized at the 1984 Toronto
“Beyond Health Care” conference, and the first pilot project
was spearheaded by the WHO European Office in Lisbon in
April 1986 [2]. Subsequently, the International Health Cities
Committee was established, and over 3000 cities now have
healthy cities policies. The WHO remains a steadfast supporter
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of regional healthy city networks. In Europe, the WHO European
Healthy Cities Network, founded in 1988, continuously
promotes networking through assemblies every 5 years,
involving over 1400 municipalities [3]. In North America, a
network was established with Canada as the central player in
1984, which now includes over 200 North American cities. In
the Western Pacific region, the Alliance for Healthy Cities
(AFHC) was established in 2003. It certifies and manages
healthy cities as alliance members, facilitating dynamic
networking through biennial general assemblies [4]. In the
Western Pacific region, 9 countries—Australia, Cambodia,
China, Japan, the Republic of Korea, Malaysia, Mongolia, the
Philippines, and Vietnam—are actively participating as full
members of the AFHC. The AFHC is an international network
focused on protecting and promoting the health of urban
residents through collaborative efforts.

Healthy cities are dedicated to improving physical and social
environments where all community members collaborate to
enhance the health and quality of life of citizens [5]. The
evaluation of healthy cities is categorized into distinct areas:
personal, community, socioeconomic infrastructure,
environment, and evaluation management. These domains all
adopt a top-down approach, underscoring the pivotal role of
policy makers in formulating and executing policies and
initiatives for healthy cities [6]. Research has shown that the
proactive stance of the city’s leaders has a positive impact on
community residents’ health [7]. Additionally, healthy city
projects must be developed considering the specific
contemporary and environmental demands of the country.
Worldwide, healthy cities are adopting unique characteristics,
transitioning to models such as senior-friendly cities, smart
healthy cities, digital healthy cities, and green healthy cities
[8,9]. Following the coronavirus disease 2019 pandemic, there
was an acceleration in digital transformation, a trend pivotal in
the context of healthy cities. The WHO highlighted that healthy
cities in the digital era should focus on data-driven monitoring
and the implementation of digital platforms for managing the
public’s health [10]. With the advancement of digital
technology, it has become crucial for healthy cities to prioritize
the development of digital competencies.

The WHO’s “Global Strategy on Digital Health 2020‐2025”
emphasizes the role of healthy cities in the digital age, including
citizen-led health management; policy making based on big
data; and the expansion of digital platforms, including
telemedicine [11]. Particularly, the strategy underscores the
importance of health management through information
technology devices and the significance of digital health at the
national level [11]. Additionally, the AFHC stresses the need
to integrate aging, smart technology, and digital solutions in
healthy city strategies for the Western Pacific region. It
prioritizes digital-focused strategies for advancing healthy cities
[12].

The world is preparing for the digital era through evident forms
of digital transformation such as digital healthy cities and smart
healthy cities. Previous studies have stressed the importance of
equipping nations and cities with digital competency readiness
to prepare for this transformation [13]. However, according to
United Nations digital indicators, there are disparities in digital

capabilities among countries in the Western Pacific region and
the AFHC member countries [14].

Several methods are used to measure the capabilities of healthy
cities, such as the WHO European Healthy City Evaluation
Model and the AFHC SPIRIT (setting approach and
sustainability political commitment, policy, and community
participation; information and innovation; resources and
research; infrastructure and intersectoral; and training) checklist
[15]. These 2 models, conceptualized and evaluated by healthy
city experts, provide a structured, logical framework for
objectively assessing various aspects of a city, including its
health status, capabilities, lifestyle, vision, strategy, and network.
Healthy cities worldwide use these models, and they have
recently been used to understand the capabilities of healthy
cities in the digital era.

In the context of digital transformation, this study aims to
investigate the capabilities of digital healthy cities in all AFHC
member countries, exploring policy implications for areas that
require further development and readiness to effectively promote
the transition to digital healthy cities.

Methods

Study Design
This cross-sectional study aims to inspect the digital healthy
city capabilities among AFHC member countries. Nine countries
were included: Australia, Cambodia, China, Japan, the Republic
of Korea, Malaysia, Mongolia, the Philippines, and Vietnam.

Instruments
We used a modified version of the SPIRIT checklist developed
and used by AFHC to assess the capabilities of healthy cities
[16,17]. The checklist consists of 6 sections: setting approach
and sustainability, political commitment, policy, and community
participation, information and innovation, resources and
research, infrastructure and intersectoral, and training. We
modified the tool with input from 3 healthy city experts to more
specifically evaluate digital capabilities, particularly changing
the term “healthy city” used in the original tool to “digital
healthy city.” The modified tool contained 8 sections with 33
items.

Data Collection
Data were collected using a database powered by a large-scale
artificial intelligence (AI) application. ChatGPT (version 4.0),
developed by OpenAI, was accessed via an application
programming interface in Python and used to conduct our
survey. We installed the openai library in Python and entered
an application programming interface key issued for the use of
ChatGPT (version 4.0). In the openai library, the “GPT-4 Turbo”
model command was used; GPT-4 Turbo is a large AI language
model that has acquired knowledge up to March 2023.

The query command was set up to allow the input of questions.
Additionally, the “message” command was used to define the
conversation’s history for generation. The system option
facilitated the setup of a chatbot helper for conversation options,
and messages were relayed directly to the helper via the
assistant. The user option was used to save previous
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conversations and maintain dialogue continuity. The results
were made available through the answer command.

The questions on the SPIRIT checklist were revised to reflect
names of the 9 surveyed AFHC member countries. The survey
was conducted from August 1 to September 21, 2023, and the
collected data were stored in a report. No human participants
were involved, and thus institutional review board (IRB)
approval was not obtained.

Data Analysis
Five healthy city experts performed a qualitative analysis on
the collected data through a group deep discussion. The experts
were recruited from October 1, 2023, to November 3, 2023.
They had experience conducting activities within the AFHC
International Network, held PhDs, and were affiliated with
healthy city networks in their respective countries. Specifically,
the group comprised 3 public health PhDs from Yonsei

University’s Healthy City Research Center and two professors
who are academic members of the Healthy City Society. A
consultation meeting was held on November 13, 2023. Prior to
the qualitative analysis meeting, written informed consent was
obtained from the 5 experts; the consent covered this study’s
purpose and plan and the objectives of the qualitative analysis
meeting. Through this process, we obtained the experts’ advice
on the appropriateness of the contents of the SPIRIT checklist.

First, the collected reports were summarized and organized
based on key areas on the checklist. Second, a relational analysis
was conducted of keywords from the summarized reports to
visualize the results. Third, 3 digital healthy city experts
conducted a final review and discussed the digital capabilities
and directions for each country. The indicators for healthy cities
in the 9 surveyed countries (Table 1) were analyzed using the
official AFHC data, World Bank’s DataBank, and International
Telecommunication Union Data Hub [14,18,19].
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Table . AFHCa member cities.

VNMjPHLiMNGhMYSgKORfJPNeCHNdKHMcAUSb

11251109313415Number of
healthy

cities, nk

98.1 (2022)115.5 (2022)3.3 (2022)33.9 (2022)51.6 (2022)125.1 (2022)1410 (2022)16.7 (2022)25.9 (2021)Population,
million
(year)

4163 (2022)3498 (2022)4946 (2022)11,971
(2022)

32,254
(2022)

33,815
(2022)

12,720
(2022)

1786 (2022)64,491
(2022)

GDPl per
capita, US $
(year)

8 (2022)7.6 (2022)4.8 (2022)8.7 (2022)2.6 (2022)−0.4 (2022)3 (2022)1.1 (2022)3.6 (2022)GDP
growth, annu-
al % (year)

0.7 (2018)3 (2018)0.7 (2018)0 (2018)0.2 (2016)0.7 (2013)0.1 (2019)N/Am0.5 (2018)Poverty
headcount
ratio, %
(year)

71 (2021)69 (2021)71 (2021)75 (2021)84 (2021)84 (2021)78 (2021)70 (2021)83 (2021)Life ex-
pectancy at
birth, total
years (year)

1009710010010010010082100Access to
electricity,
%

N/A6156771008170N/A74Safely man-
aged sanita-
tion services,
%

78.652.781.697.497.282.975.660.296.2Internet use
rate, %

aAFHC: Alliance for Healthy Cities.
bAUS: Australia.
cKHM: Cambodia.
dCHN: China.
eJPN: Japan.
fKOR: the Republic of Korea.
gMYS: Malaysia.
hMNG: Mongolia.
iPHL: the Philippines.
jVNM: Vietnam.
kThe number of cities enrolled in the Healthy Cities initiative in the respective country.
lGDP: gross domestic product.
mN/A: not available.

Ethical Considerations
All components of this survey were approved by the IRB of
Yonsei University in Korea (IRB 1041849-202401-SB-018-01).
This study does not involve human subjects research; therefore,
no compensation procedures were required, and there are no
issues related to privacy or confidentiality. These aspects were
thoroughly reviewed and confirmed by the Yonsei University
IRB.

Results

AFHC Member Countries
Of the 9 AFHC member countries included in this study, the
Republic of Korea had the largest number of healthy cities (109),
followed by China (34) and Japan (31). China had the largest
population (1410 million), followed by Japan (125.1 million)
and the Philippines (115.5 million). Gross domestic product per
capita was the highest in Australia (64,491), followed by Japan
(33,815) and Korea (32,254). Life expectancy was the highest
in the Republic of Korea and Japan (both 84 y). Access to
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electricity was the lowest in Cambodia (70%) with the remaining
countries having 95% or higher access. The internet use rate
was the highest in Malaysia (97.4%), followed by the Republic
of Korea (97.2%), Australia (96.2%), and Japan (82.9%).

SPIRIT Approach for the Digital Era

Setting and Sustainability (S)
Digital healthy cities were evaluated in terms of setting and
sustainability. The findings indicated that Australia, Cambodia,

and the Republic of Korea must ensure sustainability through
telemedicine, while China should establish a digital healthy city
database by integrating the public’s electronic medical records.
Malaysia, Mongolia, and the Philippines need to sustain their
digital healthy cities by establishing digital platform settings
for communities (Table 2).

Table . Setting and sustainability (S) of the SPIRITa checklist by country.

ContentCountry

Australia • Sustainability through telemedicine and digital health networking
• Sustainable digital healthy city through digital medical infrastructure

Cambodia • Provide high-quality medical service by addressing the digital medical
disparity

• Expand sustainability by providing stable high-speed internet

China • Digital health database that integrates the public’s electronic medical
records

• Health application, wearable, and digital health education

Japan • Sustainable urban planning through exemplary cases of digital healthy
cities

• Policy decisions based on integration, education, and collaboration-
focused data

The Republic of Korea • Establish a telemedicine system by digitalizing the existing health
care facilities

• Establish systems to protect data and prevent leakage of personal in-
formation

Malaysia • Digital healthy city approach through digital technology and public
health collaboration

• Secure data by strategically placing smart kiosks in the communities

Mongolia • Establish a digital healthy city hub through a digital platform
• Expand sustainability through digital health experts and digital coor-

dinators

The Philippines • Digital healthy city with community participation
• Ensure sustainability by providing stable high-speed internet

Vietnam • Establish a sustainable digital healthy city by installing data protection
measures

• Evidence-based digitally healthy city powered by research

aSPIRIT: setting approach and sustainability; political commitment, policy, and community participation; information and innovation; resources and
research; infrastructure and intersectoral; and training.

Political Commitment, Policy, and Community
Participation (P)
We examined political commitment, policy, and community
participation in the context of digital healthy cities across 9
countries. The findings emphasized interdepartmental

collaboration involving private organizations, schools, and civil
institutions. Cambodia, China, and the Philippines referred to
building digital healthy cities through community participation
via digital platforms. Additionally, the Republic of Korea is
implementing digital healthy cities by disclosing health-related
public data (Table 3).
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Table . Political commitment, policy, and participation (P) of the SPIRITa checklist by country.

ContentCountry

Australia • Health in all policies (health care, environment, and education)
• Interdepartmental collaboration
• Competency skills training
• Data protection
• Monitoring

Cambodia • Digital leadership
• Interdepartmental collaboration
• Strengthen competency for digital health
• Community involvement (digital platform)
• Partnership with the technology industry

China • Community involvement (digital platform)
• Intensive training of promising talents in each department
• Centralized and comprehensive policy approach through digital

healthy cities
• Comprehensive and encompassing digital healthy city framework

Japan • Health in All Policy approach
• Digital healthy city policies centered on transportation, education,

housing, and digital infrastructure
• All departments demand to receive a health impact evaluation
• Health in All Policy approach by forming an interdepartmental

committee

The Republic of Korea • Dedicated task force team for Health in All Policy approach
• Open data policy to allow access to health-related data
• Digital healthy city education for all personnel in charge of health-

related matters in all departments
• Accelerate the transition to a healthy city by installing digital devices

in communities

Malaysia • Establish digital health laboratories to make effective policies
• Share policies among various departments and set common health

goals
• Devise digital healthy city policies to preserve the environment

Mongolia • Integration of various areas in digital healthy city policies
• Bolster responsibility of digitally healthy city policy makers
• Build public-private partnership

The Philippines • Propose digital healthy city policies through interspecialty collabora-
tion, including health, transportation, education, environment, and
information technology

• Digital healthy city through digital health platforms

Vietnam • Digital healthy city policy decisions based on data
• Feedback from digital healthy city experts every 2 years

aSPIRIT: setting approach and sustainability; political commitment, policy, and community participation; information and innovation; resources and
research; infrastructure and intersectoral; and training.

Information and Innovation (I)
We analyzed digital healthy cities in terms of information and
innovation. Australia has approached this from a
data-centralization perspective. Cambodia has provided
telemedicine services through digital health kiosks. China is
using digital mental health platforms such as lifestyle fitness
apps, green technology, and AI diagnostic tools. Japan is
enhancing the digital-use competencies of older adults in their
aged society and is planning innovative digital healthy cities
based on their needs, such as promoting digital detox weekend

campaigns. The Republic of Korea is realizing digital healthy
cities with AI platforms for mental health counseling and
integrated electronic medical record systems. Malaysia is
installing digital kiosks where community residents can obtain
instant health information, training community health
professionals for this purpose. Mongolia has recognized the
need to build digital healthy cities for nomadic communities by
facilitating mobile health and telemedicine participation. The
Philippines provides telemedicine consultations through the
digital health access drive and aims to develop digital healthy
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cities based on health care big data. Vietnam is developing
digital healthy cities based on data and the digital city profile

(Table 4).

Table . Information and innovation (I) of the SPIRITa checklist by country.

ContentCountry

Australia • Address urban noncommunicable diseases and mental health deteri-
oration

• Develop public parks and bike lanes
• Require collaboration among various departments
• Digital healthy city through centralization (eg, data centralization)

Cambodia • Telemedicine service by implementing digital health kiosks
• Require increasing awareness for a healthy lifestyle
• Promote active participation of community members and analyze

feedback
• Improve urban living environment through public-private collabora-

tion

China • Digital mental health platform
• Lifestyle fitness app
• Green technology spaces
• Data-based AIb diagnostic tool

Japan • Strengthen older adults’ digital competency
• Innovative digital healthy city planning using digital technology for

older adults
• Digital detox weekends campaign

The Republic of Korea • Digital platform for AI mental health counseling
• Establish a real-time digital monitoring system for respiratory disor-

ders
• Comprehensive electronic medical record system
• Digital program for walking through collaboration between Ministry

of Health and Welfare and the Ministry of Land, Infrastructure, and
Transport

Malaysia • Immediately acquire health information by installing digital kiosks
in public areas

• Digital health education through community health care professionals
• Expand digital health by integrating nonhealth sectors, such as edu-

cation and entertainment

Mongolia • Develop a digital healthy city system for nomadic communities
• Reduce health disparity by promoting mobile health and telemedicine

for nomads
• Collaboration between the green healthy city and digital healthy city
• Develop mobile health care facilities

The Philippines • Provide telemedicine counseling and health education through the
digital health access drive

• Develop and analyze the digital city profile
• Develop a digital healthy city based on health care big data

Vietnam • Inspect walking facilities through Geographic Information System
• Digital healthy city approach
• Digital healthy city based on the digital city profile

aSPIRIT: setting approach and sustainability; political commitment, policy, and community participation; information and innovation; resources and
research; infrastructure and intersectoral; and training.
bAI: artificial intelligence.

Resources and Research (R)
We examined the funding and research for digitally healthy
cities. Australia is analyzing the digital health gap and planning

research on digital healthy cities in cooperation with the
Australian Research Council. Cambodia evaluated its digital
infrastructure and defined key performance indicators by
mapping health priorities. China monitors health burden

JMIR Form Res 2025 | vol. 9 | e62935 | p.862https://formative.jmir.org/2025/1/e62935
(page number not for citation purposes)

LeeJMIR FORMATIVE RESEARCH

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


assessments and conducts research to enhance digital literacy
while also studying the environment, policy, and regulations
for digital healthy cities. Japan approaches digital healthy cities
by analyzing digital health accessibility and identifying gaps.
Additionally, they are conducting research on telemedicine
platforms. The Republic of Korea aims to expand its digital

healthy cities through the Korea Healthy City Partnership. The
partnership seeks to develop key performance indicators and
establish shared objectives for digital healthy cities. Mongolia
is developing digital healthy cities with privacy-protected digital
health regulations (Table 5).

Table . Resources and research (R) of the SPIRITa checklist by country.

ContentCountry

Australia • Establish priority goals for a digital healthy city
• Analyze digital divide
• Health outcome metrics
• Joint resources investment by public and private sectors
• Research on digital healthy city through collaboration with the Aus-

tralian Research Council

Cambodia • Networks of major stakeholders (eg, leaders, health care professionals,
urban planning, and companies)

• Evaluate digital infrastructure (eg, internet, digital device use, and
platform)

• Health priority mapping
• Define key performance indicators for a digitally healthy city

China • Health burden evaluation monitoring
• Research to improve digital literacy
• Foster a digital healthy city environment through sociocultural eval-

uation
• Research on policies and regulations for a digital healthy city

Japan • Develop a framework to evaluate the need for a digital healthy city
• Analyze digital health access among various demographic groups
• Analyze health disparities for a digital healthy city
• Research on artificial intelligence diagnosis and telemedicine plat-

forms

The Republic of Korea • Expand digital healthy city through the Korea Healthy Cities Partner-
ship

• Establish and share a digital healthy city database among cities
• Establish plans based on the latest literature and information on dig-

ital healthy city

Malaysia • Develop health initiatives to develop regions with poor digital infras-
tructure

• Analyze digital health disparities and implement a digital healthy
city focused on vulnerable regions and groups

• Develop key performance indicators and establish common digital
healthy city goals

Mongolia • Understand Mongolia’s legal digital health regulations and develop
a digital healthy city that protects personal information

The Philippines • Foster experts through focus group interviews with various stakehold-
ers

• Understand the digital health policy environment and innovate regu-
lations

• Develop key performance indicators and establish common digital
healthy city goals

Vietnam • Appropriate allocation of resources and funds through financial
analysis, technical analysis, and risk assessment of digital healthy
cities

aSPIRIT: setting approach and sustainability; political commitment, policy, and community participation; information and innovation; resources and
research; infrastructure and intersectoral; and training.
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Infrastructure and Intersectoral (I)
We examined the infrastructure and intersectoral measures for
promoting digital healthy cities. Australia is strengthening the
functions and capabilities of departments associated with digital
healthy cities, requiring regular workshops for knowledge
sharing. Cambodia and China are focusing on enhancing
infrastructure through digital healthy city operation committees
and collaboration with the Ministry of Health and Ministry of

Urban Planning as well as other city administration departments.
Japan is establishing a digital healthy city committee and uses
local media and digital platforms for communication. The
Republic of Korea is emphasizing building infrastructure for
digital health companies and networking through digital healthy
city conferences. The Philippines is developing infrastructure
involving urban information and communication technology
developers and coordinators to build networks of environmental
experts (Table 6).

Table . Infrastructure and intersectoral (I) of the SPIRITa checklist by country.

ContentCountry

Australia • Need to strengthen the functions and competencies of departments
linked to digital healthy cities

• Sharing of knowledge and skills through periodic workshops
• Campaigning and promotions through online platforms and the inter-

net

Cambodia • Bolster infrastructure through the activities of the digital healthy city
operation committee

• Cambodia digital healthy city initiative operation committee needs
to collaborate with the Ministry of Health, Ministry of Urban Plan-
ning, and city administrative bodies

China • Bolster infrastructure through the activities of the digital healthy city
operation committee

• Collaboration among public agencies (Ministry of Health), private
sector (information technology companies), hospital personnel
(physicians and traditional Chinese medicine practitioners), academia
(college faculty), and civil society (health nongovernmental organi-
zation)

Japan • Establish a digital healthy city committee with the Ministry of Health
and local government leaders

• Communication through local media and digital platforms

The Republic of Korea • Establish various digital health company infrastructure around artifi-
cial intelligence conglomerates

• Expand the network around the Korea Healthy Cities Partnership

Malaysia • Establish a department dedicated to technological advancements for
digital healthy cities

• Establish a digital healthy city network by hosting various digital
healthy city conferences

Mongolia • Launch Mongolia digital healthy city partnerships
• Consider the expertise of the digital healthy city policy strategy team,

operation, and research teams

The Philippines • Develop infrastructure involving information and communication
technology developers and development coordinators

• Establish a network involving environmental experts to develop
digital healthy cities

Vietnam • Establish and execute sustainable digital healthy city plans by devel-
oping professional project teams for a digital healthy city

aSPIRIT: setting approach and sustainability; political commitment, policy, and community participation; information and innovation; resources and
research; infrastructure and intersectoral; and training.

Training (T)
We analyzed training initiatives for realizing digital healthy
cities in each country. Australia regularly engages in education

and research through exchanges with academic institutions.
Cambodia requires settings, such as a digital healthy city
initiative conference and the Global Health Summit (Table 7).
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Table . Training (T) of the SPIRITa checklist by country.

ContentCountry

Australia • Educate digital healthy city-related personnel through periodic
workshops

• Education and research through exchanges with academic institutions

Cambodia • Cambodia digital healthy city initiative conference
• Need digital healthy city Asia conference
• Global health summit setting

China • Healthy China 2030 conference
• Host a digital healthy city forum
• Smart and healthy city exhibition

Japan • Host conference with the involvement of Japan Smart Community
Alliance

• Education using digital kiosks
• Education using community fitness apps

The Republic of Korea • Provide public health promotion workshops focused on digital health
• Expand digital healthy city through the Korea digital health associa-

tion
• Organize digital health master class

Malaysia • Host Digital Health Malaysia to invite healthy cities in nearby coun-
tries for a joint education on digital healthy city planning and direc-
tions

• Host smart city conference

Mongolia • Education and training on digital innovation in health care
• Organize Mongolian Smart City Association

The Philippines • Host an international digital healthy city forum through the Digital
Health Philippines Summit

• Need collaboration through digital healthy city sister city agreements

Vietnam • Actively promote digital healthy cities through social media
• Research on health technologies and collaboration

aSPIRIT: setting approach and sustainability, political commitment, policy, and community participation, information and innovation, resources and
research, infrastructure and intersectoral, and training.

Discussion

Principal Results
This study analyzed the digital capabilities of AFHC member
countries amid the ongoing transition toward a digital era using
the AFHC SPIRIT checklist with the openai library in Python
and the ChatGPT (version 4.0) large language model. The
following implications were obtained.

First, it is necessary to prepare for digital healthy cities by
forming digital healthy city networks and committees to promote
sustainability and infrastructure. Specifically, an
interdepartmental committee should be established to facilitate
collaboration among health city-related departments. Further,
a holistic “Healthy in All Policy during digital era” approach
should be adopted. The AFHC should enhance intercity
networking in the digital era during its biennial general
meetings. Additionally, it is important to create a framework
based on an in-depth understanding of social dynamics, policy
structures, governance networks, and urban infrastructure [20].

Second, as digital healthy cities increasingly rely on data-driven
policies, the importance of data protection and personal
information security has been highlighted. With the volume of
daily generated data expanding worldwide, the era of big data
is imminent. In such an era, personal information protection is
a significant social issue [21]. This study found that data-based
policy decisions are crucial for digital healthy cities and requires
reviewing and analyzing various data types. The increasing use
of community residents’ data necessitates diverse protective
measures, such as legal regulations and training for responsible
personnel. For instance, some healthy cities have adopted AI
care robots to provide home-based care services for older adults.
As all information about the client is collected through these
care robots, heightened precautions must be taken to protect
personal information [22].

Third, there is a need for cooperation between various
organizations and sectors, such as public agencies, industries,
schools, hospitals, and private organizations, to build a digital
healthy city network and implement intersectoral healthy city
policies. Such cooperation is crucial to promote digital healthy
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cities. It is particularly important to establish an infrastructure
for community health management by linking digital information
technology and AI-related industries with school research
institutions and including public institutions, hospitals, and
private organizations. Developing a shared platform across these
sectors is essential to systematically implement digital healthy
cities initiatives [7].

Fourth, there is a need for digital healthy city policies tailored
to each country’s unique digital capabilities, characteristics,
policies, and cultures. The WHO reviewed the focus group
analyses of healthy cities worldwide and emphasized the
importance of developing appropriate policies for each country
and city, defining this as the “glocal approach” [23]. With
advancements in digital technology, there is a growing focus
on personalized medicine and public health. Accordingly, digital
healthy city policies must be customized, considering the diverse
characteristics of each country.

Finally, this study highlights the importance of education for
key groups in digital healthy cities—policy makers, civil
servants, health care providers, and residents. As digital
transformation gains traction worldwide, AFHC member
countries are also witnessing accelerated digitalization.
However, the digital divide between cities, genders, and
socioeconomic classes in these countries is widening [24]. The
WHO cautions that, without adequate digital literacy among
managers and users, the efficacy of digital technologies remains
limited even after commercialization [10]. Telemedicine, digital
health kiosks, and data management systems are key components
of digital healthy cities. To use these services as intended,
competency education is essential. Most importantly, digital
literacy education for older adults is crucial, given the rapid
pace of population aging [25,26].

Limitations
This study has a few limitations. First, as ChatGPT (version
4.0) is trained only until April 2023, the latest developments
were not reflected in our survey. Second, the number of healthy
cities varied across countries. Third, the SPIRIT checklist was
interpreted by only 3 experts. While objective assessments were
performed based on their expertise, the number of experts may
not have been sufficient for subjective results. Thus, future
studies should involve at least 5 experts. Fourth, owing to the
proprietary nature of OpenAI’s ChatGPT large language model,
its full workings and application in this study could not be
completely explained. Additionally, the differing levels of
political commitment and resources among countries complicate
comparisons. Wealthier nations such as South Korea and Japan
invest heavily in digital health, while countries such as
Cambodia and Mongolia focus on basic health care needs.
Tailored strategies are needed to account for these economic
and health care disparities, and future studies should consider
long-term progress in countries with less developed
infrastructures.

Conclusions
This study analyzed the digital health city capabilities of 9
AFHC member countries in the digital era. The findings
suggested that these countries must prepare to attain sustainable
digital healthy cities by establishing networks and committees.
Additionally, digital healthy cities develop big data-driven
policies, and this requires systems to ensure personal information
protection. This study also emphasized the need for collaborative
initiatives across various sectors to systematically implement
digital healthy cities. Finally, digital healthy cities are expected
to be less effective even with good policies and environments
if users have poor digital literacy; thus, policies for improving
digital literacy among both managers and users will be required.
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Abstract

Background: Research documents that drinking to cope behavior can be disrupted by enhancing emotion regulation and coping
skills related to the experience of stress and negative affect. The Alpha Element Self-Coaching Plan incorporates principles of
positive psychology and cognitive behavioral therapy to redirect negative thinking and emotions and, therefore, has the potential
to benefit individuals who use alcohol to cope with stress.

Objective: This study aimed to evaluate satisfaction and usability of the web-based Alpha Element Self-Coaching Plan in order
to inform the development of an expanded digital platform based on the Alpha Element framework.

Methods: Participants enrolled in the web-based program as part of their clinical care were eligible to participate. A total of 20
individuals (14 women and 6 men) between ages 30 and 79 (mean 54.5, SD 14.14) years completed web-based questionnaires
to assess product performance in areas such as ease of technology use, quality of videos and handouts, and the value of the
activities. Participants also completed the System Usability Scale (SUS) and provided background and demographic information,
including alcohol use.

Results: Only 1 participant reported no alcohol use in the past year; 55% (11/20) of participants drank alcohol 2‐4 times per
month or less and 45% (9/20) reported drinking alcohol 2‐3 times per week or more. The average SUS score of 76.38 (SD
17.85) was well above the commonly accepted threshold of 68, indicating high system usability. A majority of the sample (16/19,
84%) agreed or strongly agreed that the activities in the program inspired behavioral changes; and most agreed or strongly agreed
that the program was engaging (16/20, 80%), well-organized (18/20, 90%), and easy to follow (17/20, 85%). Only 2 participants
endorsed experiencing difficulty using the program on a smartphone. Suggestions for program improvements included expanding
the platform, updating the web format, adding user interactivity, and enhancing navigation.

Conclusions: These data suggest that participants were generally satisfied with the web-based Alpha Element Self-Coaching
Plan, and rated usability of the program as favorable. Importantly, a significant portion of participants reported that the program
inspired behavioral changes. More research is needed with a larger sample to obtain specific data about alcohol consumption and
investigate associations between alcohol use and program components, as well as examine gender differences. Data collected
from this study will be used to expand the platform and improve user experience.

(JMIR Form Res 2025;9:e63819)   doi:10.2196/63819
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alcohol misuse; stress; drinking to cope; DTC; negative affect; positive psychology intervention; PPI; cognitive behavior therapy;
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Introduction

Stress is a well-documented risk factor associated with the
initiation, maintenance and relapse of alcohol use disorder [1].
The self-medication model suggests some individuals drink to
cope (DTC) with stress due to the belief that drinking will
alleviate stress and negative affect [2,3]. However, although
alcohol may provide temporary relief from emotional
discomfort, in the long-term, drinking to cope with stress
exacerbates negative affect and puts individuals at risk for
alcohol-related consequences [4].

Positive psychology interventions (PPIs) may be beneficial in
disrupting the DTC cycle of alcohol use, as emerging data
suggest that the processes underlying PPI may facilitate more
adaptive behavioral choices about substance use [5]. PPIs are
strength-based approaches that apply individual traits along
with positive subjective experiences to promote well-being
[5,6]. PPIs aim to foster optimism, psychological well-being,
and resilience through practices like cognitive flexibility,
positive reframing, and the cultivation of strengths, representing
a shift away from focusing solely on reducing symptoms and
instead building emotional assets. Furthermore, research
indicates that positivity can be learned and lead to increased
well-being and decreased alcohol consumption [7]. A wide
range of PPIs exist that vary in type, delivery mode, and
intensity. PPIs have mostly been studied in nonclinical samples;
however, preliminary evidence exists for their efficacy in clinical
settings [8]. Research suggests that cognitive changes may
explain the positive effect of PPIs on emotions [6]. Therefore,
cognitive behavioral therapy (CBT) can be personalized with
PPI components that target motivational and emotional factors.
With a focus on increasing positive emotions, behaviors, and
cognitions, PPI approaches align well with CBT principles and
both can be leveraged with the objective to reduce stress with
negative affect aimed at mitigating cravings for alcohol to
self-medicate.

Critical to the success of CBT-based strategies in the clinical
setting is engaging clients in homework exercises [9,10].
Technology-based tools such as smartphone apps and web-based
self-management programs provide scalable solutions for
individuals to engage with self-directed exercises. Emerging
research indicates that web-based interventions can serve a
protective function for mental health by mitigating the effects
of stress [11]. Ongoing measurement of engagement with
web-based homework exercises along with strategic approaches
to tailoring intervention content delivery to individuals may
help increase sustained practice [12]. The purpose of this quality
improvement (QI) study was to evaluate usability and
satisfaction of the web-based Alpha Element Self-Coaching
Plan (hereafter referred to as the Self-Coaching Plan [13])

applied in a community clinical counseling setting. The
Self-Coaching Plan incorporates a combination of CBT and PPI
approaches and features content based on a novel positive
psychological framework of Vitality Type patterns in behavior
and cognition [14-17]. The goal of the Self-Coaching Plan is
to empower individuals with tools to discover a new and positive
perspective on themselves, along with psychoeducation and
personalized skills to proactively manage stress and negative
affect, as well as address problematic drinking behavior. The
aim of this QI study was to examine satisfaction and usability
of the web-based Self-Coaching Plan in order to facilitate
ongoing improvement of this tool.

Methods

Study Setting
In this QI study the Self-Coaching Plan was offered as adjunct
homework to clients in the clinical setting. Participation in the
project was optional and did not affect the therapeutic
relationship with their clinical provider. All participants in this
study were receiving mental health counseling through telehealth
in a community counseling clinic in Minneapolis, Minnesota.

Study Design
Data were gathered for administrative purposes within the
context of routine efforts to examine and improve clinical care
services and operations. This QI study was conceptualized as
a formative evaluation to assess product performance of the
Self-Coaching Plan. The evaluation surveys focused on system
usability, technology ease of use, quality of videos, and
downloadable handouts, as well as the value of the program
content and activities.

Participants
Participants were recruited through a self-selection process. We
applied an all-comers approach, meaning individuals enrolled
in the Self-Coaching Plan as part of their standard care were
invited to participate. Of the 35 clients invited to participate,
20 (14 women and 6 men) agreed. To recruit participants, a
University of Minnesota REDCap (Research Electronic Data
Capture; Vanderbilt University) survey link was included in
weekly touch-base emails.

Intervention
A web-based tool for self-directed learning, the Self-Coaching
Plan, was applied in this study as a homework resource in the
clinical setting. The Self-Coaching Plan is based on the premise
that introducing individuals to a framework of 4 Vitality Type
patterns as a strategy to disrupt negative self-schemas can help
provide new perspectives on existing behavior patterns as well
as cognitive resources to reframe distorted thinking that is
impairing the regulation of negative affect (Table 1).
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Table . The premise of the Self-Coaching Plan is to apply 4 Vitality Type categories to self-identify empowered and disempowered patterns in behavior
and cognition. Throughout the Self-Coaching Plan, individuals are reminded that words are cognitive tools that frame our perceptions and shape our
reality.

PragmatistPathfinderTorchbearerCatalystVitality Type patterns

Empowered behavior pat-
terns

•••• CompletionDevelopmentActionDiscovery
• •••Open-minded ScrutinizingInvestigativeDirect

•• ••FastUplifting FocusedProcess-oriented
•••• DiscerningDiplomaticResults-drivenPlayful

• •••Social StructuredConsensus-buildingBold
•• ••“What can I do?”“Let’s try it now.” “It has to be done

right.”
“I’ll think about it.”

Disempowered behavior
patterns

•••• PerfectionismAvoidanceIrritabilitySelf-indulgence
• •••Erratic JudgmentalOverwhelmedRestless

The 4 categories, Catalyst Vitality, Torchbearer Vitality,
Pathfinder Vitality, and Pragmatist Vitality, represent distinct
patterns in outlook and behavior (Table 1). The essence of a
catalyst is to spark activity. Positive words associated with the
Catalyst Vitality pattern include discovery, open-minded,
uplifting, playful, and social. The essence of a torch bearer is
to challenge status quo and pave the way to take action. Positive
words associated with the Torchbearer Vitality pattern are
action, direct, fast, results-driven, and bold. The essence of a
pathfinder is to be methodical. Positive words associated with
the Pathfinder Vitality pattern include development,
investigative, process-oriented, diplomatic, and
consensus-building. The essence of a pragmatist is to bring
clarity and stability to their environment. Positive words
associated with the Pragmatist Vitality pattern are completion,
scrutinizing, focused, discerning, and structured. As part of the
Self-Coaching Plan, participants study all 4 Vitality Type
categories by exploring the words linked to each. Through a
series of exercises, they apply these words to personalize their
self-coaching strategies. By organizing positive words into
categories (Table 1) the Vitality Type patterns combine elements
from both CBT and PPI.

Exploring how to break unhealthy habits and cognitive
distortions and replacing them with positive self-talk can create
shifts in outlook that can lead to changes in behavior. The
Vitality Type categories represent a range of possibilities in
patterns of cognition and behavior which in the Self-Coaching
Plan are applied as cognitive tools to help individuals
self-identify and articulate aspects of their empowered and
disempowered patterns. Exploring words linked to the Vitality
Type patterns and applying these words as cognitive tools to
change behavior and outlook, help individuals take back their
power instead of leaning on alcohol and other negative coping
strategies. It is posited that the framework of 4 Vitality Type
categories offers resources to promote positive self-perception
to inspire new self-awareness, self-discovery, and development
of personalized self-management strategies. Vitality Type
patterns can also be applied as a cognitive strategy for
considering differences in relationships and interpersonal
communication. Managing relationships with self and others
are key aspects of managing stress and problematic drinking
behavior.

It is proposed that learning about these patterns (schemas) can
help individuals orient and learn new terminology to reframe
negative schemas they have about themselves. By applying the
constructs of 4 Vitality Types as cognitive resources to identify
and articulate empowered and disempowered patterns,
individuals are introduced to a fresh perspective on themselves
along with terminology that can provide a bridge to describe
potential movement away from pathology toward hope and
well-being. This self-reflective process can lead to a deeper
understanding of how behaviors and thoughts impact outlook
and overall health. By using the Vitality Type categories as a
framework of schemas and tools to foster cognitive flexibility,
the Self-Coaching Plan adapts CBT elements and PPI principles
as a therapeutic strategy to create synergy and inspire
self-investigation. Therefore, the terminology of the 4 Vitality
Type categories are applied to all activities to provide a map
for organizing and personalizing CBT-PPI strategies.

In this QI study, the objective of the Self-Coaching Plan was
for clients, between sessions, to explore and process patterns
of disempowerment and negative outlook and learn skills to
redirect and self-regulate. This web-based program offers
psychoeducation and activities through videos and visual
graphics; topics include how to apply the Vitality Type patterns
to foster self-compassion, growth mindset, and preparing for
positive change as well as facts about gender-specific
vulnerabilities and substance use. During the Self-Coaching
Plan, individuals are encouraged to use the Vitality Type
patterns as tools to help achieve their goals and focus on what
they are for—as a shift away from focusing on what they are
against and working to change. Self-Coaching Plan activities
are organized into sections with the objective of completing an
action plan to stay motivated on their journey toward positive
change (Table 2). It is recommended that the proposed order of
activities is followed, however, individuals are free to choose
the order they prefer. The goal is for individuals to apply the
Vitality Type framework to gain a new perspective on
predominant go-to behavior patterns and understand the
importance of developing their less dominant patterns to
self-advocate, set boundaries, and feel more empowered. The
Self-Coaching Plan is designed to help individuals get prepared
and stay motivated to achieve their goals over an 8-week period.
They learn to apply words as cognitive tools to change their
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behavior and take their power back instead of leaning on alcohol
and other negative coping strategies. The Self-Coaching Plan

can be applied as both a guided and unguided protocol.
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Table . A web-based tool for self-directed learning, the Self-Coaching Plan, was applied in this study as a homework resource in the clinical setting.
The goal was to empower individuals through a personalized process of activities and self-reflection to foster healthy habits, learn to set boundaries,
manage emotions, and change unhealthy habits such as problematic drinking behavior.

ComponentsDescriptionModule name

Psychoeducation about how our abilities and
frame of mind can be developed through dedica-

Growth Mindset • Welcome video.
• Course intro.

tion and hard work. A growth mindset is knowing
that it is never too late to make a change.

• Psychoeducation about growth mindset and
self-compassion.

Psychoeducation to get clarity about priorities
and steps to achieve positive lifestyle changes.

Get Ready for Positive Change • Course objectives.
• Gender specific vulnerabilities for substance

use.
• Substance use and drug facts.

The objective of this self-assessment is to gain
awareness of empowered and disempowered
patterns in communication and relationships.

Vitality Type Indicator • Self-assessment objective.
• Connection between stress management,

outlook, and drinking behavior.

Psychoeducation about how managing the rela-
tionship with self and others is key to managing
the relationship with alcohol.

Vitality Type Patterns • Introducing the 4 Vitality Types as tools to
self-manage and lay the foundation for de-
veloping a growth mindset.

• Vitality Type matrix of empowered and
disempowered patterns.

Identify the most important area of desired
change. Individuals are encouraged to look at
themselves as a priority.

Top Priority • Exploring boundaries required for positive
change.

• Self-care as a means to manage stress.
• Connection between mind, body and soul

in healing.

The Self-Coaching Guide is the Vitality Type of
the highest score on the Vitality Type Indicator
self-assessment.

Self-Coaching Guide • The approach of the Self-Coaching Guide
is key to achieving our Top Priority.

• Self-Coaching exercise applies the highest
scoring Vitality Type pattern as a technique
and practice to reflect on goals, challenges,
and personal growth.

• Exercise to create positive “I am” state-
ments using words from the word-bank as-
sociated with their highest self-assessed
Vitality Type score.

The Hidden Resource is the Vitality Type of the
lowest score on the Vitality Type Indicator self-
assessment.

Hidden Resource • The approach of the Hidden Resource indi-
cates untapped potential that can help on
the path to sobriety.

• Exercise to redirect thoughts by applying
the lowest scoring Vitality Type as a strate-
gy to address challenges and difficult situa-
tions in a new way.

• Reflection exercise to discover how to
leverage aspects of the Hidden Resource
approach as support during the healing
journey.

Shadow Aspects represent disempowered behav-
iors taken on during times of stress or fear.

Shadow Aspects • Exercise to self-identify behaviors that are
barriers in communication and relationships.

• Reflection activity about self-compassion
and growth mindset as strategies to help
turn around a disempowered state.
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ComponentsDescriptionModule name

• Activities to choose Power Words, which
are then applied to personalize strategies to
help disrupt Shadow Aspects.

• Exercise to identify 1 Power Word linked
to the Self-Coaching Guide and another
word linked to the Hidden Resource as
strategy to stay proactive rather than reac-
tive in stressful situations.

• Reflection activity to become more aware
of how to deal with joy and conflict can be
key to understanding the relationship with
alcohol.

Power Words are positive characteristics and
behaviors linked to each Vitality Type.

Power Words

• Resources to explore how to continue using
the Vitality Types to stay committed to
healing, health and wellness.

Course summary: maintaining sobriety and a
sober-minded lifestyle is much more manageable
when the focus is on empowerment, growth
mindset and self-compassion.

Self-Coaching Plan Commitment Sheet

As part of the Self-Coaching Plan, individuals take a
self-assessment (Vitality Type Indicator, Table 2) that sorts
responses according to the categories of the 4 Vitality Type
categories. The results of the self-assessment provide a map for
individuals to discover a range of Vitality Type patterns in their
behavior, cognition, and communication. Individuals’ highest
Vitality Type score indicates a predominant pattern and is
identified as their Self-Coaching Guide. An individual’s lowest
Vitality Type score indicates untapped potential and is identified
as their Hidden Resource. Attributes linked to an individual’s
Hidden Resource represent capabilities outside of the person’s
typical patterns of behavior. The concepts of Self-Coaching
Guide and Hidden Resource are incorporated into the program
as cognitive tools and a positive approach to develop
personalized strategies for stress-management and
self-regulation. Individuals are prompted to practice their Hidden
Resource capabilities in order to prepare themselves to
proactively handle challenges and difficult situations with a
new perspective. This information is applied in the
Self-Coaching Plan as CBT-PPI informed reflective learning
activities and homework assignments.

Through a series of activities of using words as cognitive
resources to make positive shifts, individuals practice using
specific words that represent empowered behavior to formulate
their desired change and develop healthy habits. A word bank
is linked to each of the 4 Vitality Type categories as a tool to
discover a range of possibilities. Individuals are asked to reflect
on which words and aspects of the 4 patterns resonate with their
view of themselves, and which do not. In a self-coaching
module, individuals explore how to use their Self-Coaching
Guide and their Hidden Resource (Table 2) to manage stress
and move toward sobriety and a healthier, more balanced life.
Table 1 presents an overview of the 4 categories and illustrates
how each proactive (empowered) Vitality Type pattern has a
reactive (disempowered) opposite. In the Self-Coaching Plan
(Table 2), the disempowered opposite is referred to as a Shadow
Aspect. Shadow Aspects represent disempowered behaviors
taken on during times of stress or fear. To dig deeper into
understanding their disempowered reactions, participants are
asked to self-identify 2 primary Shadow Aspects. To redirect
disempowerment, individuals then choose 2 words from the

word bank they consider to be empowering. These words are
referred to as Power Words. Power Words are positive
characteristics and behaviors linked to each Vitality Type which
are applied to develop their personalized strategies to redirect.
During this CBT-PPI process of applying Vitality Type
categories in self-discovery and reflective learning, individuals
gain a newfound perspective on their go-to behavior patterns
along with personalized strategies to use their less dominant
patterns as a resource to set boundaries, self-advocate, and feel
more empowered.

Procedures
A survey was offered through a REDCap link as part of
touch-base emails frequently sent out to all registered users of
the Self-Coaching Plan. We informed all users that the goal of
the project was quality improvement and their answers would
be used to improve user experience. Users were not able to
proceed to the survey unless they had checked the box indicating
they agreed to participate. Participants completed a custom
questionnaire, the System Usability Scale (SUS), as well as
background and demographic information, including alcohol
use. The custom questionnaire was designed to evaluate (1) the
relevance and ease-of use of the Self-Coaching Plan material
and (2) satisfaction with the Self-Coaching Plan.

Measures
The SUS is a 10-item scale designed to provide a global view
of subjective assessments of usability. The scale covers a variety
of aspects of usability, including the need for support and
training while using the system as well as its level of complexity.
The SUS evaluation instrument yields a single number that
represents a composite measure of the overall usability of the
system being studied with current literature suggesting that a
score of 68 as a useful benchmark (mean SUS score) [18].

The custom questionnaire was developed to gather feedback
about program engagement along with dimensions of perceived
interactivity and ease of use. The questions were developed by
creators of the Self-Coaching Plan and other subject matter
experts. The data were collected to establish a baseline along
key dimensions against which change over time can be
measured. Key dimensions measured included strengths and
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limitations of the technology, videos, and exercises; need for
tech support, notifications, and reminders; program navigation
and logistics features; time commitment; aesthetics and visual
elements; as well as suggestions for improvement. Specific
questions were asked about engagement, self-perception and
behavior change as well as knowledge about key terms and
concepts, such as Vitality Types, Self-Coaching Guide, and
Hidden Resource. Each item was rated on a 5-point Likert scale
ranging from strongly disagree to strongly agree with a midpoint
of neither agree nor disagree. Recommendations for enhancing
program improvement were obtained through optional write-in
responses to capture comments and suggestions in the language
of participants. Alcohol consumption was measured with 1
question about frequency of alcohol use in the past year with
the following scale: Never; Monthly or less; 2‐4 times a month;
2‐3 times a week; 4 or more times.

Data Collection
Participants completed the surveys through REDCap. REDCap
is an encrypted, electronic database that is HIPAA (Health
Insurance Portability and Accountability Act) compliant. It is
approved by University of Minnesota Institutional Review Board
for the administration and storage of human subject information.

Statistical Analysis
Analyses for this study focused on evaluating the Self-Coaching
Plan using descriptive statistics and were performed using R
statistical software (R Foundation for Statistical Computing).
Mean and standard deviation were used for continuous variables
such as age and SUS scores. For categorical variables, including
demographic information (eg, sex, education level, and race)
and survey responses (eg, engagement with self-care routine
and frequency of alcohol consumption), frequencies were
calculated.

Ethical Considerations
The project was determined not to qualify as human subject
research by the University of Minnesota Institutional Review
Board (STUDY00020268). Confidentiality was strictly
protected. No identifying information was collected.

Results

Participant Characteristics
Participants (N=20) were between 30 and 79 years of age (mean
54.5, SD 14.14), predominantly female (n=14, 70%) White
(n=15, 75%) and well educated with 35% (n=7) college
graduates and 35% (n=7) reporting as graduate level or above.
Only 1 participant reported no alcohol use in the past year; 55%
(n=11) of the sample drank alcohol 2‐4 times per month or
less and 45% (n=9) reported drinking alcohol 2‐3 times per
week or more.

System Usability
Average SUS score from this study was 76.38 (SD 17.85). This
result is well above the commonly accepted threshold of 68.
The score indicates high usability of the system and its
interfaces.

Custom Questionnaire
As shown in Table 3, a majority (16/19, 84%) of participants
agreed or strongly agreed that the activities in the program
inspired positive behavioral changes while 90% (18/20) agreed
or strongly agreed that participation in the program positively
influenced their self-perception. There was strong endorsement
of knowledge and understanding about concepts unique to the
program such as Vitality Types, Self-Coaching Guide and
Hidden Resource. Of note, all participants (n=20, 100%) agreed
or strongly agreed that the Vitality Type Indicator
self-assessment was a helpful tool in their self-development;
90% (n=18) endorsed the purpose of the Self-Coaching Guide
as clear and understandable while 85% (n=17) reported they
could relate to their Self-Coaching Guide; 80% (n=16) of
participants strongly endorsed understanding the concept of a
Hidden Resource. A majority of participants (n=16, 80%)
endorsed the program as engaging and 80% (n=16) found the
videos were effective in motivating them to complete the
homework activities and most participants agreed or strongly
agreed that the visual design of the platform was appealing.
With regards to technical interface, 80% (n=16) of participants
did not experience significant difficulties using the
Self-Coaching Plan on smartphones or computers. Generally,
participants (n=18, 90%) found the program well-organized.
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Table . Results from the quality improvement study (N=20).

Disagreed or strongly disagreed, n
(%)

Neither agreed or disagreed, n (%)Strongly agreed or agreed, n (%)Quality improvement survey ques-
tions

3 (16)—b16 (84)The activities in this program in-

spired me to change my behavior.a

—2 (10)18 (90)Participating in this course positive-
ly impacted my self-perception.

1 (5)1 (5)18 (90)The order of the activities in the
program was logical and helped in
my understanding.

1 (5)3 (15)16 (80)The videos were effective in moti-
vating me to complete the activities.

—2 (10)18 (90)The Vitality Type categories were
understandable.

——20 (100)The Vitality Type Indicator self-as-
sessment was helpful in my self-de-
velopment.

—2 (10)18 (90)The purpose of the Self-Coaching
Guide was clearly explained and
understandable.

—3 (15)17 (85)I related to my Self-Coaching
Guide.

—4 (20)16 (80)The concept of a Hidden Resource
was clear to me.

2 (10)2 (10)16 (80)I found the program to be engaging.

—2 (10)18 (90)The content within the program was
well organized.

1 (5)2 (10)17 (85)The time required to complete this
course felt appropriate to me.

aOne participant missed this item.
bNot endorsed by any participants.

As part of the custom questionnaire, participants were asked to
respond to 3 open-ended questions. The first question asked
participants to share their thoughts about which program
components they considered to be the most effective.
Predominant themes that emerged from responses to this
question were (1) empowerment, (2) personalization, and (3)
engagement. The following comments illustrate a sense of
empowerment: “Understanding better how I react to things”
and “A clear view of my strengths and weaknesses really helped
me choose where I wanted to focus my energy.” The theme
personalization was illustrated by the following quotes: “I love
that I get to use a personal Self-Coaching Guide based on my
behaviors specifically designed for me!” and “I enjoyed
exploring the Vitality Types that align with my personality and
observing how they influence my daily behavior. After
completing the test (Vitality Type self-assessment), I identified
which trait was most prominent for me.” Third, the theme
engagement, was illustrated by these comments: “I found the
homework was very helpful for me to have. It encouraged me
to continue my healing in between sessions and then to have a
follow-up conversation with my therapist about the homework
really helped tie everything together for me.” “The activities
were most effective because they made you actually pause and
reflect.”

The second open-ended question asked participants to share
their views about program components they considered the least
effective. Here the predominant theme was navigation, as
illustrated by the following comments, “I did find it a little
confusing in the beginning to find the correct files at the end of
the program,” and “It was hard to find the Vitality Types
breakdowns through the library.” The third open-ended question
asked for recommendations to enhance the effectiveness of the
program. Here feedback again focused on navigation, as the
following comments illustrate. “I think the navigation could be
cleaned up, but overall, it was an effective program.” “The
online interface needs to be updated.” Other themes for program
improvements included expanding the platform and adding user
interactivity as illustrated by the following comments: “I’d be
excited to witness user interaction on the platform. In addition,
incorporating a gamification element, perhaps tracking our
progress through the program, would be an engaging feature.”
Another participant stated, “I hope for a platform where I can
engage with others regarding Vitality Types, perhaps in the
form of a community for individuals who have undergone this
course.”
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Discussion

Principal Findings
Findings from this study document high usability and
satisfaction with the web-based Self-Coaching Plan in the
clinical setting. A significant portion of participants reported
that the program inspired behavioral changes as well as positive
self-perception and found the program to be well-organized and
easy to follow. Most participants (18/20, 90%) reported the
Vitality Type categories were understandable, with 85% (17/20)
stating they could relate to their Self-Coaching Guide, and 84%
(16/19) endorsed that they were inspired by program activities
to change their behavior. However, more research is needed to
examine the relationship between these constructs, participant
self-perception, and behavior change regarding alcohol use.
Several participants expressed a desire for improved navigation.

Comparison With Previous Work
An increasing amount of research points to the double jeopardy
of stress and negative affect as a detrimental set of
vulnerabilities that lead to problematic drinking behavior and
DTC [2,19]. This trend is of increasing concern and spotlights
the need for research and development of innovative
self-management approaches. Data from this QI study suggest
that participants were generally satisfied with the Self-Coaching
Plan, and rated usability of the program as favorable. The
implications from this study support the application of the
Vitality Type categories as a CBT-PPI approach for individuals
to gain a fresh and more positive self-perception as well as
personalized skills to self-regulate. All participants endorsed
the Vitality Type Indicator as a helpful tool in their
self-development. Through reflection activities, individuals
were encouraged to discover a new view of themselves and
apply the Vitality Type patterns as cognitive tools to disrupt
barriers, reframe, and manage stress.

Findings from this QI study indicate the 4 Vitality Types
patterns can be adapted to a web-based program for individuals
to orient and reflect on these 4 categories of attributes and
explore the possibility of using the terminology to describe
aspects of themselves and develop strategies to redirect.
Responses to the custom questionnaire document that 90%
(18/20) of participants endorsed the purpose of the
Self-Coaching Guide as clear and understandable. Furthermore,
85% (17/20) reported they could relate to their Self-Coaching
Guide. The majority of participants 80% (16/20) strongly
endorsed understanding the concept of a Hidden Resource. It
is noteworthy that 90% (18/20) of participants thought the
Self-Coaching Plan positively impacted their self-perception.

A focus of CBT approaches is to support clients in their efforts
to examine their thoughts and behaviors and become scientific
investigators of their own lives [9]. Results from the open-ended
questions in the custom questionnaire document that participants
applied the self-directed exercises in the Self-Coaching Plan as
tools to self-reflect and personalize the content. This finding is
underscored by the comment, “The activities were most effective
because they made you actually pause and reflect.” Individuals
who engage with homework activities are taking a hopeful step
by demonstrating the belief that their own efforts will help them

overcome their clinical problems [10]. It has been proposed that
integrating PPIs into existing treatment approaches may be
beneficial because they produce an immediate reward that is
nonsubstance-related [20].

Historically, PPI research has focused on individual positive
qualities and attributes such as gratitude, optimism, and kindness
[21] and not development of novel conceptual frameworks of
patterns in behavior and cognition to address the larger context
of disempowerment created by negative self-schemas. The
Vitality Type categories offer a map of words for individuals
to reflect on a range of factors impacting their behavior and
communication without focusing on pathology. The
Self-Coaching Plan is distinguished from other web-based
psychosocial programs by providing a novel conceptual
framework of 4 Vitality Type categories as proposed schemas
in behavior and cognition. The proposed schematic
conceptualizations of distinct patterns of emotion, behavior and
cognitions as 4 Vitality Type patterns represent a model that
can be applied to expand upon the traditional positive
psychology approaches. As a psychosocial approach to
self-development, the Self-Coaching Plan represents a new
context for self-reflection and an innovative way of looking at
differences in relationships and interpersonal communication.
The current lack of standardized PPI protocols may limit the
implementation of PPIs in the clinical setting and it may be
beneficial to develop new, positive-focused interventions for
substance use and other conditions instead of simply including
traditional PPIs into existing treatments [22]. One study found
that addiction counselors were using positive psychology
exercises in their sessions over half of the time without
classifying their methods as explicitly PPI [23]. To our
knowledge, current web-based PPI informed programs do not
apply a map of 4 empowered and disempowered patterns in
behavior and cognition as schemas to navigate stress and
proactively manage negative affect. As documented by the
findings in this study, 90% (18/20) of participants endorsed the
Self-Coaching Plan as positively impacting their self-perception.
These results indicate that awareness of the Vitality Type
categories and terminology can be leveraged to help individuals
gain a more optimistic view of themselves as well as develop
a personalized self-coaching plan to work toward health and
well-being.

Data collected from this study will be applied to improve and
expand the web-based Self-Coaching Plan. More research is
needed with a larger sample to obtain specific data about alcohol
consumption and investigate associations between alcohol use
and program components. Furthermore, web-based programs
that incorporate gender-specific components have been shown
to enhance outcomes for women with substance use disorders
[24]. Therefore, it is important for future research to examine
gender differences, as well as feedback on gender-specific
elements of the program.

Limitations
The small number of participants is a limitation in this study.
Participants were recruited through a self-selection process
which could be a limitation if participants who chose to partake
in the survey were more positively biased than nonparticipants.
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Another limitation is that drinking to cope was not a criterion
for eligibility, thus the intervention was not specifically tested
on individuals who drink to cope. Individuals who drink to cope
might have provided different data regarding acceptability and
usefulness. Hence, future research should focus on testing the
intervention in a target population with DTC. In addition, the
sample was predominantly White, female, and college-educated.
While this demographic distribution is representative of the
community where the research was conducted, it limits the
wider generalizability of the findings. Future research should
seek to gain feedback on usability and satisfaction from a more
diverse sample. Of note, recent research suggests alcohol use
is increasing more among middle-aged and older adults than
among younger drinkers [25], therefore the wide age range in
the present sample could be an indication of the program’s
appeal to this age group.

Conclusions
In this QI study, we examined usability and satisfaction with a
web-based Self-Coaching Plan that applies CBT and PPI
principles featuring a novel framework of Vitality Type
categories to engage clients in a structured self-development
process to increase skills to manage stress and negative affect.
Findings from this quality improvement study indicate that the
Self-Coaching Plan was engaging as well as acceptable to
participants, positively influencing their self-perception and
behavior. Data from the custom questionnaire document that
applying the framework of 4 Vitality Type patterns is an
effective approach to empower individuals with information,
strategies, and a plan to self-regulate. Taken together, results
from this QI study warrant investigating if the Self-Coaching
Plan’s approach to personalize assets-based self-management
strategies targeting stress and negative affect, could help
empower individuals with healthy habits to cope with stress
instead of turning to alcohol.
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Abstract

Background: Smartwatches are increasingly used to monitor and motivate physical activity. Patients with cardiovascular disease
(CVD) and peripheral artery disease (PAD) often do not meet national physical activity recommendations. They may, thus, benefit
from a physical activity program using smartwatches. The Life Plus smartwatch is designed to facilitate activity monitoring by
counting steps, but its validity needs to be determined, particularly in patients who may not have a normal gait, such as those
with cardiovascular pathology.

Objective: This study evaluates the accuracy of the Life Plus smartwatch (versions 2 and 3) in healthy adults, patients with
CVD, and patients with PAD at different walking speeds (1.8, 2.5, 3.2, and 4 km/h) and different localizations (wrists, hips, and
ankles) to determine best accuracy.

Methods: In total, 34 participants, comprising healthy individuals (n=10), patients with CVD (n=14), and patients with PAD
(n=10), wore 6 Life Plus watches simultaneously (3 of version 2 and 3 of version 3), located on wrists, hips, and ankles. Participants
walked on a treadmill for 3-minute sessions at speeds of 1.8, 2.5, 3.2, and 4 km/h; they then performed a 10-minute free walking
on the ground and again walked for 3-minute sessions on a treadmill at the same speeds. Actual step counts were recorded through
video footage.

Results: When worn at the wrist, no significant difference between the actual number of steps and step count by version 2
watches was found in each group independently (healthy group: P=.25; CVD group: P=.50; and PAD group: P=.37). Significant
differences were found with the version 2 watches at the wrist in the healthy group at 3.2 (−5.26%; P=.01) and 4 km/h (−6.13%;
P=.008) and in the CVD group at 2.5 (−5.94%; P=.008), 3.2(−13.1%; P=.008), and 4 km/h (−13.96%; P=.004). When worn at
the wrist, no significant difference between actual number of steps and step count by version 3 watches was found in the healthy
group (P=.02) and the PAD group (P=.90). Significant differences were found with the version 3 watches at the wrist in the CVD
group at 3.2 (−6.43%; P=.001) and 4 km/h (−7.3%; P=.01) and in the PAD group at 4 km/h (−5.77%; P=.04).

Conclusions: For optimized counting when worn at the wrist, healthy individuals should prefer version 2 watches for slow
walking (1.8 and 2.5 km/h) and version 3 for higher speeds (3.2 and 4 km/h). Patients (CVD and PAD) should prefer version 2
watches at 1.8 km/h and version 3 watches for higher speeds (2.5, 3.2, and 4 km/h).

(JMIR Form Res 2025;9:e58964)   doi:10.2196/58964

KEYWORDS

physical activity assessment; accuracy; validation; steps; smartwatches; wearables; cardiovascular disease; cardiovascular;
cardiology; heart; artery; peripheral artery disease; wearable physical activity monitoring device; physical activity; exercise;
walking; monitoring; mobile phone
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Introduction

The benefits of regular physical activity on global health are
well documented [1-4]. The key role of physical activity in
cardiovascular diseases (CVDs) including peripheral artery
disease (PAD) has been well reported within the scientific
literature and has even been recognized as an effective
nonmedical therapy and core component of cardiac rehabilitation
[5,6]. Walking is the most natural physical activity that confers
many benefits with minimal adverse effects [7-9]. In this
context, daily step count seems to be an interesting target for
achieving physical activity recommendations and setting
physical activity goals [10]. Daily step count can easily be
assessed and monitored by the patients themselves through
wearable physical activity monitoring devices like a smartwatch.
In healthy populations, wearable devices such as smartwatches
are frequently used as motivational and self-monitoring tools
for physical activity [11-14]. These wearable physical activity
tracker devices offer considerable advantages in health care and
personalized physical activity management in populations with
chronic disease [15]. The gait of these patients can be different
than those of healthy persons and may therefore influence the
wearable device’s accuracy [16-19]. Patients with PAD are
known to have an altered gait cycle and a reduction in step
lengths [20-23].

The Life Plus connected watch is a wearable physical activity
monitoring device that provides information about daily steps
and daily walking activity. It also offers personalized and
progressive goals, feedback, encouragements, and personalized
innovative challenges, taking into account the users’ personal
physical activity level and capacity. This watch was designed
to be easy to use and not requiring a smartphone app,
synchronization, or an internet connection. This watch seems
to be an interesting tool to motivate patients to walk more. As
this connected watch has not been evaluated, we wanted to
estimate its accuracy in a healthy adult population as well as in
populations with CVD or PAD. The aim of this study was to
determine the accuracy of the Life Plus connected watch
(versions 2 and 3) in counting steps under controlled treadmill
walking conditions at different speeds in healthy adults and
patients with CVD or PAD, with each participant wearing 6
watches at different locations (wrists, hips, and ankles). In view
of the current literature, we hypothesize that the Life Plus watch
is reliable for step counting with variations according to speeds,
localizations, and the different groups (healthy adults, patients
with CVD, and patients with PAD).

Methods

Recruitment
The inclusion criteria were adult healthy volunteers, adult
persons with CVD or PAD (asymptomatic stage or stress
ischemia stage) able to give written informed consent, to
understand walking instructions to walk on a treadmill alone
without technical help for several periods of 3 minutes at
different speeds (1.8 to 4 km/h). Patients with CVD were
recruited in the “Viellissement, Système Nerveux Autonome
et Sommeil” (aging, autonomic nervous system, and sleep)

center of the University Hospital of Saint-Etienne during their
cardiac rehabilitation program. Patients with PAD were recruited
in the Vascular Medicine Department of the University Hospital
of Saint-Etienne during a scheduled ultrasound test for PAD.
Investigators (CLH, ANH, FR, PL, and IG) explained the
purpose and described the procedure to the patients who then
decided whether or not they wanted to take part in the study.
Healthy adults were volunteers recruited from medical and
paramedical professionals at Saint-Etienne University Hospital,
who gave their oral consent after a detailed presentation of the
study. Exclusion criteria were volunteers and patients unable
to walk independently, patients with PAD at chronic
limb–threatening ischemia stage, and patients with walking
limitations due to other pathologies. The ability to walk on a
treadmill for 3 minutes at different paces was reported by all
the patients recruited. None of the patients or healthy adults
underwent any surgical procedures in the 3 months preceding
the treadmill walking sessions.

Ethical Considerations
This study was approved by the ethics committee of the
University Hospital of Saint-Etienne in June 2022 (reference
CE 2022‐36). The purpose of the study and the description of
the procedure were explained to the participants before they
signed an informed consent. Retrieved study data were
deidentified and anonymized. No compensation was provided
for participation.

Material and Data Collection
Each participant wore simultaneously 6 Life Plus connected
watches: 3 version 2 and 3 version 3, version 2 positioned on
one side with one at the wrist, one at the hip, and one at the
ankle; and version 3 on the other side in the same localizations.
This disposition was determined to evaluate versions 2 and 3
Life Plus connected watches and to identify the best placement
for better accuracy since the position may influence its accuracy
[24]. Treadmill walking provided a controlled and easily
replicable physical activity for evaluating the accuracy of step
counting at different speeds by watches [25].

The Life Plus connected watch uses a triaxial accelerometer.
Versions 2 and 3 are embedded with different accelerometers
and step counting algorithms. Life Plus watches integrate a
microelectromechanical system technology that is a
spring-levered step counter. Step count recording was collected
directly through the Life Plus watch screen. Videos of the
participant’s lower limbs were recorded for a visual count of
steps taken during all the walking sessions. Actual numbers of
steps were counted a posteriori through visual inspection by the
investigators with a camera of a Samsung Galaxy TAB S6 Lite
under Android, which has a number of effective pixels of 12.8
megapixels (per million) with a full high-definition resolution
of 1920×1080 (30 frames per screen).

The following data were retrieved: step counts by the watches,
actual numbers of steps (videos), watch version (versions 2 and
3), group (healthy adults, patients with CVD, and patients with
PAD), watch position (wrist, hip, and ankle), walking speed
(1.8, 2.5, 3.2, and 4 km/h), help from the treadmill’s bars (yes
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and no), patients characteristics (age, BMI, and ankle-brachial
index for patients with PAD).

Study Design
After giving written informed consent, participants were invited
to walk 4 sessions of 3 minutes on the treadmill at different
speeds (1.8, 2.5, 3.2, and 4 km/h). As far as possible, participants
were asked to let go of the treadmill bars as soon as they started
their walking movement so that their arms could swing
normally. Between each session, participants had to sit still on

a chair for at least 2 minutes to allow step count data to be
refreshed on the watch screen. After the first 4 sessions, the
participants had a 10-minute free walking session at their own
pace in the hospital corridor to simulate a fatigue pattern.
Participants then again walked 4 sessions of 3 minutes on the
treadmill at the same speeds as the first time. The treadmill
walking sessions were filmed so that 2 investigators could count
the actual number of steps taken during all the treadmill walking
sessions (criterion measure). The study design is illustrated in
Figure 1.

Figure 1. Study design.

Statistical Analysis
Each participant was assessed in 8 walking sessions at 1.8, 2.5,
3.2, and 4 km/h. In all the conditions, the difference between
the step count recorded by the Life Plus connected watches and
the actual number of steps counted by the investigators was
computed. We calculated the quantiles Q1 and Q3 for the data
on actual number of steps, then the IQR=Q3−Q1; then we
calculated the lower and upper thresholds for the outliers with
lower threshold=Q1−1.5*IQR and upper
threshold=Q3+1.5*IQR. Outliers were removed from the data
collected by the watches. For all analyses, the α significance
threshold used was 5%. Concordance between the step count
recorded by the connected watches and the actual number of
steps was quantified by calculating the difference between the
actual number of steps and the step count measured by the
watches. These differences were analyzed using the Wilcoxon
test as the Shapiro-Wilk test was performed and showed

deviance from normality for actual number of steps and step
count by watches.

ANOVA was computed to compare differences in age and BMI
between groups, and the Tukey test was used to determine which
differences were significant. Finally, Bland-Altman charts were
constructed to evaluate the mean bias and the limits of
agreement between step count by watches and actual numbers
of steps. All analyses were conducted using the R Statistical
language (version 4.0.4; R Foundation for Statistical
Computing).

Results

Demographics
In total, 34 participants were included in the study: 10 in the
healthy group, 14 in the CVD group, and 10 in the PAD group.
Characteristics of the 3 groups are summarized in Table 1.
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Table . Demographic characteristics of the 3 groups included in the Life Plus watch validation study (healthy adults, patients with cardiovascular
disease [CVD], and patients with peripheral artery disease [PAD]).

PAD group (n=10)CVD group (n=14)Healthy group (n=10)

65.1 (9.8)59.7 (14.1)32.5 (11)Age (years), mean (SD)

Sex, n (%)

2 (20)2 (14)5 (50)    Female

8 (80)12 (86)5 (50)    Male

26.85 (4.03)24.22 (1.89)22.18 (2.98)BMI (kg/m2), mean (SD)

Ankle-brachial index, mean (SD)

0.84 (0.28)——aRight

0.88 (0.18)——    Left

Toe pressure (mm Hg), mean (SD)

78.6 (20.1)——    Right

77.6 (26.6)——    Left

aNot available.

No significant age difference between the CVD and PAD groups
(P=.53) was found, but significant differences between the
healthy group and PAD group and the healthy group and CVD
group (P<.001) were found. For BMI, analyses showed no
difference between the CVD and PAD groups (P=.14) and

between the healthy group and CVD group (P=.29) but
significant differences between the healthy group and PAD
group (P=.005).

Evaluation Outcomes
Global statistical parameters are summarized in Table 2.

Table . Global statistical parameters for the number of steps counted by the investigators (number of actual steps) and counted by the Life Plus watches
(versions 2 and 3).

Number of steps measured by the watch

(outliers removed)

Number of actual steps

176-412185-399Range

310 (277-343)296.5 (264-324)Median (IQR)

307.3 (49.71)292.6 (43.73)Mean (SD)

Independently from any condition, the Life Plus step watch
overestimates the actual number of steps by mean+14.7 steps
(P=.001; r=0.08; 95% CI 2-8.5).

Life Plus Watch Version 2
Independently from all conditions, the version 2 watch did not
correctly trigger automatic step counting (no step counted or
less than the lower threshold of outliers) in 34% (n=81) walking
sessions of the healthy group, 39% (n=116) in the CVD group,
and 40% (n=95) in the PAD group. When looking closer, this
technical issue occurred more frequently at slow speeds (1.8
and 2.5 km/h), when participants were holding the treadmill
bars, and when the watch was worn at the hip or ankle. In the
healthy group at 3.2 and 4 km/h when worn at the wrist, the
version 2 watch triggered step counting in each walking session.
In the CVD and PAD groups, at 3.2 and 4 km/h speeds, the
version 2 watch triggered step counting more efficiently.
Detailed statistics are summarized in Table S1 in Multimedia
Appendix 1.

When worn at the wrist, no significant difference between actual
number of steps and step count by watches was found (P=.89;
95% CI −8.0 to 9.0). The same result was found in each group

independently (healthy group: P=.25; 95% CI −5.99 to −21;
CVD group: P=.50; 95% CI −19.9 to 8.9; and PAD group:
P=.37; 95% CI −8.0 to 22).

Detailed mean differences and mean percentage differences
between the actual number of steps and step count by the
watches are summarized in Table 3.

In the healthy group, when the watches were worn at the wrist,
without holding treadmill bars and with speeds of 3.2 and 4
km/h, they underestimated the actual number of steps by mean
5.4% (P=.008 at 3.2 and 4 km/h). Differences between actual
number of steps and step count by the watches were the lowest
and nonsignificant when the watch was worn at the wrist at 1.8
km/h (P=.50; 95% CI 8-22) and 2.5 km/h (P=.21; 95% CI −22
to 3.5). In the CVD group, the mean percentage difference
between the actual number of steps and the step count by the
watches ranged from −13.96% (n=) at 4 km/h (P=.004; 95% CI
−15.5 to −2.5) to −0.83% at 1.8 km/h (P=.13; 95% CI −126 to
24) when the watch was worn at the wrist. In the PAD group,
the mean percentage difference between actual number of steps
and the number of steps counted by the watches ranged from
−12.44% at 4 km/h (P=.65; 95% CI −46 to 13.5) to +0.70% at
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1.8 km/h (P=.81; 95% CI −49.5 to 35) when the watch was worn at the wrist.

Table . Mean step differences and mean percentage differences between actual number of steps and number of steps counted by version 2 watch in the
3 groups (healthy adults, patients with cardiovascular disease [CVD], and patients with peripheral artery disease [PAD]) at different localizations (wrist,
hip, and ankle) and different speeds (1.8, 2.5, 3.2, and 4 km/h).

GroupsSpeed and position

PAD, mean step difference
(%)

CVD, mean step difference
(%)

Healthy, mean step differ-
ence (%)

1.8 km/h

−6.64 (0.70)−11.93 (−0.83)9.37 (7.01)Wrist

1.92 (3.86)−3.37 (2.33)17.94 (10.17)Hip

39.86 (17.54)34.57 (16.02)55.87 (23.85)Ankle

2.5 km/h

−13.78 (−4.42)−19.06 (−5.94)2.24 (1.89)Wrist

5.21 (−1.26)−10.50 (2.78)10.80 (5.06)Hip

32.72 (12.43)27.43 (10.90)48.73 (18.74)Ankle

3.2 km/h

−32.93 (−11.57)−38.00 (−13.10)−16.92 (−5.26)Wrist

24.37 (−8.41)−29.66 (−9.94)−8.36 (−2.10)Hip

13.56 (5.27)8.28 (3.75)29.58 (11.58)Ankle

4 km/h

−34.78 (−12.44)−40.06 (−13.96)−18.76 (−6.13)Wrist

−26.21 (−9.27)−31.50 (−10.80)10.20 (−2.96)Hip

11.72 (4.41)6.43 (2.88)27.73 (10.72)Ankle

The Bland-Altman plots revealed no systematic differences
between the actual number of steps and the number of steps
counted by the watches for the 3 groups when the watch was
worn at the wrist (Figure S1 in Multimedia Appendix 1).

Life Plus Watch Version 3
Independently from all conditions, the version 3 watch did not
correctly trigger automatic step counting (no step counted or
less than the lower threshold of outliers) in 35% (n=83) of
walking sessions in the healthy group, 43% (n=129) in the CVD
group, and 43% (n=103) in the PAD group. When looking
closer, this technical issue occurred more frequently at 1.8 and
2.5 km/h, when participants were holding the treadmill bars,
and when the watch was worn at the hip or ankle. At 3.2 and 4

km/h and with the watch worn at the ankle, the watch version
3 triggered step counting more frequently. Detailed statistics
are summarized in Table S2 in Multimedia Appendix 1.

When worn at the wrist, no significant difference between actual
number of steps and number of steps counted by the watches
(P=.52; 95% CI −15 to 7.0). The same result was found in the
healthy group (P=.02; 95% CI 2.99-41.99) and the PAD group
(P=.90; 95% CI −19 to +20). A significant difference was found
in the CVD group (P=.006; P=.01; 95% CI −43 to +9) at higher
speeds (3.2 and 4 km/h) but not at lower speeds (1.8 and 2.5
km/h). Mean differences and mean percentage differences
between the actual number of steps and the number of steps
counted by the watches are summarized in Table 4.
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Table . Mean step differences and mean percentage differences between actual number of steps and number of steps counted by version 3 watch in the
3 groups (healthy adults, patients with cardiovascular disease [CVD], and patients with peripheral artery disease [PAD]) at different positions (wrist,
hip, and ankle) and different speeds (1.8, 2.5, 3.2, and 4 km/h).

GroupsSpeed and position

PAD, mean step difference
(%)

CVD, mean step difference
(%)

Healthy, mean step differ-
ence (%)

1.8 km/h

12.27 (7.36)6.98 (5.84)28.28 (13.67)Wrist

20.83 (10.52)15.54 (8.99)36.84 (16.83)Hip

58.77 (24.20)53.48 (22.68)74.78 (30.51)Ankle

2.5 km/h

5.13 (2.25)−0.16 (0.72)21.15 (8.56)Wrist

13.70 (5.41)8.41 (3.88)29.71 (11.72)Hip

51.63 (9.09)46.34 (17.57)67.64 (25.40)Ankle

3.2 km/h

−19.31 (−4.91)−14.03 (−6.43)1.99 (1.40)Wrist

−5.46 (−1.75)−10.75 (−3.27)10.55 (4.56)Hip

32.47 (11.94)27.18 (10.41)48.49 (11.58)Ankle

4 km/h

−15.87 (−5.77)−21.16 (−7.30)0.15 (0.54)Wrist

−7.31 (−2.61)−12.59 (−4.14)8.71 (3.70)Hip

30.63 (11.07)25.34 (9.55)46.64 (17.38)Ankle

Results showed that in the healthy group, differences between
actual number of steps and steps counted by the watches were
lower and nonsignificant when the watch was worn at the wrist
at all speeds. In the healthy group, the version 3 watch tended
to globally overestimate step counts in all conditions. In the
CVD group, the mean percentage difference between actual
number of steps and number of steps counted by the watch
ranged from −7.29% (P=.01; 95% CI −32.5 to 108.5) at 4 km/h
to +5.84% (P=.25; 95% CI −91 to 22) at 1.8 km/h when the
watch was worn at the wrist. In the PAD group, the mean
percentage of difference between the actual number of steps
and the number of steps counted by the watches ranged from
−5.77% (P=.04; 95% CI −59 to −4) at 4 km/h to +7.36% (P=1.0;
95% CI −156 to 81) at 1.8 km/h when the watch was worn at
the wrist.

The Bland-Altman plots revealed no systematic differences
between the actual number of steps and the step count obtained
by the watches when the watch was worn at the wrist (Figure
S2 in Multimedia Appendix 1).

Discussion

Principal Findings
Activity trackers were designed to help people to monitor their
daily physical activity. A smartwatch able to accurately count
the number of steps and provide motivating features, such as
the Life Plus watch, would benefit patients’ physical activity.
Indeed, it is important to have a reliable activity tracker [26] to
support and coach patients in home-based physical activity

rehabilitation. Inaccurate information on physical activity may
lead to frustration for the patient if his activity is underestimated
or to false positive feedback if overestimated. As these tools
often are tested in healthy populations, we wanted to test the
accuracy of the Life Plus watch for counting steps in healthy
volunteers, patients with CVD, and patients with PAD.

On the basis of our investigation, the Life Plus smartwatches
seemed to be accurate for counting steps in healthy persons
when walking on a treadmill without holding the lateral bars.
The version 3 version was better in counting steps.

Our results indicated that in the healthy group, when worn at
the wrist, the version 2 watches were more accurate at 1.8 and
2.5 km/h; whereas at 3.2 and 4 km/h, the version 3 watches
were more accurate. Healthy adults should wear the watch,
version 2 or 3, at the wrist for better accuracy. In the CVD and
PAD groups, versions 2 and 3 watches have similar accuracy
at 1.8 and 2.5 km/h when worn at the wrist or hips; at 3.2 and
4 km/h, the version 3 watches are more accurate than the version
2 when worn at the wrist or hips. In practice, the version 3 watch
seems to be the better option in all groups with better accuracy
at all speeds when worn at the wrist or hips.

Differences between the number of steps counted by watches
according to their version (versions 2 and 3) are explained by
the different accelerometers and corresponding step counting
algorithm embedded in versions 2 and 3.

Comparison With Prior Work and Limitations
Globally, our investigation showed that step count accuracy
decreased as walking speed decreased, which is consistent with
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other validation studies [27,28]. In our study design, speeds
were not counterbalanced; therefore, we could not ensure that
there was no order effect on step counts.

The localization of the watch on the body also influences the
step count accuracy, with overestimation when worn at the
ankles, and underestimation when worn at the hips at higher
speeds. This result follows other validation studies [29].

The watch had slightly lower accuracy in the CVD and PAD
groups. This could be explained by the fact that the patients
were more often holding the treadmill lateral bars to maintain
stability, and wrist-worn wearable devices typically undercount
the number of steps when hands are fixed on lateral hand bars
[30]. Moreover, patients may have had some impaired arm
swing and gait pattern as shown in several studies [17,18,20-23].
Furthermore, age, sex, and BMI also may influence the validity
of wearable devices [31]. These could also have affected our
results as the mean age of the healthy participant’s group was
much lower than that of the 2 disease groups. This makes the
comparison between groups difficult. Results could also be
influenced by the fact that the study design did not propose a
familiarization session on the treadmill. Walking on a treadmill
is not natural and requires a lot of attention at first. Several
studies showed indeed higher cadences, shorter step lengths,
shorter swing phases, longer stance phases, and higher walking
variability when walking on a treadmill [32,33]. A 10-minute
session to familiarize with walking on a treadmill could enable
to be in conditions nearer to natural walking [34].

Participants only walked for 3 minutes for each speed. The
accelerometer has a wake-up threshold, meaning it only starts
measuring movement when a certain level of acceleration is

detected. At slower speeds, the arm swing may not be
sufficiently pronounced to reach the accelerometer’s step count
threshold. The algorithm has set specific thresholds that need
to be met for a movement to be recognized as a step. If the arm
swing is too subtle, it may not reach these thresholds, resulting
in steps not being counted. This could explain the percentage
of errors in step count.

Our research evaluated the accuracy of the Life Plus watch,
versions 2 and 3, in laboratory conditions. Future research
should investigate the accuracy of the watch during free-living
conditions.

Conclusions
We investigated the accuracy of versions 2 and 3 of the Life
Plus watch in healthy adults, patients with CVD, and patients
with PAD. Accuracy of the version 3 was better for all walking
speeds when worn at the wrist. Mean percentage differences
between actual number of steps (videos) and number of steps
counted by watches were less than 10% when version 3 was
worn at the wrist by each group at all speeds except 1.8 km/h.
Globally, independently from the watch version, accuracy
slightly decreased when worn by patients with CVD or PAD
walking at slower speeds. In the CVD and PAD groups, the
accuracy of version 3 was better when worn at the wrist for
slower walking speeds (1.8 and 2.5 km/h) and when worn at
the hips for higher walking speeds. In practice, when worn at
the wrist as it is intended, healthy individuals should prefer
version 2 watches for slow walking (1.8 and 2.5 km/h) and
version 3 for higher speeds (3.2 and 4 km/h). Patients (CVD
and PAD) should prefer version 2 watches at 1.8 km/h and
version 3 watches for higher speeds (2.5, 3.2, and 4 km/h).
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Abstract

Background: As Korea rapidly transforms into a super-aged society, research indicates that digital literacy among older adults
enhances their life satisfaction. Digital literacy refers to the ability to efficiently use digital technologies, encompassing access,
competency, and utilization. It reflects the capacity to navigate and benefit from digital environments effectively. Furthermore,
social capital positively influences the quality of life, and digital literacy facilitates social capital formation. However, since most
studies have only focused on the direct relationship between digital literacy and life satisfaction, research on the mediating role
of social capital remains limited.

Objective: To analyze the effect of digital literacy on the life satisfaction of older adults in South Korea and to verify whether
social capital acts as a mediating factor in this process.

Methods: This descriptive cross-sectional study used data from the 2023 Report on the Digital Divide—an annual survey
conducted by the Korean Ministry of Science and Information and Communications Technology. The study targeted individuals
aged 65 years or older. Descriptive statistics, the Pearson correlation analyses, and the 3-step multiple regression analysis proposed
by Baron and Kenny were performed. The bootstrap method was employed, and all analyses were conducted using R, version
4.4.1.

Results: The study included 869 participants. Digital literacy had a significant positive effect on their life satisfaction (β=0.103;
P=.008). Social capital was also positively associated with life satisfaction (β=0.337; P<.001). Mediation analysis showed that
digital literacy influenced life satisfaction both directly (β=0.103; P=.006) and indirectly through social capital (β=0.037; P=.03).
Bootstrapping confirmed the significance of the indirect effect (β=0.037, 95% CI 0.005‐0.070; P=.03). The total effect of digital
literacy on life satisfaction was also significant (β=0.140, 95% CI 0.058‐0.230; P=.002).

Conclusions: This study analyzed the association between digital literacy, social capital, and life satisfaction among older adults
in Korea. We identified that social capital mediates the association between digital literacy and life satisfaction among older
adults. These findings indicate that tailored digital literacy programs and support policies that promote social capital formation
could help bridge the digital divide and foster social inclusion. These measures would enable older adults to access essential
services, reduce social isolation, and enhance health and well-being, ultimately improving the overall quality of life.

(JMIR Form Res 2025;9:e68163)   doi:10.2196/68163

KEYWORDS

digital literacy; digital access; digital competency; digital utilization; life satisfaction; older adults; social capital; mediating effect;
aging

Introduction

South Korea is rapidly approaching a super-aged society, where
over 20% of the population is 65 years and older. As of 2024,
approximately 9.9 million, or 19.2%, of the total population fall
with in this age group. By 2025, this is projected to exceed 20%,
officially marking the country’s transition into a super-aged
society [1]. This increase in the older adult population has led

to a decrease in the proportion of the economically active
population. Therefore, the financial and psychological burdens
at the individual, family, and national levels are expected to
increase due to aging-related diseases and care issues. In 2019,
the medical expenses of older adults in Korea accounted for
over 40% of the nation’s total medical expenses, and the country
recorded the highest elderly poverty rate among the Organisation
for Economic Co-operation and Development (OECD) countries
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[2]. Moreover, the life satisfaction of older adults aged 65 years
and over decreased by 2.4% compared to the preceding year,
reaching 31.9%, which is lower than the overall average. Life
satisfaction also tends to decrease with age [1].

Enhancing the digital technology proficiency of older adults
has been proposed as a potential solution to address these
challenges [3,4]. Although internet use has grown significantly
in recent years, disparities remain, especially among older adults.
In South Korea, older adults aged 55 years and above are
categorized as one of the 4 major digitally vulnerable groups,
alongside people with disabilities, low-income households,
farmers, and fishermen. Among these groups, older adults have
the lowest level of digital literacy, highlighting a significant
digital divide [5]. This digital gap limits access to essential
resources and opportunities, hindering efforts to improve their
quality of life.

As social systems become increasingly digitized, older adults
experience considerable difficulties in managing various daily
tasks, such as internet-based purchases, bill payments, and
financial transactions. Furthermore, the rapid expansion of
telemedicine and digital health care services following the
COVID-19 pandemic has significantly increased reliance on
digital platforms for health management. This shift has
exacerbated challenges for older adults in effectively utilizing
these technologies [6,7]. These difficulties are further intensified
by resistance to new technologies, psychological barriers, and
negative self-perceptions related to aging [4,8,9]. Consequently,
these challenges isolate older adults socially and economically
and hinder their ability to lead an independent and fulfilling
life.

Digital literacy is the ability to efficiently use digital
technologies, grounded in fundamental literacy skills such as
reading, writing, and arithmetic. It encompasses digital access,
digital competency, and digital utilization, enabling individuals
to search, evaluate, utilize, share, and create content using digital
tools such as the internet and smartphones [10,11].

Research has shown that digital literacy positively impacts the
life satisfaction of older adults by enhancing personal
development, social connections, and self-esteem [12]. Activities
such as searching for financial and health information and
engaging in internet-based communication boost self-efficacy,
foster positive perceptions of aging, alleviate loneliness and
isolation, and improve overall quality of life [13-15]. Domestic
research has also demonstrated that the digital literacy level of
older adults positively impacts their life satisfaction [16-18].
Moreover, it plays a crucial role in maintaining and expanding
relationships with family, friends, and the community, thereby
positively influencing the formation of social capital [19,20].

Social capital, which refers to the social networks, norms, and
trust that arise from interactions among individuals and groups,
serves as a resource that promotes a sense of community and
enables individuals to lead fulfilling lives [21,22]. Previous
studies have identified social capital as a vital resource that
helps alleviate loneliness and enhances life satisfaction, thereby
positively influencing the mental well-being of older adults
[23-27]. When older adults effectively utilize digital
technologies, their social capital is further strengthened, helping

them overcome social isolation and enhance their quality of life
[19]. Specifically, the enhancement of digital literacy contributes
to the growth of social capital, thereby improving emotional
stability and life satisfaction [15]. Digital literacy allows older
adults to connect with broader social networks, which elevates
their overall quality of life.

While several studies have explored the relationship between
digital literacy and life satisfaction among older adults and the
connection between social capital and quality of life, most have
focused only on their direct relationships. Thus, research on
how social capital mediates this connection remains limited.
This highlights the need to better understand how digital literacy
contributes to life satisfaction, considering the potentially
mediating role of social capital. Therefore, this study aims to
analyze the impact of digital literacy on the life satisfaction of
Korean older adults and to verify whether social capital acts as
a mediating factor in this process.

Methods

Study Design and Aim
This cross-sectional study is aimed at analyzing the mediating
effect of social capital on the relationship between digital
literacy and life satisfaction among older adults in Korea.

Data Collection
This study used raw data from the 2023 Report on the Digital
Divide—an annual survey conducted by the Korean Ministry
of Science and Information and Communications Technology
(MSIT). Considering the OECD’s definition of older adults and
the age criteria commonly used for pension and social security
benefits, this study defines older adults as those aged 65 years
and above. Accordingly, response data from this demographic
were extracted, processed, and analyzed. The survey employed
a structured questionnaire administered through face-to-face
interviews. Measures were taken to minimize response bias by
standardizing the interview process and providing training for
surveyors. The survey period lasted from October to December
2023. For analysis, the data were deidentified in compliance
with the Personal Information Protection Act. The sample was
selected using a proportional and stratified probability sampling
method, accounting for inclusion probability based on region,
gender, and age, and estimates of standard error for each stratum.
Among the 1239 participants aged 65 years and older, data from
869 individuals were analyzed after excluding responses with
missing values (n=370).

Study Variables

Life Satisfaction
The dependent variable in this study, life satisfaction, was
measured across 8 domains of daily life: leisure and cultural
activities, financial status, social activities, interpersonal
relationships, family relationships, work, physical and mental
health, and political engagement. These were assessed using a
4-point Likert scale, and the scores were converted to a
100-point scale. A Cronbach α of 0.806 was calculated to assess
the internal consistency of the measurement items.
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Digital Literacy
The independent variable in this study, digital literacy, was
evaluated by integrating 3 components: digital access, digital
competency, and digital utilization. Digital access was assessed
using 4 items, examining whether participants owned digital
devices such as desktops, laptops, and mobile phones and
whether they had constant internet access (1 for yes, 0 for no).
Digital competency was measured using 7 items on personal
computer competency and 7 items on mobile device
competency, each assessed using a 4-point Likert scale ranging
from “Strongly disagree” (1) to “Strongly agree” (4). Digital
utilization was assessed based on 50 items categorized by wired
or mobile internet usage, the diversity of internet services used,
and advanced internet utilization. The diversity of internet
service usage included activities such as information and news
searches, email, media content, educational content, social
networking services, messengers, blogs, internet-based
communities, cloud services, daily information, e-commerce,
financial transactions, and public service utilization. Advanced
internet utilization measured the extent of information
production and sharing, networking, social participation, and
economic activities. All items were rated on a 4-point Likert
scale ranging from “Do not use at all” (1) to “Use frequently”
(4). Scores for digital access, digital competency, and digital
utilization were calculated on a weighted 100-point scale, as
outlined in the 2023 Report on the Digital Divide. A Cronbach
α of 0.967 confirmed the internal consistency of these items.

Social Capital
The mediating variable, social capital, was measured by
assessing the presence of social support networks, such as family
and friends, in the internet-based environment for older adults.
The survey used a shortened version of the Internet Social
Capital Scale (ISCS) developed by Williams [28], modified and
adapted by the National Information Society Agency of Korea
to evaluate social capital levels. The original ISCS consists of
20 items, with 10 items each for bonding social capital and
bridging social capital. Bonding social capital assesses aspects
such as emotional support, access to limited resources, and the
ability to mobilize solidarity. Bridging social capital evaluates
aspects such as an outward-looking perspective, contact with a
wide range of people, a sense of belonging to a larger group,
and interactions with broader communities. In this study, the
shortened scale with 5 items each for bonding and bridging
social capital, totaling 10 items, was used. All items were rated
on a 4-point Likert scale from “Strongly disagree” (1) to
“Strongly agree” (4) and converted to a 100-point scale, with a
Cronbach α of 0.863 confirming reliability.

Control Variables
The control variables included sociodemographic characteristics
such as gender, age, education level, disability status, household
type, and monthly income. Age was categorized into 65‐69,
70‐74, 75‐79, and 80 years or older. Education level was
classified as lower than elementary school, middle school
graduate, high school graduate, and college graduate or higher.
Disability status was binary (“yes” or “no”), and household type

was classified as either single-person households or households
with 2 or more people. Monthly income was divided into 5
quintiles based on income levels.

Data Analysis
The data were analyzed using the R statistical program, version
4.4.1, and the specific analysis methods are as follows. First,
descriptive statistical analyses, including frequency analysis,
percentages, means, and SDs, were conducted to understand
the participants’ sociodemographic characteristics, digital
literacy level, life satisfaction, and social capital. Second, the
Pearson correlation analyses were performed to identify the
associations between the main variables of the study model:
digital literacy, life satisfaction, and social capital. Third, to
verify the mediating effect of social capital in the association
between digital literacy and life satisfaction, a 3-step multiple
regression analysis based on Baron and Kenny’s procedure [29]
was conducted. The bootstrap method was applied to test the
statistical significance of mediation effects, using a 95% CI.

Ethical Considerations
This study was conducted in accordance with the Declaration
of Helsinki and received review and approval from the
Institutional Research Ethics Committee of the Yonsei
University Institutional Review Board in Wonju, South Korea
(Approval No.1041849‐202410-SB-213-01). All procedures
followed the relevant institutional guidelines and regulations,
and informed consent was obtained from all participants or their
legal guardians before participation. To ensure privacy and
confidentiality, the data used in this study underwent
anonymization and deidentification processes.

Results

Participants Characteristics
A total of 869 participants were included in this study (Table
1). There were marginally more women (n=450, 51.8%) than
men (n=419, 48.2%). By age, the largest group included those
aged 65‐69 years old (n=367, 42.2%), followed by those aged
70‐74 years old (n=296, 34.1%), 75‐79 years old (n=164,
18.9%), and 80 years and older (n=42, 4.8%). Regarding
education level, high school graduates accounted for the largest
proportion (n=345, 39.7%), followed by middle school graduates
(n=289, 33.3%), those with elementary school education or
lower (n=182, 20.9%), and college graduates or higher (n=53,
6.1%). In terms of disability status, most respondents (n=855,
98.4%) did not have a disability, while 1.6% (n=14) reported
having a disability. Household type showed that 18.2% (n=158)
lived in single-person households, while 81.8% (n=711) lived
in households with 2 or more people. Regarding monthly
income, the largest group earned ₩2‐₩2.99 million (US
$1392.30-$2081.49) (n=233, 26.8%), followed by ₩1‐₩1.99
million (US $696.15-$1385.34) (n=216, 24.9%), ₩4 million
or more (US $2784.61) (n=188, 21.6%), ₩3‐₩3.99 million
(US $2088.45-$2777.64) (n=152, 17.5%), and less than ₩1
million (US $696.15) (n=80, 9.2%).
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Table . Respondents’ characteristics and degree of study variables.

Participants (n=869)Characteristic

Gender, n (%)

419 (48.2)    Male

450 (51.8)    Female

Age (years), n (%)

367 (42.2)    65‐69

296 (34.1)    70‐74

164 (18.9)    75‐79

42 (4.8)    ≥80

Education level, n (%)

182 (20.9)    Elementary school or lower

289 (33.3)    Middle school

345 (39.7)    High school

53 (6.1)    College or higher

Disability, n (%)

855 (98.4)    No

14 (1.6)    Yes

Live with someone, n (%)

158 (18.2)    No

711 (81.8)    Yes

Income, n (%)a

80 (9.2)    <1 million

216 (24.9)    1‐1.99 million

233 (26.8)    2‐2.99 million

152 (17.5)    3‐3.99 million

188 (21.6)    ≥4 million

56.2 (10.5)Digital literacyb, mean (SD)c

62.4 (16.6)    Digital access

47.2 (16.5)    Digital competency

62.2 (6.2)    Digital utilization

64.9 (11.0)Life satisfaction, mean (SD)c

67.9 (12.0)Social capital, mean (SD)c

aIncome reported in Korean won (₩1=US $0.00070) and categorized into ranges.
bDigital literacy: the sum of access, competency, and utilization, with respective weights of 0.2, 0.4, and 0.4.
cAll scores presented on a 100-point scale.

The mean digital literacy score was 56.2 (SD 10.5), with the
subcomponents showing the following mean scores: 62.4 (SD
16.6) for digital access; 47.2 (SD 16.5) for digital competency;
and 62.2 (SD 6.2) for digital utilization. The mean life
satisfaction score was 64.9 (SD 11.0), and the mean social
capital score was 67.9 (SD 12.0).

Correlation Analysis Between Life Satisfaction, Digital
Literacy, and Social Capital
The results of the Pearson correlation analyses, conducted to
examine the correlation between digital literacy, social capital,
and life satisfaction, are presented in Table 2. Life satisfaction
showed a statistically significant positive correlation with both
digital literacy (r=0.276, P<.001) and social capital (r=0.438,
P<.001), with a stronger correlation observed between life
satisfaction and social capital. This indicates that higher levels
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of digital literacy and social capital are associated with greater
life satisfaction. Additionally, digital literacy showed a
significant positive correlation with social capital (r=0.216,

P<.001), indicating that as digital literacy increases, social
capital tends to increase as well.

Table . Correlation analysis of life satisfaction, digital literacy, and social capital.

Social capitalDigital literacyLife satisfactionVariables

Life satisfaction

0.4380.276—a    r

P<.001P<.001—    P value

Digital literacy

0.216—0.276    r

P<.001—P<.001    P value

Social capital

—0.2160.438    r

—P<.001P<.001    P value

aNot applicable.

The Mediating Effect of Social Capital on the
Association Between Digital Literacy and Life
Satisfaction
Following the procedure proposed by Baron and Kenny [29],
a 3-step multiple regression analysis was conducted to examine

the effects of digital literacy on life satisfaction and the
mediating role of social capital (Table 3), controlling for gender,
age, education level, disability status, and income level.
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Table . The mediating effect of social capital on the association between digital literacy and life satisfaction.a

Model 3dModel 2cModel 1bVariables

t (Pe)β (SE)t (Pe)β (SE)t (Pe)β (SE)

Gender

−1.022 (.31)−0.699 (0.684)−0.375 (.71)−0.276 (0.736)1.531 (.13)1.253 (0.818)    Female (refer-
ence: male)

Age (years)

1.148 (.25)−0.896 (0.780)−1.597 (.11)−1.342 (0.840)−1.417 (.16)−1.324 (0.934)    70‐74 (refer-
ence: 65‐69)

0.082 (.93)0.080 (0.977)0.131 (.90)0.138 (1.053)0.147 (.88)0.172 (1.171)    75‐79 (refer-
ence: 65‐69)

−0.078 (.94)−0.1255 (1.619)−0.164 (.87)−0.287 (1.745)−0.246 (.81)−0.477 (1.940)    ≥80 (reference:
65‐69)

Education level

−0.345 (.73)−0.339 (0.983)0.706 (.48)0.745 (1.055)2.738 (.006)3.213 (1.173)    Middle school
(reference: ≤ ele-
mentary school)

0.236 (.81)0.255 (1.079)1.459 (.15)1.686 (1.156)3.302 (.001)4.244 (1.285)    High school (ref-
erence: ≤ elemen-
tary school)

2.087 (.04)3.643 (1.745)2.879 (.004)5.399 (1.875)2.497 (.01)5.206 (2.084)    ≥ College (refer-
ence: ≤ elementary
school)

Disability

1.150 (.25)3.053 (2.655)1.189 (.24)3.403 (2.862)0.326 (.74)1.038 (3.182)    Yes (reference:
no)

Live with someone

−0.375 (.71)−0.383 (1.021)−0.330 (.74)−0.363 (1.101)0.048 (.96)0.059 (1.224)    Yes (reference:
no)

Incomef

1.465 (.14)2.025 (1.382)1.732 (.08)2.579 (1.489)0.992 (.32)1.643 (1.655)    1‐1.99 million
(reference:<1 mil-
lion)

2.965 (.003)4.402 (1.484)3.534 (<.001)5.642 (1.596)2.071 (.04)3.676 (1.775)    2‐2.99 million
(reference:<1 mil-
lion)

3.029 (.003)4.916 (1.623)3.741 (<.001)6.524 (1.744)2.458 (.01)4.765 (1.939)    3‐3.99 million
(reference:<1 mil-
lion)

3.354 (<.001)5.515 (1.644)4.177 (<.001)7.371 (1.765)2.805 (.005)5.502 (1.962)    ≥4 million (refer-
ence:<1 million)

2.647 (.008)0.103 (0.039)3.350 (<.001)0.140 (0.042)2.364 (.02)0.110 (0.046)Digital literacy

11.81 (<.001)0.337 (0.029)————gSocial capital

aAll models were adjusted for control variables, including gender, age, education level, disability status, household type, and income level.
bModel 1: effect of digital literacy on social capital (constant=54.969; R2=0.096; adjusted R2=0.082; F852=6.51; P<.001).
cModel 2: effect of digital literacy on life satisfaction (constant=51.755; R2=0.133; adjusted R2=0.119; F852=9.38; P<.001).
dModel 3: effect of digital literacy and social capital on life satisfaction (constant=33.214; R2=0.255; adjusted R2=0.242; F851=19.48; P<.001).
eP values <.05 are considered significant.
fIncome reported in Korean won (₩1=US $0.00070) and categorized into ranges.
gNot applicable.
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Model 1 analyzed the effect of digital literacy on social capital.
Digital literacy showed a statistically significant positive effect
on social capital (β=0.110; P=.02), indicating that higher levels
of digital literacy tend to increase social capital. Moreover,
higher education and income levels were positively associated
with social capital.

Model 2 examined the effect of digital literacy on life
satisfaction. Digital literacy had a statistically significant
positive effect on life satisfaction (β=0.140; P<.001). Higher
life satisfaction was observed among those with a college degree
or higher (β=5.399; P=.004) and those with a monthly income
of ₩2‐₩2.99 million (β=5.642; P<.001), ₩3‐₩3.99 million
(β=6.524; P<.001), and ₩4 million or more (β=7.371; P<.001).

Model 3 analyzed the effects of digital literacy and social capital
on life satisfaction. Both digital literacy (β=0.103; P=.008) and
social capital (β=0.337; P<.001) had statistically significant
positive effects on life satisfaction, indicating that both factors
contribute to enhancing life satisfaction. Additionally, higher
life satisfaction was observed among those with a college degree

or higher (β=3.643; P=.04) and those with a monthly income
of ₩2‐₩2.99 million (β=4.402; P=.003), ₩3‐₩3.99 million
(β=4.916; P=.003), and ₩4 million or more (β=5.515; P<.001).

The F and P values for each model (models 1, 2, and 3) were
statistically significant (P<.001), indicating that the models fit
the data well. Notably, model 3 demonstrated the highest

explanatory power, with an adjusted R2 of 0.242, when social
capital was included.

The regression coefficient of the mediating variable, social
capital, was statistically significant, and the direct effect of the
independent variable, digital literacy, on the dependent variable,
life satisfaction (β=0.140), decreased when social capital was
included as a mediator (β=0.103). This confirms that social
capital had a partial mediating effect on the relationship between
digital literacy and life satisfaction (Figure 1). Thus, social
capital played a key role in enhancing life satisfaction, and
digital literacy positively influenced life satisfaction through
social capital.

Figure 1. Association between digital literacy, social capital, and life satisfaction.

Verification of the Significance of the Mediating Effect
of Social Capital
Table 4 presents the results of the bootstrapping analysis
performed to verify the statistical significance of the mediating
effect of social capital. First, the direct effect of digital literacy
on life satisfaction, without mediation by social capital, was
0.103 (P=.006), confirming that digital literacy had a significant

direct effect on life satisfaction. The indirect effect, representing
the effect of digital literacy on life satisfaction through social
capital, was 0.037 (P=.03). The total effect, which combines
the direct and indirect effects, was 0.140 (P=.002), indicating
that the overall impact of digital literacy on life satisfaction was
statistically significant. Thus, digital literacy was an important
factor that positively influenced life satisfaction, both directly
and indirectly, through the mediating role of social capital.

JMIR Form Res 2025 | vol. 9 | e68163 | p.896https://formative.jmir.org/2025/1/e68163
(page number not for citation purposes)

Jung et alJMIR FORMATIVE RESEARCH

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


Table . Verification of the significance of the mediating effect of social capital.a

P valuebβ (95% CI)Mediation pathway

Indirect effect

.030.037 (0.005-0.070)    Digital literacy → Social capital → Life satis-
faction

Direct effect

.0060.103 (0.030-0.180)    Digital literacy → Life satisfaction

.0020.140 (0.058-0.230)Total effect

aResults are based on bootstrapping simulations (n=5000).
bP values <.05 are considered significant.

Discussion

Principal Findings
This study analyzed the effect of digital literacy on life
satisfaction among older adults in Korea and investigated the
mediating role of social capital in this relationship. The results
showed that digital literacy has a positive effect on life
satisfaction. These findings align with prior research indicating
that higher levels of digital access, competency, and utilization
are associated with greater life satisfaction [16,18,30]. Studies
on older adults have highlighted the internet’s role as a valuable
tool in daily life, supporting interpersonal communication,
information searches, task completion, and leisure activities,
all of which contribute positively to life satisfaction [31,32].
These findings underscore the internet as a crucial resource that
empowers older adults to lead independent and active lives.
This study reinforces these findings by demonstrating that a
higher level of digital literacy positively influences life
satisfaction among older adults in Korea.

The COVID-19 pandemic accelerated the digitalization of public
services in Korea, significantly increasing reliance on digital
platforms for essential services, including health care,
administration, and finance. Although Korea is known for its
advanced digital infrastructure, older adults face new challenges
in accessing these essential services. This often leads to delays
in medical care and limited access to health information,
increasing the risk of adverse health outcomes [33]. Moreover,
the rapid expansion of financial digitalization has exposed older
adults with low digital literacy and limited decision-making
abilities to economic risks, such as financial fraud [34].
According to a report comparing OECD countries, Korea’s
younger population (aged 25‐34 years) demonstrates digital
proficiency levels higher than the OECD average, whereas the
older population aged 55‐65 years exhibits proficiency levels
below the OECD average. Consequently, Korea is identified as
having one of the largest generational digital proficiency gaps
among OECD countries [35].

Public and private organizations in Korea have provided digital
literacy education for older adults, including training in
computer and smartphone usage. However, these programs have
predominantly taken the form of one-to-many classroom-style
lectures focused on basic skills, which may not sufficiently
address the diverse needs of older adults [36]. To better meet
these needs, it is recommended to first assess digital literacy

levels to determine older adults’ specific digital proficiency
levels and then provide tailored training based on these levels.
For beginners, training on basic smartphone usage and sending
text messages would be appropriate, while intermediate and
advanced courses could cover digital health management,
internet-based financial education, and the creation of digital
photo albums.

Such tailored education can also be observed in international
examples. The United Kingdom’s Mi WiFi project
(2017‐2018) provided smart devices and digital education to
vulnerable groups, including older adults and individuals with
disabilities, helping them acquire basic digital skills. Similarly,
the United States’ Cyber Seniors project involved young mentors
from volunteer organizations visiting older adults in their homes
or facilities to provide one-to-one digital education, significantly
enhancing their digital competency [37]. The older adult
population differs widely in terms of income, education level,
and health status. Therefore, digital education programs should
be designed to reflect the diverse characteristics and needs of
these groups.

In this study, social capital was found to have a positive impact
on older adults’ life satisfaction, consistent with previous
studies’ findings [38-41]. As social networks shrink and
participation opportunities diminish with age, maintaining or
acquiring social capital becomes increasingly challenging [42].
Social capital is often divided into 2 dimensions: bonding social
capital and bridging social capital [43]. Bonding social capital
refers to emotional support, access to resources, and a sense of
solidarity formed within close relationships, such as family,
friends, and neighbors. When older adults have networks from
which they can obtain resources or receive emotional support,
their life satisfaction significantly improves. Meanwhile,
bridging social capital is formed through interactions with a
wider community and diverse individuals, which helps reduce
social isolation and contributes to higher life satisfaction among
older adults.

These dimensions of social capital are shaped by components
such as networks, social participation, norms, and social trust.
Among these, social trust in family, friends, neighbors, and
institutions was identified as the most important factor affecting
life satisfaction in older adults [44]. By strengthening
relationships with family and the local community, social trust
contributes to psychological stability and enhances the quality
of life for older adults. This highlights the need for
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community-based support environments that consider the unique
characteristics of older adults, enabling them to build and
maintain social capital. Communities should provide programs
and spaces that allow older adults to share their thoughts and
experiences, fostering meaningful relationships. Such
environments are essential to reinforcing social capital and
improving the life satisfaction of older adults.

In this study, social capital showed a partial mediating effect
on the relationship between digital literacy and life satisfaction
among older adults. This implies that digital literacy not only
directly enhances life satisfaction but also indirectly influences
it through social capital. These findings are consistent with those
of previous research showing that social capital mediates the
relationship between digital utilization and life satisfaction
among individuals aged 55 years and older [45]. Older adults
with higher levels of digital literacy tend to build social
relationships and participate in voluntary social activities
through internet-based platforms, leading to improvements in
their life satisfaction [46-48]. For example, Yoon et al [49]
demonstrated that during the COVID-19 pandemic, a pilot
program using digital platforms for social prescriptions
effectively expanded the social networks of Korean older adults
and improved their life satisfaction. South Korean society
continues to emphasize family-centered values, with older adults
particularly prioritizing their relationships with family members.
Maintaining connections with family and friends via social
networking services or remote communication positively
impacts psychological well-being and overall quality of life
[50,51].

Recently, some local governments in Korea have proposed
tailored support measures for older adults, categorized based
on their digital competency levels and specific needs. For
instance, support programs have been planned for groups
requiring digital tools for daily life, those seeking social
interactions, and those pursuing self-development and cultural
enrichment [52]. These programs aim to enable older adults to
effectively utilize digital tools, foster social interactions, and
mitigate social isolation. Ultimately, it is essential to implement
practical support measures that expand social capital in a digital
environment and enable older adults to lead more independent
and fulfilling lives.

Limitations and Future Directions
This study has the following limitations. First, as a
cross-sectional study, it cannot track changes in causal

relationships between variables over time. Future studies should
utilize longitudinal data to better understand how relationships
between variables change over time. Second, this study focuses
on older adults in Korea, which limits the generalizability of
the results to other countries or groups with different cultural
backgrounds. The relationship between digital literacy and social
capital formation may differ across countries, highlighting the
need for international comparative studies. Third, most of the
study participants (855/869, 98.4%) were not disabled and
belonged to the upper-middle-income group, which may restrict
the generalizability of the findings. Therefore, the results should
be interpreted with caution.

Nevertheless, this study is significant as it used nationwide raw
data from the Korean MSIT, analyzing data representative of
the older adult population in Korea. It emphasizes the
importance of improving digital literacy and expanding social
capital to enhance the quality of life of older adults in Korea.

Additionally, future research should explore the distinct impacts
of the components of digital literacy—digital access,
competency, and utilization—in greater detail. Particularly,
examining specific aspects of digital literacy, such as media
utilization skills, online safety awareness, and
information-seeking behaviors, could help identify their relative
effects on life satisfaction among older adults. This analysis
would provide critical insights for effectively reducing the
digital divide among older adults and designing tailored digital
education and support policies to meet their specific needs.

Conclusion
This study analyzed the associations between digital literacy,
social capital, and life satisfaction among older adults in Korea.
The results showed significant correlations among digital
literacy, social capital, and life satisfaction, with social capital
mediating the relationship between digital literacy and life
satisfaction. These findings underscore that digital literacy,
when combined with social capital, contributes to enhancing
the life satisfaction of older adults. Therefore, improving digital
literacy and expanding social capital are crucial for promoting
the psychological well-being and quality of life of older adults.
Furthermore, strengthening digital literacy in the rapidly aging
society of Korea can not only improve the quality of life for
older adults but also help bridge generational gaps and foster
greater social cohesion.
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Abstract

Background: Low back pain (LBP) is a highly prevalent problem causing substantial personal and societal burden. Although
there are specific types of LBP, each with evidence-based treatment recommendations, most patients receive a nonspecific
diagnosis that does not facilitate evidence-based and individualized care.

Objectives: We designed, developed, and initially tested the usability of a LBP diagnosis and treatment decision support tool
based on the available evidence for use by clinicians who treat LBP, with an initial focus on chiropractic care.

Methods: Our 3-step user-centered design approach consisted of identifying clinical requirements through the analysis of
evidence reviews, iteratively identifying task-based user requirements and developing a working web-based prototype, and
evaluating usability through scenario-based interviews and the System Usability Scale.

Results: The 5 participating users had an average of 18.5 years of practicing chiropractic medicine. Clinical requirements
included 44 patient interview and examination items. Of these, 13 interview items were enabled for all patients and 13 were
enabled conditional on other input items. One examination item was enabled for all patients and 16 were enabled conditional on
other items. One item was a synthesis of interview and examination items. These items provided evidence of 12 possible working
diagnoses of which 3 were macrodiagnoses and 9 were microdiagnoses. Each diagnosis had relevant treatment recommendations
and corresponding patient educational materials. User requirements focused on tasks related to inputting data, and reviewing and
selecting working diagnoses, treatments, and patient education. User input led to key refinements in the design, such as organizing
the input questions by microdiagnosis, adding a patient summary screen that persists during data input and when reviewing output,
adding more information buttons and graphics to input questions, and providing traceability by highlighting the input items used
by the clinical logic to suggest a working diagnosis. Users believed that it would be important to have the tool accessible from
within an electronic health record for adoption within their workflows. The System Usability Scale score for the prototype was
84.75 (range: 67.5‐95), considered as the top 10th percentile. Users believed that the tool was easy to use although it would
require training and practice on the clinical content to use it effectively. With such training and practice, users believed that it
would improve care and shed light on the “black hole” of LBP diagnosis and treatment.

Conclusions: Our systematic process of defining clinical requirements and eliciting user requirements to inform a clinician-facing
decision support tool produced a prototype application that was viewed positively and with enthusiasm by clinical users. With
further planned development, this tool has the potential to guide clinical evaluation, inform more specific diagnosis, and encourage
patient education and individualized treatment planning for patients with LBP through the application of evidence at the point of
care.

(JMIR Form Res 2025;9:e66666)   doi:10.2196/66666

KEYWORDS

low back pain; clinical decision support; user-centered design; usability; back pain; low back pain care; pain; clinical decision;
societal burden; substantial; burden; evidence-based; treatment; diagnosis; support tool; clinicians; chiropractic; chiropractor;
reviews; scenario-based interviews; interviews

Introduction

Low back pain (LBP) is highly prevalent globally, causing
personal and societal burden, chronic disability, and substantial

health care expenditures, ranging from US $62 to US $124
billion annually in the United States [1-6]. Most LBP is caused
by 1 or more benign conditions that are not associated with
dangerous pathology [7]. Instead, LBP is influenced by injury,
inflammation, and dysfunction of myofascial tissues, joints, and
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nerve roots or peripheral nerves, with symptoms also influenced
by nonphysical factors (eg, psychological, social, and
environmental) and central sensitization processes [8]. However,
despite extensive evidence in the literature informing diagnoses
and treatments for specific types of LBP, nonpathological LBP
is typically referred to as nonspecific [7]. The nonspecific LBP
label lacks details to offer a working understanding of a patient’s
condition or inform personalized treatment plans. Furthermore,
some diagnoses for common “specific” and neurologically
related conditions, such as stenosis, neurogenic claudication,
radiculopathy, and sciatica, are ill-defined, overlapping, and
often used incorrectly, contributing to the challenge of
addressing LBP with existing clinical evidence [9]. The
uncertainty that pervades LBP diagnosis and management also
causes patients substantial distress [10].

To help distill the evidence for LBP and make it more widely
available in clinical practice, one of the authors (RV) conducted
prior work that defines an evidence-based examination for LBP
in a chiropractic research setting [11]; systematically reviewed
the literature of LBP diagnostic studies, which recommends
standardizing diagnostic terminology for common conditions
contributing to LBP [9]; and developed a revised office-based
clinical examination [12] and paper-based clinical decision aid
that coordinates working diagnoses with evidence-based
nonpharmacological treatments offered by doctors of
chiropractic [12,13].

To further the goal of supporting clinicians in applying the latest
evidence for LBP in busy clinical settings, we leveraged this
prior work to develop an electronic clinical decision support
(CDS) tool. Our goal was to produce a web-based application
to support evidence-based in-office examination, diagnosis,
treatment decisions, and patient education for nonpathological
conditions contributing to LBP. We used an iterative,
user-centered design process to identify clinical requirements
from published evidence, elicit user requirements from iterative
interviews, and develop and evaluate the usability of an
electronic CDS tool that facilitates and encourages
evidence-based diagnosis and treatment.

Methods

Overview
We conducted a three-step user-centered design process [14]
to develop the CDS tool for LBP informed by best practices
[15] in developing such tools: (1) identify clinical requirements
based on our prior published reviews of the evidence for LBP
diagnosis and treatment; (2) iteratively identify user
requirements, create wireframes, and develop a working
prototype; and (3) test usability as part of a preliminary
assessment (Figure 1). Steps (1) and (2) occurred in June-August
2023, and Step (3) occurred in April and May 2024. We present
the results of each step. User input was received during the
second and third steps from 5 chiropractors serving clinical
teaching faculty roles with Palmer College of Chiropractic.
Participants were recruited from the College’s main campus in
Davenport, Iowa (n=4) and branch campus in Port Orange,
Florida (n=1). Each campus maintains teaching clinics staffed
by licensed chiropractic doctors who provide care and oversee
senior student clerkships. Faculty were recruited via an
institutional review board (IRB)-approved email that offered
information about the study, including participation
requirements, and a request for a reply if interested. Those
interested were sent additional information and scheduled for
an interview.

Participants were targeted for recruitment as part of a purposive
sampling strategy with the intention of including variation in
terms of users by sex and experience. We intentionally targeted
clinicians with more extensive experience in clinical practice
and teaching, rather than novice users, to gain expert insights
into usability and workflow issues in real-world settings and
educational contexts. This approach helps ensure that the tool
meets the demands and complexities of their working
environments and builds credibility and acceptance among the
clinical community. Users were recruited via email invitation;
all invited users agreed to participate. Users verbally consented
before each session. All user sessions were audio- and
video-recorded.

Figure 1. User-centered design process for low back pain decision support tool. After identifying relevant clinical findings from prior systematic
literature reviews, we followed a standard, iterative process to identify and refine user requirements and design solutions before conducting a test of
the usability using fictitious scenarios.
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Clinical Requirements Identification
As described in the introduction, in prior work, we developed
an evidence-based classification system for LBP, conducted a
systematic review of LBP diagnostic studies, made
recommendations for standardizing diagnostic terminology for
common conditions contributing to LBP, and developed
recommendations for LBP evaluation and treatment that were
distilled in a series of publications including a paper-based
clinical decision aid [9,11-13]. To identify clinical requirements
for the CDS tool in this work, we reviewed our prior work to
derive (1) clinical interview and examination inputs with
adaptive characteristics that disable or enable items based on
prior responses, (2) working diagnoses based on selected input
items, and (3) evidence-based treatment recommendations
corresponding to each working diagnosis. Furthermore, the
clinician on the research team (RV) drafted patient education
materials corresponding to each working diagnosis for user
testing.

User Requirement Elicitation and CDS Tool Design
and Development
We iteratively elicited user requirements and developed and
refined our prototype through wireframing and then software
programming. We developed a discussion guide covering topics
that included current approaches used for diagnosing and
treating LBP, workflows related to LBP, pain points, ideas for
tool design, and reactions to the wireframes showing the input
items and example diagnoses, treatment recommendations, and
patient educational information. Two research team members
with expertise in informatics and design (RSR) and LBP clinical
practice and research (RV) interviewed each user. Prior to each
first design session, users were sent prior published literature
related to LBP diagnosis and treatment. Users were asked to
review in advance as a reminder of current evidence related to
LBP evaluation, diagnosis, and treatment, and to gain familiarity
with key sources underlying the CDS tool. Users were
encouraged to “think aloud” during the design sessions.

After each design session, 1 research team member (RSR)
reviewed the recording and summarized key findings using
conventional content analysis [16] and the framework method
[17]. Categories of findings were related to user requirements,
changes were needed to make the wireframes and prototypes
address the emerging requirements, and new design ideas
emerged during the sessions organized by user task. Between
design sessions, we brainstormed or ideated new design ideas
for the tool and worked with an experienced user interface
designer to create additional wireframes. We then developed a
fully functional prototype of the tool as a web-based application.
A second research team member (RV) reviewed the recordings
and confirmed or amended key findings. Results were finalized

through consensus among research team members (RSR and
RV).

Usability Test
To assess usability, 1 clinician-author (RV) developed 4 fictional
clinical scenarios to help assess how the users would use the
CDS tool in realistic situations. These involved a
condition-specific history and examination findings for
conditions matching criteria for acute nociceptive pain, chronic
nociceptive pain, chronic nociceptive pain combined with
symptoms of neurogenic claudication, and radicular pain. Each
user was tested on 1 or 2 of these scenarios. At the start of each
usability testing session, the user was given a brief overview of
the tool and then asked to imagine that he or she was treating
a patient with LBP. The user was then read a brief summary of
a fictional patient’s LBP symptoms and was instructed to ask
questions, as they would during a patient interview, to complete
the input questions. The user was encouraged the “think aloud”
as they used the CDS tool. After completing at least 1 scenario,
the user was asked to complete the System Usability Scale
(SUS), a 10-item measure that is commonly used to assess the
usability [18]. SUS scores range from 0 to 100, with higher
scores indicating greater usability. SUS scores >68 are
considered above average, and those above 80 are in the top
10th percentile [19]. Users were encouraged to explain reasons
for their answers and results were summarized [16].

Ethical Considerations
This study was reviewed and approved by the RAND Human
Subjects Protection Committee (HSPC ID: 2023-N0175). The
IRB at Palmer College of Chiropractic was the relying IRB
through a formal reliance agreement. All written and audiovisual
data (which were not anonymized) were stored on secure servers
accessible only to the research team. Because the interviews
did not address protected or sensitive topics, but instead focused
on perceptions of a potential website and clinical workflows,
no written consent was obtained. Instead, verbal consent was
obtained prior to conducting interviews. Participants were
compensated US $150 per interview, with a maximum of 2
interviews.

Results

User Characteristics
All users practiced chiropractic in teaching clinics at Palmer
College of Chiropractic at either an Iowa or Florida campus
location. See Table 1 for user characteristics. All encountered
LBP on a daily basis when they treated patients. Users varied
on how often they attempted to arrive at a specific diagnosis
from rarely to every visit. One user recently switched to an
administrative position and was no longer engaging in direct
patient care.
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Table . Characteristics of chiropractors at Palmer College of Chiropractic (N=5) who participated in user design sessions to assess the low back pain
decision support tool.

Statistical valuesCharacteristic

Sex, n (%)

2 (40)Male

3 (60)Female

18.5 (7-34)Years practicing chiropractic, mean (range)

Location, n (%)

4 (80)Iowa

1 (20)Florida

~100Patient visits per week, n

10 (7‐12)Years using an EHRa, mean (range)

aEHR: electronic health record.

Clinical Requirements
We identified 14 possible working diagnoses divided into 3
macrocategories and 9 microcategories (Figure 2). For the input
items and logic rules to enable them, we identified a total of 44
items: 13 interview items are enabled for all patients, 13
interview items are enabled conditional on other input items, 1
examination item is enabled for all patients, 16 examination
items are enabled conditional on other input items, and 1 item
is a synthesis of interview and examination findings and enabled
for all patients. Items that were enabled for all patients helped
identify macrodiagnoses; items that were conditionally enabled
were related to microdiagnoses. For example, if the user selected
“Sensory changes in a nerve root distribution,” which offers
some evidence for the macrodiagnostic category of neuropathic
pain, 8 interview items and 6 examination items are enabled to
clarify 1 or more potential microdiagnoses.

To specify the clinical logic rules for each working diagnosis,
we used Boolean logic. For example, piriformis syndrome was

included as a possible diagnosis based on the following logic
combining the relevant input items: “radiating pain into an
ipsilateral leg” OR “tenderness of the greater sciatic notch” OR
“buttock pain” OR “positive straight leg raise test” OR
“increased pain with prolonged sitting.” The inputs and logic
represent diagnostic information or criteria consistent with
piriformis syndrome. If indicated by the literature, we included
estimates of the strength of the evidence based on the quantity
of inputs corresponding to a working diagnosis (eg, 1-5). Anchor
terms of less likely (eg, 1) and more likely (eg, 5) are used
because working diagnoses cannot be completely definitive.

Treatment recommendations were assigned to each working
diagnosis based on published evidence. In many cases, 1
treatment recommendation applied to multiple diagnoses. For
example, graded exposure and activity training are
recommended for both neurogenic claudication and nociplastic
pain. Some treatment recommendations apply to all working
diagnoses (eg, education about condition and general exercise
when safe and tolerated).

Figure 2. Types of low back pain. The literature identifies 3 macrodiagnoses and 9 microdiagnoses. These categories served as outputs of the decision
support tool for low back pain.

User Requirements and CDS Tool Design
Example wireframes used in design sessions are shown in Figure
S1 in Multimedia Appendix 1. Users were positive about the
potential value of the CDS tool: “This tells you exactly where

to focus your attention on. I like it” (User 3). Users said that
the primary use case for using the tool would be when a new
patient presents with LBP. Some might also use it if treatment
was not working for reassessing their diagnoses and treatment
plan and informing the potential for a referral. All users
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suggested that it would be useful both for practicing
chiropractors and as an education tool.

User requirements and design features are shown in Table 2
organized by user task. User input led to key refinements in the
design, such as organizing the input questions by
microdiagnosis, adding a patient summary screen that persists
during data input and when reviewing the output, adding more
information buttons and graphics to input questions, and

providing traceability by highlighting the input items used by
the clinical logic to suggest a working diagnosis.

The prototype CDS tool was built as a web-based application
using the React javascript library and responsive design. For
this prototype, all of the data entered by the user are stored
within the user’s web browser—no database or server-side
storage of data were used (Figure 3). Screenshots of the tool
are shown in Figure 4 and Figures S2 and S3 in Multimedia
Appendix 1.
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Table . User requirements and design features by task for the low back pain decision support tool.

Design featureUser requirementTask

Order interviews items before examination items
to parallel clinical workflows; disable input items
for microdiagnoses until they are indicated based
on items for more general diagnoses; and cluster
input items based on microdiagnosis.

Make it easy to input the relevant data.Input interview and examination findings

Information buttons and graphics.Allow the user to learn more about data that need
to be inputted if desired.

Patient summary section.Show a summary of the interview/examination
findings as user enters them.

List diagnoses with likeliness scales to enable
rapid visual confirmation of the extent of evi-
dence supporting each condition, allowing users
to confirm data accuracy and determine whether
the interview and examination data align with
the overall clinical presentation.

Allow the user to see all potential working diag-
noses, which reflects the multifactorial nature of

LBPa, with relative strength of evidence based
on interview/examination findings.

Review potential working diagnoses

When user hovers over a diagnosis, highlight the
related interview/examination findings in patient
summary.

For any specific working diagnosis, allow the
user to view the specific interview/examination
findings that constitute the evidence for it.

Navigation arrow and button to return to the input
screen.

Allow the user to go back and change/alter the
interview/examination findings at any time to
alter the potential working diagnoses.

Toggles for each diagnosis.Allow the user to select/deselect from the list of
working diagnoses based on the user’s clinical
assessment.

Select potential working diagnoses

Allow copy-paste; automated input into EHRb,c.Allow the user to document his or her selected
working diagnoses in his or her notes.

Save data tied to visit in EHR or databaseb.Allow the user to save his or her selected work-
ing diagnoses and interview/examination findings
for review in future.

Save data for next visit

List treatments based on evidence-based guide-
lines for diagnoses.

Allow the user to see all evidence-based treat-
ment recommendations for selected working di-
agnoses.

Review treatment recommendations

List diagnoses below each treatment recommen-
dation.

For any specific treatment recommendation, al-
low the user to see which diagnoses he or she
corresponds to.

Toggles for each treatment recommendationb.Allow the user to select/deselect and customizing
treatment recommendations based on the user’s
clinical assessment and experience with the var-
ious options.

Determine treatment recommendations

Make educational information available in PDF
or other printable format.

Allow the user to easily print the patient educa-
tional information.

Select relevant patient educational information

Select buttons to turn on/off specific contentsb.Allow the user to select/deselect and adapt pa-
tient educational information.

Let user edit content for each patient and config-

uration option for default contentb.

Allow the user to tailor the patient educational
information based on patient and user prefer-
ences.

Implement CDSd tool within patient chart in

EHRb.

Allow the user to access the tool within the EHR.Global

aLBP: low back pain.
bNot yet implemented in prototype CDS tool.
cEHR: electronic health record.
dCDS: clinical decision support.

JMIR Form Res 2025 | vol. 9 | e66666 | p.907https://formative.jmir.org/2025/1/e66666
(page number not for citation purposes)

Rudin et alJMIR FORMATIVE RESEARCH

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


Figure 3. Technical architecture of web-based application for low back pain decision support. The sequence 1‐4 shows each step that occurs as the
user interacts with the tool.
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Figure 4. Complex multifactorial diagnosis with evidence for 3 macrodiagnoses of low back pain (nociceptive, neuropathic, and nociplastic pain).
Screenshots of the tool show (1) user selections based on the interview and examination, with (2) items disabled according to the adaptive logic in the
model. The greatest evidence suggests neurogenic claudication with overlying nociplastic pain. Piriformis syndrome was rejected by the model because
symptoms overlap with neurogenic claudication and because historical and examination evidence is stronger for neurogenic claudication. The (3)
summary panel to the right, shown only in the top right screenshot, shows the selections as submitted by the user. The bottom screenshots show the tool
outputs (4), with the result of the evidence-based diagnostic logic displaying the working diagnoses (left) and recommendations for treatments and
patient education (right).

Usability Test
The mean score of the SUS was 84.75 (range 67.5‐95).
Qualitative results explained these findings (Table 3). Overall,
users were enthusiastic about using the CDS tool because they
perceived that it would help them focus on the most relevant
information, especially for more complex patients. All users
thought that the tool was easy to use from a technical perspective

but required training and practice on the clinical content to use
it effectively and efficiently. While using the tool during a study
session, one user quickly transitioned from an initial impression
that substantial effort would be needed to use it to expressing
enthusiasm for the tool’s potential use for improving back pain
diagnosis and treatment: “This (tool) is like walking into a storm,
but it wouldn’t be like that the second time and certainly by the
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50th time it would be fabulous” (User 4). One user said that the
training needed to use the tool effectively was a good thing
because that training would improve care for LBP—they
strongly agreed with the statement from the SUS that said, “I
needed to learn a lot of things before I could get going with this
system” (User 3), but added that they meant that “in a positive
connotation way.”

Users also reacted to the usability of specific features. When
using the input page, user reactions included the following:
enabling examination items only when indicated could help
eliminate tests that might be done routinely but are not clinically
relevant; the patient summary was useful for guiding the input
process; the wording or clinical intention behind some items
was difficult to understand (eg, “symptoms fully match
pathoanatomic and/or neuropathic condition;” and “resolving
consistent with normal tissue healing time”); and it might be
difficult to have time to go through all items during a visit.

When using the list of working diagnoses, reactions from users
included positive views of the feature that highlighted relevant
input items when hovering over a diagnosis to show the inputs
(ie, evidence) supporting it; clarity of the scale used to indicate
strength of evidence; and helpfulness of having a list of
diagnoses to prevent anchoring on one and also for explaining
the clinical reasoning process to patients. Reactions to the
treatment recommendations were generally positive and believed
to be helpful for decision-making. Two users noted that they
had preferences for some treatment options more than others
based on what they were familiar with.

For the patient education materials, 3 users emphasized the
importance of being able to print out copies. Two believed that
the materials would be acceptable to patients while 3 found
them too complex especially for those with low health literacy
levels. Two users preferred handwriting education information
to make it more personal. One preferred to print out the materials
and highlight key information.

Users also described how they would likely use this CDS tool
in their workflows. All users believed that it was important to
make the tool available within the EHR to allow for easy access
to it and to minimize the need to switch between applications
or devices. All users would use the CDS tool while with the
patients but 2 users mentioned that they might leave the room
to use the tool separately. One suggested that a freestanding
web-based version of the tool maybe useful as well in some
scenarios. Two users wanted to modify their patient intake
questions to match the CDS tool’s input items to help the
clinician prepare for the visit and facilitate tool usage.

Users suggested several ideas to improve use and usability
including use of colors on the input screen to break up the text
more, autopopulating the CDS tool based on patient intake
questions, providing a crosswalk between generated working
diagnoses and International Classification of Diseases, Tenth
Revision (ICD-10) codes to facilitate billing, indicating in the
input screen if the combination input items selected did not
make clinical sense and should be revisited, further emphasizing
which treatments should be of higher or lower priority based
on evidence (if it exists), and providing more visuals for patient
education materials.
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Table . Summary of qualitative usability evaluation results of the low back pain decision support tool.

Illustrative quoteSelected findingCategory

“I’m very likely to use this… you know why? It
makes me better. It makes me smarter… This is
an elegant way to approach the black hole of low
back pain.” (User 4)

“It helps you focus your thoughts” (User 3)

Users believed that the tool would help users fo-
cus on the relevant information, improve diagnos-
tic accuracy, and use of evidence-based treat-
ments.

Overall impact of the CDSa tool on clinical care

“It doesn’t seem complex; it just seems like I
need to familiarize myself with it.” (User 1)

Although the tool is simple to use technically,
clinical knowledge is needed to use it effectively
and will require training.

Training required to use the CDS tool

“It is nice that it does close off those other op-
tions that maybe get in our way… I think this
helps cater the treatment to the patient’s diag-
noses rather than allowing the provider to cater
the treatment to their own preferences.” (User 5)

Enabling items adaptively can help guide infor-
mation gathering.

Input items

“I think it could be challenging even with famil-
iarity… to answer it real-time [as] I’m having a
conversation with somebody.” (User 1)

It might be challenging for users to go through
all items during visits with a patient.

“Very visually clear.” (User 4)Degree of evidence is helpful and clearly shown
in bar format.

Working diagnoses

“Beyond nice, this is very educational… I love
this, this is brilliant.” (User 3)

The recommendations can help inform treatment
for both clinician and student.

Treatment recommendations

“I think this is very useful especially if someone
starts catastrophizing.” (User 4)

“I think it would be hugely beneficial at the re-
port of findings to explain to the patient what the
pain generator is and how that is affecting their
presentation.” (User 5)

“[For] 90% of [my patient] this would be far too
complex… it is far beyond a lot of our patients
understanding.” (User 3)

The content may be helpful to some patients but
too complex for others.

Patient education

aCDS: clinical decision support.

Discussion

Principal Results
This study reports the initial development and evaluation of a
CDS tool facilitating evidence-based diagnosis, clinical
management, and patient education for LBP. The tool is
web-based and can be embedded into the EHR for use during
the clinical encounter as a support for interview, examination,
care planning, and patient education. It can also be used
independent of the patient encounter. The SUS score for the
prototype was 84.75 (range: 67.5‐95), which is in the top 10th
percentile. Users believed that the CDS tool was easy to use,
although training in clinical content and practice was considered
necessary for effective and efficient use. With such training and
practice, users believed that it would improve care and shed
light on the “black hole” of LBP diagnoses and treatment.

The CDS tool inputs included 44 patient interview and
examination items that provided evidence of 12 possible
working diagnoses. Input items were ordered to begin with
interview items followed by examination items—conditionally
displayed if relevant—so as to parallel clinical workflows. The
output user interface allows multiple potential working
diagnoses, reflecting the multifactorial nature of LBP. Likeliness
scales enable rapid visual assessment of the extent of evidence

supporting each condition. This feature enables clinicians to
confirm data accuracy and determine whether the interview and
examination data align with the overall clinical presentation.
The ability to remove or reject working diagnoses for which
there is little evidence in favor of others supported by stronger
evidence can assist in prioritizing care. The patient education
materials written at an eighth-grade level were designed to help
further explain LBP, offer reassurance, list possible treatment
and self-care options, describe other factors influencing pain
severity (eg, stress, poor sleep, and lack of movement), and
encourage patients to communicate with clinicians about these
topics. Some interviews suggested that these materials had
potential to be useful, although some revision may be needed.
Review by, and feedback from, patients with LBP would best
inform further development of this feature.

Contribution and Comparison With Other Work
To our knowledge, this is the first provider-facing tool
developed to assist clinicians in the diagnosis and treatment of
LBP. A prior study describes the development a CDS tool to
assist Australian pharmacists in advising patients about watchful
waiting for acute LBP and recommending medications and
provider types to seek for persistent symptoms [20]. Our work
is complementary to that work in that it focuses on offering
providers a CDS tool once patients seek care. The CDS tool
offers a systematic process for a clinical evaluation which, in
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turn, generates working diagnoses and links these outputs with
guideline-based nonpharmacological treatments offered by
chiropractors and other practitioners providing similar
treatments. Our tool also shares some design similarities with
currently available web-based risk-screening tools, such as the
Lung Cancer Screening Risk Calculator and the Fracture Risk
Assessment Tool (FRAX) [21,22]. These calculators are
clinician-facing applications with input variables (eg, age, sex,
smoking status, and bone mineral density) for estimating the
risk for future lung cancer and osteoporotic fracture.

In addition to distilling the evidence for LBP diagnosis and
treatment and making it available to clinicians at the point of
care, this tool has the potential to help clinicians address patient
needs identified in qualitative research for LBP. Costa et al [10]
describe difficulties encountered by people with LBP due to
uncertainty stemming from diagnoses and treatment. Our CDS
tool has the potential to support clinicians in explaining the
nature of the problem, treatment plan, and what patients can do
on their own to address the problem [10]. Cox et al [23] make
specific recommendations to clinicians about communicating
LBP diagnoses, including sharing thought processes and
diagnostic reasoning and providing written information about
diagnosis. Our tool addresses these recommendations [23].

The CDS tool we developed may enable clinicians to avoid
common errors in clinical reasoning leading to misdiagnosis,
such as anchoring and premature closure [24]. Anchoring is an
attachment to a diagnosis despite contradictory evidence;
premature closure occurs when a diagnosis is accepted before
verification. By offering objective, evidence-based, and
repeatable provisional working diagnoses based on history and
examination data, with visual displays of the strength of
evidence supporting working diagnoses, this tool may help
clinicians more systematically and consciously consider each
potential working diagnosis in the context of the strength of
evidence.

Limitations and Future Work
User input was gathered from 5 practicing chiropractic clinicians
who participated in both the development and usability testing
phases. This sample size is sufficient for formative research and
for identifying major usability issues [25-27]. While there is a
potential for bias due to their involvement in the design process,
the likelihood of such bias is reduced, as the design sessions
took place 7 months prior to the usability testing, limiting recall

of specific design details. Informed by our findings and to
address limitations in our scope, we plan to build on this work
in 6 areas. First, we will implement the tool within a health
system’s EHR to enable easy access within the clinical workflow
and enhance certain features such as allowing users to save
information for each patient. Second, we will iteratively refine
the patient-facing content with patients, clinicians, and with
consideration of evidence in literature. Third, we will expand
to other clinical specialties that treat LBP. Our initial focus was
on chiropractic, a profession focused on nonpharmacological
diagnosis and treatment of neuro-musculoskeletal conditions
and consisting of approximately 77,000 licensed practitioners
in the United States [28]. There is potential to further develop
the tool for physical therapy, primary care, and other specialties.
Fourth, the tool may be expanded beyond the biological
perspective to include other factors (eg, psychological, spiritual,
environmental, and social) relevant to LBP diagnosis and
management [29]. Fifth, we will examine opportunities to
incorporate artificial intelligence (AI). AI-based approaches are
gaining traction in diagnosis [30,31] and other areas. However,
AI models are limited by the data quality used to create them.
By standardizing the definition of interview and examination
inputs, our tool has the potential to improve the quality of data
used by AI. Finally, the CDS tool developed in this study does
not screen for signs or symptoms of pathology (eg, fracture,
infection, and malignancy). There is no current consensus on
such screening, and findings can be interpreted differently with
varied clinical histories and among patients in different age
groups. However, inputs for major red flags (eg, history of
cancer and pulsatile pain with abdominal bruit suggesting aortic
aneurysm) can be added to prompt and facilitate the clinical
screening process.

Conclusions
The LBP tool we have developed has potential to help
standardize the process of clinical evaluation leading to
systematically derived working diagnoses that inform
individually tailored treatment decisions. Our process of defining
clinical requirements based on rigorous evidence reviews and
applying user-centered design principles through eliciting user
requirements produced a clinician-facing decision support tool
that was viewed positively and with enthusiasm by clinical
users. If implemented, this tool may shed light on the “black
hole” of LBP care, facilitate dissemination of LBP evidence as
it is produced, and catalyze innovation in LBP care.
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Abstract

Background: Common barriers to students’ persistence in research include experiencing feelings of exclusion and a lack of
belonging, difficulties developing a robust researcher identity, perceptions of racial and social stigma directed toward them, and
perceived gaps in research skills, which are particularly pronounced among trainees from groups traditionally underrepresented
in research. To address these known barriers, summer research programs have been shown to increase the participation and
retention of undergraduate students in research. However, previous programs have focused predominantly on technical knowledge
and skills, without integrating an academic enrichment curriculum that promotes professional development by improving students’
academic and research communication skills.

Objective: This retrospective pre-then-post study aimed to evaluate changes in self-reported ratings of research abilities among
a cohort of undergraduate students who participated in a summer research program.

Methods: The Human BioMolecular Atlas Program (HuBMAP) piloted the implementation of a web-based academic enrichment
curriculum for the Summer 2023 Research Internship cohort, which was comprised of students from groups underrepresented in
biomedical artificial intelligence research. HuBMAP, a 400-member research consortium funded by the Common Fund at the
National Institutes of Health, offered a 10-week summer research internship that included an academic enrichment curriculum
delivered synchronously via the web to all students across multiple sites. The curriculum is intended to support intern self-efficacy,
researcher identity development, and peer-to-peer learning. At the end of the internship, students were invited to participate in a
web-based survey in which they were asked to rate their academic and research abilities before the internship and as a result of
the internship using a modified Entering Research Learning Assessment instrument. Wilcoxon matched-pairs signed rank test
was performed to assess the difference in the mean scores per respondent before and after participating in the internship.

Results: A total of 14 of the 22 undergraduate students who participated in the internship responded to the survey. The results
of the retrospective pre-then-post survey indicated that there was a significant increase in students’ self-rated research abilities,
evidenced by a significant improvement in the mean scores of the respondents when comparing reported skills self-assessment
before and after the internship (improvement: median 1.09, IQR 0.88-1.65; W=52.5, P<.001). After participating in the HuBMAP
web-based academic enrichment curriculum, students’ self-reported research abilities, including their confidence, their
communication and collaboration skills, their self-efficacy in research, and their abilities to set research career goals, increased.

Conclusions: Summer internship programs can incorporate an academic enrichment curriculum with small-group peer learning
in addition to a laboratory-based experience to facilitate increased student engagement, self-efficacy, and a sense of belonging
in the research community. Future research should investigate the impact of academic enrichment curricula and peer mentoring
on the long-term retention of students in biomedical research careers, particularly retention of students underrepresented in
biomedical fields.

(JMIR Form Res 2025;9:e54167)   doi:10.2196/54167
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Introduction

Several population groups continue to be underrepresented
among trainees pursuing biomedical research disciplines [1-5].
According to 2023 census data, Hispanic, Black, and American
Indian and Alaska Native individuals comprised 34.5% of the
US population (19.5%, 13.7%, and 1.3%, respectively) [6]. Yet,
only 16.0% of students awarded science and engineering
doctorate degrees in 2020 were from these groups [7]. These
disparities carry over into the workforce, with Hispanic
individuals comprising only 15.0% of the STEM (science,
technology, engineering, and math) workforce in 2021, 9.0%
of Black individuals, and <1.0% of American Indians and Alaska
Native individuals [7]. These figures illustrate a disparity
between the racial and ethnic diversity of the US population
and of individuals working in biomedical and STEM fields.

The underrepresentation of trainees from diverse backgrounds
is particularly pronounced in the fields of biomedical artificial
intelligence (AI) and machine learning [8,9]. Biomedical
research has seen significant growth in AI applications with the
development of tools for diagnosing, monitoring, and predicting
prognoses [10,11]. With AI’s increasing role in society, AI
researchers’ diversity must mirror the diverse populations they
serve. A skilled research workforce in domain-specific AI
applications is needed to maintain sustained progress in AI
research. According to a 2019 report from the AI Now Institute,
women comprised only 18% of authors at AI conferences, while
80% of AI professors were male [8]. A lack of diverse
perspectives can have significant consequences on resulting
research products, as lack of fairness (the ability of AI to be
free from bias) and explainability (the ability to understand why
an AI model makes certain predictions, which is crucial for
identifying biases) have plagued the AI field for years [10,11].

Common barriers to students’ participation and persistence in
research include experiencing feelings of exclusion and a lack
of belonging, difficulties developing a strong research identity,
perceptions of racial and social stigma directed toward them,
and perceived gaps in research skills [1-3,12,13]. One study,
for example, observed that reasons for dropout from computer
science degrees included unclear expectations about the chosen
field, feeling as if they did not belong, and social isolation [12].
These challenges are particularly pronounced among trainees
from groups traditionally underrepresented in research, as
articulated by the National Institutes of Health (NIH) [14]. The
NIH reports that several racial and ethnical groups are
underrepresented in research: Black or African American
individuals, Hispanic or Latinx individuals, American Indians
or Alaska Natives, and Native Hawaiians and other Pacific
Islanders, with women carrying a higher burden of
underrepresentation [14]. To address these known barriers,
research exposure programs for undergraduate students can
include a curriculum of academic skill development components
that promote student self-efficacy, identity, and a sense of
belonging in research. Specifically, evidence shows that students
encouraged to develop their “science identity” are more likely

to integrate into the wider culture of scientific research [3].
Students can develop their self-confidence, self-efficacy, and
identity as scientists through science support experiences and
connections with peers and mentors, thus benefiting from
exposure to diverse perspectives and experiences [5,15,16].
Additionally, experiences that foster a sense of belonging to the
research community have been shown to lead to greater
persistence in STEM fields, especially for students from groups
underrepresented in research [16-19]. Furthermore, STEM
undergraduates who engage in small-group and active learning
demonstrate increased self-efficacy, achieve better grades, and
are more likely to remain in STEM fields [16,20,21].

There is a critical need for nationwide collaborative training
programs to fund, develop, and mentor students from
underrepresented groups to ensure AI representation in
biomedical research [22]. Summer research programs delivered
via both in-person and web-based formats have been shown to
increase the participation and retention of undergraduate students
in research [23]. Evidence shows that involvement in both
face-to-face and remote summer research experiences equips
undergraduate students with knowledge and research skills and
promotes enrollment in postgraduate training and entry into
scientific- or health care–related careers [24,25]. In addition to
being exposed to research and learning research skills, students
can also gain confidence as scientists and develop a researcher
identity and intention to pursue a career in STEM [19,26,27].
However, previous programs have primarily focused on
equipping students with technical knowledge and skills, with
varying degrees of emphasis on professional development,
without integrating a universal academic enrichment curriculum
that is delivered synchronously via the web to students across
multiple sites and that focuses on active learning and improving
students’ academic and research skills [23-27]. The effective
development of students’ research skills and familiarity with
scientific methods calls for supplementing laboratory research
experience with academic enrichment sessions in order to equip
students with the necessary academic and professional skills to
thrive as researchers building their identities in the research
space. These sessions should allow students to actively engage
in discussions about their identities as researchers while offering
a supportive environment that fosters a sense of belonging and
facilitates peer-to-peer information exchange. This study aimed
to report the findings of delivering academic enrichment sessions
to undergraduate students from groups underrepresented in AI
research and to test the hypothesis that a guided academic
enrichment curriculum, as part of a summer research internship
that also included a laboratory-based experience, promotes
self-perceived research skills, researcher identity, and
professional skills.

Methods

Program Background
The Human BioMolecular Atlas Program (HuBMAP) is a
consortium of diverse research teams with expertise in biology,
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imaging, computation, data management, and visualization. The
program is funded by the NIH Common Fund and aims to create
a multiscale spatial atlas of the human body at single-cell
resolution by applying advanced technologies and disseminating
resources to the community [28]. Extensive infrastructure has
been established through a coordinated effort among various
HuBMAP integration, visualization, and engagement teams;
tissue-mapping centers; technology and tools development
groups; and rapid technology implementation teams and working
groups [29]. To ensure the pipeline of emerging research talent
familiar with HuBMAP’s tools, data, and processes, the program
began offering summer research internships for undergraduate
students in 2021. The internship included placement of the
student within an active research laboratory for 8‐10 weeks,
during which time they were mentored by an established
investigator, and at the end of which they were encouraged to
deliver a presentation of their research project. The 2023
HuBMAP internship program hosted students at 19 different
research laboratories across 12 different institutions. Participants
were recruited nationally by the NIH coordinating center; they
submitted applications that included a research interest and
career goal statement and were selected for a paid internship
based on matching their research interests to those of
participating mentors. A complete list of participating
laboratories and institutions is included in Multimedia Appendix
1.

In 2023, the HuBMAP internship program was enhanced with
an academic enrichment curriculum. The curriculum was
informed by the evidence-based Entering Research curriculum,
developed by a faculty trained as an Entering Research facilitator
[30], and designed to address the needs and challenges of a
diverse group of undergraduate students from groups
underrepresented in biomedical and AI research. The academic
enrichment curriculum included a series of interactive
workshops, peer discussions, and hands-on writing assignments
aimed at supporting students to develop their research identities
and enhance their research communication skills. Each session
lasted 2 hours and was delivered synchronously via Zoom,
enabling students participating in internships at 19 different
research laboratories across 12 different institutions across the
United States to attend. A complete list of the sessions
constituting the academic enrichment curriculum can be found
in Multimedia Appendix 2. Sessions were structured into 1 hour
of didactics, small-group activities, and discussions and 1 hour
of guided work on academic products. Examples of academic
products included a research statement, an individual
development plan, a web-based ORCID profile, and a research
poster, among others. An institutional Google Drive account
was used to capture interns’ work systematically and securely,
promote peer-to-peer learning, and facilitate continuous access
to training materials and assignments.

Data Collection and Instruments
In the summer of 2023, a total of 22 students participated in the
HuBMAP summer internship, and their self-reported
demographic data were collected through the initial application
form. Demographic variables collected during the application
process included sex, race and ethnicity, class standing, degree

major, and home institution type (categorized as per Carnegie
classification).

At the end of the internship, all 22 students were invited to
participate in a web-based survey in which they were asked to
rate their research skills self-efficacy (operationalized on the
survey instrument as academic and research abilities) before
the internship (referred to as the before questions) and as a result
of the internship (referred to as the after questions). It is
important to note that the after questions specifically asked the
students to rate their abilities as a result of the internship, and
not as a result of the academic enrichment curriculum. The
survey employed a 17-item scale and validated questions
adapted from the Entering Research Learning Assessment
instrument [31]. The Entering Research Learning Assessment
instrument is designed to measure learning gains of
undergraduate or graduate research trainees across 7 areas:
research comprehension and communication skills, practical
research skills, research ethics, researcher identity, equity and
inclusion awareness and skills, and professional and career
development skills. The survey was piloted with undergraduate
students and presented at several meetings to internship leaders
at the NIH and participating sites to gain expert feedback and
ensure the content and external validity of the items. Examples
of questions in the survey included those that asked about
students’ self-reported ability to communicate the context,
methods, and results of their research, to tailor research
communications to different audiences, to work comfortably in
the research environment, to explore possible research career
pathways, to set research career goals, and to develop a plan to
pursue a research career. For each item, students were asked to
indicate their abilities on a scale of 1‐5, with 1 representing
“no ability,” 2 representing “a little ability,” 3 representing
“moderate ability,” 4 representing “good ability,” and 5
representing “great ability.” The complete list of survey
questions can be found in (Multimedia Appendix 3).

The retrospective pre-then-post survey was administered
anonymously, and the participants were asked to rereport their
sex, race and ethnicity, and class standing. Since the
retrospective pre-post survey was anonymous, we were unable
to tell which students had or had not responded to the survey;
thus, we compared the demographic characteristics of the
respondents (n=14) to that of the whole cohort (N=22).

Statistical Analyses
The Cronbach α was applied to measure the internal consistency
of the items included to assess the participants’ research skills
and self-efficacy. Median, minimum, and maximum scores for
each of the before and after questions were calculated. Mean
scores per respondent for the before questions compared with
the after questions were also calculated, and a Wilcoxon
matched-pairs signed rank test was performed to assess the
median difference in the mean scores per respondent for the
before questions compared with the after questions. Although
the survey results were anonymous, we were able to match
responses to each before and after question to individual survey
respondents based on anonymous identification numbers.
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All statistical analyses were performed using SAS (version 9.4;
SAS Institute Inc). All P values were 2-sided, with P<.05
considered statistically significant.

Ethical Considerations
The study was submitted for review to the University of Florida
Institutional Review Board and determined to be exempt
(#ET00041828). Informed consent was obtained from all survey
respondents. No compensation was provided for participants in
this study, and no identification of individual participants in
any manuscript or supplementary material is possible.

Results

Participant Characteristics
Participants in the 2023 HuBMAP summer internship and
curriculum included 22 students from undergraduate institutions

across the United States. Students had declared majors in STEM
fields such as biology, bioinformatics, biochemistry, and
engineering. While class standing varied among the participants,
half of the students were at a sophomore level before beginning
their summer internship. Related to their incoming career goals,
participants often reported interest in pursuing MD, PhD, or
MD/PhD degrees and sought to use the internship to explore
the various career opportunities available in biomedicine.
Almost half of the participants (9/22, 40.9%) were from high
(R2) and very high (R1) research activity academic institutions,
with the rest of the participants (13/22, 59.1%) from master,
baccalaureate, and associate colleges. Demographic information
of the 22 students is presented in Table 1.
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Table . Characteristics of Human BioMolecular Atlas Program summer 2023 interns (N=22) and survey respondents (N=14).

Survey respondents, n (%)Interns, n (%)Demographic

Sex

3 (21.4)7 (31.8)    Male

10 (71.4)14 (63.6)    Female

1 (7.1)1 (4.5)    Other

Race

5 (35.7)6 (27.3)    Black or African American

3 (21.4)5 (22.7)    Asian or Pacific Islander

1 (7.1)4 (18.2)    White

1 (7.1)0 (0)    Other race

1 (7.1)2 (9.1)    More than one race

3 (21.4)5 (22.7)    N/Aa or prefer not to answer

Ethnicity

3 (21.4)7 (31.8)    Hispanic or Latino

11 (78.6)15 (68.2)    Not Hispanic or Latino

Class standing

2 (14.3)5 (22.7)    Freshman

7 (50.0)11 (50.0)    Sophomore

2 (14.3)3 (13.6)    Junior

3 (21.4)3 (13.6)    Senior

Major

—b8 (36.4)    Biology

—5 (22.7)    Biochemistry

—2 (9.1)    Bioinformatics

—1 (4.5)    Chemistry

—2 (9.1)    Biomedical/electrical engineering

—1 (4.5)    Genetics

—1 (4.5)    Information technology

—1 (4.5)    Nanomedicine

—1 (4.5)    Neuroscience

Home institution type per Carnegie classification

—5 (22.7)    Doctoral universities: very high research activ-
ity (R1)

—4 (18.2)    Doctoral universities: high research activity
(R2)

—4 (18.2)    Master colleges and universities: larger pro-
grams (M1)

—1 (4.5)    Master colleges and universities: smaller pro-
grams (M3)

—7 (31.8)    Baccalaureate colleges

—1 (4.5)    Associate colleges

aN/A: not applicable.
bNot available.
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Invitations to complete a web-based survey were sent out to all
22 students, and 14 survey responses were received and included
in data analysis. The makeup of the survey respondents aligned
with the overall sample, but the sample size was too small for
statistical analyses. The demographic makeup of all interns who
participated in the program and the subset who responded to
the survey are reported in Table 1. The postprogram survey did
not collect data on degree major or institutional affiliation; thus,
this information is not reported for the Survey Respondents
column in Table 1.

Results of Retrospective Pre-Post Survey
Cronbach α was calculated to measure the level of internal
consistency among the survey questions, and its value of 0.96

for the preintervention questions and 0.92 for the
postintervention questions indicated an excellent level of internal
consistency, that is, all questions in the survey were assessing
the primary underlying concepts being assessed: researcher
skills, researcher identity, and self-efficacy in research.

Table 2 reports the median, minimum, and maximum values of
the responses to each of the before questions compared with
each of the after questions. Given the ordinal nature of the data,
where the median was a decimal number due to the averaging
of 2 middle values, the median was rounded up to the nearest
whole number. Of all survey responses, 3 responses were
missing (one to each of After Question 3, After Question 5, and
After Question 9); missing responses therefore comprised <1%
of all data.
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Table . Median and range of responses to self-reported research skills assessment before versus after questions.

After, median (IQR; min, max)Before, median (IQR; min, max)Skill assessed

Research comprehension and communication skills

4 (4-5; 3, 5)3 (2-4.25; 1, 5)    Communicate the context, methods, and results
of your research.

5 (4-5; 4, 5)3 (3-4; 1, 5)    Tailor your research communications for dif-
ferent audiences (eg, general public and disci-
plinary conference)

5 (4-5; 4, 5)3 (2-4.25; 1, 5)    Work in the research environment comfortably

5 (4-5; 4, 5)4 (3-4; 1, 5)    Ask questions to clarify your understanding
of your research project

5 (4-5; 4, 5)3 (2.75-4; 1, 5)    Practice regular and open communication with
your research mentor

5 (4-5; 4, 5)3 (2.75-4; 1, 5)    Practice regular and open communication with
your research team members

Practical research skills

5 (4-5; 4, 5)3 (2-3.25; 1, 5)    Use the tools, materials, and equipment needed
to conduct research

4 (4-5; 3, 5)3 (2-3; 1, 5)    Make a case for your research question based
on the literature

Research ethics

4 (4-5; 3, 5)3 (2.75-4; 1, 5)    Identify forms of unethical practices or re-
search misconduct

Researcher identity

4 (3.75-5; 2, 5)3 (2-3; 1, 5)    Think of yourself as a scientist/researcher

4 (3-5; 2, 5)3 (2-3.25; 1, 5)    Feel like you belong in research

Researcher confidence and independence

5 (4-5; 2, 5)2 (1.75-3.25; 1, 4)    Work independently on your research project

4 (3.75-5; 3, 5)2 (1.75-3; 1, 5)    Determine the next steps in your research
project

Equity and inclusion awareness and skills

5 (4-5; 1, 5)3 (1-4; 1, 5)    Understand how others might experience re-
search differently based on their identity (eg,
race, socioeconomic status, first-generation sta-
tus)

Professional and career development skills

5 (3.75-5; 3, 5)3 (2-4; 1, 5)    Explore possible research career pathways

5 (4-5; 3, 5)3 (2-3; 1, 5)    Set research career goals

5 (4-5; 3, 5)3 (2-3.25; 1, 4)    Develop a plan to pursue a research career
(determine the next step in your training)

The results from the Wilcoxon signed rank matched-pairs test
indicated that there was a significant improvement in the mean
scores of the respondents when comparing the before questions
to the after questions (improvement: median 1.09, IQR
0.88-1.65; W=52.5, P<.001). The mean scores of each
respondent for the before questions compared with the after
questions are presented in Multimedia Appendix 4. A review
of individual items revealed an increase in all items, indicating
that overall, students felt their research abilities had improved
following the HuBMAP Summer Research Internship.

Discussion

This paper reports on the pilot implementation of an academic
enrichment curriculum delivered as part of the summer,
AI-focused, undergraduate research internship administered
through the HuBMAP program. Following participation in the
internship, students reported increases in self-assessed research
skills, including their abilities to set research career goals, to
think of themselves as researchers, and to work comfortably in
the research environment, and increases in their feelings of
belonging in research. Our curricular intervention included
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academic enrichment content supplemented by peer learning
and hands-on activities.

Earlier research has demonstrated that perceived gaps in research
skills and feelings of isolation have detrimental effects on
students’ persistence in computer science and AI-focused
training [12]. While most summer research internships focus
on individual training and technical aspects of research with
varying degrees of emphasis on professional development
[23-27], the format and content of the supplemental academic
enrichment curriculum we piloted showed promise in creating
a nurturing, active, and collaborative learning environment for
student interns across multiple institutions, with demonstrated
self-reported improvements in abilities that went beyond
technical research skills.

Based on our study’s findings, we have formulated propositions
and hypotheses about the mechanisms through which academic
enrichment curricula promote research skills self-efficacy and
researcher identity and result in sustained engagement in
research training. First, delivering an academic enrichment
curriculum enhances and amplifies the learning experiences of
students participating in summer research programs and
promotes the long-term retention of these students in biomedical
research careers. Second, academic enrichment sessions help
to build a research community and promote a sense of belonging
among students. Third, providing students with opportunities
to learn from one another encourages peer learning and enhances
students’critical thinking skills, resourcefulness, and resilience
within academia. Additional research questions that we would
like to answer through future studies and longitudinal
assessments include how students can learn from one another
and whether peer learning is superior to learning from mentors.
Future studies should also explore the effect of individual versus
cohort-based research experiences. The academic enrichment
curriculum we delivered to participants of the HuBMAP summer
internship program would be considered a mix of cohort
(delivered through the academic enrichment sessions) and hybrid
(since students were based at separate laboratories and
institutions with individual mentors) research experiences. In
addition, further research is needed to determine the optimal
structure of the academic enrichment curriculum, including the
frequency of sessions (once weekly vs every other week, for
example).

Our experience suggests that the integration of an academic
enrichment curriculum into a laboratory-based AI-focused
summer research internship can help students increase their
confidence, communication skills, self-efficacy, and sense of
belonging in the research community. In line with our findings,
a growing body of evidence shows that a structured curriculum
supports undergraduate students from traditionally
underrepresented groups in developing their identity as
scientists, and in their overall self-efficacy to use scientific
thinking, through science-support experiences and connections
formed with peers [5,15,16]. Thus, we recommend that future
programs should incorporate small group peer learning, active
learning strategies, and laboratory-based research experience
as evidence-supported methods to facilitate increased
self-efficacy and a sense of belonging in the research
community, which may also have the potential to promote the

retention of undergraduate students in STEM and biomedical
disciplines [16,20,21].

Despite these encouraging results, it is important to recognize
that the generalizability of the results of this study is limited by
its relatively small sample size of 22 students, of which 14
students (63.6%) completed the pre- and postprogram surveys.
As a result, this study’s findings may not fully represent the
broader experiences of other students across other programs. It
is also important to note that it was not possible to separate the
effect of our academic enrichment curriculum from other
activities that students may have been engaged in during their
HuBMAP Summer Research Internship. Multiple individual
laboratories across different institutions hosted students
participating in the 2023 HuBMAP summer internship program.
Therefore, while we delivered this academic enrichment
curriculum to all students via the web, some students may have
been provided additional learning opportunities (remote or
in-person) at the laboratories or institutions where they were
based. The nature and quantity of such other learning
opportunities may have varied across the different sites and
should be explored in future studies. It is possible that a portion
of the gains in students’ self-reported research abilities were
attributable to these supplementary activities and not because
of the academic enrichment curriculum. Future research should
therefore investigate the specific impact of academic enrichment
curricula on the long-term retention of students in biomedical
research careers, particularly retention of students
underrepresented in biomedical fields. Furthermore, each student
received one-to-one and group mentoring from lead investigators
and senior trainees of the host labs. The effects of mentoring
and the role of peer-to-peer interaction as contributing factors
in student academic skill development can also be quantified
and measured in future evaluations of summer research
experiences. Additionally, this study used a pre-then-post
evaluation design, which combined the questions in which
students were asked to rate their research abilities “before” and
“as a result of” the HuBMAP Summer Research Internship into
a single survey administered post program. This methodological
design allowed the students to assess knowledge gained from
a perspective informed by a 10-week experience. However, the
effects of recall and social desirability biases can be evaluated
with sufficiently powered studies that use different evaluation
formats.

Following their participation in the HuBMAP 2023 summer
internship program, which included an academic enrichment
curriculum delivered remotely, students’ self-reported research
abilities, including their confidence and communication skills,
their self-efficacy in research, and their abilities to set research
career goals, increased. Students also reported an increased
ability to think of themselves as researchers and to work
comfortably in the research environment, as well as increased
feelings of belonging in research after participating in the
program. We recommend that summer internship programs
incorporate an academic enrichment curriculum with
small-group peer learning in addition to a laboratory-based
experience to facilitate increased student engagement,
self-efficacy, and a sense of belonging in the research
community. Strengthening the pipeline of skilled and diverse
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professionals entering these fields will help in addressing both
current and future workforce needs, reducing bias in AI fields,
and cultivating the next generation of scientists and leaders in

public health, with the goal of improving health outcomes for
all populations.
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Abstract

Background: The lifestyle intervention ProMuscle, which combines resistance exercise and an increased protein intake, was
effective in improving muscle strength, muscle mass, and physical functioning in older adults. However, due to a growing shortage
of health care professionals, the rapidly growing aging population cannot be personally guided in the future. Therefore, Uni2Move,
a scalable web-based variant of ProMuscle, was designed to reach larger groups of older adults without putting additional burden
on health care professionals.

Objective: The current study investigated the effects of a web-based lifestyle intervention on muscle strength, protein intake,
and physical functioning in healthy older adults. In addition, we conducted a qualitative study to gather key insights of the
participants involved, as little is known about older adults’ perceptions of web-based lifestyle interventions.

Methods: A pre-post pilot study was conducted in the Netherlands. In the 24-week intervention, 19 healthy adults aged >55
years were included. They performed resistance training at home twice a week for 24 weeks via web-based workout videos.
Videos (45‐60 minutes) were recorded by the fitness trainer and mainly focused on training leg muscles. In addition, older
adults were advised on increasing protein intake via two web-based consultations by a dietitian in the first 12 weeks and via an
e-learning course in the second 12 weeks. Intervention adherence and acceptance was measured in week 25. The 1 repetition
maximum knee extension strength, repeated chair rise test, and protein intake were measured at baseline, week 13, and week 25.
Linear mixed models were used to test differences over time. Semistructured interviews were used to gather experiences of
participants. Atlas.ti version 22 was used to analyze the interviews.

Results: The mean age of participants (n=19) at baseline was 69 (SD 7) years. The 1 repetition maximum knee extension strength
and repeated chair rise test improved significantly during the 24-week intervention with a mean difference of 7.0 kg (95% CI
4.8-9.3; P<.001) and −1.2 seconds (95% CI −1.7 to −0.6; P<.001), respectively. Total protein intake per day did not change,
whereas protein intake during breakfast had increased significantly after 13 weeks with a mean difference of 6.9 g (95% CI
1.1-12.7; P=.01). Qualitative research revealed that advantages of the program included no need to travel and exercising in their
own environment. Disadvantages were the lack of physical interaction and no corrections by the trainer.

Conclusions: The results of the web-based exercise and nutrition intervention Uni2Move indicate potential improvements of
muscle strength and physical functioning in healthy middle-aged and older adults. Providing such lifestyle interventions on the
internet could reach an increased number of older adults, providing the opportunity to contribute to the health and independence
of the rapidly growing aging population.

(JMIR Form Res 2025;9:e54392)   doi:10.2196/54392

KEYWORDS

web-based lifestyle intervention; resistance exercise; protein intake; muscle strength; muscle mass; older adults; web-based
exercise; nutrition; exercise; resistance training; sarcopenia
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Introduction

The aging population is growing and life expectancy is
increasing [1]. With advancing age, many people are
experiencing sarcopenia. Sarcopenia can be defined as the
age-related decline in skeletal muscle mass and function,
highlighting the importance of advancing age as a factor of
sarcopenia [2]. Sarcopenia is a natural part of the aging process,
but its progression can be hastened by several factors, such as
inflammation associated with aging (inflammaging), chronic
diseases, lack of physical activity, inadequate nutrition,
unintentional weight loss, and disuse events [3]. As the global
population of older adults increases, the prevalence of sarcopenia
is anticipated to grow accordingly [2,4].

As a consequence, the demand for care and support is increasing,
whereas at the same time, the shortage of health care personnel
is growing [5]. Governments worldwide have called for novel
public health approaches concerning healthy aging, in response
to the demographic shift and limited availability of health care
professionals in the future [3,6]. Therefore, it is important to
focus on the prevention of sarcopenia, with the goal of
improving the health of the aging population and adding life to
years [7].

Fortunately, lifestyle and behavioral interventions may reduce
the prevalence of sarcopenia. The recommended lifestyle advice
for treatment of sarcopenia consists of an increased dietary
protein intake [8,9] and progressive resistance exercise [10,11].
The ProMuscle intervention, which combines resistance exercise
with an increased protein intake, has been shown to be effective
in improving muscle health of older adults in various settings
[12-14]. In view of the rapidly growing aging population and
the potential of digitalization in today’s world, a web-based
version of ProMuscle seems promising. For that purpose,
ProMuscle was transformed to a web-based program:
Uni2Move.

Several studies showed that web-based exercise training (ie,
participants train at home) resulted in an improved physical
performance, physical activity, balance, mobility, and muscle
strength in older adults [15,16]. In addition, a recent study
showed that a blended home-based exercise and dietary protein
intervention resulted in improved gait speed, physical activity
level, muscle mass, strength, and dietary protein intake in older
adults [17]. However, it is unknown whether an intervention
combining resistance exercise and an increased protein intake
that is offered completely on the internet is effective in
improving muscle health. In addition, little is known about the
perceptions and preferences of middle-aged and older adults
regarding web-based interventions. Therefore, we investigated
the effects of the web-based lifestyle intervention Uni2Move
on muscle strength, physical functioning, and protein intake in
healthy middle-aged and older adults and conducted qualitative
research to gather the key insights and experiences from
participants involved.

Methods

Uni2Move Program
The Uni2Move program was a 24-week web-based lifestyle
intervention, based on the ProMuscle program.

Web-based resistance exercise training
Participants followed full body progressive resistance exercise
training at home twice a week via web-based videos. Workouts
lasted 45 to 60 minutes. The main focus was training the leg
muscles, as these muscles are important in performing daily
activities. At least 50% of each training session consisted of leg
exercises, while the main upper body muscle groups were
alternately trained once per week (shoulders, chest, back, and
abdominal muscles).

The resistance training sessions comprised of a warm-up (5‐7
minutes), strength training (40‐50 minutes) and a cooldown
(3‐5 minutes). The warm-up consisted of aerobic exercises,
mobility exercises, and light strength exercises like air squats
and push-ups against the wall. During the cooldown, light
aerobic and dynamic stretching exercises were performed. The
strength training session consisted of 4‐5 blocks. Each block
consisted of 2‐4 unique exercises that were performed for
3‐4 sets of 40‐45 seconds. Each set of exercises was followed
by a 20 second break. In total, 10‐12 unique exercises were
performed per training session. An example of a block is as
follows: set 1 squats, 20 second break, set 2 push-ups, 20 second
break, set 3 squats, 20 second break, set 4 push-ups, etc.
Effective muscle resting time was 80 seconds. This set-up was
chosen as we expected long resting breaks to be detrimental for
motivation and adherence in a home-based situation with only
digital interaction possibilities.

Participants used their body weight, resistance bands, and
weights (eg, dumbbells or bottles filled with sand). Exercises
performed with bodyweight or weights were multiple variations
of squats, box squats, lunges, wall-sits, bent-over rows, hip
bridges, calf raises, planks, shoulder presses, lateral shoulder
raises, reverse flies, push-ups, pullovers, crunches, and dips.
Exercises performed with resistance bands were leg curls, leg
extensions, leg abductions, glute kickbacks, knee lifts, horizontal
rows, and shoulder external rotations. The exercise regimen
was designed in a progressive manner by increasing the
difficulty of the exercises during the 24-week period and
encouraging participants to use higher weights, stronger bands,
or to choose a more difficult variation of an exercise, which
was provided by the trainer. In addition, more unilateral exercise
variations were included from week 7 onward.

Although the main focus was on training around 12‐15 reps
(2‐3 seconds for the eccentric movement and 1‐2 seconds
for the concentric movement), a small number of exercises were
performed isometrically (ie, wall-sit and plank) or with a focus
on eccentric load (downward movement of a one-leg box squat).
From week 13 onward, we introduced power training for the
leg muscles in 50% of the trainings (ie, squats, lunges, and
kettlebell swings) performed at high speed to stimulate
improvements in physical functioning.
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Training sessions were prerecorded by a fitness trainer and
broadcasted at set times. A fitness trainer was present on the
web at the start and end of the broadcast to welcome participants
and answer questions. Participants could also perform a missed
training at a time of their preference.

Increased protein intake
Before the start of the program, participants recorded their
nutritional intake for 3 days in the Traqq app [18]. Based on
their nutritional intake, participants received personal advice
from the dietitian about increasing their protein intake up to 25
grams during breakfast, lunch, and dinner. A protein intake of
25 grams for each main meal was chosen because it has been
shown to be the requirement for appropriate muscle protein
synthesis [19]. A lower protein intake may attenuate the skeletal
muscle protein synthesis response in older adults [20]. In
addition, guidelines of the effective ProMuscle program, in
which a dietary protein intake of 25 grams per main meal was
advised, were used in the Uni2Move program [13].
Consultations took place via a web-based video call or by phone.
During the evaluation consultation in week 6, the advice was
adjusted if necessary. From week 13 onward, participants
enrolled in a web-based nutrition module. The nutrition module
consisted of 12 submodules, with a new submodule released
every week. Various themes related to proteins were discussed
in the form of videos, short texts, assignments, quizzes, and
recipes. Each participant accessed the module with a personal
account and performed it at their own pace.

The pilot study did not include a comparative control group of
participants because of the previous ProMuscle studies
performed. ProMuscle is an in-person program and has been
proven to be effective in controlled and practice settings. This
pilot study was an exploration to study the effects of ProMuscle
when offered completely on the internet. In case of positive
results, a larger study could be conducted including a larger
study population and a control group.

Participants
Adults aged 55 years and older living in and around Wageningen
(The Netherlands) were recruited through flyers and news items
in local newspapers. The participant’s eligibility for the
web-based program was assessed through a physical screening;
non-frail adults were allowed to participate. Participants’ ability
to use the internet was assessed using two questions: (1) are
you able to use email? (yes/no); (2) are you able to use internet
explorer? (yes/no). Their ability to adjust the performance of
exercises based on instructions was assessed by visual inspection
of the fitness trainer to ensure safe participation. Participants
were excluded during screening if participation might not be
safe, in cases of medical limitations (such as severe heart failure
or recovering from hip or knee arthroplasty), or in cases of an
uncontrolled disease (ie, diabetes type 1 or 2, chronic obstructive
pulmonary disease, hypertension, and cancer).

In total, 21 middle-aged and older adults were eligible for
inclusion. After screening, 2 participants were excluded.
Reasons for exclusion were (1) computer technical problems,
resulting in them being unable to follow the web-based
intervention and (2) not specified by the participant.

Measurements and Analyses

Quantitative Measures
Questionnaires were used to collect baseline characteristics
including age, sex, ethnicity, education level, care use, and
sports. Body weight was measured to the nearest 0.1 kg using
a digital scale and height was measured to the nearest 0.1 cm
using a stadiometer. Measurements were performed at week 0,
13, and 25. Uni2Move was based on the effective ProMuscle
program, which has a duration of 25 weeks, and effectiveness
was measured at 0, 13, and 25 weeks [12]. In order to be able
to compare Uni2Move (web-based program) to ProMuscle
(in-person program) measurements of Uni2Move were also
performed at the beginning, half way, and end of the program
(0, 13, and 25 weeks). In addition, strength training needed to
be performed for at least 6 months to assure maintenance of
muscle strength and mass [21]. Muscle strength was measured
by a fitness trainer with a 1-repetition maximum knee extension
test using the leg extension machine. Physical performance was
measured by the repeated chair rise test. The chair rise test was
measured as the time to complete 5 chair rises with hands folded
against the chest. The same chair was used during the
measurements in week 0, 13, and 25. The measurements were
performed according to a standardized protocol. In addition,
fall frequency was measured using a questionnaire. Nutritional
intake was measured for 3 days with the Traqq app in weeks 0,
13, and 25. The average protein intake over 3 days was
calculated in gram per day, g/kg body weight/d and per meal
moment (breakfast, lunch, or dinner).

Adherence
Training sessions were broadcasted using Webinargeek. The
number of participants that watched the training session was
tracked via Webinargeek. The percent adherence was calculated
as the number of training sessions watched, divided by the
number of training sessions that were provided, multiplied by
100. Adherence of the dietary consultations was registered by
the dietitian for each participant separately. Engagement in the
web-based nutrition module was registered for each submodule
by the researchers by checking the percentage of participants
that completed the submodule.

Acceptance
During the measurement in week 25, acceptance of the program
was checked by asking the following question: “What grade do
you give the Uni2Move program on a scale of 1‐10?” The
question was asked for the total program and separately for the
training sessions, as well as for the consultations with the
dietitian and the nutrition module.

Qualitative Measures
A trained research assistant conducted semistructured interviews
with participants to gain insight into experiences with the
web-based program. Interview questions were based on a
pretested interview guide from the ProMuscle in Practice Study
and the guide was supplemented with questions specifically
focusing on the web-based program [22]. The goal of the
interview was to answer the following research questions:
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1. How did participants experience the web-based training
sessions?

2. How did participants experience the web-based dietary
consultations?

3. How did participants experience the web-based nutrition
module?

Statistical Analyses
Univariate procedures were used to check for normal distribution
of the data. Baseline data were expressed as means with SD or
as percentages. Effects on muscle strength and physical
performance were analyzed using linear mixed models in SPSS
version 29 (IBM Corp). Fixed factors were age, sex, and
measuring time. Statistical significance was indicated with a P
value of <.05. Qualitative data were analyzed in Atlas.ti version
22 (Lumivero). Interviews were taped and transcribed verbatim,
and transcripts from the interviews were coded using an
inductive approach. First, the interviews were read to familiarize
with the data. After that, parts of the transcript were identified
and classified as open codes. Finally, repeating patterns were
identified and sorted in themes.

Ethical Considerations
The research team of the study officially consulted the medical
ethical committee, with the question if medical ethical approval

was necessary. No medical ethical approval was needed as this
research did not fall within the remit of the Dutch Medical
Research Involving Human Subjects Act (in Dutch: WMO; File
number METC East-Netherlands: 2021‐13365). All steps in
this study have been conducted ethically. Participants provided
informed consent before participation [23]. Privacy was
guaranteed by working via SmartPIA procedures. Participants
were covered (for incidents related to the intervention) by the
insurance of the organization. Study data were deidentified as
every participant was assigned a participant number. Participants
were not identifiable from participant numbers. Participants did
not receive a compensation for the research. Since Uni2Move
is a program that is supposed to be offered regularly, we asked
participants to pay a set price of 157 euros (US $161.58) in
total. We aimed to include older adults with a low
socioeconomic position (SEP), by letting them participate for
a reduced price of 30 euros (US $30.88) in total.

Results

Baseline Characteristics
A total of 21 community-dwelling older adults were eligible to
participate, and 19 participants could be included. The mean
age at baseline was 69 (SD 7) years and the majority were
female (n=14, 74%; Table 1).
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Table . Baseline characteristics of the intervention group (n=19).

ValueCharacteristic

69 (7)Age (years), mean (SD)

Sex, n (%)

14 (74)    Female

5 (26)    Male

168.4 (9.4)Height (cm), mean (SD)

71.4 (14.6)Weight (kg), mean (SD)

19 (100)Native Dutch ethnicity, n (%)

Education level, n (%)

0 (0)Lowa

2 (10)Intermediateb

17 (90)Highc

Receiving cared, n (%)

1e (5)Yes

18 (95)    No

Doing sports weekly, n (%)

15 (79)    Yes

4 (21)    No

Type of sports, n (%)

11 (58)    Hiking

9 (47)    Cycling

2 (10)    Nordic walking

1 (5)    Running

1 (5)    Aqua gym

1 (5)    Swimming

1 (5)    Yoga

1 (5)    Tai chi

1 (5)    Dancing

1 (5)    Canoeing

1 (5)    Golf

4 (2)Total exercise hours per week, mean (SD)

aLow: primary education, prevocational secondary education, secondary vocational education level 1, undergraduate senior general secondary education,
or undergraduate preuniversity education.
bIntermediate: secondary vocational education level 2, 3, or 4; senior general secondary education; or preuniversity education.
cHigh: higher vocational education or university.
dCare was defined as informal care, housekeeping, personal care, nursing care, individual counseling, or group counseling.
eCare received was housekeeping, once a week.

Quantitative Study
Results are presented in Table 2 and Figures 1 and 2.
Participants significantly improved knee extension strength
after 13 weeks by 5.1 kg (95% CI 2.8-7.3; P<.001) and by 7.0
kg (95% CI 4.8-9.3; P<.001) after 25 weeks, compared to
baseline. Performance on the repeated chair test improved
significantly after 13 weeks (−0.9 seconds, 95% CI −1.5 to −0.3;

P=.001) and 25 weeks (−1.2 seconds, 95% CI −1.7 to −0.6;
P<.001). Frequency of falls in the past 6 months decreased from
3 out of 17 (18%) at baseline to 1 out of 17 (6%) in weeks 13
and 25. Total protein intake did not change significantly between
baseline and week 13 or week 25. Protein intake during breakfast
increased significantly by 6.9 g (95% CI 1.1-12.7; P=.01)
between week 0 and 13. Mean differences of protein intake
during other meal moments did not change significantly.

JMIR Form Res 2025 | vol. 9 | e54392 | p.930https://formative.jmir.org/2025/1/e54392
(page number not for citation purposes)

Dorhout et alJMIR FORMATIVE RESEARCH

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


Figure 1. Effects of muscle strength in kilogram at week 0, 13, and 25. Error bars indicate SD. *Indicates a significant increase compared to baseline
(P<.05).
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Figure 2. Effects of repeated chair rise test in seconds at week 0, 13, and 25. Error bars indicate SD. *Indicates a significant increase compared to
baseline (P<.05).
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Table . Study outcomes at week 0, 13, and 25 and the time effects of weeks 0‐25, 0‐13, and 13‐25.

Week 13‐25Week 0‐13Week 0‐25Week 25,
mean (95%
CI)

Week 13,
mean (95%
CI)

Week 0,
mean (95%
CI)

Study out-
come

P valueMean differ-
ence (95%
CI)

P valueMean differ-
ence (95%
CI)

P valueMean differ-
ence (95%
CI)

.65−0.3 (−0.9 to
0.3)

.001−0.9 (−1.5 to
−0.3)

<.001−1.2 (−1.7 to
−0.6)

5.0 (4.4-5.7)5.3 (4.7-6.0)6.2 (5.6-6.9)Chair rise
test (s)

.102.0 (−0.3 to
4.2)

<.0015.1 (2.8-7.3)<.0017.0 (4.8-9.3)50.5 (45.5-
55.4)

48.5 (43.6-
53.4)

43.4 (38.5-
48.3)

1RMa knee
extension
(kg)

>.99−4.9 (−23.5
to 13.7)

.3910.8 (−6.9 to
28.5)

>.995.9 (−12.6 to
24.3)

85.2 (70.3-
100.2)

90.2 (75.9-
104.4)

79.4 (65.6-
93.2)

Protein in-
take
(g/day)**

>.99−0.1 (−0.4 to
0.2)

.540.2 (−0.1 to
0.4)

>.990.1 (−0.2 to
0.4)

1.2 (0.9-1.5)1.3 (1.0-1.6)1.2 (0.9-1.5)Protein in-
take (g/kg
body
weight/day)

.94−2.7 (−9.2 to
3.8)

.016.9 (1.1-2.7).324.2 (−2.1 to
10.5)

20.3 (14.6-
26.1)

23.0 (17.6-
28.4)

16.1 (10.9-
21.3)

Protein in-
take break-
fast (g/day)

.953.1 (−4.4 to
10.6)

.653.5 (−3.3 to
10.3)

.076.6 (−0.4 to
13.6)

28.6 (22.9-
34.4)

25.5 (20.0-
31.0)

22.0 (17.1-
27.0)

Protein in-
take lunch
(g/day)

>.99−2.5 (−13.2
to 8.3)

.963.9 (−5.6 to
13.5)

>.991.5 (−8.6 to
11.6)

35.1 (26.3-
44.0)

37.6 (29.2-
45.9)

33.6 (25.9-
41.4)

Protein in-
take dinner
(g/day)

a1RM: 1 repetition maximum.

Adherence
Participants followed on average 72% of the training sessions
that were offered in the 24-week program. In the first 12 weeks,
participants followed 77% of the training sessions, as compared
to 67% in the second 12 weeks. The percentage of participants
that participated in the web-based nutrition module, consisting
of 12 modules, differed per week. On average, 80% of the
participants performed the first 6 modules, and on average, 60%
of the participants conducted the last 6 modules.

Qualitative Study
Participants’ experiences were retrieved with interviews (n=7).
The average length of the interviews was 27 minutes. For the
interviewees, 6 out of 7 (86%) were woman with an average
age of 66 years. The focus of the interviews was gaining insights
in the experiences with the web-based training sessions,
consultations, and nutrition module. Participants rated the total
Uni2Move program 8.5 on average (scale 1‐10).

Experiences With Web-Based Training Sessions
The training sessions were rated 8.6 on average (scale 1‐10).
Most of the participants did not follow the web-based training
sessions live but caught up at a time of their preference. They
indicated several advantages of a web-based program, such as
no need to travel, exercising in their own environment, and the
possibility to train at a self-determined time. Participants
appreciated that the fitness trainer provided variations to

exercises, for example receiving an alternative exercise if they
had a prosthesis.

The benefit is that you have no travel time of course.
All I have to do here is walk from one room to
another. [Participant, female]

Disadvantages mentioned by participants were the lack of
physical interaction, social control, training in a group, and
corrections by the trainer. Some participants also indicated that
more discipline was needed.

You need a little more discipline to think: tomorrow
morning I am going to do it. [Participant, female]

A drawback is that there is a little bit less correction.
You need to think by yourself; How do I place my
back and how do I stand? There is nobody who says;
Hello, a bit to the front, a bit to the back. [Participant,
female]

Experiences With Web-Based Dietary Consultations
Participants rated the consultations 7.3 on average (scale 1‐10).
Participants appreciated the fact that the consultations with the
dietitian could be planned at any time of day. In addition, the
form of the consultation was flexible and participants mentioned
that the dietitian always checked whether the information they
provided was sufficient.

She always ended the consultation with asking
whether the advise she provided was clear and
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sufficient, and for me it was fulfilling. [Participant,
female]

For several participants, the web-based consultations made the
contact with the dietitian less personal, leaving limited room
for discussion. In addition, the consultations were a challenge
for a minority of the participants. Due to limited digital skills,
video calling was challenging for them. As an alternative, these
participants conducted phone consultations.

Experiences With the Web-Based Nutrition Module
The web-based nutrition module was rated 7.1 on average (scale
1‐10). Participants mentioned that the level of difficulty for
the modules was suitable. However, some participants thought
it should be more challenging. Participants appreciated the
schedule of the nutrition module, with a new module being
presented on the web every week. In addition, the different
elements of the nutrition module (knowledge clips, text, quizzes,
and recipes) were mentioned as assets.

Participants missed the connection between the exercise and
nutrition program, as they were offered separately and
integration between the two was not present. According to the
participants, a feature that should be added to the nutrition
module is the possibility to have an web-based conversation in
order to gather experiences from other users. On the content
level, participants mentioned the need for information on
skipping a meal, as well as vegetarian and vegan diets.

Discussion

Principal Findings
To our knowledge this is the first study evaluating the effects
of an intervention combining resistance exercise and an
increased protein intake that is completely web-based.
Participants significantly improved knee extension strength
after 13 weeks by 5.1 kg (95% CI 2.8-7.3; P<.001) and by 7.0
kg (95% CI 4.8-9.3; P<.001) after 25 weeks, compared to
baseline. Performance on the repeated chair test improved
significantly after 13 weeks by −0.9 seconds (95% CI −1.5 to
−0.3; P=.001) and after 25 weeks by −1.2 seconds (95% CI
−1.7 to −0.6; P<.001). Protein intake during breakfast increased
significantly between week 0 and 13. Total protein intake per
day did not change significantly. Participants positively valued
Uni2Move, rating the total program an 8.5 (scale 1‐10).
Advantages of the web-based training sessions and dietary
consultations were the flexibility to conduct the program in their
own environment and at a self-determined time. Challenges
were the lack of personal contact and corrections by the trainer.

Web-Based vs Offline Program
Results of the web-based Uni2Move program are in line with
the offline program ProMuscle in Practice for the chair rise test
after 13 weeks, which were −0.9 seconds (15%) versus −0.8
seconds (6%), respectively, and knee extension strength
improved by 5.1 kg (12%) versus 9.6 kg (14%), respectively
[13]. These findings show that the offline program is a promising
strategy in improving muscle health of middle-aged and older
adults. However, several challenges of the web-based program
in comparison to the face-to-face program should be addressed.

The average protein intake decreased after week 13, and the
adherence dropped slightly during the course of the web-based
program. Several participants indicated in the interviews that
discipline was needed to proceed with the adjusted diet, and
personal contact was lacking in the nutrition module. In line
with this, Aalbers et al [10] concluded in their systematic review
that tailored web-based interventions were rated as more
interesting and helped middle-aged participants more, compared
to generic web-based interventions [24]. This emphasizes the
importance of personalizing web-based interventions and
corresponding to the needs of participants. As suggested by
participants, the web-based nutrition module can be improved
by adding an option to chat with other participants. Social
support is known to be an effective technique for the
maintenance of a behavior change [25]. In addition, the nutrition
module can be extended with advanced modules for extra
challenge and additional information.

Strengths and Limitations
First, a major strength of this study is the combination of
quantitative data and qualitative data. In this way, insights on
the effects of the program are combined with experiences of
participants with the practicalities and feasibility of the program.
Second, the limited costs of the intervention are a strength. Costs
of preventive interventions are always challenging for
professionals as well as participants. A web-based intervention
limits costs by reducing travel motions, guiding large groups
of participants during web-based training, reusing training
videos, and reusing the nutrition module. This decreases a
possible cost-related barrier for participation.

Several limitations should be mentioned. First, as participants
perform the workout in their own environment, the performance
of the exercises is less regulated. As a consequence, the intensity
of the performed exercises could not be measured. On the other
hand, the results show improvements for the chair rise test as
well as the knee extension strength, and adherence levels and
rating of the training sessions are satisfactory. Based on that,
we may assume that participants performed the exercises with
a sufficient intensity.

Second, the lack of physical attendance during the intervention
limits the possibility of measuring adherence to the program in
an accurate way. Attendance to training sessions was based on
whether participants watched the video of the training session.
In a face-to-face setting, the fitness trainer would be able to
check who is present and actively participates in the training
sessions. In addition, fitness trainers are not able to correct
participants during at home training sessions. During the
interviews, several participants also indicated the lack of
guidance and corrections on the performance of exercises,
whereas others did not miss the guidance. For older adults who
live independently at home and without complex disorders,
web-based guidance can be suitable. Physical guidance on site
may be appropriate for frail older people who need more
assistance. Further research is warranted to carefully assess
eligibility of the program in different groups.

Third, the small study population is a limitation of this pilot
study. In addition, this study population was highly educated
for the most part. In general, adults with a higher education
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level have better health compared to their less-educated peers
[26]. The latter group should also be included in future research
to study the effects of Uni2Move on their muscle health and to
contribute to reducing health inequalities. During the recruitment
phase, several strategies that were shown to be successful
strategies for reaching adults with a low SEP were executed in
order to include participants with a lower SEP [24]. Multilayered
recruitment strategies were conducted to increase engagement.
First, we adjusted the recruitment material by adopting the
language level and a personal approach by recruiting at low
budget shops with flyers suitable for adults with low literacy
levels. Second, we deployed existing networks and community
networks by recruiting at the local food bank and neighborhoods
where many adults with a low SEP live. Third, we tackled the
common barrier of having limited resources to join the program
by lowering the price of participation from 157 euros (US
$161.58) to 30 euros (US $30.88) for participants with a low
SEP. These strategies led to the inclusion of 2 participants with
an intermediate education level. SEP was not measured because
of participants’privacy. Recently, Collombon et al [4] published
a paper on recruitment strategies for reaching adults aged 50
years and older with low SEP for participation in web-based
physical activity interventions [27]. Results show that
recruitment via invitation letters administered by municipality
was most promising; however, the costs were relatively high
(>2000 euros; US $2058.34). This strategy could be deployed
in future research to include a diverse group of participants.

Future Directions
The main challenges of the web-based intervention include
recruiting participants with a low SEP and adherence to the

program. Recruitment of more participants with a low SEP
should be attempted in follow-up studies by sending invitations
via municipalities, as well as by focusing on recruitment on
social media and at gyms [27]. Adherence to the program can
be increased in several ways. Promising strategies appear to be
increasing personal contact and tailoring the intervention to the
needs of participants. This can be executed by conducting a
hybrid intervention, alternating web-based and physical training
sessions. In this way, fitness trainers can tailor the level of the
exercises to the needs of the participants and can correct
participants if needed. Personal contact evolves during training
sessions, not only between participants but also between
participants and fitness trainers. The advantages of a hybrid
intervention are lower participation costs, flexibility of training
sessions at home, less health care professionals needed,
increased safety due to face-to-face training sessions, and
expectedly higher adherence on the long term due to tailoring
and personal contact.

Conclusion
In summary, the web-based lifestyle intervention Uni2Move is
a pilot study that resulted in an improvement of muscle strength
and performance on the repeated chair rise test, comparable to
the previous offline ProMuscle studies. The results should be
interpreted with caution, as the study population is small.
Advantages of the current intervention are flexibility for
participants as well as professionals, as well as a lack of travel
time and costs. Further research is needed to evaluate the
intervention’s effects in larger groups, and should include
participants with a low SEP, be in a hybrid form, and focus on
adherence in the long term.
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Abstract

Background: The symptoms and associated characteristics of attention-deficit/hyperactivity disorder (ADHD) are typically
assessed in person at a clinic or in a research lab. Mobile health offers a new approach to obtaining additional passively and
continuously measured real-world behavioral data. Using our new ADHD remote technology (ART) system, based on the Remote
Assessment of Disease and Relapses (RADAR)–base platform, we explore novel digital markers for their potential to identify
behavioral patterns associated with ADHD. The RADAR-base Passive App and wearable device collect sensor data in the
background, while the Active App involves participants completing clinical symptom questionnaires.

Objective: The main aim of this study was to investigate whether adults and adolescents with ADHD differ from individuals
without ADHD on 10 digital signals that we hypothesize capture lapses in attention, restlessness, or impulsive behaviors.

Methods: We collected data over 10 weeks from 20 individuals with ADHD and 20 comparison participants without ADHD
between the ages of 16 and 39 years. We focus on features derived from (1) Active App (mean and SD of questionnaire notification
response latency and of the time interval between questionnaires), (2) Passive App (daily mean and SD of response time to social
and communication app notifications, the SD in ambient light during phone use, total phone use time, and total number of new
apps added), and (3) a wearable device (Fitbit) (daily steps taken while active on the phone). Linear mixed models and t tests
were employed to assess the group differences for repeatedly measured and time-aggregated variables, respectively. Effect sizes
(d) convey the magnitude of differences.

Results: Group differences were significant for 5 of the 10 variables. The participants with ADHD were (1) slower (P=.047,
d=1.05) and more variable (P=.01, d=0.84) in their speed of responding to the notifications to complete the questionnaires, (2)
had a higher SD in the time interval between questionnaires (P=.04, d=1.13), (3) had higher daily mean response time to social
and communication app notifications (P=.03, d=0.7), and (4) had a greater change in ambient (background) light when they were
actively using the smartphone (P=.008, d=0.86). Moderate to high effect sizes with nonsignificant P values were additionally
observed for the mean of time intervals between questionnaires (P=.06, d=0.82), daily SD in responding to social and communication
app notifications (P=.05, d=0.64), and steps taken while active on the phone (P=.09, d=0.61). The groups did not differ in the
total phone use time (P=.11, d=0.54) and the number of new apps downloaded (P=.24, d=0.18).
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Conclusions: In a novel exploration of digital markers of ADHD, we identified candidate digital signals of restlessness,
inconsistent attention, and difficulties completing tasks. Larger future studies are needed to replicate these findings and to assess
the potential of such objective digital signals for tracking ADHD severity or predicting outcomes.

(JMIR Form Res 2025;9:e54531)   doi:10.2196/54531

KEYWORDS

ADHD; smartphones; wearable devices; mobile health; mHealth; remote monitoring; surveillance; digital markers;
attention-deficit/hyperactivity disorder; behavioral data; real world; adult; adolescent; participants; digital signals; restlessness;
severity; predicting outcomes

Introduction

The core clinical symptoms of attention-deficit/hyperactivity
disorder (ADHD), which affects 5.9% of children and 2.5% of
adults, are inattention, impulsivity, and hyperactivity [1]. The
diagnosis relies on a semistructured interview designed to
evaluate the diagnostic criteria for ADHD symptoms and
associated functional impairments. Cognitive tasks, which are
often used in research, also reveal behavioral responses that
suggest lapses in attention or impulsive responses in people
with ADHD [2-4]. For example, ADHD is strongly associated
with increased reaction time variability: people with ADHD are
highly inconsistent in their speed of responding to cognitive
tasks, which is linked to difficulties with the regulation of
attention and arousal [5,6].

Beyond the conventional in-person clinic- or lab-based
assessments on clinical symptoms and cognitive functioning,
the field of mobile health (mHealth) offers a new approach to
obtaining additional, more detailed, and longer-term behavioral
data in the real world. Passive monitoring using smartphone
sensors enables ongoing, objective, and unobtrusive data
collection while the participant continues with their everyday
activities [7-10]. The real-world behaviors captured using such
passive monitoring may, for example, provide digital signals
of ADHD severity or predict outcomes. Emerging evidence
from research on other disorders, such as depression and
schizophrenia, indicates the potential for passive smartphone
data to identify markers related to symptom severity or warning
signs of relapse [11,12].

We recently developed a new remote measurement technology
system for adults and adolescents with ADHD (older than 16
years)—the ADHD remote technology (ART) system—which
uses the Remote Assessment of Disease and Relapses
(RADAR)–base mHealth platform [13]. RADAR-base is an
open-source platform to leverage data from wearable devices
and mobile technologies. It provides scalable and customizable
capabilities for remote real-time data collection from a wide
range of sources and apps, providing a unified system for
researchers to store, manage, and analyze the collected data.
The RADAR-base Passive App collects background data from
several sensors on modern smartphones, such as ambient noise,
ambient light, phone use information (eg, which apps have been
used and for how long), passive audio, GPS (relative) location,
local Bluetooth device connectivity, battery life, gyroscope,

steps, and acceleration from smartphone sensors. The Active
App collects data requiring conscious effort (eg, questionnaires
and other tasks), which are customizable according to study
requirements. The platform sends notifications via the Active
App to remind study participants to fill out the questionnaires
and other prompts; related timestamps are recorded when the
notification is delivered when participants start filling out the
questionnaires and finish them.

Data previously collected using the Passive App in the
RADAR-CNS (Remote Assessment of Disease and Relapse –
Central Nervous System) long-term remote monitoring project
[14] on adults with major depressive disorder revealed digital
biomarkers that have the potential to predict depression severity
[15]. For example, analyses focusing on a median follow-up
period of 4 months showed that nearby Bluetooth device
count—a proxy for social isolation—was associated with
depression questionnaire scores [16]. The nearby Bluetooth
device count can reflect the participants’ social connections and
interactions with family, friends, co-workers, and strangers.
Therefore, the data can also reflect participants’ time at home,
mobility, social isolation, working status, and the number of
other Bluetooth devices in the house and working environment.
Further analyses of geolocation data over 24 months showed
that an increase in depression symptom severity was preceded
by an increase in time spent at home and a reduction in the
average time spent spread across different locations. These
findings from the RADAR-major depressive disorder study
illustrate how data from the Passive App can be used to identify
digital markers of the severity of psychiatric symptoms,
supporting its application to other disorders, such as ADHD.

We aimed to quantify and investigate whether adolescents and
adults with ADHD differ from people without ADHD on a range
of measures hypothesized to capture lapses in attention or
restless or impulsive behaviors. As shown in Figure 1, we focus
on analyzing passively collected data from the wearable device
and a dedicated Passive App. Similar to the behavioral data
gathered by the Passive App, the analysis of data from the
Active App explores participants’behavior during questionnaire
completion. While the content of the questionnaires and
cognitive data themselves are valuable for assessing ADHD
and associated symptoms, they fall outside the scope of this
particular paper. We aimed to investigate digital traces passively
collected from participants’ smartphones and wearable devices
during their daily lives.
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Figure 1. Graphical abstract showing study methodology and feature generation. A total of 20 participants with and 20 without ADHD were recruited
in the United Kingdom between August and November 2020 and matched on age and gender. Participants completed the clinical symptom questionnaires
via the Active App, while the smartphone sensor data were collected from the Passive App and the wearable sensor data from Fitbit. From the Active
App data, the variables questionnaire notification response latency and time intervals between questionnaires are derived. Social and communication
apps notification response latency, ambient light, number of new apps added, and active session duration are derived from the Passive App, whereas
the Fitbit steps during the active sessions are derived from the wearable device. ART: attention-deficit/hyperactivity disorder remote technology; ADHD:
attention-deficit/hyperactivity disorder; RADAR: Remote Assessment of Disease and Relapses.

Methods

Participants
Between August and November 2020, we recruited 20
individuals with ADHD and 20 comparison individuals without
ADHD between the ages of 16 and 39 years into the study
(Table 1). Participants were recruited from previous studies
(where they had indicated that they were willing to be contacted
regarding future research studies) via the Attention Deficit
Disorder Information and Support Service using an advert placed

on their website and emailed to members, social media
(Facebook and Twitter), and placing an advert on the King’s
College London Volunteer circular and on the “Call for
Participants” website. Exclusion criteria were as follows: (1)
having psychosis, major depression, mania, drug dependency,
or a major neurological disorder; (2) any other major medical
condition that might impact upon the individual’s ability to
participate in normal daily activity; (3) pregnancy; and (4) IQ
of <70. Participants in the ADHD group additionally met the
diagnostic criteria for ADHD, and participants in the comparison
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group could not meet the diagnostic criteria for ADHD based
on the self-report on the Barkley Adult ADHD Rating Scale

(BAARS) on current symptoms (BAARS-IV) and Barkley
ADHD functional impairment questionnaire.

Table . Demographics for the groups of participants with and without attention-deficit/hyperactivity disorder (ADHD).

WASI-IIa vocabulary subscale,
mean (SD)

Age (years), mean (SD)Female, n (%)Group

57.85 (7.53)27.49 (6.04)15 (75)ADHD (n=20)

56.80 (8.35)27.79 (6.17)15 (75)Without ADHD (n=20)

aWASI-II: Wechsler Abbreviated Scale of Intelligence.

Ethical Considerations
The study was approved by the North East – Tyne and Wear
South Research Ethics Committee (REC reference:
20/NE/0034). Informed consent was obtained from participants
before the assessments started. To maintain participant
anonymity, their data were pseudonymized, and participants
were identified in the study data with a code. Data collected
from the apps, wearable devices, and interviews were only
associated with this code and stored separately from any
personally identifiable information. Participants were
compensated £30 (US $37) after completion of the baseline
sessions, £20 (US $25) after the first remote active monitoring
follow-up (end of week 5), and a further £50 (US $62) at the
study end point (end of week 10). The participants did not
receive additional compensation for completing the debrief
interviews.

Procedure
ART is an observational, nonrandomized, noninterventional
study using commercially available wearable technology and
smartphone sensors, representing no change to the usual care
or treatments of participants due to participation.

Participants attended 2 remote baseline sessions with a research
worker using Microsoft Teams. The first remote baseline session
with the participants with ADHD included the administration
of the following assessments: (1) the Diagnostic Interview for
ADHD in adults [17] to confirm ADHD diagnosis, (2)
vocabulary and digit span subscales from the Wechsler
Abbreviated Scale of Intelligence, and Wechsler Adult
Intelligence Scale, respectively, and (3) web-based Research
Electronic Data Capture (REDCap) [18] baseline questionnaires.
The baseline REDCap questionnaires for the participants with
ADHD included the About You (demographic) questionnaire,
AQ-10 (autism), and the COVID-19 baseline questionnaire.
The same was true for participants without ADHD however, in
addition, they were required to complete the BAARS/Barkley
Functional Impairment Scale (BFIS) (ADHD) to ensure they
did not reach the research threshold for ADHD symptoms.

The second session was administered once participants had
received their wearable device and smartphone by post,
approximately a week after the first session. The second session
included: (1) the administration of 2 cognitive tasks (combined
cued continuous performance test and Go/NoGo task, and the
Fast task) and (2) a training session on the use of the wearable
device (Fitbit) and the smartphone Active and Passive Apps.
The participant also received a leaflet summarizing key

information (Participant Technology User Guide) and researcher
contact details for future reference. Each session lasted for
approximately 1.5 hours. Comparison participants were assessed
in the same way, except that instead of the full ADHD diagnostic
interview, they completed the ADHD symptom and impairment
questionnaire [19].

During the baseline session, the participants with ADHD were
asked to identify a partner, parent, or close friend who could
complete informant-report versions of the active monitoring
questionnaires on ADHD symptoms, impairment, and irritability
using the web-based REDCap. The research worker contacted
the informant and invited him/her to complete the questionnaires
at each of the 3 remote active monitoring time points.

Each participant was, therefore, in the study for 10 weeks. The
content of questionnaires and cognitive data are beyond the
scope of this analysis. We describe below measures for variables
used in this analyses.

Measures

Active App: Clinical Questionnaires
Active monitoring involved the participant completing clinical
symptom questionnaires on the RADAR-base smartphone
Active App and 2 cognitive tasks on their home PC or laptop,
which took place 3 times: at 2 weeks (the first remote
self-administered assessment), 6 weeks (the second remote
self-administered assessment) and 10 weeks (the third remote
self-administered assessment) after the baseline remote
researcher-led session.

Participants were requested to fill out the following
questionnaires every 2 weeks: Patient Health Questionnaire
depression scale[19], Affective Reactivity Index questionnaire
[20], BAARS-IV [21], Generalized Anxiety Disorder-7 [22],
and Reactive-Proactive Aggression Questionnaire [23].
Participants with ADHD also completed a medication use
questionnaire; however, we excluded this questionnaire from
our analyses, as the comparison group was not asked to complete
it. Participants were informed that the questionnaires would be
available for 3 days; however, they were told to complete them
as soon as it was safe to do so. As the aim of this paper focuses
on the passive measures of ADHD classification, the responses
to the questionnaires are beyond the scope of this paper.

Passive Monitoring Measures
Passive monitoring, where data are collected without conscious
effort from the participants using the smartphone and the
wearable device (Fitbit Charge 3), started from the second
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baseline session and continued for 10 weeks for each participant.
Passive data were collected continuously on a 24/7 basis.
Participants with an existing Android phone had the option of
either using their existing phone (1 participant with ADHD and
4 participants without ADHD) or upgrading it to a study Android
phone (Motorola G7 Play or G7 Power; 3 participants with
ADHD and 6 without ADHD). Participants who had an iPhone
were asked to replace the iPhone with a study phone for the
duration of the study (16 participants with ADHD and 10
without ADHD). Before enrolling in the study, participants
were told they could only use an Android phone during the
study period due to the availability of sensors and use data on
Android devices. It was explained to them that due to our study
design, they must only use one phone. During the study, the
research team monitored phone battery status and phone app
use to ensure compliance. Furthermore, we analyzed the battery
discharging rate and found no significant differences in the
discharging rate throughout the study period, confirming that
the study phone was being used as the primary phone.
Participants were asked to wear the wearable device on their
nondominant hands.

The Passive App collected data on ambient noise, ambient light,
phone use information (eg, which apps were used and how long,
when the phone was unlocked), GPS location, Bluetooth
connectivity, battery life, gyroscope, steps, and acceleration.
Several passive measures were used to derive features to assess
the smartphone use behavior of individuals with ADHD.

One such measure is phone status data. It logs the state of a
smartphone at any given moment. The state can be
“STANDBY” (device on standby), “UNLOCKED” (the device
is unlocked), “SHUTDOWN” (the device is shut down), or
“BOOTED” (the device is booting or starting). During the period

between the device being unlocked and standby again, it is
assumed that the participant is actively using the smartphone.
We named this period an active phone use session.

The active phone use session can help us understand how long
and when a participant is active on their smartphone. Another
Passive App measure is the app event data. An “event” can
represent any activity in the phone app. The app event data
capture background (events that happen without the help of any
active user interference), interactive (events that are initiated
by the user using the app’s user interface), and foreground
(events that are shown in the app notification section) events.
The app event data can be used to understand the user’s
smartphone activity (ie, what apps they use and how long they
use them).

Combining this with the aforementioned active phone use data
can be used to understand the smartphone behavior of
individuals with ADHD. We calculated how long a participant
took to open the phone after receiving a notification from any
social and communication apps. We defined social and
communication as applications that are labeled as “social”
(Instagram, Facebook, etc) or “communication” (WhatsApp,
Facebook Messenger, SMS, etc) in the Google Play store.

The smartphone also uses its light sensor to measure ambient
light exposure level (ie, illuminance). We used the light sensors
to assess the ambient information of participants. The data
collection and management were handled by the open-source
mHealth platform RADAR-base.

Feature Generation
Using the measures described, we derived the following features
that we hypothesize capture ADHD tendencies (Table 2).
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Table . List of features for the analyses and their descriptions.

Feature descriptionFeature nameNumber

The time taken by the participant to start complet-
ing the questionnaire after receiving the notifica-
tion.

Questionnaire notification response latency1

SD in the time taken by the participant to start
completing the questionnaire after receiving the
notification.

SD in questionnaire response latency2

The mean time interval between finishing one
questionnaire and starting the next one.

Mean interval between questionnaires3

SD in the time interval between finishing one
questionnaire and starting the next one.

SD in intervals between questionnaires4

Daily mean of the response time to notifications
from social and communication apps.

Daily mean of social and communication apps’
notification response latency

5

SD in the response time to notifications from the
social and communication apps.

Daily SD in social and communication apps’
notification response latency

6

SD in ambient light while actively using the
smartphone.

SD in ambient light7

Fitbit step count during each active phone use
session.

Fitbit steps during the active sessions8

The time participant spends actively using their
smartphone device in each active phone use ses-
sion.

Active session duration9

The total number of new apps added daily.Number of new apps added10

Questionnaire Response Time Features
The variable capturing the response latency of the questionnaire
notification enables us to assess whether individuals with ADHD
are slower to start answering the questionnaires following the
notification. The variable mean intervals between questionnaires
allow us to explore whether individuals with ADHD have a
longer time interval between finishing one questionnaire and
starting the next one. The SD in questionnaire response latency
and intervals between questionnaires assess the variability in
the response time and questionnaire intervals.

Passive Phone Use Features
We further created variables that allow us to assess whether
participants with ADHD are more variable and differ overall in
their speed of responding to notifications from social and
communication apps. The notification data obtained using the
Passive app is used to determine how individuals with ADHD
respond to notifications from social and communication apps
compared with the participants without ADHD.

When a notification from a social or communication app occurs,
the phone will record an OTHER event type followed by a
FOREGROUND or INTERACTION event if the participant
has interacted with the notification. We have excluded all the
notifications from the analyses that appeared when the
participants were, indicated by their Fitbit data, to be sleeping
to remove instances as it is highly unlikely that they could have
seen the notifications. We analyzed the time it took for
participants to unlock their phones after receiving a notification
from a social or communication app.

Specifically, we computed the daily mean and SD of the
notification data to derive the participants’ daily aggregate of
smartphone behaviors.

Ambient Light Features
The variables on the SD in ambient light and steps while active
on their smartphones were hypothesized to be related to
restlessness by allowing us to assess whether individuals with
ADHD move around more than participants without ADHD
when they are actively using their devices.

Phone Activity Features
We also created variables measuring the length of each active
phone use session and the number of new apps downloaded to
assess whether shorter active phone use sessions and a greater
number of new apps downloaded are observed in the participants
with ADHD.

Statistical Methods
We used linear mixed models (LMMs) to examine differences
between the groups for repeatedly measured variables over the
study period. These variables include questionnaire notification
response latency, mean intervals between questionnaires, the
SD in intervals between questionnaires, daily mean of social
and communication apps’ notification response latency, the
daily SD in social and communication apps’ notification
response, the SD in ambient light, Fitbit steps during the active
sessions, active session duration and the number of new apps
added.

We chose this approach as it takes the nonindependence of data
into account. Therefore, we can use repeated measures from the
same participant. LMMs are also highly robust and do not need
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to satisfy the prerequirements necessary for ANOVA models
[24]. Moreover, we investigated the interaction effect between
the days since the recruitment and the control group with respect
to questionnaire notification response latency and intervals
between questionnaires to evaluate how being in the study for
a longer duration impacts these behavioral variables.

For nontemporal aggregated variables (SD in questionnaire
notification response latency), we used the standard t test to
compare the group differences. The P values are noted by P in
the text, and variables are defined as statistically significant if
P<.05. Along with P values, we have also reported the Standard
Score (Z value) and effect size (d). For repeatedly measured
variables where we used LMM, we have computed the effect
size in Formula 1 [25]. The effect size of nontemporal
aggregated variables is computed using Cohen d [26].

Formula 1, measuring effect sizes on the results of LMM [25],
is as follows:

d=difference between meansvarinterceptpart+varinterceptitem+varslopepart+varslopeitem+varresidual

where

d=effect size

varinterceptpart=the intercept coefficient per participant

varinterceptitem=the intercept coefficient per item

varslopepart=the slope coefficient per participant

varslopeitem=the slope coefficient per item

varresidual=the residual variance coefficient

The effect size d>0.6 has been employed to determine
nonsignificant trends [27]. The cut-off was used to correspond
to moderate to high effect sizes. As this is primarily an
exploratory study and to inform future larger-scale studies,
multiple testing corrections were not undertaken to reduce the
chance of type-two errors (ie, false negative results) and to avoid

over-correction for multiple comparisons involving multiple
correlated variables.

We identified and removed outliers by using the IQR proximity
rule, a well-established method for outlier detection in skewed
distributions [28]. We calculated the upper limit (UL) and the
lower limit (LL), a statistical threshold computed from data
points according to Formula 2. Any values in the data above
UL and below LL are deemed outliers and removed from the
analyses. The derived limits serve as a reference point to identify
and manage outliers or unusual data points in a data set. To
assess the influence of potential outliers, we conducted a
sensitivity analysis. This involved reanalyzing the data after
excluding the 2 participants with the highest SD in ambient
light values.

Formula 2, the IQR proximity rule [28], is as follows:

data:List of data points

Q1=Percentile(data,25)

Q3=Percentile(data,75)

IQR=Q3−Q1

LL=Q1−1.5×ILR;UL=Q3+1.5×ILR

Results

Group differences were significant for 5 out of the 10 variables:
questionnaire notification response latency, the SD in
questionnaire notification response latency, the SD in intervals
between questionnaires, daily mean of social and communication
apps’ notification response latency, and SD in ambient light
(Table 3). While not significant, the mean intervals between
questionnaires, the daily SD in social and communication apps’
notification response latency and Fitbit steps during the active
session show results from moderate to high effect size, that is,
d>0.60.
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Table . Summary of results for all the 10 derived features.

Effect size (d)Standard score (Z)P valueWithout ADHD,
mean (SD)

ADHDa, mean
(SD)

Feature nameNumber

1.05−1.99.04711.69 (10.31)19.14 (12.98)Questionnaire noti-
fication response

latency (in hours)b

1

0.842.68.018.97 (6.83)15.88 (9.27)SD in questionnaire
notification re-
sponse latency (in

hours)b

2

0.82−1.18.060.18 (0.64)1.12 (2.17)Mean intervals be-
tween question-
naires (in hours)

3

1.13−2.03.040.35 (2.23)2.01 (5.04)SD in intervals be-
tween question-

naires (in hours)b

4

0.7−2.17.031516.45 (785.78)2304.27 (1406.62)Daily mean of so-
cial and communi-
cation apps’ notifi-
cation response la-

tency (in seconds)b

5

0.64−1.96.052125.15 (840.86)2736.38 (1091.17)Daily SD in social
and communication
apps’ notification
response latency (in
seconds)

6

0.86−2.67.00843.63 (73.57)83.96 (155.57)SD in ambient light

(in lux)b
7

−0.61−1.67.09179.20 (177.26)313.14 (263.88)Fitbit steps during
the active sessions
(in steps)

8

0.54−1.60.111047.68 (1060.45)1778.07 (1653.87)Active session dura-
tion (in seconds)

9

0.181.18.241.43 (0.81)1.18 (0.40)Number of new
apps added

10

aADHD: attention-deficit/hyperactivity disorder.
bStatistically significant result.

For questionnaire notification response latency, mean intervals
between questionnaires and SD in intervals between
questionnaires, we observed the interaction of these features
with time and found that the features increased slightly, though
non significantly, with each day. We did not find any significant
interaction between the control group and the day for the
features. The negative coefficient observed corresponding to
the interaction effect for the features implies that the increase
in features per day is smaller in the comparison group compared
with the ADHD group.

Figures 2-6 illustrate the results for questionnaire notification
response latency, SD in questionnaire notification response
latency, SD in intervals between questionnaires, daily mean of
social and communication apps’ notification response latency,
and SD in ambient light, respectively. Figure 5 shows the SD
in ambient light while participants are actively using their
smartphones. This reveals that participant IDs 5 and 36, who
have ADHD, are potential outliers. The sensitivity analysis
confirmed that the group difference remained statistically
significant after these exclusions. Therefore, we have chosen
to include all participants in the final analysis for transparency
and robustness.
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Figure 2. The figure presents the differences in the time taken by the participant to start completing the questionnaire after receiving the notification
(questionnaire notification response latency) in participants with and without ADHD. ADHD: attention-deficit/hyperactivity disorder.

Figure 3. SD in the time taken by the participant to start completing the questionnaire after receiving the notification (SD in questionnaire notification
response latency) in individuals with and without ADHD. The boxplot represents the median and IQR of SD in questionnaire notification response
latency for both groups. ADHD: attention-deficit/hyperactivity disorder.
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Figure 4. Log of SD in the interval between finishing one questionnaire and starting the next one (SD in intervals between questionnaires) in participants
with and without ADHD. ADHD: attention-deficit/hyperactivity disorder.

Figure 5. Daily mean of response time to notifications from social and communication apps (daily mean of social and communication apps’ notification
response latency) in participants with and without ADHD. ADHD: attention-deficit/hyperactivity disorder.
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Figure 6. SD in ambient light while actively using the smartphone in participants with and without ADHD. ADHD: attention-deficit/hyperactivity
disorder.

Discussion

Principal Findings
In a novel exploration of digital markers of ADHD, we identified
candidate digital signals of restlessness, inconsistent attentional
focusing, and difficulties completing tasks as part of a 10-week
remote monitoring pilot study on our ART system.

Analyses of the data from the smartphone Active App, where
participants were requested to complete a series of
questionnaires at 4-week intervals, revealed that individuals
with ADHD were slower and more variable in starting to
complete questionnaires after receiving a notification, and more
variable in the time interval between finishing one questionnaire
and starting the next one, than the participants without ADHD.
The Passive App data further showed that the participants with
ADHD were slower to open their smartphones following a
notification from a social or communication app compared with
the group without ADHD. These novel findings—as well as
further potential signals that emerged at trend-level only (greater
mean in the ADHD group in the intervals between
questionnaires and variability in the time taken to open the
phone after receiving a social or communication app
notification)—await replication in larger future studies.

The above findings are in line with the frequently reported
difficulties in completing tasks among people with ADHD [3]

and may further reflect characteristic inconsistent attentional
focusing. Future research is needed to explore whether the
slower and more variable speed of responding captured on the
smartphone data reflects the same difficulties with the regulation
of attention and arousal reported in lab-based cognitive studies
in individuals with ADHD. Such cognitive studies strongly link
ADHD with inconsistency in the speed of responding to
cognitive tasks, which has been linked in neurophysiological
studies of the regulation of attention and arousal [5,6]. Whether
passive remote data collection using smartphones could offer
a real-world passive alternative or augmentation to the more
intensive cognitive task administration to measure behavioral
characteristics associated with ADHD requires careful further
study. Given the general availability of smartphones in the
general population, the possibility of using this approach for
symptom monitoring remains intriguing.

An additional group difference from our analyses of the Passive
App data was the SD in ambient (background) light concurrent
with the use of their mobile phone, which was significantly
higher among the participants with ADHD. Further investigation
would be useful to understand this better, but we presently
hypothesize it may relate to participants with ADHD moving
between differentially lit environments while using their
smartphones. A related group comparison on Fitbit step count
while active on their smartphone was not significant, but the
high effect size observed again emphasizes the need for future
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research with increased statistical power. We did not observe
a difference between participants with and without ADHD in
the number of new apps downloaded or in the length of active
smartphone use sessions, which suggests that these markers do
not capture impulsivity, restlessness, or other symptoms of
ADHD.

Limitations
Since this was a pilot study, the sample size was small (n=40),
and the findings require replication in future studies with larger
samples. While this sample size provided sufficient power to
explore initial relationships between ADHD and phone-based
behavioral markers, it limits the generalizability of the findings
to the broader ADHD population. Smaller sample sizes can
increase the likelihood of chance findings and decrease the
ability to detect subtle but meaningful effects. Therefore,
replicating these findings in larger and more diverse samples
is necessary to confirm their validity and generalizability. A
strength of our design was, however, the large amount of data
collected per participant: 10 weeks’ worth of multimeasure
remote monitoring data, which, in the case of passive monitoring
data, was collected 24 hours a day. During the 10 weeks of the
study period, we collected an average of 99,180 Fitbit step data
points per participant. We collected an average of 149,821
different app activities per participant from 1855 unique apps
during the same period.

Another limitation is that the data were collected during the
COVID pandemic when restrictions were in place that may have
affected daily activities (eg, physical activity, sleep, and
smartphone activity) and well-being more generally. Importantly
for our analyses, however, we note that such restrictions were
concurrent for both groups.

Another limitation to consider is that 75% of our participants
are women, and hence, there is a gender imbalance in our study.
However, the groups were matched on gender. Future larger

studies should aim to recruit samples with more representative
gender distributions.

Furthermore, we provided several participants (n=35) who
owned an Apple smartphone or a noncompatible Android
smartphone with a new compatible Android smartphone. Despite
instructing participants to use the new Android phone as their
primary phone during their remote monitoring period, as
participants had access to their Apple smartphone and
noncompatible smartphone, it is difficult to assess how much
they may have used their nonstudy phones.

Future Research
We are currently conducting a large remote monitoring study
on adults with ADHD—the ADHD remote technology study
of cardiometabolic risk factors and medication adherence
(ART-CARMA) [29]. In ART-CARMA, we obtain remote
monitoring data from the participants with ADHD both before
and after initiation of ADHD medication treatment, which will
allow us to examine the effects of medication on the digital
markers of ADHD that we identified here. In total, we will
obtain remote monitoring data from each participant for 12
months, enabling detailed over-time analyses of the multiple
measures. Another direction for future research would be to
explore potential age- and gender-related differences in digital
markers, from childhood through adolescence and young
adulthood, to older adulthood, in both men and women.

Conclusions
Using the ART system in a 10-week remote monitoring study
of participants with and without ADHD, we identified novel
candidate digital markers of ADHD: digital signals that we
propose to capture ADHD symptoms of restlessness,
inconsistent attentional focusing, and difficulties completing
tasks. Future research can assess the potential for the candidate
digital markers of ADHD, as identified here, to track ADHD
severity or predict outcomes.
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Abstract

Background: Bystander intervention is a common method to address the ubiquitous issue that is sexual violence across college
campuses. Short messages that incentivize bystander intervention behavior can be another tool to fight sexual violence.

Objective: This study aimed to conduct formative research surrounding social norms and bystander barriers to pilot and develop
Instagram (Meta) reel-based messages addressing bystander intervention among college students.

Methods: The first step was to conduct a formative survey to identify peer norms and actual behavior of the intended population.
Once that data were collected, a mixed methods message pilot was conducted by a survey where participants randomly saw 5 of
the 12 messages developed, assessing them for credibility, perceived message effect, and intended audience.

Results: The formative survey was conducted among 195 college students from the same institution, and the pilot test was
conducted among 107 college students. The formative survey indicated a discrepancy between perceived peer behavior and actual
behavior of the participants in all 3 measures, allowing for the development of normative messaging. The pilot testing indicated
the credibility was acceptable (eg, mean 3.94, SD 1.15 on a 5-point scale) as well as the perceived message effect (eg, mean 4.26,
SD 0.94 on a 5-point scale). Intended audiences were also identified and reached. Qualitative results indicated that the messages
may have lacked credibility, although the quantitative results suggest otherwise.

Conclusions: Participants understood the messages concerned bystander intervention, and perceived message effects results
indicated the messages to be effective in assisting bystander intervention engagement by normative messaging. Messages were
considered credible and reached the intended audience. The qualitative results provided further insights on how the messages can
be adapted before being tested for effects. Future research should focus on further adapting the messages and testing their effects
among the studied population.

(JMIR Form Res 2025;9:e66769)   doi:10.2196/66769

KEYWORDS

bystander intervention; message development; sexual health; college; student; sexual violence; bystander; reel-based; Instagram;
social media; short message; formative research; mixed methods; social norms; perceived behavior; qualitative; behavioral health;
digital health

Introduction

Background
Bystander intervention trainings and messages are two of the
main ways universities in the United States attempt to address
the sexual violence crisis in college campuses [1,2]. Although
it is common for bystander intervention messaging (here,
bystander intervention is defined as the ability to identify
situations in which a third party may assist someone in a risky
and act to intervene [3]) to use bystander models as a theoretical
framework [4,5], the social norms approach is also used to
address sexual violence interventions [6]. For the social norms
approach to be successful, it is necessary that the population of

the message experiences pluralistic ignorance, where there is a
difference between their own behavior and their estimate of
peer behavior [6]. The social norms approach suggests that
people who believe that their peers are engaging in a behavior
are more likely to engage in that behavior themselves [6],
whereas bystander models, in particular bystander barriers,
suggest that the belief that others will take responsibility
removes their own responsibility to engage in bystander
intervention [7]. Many trainings and programs exist that focus
on stimulating bystander intervention behavior [8,9], but less
is known about the role of supporting media messages. In
addition, it is necessary to investigate how these 2 opposing
perspectives may be perceived as messaging mechanisms for
college students.
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Sexual Violence and Bystander Intervention
There is a sexual assault crisis on college campuses. Estimates
indicate that approximately 1 in 4 college women are sexually
assaulted during their time in college [1], which is high
compared with the rate of 1 in 5 among the general population
of women in the United States [2]. In addition, certain
populations seem to be more at risk, such as first-year students
[10] and LGBTQ+ (lesbian, gay, bisexual, transgender, queer+)
students [1]. Universities across the country have tried to curb
the problem by using a series of prevention efforts against sexual
violence, with one of the most popular ones being bystander
intervention [11].

Bystander intervention training and campaigns, including
in-person and online training, are effective ways of increasing
intervention intentions among college students in multiple
scenarios [5,12]. An example of these campaigns is Green Dot,
which features a focus on motivational speech and in-person
training [12]. Over 500 universities in the United States have
adopted Green Dot [13]. It is worth noting, however, that the
bystander effect has been brought into question [14,15]. This
can be in part due to its questionable origins in the Kitty
Genovese issue [16]. Even still, this event led to an eventual
refinement of what it means to intervene as a bystander, and
the trainings developed from there proved to be successful
[4,5,12,17,18].

Instagram as a Channel for Interventions
Using Instagram as a platform for public health concerns has
been studied mostly in an exploratory manner [19]. However,
some studies suggest that the issue is not necessarily reach but
the ability of the entities governing these accounts to
communicate with their publics [20]. In addition, such
messaging developed for Instagram can be easily adapted for
other channels, facilitating eventual scalability efforts.

Instagram reels, in particular, are more popular than regular
Instagram posts and stories because they have better reach and
can be found more easily than regular posts [21]. They also
have more editing features that can be used to make messages
engaging for the audience [21]. Instagram is also highly used
among college-aged populations, more so than other platforms
[22], such as Twitter (now X), Facebook, and Snapchat. Thus,
the Instagram reel-inspired format can be an optimal channel
for short and targeted messaging.

This Study
In this study, a formative survey was conducted to assess if
pluralistic ignorance exists in a college population in relation
to bystander intervention behavior in sexual assault situations.
This step needed to be established first to ensure a social
norms–based message would be feasible. In the presence of
pluralistic ignorance, 3 theoretically based Instagram reel-based
video messages with short scripts messages were developed
and piloted in terms of credibility, intended audience, perceived
message effectiveness, and a manipulation check of the
conditions. One condition on bystander behavior barriers,
focusing on showing participants only the actual behavioral
data reported in the survey, was called the message readjustment

condition in this study; another condition was based on the
social norms approach, which was called the norm reinforcement
condition in this study, as it focused on showing participants
only the normative information from the data collected in the
survey; and 1 combined both theoretical frameworks, showing
both the normative information and the behavioral information
with the intent of highlighting the discrepancy between the 2.
The goal of this study is to assess the perceived message
effectiveness, credibility, and intended audience reach of these
messages pertaining to bystander intervention.

Methods

Formative Survey
In the first semester of 2023 in a large, public, American
university, data were collected from 195 undergraduate students
aged 18 to 29 years (mean 20.52, SD 2.22 years), most of whom
identified as women (118/195, 60.5%), cisgender (184/195,
94.4%), heterosexual (123/195, 63.1%), White (139/195,
71.6%), not Hispanic (110/195, 56.7%), and middle class
(124/195, 63.6%). Participants were recruited from a randomized
list of 2000 emails from the university’s registrar’s office,
representative of the university as whole.

Formative Research Measurements

Bystander Intervention Behavior
Three items were adapted from Hust et al [23]. Participants
were asked to indicate how much they agree (5) or disagree (1)
with statements related to perceived norms. Specifically, these
items concerned the participants own behavior. These items
included “I have made sure my friends are ok if I see him/her
in an uncomfortable sexual situation at a party” and “I have
discouraged a friend who said they planned to get someone
drunk to have sex.” The Cronbach α was assessed for the entire
sample, for a value of .83.

Bystander Intervention Perceived Norms
Three items were adapted from Hust et al [23]. Participants
were asked to indicate how much they agree (5) or disagree (1)
with statements related to perceived norms. Specifically, these
items refer to how they perceived their peers would act in these
situations. Items include the stem “most of my friends would,”
followed by items such as “make sure their friend is ok if they
see him/her in an uncomfortable sexual situation at a party” and
“discourage a friend who said they planned to get someone
drunk to have sex.” The Cronbach α was assessed for the entire
sample, for a value of .8.

Formative Research Results
Table 1 demonstrates that there was a discrepancy between peer
perception and actual behavior of participants. The means were
higher among the normative statements (bottom 3) as compared
with their actual behavior items counterparts, indicating that
participants said they more strongly agreed with the normative
statements. This indicates that there was an opportunity for a
social norms message to be developed, as pluralistic ignorance
was identified.
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Table . Means and SDs of items used for message development.

n/Na (%)Mean (SD)Items

163/195 (83.6)4.43 (1.08)I have made sure my friends are ok if I see
him/her in an uncomfortable sexual situation at
a party.

93/192 (47.7)3.63 (1.41)I have warned someone if I saw a drug being
slipped into their drink.

107/193 (55.5)3.73 (1.43)I have discouraged a friend who said they
planned to get someone drunk to have sex.

191/195 (98)4.86 (0.41)Most of my friends would make sure their friend
is ok if they see him/her in an uncomfortable
sexual situation at a party.

191/195 (98)4.89 (0.38)Most of my friends would warn someone if they
saw a drug being slipped into their drink.

188/195 (96.4)4.82 (0.47)Most of my friends would discourage a friend
who said they planned to get someone drunk to
have sex.

aPercentage that indicated either “agree” (5) or “somewhat agree” (4) for each of these statements.

Pilot Testing
Messages were developed based on the items tested in the
formative research survey step. A total of 12 messages were

developed, 3 per condition. The experimental conditions and
the theoretical basis for each can be found on Table 2.

Table . Experiment conditions based on theoretical frameworks.

Outcomes Theoretical framework Condition 

Intention to take responsibilityBystander barriers [7]Norm readjustment 

Perceived peer normSocial norms approach [6] Norm reinforcement 

IntentionsSocial norms approach and bystander barriers
[6,7]

Norm readjustment and reinforcement 

——aControl 

aNot applicable.

Data were collected in October of 2023. This data collection
was exempt from institutional review board (IRB) review for
similar reasons as the formative survey, where the university’s
IRB reviewed the proposal and indicated that a full-board review
was not necessary considering the minimal risks. To be eligible
to participate, participants had to be currently in the United
States, be an undergraduate student at the university being
studied, and be between the ages of 18 and 29 years. Participants
were recruited through a pool of students taking communication
courses and were compensated with extra credit. Other
recruitment methods were attempted, such as social media
recruitment, but they yielded very few participants. These
participants were compensated with Starbucks gift cards. These
3 conditions were added as screeners to ensure only participants
who conformed to them participated in the pilot. This type of
pilot testing strengthens the validity and reliability of the
intervention, and it has been used in similar efforts [24,25].

Participants saw 5 of 12 Instagram reel-based short video
messages developed in random order (3 per condition: norm
readjustment, norm reinforcement, combined condition, and
control). The following instructions were provided to the
participants before they started the pilot: “Next, you will see 5
short videos. You will answer some questions about those videos

and then some overall questions. Please make sure you can hear
the videos as you watch them. Please click on the button on the
bottom right to continue.” Participants were also provided with
the following description of bystander intervention: “Definition
of bystander intervention: Bystander Intervention is recognizing
a potentially risky situation or interaction and choosing to
respond in a way that could positively affect the outcome. For
the purposes of this study, we are mostly referring to intervening
in situations that could escalate to sexual violence.” As these
messages had to be highly tailored, the messages referred to the
students with the name of the university’s mascot (eg, if the
university’s mascot was a tiger, the participants were called
tigers). These references were removed from this paper to ensure
the anonymity of the participants and an unbiased peer review
process.

A total of 107 individuals participated in the pilot, but 81
participants responded to demographics items. Participants’
ages ranged from 18 to 24 years (mean 20.16, SD 1.33 years).
Most identified as women (52/81, 64.2%) and cisgender (80/81,
98.8%). Most identified as heterosexual (60/81, 74.1%), but a
considerable portion of the sample either chose a sexual minority
(15/81, 18.4%) or chose not to answer (6/81, 7.4%). Most
participants were non-Hispanic/Latine (44/81, 54.3%) and were
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Caucasian/White (61/81, 75.3%). Most participants also
self-identified as middle class (58, 71.6%).

Pilot Measures

Perceived Message Effectiveness
An adaptation of the 3 items from the University of North
Carolina’s Perceived Message Effectiveness Scale (UNC PMES)
was used to measure perceived message effectiveness [26].
Example items include “This message makes me concerned
about the lack of bystander intervention engagement on campus”
and “This message discourages me from not engaging in
bystander intervention.” Participants were asked to indicate
how much they agree (5) or disagree (1) with these statements.
The Cronbach α for the messages varied between .68-.92. The
average α was .87.

Credibility
To measure credibility, participants were asked how much they
agreed (5) or disagreed (1) that the message was trustworthy,
credible, believable, and realistic. The 4 items were combined
to form a credibility scale. This scale was self-developed based
on previous literature exploring credibility of messages [27].
The Cronbach α range for the credibility composite scores was
.89-.95 with an average of .92.

Intended Audience for the Message
Participants were asked to indicate how much they disagree (1)
or agree (5) that the following groups are the intended audience
of the message: college students, people between 18‐29 years
old, and [university] students. The goal of this item was to assess
whether the message resonates with its intended audience (ie,
college students, [university] students, people aged between

18‐29 years). These items were self-developed to address the
specific intended audiences of these messages.

Manipulation Checks
A total of 6 manipulation checks were developed. The
participants were asked to indicate how much they agreed (5)
or disagreed (1) with the statements that had the stem “the
message I saw,” followed by “encouraged me to be an active
bystander,” “encouraged me to be part of the group that helps”
(items that distinguished control messages from the other
messages), “suggests very few [university mascot] help others
at parties” (refers to readjustment condition messages and
combination condition messages), “suggests a lot of [university
mascot] help others at parties” (refers to reinforcement
condition), “suggests [university mascot] trust their friends”
(refers to reinforcement condition and combination condition
messages), and “contains tips on how to party safely” (refers to
the control messages). These were evaluated based on means
and how responses compared to one another.

Open-Ended Items
Participants were asked to indicate what they liked and disliked
about the messages, as well as to identify what they believed
to be the purpose of the message.

Initial Message Design
The messages were designed on Canva, using available music
and visuals. The script was created based on the bystander items
described in this paper. The scripts are approximately 10‐15
words from each other in terms of length. Please refer to
Textbox 1 for a complete breakdown of each initial message,
the condition that it belongs to, and the number by which the
message is referred to in the Results section. Figure 1 shows an
example of the message.
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Textbox 1. Initial messages and the conditions they belong to (message numbers are those referred to in the Results section).

Norm readjustment

Message 1:

BE AN ACTIVE BYSTANDER

Only 48% of [UNIVERSITY MASCOT] have told someone that their drink had been drugged

IT’S ON YOU!

Be part of the group that helps!

Message 2:

BE AN ACTIVE BYSTANDER

Only 84% of [UNIVERSITY MASCOT] have made sure their friend was ok if they seem to be in an uncomfortable situation at a party

IT’S ON YOU!

Be part of the group that helps!

Message 3:

BE AN ACTIVE BYSTANDER

Only 55% of [UNIVERSITY MASCOT] have discouraged a friend from getting someone drunk to have sex with them

IT’S ON YOU!

Be part of the group that helps!

Norm reinforcement

Message 4:

BE AN ACTIVE BYSTANDER

More than 97% of [UNIVERSITY MASCOT] believe their friends would tell someone that their drink had been drugged

IT’S ON YOU!

Be part of the group that helps!

Message 5:

BE AN ACTIVE BYSTANDER

More than 97% of [UNIVERSITY MASCOT] believe that their friends would make sure another friend was ok if they seem to be in an uncomfortable
situation at a party

IT’S ON YOU!

Be part of the group that helps!

Message 6:

BE AN ACTIVE BYSTANDER

More than 95% of [UNIVERSITY MASCOT] believe that their friends would discourage a friend from getting someone drunk to have sex with them

IT’S ON YOU!

Be part of the group that helps!

Norm readjustment and reinforcement

Message 7:

BE AN ACTIVE BYSTANDER

More than 97% of [UNIVERSITY MASCOT] believe their friends would tell someone that their drink had been drugged, but only 48% of [UNIVERSITY
MASCOT] have done so

IT’S ON YOU!

Be part of the group that helps!

Message 8:

BE AN ACTIVE BYSTANDER

More than 97% of [UNIVERSITY MASCOT] believe that their friends would make sure another friend is ok if they seem to be in an uncomfortable
situation at a party, but only 84% of [UNIVERSITY MASCOT] have done so
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IT’S ON YOU!

Be part of the group that helps!

Message 9:

BE AN ACTIVE BYSTANDER

More than 95% of [UNIVERSITY MASCOT] believe that their friends would discourage a friend from getting someone drunk to have sex with them,
but only 55% of [UNIVERSITY MASCOT] have done so

IT’S ON YOU!

Be part of the group that helps!

Control

Message 10:

BE SAFE AT YOUR NEXT PARTY!

At parties, make sure you know where the nearest exit is in case of an emergency. You never know when you might have to bounce!

PLAN AHEAD!

Safe partying is more fun!

Message 11:

BE SAFE AT YOUR NEXT PARTY!

At parties, make sure you know where you place important belongings like wallet and keys. You never know when you may need to bounce!

PLAN AHEAD!

Safe partying is more fun!

Message 12:

BE SAFE AT YOUR NEXT PARTY!

At parties, make sure you know how you are getting back home. You never know when you may need to bounce!

PLAN AHEAD!

Safe partying is more fun!
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Figure 1. Piloted message example.

Qualitative Analysis
To evaluate the qualitative open-ended questions, thematic
analysis was used [28,29]. Thematic analysis was chosen instead
of other potential qualitative methods to allow for a more
organic identification of themes and discussion among coders.
The coders were the author and a colleague in the same
discipline as the author. The first step in Braun and Clarke’s
[28,29] thematic analysis is to become familiarized with the
data. The coders read all the responses before starting to code
them. After that, the responses were prepped in a spreadsheet
format. The coders highlighted cells based on how they may
represent a theme. If a segment may be referring to 2 or more
themes, coders were to add a column next to the column where
the segments were and highlight the cell next to the original
segment. This procedure repeated itself for each question (likes,
dislikes, and purpose) and per message (9 messages total).
Although 12 messages were tested, the qualitative coding only
happened for the messages that were related to bystander
intervention and not the control messages (messages 10‐12).
Thus, there is a total of 24 units to analyze, where each has
between 28‐37 segments as responses. A total of 930 segments

were coded. Then, we used 1 set of messages to train, where
we coded the qualitative responses related to message 1 while
we were together, but the coding happened separately. During
the training, we established the scope of the themes, and we
established that for the priming question, we were coding for 2
themes: participants understood the message, and participants
did not understand the message. After coding the segments
associated with message 1, we found that we agreed in most
instances on the development of themes and how we approached
the priming segments. We used the segments associated with
messages 1‐4 to establish the most common themes and used
those themes to code the rest of the segments in messages 5‐9.
Thus, approximately 44% of the data were used to establish the
themes, and those themes were reinforced using the rest of the
data. We then moved on to code the segments associated with
messages 2‐9 by ourselves, and compared the coding of the
coder and my coding to assess if there was a need for us to meet
again and discuss any major disagreements. Minor
disagreements were addressed by email, phone calls, and text
messages.
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Statistical Analysis
The pilot was assessed using descriptive statistics only, as the
goal of this stage of the messages is to check for credibility,
perceived audience, manipulation checks, and perceived effects.
Means and frequencies were used to make these assessments.

Ethical Considerations
Participants were compensated with the opportunity to enter a
drawing to receive a gift card by Tango Cards in the value of
US$100 (three available cards), US$50 (six available cards), or
US$25 (eight available cards) in the formative survey and with
extra credit in a communication course of their choice for their
participation in the pilot for most participants, with very few
receiving Starbucks gift cards instead. Data collection happened
through an online survey and was collected anonymously. The
drawing information was completely unlinked from the survey
responses. This study was exempt from review by the author’s
institution. Exempt review means the protocol was reviewed
by a member of the university’s IRB, but a full-board review
was not deemed necessary, as risks were considered minimal.

Results

Qualitative Results

Eye-Catching Statistics and Information
In general, participants indicated that they appreciated how
informative the messages were and that statistics were provided.
One participant wrote that they liked that “[The message] gives
a statistic that catches your attention,” and another participant
mentioned, “I like the percentages displayed in the video.” This
was a pattern across all test messages where these were things
participants appreciated in the messages.

Production Passed the Vibe Check
What is conceptualized here as production value is both aspects,
such as the video chosen and the music in the background, as
well as descriptions of “vibes” and entertainment value.
Participants indicated that the message was “upbeat” and that
they liked the background music often. They also appreciated
how short the message was while still providing valuable
information. One participant said that “[The message] was
simple and effective,” and a different participant said that “the
background video and music was engaging.”

No Source to Back It Up? Participants Disliked the Lack
of Source for the Information Provided
The most common theme of dislike toward the message was
the lack of source for the statistics provided. Multiple

participants expressed disdain or skepticism toward the statistics,
which could come from a lack of source but also a reluctance
to accept that they were true in relation to fellow college students
in their institution. One participant said that they disliked that
there was “no source to back it up,” while another one explained
that they disliked that the message “did not show how they got
the statistic.”

Maybe a Bit Boring
This theme was developed from participants mentioning that
the messaging is “boring” or “not very engaging.” This theme
is hard to conciliate with the presence of participants who did
express they appreciated that the message was short and kept
them interested throughout. One participant said that “[The
message] is boring and unengaging,” and another indicated that
“[The message] was boring to watch.”

Message Understood!
In general, participants understood what the messages were
trying to achieve with their call to action and information. One
participant explained that their understanding of the message
was that “this message is telling people that [UNIVERSITY
MASCOT] intervene when it comes to getting people drunk for
sex, and so should they,” while another participant indicated
that “Be an active bystander” was the main message. This is
important information to be taken together with the results from
the quantitative analysis described in the following paragraphs.

Quantitative Results

Perceived Message Effectiveness
To assess the quantitative results, the mean of the scales was
used in reference to the midpoint of the scale, that is, above the
midpoint represented acceptance and below midpoint
represented rejection. All bystander-related messages (1-9) were
above the midpoint (3 on a 1‐5 scale, where 1=disagree and
5=agree) in terms of perceived message effectiveness. The
bottom 2 means in perceived message effectiveness belonged
to 2 control messages: message 10 (mean 2.77, SD 1.36) and
message 12 (mean 2.85, SD 1.12). Although all condition
messages (1-9) were above the midpoint, the lowest mean
among them belonged to message 5 (mean 3.19, SD 1.33), and
that was lower than the mean for message 11 (mean 3.26, SD
1.27), which is a control message. The highest means belonged
to message 6 (mean 3.94, SD 1.15) and message 9 (mean 3.85,
SD 1.18). The results can be seen in their completion in Table
3.
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Table . Perceived message effectiveness results.

Mean (SD)Number of participants per
condition

Condition and message

Readjustment

3.46 (1.2)371

3.56 (1.24)382

3.76 (1.12)383

Reinforcement

3.79 (1.13)344

3.19 (1.33)365

3.94 (1.15)366

Combination

3.67 (1.29)367

3.69 (1.24)378

3.85 (1.18)359

Control

2.77 (1.36)4010

3.26 (1.27)3511

2.85 (1.12)3612

Credibility
When assessing the means for credibility for each message, we
see that generally, all messages were above the midpoint (3 on

a 1‐5 scale). The highest was achieved by message 6, at mean
4.26 (SD 0.94), and the lowest were obtained for messages 5
and 11, at mean 3.90 (SD5 0.96, SD11 0.98). The mean (SD)
values are presented in Table 4.

Table . Message credibility results.

Mean (SD)Number, nCondition and message

Readjustment

4.20 (0.74)361

3.95 (0.87)382

3.82 (1.03)383

Reinforcement

4.30 (0.87)344

3.90 (0.96)365

4.26 (0.94)366

Combination

4.22 (0.94)367

4.18 (0.79)378

4.10 (0.97)359

Control

4.06 (0.75)4010

3.90 (0.98)3411

4.11 (1)3612
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Message Audiences
Participants were asked to assess what audiences they believed
the messages they saw would be most suited to. That was done
using a Likert-type scale ranging from 1 (disagree) to 5 (agree).
All major intended audiences for the message, college students,
[university] students, and people who are 18‐29 years old, had

high means in terms of participants perceiving the messages as
being appropriate for them as an audience. Among the condition
messages, the highest one was Message 7 among college
students (mean 4.86, SD 0.42), and the lowest one was Message
3 among people between ages 18‐29 (mean 4.37, SD 1.08).
Table 5 shows a full breakdown of results.
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Table . Audience perception means and SDs.

Mean (SD)Number, nAudience, condition, and message

College students

Readjustment

4.78 (0.54)361

4.58 (0.79)382

4.68 (0.7)383

Reinforcement

4.79 (0.54)344

4.67 (0.63)365

4.77 (0.55)356

Combination

4.86 (0.42)367

4.73 (0.65)378

4.77 (0.49)359

Control

4.67 (0.66)4010

4.62 (0.74)3411

4.78 (0.59)3612

People aged between 18‐29 years

Readjustment

4.47 (1.06)361

4.53 (0.73)382

4.37 (1.08)383

Reinforcement

4.56 (0.93)344

4.44 (0.91)365

4.6 (0.74)356

Combination

4.61 (0.87)367

4.57 (0.77)378

4.57 (0.95)359

Control

4.6 (0.78)4010

4.41 (0.86)3411

4.81 (0.4)3612

[University name] students

Readjustment

4.67 (0.76)361

4.61 (0.76)382

4.68 (0.7)383

Reinforcement

4.74 (0.71)344

4.81 (0.47)365

JMIR Form Res 2025 | vol. 9 | e66769 | p.962https://formative.jmir.org/2025/1/e66769
(page number not for citation purposes)

CoutoJMIR FORMATIVE RESEARCH

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


Mean (SD)Number, nAudience, condition, and message

4.74 (0.7)356

Combination

4.81 (0.53)367

4.73 (0.65)378

4.74 (0.61)359

Control

4.65 (0.62)4010

4.38 (0.99)3411

4.67 (0.72)3612

Manipulation Checks
The goal of the manipulation checks was to ascertain if the
message conditions were properly different from each other in
what they were trying to achieve. A total of 6 statements were
developed to assess different aspects of the messages and check
that manipulation efforts are working. Results indicated that,
indeed, all message conditions were properly differentiated from

each other. For example, the control condition message 11,
which had the highest mean among the control messages, had
a lower mean in the manipulation check “the message I saw
encouraged me to be an active bystander” (mean 3.15, SD 1.46)
in a 5-point scale than the lowest noncontrol message (message
3: mean 3.74, SD 1.35). Full results can be found in the Table
6.
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Table . Manipulation check descriptive statistics.

Mean (SD)Number, nManipulation check, condition, and message

The message I saw encouraged me to be an active bystander

Readjustment

4 (1.24)361

3.82 (1.18)382

3.74 (1.35)383

Reinforcement

4.18 (1.24)344

4.03 (1.2)355

4.06 (1.35)356

Combination

4.17 (1.23)367

4.16 (1.07)378

4.09 (1.26)349

Control

2.97 (1.58)3910

3.15 (1.46)3411

2.86 (1.48)3612

The message I saw encouraged me to be part of the group that helps

Readjustment

4.5 (0.74)361

4.08 (1)382

4.13 (0.99)383

Reinforcement

4.41 (0.96)344

4.37 (0.81)355

4.63 (0.81)356

Combination

4.47 (0.94)367

4.49 (0.77)378

4.47 (0.75)349

Control

3.05 (1.62)3910

3.65 (1.28)3411

3.17 (1.52)3612

The message I saw suggests very few [university mascot] help others at parties

Readjustment

3.94 (1.04)361

2.95 (1.16)382

3.84 (1.24)383

Reinforcement

3.06 (1.67)344

3.03 (1.67)355
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Mean (SD)Number, nManipulation check, condition, and message

2.8 (1.71)356

Combination

3.97 (1.21)367

3.38 (1.34)378

3.53 (1.24)349

Control

2.49 (1.3)3910

2.68 (1.36)3411

2.5 (1.4)3612

The message I saw suggests a lot of [university mascot] help others at parties

Readjustment

3 (1.24)361

3.87 (0.84)382

2.55 (1.13)383

Reinforcement

3.97 (1.31)344

4.23 (1.14)355

4.49 (0.7)356

Combination

2.89 (1.47)367

3.73 (1.17)378

3.06 (1.25)349

Control

2.59 (1.23)3910

2.97 (1.34)3411

2.67 (1.29)3612

The message I saw suggests [university mascot] trust their friends

Readjustment

3.11 (1.17)361

3.74 (0.86)382

2.89 (1.23)383

Reinforcement

4.32 (0.95)344

4.37 (0.94)355

4.43 (0.85)356

Combination

3.44 (1.3)367

4.11 (0.84)378

3.74 (1.11)349

Control

2.69 (1.22)3910

3.41 (1.33)3411

2.83 (1.28)3612
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Mean (SD)Number, nManipulation check, condition, and message

The message I saw contains tips on how to party safely

Readjustment

3.22 (1.36)361

3.11 (1.43)382

2.61 (1.37)383

Reinforcement

3.12 (1.45)344

3.2 (1.28)355

3.83 (1.29)356

Combination

3.06 (1.55)367

3.19 (1.43)378

3.15 (1.44)349

Control

4.31 (1.22)3910

4.35 (0.98)3411

4.44 (0.843612

Discussion

Principal Findings
In this study, the feasibility of a social norms message was
assessed by the means of a formative survey study,
demonstrating that there was indeed a discrepancy in terms of
pluralistic ignorance. The presence of pluralistic ignorance
allows for the development of social normative messaging.
After establishing the presence of pluralistic ignorance, a
message was piloted, and results indicated that the messages
reached the intended audience, had the intended perceived effect,
were perceived as credible, and the manipulation checks
indicated the conditions were properly differentiated from each
other while representing their purpose. The feasibility of
messages focusing on bystander barriers and combining
bystander barriers and the social norms approach was also
explored. These messages were also highly accepted among the
participants, as well as highly understood. Further research is
necessary to explore which theoretical approach is ideal to reach
this population in terms of the topic of bystander intervention
in sexual assault situations. This was the first study to consider
combining opposing approaches to bystander intervention
messaging—one where it is suggested that people should
consider the behavior of their peers [6] and one where they
should take more responsibility for their own actions [7].

Although all 3 approaches showed appropriate levels of
perceived message effect and credibility, it is necessary to
underscore that the reinforcement condition and the combination
condition were particularly successful. This suggests that the
bystander barrier associated with taking responsibility may not
be as strong of a factor in bystander intervention messaging as
it is an attitude to be changed by messaging. The fact that the

common denominator among the more successful messages is
the presence of normative information is in line with the current
literature surrounding sexual violence prevention in the form
of media messages [30] as well as theoretical frameworks used
to address sexual violence prevention [6,7], further building on
it by adding a component that goes beyond norms only.
However, more must be explored in terms of combined message
by proper experimental designs.

The discrepancy between the qualitative and quantitative results
of the pilot in terms of credibility highlighted the need to
conduct mixed methods pilots to holistically assess messages
that concern public health. Although the quantitative results
indicated that credibility was appropriate as is, the qualitative
data indicated that there were ways to improve credibility even
more. The message should be adjusted before further evaluation
of its effects. Possible reasons for this discrepancy could be
that, although participants find the message credible overall, as
in, the message had face validity to them, they would expect
proper sourcing of this information. When asked quantitatively
if the messages were credible, they may tend to say it is credible,
but when they have the space to expand on that, they explain
how this credibility could become more formal.

In terms of practical implications, this study shows the
possibility for universities and other organizations that conduct
bystander intervention training to provide their publics with
messages that can underscore these trainings. It is unlikely that
an Instagram reel-based message alone can change one’s
behavior. However, media messages can serve to reinforce
adopted norms [30-32]. This can, in turn, maintain a change in
behavior from a more complex intervention that goes beyond
media exposure.
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Limitations
This study, although novel, is not without limitations. The
messages were highly tailored for the students of the university
where the study was conducted. Although this is ideal for social
normative messaging, it can interfere with the scalability of the
study. Furthermore, more assessments using inferential statistics
are necessary to establish the potential effects of these messages.
These are the next steps in this line of research. In addition, the
messages lacked proper sourcing, which participants identified
particularly in the qualitative results as a flaw. Future

developments of these messages should provide proper sourcing
to enhance the credibility of this intervention.

Conclusion
Overall, this study explores how different theories can contribute
in different ways to the same public health concern. The
messages assessed here have proven to be adequate for the next
stage of evaluation with an experimental design. However, this
next step would not be as rigorous if the procedures discussed
here had not been conducted first.
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Abstract

Background: Technologies that serve as assistants are growing more popular for entertainment and aiding in daily tasks.
Artificial intelligence (AI) in these technologies could also be helpful to deliver interventions that assist older adults with symptoms
or self-management. Personality traits may play a role in how older adults engage with AI technologies. To ensure the best
intervention delivery, we must understand older adults’ engagement with and usability of AI-driven technologies.

Objective: This study aimed to describe how older adults engaged with routines facilitated by a conversational AI assistant.

Methods: A randomized pilot trial was conducted for 12-weeks in adults aged 60 years or older, self-reported living alone, and
having chronic musculoskeletal pain. Participants (N=50) were randomly assigned to 1 of 2 intervention groups (standard vs
enhanced) to engage with routines delivered by the AI assistant Alexa (Amazon). Participants were encouraged to interact with
prescribed routines twice daily (morning and evening) and as needed. Data were collected and analyzed on routine engagement
characteristics and perceived usability of the AI assistant. An analysis of the participants’ personality traits was conducted to
describe how personality may impact engagement and usability of AI technologies as interventions.

Results: The participants had a mean age of 79 years, with moderate to high levels of comfort and trust in technology, and were
predominately White (48/50, 96%) and women (44/50, 88%). In both intervention groups, morning routines (n=62, 74%) were
initiated more frequently than evening routines (n=52, 62%; z=−2.81, P=.005). Older adult participants in the enhanced group
self-reported routine usability as good (mean 74.50, SD 11.90), and those in the standard group reported lower but acceptable
usability scores (mean 66.29, SD 6.94). Higher extraversion personality trait scores predicted higher rates of routine initiation
throughout the whole day and morning in both groups (standard day: B=0.47, P=.004; enhanced day: B=0.44, P=.045; standard
morning: B=0.50, P=.03; enhanced morning: B=0.53, P=.02). Higher agreeableness (standard: B=0.50, P=.02; enhanced B=0.46,
P=.002) and higher conscientiousness (standard: B=0.33, P=.04; enhanced: B=0.38, P=.006) personality trait scores predicted
better usability scores in both groups.

Conclusions: he prescribed interactive routines delivered by an AI assistant were feasible to use as interventions with older
adults. Engagement and usability by older adults may be influenced by personality traits such as extraversion, agreeableness, and
conscientiousness. While integrating AI-driven interventions into health care, it is important to consider these factors to promote
positive outcomes.

Trial Registration: ClinicalTrials.gov NCT05387447; https://clinicaltrials.gov/study/NCT05387447

(JMIR Form Res 2025;9:e64763)   doi:10.2196/64763

KEYWORDS

voice assistant; interventions; usability; engagement; personality; older adults; aging; technology; artificial intelligence; AI;
self-management; pilot trial; chronic; musculoskeletal pain; AI assistant; Alexa; user experience; digital health; digital intervention;
mobile phone

Introduction

Digital technologies may be beneficial for helping older adults
stay connected and directing them to health resources [1].
Newer, technology-based interventions may provide a way to

assist with the self-management of chronic illnesses and improve
social connections for older adults [2]. Traditional technologies
such as computers and mobile tablets have been adopted by
aging adults but can be abandoned depending on acceptance
and ease of use [3]. Newer technologies such as conversational
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voice assistants are a type of artificial intelligence (AI) that have
the capacity to assist and have basic interactions with
individuals. Older adults can engage with conversational AI
through voice, which offers an advantage over spending
extensive time learning a new program or manually operating
small sized device features. Among Americans aged 18 years
and older, 62% use an AI conversational voice assistant on
devices such as smart speakers, smartphones, TV remotes, in-car
systems, computers, and tablets among others [4]. With the
increasing population of older adults, conversational voice
assistants may be an optimal modality to deliver interventions.

The use of conversational voice assistants has been studied as
an intervention for chronic conditions such as heart failure, lung
disorders, and mental health [5]. Their use has been explored
for promoting behaviors such as physical activity and for health
care support [6,7]. Studies are emerging in relation to
conversational voice assistants independently influencing
loneliness, social isolation, and pain [8-13]. These studies have
primarily focused on acceptability, barriers, and the design of
conversational voice assistants for older adult populations. In
addition, a recent review of the literature only focused on the
use and acceptability of conversational voice assistants to reduce
loneliness; none of the conversational voice assistant-based
interventions were personalized [13,14]. Kocabelli et al [15]
found several conversational voice assistants delivered
interventions that were personalized, but lacked theoretical
framework or evidence-based approach for implementation.
Further exploration is needed to understand older adults’
engagement with conversational voice assistants to ensure
optimal outcomes when used as a modality for intervention
delivery.

An individual’s personality can influence acceptance and needs
to be considered as a part of usability and the engagement with
technology-driven interventions [16]. In younger populations,
openness to experience and agreeableness, have been shown to
be positively related to usability of technology [17].

Personality traits are characteristics of individuals that typically
remain stable over the adult life course. Adults from their
mid-to-late 20s and older were found to score similarly across
the lifespan on the Big Five traits (ie, openness to experience,
conscientiousness, extraversion, agreeableness, and neuroticism
[18]. The OCEAN acronym is used to describe these traits. The
“O” personality trait of being open to experience is the
appreciation of a variety of experiences, “C” conscientiousness
is the exhibition of self-discipline, and “E” extraversion is the
amount of engagement one has with the external world. The
trait of “A” is, agreeableness, which is a concern for social
harmony and the “N” is neuroticism trait, which is the tendency
of a person to exhibit negative emotions. An individual’s
personality traits play a role in health care, particularly when
implementing patient-centered care and encouraging intervention
adherence [19]. Loneliness, which is prevalent in older adults,
may influence the presentation of personality traits. A
meta-analysis documented negative associations between
loneliness and extraversion, agreeableness, conscientiousness,
and openness, and a positive association between loneliness
and neuroticism [20]. Another study found that loneliness was
associated with varying levels of extraversion, neuroticism, and

agreeableness [21]. When using technology to deliver
interventions in older adults, engagement may differ in those
that self-report loneliness; however, this warrants further
exploration.

An individual’s personality may influence the engagement and
user experience with AI technology. Within the realm of
traditional technologies, the strongest correlates of older adults’
perceived usefulness and ease of use of computers were the
personality traits of agreeableness and openness [22,23].
Openness to experience has been associated with increased
probability of internet use [16]. Furthermore, higher
agreeableness and lower neuroticism in older adults have been
associated with perceived usability with an automated vehicle
[24].

Since the AI boom, the relationship between the personality
traits of older adults and use of conversational voice assistants
has not been extensively explored and may impact engagement
with AI driven interventions. A commercially available AI voice
assistant, that is, Alexa, was used to deliver prescribed
interactive routines as nonpharmacological interventions for
pain and loneliness. In this analysis of the data, the following
research questions were explored:

1. When do older adults initiate the various prescribed
routines?

2. What are the older adults’ perceived usability scores with
different intervention routines delivered by AI through
conversational voice assistants?

3. What is the relationship between older adults’ personality
and their engagement with the different intervention
routines?

4. What is the relationship between older adults’ personality
and the perceived usability of different intervention routines
delivered by AI through conversational voice assistants?

Methods

Overview
This study was a 12-week pilot randomized trial conducted with
a convenience sample of participants who were 60 years of age
or older, self-reported living alone, spoke English, and
experienced pain symptoms. A sample size calculation was
performed a priori for this pilot study. A sample of 59
participants was calculated to account for 10% study attrition,
80% power, 0.35 effect size, and 0.05 significance. The Mini
Cog was used to screen individuals to ensure cognitive ability
of participants [25]. Individuals with memory loss or with
previous or current use of conversational voice assistants were
excluded. Informed consent was obtained prior to initiating
study related activities. Once participants were enrolled, they
were given a study identification number, and a computerized
sorter randomly assigned them to one of the two intervention
groups. Participants were compensated for their time during
this study. One $25 dollar gift card was given to participants
after completing baseline questionnaires, one $25 gift card after
completing 12-week questionnaires, and were allowed to keep
the Amazon Echo Dot device.
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Intervention Groups
Prescribed routines were used for the intervention, such as the
frequency of prescription medications (eg, daily, twice daily,
as needed). The routines were created based on
nonpharmacologic strategies [26] and selected from
evidence-based interventions that have a positive influence on
pain and loneliness [2,27,28]. After screening and enrollment,
participants were randomly assigned to intervention groups.

The 2 intervention groups included the conversational voice
assistant standard (CVA-S) routine and the conversational voice
assistant enhanced (CVA-E) routine. Standard routines were
more generalized and static, while the enhanced routines were
tailored, as it has been well documented that individualized or
tailored interventions increase engagement and adherence
[29-31]. The AI routines in the CVA-S group included a
generalized (without personalization) Alexa greeting such as
stating, “good morning” or “good evening.” The routines
consisted of a combination of a generalized (1) meditation, (2)
game, (3) music, and (4) jokes. The CVA-S group’s “as needed”
routine was a general greeting and interactive activity. The AI
routines in the CVA-E group included more sociable greetings
that were personalized to each participant’s name preference
such as stating, “hi there, Jim” or “good evening, Betty.” The
CVA-E routine consisted of a combination of personalized (1)
pain location and pain type meditation (2) interactive game
preferences, (3) genre or musical artist, and (4) choice of
preferred joke style, devotionals, interactive stretching and or
other interactive activities.

Routine Programming
The conversational voice assistant “Alexa” was used for this
study because the 65+ population prefers Alexa among
commercially available voice assistants [32]. Routines were
programmed within the Alexa app using available actions and
skills created by software app developers. Actions are standard
preprogrammed interactions such as playing music or telling a
joke, and skills are voice-activated apps such as health fitness,
education, games, podcasts, and meditations that can be used
with Alexa and the smart speaker. Before skill selection for this
study, research personnel reviewed ratings and tested the skills
to make sure they worked and would be appropriate for older
populations. Routines were initiated by participants speaking
to an Amazon Echo Dot device and stating “Alexa, start my
routine,” which then cued the sequence of selected actions and
skills.

Measures and Instruments
Data collected from participants was de-identified and included
characteristics such as demographics, health history, and comfort
with and trust of technology, assessed on a 4-point scale ranging
from 1 (none) to 4 (high). The Big Five Inventory (BFI) was
used to measure personality traits of the participants. The BFI
contains 44 questions that represent the different traits of
openness (Cronbach α=0.77), conscientiousness (Cronbach
α=0.72), extraversion (Cronbach α=0.79), agreeableness
(Cronbach α=0.78), and neuroticism (Cronbach α=0.70) [18,33].

Feasibility outcomes included capturing engagement with the
AI assistant routines and self-reported usability. Engagement

with routines was measured at the end of the study. Participants’
voice assistant profiles were securely accessed to track the date
and time stamps on the incidence of routine initiation with the
standard and enhanced loneliness routines. Usability was
measured using the System Usability Scale (SUS) administered
at the end of the study. A 10-item system usability scale (ranging
from 0 to 100) was created (Cronbach α=0.75) [34].

Data Analysis
The data analysis strategy for this study was multifaceted, aimed
at understanding the impact of different intervention conditions
on routine initiation rates, the influence of personality traits on
engagement with Alexa-based routines, and perceptions of
system usability. Given the nature of the data and the research
questions, the analysis used both descriptive statistics and
inferential statistical tests to explore these relationships and test
hypotheses. This comprehensive data analysis strategy,
incorporating both nonparametric tests for hypothesis testing
and regression analysis for exploring relationships between
personality traits and key outcomes, facilitated a nuanced
understanding of the factors influencing routine initiation and
system usability in the context of Alexa-based interventions.

Descriptive statistics in addition to normality tests were
conducted. Initial analysis involved descriptive statistics (mean,
median, SD, skewness, and kurtosis) to summarize the central
tendency and dispersion of routine initiation rates and system
usability scores. The Shapiro-Wilk test was used to assess the
normality of distributions for these variables. Given the
significant results from the Shapiro-Wilk test indicating
nonnormal distributions for both routine initiation rates and
system usability scores, nonparametric tests were chosen for
hypothesis testing.

Nonparametric tests were applied to test the differences in
routine initiation rates and SUS scores across conditions
(morning vs evening and standard vs enhanced). The Wilcoxon
Signed-Rank test was used to compare morning and evening
routine initiation rates within participants. Mann-Whitney U
test was used to test differences between the standard and
enhanced conditions in terms of routine initiation rates and SUS
scores. This test was chosen due to its suitability for comparing
2 independent samples without assuming normal distribution.

Personality Traits Analysis
Multiple regression analyses were conducted to explore the
relationship between participants’ personality traits and their
engagement with Alexa routines, as well as the perceived
usability of the system. These analyses were performed for the
total sample and separately for each condition (standard vs
enhanced) to determine if personality traits differentially
influenced outcomes based on the intervention type. The choice
of multiple regression was guided by the interest in assessing
the predictive power of multiple independent variables
(personality traits) on a continuous dependent variable (number
of routine initiations or system usability scores).

Ethical Considerations
The University of Nebraska Medical Center Institutional Review
Board approved the study protocol (IRB #0177‐21-EP).
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Results

Demographic findings
The study included 50 participants with mean age 79.24 (SD
7.85; median 78, range 65‐98). The majority (44/50, 88%)
were female (male: 6/50, 12%) and most (48/50, 96%)
participants identified as White (African American: 2/50, 44%).
Most of the older adults were either widowed (22/50, 44%) or
legally divorced or separated (21/50, 42%), while the remaining
participants were either living apart from their partner due to
health reasons ( 5/50, 10%) or single (2/50, 4%). Most ((40/50,
80%) participants had completed a college degree or higher,
while 16% (8/50) had completed high school, and (2/50, 4%)
had attended trade school. The majority (32/50, 64%) reported
incomes between US $10,000-$50,000, while 4% (2/50) earned

below US $10,000, 14% (7/50) earned between US
$50,001-$90,000, and 18% (9/50) earned above US $90,000.
Participants reported moderate to high levels of comfort (mean
2.75, SD 0.67) and trust in technology (mean 2.94, SD 0.91)
on a scale of 1-5.

Engagement and Perceived Usability of Prescribed
Routines
Participants were encouraged to engage with and initiate the
routines twice daily for 12 weeks, which equated to 168
interactions in total. As shown in Table 1, the rates of routine
initiations were significantly higher among participants in the
CVA-E group than the CVA-S group. While observing the
prescribed time of day for engagement, the routine initiation
rates were higher in the morning.

Table . Comparisons of daily routine initiations of participants in the CVA-Sa and CVA-Eb groups in this pilot study of older adults’ engagement with
12-week artificial intelligence (AI)-driven interventions.

P valuez scoreNumber of initiations,
mean (SD)

Routine initiation fre-
quency (actual number
of interactions/total
number of possible in-
teractions, %)

Routine initiation
(Time of day)

Condition

.005−2.8162.13 (32.85)62/84c, 74MorningFull sample (n=50)

51.94 (32.13)52/84, 62EveningFull sample (n=50)

.048−1.98126.53 (59.9)126/168d, 75Entire dayCVA-E (n=26)

100.56 (54.88)101/168, 60Entire dayCVA-S (n=24)

.002−3.1662.24 (31.86)62/84, 74MorningCVA-E (n=26)

49.01 (29.17)49/84, 58MorningCVA-S (n=24)

.90−0.1352.29 (32.3)44/84, 52EveningCVA-E (n=26)

51.55 (32.63)44/84, 52EveningCVA-S (n=24)

aCVA-S: conversational voice assistant standard.
bCVA-E: conversational voice assistant enhanced.
cNumber of interactions during either morning and evening.
dTotal number of interactions during the day.

Given the variances in rates of routine initiations, and a notable
preference for morning over evening initiations across
conditions, group comparisons were conducted using Wilcoxon
analyses to examine the interaction between intervention timing
(morning vs evening) and intervention groups (CVA-S vs
CVA-E using the Mann-Whitney U test). As presented in Table
1, the CVA-E group initiated “morning routines” significantly
more often than those in the CVA-S group. In the evening, the
rates of routine initiation were not significantly different
between the groups.

The perceived usability of the AI assistant showed favorable
results. The SUS scores of the overall sample of participants
were “good” (mean 70.56, SD 10.58). When conditions were
analyzed separately, the CVA-E group’s SUS scores were good
(mean 74.50, SD 11.90), while the CVA-S group scores were
“OK” (mean 66.29, SD 6.94).

Personality and Engagement With Prescribed Routines
As displayed in Figures 1 and 2, the overall model including
all Big Five personality traits was not a good fit for predicting
of the daily number of routine initiations (F5,44=1.45, P=.23,

R2=.14), morning routine initiation (F5,44=2.19, P=.07, R2=.20),

or evening routine initiation (F5,44=0.72, P=.61, R2=.08) at
α=.05.

However, the extraversion personality trait was significantly
associated with routine initiations. It was a significant predictor
of overall daily routine initiations (B=0.42, t=2.65, P=.01) and
initiation of morning routines (B=0.47, t=3.07, P=.004), but not
the evening routines (B=0.28, t=1.73, P=.09). The other 4
personality traits did not predict routine initiations.
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Figure 1. Personality trait predictors of routine initiations throughout the day in this pilot study of older adults’ engagement with 12-week artificial
intelligence (AI)-driven interventions.

Figure 2. Personality trait predictors of daily routine initiations of participants in the CVA-S (conversational voice assistant standard) and CVA-E
(conversational voice assistant enhanced) groups in this pilot study of older adults’ engagement with 12-week artificial intelligence (AI)-driven
interventions.

Similar patterns were observed when comparing the CVA-S
and CVA-E groups. Extraversion significantly predicted all
routine initiations in the CVA-S group, (B=0.47, t=2.13, P=.041
and the CVA-E group, B=0.44, t=2.09, P=.045). As displayed
in Figure 3, extraversion was a significant predictor of morning

routine initiations in the CVA-S group, B=0.50, t=2.35, P=.03,
and the CVA-E group, B=0.53, t=2.54, P=.02. None of the Big
Five personality traits significantly predicted evening routine
initiations in either group.
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Figure 3. Personality trait predictors of morning routine initiations of participants in the CVA-S (conversational voice assistant standard) and CVA-E
(conversational voice assistant enhanced) groups in this pilot study of older adults’ engagement with 12-week artificial intelligence (AI)-driven
interventions.

Personality and Perceived Usability of Prescribed
Routines
As depicted in Figure 4, among the Big Five personality traits,
only agreeableness (B=0.43, t=4.67, P<.001) and
conscientiousness (B=0.35, t=3.99, P<.001) positively predicted
SUS scores in the overall sample (F5,44=29.60, P<.001,

R2=0.77).

As shown in Figure 5, when analyzed separately, both the
CVA-S (B=0.50, t=2.49, P=.02) and CVA-E (B=0.46, t=3.31,
P=.002) groups reported agreeableness respectively and
conscientiousness (B=0.33, t=2.15, P=.04; B=0.38, t=2.97,
P=.006 respectively) were positively associated with SUS
scores.
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Figure 4. Personality trait predictors of participant self-reported usability in this pilot study of older adults’ engagement with 12-week artificial
intelligence (AI)-driven interventions.

Figure 5. Personality trait predictors of participants self-reported usability in the CVA-S (conversational voice assistant standard) and CVA-E
(conversational voice assistant enhanced) groups in this pilot study of older adults’ engagement with 12-week artificial intelligence (AI)-driven
interventions.

Discussion

Principal Findings
Technology is becoming a popular vehicle for delivering
interventions for health care and self-management. In this

analysis, we examined older adults’ engagement with and
usability of AI-delivered routine interventions. Overall, the
older participants engaged with the assistant throughout the 12
weeks of the study. Perceived usability was acceptable, with
routine initiation rates being higher in the morning. Personality
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traits of the participants in this study may have impacted
engagement with the prescribed routines. The following
discussion provides additional insights into the findings.

Older Adults’ Engagement With Prescribed Routines
and Perceived Usability
Our study revealed significant differences in routine initiation
rates between morning and evening sessions, with participants
demonstrating a greater propensity to engage in prescribed
routines in the morning. A potential explanation is behavioral
habit. Engagement and adherence may be greater in the morning
than in the evening because of internal behavioral cues [35].
Another potential explanation for this finding lies within
circadian rhythm science. Circadian rhythms are internal
processes that regulate the sleep-wake cycle, repeating roughly
every 24 hours. They influence physical, mental, and behavioral
changes in living organisms. Circadian rhythms are crucial for
determining human sleep patterns and have significant
implications for designing technology that aligns with these
natural processes [36]. Research suggests that morning hours
are associated with higher alertness and cognitive functioning,
which could facilitate the initiation of health-related routines
[37]. The enhanced intervention components may have amplified
these effects, indicating that tailored interventions can
effectively increase engagement with health-promoting
behaviors. The integration of technology with human circadian
rhythms or habits may enhance intervention engagement and
adherence.

Another possible explanation for the higher initiation rates in
the morning could be arthritic pain. Inclusion criteria was
self-reported pain symptoms and most of the participants
reported a diagnosis of arthritis. Commonly, individuals
experience stiffness in the morning that may impact pain
symptoms and need for management [38]. In older adults with
musculoskeletal pain, technology-based routines or interventions
may be best encouraged in the morning.

Older Adults’ Personality and Engagement
The results of this study highlight the influence of personality
traits on engagement and usability. Extraversion was a
significant predictor of routine initiation, particularly in the
morning, which is consistent with previous research indicating
that extraverted individuals are more likely to engage in
health-promoting activities [39]. Extraverts, characterized by
their energy, enthusiasm, and sociability, might have the most
inherent motivation for social interaction and stimulation. When
they perceived the routines as opportunities for engaging
experiences or personal growth, it may have made the process
of initiating routines more appealing [40,41]. The finding that
this effect was more pronounced in the morning suggests that,
consistent with their circadian rhythm, extraverts may be prone
to engage with technology during early hours, setting a positive
tone for the rest of their day.

Consistent with Kortum and Oswald [17], agreeableness was
one personality trait that aligned with usability in our sample
of older adults. Agreeable and conscientious personality
predicted higher perceived usability, suggesting that these traits
may influence individuals’ perceptions and interactions with

technology-based health interventions. It is worth noting the
older participants in this study reported moderate to high levels
of comfort and trust in technology. Agreeable individuals,
known for their cooperative and trusting nature, may be more
predisposed to view the Alexa-based intervention in a positive
light, attributing any potential usability issues to their own
learning curve rather than the system’s design flaws. This
optimistic viewpoint may lead to higher perceived usability.
Conscientious individuals, with their focus on diligence,
organization, and reliability, may appreciate systems that are
consistent and efficient. The participants’ positive evaluation
of the system’s usability might stem from a recognition of its
potential to support their goal-oriented behavior and routine
adherence. The structured nature of the preset routines could
align well with their preference for orderly environments, further
enhancing their perception of the system’s usability.

The study reveals a nuanced differentiation between participants’
engagement with prescribed routines and their perceptions of
system usability, emphasizing the distinct roles of personality
traits. Extraversion was found to drive the frequency of routine
initiations, particularly in the morning, suggesting that an
action-oriented engagement is influenced by a desire for
stimulation and interaction. Older adults with extraverted
personality traits may be more likely to seek that interaction
and treat AI with anthropomorphic properties [42].
Anthropomorphism is when a human attributes human traits to
entities or devices that are not human [43]. Researchers have
found that people interact with conversational voice assistants
in anthropomorphic ways, greeting them, asking them personal
questions, exhibiting polite behaviors such as saying “please”
and “thank you,” and reacting to what the voice assistant did
or did not say [12]. Thus, there is a possibility that
anthropomorphic interactions with the conversational voice
assistants may have impacted engagement and usability of
conversational voice assistants to deliver interventions.

Conversely, agreeableness and conscientiousness were
associated with more favorable perceptions of system usability,
indicating a cognitive evaluation process that values trust,
adaptability, and reliability. This distinction underscores the
importance of differentiating the motivational drivers behind
the use of technology-based health interventions and the
cognitive evaluations that shape user satisfaction. By
acknowledging the interplay between action-oriented
engagement and cognitive evaluations, designers can create
more effective, user-friendly interventions tailored to diverse
user preferences and personality profiles.

Extraverts, who are stimulated by social interaction and are
more action-oriented, particularly in the morning, may benefit
from interventions scheduled during this time. Health platforms
can incorporate adaptive scheduling features that customize the
timing of prompts based on the user’s personality profile, thus
optimizing the likelihood of engagement and adherence which
could impact health outcomes.

Furthermore, understanding the role of personality traits in the
acceptance and usability of health technologies can inform the
development of more personalized, effective, and user-friendly
interventions. The significant role of agreeableness and
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conscientiousness in shaping perceptions of system usability
suggests that these traits should be considered when designing
user interfaces. Users high in agreeableness and
conscientiousness value trust, adaptability, and reliability.
Therefore, health interventions should prioritize these design
elements to cater to their cognitive evaluation processes. For
example, features that provide consistent feedback, allow for
personalization, and are easy to navigate could be more
appealing to these users. Researchers have found that
conversational voice assistants exhibit “personality type” traits.
The Google and Alexa AI assistants have personality traits of
functional intelligence, sincerity, sociability, and creativity [44].
The personality and voice of the assistant has shown to enhance
engagement [45]. Future interventions could be tailored for
optimal engagement when matching AI assistants and human
dominant personalities.

Although the results of this pilot study are informative there are
limitations worth noting. There were an even number of
participants in each intervention group, however, our sample
was relatively small and lacked diversity. The findings are not
generalizable to all older adults who report loneliness and pain.
Our participants self-reported loneliness and pain, but our study
may not have enrolled individuals who were experiencing more
intense loneliness and pain. Primary care providers could help
us identify older adults with more severe pain and or loneliness.
Those without regular internet access in their home due to
location (eg, rural areas) or lack of broadband access (due to

personal choice or financial restraints) would not be able to
interact with conversational voice assistants. Some of these
sources of variation could also interact with personality
differences. For example, those that choose not to have internet
in their homes for personal reasons, may differ from those that
do. Furthermore, exploring how to engage those with differing
personality characteristics is an important area for future
research, so that routines are individualized enough to produce
an impact on daily life. Finally, our study was 12-weeks in
duration; a longer study would be beneficial to explore the
length of time needed to integrate routines that impact
well-being and to sustain long term impact.

Conclusions and Implications
Commercially available conversational voice assistants have
the potential to deliver nonpharmacologic interventions that are
individualized for older adults. Prescribed interactive routines
were feasible to use in older adults who self-reported loneliness
and pain. Routine engagement may be influenced by the older
adults’ pain characteristics and personalities. Tailoring these
routines to align with individual pain profiles and personality
traits may improve the efficacy of interventions and user
satisfaction. A personalized approach can enhance adherence
and overall outcomes by addressing specific needs and
preferences of older adults, making technology-assisted
interventions more relevant and efficient in managing their
conditions.
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Abstract

Background: Telehealth approaches can address health care access barriers and improve care delivery in resource-limited
settings around the globe. Yet, telehealth adoption in Africa has been limited, due in part to an insufficient understanding of
effective strategies for implementation.

Objective: This study aimed to conduct a multi-level formative evaluation identifying barriers and facilitators for implementing
telehealth among health service providers and patients in Central Uganda.

Methods: We collected surveys characterizing telehealth perceptions, barriers, and preferences from health care providers and
patients seeking primary care in the Central Region of Uganda from January 2022 to July 2022. Survey development was informed
by the technology acceptance model and evaluated predictors of technology acceptance (ie, perceived usefulness, ease of use,
and attitudes). We used descriptive statistics to characterize telehealth perceptions and examined differences according to provider
and patient characteristics using Student t tests.

Results: Nearly 79% (n=48) of 61 providers surveyed had used telehealth, and perceptions were generally favorable. While
93.4% (n=57) reported that telehealth adds value to clinical practice, less than half (n=30, 49.2%) felt telehealth was more efficient
than in-person visits. Provider-reported barriers to telehealth included technology challenges for the patient (34/132, 26%), low
patient engagement (25/132, 19%), and lack of implementation support (24/132, 18%). Telehealth use was lower among the 91
surveyed patients, with only 19.8% (n=18) having used telehealth. Although 89% (n=81) of patients reported saving time with
telehealth approaches, 33.3% (n=30) of patients reported that telehealth made them feel uncomfortable, and 43.8% (n=39) reported
concerns about confidentiality. Over 72% (n=66) of patients who had used telehealth previously reported satisfaction with the
telehealth services they received. Several differences in perceptions of telehealth according to patient’s self-reported health status
were observed.

Conclusions: Perceptions of telehealth were generally favorable, although higher among providers than patients. Barriers
impeding telehealth use include technology challenges and the lack of infrastructure and implementation support. Findings from
this study can inform the implementation of acceptable telehealth approaches to address disparities propagated by health care
access barriers in Sub-Saharan Africa.

(JMIR Form Res 2025;9:e60843)   doi:10.2196/60843

KEYWORDS

telehealth; telemedicine; health care; disparities; technology; barriers; resource-limited; preferences; Uganda; Africa; barrier;
formative evaluation; health service provider; primary care; satisfaction; Sub-Saharan Africa; survey; utility
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Introduction

Access to quality health care services is critical to achieving
optimal health outcomes and reducing health disparities [1].
Individuals residing in resource-limited settings often encounter
various economic, social, cultural, and geographic barriers to
health care, including provider shortages, inadequate health
insurance coverage, transportation challenges, and limited health
literacy [2-4]. Health care access barriers are especially stark
in many countries in Sub-Saharan Africa, which have 0.23
doctors for every 10,000 people, compared to the highest ratio
of 84.2 doctors in the most high-income countries [5]. Increasing
access to quality health care and preventive services via
telehealth is a promising strategy to reduce health disparities in
low- and middle-income countries.

Telehealth refers broadly to the remote delivery of health care
services using electronic and telecommunications technology,
including voice, chat, and video-based platforms. There are
numerous types of telehealth applications, such as live video
conferencing for the provision of clinical services to patients
(ie, telemedicine), provider-to-provider health care consultation,
and remote delivery of nonclinical services, including the use
of mobile health (mHealth) tools to support health promotion
and wellbeing efforts [6]. Telehealth approaches offer a practical
and often cost-effective method to expand the reach of health
care services and address health care access barriers in
resource-limited settings [7]. Despite the widespread adoption
of mobile phones and other digital tools that can support
telehealth applications, and the acknowledged potential of using
these technologies to improve health care service delivery [8],
telehealth adoption in clinical settings remains low. This is
particularly true in health care professional shortage areas, which
arguably stand to benefit most from these technologies. Indeed,
results from a recent review demonstrate the promise of
telemedicine approaches in revolutionizing health care delivery
in Africa by improving access, efficiency, and patient outcomes
[9]. Yet, significant challenges related to the effective
implementation and adoption of telehealth remain.

The COVID-19 pandemic highlighted the need for innovative,
cost-effective, technology-enabled systems for health care
delivery and resulted in a rapid increase in telehealth adoption
worldwide. Indeed, the rise in innovative telehealth start-up
companies is beginning to transform health care access across
Africa, despite concerns about data privacy, inadequate
infrastructure, and a lack of policy frameworks [9,10]. For
example, Rocket Health based in Kampala, Uganda [11], offers
telehealth services as a licensed and registered clinic, laboratory,
and pharmacy, including doctor consultations through phone
calls and SMS text messages, as well as laboratory sample
pickups and medicine deliveries. However, these services can
be costly and may not be accessible to those residing in rural
areas of Africa with limited internet access. Thus, continued
efforts are urgently needed to ensure the broad and equitable
reach of telehealth applications in Africa.

An insufficient understanding of effective strategies for
implementation has limited telehealth adoption in
under-resourced settings. Indeed, very little is known about

specific challenges and preferences for telehealth program
implementation in African countries, particularly in Uganda
[12]. This dearth of knowledge severely limits the ability to
implement effective and appropriate telehealth solutions to
improve health care access in Africa equitably. Thus, the
purpose of this study was to conduct a multi-level formative
evaluation identifying barriers and facilitators for implementing
telehealth among health service providers and patients in Central
Uganda.

Methods

Study Population
The study population included health service providers (ie,
doctors, nurses, midwives, and lab technicians) and patients
seeking health care services at regularly scheduled clinic visits
between January and July 2022 at the following health care
facilities in the Central Region of Uganda: Namulonge Health
Centre III, Wattuba Health Centre III, Kasangati Health Centre
IV, and Buwambo Health Centre IV. Uganda’s health care
system works on a referral basis and includes small village
health teams, health centers (II, III, and IV), district general
hospitals, and regional and national referral hospitals, with more
intensive services provided at larger centers or hospitals [13].
A health center III facility has approximately 18 staff, including
a senior clinical officer, and provides laboratory services and a
general outpatient clinic and maternity ward. Health centers IV
are small hospitals, with all of the services available at health
center III, along with additional medical providers, the ability
to admit patients, and a theater for surgical procedures. Although
phone and internet access is widespread in Uganda’s health
center IV facilities, telemedicine integration is minimal, and
technology has been used largely in referral hospital settings to
initiate referrals and consultations and for knowledge sharing
between providers [14]. Of note, the adoption of
telecommunication technologies in Uganda is relatively low,
with mobile phone coverage at approximately 60% and mobile
internet subscriptions at around 9% in 2016, and primarily
among urban residents [15]. Although marked variations in
internet coverage across different regions in Uganda are evident,
the vast majority of the population in Central Uganda has access
to at least 2G networks [16].

Study Design
We used a cross-sectional study design engaging providers and
patients through surveys using a convenience sampling
approach. Inclusion criteria required participants to be providers
at the study sites or patients receiving health care at the study
sites at the time of study recruitment. Study participants were
not selected based on prior telehealth use. Recruitment was
facilitated through partnership with the Wakiso District Health
Officer (DHO). The research team met with the DHO to describe
the study objectives, and the DHO drafted a letter of Introduction
to the Health centers for the research team to initiate contact
with health centers in the study region. The research team then
met with the medical superintendents at health centers in the
Central Region of Uganda (Kasangati HCIV, Namulonge Health
Centre III, Wattuba Health Centre III, and Buwambo Centre
HCIV) to provide the introductory letter from the DHO and to
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schedule site visits with the designated nurse at each site to
determine the best approaches for distributing surveys at each
site. Research team members distributed paper copies of the
patient and provider surveys at each site visit with the designated
nurse. Surveys were distributed to all patients during health care
encounters at the health centers during the research team’s site
visit. The designated nurse at each site helped distribute and
collect the surveys from providers. Through our existing
contacts, digital surveys were also emailed to service providers
from academia, health IT professionals, and the Infectious
Diseases Institute (IDI) from January through June 2022. Given
the descriptive nature of this cross-sectional study, we did not
conduct power analyses but aimed to have a minimum sample
of 50 participants in each group to ensure sufficient data for
descriptive analyses.

Ethical Considerations
This study was reviewed for human subject research ethics and
was approved as exempt by the Institutional Review Board at
Michigan State University (Study ID 00006715). An informed
consent waiver, including a description of the study purpose
and contact information for the study investigators, was provided
on the study surveys. The consent waiver on the surveys
specified that participation was voluntary and that responses
were confidential. Surveys were anonymous and did not collect
any personally identifiable information. Participants were not
compensated for survey completion.

Data Collection
Study surveys were developed for patients and providers. The
patient survey questions were based on the validated Service
User Technology Acceptability Questionnaire, which measures
user perceptions about the acceptability of telehealth in domains
of enhanced care, increased acceptability, privacy and
discomfort, care personnel concerns, telehealth as a substitution,
and satisfaction [17]. The provider survey was based on a
questionnaire developed by the American Medical Association
to assess telehealth preferences and impact on clinical practice,
including perceptions of clinical value and efficiency of
telehealth services [18]. This modified questionnaire was
deployed in our previous study assessing telehealth satisfaction
among providers in rural Northwest Michigan, United States
of America [19]. Informed by the Technology Acceptance
Model [20], the surveys also assessed the following factors
influencing an individual’s intention to use new technology:
perceived usefulness and perceived ease of use. Survey
respondents provided perceptions of telehealth using a 5-point
Likert scale, where 1 indicated “strongly agree” and 5 indicated
“strongly disagree.” Additionally, the survey ascertained
demographic information, including age range (<30, 30‐49,
50‐65, and 65+ years), gender, length of time in practice
(providers only), and self-reported health status (patients only).
The survey also asked whether respondents had heard about
telemedicine and used telemedicine prior to completing the
survey. The provider survey also ascertained information on
barriers to telehealth using the question: “What are your biggest

challenges, if any, that you face regarding telehealth visits?
Select all that apply.” The following options were available for
selection, lack of reimbursement, licensure, technology
challenges for the patients, technology challenges for the health
care provider/practice, low patient engagement, lack of
implementation support, no challenges, or other. This list was
based on a prior review of barriers to telehealth in Sub-Saharan
Africa [21], with reimbursement issues reflecting barriers due
to differential financial return for telehealth visits and licensure
indicating legal and regulatory barriers to telehealth
implementation. Survey data were entered into Qualtrics, either
directly by participants completing the online survey or by study
staff for paper-based surveys.

Statistical Analysis
The survey data were downloaded from Qualtrics and collated
in an Excel spreadsheet for analysis. We conducted descriptive
statistics of the survey items, describing participant
characteristics, perceptions of telehealth, and barriers to using
telehealth among providers. Descriptive statistics were
calculated to describe provider-reported barriers to telehealth.
We also assessed whether telehealth perceptions varied
according to participant age, and previous telehealth use, length
of time practicing medicine (providers only), and health status
(patients only) using Student t tests. In secondary analyses, we
assessed patient perceptions among the subset of individuals
who had used telehealth previously. Missing data were excluded
from analysis. All statistical analyses were performed using
SAS (version 9.4; SAS Institute) and statistical significance
was defined at P<.05.

Results

Surveys from 61 providers and 91 patients were completed and
included in the analysis. For providers, 41 surveys were
completed on paper and 20 were completed online. For patients,
all 91 surveys were completed on paper. As shown in Table 1,
most providers were between the ages of 30‐49 years (n=43,
71.1%) and reported female gender (n=38, 63.3%). Providers
varied in the length of time in practice, with 20% (n=12) of
respondents practicing less than 5 years, 43.3% (n=25)
practicing between 5 and 10 years, and 36.7% (n=22) practicing
more than 10 years. Most of the surveyed providers had heard
about telemedicine before (n=42, 68.9%) and used telemedicine
previously (n=48, 78.7%). Of note, several providers (n=6)
noted that they had not heard of telemedicine previously but
reported using telemedicine after reading the description that
telemedicine included telephone-based visits. Patient survey
respondents were younger than providers, with 57.8% (n=52)
of patients under the age of 30 years. Most patient participants
were female (n=67, 74.4%) and reported health status as
“Excellent” or “Very good” (n=26, 28.9% and n=23, 25.6%,
respectively). Compared to providers, a lower percentage of
patients had heard of telemedicine (n=32, 35.2%) or used
telemedicine previously (n=18, 19.8%).
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Table . Characteristics of provider and patient survey respondents. Missing data on age, gender, length of time in practice and self-reported health
status for 1 patient survey.

Patients (n=91), n (%)Providers (n=61), n (%)

Age, years

52 (57.8)10 (16.7)    <30

22 (24.4)43 (71.7)    30‐49

10 (11.1)6 (10)    50‐65

6 (6.7)1 (1.7)    >65

Gender

67 (74.4)38 (63.3)    Female

23 (25.6)22 (36.7)    Male

Length of time in practice, years

—a12 (20)    <5

—25 (43.3)    5‐10

—16 (26.7)    11‐20

—6 (10.0)    >20

Self-reported health status

26 (28.9)—    Excellent

23 (25.6)—    Very good

17 (18.9)—    Good

20 (22.2)—    Fair

4 (4.4)—    Poor

Heard about telemedicine previously

32 (35.2)42 (68.9)    Yes

59 (64.8)19 (31.2)    No

Used telemedicine previously

18 (19.8)48 (78.7)    Yes

73 (80.2)13 (21.3)    No

aNot applicable

As shown in Figure 1, provider perceptions of telehealth were
generally positive, with 96.7% (n=59) agreeing or strongly
agreeing that telehealth could help them monitor patients more
rapidly and 98.4% (n=60) reporting that they could easily learn
how to use telehealth. While 93.4% (n=57) reported that
telehealth adds value to clinical practice, less than half (n=30,
49.2%) felt that telehealth was more efficient than in-person
visits. Most providers (n=56, 91.8%) reported feeling

comfortable with information and communication technologies,
but only 49.2% (n=30) thought their health center had the
necessary infrastructure to support telehealth use. Indeed, 83.3%
(n=51) of providers reported that telehealth use would imply
major changes in their clinical practice. Finally, all 48 providers
who had used telehealth would recommend telehealth services
to others, and all 13 providers who had not used telehealth would
be interested in using telehealth services in the future.
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Figure 1. Provider perceptions of telehealth from a cross-sectional survey conducted in Central Uganda, January 2022-July 2022 (n=61).

Perceptions of telehealth were less favorable among patients
compared to providers (Figure 2). Nearly 78% (n=70) agreed
or strongly agreed that telehealth services should be
recommended to people in a similar condition, and 76% (n=68)
agreed or strongly agreed that telehealth services would allow
their caretakers to better monitor their health condition.
Although approximately 33% (n=30) of patient survey
respondents agreed or strongly agreed that telehealth services
have made them feel uncomfortable, and 43.8% (n=39) agreed
or strongly agreed that telehealth services make them worried
about the confidentiality of private information. Roughly half
of the respondents (n=46, 51.1%) did not agree that telehealth
could replace regular care, and 43.4% (n=39) agreed or strongly
agreed that telehealth services are not as suitable as regular
face-to-face consultations. In secondary analyses among the
subset of patients who had used telehealth previously (n=18),
favorable perceptions were more pronounced, with nearly 90%
(n=82) reporting that telehealth services increased their access

to care, 89% (n=81) reporting that telehealth saved time, and
88% (n=80) reporting that telehealth services have helped them
improve their health. Over 72% (n=66) of patients who had
used telehealth previously reported satisfaction with the
telehealth services they received. All 18 patients who had used
telehealth would recommend telehealth services to others.
However, only 27.8% (n=25) of those who had used telehealth
agreed or strongly agreed that telehealth services allowed them
to be less concerned about their health status (data not shown).
Of the 73 patients who had not used telehealth, 60 (82.2%)
would be interested in using telehealth services in the future.

Provider-reported barriers to telehealth, shown in Table 2,
included technology challenges for the patient (34/132, 26%),
low patient engagement (25/132, 19%), and lack of
implementation support (24/132, 18%). Lack of reimbursement
(19/132, 14%) and technology challenges for the health care
provider or practice (19/132, 14%) were also noted.
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Figure 2. Patient perceptions of telehealth from a cross-sectional survey conducted in Central Uganda, January 2022-July 2022 (n=91).

Table . Provider-reported barriers to telehealth from a cross-section survey conducted in Central Uganda, January 2022-July 2022.

Number of provider-reported barriers (n=132), n (%)

19 (14)Lack of reimbursement

5 (4)Licensure

34 (26)Technology challenges for the patient

19 (14)Technology challenges for the health care provider or practice

25 (19)Low patient engagement

24 (18)Lack of implementation support

2 (2)No challenges

4 (3)Other

Overall, provider perceptions of telehealth did not differ
according to age, gender, length of time practicing medicine,
or based on prior telehealth use (Table 3). However, intentions
to use telehealth when it becomes available were slightly higher
among male versus female providers (4.73 vs 4.34 on Likert
1-5 scale; P=.03). Conversely, several differences in perceptions
of telehealth according to patient characteristics were observed
(Table 4). For example, concerns about confidentiality with
telehealth were slightly higher among patients who did not use
telehealth compared to users (3.29 vs 2.35; P=.01). Additionally,
patients with better self-reported health status were more likely

to agree that telehealth should be recommended to people in a
similar condition to theirs compared to those with poorer health
status (4.14 vs 3.53; P=.003). Although not statistically
significant, males were slightly more likely than females to
report feeling uncomfortable with using telehealth (3.30 vs 2.80;
P=.06). Interest in participating in telehealth visits in the future
was higher among younger (<50 y) versus older participants
(3.22 vs 2.56; P=.07), among females versus males (4.08 vs
3.43; P=.05) and among those with better versus worse
self-reported health status (4.12 vs 3.64; P=.04).
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Table . Provider perceptions overall and according to provider characteristics.

Telehealth useLength of time practicingSexAgeOverall
(n=61),
mean
(SD)

P valueDid not
use tele-
health
(n=13),
mean
(SD)

Used
tele-
health
(n=48),
mean
(SD)

P value>10
years
(n=22),
mean
(SD)

≤10
years
(n=37),
mean
(SD)

P valueFemale
(n=38),
mean
(SD)

Male
(n=22),
mean
(SD)

P value≥50
years
(n=7),
mean
(SD)

<50
years
(n=53),
mean
(SD)

.544.38
(0.5)

4.52
(0.7)

.224.32
(0.9)

4.58
(0.6)

.544.53
(0.8)

4.41
(0.6)

.734.57
(0.5)

4.47
(0.7)

4.49
(0.7)

The use
of tele-
health
could
help me
monitor
my pa-
tients
more
rapidly

.154.62
(0.51)

4.38
(0.5)

.794.41
(0.5)

4.45
(0.6)

.824.42
(0.6)

4.45
(0.5)

.474.57
(0.5)

4.42
(0.5)

4.43
(0.5)

I think
that I
could
easily
learn
how to
use tele-
health

.234.69
(0.5)

4.48
(0.6)

.454.59
(0.5)

4.47
(0.6)

.774.50
(0.6)

4.55
(0.5)

.334.71
(0.5)

4.49
(0.6)

4.52
(0.6)

I think it
is a
good
idea to
use tele-
health to
monitor
my pa-
tients

.654.31
(0.9)

4.09
(1.0)

.524.09
(0.9)

4.24
(0.8)

.734.22
(0.8)

4.14
(0.9)

.434.43
(0.5)

4.15
(0.9)

4.13
(0.9)

The use
of tele-
health
may im-
ply ma-
jor
changes
in my
clinical
practice

.103.62
(0.5)

4.00
(0.8)

.324.05
(0.7)

3.84
(0.8)

.453.97
(0.8)

3.82
(0.7)

.453.71
(0.8)

3.94
(0.8)

3.92
(0.7)

Most of
my pa-
tients
will wel-
come
the fact
that I
use tele-
health
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Telehealth useLength of time practicingSexAgeOverall
(n=61),
mean
(SD)

P valueDid not
use tele-
health
(n=13),
mean
(SD)

Used
tele-
health
(n=48),
mean
(SD)

P value>10
years
(n=22),
mean
(SD)

≤10
years
(n=37),
mean
(SD)

P valueFemale
(n=38),
mean
(SD)

Male
(n=22),
mean
(SD)

P value≥50
years
(n=7),
mean
(SD)

<50
years
(n=53),
mean
(SD)

.362.92
(1.2)

3.27
(1.2)

.663.27
(1.1)

3.13
(1.3)

.993.18
(1.2)

3.18
(1.2)

.933.14
(1.1)

3.19
(1.2)

3.20
(1.2)

I think
that my
health
center
has the
neces-
sary in-
frastruc-
ture to
support
my use
of tele-
health

0.734.15
(0.6)

4.23
(0.7)

.294.09
(0.7)

4.29
(0.7)

.774.24
(0.7)

4.18
(0.7)

.784.29
(0.8)

4.21
(0.7)

4.21
(0.7)

I feel
comfort-
able
with in-
forma-
tion and
commu-
nication
technolo-
gies

.734.54
(0.9)

4.46
(0.7)

.564.41
(0.9)

4.53
(0.6)

.034.34
(0.8)

4.73
(0.5)

.164.86
(0.4)

4.43
(0.8)

4.48
(0.7)

I have
the inten-
tion to
use tele-
health
when it
becomes
avail-
able in
my
health
center

.934.23
(0.8)

4.21
(0.7)

.174.38
(0.6)

4.13
(0.7)

.744.24
(0.6)

4.18
(0.7)

.794.29
(0.5)

4.21
(0.7)

4.22
(0.7)

Tele-
health
visits
add val-
ue to my
practice

.993.23
(1.4)

3.23
(1.2)

.753.32
(1.3)

3.21
(1.2)

.163.42
(1.2)

2.95
(1.2)

.573.00
(1.4)

3.28
(1.2)

3.23
(1.2)

A tele-
health
visit is
more ef-
ficient
than an
in-per-
son visit
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Table . Patient perceptions overall and according to patient characteristics.

Telehealth useHealth statusSexAgeOverall
(n=91),
mean
(SD)

P valueDid not
use tele-
health
(n=73),
mean
(SD)

Used
tele-
health
(n=18),
mean
(SD)

P value≥Very
good
(n=49),
mean
(SD)

<Very
good
(n=41),
mean
(SD)

P valueFemale
(n=67),
mean
(SD)

Male
(n=23),
mean
(SD)

P value≥50
years
(n=16),
mean
(SD)

<50
years
(n=74),
mean
(SD)

.093.06
(1.1)

2.56
(1.1)

.752.90
(1.2)

2.98
(1.0)

.062.80
(1.1)

3.30
(1.1)

.973.75
(1.0)

3.74
(1.1)

2.96
(1.1)

The tele-
health
services
have
made
me feel
uncom-
fortable,
eg, phys-
ically,
or emo-
tionally.

.013.29
(1.3)

2.35
(1.1)

.183.27
(1.2)

2.90
(1.4)

.963.11
(1.4)

3.09
(1.0)

.083.50
(0.9)

3.94
(0.9)

3.11
(1.3)

The tele-
health
services
make
me wor-
ried
about
the con-
fidential-
ity of
the pri-
vate in-
forma-
tion be-
ing ex-
changed
through
it.

.313.75
(1.1)

4.06
(1.2)

.373.92
(1.1)

3.70
(1.2)

.383.76
(1.1)

4.00
(1.1)

.243.56
(0.8)

3.88
(1.0)

3.81
(1.1)

The tele-
health
services
allow
the peo-
ple look-
ing after
me to
better
monitor
me and
my con-
dition.

.163.82
(1.1)

4.11
(0.7)

.0034.14
(0.9)

3.53
(1.1)

.243.94
(1.0)

3.65
(1.1)

.213.25
(0.9)

2.86
(1.1)

3.88
(1.0)

The tele-
health
services
should
be rec-
ommend-
ed to
people
in a simi-
lar con-
dition to
mine.
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Telehealth useHealth statusSexAgeOverall
(n=91),
mean
(SD)

P valueDid not
use tele-
health
(n=73),
mean
(SD)

Used
tele-
health
(n=18),
mean
(SD)

P value≥Very
good
(n=49),
mean
(SD)

<Very
good
(n=41),
mean
(SD)

P valueFemale
(n=67),
mean
(SD)

Male
(n=23),
mean
(SD)

P value≥50
years
(n=16),
mean
(SD)

<50
years
(n=74),
mean
(SD)

.252.68
(1.4)

3.11
(1.6)

.992.76
(1.4)

2.75
(1.4)

.422.68
(1.4)

2.96
(1.4)

.483.38
(0.9)

3.14
(1.3)

2.77 (
1.4)

The tele-
health
services
can be a
replace-
ment for
my regu-
lar
health
or social
care.

.283.24
(1.2)

2.89
(1.3)

.463.08
(1.3)

3.28
(1.1)

.673.14
(1.2)

3.26
(1.3)

.153.50
(0.9)

3.88
(0.9)

3.17
(1.2)

The tele-
health
services
are not
as suit-
able as
regular
face to
face
consulta-
tions
with the
people
looking
after
me.

.423.87
(1.1)

4.11
(1.0)

.044.12
(1.0)

3.64
(1.1)

.054.08
(0.9)

3.43
(1.1)

.072.56
(1.3)

3.22
(1.3)

3.92
(1.1)

I would
be inter-
ested in
continu-
ing to
partici-
pate in
tele-
health
visits in
the fu-
ture.

Discussion

Findings from this study demonstrate generally favorable
perceptions of telehealth among providers and patients in Central
Uganda. Providers were more likely than patients to have used
telehealth, and most noted the clinical value of telehealth and
reported feeling comfortable using the technology. Importantly,
this study also identified provider barriers impeding telehealth
use, including technology challenges for the patient and the lack
of infrastructure and implementation support. Patient perceptions
of telehealth were largely neutral to positive, and concerns
around confidentiality of information and comfort level using
telehealth services were reported. Overall, our findings suggest

the strong potential of telehealth approaches to improve health
care service delivery in Central Uganda. Our results demonstrate
the need for future telehealth implementation efforts that address
technology and infrastructure-related challenges.

Overall, the favorable perceptions of telehealth among providers
in this study align with results from another cross-sectional
study in Uganda, where attitudes toward telemedicine were
overwhelmingly positive, yet gaps in technology readiness were
pronounced [22]. Results from the providers in this study
demonstrate evidence for perceived usefulness of telehealth in
monitoring patient care and providing clinical value to patients.
These findings align with results from prior studies [23-25],
including our prior study of rural providers in the United States

JMIR Form Res 2025 | vol. 9 | e60843 | p.991https://formative.jmir.org/2025/1/e60843
(page number not for citation purposes)

Kizito et alJMIR FORMATIVE RESEARCH

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


[19]. Additionally, most providers in this study reported ease
of use in telehealth technology platforms. However, concerns
around the efficiency of telehealth visits compared to in-person
clinic visits were also commonly reported. Concerns around
the efficiency of telehealth approaches were also noted in our
team’s prior study of rural providers in the United States [19].
These findings differ, however, from results in other study
settings where improvements in efficiency with telehealth
approaches were observed [23,24]. The lack of supportive
infrastructure for telehealth visits, which was noted as an
important barrier to telehealth among survey respondents, may
contribute to the discrepancies in findings across studies. Indeed,
most providers in this study reported that telehealth approaches
would require major changes in current clinical practice and
workflows. Such changes may help improve overall efficiencies
with the telehealth system and overcome this reported barrier.

In this study, patient perceptions of telehealth were less
favorable compared to providers. This may be due in part to
lower levels of telehealth utilization and comfort in using the
technology among patients. Indeed, while most providers in
this study had used telehealth, both awareness and telehealth
use among patients were much lower. This suggests the need
to better understand patient-level barriers to telehealth use and
to target patient education efforts to increase overall knowledge
about telehealth applications from the patient perspective.
Importantly, our findings also demonstrate satisfaction among
patients who had previously used telehealth, and most previous
users also recognized the clinical utility of telehealth for care
monitoring. However, there were concerns among patients
related to the comfort of using telehealth and the confidentiality
of the private information shared through the technology. These
findings emphasize the need for future efforts to increase
awareness of telehealth services, offer educational trainings on
digital literacy, and address concerns related to the
confidentiality of information.

Perceptions of telehealth in this study did not differ substantially
by most provider and patient characteristics. Interestingly, we
did not observe any significant differences in telehealth
perceptions according to provider or patient age. This differs
from findings in U.S. study populations, where telehealth
perceptions were more favorable among younger patients and
providers [19,26,27]. In these prior studies, age-related
differences in telehealth perceptions were largely attributed to
lower technology access and digital literacy among older adults
[28]. Participants in this study were younger overall, and this
may have contributed to the lack of observed differences in
telehealth perceptions by age in our study. Intentions to use
telehealth in clinical practice were modestly higher among male
compared to female providers in our study. This finding differs
from those assessing mental health providers in the United
States, where no gender differences in intention to continue
using telehealth after the COVID-19 pandemic were observed
[29]. It is important to note that the intention to use telehealth
was high among female and male providers in our study. Thus,
future studies are needed to assess whether this gender difference

persists in other study settings. Interestingly, patients with better
self-reported health status were more favorable about
recommending telehealth to people in similar conditions and
were also more interested in continuing to participate in
telehealth visits in the future. These findings highlight the
growing recognition that telehealth may not be appropriate or
feasible for all patients or all clinical care situations [30].

The strengths of this study include the focus on multiple
perspectives, including those of both providers and patients
across multiple clinical sites in this understudied region.
Moreover, our study used a community-engaged approach,
working in partnership with community members and
incorporating input on study processes and outcomes from
clinical and community partners. This approach can help guide
implementation efforts toward those with the most community
relevance and potential impact. We also held dissemination
workshops in the community to discuss the findings and inform
next steps to ensure that research efforts address the relevant
needs and preferences of the community members in this region
of Uganda. This research provides a replicable and scalable
model that can help inform telehealth implementation efforts
in other under-resourced settings. This study did have several
limitations. First, using a convenience sampling strategy, we
were unable to calculate a response rate given resource
limitations for tracking survey distribution across multiple study
sites. While the survey development was informed by the
technology acceptance model [20] and modeled on surveys used
in prior studies [31,32], the survey questions were not
specifically validated. Additionally, we were unable to assess
whether perceptions of telehealth differed according to the type
of health care provider, as this information was not collected
on the provider survey. This should be assessed in future studies,
particularly given that readiness to integrate telemedicine
services varied across health facility types and job roles in a
prior study conducted in Uganda [14]. Finally, this study focuses
on a single region in Uganda, and results may not be broadly
generalizable across other populations and settings.

Overall, our findings demonstrate both satisfaction with
telehealth among users and willingness to use it among nonusers
for both providers and patients. Indeed, providers and patients
who previously used telehealth unanimously reported
recommending the service to others. All surveyed providers
and most patients who had not used telehealth were interested
in using this approach in the future. These findings suggest
positive attitudes and behavioral intentions to use telehealth,
which are key components to technology acceptance according
to the technology acceptance model [20]. Taken together, our
results suggest that the perceived usefulness, ease of use, and
attitudes toward telehealth are supportive of future
implementation efforts to increase the reach of telehealth
services in Uganda and in other low- and middle-income
countries.

Findings from this study can inform the implementation of
acceptable telehealth approaches to address disparities
propagated by health care access barriers in Sub-Saharan Africa.
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Abstract

Background: Traumatic brain injury (TBI) is a significant public health issue and a leading cause of death and disability globally.
Advances in clinical care have improved survival rates, leading to a growing population living with long-term effects of TBI,
which can impact physical, cognitive, and emotional health. These effects often require continuous management and individualized
care. Traditional paper-based assessments can be cumbersome, potentially impeding regular monitoring of patient-reported
outcomes (PROs). Electronic PROs (ePROs) offer a promising alternative by enabling real-time symptom tracking, which can
facilitate early identification of issues, support shared decision-making, and improve outcomes for patients with TBI.

Objective: This study evaluates the usability of an ePRO platform—Atom5—for individuals with TBI. By analyzing how
patients use the system to report their symptoms, the study aims to identify usability issues, assess user satisfaction, and determine
the potential of Atom5 to support ongoing patient-centered care.

Methods: Atom5 was customized to enable individuals with TBI to report their symptoms. Usability testing was conducted
through one-on-one sessions with participants recruited from Headway UK—an organization supporting brain injury survivors.
Each participant took part in cognitive interviews using with the “Think Aloud” method, encouraging them to verbalize their
thoughts and experiences while using the platform. This approach provided qualitative insights into areas of difficulty, usability
strengths, and accessibility barriers. User satisfaction was quantitatively assessed with a brief 4-item questionnaire based on the
System Usability Scale. Usability outcomes were analyzed for critical and noncritical errors, focusing on user experience and
overall satisfaction.

Results: In total, 9 participants completed a single usability testing session using Atom5, including 4 men, 4 women, and 1
nonbinary individual; 4 participants were under 55 years old, and 6 had their TBI <10 years ago. Finally, 8 participants used an
Android device. The platform included measures for anxiety (Generalized Anxiety Disorder-2 item), depression (Patient Health
Questionnaire-2), posttraumatic stress disorder (Posttraumatic Stress Disorder checklist 2), and TBI-specific quality of life
(Traumatic Brain Injury – Quality of Life Short form) and a total of 26 questions. Overall, all participants were satisfied with the
system, noting that it was easy to navigate and accessible despite difficulties in understanding some questions. Further, 6 participants
encountered no errors, while 1 participant reported one critical error and 2 others reported one noncritical error each. The
participants rated their overall satisfaction with the platform at an average score of 3.9 (SD 0.49) out of 5.

Conclusions: This usability study suggests that individuals living with TBI can effectively report symptoms using the Atom5
ePRO platform, with generally high satisfaction and few usability issues, thereby enabling continuous monitoring and proactive
symptom management. Future ePRO development should focus on inclusivity and adaptability to address the diverse needs of
patients with TBI, ensuring these tools can effectively support a wide range of users.

(JMIR Form Res 2025;9:e58128)   doi:10.2196/58128

KEYWORDS

usability study; usability; patient reported outcome; PRO; electronic patient reported outcome; ePRO; traumatic brain injury;
TBI; think aloud; cognitive interviews; early warning; early detection; mobile phone

JMIR Form Res 2025 | vol. 9 | e58128 | p.995https://formative.jmir.org/2025/1/e58128
(page number not for citation purposes)

McMullan et alJMIR FORMATIVE RESEARCH

XSL•FO
RenderX

http://dx.doi.org/10.2196/58128
http://www.w3.org/Style/XSL
http://www.renderx.com/


Introduction

Background
A traumatic brain injury (TBI) is defined as “a traumatically
induced structural injury and/or physiological disruption of
brain function as a result of an external force” [1]. Each year,
it is estimated that over 50 million TBIs occur worldwide [2].
In the United Kingdom, around 900,000 people attend accident
and emergency departments (immediate critical care) with a
head injury every year, with approximately 1.3 million people
living with the effects of a TBI [3].

Although most TBIs result in mild symptoms and do not require
hospitalization, many individuals experience disabling long-term
symptoms [4-7]. The impact of a TBI falls into several
categories: physical (headaches, dizziness, and blurred vision),
cognitive (trouble with memory, concentration and attention,
and impaired reasoning), emotional (personality changes, mood
swings, depression, and anxiety), and behavioral (fatigue and
anger) [8-11]. This means that patients with mild TBI have
different needs, and health care must be tailored to each patient
[12].

In addition, advances in management and guidelines [13] mean
that people now live longer with the effects caused by their TBI.
It is therefore important for clinicians to monitor these effects
over time to improve the quality of life of people living with
the effects of a TBI.

As a result, TBI is being increasingly regarded as a chronic
condition, as it impacts on multiple health domains and functions
[4,14]. Research has shown that TBI is a risk factor for dementia
[14], psychiatric, cardiovascular, genitourinary and
neurodegenerative conditions [15-17].

One way to monitor the effects of TBI on patients’ symptoms
and quality of life over time is by using patient-reported
outcomes measures (PROMs). PROMs are defined as
“questionnaires completed by patients to assess the effects of
disease or treatment (or both) on symptoms, functioning, and
health related quality of life from their perspective” [18].
PROMs have traditionally been administered in a paper format.
Research has shown that there are several drawbacks to paper
PROMs. These include lengthy completion time, risk of poor
data quality, and being prone to human error [19]. The growth
of eHealth technologies and the omnipresence of smartphones
and tablets [20] has allowed patients to play a more active role
in their health care [21-23].

Digital health is a rapidly evolving field and provides a
cost-effective way to remotely monitor patients [12,23]. Often
referred to as mobile health or “mhealth,” recent research has
shown that the use of these new technologies in health care has
been received positively both by patients [12,24] and clinicians
[24-26]. In addition to this, new technologies have given
clinicians and patients the opportunity to use electronic PROMs
(ePROMs) [20]. Unlike paper PROMs, ePROMs can facilitate
real-time data, remote monitoring of symptoms and send or
receive feedback [27], and can improve acceptance rate [28].
Examples of successful ePROs systems include AmbuFlex in
Denmark with patients with renal failure [29] and the eRAPID

system in the United Kingdom to monitor side effects of
chemotherapy [30]. However, disadvantages of ePROMs include
concerns around privacy issues, technical difficulties, a large
initial financial investment, and the potential digital divide [19].

Like any new product being developed, it is vital to test the
usability of a new electronic patient-reported outcome (ePRO)
system in order to improve and optimize the final product
[31,32]. Usability testing is defined by the International
Organisation for Standardization (ISO) as “the extent to which
a product can be used by specified user to achieve specified
goals with effectiveness, efficiency, and satisfaction in a
specified context of use” [33].

Research Context: The PRiORiTy Study
This usability study is the second stage of the wider National
Institute for Health and Care Research Surgical Reconstruction
and Microbiology Research Centre (NIHR SRMRC)–funded
PRiORiTy (Patient-Reported Outcomes Research in Trauma)
study. The PRiORiTy study aimed to develop and test the
usability and feasibility of an ePRO system with people with a
TBI. Prior to this usability study, we conducted a qualitative
study on the views and perspectives of patients living with the
effects of a TBI, their carers or family members, and health care
professionals on using PROMs or ePROMs. The findings of
the qualitative study were reported in an article published
elsewhere [27].

Aim
The aim of this study was to test the usability of using an ePRO
system (Atom5) with individuals who had a TBI.

Methods

Study Participants and Settings
People who had a TBI were recruited in July 2021 from
Headway UK, a UK-based charity aiming to promote
understanding of all aspects of brain injury and provide
information, support and services to survivors, their families
and carers. The sample size was informed by previous usability
studies, which were in favor of the 10±2 rules, which advocated
that around 10 participants could identify 80% of the issues
around the system being tested [34-36]. Other studies showed
that as low as 5 people are needed if conducting a series of
testing sessions [31,37]. However, since we conducted only one
testing session, we decided to increase our sample size and it
was clear that we reached data saturation by the time we
conducted our last testing session. Inclusion criteria were being
18 years of age and older, having the ability to converse in
English, and to give informed consent. We excluded anyone
who was not able to give informed consent.

Recruitment Process
A lead contact within Headway UK identified people who were
deemed eligible (purposive sampling), approached them in
person, and introduced them to the study. The Headway UK
staff member briefly explained the study to eligible people and
gave them the information sheet. They then sent the researcher
(CM), via a secure email address, the contact details of the
people who had verbally agreed to take part in the usability
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study. CM phoned these people to arrange a mutually suitable
date and time to conduct the testing session. Written informed
consent was obtained from all the participants and data were
anonymized.

ePRO Platform (Atom5)
The ePRO platform used in this study was Atom5, which was
developed by Aparito Ltd [38], a UK-based medical technology
company. Atom5 consists of two interfaces (Multimedia
Appendix 1):

1. A clinician dashboard accessed via a web browser that can
be accessed by specific members of the research team with
appropriate permission.

2. A patient-facing interface accessed via an app on Android
or iOS devices onto which study participants input their
patient-reported outcome data.

The Atom5 app for the PRiORiTy study was designed in
conjunction with our Patient and Public Involvement and
Engagement group, the research team (including a consultant
neurosurgeon) and was informed by the findings from the
project’s qualitative study [27].

Aparito Ltd are accredited for ISO 13485:2016 for medical
device quality management system, ISO 27001:2001 for
information security management systems, and Cyber Essential
Plus recertification.

PROMs Selection
The selection of PROMs was informed by the findings of our
previous qualitative research [27], literature searches, and input
from our patient partners and clinical collaborators. Our
qualitative research showed that people who had a TBI often
experienced anxiety, depression, and posttraumatic stress
disorder, and this was further evidenced by the existing literature
[8,9,27]. Therefore, the PROMs included in this study were the
Generalized Anxiety Disorder-2 item (GAD-2), Patient Health
Questionnaire-9 (PHQ-9), Posttraumatic Stress Disorder
checklist 2 (PCL-2) and Traumatic Brain Injury – Quality of
Life Short form (TBI QOL SF; ability to participate in social
roles and satisfaction with social roles and activities). Quality
of Life after Brain Injury (QOLIBRI) was considered as a
potential TBI-specific measure. However, because it includes
37 items, the Patient and Public Involvement and Engagement
and clinical collaborators advised against it, as they felt
participants with TBI would not be able to complete it due to
their inability to stay focused for long periods of time. Instead
they suggested using 2 submeasures of the TBI QOL SF (ability
to participate in social roles and satisfaction with social roles
and activities) for a total of 20 questions. In addition, clinical
collaborators had already been using TBI QOL questionnaire
in their clinical practice.

The details of the four PROMs selected are mentioned in Table
1.
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Table . Patient-reported outcome measures included in the Patient-Reported Outcomes Research in Trauma usability study.

DescriptionPROMa category and PROMs

General population

GAD-2b (Anxiety) • Screening tool for generalized anxiety dis-

order [39] derived from GAD-7c

• Two items
• Recall period of 2 weeks
• Validated measure which has retained the

same psychometrics properties of the GAD-
7 (86% sensitivity and 83% specificity) [40]

PHQ-2d (Depression) • Screening tool for depression derived from

the PHQ-9e

• Two items
• Recall period of 2 weeks
• Validated measure with sensitivity of 83%

and specificity of 92% [41]

PCL-2f (PTSDg) • Abbreviated version of the PTSD Checklist
– Civilian version (PCL-C)

• Two items
• Screening tool for PTSD
• Recall period of 1 month
• Validated measure with sensitivity of .97

and specificity of .58 [42]

Disease-specific

TBI QOL SFh (ability to participate in social
roles; satisfaction with social roles and activities)

• Health-related Quality of Life
• 20 items
• Recall period of 7 days
• Validated measures with excellent psycho-

metric characteristics, although more re-
search is needed to establish evidence of
construct validity and evaluate the mea-
sures’sensitivity to change [43]. In addition,
the measures need to be validated when us-
ing via mobile health.

aPROM: patient-reported outcome measures.
bGAD-2: Generalized Anxiety Disorder-2 item.
cGAD-7: Generalized Anxiety Disorder-7 item.
dPHQ-2: Patient Health Questionnaire-2.
ePHQ-9: Patient Health Questionnaire-9.
fPCL-2: Posttraumatic Stress Disorder checklist 2.
gPTSD: posttraumatic stress disorder.
hTBI QOL SF: Traumatic Brain Injury – Quality of Life Short form.

Data Collection and Testing Procedure

Testing Sessions
The usability testing aimed at assessing the effectiveness and
efficiency of the ePRO platform. This consisted of one-to-one
sessions conducted either online on a University of Birmingham
secure Zoom account or face-to-face on Headway premises in
the West Midlands. The testing sessions and interviews were
conducted by CM, PhD, who is a female qualitative research
fellow with extensive experience in qualitative data collection,
including conducting interviews. She did not know the
participants prior to the start of the research. The participants
were fully informed of the reasons for doing the research prior
to the data collection.

At the start of the session, participants were given a patient
leaflet that outlined the main stages involved in navigating
through the app and completing the questionnaires. They were
then asked to download the app and perform a series of tasks
on the app while sharing their thoughts about the platform
(Think Aloud technique) [44]. Finally, the participants took part
in a short interview (10‐15 min) on their experience of using
the electronic platform. A carer or family member was allowed
to attend the testing session. A topic guide was developed and
pilot-tested with a patient with TBI. Field notes were kept during
the testing sessions.

The tasks performed by the participants are detailed in Textbox
1.
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Textbox 1. Tasks performed by participants during the testing sessions.

• Download the Atom5 app

• Onboard

• Consent

• Navigate through homepage

• Navigate through Questionnaires module

• Complete and submit Generalized Anxiety Disorder-2

• Complete and submit Patient Health Questionnaire-2

• Complete and submit Posttraumatic Stress Disorder checklist 2

• Complete and submit Traumatic Brain Injury – Quality of Life Short form

• Navigate through frequently asked questions module

Satisfaction Questionnaire
Finally, the participants were asked to answer a brief 4-question
satisfaction questionnaire to rate their satisfaction with the
usability of the electronic platform (5-point scale: 1–poor or
never to 5–excellent or yes) [36,45].

Data Saturation
There has been an ongoing debate about sample sizes for
usability testing. Our sample size has been been informed by
previous research, which shows that 8‐10 participants are
required to detect over 80% of issues.

Data Analysis
Data were analyzed by two independent researchers. The
participant characteristics were summarized as frequency and
percentage. The testing sessions were audio-recorded. The
participants’ comments during the testing sessions and the
researcher’s observations were collated into a table. Errors were
recorded and divided into critical (requiring the researcher’s
input to be able to continue) and noncritical (not requiring the
researcher’s input to be able to continue). Suggestions to
improve the electronic platform were also recorded. Participant
ratings for the 4 satisfaction questions were used to calculate a
mean score per question. Overall mean score and SD was also
calculated.

Data collected from the ePROMs was used for the purpose of
the usability study only and was not downloaded.

The COREQ (Consolidated Criteria for Reporting Qualitative
Research) reporting checklist was used to report findings
(Checklist 1).

Patient and Public Involvement and Engagement
One person who was living with the effects of a TBI and a
family member were involved throughout the study. We met
regularly (on average every 3 mo) and they reviewed

patient-facing documents (patient information sheet, consent
form, and instructions leaflet), assisted with recruitment and
provided advice on the design and development of the Atom5
platform. In addition to meeting regularly, we were in regular
email contact in order to quickly address any urgent issues.

Ethical Considerations
The study was approved the University of Birmingham Ethics
committee (reference ERN_17‐1253). Informed consent was
obtained from all participants. The participants were not
compensated for taking part in the study. All data were
deidentified to ensure participant privacy and confidentiality.

Results

Participants’ Characteristics
A total of 9 people who had a TBI took part in a testing session.
This included 4 men, 4 women, and 1 person identifying as
nonbinary. A total of 4 out of the 9 participants (44%) were
under 55 years old, and 5 were over 55 years old. The majority
of the participants (6/9 participants, 66%) had their TBI less
than 10 years ago. Finally, 8 out of 9 participants (89%) used
an Android device, and 1 used an iOS device. The participants’
characteristics are summarized in Table 2.

In total, 5 testing sessions took place remotely by video using
Zoom and the other 4 took place face-to-face on Headway UK
premises. No one else was present in the interview room,
although Headway UK staff were in the building. The testing
sessions lasted between 42 and 63 minutes.

Among the 4 male participants, 3 of them were visually impaired
and needed some help to read the questions. The researcher
(CM) read the questions for them verbatim and helped them to
input their answers onto the electronic device. These 3 male
participants did not own an electronic device and had to borrow
one from friends.
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Table . Participants’ characteristics.

Values, n (%)Variables

Age (years)

4 (44)<55

5 (56)>55

Sex

4 (44)Male

4 (44)Female

1 (12)Nonbinary

Ethnicity

9 (100)White

Number of years since traumatic brain injury

6 (67)<10 years ago

2 (22)10‐20 years ago

1 (11)>20 years ago

Device used

1 (11)iOS

8 (89)Android

Effectiveness and Efficiency of the Atom5 App
One critical error and 2 noncritical errors were recorded and all
the participants completed the testing sessions. The critical error
was due the participant not knowing what to do after inputting
the onboarding code (please note that after downloading the
Atom5 platform, users need to either scan a QR code or enter

a numerical code to be able to access the questionnaires. The
QR code or numerical code was given to them by the researcher
(CM). The two noncritical errors were due to downloading the
app on an iPad not compatible with the platform and not being
able to answer a question because the question was missing.
Table 3 shows how each participant addressed the critical and
noncritical errors.

Table . Descriptions of critical and noncritical errors encountered by participants and how they were addressed during testing sessions.No differences
were found between iOS and Android users.

How participants addressed noncritical errorError (error type)

Researcher advised the participantNot knowing what to do after inputting the onboarding code (critical error)

Participant used a newer deviceDownloading the app on an iPad not compatible with the platform (non-
critical error)

Participant had to go back to previous page to read the questionNot being able to answer a question because the question was missing
(noncritical error)

It was difficult to record how long it took participants to
complete the PROMs on Atom5 as they discussed their
experience with the researcher while carrying out the tasks
required. However, the researcher observed that while the
majority had very little difficulty completing GAD-2, PHQ-2,
and PCL-2 and completed them in under 30 seconds, most of
the participants struggled with the TBI QOL SF questionnaire
and took longer to complete it. One of the reasons for this is
that it is a longer questionnaire (20 questions for TBI QOL SF
vs 6 questions for GAD-2, PHQ-2, and PCL-2 combined).
However, another reason for struggling with it was the difficulty
understanding some of the questions, such as the following
questions, and not knowing how to answer them:

• “I am able to do all the community activities that I want to
do”

• “I can do everything for work that I want to do (including
work at home).”

• “I am satisfied with the amount of time I spend doing work
(including work at home).”

Issues and Suggestions for Improvement
The participants identified a number of issues and made some
suggestions to improve their experience of using the Atom5
platform (Table 4). These issues and suggestions related to font
size, lack of clarity, names of questionnaires, questions numbers,
clarity of some the text, what to do after onboarding,
communication with clinical team, length of questionnaires,
questions wording, colors, and name of the app.
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Table . Summary of issues and suggestions for improvement made by participants during the testing sessions.

Suggestions made by participantsDetailsIssue

Some items were difficult to read:Font size too small • Increase font
• Questions in GAD-2a were difficult to read
• FAQsb

Difficulty reading and understanding:Lack of clarity • Reformat using bullet points or add para-
graphs• Consent text

• Include information in FAQs about study
and what participants have to do

• FAQs
• Thank you message after questionnaires
• Unsure what the FAQs are about

Lack of information about study •• Add instructions on appWhat participants need to do after onboard-
ing was not always obvious to all partici-
pants

Communication with clinical team •• Add free text boxes at the end of each
questionnaire

Need for some participants to leave com-
ments

Length of questionnaires •• Add the question number at the start of TBI
QOL SF question (eg, 1/20; 2/20, etc)

TBI QOL SFc was lengthy

Questions wording •• Reword the questionsdDifficulty understanding some of the TBI
QOL SF questions • Add emojis/pictures

Orange and white colors •• Add explanation in FAQsMost participants did not understand the
significance of the orange and white colors • Increase font size

• The white color was difficult to see by one
participant

• Bold words that are on white background

Name of the app Atom5 •• Change the name to make it more relevant
to TBI

Name of app was not related to TBIe

aGAD-2: Generalized Anxiety Disorder-2 item.
bFAQ: frequently asked questions.
cTBI QOL SF: Traumatic Brain Injury – Quality of Life Short form.
dThis may not be possible, as it may impact on validity of measures and would require work with the developers.
eTBI: traumatic brain injury.

Participants’ Overall Comments and Researchers’
Observations
Overall, participants were positive about using Atom5 to report
their symptoms. They found the app easy to download and use.
Most of them liked the white and orange colors of the app, even
though they did not understand the significance of it. The main

issues mentioned by the participants was regarding the TBI
QOL SF questions, which they had difficulty understanding
and therefore were not sure how to answer them. One participant
reported they would be unlikely to use the platform again
because it would be too difficult to use on their own as they
would forget to use it (Textbox 2).
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Textbox 2. Participants’ overall comments on using the Atom5 platform and researchers’ observations.

Participants’ comments

• Very easy to use.

• App is quite good and looks smart.

• Easier than a piece of paper.

• Things are laid out very well in the app.

• Unlikely to use it again because it would be difficult to use on my own.

• I wouldn’t remember to use it.

• Downloading the app might be an issue for some people with a traumatic brain injury.

• Made sense but had to think about the questions.

Researchers’ observations

• Several participants had to read the Traumatic Brain Injury – Quality of Life Short form (TBI QOL SF) questions several times, difficulty
understanding what the questions mean.

• Two participants were getting tired halfway through completing the TBI QOL SF questionnaire.

Participants’ Satisfaction
The summary scores for participants’ satisfaction and rating of
usability of Atom5 are shown in Table 5. The overall mean

score was 3.9 (SD 0.33) and the mean score for individual
questions was between 3.4 (SD 0.52) and 4.6 (SD 0.72).

Table . Participants’ usability and satisfaction scores of using the Atom5 electronic platform (range: 1‐5).

Average score (SD)Question

3.9 (0.33)Q1. How easy was the system to use and navigate?

4.6 (0.72)Q2. How satisfied are you with the content?

3.4 (0.52)Q3. How satisfied are you with the display?

3.9 (1.16)Q4. How likely are you to use it again or recommend it to others?

3.9 (0.49)Average usability and satisfaction score

Discussion

Summary of Findings
This article reports the results of the usability testing of the
Atom5 platform used by people living with the effects of a TBI.
Our ePRO platform was informed by existing literature, patients,
and a clinician. A total of 4 PRO measures were selected and
programmed in Atom5. The results of the interviews show that
most of the people living with the effects of a TBI who took
part in the usability study were able to report their symptoms
using the Atom5 platform. The number of errors were low (1
critical and 2 noncritical errors) and were due to incompatibility
of a device, not knowing what to do after onboarding, or a
missing question. Overall, the platform was found to be
effective. Suggestions to improve the electronic platform
included increasing the font, reformatting the text and layout
to make it clearer, and adding instructions or study information
and free text boxes.

Findings in Relation to Existing Literature
The results of our usability study reflect results from previous
usability studies to some extent [24]. Although our participants
were positive about their overall experience of using Atom5,
their satisfaction scores were slightly lower than in other studies

[36,45,46], reminding us that barriers to the use of ePRO
platforms still exist. Participants’ lower satisfaction scores could
be attributed to several factors, including visual difficulty,
fatigue, cognitive impairment, and some questions difficult to
understand and answer.

As we were aware that a TBI, even a mild TBI, can cause fatigue
and attention deficit, among many other symptoms [47,48], we
deliberately kept the number of questions as low as possible
while being useful enough for the clinical team. However, a
few participants started to feel tired a few minutes into the
testing sessions. This is sometimes known as “respondent
fatigue,” and it refers to the way respondents lose concentration
as they complete questionnaires, especially in the latter part of
the questionnaires [49]. The fact that all the participants
managed to complete the questionnaires and the tasks required
is encouraging and suggests that they believed in the potential
of the ePRO platform enough to complete the testing sessions
[50].

In addition, several participants had to read some of the
questions several times, especially questions from the TBI QOL
SF questionnaire. Even after reading the questions several times,
they did not always understand them. While this could be due
to a lack of concentration, it is also worth wondering if the
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wording of the questionnaires is suitable for individuals living
with the effects of a TBI and whether the measure is suitable
for use in routine care. As this issue might not directly relate to
the ePRO platform, it would be important to explore this further
in a future study.

One of the main risks of using ePRO platforms is excluding
certain groups of patients [19,51]. This concerned 2 specific
groups in our study. First, 3 participants who were visually
impaired after their TBI had to be helped with reading the
questions. Visual impairment is a common consequence of TBI
[52], and therefore it is essential to include individuals who
have visual impairment after a TBI. The second group of people
who risks of being excluded is people who do not own an
electronic device or are not familiar with technology [19]. A
total of 3 of our participants did not have a smartphone or tablet
and borrowed someone else’s device in order to take part in the
usability study. This could, however, raise issues around data
privacy and security.

Finally, 1 participant felt they would not remember to use the
electronic platform unless they were sent a reminder and
suggested being sent a reminder, which has been shown to
increase response rate [53].

Implications for ePRO Developers, Health Care
Professionals, and Researchers
The fact that some of our participants were visually impaired
should not exclude them from using ePROMs, as demonstrated
in our study. In the case of our participants with visual
impairment, the researcher read the questions. Therefore, ePRO
developers, health care providers, and researchers should ensure
electronic platforms are accessible for all, to ensure inclusivity
and maximize participation [46] by allowing family members
or carers to complete proxy measures [54] or by providing a
“Read aloud” option for patients.

Similarly, although this was not the case with our participants,
the suggestion that some people who had a TBI might struggle
with downloading the app suggests issues around digital literacy.
ePRO developers and researchers should ensure participants
receive adequate training or support. The fact that 3 of our
participants did not have access to a mobile device indicates
that electronic devices should be provided to patients to allow
them to complete ePROMs. This would also remove privacy
and security issues if using their own devices or borrowing
someone else’s. Maximizing participation could also be
increased if ePRO developers sent reminders to participants.

Several participants mentioned they would have liked to see
their previous answers to the questionnaires in order to view

their progress over time. Therefore, adding visual representations
of users’ previous answers would help them to do so.

Finally, it is recommended for health care professionals and
researchers to use validated PROMs.

Strengths and Limitations
The main strength of our study is the Think Aloud technique
used for data collection; allowing participants to share their
views while carrying out the requested tasks provides real-time
feedback [44,55], in particular, about the questions from the
TBI QOL that they had difficulty understanding and responding
to.

There are several limitations to our study. The first one is the
lack of ethnic diversity among participants, meaning that study
findings might not be representative of the wider population.
The research team recognizes the need to promote inclusive
data collection. In addition, the lack of text-to-speech or voice
commands in the app made it more difficult for participants
with vision impairment to use the app.

The time it took participants to complete the tasks was not
representative of the time it would take to complete the ePROs,
as they shared their views while carrying out the tasks. This
made it difficult to assess efficiency of the electronic platform.

The fact that, despite excellent psychometric characteristics and
a reading age of fifth-grade level (10/11 years old), some of the
participants struggled to understand and answer some of the
questions, implying that their answers did not reflect how they
felt.

Finally, the thinking aloud approach used in this usability study
means that some of the participants could become a little tired
during the testing sessions because of the cognitive issues some
of them faced. Researchers should ask participants to reflect on
their experience after each task rather than at the end of the
session.

Conclusion
Usability testing is a vital stage of any new product
development. In our case, it showed that although individuals
living with the effects of a TBI can report their symptoms on
an electronic platform, ePRO developers, health care providers,
and researchers should ensure that electronic platforms are
inclusive and can be adapted to people’s needs.

Future research should include testing the Atom5 platform in
TBI clinic settings and with ethnic minorities.
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Abstract

Background: Health-related data from technological devices are increasingly obtained through smartphone apps and wearable
devices. These data could enable physicians and other care providers to monitor patients outside the clinic or assist individuals
in improving lifestyle factors. However, the use of health technology data might be hampered by the reluctance of patients to
share personal health technology data because of the privacy sensitivity of this information.

Objective: This study investigates to what extent psychological factors play a role in people’s willingness to share personal
health technology data.

Methods: Data for this cross-sectional study were obtained by quota sampling based on age and sex in a community-based
sample (N=1013; mean age 48.6, SD 16.6 years; 522/1013, 51.5% women). Willingness to share personal health technology data
and related privacy concerns were assessed using an 8-item questionnaire with good psychometric properties (Cronbach’s α=0.82).
Psychological variables were assessed using validated questionnaires for optimism (Life Orientation Test—Revised), psychological
flexibility (Psychological Flexibility Questionnaire), negative affectivity (Type D Scale-14—Negative Affectivity), social inhibition
(Type D Scale-14—Social Inhibition), generalized anxiety (Generalized Anxiety Disorder-7), and depressive symptoms (Patient
Health Questionnaire-9). Data were analyzed using multiple linear regression analyses, and network analysis was used to visualize
the associations between the item scores.

Results: Higher levels of optimism (β=.093; P=.004) and psychological flexibility (β=.127; P<.001) and lower levels of social
inhibition (β=−.096; P=.002) were significantly associated with higher levels of willingness to share health technology data when
adjusting for age, sex, and education level in separate regression models. Other associations with psychological variables were
not statistically significant. Network analysis revealed that psychological flexibility clustered more with items that focused on
the benefits of sharing data, while optimism was negatively associated with privacy concerns.

Conclusions: The current results suggest that people with higher levels of optimism and psychological flexibility and those
with lower social inhibition levels are more likely to share health technology data. The magnitude of the effect sizes was low,
and future studies with additional psychological measures are needed to establish which factors identify people who are reluctant
to share their data such that optimal use of devices in health care can be facilitated.

(JMIR Form Res 2025;9:e64244)   doi:10.2196/64244

KEYWORDS

health data sharing; privacy concerns; wearable health technology; personality; psychological flexibility; optimism; social
inhibition; psychological factors; willingness; health-related data; mobile phone

Introduction

Recent advances in health technology, including wearable
devices and smartphone apps, have facilitated remote patient
health monitoring [1-3]. Sharing data from these devices with
care providers, researchers, or device developers has multiple
advantages for the patient, including early detection of
health-related abnormalities, risk stratification, individualized

health interventions, and overall better disease management
[4,5]. The health care system might also benefit by applying
machine learning algorithms to the large amounts of collected
data to improve future health care and increase cost-efficiency
[6].

Despite the potential health benefits, uptake of these health
technologies is often impeded by patient and other user concerns
related to the privacy and confidentiality of sharing sensitive
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personal data [7-9]. These privacy-related concerns are relevant
because they influence the willingness to share their health
technology data [10,11]. While respect for personal autonomy
in the decision to share data is an important cornerstone in
medical ethics, privacy-related objections could be overcome
by adjusting the technological features of a device based on
specific desires or patient characteristics [12]. Assessing
individual differences in willingness to share technology data
could help develop a personalized approach toward sharing
health data to facilitate lower privacy concerns, higher user
satisfaction, higher satisfaction with care, and better health
outcomes.

Willingness to share personal health technology data can be
defined as an individual tendency to allow others to have access
to personal biobehavioral (eg, heart rate) or other personal data
(eg, geographic location) collected using health technology (eg,
wearable devices and smartphone apps) [11,13,14]. In general,
the extent to which a person is willing to share or protect
personal data is determined by an interaction between the
sensitivity of the information (eg, medical or socioeconomic
information, purchase history, and location), the context of data
sharing (eg, health care or commercial setting), and personal
dispositions such as privacy-related attitudes [15]. These
personal dispositions are most relevant for the question of who
is willing to share personal health technology data. Research
has identified not only digital literacy, older age, and privacy
knowledge as factors associated with willingness to share
technology data but also psychological factors such as
personality traits and generalized trust [13,16,17]. However,
there is a knowledge gap regarding the magnitude of associations
between psychological factors and willingness to share personal
health technology data.

Current evidence regarding positive psychological factors,
although scarce, indicates that patients who are overall more
optimistic are more likely to expect positive outcomes from
sharing their data (eg, better health monitoring) or are more
likely to believe that they are less at risk of privacy breaches
than others [18,19]. Optimism is also associated with higher
psychological flexibility, which is the ability to distance from
current mindsets and consider other possible mindsets [20,21].
People with high levels of psychological flexibility might be
better able to act upon goals that involve new technologies to
facilitate better personalized care that might also help other
patients by sharing data even when this comes at the cost of
less privacy for the user.

In addition to positive psychological traits, negative
psychological factors are also expected to be associated with
the willingness to share health-related data. Experiencing
distress (eg, anxiety and depressive symptoms) is linked to
threat-avoidant behaviors and reduced engagement in
reward-seeking behaviors [22]. These tendencies might translate
into overvaluing the risks and undervaluing the potential rewards
of sharing data, leading to a lower willingness to share health
technology data. Prior research has shown that anxiety and
depressive symptoms are more likely to occur in patients with
negative personality traits such as negative affectivity (NA) and
social inhibition (SI) [23]. The relative importance of positive
psychological characteristics versus negative characteristics

with the willingness to share health technology data has yet to
be researched.

This study explores associations between psychological factors
and the willingness to share personal health technology data. It
was expected that positive psychological characteristics (ie,
optimism and psychological flexibility) would be associated
with a higher willingness to share health technology data,
whereas negative psychological characteristics (ie, anxiety,
depressive symptoms, and measures of distress-related
personality traits: NA and SI) would be associated with less
willingness to share health technology data. The role of
sociodemographic background factors (age, sex, and education
level) and whether or not participants have previously used
health technology apps was also investigated using multivariable
models. Exploratory network analyses on the questionnaire
items were conducted to reveal potential psychological
mechanisms between the participant responses on the
psychological constructs and items that reflect the willingness
to share data.

Methods

Participants and Procedure
This cross-sectional study was based on data obtained from a
Dutch community-based sample (N=1013) as part of an annually
recurring survey study (for additional details, see the study by
Kop et al [24]). Research assistants were instructed to apply
quota sampling within their personal network by approaching
a minimum number of participants from each sex and age group
to ensure equal representation (eg, to ensure the number of men
aged between 31 and 40 years in the total sample is equal to the
number of women aged between 31 and 40 years in the total
sample). Inclusion criteria were age above 18 years and being
fluent in Dutch. Although there were no geographical
restrictions, most participants lived in the south of the
Netherlands, as a result of the sampling procedure. Data for this
study were collected between February 2022 and April 2022.
Data collection took place online using Qualtrics.

Ethical Considerations
Ethical approval was obtained from the Tilburg School of Social
and Behavioral Sciences ethical review board (protocol RP55).
All participants gave informed consent before taking part in
this study, and their data were deidentified prior to data analysis.
Participants were not compensated for their participation.

Measures
Data collection was conducted using a web-based survey after
participants provided informed consent for their participation.
All data were obtained using validated questionnaires or
purpose-designed questions (see Multimedia Appendix 1 for
an overview of the used questionnaires).

Health Technology Data-Sharing Inventory
The willingness to share health technology data was assessed
using an 8-item questionnaire designed for the purposes of this
study. Six questions focused on the potential benefits of sharing
data (eg, “I would allow my personal data to be shared if it
would help me”). Two items were derived from the Service
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User Technology Acceptability Questionnaire and focused on
the feeling that health technology violates confidentiality or
people’s privacy [25]. Participants were asked to indicate their
level of agreement on a 5-point Likert scale (1=strongly
disagree, 5=strongly agree). After reverse-coding the 2
negatively phrased items, a continuous total score was calculated
by adding up the items (range 8-40). A higher score indicates
a higher willingness to share health technology data. The
Cronbach’s α coefficient for this scale was 0.82 in this study,
which indicates a good internal consistency of this inventory.

Optimism
Optimism was measured using the 10-item version of the Life
Orientation Test—Revised (LOT-R) [26]. The LOT-R includes
3 items about optimism, 3 items about pessimism, and 4 filler
items. Examples of questions are “I’m always optimistic about
my future” (ie, optimism) and “I hardly ever expect things to
go my way” (ie, pessimism). Participants were asked to indicate
their level of agreement on a 5-point Likert scale (0=strongly
disagree, 4=strongly agree). A continuous total score for
optimism (range 0‐24) was calculated by adding the scores
on optimism to the reversed scores on pessimism. A higher
score indicates higher levels of optimism. The published internal
consistency of the LOT-R total score is acceptable (Cronbach’s
α=0.78) [26], which was similar and acceptable in the present
sample (Cronbach’s α=0.74).

Psychological Flexibility
The Psychological Flexibility Questionnaire (PFQ) [27] was
used to measure psychological flexibility. Participants were
asked to indicate their degree of agreement on a 5-point Likert
scale (1=strongly disagree, 5=strongly agree), enabling
participants to enter a neutral response (3=neither agree nor
disagree). Examples of items are “I feel open to changes” and
“Concepts may possess different meanings when perceived in
different contexts.” The answers to all 20 questions were added
up to a continuous total score (range 20-100). A higher score
indicates higher psychological flexibility. Internal consistency
of the questionnaire was good in the present sample (Cronbach’s
α=0.89).

Negative Affectivity and Social Inhibition
NA and SI were measured using the DS-14 (Type D Scale-14)
[28]. These scales have been developed to assess a construct
identifying individuals with a distressed personality trait (ie,
type D), but the subscales are used as separate dimensions in
this paper, as the focus was not on the interaction of these 2
subscales, which is needed when investigating the type D
construct [29]. The questionnaire contains a 7-item subscale
assessing NA and a 7-item scale assessing SI. An example of
a question for NA is “I often feel unhappy,” and for SI, an
example is “I am a closed kind of person.” Two questions of
the SI subscale are reverse-phrased and recoded before
calculating total scores. Participants rated their agreement on a
5-point Likert scale (0=strongly disagree, 4=strongly agree). A
continuous total score was calculated by adding the scores on
each subscale (range 0‐28). A higher score indicates a higher
presence of the personality trait. The Cronbach’s α value for

NA in this sample was 0.88 and for SI 0.88, indicating good
internal consistency.

Generalized Anxiety and Depressive Symptoms
The Generalized Anxiety Disorder-7 (GAD-7) questionnaire
[30] was used to measure the presence of anxiety-related
complaints over the last 2 weeks (example items are “Feeling
nervous, anxious or on edge” and “Not being able to stop or
control worrying”). Participants were asked to indicate the
presence of these complaints on a 4-point Likert scale (0=not
at all, 3=nearly every day). A continuous total score was
calculated by adding the scores of the 7 items (range 0‐21).
A higher score indicates a higher presence of anxiety-related
complaints. The Cronbach’s α value in this study was 0.87,
indicating good internal consistency.

Depressive symptoms were assessed using the Patient Health
Questionnaire-9 (PHQ-9) [31], asking about the presence of
depressive symptoms such as “Little interest or pleasure in doing
things” or “Feeling down, depressed, or hopeless.” Questions
focused on the presence of complaints over the past 2 weeks
and had to be filled in on a 4-point Likert scale (0=not at all,
3=nearly every day). A continuous total score was calculated
by adding the scores on all 9 items (range 0-27). A higher score
indicates a higher presence of depressive symptoms. Internal
consistency was considered good, with a Cronbach’s α value
of 0.85 in the present sample.

Background Variables and Covariates
Demographic measures (age, self-reported sex, and education
level) were obtained from the self-report questionnaire. The
dataset contained only a measurement for sex and not for gender.
Although gender would have better matched the psychological
and behavioral variables in the dataset, the authors decided to
report sex since this measure better represents the construct
measured in the questionnaire. Level of education was divided
into low (completed secondary school or less), middle
(completed vocational education or high school only), or high
(completed college or higher). Participants also reported their
health status by indicating the presence of a lifetime diagnosed
medical condition (eg, cardiovascular, cancer, lung disease,
gastrointestinal disorder, and diabetes mellitus). In addition, an
assessment was made concerning participants’ use of
smartphone-based health apps or related wearable technology.

Statistical Analysis
Descriptive statistics were obtained for all demographic and
psychological variables by calculating the mean and SD for
continuous variables and the number of occurrences and
percentages for all categorical variables. Pearson and
nonparametric Spearman correlation analyses were used to
obtain an overview of the bivariate associations between the
psychological measures and willingness to share health
technology data. For illustrative purposes, odds ratios (ORs)
with 95% CIs were also calculated using tertile-based
dichotomized data of the psychological measures and the
willingness to share health data (a value higher than 1 indicates
a higher chance of willingness to share data based on the upper
tertile of the psychological measure).
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Multiple linear regression analyses were performed to assess
which variables were independently associated with the
willingness to share health technology data. Assumptions for
regression analysis, including linearity, normality of residuals,
homoscedasticity, and the presence of influential cases, were
evaluated using the plot function in R (version 4.2.2; R
Foundation for Statistical Computing) (findings are shown in
Table S1 and Figure S1 in Multimedia Appendix 2). Data are
presented in terms of the overall explained variance of the model

(R2) and the standardized regression weights per variable (β).
Analyses first focused on the results of the full sample
(N=1013). Subsequent sensitivity analyses were conducted for
participants who had used or currently used health technology
apps (N=244) and those not using such apps (N=769).

Total scores were coded as missing values if participants
answered <60% of all items of that specific scale. If at least
60% of the items of a questionnaire were completed, then
missing items of that scale were imputed by the mean of the
answered questions of that scale. The percentage of missing
values among all the psychological item scores was <0.1%, and
there appeared to be no patterns in missingness. For the multiple
regression models, listwise deletion was used to deal with

missing values on the total scores of each predictor. The
potential of biased parameters estimated as a result of mean
imputation was limited, as it was applied only within variables,
the percentage of missing values was extremely low, and listwise
deletion was used [32].

Exploratory network analyses were performed to further
investigate the associations between the item scores of all the
psychological scales. Network analyses were visualized with
the “qgraph” package (version 1.9.3) in R [33]. Each node
represents an individual item of the questionnaire, while edges
represent the associations between 2 nodes (ie, questionnaire
items).

Results

Participants and Demographics
Table 1 displays the participant characteristics. The mean age
was 48.6 (SD 16.6) years, and 51.5% (522/1013) of the
participants were women. Levels of education were relatively
high (52.3% higher education). A current or history of a medical
disorder was reported by 36.9% (374/1013) of the participants,
and average anxiety and depressive symptom levels were
relatively low.

Table . Characteristics of all included participants.

P valueNot using health technology
(N=769)

Technology users (N=244)Total sample (N=1013)

.0149.4 (17.1)46.3 (15.0)48.6 (16.6)Age (years), mean (SD)

.91395 (51.4)127 (52.0)522 (51.5)Sex (female), n (%)

<.001Education, n (%)

103 (13.4)26 (10.7)129 (12.7)Low

289 (37.6)65 (26.6)354 (34.9)Middle

377 (49.0)153 (62.7)530 (52.3)High

.60280 (36.4)94 (38.5)374 (36.9)Lifetime medical disorder,
n (%)

Variables (range), mean (SD)

.0215.4 (3.4)16.0 (3.5)15.5 (3.5)Optimism (0-24)

.00274.6 (8.4)76.6 (9.1)75.1 (8.6)Psychological flexibility
(20-100)

.097.9 (5.4)7.2 (4.8)7.7 (5.2)Negative affectivity (0-28)

.878.7 (5.4)8.7 (5.1)8.7 (5.3)Social inhibition (0-28)

.772.9 (3.4)3.0 (3.3)3.0 (3.4)Generalized anxiety (0-21)

.423.6 (4.1)3.4 (3.2)3.5 (3.9)Depressive symptoms (0-27)

<.00123.4 (6.0)25.0 (5.6)23.8 (6.0)Health data sharing (8-40)

The variable willingness to share health technology was
approximately normally distributed, with scores ranging from
8 to 40 (mean 23.8, SD 6.0, median 24.0) (Figure S2 in
Multimedia Appendix 2). Furthermore, 24.1% (244/1013) of
the participants were currently using digital health apps or other
forms of health technology (ie, wearable devices or smartphone
apps aimed at improving physical activity, sleep, and medication
adherence, or at reducing stress, alcohol use, and smoking).
Participants who used technological devices were younger, were

more likely to have a high education level, and had higher
psychological flexibility levels than participants who did not
use such devices, whereas no differences were found on the
other variables listed in Table 1.

Associations of Psychological Factors With Willingness
to Share Health Technology Data
As shown in Table 2, high levels of optimism (r=0.07; P=.03)
and psychological flexibility (r=0.13; P<.001) were significantly
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correlated with higher levels of willingness to share health
technology data. In addition, higher levels of SI were associated
with a lower willingness to share health technology data
(r=−0.08; P=.01). Other bivariate correlations between
psychological factors and willingness to share data were
nonsignificant. When repeating these analyses with
dichotomized scores, it was found that participants scoring in

the highest tertile of psychological flexibility were 63% more
likely to score high (upper tertile) on willingness to share health
technology data (OR 1.63, 95% CI 1.25-2.12). Participants
scoring in the lowest tertile of SI were also more likely to be
willing to share their data (OR 1.53, 95% CI 1.17-2.00), whereas
none of the other dichotomized psychological measures revealed
significant ORs with a high level of willingness to share data.

Table . Correlation and regression coefficients of a linear regression model with all psychological measures and willingness to share health technology
data.

P valueβB (95% CI)P valuePearson rP valueSpearman ρVariable

.18.0540.094 (−0.043 to
0.231)

.030.07.030.07Optimism (LOT-

Ra)

.008.0970.067 (0.017 to
0.117)

<.0010.13<.0010.13Psychological
flexibility

(PFQb)

.41.0430.050 (−0.067 to
0.166)

.26−0.04.20−0.04Negative affec-
tivity (DS-14:

NAc)

.10−.061−0.068 (−0.149
to 0.013)

.01−0.08.002−0.10Social inhibition

(DS-14: SId)

.23.0650.115 (−0.072 to
0.301)

.840.01.800.01Generalized anx-

iety (GAD-7e)

.23−.063−0.097 (−0.257
to 0.063)

.62−0.02.71−0.01Depressive
symptoms

(PHQ-9f)

.01−.086−0.031 (−0.055
to −0.007)

.004−0.09.01−0.08Age

.02.0730.873 (0.124 to
1.622)

.030.07.040.07Sexg

.02−.074−0.629 (−1.160
to −0.096)

.06−0.06.05−0.06Education levelh

aLOT-R: Life Orientation Test—Revised.
bPFQ: Psychological Flexibility Questionnaire.
cDS-14 NA: Type D Scale-14 Negative Affectivity
dDS-14 SI: Type D Scale-14 Social Inhibition
eGAD-7: Generalized Anxiety Disorder-7.
fPHQ-9: Patient Health Questionnaire-9.
gSex coded as 0 (female) and 1 (male; a positive value indicates that men have higher willingness to share health technology data than women).
hEducation level coded as 0 (low), 1 (middle), and 2 (high; a positive value indicates that a higher education is associated with a higher willingness to
share health technology data).

Of the background factors, male participants (Cohen d=−0.14;
P=.03) and technology users (Cohen d=−0.25; P<.001) scored
significantly higher on willingness to share technology data
(Table S2 in Multimedia Appendix 2). When adjusting for age,
sex, and education level in separate linear regression models,
optimism (β=.093; P=.004), psychological flexibility (β=.127;
P<.001), and SI (β=−.096; P=.002) remained significantly
associated with willingness to share health technology data.

To evaluate which psychological factor was associated with
willingness to share health technology data, independent of
other psychological factors, a multiple linear regression analysis
was used entering all psychological factors simultaneously while
also adjusting for age, sex, and education level (adjusted

R2=0.03; P<.001). Higher psychological flexibility was the
psychological variable that was independently associated with
more willingness to share data (β=.097; P=.008) while adjusting
for covariates. Other correlates of willingness to participate in
health technology data sharing were younger age (β=−.086;
P=.01), male sex (β=.073; P=.02), and lower education level
(β=−.074; P=.02) (Table 2).

When repeating the analyses after stratifying the sample by the
use of health technology, a similar pattern of results was found
for both groups. Among health technology users (N=244), higher
levels of psychological flexibility were independently associated
with more willingness to share data (β=.204; P=.006). Other
associations with the willingness to share data among technology
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users were nonsignificant (adjusted R2 for the full model=0.04;
P=.03). In the subset of participants who did not use health
technology (N=769), lower SI was associated with a higher
willingness to share data (β=−.092; P=.03), while male sex
(β=.076; P=.04) and lower education level (β=−.089; P=.02)
were also independently associated with willingness to share
data (Table S3 in Multimedia Appendix 2).

Network Analysis of the Interrelationship Between
Psychological Factors and Willingness to Share Health
Technology Data
Figure 1 shows the results of the network analysis based on the
correlational structure of all questionnaire items. Every edge
represents a correlation larger than 0.1. Each underlying
construct is represented by a different color. The network

visualizes the extent to which items cluster together, indicating
the measurement of the same underlying construct. The network
visualizes that the items on data sharing do not cluster together
with most of the psychological predictors. Within the health
technology data-sharing items, it appeared that items 7 (“I am
worried about the confidentiality of the private information
being exchanged by the health technology”) and 8 (“Health
technology will violate my privacy”) were distinct from the
other items (eg, “I would allow my personal data to be shared
with my physician if it would improve my treatment”), based
on their relative spatial position. The item-level comparisons
show that items 7 and 8 cluster more toward items on optimism,
while the other data-sharing items cluster more toward
psychological flexibility. A regularized network analysis can
be found in Figure S3 in Multimedia Appendix 2.

Figure 1. Network correlation structure of all psychological measurements and willingness to share health technology data.

Discussion

Principal Findings
This study shows that higher levels of optimism and
psychological flexibility and lower levels of SI are associated
with higher levels of willingness to share health technology
data. Multivariable analyses further indicated that psychological
flexibility was the strongest and independent psychological
factor associated with the willingness to share health technology
data. Younger age, male sex, and lower education level were
also independently associated with a higher willingness to share
health technology data. Item-level network analysis revealed
that optimism was associated with less concerns about

confidentiality and privacy, whereas psychological flexibility
was associated with a higher willingness to share health
technology data if it could benefit the user or others.

Integration of the Present Findings With the Existing
Literature
The current findings are consistent with previous research
indicating that positive psychological traits, such as optimism
and trust, are associated with a higher willingness to share health
data [17,19]. The association of psychological flexibility with
willingness to share health technology data has not yet been
described in the scientific literature. People high on
psychological flexibility are able to adapt to situational demands
and balance competing desires, needs, and life domains [20].
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Furthermore, they are more open toward new forms of behavior
or shifting behavioral repertoires to achieve goals related to
their personal values, which could play a central role in the
decision to share personal health technology data with others.
When balancing between giving up a part of their privacy
compared and helping themselves or others by sharing their
data, their prosocial values can take precedence over their
protective intuitions, resulting into a higher willingness to share
data. By shifting behaviors toward sharing data, people accept
potential privacy concerns and remain true to personal values
such as helping others, pursuing optimal health outcomes, or
other values related to the benefits of data sharing [34].

Limitations and Strengths
The findings of this study need to be interpreted in the context
of several limitations. The questionnaire to evaluate willingness
to share health technology data has not been validated in prior
settings, although the psychometric properties of the
questionnaire were good. There was a lack of diversity in the
sample with regard to education level and ethnic background.
The levels of generalized anxiety and depressive symptoms
were also low in this community-based sample, potentially
resulting in a floor effect for their relationship with willingness
to share health data. The cross-sectional design precludes causal
inferences and a more in-depth qualitative research approach,
such as conducting individual interviews or focus groups, might
provide additional information about the underlying values and
arguments in the decision to share health technology data.
However, even with additional knowledge on these motivations,
there is a gap between data-sharing intention and action [35].
This observation indicates the need for future studies measuring
actual privacy-related behaviors instead of evaluating intentions
to engage in such behaviors. A strength of this study is the large
sample covering a wide range of ages and an equal number of
women and men, in which the relative importance of multiple
psychological constructs could be studied. However, the set of
psychological constructs was limited in the already existing
dataset, and the models indicated very small explained variance,
which pleads for an extension of other relevant psychological
factors, such as technological self-efficacy, performance
expectancy, trust, or other personality traits [14,17,36-39].

Conclusions and Future Directions
This study documents a significant association of optimism,
psychological flexibility, and low SI with a higher likelihood
of individuals being willing to share health technology data. Of
these variables, psychological flexibility appeared to be the
strongest factor, particularly among individuals who use health
technology. In addition, younger age, male sex, and low
education levels were associated with a higher willingness to
share health technology data, particularly among people who
currently do not use health technology. Examining the
underlying network structure of a large set of psychological
variables revealed that psychological flexibility is mainly
associated with the benefits of sharing health data, while people
low on optimism show more concerns about confidentiality and
privacy. Still, the magnitude of effect sizes was low, and
additional work is needed on the underlying psychological
mechanisms and reasons behind the disclosure and sharing of
health-related data in general and health technology data in
particular. Future studies that investigate psychological factors
with reasons for sharing health data could identify which specific
reasons are important for whom on an individual level instead
of a population level. Additional studies with a broader set of
psychological variables should be conducted to identify those
variables that contribute the most to the willingness to share
health data before specific clinical implications can be
formulated. To increase the explained variance of the regression
models, a broader set of psychological measures should be
considered in studying their relationship with the willingness
to share health technology data. Findings from these studies
would provide important building blocks for the design of future
health technology and promote individually tailored
functionalities. This would enable customization of the
data-sharing settings of personal health technology data sharing
in accordance with individual preferences, rather than a binary
decision to share all data or no data at all. The possibility to
retract or modify prior consent to health technology data sharing
with minimal effort could also increase people’s initial
participation in data sharing [40]. This personalized approach
might result in less privacy concerns, higher user satisfaction
with the technology, higher satisfaction with health care, and
potentially also better health outcomes.
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Abstract

Background: Diabetes is prevalent in older adults, and machine learning algorithms could help predict diabetes in this population.

Objective: This study determined diabetes risk factors among older adults aged ≥60 years using machine learning algorithms
and selected an optimized prediction model.

Methods: This cross-sectional study was conducted on 3084 older adults aged ≥60 years in Seoul from January to November
2023. Data were collected using a mobile app (Gosufit) that measured depression, stress, anxiety, basal metabolic rate, oxygen
saturation, heart rate, and average daily step count. Health coordinators recorded data on diabetes, hypertension, hyperlipidemia,
chronic obstructive pulmonary disease, percent body fat, and percent muscle. The presence of diabetes was the target variable,
with various health indicators as predictors. Machine learning algorithms, including random forest, gradient boosting model, light
gradient boosting model, extreme gradient boosting model, and k-nearest neighbors, were employed for analysis. The dataset
was split into 70% training and 30% testing sets. Model performance was evaluated using accuracy, precision, recall, F1 score,
and area under the curve (AUC). Shapley additive explanations (SHAPs) were used for model interpretability.

Results: Significant predictors of diabetes included hypertension (χ²1=197.294; P<.001), hyperlipidemia (χ²1=47.671; P<.001),
age (mean: diabetes group 72.66 years vs nondiabetes group 71.81 years), stress (mean: diabetes group 42.68 vs nondiabetes
group 41.47; t3082=−2.858; P=.004), and heart rate (mean: diabetes group 75.05 beats/min vs nondiabetes group 73.14 beats/min;
t3082=−7.948; P<.001). The extreme gradient boosting model (XGBM) demonstrated the best performance, with an accuracy of
84.88%, precision of 77.92%, recall of 66.91%, F1 score of 72.00, and AUC of 0.7957. The SHAP analysis of the top-performing
XGBM revealed key predictors for diabetes: hypertension, age, percent body fat, heart rate, hyperlipidemia, basal metabolic rate,
stress, and oxygen saturation. Hypertension strongly increased diabetes risk, while advanced age and elevated stress levels also
showed significant associations. Hyperlipidemia and higher heart rates further heightened diabetes probability. These results
highlight the importance and directional impact of specific features in predicting diabetes, providing valuable insights for risk
stratification and targeted interventions.

Conclusions: This study focused on modifiable risk factors, providing crucial data for establishing a system for the automated
collection of health information and lifelog data from older adults using digital devices at service facilities.

(JMIR Form Res 2025;9:e57874)   doi:10.2196/57874

KEYWORDS

diabetes; prediction model; super-aging population; extreme gradient boosting model; geriatrics; older adults; aging; artificial
intelligence; machine learning

Introduction

With advancements in medical technology contributing to longer
life expectancies, the world is witnessing a rapid acceleration
in population aging. The United Nations projects that the global
older adult population will increase from 10% in 2022 to 16%
by 2025 [1]. This demographic shift significantly drives the
increased prevalence of noncommunicable diseases such as
diabetes, hypertension, hyperlipidemia, renal failure, arthritis,

and Alzheimer disease, which burden the primary health care
system [2]. Specifically, the aging population presents
challenges in geriatric care within primary health care systems,
including shortages of caregiving personnel, financial
constraints, and psychological stresses associated with family
caregiving.

Among the Organisation for Economic Co-operation and
Development (OECD) countries, South Korea is expected to
become the first super-aged society—a society where the older
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adult population accounts for more than 20% of the total
population [3]. The rising older adult population and concurrent
increase in chronic diseases represent a critical public health
issue in Korea. Notably, diabetes is a serious issue, with 39.2%
of older adults experiencing diabetes [4]. Diabetes management
is crucial, as inadequate control can lead to severe complications,
including hypertension and hyperlipidemia [5]. However, the
diabetes management rate among the Korean older adult
population stands at a mere 30.3%, significantly lower than the
awareness rates (84%) and treatment rates (74.8%) [6]. Older
adults are particularly vulnerable to diabetes due to aging and
consequent physiological changes, as well as lifestyle
modifications resulting from physical decline and other medical
conditions [7].

The early prevention of diabetes is imperative in older adults.
Previous studies have shown that early intervention in older
adults can reduce the risk of complications such as
cardiovascular diseases, renal failure, and vision impairment
[8]. Yet, clinical interventions such as fast blood glucose tests
are often needed for diabetes management, and these may not
be feasible due to older adults’ physical frailty. Thus, health
education and behavioral interventions, not clinical treatments
and diagnostics, are vital for preventing diabetes and other
chronic conditions in this population [9]. Research indicates
that the factors affecting diabetes in older adults differ from
those in the general population [10]. While obesity is a risk
factor in individuals in their 40s, being underweight elevates
the risk for various chronic conditions, including obesity in
older adults [11]. The differences in diabetes risk factors for
older adults highlight the importance of specific research on
the older adult population.

With the global advancement of computer technology, machine
learning and deep learning have been used across various fields.
Machine learning algorithms can analyze complex and large
datasets and identify patterns and risk factors that might not be
apparent through traditional statistical methods. In medicine,
the potential of machine learning has been demonstrated through
an increase in research on disease prediction, personalized
medicine, and personalized public health services in clinical
and public health care. Particularly, machine learning algorithms
can incorporate a broader array of factors and use a wide range
of data types to produce generalizable results compared to
conventional statistical approaches [12].

However, research using machine learning algorithms to predict
diabetes in the Korean older adult population remains sparse.
Studies targeting older adults are particularly lacking, partly
due to challenges in accessing physical and mental health data,
as well as daily lifelog data, due to the mobility constraints of
the older population. Thus, a system for the automated collection
of health information and lifelog data from older adults must
be established using digital devices at service facilities they
frequent [10]. This study determines diabetes risk factors among
older adults aged ≥60 years by using machine learning
algorithms and selects an optimized model. We hypothesize
that older adults may be affected by different and identical risk
factors compared to younger generations and provide evidence
to facilitate policy-making. The findings could serve as a model

for other countries with similar demographic changes and health
care challenges.

Methods

Data Collection
This cross-sectional study was conducted on older adults aged
≥60 years, and the survey was conducted from January to
November 2023. Participants aged ≥60 years living in Seoul,
South Korea, were recruited among individuals who had
participated in the Mind Care Provider Project. Participants in
the project voluntarily collected data through public institution
promotions aimed at users interested in using health
measurement services. To collect data from the participants, a
mobile app called Gosufit was developed, which was installed
on participants’ digital devices [13].

First, the app measured indicators such as depression, stress,
anxiety, basal metabolic rate (BMR), oxygen saturation, heart
rate, and average daily step count, and the data were stored on
a server. Second, a health coordinator (registered nurse)
measured and recorded data on diabetes, hypertension,
hyperlipidemia, chronic obstructive pulmonary disease (COPD),
percent body fat, and percent muscle. In total, 3674 older adults
aged ≥60 years participated in the survey from January 1 to
November 30, 2023. After excluding 590 participants due to
nonresponse, dropout, or missing data, 3084 participants were
included in the final analysis. Nonresponse and dropout occurred
when participants did not wish to continue or when data
transmission was interrupted due to issues with the app during
the survey.

Instruments
The target variable was the presence of diabetes. Those
diagnosed with diabetes by a physician were coded as 1, and
those who have not been diagnosed were coded as 0. The
predictor variables included hypertension, posttraumatic stress
disorder (PTSD), stress, anxiety, depression, BMR, oxygen
saturation, average daily step count, hyperlipidemia, COPD,
percent body fat, and percent muscle. Hypertension,
hyperlipidemia, and COPD were coded as 1 for a physician
diagnosis or 0 otherwise. PTSD, stress, and anxiety and
depression were assessed using the 5-item PTSD checklist
(PCL-5), the short version of the Geriatric Depression Scale
(SGDS), and the Hospital Anxiety and Depression Scale
(HADS), respectively, with 100-point–based scoring. Oxygen
saturation was determined using a digital oximeter per 100%
saturation. The average daily step count was measured via the
app.

Statistical Analysis
The Boruta-based feature selection method (FSM) was used for
feature selection, which is a wrapper-based FSM that uses the
random forest classification algorithm [14]. The entire dataset
was randomly divided into a 70% training set and a 30% testing
set using a stratified sampling procedure [15].

Machine Learning Algorithm
The random forest algorithm is an ensemble learning method
used for classification and regression. It constructed multiple
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decision trees during training and output the class or mean
prediction (for regression) of individual trees. Random forests
corrected overfitting to the training set that is often seen in
decision trees. The gradient boosting model (GBM) is a machine
learning technique used for regression and classification
problems. It generated a predictive model as an ensemble of
weak prediction models (typically decision trees). Like other
boosting methods, it built the model in a stage-wise fashion and
optimized any differentiable loss function to generalize the
model. The light gradient boosting model (LGBM) is a
gradient-boosting framework that uses a tree-based learning
algorithm. It was designed for distributed and efficient operation
with a faster training speed, higher efficiency, lower memory
use, and better accuracy. The LGBM was capable of processing
large-scale data with numerous features and data points while
maintaining performance.

The extreme gradient boosting model (XGBM) is an algorithm
for tree-based ensemble learning that addresses the slow
performance speed and overfitting regularization issues of
gradient boosting models. It featured built-in cross-validation
and the automatic handling of missing values. The k-nearest
neighbors (KNN) model is a simple, versatile, and
easy-to-implement supervised machine learning algorithm used
for classification and regression. It classified data points based
on how their neighbors were classified, stored all available
cases, and classified new cases based on a majority vote of its
k neighbors. The case assigned to the class was the most
common class among the k-nearest neighbors.

Performance Evaluation Criteria
The performance of the machine learning models was evaluated
based on accuracy, precision, recall, F1 score, and area under
the curve (AUC). The confusion matrix evaluated classification
models by dividing them into positive or negative categories
based on the match between actual and predicted classes.

Accuracy represented the proportion of correctly classified data
among the total predictions for the hypertension risk group. It
measured how accurate the predictions for the hypertension risk
group were. The mathematical equation for accuracy is as
follows:

Accuracy%=tp+tntp+tn+fp+fn×100

Precision represented the proportion of actual positive samples
among the cases that were predicted as positive by the machine
learning model. In other words, it indicated the ratio of samples
positive for hypertension to those predicted to have hypertension
by the model. The mathematical equation for precision is as
follows:

Precision%=tptp+fp×100

Recall measured the proportion of those predicted by the
machine learning model to have hypertension within the actual
hypertension group. It provided the percentage of cases predicted
to be at risk for hypertension from the entire hypertension risk
group. The mathematical equation is as follows:

Recall%=tptp+fn×100

The F1 score was the harmonic mean of precision and recall.
The mathematical equation is as follows:

F1score%=2tp2tp+fp+fn×100

The AUC referred to the area under the receiver operating
characteristic curve, which was used to evaluate the performance
of binary classification models, and an AUC close to 1 indicated
better model performance. The AUC equation is as follows:

AUC=∫X=01TPRFPR-1xdx

Model Interpretability
Shapley additive explanations (SHAPs) interpret the prediction
outcomes of machine learning models. SHAPs were introduced
by Lundberg and Lee [16] in 2017 and were designed based on
a game theory concept known as Shapley values. These values
supported prediction interpretation, enabling the assessment of
the relative importance among features. Additionally, they
helped understand the characteristics with the greatest influence
on the model’s predictions, assisting in model improvement or
decision-making processes. The mathematical equation is as
follows:

∅k(v)=1M!∑S⊆M/{k}|S|!(M−|S|−1)![v(S∪{k})−v(S)]

Ethical Considerations
Ethical approval for this study was obtained from Yonsei
University Mirae Institutional Review Board (No.
1041849‐202401-SB-021-01), including a supplementary
application for expanded data collection. All procedures and
data management were conducted following the General Data
Protection Regulation and ethical principles outlined in the
Helsinki Declaration. Informed consent was obtained from all
study participants regarding data collection and the analysis of
the data. The questionnaires were submitted entirely
anonymously. No form of compensation was provided to the
participants.

Results

Participant Information
In total, 3084 individuals participated in this study (Table 1).
The study population comprised of 895 (29%) individuals with
diabetes and 2189 (71%) individuals without. In addition, 1730
(56.1%) had hypertension, and diabetes prevalence significantly

differed according to hypertension (χ2
1=197.294; P<.001). In

total, 1803 (58.5%) participants had hyperlipidemia, and
diabetes prevalence significantly differed according to

hyperlipidemia (χ2
1=47.671; P<.001). The mean age was 72.66

years in the diabetes group and 71.81 years in the nondiabetes
group. The mean stress score was 42.68 in the diabetes group
and 41.47 in the nondiabetes group and significantly differed
between the two groups (t3082=−2.858; P=.004). The mean heart
rate was 75.05 beats/min in the diabetes group and 73.14
beats/min in the nondiabetes group and significantly differed
between the two groups (t3082=−7.948; P<.001).

JMIR Form Res 2025 | vol. 9 | e57874 | p.1020https://formative.jmir.org/2025/1/e57874
(page number not for citation purposes)

Lee et alJMIR FORMATIVE RESEARCH

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


Table . Respondent characteristics.

P valueChi-square or t test (df)Nondiabetes (n=2189)Diabetes (n=895)Risk factor

<.001197.294a (1)Hypertension, n (%)

1115 (50.9)209 (23.4)    No

1074 (49.1)686 (76.6)    Yes

<.00147.671a (1)Hyperlipidemia, n (%)

995 (45.5)286 (32)    No

1194 (54.5)609 (68)    Yes

.0057.764b (3082)COPDc, n (%)

2135 (97.5)856 (95.6)    No

54 (2.5)39 (4.4)    Yes

.063.472b (3082)Sex, n (%)

191 (8.7)60 (6.7)    Male

1998 (91.3)835 (93.3)    Female

.001−3.395b (3082)71.81 (6.32)72.66 (6.31)Age (years), mean (SD)

.5−0.614b (3082)14.21 (9.87)14.45 (10.02)PTSDd, mean (SD)

.004−2.858b (3082)41.47 (10.97)42.68 (9.83)Stress, mean (SD)

.860.179b (3082)15.67 (12.38)15.58 (12.09)Anxiety, mean (SD)

.950.063b (3082)19.42 (12.92)19.39 (12.48)Depression, mean (SD)

.47–0.727b (3082)30.75 (8.66)31.00 (8.74)Percent body fat, mean (SD)

.31–0.465b (3082)35.95 (5.35)35.73 (5.30)Percent muscle, mean (SD)

.62–0.496b (3082)1187.71 (272.54)1192.54 (159.05)BMRe, mean (SD)

.151.455b (3082)97.28 (2.44)97.12 (3.48)Oxygen saturation (%),
mean (SD)

<.001–7.948b (3082)73.14 (5.97)75.05 (6.29)Heart rate (beats/min), mean
(SD)

.121.560b (3082)13710.84 (34980.68)11789.99 (18061.89)Daily step count, mean (SD)

aChi-square.
b1-tailed t test.
cCOPD: chronic obstructive pulmonary disease.
dPTSD: posttraumatic stress disorder.
eBMR: basal metabolic rate.

Risk Factor Selection Using Boruta
The importance of features was measured using the
Boruta-based FSM (Multimedia Appendix 1). Hypertension,
age, percent body fat, heart rate, hyperlipidemia, BMR, stress,
and oxygen saturation were identified as important features.
These features were included in the machine learning model
for diabetes prediction.

Performance Comparison of Machine Learning Models
The performances of the 5 machine learning models used in the
study were compared based on accuracy, precision, recall, F1
score, and AUC. Model performance was the highest for the
XGBM, followed by the LGBM, random forest model, GBM,
and KNN model (Table 2, Figure 1). The XGBM had an
accuracy of 84.88%, precision of 77.92%, recall of 66.91%, F1
score of 72.00, and AUC of 0.7957, showing a high performance
for its prediction.

JMIR Form Res 2025 | vol. 9 | e57874 | p.1021https://formative.jmir.org/2025/1/e57874
(page number not for citation purposes)

Lee et alJMIR FORMATIVE RESEARCH

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


Table . Performance of ml methods.

AUCaF1 scoreRecall (%)Precision (%)Accuracy (%)ModelsRanking

0.795772.0066.9177.9284.88Extreme gradient
boosting model

1

0.790671.3965.4278.5784.77Light gradient
boosting model

2

0.721661.0449.8178.8281.53Random forest
model

3

0.636044.1430.8577.5777.32Gradient boosting
model

4

0.579439.0436.4342.0666.95K-nearest neigh-
bors model

5

aAUC: area under the curve.

Figure 1. Receiver operating characteristic curves and precision-recall curves of 4 predictive models. AUC: area under the curve; LBGM: light gradient
boosting model; ROC: receiver operating characteristic; XBGM: extreme gradient boosting model.

Interpretable Risk Factors of Hypertension
SHAP analysis was performed for the XGBM—the
best-performing diabetes prediction model. The features selected
through the FSM (hypertension, age, percent body fat, heart
rate, hyperlipidemia, BMR, stress, and oxygen saturation) were
included in the SHAP analysis. Red SHAP values indicated a
higher impact on diabetes prediction, and blue SHAP values
suggested a greater influence on nondiabetes outcomes (Figure
2). The findings indicated positive SHAP values for
hypertension, indicating a stronger prediction of having diabetes,
while not having hypertension was strongly linked to not having

diabetes. Age presented mixed SHAP values, but notably, higher
ages correlated with increased diabetes prediction. Similarly,
higher heart rates and the presence of hyperlipidemia were
associated with increased diabetes risk. Additionally, elevated
stress levels were linked to a higher probability of diabetes. The
SHAP analysis revealed a mixed impact of age on diabetes
prediction. Particularly, as age increased, the likelihood of a
diabetes prediction also increased. Additionally, a higher heart
rate and the presence of hyperlipidemia were also linked to a
higher diabetes probability. Moreover, an increase in stress
levels elevated the risk of developing diabetes.
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Figure 2. Importance of risk factors based on Shapley additive explanation values. SHAP: Shapley additive explanation.

Discussion

Principal Results
This study analyzed the performance of 5 machine
learning–based algorithms in predicting diabetes risk in older
Korean adults. The XGBM performed the best, supporting
previous research that shows XGBM as the superior model for
diabetes prediction with an AUC of 84% [17], which was also
similar to this study. In contrast, other studies have assessed the
predictive accuracy of decision trees, naive Bayes algorithms,
and random forest algorithms for diabetes risk factors, finding
the random forest algorithm to be the top performer with 94%
accuracy and precision [18], which was identical to our
predictive algorithm. Systematic reviews of machine learning
approaches also mention that support vector machines, artificial
neural networks, and decision trees are frequently used
prediction classification models [19]. However, these were
excluded due to the anticipated challenges in managing
nonlinear patterns with linear approaches [20].

In this study, hypertension, hyperlipidemia, old age, heart rate,
and stress were identified as diabetes risk factors, which was
similar to previous reports. Existing studies establish a close
link between hypertension and diabetes, with a stronger
correlation observed in older adults [21], and this was also seen
in our results. A study analyzing diabetes risk factors using
large-scale health care data from Kuwait demonstrated that the
logistic regression had the highest accuracy at 80.7% and that
hypertension, obesity, and sex were also strongly associated
with diabetes risk [22]. Further, an increase in heart rate was
predicted to elevate diabetes risk. A study of 30,000 participants
reported that diabetes risk increased with every 10 beats per
minute rise in pulse rate [23], which was consistent with the
findings of this study. Hyperlipidemia was also identified as a

diabetes risk factor. Hyperlipidemia, hypertension, and diabetes
are 3 major chronic conditions that are interrelated as mutual
risk factors, and this study confirmed that hyperlipidemia is a
diabetes risk factor [24].

This study predicted diabetes in older adults, and certain factors
differed from previously known diabetes risk factors. In the
existing literature, diabetes risk is elevated with increasing
obesity [25], but in this study, the SHAP value for percent body
fat was not clear, with no significant differences in diabetes risk
according to percent body fat in the independent t test. Thus,
the severity of obesity was not a significant risk factor for
diabetes. On the contrary, diabetes risk increased with
decreasing body weight. An array of study results has been
reported regarding this issue. One such report suggested that
weight loss positively impacts diabetes in older adults but also
complicates the treatment for optimal blood glucose regulation
in patients with type 2 diabetes [26]. Here, weight loss in older
adults entails loss of muscles and bone density, which may have
a detrimental impact on diabetes in the long term [27].

Certain predictor variables identified as significant diabetes risk
factors in previous studies were not included in this study.
Particularly, family history is a known risk factor for diabetes
[28]. One important factor of this study was that it focused on
modifiable risk factors, rather than family history, which is an
unmodifiable risk factor. Particularly, we examined other risk
factors besides unmodifiable risk factors, such as family history,
age, and sex, as being able to provide interventions for these
risk factors is essential. The Korean government should
emphasize preventive health education in primary health care
facilities, senior welfare centers, community centers, and public
health centers to address modifiable diabetes risk factors in the
older adult population, such as hypertension, heart rate,
hyperlipidemia, and stress. Additionally, while education for
older adults is crucial, prevention is more important. Thus,
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health education should be provided for those in their 40s to
prepare for healthy older adulthood.

Limitations
This study had a few limitations. First, the study population
comprised older adults aged ≥60 years who reside in Seoul,
Korea. Thus, it did not represent the entire 60-and-over
population in the country. Further, while existing studies set
the age criterion for older adults as 65 years and older, we set
the age to 60 years and older because the retirement age in Korea
is 60 years. Second, we could not obtain personally identifiable
information such as personal income and education level due
to legal regulations. Thus, even though these factors may predict
diabetes, this study was limited to other characteristics. Lastly,
this study randomly split the dataset into training and testing
subsets (70% and 30%). This split was not stratified, which
means the distribution of target variables in the subsets may not
perfectly match the original dataset’s distribution. This could
potentially impact the generalizability of the model’s
performance to other datasets. Future studies could consider
employing a stratified splitting method to ensure a balanced
representation of target variables across subsets.

Conclusions
This study analyzed machine learning algorithms for diabetes
prediction in older adults in Korea. Hypertension,
hyperlipidemia, and stress were identified as modifiable diabetes
risk factors. Additionally, body fat percentage did not
significantly predict diabetes in older adults, presumably because
body fat loss is closely linked to muscle strength and bone mass

loss. The findings suggest that targeted interventions focusing
on managing hypertension, hyperlipidemia, and stress can
significantly reduce diabetes risk in this population.

Furthermore, these diabetes predictors in older adults could be
mitigated by promoting healthier lifestyle choices and behaviors,
such as regular physical activity, balanced nutrition, and stress
management techniques. The government should implement
comprehensive health education programs across various
facilities, including primary health care facilities and welfare
centers, to raise awareness about these modifiable risk factors.

Moreover, educational interventions should be initiated at a
younger age—particularly for individuals in their 40s—to foster
proactive health management and prevent the onset of diabetes
in older adulthood. By adopting a preventive approach and
addressing modifiable risk factors early, we can enhance the
overall health and quality of life for the aging population in
Korea. It is necessary to develop personalized modeling that
predicts major chronic diseases such as diabetes, hypertension,
hyperlipidemia, and obesity through the advancement of
prediction algorithms. This will provide a foundation for creating
personalized health promotion education and programs. Future
research should focus on refining machine learning–based
models by incorporating diverse datasets and longitudinal data
to improve generalizability and predictive performance.
Additionally, exploring the integration of behavioral and
environmental factors into machine learning algorithms may
further enhance the accuracy and applicability of these models
in real-world settings.
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FSM: feature selection method
GBM: gradient boosting model
HADS: Hospital Anxiety and Depression Scale
KNN: k-nearest neighbors
LGBM: light gradient boosting model
OECD: Organisation for Economic Co-operation and Development
PCL-5: 5-item PTSD checklist
SGDS: short version of the Geriatric Depression Scale
SHAP: Shapley additive explanation
XGBM: extreme gradient boosting model
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Abstract

Background: Low rates of adolescent and young adult (YA; aged 15-39 y) clinical trial enrollment (CTE), particularly among
underserved groups, have resulted in a lack of standardized cancer treatments and follow-up guidelines for this group that may
limit improvement in cancer treatments and survival outcomes for YAs.

Objective: To understand and address unique barriers to CTE, we conducted focus groups to learn about informational, financial,
and psychosocial needs of YAs surrounding CTE and identify strategies to address these barriers.

Methods: We conducted 5 focus groups in 2023 among a diverse sample of YA patients from across the United States. An
interview guide was developed collaboratively with YA advocates. Specifically, informational needs, financial concerns, and
psychosocial issues were explored, and participants were probed to suggest strategies, especially those that leverage technology,
to address these barriers. Sessions were audio recorded, transcribed, and coded using direct content analysis. Findings were
synthesized through consensus discussions.

Results: We confirmed the previously proposed thematic barriers regarding YA CTE and identified 9 subthemes: awareness,
lack of clear and accessible CTE information, fear of the unknown, assumptions about costs, insurance coverage, navigating
financial responsibilities, clinical trial discussions, clinical trial misconceptions, and desire for a support network. Throughout,
YAs mentioned needs that might be addressed through informational outreach leveraging digital technology, the internet, and
social media.

Conclusions: This study expands knowledge of YA perceived barriers to CTE. These findings suggest that leveraging digital
technology to disseminate reliable information to address needs may be an effective strategy to improve clinical trial participation
in the YA population.

(JMIR Form Res 2025;9:e64265)   doi:10.2196/64265

KEYWORDS

young adults; adolescent and young adult cancer; cancer; cancer treatment; clinical trials; clinical trial awareness; clinical trial
enrollment; clinical trial knowledge; clinical trial attitudes; clinical trial enrollment barriers; social media; social media messages;
psychosocial; United States

Introduction

Among adolescents and young adults (AYAs; aged 15‐39 y)
with cancer [1], clinical trial enrollment (CTE) rates range from
3% to 14%, a number disproportionately below the observed

annual cancer incidence in this age group [2]. Previous research
shows the disparity in CTE among AYAs is stark when
compared to the cancer incidence rates across other age groups.
For instance, pediatric and older adult patients demonstrate
higher CTE rates compared to AYAs, although AYAs

JMIR Form Res 2025 | vol. 9 | e64265 | p.1027https://formative.jmir.org/2025/1/e64265
(page number not for citation purposes)

Beauchemin et alJMIR FORMATIVE RESEARCH

XSL•FO
RenderX

http://dx.doi.org/10.2196/64265
http://www.w3.org/Style/XSL
http://www.renderx.com/


experience higher cancer incidence [3-5]. Despite cancer
incidence being 3 times greater and with lower survival rates
across all major tumor types for AYAs [3-8], there remains
insufficient progress in discovering and developing new
therapies, investigating molecular differences, and CTE for this
population [9,10]. Inferior survival outcomes are further
compounded among AYAs from marginalized groups (eg,
non-White, publicly insured, low-income, rural residents, and
non-English speakers [9,11]).

Young adults (YAs; aged 18-39 y) with cancer are a distinct
group with needs that differ greatly from pediatric and adult
populations. A cancer diagnosis as a YA can derail
developmental transitions and impact emotional, cognitive, and
social development [12,13]. As digital natives, a term used to
describe individuals who have grown up with digital technology
as an integral part of their daily lives, YAs approach health
information-seeking differently than their younger and older
counterparts [14]. Their proficiency with digital technology
makes them especially adept at accessing medical information
online using a wider variety of digital resources than older adults
[15,16]. Interventions to increase CTE have demonstrated
feasibility and acceptability among YAs with cancer [17],
however, interventions developed thus far incorporate little
input from YA patients.

Abrahão et al [18] explored CTE barriers from the perspectives
of physicians and AYA patients using individual interviews and
found that poor understanding of clinical trials, financial issues,
and psychosocial problems were the greatest obstacles to CTE
for AYAs. As the first phase of a larger study (TALK TO ME:
Tailored YA Trial Messaging, HF CU22-2020), we conducted
focus groups (FGs) to capitalize on interpersonal communication
among AYAs with cancer and inform the development of
tailored, relevant, and salient social media messages to address
barriers to CTE among YAs with cancer.

Methods

Study Design
To build on prior work understanding barriers and facilitators
to CTE among YAs, we used a qualitative descriptive approach
to conduct FGs among YAs with cancer, as this methodology
is ideal for providing a rich description of an experience by
participants rather than interpreting or theorizing [19,20]. As
the goal of this phase of this study was to develop social media
messages for YAs regarding CTE, this methodologic approach
was ideal to stay close to the participant experiences and
perceptions. We used FGs as the mode of data collection to tap
into the communication, interactions, and processes that are
more readily observed among groups than in individual
interviews [21].

Study Population and Recruitment
FG participants were recruited by leveraging the networks and
social media platforms (eg, Facebook support groups and
Instagram) of this study team’s YA advocates via social media
posts or by direct outreach. Outreach messages explained that
we were recruiting individuals who were diagnosed with cancer
between 18 and 39 years of age to participate in a FG to explore

YA perceptions about clinical trials with the goal of informing
the development of social media messages that aim to improve
understanding and address concerns about clinical trials for YAs
with cancer. Interested respondents were asked to provide basic
sociodemographic (current age, gender identity, race or
ethnicity, and city or state of residence, rural vs urban), whether
they were active social media users, clinical information,
including age at diagnosis and cancer type and availability
(weekday vs weekend and daytime vs evening) for group
participation, via a Google Forms survey link. As we sought to
understand reasons for both participation and nonparticipation
in cancer clinical trials, participation in a clinical trial was not
an eligibility criterion.

This study team’s YA advocates contacted potential participants
to explain this study’s procedures, confirm eligibility (diagnosed
with cancer between 18 and 39 years of age, active social media
user, and English speaker), and invite participation. Potential
participants were then purposively sampled to represent a range
of experiences (1 group all female and any race or ethnicity; 1
group all male and any race or ethnicity; 3 groups mixed gender
identity, race or ethnicity, and any cancer type).

FG Data Collection
An FG guide was developed during weekly study team meetings
guided by the Abrahaō framework from individual interviews
among AYA participants [18]. We applied an iterative process
to the guide development; pilot testing was carried out by this
study’s team members, including patient advocate partners [22].
To ensure study participants were oriented to the topic, a brief,
2‐ to 3-minute overview was prepared by this study team to
introduce and define a clinical trial [23].

FGs were conducted virtually over Zoom between May and
October 2023 and were 1 to 1½ hours in duration. Moderators
included female YA advocates and, for the all-male group, a
male oncology nurse practitioner. An information sheet was
distributed via email to all participants before the FG.

The sessions began with a brief explanation of clinical trials
and important definitions. Participants shared their experiences
with cancer clinical trials including experiences of family
members or friends and were asked about reasons for
participating or not, and the support needed for trial involvement
specifically as related to information, finances, and their
psychosocial needs [18]. They also discussed their trust in social
media information, preferred platforms, where they often seek
health information, and suggested ways to use it to share clinical
trial information with YAs.

Data Analysis
All FG sessions were audio-recorded and transcribed verbatim
using NVivo Transcription, Lumivero, LLC. Participants were
assigned a speaker ID, and transcripts were deidentified and
cleaned using a denaturalized approach [24] to facilitate analysis
of the participants’ words rather than a more interpretive
approach. We used a directed content analysis [25] to enrich
and expand our understanding of barriers and facilitators to
refine existing themes rather than identify new ones. Study team
members trained (MPB, ME, RKK, and GCH) in qualitative
analysis coded the transcripts first individually; then consensus
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discussions were held to discuss coding discrepancies, synthesis
of findings, and to ensure intercoder agreement. Saturation was
anticipated given the deductive nature of the analytic approach
but was tracked during consensus discussions [26].

Ethical Considerations
Verbal consent, including consent to be audio recorded, was
obtained at the start of each FG. Participants were informed of
their right to withdraw from this study at any time without
penalty. For their time and effort, participants were compensated
with a gift card valued at US $50. Regulatory approval was
obtained from Columbia University Institutional Review Board
(ID# AAAU4337).

Results

Overview
A total of 33 individuals participated in the FGs (maximum 8,
minimum 4). The mean age was 32.2 (SD 5.7) years. Males and
females were equally represented; 42.4% (n=14) were White
and 42.4% (n=14) were Black or African American. Most (n=24,
72.7%) resided or sought treatment in urban areas, and 27.3%
(n=9) were diagnosed with breast cancer (Table 1). Findings
are grouped by themes (informational, financial, and
psychosocial) and subtheme. Exemplary quotes further
supporting subthemes are displayed in Table 2.

Table . Characteristics of focus group participants (N=33).

ValueDemographic

Age (years)

32.2 (5.7)Mean (SD)

24-42Range

Gender, n (%)

17 (51.5)Female

16 (48.5)Male

Race, n (%)

14 (42.4)White

14 (42.4)Black or African American

1 (3)Asian

3 (9.1)Mixed race

1 (3)Did not specify

Rural versus urban, n (%)

9 (27.3)Rural

24 (72.7)Urban

Cancer type, n (%)

2 (6.1)Skin cancer

9 (27.3)Breast cancer

2 (6.1)Lymphoma

20 (60.6)Other
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Table . Interview themes and categories with additional illustrative quotes.

Representative quoteTheme and categories

Theme 1: Information or knowledge

“I was given two options as far as radiation and
chemo. And basically, they were like, these are
the two options you have, which one do you
want? Clinical trials never even brought up.”

[FG1a]

Awareness

“One of the biggest issues, I think upon diagnosis
as a patient and as a as a caregiver is information
overload.” [FG1]

Lack of standardized or central system

“Being reminded that...my health is more impor-
tant than just a number or an experiment or a
statistic. And then in terms of. Like in a form of
social media that I would go to, I think like visual
media tends to be more compelling to me like to
be able to see your face and and a name and to
know you know who that person is giving me
information.” [FG4]

Fear of the unknown

Theme 2: Psychosocial

“You know, being upfront about the risks obvi-
ously is important, but the potential benefits too,
I think just prevent presenting balanced informa-
tion about the nature of the trial is probably all
you can do, really.” [FG5]

Clinical trial discussions

“I feel like clinical trials have been sort of this
last-ditch effort after thought” [FG1]

Clinical trial misconceptions

“Social media is the connection to community”
[FG2]

Desire for support network

Theme 3: Financial

“And another one said, In order to find out if
you’re eligible, you need to pay $750 out of
pocket to do this consultation. So that just makes
people I mean, it just it’s just not fair.” [FG1]

Assumptions or knowledge about clinical trials

“The trial sponsor may be able to offer some
form of compensation or some sort of resource,
but there’s also the sort of unintended financial
impact that can happen, especially to this age
group taking time off from work, finding child-
care, meeting the needs for other bills, that kind
of stuff.” [FG1]

Young adult specific concerns

“And I think that the visits they go by so quickly
anyways, there’s so much to cover. There proba-
bly wouldn’t even be enough time for a provider
to sit down and have a full conversation about
what is a clinical trial.” [FG5]

Communication

aFG: focus group.

Theme 1: Informational

Subtheme 1: Awareness
Across all FGs, YAs cited varying levels of exposure to
information and lack of awareness of cancer generally, their
specific cancer, and treatment options that may have included
clinical trials. Many reported facing the challenges of gathering
important information about their diagnosis and treatment
options on their own and conveying their informational needs
to others. One participant reflected saying, “when I was

diagnosed, I was still on my parent’s health insurance and my
dad handled all of the insurance...I didn’t know anything like,
I feel like if I hadn’t had that support, like I can’t even imagine.”

Participants also noted that they wanted to understand their
disease and treatment options to better participate in their own
care, however finding relatable and accessible information was
difficult. One participant remarked “I thought I was really
educated until I got diagnosed with cancer and then I just felt
like an idiot.” Some participants felt that they were tasked with
processing information about their cancer diagnosis and
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treatment that was not easily digestible or so complex that “no
normal person is just going to know.”

The process of deciding on treatment, whether the standard of
care or a potential clinical trial, was described as “draining.” In
some cases, participants said that they were completely unaware
that a clinical trial may have been an option. As one person
recalled, “I was given two options as far as radiation and chemo.
And basically, they were like, these are the two options you
have, which one do you want? Clinical trials [were] never even
brought up.”

More specifically, YAs wanted to be better informed about their
possible treatment options and how they might impact them in
the future. They expressed the need to comprehend the risks
and benefits associated with each treatment option to make an
informed decision. One participant summarized this as “there’s
so many different things that you have to consider when making
these decisions and side effects are no joke for cancer
treatment…there’s just it’s stuff that’s very lasting and those
are other things you have to consider when making the
decision.” Most importantly, participants conveyed that they
wanted their providers to consider them as a whole person when
treating their cancer, specifically considering their reproductive
health concerns and fertility preservation. One participant told
us “I had like seven days to decide if I wanted to freeze my eggs
or not.” They believed that the provider should make these
YA-unique issues a top priority when creating cancer treatment
plans and ensure that YAs fully understand these implications
at the start.

Subtheme 2: Lack of Standardized or Central System
Participants repeatedly spoke of the difficulty in finding
centralized databases with information on their cancer or
resources relevant to their experiences. When trying to
understand the concept of a clinical trial, participants found the
information to be complex and filled with medical terminology
they did not understand only added to the stress of their illness.
Many felt intimidated, overwhelmed, and frightened by the
information they found, especially for YAs with rare cancers.
Among participants who searched these databases, the consensus
was there needs to be “some sort of database that like pulls that
information [together]...clinical trial wise…it would be nice to
know that there are options for people that have like, not so
ideal cancer circumstances.” Additionally, participants felt this
information should be engaging, compassionate, and written in
plain language.

When researching clinical trials, YAs said that they would like
information to come from trusted sources such as their medical
team or the organization implementing the clinical trial. It helps,
they said when “someone is maybe [a] medical personnel…or
a governmental organization[s] that you can then be able to trust
that information.” One participant who participated in a clinical
trial explained that “the biggest differentiator for me was my
oncologist explaining to me all of the options for clinical…and
really went into detail…he explained to me in a way that I could
understand...and I trusted him. I trusted him implicitly.”

Participants addressed the role of caregivers seeking treatment
information for their YAs. They emphasized the need for

resources to comfort both YAs and their caregivers throughout
treatment.

The caregiver is often the person doing this research
or supporting this. And so, I think it’s really important
to consider them as your equal audience.

They also warned that “One of the biggest issues, I think upon
diagnosis as a patient and as a caregiver is information
overload.”

Subtheme 3: Fear of the Unknown
A common fear cited by participants regarding clinical trials
was adverse side effects of the experimental treatment. They
also wanted to connect with others like themselves to hear
firsthand about their experience with cancer and the treatment
options they were considering to put their minds at ease. They
stated that when they could not access the support and
information they needed through their care team, they sought
it on social media using Instagram hashtags and Facebook
groups.

I think the biggest thing for me, where I found the
most helpful information was searching hashtags on
Instagram. I searched my chemo regimen hashtags.
I searched my diagnosis. I searched by stage. I
searched AYA cancer...And I would find people there
that would have a community on their pages and
resources on their pages.

YAs that used social media to supplement their understanding
and find support expressed concern over the lack of reliable
sources and the spread of misinformation on some platforms.
Participants suggested that it is difficult to differentiate between
helpful information and potentially harmful content on social
media. Another issue related to the use of social media reported
by participants was “doom scrolling,” which can cause increased
conflict within the patient. One participant explained that
“because of the information overload, I’ve really had to limit
my information intake from social media.”

Theme 2: Psychosocial Issues

Subtheme 1: Clinical Trial Discussions
YAs cited that care teams should remember that patients usually
have limited knowledge of clinical trials, including the risks
and benefits. As one participant explained, “I actually refused
[experimental] treatment because I thought my only option was
chemotherapy and radiation...if I knew that I had other options,
I probably would have been more proactive, no matter what the
cost was like.” Participants stated that initiating simple dialogue
that normalizes CTE in the context of cancer treatment would
motivate patients to consider clinical trials as a treatment option.

Subtheme 2: Clinical Trial Misconceptions
Participants explained that common misconceptions about
clinical trials were that they were reserved for patients with
advanced disease and considered a “last ditch effort” for only
those with terminal disease. These misconceptions add to the
fear surrounding clinical trials and can present as a key barrier
to CTE and psychological distress. Participants explained that
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providers should anticipate and address misconceptions about
clinical trials during treatment discussions.

Subtheme 3: Desire for a Support Network
Participants reported that the effects of their illness and treatment
took a significant toll on their mental health and that additional
check-ins with the medical team would have been beneficial.
For those who participated in a clinical trial, the additional
contact and attention by the clinical trial care team eased the
burden. One participant who participated in a clinical trial
explained that “the additional support for me was one of the
best things that came out of the clinical trial because I was at
such a large hospital…This connection is especially important
during trial enrollment as this is an uncertain time for patient[s].”

Participants explained that they would have appreciated a peer
support network while navigating life and treatment
simultaneously. As one participant explained, “cancer is the
worst part-time job on the entire planet.” They use social media
as a “connection to community.” Participants expressed interest
in a social media account or online group that connects patients
more easily since it can be valuable for communication with
those who have had similar experiences.

Some participants mentioned that discomfort while considering
a clinical trial can be further exacerbated by family members’
lack of understanding or distrust of medical research. This may
lead family members to caution patients away from participating.
One family responded to the idea of a clinical trial their son was
considering by saying “No, don’t do it. You know, they’re going
to do x y z. It’s not safe. You know, you’re not that sick.” The
participant explained that their family saw a clinical trial as “a
last-line option and not a first-line option.” The importance of
providing caregivers and others surrounding the patient with
accurate information to support the YAs treatment decisions
was stressed.

Theme 3: Financial Concerns

Subtheme 1: Assumptions About Clinical Trials Costs
Financial hardship was mentioned by many participants as a
key deterrent to CTE. Several reported that the fear of financial
problems prevented them from inquiring about clinical trials
because they assumed resources would not be provided or that
the resources provided would not be sufficient to cover
additional costs. Patients applauded treatment centers that
provide financial navigation and resources to patients
considering clinical trials. They believed this could ease barriers
such as travel expenses and limited insurance coverage and
potentially increase CTE.

Subtheme 2: Insurance Coverage
Some participants indicated that the insurance framework is
difficult to navigate on its own and can be further complicated
by seeking nonstandard of care treatment. One participant
explained that they “wanted to get enrolled in a clinical trial
that was at another health institution” but they did not proceed
because “my insurance wouldn’t cover it because it was out of
network.” Alongside this, the struggle to balance their schooling,
family, and work responsibilities impacts the state of their
finances.

Subtheme 3: Navigating Financial Responsibilities
Some of the participants assumed that the patient was
responsible for additional costs which deterred them from
inquiring about clinical trials as a treatment option. Many
participants were unaware that most health insurers cover many,
if not all, costs associated with clinical trials, that costs related
to increasingly more clinical trials are covered by the sponsor,
or that there are occasions when sponsors offer financial
assistance to address costs not covered by insurance or the
clinical trial. One participant remarked, “I think a lot of us don’t
even realize that our hospital might have financial navigators
or patient navigators who exist to help answer those questions.”
YAs believed providers and any online sources should educate
patients about their financial options while addressing common
misperceptions.

Discussion

In this study, we explored categorical individual-level barriers
[18] to CTE among a diverse group of individuals diagnosed
with cancer as YAs to extend our knowledge and inform future
strategies to address these barriers. Through FGs representative
of gender identity, race, and geographic region in the United
States, we found that lack of knowledge and imperfect
communication were the greatest barriers to CTE in this
population. Participants indicated that limited awareness about
clinical trials, commonly held misperceptions, misinformation
on websites and social media, and a lack of clear and accessible
information about clinical trial risks and benefits likely
contribute to underrepresentation among YAs. Proactively
providing anticipatory guidance may circumvent distress if the
topic is raised and reduce patient hesitancy in participation.

Consistent with other literature, our study supports that YAs
often seek information on the web or social media [27,28] and
participants favored an intervention using social media to
address CTE barriers. They also provided clear guidance on
how information might be tailored to YAs and what specific
information may be most helpful in addressing concerns and
barriers to CTE.

In many ways, the financial concerns and psychosocial issues
reflected a subset of the informational gaps reported by
participants. Finances were a significant concern, and several
participants were unaware of insurance coverage requirements
or that resources such as financial navigators exist to help with
the costs of CTE [29]. Having financial information readily
available during the cancer treatment decision-making process
can support discussions around a clinical trial option. A digital
support network may also provide a connection with others
sharing a similar lived experience during times of loneliness
and fear.

We followed rigorous qualitative methodology to conduct our
study, however, there are limitations to acknowledge. Potential
selection bias may be present, as participants were recruited
through our YA patient advocates on the internet and, thus, may
have been more technologically proficient and familiar with
social media and clinical trials than the general YA patients
with cancer community. However, the vast majority of YAs
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have an online presence and use social media and the internet
regularly. Further, as with other qualitative research, the
transferability (ie, generalizability) of these data may be limited
although great effort was expended to ensure that our sample
was diverse in terms of sociodemographic characteristics to
yield FGs representative of the YA population. More than half
of our FG participants were non-White which provides a deeper
view of experiences from underrepresented YAs regarding
engagement with and perceptions of CTE. Although we based
our discussions a priori on themes identified by Abrahão et al
[18], moderators followed the discussions and probed further
when any topic arose organically to ensure all potential barriers
were explored and thus, resulted in the expansion of subthemes
described.

Our research enhances our understanding of the obstacles that
YAs face when making decisions about cancer treatment,
including the option to participate in a clinical trial. It also
provides further evidence that using a combination of

approaches at different levels may be most effective in engaging
YAs in discussions about CTE. While barriers to CTE at the
provider, institutional, and system levels have been extensively
studied, the YAs in our study highlight individual-level
challenges that need attention. Our findings indicate that a social
media intervention focused on sharing reliable information
about CTE could help YAs process complex information and
make informed treatment decisions, thus improving CTE in this
population. Engaging with YAs through social media allows
researchers and medical professionals to connect with them in
a way that is familiar and comfortable. Further research should
address the gaps in information identified in our study to develop
resources and educational materials that can enhance
understanding of CTE among YAs, their families, and
caregivers. When developing treatment plans, it is crucial to
prioritize patients’ informational needs and provide all YAs
with the tools and resources to have meaningful discussions
with their health care providers about CTE.
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Abstract

Background: Interstitial cystitis/bladder pain syndrome (IC/BPS) is a multifactorial, chronic syndrome involving urinary
frequency, urgency, and bladder discomfort. These IC/BPS symptoms can significantly impact individuals’quality of life, affecting
their mental, physical, sexual, and financial well-being. Individuals sometimes rely on peer-to-peer support to understand the
disease and find methods of alleviating symptoms. The only US Food and Drug Administration–approved medication to treat
IC/BPS is pentosan polysulfate sodium (PPS). However, ocular pigmentary maculopathy has been described in some individuals,
with greater severity associated with prolonged PPS exposure.

Objective: While prior research has separately assessed the benefits and side effects of PPS, this study sought to identify (1)
sentiments of individuals with IC/BPS toward PPS and (2) topics discussed by individuals with IC/BPS in conjunction with PPS
through use of an internet peer-to-peer forum.

Methods: Data were collected from Inspire—an anonymous web-based health community where individuals gather by condition
to find support and information. Sentiment analysis and percentages of negative, positive, and neutral sentiment for PPS discussions
encompassing each topic was conducted using VADER (Valence Aware Dictionary for Sentiment Reasoning). Topic modeling
was conducted using latent Dirichlet allocation. Words with the highest probability were ranked to categorize each topic, and
authors manually investigated and labeled discussions.

Results: There were 354 forum posts related to PPS. Topic modeling with latent Dirichlet allocation revealed 5 topic categories:
“ineffectiveness or discontinued use,” “alternative treatments,” “personal treatment suggestions based on experience,” “severe
side effects,” and “risk of long-term use.” Topics related to “severe side effects” and “risk of long-term use” garnered less
discussion, with the former also having the lowest positive sentiment (4.28, 14.29%). The topic “ineffectiveness or discontinued
use” was most frequently discussed. This topic also had the highest percentage of negative posts (52/152, 34.21%). However,
the average compound score was within the neutral compound score range (−0.094, SD 0.625). In addition, forum data highlighted
individuals’ acknowledgment of the efficacy of PPS in improving their quality of life, with statements such as “saved my sanity”
being representative. The overall compound individuals’ sentiment toward PPS was −0.083, split across 32.49% (115/354)
negative, 22.03% (78/354) positive, and 45.48% (161/354) neutral sentiment categories.

Conclusions: The overall authentic sentiment toward PPS is broad but balances to neutral. This neutral sentiment suggests that
while some individuals express concerns about the side effects and long-term risks associated with PPS, others appreciate its
positive impact on their quality of life. This research confirms that individuals with IC/BPS actively engage with health forums
like Inspire to seek information, share their experiences, and explore different treatment options. As IC/BPS remains a complex
syndrome, this study highlights the value of patient-led discussions in informing treatment decisions. Furthermore, these findings
suggest that health care providers might benefit from considering the insights shared on peer-to-peer forums to better understand
individual preferences, concerns, and expectations.
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chronic condition; chronic disease; chronic illness; Elmiron; pentosan polysulfate sodium; PPS; internet forum

Introduction

Interstitial Cystitis/Bladder Pain Syndrome and
Current Treatment
Interstitial cystitis/bladder pain syndrome (IC/BPS) is a
multifactorial chronic syndrome that affects the urinary bladder
[1]. The condition is characterized by urinary frequency,
urgency, and bladder pain [1], involving both women and men
[2], that impact their emotional, psychological, and social
well-being [1]. The etiology of IC/BPS remains elusive; the
disease is diagnosed not with a single test but a combination of
multiple investigations to rule out other diagnoses [3]. Many
individuals with IC/BPS present heterogeneous syndromes from
several causes [4] suggesting it should be classified into different
subtypes [5]. Recent investigations of genetics and biomarkers
have begun to uncover the molecular mechanisms of IC/BPS
[4,6]. First-degree relatives of women with IC/BPS have a
greater prevalence of the disease than women without affected
relatives, indicating a genetic component [7,8]. Twin studies
have shown a greater concordance of IC/BPS among
monozygotic than dizygotic twins [7,9]. The Golgi-localized
adenosine triphosphatase gene ATP2C1 has also been identified
as having increased rare variant burden in an IC/BPS cohort
(OR [odds ratio]=6.76, 95% CI 1.1-75.9) [6] and is a candidate
gene.

Pentosan Polysulfate Sodium–Associated Pigmentary
Maculopathy
Currently, the only US Food and Drug Administration
(FDA)–approved treatment is oral pentosan polysulfate sodium
(PPS). Use of PPS has been demonstrated to improve symptoms
[10], although recent studies link PPS to a unique presentation
of pigmentary maculopathy [11]. Pigmentary maculopathy can
produce moderate visual impairment, macular hyperpigmented
spots, yellow-orange deposits, and patchy retinal pigment
epithelium atrophy [12]. The first study detailed 6 individuals
over 2 years who developed new visual symptoms after exposure
to PPS [11]. Several additional studies have replicated the
association between PPS use and pigmentary maculopathy
[13-16].

Support Groups and the Inspire Platform
Patients and caregivers often join web-based health communities
to find support for incurable or rare diseases. Through
interpersonal exchanges, patients and caregivers can develop
an understanding of their illnesses. Social Comparison Theory
postulates that social behaviors could be predicted on the
assumption that individuals seek the maintenance of normalcy
and accuracy in their world by using opinions of others to
evaluate their thinking and feeling [17]. The benefits of support
groups can be explained by social support proximal factors, for
example, attachment, group membership, and collective identity
[18]. Secure adult attachment is described as having comfort,

intimacy, and trust such that another person can provide support,
empathy, and care. Thus, individuals with chronic illnesses seek
comfort from others who can provide this type of attachment
[18]. There is also evidence that attachment security benefits
individuals with health-related distress, as it was found to be
negatively associated with depression among individuals with
chronic pain. Therefore, illness support groups can provide
security and a positive effect on individuals [18]. Many forums
allow users to maintain anonymity, which can encourage more
honest and candid discussions, especially about sensitive topics,
while being easily accessible to anyone with internet access.

Group membership also describes the evolution of humans
having an automatic tendency to categorize themselves and
others as in-group and out-group based on similar characteristics,
for example, having the same chronic illness [18]. Individuals
with chronic illnesses sometimes deviate from social norms,
that may impact their physical appearance and actions and can
lead to stigmatization, discrimination, and social exclusion,
threatening a sense of belonging. Due to these effects,
individuals look toward in-group membership, leading to
beneficial cohesion [18].

The perceived benefits of participating in support communities
include meeting and befriending others with the same condition
and similar experiences, learning about the disease and related
treatments, giving and receiving emotional support to group
members, and accountability for reaching health-related goals
[19-21]. Digital communities often serve as spaces where users
collaborate to find solutions to common challenges, drawing
on the collective wisdom of the group [22].

The Inspire platform is the world’s largest and fastest-growing
health community designed as an environment for individuals
to feel comfortable sharing personal experiences and sensitive
health information on an anonymous forum. More than 1o
million annual users on the Inspire platform have joined
hundreds of disease-specific community groups with patients
and caregivers with similar diseases [23]. The Inspire platform
maintains anonymity while allowing individuals to obtain
information about, and participate in, clinical trials and research
efforts [23]. The Interstitial Cystitis Association community on
Inspire has over 40,000 members and is the most active IC/BPS
forum [23].

Web-based communities provide a rich source of information
for health research [24]. For example, monitoring web-based
social networks has been an effective tool for identifying adverse
events [25] and barriers to accessing health care [26]. The use
of web-based social networks for disease surveillance is well
documented [27-30]. Notably, data from web-based networks
has also been used to obtain a deeper understanding of patient
sentiment [31]. Therefore, this study sought to identify (1)
sentiments of individuals with IC/BPS toward PPS and (2) topics
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discussed by individuals with IC/BPS in conjunction with PPS
through use of an internet peer-to-peer forum.

Methods

Study Design and Data Sources
To examine both the sentiment and the topics discussed
concerning PPS, the Inspire forum for individuals with IC/BPS
was used to derive quantifiable data points. We used the IC/BPS
discussion forum posts and replies from the United States from
January 12, 2019, to November 30, 2022. In our analytical
sample, 3232 patient forum posts were collected from the Inspire
forum, and 354 discussed PPS. The data corpus was created to
gain insight into the triggers or factors flaring or worsening
IC/BPS symptomology. As such, specific text terms and razor
tags were used to bring these topics to the surface: flare-, flair-,
worse-, increase-, more, trigger-, caus-, inducing, induce-,
producing, produce-, factor, factors, provok-, activat-,
exacerbate-, irritat-, hypersensitive-, sensiti-, react-, risky, acute,
#flare, #riskfactor, #environmentalfactor, #cause, #causality,
#hypersensitivity, and #sensitization. Texts were analyzed for
specific discussions regarding PPS and other concerns of
individuals with IC/BPS. Conversations and discussion posts
were limited to sentences with the term PPS and the trade name
for PPS. These sentences were used for further analysis
alongside the previous sentence relative to the usage of “PPS”
and the following sentence relative to the usage of “PPS”.

All analyses used this definition of PPS-related discussions and
were conducted using Python version 3.6 (Python Software
Foundation). In addition, a combination of topic modeling and
sentiment analysis was used in the retroactive investigation.

Topic Modeling
Topic modeling is statistical modeling for discovering abstract
“topics” in a text collection. Latent Dirichlet allocation (LDA)
is a statistical topic model used to discover and classify text to
a particular collection. LDA builds a topic per document model
and words per topic model, creating Dirichlet distributions.
Each topic has a probability of generating different words in
the text. Topics are surfaced based on the likelihood of word
co-occurrence and the probability of words making up each
topic.

Before using LDA for topic modeling, raw data were
preprocessed (lower cased, removing URL links, nonletter
characters, and abbreviations) and tokenized (divided into sets)
by returning a list of strings for each post to prepare for analysis
using the GenSim package in Python [32]. Furthermore, bigrams
were used on the tokenized data to combine frequently occurring
words to analyze topics. Bigrams were also implemented on
the tokenized data to combine the words that occurred together
frequently. Common stop words such as “the,” “a,” “an,” “in,”
and so on, were filtered out using the Natural Language Toolkit
in Python, which contains a list of stop words stored in the
English language [33]. The spacy package was used to
lemmatize words (reducing words to their root word, eg,
“running” and “ran” can be reduced to “run”) and ensure the
thorough removal of stop words. The words “PPS” (and the
associated trade name) were also excluded from the LDA

analysis because the data were filtered explicitly for discussions
about “PPS.” For the intertopic distance map, multidimension
scaling is used for the visualization of the topics in a 2D space
with the 2 principal components, prinicipal component 1 and
principal component 2. We used coherence score to select the
potential numbers of topics for LDA model. Coherence score
measures the consistency, clarity, and relevance of each topic
in LDA modeling [34,35]. We then selected the maximum
number of topics that could be produced without overlapping
the intertopical distance map. We also used perplexity score to
examine the model performance. Perplexity score measures the
predication performance of a LDA model on held-out documents
[36,37]. The size of the topic represented by circles, is
proportional to the proportion of posts about PPS by individuals
on Inspire. Topics having more words in common are
represented closer together, thus the distance between the topics
is related to how different the topics are in the posts.

After preprocessing and tokenizing the data, each forum post
was categorized to the LDA topic with the highest proportion
to identify hidden topics within LDA modeling. Words with
the highest probably were ranked for each topic. Finally, topics
were manually labeled to determine the overarching theme for
each topic (AS, EL, CAB, and ALG).

Sentiment Analysis
Sentiment analysis was used to computationally identify and
categorize opinions expressed on the IC/BPS Inspire forum to
find the emotional tone behind PPS-associated text. Sentiment
analysis was conducted using the Valence Aware Dictionary
for Sentiment Reasoning (VADER). VADER is a lexicon and
rule-based sentiment analysis tool to identify the sentiment
attributed to a topic of interest. It is also considered the standard
for analyzing sentences to determine the sentiment of a piece
of literature.

The results generated by VADER include a dictionary of 4
percentage scores classified as negative, neutral, positive, and
compound. The negative, neutral, and positive scores are the
relative percentages of negative, neutral, and positive sentiments
surrounding the topic discussion. The compound score is a
continuous score ranging from −1 (most negative) to +1 (most
positive). Definitions most commonly used for compound scores
are: −1.0 to −0.5 (a negative score), −0.5 to +0.5 (a neutral
score), and +0.5 to +1.0 (a positive score). Sentiment analysis
was conducted on all PPS-related discussions and on all topics
determined by LDA topic.

Ethical Considerations
Inspire community members may anonymously engage with
others through public discussion posts in the forum. The
participants agree to have their posts or discussion comments
used for research purposes upon registering for Inspire.
Deidentified community posts, with all personally identifiable
information removed, are available for secondary data analysis.
Individuals were not compensated for participating in the forum.
This study was approved by the Boston Children’s Hospital
Institutional Review Board (IRB-P00040767).
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Results

Overview

Results are based on the 354 posts that related to PPS. Examples
of forum posts with sentiment categorization by VADER are
listed in Table 1.

Table . Select interstitial cystitis/bladder pain syndrome forum posts describing their experiences with pentosan polysulfate sodium. Posts with positive,
negative, and neutral sentiment are shown.

Sentiment categorization by VADERaExample notable quotes

Overall neutral sentiment toward topic 1 (ineffectiveness or discontinuing
use)

“IC is not just an inflamed bladder. It is a disease with no known cause
or cure. It is a lifetime of pain and misery. I know I have had it for over
20 years now. IC causes the lining of your bladder to shed each time you
urinate. It is so painful it feels like lava coming through your thighs.”

Overall negative sentiment toward topic 3 (personal treatment suggestions
based on the experience)

“Interstitial Cystitis is insidious, terribly painful, and has been a direct
causality of what I can and could not do throughout the entire duration of
my lifetime.”

Overall positive sentiment toward topic 3 (personal treatment suggestions
based on the experience)

“You must be patient and not give up hope, be willing to try different
remedies as not one thing works for everyone. Relief can be fleeting and
not every day since the condition is chronic.”

Overall neutral sentiment toward topic 1 (ineffectiveness or discontinuing
use)

“…with all the class action suits, I got scared and stopped taking [...] I
have had several flare-ups since I stopped and no quality of life, as someone
else said. I think eyesight is a big side effect to consider, but the alternative
is pain [...] still deciding if I should go back on it?”

Overall positive sentiment toward topic 2 (alternative treatment)“[...] actually would give me a reasonable baseline of normal, but I have
chosen to go off of it due to the new vision concerns. I am praying that
they will determine the vision issue to be very low risk, and I will consider
going back on because it is really what works best for me.”

Overall negative sentiment toward topic 3 (personal treatment suggestions
based on the experience)

“I foolishly went off [...] in January because of the possible retinal eye
damage and of course the high cost. Really big mistake. I’m back on [...]
and hoping that it doesn’t take 3‐4 months for it to kick in again.”

Overall negative sentiment toward topic 5 (risk of long-term use)“a lifesaver because [they] also [were] in severe pain, burning, etc, and
running to the bathroom. After [...], [they] had no pain, [they] could eat
anything [they] wanted.”

Overall negative sentiment toward topic 5 (risk of long-term use)“I am so glad to find someone besides myself that isn’t stopping [...] I was
suicidal before [...] went to work on me. The fear of returning to the hot
mess I was before taking [...] terrifies me. I am comforted to find out I am
not the only one sticking with it.”

Overall negative sentiment toward topic 1 (ineffectiveness or discontinuing
use)

“[...] is garbage and has terrible side effects.”

Overall negative sentiment toward topic 1 (ineffectiveness or discontinuing
use)

“antihistamines, amitriptyline, [...], and an ultra-strict diet seem to help
for a few days, and then I am right back to where I started.”

aVADER: Valence Aware Dictionary for Sentiment Reasoning.

In Table 1, all posts were analyzed using VADER for sentiment
categorization. To determine sentiment, VADER begins by
splitting the text into individual words. It then assigns each word
a score to indicate whether it is positive or negative. Using these
predefined scores, VADER computes an overall sentiment score
for the entire text. VADER also accounts for sentiment intensity
(eg, capitalization and punctuation) and looks for modifiers that
might alter the meaning of nearby words.

LDA Modeling Output
LDA topic modeling revealed 5 topics, the minimum number
without overlap. Figure 1 displays the intertopic distance map,
the area of the topic circles proportional to the number of words
that belong to each topic. The distance between topics represents

the degree of difference between each. Topics having more
words in common are closer together. The greatest proportion
of discussions was topic 1 (152/354), then topic 2 (92/354),
topic 3 (56/354), topic 4 (28/354), and topic 5 (26/354). In
Figure 1, topics 1, 2, and 5 were more closely clustered than
topics 3 and 4, indicating they were most dissimilar to topics
1, 2, and 5. The highest probability of co-occurring words
making up each LDA topic is shown in Table 2. Using the
co-occurence of words and manual investigation, Topic 1 was
identified as “ineffectiveness or discontinued use,” topic 2 as
“alternative treatments,” topic 3 as “personal treatment
suggestions based on experience,” topic 4 as “severe side
effects,” and topic 5 as “risk of long-term use.”
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Figure 1. Display of intertopic distance and marginal distribution of the 5 topics. Instead of representing the divergence of topics as a phylogentic tree
in 1D, this map allows visualization of how topics relate in 2D space–based principal components. Intertopic distance map measures the distance between
topics. Similar topics are closer to each other, while very different topics are farther apart. The size of the circle represents the number of words in each
topic; larger circles mean more words belong to that topic.
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Table . Latent Dirichlet allocation word occurrence probability for pentosan polysulfate sodium–related discussions in the interstitial cystitis/bladder
pain syndrome forum.

Topic 5: risk of long-term
use (26/354, 7.3%)

Topic 4: severe side effects
(28/354, 7.9%)

Topic 3: personal treatment
suggestions based on the
experience (56/354, 15.8%)

Topic 2: alternative treat-
ments (92/354, 26%)

Topic 1: ineffectiveness or
discontinued use (152/354,
42.9%)

WordProbabilityWordProbabilityWordProbabilityWordProbabilityWordProbability

Night.05Try.05Eye.12Go.08Take.08

Problem.04Bladder.04Damage.09Also.08Year.08

Really.04Start.04Cause.07Pain.07Stop.04

Think.04Have Been.04Retinal.06Help.04Flare.04

Pigmentary.03Back.03See.05Month.04IC.03

Vision.03Continue.03Issue.04Day.03Time.03

Maculopathy.03Make.03Hear.04Capsule.02Work.03

Macular de-
generation

.03Still.03Vision.03Get.02Find.03

End.02Medication.03Retina.03Med.02Thing.02

Cost.02Burn.03Take.03Diet.02Know.02

Symptom.02Due.02Ask.03Bladder.02Help.02

Many.02Want.02Drug.03Give.02People.02

Much.02Give.02Condition.03Back.02Try.02

Risk.02Ever.02Doctor.02Week.01Dr.02

Course.02Instillation.02Long.02Mg.01Hope.02

Patient.02Fall.02Hair.02Seem.01Lot.02

Hour.02Free.02Light.02Urologist.01Life.02

Concern.02Develop.02Specific.01Time.01Month.02

Hydroxyzine.02Little.02Term.01Food.01Possible.01

Helpful.02Pill.02Stop.01Eat.01Day.01

In Table 2, the LDA modeling method is used to reveal the main
topics and how they are distributed across a dataset (ie, the
IC/BPS forum). Five main topics were identified. The
proportion, number of posts discussing each topic, and manual
topic labels for each LDA topic are shown.

Sentiment and Topic Analysis
The overall sentiment scores for each topic are presented in
Table 3. Overall, the VADER compound sentiment of
discussions about PPS was −0.083, (negative sentiment 32.49%
[115/354], positive 22.03% [78/354], and neutral 45.48%
[161/354]).

Table . Sentiment scores for discussions surrounding pentosan polysulfate sodium (n=354). Posts were stratified by the identified topics from the latent
Dirichlet allocation analysis.

Neutral, n (%)Positive, n (%)Negative, n (%)Average compound score
(SD)

Topic number and label

161 (45.48)78 (22.03)115 (32.49)−0.083 (0.603)Total (n=354)

65 (42.76)35 (23.03)52 (34.21)−0.094 (0.625)Topic 1: ineffectiveness or
discontinuing use (n=152)

38 (41.3)23 (25)31 (33.7)−0.082 (0.620)Topic 2: alternative treat-
ments (n=92)

29 (51.79)12 (21.43)15 (26.79)−0.004 (0.573)Topic 3: personal treatment
suggestions based on the
experience (n=56)

15 (53.57)4 (14.29)9 (32.14)−0.162 (0.523)Topic 4: severe side effects
(n=28)

14 (53.85)4 (15.38)8 (30.77)−0.119 (0.581)Topic 5: risk of long-term
use (n=26)
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In Table 3, each topic number represents a specific theme that
emerged during the analysis of the text corpus. The average
compound score indicates whether the overall tone of
discussions for each topic is positive, negative, or neutral. The
number and percentage of scored negative, postitive, and neutral
posts is shown. By comparing sentiment across these topic
numbers, we can gain insights into how different aspects of PPS
are perceived within the discussions.

Topic 1 identified by the LDA topic modeling was manually
labeled “ineffectiveness” based on the total posts about PPS on
the IC/BPS Inspire forum using its relative size in Figure 1 and
number of posts in Table 3. In Topic 1, the highest probability
of co-occurring and relevant words compromising this topic
were: take (.08), year (.08), stop (.04), and flare (.04). Its
distance in relationship to topics 2 (alternative treatments) and
5 (risk of long-term use), seen in Figure 1, indicates a higher
degree of similarity based on the types of words they have in
common. Topics 4 (severe side effects) and 3 (personal
treatment suggestions based on experience) were furthest from
topic 1. shows the overall compound scores, and percent
negative, positive, and neutral for the entire dataset and for each
topic of PPS posts by individuals from Inspire. Topic 1 had the
highest percentage of negative posts with 34.21% (52/152),
23.03% (35/152) positive sentiment posts, while the percent of
neutral sentiment was 42.76% (65/152). However, despite
having the most percent negative posts compared with any other
topic, the average compound score was −0.094 which falls
within the neutral compound score range of −0.50 to +0.50.

Topic 2 was identified by LDA modeling and manually labeled
as “alternative treatments.” This topic had the most overlap of
words in common with topic 1 Figure 1. Topic 2 was the second
largest topic with 26% (92/354) of the total posts about PPS on
the IC/BPS Inspire forum. The highest probability of
co-occurring words most relevant terms to the topic was: pain
(.07), help (.04), diet (.02), urologist (.01), time (.01). Moreover,
it had the second-largest proportion of discussions on the IC/BPS
Inspire forum and the second most posts associated with the
topic; note its relative size (Figure 1). Compared with the other
4 topics, topic 2 had the second-highest percentage of negative
posts at 33.7% (31/92). However, it also had the highest
percentage positive sentiment score (23/92, 25%) and percentage
of neutral (38/92, 41.3%). The overall compound score in topic
2 was −0.082, the second most negative, falling within the
neutral compound score range of −0.50 to +0.50.

Topic 3 was identified by LDA modeling and manually labeled
as “personal treatment suggestions based on experience.” It was
the third largest topic with 15.8% (56/354) about PPS on the
IC/BPS Inspire forum. The highest probability of co-occurring
words most relevant to the topic was: eye (.12), damage (.09,
retinal (.06), vision (.03), retina (.03), and doctor (.02).
Compared with the other 4 topics, topic 3 had the least negative
compound sentiment (−0.004) and the least percent of negative
(15/26, 26.79%), positive (12/56, 21.43%), and (29/56, 51.79%)
neutral posts. This is reflective of the distance of topic 3 in the
intertopic distance map whereby it is further from to topic 2.

Topic 4 was identified by the LDA modeling and manually
labeled as “severe side effects.” It was the second smallest topic

with 7.9% (28/354) of the total posts about PPS on the IC/BPS
Inspire forum. The highest probability of co-occurring words
most relevant to the topic was bladder (.04), medication (.03),
burn (.02), and instillation (.02). It had the highest intertopic
distance compared with the topics 2, 1, and 3, making it the
least similar topic based on word commonality. Topic 4 had the
most negative compound score, −0.162 with 32.14% (9/28)
negative, 14.29% (4/28) positive, and 53.57% (15/28) neutral
posts.

Topic 5 was identified by the LDA modeling and manually
labeled as “risk of long-term use.” It was the smallest topic with
7.3% (26/354) about PPS on the IC/BPS Inspire forum. The
highest probability of co-occurring words most relevant to the
topic was: night (.05), problem (.04), pigmentary (.03), vision
(.03), maculopathy (.03), and macular degeneration (.03). The
average compound score for was −.119 (SD 0.581) which falls
within the neutral compound range of −0.50 to +0.50. It had the
highest percentage of neutral sentiment posts (14/26, 53.85%),
compared with the other topics.

Discussion

Principal Findings
PPS is widely prescribed to relieve IC/BPS symptoms [1]; it is
the only FDA-approved oral medication available for symptom
alleviation. However, PPS has been linked to a unique
presentation of pigmentary maculopathy [16]. This potential
side-effect has created a need for individuals exposed to PPS
to be consistently monitored by an optometrist for early
detection [11,13].

Although previous studies have assessed the benefits and side
effects of PPS, they have done so separately without capturing
individuals’ thoughts on if or why they are willing to assume
the side effects for the relief of pain. This study provides
information as to the sentiment of the IC/BPS community toward
PPS, which was determined to be neutral, with 5 topics
discussed in the forum all producing a neutral compound score.

Studying sentiment toward medications offers several important
benefits, beginning with improved patient-centered care that
aligns with individual preferences, concerns, and quality of life.
An understanding of patient sentiment may assist health care
professionals in assessing whether the perceived benefits of a
medication outweigh the risks from the patient’s perspective.
As the data here indicate that patient sentiment is neither
strongly for nor against PPS, patients may be less influenced
by emotional or external biases, making it easier to assess the
medication’s effects based on objective outcomes rather than
preconceived notions. This can inform shared decision-making
and guide personalized treatment options. It is arguable that
understanding patient’s sentiment toward their medication could
reduce anxiety and improve trust, both of which are related to
treatment adherence [38].

As a whole, the forum data describe a willingness among some
individuals to risk the potential side effects associated with PPS
due to its effectiveness at relieving pain. Multiple posts indicate
PPS, “saved [their] sanity” or, “changed [their] life” (Table 1).
However, the proportion of negative sentiment is close to
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one-third (115/354, 32.49%), with positive sentiment taking up
a proportion of just over one-fifth (78/354, 22.03%) and neutral
just under one half (161/354, 45.48%). The mean compound
sentiment score in the forum is −0.083 (SD 0.603), indicating
an overall neutral sentiment.

Topics 4 (severe side effects) and 5 (risk of long-term use), were
the least discussed. While topic 4 did not surface as often in the
LDA model and had a lower discussion frequency, it did have
the lowest positive sentiment. Topic 5 had the highest neutral
sentiment of the topics.

Limitations
Some drawbacks of using web-based health communities such
as Inspire include difficulty controlling the quality of
information shared on such sites. Uncertain and unknowable
generalizability of these results is another limitation. Other
potential drawbacks include privacy risks to patients and
caregivers utilizing the platform, as “data intruders” could lead
to discrimination by employers, insurance companies, family,
and friends. Although there are policies, such as the Genetic
Information Nondiscrimination Act, which prohibits genetic
information discrimination in employment, privacy is still a risk
that must be considered [20] and individuals may be unwilling
to speak freely.

VADER uses a lexicon-based approach system. In such an
approach, while broader term coverage is made available, words
have a finite assignment to sentiment orientation, which does

not consider figures of speech or negations, as mentioned above
[39]. LDA topic modeling limitations include the number of
topics that can be generated and the inability to depict
correlations [40,41]. Topics are not developed over time, and
the modeling assumes that words are exchangeable and that
sentence structure is not modeled.

Confounding factors, such as current symptoms and overall
IC/BPS management, should be included in future studies to
further the understanding of the underlying determinants of
sentiment toward PPS. Comparitive attitudes toward different
IC/BPS treatments should also be explored to assess varying
disease management strategies.

Conclusions
Individuals use health forums such as Inspire to learn more
about their disease, medications, and treatments. Therefore, this
study aimed to use forum posts from Inspire to investigate
individuals with IC/BPS’ overall sentiment toward PPS. Using
VADER, sentiments regarding PPS were found to be neutral.
These results also suggest that patients are open to considering
both the benefits and risks of PPS, which can lead to informed
and balanced decision-making regarding their IC/BPS treatment.
Both the breadth of discussion topics and sentiment demonstrate
the complexity inherent in individual consideration of a
medication with publicized side effects. Future studies of
sentiment analyses toward other IC/BPS treatments and their
comparison to PPS may provide additional context and direction
in the treatment of this painful condition.
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Abstract

Background: Dementia is a growing global health challenge with significant economic and social implications. Underdiagnosis
of dementia is prevalent due to a lack of knowledge and understanding among the general population. Enhancing dementia literacy
through improved health information–seeking behavior is crucial for the self-determined management of the disease by those
affected. Understanding the relationship between dementia literacy, health information–seeking behavior, and the use of various
information sources among individuals with cognitive impairment is of high importance in this context.

Objective: The aim of this study was to analyze the relevance of different sources of health information from the perspective
of people with cognitive impairment, while also evaluating differences based on age, gender, and disease progression.

Methods: This study is part of the ongoing project “Digital Dementia Registry Bavaria – digiDEM Bayern.” The Digital
Dementia Registry Bavaria is a multicenter, prospective, longitudinal register study in Bavaria, Germany. People with cognitive
impairment rated several information sources by using Likert scales with the values unimportant (1) to very important (5). Data
were analyzed descriptively, and multiple 2-sample, 2-tailed t tests were used to evaluate differences by cognitive status and
gender and using multiple one-way ANOVA to evaluate differences by age group.

Results: Data of 924 people with cognitive impairment (531 with dementia, 393 with mild cognitive impairment) were evaluated.
The most relevant health information sources were “Personal visit to a medical professional” (mean 3.9, SD 1.1) and “Family /
Friends” (mean 3.9, SD 1.2). “Internet” was 1 of the 2 lowest-rated information sources by people with cognitive impairment
(mean 1.6, SD 1.1), with nearly three-quarters (684/924, 74%) of the participants rating the source as unimportant. The age-specific
analyses showed significant differences for the sources “Internet” (F2,921=61.23; P<.001), “Courses / Lectures” (F2,921=18.88;
P<.001), and “Family / Friends” (F2,921=6.27; P=.002) for the 3 defined age groups. There were several significant differences
between people with mild cognitive impairment and dementia whereby the first group evaluated most sources higher, such as
“Internet” (mean difference=0.6; t640=7.52; P<.001). The only sources rated higher by the dementia group were “TV / Radio”
and “Family / Friends,” with none of them showing significant differences. Gender-specific analyses showed women with cognitive
impairment valuing every evaluated source higher than men apart from “Internet” (mean difference=0.4; t685=4.97; P<.001).

Conclusions: To enhance health and dementia literacy, the best way to communicate health information to people with cognitive
impairment is through interpersonal contact with medical professionals and their friends and family. Slight changes in valuation
should be considered as the medical condition progresses, along with variations by age and gender. In particular, the evaluation
and use of the internet are dependent on these factors. Further research is needed to capture potential changes in the valuation of
the internet as a health information source.

International Registered Report Identifier (IRRID): RR2-10.1136/bmjopen-2020-043473

(JMIR Form Res 2025;9:e54460)   doi:10.2196/54460

KEYWORDS

dementia; mild cognitive impairment; cognitive impairment; information sources; health information; health information–seeking
behavior; Digital Dementia Registry Bavaria; digiDEM
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Introduction

Dementia is one of the most significant public health challenges
of our time, and it will continue to be so in the future. To date,
there are an estimated 57.4 million people with dementia
worldwide, with estimates of 78 million people affected by 2030
and up to 152.8 million cases by 2050 [1,2]. In financial terms,
these figures translate into an estimated global cost of dementia
of US $1313.4 billion, which equates to an annual cost of US
$23,796 per person with dementia [3]. Estimations also show
that 75% of people with dementia worldwide live without a
confirmed diagnosis. One of the reasons for this underdiagnosis
is a lack of knowledge and understanding of dementia and its
symptoms [1].

One way to address this problem of underdiagnosis of dementia
is to improve health literacy and, therefore, dementia literacy
[4]. However, levels of health literacy are low across Europe,
particularly in Germany. According to the European Health
Literacy Population Survey 2019‐2021, 46% of the European
population and 72% of the German population had limited health
literacy in 2021. These figures were even more pronounced for
vulnerable subpopulations such as people of advanced age or
people with chronic diseases [5].

Nutbeam [6] defines health literacy as “the ability of individuals
to gain access to, understand, and use information to promote
and maintain good health.” Dementia literacy is a subcategory
and describes the knowledge for the recognition, management,
and prevention of dementia [7]. There are multiple conceptual
frameworks that describe the model of health literacy with most
of them recognizing the process of using information as an
essential element of health literacy. One example is the
integrated model of health literacy by Sørensen et al [8], which
is based on the 4 competencies of access, understanding,
appraisal, and application. The first competency includes the
ability to seek, find, and obtain health information. This implies
that health information–seeking behavior also plays an important
role in the process of how health literacy affects health outcomes
[9].

Zimmerman et al [10] describe health information–seeking
behavior as the purposeful behavior by an individual to find
health information. The strategies for finding health information
can take different forms, for example, through active seeking
or more passive measures. An important aspect of health
information–seeking behavior is which sources people use to
obtain health information [10]. This implies a relationship
between health literacy and the use of health information sources
[9].

According to a recent survey conducted in 2021, 55% of
Europeans aged 16‐74 years have sought health-related
information via the web [11]. The US Health Information
National Trends Survey indicates a similar situation for the
American general population, with 72.7% using the internet
first for their most recent search for health information in 2019
[12]. However, health information–seeking behavior and
preferences for information sources depend heavily on various
individual aspects, such as gender and age, as well as situational
aspects, such as having a chronic disease like dementia [13,14].

Women are generally more interested in health information than
men and also use health information sources more frequently
[15]. For chronic conditions, Oh and Cho [16] found that chronic
patients were generally more likely to search for health
information than healthy individuals. To date, no studies have
investigated which sources of health information people with
cognitive impairment use and how they value them.

Therefore, the following research questions (RQs) were asked:
RQ1 (How do people with cognitive impairment evaluate
different sources of health information?), RQ2 (Are there
differences in the evaluation based on the age of the person
affected?), RQ3 (Are there differences in the evaluation based
on the gender of the person affected?), and RQ4 (Are there
differences in the evaluation based on the progress of the
medical condition of the person affected?).

Methods

Study Design
This study is part of the ongoing project “Digital Dementia
Registry Bavaria – digiDEM Bayern.” The Digital Dementia
Registry Bavaria is a multicenter, prospective, longitudinal
register study conducted in all administrative regions of Bavaria.
The detailed methodology of the project is described elsewhere
[17,18].

Study Population
Participants are people with mild cognitive impairment (MCI)
and people with mild or moderate dementia living in Bavaria,
who are in the following collectively referred to as people with
cognitive impairment. MCI is a memory impairment that results
in below the expected performance for the patient’s age and
level of education. People with MCI are not demented and
generally maintain their independence in functional abilities of
daily life [19,20]. To identify eligible participants, people have
to undergo a screening based on the Mini-Mental State
Examination (MMSE) and Montreal Cognitive Assessment
(MoCA) prior to inclusion [21,22]. If available, a family
caregiver is included with the person with cognitive impairment
[17,18].

Recruitment and Data Collection
Participants are recruited by specially trained research partners
in all of the 7 administrative regions in Bavaria, beginning in
August 2020. Research partners are institutions that are
specialized and have experience in the management and care
of people with cognitive impairment and their family caregivers.
Data collection is conducted through standardized face-to-face
interviews using a web-based data entry system [17,18].

Ethical Considerations
The Digital Dementia Registry Bavaria is performed following
the ethical standards of the Declaration of Helsinki, and it
obtained ethical approval from the ethics committee of the
Medical Faculty of the Friedrich-Alexander-Universität
Erlangen-Nürnberg (application number: 253_20 B). Informed
consent from the participants or their authorized representative
is acquired before screening and study inclusion. The project
collects and stores all personal data separately from the registry
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data on different stand-alone systems to ensure data protection.
All participants are pseudonymized. The data protection concept
was approved by the local data protection supervisor of the
Friedrich-Alexander-Universität Erlangen-Nürnberg and
authorized by the Bavarian Data Protection Commissioner.
Participation is voluntary, and participants are not compensated
[17].

Measures
Sociodemographic data of the people with cognitive impairment
were collected, such as age, gender, educational degree, family
status, score in cognitive assessment, and whether they had a
family caregiver.

The relevance of 8 different sources of health information was
rated by people with cognitive impairment using Likert scales
ranging from unimportant (1) to very important (5). Based on
previous studies, the rated health information sources were
“Internet,” “TV / Radio,” “Books / Brochures,” “Courses /
Lectures,” “Newspaper / Journals,” “Family / Friends,”
“Pharmacy,” and “Personal visit to a medical professional”
[23,24]. In order to further evaluate the target group’s use of
the internet, the participants were asked about the last time they
had used the internet. Participants who had last used the internet
3 months ago or had never used it were also asked about their
reasons for not using it.

Statistical Analysis
Subgroup analyses were performed for the cognitive status and
gender of the people with cognitive impairment using multiple
2-sample, 2-tailed t tests and for the age of the participants using
multiple one-way ANOVA to evaluate potential differences
depending on the progress of the medical condition and gender-
and age-specific differences. Based on the age distribution in
the sample, the participants were divided into 3 age groups (<70

y, 70‐79 y, and 80 y or older) for the analysis of age-specific
differences. In order to minimize or avoid the probability of a
type 1 error, we applied the Bonferroni correction for multiple
testing. Accordingly, the adjusted significance level of P<.002
was set for all subgroup analyses (nonadjusted significance
level: P<.05) [25]. Effect sizes (Cohen d or η²) were determined
[26]. Statistical analysis was performed using IBM SPSS
Statistics (version 28; IBM Corp).

Results

Study Population
In the period between August 2020 and July 2023, in total, 924
people with cognitive impairment were included in the Digital
Dementia Registry Bavaria. The following presented analyses
refer to the baseline survey.

Table 1 shows the characteristics of the participants in total and
for the 2 subgroups “MCI” and “dementia.” The age of the study
population ranged from 54 to 102 years and was 80.5 (SD 7.7)
years on average. Around 59.4% (549/924) of the participants
were female, with a mean MMSE score of 22.8 (SD 3.8) points
and a mean MoCA result of 19.9 (SD 2.7) points. With 58.2%
(538/924), most participants had a middle education, and 50.3%
(465/924) were in a partnership. Around 64.1% (592/924) of
the people with cognitive impairment regularly received help
from a family caregiver at least once per week. Based on their
MMSE score, 42.5% (393/924) of the study population was
assigned to the MCI group and 57.5% (531/924) of the study
population was assigned to the dementia group. There were
significant differences between the 2 subgroups for their age
(P<.001), their MMSE result (P<.001), their education (P<.001),
their family status (P=.003), and whether they regularly received
support from a family caregiver (P<.001).
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Table . Description of this study population with the classification into the groups “MCI” (mild cognitive impairment) and “dementia” in a registry-based
cohort study in Germany from 2020 to 2023.

P valueDementia (n=531;
57.5%)

MCI (n=393; 42.5%)Total (N=924)

<.00182.1 (7.2)78.3 (7.8)80.5 (7.7)Age (years), mean (SD)

.46Gender, n (%)

321 (60.5)228 (58.0)549 (59.4)Female

210 (39.5)165 (42.0)375 (40.6)Male

<.001Family caregiver, n (%)

131 (24.7)201 (51.1)332 (35.9)No family caregiver

400 (75.3)192 (48.9)592 (64.1)Has family caregiver

Cognitive assessment, mean (SD)

<.00120.1 (2.5)26.5 (1.7)22.8 (3.8)MMSEa

——c19.9 (2.7)19.9 (2.7)MoCAb

<.001Education, n (%)

135 (25.4)62 (15.8)197 (21.3)Lower education

304 (57.3)234 (59.5)538 (58.2)Middle education

92 (17.3)97 (24.7)189 (20.5)Higher education

.003Family status, n (%)

286 (53.9)173 (44.0)459 (49.7)No partnership

245 (46.1)220 (56.0)465 (50.3)In partnership

aMMSE: Mini-Mental State Examination.
bMoCA: Montreal Cognitive Assessment.
cNot applicable.

General Valuation of Health Information Sources
The most relevant health information sources for people with
cognitive impairment were “Family / Friends” as well as
“Personal visit to a medical professional” (eg, doctors or
physiotherapists) (Table 2). With an average score of 3.9 (SD
1.1), 33.0% (305/924) of the people with cognitive impairment
rated “Personal visit to a medical professional” as a very
important source, and around three-quarters (694/924, 75.1%)
rated it as at least “important.” A similar result was found for
“Family / Friends,” with an average score of 3.9 (SD 1.2), and
39.6% (366/924) of the people with cognitive impairment rated
them as a very important source of health information. Going
by the highest average score, these 2 sources were followed by

“TV / Radio,” “Newspaper / Journals,” “Pharmacy,” and “Books
/ Brochures.” The 2 lowest-rated information sources by people
with cognitive impairment were “Internet” and “Courses /
Lectures,” with an average score of 1.6 (SD 1.1) and 1.6 (SD
1.0) on the Likert scale. Nearly three-quarters (684/924, 74.0%)
of the participants rated “Internet” as an unimportant source,
with a similar amount (680/924, 73.6%) stating that they had
not used the internet in the last 3 months; the majority of those
participants (569/680, 83.7%) stated that they had never used
the internet before. The most frequently cited reasons for not
using the internet were “generally no interest in the internet”
(446/680, 65.6%) and “too complicated” (386/680, 56.8%)
(Multimedia Appendix 1).
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Table . General evaluation of health information sources by people with cognitive impairment using Likert scales ranging from unimportant (1) to very
important (5) in a registry-based cohort study in Germany from 2020 to 2023.

Likert scale score,
mean (SD)

Likert scale ratings (% of participants who selected each rating)

Very importantImportantPartiallyLess importantUnimportant

1.6 (1.1)3.87.48.06.874.0Internet

3.4 (1.3)17.538.520.99.313.7TV/Radio

2.3 (1.3)7.014.018.119.941.0Books/Brochures

1.6 (1.0)1.46.59.413.669.0Courses/Lectures

3.2 (1.4)16.233.719.411.918.8Newspaper/Jour-
nals

3.9 (1.2)39.631.913.27.38.0Family/Friends

2.9 (1.4)12.628.619.712.326.8Pharmacy

3.9 (1.1)33.042.112.65.76.6Personal visit to a
medical profession-
al

Valuation of Health Information Sources by Age
The age-specific analysis shows heterogeneous results for the
8 health information sources (Multimedia Appendix 2). The
sources “Internet” (F2,921=61.23; P<.001), “Courses / Lectures”
(F2,921=18.88; P<.001), and “Family / Friends” (F2,921=6.27;
P=.002) showed significant differences for the 3 defined age
groups. People with cognitive impairment valued “Internet”
and “Courses / Lectures” lower as age increased, from people
under the age of 70 years (“Internet”: mean 2.7, SD 1.5;
“Courses / Lectures”: mean 2.1, SD 1.3), to people aged 70 to
79 years (“Internet”: mean 1.8, SD 1.3; “Courses / Lectures”:
mean 1.7, SD 1.0), and to people aged 80 years and older
(“Internet”: mean 1.3, SD 0.9; “Courses / Lectures”: mean 1.4,
SD 0.9). In comparison, the valuation of the information source
“Family / Friends” grew with increasing age, from people
younger than 70 years (mean 3.7, SD 1.2) and people between
the ages of 70 and 79 years (mean 3.7, SD 1.3), to people aged
80 years and older (mean 4.0, SD 1.2). While age-specific
differences in the information sources “Family / Friends”
(η²=0.01) and “Courses / Lectures” (η²=0.04) showed small
effect sizes, the effect size for the information source “Internet”
(η²=0.12) was medium.

Valuation of Health Information Sources by Gender
Concerning the gender-specific evaluation of information
sources, the results show that apart from “Internet” and
“Personal visit to a medical professional,” women with cognitive
impairment valued every explored source more than men with
cognitive impairment on average (Multimedia Appendix 3).
Two of the information sources showed significant
gender-specific differences. As already described, men with
cognitive impairment rated “Internet” 0.4 points higher on
average than women with cognitive impairment (t685=4.97;
P<.001), with a small effect size (Cohen d=0.35). Female
participants valued “Pharmacy” higher than male participants
by 0.4 points on average (t772=3.98; P<.001), with a small effect
size (Cohen d=0.27). Another information source that was
valued higher by women with cognitive impairment was the

source “Family / Friends,” with a mean difference of 0.2
(t756=2.49; P=.013) and a small effect size (Cohen d=0.17).

Valuation of Health Information Sources by Cognition
Regarding the relevance of health information sources
categorized by cognitive status, there were several significant
differences between the MCI and dementia groups (Multimedia
Appendix 4). People with MCI rated the sources “Internet,”
“Books / Brochures,” “Courses / Lectures,” “Newspapers /
Journals,” “Pharmacy,” and “Personal visit to a medical
professional” higher. Except for the sources “Books / Brochures”
and “Newspapers / Journals,” all of those group differences
showed significant results. The source “Internet” showed the
most considerable mean difference between both groups, with
0.6 points (t640=7.52; P<.001) and a medium effect size (Cohen
d=0.53). The only sources rated higher by the dementia group
were “TV / Radio” and “Family / Friends,” with none of them
showing significant differences.

Discussion

Principal Results
To the best of our knowledge, this is the first study that describes
the relevance of different sources of health information from
the perspective of people with cognitive impairment.

Our analyses show that interpersonal contact with family and
friends and that with medical professionals are the most
important sources of health information for people with
cognitive impairment. This interpersonal communication is
followed closely by traditional media formats such as TV, radio,
newspapers, and journals. People with cognitive impairment
rated the internet and attending courses or lectures the lowest,
with each being valued as less important or unimportant.

General Valuation of Health Information Sources
There are a number of possible reasons for the low relevance
of the internet for people with cognitive impairment. The
participants of our study mainly reported that they were
generally not interested in the internet as a medium and that the
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internet was too complicated for them. Other frequently cited
reasons were that relatives take care of matters on the internet,
no advantage is seen in using it, or traditional media are
sufficient. These findings are partially in line with the literature,
although it should be noted that the majority of the participants
in our study had never used the internet before and therefore
had no experience with the internet. Dixon et al [27] defined 4
main barriers that prevented people with cognitive impairment
from seeking the internet for health information. These are the
scarcity of relevant information and the inaccessibility,
inaccuracy, and distrust of the information that was found [27].
More importantly, Dixon et al [28] see a chance of the internet
becoming a more relevant source for people with cognitive
impairment in the future, especially if their close relatives and
health professionals support them in validating internet-based
health information.

Our findings are in line with the large-scale survey by Weber
et al [29] who assessed adults older than 60 years and reported
high use of interpersonal communication with medical
professionals, family, and friends as well as traditional mass
media or brochures and infrequent use of the internet for seeking
health information.

Stehr et al [30] came to similar results and showed that
interpersonal contact and traditional mass media are the most
used health information sources for people aged 65 years or
older while they also confirmed that the internet is used little
or not at all. Further, they noticed that the use and valuation of
communication with medical professionals increases for people
with chronic diseases, which include cognitive impairment [30].

The above results can be explained by, among other things, the
trust that older adults or people with cognitive impairment place
in the various sources. Baumann et al [31] reported that medical
professionals, in this case doctors, are the most trusted health
information source followed by family and friends, while the
internet is one of the least trusted sources. These findings
implicate that the trustiness of the various sources is a significant
factor in the valuation by people with cognitive impairment.

Pertl et al [32] also stated that people with MCI show problems
with understanding numerical health information. These
problems are likely to increase for people with dementia, as
they found a statistically significant correlation with global
cognitive status [32]. These findings suggest that people with
MCI and dementia might require explanation through
communicating with medical professionals and their friends or
family to understand their health issues.

Valuation of Health Information Sources by Age
The age-specific results show that the relevance of the
information sources “Internet” and “Courses / Lectures”
decreased significantly with age. Contrary to this, the evaluation
of the source “Family / Friends” enlarged with increasing age.
No significant differences were found for the 5 other sources
based on participants’ age. The difference in the information
source “Internet” is in particular noteworthy, with a medium
effect size and high differences in the mean values between the
3 age groups.

Our age-specific findings regarding the internet align with the
results of the “D80+ report” by Reissmann et al [33], which
found low internet use among people older than 80 years in
Germany, at 37%. Weber et al [29] also found that age is a
decisive factor influencing internet use as the tendency of
infrequent use of the internet for seeking health information
became more pronounced with increasing age.

Reasons for these observations may include the often limited
digital health literacy or generally limited digital media literacy
and internet skills of the older population [34]. These limitations
become even more pronounced with increasing age, especially
for people with cognitive impairment [34,35]. The high average
age of 80.5 years in this sample could therefore also explain the
generally low rating of the internet as a source of health
information.

Valuation of Health Information Sources by Gender
Our gender-specific analyses show that women and men with
cognitive impairment differ in assessing the relevance of health
information sources. Except for the internet, all our evaluated
sources were more important to women with cognitive
impairment, though these differences between men and women
were small. The sources “Pharmacy” and “Family / Friends”
showed the most significant differences.

These gender-specific findings are in line with current scientific
research. For the general population, Manierre [15] discovered
that women seek health information more often than men. In
the group of adults aged 65 years and older, Stehr et al [30]
found higher use of most health information sources by women.
They also noted the most remarkable differences between the
sources “Pharmacy” and “Internet,” with the former being much
more used by women and the latter by men [30]. The same
applies to the results of the KomPaS study by Horch et al [36],
who found similar differences in the use of these 2 sources.

Valuation of Health Information Sources by Cognition
When categorized by cognitive status, our results show that
people with MCI rate most of the health information sources
evaluated more highly than people with dementia. People with
dementia only value contact with family and friends as well as
watching TV or listening to the radio more.

It is noticeable that the mean values for health information
sources that require some activity to obtain information, for
example, leaving home to see a doctor, are all higher for the
group of people with MCI. The same applies to the mean for
sources of information that can be used passively, such as
watching television or receiving advice from a friend, which is
higher for people with dementia. This could be explained by
the progressive social withdrawal of people with cognitive
impairment as the medical condition progresses [37].

Dixon et al [28] also found similar results with their research
on the changing strategies of people with cognitive impairment
seeking health information. They reported that most people with
cognitive impairment apply an active search technique after
receiving their diagnosis and then transition to a monitoring
strategy for ongoing seeking of health information. With the
progression of their medical condition, they transition to a proxy
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information search, as they have problems accessing the health
information needed when just actively searching by themselves.
With further progression, the authors even describe a strategy
of information avoidance and selective exposure to health
information by people with cognitive impairment [28]. These
changes in information behavior could explain the distribution
of different sources in the 2 cognitive groups. While people
with MCI are likely to use one of the first, more active search
strategies described, people with dementia are more likely to
use one of the latter strategies due to their disease progression.

Limitations
This study has limitations. First, our sample was a convenience
sample with a specific target group of people with cognitive
impairment in Bavaria. We cannot exclude that we may have a
selection bias as a result of the different referral patterns in the
different regions of Bavaria. Although our research partners
were institutions specialized in managing and caring for people
with cognitive impairment in all of the 7 administrative regions
in Bavaria, this study is not representative of the total
population. This limits the comparability and transferability of
the results to the entirety of people with cognitive impairment.

Furthermore, the results of the group differences mostly show
small effect sizes, except for the group differences between
people with MCI and dementia and the 3 age groups for the
information source “Internet.” This limits the power and

generalizability of the results while highlighting the need for
further research with even larger case numbers.

Conclusions
To enhance health and dementia literacy in people with cognitive
impairment, our results suggest that interpersonal contact with
medical professionals and their friends and family is the best
way to communicate health information to people with cognitive
impairment. Another way is to disseminate information through
traditional mass media. As the disease progresses, the
importance of family and friends as sources of information
increases, while the relevance of other sources decreases.
Women with cognitive impairment are generally easier to reach
and more interested in health information. At the same time,
men and younger people with cognitive impairment also use
the internet to some extent and are open to receiving information
via this medium.

While the internet was of little importance as a source of health
information to most of our study population of people with
cognitive impairment older than 70 years, this may change in
the future, as recent surveys from the European Union and the
United States indicate [11,12]. Due to the continuing
improvement in digital literacy in older adults, the internet might
become more valuable as a source of health information. This
implicates a need for further research in the future to capture
these potential changes.
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Frequency of reasons given for not using the internet by people with cognitive impairment in a registry-based cohort study in
Germany from 2020 to 2023.
[PNG File, 35 KB - formative_v9i1e54460_app1.png ]

Multimedia Appendix 2
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ranging from unimportant (1) to very important (5) in a registry-based cohort study in Germany from 2020 to 2023.
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Multimedia Appendix 3
Evaluation of health information sources by people with cognitive impairment, with differentiation by gender, using Likert scales
ranging from unimportant (1) to very important (5) in a registry-based cohort study in Germany from 2020 to 2023.
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Multimedia Appendix 4
Evaluation of health information sources by people with cognitive impairment, with differentiation by their cognitive status, using
Likert scales ranging from unimportant (1) to very important (5) in a registry-based cohort study in Germany from 2020 to 2023.
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Abstract

Background: The use of mobile health interventions, such as apps, are proposed to meet the challenges faced by preventive
health care services due to the increasing prevalence of type 2 diabetes (T2D). Thus, we developed and conducted initial feasibility
testing of the Plunde app for promoting and monitoring individual goals related to lifestyle change for people at risk of T2D.

Objective: The primary aim of this study was to assess the feasibility of an app for promoting lifestyle change in people at risk
of T2D. The secondary aim was to assess recruitment rate, resource requirements, and change in potential outcomes for a full
scale randomized controlled trial (RCT) study .

Methods: A 3-arm feasibility RCT lasting 12 weeks was designed. Participants were recruited from 9 general practitioners in
Norway. Eligible participants were randomized to either (1) app follow-up; (2) app follow-up and referral to care as usual in
Healthy Life Centers; or (3) referral to care as usual in a Healthy Life Center, only. The primary outcome was feasibility and was
measured by app adherence (actual usage of the app), the System Usability Scale, and app motivation score gained from a
questionnaire designed for this study. Criteria for success were preset based on these measures. Secondary outcomes included
recruitment rate, resource requirements, and potential primary outcomes of a full-scale RCT. This included change in body weight,
waist circumference, and self-evaluated functional health status, assessed with the Dartmouth Primary Care Cooperative Research
Network/World Organization of Family Doctors (COOP/WONCA) functional health assessment chart.

Results: Within 8 months, 9 general practitioners recruited a total of 54 participants, of which 45 were eligble for participation
in the study. Mean age was 61 (SD 13) years and 53% (n=24) were female. App adherence was 86%, the mean System Usability
Scale score was 87.3 (SD 11.9), and the mean app motivation score was 74.8 (SD 30.3). Throughout the intervention period,
health care professionals spent on average 3.0 (SD 1.0) minutes per participant per week providing follow-up. Statistically
significant reduction in body weight and waist circumference was shown in group 1 and 3.

Conclusions: Based on the preset criteria for success, the Plunde app is feasible in providing support for lifestyle change. The
Plunde app had excellent user satisfaction. The amount of time spent on monitoring and promoting lifestyle change through the
app was low; however, the recruitment was slow. Results from this study will guide the development of further research within
this field.

Trial Registration: ClinicalTrials.gov NCT06117098; https://clinicaltrials.gov/study/NCT06117098

(JMIR Form Res 2025;9:e63737)   doi:10.2196/63737
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prevention; risk of type 2 diabetes; lifestyle change; feasibility; app adherence; mobile health; mHealth; mobile phone

Introduction

There is an urgent need to prevent and combat the global
epidemic of type 2 diabetes (T2D). The number of adults with

diabetes is expected to reach 67 million by 2030 and 69 million
by 2045 [1]. Prediabetes, an intermediate stage of glucose
dysregulation that may precede T2D, affected approximately
720 million individuals worldwide in 2021 and is estimated to
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affect estimated 1 billion people by 2045 [1,2]. Prediabetes is
diagnosed when blood glucose levels are above the normal range
but not high enough to be classified as diabetes [2].

Healthy diet, regular physical activity, and maintaining a normal
body weight are established cornerstones of prevention or
delayed onset of T2D [3-5]. Hence, lifestyle modification is the
preferred initial approach when having confirmed prediabetes
or being at high risk of T2D [2]. Siginficant risk reduction in
delaying or preventing progression into T2D has been found in
people receiving lifestyle interventions [3,6]. A post-hoc analysis
of randomized, controlled, multicentre Prediabetes Lifestyle
Intervention Study showed that a weight loss of 5 percent or
more, could decrease the risk of T2D with 72%, and that full
remission of T2D should be the target aim [7]. A larger waist
circumference (WC), independent of overall adiposity, has been
found to be strongly and linearly associated with a higher risk
of T2D [8]. Consequently, both body weight and WC may be
important predictors of the development for T2D.

Healthy Life Centers (HLCs) is a part of the public health care
service in the municipalities in Norway, providing in person
lifestyle modification programs for people with, or in high risk
of disease [9]. Considering the burden of noncommunicable
diseases (NCDs), together with an aging population, the health
care system faces fundamental challenges in delivering optimal
care [10]. Thus, the primary health care services are at a
threshold limit.

The use of mobile health (mHealth) technologies has been
proposed to meet challenges related to delivery of sustainable
prevention strategies [11]. The beneficial effects of mHealth
interventions regarding lifestyle factors have been demonstrated
in patients with NCDs in several systematic reviews [12-14].
However, few studies have examined the effect of using an app
to deliver support and guidance for risk reduction in patients at
risk of T2D.

In 2022, we investigated barriers and facilitators for lifestyle
change in people at risk of T2D in a qualitative meta-synthesis
[15]. We found that central barriers were time, cost, and
availability [15]. Additionally individual tailoring of lifestyle
interventions was highlighted to facilitate the process of making
healthy changes [15]. The advantages of digital health solutions
lie, in its potential to overcome the barriers for lifestyle change
and at the same time enabling personalized, empowering, and
person-centered health interventions [16]. Therefore, based on
former research, user orientation- and involvement, we
developed the Plunde app (People Living UNDEr change) to
monitor and guide individuals in initiating and maintaining
lifestyle change and healthy behavior [17].

Randomized controlled trials (RCTs) are needed to assess
potential effect of lifestyle interventions delivered by an app.
Before commencing such a trial, investigating the feasibility of
using an app to promote lifestyle change is warranted. Therefore,
the primary aim of this study was to assess if the Plunde app
was feasible to use for promoting lifestyle change in people at
risk of T2D. Preset criteria for success was based on app
adherence (actual usage of the app), the System Usability Scale
(SUS) and app motivation score which was gained from a
questionnaire designed for this feasibility study. Secondary, we

aimed to assess recruitment rate, resource requirements and
change in body weight, WC, and self-evaluated functional health
status.

Methods

Study Design
This 3-arm feasibility RCT, had an intervention period lasting
for 12 weeks. The participants were randomized to receive:
lifestyle intervention delivered by the Plunde app (group 1) or
referral to group-based lifestyle intervention at the local HLCs
in addition to follow-up with the Plunde app (group 2) or to
usual care which was referral to group-based lifestyle
intervention at the local HLCs (group 3). A computer-generated
block randomization scheme was used to allocate the
participants to 1 of the 3 groups via concealed envelopes after
baseline assessment. The block sizes varied by 3 and 6.

Reporting follows the Consilidated Standard of Reporting Trials
(CONSORT) 2010 statement: extension to randomized pilot
and feasibility trials [18]. Additionally, principles from the
Consilidated Standards of Reporting Trials of Electronic and
Mobile Health Applications and Online Telehealth
(CONSORT-eHEALTH) statement [19] were applied (Checklist
1).

Setting and Recruitment
Participants were recruited from general practitioner (GP) clinics
in the eastern part of Norway from May 2023 and throughout
December 2023. Initially the patients were recruited from 2 GP
clinics. From September 2023 we included additionally 3 GPs
clinics. Prior to recruitment, information meetings at the clinic
sites were held. Eligible participants were asked by their GP
regarding willingness to participate in the study, and with their
consent they were contacted by a researcher (BBN or VVCN).
The baseline assessments and follow-ups were conducted at 3
collaborating HLCs by 2 of the project members (BBN and
VVCN).

Participants
Eligible participants were women and men aged 18 years or
older, who were assessed by their GP to be at high risk of
developing T2D. The criteria for being at high risk was HbA1c

within the threshold level of 42-48 mL/mmol. In addition,
participants had to own and use an Android or iOS smartphone
and be able to read and understand Norwegian or English.

By September 2023 only 25 participants were included;
therefore, we invited 3 more GP clinics to recruit participants
to the project. To increase the recruitment rate, we also widened
the criteria for being at high risk of T2D. Hypertension,
hypercholesteremia, and being obese were set as criteria in
addition to, or instead of, HbA1c levels between 42 mL/mmol
and 48 mL/mmol.

Baseline Assessment
At baseline we collected demographic and descriptive data
within different lifestyle domains from the standardized “HLC
Startup” questionnaire developed by the Norwegian Health
Directorate [20]. The demographic data collected included
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gender, age, educational level, and occupational status. The
descriptive data included physical activity level, dietary habits,
tobacco, alcohol, sleep habit, and social support. This
questionnaire was primarily used to guide and structure the plan
for lifestyle change and setting of goals and tasks.
Anthropometric data (body weight, WC, and height) were
collected at baseline and at follow-up by the same researcher.

The Plunde App
Participants randomized to the app intervention groups, group
1 and 2, received access to Plunde and guiding in how to use it
after baseline assessment. Plunde was developed to promote
initiation of behavioral change and adherence to healthy
behavior [17]. The app is highly individualized as it is based
on the patient’s own goals to initiate or maintain a lifestyle
change [17]. Plunde permits the user to set personal goals

(Figure 1B) with tasks and accompanying reminders. Goals and
tasks decided during the baseline consultation were added to
the app. The goals set by the participants were related to the
different areas of lifestyle they wanted to work on during the
intervention period. The main lifestyle domains presented
(through the questionnaire) were dietary habits, physical activity
level and exercise, sleep, mental well-being, alcohol, and
smoking habits. Each participant set different tasks to their
goals, and 1 goal could have 1 or more related tasks. To each
of the tasks, the participant set a reminder and decided when
and how often the reminders of their tasks should appear.
Additionally, they could choose the wording of their reminders.
Plunde provided push notifications related to the individual
tasks, and the participants replied “completed” or “not
completed.”

Figure 1. Screenshots showing the user interface.

Other features and functions in Plunde include a note function,
messages, videos, and a knowledge bank (Figure 1A). The note
function allowed the participant to write relevant notes or
comments on their goal achievement process, or for example
writing an exercise diary. The message function allowed the
participants to chat with their supervisor during the follow-up
period (Figure 1C). Relevant videos based on the participants’
goals were added under the video function. In the knowledge
bank, the supervisor could add written educational content based
on the participants’ goals and requests.

A supervisor had access to an administrator interface and
monitored the goals, tasks, and notes of each participant
throughout the intervention period. During the follow-up period
the supervisor could send weekly encouraging messages to
support their process of lifestyle change. If the participants asked
any questions in the message function, these were answered
within 2 working days. The 2 supervisors in this study were
both physiotherapists, 1 being a researcher with comprehensive

experience in cardiac rehabilitation and cardiac research and
the other with experience from HLCs and community health
services. The same supervisor who conducted the baseline
consultation monitored and provided feedback throughout the
study period.

Referral to Healthy Lifestyle Center
Participants randomized to group 2 and 3 were referred to the
HLC by the respective supervisor immediately after the baseline
consultation, with an expected enrollment to the HLC program
within 2 weeks. The lifestyle modification program at the HLC
included individual and group-based counseling and courses
for increased physical activity, healthy diet, improved sleep,
and tobacco cessation. The participants were encouraged to
attain at least 1 or 2 exercise sessions per week at the HLC. The
participants in all the 3 study arms, received counseling based
on elements from motivational interviewing, which is a
client-centered method of intervention focused on enhancing
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intrinsic motivation and behavioral change [21]. Goal setting
and planning were crucial parts of this conversation, based on
the needs, values, and perspectives of the participants.

Primary Outcome
The primary outcome was feasibility measured as app adherence,
user satisfaction, and app motivation. Data related to feasibility
of Plunde were collected from patients in groups 1 and 2.

Adherence to the app was registered in terms of actual use,
which we defined to be the percentage of reminders answered
per week throughout the 12-week intervention period. These
data were collected from the administrator interface.

The user satisfaction with the app was assessed with the SUS.
The SUS is a technology independent, 10-item questionnaire
with a score between 0 and 100, where 0 represents low usability
and 100 represent high usability [22]. The elements of the SUS
scale cover aspects of usability such as ease of use, integration
of functions, learning curve, satisfaction, user confidence, and
complexity [22,23].

App motivation was measured with a questionnaire designed
for this study. This questionnaire consisted of 17 questions—13
questions with Likert scale (0 to 100) options, 3 multiple-choice
questions, and 1 open-ended question (Multimedia Appendix
1). The main questions defining app motivation score was based
on 2 of the questions; to what extent Plunde was experienced
as motivating and if the individual feedback provided from the
supervisor was experienced as motivating. In addition, we asked
for how long the participants would have liked to continue using
the app and, in this period, how often they would like to receive
feedback from their supervisors. The criteria for feasibility
success of the app that were preset were (1) at least 80% of the
participants reminders were answered per week (app adherence),
(2) mean SUS score ≥65, and (3) app motivation score ≥75.

Secondary Outcomes
To inform a potential full-scale RCT, data on recruitment rate
and resource requirements were collected throughout the study
period. We calculated the recruitment rate as the number of
participants successfully recruited for the study divided by the
total amount of time required for recruitment. Resource
requirements in groups having the app intervention was assessed
by the supervisors who logged all time spent on monitoring and
providing feedback to participants. Additionally, potential
primary outcomes in a future scale RCT were evaluated. This
included body weight, WC, and self-evaluated functional health
status. These outcomes were assessed to get experience with
the measurements and to examine a potential change.

Body weight was measured in kilogram using a digital scale
(Body Composition Analyzer, BC-418, ADE MeWa GMbh,
Schwerin and Beurer GS400 Signature Line weight). The
evaluation was carried out in the “standard mode,” introducing

the participant’s age, sex, and height. We strived to use the same
equipment for measuring body weight at baseline and at
follow-up. WC was measured with a measuring tape (in cm;
Seca 201) at the end of several consecutive natural breaths,
midpoint being between the top of the iliac crest and the lower
margin of the last palpable rib in the mid axillary line [24]. The
cut off points for abdominal obesity and increased risk of T2D
is WC ≥80 in women and WC ≥90 in men [25,26].

Self-evaluated functional health status was assessed with the
Dartmouth Primary Care Cooperative Research Network/World
Organization of Family Doctors (COOP/WONCA) chart [27].
The questionnaire is a generic questionnaire comprising 6
domains—physical fitness, feelings (mental well-being), daily
activities, social activities, change in health, and overall health.
Each dimension is illustrated pictorially, numerically, and in
writing inquiring about the patient’s status during the past 2
weeks. The response categories were scored from 1 to 5, where
higher score indicate worse health status.

Statistical Analysis
Data were analysed using SPSS Statistics for Windows (version
29.0.0; IBM Corp). Descriptive statistics were used to assess
feasibility measures. Descriptive statistics are reported in mean
and SD or median and range for continuous variables and in
number and percentages for categorical variables. To examine
a potential change throughout the intervention period for body
weight, WC, and self-evaluated functional health status, we
performed within-group analyses on mean change from baseline
to 12-weeks follow-up. If the data qualified for a normal
distribution, the paired sample t test was used. If not normally
distributed, the paired Wilcoxon signed rank test was used. All
statistical tests were 2-sided and P values <.05 were considered
statistically significant. To ensure a robust sample for the
purpose of this feasibility study, we aimed to include a total of
60 participants [18].

Ethical Considerations
The Regional Committee for Medical Research Ethics in
Southeast Norway did not find approval to be required. The
study is approved by The Norwegian Data Protection Service
for Research and the study has been registered on
ClinicalTrials.gov (NCT06117098). The participants provided
written informed consent before participation.

Results

Recruitment
From May 2023 and throughout December 2023, 9 GPs
recruited a total of 54 participants of which 45 (82%) were
eligible and included in this study. As shown in Figure 2, three
participants dropped out during the intervention period. No
reasons for drop out were provided.
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Figure 2. Recruitment and participant flow.

Participant Characteristics
Baseline characteristics are presented in Table 1. In total, 53%
(n=24) were female and the mean age was 61 (SD 13) years
with a range from 31 to 83 years. A total of 49% (n=22) of the

participants had BMI ≥30, 88% (n=39) of the women had WC
≥80 cm, and 95% (n=43) of the men had WC ≥90 cm. The goals
of the participants pertained to the 5 lifestyle domains of weight
reduction, reduced HbA1c, healthy diet, physical activity, and
sleep.
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Table . Baseline characteristics.

Healthy Life Center (group
3; n=15)

App + Healthy Life Center
(group 2; n=14)

App (group 1; n=16)Study sample (N=45)Characteristics

9 (38)9 (38)6 (38)24 (53)Female, n (%)

68.1 (9.1)59.1(12.7)54.5 (12.4)60.8 (12.6)Age (years), mean (SD)

89.7 (22.8)84.6 (24.3)96.6 (19.6)91.0 (22.3)Body weight (kg), mean
(SD)

30.0 (7.0)30.0 (7.0)32.3 (5.4)31.0 (6.6)BMI, mean (SD)

106.7 (15.4)99.0 (16.0)108.5 (12.1)105.2 (14.9)Waist circumference (cm),
mean (SD)

Educational level, n (%)

7 (47)7 (50)7 (44)20 (46)Elementary or high school

4 (27)2 (14)3 (19)9 (20)University or college >3
years

4 (27)5 (36)5 (31)14 (33)University or college ≤3
years

Employment, n (%)

4 (27)8 (57)9 (56)19 (43)Full-time work or part-time
work

3 (20)0 (0)5 (31)8 (18)Disability benefits

8 (53)6 (43)2 (13)17 (39)Retired

COOP/WONCAa score,
mean (SD)

2.8 (1.0)2.2 (1.1)2.0 (0.9)2.3 (1.0)Physical fitness

1.8 (1.3)1.8 (1.1)1.8 (1.1)1.8 (1.2)Feelings

1.7 (1.1)1.5 (0.9)1.4 (0.7)1.5 (0.9)Daily activities

1.7 (1.0)1.1 (0.3)1.4 (0.8)1.4 (0.8)Social activities

2.8 (0.7)2.6 (0.6)2.5 (0.6)2.6 (0.7)Change in health

2.5 (0.7)2.2 (0.8)2.5 (0.7)2.4 (0.8)Overall health

13.1 (3.0)10.6 (3.3)11.6 (2.8)11.8 (3.2)Total score, mean (SD)

aCOOP/WONCA: Dartmouth Primary Care Cooperative Research Network/World Organization of Family Doctors functional health assessment chart.

Participants randomized to Plunde (groups 1 and 2; n=27) had
a mean of 1.5 (SD 0.7) goals, 1‐3 tasks related to each goal
and a mean of 7.7 (SD 7.1) weekly reminders of their goal
related tasks. The most frequent goal was related to weight
reduction and reduced HbA1c. Further, 17 (61%) participants
randomized to Plunde had iOS smartphone and 11 (39%) had
Android smartphone. For 2 (7%) participants, data regarding
the operative system were not collected. No technical problems
or bugs was reported during the intervention period.

Primary Outcome
At the 12 weeks follow-up, user log data could be retrieved
from 27 participants. The overall app adherence score was 86%
(n=27) for the whole intervention period. The mean SUS score
was 86.6 (SD 12.0), indicating a grade A and excellent usability
(n=22).

The mean app motivation score was 74.8 (SD 30.3). The
motivational messaging from the supervisor was reported (n=26)
to be highly motivating, with a mean score of 93.5 (SD 19.8).

When asked for how long the participants would prefer to be
followed up through the Plunde app, the most frequent answer
was 12 months. On the question on how often the participants
would find it useful to get feedback from their supervisor, every
other week was the most frequent answer.

Secondary Outcomes
From May 2023 and throughout December 2023, 54 participants
were recruited from 9 GP clinics within 8 months, of these 45
participants were eligible for the study. The recruitment rate
was 1.4 participants per week.

The first consultation with the participants in group 1 and 2
(n=27) lasted in average for 91.3 (SD 26.5) minutes. Monitoring
and follow-up through the app during the study period, took an
average of 3.0 (SD 1.0) minutes per participant per week.

As presented in Table 2, preliminary pre-post interventions
findings showed statistically significant within-group changes
in 1 or more outcomes in all 3 groups. A significant reduction
in body weight and WC was shown in group 1 and 3, and
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improved changes in self-evaluated health was shown in all 3
groups. In the data analysis related to weight reduction, there
was 1 data point missing from group 1. For WC, 1 data point

was missing from both group 1 and 2. Meanwhile, for the
COOP/WONCA analysis, group 3 had 1 missing data point.

Table . Changes in body weight, waist circumference, and self-evaluated functional health status at baseline (N=45) and after 12 weeks follow-up
(n=42).

P valueMean difference (95% CI)12 weeks, mean (SD)Baseline, mean (SD)Outcomes and measures

App (group 1; n=14)

.0112.8 (0.8 to 4.9)93.8 (18.5)96.7 (20.1)Body weight (kg)

.0024.6 (2.0 to 7.1)104.3 (11.3)108.9 (12.4)Waist circumference (cm)

.0032.5 (1.0 to 4.0)9.4 (1.9)11.9 (2.8)COOP/WONCAa total score

.1740.4 (−0.2 to 0.9)1.8 (0.7)2.1 (0.9)Physical fitness

.1390.4 (−0.2 to 1.0)1.5 (0.9)1.9 (1.1)Feelings

.5470.1 (−0.4 to 0.6)1.3 (0.7)1.4 (0.8)Daily activities

.0820.4 (−0.6 to 0.9)1.0 (0.0)1.4 (0.9)Social activities

<.0010.9 (0.5 to 1.2)1.6 (0.6)2.5 (0.7)Change in health

.0820.4 (−0.1 to 0.9)2.1 (0.8)2.6 (0.8)Overall health

App + Healthy Life Center
(group 2; n=13)

.1361.3 (−0.5 to 3.1)80.2 (21.5)81.5 (22.3)Body weight

.1142.6 (−0.7 to 6.0)95.5 (15.3)98.1 (13.8)Waist circumference (cm)

.4230.9 (−1.5 to 3.3)9.4 (2.3)10.3 (3.2)COOP/WONCA total score

.1040.3 (−0.1 to 0.7)1.8 (0.8)2.1 (1.0)Physical fitness

>.990.0 (−0.7 to 0.7)1.8 (1.1)1.8 (1.2)Feelings

.2090.4 (−0.2 to 1.0)1.1 (0.3)1.5 (1.0)Daily activities

——b1.1 (0.3)1.1 (0.3)Social activities

.0040.9 (−0.3 to 1.5)2.2 (0.9)2.5 (0.7)Change in health

.0120.5 (0.1 to 0.9)1.6 (0.7)2.2 (0.8)Overall health

Healthy Life Center
(group 3; n=15)

.0072.7 (0.9 to 4.6)86.9 (21.4)89.7 (22.8)Body weight (kg)

.0093.5 (1.1 to 6.0)103.2 (13.9)106.7 (15.4)Waist circumference (cm)

.0701.8 (-0.2 to 3.7)11.4 (3.3)13.1 (3.1)COOP/WONCA total score

.2330.4 (−0.3 to 1.1)2.4 (1.1)2.8 (1.0)Physical fitness

.265−0.3 (−0.9 to 0.3)2.1 (1.5)1.8 (1.3)Feelings

.3360.4 (−0.4 to 1.1)1.4 (0.9)1.8 (1.1)Daily activities

.0550 (−0.02 to 1.2)1.1 (0.4)1.7 (1.1)Social activities

.0570.6 (−0.02 to 1.3)2.1 (0.8)2.8 (0.7)Change in health

.0290.5 (0.1 to 0.9)2.0 (0.7)2.5 (0.8)Overall health

aCOOP/WONCA: Dartmouth Primary Care Cooperative Research Network/World Organization of Family Doctors functional health assessment chart.
bThe paired sample effect size could not be produced.

Discussion

Principal Findings
According to our preset criteria for feasibility, we found the
Plunde app to be feasible to use for promoting and monitoring
lifestyle change for people at risk of T2D. App adherence was

high, and Plunde was rated with excellent user satisfaction.
Furthermore, the app was evaluated as motivating, and feedback
from the supervisors was scored as the most motivating factor.
The amount of time spent on monitoring and promoting lifestyle
change through the app was low. However, the recruitment was
time consuming.
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To our knowledge this is the first study assessing the feasibility
of a mobile phone app to promote and monitor lifestyle change
in people at risk of T2D. In our study, the adherence to the app
was high. This is an important finding as the effectiveness of
mHealth interventions have been proven to be closely related
to app adherence and engagement [28]. Recently, Jakob et al
[28] found that 5 intervention-related factors indicated positive
effects on adherence to mHealth apps for prevention or
management of NCDs. This included tailoring and
personalization to the individual needs of the user, reminders
in the format of individualized push notifications, being
user-friendly, a technically stable app design, and personal
support that complemented the digital intervention [28]. In line
with this, 2 systematic reviews by Dugas et al [29] and
Asbjørnsen et al [30], showed that the most frequent behavior
change techniques used in mHealth interventions were
goal-setting and planning, personalization, feedback and
monitoring as well as prompts and cues. All these factors were
integrated in the Plunde app and could, therefore, have
contributed to the high adherence to the app. The integration of
digital features and behavior change techniques may optimize
T2D prevention interventions to achieve clinically significant
weight loss [31] and improve self-management [32].

The app motivation scores in our study were high. Particularly,
participants had high scores on the motivational feedback from
the supervisor. Having “a person behind the app” can also be
aligned with a so-called blended care model, characterized by
a combination of digital interventions and therapist-guided
interventions [33-35]. Blended care intervention has shown
promising results on promoting lifestyle change in terms of
weight loss and physical activity [34-36]. In previous research,
the communication with the supervisor was highlighted as
crucial, because of the possibility to communicate and receive
individualized feedback by a real person [37]. On the contrary,
the lack of direct contact and involvement with health care
professionals has in previous study been pointed out as a main
barrier for feasibility of an app-based intervention for
cardiovascular disease and diabetes risk awareness and
prevention [38]. An important component of this form of
blended care model is the “onboarding” phase of the app
intervention [39]. This is likely to be another factor having
contributed to the high app adherence in this study. The initial
face-to-face consultation enabled further tailored communication
through the app, as it focused on the individual’s goals and
tasks, and the associated barriers and facilitators to reach them.
The freedom of choice and flexibility in a tailored program
allows participants to set personalized and meaningful goals
[15]. A systematic review and meta-analysis by Joiner et al [12]
showed that technology combined with online health coaching
resulted in greater weight loss compared to fully automated
electronic health interventions. Thus, it is reasonable to assume
that a crucial factor for adherence to the app is the individualized
follow-up provided by a supervisor. Consequently, to succeed
in a full-scale RCT, each participant should have a supervisor
which can serve as the person behind the app and provide
personalized and tailored feedback.

Weight reduction is the most important factor in preventing
T2D, delaying the onset of T2D, and even remission of

prediabetes and micro- and macrovascular risk [6,7]. In this
feasibility study we assessed body weight, WC, and
self-evaluated health at baseline and at 12 weeks follow-up.
This was done to get experience with the measurements and to
examine a potential change in these outcomes for a potential
full-scale trial. In such a trial, one could consider to include the
outcome waist-to-height ratio, as this variable has been shown
to have an even stronger association with T2D risk than BMI,
WC, and the waist-to-hip ratio [25,40,41]. Importantly, this
study was designed as a feasibility RCT and did not aim to
detect possible differences between groups, thus between-group
analysis was not performed. We got valuable experiences with
conducting the measurements and collecting data on body
weight and WC.

Strengths and Limitations
A strength of this study is the heterogeneity of our sample in
terms of age, gender, educational level, and sociodemographic
status [42]. This increases the reliability and generalizability of
our results, particularly regarding app adherence, app
motivation, and user satisfaction. However, participation bias
can be considered as a limitation in this study, as the people
who agreed to participate are more likely to have a higher
motivation for lifestyle change and being more aware of their
risk of T2D. It is also important to consider that there is a
potential risk in failing to recruit people at the highest risk [43].
However, considering the baseline characteristics of our study
sample we seem to have reached the targeted population for
risk reduction of T2D.

An important limitation to this study is that we changed our
inclusion criteria during the recruitment process, jeopardizing
a correct picture of the recruitment process. However, widening
the inclusion criteria was a pragmatic choice, to achieve an
adequate sample for being able to evaluate the feasibility of
Plunde. If we had used the widened criteria from the beginning,
the recruitment rate could have been faster. Thus, this has given
us valuable considerations to the recruitment process in a
potential full-scale RCT.

According to the recommendations for complex interventions
and assessing feasibility [44] mixed methods is recommended
[45]. Thus, not having qualitative interviews at the follow-up
after ended intervention may present a limitation. Qualitative
interviews could have provided us with valuable and more
extensive information to better understand the complexity of
adherence and engagement in use of the app. However,
researchers from our group have previously investigated
participants experiences with app-based follow-up over a period
of 1 year [37]. Qualitative data and results from their work
prepared the ground when designing the Plunde app in terms
of functionality and likewise the role of the app supervisor to
promote adherence and engagement to the app [17].

From a Feasibility Study to a Full-Scale RCT Study
Despite the overall feasibility of the Plunde, our study revealed
some adjustments to be made prior commencing a full-scale
RCT. To address the challenge of the slow recruitment rate,
involvement of a substantial number of GP clinics seems
necessary. However, it is important to consider that people at
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risk of T2D, do not necessarily visit their GP very often, being
in a state often without clinical symptoms [2].

Several recruitment strategies could be considered to enhance
the recruitment rate and to increase the number of people
available for recruitment. This could be done by developing a
campaign for recruitment of participant into a full RCT,
mediated or passive recruitment by using a wide variety of social
media platforms. In person recruitment of people at risk of T2D
has been conducted in venues like public spaces, libraries,
churches, and different meeting places to reach people assessable
for eligibility [46]. Rapid risk assessments and point-of-care
testing of HbA1c levels in community settings, for example GP
offices, has been suggested to increase access to testing,
facilitating early diagnosis, glycemic awareness, and lifestyle
change [47], and could potentially increase the recruitment rate.
Furthermore, using electronic health record-supported
recruitment approaches has been found to be feasible and
promising, and have the potential to increase the reach of eligible
participants [48]. This could also be an important approach to
facilitate the engagement of GPs and health care professionals
in the research [48].

In terms of conducting a potential future 3-arm full-scale RCT,
this feasibility study has provided us with valuable insights to
the final decision of the design. We got experience with the
administration of 3 intervention groups, including acceptability
of the randomization procedure, and importantly, we gained
important experience on the overall recruitment rate. In terms
of conducting a potential future 3-arm full-scale RCT, we
consider it as a strength to have evaluated feasibility of the app
when used as “stand alone” intervention (group 1) and when
used in combination with face-to-face group intervention (group
2). However, the complexity and resource requirements required
to conduct a 3-arm design in a full-scale RCT must be taken
under consideration. Regarding the usual care group (group 3),
the variation in modalities offered by the HLCs and the risk of
prolonged inclusion time to the HLC program, due to capacity
and resource challenges, adds to the complexity and underscores
the importance of an integrated stakeholder involvement in the
planning and implementation of a full-scale RCT.

An advantage of conducting a full scale RCT with a 3-arm
design, would be the potential to investigate whether an app
intervention alone is as good as and not inferior to usual care
(HLC). In addition, an evaluation whether a lifestyle intervention
delivered as combination of app and HLC would be superior to
usual care alone. Follow-up through an app instead of

participating in HLC could be the preferred alternative for
people because of the flexibility and accessibility an app
provides. As a significant proportion of the targeted population
for risk reduction of T2D are people committed to work and
family responsibilities, and in terms of finding optimal
prevention strategies, it is a challenge that the HLCs for the
most offer their program during daytime and main working
hours.

Despite the growing evidence on the effectiveness of mHealth
interventions and lifestyle change for risk reduction of T2D,
more evidence is needed regarding long-term adherence and
effectiveness [28,49,50]. Considering our positive findings on
the low amount of time spent on monitoring and providing
follow-up, an assessment of long-term adherence and
effectiveness implemented in a full-scale RCT would be feasible
and sustainable in terms of resource requirements. When we
asked the participants in this study how long they would have
continued to use the app, most of the participants answered 12
months. In terms of individualized feedback from the supervisor,
most of the app participants answered that they found feedback
every month appropriate, suggesting that long-term follow does
not necessarily need to be time-consuming from a health care
professionals’ perspective.

The high speed of technology, innovative app development and
the potential of artificial intelligence chatbots as supervisors
provides a huge potential in providing scalable mHealth
interventions for people at risk of T2D. The need for more
research to understand which interventions and components
have the greatest reach, promotes engagement and adherence
and being most effective in the long term is consistently
elucidated [50]. However, this feasibility study leads us to
suggest that the potential of digital interventions or mHealth is
also to be found beyond the technology itself. The blended care
model design of the Plunde app contributes to the research on
finding the optimal interaction model between health care
professionals and people at risk of T2D.

Conclusions
Based on our preset criteria for success the Plunde app is feasible
to monitor and promote lifestyle change in patients at risk of
T2D. The amount of time spent on monitoring and promoting
lifestyle change through the app was low; however, recruitment
was slow. This feasibility study has provided important
information and guidance for planning and executing a potential
randomized controlled trial.
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Abstract

Background: There is increasing interest in the development of scalable digital mental health interventions for perinatal
populations to increase accessibility. Mobile behavioral activation (BA) is efficacious for the treatment of perinatal depression;
however, the effect of comorbid anxiety and depression (CAD) on symptom trajectories remains underexplored. This is important
given that at least 10% of women in the perinatal period experience CAD.

Objective: We assessed whether there were differences in symptom trajectories in pregnant participants with CAD as compared
to those with depression only (ie, major depressive disorder [MDD]) during intervention with a BA mobile gaming app.

Methods: Pregnant adults with either CAD (n=10) or MDD (n=7) used a BA app for 10 weeks and completed biweekly symptom
severity questionnaires for depression and anxiety. We assessed whether baseline diagnoses were associated with differential
symptom trajectories across the study with mixed effects longitudinal models.

Results: When controlling for baseline symptoms, results revealed a significant interaction between baseline diagnosis and the
quadratic component of study week on anxiety (β=.18, SE 0.07; t62=2.61; P=.01), revealing a tendency for anxiety in the CAD
group to increase initially and then decrease at an accelerated rate, whereas MDD symptoms were relatively stable across time.
There was a significant effect of linear time on depression (β=−.39, SE 0.11; t68=−3.51; P=.001), showing that depression declined
steadily across time for both groups. There was a significant effect of baseline diagnosis on depression (β=−8.53, SE 3.93;
t13=−2.17; P=.05), suggesting that those with MDD had higher follow-up depression compared to those with CAD when holding
other predictors constant.

Conclusions: The app was beneficial in reducing depression symptoms in perinatal individuals with different comorbidity
profiles. With respect to anxiety symptom trajectories, however, there was more variability. The app may be especially effective
for the treatment of anxiety symptoms among individuals with CAD, as it encourages in-the-moment ecologically relevant
exposure to anxiety-provoking stimuli. Despite no significant group difference in baseline anxiety symptoms, the MDD group
did not have a significant reduction in their anxiety symptoms across the study period, and some individuals had an increase in
anxiety. Findings may point to opportunities for the augmentation of BA gaming apps for those with MDD to more effectively
target anxiety symptoms. Overall, findings suggest there may be value in considering comorbidities and individual variations in
participants when developing scalable mobile interventions for perinatal populations.

(JMIR Form Res 2025;9:e59154)   doi:10.2196/59154
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Introduction

During the perinatal period, 19%‐40% of women experience
anxiety or depression, and at least 10% experience comorbid
anxiety and depression (CAD [1,2]). Despite its prevalence,
CAD in perinatal populations is relatively underexplored [3].
CAD is associated with greater symptom severity, decreased
treatment response, and longer episode duration [2-5]. Therefore,
more research is needed to assess treatment considerations for
perinatal individuals with CAD.

Behavioral activation (BA) is a behavioral intervention that
aims to boost engagement in pleasurable activities, emphasizing
value-driven behaviors and avoidance reduction, and is
efficacious for the treatment of perinatal depression and anxiety
[6]. While there is a strong need for the treatment of anxiety
and depression in perinatal populations, access to treatment
remains challenging and thus further highlights the need for
scalable treatments that are accessible for use in ecologically
valid settings [7]. Due to accessibility difficulties and maternity
health care deserts [8], there is increasing interest in the
development of scalable digital mental health interventions for
perinatal populations [9-13].

Vanderkruik et al’s [14] pilot study on the feasibility and
acceptability of a BA gaming app for pregnant women suggests
its potential to decrease depression symptoms during pregnancy.
However, the effect of comorbidity on symptom trajectories
remains unexplored, and few studies focus on individual
differences in mobile BA treatment outcomes [14,15]. In this
pilot study, we take a hypothesis-generating approach to assess
differences in anxiety and depression symptom trajectories in
participants with either CAD or major depressive disorder
(MDD).

Methods

Recruitment
Participants (pregnant adults, native English speakers,
smartphone users, and at least moderately depressed [14]) were
recruited throughout the United States between 2021 and 2022
via clinician referrals, the Massachusetts General Hospital
Center for Women’s Mental Health website [16], and social
media advertising. Ineligibility criteria included imminent risk
of self-harm, current substance abuse, psychotic disorder, or
active mania. All participants (n=18) met the Diagnostic and
Statistical Manual of Mental Disorders, Fifth Edition (DSM-5)
criteria for a current major depressive episode, 10 of whom
additionally met criteria for generalized anxiety disorder (GAD)
as assessed by the Mini International Neuropsychiatric Interview
(MINI [17]). One participant dropped from the study due to
active substance use, resulting in a final sample of 17.

Participants were instructed to use the app for the 10-week study
period and invited to complete daily “Adventures” (eg,
exercising and cleaning) in their real life to earn points and
progress in the game. Participants completed surveys for
depression and anxiety symptoms biweekly over the 10-week
study period [14].

Ethical Considerations
This study is a secondary analysis of deidentified data from the
parent study. All original study procedures were approved by
the Mass General Brigham institutional review board
(2021P001400). All participants provided informed consent in
the parent study, which stipulated that deidentified data may be
analyzed in secondary analyses without additional consent.
Participants were not provided compensation for their
participation.

Measures
Eligibility was assessed at baseline with the MINI [17], a
semistructured interview conducted by a trained research
assistant [14]. Participant grouping (CAD vs MDD) was
determined at baseline using MINI diagnostic criteria. The CAD
group included individuals who met DSM-5 criteria for GAD
(excessive, difficult to control anxiety and worry for most days
for at least 6 months and 3 of the following symptoms:
restlessness, being easily fatigued, difficulty concentrating,
irritability, muscle tension, and sleep disturbance [18]) and
MDD (a depressed mood for most of the day or anhedonia for
at least 2-weeks, as well as 5 of the following symptoms:
significant unintentional weight or appetite change, insomnia
or hypersomnia, psychomotor agitation or retardation, fatigue,
feelings of worthlessness or inappropriate or excessive guilt,
decreased ability to concentrate or make decisions, and recurrent
thoughts of death or suicidal ideation [19]). Those in the MDD
group only met the criteria for MDD. Self-reported anxiety and
depression symptoms within the past two weeks were measured
with the Generalized Anxiety Disorder-7 (GAD-7 [18]) and
Patient Health Questionnaire-9 (PHQ-9 [14]), respectively.
Study completers were defined as participants who completed
the final assessment at the end of the 10-week study period. As
published previously [14], app engagement was measured by
assessing days using the app (ie, the number of days a participant
logged on) and activities completed (ie, the total number of
activities a participant completed in the game).

Statistical Analysis
Given the scope of this pilot study, we chose a
hypothesis-generating approach with the intent of informing
future research, though we expected to see less favorable
depression and anxiety symptom trajectories (according to
PHQ-9 and GAD-7, respectively) for CAD relative to the MDD
group. The analyses were conducted in R (version 4.3.0; R Core
Team). Demographic variables, group differences in reductions
of anxiety and depression symptoms, app engagement, study
completion, and individual symptom trajectories by group were
analyzed with descriptive statistics. Independent group t tests
(2-tailed) explored differences in baseline measures of
depression and anxiety by baseline diagnosis.

To assess individual variation in depression and anxiety
symptom decreases over time within each group, we plotted
individual participant data to visualize trajectories of change
for anxiety and depression symptoms across time. To determine
whether treatment outcomes changed differentially across time
by baseline diagnosis while controlling for baseline depression
and anxiety symptom levels, we used mixed effects longitudinal
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models. In separate models, PHQ-9 and GAD-7 (hereafter
referred to as depression and anxiety symptoms, respectively)
were the dependent variables. We controlled for baseline
depression and anxiety to ensure that trajectories were due to
the app and diagnostic group rather than differences in baseline
symptom levels. Fixed predictors were baseline diagnosis group
(CAD vs MDD), time (linear and quadratic components of the
week in study), baseline depression or anxiety symptoms for
the analysis of their respective dependent variables, and all 2
and 3-way interactions of group, time, and baseline depression
and anxiety symptoms. Participant-level covariates of baseline
age and baseline week gestation were also included to ensure
effects were due to the app and not differences in age or weeks

gestation. The random effect was participant intercept. We
progressively removed nonsignificant covariates and
higher-order terms and reran the model. We checked the model
residuals to ensure conformance to model assumptions of
normality and calculated the proportion of variance in the
dependent variable attributable to the fixed effects.

Results

Out of the 17 participants, 59% (n=10) had CAD and 41% (n=7)
had MDD at baseline. Participants were primarily White,
heterosexual, married, employed, and educated, with private
health insurance, as seen in Table 1.
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Table . Demographics and participant characteristics.

Total (N=17)Major depressive disorder
(MDD; n=7)

Comorbid anxiety and de-
pression (n=10)

34.4(3.1)35.8 (2.7)33.4 (3.0)Age (years), mean (SD)

16.8 (7.3)15.1 (5.9)18.1 (8.4)Weeks gestation, mean (SD)

Race or ethnicity, n (%)

12 (71)2 (29)10 (100)White

3 (18)3 (43)0 (0)Black or African American

2 (12)2 (29)0 (0)Asian

15 (88)6 (86)9 (90)Non-Hispanic or Latina

2 (12)1 (14)1 (10)Hispanic or Latina

Sexual orientation, n (%)

14 (82)7 (100)7 (70)Heterosexual

2 (12)0 (0)2 (20)Bisexual

1 (6)0 (0)1 (10)Queer

Marital status, n (%)

12 (71)3 (43)9 (90)Married

1 (6)1 (14)0 (0)Divorced

4 (24)3 (43)1 (10)Never married

Employment status, n (%)

14 (82)7 (100)7 (70)Employed

3 (18)0 (0)3 (30)Student

0 (0)0 (0)0 (0)Disabled or unable to work

Insurance status, n (%)

16 (94)6 (86)10 (100)Private health insurance

1 (6)1 (14)0 (0)Medicaid

Education level, n (%)

12 (71)5 (71)7 (70)Postgraduate training

4 (24)1 (14)3 (30)Bachelor’s degree

0 (0)0 (0)0 (0)Some college

0 (0)0 (0)0 (0)High school diploma

1 (6)1 (14)0 (0)Some high school

Treatment, n (%)

8 (47)2 (29)6 (60)Psychiatric medication in
the last 2 months

8 (47)3 (43)5 (50)Psychosocial treatment in
the last 2 months

Table 1 shows the demographics and participant characteristics
of our participants in a pilot study conducted between 2021 and
2022 in the United States testing whether baseline symptom
and diagnostic differences influence the symptom trajectory of
pregnant individuals using a BA gaming app for perinatal
depression and anxiety.

There were no significant group differences in age (meanCAD

33.4, SDCAD 3.0 years and meanMDD 35.8, SDMDD 2.7 years),
baseline weeks gestation (meanCAD 18.1, SDCAD 8.4 and

meanMDD 15.1, SDMDD 5.9), or baseline depression symptoms
(meanCAD 12.8, SDCAD 3.3 and meanMDD 11.7, SDMDD 3.5).
There was no significant difference in baseline past 2-week
anxiety symptoms (meanCAD 10.7, SDCAD 2.7 and meanMDD

7.0, SDMDD 2.7; Table 2). That is, while both diagnostic groups
started with similar past 2-week levels of anxiety, only the CAD
group met full DSM-5 criteria for GAD, which requires a
duration of at least 6 months of symptoms. The CAD group was
3.6 times more likely to be using psychotropic medications (6
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out of 10, 60% of participants with CAD, 2 out of 7, 29% of
participants with MDD) though with this sample size, it did not
reach statistical significance (P=.32). The CAD group was 1.2

times more likely to be in therapy (5 out of 10, 50% participants
with CAD and 3 out of 7, 43% participants with MDD); findings
did not reach significance (P=.63).

Table . Mean changes from baseline to follow-up in anxiety and depression for completers.

GAD-7b (mean, SD)PHQ-9a (mean, SD)

Comorbid anxiety and depression

10.7 (2.7)12.8 (3.7)Baseline (n=10)

10.0 (2.9)12.7 (3.9)Baseline completers (n=7)

6.0 (2.6)7.0 (3.4)Follow-up (n=7)

−4.0 (4.2)−5.7 (4.3)Completers mean change score

Major depressive disorder

7.0 (2.7)11.7 (3.5)Baseline (n=7)

7.3 (0.6)13.7 (4.5)Baseline completers (n=3)

9.7 (6.5)7.7 (4.9)Follow-up (n=3)

2.3 (6.5)−6.0 (1.7)Completers mean change score

aPHQ-9: Patient Health Questionnaire-9.
bGAD-7: Generalized Anxiety Disorder-7.

Of the 10 participants with CAD, 7 (70%) completed the last
study assessment and of the original 7 participants with MDD,
3 (43%) completed the last study assessment. Baseline diagnosis
(CAD vs MDD) was not a significant predictor of whether
participants completed the last assessment (β=−1.36, SE 1.00;
z score=−1.35; P=.18). There was also no significant difference
in the number of days using the app between the CAD group
and the MDD group (meanCAD 18.0, SDCAD 16.20; meanMDD

11.6, SDMDD 19.79; t7.04=0.62; P=.56; 95% CI −18.09 to 30.89).
There was no significant difference in the number of tasks
completed between the CAD group and the MDD group
(meanCAD 13.22, SDCAD 14.07; meanMDD 6.0, SDMDD 12.86;
t9.08=0.97; P=.36; 95% CI −9.55 to 23.99).

There was no significant difference between the depression
symptom mean change score for completers from baseline to
follow-up for the CAD group compared to the MDD group

(meanCAD −5.7, SDCAD 4.3; meanMDD −6.0, SDMDD 1.7; t8=0.11;
P=.92; 95% CI −5.8 to −6.4). There was also no significant
difference in the anxiety symptom mean change score for
completers from baseline to follow-up for the CAD group
compared to the MDD group (meanCAD −4.0, SDCAD 4.2;
meanMDD 2.3, SDMDD 6.5; t8=−1.87; P=.09; 95% CI −14.1 to
1.5).

When assessing individual-level trajectories of depression and
anxiety symptom scores across study week by participant, we
see within-group variation both for depression and anxiety
symptom scores (Figure 1). In the MDD group, most
individuals’ anxiety symptoms decreased over time, though 1
individual demonstrated an increase in anxiety. The anxiety of
some individuals with CAD increased before decreasing over
time. While overall depression symptoms decreased over time,
a few individuals in both groups displayed increases in
symptoms.
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Figure 1. Individual symptom trajectories of anxiety (GAD-7) and depression (PHQ-9) by baseline diagnosis. Figure 1 shows raw score symptom
trajectories for each participant on anxiety (GAD-7) and depression (PHQ-9) symptoms by baseline diagnosis in a pilot study conducted between 2021
and 2022 in the United States testing whether baseline symptom and diagnostic differences influence symptom trajectory in pregnant individuals using
a behavioral activation gaming app for perinatal depression and anxiety. Red triangles denote the mean score at each study week, with the red line
representing a least squares regression line fit to these means. CAD: comorbid anxiety and depression; GAD-7: Generalized Anxiety Disorder-7; MDD:
major depressive disorder; PHQ-9: Patient Health Questionnaire-9.

For mixed effects models, nonsignificant higher-order terms
and covariates were removed, and models rerun. Relevant to
the assessment of any association of baseline diagnosis to change
in anxiety across time controlling for baseline anxiety, there
was a significant interaction between baseline diagnosis and
quadratic study week (β=.18, SE 0.07; t62=2.61; P=.01). This
interaction reflects a tendency for the CAD group anxiety
symptoms to increase initially and then decrease at an
accelerated rate, whereas the MDD groups’ anxiety symptoms
were relatively stable across time or even showed a slight “U”
shape pattern across time (Figure 2). Overall, the fixed effects
accounted for 33.9% of the total variance in the anxiety
symptom scores. All other fixed effects of interest were
nonsignificant (Table 3).

For the assessment of baseline diagnosis of depression across
time controlling for baseline depression, there was a significant

effect of linear time on depression symptom scores (β=−.39,
SE 0.11; t68=−3.51; P<.001), showing that depression symptoms
decline steadily across time for both groups. We also found a
significant effect of baseline diagnosis on depression symptoms
at follow-up (β=−8.53, SE 3.93; t13=−2.17; P=.05), suggesting
that being in the MDD group was associated with slightly higher
follow-up depression symptom scores compared to the CAD
groups’ follow-up depression symptom scores across time
(Figure 2), holding other predictors (eg, baseline depression
symptoms), constant. There was also a marginally significant
interaction of baseline diagnosis with baseline depression
symptoms (β=.65, SE 0.31; t13=2.12; P=.054) suggesting that
the difference in follow-up depression scores by baseline
diagnosis difference was slightly stronger among those with
lower baseline depression levels than at higher levels.
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Figure 2. Model fixed effect predicted values of GAD-7 and PHQ-9 over time. Figure 2 shows effects plots from the 2 mixed effects models predicting
anxiety (GAD-7; top panel) and depression (PHQ-9; bottom panel) across time in a pilot study conducted between 2021 and 2022 in the United States
testing whether baseline symptom and diagnostic differences influence symptom trajectory in pregnant individuals using a behavioral activation gaming
app for perinatal depression and anxiety. Predicted values from model fixed effects are shown with 95% confidence bands around the lines, controlling
for baseline symptoms. CAD: comorbid anxiety and depression; GAD-7: Generalized Anxiety Disorder-7; MDD: major depressive disorder; PHQ-9:
Patient Health Questionnaire-9.
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Table . Mixed models fixed effects results. Table 3 shows fixed effects results from both mixed effects models in a pilot study conducted between
2021 and 2022 in the US testing whether baseline symptom and diagnostic differences influence symptom trajectory in pregnant individuals using a
behavioral activation gaming app for perinatal depression and anxiety.

P valuet test (df)β (SE)

GAD-7 a model

.071.93 (15)5.06 (2.62)Intercept

.29−1.07 (32)−1.94 (1.81)Baseline diagnosis

.091.72 (63).75 (0.44)Timeb

.007−2.76 (62)−.12 (0.04)Time2c

.042.35 (13).53 (0.23)Baseline GAD-7

.08−1.81 (62)−1.24 (0.69)Baseline diagnosis

timeb

.012.61 (62).18 (0.07)Baseline diagnosis

time2c

PHQ-9 d model

.111.73 (12)4.37 (2.52)Intercept

.049−2.17 (13)−8.53 (3.93)Baseline diagnosis

.013.07 (11).57 (0.18)Baseline PHQ-9

.001−3.51 (68)−.39 (0.11)Time

.0542.12 (13).65 (0.31)Baseline diagnosis
baseline PHQ-9

aGAD-7: Generalized Anxiety Disorder-7.
bTime: linear time.
cTime2: quadratic time.
dPHQ-9: Patient Health Questionnaire-9.

Discussion

Principal Results
In this pilot study, our objective was to take a
hypothesis-generating exploratory approach to assess differences
in anxiety and depression symptom trajectories in participants
with either CAD or MDD. While we expected to see less
favorable depression and anxiety symptom trajectories
(according to PHQ-9 and GAD-7, respectively) for CAD relative
to the MDD group, our first main finding was that anxiety in
the CAD group increased initially and then decreased at an
accelerated rate, whereas in the MDD group, anxiety symptoms
remained relatively stable across time despite no difference in
baseline anxiety symptoms. Our other main finding was that
depression symptoms declined steadily across time for both
groups; however, those with MDD had higher follow-up
depression scores compared to those with CAD, despite no
differences in baseline depression symptoms. Given that there
were no group differences in app engagement, these findings
may not be explained by adherence or engagement. Our findings
provide preliminary support for considering individual
differences in baseline diagnostic characteristics when
developing personalized mobile interventions, particularly in
the context of treating perinatal individuals with psychological
comorbidities.

With respect to the anxiety symptom trajectories, our findings
are in line with the literature showing that compared to active
controls, BA has a large effect on the reduction of depressive
symptoms and a small effect on the reduction of anxiety
symptoms when anxiety is secondary to depression [20]. In our
study, it appears that the BA gaming app may be associated
with a substantial reduction of anxiety symptoms for individuals
with CAD. For these individuals, it may be that the BA
components of the app target avoidance behaviors, which could
result in a temporary increase in anxiety followed by reductions
in anxiety potentially due to increased reward, habituation, and
violation of expectations [6,21]. These findings suggest that the
app may be especially effective for individuals with CAD, as
it encourages in-the-moment ecologically relevant exposure to
anxiety-provoking stimuli [7]. Particularly for individuals with
CAD, for whom daily external stimuli may be especially
provoking, the app may be especially useful and serve as an
exposure.

Despite no significant group difference in baseline anxiety, the
MDD group did not have a significant reduction in their anxiety
symptoms across the study period, and some individuals had
an increase in anxiety. Future studies should explore whether
the anxiety experienced by the MDD group is maintained by
other cognitive mechanisms to improve targeting anxiety
symptoms when anxiety symptoms are secondary to depression
symptoms. Findings may point to opportunities for the
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augmentation of BA gaming apps for those with MDD to more
effectively target anxiety symptoms. Future treatment
personalization studies should also assess whether notifying
patients of common treatment trajectories based on baseline
presentations may improve treatment adherence. Findings of
individual variability in anxiety and depression over time point
to an opportunity for future more highly powered studies
investigating the risk for increasing anxiety and depression
across treatment during pregnancy.

Regarding our hypothesis that the CAD group may have less
favorable depression symptom trajectories, we instead found
that depression symptoms decreased linearly across time for
both groups and that the MDD group had higher depression
symptom scores at follow-up compared to the CAD groups’
follow-up symptoms, suggesting that the app may be beneficial
in reducing depression in perinatal individuals with different
comorbidity profiles. These findings are in line with results
from traditional and mobile BA interventions that BA is
efficacious for the reduction of depressive symptoms (eg,
[6,20,22]) even for individuals with different comorbidity
profiles.

Limitations
This pilot study has several limitations (eg, modest sample size
and no control group; discussed further in Vanderkruik et al
[14]). Future fully powered studies should consider app
engagement when assessing differences in symptom trajectories
by baseline diagnosis. Due to the small sample size and lack of
a control group, the results should be interpreted with caution
and be considered as hypothesis generating.

Conclusions
The findings provide preliminary support for considering
individual differences and comorbidities when developing
scalable mobile interventions for perinatal populations. This
pilot study has potentially important broad implications. Demand
for treatment, particularly in perinatal populations, is high and
yet can be hard to access for a variety of reasons, including the
fact that many traditional interventions require presence in a
formal and controlled therapy environment. This study
represents an initial step toward developing scalable
interventions and highlights the need to consider baseline
differences in future studies that may personalize the app
experience to increase adherence and effectiveness. Further
research involving an adequately powered randomized
controlled trial may further illuminate individual differences
affecting the impact of mobile interventions.
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GAD-7: Generalized Anxiety Disorder-7
MDD: major depressive disorder
MINI: Mini International Neuropsychiatric Interview
PHQ-9: Patient Health Questionnaire-9
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Abstract

Background: One method for noninvasive and simple urinary microalbumin testing is urine test strips. However, when visually
assessing urine test strips, accurate assessment may be difficult due to environmental influences—such as lighting color and
intensity—and the physical and psychological influences of the assessor. These complicate the formation of an objective assessment.

Objectives: This study developed an “automated urine test strip colorimetric program” (hereinafter referred to as “this program”)
to objectively assess urine test strips. Using this program may allow urine tests to be conducted at home. In this study, urine
samples from hospitalized or outpatient patients were randomly obtained, and the reliability of this program was verified by
comparing the agreement rate between this program and an automatic urine analyzer (US-3500 [Eiken Chemical Co, Ltd] and
LABOSPECT 006 [Hitachi High-Tech Co, Ltd]). Furthermore, the sensitivity and specificity of the urine albumin test were
investigated, and its applicability to screening for microalbuminuria was verified.

Methods: A urine test strip was placed in a photography box with constant light intensity and color temperature conditions.
The image taken with a smartphone camera on top of the photography box was judged by this program. This program used
Accelerated KAZE to perform image-matching processing to reduce the effect of misalignment during photography. It also
calculated and judged the item with the smallest color difference between the color chart and the urine test strip using the
CIEDE2000 color difference formula. The agreement rate of the results of this program was investigated using the results of an
automatic urine analyzer as the gold standard.

Results: Compared with the judgments of an automatic urine analyzer, the average agreement rate for 12 items (protein, glucose,
urobilinogen, bilirubin, ketone bodies, specific gravity, occult blood, pH, white blood cells, nitrite, creatinine, and albumin) was
78.6%. Furthermore, the average agreement rate of the 12 items within ±1 rank was 95.4%. The results showed a sensitivity of
100% and a specificity of 58.6% in determining albumin in urine, which is important for determining the stage of diabetic
nephropathy. Finally, the area under the curve (0.907) derived from the receiver operating characteristic curve was satisfactory.

Conclusions: The program developed by the authors can determine urine test strips without requiring calibration in a certain
shooting environment. If this program can be used at home to perform urinary microalbumin tests, the early detection and treatment
of diabetic nephropathy may prevent the condition from becoming severe.

(JMIR Form Res 2025;9:e62772)   doi:10.2196/62772

KEYWORDS

urine test strip; reliability; automatic urine analyzer; quasi-experimental study; colorimetric analysis; colorimetric; urinalysis;
urinary; urine; evaluation; mobile phone

Introduction

Urinalysis testing displays vast physiological information and
may be an effective tool for diagnosing various human diseases,
including metabolic dysfunctions (eg, diabetes, urinary tract
infections, and malignancies) and renal, cardiovascular, or
hepatic disease [1-3]. Urinalysis test strips are an inexpensive,

easy-to-use method that has long been used in clinical settings
[4,5].

Urinalysis test strips change color in response to the
concentration of the analyte present in the urine sample.
Urinalysis test strips that react with urine analytes are checked
against a reference color chart of several color blocks, each
representing a specific analyte concentration.
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The interpretation of colorimetric changes can be influenced
by the health and psychological state of the observer [6,7]. Due
to the lack of standardization and reading methods, it is not
routinely used at home. The concept of self-screening at home
has been progressively explored from multiple perspectives,
and various types of devices have been developed depending
on the application. For example, a Food and Drug
Administration–approved product (Healthy.io) that uses a
smartphone app to test items on urinalysis test strips for the
early detection of chronic kidney disease and urinary tract
infections is on the market. Various technologies exist for
objectively judging urine test strips using smartphone apps such
as “Vivoo” and “Uchek.”

This study developed an automated urine test strip colorimetric
program to automatically judge urinalysis test strips from
smartphone images [8]. This program automatically identified
the item with the most negligible color difference between the
reference color chart and urinalysis test strip and displayed the
urinalysis results. Since the assessment was unaffected by the
measurer’s physical condition or psychological state, the
proposed method provided an objective rather than a subjective
visual evaluation.

This study verified the reliability of an automated urine test
strip colorimetric program, investigated the sensitivity and
specificity of urinary albumin testing, and verified its
applicability for microalbuminuria screening. Using real patient
urine specimens, the concordance rate between creatinine and
albumin and the 10 previously validated items was assessed.
The concordance rate for each judgment item and the sensitivity
and specificity of albumin were further investigated.

Methods

Overview
Figure 1 depicts this study’s experimental environment. A
photography box (PU5025B; PULUZ) was used to maintain a

constant lighting environment. An Xperia 5II (XQ-AS42,
SONY) smartphone was used. The smartphone had a standard
triple-lens camera (ZEISS lens) with a 1/1.7-inch large format
sensor, approximately 12.2 million pixels/24-mm focal length,
and a 1.7/dual photodiode/hybrid image stabilization (optical+
electronic) F value. A urinalysis test strip (Uropaper III Eiken
[E-UR97]; Eiken Chemical Co, Ltd) capable of testing 12 items
was used as the test strip. The reference color chart, commonly
used in clinical practice, was used as a comparison target for
the urinalysis test strips (Figure 1). From June 2022 to January
2023, 1184 urine specimens were randomly extracted from
specimens handled by the laboratory department of a hospital
in Hamamatsu City. The inclusion criteria were urine samples
from people aged 20-90 years who were evaluated at the
laboratory department of a hospital in Hamamatsu City. The
exclusion criteria were urine samples from people admitted to
the pediatric ward and people with cloudy urine or gross
hematuria. Basic information on the specimens is shown in
Table 1. The US-3500 (Eiken Chemical Co, Ltd) and
LABOSPECT 006 (Hitachi High-Tech Co, Ltd) were used as
automatic urine analyzers for comparison with the results of
the proposed method. The US-3500 was used to compare
urobilinogen, occult blood, protein, glucose, ketone bodies,
bilirubin, nitrite, specific gravity, white blood cells, and pH,
and the LABOSPECT 006 was used to compare creatine and
albumin levels. All 1184 specimens of urobilinogen, occult
blood, protein, glucose, ketone bodies, bilirubin, nitrite, specific
gravity, and pH were obtained using an automatic analyzer.
Automated analyzer data were obtained for 1182 leukocyte,
214 creatine, and 42 albumin samples. The automatic urine test
strip colorimetric program developed in this study was created
using a desktop computer (HP EliteDesk 800 G4 TWR, HP),
with Python as the development language and OpenCV library
for image processing.

Figure 1. Reference color chart and shooting environment used for color comparison of urine test strips.
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Table . Basic information on 1184 urine samples randomly extracted from specimens handled by the testing department of a hospital in Hamamatsu
City from June 2022 to January 2023.

Individuals (N=1184)Content

Sex, n (%)

648 (54.7)    Female

536 (45.3)    Male

Sex, Average age (SD)

48.16 (21.4)    Female

58.00 (22.8)    Male

Clinical department, n (%)

1 (0.1)    Department of rehabilitation

12 (1)    General surgery

14 (1.2)    Lower gastrointestinal surgery

36 (3)    Liver internal medicine

3 (0.3)    Hepato-biliary-pancreatic surgery

57 (4.8)    Ophthalmology

55 (4.6)    Hematology

1 (0.1)    Vascular surgery

8 (0.7)    Respiratory surgery

31 (2.6)    Respiratory medicine

263 (22.2)    Obstetrics and gynecology

5 (0.4)    Oral surgery

6 (0.5)    Otorhinolaryngology

24 (2)    Cardiology

86 (7.3)    Pediatrics

23 (1.9)    Gastroenterology

53 (4.5)    Upper gastrointestinal surgery

18 (1.5)    Cardiovascular surgery

73 (6.2)    Nephrology

66 (5.6)    Orthopedics

4 (0.3)    Psychiatry

131 (11.1)    Endocrinology and metabolism

5 (0.4)    Breast surgery

10 (0.8)    Neurosurgery

169 (14.3)    Urology

14 (1.2)    Dermatology

15 (1.3)    Immunology/rheumatology

1 (0.1)    Clinical pharmacology
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Experimental Methods

Judgment of the Automatic Urine Dipstick Colorimetric
Program

Automated Urine Dipstick Colorimetric Program

Figure 2 shows the processing flow of the automatic urine
dipstick colorimetric program. The colors of the test paper for
the urine test and color chart were compared according to the
following procedure:

1. Specify the image file of the urinalysis strip.

2. Adjust the image position using Accelerated KAZE
(AKAZE).

3. Acquire RGB (red, green, and blue; from the RGB color
model) values from the central part (10×10 pixels) of the
color chart and urinalysis test strip.

4. Convert to the L*a*b* color space.
5. Calculate the color difference between the color chart and

the urine test strip using the CIEDE2000 color difference
formula (color difference calculation with each color patch
of the same selected item).

6. Display the judgment results with the smallest color
difference.

Figure 2. Process flow for comparing the color of urine test strips and color charts. RGB: red, green, and blue.

Filming Environment and Procedures

The color was evaluated using the following procedure in the
same environment using a photography box (PU5025B):

1. Turn on the shooting box. Leave for 30 minutes to stabilize
the lighting.

2. Start shooting 30 minutes after turning on the power.
3. Install the smartphone with the camera activated on top of

the shooting box. Set the camera color temperature to
sunlight, which is the same as that of the lighting of the
shooting box.

4. Soak the urine test strip completely in the urine
(approximately 1 or 2 seconds).

5. Lightly touch the side of the test paper with the tissue paper
to remove excess urine on the test paper.

6. Place the test paper in a shooting box.
7. Take a picture 50 seconds after removing it from the urine

sample (ie, when the paper is removed from the Spitz).
8. Judge the photographed images using an automatic urine

dipstick colorimetric program.
9. Acquire age, sex, clinical department, and urinalysis results

from electronic medical records.
10. Match the results with those of the automatic urine analyzer.

Accelerated KAZE
In this study, AKAZE, which is available in the OpenCV library,
was used in image matching to reduce the effects of
misalignment during shooting. AKAZE is an accelerated version
of the algorithm used in KAZE [9], which is a 2D feature
detection and description algorithm in nonlinear scale space
developed by Alcantarilla et al [10]. This feature extraction
algorithm is robust to changes in scaling, rotation, and lighting,
and is similar to scale-invariant feature transform (SIFT). The
KAZE algorithm is an improved version of SIFT and uses a
nonlinear diffusion filter instead of a Gaussian filter to extract
features while preserving the original image features and edges.
SIFT uses a Gaussian filter to detect features. The center pixel
of interest to be processed has the largest weight, and the outer
pixels have smaller weights. This allows for images to be blurred
while retaining more information around the pixels.

Judging Method for Urine Test Strips
The following methods are used for judging:

1. Approximate selection method: select the color on the color
chart that is closest to the color of the test strip.
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2. Rounding down method: if the color of the test strip does
not reach the color on the color chart, judge it as a color
with a lower density.

3. Rounding up method: if the color of the test strip is even
slightly darker than that of the color chart, judge it as a
color with a higher density.

Currently, there is no standard judgment method, but the Urinary
Protein Measurement Committee has reported that “The
approximate selection method seems to be theoretically correct,
but it is prone to differences due to lighting and differences in
each person’s vision” [11]. Therefore, if the effects of lighting
and individual differences can be reduced using this program,
the “approximate selection method” may be suitable as an
evaluation method. In this study, the “approximate selection
method” was used.

Statistical Analysis
The rate of agreement was calculated using the results of the
automatic urine analyzer. A concordance rate of ±1 was
calculated as the concordance rate within 1 rank before and after
the matching item. IBM SPSS Statistics 28th edition was used
for the receiver operating characteristic (ROC) curve and area
under the curve (AUC).

Ethical Considerations
This research was reviewed and approved by the ethics
committee of the Hamamatsu University School of Medicine
(approval number: 21‐239). This study used existing samples
in addition to existing information. However, as the samples
were submitted to outpatient and other clinics, it was difficult
to obtain direct consent. As such, information about this study,
including the purpose of use of the samples and information,
was made public on the Hamamatsu University School of
Medicine’s website and posted on notices within the hospital.
Research subjects were given an opt-out form via information
disclosure document and were guaranteed the opportunity to
refuse participation in the study.

The samples and information provided, including personal
information, were managed responsibly by the principal
investigator (KI) and were anonymized such that specific
individuals could be identified using a correspondence table or
other means. This study collected only existing samples and

information accumulated in the course of normal medical
treatment and care, and there were no adverse events or
malfunctions caused by the implementation of the study. This
study targeted only the collection of existing samples and
information accumulated during routine medical treatment and
care, and there was no possibility of health damage occurring
as a result of the study, so compensation for health damage and
insurance enrollment did not apply.

Results

Agreement Rates and ±1 Rank Agreement Between
Automated Urine Analyzers and Automated Urine
Test Paper Colorimetric Programs
In this study, the US-3500, which is capable of qualitative
evaluation using urine test strips, and the LABOSPECT 006,
which is capable of quantitative evaluation of creatinine and
albumin, were used. The results of the automated urine analyzers
(US-3500 and LABOSPECT 006) were referred to the values
recorded in the electronic medical records of the cooperating
hospitals in the study. Table 2 shows the concordance rate of
the automated urine analyzer and automated urine test strip
colorimetric program, a concordance rate of ±1 rank, and the
number of specimens. Urobilinogen, occult blood, protein,
glucose, ketone bodies, bilirubin, nitrite, specific gravity, and
pH were evaluated for concordance in 1184 samples. For white
blood cells, 1182 specimens were evaluated for concordance.
The amount of data obtained for creatinine and albumin is small
due to the small number of daily test requests at the hospitals
cooperating in the study. Therefore, the concordance rate was
evaluated using 214 specimens for creatine and 42 specimens
for albumin, which was in line with the data obtained from the
automatic urine analyzer. The concordance rate for each item
was more than 60%, except for specific gravity. The mean
concordance for the 12 items was 78.6%. The matching rate of
the ±1 rank for each item exceeded 90% for items other than
specific gravity. The mean ±1 rank agreement for the 12 items
was 95.4%. Multimedia Appendix 1 shows the concordance
rates for each inspection item. The results indicate that an
automated urine test paper colorimetric program could be
applied to screening within ±1 rank.
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Table . The concordance and ±1 rank match rate of the output results of the automated urine analyzer and the automated urine test strip colorimetric

program and the number of samples obtaineda.

Number of samples, n±1 rank match rate, %Concordance rate, %Item

118410083.1Protein

118410094.8Glucose

118499.986Urobilinogen

118499.472.4Bilirubin

118410098Ketone

118449.714.4Specific gravity

118497.887.8Occult blood

118410080.7pH

118299.186.6Leukocytes

118410098.5Nitrite

21498.664Creatinine

4210076.2Albumin

N/Ab95.478.6Average of 12 items

aThe samples were randomly selected from samples handled in the testing department of a hospital in Hamamatsu City from June 2022 to January 2023.
bN/A: not applicable.

Sensitivity and Specificity for Albumin
Trace albumin is a useful biomarker for early detection of
nephropathy in patients with diabetes. Therefore, if trace
albumin, which is important in determining the second stage of
nephropathy, can be detected, it may lead to early detection of
the progression of nephropathy. To confirm the applicability of
our automated urine test paper colorimetric program for
screening trace albuminuria, we calculated the sensitivity and
specificity of the program for albumin. Since this program is a
qualitative evaluation using urine test strips, the albumin value
cannot be corrected for creatinine. Therefore, only the albumin
value in urine was used for validation. Table 3 shows a
cross-table for calculating the sensitivity and specificity of

albumin. A diagnostic factor for diabetic nephropathy is
microalbuminuria, which ranges from 30 to 299 mg/L. The
cross-table was created assuming that patients with albumin
levels of ≥30 and <30 were classified as having and not having
the disease. Program judgment results show the program’s
output; microalbumin (urine automatic analysis data) shows the
results recorded by LABOSPECT 006 in the electronic medical
records of the collaborating hospitals. Cross-tab calculations
yielded a sensitivity and specificity of 100% and 58.6%,
respectively. Figure 3 shows the ROC curves. The AUC was
0.907, which is very favorable. Therefore, the results indicate
that this program could be applied to screening for stage 2
nephropathy in diabetic nephropathy.

Table . Albumin sensitivity and specificitya.

TotalMicroalbumin (urine automatic analysis data)

With no disease (albumin <30
mg/L)

With disease (albumin ≥30 mg/L)

Program judgment result

251213    Positive (albumin ≥30 mg/L)

17170    Negative (albumin <30 mg/L)

2913Total

aPatients with albumin levels of ≥30 and <30 were classified as those with diabetes and with no diabetes, respectively. Sensitivity and specificity were
calculated by creating a cross-tabulation using the output of the automated urine analyzer and the automated urine test strip colorimetric program. From
June 2022 to January 2023, 42 urine specimens were extracted from specimens handled by the laboratory department of a hospital in Hamamatsu City.
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Figure 3. Receiver operating characteristic curve showing sensitivity and specificity of albumin. Patients with albumin levels of ≥30 were classified
as those with diabetes, and those with albumin levels <30 were classified as patients with no diabetes. Sensitivity and specificity were calculated by
creating a cross-table. From June 2022 to January 2023, 42 urine specimens were extracted from specimens handled by the laboratory department of a
hospital in Hamamatsu City.

Discussion

Principal Results
This study used real patient urine specimens to investigate the
agreement between an automated urine test strip colorimetric
program and an automated urine analyzer. The concordance
rate for each judgment item and the sensitivity and specificity
of albumin were also evaluated. The concordance rate of the

±1 rank was 90% or more; thus, the concordance rate could be
improved by devising the judgment threshold and judgment
algorithm of the program.

The concordance rate of specific gravity obtained with this
program was very low and was consistent with previous studies
[12]. In the visual judgment, the colors of the reference color
chart and test paper for urinalysis differed. Determining specific
gravity with a low matching rate by simple color comparison
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was challenging; therefore, a determination algorithm should
be considered.

The detailed results for each item showed many negative and
few positive judgments. However, despite the small number of
positive tests, many items matched, supporting the effectiveness
of the proposed method.

The proposed method determined the matching rate using a
program that identifies the color closest to the reference color
chart. Since the proposed method used the “approximate
selection method,” some items may present a low matching
rate. Therefore, other evaluation methods should be considered
in the future.

Previous reports have included many studies evaluating the
reliability of programs using real urine samples, artificial urine,
and reagents [13-17]. In a report using real urine samples, urine
testing was performed using a smartphone app developed by
Healthy.io, and its acceptability and feasibility were evaluated
[16,17]. The satisfaction rate was very high among patients and
caregivers, and the app could greatly enhance patient-centered
care [16]. The potential of remote digital urine testing has also
been reported [17].

Rahmat et al [18] validated the scanner color comparison using
real urine specimens and reported an accuracy of 95.45% using
a high-resolution scanner. The low-resolution scanner reported
83%, comparable with our automated urine test strip colorimetric
program. Africa and Velasco [19] also verified the accuracy of
color comparison using 45 samples from an accredited urinalysis
laboratory and reported an accuracy of 96.519%. However,
besides evaluating 10 items (ie, protein, glucose, ketone, specific
gravity, occult blood, leukocytes, nitrite, urobilinogen, bilirubin,
and pH), these 2 studies did not provide the breakdown of the
concordance rate (ie, negative and positive breakdown and
item-by-item classification). Urinary albumin and creatinine
levels, necessary for determining diabetic nephropathy, have
not yet been evaluated in the literature. Determining albumin
and creatinine may help screen for microalbuminuria, enabling
intervention before diabetic nephropathy becomes severe.

The sensitivity and specificity of this method for albumin
detection were 100% and 58.6%, respectively. These suggest
potentially high and low rates of false positives and negatives,
respectively, allowing for people with diseases to be identified.
Furthermore, the AUC derived from the ROC curve was 0.907,
indicating satisfactory results. Therefore, the proposed method
may be used as initial screening.

The proposed method may also support point-of-care (POC)
testing at home to prevent the progression of diabetic
nephropathy. Thakur et al [15] reported a method for albumin
screening using smartphones and urine test strips. The study
reported a 92% accuracy rate, validated only with reagents. In
contrast, this study used actual urine specimens, and excellent
screening results were obtained with a concordance rate of
76.2%, sensitivity of 100%, and specificity of 58.6%, relative
to the results of an automated urine analyzer. Due to the
COVID-19 pandemic, many people refrained from seeing
doctors. As such, the proposed method is expected to be
particularly useful for POC tests for home health management.

Therefore, we are currently developing an application that uses
the proposed system.

The proposed automatic urine test strip colorimetric program
focuses only on color differences but does not require a large
amount of data from machine learning. In addition, if standard
color chart data from each manufacturer become available,
urinalysis test strips from various manufacturers worldwide
may be used without requiring calibration. In the future, the
accuracy of determination may be improved by using data
obtained from specimens, adjusting the threshold for
determination, and examining determination methods.

Limitations
Despite its contributions, this study has limitations. The results
do not apply to all smartphones because verification was
performed using only 1 smartphone model. In the future, the
program should be tested on other operating systems,
smartphones, and cameras. In addition, owing to lighting
limitations due to the shooting box, development did not
progress sufficiently enough that judgment could be formulated
with just a smartphone. This system is not suitable as a POC
test; therefore, future investigations should verify whether
similar results can be obtained using the flash function of a
smartphone. In the future, the differences between multiple
models and methods that do not use shooting boxes should be
considered.

In addition, this study used urine test strips to evaluate the
agreement between the white blood cell count obtained by an
automated urine analyzer and the program developed in this
study. Normally, the agreement with sediment analysis is
verified. Future studies should compare the results of the
formulated program with those from sediment analysis to
compare the accuracy.

When urine samples were randomly collected, many samples
did not have albumin analysis in the doctor’s orders. Therefore,
the albumin results from the automated urine analyzer were not
recorded in the electronic medical record, and the match rate
could not be calculated for many samples. The study protocol
should be adjusted so that an adequate sample of albumin tests
can be collected.

Normally, creatinine should be corrected in urinalysis results.
However, given that the coincidence rate of creatinine was not
high, only albumin was highlighted. In the future, accuracy can
be improved by evaluating the albumin-creatinine ratio.

The analyzers used in this study (US-3500 and LABOSPECT
006) can evaluate reflectance, allowing for a more accurate
evaluation of the consistency rate of urine test strips. However,
this study used data stored in electronic medical records, and
reflectance data could not be obtained. In the future, reflectance
data should also be analyzed.

In this study, the agreement rate by qualitative evaluation was
verified using urine test strips. However, sensitivity is low when
using urine test strips. Therefore, in the future, reliability should
be verified by comparing data that can be quantitatively
measured, such as immunoturbidimetric methods. Finally, to
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avoid over- or underestimating clinical scenarios, sample
collection periods should span several years.

Conclusions
This study used real patient urine specimens to investigate the
agreement between an automated urine test strip colorimetric
program and an automated urine analyzer. It also investigated
the concordance rate for each judgment item and the sensitivity
and specificity of the program in evaluating albumin. The
average concordance rate and rate of ±1 rank for the mean of

the 12 inspected items were 78.6% and 95.4%, respectively.
These results clarified that colorimetric analysis in a fixed
imaging environment could be used to determine urine test strips
without calibration.

Urinary albumin determination, essential for determining the
stage of diabetic nephropathy, resulted in a sensitivity of 100%
and a specificity of 58.6%. In addition, the AUC derived from
the ROC curve was 0.907, indicating good results. The proposed
method may be used for the screening of microalbuminuria to
help prevent the exacerbation of diabetic nephropathy.
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Abstract

Background: The use of patient-reported outcome (PRO) measures is an emerging field in health care. In the Central Denmark
Region, epilepsy outpatients can participate in remote PRO-based follow-up by completing a questionnaire at home instead of
attending a traditional outpatient appointment. This approach aims to encourage patient engagement and is used in approximately
half of all epilepsy outpatient consultations. However, dropout in this type of follow-up is a challenging issue.

Objective: This study aimed to examine the association between potential self-reported determinants and dropout in remote
PRO-based follow-up for patients with epilepsy.

Methods: This prospective cohort study (n=2282) explored the association between dropout in remote PRO-based follow-up
for patients with epilepsy and 9 potential determinants covering 3 domains: health-related self-management, general and mental
health status, and patient satisfaction. The associations were examined using multiple logistic regression analyses with adjustment
for sex, age, education, and cohabitation.

Results: A total of 770 patients (33.7%) dropped out of remote PRO-based follow-up over 5 years. Statistically significant
associations were identified between all potential determinants and dropouts in PRO-based follow-up. Patients with low social
support had an odds ratio of 2.20 (95% CI 1.38-3.50) for dropout. Patients with poor health ratings had an odds ratio of 2.17 (95%
CI 1.65-2.85) for dropout. Similar estimates were identified for the remaining determinants in question.

Conclusions: Patients with reduced self-management, poor health status, and low patient satisfaction had higher odds of dropout
in remote PRO-based follow-up. However, further research is needed to determine the reasons for dropout.

(JMIR Form Res 2025;9:e58258)   doi:10.2196/58258

KEYWORDS

patient-reported outcome measures; dropouts; digital solutions; outpatient care; epilepsy; seizure disorder; neurological condition;
cohort study; health care; Denmark; self-reported; self-management; mental health; patient satisfaction; logistic regression; social
support

Introduction

Chronic conditions are a global burden that is increasing in most
countries. In 2019, more than 65% of the population in Denmark
had one or more chronic conditions [1]. To manage the
worldwide development of these chronic conditions, it is crucial
that health care resources are being optimally used. The
application of telehealth initiatives could be a cost-effective
solution for providing high-quality health care [2]. Over the

past 50 years, the availability and use of telehealth have
expanded and include various tools to manage health care [3].
The World Health Organization (WHO) defines telehealth as
“the delivery of health care services, where distance is a critical
factor, by all health care professionals using information and
communication technologies for the exchange of valid
information for diagnosis, treatment, and prevention of disease
and injuries, research and evaluation, and for the continuing
education of health care providers, all in the interests of
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advancing the health of individuals and their communities” [4].
After the WHO declared COVID-19 as a pandemic in March
2020, the use of telemedicine has rapidly increased [5,6]. The
pandemic forced clinicians to rethink the course of treatment
for their patients in various clinical settings to be effectively
managed from a distance [6]. One way of using telehealth could
be using patient-reported outcomes (PROs) in remote symptom
monitoring. This could transform the delivery of the traditional
treatment for patients with chronic conditions with prescheduled
appointments by optimizing the use of resources and ensuring
patient-centered care [7-10].

The use of PROs was originally developed for utilization in
research but has, over time, evolved to be utilized at a patient
level in clinical practice [11,12]. The use of PROs in clinical
practice has been documented to improve patient survival,
provide individualized care, and ensure efficient usage of health
care resources [13]. In Denmark, a generic clinical PRO system
for data collection in clinical practice, called AmbuFlex, offers
tailor-made PRO solutions [8]. The overall purpose is to improve
patient involvement and quality of treatment while optimizing
resource allocation [8,9]. As of September 2023, AmbuFlex
has developed 65 PRO solutions for various chronic and
malignant conditions in remote outpatient care [8]. The use of
PROs in remote outpatient follow-up provides real-time
symptom monitoring, early detection of health issues, and rapid
clinical intervention [11]. This type of follow-up requires the
patient to be willing and capable of taking more responsibility
as well as playing an active role in monitoring and identifying
symptoms of disease [14]. Patient experiences with this course
of treatment are diverse. For patients with epilepsy, it has been
documented to promote health-related self-management [15].
Research on patients with rheumatoid arthritis has shown that
some patients find remote PRO-based follow-up to be a flexible,
time- and resource-saving solution. Others worry about the
absence of face-to-face communication with a clinician and find
the responsibility to cause insecurity [14].

Dropout and nonuse of telehealth solutions is a common reported
challenge [16,17]. A scoping review highlights that the reasons
for the nonuse of digital PRO solutions are diverse and, among
others, cover the ability to use PRO, engagement, emotional
issues, lack of time, and technical barriers [18]. Several
contributing factors such as sex [18-21], age [19,22,23],
education [18,22], and cohabitation [24-27] have been found
to influence the dropout rate in digital solutions. Previous
research on PRO-based follow-up for patients with epilepsy has
shown that socioeconomically advantaged patients with a high
level of health literacy, self-efficacy, patient activation, good
well-being, and general health are more likely to be referred to
PRO-based follow-up than socioeconomically disadvantaged
patients [24]. Whether the same determinants apply to dropout
has not been investigated. With the limited amount of literature
covering dropout in remote PRO-based follow-up, further
research is needed. Thus, this study aimed to investigate
potential determinants for dropout in remote PRO-based
follow-up among patients with epilepsy. We examined the
association between dropout in PRO-based follow-up and
determinants from the following three domains: health-related
self-management, general and mental health status, and patient

satisfaction. We hypothesized that reduced health-related
self-management, poor general and mental health status, and
low patient satisfaction were associated with an increased risk
of dropout in PRO-based follow-up.

Methods

Remote PRO-Based Follow-Up for Patients With
Epilepsy
PRO-based follow-up was implemented for patients with
epilepsy at 3 neurological departments in the Central Denmark
Region in 2012. In PRO-based follow-up, patients complete a
questionnaire at home instead of having prescheduled
appointments at the outpatient clinic. To attend PRO-based
follow-up, patients are individually referred by a health
professional. Individual referral requires that the patient must
be 15 years of age or older, have no cognitive impairments, and
be capable of reading and writing in Danish [28]. The
questionnaire is sent at a predefined time interval of 3, 6, 12,
or 24 months either electronically through a secure electronic
platform or as a paper version [28].

The epilepsy questionnaire includes 47 items and deals with
the frequency and intensity of seizures, medical treatment, and
the patient’s well-being. The AmbuFlex system, based on an
automated decision algorithm, can assess whether the patient
needs clinical attention [8]. To identify patients in need of
clinical attention, all response options in the questionnaire are
categorized as red, yellow, or green. Red indicates that the
patient needs or wants personal contact with the clinic. Yellow
indicates that the patient might need personal contact. If all the
patients’ answers are categorized as green, the system
automatically sends a new questionnaire within the predefined
period. All answers that indicate a need for clinical attention
are reviewed by a nurse within 14 days. The patients’
questionnaire responses were displayed in a graphical overview
available in the patients’ electronic health records. Where
clinical attention is needed, the questionnaire data are used to
support patient-clinician communication and clinical
decision-making [28]. If a patient wants to discontinue or a
clinician decides to end a PRO-based follow-up treatment, the
clinician must actively register the patient as “deregistered” in
the AmbuFlex system. Deceased patients are automatically
deregistered in the system. PRO-based follow-ups are offered
to approximately 50% of the entire patient population at the 3
neurological departments and have been used since 2012 [24].
In January 2016, approximately 3000 epilepsy outpatients
attended the PRO-based follow-up program at the 3 departments.

Study Population and Setting
We conducted a prospective cohort study among patients with
epilepsy who attended PRO-based follow-ups at 3 neurology
departments in the Central Denmark Region. During the period
of January 1st to December 31st, 2016, patients were invited to
answer a research questionnaire in addition to their usual
scheduled epilepsy questionnaire from the outpatient clinic. The
research questionnaire contained information about aspects
related to self-management, general and mental health status,
and patient satisfaction. Patients could respond to either a
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web-based or paper version of the questionnaire. Nonresponders
received up to 3 reminders [29]. Clinicians assessed the usual
epilepsy questionnaire according to their normal routine, but
they were blinded to the research questionnaire.

Outcome
The outcome was the dropout status in remote PRO-based
follow-up in February 2021. This information was retrieved
from the AmbuFlex system. As a clinician actively has to
register the patient as “deregistered” in the AmbuFlex system,
we defined dropouts in this study as “patients who, after using
PRO-based follow-up, were deregistered by a clinician.” The
reason for the dropout was not registered. If the patients were
deregistered due to death, this information was shown in the
AmbuFlex system. Patients who died during follow-up were
excluded from the study.

Potential Determinants

Self-Management
We assessed patient’s health-related self-management using 3
different constructs: health literacy, self-efficacy, and patient
activation. Health literacy was measured using part of the
multi-dimensional Health Literacy Questionnaire (HLQ) [30].
The questionnaire includes 9 subscales covering different areas
of health literacy to assess strengths and challenges. The HLQ
has well-documented psychometric properties considering the
original questionnaire and the Danish translation, with strong
content and construct validity as well as high reliability [30,31].
In this study, the following 3 subscales were used: subscale #4,
“Social support for health”; subscale #6, “Ability to actively
engage with health care providers,” and subscale #9,
“Understanding health information well enough to know what
to do.” Subscale #4 includes 5 items with a 4-point ordinal
response option ranging from, 1, “strongly disagree,” 2,
“disagree,” 3, “agree,” to 4, “strongly agree.” Subscales #6 and
#9 both include 5 items as well a 5-point ordinal response option
ranging from, 1, “cannot do,” 2, “very difficult,” 3, “quite
difficult,” 4, “quite easy,” to 5, “very easy.” For all 3 subscales,
a lower score indicates lower health literacy. An average score
was calculated for each of the 3 subscales based on a guide
provided when acquiring the license. If 1 item was missing, the
mean score of the existing items was used to estimate the score.
If 2 or more items were missing, the average score was not
calculated. As the variables did not exhibit a log-linear
relationship, the score was dichotomized into high and low
health literacy. For subscale #4, high health literacy was a score
>2, and low health literacy was a score ≤2. For subscales #6
and #9, high health literacy was a score >3, and low health
literacy was a score ≤3.

Self-efficacy was measured using the General Self-efficacy
Scale (GSES) [32]. The psychometric properties have been
assessed across many nations and populations, showing a strong
construct validity and a high reliability [32,33]. The GSES
includes 10 questions regarding one’s belief in the ability to
cope with stress and challenges. Each question has a 4-point
ordinal response option ranging from 1, “not at all true,” 2,
“hardly true,” 3, “moderately true,” to 4, “exactly true.” The
total GSES score ranges from 10 to 40. A lower score indicates

a lower degree of self-efficacy [32]. If 1 or more items were
missing, the total score was not calculated. The score was
included as a continuous variable.

Patient activation was assessed using part of the Patient
Activation Measure (PAM) [34]. The original questionnaire
includes 13 items that assessed activation in illness or health
conditions [35]. In this study, 2 single items were used in a
modified form: “I am confident that I can tell when I need to
get outpatient care” and “I am confident I can figure out
solutions when new situations or problems arise with my health
condition.” Both items had 4 response options “strongly
disagree,” “disagree,” “agree,” and “strongly agree.” Both items
were dichotomized into strongly disagree/disagree and
agree/strongly agree.

General and Mental Health Status

Mental well-being was measured using the WHO-5 Well-being
Index (WHO-5) [36]. The WHO-5 includes 5 positively worded
items focusing on mental well-being over the previous 2 weeks
[36]. The questionnaire has well-documented psychometric
properties for various diseases, including epilepsy [28,36,37].
Each item has a 6-point ordinal response option ranging from
5, “All the time,” 4, “most of the time,” 3, “more than half of
the time,” 2, “less than half of the time,” 1, “some of the time,”
to 0, “at no time.” To calculate the total score, the point for each
item was added and afterward multiplied by 4, resulting in a
total score between 0 and 100. A score of 100 indicates the best
imaginable well-being [36]. If 1 or more items were missing,
the total score was not calculated. The score was included as a
continuous variable.

The patients’ general health status was assessed using a single
item from Short Form-36 (SF-36) [38]. The SF-36 covers 8
different domains related to health-related quality of life [39].
It has been documented that a single item from the questionnaire
can predict general health [40]. In this study, the single item
“In general, would you say your health is: excellent, very good,
good, fair, or poor?” was therefore used. The 5 response options
were categorized into “Excellent/very good,” “good,” and
“fair/poor.”

Patient Satisfaction
The domain of patient satisfaction included patient involvement,
confidence, comfort, and satisfaction. Information regarding
these determinants was collected using questions inspired by
the Danish Cancer Society’s Barometer Survey [41] and
modified to fit the epilepsy outpatient setting. Information about
patient involvement, confidence, and safety was obtained via
the following questions: “Do you feel sufficiently involved in
your course of treatment?,” “Are you confident that the epilepsy
outpatient clinic contributes in the best possible way in your
course of treatment?,” and “Are you comfortable with the
follow-up you are receiving?.” These questions had five
response options: “Yes, to a great extent,” “Yes, to some extent,”
“To a minor extent,” “No, not at all,” or “Do not know.”
Information about satisfaction was obtained through: “Overall,
how would you assess your treatment in the epilepsy outpatient
clinic?” with the following 5 response options: “Very good,”
“Mostly good,” “Mostly bad,” “Very bad,” or “Do not know,”
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For all questions, the category “Do not know” was excluded in
the analyses. Patient involvement, confidence, and safety were
dichotomized into “Yes, to a great extent/Yes, to some extent”
and “To a minor extent/not at all.” Satisfaction was
dichotomized into “Very good/Mostly good” and “Mostly
bad/Very bad.”

Statistical Analyses
A Wilcoxon rank-sum test was utilized to compare age and sex
between responders and nonresponders. Characteristics for the
study population were presented by outcome. Continuous data
were all nonnormally distributed and presented as the median
and IQR. Categorical and dichotomized data were presented as
numbers (n) and percentage distribution (%). The association
between the potential determinants and dropouts in PRO-based
follow-up was analyzed through multiple logistic regression
analysis. All the odds ratio (OR) estimates were tested at a 5%
significance level and reported with 95% CIs. Variables were
continuously included if the linearity requirements were met.
The assumption on linearity was deemed fulfilled for
self-efficacy and well-being. Sex, age, education, and
cohabitation were included in the adjusted analyses. The
confounder variables were defined a priori based on a systematic
literature review [18-27]. For the patient satisfaction domain,
most of the determinants were controlled only for sex and
cohabitation, as some categories had a limited number of
observations. Each potential determinant was examined
separately as the determinants were assessed as interdependent.
All analyses were performed using the available observations
giving varying observations for crude and adjusted estimates.
An examination of all missing data was conducted prior to this.
Upon inspection, no systematic or significant missing data were
identified. For the continuous variables, postestimation analyses
were performed to nuance the significance of different scores
and dropouts in PRO-based follow-up. The statistical analyses
were performed using Stata/IC 16.1 (StataCorp LLC).

Ethical Considerations
The study was approved by the Danish Data Protection Agency
(number 1-16-02-691-14). The Ethics Committee of the Central
Denmark Region was consulted and decided that the study did
not require their approval. According to Danish law, only studies
involving human biological material require committee approval.
Correspondence with the ethics committee is available from the
authors upon request. Informed consent for participation in the
study was obtained in accordance with guidelines from the
Danish Data Protection Agency. Information was provided to
patients in a letter along with the questionnaire. Patients were
informed that responding to the questionnaire constituted active
consent for their participation and the use of their data in the
research project. They were also informed that they could
withdraw their consent at any time. All data were stored and
handled with confidentiality.

Results

Patient Characteristics
From January 1st to December 31st, 2016, a total of 2975
patients received a paper or web-based questionnaire. Of these,
2464 patients answered the questionnaire, resulting in a response
rate of 83%. During the follow-up period, 182 patients died.
The final study population included 2282 patients (Figure 1).
The median age in the study population was 49 (IQR 29.7)
years, 1125 (49.3%) were male, 982 (43%) had a low education,
and 1645 (72.1%) were not living alone (Table 1). A total of
770 patients (33.7%) had dropped out of PRO-based follow-up
in February 2021. No statistical differences were found between
responders and nonresponders in sex distribution (P=.34) or
age distribution (P=.70). Missing data ranged from 1.5%
(general health) to 7.8% (general self-efficacy) (Table 1).
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Figure 1. Flowchart of patients included in the study.
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Table . Baseline characteristics and patient-reported potential determinants by status in patient-reported outcome (PRO)–based follow-up among
patients with epilepsy in February 2021.

Dropout, n=770Active,

n=1512

Total,

n=2282

Characteristics

Sex, n (%)

368 (47.8)757 (50.1)1125 (49.3)    Male

402 (52.2)755 (49.9)1157 (50.7)    Female

Age, years, n (%)

117 (15.2)128 (8.5)245 (10.7)    15‐24

198 (25.7)340 (22.5)538 (23.6)    25‐39

179 (23.3)407 (26.9)586 (25.7)    40‐54

158 (20.5)421 (27.8)579 (25.4)    55‐69

118 (15.3)216 (14.3)334 (14.6)    ≥70

Education, n (%)

195 (25.3)317 (21.0)512 (22.4)    None

308 (40.0)674 (44.6)982 (43.0)    Low

196 (25.5)426 (28.2)622 (27.3)    Medium/high

71 (9.2)95 (6.3)166 (7.3)    Missing

Cohabitation, n (%)

199 (25.8)327 (21.6)526 (23.1)    Living alone

519 (67.4)1126 (74.5)1645 (72.1)    Not living alone

52 (6.8)59 (3.9)111 (4.9)    Missing

Health literacy #4a, n (%)

40 (5.2)37 (2.5)77 (3.4)    Low ≤2

654 (84.9)1395 (92.3)2049 (89.8)    High >2

76 (9.9)80 (5.3)156 (6.8)    Missing

Health literacy #6b, n (%)

176 (22.9)222 (14.7)398 (17.4)    Low ≤3

519 (67.4)1209 (80.0)1728 (75.7)    High >3

75 (9.7)81 (5.4)156 (6.8)    Missing

Health literacy #9c, n (%)

151 (19.6)172 (11.4)323 (14.2)    Low ≤3

543 (70.5)1253 (82.9)1796 (78.7)    High >3

76 (9.9)87 (5.8)163 (7.1)    Missing

Self-efficacy

29 (24‐32)30 (26‐34)30 (25‐33)    General Self-efficacy Scale score,
median (IQR)

86 (11.2)91 (6.0)177 (7.8)    Missing, n (%)

PAM #5d, n (%)

103 (13.4)118 (7.8)221 (9.7)    Strongly disagree/disagree

603 (78.3)1323 (87.5)1926 (84.4)    Agree/strongly agree

64 (8.3)71 (4.7)135 (5.9)    Missing

PAM #12e, n (%)

149 (19.4)193 (12.8)342 (15.0)    Strongly disagree/disagree
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Dropout, n=770Active,

n=1512

Total,

n=2282

Characteristics

551 (71.6)1246 (82.4)1797 (78.8)    Agree/strongly agree

70 (9.1)73 (4.8)143 (6.3)    Missing

Mental well-being

72 (52‐80)76 (64‐80)76 (60‐80)    WHO-5 Well-being Index score,
median (IQR)

29 (3.8)35 (2.3)64 (2.8)    Missing, n (%)

General healthf, n (%)

311 (40.4)719 (47.6)1030 (45.1)    Excellent/very good

289 (37.5)597 (39.5)886 (38.8)    Good

152 (19.7)181 (12.0)333 (14.6)    Fair/poor

18 (2.3)15 (1.0)33 (1.5)    Missing

Patient involvement, n (%)

561 (72.9)1259 (83.3)1820 (79.8)    A great extent/some extent

87 (11.3)102 (6.8)189 (8.3)    A lesser extent/not at all

58 (7.5)82 (5.2)140 (6.1)    Do not know

64 (8.3)69 (4.6)133 (5.8)    Missing

Confidence, n (%)

621 (80.7)1324 (87.6)1945 (85.2)    A great extent/some extent

43 (5.6)56 (3.7)99 (4.3)    A minor extent/not at all

48 (6.2)68 (4.5)116 (5.1)    Do not know

58 (7.5)64 (4.2)122 (5.4)    Missing

Comfort, n (%)

589 (76.5)1307 (86.4)1896 (83.1)    A great extent/some extent

52 (6.8)56 (3.7)108 (4.7)    A minor extent/not at all

68 (8.8)80 (5.3)148 (6.5)    Do not know

61 (7.9)69 (4.6)130 (5.7)    Missing

Satisfaction, n (%)

575 (74.7)1288 (85.2)1863 (81.6)    Very good/mostly good

44 (5.7)49 (3.2)93 (4.1)    Mostly bad/very bad

91 (11.8)106 (7.0)197 (8.6)    Do not know

60 (7.8)69 (4.6)129 (5.7)    Missing

aHealth Literacy Questionnaire subscale #4 “Social support for health.”
bHealth Literacy Questionnaire subscale #6 “Ability to actively engage with health care providers.”
cHealth Literacy Questionnaire subscale #9 “Understanding health information well enough to know what to do.”
dPatient Activation Measure item #5: “I am confident that I can tell when I need to get outpatient care.”
ePatient Activation Measure item #12: “I am confident I can figure out solutions when new situations or problems arise with my health condition.”
fAssessed using a single item from Short Form-36.

Associations Between Self-Management and Dropout
in PRO-Based Follow-Up
The ORs for the self-management determinants and dropout in
PRO-based follow-up are presented in Table 2. Statistically
significant associations were found between all potential
self-management determinants and dropout. A lower degree of

self-management was associated with dropout. Patients reporting
having low social support for health (HLQ4) had higher odds
of dropout (OR 2,02, 95% CI 1.38-3.50). Similar associations
were identified for the remaining determinants regarding health
literacy (Table 2). Patients who had lower confidence in
knowing when to get outpatient care (PAM5) had higher odds
of dropout (OR 1.94, 95% CI 1.44-2.62). A high level of
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self-efficacy had decreased odds for dropout per point (OR 0.96,
95% CI 0.95-0.98). When comparing a patient with the lowest
GSES score (score of 10) to a patient with the highest possible

GSES score (score of 40), the patient with the low self-efficacy
had an OR of 3.21 (95% CI 2.05-5.03) for dropout (Table 3).

Table . Crude and adjusted odds ratio (OR) for potential determinants of self-management and drop-out in patient-reported outcome (PRO)–based
follow-up among patients with epilepsy.

AdjustedaCrudePotential determinants

P valueOR (95% CI)P valueOR (95% CI)

n=2099n=2126Social support for health
(HLQ 4)

refref    High >2

<.0012.20 (1.38-3.50)b<.0012.31(1.46-3.64)    Low ≤2

n=2050n=2126Ability to actively engage
with health care providers
(HLQ 6)

refref    High >3

<.0011.82 (1.44-2.31)<.0011.85 (1.48-2.31)    Low ≤3

n=2046n=2119Low ability to understand
health information well
enough to know what to do
(HLQ9)

refref    High >3

<.0012.15 (1.65-2.80)<.0012.03 (1.59-2.58)    Low ≤3

n=2032n=2105Self-efficacy

<.0010.96 (0.95-0.98)d<.0010.96 (0.95-0.98)d    General Self-efficacy

Scale score c

n=2066n=2147PAM #5

refref    Strongly agree/agree

<.0011.94 (1.44-2.62)<.0011.92 (1.45-2.54)    Disagree/strongly dis-
agree

n=2060n=2139PAM #12

refref    Strongly agree/agree

<.0011.84 (1.43-2.36)<.0011.75 (1.38-2.21)    Disagree/strongly dis-
agree

aAdjusted for sex, age, education, and cohabitation.
bAdjusted for sex and cohabitation due to low observations in some categories.
cGeneral Self-Efficacy Scale score in the interval 10‐40.
dPer point increase in the General Self-Efficacy Scale score. The score 0 is reference.

Table . Adjusted odds ratio (OR) for dropout in patient-reported outcome (PRO)–based follow-up among patients with epilepsy at different scores
relative to a patient with the highest possible score (40) on the General Self-Efficacy Scale.

P valueOR (95% CI)aGeneral Self-efficacy scale score

ref40 points

<.0011.47 (1.27-1.71)30 points

<.0012.18 (1.61-2.94)20 points

<.0013.21 (2.05-5.03)10 points

aOR for dropout relative to a reference with a score on 40 adjusted for sex, age, education, and cohabitation
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Associations Between General and Mental Health
Status and Dropout in PRO-Based Follow-Up
We found that patients with good general health status had
statistically significantly higher odds for dropout (OR 1.28,
95% CI 1.65-2.85) compared to patients who reported
excellent/very good health status. Similarly, patients with

fair/poor general heath status had statistically significantly
higher odds for dropout (OR 2.17, 95% CI 1.65-2.85) compared
to patients who reported excellent/very good health status (Table
4). Moreover, patients with lower mental health status had higher
odds of dropout. A patient with the lowest possible WHO-5
score (0) had an OR of 3.16 (95% CI 1.94-5.15) for dropout
relative to a patient with the highest score (100) (Table 5).

Table . Crude and adjusted Odds ratio (OR) for potential determinants of general and mental health status and drop-out in PRO-based follow-up among
patients with epilepsy.

AdjustedaCrudePotential determinants

P valueOR (95% CI)P valueOR (95% CI)

n=2063n=2218Mental well-being

<.0010.99 (0.98-0.99)c<.0010.99 (0.98-0.99)c    WHO-5 Well-being Index

scoreb

n=2088n=2249General health (SF-36)d

refref    Excellent/very good

.021.28 (1.04-1.57).251.12 (0.92-1.36)    Good

<.0012.17 (1.65-2.85)<.0011.94 (1.51-2.50)    Fair/poor

aAdjusted for sex, age, education, and cohabitation.
bWHO-5 Well-being Index score in the interval 0‐100.
cPer point increase in the WHO-5 Well-being Index score. The score 0 is reference.
dUsing a single item from the Short Form-36.

Table . Adjusted odds ratio (OR) for dropout in patient-reported outcome (PRO)-based follow-up among patients with epilepsy at different scores
relative to a patient with the highest possible score (100) on the WHO-5 Well-being Index score.

P valueOR (95% CI)aWHO-5 Well-being Index score

<.0013.16 (1.94-5.15)0 points

<.0012.37 (1.64-3.42)25 points

<.0011.78 (1.39-2.27)50 points

<.0011.33 (1.18-1.51)75 points

aOR for dropout relative to a reference with a score on 100 adjusted for sex, age, education, and cohabitation.

Associations Between Patient Satisfaction and Dropout
in PRO-Based Follow-Up
The associations between patient satisfaction and dropout in
PRO-based follow-up are presented in Table 6. Patients who,
to a minor extent/not at all, felt sufficiently involved in the
course of treatment had an OR of 1.93 (95% CI 1.42-2.63) of

dropping out compared to patients who felt sufficiently involved.
Similar associations were found for the determinants of
confidence and comfort. Patients who were not satisfied and
found their overall treatment to be mostly bad/very bad had an
OR of 2.00 (95% CI: 1.31;3.06) for dropout compared to
satisfied patients.
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Table . Crude and adjusted odds ratio (OR) for potential determinants for patient satisfaction and drop-out in patient-reported outcome (PRO)–based
follow-up among patients with epilepsy.

AdjustedaCrudePotential determinants

P valueOR (95% CI)P valueOR (95% CI)

n=1935n=2009Patient involvement

refref    A great extent/some ex-
tent

<.0011.93(1.42-2.63)b<.0011.91 (1.41-2.59)    A minor extent/not at all

n=2021n=2044Confidence

refref    A great extent/some ex-
tent

.021.62 (1.07-2.44).021.64 (1.09-2.46)    A minor extent/not at all

n=1981n=2004Comfort

refref    A great extent/some ex-
tent

<.0012.04 (1.38-3.02)<.0012.06 (1.40-3.04)    A minor extent/not at all

n=1934n=1956Satisfaction

refref    Very good/mostly good

<.0012.00 (1.31-3.06)<.0012.01(1.32-3.06)    Mostly bad/very bad

aAdjusted for sex and cohabitation.
bAdjusted for sex, education, and cohabitation.

Discussion

Principal Findings and Comparison With Previous
Works
The majority of the patients reported a high level of
self-management, good health status, and a high degree of
patient satisfaction. A strong association was found between
all 9 self-reported potential determinants and dropout in remote
PRO-based follow-up for patients with epilepsy in the Central
Denmark Region. Patients with reduced self-management, poor
health status, and low patient satisfaction had higher odds of
dropout in PRO-based follow-up. The association appeared
independent, as the correction for sex, age, education, and
cohabitation showed only a minor impact on the relation
between the potential determinants and dropout.

To the best of our knowledge, previous research has not
primarily focused on investigating dropout rates; instead,
dropout has typically been included as a secondary finding
[18,22]. Furthermore, past research has not given exclusive
attention to PRO-based follow-up but has focused on telehealth
more broadly, encompassing app-based interventions [18,22].
Using a meta-analysis, Meyerowitz-Katz et al determined that
app-based chronic disease management interventions exhibit a
dropout rate of 49% (95% CI 27%-70%) [22]. A scoping review
of 31 studies on patient reasons for not using digital PRO
concepts identified a dropout range of 2.4% to 72.3% [18]. Both
studies reported higher dropout rates compared to the dropout
rate of 33.7% in this study. The studies included follow-up
periods with varying response frequencies, ranging from daily
to every 3 months [18,22]. This variability in follow-up
schedules may have contributed to the higher dropout rates

observed in the comparative studies, along with the contextual
differences between dropout rates in digital interventions and
dropout rates in continuous chronic disease follow-up.
Adherence to technology is another concept that can indicate
how patients use digital solutions. A recently published
systematic review investigated factors associated with adherence
to tele-monitoring using electronic PRO measures in patients
with chronic diseases, including heart failure, rheumatoid
arthritis, and chronic pain [42]. This review found adherence
rates to range between 61% and 96% in the included studies
[42], which aligns with the dropout rate of approximately 30%
found in our study.

Patient characteristics associated with dropout have been
investigated mainly in relation to sociodemographic factors,
such as sex, age, education, and cohabitation status in other
studies [18,22,42]. Self-reported aspects, including
self-management and health literacy, have to our knowledge
not been reported in other studies regarding the dropout rate in
digital interventions. Thus, our study contributes novel
knowledge in this field and underlines the importance of
considering different individual needs and competencies when
implementing digital solutions in clinical care. Nielsen et al
also investigated reasons for not using digital PRO concepts in
clinical practice among patients with long-term conditions. They
found several reasons for digital nonuse of PRO; among others,
the themes covered the ability to use PRO data, engagement,
emotional distress, and technical barriers [18]. From the patient’s
point of view, these reasons are important to consider before
implementing a digital PRO solution in a clinical setting.
Reasons for dropout in PRO-based follow-up will be further
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investigated in future research by interviewing patients as well
as clinicians.

The clinicians’ perspective is important to investigate because
dropout could be related not only to digital skills or engagement
by patients. From the health care provider’s point of view, there
may also be concerns that arise during the treatment of patients
included in a digital solution. Qualitative research regarding
the clinicians’ perspective of using PRO-based follow-up in
patients with epilepsy has shown reluctance among clinicians
[43]. For example, some of the clinicians found the lack of
interpersonal contact as a negative consequence of PRO-based
follow-up and felt unsure about some of the patients’capabilities
to participate even though the patients were already included
in PRO-based follow-up [43]. There is no standardized guideline
regarding referral to PRO-based follow-up in patients with
epilepsy in the Central Denmark Region; thus, the personal
preferences amongst clinicians may play a role when deciding
to refer or exclude patients from PRO-based follow-up. Prior
research investigating factors associated with referral to
PRO-based follow-up among patients with epilepsy and patients
with rheumatoid arthritis supports this statement since patients
with a higher socioeconomic background more often were
referred to PRO-based follow-up compared to patients with a
lower socioeconomic background [24,44]. Similar to our finding,
the study in patients with epilepsy also found a positive
association between a high level of health literacy and referral
to PRO-based follow-up [24]. These findings in addition to our
current study support the importance on focusing on the
involvement of vulnerable patient groups when designing digital
PRO solutions in clinical practice.

Strengths and Limitations
We conducted a large Danish prospective cohort study among
a representative epilepsy population enrolled in remote
PRO-based follow-up. Self-reported data were collected before
the outcome of interest; thus, potential misclassification would
be nondifferential and not bias the results. The outcome
(dropout) was register-based, and missing data were acceptable
for both self-reported and register-based data. Thus, the internal
and external validity of this study are considered sufficient.

However, some limitations should be noted. First, we possessed
only baseline information about the potential determinants. It
is possible that the patients’ perceptions of self-management,
health status, and patient satisfaction changed during the
follow-up period.

Second, the initial response rate in this study was high (83%);
however, the only data available regarding the nonrespondents
were sex and age. No differences were found between
responders and nonresponders, but we cannot rule out that
nonresponders did differ from the respondents considering other
characteristics. In general, we found high levels of
self-management, health status, and satisfaction amongst the
responders. Nondifferential selection bias could occur if a lower
level of these aspects may have been reported by the
nonresponders. Third, an issue occurred with the interpretation
of the question regarding the confounder variable education.
This was evident for some younger patients who reported having
a higher educational level than plausible for their age. It was
not possible to determine if this issue was present throughout
the study, and there is a possibility that this misclassification
may have contributed to insufficient correction for education.
Furthermore, despite adjusting for the most common
sociodemographic confounders, a risk of residual confounding
cannot be completely ruled out. Finally, differentiating the
reasons for dropout would have enhanced the strength of this
study. However, this information was not available and will be
explored in future research.

Conclusions
In this study, we found that reduced self-management, poor
health status, and patient dissatisfaction were associated with
an increased odds of dropout in remote PRO-based follow-up.
Thus, findings from this study support that a remote approach
in outpatient follow-up may not be suitable to the whole patient
population, but a selected group of patients. However, further
research is necessary to explore the reasons for patient dropout.
The findings underline the importance of involving patients
with different needs and competencies when designing and
implementing digital PRO solutions in the health care system.
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Abstract

Background: While the significance of care navigation in facilitating access to health care within the lesbian, gay, bisexual,
transgender, queer, and other (LGBTQ+) communities has been acknowledged, there is limited research examining how care
navigation influences an individual’s ability to understand and access the care they need in real-world settings. By analyzing
private sector data, we can bridge the gap between theoretical research findings and practical applications, ultimately informing
both business strategies and public policy with evidence grounded in real-world efficacy.

Objective: The objective of this study was to evaluate the impact of specialized virtual care navigation services on LGBTQ+
individuals’ ability to comprehend and access necessary care within a national cohort of commercially insured members.

Methods: This case study is based on the experience of commercially insured members, aged 18 or older, who used the LGBTQ+
Health Care Navigation (LGBTQ+ Navigation) service by Included Health between January 26 and July 31, 2023. Care coordinators
assisted members by connecting them with vetted identity-affirming in-network providers, helping them navigate and understand
their LGBTQ+ health benefits, and providing education and advocacy for clinical and nonclinical needs. We examined the impact
of navigation on 5 member-reported outcomes. In addition to reporting the proportion who agreed or strongly agreed, we calculated
an impact score that averaged assigned numerical values to all 5 question responses (1=strongly disagree to 5=strongly agree)
for each respondent. We used ANOVA with Tukey post hoc tests and t tests to explore the relationships between the impact score
and member characteristics, including optional self-reported demographics.

Results: Out of 4703 LGBTQ+ Navigation cases, 7.53% (n=354) had member-reported outcomes. A large majority of LGBTQ+
members agreed or strongly agreed that care navigation resulted in less stress (315/354, 89%), less care avoidance (305/354,
86.2%), higher confidence in finding an identity-affirming provider (327/354, 92.4%), improved ability to comprehend health
care information (312/354, 88.1%), and improved ability to engage with providers (308/354, 87%). The average impact score
was 4.44 (SD 0.69), with statistically significant differences by gender identity (P=.003), race (P=.01), ethnicity (P=.008), and
pronouns (P=.02). The scores were highest for members with multiple gender identities (mean 4.56, SD 0.37), and members who
did not provide their race, ethnicity, or their pronouns (mean 4.55, SD 0.64). Impact scores were lowest for transgender members
(mean 4.11, SD 0.95).

Conclusions: The LGBTQ+ Navigation service, by enhancing members’comprehension and use of necessary care, demonstrates
potential public health utility and value. Continuous evaluation of navigation services can serve as a supplementary tool for
employers seeking to promote health equity and improve belonging among employees. This is particularly important as
discrimination and stigma against LGBTQ+ communities persist in the United States. Therefore, scalable and system-level
changes that use navigation services are essential to reach a larger proportion of the LGBTQ+ population.

(JMIR Form Res 2025;9:e64137)   doi:10.2196/64137

KEYWORDS

health care navigation; LGBTQ+; lesbian; gay; bisexual; transgender; queer; access to care; care avoidance; identity-affirming
care; minority; stress; stigma; health outcomes
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Introduction

Compelling evidence indicates that communities comprised of
lesbian, gay, bisexual, transgender, queer, and a broader
spectrum of sexual orientations and/or gender identities
(LGBTQ+) disproportionately endure a range of health issues
[1-3]. According to minority stress theory, the stigma associated
with sexual and/or gender minority identities acts as a stressor,
potentially serving as a foundational contributor to health
inequities among LGBTQ+ people [4]. This inequity includes
adverse health outcomes, such as various forms of cancer,
mental health disorders including depression and anxiety, HIV,
and higher rates of substance use compared to their heterosexual
and cisgender counterparts [5-10].

Research has identified impeded access to health care services
as a key driver of adverse health outcomes within the LGBTQ+
communities, further amplifying health inequities [11-13].
Drawing upon the comprehensive framework for health care
access of Levesque et al [14], it is imperative to examine health
care accessibility from a multifaceted perspective. This
perspective can involve accounting for factors like lack of
inclusive policies, limited availability of health insurance,
financial challenges that make health care unaffordable,
insufficient awareness of available health care services, a sense
of mistrust toward health care providers, and poor quality health
care related to discrimination based on sexual orientation and
gender identity, as well as a lack of health care providers’
understanding of LGBTQ+ health care needs [15-24].

Policies and interventions that take this multidimensional view
of health care access [14] are essential for improving access to
health care, as well as improving access to the evidence-based
medical information, all of which play a significant role in
facilitating health care access [25]. One such intervention is
care navigation, acknowledged as a successful model for
increasing access to quality health care, particularly for
marginalized populations [26]. Recently, small studies have
demonstrated the ability of patient navigation to connect and
engage individuals within diverse LGBTQ+ communities with
HIV care [27] and facilitate gender-affirming care for
transgender populations [28, 29].

While the significance of care navigation in facilitating access
to care within the LGBTQ+ communities has been
acknowledged [27-29], research in this area is limited. One gap
that remains is understanding how care navigation influences
an individual’s ability to understand and access the care they
need in real-world settings. Evaluating these services that are
delivered by the private sector offers unique value that
complements traditional research studies by providing
real-world, actionable insights. Unlike controlled environments
in research, private sector evaluations reflect the complexities
of actual consumer behaviors, operational challenges, and
market conditions. This allows for the observation of how
services perform in diverse, dynamic settings where human
behavior is less predictable and influenced by a range of
contextual factors. Moreover, private sector data often
encompasses larger, more varied populations, offering a broader
scope of generalizability. By analyzing this data, we can bridge

the gap between theoretical research findings and practical
applications, ultimately informing both business strategies and
public policy with evidence grounded in real-world efficacy.
Therefore, the objective of the study was to evaluate the use of
an LGBTQ+-specialized virtual care navigation service among
Included Health’s members and assess the impact of these
services on members’abilities to understand and access the care
they need among a national, commercially-insured cohort.

Methods

This study follows STROBE (Strengthening the Reporting of
Observational Studies in Epidemiology) reporting guidelines
for cohort studies.

LGBTQ+ Virtual Health Care Navigation Service
This study is based on the experience of commercially insured
members, aged 18 or older, who used the LGBTQ+ Health Care
Navigation (LGBTQ+ Navigation) service by Included Health.
LGBTQ+ Navigation is Included Health’s phone- and chat-based
health care navigation service for LGBTQ+ communities. It is
offered by self-insured employers as a health care benefit for
employees and their dependents and by health plans for their
insured members. The LGBTQ+ Navigation service is consistent
across all members who are eligible for the service. Employers
share information about the navigation service with their
employees and their family members similarly to other health
benefits, which may include mailings, webinars, and their
intranet. Members then proactively initiate a case by completing
an intake form on Included Health’s website or within the digital
health app. A team of care coordinators, 90% of whom identify
as LGBTQ+, provide concierge advocacy and guidance for
members across 3 areas: connections to vetted identity-affirming
in-network providers, benefits navigation focused on LGBTQ+
health, and education and advocacy for clinical and nonclinical
needs.

These providers, ranging from primary care physicians to
specialists, have been vetted by Included Health to ensure
familiarity with LGBTQ+ health needs and inclusive practices.
Coordinators, trained in investigative interviewing, gather
information by speaking directly to providers and their staff on
the provider’s experience with population-level health needs,
the treatment of LGBTQ+ members, and confirmation of
inclusive practices, such as using the correct name and pronouns
for patients regardless of their gender assigned at birth. If there
are not multiple provider options for the member in the
directory, coordinators conduct additional research and vetting
to find suitable providers.

Included Health uses a rigorous vetting process to ensure that
providers recommended for LGBTQ+ care offer a high standard
of cultural competence and inclusivity. Rather than relying on
binary yes or no questions or allowing providers to self-identify
as inclusive, the care coordinators—who bring specialized
training and lived experience—conduct in-depth conversations
with providers. Care coordinators are trained over a 4 to 5 week
program where they are prepared to address various topics
including benefits plans, social determinants of health, family
building, and common systemic health conditions faced by
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LGBTQ+ individuals. In addition, they receive training in
patient advocacy and engage in intuitive listening practices to
round out their deep practical knowledge with the skills to
uncover needs and empower members. This approach allows
coordinators to evaluate providers’ practical experience with
LGBTQ+ communities and their commitment to delivering
culturally affirming, high-quality care. To further ensure
consistency in care standards, Included Health actively solicits
feedback from LGBTQ+ members who visit these recommended
providers. Providers who do not meet member expectations for
culturally competent care are reviewed and, if necessary,
removed from the directory. This continuous feedback loop,
guided by both professional assessment and member
experiences, helps to maintain a directory of providers who
align with Included Health’s standards for LGBTQ+ inclusive
care.

Care coordinators also assist members with understanding their
benefits related to LGBTQ+ health, such as family expansion
and gender-affirming care. For example, members interested in
family expansion may have access to adoption support and
reproductive endocrinology interventions. In addition, care
coordinators assist the member in completing all the steps along
gender-affirming care pathways, which may include any
necessary documentation such as World Professional
Association for Transgender Health (WPATH) letters and access
to travel benefits if needed. They are trained to uncover
additional needs, allowing them to connect members to benefits
they might not know they have. In addition, the care
coordinators support members through education and advocacy
for clinical and nonclinical needs. This support may include
helping the member navigate a claim denial, interpret the
workplace policy guidance, identify community resources (eg,
parents of transgender children support group), complete
required paperwork prior to receiving care, and inform the
member on how to change their legal name.

Data Source
Our study sample consisted of all completed service requests
(closed cases) of LGBTQ+ Navigation from January 26 to July
31, 2023. We merged data from member intake forms and the
postcase member surveys. Members initiated one or more
LGBTQ+ Navigation cases by completing an LGBTQ+
Navigation member request form. The form requested
information to confirm LGBTQ+ Navigation eligibility, how
the member could be supported (eg, find a provider or resource
request), and geographic location, as well as optional fields for
race, sexual orientation, pronouns, and gender identity. At case
closure, the LGBTQ+-specialized care coordinator emailed an
optional survey, without an incentive offered for completing
the survey, to the member specific to the LGBTQ+ Navigation
offering.

Ethical Considerations
The University of Pennsylvania Institutional Review Board
(IRB) reviewed the study’s protocol and concluded it was
exempt as it did not meet the regulatory definition of human
subjects research. The committee stated that “the IRB
determined that this project qualifies as quality/program
improvement meaning that the project does not meet the

regulatory definition of human participants research and
therefore does not require formal IRB review.” When submitting
the form to request navigation services, the member agreed to
the terms of service which included the Included Health privacy
policy, which stated anonymous information may be used for
research. Data were deidentified which ensured that the authors
did not have access to any identifiable information about
members. Compensation was not provided for study
participation.

Measures

Member and Case Characteristics
The member’s geographic region was defined as Midwest,
Northeast, South, or West based on the US census regions. We
also included the type of case request as a binary variable (a
provider request or seeking resource/support) and whether the
member had more than one case. Race, ethnicity, gender
identity, sexual orientation, and pronouns were optional fields
within the member intake form. The race and ethnicity question
allowed respondents to select all that apply, aligning with US
Census Bureau recommendations [30]. Due to limited sample
size, we derived 2 variables: one indicating whether they
identified as White and the other indicating whether they
identified as Hispanic. For pronouns, individuals were presented
with the option to select from he/him/his, she/her/hers,
they/them/theirs, and ze/zir/zirs using a choose-all-that-apply
format. Subsequently, we derived a variable indicating whether
they chose a single set of pronouns or multiple pronouns.

In the original survey, participants could select all applicable
options for gender identity and sexual orientation (see
Supplement 2 in Multimedia Appendix 1) [31]. To create
mutually exclusive variables for gender identity and sexual
orientation, we compiled all the selected options and categorized
them into distinct sexual orientations and gender identities. If
respondents chose a single identity for either sexual orientation
or gender identity, they were merged into a new variable
informed by the National Academies’ Consensus Report [32].
For both gender identity and sexual orientation, some distinct
identities had low sample sizes. In those instances, we combined
the respondents into one category. If they selected multiple
options for sexual orientation or gender identity, they were
placed in a category for multiple options. Consequently, we
established mutually exclusive categories for gender identity
(cisgender; transgender; other gender identities including
agender, gender fluid, intersex, or nonbinary; and multiple
gender identities) and sexual orientation (bisexual; gay/lesbian;
other sexual orientations including aromantic, asexual,
pansexual, queer, or heterosexual; and multiple sexual
orientations). For cases in which members did not complete the
optional form fields, their member characteristics were presented
as not available to indicate missing information. Details on the
original responses for gender identity and sexual orientation,
as well as how this data was merged into new mutually exclusive
categories, can be found in the Supplement 2 in Multimedia
Appendix 1.
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Member-Reported Outcomes
Our study outcome examined members’evaluation of LGBTQ+
Navigation using a 5-point scale (1=strongly disagree to
5=strongly agree). The questions began, “Since working with
Included Health, I am…” and the 5 fragments were (1) less
stressed about using health care services, (2) less likely to avoid
care, (3) better able to find, understand, and use the information
I need to inform my health care choices, (4) better able to find
health care providers who understand my needs, and (5) more
prepared to engage with health care providers.

In addition to the individual responses, we calculated a
composite score for each member to denote the LGBTQ+
Navigation impact. Responses were averaged across the 5
questions (Cronbach α=0.94). A score of 4 or higher was
considered an overall positive impact of LGBTQ+ Navigation,
as it meant the respondent selected agree (4 points) or strongly
agree (5 points) on average, across the 5 separate questions. A
score less than 4 was considered a neutral to no impact of
LGBTQ+ Navigation, since it indicated that the member was
more likely to select neither agree or disagree, disagree, or
strongly disagree across the questions.

Statistical Analyses
We used descriptive statistics, including means and distributions,
to report the study sample characteristics and the
member-reported outcomes. To understand the differences
between those with and without member-reported outcomes,

we used Fisher exact tests or χ2 tests for categorical variables
and 2-tailed t tests for continuous variables. Among the subset
of individuals who completed a follow-up survey, we explored
the relationships between the LGBTQ+ Navigation impact score
and member characteristics. We used ANOVA with Tukey post
hoc tests and t tests. The α level was defined as .05. All analyses
were conducted in SAS version 9.4 (SAS Institute).

Results

There were 4703 LGBTQ+ Navigation cases in the study
sample, of which 354 (7.53%) cases were linked to postcase
surveys with member-reported outcomes (Table 1). LGBTQ+
Navigation cases with member-reported outcomes were more
likely to be for members with multiple cases (202/354, 57.1%
vs 1761/4349, 40.49%; P<.001) and less likely to be from
members who live in the South (98/354, 27.8% vs 1635/4349,
37.97%; P<.003) compared to cases without member-reported
outcomes. Moreover, members who provided member-reported
outcomes were less likely to provide their demographic
characteristics, including race and ethnicity (178/354, 50.3%
vs 1484/4349, 34.12%), pronouns (178/354, 50.3% vs
1484/4349, 34.12%), gender identity (205/354, 57.9% vs
1869/4349, 42.98%), and sexual orientation (190/354, 53.7%
vs 1663/4349, 38.24%), in comparison to those who did not
submit member-reported outcomes (P<.001). There was not a

statistically significant difference in the proportion of cases that
requested assistance in finding an identity-affirming provider
(350/354, 98.9% vs 4229/4349, 97.24%; P=.07).

Among cases linked to member-reported outcomes, half of the
respondents chose not to provide their race (178/354, 50.3%)
and ethnicity (178/354, 50.3%), pronouns (178/354, 50.3%),
gender identity (205/354, 57.9%), or sexual orientation (190/354,
53.7%). For the cases where race, ethnicity, and pronouns were
provided (176/354, 49.7%), a majority identified as White
(113/176, 64.2%) and non-Hispanic (141/176, 80.1%), and they
used singular pronouns (149/176, 84.7%). For the cases where
gender identities were provided (149/354, 42.1%), half of the
members identified as cisgender (75/149, 50.3%), followed by
transgender (33/149, 22.2%); other gender identities including
agender, gender fluid, intersex, or nonbinary (30/149, 20.1%);
or multiple gender identities (11/149, 7.4%). For the cases where
sexual orientations were provided (164/354, 46.3%), 46.3%
(76/164) identified as gay or lesbian, followed by multiple
sexual orientations (40/164, 24.4%); other sexual orientations
including aromantic, asexual, pansexual, queer, or heterosexual
(30/164, 18.3%); or bisexual (18/164, 11%).

We found that a large majority of respondents agreed or strongly
agreed that LGBTQ+ Navigation had a positive impact on their
ability to understand and use the care they needed. Roughly
89% (315/354) felt less stressed about accessing health care
services, and 86.2% (305/354) reported they were less likely to
avoid care (Table 2). Furthermore, 88.1% (312/354) of
respondents agreed or strongly agreed that they improved their
ability to find, comprehend, and use the information necessary
for making informed health care decisions. Over 92% (327/354)
agreed or strongly agreed they had increased confidence in
finding health care providers, and 87% (308/354) felt more
prepared to engage with these providers.

The average composite LGBTQ+ Navigation impact score was
4.44 (SD=0.69). Approximately 44.6% (158/354) of members
had a composite score of 5, indicating they responded “strongly
agree” to each of the 5 statements. In addition, 36.2% (128/354)
of scores were 4 or more but less than 5, while 19.2% (68/354)
were less than 4 (Table 3).

The LGBTQ+ Navigation impact scores varied by case and
member characteristics (Table 4). The mean impact scores were
higher for members in the South and Midwest (South: 4.69;
Midwest: 4.59; Northeast: 4.39; West: 4.20; P<.001); members
with multiple gender identities (multiple gender identities: 4.56;
not available: 4.55; cisgender: 4.36; other gender identities:
4.25; transgender: 4.11; P=.003); and members who did not
provide their race (not available: 4.55; non-White: 4.40; White:
4.30; P=.01), their ethnicity (not available: 4.55; Hispanic: 4.46;
non-Hispanic: 4.30; P=.008), or their pronouns (not available:
4.55; multiple pronouns 4.36; single set of pronouns: 4.33;
P=.02). The impact scores did not differ significantly by sexual
orientation.
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Table . Associations between case and member characteristics and the completion status of member-reported outcomes (n=4703).

P valueMember-reported outcomes, n (%)Total (n=4703), n (%)Variable

Yes (n=354)No (n=4349)

.003Region

59 (16.8)635 (14.75)694 (14.9)Midwest

71 (20.2)738 (17.14)809 (17.37)Northeast

98 (27.8)1635 (37.97)1733 (37.2)South

124 (35.2)1298 (30.14)1422 (30.53)West

.07Requester service

350 (98.9)4229 (97.24)4579 (97.36)Provider request

4 (1.1)120 (2.76)124 (2.64)Resources/support

<.001Member had more than one case

152 (42.9)2588 (59.51)2740 (58.26)No

202 (57.1)1761 (40.49)1963 (41.74)Yes

<.001Race

63 (17.8)1239 (28.49)1302 (27.68)Non-White

113 (31.9)1626 (37.39)1739 (36.98)White

178 (50.3)1484 (34.12)1662 (35.34)N/Aa

<.001Ethnicity

141 (39.8)2343 (53.87)2484 (52.82)Non-Hispanic

35 (9.9)523 (12.03)558 (11.86)Hispanic

178 (50.3)1483 (34.1)1661 (35.52)N/A

<.001Pronouns

149 (42.1)2576 (59.23)2725 (57.94)Single pronouns

27 (7.6)289 (6.65)316 (6.72)Multiple pronouns

178 (50.3)1484 (34.12)1662 (35.64)N/A

<.001Gender identity

205 (57.9)1869 (42.98)2074 (44.1)N/A

75 (21.2)1602 (36.84)1677 (35.66)Cisgender

11 (3.1)75 (1.72)86 (1.83)Multiple gender identities

30 (8.5)392 (9.01)422 (8.97)Otherb

33 (9.3)411 (9.45)444 (9.44)Transgender

<.001Sexual orientation

190 (53.7)1663 (38.24)1853 (39.4)N/A

18 (5.1)258 (5.93)276 (5.87)Bisexual

76 (21.5)1326 (30.49)1402 (29.81)Gay/lesbian

40 (11.3)457 (10.51)497 (10.57)Multiple sexual orientations

30 (8.5)645 (14.83)675 (14.35)Otherc

aN/A: not available.
bOther gender identities included agender, gender fluid, intersex, or nonbinary.
cOther sexual orientations included aromantic, asexual, pansexual, queer, or heterosexual.
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Table . Unadjusted average and distribution of responses by member-reported outcomes (n=354).

Responses, n (%)Response score,
mean (SD)

Response item

Strongly agreeAgreeNeutralDisagreeStrongly dis-
agree

206 (58.2)109 (30.8)32 (9)3 (0.8)4 (1.1)4.44 (0.78)Less stress

205 (57.9)100 (28.2)33 (9.3)7 (2)9 (2.5)4.37 (0.92)Less likely to
avoid care

210 (59.3)102 (28.8)37 (10.4)3 (0.8)2 (0.6)4.45 (0.76)Better able to
find and use
health care infor-
mation

219 (61.9)108 (30.5)20 (5.6)3 (0.8)4 (1.1)4.51 (0.74)Better able to
find provider

206 (58.2)102 (28.8)41 (11.6)2 (0.6)3 (0.8)4.43 (0.78)More prepared
to engage with
physician

Table . Unadjusted composite LGBTQ+a Health Care Navigation impact score (n=354).

LGBTQ+ Navigation impact valuesComposite scoresb

4.44 (0.69)Average score, mean (SD)

68 (19.2)Score of less than 4, n (%)

128 (36.2)Score of 4 or more but less than 5, n (%)

158 (44.63)Score or 5, n (%)

aLGBTQ+: lesbian, gay, bisexual, transgender, queer, and others.
bComposite scores are the unadjusted average of the 5 individual member-reported outcomes for each member.
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Table . Association between LGBTQ+ Health Care Navigation impact scores and case and member characteristics (n=354).

P valueLGBTQ+ Health care navigation impact score,
mean (SD)

<.001bRegion

4.59 (0.52)Midwest

4.39 (0.72)Northeast

4.69 (0.51)South

4.20 (0.79)West

.41cRequester service

4.45 (0.67)Provider request

3.6 (1.77)Resources/support

.054cReturning user

4.36 (0.67)No

4.50 (0.71)Yes

.01bRace

4.40 (0.74)Non-White

4.30 (0.73)White

4.55 (0.64)N/Ad

.008bEthnicity, n (%)

4.30 (0.74)Non-Hispanic

4.46 (0.69)Hispanic

4.55 (0.64)N/A

.02bPronouns, n (%)

4.33 (0.76)Single pronouns

4.36 (0.51)Multiple pronouns

4.55 (0.64)N/A

.003bGender identity, n (%)

4.55 (0.64)N/A

4.36 (0.66)Cisgender

4.56 (0.37)Multiple gender identities

4.25 (0.77)Othere

4.11 (0.95)Transgender

.05bSexual orientation, n (%)

4.54 (0.65)N/A

4.48 (0.59)Bisexual

4.31 (0.69)Gay/lesbian

4.34 (0.68)Multiple sexual orientations

4.27 (0.97)Otherf

aLGBTQ+: lesbian, gay, bisexual, transgender, queer, and others.
bDetermined using ANOVA with Tukey post hoc tests.
cDetermined using 2-tailed t tests.
dN/A: not available.
eOther gender identities included agender, gender fluid, intersex, or nonbinary.
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fOther sexual orientations included aromantic, asexual, pansexual, queer, or heterosexual.

Discussion

Principal Findings
To our knowledge, this is the first study to empirically measure
the impact of a national, virtual LGBTQ+-specialized care
navigation service on member-reported outcomes among
commercially insured adults. We found the navigation service,
which was considered a comprehensive framework to health
care access [14], had a meaningful impact on multiple process
outcomes that were associated with the use of preventive
services, improved health, and lower long-term costs.

While LGBTQ+ individuals are more likely to receive
preventive screenings and have better management of mental
health conditions when under the care of an identity-affirming
provider [33], the challenge lies in finding LGBTQ+ affirming
providers [33,34]. Our study highlighted that members who
used LGBTQ+ Navigation reported improved confidence in
finding identity-affirming providers and reported being prepared
to interact with them. Care avoidance is a significant health care
concern as well, leading to the reduced use of preventive
services, compromised health outcomes, and elevated long-term
health care expenses [35,36]. This is particularly pertinent to
the LGBTQ+ communities, which are more prone than other
populations to avoid seeking care due to barriers and
discrimination [37].

Our study found that 86.2% (305/354) of members reported
they were less likely to avoid care after using the LGBTQ+
Navigation service. Moreover, LGBTQ+ Navigation increased
members’ ability to find, understand, and use health care
information, which may lead to potential improvements in
medication adherence, increased use of preventive care, reduced
emergency room visits, and enhanced management of chronic
care [38]. These results echo existing literature discussing the
positive impact of LGBTQ+ navigation services on health care
access and health care outcomes [28,39,40]. On the other hand,
a fifth of members had an LGBTQ+ Navigation impact score
that was less than 4, which means they were more likely to
respond with neutral, disagree, or strongly disagree to the survey
questions. This may indicate the presence of systemic barriers,
such as laws, legislation, and insurance policies, that LGBTQ+
Navigation services are unable to address. Further analysis of
members who did not respond affirmatively is needed to enhance
services and better understand their unmet needs.

We found that care navigation positively impacted all member
subgroups, with scores above 4 on the LGBTQ+ Navigation
impact, though there were statistically significant differences
between the groups. Notably, we found statistically significant
differences by gender identity, with the lowest score for
transgender individuals. In the context of historical stigma and
continual discrimination toward transgender individuals
compared to cisgender individuals, the lower scores suggest the
need for additional gains toward more inclusive care
environments. We also found the highest impact scores were
among members who did not provide their demographic
information on intake forms. This makes it difficult to interpret

differences and highlights an area for future research when more
data is available.

Research to date on the impact of care navigation for LGBTQ+
communities has been limited to small samples and focused on
subsets of the communities, specifically those receiving care
for chronic diseases (eg, HIV) or gender-affirming care [27,28].
This formative evaluation’s results are encouraging, and similar
tailored care navigation services have the potential to broaden
the reach and scalability of health care access, particularly
benefiting LGBTQ+ populations who often face challenges in
navigating their health care needs. While promising, we
recognize that the observed differences between respondents
and nonrespondents could introduce biases into our findings,
particularly concerning regional disparities and engagement
levels. For instance, even though we observed no differences
between respondents and nonrespondents in the use of care
navigation services, the participants included in our analyses
were less likely to be from the South. Moreover, members with
multiple cases were more likely to provide feedback. These
patterns suggest that certain groups may face barriers to
participation, which could skew the overall results. To address
this, we recommend targeted outreach efforts aimed at increasing
survey participation among underrepresented groups,
particularly those in the South and individuals with fewer cases.
By implementing these strategies, we aim to create a more
balanced dataset in future research, which would ultimately
improve the generalizability and inclusivity of the study’s
conclusions.

Overall, continuous evaluation of these services can serve as a
supplementary tool for employers seeking to promote health
equity and improve belonging among employees. This is
particularly important as discrimination and stigma against these
communities persist in the United States. Such services may
help reduce barriers by lowering out-of-pocket costs, allowing
employees to access care without financial strain, while also
addressing both insurance policy limitations and state-level
policy constraints [28]. Furthermore, they show promise for
enhanced health literacy among employees [41], which may
empower them to navigate the health care system and make
informed decisions about their health. Therefore, scalable and
system-level changes that use navigation services are essential
to reaching a larger proportion of the LGBTQ+ population.

Limitations
This study is not without limitations. First, the results may lack
generalizability. Included Health was used as a case study, and
the members who completed member-reported outcomes
differed from those who did not. Second, there may be
survey-response bias or a ceiling effect in member-reported
outcomes. We recognize that a subset of members provided
follow-up feedback through the surveys. Future research
examining strategies to encourage increased survey completion
rates among members may offer greater insights into
patient-reported outcomes related to the Included Health
LGBTQ+ Navigation service. Third, while members were asked
to report the impact since working with Included Health,
member-reported outcomes were solicited at case completion
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only and do not reflect changes from a presurvey to postsurvey.
Fourth, some members had access to additional Included Health
services, such as virtual care, which may have influenced the
responses to the survey. However, less than 7% of respondents
used virtual care services and the survey came directly from
their LGBTQ+ care coordinator after their case was closed,
limiting the likelihood that the survey captured their experience
with other Included Health services. Fifth, we were unable to
differentiate the impact of LGBTQ+ Navigation by the multiple
race and ethnicity, sexual orientation, and gender identities
captured in the intake form due to small sample sizes and the
need for mutually exclusive categories to support statistical
testing. However, we felt it was important to examine if any
differences were present by subgroup definitions with the data
available. By consolidating members into broader race, sexual
orientation, and gender identity categories, we were able to
maximize data availability and better understand the differences
between groups. Finally, most members did not provide optional
demographic characteristics, which limited our ability to draw
conclusions from the subgroup analyses. Moreover, we were

unable to distinguish whether the examined case was for the
policy member or for their family members since the data was
not initially collected for research purposes. Despite these
limitations, the strengths of the study include a national sample
of members from the LGBTQ+ communities and an initial
assessment of the impact of navigation on key process outcomes
that can lead to improved health and reduced costs.

Conclusion
Health care navigation services can offer advocacy and guidance
to members by facilitating connections to verified in-network
providers, focusing on benefits navigation tailored to LGBTQ+
health needs and providing education and advocacy for both
clinical and nonclinical needs. The Included Health LGBTQ+
Navigation service demonstrates potential public health utility
and value. Further research is needed to examine the use of care
navigation within segments of the LGBTQ+ communities.
Moreover, investigating how care navigators addressed specific
barriers will inform future navigation opportunities and policy
development.
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Abstract

Background: Breastfeeding is vital for the health and well-being of both mothers and infants, and it is crucial to create supportive
environments that promote and maintain breastfeeding practices.

Objective: The objective of this paper was to describe the development of a breastfeeding-friendly app called “bfGPS” (HKU
TALIC), which provides comprehensive territory-wide information on breastfeeding facilities in Hong Kong, with the goal of
fostering a breastfeeding-friendly community.

Methods: The development of bfGPS can be categorized into three phases, which are (1) planning, prototype development,
and preimplementation evaluation; (2) implementation and updates; and (3) usability evaluation. In phase 1, a meeting was held
with experts, including maternal and child health researchers, app developers, breastfeeding individuals, and health professionals,
to discuss the focus and functionality of the breastfeeding app. A prototype was developed, and breastfeeding facilities in various
public venues in Hong Kong were assessed using a structured checklist. For the preimplementation evaluation, 10 focus groups
and 19 one-on-one interviews were conducted between May 2019 and October 2020 with staff working in public premises (n=29)
and breastfeeding individuals (n=29). For phase 2, bfGPS was published on iOS (Apple Inc) and Android (Google) platforms in
September 2020. App updates were launched in September 2021 and May 2022 based on the suggestions provided by the
participants in the preimplementation evaluation. For the usability evaluation, semistructured, in-depth, one-to-one interviews
were conducted with breastfeeding individuals (n=30) to understand their experiences of using bfGPS. Content analysis was used
to analyze the data.

Results: bfGPS is a mobile app that was developed to assist breastfeeding individuals in locating breastfeeding facilities in
public venues in Hong Kong. In the preimplementation evaluation, the participants gave comments on the layout and interface
of bfGPS, and suggestions were given on incorporating new functions into the app. Based on the suggestions of the participants
in the preimplementation evaluation, a few additional functions were added into bfGPS, including allowing the users to rate and
upload recent information about breastfeeding facilities and an infant tracker function that encourages users to record infant
development. In the usability evaluation, 3 main themes emerged—bfGPS improves the community experience for breastfeeding
individuals, facilitates tracking the infant’s growth, and provides suggestions for further development.

Conclusions: The bfGPS app is the first user-friendly tool designed to assist users in locating breastfeeding facilities within the
community. It stands as a guide for similar health care app developments, emphasizing the importance of accurate, current data
to ensure user adoption and long-term use. The app’s potential lies in the support and reinforcement of breastfeeding practices
coupled with self-management strategies.

(JMIR Form Res 2025;9:e64191)   doi:10.2196/64191
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Introduction

Background
Breastfeeding provides numerous benefits to both parents and
infants [1]. It is considered one of the most effective health
interventions for preventing infant and child mortality [2]. The
World Health Organization (WHO) recommends that infants
be exclusively breastfed for the first 6 months of life. After 6
months of age, complementary feeding should be provided with
continuing breastfeeding up to 2 years of age or beyond [3].
However, breastfeeding individuals face numerous challenges
that can lead to early weaning. Less than one-half of infants
under 6 months old were exclusively breastfed globally, and
only 45% of infants can be breastfed up to 2 years of age [4].
The determinants of breastfeeding continuation are
multifactorial, with various demographic [5,6], psychological
[7], and social factors [8].

Breastfeeding support is crucial for long-term breastfeeding.
Technology-based interventions effectively improve
breastfeeding outcomes [9,10]. However, a meta-analysis of
randomized controlled trials found that mobile app usage was
not significantly associated with prolonged breastfeeding
duration. However, only a few studies were included in the
meta-analysis, and there was high heterogeneity among the
interventions [11]. Recently published randomized controlled
trials showed that the use of mobile apps can significantly
increase [12] exclusive breastfeeding duration [13].

The Baby-Friendly Hospital Initiative (BFHI) was launched by
the WHO and the United Nations International Children’s
Emergency Fund in 1991 [14]. A large body of evidence shows
that the BFHI can significantly improve breastfeeding outcomes
[15,16]. The BFHI comprises 10 steps that aim to promote,
protect, and support breastfeeding in a hospital setting [14].
Step 10 of the BFHI is about fostering the establishment of
breastfeeding support groups in the community and referring
breastfeeding individuals to them on discharge from the hospital
or clinic [14]. Community support is essential for extending
breastfeeding duration [17]. The Baby-Friendly Community
Initiative (BFCI) is an extension of the BFHI [18] and is focused
on providing community-based support for breastfeeding
individuals [19]. However, the BFCI is implemented in only a
few countries and resources from the government are needed
to support the BFCI [19].

Globally, breastfeeding in public is not yet normalized. In
Western countries, the proportion of individuals supporting
breastfeeding in public ranges from 50% to 75% [20-23]. In
China, although 65% of the community agrees that breastfeeding
in public is acceptable, 30% believe that women should
breastfeed only in private spaces [24]. Furthermore,
breastfeeding individuals face numerous challenges when
breastfeeding in public. Embarrassment has been identified as
a key barrier to public breastfeeding [25] and unwanted attention
and unsuitable structural environments are common challenges

faced outside of the home [26]. Studies show that some public
areas are unwelcoming to breastfeeding individuals [27],
highlighting the lack of comfortable breastfeeding spaces [28].
A study has shown that breastfeeding in public is associated
with a longer duration of breastfeeding [29]. It is crucial for
breastfeeding individuals to find breastfeeding-friendly places
when they visit public venues. Several mobile apps are available
for breastfeeding individuals to locate breastfeeding facilities
in their communities, such as “FeedFinder (GarbTech),”
primarily used in the United Kingdom [30] and “Moommae
(Moon Active)” in Thailand [31]. These apps can increase the
confidence of breastfeeding individuals to go out and breastfeed
[30] while supporting breastfeeding on demand [32]. However,
users have emphasized the need for more breastfeeding facilities
to be included in the app [30,32]. Therefore, we developed a
social media mobile app with comprehensive territory-wide
information on breastfeeding facilities in Hong Kong to promote
breastfeeding-friendly attitudes within the community.

Breastfeeding Practices and Public Breastfeeding in
Hong Kong
In Hong Kong, approximately 84.7% of postpartum individuals
initiate breastfeeding [33]. However, only 23.9% of parents are
able to continue to breastfeed for 12 months and only 22.2%
exclusively breastfeed until 6 months [34]. Breastfeeding
individuals face various barriers in public places. Frequently
reported unpleasant experiences included being stared at by
others and being asked to breastfeed in unsanitary or unsuitable
places, such as public restrooms [35]. A significant number of
women stated that they reduced going out with their children
and resorted to feeding them with infant formula to avoid public
breastfeeding [35]. However, given that supplementing with
infant formula is strongly associated with breastfeeding cessation
[36,37], this is not an optimal solution. One study demonstrated
breastfeeding in public was associated with longer breastfeeding
duration [29]. Therefore, it is crucial to offer community
support.

The objective of this paper was to describe the development of
a breastfeeding-friendly app called “bfGPS (HKU TALIC),”
which provides comprehensive territory-wide information on
breastfeeding facilities in Hong Kong, with the goal of fostering
a breastfeeding-friendly community. We also gain insights into
how breastfeeding individuals and public venue staff perceive
bfGPS through qualitative interviews.

Methods

Design
This study was conducted as part of the BFCI, which aims to
promote breastfeeding-friendly attitudes in the community. The
BFCI program encompasses the following activities: (1)
providing training to the staff and management of public venues
to support breastfeeding individuals, (2) offering breastfeeding
support to pregnant and breastfeeding individuals, and (3)
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developing the bfGPS mobile app that aims to assist
breastfeeding individuals in locating breastfeeding facilities in
public venues in Hong Kong. The details of the BFCI program
were described elsewhere [38].

In this study, we report the development of bfGPS, which is
divided into three phases: (1) planning, prototype development,
and preimplementation evaluation; (2) implementation and
updates; and (3) usability evaluation (Figure 1). Phase 1 involves
facilities assessment, the development of the prototype of

bfGPS, and a preimplementation evaluation. The
preimplementation evaluation involves focus groups and
individual interviews to collect feedback on the app. For phase
2 of the development, we published bfGPS on iOS (Apple Inc)
and Android (Google) platforms, and we updated the apps to
add additional functions, which are rating of breastfeeding
facilities and infant tracker. Phase 3 is a usability evaluation. It
includes qualitative interviews with breastfeeding individuals
to understand their experiences of using bfGPS.

Figure 1. Flow diagram of the development of bfGPS.

Phase 1: Planning, Prototyping, and
Preimplementation Evaluation

Setting and Relevant Context
A meeting was held with experts, including maternal and child
health researchers, app developers, breastfeeding individuals,
and health professionals, to discuss the focus and functionality
of the breastfeeding app. Based on the results of the Department
of Health (2016) survey [35], the team decided to design an app

that could offer user-friendly guidance on breastfeeding to the
general public.

The content of the app was outlined, and a prototype of the
bfGPS app was developed (Figure 2). bfGPS is available in
English, Traditional Chinese, and Simplified Chinese. Between
June 2019 and June 2020, undergraduate nursing students
assessed breastfeeding facilities in various public venues in
Hong Kong, such as government premises, shopping malls, and
metro stations, using a structured checklist.
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Figure 2. The interface of bfGPS for locating breastfeeding facilities is available in (A) English, (B) traditional Chinese, and (C) simplified Chinese.
bfGPS provides a search bar that enables users to search breastfeeding facilities across Hong Kong. Users can view nearby facilities and the distance
from their current location by enabling location access. The details of nearby facilities are shown with icons and descriptions. In addition, bfGPS allows
for customized searches to enable users to filter results based on their needs, such as private rooms or handwashing facilities.

After developing the bfGPS prototype, breastfeeding individuals
and staff from public venues were invited to participate in
preimplementation evaluation. This preimplementation
evaluation included focus groups and one-on-one interviews to
gather feedback on the app’s functionality, design, performance,
and suggestions for further development of bfGPS. Both public
venue staff and breastfeeding individuals were recruited, as it
was important to confirm the clarity of the content related to
the public premises.

Recruitment and Data Collection
A total of 29 public facility staff members and 29 breastfeeding
individuals were invited to participate in the focus groups and
one-on-one interviews between May 2019 and October 2020.
Convenience sampling was used to recruit participants. Public
venue staff were recruited through social media advertisements
or by participating in staff training within the BFCI program.
Staff training for the BFCI program was described elsewhere
[38]. In brief, a convenience sample of shopping malls and
premises was identified throughout Hong Kong using the
internet search. Invitation letters were sent to senior managers
and customer service of the identified shopping malls and
premises. The emails and letters of invitation include a
description of the BFCI program, which included exposure to
a breastfeeding mobile app, bfGPS. The shopping malls and
premises employees were invited to attend a 2-hour training
course based on the WHO breastfeeding counseling course. The
employees who attended the BFCI training were invited to
participate in the preimplementation evaluation through SMS
text messages or emails.

The staff members had diverse occupations and job roles,
ranging from frontline staff to managers. The inclusion criteria
for staff members were individuals who were 18 years of age
or older, worked in public venues, and interacted with the public
as part of their jobs. Breastfeeding individuals were recruited
if they had breastfed their infants in public or had used
breastfeeding facilities in public venues. The recruitment was
conducted through the researchers’ network. Participants
received an HK $100 (approximately US $12.80) gift card as
compensation.

Phase 2: Implementation and Updates (Setting and
Relevant Context)
Beta testing was conducted to provide early versions of the app
to experienced app testers who examined it for errors, crashes,
layout issues, software bugs, or other problems. The research
team and app developers performed beta testing. bfGPS was
published on iOS and Android platforms in September 2020.
An app update was launched in September 2021 which allowed
users to rate and evaluate breastfeeding facilities and included
an online function for the public to upload recent information
about breastfeeding facilities.

Based on the participants’ suggestions in the focus groups and
one-on-one interviews, the ratings and evaluation stage were
introduced in September 2021, along with an online function
for the public to upload recent information about breastfeeding
facilities (Figure 3). The infant tracker was a new add-on feature
launched in May 2022 to encourage users to record infant
development, including the amount of breast milk, breastfeeding
times, sleep patterns, and reminders for feeding and vaccinations
(Figure 4).
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Figure 3. Interactive function for the users to upload information related to breastfeeding facilities in bfGPS. Users can submit information about
breastfeeding facilities, such as name, type of premise, address, and photos of the premises. The study team then reviews the information to ensure
accuracy before updating the app. This approach helps maintain up-to-date and reliable data for bfGPS users.
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Figure 4. The infant tracker function of bfGPS. The infant tracker enables users to create multiple infant profiles. Key functions include recording
infant feeding, human milk expression, diaper changes, sleep patterns, growth metrics, and immunization schedules. The growth patterns are plotted
on growth charts using data from the Hong Kong Growth Study 2020 [39]. In addition, the infant tracker calculates upcoming vaccination dates based
on the infant’s birth date, following the schedule of the Hong Kong Childhood Immunization Programme [40]. The infant record can be exported in a
PDF file.

Phase 3: Usability Evaluation (Setting and Relevant
Context, Recruitment, and Data Collection)
Following the introduction of the infant tracker function,
qualitative interviews were conducted with 30 breastfeeding
individuals who used location mapping and the infant tracker

function from August to September 2022. Breastfeeding
individuals were recruited through Facebook (Meta) and
Instagram (Meta) posts containing brief descriptions of the study
and a link for study registration. The following criteria were
used: (1) 18 years of age or older, (2) Cantonese speaking, (3)
pregnant or recently gave birth to a live newborn, (4) Hong
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Kong residents, and (5) had ever used bfGPS. In the study
registration form, participants were asked to indicate which
functions did they used in bfGPS. Data saturation was achieved,
as no new information emerged from the interviews [41].
Participants received HK $100 (approximately US $12.80) in
coupons for a local grocery store as an honorarium for
participating in the interviews.

Data Collection
Semistructured interview guides with open-ended questions
were used to collect the data. The participants’ experiences of
using bfGPS, their insights into the strengths and limitations of
bfGPS, recommendations for future development, and
significant features for improving the user experience were
comprehensively examined. The interview guides were refined
as new insights, and perspectives were obtained throughout the
study. Focus groups and one-on-one interviews were scheduled
based on participants’ preferences and conducted at various
locations. The interviews were conducted by the authors, who
are experienced in conducting qualitative interviews (HSLF
and KWL). For the preimplementation evaluation (phase 1), 7
focus groups and 1 staff one-on-one interview were conducted
in public commercial rooms and at the university campus. The
3 focus groups and 18 one-on-one interviews with breastfeeding
individuals took place in public commercial rooms. The usability
evaluation interviews (phase 3) were conducted at public venues
convenient for the interviewees (n=30). Each focus group and
the one-on-one interview lasted approximately 30 minutes and
were audio-recorded with the participants’ written permission.

Data Analysis
Descriptive statistics were used to summarize the participants’
characteristics. Trained transcriptionists transcribed the audio
recordings verbatim into Chinese. The transcripts were reviewed
multiple times to increase the researcher’s familiarity with the
participants’ experiences of using bfGPS. The transcripts were
then denaturalized and translated into English. Content analysis
was used to analyze the transcripts, as it allows for the
identification of core consistencies and meanings in qualitative
data [42]. The research team reviewed each transcribed interview
and developed an open code list derived directly from the data.
All textual data were coded and grouped into conceptually

similar and overarching themes [43]. To enhance familiarity
with the data, a manual data management approach was used,
aided by using Microsoft Word [44].

Ethical Considerations
Ethical approval was obtained from the Institutional Review
Board of the University of Hong Kong and Hospital Authority
Hong Kong West Cluster (UW18-489). The study was
conducted in accordance with the principles of the Helsinki
Declaration. Participants were informed that they could
withdraw from the study at any time without any repercussions.
They received HK $100 (approximately US $12.80) in grocery
store coupons as an honorarium for interview participation.
Written informed consent was obtained from all participants.
No specific identifiers were included in the data used for
analysis, and participants’ confidentiality was maintained at all
times.

Results

Breastfeeding Facilities Assessment and Function of
bfGPS
A total of 658 breastfeeding facilities in 502 sites were assessed,
and the prototype of bfGPS was developed. bfGPS uses the
GPS function to locate the nearest breastfeeding facilities. Users
can use the advanced search function to narrow their search
based on the type of premises and specific equipment provided
by the breastfeeding facilities. In addition, photographs of the
listed breastfeeding facilities were made available, along with
equipment details.

Preimplementation Evaluation of bfGPS
Tables 1 and 2 present the characteristics of the staff members
and breastfeeding individuals who participated in the focus
groups and one-on-one interviews. Approximately 40% of the
staff members were 35 years of age or above (Table 1). The
majority of them were female (24/29, 83%), worked full-time
(28/29, 97%), and were employed in the service industry (17/29,
59%). Table 2 provides the characteristics of the breastfeeding
individuals, revealing that the majority were aged 35 years or
older (15/27, 56%), primiparous (16/27, 59%), and returned to
work within 6 months post partum (14/27, 52%).
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Table . Characteristics of the public facility staff who participated in the preimplementation evaluation.

Total (N=29), n (%)Demographic variable

Age (years)

10 (37)18‐29

6 (22)30‐34

11 (41)≥35

2 (7)Not reported

Sex

24 (83)Female

5 (17)Male

Employment status

28 (97)Work full-time

1 (4)Work part-time

Occupation

17 (59)Service industry

4 (14)Catering industry

6 (21)Property management

2 (7)Others

Table . Characteristics of the breastfeeding individuals who participated in the preimplementation evaluation.

Total (N=27a), n (%)Demographic variable

Maternal age (years)

2 (7)18‐29

10 (37)30‐34

15 (56)≥35

Parity

16 (59)Primiparous

11 (41)Multiparous

Age of the child during the interview

5 (19)<3 months

5 (19)3 to <6 months

4 (15)6 to <12 months

13 (48)≥12 months

Return to work within 6 months post partum

13 (48)No

14 (52)Yes

aOf total, 2 participants had missing sociodemographic characteristics.

Participants provided feedback on various aspects of bfGPS,
including layout, app performance, functionality, and
suggestions for further development. Overall, the participants
expressed satisfaction with the functions of bfGPS but preferred
a more visually appealing layout. They also provided
suggestions to enhance user experiences, such as implementing
a rating function for the breastfeeding facilities and an infant
tracker.

Layout and App Performance
Most participants stated that the layout and interface of bfGPS
were user-friendly and easy to use. The app effectively helped
users locate breastfeeding facilities. While the participants found
the facility photos useful, some expressed concerns about the
loading speed and the app’s ability to quickly provide the
information they needed, such as the location, name, and

JMIR Form Res 2025 | vol. 9 | e64191 | p.1122https://formative.jmir.org/2025/1/e64191
(page number not for citation purposes)

Fan et alJMIR FORMATIVE RESEARCH

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


equipment details. Furthermore, participants recommended
enhancing the visual appeal by improving the layout of bfGPS.

With just one click to enter the page, you can choose
locations and facilities, which are actually quite
convenient. Moreover, opening hours were provided
in the app. Parents might find it inconvenient to locate
breastfeeding rooms, especially at night, which can
be very helpful for them. [Staff #3, Focus group #1]

When using the app for the first time, the premises’
name and address should load first…. Waiting for
photos to load before showing the premises’ name
and location can be time-consuming. We want to be
fast. [Breastfeeding individual #7]

bfGPS would attract me easily if it has an appealing
appearance. [Breastfeeding individual #6]

Areas of Improvement
Participants were asked to suggest ways to maximize the usage
of bfGPS. In addition to the facilities locator function,
participants recommended incorporating the following functions
into the app: an infant tracker, more up-to-date information,
increased uniqueness, and an interface for commenting on and
reading other users’ feedback.

All participants expressed concerns about the accuracy and
timeliness of the information provided by the app. They
emphasized that having inaccurate or outdated information
would cause inconvenience to them and discourage them from
using the app. To address this, participants suggested adding a
channel for app users to report updates on breastfeeding
facilities. The system administrators can then verify and approve
the updates, ensuring the app provides accurate and up-to-date
information.

I suggest the option for users to upload new baby-care
facilities. Alternatively, companies can provide
information directly to you (the research team) if they
have opened new nursing rooms. You can check the
information and upload it to the app after approval.
If you need to do all the work by yourself, you may
be unable to have a timely update…. This could
significantly affect me if the information is outdated.

If I go to the baby-care facility and discover it has
been demolished, it will waste my time and mess up
my plan. [Breastfeeding individual #8]

To prolong the usage of the app, participants suggested allowing
them to enter feeding or baby information, such as feeding time
or body weight of the infants. This feature would incentivize
them to continue using the app and make them less likely to
delete it.

Honestly, my phone always runs out of storage space,
making it easy to uninstall and reinstall bfGPS.
However, if bfGPS provides more personalized
functions, e.g. body weight record, feeding schedule,
or which shopping mall I go to. I won’t delete the
app. If I do not go out with the baby or only go to the
shopping malls I am familiar with, I don’t see the
need to keep the app as it uses up my storage space.
[Breastfeeding individual #19]

If the app includes a function for entering the baby’s
height, weight, and head circumference, we are more
likely to use it and keep it for an extended period.
[Breastfeeding individual #1]

In addition to the standard information uploaded by the
developers, participants expressed their desire to see the photos
uploaded by other users and read their comments about the
baby-care facilities.

I would like to view photos taken by users. [Staff #4,
Focus group #2]

Based on participants’ feedback from the preimplementation
evaluation, we integrated an infant tracking function,
incorporated public ratings, and added a function for uploading
recent breastfeeding facility information in bfGPS. These
enhancements were introduced in phase 2 of the study, as
outlined in the methods section.

Usability Evaluation
The characteristics of the participants are shown in Table 3.
Approximately two-thirds were working full-time, and a
majority had a bachelor’s degree or higher (17/30, 57%), were
30‐34 years of age (16/30, 53%), and lived in Hong Kong
since birth (27/30, 90%).
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Table . Characteristics of participants in the end-user evaluations.

Total (N=30), n (%)Demographic variable

Maternal age (years)

3 (10)18‐29

16 (53)30‐34

11 (37)≥35

Employment status

20 (67)Full-time

2 (7)Part-time

8 (27)Stay-at-home parent

Maternal education

13 (43)Lower than university degree

17 (57)University degree or above

Length of residence in Hong Kong

3 (10)15 years or above

27 (90)Since birth

bfGPS Improves Community Experience
The majority of participants reported that bfGPS is very
convenient to use, providing prompt and detailed information
about nearby breastfeeding facilities. bfGPS enables users to
assess the breastfeeding facilities and plan ahead before going
out with their babies. It offers flexibility to parents in their
community experiences, as they can quickly locate the
breastfeeding rooms.

Before using bfGPS, I wouldn’t stay outside for too
long. I would return home to feed within a few hours.
With bfGPS, I know the locations of nursing rooms,
allowing me to plan ahead for where I can go later.
This enables me to explore farther places and extend
the duration of my time going out. [Participant #14]

In addition, participants appreciated the rating function and the
inclusion of photos of breastfeeding facilities, as it allowed them
to gain insights into the settings of these facilities.

The best feature of bfGPS is the provided photos,
which clearly show the condition of the nursing rooms
to me.… I think the ‘ratings’ function is beneficial
because only those who have used the rooms would
rate. The rating is important to me…I clicked on the
page to see the issues of the breastfeeding facilities
with 1-star ratings. [Participant #32]

bfGPS Helps Track the Infants’ Growth
bfGPS allows people to track the growth of infants and helps
them retrieve infants’ feeding records easily, especially during
health checkups.

bfGPS allows me to input my baby’s growth data,
and it can generate a growth chart similar to the one
in the maternal and child health center’s booklet. I
find it beneficial, so I continue to record (the growth
data) here…. The breastfeeding timer is also useful

and convenient. It enables me to track how much milk
or the duration that my baby was fed. I can observe
the amount is increasing with the graph. [Participant
#1]

If my family member is willing to record in bfGPS, I
can easily access information about my baby’s
sleeping times. This allows me to plan her sleep
schedule, especially on weekends, as I am the primary
caregiver. My family member handwrites it, and I
find it less convenient as I have to check the notebook
each time. [Participant #18]

Suggestions on Further Development
Similar to the findings in the preimplementation evaluation, the
majority of participants emphasized the importance of providing
written comments. In addition, participants highlighted the
significance of sharing data from the infant tracker with family
members. They suggested giving information on infant feeding
and knowledge about infants’growth and parenting into bfGPS.

Users would benefit more from leaving comments
after using the nursing rooms instead of solely relying
on rating with the number of stars. For example, if
the room is clean but the music is too loud, I can
describe it clearly with words and leave other users
to choose whether to use it. When you (the research
team) receive the comments, you may communicate
them to the person in charge and let them improve it.
[Participant #19]

It is important to have the sharing function, especially
when other family members or helpers take care of
your baby. This allows me to stay informed about how
my baby is doing…. It is good to provide parenting
information for parents. You may consider
collaborating with the maternal and child health
centers as they have a webpage on this. [Participant
#9]
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(I would like to have information related to) the
optimal time for introducing solid food or links to
articles on the benefits of breastfeeding or other
relevant breastfeeding.… It will be too monotonous
if bfGPS is solely for record-keeping. It is better to
have additional reference material. It will be
challenging to continue using the app without
information. [Participant #7]

Evaluation of bfGPS
bfGPS was ranked number 3 in the Hong Kong App Store’s
“Health and Fitness” free app category in September 2020. The
total downloads in the iOS and Android platforms were 11,542
in December 2023. As of December 2023, the app usage data
demonstrated impact and behavior change, with more than
11,000 unique users having used the app and performing more
than 484,000 facilities searches. On average, each user
conducted 50 (SD 7.25) searches, with an average of 4 (SD
2.47) searches per app usage session. All users viewed the
facility details over 150,000 (SD 39,827.06) times in total. Each
user viewed the detailed information of 19 (SD 3.43) facilities
on average, and each session of app usage involved 1.5 (SD
0.77) views on average. The app attained average user ratings
of 4.8 and 4.111 (out of 5.0) on the App Store and Google Play,
respectively. We collected 2287 ratings of breastfeeding
facilities and 217 uploads of breastfeeding facility information.

Discussion

Principal Results
This study provides an overview of the app development process
of bfGPS, which primarily focuses on locating breastfeeding
facilities in the community. We have refined the app based on
the feedback provided by participants in the preimplementation
evaluation, incorporating features such as ratings for
breastfeeding facilities and the ability to upload recent
breastfeeding facility information.

The infant tracker has the potential to increase the participants’
engagement. A study conducted in the United States showed
that approximately 57% of participants used a mobile app to
track infant feeding [45]. An infant tracker provides objective
data to breastfeeding individuals regarding infant feeding
methods and other aspects of baby care [46]. However, some
breastfeeding individuals may express concerns about relying
too heavily on the infant tracker feature [46]. Therefore, a
large-scale quantitative study may be necessary to understand
the effect of infant tracking on the well-being of breastfeeding
individuals and its impact on breastfeeding outcomes.

For the future development of bfGPS and further research, we
aim to transform it into a comprehensive platform that empowers
users with access to breastfeeding knowledge and information,
ultimately enhancing their self-efficacy and improving
breastfeeding outcomes. We plan to collaborate with lactation
consultants, registered nurses, midwives, breastfeeding
individuals, and maternal and child health researchers to develop
videos and informational leaflets. These resources will provide
valuable information to help breastfeeding individuals overcome
challenges. Furthermore, we intend to evaluate the effectiveness

of bfGPS in supporting breastfeeding individuals within the
community. The option to provide written comments on
breastfeeding facilities is currently unavailable due to resource
constraints, as close monitoring of the comments and additional
staff is required. We will explore methods to enable a more
comprehensive rating or comment system in the future.

The participants suggested the inclusion of breastfeeding
information in the app. Studies have shown that incorporating
breastfeeding information in the app can significantly improve
breastfeeding outcomes [47,48]. While providing breastfeeding
knowledge, it is essential to ensure the accuracy of the
information. A study indicates that a high proportion of infant
feeding apps provide incomplete or incorrect information [49].
In addition, most of these apps are provided by commercial
sectors, which may result in biased information regarding infant
feeding methods [49]. Beyond the app’s content, gamification
can be an important element to incorporate, as it is associated
with hedonic well-being [50] and can encourage long-term app
usage [51]. By maintaining user engagement, gamification is
an effective component for promoting behavior change [52].

The development of bfGPS involved cross-disciplinary and
multidisciplinary collaboration among public, nongovernmental,
governmental, and commercial organizations. The fundamental
goal is to have an impact on health in Hong Kong and beyond,
influencing public, nongovernmental, governmental, and
commercial organizations, as well as policies to develop an
infrastructure that transforms breastfeeding culture. To date,
only a limited number of studies have been conducted to
understand the effects of the BFCI on breastfeeding outcomes
[19]. Further research is needed to understand the effective
elements in creating a breastfeeding-friendly community.

The engagement of community partners and breastfeeding
individuals during the app development phase is vital. This
approach allows us to understand the community’s needs and
ensures a user-centered design. Providing accurate information
about breastfeeding facilities is important in encouraging
breastfeeding individuals to use the app. Including commercial
sectors in the BFCI program is important in gaining insights
into the perspectives of the community members. This
involvement enhances community engagement, encouraging
community partners to offer breastfeeding-friendly services,
and maintain up-to-date information on breastfeeding facilities.
Ultimately, this collaborative effort contributes to fostering a
breastfeeding-friendly attitude within the community.

Limitations
Our study has several limitations. First, the end users who
participated in the usability evaluation were recruited from the
BFCI project’s social media page, which may have resulted in
a selection bias, as participants were potentially more favorable
toward breastfeeding, limiting the generalizability of the study
findings. Second, conducting focus groups with public premises
staff might have constrained them from freely expressing their
individual opinions, as fellow participants were their colleagues
or supervisors. Third, the objective of the usability evaluation
was to understand the experiences of using the GPS feature.
However, some participants did not use either the breastfeeding
facilities locations or infant tracker functions, limiting their
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ability to provide feedback on these specific features. In
addition, some focus groups and one-on-one interviews were
conducted before the COVID-19 pandemic, while others were
conducted during the pandemic. Participants’ concerns, needs,
and expectations regarding breastfeeding facilities may have
changed. This may limit the transferability of the findings.

Conclusion
This paper presents the user-centered process used in developing
the bfGPS app, which aims to improve the breastfeeding
experiences of families in the community. In addition, the app
includes an infant tracker feature as an add-on, which can
enhance various aspects of infant care. Our objective is for this
work to serve as a model or guide for applying a user-centered

methodology when developing new health care apps. Ensuring
the app provides accurate and up-to-date information on
breastfeeding facilities is crucial to promoting its continued and
widespread use among breastfeeding individuals. This approach
holds promise as an effective method for enhancing
breastfeeding experiences in public and the community. The
app has the potential to both reinforce and support the
breastfeeding information provided to parents while also offering
strategies for self-management to users. The next step involves
testing the app as a therapeutic tool through a randomized
clinical trial to verify its effectiveness in sustaining breastfeeding
duration and addressing immediate breastfeeding issues. This
ultimate goal serves as the motivation behind the creation and
development of the app.
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Abstract

Background: Origami is a popular activity among preschool children and can be used by therapists as an evaluation tool to
assess children’s development in clinical settings. It is easy to implement, appealing to children, and time-efficient, requiring
only simple materials—pieces of paper. Furthermore, the products of origami may reflect children’s ages and their visual-motor
integration (VMI) development. However, therapists typically evaluate children’s origami creations based primarily on their
personal background knowledge and clinical experience, leading to subjective and descriptive feedback. Consequently, the
effectiveness of using origami products to determine children’s age and VMI development lacks empirical support.

Objective: This study had two main aims. First, we sought to apply artificial intelligence (AI) techniques to origami products
to predict children’s ages and VMI development, including VMI level (standardized scores) and VMI developmental status
(typical, borderline, or delayed). Second, we explored the performance of the AI models using all combinations of photographs
taken from different angles.

Methods: A total of 515 children aged 2-6 years were recruited and divided into training and testing groups at a 4:1 ratio.
Children created origami dogs, which were photographed from 8 different angles. The Beery–Buktenica Developmental Test of
Visual-Motor Integration, 6th Edition, was used to assess the children’s VMI levels and developmental status. Three AI
models—ResNet-50, XGBoost, and a multilayer perceptron—were combined sequentially to predict age z scores and VMI z
scores using the training group. The trained models were then tested using the testing group, and the accuracy of the predicted
VMI developmental status was also calculated.

Results: The R2 of the age and the VMI trained models ranged from 0.50 to 0.73 and from 0.50 to 0.66, respectively. The AI

models that obtained an R2>0.70 for the age model and an R2>0.60 for the VMI model were selected for model testing. Those
models were further examined for the accuracy of the VMI developmental status, the correlations, and the mean absolute error
(MAE) of both the age and the VMI models. The accuracy of the VMI developmental status was about 71%-76%. The correlations
between the final predicted age z score and the real age z score ranged from 0.84 to 0.85, and the correlations of the final predicted
VMI z scores to the real z scores ranged from 0.77 to 0.81. The MAE of the age models ranged from 0.42 to 0.46 and those of
the VMI models ranged from 0.43 to 0.48.

Conclusion: Our findings indicate that AI techniques have a significant potential for predicting children’s development. The
insights provided by AI may assist therapists in better interpreting children’s performance in activities.

(JMIR Form Res 2025;9:e58421)   doi:10.2196/58421

JMIR Form Res 2025 | vol. 9 | e58421 | p.1130https://formative.jmir.org/2025/1/e58421
(page number not for citation purposes)

Huang et alJMIR FORMATIVE RESEARCH

XSL•FO
RenderX

http://dx.doi.org/10.2196/58421
http://www.w3.org/Style/XSL
http://www.renderx.com/


KEYWORDS

artificial intelligence; origami; child development screening; child development; visual motor integration; children; developmental
status; activity performance; deep learning

Introduction

Origami is a common activity for preschool children [1]. From
an occupational therapist’s perspective, the quality of origami
products may reflect a child’s developmental age and
visual-motor integration (VMI) [2]. For example, a 2-year-old
child with typical development is able to roughly fold a sheet
of paper in half, and a 3-year-old child is able to fold one
diagonally and precisely. Therefore, origami activities and their
products could help therapists identify children’s development
levels, including developmental age and VMI development,
through the activity’s process and the quality of the origami
products.

Origami can be used by therapists as an evaluation tool to
identify children’s development in clinics because it is easy to
implement, attractive to children, requires little time, and uses
a simple material (only a piece of paper). However, therapists
typically judge children’s origami products based mainly on
their own background knowledge and clinical experience,
providing subjective and descriptive comments on the products
(descriptive information). A few developmental assessments
have used origami to assess children’s fine motor skills. For
example, the Peabody Developmental Motor Scales, Second
Edition [3]; the Comprehensive Developmental Inventory for
Infants and Toddlers [4]; the Stanford-Binet Intelligence Scale,
Fifth Edition [5]; and the Bruininks-Oseretsky Test of Motor
Proficiency, Second Edition [6] all contain one or more items
involving paper folding to assess VMI, visual-spatial skills, or
fine motor skills. However, these items are relatively simple
and cannot solely be used to predict a child’s developmental
status. A study by Travers et al [7] investigated how children
fold paper across early childhood, and they found that paper
folding emerges as early as 27 months and becomes more
accurate with age. Moreover, at least 50% of children between
4 and 5.54 years of age completed folds. However, their study
only demonstrated children’s ability to fold paper at various
ages and provided no information on other developmental
statuses. As a result, whether origami products can be used to
predict children’s development remains unsupported by
evidence.

Artificial intelligence (AI) can be defined as a computer that
acts or thinks like a human. Two AI techniques widely used in
the medical and rehabilitation fields are computer vision and
data prediction [8-10]. These two techniques may provide
objective and quantitative data on origami products. Computer
vision can transform image features into numerical data for data
prediction, whereas the AI technique of data prediction uses
data mining and probability to predict or estimate specific
outcomes. Compared to traditional statistical analyses, AI data
prediction has more flexibility to deal with categorical, ordinal,

and numerical data. By combining the techniques of computer
vision and data prediction, the important features of origami
images can be extracted and further used to predict outcomes
of interest for occupational therapists (eg, the children’s age
and scores of the standardized VMI assessment in our study).

Some studies have shown that AI techniques can analyze images
and can identify children’s behaviors and diagnoses with high
accuracy [10-12]. In our preliminary study, we employed a
simplified AI model (a single AI model) with a small sample
size (n=119) to use photographs of origami products to predict
children’s ages [13]. The AI models showed promising

performances (R2=0.10‐0.69). To extend upon our previous
works, there were two purposes of our study. First, we refined
the AI models, using a combination of 2 types of models, with
a larger sample of origami products to predict children’s ages
(z scores), VMI levels (z scores), and VMI developmental status
(typical, borderline, or delayed). Second, we explored the
performances of the AI models using all combinations of
photographs taken from different angles.

Methods

Participants and Procedure
The data included in our study were collected as part of an
ongoing AI project (An Artificial Intelligence System for
Assessing Gross Motor and Fine Motor, Handwriting, Attention
and Emotion in Children with Developmental Delay), and some
of the data were used in the preliminary study [13]. Preschool
children enrolled in kindergarten were recruited to the study.
The inclusion criteria were as follows: aged 2-6 years, ability
to complete group administrations, and informed consent given
by caregivers. The exclusion criterion was any obvious physical
or mental disability.

The researchers first explained research purposes and procedures
to the kindergarten principals. After the kindergarten principals
agreed to participate in this study, researchers then contacted
the children’s parents to invite them to participate in the study.
The researchers visited the children’s classroom at the
kindergarten and led them in two group activities (ie, origami
and the administration of the VMI subtest). During the group
activities, one researcher was a leader, and the other researchers
(2-3 people) were coleaders who provided assistance to the
children. Each coleader helped 3‐6 children, depending on the
number of children in the class. After leading the group
activities, the researchers took photographs of the products. The
researchers took 8 photographs of each origami work, including
4 angles (0, 60, 180, and 240 degrees) from the front side and
the same 4 angles from the back side (Figure 1; the photographs
are numbered 1 to 8 for each child depending on the shooting
angle).
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Figure 1. Origami photographs captured from different angles.

Measures

Origami
An origami dog was made by each of the children (see example
in Figure 1). The dog was constructed in three steps: (1) fold a
square paper into a triangle shape; (2) from the 2 corners of the
long side of the triangle, diagonally fold 2 small triangles as 2
ears; and (3) turn the paper over, and from the other corner, fold
a small triangle as the dog’s chin. After the dog’s face was made,
the origami was turned to the front side. Facial features were
then drawn on the dog by the child.

BEERY VMI Beery-Buktenica Visual-Motor Integration,
Sixth Edition
The BEERY VMI Beery-Buktenica Visual-Motor Integration,
Sixth Edition (BEERY VMI-6) was used to assess the children’s
VMI development [14]. The BEERY VMI-6 consists of three
subtests: VMI, visual perception, and motor coordination. Only
the VMI subtest was used in this study. The VMI subtest
contains 30 pictures. A child needed to copy each picture, and
the copy was rated as 0 (incorrect) or 1 (correct). The total score
of the VMI test ranged from 0 to 30. The total score of the VMI
test was transformed into standard scores based on the VMI
norm, and the standard scores were classified into 3
developmental statuses: typical, borderline, or delayed. The
total VMI scores (raw VMI scores were referred to as the VMI

level in this study) and the developmental status were used for
the analyses. The BEERY VMI-6 has good psychometric
properties [14].

Statistical Analysis
The participants’products were randomly divided into a training
group and a testing group at a 4:1 ratio for the model training
and testing. For the training group, 4 steps were conducted to
build the AI models that would use origami photographs to
respectively predict the children’s age z scores and VMI z scores
(Figure 2). First, we used a deep residual network of 50 layers,
which is called ResNet-50 (developed by He et al [15]), to
extract origami features of various photos at different angles
[16]. Second, we trained XGBoost 1.0.0 models (developed by
Chen and Guestrin [17]) to use a child’s photo features to
respectively predict the child’s age and raw VMI score.
ResNet-50 extracted 2048 features from the photos and the
XGBoost model predicted age and raw VMI scores. All
combinations of the extracted photo features (from 1 photo
alone to 8 photographs together) were respectively fitted to the
XGBoost models. The parameters of the XGBoost model were
set as follows: n_estimators=100, random_state=1,
max_depth=3, and subsample=0.8. The parameters of the
multilayer perceptron model were set as follows:

random_state=1, max_iter=300, tol=1e-3, and
n_iter_no_change=5.
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Figure 2. An artificial intelligence model example of the deep learning procedure. VMI: visual-motor integration.

Third, the ages and the raw VMI scores predicted by the
XGBoost models were respectively transformed into z scores
(ie, a predicted age z score and a predicted VMI z score). We
adopted the mean and SD of the training group’s age and raw
VMI scores for the transformation of z scores. We did so
because the variables of age and raw VMI score were rated on
different scales, and the standardization step ensured that the
scales of the age and VMI score would be consistent (both
between –1 and 1), which facilitated the subsequent model of
data prediction [18,19]. Last, we trained multilayer perceptron
models using both the predicted age z score and the predicted
VMI z score to predict the real age z score and the real VMI z
score, respectively.

After the two models (the XGBoost model and the multilayer
perceptron model) were trained, the testing group was applied
to the two trained models to examine the prediction performance

of the models. The R2, the correlation coefficient, and the mean
absolute error (MAE) were used to identify the fitness of the
models. The MAE represented the absolute score differences
(ie, errors) between the real scores and the predicted scores. It
was calculated as follows:

∑i=1nyi−xi∨n

yi = predicted scores (eg, predicted age and predicted raw VMI
scores);

xi = real scores (eg, real age and real VMI scores).

Moreover, we intended to identify if the predicted VMI scores
could reflect children’s VMI developmental status. The
predicted VMI z scores were further used for the analyses. First,
the final predicted VMI z scores were transformed back to the
predicted raw VMI scores. The predicted raw VMI scores were
than transformed into predicted standard scores according to

the norm of the VMI. Based on the predicted standard scores,
we identified children’s VMI developmental status as typical,
borderline, or delayed. To examine the accuracy of the AI
models in predicting the VMI developmental status, we
compared the predicted developmental status to the child’s real
developmental status. Python 3.9 (Python Software) was used
to perform the model training and the model testing.

Ethical Considerations
The ethics committee of I-Da hospital approved this study (REC
number: EMRP46107N). This study was also approved by the
Institutional Review Board of National Taiwan University
Hospital (202111093RINB). All methods were conducted in
accordance with relevant guidelines and regulations. Informed
consent was obtained from the caregivers of the participating
children. The study data were deidentified and securely stored
in a private cloud space. Participants received a 200 New Taiwan
dollar ($6.14 US) coupon after completing the evaluation. No
identifying information of individual participants was present
in any images included in the manuscript. Participation in this
study is entirely voluntary. Participants had the right to withdraw
at any time without providing a reason and without facing any
negative consequences.

Results

Sample Descriptions
A total of 515 children were included in our study. The data for
412 children were used for the training group, and data for the
other 102 children were used for the testing group. The sample
characteristics and the VMI scores of the children are presented
in Table 1. There were no significant differences in age and sex
between the training and testing groups.
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Table . Characteristics of the preschool children recruited from kindergartens in the cities of Kaohsiung and Tainan (n=515).

P valueTesting group (n=103)Training group (n=412)Variables

.7957.49 (12.03)57.14 (14.46)Age (years), mean (SD)

.63Sex, n (%)

50 (48.5)211 (51.2)    Male

53 (51.5)201(48.8)    Female

.7811.34 (4.13)11.22 (3.74)Raw VMIa scores, mean (SD)

.9958.70 (16.57)58.02 (15.04)VMI age-equivalent scores, mean
(SD)

.9799.04 (10.08)99.06 (10.32)VMI standard scores, mean (SD)

.6947.61 (22.77)47.51 (22.38)VMI percentiles, mean (SD)

.29VMI developmental status, n (%)

74 (71.8)338 (82)Typical

27 (26.2)63 (15.3)Borderline

2 (2)11 (2.7)Delayed

aVMI: visual-motor integration.

AI Model Testing
All combinations of photo features were fitted to the XGBoost
models, and then the predicted age z scores and the predicted
VMI z scores were fitted to the multilayer perceptron models
to produce the final predicted age z score and the VMI z score.

We first inspected the R2 values of the multilayer perceptron
models for predicting the age z score and the VMI z score to
select the better-performing models for further analyses. The

R2 of the age and the VMI models ranged from 0.50 to 0.73 and
from 0.50 to 0.66, respectively. We selected AI models that had

an R2>0.70 for the age model and R2>0.60 for the VMI model,
which indicated better performance.

Those models were further examined for their accuracy in
predicting the VMI developmental status, the correlations, and
the MAE of both the age and the VMI models. Table 2 presents
the final performances of the selected models. The accuracy of
VMI developmental status was about 71%-76%. The
correlations between the final predicted age z score and the real
age z score ranged from 0.84 to 0.86, and the correlations of the
final predicted VMI z scores to the real VMI z scores ranged
from 0.7 to 0.81. The MAEs of the age models were between
0.42-0.46, and the MAEs of the VMI models were from 0.43
to 0.48.

Table . Comparison of origami prediction models using photos with different origami angles.

MAE (VMI)MAEc (age)Correlation
(VMI)

Correlation (age)Accuracy (VMI)R2 (VMIb)R2 (age)Photo numbersa

0.460.440.790.850.760.610.702, 5, 6

0.430.420.810.860.750.660.722, 5, 8

0.470.420.780.840.740.610.712, 7, 8

0.460.440.790.850.740.630.702, 3, 5, 6, 7

0.480.460.780.850.720.600.711, 3, 5, 7, 8

0.470.440.780.860.710.610.731, 3, 4, 5, 6, 7

0.460.440.790.840.720.620.702, 3, 4, 5, 6, 8

0.460.450.790.840.730.620.701, 2, 3, 5, 7, 8

0.450.440.790.850.710.630.712, 3, 4, 5, 7, 8

0.470.440.780.850.740.600.711, 2, 4, 5, 6, 7, 8

aNumbers correspond to the origami photographs shot from different sides and angles. Please see Figure 1 for the side and angle of each photo.
bVMI: visual-motor integration.
cMAE: mean absolute error.

Among all the combinations of photo features, the combination
of photographs 2 (front 60 degrees), 5 (back 0 degrees), and 6
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(back 60 degrees) and the combination of photographs 2, 5, and
8 (back 240 degrees) had better performances for predicting
children’s age z scores and VMI z scores.

Discussion

Principal Findings
This is the first study to apply AI techniques to origami images
for predicting age, VMI level, and VMI developmental status
in children. The results showed that AI models could be trained
using photographs of children’s origami creations to predict
their ages (R² ranging from 0.70 to 0.73) and VMI levels (R²
ranging from 0.60 to 0.66). Furthermore, the accuracy of
predicting VMI developmental status was approximately
71%-76%. These findings suggest that AI techniques hold
significant potential for analyzing origami images to further
assess children’s VMI development.

Analyzing origami photographs using AI techniques to predict
children’s age, as done in this study, presents two advantages.
First, age is an interval indicator, and an interval indicator is an
appropriate outcome measure for testing a prediction model.
Second, children’s age, to some extent, reflects their
developmental level. As mentioned in the introduction, a
2-year-old child with typical development is supposed to be
able to roughly fold a paper in half, and a 3-year-old child should
be able to fold a paper diagonally and precisely. Therefore,
predicting children’s age through origami may help caregivers
and therapists identify children’s developmental status. For
example, if an AI model prediction reports that a 5-year-old
boy has the origami skills of a 3-year-old, the boy may have a
developmental delay in some aspects (eg, fine motor
manipulation, visual perception, or VMI). Thus, the boy can be
referred for further evaluation and possible intervention. In
summary, predicting children’s ages could not only benefit
researchers testing the AI model but also provide information
about a child’s development for therapists and caregivers.

Comparing all photo combinations for the final models showed
that the combinations of photographs 2, 5, and 6 and of
photographs 2, 5, and 8 performed better in predicting children’s
development. These results indicate that those photo
combinations provide more useful information (or important
features) about the origami products. This may be because the
images of the origami dogs taken from those angles fully capture
the dog’s facial features, including the 2 ears, the chin, and the
hand-drawn facial features, which could reflect the quality of
the origami products. Using a particular and limited number of
photographs can promote the efficiency and clinical utility of
AI applications.

It is noted that the final predictions of the AI model used the
age z score and the VMI z score as the input and output values.
The reason was that the age and the raw VMI scores were two
variables based on different scales, and normalization of the
two variables could facilitate the model training process [18,19].
Moreover, the predicted age z score and the predicted VMI z
score could be transformed back to the predicted age and
predicted raw VMI scores based on the calculation formula.
Therefore, future users could obtain the predicted age and the

predicted VMI score from the AI model for use in the
interpretation of origami performances.

Based on our findings, an evaluation tool for VMI development
could be developed and used in both community and clinical
settings. This tool would be an app designed to implement an
AI model. By allowing users to upload photographs of a child’s
origami dogs, the app would immediately calculate and report
the child’s predicted age and raw VMI score. This app could
provide 4 key benefits. First, the app would offer quantitative
data, such as the predicted age, VMI level, and VMI
developmental status, derived from a child’s performance in
folding origami dogs. Therapists could combine this quantitative
information with personal observations to better interpret
children’s origami performance. Second, caregivers and
teachers, who are not medical professionals, could use the app
to better recognize children’s development. The app’s reports
could help identify children with delayed VMI development or
a predicted age significantly behind their chronological age,
prompting caregivers and teachers to refer those children to
medical facilities for further evaluation. Third, the app’s internet
connectivity would ensure easy accessibility, particularly
benefiting children in remote regions or those who cannot
undergo standardized evaluations. Fourth, as more people use
the app, the continuous input of new data would help refine the
AI model, thereby increasing the accuracy of the predicted age,
VMI level, and VMI developmental status. This iterative process
would enhance the app’s effectiveness over time. Given these
advantages, the app has significant potential for application in
education and rehabilitation fields. Future research could explore
incorporating other origami products into the model prediction
to enhance its robustness. Examples include origami airplanes,
frogs, and flowers. Allowing children to choose products based
on their motivation and preferences could increase the model’s
utility and make its predictions of VMI development more
robust.

Limitations
Several limitations were noted in this study. First, a small sample
size of children aged 24 to 29 months (n=10) was used. This
limited dataset may have resulted in insufficient data for AI
learning, potentially increasing prediction errors for this age
group. Second, most children recruited in the study exhibited
typical development, and those with developmental conditions
had mixed diagnoses. Consequently, the results may
predominantly reflect the performance of typically developing
children. Moreover, the model may tend to predict no
developmental issues, increasing the likelihood of false negative
results. Third, the images used for the model prediction were
restricted to dog origami products, as only these were used to
train the model. This limitation restricts the model’s applicability
and generalizability to other origami forms. Fourth, due to
constraints in evaluation time and research personnel, only the
standardized VMI score was used for model prediction.
However, executing origami activities also requires manual
dexterity, cognition, and visual perception, which were not
included in the assessment. Fifth, since the predictions were
primarily based on an AI model and conducted via the internet,
there are concerns about children’s privacy and data security.
Furthermore, it is recommended that clinicians ensure
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appropriate use and understanding when interpreting the results.
Future studies should consider using standardized assessments
of other developmental dimensions as model prediction
outcomes to provide a more comprehensive understanding of
children’s development through origami activities. Additionally,
increasing the sample size of young children and children with
development conditions and incorporating different origami
products in model training would enhance the model’s utility
and robustness.

Conclusion
Overall, it was previously known that origami activities and
their products could help therapists identify children’s
development levels, including developmental age and VMI

development, and photographs of origami could predict
children’s age and VMI. However, we have shown that AI
techniques can provide quantitative information about activity
products, and photographs of origami dogs can be used as an
development evaluation tool for children. In conclusion, our
study applied AI techniques to images of origami products to
predict children’s ages and VMI development. The results
demonstrated that children’s ages and VMI development could
be predicted using photographs of origami dogs. Given that
origami served as a successful example, AI techniques appear
to have the significant potential for application to various
products of children’s activities, which could provide more
quantitative insights.
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Abstract

Background: Consumer-oriented wearable devices (CWDs) such as smartphones and smartwatches have gained prominence
for their ability to detect atrial fibrillation (AF) through proprietary algorithms using electrocardiography or photoplethysmography
(PPG)–based digital recordings. Despite numerous individual validation studies, a direct comparison of interdevice performance
is lacking.

Objective: This study aimed to evaluate and compare the ability of CWDs to distinguish between sinus rhythm and AF.

Methods: Patients exhibiting sinus rhythm or AF were enrolled through a cardiology outpatient clinic. The participants were
instructed to perform heart rhythm measurements using a handheld 6-lead electrocardiogram (ECG) device (KardiaMobile 6L),
a smartwatch-derived single-lead ECG (Apple Watch), and two PPG-based smartphone apps (FibriCheck and Preventicus) in a
random sequence, with simultaneous 12-lead reference ECG as the gold standard.

Results: A total of 122 participants were included in the study: median age 69 (IQR 61-77) years, 63.9% (n=78) men, 25%
(n=30) with AF, 9.8% (n=12) without prior smartphone experience, and 73% (n=89) without experience in using a smartwatch.
The sensitivity to detect AF was 100% for all devices. The specificity to detect sinus rhythm was 96.4% (95% CI 89.5%-98.8%)
for KardiaMobile 6L, 97.8% (95% CI 91.6%‐99.5%) for Apple Watch, 98.9% (95% CI 92.5%‐99.8%) for FibriCheck, and
97.8% (95% CI 91.5%‐99.4%) for Preventicus (P=.50). Insufficient quality measurements were observed in 10.7% (95% CI
6.3%-17.5%) of cases for both KardiaMobile 6L and Apple Watch, 7.4% (95% CI 3.9%‐13.6%) for FibriCheck, and 14.8%
(95% CI 9.5%‐22.2%) for Preventicus (P=.21). Participants preferred Apple Watch over the other devices to monitor their heart
rhythm.

Conclusions: In this study population, the discrimination between sinus rhythm and AF using CWDs based on ECG or PPG
was highly accurate, with no significant variations in performance across the examined devices.

Trial Registration: ClinicalTrials.gov NCT06023290; https://clinicaltrials.gov/study/NCT06023290

(JMIR Form Res 2025;9:e65139)   doi:10.2196/65139

KEYWORDS

atrial fibrillation; AF; mobile health; photoplethysmography; electrocardiography; smartphone; consumer wearable device;
wearable devices; detection; electrocardiogram; ECG; mHealth

Introduction

Atrial fibrillation (AF) is the most prevalent cardiac arrhythmia
among adults and is associated with an increased risk of stroke

and mortality [1-4]. Since AF is often asymptomatic and
paroxysmal, its diagnosis can be challenging. Asymptomatic
AF frequently remains undetected until a thromboembolic event
occurs. The diagnosis of AF requires an electrocardiogram
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(ECG) showing irregular R-R intervals (when atrioventricular
conduction is not impaired) and the absence of distinct repeating
P waves [4].

Historically, ECG diagnostics were confined to medical settings,
using devices administered or prescribed by health care
professionals. However, the 21st century has witnessed a rapid
surge in the availability and use of consumer-oriented wearable
devices (CWDs) capable of monitoring heart rhythm [5-8].
Although this trend represents a significant democratization of
access to heart rhythm monitoring, it also presents unique
challenges for practicing clinicians to diagnose AF based on
CWD data, due to the heterogeneous technologies and evolving
algorithms used by these devices [9].

The underlying CWD technology is mainly based on
electrocardiography or photoplethysmography (PPG). While
an ECG measures electrical signals from the heart using surface
electrodes on the skin, PPG analyzes the heart rhythm through
an optical technique that measures the peripheral pulse [10].
This PPG technology has been adopted by smartwatches and
smartphones, using light-emitting diodes and sensors or
smartphone flashlights and cameras to generate PPG waveforms.
The CWDs analyze ECG or PPG measurements using
proprietary algorithms to notify the users of potential AF
episodes [9,11,12]. However, only a few CWDs have received
medical certification from the US Food and Drug Administration
or the Conformité Européenne mark [13].

The emergence of CWDs equipped with automatic heart rate
analysis presents a significant opportunity for the early detection
of AF. These devices empower patients to monitor their heart
rhythms independently, beyond traditional health care settings
or without the need for physicians’prescriptions [9,14-16]. This
shift enables more frequent and timely heart rhythm assessments,
potentially leading to the earlier identification of AF episodes.
However, this democratization of health monitoring also implies
that physicians have limited involvement in selecting devices
used by patients for heart rhythm analysis. Consequently, it
becomes imperative for health care providers to adeptly interpret
data from CWDs and assess the reliability of automated rhythm
classifications of these devices. These skills are crucial to
counsel patients who receive AF detections from CWDs
effectively, especially as patients increasingly seek guidance
on the accuracy of CWD measurements and on selecting the
most suitable device.

Despite numerous validation studies of individual CWDs, a
comprehensive comparison of their methodologies and outcomes
is challenging, which leaves a gap in our understanding of their
comparative effectiveness. This study aims to bridge this
knowledge gap by evaluating and comparing the ability of digital
CWDs to classify heart rhythms, specifically focusing on their
accuracy in distinguishing between sinus rhythm and AF
compared to the gold standard 12-lead ECG.

Methods

Study Design
Patients were recruited from July to November 2023. The
VALIDATION (Validation of Digital Heart Rhythm Devices

in the Detection of Atrial Fibrillation) study was a monocentric,
prospective, randomized, interventional study that validated the
use of PPG- and ECG-based CWDs to detect AF compared to
a simultaneous 12-lead ECG in ambulatory cardiology patients
in a supervised hospital environment.

Ethical Considerations
The study protocol is in accordance with the Declaration of
Helsinki and the International Council for Harmonisation of
Technical Requirements for Pharmaceuticals for Human Use –
Good Clinical Practice guidelines and was approved by 2
medical ethics committees (ie, Ziekenhuis Oost-Limburg, Genk,
Belgium, Z-2023023; and Hasselt University, Hasselt, Belgium,
B3712023000006). The study was registered at
ClinicalTrials.gov (NCT06023290) and meets all STARD 2015
criteria. Informed consent was obtained in writing from all
participants. Moreover, they were informed about their right to
opt out of the study at any time without consequences. Data
collected during the study was pseudonymized to protect
participant confidentiality. Unique identifiers were used, and
direct personal information was stored separately, accessible
only to authorized personnel. Participants were not compensated
for their involvement in the study as participation did not require
an additional hospital visit and involved minimal additional
time or effort.

Study Population
The study employed two distinct methods for participant
inclusion, targeting adult patients from the cardiology outpatient
clinic (Multimedia Appendix 1). First, all patients visiting the
outpatient cardiology clinic were screened by chart review for
eligibility on selected days when study personnel were available.
Second, to enrich the study population with a higher prevalence
of AF, all patients scheduled for electrical cardioversion at the
cardiology outpatient clinic were also identified for screening
by chart review.

Patients who met the following inclusion and exclusion criteria
were invited to participate in the study: (1) age 18 years or older
and (2) exhibit sinus rhythm or AF. Exclusion criteria were (1)
presence of a pacemaker, (2) participation in another clinical
trial that might interfere with the study protocol, and (3) physical
or cognitive restrictions, including language barriers that
hindered study measurements.

Study Measurements
After the participants provided informed consent, they were
instructed by study personnel to perform heart rhythm
measurements using 4 CWDs in a random sequence consisting
of 2 ECG- and 2 PPG-based devices, according to the
manufacturer’s instructions. During all measurements, the
patients were also instructed to stay still to avoid motion
artifacts. All CWDs were provided by the study team to prevent
device-induced bias.

KardiaMobile 6L (AliveCor Inc, Mountain View, CA) and a
smartwatch, Apple Watch (Apple Inc, Cupertino, CA), were
used to derive a single-lead ECG of 30 seconds. A lead-1 ECG
was recorded using KardiaMobile 6L by positioning the device
on the left knee with both thumbs on the device’s front
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electrodes [17]. To capture a lead-1 ECG using the Apple
Watch, the participant wore the watch on the left wrist, ensuring
skin contact with the electrode on the watch’s underside.
Measurement was initiated by the participant by touching a
second electrode on the watch’s crown with the right hand’s
index finger.

The PPG measurements were performed with two smartphone
apps: (1) FibriCheck (Qompium NV, Hasselt, Belgium) and (2)
Preventicus Heartbeats App (Preventicus GmbH, Jena,
Germany). While initiating a PPG measurement in either
smartphone app, the camera’s flashlight was activated.
Participants were instructed by study personnel to place an index
finger over the smartphone camera. Using the camera, the app
then captured skin color variations caused by heartbeat-induced
blood flow changes. These variations were analyzed by the app
to generate the PPG waveform.

The final rhythm diagnosis was made by the device’s proprietary
algorithm for both ECG and PPG measurements. Although 6

leads were measured using the KardiaMobile 6L device, its
algorithm only took lead 1 into account. To minimize the
occurrence of missing data, measurements were repeated up to
3 attempts until a good-quality measurement was obtained with
each device. If good-quality measurements could not be obtained
with a specific device, the patient’s results were not excluded
from the analyses. Good quality was defined as sufficient quality
for analysis by the device algorithm. Rhythm diagnosis from
CWDs were provided by the proprietary device algorithms and
categorized as sinus rhythm or AF (Textbox 1). Concurrently
with the CWD measurements, a continuous 12-lead ECG was
performed for reference monitoring (MAC5000, GE Healthcare,
Chicago, IL). Participants were excluded from the analyses if
the heart rhythm changed on the reference ECG during the study
conduct. The reference diagnosis on the 12-lead ECG was
provided by two cardiologists blinded to the CWD
classifications and the participant’s clinical information.
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Textbox 1. Categorization of consumer-oriented wearable device outcome labels.

Categorized as sinus rhythm

• KardiaMobile 6L

• Normal

• Bradycardia

• Tachycardia

• Apple Watch

• Sinus rhythm

• High heart rate - no atrial fibrillation

• Low or high heart rate

• FibriCheck

• Normal

• Mild irregularities

• Preventicus

• Normal

• Mild irregularities

Categorized as atrial fibrillation

• KardiaMobile 6L

• Possible atrial fibrillation

• Apple Watch

• Atrial fibrillation

• Atrial fibrillation - high heart rate

• FibriCheck

• Possible atrial fibrillation

• Preventicus

• Possible atrial fibrillation

Categorized as insufficient quality

• KardiaMobile 6L

• No analysis

• Unclassified

• Unreadable

• Apple Watch

• Inconclusive

• Poor reading

• FibriCheck

• Insufficient quality
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Preventicus•

• Insufficient quality

Study Questionnaire
Following the completion of study measurements, participants
were provided a 5-point Likert scale questionnaire designed to
assess their experiences with and preferences regarding the
devices used in the study. Additionally, the questionnaire aimed
to evaluate the participants’ digital literacy levels prior to their
involvement in the study.

Data Analysis
Data analysis was performed using SPSS software (version
29.0; IBM Corp) and SAS (version 9.4; SAS Institute). P<.05
was considered statistically significant. The Shapiro-Wilk
statistic was used to assess the normality of continuous data.
Continuous variables are presented as median and IQR as
appropriate and were compared using the Mann-Whitney U
test. Discrete variables are presented as absolute numbers and

percentages (%) and compared using Pearson χ2 test. The
performance of the CWDs were evaluated by calculating their
sensitivity, specificity, and accuracy compared to the 12-lead
reference ECG. These metrics were estimated and compared
between CWDs using a generalized estimation equation model,
accounting for the correlated nature of the measurements of the
same patient. Measurements of insufficient quality were not
included in these analyses.

Results

Overview
On designated study days, 200 patients (145 attending outpatient
consultations and 55 undergoing elective cardioversions) were

invited to participate in the study. Among these, 123 subjects
were included, of which 122 completed the study protocol (see
Multimedia Appendix 1). The remaining 77 patients either
declined participation due to a lack of interest or were unwilling
to commit the additional time required for study procedures.
One participant with paroxysmal AF, who exhibited both sinus
rhythm and AF on the reference ECG during the study, was
excluded from the analysis to avoid confounding results. This
decision was made because the specific rhythm present during
the CWD recordings could not be reliably determined.

Study Population Characteristics
The median age of the study population was 69 (IQR 61-77)
years, with 44 of the 122 (36.1%) participants being women.
All participants were White. Detailed demographic and clinical
characteristics are given in Table 1, and information on drug
therapy is provided in Multimedia Appendix 2. There were no
adverse events related to the use of the CWDs. Based on the
12-lead reference ECG, AF was present in 30 (24.6%) patients.
The majority of the study population demonstrated a fair level
of digital literacy, with 91 (74.6%) participants reporting daily
internet usage and 96 (78.7%) using smartphones daily,
respectively, as illustrated in Figure 1. However, 16 (13.1%)
participants were identified as potentially digitally illiterate,
having no prior experience with the internet or a smartphone.
Furthermore, 89 (73%) participants reported no previous
experience with CWDs, except smartphones.
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Table . Demographic and clinical characteristics of the study population.

P valueaParticipantsParticipant characteristics

AFc (n=30)SRb (n=92)Overall (n=122)

.1772.5 (63.5‐78.5)68 (60.25‐77.0)69 (61-77)Age (years), median (IQR)

.7210 (33.3)34 (37)44 (36.1)Gender (women), n (%)

.0228.2 (25.7‐33.6)26.9 (23.5‐30.3)26.9 (24.1‐30.8)BMI (kg/m2), median (IQR)

.6618 (60)51 (55.4)69 (56.6)Hypertension, n (%)

.524 (13.3)17 (18.5)21 (17.2)Diabetes, n (%)

.2818 (60)65 (70.7)83 (68)Hypercholesterolemia, n (%)

.039 (30)12 (13)21 (17.2)Heart failure, n (%)

.224 (13.3)22 (23.9)26 (21.3)Vascular disease history, n
(%)

≥.994 (13.3)15 (16.3)19 (15.6)Stroke, n (%)

.50CHA2DS2-VASc scoresd, n
(%)

3 (10)9 (9.8)12 (9.8)0

6 (20)16 (17.4)22 (18)1

3 (10)18 (19.6)21 (17.2)2

10 (33.3)23 (25)33 (27)3

3 (10)18 (19.6)21 (17.2)4

3 (10)3 (3.3)6 (4.9)5

2 (6.7)5 (5.4)7 (5.7)6

aChi-square test, Fisher exact test, and Mann-Whitney U test were used in the analyses.
bSR: sinus rhythm.
cAF: atrial fibrillation.
dCHA2DS2-VASc is a points-based system used to stratify the risk of stroke in patients with AF. CHA2DS2-VASc is calculated as congestive heart
failure, hypertension, age ≥75 years (doubled), diabetes, stroke (doubled), vascular disease, aged 65-74 years, and sex category (female) [18].
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Figure 1. Experience with digital technology. Questions: I use the internet; I use a computer and/or laptop; I use a smartphone and/or tablet; I use a
wearable device (eg, fitness tracker, smartwatch).

Signal Quality
Measurements of insufficient quality were repeated until the
CWD algorithm provided a rhythm diagnosis. The number of
additional measurements required for diagnosis is illustrated in
Figure 2. Good-quality measurements could not be obtained
after three attempts in 9 (7.4%) patients with KardiaMobile 6L,
4 (3.3%) with Apple Watch, 2 (1.6%) with FibriCheck, and 4
(3.3%) with Preventicus. Achieving good-quality measurements
required 5 additional attempts for KardiaMobile 6L, 11 for

Apple Watch, 7 for FibriCheck, and 18 for Preventicus.
Consequently, the prevalence of insufficient quality
measurements was 10.7% (95% CI 6.3%-17.5%) for both
KardiaMobile 6L and Apple Watch, 7.4% (95% CI 3.9%-13.6%)
for FibriCheck, and 14.8% (95% CI 9.5%-22.2%) for
Preventicus, with no significant differences between the devices
(P=.21). Furthermore, the distribution of insufficient quality
measurements was comparable between patients in sinus rhythm
and AF (11.7% vs 8.3%, P=.31).
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Figure 2. Signal quality for each digital device. The flowchart describes the number of patients in which no good-quality measurement could be obtained
after three attempts and the number of attempts necessary to obtain a good-quality measurement for each device.

Patients with insufficient quality recordings from both ECG
and PPG devices were significantly older, with a median age
of 83 (IQR 77-86) years compared to 68 (IQR 60-76) years
(P<.001). However, there was no significant age difference
between patients with insufficient quality recordings from either
ECG or PPG devices and those with only good-quality
recordings with a median age of 71 (IQR 62-80) years and 68
(IQR 60-75) years, respectively (P=.14). Similarly, no
significant age difference was observed among patients with
insufficient quality recordings (median age 74, IQR 62-80 years)
versus those with only good-quality recordings (median age 68,
IQR 60-75 years) from PPG devices specifically (P=.14). For
ECG devices, measurements of insufficient quality were more
often performed by older patients with a median age of 74 (IQR
64-82) years versus 68 (IQR 60-75) years (P=.02). Despite

reduced digital literacy in older patients (P<.001), there was no
significant association between digital literacy and the
occurrence of insufficient data quality from either ECG- or
PPG-based CWDs (P=.14).

Heart Rhythm Classification
Based on the first good-quality measurement, all patients with
AF were correctly identified by all CWDs (Table 2). Therefore,
the sensitivity for all CWDs to detect AF was 100%. The
specificity rates for identifying sinus rhythm were 96.4% for
KardiaMobile 6L, 97.8% for Apple Watch, 98.9% for
FibriCheck, and 97.8% for Preventicus. The differences in
specificity between devices were not statistically significant
(P=.50). The diagnostic performance of all study devices is
detailed in Table 3.
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Table . Cross-tabulation of the consumer-oriented wearable device results compared to the 12-lead reference electrocardiogram (ECG).

12-lead ECG rhythm (n=113)

AFbSRa

KardiaMobile 6L, n/Nc (%)

0/29 (0)81/84 (96.4)SR

29/29 (100)3/84 (3.6)AF

Apple Watch, n/N (%)

0/27 (0)89/91 (97.8)SR

27/27 (100)2/91 (2.2)AF

FibriCheck, n/N (%)

0/30 (0)89/90 (98.9)SR

30/30 (100)1/90 (1.1)AF

Preventicus, n/N (%)

0/29 (0)87/89 (97.8)SR

29/29 (100)2/89 (2.2)AF

aSR: sinus rhythm.
bAF: atrial fibrillation.
cN represents the number of detections by the 12-lead reference ECG for the SR and AF columns.

Table . Comparison of performance of the consumer-oriented wearable devices compared to the 12–lead reference electrocardiogram.a

P valuePreventicuscFibriCheckcApple WatchbKardiaMobile 6LbPerformance metrics

.2185.3 (77.8-90.5)92.6 (86.4-96.1)89.3 (82.5-93.7)89.3 (82.5-93.7)Good-quality tracing,
% (95% CI)

—d100100100100Sensitivity, % (95%
CI)

.5097.8 (91.5-99.4)98.9 (92.5-99.8)97.8 (91.6-99.5)96.4 (89.5-98.8)Specificity, % (95%
CI)

.4898.3 (93.5-99.6)99.2 (94.3-99.9)98.3 (93.5-99.6)97.4 (92.1-99.1)Accuracy, % (95% CI)

aGeneralized estimation equation model was used for the analysis.
bSingle-lead electrocardiogram (lead 1).
cSmartphone photoplethysmography (finger over the camera).
dNot applicable.

Study Questionnaire
After performing at least two measurements with each CWD,
a significant majority of participants (over 80%) rated the study
devices favorably across various criteria, including
user-friendliness, likelihood of sustained use, design and layout,

interesting content, overall satisfaction, and likelihood of
recommending the devices to others (Figure 3). In these
evaluations, the Apple Watch scored higher on the questionnaire,
followed by FibriCheck, Preventicus, and KardiaMobile 6L.
Despite these positive assessments, cost emerged as the principal
barrier to broader adoption and implementation of these devices.
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Figure 3. Study questionnaire responses. Questions: This device / app was easy to use; I would use this device / app again; I like the design and layout
of this device / app; the content of this device / app is interesting to me; in general, I am satisfied with this device / app; I would recommend this device
/ app to people who would benefit from it; I would pay for this device / app (no price disclosed).

Discussion

Principal Findings
This study validated the ability of four CWDs to differentiate
between sinus rhythm and AF using ECG or PPG technology
and their proprietary algorithms. The devices were compared
against a concurrently obtained 12-lead reference ECG,
demonstrating very high sensitivity and specificity, thus
confirming a near-perfect association with the diagnosis made
using the 12-lead reference ECG.

To our knowledge, this is the first study to directly compare the
accuracy of automated AF detection by ECG- and PPG-based
CWDs against simultaneous 12-lead reference ECG monitoring.
These findings align with prior studies that separately validated
PPG and single-lead ECG CWDs [17,19-21]. However, the
exclusion of patients and handling of uninterpretable results
can significantly impact outcomes and hamper comparisons
between studies [17]. A meta-analysis of 28 validation studies
of PPG-based CWDs revealed significant biases, mainly
concerning participant selection and insufficient information
on study flow, design, and timing [19].

Addressing the limitations of previous studies, this trial adopted
an inclusive approach by including all patients with a scheduled
visit on designated study days, conducting simultaneous

reference and index tests, and randomizing the sequence of
index tests to minimize biases. However, a large number of the
patients could not be screened or did not meet inclusion criteria,
limiting findings to a specific demographic of adult White
patients without a pacemaker in AF or sinus rhythm without
frequent extrasystoles, who were capable of performing CWD
measurements. Unlike previous studies, which have shown a
greater incidence of uninterpretable measurements in up to
one-third of cases, this study limited exclusions to 7.4%-14.8%
by iterating measurements until a diagnosis was obtained. These
measurements were excluded from this validation study, leading
to an overestimation of the algorithm’s accuracy [17,21,22].
This approach reflects real-world use, where users typically
repeat measurements until a diagnosis is obtained from the
device. Older patients, expectedly, were more likely to produce
recordings of insufficient quality, frequently due to tremors.

Future validation studies are needed to validate these results in
non-White populations and in individuals with rhythms other
than sinus rhythm or AF, or with frequent extrasystoles that
may challenge the algorithm’s specificity. In our study,
false-positive results from both ECG- and PPG-based CWDs
were more likely when the 12-lead reference ECG showed
premature atrial or ventricular contractions. These findings
suggest that frequent extrasystoles can lead to rhythm
misclassifications, highlighting the need for further research
into how these irregularities affect device performance,
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particularly in populations with diverse arrhythmias or more
frequent extrasystoles. The study population included patients
with both high and low digital literacy, which did not affect
their performance in a supervised hospital environment.
However, CWDs are mostly used in unsupervised settings.
Recent real-world validation studies in unsupervised
environments have exhibited similar results [23,24].

This study has implications for clinical practice as it provides
physicians with information about the accuracy of CWDs.
Physicians are likely to encounter CWDs, either by the patient’s
choice or owing to these devices being marketed and sold
directly to the consumer. This comparative validation study of
several devices with heterogeneous technologies and algorithms
enables physicians to counsel patients on measurement results
or the selection of medically certified devices. Similar studies
should be repeated over time as algorithms are frequently
updated, potentially improving diagnostic accuracy.

Given the high prevalence of uninterpretable device ECGs, mass
utilization by the general population may lead to an increased
and unnecessary health care burden [25]. To support clinical
decisions based on CWD heart rhythm measurements,
physicians should not rely solely on algorithm results, instead
they should interpret traces manually when required. Although
manual interpretation of CWDs was not within the scope of this
study, it was investigated in the INTERPRET-AF study which
reported similar accuracy for PPG- and ECG-based CWDs upon
interpretation by physicians, with only modest reductions
compared to the 12-lead ECG, even without prior PPG training
[26].

The potential of CWDs in detecting new AF cases in high-risk
populations (eg, secondary prevention in cryptogenic stroke
patients) or monitoring AF recurrence in patients with an

established diagnosis highlights the evolving landscape of
cardiac care [23,27]. Despite increased AF detection and
cost-effectiveness of these implementations, the stroke risk and
therapeutic implications for AF detected by screening remain
debatable [28]. Patients’ willingness to adopt these CWDs was
reported in over 80% of the questionnaire responses, signaling
an increasing likelihood of implementation in the future.

Limitations
This study has several limitations. First, tracings deemed to be
of insufficient quality were excluded from the analyses,
potentially overestimating the performance and influencing the
generalizability of the results. Second, patients with frequent
extrasystoles or rhythms other than sinus rhythm or AF, as
documented in their medical records, were excluded from this
study, which could have reduced the specificity. Nevertheless,
extrasystoles that occurred during the study procedures were
included in the analyses, leading to false positive findings. The
results of the CWD’s algorithms were categorized into only two
categories (ie, sinus rhythm and AF), without accounting for a
broader range of differential diagnoses. Third, participants
received instructions on device usage and were corrected when
necessary to optimize signal quality. Fourth, this study could
not evaluate the effect of skin color on the diagnostic accuracy
of these devices. Fifth, the algorithm of the CWD with multiple
ECG leads (ie, KardiaMobile 6L), which may have increased
the specificity, was evaluated using 1 lead [17].

Conclusions
In this selected population, the distinction between sinus rhythm
and AF using CWDs based on ECG or PPG was highly accurate,
with no discernible variations observed across the examined
devices.
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Multimedia Appendix 1
Flowchart of study screening and inclusion. AF: atrial fibrillation; SR: sinus rhythm; SVES: supraventricular extrasystoles; VES:
ventricular extrasystoles.
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Multimedia Appendix 2
Medication use of the study population. Chi-square test was used in the analyses. ACE: angiotensin-converting enzyme; AF:
atrial fibrillation; ARB, angiotensin receptor blockers; CCB: calcium channel blockers; OAC: oral anticoagulation; SR: sinus
rhythm.
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Abstract

Background: Primary health care (PHC) services face operational challenges due to high patient volumes, leading to complex
management needs. Patients access services through booked appointments and walk-in visits, with walk-in visits often facing
longer waiting times. No-show appointments are significant contributors to inefficiency in PHC operations, which can lead to an
estimated 3%-14% revenue loss, disrupt resource allocation, and negatively impact health care quality. Emirates Health Services
(EHS) PHC centers handle over 140,000 visits monthly. Baseline data indicate a 21% no-show rate and an average patient wait
time exceeding 16 minutes, necessitating an advanced scheduling and resource management system to enhance patient experiences
and operational efficiency.

Objective: The objective of this study was to evaluate the impact of an artificial intelligence (AI)-driven solution that was
integrated with an interactive real-time data dashboard on reducing no-show appointments and improving patient waiting times
at the EHS PHCs.

Methods: This study introduced an innovative AI-based data application to enhance PHC efficiency. Leveraging our electronic
health record system, we deployed an AI model with an 86% accuracy rate to predict no-shows by analyzing historical data and
categorizing appointments based on no-show risk. The model was integrated with a real-time dashboard to monitor patient journeys
and wait times. Clinic coordinators used the dashboard to proactively manage high-risk appointments and optimize resource
allocation. The intervention was assessed through a before-and-after comparison of PHC appointment dynamics and wait times,
analyzing data from 135,393 appointments (67,429 before implementation and 67,964 after implementation).

Results: Implementation of the AI-powered no-show prediction model resulted in a significant 50.7% reduction in no-show
rates (P<.001). The odds ratio for no-shows after implementation was 0.43 (95% CI 0.42-0.45; P<.001), indicating a 57% reduction
in the likelihood of no-shows. Additionally, patient wait times decreased by an average of 5.7 minutes overall (P<.001), with
some PHCs achieving up to a 50% reduction in wait times.

Conclusions: This project demonstrates that integrating AI with a data analytics platform and an electronic health record systems
can significantly improve operational efficiency and patient satisfaction in PHC settings. The AI model enabled daily assessments
of wait times and allowed for real-time adjustments, such as reallocating patients to different clinicians, thus reducing wait times
and optimizing resource use. These findings illustrate the transformative potential of AI and real-time data analytics in health
care delivery.

(JMIR Form Res 2025;9:e64936)   doi:10.2196/64936

KEYWORDS

electronic health record; EHR; artificial intelligence; AI; no-show appointments; real-time data; primary health care; risk prediction;
clinic waiting time; operational efficiency
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Introduction

Primary health care (PHC) centers are the initial contact point
for health care and are considered the gateway to the health care
system for a large proportion of the population [1,2]. PHC
centers experience a high daily patient influx, making PHC
operations complex and requiring efficient systems. While many
patients book appointments in advance, others rely on walk-ins,
often leading to longer wait times for older and pediatric patients
who require quicker attention. However, a significant issue is
no-show appointments, where patients fail to attend their
scheduled appointments without prior cancellation.

No-show appointments create a significant burden by
unnecessarily blocking health care resources. They can
negatively impact the financial and operational planning of
health care organizations, leading to an estimated revenue loss
of 3%‐14% [3,4]. Various interventions have been proposed
to address this issue, focusing on understanding patient
behaviors and reducing no-show rates [5]. Many organizations
use data analytics to predict no-show probabilities and devise
interventions to improve clinical efficiencies [6-8]. Literature
suggests that while machine learning models have been explored
to predict no-show likelihoods [9], a gap exists in
operationalizing these insights at a large scale, especially in
settings like the Emirates Health Services (EHS), which manages
a vast network of health care facilities.

Another key indicator of patient satisfaction is waiting time,
which directly affects the quality of care and patient experience
[10-12]. Numerous studies have demonstrated that reducing
patient waiting times can significantly enhance patient
satisfaction and overall service quality. These studies highlight
that multiple interventions, such as resource optimization and
system redesign, are necessary to improve operational efficiency.
Identifying bottlenecks and implementing practical interventions
can significantly reduce waiting times [13-17]. With the
evolution of artificial intelligence (AI), organizations can now
leverage real-time data analytics to develop predictive models
and suggest proactive interventions.

While there are examples from various health care settings
demonstrating the successful use of AI models and patient
reminders to reduce no-shows [18,19], there is limited research
on how such systems can be optimized specifically for large
health care networks like the EHS. Several studies highlight the
importance of real-time analytics in improving health care
outcomes, allowing organizations to respond promptly to
emerging challenges and optimize resource allocation [20-22].
Hence, this study aims to address this gap by providing an
electronic health record (EHR)-driven, real-time analytics
solution tailored to the operational needs of PHC centers.

The EHS is a vast health care network across 6 emirates in the
United Arab Emirates, managing hospitals, clinics, specialized
centers, and supporting services [23]. The PHC centers within
the EHS handle over 140,000 visits each month, resulting in a
high patient turnover. While this often leads to
longer-than-expected wait times negatively impacting patient
experience, some appointment slots remain underused due to
an average no-shows rate of 21%. Baseline data show the

average physician waiting time exceeds 16 minutes, and while
resources are distributed based on center needs, occasional
shortages contribute to operational delays.

Considering these challenges, our study aims to evaluate the
impact of a real-time dashboard that projects operational metrics
and integrates an AI model to predict no-show appointments in
PHC centers at the EHS. By using this AI-enriched dashboard,
clinic administrators can identify high-risk patients (risk of
no-show) and proactively contact them to emphasize the
importance of their scheduled visits. The primary goals of this
evaluation were to assess if the dashboard improved operational
efficiency, reduced no-show appointments, optimized resource
allocation, and decreased patient waiting times.

Methods

Study Design
This project was conceived as an innovative data-driven
intervention using our data intelligence platform seamlessly
integrated with the EHR (Multimedia Appendix 1). Using
real-time PHC data, we created a dashboard with an AI model
to guide the operational workflow and to reduce clinic wait
times and no-show appointments.

This was a before-and-after study that evaluated the impact of
a real-time dashboard with an AI-powered no-show prediction
model at EHS PHCs 3 months before and after implementation.
By leveraging this dashboard, clinic coordinators could
proactively manage PHC traffic flow, enhancing operational
efficiency and reducing patient waiting times. To capture key
metrics accurately, several data definitions were established to
track patient flow within the PHC setting. Clinic waiting time
was defined as the intervals between various points in a patient’s
journey, which were all recorded as time stamps in the EHR
system. Specifically, this included:

• Nurse waiting time: time from registration to the nurse
station.

• Physician waiting time: time from being ready to be seen
by the physician to the actual consultation.

• Check-in to checkout time: total time from check-in to final
checkout by the physician.

• Appointment no-show: defined as a patient missing a
scheduled appointment without prior notice to the PHC.

For comprehensive analysis, all visit and attendance data were
sourced from the EHR and the human resources attendance
system, both of which were updated in real time to ensure data
accuracy and relevance.

Research Road Map Intervention and Dashboard
Implementation
Our research followed a structured path from data acquisition
to intervention and evaluation. We first integrated patient and
clinic staff data from the EHR into a real-time dashboard that
incorporated an AI model trained on historical EHR data to
predict no-show appointments. This model, along with other
key PHC metrics—such as footfall, resource availability, and
wait times—were displayed on the dashboard to support clinic
coordinators in managing appointments proactively. The AI
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model projected daily no-show risk, allowing coordinators to
reach out to high-risk patients for confirmation or rescheduling.
Additionally, real-time resource constraints were visible on the
dashboard, enabling operational adjustments as needed. All
users received training on the new dashboard and workflow,
and continuous monitoring and evaluation processes were
established to assess ongoing performance. Finally, we analyzed
the results to measure the dashboard’s impact on clinic
operations (Multimedia Appendices 2 and 3).

AI Model
Our AI model was developed to predict no-show appointments
using historical EHR data from EHS PHCs, incorporating 16
distinct features: 4 demographic, 3 on patient history, and 9
appointment-specific factors (Multimedia Appendix 4). We
used a random forest classification technique to assess the
model’s effectiveness in handling high-dimensional data,
achieving an accuracy rate of 86%. The model categorized
appointments into a high, medium, or low risk of a no-show,
based on probability thresholds of ≥90%, 89%‐80%, and
79%‐70%, respectively. To validate the AI model, we used
bootstrapping to ensure robustness and to reduce overfitting.

Statistical Analysis and Experimental Validation
Data were analyzed using SPSS version 17 (IBM Corp) and
SAS version 03.05 software (SAS Institute). Descriptive
statistics were computed for all variables. Independent 2-tailed
sample t tests were conducted to compare mean waiting times
before and after the intervention. To analyze changes in
appointment no-show rates, z tests were performed. Logistic
regression was used to estimate odds ratios (OR) and determine
the likelihood of a no-show after implementation. Statistical
significance was set at an α level of .05, with 95% CI computed
for all estimates. The statistical validation involved performing
hypothesis tests to determine the significance of changes in
waiting times and no-show rates.

Outcome Measures
The outcome measures were the mean difference in waiting
times, which was calculated using the waiting times before and
after implementation and the percent reduction in no-shows,
which was calculated using the no-show rates before and after
implementation.

Ethical Considerations
Ethical approval was obtained from the Dubai Research Ethics
Committee at the Ministry of Health and Prevention, United
Arab Emirates. (Approval Reference No.
MOHAP/DXB-REC/S.O.O/No.136/2023). The study involved
deidentified, retrospective data negating the need for individual
patient consent. Patient compensation was not applicable for
this study. Bias was minimized by using deidentified data and
implementing objective data quality control measures.

Results

We implemented our project across all PHCs in the EHS in
October 2022. To compare the outcomes of this tool, we
analyzed the data 3 months before (July to September 2022)
and 3 months after (November 2022, to January 2023)
implementation, and the outcomes were grouped and labeled
as before or after, respectively. Descriptive analytics revealed
a total of 67,429 booked visits before implementation compared
to 67,964 visits after implementation with a similar sex and
nationality distribution between both periods (Multimedia
Appendix 5). Our analysis showed that most of the visits were
through walk-ins instead of booked appointments. There was
a slight decrease in walk-in appointments between the two
periods, but the percentage of these visits remained relatively
stable (80.9% to 80.7%). There was a notable change in the
number of no-show appointments, drastically reducing from
20.82% to 10.25% (Table 1).

Table . Visit frequencies and dynamics before and after program implementation in primary health care.

After implementation, n/N (%)Before implementation, n/N (%)

284,015/351,979 (80.69)285,700/353,129 (80.91)Walk-ins

67,964/351,979 (19.31)67,429/353,129 (19.09)Appointments

6966/67,964 (10.25)14,038/67,429 (20.82)No-shows

Using a z test, our analysis showed that the implementation of
the no-show AI model led to a significant 50.7% reduction in
no-show rates across the PHC department (P<.001). Binary
logistic regression further assessed the dashboard’s impact on
reducing no-shows, yielding an OR of 0.43 (95% CI 0.42‐0.45;

P<.001). This OR being less than 1 indicated that the
intervention effectively decreased no-show occurrences,
reducing the likelihood of no-shows by 57% after
implementation of the AI model (Table 2).

Table . Mean difference and impact analysis of appointment no-show rates before and after program implementation in primary health care centers.

P valueValuesMeasurements

<.00150.7Difference in no-show rate after implementation,
n/N (%)

<.0010.43 (0.42-0.45)Likelihood of no-shows after implementation,
odds ratio (95% CI)

Table 3 reflects the different waiting times for the nurse
assessment, physician assessment, and overall consultation time

(Multimedia Appendix 6). We observed reduced average waiting
times at all stations across the PHC journey. We found a
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decrease in patient wait times by an average of 5.7 minutes
(from 54 to 49 minutes; P<.001). Based on the average time
saved per visit (5.7 minutes), a total of 387,394.8 minutes were
saved in the 3 months after implementation. This is equivalent

to approximately 6,456.6 hours saved during this period. The
reduction in waiting time from check-in to checkout has been
consistent since implementing this solution.

Table . Comparison of patient waiting times at different stations during patient visits before and after program implementation at primary health care
centers.

P valueDifference following imple-
mentation (min)

After implementation (min),
mean (SE)

Before implementation
(min), mean (SE)

Waiting times

<.0011.27.2 (0.02)8.4 (0.02)Nurse waiting time

<.0011.315.0 (0.03)16.3 (0.03)Physician waiting time

<.0013.126.2 (0.06)29.3 (0.06)Physician consultation to
checkout time

<.0015.748.5 (0.07)54.2 (0.08)Check-in to checkout time

Discussion

Principal Results and Comparison With Prior Work
The implementation of an AI-powered no-show prediction
model, integrated with a real-time operational dashboard at PHC
centers within the EHS, has demonstrated significant
improvements in operational efficiency and patient care. Our
main findings revealed a significant 50.7% reduction in no-show
appointments (P<.001), and a 5.7-minute reduction in overall
patient waiting times, highlighting the direct impact of our
intervention on streamlining health care delivery. These results
underlined the value of leveraging predictive analytics and
real-time data in optimizing resource allocation, reducing
manual processes, and enhancing the patient experience. Unlike
other studies, where the emphasis has been to explore the factors
and behaviors contributing to patient no-shows using machine
learning and other techniques [24], we successfully
operationalized our machine learning model and connected it
to a closed loop workflow which helped reduce absenteeism.

A key achievement of this intervention was the substantial
reduction in no-show appointments. By proactively contacting
high-risk patients identified by the AI model, clinic
administrators were able to significantly reduce missed
appointments. This was a notable success, as it not only
improved the efficiency of the appointments but also allowed
walk-in patients to fill the available slots, further maximizing
clinic capacity. Additionally, the use of real-time dashboards
provided clinic managers with immediate insights into patient
volumes, waiting times, and staff availability, enabling swift
adjustments in resource allocation during peak hours. These
operational efficiencies, particularly the reduction in waiting
times at multiple stages of the patient journey (nurse assessment,
physician consultation, and overall clinic visit), underscore the
importance of real-time analytics in improving the flow of care.
Our robust analysis reassured that the findings of this before
and after implementation were significant and could be
attributed to our intervention.

The impact of these factors has been previously studied in
isolation. There are successful examples of AI models to predict
no-show appointments, which have helped reduce the burden
of these instances [25-27]. Our observations were in alignment

with these studies. Like other studies, we have seen that
connecting with patients before their scheduled appointment
reduces their chances of missing it [28]. Several strategies, like
text messages, patient portal reminders, and phone calls, have
been examined, and it has been found that calling patients before
their scheduled visit is effective for reducing no-shows [29].

Operationally, real-time dashboards and decision support tools
for clinic managers are helpful for identifying operational
bottlenecks. Numerous studies have examined the impact of
real-time dashboards on reducing patient waiting times in health
care settings. These studies suggest that real-time dashboards
are crucial for improving patient flow and reducing waiting
times across various health care settings, emphasizing their
potential as valuable tools in optimizing health care delivery
[30-33].

As recommended by other studies, using data to calculate and
predict interday scheduling precisely is undeniably beneficial
for large health care organizations [30,34]. Trend analysis helps
estimate the expected number of unbooked versus booked visits
and helps allocate resources accordingly. Many PHC centers
reserve a proportion of their scheduling slots for walk-in visits.
Since the EHS has many walk-in visits, we should follow a
similar strategy and use predictive analysis to help improve our
resource allocation. We must carefully design this strategy to
reduce our patient waiting times. In the future, we could further
enhance the outcomes achieved in this study. By scaling up the
AI-model to other services and departments, we could increase
the benefits of this program for the EHS. The flexibility and the
scalability of our real-time data intelligence platform makes it
a valuable tool to resolve operational challenges in our health
care system.

Strengths
This study presents a novel approach by integrating an AI-driven
predictive model with a real-time dashboard to manage no-show
appointments and reduce waiting times in a PHC setting. Unlike
previous studies, which primarily focus on predictive modeling
without an operational framework, our approach goes a step
further by embedding predictive insights into an actionable,
real-time dashboard that enables proactive intervention. By
operationalizing predictive analytics within a large-scale health
care network, this study contributes a scalable and practical
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solution to the current state of digital health interventions aimed
at improving health care efficiency and patient outcomes.

The major strengths of our study include big data analysis, the
use of case mix, the contextualization to the local population,
crossfunctional analytics for the clinician-to-patient ratio,
real-time analysis for immediate identification of prolonged
waiting times, and AI-based modeling for no-show appointment
prediction that is coupled with patient contact information. Our
holistic approach to use an AI model and real-time insights for
a guided operational management workflow is unique in its
nature and it can be used by organizations with similar resources.

Limitations
Certain limitations of this study must be acknowledged. First,
the mitigation workflow is outside of EHRs, so we cannot
quantify the efforts accurately. It is an established fact that a
reduction in no-show appointments result in improved financial
outcomes [35,36], and we acknowledge that a detailed analysis
of the financial implications of reducing no-shows was beyond
the scope of this study. Future research could address this aspect

to provide a more comprehensive understanding of the
intervention’s economic impact.

Conclusion
In conclusion, this project represents the first instance of the
EHS using a real-time, AI-driven analytics platform to improve
operational efficiency, reduce no-show appointments, and
enhance patient experience. The success of our solution in
reducing no-shows and waiting times highlights the importance
of integrating advanced analytics into daily health care
operations. By providing clinic administrators with real-time
actionable data, this platform enables better decision-making,
optimized resource use, and improved patient flow. The
scalability of this application across other health care settings
further emphasizes its potential to drive widespread
improvements in health care delivery, making it a valuable tool
for health care organizations looking to modernize their
operations through data-driven solutions. As we continue to
refine this system, we expect further reductions in waiting times
and improvements in patient satisfaction.
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Frequency distribution of booked visits before and after the artificial intelligence program implementation in primary health care
centers (July 2022, to January 2023).
[PDF File, 84 KB - formative_v9i1e64936_app5.pdf ]

Multimedia Appendix 6
Reduction in patient waiting times at different stages of care following artificial intelligence program implementation in primary
health care centers.
[PPTX File, 48 KB - formative_v9i1e64936_app6.pptx ]
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Abstract

Background: Insufficient sleep is a problem affecting millions. Poor sleep can trigger or worsen anxiety; conversely, anxiety
can lead to or exacerbate poor sleep. Advances in innovative consumer products designed to promote relaxation and support
healthy sleep are emerging, and their effectiveness can be evaluated accurately using sleep measurement technologies in the home
environment.

Objective: This pilot study examined the effects of smart goggles used at bedtime to deliver gentle, slow vibration to the eyes
and temples. The study hypothesized that objective sleep, perceived sleep, self-reported stress, anxiety, relaxation, and sleepiness
would improve after using the smart goggles.

Methods: A within-participants, pre-post study design was implemented. Healthy adults with subclinical threshold sleep problems
(N=20) tracked their sleep nightly using a polysomnography-validated noncontact biomotion device and completed daily
questionnaires over two phases: a 3-week baseline period and a 3-week intervention period. During the baseline period, participants
followed their usual sleep routines at home. During the intervention period, participants used Therabody SmartGoggles in “Sleep”
mode at bedtime. This mode, designed for relaxation, delivers a gentle eye and temple massage through the inflation of internal
compartments to create a kneading sensation combined with vibrating motors. Each night, the participants completed questionnaires
assessing relaxation, stress, anxiety, and sleepiness immediately before and after using the goggles. Daily morning questionnaires
assessed perceived sleep, complementing the objective sleep data measured every night.

Results: Multilevel regression analysis of 676 nights of objective sleep parameters showed improvements during nights when
the goggles were used compared to the baseline period. Key findings include sleep duration (increased by 12 minutes, P=.01);
duration of deep sleep (increased by 6 minutes, P=.002); proportion of deep sleep (7% relative increase, P=.02); BodyScore, an
age- and gender-normalized measure of deep sleep (4% increase, P=.002); number of nighttime awakenings (7% decrease, P=.02);
total time awake after sleep onset (reduced by 6 minutes, P=.047); and SleepScore, a measure of overall sleep quality (3% increase,
P=.02). Questionnaire responses showed that compared to baseline, participants felt they had better sleep quality (P<.001) and
woke feeling more well-rested (P<.001). Additionally, participants reported feeling sleepier, less stressed, less anxious, and more
relaxed (all P values <.05) immediately after using the goggles each night, compared to immediately before use. A standardized
inventory administered before and after the 3-week intervention period indicated reduced anxiety (P=.03), confirming the nightly
analysis.

Conclusions: The use of smart goggles at bedtime significantly improved objectively measured sleep metrics and perceived
sleep quality. Further, participants reported increased feelings of relaxation along with reduced stress and anxiety. Future research
expanding on this pilot study is warranted to confirm and expand on the preliminary evidence presented in this brief report.

(JMIR Form Res 2025;9:e58461)   doi:10.2196/58461

KEYWORDS

relaxation; stress; anxiety; sleep; health technology; intervention

Introduction

Insufficient sleep affects approximately one-third of the
population [1] and is associated with adverse health outcomes
and impaired performance [2]. Poor sleep can trigger or worsen

anxiety, while conversely, anxiety can lead to or exacerbate
poor sleep [3]. Technological advances in unobtrusive sleep
measurement enable intervention studies to be conducted in the
comfort of research participants’ own bedrooms, providing
ecologically valid results while capturing accurate objective
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data [4,5]. Concomitantly, the development of innovative
consumer products designed to promote relaxation and support
healthy sleep is emerging. Their effectiveness can be evaluated
in field studies using ambulatory measurement technologies
[6].

The aim of this research was to examine the effects of smart
goggles used at bedtime to deliver gentle vibration to the eyes
and temples, on sleep as well as on perceived stress, anxiety,
and relaxation. Although a variety of evidence-based relaxation
techniques [7] and sleep-enhancing products [8] already exist,
devices such as smart goggles may appeal to individuals who
wish to use such technological tools as an option within their
repertoire of strategies for winding down at bedtime. Previous
research suggests that vibration can increase relaxation [9],
induce drowsiness [10], and may be a useful
nonpharmacological intervention for poor sleep [11-13]. For
example, a preliminary study documented the use of vibration
in improving objectively measured sleep outcomes in people
with mild to moderate symptoms of insomnia [11]. In this pilot
study on adults with subclinical threshold sleep problems, we
hypothesized that objective and perceived sleep outcomes as
well as self-reported stress, anxiety, relaxation, and sleepiness
would improve after using smart goggles delivering slow
vibrations at bedtime.

Methods

Participants
Invitations to complete an eligibility questionnaire for a study
testing smart goggles were emailed to registrants in a large
database of individuals interested in sleep research and using
SleepScore technology. Eligible respondents were invited to
enroll based on the following selection criteria: difficulty falling
or staying asleep, no history of sleep disorders, absence of other
medical issues affecting sleep, substance use that could affect
sleep, and no lifestyle issues such as shift work that might
influence their sleep. The study included adults (N=20) with
subclinical threshold sleep problems who were willing to track
their sleep and use the smart goggles as instructed.

Design and Procedures
A within-participants, pre-post study design was implemented.
The participants were aware that the intervention had the
potential to affect their sleep. Following a 3-week baseline
period during which participants measured their sleep data at
home without any intervention, they used the Therabody
SmartGoggles (Therabody Inc, Los Angeles, CA) at bedtime
for 15 minutes (within 30 minutes of their intended sleep time)
over a 3-week intervention period. The participants were
instructed to use “Sleep” mode, designed for relaxation and
inducing sleepiness. This mode delivers slow and gentle massage
to the eye and temple areas by the inflation of internal
compartments to create a kneading sensation and vibrating
motors. Additionally, two other modes (SmartRelax and Focus)
are available; however, since these provide different experiences,
they were not used in this study.

During the entire 6-week study, nightly objective sleep
measurements were collected and participants completed online

questionnaires each morning and evening. Data collection was
synchronized across all participants to account for weekday or
weekend variation.

Measurement
Objective sleep data were collected with SleepScore Max
(Consumer Sleep Solutions LLC, Carlsbad, CA), a noncontact
monitoring device that uses respiratory signal and motion
sensing to detect sleep. The device is placed next to the bed and
controlled using a companion app. It uses ultra-low power
radiofrequency waves to monitor body movement and
respiration patterns when in bed; the measurement is unaffected
by bedding or nightwear. If a partner is present, only the sleep
of the individual closest to the device is measured. The device
captures high-resolution magnitude and duration data of gross
movements, micromovements, and full breathing cycles, which
are transformed into 30-second epoch sleep stage data (wake,
light, deep, rapid eye movement [REM]) using proprietary
algorithms. Studies have shown good agreement with
gold-standard polysomnography [14,15], exceeding the accuracy
typically reported for actigraphy-based devices [16].

Using the 30-second epoch data, standard sleep metrics were
calculated. In addition, 3 SleepScore technology proprietary
sleep metrics reflecting sleep quality, all ranging from 0 to 100
and normalized for age and gender using reference values from
the meta-analysis of quantitative sleep parameters by Ohayon
and colleagues [17], were calculated:

• SleepScore is an overall sleep quality metric that includes
objectively measured total sleep time, sleep onset latency,
and sleep stage durations.

• BodyScore reflects the age- and gender-normalized amount
of deep (non–rapid eye movement stage 3 [NREM-3]) sleep.

• MindScore reflects the age- and gender-normalized amount
of REM sleep.

Self-reported data were collected daily, across the entire study
via 100-point visual analog scales. Morning assessments
measured perceived sleep quality and feeling well-rested upon
waking. At night, the 100-point visual analog scales assessed
relaxation, stress, anxiety, and sleepiness before and after goggle
use. The construct validity and discriminate sensitivity of visual
analog scales to assess perceived stress and related constructs
have been documented [18]. Participants completed these scales
immediately before using the goggles at bedtime and after using
the goggles for 15 minutes, and then went to sleep. A 6-item
version of the state scale of the Spielberger State-Trait Anxiety
Inventory (STAI) [19] was administered once before and once
after the intervention period.

Statistical Analyses
Nightly objective sleep data and daily self-reported data were
analyzed using multilevel regression with random intercept,
accounting for nights nested within participants, comparing
nights during the baseline period to nights during the
intervention period for each outcome. The regression model
was Sleepmeasureij = β0 + β1*TestPeriodij + u0j + eij; TestPeriod,
coded as 0 for observations during baseline and 1 for nights
during the intervention period. Similarly, analysis of the nightly
self-reported data used the same model to compare pre- and
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post-goggle use. A 2-tailed paired-samples t test was used to
analyze changes in the 6-item STAI scores.

Discrepancies in sample sizes (N=20 for objective and
self-reported sleep, n=17 for 6-item STAI) were due to
incomplete data sources. Participants tracked their sleep at home
and, at times, were not fully compliant with the use of
measurement tools or the completion of online surveys. This is
common in field research collecting longitudinal and daily
assessment data. All reported results reflect the largest available
sample for each set of analyses.

Ethical Considerations
The study was approved by Sterling Institutional Review Board
(ID 11012), and all procedures were conducted in accordance
with the ethical standards of the Declaration of Helsinki. All

participants provided informed consent using a secure online
platform to review, electronically sign, and return a copy of the
document to the research coordinator. They were informed that
the study was voluntary, and of their right to withdraw at any
time. Both objective and self-reported study data were
deidentified prior to analysis and accessible only to members
of the research team. As compensation, participants kept the
smart goggles and sleep measurement device used during the
study.

Results

Of the 20 participants, 40% (n=8) were women, and the age
range was 26-75 (mean 50.41, SD 13.12) years. Further
demographic details are provided in Table 1.
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Table . Demographic information of participants at baseline (N=20).

ValuesDemographics

Age (years)

50.41 (13.12)    Mean (SD)

26‐75    Range

Gender, n (%)

8 (40)    Men

12 (60)    Women

0 (0)    Other identities

Race/Ethnicity, n (%)

0 (0)    American Indian or Alaska Native

1 (5)    Asian

0 (0)    Black or African American

4 (20)    Hispanic/Latino

1 (5)    Native Hawaiian or other Pacific Islander

14 (70)    White

Household composition, n (%)

7 (35)    I live alone

3 (15)    I live with my partner - (currently) no children in the house

1 (5)    I live with my children - (currently) no partner in the house

6 (30)    I live with my partner and child(ren)

3 (15)    I live with a family member(s)

0 (0)    I live with a roommate(s)

0 (0)    Other

Employment, n (%)

14 (70)    Working full-time

2 (10)    Working part-time

2 (10)    Homemaker

1 (5)    Full-time student

1 (5)    Retired

Education, n (%)

1 (5)    High school degree or equivalent (eg, GEDa)

5 (25)    Some college, no degree

1 (5)    Associate degree

8 (40)    Bachelor’s degree

3 (15)    Master’s degree

2 (10)    Doctoral degree

Annual household income (US$), n (%)

0 (0)    <$25,000

3 (15)    $25,000-$49,999

4 (20)    $50,000-$74,999

3 (15)    $75,000-$99,999

2 (10)    $100,000-$124,999

2 (10)    $125,000-$149,999
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0 (0)    $150,000-$174,999

0 (0)    $175,000-$199,999

5 (25)≥$200,000

1 (5)    Would rather not answer this question

aGED: General Educational Development.

Objective Sleep
Nightly objective measurement of sleep (n=676 nights nested
within 20 participants) revealed multiple improvements when
participants used the goggles at bedtime. Key findings included
increased sleep duration (+12 min, P=.01); increased deep sleep,
reflected both in duration (+6 min, P=.002) and proportion of

the night (7% relative increase, P=.02); enhanced BodyScore
(+4%, P=.002); fewer nighttime awakenings (−7%, P=.02);
reduced total wake time at night after sleep onset (−6 min,
P=.047); and improved SleepScore, indicating overall sleep
quality (+3%, P=.02). Detailed objective sleep metrics are
displayed in Table 2.

Table . Multilevel regression results for objective sleep (n=676 nights nested within 20 participants), comparing the baseline period (sleep at home
prior to intervention) to the intervention period (sleep at home using smart goggles at bedtime).

Estimated marginal meansbObjective measurement of sleep, observed mean

(SD)a
Outcomes

P valueβcIntercept (SE)Intervetion periodBaseline period

.0112.04331.52 (4.87)343.48 (62.69)331.55 (57.49)Total sleep time in
minutes

.92−0.1323.28 (1.64)23.20 (18.17)23.34 (18.33)Sleep onset latency in
minutes

.02−0.385.51 (0.17)5.14 (2.12)5.51 (2.10)Number of awakenings

.047−5.3960.17 (2.72)54.32 (31.38)60.50 (31.30)Time spent awake after
sleep onset in minutes

.264.54215.47 (3.99)219.86 (50.57)215.36 (49.64)Light sleep in minutes

.0025.5857.66 (1.79)63.19 (24.27)57.52 (19.92)Deep sleep in minutes

.321.9458.52 (1.93)60.44 (25.55)58.67 (23.54)REMd sleep in minutes

.08−1.0215.36 (0.58)14 (7)16 (7)Percentage of time
spent awake after sleep
onset

.970.0254.50 (0.60)55 (8)54 (8)Percentage of time in
light sleep

.021.1415.10 (0.49)16 (7)15 (6)Percentage of time in
deep sleep

.80−0.1214.92 (0.46)15 (6)15 (6)Percentage of time in
REM sleep

.022.0269.61 (0.87)71.65 (10.87)69.57 (10.89)SleepScoree

.0022.6473.42 (0.86)76.13 (11.15)73.14 (10.38)BodyScoree

.620.5569.18 (1.13)69.68 (14.48)69.30 (13.76)MindScoree

aFor the baseline and intervention periods, each mean was calculated by averaging nights across participants, then averaging those participants’ averages
to a single simple average.
bThese are the outcomes of separate multilevel regression analyses. Each row shows results from a different single-predictor, single-outcome model.
cThe beta values are unstandardized and can therefore be interpreted on the same scale as the original data.
dREM: rapid eye movement.
eThese scores range from 0 to 100. SleepScore is an age- and gender-normalized measure of overall sleep quality, BodyScore is an age- and
gender-normalized measure of deep sleep, and MindScore is an age- and gender-normalized measure of REM sleep.

Self-Reported Sleep Quality and Well-Restedness
Multilevel regression analyses of daily self-reported sleep data
(N=723 nights nested within 20 participants) showed that

participants perceived better sleep quality (β=12.37, P<.001)
and felt more rested in the morning (β=12.13, P<.001) when
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using the goggles at bedtime compared to baseline, as assessed
on a scale from 0 to 100.

Sleepiness, Anxiety, Stress, and Relaxation
Across 334 nights of the intervention period, multilevel
regression analyses comparing responses immediately after
using the goggles to those reported immediately before showed
that participants felt sleepier (β=9.98, P<.001), less stressed
(β=−10.38, P<.001), less anxious (β=−12.87, P<.001), and
more relaxed (β=11.76, P<.001), all rated on a scale from 0 to
100.

At the end of the intervention period, compared to the end of
the baseline period, participants’ scores on the 6-item STAI
showed reduced anxiety (t16=2.31, P=.03), reflecting a 10%
decrease and confirming the nightly analyses.

Discussion

Nonpharmacological techniques for promoting relaxation and
improving sleep have the potential to help millions of individuals
who experience suboptimal sleep [20]. This study evaluated the
effectiveness of smart goggles designed to induce relaxation
and support healthy sleep. Outcomes were measured using both
self-reported data and a polysomnography-validated, noncontact
biomotion device. The study population included a nonclinical
sample of adults reporting poor sleep in the absence of
diagnosed sleep disorders.

Compared to baseline, using the goggles at bedtime led to
objective improvements in both sleep quality and duration.
Although total sleep time remained less than 6 hours per night
on average, objective improvements were seen in several
parameters, including:

• sleep duration;
• increased deep sleep, both in duration and as a proportion

of the night;
• reduced number of nighttime awakenings;
• decreased time spent awake at night after initially falling

asleep; and
• enhanced sleep quality.

Aligning with these objective results, questionnaire data showed
that participants perceived improvement in their sleep quality
and felt more well-rested in the morning. In addition,
immediately after using the goggles, participants felt sleepier,
less stressed, less anxious, and more relaxed, compared to their
experience immediately before using the goggles. A
standardized inventory administered before and after the 3-week
intervention period also indicated reduced anxiety, confirming
the nightly analysis.

The observed improvements in the objective and self-reported
sleep data may be attributed to increased relaxation resulting

from the use of the goggles at bedtime. Vibration has been
previously shown to be able to induce physiological relaxation
[9,10] and support sleep [11-13]. This interpretation is supported
by the changes in perceived relaxation, stress, and anxiety.
However, objective parameters of physiological relaxation prior
to sleep were not assessed, presenting an interesting avenue for
future research.

Further studies could explore the intervention through a
controlled trial, including comparison to goggles without
vibration or to other relaxation techniques. This study assessed
changes in parameters from the baseline to the intervention
period while using the product at home, resembling how it is
used outside of a research setting. The within-participants study
design, which included long-term product use following a
baseline period without the intervention, provides confidence
that significant effects are due to the intervention itself.
Although this study design has limitations, it reflects the
real-world experience of introducing an intervention into the
home environment, while also accounting for night-to-night
variations in sleep patterns.

While longitudinal data provides an advantage by enabling the
detection of nightly within-person differences, this pilot study
is limited by its small sample size. Although we compared
participants’ improvements in sleep and related outcomes to
their own baseline, the small sample size could have introduced
a potential bias, and therefore these results should be interpreted
with caution. Future research should investigate the effects of
this intervention using larger sample sizes. Another limitation
is that contactless technology is not ambulatory and therefore
does not capture objective measures of daytime activity.
However, the noncontact sleep measurement system used in
this study offers the advantage of significantly higher overall
accuracy, particularly in specificity, compared to traditional
research-based actigraphy [16].

To conclude, this study found that using vibration therapy
administered via smart goggles before going to sleep was
associated with improvements in both objective sleep measures
and self-reported outcomes. While these findings must be
interpreted with caution, our data suggest that a device
delivering gentle vibrations to the eye and temple area may have
the potential to promote relaxation, decrease anxiety, and
support healthy sleep when used at bedtime by adults with
suboptimal sleep. Not only did sleep quality and sleep duration
increase relative to baseline, but there was a decrease in the
number of awakenings and the duration of time spent awake
during the night. Further, improvement was seen in multiple
metrics of deep sleep, which is vital for brain health and physical
recovery. Future research expanding on this pilot study is
warranted to confirm the preliminary evidence presented in this
study.
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REM: rapid eye movement
STAI: State-Trait Anxiety Inventory
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Abstract

Background: As digitalization continues to advance globally, the health care sector, including dental practice, increasingly
recognizes social media as a vital tool for health care promotion, patient recruitment, marketing, and communication strategies.

Objective: This study aimed to investigate the use of social media and assess its impact on enhancing dental care and practice
among dental professionals in the Philippines.

Methods: A cross-sectional survey was conducted among dental practitioners in the Philippines. The study used a 23-item
questionnaire, which included 5 questions on dentists’ background and demographic information and 18 questions regarding the
use, frequency, and purpose of social media in patient advising and quality of care improvement. Data were analyzed using SPSS

software, with frequency distributions and χ2 tests used to assess the association between social media use and demographic
variables and the impact on dental practice.

Results: The 265 dental practitioners in this study were predominantly female (n=204, 77%) and aged between 20‐30 years
(n=145, 54.7%). Most of the participants were general practitioners (n=260, 98.1%) working in a private practice (n=240, 90.6%),
with 58.5% (n=155) having 0‐5 years of clinical experience. Social media use was significantly higher among younger practitioners
(20‐30 years old) compared to older age groups (P<.001), though factors such as sex, dental specialty, and years of clinical
practice did not significantly influence use. The majority (n=179, 67.5%) reported using social media in their practice, primarily
for oral health promotion and education (n=191, 72.1%), connecting with patients and colleagues (n=165, 62.3%), and marketing
(n=150, 56.6%). Facebook (n=179, 67.5%) and YouTube (n=163, 61.5%) were the most frequented platforms for clinical
information, with Twitter (subsequently rebranded X) being the least used (n=4, 1.5%). Despite widespread social media
engagement, only 8.7% (n=23) trusted the credibility of web-based information, and 63.4% (n=168) perceived a potential impact
on the patient-dentist relationship due to patients seeking information on the internet. Social media was also perceived to enhance
practice quality, with users reporting significant improvements in patient care (P=.001).

Conclusions: The findings highlight that social media is widely used among younger dental practitioners, primarily for education,
communication, and marketing purposes. While social media use is associated with perceived improvements in practice quality
and patient care, trust in information on social media remains low, and concerns remain regarding its effect on patient relationships.
It is recommended to establish enhanced guidelines and provide reliable web-based resources to help dental practitioners use
social media effectively and responsibly.

(JMIR Form Res 2025;9:e66121)   doi:10.2196/66121

KEYWORDS

social media; oral health promotion; oral health education; dentists; dental practice; dental professionals; dental practitioners

Introduction

Traditionally, dental practices advertised their services primarily
through local yellow pages, such as telephone directories listing
local businesses or by placing promotional notices in the

windows of dental offices [1]. Word-of-mouth was also a
common method, where information about the quality of service
was shared from one person to another [2]. However, with the
advent of technological advancements, there has been a
significant shift toward the use of social media. Social media
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platforms offer the potential to reach diverse audiences,
including those seeking information on oral health management,
thereby promoting oral health [3].

Social media refers to a group of web-based applications built
on the foundations of Web 2.0 [4,5]. According to the
Merriam-Webster Dictionary, social media is defined as “any
form of electronic communication through which users create
web-based communities to share information, personal
messages, ideas, and other content such as photos and videos”
[6]. Popular platforms include social networking sites like
Facebook and Twitter (subsequently rebranded X),
media-sharing sites like YouTube and Instagram, blogs, and
microblogging sites [7]. These platforms are widely used for
searching, sharing, and communicating information, including
health-related content [8,9]. Facebook fosters connections
through its friend-based network, creating a web-based
community where users can stay in touch and share content
[10]. Twitter’s microblogging feature allows users to share ideas
and opinions in real time [11,12]. YouTube is a leading
video-sharing platform [13-15], while Instagram, a photo and
video social networking site, facilitates real-time communication
through comments and direct messages and supports
professional engagement and knowledge sharing [16-18].
TikTok, known for its short video content, has also gained
popularity [19,20].

Social media serves as a dynamic tool for exchanging
information and communicating with colleagues, patients, and
the public on health-related issues. Public health professionals
and organizations use these platforms for a variety of purposes,
including health education, telemedicine, social marketing,
scientific research, recruitment, career development, and
professional networking [9]. Dental practitioners are increasingly
leveraging social media to educate and inform the public by
sharing detailed content on various dental procedures and
educational activities [8,21-25], providing oral hygiene
instructions and promoting oral health [26,27], enhancing
communication [28-30], and engaging in marketing efforts
[1,25,31,32]. Given the widespread use of social media, using
these platforms responsibly and effectively in health care is
crucial to ensure that they contribute positively to patient health
outcomes.

As of April 2024, there were 5.44 billion internet users
worldwide, representing 67.1% of the global population. Of
this total, 5.07 billion, or 62.6% of the world’s population, were
social media users [33]. Based on the number of monthly active
users, the most popular social networks globally are Facebook,
YouTube, Instagram, WhatsApp, and TikTok [34]. In the
Philippines, approximately 68.72 million people are social media
users, with an average daily use of over 3 hours, the highest
across the Asia-Pacific region. Facebook, Instagram, TikTok,
and X (formerly known as Twitter) are currently some of the
most popular platforms, providing opportunities for connecting
with family and friends, sharing content via digital platforms,
and expanding the reach of promotional marketing through
web-based banners [35]. Social media in the Philippines has
gained significant traction for entertainment, communication,
marketing, and professional education. In dentistry, practitioners
use these platforms to share content related to oral health,

modern treatment options, trends in dental materials, and
treatment costs.

Although several reports have highlighted the use of social
media among dentists and its influence on dental practice
[3,8,9,22,30,32,36,37], as well as its impact on dental education
among faculty and students [7,21,23,38,39], relatively few
studies have examined the use and influence of social media on
dental practice in Southeast Asia, particularly in the Philippines
where these platforms are widely used. This study aims to
investigate the use of social media and assess its impact on
enhancing dental care and practice among dental professionals
in the Philippines.

Methods

Design and Study Population
This study used a cross-sectional survey design with purposive
sampling, targeting all eligible licensed dental professionals,
including both general dentists and specialists working in private
or public clinical settings and who were involved in patient care,
education, and practice management. Participants were also
required to be active members of the Philippine Dental
Association-Baguio City Chapter for the 2023‐2024 term. The
study population consisted of 265 dental practitioners.
Practitioners who were not active members of the chapter were
excluded from the study.

The survey questionnaire was adapted from previously published
literature related to social media use [22,36,38]. For this study,
social media included popular platforms such as Facebook,
YouTube, Twitter, Instagram, TikTok, and Viber, which dental
practitioners may have used for professional purposes like
patient education, practice marketing, peer communication, and
access to clinical information. A panel of experts validated the
questionnaire items and the questionnaire underwent pretesting
to ensure applicability and reliability. Revisions and minor
adjustments were made based on the pilot study results and
expert feedback. The 23-item questionnaire was divided into
two sections. The first section gathered background and
demographic information, including age, sex, dental specialty,
work sector, and years of clinical practice. The second section
comprised 18 questions designed to gather information on social
media use; frequency of use; and purpose in dental practice,
particularly its role in advising patients and improving the
quality of care. This study was conducted within dental practice
settings, with participants recruited through web-based methods.
Recruitment emphasized voluntary participation, with all
respondents providing informed consent before inclusion in the
study. The questionnaire was administered via Google Forms,
with the survey link disseminated through email, a Facebook
page, and the Baguio City Chapter group chat. Respondents
were encouraged to provide suggestions, assist in recruitment,
and further share the questionnaire with other dental
practitioners to reach more participants. They were given one
day to complete the form.

Data Analysis
Data were analyzed using SPSS software version 28.0 (IBM
Corp). The analysis included frequency distributions that were
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expressed in numbers and percentages, as well as χ2 tests to
assess the association between social media use and
demographic or social variables and the impact on dental
practice. Statistical significance was set at an α level of .05.
This study adhered to the reporting guidelines for cross-sectional
studies following the Strengthening the Reporting of
Observational Studies in Epidemiology (STROBE) statement.

Ethical Considerations
Ethical approval was obtained from the Human Research Ethics
Committee of the Faculty of Dentistry, Chulalongkorn
University (Study Code: HREC-DCU 2023‐108). Informed
consent was obtained from all participants through a written
consent form, which provided details about the study’s
objectives and potential benefits. Participation in the study was
entirely voluntary, with participants having the right to withdraw
or discontinue at any time without any penalties or loss of

benefits. All information was kept strictly confidential and
anonymized to ensure participants could not be identified. No
financial rewards or incentives were provided for participation.

Results

The background and demographic details of the 265 study
participants are summarized in Table 1. The majority of
participants were female (n=204, 77%), with over half (n=145,
54.7%) aged between 20 to 30 years. This was followed by
participants aged 31‐40 years (n=52, 19.6%), and both groups
of participants aged 41‐50 years and over 50 years represented
12.8% (n=34) of participants. Most participants (n=260, 98.1%)
were general practitioners, and 90.6% (n=240) worked as private
dentists. Regarding clinical experience, 58.5% (n=155) had 0
to 5 years of practice, while 29.8% (n=79) had over 10 years,
and 11.7% (n=31) had 6 to 10 years of practice.

Table . Demographic variables and their association with the use of social media among dental practitioners.

P valuebTotal (n=265), n (%)Use of social media, n (%)aVariable

NoSometimesYes

<.001Age (years)

145 (54.7)8 (5.5)35 (24.1)102 (70.3)    20‐30

52 (19.6)0 (0)21 (40)31 (60)    31‐40

34 (12.8)5 (15)2 (6)27 (79)    41‐50

34 (12.8)0 (0)15 (44)19 (56)    >50

.66Sex

61 (23)2 (3)19 (31)40 (66)    Male

204 (77)11 (5.4)54 (26.5)139 (68.1)    Female

.25Dental specialty

260 (98.1)13 (5)70 (26.9)177 (68.1)    General practitioners

5 (1.9)0 (0)3 (60)2 (40)    Specialists

.30Working sector

14 (5.3)2 (14)2 (14)10 (71)    Government

240 (90.6)11 (4.6)69 (28.8)160 (66.6)    Private

11 (4.2)0 (0)2 (18)9 (82)    Both (government
and private)

.19Number of years of clinical practice

155 (58.5)8 (5.2)38 (24.5)109 (70.3)    0 to 5

31 (11.7)0 (0)7 (23)24 (77)    6 to 10

79 (29.8)5 (6)28 (35)46 (58)    >10

aPercentages were calculated based on the number of participants corresponding to each variable.
bChi-square test; α=.05.

There was a significant increase in social media use among the
younger age group (20‐30 years) compared to older age groups
(31‐40 years, 41‐50 years, and >50 years), with a P value
of <.001. However, sex, dental specialty, work sector, and years
of clinical practice did not significantly influence social media
use.

Table 2 illustrates the frequency distribution of social media
use among dental practitioners. Of the 265 participants, most
reported moderate use of social media with 37.4% (n=99) using
it 1‐2 days per week. However, nearly two-thirds (n=164,
61.9%) reported using social media at least 3 days weekly.
Facebook (n=179, 67.5%) and YouTube (n=163, 61.5%) were
the most commonly visited platforms for obtaining clinical
information, followed by Instagram (n=115, 43.4%). Twitter
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(n=4, 1.5%) was the least popular platform. Social media was
mainly used for oral health education and promotion (n=191,

72.1%); communication with patients, friends, and family
(n=165, 62.3%); and marketing and advertising (n=150, 56.6%).

Table . Frequency, preferred platforms, and purpose of social media use.

Frequency (n=265), n (%)Variables

Social media use

2 (0.8)    Never

99 (37.4)    Seldom (average of 1‐2 d/wk)

96 (36.2)    Occasionally (average of 3‐5 d/wk)

68 (25.7)    Frequently (average of 6‐7 d/wk)

Social media website useda

4 (1.5)    Twitter

179 (67.5)    Facebook

115 (43.4)    Instagram

163 (61.5)    YouTube

38 (14.3)    TikTok

23 (8.7)    Viber

75 (28.3)    Others

Purpose of social media usea

191 (72.1)    Oral health promotion and education

165 (62.3)    Connect and communicate with patients, friends, and family

113 (42.6)    Exchange opinions and views regarding cases with colleagues

150 (56.6)    Marketing and advertising

aGiven that study participants could indicate multiple responses, the sum of the percentages is not 100.

The responses of dental practitioners to questions regarding
social media use are presented in Figure 1. Of the 265
participants, 67.5% (n=179) indicated that they use social media
in their dental practice. Despite this, 83% (n=220) of dentists
did not have their own web-based practice forums or websites.
However, the majority (n=227, 85.7%) reported using social
media to communicate with other dental professionals, and
41.5% (n=110) used it for marketing purposes. Although 41.1%
(n=109) of dentists referred to articles or research information
from social media for clinical practice, nearly half (n=127,
47.9%) were reluctant to broadcast treatment outcomes on the
internet to attract patients, and 41.9% (n=111) were open to
providing web-based consultations. Only 8.7% (n=23) of dentists

trusted the credibility of information on social media, while
63.4% (n=168) believed that social media can affect the
patient-dentist relationship when patients seek information on
the internet. Additionally, most participants (n=154, 58.1%) did
not allow patients to access their information through a website,
but 64.2% (n=170) would recommend a trusted website to
patients.

Table 3 explores the relationship between social media use and
its impact on dental practice. Participants who used social media
in their practice believed that it enhanced the quality of care
provided to patients (P=.001) and significantly reported that it
improved their dental practice (P=.02).
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Figure 1. Percentage of dental practitioners’ responses to questions on social media use (n=265).
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Table . Use of social media and respondents’ perceived impact on enhancing patient care quality and dental practice.

P valuebTotal (n=265), n (%)Use of social media, n (%)aVariable

NoSometimesYes

.001Social media improves the quality of care delivered to patients

170 (64.2)4 (2.4)40 (23.5)126 (74.1)    Yes

75 (28.3)9 (12)24 (32)42 (56)    Maybe

20 (7.5)0 (0)9 (45)11 (55)    No

.02Social media improves dental practice

142 (53.6)6 (4.2)30 (21.1)106 (74.7)    Yes

84 (31.7)7 (8)29 (35)48 (57)    Maybe

39 (14.7)0 (0)14 (36)25 (64)    No

aPercentages were calculated based on the number of participants corresponding to each variable.
bChi-square test was used with an α level of .05.

Discussion

Principal Findings
This study aimed to investigate the use of social media and
assess its impact on enhancing dental care and practice among
dental professionals. The findings revealed that over half of the
participants aged 20‐30 years are actively using social media
in their dental profession, aligning with other studies that
indicate younger dentists or health care professionals are more
likely to use social media compared to their older counterparts
[36,38,40-42]. Variables such as sex, dental specialty, work
sector, and years of clinical practice did not significantly
influence social media use.

Most respondents reported using social media 1‐2 days per
week to engage with the public and other dental professionals.
This is in contrast to other studies where social media was used
at least once daily for obtaining information [32,42]. Among
social media users in the Philippines, Facebook and YouTube
were identified as the primary platforms for accessing clinical
information, which is consistent with The Digital Report 2024,
highlighting that Facebook has 86.75 million active users in the
Philippines [43]. These findings are similar to those reported
among dentists in the United Kingdom and the United States,
where Facebook is the most commonly used platform in dental
practice [1,31]. This was also true as among dental students [7].
In comparison, dentists in Saudi Arabia predominantly use
Twitter [22,25] and Instagram [32], while WhatsApp is the
preferred platform among Indian dentists [37]. Similarly, South
African dentists primarily use Google Plus and Facebook for
personal rather than professional purposes [42].

Previous studies have shown that marketing is a common reason
for using social media [1,25,31,32]. In our study, 72.1%
(191/265) of participants indicated that their primary reason for
using social media was for oral health promotion and education.
This finding is consistent with earlier research, which found
that a high proportion of respondents use social media for dental
education and prefer to share clinical work [21]. Other studies
also support the notion that education and sourcing oral health
information are primary purposes for social media use among

dental professionals [22-25]. Social media interventions have
positively impacted various aspects of oral health, particularly
among adolescents, where platforms like YouTube, WhatsApp,
Instagram, and Telegram have been effectively used to promote
oral health [27]. For instance, a study demonstrated that oral
health education via Telegram significantly improved oral health
outcomes among secondary school students [44] and adolescents
[45] in Iran. Additionally, Instagram has been shown to support
orthodontists in motivating young patients to maintain proper
oral hygiene [46], and WhatsApp has been integrated
successfully into oral hygiene protocols to enhance patient
compliance and oral health during orthodontic treatment [47].
Presenting audiovisual information through YouTube has also
significantly improved patient knowledge [48].

Another key purpose of social media use is communication and
the exchange of opinions with colleagues. According to the
survey, 62.3% (165/265) of participants used social media to
connect with patients, friends, and family, while 85.7%
(227/265) used it to communicate with other dental
professionals. This is supported by studies showing that social
media communication, such as Instagram, can reduce patient
anxiety prior to dental procedures [28], enhance dentists’
communication skills with other professionals [38], and improve
patient interactions [30]. Another study found that a significant
proportion of the younger population engages with social media
to discuss dentistry. This highlights the need for careful
management to ensure the dissemination of accurate dental
health information [25].

The respondents of the survey also indicated that social media
had the potential to enhance dental practice and the quality of
care provided to patients. This finding is in agreement with
study that shows that dentists who use social media in their
practice not only recommend it to their peers but also believe
it enhances their practice [22]. Social media can improve various
aspects of dental practice, including service provision,
advertising, counseling, and oral health education, and it can
also be a tool for professional development [49]. Dental
organizations and educators can use social media to disseminate
information and updates [36,50]. Furthermore, multidimensional
health care approaches, including social media, have been
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proven highly successful in improving patient care, increasing
public knowledge, facilitating research, connecting health care
providers, improving medical education, and addressing public
health crises [29].

This study has several limitations that should be considered
when interpreting the results. First, the study population was
limited to dental practitioners in Baguio City, Philippines, which
may restrict the generalizability of the findings to the broader
dentist population in the country. The uneven distribution of
survey participation across various demographic variables, such
as age, sex, dental specialty, working sector, and years of clinical
practice, may further impact the ability to extrapolate the results
to the entire dental community. Additionally, the use of an
electronic survey as the sole data collection method presented
inherent challenges. A significant portion of the target
population may not respond to or use electronic surveys,
potentially introducing nonresponse bias and affecting the
representativeness of the sample. This bias could be particularly
relevant in the context of social media use, as those who are
less inclined to participate in electronic surveys may also be
less likely to engage with social media platforms. Furthermore,
the cross-sectional nature of the study limits the ability to
establish causal relationships between social media use and its
impact on dental practice and patient care. Longitudinal studies
would be necessary to better understand the long-term effects
of social media integration in dental settings. Despite these
limitations, this study provides valuable insights into the current
use of social media among dental practitioners in the Philippines
and its perceived impact on dental care and practice. Future
research should aim to include larger, more representative

samples across different regions and settings to enhance the
generalizability of the findings. Additionally, mixed-methods
approaches combining quantitative and qualitative data
collection techniques could provide a more comprehensive
understanding of the topic.

Conclusions
Social media is widely used among younger dental practitioners,
primarily for education, communication, and marketing, with
a notable impact on enhancing practice quality and patient care.
Social media platforms, especially Facebook and YouTube,
were commonly used by practitioners to promote oral health,
engage with patients and colleagues, and support marketing
efforts.

Social media offers a convenient space for professional growth,
patient education, and community interaction, which many
dentists perceive as beneficial to their practice. However, a low
trust in social media information and concerns about its
influence on patient-dentist relationships indicate the need for
clear guidelines and quality web-based resources. Enhanced
support in these areas can help dental professionals maximize
the positive impacts of social media on dental care and practice.

Future studies should compare social media with traditional
marketing methods in the dental practice such as print ads,
community outreach, and patient referrals. These traditional
methods remain valuable for building trust, local credibility,
and reaching offline patients. Comparing these strategies can
help find the best way to combine digital and traditional
approaches for better patient engagement and practice success.

 

Acknowledgments
The authors would like to thank all participants who participated in this study. We also appreciated the funding support from the
Faculty of Dentistry at Chulalongkorn University.

Data Availability
The data sets generated and analyzed during this study are available from the corresponding author on reasonable request.

Conflicts of Interest
None declared.

References
1. Parmar N, Dong L, Eisingerich AB. Connecting with your dentist on Facebook: patients’ and dentists’ attitudes towards

social media usage in dentistry. J Med Internet Res 2018 Jun 29;20(6):e10109. [doi: 10.2196/10109] [Medline: 29959108]
2. Jung YS, Yang HY, Choi YH, et al. Factors affecting use of word-of-mouth by dental patients. Int Dent J 2018

Oct;68(5):314-319. [doi: 10.1111/idj.12387] [Medline: 29572927]
3. Mary AV, Kesavan R, V V, Pi J, G D, S S. Impact of social media on dental treatment needs: a cross sectional pilot study.

Int J Appl Dent Sci 2023 Jan 1;9(4):313-317. [doi: 10.22271/oral.2023.v9.i4e.1887]
4. Afful-Dadzie E, Afful-Dadzie A, Egala SB. Social media in health communication: a literature review of information

quality. Hlth Inf Manag 2023 Jan;52(1):3-17. [doi: 10.1177/1833358321992683] [Medline: 33818176]
5. Kaplan AM, Haenlein M. Users of the world, unite! The challenges and opportunities of social media. Bus Horiz 2010

Jan;53(1):59-68. [doi: 10.1016/j.bushor.2009.09.003]
6. Social media. Merriam-Webster Dictionary. URL: https://www.merriam-webster.com/dictionary/social%20media [accessed

2024-12-17]

JMIR Form Res 2025 | vol. 9 | e66121 | p.1173https://formative.jmir.org/2025/1/e66121
(page number not for citation purposes)

Acosta et alJMIR FORMATIVE RESEARCH

XSL•FO
RenderX

http://dx.doi.org/10.2196/10109
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29959108&dopt=Abstract
http://dx.doi.org/10.1111/idj.12387
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29572927&dopt=Abstract
http://dx.doi.org/10.22271/oral.2023.v9.i4e.1887
http://dx.doi.org/10.1177/1833358321992683
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33818176&dopt=Abstract
http://dx.doi.org/10.1016/j.bushor.2009.09.003
https://www.merriam-webster.com/dictionary/social%20media
http://www.w3.org/Style/XSL
http://www.renderx.com/


7. Kenny P, Johnson IG. Social media use, attitudes, behaviours and perceptions of online professionalism amongst dental
students. Br Dent J 2016 Nov 18;221(10):651-655. [doi: 10.1038/sj.bdj.2016.864] [Medline: 27857111]

8. Sivaramakrishnan G, AbdulAmeer F, Faisal F, et al. Use of social media to view and post dentistry-related information in
Bahrain: a cross-sectional study. Healthc Inform Res 2023 Jan;29(1):31-39. [doi: 10.4258/hir.2023.29.1.31] [Medline:
36792099]

9. Freire Y, Sánchez MG, Suárez A, Joves G, Nowak M, Díaz-Flores García V. Influence of the use of social media on patients
changing dental practice: a web-based questionnaire study. BMC Oral Health 2023 Jun 6;23(1):365. [doi:
10.1186/s12903-023-03078-9] [Medline: 37277765]

10. MacDonald J, Sohn S, Ellis P. Privacy, professionalism and Facebook: a dilemma for young doctors. Med Educ 2010
Aug;44(8):805-813. [doi: 10.1111/j.1365-2923.2010.03720.x] [Medline: 20633220]

11. Malik A, Heyman-Schrum C, Johri A. Use of Twitter across educational settings: a review of the literature. Int J Educ
Technol High Educ 2019 Dec;16(1):1-22. [doi: 10.1186/s41239-019-0166-x]

12. Forgie SE, Duff JP, Ross S. Twelve tips for using Twitter as a learning tool in medical education. Med Teach 2013;35(1):8-14.
[doi: 10.3109/0142159X.2012.746448] [Medline: 23259608]

13. Madathil KC, Rivera-Rodriguez AJ, Greenstein JS, Gramopadhye AK. Healthcare information on YouTube: a systematic
review. Health Informatics J 2015 Sep;21(3):173-194. [doi: 10.1177/1460458213512220] [Medline: 24670899]

14. Simsek H, Buyuk SK, Cetinkaya E. YouTube as a source of information on oral habits. J Indian Soc Pedod Prev Dent
2020;38(2):115-118. [doi: 10.4103/JISPPD.JISPPD_357_19] [Medline: 32611855]

15. Guo J, Yan X, Li S, Van der Walt J, Guan G, Mei L. Quantitative and qualitative analyses of orthodontic-related videos
on YouTube. Angle Orthod 2020 May 1;90(3):411-418. [doi: 10.2319/082019-542.1] [Medline: 33378439]

16. Ooi HL, Kelleher MGD. Instagram dentistry. Prim Dent J 2021 Mar;10(1):13-19. [doi: 10.1177/2050168420980964]
[Medline: 33722130]

17. Patil P, Pawar AM, Agustin Wahjuningrum D, Maniangat Luke A, Reda R, Testarelli L. Connectivity and integration of
Instagram use in the lives of dental students and professionals: a country-wide cross-sectional study using the InstaAA
Questionnaire. J Multidiscip Healthc 2023;16:2963-2976. [doi: 10.2147/JMDH.S430973] [Medline: 37818291]

18. Buyuk SK, Alpaydın MT, Imamoglu T. Social media and orthodontics: an analysis of orthodontic-related posts on Instagram.
Aust Orthod J 2020 Jan 1;36(2):153-159. [doi: 10.21307/aoj-2020-017]

19. Fraticelli L, Smentek C, Tardivo D, et al. Characterizing the content related to oral health education on TikTok. Int J Environ
Res Public Health 2021 Dec 16;18(24):13260. [doi: 10.3390/ijerph182413260] [Medline: 34948869]

20. Kılınç DD. Is the information about orthodontics on Youtube and TikTok reliable for the oral health of the public? A cross
sectional comparative study. J Stomatol Oral Maxillofac Surg 2022 Oct;123(5):e349-e354. [doi:
10.1016/j.jormas.2022.04.009] [Medline: 35470122]

21. Kurian N, Varghese IA, Cherian JM, et al. Influence of social media platforms in dental education and clinical practice: a
cross-sectional survey among dental trainees and professionals. J Dent Educ 2022 Aug;86(8):1036-1042. [doi:
10.1002/jdd.12914] [Medline: 35257384]

22. Hamasha AAH, Alghofaili N, Obaid A, et al. Social media utilization among dental practitioner in Riyadh, Saudi Arabia.
Open Dent J 2019 Feb 28;13(1):101-106. [doi: 10.2174/1874210601913010101]

23. Aboalshamat K, Alkiyadi S, Alsaleh S, et al. Attitudes toward social media among practicing dentists and dental students
in clinical years in Saudi Arabia. Open Dent J 2019 Mar 28;13(1):143-149. [doi: 10.2174/1874210601913010143]

24. Maharani DA, El Tantawi M, Yoseph MG, Rahardjo A. The use of internet platforms for oral health information and
associated factors among adolescents from Jakarta: a cross sectional study. BMC Oral Health 2021 Jan 7;21(1):22. [doi:
10.1186/s12903-020-01387-x] [Medline: 33413315]

25. Althunayan A, Alsalhi R, Elmoazen R. Role of social media in dental health promotion and behavior change in Qassim
province, Saudi Arabia. Int J Med Health Res 2018;4(2):98-103 [FREE Full text]

26. El Tantawi M, Bakhurji E, Al-Ansari A, AlSubaie A, Al Subaie HA, AlAli A. Indicators of adolescents’ preference to
receive oral health information using social media. Acta Odontol Scand 2019 Apr;77(3):213-218. [doi:
10.1080/00016357.2018.1536803] [Medline: 30632864]

27. Farrokhi F, Ghorbani Z, Farrokhi F, Namdari M, Salavatian S. Social media as a tool for oral health promotion: a systematic
review. PLoS ONE 2023;18(12):e0296102. [doi: 10.1371/journal.pone.0296102] [Medline: 38113216]

28. Sivrikaya EC, Yilmaz O, Sivrikaya P. Dentist-patient communication on dental anxiety using the social media: a randomized
controlled trial. Scand J Psychol 2021 Dec;62(6):780-786. [doi: 10.1111/sjop.12769] [Medline: 34333783]

29. Farsi D. Social media and health care, part I: literature review of social media use by health care providers. J Med Internet
Res 2021 Apr 5;23(4):e23205. [doi: 10.2196/23205] [Medline: 33664014]

30. Ghandhi D, Bodani N, Lal A, et al. Evaluation of social media usage by dental practitioners of Pakistan for professional
purposes - a cross-sectional study. Clin Cosmet Investig Dent 2022;14:245-252. [doi: 10.2147/CCIDE.S374111] [Medline:
35975279]

31. Henry RK, Molnar A, Henry JC. A survey of US dental practices’ use of social media. J Contemp Dent Pract 2012 Mar
1;13(2):137-141. [doi: 10.5005/jp-journals-10024-1109] [Medline: 22665737]

JMIR Form Res 2025 | vol. 9 | e66121 | p.1174https://formative.jmir.org/2025/1/e66121
(page number not for citation purposes)

Acosta et alJMIR FORMATIVE RESEARCH

XSL•FO
RenderX

http://dx.doi.org/10.1038/sj.bdj.2016.864
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27857111&dopt=Abstract
http://dx.doi.org/10.4258/hir.2023.29.1.31
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=36792099&dopt=Abstract
http://dx.doi.org/10.1186/s12903-023-03078-9
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=37277765&dopt=Abstract
http://dx.doi.org/10.1111/j.1365-2923.2010.03720.x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20633220&dopt=Abstract
http://dx.doi.org/10.1186/s41239-019-0166-x
http://dx.doi.org/10.3109/0142159X.2012.746448
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23259608&dopt=Abstract
http://dx.doi.org/10.1177/1460458213512220
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24670899&dopt=Abstract
http://dx.doi.org/10.4103/JISPPD.JISPPD_357_19
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32611855&dopt=Abstract
http://dx.doi.org/10.2319/082019-542.1
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33378439&dopt=Abstract
http://dx.doi.org/10.1177/2050168420980964
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33722130&dopt=Abstract
http://dx.doi.org/10.2147/JMDH.S430973
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=37818291&dopt=Abstract
http://dx.doi.org/10.21307/aoj-2020-017
http://dx.doi.org/10.3390/ijerph182413260
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34948869&dopt=Abstract
http://dx.doi.org/10.1016/j.jormas.2022.04.009
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35470122&dopt=Abstract
http://dx.doi.org/10.1002/jdd.12914
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35257384&dopt=Abstract
http://dx.doi.org/10.2174/1874210601913010101
http://dx.doi.org/10.2174/1874210601913010143
http://dx.doi.org/10.1186/s12903-020-01387-x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33413315&dopt=Abstract
https://www.medicalsciencejournal.com/assets/archives/2018/vol4issue2/4-2-21-830.pdf
http://dx.doi.org/10.1080/00016357.2018.1536803
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30632864&dopt=Abstract
http://dx.doi.org/10.1371/journal.pone.0296102
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=38113216&dopt=Abstract
http://dx.doi.org/10.1111/sjop.12769
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34333783&dopt=Abstract
http://dx.doi.org/10.2196/23205
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33664014&dopt=Abstract
http://dx.doi.org/10.2147/CCIDE.S374111
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35975279&dopt=Abstract
http://dx.doi.org/10.5005/jp-journals-10024-1109
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22665737&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


32. Bahabri RH, Zaidan AB. The impact of social media on dental practice promotion and professionalism amongst general
dental practitioners and specialists in KSA. J Taibah Univ Med Sci 2021 Jun;16(3):456-460. [doi:
10.1016/j.jtumed.2020.12.017] [Medline: 34140874]

33. Number of internet and social media users worldwide as of July 2024 (in billions). Statista. URL: https://www.statista.com/
statistics/617136/digital-population-worldwide/ [accessed 2024-12-17]

34. Most popular social networks worldwide as of April 2024, by number of monthly active users (in millions). Statista. URL:
https://www.statista.com/statistics/272014/global-social-networks-ranked-by-number-of-users/ [accessed 2024-12-17]

35. Social media in the Philippines - statistics & facts. Statista. URL: https://www.statista.com/topics/6759/
social-media-usage-in-the-philippines/#topicOverview [accessed 2024-12-17]

36. Al-Khalifa KS, Al-Swuailem AS, AlSheikh R, et al. The use of social media for professional purposes among dentists in
Saudi Arabia. BMC Oral Health 2021 Jan 12;21(1):26. [doi: 10.1186/s12903-021-01390-w] [Medline: 33435911]

37. Jamkhande A, Pangarikar AB, Khairnar MR, Gavali N, Patil Y, Wadgave U. Social media use in dental practice by dental
practitioners of India: a cross-sectional survey. J Clin Diagn Res 2022;16(6). [doi: 10.7860/JCDR/2022/56404.16533]

38. Makkar N, Lawrence D, Veeresh D, Banik A, Kumar A, Mehar AS. Assessment of social media usage and its influence
among dental faculty members in Davangere city – a cross sectional survey. J Indian Assoc Public Health Dent
2018;16(3):246. [doi: 10.4103/jiaphd.jiaphd_143_17]

39. Kamarudin Y, Mohd Nor NA, Libamin AC, et al. Social media use, professional behaviors online, and perceptions toward
e-professionalism among dental students. J Dent Educ 2022 Aug;86(8):958-967. [doi: 10.1002/jdd.12912] [Medline:
35247218]

40. Almaiman S, Bahkali S, Al Farhan A, Bamuhair S, Househ M, Alsurimi K. The prevalence of using social media among
healthcare professionals in Saudi Arabia: a pilot study. Stud Health Technol Inform 2015;213:263-266. [Medline: 26153010]

41. Alsobayel H. Use of social media for professional development by health care professionals: a cross-sectional web-based
survey. JMIR Med Educ 2016 Sep 12;2(2):e15. [doi: 10.2196/mededu.6232] [Medline: 27731855]

42. Snyman L, Visser JH. The adoption of social media and social media marketing by dentists in South Africa. SADJ 2014
Jul;69(6):258. [Medline: 26548200]

43. Kemp S. Digital 2024: the Philippines. Datareportal. 2024 Feb 21. URL: https://datareportal.com/reports/
digital-2024-philippines [accessed 2024-12-17]

44. Zareban I, Rahmani A, Allahqoli L, et al. Effect of education based on trans-theoretical model in social media on students
with gingivitis; a randomized controlled trial. Health Educ Health Prom 2022;10(1):1-7 [FREE Full text]

45. Scheerman JFM, Hamilton K, Sharif MO, Lindmark U, Pakpour AH. A theory-based intervention delivered by an online
social media platform to promote oral health among Iranian adolescents: a cluster randomized controlled trial. Psychol
Health 2020 Apr;35(4):449-466. [doi: 10.1080/08870446.2019.1673895] [Medline: 31621423]

46. Scribante A, Gallo S, Bertino K, Meles S, Gandini P, Sfondrini MF. The effect of chairside verbal instructions matched
with Instagram social media on oral hygiene of young orthodontic patients: a randomized clinical trial. Appl Sci (Basel)
2021;11(2):706. [doi: 10.3390/app11020706]

47. Zotti F, Dalessandri D, Salgarello S, et al. Usefulness of an app in improving oral hygiene compliance in adolescent
orthodontic patients. Angle Orthod 2016 Jan;86(1):101-107. [doi: 10.2319/010915-19.1] [Medline: 25799001]

48. Al-Silwadi FM, Gill DS, Petrie A, Cunningham SJ. Effect of social media in improving knowledge among patients having
fixed appliance orthodontic treatment: a single-center randomized controlled trial. Am J Orthod Dentofacial Orthop 2015
Aug;148(2):231-237. [doi: 10.1016/j.ajodo.2015.03.029] [Medline: 26232831]

49. Al-Nahdi S, Alanzi T, Alhodaib H. Use of social media by healthcare providers in saudi arabia: reasons and usefulness for
their professional development. Presented at: 19th International Symposium on Distributed Computing and Applications
for Business Engineering and Science (DCABES); Oct 16-19, 2020; Xuzhou, China. [doi:
10.1109/DCABES50732.2020.00091]

50. Terrasse M, Gorin M, Sisti D. Social media, e-health, and medical ethics. Hast Cent Rep 2019 Jan;49(1):24-33. [doi:
10.1002/hast.975] [Medline: 30790306]

Abbreviations
STROBE: Strengthening the Reporting of Observational Studies in Epidemiology

JMIR Form Res 2025 | vol. 9 | e66121 | p.1175https://formative.jmir.org/2025/1/e66121
(page number not for citation purposes)

Acosta et alJMIR FORMATIVE RESEARCH

XSL•FO
RenderX

http://dx.doi.org/10.1016/j.jtumed.2020.12.017
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34140874&dopt=Abstract
https://www.statista.com/statistics/617136/digital-population-worldwide/
https://www.statista.com/statistics/617136/digital-population-worldwide/
https://www.statista.com/statistics/272014/global-social-networks-ranked-by-number-of-users/
https://www.statista.com/topics/6759/social-media-usage-in-the-philippines/#topicOverview
https://www.statista.com/topics/6759/social-media-usage-in-the-philippines/#topicOverview
http://dx.doi.org/10.1186/s12903-021-01390-w
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33435911&dopt=Abstract
http://dx.doi.org/10.7860/JCDR/2022/56404.16533
http://dx.doi.org/10.4103/jiaphd.jiaphd_143_17
http://dx.doi.org/10.1002/jdd.12912
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35247218&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26153010&dopt=Abstract
http://dx.doi.org/10.2196/mededu.6232
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27731855&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26548200&dopt=Abstract
https://datareportal.com/reports/digital-2024-philippines
https://datareportal.com/reports/digital-2024-philippines
http://hehp.modares.ac.ir/article-5-50157-en.html
http://dx.doi.org/10.1080/08870446.2019.1673895
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31621423&dopt=Abstract
http://dx.doi.org/10.3390/app11020706
http://dx.doi.org/10.2319/010915-19.1
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25799001&dopt=Abstract
http://dx.doi.org/10.1016/j.ajodo.2015.03.029
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26232831&dopt=Abstract
http://dx.doi.org/10.1109/DCABES50732.2020.00091
http://dx.doi.org/10.1002/hast.975
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30790306&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


Edited by A Mavragani; submitted 05.09.24; peer-reviewed by J Hunsrisakhun, K Sadasiva; revised version received 19.11.24;
accepted 20.11.24; published 03.01.25.

Please cite as:
Acosta JM, Detsomboonrat P, Pisarnturakit PP, Urwannachotima N
The Use of Social Media on Enhancing Dental Care and Practice Among Dental Professionals: Cross-Sectional Survey Study
JMIR Form Res 2025;9:e66121
URL: https://formative.jmir.org/2025/1/e66121 
doi:10.2196/66121

© Joseph Macadaeg Acosta, Palinee Detsomboonrat, Pagaporn Pantuwadee Pisarnturakit, Nipaporn Urwannachotima. Originally
published in JMIR Formative Research (https://formative.jmir.org), 3.1.2025. This is an open-access article distributed under the
terms of the Creative Commons Attribution License (https://creativecommons.org/licenses/by/4.0/), which permits unrestricted
use, distribution, and reproduction in any medium, provided the original work, first published in JMIR Formative Research, is
properly cited. The complete bibliographic information, a link to the original publication on https://formative.jmir.org, as well
as this copyright and license information must be included.

JMIR Form Res 2025 | vol. 9 | e66121 | p.1176https://formative.jmir.org/2025/1/e66121
(page number not for citation purposes)

Acosta et alJMIR FORMATIVE RESEARCH

XSL•FO
RenderX

https://formative.jmir.org/2025/1/e66121
http://dx.doi.org/10.2196/66121
http://www.w3.org/Style/XSL
http://www.renderx.com/


Artificial Intelligence–Powered Training Database for Clinical
Thinking: App Development Study

Heng Wang1*, MEd; Danni Zheng1*, PhD; Mengying Wang2, MEng; Hong Ji2, MEng; Jiangli Han3, MD; Yan Wang4,

MD; Ning Shen5, MD; Jie Qiao6, MD
1Education Department, Peking University Third Hospital, Beijing, China
2Information Management and Big Data Center, Peking University Third Hospital, Beijing, China
3Department of Cardiology, Peking University Third Hospital, Beijing, China
4Department of Obstetrics and Gynecology, Peking University Third Hospital, Beijing, China
5Department of Pulmonary and Critical Care Medicine, Peking University Third Hospital, Beijing, China
6Centre for Reproductive Medicine, Department of Obstetrics and Gynecology, Peking University Third Hospital, Beijing, China
*these authors contributed equally

Corresponding Author:
Jie Qiao, MD
Centre for Reproductive Medicine, Department of Obstetrics and Gynecology, Peking University Third Hospital, Beijing, China

Abstract

Background: With the development of artificial intelligence (AI), medicine has entered the era of intelligent medicine, and
various aspects, such as medical education and talent cultivation, are also being redefined. The cultivation of clinical thinking
abilities poses a formidable challenge even for seasoned clinical educators, as offline training modalities often fall short in bridging
the divide between current practice and the desired ideal. Consequently, there arises an imperative need for the expeditious
development of a web-based database, tailored to empower physicians in their quest to learn and hone their clinical reasoning
skills.

Objective: This study aimed to introduce an app named “XueYiKu,” which includes consultations, physical examinations,
auxiliary examinations, and diagnosis, incorporating AI and actual complete hospital medical records to build an online-learning
platform using human-computer interaction.

Methods: The “XueYiKu” app was designed as a contactless, self-service, trial-and-error system application based on actual
complete hospital medical records and natural language processing technology to comprehensively assess the “clinical competence”
of residents at different stages. Case extraction was performed at a hospital’s case data center, and the best-matching cases were
differentiated through natural language processing, word segmentation, synonym conversion, and sorting. More than 400 teaching
cases covering 65 kinds of diseases were released for students to learn, and the subjects covered internal medicine, surgery,
gynecology and obstetrics, and pediatrics. The difficulty of learning cases was divided into four levels in ascending order.
Moreover, the learning and teaching effects were evaluated using 6 dimensions covering systematicness, agility, logic, knowledge
expansion, multidimensional evaluation indicators, and preciseness.

Results: From the app’s first launch on the Android platform in May 2019 to the last version updated in May 2023, the total
number of teacher and student users was 6209 and 1180, respectively. The top 3 subjects most frequently learned were respirology
(n=606, 24.1%), general surgery (n=506, 20.1%), and urinary surgery (n=390, 15.5%). For diseases, pneumonia was the most
frequently learned, followed by cholecystolithiasis (n=216, 14.1%), benign prostate hyperplasia (n=196, 12.8%), and bladder
tumor (n=193, 12.6%). Among 479 students, roughly a third (n=168, 35.1%) scored in the 60 to 80 range, and half of them scored
over 80 points (n=238, 49.7%). The app enabled medical students’ learning to become more active and self-motivated, with a
variety of formats, and provided real-time feedback through assessments on the platform. The learning effect was satisfactory
overall and provided important precedence for establishing scientific models and methods for assessing clinical thinking skills
in the future.

Conclusions: The integration of AI and medical education will undoubtedly assist in the restructuring of education processes;
promote the evolution of the education ecosystem; and provide new convenient ways for independent learning, interactive
communication, and educational resource sharing.

(JMIR Form Res 2025;9:e58426)   doi:10.2196/58426
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Introduction

Clinical thinking refers to the ability of doctors to understand,
diagnose, and treat diseases through analysis, synthesis,
judgment, reasoning, and other thinking activities by using their
medical knowledge, skills, and experience [1]. Clinical
reasoning skills include a series of strategies such as correlating
information, conducting a comprehensive analysis to form one
or more diagnostic hypotheses, weighing the risks and benefits
of diagnostic tests and treatments, as well as formulating a
reasonable diagnosis and treatment plan [2]. This detailed
process includes collecting and evaluating clinical information,
selecting diagnostic tests, evaluating test results, developing
diagnostic hypotheses, and weighing treatment options and risks
[3].

Teaching clinical thinking ability is a challenging task even for
experienced clinical teachers. As clinical knowledge is the basis
of clinical thinking, the cultivation of clinical thinking needs to
go through the links of guidance, deliberate practice, and
feedback, and it takes a long time to cultivate efficient clinical
thinking ability. The level of clinical thinking of residents is
directly related to the safety and quality of medical treatment
[4]. Therefore, we should constantly improve the understanding
of the clinical thinking training and improve the training quality
of residents.

Therefore, the cultivation of clinical thinking ability is a
necessary condition for the transition from medical students to
clinicians and is currently the key point and difficulty among
resident training programs. Among the training processes, the
most effective method is based on real or virtual case training,
combined with feedback and reflection to continuously improve.
Previous studies have shown that clinical thinking ability is
scarce among physicians, while offline training cannot meet
the gap between the present reality and the ideal requirements
[5]. Therefore, there is an urgent need for the development of
a web-based database to help physicians learn and exercise
clinical thinking ability.

Artificial intelligence (AI) is a novel technology that can be
utilized to research and develop the theories, methods,
technologies, and applications used to simulate, extend, and
expand human intelligence. AI belongs to the interdisciplinary
field of natural science, social science, and technological science
[6]. AI has a history of more than 70 years, and its application
in the medical field mainly focuses on five aspects: medical
imaging, auxiliary diagnosis, drug research and development,
health management, and disease prediction.

There have been several reports and studies on the use of AI in
medical teaching and training of clinical thinking ability. For
example, Diagnostic Reasoning (DxR) Clinician (DxR
Development Group, Inc.) was developed in 1994 by Myers
and Dorsey in the United States to train clinical thinking among
students [7]. In 2006, the BP network neural algorithm in AI
was applied to teach quality monitoring instead of manually
teaching daily monitoring [8]. In 2011, Knewton, an adaptive
education platform, offered personalized learning services by
extracting learning data from students. In 2017, Tsinghua
University launched a study system combined with AI and full

quantitative reality virtual technology. In this system, patients’
image data can be converted into a holographic
three-dimensional anatomical structure of the human body and
mapped in the virtual space [9]. In 2020, a competency-based
learning and assessment system (CBLAS) for residency training
was designed to provide resident physicians with clinical
assessments and learning in order to enhance the learning of
trainees and reduce the burden of assessments [10]. However,
in the era of AI, there are still issues that exist in medical
teaching, such as the lack of general education, the lack of
classroom interaction, and the lag in curriculum construction
[11].

On this basis, the present study introduces an app named
“XueYiKu,” which includes consultations, physical
examinations, auxiliary examinations, and diagnosis, by
incorporating AI and actual complete hospital medical records
to build an online-learning platform using human-computer
interaction. This application could cultivate students’ ability to
solve clinical problems as well as improve teaching quality and
efficiency, thereby achieving the sharing of high-quality
teaching resources.

Methods

Design and Study Population
The “XueYiKu” app was designed as a contactless, self-service,
trial-and-error system application based on actual complete
hospital medical records and natural language processing
technology to build an online-learning platform using
human-computer interaction. Training participants included
medical undergraduates, medical graduate students, residents,
chief residents, and attending doctors. The purpose of the app
was to improve clinical thinking ability through independent
study accompanied by real-time feedback. The XueYiKu app
was launched on the Android platform on May 14, 2019, and
on the IOS platform on August 3, 2019. After 27 updates, the
last version of the XueYiKu app was updated on January 12,
2022.

Data Collection
The general database of the XueYiKu app was based on a
collection of real medical records and data from general
teaching, including a standard clinical question database, virtual
medical record database, and student learning record database.
Using information extraction technology in natural language
processing from real medical records, the XueYiKu app could
poststructure the content from real electronic medical records,
generate questions, and match answers online through machine
learning. In the teaching cases, the automatically extracted
answers matched 90% of the original medical records. The
structured cases in the electronic medical record system of the
hospital were then screened by a teaching team from Peking
University Third Hospital, and appropriate medical records were
selected and reviewed by the teaching team. Once the teaching
case was determined, relevant inspection results were also
extracted, including inspections, auxiliary inspections, and
ultrasound, imaging, and pathology findings.
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Outcome Measures
Clinical thinking ability involves extremely high requirements
for the objectivity and standardization of evaluation. Hence, a
multidimensional automatic evaluation system is required. With
reference to the residents’standardized training report, the whole
process of student learning was recorded systematically, and
clinical thinking was evaluated in multiple dimensions according

to the learning situation of the student, including preciseness,
logic, systematicness, agility, knowledge expansion, and
multidimensional and comprehensive application (Table 1).
Based on the scores of students in various dimensions of
learning, a radar chart of clinical thinking ability is drawn to
assess the compliance of medical students’ clinical thinking
ability.

Table . Seven elements for clinical thinking evaluation in the XueYiKu app.

ContentsElements

Comprehensive evaluation of diagnosis and differential diagnosisPreciseness

The logical sequence evaluation of inquiry, physical examination, auxiliary
examination, and diagnosis

Logic

Comprehensive evaluation of the completion rate of inquiry, physical ex-
amination, auxiliary examination, diagnosis, and differential diagnosis

Systematicness

Comprehensive evaluation of the time of inquiry, physical examination,
auxiliary examination, diagnosis, and differential diagnosis

Agility

Accuracy and logical evaluation of diagnosis and differential diagnosisKnowledge expansion

Comprehensive evaluation of diagnosis and treatment programsMultidimensional evaluation indicators

Comprehensive application ability of basic and clinical knowledge (for
evaluation of level 4 individually)

Comprehensive application

Evaluation and Feedback
We recruited all students in Peking University Hospital to
evaluate the teaching effect of the XueYiKu app, including
medical undergraduates, medical graduate students, residents,
chief residents, and attending doctors. Both the questionnaire
method and interview method were utilized. Web-based surveys,
developed by the study team, were conducted upon completion
of the case study so that students could fill in and evaluate their
learning effect. Through interviews with relevant teachers and
experts, the common clinical path extracted using AI technology
was determined. Meanwhile, the range of clinical thinking
ability evaluation was confirmed according to the requirements
of different training stages. The questionnaire method was used
to investigate the following two factors: (1) the current status
of clinical thinking training regarding the ability of medical
students and residents to clarify the problems in clinical thinking
training and improve the content of the database; (2) the
experience of medical students and residents regarding the use
of the case database and self-evaluation of learning effects to
complete the effect evaluation of the XueYiKu app.

Data Processing
Details of the virtual case system and AI teaching development
based on actual complete hospital medical records and natural
language processing technology have been described previously

[12]. A flow chart of the program design from data collection
to interaction between students and teachers is shown in Figure
1. Case extraction was performed at a hospital’s case data center,
and the best-matching cases were extracted through natural
language processing, word segmentation, synonym conversion,
and sorting. A standard clinical questioning data module, virtual
case data module, and student learning difficulty module were
established to achieve simulation. Students can view the
objective examination and inspection data of actual cases,
including details of the consultation and physical examination,
and automatically provide their learning response via a
multidimensional evaluation system. In order to assess the
changes in students’ clinical thinking after using the XueYiKu
app, 15 medical graduate students were subjected to two
simulation tests before and after learning through the virtual
case system. The tests, which included the full-process case
examination of cases having the same difficulty level, examined
core clinical thinking test points such as consultation, physical
examination, and disposal, and generated multidimensional
evaluation indicators (rigor, logic, system, agility, and
knowledge expansion). Thus, a complete and credible evaluation
system was developed.

For statistical analysis, standard descriptive statistics were used
to describe the study population: continuous variables were
presented as the mean and SD, and categorical variables were
presented as percentages.
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Figure 1. Flow chart of the program design from data collection to interaction between students and teachers in the XueYiKu app.

Ethical Considerations
This study was reviewed and approved by the Peking University
Third Hospital Medical Science Research Ethics Committee
(No. IRB00006761-M2022063). Invitations were dispatched
to prospective participants via the XueYiKu app, accompanied
by a comprehensive informed consent form outlining the nature
of the investigation. Participants were clearly notified that the
interviews would be audio-recorded solely for analytical
purposes and would remain exclusively accessible to the
research team. Furthermore, they were assured of their right to
withdraw their consent at any juncture during the interview
process. All information gathered about the participants was
kept private and confidential. All study data were deidentified.

Results

Overview
After concealment processing, more than 400 teaching cases
covering 65 kinds of diseases were released for students to learn
from, and the subjects covered internal medicine, surgery,
gynecology and obstetrics, and pediatrics (Table 2). The
difficulty in learning cases was divided into 4 levels in ascending
order: level 1 provided all score items for students to choose
from; except for items from level 1, level 2 provided additional
interference items; compared with level 2, level 3 displayed
some score items and all interference items to enhance difficulty;
for level 4, there was neither a score item nor an interference
item, and the system would match the results from the students’
voice or manual input of the questions.
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Table . Categories of subjects and diseases for learning and evaluation in the database of the XueYiKu app.

DiseasesCategorySubjects

Coronary heart disease, heart failure, arrhythmia,
hypertension, pneumonia, chronic airway inflam-
matory disease, pleural effusion, pulmonary
embolism, upper gastrointestinal bleeding, pan-
creatitis, inflammatory bowel disease, ascites,
nephrotic syndrome, acute kidney injury, dia-
betes, hyperthyroidism, leukemia, anemia, sys-
temic lupus erythematosus, rheumatoid arthritis

20Internal Medicine

Inguinal hernia, appendicitis, gallbladder stones,
bile duct stones, stomach cancer, colon cancer,
rectal cancer, liver cancer, pancreatic cancer,
lung cancer, pneumothorax, pituitary tumor,
coronary heart disease, benign prostatic hyperpla-
sia, bladder tumor, acute respiratory distress
syndrome, cervical myelopathy disease, lumbar
disc herniation, knee osteoarthritis, ankle fracture

20Surgery

Ectopic pregnancy, uterine fibroids, ovarian tu-
mors, dysfunctional uterine bleeding, endometrial
cancer, cervical cancer, ovarian cancer, hyperten-
sion during pregnancy (including gestational
hypertension, preeclampsia, eclampsia, chronic
hypertension, and chronic hypertension combined
with preeclampsia), gestational diabetes or dia-
betes (impaired glucose tolerance) combined
with pregnancy, prenatal hemorrhage (including
placenta previa and abruption of the placenta)

15Gynecology and obstetrics

Neonatal hyperbilirubinemia, neonatal respiratory
distress syndrome, neonatal sepsis, neonatal hy-
poxic-ischemic encephalopathy, pneumonia, di-
arrhea, nutritional diseases, nervous system dis-
ease, Kawasaki disease, and kidney disease

10Pediatrics

App Use Status
From the first launch on the Android platform on May 14, 2019,
to the last version of the XueYiKu app updated in May 2023,
the total number of teacher and student users was 6209 and
1180, respectively. Figure 2 represents the use status of the
XueYiKu app during the test period and operation period. In

total, there were 3224 person-times in the last 3 years, with an
average of 771 person-times per year. From 2019 to 2021, the
person-times logged in the application were the highest in 2019,
at 1032 (125.4 on average per month), and increased from 646
in 2020 (53.8 on average per month) to 994 in 2021 (76.6 on
average per month).

Figure 2. Changes in the number of student users of the XueYiKu app from May 2019 to February 2023.
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We calculated the frequency at which subjects and related
diseases were learned by students, and the top 10 most
frequently learned subjects and diseases are listed in Table 3 in
descending order. For the second discipline, the most frequently
learned subjects were respirology (n=606, 62.2% in internal
medicine), general surgery (n=506, 48.8% in surgery), and

urinary surgery (n=390, 37.6% in surgery). For diseases,
pneumonia was the most frequently learned, with 452
person-times (58.4% in internal medicine), followed by
cholecystolithiasis (n=216, 28.4% in surgery), benign prostate
hyperplasia (n=196, 25.8% in surgery), and bladder tumor
(n=193, 25.4% in surgery).

Table . The top 10 most frequently learned subjects and diseases in the XueYiKu app.

Percentage (%)Person-time

Subjectsa

38.8975Internal Medicine

62.2606Respirology

20.6201Cardiology

988Gastroenterology

8.280Endocrinology

41.21036Surgery

48.8506General surgery

37.6390Urinary surgery

13.5140Thoracic surgery

13.5338Gynecology and obstetrics

51.8175Gynecology

48.2163Obstetrics

6.5163Pediatrics

Diseasesa

50.4774Internal Medicine

58.4452Pneumonia

12.899Coronary heart disease

10.279Lung cancer

9.876Arrhythmia

8.868Chronic airway inflammation

49.6761Surgery

28.4216Cholecystolithiasis

25.8196Benign prostate hyperplasia

25.4193Bladder tumor

10.479Appendicitis

10.177Inguinal hernia

aThe top 10 subjects and diseases were listed in descending order due to quantitative limitations.

Evaluation of the App and its Learning Effects
To evaluate the learning effect of the XueYiKu app, the scores
of 479 students were analyzed. On the basis of a full score of
100, 15% (n=73) of students scored less than a passing grade
of 60 points, roughly a third (n=168, 35.1%) had a score in the
60 to 80 range, and half of them had a score of over 80 points
(n=238, 49.7%). A radar chart (Figure 3) with specific scores
(Table 4) was presented considering multiple dimensions to
evaluate the learning situation of students: students who learned
cases with difficulty levels 3‐4 achieved excellent learning

outcomes regarding preciseness (83.4 for level 3), multiple
dimensions (87.4 for level 4), and knowledge expansion (86.5
for level 3). However, students who learned cases with a
difficulty of level 4 did not score as high as the other students
in systematicness (34.1 for level 4), agility (30.1 for level 4),
and logic (21.1 for level 4). In contrast, students who learned
from cases with level 3 difficulty had positive effects in many
areas (86.5 in knowledge expansion and 83.4 in preciseness).
In fact, there was a high level of satisfaction with knowledge
expansion and preciseness in all learners, but it is worth noting
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that all levels were completely negative about systematicness, agility, and logic.

Figure 3. Radar chart with specific scores of clinical thinking evaluation for the XueYiKu app by difficulty in learning cases.

Table . Scores of clinical thinking for the XueYiKu app by the difficulty in learning cases and 6 dimensions according to the learning situation of the
student.

Level 4

(n=83)

Level 3

(n=137)

Level 2

(n=129)

Level 1

(n=130)

34.172.369.671.0Systematicness

30.163.852.562.9Agility

21.171.067.972.1Logic

74.086.564.270.0Knowledge expansion

87.467.365.473.0Multidimensional evaluation
indicators

76.083.464.075.5Preciseness

Evaluation of the App and Its Learning Effects
This section provides information regarding the 70 students’
satisfaction of the XueYiKu app and their self-assessment of
its learning effect (Figure 4). Overall, most students were
satisfied with the app. The degree of satisfaction kept increasing
considering the app function, the personal learning effect, and
the case quality. For the self-assessment of learning outcomes,
all sections received a rating of more than satisfactory, but the
method of examination was rated the least satisfactory. In other
sections, the technique of questioning received the highest
satisfaction rating, followed by the interpretation of examination

items, with both categories receiving more than 80% positive
feedback. In contrast, the diagnostic accuracy and the order and
interpretation of treatment ranked next in order (~70%), and
the other factors were at approximately 60%. Most of the
dissatisfaction was rated for the order of treatment and the
comprehensiveness of the diagnosis, which were responsible
for more than 20% of the negative ratings. Except for the
questioning technique, the proportion of negative ratings was
more pronounced in all sections. Additionally, for the method
of examination, about 30% rated “medium,” which differed
greatly from other sections’ ratings.
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Figure 4. Self-assessment and satisfaction of 70 students towards the learning outcomes for the XueYiKu app.

Feedback on the App and Its Teaching Effects
According to the feedback, there were some issues associated
with the app that are worthy of attention. First, the original login
method should be simplified, as well as that for the online case
communication and sharing section. Additionally, discussion
and comment functions should be added. Regarding data
processing, the AI answers could optimize the fuzzy search,
and the system could be better connected to the residency system
so that students can check and manage the patient’s detailed
medical record information. Regarding the case corpus, there
is still no section in the app to read images. In addition, not only
do the users of the app want to obtain clearer guidance or
feedback in future updates, but it would also be beneficial if
special departments fulfilled the auxiliary examination and
clinical guidelines. Finally, some of the cases included in the
app are so simple that they are only suited for undergraduate
medical students; it would be beneficial to add cases that are
rare, complex, or even life-threatening, and to include the
postoperative complications, judgment, treatment, and other
information relevant to the case.

Discussion

Principal Findings
Clinical thinking training for medical students is very important;
however, few design cases rely on IT for self-learning. The
current study uses AI and big data platforms to establish a virtual
learning platform based on real clinical cases. The XueYiKu
app can assist in the development of medical students’ clinical
thinking skills by allowing them to perform consultation,
physical examination, auxiliary examination, diagnosis, and

treatment on virtual patients; the app can also design real cases
with different difficulties to meet the needs of residents’ clinical
thinking training at different stages. Through the evaluation of
students’ experiences with the app, this study concludes that
medical students’ learning can become more active and
self-motivated, using a variety of formats, with real-time
feedback through the platform’s assessment. The learning effect
is also satisfactory overall and provides important methods and
ideas for establishing scientific models and methods for
assessing clinical thinking skills in the future.

Comparison to Prior Work
Analysis of the data shows that the number of case studies was
positively correlated with the number of residents in the
specialty. The top 4 diseases most frequently learned included
pneumonia, cholecystolithiasis, benign prostate hyperplasia,
and bladder tumor, all of which are common, require adequate
diagnosis and differential diagnosis, and meet the basic goal of
clinical thinking training at the residency stage. The platform
contains 65 common diseases and 400 study cases covering
internal medicine, surgery, obstetrics and gynecology, and
pediatrics. The design is reasonable and can meet the basic
learning needs of residents in various specialties. In the 1990s,
DxR Clinician was developed by DxR Development Group,
Inc. [7] in the United States, and it was later introduced and
translated into Chinese by the China Union Medical University
Press in 2009 [13]. However, the use of this software in China
is still in its infancy, with few relevant literature reports. A
previous study showed that the cases included in the DxR
software were virtual cases and were limited by the purchase
[7]. Students needed to complete the study on the computer,
and the average time for students to become familiar with the
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software was as long as 2 hours. In contrast, the types of diseases
and the number of cases covered in the XueYiKu app, as well
as the ease of use, are advantages. In addition, the framework
of this platform is reasonable, as new case types of diseases can
be added according to students’ needs, and the user interface is
simple and fast. Therefore, this app is more suitable for
residents’ clinical thinking training in the global internet and
postepidemic era.

There is a decline in the training and formation of clinical
thinking in residents. Based on this, the real case base used in
this app was designed to present 4 levels of difficulty for the
same case. Evaluation and feedback in the process of clinical
thinking training formation and refinement are also important.
As a result, students were evaluated in multiple dimensions
according to the learning situation. Analysis of the results
showed that the learning process meets the clinical diagnosis
and treatment reality. For first- to second-year residents, level
2‐3 difficulty was the most appropriate, as illustrated by their
better performance in knowledge expansion and logic, among
other factors. The clinical learning process is in line with clinical
practice and meets the learning needs of residents. Specific to
the learning process at different levels of difficulty, the primary
difficulty allowed for a complete diagnosis based on the
completed clinical information, and as the difficulty level
increased, there was an advancement of the learning model; the
results of the 4 levels of difficulty were in line with the
development of the resident’s clinical thinking, realizing the
intended purpose of the app. One similar app currently in use
is Brianly, a medical tutoring and social networking platform
that provides personalized medical learning tutoring through
AI algorithms [14]. In Tsinghua University, “artificial
intelligence + virtual reality” within Brianly is used for clinical
training, which allows direct viewing of the anatomical details
of a patient’s real body structure in a virtual space, as well as
virtual surgery. However, there is currently no learning software
for medical students that is designed to match the growth and
learning process, and that provides a difficulty gradient based
on the clinical thinking ability. In this context, our current app
will continue to develop, improve, and provide feedback related
to the 4 levels of difficulty to be better used for the clinical
thinking training of senior residents.

Based on current usage, the highest number of uses per capita
was usually found during the admission and start of residency,

that is, from September to February each year. The survey
results show that students had a high level of satisfaction with
the consultation aspect of the app. The case study on the app
allows for both a generic history-taking process and a structured
questioning for a particular disease, which is inextricably linked
to the teaching case base from clinical consultations of real
cases. However, there are some differences between the
examination and the actual situation, and the contents of the
specialist examination and the physical examination for a
particular disease should be further optimized to be more concise
and focused.

Strengths and Limitations
One of the greatest advantages of our app is the inclusion of
real cases, which could provide a new model of clinical thinking
training by building a system to comprehensively assess the
“clinical competence” of residents at different stages. For
students, the strongest advantage is that they can customize
clinical competency training according to their needs without
the limitations of time and space. For app designers, the
XueYiKu app is inherently user-friendly and sustainable, which
allows the addition of cases in bulk based on the existing
framework.

In addition to the benefits of the app, there are several limitations
that could be further improved. First, current cases and diseases
could be further expanded to cover more subjects, which is the
next step of development. Second, in terms of use, students
currently use the app independently, while the frequency of use
is mainly based on students’ interests combined with required
course study and clinical rotation. Third, current evaluation
results are almost subjective evaluations by humans. Thus, the
evaluation results may be biased.

Conclusion
The emergence of virtual network learning systems such as the
XueYiKu app can not only rapidly cultivate students’ ability to
solve clinical problems but also save teaching costs, improve
teaching quality and efficiency, and achieve the sharing of
high-quality teaching resources. In addition to enriching the
content of clinical teaching, students with diverse experience
and innovative thinking are trained, which promotes the basic
clinical knowledge of medical students and effectively cultivates
their clinical thinking ability.

 

Acknowledgments
The authors would like to thank all participants for willingly sharing their experiences. This study was supported by grant #22-458
Development and implementation of an IT-based competency assessment system for Internal Medicine and Obstetrics & Gynecology
resident training programs in China. The study funders had no rule in the study design, implementation, analysis, manuscript,
preparation, or decision to submit this article for publication.

Data Availability
The datasets generated during and/or analyzed during this study are available from the corresponding author upon reasonable
request.

JMIR Form Res 2025 | vol. 9 | e58426 | p.1185https://formative.jmir.org/2025/1/e58426
(page number not for citation purposes)

Wang et alJMIR FORMATIVE RESEARCH

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


Authors' Contributions
YW, NS, and JQ contributed equally to this study. YW and HW conceptualized the study and collected the data. HW and DZ
jointly analyzed the data and drafted the article, which was later refined by YW, who also drafted and revised the paper. MW
and HJ contributed to data analysis and offered comments. JH and NS provided critical comments and reviewed the important
intellectual content. JQ contributed to conception and design as well as the final approval of the version to be published as the
corresponding author.

Conflicts of Interest
None declared.

References
1. Richards JB, Hayes MM, Schwartzstein RM. Teaching clinical reasoning and critical thinking: from cognitive theory to

practical application. Chest 2020 Oct;158(4):1617-1628. [doi: 10.1016/j.chest.2020.05.525] [Medline: 32450242]
2. Reinus JF. Patient-data management and clinical reasoning: neglected essential skills. Am J Med 2022

Dec;135(12):1393-1394. [doi: 10.1016/j.amjmed.2022.08.022] [Medline: 36063858]
3. Karunaratne D, Sibbald M, Chandratilake M. Understanding cultural dynamics shaping clinical reasoning skills: A dialogical

exploration. Med Educ 2024 Aug 1. [doi: 10.1111/medu.15479] [Medline: 39089689]
4. Locke R, Mason A, Coles C, Lusznat RM, Masding MG. The development of clinical thinking in trainee physicians: the

educator perspective. BMC Med Educ 2020 Jul 16;20(1):226. [doi: 10.1186/s12909-020-02138-w] [Medline: 32678045]
5. Lee DS, Abdullah KL, Subramanian P, Bachmann RT, Ong SL. An integrated review of the correlation between critical

thinking ability and clinical decision-making in nursing. J Clin Nurs 2017 Dec;26(23-24):4065-4079. [doi:
10.1111/jocn.13901] [Medline: 28557238]

6. Carin L. On artificial intelligence and deep learning within medical education. Acad Med 2020 Nov;95(11S):S10-S11.
[doi: 10.1097/ACM.0000000000003630] [Medline: 32769462]

7. Myers JH, Dorsey JK. Using diagnostic reasoning (DxR) to teach and evaluate clinical reasoning skills. Acad Med 1994
May;69(5):428-429. [doi: 10.1097/00001888-199405000-00052] [Medline: 8086079]

8. Xu X, Liu F. Optimization of online education and teaching evaluation system based on GA-BP neural network. Comput
Intell Neurosci 2021;2021:8785127. [doi: 10.1155/2021/8785127] [Medline: 34422036]

9. Nagi F, Salih R, Alzubaidi M, et al. Applications of artificial intelligence (AI) in medical education: a scoping review. Stud
Health Technol Inform 2023 Jun 29;305:648-651. [doi: 10.3233/SHTI230581] [Medline: 37387115]

10. Hsiao CT, Chou FC, Hsieh CC, Chang LC, Hsu CM. Developing a competency-based learning and assessment system for
residency training: analysis study of user requirements and acceptance. J Med Internet Res 2020 Apr 14;22(4):e15655.
[doi: 10.2196/15655] [Medline: 32286233]

11. Webster CS. Artificial intelligence and the adoption of new technology in medical education. Med Educ 2021 Jan;55(1):6-7.
[doi: 10.1111/medu.14409] [Medline: 33155316]

12. Wang M, Sun Z, Jia M, et al. Intelligent virtual case learning system based on real medical records and natural language
processing. BMC Med Inform Decis Mak 2022 Mar 4;22(1):60. [doi: 10.1186/s12911-022-01797-7] [Medline: 35246134]

13. Meng Q, Zhaoxia T. Promoting effect of information products on case-based clinical teaching model. J Med Inform
2012(8):89-92. [doi: 10.3969/j.issn.1673-6036.2012.08.024]

14. Han ER, Yeo S, Kim MJ, Lee YH, Park KH, Roh H. Medical education trends for future physicians in the era of advanced
technology and artificial intelligence: an integrative review. BMC Med Educ 2019 Dec 11;19(1):460. [doi:
10.1186/s12909-019-1891-5] [Medline: 31829208]

Abbreviations
AI: artificial intelligence
CBLAS: competency-based learning and assessment system
DxR: diagnostic reasoning

Edited by A Mavragani; submitted 26.04.24; peer-reviewed by D Hu, Q Xia; revised version received 23.09.24; accepted 24.09.24;
published 03.01.25.

Please cite as:
Wang H, Zheng D, Wang M, Ji H, Han J, Wang Y, Shen N, Qiao J
Artificial Intelligence–Powered Training Database for Clinical Thinking: App Development Study
JMIR Form Res 2025;9:e58426
URL: https://formative.jmir.org/2025/1/e58426 
doi:10.2196/58426

JMIR Form Res 2025 | vol. 9 | e58426 | p.1186https://formative.jmir.org/2025/1/e58426
(page number not for citation purposes)

Wang et alJMIR FORMATIVE RESEARCH

XSL•FO
RenderX

http://dx.doi.org/10.1016/j.chest.2020.05.525
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32450242&dopt=Abstract
http://dx.doi.org/10.1016/j.amjmed.2022.08.022
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=36063858&dopt=Abstract
http://dx.doi.org/10.1111/medu.15479
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=39089689&dopt=Abstract
http://dx.doi.org/10.1186/s12909-020-02138-w
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32678045&dopt=Abstract
http://dx.doi.org/10.1111/jocn.13901
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28557238&dopt=Abstract
http://dx.doi.org/10.1097/ACM.0000000000003630
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32769462&dopt=Abstract
http://dx.doi.org/10.1097/00001888-199405000-00052
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=8086079&dopt=Abstract
http://dx.doi.org/10.1155/2021/8785127
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34422036&dopt=Abstract
http://dx.doi.org/10.3233/SHTI230581
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=37387115&dopt=Abstract
http://dx.doi.org/10.2196/15655
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32286233&dopt=Abstract
http://dx.doi.org/10.1111/medu.14409
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33155316&dopt=Abstract
http://dx.doi.org/10.1186/s12911-022-01797-7
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35246134&dopt=Abstract
http://dx.doi.org/10.3969/j.issn.1673-6036.2012.08.024
http://dx.doi.org/10.1186/s12909-019-1891-5
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31829208&dopt=Abstract
https://formative.jmir.org/2025/1/e58426
http://dx.doi.org/10.2196/58426
http://www.w3.org/Style/XSL
http://www.renderx.com/


© Heng Wang, Danni Zheng, Mengying Wang, Hong Ji, Jiangli Han, Yan Wang, Ning Shen, Jie Qiao. Originally published in
JMIR Formative Research (https://formative.jmir.org), 3.1.2025. This is an open-access article distributed under the terms of the
Creative Commons Attribution License (https://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution,
and reproduction in any medium, provided the original work, first published in JMIR Formative Research, is properly cited. The
complete bibliographic information, a link to the original publication on https://formative.jmir.org, as well as this copyright and
license information must be included.

JMIR Form Res 2025 | vol. 9 | e58426 | p.1187https://formative.jmir.org/2025/1/e58426
(page number not for citation purposes)

Wang et alJMIR FORMATIVE RESEARCH

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


Original Paper

The Physical Activity at Work (PAW) Program in Thai Office
Workers: Mixed Methods Process Evaluation Study

Katika Akksilp1,2, MD, PhD; Thomas Rouyard3, PhD; Wanrudee Isaranuwatchai2, PhD; Ryota Nakamura4, PhD; Falk

Müller-Riemenschneider1,5,6, PhD; Yot Teerawattananon1,2, PhD, MD; Cynthia Chen1,5, PhD
1Health Intervention and Technology Assessment Programme, Ministry of Public Health, Nonthaburi, Thailand
2Saw Swee Hock School of Public Health, National University of Singapore and National University Health System, Singapore, Singapore
3Graduate School of Public Health & Health Policy, City University of New York, New York, NY, United States
4Hitotsubashi Institute for Advanced Study, Hitotsubashi University, Tokyo, Japan
5Yong Loo Lin School of Medicine, National University of Singapore and National University Health System, Singapore, Singapore
6Digital Health Center, Berlin Institute of Health, Charité-Universitätsmedizin Berlin, Berlin, Germany

Corresponding Author:
Katika Akksilp, MD, PhD
Health Intervention and Technology Assessment Programme
Ministry of Public Health
6th Floor, 6th Building, Department of Health
Tiwanon Rd., Muang
Nonthaburi, 11000
Thailand
Phone: 66 2 590 4549
Fax: 66 2 590 4369
Email: gochi.akk@gmail.com

Abstract

Background: An increasing number of multicomponent workplace interventions are being developed to reduce sedentary time
and promote physical activity among office workers. The Physical Activity at Work (PAW) trial was one of these interventions,
but it yielded an inconclusive effect on sedentary time after 6 months, with a low uptake of movement breaks, the main intervention
component.

Objective: This study investigates the factors contributing to the outcomes of the PAW cluster randomized trial.

Methods: Following the Medical Research Council’s guidance for process evaluation of complex interventions, we used a
mixed methods study design to evaluate the PAW study’s recruitment and context (how job nature and cluster recruitment affected
movement break participation), implementation (dose and fidelity), and mechanisms of impact (assessing how intervention
components affected movement break participation and identifying the facilitators and barriers to participation in the movement
breaks). Data from accelerometers, pedometers, questionnaires, on-site monitoring, and focus group discussions were used for
the evaluation. Linear mixed effects models were used to analyze the effects of different intervention components on the movement
breaks. Subsequently, qualitative analysis of the focus group discussions provided additional insights into the relationship between
the intervention components.

Results: The participation in movement breaks declined after the third week, averaging 12.7 sessions (SD 4.94) per participant
per week for the first 3 weeks, and continuing to decrease throughout the intervention. On-site monitoring confirmed high
implementation fidelity. Analysis of Fitbit data revealed that each additional movement break was associated with a reduction
of 6.20 (95% CI 6.99-5.41) minutes in sedentary time and an increase of 245 (95% CI 222-267) steps. Regarding the mechanisms
of impact, clusters with higher baseline sedentary time demonstrated greater participation in movement breaks, while those with
frequent out-of-office duties showed minimal engagement. Moreover, clusters with enthusiastic and encouraging movement break
leaders were associated with a 24.1% (95% CI 8.88%-39.4%) increase in participation. Environmental and organizational support
components using posters and leaders’ messages were ineffective, showing no significant change in percentage participation in
movement breaks (4.49%, 95% CI –0.49% to 9.47% and 1.82%, 95% CI –2.25% to 5.9%, respectively). Barriers such as high
workloads and meetings further hindered participation, while the facilitators included participants’ motivation to feel active and
the perceived health benefits from movement breaks.
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Conclusions: Despite high fidelity, the PAW trial did not significantly reduce sedentary time, with limited uptake of movement
breaks due to context-related challenges, ineffective environmental support, and high workloads during the COVID-19 pandemic.

(JMIR Form Res 2025;9:e57604)   doi:10.2196/57604

KEYWORDS

process evaluation; sedentary behavior; physical activity; workplace; movement breaks

Introduction

Background
Extensive research has examined workplace interventions to
reduce sedentary behavior and promote physical activity globally
[1,2]. Numerous interventions have yielded noteworthy results,
showcasing their effectiveness, whereas some have encountered
challenges in achieving desired outcomes [2-5]. While early
meta-analyses, such as one from 1998, suggested minimal
impact of workplace interventions on physical activity [6],
subsequent reviews, including one from 2003, began to
recognize their potential benefits [7]. However, more recent
evidence has provided a clearer picture, indicating that more
successful interventions tended to use pedometers, apply
internet-based approaches, and include activities at social and
environmental levels [5]. One systematic review found that
physical environment interventions, whether implemented at
the workstation, building, or neighborhood level, were effective
in promoting physical activity in the workplace [8]. Finally,
complex or multicomponent interventions emerge as the most
effective workplace strategy for reducing sitting time [4],
highlighting the intricate process leading to successful
behavioral changes [9].

However, multicomponent intervention trial reports often fail
to elucidate the rationale and mechanisms behind their results,
leaving readers with questions regarding the efficacy of the
interventions. Many scholars have criticized these trials as being
akin to a “black box” because the underlying reasons for their
success or failure remain unknown [10]. As a result, process
evaluations, which assess how interventions were implemented
in practice, are essential for deciphering the implications of the
results from multicomponent intervention trials. These
evaluations highlight aspects of the intervention that may require
improvement to increase the probability of success [11,12].

Several frameworks advocate for process evaluations to explore
the context, implementation, and impact mechanisms of
intervention programs, encompassing aspects such as
recruitment, reach, dose, fidelity, and challenges [10-13].
Process evaluations have become particularly relevant because
they can help determine whether success or failure lies in the
implementation, the intervention itself, or a combination of both
factors. Notably, the Medical Research Council’s guidance on
process evaluation of complex interventions is particularly
valuable for assessing multicomponent interventions [11]. By
contrast, frameworks like the one proposed by Steckler and
Linnan [13] focus more on specific elements such as dose and
fidelity but may not provide the broader perspective necessary
to understand the interactions between context, mechanisms,
and implementation. The emphasis of the Medical Research

Council’s guidance on context and mechanisms was pivotal in
capturing the socioecological dynamics within our intervention.

In addition, there is increasing acknowledgment that
incorporating both qualitative and quantitative data, as well as
using theoretical frameworks within process evaluations, plays
a crucial role in promoting evidence-based practice [14]; for
example, the Older People’s Exercise Intervention in Residential
and Nursing Accommodation trial [15] used a mixed methods
process evaluation to assess whether the multicomponent
intervention changed residents’ home culture to increase
physical activity and whether residents engaged in exercise
activities. The study found no notable cultural shifts or sufficient
engagement, thus explaining the trial’s null results [15,16].
Another process evaluation explored the implementation and
impact mechanisms of a park prescription intervention trial,
revealing key mediators of the intervention effects, such as park
physical activity levels, as well as barriers that may have
weakened intervention effectiveness [17].

Objectives
In Thailand, it has been reported that the majority of adults who
engage in sufficient physical activity reside in rural areas,
typically due to their work in the agricultural sector, whereas
physical activity levels tend to be lower among office workers
[18]. Numerous nonresearch initiatives have been launched to
promote physical activity and reduce sedentary behavior among
office workers in Thai companies and organizations. The
Physical Activity at Work (PAW) trial [19] marked the first
comprehensive cluster randomized trial aimed at promoting
physical activity and reducing sedentary behavior among Thai
office workers. This trial incorporated a multicomponent
intervention and used accelerometer-measured data, laying a
solid foundation for physical activity research in Thailand [20].
However, the trial produced inconclusive findings, leaving
critical questions regarding the factors contributing to its
outcomes unanswered. We observed a suboptimal uptake of
movement breaks, the primary intervention component, and
inferred that this, coupled with a low recruitment rate, may
explain the absence of statistically significant outcomes [20].
Understanding these underlying reasons is essential for making
necessary improvements in both research and policy. To address
this, we conducted a process evaluation to investigate the factors
contributing to the trial’s outcome.

Following the Medical Research Council’s guidance for process
evaluation of complex interventions [11], we used a mixed
methods study design to evaluate the PAW study’s recruitment
and context, implementation, and impact mechanisms.
Specifically, we examined how job nature and recruitment
processes within each cluster influenced participation in
movement breaks (context), the overall dose and fidelity of the
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intervention (implementation), and the effects of intervention
components on participation in movement breaks as well as the
facilitators and barriers to movement break participation (impact
mechanisms).

Methods

Description of the Cluster Randomized Trial
The PAW study was conducted in a free-living setting at the
Ministry of Public Health offices in Nonthaburi, Thailand.
Detailed methodological information regarding the cluster

randomized trial (Thai Clinical Trials Registry:
TCTR20200604007) was published in the protocol [19] and
main results [20] manuscripts. Briefly, between July and
September 2021, we recruited 282 office workers (age: mean
38.6, SD 10.4, years; female: n=228, 80.9%) from 18 separate
offices. After baseline data collection, the participants were
randomized into 9 intervention offices (140/282, 49.6%) and 9
control offices (142/282, 50.4%). The 6-month intervention,
which took place between September 2021 and March 2022,
consisted of 6 components across 4 levels, as outlined in
Textbox 1.

Textbox 1. Key elements of the Physical Activity at Work cluster randomized trial.

Individual-level components

• Providing a wearable device with real-time activity feedback (Fitbit Inspire HR; Google LLC)

• Using a Fitbit smartphone app

• Offering individual weekly lottery-based financial incentives, where 1 intervention group participant who participated in at least 70% of the
movement breaks within the previous week was randomly selected to receive a reward of THB 500 (US $16)

Social-level components

• Team movement breaks of light to moderate intensity, lasting at least 4 minutes and occurring 4 times a day (alarm clocks with speakers were
provided to movement break leaders to initiate sessions), which served as the primary intervention component

• Team-based incentives of an additional weekly lottery reward of THB 500 (US $16) given to the winner if at least 70% of the participants in the
cluster also attended at least 70% of the movement breaks within the previous week; 4 alarm reminders were set (9:30 AM, 10:30 AM, 2:30 PM,
and 3:30 PM), and trained movement break leaders managed the starting times, songs, and movements; participants working from home were
encouraged to join the sessions via web conferencing

Environmental-level component

• Three types of posters providing information on health risks associated with high sedentary time and the benefits of physical activity, as well as
examples of stretching exercises

Organizational-level component

• Leadership support in the form of messages sent by office directors twice a week via Line (LY Corporation) to encourage participants to reduce
sedentary time using movement breaks and increase physical activity, as well as to announce reward winners with congratulatory messages and
photographs of the reward ceremony

The multicomponent intervention was developed using the
socioecological model [9,21]. The intervention components
were strategically designed to complement one another, with a
particular focus on the primary component: the movement
breaks. In addition, department directors actively encouraged
participants to attend more movement break sessions and
announced the weekly lottery reward, which was contingent
upon the frequency of participation in the movement breaks.
Two movement break leaders per office were trained to oversee
these sessions. Moreover, posters were displayed to inform
participants about the adverse effects of prolonged sedentary
behavior and to provide examples of strategies to break up
sedentary time in the office. All intervention participants were
equipped with a Fitbit Inspire HR smartwatch (Google LLC),
preset to remind them to interrupt prolonged sitting every 30
minutes. Consequently, the intervention operated as illustrated
in Figure 1.

We formulated our research questions to encompass the context,
implementation, and impact mechanisms, with a specific
emphasis on the primary intervention component: the movement
breaks. This emphasis stemmed from two key considerations:
(1) as previously noted, our intervention design places the
movement break as the central intervention component,
supported by other components; and (2) we observed a low
participation rate (median 31.5%, IQR 20.4%-42.7%) in the
movement break sessions. Moreover, 77.5% (107/138) of the
intervention participants attended fewer than half of the breaks
(240/480, 50%) throughout the intervention period. We
hypothesized that the absence of a significant intervention effect
could be attributed to low attendance in the movement break
sessions [20]. Hence, our focus is to investigate the underlying
reasons behind this issue. Table 1 describes the process
evaluation components, specific questions, and the data sources.
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Figure 1. The mechanism of associations between the Physical Activity at Work cluster randomized trial intervention components and outcomes.

Table 1. Descriptions of the Physical Activity at Work process evaluation components, specific questions, and the data sources.

Qualitative dataQuantitative dataSpecific process evaluation questionsProcess evaluation components

Recruitment and context

Recruitment fashionRecruitment rateHow does recruitment influence partici-
pation in movement breaks?

Recruitment

Job description of each
cluster

Baseline summary statistics of each clusterWhat impact do job descriptions and
baseline characteristics of each cluster
have on movement break participation?

Context

Implementation

On-site monitoringWeb monitoring: Fitbit wear time and
conducts of movement breaks

What was the extent of intervention de-
livery?

Dose

On-site monitoringAssociations between participation in
movement breaks and daily Fitbit seden-
tary time data as well as step counts during
the intervention period

Was the intervention delivered as intend-
ed?

Fidelity

Mechanisms of impact

Focus group discussionsEffects of intervention components on the
percentage of weekly movement break
participation

How did supporting components influ-
ence participation in movement breaks?

Testing the assumptions be-
hind the intervention design

Focus group discussionsAdditional questionnaire regarding facili-
tators and barriers to participation in
movement breaks

What were the facilitators and barriers
to participation in movement breaks?

Participants’ attitude

Ethical Considerations
Ethics approval for both the quantitative and qualitative
components of this study was granted by the Ethical Review
Committee for Research in Human Subjects, Ministry of Public
Health, Thailand (IRB00001629), in accordance with relevant
ethical guidelines for human research. Any modifications to the
approved protocol will be submitted to the ethics committee for
review. All participants provided written informed consent
before participation, which included consent for the use of
deidentified data in secondary analyses and for the publication
of results. To protect participants’ privacy and confidentiality,
all data were deidentified, and no personally identifiable
information was included in the final dataset, with all published
data presented in aggregate form. Participants’ data (eg, case
record forms, laboratory test results, information sheets, and
consent forms) are stored in a locked cabinet in a researcher’s
office. All data will be destroyed by researchers within 5 years

of publication. During the study, only deidentified data were
used, and the data were only accessible to the research team.
Participants received compensation of THB 250 (approximately
US $7.5) for each data collection session in which they
participated.

Dissemination Policy and Authorship Guidelines
In addition to disseminating our research findings to the funder
of this study, the Ministry of Public Health, we will disseminate
our findings to other countries, the study participants, and the
research community. We have followed the authorship
guidelines of the International Committee of Medical Journal
Editing.

Data Collection

Baseline and Follow-Up Data Collection (Questionnaire)
An interviewer-administered questionnaire, based on the Thai
National Statistical Office’s health survey and capturing
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sociodemographic data such as age and education [22], was
used to collect participant data at both baseline and follow-up.
In addition, intervention participants were asked supplementary
questions regarding the implementation of the intervention
during the follow-up data collection session (Multimedia
Appendix 1).

Data Monitoring (Movement Break Schedule)
A data monitoring team, consisting of the trial implementer and
an administrator, conducted weekly random field visits to 4
offices during the scheduled movement break sessions, adhering
to the initial timetable. Monitored data included (1) the
occurrence of sessions, (2) session quality, (3) participant
attendance, and (4) any issues encountered during the session.

Movement break leaders were responsible for submitting weekly
schedules via Microsoft Excel Online, indicating session timings
and dates. Updates were required if a session did not fall within
the 30-minute alarm windows (9:30 AM, 10:30 AM, 2:30 PM,
and 3:30 PM), indicating absence or starting times outside the
specified windows.

Fitbit Data and Movement Break Participation
During the 6-month intervention period, we collected Fitbit
data, which included wear time, sedentary time, and step counts.
Daily activity data were anonymized and used to compile weekly
lists of potential reward recipients and to assess compliance
with movement breaks. We determined participation in each
movement break session by (1) analyzing a quadratic function
of steps, (2) detecting quadratic functions within the 1-hour
time frame of movement breaks, and (3) ensuring that
participants had accumulated at least 100 steps.

Quantitative Data Analysis
Linear mixed models were used to examine the associations
between intervention components and activity outcomes, as
well as between the intervention components themselves. These
models incorporated random intercepts from both individual
and cluster levels, while also accounting for random slope by
including intervention weeks. Weekly individual data were
derived from daily Fitbit records, follow-up questionnaire
responses, and monitoring data (Table 2). Data were analyzed
using RStudio (version 4.0.3; Posit Software, PBC) and Stata
software (version 14.2; StataCorp LLC), with significance level
set at 5%.
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Table 2. Variables used in the Physical Activity at Work process evaluation.

ScaleExplanationVariable

Associations between movement break participation and daily Fitbit sedentary time and step count data during the intervention period

Outcome variables

Continuous (min)Daily sedentary time data from FitbitSedentary time

Continuous (step count)Daily step count data from FitbitSteps

Exposure variables

Ordinal; 1-4 (sessions)Daily movement break participationMovement break
participation

Effects of intervention components on weekly movement break participation percentage

Outcome variable

Continuous (percentage)The frequency of an individual’s participation in movement break ses-
sions within a specific week compared to the maximum number of
sessions available during that week

Movement break
participation per-
centage

Exposure variables

1=won a reward last week; 0=othersWe designated the weeks following individual reward wins as {1},
while all other weeks were coded as {0}, using the web monitoring
data

Individual reward

1=a colleague in the same office cluster won a
reward last week; 0=others

We assigned {1} to the weeks following office colleagues’ reward wins
and {0} to all other weeks, using the web monitoring data

Cluster reward

1=wore Fitbit at or above the median wear time;
0=wore Fitbit below the median wear time

We categorized the average weekly Fitbit wear time for each individual
into a binary variable using the median

Fitbit wear time

1=at least 4 d/wk; 0=<4 d/wkHow often Fitbit led individuals to engage in physical activity in the
office in the last 2 weeks of the intervention

Fitbit wear time
(alternative)

1=at least 4 d/wk; 0=<4 d/wkHow often the directors’ support led individuals to engage in physical
activity in the office in the last 2 weeks of the intervention

Leadership sup-
port

3=both factors contributed somewhat or a lot;
2=only the encouragement contributed somewhat
or a lot; 1=only the enthusiasm contributed
somewhat or a lot; 0=both factors contributed
not at all, very little, or a little

How the movement break leaders’ (1) encouragement and (2) enthusi-
asm contributed to movement break participation (We asked the
movement break leaders and used the data as cluster-representative
data)

Movement break
leaders

1=at least 4 d/wk; 0=<4 d/wkHow often the posters led individuals to engage in physical activity in
the office in the last 2 weeks of the intervention

Posters

1=3-4 designs; 0=0-2 designsHow accurate individuals were in reporting the number of different
poster designs in their office

Posters (alterna-
tive)

Focus Group Discussions
The qualitative aspect of the study involved focus group
discussions aimed at exploring participants’ perspectives on
facilitators and barriers to engagement in movement breaks, as
well as their attitudes toward intervention components.
Intervention clusters were initially ranked by mean percentage
participation in movement breaks. Subsequently, using
purposive sampling, we invited up to 6 participants with the
highest percentage participation from the top 2 clusters and up
to 6 participants with the lowest percentage participation from
the bottom 2 clusters for each of the 4 focus group discussions.

The 4 focus group discussions took place via 45- to 75-minute
Zoom (Zoom Video Communications, Inc) meetings, with
participants joining from their respective offices. The focus
group discussions were recorded with participants’ consent
(both video and audio were captured), while notes were taken
during the sessions. Before each focus group discussion,

participants were briefed about its purpose, format, and
estimated duration, with the option to interrupt as needed.

Verbatim transcriptions were manually completed by hired
research assistants. The transcriptions were then subjected to
deductive thematic analysis, with facilitator and barrier serving
as overarching themes, and the socioecological model used as
subtheme [9]. Two analysts (KA and WI) independently coded
each transcript using the pre-established framework. References
under themes and subthemes were compared and discussed to
ensure consistency and accuracy. Intercoder reliability was not
analyzed in this study.

An interview guide (Table S1 in Multimedia Appendix 2) was
developed based on the research question “What are the
facilitators and barriers to movement break participation?” The
socioecological model informed this guide. A total of 4
interviewers (female: n=2, 50%) conducted the focus group
discussions. They comprised the PAW trial implementer (first
author; doctor of medicine), 2 study administrators (bachelor
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of communication arts and master of political science), and a
research assistant (bachelor of clinical pharmacology) who was
not a trial staff member. All interviewers underwent a
comprehensive 2-day training program tailored to the qualitative
data collection and analysis requirements of the study. This
training was led by a Thai senior researcher (PhD in
anthropology). The focus group discussion guide served as a
reference tool, ensuring that critical topics were not overlooked.
During the focus group discussions, the researcher flexibly
adjusted the sequence, content, and style based on individual
responses. Emotions and nonverbal cues expressed by
participants were carefully documented.

Code names were used in place of real names in the recorded
data to protect participant privacy. Data collection and analysis
proceeded concurrently throughout the study. After coding the
transcripts from the 4 focus group discussions, the researchers
and supervisors deliberated on data saturation. Subsequently,
2 additional focus group discussions were conducted with
participants from clusters ranked in the top and bottom thirds,
following the same procedures. No new themes emerged from
these final 2 focus group discussions, indicating that data
saturation had been achieved.

Results

Recruitment and Context
The PAW study recruited participants from all clusters within
the Department of Medical Services building and the
International Health Policy Program, Ministry of Public Health,
Thailand, between July and September 2020. The ministry’s
governance structure is typically bureaucratic, with each
department led by a single director general and each office
headed by an office director. In total, 18 clusters were
successfully recruited, with 15 (83%) falling under the
Department of Medical Services purview; the remaining 3 (17%)

clusters were under the jurisdiction of the Office of the
Permanent Secretary (n=2, 67% were part of the International
Health Policy Program and located in a distinct building
complex; Figure S1 in Multimedia Appendix 2).

Recruitment procedures at the cluster level proceeded
seamlessly. The directors of each office endorsed the active
involvement of their respective teams in the trial, resulting in
a cluster-level recruitment rate of 100% (18/18). For
individual-level recruitment, we initiated the process by
organizing office-specific group meetings to thoroughly explain
the trial details. After these meetings, office workers interested
in participating could engage with the trial staff to complete the
individual informed consent process. To accommodate those
unable to attend the scheduled meetings due to prior
commitments, additional sessions were arranged.

Despite the bureaucratic governance style, the individual
recruitment rate reached 62.9% (282/449). Job descriptions
varied and included research-related roles and academic, finance,
law, digital, and other administrative positions. At baseline, 3
(17%) of the 18 clusters exhibited a mean daily sedentary time
exceeding 9 hours (mean sedentary time of 546, SD 90.3 min).
Moreover, mean daily moderate to vigorous physical activity
time was generally higher than the current physical activity
guideline, reflecting that participants were relatively active. No
significant associations were observed among job descriptions,
baseline time spent in sedentary or moderate to vigorous
physical activity, and monitoring data. However, clusters with
higher baseline sedentary time demonstrated increased
participation in movement breaks (Figure S2 in Multimedia
Appendix 2). Furthermore, mean age and cluster size seemed
to influence participation in movement breaks within the
intervention group. Notably, individuals in the cluster with the
youngest and smallest number of participants showed minimal
participation in movement breaks (Table 3).

Table 3. Recruitment and context of intervention participants and the implementation of the Physical Activity at Work intervention (n=140).

Data monitoring (6-mo intervention period) (n=138)Baseline (n=140)

NotesMaximum work
from home, n/N
(%)

Movement break
participation (%),
mean (SD)

Lottery-in-
centive
wins, n (%)

Sedentary
time (min/d),
mean (SD)

Recruit-
ment rate
n/N (%)

Cluster
size, n
(%)

Job description

—a2.5/5 (50)59.7 (14.7)15 (63)541 (90.5)23/25 (92)23 (16.4Research related

Different building and department5/5 (100)25.8 (13.2)0 (0)483 (99.4)8/44 (18)8 (5.7)Research related

Different department0/5 (0)38.8 (16.6)4 (17)463 (117)13/37 (35)13 (9.3)Nursing

Broadcast from another cluster2/5 (40)32.9 (5.49)0 (0)460 (95.9)10/11 (90)10 (7.1)Finance

—2/5 (40)29 (16.4)1 (4.17)481 (94.1)14/17 (82)14 (10.0)Finance

—2.5/5 (50)31.5 (11)2 (8)473 (113)34/35 (97)34 (24.3)Human resource

Broadcast from another cluster2.5/5 (50)25 (7.99)1 (4)394 (141)18/31 (58)18 (12.9)Human resource

—2/5 (40)19.7 (9.83)1 (4)447 (116)15/25 (60)15 (10.7)Digital

n=3 (50%) participants at follow-up2/5 (40)3.88 (4.54)0 (0)350 (121)5/18 (27)5 (3.6)Inspection

aNot applicable.
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Implementation

Fidelity: Was the Intervention Delivered as Intended?

On-Site Monitoring

The on-site monitoring team conducted 65 field visits to the
intervention group participants’ offices during their scheduled
movement break sessions. During these visits, 35 movement
breaks were observed, with 28 (80%) sessions featuring the
Department of Medical Services theme song alongside another
preferred Thai song. Importantly, there were no instances of
cheating, such as merely shaking the Fitbit device without
engaging in actual physical activity. However, 1 (8%) of the 13
participants from cluster 13 chose to take a 10-minute walk
outside the office instead of participating in the team movement
breaks, even when the sessions were not prompted. This
participant managed to secure the weekly reward 3 times during
the 24-week intervention period. Finally, no participants from
the control group attended the sessions.

All alarm clocks were operational; nevertheless, leaders opted
to broadcast the movement break songs using alternative
devices, including the built-in broadcast system and office
speakers. Notably, 2 (22%) of the 9 clusters did not
independently initiate their movement break sessions; instead,
they waited for another cluster to start the activity because they
shared the same broadcast systems.

The movement break schedule reports submitted by the leaders
were accurate; nonleaders who independently initiated sessions
assisted with the reporting process. This collaboration ensured
that the recorded data accurately reflected actual session
initiation and participation. This also supports the finding that
in some of the clusters (3/9, 33%), participants took the initiative
to lead sessions without leader involvement, demonstrating
shared responsibility in maintaining intervention fidelity.

Weekly rewards were distributed to winners by department
directors. Participants received the team-based incentive on
only 2 (8%) out of 24 occasions. A photograph capturing the
reward ceremony, featuring face-to-face reward distribution,
was shared with all intervention participants through Line
OpenChat.

We received notifications regarding Fitbit issues, including
syncing, freezing, and charging problems, both during and

outside of our field visits. Fortunately, some participants with
technological expertise were able to provide assistance,
alleviating the need for the implementation team to respond to
every notification. During our observations, we noticed that
some of the participants (9/138, 6.5%) occasionally left their
Fitbit devices at home when attending the movement break
sessions. Despite understanding that their participation would
not be recorded without the Fitbit, they still chose to engage in
the sessions. In addition, 1 (0.7%) of the 138 participants was
observed wearing the Fitbit only during the movement breaks.

All posters remained undamaged and visible, without any
changes to their placement.

Due to the COVID-19 pandemic, a work-from-home policy was
implemented. However, fewer than half of the participants
(49/138, 35.5%) worked from home, with only 1 (11%) of the
9 clusters having a 100% work-from-home arrangement. This
cluster used Zoom for meetings to conduct their movement
breaks. Upon visiting the Zoom link twice, we found only 1
(0.7%) of the 138 participants in the Zoom meeting, with no
movement breaks initiated. By contrast, another cluster
coordinated their participation through a Line group chat when
working from home, ensuring simultaneous session participation
without requiring an online meeting.

Online Monitoring

We examined the correlations between engaging in movement
breaks and daily Fitbit sedentary time and step count data. Each
additional movement break was associated with a reduction of
6.20 (95% CI 6.99-5.41) minutes in sedentary time and an
increase of 245 (95% CI 222-267) steps, adjusting for Fitbit
wear time, number of public holidays in that week, and
participants' age, sex, and education, with cluster and ID as
random intercepts and intervention week number as a random
slope.

This analysis, based on pedometer-measured outcomes,
supported the fidelity of the movement break implementation
because our prescribed minimum requirement for the duration
of a single session was 4 minutes. Furthermore, the cumulative
steps surpassed the eligibility criterion of 100 steps. The analysis
also suggests successful data synthesis regarding movement
break participation (Table 4).

Table 4. Associations between movement break participation on daily Fitbit sedentary time and step counts during the intervention period in the Physical
Activity at Work cluster randomized trial.

Model BModel A

P valueβb (95% CI)P valueβa (95% CI)

<.001–6.20 (–6.99 to –5.41)<.001–6.32 (–7.06 to –5.57)Sedentary time (min)

<.001245 (222 to 267)<.001263 (242 to 283)Steps (count)

aLinear mixed-effect model adjusted for Fitbit wear time, with cluster and ID as random intercepts and intervention week number as the random slope.
bFurther adjusted for the number of public holidays in that week, age, gender, and education of the participants.
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Dose: What Was the Extent of Intervention Delivery?
(Online Monitoring)
According to the movement break leaders’weekly reports, many
movement break sessions were never initiated by the leaders in
each cluster. By the third week of the intervention,
approximately 40% (72/180) of the scheduled movement break
sessions had not been initiated (Figure S3 in Multimedia
Appendix 2). Similarly, the overall average participation in
movement breaks declined after the third week of the
intervention, reducing to an average of 8 sessions per week per
participant. Subsequently, the participation rate continued to
decrease (Figure S4 in Multimedia Appendix 2).

We plotted the average daily Fitbit wear time to assess
adherence during the intervention period (Figure S5 in
Multimedia Appendix 2). We found that participants typically
wore the devices for 10 to 15 hours per day at the start, with a
slight decrease to 8 to 14 hours occurring 2 to 3 months into
the intervention.

Mechanisms of Impact

Overview
Building on Figure 1, we present the effects of each component
derived from a mixed methods analysis aimed at exploring the
associations between each intervention component and
movement break participation. We combine results from both
quantitative and qualitative analyses to comprehensively address
the question.

Quantitative Analysis
A total of 3200 participant-week data points were extracted by
combining participants’ demographics, Fitbit wear time,
sedentary time and step count data, answers from the
attitude-toward-intervention-components questionnaire, and
online monitoring of rewards (Table 2).

Qualitative Analysis

Overview

There were 28 participants (n=3, 11% to n=6, 21% in each
session) across 6 focus group discussions. The primary data
analysts for the main results included 4 interviewers: the head
of the data collection team (male), a program administrator
(female), a researcher (male), and a staff member from the
Health Intervention and Technology Assessment Program (a
semiautonomous research unit under the Ministry of Public
Health; female). Demographic details of all participants from
the clusters (coded aby C12, C13, C5, C8, C16, and C17)
involved in the focus group discussions are presented in Table
S2 in Multimedia Appendix 2. Generally, the mean age of
participants from the 3 top-ranked clusters was higher than that
of participants from the bottom-ranked clusters. The majority
of the participants (≥80%; 23/28, 82%) were female. Notably,
the cluster with the lowest participation rate of 2.1% (10/480)
comprised only 3 (2.2%) of the 138 participants at the 6-month
follow-up (Table S2 in Multimedia Appendix 2).

How Did the Supporting Components Influence
Participation in Movement Breaks?

Lottery-Based Incentives
Individuals who won the weekly lottery rewards the previous
week demonstrated an 8.64% (95% CI 0.985%-16.3%) increase
in movement break participation compared to other data points
(Table 5). However, it is crucial to note the possibility of an
overestimation when comparing data from winners against those
from nonwinners. To address this, we conducted another
subgroup analysis exclusively including winners, revealing a
5.1% (95% CI –3.44% to –13.6%) increase in movement break
participation. However, this increase lacked statistical
significance due to the small sample size (Table S3 in
Multimedia Appendix 2).

Table 5. Effects of the Physical Activity at Work intervention components on weekly movement break participation percentage.

P valueStandardized β (%; 95% CI)βa (%; 95% CI)

.03.0257 (.00293 to .0484)8.64 (.985 to 16.3)Individual reward

.78–.004 (–.0325 to .0245)–.325 (–2.64 to 1.99)Cluster reward

.001.0696 (.04 to .0993)3.96 (2.28 to 5.65)Fitbit wear time

.38.0309 (–.0381 to .1)1.82 (–2.25 to 5.9)Leadership support

.840.077 (–.663 to .817)2 (–17.2 to 21.2)Enthusiastic

.890.0576 (–.724 to .84)1.49 (–18.8 to 21.8)Encouraging

.0020.929 (.346 to 1.51)24.1 (8.96 to 39.2)Both enthusiastic and encouraging

.080.0695 (–.00764 to .147)4.49 (–.493 to 9.47)Posters

aLinear mixed effects model adjusted for the previous-week movement break participation percentage, number of public holidays in that week, age,
sex, and education of the participants, with cluster and ID as random intercepts and intervention week number as the random slope.

During the focus group discussions, some of the participants
suggested that rather than a single winner receiving a substantial
cash prize, there should be multiple winners receiving more
affordable rewards:

Rather than cash, it should be acknowledgments, such
as showing who reach this many steps so we can
compete with each other. [C13]

[C]ould be something cheaper, don’t have to be cash.
Cheap shirts will do! [C10]
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[I]t was indeed a motivating factor, but the conditions
for obtaining it should be somewhat more lenient.
That is, to make it accessible to a broader audience,
but the current conditions seem to be quite high. If it
were reduced a bit, say to 100, I believe that providing
rewards would be motivating enough. [C8]

A participant in the worst-performing cluster did not remember
the details of the financial incentive:

Sorry but how much was the reward? [C17]

Team-Based Incentives
We observed no difference in movement break participation
percentage (–0.325%, 95% CI –2.64% to 1.99%) in the weeks
after a colleague from the same office won lottery rewards
compared to other weeks. Contrary to our assumptions during
the intervention development phase, peer pressure seems to
have had no discernible effects on motivating movement break
participation, as indicated by the quantitative analysis model
(Table 5).

Different ideas emerged during the focus group discussions, as
outlined in the following paragraphs.

Peer support was mentioned among members in the
best-performing cluster as an important motivator:

Because it helped the team. If we dance, someone gets
1000THB, if we don’t, it’s 500THB only. [C12]

However, others expressed discouragement:

When I see others got it and I never won for weeks,
I was disheartened. [C12]

Some of the participants viewed rewards as not motivating:

I joined the sessions because I want to be healthier.
Rewards are meaningless for me. [C13]

Fitbit Wear Time
There was a 3.96% (95% CI 2.28%-5.65%) increase in
movement break participation among individuals with higher
Fitbit wear time compared to those with lower wear time, using
the median weekly wear time as the cutoff (Table 5). However,
this increase may be attributed to motivation triggered by Fitbit
notifications (eg, reminders to break prolonged sitting) or
potentially to an information bias, wherein participants who
wore their Fitbit devices for longer periods were detected more
frequently in movement break participation.

To address potential bias, we compared the result with another
model where Fitbit exposure was based on self-report, using
the question “How often did you look at the Fitbit tracker during
the last 2 weeks of the intervention period?” The analysis
revealed that looking at the tracker more frequently (≥4
times/wk) was associated with a 1.97% (95% CI –1.42% to
5.36%) higher movement break participation percentage, without
statistical significance (Table S4 in Multimedia Appendix 2).

Qualitative analysis indicated that participants perceived Fitbit
as beneficial not necessarily for encouraging additional
movement breaks but rather for motivating increased exercise
and providing real-time feedback:

I joined short breaks a lot at first, but after a while,
I forgot...However, I always wear the watch; look at
the daily data. [C13]

I set my goal to walk 10,000 steps a day after I got
the watch, and I succeeded! [C16]

[S]aying Fitbit encourages more movement breaks
is wrong for me, but I feel the urge to exercise more
from wearing the watch, like running after work.
[C17]

Leadership Support
Participants perceived the encouragement from directors as
ineffective in motivating them to participate in more movement
breaks.

Although office directors joined very few movement breaks,
participants believed that their presence helped motivate
everyone in the cluster:

He joined, I saw. But mostly he’s busy. [C16]

It made us stand up and dance...if we didn’t it’d be
awkward. [C5]

We all danced every time our director was present
(laugh). [C8]

With regard to the movement break leaders’ encouragement
and enthusiasm, clusters with leaders who self-evaluated as
more encouraging and enthusiastic had a significant increase
of 24.1% (95% CI 8.88%-39.4%) in movement break
participation compared to clusters with less encouraging and
less enthusiastic leaders. However, because these exposure
variables are self-reported by cluster leaders, the detected
difference may be influenced by other cluster-specific factors.

Participants believed that movement break leaders’ enthusiasm
and encouragement helped them join more break sessions:

He was very active and always encourages everyone
to stand up and dance. [C8]

We were aware of the scheduled time, but if we were
occupied, the leader would notify us. [C13]

Nevertheless, some of the participants mentioned that they did
not rely on leaders:

No matter how many people in the office, we danced.
no leaders, no problem at all. [C12]

I’m not sure...leaders always initiated the activity,
but we did not always join. [C16]

No one was available. [C17]

Posters
Participants who reported that posters motivated them to engage
in more movement breaks during the last 2 weeks of the
intervention exhibited approximately a 5% higher participation
rate, although this increase lacked statistical significance (Table
5). Notably, this increase may indicate participants’ attitudes
toward the intervention component rather than the direct effects
of the posters themselves. Therefore, we compared the result
by converting the variable to whether participants accurately
identified the number of different styles of posters in their
offices. The analysis revealed no significant difference in
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movement break adherence between those who answered
correctly and those who did not (standardized β=1.94, 95% CI
–1.34 to 5.23; Table S5 in Multimedia Appendix 2).

Qualitative analysis showed that while the posters initially
captured interest, over time, they failed to sustain attention:

At first I read them. I thought it was helpful and tried
to follow some moves. After a while I just ignored
them. [C2]

I didn’t really read it that much...just walk past. [C3]

The standardized β coefficients of all exposures indicate that
the self-evaluated enthusiasm and encouragement of movement

break leaders were the most important variables among those
included, followed by Fitbit wear time and the individual reward
(Table 5).

Facilitators and Barriers to Movement Break Participation

Figure 2 illustrates participants’ attitudes regarding the
facilitators and barriers to movement break participation. The
top 2 facilitators were the positive feelings associated with being
physically active and the perceived health benefits, followed
by encouragement from leaders, directors, and colleagues. The
appeal of engaging in enjoyable exercises also motivated their
participation. Interestingly, weekly rewards ranked lowest
among the facilitators.

Figure 2. Facilitators and barriers to movement break participation in the Physical Activity at Work cluster randomized trial.

Conversely, the primary barrier perceived by participants was
their workload, followed by meetings and working outside of
the office. Surprisingly, many participants did not view working
from home as a barrier to their participation.

Thematic analysis revealed positive attitudes toward intervention
components:

I think having Fitbit is a really good motivation to
move. [C17]

Previously when someone invited me to run, I wanted
to but it was hard. This [movement breaks] is easier
and fun. [C12]

Participants also noted barriers to the intervention, such as the
lottery reward design:

It [individual reward] somehow motivated me, but I
guess I just could not do as good as others. [C16]

Another important barrier was the monotonous design of the
movement breaks:

Dancing with the same moves gets boring after a
while. [C8]

I think we can change the songs to make it more
interesting. [C16]

Table 6 presents thematic analysis results with references under
each theme and subtheme from all 6 focus group discussions.
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Table 6. Thematic analysis of focus group discussions on the facilitators and barriers to movement break participation in the Physical Activity at Work
cluster randomized trial.

QuotesThemes and subthemes

Facilitators

Psychological capability • “Previously when someone invited me to run, I wanted to, but it was hard. This is easier and fun.” (C12)

Social opportunity • “Both songs and moves...it was like mass hysteria; others enjoyed the sessions and I wanted to join”
(C12)

• “Our director joined, and we danced happily” (C8)
• “When my boss dance and I just sat there working, it felt strange, so I joined” (C5)

Physical opportunity • “I’m happy that there is a new opportunity for me to exercise...in workplace. Normally I don’t have
time.” (C12)

• “Our office is spacious. There are empty spaces for dancing.” (C5)

Reflective motivation • “My personal goal was actually health, not rewards” (C13)
• “I set my goal to get the reward and lose weight and cholesterol level because the programme measured

those” (C5)

Automatic Motivation • “It was relaxing, both mind and body...especially the mind.” (C17)
• “Just that we got to dance...when the session started, it relieved the stress quite a lot” (C5)

Barriers

Psychological capability • “10 min. dancing is too short. 30 min. working out is better for your health for the day.” (C13)
• “My programming work never allows me to lose focus” (C16)

Social opportunity • “Meetings definitely prevented us to join movement sessions” (C8)
• “We were not really motivated by directors and colleagues” (C17)

Physical opportunity • “Sometimes workspace is not wide enough...also I was afraid I'll annoy others who were not in the
project” (C13)

• “During high workload, we cannot join” (C5)
• “The high workload never allows us to do anything else” (C17)
• “Ever since COVID situation got worse, I’ve been sitting all the time at my desk. It’s the workload,

can’t do anything else.” (C16)

Reflective motivation • “Rewards could be anything, like shoes, incentives don’t need to be money, like shirts...” (C5)

Automatic motivation • “Each programme shouldn’t last long. I mean, we should always change the stimulant to avoid boredom...”
(C13)

• “Dancing with the same moves gets boring after a while” (C8)
• “I think we can change the songs to make it more interesting.” (C16)

Discussion

The PAW cluster randomized trial of a multicomponent
intervention, developed based on the socioecological framework
[9], showed a decrease in participants’ waking sedentary time
and an increase in moderate to vigorous physical activity,
although without statistical significance [20]. We conducted a
mixed methods process evaluation, following the Medical
Research Council’s guidance [11], to comprehensively describe
the PAW trial’s (1) recruitment and context, (2) implementation,
and (3) impact mechanisms.

Recruitment and Context
Our team anticipated a high recruitment rate once the office
directors approved the inclusion of their offices in the trial,
given the bureaucratic nature of the ministry organization in
Thailand. However, recruitment rates were low in many clusters,
weakening the trial’s statistical power and risking reduced

intervention adherence, particularly in the social-level
component.

Cluster 17 serves as a notable example, demonstrating minimal
engagement in movement breaks (Table 3; Figure S4 in
Multimedia Appendix 2). This could be attributed to the
recruitment of too few, relatively young participants alongside
a high number of nonparticipants (Tables 3 and 4). Despite its
potential for easy qualification for the team-based incentive
with just 3 participants (at follow-up), cluster 17 might have
faced challenges due to the negative influence of an environment
where breaks are discouraged. This aligns with a previous study
reporting reduced break taking in disapproving work
environments compared to more supportive ones [23]. Cluster
13 also faced challenges with a low recruitment rate; yet, the
engagement of the participants in this cluster in movement
breaks was high. Two reasons might explain this: (1) the
participant who chose to walk outside the office and secured 3
weekly rewards increased the cluster’s average participation
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rate, and (2) recruiting at least 13 participants could create an
environment conducive to making movement breaks feel
enjoyable and secure to participate in.

Job characteristics might also play a role in movement break
participation. Cluster 17, “the inspection office,” frequently
required its members to leave the office for inspections, which
was reflected in their low sedentary time at baseline (Table 3)
and echoed in the focus group interviews. In addition, cluster
16 represented a digital office where most participants worked
on their laptop computers all day. While this setting might seem
ideal for implementing the intervention, participants encountered
challenges with breaks because they needed continual focus to
code. This aligns with the suggestion that identifying the optimal
fit between the organizational context and the intervention is
crucial [24]. However, challenges remain when implementing
such interventions across organizations with diverse offices,
each characterized by unique job contexts and work styles.

Implementation
We implemented the trial with a comprehensive dose delivery,
ensuring intervention fidelity by closely adhering to the original
plan for each component. Moreover, the findings in Table 3
affirm the application of precise criteria for enumerating
movement breaks, underscoring their correlations with the
expected reductions in sedentary time and increases in step
counts. Nevertheless, we encountered challenges related to the
frequency of movement break sessions conducted by
participants, which we refer to as “dose received” [13]. This
inconsistency may be attributed to the performance of the
movement break leaders, as illustrated in Figure S3 in
Multimedia Appendix 2, which shows that many sessions were
never initiated. However, several clusters relied on automatic
timing mechanisms to initiate breaks, ensuring that sessions
commenced even without leaders present. We discuss this
further in the next subsection.

Mechanisms of Impact

Testing the Designed Intervention Components
Healthy behaviors are maximized when environments and
policies support healthful choices, and individuals are motivated
and educated to make them [25]. As one of the main principles
of the ecological model, the interaction of influences means
that variables within the system work together synergistically
[26]. Hence, our study examined the impact of the supporting
components on the movement break participation using
multivariate linear mixed models (Table 4).

The enthusiasm and encouragement of the movement break
leaders seem to have contributed to higher participation
percentages. However, the cluster that exhibited the best
performance challenged this observation, asserting that the
members initiated sessions independently, even without leaders.
Unlike other cluster randomized trials where exercise sessions
were led by nonparticipants such as physiotherapists [16], the
movement break leaders in our study were participants and
could be replaced if absent. Hence, without the leaders, other
members could initiate sessions automatically. Nevertheless,
the influence of the leaders’ encouragement and enthusiasm
likely played a role in motivating the rest of the team. Prior

research has also found that workplace team leaders play a
significant role in facilitating the implementation of workplace
interventions [27,28]. Moreover, a comprehensive review
emphasizes that effective team performance underscores the
fulfillment of leadership styles, supportive team behaviors,
communication, and performance feedback [29].

The impact of the team-based incentive on movement break
participation was evidently negligible. Regarding individual
lottery-based incentives, their influence remains somewhat
unclear. Systematic reviews suggest that financial rewards for
physical activity have positive short-term effects, surpassing
unconditional incentives [30,31]. Moreover, another study
indicates that increasing reward values may lead to improved
results [32]. Nevertheless, insights from online monitoring data
and focus group discussions revealed that only 1 (11%) of the
9 clusters actively pursued rewards and engaged in friendly
competition, while the others (8/9, 89%) were indifferent.
Awarding only 1 winner per week might have demotivated
participants who faithfully adhered to the intervention but never
won. This phenomenon can be explained using goal-setting
theory, which suggests that setting clear and appropriately
challenging goals is crucial [33]. By contrast, setting
unachievable goals may induce stress, anxiety, and perceived
pressure [34]. Therefore, overly difficult goals, such as securing
the weekly lottery reward, may have discouraged participants.

Fitbit was perceived as a helpful tool for real-time data
monitoring and might help motivate leisure physical activity.
However, current evidence indicates unfavorable outcomes
regarding the effectiveness of pedometers in increasing physical
activity within the workplace or in motivating sedentary breaks
[35,36]. The component may have primarily served as a data
collection tool rather than actively supporting movement breaks.
By contrast, the posters, which served as the environmental
component, proved ineffective and should be replaced with
physical environment interventions, which have been shown to
be more effective [4,8].

Finally, leadership support was considered helpful at the start
of the intervention but provided no lasting effect over time. The
component could be perceived as a nudge, which has been
widely used to prompt behavioral change among participants
by providing alternative options to sedentary habits in the
workplace [37]. Leadership support was expected to facilitate
these behavioral shifts. Management support has also been
found to be an essential enabler for workplace intervention
participation to reduce sitting time [27,38,39]. However, the
sustainability of the effects depends on the meticulous design
of the intervention component. Future studies evaluating
long-term effects must enhance the intervention component to
ensure sustainability.

Facilitators and Barriers
Automatic motivation, driven by the desire to feel active and
relaxed, was ranked as the top facilitator of movement break
participation, followed by reflective motivation, including
perceived health benefits. The findings are in line with a recent
systematic review [39]. Another review also supports the idea
that microbreaks at work can improve well-being by boosting
vigor and reducing fatigue [40]. In addition, participants
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generally grasped the concept of health benefits associated with
movement breaks. However, some of the individuals compared
movement breaks to aerobic exercise, expressing doubt
regarding their health benefits.

Workload and meetings were perceived as the main barriers to
movement breaks, which aligns with a previous study’s
prediction that high workloads, although positively related to
the desire to detach from work, would also deter employees
from actually taking breaks [23]. In addition, recent findings
from a systematic review supported the notion that microbreaks
increase well-being but do not necessarily improve work
performance, especially in tasks that require high cognitive
engagement. Moreover, the review suggested that breaks of >10
minutes may be necessary to enhance work performance [40].

By contrast, meetings presented clear barriers to our intervention
design. Future research should be dedicated to advocating
feasible and context-specific active meetings within an active
workplace; for example, an exploratory study found that
standing meetings were feasible, well-received by employees,
and may reduce sitting time among the population [41].
However, widespread adoption faces obstacles due to prevailing
sedentary work cultures and concerns about self-consciousness
in front of senior staff, highlighting the need for broader social
behavior change initiatives [42].

We hypothesized that movement break participation might be
low due to the work arrangement during the peaks of the
COVID-19 pandemic [20]. However, participants did not
consider working from home to be the main barrier to movement
break participation. Instead, they thought that the COVID-19
pandemic did not significantly hinder their adherence to the
intervention due to the work-from-home policy. Instead, they
attributed the difficulty to increased workload. Nevertheless,
working from home remained 1 of the barriers to movement
break participation. This is in line with another workplace cluster
randomized trial, which reported that engaging in physical
exercise with colleagues during working hours was more
effective than home-based exercise in enhancing vitality and
managing pain-related concerns among health care workers
[43].

Strengths and Limitations
We conducted a comprehensive mixed methods process
evaluation of the PAW multicomponent intervention, covering

recruitment and context, implementation, and impact
mechanisms. Rigorous analyses were applied to both
quantitative and qualitative data. The data are prospective,
spanning 6 months of follow-up. Although the overall results
show no significant impact of the intervention, this process
evaluation offers insights that could be crucial for the future
development and evaluation of intervention packages aimed at
reducing sedentary time while improving physical activity
levels.

Nevertheless, our study had some limitations. First, we could
not test mediators to understand the underlying mechanisms
through which one variable influences another due to the trial’s
lack of efficacy [20]. Second, constructing intervention theories
will involve reconstructing a logic model [11,44], a task we
plan to undertake in future studies. Third, we could not complete
the management and analysis of process evaluation data before
the conclusion of the PAW trial. As a result, the process
evaluation was conducted post hoc to elucidate the trial
outcomes. Furthermore, our evaluation only incorporated
participants’ data and perspectives, overlooking input from
other stakeholders such as organizational directors and
nonparticipants. Finally, the team members responsible for
process evaluation were also involved in the outcome evaluation.
While our team members possess the most comprehensive
understanding of the trial details, potential bias in interpretations
must be acknowledged [11].

Conclusions
The PAW trial did not significantly reduce sedentary time
among Thai office workers. Although the trial implementation
was satisfactory regarding dose delivery and fidelity, there was
limited uptake of the movement breaks, the key intervention
component. This limited uptake could be attributed to (1)
context-related challenges (including jobs requiring high
cognitive engagement or frequent out-of-office work and
meetings), (2) the absence of goal-setting aspects in the detailed
design of individual and social components, (3) the lack of
effective and sustainable supporting components at the
environmental and organizational levels, and (4) elevated
workloads in specific clusters (exacerbated during peak periods
of the COVID-19 pandemic) serving as a significant barrier.
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Abstract

Background: The increasing use of ChatGPT in clinical practice and medical education necessitates the evaluation of its
reliability, particularly in geriatrics.

Objective: This study aimed to evaluate ChatGPT’s trustworthiness in geriatrics through 3 distinct approaches: evaluating
ChatGPT’s geriatrics attitude, knowledge, and clinical application with 2 vignettes of geriatric syndromes (polypharmacy and
falls).

Methods: We used the validated University of California, Los Angeles, geriatrics attitude and knowledge instruments to evaluate
ChatGPT’s geriatrics attitude and knowledge and compare its performance with that of medical students, residents, and geriatrics
fellows from reported results in the literature. We also evaluated ChatGPT’s application to 2 vignettes of geriatric syndromes
(polypharmacy and falls).

Results: The mean total score on geriatrics attitude of ChatGPT was significantly lower than that of trainees (medical students,
internal medicine residents, and geriatric medicine fellows; 2.7 vs 3.7 on a scale from 1-5; 1=strongly disagree; 5=strongly agree).
The mean subscore on positive geriatrics attitude of ChatGPT was higher than that of the trainees (medical students, internal
medicine residents, and neurologists; 4.1 vs 3.7 on a scale from 1 to 5 where a higher score means a more positive attitude toward
older adults). The mean subscore on negative geriatrics attitude of ChatGPT was lower than that of the trainees and neurologists
(1.8 vs 2.8 on a scale from 1 to 5 where a lower subscore means a less negative attitude toward aging). On the University of
California, Los Angeles geriatrics knowledge test, ChatGPT outperformed all medical students, internal medicine residents, and
geriatric medicine fellows from validated studies (14.7 vs 11.3 with a score range of –18 to +18 where +18 means that all questions
were answered correctly). Regarding the polypharmacy vignette, ChatGPT not only demonstrated solid knowledge of potentially
inappropriate medications but also accurately identified 7 common potentially inappropriate medications and 5 drug-drug and 3
drug-disease interactions. However, ChatGPT missed 5 drug-disease and 1 drug-drug interaction and produced 2 hallucinations.
Regarding the fall vignette, ChatGPT answered 3 of 5 pretests correctly and 2 of 5 pretests partially correctly, identified 6 categories
of fall risks, followed fall guidelines correctly, listed 6 key physical examinations, and recommended 6 categories of fall prevention
methods.

Conclusions: This study suggests that ChatGPT can be a valuable supplemental tool in geriatrics, offering reliable information
with less age bias, robust geriatrics knowledge, and comprehensive recommendations for managing 2 common geriatric syndromes
(polypharmacy and falls) that are consistent with evidence from guidelines, systematic reviews, and other types of studies.
ChatGPT’s potential as an educational and clinical resource could significantly benefit trainees, health care providers, and
laypeople. Further research using GPT-4o, larger geriatrics question sets, and more geriatric syndromes is needed to expand and
confirm these findings before adopting ChatGPT widely for geriatrics education and practice.

(JMIR Form Res 2025;9:e63494)   doi:10.2196/63494
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Introduction

Background
ChatGPT stands for Chat Generative Pretrained Transformer and
was developed by an artificial intelligence (AI) research
company, OpenAI. It is an AI chatbot technology that can
process our natural human language and generate a response.
ChatGPT was released to the public by OpenAI on November
30, 2022, and surpassed 1 million users in just 5 days. This
performance set a record for the second fastest-growing user
base after that of Threads. ChatGPT currently has >180 million
users (as of October 26, 2024) [1]. ChatGPT users have
increased exponentially, and it has been increasingly used in
medicine, resulting in 4625 publications on PubMed (as of
October 26, 2024) [2]. Notably, ChatGPT was not programmed
originally to be used for medical education and clinical
application [1] despite reports of its wide application for medical
education [3-7] and clinical practice [5-12]. ChatGPT has been
studied in multiple specialties and subspecialties, such as
psychiatry [13], radiology [14], and cardiology [15]. Its rapid
progress in such a brief time has raised challenges, concerns,
and limitations, including privacy, ethnic and racial bias, and
legal risks [16-21].

Any application of ChatGPT to medical education and clinical
practice could be promising but needs to be well designed and
investigated. In the context of a growing aging population,
geriatrics education, geriatrics workforces, and geriatrics
practice have been facing significant challenges for the last 4
decades [22-26]. ChatGPT could offer an opportunity to improve
geriatrics education and clinical practice [27-30]. Preliminary
studies have shown promise [27-30]. For example, older adults
often have polypharmacy issues [31], and providers review and
deprescribe medications [32]. A specifically trained large
language model may provide useful clinical support in
polypharmacy management for primary care physicians [29].
ChatGPT has scored better on general and theoretical questions
in geriatrics than on complex decisions and end-of-life
situations, with the lowest scores related to diagnosis and
performing complex tests [30]. Overall, the application of
ChatGPT to geriatrics education and clinical practice is sporadic
and needs to be expanded and further investigated. Therefore,
this study was designed to determine whether we can trust
ChatGPT to be used in geriatrics education and clinical practice
using 3 distinct approaches.

The first approach was to evaluate any age-biased outputs
generated by ChatGPT. The aging narrative spans >210 years
[33]. The term ageism, coined by Robert Butler in 1969, refers
to age-based stereotyping, prejudice, and discrimination [34].
Self-perception of aging is another emergent concept related to
ageism [35]. Ageism is global and prevalent in daily life
[34,36,37], health care systems [34,38], and the news media
[39,40]. It is present in various medicine specialties such as
oncology [41] and cardiology [42] and was persistent during
the COVID-19 pandemic [43,44]. Ageism is significantly

associated with poor health outcomes and quality of life [34,35].
Interventions to reduce ageism have been widely studied [45,46].
ChatGPT has been found to exhibit privacy, ethnicity, gender,
and racial bias and entail legal risks [16-21]. For example,
ChatGPT recommends fewer female than male ophthalmologists
[47]. However, whether ChatGPT generates age-biased outputs
has not been reported. This study aimed to demonstrate whether
ChatGPT exhibits ageism by testing its geriatrics attitude using
a validated University of California, Los Angeles (UCLA)
geriatrics attitude instrument [48,49] and comparing its results
with those obtained by medical students residents, and geriatrics
medicine fellows from published articles

The second approach was to evaluate the geriatrics knowledge
of ChatGPT. ChatGPT has passed the United States Medical
Licensing Examination (USMLE) [50,51] and many other
medicine exams [52-56], demonstrating its competence in
medical knowledge. However, it has been less studied in
geriatrics. For example, in one Geriatrics and AI in Spain project
in Spain [30], ChatGPT was prompted with 10 questions about
geriatric medicine. Compared to 130 physicians who answered
the questionnaire, ChatGPT scored better on general and
theoretical questions than on complex decisions and end-of-life
situations, with the lowest scores for diagnosis and performing
complex tests [30]. AI is likely to be incorporated into some
areas of geriatric medicine, but it still presents significant
limitations, mainly in complex medical decision-making [30].
This study was designed to demonstrate the geriatrics
competency of ChatGPT by examining its performance on the
validated UCLA geriatrics knowledge test [48,49,57] and
comparing it with that of medical students, internal medicine
residents, and geriatric medicine fellows from previously
published articles in the literature.

The third approach was to evaluate ChatGPT’s knowledge of
2 geriatric syndromes and its clinical application to them
(polypharmacy and falls). Multiple previous studies have shown
that ChatGPT performs well on clinical vignette questions
[58-64]. For example, ChatGPT achieved 71.7% accuracy
overall on 36 clinical vignettes from the Merck Sharpe and
Dohme clinical manuals and impressive accuracy in clinical
decision-making [58]. In another study, GPT-4o was queried
for diagnoses and management plans with 20 physician-written
clinical vignettes in otolaryngology, showing high agreement
with physicians [59]. In addition, ChatGPT demonstrated
appreciable knowledge and interpretation skills in psychiatry
through 100 clinical case vignettes [60]. In another study, 33
physicians across 17 specialties generated 284 medical
questions. ChatGPT generated largely accurate information in
response to diverse medical queries as judged by academic
physician specialists, with improvement over time [61].
ChatGPT also offered accurate recommendations on managing
hypertension based on clinical practice guidelines [62]. ChatGPT
provided accurate recommendations for 8 out of 10 clinical
scenarios in cardiology [63]. In another study, GPT-4o generated
a good rehabilitation plan for a stroke case from a textbook [64].
Finally, several studies have reported the application of
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ChatGPT to predict common drug-drug interactions [65],
managing polypharmacy [29], clinical pharmacy [66-68], and
medical pharmacology as a self-learning tool [69]. Taken
together, all previous studies suggest that ChatGPT could
potentially be applied to complex geriatric syndrome vignettes
with comprehensive clinical questions. This study was designed
to demonstrate whether ChatGPT has solid geriatrics knowledge
and can apply it to 2 common complex geriatric syndrome
vignettes (polypharmacy and falls) by responding to
comprehensive questions.

Study Objectives
We designed these 3 distinct approaches to provide evidence
of whether ChatGPT can be trusted to be potentially applied to
geriatrics education and clinical practice as an assistive tool.

Methods

This observational study used the validated UCLA geriatrics
attitude instrument [48,49] and geriatrics knowledge test [57].

The Geriatrics Attitude Instrument
The geriatrics attitude instrument comprises 16 questions
(Multimedia Appendix 1) [48,49]. In total, 6 of these statements
reflect positive attitudes toward aging, such as “Most old people
are pleasant to be with” (question 1). A total of 10 statements
reflect negative attitudes toward aging, such as “Treatment of
chronically ill old patients is hopeless” (question 11). Responses
are graded on a Likert scale from 1 (strongly disagree) to 5
(strongly agree). The mean total score of ChatGPT was
calculated and compared to scores from medical students,
internal medicine residents, and geriatric medicine fellows based
on previously published studies in the literature. Subtotals for
positive and negative attitudes toward aging were also calculated
to compare them to those in previously published studies. For
statements reflecting a positive attitude toward aging, higher
scores indicated a more positive attitude toward aging. For
statements reflecting a negative attitude toward aging, lower
scores indicated a less biased attitude toward aging.

The Geriatrics Knowledge Test
The validated UCLA geriatrics knowledge test contains 18
questions (Multimedia Appendix 2) [57]. In total, 8 questions
are true-or-false statements, such as “Most older people are
living in nursing homes” (question 4; false). A total of 10
questions are short clinical vignettes, such as “A 78-year-old
nursing home resident with mild dementia associated with
Alzheimer’s disease is best determined by their ability to
understand treatment options” (question 9; correct answer: B).

To minimize unfounded guessing, the following scoring system
was used: +1 for a correct answer, –1 for a wrong answer, and
0 for “don’t know.” Therefore, the total score ranged from −18
to +18 [57]. Correct answers were determined by the author
based on the literature.

ChatGPT Inputs and Outputs
GPT-3.5 was prompted to undertake the validated UCLA
geriatrics attitude instrument and geriatrics knowledge test.
Prompts were derived from original published papers [48,49,57].

Each prompt was repeated 4 times to evaluate the consistency
and obtain an average response. In addition, ChatGPT was
prompted to respond to 2 common geriatric syndrome vignettes
(polypharmacy and falls). These 2 vignettes with questions were
used in the author’s previously published geriatrics curricula
[70,71] and are described fully in the following sections.

The Polypharmacy Vignette
This vignette was used from a previously published workshop
of prescribing and deprescribing [70]:

Ms. Smith, an 85-year-old white woman, has HTN,
CAD, HFpEF, A-Fib, DM (II), HLD, hypothyroidism,
gout, OA. On Warfarin 2.5 mg/d, furosemide 20 mg/d,
Glyburide 5 mg/d, Spironolactone 50 mg/d,
Amiodarone 300mg/d, Carvedilol 6.25 mg twice a
day, Lisinopril 40 mg/d, Lipitor 80 mg/d,
Levothyroxine 250 mg/d, Allopurinol 100 mg three
times a day, acetaminophen 500 mg two tabs q6h for
joint pain, and several supplements. Her pulse is 62
beat/min. Her BP is 120/70 (sit) and 98/64 (upright),
weight 60 kg. No JVD, HR regularly, no murmur, few
crackles on lung bases. Abdomen exam is benign, +
pitting edema of ankles. Serum Cr is 1.2 mg/dL and
Bun is 15 mg/dL. INR is 3.5. LDL is 50. albumin 4,
Hb1ac is 6.1. TSH is 2. EF is 60%.

ChatGPT was prompted with the polypharmacy vignette
following 2 steps. First, ChatGPT was prompted to answer 4
general questions on the appropriate use of medications to
examine its geriatric pharmacology knowledge: (1) “Which of
the commonly used 8 drugs are potentially inappropriate
medication (PIM) and should be avoided in older adults?” (2)
“What is PIM in older adults?” (3) “How to identify PIM in
older adults?” (4) “What to do with PIM?” Second, ChatGPT
was prompted to answer 4 additional specific questions related
to the polypharmacy vignette to evaluate its application of
geriatric pharmacology to a clinical vignette: (1) “Any drug-drug
interactions for this patient?” (2) “Any drug is ineffective for
this patient?” (3) “This patient was taking so many medications.
Any way to reduce the number of her medications?” (4) “Any
drug-disease interaction?”

The Fall Vignette
This vignette was used from a previously published workshop
of prescribing and deprescribing [71]:

An 82-year-old community-dwelling woman with
PMH of multiple falls, right hip fracture, Dx of
hypertension, coronary heart disease, knee arthritis,
came to my clinic after she fell after her meal at home
this morning. She felt pain of R head. She had a cane
and walker at home but didn’t use that often. She
thought she didn’t need it. She has taken care of her
husband for several years. Her medication included
Doxazosin (Cardura) and diltiazem (Cardizem), and
acetaminophen as needed. I asked many questions
related to her fall. Her vital signs were normal
without orthostatic hypotension. Her cardiovascular
and neurological examinations were benign. Her
mini-mental status examination (MMSE) was 30/30.
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She had independent activities of daily living (ADL).
Her geriatric depression scale (GDS) was 0/15. She
passed timed up and go test. Because of her right
black eye and pain of right head, I sent her to UVA
to rule out orbital fracture. Please ask the following
questions: List all potential fall risk factors for this
patient What are three fall screening questions you
need to ask for elderly patients in an outpatient setting
based on 2010 fall prevention guideline you want to
follow for this patient? Which one of three pathways
in figure 1 from 2010 fall prevention guideline you
want to follow for this patient? List all physical
examinations that you think are important to perform
for this patient. List your recommendations as many
as you think that could help her to prevent her falling.

ChatGPT was prompted with the fall vignette following 3 steps.
First, ChatGPT was prompted to answer 1 general question on
fall risks in older adults. Second, ChatGPT was prompted to
answer five pretest questions on fall prevention in older adults:
(1) “When an older person falls, should you ask the following
questions (one or more or none)? the circumstances of fall,
mental status, medication changes, vision change, drinking”;
(2) “Which of the following illnesses is a fall risk (one or more
or none)? Pneumonia, Parkinson’s disease, Diabetes mellitus,
Dementia, Orthostatic hypotension”; (3) “Which of the
following medications are not associated with an increased fall
risk (one or more)? Levothyroxine, Diazepam, Oxycodone,
Amitriptyline”; (4) “Which ones of the following are true (one
or more or none)? An elderly person may become so fearful of
falling that they restrict his or her mobility Most falls are
associated with significant injuries Falls is a leading cause of
accidental death in older population About 5%
community-dwelling elderly person falls each year Survivors
of fall-related hip fracture are rarely institutionalized Exercise
improves function and reduces fall risk and injurious falls”; and
(5) “Which of the following is NOT an environmental fall risk?
(only pick one answer) Throw rug, freshly waxed kitchen floor,
Grab bars, Electrical cord lying on the floor.” Finally, ChatGPT
was prompted to answer 5 additional questions to examine the
application of fall prevention knowledge to the fall vignette:
(1) “List all potential fall risk factors for this patient”; (2) “What
are three fall screening questions you need to ask for elderly
patients in an outpatient setting based on 2010 fall prevention
guideline you want to follow for this patient?”; (3) “Which one
of three pathways in figure 1 from 2010 fall prevention guideline
you want to follow for this patient?”; (4) “List all physical
examinations that you think they are important to perform for
this patient”; and (5) “List your recommendations as many as
you think that could help her to prevent her falling.”

Evaluation of ChatGPT Outputs
ChatGPT outputs were collected and analyzed by the author.
The author judged the correctness of the ChatGPT outputs on
the polypharmacy and fall vignette questions based on evidence
from clinical practice guidelines, systematic reviews, and other
types of evidence in the literature. The descriptive analysis was
performed using SPSS (version 28; IBM Corp).

In summary, we designed these 3 distinct approaches to provide
evidence on whether we can trust ChatGPT to be potentially
applied to geriatrics education and clinical practice as an
assisting tool.

Ethical Considerations
This study was not human participant related, including the
secondary data analysis. No informed consent was needed.

Results

Geriatrics Attitude
The total geriatrics attitude score of ChatGPT was significantly
lower than that of trainees (medical students, internal medicine
residents, and geriatric medicine fellows) from validation [49,57]
and follow-up studies [48] (Multimedia Appendix 3). However,
the mean subscore on positive geriatrics attitude of ChatGPT
was higher than that of the trainees (medical students, internal
medicine residents, and neurologists; Multimedia Appendix 4),
where a higher score is better. The higher subscore on positive
geriatrics attitude indicates a better attitude toward aging.
Conversely, the mean subscore on negative geriatrics attitude
of ChatGPT was lower than that of the trainees and neurologists,
where lower subscores are better (Multimedia Appendix 4). The
lower subscore on negative geriatrics attitude indicates a less
age-biased attitude toward aging. Individual responses to 14
geriatrics attitude statements by ChatGPT, trainees, and
neurologists are shown in Multimedia Appendix 4. The
subscores of the comparison group in Multimedia Appendix 4
were based on previously published studies [72-74]. Notably,
responses to statements 15 and 16 were rarely reported in
previously published studies (Multimedia Appendix 4).

Of the 14 geriatrics attitude statements (Multimedia Appendix
4), 5 (36%) were positive, and 9 (64%) were negative. Regarding
the positive geriatrics attitude statements, ChatGPT had 1 lower
positive geriatric attitude response (indicating a less positive
geriatrics attitude) and 5 similar or better positive geriatric
attitude responses compared to medical students and residents
(indicating a similar or better positive geriatrics attitude).
Regarding the negative geriatrics attitude statements, ChatGPT
had 1 similar negative geriatric attitude response and 8 better
negative geriatrics attitude responses than medical students and
residents, indicating a less negative geriatrics attitude.

The response from ChatGPT to the first prompt of the geriatrics
attitude questions did not follow the Likert-scale format (1-5;
1=strongly disagree; 5=strongly agree; Multimedia Appendices
3 and 4) as ChatGPT provided only comments. The response
to the third prompt included both the Likert-scale format (1-5;
1=strongly disagree; 5=strongly agree) and comments
(Multimedia Appendix 4).

Geriatrics Knowledge
The total score of ChatGPT (mean 14.25) was significantly
higher than the scores from all trainees (medical students,
residents, and internal medicine fellows) in the validation studies
[57] (mean 11.3; Multimedia Appendix 3) and was also
significantly higher than that of first-year (mean 9.9) and
second-year (mean 9.5) medical students (Multimedia Appendix

JMIR Form Res 2025 | vol. 9 | e63494 | p.1208https://formative.jmir.org/2025/1/e63494
(page number not for citation purposes)

ChengJMIR FORMATIVE RESEARCH

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


3) in the follow-up studies [48]. It was slightly higher than the
scores of third-year medical students (mean 13.6) and internal
medicine interns (mean 13.2), slightly lower than the scores of
second- and third-year internal medicine residents (mean 14.7
and 14.9, respectively), and significantly lower than the scores
of geriatric medicine fellows (mean 17.5) in the follow-up
studies [48]. ChatGPT’s performance on geriatrics knowledge
in the first prompt was lower than that on the following 3 repeat
prompts. For the first prompt, ChatGPT provided rationales
without selecting options (Multimedia Appendix 4). For the
third prompt, ChatGPT selected options and provided rationales
for its choices (Multimedia Appendix 4). For the second and
fourth prompts, ChatGPT select options without providing
rationales (Multimedia Appendix 4).

To make it easy for the reader to replicate the results of this
study, Multimedia Appendix 5 shows a few examples of prompts
on geriatrics attitude and knowledge test questions and outputs
by ChatGPT (all original outputs of ChatGPT are available upon
request).

The Polypharmacy Vignette
Overall, ChatGPT performed well on the polypharmacy vignette
involving a woman aged 85 years (Multimedia Appendix 6).
ChatGPT provided appropriate responses to 4 general drug
therapy questions and moderate responses to 4 specific drug
therapy questions based on the vignette. ChatGPT correctly
identified 5 drug-drug interactions and suggested deprescribing.
However, it missed an ineffective medication (a supplement),
1 drug-drug interaction, and 3 drug-disease interactions
(Multimedia Appendix 6). Despite the patient not having lung
disease, ChatGPT provided 2 irrelevant drug-disease interactions
specific to the vignette (ChatGPT hallucination; Multimedia
Appendix 6).

The Fall Vignette
ChatGPT performed well on the fall vignette involving a woman
aged 82 years (Multimedia Appendix 7). ChatGPT correctly
summarized 10 common fall risks in older adults and correctly
answered 3 out of 5 pretest questions. In the remaining 2 pretest
questions, ChatGPT missed a few correct responses. In the fall
vignette, ChatGPT provided appropriate responses to all 4
prompts (Multimedia Appendix 7). ChatGPT recognized most
fall risk factors and responded perfectly to fall screening
questions following the latest Centers for Disease Control and
Prevention (CDC) fall guidelines even though the prompt
specified the 2010 fall prevention guidelines. ChatGPT
accurately followed the 3 pathways from the 2010 fall
guidelines. It missed a few physical examinations. ChatGPT
provided almost all recommended fall prevention strategies,
with only a few omissions.

Discussion

Principal Findings
With the increasing use of ChatGPT in medical education [3-7]
and clinical practice [5-12], the aim of this study was to evaluate
whether we can trust ChatGPT to be used in geriatrics. The
major findings of this study demonstrated that ChatGPT had
less age-biased output than the trainees, outperformed the

trainees on the validated UCLA geriatrics knowledge test, and
reasonably applied geriatrics knowledge to 2 common geriatric
syndrome vignettes (polypharmacy and falls). The preliminary
findings of this study are promising and demonstrate that
ChatGPT could be trusted and used as an assistant tool in
geriatrics practice and education via 3 approaches, which are
fully discussed in the following paragraphs.

The first approach was to evaluate ChatGPT’s performance on
a validated UCLA geriatrics attitude instrument [48,49]. To the
best of our knowledge, this is the first study to demonstrate that
ChatGPT is less likely to generate age-biased outputs, which
contrasts with a few ethical and other concerns regarding
ChatGPT [16-21]. This finding is significant because ageism
is prevalent and associated with multiple poor outcomes,
including health outcomes [34,35]. Various instruments exist
to measure geriatrics attitude to assess ageism [34,35], with the
UCLA geriatrics attitude instrument [48,49] being one of these
validated tools [75], which we used in this study [48,49]. The
UCLA geriatrics attitude instrument includes 16 items [48,49],
6 of which refer to a positive geriatrics attitude (eg, “most old
people are pleasant to be with”) where a higher score is better,
and 10 of which refer to a negative geriatrics attitude where a
lower score is better. Previous studies using the UCLA geriatrics
attitude instrument have primarily used the total score on the
geriatrics attitude scales without calculating and reporting the
mean subscores on positive and negative geriatrics attitudes
[48,49], which makes it difficult to interpret the significance of
geriatrics attitude. However, a few studies have reported
individual responses to the UCLA geriatrics attitude instrument,
including positive and negative geriatrics attitude [48,49], for
which we were able to calculate the subscores for comparison.
We recommend that the subscores of the UCLA geriatrics
attitude instrument should be reported to assess positive and
negative geriatrics attitude. Overall, ChatGPT’s individual
responses to the UCLA geriatrics attitude statements were better
than those of medical students and residents, with higher scores
for positive attitude and lower scores for negative attitude
(Multimedia Appendix 4), suggesting that ChatGPT has less
age-biased outputs and could be trusted from an ethical
perspective. This study suggests that ChatGPT is better than
the news media and humans in providing less age-biased
information [39,40]. However, a reliable and valid instrument
with which to quantify modern medical student attitudes toward
older people has not yet been developed. An adaptation of the
Aging Semantic Differential scale for contemporary use has
been recommended [76]. This study can be repeated using the
Aging Semantic Differential scale to see whether ChatGPT still
generates less age-biased outputs in the future.

The second approach was to evaluate ChatGPT’s geriatrics
knowledge. This study is the first to assess ChatGPT’s
performance on a validated UCLA geriatrics knowledge test
[49,57]. ChatGPT has a substantial knowledge base and has
been reported to pass the USMLE [50,51] and perform well on
many other examinations [52-56]. Previous studies have
suggested that ChatGPT could significantly impact medical
education [3-7] and clinical practice, including clinical
decision-making [5-12]. For example, a recent systematic review
and meta-analysis on the performance of ChatGPT in medical
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examinations showed that ChatGPT has been evaluated in
multiple specialties, including plastic surgery, ophthalmology,
neurosurgery, orthopedics, diabetes, gastroenterology, radiology,
cardiology, dermatology, and anesthesia [61]. It can be
reasonably believed that ChatGPT has good geriatrics
knowledge. This study supported this belief and demonstrated
that ChatGPT performed better than the average trainee in the
validation studies (mean score 14.7 vs 11.3) and follow-up
studies (mean score 14 vs 13.3; Multimedia Appendix 3).
ChatGPT’s performance was better than that of medical students
and first-year internal medicine residents (PGY 1 in Multimedia
Appendix 3), comparable to that of second- and third-year
residents (PGY 2 and PGY 3 in Multimedia Appendix 3), but
lower than that of geriatric medicine fellows. This suggests that
ChatGPT could be a valuable supplemental resource for health
professional trainees, health care providers, and laypeople.
Given that GPT-4o has more parameters, it is reasonable to
believe that GPT-4o could perform better on the geriatrics
knowledge test. The UCLA geriatrics knowledge test only has
18 questions [57] and much less questions than the USMLE
tested in previous studies [50,51]. Future studies should evaluate
GPT-4o’s performance on more multiple-choice questions from
geriatrics board examinations to confirm the findings of this
study before adopting ChatGPT for geriatrics education and
clinical practice.

The third approach was to evaluate ChatGPT’s responses to 2
common geriatric syndrome vignettes—polypharmacy and falls
in older adults—from the author’s previously published
geriatrics curricula [70,71]. This study demonstrated that
ChatGPT performed well on these 2 geriatric syndrome vignettes
(Multimedia Appendices 6 and 7), which was promising and
will be fully discussed in the following paragraphs.

For the polypharmacy vignette, ChatGPT was able to provide
systematic recommendations for polypharmacy in older adults,
which has not been investigated before. In this study, ChatGPT
provided appropriate general principles for prescribing and
deprescribing; identified PIMs; and suggested resources and
criteria such as the Beers criteria [77], the Screening Tool of
Older Persons’ Prescriptions [75], the Drug Burden Index [78],
and the Medication Appropriateness Index [79] (Multimedia
Appendix 6). In addition, ChatGPT was able to provide 5
appropriate ways to manage PIMs in older adults (Multimedia
Appendix 6) that are consistent with the evidence from geriatrics
practice guidelines and prescribing principles [75,77-80]. In
particular, this study demonstrated that ChatGPT can identify
all 8 exemplary PIMs (Multimedia Appendix 6). These
medications should be avoided in older adults [75,77-80].
ChatGPT was able to identify 4 drug-disease interactions but
missed 3 drug-disease interactions in the polypharmacy vignette
(Multimedia Appendix 6). This suggests room for improvement
in training ChatGPT further. ChatGPT also identified drug-drug
interactions accurately in the polypharmacy vignette
(Multimedia Appendix 6), which was different from a previous
study in which ChatGPT identified 39 out of 40 drug-drug
interactions when it was given 40 pairs of drugs [65]. Therefore,
the question is what the implications are of what ChatGPT can
do for polypharmacy. Previous studies have shown that within
the last 10 years medical students, postgraduate residents,

primary care providers, and pharmacists were unaware of PIMs
and the standard guidelines for older adults, such as the Beers
criteria [81-84]. This study has shown that ChatGPT is more
knowledgeable than humans. Both geriatricians and general
internists still prescribed 7.2% to 8.7% of PIMs, respectively
[84].

The persistent prevalence of PIMs and polypharmacy in older
adults was well-reported [31,32]. What ChatGPT demonstrated
its good knowledge and ability to do with polypharmacy in this
study suggests that ChatGPT has great potential to be used by
trainees and providers as an assistant tool. One suggested
example will be to include an older patient’s medical history
and a list of all their medications in the ChatGPT prompt used
in this study for medication review and to generate ChatGPT
outputs which can be reviewed by providers at Clinic or other
clinical settings. This will help nurses, other providers, and
trainees at the point of care. It could help laypeople self-check
PIMs. It could also help health professional trainees in the
self-study of geriatric pharmacology.

Falling is another significant US and global problem [85,86]
and one of the common geriatric syndromes in older adults [87].
ChatGPT has not been tested to provide systematic fall
prevention recommendations for an older adult. This study
demonstrated for the first time that ChatGPT has good
knowledge of fall prevention as it performed well on pretests
and provided a comprehensive summary of 10 common fall
risks in older adults and specific recommendations in the fall
vignette (Multimedia Appendix 7).

The 2024 US Preventive Services Task Force fall prevention
guidelines listed several fall risks, including age; history of falls;
cognitive and sensory deficits; presence of acute and chronic
medical conditions; certain medications; environmental or
occupational hazards; home or neighborhood features and
alcohol or drug use; and impairments in mobility, gait, and
balance [87]. The 2023 CDC Stopping Elderly Accidents,
Deaths, and Injuries also has a long list of fall risks [88]. In
addition, a systematic review and meta-analysis showed
evidence-based fall risk factors among the aging population
[89]. This study showed that ChatGPT identified most of fall
risks for the fall vignette (Multimedia Appendix 7) consistent
with the aforementioned fall prevention guidelines [87,88] and
systematic review [89] except for missing risky behaviors such
as standing on a chair instead of a step stool and loss of sensation
in the feet.

This study also used 5 pretests to further evaluate ChatGPT’s
knowledge of fall prevention (Multimedia Appendix 7).
ChatGPT generated responses consistent with the guidelines
[88,89] and a systematic review [90]. In pretest 1, ChatGPT
provided 5 good recommendations with reasoning for taking
the medical history of an older adult. In pretest 2, ChatGPT
correctly identified several medical conditions as fall risks,
including Parkinson disease, dementia, and orthostatic
hypotension but missing pneumonia and diabetes mellitus. This
indicates that ChatGPT has some limitations. In pretest 3,
ChatGPT correctly identified diazepam, oxycodone, and
amitriptyline as fall risks [75,77-79] and levothyroxine as not
a fall risk. In pretest 4, ChatGPT underestimated the prevalence
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of falls in community-dwelling older adults (5%) but correctly
answered most other true and false questions about fall risks
and consequences. In pretest 5, ChatGPT correctly answered
all questions about environmental fall risks and identified grab
bars as not a risk. Overall, ChatGPT performed very well on 5
pretests with a few mistakes, indicating good knowledge of fall
prevention for older adults.

To further test ChatGPT’s clinical application to individual
patients, the fall vignette was used to prompt ChatGPT.
ChatGPT correctly identified 6 common fall risk factors except
for potential home environment factors, consistent with the
evidence from fall prevention guidelines [88,89] and a
systematic review [90]. ChatGPT impressively recognized older
caregiver burden, hypertension, and coronary heart diseases as
fall risks, also consistent with the evidence from fall prevention
guidelines [88,89] and a systematic review [90]. In response to
fall screening questions, ChatGPT was correct if the 2023 CDC
guidelines were used [89] but incorrect if the 2010 American
Geriatrics Society guidelines were used [91]. This study
indicates that ChatGPT can use the latest guidelines, although
specific prompts might be unclear to ChatGPT. Regarding
physical examinations relevant to the fall vignette, ChatGPT
missed several but recommended multiple appropriate physical
examinations [89,91], indicating a reasonably good performance.
In the final prompt on fall prevention recommendations for the
fall vignette, ChatGPT provided 6 appropriate fall prevention
recommendations, including home environment–related
prevention despite previously missing the home environment
as a fall risk [88-91]. It was notable that the home environment
was not on the list of fall risks in ChatGPT’s response to the
first prompt. However, ChatGPT correctly answered pretest 5
(home environment fall risk) and recommended home
environment–related prevention for the patient in the fall
vignette (Multimedia Appendix 7). This suggests some
discordance between the fall assessment and action plans by
ChatGPT, indicating a possibly different thinking and decision
process within ChatGPT.

The crucial question is whether ChatGPT can be helpful and
necessary in screening for fall risks and providing fall prevention
recommendations to older adults in daily practice. Providers
need knowledge and willingness to screen for fall risks in older
adults, but multiple studies have shown that providers often
lack fall prevention knowledge and are unwilling to screen for
fall risks [92-96]. For example, one study showed that
emergency providers lacked knowledge on which patients to
be screened and were unwilling to spend more than a few
minutes on screening for fall intervention [95]. Another study
revealed that only 14% of providers at accountable care
organizations were aware of the CDC’s fall risk assessment
algorithm (Stopping Elderly Accidents, Deaths, and Injuries)
[93]. Furthermore, 43% of primary care providers did not agree
that they had the expertise or time to perform fall risk
assessments, and only a small percentage billed for fall risk
screening despite being aware of Medicare reimbursement [96].
In addition, general practitioners were often unaware of their
frail patients’ fall history or fear of falling, with most patients
not receiving fall prevention care. Less than 40% of providers
asked most or all their older patients if they had fallen in the

previous 12 months, and less than a quarter referred their
patients to physical therapists for balance or gait training [92].
A recent CDC report showed some improvement, but gaps
remain. Only 20% of providers were aware of any injury
prevention resources, and a higher percentage screened for fall
risk when older adults presented with specific concerns [94].

Given the high prevalence of fall among older adults and poor
knowledge of fall prevention among providers, this study
demonstrated that ChatGPT has better knowledge and ability
to apply the fall prevention guidelines than many providers,
suggesting that it can assist providers in assessing fall risks and
preventing falls in older adults. For instance, entering an older
patient’s history into ChatGPT and reviewing the outputs
generated can help providers identify patients with fall risk at
the point of care. ChatGPT can also be used as an assistant tool
to help health professional trainees with self-study.

Limitations and Quality Assessment of This Study
There are serval limitations to this study, which will be discussed
in this section. ChatGPT’s responses are based on the data that
it was trained on, which may not include the most current
geriatrics research, best practices, or region-specific guidelines,
potentially limiting the trustworthiness of its advice. This study
did not account for the quality of the information sources that
ChatGPT draws from as ChatGPT cannot differentiate between
authoritative and nonauthoritative content in real time like all
other ChatGPT-based research. Despite GPT-4o having more
data for training without releasing its data sources, this will not
solve this basic problem. This study indicates that applying
ChatGPT to geriatrics practice and education should be cautious
and it should be used as an assistant tool only. ChatGPT will
never or is unlikely to replace clinicians. As this study evaluated
ChatGPT based on geriatric syndrome vignettes, it does not
fully account for the complexities and nuances of real-world
clinical decision-making and patient interactions, where
additional context, history, and human judgment play critical
roles. In addition, ChatGPT’s responses might be overly
generalized as it lacks the ability to perform individualized
assessments or make nuanced clinical decisions based on
patient-specific data. This is similar to vignette-based simulation
education. This indicates that ChatGPT will not make a decision
for someone but could assist with the decision-making. The
effectiveness of ChatGPT’s responses varies significantly
depending on how well the user phrases the questions or
provides necessary information. The input provided in this study
was based on the author’s geriatrics practice experience for >20
years, which might not mimic the way in which other clinicians
would interact with the tool. Therefore, the results of this study
may not be generalizable. Prompt engineering is developing to
help improve the quality of the input. However, a standardized
prompts among different providers can be very challenging.
The author suggests practicing prompts to improve
human-ChatGPT interaction and obtain reliable outputs from
ChatGPT.

ChatGPT lacks clinical experience and the ability to engage in
human clinical judgment, whereas it can process vast amounts
of medical information. This may limit its application in critical
decision-making scenarios or nuanced treatment planning for
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complex geriatrics cases. Providers must use their clinical
judgment integrated with clinical circumstances and not fully
depend on the outputs of ChatGPT.

ChatGPT might face ethical and legal consequences. ChatGPT
or AI hallucinations could cause ethical and legal risks. After
the release of GPT-4o, ChatGPT often says, “I am AI and not
clinician and cannot make decisions for you.” It seems that
ChatGPT developers recognize the potential legal and ethical
consequences and protect ChatGPT.

Human-AI interaction is complex. Providers should be cautious
in interpreting ChatGPT outputs. ChatGPT outputs should be
interpreting with evidence-based clinical guidelines, systematic
reviews, and randomized controlled trials shown in the
Comments from the author columns in Multimedia Appendices
6 and 7. Whether the ChatGPT outputs are appropriate in this
study should be judged and verified by a group of geriatricians

In addition, this study has several other limitations. This study
used GPT-3.5. GPT-4o might produce better results.
Comparisons between ChatGPT and human performance on
geriatrics attitude and knowledge were based on previously
reported results in the literature many years ago. A new study
assessing geriatrics attitude and knowledge among current
medical students, residents, and geriatric medicine fellows is
needed to confirm the findings of this study. ChatGPT produced
some errors, including ChatGPT hallucinations such as unrelated
drug-disease interactions in Multimedia Appendix 6, consistent
with previous reports [97,98]. We should be aware that ChatGPT
can make mistakes, just like humans. ChatGPT should not be
used alone in geriatrics practice and education at this point.
ChatGPT needs to be pretrained specifically for medical
education and clinical practice.

Like any other research, systematic appraisal of the current
ChatGPT research is needed. A preliminary checklist, Model,
Evaluation, Timing, Range and Randomization, Individual
Factors, Counts, and Specificity of Prompts and Language
(METRICS), to standardize the design and reporting of studies
on generative AI–based models in health care education and
practice has been recently developed [99]. The current study
was started and completed before its development. However,
it is worthwhile to use METRICS to evaluate the quality of this
study. The following seven domains of METRICS will be used:

1. Model—ChatGPT was described and used.
2. Evaluation—both subjective and objective evaluation were

described and used.
3. Timing—the study date was documented, but the duration

was not documented; transparency—the geriatrics attitude
instrument and knowledge test, the vignettes, and prompts
were well described, and the outputs were exactly presented.

4. Range—the topics were well described, including geriatrics
attitude and knowledge; randomization was not used.

5. Individual—there was subjective involvement with
ChatGPT, such as judging the correctness of its outputs.
This study was conducted by a single investigator.

6. Count—a total of 4 prompts were used. This study did not
have a sample size.

7. Specificity of the prompts or language—for geriatrics
attitude and knowledge, the prompts were from previously

published studies. It is unclear whether they are appropriate
for ChatGPT. For the 2 vignettes on polypharmacy and fall,
the prompts were from previously published curricula. It
is also unclear whether they are appropriate for ChatGPT.

Overall, the quality of this study is reasonably good based on
METRICS. METRICS should be used in the reporting of any
AI-based research in all journals.

In summary, this study took 3 distinct approaches to demonstrate
the trustworthiness of ChatGPT to be used as an assistant tool
in geriatrics practice and education. The implications of this
preliminary study for geriatrics practice and education are
further discussed in the following section.

Implications for Geriatrics Practice and Education
This study showed that ChatGPT outputs are not age-biased
using the validated geriatrics attitude test and that ChatGPT
performed well on the validated geriatrics knowledge test and
on applied geriatrics knowledge tests (2 cases of common
geriatric syndromes). These findings suggest that ChatGPT
could potentially help geriatrics practice and education as an
assistant tool in numerous ways. It is very important to know
that ChatGPT is algorithm based. Clinical practice often uses
algorithm- and pathway. Therefore, the underlying rationale for
ChatGPT and clinical practice is similar. However, ChatGPT
is not intended to replace physicians and other providers.

ChatGPT can be used as an assistant geriatrics tool and tutor to
support self-learning and immediate feedback and
self-assessment. For example, when trainees are studying
geriatric syndromes, they can obtain responses on geriatric
syndromes from ChatGPT. Therefore, ChatGPT could be
incorporated to supplement the existing program in geriatrics
education and support continuing medical education. ChatGPT
can be potentially to be integrated to clinical reasoning and
decision in a timely fashion and potentially improve the point
of care in all clinical settings. For example, ChatGPT can help
identify individual older patients who might have fall risks and
drug-drug interactions.

ChatGPT can be used as an assistant or autonomous clinical
tool to alleviate the geriatrics workforce crisis. For example, a
nongeriatrician health provider could look for answers to clinical
geriatrics questions, such as recommendations for preventing
falls and reducing polypharmacy in older patients, from
ChatGPT and help answer their patients’ questions in a timely
fashion. This is particularly helpful for rural practice where
geriatrics consults are rare or nonexistent. This will improve
physicians’ and other providers’ efficiency and accuracy in the
care of older patients and provider-patient interactions.

It is expected that ChatGPT can help with post-visit summaries
by providing patient education materials, such as home safety
and environment modification for fall prevention. ChatGPT can
also draft Clinic letters such as providing lab results and their
interpretation to the patient in the Clinic letter.

ChatGPT can help older patients with self-screening or initial
self-assessment when they are sitting in a clinic waiting room.
For example, they can input their medical history into ChatGPT
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such as age, physical function medications, and chronic
conditions to ask whether they are at higher risk of fall.

Importantly, GPT-3.5 is free to use and can be cost-saving for
providers and the health care system.

Finally, with more data training, ChatGPT will be more reliable
and helpful in geriatrics practice and education.

Comparison With Previous Work
To the best of our knowledge, health professional trainees and
providers but not ChatGPT have been assessed for geriatrics
attitude [48,49]. ChatGPT has been assessed for geriatrics
knowledge [28-30]. For example, ChatGPT was asked to answer
10 geriatrics questions [30]. The correctness of the outputs by
ChatGPT were rated by a group of geriatricians [30]. In contrast,
in this study, the correctness of the outputs by ChatGPT was
determined by the author only, which could lead to errors. In
another study, ChatGPT was prompted with 1 simple question
[28]. The questions in the aforementioned studies were not
validated. However, this study used validated UCLA geriatrics
knowledge tests [57,72-74]. Several previous studies have
demonstrated that ChatGPT has geriatric pharmacology
knowledge [29,65-69]. For example, ChatGPT could identify
drug-drug interactions from 40 drug-drug pairs [65]. In another
study, ChatGPT could manage polypharmacy and make
decisions on deprescribing 2 to 3 inappropriate medications
based on a vignette [29]. Another study compared the answers
from ChatGPT and clinical pharmacists to real clinical cases
and clinical competency assessments [68]. However, these
studies are different from this study, which used a systemic
approach to polypharmacy (Multimedia Appendix 6). To the
best of our knowledge, ChatGPT has not approached falls in
older adults.

Future Directions
This study was a pilot with both promising findings and
limitations. With the fast-growing use of ChatGPT and the new
version of GPT-4o being released, the author suggests the
following research directions.

A larger study using ChatGPT is needed to extend and confirm
the findings of this study before adopting ChatGPT for geriatrics
education and clinical practice. For example, more geriatrics
knowledge questions and vignettes should be examined using
GPT-4o. For example, the performance of ChatGPT on geriatrics
certification exams should be tested.

Coinvestigators are needed to reduce biases. In particular, the
correctness of the ChatGPT outputs should be evaluated and
judged by a group of experts in geriatrics and integrated with
the latest evidence, such as clinical practice guidelines,
systematic reviews, and randomized controlled trials. For
example, the ChatGPT outputs to a prompt should be rated from
strongly agree to strongly disagree by a group of geriatrics
experts in addition to determining their consistency with
evidence-based clinical practice guidelines

Those who conduct ChatGPT research should receive training
on prompt engineering. The author is doing this and feels that
it is beneficial. This could reduce the variation in prompts.

The reliability of ChatGPT performance needs to be tested using
different prompts to improve generalizability. The outcomes of
the application of ChatGPT to geriatrics practice and education
need to be further investigated.

Conclusions
This study suggests that ChatGPT could be a valuable assistant
tool in geriatrics education and practice, helping health
professional trainees and providers combat ageism, supplement
geriatrics knowledge, and address common geriatric syndromes
such as polypharmacy and falls. This study demonstrated that
we could trust ChatGPT to be used in geriatrics practice and
education by using 3 distinct approaches. One strength of this
study is that Multimedia Appendices 5-7 provide the details of
prompts to ChatGPT and the outputs generated by ChatGPT,
which allows readers to apply a similar approach to their
geriatrics education and practice studies. The findings of this
study are promising but need more investigation before
ChatGPT is widely adopted in geriatrics practice and education.
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Multimedia Appendix 2
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Comparison of geriatrics attitude and knowledge test performance between ChatGPT and trainees.
[DOCX File , 25 KB - formative_v9i1e63494_app3.docx ]

Multimedia Appendix 4
Comparison of performance on the geriatrics attitude subscales by ChatGPT, trainees, and neurologists.
[DOCX File , 17 KB - formative_v9i1e63494_app4.docx ]

Multimedia Appendix 5
Examples of ChatGPT outputs on geriatrics attitude and knowledge questions.
[DOCX File , 15 KB - formative_v9i1e63494_app5.docx ]

Multimedia Appendix 6
ChatGPT output on the polypharmacy vignette about a woman aged 85 years.
[DOCX File , 17 KB - formative_v9i1e63494_app6.docx ]

Multimedia Appendix 7
Fall risk identification and management in a woman aged 82 years.
[DOCX File , 20 KB - formative_v9i1e63494_app7.docx ]
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Abstract

Background: Intimate partner violence (IPV) and violence against children are global issues with severe consequences.
Intersections shared by the 2 forms of violence have led to calls for joint programming efforts to prevent both IPV and violence
against children. Parenting programs have been identified as a key entry point for addressing multiple forms of family violence.
Building on the IPV prevention material that has been integrated into the parenting program ParentText, a digital parenting
chatbot, this pilot study seeks to explore parents’engagement with the IPV prevention content in ParentText and explore preliminary
changes in IPV.

Objective: This study aimed to assess parents’ and caregivers’ level of engagement with the IPV prevention material in the
ParentText chatbot and explore preliminary changes in experiences and perpetration of IPV, attitudes toward IPV, and
gender-equitable behaviors following the intervention.

Methods: Caregivers of children aged between 0 and 18 years were recruited through convenience sampling by research
assistants in Cape Town, South Africa, and by UNICEF (United Nations Children's Fund) Jamaica staff in 3 parishes of Jamaica.
Quantitative data from women in Jamaica (n=28) and South Africa (n=19) and men in South Africa (n=21) were collected
electronically via weblinks sent to caregivers’ phones using Open Data Kit. The primary outcome was IPV experience (women)
and perpetration (men), with secondary outcomes including gender-equitable behaviors and attitudes toward IPV. Descriptive
statistics were used to report sociodemographic characteristics and engagement outcomes. Chi-square tests and 2-tailed paired
dependent-sample t tests were used to investigate potential changes in IPV outcomes between pretest and posttest.

Results: The average daily interaction rate with the program was 0.57 and 0.59 interactions per day for women and men in
South Africa, and 0.21 for women in Jamaica. The rate of completion of at least 1 IPV prevention topic was 25% (5/20) for
women and 5% (1/20) for men in South Africa, and 21% (6/28) for women in Jamaica. Exploratory analyses indicated significant
pre-post reductions in overall IPV experience among women in South Africa (P=.01) and Jamaica (P=.01) and in men’s overall
harmful IPV attitudes (P=.01) and increases in men’s overall gender-equitable behaviors (P=.02) in South Africa.

Conclusions: To the best of our knowledge, this is the first pilot study to investigate user engagement with and indicative
outcomes of a digital parenting intervention with integrated IPV prevention content. Study findings provide valuable insights
into user interactions with the chatbot and shed light on challenges related to low levels of chatbot engagement. Indicative results
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suggest promising yet modest reductions in IPV and improvements in attitudes after the program. Further research using a
randomized controlled trial is warranted to establish causality.

(JMIR Form Res 2025;9:e58611)   doi:10.2196/58611

KEYWORDS

intimate partner violence; SMS text messaging; chatbot; user engagement; parenting; violence; mobile phone

Introduction

Background
Violence against women (VAW) and violence against children
(VAC) are global issues with severe, long-lasting consequences,
which affect individuals and communities worldwide. Global
reports have revealed alarmingly high rates of both forms of
violence [1,2]. Prevalence estimates of intimate partner violence
(IPV), which is the most common form of VAW, have found
that >27% of ever-partnered women aged >15 years have
experienced physical IPV, sexual IPV, or both at least once in
their life [1]. Reports of VAC are also of great concern, with
systematic review findings suggesting that >50% of all children
worldwide, that is, >1 billion children globally, have experienced
past-year violence [3,4]. Research findings also indicate that
prevalence rates are higher for both forms of violence in low-
and middle-income countries [5,6].

A growing body of evidence shows that IPV and VAC
frequently cooccur in the same families [7]. In recent years, the
intersections between IPV and VAC have received increasing
attention, with a growing demand for prevention efforts that
target both forms of violence concurrently [8]. Intersections
shared by both IPV and VAC include common risk factors, such
as acceptability of family violence and parental history of
physical abuse [9,10], similar short- and long-term
consequences, including mental and physical health problems
[11], and various intergenerational effects [12]. In the past,
despite their overlaps, the fields of IPV and VAC prevention
research have predominantly been separated [8]. Therefore,
initiatives that seek to address these common risk factors may
help shift violence prevention efforts from a siloed approach to
one that targets multiple types of violence simultaneously. By
targeting multiple and intergenerational forms of violence, this
strategy is likely to be more sustainable long-term, helping to
reduce costs and increasing opportunities for scale-up and
impact [13].

In the field of IPV prevention, researchers and practitioners are
increasingly adopting what is known as gender-transformative
approaches in programs that aim to address multiple forms of
violence, that is, both VAW and VAC [14]. More specifically,
gender-transformative approaches can be defined as those that
aim to address harmful social and gender norms and are
“designed specifically to encourage men and boys to adopt and
enact gender-equitable, nonviolent attitudes and behaviors”
[15]. Many programs that adopt this approach include activities
and modules that focus on topics such as improving
interpersonal skills, redefining responsibilities in the home, and
changing perceptions around gender roles and violence [14].
Emerging evidence suggests that gender-transformative
approaches offer promising results in preventing IPV

perpetration, shifting restrictive gender norms, and promoting
gender-equitable behaviors and attitudes [16-18].
Gender-transformative approaches are being adopted in family
and sexual health interventions, further highlighting the shift
toward a more holistic approach toward violence prevention
and recognition of the intergenerational elements of family
violence and shared risk factors [19,20].

Alongside gender-transformative interventions, in the field of
VAC, parenting programs have been identified as a major
strategy for reducing and preventing violence [21]. Findings
from a recent systematic review of parenting programs for
reducing child maltreatment in low- and middle-income
countries identified several promising results across child,
parent, and family outcomes, with meta-analyses results
revealing reductions in child maltreatment and harsh parenting
[22]. One program that has integrated both VAC and IPV
prevention content includes the gender-transformative
Bandebereho program in Rwanda, which engaged men and
partners with the aim of encouraging healthier couple
relationships and enhancing caregiving skills [23]. The program
used fatherhood as an avenue to promote gender equality and
foster positive shifts in men’s relations with both their children
and partners [18]. A randomized controlled trial (RCT) of the
program found promising short- and long-term effects, with
reductions in IPV and physical punishment of children at both
21 months posttest and at a 6-year follow-up [18].

Despite the promising potential of parenting programs to tackle
multiple forms of family violence, scaling up parenting
interventions remains a challenge [24]. To address barriers to
scale, digital parenting interventions have been gaining
momentum as a means to increase reach, engagement, and
accessibility [25]. One such program, developed by Parenting
for Lifelong Health [26,27], is a chatbot intervention called
ParentText that provides caregivers with social learning–based
parenting content that seeks to improve parent-child interaction
and prevent child maltreatment [28]. Given the emerging
evidence based on the potential to integrate parenting and
gender-transformative approaches to prevent multiple forms of
family violence, this study seeks to explore how users engage
with a parenting chatbot that contains integrated IPV prevention
material. Building on the development of IPV prevention
material designed and integrated into the ParentText intervention
in 2021 [28], the purpose of this pilot study was to examine
user engagement with the IPV prevention content in the chatbot
as well as explore preliminary changes in IPV.

Objectives
The overarching aim of this pilot study is 2-fold. First, it seeks
to assess parents’ and caregivers’ level of engagement with the
integrated IPV prevention material in the ParentText chatbot.
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Second, it aims to conduct exploratory analyses of preliminary
pre-post changes in experiences and perpetration of IPV and
related outcomes, including attitudes toward IPV and
gender-equitable behaviors following the intervention.

Consequently, this study seeks to answer the following research
questions:

1. What is the level of user engagement with the IPV
prevention content integrated into the parenting chatbot,
ParentText, among parents and caregivers with low income
in South Africa and Jamaica?

2. What, if any, are the preliminary changes in experiences
and perpetration of IPV (primary outcomes) and related
risk factors, including attitudes toward IPV and
gender-equitable behaviors (secondary outcomes) among
caregivers with low income in South Africa and Jamaica,
after using the ParentText chatbot?

Methods

Study Setting
The study was conducted in 2 countries where IPV is
particularly widespread: South Africa and Jamaica. Despite
differing in their cultural contexts and geographical regions,
South Africa and Jamaica share similar challenges surrounding
high rates of IPV, making them comparable settings for
exploring the integration of IPV prevention strategies in a
parenting chatbot. South Africa has one of the highest rates of
IPV globally, with studies revealing prevalence rates of 20%
to 50% in which women reported having experienced IPV
sometime during their life [29-31]. In Jamaica, rates of VAW
are also alarming, with 24% of women having experienced
physical violence, sexual violence, or both, from an intimate
partner sometime in their life [32]. These high rates of violence
underscore that urgent prevention efforts that seek to prevent
and reduce violence are crucial. Moreover, research findings
also indicate a high prevalence of patriarchal social norms and
restrictive beliefs around women’s roles in both Jamaica [33]
and South Africa [34], further highlighting the harmful
sociocultural norms prevalent in both contexts and the
overlapping challenges that both countries face. In Jamaica, this
study was conducted in the parishes: Kingston, St Catherine,
and St Elizabeth; and in South Africa, this study was conducted
in Cape Town.

Participants and Recruitment
In Cape Town, South Africa, participants were recruited through
convenience sampling by local research assistants through the

organization Clowns Without Borders South Africa. Recruitment
mainly took place in neighborhoods, townships, and
communities in urban Cape Town. In Jamaica, recruitment also
took place through convenience sampling by members of
UNICEF (United Nations Children's Fund) Jamaica staff
members in partnership with the National Parenting Support
Commission, an agency of the Jamaican Ministry of Education
and Youth. Participants were recruited primarily at schools and
at women’s centers for adolescent mothers in urban and rural
communities. While the aim was to recruit both men and
women, due to resource constraints, in the end, only women
were recruited in Jamaica. Furthermore, while originally, the
study sought to only include parents aged >18 years, following
an interest expressed by UNICEF Jamaica and the Jamaican
National Parenting Support Commission to address challenges
faced by adolescent parents in the country, additional procedures
were put in place (refer to the Ethical Considerations section
for more details) to include adolescent parents aged >16 years
in Jamaica. Unfortunately, due to staff and resource limitations
in Cape Town, it was only possible to recruit parents aged >18
years in South Africa.

Consequently, the inclusion criteria for participants in this study
were as follows: (1) age >18 years in South Africa and >16
years in Jamaica (where adolescent parents aged >16 years were
also recruited), (2) currently caring for a child aged between 0
and 17 years, (3) being in a relationship (defined as either having
a partner or being married—refer to Multimedia Appendix 1
for further details), (4) having access to a phone that could
receive messages on WhatsApp (Meta Platforms) or Telegram
(Telegram Messenger Inc) and that could connect to 3G or the
internet, (5) provided consent to participate in the study, and
(6) being able to speak either English or isiXhosa (South Africa
only). Exclusion criteria were participants who were not
currently in a partnered relationship and participants who were
not caregivers, parents, or currently caring for a child. As an
initial pre-post evaluation, this study was not designed to detect
significant intervention effects but rather to assess user
engagement and conduct exploratory analyses of intervention
outcomes [35]. Due to funding limitations, the sample size of
the study was restricted to 86 participants, with some lost due
to drop out (Figure 1). Nevertheless, the study used a G*Power
3 calculator with a sensitivity power analysis to calculate the
effect size (Cohen d) needed to obtain a significant intervention
effect. Input parameters included the use of 2-tailed paired t
tests based on the study’s primary outcomes. Assuming a type
I error of P<.05, 80% power, this sample size was sufficiently
powered to detect a moderately significant intervention effect
of Cohen d=0.67.
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Figure 1. Theory of change for the ParentText intimate partner violence (IPV) prevention content, including risk factors, program components,
immediate-term outcomes, and long-term outcomes.

Intervention
ParentText is a chatbot intervention for parents and caregivers
of children aged between 0 and 17 years [28]. The technical
architecture is open source and available for developers through
GitHub. The digital parenting intervention sends automated
messages to users through social messaging platforms, such as
WhatsApp, Telegram, and Facebook messenger (Meta
Platforms), and is also available via SMS text messaging for
individuals without smartphone access (for an example of
program components and example messages, refer to Figures
1-3 and Multimedia Appendix 2). The parenting content of
ParentText is derived from the in-person Parenting for Lifelong
Health programs [26,27]. Enrolled users receive 23 days of daily
ParentText messages personalized for their chosen child’s
developmental stage (0-23 months, 2-9 years, and 10-17 years).
Content is provided using a range of formats, including text,
image, video, and audio. Structured and sequential parenting
content is derived from common elements of social learning

theory-based programs along two main themes as follows: (1)
positive relationship building and (2) limit setting and nonviolent
discipline [36]. In addition, content specifically targeting
positive partner relationships and IPV prevention for users in
partnered relationships was integrated into the chatbot by
drawing on gender-transformative material from a range of
interventions found to reduce IPV and improve gender-equitable
attitudes [23,37,38]. It is the engagement with this content that
is the primary focus of this study. The IPV prevention content
in ParentText is divided into 5 topics (refer to program
components in Figure 1). The proposed causal pathway between
each IPV prevention topic, identified risk factor, and behavior
change domain is illustrated in the theory of change in Figure
1. Schafer et al [28] and Multimedia Appendix 3 give further
details on the development of the IPV prevention content and
theory of change. Additional information and examples on how
parents can interact with the chatbot, along with examples of
the sequencing of the ParentText messages, are available in
Figures 2 and 3.
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Figure 2. Flow of the intimate partner violence (IPV) prevention content text messages in ParentText, which illustrates the flow of text messages that
users in ParentText receive, including introduction text messages and text messages providing options to view further IPV prevention content.

Figure 3. Flow of the check-in message on the intimate partner violence (IPV) topic 2 “joint decision-making,” which illustrates the flow of the check-in
text message that users in ParentText receive to provide an opportunity to reflect on the topic of “joint decision-making.”.
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Design and Procedures
This study used a repeated-measures, single-arm design. Pre
and posttest assessments were conducted at baseline
(preintervention) and at 6 weeks after baseline (ie, 3 weeks after
the end of the intervention) using the application Open Data

Kit (ODK; refer to the Measures section and Multimedia
Appendix 1 for more details). The posttest was planned as a
1-month posttest (1 month after the end of intervention);
however, due to fieldwork challenges that arose and time
constraints, it needed to be changed to 6 weeks after baseline
(Figure 4).

Figure 4. Overview of the ParentText chatbot timeline, illustrating what content is delivered on what days of the program from day 1 to day 23, and
demonstrating when the 3-week posttest assessment is delivered. IPV: intimate partner violence.

Reporting follows the CONSORT (Consolidated Standards of
Reporting Trials) 2010 guidelines extension to randomized pilot

and feasibility trials [39] (refer to Multimedia Appendix 4 for
the CONSORT checklist). Recruitment, delivery, and
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assessments in South Africa and Jamaica were conducted on a
rolling basis from September 2022 to March 2023. Participants
who enrolled in the intervention received data credit using a
local service provider to ensure they would have access to 3G
during the intervention. During recruitment, participants
received a message that included a link to the program
embedded within a WhatsApp or Telegram business account.
After clicking the link, participants were directed to the
ParentText chatbot account and asked to select their preferred
language for the program. In keeping with recommendations
from the formative research [28], the language was set to English
in Jamaica, and the options were English and isiXhosa in South
Africa. Participants were asked if they consented to participate
in the intervention and evaluation and were provided with a link
to a more detailed information sheet. Participants who did not
consent exited the intervention. In alignment with guidelines
for conducting statistical surveys on VAW [40], the survey
included skip patterns, which determine the eligibility of specific
questions that respondents are asked [40,41]. For example, in
this study, men who responded that their partner was taking
part in the intervention were not asked the IPV items in the IPV

assessment and were instead only asked the questions on
attitudes toward IPV and gender roles and on gender-equitable
behaviors. Further information about this is provided in the
Ethical Considerations section.

At baseline, participants were invited to complete the IPV
assessment, which was optional, on an external server via
Oxford’s Linux virtual machine using ODK to ensure responses
were not saved on their mobile devices. Participants provided
their phone number when completing the IPV survey for their
responses to be recorded and linked with a unique user ID. These
data were then deidentified, exported as CSV files, and uploaded
to a secure server in Oxford, which was only accessible by the
research team and password protected. All personal identifying
data were deleted once endline data collection was completed.
Participants were invited to respond to the IPV assessment at
3 weeks postintervention via the phone number they provided
when completing the IPV assessment at baseline.

Measures
The user engagement, demographic, primary outcomes, and
secondary outcomes are provided in Table 1.
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Table 1. Outcome measurements in the study, including user engagement, demographics, background variables, and primary and secondary outcomes,
with descriptions of the study measurement used and the number of items used for each outcome.

Items, nStudy measurementOutcomes

User engagement outcomes

1Measured by the final day the participant used the chatbot subtracted by the first day participant used the
chatbot (including inactive days)

Number of days in the
ParentText program

1Number of days participants actively interacted with ParentText as measured by chatbot interactions (ex-
cluding inactive days)

Number of active days
the user actively interact-
ed with the chatbot

1The number of interactions logged per day divided by the total number of days participants actively inter-
acted with ParentText

Overall chatbot interac-
tion rate

5The number of participants who viewed each IPV topic, in line with existing digital parenting intervention
research where module viewing is frequently used as a proxy measure for the level of participant engagement
[42,43]

Participant engagement

with each IPVa topic

5Number of IPV topics completed out of the total 5 topics (measured by the number of IPV topics participants
viewed that were recorded via RapidPro, UNICEF’s open source framework developed to send and receive
data using mobile phones [44])

Completion rate of IPV
topics

1Number of parenting modules completed (measured by the number of modules viewed that were recorded
via the RapidPro (UNICEF) software)

Overall completion rate
of ParentText parenting
modules

Primary behavioral outcomes

5Items adapted from the WHOb VAWIc and the core questionnaire in the WHO-MCSd [45]: physical (1
item), psychological (1 item), sexual (1 item), coercion (1 item), and economic abuse (1 item). Participants

Women’s experiences of
IPV

asked to give a frequency score on a scale of 0 to 8 or more times. The original VAWI tool measures past-
year experiences of IPV [45]; however, a 1-year reporting time frame surpassed the duration of the inter-
vention. The reporting timeframe and response codes were therefore adapted from the past-year (once, a
few times, and many times) to the number of experiences of IPV in the past month (0, 1, 2, 3, 4, 5, 6, 7,
and >8) to enhance the sensitivity of measuring changes in experiences of IPV. These adjustments are

similar to those made to measure child maltreatment with the ISPCANe Child Abuse Screening Tool
(ICAST)-Trial measurement by Meinck et al [46]. Past-month time frame when measuring IPV has been
used in other similar pieces of research, such as a study by Ebert and Steinert [47], which examined expe-
riences of IPV during COVID-19 in Germany. Responses were dichotomously recoded, where 1 indicated
any experience of each subsequent type of IPV and 0 indicated no experience of each type of IPV in the
past month [48].

5Items adapted from the WHO VAWI and the core questionnaire in the WHO-MCS [45]: physical (1 item),
psychological (1 item), sexual (1 item), coercion (1 item), and economic abuse (1 item). Participants were

Men’s perpetration of
IPV

asked to give a frequency score on a scale of 0 to >8 times, with responses dichotomized into any perpetration
of IPV in the past month.

Secondary behavioral outcomes

2Two items used and adapted from Abramsky et al [49], namely: “In the past month, during any potential
times that you may have used violence against your partner, did they ever fight back physically to defend

Men’s experiences of
IPV

themselves?” and “In the past month, have you ever been hit or physically mistreated by your partner when
you were not hitting or physically mistreating them?” Respondents were asked to give a frequency score
on a scale of 0 to 8 or more times, with responses dichotomized.

2Two items were adapted from a questionnaire developed by researchers at the London School of Hygiene
and Tropical Medicine for a randomized controlled trial of a violence prevention intervention in Tanzania

Women’s perpetration of
IPV

[49]. Items included: “During any potential times that you were hit in the past month, did you ever fight
back physically to defend yourself?” and “In the past month, have you ever hit or physically mistreated
your partner when they were not hitting or physically mistreating you?” Respondents were asked to give a
frequency score on a scale of 0 to 8 or more times, with responses dichotomized.

1Item adapted from Abramsky et al [49] asking: “How many times in the past month did your partner show
you they cared and respected your feelings even though they disagreed with you?” Participants were asked
to give a frequency score on a scale of 0 to 8 or more times.

Women’s positive part-
ner interactions

1One item adapted from Abramsky et al [49], that asks, “How many times in the past month did you show
your partner you cared and respected their feelings even though you disagreed?.” Participants asked to give
a frequency score on a scale of 0 to 8 or more times.

Men’s positive partner
interactions
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Items, nStudy measurementOutcomes

4Measured using items adapted from questionnaires used in previous violence prevention interventions
[23,49]. In total, 3 items were adapted from Abramsky et al [49], which included questions on couple
communication, joint decision-making, and partner conflict resolution, with questions such as: “In the past
week, how many times did you and your partner talk about your worries and feelings?” and “In the past
week, how many times did you and your partner make a decision together?” The fourth item was adapted
from a questionnaire developed by researchers of a randomized controlled trial of a gender-transformative
violence prevention intervention in Rwanda [23], which asks: “In the past week, how many times did you
and your partner share housework and caregiving tasks equally?” Respondents were asked to report whether
in the past week the specific behavior occurred on a scale of 0 (never) to 3 (many times). The scores were
summed for all items for the overall gender-equitable behavior score. The possible overall score ranged
from 0 to 12.

Gender-equitable behav-
iors

6Measured using 6 items in the “Attitudes toward gender roles” section of the WHO-MCS [45], such as “A
woman should obey her husband’s wishes even if she disagrees.” Respondents were asked to indicate
whether they agree or disagree with the statements using a Likert scale ranging from 1 (strongly agree) to
5 (strongly disagree). Negative items were reverse-coded so that higher scores denoted more gender-equitable
attitudes. The scores were summed for all items for the overall attitude score. The possible overall score
ranged from 6 to 30.

Attitudes toward gender
roles and IPV

Background variables

8 (1
item
each)

Sociodemographic informationParent gender, age, rela-
tionship status, living
with partner, education
level, employment status,
partner employment sta-
tus, and number of chil-
dren

1Measured using 1 item adapted from the WHO VAWI and the core questionnaire in the WHO-MCS [45],
which asks, “How many times, in the past 12 months, did your partner do one of the following: insult or
shout at you, hit or shove you, or force you to have sex?” Respondents were asked to give a frequency score
on a scale of 0 to 8 or more times. Due to the skewed response patterns in the data for IPV, responses for
IPV were dichotomously recoded, where 1 indicated any experience of IPV and 0 indicated no experience
of IPV in the past year [48].

Women’s past-year IPV
experience (measured at
baseline)

aIPV: intimate partner violence.
bWHO: World Health Organization.
cVAWI: Violence Against Women Instrument.
dMCS: Multi-Country Study on Domestic Violence.
eISPCAN: International Society for Prevention of Child Abuse and Neglect.

Statistical Analysis
Data analyses were conducted using R (R Core Team).
Descriptive statistics and frequencies were used to describe the
sociodemographic characteristics of participants and to report
engagement outcomes, summarized using means (SDs), medians
(range), and N (%). To investigate changes in outcomes between
pre and posttest, McNemar chi-square tests (for dichotomous
variables) and paired dependent-sample t tests (for continuous
variables) were conducted, with corresponding 95% CIs and P
values [50,51]. Assumptions were examined to confirm no
violations existed. Data were analyzed using complete case
analysis.

Ethical Considerations
Ethical procedures were followed to ensure the safety and
welfare of study participants. At the start of the IPV assessment,
screening procedures ensured that men and women from the
same household were not interviewed about IPV. This is based
on the World Health Organization VAW research guidelines
[52] and ethical and safety recommendations for intervention
research on VAW [45] to prevent putting women at risk.
Consequently, men who responded that their partner was taking

part in the intervention were not asked the IPV items in the IPV
assessment and were only asked instead the questions on
attitudes toward IPV and gender roles and on gender-equitable
behaviors. In addition, efforts were also in place to ensure
responses to the IPV questions could not be viewed by others
by delivering the IPV assessment using ODK. This procedure
was implemented to protect participants by ensuring no
responses were saved on their mobile devices. Participants who
disclosed experiences of IPV were automatically provided
referrals to local services, customized to their regional context
that supported individuals experiencing violence. Local referral
information could also be accessed by writing “Help Me” and
choosing “Other Support” in the ParentText free text field. In
line with UNICEF risk communication and community
engagement guidelines [53], ParentText is also formatted to
detect high-risk keywords to identify potential disclosure of
dangerous situations via the free text field. Following detection,
ParentText automatically offers the participant an empathetic
and empowering reply with referral details that are customized
to the country, which supports parent and child safety (eg,
hotlines, police, and ambulance).
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Further ethical considerations that were taken within the research
project include recognitions surrounding power and limitations
of positionality [54]. For instance, it is worth noting that while
collaborators and members of the research team came from
several countries, the primary author of this paper is from and
is part of a research institution in the global north. Efforts to
address limitations associated with this positionality were put
in place, including integrating reflexivity across the stages of
the research process [55]. For example, during the research
design and data collection planning phase, members of local
grass-roots organizations, communities, and stakeholders in
Jamaica and South Africa were continuously consulted to review
and revise the IPV prevention content and assessment materials
[28]. Integrating these embedded consultations and opportunities
for research amendments with members of the local community
was a pivotal part of the research project, particularly given the
first author’s positionality as an “outsider” [55].

Ethics approval was obtained by the Department Research Ethics
Committee at the University of Oxford (Central University
Research Ethics Committee 2 Ref No: R69569/RE009). All
methods were carried out in accordance with relevant guidelines
and regulations. Informed consent to participate in the study
was obtained from all participants before enrolling in the study
and the intervention.

Results

Participants Characteristics
Participant characteristics are provided in Table 2 by country
and with an overall summary. A study flow diagram illustrating
the flow of participants through the trial is provided in Figure
5. The average age of participants across both countries was
34.4 (SD 8.74; range 16-57) years. The average age of women
in South Africa was 34.9 (SD 6.77; range 25-49) years and men
28.8 (SD 2.68; range 25-36) years. In Jamaica, where only
women were recruited into the study, the average age of women
was 39.9 (SD 11.52; range 16-57) years. Most participants,
across both countries, were partnered but not married (48/68,
71%). On average, participants had 2.23 (SD 1.19) children.
Approximately half of the participants across both countries
had a secondary education (36/68, 53%), and 7% (5/68) had
only primary education or less. In South Africa, among women
participants, 42% (8/19) were working and 58% (11/19) were
unemployed or looking for work. Among men, slightly more
were working (13/21, 62%), with 29% (6/21) unemployed or
looking for work. In Jamaica, among women participants, this
was similar, with 43% (12/28) working and 54% (15/28)
unemployed or looking for work. Across both countries, the
employment of partners was high (50/68, 74%), with only 18%
(12/68) with partners who were unemployed or looking for
work. Experience of IPV (women-report only due to safety
reasons) at baseline was high: 21% (4/19) of women participants
in South Africa and 29% (8/28) of women in Jamaica had
experienced some form of IPV in the past year, respectively.
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Table 2. Demographic characteristics of study participants in South Africa and Jamaica.

OverallJamaicaSouth Africa

Total (N=68)Women (n=28)Men (n=21)Women (n=19)

Gender, n (%)

47 (69)28 (100)N/Aa19 (48)Women

21 (31)—b21 (53)N/AMen

34.4 (8.74)39.9 (11.52)28.8 (2.68)34.9 (6.77)Age (y), mean (SD)

Relationship, n (%)

20 (29)12 (43)2 (10)6 (32)Married

48 (71)16 (57)19 (90)13 (68)Partnered but not married

2.23 (1.19)2.61 (1.25)1.19 (0.68)2.53 (1.17)Number of children, mean (SD)

Education, n (%)

5 (7)4 (14)0 (0)1 (5)Primary

36 (53)17 (61)10 (48)9 (47)Secondary

27 (40)7 (25)11 (52)9 (47)Higher

Employment, n (%)

33 (49)12 (43)13 (62)8 (42)Working

32 (47)15 (54)6 (29)11 (58)Unemployed or looking for work

2 (3)0 (0)2 (10)0 (0)Student

1 (2)1 (4)0 (0)0 (0)Retired

Partner’s employment, n (%)

50 (74)22 (79)17 (81)11 (58)Working

12 (18)3 (11)2 (10)7 (37)Unemployed or looking for work

2 (3)0 (0)2 (10)0 (0)Student

2 (3)2 (7)0 (0)0 (0)Retired

2 (3)1 (4)0 (0)1 (5)Refuse to answer

Experience of IPVc, n (%)

12 (26)f8 (29)Xe4 (21)Experienced IPV in the past yeard

aN/A: not applicable.
bNo men were recruited in Jamaica.
cIPV: intimate partner violence.
dFor safety reasons, men were not asked this question at baseline.
eMen were not asked this question at baseline due to safety reasons.
fOverall IPV here only includes women.
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Figure 5. Study flow diagram illustrating the flow of participants through the trial. CONSORT: Consolidated Standards of Reporting Trials.

User Engagement Outcomes
Overall engagement outcomes are provided in Table 3. The
ParentText program lasted 23 days, with the main IPV
prevention content delivered on day 2 and check-in messages
delivered within the first 12 days (Multimedia Appendix 2
provides an overview of the program content delivered each
day). In terms of engagement, in South Africa, the average
number of days in the program was 13 (SD 23.90) and 3 (SD
3.78) days for women and men, respectively. The average
number of days users interacted with the chatbot was 3 (SD
1.58) for women and 2.6 (SD 1.52) for men, each with an
average interaction rate of 0.57 (SD 0.26) interactions and 0.59
(SD 0.17) interactions per day, respectively. In Jamaica, the
average number of days in the program was 27 (SD 23.10) days,
and the average total number of days users interacted with the

chatbot was 5.2 (SD 5.45) days. The average interaction rate in
Jamaica was 0.21 (SD 0.20) interactions per day. In terms of
engagement across the 5 relationship topics, there was a greater
engagement with topics in Jamaica where engagement with
each topic ranged from 11% (3/28) to 29% (8/28) compared to
South Africa, where it ranged from 0% to 11% (2/19). In terms
of completion rates, in South Africa, 25% (5/20) and 5% (1/20)
of women and men completed 1 out of the 5 IPV topics, and
5% (1/20) and 0% completed all 5 IPV topics, respectively. In
comparison to the completion rate of overall ParentText
modules, 16% (3/19) and 9% (2/21) of women and men
completed all the parenting (ie, the non-IPV) ParentText
modules in South Africa. In contrast, in Jamaica, 21% (6/28)
completed 1 out of the 5 IPV topics, 11% (3/28) completed all
5 IPV topics, and 18% (5/28) completed all the parenting
ParentText modules.
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Table 3. ParentText user engagement outcomes of the 23-day program in South Africa and Jamaica, including overall retention, engagement per
intimate partner violence (IPV) topic, and IPV topic completion rate.

JamaicaSouth AfricaOutcomes

Women (N=28)Men (N=21)Women (N=19)

Overall retention, mean (SD)

27 (23.10)3 (3.78)13 (23.90)Number of days in programa

5.2 (5.45)2.6 (1.52)3 (1.58)Number of active days the user interacted with the chatbotb

0.21 (0.20)0.59 (0.17)0.57 (0.26)Number of interactions per dayc

Engagement per IPV topicd

Participants who viewed each IPV topic, n (%)

7 (25)2 (10)2 (11)Relationship topic 1: “Treat each other as equals”

4 (14)0 (0)2 (11)Relationship topic 2: “Become a confident parent and supportive spouse”

5 (18)1 (5)2 (11)Relationship topic 3: “Share family responsibilities”

3 (11)1 (5)2 (11)Relationship topic 4: “Resolve conflict peacefully”

8 (29)1 (5)2 (11)Relationship topic 5: “Listen and talk to each other”

3 (11)0 (0)1 (5)All relationship topics (viewed all relationship topics)

Completion rate of IPV topics completed, n (%)e

6 (21)1 (5)5 (25)1

3 (11)0 (0)0 (0)2

1 (4)0 (0)0 (0)3

0 (0)1 (5)0 (0)4

3 (11)0 (0)1 (5)5

18 (0.20)9 (0.06)16 (0.19)Completion rate of ParentText parenting modules, mean (SD)

aMeasured by the final day participant used the chatbot, subtracted by the first day the participant used the chatbot (note: this measure includes inactive
days).
bNumber of days participants actively interacted with ParentText (note: this measure excludes inactive days).
cMeasured by the number of interactions logged per day divided by the total number of days the participant actively interacted with ParentText.
dMeasured based on the number of participants who viewed each IPV topic.
eNumber of IPV topics completed out of the total 5 topics.

Behavioral Outcomes

Experiences and Perpetration of IPV
Table 4 presents the descriptive results of the IPV outcomes,
summarizing experiences of IPV among women and perpetration
of IPV among men using past-month frequencies at pre and
posttest and P values for each outcome. At posttest, 73% (11/15)
of women in South Africa and 72% (13/18) of women in
Jamaica reported experiencing some form of IPV, compared to
84% (16/19) and 96% (23/24) at baseline, reductions that were
significant in South Africa (P=.01) and in Jamaica (P=.01).

Experiences of all subtypes of IPV for women in both South
Africa and Jamaica also showed reductions at posttest, and so
did acts of self-defense and perpetration (Multimedia Appendix
5). For perpetration of IPV among men, at posttest, 75% (9/12)
of men in South Africa perpetrated some form of IPV, compared
to 85% (11/13) at baseline, which was nonsignificant for overall
perpetration of IPV (P=.06). Analyses of subtypes of IPV,
however, found significant reductions in psychological (P=.04),
physical (P<.001), and sexual (P<.001) violence among men
in South Africa (Multimedia Appendix 5). Detailed tables of
the primary and secondary outcomes are provided in Multimedia
Appendix 5.
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Table 4. Primary behavioral outcomes for women’s past-month experience of overall intimate partner violence (IPV) in South Africa and Jamaica and
men’s past-month perpetration of overall IPV in South Africa.

P valuebPosttest overall IPV, n (%)Baseline overall IPV, n (%)a

Women’s experience of overall IPV (past month)

.0111/15 (73)16/19 (84)South Africa

.0113/18 (72)23/24 (96)Jamaica

Men’s perpetration of overall IPV (past month)

.069/12 (75)11/13 (85)South Africa

a% used is proportional to the baseline and posttest samples, respectively.
bMcNemar chi-squared P value.

Positive Partner Interactions
Table 5 presents outcomes on positive partner interactions
measured through respectful behaviors, summarized using means

and SDs for pre and posttest along with P values. There were
no significant effects detected for change in positive partner
interactions reported by men or women.

Table 5. Secondary behavioral outcomes for positive partner interactions in the past month, overall attitude toward gender roles and intimate partner
violence (IPV), and overall gender-equitable behaviors in the past week for women and men in South Africa and women in Jamaica.

P value (t test)Posttest, mean (SD)Baseline, mean (SD)

Positive partner interactions

South Africa

.574.14 (2.98)4.74 (2.84)Women (n=15)

.105.67 (2.46)3.92 (2.50)Men (n=12)

Jamaica

.143.89 (2.54)5.08 (2.60)Women (n=15)

Overall attitudea toward gender roles and IPV

South Africa

.9810.13 (3.89)10.11 (2.71)Women (n=14)

.018.88 (2.63)11.90 (3.82)Men (n=16)

Jamaica

.5611.89 (2.35)11.39 (3.45)Women (n=15)

Overall gender-equitable behaviorsb

South Africa

.637.93 (3.53)7.37 (2.95)Women (n=15)

.029.75 (1.61)7.81 (1.94)Men (n=16)

Jamaica

.807.39 (2.85)7.14 (3.49)Women (n=15)

aA lower score indicates less harmful attitudes toward IPV and gender roles.
bA higher score indicates more gender-equitable behaviors in the past week.

Attitudes Toward (Harmful) Gender Roles and IPV
Table 5 summarizes means and SDs for the attitude outcomes
at pre and posttest, with P values for each attitude outcome also
provided. Analyses indicate a significant reduction in harmful
attitudes toward IPV and gender roles reported by men in South
Africa (P=.01); however, no effects were reported among
women in South Africa (P=.98) or in Jamaica (P=.56).

Gender-Equitable Behaviors
Analyses found a significant increase in gender-equitable
behaviors for men (P=.02; Table 5). No significant effects were
detected for women in South Africa (P=.63) or in Jamaica
(P=.80).
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Discussion

Principal Findings
To the best of our knowledge, this pre-post pilot study is the
first that examines user engagement and indicative outcomes
in a digital parenting intervention with integrated IPV prevention
content [22]. The study offers valuable, preliminary insights
across 2 countries on user engagement with a digital parenting
intervention with integrated IPV prevention, as well as provides
exploratory, indicative results on IPV experience and
perpetration, attitudes toward IPV, and gender-equitable
behavior outcomes. First, we will discuss the key findings on
levels of user engagement. While the average daily interaction
rate was higher in South Africa (0.57 and 0.59 interactions per
day for women and men, respectively) compared to Jamaica
(0.21 interactions per day), the average number of days users
stayed in the program in Jamaica was greater (27 days),
compared to South Africa (13 and 3 days for women and men,
respectively). Due to WhatsApp messaging restrictions, “push”
messaging was paused after 24 hours of user inactivity, until
user activity resumed. Given research findings that highlight
the importance of messaging reminders in digital interventions
[56], this restriction may have contributed to some of the low
engagement levels observed.

The completion rate of engaging with at least 1 IPV topic in the
program was lower than expected across the intervention, with
completion rates of 5% (1/20) for men and 25% (5/20) for
women in South Africa, and 21% (6/28) for women in Jamaica.
The completion rates of all 5 IPV topics were much lower, with
0% of men and 5% (1/20) of women in South Africa, and 11%
(3/28) of women in Jamaica completing all 5 IPV prevention
topics. Even though user engagement and retention rates have
been noted as a challenge in digital interventions [57],
completion rates in this study were lower than anticipated in
comparison to findings in the field. For example, a review of
digital interventions for parents with young children found that
attrition rates in digital parenting programs ranged from 30%
to 50% [58]. Accordingly, the low completion rates of the IPV
topics observed in ParentText raise questions about whether
user engagement in the program was sufficient to change
complex behaviors and deeply rooted attitudes surrounding
violence and gender roles.

There are various possible reasons for the low levels of
engagement with the IPV content observed in ParentText. First
is the format of the program schedule. On day 2 of the
ParentText program, participants were provided with a list of
all 5 IPV prevention topics, which they could choose to explore.
After selecting a topic to view, users were given the option to
view one of the other IPV topics. However, it is possible that
viewing >1 IPV prevention topic per day may have been
overwhelming for users. Therefore, this may have inhibited
users from engaging with multiple IPV topics in the program.
Another element that may have affected engagement was the
timing of the program “check-in” reminders. Participants
received “check-in” messages in the latter part of the program
(days 4-12; Multimedia Appendix 2), where they were
encouraged to revisit and explore the IPV topics they had not

yet engaged with. However, given the already low average
number of days for which the participants remained in the
program, it is likely that many participants did not receive these
messages. These findings raise important questions on how to
increase engagement with the IPV modules integrated into the
ParentText. For example, amending the timing of content
delivery might be one way to increase engagement. For example,
a study assessing a text-messaging intervention focusing on
promoting health relationships found that the timing of message
delivery played a key role in program engagement and that if
delivered at the wrong time, users might be less likely to engage
with the text messages [59].

Taken together, these study results give valuable insight into
how users engage with IPV content integrated into a chatbot
and suggest that rather than interacting with the chatbot content
daily, users appear to interact with the chatbot at their own pace.
Consequently, providing more options for user-led selection of
program content would be important for future iterations of the
chatbot to ensure users can access and revisit the information
they need more readily. The importance of user-led content
delivery has also been underscored by other digital parenting
intervention research. For instance, findings from a study on
the digital fatherhood program “SMS4dads” revealed that the
length of time between users receiving a text message with a
link to program content to that of users clicking the link was,
on average, 2.11 (SD 3.94) days [60]. This highlights how
engagement with digital intervention content is often not
instantaneous, but rather asynchronous and driven by users’
schedules [60]. Accordingly, in future versions of ParentText,
combining “push” notification reminders with user-led selection
of program content might help increase user engagement.
Notably, since the present trial of ParentText in South Africa
and Jamaica, newer versions of the WhatsApp settings have
been released, which allow future iterations of the program to
override the 24-hour limit inhibiting “push” messages after user
inactivity.

More broadly, the relatively low levels of user engagement
found in this pilot study raise questions as to whether a digital
modality is sufficient when delivering intervention content
related to complex gender-equitable beliefs and behaviors. It
may be the case that a hybrid approach, combining both digital
content delivery and in-person sessions, might be necessary.
For instance, a study on enhancing father engagement in
parenting programs revealed that in terms of intervention
delivery, fathers prefer less intensive and low-dose programs,
including internet‐based interventions [61]. However, a recent
systematic review of interventions promoting gender equality
noted that in various studies it was found that dialog was critical
for driving change in gender norms [62]. The importance of
dialog is further underscored by research examining men’s
engagement in family and health interventions, revealing that
men value and often seek the opportunity to connect with other
men to discuss parenting and fatherhood, even though cultural
norms sometimes hinder this. Together, these findings suggest
that a combination of digitally delivered content and in-person
discussion opportunities might be needed. Various studies also
suggest that using face-to-face recruitment and participatory,
peer-engaged methods is an effective approach for engaging
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parents, particularly fathers [63,64]. Research findings also
suggest that providing opportunities to critically discuss and
engage in dialog with others, especially on difficult topics, plays
a valuable role not only in terms of engagement but also in terms
of creating change and shifting harmful gender attitudes
[17,62,64]. Taken together, it may be possible that low-intensity,
1-way engagement with a chatbot is insufficient to create change
in more deeply rooted behaviors and attitudes among users and
that more interactive engagement is needed to shift behaviors
and beliefs. While these hybrid options and amendments may
improve engagement, it should be noted that they will also
increase intervention costs and limit scalability, which are some
of the benefits of digital-only interventions [24].

It is also possible that the low level of user engagement with
the IPV prevention topic was due to other factors, such as the
format of the program. The IPV content in ParentText was only
delivered on 1 specific day, after which only check-in messages
were sent (refer to Figure 4 for an overview of the content
delivery schedule). Receiving the option to view all the IPV
content on the same day may potentially have been
overwhelming for participants. This may have reduced user
engagement rates due to intervention fatigue [65], which is
cognitive or emotional weariness resulting from competing
demands of intervention engagement and other burdens in daily
life [66] and has been linked to intervention adherence.
Considerations for future iterations of ParentText include (1)
delivering all the content automatically (since optional and
supplemental content in digital interventions is often associated
with low engagement [67]) and (2) adjusting the timing of
content and spreading out the delivery of the IPV content to
allow mental rests in between new material, strategies that have
been suggested to reduce intervention fatigue [65]. Notably,
this is already an amendment that future iterations of ParentText
are incorporating and that is currently being implemented in a
trial of an updated version of ParentText in Malaysia [68]. This
integrated approach of implementing IPV prevention content
beyond a single module is also a strategy that is favored and
advocated by gender-transformative approaches and is one that
is being advocated more broadly in the parenting field [69].

The exploratory analyses of the behavioral outcomes, while
only preliminary, are also important to discuss. In terms of IPV,
women in Jamaica reported a significant reduction in overall
experiences of IPV at posttest. These tentative findings are in
line with results from other parenting and gender-transformative
programs that have found reductions in both IPV experience at
posttest and even at follow-up [18,23,37]. For example, findings
from an RCT of a gender-transformative intervention in Rwanda
found that, compared to the control, women in the intervention
group reported reductions in both physical and sexual IPV
following the intervention [23].

In contrast to the significant reductions in IPV experience among
women, no significant effects for overall IPV perpetration were
detected among men in South Africa. However, analyses of IPV
subtypes found significant reductions in psychological violence,
physical violence, and sexual violence among men in South
Africa (Multimedia Appendix 5). The lack of change in overall
IPV perpetration might be related to the low level of male
engagement. Notably, the user engagement and the IPV

completion rate of men in South Africa were 50% less than
those of women. Hence, the limited interaction men had with
the chatbot may not have been sufficient to change these
behaviors.

It may also be the case that more interactive engagement is
needed to shift these complex behaviors. For instance, emerging
findings suggest that content modality can impact digital
intervention outcomes [42], as highlighted in a recent study on
ChattyCuz, a chatbot intervention that aims to support young
women in navigating intimate relationships in South Africa
[70]. Interestingly, an RCT of ChattyCuz found that while the
gamified version of the chatbot (treatment 1) led to modest but
significant reductions in IPV experience compared to those
without treatment, in the narrative treatment, there was no effect
on IPV experience [70]. The authors hypothesize that the lack
of measurable effect on IPV experience in the narrative
treatment arm of the study might be related to the lack of user
interaction, that greater engagement with intervention content
is necessary for behavior change, and that an information-only
approach is insufficient [70]. These findings highlight how low
levels of user engagement in ParentText might play a role in
the lack of behavior changes detected and underscore that,
amendments to the program modality might be needed to make
the content more interactive to shift behaviors. Recent studies
have also demonstrated the strong impact that interpersonal
relationships have on gender attitudes, underscoring the need
for interventions to not only target individuals but also social
networks, such as peers and family members through, for
example, critical reflection and dialog among social groups
[71]. Research suggests that programs that have shown evidence
of change in gender norms involve the engagement of
stakeholders at different levels of the social-ecological model,
include activities that allow for active participation, and promote
critical awareness [14]. Consequently, it is possible that greater
interactive engagement is needed to see greater changes in IPV
experience and perpetration.

This study also revealed a significant overall reduction in
harmful attitudes toward IPV as well as a significant increase
in overall gender-equitable behaviors among men in South
Africa. These indicative effects are promising, and while caution
is warranted given the small sample, the findings align with
other interventions that have observed reductions in harmful
attitudes among men at posttest and detected increases in
gender-equitable behaviors following gender-transformative
interventions [72,73].

Strengths and Limitations
The study has various strengths worth noting. As the first study
of a digital parenting intervention with integrated IPV prevention
content, the present research makes a valuable contribution to
the field of violence prevention and targeted efforts seeking to
address VAC and IPV concurrently. With a growing emphasis
in policy and research on preventing multiple forms of violence
simultaneously [74], this study sheds light on preliminary
behavioral outcomes and how users engage in IPV prevention
content that has been integrated into a digital parenting
intervention. Another strength of the study is the use of data
from 2 countries. By delivering the program in 2 different
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regions and cultures, this study offers an insight into important
considerations to bear in mind before scaling up the intervention.
For instance, the challenges with recruiting men in Jamacia
compared to South Africa suggest that alternative recruitment
strategies might be needed when scaling up the intervention in
the Caribbean region.

The study also has various limitations. The first relates to the
lack of a control group, without which causality cannot be
established from the pre-post data. The study also had a small
sample size, which means that the research findings need to be
interpreted with caution given that there is limited statistical
power in detecting pre-post intervention effects. Consequently,
the next step is a fully powered RCT to establish effectiveness.
Future research would also benefit from incorporating a factorial
experiment design, which can be used to examine which specific
intervention components have an effect on outcomes and which
components interact with each other [75]. Knowing which
components should be kept to sustain impact when taking an
intervention to scale or delivering it in a new setting is critical,
especially when considering program length and implementation
costs [76]. Including follow-up assessments to examine whether
intervention effects remain, become reduced, or are delayed
over time [77] would also be beneficial in future studies as this
study was limited to a 6-week posttest due to resource and time
constraints. In addition, the study used a convenience sampling
approach, which may limit the generalizability of the study
findings. For example, it is possible that caregivers who opted
to take part in the parenting program were more willing to
change, which may bias the results. The outcomes in the study
were also self-reported, and consequently, they may be subject
to disclosure bias, recall bias, and social-desirability bias,
leading to under reporting of unfavorable behaviors and over
reporting of what might be perceived as desirable answers.
However, given that the self-reports were carried out on
participants’ phones and participants were told the reports were
fully anonymized, this will likely have reduced desirability bias
in the quantitative surveys.

Another important limitation is that while in this study,
participants were provided with mobile credit, this may not
always be realistic in a real-world setting. While access to the
internet and mobile data are increasing globally [78], it is
important to explore potential options of being able to use the
program without mobile data, especially when planning
strategies for scale-up and delivery. One digital intervention
that has explored this is the parenting program ParentApp for
Teens, which is a mobile app designed for offline use that targets

parents of teenagers [79,80]. There are also assessment
limitations related to the self-reported measurements used in
this study. Given the sensitive nature surrounding IPV and
attitudes toward violence, it is possible that participants were
hesitant to disclose violence due to stigma or fear of being
endangered, leading to under reporting and consequently leading
to undetected changes in behaviors [81]. Similarly,
social-desirability bias may have also impacted the measurement
of behavioral outcomes, particularly the measurement of IPV
perpetration, which has been found to be more prone to
social-desirability bias than reports of IPV experience [82].

An additional limitation worth noting is that men were
underrepresented in the study. Recruitment of male caregivers
is a known difficulty with parenting interventions [83], and even
though it was possible to recruit both male and female caregivers
in South Africa, it was only possible to recruit female caregivers
in Jamaica. The lack of male caregivers from Jamaica means
that certain experiences may have been underestimated due to
the low number of fathers included. This challenge highlights
the need for future studies to ensure greater efforts are taken to
adopt recruitment strategies that ensure men are also included.
In future studies, it would also be valuable to include people
aged between 16 and 17 years in the South African sample to
better understand how adolescent parents in South Africa engage
with the chatbot.

Conclusions
This research presents tentative findings on the first-ever attempt
to research the integration of IPV and parenting content into a
digital intervention. Some of the preliminary results of the
intervention are promising, with indications of reductions in
overall IPV for women and a potential decrease in harmful IPV
attitudes among men. However, the high rates of IPV
experiences and perpetration reported at the posttest are still
concerning and suggest that greater intervention efforts and
programmatic amendments are likely necessary to tackle
deep-rooted attitudes and harmful behaviors. In addition, the
unexpectedly low levels of engagement in the intervention raise
questions about whether interactions with the chatbot were
sufficient to shift behaviors and attitudes and suggest that a
hybrid approach to program delivery might be necessary. Given
the urgent need for scalable prevention efforts that can tackle
multiple forms of violence concurrently [84], more research is
necessary to further explore how to increase chatbot user
engagement and achieve greater reductions in IPV and harmful
attitudes toward gender roles and IPV.
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Abstract

Background: The iAide2 (Tokai) physical activity monitoring system includes diverse measurements and wireless features
useful to researchers. The iAide2’s sleep measurement capabilities have not been compared to validated sleep measurement
standards in any published work.

Objective: We aimed to assess the iAide2’s sleep duration and total sleep time (TST) measurement performance and perform
calibration if needed.

Methods: We performed free-living sleep monitoring in 6 convenience-sampled participants without known sleep disorders
recruited from within the Waki DTx Laboratory at the Graduate School of Medicine, University of Tokyo. To assess free-living
sleep, we validated the iAide2 against a second actigraph that was previously validated against polysomnography, the MotionWatch
8 (MW8; CamNtech Ltd). The participants wore both devices on the nondominant arm, with the MW8 closest to the hand, all
day except when bathing. The MW8 and iAide2 assessments both used the MW8 EVENT-marker button to record bedtime and
risetime. For the MW8, MotionWare Software (version 1.4.20; CamNtech Ltd) provided TST, and we calculated sleep duration
from the sleep onset and sleep offset provided by the software. We used a similar process with the iAide2, using iAide2 software
(version 7.0). We analyzed 64 nights and evaluated the agreement between the iAide2 and the MW8 for sleep duration and TST
based on intraclass correlation coefficients (ICCs).

Results: The absolute ICCs (2-way mixed effects, absolute agreement, single measurement) for sleep duration (0.69, 95% CI
–0.07 to 0.91) and TST (0.56, 95% CI –0.07 to 0.82) were moderate. The consistency ICC (2-way mixed effects, consistency,
single measurement) was excellent for sleep duration (0.91, 95% CI 0.86-0.95) and moderate for TST (0.78, 95% CI 0.67-0.86).
We determined a simple calibration approach. After calibration, the ICCs improved to 0.96 (95% CI 0.94-0.98) for sleep duration
and 0.82 (95% CI 0.71-0.88) for TST. The results were not sensitive to the specific participants included, with an ICC range of
0.96-0.97 for sleep duration and 0.79-0.87 for TST when applying our calibration equation to data removing one participant at a
time and 0.96-0.97 for sleep duration and 0.79-0.86 for TST when recalibrating while removing one participant at a time.

Conclusions: The measurement errors of the uncalibrated iAide2 for both sleep duration and TST seem too large for them to
be useful as absolute measurements, though they could be useful as relative measurements. The measurement errors after calibration
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are low, and the calibration approach is general and robust, validating the use of iAide2’s sleep measurement functions alongside
its other features in physical activity research.

(JMIR Form Res 2025;9:e63529)   doi:10.2196/63529
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Introduction

Background
The iAide2 (Tokai) is a physical activity monitoring system
that measures intensity levels, step counts, temperature, and
pulse rate [1,2] to assess activity and sleep, with
minute-by-minute assessment of wake/sleep [3,4]. It is based
on TDK’s Silmee W20/W22 actigraphs [4-6] used in previous
research [5,7-9]. The iAide2 supports long trials (via
rechargeability and off-watch data storage) and timely behavior
feedback (via a wireless EVENT button and near–real-time
access to data). Its sleep measurements are not well validated;
Kimura et al [7] compared its predecessor, the W20, to
video-monitoring sleep assessment (which is itself unvalidated),
and reported 5 sleep duration values, with detailed methodology
not given [7].

Actigraphs are commonly validated against polysomnography
(PSG) or another actigraph. PSG, though imperfect, is the gold
standard of sleep measurement [10]. PSG’s complexity requires
sleep in a laboratory [11], which is costly and unrepresentative
of free-living sleep. Watch-based actigraphy can efficiently
collect multiple nights’ data in a natural environment [12,13].

Objective
We assessed iAide2-measured sleep duration and total sleep
time (TST) in participants without sleep disorders and added
calibration when needed.

Methods

Approach
To assess free-living sleep, we validated iAide2 against a second
actigraph, the MotionWatch 8 (MW8; CamNtech Ltd) [14],
using methods similar to other actigraph-to-actigraph
comparisons [11,15-17]. The MW8 is validated against PSG
[18-20], with high correlations (r=0.920) and no significant bias
(7.0 minutes) for TST [19]. Researchers have used the MW8
to assess sleep in people without sleep disorders [21-23]. We
used validated MW8 settings (mode 1, 30-second epochs, and
a threshold of 20 [24,25]).

Data Collection
We collected data from a convenience sample of members of
the Waki DTx Laboratory at the Graduate School of Medicine,
University of Tokyo. The laboratory is investigating lifestyle
interventions to improve sleep and exercise and identified the
iAide2 as a candidate measurement device. This validation study
assessed the accuracy of iAide2 sleep monitoring in 6
individuals without known sleep disorders. They wore both

devices on the nondominant arm, with the MW8 closest to the
hand, all day except when bathing.

The participants used the MW8 EVENT-marker button to record
bedtime (when they began trying to sleep) and risetime (when
they stopped trying to sleep). The duration between these times
is time in bed (TIB). Our MW8 and iAide2 assessments both
used these nonactigraphy measurements.

MotionWare (version 1.4.20; CamNtech Ltd) provided sleep
onset (“Fell Asleep” in MotionWare, the earliest time after
bedtime when the participant was asleep), sleep offset (“Woke
Up,” the latest time prior to risetime when the participant
transitioned from asleep to awake), and TST (the sum of all
minutes of sleep between sleep onset and offset) [25]. From
these measurements, we derived sleep onset latency (the duration
between bedtime and sleep onset), sleep offset latency (the
duration between sleep offset and risetime), and sleep duration
(the duration between sleep onset and sleep offset).

We used a similar process with the iAide2, using iAide2
software (version 7.0). We defined sleep onset as the time of
the first sleep after bedtime. Similarly, we defined sleep offset
as 1 minute after the time of final sleep prior to risetime. We
defined TST as the sum of minutes asleep within the sleep
duration period.

Statistical Analysis
We compared measurements using intraclass correlation
coefficients (ICCs; 2-way mixed effects, absolute agreement,
single measurement, unless otherwise specified) [26,27]. We
used the irr package 0.84.1 in R for point estimation of ICC
and calculating 95% CIs, and R (version 4.2.1) for calibration.

Ethical Considerations
The University of Tokyo School of Medicine institutional review
board (2024137NI) approved this study, which abided by the
Declaration of Helsinki. Participants provided verbal consent
for data collection upon recruitment. All participants provided
written consent for the use of their data. Participants’ data were
anonymized. No compensation was provided.

Results

Participants
We recruited 6 participants (aged 24-63 years) and recorded
data for 64 nights (Figure 1). The number of nights per
participant varied from 5 to 21. The average nightly sleep
duration via MW8 per participant varied from 5.52 to 6.73 hours,
and the participants differed in the regularity of their sleep
durations.
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Figure 1. Participants’ information and sleep duration measured using the MotionWatch 8 actigraph (MW8; 6 participants, 64 nights).

Measurements
The iAide2 underestimated duration relative to the MW8 and
showed moderate ICC of 0.69 (95% CI –0.07 to 0.91; Figure
2A) [26]. Relative performance was excellent (ICC=0.91, 95%
CI 0.86-0.95; 2-way mixed effects, consistency, single
measurement) [26]. The mean, maximum, and minimum

differences between iAide2 and MW8 were –0.86, 0.22, and
–2.22 hours, respectively (Figure 2B).

Similarly, the iAide2 underestimated TST and showed moderate
ICC of 0.56 (95% CI –0.07 to 0.82; Figure 2C) and a good
consistency ICC (2-way mixed effects, consistency, single
measurement) of 0.78 (95% CI 0.67-0.86). The mean, maximum,
and minimum differences between iAide2 and MW8 were –0.93,
0.80, and –3.20 hours, respectively (Figure 2D).
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Figure 2. Scatter plot and Bland-Altman plot for measured sleep duration and total sleep time using iAide2 and the MotionWatch 8 actigraph (MW8;
64 nights).

Calibration
Our iAide2 data showed very small sleep offset latencies (mean
0.03 hours) but significant overestimates of sleep onset latency,
so we corrected the sleep duration by the difference between
the iAide2-measured sleep onset latency and an iAide2 sleep
onset latency calibrated to the MW8 measurements via ordinary
least squares (OLS). We added a small (<5 minute) bias
correction, selected to optimize ICC, to account for small offset
latency biases. To prevent physically impossible results, we
limited the calibrated duration to be no longer than the TIB.
The resulting calibration equation is D’ = min {0.59S + D +
0.26, TIB} (hours), where D is the measured duration, S is the
measured sleep onset latency, and D’ is the calibrated duration.

For TST, we used OLS to calibrate the measured TST value,
limiting the result to be not greater than the calibrated sleep
duration. The resulting equation is T’ = min {0.73T + 2.15, D’}
(hours), where T is the measured TST and T’ is the calibrated
TST.

Calibration greatly improved accuracy. Sleep duration had
excellent ICC (0.96, 95% CI 0.94-0.98; Figure 3A). The mean
difference almost disappeared (–0.01 hours) and the difference
between the maximum (0.72 hours) and minimum (–0.96 hours)
values decreased (Figure 3B). TST similarly had greatly
improved accuracy, with good ICC (0.82, 95% CI 0.71-0.88;
Figure 3C). The mean difference became almost zero (–0.04
hours) and the difference between the maximum (1.15 hours)
and minimum (–1.93 hours) values decreased (Figure 3D).

JMIR Form Res 2025 | vol. 9 | e63529 | p.1246https://formative.jmir.org/2025/1/e63529
(page number not for citation purposes)

Waki et alJMIR FORMATIVE RESEARCH

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


Figure 3. Scatter plot and Bland-Altman plot for calibrated sleep duration and total sleep time using iAide2 and the MotionWatch 8 actigraph (MW8;
64 nights).

Because our sample size is small with a varying number of
nights per participant, we conducted a sensitivity analysis to
determine how the ICC agreement rate changes based on the
included participants. First, to show that our ICCs are not
sensitive to the exact individuals, we performed trials excluding
the data of one participant at a time, recalibrating for each trial.
The calibrated ICC range was 0.96-0.97 for sleep duration,
effectively unchanged from 0.96 in the baseline analysis, and
0.79-0.86 for TST, similar to 0.82 in the baseline analysis,
demonstrating that our results are not highly influenced by the
variability in number of nights per participant. To demonstrate
the generality of our calibration equations, we applied the
calibration derived from all participants’data to trials excluding
one participant at a time. The ICC range was 0.96-0.97 for sleep
duration and 0.79-0.87 for TST, again similar to baseline
analysis values, showing that our calibration has high generality
and is not highly dependent on any one participant’s data.

Discussion

Principal Findings
The absolute accuracies of uncalibrated iAide2 measurements
for sleep duration (ICC=0.69) and TST (ICC=0.56) are relatively
poor. Uncalibrated data could be useful in applications needing
relative measurements, with good values for the consistency
version of the ICC (2-way mixed effects, consistency, single
measurement) of 0.91 for sleep duration and 0.78 for TST.

The calibrated measurements have excellent absolute accuracy.
The ICCs for sleep duration (0.96) and TST (0.82) are
comparable to or better than those reported previously (0.67
and 0.68 for sleep duration and 0.77 and 0.84 for TST [28,29]).
Sensitivity analysis revealed essentially unchanged performance
when applying this calibration to data while removing one
participant at a time and when recalibrating while removing
one participant at a time. The calibration methods are simple
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and have good statistical bases. The calibrated iAide2
measurements of sleep duration and TST seem usable in a wide
range of applications.

Limitations
The MW8, our validation standard, has its own errors, with a
reported underestimation of sleep onset latency (mean difference
8.9 minutes) and overestimation of TST (mean difference 47.1
minutes) relative to PSG [30]. Validation against other
standards, including PSG, is warranted.

We used more nights (N=64) than some PSG-based validation
studies (N=20, 37, and 38) but fewer than actigraph-based

research (N=140) [17,18,31,32]. Our convenience sample was
small (N=6); however, it included a mix of ages, sex, and
sleeping regularity. Our results may not fully apply to other
populations; and larger studies are warranted.

Conclusions
The iAide2 has interesting measurement capabilities with
convenient features, and validating its sleep measurement
accuracy adds to its usefulness. The absolute accuracies are
low, but good relative accuracy may be suitable for some
applications. Its postcalibration accuracies are excellent and
well validated against the MW8.
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PSG: polysomnography
TIB: time in bed
TST: total sleep time
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Abstract

Background: There is a growing concern that digital health care may exacerbate existing health disparities. Digital health care
or eHealth encompasses the digital apps that are used in health care. Differences in access, use, and perceived benefits of digital
technology among socioeconomic groups are commonly referred to as the digital divide. Current research shows that people in
lower socioeconomic positions (SEPs) use eHealth less frequently.

Objective: This study aims to (1) investigate the association between SEP and eHealth access to, use of, and perceived benefit
within the adult Dutch population and (2) evaluate disparities in eHealth access, use, and perceived benefit through three
socioeconomic variables—education, standardized income, and the socioeconomic status of the neighborhood.

Methods: A secondary analysis was conducted on data from the Nivel Dutch Health Care Consumer Panel (response rate 57%,
849/1500), to assess access to, use of, and perceived benefits from eHealth. These data were collected to monitor eHealth
developments in the Netherlands. eHealth was examined through two concepts: (1) eHealth in general and (2) websites, apps,
and wearables. Results were stratified into 9 SEP populations based on 3 indicators—education, standardized income, and
socioeconomic status level of the neighborhood. Logistic regression analyses were performed to evaluate whether the outcomes
varied significantly across different SEP groups. Age was included as a covariate to control for confounding.

Results: This study confirms the association between eHealth and SEP and shows that low SEP respondents have less access
(odds ratio [OR] 5.72, 95% CI 3.06-10.72) and use (OR 4.96, 95% CI 2.66-9.24) of eHealth compared to medium or high SEP
respondents. Differences were most profound when stratifying for levels of education.

Conclusions: The access to and use of eHealth has a socioeconomic gradient and emphasizes that SEP indicators cannot be
used interchangeably to assess eHealth access and use. The results underline the importance of activities and policies aimed at
improving eHealth accessibility and usage among low SEP groups to mitigate disparities in health between different socioeconomic
groups.

(JMIR Form Res 2025;9:e49585)   doi:10.2196/49585
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Introduction

Digital health care is expected to provide benefits for health
care systems, providers, and patients and is considered a solution
to address workforce shortages and rising health care costs [1-4].
Moreover, digital health care is anticipated to enhance the
quality of care, stimulate patient self-management, and improve
health accessibility and equity [1-4]. Digital health care or
eHealth is defined as the digital apps that are used in health
care. Health care policies focus on increased use of and
dependency on the eHealth apps [4-6]. Concerns have been
raised that digital health care may not be equally accessible for
all [7-13]. Populations with lower socioeconomic positions
(SEPs) are more likely to encounter financial, skill, or cognitive
barriers to accessing and using eHealth, such as limited access
to devices, limited digital health skills, or limited ability to take
the initiative in using eHealth [7,11-16]. Additionally, these
populations experience challenges in comprehending and
implementing health information and healthy behaviors in daily
life [17-21].

The demand for health care services is often higher in low-SEP
populations, as people with a low SEP endure more often from
chronic illnesses [18,19,22,23]. Research shows that low-SEP
populations often have different views on health and the possible
benefits of healthy behaviors compared to high-SEP populations
[24-27]. Studies find that low-SEP populations have less time,
more stress, and limited financial capacities to implement
healthy behaviors [26]. Next to this, it is theorized that health
beliefs often find origin in the health beliefs of previous
generations [24-27]. In the context of low SEP, the expectation
of a shorter life and the belief that their own behavior has limited
influence on their longevity pose barriers to adhering to healthy
behaviors [20]. Therefore, the digitalization of health care could
seriously impact the access and use of health care for those who
need it most [5,6,13,28-31].

National digital connectivity and policies that stimulate the
transition toward a digital health care system could improve the
implementation and accessibility of eHealth. The European
Union and its member states deploy policies to realize the digital
transition of health care systems [5,6]. Some states, such as the
Netherlands, have been experimenting with digital health care
for over a decade [4,6]. Most Dutch households (98%) have
fast broadband coverage (2020) and 88% of the Dutch
population uses mobile broadband (2019), which indicates the
use of a mobile phone or other device with mobile internet
access [5]. The level of connectivity in the Netherlands could
facilitate the implementation of digital health care [5].

Several countries have developed national eHealth monitoring
programs to monitor the uptake and effects of eHealth among
health care professionals and citizens [32-34]. From a citizen’s
perspective, the monitoring programs focus on the use and
evaluation of eHealth that involve citizen interaction [32-34].
This includes applications such as websites, apps, and wearables

that citizens can use independently or involve eHealth tools that
facilitate digital communication with a health care professional,
such as video calls or messaging via patient portals [32-34].
This study is based on secondary data analysis of the Dutch
eHealth monitoring program (2021) [29], which collects data
about access, use, and perceived benefits from eHealth among
Dutch citizens through questionnaires.

There is still limited understanding of the relationship between
SEP and eHealth access, use, and perceived benefit and that
understanding is generally limited to either access, use, or
perceived benefit from eHealth, specific eHealth apps or specific
subpopulations. Research showed the relation between SEP and
the use of personal health records [35] and mobile apps [36].
Other research focuses on either the benefit from [37] or the
use of eHealth [38,39] or specific patient groups such as cancer
survivors [40,41], or citizens bound to specific locations [42].
To our knowledge, insight into differences in eHealth access,
use, and perceived benefits and how different indicators for SEP
display these differences within the Dutch general population
aged 18 years and older are largely unknown. This study aims
to assess differences in eHealth-related access, usage, and
perceived benefits for different socioeconomic populations,
based on education, standardized income, and socioeconomic
status (SES) level of the neighborhood in the Netherlands. The
findings of this study give insight into the disparities in access
to, use of, and perceived benefit from eHealth in a highly
connected country with an increasingly digitalized health care
system. The results are insightful for other contexts that aim for
or experience the same ambitions to transition to a digital health
care system.

Methods

Panel
Data from the Dutch Health Care Consumer Panel (DHCCP)
were used [43]. The DHCCP is a panel managed by Nivel (the
Netherlands Institute for Health Services Research) and currently
(as of September 2023) consists of approximately 11,500 panel
members aged 18 years and older [43]. For this study, a study
sample of 1.500 panel members was drawn by researchers from
DHCCP. The study sample was representative of the Dutch
population aged 18 years and older regarding age and sex [43].
Background characteristics of panel members, including their
sex, age, level of education, net monthly income per household,
and 4-digit postal codes were known. The panel was periodically
renewed to ensure representative samples of the adult population
in the Netherlands can be drawn. New panel members were
recruited by buying an address file from an address supplier
[43]. As a result, possible new members were sampled at random
from the general population in the Netherlands [43]. The panel
could only be joined through invitation. It was not possible for
people to sign up on their own initiative [43]. Upon membership,
panel members were informed of the purpose, scope, method,
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and use of the panel [43]. Based on this information, participants
could give permission to participate in the panel [43].

Ethical Considerations
According to the Dutch legislation, neither obtaining informed
consent nor approval by a medical ethics committee was
obligatory for doing research within the DHCCP [43,44]. Data
analysis was conducted with pseudonymized data, according
to the privacy regulations of the DHCCP, in compliance with
the General Data Protection Regulation [44]. The privacy of
the panel members was protected. All data were carefully stored
by Nivel [43]. Personal information such as addresses was stored
separately from the data of the questionnaires [43]. The privacy
of the panel members in the study sample was guaranteed by
DHCCP [43]. The researcher (LS) who analyzed the data had
no access to the personal information of the panel members
[43]. A written or digital informed consent was obtained at the
time of registration of a new member to the panel [43]. Panel
members were asked to participate approximately 4 or 5 times
per year [43]. Participation was voluntary.

Data Collection
Data on the population’s perspective on eHealth were collected
via the DHCCP as part of a larger monitoring study into the
perceptions, experiences, and usage of eHealth in the
Netherlands [43]. A questionnaire was developed and reviewed
by a team of representatives from the health care field in the
Netherlands. The questionnaire was based on earlier distributed
questionnaires of the monitoring study and was adjusted to
reflect market developments [34]. The questionnaire was
distributed via email and post (according to the preferences of
the panel members) in May 2021. A digital reminder was sent
after 1, 2, and 3 weeks after the start of the questionnaire and
1 written reminder was sent after 2 weeks. Panel members had
4 weeks to respond.

Socioeconomic Position Indicators

Overview
The concept of SEP is complex, as it results from the interaction
between individual, social, economic, cultural, and societal
factors [45,46]. In this study, 3 different operationalizations of
SEP were used to study the digital divide in the context of
eHealth—education as a historic starting point, standardized
household income as a measure of current wealth, and SES level
of the neighborhood to include environmental influence [46-49].

Education
The education levels were defined as low (none, primary school,
or prevocational education); medium (secondary or vocational
education level 1, 2, 3, or 4); and high (professional higher
education or university) [50].

Standardized Income
Standardized income was defined as the net monthly income
of the household adjusted for number of household members.
The net income was converted to the equivalent of the net
income of a single adult household by using equivalence factors
from Statistics Netherlands (the Dutch Institute for Population
Statistics) [51]. Some respondents acknowledged having

children or other adults living in their household apart from
their partner or children older than 18 years of age but did not
specify the number. In the case of an unknown amount of
children, 1.57 children were assumed. In case of an unknown
amount of extra adults 1 extra adult was assumed. Assumptions
were derived from the averages in Dutch households [50,52,53].
Information gathered from the panel members about their
monthly net income was in ranges, and the mean of the range
was taken as the monthly net income. Standardized income was
divided into three categories (1) low (between €0 and €1659
[US $1718.56] per month; The used conversion rate was
applicable on May 1, 2021), (2) medium (between €1660 [US
$1719.59] and €2332 [US $2415.72] per month), and (3) high
(more than €2332 [US $2415.72] per month). The categories
were derived from the quartile distribution of the net income
of the Dutch households (2020) [54].

Socioeconomic Status Level of the Neighborhood
The SES level of the neighborhood of all respondents was
determined using the Social Economic Status-Wealth Education
Employment (SES-WOA) score (2019) from the Statistics
Netherlands. The SES-WOA score was based on the wealth,
educational status, and recent employment history of households
in the neighborhood [55,56]. The SES-WOA score was matched
to the respondent by the 4-digit postal code. The neighborhoods
of the respondents were categorized as (1) low (first tertile of
SES score: –0.89 to 0.042), (2) medium (second tertile of SES
score: 0.043-0.21), and (3) high (third tertile of SES score:
0.21-0.71). The average score of Dutch neighborhoods was
0.092 (SD 0.23; range –0.89 to 0.71) [55,56].

eHealth and the Digital Divide
For the interpretation of the data, the digital divide model was
used. The digital divide model published by van Dijk et al [57]
conceptualized that individuals’ SEPs influence the available
resources to access, use, and benefit from new digital media.
In this study, the digital media in focus was eHealth.

Two concepts of eHealth were examined: (1) eHealth in general
and (2) websites, apps, and wearables. Items in the questionnaire
that informed these 2 concepts were matched to the 3 levels of
the digital divide model [57], namely level 1—access, level
2—use, and level 3—perceived benefit. Operationalization of
the variables measuring access, use, and perceived benefit for
eHealth in general and websites, apps, and wearables can be
found in Multimedia Appendix 1.

First, eHealth in general was studied to gain insight into an
overall interest toward digital apps in health care. The levels of
digital divide that were studied are access and the perceived
benefit. Access was measured by motivation. Here respondents
were asked what their general thoughts are about digital apps
used in health care. The perceived benefit was operationalized
by measuring to what extent the respondents perceived
themselves as making more conscious decisions about their
health as a result of eHealth use.

Second, eHealth in terms of websites, apps, and wearables was
studied to gain insight into the use of these specific eHealth
tools to improve health or provide support in coping with a
disease. The digital divide levels that were taken into account
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are access and use. Access was measured by motivation and
physical access. Motivation was measured by asking the
respondents if they have used or would like to use websites,
apps, and wearables for their health. For physical access, the
respondents were asked if they have access to an electronic
device with internet.

The digital divide concept use was measured by barriers in use,
diversity of use, and frequency of use. For the concept barriers
in use, the respondents were asked if they experienced barriers
in the use of websites, apps, and wearables. The use of websites,
apps, and wearables was further operationalized in 2
variables—diversity of use and frequency of use. For these
variables, the respondents were asked about 16 different
websites, apps, or wearables if they used the app (once or more
than once). Diversity entails the variety of websites, apps, and
wearables used, while the frequency of use operationalizes the
number of times (more than once) the apps were used.

Statistical Analysis
Descriptive analyses were used to describe the demographics
and the outcome of the variables measuring the access, use, and
perceived benefit for eHealth in general and websites, apps, and
wearables. The variables measuring access, use, and perceived
benefit were constructed by combining items from the original
questionnaire. The operationalization of these variables can be
found in Multimedia Appendix 1.

The outcomes were stratified by the 3 variables of
SEP—educational level, standardized income, and SES level
of the neighborhood. The differences in eHealth access and
usage between SEP populations were investigated using logistic
regression analysis. Ordered logistic regression was used for
testing the differences in perceived benefit between SEP
populations. Age was included in the analysis to test for
confounding, as age is associated with both health and
familiarity and use of digital media [10,58,59]. The correlation
between the independent variables was determined via the
Spearman rank order correlation coefficient. Data analysis was
conducted using the Stata Statistical Software release (version
16.1; StataCorp) [60]. A P<.05 was considered statistically
significant. Variables of physical access and diversity of use
were not included in the logistic regression analysis because
there were too few cases in outcome categories to meet the
assumptions of the logistic regression analysis. The univariate
outcomes are presented in Multimedia Appendix 2.

Results

Sample Characteristics
In total, 849 panel members responded to the questionnaire,
resulting in a response rate of 56.6% (849/1500). Among the
panel population of 1500, 8.9% (133/1500), 40% (600/1500),
and 48.7% (731/1500) had a low, medium, and high level of
education, respectively. Of these groups, 55.6% (74/133), 59.3%
(356/600), and 54.3% (397/731) responded to the questionnaire.
Regarding standardized income 35.8% (537/1500), 31.8%
(477/1500), and 27.9 (419/1500) had low, medium, and high
levels of standardized income, respectively. Of these groups,
57.2% (307/537), 56.4% (269/477), and 54.9% (230/269) had
responded to the questionnaire. Finally, for SES-level of the
neighborhood, 42.8% (642/1500), 32.6% (489/1500), and 23.1%
(346/1500) had low, medium, and high levels of SES-level of
the neighborhood in the panel population, respectively. Of these
groups, 56.1% (360/642), 58.1% (284/489), and 55.2%
(191/346) responded to the questionnaire.

The demographics of the study population can be found in Table
1. An overview of the study population stratified by education,
standardized income, and SES level of the neighborhood can
be found in Multimedia Appendix 3. Overall, the sample
contained the same distribution of males or females as in the
general population. When stratified for age category, our sample
contained slightly more respondents aged 40 years and older
and fewer respondents aged 18-39 years as compared to the
general population. A frequency table of males and females in
3 age categories from the study population and the general Dutch
population can be found in Multimedia Appendix 4 [61].
Compared to the Dutch general population, the study population
had more males (11.3% general population, 14.9% study
population) and females (13.1% general population, 15.4%
study population) in the age category of 65 years and older. In
terms of sex, the distribution was equal between both
populations (Dutch general population of 49.3% male and 50.7%
female, study population male 48.7% and female 51.3%). The
mean age was 54 (SD 16.96) years. The lowest number of
respondents was in the low educational level subpopulation
(74/849, 8.72%) and the highest in the high educational level
subpopulation (397/849, 46.76%). A high educational level was
significantly and positively associated with a high standardized
income level, as indicated by the correlations of educational
level and standardized income level: ρ=0.37 (P<.001),
educational level and SES level of the neighborhood: ρ=0.021
(P=.55), and standardized income level and SES level of the
neighborhood: ρ=0.035 (P=.33) [62].
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Table 1. Demographic description of the study population (n=849). Study population was sampled (2021) from a representative population (N=1500)
of general Dutch population aged 18 years and older.

Total (n=849)

Sex, n (%)

413 (48.6)Male

435 (51.2)Female

1 (0)Missing

Age (years)

54 (16.96)Mean (SD)

19-92Range

Average household size

2.29 (1.11)Mean (SD)

1-7Range

Number of households with children younger than 18 years, n (%)

604 (71.1)No

235 (27.7)Yes

10 (1.2)Missing

Number of households with children older than 18 years, n (%)

763 (89.9)No

76 (9)Yes

10 (1.2)Missing

Education

2.39 (0.65)Mean (SD)

1-3Range

74 (8.7)Low, n (%)

356 (41.9)Medium, n (%)

397 (46.8)High, n (%)

22 (2.6)Missing, n (%)

Standardized income

1.90 (0.81)Mean (SD)

1-3Range

307 (36.2)Low, n (%)

269 (31.7)Medium, n (%)

230 (27.1)High, n (%)

43 (5.1)Missing, n (%)

SESb level of the neighborhood

1.80 (0.79)Mean (SD)

1-3Range

360 (42.4)Low, n (%)

284 (33.5)Medium, n (%)

191 (22.5)High, n (%)

14 (1.7)Missing, n (%)

aEducation level—low (none, primary school or prevocational education); medium (secondary or vocational education level 1, 2, 3, or 4); and high
(professional higher education or university). Standardized income was divided into 3 categories—low (between €0 and €1659 [US $1718.56] per
month); medium (between €1660 [US $1719.59] and €2332 [US $2415.72] per month); and high (more than €2332 [US $2415.72] per month). The
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SES level of the neighborhood was determined using the Social Economic Status-Wealth Education Employment (SES-WOA) score (2019) from
Statistics Netherlands. The SES-WOA score was based on the wealth, educational status, and recent employment history of households in the neighborhood
[55,56]. Categories: low (first tertile of SES score: –0.89 to 0.042); medium (second tertile of SES score: 0.043-0.21); and high (third tertile of SES
score: 0.21-0.71). Not all values add up to 100% due to missing values.
bSES: socioeconomic status.

Results of the Relation Between the Digital Divide
Levels and the Socioeconomic Position Indicators

Overview
An overview of the measured and analyzed variables can be
found in Figure 1. The frequencies of these outcomes can be
found in Multimedia Appendix 2. Table 2 presents a descriptive

overview of access, use, and perceived benefit, stratified by
SEP indicators. The results showed that the outcome differed
the most when the population was stratified by education. Figure
2 presents the associations between access; use; perceived
benefit; low, medium, and high education; standardized income;
and SES level of the neighborhood populations. The underlying
data used for Figure 2 is presented in Multimedia Appendix 5.

Figure 1. Overview of the concepts of access, use, and perceived benefit, the variables matched to these concepts and the socioeconomic position
indicators used in this study. Legend indicates whether the variables were matched for eHealth in general (bold), websites apps and wearables (underlined)
or both. Second, the legend indicates whether the variables were viable, either included (black) or not included (grey), for logistic (ordered) regression
analysis [57]. SES: socioeconomic status.
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Figure 2. The relation between access, use, and benefit of eHealth and low, medium, and high levels of 3 SEP indicators—education, standardized
income, and SES-level of the neighborhood. Results from a questionnaire (2021) answered by a representative study population (n=849) for the general
Dutch population aged 18 years and older. Access: motivation, use: barriers in use and frequency of use, and perceived benefit: perceived benefit. For
each SEP indicator, a bar graph of the results of logistic (ordered) regression analysis was presented. Each bar shows the odds ratio (OR) and the 95%
CI for the difference between SEP levels for each digital divide concept. For each SEP indicator, the comparisons made were medium compared to low
(dark grey), high compared to low (light grey), and high compared to medium (medium grey). The number of respondents (n) included in the analysis
for each digital divide concept was indicated. The variable barriers in use were recoded to ensure that a positive score (1) reflected the outcome: no
experienced barriers. Positive ORs (OR>1) should be interpreted that the primary group in the comparison, in the case of this study either medium or
high SEP, had more likelihood of not experiencing barriers in use. *P>.05, **P>.01, ***P>.001. SEP: socioeconomic position; SES: socioeconomic
status.
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Table 2. Frequency distribution of access, use, and perceived benefit for (1) eHealth in general and (2) websites, apps, and wearables, stratified by

education, standardized income, and SESa level of the neighborhood. Frequencies are derived from results of a questionnaire (2021) conducted among

a sample of the general Dutch population (N=1500), final study population (n=849)b,c.

SES level of the neighborhoodStandardized incomeEducationTotal

HighMedLowHighMedLowHighMeddLow

19128436023026930739735674849Population, n

eHealth in general

Access—motivation, n (%)

68 (35.6)141
(49.6)

174
(48.3)

90 (39.1)124
(46.1)

153
(49.8)

152
(38.3)

177
(49.7)

46 (62.2)386
(45.5)

No motivation

107 (56)127
(44.7)

157
(43.6)

123
(53.5)

127
(47.2)

131
(42.7)

218
(54.9)

153
(43.0)

21 (28.4)401
(47.2)

Motivation

Perceived benefit—perceived benefit, n (%)

46 (24.1)76 (26.7)85 (23.6)65 (28.3)68 (25.3)70 (22.8)108
(27.2)

80 (22.4)17 (23.0)211
(24.9)

Totally dis-
agree—disagree

75 (39.3)134
(47.2)

158
(43.9)

89 (38.7)119
(44.2)

144
(46.9)

159
(40.1)

171
(48.0)

33 (44.5)370
(43.6)

Not agree nor dis-
agree

53 (27.7)61 (21.5)87 (24.2)61 (26.5)65 (24.2)69 (22.5)104
(26.2)

81 (22.8)17 (23.0)205
(24.1)

Agree—totally
agree

Websites, apps, and wearables

Access—motivation, n (%)

23 (12.0)50 (17.6)65 (18.1)34 (14.8)43 (16.0)59 (19.2)41 (10.3)62 (17.4)35 (47.3)143
(16.8)

No motivation

150
(78.5)

215
(75.7)

263
(73.1)

178
(77.4)

206
(76.6)

221
(72.0)

328
(82.6)

265
(74.4)

29 (39.2)636
(75.0)

Motivation

Use—barriers in use, n (%)

71 (37.2)119
(41.9)

145
(40.3)

76 (33.0)109
(40.5)

135
(44.0)

159
(40.1)

140
(39.3)

29 (39.2)339
(40.0)

Experienced barri-
ers

110
(57.6)

156
(54.9)

197
(54.7)

145
(63.0)

149
(55.4)

157
(51.1)

223
(56.2)

201
(56.5)

39 (52.7)472
(55.6)

No experienced
barriers

Use—frequency of use, n (%)

24 (12.6)47 (16.5)57 (15.8)29 (12.6)36 (13.4)59 (19.2)38 (9.6)60 (16.9)29 (39.2)131
(15.4)

No frequent use

149
(78.0)

226
(79.6)

277
(76.9)

189
(82.2)

219
(81.4)

222
(72.3)

339
(85.4)

274
(77.0)

34 (45.9)662
(78.0)

Frequent use

aSES: socioeconomic status.
bThe variables physical access and diversity of use for websites, apps, and wearables were not presented in Table 2 because these variables could not
meet the assumptions for logistic regression analysis. The frequencies of these outcomes can be found in Multimedia Appendix 2.
cNot all values add up to 100% due to missing values.
dMed: medium level.

Access and Motivation
For eHealth in general, as well as for websites, apps and
wearables, differences in motivation were found between
different levels of education. Differences in motivation were
most profound between low or medium versus highly educated
respondents in both eHealth in general (odds ratio [OR] 2.18,
95% CI 1.22-3.88) and websites, apps, and wearables (OR 5.72,
95% CI 3.06-10.72). Regarding standardized income, a
difference in motivation for eHealth in general was found
between high and low standardized incomes (OR 1.52, 95% CI
1.05-2.21). A significant difference in motivation between low

(OR 1.74, 95% CI 1.19-2.55) and medium (OR 1.63, 95% CI
1.1-2.43) versus high SES level of the neighborhood was found
for eHealth in general.

Use, Barriers in Use, and Experienced Barriers
High standardized income was associated with no experience
of barriers in use in comparison to low and medium levels of
standardized income. This implies that fewer respondents with
a high standardized income experienced barriers while using
eHealth websites, apps, and wearables (OR 1.60, 95% CI
1.11-2.31). The frequency of eHealth use also differed between
respondents with a low, medium, or high level of education,
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with the most significant difference between high and low
educational levels (OR 4.96, 95% CI 2.66-9.24). In terms of
standardized income, there were significant differences between
low and high (OR 1.76, 95% CI 1.06-2.91) and low and medium
(OR 1.74, 95% CI 1.09-2.79) standardized income levels. High
SEP respondents were more likely to frequently use an eHealth
app, website, or wearable compared to medium or low SEP
respondents.

Perceived Benefit
There were no significant differences found regarding the
perceived benefits between low, medium, or high-SEP
populations.

Discussion

Principal Findings
This study shows that low SEP respondents have less access to
and use of eHealth compared to medium or high SEP
respondents. The most significant digital divide observed in
this study is related to educational background. The results of
this paper contribute on a population level to previous findings
that the access and use of eHealth has a socioeconomic gradient.
Additionally, the results emphasize that SEP indicators cannot
be used interchangeably to assess eHealth access and use.

The results of this study highlight that, across all 3 SEP
indicators, the most substantial differences are found in access
through motivation. Respondents from higher socioeconomic
categories expressed greater motivation to use eHealth, including
websites, apps, and wearables, in comparison to those from
lower SEPs. Health equity researchers emphasize that
comprehending how people perceive health and health care is
a complex issue influenced by several societal, contextual,
social, and biological individual factors. Therefore, a
multidimensional and multicausal approach is necessary to
comprehend these disparities [24,63,64]. Weiss et al [28] discuss
existing literature and multiple theories as to why differences
in eHealth access and use exist between socioeconomic groups.
The literature described that the social position of individuals
and the influence of the context and organizations surrounding
the individual play a role in whether individuals choose to
consume digital health care or not [28]. Other literature
emphasized that the diffusion of digital health care in society
will decrease the digital divide gap as the low-SEP population
is assumed to be the latest to adopt [28]. However, the role of
health care organizations, social policies, and political decisions
that impact individuals’ motivations toward eHealth has not
been adequately studied. Current national Dutch policies
concerning eHealth are focused on the development and
interoperability of eHealth apps, the digital skills of health care
professionals and the use of eHealth by older people at home,
resulting in eHealth becoming an essential part of the health
care system [65]. In countries where health care digitalization
is progressing, it would be valuable to examine the potential
influence of the government, health care organizations, and
businesses on the motivation of low socioeconomic populations
toward eHealth. Such research could offer valuable insights into
the societal and policy changes required to make eHealth more
appealing to low-SEP populations.

In this study, use was examined by studying the barriers in use
and frequency of use of eHealth websites, apps, and wearables.
The results demonstrated that respondents with a high
standardized income level infrequently experienced barriers to
using eHealth websites, apps, and wearables compared to lower
standardized income levels. Previous studies show that highly
educated people often have higher health literacy levels and
digital skills and are more in contact with the digital world via
their education or profession [10,31,59,66-70]. Other studies
show that in the development of eHealth new apps are often
pilot-tested by highly educated respondents and, therefore, might
be more tailored to the needs of highly educated individuals
[9,71,72]. In contrast, other studies point out the variety of health
behaviors and health care use within SEP groups. De Boer et
al [73] show that low SEP groups have more health care costs
but that healthy lifestyle behavior such as smoking or being
member of a sports club are attributed greatly to the variety in
health care use in each socioeconomic group. In the light of
eHealth, Agachi et al [74] showed that the user interface and
the type of eHealth offered attributes to the use of eHealth
between socioeconomic groups. Results revealed that for the
same eHealth program, people living in a low socioeconomic
neighborhood use the app-based tool more than people living
high in a socioeconomic neighborhood. For the web-based
version, results show the opposite emphasizing the importance
of the user interface and the accessibility to digital devices, as
is also theorized in the digital divide model [49,74]. Both De
Boer [73] and Agachi [74] show that behavior-related and
technical-related factors play a role in the use of health care and
eHealth. The results of this study and other studies showed that
understanding and creating insight into the existence of and
possible solutions for health disparities is dependent on multiple
dimensions. Future research into how the socioeconomic
gradient in eHealth access and use are associated with other
behavioral and technical factors is important to create an
in-depth understanding of disparities in eHealth access and use
that can inspire research, policy, and practice.

Results pointed out that high education and high standardized
income levels were associated with frequent use of websites,
apps, and wearables. This is in accordance with previous
research, which shows that a high level of education and income
is found to be associated with more access to and use of eHealth
[12,13,31]. Surprisingly, no difference was found in the
perceived benefits (making more conscious decisions in health
because of eHealth use) in any of the SEP indicators, although
the frequency of use of websites, apps, and wearables was high
(78%) and did show significant differences. This implies that
respondents with more frequent use of websites, apps, and
wearables had the same perceived benefit, namely, making more
conscious decisions due to eHealth use, compared to respondents
who have not used websites, apps, and wearables once.
Evaluation studies show that high SEP respondents have better
outcomes from eHealth use than low SEP respondents
[10,30,31,59]. The results of this study might indicate that in
the real-life context, even though current eHealth apps might
be more suitable for highly educated individuals, eHealth is not
used appropriately or with similar discipline as in the clinical
trial context.
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Strengths and Limitations
The strengths of this study were the use of a large and
representative sample of the Dutch population and the use of 3
SEP operationalizations to provide a broad insight into the
effects of SEP on the digital divide. This study also has some
limitations. Despite a large number of respondents, the skewed
distribution of outcomes across SEP levels hampered the
performance of multivariable logistic regression analysis [62].
Next to this, the SEP indicators used are focused on social
demographic and economic aspects of SEP. Cultural and other
social aspects, such as social networks and cultural background,
have not been taken into account.

The questionnaire used in the study was not designed to measure
all the different aspects of the digital divide model and is a
secondary analysis of the data gathered. Although the majority
of digital divide levels could be well matched with questionnaire
items, data on the second level digital divide for eHealth in
general and the third digital divide level for websites, apps, and
wearables was lacking. In some cases, with emphasis on the
concept barriers in use for websites, apps, and wearables more
in-depth insights into the digital divide levels would have been
desirable to improve the validation of the findings. Van Dijk
[57] provides concepts to further define the digital divide levels.
Access, the first level of digital divide, is described to entail the
concepts of motivational access and physical access. Use, the
second level of digital divide entails the concepts of digital skills
and usage. Usage here encompasses both frequency and diversity
of digital media use. Perceived benefit, the third level digital
divide, is conceptualized by personal outcomes that are a result
of the use of digital media [57]. In this study, the concept
barriers in use were used instead of digital skills, as experienced

barriers are not limited to barriers formed by a lack of digital
skills.

Additionally, for the first and the second level digital divide,
the technical design and the information and communication
technology of eHealth are of importance [57]. The technical
design and the information and communication technology
imply factors such as accessibility, usability, mobility, quality,
and accessibility of internet access and automation (self-learning
devices or software tailored to serve the consumer better and
automatically) of devices and apps. These factors are important
to facilitate adherence and appropriate use of eHealth apps [57].
The questionnaire provided no insight into these factors.

Conclusions
The results of this study revealed that differences in motivation
for eHealth use are most profound between different
socioeconomic populations in the Dutch society, in which
low-educated people are likely to be disadvantaged. A successful
transition toward digital health care is a social issue that is
dependent on the motivation to use eHealth and specific apps.
It is imperative that future studies within academia and within
the health care field focus on the motivations and needs
associated with digital health care, specifically for low-SEP
populations. Research on the societal changes stemming from
the digital health care transition and the technical and design
studies of digital care apps in single-intervention studies are
both vital for the realization of an inclusive and comprehensive
digital health care system. If eHealth takes a predominant role
in the Dutch health care system, it might affect access and use
of health care for the citizens who need it the most. The results
of this study underscore the importance of policies aimed at
facilitating and supporting low-SEP populations in the use of
eHealth to reduce differences in health.
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Abstract

Background: Mental health treatment is hindered by the limited number of mental health care providers and the infrequency
of care. Digital mental health technology can help supplement treatment by remotely monitoring patient symptoms and predicting
mental health crises in between clinical visits. However, the feasibility of digital mental health technologies has not yet been
sufficiently explored. Rhythms, from the company Health Rhythms, is a smartphone platform that uses passively acquired
smartphone data with artificial intelligence and predictive analytics to alert patients and providers to an emerging mental health
crisis.

Objective: The objective of this study was to test the feasibility and acceptability of Rhythms among patients attending an
academic psychiatric outpatient clinic.

Methods: Our group embedded Rhythms into the electronic health record of a large health system. Patients with a diagnosis of
major depressive disorder, bipolar disorder, or other mood disorder were contacted online and enrolled for a 6-week trial of
Rhythms. Participants provided data by completing electronic surveys as well as by active and passive use of Rhythms. Emergent
and urgent alerts were monitored and managed according to passively collected data and patient self-ratings. A purposively
sampled group of participants also participated in qualitative interviews about their experience with Rhythms at the end of the
study.

Results: Of the 104 participants, 89 (85.6%) completed 6 weeks of monitoring. The majority of the participants were women
(72/104, 69.2%), White (84/104, 80.8%), and non-Hispanic (100/104, 96.2%) and had a diagnosis of major depressive disorder
(71/104, 68.3%). Two emergent alerts and 19 urgent alerts were received and managed according to protocol over 16 weeks.
More than two-thirds (63/87, 72%) of those participating continued to use Rhythms after study completion. Comments from
participants indicated appreciation for greater self-awareness and provider connection, while providers reported that Rhythms
provided a more nuanced understanding of patient experience between clinical visits.
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Conclusions: Rhythms is a user-friendly, electronic health record–adaptable, smartphone-based tool that provides patients and
providers with a greater understanding of patient mental health status. Integration of Rhythms into health systems has the potential
to facilitate mental health care and improve the experience of both patients and providers.

(JMIR Form Res 2025;9:e57624)   doi:10.2196/57624

KEYWORDS

digital health; mobile intervention; telepsychiatry; artificial intelligence; psychiatry; mental health; depression; mood; bipolar;
monitor; diagnostic tool; diagnosis; electronic health record; EHR; alert; notification; prediction; mHealth; mobile health;
smartphone; passive; self-reported; patient generated

Introduction

Mental disorders are predicted to be the leading cause of disease
burden worldwide by 2030 [1]. However, there is a tremendous
mismatch between the number of psychiatrists, psychologists,
and other mental health care providers and individuals in need
of treatment for mental illness, including substance use
disorders. In the United States alone, 160 million people reside
where there is a shortage of mental health professionals [2].
Roughly 56% of counties are without a practicing psychiatrist,
while 33% of counties are without a licensed psychologist [3].
The workforce is expected to be short 38,821 psychiatrists by
2024 [4]. In the United States, the majority of individuals
seeking treatment for depression, anxiety, or any mental illness
receive care from their primary care physician (PCPs), and PCPs
provide almost a third of the care for serious mental illness [5].

On average, a PCP addresses between 3 to 5 problems, including
psychiatric problems, during a typical encounter [6,7].
Furthermore, the majority of PCPs cannot see patients as
frequently as may be necessary to adequately monitor a patients’
mental illness and response to treatment, nor do they have a
mental health specialist to whom they can refer their more
concerning patients [8]. In the context of the current mental
health landscape, remote monitoring of patient mental
well-being between visits is poised to play a major role in the
redesigning of mental health care, similar to what is occurring
with remote management of myriad other conditions [9,10].

Ideally, remotely acquired data would be integrated into the
electronic health record (EHR) and readily available to the
patient’s provider for interpretation and intervention if needed.
With remote patient monitoring, the documentation of history
since the previous appointment is quicker, the challenges of
patient recall with respect to their signs and symptoms are
obviated, and there is a foundation for patients to participate to
a greater degree in their own psychiatric care by tracking their
symptoms alongside their provider.

Clinical, patient-generated, app-acquired health data that are
embedded and presented into the EHR workflow provide the
opportunity for interprofessional use. This is particularly
important when patients have multiple comorbid medical
conditions that impact brain health and vice versa. Furthermore,
patient engagement with health apps, including those that are
mental health related, declines dramatically over the first few
weeks of use, in some cases dropping below 10% within 2 weeks
[11,12]. An ideal app may rely less upon active user engagement
for data collection and to a greater degree on passively acquired

data that reduce patient burden, which then trigger the
completion of symptom self-reports using nationally accepted
standardized ratings when passively acquired patient-generated
health data (PGHD) indicate a relapse is about to occur.

To address these deficits in the digital mental health space, an
academic-industry collaborative team was formed to test the
feasibility and acceptability of industry start-up Health Rhythms’
smartphone solution called Rhythms for use across a large health
system. Previous research has demonstrated that Rhythms’
proprietary artificial intelligence (AI) algorithm applied to
passively collected data indicative of behavioral vital signs (eg,
sleep patterns, activity measures, and sociability) can predict a
relapse of depression 7 days before the patient’s self-report of
relapse with 90% accuracy [13-15]. This collaborative team
reports the results of the EHR integration, results of the
feasibility testing of the urgent and emergent alert algorithms,
effectiveness of the 24/7 virtual patient monitoring system, user
acceptability in terms of both patient use of and satisfaction
with Rhythms, and provider impressions of the impact of
Rhythms on patient care.

Methods

Collaborative Team
Health Rhythms is a technology company that was founded by
experienced researchers and clinicians (EF and DK) in the
assessment, treatment, and research of mental illness,
particularly bipolar disorder and depression, in partnership with
international leaders (MM) in behavioral sensing technology
focused on mental health. The University of Colorado (CU)
Anschutz Medical Campus Department of Psychiatry is a large
department (500+ faculty) with a strong commitment to the
incorporation of digital health and technology in the care of
patients with serious mental illness. CU Innovations brings
together industry partners, entrepreneurs, and investors to help
CU researchers create biomedical technology that improves
care delivery, health outcomes, and patient quality of life
worldwide. University of Colorado Health (UCHealth) is a
not-for-profit health care system across Colorado, southern
Wyoming, and western Nebraska with an academic medical
center, the University of Colorado Hospital (UCH), that is
affiliated with the CU School of Medicine. The CARE
Innovation Center at UCHealth partners with CU to create a
comprehensive platform of resources both to conduct clinical
and biomedical research and to transform real-world clinical
practice together with industry partners or faculty entrepreneurs.
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App Development
The Rhythms app was developed using a participatory design
process [16], an approach that seeks to deeply involve end users
in the design process. A weekly meeting between the Health
Rhythms team and the UCHealth clinical team was the primary
means to engage in this process. It focused on understanding
end-user needs, existing clinical workflows, and seeking
feedback on early prototypes.

A key decision resulting from this process was to integrate the
Health Rhythms software development kit (SDK) into
UCHealth’s MyChart mobile app, rather than providing a
distinct separate app that participants would have to download.
Health Rhythms’ SDK is a modular piece of software that can
be integrated easily into native iOS or Android apps. Although
this decision required significant technical work, the team
anticipated that it would significantly streamline the patient
end-user experience, since they would only have to install and
use 1 app, and would help maintain user privacy and security.

Once integrated into the UCHealth MyChart app and end users
have provided explicit permissions during onboarding, the SDK
collects data continuously in the background from the activity,
location, and display smartphone sensors. These data can then
be used to automatically assess behavior patterns derived from
these data streams including how much time a person is
spending at home, levels of physical activity, estimates of sleep
timing, and duration and interaction patterns with the
smartphone itself.

Safeguarding patient privacy was paramount. Users were
uniquely identified using a nonidentifiable identifier that was
passed to Health Rhythms. The Rhythms app did not collect
any identifiable data that falls under the protections of the Health
Insurance Portability and Accountability Act (HIPAA) such as
birth dates, home addresses, or social security numbers, and the
SDK did not collect any data from texts, calls, photos, internet
browsing, or other content. All data, including GPS location,
are encrypted using state of the art encryption (ie, a 256-bit key)
on the device, in transmission and in the cloud. The sensor data
for each patient were computed into daily nonidentifiable
behavioral summaries that were then transmitted into the EHR
using standard Fast Healthcare Interoperability Resources end
points. No unprocessed sensor data, including GPS, were
transferred into the EHR.

While there is always a risk of data breach in such systems, the
following measures were implemented to mitigate this risk. The
team applied the principle of data minimization, reducing the
collection, storage, and use of personal data to what is strictly
necessary to assess individual behavioral health. Patient end
users had the agency to rescind permissions for sensor data
collection at any time by a “Manage Settings” screen, and
transparent, easy-to-understand messaging during onboarding
communicated clearly what data were collected and how they
would be used. Finally, Health Rhythms maintained General
Data Protection Regulation and California Consumer Privacy
Act certification and conducted regular security tests by
professional third parties.

AI Methods
The Rhythms system collects passive sensing data, comprising
location, pedometer, activity, and device data, from the onboard
sensors in smartphones. Each day, these data are processed into
65 behavioral inferences for each person. These inferences
encompass measures related to physical and social activity,
stability or instability of the person’s weekly routine, sleep, and
smartphone use. For example, time at home is an inference
derived from location data about how much time a person is
spending at home.

These behavioral inferences are used in 2 ways. First, heuristics
related to these inferences are used to trigger a request for a
self-report from participants. A total of 15 static heuristics,
empirically derived from previous datasets, dynamically
prompted individuals to complete self-reported assessments.
For example, if an individual had a diagnosis of major
depression and spent a long time at home for over 7 days, then
a self-report was triggered. Second, the behavioral inferences
were fed into a logistic regression machine learning model that
provided a continuous and passive estimate of a person’s risk
for a relapse in depression, defined as scoring greater than 10
on the Patient Health Questionnaire 9-Item (PHQ-9). This model
aims to be predictive of how a given person would answer
specific questions on the PHQ-9. Model outputs with a high
probability for a high PHQ-9 score were used to flag individuals
as a medium alert on the dashboard if there was no corroborating
self-report.

Participant Criteria and Recruitment
Potential participants were residents of Colorado; aged between
18 and 89 years; were the primary user of a mobile phone that
supported iOS12 or above; enrolled in MyHealthConnection
(MHC), which is UCH’s EHR patient portal; and were willing
to enroll their device into Rhythms.

The UCH’s EHR (EPIC) was used to search the caseload of
participating clinicians in the CU Department of Psychiatry to
identify patients who carry the diagnosis of depressive disorder
including major depressive disorder (MDD), dysthymia,
depressive disorder due to another medical condition, or bipolar
disorder. Providers reviewed the list to confirm that individuals
were current patients and would be clinically appropriate for
contact about Rhythms.

Recruitment was conducted virtually. Patients were contacted
initially through MHC with a general message describing the
study. Due to poor initial response to the MHC outreach, a
personalized email letter was sent from their provider. Potential
participants were contacted up to 3 times by a study coordinator,
and screening appointments were scheduled if they expressed
interest in the study. After consenting and screening, the study
coordinator reviewed how to download the app and interact
with the platform and placed an order for Rhythms in EPIC.
Participants were considered lost to follow-up if they did not
respond to 3 contacts by the study team after enrollment.

Throughout the study, participants provided data by completing
electronic surveys sent by the study team (baseline, end of study
[6 weeks], and when triggered by algorithm), as well as by
active and passive use of the Rhythms platform. A purposively
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sampled [17,18] group of participants participated in qualitative
interviews with a member of the study team at the end of the

study. An overview of the study design and procedures is
presented in Figure 1.

Figure 1. Study flow chart: (A) potential participants identified using the electronic health record in collaboration with providers; (B) potential
participants contacted up to three times; (C) participants (who met criteria and signed consent) downloaded Rhythms and were instructed in its use; (D)
participants completed baseline assessments; (E) participants continued their daily activities, with Rhythms passively collecting data for 6 weeks; (F)
participants completed baseline assessment again at end of study; (G) participants completed a survey of likes and dislikes with respect to Rhythms;
and (H) selected group underwent qualitative interviews about Rhythms use.

Data Collected by Rhythms

Passively Measured Outcomes
Rhythms acquired proxy information regarding sleep quality,
activity level, and sociability. The AI algorithm uses passively
collected data to detect deviations from the individual’s baseline
and triggers a push to complete the self-report ratings described
below. During the course of this study, the participant could
not view their own passively acquired data.

Self-Report Measures
Per study protocol, self-report measures were administered at
baseline and end of study. In addition, self-report measures were
pushed by Rhythms to the participant during the study period
when the AI algorithm detected a deviation in passively
collected data indicative of worsening of symptoms of
depression, anxiety, or mania. Participant self-ratings included
the following:

PHQ-9 Instrument
The PHQ-9 asks the individual to rate the severity of symptoms
over the past 2 weeks on a 4-point scale ranging from “not at
all” to “nearly every day.” Endorsement of either depressed
mood or anhedonia (PHQ-2) triggers further evaluation with
the PHQ-9, which assesses for the presence of other criteria for
MDD. In multiple studies, PHQ-9 scores >10 had a sensitivity
of 88% and a specificity of 88% for MDD [19-21].

Columbia-Suicide Symptom Severity Rating Scale
The Columbia-Suicide Symptom Severity Rating Scale
(C-SSRS) is used to assess severity and immediacy of suicide
risk using four constructs: (1) severity of suicidal ideation, (2)
intensity of ideation, (3) behavior, and (4) lethality. The
instrument has been reported to have a 67% sensitivity and 76%
specificity for identifying suicidal behaviors [22,23].

Generalized Anxiety Disorder 7-Item
The Generalized Anxiety Disorder 7-Item (GAD-7) is used to
measure the severity of generalized anxiety disorder symptoms
by asking individuals to rate the severity of symptoms on a
4-point scale with ranging from “not at all” to “nearly every
day.” Scores of 5, 10, and 15 represent cutoff points for mild,
moderate, and severe anxiety, respectively [24].

Altman Self-Rating Mania Scale
The Altman Self-Rating Mania Scale (ASRM) is a 5-item,
self-reported scale to assess positive mood, self-confidence,
sleep patterns, speech patterns and amount, and motor activity,
which are rated on a scale of “0” or “normal” to “4” or “overtly
manic.” Total scores range from 0 to 20, with scores equal to
or higher than 6 indicating a higher likelihood of manic or
hypomanic symptoms [25].

Participant-Reported Measures Collected by Study
Team

Postintervention Feasibility and Satisfaction Survey
At study end, participants completed a survey about what they
liked or disliked most about Rhythms, their interest in continued
use, challenges or barriers to use, and any concerns that they
may have had regarding alerting and monitoring through the
use of Rhythms.

Qualitative Interviews
The qualitative in-depth interviews were conducted by Zoom
(Zoom Video Communications) using a semistructured interview
guide to ensure key topics were discussed while also allowing
for emergence and exploration of topics important to the
participants. The main interview questions for patients focused
on their perceived benefits from and drawbacks of the Rhythms’
system and suggestions for improving Rhythms’ features and
use.

Providers also completed a feedback survey at study end. Main
questions for providers included their experience integrating
the Rhythms system into their workflow, how the system was
perceived to impact the quality of care, and the efficiency of
providing personalized treatment for patients.

Determining Alert Structure
Based upon previous research with Rhythms [14,15,17,26] and
consensus of subject matter experts in the treatment of MDD,
anxiety, and bipolar disorder, Rhythms was programmed to
send urgent or emergent alerts to UCHealth’s Virtual Behavioral
Health Center (VBHC) or the Department of Psychiatry’s care
coordinator based upon passively acquired data and participant
self-ratings (Textbox 1).
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Textbox 1. Urgent and emergent alerts.

Urgent alert

• Physician Health Questionnaire-9 item score is 20-27, when the previous score was lower.

• Columbia-Suicide Severity Rating Scale question 3=yes.

• Altman Self-Rating for Mania Scale score is ≥11.

• Altman Self-Rating for Mania Scale score is <11 and score for question 3=3 or 4.

• If bipolar disorder diagnosis and Rhythms detect a 40% decrease in sleep.

• If bipolar disorder diagnosis and Rhythms monitoring shows no sleep in 2 days.

• Generalized Anxiety Disorder-7 item score ranges from 15-21, when the previous score was not in this range.

Emergent alert

• Columbia-Suicide Severity Rating Scale questions 4, 5, or 6=yes.

• Altman Self-Rating for Mania Scale total score >11 and answer to question 3=4.

The following specific self-rating questions pertained to the
alert structure: C-SSRS question 3: Active suicidal ideation
with any methods (not plan) without intent to act; C-SSRS
question 4: Active suicidal ideation with some intent to act,
without specific plan; C-SSRS question 5: Active suicidal
ideation with specific plan and intent; C-SSRS question 6: Have
you ever done anything, started to do anything, or prepared to
do anything to end your life?; and ASRM question 3: Regarding
Sleep Patterns: score of 3=“I frequently need less sleep than
usual.” and score of 4=“I can go all day and night without any
sleep and not feel tired.”

Per protocol, a care coordinator from the VBHC or the
Department of Psychiatry called the participant up to 3 times
within 24 hours in response to an urgent alert. The VBHC
monitor covered alerts over weekends, holidays, and after hours,
while the care coordinator supporting the participant’s primary
mental health care provider covered during regular work hours.
When the participant was reached by the VBHC, a brief safety
assessment was conducted; participants were offered the chance
to speak to an on-call clinician for the VBHC and referred to
their current provider if appropriate. In the case of clinic care
coordinators, the participant was assessed with respect to safety,
possible medication changes, and need for earlier appointment
with their provider.

In response to emergent alerts, Health Rhythms sent a page to
the VBHC monitor. The pager beeped every 5 minutes until the
alert was acknowledged by the monitor in the EHR. All
emergent alerts were managed by the VBHC monitor with the
expectation that a call to the patient would be initiated within
15 minutes of the alert. Upon reaching the patient, a safety
assessment was conducted, and an appropriate disposition was
managed. If after 3 attempts there was no contact with the
patient, the VBHC monitor called emergency services to conduct
a welfare check at the address listed for the participant.

Initially, participants received a message each time they
completed self-report measures that they could receive a call
from the VBHC based upon how they answered the
questionnaires. This caused confusion for participants and the
process was changed such that only participants who had

triggered an emergent or urgent alert would get the message
that they would receive a call.

Data Analysis
Demographics and baseline behavioral rating scores as well as
number and nature of alerts were analyzed descriptively with
means (SDs) and frequencies (percentages). Postintervention
survey data were summarized descriptively for fixed-choice
items. Open-ended survey items and interview transcripts were
analyzed qualitatively. Human-adjudicated transcription of
interview recordings was performed with Otter.ai, a proprietary
AI-powered note taking engine, to generate initial transcripts,
after which a member of the study team reviewed the transcripts
while simultaneously listening to the recordings to ensure there
were no errors in transcription.

A rapid qualitative analysis approach was used for content
analysis of open-ended survey and interview transcript data.
We first deductively explored and identified common themes
that appeared in participants’ responses. Two members of the
research team separately reviewed the data and identified
keywords and topics that are relevant to our research questions
(eg, most liked and disliked features of the Rhythms’ system,
facilitators and barriers to using the Rhythms system, and
suggestions to improve the system). During this process, each
reviewer independently summarized how frequently common
items were reported by study participants. The reviewers
compared their results, discussed and resolved any discrepancies,
reached consensus on the latent themes that had emerged in
analysis, and generated a summary.

Ethical Considerations
This project was approved by the University of Colorado
Multiple Institution Review Board (COMIRB; 21-4903), and
participants gave electronic informed consent. Participants
received US $25 in compensation for completing the screening,
enrollment, and baseline surveys, and an additional US $50 for
completing the postintervention surveys as described below.
All data were deidentified for analysis and presented
anonymously.

JMIR Form Res 2025 | vol. 9 | e57624 | p.1269https://formative.jmir.org/2025/1/e57624
(page number not for citation purposes)

Epperson et alJMIR FORMATIVE RESEARCH

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


Results

Participants
Of 394 patients who were informed about the study through
MHC or email, 178 (45.2%) did not respond, 26 (6.7%) were
contacted but lost to follow-up before enrollment, 86 (21.8%)
were screened but did not enroll, and 104 (26.4%) were enrolled
within 8 weeks of study initiation. The most common reason
(60/86, 69.8%) for not meeting study criteria was having a phone
using the Android operating system.

The study sample comprised 104 individuals; the majority
identified as women (n=72 69.2%), non-Hispanic (n=100

96.2%), and White (n=84 80.8%). The average age was 42.1
(SD 15.9) years. The majority of participants had MDD (n=71
68.3%), while 23 (22.2%) individuals had either bipolar I or II
disorder and 10 individuals (9.6%) had “other mood disorder”
(Table 1).

Between enrollment and study completion, 17 (16.3%) of the
104 enrolled participants were lost to follow-up, withdrew from
the study, or did not complete the final survey. Of note, among
the 87 (83.7%) completers out of 104, a total of 72% (63/87)
continued using Rhythms despite no longer being compensated
for doing so.

Table 1. Participant characteristics and baseline behavioral ratings.

Value (n=104)Variable

42.1 (15.9)Age (years), mean (SD)

Gender, n (%)

72 (69.2)Women

29 (27.9)Men

3 (2.9)Transgender or nonbinary

Ethnicity, n (%)

3 (2.9)Hispanic

100 (96.2)Non-Hispanic

1 (1)Not answered

Race, n (%)

9 (8.6)Asian

1 (1)Black or African American

1 (1)American Indian or Alaska Native

84 (80.8)White

4 (3.8)More than one race

5 (4.8)Other or prefer not to answer

Diagnosis, n (%)

71 (68.3)Major depressive disorder

12 (11.5)Bipolar 1 disorder

11 (10.6)Bipolar II disorder

10 (9.6)Other mood disorder

Ratings, mean (SD)

6.5 (5.3)Physician Health Questionnaire 9-Item

5.9 (4.8)Generalized Anxiety Disorder 7-Item

2.2 (2.7)Altman Self-Rating Mania Scale

Urgent and Emergent Alerts
Over the course of the entire 16-week study period, the
monitoring of 104 individuals with Rhythms for 6 weeks each
resulted in 2 emergent alerts and 19 urgent alerts. The largest

number of participants being monitored at 1 time was 92 and
the average was 64. The greatest number of alerts on any given
day was 3 (all urgent, 1 day only) when there were 58
participants being monitored (Figure 2).
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Figure 2. Urgent and emergent alerts across time and by number of active participants.

The first emergent alert was triggered by a participant answering
ASRM question 3 about sleep with a “4,” indicating “I can go
all day and night without any sleep and not feel tired.” The
second emergent alert was triggered by the participant answering
yes to C-SSRS question 6, indicating that they “had ever done
anything, started to do anything or prepared to do anything to
end their life.” The primary (n=15) trigger for urgent alerts was
answering “yes” to question 3 on the C-SSRS, indicating that
the participant had active suicidal ideation without method or
intent to act. The second most common (n=12) reason for urgent
alerts was a GAD-7 score indicating severe anxiety. Three
urgent alerts occurred because of the ASRM indicating mania
or hypomania based upon total ASRM or response to question
3 regarding need for sleep.

All calls to participants were managed within the specified alert
time. Eleven (58%) of the 19 urgent alerts came through during
work hours and were managed by the Department of
Psychiatry’s care coordinator. The 2 emergent alerts were
managed by the VBHC, neither of which required an emergency
room referral or in-person well-being check.

Postintervention Survey: Patients and Providers
Of the 87 participants who completed the postintervention
feasibility and satisfaction survey, the median score for ease of
starting the system, ease of use, and surveys being delivered at
convenient times were 9, 10, and 9, respectively, on a scale of
0 (strongly disagree) to 10 (strongly agree). Median score for
participant satisfaction with the Rhythms system within their
MHC app was 8.

Themes from the free text indicated that respondents most liked
that Rhythms gave them a greater awareness of their own mental
health status, the feeling of being taken care of by their provider,

and its ease of use. The most common complaint about Rhythms
(mentioned by n=18, 21%) was having to keep the app open.
Only 3 (3%) reported concerns about being “tracked.”

When providers were surveyed about their experience with
Rhythms, they noted that the platform provided them with
information they would not otherwise have had and information
that was directly actionable. For example, 1 provider commented
that “...the sleep section was the most useful for me to review.
I am very surprised that one of my patients is only averaging
about 5 hours of sleep per night, so that is definitely something
we will talk about.” Another commented that “The more
frequent assessment was great. I don't think patients remember
their condition for more than a few days. I was able to reach
out to a couple of patients based on worsening in [their] data.”

Qualitative Interviews: Patients
Qualitative interviews with 19 (22%) of the 87 completers
revealed that all but 2 were well established in the CU and UCH
system for their mental health care, having received care there
for at least 3 years. Most agreed to participate in the study
because they felt positively about research (n=10, 11%), thought
it would be easy (n=4, 5%), or thought it would be helpful to
either themselves (n=3, 3%) or others (n=3, 3%). Setup and
initial use of Rhythms was reported by 13 (68%) of those
interviewed as being “simple, intuitive, and unobtrusive,”
although 5 (26%) reported some technical challenges, including
difficulty with changing settings, granting permissions, or
finding specific features. With respect to completing the
self-report measures and their frequency, 63% (n=12) of
respondents reported completing them at the time of the prompt.
In general, respondents were okay with the frequency of
measures (n=3, 3%) or agreed that weekly (n=3, 3%) or every
2 weeks (n=4, 5%) would be acceptable, although a few (n=2,
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2%) preferred monthly or felt surveys were sent too often (n=1,
1%).

Overall, interview participants reported positive perceptions of
Rhythms, finding it easy to use (n=8, 9%) and enjoying its use
(n=5, 6%). With respect to what was liked most about Rhythms,
there was consensus that the platform promoted greater provider
connection (n=4, 5%) and provider awareness of patients’health
status (n=6, 7%), contributing to a feeling of being “looked out
for” (n=4, 5%). Participants also reported improved
self-awareness of one’s own mental health status (n=5, 6%).
What was liked least about Rhythms was having to keep the
app open (n=7, 8%), with related concern for battery life (n=4,
5%); the wording of a response message to completed surveys
notifying patients that they might be contacted based on their
responses (n=6, 7%); concerns about what would happen if
answers to questions were negative (n=3, 3%); not receiving
immediate feedback from Rhythms; and accuracy of the data
if the person did not have their phone with them or were
traveling outside of Colorado.

Roughly half of those interviewed endorsed having had a helpful
discussion about their Rhythms data with their provider, while
others indicated that their provider did not mention their data
during their appointment, or they did not have an appointment
during the 6 weeks of tracking. The most common
recommendation for system improvement was the ability to
access and track their own data in a visual format, an
improvement that is now available to users. Illustrative
quotations about positive aspects of Rhythms were as follows:

…I had one two-week period where it was like,
everything’s catastrophic…which solicited the call
from [my provider], through the patient portal. “So
I saw your responses. What’s, the scoop?”…I liked
the fact that somebody was looking out for me. It
just—I’m, I’m an introvert. I don't want to bother
people. You know, am I really so bad that I need to
interrupt somebody today? I don’t want to be a
bother. But I was able to experience the effectiveness
of the system, because [my provider] reached out to
me. So, from a patient point of view, I can tell you,
that particular item worked.

And then there was one survey when I was starting
to feel a little more anxious than I normally do. I got
asked to complete a survey. And I did. And I know
when I completed that survey, [my provider] reached
out to me and said, “Hey, I noticed that you're feeling
a little more anxious than you seem to be normally.”
So, I was. I’m not sure what prompted that. But I
thought it was interesting that at a time I kind of had
a need to communicate with [my provider], the system
seemed to have recognized that.

Overall, I think that it is a wonderful tool to have in
one’s toolbox to help support mental wellness.

Illustrative quotations regarding concern about Rhythms were
as follows:

Also, I remember first time and a few times after that,
too, I got - because I know sometimes when you

answer things in a way that is concerning, they say
someone will call after every survey, I got that
message. Sometimes it was someone may call and
sometimes someone will call…I remember because
one time I left my phone at home and I went out and
I was like, oh my god, someone’s gonna call and
they’re gonna message. Yeah, that message was a
little scary sometimes…

I didn’t like hearing that I may or may not receive a
call from a provider, I would have liked it if it was
more definitive.

Like, I don’t sleep with my mobile device…and I don’t
always exercise with my phone.

Reliability
The Rhythms system performed well during the pilot study with
no outages and no major bugs detected.

Discussion

Principal Findings
Here, we describe the use, including acceptability, of the
smartphone platform Rhythms by patients and providers in an
academic department of psychiatry. Overall, the system
integrated well with the health system’s EHR and clinical
workflow and was able to be deployed with very few technical
issues to a group of 104 participants. The algorithm for urgent
and emergent alerts allowed the team to identify concerning
changes in patient mental health status and may be considered
by other clinical groups wishing to use Rhythms. The lack of
adverse outcomes during this period suggests that the algorithm
was set conservatively enough to capture those who are in need
of outreach, but not so sensitive as to lead to inappropriate alerts
that could unnecessarily burden the patient or overwhelm the
monitoring team.

An impressive percentage (63/87, 72%) of study participants
remained on the platform and continued to use it without any
compensation beyond the end of the 6-week study, suggesting
they found the app helpful. This is in distinction to the findings
from Kopka and colleagues [11] showing that use of 4 out of
10 popular mental health apps dropped below 20% within the
2 weeks of initiation. None of the 10 apps chosen by participants
in Kopka and colleagues [11] collected passively acquired data
or were integrated into the individual’s health record. In our
study, poststudy interviews revealed that passively collected
data lead to a greater connection with one’s provider and was
a major strength of Rhythms. Participants also provided
important feedback regarding the functionality (ie, ability to
track ratings visually over time and receiving immediate
feedback) of Rhythms that has now been incorporated into the
platform. Importantly, privacy was not a major concern
expressed by participants in this study, unlike those in some
[26-29] but not all previous studies [12].

The concern about having to leave the app open is real, but this
did not deter the majority of individuals from remaining on the
app. While providers reported that Rhythms is a useful tool in
their clinical practice, some participants reported that their
provider did not discuss their Rhythms data during their
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appointment. This may reflect the timing of Rhythms use and
the availability of collected data in relation to participants’
appointments, or it may be indicative of differing levels of
provider adoption of the technology and how they incorporated
it into their own practices. The use of objective measurements
for patient care, which is quite common in most fields of
medicine, is only recently making its way into the practice of
psychiatry. We are encouraged that when the Rhythms data
were brought into the session, the patients reported a benefit.
While scalable technology holds great promise for improving
psychiatric treatment, the acceptance and use of technology in
psychiatry would require a culture change if measurement
assisted care is to become a reality. Since the COVID-19
pandemic, many psychiatrists and other mental health specialists
are now comfortable using videoconferencing for patient visits.
However, incorporating data collected from apps and wearables
is an unfamiliar step in the therapeutic interaction.

Likewise, many health systems have not yet embraced linkage
of apps used to collect PGHD for mental health care purposes
with their EHR. When there is collection of these data through
medical records standards initiative such as Fast Healthcare
Interoperability Resources and other platforms [30], information
is not easily collated across multiple patient-derived sources.
Recent advances have been made in this area through platforms,
such as mindLAMP from the Digital Psychiatry Program at
Beth Israel Deaconess Medical Center of Harvard Medical
School, which has the power to incorporate PGHD collected
by multiple apps and wearables and offers tools to help
configure data such that they are more readily usable for
research or clinical care [31]. Within this context, the benefit
of Rhythms is that it can be seamlessly integrated into the
patient’s EHR such that the provider can view passively acquired
data as well as ratings with 1 click in the patient’s chart. The
alert algorithm is strong and can help guide others in their use
of Rhythms to detect emerging patient crises.

Those psychiatrists who incorporated Rhythms data into their
clinical care reported that it improved their understanding of
their patients’ clinical status and that they used these data in
their treatment planning. Likewise, patients appreciated the

added connection to their provider, and there were no reports
of increased provider burden across the study.

Several limitations should be considered. In total, 45.2%
(178/394) of potential participants did not respond to either a
general inquiry sent through MHC or an email letter sent by
their provider. It is unclear why they did not respond to
messages through the EHR, although previous research suggests
that patient preferences for communication method are
influenced by the type of information to be received [32].
Willingness to participate in a study that requires downloading
an app onto one’s personal phone may require direct interaction
with one’s provider and a clear discussion of the potential
benefits for their treatment. The sample predominantly identified
as women and White, limiting generalizability of these findings
to other populations. The relatively short duration of this initial
trial (6 weeks for each participant) and the relatively small
number of patient and provider participants was also a limitation.
Though the clinical value of Rhythms was quickly apparent, a
longer period of monitoring is needed to determine the economic
impact of remote patient monitoring of mental health status on
health care use and costs. All study participants were currently
in active mental health treatment and, on the whole, relatively
stable. How Rhythms would perform in a more acutely ill
population or those with psychosis within the greater health
system is unknown but should be considered in future studies,
as psychiatric disorders can negatively impact one’s motivation
and ability to engage with an app and their overall health care
[33,34].

In summary, Rhythms is a user-friendly, digital platform that
can be embedded into a health system’s EHR and used to
identify patients who are experiencing a worsening of their
mental health between visits with their mental health care
provider. The AI algorithms are based upon passively acquired
data, limiting the need for patient surveys except when
deviations in data suggest a deterioration in the patient’s clinical
status. The culture surrounding the use of technology as part of
measurement assisted mental health care will become more
welcoming as studies such as ours show the ease and clinical
benefits of using remote patient monitoring tools.
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Abstract

Background: Many efforts to increase the uptake of e-mental health (eMH) have failed due to a lack of knowledge and skills,
particularly among professionals. To train health care professionals in technology, serious gaming concepts such as educational
escape rooms are increasingly used, which could also possibly be used in mental health care. However, such serious-game concepts
are scarcely available for eMH training for mental health care professionals.

Objective: This study aims to co-design an escape room for training mental health care professionals’ eMH skills and test the
escape room’s usability by exploring their experiences with this concept as a training method.

Methods: This project used a research through design approach with 3 design stages. In the first stage, the purpose, expectations,
and storylines for the escape room were formulated in 2 co-design sessions with mental health care professionals, game designers,
innovation staff, and researchers. In the second stage, the results were translated into the first escape room, which was tested in
3 sessions, including one web version of the escape room. In the third stage, the escape room was tested with mental health care
professionals outside the co-design team. First, 2 test sessions took place, followed by 3 field study sessions. In the field study
sessions, a questionnaire was used in combination with focus groups to assess the usability of the escape room for eMH training
in practice.

Results: An escape room prototype was iteratively developed and tested by the co-design team, which delivered multiple
suggestions for adaptations that were assimilated in each next version of the prototype. The field study showed that the escape
room creates a positive mindset toward eMH. The suitability of the escape room to explore the possibilities of eMH was rated
4.7 out of 5 by the professionals who participated in the field study. In addition, it was found to be fun and educational at the
same time, scoring 4.7 (SD 0.68) on a 5-point scale. Attention should be paid to the game’s complexity, credibility, and flexibility.
This is important for the usefulness of the escape room in clinical practice, which was rated an average of 3.8 (SD 0.77) on a
5-point scale. Finally, implementation challenges should be addressed, including organizational policy and stimulation of eMH
training.

Conclusions: We can conclude that the perceived usability of an escape room for training mental health care professionals in
eMH skills is promising. However, it requires additional effort to transfer the learnings into mental health care professionals’
clinical practice. A straightforward implementation plan and testing the effectiveness of an escape room on skill enhancement in
mental health care professionals are essential next steps to reach sustainable goals.

(JMIR Form Res 2025;9:e58650)   doi:10.2196/58650
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Introduction

Background
Despite a growing body of evidence for the effectiveness and
benefits of e-mental health (eMH), many studies report a
relatively low use of eMH in practice [1-3]. eMH means mental
health services delivered or supported by digital technologies,
such as video calling, self-management and self-tracking apps,
web-based treatment modules, and virtual reality (VR) [4,5].
An important factor hampering the use of eMH is its relatively
slow adoption by mental health care professionals [5-7]. To a
large extent, this slow adoption results from a lack of knowledge
and skills regarding eMH among mental health care
professionals [7-9].

This lack of skills entails general digital skills but, more
importantly, the ability to use an adequate communication
approach compensating for a potential lack of nonverbal cues
and contextual information. In addition, skills are needed to
guide a professional in handling boundaries (eg, expectations
regarding reaction time and attainability), choosing appropriate
communication channels for each situation, and up-to-date
knowledge of the availability of technological possibilities to
enrich treatment in mental health care [10-12]. The COVID-19
pandemic caused a significant increase in video calling and,
subsequently, the skills to apply such technologies for
therapeutic purposes. However, mental health care professionals
are still hesitant to pursue broader incorporation of eMH (ie,
using different eMH tools in a context where remote treatment
is a choice rather than an imposition) into their therapeutic
practices because of the skills required [13]. Thus, to increase
the adoption of a broad range of eMH tools, there is a persistent
need to enhance mental health care professionals’ skills in using
eMH.

Many training options have recently been developed to
capacitate mental health care professionals in using eMH
[14,15]. The introduction and development of web-based
treatment platforms have brought different programs to acquire
the technical skills to use such a platform. Examples are
applying web modules, written client interactions, and video
sessions instead of real-life therapeutic interactions. Besides
the classical training approach, there are several eLearning
options to support mental health care professionals in digital
skill development [16]. However, research on the effectiveness
of different learning and training strategies in health care has
shown that traditional forms, such as classical instructions and
eLearning, generate insufficient learning outcomes [17,18]. This
can be explained by a lack of experiential learning in
conventional learning methods; there is a need for a “learning
by doing” approach. The learning by doing approach is more
engaging, more realistic, and contributes to a larger self-efficacy
[17,18]. Thus, there is a need to pursue new, more innovative,
and experiential solutions to train mental health care
professionals in using eMH.

To gain a feeling of self-efficacy regarding the application of
eMH, a potential strategy is to offer mental health care
professionals training possibilities based on the concept of
serious gaming [19]. Serious games are physical or digital games
applied to learn or acquire skills and usually offer a combination
of educational content and engagement [19,20]. Escape rooms
have emerged as a popular instructional approach within serious
gaming, attracting growing interest from researchers and
educators [21]. An escape room is a game in which participants
are confronted with a storyline, usually locked into a room, and
need to solve puzzles, search for information, and follow leads
to free themselves from the room within a limited amount of
time. Escape room games are increasingly used for learning
[22-24].

The benefit of an escape room may be that it offers the option
to train skills by gaining hands-on experiences (experiential
learning). Escape rooms create realistic learning environments
that foster meaningful participation and provide a supportive
atmosphere for experimentation [25]. In contrast, other methods
(eg, classical instructions or eLearning) mainly focus on
providing instructions on using an artifact or service [18,26].
In addition, an escape room is focused on the learning process
while simultaneously being educational and fun, which makes
it much more engaging to participate in training [27,28].

The underlying learning mechanisms of an educational escape
room (EER) are often described in terms of the
self-determination theory (SDT) [29,30] and the flow theory
[30,31]. The SDT refers to fundamental psychological needs
such as autonomy, competence, and relatedness to others
[29,30]. EERs provide a safe environment that can be tuned to
the player’s competencies, and an appropriate storyline helps
players relate the competencies demanded in the EER puzzles
to competencies required in real-world situations. Together,
they increase a player’s sense of autonomy, and they can create
a positive experience in self-determination. The flow theory
explains the occurrence of someone’s complete immersion into
a specific task based on positive experiences [30,31]. This
“flow” can be achieved in serious gaming if the challenges meet
the player’s knowledge and abilities. By attempting to address
these fundamental needs in a playful environment, users can
have a positive learning experience [32].

Theoretically, these mechanisms provide a solid argument for
the use of EERs to train mental health care professionals’ skills
in successfully integrating eMH into their therapeutic practice
[22,23]. However, as Vorderobermeier et al [30] indicate, the
success of EERs is hardly ever tracked back to these
mechanisms. To contribute to the emerging field of research
into EERs, we include an evaluation of the participants’ learning
experience in relation to these learning mechanisms.

EERs in eMH
In eMH, the concept of EERs is recognized as a safe and
interactive environment to explore eMH in different possible
therapeutic situations [30,32] while providing a safe and social
environment for training in mental health care. EERs provide
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an opportunity to experiment with otherwise complex or
expensive therapeutic situations [33,34]. As EERs are an
emerging phenomenon, there are also some recent examples of
research into EERs in the context of eMH.

In the context of raising awareness of severe mental illnesses
(SMIs), Rodriguez-Ferrer et al [35] studied the effectiveness of
an EER in educating first-year nursing students (a
nonspecialized audience) in experiencing the stigmas associated
with SMI. The EER was developed with professionals in SMI
and the effect of raising awareness was tested using a
randomized controlled trial experiment. Apart from the primary
objective (raising awareness of SMI), the EER objectives were
to determine whether an entirely web-based version was
effective and whether participants were sufficiently immersed
in the experience. The EER in this study is different in the sense
that it is aimed at experiential learning, involving both digital
and physical interactions. Moreover, the EER developed in this
study is aimed at a professional audience, which means that the
challenges are tuned toward expert knowledge and an in-depth
skillset rooted in ample experience in treating mental illnesses
[35].

Aragon [36] designed and studied the use of an EER for mental
health nursing students attending an accelerated associate degree
program. The topic of learning was communication and
collaboration strategies in mental health. The design of the EER
took a pragmatic, digital form to simplify the strategy for the
development, distribution, and deployment of the EER in the
educational program. The authors studied the potential learning
effect of the digital EER but found no significant difference
compared to students who were not exposed to the EER. The
EER in this paper is different, similar to the EER studied by
Rodriguez-Ferrer et al [35] mentioned earlier, as it targets a
professional audience and aims to provide a more physical,
collaborative learning experience. Moreover, the EER by Aragon
[36] was solely designed by one researcher, whereas this paper
proposes a co-design process to include the views, needs, and
goals of the target audience in the design of the EER. Finally,
the work by Aragon [36] briefly discusses the underlying
mechanisms of the EER, namely (1) the potentially positive
effects of collaboratively solving nursing challenges and (2) the
strong relatedness of the puzzles with the curriculum thus
providing the students with alternative means to consolidate
what was learned during the program [36]. The EER in this
paper makes a clear choice to define the underlying mechanisms
in the SDT theory and the flow theory.

There are more EERs for eMH, such as the one proposed in the
study by Petkari and Calvo [37], and the number of EERs is
likely to increase over time as its potential is currently widely
researched. Similar to the studies discussed earlier, Petkari and
Calvo [37] focused on EERs as alternative or additional elements
for existing curricula, targeted at soon-to-be professionals. In
those contexts, the design of the EER is mostly in the hands of
educators or researchers, while the professionals are only
involved in evaluations [37].

In a previous paper, we described the careful considerations we
took to aim for a successful design and subsequent deployment
of an EER that is tailored toward experiential learning about

(innovative) digital elements suitable for blended therapies [38].
This paper describes the execution of a preliminary version of
the EER.

This study aims to (1) further pursue the ambitions of a
co-designed EER for training mental health care professionals
in eMH, (2) investigate whether an EER would be an acceptable
solution for this purpose, and (3) determine whether the SDT
theory and flow theory are recognized as effective mechanics
based on the experience of professionals, thus making a
contribution to the field of eMH and the emerging field of EERs
in the context of health care.

Co-Designing an EER for eMH Therapy
On the basis of these encouraging arguments and inspiring
examples of eMH EERs in pursuing the development of an
escape room, we gauged practitioners’ first reactions and
expectations regarding this idea. This delivered mostly positive
responses: mental health care professionals expect an escape
room to be innovative, engaging, inviting, and much more
reasonable than the traditional and familiar eMH training
methods. Moreover, based on our user requirements analysis
[39], we aimed to develop a physical escape room. One
argument is that a primary obstacle mental health care
professionals reported in the user requirement analysis is that
they are unacquainted with the possibilities of eMH. On the
basis of this, we assumed that a physical room, with a facilitator
present to moderate and explain, if necessary, would yield better
results. A physical escape room provides more opportunities
for collaboration [40]. Moreover, we learned from the user
requirements analysis that users preferred a learning context in
which they met others and could discuss with colleagues.
Finally, playing an escape room is not a stand-alone solution.
It should be part of a holistic experience, including a clear
introduction and a reflection afterward, where participants can
transfer the value of their eMH experience in the escape room
to their real-life work practice [39].

As we aimed to develop a serious game for training mental
health care professionals in using eMH, it is important to classify
an escape room according to the gameplay/purpose/scope model
for serious games [41]. This allows a better understanding of
an escape room as a serious game and whether it meets our aim
of developing a game with educational content. According to
the definition by Djaouti et al [41], which distinguishes
game-based from play-based activities by noting that the latter
lacks a clear goal, we can, we can classify the gameplay of our
intended escape room as game-based. The goal of the escape
room is to enhance knowledge of the use of eMH by mental
health professionals and train them to use eMH tools in different
situations. That immediately brings us to the purpose of the
escape room, which, in the classification by Djaouti et al [41],
would be training. The intention of the escape room is to
improve the performance of mental health professionals in using
eMH, including how to use certain techniques as well as how
to use these techniques in a particular context. We could also
argue that there is a data exchange component in our escape
room, as we also aim to encourage the users to help each other
solve the puzzles and learn from each other’s experiences. The
scope of the escape room is health care, with mental health
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professionals as the main target audience. However, there is
also the possibility that an escape room to train eMH skills is
incorporated into educational content at vocational or higher
professional education [41].

Objectives
This paper presents the co-design process of developing an
escape room for training mental health care professionals in
eMH. By assessing the expectations and experiences regarding
an EER in mental health care, we aim to evaluate the perceived
usability and to gauge the effect of underlying mechanisms
rooted in SDT and flow theory for training mental health care
professionals’ eMH skills.

Methods

Study Design
To shape the development and explore the perceived usability
of an escape room, we used a process of 3 design stages, in
which a testable prototype of an escape room for mental health
care professionals was developed. In this “research through
design” process, the design of the escape room is part of a
research project in which the design activities contribute to
generating knowledge [42]. Zimmerman et al [43] define
research through design as “a research approach that employs
methods and processes from design practice as a legitimate

method of inquiry.” This knowledge is applied at each stage to
iteratively develop prototypes within the design process [42,43],
leading to the final prototype. To explore the potential of an
escape room, users’ experiences and ideas are gathered on
whether the escape room works as intended and whether it lives
up to the promise of a concept for knowledge and skill
enhancement. With this research through design approach, we
seek to contribute to evidence-based decisions on the
implementation, including potential adaptations and strategies
to maximize the users’ acceptance of the concept. This means
that the design of an escape room is explored for suitability in
the practice of mental health care and for its potential to address
the aim of enhancing professionals’ skills in using eMH. We
organized 9 co-design sessions in 3 design stages (Figure 1).
The escape room’s purpose, expectations, and storyline ideas
were formulated in the first design stage. These ideas were
further translated into a gaming concept (ie, an escape room
prototype), assessed for suitability in the second stage. In the
third stage, a prototype was tested with end users (ie, mental
health care professionals). Data from all stages within this
process contributed to exploring the concept’s perceived
usability. In the Exploration of an Escape Room in 3 Design
Stages subsection in the Results section, we report on the
specific procedures and results of the co-design sessions. In
doing this, we integrate the procedures and results to describe
each design stage as a whole.

Figure 1. Three design stages in the development of an escape room for e-mental health (eMH) training.

Research Context
The study was conducted at a mental health care organization
in Eindhoven (Geestelijke Gezondheidszorg Eindhoven en De
Kempen, GGzE), in the southern part of the Netherlands. GGzE
delivers specialized mental health care for people with various
psychiatric and psychological issues (eg, depression, anxiety
disorders, psychosis, autism, and personality disorders). Mental
health care professionals working at GGzE include (specialized)
psychologists, psychiatrists, nurses, and social workers. GGzE
treats approximately 12,000 clients annually and has 2368
employees [44]. The research involved researchers from Tilburg

University, Eindhoven Technical University, and Fontys
University of Applied Sciences. Through this collaboration
between universities, we combined expertise from social science,
human and technology interaction, and game design. This
combination of expertise vouches for a project in which all
necessary aspects of a useful design process (eg, technique,
human attitudes and behavior, and serious gaming concepts)
and their interaction are considered.
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Participants

Stages 1 and 2
The co-design sessions, including 1 web version in stage 2,
were held with 5 mental health care professionals (psychologists:
n=2, 40%; nurses: n=2, 40%; and social worker: n=1, 20%), 1
innovation staff member, 3 researchers, 3 research laboratory
leaders, and 2 game designers. Together, they formed the
co-design team for this stage in the design process (Table 1).
In line with the existing literature on co-design, we involved
stakeholders from the three areas of expertise that were needed
for the design project [45-47]: (1) the mental health care
professionals that represent the end users of the escape room,
the innovation staff that will be involved in launching the escape

room in practice; (2) the game designers who have expertise in
the development of an escape room; and (3) researchers that
are involved in exploring the usability of and experiences with
an escape room. The mental health care professionals and the
innovation staff members worked at GGzE. They were recruited
through an announcement on the organization’s internal
communication platform and through network contacts of the
project team, that is, a convenience sampling method was used.
Mental health care professionals with varying levels of expertise
were included in this stage of the development process. After
their initial agreement, the participants were further informed
about the project, the purpose of their participation, and how
their data would be handled.

Table 1. Participants’ roles in the development of an escape room for e-mental health (eMH) training.

Design stage 3Web version (design stage 2)Design stage 2Design stage 1Participants

—aPsychologists ••• Participant field study
session (n=3)

Participants (n=2)Participants (n=2)

Participant (n=1)Nurses and therapists ••• Participant field study
session (n=2)

Participants (n=2)Participant (n=1)

——Social workers •• Participant field study
session (n=5)

Participant (n=1)

———Mental health professionals’
team for web-based treatment

• Participant test ses-
sion 2 (n=4)

Participant (n=1)Innovation staff members ••• Participant test ses-
sion 1 (n=2)

Participants (n=2)Participant (n=1)

• Facilitator field study
sessions 1 to 3 (n=1)

Participant (n=1)Researchers ••• Observant field study
sessions 1-3 (n=2)

Participant (n=1)Participants (n=3)
• Observers (n=2)

—Participant (n=1)Research laboratory leaders •• Observers (n=3)Facilitator (n=1)
• Participant (n=1)
• Observer (n=1)

—Facilitator (n=1)Game designers •• Facilitator (n=1)Facilitator (n=1)
• •Participant (n=1) Observant (n=1)

aNot applicable.

Stage 3
In the third stage of the design project, we first asked a
purposively sampled selection of mental health care
professionals, namely 4 highly experienced eMH therapists
from the team for web-based treatment and 2 members of the
innovation staff of GGzE, to participate in 2 test sessions. The
2 test sessions secured a sufficient perceived flow of the escape
room workshop (ie, including introduction and reflection). They
eliminated further technical and practical issues concerning the
logistics escape room (Table 1). Subsequently, we invited
therapists from all disciplines within ambulatory specialized
mental health care to participate in 3 field study sessions to test
whether the final prototype of the escape room would be suitable
as a concept to enhance mental health care professionals’ skills
in using eMH (Table 1). The first session included 2

psychologists, 1 nurse specialist, and 1 social worker. The
second session involved 5 therapists engaged in social work
and supporting clients’ daily activities. Finally, a clinical
psychologist and a verbal therapist tested the escape room in
the third session. All mental health care professionals in the 3
field study sessions had some essential experience with eMH
(ie, using a web-based module and video calling on a
nonfrequent basis).

Data Collection and Analysis
Detailed notes were taken for all co-design sessions in all stages
and were used to compose written reports. These reports were
checked with the participants, after which themes were identified
to describe, organize, and interpret the data [48]. In addition,
video recordings were made of the sessions in stage 3, which
were used to verify and complement the written reports. In the
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first stage, the 2 sessions were analyzed individually because
of the difference in nature of the sessions. In the second stage,
the written reports were summarized into recommendations for
the design team, which they used in the next iteration of the
design. In the third stage, the first 2 test sessions were analyzed
together, and the 3 field study sessions were also combined for
analysis.

We used the Standards for Quality Improvement Reporting
Excellence reporting guidelines to check the completeness and
improve the quality of our manuscript [49]. A completed
checklist can be found in Multimedia Appendix 1.

Ethical Considerations
This project was approved by the ethics review board of Tilburg
University (EC-2013.14) and by the scientific committee of
mental health care in Eindhoven (the Netherlands), where the
participants were recruited. All participants were informed about
the research and allowed to withdraw at any moment. All
participants signed the informed consent form. Data in this
project were anonymized and cannot be linked back to
participants. Participation was voluntary, without financial
compensation.

Results

Exploration of an Escape Room in 3 Design Stages
We describe the 3 stages of our research through the design
process subsequently (Figure 1). As explained in the Methods
section, we elaborate on the specific procedures we followed
in each design stage to gather the data, the results generated,
and how the findings within all 3 stages provide insights into
the usability of an escape room as a game-based solution for
eMH training for mental health care professionals (Figure 1).

Design Stage 1: Purpose, Expectations, and Storyline

Overview
In the first co-design session of design stage 1, which took place
in December 2019, a joint purpose and common ground for the
escape room were formulated. Participants were invited to work
in subgroups to discuss the following: (1) the current situation,
including the mental health care professionals’attitude regarding
eMH; (2) a vision of how future mental health care professionals
should be equipped and accommodated to integrate eMH into
their daily practice; and (3) the requirements regarding an escape
room to transition from the current to the future mental health
care professional, in which eMH plays a central role, including
the success and failure factors for this concept.

This was done by exchanging ideas, associating concepts, and
explaining the relationship between eMH and the work of mental
health care professionals.

Following this, a second co-design session was organized, aimed
to deliver the storyline for the envisioned escape room.
Information was gathered on the particulars of clients in mental
health care, the mental health care setting in general, the various
treatments and services available, including eMH, and the
different client journeys that occur. This provided information
on the requirements regarding the content of the game. The

designers delineated a fictitious client and a story to form the
basis of the escape room game. This initial storyline was verified
with the mental health care professionals of the co-design team
and was adjusted accordingly.

Purpose
In the first co-design session, the participants mentioned that
many mental health care professionals are still convinced that
the best way to treat a client is through face-to-face interaction.
There is still a feeling of eMH being imposed by financial
incentives, offering very limited job enrichment for mental
health care professionals and very limited options to enrich
treatment possibilities for clients. As a result, practitioners often
need more interest or time to explore the possibilities of eMH.
An important driver for mental health care practitioners to use
eMH in the future would be that they see a clear-cut advantage
in it for their clients, such as feeling less of a “patient” and
gaining self-control and autonomy. This could be established
by gaining positive experiences using eMH, for example, in
training. Another aspect of the current attitude of many mental
health care professionals mentioned in the co-design session
was the lack of knowledge and skills to use eMH. Enhancing
this knowledge requires time that needs to be facilitated by the
organization they work for.

Despite this attitude, mental health care practitioners see the
need to integrate eMH into therapy. The future mental health
care professional is seen as someone for whom eMH is a natural
part of the job. The session revealed that mental health care
professionals consider their profession a craft, and some may
see innovation as detrimental to this craft. According to the
participants in the session, an escape room should demonstrate
the opposite: instead of devaluating the craft, eMH has to
reinforce it.

Expectations
On the basis of the purpose of the escape room, it is essential
that sharing positive experiences and building confidence in
using eMH are emphasized when designing a prototype. In the
co-design session, it was stated that examples of positive
experiences with eMH in clinical practice should be visible in
the escape room, along with opportunities for professionals to
share their positive experiences. Furthermore, the educational
content of the escape room should seamlessly fit various real-life
scenarios, making a transfer to everyday practice easy. Specific
and well-defined learning goals should provide the opportunity
to gain confidence in using technology, and the escape room
should consist of customizable elements to fit the particular
learning needs. Finally, the escape room should be engaging
and contain continuous feedback loops, a recognizable storyline,
and multiplayer options for a shared learning experience.

In addition to game-specific criteria, conditional requirements,
such as perceived ease of use, a robust (technological) system,
and perceived usefulness were considered significant.
Furthermore, the social influence of colleagues, the perception
of available time, endorsement by management, and an excellent
incentive to engage in the escape room are issues that need to
be considered. Finally, the escape room should be a complete
learning experience with a clear introduction and reflection after
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playing the game. Mental health care professionals must transfer
from the learning experience to their therapeutic practice.

Storylines
On the basis of the input in the first session, the designers crafted
a storyline for the escape room, which was presented to the
co-design team. In their reflection on the storyline, the co-design
team remarked that the mental health problems of the fictitious

client should be more complex to be eligible for specialized
mental health care. It should also contain more details to be
sufficiently recognizable for therapists. In this stage of the
design process, the co-design team also concluded that it would
be valuable if there were sets of multiple storylines revolving
around different settings or problems in mental health care to
enhance the reach among the potential users of the escape room
(Figure 2).

Figure 2. Results of the first design iteration in the development of an escape room for e-mental health (eMH) training.

Design Stage 2: Developing a Prototype

Overview
The prototype was presented to the co-design team in February
2020. The prototype of the escape room consists of 2 storylines,
which are played separately. In each storyline, the participants
are introduced to a client who experiences mental health
problems. The challenge in the escape room is to answer
questions in the client’s electronic patient file, leading to a final
solution to help the client take the next step. These questions

can only be answered by finding clues in several locked safes,
thoroughly analyzing the information given about the client,
and using the eMH tools they see in the room. The eMH tools
the participants provided to “help their client” were an electronic
diary, a VR application for exposure therapy, biofeedback, a
chat function, and web-based treatment platform. All materials
used in the escape room are portable, which means playing the
escape room is not dependent on a fixed place (Figure 3). The
actual game is embedded in a workshop with an introduction
to familiarize with the topic, goals, and expectations regarding
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the escape room and a reflection afterward to discuss the
experiences and take-home messages.

In a try-out session, the co-design team tested this prototype by
playing the escape room in 3 small groups of 3 participants.
This delivered additional data for our research regarding the
expectations and experiences of an escape room. At the same
time, it provided the designers with feedback for a second
prototype. In each round, the participants were given 15 minutes

to play the game and solve the puzzles. Each subgroup reflected
individually on the prototype directly after playing the escape
room. At the end of the session, a plenary discussion took place
to summarize the results. The designers developed a second
prototype for the escape room based on the feedback. In this
phase, a second storyline was also developed. Different eMH
tools were added and various connections were made between
these eMH tools, the storyline, and the puzzles.

Figure 3. Picture of an escape room setting.

In March 2020, the world was confronted with an unprecedented
global pandemic that caused a significant disruption of life as
we knew it. Burdened by the consequences of the pandemic and
the measures that national governments took to control the virus
(eg, social distancing, lockdown, and quarantine), the activities
in our design process were also heavily disturbed. Switching to
this new situation, we sought to continue the design process by
developing a web-based alternative to test the second prototype
of the escape room in April 2020. This web version was a digital
copy of the physical room, containing the same elements,
puzzles, and eMH tools, except for the VR goggles. This second
prototype included 2 storylines, each with a fictitious client,
and was tested by the co-design team members. One storyline
was tested while being moderated by the designers, the other
storyline was tested by each member individually, without being
moderated.

Try-Out Sessions
The feedback gathered during the try-out sessions delivered
several expectations and experiences of mental health care
professionals regarding an escape room. First, storylines in an
escape room benefit from a good match with a client’s pathway
in mental health care and reflect truly relatable situations.
Moreover, it is essential to focus on mental health problems as
an integrated part of everyday life situations. This is important
because otherwise, the suggested eMH tools cannot be
appropriately linked, and a genuine eMH experience will be
missed. This suggestion was also given in response to the final
storyline in the previous phase of the design process. Second,

there should not be too much focus on solving the puzzles in
the escape room, as it diminishes the awareness of eMH in the
game. More importantly, the eMH tools should be linked
explicitly to the puzzles. The participants should experience a
(positive) consequence when choosing, for example, finding
the next clue when trying a specific eMH tool or experiencing
that someone (ie, the fictitious client) benefits from you as a
practitioner choosing to use eMH. Third, variation and
differentiation in an escape room vouches for a stronger and
fuller user experience. This could be established by multiple
storylines (as was stated in the previous phase of the design
process), different sets of eMH tools that can be used, and
variations in the level of difficulty in the escape room. In this
way, the escape room can be played multiple times and
addresses different levels of expertise, either regarding eMH or
playing an escape room. Fourth, there should be a clear
conclusion to the escape room and, consequently, a euphoric
feeling when finishing the game. To this end, the purpose at the
beginning of the game may need to be more apparent. Fifth, it
should be beyond any doubt that the experience of eMH in the
escape room can also be transferred to the daily practice of a
mental health care professional. Otherwise, the escape room
will not be considered credible.

Web Version
From the tryout, it became clear that the experience of a web
version of an escape room does not closely resemble the
experience of an escape room in real life. Due to several
technical hassles, the game’s flow was hindered multiple times.
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Most importantly, it impeded the possibility of team
interactivity, working together, and exchanging ideas about
eMH, which was mentioned multiple times in the design process
as one of the critical success factors for an escape room.

Final Prototype
After receiving the feedback on the web version of the escape
room, the designers continued developing a prototype that was
fit for testing by end users. The co-design team subsequently
assessed a final prototype in July 2020. After minor adaptations,
this prototype was finalized in September 2020. Following this,
a field study was planned (stage 3) to gather the user experiences
of the escape room among the end users, that is, mental health
care professionals from various disciplines (Multimedia
Appendix 2).

Design Stage 3: Testing the Final Prototype

Test Sessions
In 2 test sessions (September and October 2020), we first
checked the flow of the escape room workshop and the
functioning of the materials and technology. This delivered a
positive outcome regarding the potential of the concept for
exploring eMH and, in that way, enhancing mental health care
professionals’ knowledge about the possibilities of technology
in therapy. The participants of these sessions shared several
thoughts on how to improve the workshop before starting the
field study sessions with end users.

The first finding in the test sessions was the importance of good
functioning of the content and technical aspects of the escape
room to ensure a good flow in the game. Besides a good flow
in the game, a facilitator should lead a good introduction and
reflection to complement the learning experience.

According to the participants in the test sessions, a good
explanation of the purpose and relevance of the escape room
and presenting a game manual to maximize the effect of playing
the escape room is necessary. One participant particularly
mentioned the importance of stressing the educational purpose
and preventing the feeling that the workshop is merely
something for fun. After playing the escape room, reflecting on
the purpose is important. According to the participants, there
should be a clear take-home message, discussion on the

experiences gained in the escape room, and acquired knowledge
to share with colleagues afterward.

Another issue raised during the 2 test sessions was the need to
continuously adapt the storylines or create the flexibility to
insert additional storylines in the escape room game. Two
storylines may be too few to address all therapeutic contexts,
all levels of complexity in mental health care, and all eMH
possibilities that could add value. The participants also marked
a sense of reality in the storylines. Opportunism should be
avoided because it should not imply that technology will always
vouch for a positive treatment outcome. For example, in VR,
the escape room should not pretend that it is something that
instantly makes everything better. This was regarded as an
essential issue to warrant the credibility of the escape room.
However, the same session also mentioned that experiencing
eMH tools in this manner created awareness about escape
room’s potential. At the same time, the biofeedback application
also showed that it is possible to visually track panic attacks in
such an application. The final aspect regarding the mentioned
storylines is using the correct professional jargon in the escape
room. At one point, a participant stated that the way things were
written in the escape room did not reflect the language a
therapist would use. In contrast, language and jargon appeared
very personal, making it difficult to always be accurate in an
escape room. This emphasizes the fact that there is a large
diversity among mental health care professionals and the clients
they are treating.

Finally, the participants discussed the complexity of the game
itself. Some participants found figuring out the puzzles and
clues challenging, but others remarked it was too simple. Some
solutions were easily found without using the eMH tools in the
escape room, resulting in an ineffective learning experience.
Some participants in the test sessions suggested creating multiple
levels of complexity in the escape room to address several types
of game players (ie, level of experience with escape room
games) and other kinds of therapists.

On the basis of the results of these 2 test sessions, minor
adjustments were made regarding the complexity of the puzzles
to ensure that clues and solutions could not be found without
using eMH tools. Furthermore, the introduction and reflection
were refined to embed the escape room game in a workshop
format (Figure 4).
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Figure 4. Results of the test and field study sessions (third iteration) in the development of an escape room for e-mental health (eMH) training.

Field Study Sessions

Overview

Hereafter, the workshop was tested in 3 sessions with mental
health care professionals from different areas of expertise. A
total of 11 mental health care professionals participated in these
field study sessions (November and December 2020 and June
2021) and were asked to fill in a questionnaire (Multimedia
Appendix 3) at the end of the workshop. Their answers formed
the basis for a discussion about their user experiences. The

questionnaire consisted of an overall experience rating (question
1), three parts to reflect on (1) the quality of the introduction
(questions 2-4), (2) the game itself (questions 5-11), and (3) the
reflection (questions 12-15), overall questions regarding the
perceived usability (questions 16-19), and a question on
strengths and suggestions (question 20). The questions in the 3
parts of the questionnaire were constructed based on the results
of the co-design sessions in design stage 1. As we explained in
design stage 1, mental health care professionals use eMH mainly
because of its apparent benefits. To encourage this, the escape
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room should therefore highlight positive experiences with eMH
in clinical practice, in line with the flow theory that states that
a positive learning experience can be reached if the challenges
meet the abilities of the users and if they can share this with
colleagues [31]. To explore the extent to which the escape room
was experienced positively, we formulated questions 1, 3, 9,
10, and 13. Furthermore, from design stage 1 and SDT, we
learned that the educational content must align with real-life
scenarios, making it easy to apply in practice [29]. Questions
6, 8, and 15 were therefore constructed to assess whether the
storylines are recognizable and whether the training with eMH
tools in these storylines connects to their daily practice. In
addition, questions 2 and 5 were formulated to explore if the
learning goals become clear, and questions 7 and 12 assessed
whether the escape room helps to build confidence in using
technology, with customizable elements tailored to specific
needs. Finally, the game should enable multiplayer options for
shared learning [31]. To assess whether the escape room was
experienced that way, we added questions 4, 11, and 14.
Together this led to the questionnaire, which had 20 targeted
questions. The answers to the questions were subsequently used
as a guide in discussion with the participants to gain a more
in-depth understanding of the possibilities of an escape room
as an environment for mental health care professionals to
experiment and practice with eMH.

User Experiences

From the questionnaire and discussion, we learned that the
participants in the field study sessions were enthusiastic about
the workshop they participated in. They stated that the workshop
is inspiring and creates a positive mindset toward eMH. They
recognized the potential to remove barriers they had at first,
showing that eMH is accessible and not always that difficult to
use. The participants experienced significant fun in the escape
room, making it feel less obligatory. This is expected to help
people engage more easily. In addition, the alternation between
playing and reflecting was mentioned as meaningful. In total,
2 (18%) of the 11 participants mentioned they were pleased that
there was no explicit element of competition in the escape room.
According to these participants, too much competition, for
example, ranking who has solved the escape room the fastest,
would distract the users from the storyline and the eMH
possibilities they come across.

All but one participant expressed that they experienced the
storylines in the escape room as realistic. One mental health

care professional did not recognize the storylines in the escape
room. Another aspect related to this was the “credibility” of the
suggested effect of eMH in the escape room. Although most
(9/11, 82%) of the participants could describe the use of eMH
to certain benefits for mental health care, it should be carefully
suggested in the escape room. However, most (9/11, 82%)
participants experienced how they could practically apply eMH
in therapeutic situations. For example, VR was experienced in
the escape room, resulting in a discussion on how VR could be
used for clients in specific treatment situations. The participants
were able to connect their VR experience in the workshop to
real-life situations and could see the added value of using
eHealth. All kinds of eHealth suggestions were exchanged,
which illustrates the effect of being given the possibility to
explore and experiment with eHealth in this type of playful
setting.

Participants wondered whether an escape room would appeal
enough to therapists who were skeptical about eMH. The
participants also mentioned that the current storylines and eMH
tools may not be recognizable for all mental health care
professionals. It was considered important to explore eMH tools
that are also accessible in real life to be able to transfer
knowledge from training to reality. In contrast, it is also
mentioned that mental health care professionals with vast
experience in eMH will find it more attractive to explore more
experimental eMH tools.

Perceived Usability of an Escape Room for eMH Training

To explore the perceived usability of an escape room for skill
enhancement in eMH, we asked the participants to indicate
whether the workshop provided them with a more elaborate and
precise picture of the possibilities of eMH (Table 2). The
feedback on this issue varied among the participants. In total,
2 (18%) of the 11 mental health care professionals reported that
they had not gained a better picture of the options of eMH in
the escape room. This was because they already had a relatively
good basic knowledge about eMH beforehand. The participants
who were less experienced users of eMH reflected that they had
a much better idea about the possibilities of eMH after
participating in the escape room workshop. It was suggested
that the current escape room prototype would benefit from
further development to create more options to try additional
eMH tools because, in the current prototype, not all mental
health care professionals would find tools suitable for their
therapeutic practice.

Table 2. Perceived usability of an escape room (ER) for e-mental health (eMH) training (questionnaire results).

Score on a scale of 1-5, mean (SD)Items

4.7 (0.92)Suitability of an ER to explore possibilities of eMH

4.7 (0.47)Possibilities for collaboration in the ER

4.3 (0.92)Clarity of the storylines

4.6 (0.67)Clarity of learning goal in the ER

4.7 (0.68)Balance educational content and fun

3.8 (0.77)Usefulness for daily practice
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The participants largely agreed on the suitability of an escape
room concept for exploring eMH (average score of 4.7, SD
0.92). They perceived the learning goal in the workshop as
evident (average score of 4.6, SD 0.67). They also experienced
a good balance between the educational and the fun part in the
escape room (average score of 4.7, SD 0.68). It was mentioned
in the discussion that suitability is supported when the bridge
between the escape room and everyday practice is explicitly
discussed in the workshop as well as the steps that can be taken
after completing the workshop and returning to the workplace.
Follow-up training is essential because otherwise the acquired
knowledge will not be secured. According to the participants,
this escape room offers an excellent first experience with the
possibilities of eMH; more than that, it is just another
educational workshop, “It is more ‘getting to know eMH’ than
‘learning how to apply eMH.” It was also suggested that more
focus on the client groups that people are treating would be
helpful in the reflection part of the workshop. The participants
advocated that involving professionals with similar client groups
or treatment contexts would be more effective in stimulating
the exchange of experiences with eMH and the transferability
of the experiences in the escape room to daily practice.

In line with the findings about follow-up training, the
participants elaborately reflect on how to apply and secure
knowledge on eMH once the first experiences are gained in the
escape room. While this workshop helps to talk about eMH,
keeping the conversation going in everyday practice is equally
important. According to the participants in our study, mental
health care professionals are focused on the content of their
treatment and support, and the knowledge gained in the eMH
escape room might lose its impact. It was stated that the
organization should provide continuous information about what
is new in the field of eMH and should provide time to invest in
exploring new tools. The concept of an escape room or a game
offers a very persuasive opportunity to invest in keeping
knowledge up to date and motivating people. All workshops
suggested that this would be an excellent fit for a teambuilding
activity.

Implementation Possibilities and Requirements

In addition to gathering experiences with the escape room
workshop, we asked the mental health care professionals who
participated to indicate what they deemed essential for
successfully implementing it. The first thing mentioned was
that professionals in mental health care should be confronted
with eMH from various directions, that is, in an escape room,
but also by clients, colleagues, and organizational policies aimed
at being innovative, requiring innovative and digitally skilled
employees. Incorporating an escape room in an introductory
meeting might be possible when people are new to the
organization.

Another issue that emerged from the workshops concerns the
approachability of the escape room. It is experienced as
convenient that the escape room is currently a mobile version,
which does not necessarily require people to go somewhere and
spend much time traveling. It would be even more convenient
if the escape room could be played without an external facilitator
so that participants could be more flexible in their time planning.

However, this remains the main concern of the participants in
the workshops: will mental health care professionals be provided
with enough time to explore eMH in the future, and will their
production targets be adjusted accordingly? In addition, it should
be decided who will provide training services and materials in
the organization. Finally, the participants stated that a strong
vision by the policy makers on the use of eMH in the
organization and the expectations regarding the future mental
healthcare professional is indispensable to warrant a successful
implementation of an escape room or any serious gaming
concept for eMH training in mental health care.

Discussion

Principal Findings
In this research through design study, we investigated the
perceived usability of an escape room for training mental health
care professionals in using eMH. On the basis of the results in
each stage of our research and the overall findings, we can
conclude that an escape room concept might be suitable for this
type of training. We subsequently discuss our findings by
reflecting on the experiences with our escape room prototype
and what this means in light of the purpose of our design project:
developing new training methods for mental health care
professionals, with the ultimate goal of contributing to increasing
the adoption of eMH. We conclude with an overall view of the
possibilities of game-based training in mental health care based
on the results of this design study.

What we know from earlier research, which also emerged in
this study, is that many mental health care professionals are not
convinced of the benefits of eMH, resulting in dismissive
attitudes and behavior [50,51]. The escape room was
experienced as both fun and educational; however, most
importantly, it induced a more positive stance toward eMH
tools. While an open mindset is a prerequisite for change, the
escape room may offer a potential concept as the first step to
changing attitudes and behavior among mental health care
professionals regarding eMH [36,40].

For the escape room to be accepted as a valuable training method
by its end users, the storylines, game elements (puzzles and
clues), and eMH tools in the escape room needed to be credible
and recognizable for mental health care professionals. At the
same time, it became clear that it is tough to design storylines
that seamlessly match the practices of mental health care
therapists. In one of the first versions of the prototype, there
was too much focus on everyday life situations instead of mental
health problems. This is crucial because the participants need
a genuine eMH experience to link to their treatment context
properly. This feedback was given in different iterations in the
design process, which marks the difficulty of designing a good
and representative storyline and the importance of involving
multiple disciplines in a co-design team [46,47].

Moreover, it became clear that mental health care professionals
are diverse in terms of their client population, type of mental
health care services, and level of adoption in eMH. This requires
a flexible and adaptable training concept to expand the reach
of the escape room. Greater diversification regarding the
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storylines and available eMH tools in the escape room may be
needed, along with various difficulty levels. The participants
in the field study sessions indicated that the escape room in its
current form might not be suitable for people who are already
frequent users of eMH. This implies that the gains of the current
escape room are probably highest for people who are relatively
inexperienced eMH users, which applied to most mental health
care professionals when we started the design process. Adding
new, more innovative tools could, however, expand the reach
of the escape room.

The participants welcomed the escape room as an engaging
concept and noted that its design needs continuation and further
development. In its current form, the escape room offers an
environment for exploration and the first acquaintance with
eMH rather than actual skill development in applying these
tools. We believe that, whereas most mental health care
professionals are—partly because of the coronavirus
pandemic—familiar with standard eMH tools that are also used
in everyday life (eg, videoconferencing and SMS text
messaging), they remain unaware of the possibilities of more
novel technologies, such as VR and biofeedback, and may be
biased about its use in their daily clinical practice. Therefore,
creating a different mindset remains an important foundation
for further skill development in the future and increasing
adoption in general. An extensive research base reports on
various barriers that prevent accelerating the adoption of eMH
[5,51,52]. This escape room addresses one of the critical barriers,
a perceived lack of knowledge. However, issues such as
compensating for the loss of nonverbal information, the lack of
trust in technological systems, and the availability of time and
resources to gain positive experiences in using eMH also need
to be addressed.

When exploring ideas for further training for specific eMH
tools, the question is whether an escape room would also be
suitable for this particular type of training. Looking at escape
rooms in health care, we find that escape rooms are most
appropriate for exploration and awareness and less ideal for
training-specific skills [23,24]. This was also why we chose an
escape room concept in the first place; it suited the results of
our user requirements analysis that revealed a specific need for
exploring and enhancing knowledge rather than specific
hands-on skills. Training these hands-on skills should be
addressed for the next step, particularly because the participants
in our study also indicated this need. Moreover, for both the
possibility of exploration and specific skill training, the support
in terms of time and resources provided by the organization and
its management is crucial. The organization’s commitment to
a digital transition and the necessity for mental health care
professionals to be equipped with 21st-century skills must be
at the forefront. Finally, follow-up research is required to test
the escape room’s effectiveness regarding knowledge increase
and skill enhancement.

The Perceived Usability of Serious Gaming for eMH
Training in Mental Health Care Based on Users’
Experiences
The results of our study show positive experiences with an
escape room as a serious gaming concept for eMH training in

mental health care. These positive experiences might be
explained in terms of the SDT [29] and the flow theory [31].
By attempting to address the needs of competence and
autonomy, the users may have had a positive experience. The
flow of the escape room may have positively contributed to
their motivation to enhance their knowledge of eMH and their
general attitude toward using eMH in their clinical practice [30].

In the design of the escape room, we addressed several important
game mechanics that we found to have influenced our users’
experiences, for example, an adequate level of complexity in
the game [19,53,54]. The participants in our study emphasized
that when a puzzle in the escape room takes too much time or
is too difficult, it may lead to frustration and an adverse effect.
The opposite of this also works negatively; when clues are too
obvious, people may not feel they are taken seriously. In general,
our escape room was experienced as having an appropriate level
of difficulty, which led to a positive experience. We also paid
much attention to the importance of the story or narrative in the
escape room. When this narrative is too farfetched or not
relatable to clinical practice, it loses strength; when people can
identify with the story in the game, it may be much more
effective than any other learning method [29-31]. In addition,
the aspect of social interaction [30] was predominantly present
in our escape room and experienced as one of the critical factors
for its success.

Strengths and Limitations
In this study, we particularly choose a research through design
approach to develop and test an escape room as a serious gaming
solution for eMH training among mental health care
professionals. The strength of this approach is that it enabled
us to use formative evaluations [55] between the stages of design
to provide input for the next design stage. We strongly believe
that without these intermediate assessments, we could not design
a prototype suitable to the practice of mental health care
providers. More importantly, the involvement of mental health
care professionals in our co-design team ensured a prototype
that matched the therapeutic practice we pursued to reflect in
our escape room. However, there are some limitations. First of
all, we used an inductive analysis method, which allowed us to
gather any information deemed necessary for the development
of the escape room but may have lacked the required structure
to establish an evaluation of the effectiveness of the escape
room, in terms of skill enhancement, and for other researchers
to replicate the analyses. Analysis procedures that would allow
an assessment of the escape room’s success could be to use a
pre- and posttest quasi-experimental design for the evaluation
[56], a controlled experiment with naturalistic and summative
evaluations to assess whether the purpose of the game is indeed
reached [57] or a heuristic evaluation using predefined rules of
thumb to measure the usability of the escape room [58]. A
second limitation of this study is that we included a small sample
of mental health care professionals who all worked at the same
mental health care organization. In other words, we did not
include participants from a diverse mental health care setting
other than the differentiation in mental health care contexts
within an organization. In addition, we are aware that for
projects like this, where participants are recruited through open
invitation, people who are already enthusiastic about the topic,
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in this case, eMH, tend to be the ones who sign up for
participation. In future research, it would be worthwhile to test
the escape room or any other game-based training solution
among mental health care professionals who are skeptical about
eMH to see whether also, in this group, the effect of creating
an open mindset through exploration and experience-based
learning is achieved.

Conclusions
In general, we can conclude that experience-based training, such
as game-based training in an escape room, helps people
experience what they are being trained to do or use. This
experience may be much stronger than the experience of learning
through traditional learning (eg, classroom, textbook, or
e-learning). When training is more fun and engaging, this will
increase the learning experience. Moreover, it increases the
participants’ motivation and creates an open mindset. In our
study, we learned that an escape room as a serious gaming
concept stimulates the willingness to participate in training and
be open to change. This openness to change is essential in

increasing the use of eMH. However, it is important that there
is a clear next step to this first exploration, providing
professionals with the opportunity to thoroughly train their skills
in specific eMH tools. Subsequently, it would be valuable to
evaluate the effectiveness of game-based training in an escape
room for enhancing particular skills. Furthermore, designing is
a cooperation between different experts. The design process
should be viewed from different angles and areas of expertise.
The contribution of mental health care professionals was
necessary to create a credible game in which both the storyline
and set of integrated eMH tools can be transferred to their
therapeutic practice. Finally, the success of a game-based
training method, such as an escape room, depends on the
commitment of the organization in which it is implemented.
People need to feel that they have the time and support of their
management to engage in training. This commitment is more
than just telling them to “go and participate in training.” The
whole organization must enhance specific knowledge based on
common ground and a shared vision of what is needed regarding
competencies and skills by mental health care professionals.
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Abstract

Background: The integration of advanced technologies such as augmented reality (AR) and virtual reality (VR) into surgical
procedures has garnered significant attention. However, the introduction of these innovations requires thorough evaluation in the
context of human-machine interaction. Despite their potential benefits, new technologies can complicate surgical tasks and
increase the cognitive load on surgeons, potentially offsetting their intended advantages. It is crucial to evaluate these technologies
not only for their functional improvements but also for their impact on the surgeon’s workload in clinical settings. A surgical
team today must increasingly navigate advanced technologies such as AR and VR, aiming to reduce surgical trauma and enhance
patient safety. However, each innovation needs to be evaluated in terms of human-machine interaction. Even if an innovation
appears to bring advancements to the field it is applied in, it may complicate the work and increase the surgeon’s workload rather
than benefiting the surgeon.

Objective: This study aims to establish a method for objectively determining the additional workload generated using AR or
VR glasses in a clinical context for the first time.

Methods: Electroencephalography (EEG) signals were recorded using a passive auditory oddball paradigm while 9 participants
performed surgical planning for liver resection across 3 different conditions: (1) using AR glasses, (2) VR glasses, and (3) the
conventional planning software on a computer.

Results: The electrophysiological results, that is, the potentials evoked by the auditory stimulus, were compared with the
subjectively perceived stress of the participants, as determined by the National Aeronautics and Space Administration-Task Load
Index (NASA-TLX) questionnaire. The AR condition had the highest scores for mental demand (median 75, IQR 70-85), effort
(median 55, IQR 30-65), and frustration (median 40, IQR 15-75) compared with the VR and PC conditions. The analysis of the
EEG revealed a trend toward a lower amplitude of the N1 component as well as for the P3 component at the central electrodes
in the AR condition, suggesting a higher workload for participants when using AR glasses. In addition, EEG components in the
VR condition did not reveal any noticeable differences compared with the EEG components in the conventional planning condition.
For the P1 component, the VR condition elicited significantly earlier latencies at the Fz electrode (mean 75.3 ms, SD 25.8 ms)
compared with the PC condition (mean 99.4 ms, SD 28.6 ms).

Conclusions: The results suggest a lower stress level when using VR glasses compared with AR glasses, likely due to the 3D
visualization of the liver model. Additionally, the alignment between subjectively determined results and objectively determined
results confirms the validity of the study design applied in this research.
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Introduction

In modern surgery, new techniques are increasingly being
adopted. One example of such innovative technologies is
minimally invasive procedures, which aim to reduce surgical
trauma and enhance patient safety [1]. However, while these
techniques benefit the patient, they pose significant
challenges—both cognitively and physically—for the surgical
team, particularly the surgeon, due to limited visibility and
increased physical strain. This, in turn, may jeopardize patient
safety [2].

Another example of novel technologies applied in surgery is
the use of augmented reality (AR) and virtual reality (VR)
simulations. These simulations display 3D models of anatomical
structures on a 3D screen, potentially aiding in their examination
and analysis. Glasses that project these simulations can be used
during the preoperative phase to assist with surgical planning.

To incorporate technologies such as AR and VR applications
into everyday clinical practice or the operating room, these
technologies must first be evaluated for safety, ergonomics, and
particularly for their impact on workplace strain [3]. So far, AR
and VR glasses have primarily been assessed for mental
workload using subjective questionnaires, such as the National
Aeronautics and Space Administration-Task Load Index
(NASA-TLX), or by measuring the user’s performance quality
[4]. This study aims to assess mental workload both objectively,
through electrophysiological recordings, and subjectively, using
established questionnaires, to facilitate a comparison between
the 2. The study is not intended to evaluate or rate the different
techniques used.

From a neuroergonomic perspective, replacing subjective
questionnaires with objective measurements offers distinct
advantages. Subjective questionnaires rely on self-reporting,
which can be influenced by various biases. By contrast, objective
measurements provide more accurate and reliable data by
directly assessing neurophysiological and behavioral responses
in real time [5]. By minimizing reliance on subjective
questionnaires, objective measurements enhance the scientific
validity of neuroergonomic research, resulting in more robust
findings and practical implications that could optimize
human-machine interactions.

AR and VR glasses enable more accurate planning of invasive
procedures through 3D visualization of anatomical structures.
This allows the medical team to anticipate potential anomalies
and develop a tailored plan for complex surgeries that considers
the patient’s individual anatomy more precisely than traditional
preparation using conventional radiological images. Such
technologies are particularly valuable in challenging
interventions with limited direct visibility, such as laparoscopic
procedures [6]. Additionally, VR and AR can serve as effective

training tools for inexperienced surgeons, helping them gain
proficiency and improve safety during interventions.

Several studies have subjectively evaluated the reduction of
stress and cognitive burden during the use of VR and AR [7-9].
The results suggest that VR and AR can alleviate stress and
cognitive load for users. These applications have been used to
clarify anatomical conditions and facilitate the learning of
practical tasks, thus reducing stress by providing presurgical
training. Building on these findings, we hypothesized that in
this study, using AR and VR simulations would be less taxing
for participants when preparing for surgery, compared with the
traditional method of using classical radiological images such
as magnetic resonance imaging (MRI), CT, and X-rays.

Ghani et al [10] demonstrated that a passive oddball condition
can be used to objectively assess mental workload through
participants’electroencephalography (EEG) [10]. By combining
subjective questionnaires with the objective evaluation of
workload via EEG, we hypothesize that in this study, the
objective results on mental workload will align with the
subjective data from the NASA-TLX questionnaire [11].

Bernhardt et al [6], Nicolau et al [12], and Dixon et al [13]
described significantly improved visualization capabilities
through the use of AR and VR, particularly in minimally
invasive procedures. Based on these findings, we hypothesize
that AR and VR will facilitate mental visualization of anatomical
conditions more effectively than traditional 2D images, due to
their 3D displays, ultimately leading to better outcomes, such
as improved surgical performance.

To test the following 3 hypotheses, a passive oddball experiment
with continuous EEG monitoring was conducted with 9 visceral
surgeons as participants. They performed mock preoperative
planning for the resection of a cancerous liver tumor using AR
and VR headsets, as well as traditional radiological images
(MRI and computed tomography scans, resolution: 5 mm;
arterial and venous phases available) displayed on a standard
computer screen.

• Hypothesis 1: AR and VR simulations will reduce mental
workload compared with traditional radiological images.

• Hypothesis 2: The mental workload measured objectively
using EEG will match with subjective reports from the
NASA-TLX questionnaire.

• Hypothesis 3: AR and VR use will improve anatomical
visualization and surgical performance compared with
traditional 2D imaging.

To successfully test hypothesis 1, we are using 2 real,
anonymized surgical cases that have been adapted for display
in traditional radiological, VR, and AR environments.

To evaluate hypothesis 2, a state-of-the-art mobile EEG setup
is used on the same cases, after which participants are asked to
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complete a commonly used, validated questionnaire on workload
strain.

To evaluate performance in hypothesis 3, participants were
required to assess the resectability of the tumor in each case,
considering both its size and location to make an informed
decision regarding surgical feasibility.

These hypotheses require both objective and subjective workload
assessments, along with a comparative evaluation of task
performance under different imaging conditions.

The design of the EEG task follows a standard passive auditory
oddball paradigm, in which both a frequent and a rare auditory
stimulus are presented. The EEG response to the target stimulus
is analyzed, as it is expected to produce 2 distinct potentials: in
addition to the early neuronal responses to the auditory stimulus
(P1, N1, P2, and N2, collectively referred to as auditory evoked
potentials [AEP]), a later response to the oddball modality—that
is, the shift from a frequent to a rare stimulus—is expected to
manifest as the P3 potential (hereafter referred to as
event-related potential [ERP]). While the early AEPs are
associated with basic neuronal processing, primarily reflecting
the activity of working memory, the later ERPs are linked to
more complex, higher-order cognitive processing of the
presented stimulus [14].

The degree of these potentials is used to draw conclusions about
the objective workload, specifically in terms of the attention
required for a primary task. While the auditory stimuli are
presented passively in the background, participants focus
actively on a primary task—in our case, planning a surgery in
different modalities. It has been demonstrated multiple times
that EEG potentials are more pronounced when the primary
task is less demanding, that is, requiring fewer neuronal
resources: when the primary task is not resource-intensive, more
mental resources are allocated to the passive background task,
leading to higher EEG potentials for both AEPs and ERPs. If
the primary task is more complex, fewer mental resources are
allocated to the secondary, passive background task, resulting
in less pronounced EEG potentials [10,14].

The objective workload in the 3 different conditions will be
compared with the subjective workload measured using the
NASA-TLX questionnaire. Additionally, the surgeons will be
asked to perform simple tasks during the surgical planning
process, such as measuring the diameter of lesions, to assess
the quality of their work.

Methods

Ethical Considerations
All participants provided informed consent before the study.
Participation was voluntary, and no form of compensation was
offered. The study was approved by the Medical Ethics
Committee (reference number 2020-150), the Data Protection
and Information Security Management Unit at the University
of Oldenburg, and the staff council at PIUS-Hospital. All
participants were recruited through word of mouth by the
medical staff of the University of Oldenburg’s Department of
Visceral Surgery, located at PIUS-Hospital, Oldenburg. The

study was conducted in accordance with the Declaration of
Helsinki and the guidelines of Good Clinical Practice. Data
were treated confidentially at all times. The database, containing
anonymized patient data, was stored on a password-protected
computer, ensuring access to authorized personnel only. Data
were stored in a pseudonymized manner, with each participant
assigned a numerical code.

Participants
Nine participants with prior experience in liver surgery were
recruited for this study. Although the sample size was relatively
small, all participants were carefully selected from a
well-defined target group—surgeons with experience in liver
surgery—highlighting the study’s quality. Inclusion criteria
included attending status (or residents in their fourth year of
training), signed informed consent, no significant coffee
consumption, and no history of neurological damage. Exclusion
criteria for participants included excessive caffeine consumption,
the use of psychoactive drugs or medications, and any mental
or neurological disorders. These criteria were assessed in
advance using a standard questionnaire for EEG measurements.

All participants were male, right-handed individuals with an
average age of 36.8 (SD 5.59) years. Six of the participating
surgeons were attending surgeons (including 2 senior surgeons),
and 3 were residents in the later stages of their training. On
average, before the study, participants had assisted in an average
of 43 (SD 65.63) liver surgeries and had led an average of 16
(SD 29.7) surgeries.

Stimuli
The acoustic oddball stimuli consisted of 2 sinusoidal tone pips,
each with a duration of 50 ms and a rise/fall time of 5 ms. The
standard tone, with a frequency of 500 Hz, had a probability of
88%, while the rarer target tone, at a frequency of 1 kHz, had
a probability of 12%. Both tones were presented via
loudspeakers (iLoud MTM; IK Multimedia), connected to an
amplifier (the t.amp E4-130; Thomann), at a volume of 75 dB
sound pressure level, with an interstimulus interval of 1 second.
The tones were randomized with the constraint that a target tone
was always followed by a standard tone. The stimuli were
similar to those used by Williams et al [15]. The auditory stimuli
were digitally created using MATLAB (version R2021a; The
MathWorks, Inc.) and presented using Presentation Software
(version 23.1; Neurobehavioral Systems).

Conditions
Three different conditions were tested to assess their impact on
focused attention during liver surgery planning. These conditions
were (1) an AR headset, (2) a VR headset, and (3) a PC with
traditional radiological images. The VR setup included the VIVE
Pro headset (HTC Corporation), 1 controller, and 2 tracking
devices, known as lighthouses. For AR, the Microsoft HoloLens
2 was used (Microsoft Corp.). The software used for
visualization in VR was a custom-built setup previously used
in our department [16]. For the AR setup, a demonstrator
developed as part of this project was used. Traditional
radiological images were displayed using the Xero Viewer (Agfa
Health care) on a conventional PC. Screenshots of the Xero
Viewer software and videos of the VR and AR conditions are

JMIR Form Res 2025 | vol. 9 | e62740 | p.1296https://formative.jmir.org/2025/1/e62740
(page number not for citation purposes)

Schneider et alJMIR FORMATIVE RESEARCH

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


available in Multimedia Appendices 1-4, respectively. In the
AR and VR conditions, participants were presented with
previously segmented 3D models in combination with
radiological images. In the PC condition, participants were only
presented with the radiological images. In all 3 conditions,
participants were instructed to plan a liver resection using all
available functions specific to each condition. In the AR and
VR conditions, participants could draw on the 3D model, set
markers, and manually measure anatomical structures. In the
VR condition, additional functionalities were available, such
as volume cropping and the placement of vascular clips. In both
the AR and VR conditions, participants could also view or
superimpose the corresponding MRI images onto the 3D model.
The control mechanisms differed between the 2 conditions due
to distinct hardware setups: the VR condition was controlled
using dedicated controllers, while the AR condition relied on
gesture-based interaction. In all 3 conditions, participants were
asked to assess the size and segment of the largest tumor, as
well as the resectability of the tumor. The primary goal was to
keep participants engaged for at least 3 minutes in each
condition, using a basic task (ie, diagnosing based on the
images). This task was consistent across all conditions,
regardless of the specific interface or available functionalities.
Evaluating the usability of the respective software and its
functionalities was beyond the scope of this study, particularly
because both the AR and VR setups were custom-built and still
under development.

Experimental Setup
A mobile EEG amplifier (Smarting mobile; mbt) was connected
to a standard 10/20 EEG cap (EasyCap GmbH) and recorded
using software (Smarting Streamer v3.4.2; mbt) on a desktop

computer running Windows 10 (Microsoft Corp.). The 2
speakers were placed next to the recording computer, with
participants positioned 2 m in front of the speakers. During the
experiment, care was taken to position the participants
consistently in the same marked location across all 3 conditions
to ensure that the stimuli were presented at the same sound level
in each condition. A laptop was used to connect wirelessly to
the AR glasses via Miracast, allowing the instructor to monitor
what the participants were doing and seeing. The laptop was
placed out of sight of the participants to avoid distractions. A
second desktop computer was used to run the VR setup, with
the VR headset connected to this computer and the 2 VR
lighthouses mounted on tripods, enabling the participants to
move freely while wearing the VR headset. To ensure that
participants remained in the same position during all 3
conditions, the traditional radiological images presented in the
PC condition were displayed on a computer connected to the
hospital information system. This computer was placed on a
mobile, height-adjustable table, with the screen positioned at
eye level. This setup was designed to prevent the EEG cap from
slipping due to excessive head movement and to allow
participants to perform all conditions while standing (Figure
1). Controllers were used to operate the VR condition and were
placed in the participants’ hands. In the AR condition, control
was achieved through gesture-based interaction using the
participants’ hands. No standardized training was provided
before the experiment. However, if the conditions were
unfamiliar to the participants or if they had any questions, a test
run was conducted in which they could familiarize themselves
with the controls and functions until they felt confident in
handling the technology.

Figure 1. Experimental setup. 1: main computer for recording electroencephalography (EEG); 2: amplifier; 3: computer virtual reality (VR); 4: computer
augmented reality (AR); 5: lighthouses for the VR headset; 6: VR headset; 7: EEG on marked position; 8: computer for conventional surgical planning;
and 9: AR headset.
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Procedure
Mobile EEG recordings (sampling rate: 250 Hz, Smarting Mobi;
mbt) were obtained using a standard EasyCap EEG recording
cap with 24 electrodes: Fp1, Fp2, AFz, F7, F3, Fz, F4, F8, T7,
C3, Cz, C4, T8, CPz, M1, M2, P7, P3, Pz, P4, P8, POz, O1, and
O2. The reference electrode was placed at a fronto-central
position. Continuous EEG data were stored in .xdf format before
being processed for analysis. For AEP analysis, EEG data were
analyzed using EEGlab (V2020.0, open-source toolbox for
MATLAB R2020a; MathWorks) on a standard PC running
Windows 10 (Microsoft Corp.). For ERP analysis, EEG data
were first converted to Brain Vision Analyzer format using
MATLAB and then analyzed using Brain Vision Analyzer
Software (version 2.2.1.8266, Professional Edition; Brain
Products GmbH). EEG electrode impedances were adjusted to
below 10 kΩ using 70% rubbing alcohol and abrasive
conductive gel (EasyCap Abalyte Hi-Cl), following the
manufacturer’s recommended protocol. After the electrodes
were properly placed, 2 minutes of resting-state EEG was

recorded with the eyes open and eyes closed before actual testing
began. For the testing, 1 of the 3 conditions—“AR,” “VR,” or
“radiological images”—was selected in randomized order. In
each of the 3 conditions, participants were required to plan 2
different surgeries, which included measuring the dimensions
of the tumors and identifying their anatomical locations within
the liver to determine whether the tumors were resectable. The
2 patient cases were presented in randomized order (see Figure
2 for the experimental procedure). By the end of the session,
each participant had completed 6 sets of surgical planning (2
cases for each of the 3 conditions). The task for the participants
was to plan a surgical procedure to remove cancerous tissue
from the liver. The processing time for each condition (AR,
VR, or radiology) was 10 minutes, with 5 minutes allocated to
each patient case. Throughout the task, auditory stimuli were
presented to the participants via 2 speakers in the background.
Before switching to the next condition, the participants’
subjective workload was assessed using the NASA-TLX
questionnaire.

Figure 2. Experimental procedure flowchart: randomized order of conditions. AR: augmented reality; NASA-TLX: National Aeronautics and Space
Administration-Task Load Index; VR: virtual reality.

NASA-TLX
The NASA-TLX workload questionnaire has been validated as
an effective measure of subjective workload in medical work
environments [17].

The NASA-TLX is a widely used tool for assessing subjective
workload. Originally developed for aviation settings by NASA,
it has since been adapted for use in various fields, including
health care [17]. The NASA-TLX measures 6 dimensions of
workload: mental demand, physical demand, temporal demand,
effort, frustration, and perceived performance. Each dimension
is rated on a scale from 0 (low) to 100 (high) [18].

Data Preprocessing of EEG Data
To retain the frequency components relevant for EEG analysis,
the recordings were filtered using a bandpass filter (low cutoff:
0.05 Hz, high cutoff: 30 Hz, and filter order: 4). A notch filter
was also applied at 50 Hz to remove power line interference.
The continuous EEG data were divided into 1000 ms epochs,
with 200 ms before and 800 ms after the stimulus. The data
were then categorized into 2 categories: standard stimulus
(nontarget: 0.5 kHz) and target stimulus (1 kHz). Automatic
artifact rejection was performed by discarding all epochs where
fluctuations greater than +100 µV or –100 µV occurred within
100 ms. Additionally, all epochs underwent manual visual
inspection, focusing on signals from electrodes FP1 and FP2 to
identify strong artifacts due to eye movements. Averages were
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then calculated for the epochs recorded during the presentation
of the target stimulus in each of the 3 conditions: 1 average for
the EEG response to the target stimulus during AR, 1 for the
EEG response during VR, and 1 for the EEG response during
surgical planning using traditional radiological images. Averages
were calculated for each participant to facilitate further statistical
analyses. Baseline correction was applied to prevent potential
linear drifts in the recorded signals and to ensure that the grand
averages across participants and conditions were comparable.
For AEP analysis, the data were re-referenced to electrodes T5
and T6, while for ERP analysis, the data remained referenced
to the physical fronto-central reference.

Results

Subjective Workload
The median physical demand score for the AR condition was
30 (IQR 25-70) on the NASA-TLX scale, higher than the scores
for the VR (median 25, IQR 15-45) and PC (median 10, IQR
5-20) conditions. For the perceived performance and temporal
demand categories, all 3 conditions yielded the same
NASA-TLX scores: 25 for temporal demand and 30 for
perceived performance. Additionally, for the mental demand,
effort, and frustration categories, the AR condition showed the
highest median scores: 75 (IQR 70-85) for mental demand, 55
(IQR 50-75) for effort, and 40 (20-80) for frustration (Figure
3).

Figure 3. National Aeronautics and Space Administration-Task Load Index (NASA-TLX) scores. AR: augmented reality; VR: virtual reality.

Examination of the box plots reveals that the mental demand
score for the AR headset (median 75, IQR 70-85) was higher
than those for both the VR headset (median 55, IQR 30-65) and
the PC (median 40, IQR 15-75) conditions. Similarly, higher
scores for effort and frustration were observed in the
NASA-TLX evaluations when using the AR headset (median
55, IQR 50-75 for effort; and median 40, IQR 20-80 for
frustration) compared with using the VR headset (median 40,
IQR 15-60 for effort; and median 15, IQR 10-35 for frustration)
or the PC condition (median 25, IQR 15-55 for effort; and
median 20, IQR 15-20 for frustration). In terms of physical
demand, the score was lower in the PC condition (median 10,

IQR 5-20) compared with the AR (median 30, IQR 25-70) or
VR (median 25, IQR 15-45) condition.

A Friedman test was performed to assess significance
(significance level of .05), as the data did not follow a normal
distribution according to the Kolmogorov-Smirnov test. To
account for multiple comparisons, the Benjamini-Hochberg
method was applied for correction using a web-based calculator
[19]. Assuming a 95% CI, no significant differences (P=.10)
were found.
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Electrophysiological Recordings—Early Components
AEPs were primarily observed on the electrodes along the

central row and midline (AFz to Pz, F3/C3, and F4/P4). Grand
averages were calculated for all electrodes (Figure 4).

Figure 4. Event-related potentials as response to the target tone for all electrodes and all 3 conditions.

To statistically analyze the amplitudes for each participant, the
peaks and their corresponding latencies were identified for all
conditions at the central electrodes Fz, Cz, and Pz (Figure
5B-D). To statistically verify differences in the amplitudes of
the grand averages, the approach outlined by Handy [20] was
used as a guide. The intervals for P1, N1, and P2 were marked

accordingly (Figure 5A). The resulting peaks and latencies for
each participant were then analyzed using a repeated measures
analysis of variance (rmANOVA) in SPSS (version 28.0.1.0;
IBM Corp.) with the factors patient case, condition, electrode,
and ERP components. A significant difference was observed
between the ERP components (F1.718,13.743=46.754, P<.001).
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Figure 5. Grand averages of event-related potentials as a response to the target tone for statistically analyzed electrodes under all 3 conditions: (A)
temporal windows for the event-related components P1, N1, and P2, exemplarily shown for the electrode position Fz; (B) grand averages of the electrode
Fz; (C) grand averages of the electrode Cz; (D) grand averages of the electrode Pz. AR: augmented reality; VR: virtual reality.

The tendencies observed in the grand averages were not
supported by the statistical analysis, as no significant differences
were found between patient cases (P=.57), conditions (P=.71),
or electrodes (P=.49). To determine the latencies of the AEP
components (P1, N1, and P2), the method described by Handy
[20] was also applied. The latency of the identified peaks within
the defined intervals was measured and recorded for each
participant. Subsequently, an rmANOVA was conducted with
the factors patient case, condition, electrode, and ERP
components to identify significant differences in the temporal
occurrence of these components.

The tests of within-subject effects revealed a significant
interaction among condition, electrode, and ERP components
(F3.401,27.211=6.747, P=.001). The results of the post hoc pairwise
comparisons are presented in Table 1. According to these
comparisons, the P1 component at the Fz electrode occurs

significantly (P=.01) earlier in the VR condition (mean 75.3
ms, SD 25.8 ms) compared with when using traditional
radiological images (mean 99.4 ms, SD 28.6 ms). The Cz
electrode also demonstrated a significant (P=.04) difference in
the P1 component between the VR condition (mean 111.1 ms,
SD 9.9 ms) and the AR condition (mean 80.4 ms, SD 32.1 ms).
Additionally, the P2 component in the AR condition (mean
290.6 ms, SD 23.5 ms) occurred significantly (P=.03) later than
in the traditional radiological images condition (mean 265.3
ms, SD 13.1 ms). Significant differences were also observed
for the P1 component at the Pz electrode, with the VR condition
(mean 62.8 ms, SD 24.8 ms) occurring significantly earlier
(P=.04) than both the AR condition (mean 89.1 ms, SD 14.6
ms) and the traditional radiological images condition (mean
92.8 ms, SD 28.4 ms; P=.04). No significant (P=.12) interactions
were found for the N2 component.
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Table 1. Significant results of the post hoc tests (pairwise comparisons).

P value
Difference be-
tween means (I–J)Latency (ms), meanCondition (J)Condition (I)

Electrode and ERPa compo-
nent

Condition (J)Condition (I)

Fz

.01–24.199.475.3PCcVRbP1

Cz

.0430.7180.4111.11ARdVRP1

.0325.4265.3280.7PCARP2

Pz

.04–26.289.162.9ARVRP1

.04–3092.962.9PC

aERP: event-related potential.
bVR: surgery planning using the virtual reality setup.
cPC: surgery planning using traditional radiological images on a desktop computer.
dAR: surgery planning using the augmented reality setup.

Electrophysiological Recordings (P3)
For the P3 component of the ERP, peak amplitudes within the
time range of interest (300-400 ms poststimulus) were
calculated. A grand average for all 3 conditions (radiology, VR,
and AR) was computed using data from all electrodes (Figure
6). A clear trend was observed, with the classical radiological

approach eliciting the lowest P3 amplitude (mean 2.45 µV, SD
2.26 µV), VR eliciting the second largest P3 amplitude (mean
3.08 µV, SD 2.80 µV), and the AR condition eliciting the highest
P3 amplitude (mean 6.20 µV, SD 6.84 µV). SDs were high, and
no statistical significance was found using an rmANOVA in
SPSS (version 28.0.1.0) with the factors patient case, condition,
and P3 amplitude (F1.94,10.58=1.469, P=.26).
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Figure 6. Amplitude of the P3 component of the event-related potential across all 3 conditions: the augmented reality (AR) approach (left), which
showed the highest P3 amplitude (mean 6.20 µV, SD 6.84 µV); the virtual reality (VR) condition (center), with a mean amplitude of 3.08 µV (SD 2.80
µV); and the classical approach (right), which exhibited the lowest P3 amplitude (mean 2.45 µV, SD 2.26 µV). No statistically significant differences
were found (F(1.94,10.58)=1.469; P=.26).

Post Hoc Power Analysis
Given the small sample size (N=9), a post hoc power analysis
was conducted to determine the effect size and assess whether
a larger sample might yield different results. Partial eta-squared

(η2=0.114) was calculated for the interaction between
experimental conditions using SPSS. To estimate the sample
size required for significant results, a web-based calculator was
utilized [19], indicating that a sample size of 101 participants
would be needed to achieve a statistical power of 0.8 at a
significance level of α=.05.

Correlation
A correlation analysis was conducted between the N1
component, which demonstrates a decreased amplitude with
increased cognitive workload [10], and the “Mental Demand”
and “Effort” dimensions of the NASA-TLX questionnaire. The
results revealed a correlation coefficient of r=–0.0042 between
the N1 component and “Mental Demand,” and r=0.066 between
the N1 component and “Effort.”

Performance
All participants correctly identified the resectability of the
tumors in all conditions and for every patient case, based on
their accurate assessment of tumor size and localization.

Discussion

Findings and Implications
The aim of this study was to establish a method for objectively
determining the additional workload generated using AR or VR
glasses in a clinical context for the first time. For this purpose,
2 runs of planning a liver surgery were performed under each
of the 3 conditions. In the background, a passive oddball
experiment was conducted to produce clear early AEP
components (P1, N1, and P2) as well as the P3 component of
the ERP in the EEG recordings, guided by the work of Ghani
et al [10].

Subjective Workload
NASA-TLX scores indicate a tendency toward higher scores,
suggesting a greater subjective workload for AR planning,
particularly in terms of “mental demands” and “frustration.”
However, this trend does not reach statistical significance when
compared with VR or the traditional approach using radiological
images, likely due to the small sample size. Moreover, the large
variances observed in the data could have contributed to the
lack of significant findings, as they indicate substantial
variability in subjective workload perceptions among
participants. The observed tendencies may be attributed to the
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more complex and unfamiliar gesture controls of the AR
headset. In addition, a poor internet connection may have
resulted in higher latencies, potentially affecting gesture control
and thus leading to higher workloads when using the AR
demonstrator.

Higher physical demands were expected in the AR and VR
setups compared with the traditional approach. A tendency was
observed in the subjective ratings, as using a stationary mouse
on a desktop PC required significantly less physical effort
compared with using an AR or VR headset.

Objective Workload
The expectation that using an AR or VR setup would generally
make planning surgery easier due to its 3D projection of the
anatomical situation was not confirmed.

EEG data indicate a trend with more pronounced early AEPs
when using VR and classical radiological images compared
with AR, suggesting that AR results in the highest workload
for the surgeon, while VR does not increase workload compared
with classical radiological images. Differences are especially
visible in the ERPs P1 and N1 components: no P1 component
was found for the AR condition, whereas the N1 component
showed a significant difference for the AR condition compared
with radiological images and VR on the level of grand averages.
This aligns with the finding of Ghani et al [10], indicating that
the N1 component becomes less pronounced with increased
task difficulty due to the more complicated gesture control of
the AR headset and limited opportunity to familiarize with the
gestures required to handle 3D objects in AR.

We would like to emphasize that the significance at the electrode
Pz should be treated with caution, as the amplitudes here are
generally lower. The results for the electrode Pz are clearly
noisier, likely due to its position being obstructed by the
fastening of the glasses, which are attached to the head near the
position of electrode Pz. These results should therefore be
interpreted with caution.

When examining the significances of the latencies of the
different early AEP components, it is noticeable that there are
occasional significances that do not follow a coherent pattern.

Concerning the event-related P3 wave in response to the target
stimulus of the passive oddball paradigm, the pattern found
differs from that seen in the early potentials: a trend from a low
P3 in the radiology condition to a high P3 in the AR condition
can be observed. The studies conducted by Thees et al [7],
Küçük et al [8], and Chao et al [9], which asserted that AR and
VR headsets result in reduced cognitive load, can thus only be
partly substantiated in this investigation.

Based on our data, we conclude that the use of the passive
oddball paradigm is a suitable tool to measure the objective
workload between the radiology, AR, and VR setups in planning
a complex surgery. There appear to be measurable differences
in the neuronal processing of 2D screen images when compared
with VR and AR images. However, the answer to why the
different modalities of EEG components—early AEP versus
ERP—yielded different findings is complex and likely rooted
in distinct, complex neuronal and psychological processes

responsible for producing these potentials. To better understand
the different psychological processes behind the processing of
2D screen images versus VR and AR images, in addition to
increasing the number of participants, a more in-depth analysis
of the P3 potential is needed. In our analysis, we only looked
at the grand average of the peak amplitude. However, it is also
important to investigate the location of the most pronounced
P3 potentials, as well as the dynamics—that is, the distribution
of P3 peak latencies across different electrode localizations and
how this distribution changes over time. Current research
indicates that the P3 potential arises as a combination of
different subcomponents, P3a and P3b, which may be involved
in distinct neuropsychological processes. This differentiation
needs to be addressed in further studies.

A simple but feasible explanation for the different findings
between early AEPs and P3-ERPs could be attributed to the
different mental processes involved: while the complex cognitive
processing of AR pictures, represented by the P3 potential,
might be less demanding for the user, aligning with findings
from Thees et al [7], Küçük et al [8], and Chao et al [9], the
difficult or less familiar navigation in the AR—and to a lesser
extent, VR—environment may lead to higher demands on basic
neuronal tasks, such as visuomotor coordination, which are
more strongly represented by early neurological potentials than
by late cognitive potentials. While this remains speculative at
this point, we believe that our study should be regarded as a
proof-of-principle, demonstrating a foundation for further
research with a larger sample size and in more complex settings.
This will allow for a deeper investigation into this issue.

The lack of a significant correlation between the N1 component
and the subjective measures of mental demand and effort is
likely influenced by the extremely small sample size in this
study. However, this result also suggests that cognitive
workload, as measured by physiological markers such as EEG,
may not necessarily align with the subjectively perceived
workload. This finding underscores the importance of using
objective measures in assessing workplace stress and cognitive
load. Relying solely on subjective assessments may not fully
capture the cognitive demands placed on individuals,
highlighting the need for more robust and comprehensive
approaches in future research.

The use of a mobile EEG was particularly useful in this study.
The high degree of mobility provided by the use of portable
smartphones as recording devices allowed for recordings to be
made in situations closely aligned with the operation without
restricting participants’ freedom of action. The validity of
corresponding mobile EEGs has been previously described by
Wascher et al [21]. Moreover, the work of El Basbasse et al
[22], among others, has confirmed that reliable data can be
derived using mobile EEG recordings, including the
implementation of the EasyCap system in conjunction with VR
headsets [21,22]. The results of this study support this research.
Additionally, our findings demonstrate that the study design,
when combined with mobile EEG technology, enables the
investigation of the additional workload induced by various
medical and clinical devices. Notably, even head-worn devices
cannot be unequivocally excluded from this measurement
approach.
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The AR setup was perceived and measured as the most difficult
of the 3 setups. As mentioned, this may be due to the complexity
of its controls. While the classical approach was well-known
to the participants, controlling the VR setup appeared to be more
intuitive than using the AR setup. However, it is crucial to
consider that AR headsets represent a relatively nascent
technology, and gesture recognition is still in its developmental
stages, with anticipated advancements in future iterations of
AR headsets. It appeared that participants were overwhelmed
by handling the headset without a controller or corresponding
control element, as gesture control was a new experience for
most of them. This difficulty may be overcome by more accurate
training of users before working with the AR setup. We believe
that our work could be used as a tool to assess how well users
are trained in using the AR setup and may be used to generally
investigate the need for training when navigating in an AR and
VR environment, even beyond its medical applications.
Additionally, more complex, subconscious explanations could
be considered: The VR approach might benefit from the
possibility of exclusively displaying the anatomical model,
while the AR setup might strain participants’mental capabilities
more due to the simultaneous display of the computer-generated
3D model along with the real-world environment. Furthermore,

factors such as the different displays of the HoloLens and the
VIVE Pro could contribute to the differences in participants’
workload. However, this requires more detailed investigations.
It must be considered in this discussion that the 2D viewing
habits trained over decades are completely abandoned. New 3D
viewing habits must be relearned in AR and VR, along with the
integration of voice and gesture control.

This study makes a significant contribution to the existing body
of research by specifically focusing on the mental workload of
medical professionals. Unlike the studies listed in Table 2, which
mainly explore cognitive load in nonmedical settings or involve
participants lacking domain-specific expertise, our research is
uniquely positioned within the context of clinical practice. By
using objective EEG measurements, we were able to assess
workplace strain in real-world scenarios, providing insights into
the cognitive demands experienced by surgeons when using
AR and VR technologies. This focus on medical professionals,
coupled with the use of advanced neuroergonomic methods,
highlights the practical relevance and novelty of our findings.
Our study not only expands the understanding of how AR and
VR technologies impact mental workload in high-stakes
environments but also provides valuable data that could inform
the optimization of these technologies for clinical use.
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Table 2. Comparison of recent research studies investigating mental workload using EEGa measurements in ARb and VRc applications.

Key findingsEEG applicationPopulationStudy

EEG power analysis28 Healthy males
(mean age 32.12 years)

Alessa et al [23] • AR instructions reduced task time compared with
paper instructions, particularly for high-demand
tasks.

• AR increased mental workload and information
processing (germane load).

EEG power analysisPilots in short-haul
flight simulator sessions

Binias et al [24] • Positive correlation between theta power (frontal
lobe) and reaction time.

• Significant event-related changes in the frontal lobe
for theta and beta waves.

Focusing on β rhythmsPilots in VR-simulated
missions

Ji et al [25] • β rhythm changes correlated with high-difficulty
tasks.

• A significant relationship between mental workload
and β rhythms.

Visual event–related potentials
such as N1, P1, and P3

General populationAksoy et al [26] • ERPd waveforms were similar between VR HMDe

and CSf

• P3 amplitudes were comparable between VR HMD
and CS.

• N1 amplitudes were significantly higher in VR
HMD compared with CS.

• P1 amplitudes were higher at the occipital region
in VR HMD.

Global field power, alpha, and
theta

General populationGiorgi et al [27] • A higher Workload Index was observed in the
museum compared with VR.

• Overall, the museum showed higher engagement
potential, while VR potentially supported greater
embodiment.

P300 potentials with respect to the
unimodal (visual) and visual and
tactile bimodal stimulation

General populationMarucci et al [28] • Multisensory stimuli significantly improved perfor-
mance and reduced EEG-based workload only in
high load conditions.

• Multimodal stimulation (visual-audio-tactile) de-
creased latency and increased P300 amplitude, in-
dicating faster and more effective stimulus process-
ing.

EEG and NASA-TLX were used
to measure cognitive load

Employees on an auto-
mobile assembly line

Atici-Ulusu et al [29] • Cognitive load (measured by EEG) was lower with
AR glasses.

• NASA-TLX scores decreased by 10% when using
AR glasses, indicating reduced cognitive load.

• No significant difference in cognitive load between
the first and last days of AR glasses usage.

EEG signals were analyzed using
autoregressive modeling, fuzzy c-

General populationTrupti et al [30] • The proposed method for classifying cognitive
workload using EEG signals achieved 97.8% accu-
racy.means clustering, hidden Markov

model, and deep recurrent neural
network classification

• Handcrafted features combined with temporal dy-
namics modeling outperformed state-of-the-art
methods.

• The optimal performance was achieved with 4
electrodes.

Event-related potentials such as
P3 and contingent negative varia-
tion

General populationLuque et al [31] • VR effectively mimicked real-world cognitive load
and decision-making processes.

• Significant ERPs related to attention and decision-
making were elicited in VR.
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Key findingsEEG applicationPopulationStudy

• Different task complexity levels significantly af-
fected MWL, increasing subjective measures and
decreasing performance.

• HMD generally resulted in lower EEG-derived
MWL, indicating reduced cognitive load for some
tasks.

Calculated the MWL indexhGeneral populationMondellini et al [32]

aEEG: electroencephalography.
bAR: augmented reality.
cVR: virtual reality.
dERP: event-related potential.
eHMD: head-mounted display.
fCS: computer screen.
gNASA-TLX: National Aeronautics and Space Administration-Task Load Index.
hMWL: mental workload.

To provide an outlook beyond the scope of this study, we believe
that AR and VR can be very useful technologies in the clinical
context when used for the appropriate tasks. For instance, VR
could be more suitable in a teaching setting or for preoperative
planning, whereas AR holds immense potential beyond
preoperative planning, particularly in the operating room. Its
ability to provide an open view of the real environment while
maintaining sterility allows for virtual overlays of anatomical
structures on a patient’s body during surgery, enhancing
visualization and accuracy. Whether the significant benefits of
these technologies outweigh the potential additional workload
for surgeons should be further investigated in future studies.

Furthermore, investigating the impact of training, the continuous
development of software and hardware, and the increasing
familiarity of the younger generation of physicians with these
new technologies on measures of workload would be of great
interest. Such research could provide valuable insights into the
potential benefits and challenges posed by integrating advanced
technologies such as AR and VR in medical practice. Further
exploration in this area may also facilitate the design of tailored
training programs and technological interventions to optimize
the utilization of these innovations and improve overall health
care outcomes.

Limitations
Concerning our hypothesis that the use of AR or VR might
improve surgical performance, no conclusive results were found.
Basic tasks, such as deciding whether a tumor is resectable or
not, were performed with the same quality across all
experimental conditions. This might indicate that AR and VR
technology does not inherently lead to better performance in
trained surgeons for simple tasks, but this needs to be evaluated
further. Future studies should include more specialized criteria
for evaluating performance, particularly to assess finer aspects
of clinical decision-making in AR and VR environments. This
could involve more complex cases or tasks that better reflect
the challenges faced in surgical planning and execution, allowing
for a deeper understanding of how these technologies impact
surgical performance and outcomes. This was beyond the aim
of this study. However, based on our findings, we suggest that

increased performance might be found in a more challenging
task, but not concerning simple anatomical measurements.

On a more general outlook, one might speculate that increased
workload over a prolonged period might eventually lead to
increased fatigue, potentially decreasing a surgeon’s
performance after an extended period. This is purely speculative
and needs to be investigated in detail through further studies,
possibly utilizing our suggested approach for workload
measurement—correlating electrophysiological and performance
results.

This study focused solely on the workload of the 3 conditions.
It should be made clear that there are scenarios where a higher
workload is acceptable when weighed against the benefits that
such an approach would yield. While the VR setup might be
suitable for surgical planning due to its lack of visibility into
the real environment, the AR setup may be the more suitable
approach during surgery—such as projecting radiological images
as 3D models directly into the patient’s situs during a procedure
to localize, for example, tumors or blood vessels. In these
situations, however, technologies such as AR glasses can offer
significant advantages due to their see-through capabilities,
allowing a slightly higher workload, as observed in this study,
to be acceptable if parameters such as patient safety are
enhanced through the use of such technologies.

Interpretation of our results should be conducted with caution
due to the very low number of participants (N=9), resulting in
limited statistical power. This work should be seen as a
feasibility study on how to measure objective workload while
using AR or VR in a surgical simulation setting. However, we
believe the study still provides valuable data, as experienced
surgeons in a clinical setting used real-life patient cases with
state-of-the-art equipment for AR and VR presentation.

Conclusions
We aimed at developing a possible setup for objective
measurement of workplace strain when using AR and VR
technologies in the medical profession. We conclude that the
use of a passive oddball paradigm is a feasible approach for this
objective. The measurement of workload during surgical
planning, and thereby likely also during other medical

JMIR Form Res 2025 | vol. 9 | e62740 | p.1307https://formative.jmir.org/2025/1/e62740
(page number not for citation purposes)

Schneider et alJMIR FORMATIVE RESEARCH

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


applications when using AR or VR technology, can be
sufficiently done using an oddball paradigm. This approach
proves to be a good opportunity to objectively determine
workplace strain in a medical setting.

In future studies, the use of this objective measurement could
potentially replace subjective questionnaires and significantly
enhance the significance of the measured workplace strain. This
approach, with the objectivity provided, may even become a
commercially available application for medical education and
surgical training, utilizing automated EEG analysis.
Furthermore, we consider that AR or VR approaches to
displaying radiological images are not inherently superior to
the classical approach. The use of AR technology, in particular,
seems to require a certain amount of training, likely due to the
novelty of gesture control. However, we are confident that with
future developments in AR technology and gesture recognition,
these issues will become less significant over time. Regardless,

the differences in workload between AR and VR highlight the
need for intuitive user interaction and ease of use for any new
technology, especially when applied in a medical setting.

Additionally, integrating machine learning techniques could
indeed enhance the analysis of physiological data, allowing for
the development of predictive models that may generalize across
different tasks and populations. Such approaches could provide
deeper insights into cognitive workload and potentially lead to
the creation of real-time monitoring tools to optimize
performance in high-stakes environments such as surgery. This
could eventually result in commercially available solutions for
use in medical education or surgical training.

In conclusion, this paper demonstrates the feasibility of utilizing
a mobile EEG setup in conjunction with a passive oddball
paradigm to assess the potential additional cognitive load
imposed by emerging technologies such as AR and VR headsets
in a clinical setting.
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Abstract

Background: The rapid proliferation of artificial intelligence (AI) requires new approaches for human-AI interfaces that are
different from classic human-computer interfaces. In developing a system that is conducive to the analysis and use of health big
data (HBD), reflecting the empirical characteristics of users who have performed HBD analysis is the most crucial aspect to
consider. Recently, human-centered design methodology, a field of user-centered design, has been expanded and is used not only
to develop types of products but also technologies and services.

Objective: This study was conducted to integrate and analyze users’ experiences along the HBD analysis journey using the
human-centered design methodology and reflect them in the development of AI agents that support future HBD analysis. This
research aims to help accelerate the development of novel human-AI interfaces for AI agents that support the analysis and use
of HBD, which will be urgently needed in the near future.

Methods: Using human-centered design methodology, we collected data through shadowing and in-depth interviews with 16
people with experience in analyzing and using HBD. We identified users’ empirical characteristics, emotions, pain points, and
needs related to HBD analysis and use and created personas and journey maps.

Results: The general characteristics of participants (n=16) were as follows: the majority were in their 40s (n=6, 38%) and held
a PhD degree (n=10, 63%). Professors (n=7, 44%) and health care personnel (n=10, 63%) represented the largest professional
groups. Participants’ experiences with big data analysis varied, with 25% (n=4) being beginners and 38% (n=6) having extensive
experience. Common analysis methods included statistical analysis (n=7, 44%) and data mining (n=6, 38%). Qualitative findings
from shadowing and in-depth interviews revealed key challenges: lack of knowledge on using analytical solutions, crisis
management difficulties during errors, and inadequate understanding of health care data and clinical decision-making, especially
among non–health care professionals. Three types of personas and journey maps—health care professionals as big data analysis
beginners, health care professionals who have experience in big data analytics, and non–health care professionals who are experts
in big data analytics—were derived. They showed a need for personalized platforms tailored to the user level, appropriate direction
through a navigation function, a crisis management support system, communication and sharing among users, and expert linkage
service.

Conclusions: The knowledge obtained from this study can be leveraged in designing an AI agent to support future HBD analysis
and use. This is expected to further increase the usability of HBD by helping users perform effective use of HBD more easily.

(JMIR Form Res 2025;9:e67272)   doi:10.2196/67272
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Introduction

Since COVID-19, the new normal era has brought innovative
advances in digital technology, resulting in various changes in
all areas of our lives. Health care is rapidly emerging as one of
the most representative and top-priority areas of advanced digital
technology [1-3]. Digital health is a generic term for health
care–related fields that combine digital technology and medical
care, including telehealth, telemedicine, mobile health, wearable
and internet of things–based health care, and big data and
artificial intelligence (AI)–based health care [4-6]. The purpose
of digital health is to create specialized services for consumers
based on data- and evidence-based judgment, and its goal is to
realize precision health care [3,7,8] through sustainable digital
transformation of health care [9].

Precision health care is a new health care paradigm that involves
analyzing various information such as genetic and environmental
factors, disease history, lifestyle, and individual health
information to prevent diseases (preventive health care),
maximize treatment effects, and minimize treatment side effects
(personalized health care); this also involves the participation
of patients in the decision-making process (participatory health
care) [10-13]. Having an accurate prediction based on various
health data is important in realizing such precision health care
[14]. Health care is one of the fastest-growing sectors worldwide
and requires an efficient and continuous digital transformation
[15]. The digital transformation of health care should consider
technological, political, social, cultural, and economic aspects
and is a key and strategic field for improving health care quality
and creating new value [16].

According to IBM, an individual generates more than 1100
terabytes of health data in their lifetime [17], and this huge
amount of data that was previously just discarded can now be
shared, transmitted, and stored with advances in the cloud, AI,
and social media. Integrating and analyzing such health big data
(HBD) can derive new insights for predicting, preventing, and
treating diseases [18,19]. Korea has a huge amount of HBD;
hence, the development of various government-level policy
support and related technologies continues [20,21] and has
favorable conditions for the use of HBD. However, the usability
of HBD is low. The use of big data is mainly hindered by the
absence of experts related to big data analysis, inconsistent data
quality, and difficulty in analysis procedures [22,23].

Currently, there are only a few professionals who can manage
and analyze big data in Korea. As interest in big data expands,
analytic expert training courses are continuously being opened;
however, they are still far from enough to meet demands [24].
In addition, considering future demands where the use and
influence of big data will further increase, the workforce
imbalance is also expected to increase [22,25]. Therefore,
training more people with universal capabilities based on an
understanding of data can be an effective alternative to meet
insufficient workforce demand and increase the use of big data

[26]. To this end, a system that supports the overall process of
big data analysis is needed so that many people can access HBD
more easily for analysis and use. Recently, human-centered
design methodology, a field of user-centered design, has been
expanded and used not only to develop types of products but
also technologies or services [27,28]. This helps in specifically
identifying the problem based on the user’s experience,
identifying the user’s needs, and reflecting them in the
human-centered design [29,30].

AI applications are becoming increasingly common in almost
all areas of human life. In addition, the medical field is also
accelerating to reflect AI. The rapid proliferation of AI requires
new approaches for human-AI interfaces that are different from
classic human-computer interfaces [31]. Persona and journey
mapping techniques have been used in the literature and industry
to elicit requirements for system development. Most of the
software developers, users, and managers consider that the
journey map and persona techniques are effective in helping
understand the software requirements to be developed by the
development teams [32].

In developing a system that supports the analysis and use of
HBD, reflecting the empirical characteristics of users who
actually perform big data analysis is the most important
procedure to consider. Therefore, this study aims to understand
the empirical characteristics and feelings of users related to big
data analysis by building persona and user journey map included
in the human-centered design methodology and to understand
users’ needs for systems that support HBD analysis and use.
This can be used as a design concept for AI agents to support
future HBD analysis and use.

Furthermore, this study aims to design an AI agent to support
future HBD analysis and use by integrating and analyzing users’
experiences along the HBD analysis and use journey and
applying the human-centered design methodology as follows:
(1) the persona type is derived by investigating the user’s
experience focusing on the HBD analysis and use journey and
(2) a customer journey map is created according to the derived
persona to identify the needs of users presented by type.

Methods

Research Design
This is a methodological study that synthesizes and analyzes
users’ experiences according to the big data analysis and use
journey; generally, the human-centered design methodology is
used before developing an AI agent that supports the analysis
and use of HBD.

Participants
Research participants were secured through convenience and
snowball sampling methods for adults aged 19 years or older
living in Korea who have experience in big data analysis using
HBD for research or work purposes or have experience using
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the results of the big data analysis. Participants for this study
were recruited voluntarily by sending a recruitment notice to
individuals identified as meeting the study’s objectives from
among those who had participated in a prior demand survey on
the analysis and use of HBD [33]. This survey served as a
preliminary study for this research, and the individuals identified
through it were selected as the primary participants. Additional
participants were then recruited through referrals from these
primary participants. To ensure diversity within the participant
pool, individuals were classified into 4 categories based on their
level of analysis experience (beginner or proficient) and their
occupational field (health and medical fields or other fields).
Efforts were made to select participants evenly across these
categories. There were 16 participants in this study. The number
of participants was evaluated based on previous research that
suggested that a saturation point without new discoveries could
be reached when interviewing 6 to 12 participants, and
recruitment of participants was terminated at the point when

new topics were no longer derived [34]. Data were collected
until no new topics emerged from the interviews, and the
recruitment of new participants was stopped at the time of
saturation [35].

Procedures
This study consisted of 2 stages based on a review of the big
data analysis and use procedure through desk research and a
case study on the HBD platform (Figure 1). The first stage,
discover, involves examining and understanding the problem
situation to find the difficulties and hidden needs of those who
use the service. Data research was conducted through shadowing
and in-depth interviews with participants working on HBD
analysis. The second stage, define, involves deriving major
issues related to the problem based on analysis and contextual
understanding of user survey results and setting service goals.
Based on the needs of users explored through persona and user
journey map, the AI agent’s design concept was proposed.

Figure 1. Research progress process: this figure outlines the research process, which comprises 2 stages: the first stage focuses on identifying users’
challenges and hidden needs, while the second stage involves defining the problem and setting service goals to address those issues.

Data Collection
Desk research examined prior documents and public institution
announcements and papers searching for HBD and big data

analysis. Platforms in overseas (PubMed and Google Scholar)
and domestic (DBPia, Riss, and Kiss) databases were also
searched. In-depth interviews took place over 3 weeks from
February 1 to 21, 2023. The interview was conducted using a
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guideline consisting of 6 short-answer questions on the
participant’s basics and open questions related to their HBD
analysis and use journey. Based on the related literature [36]
and expert experience, some main categories of difficulties and

coping methods experienced in each stage of big data analysis
arose, as well as desired support services used to solve the
problem (Textbox 1). This was done after the initial formulation
and underwent expert review.

Textbox 1. In-depth interview guideline: open-ended questions regarding users’ challenges and support needs at each stage of health big data analysis.

Collection

• Talk about the type of data you used, and how to select and collect data.

• What was the most difficult part of the data collection process?

• How did you solve the difficulty?

• If you had a magic wand to solve any problems during the data collection phase, what would you solve?

Preprocess

• Talk about the process of preprocessing collected data (integration, conversion, and refinement).

• What were the difficulties you experienced during the preprocessing process and what was the most difficult thing?

• How did you solve the difficulties that occurred during the preprocessing stage?

• If you had a magic wand that could solve any problems during the preprocessing phase, what would you solve?

Analyzing

• Did you conduct the analysis yourself? If not, why?

• Was there any problem when you asked an expert to analyze it?

• What were the difficulties you experienced in the analysis stage, and what was the most difficult thing?

• How did you solve the difficulties that occurred?

• If you had a magic wand to solve any problems during the analysis phase, what would you solve?

Visualizing

• Was there any difficulty in interpreting and applying the derived results?

• What were the difficulties you experienced in the analysis stage, and what was the most difficult thing?

• What support do you need most during the result interpretation and visualization phase?

Use

• What features do you think should be included in artificial intelligence agents that support the use of health big data analysis?

To increase the realistic value of the data, the researcher visited
the user’s studio where the computer was used by the participant
for actual big data analysis and conducted one-on-one
interviews. The individual interviews took about 1.5 hours. The
process concluded when responses became repetitive, and no
new information was generated. For aspects that were
challenging to understand through verbal explanations alone,
participants were asked to provide illustrative examples during
the interview. With prior consent from the participants, the
interviews were audio-recorded, and significant concepts
identified during the discussions were documented in field notes.
Each participant was interviewed once, and if further
information was required during the data analysis phase,
additional data were collected through follow-up phone calls
or emails with the participants.

For 2 weeks, the researcher visited and shadowed 1 participant,
a nurse researcher, who is currently conducting HBD analysis.
While shadowing her in the laboratory, the researcher observed
the participant’s behavior, and they captured the contact point

of inconvenience and the moment when a problem occurred.
To check for difficulties encountered by participants under
different stages, from preprocessing to visualization of HBD,
the researcher visited 3 times for a total of 1 hour per visit and
interviewed the participant when important issues were found.
Observed behaviors and environmental factors were recorded
in field notes.

Data Analysis
The interview data were transcribed by the researcher on the
same day they were collected, and the transcriptions were
analyzed at the levels of codes, subcategories, categories, and
themes using qualitative content analysis procedures [37]. In
the first stage, redundant content was excluded from the meaning
units derived from the interviews, and codes were created to
represent the core ideas using relevant concepts or phrases. In
the second stage, the implicit meanings or content captured in
the codes were abstracted to form subcategories. In the third
stage, these subcategories were grouped into broader categories.
Finally, in the fourth stage, themes were developed by
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integrating participants’ key experiences related to the HBD
analysis process. To ensure the rigor of the analysis, the data
were reviewed, analyzed, and discussed iteratively with the
assistance of the second author (HC), a nursing professor with
extensive experience in qualitative research. The findings were
further validated for their universality and content validity
through feedback from 2 research participants.

Based on insights confirmed through interviews and shadowing,
personas and customer journey maps were designed to represent
the participants’ experiences. A persona is a vivid and specific
description of a potential end user and a fictional character
representing the type of group to use the service; this is created
by adding attributes to multiple subgroups identified within a
potential user group [38]. Identifying users’ needs through
personas formed by systematically classifying and embodying
potential user groups can help present specific goals and
directions for service development [39]. User journey maps are
visualizations of the overall process and emotions of a persona
experiencing the service over time; this helps in identifying and
understanding the context of the problematic situation [30,40].

Ethical Considerations
This study was approved by the institutional review board of
the University of Keimyung (40525-202210-HR-059-03). All
participants received a detailed information sheet about the
research, were given the opportunity to ask questions, and were
informed of their right to withdraw at any time without any
negative consequences. Written informed consent was obtained
from all participants, and to ensure confidentiality, all data were

anonymized. To ensure confidentiality, all audio-recorded data
were anonymized by removing personal information and
assigning unique identification codes to distinguish participants.
These data were securely stored on the researcher’s personal
computer, equipped with security software, and were used solely
for research purposes. Measures were taken to prevent any
breach of personal information, violations of human rights, or
ethical concerns, and the data will be permanently deleted after
the study’s conclusion. Upon the completion of interviews and
observations, a small honorarium was provided to the
participants.

Results

Participants’ General Characteristics
Participants’ general characteristics are as follows (Table 1).
Regarding the age of the participants, 6 (38%) were in their 40s.
In terms of education, 6 (38%) held a master degree, and 10
(63%) held a PhD degree. As far as professions, professors (n=7,
44%) and researchers (n=4, 25%) accounted for the majority.
Among the participants, 10 (62%) were health care personnel,
and 6 (38%) were non–health care personnel. Regarding the
experience of big data analysis, 4 (25%) were beginners, 6
(38%) had minor experience, and 6 (38%) had extensive
experience. Formal data from public institutions were the most
common type of data used (n=10, 62%). The analysis methods
were statistical analysis (n=7, 44%), data mining (n=6, 38%),
and text mining (n=5, 31%). Big data were used mostly for
academic and research purposes (n=14, 88%).
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Table 1. General characteristics of participants about age, occupation, education, and experience in health big data analysis (N=16).

Values, n (%)Characteristics and categories

Age (years)

1 (6)≤29

4 (25)30-39

6 (38)40-49

4 (25)50-59

1 (6)≥60

Degree of education

6 (38)Master degree

10 (62)Doctoral degree

Job

1 (6)Doctor

2 (12)Nurse

7 (44)Professor

4 (25)Researcher

2 (12)Company worker

Experience of analysis

4 (25)Beginner

6 (38)Minority

6 (37)Majority

Method of analysisa

7 (44)Statistical analysis

6 (38)Data mining

5(31)Text mining

Type of used dataa

10 (62)Structured data (public institution)

2 (13)Dielectric data

5 (31)Text data

Purpose of use

14 (88)Scholarship or research

2 (13)Product or service development

aMultiple responses.

Shadowing
As a result of observing the preprocessing of text data, which
were unstructured data, the natural language processing stage
had more procedures for manual verification than automatic
tasks; this involved visually checking numerous data
individually using analytical solutions. Researchers call this
work manual labor due to the enormous amount of time spent
on the work and considerable energy consumption. This
pretreatment is an important task that can affect the outcome
later if it is not completely refined at that stage. However, it has
been found that nonanalysis professionals often deal with huge
amounts of work without understanding the step-by-step

progress, which often leads to situations wherein important parts
are omitted.

Most users are trained on how to use the analytical solution
before conducting big data analysis; however, they often forget
the necessary commands or use because they do not have
sufficient knowledge and are unfamiliar with the command line
interface. In this case, the user wants to inquire about the
information to an analysis-related expert, but there is no expert
around to answer; hence, it was found that it was mainly solved
by books or internet searches. However, this method took too
much time, and in most cases, the desired information could
not be found.
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In-Depth Interview

Overview
Based on the results of the in-depth interview, the user’s
difficulties in the process of analyzing HBD showed a clear
difference depending on the job. In the case of health care
personnel, there was a slight difference in their experience when
performing analysis work directly and requesting analysis work
from analysts; yet, in both cases, there was no difficulty in
understanding health data or finding potential meanings in
analysis results and applying them to clinical situations.
However, it was found that the major problems commonly
experienced involve selection, installation, and use of analytical
solutions and lack of knowledge and understanding of
step-by-step analysis tasks that vary widely by data. Meanwhile,
for non–health care personnel, difficulties in decision-making
at various stages derived from a lack of health care knowledge
have been identified as a major problem. These difficulties can
be divided into 3: lack of knowledge on how to use analytical
solutions (health care personnel), lack of crisis management
ability (health care personnel), and lack of understanding of
health care data and clinical decision-making ability (non–health
care personnel).

Type 1: Lack of Knowledge on How to Use Analytical
Solutions
In the case of health care personnel, beginners who did not have
much experience in analyzing big data answered that they had
difficulty in selecting and installing appropriate analytical
solutions. Moreover, in the preprocessing and analysis stages,
they did not know the package or library required for each step
or did not know the syntax or function. One participant stated
that:

I thought it would be over if I installed the analytical
solution, but it was really painful to have to reinstall
the library I needed for each task. I don’t know which
package to use and how to install it, and how to enter
the command after installing it. I don’t remember
what I learned in the past, and it’s faster to do things
manually, so most of the preprocessing were done
manually. [Participant 4]

Type 2: Lack of Crisis Management Skills
Participants responded that they had difficulty finding the cause
and solution when an error occurred during big data analysis.
In particular, if the error was not resolved, they could no longer
proceed to the next step, and the whole process was completely
interrupted; sometimes, even very simple problems that could
be easily solved could not be found, so they spent days and days
resolving them. One participant stated that:

I definitely put in the command as I learned, but I
kept getting error messages. I don’t know what’s
wrong, and I can’t ask anyone because there’s no one
around me with this knowledge. I found Google and

YouTubers to solve it, but it doesn’t work out. “Should
I really give up here?” I had all sorts of thoughts.
Later, through the expert, I found that the cause of
the error was a mistake in the command. When I
corrected it, it was executed in less than five minutes,
but I was disappointed. I wasted three days without
doing anything because of that and tried all sorts of
ways by Googling. [Participant 7]

Type 3: Lack of Understanding of Health Care Data and
Clinical Decision-Making Ability
In the case of non–health care personnel, it was difficult for
participants to determine the clinical significance or usability
in the stage of selecting the analysis topic. In addition, for some
domestic public data, participants found the data collection
procedure too complicated. They responded that it was difficult
to grasp the meaning of various variables included in the
collected data due to a lack of understanding of health data and
that it was cumbersome to merge data separated by year or
variable. Regarding preprocessing, it was found that difficulties
in preprocessing procedures such as normalization and missing
value treatment, which changed the health care meaning and
resulted in difficulty in decision-making, were greater than the
difficulties related to the analysis itself. In addition, it was
confirmed that it was difficult for participants to select variables
to be used for analysis. One participant stated that:

To use data from the National Health Insurance
Service, you have to submit IRB in the research plan,
which is so complicated and difficult. The data
collection stage was more difficult than the analysis.
“Why did the industrial complex data divide the files
into so many?” The examination data are difficult to
combine because the items conducted every year are
slightly different. There is an explanation file for
variables, but there are too many variables in the
data, so it is difficult to grasp. The test results do not
clearly show the extent of the numerical value, so I
can’t judge well. All the teachers who work in the
hospital are busy, and there is no one close enough
to approach personally and seek healthcare advice.
[Participant 12]

Definition of Persona and User Journey Map

Overview
In this study, when combining situations based on users’ actual
experiences obtained through in-depth interviews, it was
confirmed that analysis experience, occupation, and direct
performance of analysis work act as the main factors affecting
the user’s experience. Accordingly, 3 personas were set up:
“health care professionals as big data analysis beginners,”
“health care professionals who have experience in big data
analytics,” and “non–health care professionals who are experts
in big data analytics.” Based on this, needs and pain points from
the user’s perspective were identified (Figure 2).
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Figure 2. Three types of personas: persona 1: health care professionals as big data analysis beginners, persona 2: health care professionals who have
experienced big data analytics, and persona 3: non–health care professionals who are experts in big data analytics.

Persona 1: Health care professionals as big data analysis
beginners
Persona 1 is a persona that represents a health care practitioner
with entry-level analytical experience (Figure 3). They lack
knowledge of analytical solutions, experience frequent errors

in progress due to unfamiliar use, and have difficulty finding
solutions. Therefore, they need a support system that can provide
information on how to use the analytical solutions and query
errors or to be able to ask questions real time during the progress
stage.

Figure 3. Persona 1: health care professionals as big data analysis beginners: represents novice medical personnel with limited experience in big data
analysis. This persona lacks knowledge of analysis tools and solutions and has minimal experience using them.

The user journey map prepared based on this persona is shown
in Figure 4. “Na-Young Kim,” who works as a clinical nurse

at a university hospital, recently conducted a potential class
analysis study on “risk factors for metabolic syndrome in
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single-person households.” Since she has never performed big
data analysis before, she completed analysis-related training
before conducting the research. She was unfamiliar with how
to use the analytical solution in the preprocessing process, so
she had to proceed with most of it manually, which consumes
a lot of time and energy. In the complete analysis stage, an error
occurred during the command input process, but the progress
was stopped because the cause of the error could not be found.
She searched for information through Google and tried to modify
it by referring to the provided notice, but it was not solved, so

she spent days and days working on the problem. The cause of
the error, which was confirmed through experts who were barely
connected after many twists and turns, was unexpectedly too
simple, and the problem was solved in 5 minutes. She thinks
several times that it would be nice to have someone who she
can ask for advice on something. After many twists and turns,
the analysis was completed, but with the idea that such a difficult
experience is enough once in a lifetime, she decided that she
will never do big data analysis research again.

Figure 4. User journey map of persona 1: highlights frequent errors occurring during the data preprocessing and analysis stages. The inability to identify
the causes of these errors leads to significant time consumption and frustration. Q&A: question and answer.

Which part of it is wrong? I don’t know, there’s no
one I can ask, and once an error occurs like this,
everything will be completely stopped, so it’s really
hopeless. I can’t believe I held on to a problem that
would be solved in five minutes for four days. It’s so
frustrating.

Persona 2: Health Care Professionals Who Have
Experienced Big Data Analytics
Persona 2 is a persona that represents the experience of a health
care professional who commissioned an analysis expert to

perform the analysis (Figure 5). In this case, if the client lacks
an understanding of the overall process of big data analysis or
does not communicate sufficiently in advance, disagreement
may occur during the process. Therefore, it was found that users
who conduct big data analysis through collaboration with
analysts need a system that provides information on the contents
and precautions to be discussed in advance when requesting
analysis, guides the entire process of big data analysis, and
provides explanations.

JMIR Form Res 2025 | vol. 9 | e67272 | p.1319https://formative.jmir.org/2025/1/e67272
(page number not for citation purposes)

Lee et alJMIR FORMATIVE RESEARCH

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


Figure 5. Persona 2: health care professionals who have experience in big data analytics: represents medical personnel who outsource big data analysis
tasks to experts. This persona lacks an understanding of the overall analysis process and methods.

The itinerary map for persona 2 is shown in Figure 6. “Eun-Ae
Go” is a lecturer who is currently teaching students at a nursing
university and recently conducted a study to identify “severe
COVID-19 risk factors” using HBD. Although she has
previously conducted several studies using HBD, it was her
first time analyzing a network using text data; hence, she
completed several training sessions on using network analytical
solutions before starting the analysis. She did not have an expert
in big data analysis around her, and she could not make a
decision because she did not trust the companies she found on
the internet. She finally got in touch with an engineering major
through a few acquaintances and asked them to do both data

preprocessing and analysis. It was found after the end of the
analysis that the resulting values were affected by texts that
were not completely refined during the preprocessing process.
She wanted to reanalyze by repurifying, but the analyst did not
agree to the reanalysis due to time and cost issues. Through this,
she realized that sufficient communication and consultation
must precede when requesting analysis work from others; there
is also a limit to discovering and interpreting the meaning of
the data only with the analysis results conducted by the AI agent
without understanding the analysis process or method. Next
time, she intends to perform the pretreatment and analysis
herself, even if she is not an expert.
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Figure 6. User journey map of persona 2: illustrates difficulties in communication and disagreements during the collaboration process, stemming from
limited knowledge of the analysis process and methods. These issues result in constraints on the quality and scope of the analysis outcomes.

You need to know something when you ask others to
do it. Even if we ask experts to analyze big data, we
can produce meaningful results only when we have
a basic understanding and knowledge of the overall
analysis process and method.

Persona 3: Non–Health Care Professionals Who Are
Experts in Big Data Analytics
Persona 3 is a persona representing people who are experts in
big data analysis but have no knowledge of health care (Figure

7). They are good at big data and analysis, but they experience
continuous doubts and confusion during the analysis process
due to a lack of health care knowledge. Through this, it was
found that non–health care users who are fluent in analysis need
a system that provides information on health care data. They
also need to seek advice from health care experts in
decision-making situations that occur during the analysis
process.
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Figure 7. Persona 3: non–health care professionals who are experts in big data analytics: represents a nonmedical professional proficient in big data
analysis but lacking expertise in health care. This persona struggles with understanding health data and clinical knowledge.

The itinerary map for persona 3 is shown in Figure 8. Currently
working as a programmer, “Kang-Min Kim” is a computer
science major and a big data analysis expert. Several studies
related to big data analysis in various fields have been
conducted. Recently, interest in HBD with infinite use value
has increased, and research on “building a diabetes prediction
model” has been conducted using the National Health Insurance
Service’s screening data. Since “Kang-Min Kim” is good at
analyzing big data, he predicted that there will be no special
variables or difficulties in analyzing big data in the process of
HBD analysis. However, unlike previous data analysis work,
he felt uncertainty and doubt throughout the analysis process
due to the nature of the health data that the analysis findings of

the machine were not 100% reliable. Due to a lack of
understanding of the meaning of each variable in the health
data, the impact of normalization and missing value processing
methods on future analysis results, the selection of input
variables when applying machine learning, and clinical meaning
and application of derived results, among others, he had doubts
that he could not be sure of the results of the work that he
decided and implemented alone without communication with
related experts. At the end of the work, it was deduced that
clinical judgment and opinions of health care experts must be
combined in the analysis process to properly use HBD. In the
future, he intends to conduct HBD analysis through collaboration
with health care experts.

JMIR Form Res 2025 | vol. 9 | e67272 | p.1322https://formative.jmir.org/2025/1/e67272
(page number not for citation purposes)

Lee et alJMIR FORMATIVE RESEARCH

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


Figure 8. User journey map of persona 3: describes experiences of confusion and uncertainty when situations requiring clinical judgment and
decision-making arise at various stages, including preprocessing, analysis, and postanalysis.

This numerical value is an abnormal range, how much
does this abnormal mean? Does this process affect
the clinical meaning of data values? I can’t judge
because I don’t have healthcare knowledge. A proper
analysis of health big data requires not only being
good at analysis itself.

Deduction of Needs
The user’s needs derived for AI agent design that supports the
use of big data analysis are as follows.

First, there is a need for a service that provides a guide for
analytical solutions, which can be easily used by the public and
provides information on how to use the solution to proceed with
each step. For nonanalysis professionals, the knowledge of the
various libraries (packages) and execution methods required
for several tasks to be performed at each stage of preprocessing,
analysis, and visualization was unclear; even those with
experience did not know how to use the solution. Therefore,
users will be able to conduct big data analysis more easily if
they have a guide for analytical solutions that are easily available
to the public and provide detailed explanations on how to use
the solutions for step-by-step tasks according to the progress
procedures for each data type.

Second, there is a need for a service that guides the overall
process of big data analysis in detail. Big data analysis takes
place through 4 stages: data collection, preprocessing, analysis,
and visualization and use. Most of the big data analysis
platforms in other fields currently operate these 4 stages and
provide services such as data introduction and transaction
services, data analysis tools introduction and installation
guidance, analysis-related training guidance, data analysis and
use case sharing. However, there is no system that guides

detailed work procedures and specific methods required for
each stage. Ordinary people, who are not big data analysis
experts, need a service that guides them in their overall analysis
journey and provides detailed explanations of the specific tasks
to be performed at each stage, just like with navigation, wherein
a person arrives at the destination if guided.

Third, there is a need for a system where one can ask or seek
real-time advice from analysis experts about problem situations
or questions that occur during analysis work. Users may
encounter problem situations in the analysis process, and there
may be questions that they want to be confirmed by experts.
These problems should be dealt with quickly because if they
are not solved, they cannot proceed to the next step. However,
it is not easy for nonexperts in the field to find the cause of the
problem, resulting in a significant waste of time.

Fourth, there is a need for a service that introduces and links
analysis experts who can request analysis work or health care
experts who can provide health care advice. There may be
situations wherein health care personnel need to seek advice on
big data analysis and non–health care personnel need to seek
health care advice, but it is not easy for users to find these people
on their own. It is necessary to provide a channel to meet
necessary professionals and at the same time provide guidance
on the contents of prior consultations or precautions necessary
for collaboration.

Based on the earlier-mentioned problems and user needs, we
present five design concepts: (1) personalized platform for the
user level, (2) appropriate direction through a navigation
function, (3) crisis management support system through question
and answer, (4) communication and sharing opportunities
between users, and (5) expert-linked services. In addition, it is
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believed that these concepts will be able to meet users’ needs
by adding experience or information related to HBD analysis,
providing guidance on health data introduction and access
procedures, giving useful big data–related education
introduction, and having one-on-one consultations.

Discussion

Principal Findings
To design appropriate and useful technologies or services, it is
important to focus on the applicable user’s experience and
consider the user’s individual needs [41]. Recently, this
user-centered approach has been actively used in health
care–related service development, such as in studies on the
design of eHealth AI services [42], smart home system design
[43], and web-based agents to support physical and mental
health self-management in patients with chronic obstructive
pulmonary disease [44]. In this study, before developing an AI
agent that supports the use of HBD analysis, the experience and
needs of users who have performed big data analysis by applying
a human-centered design methodology were identified. The
discussions on the 5 service concepts derived through this and
the goals and contents to be achieved through each service are
as follows.

First, the service is a personalized platform that fits the level of
the first user. As a result of the study, the demand for a system
that supports big data analysis was different for each user type.
The analytical solution of the analysis environment provided
in the existing big data platform focuses only on creating an
analytic environment and building necessary analytical solutions
rather than meeting the needs of users [45,46]. These platforms
are not a problem for analysts to use, but in the case of ordinary
users, they do not even know how to use a given analytical
solution, so the platform created is practically irrelevant or
meaningless. Therefore, it is important to provide an analytical
environment that fits the user’s level and includes detailed
information required by the user [47].

In a study on web-based platform development to support
participants and caregivers with memory problems, it was also
found that the evaluation of the usefulness of the function was
different for each group due to different priorities for platform
functions between user groups. As a result, a customized
platform was designed to meet the needs of a specific group
[48]. Guiding cost-free, easily available analytical solutions,
and providing necessary information according to the user’s
needs such as installation methods, necessary libraries, and
commands, will reduce the fear of using analytical solutions by
inexperienced users. This is supported by examples of successful
results in weight, blood pressure, and blood sugar management
by characterizing users in the development of a meal planning
platform that supports healthy eating development and providing
services such as customized nutrition assessment for each user,
personalization of meal plans, and changing the environment
of individual food purchases [49].

Second, the service provides an appropriate direction
presentation system through a navigation function. Most health
care professional users were found to lack knowledge on detailed

big data analysis processes that vary by data type. If a detailed
guide is provided for the analysis progress procedure for each
type of representative data, like a road guide navigation, even
inexperienced beginners can follow the guide and conduct the
analysis on their own. In addition, this can improve
understanding of the overall analysis process. In a digital
platform designed for youth mental health services, the path of
each service needs to be presented, and the content of the service
provided by each route is different so that users map along the
treatment path determined by case and are guided by the
platform to continuously implement it according to the process
[50].

Third, the service is a crisis management ability support system
through question and answer. A service that allows users to
raise queries and answer questions or errors that arise during
analysis operations helps users solve problems quickly and
reduces unnecessary time and energy waste. A platform
development study, which supported operators who manage
big data information processing systems, was also equipped
with an intelligent web-based system based on AI that helps
system operators cope with problems that occur occasionally
and obtain the necessary information [51]. In the development
of a mobile platform to support patient participation and
reporting on lung cancer surgery, a channel was provided to ask
patients using the program about questions or concerns that may
arise during and after surgery or to report various suspected
exacerbations. This allows users to hear immediate health care
team explanations, promoting their ability to solve problems
[52].

Fourth, the service creates a venue for communication and
sharing that provides opportunities for exchange between users.
There is a need for a channel of communication that can
exchange experiences or information related to big data analysis
and share effective big data use cases. Through this, the user
may obtain important information and achieve new collaboration
through communication. PatientsLikeMe (PatientsLikeMe Inc),
a platform that provides information on rare diseases, provides
a channel for users to share various information such as their
health status and symptoms, drug effects, and side effects. It is
not only useful to other users, but it has also resulted in an
increase in the number of subscribers to the platform and further
expansion of the platform’s capabilities, with accumulated data
being sold back to necessary institutions [5,6]. The survey on
user needs for digital mental health platforms also revealed that
the community was a major topic. It has been found that users
do not hide their information about diseases or treatments but
rather want to connect and share experiences with others,
thereby developing the platform’s capabilities and believing
that new use cases can be developed [53]. In a digital platform
designed to enhance cancer treatment support for adult survivors
of cancer, survivors of cancer were also found to receive
psychological support by expressing various interests such as
eating habits and mental health to peer and patient support
groups and sharing experiences [5,8].

Finally, the service provides a connection service with experts.
Users who want to request analysis work, analysts, or those
who need advice from health care experts are required to provide
services that link related experts, and these services enable active
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use of big data through collaboration. PatientsLikeMe also uses
services that link institutions that run clinical trials on new drug
development with patients who want the opportunity to use a
drug being tested.

Strengths and Limitations
This study adopted a human-centered design approach to
enhance the usability of HBD, successfully identifying the
unique needs and challenges faced by various user groups.
Through in-depth interviews and shadowing techniques, we
gained significant insights into the emotional and cognitive
aspects of users’ experiences during the analysis process. The
development of 3 distinct personas and journey maps revealed
that each user group has specific requirements. For instance,
novice health care professionals require more guidance and
support during critical situations, whereas experienced data
analysts prefer advanced features and customized settings
tailored to various data types. These findings indicate that
services provided by the system cannot be uniform and
underscore the necessity for personalized user support.
Additionally, while many users seek expert advice or
communication with peers who have similar experiences, there
is a notable lack of accessible communities dedicated to health
data analysis and use. This highlights the need for developing
user-friendly systems capable of offering practical support to
users in the future. Our study has several limitations. First, the
in-depth interview participants were primarily users who analyze
and use widely used health data, which may limit the
generalizability of the findings to users working with less
common or emerging types of health data. As new types of
health data continue to emerge, the specific demands and
analytical experiences associated with these data have not been
fully incorporated into the current personas and user journey
maps. Additionally, this study may not be generalizable to users

outside of the South Korean environment, as the findings are
context-specific.

When the number of participants is expanded in future research,
the personas and journey maps developed in this study may
require reorganization, modification, or expansion beyond the
3 types presented. Like all in-depth studies, the results of this
research cannot be standardized but aim to broadly capture the
complex and challenging experiences of users regarding HBD
analysis and use. Nevertheless, the personas and journey maps
created in this study can serve as a foundational guide, gradually
expanding and adapting to meet the needs of a wider range of
users and data environments. Future research should conduct
in-depth demand analyses targeting users of emerging data types
to more comprehensively reflect diverse user experiences.

Conclusions
The ultimate purpose of precision health care is to provide
optimal treatment and treatment tailored to consider individual
genetic, environmental, and lifestyle factors based on health
care information. This can be realized through an effective use
of big data. This study proposes a human-centered design to
develop an AI agent supporting the use of HBD to increase use.
Based on the needs of users through shadowing and in-depth
interviews, 5 key implications for HBD analysis and use support
system (personal platform, navigation function, crisis
management support, communication and sharing, and experts)
were revealed.

In the future, we propose a follow-up study to develop a system
that supports the overall process of big data analysis based on
the implications derived through this study. This is expected to
further increase big data use by helping many users who hesitate
to use big data due to difficulties in the analysis process to
analyze big data more easily.
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Abstract

Background: Stigma toward transgender children and adolescents negatively impacts their health and educational outcomes.
Contact with members of stigmatized groups can dismantle stereotypes and reduce stigma by facilitating exposure to the unique
cognitive and emotional perspectives of individuals within the group. Recent evidence suggests that video-based contact
interventions can be as effective as face-to-face encounters, but challenges lie in protecting the identities of transgender youth,
since many of them live in stealth.

Objective: This study aims to evaluate the impact of an animated online course, rooted in authentic, personal narratives, on
course participants’ stigma toward transgender youth.

Methods: The online course was offered free of charge on Coursera and contained 19 teaching videos (3-7 minutes each),
intermittent practice quizzes, and discussion prompts. Using real voice recordings of transgender children and their caregivers,
the videos were designed to elicit empathy and transmit knowledge. All videos conveying the narratives of transgender youth
were animated to protect their identities. A total of 447 course participants, distributed around the globe, completed pre- and
postcourse surveys. While the course primarily targeted parents and caregivers of transgender youth, it was open to anyone with
a Coursera account. The survey was based on the Transgender Attitudes and Beliefs Scale but modified to reflect the context of
parents and caregivers. Using a 5-point Likert scale, it contained 5 questions that captured participants’ levels of transgender
stigma. Results of the pre- and postcourse surveys were then compared.

Results: The results were obtained in January 2023. Baseline levels of stigma were relatively low (18/25 across all questions,
with 25 representing the lowest possible levels of stigma) and decreased further after completion of the course (to 19/25 across
all questions, P<.001). A multivariate ordinal probit regression showed that, depending on the question, participants were 7%-34%
more likely to endorse statements that indicated the lowest levels of stigma after completing the course. The course was equally
effective across all demographics represented in our participant population.

Conclusions: Our findings document a significant reduction in stigma toward transgender youth in participants who chose to
enroll in the first animated, open online gender health course, rooted in the authentic narratives of transgender youth. Stigma
levels decreased significantly after taking the course, even among participants whose baseline levels of stigma were low. Future
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interventions should include participants with more variable baseline levels of stigma, ideally in the setting of a randomized
controlled trial. Despite its limitations, this evaluation adds to the existing evidence that digital, contact-based antistigma
interventions, animated to protect the identity of the narrators, can effectively reduce stigma toward transgender youth.

(JMIR Form Res 2025;9:e59605)   doi:10.2196/59605

KEYWORDS

stigma; transgender; children; adolescents; mental health; online course evaluation; entertainment-education; narratives

Introduction

Adolescence is a period marked by change, self-discovery, and
significant vulnerability to mental health issues [1]. Children
and young adults who realize that their gender identity differs
from their sex assigned at birth are especially prone to poor
mental health outcomes: transgender youth endure elevated
rates of depression, self-harm, eating disorders, and suicidality
compared with their nontransgender peers [2-4]. In addition,
the educational outcomes of gender-diverse children often lag
behind those of their cisgender peers [5]. Thus, the stressors
that affect gender-diverse children and adolescents can have a
profound effect on individuals’ academic performance and the
course of their future lives.

Stigma toward transgender youth contributes to the observed
differences in mental health. According to the gender minority
stress theory, many of the health disparities observed between
transgender and cisgender individuals can be attributed to
stressors emerging from the stigma faced by transgender people,
also called “transphobia” [6,7]. The chronic stress associated
with transphobia results in poor mental health outcomes with
repercussions even on physical health, as evidenced by elevated
rates of diabetes, hypertension, and death by suicide [7]. This
is especially true for individuals with multiple disadvantaged
statuses such as low-income, transgender women of color [7,8].
Stigma can affect individuals’ health directly, for example,
through chronic activation of the body’s stress response and
increased cortisol output [7], or indirectly by decreasing access
to the housing market, education, and employment [7,9], all
critical social determinants of health.

Depending on the academic discipline, stigma has been studied
from different angles, using diverse terminology [7,9]. Stigma
may be defined as “a severe social disapproval due to believed
or actual individual characteristics, beliefs or behaviors that are
against norms, be they economic, political, cultural, or social”
[10]. More recently, neuroscience has offered a fresh perspective
on stigma, describing its cognitive, emotional, and behavioral
dimensions [11-13]. Stigma can be considered a defensive
reaction resulting from an innate fear of individuals who differ
from the self and collectively form an “outgroup” [11].
Functional neuroimaging studies show that stigma [14,15] and
perceived outgroup membership [16,17] can decrease the levels
of empathy felt for others. As a consequence, members of the
outgroup are depersonalized and viewed as more homogeneous
than ingroup members, thus encouraging prejudice, negative
stereotyping, and antisocial behaviors [18].

Contact with a member of a stigmatized community can
dismantle stereotypes and facilitate entry of the previously

stigmatized person into the in-group [19,20]. Intergroup contact
is considered the most effective means of reducing stigma
[20,21]. Experimental evidence suggests that video-based
contact interventions may be as effective as face-to-face
encounters while being less expensive and easier to disseminate
[20,22-24]. The conceptual framework of Jankowski et al [20]
for social contact-based video interventions highlights the
importance of addressing the cognitive, emotional, and
behavioral dimensions of stigma [20]. By targeting all of these
components, viewers can empathize and identify with the
protagonists, thereby reducing intergroup anxiety [20] and with
it the perceived barriers between groups.

By allowing the public to experience the cognitive and emotional
perspectives of transgender youth, authentic, personal narratives
lend themselves to antistigma interventions [18]. Narratives can
provide a nonthreatening context to establish vicarious social
contact with others who might previously have been met with
anxiety or mistrust. Narrative stories have been shown to elicit
more compassion, favorable attitudes, and beneficial behavioral
intentions toward stigmatized groups when compared with
nonnarrative stories [25]. High capacity for engagement, as well
as the compassionate and affective reactions evoked by the
narrative format, are thought to trigger empathic attitudes in the
audience [25] that may translate into nonstigmatizing behavior.
Through empathy and knowledge transfer, transgender
individuals may leave the “outgroup” and enter the “ingroup,”
allowing their nontransgender peers to view and treat them as
one of their own. Yet, few studies have explored the use of
video-based narratives for reducing the stigma against
transgender youth. These studies found that social contact–based
videos have the potential to increase knowledge about
transgender youth and to decrease transphobia [26,27]. However,
care needs to be taken to protect the identities of transgender
youth who share their stories, since many of them live in stealth
[28]. To our knowledge, no study has examined the effect of
integrating animated short videos, featuring authentic voices
and narratives, into an online course aimed at reducing
transphobia. Thus, this article contributes to the existing
literature by integrating evidence-based methods to reduce
transgender stigma into a novel, digitally scalable format that
protects the identities of the narrators. The benefit of an online
course over interventions with exposure to a single video is the
possibility to expose participants to content over a longer time
period, enabling a more in-depth discussion of course material,
repetitions of core concepts, and assessments that stimulate
subjects to actively engage with the topic of interest.

Here, we evaluate the effect of the online course “Health Across
the Gender Spectrum,” rooted in entertainment narratives, on
participants’ attitudes toward transgender youth. The aim of the
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course was to promote a gender-inclusive society by establishing
virtual contact with the transgender community. The narratives
were unique in that they included real voice recordings of
transgender children as well as their parents and caregivers and
they were animated to conceal the identities of the storytellers.
The course was made freely available to the public, with some
targeting toward parents and caregivers of children whose
gender identity differs from their sex assigned at birth. This
target group was chosen because adolescents’ “coming out” as
transgender can significantly deteriorate family relations [2]
due to a lack of acceptance of family members. Family rejection
of transgender children and adolescents is strongly correlated
with mental health issues, substance use, suicidality, and sexual
risk [29-31]. On the other hand, family support of transgender
youth protects against depression and improves their quality of
life [32]. We analyzed pre- and postcourse survey data to
determine whether participants’ attitudes toward transgender
youth changed after completing the course. Our hypothesis was
that subjects would show lower levels of stigma toward
transgender youth upon completion of the course. This
evaluation may help pave the way for other innovative,
empirically verified interventions to reduce family and caregiver
stigma toward transgender individuals, thus improving their
health and life outcomes [29-32].

Methods

Evaluation Design and Approval
This online course evaluation was designed as a virtual
contact-based exposure study with a pre-post design, using a
convenience sample. The CHERRIES (Checklist for Reporting
Results of Internet E-Surveys) [33] was used to guide this article.

Online Course and Participants
The course “Health Across the Gender Spectrum,” still available
free of charge on the Coursera online platform as of publication
[34], was set up as a 3-week program (8 hours of instruction in
total) consisting of 3 modules: “What is Gender Identity?”
“What is the Gender Spectrum?” and “How Do We Create a
Gender-Inclusive Society?” Coursera is a global massive open
online course provider based in the United States and used by
universities and similar organizations to offer online courses,
certificate programs, and degree courses, some of which are
free of charge while others require a tuition fee. Participants
had no fixed time schedule and could decide the pace of their
progress on their own. The language of instruction was English.
Conceived by the Stanford School of Medicine under the
leadership of our coauthor (MA), learners were introduced to
the experiences of 6 transgender children and their families.
Through illustrated stories and 19 short teaching videos,
participants explored the topics of gender identity and the gender
spectrum. Stanford physicians, K-12 educators, and transgender
faculty members offered practical advice for parents, health
care providers, teachers, and others interested in exploring
gender identity in children and adolescents.

Apart from a Coursera account, there were no prerequisites for
enrollment. That is, while the course was geared toward parents
and caregivers of transgender and gender-diverse children and
adolescents, anyone was eligible to enroll. The course was

announced to learners enrolled in the Stanford Child Nutrition
and Cooking Course, also available on Coursera. Coursera also
independently announces new courses to registered account
holders. Each of the 3 modules was divided into subsections
that sought to answer common questions such as “What’s the
difference between gender identity and sexual orientation?” The
answers were then provided by a series of short, animated
educational videos, interspersed with the narrative videos. Each
subsection contained one practice quiz with one or two true-false
questions, which required a response to move on to the next
video. Before advancing to the next subsection, learners had
the option to answer a voluntary discussion prompt. At the end
of the last section of each module, participants were asked to
complete a graded quiz of 4-6 questions. A score of 80% or
higher was required to move on. Learners could repeat the quiz
as often as they wished. An overview of all modules, sections,
and titles of the videos and discussion prompts can be found in
Multimedia Appendix 1.

We did not store any participant information other than the
survey responses submitted by the learners. We had access to
anonymized data from Coursera, such as the IP addresses of
those who submitted surveys. These data did not personally
identify any participants. Subjects were informed about the
purpose of the surveys and their approximate length (3 minutes).

Video Animations
A total of 19 teaching videos (3-7 minutes each) were developed
by our coauthor (MA) at the Stanford School of Medicine, with
input from faculty at the Pediatric and Adolescent Gender Clinic.
The videos featured universally accessible animations,
appropriate for all cultural, ethnic, and racial contexts. This
raised the likelihood that viewers could identify with the
protagonists no matter their own cultural identity and origin. In
some of the videos, MA interviewed faculty experts from the
Stanford Pediatric Gender Clinic as well as 2 transgender faculty
members, who appeared in person. The transgender faculty
members shared personal anecdotes and experiences relevant
to the course theme. However, depending on the 3 modules of
the course, the animated content predominated and ranged
between 75% and 100%. The narrative videos’ hallmark was
their story-telling approach, using the real voices of transgender
children, parents, and caregivers to make the animations come
alive. Rather than being didactic, these videos were designed
to establish vicarious social contact between the viewers and
transgender children as well as their families and caregivers, in
a nonthreatening context. The use of animation effectively
protected the identity of the young people who shared their
stories and allowed us to visually emphasize the importance of
diversity and inclusion in all vignettes. The emotional appeal
of the video narratives relied heavily on the characters’
descriptions of their feelings, which were mirrored in the
animations and underscored by customized soundtracks. The
aim was to enable viewers to experience the cognitive and
emotional perspectives of the protagonists, thereby triggering
compassionate and affective reactions and empathy. Some of
the videos focused more on individuals’ personal experiences,
while others transmitted knowledge about gender identity and
related topics. The language was simple and avoided medical
jargon to reach viewers with diverse educational backgrounds.
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Figure 1 shows select scenes from the narrative videos. A
complete list of course videos can be found in Multimedia

Appendix 2.

Figure 1. Sample scenes from narrative course videos with titles and run-times.

Survey
After enrollment, participants received an email in which they
were asked to complete an open precourse survey. The survey
was hosted by Stanford School of Medicine’s Qualtrics account
and appeared on a single page. Demographic information was
collected on the second page. Qualtrics is a platform for online
experiments and data collection [35]. To match pre- and
postcourse surveys, we used Coursera’s user ID hashtags. In
addition, participants were asked to generate a unique survey
ID as a backup. We also used IP addresses, locations,
demographic information, and dates of submission to identify
any falsely matched surveys or multiple submissions. The
questionnaire was informed by the Transgender Attitudes and
Beliefs Scale (TABS) [36]. We chose to abbreviate and modify
the TABS for the context of parents and caregivers because the
original TABS contains 29 items, which we deemed too long
for a survey taken on a voluntary basis, with no financial
incentives or compensation. Our questionnaire contained 5 items
aimed at measuring preexisting stigma against transgender
children and adolescents. The statements were based on the first
2 subscales of the TABS, which explore interpersonal comfort
with transgender individuals and sex or gender beliefs. We
modified the items to better reflect the perspective of parents
and caregivers of transgender children and adolescents. For
example, one of the items in the original TABS reads “All adults
should identify as either male or female” (Q3.13, subscale 2)
[36]. We changed this item to “It is important that all children
learn to identify themselves as either a boy or a girl” (item 5 in
our questionnaire). Participants responded through a 5-point
Likert scale and an additional not applicable option. The answer
choices ranged from “strongly disagree” to “strongly agree.”
Please refer to Multimedia Appendix 3 for the complete
questionnaire, and to Multimedia Appendix 4 for an
item-by-item overview of how the original TABS items were

modified. The technical functionality of the survey was tested
before its launch. The data were collected between 2017 and
2023.

After completing the course, learners received another email
asking them to fill out the same questionnaire, thus allowing
for pre-post comparisons. In both surveys, participants were
instructed to generate a unique, anonymous identifier to match
the surveys in the analysis.

Data Analysis
Whenever possible, the pre- and postcourse surveys were
matched for each participant, creating a fully matched sample
of individuals. We used a multivariate ordinal probit regression
for matched data, in which the 5 questions were modeled jointly
[37]. This approach treats the Likert response as an ordinal scale
providing a better theoretical interpretation and statistical
inferences (compared with a nonparametric or normally
distributed response assumption, eg, in a change point analysis)
[38]; furthermore, potential correlations between the questions
are taken into account [39]. Matched individuals were modeled
with a random intercept to allow for individual heterogeneity
(Multimedia Appendix 5). An ordinal probit regression can
model the relationship between one ordinal-dependent variable
(in our case, the answer choices of the Likert scale) and one or
more independent variables [40]. A multivariate ordinal probit
model also takes into account the potential correlation among
the responses across the 5 questions [37]. First, we defined that
an answer was in the “positive” direction when it reflected low
or very low levels of transgender stigma. For the first 3
questions, a “positive” answer meant that participants agreed
(score of 4) or strongly agreed (score of 5) with the respective
statements; for the last 2 survey items, a response in the
“positive” direction was reflected by respondents’ disagreeing
(score of 4) or strongly disagreeing (score of 5) with the
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statements. We then calculated the cumulative probabilities for
each Likert category in the pre- and postcourse surveys; in other
words, we determined the likelihood that a subject chose a
specific answer (Likert category) for each question. Finally, we
calculated the ratio between the probabilities for each
question-and-answer choice (Likert category) in the post- versus
precourse survey. This ratio describes the relative effect of the
intervention. For instance, a relative effect (ratio) of “1”
indicates that respondents’ likelihood of choosing a respective
answer choice after completing the course was just as high as
before the course. A relative effect of “0.5” means that
participants were half as likely to choose a respective answer
after completing the course, compared with the precourse
condition. Conversely, a relative effect of “2” indicates that
subjects were twice as likely to select a respective answer choice
after the course.

Since respondents often included erroneous identifiers, not all
surveys could be matched. Thus, as a robustness check, we
performed a secondary analysis on a propensity score 1:1
matched sample [41] (Multimedia Appendix 6). We used a
probit regression as described above. The matching procedure
used nearest neighbor matching and sampling with replacement
[42].

Ethical Considerations
We obtained ethics approval from Stanford University’s
institutional review board (protocol #76972). Completion of

the survey was optional and not a prerequisite for beginning the
course, and no incentives were offered to participants. The data
collected were anonymized and did not allow for the personal
identification of subjects.

Results

Demographics
By January 2023, 3878 learners completed the course. Of these,
we obtained 1591 survey records. A total of 447 participants
(12% of all 3878 learners) could be fully matched based on
subjects’ unique survey IDs. Coursera’s user-ID hashtags were
not used due to a technical issue on the part of the platform. We
also used data such as IP addresses, location, submission dates,
and demographic information to identify potential mismatches
or multiple submissions between pre- and postcourse surveys.
If we found any mismatch or multiple submissions, we did not
include the submission. Of the 447 learners, 377 (84%) were
female, 406 (91%) had college-level education, and 283 (63%)
identified as White. A total of 229 (51%) of participants
completed the survey in 2017. A total of 200 participants (45%)
completed both, the precourse and the postcourse survey within
one day. Table 1 shows an overview of the subjects’ social
demographics for the matched sample. Figure 2 depicts the
geographic distribution of all recorded participants, containing
both pre- and postsurvey data.
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Table 1. Descriptive social demographics and responses of the fully matched sample.

ValuesCharacteristics

37.29 (14.85)Age (years), mean (SD)

Sex, n (%)

377 (0.84)Female

47 (0.11)Male

23 (0.05)Gender-diverse

Education, n (%)

406 (0.91)College

41 (0.09)High school

Race, n (%)

45 (0.10)Asian

14 (0.03)Black

79 (0.18)Latino

26 (0.06)Mixed or other

283 (0.63)White

US-based, n (%)

280 (0.63)No

167 (0.37)Yes

Year of survey completion, n (%)

229 (0.51)2017

55 (0.12)2018

17 (0.04)2019

70 (0.16)2020

37 (0.08)2021

28 (0.06)2022

11 (0.02)2023

Time between pre- and postsurveys, n (%)

200 (0.45)Day

66 (0.15)Week

129 (0.29)Month

52 (0.12)Month or more

Total score, median (IQR)a

18 (14-20)Precourse

19 (16-20)Postcourse

aWilcoxon signed rank P value <.001.
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Figure 2. Geographic distribution of the sample, showing both pre- and postcourse participants, including those that could not be matched regarding
their pre- and postcourse surveys.

Of the participants in the fully matched sample, 167 (36%) were
located in the United States, the country most highly represented
in the course. The US-based subjects were distributed across
the country, following a pattern that roughly reflects the
country’s population density (Figure 2). However, 280 (63%)
learners were located outside of the United States, distributed
across all continents with larger clusters in Europe and Latin
America.

Levels of Stigma
The 5 questions had a Cronbach α of 0.83, reflecting the
questionnaire’s high level of internal consistency. Given that
each of the 5 questions allowed for a maximum possible stigma
score of 5 (and a minimum of 1), the maximum possible score
for all 5 questions combined (indicating the lowest possible
levels of stigma) was 25. The median of the total score across
all 5 questions before the course was 18 (IQR 14-20). This

median increased significantly to 19 (IQR 16-20) after the course
(Wilcoxon signed rank test, P<.001).

Figure 3 shows the effect of the course on the fully matched
data, showing separate results for each of the survey items. After
the course, participants had a higher likelihood of answering
very positively (strong agreement with the first 3 statements,
strong disagreement with the remaining 2 items). At the same
time, they were also less likely to provide negative, neutral, or
less positive answers. The effect of the course varied largely
between individual participants. While acknowledging that our
sample was quite homogeneous in terms of demographic
variables (refer to Table 1 and Discussion below), we found no
significant differences in efficacy across the demographics
represented in our participant population. The results of the
secondary analysis on a propensity score 1:1 matched sample
were consistent with those presented above (Multimedia
Appendix 6).
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Figure 3. Marginal effect of the course on the responses to the 5 questions. The relative effect was computed as the ratio between the postcourse and
the precourse predicted probabilities for each survey item.

Discussion

Principal Findings
In this survey-based evaluation of the social contact–based
online course Health Across the Gender Spectrum, we observed
a significant decrease in participants’ stigma toward transgender
children and adolescents. Baseline levels of stigma were low
but decreased further upon completion of the course. This effect
was observed for all survey items and across all demographic
groups. Despite its limitations, the findings of this evaluation
provide the first documented evidence that an online course
rooted in animated narratives may effectively reduce
participants’ stigma toward transgender youth. In addition, the
fact that the online course reached subjects across all levels of
education, gender, age, ethnicity, or location is another important
revelation of this study with the potential to guide future
interventions.

The course significantly reduced stigma toward transgender
children and adolescents across all question items, despite low
baseline stigma levels. After completion of the course,
participants were more likely to respond “very positively” and
less likely to choose answers in the other categories. This means
that there was a general shift in responses toward the “very
positive” category, which reflected the lowest levels of stigma.
This effect was observed for all questions but especially

pronounced for the statements regarding the innateness of gender
and the importance that children learn to identify as a boy or a
girl. These 2 statements were arguably the most complex to
understand for a learner who had not been exposed to the course.
Moreover, they represented the highest level of escalation
together with the question regarding the acceptability of
sleepovers with transgender children, meaning that they had
been designed to maximize the discomfort of participants with
high levels of stigma. The fact that the strongest change was
observed for these statements implies that subjects with higher
preexisting levels of stigma or less informed participants may
have benefited the most from the course.

Not surprisingly, learners who enrolled in the course showed
relatively low levels of transgender stigma even before
completing the intervention. This makes sense because the
course likely attracted learners with socially progressive attitudes
and an openness to learn more about transgender individuals.
This is a limitation of this study, as individuals with higher
levels of transphobia are presumably less likely to enroll in this
course. Nonetheless, the fact that we were able to document a
measurable reduction in stigma, even among this enlightened
group, suggests that the stigma-reducing effect of the course
could be even greater in populations that are less accepting of
gender diversity in children. Future studies, ideally in the form
of randomized controlled trials, may explore the stigma-reducing
effect of this course or similar content within a more
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heterogeneous sample that is representative of the population
as a whole.

The findings of our evaluation confirm previous research that
demonstrated the stigma-reducing effect of social contact–based
antistigma interventions [26,27]. This article adds to the
literature by demonstrating that an online course with real
learners (rather than participants recruited in a controlled
experimental setting) achieved similar results. Furthermore, this
is the first open online gender health course to experiment with
the use of animation to protect the identities of transgender
youth sharing authentic stories. Research in the field of
neuroscience may help to explain why the course was effective.
Stigma is thought to encompass a cognitive, emotional, and
behavioral dimension [11-13]. The power of social
contact–based video interventions is that they can address all
of these components [20]. Emotion is a core feature of stigma,
which often manifests as reflexive disgust, fear, and disapproval
[11]. The brain regions responsible for emotional responses,
the amygdala and insula, generally have a shorter latency to
respond to aversive stimuli (eg, those inducing disgust) than
cortical regions [11,43,44]. Thus, with the emotional response
preceding cognitive modulation, emotions play a primary role
in shaping individuals’proneness to exert stigmatizing behavior.

Direct contact with a member of a stigmatized community can
reduce the negative emotions associated with stigma [20].
However, virtual contact may also be effective, as exemplified
by an intervention that established intergroup contact with
individuals enduring schizophrenia using an electronic chat
[20,45]. Participants who had been in virtual contact with a
schizophrenia patient exhibited lower levels of anger, fear, and
stereotyping compared with those who had been in virtual
contact with a person who did not suffer from a mental illness
[45]. In fact, even just imagining a positive encounter with a
schizophrenia patient can reduce anxiety and negative
stereotypes [46], demonstrating the power of social contact—be
it direct, virtual, or imagined—in shaping our emotions. In a
similar way, the video-based virtual contact in our online course
might have alleviated the negative emotions associated with
transgender stigma, thereby contributing to the reduction in
stigma scores observed in the postsurvey.

While emotions are key, stigma is more than just an affective
response. It also includes cognition. Implicit stigma describes
attitudes and biases that are outside of conscious control [47,48].
It is impulsive and depends on associative links [11]. In contrast,
explicit stigma occurs within conscious awareness and is
self-reportable and regulatable through cognitive processes
[11,48]. Explicit stigma relies on factual knowledge and
reflection [11]. Thus, an effective contact-based online course
should also transmit knowledge. Contact-based interventions
have proven effective when they portray characters that deviate
from negative stereotypes in moderate ways; that is, by focusing
on the characters’ struggles and stories of hope instead of their
accomplishments [20]. This is precisely what our videos do. In
the video segments, animated children (narrated by real
transgender youth) describe their journeys—their initial doubts
about their gender identities, their feelings of shame and guilt,
their fear of “coming out” and all of its consequences. Interviews
with 2 transgender Stanford faculty role models give caregivers

and parents hope by sharing how they successfully navigate the
challenges of being transgender in academia. Finally, short clips
embedded between the video sequences of transgender
experiences also transmit facts about the concepts of gender
identity, sexual orientation, the gender spectrum, the medical
classification of transgender, gender-affirming management
options, and the creation of a gender-inclusive society. A lack
of subject knowledge supports the formation of stigma [49], so
the aim of these supplementary videos was to provide facts that
were easily comprehensible to a global audience. Thus, the
effect of our video-based online course may have been
underscored by the fact that its contact-based approach
addressed both the emotion and cognition underlying stigma.
The interaction between emotion and cognition gives rise to the
concept of empathy—the ability to be sensitive to, comprehend,
and vicariously experience the thoughts and feelings of others.

Fear of individuals who differ from the self are categorized
internally into an “outgroup” [11]. Those who exert stigmatizing
attitudes view “them” as decisively different from “us” [50,51].
This assumption prevents individuals from identifying with
others: people use their self-knowledge, mental states, and
experiences to infer what others might think or feel [50]; that
is, to engage in the theory of mind [52]. If others are deemed
fundamentally different, self-referential thinking is reduced
[50], and with it, empathy. A neurobiological correlate of stigma
is a reduction in the activity of the medial prefrontal cortex [52],
a part of the brain that is thought to modulate empathy as it is
involved in judgments about others and in viewing others as
“human” [52]. As a consequence, members of the outgroup are
depersonalized and viewed as more homogeneous than ingroup
members, thus encouraging prejudice, negative stereotyping,
and antisocial behaviors [18].

Since neural projections connect the amygdala and insula
(responsible for emotion) to the ventral medial prefrontal cortex
(modulating empathy), it is likely that affective responses are
integrated into the theory of mind and empathy processes [52].
Moreover, emotions and empathy influence stigma-related
cognition and behavior (and vice versa) [52,53] through a
complex interplay involving other areas of the brain: cortical
structures such as the temporal lobes and the inferior frontal
gyrus encode and store stereotype concepts as semantic or social
object (person) memory, which can be selected and transferred
into working memory to influence judgments and behaviors
[52]. The anterior temporal lobe, particularly involved in the
representation of social knowledge (attributes describing
people), is densely interconnected with the medial prefrontal
cortex (the neural center for empathy) and the amygdala
(implicated in emotion) [52,54]. Thus, it becomes evident that
the various subcomponents of stigma—implicit versus explicit,
with emotional, cognitive, and behavioral elements—can be
traced to neurobiological correlates that work in a concerted
action, determining individuals’ capacity for empathy.

The videos in our course were designed to trigger a strong
empathic response in viewers, containing emotionally salient
stimuli such as the use of transgender children’s original voices
that explained their experiences, frustrations, and feelings of
distress. Compelling visuals and soundtracks were intended to
further support an empathic response in viewers. At the same
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time, the knowledge transmitted throughout the course provided
participants with the necessary context to understand the medical
and social background of transgender adolescents. By
acknowledging the multidimensional nature of stigma, the
course notably decreased participants’ stigma against
transgender children and hopefully contributed to reducing the
third component of stigma—the behavioral (enacted) one. Future
studies designed as more rigorous randomized controlled trials
may build on this article and include a behavioral endpoint.
Furthermore, the emotional and empathic response of viewers
may be tested in laboratory-based fMRI studies or by using
online platforms that track viewers’ facial reactions through a
webcam. The former may elucidate the real-time impact of the
intervention on the brain regions involved in stigma in a limited
number of individuals, while the latter may be easier to
implement in large-scale interventions with a greater sample
size.

Limitations
This evaluation has several limitations. First of all, participants
were matched ad hoc, resulting in a large number of subjects
that could not be matched. Thus, the size of the matched sample
represented only a third of the overall number of records. We
partly alleviated this issue by performing a secondary analysis
using propensity score matching to include more participants.
This analysis supported our results. Second, our evaluation
lacked a control group. Future studies should include a control
group that is not exposed to the course. In addition, the time
period between the pre- and postcourse surveys was variable
among participants. It is unclear how this may have affected
subjects’ levels of stigma, although variable completion rates
likely reflect the reality of most online courses. Another
limitation was that participants enrolled voluntarily in the course.
Learners who enrolled in the course likely shared characteristics
that differ from the population as a whole, such as holding more
socially progressive attitudes or an elevated interest in
transgender issues. This is reflected by the fact that our sample
was largely female, college-educated, and White. Those who
enrolled had low baseline levels of stigma, and the course was
likely unappealing to individuals with high levels of transphobia.
Future studies should ensure random sampling and the inclusion

of participants with diverse attitudes toward the transgender
community and more balanced demographic features.
Furthermore, as described above, stigma is inherently complex,
and the questionnaire used is a simplistic method that might not
capture the full dimension of stigma. The questionnaire had not
been validated before this evaluation. We found no validated
surveys that were appropriate for measuring transphobia toward
youth within the parent-child context of the course content. To
the best of our knowledge, there are no widely used, validated
surveys measuring transphobia toward children and adolescents
within this context. Another limitation of this intervention is
that it remains unclear how much of the course’s effect may be
attributed to the narrated, animated content versus the
appearance of guest speakers, discussion prompts, or quizzes.
Yet, given that the majority of the content was animated, it is
likely that the narrated, animated format of the course was the
main active ingredient in the outcomes observed here. Finally,
our intervention lacked any follow-up assessment. Future studies
should include follow-up evaluations to explore if subjects’
improvements in transgender stigma are stable over time.

Conclusion
This evaluation of transphobia in online learners enrolled in an
animated, story-based course adds to the limited existing
evidence that digital, contact-based antistigma interventions
can be as effective as face-to-face approaches. Our findings
make a case for readily scalable, digital contact-based
interventions that use animation to protect the identities of
individuals sharing their lived experiences. Ongoing advances
in the neuroscience of stigma will further increase our
knowledge of how animated educational content can be used
to address stigma in historically stigmatized groups. Future
interventions may build on the present one and feature more
robust samples and study designs. The fact that attitudes toward
transgender individuals vary highly across cultures provides an
opportunity to assess the efficacy of interventions in diverse
cultural contexts. We believe that stigma against transgender
youth should be explored in more detail—first and foremost
due to the demonstrated burden on the mental health of
stigmatized children, who deserve the chance to express
themselves authentically and thrive in an accepting society.
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Abstract

Background: Hypnotherapy has been shown to be a safe, nonhormonal intervention effective for treating menopausal hot
flashes. However, women experiencing hot flashes may face accessibility barriers to in-person hypnotherapy. To solve this issue,
a smartphone app has been created to deliver hypnotherapy. The Evia app delivers audio-recorded hypnotherapy and has the
potential to help individuals experiencing hot flashes.

Objective: This study aims to determine user outcomes in hot flash frequency and severity for users of the Evia app.

Methods: This study is a retrospective analysis of a dataset of Evia app users. Participants were divided into 2 groups for
analysis. The first group reported daytime hot flashes and night sweats, while the second group was asked to report only daytime
hot flashes. The participants in the first group (daytime hot flashes and night sweats) were 139 women with ≥3 daily hot flashes
who downloaded the Evia app between November 6, 2021, and June 9, 2022, with a baseline mean of 8.330 (SD 3.977) daily hot
flashes. The participants in the second group (daytime hot flashes) were 271 women with ≥3 daily hot flashes who downloaded
the Evia app between June 10, 2022, and February 5, 2024, with a baseline mean of 6.040 (SD 3.282) daily hot flashes. The Evia
program included a 5-week program for all participants with daily tasks such as educational readings, hypnotic inductions, and
daily hot-flash tracking. The app uses audio-recorded hypnosis and mental imagery for coolness, such as imagery for a cool
breeze, snow, or calmness.

Results: A clinically significant reduction, defined as a 50% reduction, in daily hot flashes was experienced by 76.3% (106/139)
of the women with hot flashes and night sweats and 56.8% (154/271) of the women with daily hot flashes from baseline to their
last logged Evia app survey. On average, the women with hot flashes and night sweats experienced a reduction of 61.4% (SD
33.185%) in their hot flashes experienced at day and night while using the Evia app, and the women with daily hot flashes
experienced a reduction of 45.2% (SD 42.567%) in their daytime hot flashes. In both groups, there was a large, statistically
significant difference in the average number of daily hot flashes from baseline to end point (women with hot flashes and night
sweats: Cohen d=1.28; t138=15.055; P<.001; women with daily hot flashes: Cohen d=0.82; t270=13.555; P<.001).

Conclusions: Hypnotherapy is an efficacious intervention for hot flashes, with the potential to improve women’s lives by
reducing hot flashes without hormonal or pharmacological intervention. This study takes the first step in evaluating the efficacy
of an app-delivered hypnosis intervention for menopausal hot flashes, demonstrating the Evia app provides a promising app
delivery of hypnotherapy with potential to increase accessibility to hypnotherapy.

(JMIR Form Res 2025;9:e63948)   doi:10.2196/63948

KEYWORDS

hypnosis; hypnotherapy; hot flash; menopause; women’s health; gynecology; smartphone app; applications; mobile health;
mHealth; user; outcome; intervention; alternative; complementary; mind-body; mobile phone
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Introduction

Background
During the menopause transition, approximately 80% of women
experience hot flashes, and approximately 20% of women report
hot flashes to be very bothersome [1,2]. Hot flashes negatively
impact women’s quality of life [3], and because the period
during which women experience hot flashes lasts an average of
7.4 years, the impacts are long lasting [4].

In the past, the standard treatment for hot flashes, both
premenopausal and postmenopausal, has been hormone therapy.
However, hormone therapy has been associated with an
increased risk of cancer, strokes, and thromboembolism [5-7].
Due to these concerns, many women do not wish to use hormone
therapy; moreover, experts do not recommend hormone therapy
due to these potential health issues [8].

Most of the options for nonhormonal treatments are either not
as efficacious as would be desired or increase the burden on
women significantly. Selective serotonin reuptake inhibitor,
serotonin-norepinephrine reuptake inhibitor antidepressants,
gabapentin, and paroxetine mesylate are nonhormonal
medications approved by the US Food and Drug Administration
for reducing hot flashes, but all these medications are associated
with negative side effects [9-15]. A medication newly approved
by the US Food and Drug Administration for menopausal hot
flashes, fezolinetant (Veozah), has demonstrated evidence of
effectiveness in reducing hot flashes [16,17]. However,
fezolinetant’s potential side effects include liver injury; to guard
against this, patients must undergo routine blood work during
the first 9 months of using this drug [17]. This risk of liver injury
and the blood work required places undue burden on women
seeking a beneficial nonhormonal treatment for hot flashes.

When turning to nonpharmacological, nonhormonal intervention
options, a commonly used intervention is cognitive behavioral
therapy, which does decrease the level of distress women feel
from hot flashes; however, cognitive behavioral therapy does
not reduce the number of hot flashes experienced [18,19].

Clinical hypnotherapy is a mind-body intervention that has been
shown to be effective in reducing both the frequency and
severity of menopausal hot flashes [15,20,21]. Hypnosis is a
state of consciousness involving focused attention and reduced
peripheral awareness characterized by an enhanced capacity for
response to suggestion [22]. Hypnosis is a safe, nonhormonal,
nonpharmacological treatment with minimal to no adverse
events [15,20,21].

However, face-to-face hypnotherapy for hot flashes has limited
accessibility for many women. Challenges such as financial
concerns, a lack of proximity to a hypnotherapist, or the time
commitment needed for appointments may all factor into women
being unable to access hypnotherapy [23,24]. A smartphone
app-delivered hypnotherapy intervention for menopausal hot
flashes can help overcome these intervention implementation
barriers. Mobile delivery of hypnotherapy provides convenient
and affordable hypnotherapy for women experiencing hot
flashes. With the significant growth of the mobile health
industry, smartphone apps have become a commonly used

method for intervention dissemination, and this approach can
also be used to expand access to hypnotherapy for those in need
[25].

To this end, a smartphone app to deliver hypnotherapy for hot
flashes has been developed. Created by Mindset Health, the
Evia app delivers hypnotic inductions and educational
information for hot flashes. The Evia program was developed
based on the hypnosis protocol for hot flashes tested in multiple
randomized clinical trials [20,21]. The app offers a 5-week
program with daily tasks such as educational readings, hypnotic
inductions, and hot flash tracking. The app uses audio-recorded
hypnotherapy and mental imagery for coolness (ie, imagery for
cool breeze, snow, and calmness).

The Evia app holds significant potential to help individuals
experiencing hot flashes and has already greatly increased
women’s access to hypnotherapy for hot flashes due to its
availability through smartphone app stores. However, research
on the app’s effectiveness is lacking. A previous study analyzed
Evia app users’ characteristics and demographics and
demonstrated that the age of Evia app users on average is
consistent with the age of menopause onset and the emergence
of menopausal symptoms [26]. In addition, this previous study
demonstrated that on average app users experienced ≥5 hot
flashes per day, a frequency similar to that of participants in
previous randomized clinical trials.

Objectives
This study, which will be the first to provide data on Evia app
users’ outcomes, is a retrospective analysis of data collected
from participants who downloaded and used the Evia app. The
data, collected by Mindset Health, are from the questionnaire
that users fill out before beginning the program, as well as the
hot flash logs that users are encouraged to fill out throughout
the program. There were 2 groups of participants. The first
group was asked about daily hot flashes experienced during the
day and night sweats (hot flashes that occur at night), while the
second group was asked to report only daily hot flashes (daytime
hot flashes). The data from each group were separately analyzed
to fulfill this study’s aims.

This study aims to (1) determine self-reported user outcomes
regarding whether users experienced a clinically significant
(50%) reduction in daily hot flashes, (2) determine self-reported
user outcomes regarding changes in hot flash severity, (3)
describe user demographics and characteristics, (4) describe
self-reported Evia app use patterns, (5) determine factors
associated with intervention outcomes, and (6) determine the
association of self-reported hot flash outcomes with self-reported
use patterns.

Methods

Overview
This study is a retrospective, cross-sectional analysis of data
from the Evia app collected by its developers, Mindset Health.
The data were collected at 1 time point from self-report
questionnaires and app use data. See Multimedia Appendix 1
for the Checklist for Reporting Results of Internet E-Surveys
(CHERRIES) for this study [27]. All individuals who
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downloaded the app were prompted to fill out questionnaires
using an open survey method (anyone could download the app
and fill out the questionnaire). Evia app users were required by
the app design to fill out the baseline questionnaire when they
downloaded the app (before beginning the intervention
program); the study authors were not provided any information
regarding whether there were potential Evia app users who did
not complete the baseline questionnaire and therefore did not
continue the program. Participants were prompted to optionally
fill out hot flash tracker logs throughout the program. All
questionnaires were filled out using the Evia app. The data used
as the end point measure for this study were derived from the
latest hot flash log filled out by each participant. The data were
collected from November 6, 2021, to February 5, 2024.

The Evia app offers a 5-week program with daily tasks such as
educational readings, hypnotic inductions, and hot flash tracking.
The app uses audio-recorded hypnotherapy to deliver
suggestions to induce mental imagery for coolness. During the
program, users can access the following hypnotherapy audio
files: moving snow, cool mountain stream, rock by a lake,
cooling blue light, internal thermostat, hillside breeze, snowy
mountain path, walking in summer rain, eating a cool treat, cold
misty lake, air-conditioned cafe, lying in a hammock, cooling
face mask, frosty morning, cold day at the beach, and relaxing
in a pool. Each hypnotherapy audio file has a duration of 13 to
15 minutes. App users are encouraged to listen to a
hypnotherapy audio file at least once per day.

All questionnaires were developed by Mindset Health for the
Evia app, and the questionnaires were in use before the time
frame from which this study used data; thus, all questionnaires
were provided in a way that was usable for prior app users. Over
the course of this study, the user interface and intervention
program remained essentially consistent. During the time span
of data collection, there was a change within the Evia app in
how participants were asked to report their hot flashes. One
group was asked to report daily hot flashes and night sweats
(hot flashes that occur at night), and a second group was asked
to report only daily hot flashes (hot flashes that occur during
the day). The 2 groups are discussed further, with an explanation
provided for why participants were divided into 2 groups in our
analysis, in the Participant Groups subsection.

Ethical Considerations
The study protocol was reviewed by the institutional review
board at Baylor University (2167670) and determined to be
exempt from review because it qualified as non–human subjects

research; therefore, institutional review board approval was not
required. The data analyzed were provided in a deidentified
form and contained no personal information. Users provided
informed consent upon agreeing to the Evia app’s terms and
conditions, which included notification that their deidentified
data may be provided for research focused on aggregated user
data rather than individual information.

Participants
The participants are a convenience sample of women who
downloaded and used the Evia app between November 6, 2021,
and February 5, 2024. Given the contents of the Evia app, the
respondents of the survey questionnaire are women experiencing
hot flashes. A total of 835 Evia app users completed the initial
questionnaire after downloading the app. Of these 835 women,
410 (49.1%) met the inclusion criteria and were included in the
data analysis. Participants were included in the final analysis if
they met the following criteria: (1) were aged ≥18 years and
used the Evia app, defined as listening to >1 hypnotherapy audio
file; (2) reported ≥3 daily hot flashes at baseline; and (3) filled
out at least 1 hot flash diary log. These criteria ensured that the
sample in the analysis only included women who used the Evia
app past the initial download of the app, who experienced
persistent hot flashes, and who had end point data to compare
to baseline data. However, to better understand the differences
between the people who downloaded and used the app and those
who downloaded and did not use the app, demographic and
characteristic data of the excluded users are also reported.
Participants were not solicited or recruited for the study because
the sample consists of women who downloaded and used the
app. Participants provided consent digitally when downloading
the Evia app.

After excluding app users based on the eligibility criteria, a box
plot (Figure 1) was used to identify outliers based on the hot
flash frequency change; this method was chosen because it is
a standardized way to identify outliers when the data are not
normally distributed. Of the 416 participants, 6 (1.4%) were
identified as outliers and removed from the analysis. We chose
to remove the statistical outliers because doing so allows for
better concentration on the relevant data to fulfill the study aims.
This study is meant to provide an understanding of what most
women experience while using the Evia app and any patterns
that may be present. Removing the statistical outliers ensures
that the analysis is not skewed by extreme values. This resulted
in 410 (49.1%) of the 835 Evia app users who completed the
initial app questionnaire being included as participants.
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Figure 1. Simple box plot of hot flash frequency change outliers. After excluding app users based on the eligibility criteria, a box plot was created to
view the distribution of the changes in hot flash frequency from baseline to end point. This method revealed 6 participants who were statistical outliers.
To best represent the relevant data to answer our study aims, these 6 outliers were removed from the final analysis in a retrospective data analysis on
app use and outcomes in women experiencing menopausal hot flashes who downloaded the Evia app between November 6, 2021, and February 5, 2024.

Participant Groups
During the time span of data collection, the Evia app underwent
several small changes to the entry questionnaire and the hot
flash logs that users are prompted to respond to at the time of
app download. When users downloaded the app, they were
asked to report how many hot flashes they experienced. Users
who downloaded the app up until June 9, 2022, were asked 2
questions about their hot flashes:

• “How many hot flashes do you experience each day?”
• “How many night sweats do you experience during the

night?”

After June 9, 2022, users downloading the Evia app were only
asked 1 question:

• “How many hot flashes do you experience each day?”

Due to this change in the app survey made by the developers
during data collection, the 410 participants were divided into 2
groups: the first group (hot flashes and night sweats) included
139 (33.9%) women, and the second group (daily hot flashes)
consisted of 271 (66.1%) women. This was necessary to
accurately describe the data. This study reports the results of
the 2 groups separately because their baseline hot flashes were
measured differently.

Measures

Aim 1
Throughout the Evia program, participants were prompted to
log their daily hot flashes by entering a number in the hot flash
logs. Participants in both groups were prompted to report the
daily number of hot flashes, while participants with hot flashes
and night sweats were prompted to report night sweats (hot
flashes experienced at night) as well. In the app, the daily hot
flash log was optional for users, but due to the aims of this study,
only individuals who had filled out at least 1 daily hot flash log
were included in the final analysis. For the participants with hot
flashes and night sweats, the total number of hot flashes
experienced during the day and at night were summed together
for each participant at baseline and end point to provide a final
number of hot flashes experienced throughout a 24-hour period.
The baseline number of daily hot flashes was reported by the
user in the entry questionnaire, and the end point number of
daily hot flashes was the number indicated by the user on their
last recorded hot flash log.

Aim 2
When responding to the baseline questionnaire, before beginning
the app-delivered intervention, participants provided the average
intensity of their hot flashes. Participants were asked, “How
would you rate the intensity of your daily hot flashes (on
average)?” The response options included “mild,” “moderate,”
“severe,” and “very severe.” This question provided descriptions
of what each level of intensity would entail. The participants
were given the option of logging their daily hot flash intensity
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throughout the 5-week program with the hot flash tracker. The
hot flash severity indicated on their last recorded hot flash log
was considered the participants’ hot flash severity at end point.

Aim 3
In the initial questionnaire, participants filled out questions on
demographics and characteristics. The order of the items on the
baseline questionnaire was not randomized, and 1 item per page
was displayed on the app screen, with a total of 20 pages.
Throughout the questionnaire, participants were able to go back
and change any answers if needed. Participants were asked to
report their age and whether their menstrual cycles were
“regular,” “irregular but haven’t stopped,” “stopped within the
past year,” “or “stopped over a year ago.” Participants were also
asked, “How would you classify your stage of menopause?”
The response options included “perimenopause,” “menopause,”
“postmenopause,” and “I’m not sure.” Participants were asked
whether they were currently taking hormone replacement
therapy and were given the options “yes,” “yes, but weaning
off it,” or “no.” Participants were asked at baseline, “How do
you currently manage your hot flashes?” Answer options
included “natural supplements or OTC drug,” “other prescribed
medications,” “hormone therapy (HRT),” “cooling tools (water
spray, fans, etc),” “soy consumption (soy isoflavones),”
“lifestyle changes (exercise, etc),” “antidepressants (for hot
flashes),” and “other.” Participants were asked, “How important
to you is a nonhormonal tool to help with hot flashes?” The
answer options included “extremely important,” “somewhat
important,” and “not important.” Participants were asked, “Have
you tried hypnotherapy before?” The answer options were “yes”
or “no.”

Aim 4
Each time an Evia app user listened to a hypnotherapy audio
file on the app, the event was logged. To determine Evia app
use patterns, this study used these listening logs to determine
the number of times an individual listened to a hypnotherapy
audio file as well as the number of days on which an individual
listened to at least 1 audio file. Only listening events that
occurred before each participant’s end point were included in
the analysis.

Aim 5
The aforementioned characteristics and demographics, including
age, menopausal stage, whether they had tried hypnosis before,
the importance of a nonhormonal tool, and other intervention
methods, were used as measures to determine the characteristics
associated with positive outcomes in hot flash reduction.

Aim 6
For this aim, the listening logs for each individual will be used
in conjunction with the self-reported initial daily hot flashes

and the self-reported daily hot flashes indicated in the end point
hot flash tracker.

Data Analyses
In analyzing these data, descriptive statistics (means, SDs, and
frequencies) were calculated for the variables of interest. For
aim 1, a 2-tailed paired samples t test was used. Aim 2 used a
Wilcoxon signed rank test. To carry out aims 5 and 6, Spearman
rank correlation tests were used to test associations between the
variables.

Results

Aim 1: Hot Flash Reduction Outcomes
This study included 410 women who used the Evia app and had
≥3 daily hot flashes. The 410 participants were divided into 2
groups: the first group (hot flashes and night sweats) included
139 (33.9%) women, and the second group (daily hot flashes)
consisted of 271 (66.1%) women. At baseline, the women with
hot flashes and night sweats experienced a mean of 8.330 (SD
3.977; range 3-24) daily hot flashes, while the women with daily
hot flashes experienced a mean of 6.040 (SD 3.282; range 3-20)
daily hot flashes. At end point, the women with hot flashes and
night sweats experienced a mean of 3.070 (SD 2.883; range
0-15) daily hot flashes, while the women with daily hot flashes
experienced a mean of 2.970 (SD 2.377; range 0-15) daily hot
flashes. Tables 1 and 2 show the distribution, respectively, of
total baseline and endpoint hot flashes reported by the group of
participants with daily hot flashes and night sweats. Tables 3
and 4 show the distribution, respectively, of total baseline and
endpoint hot flashes reported by the group of participants with
daily hot flashes.

A paired samples t test indicated that there was a large,
statistically significant difference in the average number of daily
hot flashes experienced by the women with hot flashes and night
sweats from baseline to end point (Cohen d=1.28; t138=15.055;
2-tailed P<.001), as well as in the average number of daily hot
flashes experienced by the women with daily hot flashes from
baseline to end point (Cohen d=.82, t270=13.555; 2-tailed
P<.001).

Clinical significance in the reduction of hot flashes is defined
as a reduction of 50% in daily hot flashes [5,28]. In this study,
76.3% (106/139) of the women with hot flashes and night sweats
experienced at least a 50% reduction in daily hot flashes from
when they completed their entry questionnaire to the latest hot
flash log included in the dataset, while 56.8% (154/271) of the
women with daily hot flashes experienced a clinically significant
50% reduction in daily hot flashes. The average percentage
reduction in daily hot flashes for the women with hot flashes
and night sweats was 61.4% (SD 33.185%), while for the women
with daily hot flashes, it was 45.2% (SD 42.567%).
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Table 1. Distribution of baseline hot flashes for women with daily hot flashes and night sweats (n=139).

Participants, n (%)Baseline total hot flashes

8 (5.8)3

10 (7.2)4

21 (15.1)5

15 (10.7)6

6 (4.3)7

13 (9.4)8

12 (8.6)9

39 (28.1)10

1 (0.7)11

1 (0.7)12

1 (0.7)13

0 (0)14

5 (3.6)15

0 (0)16

0 (0)17

0 (0)18

0 (0)19

6 (4.3)20

0 (0)21

0 (0)22

0 (0)23

1 (0.7)24

Table 2. Distribution of end point hot flashes for women with daily hot flashes and night sweats (n=139).

Participants, n (%)End point total hot flashes

22 (15.8)0

21 (15.1)1

28 (20.1)2

22 (15.8)3

17 (12.2)4

12 (8.6)5

3 (2.2)6

2 (1.4)7

4 (2.9)8

0 (0)9

5 (3.6)10

0 (0)11

1 (0.7)12

0 (0)13

0 (0)14

2 (1.4)15
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Table 3. Distribution of baseline hot flashes with women with daily hot flashes (n=271).

Participants, n (%)Baseline total hot flashes

30 (11.1)3

35 (12.9)4

135 (49.8)5

14 (5.2)6

3 (1.1)7

8 (3)8

0 (0)9

29 (10.7)10

0 (0)11

2 (0.7)12

0 (0)13

1 (0.4)14

8 (3)15

1 (0.4)16

0 (0)17

0 (0)18

0 (0)19

5 (1.8)20

Table 4. Distribution of end point hot flashes for women with daily hot flashes (n=271).

Participants, n (%)End point total hot flashes

37 (13.7)0

39 (14.4)1

68 (25.1)2

30 (11.1)3

35 (12.9)4

21 (7.7)5

21 (7.7)6

6 (2.2)7

19 (7)8

0 (0)9

4 (1.5)10

0 (0)11

0 (0)12

0 (0)13

0 (0)14

1 (0.4)15

Aim 2: Hot Flash Severity Outcomes
Participants were asked to report their hot flash severity at
baseline and end point. For participants with hot flashes and
night sweats, 2 participants declined to answer regarding their
hot flash severity at baseline, 42 (30.7%) reported mild hot

flashes, 65 (47.4%) moderate hot flashes, 22 (16.1%) severe
hot flashes, and 8 (5.8%) very severe hot flashes. At end point,
of the 139 participants with hot flashes and night sweats, 22
(15.8%) reported no hot flash severity due to the absence of hot
flashes, 58 (41.7%) reported mild hot flashes, 46 (33.1%)
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reported moderate hot flashes, 11 (7.9%) reported severe hot
flashes, and 2 (1.4%) reported very severe hot flashes.

At baseline, of the 271 participants with daily hot flashes, 73
(26.9%) reported mild hot flashes, 116 (42.8%) moderate hot
flashes, 64 (23.6%) severe hot flashes, and 18 (6.6%) very
severe hot flashes. At end point, of the 271 participants with
daily hot flashes, 37 (13.7%) reported no hot flash severity due
to the absence of hot flashes, 147 (54.2%) reported mild hot
flashes, 74 (27.3%) reported moderate hot flashes, and 13 (4.8%)
reported severe hot flashes. None reported very severe hot
flashes.

For the participants with hot flashes and night sweats, a
Wilcoxon signed rank test indicated that there was a significant
(P<.001) difference between baseline and end point in daily hot
flash severity, and the test demonstrated that 48.9% (67/137)
of the women experienced a decrease in the severity of their
daily hot flashes, 11.7% (16/137) had an increase in severity,
and 39.4% (54/137) experienced no change in their daily hot
flash severity.

For the participants with daily hot flashes, a Wilcoxon signed
rank test indicated that there was a significant (P<.001)
difference between baseline and end point in daily hot flash
severity, and the test demonstrated that 64.2% (174/271) of the
women experienced a decrease in the severity of their daily hot
flashes, 4.4% (12/271) had an increase in severity, and 31.4%
(85/271) experienced no change in their daily hot flash severity.

Aim 3: User Demographics and Characteristics
The mean age of the participants with hot flashes and night
sweats was 52.600 (SD 5.577; range 38-72) years. The mean
age of the participants with daily hot flashes was 52.400 (SD
5.483; range 30-77) years. When asked to classify their stage
of menopause, of the 139 participants with hot flashes and night
sweats, 51 (36.7%) indicated that they were unsure, 34 (24.5%)
reported that they were perimenopausal, 23 (16.5%) reported
that they were menopausal, and 31 (22.3%) reported that they
were postmenopausal, while of the 271 participants with daily
hot flashes, 96 (35.4%) indicated that they were unsure, 86
(31.7%) reported that they were perimenopausal, 29 (10.7%)
reported that they were menopausal, and 60 (22.1%) reported
that they were postmenopausal. When asked about their
menstrual cycles, of the 77 women with hot flashes and night
sweats who responded to this question, 35 (45%) reported that
their menstrual cycles had stopped more than a year ago, 18
(23%) reported that they had stopped within the past year, 20
(26%) indicated that their cycles were irregular but had not
stopped, and 4 (5%) reported having regular cycles. When asked
about their menstrual cycles, of the 121 women with daily hot
flashes who responded to this question, 62 (51.2%) reported
that their menstrual cycles had stopped more than a year ago,
30 (24.8%) reported that they had stopped within the past year,
27 (22.3%) indicated that their cycles were irregular but had
not stopped, and 2 (1.7%) reported having regular cycles.

Regarding using hormone therapy for hot flashes, of the 139
participants with hot flashes and night sweats, 128 (92.1%) were
not using hormone therapy, 10 (7.2%) were using hormone
therapy, and 1 (0.7%) was using hormone therapy but was

weaning off it, while of the 271 participants with daily hot
flashes, 234 (86.3%) were not using hormone therapy, 34
(12.5%) were using hormone therapy, and 3 (1.1%) were using
hormone therapy but were weaning off it. In answer to the
question “How important to you is a nonhormonal tool to help
with hot flashes?” of the 63 women with hot flashes and night
sweats who provided an answer, 44 (70%) responded “extremely
important,” 17 (27%) responded “somewhat important,” and 2
(3%) responded “not important,” while of the 150 women with
hot flashes who provided an answer, 104 (69.3%) responded
“extremely important,” 39 (26%) responded “somewhat
important,” and 7 (4.7%) responded “not important.”

Of the 410 participants in both groups, 209 (51%) provided
information at baseline on what treatments they were currently
using to manage their hot flashes. Of these 209 women, 111
(53.1%) used cooling tools such as a water spray or fans, 95
(45.5%) adopted lifestyle changes such as exercise, 76 (36.4%)
used natural supplements or over-the-counter drugs, 30 (14.4%)
consumed soy isoflavones, 14 (6.7%) used antidepressants for
hot flashes, 10 (4.8%) took other prescribed medications, and
31 (14.8%) selected “other.” The majority of the participants
(136/181, 75.1%) had not tried hypnotherapy before, while the
rest (45/181, 24.9%) had tried it before.

Demographics and characteristics surveyed in the baseline
questionnaire were also analyzed for the 425 users who
downloaded the Evia app between November 6, 2021, and
February 5, 2024, but these users were not included in the full
data analysis due to not using the Evia app beyond downloading
it, not experiencing at least 3 daily hot flashes, or not having
end point data. It is important to note that not all individuals in
this group filled out all questionnaire items; therefore, the
percentages are based on those who provided an answer. The
mean age of these users was 51.100 (SD 6.339; range 18-83)
years. When asked to classify their stage of menopause, of the
401 users who responded, 118 (29.4%) indicated that they were
unsure, 151 (37.7%) reported that they were perimenopausal,
50 (12.5%) reported that they were menopausal, 79 (19.7%)
reported that they were postmenopausal, and 3 (0.7%) reported
that they were not menopausal. When asked about their
menstrual cycles, of the 231 women who responded, 103
(44.6%) reported that their menstrual cycles had stopped more
than a year ago, 42 (17.7%) reported that they had stopped
within the past year, 61 (26.4%) indicated that their cycles were
irregular but had not stopped, and 25 (10.8%) reported having
regular cycles. Regarding using hormone therapy for hot flashes,
of the 419 users who responded, 362 (86.4%) were not using
hormone therapy, 45 (10.7%) were using hormone therapy, and
12 (2.9%) were using hormone therapy but were weaning off
it. In answer to the question “How important to you is a
nonhormonal tool to help with hot flashes?” of the 166 users
who provided an answer, 94 (56.6%) responded “extremely
important,” 58 (34.9%) responded “somewhat important,” and
14 (8.4%) responded “not important.” Not all participants
responded to this question because it was added to the Evia
questionnaire partway through the data collection period. The
majority of the participants (96/146, 65.8%) had not tried
hypnotherapy before, while the rest (50/146, 34.2%) had tried
it before.
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Aim 4: Evia App Use Patterns
Evia app use can be evaluated by the number of days on which
a user listened to at least 1 hypnotherapy audio file. Participants’
end point data, based on their last logged hot flash diary, varied
in the time elapsed since baseline (when the app was
downloaded). For the participants with hot flashes and night
sweats, end point ranged from day 1 (baseline) to day 730, with
the average length of time from baseline being 110.31 (SD
152.86) days. For the participants with daily hot flashes, end
point ranged from day 1 (baseline) to day 461, with the average
length of time from baseline being 67.62 (SD 78.25) days. This
differed from the number of days on which the participants used
the app. The average number of distinct days on which the
participants with hot flashes and night sweats listened to at least
1 audio file was 35.370 (SD 44.638; range 1-307). The average
number of hypnotherapy audio files listened to overall by the

participants with hot flashes and night sweats was 40.380 (SD
50.741; range 2-344). The average number of distinct days on
which the participants with daily hot flashes listened to at least
1 audio file was 27.140 (SD 35.663; range 1-390). The average
number of hypnotherapy audio files listened to overall by the
participants with daily hot flashes was 31.280 (SD 39.816; range
2-414).

Aim 5: Factors Associated With Outcomes
The factors tested for association with the Evia app users’
outcomes were participants’ age, menopausal stage, hormone
use, and past hypnotherapy use. A Spearman rank correlation
test on the data of the participants with hot flashes and night
sweats found no significant associations between participants’
age, menopausal stage, hormone use, or past hypnotherapy use
and the outcomes in hot flash frequency reduction. The results
of the correlation test are shown in Table 5.

Table 5. Spearman rank correlation test for user characteristics and hot flash frequency percentage reduction among the participants with hot flashes

and night sweatsa.

Correlation coefficientCharacteristics

–0.029Age (n=139)

0.027Menopausal stage (n=139)

–0.113Hormone use (n=139)

0.070Past hypnotherapy use (n=31)

aThis table shows the correlational analysis results for the associations between user characteristics and user outcomes in a retrospective data analysis
on app use and outcomes in women who experience menopausal hot flashes and downloaded the Evia app between November 6, 2021, and June 9,
2022.

A Spearman rank correlation test on the data of the participants
with daily hot flashes found no significant associations between
participants’ age, hormone use, or past hypnotherapy use and
their outcomes in hot flash frequency reduction. However, there

was a small, positive, significant correlation between
participants’ menopausal stage and percentage reduction in hot
flashes. The results of the correlation test are shown in Table
6.

Table 6. Spearman rank correlation test for user characteristics and hot flash frequency percentage reduction among the participants with daily hot

flashes (n=271)a.

Correlation coefficientCharacteristics

–0.092Age

0.239bMenopausal stage

0.047Hormone use

0.051Past hypnotherapy use

aThis table shows the correlational analysis results for the associations between user characteristics and user outcomes in a retrospective data analysis
on app use and outcomes in women who experience menopausal hot flashes and downloaded the Evia app between June 10, 2022, and February 5,
2024.
bP<.001.

Aim 6: Use Pattern Associations With Outcomes
A Spearman rank correlation test to assess the association
between app use and percentage reduction in hot flashes among
the participants with hot flashes and night sweats found a small,
positive, statistically significant association between the number
of days on which a user listened to at least 1 hypnotherapy audio

file and the percentage reduction in hot flashes from baseline
to end point. There was also a small, positive, statistically
significant association between the total number of hypnotherapy
audio files that users listened to and the percentage reduction
in hot flashes from baseline to end point. The results of the
correlation test are presented in Table 7.
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Table 7. Spearman rank correlation test for app use and hot flash frequency percentage reduction among the participants with hot flashes and night

sweats (n=139)a.

Correlation coefficientApp use

0.209bNumber of distinct days listened

0.199cNumber of audio file listens

aThis table shows the correlational analysis results for the associations between user outcomes and users’ app use in a retrospective data analysis on
app use and outcomes in the women with hot flashes and night sweats who experience menopausal hot flashes and downloaded the Evia app between
November 6, 2021, and June 9, 2022. There was a small significant correlation between increased app use and a greater percentage reduction in hot
flashes.
bP=.01.
cP=.02.

A Spearman rank correlation test to assess the association
between app use and percentage reduction in hot flashes among
the participants with daily hot flashes found no significant
association between the number of days on which they listened
to at least 1 hypnotherapy audio file and the percentage
reduction in hot flashes from baseline to end point. There was

also no statistically significant association between the total
number of hypnotherapy audio files that users listened to and
the percentage reduction in hot flashes from baseline to end
point. The results of the correlation test are presented in Table
8.

Table 8. Spearman rank correlation test for app use and hot flash frequency percentage reduction among the participants with daily hot flashes (n=271)a.

Correlation coefficientApp use

0.091Number of distinct days listened

0.080Number of audio file listens

aThis table shows the correlational analysis results for the associations between user outcomes and users’ app use in a retrospective data analysis on
app use and outcomes in the women with daily hot flashes who experience menopausal hot flashes and downloaded the Evia app between June 10,
2022, and February 5, 2024. There were no significant correlations between increased app use and a percentage reduction in hot flashes.

Discussion

Principal Findings
The results demonstrated that the majority of Evia app users
experienced a clinically significant reduction of at least 50% in
their daily hot flashes, with 76.3% (106/139) of the participants
with hot flashes and night sweats and 56.8% (154/271) of the
participants with daily hot flashes achieving mean reductions
of 61.4% and 45.2%, respectively. The difference in daily hot
flashes from baseline to end point was statistically significant
(P<.001) for both groups. This result demonstrates the potential
benefits of the Evia app. Although this result should be
interpreted in light of the fact that there was no control group
in this dataset to compare with, the majority of women who
began using the Evia app saw a decrease in their hot flashes of
at least 50%. Using the measure of clinical significance to
interpret these results will allow clinicians to provide clear
information when discussing how the Evia app might benefit
their patients. The participants with hot flashes and night sweats
had a greater proportion reaching clinical significance due to
more accurate reporting of hot flashes experienced during a
24-hour period (at day and night); thus, this group had a higher
reported baseline mean of hot flashes than the participants with
daily hot flashes. Although the baseline mean number of daily
hot flashes for both groups differed (participants with hot flashes
and night sweats: mean 8.330, SD 3.977; participants with daily
hot flashes: mean 6.040, SD 3.282) because the participants
with daily hot flashes were not being asked to report night
sweats separately, both groups had a similar mean number of

daily hot flashes at end point (participants with hot flashes and
night sweats: mean 3.070, SD 2.883; participants with daily hot
flashes: mean 2.970, SD 2.377).

In this study, many Evia app users also experienced decreases
in their hot flash severity. Hot flash severity decreased in 48.9%
(67/137) of the women with hot flashes and night sweats and
64.2% (174/271) of the women with daily hot flashes. Crucially,
participants’ severe and very severe hot flashes decreased: of
the 410 women across both groups, 86 (21%) reported severe
hot flashes at baseline, but only 24 (5.9%) reported severe hot
flashes at end point; similarly, at baseline, 26 (6.3%) reported
very severe hot flashes, but only 2 (0.5%) reported very severe
hot flashes at end point. This result demonstrates that even
women who do not experience a clinically significant reduction
in their hot flash frequency may still experience significant
benefit by a decrease in hot flash severity. The significant
decreases in both hot flash frequency and severity are
encouraging due to the need for accessible and
nonpharmacological interventions for menopausal hot flashes.
These results warrant further investigation in a randomized
controlled trial of the Evia app to better understand if this is an
efficacious mobile delivery method for hypnotherapy in treating
menopausal hot flashes.

This study found a small, positive, significant association
between app use and hot flash outcomes among the participants
with hot flashes and night sweats. This may indicate that the
more an individual uses the Evia app hypnotherapy audio files,
the greater the percentage reduction in hot flashes. However,
the correlation was small; therefore, this result should be
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interpreted with caution. In addition, there was not a similarly
significant result among the participants with daily hot flashes.
App use varied widely between participants (ranging from 1 to
390 unique days), and this study did not evaluate whether
participants used the app on consecutive days. As the Evia
program is designed to be used daily for 5 weeks, it may be that
some participants’ lack of consistency made it challenging to
understand the effects of use on outcome. A future study may
be able to address this by examining within a more standardized
study design whether use is associated with hot flash outcomes.
Furthermore, this dataset relied on single-day measures of hot
flash frequency for both baseline and end point. This may also
have impacted the lack of a significant association between use
and outcomes because women will naturally have some
variability in their hot flash frequency from day to day.

Likewise, the lack of significant associations between participant
characteristics such as age, hormone use, and past hypnotherapy
use and outcomes is likely due to the lack of standardization
across participants. There was a small, positive, significant
association between participants’ menopausal stage and hot
flash reduction among the participants with daily hot flashes,
with women further along in menopausal stage being more
likely to have greater hot flash reductions. However, this
association should be interpreted with caution, given that it is
a small correlation within a large sample size, and there was no
control group; no significant correlation was found among the
participants with hot flashes and night sweats. A future study
should further investigate what characteristics might be
associated with achieving a clinically significant outcome
through a randomized controlled trial design.

When comparing the users who met the inclusion criteria with
users who did not continue using the app, the demographics
and characteristics were generally comparable between the
groups. One difference is that the mean number of daily hot
flashes (6.820, SD 3.691) among the included users (n=410) at
baseline was higher than the mean number of daily hot flashes
(3.310, SD 3.799) among the excluded users (n=425). It may
be that those who experienced more daily hot flashes were more
likely to persist in using the app beyond the initial download.

Comparisons With Prior Work
In the retrospective study by Snyder and Elkins [26] on the
demographics and characteristics of Evia app users, the authors
indicated that a surprising number of women (3048/9103,
33.48%) reported that they were unsure of their menopausal
stage. Our study found this proportion to be slightly higher when
looking at the sample included in the analysis, with 35.9%
(147/410) indicating that they were unsure of their menopausal
stage. There may be a knowledge gap in the general population
of women on the topic of menopause. An increase in educational
content on menopausal stages in the Evia app may provide a
needed resource for women.

This study found the mean number of daily hot flashes to be
8.330 (SD 3.977) among the participants with hot flashes and
night sweats and 6.040 (SD 3.282) among the participants with
daily hot flashes at baseline, both of which are lower than those
found in an earlier clinical trial conducted by Elkins et al [21],
where the authors found the mean number of daily hot flashes

to be 10. However, the distribution of the baseline hot flash
frequency is consistent with that in previous studies, with more
women experiencing ≥5 hot flashes [21,26]. This may be due
to the differences in measuring hot flashes between this study
and the one by Elkins et al [21]. Our study had a single-item
measure, with participants being asked, “How many hot flashes
do you experience each day?” In the study by Elkins et al [21],
participants tracked their daily hot flashes for a week, which
was then averaged, thus providing a more accurate method due
to women experiencing variable numbers of hot flashes from
day to day. Future studies of the Evia app should explore the
use of a weekly hot flash log.

As our study did not have a control group for comparison, we
lack the ability to know how a control group’s hot flash
frequency and severity might have changed over time compared
to the intervention group. However, by comparing our findings
to those of prior research that included control groups, we can
better understand the typical pattern of hot flash severity and
frequency over time. Prior research has demonstrated that there
is not a large change in hot flash frequency or severity over time
for a control group. A 2013 randomized controlled trial
examining face-to-face hypnosis for hot flashes found that the
control group’s hot flash score (a product of hot flash frequency
× hot flash severity) only demonstrated a mean reduction of
8.32% compared to the mean reduction of 71.36% in the hot
flash score of the hypnosis group [21]. Future studies should
examine Evia app users compared to a matched control to
understand whether the outcomes are significantly different.

Limitations
A primary limitation of this study concerns the change in the
baseline questionnaire that resulted in 1 group of Evia app users
not being specifically asked about their night sweats. This meant
that the participants with daily hot flashes might have
underreported their total number of hot flashes experienced
during a 24-hour period (at day and night). However, we still
observed that both the participants with hot flashes and night
sweats and those with daily hot flashes had a very similar mean
number of daily hot flashes at end point (3.070, SD 2.883 and
2.970, SD 2.377, respectively). In addition, since the completion
of the data collection for this study, the Evia app has been
updated to once again ask users specifically about night sweats,
separate from daytime hot flashes.

Another primary limitation of this study is the lack of end point
data for information collected in the baseline survey. Due to
the retrospective nature of this analysis, participants only
completed a baseline survey, after which they filled out hot
flash tracker logs throughout the program; as a result, only hot
flash frequency and severity could be compared between
baseline and end point.

The data collected included the number of times a user listened
to a hypnotherapy audio file. Listens were only logged in the
app once a user had completed listening to the audio file. Thus,
there are no data captured for users who may have partially
listened to a hypnotherapy audio file. While the intervention is
designed to have users listen to the hypnotherapy audio files in
their entirety, future studies might consider including partial
listens to the data collected.
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In addition, this study is unable to fully assess the impacts of
potential participant attrition. Participants who were more
motivated to use all elements of the app, such as the hot flash
diary logs (which served as end point measures), may have
experienced greater benefit. Alternatively, those who benefited
from the intervention may have reduced app use due to the
absence of ongoing hot flashes. Given this limitation, future
replication of this study is warranted.

Finally, this study was also limited by the lack of standardization
across participants. Due to the retrospective nature of this
analysis, the data included participants with varying levels of
Evia app use. Some of the participants completed the 5-week
Evia program, while others did not; some of the participants
used the Evia app frequently, while others did not. A future
study with a greater level of standardization across participants
would be able to better provide a clearer understanding of the
benefits of the Evia app.

Future Directions
Considering the positive clinical outcomes noted in this study,
there is a need for future studies to address this study’s
limitations by conducting a randomized controlled trial of the
Evia app for menopausal hot flashes. A randomized controlled
trial will be able to clearly demonstrate whether the Evia app
is an effective mobile delivery method for hypnotherapy in
treating menopausal hot flashes. The randomized controlled
trial should compare the Evia intervention to a placebo control.

A future study should administer postintervention measures to
provide end point data, ensure that all participants complete the
5-week program to reduce the variability in use among
participants, and use weekly hot flash diaries to gain a more
accurate measure of hot flash frequency. In addition, a
randomized controlled trial of the Evia app should examine
when during the 5-week program women begin to see results
because this study only examined baseline and end point data.

Conclusions
This study is the first to report the hot flash frequency and
severity outcomes of Evia app users. The results demonstrated
that 76.3% (106/139) of the Evia app users who were asked
about hot flashes during the day and night experienced a
clinically significant reduction in their daily hot flashes, while
56.8% (154/271) of the Evia app users who were only asked
about daily hot flashes achieved a clinically significant reduction
in their daily hot flashes. In addition, 48.9% (67/137) of the
women with hot flashes and night sweats and 64.2% (174/271)
of the women with daily hot flashes experienced a decrease in
their hot flash severity from baseline to end point. This study
demonstrates the potential benefits of the Evia app as an
accessible and nonpharmacological intervention for menopausal
hot flashes. However, additional research is needed to explore
the efficacy of the app in randomized controlled trial as well as
to better understand the factors that moderate and mediate
beneficial therapeutic outcomes.
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Abstract

Background: The prevalence of hearing loss in infants in India varies between 4 and 5 per 1000. Objective-based otoacoustic
emissions and auditory brainstem response have been used in high-income countries for establishing early hearing screening and
intervention programs. Nevertheless, the use of objective screening tests in low- and middle-income countries (LMICs) such as
India is not feasible. Mobile health (mHealth) solutions have been demonstrated to be a viable option for hearing screening in
LMICs.

Objective: This study aims to develop and beta-validate an affordable hearing screener for children younger than 6 years of
age to identify moderately severe or higher degrees of hearing loss.

Methods: In phase 1, a mHealth-based hearing screener (SRESHT) was developed using a single board computer with wireless
commercial headphones and speakers as transducers, which were calibrated according to the standard procedure. Three subjective
hearing screening modules were conceptualized and developed for different age groups: (1) behavioral observation
audiometry–screening for infants aged from 0 to 1 year; (2) speech spectrum awareness task–screening for children 1 to 3 years
old; and (3) speech recognition task–screening for children 3 to 6 years old. Different auditory stimuli for the screening modules
were generated and suitability was assessed: (1) noisemakers, animal sounds, and environmental sounds for infants (birth to 1
year old); (2) animal sounds and nonsense syllables for children (1 to 3 years old); and (3) eighteen picturable spondee words for
children (3 to 6 years old). In phase 2, the SRESHT screener was beta-validated in children aged below 6 years to establish the
agreement between SRESHT modules and the gold-standard procedure in identifying moderately severe and higher degrees of
hearing loss.

Results: Off-the-shelf commercial speakers and headphones were selected and calibrated. On comparison of stimuli for behavioral
observation audiometry on 15 children, Noisemaker stimuli were found suitable based on the average minimum response levels.
On comparison of different stimuli for speech spectrum awareness task on 15 children, animal sounds were found to be suitable.
On familiarity check of 18 spondee words for speech recognition task among 20 children, 12 spondee words had the eligibility
cutoff (85%) and a presentation level of 5 dB SL (re-pure tone threshold) was sufficient to achieve 80% psychometric function.
In phase 2, a total of 55 children aged 0 to 6 years (31 normal hearing and 24 hearing impairment) underwent SRESHT screening
for beta validation. Cohen κ indicated that the overall SRESHT screener had a very good agreement (κ=0.82) with gold-standard
audiometric screening for identifying moderately severe and higher degrees of hearing loss.

Conclusions: The development and beta validation of the SRESHT screener using the selected auditory stimuli showed that
the stimuli were suitable for screening children.
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Introduction

Childhood hearing loss can have wide-ranging effects on a
child’s language, speech, education, and social integration,
making this a crucial issue to address. To achieve optimal
outcomes using amplification devices, it is necessary to screen,
identify, and intervene children before 6 months of age [1]. In
high-income countries, there are often policies for newborn
hearing screening and hearing screening of young school-aged
children [1]. On the other hand, in low- and middle-income
countries (LMICs), such mandatory policies do not exist.

In India, the prevalence of hearing loss among neonates and
infants is 5 per 1000 [2], and it ranges between 6% and 16%
among children [3]. However, procuring and maintaining the
recommended objective screening instruments like otoacoustic
emissions and auditory brainstem response has not been viable
at scale. Even in several other LMICs, only paper-pencil–based
checklists are used to screen hearing loss, for example,
Bangladesh [4], Thailand [5], Ecuador [6], Kenya [7], and Brazil
[8]. The problem is further magnified by the lack of adequate
ear and hearing care providers for early identification and
rehabilitation of children with hearing loss. For example, in
India, the ratio of audiologists to the population as per recent
data from the Rehabilitation Council of India is 4.41 per 100,000
population [9] and in Bangladesh, the ratio of audiometrists to
the population is 0.77% [10].

Task shifting to community workers or health care volunteers
is a strategy that has been recommended [11] and explored
[12-14] to overcome the stark service gaps. Such task shifting
has resulted in successful implementation by improving program
outcomes like coverage, refer rate, and follow-up rate [12,14].
This has been well supported by innovations in mobile health
(mHealth). mHealth apps have decentralized hearing care from
tertiary and secondary care hospitals to primary and community
settings in some of the LMICs [14-16]. However, many of the
mHealth solutions are focused on adult hearing loss and hearing
aid fitting [17-20]. Smartphone or tablet-based apps for children
are only available for those over the age of 4 years [21-24] and
use either pure tones [22], digit in noise [25], or speech stimuli
[21]. Therefore, there is a need for an affordable mHealth
screener for younger children that can be used by community
workers to accurately screen hearing loss and support early
intervention in LMICs.

In general, subjective measures are less preferred for screening
due to their lower reliability. For example, behavioral
observation audiometry (BOA) is reported to be less accurate
as it is often performed informally using uncalibrated stimuli
without standardization of intensity, frequency, and distance
[11,26-28]. Yet, recognizing the inequity in the availability of
testing tools, the World Health Organization’s guidelines for
implementing community-based childhood hearing screening

include the recommendation of using subjective-based screening
tools [29].

Therefore, this study describes the development of a tablet-based
subjective hearing screener (SRESHT screener) to identify
children younger than 6 years of age with moderately severe
hearing loss or higher degrees of hearing loss as per the
definition of the Global Experts Group [30]. Since the variability
of subjective measures is higher only for lower degrees of
hearing loss [31,32], measures such as BOA and speech
awareness and speech recognition–based screening modules
were considered affordable alternatives to screen for hearing
loss (HL; 60 dB and greater in the better ear). This preliminary
level (60 dB HL and greater) of screening was chosen as part
of a larger feasibility study to screen for hearing losses that are
eligible for publicly funded welfare schemes in India. Similarly,
in many other LMICs (eg, Bangladesh, Brazil), moderate or
higher degrees of hearing loss are considered for welfare
schemes [33], aids, and appliances with public funds. Therefore,
the screening device is designed for application in similar
contexts.

The specific objectives were to (1) identify the most appropriate
auditory stimuli to screen for hearing loss in children aged
between 0 and 6 years and (2) to evaluate the agreement between
the pass or refer results of from behavioral screening using gold
standard audiometer and of screening device in screening for
moderately severe and above degrees of hearing loss.

Methods

Ethical Considerations
This cross-sectional study was approved by the institutional
ethics committee of Sri Ramachandra Institute of Higher
Education and Research (IEC-NI/20/OCT/76/113). Informed
consent was obtained from parents of children who participated
in the study. The subjects were included on a voluntary basis
and no monetary benefits were given to the participants. All
subjects were anonymized during data entry, analysis, and
reporting to maintain confidentiality.

Development of SRESHT Hearing Screener

Hardware and Software
A single board computer was used as the hardware with software
coded using Python (Python Software Foundation) language.
App modules were developed for hearing screening for children
from birth to 6 years of age. The user interface was designed in
both English and the local language with simple texts, images,
and symbols such that nontechnical screening personnel can
use the software. Three hearing screening test procedures were
included: BOA-based screening (for children younger than 1
year), speech spectrum awareness task (SSAT)–based screening
(for children older than 1 year and younger than 3 years), and
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speech recognition task (SRT)–based screening (for children
older than 3 years and younger than 6 years).

The test module gets automatically selected based on the age
selection in the app by the tester. The test modules include
screening frequencies of 500 Hz, 1000 Hz, 2000 Hz, and 4000
Hz at a specified moderate intensity level (selected based on
calibration). For each test procedure, age-appropriate stimuli
were developed (described under each test procedure in detail)
and uploaded to the software. An inbuilt noise monitoring
software was included which provides access to the screening
module only when the ambient noise levels are less than 50 dB
(A). A cloud-based back-end data management was integrated
via Google Drive. The screening result is displayed
automatically based on the response entered for each frequency.

Selection of Transducers
Suitable commercial transducers appropriate to the test module
and age were selected based on frequency response at 500 Hz
to 4 kHz, output intensity range, and distortions at intensities
up to 80 dB SPL (sound pressure level). At first, 3 commercial
grade supra-aural headphones (Sony WHCH510 headphones,
Sennheiser HD 450 BT, and Boatrockers 410), and 3 speakers
(JBL Go 2, Sony SRSXB12, and Fire Boltt Xplode 1500) were
selected for output comparison based on manufacturer
information on frequency, intensity range, cost, and ease of
availability in the market.

Headphone
Headphones were connected via Bluetooth to the SRESHT
screener at maximum volume setting. The headphone diaphragm
was coupled to the calibration microphone with a 6CC coupler
connected to the Larsen Davis sound level meter (SLM).

Speaker
Bluetooth speakers were connected to the SRESHT screener at
maximum volume setting and placed at a distance of 1 m and
at 0-degree azimuth from the SLM microphone. A subject was
seated in a chair and the ear level was marked from the floor.
The subject was then removed and the SLM microphone was
suspended from a stand approximately at the ear level marked.

For all the transducers, warble tone stimuli were presented at
500 Hz, 1000 Hz, 2000 Hz, and 4000 Hz at different volume
settings (%) of the SRESHT screener hardware, and the
corresponding dB SPL values were measured in the SLM. The
software was initially coded to produce the desired output level

for moderate intensity levels in SPL (40 dB, 50 dB, and 60 dB)
across the frequencies.

The Sony WHCH510 headphones and JBL Go 2 pro speakers
were selected based on their accuracy of output, consistency of
output, and output range (described in Development of the
SRESHT Screener section).

Reference Equivalent Threshold Sound Pressure Level
of Transducers

Sony WHCH510 Headphones

The mean thresholds of 10 normal hearing individuals were
measured on a standard audiometer using TDH39 headphones
from 500 Hz to 4000 Hz. The same individuals’ threshold
volume levels (%) were then obtained using the SRESHT
hearing screener and Sony WHCH510 headphones. Larson
Davis SLM was used to calculate the dB SPL value
corresponding to the threshold volume level for each frequency.
The Wilber method was used to estimate the reference
equivalent threshold sound pressure level (RETSPL) values for
the Sony WHCH510 headphones [34].

JBL Go2 RETSPL

The standard RETSPL values for speakers at 0-degree azimuth
[35] were applied for 500 Hz to 4 kHz. The software was
recoded as per the RETSPL value derivation.

Calibration Tone
A 1000 Hz warble tone was generated and used as a calibration
tone, which is introduced in the app prior to the commencement
of the screening. The minimum audible level of the tone at a
moderate noisy environment of 40 to 45 dBA for 10 normal
hearing subjects was measured and used to set the calibration
tone.

Stimulus Validation

BOA-Based Hearing Screening
Both tonal and nontonal stimuli were assessed for BOA [32,36].
Studies suggested that children’s responses to nontonal stimuli
were as effective as tonal stimuli [36]. Nontonal stimuli included
environmental sounds, animal sounds, and noisemakers that
were contextually relevant to screen children. The stimuli were
downloaded from an open-source website [37,38]. The acoustic
parameters of the stimuli were then modified and corrected or
normalized using Audacity (version 3.5.0; Audacity Team) and
Apple Logic Pro (version 10.6; Apple Inc). The stimuli and the
characteristics are summarized in Table 1.
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Table 1. Nontonal stimuli categorized into noisemakers, environmental sounds, and animal sounds with center frequencies of 500 Hz, 1000 Hz, 2000
Hz, and 4000 Hz and a bandpass filter with 500-Hz bandwidth (filter slope 24 dB/octave).

Duration (sec-
onds)

Bandwidth requiredAnimal soundsEnvironmental
sounds

NoisemakersFrequencies (center
frequency, Hz)

2-3250 Hz to 750 Hz (18
or 24 dB/octave slope)

Cow mooingHornDrum or wooden drum500

2-3750 Hz to 1250 Hz (24
dB/octave slope)

Dog barkingApplauseWooden rattles1000

2-31750 to 2250 Hz (24
dB/octave slope)

Whinnying horse and goat
meh

LaughingMetallic rattle or squeaking
toy

2000

2-33750 to 4250 Hz (24
dB/octave slope)

Bird chirp and cat meowTelephone ringingBell4000

Procedure for Identifying Suitable Stimuli for BOA
A sound-treated room was preferred for conducting the
screening test at the SRIHER clinic or laboratory. Participants
were children with normal hearing and hearing loss between 0
to 1 year of age. Participants’ details are described in Table 2.

A standard diagnostic audiometer (Madsen Astera2) with
calibrated speakers (Martin Audio C115) was used to conduct
the test using the newly developed stimuli (warble, noisemakers,
environmental sounds, and animal sounds) at 500 Hz, 1000 Hz,
2000 Hz, and 4000 Hz for children. Behavioral responses such
as eyeblink, eye widening, searching, and head turn toward the

source were considered acceptable responses. This was noted
by an audiology intern. Initially, the stimuli presentation started
at 20 dB HL in 500 Hz for children with normal hearing and at
a higher intensity level for children with hearing loss. If a
response was obtained, the stimuli presentation was presented
thrice in the same intensity level to confirm the response and if
not, the presentation was increased by 5 dB steps (ascending
method). Whenever the child got distracted or bored, tangible
or visual reinforcement was given by the audiology assistant.
The same procedure was repeated for each stimulus at each
frequency. Minimum response levels or thresholds were
obtained for each stimulus at each frequency and compared to
identify the stimuli that resulted in the lowest thresholds.

Table 2. Characteristics of children involved in BOAa stimuli validation.

Type of amplificationDiagnosisHearing ageAgeSexParticipants

N/AbNormal hearing6 months6 monthsMaleChild 1

N/ANormal hearing4 months4 monthsFemaleChild 2

N/ANormal hearing6 months6 monthsMaleChild 3

N/ANormal hearing6 months6 monthsMaleChild 4

N/ANormal hearing6 months6 monthsMaleChild 5

N/ANormal hearing4 months4 monthsFemaleChild 6

N/ANormal hearing8 months8 monthsFemaleChild 7

N/ANormal hearing8 months8 monthsMaleChild 8

N/ANormal hearing3 months3 monthsMaleChild 9

N/ANormal hearing9 months9 monthsFemaleChild 10

N/ANormal hearing5 months5 monthsFemaleChild 11

Right: Cochlear implantBilateral: Severe to pro-
found hearing loss

8 months2 years 5 monthsMaleChild 12

Right: Cochlear implantBilateral: Severe to pro-
found hearing loss

10 months2 years 6 monthsMaleChild 13

Bilateral: Hearing aidBilateral: Moderately severe
hearing loss

6 months1 year 8 monthsFemaleChild 14

Bilateral: Hearing aidBilateral: Moderately severe
hearing loss

8 months2 years 2 monthsFemaleChild 15

aBOA: behavioral observation audiometry.
bN/A: not applicable.
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SSAT-Based Hearing Screening
For children between 1 and 3 years of age, speech-like animal
sounds, such as a cows’ moo, dogs’ bow-wow, goats’ meh, and
cats’ meow, and nonsense syllables like mamama and bababa
were included.

The spectrum of the animal sounds using PRAAT software
(version 6.3.2; Softsonic International) was compared to the

spectrum of consonants and vowels to verify that it resembled
the properties of speech. The formant frequencies (F1, F2, and
F3) of animal sounds were approximately similar to the
corresponding formant frequencies of the target vowels. Table
3 shows the formant frequencies of recorded animal sounds and
existing normative vowel formant frequencies, as adapted from
Raphael et al [39].

Table 3. Comparison of formant frequencies of animal sounds and normative formant frequencies of vowels matched approximatelya.

Animal soundsFormant frequencies

Cat meow/ /i/Goat meh/ /ae/Dog bark/ /a/Cow moo/ /u/

1566 Hz/ 1500 Hz1565 Hz/ 850-1100 Hz853 Hz/ 730-850 Hz300 Hz/300 HzF1

2217 Hz/2500 Hz2060 Hz/2050-2300 Hz1180 Hz/1100-1220 Hz693 Hz/800 HzF2

2835 Hz/ 3000 Hz2507 Hz/ 2800-3200 Hz1616 Hz/2100-2400 Hz986 Hz/2100 HzF3

a/u/,/a/,/ae/,/i/ are English vowel sounds represented in international phonetic alphabet (IPA).

Procedure for Identifying Suitable Stimuli for SSAT
For children between 1 and 3 years of age, SSAT-based
screening was conducted with the standard audiometer (Madsen

Astera2), with TDH 39 headphones with newly developed
stimuli. The participants included children with normal hearing
and hearing impairment between the ages of 1 and 3 years.
Behavioral responses included head turn, locating the source
of the sound, and imitating the sound. Stimuli was presented
initially at 1 kHz at 60 dB HL for normal hearing and 80 dB
HL for children with hearing impairment. The
Hughson-Westlake method of threshold tracking was used to
identify the minimum response levels for each stimulus at each
frequency. The minimum response levels for these stimuli were
compared and the stimuli yielding better responses (thresholds)
were finalized for the screening test procedure.

SRT-Based Hearing Screening
SRT-based screening was developed for children between 3
and 6 years of age. Eighteen picturable spondee words in the
local language (Tamil) were excerpted from a standardized
spondee list of 50 words [40] that is routinely used in clinical
practice. The words were selected based on the relevance of the
word in present-day context, and its picturability. Pictures
corresponding to the 18 words were downloaded from the
open-source web-based repository named Wikimedia Commons
[41].

Procedure for Identifying Suitable Stimuli for SRT
A familiarity test of all the words and their corresponding picture
was conducted. Participants were both children with normal
hearing and children with hearing impairment above the age of
3 years. For familiarity testing of words, each child was asked
to point out the appropriate picture when the word was read out
at the conversation level. Similarly, for picture familiarity, each
child was asked to name the picture.

These 18 spondee words were further divided into 3 lists of 6
words each. Then, these spondee words were recorded with a
female voice centered at 1000 Hz and with loudness balanced
at –3 dB peak value, having an interstimulus interval of 5

seconds. A closed-choice response set was developed with 1
target picture and 3 other pictures. The 4 pictures were arranged
in a sequential manner with an equal number of repetitions.

Procedure for Determining Suitable Presentation Level
for SRT Screening in Children
Participants were children with normal hearing and children
with hearing impairment between the age group of 3 and 9 years.

Using the standard audiometer (Madsen Astera2) with TDH 39
headphones, each child’s pure tone thresholds (PTA) were
obtained using the Hughson-Westlake method. Then, each child
underwent SRT with picture identification as response. This
was performed at different sensation levels (0 dB SL, 5 dB SL,
10 dB SL, and 20 dB SL with re-PTA) to identify the level at
which 80% correct response (5/6 words) was obtained.

Beta Validation of SRESHT Screening Modules
This beta validation was conducted prior to the full validation
in which the suitability of the stimuli was evaluated and
agreement between new stimuli versus standard stimuli was
compared.

Sample
Two groups of children participated in the study. The first group
consisted of children under 6 years of age with normal hearing.
The other group consisted of children with hearing impairment
having a hearing age of less than 6 years and these children
were younger than 10 years of chronological age. Children with
any other comorbid conditions or any other known disabilities
were excluded from the study (eg, children with developmental
delay, vision impairment, autism spectrum disorders).

Children were recruited from the outpatient clinic of the tertiary
care hospital attached to the institution where the study was
conducted, as well as in camps organized in 2 rural districts of
Tamil Nadu for the period of 3 months.

Informed written consent was obtained from the parents of the
children before the commencement of data collection.
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Procedure
The procedure was conducted in any quiet room near the
outpatient department or the campsites with an ambient noise
level of less than 50 dB (A) as recorded through the noise
monitoring software of the SRESHT screener. SRESHT hearing
screening with the finalized stimuli and screening modules for
each age group was performed for all children using
age-appropriate screening procedures at 60 dB HL.

Then, the minimum response level was estimated for 500 Hz,
1 kHz, 2 kHz, and 4 kHz with the standard diagnostic

audiometer (Madsen Astera2) for each test procedure, as a gold
standard. Screening results for the SRESHT hearing screener
at 60 dB HL (pass or refer) were compared to audiometric
thresholds more or less than 60 dB HL.

Analysis
Nonparametric tests were used to analyze the data as the results
of the Shapiro-Wilk test showed that the data were not normally
distributed.

The Friedman test was used to compare the children’s responses
to different stimuli in BOA. The Wilcoxon signed rank test was
used to compare the children’s responses to different stimuli
for SSAT. Percentage analysis was used for word familiarity
for SRT screening. Agreement statistics were used to
beta-validate the screening results.

Results

Development of SRESHT Hearing Screener

Transducers
The summary of output characteristics of various speakers and
headphones is shown in Table 4. The Sony WHCH510
headphones and JBL Go 2 pro speakers were selected based on
their accuracy of output, consistency of output, output range,
ease of use, and cost.

Table 4. Characteristics of each transducer (speakers or headphones) for the hearing screening module.

DistortionMaximum outputMinimum outputFrequency responseTransducers

Within permissible limits

(ANSIa, 2020)

100 dB SPL40 dB SPLNo frequency splattering
from 500 Hz to 4 kHz

Sony WHCH510 head-
phones

Within permissible limits
(ANSI, 2020)

102 dB SPL40 dB SPLNo frequency splattering
from 500 Hz to 4 kHz

Sennheiser HD450BT head-
phones

Distortion present at 2 kHz
and 4 kHz at 80 dB SPL

104 dB SPL50 dB SPLFrequency splattering
present at 4 kHz

Boat rockers 410 head-
phones

Within permissible limits
(ANSI, 2020)

80 dB SPL40 dB SPLNo frequency splattering
from 500 Hz to 4 kHz

JBL Go 2 speakers

Within permissible limits
(ANSI, 2020)

77 dB SPL40 dB SPLAppropriate from 500 Hz to
4 kHz

Sony SRSXB12 speakers

Distortion presented 2 kHz
and 4 kHz at 80 dB SPL

87 dB SPL50 dB SPLFrequency splattering
present 2 kHz and 4 kHz

Fire Boltt Xplode1500
speakers

aANSI: American National Standards Institute [42].

RETSPL of Transducers
The RETSPL values derived for the Sony WHCH510
headphones are shown in Table 5.

Table 5. Sony WHCH510 headphone RETSPLa values.

RETSPL (dB)Frequency

11500 Hz

11 kHz

32 kHz

–24 kHz

aRETSPL: reference equivalent threshold sound pressure level.

Stimuli Validation

BOA-Based Hearing Screening
Fifteen children (11 Children with normal hearing and 4
Children with hearing impairment) in the age range of 0 to 1
year of age with a mean age of 6 (SD 1.9) months for children

with normal hearing and a mean hearing age of 8 (SD 1.6)
months for children with hearing impairment (Table 2),
underwent the BOA using the newly developed stimuli. The
Friedman test revealed no significant difference in the average
minimum response levels of warble tone versus average
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minimum response levels of noisemakers, animal sounds, and

environmental sounds (n=15; χ2
3=15.44; P=.089).

A comparison of the average minimum response levels for
different stimuli for children with normal hearing and children
with hearing impairment revealed that the average minimum

responses to noisemakers for children with hearing impairment
were superior to the responses to other stimuli, that is, animal
sounds and environmental sounds (Figure 1). Therefore,
noisemaker-based stimuli were selected for this age group, even
though all 3 categories of non-tonal stimuli were appropriate
for hearing screening.

Figure 1. Comparison of average minimum response levels for tonal and nontonal stimuli among children with normal hearing and children with
hearing loss.

SSAT-Based Screening

A total of 15 children (10 children with normal hearing and 5
children with hearing impairment) in the age range of 1 to 3
years with a mean age of 2.3 (SD 0.37) years for children with
normal hearing and 1.7 (SD 0.26) years of hearing age for
children with hearing impairment (Table 6) underwent the
SSAT. Using animal sound stimuli centered as frequencies

corresponding to different speech sounds. Wilcoxon signed rank
test showed a significant difference in the threshold for the
nonsense syllables response and animal sounds response
(z=–3.59; P<.001). The mean minimum response level
difference between animal sounds was 5 dB better than the mean
minimum response levels of nonsense syllables (Figure 2).
Therefore, animal sounds were finalized for this age group.
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Figure 2. Comparison of average minimum response levels for different stimuli among children with normal hearing and hearing loss (HL).

Table 6. Participants characteristics of children involved in SSATa stimuli validation.

Type of amplificationDiagnosisHearing age (in
years)

Chronological
age (in years)

SexParticipants

N/AbNormal hearing2.12.1FemaleChild 1

N/ANormal hearing2.32.3FemaleChild 2

N/ANormal hearing2.52.5MaleChild 3

N/ANormal hearing2.52.5MaleChild 4

N/ANormal hearing2.52.5MaleChild 5

N/ANormal hearing1.91.9MaleChild 6

N/ANormal hearing22FemaleChild 7

N/ANormal hearing2.82.8MaleChild 8

N/ANormal hearing2.92.9MaleChild 9

N/ANormal hearing1.81.8FemaleChild 10

Bilateral: Hearing aid userBilateral: Moderately severe hearing loss1.53.7MaleChild 11

Right: Cochlear implantBilateral: Severe to profound hearing loss1.84FemaleChild 12

Right: Cochlear implant; left:
Hearing aid

Bilateral: Severe hearing loss1.73.8MaleChild 13

Left: Cochlear implantBilateral: Severe to profound hearing loss2.24.9FemaleChild 14

Bilateral: Hearing aidBilateral: Moderately severe hearing loss1.74.2FemaleChild 15

aSSAT: speech spectrum awareness task.
bN/A: not applicable.
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SRT-Based Screening

Twenty children (15 children with hearing impairment and 5
children with normal hearing between the ages of 3 to 9 years
with a mean age of 3.7 (SD 0.44) years for children with normal
hearing and 3.8 (SD 0.94) years of hearing age for children with
hearing impairment (Table 7) underwent the speech recognition
task using the spondee words.

Twelve of the 18 words could be identified by 85% of the
normal-hearing children. Therefore, these words were included
as 2 lists of 6 words each (Figure 3).

Thresholds for warble tone were compared with the speech
recognition threshold to find the suitable presentation level for
the spondee words for 80% psychometric function, 5 dB SL (re
PTA) was found to be sufficient (Figure 4).

Table 7. Participants characteristics of children involved in SRTa stimuli validation.

Type of amplificationDiagnosisHearing age (years)Age (years)SexParticipants

N/AbNormal hearing3.33.3FemaleChild 1

N/ANormal hearing4.34.3FemaleChild 2

N/ANormal hearing4.24.2MaleChild 3

N/ANormal hearing3.53.5MaleChild 4

N/ANormal hearing3.63.6MaleChild 5

Right: Cochlear implantBilateral: Severe to profound hearing loss35.8FemaleChild 6

Left: Cochlear implantBilateral: Severe to profound hearing loss34.1MaleChild 7

Bilateral: Hearing aid userBilateral: Moderate to moderately severe hearing
loss

3.14.5FemaleChild 8

Left: Cochlear implantBilateral: Profound hearing loss3.55FemaleChild 9

Left: Cochlear implantRight: Moderately severe hearing loss; left: Severe
hearing loss

34.2FemaleChild 10

Bilateral: Hearing aid userBilateral: Moderately severe hearing loss5.28.5FemaleChild 11

Right: Cochlear implantBilateral: Severe to profound hearing loss4.57.1MaleChild 12

Right: Cochlear implant;
left: Hearing aid

Bilateral: Moderately severe hearing loss5.58MaleChild 13

Bilateral: Hearing aid userLeft: Moderately severe hearing loss; right: Severe
hearing loss

4.16.5MaleChild 14

Bilateral: Hearing aid userBilateral: Moderately severe hearing loss3.55FemaleChild 15

Left: Cochlear implantBilateral: Severe to profound hearing loss59FemaleChild 16

Right: Cochlear implantBilateral: Moderately severe hearing loss3.27.5FemaleChild 17

Left: Cochlear implantBilateral: Severe hearing loss34.6MaleChild 18

Right: Cochlear implantBilateral: Severe to profound hearing loss3.15.2MaleChild 19

Left: Cochlear implantBilateral Severe to profound hearing loss34MaleChild 20

aSRT: speech recognition task.
bN/A: not applicable.
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Figure 3. Average percentage of correct responses by children for each word.

Figure 4. Comparison of percentage correct responses versus speech recognition threshold of 20 children. PTA: pure tone threshold.
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Accuracy of SRESHT Screening Modules: Beta
Validation
A total of 55 children (31 children with normal hearing and 24
children with hearing impairment underwent hearing screening
using the SRESHT screener device. The chronological age range
for children with normal hearing participants was 2 days to 6
years with a mean age of 3.2 (SD: 1.94) years, whereas the
chronological age range for children with hearing impairment
participants was 1 year to 9 years with a mean age of 4.9 (SD
1.42) years.

Of the 24 children with hearing impairment, 14 were unilateral
cochlear implantees, 8 were bilateral hearing aid users, and 2
used bimodal hearing devices. The diagnostic reports of all 24
children with hearing impairment were reviewed to verify their
unaided and most recent aided thresholds. Table 8 shows the
agreement results.

Therefore, the SRESHT screener modules with new stimuli
were as good as the standard audiometer in identifying
moderately severe and higher degrees of hearing loss of 60 dB
HL or higher.

Table 8. Agreement in findings between SRESHT screener and gold standard audiometric screening.

AgreementP value95% CIκ valueTest frequencies

Perfect agreement0.0011.00-1.001.00500 Hz

Very good agreement0.0010.75-1.000.871000 Hz

Good agreement0.0050.47-0.970.722000 Hz

Very good agreement0.0010.75-1.000.854000 Hz

Very good agreement0.0010.66-0.970.82Overall

Discussion

Principal Findings
This study focused on the development and beta validation of
an affordable subjective hearing screener (SRESHT) for
identifying hearing losses greater than 60 dB HL in children
younger than 6 years of age. The SRESHT hearing screener
was developed in a single-board computer with calibrated
off-the-shelf transducers. For children between 0 and 1 year of
age, the BOA module was developed with noisemakers as
suitable stimuli. For children between 1 and 3 years of age, the
SSAT module with animal sounds was found as a suitable
stimulus. For children between 3 and 6 years of age, the SRT
module with 12 Tamil spondee words was found suitable. On
beta validation of the SRESHT screener with age-appropriate
modules among children between 0 to 6 years of age, it was
found that the SRESHT screener was suitable to identify hearing
losses of moderately severe and higher degrees.

The SRESHT screener is an affordable alternative with
age-appropriate subjective hearing screening modules for
children from birth to 6 years of age. The cost estimate is
expected to be one-tenth of an objective hearing screener.
Among the available smartphone-based hearing apps, only a
few are designed specifically for children, but all are applicable
only for children older than 4 years of age [18,21,24,43]. So
far, to our best knowledge, the clinical population of children
with hearing impairment has not been included in studies that
describe mHealth hearing screeners.

In high-income countries, objective screening methods such as
otoacoustic emissions and auditory brainstem response are
routinely used as part of universal hearing screening as they are
more accurate [26]. In LMICs, while there are efforts to use
objective screeners by private hospitals and research teams,
nationwide programs are negligible [2,44,45]. In a pilot
government-initiated newborn hearing screening program in a
southern state in India, objective screeners were initially

procured, however, its long-term viability was called into
question due to the high cost of screening equipment and
frequent repair and consumables costs [46-48].

The semiautomated SRESHT screener is currently designed to
screen “moderately severe” or higher degrees of hearing loss
[49]. As a first step, this higher level of screening was chosen
as part of a feasibility study to make a valid tool available to
screen for 60 dB HL in the better ear (eligibility for publicly
funded welfare schemes) within the public health system of a
southern state in India. Not only in India, but in several LMICs
(Bangladesh, Pakistan, and Kenya), a criterion of 50 dB HL or
higher is used to provide welfare schemes, aid, and appliances
with public funds. As a result, affordable tools that support this
level of screening are useful in identifying this group of children
who would otherwise miss out on welfare measures.

In the past, subjective screening using distraction and whisper
tests in the United Kingdom [50,51], informal clap screening
in Africa [52], noisemaker-based screening in India [53], and
questionnaire-based screening in Thailand [5] and Kenya [7]
have been used to support mass screening in the community.
Some of the drawbacks of these screening methods are the lack
of calibrated stimuli, the requirement of 2 personnel to
administer the test, lack of standardization of intensity,
frequency, distance, and test-retest reliability [11,26-28]. The
SRESHT screening with age-appropriate calibrated stimuli
reduced the extent of subjectivity. For the youngest babies,
noisemakers are known to be robust [31,36,54] and this was
reconfirmed from our beta validation. Stimuli such as animal
sounds are known to be appealing to younger children for
hearing testing [55], therefore, animal sounds were mapped to
speech spectrums to develop the speech spectrum awareness
test. These 2 modules are language independent and therefore
can be used in several resource-limited settings across the world
to support community-based screening efforts.

For the youngest age group (0 to 1 year), noisemakers are known
to be robust [31,54], and this was reconfirmed from the results
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of phase 1 of the study and used for the BOA screening module.
In this study, BOA screening was conducted with noisemakers
for infants under the age of 1 year. Visual reinforcement
audiometry screening or distraction test is recommended for
children aged 6 months to 1 year in a few studies [54] and
guidelines [11,56], however, since the SRESHT screener is
conceptualized for use by community workers and therefore
the level of complexity and training required was an important
consideration to choose BOA over visual reinforcement
audiometry.

The initial version of the screening test for the age group of 1
year to 3 years consisted of a visual reinforcement task using
warble tones. A simple light-emitting toy with a manual switch
control was also developed for visual reinforcement. However,
during field testing, the grassroots-level workers could not
perform the screening task efficiently and provided feedback
on practical challenges. This led to the modification of the
module to a speech spectrum awareness task. The task was also
tried in commercial grade insert earphones. However, insert
earphones were not found suitable as children between 1 and 3
years of age were not comfortable to wear them.

For older children, the SRESHT screener uses picturable
age-appropriate spondee words in the local language. While
many apps have used pure tones [18,57]; warble tones [22,43],
and very few exist with speech stimuli [21,24]. Picturable
spondee words of different languages can be added to make the
screener available elsewhere.

Affordable screeners are much needed to support nationwide
early intervention programs in LMICs for long-term viability.
The cost of screening a child for hearing loss using objective
screening methods is estimated to be between US $17 and US
$26 across high-income countries and LMICs like Brazil [58],
India [59], the United States [60], and China, [61,62]. This cost

can be lowered when device costs are less. Hearing screening
apps for adults and older children range in price from US $600
to US $2000 [63], and some require standard audiometric
headphones [18,22,24]. Commercial headphones with precise
calibrations, on the other hand, can produce consistent output
[16,17,21]. To keep costs low, the SRESHT screener was
developed using off-the-shelf transducers that produce standard
output with RETSPL derivation thereby reducing the cost to
one-tenth the price of objective screening tools.

In community-based, school-based or mass screening programs,
in-built noise monitoring is crucial due to the lack of
sound-treated booths. The SRESHT screener performs noise
monitoring prior to the commencement of each of the screening
tests to limit the contamination of results by high ambient noise
levels. Such features exist in some of the app-based screeners
already [23,43,64].

The SRESHT screener is currently limited to permanent hearing
losses of moderately severe and higher degrees in children under
6 years of age. Hence, further study is required to extend the
scope of the screener to all types and degrees of hearing loss.
While the scope of the current study is limited to the
development of the screening modules with suitable beta
validation, the full validation of the hearing screener with these
finalized parameters has been undertaken and will be reported
as a separate paper.

Future Directions
Full validation against the gold standard objective test is
undertaken for this device and the sensitivity, specificity, and
positive and negative predictive values will be reported in a
separate publication. A project is also being undertaken to lower
the screening intensity levels to screen for lower degrees of
hearing loss.
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Abstract

Background: Public health programs and policies can positively influence food environments. In 2016, a voluntary National
Healthy Food and Drink Policy was released in New Zealand to improve the healthiness of food and drinks for hospital staff and
visitors. However, no resources were developed to support policy implementation.

Objective: This study aimed to design, develop, and test a new web-based tool to support food providers implementing the
National Healthy Food and Drink Policy in New Zealand.

Methods: The Double Diamond model, a structured framework with 4 design phases, was used to design and develop a web-based
tool. Findings from our previous research, such as (1) systematic review of barriers and facilitators to workplace healthy food
policy implementation; (2) scoping review of current tools and resources available in New Zealand, Australia, and Canada; (3)
interviews with food providers and public health nutrition professionals; and (4) food and drink availability audit results in New
Zealand hospitals were used in the “Discover” (understanding of current gaps) and “Define” (prioritizing functions and features)
phases. Subsequent phases focused on generating ideas, creating prototypes, and testing a new web-based tool using Figma, a
prototyping tool. During the “Develop” phase, project stakeholders (11 public health nutrition professionals) provided feedback
on the basic content outline of the initial low-fidelity prototype. In the final “Deliver” phase, a high-fidelity prototype resembling
the appearance and functionality of the final tool was tested with 3 end users (public health nutrition professionals) through
interactive interviews, and user suggestions were incorporated to improve the tool.

Results: A new digital tool, Healthy Kai (Food) Checker—a searchable database of packaged food and drink products that
classifies items according to the Policy’s nutritional criteria—was identified as a key tool to support Policy implementation. Of
18 potential functions and features, 11 were prioritized by the study team, including basic and advanced searches for products,
sorting list options, the ability to compile a list of selected products, a means to report products missing from the database, and
ability to use on different devices. Feedback from interview participants was that the tool was easy to use, was logical to navigate,
and had an appealing color scheme. Suggested visual and usability improvements included ensuring that images represented the
diverse New Zealand population, reducing unnecessary clickable elements, adding information about the free registration option,
and including more frequently asked questions.

Conclusions: Comprehensive research informed the development of a new digital tool to support implementation of the National
Healthy Food and Drink Policy. Testing with end users identified features that would further enhance the tool’s acceptability and
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usability. Incorporation of more functions and extending the database to include products classified according to the healthy
school lunches program policy in the same database would increase the tool’s utility.

(JMIR Form Res 2025;9:e60447)   doi:10.2196/60447

KEYWORDS

healthy food policy; policy implementation; nutrition; food environment; hospital; workplace; web-based tool; digital tool;
database; user testing; food; drink; nutrition professionals; acceptability; usability

Introduction

Background
Despite the importance of healthy eating in the prevention of
chronic diseases, the nutritional quality of diets worldwide does
not align with evidence-based dietary guidelines, with
widespread overconsumption of unhealthy and ultraprocessed
foods and drinks [1,2]. However, foods are chosen in the context
of local food environments [3,4], which in New Zealand are
dominated by less healthy choices [5]. Workplace food
environments, including hospitals, have been recognized as an
important factor for employees’health promotion and well-being
due to their potential for broad and sustainable population reach
[6], as well as the fact that the majority of the adult population
works [7-9]. When this study began, the New Zealand health
system was structured into 20 district health boards (DHBs)
responsible for delivering national health care services through
hospitals and clinical centers. However, in 2022, the DHB
system was disestablished as part of a national health system
reform [10]. The provision of health care services was
centralized under the newly established Health New
Zealand—Te Whatu Ora agency that directly employs around
90,000 staff, making it a major nationwide employer [11].

A voluntary National Healthy Food and Drink Policy (the
Policy) was released in New Zealand in 2016 [12] to encourage
hospitals to provide healthier food and drink options for staff
and visitors (not inpatients). The Policy includes a traffic light
classification system for food and drinks, where healthy (Green)
options should make up at least 55% of available items; the less
healthy (Amber) options that might still provide some nutritive
value should be less prevalent (<45% of available items); and
the unhealthy (Red) items, such as confectionery, deep-fried
foods and sugar-sweetened drinks, are not permitted [12]. Yet,
2021 evaluation findings showed that 5 years after the
introduction of the voluntary Policy in 2016, only 8 of the 20
DHBs had adopted the Policy, resulting in regional inconsistency
[13]. Furthermore, on-site audits of food and drink availability
in 2021/2022 indicated that the implementation was inconsistent
and largely unsuccessful, with Red and Amber choices
predominating [14].

Previous Work
We conducted a systematic literature review of facilitators and
barriers to implementing healthy food and drink policies in
public sector workplaces. The review indicated that tailored
supportive tools and resources facilitate the implementation of
policies promoting healthy food environments [15]. A key
reason why such support is required is because identifying
healthier items can be challenging for food providers, who may

find the policy’s nutrition criteria too complex to understand
without nutrition expertise [15]. The supportive tools identified
in the systematic review [15] were closely aligned with the
supporting materials recommended by the World Health
Organization [16] in their 2021 action framework for the
implementation of effective healthy food policies in public
settings. Examples of useful tools included administrative
materials (eg, contract templates and standardized procedural
guidelines); customer communication resources, compliance
monitoring tools; and databases of compliant recipes, suppliers,
and products [15,16]. The most useful tools were policy specific,
readily available, and centrally provided, limiting the burden
on individual food providers [15]. Importantly, supportive tools
needed to be practical, up-to-date, user-friendly, and useful to
those implementing a healthy food policy [15].

As part of a scoping review, we identified and evaluated the
currently available tools used in public sector workplace policy
implementation in New Zealand, Australia, and Canada [17].
Just 2 paper-based tools were related to the New Zealand Policy:
guidelines to make better pies [18] and an event and fundraiser
guide aimed at schools and community groups [19], and they
were likely insufficient to facilitate implementation of the Policy
[17]. No other tools were developed to support the New Zealand
Policy implementation in contrast to most Australian food
environment policies. Nevertheless, the scoping review [17]
provided information on the features, usability, and quality of
the available tools, which can be used to guide the development
of new tools or update of existing tools. For example, for digital
tools, which were less common than paper-based tools, logical
navigation, clear search and result structure, consistent style,
and unambiguous indication of products’ compliance in a
web-based database were perceived as favorable features [17].

To identify which implementation tools were needed in New
Zealand, we interviewed hospital food providers and public
health nutrition professionals who were members of the National
Food and Drink Environments Network (the Network)
supporting implementation of the Policy in their respective
DHBs [20]. Apart from customer communication materials,
which are in development by Health New Zealand (the Network
virtual meetings, 2023), interview participants suggested 2
digital tools that could support the New Zealand Policy
implementation: a food and drink audit tool and an up-to-date
database showing the traffic light classification of packaged
products. Our research team previously developed a digital
monitoring tool [21] with an embedded traffic light classification
algorithm to systematically conduct the on-site audits of food
and drinks available in New Zealand hospitals [14]. The second
tool, a web-based product database, was requested because food
providers and public health nutrition professionals spent
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significant time looking for products on the web and manually
assessing individual products against the Policy criteria [20].
Furthermore, there has been no platform for food manufacturers
and suppliers to communicate with the hospital food providers
about food and drink products that may comply with the Policy
[20].

Rationale and Objective
Usability and appearance are likely to impact the usage of
web-based tools. To develop the most optimal and feasible tool
that meets the needs of its end users, user experience and user
interface (UX/UI) design principles and user testing are needed
[22]. A user-centered design approach is commonly used in
fields that develop and use digital tools such as health care
management [23], grocery shopping websites [22], and physical
activity apps [24]. However, there is limited research on
developing and testing tools designed to support the
implementation of healthy food and drink policies.

The tool development was a component of the Healthy Policy
Evaluation (HYPE) study that comprehensively evaluated the
implementation of the National Healthy Food and Drink Policy
in New Zealand and determined which tools and resources were
needed to support Policy implementation. This paper aims to
describe the development and user testing of a new prototype
web-based tool to facilitate classification of packaged products
according to the National Healthy Food and Drink Policy traffic
light criteria.

Methods

Overview
This research was underpinned by pragmatism as the
methodological paradigm [25-27]. We focused on practical and
carefully considered decisions to develop the most effective
and efficient prototype tool to facilitate implementation of the
New Zealand Policy by incorporating a user-centered approach
that emphasized the needs and preferences of product end users
(hospital food providers and Network members [public health
nutrition professionals]) [28,29]. The design and development
of the new tool were guided by the Double Diamond model
(Figure 1) created by the UK Design Council [30]. The model
outlines an iterative and flexible process of identifying a
real-world problem or gap, defining a possible solution, and
finally developing a tangible, valuable, and well-informed
outcome addressing the identified problem or gap [30]. The
framework is not linear or rigid, and the phases and diamonds
can overlap to produce the most optimal tool [30,31] and
represent the evolving innovation process and continually
changing digital space [30]. The Double Diamond model has
been revised over the years by integrating additional steps within
the framework, although the principles and the 4 major phases
(Discover, Define, Develop, and Deliver) remain largely
unchanged [32]. The Double Diamond phases were completed
with the assistance of a subcontracted UX/UI designer, and
study authors reviewed and provided feedback on all design
and development outputs to ensure accurate representation and
alignment with end user needs and the aims and scope of the
Policy.

Figure 1. The Double Diamond model, illustrating the 4 phases (Discover, Define, Develop, and Deliver) used to guide the development of the Healthy
Kai (Food) Checker web-based tool. Arrows pointing toward the tips of the diamonds demonstrate the diverging phases of the process characterized
by creative thinking and the expansion and exploration of different ideas and possibilities. Arrows pointing away from the tips of the diamonds reflect
the converging phases of the process where progressive decision-making occurs by focusing, prioritizing, and narrowing down the ideas and possibilities
toward the most feasible and relevant solution. Circular arrows within the diamonds illustrate the iterative nature of the design process (adapted from
the UK Design Council’s Double Diamond model [30] under Creative Common License CC BY 4.0 [52]).

The UX/UI design approach could be broadly defined as “the
process of designing physical or digital products that are useful,
easy to use, and provide a great experience in interacting with
them” [28]. Key UX/UI design principles [28,29,34] applied in
this study were as follows:

1. User-centered design: designing and developing focused
on the needs and preferences of end users (prioritizing
accessibility and usability) and collaborating and seeking
feedback from key stakeholders throughout the process.

2. Clear information hierarchy: arranging and presenting
information in the web-based tool in a logical and organized
way to ensure easy and user-friendly navigation and
understanding of the content.

3. Visual and interaction consistency: maintaining a consistent
and harmonious visual style to achieve a cohesive and
professional look and ensuring predictable and consistent
performance of the same style elements.

4. Feedback and confirmation: providing instant feedback and
confirmation messages on successful user actions and
warnings to prevent user errors (eg, deletion).
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5. Mobile responsiveness: creating a seamless experience on
both desktop and mobile platforms by optimizing the design
to adapt to various devices.

Ethical Considerations
Ethical approval for the HYPE study was granted by the
Auckland Health Research Ethics Committee (reference
AH2519). Subsequent locality approvals were sought from
individual DHBs. All usability testing participants provided
written consent to participate in the virtual interactive interviews.
We approached potential participants up to 3 times by email
between May and August 2023, explaining the purpose of the
study and providing a detailed participant information sheet
explaining the testing procedure. Participants who agreed to
take part were sent a consent form, which they signed and
returned by email. Participants had the option to have their
whānau (family) present during the interview and were
reimbursed for their time with a New Zealand $50 (US $30)
grocery voucher. Study data were deidentified to ensure
confidentiality and privacy.

Discover Phase
In this phase, we compiled findings from other components of
the HYPE study outlined in the Introduction section
[14,15,17,20] relevant to designing and developing the new
tool. The findings included thematic analysis codes generated
during the coding of studies in the systematic review [15] and
interview data [20], as well as the features, usability, and quality
of the tools assessed in the scoping review [17]. Furthermore,
we obtained screenshots of the digital tools included in the
scoping review [17] and the websites of the major food
suppliers, distributors, and retailers in New Zealand. We collated
the findings using the whiteboard function in the web-based
Miro software tool (RealtimeBoard, Inc).

Define Phase
In the second phase, we analyzed and refined findings and
outputs compiled in the Discover phase to define a feature and
function requirement blueprint for the new tool. First, we created
a user persona of a fictional end user; defined challenges they
might face (pain points); and described their needs, actions they
want to take, and expected benefits of using the new tool (a user
story) [28,34]. Second, we further reviewed similar available
web-based tools [17] in Australia [35,36] and Canada [37] and
compared them on their UX/UI aspects of “first impressions,”
“website visual design” features, and “website interaction”
(features, accessibility, user flow, and navigation) [28,29,34].

In the next step, we used the Must have, Should have, Could
have, Won’t have (MoSCoW) prioritization framework to define
features and functions that were deemed “Must have” (essential
and critical), “Should have” (important but not critical), “Could
have” (desirable but not critical), and “Won’t have” (out of
scope and excluded in the current design but could be considered
in the future) [38]. We considered features identified under the
“Must have” and “Should have” as core elements to be
incorporated into the new prototype web-based tool.

In the final step, we focused on understanding and carefully
planning the path a user would take when interacting with the

web-based tool from the initial starting point (eg, home page)
to the final step (eg, finding suitable products and checking their
classification) [28,34]. The user flow diagram was an important
starting point for creating an efficient and easy-to-use web-based
tool [39]. The corresponding site map outlined the hierarchical
structure of the tool’s pages, indicating how pages are linked,
grouped, and prioritized in the structural tree [40], and we
progressively simplified it to essential pages that aligned with
the user flow diagram content.

Develop Phase
We used Figma, a prototyping and design tool, for the remaining
Develop and Deliver phases. In the Develop phase, we created
a wide range of ideas for the prototype web-based tool
underpinned by the outputs from the Define phase and the
UX/UI principles outlined earlier. We started with wireframes,
a basic arrangement of text, images, and buttons on the web
pages before any additional visual elements or content were
included [28].

The subsequent design included low-fidelity prototypes
containing more details than wireframes, allowing us to test and
refine ideas and concepts [28,41]. We engaged with the Network
(n=36 members, consisting of public health professionals and
dietitians representing their respective DHBs, as well as nutrition
and public health advisors from the Ministry of Health and New
Zealand Heart Foundation) as key project stakeholders and
asked for their feedback and input on the low-fidelity prototypes
before committing to a specific design. The Network was
provided with a document via email containing different design
options alongside a small set of questions about their preferred
features, structure, layout, and content (Multimedia Appendix
1). Feedback was collated during the subsequent monthly
Network virtual meeting (11 members were present) and used
to refine the prototype further.

Deliver Phase

Overview
In the Deliver phase, we developed a comprehensive
high-fidelity prototype with interactive and functional elements,
such as clickable content, buttons, and menus [28,41]. The tool’s
pages were linked, mirroring the navigational flow of a live
website and providing a realistic user experience, which allowed
us to test user interaction with the prototype and refine the user
journey [28,41]. We tested the prototype multiple times and
once with a colleague to further improve and refine the
high-fidelity prototype before testing it with end users.

Interactive Interviews to Test Usability of the Prototype
Web-Based Tool
We conducted usability testing that involved interactive virtual
interviews in which user interaction and engagement with the
prototype were evaluated to determine user preferences and
behaviors related to the prototype tool [42]. The testing also
identified UX/UI challenges and pain points that needed
addressing or redesigning to improve the tool [42].
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Participant Selection and Recruitment
Potential participants (end users) were food providers (for staff
and visitors) and members of the Network (public health
nutrition professionals) within any of the New Zealand hospitals
who had previously participated in the stakeholder interviews
(n=12) [20] and who expressed willingness to test the new
web-based tool, as well as other key stakeholders who had
previously used the Policy and were familiar with its traffic
light classification system.

Data Collection
The usability test interview combined 2 methods: performance
testing [43], in which participants were given tasks to complete
while interacting with the prototype, and visual design testing
[44], in which participants were asked to evaluate visual aspects
of the prototype tool. The usability interview guide (Multimedia
Appendix 2) included questions about the prototype tool’s
engagement, intuitive usage, functionality, navigation, quality,
and user-friendliness, as well as scenarios and tasks related to
the tool’s functions.

At the beginning of the virtual interviews, we explained the
research purpose (testing the usability and user experience of
the design product and not the participants’ ability to use the

prototype), process, and participants’ rights; answered any
questions; and verbally confirmed the permission to video record
the interviews (as previously agreed to on the consent form).
We provided participants with a digital link to access the Figma
prototype and asked them to share their screen to demonstrate
their interaction with the prototype’s features and functions.
Participants were encouraged to think aloud during testing and
to comment on the design, their preferences, and how the tool
could be improved. All interviews were transcribed verbatim,
and participants were given the opportunity to review and edit
their transcripts.

Data Analysis
One author watched interview recordings multiple times and
reviewed transcripts to analyze how participants interacted with
the tool; how intuitive, engaging, efficient, and accessible the
prototype tool was; and what changes were needed to improve
the user experience. Participants’ suggestions, comments, and
interactions were recorded on the printouts of the prototype.
The results were shared and discussed with the UX/UI designer,
who incorporated the feedback to improve and refine the design
of the prototype. Textbox 1 summarizes the methods used and
outputs in the phases of the Double Diamond model.

Textbox 1. Phases and outputs of the Double Diamond model used in the design and development of the new prototype Healthy Kai (Food) Checker
web-based tool to support implementation of the National Healthy Food and Drink Policy in New Zealand hospitals.

Discover—divergent research phase (understanding user needs and challenges they face, exploring similar tools available)

• A systematic review [15] and scoping review findings [17] about tools and resources used internationally in implementation of healthy food and
drink policies.

• Healthy Policy Evaluation (HYPE) study interview findings [20] specific to the characteristics and needs of the target audience (food providers
and Network members [public health nutrition professionals]).

• HYPE study food and drinks audit findings [14], including types of products available.

• Layout and structure characteristics of existing digital tools [17] and major retailer and supplier websites.

Define—convergent synthesis phase (analyzing and refining insights generated in the Discover phase)

• User persona of a fictional food provider, including their pain points and user story.

• Review and comparison of the user experience and user interface features of similar tools [35-37].

• Requirements blueprint for the new tool (refined by considering project timelines and the available budget).

• New tool features prioritized with the Must have, Should have, Could have, Won’t have (MoSCoW) framework [38].

• Visual user flow diagram (outlining actions, decisions, and steps users take through the tool).

• Structural site map of the pages in the tool.

Develop—divergent ideation phase (creating basic outlines of the prototype interface)

• Wireframes, a basic skeletal outline of the website interface and elements.

• Low-fidelity prototype (a simple, monotone, and static representation of a prototype).

• Informal feedback from project stakeholders on the low-fidelity prototype.

Deliver—convergent implementation phase (refining of the prototype and usability testing)

• High-fidelity prototype (detailed, interactive, and realistic representation closely resembling the final web-based tool).

• Interactive usability testing with end users.
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Results

Define Phase
The user persona of a fictional food provider, including their
characteristics, challenges, and user story, is summarized in
Figure 2. Based on the user persona, a new web-based tool,
Healthy Kai (Food) Checker—a searchable database of packaged
food and drink products showing their traffic light
classification—was identified as a key tool to support the New
Zealand Policy implementation. Textbox 2 summarizes positive
UX/UI attributes [17] we identified based on the review of
similar available tools from Australia, Healthy Food Finder [36]
in New South Wales, and FoodChecker [35] in Victoria, as well

as a Canadian tool, Brand Name Food List [37], available in
British Columbia. The function and feature requirements of the
Healthy Kai Checker prioritized with the MoSCoW framework
as “Must have” and “Should have” are indicated in Textbox 3.

The Healthy Kai Checker user flow (Figure 3) and functionality
design included elements closely related to the “Must have”
and “Should have” features outlined in Textbox 3 [38], for
example, registration to create a free account, personalization
to apply search filters and create lists of favorite products,
educational content to explain terms and provide tips on how
to use the tool, and a feedback mechanism to report an issue or
suggest improvements. The corresponding Healthy Kai Checker
site map is available in Multimedia Appendix 3.

Figure 2. User persona, pain points, and user story of a fictional hospital food provider in New Zealand. The figure illustrates the characteristics,
challenges, and narrative of a typical hospital food provider, highlighting their needs and experiences in implementing the National Healthy Food and
Drink Policy and expected benefits of using the new tool.
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Textbox 2. Favorable user experience and user interface features of web-based tools with product databases based on the review and comparison of
similar existing web-based tools [17] in Australia [35,36] and Canada [37].

First impressions

• Visually appealing (clear, fresh, and crisp look) and clean design

• Good use of white space for a less compact layout

• Colorful

• Modern feel

Website visual design

• Consistent visual style

• Consistent and clear branding

• Clear font

• Simple design

• Good color scheme and use of images

• A good indication of clickable elements

Website interaction

• Automatic suggestion of products in the search bar (predictive text)

• A clear indication of product compliance/traffic light classification

• Results displayed based on relevance to the search term (eg, for misspelled words)

• Product information in separate columns (name, brand, and size)

• Good column sorting function (both directions)

• Relevant search filters

• Explanation of why the product does not meet the Policy criteria

• Option to report missing products

• Ability to create own product lists

• Ability to return to previous screens without loss of content

• Confirmation of completed action

• Intuitive navigation

JMIR Form Res 2025 | vol. 9 | e60447 | p.1379https://formative.jmir.org/2025/1/e60447
(page number not for citation purposes)

Rosin et alJMIR FORMATIVE RESEARCH

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


Textbox 3. Features and functions of the Healthy Kai (Food) Checker web-based tool prioritized with the Must have, Should have, Could have, Won’t
have (MoSCoW) framework [38]. “Must have” features and functions were considered essential and critical, “Should have” were important but not
critical, “Could have” were desirable but not critical, and “Won’t have” were out of scope and excluded in the current design but could be considered
in the future. “Must have” and “Should have” were core elements to be incorporated into the new prototype web-based tool to support implementation
of the National Healthy Food and Drink Policy in New Zealand hospitals.

Must have

• A searchable list of packaged products (including Red products so that end users can quickly identify items that do not comply with the Policy
instead of spending time classifying them manually).

• Ability to search by name, keyword, and brand.

• Basic and advanced search options (traffic light criteria and food group filters).

• A clear indication of the traffic light classification (text and color).

• Up-to-date product database (a database of products was created during the food and drink audits conducted as part of the HYPE study [14] that
can be integrated).

• Engaging information about the Policy and Healthy Kai Checker.

Should have

• Product information separated into columns (name, size, and brand).

• Sort results function (alphabetically, product size, and traffic light classification).

• Ability to report a missing or incorrect products.

• Free registration requirement to view all products and unlock full access.

• Free registration requirement to create, save, export, and print product lists.

• No paid registration (free for all users).

• Mobile responsiveness for different devices.

Could have

• Detailed information about each product (eg, nutritional, ingredient list, and allergens)

• Clear product photographs.

• Filters related to allergens, suitability for vending machines.

• Explanation or indication of why a product does not meet the Green criteria.

Won’t have

• Self-assessment of products and recipes against the Policy criteria.

• Integration of healthy food and drink policies for New Zealand schools and early childhood education centers, or government-funded healthy
school lunches program.

• Web-based Policy-relevant training modules.
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Figure 3. User flow diagram of the Healthy Kai (Food) Checker web-based tool. This diagram illustrates the user journey through the tool, detailing
steps from initial log-in to final product selection. The user flow is designed to support users in implementing the National Healthy Food and Drink
Policy in New Zealand hospitals. The green ovals show actions taken by the users, while the light purple diamonds indicate points where users choose
their next action. Grayed-out rectangles show features classified as “Could have” or “Won’t have” according to the Must have, Should have, Could
have, Won’t have (MoSCoW) prioritization framework, reflecting their lower priority and exclusion from the initial prototype tool.

Develop Phase
The initial wireframe outline and the low-fidelity prototype for
the home page are shown in Figure 4. The low-fidelity
prototypes of the 2 design options for the product search and

result dashboard are available in Multimedia Appendix 1.
Feedback from the 11 Network members and the research team
favored the option where the search box and result filters are at
the top rather than on the side of the search page.
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Figure 4. Wireframes and low-fidelity prototype of the Healthy Kai (Food) Checker web-based tool home page. This figure represents the initial design
concepts for the tool, outlining the layout and structure of the home page and showcasing key elements of the interface design and basic functionality.
The feedback from 11 public health nutrition professionals on the low-fidelity prototype was used to refine the web-based tool to support implementation
of the National Healthy Food and Drink Policy in New Zealand hospitals.

Deliver Phase (Usability Testing)
Twelve individuals were invited to take part in the interactive
interviews, of whom 1 declined due to lack of time, 2 were no
longer employed in the same role, and 6 did not respond after
3 invitation emails. The final interview sample included 2
Network members (public health nutrition professionals) and
1 stakeholder who used the Policy in public health research on
food environments. The interviews took an average of 49 (range
40-59) minutes to complete.

Participants generally found the Healthy Kai Checker prototype
easy to use and logical to navigate. They appreciated the
hyperlinks in the prototype that directed users to external web
pages, such as the Ministry of Health website where the Policy
was published. There was also an appreciation that the different
pages within the tool could be reached through multiple buttons
or links (ie, having multiple paths to 1 page), and participants
provided additional suggestions on where specific buttons
connecting to the various web pages of the tool or external links
should be incorporated. All participants liked the color scheme
and the purple and green palette, which made the tool look
vibrant and fresh and differentiated it from other public health
or government websites that typically use more muted colors.
One suggestion was to ensure that images were representative
of the diverse New Zealand population. The Healthy Kai
Checker was positively perceived due to its simple and concise
interface, which did not overwhelm users with too much
information.

On the home page, participants suggested including more
information about the free website registration and its benefits
and placing that component closer to the top of the web page.
The section informing users about the ability to use the tool on
mobile or tablet devices was positively perceived and thought
to be necessary in the current technology-driven working
environments. However, a feature in the middle of the home
page, “How to use the Healthy Kai Product Database” that
contained a clickable carousel of moving parts from right to
left, was deemed confusing. Participants suggested reducing
the steps showing information on how to use the tool from 4 to
3 and displaying all of them at once on the main page, thus
improving usability by eliminating the need to click on the
various components to see the entire content.

On the product search and results page and the pages showing
products saved in the user’s individual lists, the indication of
products’categorization as Green, Amber, or Red was perceived
as unambiguous. The favorable features were the ability to apply
advanced search filters (traffic light classification and the
Policy’s food group) to display only those products with the
specified characteristics. Three suggestions for improvements
were incorporating an indication of the number of products in
the search results and personalized product lists, making the
“My Lists” feature more prominent, and making some of the
buttons and writing bigger to improve visibility. Participants
also thought that allowing manufacturers and suppliers to submit
their products for classification and inclusion in the database,

JMIR Form Res 2025 | vol. 9 | e60447 | p.1382https://formative.jmir.org/2025/1/e60447
(page number not for citation purposes)

Rosin et alJMIR FORMATIVE RESEARCH

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


along with product photographs, was a good idea, and having
a “Contact Us” page on the website that clearly outlined the
steps required would facilitate this.

For the remaining pages, participants suggested some frequently
asked questions that users would likely be interested in, since
the Network members had experience working closely with

food providers to implement the Policy. Furthermore, minor
aesthetic adjustments, such as reducing plain text and adding
graphical elements or photographs, were suggested to make the
pages more visually appealing. Screenshots of the most recent
version of the Healthy Kai Checker prototype tool are shown
in Figure 5.

Figure 5. Screenshots of the various pages of the Healthy Kai (Food) Checker prototype web-based tool designed to support implementation of the
National Healthy Food and Drink Policy in New Zealand hospitals. The tool is a searchable database of packaged food and drink products that classifies
items according to the Policy’s nutritional criteria, with functions such as basic and advanced searches for products, sorting list options, the ability to
compile a list of selected products, a means to report products missing from the database, and responsiveness for usage on different devices. FAQ:
frequently asked questions.

Discussion

Principal Findings
We aimed to develop and test a new evidence-based, web-based
prototype tool to support the adoption and implementation of
the National Healthy Food and Drink Policy in New Zealand.
The new Healthy Kai Checker web-based tool will reduce the
burden on individual food providers and Network members
associated with identifying and classifying products according
to the Policy’s traffic light nutrition criteria. Until now,
individual food providers and organizations had to undertake
this essential implementation task manually, which is a repetitive
and resource-intensive process.

The choice of a web-based tool in this study was driven by the
increasingly digital or web-based practices and systems [45]
that already saturate the grocery and retail market [22] and are
increasingly used for individual behavioral change approaches
[46] and research on food supply [47] and physical activity [24].
The scarcity of web-based or digital tools in New Zealand [17]
for quickly checking the classification of packaged food and
drink products represents an opportunity for the new Healthy
Kai Checker to fill this significant gap and facilitate
implementation of the Policy. Healthy Kai Checker was

designed as an intuitive and logical web-based tool suitable for
end users who may have limited nutrition knowledge and
experience, and understanding of technical nutrition jargon,
which can be overwhelming and complex [48-50]. Furthermore,
the aim was to optimize user paths, accommodate varying levels
of technological proficiency, and minimize the steps end users
had to take [39] to search and identify suitable products.

The design and development of the Healthy Kai Checker
followed the rigorous but flexible Double Diamond model [30],
was guided by key UX/UI design principles [28,29,34], and
was based on the comprehensive research our team conducted
as part of the HYPE study [14,15,17,20]. While other design
and development strategies could have resulted in a different
or better tool, we are unable to make a direct comparison since
the design and development process of similar tools in Australia
[35,36] and Canada [37] had not been outlined in the literature.
However, our approach provided key advantages of emphasizing
and understanding user needs and stakeholder engagement,
mitigating potential risks and challenges early in the process,
and allowing iteration and creativity, leading to a unique,
tailored, and effective solution to the identified resource gap
[30,31].
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Implementation Considerations
To ensure a seamless user experience for all intended end users,
Healthy Kai Checker would need to be further tested with food
providers in New Zealand hospitals. Furthermore, expanding
the current features to include other healthy food policies in
New Zealand, such as the government-funded healthy school
lunches program policy (Ka Ora, Ka Ako) [51], would require
user testing with food providers working in school environments.
However, it should be noted that usability testing and the
incorporation of end user feedback are an ongoing process in
the evolving digital space and a critical component of the
product’s road map [30]. After Healthy Kai Checker is
developed and released as a fully functioning web-based tool,
it would need to be periodically updated to ensure that it
maintains user-centered design and continues to offer advantages
over other potential tools in the market.

Another key aspect of the Healthy Kai Checker is the ongoing
management and maintenance of the food and drink product
database that underpins the tool, as well as new updates of the
algorithm embedded into the tool to facilitate the classification
of products as Green, Amber, or Red [21]. The current database
contains information on food and drinks collected during food
availability audits in New Zealand hospitals as part of the HYPE
study [14]. However, these data were captured in 2021/2022,
and it is likely that, at some point, they will no longer accurately
represent the supply on the market. Further manual field data
collection, as used for the HYPE study, is likely too
resource-intensive and costly to do regularly. Reaching out to
the major New Zealand suppliers to encourage them to provide
nutritional information regularly on their products could be a
cost-effective strategy to streamline data collection and maintain
the accuracy and currency of the dataset.

Another avenue includes obtaining product information directly
from Healthy Kai Checker end users, as seen with
crowdsourcing of supermarket data from the FoodSwitch [47]
app users in Australia. The Healthy Kai Checker includes a
feature where users can directly provide the necessary
information and photographs about a missing or incorrect
product for evaluation. An additional emerging method of data
collection is the “web harvesting” or “data mining” approach
used to automatically extract information from websites, such
as web-based supermarket stores [52], and could also be
explored to source data for the Healthy Kai Checker.

Regardless of the source of product data, classifying individual
products into Green, Amber, and Red categories using the
Policy’s criteria can be complex because some of the required
information is not provided on the food packaging. The
challenging classification of some products with the Policy

criteria was observed during food and drink availability audits
as part of the HYPE study [14], although a robust algorithm
was developed and included in the web-based audit tool to make
the process systematic [21]. Simplifying the Policy’s criteria
could increase food provider and supplier understanding of the
guidelines and streamline data collection to keep the product
database up-to-date. Importantly, a classification algorithm
would need to be revised if the Policy undergoes an update of
its nutritional criteria, representing an additional cost associated
with ongoing maintenance of the Healthy Kai Checker.

Strengths and Limitations
There are several strengths in this study. First, the design and
development of the Healthy Kai Checker were informed by
comprehensive research findings and aligned with the needs of
the Policy implementers. Second, the UX/UI designer used the
latest website design techniques and best practices to ensure
the user-friendliness of the tool. Third, feedback and suggestions
provided by stakeholders and participants were incorporated
into the tool to improve its usability. However, there were some
limitations. Although the Healthy Kai Checker prototype has
been tested with 1 group of potential end users, testing has not
yet been conducted with the New Zealand food providers
because they did not respond to the invitation to take part in the
research. Future research should explore the usability of the
prototype tool with food providers and stakeholders associated
with other policies or settings. User testing should also be
conducted once the Healthy Kai Checker is a fully functioning
website. Since the tool is still a prototype, this study did not
explore the effectiveness and impact of the Healthy Kai Checker
as a tool in the Policy implementation. Research on the
effectiveness of tools and resources to support healthy food
policy implementation is generally lacking, and future studies
should focus on evaluating the effectiveness of tools in this
space.

Conclusions
This study comprehensively designed and developed a new
web-based Healthy Kai Checker tool, a searchable database of
packaged food and drink products, to facilitate the
implementation of the National Healthy Food and Drink Policy
in New Zealand. The development of the tool was guided by
the Double Diamond model and UX/UI design principles.
Feedback received from project stakeholders was incorporated
into the prototype, and comprehensive user-testing results further
improved the design and usability of the prototype tool. The
Healthy Kai Checker could provide valuable support to New
Zealand hospital food providers and others who support
implementation of the Policy.
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Abstract

Background: Singapore’s large aging population poses significant challenges for the health care system in managing cognitive
decline, underscoring the importance of identifying and implementing effective interventions. Cognitive training delivered
remotely as a digital therapeutic (DTx) may serve as a scalable and accessible approach to overcoming these challenges. While
previous studies indicate the potential of cognitive training as a promising solution for managing cognitive decline, understanding
the attitudes and experiences of older adults toward using such DTx platforms remains relatively unexplored.

Objective: This study aimed to characterize the general acceptability and user experience of CURATE.DTx, a multitasking-based
DTx platform that challenges the cognitive domains of attention, problem-solving, and executive function in the Singaporean
older adult population.

Methods: A total of 15 older adult participants (mean age 66.1, SD 3.5 years) were recruited for a 90-minute in-person session.
This session included a 30-minute playtest of CURATE.DTx, followed by a 60-minute semistructured interview to understand
their overall attitudes, experience, motivation, and views of the intervention. Interviews were audio-recorded and transcribed
verbatim, then analyzed using an inductive approach. Thematic analysis was used to identify emerging patterns and insights.

Results: A total of 3 main themes, and their respective subthemes, emerged from the interviews: comprehension, with subthemes
of instruction and task comprehension; acceptability, with subthemes of tablet usability, engagement and enjoyment, and attitude
and perceived benefits; and facilitators to adoption, with subthemes of framing and aesthetics, motivation recommendations and
the role of medical professionals. Our findings revealed that participants encountered some challenges with understanding certain
elements of CURATE.DTx. Nevertheless, they were still highly engaged with it, finding the challenge to be enjoyable. Participants
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also showed a strong awareness of the importance of cognitive training and expressed a keen interest in using CURATE.DTx for
this purpose, especially if recommended by medical professionals.

Conclusions: Given the positive engagement and feedback obtained from Singaporean older adults on CURATE.DTx, this
study can serve as a basis for future platform iterations and strategies that should be considered during implementation. Future
studies should continue implementing an iterative codesign approach to ensure the broader applicability and effectiveness of
interventions tailored to this demographic.

(JMIR Form Res 2025;9:e63568)   doi:10.2196/63568
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older adults; cognitive training; digital therapeutic; DTx; remote; usability; acceptance; interviews; gerontology; geriatric; elderly;
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Introduction

As individuals age, cognitive abilities mature at different time
points and eventually decline [1]. This age-related cognitive
decline commonly affects memory, learning ability, fluid
intelligence, and multitasking skills [2,3]. In Singapore,
aggregate declines may be particularly significant given its
rapidly aging population, whereby nearly 1 in 4 Singaporeans
will be over the age of 65 by 2030 [4]. This decline in cognitive
abilities not only poses challenges for the workforce but also
imposes a heavy burden on the health care system [5]. Given
these factors, exploring effective methods to manage the decline
of cognitive capabilities within this population would be
essential to overcome these challenges.

Research has shown that cognitive training can improve
cognitive functioning in older adults and even potentially delay
the onset or progression of neurodegenerative disorders such
as Alzheimer disease [6,7]. In Singapore, where there is high
internet and mobile device penetration [8], cognitive training
can be administered as a digital therapeutic (DTx) at scale. DTx
are evidence-based software designed to prevent, manage, or
treat health conditions [9]. They can be delivered remotely and
often incorporate rewards and gamification elements to enhance
adherence [10].

We have developed CURATE.DTx, a DTx platform that delivers
personalized digital cognitive training by a tablet-ready
adaptation of the Multi-Attribute Task Battery (MATB)
platform, a flight deck simulator initially developed by the
National Aeronautics and Space Administration (NASA) [11]
and later further adapted by the United States Air Force (USAF)
[12,13]. The MATB platform requires users to simultaneously
manage 4 different tasks, which include responding to indicator
lights and changing scales, tracking a target using a joystick,
following verbal instructions to tune to specific radio frequencies
and channels, and managing fuel tank levels. It is a naturalistic
multitasking paradigm that has commonly been used as a mental
workload measure for different task intensities [14,15] and has
strong face validity as, by design, it involves attention,
problem-solving, and coordination amongst tasks. Using the
platform challenges the executive function by demanding
sustained vigilance and goal-directed action for managing
multiple tasks while also training attention and problem-solving
for each specific task [16]. MATB has also been shown to evoke
local and network-level brain responses, characteristic of

multitasking [17], and such training may enhance cognitive
efficiency and coordination [18].

CURATE.DTx also harnesses CURATE.AI, an adaptive
approach that has previously been validated for drug dose
optimization in clinical conditions, to personalize a user’s digital
cognitive training by correlating difficulty level doses (inputs)
to performance outcomes (outputs) using only their own data
[19,20]. While this was initially developed for cognitive training
in healthy adult and postradiotherapy patient populations, the
same application may serve as a potential solution for managing
cognitive decline in older adults [19-22].

At its core, CURATE.DTx was designed to retain the primary
tasks and functionality of MATB. However, the interface was
modernized with gamification, and usability elements were also
incorporated into the platform to improve user engagement and
overall experience, such as the detailed instructions screens
explaining the MATB tasks and a tablet form factor with a
touchscreen for intuitive control. The inclusion of these usability
features could also improve the accessibility of CURATE.DTx
for older adults. Indeed, the widespread adoption of tablets as
the medium for game-based interventions for older adults
underscores their versatility for this population [23]. In addition,
while the use of DTx in older adults is a relatively recent
development, initial studies have shown promising outcomes
[24,25]. As older adults often have impaired cognitive
performance compared to young adults, especially in
multitasking-related tasks under high task loads [26], it would
be useful for CURATE.DTx to be adapted for this population.
Finally, older adults tend to show greater levels of
disengagement than young adults when faced with higher task
difficulty [27]. Such disengagement could also impact their
enjoyment, which is a predictor of motivation when engaging
with an intervention [28]. Considering these factors, it is
important to understand older adults’ attitudes and experiences
with CURATE.DTx, as their feedback is also helpful for
improving future iterations of the platform. Therefore, this study
aimed to examine the general acceptability and user experience
of the CURATE.DTx platform among older Singaporean adults.

Methods

Overview
The Consolidated Criteria for Reporting Qualitative Studies
(COREQ) guidelines were followed for the reporting of this
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study [29], with the COREQ checklist presented in Multimedia
Appendix 1.

CURATE.DTx Platform
The CURATE.DTx platform is comprised of 4 tasks: Systems
Monitoring, Communications, Tracking, and Resource
Management, as depicted in Figure 1. Systems Monitoring
requires the user to monitor the lights and gauges and respond
as quickly as possible when they illuminate or change color.
Communications requires the user to listen for the call sign

“NGT504” and set the radio station and frequency according
to the audio instructions, ignoring instructions for other call
signs. Tracking requires the user to keep the ball as close to the
center of the cross-hair as possible, dragging the ball back when
it deviates away. Finally, Resource Management requires the
user to maintain the two fuel tank levels within the score area
by opening and closing the arrow valves, making appropriate
adjustments when the valves occasionally turn off or fail. All
4 tasks can occur at the same time, and the user has to manage
them simultaneously until the session ends.

Figure 1. Screenshot of the CURATE.DTx’s user interface. Top left: Systems Monitoring—respond to indicator lights and gauges. Top right:
Communications—follow verbal instructions to tune to specific radio frequencies and channels. Bottom left: Tracking—keep the target as close to the
center of the crosshair as possible. Bottom right: Resource Management—maintain the fuel tank levels.

Recruitment
This study was approved by the National University of
Singapore’s institutional review board (reference
NUS-IRB-2021-95). Participants were recruited through
purposive sampling by age group from a community senior
activity center in Singapore. The activity center coordinator
identified potential participants, provided an overview of the
study, and arranged for informed consent and study sessions.
Participants were also told about the research team’s
involvement in the study and the reasons for doing the research.
The research team (SPK, VVL, SV, and AR) consisted of
full-time researchers, 3 female postdoctoral fellows, and 1 male
research assistant, and had previous training in qualitative data
collection and analyses. They screened potential participants
against the following inclusion criteria: (1) Singaporean older
adults aged 60 years old and older and (2) fluent in English.
Participants with significant hearing, visual, or cognitive
impairment that would affect their ability to complete the study
were excluded. No relationships with the participants were
established before the interview sessions. Recruitment took
place over a period of 4 months and ended when the target
sample of 15 was obtained. No participants refused to participate
or dropped out after consenting to the study.

Data Collection
This study used semistructured interview sessions to understand
the participants’ experiences and attitudes toward

CURATE.DTx. Each session was approximately 90 minutes
and consisted of a 30-minute playtest where participants
play-tested CURATE.DTx on a Samsung Galaxy Tab A7
(SM-T500) 10.4-inch tablet, followed by a 60-minute
semistructured interview on their thoughts and experience. To
reduce the risk of bias and enhance the credibility and robustness
of the results, methods triangulation was used [30]. We
compared the participants’actions observed during their playtest
with their verbal qualitative feedback provided in the subsequent
interview to ensure consistency of findings across different
mediums. All sessions were in-person at the senior activity
center’s premises and were conducted in English with at least
2 members of the research team and no nonparticipants present.

Before the session commenced, the research team provided an
overview of the study, and informed consent was obtained. All
participants consented to the audio recording of the session for
transcription purposes, while the participants’ demographic
background details were also collected. While performance
score data from the sessions were automatically collected, they
were not accessed or analyzed as they did not relate to the
purpose of this study. Open-ended questions were asked during
the interview based on a semistructured interview guide, which
was developed to include guiding topics that broadly cover the
factors of the Technology Acceptance Model (TAM) framework
[31]. The guiding topics used for the interview discussion are
presented in Table 1. While the research team’s past familiarity
with CURATE.DTx could have influenced them to engage with
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participants about it in a more positive manner, these guiding
topics ensured that both positive and negative feedback were
fully captured. Short field notes were also taken where necessary
to ensure understanding and clarity of participants’ responses.

At the end of the session, all participants were reimbursed for
their time. All data collected, including signed consent forms,
interview recordings, and demographic data, were stored in a
secure database and deidentified for the purpose of this study.

Table 1. Semistructured interview topic guide.

Guiding topics for discussionCategory

Interface-specific • Discuss the purpose of the tasks.
• Discuss understanding of the tasks.
• Follow up on slips and errors from the playtest session.
• Discuss the ease of use and difficulties with using the interface.

Program-specific • Discuss the expectations of joining this program.
• Discuss factors that would increase motivation toward adoption.
• Discuss barriers and concerns of adoption.
• Discuss alternatives to this program.

Data Analysis
The interview recordings were transcribed verbatim, and
inductive thematic analysis was used to identify patterns and
emerging or recurring themes [32]. Initial coding was conducted
on Microsoft Word. Participants’ responses were descriptively
labeled and summarized into codes independently by the 4
members of the research team. Any discrepancies in the codes
were resolved through discussion. Codes were then organized
into potential themes using Microsoft Excel and further reviewed
and refined in relation to the entire data set. The final codes and
broader themes were generated from multiple discussions and
iterations by the research analysis team (SPK, VVL, SV, and
AR). Data saturation was achieved when there were no new
themes identified and confirmed through discussion within the
research team. There were no repeat interviews, transcripts were
not returned to participants for comments, and participants did
not provide feedback on the findings.

Ethical Considerations
This study was approved by the National University of
Singapore’s institutional review board (NUS-IRB reference:
NUS-IRB-2021-95). All participants provided informed consent
and were informed of their right to withdraw from the study at
any time. All data collected were deidentified for the purpose
of this study. At the end of their sessions, participants were
reimbursed SGD 45 (US $34) for their time and participation.

Results

Participant Characteristics
A total of 15 participants completed the study (10 males, 5
females; mean age 66.1, SD 3.5, range 62-73 years). Participants
were from a range of education level backgrounds, with 5 O
Levels (10+ years), 6 Diploma (13+ years), and 4 University
(16+ years). All participants reported regular use of technology,
such as mobile phones, computers, televisions, and tablets. Full
participant demographics and characteristics are presented in
Table 2.
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Table 2. Participant demographics and characteristics.

Current technology usageHighest education levelaGenderAge (years)Participant

Mobile phone, computer, televisionDiplomaMale631

Mobile phone, computer, televisionDiplomaMale672

Mobile phoneUniversityMale673

Mobile phoneO LevelsMale684

Mobile phone, computer, television, tabletDiplomaMale685

Mobile phoneO LevelsMale676

Mobile phoneDiplomaMale727

Mobile phoneUniversityFemale628

Mobile phone, television, tabletUniversityMale669

Mobile phone, televisionDiplomaFemale6310

Mobile phoneUniversityFemale6411

Mobile phone, computer, tabletO LevelsMale6912

Mobile phone, computerO LevelsMale7313

Mobile phoneO LevelsFemale7314

Mobile phone, television, tabletDiplomaFemale6415

aThe years of education based on the Singapore education system is as follows: O Levels=10+ years, Diploma=13+ years, University=16+ years.

Interview Data
From the participants’ responses, 3 main themes
emerged—comprehension, acceptability, and facilitators to
adoption. Comprehension describes the participants’
understanding of the CURATE.DTx platform, acceptability
covers their thoughts and attitudes towards the CURATE.DTx
platform and the tablet hardware, and facilitators to adoption
encompass feedback on several recommendations discussed
with the participants.

Theme 1: Comprehension
Under the theme of comprehension, 2 subthemes emerged from
participants’ responses, namely instruction comprehension,
which is the feedback specific to the “How To Play” instructions
page on the web-based platform, and task comprehension, their
feedback on the individual MATB tasks and overall gameplay.

Instruction Comprehension
Participants initially struggled to understand CURATE.DTx
instructions, mainly regarding 2 aspects: the complexity of the
instructions and a misconception regarding simultaneous task
management.

Participants expressed that the provided instructions were
long-winded and difficult to understand, often perceiving them
as complicated. Participant 11 mentioned the length of the
instructions that, “Firstly, the instructions are very long.”
Participant 13 further emphasized their initial struggle, stating,
“It is quite complicated actually when you first look at it, I
actually struggled initially to try and grasp what this whole thing
is about.”

In addition, participants misunderstood the instructions as they
did not realize that all tasks had to be played simultaneously.

Although it was explicitly mentioned early in the instructions,
the sequential presentation of task instructions led some
participants to expect CURATE.DTx is to be conducted in a
single-task manner. Participant 5 explained this
misunderstanding, “The first instruction says four tasks are
running at the same time, and it shows during the explanation
the four tasks will be coming out, but it is explaining one task
at a time, [so I thought] okay so this [CURATE.DTx] is one
task at a time.”

Task Comprehension
Participants conveyed that it was challenging to understand the
more complicated tasks from just the instructions, and that it
took some time using the platform to get used to them. As
Participant 11 expressed, “I never read instructions fully. I skim.
So it's only as I play [that] I more or less get the gist of it, I
know what's happening.” However, participants also voiced
concerns it might potentially be too complicated and challenging
for some in their age group. Participant 9 cautioned, “I guess
the elderly, if you give them too many instructions and too many
things for multitasking, they might just switch off their mind,
they find it a bit difficult for them.”

Participants mentioned that using CURATE.DTx itself helped
them understand how the tasks worked. They relied on the
in-game task feedback to figure out if they were doing it
correctly. Participant 9 remarked, “Initially, I just don’t
understand what this is, this whole thing. But after a while, oh
yeah, I got the thing.” Participant 5 emphasized the importance
of effective task feedback, stating, “In terms of my
understanding of the game, the task will give a person better
feedback on what to [do], how to react.”

However, participants still expressed a desire for additional
assistance and guidance when they faced difficulties in
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understanding CURATE.DTx. Participant 4 mentioned, “I think
like when I’m jammed at a particular part, I ask you all, you all
must help me then I [can clearly] understand the game.”

Theme 2: Acceptability
Under the theme of acceptability, 3 subthemes emerged from
participants’ responses. The subthemes included table usability,
engagement, and enjoyment of CURATE.DTx, and their attitude
and perceived benefits of the intervention.

Tablet Usability
Participants mentioned that the usability of the tablet, namely
its size and weight, were important factors to consider for the
acceptability of CURATE.DTx in this population. While most
were satisfied with the physical attributes of the provided tablet,
some expressed concerns about other usability aspects of the
tablet. Participant 12 shared that, “I think it’s okay. Too big,
my age group will have a problem holding. So, lightweight [is
better].” However, Participant 10 mentioned the potential issue
of screen reflectivity, saying, “Just now the light was glaring,
so I have to hold it up so that I can see better.”

Engagement and Enjoyment
Participants exhibited high engagement with CURATE.DTx,
maintaining a strong level of focus throughout the entire playtest
session. Participant 3 remarked afterward, “Like it keeps me on
my toes. You didn’t see? If you look at this you will see me
very attentive, listening and all this.”

Regarding their enjoyment of various aspects of the DTx,
participants acknowledged that certain tasks were more
enjoyable than others, with a general preference for the more
challenging tasks over the easier ones. Participant 10 stated,
“It’s nice to play... Challenging is nice.” Participant 12 had a
similar opinion about a simpler task, stating, “This one [Systems
Monitoring] is actually very simple, too simple already. Just
pressing a button. No fun at all!”

Furthermore, some participants appreciated the presence of a
mix of easier and more difficult tasks, as it added variety and
enhanced their enjoyment. Participant 13 highlighted this aspect,
“In a way, the four [tasks], there is variety... Not all like this
[Systems Monitoring], this [is] kind of standard, then I think
it's not so enjoyable.”

Attitude and Perceived Benefits
Participants expressed that they found CURATE.DTx as an
intervention could be potentially beneficial as it was tailored to
their prospective cognitive needs, with many considering
cognitive training to be important for maintaining their mental
capacity in their senior years. Participant 5 emphasized the
significance of cognitive stimulation, “For me, my purpose is
to stimulate the thinking, the brain, or else your brain
deteriorates over time.” Participants viewed CURATE.DTx as
a tool for cognitive stimulation and expressed strong intrinsic
motivation and interest in using it for cognitive training to
challenge themselves. Participant 15 remarked, “I might play
this one, for training. Better than the sudoku.”

Theme 3: Facilitators to Adoption
Under the theme of facilitators to adoption, 3 subthemes
emerged from participants’ responses. The subthemes include
framing and aesthetics recommendations, motivation
recommendations, and the role of medical professionals.

Framing and Aesthetics Recommendations
When discussing CURATE.DTx’s visual design, participants
suggested that it would be more attractive to older adults if the
tasks were framed as real-world, daily life analogies, as they
found the current aviation-related tasks to be less relatable.
Participant 11 illustrated, “I look at this one, you’ve got petrol,
that one is the meter, maybe you can see this car dashboard?
And then this one is your air-con slider. And from there at least
I can associate, the person also can associate.”

Participants also expressed that the general visual appeal of
CURATE.DTx could be improved. They found the color palette
to be dull and suggested incorporating more visually appealing
elements. Participant 8 elaborated, “If you say that you're going
to do it in this color, it is very boring. Because for me, I am a
very bright color person, blue, blue, blue? I don’t know.”

Motivation Recommendations
When discussing motivation, most participants showed strong
intrinsic motivation towards using CURATE.DTx for cognitive
training. However, participants also expressed approval for the
addition of extrinsic motivation factors, such as the inclusion
of a scoring system to CURATE.DTx. They believed that a
scoring system would provide them with feedback on their
performance and motivate them to strive for improvement.
Participant 12 illustrated this viewpoint, saying, “For example,
today I score 80, I want to aim for 85. 85, got to aim for 90, 90,
95! People will continue to chase. So if you don't have this, it's
[just] another game.”

Some participants thought that CURATE.DTx could be boring
over time due to the lack of variety of tasks and levels. As
Participant 3 described it, “[it] can be quite boring, to play this
everyday. Like there is no changes. Like you see the other
games, you see the clearing the blocks game, that one every
time change level. That one is different.” They also mentioned
that CURATE.DTx lacked some common and attractive features
compared to other more attractive existing games in the market.
Participant 12 noted, “Most of the time, I play with the music.
You see, [the music] attract[s] you, you know?”

The potential gameplay duration of each CURATE.DTx session
also emerged as a factor that affected participants’ motivation
to use the platform. Overall, most participants were satisfied
with the playtest session’s duration, with Participant 12
considering it “not too long, not too short” and Participant 9
saying that, “I think it’s just right.” Participants also emphasized
the importance of CURATE.DTx in fitting into their daily
schedule. Participant 6 mentioned, “My time is very tight... If
I got the time, I don’t mind.” Participant 10 echoed this opinion,
saying, “Yes, I would if I have time.”

Role of Medical Professionals
When discussing the role of doctors and medical professionals
in interventions, most participants expressed a strong belief in
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the recommendations of their medical personnel, emphasizing
that they would heed their advice. Participant 10 succinctly
conveyed this sentiment, stating, “Anyone with medical
[knowledge] who is looking after me medically, yes, I will take
their advice seriously.”

Furthermore, several participants were hopeful that the
intervention could serve as a potential alternative to medication.
Participant 3 expressed this sentiment, stating, “If this game
can help, then why not? Instead of medication.” Since the
intervention was in the form of a game, participants generally
did not expect any adverse effects. Participant 8 also commented
on the absence of adverse effects typically associated with
games, stating, “Generally games, the negative effects would
be addiction, but I think this one doesn't have.”

Furthermore, participants demonstrated a higher willingness to
adopt the platform if it was scientifically proven to be beneficial
for their health, even if they wouldn't have considered using it
otherwise. Participant 3 elaborated on this point, explaining,
“If you say by playing this twice a week, every day, for half an
hour, you will improve your mental state of health, then I will
definitely play since it is scientifically proven.”

Discussion

Principal Findings
This study aimed to understand the acceptability and user
experience of older Singaporean adults using CURATE.DTx,
a digital cognitive training DTx platform. Overall, we found
that participants faced some difficulties with understanding the
CURATE.DTx platform. However, engagement with the
platform was generally still strong, and participants were also
enthusiastic about using it for cognitive training, especially if
advised by medical professionals. In light of these findings,
there is a need to address several key factors for the next
iteration of the CURATE.DTx platform to ensure greater
adoption and sustained usage among this older adult
demographic group, with these considerations broadly applicable
to the development of other similar DTx platforms in this space
as well.

Comprehension Considerations
We identified the importance of considering the comprehension
of the instructions on overall experience when developing a
cognitive training DTx. Aging has been shown to be associated
with declining cognitive abilities that could affect information
processing, such as in visual attention [33] and working memory
[34]. Specifically, older adults may have a harder time
processing unfamiliar visual information and retaining it in
memory [35]. We observed this in some of our participants,
who struggled to fully understand the game instructions provided
on CURATE.DTx and perceived them to be too long-winded
and complicated. Some of this difficulty can be attributed to
the complexity of several task explanations, as well as the
continuous sequential presentation of the instructions. Therefore,
older adults would benefit from having complex concepts broken
down into smaller portions so that each step is within their
capacity for processing, and this information should be
summarized again for each task to ensure that it is adequately

rehearsed and retained in their memory [36]. Providing
accessible bite-sized chunks of information that are reiterated
at various points of the instructions will ensure that they are
clear and concise, which would prevent misunderstanding and
improve their overall experience when using CURATE.DTx.
In addition, participants may also benefit from the
implementation of instructions explained as an interactive
tutorial with the opportunity to practice all 4 tasks
simultaneously at the end. This would provide them with the
opportunity to familiarize themselves with the tasks and gain a
better understanding of the mechanisms involved.

Our findings also showed that providing in-game feedback can
be a useful tool for helping older adult users understand the
tasks. In line with Nielsen’s usability heuristics, which
emphasizes recognition rather than recall [37], incorporating
visual elements that provide small reminders of information
can aid users in navigating the task without requiring them to
remember specific task instructions. Our study participants
themselves mentioned a preference for learning CURATE.DTx
mechanics through gameplay, using in-game feedback to gauge
their performance and adjust their strategies. This is in line with
the literature, where feedback in educational games can provide
players with schemas to help them learn from their
misunderstandings [38]. Indeed, providing regular feedback
about their performance enables users to engage in more critical
learning [39], and clear and specific feedback—such as
indicating correct and incorrect actions, highlighting areas for
improvement, and offering suggestions or tips—can direct them
to develop more effective game strategies. Furthermore, it is
also important to present feedback in a way that is easily
understandable to older adults, taking into account their
cognitive abilities and visual acuity. Hence, designing a
user-friendly interface with intuitive controls, clear visual cues,
and accessible feedback would enhance their interaction and
learning with CURATE.DTx, thus improving their overall
experience.

Acceptability Considerations
Our findings showed that there was strong interest in using
CURATE.DTx for cognitive training. Participants recognized
the importance of cognitive training for maintaining cognitive
functioning and believed that the CURATE.DTx platform would
be useful and beneficial for this purpose. These stated views
align with previous research showing that older adults in
Singapore are open to adopting technology to achieve their
health goals [40]. Furthermore, the intended and perceived
benefits of the training platform emerged as the most common
facilitators of its use. This finding aligns with the principles of
the TAM framework, which suggests that the perceived
usefulness of a technological tool strongly influences its
acceptance as a learning and training resource [41]. Given the
existing intrinsic motivation and expressed interest in
CURATE.DTx, ensuring sustained engagement, would thus be
key to its long-term adoption in older adults.

Engagement and enjoyment were also found to affect the
acceptability of the CURATE.DTx platform. Specifically,
participants expressed a preference for more challenging tasks,
like Resource Management, which requires them to develop an
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optimal strategy for balancing resources over simpler tasks, like
Systems Monitoring, which merely requires them to click on
lights when they illuminate. As facing challenges in a game has
previously been reported to directly enhance learning and
increase engagement with the game [42], incorporating more
challenging tasks can offer participants a sense of
accomplishment and keep them motivated. However, we also
found that some tasks were reported to be overly complex and
difficult to understand for this age group. Thus, striking a “sweet
spot” trade-off between challenge and ease of understanding
can lead to flow—the sense of engagement and immersion in
the interactive experience [43]. While the use of an adaptive
training approach such as CURATE.AI can partially aid in this
by adjusting the difficulty to an optimal level based on personal
performance [19], improving the design of the task elements
based on participant feedback would help to ensure a more
cohesively enjoyable experience.

The source of the challenge is also an important consideration.
While there can be a motivating in-game frustration that causes
the player to want to persevere and overcome the challenge,
lack of comprehension of CURATE.DTx’s tasks could instead
lead to disheartening at-game frustration that causes them to
disengage [44,45]. As these seemingly contradictory aspects
are rated most highly in terms of importance for older adults
[46], successfully finding this balance can make the platform
highly appealing to this demographic group.

Finally, participants generally viewed using tablets as the
physical medium for CURATE.DTx positively. However, the
size and weight of the tablets were highlighted as important
factors to consider, underscoring the need for a device that is
easy to manage and handle. Despite some concerns about screen
reflectivity, the overall design of the tablet was well-received.
This is in line with existing literature reporting high satisfaction
among older individuals using tablets in clinical settings [47]
as well as their perceived benefit not just for cognitive training
but also for enjoyment [48]. Given that the effective deployment
of a tablet-based DTx in a remote setting use case requires
addressing additional factors such as ensuring household internet
access, it is important to note that in Singapore, where 99% of
resident households, including 93% of senior-only households,
have internet access [49], this is less of a concern compared
with the digital divide at the global level [50], with disparities
in internet access often linked poverty and unemployment [51].
Therefore, understanding the specific needs and circumstances
of the target group is crucial for the successful adoption of the
tablet-based platform.

Facilitators to Adoption Considerations
Our findings revealed that enhancing the framing and aesthetics
of the current CURATE.DTx platform would make it more
appealing and engaging to the older Singaporean population.
Specifically, incorporating visually appealing elements and
features found in popular games in the current market, such as
vibrant colors and attractive visuals, can help to enhance
enjoyment. Adhering to design principles, such as judicious
color use with no more than 2 or 3 fully saturated intense colors,
can assist in accomplishing this [52]. Participants also expressed
a preference for tasks framed to be more relatable and familiar

to their daily lives, such as a car dashboard, rather than the
current MATB flight deck simulator interface incorporated into
CURATE.DTx. Again, DTx developers should consider
Nielsen’s usability heuristics, specifically the principle of
matching the system to the real world [37], to make the
platform’s task more intuitive. Using familiar symbols,
illustrations, or other analogies that resonate with older adults’
day-to-day lived experiences will ensure that they are able to
understand the task requirements more easily. Such aesthetic
changes can help to make the platform more appealing to older
adults and increase their engagement with the platform [53].

Our findings also highlighted the importance of motivation in
the DTx platform design. While participants already
demonstrated intrinsic motivation in using the platform, they
also welcomed extrinsic motivational factors to further
strengthen their interest. Participants were particularly taken
with the idea of gamification elements such as a scoring system,
reporting that knowledge of their scores would drive them to
improve. Enhancing scoring with a leaderboard may be an
option to consider in a senior-friendly iteration of
CURATE.DTx, as they have previously been shown to motivate
players to strive for higher-difficulty goals [54]. Nevertheless,
it is important to ensure that extrinsic motivation factors do not
undermine participants’ existing intrinsic motivation to use the
CURATE.DTx platform but rather enhance it [55].

Participants also supported the introduction of a greater variety
of tasks for CURATE.DTx. This can be a means to prevent
boredom and also promote meta-learning, a concept of applying
knowledge from past experiences to new, related tasks [56].
While the concept is mainly applied in machine learning and
artificial intelligence, recent research has proposed that this idea
of drawing from past learned experience can be applied in
cognitive training, in particular with cognitive control [57].
Promoting such learning could be beneficial to the older adults’
mental health while also increasing the appeal of the
CURATE.DTx platform and improving its long-term
engagement and adoption.

Finally, our findings revealed the role of medical professionals
to be pivotal in the adoption process. In Singapore, health care
providers are highly trusted sources for learning about health
platforms [58,59], thus playing a critical role in influencing
their patient’s decision to adopt new technologies. Participants
also highlighted the importance of scientific evidence
demonstrating the benefits of the DTx, likely reflecting this
population’s trust in research [60]. They also viewed the DTx
as a potential alternative to medication, indicating their
willingness to explore nonpharmacological approaches to
cognitive maintenance. Thus, collaborating with health care
professionals and conducting further research studies to
demonstrate the efficacy and cognitive benefits of the game
could significantly increase trust and promote broader adoption
among older Singaporean adults.

Limitations
Several limitations should be considered when interpreting the
findings of this study. First, the study was restricted to
English-speaking older adults, which may not fully capture the
experiences and perspectives of older adults from
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non–English-speaking backgrounds. Singapore is a multilingual
country, and considering the diverse linguistic landscape, it is
important to extend the research to include participants who
speak languages other than English. This would provide a more
comprehensive understanding of older adults’acceptability and
experiences with the cognitive training digital therapeutics
platform.

In addition, it is worth highlighting that this study is focused
solely on the particular DTx cognitive training platform used
in this research. It’s important to acknowledge that this platform
was not originally tailored for older adult users and that moving
forward, it is recommended that future iterations be codesigned
with the target demographic to develop a more bespoke solution.
Future research should explore a wider range of cognitive
training interventions and digital therapeutics platforms to gain
a more comprehensive understanding of older adults’
acceptability and experiences across different interventions.

Conclusion
Overall, this study investigated the general acceptability and
user experience of a cognitive training DTx in an older adult
Singapore population. Despite facing some difficulties in
instructional and task comprehension, participants were still
highly engaged with the platform and found the challenge
provided by the DTx to be enjoyable. Participants also expressed
interest and recognized the importance of cognitive training for
their population. We also found that certain aesthetics and
motivational features and the incorporation of medical
professionals into the onboarding process would facilitate greater
adoption and long-term usage in this population. These findings
highlight several important considerations that can serve as a
useful reference to inform the design and implementation
strategies of the future iteration of CURATE.DTx as well as
other cognitive training interventions for this population.

 

Acknowledgments
We gratefully acknowledge funding from the Singapore Cancer Society (grant SCS-GRA-2019-00063) for funding this study
and had no influence on any part of it. DH gratefully acknowledges funding from the National Research Foundation Singapore
under its AI Singapore Programme (award AISG-GC-2019-002) and the Singapore Ministry of Health’s National Medical Research
Council under its Open Fund- Large Collaborative Grant ('OF-LCG'; grant MOH-OFLCG18May-0028), Institute for Digital
Medicine (WisDM) Translational Research Programme (grant R-719-000-037-733) at the Yong Loo Lin School of Medicine,
National University of Singapore, Ministry of Education Tier 1 FRC Grant (grant R-397-000-333-114) and the Next-Generation
Brain-Computer-Brain Platform—A Holistic Solution for the Restoration & Enhancement of Brain Functions (NOURISH) project
from the RIE2020 ADVANCED MANUFACTURING AND ENGINEERING (AME) PROGRAMMATIC FUND (grant
A20G8b0102/A-0002199-02-00). All funders have no influence on the study design, collection, management, analysis, interpretation
of data, writing of the report, and the decision to submit the report for publication. We would also like to thank Jason Labbe for
his assistance in the development of the CURATE.DTx platform and C&B for enabling a collaborative environment, and Lion
Befrienders and Joshann Lee for their kind assistance during the data collection process.

Conflicts of Interest
CLA and DH are coinventors of intellectual property pertaining to personalized digital therapeutics and CURATE.AI. DH is a
shareholder of KYAN Therapeutics, which has licensed intellectual property pertaining to AI-based oncology drug development.
He has also filed a provisional patent on data-driven behavior change.

Multimedia Appendix 1
Consolidated Criteria for Reporting Qualitative Studies (COREQ) checklist.
[PDF File (Adobe PDF File), 416 KB - formative_v9i1e63568_app1.pdf ]

References
1. Hartshorne JK, Germine LT. When does cognitive functioning peak? The asynchronous rise and fall of different cognitive

abilities across the life span. Psychol Sci 2015;26(4):433-443 [FREE Full text] [doi: 10.1177/0956797614567339] [Medline:
25770099]

2. Bettio LEB, Rajendran L, Gil-Mohapel J. The effects of aging in the hippocampus and cognitive decline. Neurosci Biobehav
Rev 2017;79:66-86. [doi: 10.1016/j.neubiorev.2017.04.030] [Medline: 28476525]

3. Kievit RA, Davis SW, Mitchell DJ, Taylor JR, Duncan J, Cam-CAN Research Team, Cam-CAN Research Team. Distinct
aspects of frontal lobe structure mediate age-related differences in fluid intelligence and multitasking. Nat Commun
2014;5(1):5658 [FREE Full text] [doi: 10.1038/ncomms6658] [Medline: 25519467]

4. PMO | PM lee hsien loong at the 'Singapore ageing: issues and challenges ahead' Book Launch. Prime Minister's Office
Singapore. Prime Minister's Office Singapore. URL: https://www.pmo.gov.sg/Newsroom/
PM-Lee-Hsien-Loong-at-the-Singapore-Ageing-Issues-and-Challenges-Ahead-Book-Launch [accessed 2023-04-11]

5. Tan CC, Lam CSP, Matchar DB, Zee YK, Wong JEL. Singapore's health-care system: key features, challenges, and shifts.
Lancet 2021;398(10305):1091-1104. [doi: 10.1016/S0140-6736(21)00252-X] [Medline: 34481560]

JMIR Form Res 2025 | vol. 9 | e63568 | p.1396https://formative.jmir.org/2025/1/e63568
(page number not for citation purposes)

Kwek et alJMIR FORMATIVE RESEARCH

XSL•FO
RenderX

https://jmir.org/api/download?alt_name=formative_v9i1e63568_app1.pdf&filename=77d2ee4f3006a237d2c1bf41b214d2d5.pdf
https://jmir.org/api/download?alt_name=formative_v9i1e63568_app1.pdf&filename=77d2ee4f3006a237d2c1bf41b214d2d5.pdf
https://europepmc.org/abstract/MED/25770099
http://dx.doi.org/10.1177/0956797614567339
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25770099&dopt=Abstract
http://dx.doi.org/10.1016/j.neubiorev.2017.04.030
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28476525&dopt=Abstract
https://doi.org/10.1038/ncomms6658
http://dx.doi.org/10.1038/ncomms6658
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25519467&dopt=Abstract
https://www.pmo.gov.sg/Newsroom/PM-Lee-Hsien-Loong-at-the-Singapore-Ageing-Issues-and-Challenges-Ahead-Book-Launch
https://www.pmo.gov.sg/Newsroom/PM-Lee-Hsien-Loong-at-the-Singapore-Ageing-Issues-and-Challenges-Ahead-Book-Launch
http://dx.doi.org/10.1016/S0140-6736(21)00252-X
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34481560&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


6. Rahe J, Petrelli A, Kaesberg S, Fink G, Kessler J, Kalbe E. Effects of cognitive training with additional physical activity
compared to pure cognitive training in healthy older adults. CIA 2015;10:297. [doi: 10.2147/cia.s74071]

7. Brookmeyer R, Johnson E, Ziegler-Graham K, Arrighi HM. Forecasting the global burden of alzheimer's disease. Alzheimers
Dement 2007;3(3):186-191. [doi: 10.1016/j.jalz.2007.04.381] [Medline: 19595937]

8. World Bank. Individuals using the Internet (% of population) - Singapore. World Bank Open Data. URL: https://data.
worldbank.org [accessed 2023-11-16]

9. Digital Therapeutics Alliance.. What is a DTx? Digital Therapeutics Alliance. URL: https://dtxalliance.org/understanding-dtx/
what-is-a-dtx/ [accessed 2023-11-16]

10. Mahncke HW, Kim SJ, Rose A, Stasio C, Buckley P, Caroff S, et al. Evaluation of a plasticity-based cognitive training
program in schizophrenia: results from the eCaesar trial. Schizophr Res 2019;208:182-189 [FREE Full text] [doi:
10.1016/j.schres.2019.03.006] [Medline: 30930034]

11. Comstock JR, Arnegard RJ. The Multi-Attribute Task Battery for Human Operator Workload and Strategic Behavior
Research. 1992. URL: https://ntrs.nasa.gov/citations/19920007912 [accessed 1992-01-01]

12. Miller W. Air Force Research Laboratory. The US air force-developed adaptation of the multi-attribute task battery for the
assessment of human operator workload and strategic behavior. 2010. URL: https://apps.dtic.mil/sti/citations/ADA537547
[accessed 2010-07-01]

13. Miller W, Schmidt K, Estepp J, Bowers M, Davis I. DTIC Document. An updated version of the US air force multi-attribute
task battery (AF-MATB). URL: https://apps.dtic.mil/sti/citations/ADA611870 [accessed 2014-08-01]

14. Liu S, Nam CS. Quantitative modeling of user performance in multitasking environments. Computers in Human Behavior
2018;84:130-140. [doi: 10.1016/j.chb.2018.02.035]

15. Pontiggia A, Gomez-Merino D, Quiquempoix M, Beauchamps V, Boffet A, Fabries P, et al. MATB for assessing different
mental workload levels. Front Physiol 2024;15:1408242 [FREE Full text] [doi: 10.3389/fphys.2024.1408242] [Medline:
39108543]

16. Kee T, Weiyan C, Blasiak A, Wang P, Chong JK, Chen J, et al. Harnessing CURATE.AI as a digital therapeutics platform
by identifying N‐of‐1 learning trajectory profiles. Advanced Therapeutics 2019;2(9):1900023. [doi:
10.1002/adtp.201900023]

17. Lam TK, Vartanian O, Hollands JG. The brain under cognitive workload: neural networks underlying multitasking
performance in the multi-attribute task battery. Neuropsychologia 2022;174:108350. [doi:
10.1016/j.neuropsychologia.2022.108350] [Medline: 35988804]

18. von Bastian CC, Belleville S, Udale RC, Reinhartz A, Essounni M, Strobach T. Mechanisms underlying training-induced
cognitive change. Nat Rev Psychol 2022;1(1):30-41. [doi: 10.1038/s44159-021-00001-3]

19. Blasiak A, Khong J, Kee T. CURATE.AI: optimizing personalized medicine with artificial intelligence. SLAS Technol
2020;25(2):95-105. [doi: 10.1177/2472630319890316] [Medline: 31771394]

20. Remus A, Tadeo X, Kai GNS, Blasiak A, Kee T, Vijayakumar S, et al. CURATE.AI COR-Tx platform as a digital therapy
and digital diagnostic for cognitive function in patients with brain tumour postradiotherapy treatment: protocol for a
prospective mixed-methods feasibility clinical trial. BMJ Open 2023;13(10):e077219 [FREE Full text] [doi:
10.1136/bmjopen-2023-077219] [Medline: 37879700]

21. Wang P, Leong QY, Lau NY, Ng WY, Kwek SP, Tan L, et al. N-of-1 medicine. Singapore Med J 2024;65(3):167-175
[FREE Full text] [doi: 10.4103/singaporemedj.SMJ-2023-243] [Medline: 38527301]

22. Tan SB, Tan J, Raczkowska MN, Chean Wen Lee J, Rai B, Remus A, et al. Digital game-based interventions for cognitive
training in healthy adults and adults with cognitive impairment: protocol for a two-part systematic review and meta-analysis.
BMJ Open 2023;13(5):e071059 [FREE Full text] [doi: 10.1136/bmjopen-2022-071059] [Medline: 37142320]

23. Koivisto J, Malik A. Gamification for older adults: a systematic literature review. Gerontologist 2021;61(7):e360-e372
[FREE Full text] [doi: 10.1093/geront/gnaa047] [Medline: 32530026]

24. Al-Saleh S, Lee JK, Rogers WA, Insel KC. Translation of a successful behavioral intervention to a digital therapeutic
self-management system for older adults. Ergon Des 2024;32(2):5-13 [FREE Full text] [doi: 10.1177/10648046211066409]
[Medline: 38487251]

25. Bohle H, Rimpel J, Schauenburg G, Gebel A, Stelzel C, Heinzel S, et al. Behavioral and neural correlates of cognitive-motor
interference during multitasking in young and old adults. Neural Plast 2019;2019 [FREE Full text] [doi:
10.1155/2019/9478656] [Medline: 31582967]

26. Tye-Murray N, Spehar B, Mauze E, Cardinal C. Hearing health care digital therapeutics: patient satisfaction evidence. Am
J Audiol 2022;31(3S):905-913. [doi: 10.1044/2022_aja-21-00236]

27. Ennis GE, Hess TM, Smith BT. The impact of age and motivation on cognitive effort: implications for cognitive engagement
in older adulthood. Psychol Aging 2013;28(2):495-504 [FREE Full text] [doi: 10.1037/a0031255] [Medline: 23421325]

28. Boot WR, Souders D, Charness N, Blocker K, Roque N, Vitale T. In: Zhou J, Salvendy G, editors. The Gamification of
Cognitive Training: Older Adults? Perceptions ofAttitudes Toward Digital Game-Based Interventions. United States:
Springer International Publishing; 2016.

JMIR Form Res 2025 | vol. 9 | e63568 | p.1397https://formative.jmir.org/2025/1/e63568
(page number not for citation purposes)

Kwek et alJMIR FORMATIVE RESEARCH

XSL•FO
RenderX

http://dx.doi.org/10.2147/cia.s74071
http://dx.doi.org/10.1016/j.jalz.2007.04.381
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19595937&dopt=Abstract
https://data.worldbank.org
https://data.worldbank.org
https://dtxalliance.org/understanding-dtx/what-is-a-dtx/
https://dtxalliance.org/understanding-dtx/what-is-a-dtx/
https://linkinghub.elsevier.com/retrieve/pii/S0920-9964(19)30088-X
http://dx.doi.org/10.1016/j.schres.2019.03.006
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30930034&dopt=Abstract
https://ntrs.nasa.gov/citations/19920007912
https://apps.dtic.mil/sti/citations/ADA537547
https://apps.dtic.mil/sti/citations/ADA611870
http://dx.doi.org/10.1016/j.chb.2018.02.035
https://doi.org/10.3389/fphys.2024.1408242
http://dx.doi.org/10.3389/fphys.2024.1408242
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=39108543&dopt=Abstract
http://dx.doi.org/10.1002/adtp.201900023
http://dx.doi.org/10.1016/j.neuropsychologia.2022.108350
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35988804&dopt=Abstract
http://dx.doi.org/10.1038/s44159-021-00001-3
http://dx.doi.org/10.1177/2472630319890316
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31771394&dopt=Abstract
https://bmjopen.bmj.com/lookup/pmidlookup?view=long&pmid=37879700
http://dx.doi.org/10.1136/bmjopen-2023-077219
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=37879700&dopt=Abstract
https://europepmc.org/abstract/MED/38527301
http://dx.doi.org/10.4103/singaporemedj.SMJ-2023-243
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=38527301&dopt=Abstract
https://bmjopen.bmj.com/lookup/pmidlookup?view=long&pmid=37142320
http://dx.doi.org/10.1136/bmjopen-2022-071059
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=37142320&dopt=Abstract
https://europepmc.org/abstract/MED/32530026
http://dx.doi.org/10.1093/geront/gnaa047
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32530026&dopt=Abstract
https://europepmc.org/abstract/MED/38487251
http://dx.doi.org/10.1177/10648046211066409
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=38487251&dopt=Abstract
https://doi.org/10.1155/2019/9478656
http://dx.doi.org/10.1155/2019/9478656
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31582967&dopt=Abstract
http://dx.doi.org/10.1044/2022_aja-21-00236
https://europepmc.org/abstract/MED/23421325
http://dx.doi.org/10.1037/a0031255
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23421325&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


29. Booth A, Hannes K, Harden A, Noyes J, Harris J, Tong A. COREQ (Consolidated Criteria for Reporting Qualitative
Studies). In: Moher D, Altman DG, Schulz KF, Simera I, Wager E, editors. Guidelines for Reporting Health Research: A
User's Manual. United States: Wiley; 2014.

30. Patton MQ. Enhancing the quality and credibility of qualitative analysis. Health Serv Res 1999;34(5 Pt 2):1189-1208 [FREE
Full text] [Medline: 10591279]

31. Holden RJ, Karsh BT. The technology acceptance model: its past and its future in health care. J Biomed Inform 2010
Mar;43(1):159-172 [FREE Full text] [doi: 10.1016/j.jbi.2009.07.002] [Medline: 19615467]

32. Braun V, Clarke V. Using thematic analysis in psychology. Qualitative Research in Psychology 2006;3(2):77-101. [doi:
10.1191/1478088706qp063oa]

33. Jefferies LN, Roggeveen AB, Enns JT, Bennett PJ, Sekuler AB, Di Lollo V. On the time course of attentional focusing in
older adults. Psychol Res 2015;79(1):28-41. [doi: 10.1007/s00426-013-0528-2] [Medline: 24337971]

34. Read CA, Rogers JM, Wilson PH. Working memory binding of visual object features in older adults. Neuropsychol Dev
Cogn B Aging Neuropsychol Cogn 2016;23(3):263-281. [doi: 10.1080/13825585.2015.1083937] [Medline: 26344033]

35. Ebaid D, Crewther SG. Visual information processing in young and older adults. Front Aging Neurosci 2019;11:116 [FREE
Full text] [doi: 10.3389/fnagi.2019.00116] [Medline: 31156422]

36. Sharit J, Czaja SJ. Overcoming older adult barriers to learning through an understanding of perspectives on human information
processing. J Appl Gerontol 2020;39(3):233-241 [FREE Full text] [doi: 10.1177/0733464818794574] [Medline: 30160573]

37. Nielsen J, Molich R. Heuristic evaluation of user interfaces. 1990 Presented at: Proceedings of the SIGCHI Conference on
Human Factors in Computing Systems; 1990 April 5; Washington USA. [doi: 10.1145/97243.97281]

38. Clark RC, Mayer RE. e-Learning and the Science of Instruction: Proven Guidelines for Consumers and Designers of
Multimedia Learning. Hoboken: Wiley; 2016.

39. Erhel S, Jamet E. Digital game-based learning: Impact of instructions and feedback on motivation and learning effectiveness.
Computers & Education 2013;67:156-167. [doi: 10.1016/j.compedu.2013.02.019]

40. Low STH, Sakhardande PG, Lai YF, Long ADS, Kaur-Gill S. Attitudes and perceptions toward healthcare technology
adoption among older adults in singapore: a qualitative study. Front Public Health 2021;9:588590 [FREE Full text] [doi:
10.3389/fpubh.2021.588590] [Medline: 33659232]

41. Granić A, Marangunić N. Technology acceptance model in educational context: a systematic literature review. Brit J
Educational Tech 2019;50(5):2572-2593. [doi: 10.1111/bjet.12864]

42. Hamari J, Shernoff DJ, Rowe E, Coller B, Asbell-Clarke J, Edwards T. Challenging games help students learn: an empirical
study on engagement, flow and immersion in game-based learning. Comput Hum Behav 2016;54:170-179. [doi:
10.1016/j.chb.2015.07.045]

43. Abuhamdeh S, Csikszentmihalyi M. The importance of challenge for the enjoyment of intrinsically motivated, goal-directed
activities. Pers Soc Psychol Bull 2012;38(3):317-330. [doi: 10.1177/0146167211427147] [Medline: 22067510]

44. Gilleade KM, Dix A. Using frustration in the design of adaptive videogames. 2004 Presented at: Proceedings of the 2004
ACM SIGCHI International Conference on Advances in Computer Entertainment Technology; June 5, 2005; Singapore.
[doi: 10.1145/1067343.1067372]

45. Miller MK, Mandryk RL. Differentiating in-game frustration from at-game frustration using touch pressure. 2016 Presented
at: Proceedings of the 2016 ACM International Conference on Interactive Surfaces and Spaces; November 9, 2016; United
States. [doi: 10.1145/2992154.2992185]

46. Salmon JP, Dolan SM, Drake RS, Wilson GC, Klein RM, Eskes GA. A survey of video game preferences in adults: building
better games for older adults. Entertain Comput 2017;21:45-64. [doi: 10.1016/j.entcom.2017.04.006]

47. Ramprasad C, Tamariz L, Garcia-Barcena J, Nemeth Z, Palacio A. The use of tablet technology by older adults in health
care settings-is it effective and satisfying? A systematic review and meta analysis. Clin Gerontol 2019;42(1):17-26. [doi:
10.1080/07317115.2017.1322162] [Medline: 28665775]

48. Chen K, Lou VWQ, Lo SSC. Exploring the acceptance of tablets usage for cognitive training among older people with
cognitive impairments: a mixed-methods study. Appl Ergon 2021;93:103381. [doi: 10.1016/j.apergo.2021.103381] [Medline:
33578065]

49. Infocomm Media Development Authority. Household access to computer by household composition, 2017 - 2022. URL:
https://www.imda.gov.sg/about-imda/research-and-statistics/digital-society [accessed 2023-11-16]

50. Seifert A, Cotten SR, Xie B. A double burden of exclusion? Digital and social exclusion of older adults in times of COVID-19.
J Gerontol B Psychol Sci Soc Sci 2021;76(3):e99-e103 [FREE Full text] [doi: 10.1093/geronb/gbaa098] [Medline: 32672332]

51. Stringer S. Census and the city: Overcoming NYC's digital divide in the 2020 census. 2019. URL: https://comptroller.
nyc.gov/reports/census-and-the-city/ [accessed 2019-07-23]

52. Sutcliffe A. Designing for User Engagment: Aesthetic and Attractive User Interfaces. Cham: Springer International
Publishing; 2022.

53. Sayago S, Rosales A, Righi V, Ferreira SM, Coleman GW, Blat J. On the conceptualization, design, and evaluation of
appealing, meaningful, and playable digital games for older people. Games and Culture 2015;11(1-2):53-80. [doi:
10.1177/1555412015597108]

JMIR Form Res 2025 | vol. 9 | e63568 | p.1398https://formative.jmir.org/2025/1/e63568
(page number not for citation purposes)

Kwek et alJMIR FORMATIVE RESEARCH

XSL•FO
RenderX

https://europepmc.org/abstract/MED/10591279
https://europepmc.org/abstract/MED/10591279
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=10591279&dopt=Abstract
https://linkinghub.elsevier.com/retrieve/pii/S1532-0464(09)00096-3
http://dx.doi.org/10.1016/j.jbi.2009.07.002
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19615467&dopt=Abstract
http://dx.doi.org/10.1191/1478088706qp063oa
http://dx.doi.org/10.1007/s00426-013-0528-2
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24337971&dopt=Abstract
http://dx.doi.org/10.1080/13825585.2015.1083937
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26344033&dopt=Abstract
https://www.frontiersin.org/articles/10.3389/fnagi.2019.00116
https://www.frontiersin.org/articles/10.3389/fnagi.2019.00116
http://dx.doi.org/10.3389/fnagi.2019.00116
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31156422&dopt=Abstract
https://europepmc.org/abstract/MED/30160573
http://dx.doi.org/10.1177/0733464818794574
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30160573&dopt=Abstract
http://dx.doi.org/10.1145/97243.97281
http://dx.doi.org/10.1016/j.compedu.2013.02.019
https://europepmc.org/abstract/MED/33659232
http://dx.doi.org/10.3389/fpubh.2021.588590
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33659232&dopt=Abstract
http://dx.doi.org/10.1111/bjet.12864
http://dx.doi.org/10.1016/j.chb.2015.07.045
http://dx.doi.org/10.1177/0146167211427147
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22067510&dopt=Abstract
http://dx.doi.org/10.1145/1067343.1067372
http://dx.doi.org/10.1145/2992154.2992185
http://dx.doi.org/10.1016/j.entcom.2017.04.006
http://dx.doi.org/10.1080/07317115.2017.1322162
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28665775&dopt=Abstract
http://dx.doi.org/10.1016/j.apergo.2021.103381
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33578065&dopt=Abstract
https://www.imda.gov.sg/about-imda/research-and-statistics/digital-society
https://europepmc.org/abstract/MED/32672332
http://dx.doi.org/10.1093/geronb/gbaa098
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32672332&dopt=Abstract
https://comptroller.nyc.gov/reports/census-and-the-city/
https://comptroller.nyc.gov/reports/census-and-the-city/
http://dx.doi.org/10.1177/1555412015597108
http://www.w3.org/Style/XSL
http://www.renderx.com/


54. Landers RN, Bauer KN, Callan RC. Gamification of task performance with leaderboards: a goal setting experiment. Comput
Hum Behav 2017;71:508-515. [doi: 10.1016/j.chb.2015.08.008]

55. Hennessey B, Moran S, Altringer B, Amabile TM. Extrinsic and intrinsic motivation. Wiley Encyclopedia of Management.
2015. URL: https://onlinelibrary.wiley.com/doi/10.1002/9781118785317.weom110098 [accessed 2024-12-21]

56. Botvinick M, Ritter S, Wang JX, Kurth-Nelson Z, Blundell C, Hassabis D. Reinforcement learning, fast and slow. Trends
Cogn Sci 2019;23(5):408-422 [FREE Full text] [doi: 10.1016/j.tics.2019.02.006] [Medline: 31003893]

57. Botvinick M, Wang JX, Dabney W, Miller KJ, Kurth-Nelson Z. Deep reinforcement learning and its neuroscientific
implications. Neuron 2020;107(4):603-616 [FREE Full text] [doi: 10.1016/j.neuron.2020.06.014] [Medline: 32663439]

58. Lee ST, Dutta MJ, Lin J, Luk P, Kaur-Gill S. Trust ecologies and channel complementarity for information seeking in
cancer prevention. J Health Commun 2018;23(3):254-263. [doi: 10.1080/10810730.2018.1433253] [Medline: 29436966]

59. Lee VV, Vijayakumar S, Lau NY, Blasiak A, Siah KTH, Ho D. Understanding the user: patients' perception, needs, and
concerns of health apps for chronic constipation. Digit Health 2022;8 [FREE Full text] [doi: 10.1177/20552076221104673]
[Medline: 35663236]

60. Striley CW, Lloyd S, Varma D, Vaddiparti K, Cottler LB. 3487 trust in research among older adults. J. Clin. Trans. Sci
2019;3(s1):98-98. [doi: 10.1017/cts.2019.223]

Abbreviations
COREQ: Consolidated Criteria for Reporting Qualitative Studies
DTx: digital therapeutics
MATB: Multi-Attribute Task Battery
NASA: National Aeronautics and Space Administration
TAM: Technology Acceptance Model
USAF: United States Air Force

Edited by A Mavragani; submitted 17.07.24; peer-reviewed by N Buawangpong; comments to author 20.11.24; revised version received
04.12.24; accepted 09.12.24; published 13.01.25.

Please cite as:
Kwek SP, Leong QY, Lee VV, Lau NY, Vijayakumar S, Ng WY, Rai B, Raczkowska MN, Asplund CL, Remus A, Ho D
Exploring the General Acceptability and User Experience of a Digital Therapeutic for Cognitive Training in a Singaporean Older
Adult Population: Qualitative Study
JMIR Form Res 2025;9:e63568
URL: https://formative.jmir.org/2025/1/e63568 
doi:10.2196/63568
PMID:

©Siong Peng Kwek, Qiao Ying Leong, V Vien Lee, Ni Yin Lau, Smrithi Vijayakumar, Wei Ying Ng, Bina Rai, Marlena Natalia
Raczkowska, Christopher L Asplund, Alexandria Remus, Dean Ho. Originally published in JMIR Formative Research
(https://formative.jmir.org), 13.01.2025. This is an open-access article distributed under the terms of the Creative Commons
Attribution License (https://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution, and reproduction
in any medium, provided the original work, first published in JMIR Formative Research, is properly cited. The complete
bibliographic information, a link to the original publication on https://formative.jmir.org, as well as this copyright and license
information must be included.

JMIR Form Res 2025 | vol. 9 | e63568 | p.1399https://formative.jmir.org/2025/1/e63568
(page number not for citation purposes)

Kwek et alJMIR FORMATIVE RESEARCH

XSL•FO
RenderX

http://dx.doi.org/10.1016/j.chb.2015.08.008
https://onlinelibrary.wiley.com/doi/10.1002/9781118785317.weom110098
https://linkinghub.elsevier.com/retrieve/pii/S1364-6613(19)30061-0
http://dx.doi.org/10.1016/j.tics.2019.02.006
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31003893&dopt=Abstract
https://linkinghub.elsevier.com/retrieve/pii/S0896-6273(20)30468-2
http://dx.doi.org/10.1016/j.neuron.2020.06.014
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32663439&dopt=Abstract
http://dx.doi.org/10.1080/10810730.2018.1433253
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29436966&dopt=Abstract
https://journals.sagepub.com/doi/abs/10.1177/20552076221104673?url_ver=Z39.88-2003&rfr_id=ori:rid:crossref.org&rfr_dat=cr_pub  0pubmed
http://dx.doi.org/10.1177/20552076221104673
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35663236&dopt=Abstract
http://dx.doi.org/10.1017/cts.2019.223
https://formative.jmir.org/2025/1/e63568
http://dx.doi.org/10.2196/63568
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


Original Paper

A Proposed mHealth Intervention to Address Patient Barriers to
Colposcopy Attendance: Qualitative Interview Study of Clinic Staff
and Patient Perspectives

Jennifer R Hemler1,2, PhD; Rachel B Wagner3,4, MA; Brittany Sullivan2, MPH; Myneka Macenat5, MPH; Erin K

Tagai6, MPH, PhD; Jazmarie L Vega6, BA; Enrique Hernandez6, MD; Suzanne M Miller6, PhD; Kuang-Yi Wen7,

PhD; Charletta A Ayers8, MPH, MD; Mark H Einstein9, MD; Shawna V Hudson1,2,3, PhD; Racquel E Kohler3,4, MSPH,
PhD
1Department of Family Medicine and Community Health, Rutgers Robert Wood Johnson Medical School, New Brunswick, NJ, United States
2Center Advancing Research and Evaluation for Person-Centered Care, Rutgers Robert Wood Johnson Medical School, New Brunswick, NJ, United
States
3Center for Cancer Health Equity, Rutgers Cancer Institute, New Brunswick, NJ, United States
4School of Public Health, Rutgers University, Piscataway, NJ, United States
5Cancer Prevention and Outcomes Data Support, Rutgers Cancer Institute, New Brunswick, NJ, United States
6Cancer Prevention and Control, Fox Chase Cancer Center, Temple University Health System, Philadelphia, PA, United States
7Department of Medical Oncology, Thomas Jefferson University, Philadelphia, PA, United States
8Department of Obstetrics, Gynecology and Reproductive Sciences, Rutgers Robert Wood Johnson Medical School, New Brunswick, NJ, United States
9Department of Obstetrics & Gynecology and Women's Health, Montefiore Medical Center, Bronx, NY, United States

Corresponding Author:
Jennifer R Hemler, PhD
Department of Family Medicine and Community Health
Rutgers Robert Wood Johnson Medical School
303 George St.
Suite 301, Rm 305
New Brunswick, NJ, 08901
United States
Phone: 1 848 932 0209
Email: hemlerje@rwjms.rutgers.edu

Abstract

Background: Cervical cancer disparities persist among minoritized women due to infrequent screening and poor follow-up.
Structural and psychosocial barriers to following up with colposcopy are problematic for minoritized women. Evidence-based
interventions using patient navigation and tailored telephone counseling, including the Tailored Communication for Cervical
Cancer Risk (TC3), have modestly improved colposcopy attendance. However, the efficacious TC3 intervention is human
resource-intense and could have greater reach if adapted for mobile health, which increases convenience and access to health
information.

Objective: This study aimed to describe feedback from clinic staff members involved in colposcopy processes and patients
referred for colposcopy regarding adaptions to the TC3 phone-based intervention to text messaging, which addresses barriers
among those referred for colposcopy after abnormal screening results.

Methods: Semistructured depth qualitative interviews were conducted over Zoom [Zoom Communications, Inc] or telephone
with a purposive sample of 22 clinic staff members (including clinicians and support staff members) and 34 patients referred for
colposcopy from 3 academic obstetrics and gynecology (OB-GYN) clinics that serve predominantly low-income, minoritized
patients in different urban locations in New Jersey and Pennsylvania. Participants were asked about colposcopy attendance barriers
and perspectives on a proposed text message intervention to provide tailored education and support in the time between abnormal
cervical screening and colposcopy. The analytic team discussed interviews, wrote summaries, and consensus-coded transcripts,
analyzing output for emergent findings and crystallizing themes.
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Results: Clinic staff members and patients had mixed feelings about a text-only intervention. They overwhelmingly perceived
a need to provide patients with appointment reminders and information about abnormal cervical screening results and colposcopy
purpose and procedure. Both groups also thought messages emphasizing that human papillomavirus is common and cervical
cancer can be prevented with follow-up could enhance attendance. However, some had concerns about the privacy of text messages
and text fatigue. Both groups thought that talking to clinic staff members was needed in certain instances; they proposed connecting
patients experiencing complex psychosocial or structural barriers to staff members for additional information, psychological
support, and help with scheduling around work and finding childcare and transportation solutions. They also identified inadequate
scheduling and reminder systems as barriers. From this feedback, we revised our text message content and intervention design,
adding a health coaching component to support patients with complex barriers and concerns.

Conclusions: Clinic staff members and patient perspectives are critical for designing appropriate and relevant interventions.
These groups conveyed that text message-only interventions may be useful for patients with lesser barriers who may benefit from
reminders, basic educational information, and scheduling support. However, multimodal interventions may be necessary for
patients with complex barriers to colposcopy attendance, which we intend to evaluate in a subsequent trial.

(JMIR Form Res 2025;9:e55043)   doi:10.2196/55043

KEYWORDS

cervical cancer screening; colposcopy; HPV; human papillomavirus; mHealth; health communication; qualitative research; cancer
screening; cancer; cervical cancer; screening; women; clinic staff; barrier; messaging; privacy; text message; qualitative;
colposcopic; mhealth intervention; mobile phone

Introduction

Over the last few decades, the incidence of invasive cervical
cancer in the United States has decreased due to the high uptake
of preventive screening and access to human papillomavirus
(HPV) vaccination [1-3]. However, there are large and persistent
disparities in cervical cancer incidence [4,5] and mortality [6]
among minoritized populations [7-11]. Importantly, cancer cases
are higher among women living in socially deprived
communities (eg, high proportions living below poverty) with
high proportions of racial and ethnic minorities and historical
racial segregation [4,12,13]. There is variation in screening by
race and ethnicity, geography, and insurance [14-18], and low
follow-up after an abnormal test result, especially for Black and
Hispanic women [19-21]. Indeed, the majority of invasive
cervical cancer cases are diagnosed among women who have
never or rarely screened [8,22-24]. Guideline-concordant
screening has decreased over the last 2 decades, leaving many
women under-screened and at risk [25,26]. Poor follow-up
behaviors and barriers have also been documented among
women diagnosed with cancer [8,27].

Follow-up management for abnormal screening results among
minoritized groups is influenced by a myriad of barriers.
Patients’ low awareness or lack of knowledge [9,28-33], feelings
of anxiety [29,33], and fear of receiving a fatal cancer diagnosis
[31,34] are well-documented barriers to follow-up attendance.
Patient confusion after receiving and discussing abnormal
Papanicolaou or cotesting (ie, Papanicolaou and HPV tests)
results with providers is common [35,36]. Delays in results
delivery and challenges in appointment scheduling also
contribute to low follow-up. Structural barriers such as lack of
time, transportation, and childcare have also hindered
colposcopy attendance [30]. Neighborhood factors, specifically
living in more resource-deprived communities, and distance to
care also influence time to follow-up, receipt of treatment, and
ultimately outcomes, particularly among Black and Hispanic

women [13,37-39]. Addressing the multiple, complex barriers
to colposcopy remains critical to cervical cancer prevention.

Interventions using patient navigation [40,41] and tailored
telephone counseling [42-44] have modestly improved
colposcopy attendance. However, these human resource-intense
interventions may have greater reach if they are adapted for
new mobile health (mHealth) delivery platforms, which increase
convenience and access to health information through automated
direct communication [45,46]. Interventions using mHealth
strategies have improved other aspects of cervical cancer
prevention [47]. For example, online patient education tools
administered before appointments increased knowledge about
HPV or Papanicolaou testing and follow-up treatment [48,49].
In resource-limited settings, text messaging and app-based
interventions were acceptable reminders [50], with some
successfully increasing triage attendance [51,52] and others
reducing psychosocial barriers to recommended follow-up
[53-55]. However, many interventions have been developed
outside of the United States and use one-way text messages to
deliver cervical cancer screening results, which have not
improved follow-up [54,55]. These studies highlight the need
for additional features and content to address barriers and
promote attendance. The flexibility [56,57] and ease of tailoring
[58] interactive text messages have potential to increase an
intervention’s impact, but acceptability and appropriateness
must be evaluated for women referred for colposcopy.

Therefore, as part of a multisite effort to adapt an efficacious
phone-based counseling intervention, Tailored Communication
for Cervical Cancer Risk (TC3) [42,59], to be delivered through
preprogrammed text messages [60,61], we sought to incorporate
feedback from those engaged in colposcopy services—clinicians
and support staff members—and patients who had been referred
for colposcopy in clinics that serve minoritized populations. In
this manuscript, we report the major findings from interviews
where participants provided insight on critical barriers to
colposcopy attendance and feedback on the proposed SMS text
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message intervention, useful functions the intervention should
provide, and preferred delivery mode.

Methods

Intervention Adaptation
Our adapted intervention of the TC3 phone-based intervention,
“Health Enhancement Resource System to address urban,
cervical cancer disparities,” is a pilot SMS text message
intervention designed to deliver tailored educational and
counseling messages to women who were referred for
colposcopy after receiving abnormal cervical screening results.
In TC3, patients completed a telephone-based session with a
trained health educator. Using a computer-assisted telephone
interviewing system, the health educator asked the patient a
series of questions related to five Cognitive-Social Health
Information-Processing (C-SHIP)–informed topic areas: (1)
knowledge and perceptions of the implications of positive HPV
and abnormal Papanicolaou tests, cervical cancer, and
colposcopy; (2) expectancies and beliefs concerning colposcopy;
(3) interfering affect in relation to cancer and colposcopy; (4)
values and goals related to follow-up and physical well-being;
and (5) self-regulation in terms of overcoming and coping with
potential barriers to colposcopy attendance, including structural
barriers [43,62]. Based on patients’ responses, the
computer-assisted telephone interviewing system algorithm
gave the health educator a message to read to the patient for
each C-SHIP barrier. In the Health Enhancement Resource
System, patients awaiting colposcopy would receive a series of
preprogrammed text messages adapted for text message delivery
from TC3. For each domain, participants would receive a text
asking them to assess their knowledge, level of concern, or
perceived barrier, depending on the topic, on a 5-point scale.
Participants would receive an intervention text message tailored
to their response. For example, if expressing low knowledge or
high concern about the barrier, they would receive an
educational or counseling message; if expressing high
knowledge or low concern about the barrier, they would receive
an affirmation and move to the next text in the series.
Participants could potentially receive all texts within 1 texting
session or within a 2-week-long period before their colposcopy
appointment.

Study Design and Setting
Qualitative semistructured depth interviews developed within
a constructivist approach [63] were used to discuss facilitators
and barriers to colposcopy attendance and to elicit feedback
about the fit of the adapted text message intervention with clinic
staff members and patients. We developed different interview
guides for clinic staff members and patients, including additional
questions on the patient interview guide in relation to domains
of the C-SHIP model (Multimedia Appendix 1). The objectives
for both sets of interviews were to determine whether the
adapted intervention aligned with patients’ needs and
preferences and clinics’ communication and counseling
processes. For this study, we recruited a purposive sample of
clinic staff members, including physicians, and patients. We
asked participants about their perceptions and either personal
or known barriers to colposcopy attendance as well as their

thoughts about what would be useful in a text-based intervention
aiming to help patients attend their colposcopy appointments.
We included questions about demographics and social
characteristics. In addition, we asked patient participants pointed
questions about intervention modality preference, frequency,
and timing of receiving messages.

The study included 3 obstetrics and gynecology (OB-GYN) and
colposcopy clinics affiliated with 2 universities that serve
patients predominantly of low socioeconomic status and
minoritized groups in different urban locations in New Jersey
(Site A, clinics 1 and 2) and Pennsylvania (Site B, clinic 3).
The 3 clinics within the 2 sites were selected with the intent to
pilot the adapted text message intervention after receiving
feedback from this interview study. The clinics have similar
patient care management processes and perform similar rates
of screening and follow-up care, including colposcopy.

Participant Recruitment and Data Collection
Potential clinic staff member participants were referred to the
study team by a clinic contact, who sent the team a list of clinic
staff members involved in colposcopy services. At Site A, the
clinics also sent the team a list of patients screened for eligibility
and participation interest. Site B identified eligible patients
through the electronic medical records, reviewing patients
recently scheduled for colposcopy appointments. Clinic staff
members were eligible to participate in interviews if they played
a role in colposcopy services and were not a part of the research
team. Patients were eligible if they were 18-70 years old, owned
a cell phone with texting capability, and had received a
colposcopy referral in the past year (completing the colposcopy
was not a requirement). Patients were excluded if they were
pregnant at the time of recruitment, had a history of malignancy,
or had been diagnosed with invasive carcinoma of the cervix.
Both groups of participants needed to be able to consent to
participate. Site A participants were eligible if they spoke
English or Spanish, whereas Site B participants were eligible
if they spoke English.

A team of experienced health services researchers (JH, RB, BS,
MM, JV, and Nicole Hernandez) trained in qualitative methods
by a PhD health services researcher (JH and ET) and overseen
by the larger team of cancer prevention and control,
methodological, and clinical experts conducted qualitative
semistructured depth interviews from July 2021 through March
2022 at Site A and until January 2023 at Site B. The team made
up to 5 outreach attempts by phone and email to enroll potential
participants into the study and emailed potential participants
the study consent form to review ahead of the scheduled
interview. Researchers answered all participant questions before
asking participants for their consent. The trained researchers,
all female and one bilingual in English and Spanish, conducted
interviews in the participant’s preferred language. Interviews
were held over the telephone or via Zoom.

We received contact information for 50 eligible clinic staff
members (n=16 at Site A; n=34 at Site B) and 145 eligible
patient participants (n=29 at Site A; n=116 at Site B). Across
sites, we were unable to reach 17 clinic staff members and 61
patients within the prescribed number of attempts. A total of
39 patients declined and 4 dropped out of the study after
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providing consent. We were not able to schedule 4 clinic staff
members and 7 patient interviews within the immediate time
frame; saturation was achieved before being able to schedule
these few interviews. Across sites, we interviewed 22 clinic
staff members and 34 patients.

On average, clinician interviews were 53 minutes and patient
interviews were 45 minutes. All interviews were recorded,
professionally transcribed, translated from Spanish to English
if necessary, and deidentified.

Data Analysis
At each site, the same team of health services researchers who
conducted the interviews met routinely to discuss interviews
on a rolling basis, writing summaries and creating a matrix of
participant responses to C-SHIP–informed barriers and
perspectives on the content and mode of the proposed
intervention. From these materials, we created a codebook of a
priori and emergent topics. Interviews were concluded upon
reaching saturation at each site, which was determined upon
discussing interviews and finding that information aligned with
previous interviews and did not offer substantially different
perspectives. After this, the teams concretized the code book
and coded in pairs using Atlas.ti software (Lumivero; version
9) to reach consensus upon code application. Each site’s analytic
team discussed output and emergent themes with the larger
study team, which included clinicians and health services
researchers with expertise in cervical cancer prevention. The 2
sites compared and contrasted thematic findings, iterating
themes until reaching crystallization [63]. The authors referred
to the COREQ (Consolidated Criteria for Reporting Qualitative
Research) [64] in reporting this research.

Ethical Considerations
This study was approved by Rutgers University’s and Fox Chase
Cancer Center’s institutional review boards (Pro2020002750
and 21-1080, respectively). All participants provided informed
consent prior to being interviewed. Data were deidentified.
Participants were given a US $30 gift card for taking part in the
study.

Results

Sample Characteristics
The 22 clinic staff members interviewed across clinics and sites
were similar (Table 1). Most were physicians, female, and
non-Hispanic White. Clinic participants from Site A averaged
48 years of age; however, age was not assessed at Site B. Clinic
staff members from both sites reported serving various roles
related to colposcopy services; some physicians performed both
screening (ie, HPV and Papanicolaou tests) and colposcopies
while others primarily performed colposcopies in specialized
clinics or settings (ie, colposcopy clinic and gynecologic
oncology team). Support staff members typically scheduled
colposcopies for patients, while physicians or advanced practice
providers communicated with patients directly about their
colposcopy results and the next steps thereafter.

The 34 patients interviewed across the clinics were similar in
most regards. The majority were non-Hispanic Black, worked
full-time, and were single, divorced, or separated. We noted
variation among patients in terms of age and education across
the clinics. At Site A, Clinic 1, participants averaged 46 years
old and were more highly educated than the other 2 clinics.
Clinic 2 participants were younger on average than the other 2
clinics, averaging 32 years old; these participants completed
lower levels of education than the other 2 clinics. Site B, Clinic
3 participants averaged 41 years of age and varied across income
and education (Table 2).

All patient participants, from both sites and the 3 clinics, had
received an abnormal Papanicolaou test or positive HPV test
result and were referred for colposcopy in the past year. Half
were referred for their first colposcopy. All had smartphones
and reported using their cell phones for multiple activities, like
talking, texting, making appointments, using health and fitness
and other apps, and using social media. While all reported text
messaging as one of the main activities they did with their
phone, their estimated phone time varied widely.

Table 1. Obstetrics and gynecology (OB-GYN) and colposcopy clinic staff members’ demographics by participating sites.

Total (N=22)Site BSite ACharacteristics

Clinic 3 (n=9), n (%)Clinic 2 (n=5), n (%)Clinic 1 (n=8), n (%)

Race and ethnicity, n (%)

4 (18.2)2 (22.2)2 (40.0)0 (0)Non-Hispanic Black

13 (59.1)6 (66.7)2 (40.0)5 (62.5)Non-Hispanic White

2 (9.1)0 (0)0 (0)2 (25.0)Non-Hispanic Asian

2 (9.1)0 (0)1 (20.0)1 (12.5)Hispanic

1 (4.5)1 (10.1)0 (0)0 (0)More than one race

Job title, n (%)

15 (68.2)7 (77.8)3 (60.0)5 (62.5)Physician

3 (13.6)2 (22.2)0 (0)1 (12.5)Nurse

2 (9.1)0 (0)1 (20.0)1 (12.5)Advanced practice provider

2 (9.1)0 (0)1 (20.0)1 (12.5)Patient support
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Table 2. Demographic characteristics for patients referred for colposcopy at participating sites.

Total (N=34)Site BSite ACharacteristics

Clinic 3 (n=19)Clinic 2 (n=6)Clinic 1 (n=9)

40.88 (11.88)41.32 (10.06)31.67 (7.39)46.11 (15.01)Age (mean years, SD)

Race and ethnicity, n (%)

21 (61.8)14 (73.7)4 (66.6)3 (33.3)Non-Hispanic Black

5 (14.7)2 (10.5)1 (16.7)2 (22.2)Non-Hispanic White

2 (5.9)0 (0)0 (0)2 (22.2)Non-Hispanic Asian

5 (14.7)3 (18.8)1 (16.7)1 (11.1)Hispanic

1 (2.9)0 (0)0 (0)1 (11.1)More than one race

Marital status, n (%)

19 (55.9)13 (68.4)4 (66.6)2 (22.2)Single or never married

8 (23.5)2 (10.5)1 (16.7)5 (55.6)Married or living with partner

7 (20.6)4 (21.1)1 (16.7)2 (22.2)Divorced or separated or widowed

Employment status, n (%)

16 (47.0)9 (47.4)3 (50.0)4 (44.4)Employed full-time

5 (14.7)4 (21.0)1 (16.7)0 (0)Employed part-time

7 (20.6)4 (21.0)2 (33.3)1 (11.1)Unemployed

4 (11.8)2 (10.5)0 (0)2 (22.2)Disabled

2 (5.9)0 (0)0 (0)2 (22.2)Retired

Annual income, n (%)

6 (17.6)6 (31.6)0 (0)0 (0)US $15,000

10 (29.5)6 (31.6)4 (66.6)0 (0)US $15,001-US $30,000

15 (44.1)7 (36.8)2 (33.3)6 (66.7)>US $30,000

3 (8.8)0 (0)0 (0)3 (33.3)Don’t know or refused

Educational attainment, n (%)

2 (5.9)2 (10.6)0 (0)0 (0)Less than a high-school diploma

13 (38.2)8 (42.1)5 (83.3)0 (0)High-school diploma or equivalent

4 (11.8)4 (21.0)0 (0)0 (0)Some college

3 (8.8)3 (15.8)0 (0)0 (0)Vocational school

12 (35.3)2 (10.6)1 (16.7)9 (100)Bachelor’s degree or higher

17 (50.0)8 (42.1)4 (66.6)5 (55.6)Follow-up appointment is for patient’s first abnormal cervical test, n (%)

Qualitative Findings
Below, we highlight the critical feedback participants gave
regarding the text-based intervention. Clinicians and patients,
despite patients’ demographic differences across clinics, were
remarkably similar in their perspectives on the barriers they
thought women encounter in attending their colposcopy
appointments and in their thoughts on our proposed intervention
concept, including the types of messages we should include.
They had mixed preferences for the mode by which they thought
counseling and informational content should be delivered. We
report these themes and nuances below.

Address Variable Colposcopy Attendance Barriers
Clinic staff members and patients posited that women who do
not attend their colposcopy appointments experience variable
socioemotional and structural barriers (Table 3). They thought
fear of having a biopsy or being afraid of receiving cancerous
results prevented some women from attending appointments
but might compel other women to follow up. Many clinic staff
members stated that they thought patients would attend
appointments if they understood the importance of the procedure
in preventing cervical cancer. However, most of the patients
we interviewed attended their appointments without feeling
knowledgeable or prepared; they explained that they attended
appointments to lessen their fear and take care of their health.
Patients and clinic staff members acknowledged that structural
barriers were difficult for many women to overcome, especially
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inflexible or hourly work and lack of childcare, transportation,
or inadequate health insurance. They noted that clinics not
having evening or weekend appointment hours and needing
patients to schedule appointments several months ahead likely
increased the potential for patients not attending appointments.
In addition, clinic staff members admitted their scheduling
systems for making appointments were unnecessarily

cumbersome, especially when patients needed to call back after
receiving screening results rather than being able to schedule
their colposcopy appointment during the same call. Patients
thought being able to schedule through an automated online
system, like a portal or website, would be more efficient and
easier than having to call a scheduler, especially because they
could use automated systems after clinic hours.

Table 3. Clinic and patient perspectives on common colposcopy attendance barriers.

PatientsCliniciansTheme

They’re fearful that it could be cancer, so that’s why some
people say, oh, just let it be. . . . They don’t want to discover
that they have positive results. [Site A, Clinic 1, non-Hispanic
Asian, 66 years old]

Sometimes people are scared of the biopsies and sometimes
they don’t think that it’s [the colposcopy] necessary. [Site A,
Clinic 1, Clinician, non-Hispanic Asian, 43 years old]

Fear or avoidance

The childcare, because I’m a single mother and then I can’t
schedule it [at certain times]. . . . [In addition,] it takes me
an hour to drive to the hospital. [Site A, Clinic 2, non-Hispanic
White, 28 years old]

They face a lot of challenges and a lot of struggles, just being
able to get to their appointments . . . . They’re making sure
the appointment is going to be covered with their insurance.
. . or they don’t have insurance. . . . being able to take off of
work to come to clinic. [Site B, Clinic 3, Clinician, non-His-
panic White, age not assessed]

Structural barriers

I was literally on the phone with her for ten minutes . . . be-
tween my work schedule and then you can’t go there while
you’re having your period. And then I was also going on va-
cation. So really? I think we bounced between – I don’t know
– 10 different dates. [Site A, Clinic 1, non-Hispanic Black,
40 years old]

Part of it is that our schedules book out a little bit far. Our
colposcopy services, they’re only offered at certain time of
the day… scheduling can be important to our patients, espe-
cially ones who work non-traditional schedules. [Site B,
Clinic 3, Clinician, non-Hispanic Black, age not assessed]

Scheduling process

Provide Practical Health Information and Supportive
Messaging
All participants expressed a need for an intervention to provide
pragmatic, educational, and counseling messages during the
time between receipt of abnormal cervical screening results and
colposcopy appointments to help patients overcome

socioemotional and knowledge-based barriers to attendance.
They thought sending appointment reminders through text was
essential. They also suggested that sharing information with
patients that emphasized prevention, prepared patients for the
procedure, and reduced anxiety would be key to improving
colposcopy attendance (Table 4).

Table 4. Clinic and patient perspectives on the types of messages intervention should include.

PatientsClinic staff membersTheme

It’s sometimes unclear about when to follow up or if it’s
necessary . . . what I should do when I leave the doctor. .
. . I think it helps just to – yeah, just like as a reminder and
knowing more about what’s going on with your appoint-
ments. [Site A, Clinic 1, Biracial, non-Hispanic Black and
White, 27 years old]

I think our whole patient-reminder system, which is just a
phone call with a message left, is probably not the most
effective. . . . Text messages are better. . . . 99 percent of
the other appointments I go to, I get a text message that
says, “reply C to confirm. [Site A, Clinic 1, Clinician, non-
Hispanic White, 48 years old]

Provide patient appointment
reminders

I don’t know whether “cancer” will scare people off [but]
maybe if you have an abnormal Pap smear and then you
need a colposcopy maybe you need to tell them. You need
this because this is a test that allows us to detect whether
you have the beginnings, right. [Site A, Clinic 1, non-His-
panic Black, 63 years old]

But even if there was a short little thing … would help them
to understand why they need to go because I find that so
many of our patients . . . they, a lot of times, are like, “Oh,
I don’t know. I just got a call that I have this appointment.

[Site B, Clinician, Biracial, non-Hispanic White and Asian,
age not assessed]

Emphasize prevention

I had to look everything up on my own. . . . [S]ome people
might not even know where to start, or they may be too
nervous to look it up. So if it was right there or provided,
it may be a little easier. [Site B, Clinic 3, non-Hispanic
Black, 32 years old]

[A]ny reinforcement is excellent. . . . [A]s soon as you leave
the office, you realize that you’ve got a question that you
wanted to ask. And this may be something that helps. [Site
A, Clinic 2, Clinician, non-Hispanic Asian, 58 years old]

Reinforce information and
prepare patients

I was so afraid of that appointment. So having a way to
calm my nerves, to make me feel all right about the proce-
dure, that is 100% for me. [Site B, Clinic 3, Hispanic, 44
years old]

They’ve been anxious about all of these questions at home
[and] these [texts] can relieve that. . . . This is exactly what
we counsel them in the clinic…. [Site A, Clinic 1, Clinician,
non-Hispanic Asian, 38 years old]

Reduce anxiety and provide
support
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Provide Patient Appointment Reminders
When first asked about a potential text message intervention,
most participants, clinic staff members, and patients assumed
that the texts would be reminder texts. While clinics used patient
portals, none had a text messaging system and relied on phone
calls and letters to patients that clinic staff felt were “not the
most effective.” Clinic staff members thought text reminders
could alert patients to schedule childcare, find transportation or
make other arrangements that would help enable them to attend
their appointments. In addition, some patients noted that
reminders would be helpful for them to track follow-up needs.
Some said they were confused about when, if, and what kind
of follow-up appointment they needed. A text could help know
“when to follow-up or if it’s necessary . . . what I should do
when I leave the doctor. . . .”

Emphasize That Cervical Cancer Can Be Prevented
Clinic staff members and patients also agreed that focusing on
prevention and early detection was critical to increasing
colposcopy attendance. Multiple participants noted that receiving
text messages that explained why colposcopy was needed and
how the procedure would prevent cancer–“help them understand
‘why’ they need to go”–would increase the likelihood of making
an appointment. Clinic staff members and patients expressed
that the texts needed to strike a delicate balance, presenting an
adequate amount of information regarding cancer risk without
instilling fear or raising new concerns; as 1 patient said, “I don’t
know whether [using the word] ‘cancer’ will scare people
off…but maybe you need to tell them.” Clinic staff members
also suggested that messages could be an opportunity to promote
HPV vaccination for cancer prevention and should be included
in the intervention.

Reinforce Information Given by the Clinic and Prepare
Patients for the Procedure
Clinic staff members said that the proposed messaging aligned
with patients’ frequently asked questions and what they tell
patients. They thought redelivering this information was
important, as they believed patients did not retain information
about colposcopy when receiving their abnormal screening
results: “any reinforcement is excellent.” Patients said that texts
about what to expect at the visit, including how long the
procedure would take, if they would experience pain, and if
they would need assistance post procedure, would help patients
better prepare for the visit. Clinic staff members and patients
thought including postcolposcopy instructions, such as how
long to avoid sex if a biopsy is taken and the potential for light
spotting to occur, would be helpful in preparing patients. Some
patients wanted to know what follow-up plans could entail;
however, some clinic staff members thought the purpose of the
texts should be to encourage women to attend their immediate
appointment and thought that projecting too far into the future
would be too complicated and case-specific to capture in a brief
text.

Reduce Anxiety and Provide Support
Patients reported not receiving enough information when they
received their abnormal screening results and said that having

more information would have eased some of the anxiety they
felt while waiting for their colposcopy. They wanted information
from a trustworthy source, such as their health care provider’s
office, instead of having to search online, and they wanted
detailed information on types of HPV, HPV transmission, and
potential consequences of their abnormal screening results.
Younger women wanted information on fertility, especially.
Clinic staff members acknowledged that patients have
anxiety–“they’ve been anxious about all of these questions at
home”–and that the texts may help address that anxiety: “this
is exactly what we counsel them in the clinic.” However, while
some clinic staff members thought explaining some of these
topics over text might be too complex or not generalizable to
everyone receiving the texts, they agreed that explaining how
the HPV virus may lie dormant for years and therefore may not
be a direct result of a recent infidelity would help reduce the
stigma of sexually transmitted infections. Some patients thought
the intervention should include messages offering encouraging
words or affirmations, which would help reduce stress: “I was
so afraid… having a way to calm my nerves… that is 100% for
me.”

Enhance Text Messages With Additional Forms of
Information or Support
While clinic staff members and patients responded positively
to a patient-facing intervention that provided reminders, health
information, and supportive messages, they had mixed feelings
about a text-only intervention. Many in our sample preferred
texts because they wanted “very direct,” “short, quick pieces
of information”; they thought texts would help patients “know
quickly what [they] needed to do” (Table 5). Others liked the
idea of texts, but suggested texts be supplemented with
infographics and diagrams or links to credible websites where
more detailed information could be found. Both clinic staff
members and patients thought texts should provide a phone
number to a clinic contact in the event a patient had additional
questions and suggested linking patients to additional counseling
services or a support group should patients experience elevated
concern or distress. Some clinic staff members noted that
patients could call the clinic if they needed help with insurance
or transportation services, as well; some clinics have personnel
like social workers, patient navigators, or front desk staff
members who can work with patients to help them find a way
to attend their appointments.

Some participants raised concerns about text messages in terms
of fatigue and privacy. Some patients wanted the ability to opt
in or out of threads, and a few preferred to have information
sent by email or accessible through an app so they could peruse
the intervention information in one place at one time at their
convenience. Younger patients worried that someone else might
see a message notification containing sensitive information on
their phone screen. Clinic staff members worried about HIPAA
(Health Insurance Portability and Accountability Act) violations
or privacy and access issues for patients who shared phones
with relatives. Some staff members thought older patients would
not be as receptive to texts as younger patients, but we found
no evidence for this from older patients in our sample.
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Table 5. Clinic and patient preferences for mode of message delivery.

PatientsCliniciansTheme

Texts tend to be shorter so I guess I would choose text. It’s
easier to read and then if I needed to do something, the
message would be very direct so I would know quickly what
I needed to do. [Site B, Clinic 3, Non-Hispanic White, 37
years old]

I think texting is a really good way to get short, quick pieces
of information communicated. [Site A, Clinic 1, Clinician,
Non-Hispanic White, 48 years old]

Text messages

Oh, that would be great, reliable information. . . . If there’s
a link that can explain to you what’s happening and the
reason why it’s happening, that would be so helpful. [Site
B, Clinic 3, Hispanic, 44 years old]

Maybe text message ahead a link that you could click for
information or also if you had any questions. [Site A,
Clinic 2, Support Staffs, Non-Hispanic White, 46 years
old]

Texts plus links to additional
information

There’s some situations that text messages is not going to
work. . . . [If] you need some information, I can send you
something on text messages. You can read about it. [But]
If you have more doubts and you feel like you need some
support, I have a counselor that can assist you. . . . [Site
A, Clinic 1, Hispanic, 33 years old]

I think certain things might need clarification. I just find
that when I call patients . . . I don’t know how that would
translate through text. And I also wonder if it would feel a
little impersonal as a patient to get like counseling through
a text message. [Site A, Clinic 1, Support Staff, Hispanic,
31 years old]

Texts plus a person who can
counsel

Discussion

Principal Results
We conducted this study to elicit feedback from clinic staff
members and patients with colposcopy experience. Despite
differences in our sample between clinic locations, participant
roles, and patient age and educational characteristics,
participants overwhelmingly agreed that an intervention
providing colposcopy appointment reminders, abnormal
screening results and colposcopy procedure information, and
psychosocial and structural barriers counseling is needed for
patients awaiting colposcopy appointments. As noted in the
literature and echoed throughout this study, patients may
experience varied and often multiple barriers to attendance [30].
In our adapted SMS text message intervention, we proposed to
assess and address C-SHIP–related [62] barriers by providing
information and counseling texts related to barriers patients
endorse. This intervention has the potential to address many of
the patient needs participants discussed, which align with
C-SHIP constructs of knowledge and perception, expectancies
and beliefs, and interfering affect. In addition, although there
was interest in a text message intervention, participants
expressed that texts alone may not be sufficient for or desired
by all patients. Participants conveyed that patients who want
additional information or who need additional support in
overcoming barriers should be linked to counselors or other
resources to enhance the intervention’s potential to increase
patient attendance.

mHealth strategies have been successful in improving prevention
and health education among underserved minoritized
populations [65], the population experiencing the greatest
cervical cancer disparities. We heard from clinic staff members
that health education is critical for follow-up attendance [66].
Our proposed text intervention is foundational for activated
patients [67] who need basic information to assist in their
decision-making about their colposcopy appointment. In our
previous study, patients described being confused about the
meaning of their screening results and having limited knowledge
of HPV risk and colposcopy; seeking information on their own
often increased anxiety and confusion [36]. In this study, clinic

staff members reported that patients often do not absorb the
information provided at the time of abnormal screening results
delivery. Both patients and clinic staff members thought that
messaging to reinforce the commonality of abnormal results
but also the importance of colposcopy in cervical cancer
prevention would be critical for patients seeking information
to enhance their decision-making. Providing information of this
kind may help reduce anxiety and increase knowledge, leading
to increased colposcopy attendance for these types of patients.
However, similar to other studies noting privacy concerns [68],
the intervention messages will not contain patient information
about their specific screening results.

Our findings also suggested a need for additional communication
through other delivery modes for other kinds of patients. Texts
may be limited in their ability to engage and support all patients
and address all relevant topics. Participants acknowledged that
patients with more complex or numerous psychosocial [69] or
structural barriers [30] likely need additional support in
overcoming their attendance barriers than text messages can
provide. This group of patients would benefit from being
connected to a point person at the practice or a professional
counselor or support group, in addition to having the text
message serve as a primer. Some clinic staff members noted
that they can help connect patients to local resources for
structural barriers like transportation or childcare or help
navigate charity care or insurance needs. However, as staffing
resources vary by clinic, this solution may not be scalable.

Importantly, the barrier experienced most by the patients we
interviewed was scheduling, which is beyond the capacity of
our proposed intervention. Work and childcare conflicts make
scheduling difficult but having to schedule appointments months
out aggravates these and other challenges especially pertinent
to patients who have limited capacity to foresee or control their
futures [18,70]. Clinic scheduling systems themselves were
cumbersome for some patients. Including automated scheduling
in conjunction with text reminders may help patients attend
their follow-up appointments by reducing barriers to scheduling
[71]. Patient-centered scheduling systems are essential structural
elements that health systems can incorporate to improve
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appointment attendance in general and colposcopy appointments
specifically.

Future Research
Due to the strength and commonality of perspectives across
clinic staff members and patient groups, and additional
feasibility testing [61], the team expanded the intervention
design to include brief health coaching sessions over the phone.
Designing with efficiency and scalability in mind [72,73], this
additional intervention component will be reserved for patients
who experience complex barriers to attendance and missed
appointments. Health coaching interventions, which are
patient-centered and goal-focused, have improved health
outcomes by empowering patients to self-manage their health
or illness across multiple conditions and contexts [74-77]. The
purpose of these calls will be to assess barriers, guide patients
to existing resources, including connections to scheduling and
structural barrier supports, and help them make a plan to attend
the colposcopy appointment. The multimodal intervention will
be tested this year.

Limitations
This study had several limitations to consider. As mentioned
above, we interviewed patients referred for colposcopy, many
of whom had already attended a colposcopy appointment. The

patients and staff members we interviewed spoke about others
they knew and could imagine scenarios in which they themselves
would experience such barriers [42,60,78]. The small number
of patients we recruited who did not attend their appointments
(n=5) noted similar barriers and provided similar feedback on
how to improve the intervention. We anticipate health coaching
professionals may help this group address attendance barriers.
Also, we interviewed participants from 2 urban academic
OB-GYN sites that have support services like care coordinators
for their patients. As this was a purposive sample to gather
perspectives on our proposed intervention, we found these
perspectives helpful. However, our results may not be
generalizable to clinics and practices with lower attendance
rates and fewer supports for patients.

Conclusions
Clinic staff members and patient perspectives are critical for
designing appropriate and relevant interventions. These groups
conveyed that text message-only interventions are useful for
some patients but not for others. Multimodal interventions may
be necessary for patients with complex barriers to colposcopy
attendance, while patients with fewer barriers may benefit from
reminders, basic educational information, and scheduling
support.
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Abstract

Background: The potential of telehealth psychotherapy (ie, the online delivery of treatment via a video web-based platform)
is gaining increased attention. However, there is skepticism about its acceptance, safety, and efficacy for patients with high
emotional and behavioral dysregulation.

Objective: This study aims to provide initial effect size estimates of symptom change from pre- to post treatment, and the
acceptance and safety of telehealth dialectical behavior therapy (DBT) for individuals diagnosed with borderline personality
disorder (BPD).

Methods: A total of 39 individuals meeting the DSM-5 (Diagnostic and Statistical Manual of Mental Disorders [Fifth Edition])
criteria for BPD received 1 year of outpatient telehealth DBT at 3 sites in Germany and Canada. Effect size estimates were
assessed using pre-post measures of BPD symptoms, dissociation, and quality of life. Safety was evaluated by analyzing suicide
attempts and self-harm. Additionally, acceptance and feasibility, satisfaction with treatment, useability of the telehealth format,
and the quality of the therapeutic alliance were assessed from both therapists’ and patients’ perspectives. All analyses were
conducted on both the intention-to-treat (ITT) and according-to-protocol (ATP) samples.

Results: Analyses showed significant and large pre-post effect sizes for BPD symptoms (d=1.13 in the ITT sample and d=1.44
in the ATP sample; P<.001) and for quality of life (d=0.65 in the ITT sample and d=1.24 in the ATP sample). Dissociative
symptoms showed small to nonsignificant reductions. Self-harm behaviors decreased significantly from 80% to 28% of all patients
showing at least 1 self-harm behavior in the last 10 weeks (risk ratio 0.35). A high dropout rate of 38% was observed. One
low-lethality suicide attempt was reported. Acceptance, feasibility, and satisfaction measures were high, although therapists
reported only moderate useability of the telehealth format.
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Conclusions: Telehealth DBT for BPD showed large pre-post effect sizes for BPD symptoms and quality of life. While the
telehealth format appeared feasible and well-accepted, the dropout rate was relatively high. Future research should compare the
efficacy of telehealth DBT with in-person formats in randomized controlled trials. Overall, telehealth DBT might offer a potentially
effective alternative treatment option, enhancing treatment accessibility. However, strategies for decreasing drop-out should be
considered.

Trial Registration: German Clinical Trials Register DRKS00027824; https://drks.de/search/en/trial/DRKS00027824

(JMIR Form Res 2025;9:e66181)   doi:10.2196/66181

KEYWORDS

dialectical behavior therapy; borderline personality disorder; online psychotherapy; virtual psychotherapy; telehealth; personality
disorders; mental; psychotherapy; online; internet; telemedicine; psychiatry; psychiatric; acceptance

Introduction

Background
Borderline personality disorder (BPD) is a severe mental
disorder characterized by high instability in affect, identity, and
interpersonal relationships [1,2]. The prevalence of BPD is
estimated to be between 0.7% and 2.7% in community samples
[3,4] and between 11% and 35.6% in clinical samples [4]. BPD
is associated with significant health care use and costs, as well
as profound individual suffering and impaired quality of life
[5-7].

According to international guidelines [8,9], psychotherapy is
the first-line treatment for BPD. However, the complexity of
symptoms such as high levels of suicidality, and interpersonal
difficulties present challenges for psychological treatments
[10,11]. Dialectical behavior therapy (DBT) [12-14] is a
specialized treatment that was developed to support therapists
in dealing with the complex symptom constellations that
characterize BPD. DBT includes a dynamic hierarchy of
treatment foci and a large set of therapeutic strategies and
skills-based interventions to support individuals in building a
life worth living. DBT is a multimodal psychological treatment
that consists of individual and group therapy. A comprehensive
DBT treatment includes both individual and group sessions that
occur weekly over a 1-year period. DBT is an empirically
supported treatment that has a robust research base
demonstrating its efficacy in the treatment of BPD [15].

The Potential Benefit of Telehealth DBT for BPD
While there are effective psychological treatments for BPD,
DBT and other evidence-based treatments are difficult to access
[16,17]. One significant barrier to accessing DBT is that given
the complexity of the treatment (ie, its multiple components,
length, and team-based model) the treatment is often localized
in specialized treatment centers in urban settings; DBT-trained
therapists and comprehensive DBT treatment programs are often
not available for clients in remote or rural settings. This problem
is even more pronounced in developing countries or low- and
middle-income countries [18].

One solution for improving access to DBT is to expand the
delivery options of the treatment to include telehealth treatment
(ie, the online delivery of treatment via a video web-based
platform). Propelled in large part by the COVID-19 pandemic,
DBT practitioners around the world have already begun to shift

to the telehealth delivery of the treatment, with many clinicians
in both health care centers and in private practice currently
offering telehealth DBT [19-21]. However, concerns have been
raised regarding the efficacy, safety, and feasibility of
telehealth-delivered psychotherapy, especially for patients with
high levels of emotional and behavioral dysregulation. Although
research has started to explore the benefits, barriers, and
subjective experiences of clients and therapists engaged in
telehealth DBT in routine care, to date there are no rigorous
research trials that have examined the efficacy, safety,
acceptance, and feasibility of telehealth DBT [19-29].

Challenges of Telehealth Psychotherapy for BPD
Of particular concern is the limited ability of therapists to
effectively deal with crisis situations and suicidal behavior in
telehealth treatments [20,25,30]. Zalewski et al [28] conducted
a qualitative study that shed light on various telehealth treatment
challenges with patients with BPD, including patients missing
sessions, turning off their cameras prematurely, logging off
unexpectedly, or engaging in distracting behaviors like smoking
or drinking alcohol during telehealth group therapy sessions.
They also reported that some patients appeared dissociative
during group sessions. Dissociation poses a particular challenge
to the safety and efficacy of telehealth treatments for BPD.
Previous research has underscored how dissociative experiences
can lead to neurobiological alterations and impede emotional
learning, thereby hindering successful psychotherapeutic
outcomes [31-33]. Ideally, a therapist noticing dissociation
during a session would intervene and provide guidance on how
to use distress tolerance skills to decrease or interrupt
dissociation. However, implementing these skills often involves
strong sensory input or physical activity, which make be harder
to facilitate telehealth versus in-person. More research is needed
to investigate if and how dissociation and other
therapy-interfering behaviors can be managed in telehealth
treatments for BPD [34].

Another critical aspect of telehealth psychotherapy is the quality
of the therapeutic alliance [20]. The interpersonal difficulties
that are common in BPD, such as mistrust and rejection
sensitivity, can make it harder to develop a strong alliance [35].
Previous DBT research suggests that a weaker therapeutic
alliance is associated with higher therapy dropout rates [36] and
that alliance rupture and repair processes in the early stage of
treatment differ between recovered and unrecovered patients
with BPD [37]. There is an ongoing debate as to whether the
telehealth setting hampers the effective establishment of a
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therapeutic alliance and increases the likelihood of alliance
ruptures. While some studies show comparability between
telehealth and in-person treatment formats [38,39], others
suggest that telehealth therapies may be less conducive to
developing an alliance than in-person therapies. Despite the
pivotal role of the therapeutic alliance in DBT, at this point,
there is no conclusive evidence as to how well a therapeutic
alliance can be established and maintained in telehealth DBT.

Previous Research on Telehealth DBT
Two scoping reviews have been conducted to document the
research evidence associated with the online delivery of DBT
for individuals with BPD [24,40]. van Leeuwen et al [40]
conducted their review to document the research evidence
regarding the efficacy and clinical use of telepsychology in
DBT. The studies they included in their review were
heterogenous and ranged from the online delivery of treatment
(eg, telehealth defined as videoconferencing for individual and
group sessions, to the use of telephone coaching between
sessions, to the integration of mobile apps as stand-alone or
hybrid interventions, to the integration of virtual reality elements
in treatment). Overall, they included 41 studies; however, only
2 of these trials investigated telehealth DBT applied by therapists
via videoconferencing systems for patients with BPD
specifically [41,42]. In a second review, Lakeman et al [24]
similarly reviewed the online delivery of DBT for a range of
different mental disorders. They showed that attendance tended
to be higher in telehealth format and clinical improvements
were comparable to in-person formats. However, many of the
original trials also highlighted challenges related to risk
management, therapist preparedness, and technical difficulties.
The authors concluded that despite various challenges, the
telehealth delivery of DBT programs is more accessible and
feasible and equally acceptable, safe, and effective as the
in-person delivery. However, of the 11 trials included in this
review, only 1 trial was conducted with patients with BPD [43],
therefore it remains unclear whether their conclusions can be
generalized to BPD-specific populations.

While the aforementioned results suggest the telehealth delivery
of DBT may be promising, a closer look into the primary studies
included in the 2 reviews reveals a number of limitations that
impact the conclusions we can draw from them. For example,
Lopez et al [41] conducted a nonrandomized trial comparing
attendance, client satisfaction, and group cohesion measures in
a telehealth DBT skills group (n=20) compared to an in-person
skills group (n=15). They found that attendance rates were
significantly higher in the telehealth format (91% vs 75%),
though there were no significant differences in satisfaction
between the groups. Cohesion measures between group members
and their therapists showed no differences, although cohesion
between group members was significantly higher in the
in-person group. Additionally, clients were not randomized but
instead allowed to select their preferred group format. Finally,
their study did not report on clinical outcomes related to
borderline symptoms, which means we cannot compare the
clinical effectiveness of the 2 treatment formats on this domain.

Salamin et al [42] analyzed diary card data of 7 patients with
BPD within a treatment that had to be shifted from in-person

to telehealth format due to the COVID-19 pandemic. In the first
8 weeks of treatment, patients received weekly in-person
individual sessions as well as group sessions. Due to COVID-19
restrictions, treatment shifted to telehealth, and patients received
weekly individual sessions by telephone or videoconferencing
and group therapy was replaced with personal coaching. Weekly
monitoring of problem behaviors showed a decrease in
binge-eating behaviors and a trend toward a decrease in alcohol
consumption following the shift to telehealth treatment. Results
also indicated that while clients reported a decrease in feelings
of shame or guilt, fear and tension following the move to a
telehealth format, their general level of distress increased. Given
the small sample size and lack of a control group, as well as the
significant confound of the start of the COVID-19 pandemic
that spurred the change in format to begin with, results from
this study cannot reliably be attributed to the treatment or
delivery format.

Alavi et al [43] investigated the effectiveness of an email-based
DBT intervention compared to an in-person DBT skills group
in 107 patients with BPD. While there were no significant
differences between the treatment formats, these findings must
be interpreted with caution: the DBT intervention consisted of
only 15 sessions, and less than 50% of patients in either group
completed treatment and were included in the analysis.

In summary, there is limited evidence regarding the feasibility
and effectiveness of telehealth comprehensive DBT.

Objective of This Study
In this study, we aimed to investigate the acceptance, safety,
and effect sizes of a 1-year comprehensive outpatient DBT
program delivered telehealth for individuals with BPD within
a controlled research setting. We were interested in the effect
sizes for BPD symptoms and quality of life, and whether
self-harm and dissociative symptoms could be targeted and
effectively managed in a telehealth setting. To understand the
acceptability and feasibility of telehealth DBT, we collected
clients’ and therapists’perspectives on the delivery of telehealth
treatment. Finally, to determine whether a strong therapeutic
relationship could be established in a telehealth treatment, we
measured both therapists’ and clients’ ratings of the quality of
the alliance throughout treatment.

Methods

Study Design
The data originate from a pilot psychotherapy trial comparing
2 different forms of DBT (standard DBT and trauma-focused
DBT) within a telehealth setting. This pilot trial was designed
to test the feasibility, safety, and acceptance of telehealth DBT
and to prepare for a larger randomized controlled trial (RCT)
of trauma-focused DBT. In order to ensure comparability with
existing studies in the field, we chose to solely analyze the study
arm that delivered telehealth standard (comprehensive) DBT,
as developed by Marsha Linehan [12-14]. The study was
conducted across 2 sites in Germany (Mannheim and Bochum)
and 1 site in Canada (Toronto) between February 2022 and June
2023. The pilot study was registered in the German Clinical
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Trials Register (DRKS00027824) and received approval from
the respective ethical review boards at each participating site.

Intervention and Treatment
Participants received a 12-month outpatient standard DBT
intervention, which comprised weekly individual therapy
sessions (each lasting 50 minutes) and weekly group sessions
(each lasting 100 minutes). All individual and group sessions
were delivered via telehealth using videoconferencing platforms.
The treatment was based on Marsha Linehan DBT treatment
manual [13,14]. The group therapy focused on skill-building in
mindfulness, distress tolerance, emotion regulation, and
interpersonal effectiveness. Individual session agendas were
informed by a review of clients’ diary cards. All skills were
taught twice (ie, 2 rounds of a 20-session curriculum). In
individual therapy, treatment targets were prioritized based on
the dynamic hierarchy focus of DBT that addresses
life-threatening behavior, therapy-interfering behavior, and
quality-of-life-interfering behavior, as needed. After completing
the 12-month therapy period, clients were offered up to 5 booster
sessions, which could be scheduled flexibly within the 6 months
following treatment termination. Treatment was considered
concluded once the booster sessions were finished. No specific
adjustments were made to the treatment content to accommodate
the telehealth format. However, patients completed their diary
cards electronically via an app on their personal smartphones
to facilitate diary card review. Participants who missed 4
consecutive weeks of individual therapy were categorized as
treatment dropouts. Completion according to protocol (ATP)
was defined as attending a minimum of 32 individual sessions,
which equaled 80% of the expected dosage. All therapists (n=16)
were trained in DBT with at least 2 days of theoretical DBT
training completed at the beginning of the study (mean 4.7, SD
2.2 days), and at least half a year of clinical DBT experience
(mean 3.6, SD 3.4 years). All therapists participated in a DBT
consultation team to guide the treatment, which occurred on a
weekly basis, consisting of 1.5-hour sessions per week.

Participants
Participants were recruited from outpatient clinic waiting lists
in Mannheim, Bochum, and Toronto, as well as through
advertisements and therapist referrals. Inclusion criteria were
individuals aged 18-65 years with a diagnosis of BPD, and
meeting at least 5 of 9 criteria outlined in the DSM-5 (Diagnostic
and Statistical Manual of Mental Disorders [Fifth Edition]).
Additionally, participants needed to commit to 1 year of
outpatient treatment and be willing to engage in telehealth
therapy (with internet-enabled devices provided to participants,
if needed). Proficiency in English (for the Toronto site) or
German (for the Mannheim and Bochum sites) and written
informed consent were further prerequisites for participation.
Exclusion criteria represented symptoms that indicated a
different treatment model or setting was likely needed, such as
a lifetime diagnosis of schizophrenia, bipolar I disorder,
intellectual disability (IQ<70), posttraumatic stress disorder
(PTSD), a BMI below 17.5, severe substance use disorder
according to DSM-5 requiring medical withdrawal support, and
dementia. Additionally, individuals with more than 8 weeks of
DBT in the preceding year were excluded.

As depicted in the flowchart (Figure 1), 258 individuals
underwent telephone screening for eligibility, with 126
undergoing full assessment. Ultimately, 81 (64%) individuals
met the inclusion or exclusion criteria and were randomized to
receive either standard DBT treatment (n=39; 48%) or a newly
adapted DBT treatment (trauma-focused DBT; n=42, 52%). As
this study only analyzed acceptance, safety, and effect sizes for
standard telehealth DBT, our final sample comprised 39
participants enrolled in the 1-year telehealth standard DBT
program. Among these, 15 (38%) individuals discontinued
treatment and were classified as dropouts. One client ended the
treatment as an early responder. Additionally, 12 (31%)
participants did not provide assessments postintervention and
were excluded from the analysis ATP. Consequently, 18 (46%)
participants were included in the ATP analysis post intervention.
The intent-to-treat (ITT) sample comprised all 39 participants
who were randomly assigned to telehealth standard DBT.
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Figure 1. The flowchart shows the progression of participants throughout the study. ATP: according to protocol; BPD: borderline personality disorder;
DBT: dialectical behavior therapy; ITT: intention-to-treat.

Measures

Primary Clinical Outcome

Borderline Symptom List-23

The Borderline Symptom List-23 (BSL-23) [44] was used to
assess the borderline symptoms of participants throughout the
trial. This self-report instrument comprises 23 items assessing

borderline-typical symptoms on a 5-point Likert Scale, ranging
from 0=not at all to 4=very strong. Widely used, the BSL-23
has demonstrated good psychometric properties [44,45]. In our
sample, Cronbach α for the BSL-23 was 0.92. Assessment points
included pre- and postintervention points, as well as every 3
months during the treatment period.
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Secondary Clinical Outcomes

Deliberate Self-Harm Inventory

The Deliberate Self-Harm Inventory (DSHI) [46] is a self-report
questionnaire designed to assess nonsuicidal self-injuries
(NSSIs). Comprising 17 items, the DSHI captures data on the
frequency, severity, duration, and type of self-harm behaviors.
This instrument was administered both before and post
intervention, as well as every 3 months during the treatment
phase. In these analyses, we used the frequency score of the
DSHI to determine the proportion of clients showing any NSSI
in the last 10 weeks.

Dissociative Symptom Scale

The Dissociative Symptom Scale (DSS) [47] is a 20-item
self-report questionnaire aimed at assessing dissociative
symptoms. Participants are asked how often they have
experienced dissociative symptoms over the last week ranging
from 0=not at all to 4=more than once a day. It consists of 4
dimensions: depersonalization, derealization, gaps in awareness
or memory, and dissociative reexperiencing. Since we were
interested in the effect sizes on dissociative symptoms as a
secondary outcome, we analyzed a global mean of the DSS
across all dimensions. The DSS was administered before and
post interventions as well as every 3 months during treatment.

Feasibility and Acceptability Outcomes

Acceptability of Intervention Measure

The Acceptability of Intervention Measure (AIM) [48] is a
15-item scale designed to assess therapists’ perspectives on the
acceptability, feasibility, and appropriateness of the delivered
treatment. Widely used in implementation research, AIM has
exhibited robust psychometric properties across various studies
[48]. In our sample, intercorrelations between dimensions ranged
from r=0.81 to 0.90. Therefore, we computed a mean score by
combining the 3 dimensions for analysis. Administration
occurred after 6 months of treatment and post intervention.

Client Satisfaction Questionnaire

The Client Satisfaction Questionnaire (CSQ-8) [49] is an 8-item
scale that measures the client’s satisfaction with the treatment
and treatment provider on a 4-point Likert scale. The CSQ-8
was administered after 6 months of treatment as well as post
intervention.

Usability of Technology

The unified theory of acceptance and use of technology
(UTAUT) [50] assesses acceptance toward digital health care
interventions based on the UTAUT framework. The
questionnaire consists of 20 items assessing behavioral intention
(4 items), performance expectancy (3 items), effort expectancy
(3 items), social influence (2 items), facilitating conditions (2
items), internet anxiety (3 items), and experience with the
internet (3 items) on a 5-point Likert scale ranging from 0=not
at all to 4=very strong. We adapted items to also assess their
usability throughout the treatment. The UTAUT was
administered before and post interventions as well as at 6 months
(midtreatment). Intercorrelations between dimensions ranged
from r=0.80 to 0.91. Consequently, we computed a mean score
to combine dimensions for analysis.

Severe Adverse Events

Severe adverse events (SAEs) were defined in accordance with
the guidelines of good clinical practice. They encompassed
suicide attempts or other events leading to death or posing an
acute threat to life, where the study participant is in imminent
danger of death at the time of the SAE. Therapists were queried
weekly regarding the occurrence of potential SAEs. In the event
of an SAE, therapists provided additional details to assess its
intensity, outcome, and relationship to psychotherapeutic
treatment. For safety purposes, all observed SAEs were promptly
reported to the responsible ethics committee at the respective
study site.

Working Alliance Inventory

The Working Alliance Inventory (WAI) [51] was used to assess
the therapeutic alliance from both therapists’ and clients’
perspectives. The scale comprises 12 items assessing the
therapeutic alliance on 3 dimensions: bonding, agreement on
tasks, and agreement on goals. Therapists and their clients rate
these items on a 7-point Likert scale ranging from 1=never to
7=always. Each therapist received separate questionnaires for
each of their clients if they treated more than 1 client. The WAI
was administered every 3 months during the treatment period.
In our sample, intercorrelations between dimensions ranged
from r=0.81 to 0.87 on the client level and from r=0.80 to 0.90
on the therapist level. Consequently, we computed a mean score
to combine the 3 dimensions for analysis.

Statistical Analyses
To determine treatment effects, we analyzed BPD symptoms
on the BSL-23 as the primary outcome. As secondary outcomes,
we analyzed the quality of life, dissociation, and self-harm of
participants throughout the treatment. Given the nonlinearity
of treatment effects over time, we used a nonparametric
Friedman test to assess differences among repeated measures.
The Friedman test is robust and capable of handling nonnormal
distributions and outliers. Effect sizes for pre-post comparisons
for each outcome were analyzed using Cohen d, providing
insights into the magnitude of treatment effects. We also
calculated 95% CIs to test the robustness of effect size estimates.
To compare the proportion of patients showing at least 1 NSSI
in the last 10 weeks between pre- and posttreatments, we
calculated risk ratio (RR) according to Altman [52] with the
following equation, where a represented the number of patients
with at least 1 NSSI at postintervention, b represented the
number of patients without NSSI at postintervention, c
represented the number of patients with at least 1 NSSI at
preintervention, and d represented the number of patients
without self-harm at preintervention.

To assess the safety of the telehealth trial, we examined SAEs
(eg, serious and life-threatening suicide attempts) throughout
the study, NSSI as well as individual symptom trajectories of
clients on the BSL-23 to identify potential symptom
deterioration throughout the treatment.

To evaluate the feasibility and acceptance of the telehealth trial,
we conducted descriptive analyses of the client and therapist

JMIR Form Res 2025 | vol. 9 | e66181 | p.1419https://formative.jmir.org/2025/1/e66181
(page number not for citation purposes)

Vonderlin et alJMIR FORMATIVE RESEARCH

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


feasibility and acceptance measures, as well as client and
therapist ratings of the therapeutic alliance.

To analyze the intention-to-treat (ITT) sample, including all
participants who had been randomized to the treatment, we
imputed missing data by multiple imputation procedures [53].
Multiple imputation was based on the scale-level values of other
assessment points and the dropout status (yes or no) to impute
missing data. Since the missing pattern was not monotone, the
Markov Chain Monte Carlo method [54] was used. Multiple
imputation was based on the SAS (version 9.4; SAS Institute)
multiple imputation procedures (1000 runs) and MIANALYZE.
P values<.05 (2-tailed) were considered statistically significant.

Ethical Considerations
This study protocol was reviewed and approved by the
applicable ethics committees at each study center, Medical
Faculty Mannheim at Heidelberg University in Mannheim of
the leading committee for all German sites including Ruhr
University Bochum (2021-628-MA), and Center for Addiction
and Mental Health, Toronto, Ontario, Canada (023-2023). A
written informed consent was obtained from all participants in

the study. At the start of the trial, all participants were assigned
a randomly generated study code, ensuring that all data were
processed and analyzed in a pseudonymized format. Participants
did not receive financial compensation for data assessments
conducted during the treatment. However, those who
discontinued the treatment prematurely were compensated €20
(US $21) for each subsequent assessment time point. At the
Canadian study site in Toronto, all clients received CAD $15
(US $10.5) per assessment hour.

Results

Participants
The mean age of participants was 31.1 (SD 10.6) years, with
76.9% (n=30) born female. On average, participants met 6.18
(SD 1.07) criteria for BPD according to DSM-5. Additionally,
74.4% of participants had a comorbid affective disorder, 53.8%
had a comorbid anxiety disorder, and 23.1% (n=9) had a
comorbid eating disorder. Psychotropic medication was received
by 97.5% of clients. Table 1 presents the demographic
characteristics of the sample.

JMIR Form Res 2025 | vol. 9 | e66181 | p.1420https://formative.jmir.org/2025/1/e66181
(page number not for citation purposes)

Vonderlin et alJMIR FORMATIVE RESEARCH

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


Table 1. Demographic and clinical characteristics of participants.

Full SampleBaseline characteristics

RangeValues

19-5831.1 (10.6)Age (years), mean (SD)

N/Aa30 (76.9)Sex (female), n (%)

Highest educational level, n (%)

N/A0 (0)No graduation

N/A6 (15.4)Lower secondary school (hauptschule)

N/A11 (28.2)Intermediate secondary school (realschule)

N/A13 (33.3)Higher secondary school (abitur)

N/A9 (23)University or postgraduate degree

Marital status, n (%)

N/A26 (66.7)Single

N/A8 (20.5)Married or partnered

N/A5 (12.8)Divorced or widowed

Employment, n (%)

N/A5 (12.8)Unemployed

N/A4 (10.3)Student

N/A28 (71.8)Employed

N/A2 (5.1)Otherb

5-86.18 (1.07)BPDc criteria (IPDEd), mean (SD)

Comorbiditiese, n (%)

N/A29 (74.4)Affective disorders

N/A18 (46.2)Anxiety disorders

N/A9 (23.1)Eating disorders

N/A5 (12.8)Obsessive compulsive disorder

Psychotropic medications, n (%)

N/A31 (79.5)Any psychotropic medication

N/A22 (56.4)Antidepressants

N/A14 (35.9)Neuroleptics

N/A1 (2.6)Mood stabilizers

N/A2 (5.1)Benzodiazepines

N/A16 (41)Others

N/A21 (54)1 and more suicide attempt (lifetime), n (%)

N/A31 (80)1 and more nonsuicidal self-injury in the last month, n (%)

aN/A: not applicable.
bn=1 identified as part-time student, n=1 reported current reintegration in the labor market.
cBPD: borderline personality disorder.
dIPDE: International Personality Disorder Examination.
eComorbidities were categorized as follows: affective disorders (depressive disorder and bipolar II disorder); anxiety disorders (panic disorder,
agoraphobia, social anxiety disorder and generalized anxiety disorder); and eating disorders (anorexia, bulimia, and binge eating).

Effect Size Estimations
The effect size estimations revealed a significant decrease in
BPD symptoms (BSL-23), our primary outcome, with large

effect sizes observed in both the ATP (χ²4=24.9; P<.001;
d=1.44) and the ITT sample (χ²4=38.8; P<.001; d=1.04; Figure
2). As illustrated in Figure 3, the most substantial reduction in
BPD symptoms occurred within the first 3 months of treatment,
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with a further albeit smaller decrease observed throughout the
remainder of the treatment period. Post–BSL-23 scores were a
mean 0.91 (SD 0.60) in the ATP sample and a mean 1.20 (SD

0.65) in the ITT sample, indicating mild BPD symptoms in the
ATP sample and moderate BPD symptoms in the ITT sample
after treatment, respectively.

Figure 2. Course of borderline symptoms as the primary outcome in the ITT sample (n=39) as well as the ATP sample (n=18). Error bars represent
95% CIs using the bootstrapping method. ATP: according to protocol; BSL: Borderline Symptom List; ITT: intention-to-treat.

Figure 3. Individual data of participants’ borderline symptoms over the course of the whole treatment. BSL: Borderline Symptom List-23.

Dissociative symptoms exhibited a small, but significant decline
in the ATP (χ²4=11.1; P=.02; d=0.37) and ITT samples
(χ²4=12.3; P=.02; d=0.45) with clients reporting fewer
dissociative symptoms throughout the treatment course.
However, all 95% CIs of dissociation effect sizes included zero.
Self-harm (DSHI scores) significantly decreased over the course
of treatment, with 80% of clients engaging in at least 1 self-harm
event in the last 10 weeks before treatment compared to 28%
after treatment (χ²4=16.60; P<.001; RR 0.35).

The significant reduction in clinical symptoms was mirrored
by an increase in quality of life, displaying a large effect size
in the ATP (χ²4=14.5; P<.001; d=1.24) and a medium effect
size in the ITT sample (χ²4= 31.0; P<.001; d=0.65). The pre-post
changes of borderline symptoms and quality of life were
significantly intercorrelated by r=–0.55 (t37=–4.04; P<.001).
Detailed results are presented in Table 2.
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Table 2. Mean, SD, Friedman Test, and effect size statistics for study variables for ITTa and ATPb samplesc.

Effect size d
(pre-post
95% CI)

Friedman test12 months,
mean (SD)

9 months,
mean (SD)

6 months,
mean (SD)

3 months,
mean (SD)

Baseline,
mean (SD)

Variable

P valueChi-square
(df) 

Effectiveness measures

ITT (n=39)

1.13 (0.64-
1.61)

<.00138.8 (4)1.20 (0.65)1.57 (0.86)1.54 (0.84)1.59 (0.78)2.00 (0.76)Borderline symptoms (BSL-

23d)

0.65 (1.12-
0.19)

<.00131.0 (4)1.93 (0.76)1.71 (0.67)2.01 (0.74)1.83 (0.55)1.48 (0.60)Quality of life (ReQoLe)

0.45 (–0.01
to 0.90)

.01512.3 (4)0.65 (0.55)0.79 (0.44)0.80 (0.68)0.81 (0.59)0.91 (0.61)Dissociation (DSSf)

Per Protocol (ATP; n=18)

1.44 (0.70-
2.17)

<.00124.9 (4)0.91 (0.60)1.22 (0.87)1.47 (0.96)1.38 (0.80)1.98 (0.85)Borderline symptoms (BSL-
23)

1.24 (0.64-
1.61)

<.00114.5 (4)2.33 (0.68)2.05 (0.65)2.15 (0.81)1.93 (0.48)1.55 (0.58)Quality of life (ReQoL)

0.37 (–0.29
to 1.04)

.02311.1 (4)0.72 (0.75)0.68 (0.50)0.88 (0.86)0.83 (0.64)0.99 (0.67)Dissociation (DSS)

0.35 (RRi)<.00116.6 (4)0.28 (0.46)0.42 (0.50)0.40 (0.50)0.68 (0.48)0.80 (0.41)NSSIg (%; DSHIh)

Acceptance Measures

Client measures

———3.40 (0.74)—3.33 (0.54)——kClient satisfaction (1-4; CSQj)

———3.13 (0.67)—2.83 (0.72)—2.81 (0.59)Useability of technology (0-

4; UTAUTl)

————5.65 (1.28)5.89 (0.75)5.52 (1.08)—Therapeutic alliance (1-7;

WAIm)

Therapist measures

———4.53 (0.61)—4.21 (0.74)——Acceptance (1-5; AIMn)

———2.57 (0.71)———2.48 (0.84)Useability of technology (0-
4; UTAUT)

————5.40 (0.88)5.30 (0.99)5.24 (0.98)—Therapeutic alliance (1-7;
WAI)

aITT: intention-to-treat.
bATP: according-to-protocol.
cEffect Sizes for continuous data were calculated using Cohen d. Effect sizes for categorical data (ie, NSSI) were calculated using risk ratio estimates.
dBSL-23: Borderline Symptom List-23.
eReQoL: recovering quality of life.
fDSS: Dissociative Symptom Scale.
gNSSI: nonsuicidal self-injury.
hDSHI: Deliberate Self-Harm Inventory.
iRR: risk ratio
jCSQ: Client Satisfaction Questionnaire.
kNot applicable because variable was not assessed at this time-point
lUTAUT: unified theory of acceptance and use of technology.
mWAI: Working Alliance Inventory.
nAIM: Acceptability of Intervention Measure.
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Safety
During the course of treatment, 1 SAE was recorded. One patient
was hospitalized following a suicide attempt involving an
overdose in week 12 of treatment. The therapist rated this SAE
as moderate and potentially linked to the psychotherapeutic
treatment. In addition, individual patient trajectories in BPD
symptoms were observed graphically for safety assessment, as
illustrated in Figure 3. The majority of clients demonstrated a
consistent decrease in BPD symptoms throughout the treatment
duration.

Acceptance, Feasibility, and Usability of Telehealth
Treatment
The results regarding the acceptance and feasibility of clients
are summarized in Table 2 and depicted in Multimedia Appendix
1. Clients reported high levels of satisfaction with the treatment.
97% (29/30) of clients reported high satisfaction with telehealth
DBT treatment midway through therapy (mean 3.33, SD 0.54
on the CSQ-8) and 87% (20/23) reported high satisfaction at
the end of treatment (mean 3.40, SD 0.74). Prior to treatment,
69% (27/39) of clients anticipated that the telehealth format
would be very or mostly usable for receiving DBT treatment
(mean 2.81, SD 0.59 on the UTAUT). This percentage increased
slightly during treatment to 77% (23/30) at midtherapy (mean
2.83, SD 0.72) and further to 83% (19/23) at the end of treatment
(mean 3.13, SD 0.67).

The results regarding the acceptance and feasibility of therapists
are summarized in Table 2 and depicted in Multimedia Appendix
2. From therapists' perspective, 86% (12/14) found the telehealth
DBT treatment to be very acceptable, feasible, and appropriate
for their clients (mean 4.21, SD 0.74 on the AIM). This
percentage rose to 91% (10/11) after the completion of treatment
(mean 4.53, SD 0.61). Prior to treatment, 53% (8/15) of
therapists anticipated that the telehealth format would be very
much or mostly usable for delivering DBT treatment (mean
2.48, SD 0.84 on the UTAUT). However, this percentage
slightly decreased during treatment to 45% (5/11), with
therapists rating the telehealth format as very or mostly usable
for delivering DBT after treatment (mean 2.57, SD 0.71).

Therapeutic Alliance
The therapeutic alliance, as assessed by both clients and
therapists, is summarized in Table 2 and depicted in Multimedia
Appendix 1 for clients and Multimedia Appendix 2 for
therapists. From the client perspective, 82% (28/34) reported
experiencing a (very) high affective bond with their therapists
and demonstrated (very) high agreement on treatment-related
tasks and goals (mean 5.52, SD 1.08 on the WAI). This
percentage increased to 96% (27/28) at midtherapy (mean 5.89,
SD 0.75) before slightly decreasing to 84% at 9 months into
treatment (mean 5.65, SD 1.28).

Similarly, therapist perspectives revealed that 80% (28/25)
reported a (very) high affective bond with their clients and rated
(very) high agreement on treatment-related tasks and goals
(mean 5.24, SD 0.98 on the WAI). This percentage increased
slightly to 87% (16/19) at midtherapy (mean 5.30, SD 0.99)
before decreasing slightly to 84% (21/25) at 9 months into
treatment (mean 5.40, SD 0.88).

A moderate yet significant intercorrelation was observed
between therapist and client ratings, with r=0.52 (t78=5.35;
P<.001) across all subscales and all 3 assessment times.

Discussion

Primary Results
This pilot study aimed to provide initial insights into the
acceptance, safety, and effect sizes of standard (comprehensive)
DBT treatment delivered via telehealth (ie, the online delivery
of treatment via a video web-based platform) within a controlled
research setting. Our findings indicate large pre-post effect sizes
on BPD symptoms (d=1.13-1.44) and quality of life
(d=0.65-1.24) in both the ITT and ATP samples, despite a
relatively high dropout rate of 38% (n=15). One SAE was
recorded during the study, attributed to hospitalization following
a suicide attempt. Client ratings reflected high levels of
satisfaction and usability, with 97% (29/30) expressing high
satisfaction with the treatment and 83% (19/23) reporting high
usability of the telehealth format. Therapists also expressed
strong acceptance of the treatment, with 91% (10/11) indicating
high acceptance. Interestingly, therapists rated the usability of
the telehealth format comparatively lower than clients, with
only 53% (8/15) reporting high usability. The majority of clients
(27/28, 96%) and therapists (16/19, 87%) were able to establish
a strong therapeutic relationship through telehealth contact.

Comparison With Prior DBT Studies
The dropout rate of 38% (n=15) in this telehealth trial was higher
than the average dropout rate of 28% reported in the
meta-analysis on in-person DBT trials [55]. One possible
explanation for this is the influence of the telehealth setting.
Given both the heterogeneity in dropout rates across
psychotherapy trials and the lack of an in-person control group
in this study to contextualize this result, this finding should be
interpreted with caution. Past research has yielded conflicting
results regarding attendance and dropout rates in telehealth
versus in-person treatments, with some studies indicating no
differences between telehealth and in-person DBT, while others
have suggested even higher attendance rates in the telehealth
format [26,41]. Future studies should aim to directly compare
dropout rates between telehealth and in-person DBT programs
within RCTs as a broader framework is necessary to determine
which clients are more likely to benefit from telehealth settings.

The estimation of effect sizes in this trial demonstrated a
significant reduction in BPD symptoms, with large effect sizes
of d=1.13 in the ITT sample and d=1.44 in the ATP sample
throughout the treatment period. According to the interpretation
guidelines for the BSL-23 proposed by Kleindienst et al [56],
participants experienced a decrease in average borderline
symptom severity from high at baseline to moderate at
post-intervention in the ITT sample, and mild in the ATP
sample, respectively. Comparing these outcomes with previous
in-person DBT trials using a similar treatment dosage, our
results suggest that clinical effectiveness in our trial is
comparable or even slightly higher. For instance, McMain et al
[57] reported a pre-post reduction of d=0.67. Similarly, Priebe
et al [58] observed a significant decrease in BPD symptoms, as
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assessed by the Zanarini Rating Scale, with an effect size of
d=0.71 from pre- to postintervention in a 12-month in-person
DBT treatment. McMain et al [59] found that a 12-month
in-person DBT treatment yielded a pre-post effect size of d=1.23
on the Zanarini Rating Scale. Sinnaeve et al [60] demonstrated
a significant decrease in the Borderline Personality Disorder
Symptom Index [61], with an effect size of d=1.15 from pre-
to post-intervention in a 12-month outpatient in-person DBT
treatment.

Of note, in our study, dissociative symptoms showed only small
effect sizes of d=0.37 in the ATP and d=0.45 in the ITT sample
with the 95% CIs containing 0. This finding may be due, in part,
to the relatively low baseline dissociative scores of mean 0.91
(SD 0.61) and mean 0.99 (SD 0.67) likely related to our
exclusion of patients with BPD with comorbid PTSD, who
typically present higher dissociative symptoms compared to
those without PTSD [62]. Our dissociation findings therefore
continue the ongoing debate on the effectiveness of DBT in
reducing dissociative experiences. According to the current
Cochrane Review, DBT has a medium effect size for
dissociation (d=0.43) across primary studies compared to waitlist
and treatment-as-usual control groups [15]. Moreover, research
suggests that greater effects on dissociation can be achieved by
adapting a trauma-focused approach within DBT and explicitly
teaching clients antidissociative skills, which were not included
in our standard DBT protocol [63,64]. Consequently, our study
does not allow us to conclude whether and how dissociative
symptoms can be effectively addressed through the telehealth
format. Future research should address this question by directly
comparing the management of dissociative symptoms in
telehealth versus in-person settings.

Self-harm and suicidal behavior in our study significantly
decreased with a large reduction of participants’ NSSI of RR
0.35 in the ATP sample. While 80% of participants reported
engaging in at least 1 self-harm episode in the months preceding
treatment initiation, this number decreased significantly to 28%
postintervention. This finding aligns with prior research
indicating the efficacy of DBT in reducing NSSI behaviors by
empowering individuals to attain behavioral control [60,65,66].
Importantly, our study suggests that the reduction of self-harm
can be also effectively achieved in a telehealth format. Notably,
there was 1 SAE, a suicide attempt by overdose, during the
treatment period, with no recorded completed suicides. In
previous in-person DBT trials, the prevalence of suicide attempts
requiring medical attention (eg, emergency department visits)
over a 12-month treatment period has ranged from 3.5% to 6.7%
[57,67,68]. Based on these prevalence rates, we would expect
1 to 3 suicide attempts in a cohort of 39 patients. Thus, the single
suicide attempt recorded in our study aligns with this expected
range and does not suggest an increased occurrence of suicide
attempts in telehealth treatment settings.

In terms of the therapeutic alliance, our study showed that over
80% of clients and therapists reported a very strong alliance.
Mean scores for the therapeutic alliance ranged from mean 5.24
(SD 0.98) to mean 5.89 (SD 0.75) on a 7-point Likert scale of
the WAI. These scores are comparable to, or even higher than,
those reported in studies administering the same questionnaire
in in-person DBT trials [36,69]. However, this finding may be

biased as participants who dropped out of treatment also
discontinued completing the alliance measure, potentially
inflating alliance ratings over the course of treatment.
Nonetheless, our results indicate that a strong therapeutic
alliance can be achieved in telehealth DBT settings. This finding
challenges the argument that telehealth treatment leads to
heightened disengagement or weak therapeutic alliances between
clients and therapists [20,70].

Satisfaction and acceptance ratings in our sample were high,
with 91% of therapists rating the acceptance of the treatment
as high and 98% of participants indicating satisfaction with the
treatment. These findings align with previous research
demonstrating high acceptance and satisfaction rates of
telehealth psychotherapy for patients with personality disorders
[71]. From the participants’ perspective, useability ratings of
the telehealth format for delivering DBT were also high, with
69%-83% indicating high usability. Interestingly, participants’
useability ratings significantly increased throughout the
treatment, potentially indicating that those with initially low
useability ratings may have dropped out of treatment.
Unfortunately, our sample size was insufficient to robustly
analyze useability as a predictor of therapy dropout during
telehealth treatment. Future studies should explore potential
predictors for treatment success related to the usability of the
telehealth format. In contrast, therapists' perception of telehealth
format usability was notably lower, with only half of the
therapists (45%-53%) indicating high usability for delivering
psychotherapy via telehealth. This discrepancy may be attributed
to the greater adjustments required by therapists, transitioning
from in-person to telehealth psychotherapy delivery. This
finding is consistent with prior research identifying various
barriers, challenges, and concerns among therapists delivering
DBT via telehealth [20]. Thus, future research should explore
strategies to enhance therapists' usability experiences during
telehealth treatment. We would also argue that telehealth
psychotherapy need not replace in-person psychotherapy, but
rather can be used as a complement for clients in need. Both
modalities offer valuable options for delivering effective and
accessible treatment. Future studies should consider how to
tailor treatment delivery format to individual preferences and
circumstances.

Limitations
There are some limitations that should be considered when
interpreting the study’s results. First, the exclusion of patients
with comorbid PTSD limits the representativeness of the studied
population, particularly its applicability and generalizability to
all patients with BPD. Therefore, we caution against
generalizing these results to patients with BPD and comorbid
PTSD. Second, the absence of a control group directly
comparing telehealth and in-person conditions within the same
trial and cohort impedes drawing inferential conclusions
regarding the relative efficacy of telehealth versus in-person
DBT. Lastly, the small sample size of 39 clients did not allow
us to analyze potential moderator effects on treatment outcomes
or dropout rates. Given the limitations of this pilot and feasibility
study, future research should include RCTs with larger sample
sizes to directly compare telehealth and in-person DBT
treatments.
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Conclusions
Our findings provide a first indication that telehealth DBT for
BPD appears clinically efficacious, safe, feasible, and well
accepted. However, the dropout rate was higher compared to
other studies investigating in-person delivered DBT. Future
research should compare the efficacy of telehealth DBT with
in-person formats in RCTs. Overall, telehealth-delivered DBT

offers a potentially effective alternative to in-person DBT,
enhancing treatment accessibility and overcoming barriers to
treatment engagement. This knowledge may be particularly
useful for increasing access to treatment for those in rural areas
or low- and middle-income countries where traveling distances
to specialized DBT practitioners or treatment programs may be
a large barrier.
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Abstract

Background: Mobile health apps have shown promising results in improving self-management of several chronic diseases in
patients. We have developed a mobile health app (Cardiomeds) dedicated to patients with heart failure (HF). This app includes
an interactive medication list; daily self-monitoring of symptoms, weight, blood pressure, and heart rate; and educational information
on HF delivered through various formats.

Objective: This study aimed to perform a mixed methods usability study of Cardiomeds.

Methods: Smartphone users with HF were recruited from the HF outpatient clinic at the University Hospital of Geneva. The
usability test was conducted in 2 stages, with modifications made to the app after the first stage to address major usability issues.
Each stage required 10 participants to perform 14 tasks, such as entering vital signs, entering a new medication and time of intake,
or finding information about HF. Each task was timed, sessions were recorded, and all data were anonymized. After completing
the tasks, patients completed the System Usability Scale 10-item questionnaire and answered 5 open questions about their
perceptions of Cardiomeds.

Results: Twenty patients with HF, 75% (15/20) of whom were men, with a mean age of 55 years, were included in this study.
The average time to complete all 14 tasks was 18 (SD 5.7) minutes. Manual medication entry was the most time-consuming task,
taking an average of 154.40 (SD 68.08) seconds in the first stage, 103.10 (SD 42.76) seconds in the second stage, and 128 (SD
63) seconds overall. The mean overall success rate was 77% (SD 0.23%) for the first stage and 94% (SD 0.07%) for the second
stage. A total of 30% (3/10) of participants in the first stage completed all tasks without any help compared with 50% (5/10) of
participants during the second stage. The average System Usability Scale score was 80% (SD 17%), showing a slight increase
from 79% (SD 16%) in the first stage to 80% (SD 28%) in the second stage, which qualifies the app as “good” in terms of usability.
Between the 2 stages, part of the app interface was redesigned to address the key issues identified in the first stage. Despite these
improvements, problems related to guidance were frequent and comprised 36% (8/22) of the problems in the first stage and 40%
(6/15) in the second stage. In response to open questions, 85% (17/20) of the participants responded that they would like to use
the app when it became available.
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Conclusions: The usability test indicated that Cardiomeds is a suitable and user-friendly app for patients with HF. The app will
be further tested in a randomized clinical trial (2022-00731) after acute HF hospitalization to assess its impact on patients’
knowledge about HF, self-care, and quality of life.

(JMIR Form Res 2025;9:e63941)   doi:10.2196/63941
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Introduction

Background
Heart failure (HF) impacts around 2% of the adult population
in Europe and is the leading cause of hospital admissions among
individuals aged >65 years. Within a year after being
hospitalized for acute HF, over half of the patients are
readmitted, and nearly a quarter of them die. This situation poses
an enormous medical and economic challenge [1]. The
cornerstone of HF management is pharmacotherapy, which
involves the combination of multiple drug classes [2]. Patients
with HF need to make lifestyle adjustments to prevent
deterioration, keep track of symptom changes, and take daily
medications. Support interventions for self-management
behavior generally aim to provide patients with the skills to
actively manage their chronic condition. These interventions
focus on promoting symptom monitoring and improving
problem-solving and decision-making abilities for medical
treatment and a healthy lifestyle [3]. According to the latest
guidelines of the European Society of Cardiology,
self-management strategies are strongly recommended to reduce
the risk of hospitalization and mortality related to HF [2].
Various self-management strategies are possible, such as
multidisciplinary care, peer meetings, and the use of logs for
symptom monitoring or setting goals. The longer these
interventions are maintained, the greater the reduction in
mortality, with a 1% to 4% decrease in risk for each additional
month. In addition, these interventions work better when
accompanied by regular contact with health professionals [4].

With advancements in technology, the introduction of
therapeutic monitoring with telephone support is becoming
increasingly prominent [5], which includes features to register
symptoms, enter a treatment card, organize appointments, record
alarms for taking medications, or support behavior reinforcement
through educational materials [6].

Research consistently supports the effectiveness of structured
telephone support and noninvasive telemonitoring. Several
systematic reviews have concluded that these approaches
significantly reduce all-cause mortality and HF-related
hospitalizations [7-9]. Moreover, these interventions also
showed enhancements in health-related quality of life,
knowledge of HF, and self-care behaviors [7,10].

Smartphone-guided interventions in HF are growing in
significance and effectiveness, with studies incorporating
monitoring not only through text messages and phone calls but
also via mobile health (mHealth) apps [11,12].

Thus, many mHealth apps are being developed and are the
subject of various studies [5,6,10,12,13].

Several mHealth apps, providing valuable support to patients
with HF are already available. For instance, the WOW ME
2000mg—Heart Failure Self-management Tool (AtlantiCare)
focuses on helping patients and caregivers track symptoms and
medications [6,14,15]. WebMD (WebMD Health Corp) offers
a wide range of health resources, including HF management
[14,16]. Similarly, My Cardiac Coach (American Heart
Association) is designed for post–heart attack care and
self-monitoring. Finally, “Heart Failure Health Storylines”
(Heart Failure Society of America) aids in symptom tracking
and treatment adherence [6,14,17]. Nevertheless, none of these
apps refer to the Swiss medication database.

Experience with these existing mHealth apps has demonstrated
a significant improvement in therapeutic adherence among
patients requiring daily treatment [18,19]. In addition, patients
understood their illness better, which allows them to feel more
secure [10].

Despite the potential benefits of mHealth apps, studies have
shown that patients with HF often face barriers to achieving
good adherence. For many older patients, difficulties begin with
technical issues, such as challenges in installing or navigating
the apps on their smartphones [20]. These issues are often
exacerbated by limited digital literacy, a lack of confidence in
using technology, or cognitive impairments commonly
associated with HF. In addition, usability concerns, such as
complex interfaces, insufficient personalization, or lack of
reminders, can further reduce the likelihood of long-term
adherence [21]. Overcoming these barriers requires designing
apps with simplicity, user-friendliness, and accessibility in mind
while providing continuous support for patients [22].

In Switzerland, according to a study conducted by Pro Senectute,
69% of citizens older than 65 years own a smartphone, 81% of
whom use it daily. Moreover, this study also discovered that
their interest in mHealth apps is consequent [23]. Thus, the
familiarity of older adults with smartphones makes the use of
an mHealth app credible for conducting a study on patients with
HF [24].

In this context, the cardiology department of the University
Hospital of Geneva (HUG) has undertaken the development of
a new mHealth app tailored for patients with HF, known as
Cardiomeds. Designed to complement the physician-patient
relationship, the app has been developed following a user-centric
approach. We collected the information required to develop the
app through interviews and focus groups that included patient
groups, clinicians, and IT professionals. We created personas
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and user journeys and refined our prototype iteratively using
feedback from the stakeholders.

Therefore, it was important to conduct a usability test of this
app before offering it to patients with HF. Indeed, these tests
make it possible to point out the design problems of the apps,
to improve the uncovering of opportunities, and to learn about
the target user’s behavior and preferences [25].

Objectives
The study aimed to evaluate the usability of the Cardiomeds
mHealth app through qualitative and quantitative usability metric
in laboratory settings. The main focus of the usability assessment
was to test the app’s ergonomic design, user-friendliness,
comprehensibility, and appropriateness for the target population.

Methods

Study Design
The app’s usability was evaluated through a usability test
requiring participants to complete a sequence of tasks. The study
was performed in 2 stages. After the completion of the first
usability test by 10 participants, modifications were
implemented in the app based on their feedback. Subsequently,
a second usability test, featuring a new cohort of 10 new patients
with the same protocol was conducted.

Participants and Setting
The study was conducted from May 6, 2022, to December 21,
2022, in a multipurpose room at the HUG to standardize the
intervention. The evaluation was done through user-investigator
interaction, deliberately omitting the user’s real environments.
Tasks were performed on an iPhone 6s smartphone (Apple Inc)
at a resolution of 1334×750 pixels. For each of the 2 stages, we
recruited 2 groups of 10 participants. Ten participants enabled

to increase the number of comments and results in accordance
with the recommendations which propose at least 5 participants
for one arm of a study [26]. Participants were recruited on a
voluntary basis from the HUG HF outpatient clinic. Participants
had to be adults (aged ≥18 years), speak French, have and use
a smartphone, and be a local resident. All enrolled participants
had a diagnosis of HF.

The study was divided into 2 stages, each comprising 10
participants (resulting in a total of 20 participants), as proposed
by the Nielsen Norman Group [27].

Cardiomeds Mobile App Overview
Cardiomeds is an mHealth app being developed since 2017 by
HUG’s cardiology, pharmacy, medical directorate, and IT
departments, with the help of computer scientists, a nurse,
pharmacists, physicians, and a student [28]. The app has been
designed to fulfill the needs of patients with HF, allowing them
to gather and record pertinent data concerning their condition,
including treatment regimens, vital sign measurements, and the
progression of their symptoms. In addition, the app facilitates
data sharing with health care providers and enhances patients’
understanding of their condition through informative quizzes
and simplified content. The app also includes the option of
setting reminders or alarms to ensure regular and accurate
treatment, as well as monitoring patients’ daily medication
compliance.

The app's ultimate objective is to empower patients by fostering
a comprehensive understanding of their medical condition,
promoting effective self-management of daily treatments,
facilitating continuous clinical monitoring, and enhancing
patients’ knowledge of their condition. Figures 1-5 provide an
overview of the main menu and the app’s appearance as tested
by patients.
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Figure 1. Screenshot of the main menu section of the Cardiomeds app. In this section, patients enter their vital signs of the day, program reminders,
and validate their medication intake. Moreover, if their vital signs are not in a healthy range, the app suggests contacting their physician.

Figure 2. Screenshot of the section where vital signs are entered in the Cardiomeds app. Patients have to enter their systolic and diastolic blood pressure,
their pulse, and the day's date.
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Figure 3. Screenshot of the information section of the Cardiomeds app. Here, patients can find information about their illness, signs of worsening heart
failure, their medications, and recommended lifestyle.

Figure 4. Screenshot of the disease course curve section of the Cardiomeds app. In this section, patients can see the course over the past few days for
weight, blood pressure, and pulse. A button to export the curves is also present.
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Figure 5. Screenshot of the alarm reminder section of the Cardiomeds app. This section allows the user to set an alarm for taking medication or
measuring their vital signs.

Procedure
All participants were recruited from the HF outpatient clinic of
the HUG. They were all invited to join the study via a phone
call by a student (LS). Moreover, patients who were selected,
were under hospital monitoring, with some having just
completed the cardiac rehabilitation program following cardiac
decompensation. All interested patients were invited on a given
date to take the test. Participants were welcomed within a
dedicated room at the HUG, where 2 assigned investigators, a
student (LS) and a medical professional (ET), were responsible
for overseeing the test procedure. Upon arrival and initial
briefing by the investigators, participants signed a consent form,
which explicitly stipulated the anonymization of their data.

All participants were provided with a loaned iPhone for test
purposes. Then, the test was executed according to the protocol
(Textbox 1). Collected measures included task completion
timing, recording the activities performed on the smartphone
screen, and capturing both the participants’ vocal expressions
and the investigator’s commentary. The test comprised 14

predefined tasks exploring the functionalities of the app
(Textbox 2). The investigator read out these tasks and precisely
timed their execution. Task outcomes were categorized as
follows:

• “Passed” if completed within a maximum of 2 minutes
without requiring assistance.

• “Partially successful” if completed in more than 2 minutes
or necessitating clues provided by the investigator.

• “Failed” if the task was abandoned or remained
unsuccessful after 5 minutes.

Upon test completion, each participant was invited to complete
the System Usability Scale (SUS) questionnaire [29,30], as well
as 5 open questions about their personal feelings about the app
and possible improvements (Textbox 3).

Subsequently, data collected from the tests were analyzed using
Microsoft Excel. For in-depth insights into the procedures
governing each test, please refer to the comprehensive procedure
(Textbox 1), as well as the questionnaires distributed to
participants (Textbox 3).
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Textbox 1. Procedure of the usability test.

• Welcoming of the user of the app by the investigator.

• Arrival of the user and the worker in a booth.

• Verification of the user’s identity and consent by the investigator.

• Asking for the user’s patient ID, age, gender, education level, smart phone use time per day, and health app use (yes or no)

• Description of the booth:

• The booth will contain a desk as well as 2 chairs side by side where the user and the investigator can sit.

• On the desk, 2 cell phones (a Samsung [Samsung Electronics Co, Ltd] phone and an iPhone) will be placed. Therefore, the user will be able
to choose the phone whose operating mode they know and with which they are most comfortable.

• In addition, a sheet on which the tasks to be carried out during the session will be placed on the desk for the user to guide them.

• Medication packages will also be placed on the desk to carry out the session’s tasks.

• Explanation of the session to the user by the investigator:

• The investigator will inform the user that their screen and their voice will be recorded (consent).

• The investigator will explain to the user that the latter will have to carry out the requested tasks, describe their actions out loud, and inform
the investigator of the start and end of their tasks.

• The investigator will explain to the user that after 2 minutes, he or she will gradually give them clues specific to each task to help the user
be able to finish the task. If after 5 minutes, the user is unable to complete the task despite help, the task will be marked as failed by the
investigator. If the task is completed, the worker will mark it as successful. Once a task is completed, the user can move on to the next task.

• The investigator will inform the user that he or she can interrupt the session at any time for any reason.

• Start of session:

• At the start of the session the investigator will set up a screenshot as well as an audio recording if the user gives their consent.

• The investigator will read the tasks aloud one after the other to the user.

• Before starting to perform the tasks, the user will have 2 minutes to familiarize themselves with the design of the app.

• At the beginning, the only questions the investigator will answer will be questions of understanding, if there is a misunderstanding of
terminology.

• The user can reread the task on the sheet placed on the desk for them if necessary.

• As soon as the user starts each task, he or she will mention it out loud.

• As soon as the user finishes each task, he or she will mention it out loud.

• If the user has comments, the investigator will listen to them.

• Tasks: read aloud 14 tasks for the user. Please refer to the tasks below in Textbox 2.
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Textbox 2. Description of the 14 goal-oriented test tasks to be performed by users during the usability study.

• Task 1: set alarm for vital signs (set a reminder to measure your vital signs at 8 AM).

• Task 2: decision-making (go to the home page and enter your morning weight of 65.0 kg). You must then answer 3 questions as follows:

• Short of breath? As usual.

• Swollen ankles? More than usual.

• Any other symptoms? None of the above.

• Task 3: enter weight (you forgot to record your weight on 04.01.2022, and you now want to enter this value, which was 62.3 kg).

• Task 4: enter vital signs (enter your daily vital signs: blood pressure 120/80 mm Hg and pulse rate 70/min).

• Task 5: enter medication (add the medication to the app’s medication list using the available package. Scan the barcode for Beloc ZOK 25 mg.
The prescription for Beloc ZOK 25 mg is 2 1⁄2 tablets (2.5 tablets) in the morning every day. In addition, add the number of tablets found in the
package).

• Task 6: enter medication without medication package (add a second medication to the app’s medication list. You do not have the medication
box. The prescription is as follows: Fosamax [bisphosphonate] 70 mg, 1 tablet on Sunday mornings only; 1 per week. The quantity in the pack
is 4 tablets).

• Task 7: enter pro re nata (PRN; taken as needed without a set schedule) medication, without medication package (add a third medication to the
app’s medication list. You do not have the medication package. The prescription is as follows: zolpidem (any type proposed) 10 mg, maximum
1 tablet per day, in the evening if necessary. The number of tablets in the pack is 10).

• Task 8: set alarm for medication intake (set a reminder to take your medication at 8:00 AM).

• Task 9: confirm your medication intake (confirm that you have taken your morning medication).

• Task 10: check medication history (check your medication history).

• Task 11: find medication information (you no longer know why you are taking Beloc ZOK [β-blocker]. Where can you find this information?
There are 2 ways to find this information).

• Task 12: export vital signs (export your health data [weight, blood pressure, and pulse] to your doctor by email).

• Task 13: quiz (test your knowledge on heart failure with the quiz).

• Task 14: find alcohol information (find information on the possibility of consuming alcohol in the context of your disease).

Textbox 3. Five open questions questionnaire given to users after passing the test.

1. What is your overall impression of the Cardiomeds app?

2. Do you plan to use Cardiomeds when the app is available, and why?

3. What improvements could we add to the Cardiomeds app?

4. Do you have any other comments about the Cardiomeds app or the usability test?

5. What differences have you noticed between Cardiomeds and other health apps?

Data Collection
Participants were audio-recorded during the test, and the screen
of the test iPhone was recorded. The recording allowed us to
retrospectively classify the usability problems encountered with
the Bastian and Scapin criteria [31]. The audio was recorded
using an iPad-mini-Dictaphone by a single investigator.
Moreover, during the test, the investigator timed the tasks with
another smartphone. The screen was recorded using the screen
recording option built in the iPhone on which the participants
were taking the tests. Subsequently, the usability metrics were
transcribed onto Microsoft Excel spreadsheets. The audio
records were analyzed by the investigator using thematic
analysis. The SUS paper questionnaires were collected
immediately after the intervention and transcribed onto
Microsoft Excel spreadsheets. The investigator analyzed the
success rates of each task and their duration. All of the collected

data were anonymized. All data described above were collected
and analyzed by a single investigator for the 20 participants.
ChatGPT (GPT-4 version, OpenAI) was used as an assistance
tool to generate text drafts, as a translation tool, and to
synthesize concepts. The results were subsequently reviewed
and edited by the authors to ensure accuracy and relevance to
the topic.

Usability Analysis

Quantitative Evaluation
The participant’s task-based performance was measured by
several metrics. Effectiveness is defined by the number of tasks
completed by each participant accurately [32]. In this study,
effectiveness was calculated in 2 ways: “task completion rate”
(TCR) per participant is the percentage of tasks successfully
completed [33]. This was calculated using the following
equation: TCR per participant=(number of tasks completed
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successfully/total number of tasks undertaken)×100. (equation
1) When a task could not be started and evaluated (ie, because
of a problem with the Wi-Fi connection), it was coded as
“unavailable.” TCR per participant was categorized according
to 3 different levels of achievement as follows: (1) the task is
considered completed when the user has successfully completed
the task without any errors or difficulties; (2) completed with
difficulty, but with difficulties that could have been solved with
the help of the instructor in 5 minutes or less; and (3) failed to
complete when the task was left incomplete, abandoned, or the
participant took too much time to complete the task (>5 min)
[33].

“Distribution of task success by task” was defined as the
proportion of participants completing a task according to 3
possible levels of achievement: (1) the task is considered
completed when the user has successfully completed the task
without any errors or difficulties; (2) completed with difficulty,
but with difficulties that could have been solved with the help
of the instructor in 5 minutes or less; and (3) failed to complete
and the task is left incomplete, abandoned, or the participant
took too much time to complete the task (>5 min). When a task
could not be started and evaluated (ie, because of a problem
with the Wi-Fi connection), it was coded as unavailable [33].

“Efficiency” was defined as the time required for users to
achieve specified goals in relation to accuracy and completeness
[32]. In this study it was calculated as follows: “time on task”
was defined as the average amount of time taken (in seconds)
to complete a given task from the moment the participant
finished hearing the instructions until the task was completed
(whether with ease or with difficulty) or abandoned. When a
task could not be started and evaluated (ie, because of a problem
with the Wi-Fi connection), it was coded as unavailable.

Satisfaction was measured through the SUS questionnaire. After
the completion of the usability test, the SUS questionnaire
[29,30] was submitted to each participant. The SUS is a
validated questionnaire designed to measure the usability of
diverse products and services, including mHealth apps. This
questionnaire, conceived by Brooke [29], comprises 10
questions, each offering 5 possible answers, ranging from
“strongly disagree” to “strongly agree.” In this ordinal scale,
“strongly disagree” corresponds to a numerical value of 1, while
“strongly agree” corresponds to a numerical value of 5. The
even-numbered questions within the SUS are subjected to
negative rotation, and their scores are calculated by subtracting

the chosen value from 5. In contrast, the odd-numbered
questions undergo positive rotation, and their scores are derived
by subtracting 1 from their value. Once the individual scores
for all 10 questions were calculated, they are added together
and multiplied by a factor of 2.5. Consequently, the resultant
SUS score falls within the range of 0 to 100. Usability is
considered favorable when the SUS score attains a threshold of
≥70, signifying good usability for the tested product.

Qualitative Evaluation
Qualitative data were recorded through an open questionnaire.
After completing the SUS questionnaire, participants were asked
to answer a series of 5 open questions. The purpose of these
questions, defined by the investigators, was to explore the
participants’overall impression allowing us to better understand
the strengths and weaknesses of our tools. The 5 open questions
are described in Textbox 3.

The responses to the first question were classified into positive
responses, negative responses, and no responses. The responses
to the second question were classified into 4 categories: yes,
no, maybe, and do not know. Questions 3 and 4 were analyzed
using the frequency of propositions. All answers to the questions
were recorded, sorted, and analyzed by a single person.

Bastien and Scapin Classification
We also used the criteria published by Bastien and Scapin [31]
in 1993 to evaluate the problems of the app. These criteria cover
8 dimensions and enable the classification of problems between
users and the interface.

Ethical Considerations
On April 1, 2022, a formal request was submitted to the Ethics
Commission of the Canton of Geneva to conduct usability tests
(Req-2022-00423). This request was subsequently approved on
April 4, 2022. The app encompassed the testing protocol, a
consent form to be executed by the study participants, and an
evaluation sheet for each participant.

Results

Participant Characteristics
Between May and December 2022, a total of 20 participants
participated in the study. Baseline demographic characteristics
of the 2 study stages are shown in Table 1.

Demographic characteristics of study participants (N=10).
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Table 1. Characteristics of the participants separated into the 2 stages of the study (N=20).

Total, n (%)Stage 2, n (%)Stage 1, n (%)

Gender

5 (25)2 (20)3 (30)Women

15 (75)8 (80)7 (70)Men

Age categories (years)

1 (5)0 (0)1 (10)31-40

4 (20)1 (10)3 (30)41-50

9 (45)5 (50)4 (40)51-60

4 (20)4 (40)0 (0)61-70

2 (10)0 (0)2 (20)71-80

Type of phone

16 (80)1 (10)3 (30)iPhone

4 (20)9 (90)7 (70)Samsung

Educational level

10 (50)5 (50)5 (50)PREa graduate school

3 (15)1 (10)2 (20)Graduate school

7 (35)4 (40)3 (30)University

Use of other medical apps

6 (30)2 (20)4 (40)Yes

14 (70)8 (80)6 (60)No

Time of phone use (h)

1 (5)0 (0)1 (10)<1

15 (75)7 (70)8 (80)1-3

4 (20)3 (30)1 (10)>3

aPRE: federal diploma of vocational education and training.

First Stage of the Study

Quantitative Evaluation

Effectiveness per Participant

In the first part of the study, the overall completion rate (tasks
completed, partially completed, and failed to complete) was
100% (140/140; Figure 6). The mean overall complete success
rate was 50% (5/10), meaning that 50% of the participants

solved all the tasks without making any mistakes (they did not
fail to complete any task) and 30% (3/10) of the participants
completed all the tasks without any help. Participant number 6
failed 50% (7/14) of the tasks and completed only 20% (3/14)
of them without any help. Finally, on average, participants
completed 77% (11/14; SD 0.23%) of tasks without any help.
All these measurements are exposed and supported in Figure
6.
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Figure 6. Task completion rate per participant for the 14 assigned tasks during the first stage of the study. "Task completed" represents the percentage
of tasks successfully completed by a participant. "Failed to complete" is the percentage of tasks that participants failed to complete. "Partially completed"
is defined as tasks completed, but with difficulty that could have been solved with the help of the instructor in 5 minutes or less. "Nonavailable" represents
the percentage of missing data when a task could not be started and evaluated.

Task Success Distribution per Task

In the first part of the study, overall 77.1% (108/140) of tasks
were completed successfully, 13.6% (19/140) were completed
partially, and 9.3% (13/140) were not completed. A total of
21% (3/14) of the tasks (4, 10, and 14) were completed by all
the participants without any help (10/10, 100%), followed by
task 2 (9/10, 90%). Apart from tasks 4, 10, and 14, 79% (11/14)

of the tasks led to difficulties for up to 60% (6/10) of the
participants (task 6). At least 1 (1/10) participant failed to
complete 8 (8/14) of the tasks (1, 5, 6, 7, 8, 9, 11, and 12), with
up to 30% (3/10) of the participants failing to complete task 11,
which consisted of finding information about medications in 2
different ways. All these measurements are exposed and
supported in Figure 7.
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Figure 7. The success distribution per task (N=10 participants) for the first stage of the study. "Complete" represents the percentage of tasks successfully
completed by a participant. "Failed to complete" is the percentage of tasks that participants failed to complete. "Partially complete" is defined as tasks
completed, but with difficulty that could have been solved with the help of the instructor in 5 minutes or less. "Nonavailable" represents the percentage
of missing data when a task could not be started and evaluated.

Time on Task per Study Task

In the first stage of the study, task 6, which required the
participants to enter medication, took the longest time with an

average of 154.40 (SD 68.08) seconds (Figure 8). The fastest
task completed was checking medication history (task 10) with
an average of 4.8 (SD 4.60) seconds.
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Figure 8. Boxplot of the time taken (in seconds) to perform each task in stage 1.

Qualitative Evaluation

Five Open Questions Questionnaire

In stage 1, 80% (8/10) of the participants answered positively,
10% (1/10) answered negatively, and 10% (1/10) gave no
answer about their overall impression. A total of 70% (7/10) of
the participants said that they would like to use the app in the
future, 20% (2/10) answered they would not, and 10% (1/10)

did not answer the question. The participants who did not want
to use the app mentioned that they already had an mHealth app
or found that the app was too complicated for them. Participants
suggested 3 different types of improvements for the app as
follows: first, to increase the font size of the app; second, to
change the medication input; and third, to improve the
explanation given about the HF drugs. These comments are
more described in Textbox 4.

Textbox 4. List of comments made by participants (N=10) that are useful in the short- and long-term for improving the app during the first stage of the
test.

Useful comments for short-term improvements

1. The 2 (20%) oldest participants mentioned that the font in the app was too small to understand, which may be problematic for older users.

2. One (10%) participant was interested in transferring his data, but also in having contact with his cardiologist directly via the app.

3. Six (60%) participants found that entering the information on medications was complicated.

4. One (10%) participant wished to have the emergency number, the number of his physician, his cardiologist, and his pharmacy inside the app.

Useful comments for long-term improvements

1. One (10%) participant was interested in a search function in the information part.

2. One (10%) participant wished to have interactive blood pressure and saturation connected with his smartwatch.

3. One (10%) participant wanted this app to be connected with his other apps linked to the University Hospital of Geneva Swissmeds app.

Error Classification With the Bastien and Scapin Criteria

In stage 1, we recorded 22 problems during the completion of
the 14 tasks. We have classified the problems into 9 categories

according to the criteria of Bastien and Scapin [31] (Table 2).
Task 6, requiring entering a medication, was the most
problematic, with 6 (N=10, 60%) users experiencing problems.

JMIR Form Res 2025 | vol. 9 | e63941 | p.1443https://formative.jmir.org/2025/1/e63941
(page number not for citation purposes)

Simioni et alJMIR FORMATIVE RESEARCH

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


The screen enabling manual medication recording was considered too dense with information.

Table 2. List of problems encountered by participants (N=10) during the 14 tasks and description, categorization, and frequency of occurrence of these
problems during task completion.

Task in which it occurs
(frequency of occurrence)

Description of the problemCategory (number according to the
Bastien and Scapin classification)

Item

Set alarm for the vital
signs (5)

Five (50%) users did not find the place of the button to put a reminder. For
most of them, it was too small, and its location was not easy to find.

1. Guidance1

Find medication informa-
tion (3)

Three (30%) users said the “information” symbol was too small next to the
treatments list and that they did not find it easily

1. Guidance2

Enter medication (2)Two (20%) users did not find the scanning possibility option in the app
explicit enough

7. Significance of codes3

Enter medication without
medication package (6)

Six (60%) participants had difficulties recording medication manually in
the app. They say they had to put too much information on one page.

2.2 Information density4

Find medication informa-
tion (1)

One (10%) participant did not understand names of some drugs because the
name of the medication was not written next to the active substance

7. Significance of codes5

Confirm your medication
intake (1)

One (10%) participant found the validation of medication intake not explicit
enough

1.3 Immediate feedback6

Enter pro re nata, if neces-
sary, without medication
package (2)

Two (20%) participants did not understand the term “if necessary,” such as
medication to take in reserve

7. Significance of codes7

Enter medication (1)One (10%) participant asked to set an end date for his treatment, but this
function does not exist

8. Compatibility8

Enter weight (1)When entering the date, one participant (10%) did not write it correctly
(separated by “/” symbols and not “.” symbols). Therefore, the date could
not be validated and no explanation appeared

5.2 Error message quality9

Satisfaction: SUS Questionnaire

At the end of each test, all participants were asked to complete
the SUS questionnaire [29,30]. The mean SUS score of the first
stage of the study was 79.28 (SD 16.35), (Figure 9; Table 3).

Figure 9. Cardiomeds score on the System Usability Scale (SUS) at stage 1.
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Table 3. System Usability Scale (SUS) questionnaire responses in the first stage of the study.

SUS score
(sum×2.5;
maximum
100)

Question
10

Question
9

Question
8

Question
7

Question
6

Question
5

Question
4

Question
3

Question
2

Question
1

803343224344Participant 1

751343433333Participant 2

1004444444444Participant 3

652333341214Participant 4

92.54443433444Participant 5

500304440014Participant 6

904440444444Participant 7

952444444444Participant 8

77.54423334332Participant 9

92.54443444442Participant
10

79.28
(16.35)

2.8 (1.40)3.6 (0.52)3.3 (1.29)3 (1.1)3.6 (0.82)3.5 (0.81)3.1 (1.40)3.1 (1.22)3.2 (1.19)3.5 (0.82)Mean (SD)

80 (92.5-70)3.5 (4-2)4 (4-3)4 (4-3.25)3 (3.75-3)4 (4-3.25)4 (4-3)4 (4-3)3.5 (4-3)4 (4-3)4 (4-3.25)Median
(IQR)

Improvements Made Between the 2 Stages of the Study
After completing the test with the first 10 users, we realized
that many users encountered difficulties entering medication
without scanning the package (task 6). In addition, the users
provided comments suggesting the need to facilitate the
recording of medications. During stage 1, the manual recording
of medications was carried out in a single page (Figure 9). To
simplify this process, the ergonomist proposed splitting the
process into 3 pages, each requiring a validation (Figures 10-12).

We also made some minor changes, such as modifying the
localization and visibility of the reminder and information
sections to make them more accessible and more visible from
the main menu. Once the modifications were done, we began
stage 2 of the study. However, we did not increase the font size
in the app, despite the many comments we received as
mentioned earlier. This did not seem necessary because the font
on the smartphone can be changed in its own settings, allowing
each user to adapt it to their desires and needs.
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Figure 10. Screenshot of the rolling menu for new medication, before improvements were made, during stage 1 of the study. All the process was
presented on one page. First, the patient had to insert the name of their medication and then the time of the intake. There was also a scan button to scan
the barcode of the medication.

Figure 11. Screenshot of the medication intake section of the Cardiomeds app after the improvements were made during stage 2. First, the patient had
to enter the name of the medication or scan the barcode. Then, they pressed the “next” button to go to the next section.
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Figure 12. Screenshot of the medication section of the Cardiomeds app after implementation of the changes during phase 2. The patient reached this
section after entering the name of the medication or after scanning the medication barcode. Here, the patient had to select the time to take the medication,
the dosage, and the frequency.

Second Stage of the Study

Quantitative Evaluation

Effectiveness per Participant

In stage 2, the overall completion rate of the test (tasks
completed, partially completed, and failed to be completed) was

99.3% (139/140). Participant 4 did not perform task 14 during
his test because of a software bug. None of the participants
failed to complete any task. Only 50% (5/10) of the participants
needed help to complete at least one task. Participant 2 needed
the most help to finish the test, with 20% (3/14) of the tasks
completed with help. All these measurements are exposed and
supported in Figure 13.
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Figure 13. Task completion rate per participant for the 14 assigned tasks during the second stage of the study. "Task completed" represents the percentage
of tasks successfully completed by a participant. "Failed to complete" is the percentage of tasks that participants failed to complete. "Partially completed"
is defined as tasks completed, but with difficulty that could have been solved with the help of the instructor in 5 minutes or less. "Nonavailable" represents
the percentage of missing data when a task could not be started and evaluated.

Task Success Distribution per Task

In stage 2, overall 93.6% (131/140) of tasks were completed
successfully, 5.7% (8/140) were completed partially, and 0%
(0/140) failed. A total of 64% (9/14) of tasks 2, 3, 4, 7, 8, 9, 10,
12, and 14 were completed successfully by all participants
(100%, 10/10), followed by task 13 (9/10, 90%). A total of 29%

(4/14) of the tasks 1, 6, 11, and 13 were completed with
difficulty with a rate ranging from 70% to 90%. In this stage of
the study, no task completion error was made. Task 5 (enter
medication) is the only one with 10% (1/10) missing data
because of a technical problem during the test. During this task,
the photo scan of the phone did not work. All these
measurements are exposed and supported in Figure 14.
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Figure 14. Task success distribution per task (N=10 participants) for the second stage of the study. "Complete" represents the percentage of participants
who completed the task with ease. "Partially complete" represents the percentage of participants who completed the task with difficulty that could have
been solved with the help of the instructor in 5 minutes or less. "Failed to complete" is defined as the percentage of participants who failed to complete
the task. "Nonavailable" represents the percentage of missing data when a task could not be started and evaluated.

Time on Task per Study Task

In the second part of the study, entering medication details (task
6) remained the longest in duration with an average of 103.10

(SD 42.76) seconds (Figure 15). The task that was completed
the fastest was task 8 with an average of 21.10 (SD 25.69)
seconds.
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Figure 15. Boxplot of the time taken (in seconds) to perform each task in stage 2.

Qualitative Evaluation

Five Open Questions Questionnaire

In stage 2, 80% (8/10) of participants answered that their
impression of the app was “positive,” 0% answered negatively,
and 20% (2/10) did not answer this question.

Furthermore, 100% (10/10) of the participants answered that
they would like to use the app.

During the second part of the study, participants suggested
making the validation of medication intake more explicit, adding
some emergency numbers inside the app, and putting the name
of the drug next to the name of the active ingredient of the drug
to increase patients’ understanding of their treatments (Textbox
5).

Textbox 5. List of comments made by participants (N=10) that are useful in the short- and long-term for improving the app during the second stage of
the test.

Useful comments for short-term improvements

• One (10%) participant suggested making the validation of drug intake more explicit

• One (10%) participant wished to have the emergency number and the number of his physician, his cardiologist, and his pharmacy inside the app

Useful comments for long-term improvements

• One (10%) participant wanted to have the name of the medication next to the active principle in the medication information

Error Classification With the Bastien and Scapin Criteria

In the second part of the study, we recorded a total of 15
problems. We classified them into 7 categories according to
Bastien and Scapin’s criteria [31] (Table 4). The most
problematic were tasks 9 (confirm your medication intake) and

12 (export vital signs), with 4 (N=10, 40%) users experiencing
problems with each task. Participants reported that the validation
of daily medication intake was not explicit enough. The
participants who encountered a problem with task 12 found that
the “export” button was too small and therefore not legible and
that the location of this button was not well placed.
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Table 4. List of problems encountered by participants (N=10) of the second part of the study during the 14 tasks and description, categorization, and
frequency of occurrence of these problems during task completion.

Task in which it occurs (fre-
quency of occurrence)

Description of the problemCategory (number according to the
Bastien and Scapin classification)

Item and
problem

Enter medication (1) and
export vital sign (4)

Five (50%) users found the front text size too small and the local-
ization of some symbols not easy to find

1. Guidance1

Confirm your medication
intake (4)

Four (40%) participants did not easily understand how to validate
a medication intake

1.3 Immediate feedback2

Find medication information
(1)

One (10%) participant did not understand some names of drugs
because the name of the medication was not written next to the
active substance

7. Significance of codes3

Find medication information
(1)

One (10%) user did not find the medication information in the
principal menu

1. Guidance4

Enter weight (2)When entering the date, two (20%) participants did not write it
correctly (separated by “/” symbols and not “.” symbols). There-
fore, the date could not be validated, and no explanation appeared

5.2 Error message quality5

Enter vital signs (1)One (10%) participant made a mistake while entering his vital
signs and could not go back, so he had to restart the task from the
beginning

5.2 Error message quality6

Find medication information
(1)

One (10%) participant was troubled by the fact that there are two
places to find information on drugs

2.2 Concision7

Satisfaction: SUS Questionnaire

The mean SUS score of the second stage of the study was 80
(SD 28.3), described in Table 5 and classified in Figure 16.

Table 5. Responses to the System Usability Scale (SUS) questionnaire in the second stage of the study.

SUS score
(sum×2.5;
maximum
100)

Question
10

Question
9

Question
8

Question
7

Question
6

Question
5

Question
4

Question
3

Question
2

Question
1

77.53333334333Participant 1

600332433303Participant 2

97.54444444443Participant 3

92.53444444343Participant 4

1004444444444Participant 5

77.53333333334Participant 6

92.54443434443Participant 7

87.54343434343Participant 8

82.51443434334Participant 9

52.51323331113Participant
10

80 (28.3)2.7 (1.52)3.5 (0.52)3.5 (0.68)3.2 (0.6)3.7 (0.5)3.3 (0.46)3.5 (0.93)3.1 (0.83)3 (1.34)3.3 (0.47)Mean (SD)

80 (90-70)3 (4-1.5)3 .5 (4-3)4 (4-3)3 (3.75-3)4 (4-3.25)3 (3.75-3)4 (4-3.25)3 (3.75-3)3.5 (4-3)3 (3.75-3)Median
(IQR)
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Figure 16. System Usability Scale (SUS) score on the SUS [35] of the Cardiomeds app at stage 2.

Comparison of First and Second Stages

Quantitative Evaluation

Task Success

On average, participants completed 86% (12/14; SD 0.19%) of
tasks without any help overall. Conversely, on average,
participants needed help with 14% (SD 0.11%) of tasks. As

depicted in Figure 15, tasks 4, 10, and 14 maintained a success
rate of 100% (20/20) in both stages of the study. Tasks 2, 3, 7,
8, 9, and 12 had a successful completion rate without any help
of 100% in the second stage of the study. We also noticed that
the failure rate for all tasks combined was reduced to 0% in the
second stage of the study. All these measurements are exposed
and supported in Figure 17.

Figure 17. Task success distribution per task (N=20 participants) for the overall study. "Completed" represents the percentage of participants who
completed the task with ease. "Partially completed" represents the percentage of participants who completed the task with difficulty that could have
been solved with the help of the instructor in 5 minutes or less. "Failed to complete" is defined as the percentage of participants who failed to complete
the task. "Nonavailable" represents the percentage of missing data when a task could not be started and evaluated.

Time on Task per Study Task

The mean overall time on task for all tasks was 57.19 (SD 40.05)
seconds. Tasks 5, 6, and 7 had a longer duration than the other

tasks in both stages of the study (Figure 18). Nevertheless, task
11 was also one of the longest during the first stage. These
findings showed that the task with the most failures (ie, task 6
[enter medication without medication package]) was also the
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most time-consuming in both stages of the study, although the time taken was reduced during stage 2.

Figure 18. Boxplot of the comparison of the efficiency of the 2 stages of the study. Stage 1 is shown in blue and stage 2 is shown in orange.

Qualitative Evaluation

Five Open Questions Questionnaire

Regarding the qualitative part of the study, 80% (16/20) of
participants responded positively to our open questions about
general feelings in both stages of the study. Between the 2
stages, the number of participants who had negative feelings
was reduced from 1 participant to 0 participant. In addition,
85% (17/20) of participants were inclined to use the app once
it became available, indicating its ease of use. Another comment
that emerged in both stages of the study was the wish to access
various contact numbers (4/20, 20%), such as the emergency,
physician, cardiologist, or pharmacy.

Error Classification

The first stage of evaluation highlighted various ergonomic
problems as defined by the Bastien and Scapin criteria [31].
The reduction, from 22 problems of 6 different types in the first
stage of the study to 15 problems of 5 different types identified

during the second stage, demonstrated the benefits of the
improvements made to the app.

We observed that in both stages of the study, the most frequent
problem remained the problem of guidance (first stage; 8/22,
36%, and second stage; 6/15, 40%).

It seems that the change in localization of the reminder and
information section led to a reduction of guidance problems,
although 2 different types of problems remained, including 1
new problem (Table 6). Given that guidance problems appeared
several times in both stages of the study for tasks 8, 11, and 12,
we could improve the app further by making the buttons of the
reminder and the information section even more visible in a
future version (reminder, export vital signs, and find medication
information). A recommendation would be to add a label under
the reminder button and increase its size. As for the button in
the information section, we would like to change its color and
increase its size.
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Table 6. Type of problems during stage 1, number of occurrences, number of new problems, and total type of problems in stage 2.

Stage 2Stage 1Category (number according to the Bastien and Scapin [31]
classification)

Types of problemsNew problemsSolved problemsTypes of problems

21121. Guidance

21015.2 Error message quality

10237. Significance of codes

00118. Compatibility

00112.2 Information density

10011.3 Immediate feedback

11002.2 Concision

Moreover, we observed that the problem of the significance of
codes decreased from 22% (5/22) to 7% (1/15) and from 3 such
problems to only 1 (Table 6). These problems appeared during
the task in which the participants had to scan the medication
package, which we have made easier and more visible within
the app, but also about the appellation by the component of
certain medications that we have also tried to popularize as
much as possible to reach a wider audience, for example, we
have inserted the names of the drugs (metozerok) next to the
class of the drug (β-blocker).

Problems related to error message quality (from 1/22, 5% to
3/15, 20%) and immediate feedback (from 1/22, 5% to 4/15,
26%) increased, although there was no new problem of the
immediate feedback type, unlike the error message quality for

which a new type of problem appeared. These problems did not
increase significantly and are strongly dependent on the
participant samples. Finally, a new problem of concision was
mentioned during stage 2 by a single participant concerning the
location of information concerning medications which could
be found in 2 different places.

Satisfaction: SUS Questionnaire

Averaging the 2 results of the SUS questionnaire gave a score
of 80 for the entire study. This shows that the usability of the
Cardiomeds app was perceived as good in both stages of the
study with a slight improvement during the second stage after
some modifications. The scale in Figure 19 is used to interpret
these results [34].

Figure 19. Cardiomeds score on the System Usability Scale (SUS) for the overall study.

Discussion

Principal Findings
Participants took 18 minutes on average to complete all 14 tasks,
which means just over 1 minute per task. However, certain tasks
took much longer than others. The shortest task took an average
of 4.80 (SD 4.60) seconds to be completed in the first stage
(task 10) and 21.10 (SD 25.69) seconds in the second stage (task
8). One possible reason that tasks 8 and 10 were the shortest in
the study could be that these 2 tasks required minimal navigation
within the app. In addition, for task 8 (set alarm for medication
intake), participants had already set an alarm for task 1 (set an
alarm for vital signs), which likely made this task easier.
Similarly, task 10 (check medication history) followed task 9
(confirm your medication intake), where the same menu also
provided access to the medication intake history button. Finally,
because both tasks followed task 6, which was the longest in
the study, participants may have become more familiar with the

app’s navigation, helping them complete the later tasks more
efficiently. Furthermore, between the 2 stages of the study, we
modified the localization and visibility of the reminder icon to
make it more accessible and more visible from the main menu.
This might explain why task 8 (set alarm for the medication
intake) was the fastest task. However, we were unable to
determine why the duration of task 10 (check medical history)
was longer in the second part of the study than the first because
we did not make any change that could influence retrieval time.

The maximum average time was 154.40 (SD 68.08) seconds
during the first stage (task 6) and 103.10 (SD 42.76) seconds
during the second stage (task 6). The entry of medications (task
6) took the longest time in both stages of the study, although
we observed an improvement between the first and the second
stages, suggesting that the app had been improved. Improving
the medication entry process was crucial to reduce the time
patients spent inputting or modifying their treatment in the app.
We know that patients with HF with reduced left ventricular
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ejection fraction usually take at least 4 different medications.
In addition, the older the patients, the more they suffer from
different comorbidities, such as type 2 diabetes [35] or
hypertension [36], which further increases the number of
medications required. Furthermore, the treatment for patients
with HF is likely to change often, so we wanted to make this
part as fluid, ludic, and easy to use as possible. Knowing these
considerations, the time spent on the app could significantly
increase which could discourage the target audience from using
it. Therefore, it was important to improve the ergonomics of
drug recording to make this process as short as possible.
Feedback collected on task 6 (enter medication without
medication package) led to app modifications aimed at
simplifying the medication entry process. The main change was
to divide the drug recording process into 3 different pages rather
than having a single scrollable page. Nevertheless, we believe
that after repeated use, the time taken will diminish, and the
patient will become increasingly comfortable to use the app.
Also, although entering medications is an important initial
process in using the app, it is not needed in daily use.

Concerning the quantitative results of the study, we observed
that the mean overall success rate, which represents the
effectiveness (completed the task without any help and
completed the task with help) was 77.1% (108/140) for the first
stage and 93.6% (131/140) for the second stage of the study.
Furthermore, only 30% (3/10) of the participants in the first
stage of the study managed to complete all tasks without any
help versus 50% (5/10) during the second stage. We wonder if
the differences observed between the 2 stages are partly due to
the difference in characteristics of the participants in the 2
groups. Stage 1 included more participants aged between 71
and 80 years (1/10, 10%) than stage 2 (0/10, 0%).

We observed that 8 tasks (8/14, 57%) were failed by at least
one participant during stage 1 compared to none during the
second stage. The tasks failed or completed with difficulty in

the first stage of the study included tasks 5 (5/10, 50%), 6 (6/10,
60%), and 7 (5/10, 50%). All these tasks were related to the
recording of the medication. These same tasks induced fewer
problems during the second stage of the study, with only 30%
(3/10) of the participants completing task 6 with difficulty, and
none of the participants making any errors for tasks 5 and 7. As
these tasks aimed at the recording of medications, we can
reasonably assume that the changes made to the app after the
first stage contributed to the reduction of problems encountered
during the second stage of the study.

Finally, we observe in Figure 19 that the efficiency of task 10
(check medical history) seems worse in the second stage of the
study (mean time for the overall participants 27.10, SD 21.70
seconds) than in the first stage (mean time for the overall
participants 4.80, SD 4.60 seconds). On the basis of our
observations, we suspect that during the first stage of the study,
participants took more time to complete the previous tasks,
which gave them more time to navigate through the app. Thus,
we hypothesize that the medication history page was already
localized by the participants in stage 1.

It is surprising to observe that the significant increase in
effectiveness per participant, from 50% (5/10) in the first stage
of the study to 100% (10/10) in the second stage, is not reflected
in an increased SUS score. Indeed, the Cardiomeds app was
first evaluated with usability measured as “good” with a SUS
score of 79% on average. It improved by 1% to reach 80% after
modifications were made to the app between the 2 stages of the
study. Nevertheless, when we look at the distribution of scores
in the 2 groups in Figure 20, we see that they are very similar.
We concluded that the participants mainly judged the concept
of the app rather than the difficulty of the tasks carried out
during the usability tests through the SUS. Therefore, it is logical
that despite the changes made to the app, the SUS score did not
change much.

Figure 20. System Usability Scale score distribution in both groups.

During the tests, we collected various participants’ comments.
In the first stage of the study, the most common comment (2/10,
20%) was the extremely small font size, which may be a

problem for older users. We did not change the font size in the
app because it is possible to do so globally in the settings of
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each device. During the second stage of the study, this remark
did not emerge again, although we did not change the font size.

Furthermore, we can observe in Table 6 that between the 2
stages of the study, the problems of information density and
compatibility were solved. Indeed, these problems mainly
appeared while entering medications without a medication
package (task 6), whose interface was improved between the 2
stages of the study. As mentioned earlier, this stage has been
improved because we believe that the recording of medications
must be simple given the number of treatments necessary and
their regular change depending on the clinical condition of the
patients and the course of their illness. We decided not to
categorize guidance problems because it was not clear whether
the guidance problems were localization problems or legibility
problems. Indeed, the guidance problems were found in task 8
(set alarm for medication intake), 11 (find medication
information), and 12 (export vital signs). It was not clear if the
button was too small or poorly located, which would not make
it visible enough.

It is important to point out that despite the availability of
mHealth health interventions, most patients still wish to have
follow-up appointments with their physician to maintain
supervision and human contact. Many patients express the fear
of being harmed when relying only on a health app [37].
However, with the current shortage of physicians and nurses in
Switzerland’s urban areas [38], the management of these patients
is complex. The follow-up made possible with an app, such as
Cardiomeds, could probably provide relief and help physicians
to focus more on the relationship with the patient during medical
appointments. Moreover, when patients are involved in their
care and carry out self-checks, they are also more involved in
their health, thus enabling in-depth monitoring of their illness
to best prevent cardiac decompensations and avoid
hospitalizations. Therefore, it is clear that physicians need to
add eHealth to their daily practice by integrating it into their
management, to offer optimal long-term follow-up.

Strengths
The first strong point of our study was that although common
guidelines assume that a sample of 5 users is sufficient to reveal
85% of usability problems and 15 users is sufficient to discover
almost 97% of problems [39], we evaluated the usability of the
Cardiomeds app with 2 groups of 10 people each. In addition,
we split the study into 2 stages, which enabled us to make
modifications based on the feedback and then test the app with
a new group to see if the changes improved the app’s usability.

Second, we used mixed methods combined with usability testing
methods to report and analyze quantitative and qualitative data
in this study, which is recognized as a strong point in studies
analyzing the usability of apps [40,41].

Finally, in our usability testing protocol, users had to complete
tasks like those they would perform alone at home. Studies have

shown that this is a good way to test an app’s usability. In
addition, the inclusion criteria for our study were broad, allowing
a large panel of patients with HF to participate. In addition,
even if most participants did not have an iPhone, it was still
possible for Android users to test the app.

Limitations
A few limitations need to be considered. First, we can see that
the most represented age group in our study (50-60 years) is
younger than the age of the audience targeted by the app. Indeed,
HF is more prevalent in patients >65 years of age [42]. Second,
in both groups, women were underrepresented, with an average
of 25% (5/20) of women, which is less than the prevalence of
HF in women, which reaches 50% [42]. Third, only one
investigator oversaw data collection in this study. Indeed, the
usability tests, the SUS score, and the 5 open questions
questionnaire were evaluated by one investigator, and all the
recorded data were analyzed and timed by a single investigator.
As only one person measured the times, there is a risk of bias
in the results; however, this would be minimal given that the
same investigator performed all the recordings.

Finally, the SUS questionnaire has limitations in assessing the
usability of apps. Indeed, the SUS questionnaire does not
provide specific insights into which parts of the app may cause
issues for users. Moreover, it is a subjective measure of
perceived usability. By adding some open questions to this
questionnaire, we were able to obtain more information, but
this does not reduce the inherent deficiencies of the SUS [43,44].

Conclusions
According to the SUS score obtained in both stages of the study,
our usability study rates the Cardiomeds app as “good,” with a
slight improvement of 1% between the 2 stages of the study, to
reach 80% in stage 2. The effectiveness per participant (the
number of tasks completed or partially completed by each
participant), went from 50% in stage 1% to 100% in stage 2.
The most time-consuming task in both stages of the study was
manual medication recording (task 6). Nevertheless, the
improvement made after the first stage of the study enabled a
reduction in the necessary time to complete this task. The most
frequent ergonomic problems according to the Bastien and
Scapin criteria remained problems of location and legibility
within both stages of the study, with a slight improvement in
stage 2. The problem of information density was solved because
of the improvements made to this app by the IT professionals
regarding medication recording. Most participants who tested
the app recommended it and said they would use it when
available. The multidisciplinary care required by patients with
chronic HF is often complex because of the presence of many
comorbidities. Therefore, it would be interesting to enable them
to better understand their disease and increase their involvement,
improve their therapeutic adherence, and finally enhance their
quality of life through the future use of this mHealth app.
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Abstract

Background: Health care systems and the nursing profession worldwide are being transformed by technology and digitalization.
Nurses acquire digital competence through their own experience in daily practice, but also from education and training; nursing
education providers thus play an important role. While nursing education providers have some level of digital competence, there
is a need for ongoing training and support for them to develop more advanced skills and effectively integrate technology into
their teaching.

Objective: This study aims to develop a needs-based support program for nursing education providers to foster digital
competencies and to test this intervention.

Methods: We used a design-based research approach, incorporating iterative development with expert consultation to create
and evaluate a support program for nursing education providers. Focus groups were conducted online to assess needs, and thematic
content analysis was used to derive key insights. The support program was then refined through expert feedback and subjected
to a feasibility and satisfaction test, with participant evaluations analyzed descriptively.

Results: Six main categories emerged from the focus groups, highlighting key areas, including the use of digital technology,
ongoing support needs, and the current state of digitalization in nursing education. The support program was developed based
on these findings, with expert validation leading to adjustments in timing, content prioritization, and platform integration.
Preliminary testing showed good overall satisfaction with the support program, although participants suggested improvements
in content relevance and digital platform usability.

Conclusions: Although the feasibility test showed high satisfaction with the support program, low participation rates and limited
perceived knowledge gain were major concerns. The results suggest that while the program was well received, further refinements,
including a focus on competency-based approaches and addressing workplace barriers, are needed to increase participation and
effectiveness of such interventions. The findings of this research can be used as a basis for the development of similar programs
in other educational and health care contexts.

(JMIR Form Res 2025;9:e66109)   doi:10.2196/66109
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Introduction

Background
Technology and digitalization are transforming health care
systems and the nursing profession globally [1]. The range of
modern technologies used in health care practice is broad, with
varying levels of complexity and includes, among others,
electronic health records, sensors, tracking, artificial intelligence,
and robotics [2,3]. Digital competence consists of knowledge,
attitudes, and skills “required to use new technologies in a
meaningful way and as a tool for learning, working and leisure
time, understanding the essential phenomena of digital
technologies in society as well as in one’s own life, and the
motivation to participate in the digital world as an active and
responsible actor” (pp. 670-671) [4].

Digital competence for nurses is acquired through their own
experience in daily practice, but also in continuing education
and training, where the providers of this education play an
important role [5,6]. In Germany, nursing is an
apprenticeship-based profession. Educational activities during
this apprenticeship are performed by nurse educators, who
provide theoretical education to nursing students, and clinical
mentors, who provide supervision and mentoring of trainees,
students, or new professionals; these roles are referred to
together as “nursing education providers” in this paper. The key
aspects of the training and the characteristics of these job
designations are summarized in Multimedia Appendix 1.
Nursing education providers are responsible for designing and
delivering educational programs that include the use of digital
technologies [7]. These responsibilities involve developing
digital teaching materials and resources for use in the classroom
or online, in addition to providing hands-on training and support
to help students or new professionals develop their digital
competencies [8]. There are already several digital technologies
being used in theoretical and practical nursing education, for
example, laptops, headphones, and video cameras for online or
hybrid teaching, digital blackboards, simulation dolls, and digital
platforms [9]. The use of these technologies requires that nursing
education providers are capable of imparting the necessary
competencies and that they are also able to use digital
technologies themselves through the demonstration of
pedagogical digital competence in their work [10].

Internationally, several studies have investigated the evidence
regarding the digital competence of nursing education providers.
A study by Forman et al [11] showed barriers against the
implementation of technology in teaching, as well as the need
for better support for nursing education providers who want to
use technology in educational activities. Furthermore, they
pointed out a missing consensus about the definition of
minimum levels of digital competence [11]. Similarly, Männistö
et al [8] described competence as a multifaceted phenomenon,
which depends on various factors. It is proven by multiple
studies that a lack of knowledge regarding technology among
nursing education providers leads to worse outcomes in the
preparation of nursing students [12].

A survey of 169 nursing education providers in a German
medical center assessed their self-perceived competence in using

digital technologies for teaching [13]. The results showed that
nurses generally feel competent and positive about using digital
technology in educational activities. While a basic setup of
digital teaching tools is available, respondents expressed a need
for further training in digital competence. The study’s
quantitative approach provided insights into digital competence,
but the authors recommend qualitative methods to deepen
understanding and develop practical recommendations.

Overall, the evidence suggests that while nursing education
providers have some level of digital competence, there is a need
for ongoing training and support to help them develop more
advanced skills and effectively incorporate technology into their
teaching. Although the topic is attracting increasing international
interest, there still seem to be no established training programs
focused on digitalization in nursing education in several
countries, including Germany [14].

Aim
The aims of this study were (1) to develop a needs-based support
program for nursing education providers to foster digital
competencies in a specific context at a university hospital in
Germany and (2) to test this program regarding feasibility and
acceptance.

Methods

Overview
This research report was written according to the GUIDED
(Guidance for Reporting Intervention Development Studies in
Health Research) [15] and the TIDieR (Template for
Intervention Description and Replication) checklists [16]. Both
checklists can be found in Multimedia Appendices 2 and 3.

Design
The design of this study was based on the design-based research
methodology as described by Anderson and Shattuck [17].
Design-based research is an iterative approach that aims to
improve educational practices through the design,
implementation, and refinement of interventions in real-world
settings [17]. This methodology emphasizes stakeholder
collaboration, iterative refinement, and empirical testing, making
it well suited to the complexities of developing and testing a
support program for nursing education providers [17] and has
already proven effective for digital innovation in education [18].
Within design-based research methodology, the development
of the support program followed a step-by-step, iterative, and
participatory process with the consultative involvement of
experts of the target group, based on the recommendations for
the development of educational programs by Schneiderhahn et
al [19], Schlutz [20], and the Medical Research Council
framework for the development and evaluation of complex
interventions in health care [21]. Schlutz [20] emphasizes the
importance of developing educational services that respond to
the specific needs of learners within their professional contexts.
His focus on participatory approaches helps to ensure that the
support program we develop is not only relevant but also tailored
to the challenges faced by nursing education providers in the
digital age. Similarly, Schneiderhan et al [19] present a
systematic guide to curriculum development that emphasizes
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the need to align educational objectives with learner needs and
competencies. Their emphasis on stakeholder involvement and
iterative revision is consistent with our design-based research
methodology, enhancing the program’s effectiveness and
ensuring its relevance to nursing education. The Medical
Research Council framework [20] further contributes to our
study by providing a structured approach to the development
and evaluation of complex interventions. It ensures that our
support program is contextually appropriate, and incorporates
iterative feedback and refinement throughout the development
process.

This study was conducted and coordinated by a group of nurse
researchers with expertise in the fields of digitization (SW and
SZ), adult education (CB and HM), and intervention
development (SJ). One group member (SJ) was already involved
in the previous quantitative survey mentioned above [13].

Procedures
In the context of this study, the phases for curriculum
development according to Schneiderhan et al [19] and Schlutz
[20] were integrated into the process of design-based research
for the detailed design of the learning situation. The phases and
the iterative approach are illustrated in Figure 1 and are outlined
in the following sections.

Figure 1. Support program development steps.

Phase 1: Needs Assessment

Overview
Based on an explanatory sequential design [20], this phase
adopted a qualitative research approach using focus groups to
assess the needs of nursing education providers based on the
results of the mentioned quantitative survey [13]. Focus groups
are a special type of group interview where a moderator leads
a discussion focused on a particular subject [22]. They are useful
for obtaining information about beliefs, attitudes, thoughts, and
perceptions on a specific topic from multiple individuals in a
short amount of time. Participant interaction within the group
plays a vital role in generating the data [22-24].

An interview guideline was developed by the research group
following the recommendations of Kallio et al [25]. A
semistructured interview guideline was chosen because it
focused on the concepts of interest while still allowing
flexibility. Sequential data integration [26] was performed by
using the structure and content of the guideline as a base for the
structure of the written survey questionnaire used in the study
of Jobst et al [13] and the core findings to be explored in greater
depth. During the development phase, preliminary versions of
the questionnaire went through several internal reviews and
adjustments by all members of the research team. The themes
of the final guideline were as follows: (1) existence and use of
digital technologies; (2) assessment of digital competencies;
(3) support; and (4) age, gender, and specialty area. Each topic
area was introduced in advance by a brief presentation of

corresponding results from the written survey to provide context
for participants and to encourage them to discuss their
experiences related to the topic of interest. Due to hygiene
regulations (caused by the COVID-19 pandemic) at the time
the study was conducted, focus groups were scheduled as online
sessions. For this purpose, the videoconferencing service WebEx
(Cisco) was used which operated via the secure servers of the
institution. The research team programmed technical support
if necessary. Although the members of the research team and
potential participants belong to the same professional group,
there is no overlap between their respective fields of work. Thus,
it was assumed that there is no dependency relationship or
conflict of interest between the research team and the
participants.

Participants
Nursing education providers were determined as the target group
for participation in this study, as they had specific knowledge
and experience related to the objectives under investigation.
The teaching activity in nursing education can be considered
as a common characteristic of the participants, which facilitates
the creation of a pleasant atmosphere for discussion and
exchange of opinions, as well as promoting interaction between
them. A purposive sampling approach [27] was used to identify
and recruit nursing education providers working at the
above-mentioned medical center and the associated nursing
school. Prerequisites for participation in the focus groups were
membership in the professional group of nursing education
providers employed at the University Medical Center, being
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aged at least 18 years, providing a signed consent form, and
having to access to technology to use the videoconferencing
service. Prior to starting the recruitment process, permission
was obtained from the institution’s staff council, which approved
the involvement of nursing education providers. Potential
participants were contacted via email using internal institutional
mailing lists and asked to respond in writing if they were
interested in participating in the study. Interested individuals
received detailed written information about the study and
participation, as well as a written informed consent form.

Data Collection
The two focus groups were led by two of the authors (SW and
SJ), of whom one already had experience in conducting
interviews. They were assisted by two other members of the
research team who took field notes or asked supplementary
questions. The focus group discussions were audio recorded
and transcribed using a denaturalized approach in which
idiosyncratic speech elements were omitted [28]. Field notes
written during the discussions were merged and converted into
a digital text format. Transcripts and field notes were
pseudonymized prior to analysis. The participants received a
demographic questionnaire prior to the focus group discussion.

Analysis
The qualitative data in textual form collected from the
transcribed focus group discussions were analyzed using
MAXQDA 2022 (VERBI Software). Content analysis using a
deductive-inductive approach using the method of thematic
qualitative text analysis was performed [29]. To analyze the
data, a deductive categorization matrix was developed with four
main categories based on the themes of the interview guideline.
Content was assigned to these main categories and respective
subcategories were inductively formed in the process. Codes
that did not fit into the categorization matrix were combined
into inductively formed new main categories and subcategories
during the analysis process [30]. Prior to the coding process,
the categorization matrix was pilot-tested by two members of
the research team to check its fit and feasibility. Six coders
divided into three groups sequentially coded the transcripts,
each group building on the interpretive work of the previous
ones. First, initial codes were developed in a process of
condensation, followed by an abstraction process, where codes
were then combined into categories that were allocated to the
main categories of the predefined categorization matrix. After
the end of this phase, coders met to discuss the resulting codes
and categories, their classification in the categorization matrix,
and any discrepancies, and to make modifications. Finally,
summaries in narrative form were written for each category.
Based on these summaries, thematic descriptions were created
for the main categories [31]. For the development of the support
program, content from categories that pointed out existing needs
and requirements was used. The essential information contained
in these descriptions is provided in the Results section of this
report.

Phase 2: Objectives, Content, and Strategies

Overview
Phase 2 involved defining the content and objectives of the
support service, as well as the format and methods with which
the support service was to be implemented. The procedure as
described in the model of Schneiderhan et al [19] was applied
in an adapted form: steps 2 to 4—determining and prioritizing
content, writing goals and objectives, and selecting teaching or
educational strategies—were combined into one, following the
example of Schlutz [20], as the content, objectives, and methods
of a learning situation are highly interdependent.

The development of the support program has been guided by
Bloom’s [32] taxonomy, which categorizes learning into
cognitive, affective, and social domains. To ensure support and
acceptability of the support program by the targeted audience
and key personnel (eg, nurse managers, leading clinical mentors,
and school administration), current conditions, resources, and
the results of both empirical studies (survey and focus groups)
were also considered during the development of the support
program.

Data Collection
The goals, objectives, and content were derived from the
relevant results of the survey and the focus groups using
sequential data integration [26]. The research group met
regularly over a period of three months to plan the pilot
implementation and testing of the support program. The
following data sources were used: results of the web-based
survey, results of the focus groups, experts within the institution,
and knowledge of internal workflows at the hospital that would
facilitate the testing of the support program.

Analysis
The research team produced a draft based on a matrix identifying
the relevant components of a support program. This structure
was linked to the steps of Schlutz [20]. It included information
on the theoretical aspects of the support program [19,33], as
well as information on practical implementation. Based on the
results of the web-based survey and the focus groups, learning
objectives were developed, which served as the basis for the
content design of the support program. The analyses of the focus
groups revealed the participants’ learning needs for several
topics. These were prioritized according to their importance and
realizability. After that, topics were developed in a creative and
iterative group process as frames for the organization of the
content of the support program. Topics were operationalized
using brief descriptions. At the same time, an educational
strategy was defined in terms of format, teaching methods and
media, quantity, and timing. Both, topic descriptions and
educational strategies, were then entered into the matrix. Experts
from the institution were identified and asked to act as potential
lecturers at the planned times. Based on the subject areas and
descriptions in the manual, they prepared short presentations
according to the specified parameters (format, time). The content
and methodology were agreed with the members of the research
team.
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Phase 3: Expert Validation and Adaptation

Overview
This phase included several feedback rounds in which the draft
of the support program was presented to various experts from
the target group. The feedback from the experts was intended
to ensure the feasibility of the support service, as well as to
increase the acceptance in the target group.

Participants
A total of five experts, all working at a University Medical
Center, were consulted. They had the following expertise: adult
education in health care, clinical mentoring, practical and
theoretical training of nurses, or digitalization and e-learning.

Data Collection
The experts were interviewed in a total of four appointments,
on three of the four appointments the experts were interviewed
individually, on one appointment two clinical mentors were
interviewed simultaneously. The interviews were conducted
face to face and were structured as follows: first, the experts
were presented with the draft of the support service, after which
they were able to comment on it openly. Each meeting, and
especially the feedback by the experts, was protocolled by a
member of the research group.

Analysis
The protocols were anonymized; their contents were compiled
and then analyzed using qualitative content analysis. Themes
and categories resulting from this analysis were discussed within
the research group and used for adjustments of the draft
produced in phase 2 and finally expanded into a manual with
detailed descriptions of all elements for implementing the
support program.

Phase 4: Feasibility Testing (Feasibility and
Acceptance)

Overview
In phase 4, the support program was implemented according to
the manual to assess its feasibility and acceptance. Feasibility
in this context refers to the extent to which the intervention can
be practically implemented as intended. This includes factors
such as the manageability of the program, the availability of
necessary resources, and the ability of the target group to use
the program as designed [33]. Acceptance was operationalized
as participant satisfaction, meaning that the focus was on how
well the program was received by users and whether it met their
needs and expectations [33].

Prior to the implementation of the support program, experts
from the institution were identified and asked to act as potential
lecturers at the planned times. Based on the subject areas and
descriptions in the manual, they prepared short presentations
according to the specified parameters (format, time). The content
and methodology were agreed with the members of the research
team. A member of the research team was present at each
session to provide technical support and moderation. Each short
presentation was recorded with the consent of the lecturers so
that it could be made available asynchronously at a later date.

In order to comply with data protection regulations, the
participants’cameras and microphones were deactivated during
the short lecture. After the recording was finished, at the end
of the lecture, the participants’ cameras and microphones were
activated so that they could take part in the discussion round.

Participants
All nursing education providers at the medical center had the
opportunity to take part in the support program as part of the
feasibility test. Gatekeepers forwarded an invitation to the target
group via email with information on the support program.
Participation in the support program and the survey at the end
of phase 4 was voluntary.

Data Collection
A survey design was used to evaluate the support program
afterward. A new questionnaire was developed by the research
team especially for this study, as no suitable instrument was
available in German. The development of the questionnaire was
guided by the conceptualizations of Proctor et al [34], Sidani
and Epstein [35], and integrated elements of the ABC-SAT
questionnaire to assess affective, behavioral, and cognitive
domains of satisfaction [36]. The questionnaire was designed
as a web-based questionnaire comprising 18 questions on the
domains of satisfaction, feasibility, and appropriateness, each
of which could be rated using a 5-point Likert scale. Attendance
at the relevant events was also requested and there was an option
to enter a free text. The demographic information collected in
the questionnaire was the participants’ main area of work, age
group, and gender. In addition, anonymized data on the number
of participants during the sessions and the number of views of
the video recordings of the sessions was collected by means of
a protocol.

Analysis
Numerical data were analyzed descriptively using Microsoft
Excel 2016. Textual data (comments of participants) were
analyzed using qualitative content analysis.

Setting
The study was conducted at the University Medical Center
Freiburg.

Ethical Considerations
The conceptualization and implementation of this study were
based on the principles of the Declaration of Helsinki. By
German law, survey studies with a focus on employees must
be approved by the employee council at the respective
institution. This body serves to fulfill ethical requirements and
safeguard the rights of employees in this country. These
responsibilities also refer to the protection of personal rights
and data protection in the context of surveys. For this reason,
a project description and information materials for potential
participants were submitted to the relevant council for approval.
The responsible committee of the employee council of the
Freiburg University Medical Centre provided approval for this
study in written format. Participation in the focus groups was
voluntary, no personal data were collected, and anonymity was
always maintained. All potential participants received written
information on the study (reason for the study, objective,
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processes, data protection), were informed about the decision
of the employee council and its subcommittees, and had the
opportunity to contact the investigators in case of questions at
any time during the study. Informed consent to participate was
assumed if individuals completed the questionnaire and were
confirmed (by ticking a box) at the beginning of the
questionnaire.

Results

The presentation of the results of the study follows the structure
of the 4 steps of the development process of the support
program.

Phase 1: Needs Assessment

Overview
Two focus group sessions with a total of 7 participants (clinical
mentors: n=4; nurse educators: n=3) took place in April and
May 2022. The first focus group discussion lasted 1 hour and
15 minutes, the second focus group discussion lasted 56 minutes.
The characteristics of the participants are provided in Table 1.

Table 1. Sample characteristics.

Participants (N=7), n (%)Characteristics

Job designation

4 (57)Clinical mentor

3 (43)Nurse educator

Sex

4 (57)Female

3 (43)Male

Age (in years)

2 (29)18-35

3 (43)36-49

2 (29)≥50

Six main categories emerged from the data, each with several
subcategories: (1) existence and use of digital technologies; (2)
assessment of (own) digital competencies; (3) support; (4) age,
gender, and field of specialization; (5) attitude toward new
technologies; and (6) current state of digitization. The last two
main categories were derived through an inductive approach

from the qualitative data, while the remaining main categories
were derived from the interview guide. The development of the
support program was based on the analysis of the relevant
categories (1), (3), and (6). An overview of these categories and
their subcategories is presented in Textbox 1.

Textbox 1. Categorization matrix of the content analysis of the focus groups with relevant content used for the development of the support program.

Main category 1: existence and use of digital technologies (deductive category)

• Existing and used technologies

• Existing and unused technologies

• Desired technologies

• Expectations of technologies

Main category 2: support (deductive category)

• Content-related aspects

• Organization and design of support

• Ongoing input and support

• Experiences with existing support

Main category 3: current state of digitalization (inductive category)

• Best practice

• Opportunities

• Poor practice

• Barriers
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Existence and Use of Digital Technologies
This main category covers various aspects related to the use of
technology in educational activities. Focus group discussions
revealed a wide range of technologies that were already being
used, such as digital blackboards, digital learning platforms,
laptops, and software for online meetings. However, some
existing technologies, like smart boards, were not used, or not
used optimally due to a lack of knowledge or partially
nonfunctional hardware:

Actually, the other parts [smart boards] are
essentially used like whiteboards for writing on. You
write on them and then wipe it away. And that
approach is not really what one could do. [Focus
group 1, nurse educator]

Participants expressed a desire for better equipment in the rooms
for hybrid teaching, including more laptops, tablets, simulation
manikins, and robots. Specific expectations for technologies
used in education were also mentioned. Participants want
technology to be useful and have a reasonable cost-benefit ratio.
Furthermore, it should increase students’ interest and motivation
and support the learning process. Additionally, the use of
technology should be easy and accessible for collaborative work.
The participants also mentioned the benefits of technologies
that allow for the easy integration of media into teaching and
the documentation of examination or instruction situations.

Support
Four subcategories emerged from the data as a result of the
discussion about support. This category included participants’
desire for ongoing input and support, their experience with
existing support, as well as their ideas, wishes, and needs related
to content, organizational, and design aspects of (new) support.

Several participants were already aware of support programs
and training on new technologies provided by their institution
and had taken advantage of it in individual cases. In this context,
even small gains in knowledge were of great importance to the
participants. Among other things, access to support programs
through a complicated registration process or limited scheduling
was viewed critically. Online formats and purely written
information were perceived as challenging. The lack of practical
exercises was also highlighted as a criticism. In addition, uneven
levels of difficulty and limited applicability were named.

It was mentioned that support for nursing education providers
during the implementation of new technologies in teaching must
be oriented toward different elements, that is, inspiration and
support for the correct use of technology in teaching, as well as
training in the appropriate use of these technologies. In
particular, opportunities for practice were desired. When
organizing support, special attention should be paid to
interprofessional group formation, different levels of
competence, and the requirements of the particular professional
groups in regard to new technologies:

I often had the feeling that meanwhile there was a
huge gap. Either I get a very marginal introduction
... Or I have something high-end, which is not
user-related. [Focus group 1, nurse educator]

In addition, participants expressed a desire to contact persons
who can provide support in the event of technical problems.
Further training should also be programmed on an ongoing basis
in addition to regular refresher training. Participants pointed
out the challenge of reconciling a busy schedule with training
on new technologies.

Current State of Digitalization
All participants gave examples and anecdotes of the current
state of digitalization and related competencies in the institutions
in which they work. In line with the two subcategories, the
reports of participants can be divided into “best practice”
examples and opportunities, as well as “poor practice” examples
and barriers.

In regards to “best practice,” the use of online platforms for
communication and information exchange was reported. Other
positive aspects mentioned were the training opportunities,
internal staff with responsibility for training in certain
technologies, and support and mutual collegial support in case
of technical problems.

...for example, recently I did a video call into the
dialysis unit. And I did the lesson with the colleague
via webinar together. Something like that. It all works.
That’s the advantage. Thanks to Corona. [Focus
group 1, nurse educator]

Opportunities for improvement included the need for further
development of existing training and high-quality hardware
equipment, as well as expanding the monthly work-group
meeting to include technical aspects. Participants noted that in
order to increase motivation to use new technologies, a
recognizable added value must be evident along with
comprehensible introductions. In the case of the latter, one
participant would like to see better training methods.

Clinical mentors reported examples of poor practice, such as
the lack of simulation dolls due to high costs, as well as a lack
of training opportunities and responsibilities, and
underutilization of existing software despite having the
knowledge for an appropriate use. Nursing education providers
discussed inadequate use of digital blackboards, limited dates
for training, and insufficient differentiation based on competence
levels in the training programed. All participants identified
common barriers to the use of new technologies, such as high
costs, inadequate equipment, lack of time, and lack of practical
training space.

Because when I do hybrid teaching with a laptop that
is on the table in front, I then occasionally run over
and ask if he [a student, note by the authors] can hear
and see everything, which of course he cannot...
[Focus group 11, nurse educator]

Participants also noted individual barriers, such as negative
attitudes and lack of experience among colleagues, as well as
the challenge of implementing technical solutions into large
companies or hospitals due to existing federalist structures.
They highlighted the organizational effort of implementing
technology, particularly in terms of adapting teaching methods.
Additionally, the design and delivery of general IT training
from instructors without a background in teaching or nursing
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was identified as a barrier as the sessions failed to address the
needs of the participants.

The study revealed that while a range of tools such as digital
blackboards and online platforms are used, some technologies
are underused due to limited knowledge or nonfunctional
hardware. Participants expressed a need for better equipment,
ongoing training, and support, particularly in practical
applications of technology and in overcoming barriers such as
high costs, inadequate time, and organizational challenges. They
emphasized the importance of tailored, accessible support that
considers different competence levels and professional needs.
Additionally, participants noted both positive and negative
experiences with digitalization in their institutions, highlighting
the potential for improvement in training and infrastructure.

Phase 2: Objectives, Content, and Strategies
The following three learning objectives were formulated for the
support program, which guided the development process:

• Raising awareness of the topic of digitalization in one’s
own field of work

• Promoting motivation to use technologies in nursing
education

• Creating opportunities for networking between nursing
education providers from different areas of work

In line with Bloom et al [32], participants are expected to
develop competencies within the cognitive domain, by gaining
essential knowledge about digitalization in nursing education
and gaining an understanding of how to apply digital tools to
enhance teaching practices. They are also anticipated to cultivate
competence within the affective domain by fostering positive
attitudes toward digital technologies and increasing their
motivation to engage with these tools. Finally, social
competence is expected to be strengthened through collaboration
and critical engagement with digital solutions, enabling
participants to contribute meaningfully to professional discourse
on digitalization in nursing education. Based on the objectives,
initial topic descriptions were developed for the support
program. The draft of the newly developed support program
consisted of a series of short online meetings (ie, sessions),
which were planned to be programmed once a week over a
period of five weeks via the videoconferencing program WebEx,
each lasting 15-20 minutes. Each session would focus on one
of the topics. The session would start with a topic-centered
keynote speech (max 10 min) by a lecturer with expertise in the
respective topic followed by a moderated discussion round with
the opportunity to ask questions and exchange views on the
topic. Every session would be recorded and would later be made
available on an institutional digital learning platform.
Participants would thus have the option of attending directly or
asynchronously. In addition, a forum would be set up on the
learning platform to enable participants to interact between
sessions.

Phase 3: Expert Validation and Adaptation
The experts provided feedback on the following aspects of the
support program: framework conditions, themes, format, timing,
motivation, and potential obstacles. The draft of the support
program was generally rated favorably by the experts surveyed.

The online format, which does not require registration, the use
of software already familiar to the institution, the interactivity
of the program (forum and discussion group), and the possibility
of addressing questions directly to the relevant experts were
highlighted as particularly beneficial features. In particular, the
provision of recorded sessions was emphasized, which allows
great flexibility for the target group. According to the experts,
fixed dates and the short duration of the sessions would enhance
motivation and predictability of participation. Experts noted
that scheduling the sessions between 1:30 PM and 2 PM would
ensure the largest possible number of potential participants
could be reached. In addition, experts recommended addressing
opportunities for digital collaboration between nurse educators
and clinical mentors, some of which are unknown. Based on
this feedback, the timing of the program was adjusted
accordingly and the topic “Collaboration on a digital learning
platform” was added to the lecture series.

Finally, the following five topic descriptions were developed
for the support program:

• New nursing technologies at the University Medical Center
Freiburg

• Collaboration on a digital learning platform
• Further training programs or further training catalogs for

teaching nurses
• Nuts and bolts of Cisco WebEx
• Overview of functions of a locally available online training

platform

The manual for the support program was updated accordingly
and the anchoring of the support program on the institutional
digital teaching-learning platform was finalized.

Phase 4: Testing (Feasibility and Acceptance)
A total of 25 people enrolled in the course for the support
program. Attendance at the four keynote presentations varied,
with the second session (collaboration on a digital learning
platform) and fourth session (nuts and bolts of Cisco WebEx)
being the most attended (n=2), and the third session (educational
programs or catalog for teaching nurses) receiving no
attendance. The video of the first keynote (new nursing
technologies) was viewed most often (n=12), with declining
views for every following keynote. With one exception, the
testing was conducted as initially planned. The last keynote
speech could not be held due to the illness of the lecturer.
Overall, the evaluation of the support program involved seven
participants, consisting of four male participants, two female
participants, and one nonbinary person. Participants included
4 clinical mentors and 2 nurse educators, with one abstention.
The median age range was 40-49 years.

Satisfaction with the support program was rated overall as good.
Positive responses noted a supportive atmosphere during
presentations, high instructor motivation, and well-prepared
instructors. However, cognitive feedback indicated less
perceived knowledge gain and mixed opinions on content
relevance and session length adequacy. Regarding feasibility,
participants found the format suitable but noted challenges in
integrating it into their daily routines. The digital conference
format was generally viewed as appropriate, but the forum and
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platform usability were deemed less satisfactory. Open-text
responses highlighted strengths such as competent speakers and
efficient time management, while suggestions for improvement
included enhancing educational content relevance and platform
usability.

Discussion

Principal Findings
In this study, a design-based research methodology was used
to develop and test a needs-based support program for nursing
education providers to foster digital competencies. The study
was conducted in four phases: phase 1 used focus groups to
assess the current use of digital technologies and the state of
digitalization in nursing education. In phase 2, the objectives,
content, and strategies for a support program were developed
based on previous survey results and the focus group insights,
leading to three main learning objectives: raising awareness of
digitalization, motivating the use of technology, and fostering
networking among nursing educators. This phase was framed
by Bloom et al’s [32] taxonomy, which emphasizes the
development of learning in the cognitive, affective, and social
domains—each of which is crucial to the development of digital
competencies. Phase 3 involved expert validation through
multiple interviews, resulting in the refinement of 5 key topics
and the finalization of the support program. Finally, phase 4
tested the feasibility and acceptance of the support program
using a web-based questionnaire based on the ABC-SAT [36],
which showed high satisfaction but low participation and
insufficient perceived learning outcomes.

In several countries, including Germany, there are no formal
training programs regarding digitalization for nursing education
providers [14]. The feasibility test of this support program
represents the first step toward the implementation of such a
formal training program. This program can be classified as level
1—“reaction” in Kirkpatrick’s model of the “four levels of
training” [37]. This means that this program remains rather
rudimentary, but has the potential to be expanded and developed
further using additional resources. In the absence of a specific
guideline for the development of such a support program, the
design-based research methodology was used to structure and
guide the process of this study. This proved to be extremely
helpful, as the steps were comprehensible and the quality of the
support program could be improved through iterative and
participatory processes. Involving representatives of the target
group in the development process brought several advantages:
not only did it contribute to increasing the quality of the support
program, it also ensured the feasibility of the support program
and provided the possibility of easy and low-threshold contact
and information for the target group about the planned support
program.

The support program aimed to address the entire target group
of nursing education providers, which was legitimized with the
aim of promoting cooperation between the subgroups of nurse
educators and clinical mentors. When designing the content of
the support program, a topic-centered approach was taken and
an attempt was made to find topics that would appeal to both
subgroups of the target group. We chose this approach for

several reasons. First, it allowed us to address the immediate
interests and needs of both subgroups within our target audience.
By focusing on engaging topics, we aimed to maximize initial
interest and participation, which is crucial for the success of
any educational program. Our goal was to create a stimulating
environment where participants would be motivated to actively
engage with the content. As a consequence of the topic-oriented
approach, it was not possible to design a competence-oriented
approach. Although this is not evident from the qualitative and
quantitative survey data, there are indications that a
competence-oriented design would have been more suitable for
the support program. To address this, potential improvements
could include introducing competence assessments and
providing additional resources while applying a broader variety
of learning methods and concepts. This would lead to more
needs-oriented programs, especially for the respective target
group, and among other things, result in a differentiation of the
presented topics into different competence levels (eg, beginner,
advanced, and expert) or specific addressing of one of the
professional groups. As noted by Sillat et al [38], the increasing
number of technologies, frameworks, and strategies underscores
the need for assessing and evaluating digital competence in
various settings. Given the challenges in self-assessment, which
are not limited to nursing settings, the provision of a screening
or assessment of digital competencies before choosing a training
level should be considered.

The extent to which differentiation into different competence
levels would have led to higher participation figures and greater
satisfaction with the support program remains to be clarified.
With regard to the number of participants, it is noticeable that
the recordings of the keynote speeches, which were made
available online asynchronously, had higher participation rates
than the synchronous online presentations. One possible reason
for this could be the stressful and sometimes unpredictable
working day of nursing education providers, especially if they
work in clinical practice. In addition, the respondents previously
reported that they had hardly any time resources, which may
be another reason for the low level of participation. This is also
confirmed by Dornan [39] stating that employees with a care
mandate generally prioritize these tasks higher than participation
in continuing education courses. After or during a stressful
working day, some individuals may lack the mental capacity to
absorb further input in the form of training, as they may already
be in cognitive overload [40]. Another reason could be a lack
of motivation to participate. In this respect, it is known from
adult education that the willingness and motivation to participate
in further training depends very much on the general
environment of the workplace [41].

These are, for example, the values and mission statement of the
organization, as well as the demands and requirements placed
on employees in the context of lifelong learning. Learning
behavior and thus participation in further training is also strongly
dependent on individual learning behavior, learning habits, and
personal attitudes [41]. Noteworthy in this context are the
different levels of involvement, ranging from enthusiastic to
completely absent. While the stakeholders, who also belong to
the target group of nursing education providers but tend to work
less in direct training and increasingly take on management
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tasks, were very interested and committed to the development
of the support program, there was almost no interest at all on
the part of the nurses being involved in direct patient care. We
can only speculate about the reason for this great difference in
motivation and participation. Since this research project was
part of a large, 5-year project with various other research
projects, one can also speculate about a kind of fatigue or
desensitization to other research projects. Such a phenomenon
has already been described by health care professionals [42].

The evaluation recorded only a few participants. However, this
number is certainly justifiable and positive in the context of a
feasibility test. The evaluation results show an ambivalent
picture. In addition to the low number of participants, the results
showed little to no increase in knowledge among the
participants, yet they stated that they were generally satisfied
with the program. A further more in-depth survey of the target
group could provide clarity here and answer questions such as
which people did or did not take part in the sessions and for
what reasons, and whether a different format or a different time
would have been more suitable. To address the low participation
rate, measures such as enhanced recruitment strategies (eg,
engagement of leadership) and flexible participation options
(eg, live, asynchronous, and on-demand) should be considered
to encourage higher involvement. Additionally, a focus on both
intrinsic motivation (eg, emphasizing the value of lifelong
learning, team culture, professional identity, and commitment
to quality care) and extrinsic motivation (eg, incentives) should
be incorporated [43].

Implications for Practice and Research
Based on the results of this study, several implications for
practice can be derived. The next step should be to determine
the reasons for participation or nonparticipation in the support
program, for example, through a follow-up survey of the target
group. This should also address obstacles and facilitating factors.

The support program developed here should also be further
developed on the basis of design-based research. When further
developing existing support programs or designing new ones,
workplace-related factors such as workload, time resources, and
working hours should be taken into account. It is also
recommended—especially for complex and wide-ranging
topics—to pursue a competence-oriented approach in order to
best meet the needs of the target group.

Limitations
This study has several strengths and limitations that should be
considered when interpreting the results. First, the sample of

this study was relatively small and consisted of individuals from
only one medical center. This sample may restrict the
generalizability of the findings. However, the evaluation showed
an acceptable number of participants for a feasibility study and
the issues and findings raised in this study may be still relevant
on a national and international level, especially for nursing
education and training programs that prioritize the digital
competencies of nursing education providers. In this study, the
sample was highly specific which improves the credibility [44].

Second, despite a review of existing instruments, no suitable
questionnaire could be found, as existing instruments were
mostly too generic. Therefore, a self-created questionnaire had
to be used for the evaluation, which was based on the ABC-SAT
questionnaire [36] and conceptualizations of feasibility and
acceptance, but was not validated in its final form.

Third, it is important to be aware of the potential bias of the
researchers in this study, as data collection and analysis were
conducted by researchers with a background in nursing
education [45]. This situation may lead to a better understanding
of the context but also affect the interpretation of the data. To
compensate for these biases, triangulation was performed during
the analysis.

Conclusions
The research design, consisting of a quantitative survey, a
qualitative exploration, and subsequent development with
participatory elements of a support program, facilitated both
the structured collection of nursing education providers’ views
and experiences regarding digital competence and the targeted
development of a needs-based support program. However, the
likely willingness of the target audience to use the programming
in the future appears to be severely limited, as reflected in the
low attendance during the synchronous keynote presentations.
The reasons for this poor response are varied and may be due
to factors such as lack of information or insufficient motivation
on the part of the target group. Overall satisfaction was high,
but concerns were expressed about the lack of opportunities for
professional discourse and individual knowledge gain. Despite
these challenges, the overall satisfaction with the pilot
implementation suggests that digital and innovative programs
have potential and can serve as a basis for further development.
Moreover, the insights gained from this study, despite being
derived from a localized setting, could be applied to guide the
development and implementation of similar support programs
in diverse educational and health care contexts.
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Abstract

Background: Sexual and gender minority (SGM) adolescents in the United States are disproportionately affected by HIV.
Pre-exposure prophylaxis (PrEP) is a highly effective biomedical HIV prevention method, but its awareness and uptake among
SGM adolescents are low. There are no adolescent-centered PrEP social marketing campaigns in the United States that have the
potential to increase awareness and interest in PrEP.

Objective: To address this gap, this qualitative study aims to examine SGM adolescents’ needs and preferences regarding
adolescent-centered PrEP social marketing campaigns.

Methods: SGM adolescents from Chicago and its surrounding areas participated in web-based asynchronous focus groups from
February to May 2021. Questions elicited their preferences for content, design, and delivery of SGM adolescent–centered PrEP
campaigns. We used rapid qualitative data analysis and organized the findings around key components of social marketing, known
as the 4 Ps: product, price, place, and promotion.

Results: Participants (N=56) were aged 14 to 19 years (mean 18.16, SD 1.22 y), and 64% (36/56) of them identified as a racial
or ethnic minority. Among the 56 participants, 70% (n=39) were aware of PrEP; however, 95% (n=53) did not know that PrEP
could be prescribed to those aged under 18 years. Adolescents expressed a need for PrEP campaign messaging that provides
simple, accurate, and easily accessible information (eg, what is PrEP, for whom PrEP is indicated, and where and how to access
PrEP). For product and price, SGM adolescents wanted a campaign to address barriers to, costs of, and how to access PrEP and
desired to know about other adolescents’PrEP experiences to improve campaign relatability. For place and promotion, participants
preferred digital campaigns on social media to reduce the possibility of embarrassment and stigma and increase the accessibility
of health content.
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Conclusions: These findings lay the groundwork for designing adolescent-centered educational PrEP campaigns that prioritize
both user preferences in PrEP marketing design and strategies to overcome common barriers to PrEP awareness.

(JMIR Form Res 2025;9:e60398)   doi:10.2196/60398

KEYWORDS

social marketing campaigns; sexual and gender minority; adolescent; HIV; pre-exposure prophylaxis; PrEP; human-centered
design; implementation science; dissemination

Introduction

Background
Adolescents and young adults aged 13 to 24 years in the United
States are disproportionately affected by HIV, accounting for
19.3% of new diagnoses in 2022 [1]. In 2019, of the 25,552
new HIV infections among sexual minority men in the United
States, 6386 (25%) were aged 13 to 24 years [2]. Surveillance
data in Cook County, Illinois, an Ending the HIV Epidemic
priority area that includes Chicago and its surrounding areas,
show that 82.3% of HIV cases among youths aged 13 to 29
years were among men who have sex with men, 59.7% of the
cases were among Black sexual and gender minority (SGM)
youths, and 20.3% of the cases were among Latino SGM youths
[3].

Pre-exposure prophylaxis (PrEP) refers to HIV prevention
medication regimens that currently include oral
emtricitabine-tenofovir disoproxil fumarate (brand name
Truvada) or emtricitabine-tenofovir alafenamide (brand name
Descovy) and long-acting injectable cabotegravir (brand name
Apretude). PrEP is a highly effective biomedical prevention
strategy, preventing up to 99% of HIV infections when taken
as prescribed [4,5,6]. Despite the US Food and Drug
Administration’s approval of oral PrEP for individuals aged
under 18 years in 2018 and long-acting injectable PrEP in 2021
[7], PrEP uptake remains subpar in this age group [8,9]. One
study that used US pharmacy claims data to estimate adolescent
PrEP use [10] found that of the 6444 youths aged 13 to 19 years
who were prescribed PrEP in 2021, just 12% were aged under
18 years, and most were adolescent girls. Across several studies
using convenience samples, self-reported PrEP uptake among
SGM youth aged 14 to 17 years has been consistently low,
ranging from 2% to 5.9% [8,11-14].

Awareness and knowledge of PrEP are 2 significant barriers to
its use among adolescents. In studies based in the United States,
PrEP awareness among SGM adolescent samples has varied
from 15% to 55% [12-15], with higher rates observed in studies
consisting of participants who had previously taken part in HIV
prevention research where they learned about PrEP. Several
demographic, social, cultural, and structural factors relate to
SGM youth PrEP awareness, including older age, greater
educational attainment, and better access to sexual health care
[16-20]. Research also suggests that adolescents have limited
knowledge about PrEP beyond the fact that it prevents HIV
infection and assume that PrEP is only available for cisgender
men or those aged ≥18 years [11,12]. When adolescents are
aware of PrEP, they report moderate to high levels of willingness
to take it; for example, 2 survey studies showed that 64.9% [9]
to 78.5% [8] of adolescent sexual minority men aged 13 to 18

years were willing to use PrEP. Furthermore, even when SGM
adolescents are aware of PrEP, their willingness to use it may
be moderated by a variety of developmental, socioeconomic,
and sociocultural barriers to obtaining and adhering to PrEP.
These include concerns about parental involvement,
affordability, the need for regular clinic visits but the difficulty
in accessing them independently, side effect concerns, and a
lack of health care provider training in adolescent PrEP
provision [8,10,12,17,21-25].

Social marketing campaigns, which integrate marketing,
psychology, and public health principles, have immense
potential to promote PrEP awareness and uptake among SGM
adolescents, creating positive changes in attitudes, behaviors,
and awareness for the greater good of society [26,27]. The key
components of social marketing are often referred to as the 4
Ps [28,29]. Product includes messages about the desired
behavior and its attributes, its health benefits (eg, PrEP
awareness, uptake, and HIV prevention), and perceived
nonhealth benefits of the behavior (eg, fulfilling social needs).
Price refers to real and perceived financial or practical costs or
other barriers to engaging in the desired behavior from the
consumer’s perspective and strategies to lower these costs. Place
involves determining where the focal audience engages in the
behavior (in this case, where one obtains PrEP) and
implementing ways to make the desired behavior, service, or
product more accessible. Promotion entails the ways persuasive
messages are designed and delivered to the desired audience
[28]. Other models also include a fifth P, policy, which includes
policy-level barriers and facilitators to engaging in the desired
behavior that should be communicated to the audience [29].
For instance, in some US states, PrEP is explicitly included in
laws permitting adolescents to access certain types of health
care without parental consent (eg, mental health and substance
use treatment; prevention, testing, and treatment of sexually
transmitted infections [STI] and HIV; and other sexual and
reproductive health care) [30].

Social marketing campaigns take effect on both population and
individual levels [31]. In the case of adolescents, a PrEP social
marketing campaign could reach them quickly and directly
through multiple forms of media (eg, social media, websites,
and posters) that circumvent the need to rely on parents, health
care providers, and educators who may or may not deliver or
even know about this information. One example of such a
campaign is PrEP4Love [32,33], a Chicago-based PrEP
awareness initiative designed for Black adult gay and bisexual
men and transgender and cisgender women. PrEP4Love reached
41 million unique viewers and was associated with a 3-fold
increase in calls to a PrEP hotline over the 2 months following
the campaign launch, most of whom were interested in learning
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more about or being linked to PrEP [32,33]. The success of the
campaign in Chicago led to its adoption by a French AIDS
service organization to raise PrEP awareness across France [34].

Although adolescent-inclusive sexual health campaigns exist,
such as Get Yourself Tested [35] and National Youth HIV/AIDS
Awareness Day [36], few specifically include information about
or an emphasis on PrEP. Social marketing draws from exchange
theory, which suggests that individuals consider perceived costs
and benefits when making decisions and focuses on segmenting
the population into distinct audiences (ie, market segmentation)
that are more likely to respond to a particular campaign or
campaign component [37,38]. As such, social marketing
campaigns can be designed to be developmentally appropriate
for adolescents to highlight their specific preferences and needs.
For example, the content and imagery of PrEP4Love [32,33]
were clearly sensual and sexual in nature, which may make
many adolescents uncomfortable; approaches that elicit different
emotions, such as empowerment or affirmation, could be more
resonant with younger audiences [39,40]. Moreover, where
campaigns are placed is critical in ensuring that the campaign
reaches its intended audience. For instance, PrEP4Love was
often promoted in person (eg, in health clinics, public transit,
and nightlife establishments) with a website, hotline, and social
media presence. However, SGM adolescents may not be able
to access the same physical or web-based places (eg, bars and
adult-focused sexual health clinics) or may not pay attention to
campaign materials in public spaces that portray intimacy among
adults.

This Study
In this study, we used a “designing for dissemination and
sustainability” approach, which uses methods and principles
from dissemination and implementation science,
communications, marketing, community engagement, and
human-centered design. This interdisciplinary approach enables
the tangible products of public health research to better meet
the long-term needs of the intended audience and settings [41].
Following this approach, we directly engaged SGM adolescents
in preparatory implementation research via web-based focus
groups to inform whether and how to undertake an SGM
adolescent–centered PrEP social marketing campaign in the
Chicago area. Focus group questions sought to understand their
perspectives on existing PrEP and sexual health campaigns and
their preferences for campaign content, design, and
implementation. At the end of the focus groups, we invited
SGM adolescents to develop initial prototypes of digital
marketing materials that they thought may resonate with a
teenaged audience [42,43].

Methods

These data were collected in the context of a larger study that
focused on lesbian, gay, bisexual, transgender, and queer
(LGBTQ+) adolescents and supportive adults’ perspectives on
the need for an adolescent-centered PrEP campaign in the
Chicago area and what each group desired out of such a
campaign. Findings from interviews with adult participants are
reported elsewhere [24].

Recruitment
SGM adolescents in Cook County, Illinois, were recruited from
February to May 2021 via social media advertisements (eg,
Instagram [Meta Platforms] and Snapchat [Snap Inc]); the
Illinois PrEP Working Group listserv; registries of individuals
who had expressed interest in research study participation
through Northwestern University’s Institute for Sexual and
Gender Minority Health and Wellbeing and the Third Coast
Center for AIDS Research; and through the research team’s
partnership with AIDS Foundation Chicago, a local HIV
advocacy and service organization. Social media advertisements
were designed to reach adolescents interested in SGM culture
(eg, LGBTQ+ organizations and important figures), and study
staff reached out to individuals in the registries via SMS text
message or email to inform them of a new study opportunity.
Social media advertisements and registry outreach directed
prospective participants to the study’s web-based screener.
Eligible adolescents included those who (1) were aged 13 to 19
years; (2) lived in Cook County, Illinois; (3) identified as a
sexual or gender minority individual; (4) self-reported HIV
negative or unknown status; (5) had access to the internet; and
(6) could read in English at an eighth-grade level. We used
purposive sampling to enroll up to 20% transgender and
nonbinary youths and at least 80% cisgender sexual minority
youths to ensure representation of youths across the LGBTQ+
spectrum and aimed for a sample composition of at least 60%
racial and ethnic minority youths to reflect the demographics
of the Chicago area.

Ethical Considerations
All study procedures were approved by the Northwestern
University Institutional Review Board (STU00213036). A
waiver of parental permission was obtained for minor
adolescents, as the study was determined to pose minimal risk.
Following completion of the web-based screener, those who
were preliminarily eligible were given a web-based consent
form and responded to 4 multiple-choice items to assess their
comprehension of the study procedures; those who failed these
items twice after being given the opportunity to reread the
consent form were deemed ineligible. Then, study staff
contacted preliminarily eligible adolescents to participate in a
Zoom (Zoom Communications, Inc) call, during which staff
confirmed that the respondent was indeed an adolescent, met
the eligibility criteria, understood the study procedures, and
agreed to a code of conduct for focus group behavior (eg, no
harassment or bullying, respectful language, and keeping
discussion confidential). To protect their privacy, participants
were encouraged to select a username for the focus groups that
they did not use elsewhere on the Internet and were not
permitted to include identifying information in their usernames.
Throughout the study, participants were reminded that they
could contact the study team at any time via study SMS text
message or email with questions or concerns. At the end of the
study, information about study payment (US $40 Amazon gift
card sent via email) and HIV and PrEP resources were provided.
Data presented here are deidentified for privacy.
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Procedures
After enrolling, participants were sent a link to a 25-minute
web-based baseline survey via email or text. Participants could
select “I don’t want to answer” for any item in the survey. Study
staff then sent adolescents instructions to access an
asynchronous focus group website developed using vBulletin
(Internet Brands), web-based forum software that the study team
had used in previous research [11,12]. Web-based focus groups
have long been used in social science research due to their
accessibility and flexibility (eg, they can be conducted
synchronously or asynchronously), including in the research
team’s own work [44,45]. They have also been shown to provide
data quality comparable to that of in-person focus groups [46].
Participants accessed the focus group website with unique
log-ins. There, they could view links to an introductory forum
and 7 forums focused on different study topics, with 1 to 5
questions within each topic (refer to Focus Group Guide
section). The introductory forum included a video introducing
the study team to participants, an overview of ground rules, and
an icebreaker. Participants contributed by typing their responses
or uploading content at their convenience. The focus group
website was available for 7 days, and participants were strongly
encouraged to complete all questions within the first 2 to 3 days
to ensure sufficient time for the moderators to ask follow-up
questions and for participants to interact with each other’s
written responses. To increase the likelihood of participant
responses, probes used the @username function to trigger
notifications. In addition, daily text messages or email reminders
that included a direct link to questions and probes participants
had not yet responded to were used to increase their engagement.
We conducted 5 focus groups, with each group including 11 to
17 participants. Each group was facilitated by 2 moderators
who were trained in qualitative methods. Adolescents who
answered all questions on ≥4 of the 7 topics were considered
completers and eligible for payment.

Focus Group Guide
The focus group guide assessed participants’ reactions to
existing PrEP campaigns and preferences for future adolescent
PrEP campaigns. Questions were adapted from an unpublished
needs assessment previously conducted by local community
leaders working in HIV prevention and care, including one of
the coauthors (JP), to inform the development of adult-focused
English and Spanish PrEP social marketing campaigns in
Chicago. Additional questions were added by the study team
to be inclusive of adolescent experiences based on findings from
empirical research on adolescent barriers and facilitators to PrEP
and adolescents’ preferences for receiving information about
sexual health [11,13,25]. Textbox 1 provides examples of focus
group questions and topics.

First, we presented existing PrEP and HIV campaigns
(PrEP4Love [32-34], Get Yourself Tested [35], and the National
Youth HIV/AIDS Awareness Day Campaign [36]) to give
participants a reference point for public health campaigns
focused on HIV and sexual health and those focused on youths
versus adults, given that no PrEP campaigns for adolescents
existed at the time. Questions assessed participants’ reactions
to these campaigns, areas of improvement, and comparisons.
Next, we assessed adolescents’preferences for message delivery
and dissemination, preferences on campaign design and content,
developmental and cultural considerations, and perspectives on
messaging for parents and injectable PrEP (not described in this
study). Finally, a creative activity prompted adolescents to
design mock PrEP campaign content; provide a sample image
or video of a campaign they liked and an explanation; or develop
a mood board reflecting colors, feelings, or content that might
inspire a future campaign. At the end of the group, participants
were invited to share their feedback, ask questions, or share
additional thoughts they may have had that were not covered.
Each focus group transcript was saved as a deidentified
Microsoft Word document on password-protected servers. Upon
downloading focus group transcripts, study staff disabled further
user comments and visibility of the group to all users.
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Textbox 1. Focus group topics and sample questions.

Topic 1: Your thoughts on the PrEP4Love campaign

• What works well in this campaign? What doesn’t work so well in this campaign?

• PrEP4Love was designed for adults. What changes would you make to the campaign to make it more appealing and interesting to LGBTQ+
teens?

Topic 2: Your thoughts on the Get Yourself Tested and National Youth HIV/AIDS Awareness Day campaigns

• Compare and contrast the PrEP4Love, GYT, and NYHAAD campaigns. What aspects of each campaign do you like the best? What do you not
like?

• Which of the aspects you mentioned above are the most important to you to include in a PrEP campaign for LGBTQ+ teens?

• What, if anything, might be missing from any of these campaigns that would be important to include in a PrEP campaign for LGBTQ+ teens?

Topic 3: Where should PrEP campaigns go?

• What in-person spaces would be good places to post ads/share info about PrEP for LGBTQ teens?

• What online spaces/platforms would be good places to post ads/share info about PrEP for LGBTQ teens?

• If you were to design a PrEP video for TikTok, what would your video look like?

• If you were to design a PrEP post or story on Instagram, what would it look like?

Topic 4: What should PrEP messages for LGBTQ+ teens in Chicago look like

• What words and/or phrases would capture your and other LGBTQ+ teens’ attention?

• What types of images would you want to include in your PrEP campaign?

• If you wanted to show people in your PrEP campaign, what type of people would you show?

Topic 5: LGBTQ+ teens’ feelings and reactions to PrEP campaigns

• How would you want a new PrEP campaign to make you and other LGBTQ+ teens feel?

• How (if at all) should teen PrEP campaigns differ for younger versus older LGBTQ+ teens? LGBTQ+ teens who ever had sex versus those who
never had sex? LGBTQ+ teens who are out versus those who are not out? Teens who identify as LGBTQ+ versus teens who are questioning or
do not identify as LGBTQ+ but have sex with same sex/gender partners?

Topic 6: PrEP messaging for adults and other forms of PrEP

• How do you think PrEP messages for parents and other adults need to be DIFFERENT from those aimed at LGBTQ teens? How should they be
SIMILAR?

• In your opinion, what information is most important in an ad about teens and PrEP designed for parents/guardians?

• If you were designing a campaign for injectable PrEP, what is the one piece of information you’d want in it? How would it be different from a
PrEP campaign focused on pills?

Topic 7: Your examples of LGBTQ+ teen PrEP campaigns!

• Option 1: Find an example of health-related (or PrEP/HIV/sexual health-related) content that you LIKE or LOVE! Then, explain what you like
about it, and how it relates to your ideas for what a PrEP campaign for teens should be like.

• Option 2: The DIY route. Here are some ideas to get you started, but if you have other ideas feel free to run with it! Use apps like Instagram or
Snapchat to edit/draw on/type on the campaigns we shared with you, create a mood board/collage to share the vibe and look you’d want your
campaign to have, draw something on your phone.

Measures

Sociodemographic Characteristics
Participants self-reported their age, race, ethnicity, sex assigned
at birth, sexual orientation identity, gender identity, outness to
parents or guardians, parents’or guardians’acceptance of SGM
identity, and sources of sexual health information. Additional
investigator-created items assessed participants’ HIV and STI
testing history, previous sexual experience, and engagement in

HIV transmission risk behavior, and other items assessed
perceived HIV risk [47].

General PrEP Questions
Investigator-created items assessed perceived norms of PrEP
uptake (“I’d like you to imagine 100 adolescents like you. How
many of these 100 adolescents do you think are likely to use
PrEP”), PrEP awareness before the study (yes or no), and
lifetime uptake (yes; no). Participants also self-reported
perceived difficulty (1=not at all difficult to 5=very difficult)
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and confidence in their ability to access PrEP (1=not at all
confident to 5=very confident).

PrEP Attitudes and Stigma
A scale developed by Walsh [48] in 2019 was used to assess
participants’ attitudes and perceived stigma toward PrEP. A
total of 5 items evaluated perceived effectiveness, safety, and
adherence to PrEP, while another 5 items addressed stigma
concerns associated with PrEP (eg, “People who take PrEP are
promiscuous”). Responses were on a 5-point Likert scale
(1=strongly disagree to 5=strongly agree). PrEP attitude scores
ranged from 5 to 25, with higher scores indicating a positive
view of PrEP. Stigma scores also ranged from 5 to 25, with
higher scores indicating greater perceived stigma.

Data Analysis
Descriptive analyses for all quantitative variables were
conducted in R software (x64, version 3.6.1; R Foundation for
Statistical Computing). Focus group data were analyzed
deductively using rapid qualitative analysis [49], a method
commonly used in public health and implementation research
to quickly identify actionable themes in qualitative data. The
results of such analyses have been shown to correlate highly
with traditional qualitative analysis [50,51]. First, study staff
exported participants’ responses from the Microsoft Word
group-level transcripts to tables in Microsoft Excel, with
different tabs created for each focus group topic, and responses

were cross-validated for accuracy. Two coders reduced data by
emphasizing informative sections of participants’ responses and
removing redundant or filler words. This process resulted in
concise data that spoke to the study objectives. Following data
reduction, the coders independently examined all excerpts,
assigned codes to all excerpts, refined the code definitions
iteratively, and held discussions to reconcile differences. Data
were then organized conceptually and reported according to the
4 Ps model. Quotes presented in the Results section include
participants’ age, gender, race, ethnicity, and sexual orientation.

Results

Screening, Enrollment, and Analytic Sample
Characteristics
Overall, 348 individuals accessed the eligibility screener, of
whom 126 (36.2%) completed the screener. Of the 126
participants who completed the screener, 96 (76.2%) were
preliminarily eligible. Of the preliminarily eligible individuals,
68% (65/96) were enrolled after the Zoom call. Then, 94%
(61/65) completed the baseline survey and 92% (56/61)
answered ≥1 question in the focus group, and 89% (50/56)
completed the focus group (ie, responded to all questions in the
majority; 4/7, 57% of the topics); 94% (47/50) participants
responded to all questions in all 7 topics. The characteristics of
the analytic sample are in Table 1.
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Table 1. Participant demographics (N=56).

ValuesVariables

18.16 (1.22)Age (y), mean (SD)

Age (y), n (%)

1 (2)14

2 (4)15

5 (9)16

16 (29)17

16 (29)18

16 (29)19

Sex assigned at birth, n (%)

28 (50)Male

28 (50)Female

Race and ethnicity, n (%)

6 (11)Asian

9 (16)Black

12 (21)Hispanic

9 (16)Multiracial

19 (34)Non-Hispanic White

1 (2)No answer

Gender identity, n (%)

1 (2)Agender

20 (36)Cisgender man

12 (21)Cisgender woman

5 (9)Transgender man

3 (5)Transgender woman

4 (7)Genderqueer

3 (5)Gender nonconforming

6 (11)Questioning

2 (4)No answer

Sexual orientation identity, n (%)

1 (2)Asexual

23 (41)Bisexual or pansexual

20 (36)Gay

3 (5)Lesbian

6 (11)Queer

3 (5)Questioning

Prior sexual experience (allowed multiple options), n (%)

33 (59)People with penises

17 (30)People with vaginas

19 (34)Never had penetrative sex

Participants could indicate multiple sources from where they
heard of the study. Most participants heard of the study through
paid social media advertisements (23/56, 41% via Instagram;

10/56, 18% via Facebook; and 6/56, 11% via Snapchat). Other
sources included a registry email or text message (7/56, 13%),
an LGBTQ+ organization (5/56, 9%), a friend (5/56, 9%), or a
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clinic or hospital (2/56, 4%), and 2 (4%) participants indicated
that they heard about the study elsewhere (a family member
and an email newsletter for a different study for LGBTQ youth).
Participants said that their main sources of sexual health
information were social media (30/56, 54%), LGBTQ+ websites
(15/56, 27%), and porn websites (14/56, 25%). More than half
(37/56, 66%) of the participants had prior sexual experience,
48% (27/56) reported condomless penetrative sex, and 13%
(7/56) had sex with someone who tested positive for HIV or
who was of unknown status. Less than half self-reported that
they had previously tested for HIV (24/56, 43%) or STIs (18/56,
32%).

One-third (19/56, 34%) of the participants worried about testing
positive for HIV, and 24% (13/56) perceived themselves at risk
for HIV infection. ANOVAs revealed significant group
differences in perceived risk for HIV infection by gender identity
(F7,55=2.47; P=.03); Bonferroni-corrected pairwise comparisons
showed that those who identified as men perceived greater risk

than those who identified as women (mean 2.56, SD 1.26 vs
mean 1.4, SD 0.63, respectively). There were also significant
group differences in sexual orientation (F5,55=2.79; P=.03)
whereby participants identifying as gay perceived greater risk
than those identifying as bisexual or pansexual (mean 2.80, SD
1.20 vs mean 1.78, SD 0.90, respectively). There were no
significant differences in perceived HIV risk by age, race,
ethnicity, sex assigned at birth, or having ever been tested for
HIV or STIs.

Most (39/56, 70%) participants were aware of PrEP. Only 4%
(2/56) had taken it, and 95% (53/56) were unaware that it could
be prescribed to those aged <18 years. In addition, 38% (21/56)
of the participants found accessing PrEP easy, while 50%
(28/56) were confident in their ability to do so. Adolescents
viewed PrEP positively regarding effectiveness, safety, and
adherence (mean 19.93, SD 2.91; range 5-25) and had moderate
stigma levels (mean 11.91, SD 4.39; range 5-25). More details
are provided in Table 2.

Table 2. Pre-exposure prophylaxis (PrEP) awareness, use, and attitudes (N=56).

ValuesVariables

37.88 (24.11)Perceived norms (“Out of 100 adolescents like you how many do you think are likely to use PrEP?”), mean (SD)

19.93 (2.91; 5-25)PrEP attitudes, mean (SD; range)a

11.91 (4.39; 5-25)PrEP stigma, mean (SD; range)b

Participants’ awareness of PrEP before participating in the study, n (%)

39 (70)Yes

16 (29)No

1 (2)No answer

Do you know any teens aged under age 18 who are taking PrEP? n (%)

3 (5)Yes

53 (95)No

Lifetime PrEP use, n (%)

2 (4)Yes

54 (96)No

Perceived difficulty in accessing PrEP, n (%)

7 (12)Very easy

14 (25)Somewhat easy

17 (30)Neither difficult nor easy

17 (30)Somewhat difficult

1 (2)Very difficult

Confidence in the ability to access PrEP, n (%)

4 (7)Not at all confident

9 (16)Somewhat unconfident

15 (27)Neither confident nor unconfident

22 (39)Somewhat confident

6 (11)Very confident

aHigher scores indicate more positive attitudes toward PrEP.
bHigher scores indicate greater stigma against PrEP use.
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Reactions to Existing PrEP Campaigns
Participants were presented with the PrEP4Love, Get Yourself
Tested, and the National Youth HIV/AIDS Awareness Day
Campaigns and were asked to react to the design, images, and
written messages of each campaign. Adolescents generally
favored campaigns that highlighted “diversity” in sexual and
gender identities, body type, and couple types (eg, couples
depicting transgender and cisgender individuals) and disliked
campaigns that lacked representation of these groups, including
adolescents:

I really like that the images show many different
couples, regardless of race, gender, sexuality, etc.
[Asian gay man aged 19 years]

That said, they noted that the intentionally sensual nature of the
PrEP4Love campaign was off-putting:

It seems too sexual/sensual and likely would make
me look away before reading the [tag]line.
[Non-Hispanic White bisexual or pansexual man aged
17 years]

Regarding campaign taglines and copy, SGM adolescents
favored “straightforward” messages, particularly those that
challenged HIV stigma:

The simplicity of the campaign definitely works well.
I think that it conveys simple information...while
simultaneously being informative enough. [Hispanic
bisexual man aged 17 years]

Respondents expressed dislike for messages that were too broad,
lacked clarity, or failed to provide PrEP-related resources or
information. Adolescents noted that the National Youth
HIV/AIDS Awareness Day campaign messages were “too busy
and wordy” (non-Hispanic White bisexual or pansexual woman
aged 17 years), and that the Get Yourself Tested campaign had
a clear call to action but lacked further resources:

For GYT...I do think that there could have been a
little bit more information. [Hispanic questioning
woman aged 19 years]

Participants preferred existing campaigns with “bright,
eye-catching designs” and disliked campaigns with fonts that
were difficult to read or those that did not feature teenaged
models.

Preferences for Future Adolescent-Centered PrEP
Campaigns
In this section, participants’ preferences regarding the design
of future adolescent-centered PrEP campaigns were organized
based on the 4 Ps framework [29].

Product
Participants’ comments suggested that social marketing
campaigns should specify certain details about PrEP and HIV
prevention for adolescents; mention its benefits among youths
who have used PrEP; include messages that normalize the
health, experiences, and relationships of SGM adolescents; and
provide ample resources about PrEP, including information
about how to talk to a health care provider about PrEP.

Participants described wanting campaigns to give information
regarding the purpose and effectiveness of PrEP and how to
access it:

I think it should include more...about HIV, what PrEP
is, and the cost of PrEP. [White queer, genderqueer
adolescent assigned male at birth aged 19 years]

Participants also desired more tangible information about PrEP
statistics and adolescents’ lived experiences obtaining and being
on PrEP:

Including statistics, quotes, and real experiences from
adolescents would make it more relatable and
emphasize the importance. [Hispanic White
questioning woman aged 19 years]

Other participants also emphasized the importance of including
resources about PrEP access, such as offering a comprehensive
list of local adolescent-friendly PrEP providers, information
about talking to a provider about PrEP, and resources about
insurance coverage and paying for PrEP. A , mentioned as
follows:

I think you’re missing financial information [is it
free?], contact information...and you can say “talk
to your doctor” all you want but like, when I was
[younger], I didn’t have a doctor. Who would I go
to? [Black transgender man questioning their sexual
orientation aged 19 years]

A participant summarized common sentiments among the group
regarding product information and how to frame this information
to appeal to the audience:

I think that the dosing, how to get it, why it’s good to
take, and information regarding how it works [in a
simplified manner], are all good things to include. If
you just have a poster saying, “Take PrEP,” nobody
will take it, but if you say something closer to “Take
PrEP, a once daily medication that keeps you 99%
safe from HIV,” it will be more effective. [White
bisexual woman aged 19 years]

Respondents noted that PrEP messaging centered on the needs
of SGM adolescents, and not exclusively focusing on SGM
populations, would likely be beneficial to adolescents regardless
of background or identity. This was not only perceived to help
normalize the health, experiences, and relationships of SGM
adolescents but also showed cisgender heterosexual adolescents
that PrEP could be for them as well (eg, campaign materials
that say “PrEP is for everyone” and depict adolescents of various
sexual orientations and genders). This focus on inclusive yet
relatable messaging is reflected as follows:

The way that my friends explain PrEP to me is...you
take the pill once a day, kinda like birth control
[which is reassuring because we all know someone
on birth control]. [Black gay man aged 18 years]

Furthermore, youths described how portraying SGM adolescents
authentically, “just being themselves, like watching TV or
enjoying outdoor activities” (Black gay man aged 17 years),
can facilitate this sentiment in PrEP campaigns. Finally, another
benefit of adolescent-centered PrEP campaigns is that they can
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foster a sense of inclusion and empowerment among adolescents,
which can help motivate them to consider taking action to use
PrEP:

I want to feel valued, supported, and seen, where
people genuinely care about my sexual health and
well-being. [Asian gay man aged 18 years]

Price
Most comments identified in this domain referenced the price
of PrEP (eg, “A big part would be price of PrEP...and any side
effects,” as mentioned by a Hispanic gay man aged 16 years),
the effort involved in accessing it, and the possibility of stigma
and embarrassment with engaging with the campaign or seeking
PrEP. Fewer adolescents expressed concerns about side effects
or the medication regimen itself.

One transgender adolescent explained the potential concerns
regarding PrEP that a campaign may help address by relating
PrEP to their experiences seeking gender-affirming care:

Like when I was younger, I really wanted to go on
hormones but...it felt like it would be impossible to
get because I didn’t fully understand how to access
it and a lot of people were telling me how complicated
it was. So, I think teens need reassurance that it is
simple/easy to obtain prep and maybe even include
a step-by-step guide on how to go on it? [White
bisexual transgender man aged 19 years]

Other participants described how engaging with a PrEP
campaign or talking about PrEP to a provider or clinic staff
member could be embarrassing or elicit judgment from others,
which campaigns should proactively address:

I don’t want to feel ashamed of talking about the
topic. I want to feel respected and that I don’t need
to fear that others might judge me. [Black gay woman
aged 18 years]

Similarly, other youths reported parental involvement as a
potential barrier to accessing PrEP:

If we go to our doctors for a routine checkup, we’d
be scared to talk about sex in general...because most
teens are going to be intruded on by parents...it’s
surely a roadblock for many teens. [Black gay man
aged 18 years]

Moreover, another participant described ensuring that the
campaign had multiple ways to speak with a person about PrEP,
such as a text line or web-based chat function, given young
people’s reluctance to speak on the phone:

I would include specific ways to get into contact about
getting PrEP besides just a phone call because many
teens would be way too anxious to call a stranger
about that. [Non-Hispanic White gay man aged 19
years]

Participants were asked to articulate possible drawbacks of
adolescent PrEP campaigns focused on specific populations
(eg, SGM individuals, racial and ethnic minority individuals,
and younger adolescents). Although campaigns specifically for
SGM individuals can ensure that PrEP awareness is increased

among this population as well as address certain concerns that
these populations may have in relation to PrEP (“Black and
Latinx people lack medical access and are wary of the medical
system because it has mistreated them lots of times,” as
mentioned by a Hispanic bisexual woman aged 18), participants
described that this approach could downplay HIV susceptibility
among cisgender heterosexual adolescents and perpetuate stigma
within and toward the SGM community. A Black gay woman
aged 18 years summarized this concern, stating the following:

...it may convey the message that HIV solely affects
the LGBTQ community, rather than being a universal
virus that impacts all of us.

Others suggested how campaigns should be attuned to
developmental differences in adolescents, with older adolescents
being more comfortable with more explicit sexual information
or references and younger adolescents possibly experiencing
stigma in searching for sexual health information:

I feel like some younger people may feel
embarrassment or shame in looking into preventative
measures. [Non-Hispanic White bisexual woman aged
19 years]

Place
For the domain of place, participants primarily provided
recommendations on how specific individual “champions” or
locations that can support youth well-being and health behavior
could effectively communicate where and how adolescents
could access PrEP, particularly for those who may be less
familiar with navigating sexual health care. The following
participant quoted below and others described how key
influential adults and organizations (eg, schools and accepting
churches) could play a role in supporting adolescents’ access
to PrEP, even if these locations did not offer PrEP themselves:

...every school should have guidance counselors or
at least a support group for LGBTQ+ teens. I go to
a catholic school and recently this year we made a
new group called “Unidos” [‘Together’ in English].
That group helped me so much with resources and it
made me feel represented. [Hispanic gay man aged
15 years]

In addition, physical spaces recommended by participants
included schools and public and entertainment venues, such as
malls, public libraries, public transportation, and restaurants.
These locations were favored due to their accessibility and
convenience for SGM adolescents. For example, some youths
identified public libraries as places that are accessible to and
safe for adolescents, where they could learn more about PrEP
with relative privacy:

I also think that libraries could work well because
they are very trustworthy and when teenagers go to
libraries, they are often alone to study or find books.
[White bisexual woman aged 17 years]

Participants also recommended advertising in LGBTQ+ serving
organizations, clinics such as Planned Parenthood, pharmacies,
and health care provider waiting rooms. These participants
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indicated that the placement of marketing materials in waiting
rooms could be beneficial:

Family doc waiting rooms...if you have to talk to your
doctor about PrEP a reminder before going in would
be good. [White bisexual woman aged 18 years]

The placement of marketing materials in pharmacies and
hospitals was echoed by other participants as follows:

...because it will generate a lot of trust from teens
because it is in a healthcare facility. When you go get
a check-up it will be easy to remember, and teens
might even like to bring it up with their doctor in
private. [Black gay woman aged 18 years]

Promotion
Participants’ feedback predominantly focused on the element
of promotion, and they articulated strategies that can raise
awareness about PrEP among SGM adolescents through
carefully crafted content, appealing graphic design, and strategic
placement. Finally, participants were also asked to give
examples of what these campaign materials might look like.

Campaign Content
This element was distinct from “product” in that it focuses more
on message framing, tone, word choice, and market
segmentation than the features or benefits of the product itself.
Regarding the phrasing of adolescent PrEP messages,
participants expressed a preference for concise messages
presented in casual language to increase engagement.
Furthermore, adolescents highlighted that a campaign should
have an affirming and empowering tone that is
community-oriented, with several adolescents offering phrases
such as “your health matters” or “let’s stop HIV together.”

Considering the influence of peers and role models on
adolescents, participants also suggested including celebrities
and social media influencers in future PrEP campaigns to
increase campaign appeal:

I would feature a well-known celebrity who is
attractive and has been a strong supporter of the
LGBTQ community. [Hispanic gay man aged 16 years]

Participants frequently recommended involving adult authority
figures, such as scientists, health care providers, and educators,
for their credibility and expertise in addressing concerns about
PrEP side effects or potential long-term effects, provided their
delivery was empowering and supportive rather than patronizing:

...doctors/healthcare providers. This would help make
PrEP campaigns feel more reliable and trustworthy.
[Black bisexual or pansexual woman aged 17 years]

Moreover, SGM adolescents suggested featuring parents and
other adults who may play influential roles in adolescents’health
care (eg, “parents who feel more comfortable with their
adolescents taking PrEP,” as mentioned by an Asian gay man).

Although participants felt that adolescents should get the same
access to basic PrEP information regardless of where they lived
or who they were, they acknowledged the importance of content
segmented by population to address key differences:

As someone who went to school in the ‘burbs but lives
in the city, it tends to be a bit more conservative up
there, so I would just be aware of that. [White queer
man aged 19 years]

you’d have to advertise in different types of locations,
as suburban teens don’t take public transportation
for example. [Hispanic bisexual man aged 17 years]

This included creating Spanish language materials to reach the
large Spanish-speaking community in Chicago, which could
ultimately improve access:

...this community, which I’m also a part of, could
benefit [by] having ads that are also in Spanish. If
possible, just adapting ads to be more approachable
and informative for other languages other than
English. [Hispanic bisexual woman aged 18 years]

Campaign Design
Regarding campaign design, adolescents preferred eye-catching
graphics, including cartoons, avatars, and infographics:

...well thought out color schemes and easy-to-read
fonts, along with statistical evidence that explains the
effectiveness of PrEP [such as pie charts or bar
graphs]. [White gay man aged 18 years]

Adolescents suggested that campaigns should avoid overly
sexual images for discretion, with a Hispanic bisexual or
pansexual woman aged 18 years stating, “staying away from
anything that reinforces stereotypes or is overly sexual (due to
parents).” Moreover, participants were clear that the campaign
should avoid seeming too slick or corporate, which was viewed
as untrustworthy, as described by a participant:

...you need to get that attention in a way that is
personable, to show that this isn’t just something
being peddled by a brand, and that it is something
genuine and important, from queer folk, to queer
folk...Make it real, make it raw, adding polish at the
end removes a level of authenticity that is necessary
for this level of trust. [White queer transgender
woman aged 19 years]

Although adolescents acknowledged that there are benefits to
market segmentation, they were emphatic that the campaign
design should also be inclusive and diverse as they believed
everyone could benefit from learning about PrEP:

I wouldn’t necessarily exclude white bodies, but I
would put an emphasis on people of color...it hurts
literally no one to include them more and really only
benefits. also, I think there shouldn’t be much
distinction between cis and trans [people regarding
campaign content], but I do think that we need a bit
more trans representation. [Non-Hispanic White
queer man aged 19 years]

Campaign Placement
Participants emphasized that an adolescent-centered PrEP
campaign should predominantly be digital to reach this age
group regardless of their location. They suggested using
smartphone apps and LGBTQ+ websites; social media, such as
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Instagram, TikTok, and Tumblr; dating apps (eg, Grindr and
Tinder); music streaming apps (eg, Spotify); and mobile games.
Among these, social media, particularly TikTok, emerged as
the most widely discussed digital platform for campaign
dissemination as it was perceived to have “a significant reach
and tends to be LGBTQ+ friendly” (Hispanic questioning
woman aged 19 years). Participants suggested avoiding
Facebook (“I don’t know many adolescents who actually use
it. It’s more popular with adults and the older generation,” as
mentioned by a Hispanic bisexual or pansexual woman aged
18 years) and digital spaces that feature skippable
advertisements (eg, “ads on video streaming services because
many of us skip them and don’t even pay attention to them,” as
mentioned by a Hispanic questioning man aged 16 years) or
have a reputation for tolerating more toxic Internet discourse
(eg, Reddit and Twitter (subsequently rebranded X).

Regardless of medium, participants suggested that physical and
digital campaign assets all lead to centralized resources:

Having a QR Code that leads to a website with more
information on physical advertisements...the idea of
a hotline is fantastic. [White gay man aged 18 years]

They also suggested that such resources should be
comprehensive enough so that adolescents do not have to hunt
for information elsewhere:

The website should include all possible information
about PrEP so that it’s a one stop shop and so there
is no way to walk into it blind...it will inform and
persuade because they can just look at it and know,
rather than having...to look all of it up on their own.
[White bisexual woman aged 19 years]

Example Campaigns From Focus Group Participants
At the end of the focus group, participants were given the
following prompt: “We just asked you a bunch of questions
about what a PrEP campaign for LGBTQ+ teens might look
like. But some folks might prefer to share their thoughts
visually.”

Participants were given the option to share graphics or existing
sexual health content that evoked what they wanted from a PrEP
campaign or to design an example from scratch. In this section,
we provide several representative examples and their rationales.

Participants who submitted an original entry most frequently
gave examples formatted for social media, such as Instagram
or TikTok. This participant described clarity, directness, and
inclusion in their design:

The idea behind this one [Figure 1] was an Instagram
ad that has simplicity, there’s a hook at the top, only
2 things to read, cute stickers, an option to swipe up
for more info. And the two things I found most
important were the hashtag that I was able to make
rainbow! And the symbols for the other social media.
I was able to get my point across that prep is for
everyone, and a neat little reference is that the
background somewhat resembles the bisexual flag,
hinting that it doesn’t matter if you have sex with men
or women [or both or anywhere in between] and that
prep is still for you. [Hispanic gay man aged 17 years]

Others submitted examples that included information in both
English and Spanish, referencing the conversation earlier in the
focus group about the inclusion of Spanish speakers (Figure 2):

Figure 1. Social media pre-exposure prophylaxis (PrEP) campaign asset reflecting inclusive messaging and calls to action.
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Figure 2. Social media pre-exposure prophylaxis (PrEP) campaign asset reflecting inclusive messaging and English- and Spanish-language information.

I figured that incorporating teens in the campaign in
a nonsexual nature would...draw attention—these
teens are also different, appearance-wise. For the
information, I saw on a different forum that there
should probably be information in both Spanish and
English. Separating the information are gender
symbols and PrEP pills that say, “PrEP for all” on
them. [Black gay woman aged 18 years]

One participant created a script for a commercial reminiscent
of the US Trojan Man condom commercials [52] of the mid to
late 1990s (Textbox 2):

I wrote a quick script for a hypothetical commercial.
It’s aimed at a [younger?] teen audience and ideal
for platforms like TikTok, Snapchat, and Instagram.
I think it could be either live-action or animated. This
one would maybe be best aimed at teens who have
not yet started having sex considering that’s the
situation in the commercial. The characters can be
any gender/body type/sexual orientation. I also wrote
it to be slightly raunchy since that will certainly
appeal to/get teens attention. [White bisexual man
aged 19 years]
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Textbox 2. Excerpt of proposed commercial or brief video for social marketing campaign.

INT. A TEEN BOY'S ROOM LATE AT NIGHT 

Two teens make out in bed until TEEN 1 pulls away. 

TEEN 1 

You sure you're ready? 

TEEN 2 

(smiling warmly) 

Mhm. 

TEEN 2 leans into continue kissing TEEN 1 when CAPTAIN PrEP, a caped, over-the-top superhero with an anti-HIV logo or a pill logo on their
shield, flies through the wall. The terrified teens scream. 

CAPTAIN PrEP 

Fear not, young horndogs. It is only Captain PrEP here to make sure you don't get HIV. 

TEEN 1 

What the f*ck, you destroyed my room! 

Captain PrEP is unfazed.

CAPTAIN PrEP 

(earnestly) 

We all make sacrifices. But your sexual health shouldn't be one of them. 

Discussion

Principal Findings
PrEP has the potential to dramatically reduce the number of
HIV infections among adolescents in the United States.
However, its use among young people remains low, with
individual studies reporting that <0.5% of adolescents who may
benefit from PrEP have used it [53,54]. Social marketing
campaigns have the potential to improve PrEP awareness and
uptake [24,26,32]; however, limited research has explored what
adolescents want out of adolescent-centered PrEP campaigns.
To our knowledge, this is among the first studies on SGM
adolescents’perspectives on existing and future PrEP marketing
and implementation. Our findings, framed around the 4 Ps of
social marketing, suggest that previous sexual health campaigns
tailored for SGM adults, or adolescents in general, do not meet
the needs of SGM adolescents and that youths themselves can
be involved in conceptualizing the content and implementation
of PrEP campaigns [43]. In this section, we discuss concrete
takeaways from the focus groups that public health practitioners
and implementers may consider incorporating into adolescent
PrEP campaigns.

Overall, what adolescents wanted from PrEP campaigns aligned
with our findings from interviews with adults who worked with
or parented LGBTQ+ adolescents about what should go into an
adolescent-centered PrEP campaign [24]. For example, adults
wanted adolescent-centered PrEP campaigns to offer basic
information about PrEP (eg, safety, how it works, access, and
costs) that was inclusive, destigmatizing, and aligned PrEP with
adolescents’ priorities (eg, romantic relationships). In addition,
adults wanted concrete, actionable information for adolescents
to act on (eg, call this hotline and go to this clinic), delivered
through social media and physical spaces where adolescents

spend most of their time. For instance, regarding product and
price, SGM adolescents expressed a desire for basic PrEP
information in these campaigns that address potential barriers
and costs adolescents may encounter. Several years after PrEP’s
Food and Drug Administration approval for adolescents, access
to consumer-facing, adolescent-specific information on PrEP
in the United States remains sparse. Although there are some
examples of consumer-facing information that indicates that
adolescents can take PrEP [55], there are few details addressing
the developmental issues that surfaced in this study and previous
research on adolescents and PrEP [8,11,12]. An
adolescent-focused social marketing campaign could offer
answers to the following questions, some of which may need
to be tailored to reflect current state laws and policies: Do I
need to involve my parents in the decision to take PrEP, because
in some states, PrEP is explicitly included in mature minors’
right to health care, and in others, it is unclear or implied [56]?
What health care providers or clinics can prescribe PrEP to
minors, as web-based PrEP locator tools lack information about
whether locations serve adolescents? I have never been to a
health care provider on my own, so how do I prepare for a PrEP
appointment? How do I pay for PrEP without my parents
knowing?

Moreover, because PrEP requires consistent health care
engagement (eg, for oral PrEP, quarterly appointments are
recommended for HIV testing and lab work to check for side
effects), campaigns should offer resources that help youth feel
more comfortable independently accessing care given that they
may have limited experience doing so. Options to cover or
defray PrEP medication and related follow-up care should be
made explicit (eg, coupons from pharmaceutical companies and
requirements for insurance companies to cover PrEP
prescriptions and services via the United States Affordable Care
Act).
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In general, participants in this study were more concerned about
how to access PrEP than its side effects, suggesting that apart
from basic information on PrEP to increase its awareness,
campaigns should focus on demystifying the process of
obtaining, paying for, and sustaining PrEP for adolescents.
Highlighting real adolescents’ experiences pursuing PrEP can
make a social campaign more relatable, according to our results.
In a different qualitative study by our team, 100 adolescents
who had successfully accessed PrEP described different
strategies, barriers, and facilitators they encountered as well as
their experiences of using PrEP [57]. Sharing anecdotes from
these youths and others could be incorporated into a future PrEP
campaign to ground the messages in reality [57]. Regarding
place and promotion, participants described wanting a primarily
digital campaign implemented via social media. SGM
adolescents are heavy users of social media [58-60], where they
often seek and consume health content, and consequently, a
digital-first campaign could reduce adolescents’embarrassment
and stigma (which was relatively high in this sample) by
reaching them where they already are. Moreover, additional
suggestions indicated that participants wanted a campaign that
acted as a “one-stop shop,” short of visiting a physical clinic.
In other words, adolescents’ responses suggested that they
wanted a campaign that not only raised awareness and offered
education, but also included resources that could facilitate their
ability to ask questions relatively anonymously and on demand
(eg, a text line) as well as connections to PrEP care (eg,
telehealth PrEP consultations). Nonetheless, adolescents also
identified potential in-person spaces that could promote a PrEP
campaign or connect adolescents to PrEP services, such as
gender-sexuality alliances, offices of family medicine physicians
or pediatricians, or public libraries. However, given rapidly
increasing legislation proposing to restrict sexual, reproductive,
gender-affirming, and LGBTQ+-inclusive care across the United
States [61,62], one must consider the local social and cultural
climate and policies to determine whether it is feasible,
acceptable, and safe to implement campaign materials promoting
adolescent sexual health services.

One important consideration for promotion is that at the time
this study was conducted, self-service social media advertising
platforms (eg, Meta, which includes Facebook and Instagram)
permitted users to target advertisements to minors based on
their demographics, such as gender, presumed sexual orientation
identity, and race or ethnicity. However, since early 2023, in
the United States, significant restrictions have been placed on
social media advertising to minors that would preclude the
ability to do market segmentation, in other words, focus
educational campaigns on young populations who need it most.
Thus, public health professionals wanting to reach minors via
digital spaces may need to share their campaigns more broadly
with adolescents and hope that LGBTQ+-inclusive messaging
and imaging will reach their intended audiences. Alternatively,
they will need to identify different means of sharing health
campaign materials that do not solely rely on social media
advertising, which is also increasingly more expensive. These
means could include reaching youth-serving organizations with
a digital presence instead of attempting to reach individual
adolescents themselves or returning to a focus on in-person
events where adolescents are present.

Regarding how content is displayed, participants advised against
including sexualized images that are common in adult-focused
sexual health campaigns. Instead, participants suggested bright,
youthful imagery with concise and affirming messaging
delivered by trusted messengers (eg, supportive parental figures,
adolescents, and near peers). Results also indicated the need to
strike a balance between purposefully inclusive, “PrEP is for
all” campaign messaging and information intended to reach
populations in demographic groups at higher HIV transmission
risk or those with unique medical or health care access
considerations, such as transgender, nonbinary, and rural or
suburban youth. This preference stands in contrast to PrEP
awareness campaigns that tend to adopt a targeted approach to
specific populations at greatest risk of HIV transmission.
Consistent with literature showing that adolescents value
diversity in media [63], participants showed a strong desire for
a PrEP campaign that emphasizes diversity across multiple
dimensions. However, without some market segmentation that
considers local context and needs regarding PrEP, a campaign
can run the risk of seeming too generic and impersonal and,
consequently, may not reach those who need the resources the
most. Moreover, participants repeatedly expressed a distaste
for marketing materials that appeared too “corporate” and
polished, which suggested that community members who were
young, LGBTQ+, and Black, Indigenous, and people of color
were not as involved in campaign design. This speaks to the
need for adolescent HIV prevention campaign designers to
involve community members who are the intended recipients
throughout the process, which can also increase trust and buy-in
when the campaign is implemented.

Finally, to better understand what participants envisioned
adolescent-centered PrEP campaign materials might look like,
we included a participatory design exercise at the end of the
focus group. Such approaches have been used previously in
adolescent sexual health intervention design and have been
suggested to improve both youth well-being and youth-centered
programming [64,65]. This exercise enabled us to begin to
understand how participants’ text responses in the focus group
data manifested in their design choices and priorities. Ultimately,
these youth-generated materials can be used to inspire the
direction of PrEP campaign components, ensuring that design
choices are not guided solely by researchers’ interpretations of
focus group data but by adolescents’ own visions as well. In
fact, these findings, in part, formed the basis of our own
adolescent-centered PrEP social marketing campaign,
PrEP4Teens [66], launched in late 2023, the development of
which will be described in a future publication.

Limitations
While this study has valuable insights, it is important to
acknowledge its limitations. The participants were
predominantly adolescents who had heard of PrEP before, with
a larger proportion of transgender and nonbinary teenagers as
well as cisgender sexual minority girls, compared to what is
typically seen in HIV prevention research focusing on those at
the highest behavioral risk for HIV acquisition (eg, sexually
active sexual minority male individuals and transfeminine
individuals who engage in unprotected anal sex). It is possible
that adolescents who have not heard of PrEP before might want
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different information or have different concerns than those who
are already somewhat familiar with PrEP. Moreover, those in
groups at the highest risk for acquiring HIV may have different
perspectives on the campaigns. However, arguably, as
nationwide clinical guidelines suggest that all sexually active
adolescents and adults should be informed about PrEP regardless
of sexuality or gender [67], this sample composition can also
be seen as a strength. As this study took place in the Chicago
area, which is a large urban area with a historically progressive
social and political climate, findings may not generalize to other
environments. Furthermore, as this study was conducted in
February to May 2021, when most in-person social behavioral
research studies had not yet resumed during the COVID-19
pandemic, it is possible that our use of asynchronous web-based
focus groups may not have been able to capture certain nuances
that live, in-person focus groups would have (eg, body language
and tone of voice).

Conclusions
Developmentally tailored, SGM adolescent–inclusive
information about PrEP and where to access PrEP services is
critical to contribute to US efforts to end the domestic HIV

epidemic. Social marketing campaigns that directly reach
adolescents have great potential to address these needs quickly
and equip them with the tools to make informed decisions about
their sexual health. Public health professionals can consider
developing their own adolescent-centered PrEP campaigns
guided by our findings and make their campaigns responsive
to local needs in partnership with local adolescents and adult
stakeholders who support or parent adolescents. Public health
dissemination and implementation researchers should consider
ways to measure and evaluate the reach and impact of PrEP
campaigns on adolescents’ PrEP awareness, interest, and
uptake—perhaps, in part, by adding questions about social
marketing campaign exposure and PrEP uptake to large public
health surveys of adolescents (eg, Youth Risk Behavior
Surveillance Survey by Centers for Disease Control and
Prevention [68])—and explore how such patterns may differ
regionally and by social-political climate. Having said that, as
parents, health care providers, and other supportive adults are
also critical gatekeepers of adolescents’ access to health care
and health information, additional research should examine and
design educational PrEP campaigns for these groups.
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Abstract

Background: Shared decision-making between clinicians and service users is crucial in mental health care. One significant
barrier to achieving this goal is the lack of user-centered services. Integrating digital tools into mental health services holds
promise for addressing some of these challenges. However, the implementation of digital tools, such as mobile apps, remains
limited, and attrition rates for mental health apps are typically high. Design thinking can support the development of tools tailored
to the needs of service users and clinicians.

Objective: This study aims to develop and beta test a digital tool designed for individuals with severe mental disorders or
substance use disorders to facilitate shared decision-making on treatment goals and strategies within mental health services.

Methods: We used a user-centered design approach to develop iTandem, an app facilitating collaborative treatment between
service users and clinicians. Through qualitative interviews and workshops, we engaged 6 service users with severe mental
disorders or substance use disorders, 6 clinicians, and 1 relative to identify and design relevant app modules. A beta test of
iTandem was conducted to refine the app and plan for a pilot trial in a clinical setting. After 6 weeks of app use, 5 clinicians and
4 service users were interviewed to provide feedback on the concept, implementation, and technical issues. Safety and ethical
considerations were thoroughly discussed and addressed.

Results: To avoid overload for the service users, we applied a pragmatic take on module content and size. Thus, iTandem
includes the following 8 modules, primarily based on the needs of service users and clinicians: Sleep (sleep diary), Medication
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(intake and side effects), Recovery (measures, including well-being and personal recovery, and exercises, including good things
and personal strengths), Mood (mood diary and report of daily feelings), Psychosis (level of positive symptoms and their
consequences and level of negative symptoms), Activity (goal setting and progress), Substance use (weekly use, potential triggers
or strategies used to abstain), and Feedback on therapy (of individual sessions and overall rating of the past week). For the beta
testing, service users and clinicians collaborated in choosing 2-3 modules in iTandem to work with during treatment sessions.
The testing showed that the app was well received by service users, and that facilitation for implementation is crucial.

Conclusions: iTandem and similar apps have the potential to enhance treatment outcomes by facilitating shared decision-making
and tailoring treatment to the needs of service users. However, successful implementation requires thorough testing, iterative
development, and evaluations of both utility and treatment effects. There is a critical need to focus on how technology integrates
into clinical settings—from development to implementation—and to conduct further research on early health technology assessments
to guide these processes.

(JMIR Form Res 2025;9:e57614)   doi:10.2196/57614

KEYWORDS

eHealth; shared decision-making; user involvement; user-centered design; mental disorder; mobile technology; illness course;
recovery; mobile apps; mHealth

Introduction

...in what way has it (iTandem) been helpful?

Like right now, I just went into the “substance use”
module to write that I managed to say ‘no’ to buying
heroin. Or if I see needles and stuff, I choose to try
and get away – move away from where there are
needles and that kind of stuff available. [Beta tester
of iTandem]

The ability to communicate effectively with service users is
essential in health care. Therapeutic communication can lead
to several benefits, including a more accurate description of
symptoms, improved detection of emotional states, more
appropriate therapeutic measures, better identification of the
service user’s needs and understanding of their disorder and
treatment, and an increased likelihood of shared decision-making
between clinicians and service users [1-3]. Engaging individuals
with severe mental disorders, substance use disorders, or both
in their recovery process can be challenging. Various factors
contribute to this difficulty, including a lack of trust in health
care services [4], poor therapeutic alliance [5], reduced insight
into their illness [6], diminished cognitive functioning [7], and
issues with motivation and apathy [8,9].

Priebe and colleagues [10] outlined 5 guiding principles for
effective communication in mental health services: focusing on
the service users’ concerns, demonstrating positive regard and
personal respect, appropriately involving service users in
decision-making, showing genuineness with a personal touch,
and using a psychological treatment model. Emphasizing service
users’ concerns aligns closely with the concept of
“patient-centeredness” in health care. A recent review [11]
defined centeredness as encompassing attributes such as being
treated as unique, being heard, and sharing responsibility.
However, Feldthusen and colleagues [11] emphasize that
centeredness is a complex concept, with its essence rooted in
the interactions and communication between clinicians and
service users. For individuals with severe mental illness,
achieving a sense of positive regard and personal respect can
be challenging. Therefore, adopting a nonjudgmental approach
has been shown to be particularly valuable [12]. Shared

decision-making is a widely recognized concept in medicine,
but it remains challenging to implement effectively in mental
health care. For individuals with severe mental disorders,
barriers include clinicians’paternalistic approaches to care [13]
and service users’ internalized stigma [14]. Increasing service
user involvement in activities such as goal setting, addressing
values and preferences, and working with motivational factors
is essential [15]. Additionally, exploring shared risk-taking can
further enhance communication [16]. Genuineness and a
personal touch involve openness and sharing but also reflect
the therapist’s behavior and characteristics, such as warmth and
flexibility [17]. Finally, adopting a coherent client-centered
therapy approach, such as solution-focused therapy,
problem-solving therapy, or cognitive behavioral therapy, is
often preferable [10].

Digitalization offers a potential solution to some of these
challenges by making treatment more focused and efficient.
There has been growing interest in the use of patient-reported
outcomes and patient-reported outcome measures (PROMs) in
health care [18], which are frequently digitalized. The inclusion
of validated assessment tools in digital formats provides clear
advantages. However, a significant barrier for health
professionals is the time and expertise required to interpret and
integrate the extensive findings into their workflow [19].
Additionally, Nguyen and colleagues [19] identified perceived
irrelevance and lack of value for the service user as barriers to
completing PROMs. As a result, both service users and
clinicians emphasize the need for tools that are functional,
straightforward, and concise, with as few questions as possible.

There has been a surge in smartphone apps designed to support
individuals with mental health challenges, readily available on
platforms such as the App Store (Apple Inc.) or Google Play
(Alphabet Inc.). Most of these apps are standalone offerings in
the free market, focusing on symptoms such as depression,
anxiety, or stress. However, they are rarely developed to meet
the safety standards typically required in health care settings,
making integration into clinical practice difficult. Additionally,
while many apps appear acceptable and feasible initially,
attrition rates over time are often high [20]. Individuals with
mental disorders may face unique challenges that demand
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flexible solutions, as therapeutic targets can shift throughout
the course of illness. Thus, assessing attrition alone is often
insufficient without a deeper understanding of the context.
Proposed solutions include placing greater emphasis on external
motivating factors and user experience (UX) design, as well as
integrating digital mental health solutions into existing care
pathways [21,22].

KISS—“keep it simple, stupid”—is a design principle [23]
frequently used in design processes and should be applied to
service design as well [24]. This principle emphasizes that most
systems function optimally when kept simple rather than overly
complex [25]. Simpler innovations are more likely to be
successfully deployed. Aligning with this concept,
human-centered design has gained significant attention in recent
years. It involves creative approaches that enable end users to
influence the design of technology, tailoring it to better meet
their needs [26]. One such approach is participatory design. A
fundamental principle in this approach is that people affected
by a decision should have the opportunity to influence it, with
the goal of designing alternatives to improve quality of life [27].
Despite extensive research on the importance of applying design
principles to technology to make it effective, only a limited
number of studies in mental health care report using co-design
and expert designers in their developmental process [26,28].

A previous service design project focused on the establishment
of a low-threshold service for people with psychosis in health
care services [29]. Based on insights from service users,
caregivers, and clinicians, easy access to a first assessment of
psychosis was established. During this project, it became evident
that individuals with lived experience were interested in new
ways of collaborating with health care services. They sought
tools that could enhance the effects of treatment, make better
use of the time between sessions, and help them stay focused
on their goals. As one service user remarked, “I live my life
between the appointments.” This highlighted the need to explore
how technology could strengthen the focus on treatment between
appointments.

The main aim of the iTandem development was to investigate
the needs described by service users and clinicians and to
integrate them into an app designed to enhance shared
decision-making for people with psychotic, bipolar, or substance
use disorders in treatment. We applied design thinking principles
to incorporate user needs and feedback throughout the process
[30,31]. Our long-term goal is to explore the barriers and
enablers for integrating technology into shared decision-making
in mental health care and to examine how the integration of
digital tools affects the mode of service delivery. In this paper,
we will present (1) the design process behind the development
of iTandem and (2) the results of beta testing. Finally, we will
discuss the importance of future research on the digital
enhancement of service delivery.

Methods

Project Setting
iTandem was developed at the Early Intervention in Psychosis
Advisory Unit for South East Norway (TIPS SE) at Oslo

University Hospital (OUH). TIPS SE works to support mental
health services in detecting and treating patients with early
psychosis in accordance with national guidelines, with a
particular emphasis on how these services are organized.

Design Process

Overview
External funding from the South-Eastern Norway Regional
Health Authority enabled the hiring of experts in service design
and interaction design to lead the process. The process
progressed through 3 phases, involving multiple stakeholders
including patients, clinicians, developers, data protection
officers, and clinicians, in addition to the original project team
consisting of researchers and clinicians from OUH (KLR, EAB,
KK, EM, EBR, CS, TGV, and SRA). The phases involved are
discussed in the following subsections.

Preparation Phase
Qualitative interviews were conducted to inform the design
process by understanding the needs and preferences regarding
app content. Six patients diagnosed with psychotic or bipolar
disorder, as well as 1 relative, were interviewed individually.
In addition, 2 focus groups were held with 6 clinicians: 1 nurse
practitioner, 1 clinical psychologist, 1 psychiatrist, and 1 medical
doctor (all from an early intervention in a psychosis team); as
well as 1 psychologist from a general psychiatric outpatient
service and 1 from the child and adolescent services for early
psychosis.

Insight Phase
A private design company managed the design process and
developed a clickable app prototype to inform the developers.
The design company, in collaboration with researchers, agreed
upon a project plan that included several meetings with
clinicians (the same clinicians who had been involved in phase
1) and 4 patients (the same as in phase 1). The designers utilized
the insights collected during phase 1 and knowledge generated
through workshops to focus on themes that appeared to be both
significant and feasible to work with, given the project’s budget
and time constraints.

Developmental Phase
This phase was carried out in collaboration with the Mobile
App team at the Center for Information Technology (USIT) at
the University of Oslo (UiO), which developed a working app
capable of transferring encrypted data to secure storage within
Services for Sensitive Data (Tjenester for Sensitive Data or
TSD). This was necessary to meet the safety requirements for
the storage of sensitive data, as mandated by the data protection
officer at OUH. A risk and vulnerability analysis was conducted
at OUH. During this phase, 4 patients and 2 clinicians were
invited to test the iTandem app during development to ensure
it could be adjusted based on short iterations.

Project Organization

Overview of the Project Group
The project group included researchers and clinicians working
with early psychosis treatment. TIPS SE also has a board
composed of people with lived experience of bipolar and

JMIR Form Res 2025 | vol. 9 | e57614 | p.1495https://formative.jmir.org/2025/1/e57614
(page number not for citation purposes)

Romm et alJMIR FORMATIVE RESEARCH

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


psychotic disorders. These individuals were either currently in
treatment or had previously been in treatment at mental health
services in OUH during the development project. The roles of
the different groups are presented below.

Researchers
During phase 1, researchers conducted individual qualitative
interviews with 6 service users and 1 relative and led 1 focus
group with 6 clinicians. The purpose was to explore the
challenges participants believed digital tools could address.
During phase 2, the researchers served as a bridge between the
clinic and the design team, facilitating workshops, collaborating
with user representatives, and ensuring ethical issues were
handled appropriately. They also suggested improvements to
the app content to ensure it aligned with clinical guidelines and
recommendations regarding treatment. During phase 3, the
researchers facilitated and oversaw the developmental process
of the app at USIT.

Designers
During phase 2, designers planned and conducted workshops
with clinicians and researchers. Throughout the project, they
interviewed clinicians and user representatives, and user tested
different options in the studio with both clinicians and user
representatives in an iterative process. The process was based
on design thinking, working with divergent and convergent
thinking according to the Double Diamond framework [32].
During phase 3, UX designers, engaged in making products or
services usable, enjoyable, and accessible, were involved at
USIT to further develop the interface and add functionality
based on tests from the prototyping phase.

Service Users
Service users with severe mental disorders or substance use
disorders were involved throughout all phases of the project.
Service users (aged 18-30 years) and 1 relative (parent) provided
input on functionality and were invited to user test different
prototypes. This involvement had an impact on the final app
interface and functionality. Some of these service users were
among those interviewed during phase 1. Additionally, we met
with the board of user representatives in the Department of
Substance Use and Addiction at OUH to discuss app content
relevant to them. Service users not directly involved in
development were invited to beta test iTandem.

Clinicians
During the process, involved clinicians highlighted important
aspects essential for implementation, and shared their ideas on
how iTandem could be valuable in their daily clinical work.
Additionally, they user tested the app during iterative cycles
and provided feedback on how they believed the app would be
received by their patients.

Software
The iTandem app was developed using the React Native
Open-Source UI Software Framework (Meta Platforms, Inc.)
and is available for both iOS and Android platforms. It can be
downloaded from the App Store or Google Play. Data are
transferred via HTTPS as JSON files through a secure web
survey provider (Nettskjema), hosted by USIT at the UiO. The
“Activity,” “List of Medication,” and “Diary of Good Things”
modules are stored on the user’s phone for easy access, while
aggregated data from all modules are encrypted and transferred
to a secure server (TSD) at UiO once a module is completed.
These data generate a report that can be accessed by clinicians
during consultations and provide structured data available for
researchers.

Ethical Considerations
The study was approved by the Data Protection Officer at OUH
(approval numbers 2016/14408 and 20/18434). The regional
ethical committee found that the development and testing fell
outside their mandate (reference number 105851). All clinicians
and service users who were interviewed signed informed consent
forms. Service users who were engaged during the early phases
of development, in collaboration with the service designers,
also signed informed consent for their involvement in this work.
All data were handled securely at TSD and by a secure research
server at OUH. Service users were compensated with
approximately US $23 per hour. All data used in this paper have
been anonymized.

Results

The Development Process

Designing iTandem for Clinical Integration and Shared
Decision-Making
We aimed to make the use of iTandem as true to a clinical
setting as possible, keeping both the service user’s and
clinicians’ experiences in mind when framing the app content.
Our primary goal was to develop a tool to enhance shared
decision-making. Besides supporting collaboration, we believe
this is crucial for compliance. iTandem is not a standalone tool,
and both its usage and the reasons for any attrition should be
explored during treatment. We used phrases that closely mirror
those used by clinicians. Furthermore, we chose to incorporate
only a minimum of validated self-report measures, as the
rationale behind the app was to serve as a communicative tool
rather than a strict research assessment instrument.

The described needs were in line with current research, and
based on the current literature, the rationale behind each module
is outlined below (Table 1).
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Table 1. Description of the modules of iTandem and their intended purposes.

Basis of measure/interventionContentsAimFrequency of notificationsModule

Sleep •••• Consensus sleep diarySleep diaryMap sleep patterns and quality, link
to the level of function

Twice daily

Medication •••• Partly developed by the project
group and partly adapted from
the UKU Side Effect Scale

Registration of
medications taken
and potential side
effects

Support service users in keeping
track of and remembering to take
medication at the right time

Once or twice daily

• Developed by the project group
• List of medica-

tions

Recovery •••• Exercises adapted from “Posi-
tive psychotherapy for psy-
chosis”

Good thingsDo positive psychology exercisesDaily/weekly
• ••Monthly Personal strengthsMap and focus on personal recovery

and positive aspects of mental health • Psychological
well-being • Questionnaire about the Pro-

cess of Recovery• Emotional well-
being • Warrick-Edinburgh Mental

Well-Being Scale• Cognitive well-be-
ing • Lehman Life Satisfaction Scale

Mood •••• Adapted from the paper ver-
sion of the mood diary from
the Systematic Treatment En-
hancement Program for Bipo-
lar Disorder study

Mood diaryMap feelings and mood variability,
link to sleep, medication, experi-
ences, and other symptoms

Daily
• Emotions

• Developed by the project group

Psychosis •••• Developed by the project groupSymptoms of psy-
chosis

Follow symptom development and
relation to difficulties in reaching
goals, link to other variables, guide
treatment

Weekly
• •Monthly Self-evaluation of negative

symptoms (Self-Evaluation of
Negative Symptoms Scale)

• Negative symp-
toms

Activity •••• Developed by the project groupRegistration of
goals

Increase/regulate activity level, set
goals, plan activities, motivate to
complete, bring personal experiences
into treatment

Daily

• Registration of ac-
tivity

Substance
use

•••• Developed by the project groupRegistration of
substance use and
coping strategies

Gain a better understanding of how
substance use impacts symptoms and
daily life, guide coping strategies

Weekly

Feedback on
treatment

•••• Developed by the project groupBefore consulta-
tion

Facilitate feedback to the clinician to
strengthen patient involvement and
quality of treatment, provide an
overview of the treatment course

Before and after con-
sultations

• After consultation

Sleep
Sleep disturbances are common in psychotic and bipolar
disorders [33]. In bipolar disorder, sleep disturbances are
frequently observed during and between episodes and are
associated with more severe symptoms [34]. Therefore, being
able to detect and monitor disturbed sleep patterns and
implement treatments that focus on improving sleep may be
crucial. Both service users and clinicians considered it valuable
to have a tool that collects daily data on sleep to avoid recall
bias. Additionally, clinicians expressed a need for a tool to assist
in diagnosing sleep disorders. The Sleep module was based on
the consensus sleep diary, which enables the monitoring of
subjective sleep measures and the diagnosing of common sleep
disorders [35]. The diary consists of a questionnaire in the
morning about how well you slept and a questionnaire in the

evening where users rate how their day was. The intended
purpose of the Sleep module is to provide an overview of service
users’ sleep patterns and, based on this, initiate relevant sleep
treatment if necessary. Additionally, the module includes a link
to a website [36] with information about common sleep
problems in severe mental disorders and sleep hygiene advice.

Medication
Both service users and clinicians wanted a tool that could assist
with reminders (notifications) for taking medication and
monitoring medication side effects. Medication is a key
component in the treatment of both psychotic and bipolar
disorders. Antipsychotics are effective, especially during the
early and acute phase of psychosis [37], and are also commonly
used in people with bipolar disorder [38], along with mood
stabilizers [39]. However, these medications may have side
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effects that are not always properly addressed [40]. Recent
studies have highlighted the importance of considering the user’s
experience level, autonomy processes, values and risk
preferences, knowledge, and needs to accurately understand the
service users’ experience with medication [41]. The module
was designed to enable service users to create a (revisable) list
of their medications, set reminders for doses, and report side
effects. Previous research has demonstrated that the language
used to describe side effects can influence users’ expectations
and may contribute to experiencing nocebo-induced side effects
[42]. Webster and colleagues [42] found this to be particularly
significant for people with negative beliefs about side effects.
To mitigate this, we used UX design to integrate the
patient-rated UKU Side Effect Scale [43], which consists of 48
single symptom items, into the Medication module. Instead of
requiring the service user to rate 48 individual items, we chose
to present the scale as a visualization of the human body. Service
users can click on the body part where they experience side
effects and select the relevant side effect(s).

Recovery
Clinicians were primarily interested in how treatment impacted
clinical recovery in terms of symptom remission and adequate
functioning. However, they also emphasized the importance of
considering the impact on quality of life. Service users, by
contrast, highlighted the need to focus more on their positive
outcomes in line with personal recovery. This is commonly
defined as the subjective experience of connectedness, hope,
identity, meaning in life, and empowerment [44]. Personal
recovery has received increased attention in mental health
research in recent years, particularly in relation to psychotic
disorders [45,46]. This highlights the importance of monitoring
treatment outcomes in terms of well-being, personal recovery,
and clinical recovery. Positive psychology has been applied to
the treatment of mental disorders and, more recently, to
psychotic disorders through positive psychotherapy for
psychosis [47]. The Recovery module has 2 parts: First, it
monitors personal recovery using a validated assessment
measure [48], focusing on good feelings and thoughts with a
validated measure of mental well-being (Warrick-Edinburgh
Mental Well-Being Scale) [49], and life satisfaction with The
Life Satisfaction Scale [50]. Second, the module includes 2
positive psychology exercises, namely, (1) Good Things, which
is a positive diary of good experiences. The diary allows for
daily notes to be stored on the phone, which can be revisited
by the service user. It is based on positive psychology,
suggesting that gratitude interventions can positively affect
well-being, happiness, and life satisfaction [51]. (2) Personal
Strength Exercise, which emphasizes the need for strength-based
interventions for people with severe mental disorders [52]. The
service user is presented with 24 strengths visualized by icons.
They are encouraged to select 4 of their personal strengths and
plan activities that utilize these strengths. This approach is
adapted from the Positive Psychotherapy for Psychosis group
intervention developed by Slade et al [47], in accordance with
the WELLFOCUS study [53].

Mood
Detecting fluctuations in mood symptoms, such as elevated and
depressed moods, is crucial in the treatment and relapse
prevention of bipolar disorder, as emphasized by the service
users. However, mood symptoms are not limited to bipolar
disorder; they also play a significant role in other mental
disorders, as highlighted by all the service users and clinicians
who were interviewed [54,55]. Monitoring mood and affective
symptoms is also relevant for personal recovery [56]. The
service users wanted the opportunity to log affective states or
emotions as they emerge in daily life, with the option of linking
such experiences to external triggers. Service users with bipolar
disorder may benefit from using daily mood charts to monitor
their symptoms [57]. This feature was incorporated into the
Mood module based on a paper version adapted from the
Systematic Treatment Enhancement Program for Bipolar
Disorder [58]. Additionally, we developed a module to monitor
daily emotions, potential triggers, and an evaluation of
fluctuating or stable emotions.

Psychosis
The clinicians were interested in measures to detect how
psychotic symptoms fluctuate and also the ability to detect
triggers. This functionality was less important to the service
users. This might seem paradoxical but aligns with the research
literature on recovery [59]. However, most service users agreed
that it could be relevant to log their symptoms to register the
effects of medication, although they argued that the questions
needed to be brief and relevant. As we defined iTandem as a
tool aimed at facilitating dialogue in treatment sessions and not
for research assessment, we chose to include questions about
psychosis as typically phrased by clinicians in clinical practice.
Thus, the Psychosis module includes a list of positive psychosis
symptoms to choose from and brief follow-up questions
regarding how symptoms affect daily function, triggers, etc.
This may serve as a means to monitor treatment progression
regarding positive psychotic symptoms. Additionally, the
clinicians wanted to monitor negative symptoms. Negative
symptoms are challenging to assess due to their overlapping
features with, for example, depression and medication side
effects [60]. However, the Self-Evaluation of Negative
Symptoms Scale has been shown to be a valid self-report scale,
and we chose to incorporate this into the Psychosis module [61].

Activity
Increasing goal-directed activity is important in the recovery
process for severe mental disorders. However, achieving this
in treatment can be challenging. The service users and clinicians
wanted functionality that could be incorporated as part of
treatment and motivate for change. This aligns with previous
research, which states that goal planning is an important element
in mental health service delivery, but we lack standardized
approaches to support it [62]. Furthermore, both working
alliance and goal achievement support the individual recovery
process, and a strong working alliance seems to make people
more capable of reaching their goals [63]. Potentially, digital
tools could supplement and enhance this alliance. This module
aims to support motivation for activity by allowing the service
user to set long- and short-term goals. When an activity that
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supports the goal has been executed, the service user selects an
icon representing this goal. Each completed activity creates a
streak.

Substance Use
Substance use and abuse are of major concern in both psychotic
[64] and bipolar disorders [65]. In addition, people with
substance use disorder have a higher prevalence of mental
disorders than the general population [66]. However, even
though both service users and clinicians agree that this is a major
problem, it became apparent that the service users did not want
to focus on detailed intake of substances. They stated that
thorough monitoring of their weekly substance use did not
motivate change and argued for brief questioning on drug intake.
However, they found it useful to be able to convey which
strategies they had used to abstain from taking drugs during the
week. Clinicians were more prone to ask for detailed accounts
of substance use to get an overview but were also concerned
that this could lead to demotivation and disengagement. In
addition, we were guided by principles from motivational
interviewing and aimed to engage the service user in strategies
to abstain from using drugs when feeling a craving [67]. Hence,
we chose the same strategy as with the Psychosis module and
included only brief questions about use and abstaining strategies,

along with a link to a recommended user-friendly web page
about substance use.

Treatment
The final module of iTandem was included to adhere to the
Norwegian guidelines for psychosis treatment, which underline
the need for better tools to evaluate the experience of treatment.
PROMs and patient-reported experience measures (PREMs)
are widely used [68]. PROMs are primarily used for the
assessment of treatment outcomes, while PREMs are used to
evaluate patients’experiences with the service they receive [69].
They allow for more direct feedback to the provider. In a tool
designed for therapeutic collaboration and alliance building,
the service users’ experience and ability to provide feedback
on the sessions were considered important for iTandem.
Feedback on treatment is also a fundamental principle in
cognitive behavioral therapy, which is one of the most frequently
used treatment approaches in mental health care. Therefore,
including this module would also support cognitive behavioral
therapy. The module consisted of questions about how the last
week had been, and questions about the individual treatment
sessions, to be answered before and after each session (Figure
1).
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Figure 1. Screenshots illustrating the home page in iTandem and the page where you choose which modules you want to use (setting goals). The other
pages show the various modules. Left: sleep, recovery, psychosis, and substance use. Right: medication, mood, activity, and feedback on treatment.

Report
Both clinicians and service users wanted a report to be able to
log patterns. However, due to data security issues, only a limited
amount of data could be stored on the phone. Except for the
positive diary, activity, and medication list, data from all the
modules were presented in the report. The positive diary was
excluded from the report to allow service users to record positive
events without feeling compelled to share them with clinicians.

The Activity module incorporated elements of gamification,
such as weekly streaks, which were believed to be a sufficient
motivator. The other data entered were transferred to TSD. A
report was available for clinicians, with the purpose of being
shared with service users during sessions. Design principles
were applied to make the report as easy to read as possible.
Patients were not able to log into the report themselves. This
decision was influenced by both technical and regulatory
challenges, as well as how iTandem was intended to function
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as a tool for collaboration and shared decision-making. By
integrating the report reading into the sessions, we believe it

better supports the main goal (Figure 2).

Figure 2. Illustration of 2 reports based on data logged into iTandem and how they will look on a screen. To the left is a mood diary illustrating data
capturing the highest and the lowest mood during a day. To the right is a sleep diary, visualizing sleep during a week. The sleep period and sleep
effectiveness are marked in different colors. A higher resolution version of this image is available as Multimedia Appendix 1.

Beta Testing

Overview
Six clinicians (2 psychologists and 4 psychiatrists) were invited
to participate in beta testing and attended a 3-hour training
session on how to use iTandem. During this session, we
demonstrated the different modules and their intended purposes.
In addition, we provided an online protocol where participating
clinicians and service users could access written information

about the content and how to use the app. In collaboration with
clinicians, service users were encouraged to choose 2-3 modules
relevant to their treatment. It was not emphasized that this was
set as an upper limit, but both clinicians and designers were
concerned about overwhelming the patients with too many
notifications. This could also undermine the overall goal of
helping to focus sessions on issues considered particularly
relevant to the patient. The patients used the app for 6 weeks
(Figure 3).

Figure 3. A workflow with iTandem. After setting initial goals, the service user logs data, which are assessed during sessions. After monitoring sleep
for 4 weeks, the service user and the clinician choose to change modules as they want to focus more on activities and medication.

After beta testing, 4 service users and 5 clinicians agreed to be
interviewed about their experiences with iTandem. This served
as a preliminary proof of concept to determine whether the
concept appeared to have potential. We also wanted feedback
to adjust both iTandem and the educational implementation
program before proceeding with a larger test in a clinical setting.

Several issues were addressed, and the responses were sorted
based on what appeared to be the most relevant attitudes and
sentiments following the test.
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Feedback on Concept by Service Users
The service users were mainly positive toward iTandem and
the possibilities it offered. They appreciated the ability to select
different modules that captured issues beyond the symptoms of
their primary diagnosis, working alongside their clinician. This
approach made it easier for them to focus on subjects and issues
that were important to them and to convey this effectively to
their clinician, thus supporting collaboration on goal setting and
shared decision-making. They had concerns about how the
report was used during sessions and emphasized the importance
of clinicians utilizing the logged data; otherwise, the aspect of
collaboration would be undermined. Some service users felt
that the questions in the app were a bit repetitive (mainly the
validated forms), and called for more opportunities to use free
text to convey important information to their clinicians. It should
be noted that there were service users who signed the informed
consent to participate but did not follow through. According to
clinicians, this was related to either paranoid ideas, high general
symptom load, or being transferred to other departments.

Feedback on the Concept by Clinicians
Clinicians found the data from iTandem in the report to be
useful; it provided important insights for their therapeutic work.
Several were surprised by how the focus of treatment shifted
when they received new information through the app, aligning
with the goal of shared decision-making and increased
collaboration. However, they found it was not always easy to
remember to access and read the report, and they called for the
report to be made accessible in the regular hospital records. By
contrast, when this was not an option, they found the final
solution to be manageable.

Implementation Issues
Many service users were eager to try several modules at once.
However, notifications from multiple modules were perceived
as overwhelming, highlighting the importance of working with
2-3 modules at the same time. The time spent on each module
was deemed appropriate. Clinicians also felt overwhelmed by
the challenge of integrating a digital tool into treatment sessions
while finding space for it in their clinical routine. They found
it stressful not to be fully familiar with the tool, making it
difficult for them to effectively explain its use to the service
user.

Technical Issues
Several technical issues arose regarding both the data sent from
the app to TSD and the presentation in the report. This was
partly due to errors in the app, but also because the report
functionality was newly developed by the web app group at
USIT and had not been properly tested beforehand. This led to
several periods of downtime for the report. Even though this
was seen as a major problem that persisted for several weeks,
participants continued to enter data and found it meaningful.
Furthermore, there were issues regarding the user-friendliness
of the clock in the Sleep module. It was too easy to enter the
wrong date, which obviously resulted in incorrect sleep patterns
in the report. We also discovered missing data in the report.

Revision After Beta Testing and Plans for Pilot Testing
Based on the beta testing, we managed to resolve the technical
issues. We revised the information material and teaching
manual, omitting text and focusing on video films to show and
tell how the app is intended to be used. In addition, we only
recommend using a limited number of modules at a time to
avoid overwhelming notifications. The new information
material, manual, and the revised iTandem have since been
further tested in a pilot trial conducted during winter 2023. In
this trial, we tested iTandem as part of an early intervention
service in a rural area in Norway. Data from this trial are
currently being analyzed and will be part of a PhD thesis on
how digitalization impacts service delivery in mental health
care.

Furthermore, several studies are planned, incorporating iTandem
as part of studies that use single modules and investigate
implementation research connected to digitalization in mental
health care.

Discussion

We have developed and beta tested a digital tool, iTandem,
based on principles from design thinking. The main aim has
been to utilize technology to strengthen and focus shared
decision-making between service users and clinicians in mental
health care and to enhance goal setting. The demand for simple
functionality was underlined by both service users and clinicians.

We believe the design process was helpful in designing a tool
that accommodates shared decision-making. We found the tool
to follow many of the principles recommended by Priebe and
colleagues [10], such as a heightened focus on the service users’
concerns, positive regard and personal respect, appropriate
involvement of service users in decision-making, genuineness
with personal touch, and the use of a psychological treatment
model [10]. By allowing service users to choose modules to aid
focus in treatment, we aim to empower them during their
recovery process.

What is meaningful for the user should be the priority in
treatment. This does not mean that clinical evaluation is less
important, but to build an alliance and secure a therapeutic
relationship, the service users’ interests must remain in focus
throughout therapy. This aligns with the demand for more
patient-centered care. It is also in line with the shift from
“patient-centered” to “person-centered” care, as discussed by
Boardman and Dave [70]. There is a change in how we view
the therapeutic relationship, where the therapeutic alliance is
more about co-production as a key element in the
clinician-service user collaboration.

Furthermore, we believe that the ability to choose themes to
work on and the possibility to give feedback on treatment
sessions, including questions about being met with respect, will
underpin service users’experience of being respected and treated
in a nonjudgmental way. We hope this tool will enhance
clinicians’ motivation to make changes in accordance with the
service users’ experienced needs. By using design both as a
creative process and applied to the visual elements, we have
strived to make the tool engaging and less “clinical.” This may
increase the feeling of a more personal touch. To accommodate
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a more generic therapeutic use, the elements of iTandem are
well suited to fit cognitive behavioral therapy, focusing on
agenda setting, goal setting, and the execution of activities.
Unsurprisingly, a design process led to solutions that align well
with this therapy approach, as it is collaborative, pragmatic,
structured, and focused on current problems.

We have previously worked with Boundary Objects Theory,
where using a digital object can be seen as a way to transfer
knowledge between different knowledge domains [71]. Based
on this work, for an object to function effectively, it needs to
inherit features such as dynamism, flexibility, standardization,
and a shared structure [72]. We believe iTandem has the
potential to work as a boundary object. It accommodates the
needs of the service user, and it is simple to engage in, hence
adhering to the KISS principle. iTandem allows for the transfer
of knowledge between service user and clinician with an
inherent flexibility yet standardized approach. The ability to
collaborate via this object allows for a deeper understanding of
the problem, leading to more focused problem-solving.

iTandem differs from the numerous assessment tools offered
as PROMs in Norwegian mental health care services at the
moment. The positive aspects of PROMs lie in their basis on
validated measures that aim to track progress in therapy.
However, the extensive number of questions to be answered
can be overwhelming, and the amount of data may be
challenging for clinicians to manage and oversee effectively.
PROMs often cover broad categories, and their questions can
sometimes seem less relevant to the service users’ specific
problems. Therefore, it may be necessary to scale down the
assessments to focus on a minimum that allows for qualified
evaluations of how treatment progresses. This approach can

alleviate the burden on clinicians and service users by combining
different tools, such as apps like iTandem and more focused
classic PROMs. Utilizing language and questions that are closely
aligned with a clinical setting might be sufficient to establish a
rapport and gather relevant information about progress.

Another important aspect is how we provide flexibility in
services. While we offer options such as video consultations,
PROMs, apps, and similar tools, the solutions presented to
service users often rely on traditional approaches, as if one size
fits all. Alternating between different tools and formats during
treatment sessions could, in our view, make the treatment more
effective. Insights from user reviews of mental health apps
indicate that highly rated apps tend to offer a variety of options,
functionalities, and content for users to choose from [73]. This
is particularly relevant to attrition rates, as different tools may
be needed during various phases of the recovery process. A lack
of use could even be a positive sign, indicating that the problem
has been resolved and the user has moved on. Additionally,
Alqahtani et al [73] identified several common weaknesses of
mental health apps, including poor usability, lack of
personalization, credibility issues, security concerns, and
inadequate customer service. We believe these findings align
with the need for greater flexibility in services.

To address the future needs of health care services, we believe
it is essential to examine how digital tools can be integrated
into regular workflows. Greater insight is needed into the
barriers and facilitators of implementation, as well as how health
technology assessment methods can be used to evaluate which
technologies benefit service users, clinicians, and organizations
while also being economically effective.
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Abstract

Background: Pregnancy is a complex period characterized by significant transformations. How a woman adapts to these changes
can affect her quality of life and psychological well-being. Recently developed digital solutions have assumed a crucial role in
supporting the psychological well-being of pregnant women. However, these tools have mainly been developed for women who
already present clinically relevant psychological symptoms or mental disorders.

Objective: This study aimed to develop a mindfulness-based well-being intervention for all pregnant women that can be delivered
electronically and guided by an online assistant with wide reach and dissemination. This paper aimed to describe a prototype
technology-based mindfulness intervention’s design and development process for pregnant women, including the exploration
phase, intervention content development, and iterative software development (including design, development, and formative
evaluation of paper and low-fidelity prototypes).

Methods: Design and development processes were iterative and performed in close collaboration with key stakeholders (N=15),
domain experts including mindfulness experts (n=2), communication experts (n=2), and psychologists (n=3), and target users
including pregnant women (n=2), mothers with young children (n=2), and midwives (n=4). User-centered and service design
methods, such as interviews and usability testing, were included to ensure user involvement in each phase. Domain experts
evaluated a paper prototype, while target users evaluated a low-fidelity prototype. Intervention content was developed by
psychologists and mindfulness experts based on the Mindfulness-Based Childbirth and Parenting program and adjusted to an
electronic format through multiple iterations with stakeholders.

Results: An 8-session intervention in a prototype electronic format using text, audio, video, and images was designed. In general,
the prototypes were evaluated positively by the users involved. The questionnaires showed that domain experts, for instance,
positively evaluated chatbot-related aspects such as empathy and comprehensibility of the terms used and rated the mindfulness
traces present as supportive and functional. The target users found the content interesting and clear. However, both parties regarded
the listening as not fully active. In addition, the interviews made it possible to pick up useful suggestions in order to refine the
intervention. Domain experts suggested incorporating auditory components alongside textual content or substituting text entirely
with auditory or audiovisual formats. Debate surrounded the inclusion of background music in mindfulness exercises, with
opinions divided on its potential to either distract or aid in engagement. The target users proposed to supplement the app with
some face-to-face meetings at crucial moments of the course, such as the beginning and the end.
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Conclusions: This study illustrates how user-centered and service designs can be applied to identify and incorporate essential
stakeholder aspects in the design and development process. Combined with evidence-based concepts, this process facilitated the
development of a mindfulness intervention designed for the end users, in this case, pregnant women.

(JMIR Form Res 2025;9:e58265)   doi:10.2196/58265

KEYWORDS

mindfulness; promoting well-being; pregnancy; eHealth; mHealth; mobile apps; development; usability; user-centered design;
well-being; maternal health; digital health; intervention; design; preliminary testing; technology-based; interview; multidisciplinary
approach; mother; women; WhatsApp; email; midwife

Introduction

Background
In a woman’s life, the transition to motherhood is a time of
profound change, requiring reorganizing her identity [1]. A
woman’s general well-being is affected by pregnancy, as various
changes are expected at the physical, mental, and social levels
[2]. Several studies are presented in the literature showing the
presence of psychological symptoms in pregnant women. The
presence of symptoms of anxiety, stress, and depression are
most commonly emphasized [3,4]. Regarding anxiety and
psychosocial stress, it is estimated that between 12.2% and 39%
of pregnant women may suffer from these conditions [5].
Psychosocial anxiety is defined as an imbalance resulting
precisely from the challenges of the new condition [6].
Therefore, a woman’s quality of life and her psychological
health are affected by how she reacts to all these changes. The
vulnerable period of pregnancy and early motherhood also often
involves increased worries and fears related to managing the
impending changes associated with childbirth and parenting
[7,8]. Woods and colleagues [9] found a spectrum of stress
symptoms ranging from 6% (91/1522; high levels) to 78%
(1190/1522; medium-low stress levels). Only 16% (241/1522)
of the sample reported nothing. Another clinically significant
condition in pregnant women is perinatal depression [10]. This
occurs in 14.5% during pregnancy and reaches up to 49% in
the first year after delivery [3].

Although psychoeducational interventions aimed at the
psychological well-being of pregnant women are still scarce,
ensuring a positive pregnancy experience is crucial, as it lays
the foundation for cognitive motivation and a healthy future
relationship between mother and child [11]. The use of digital
tools represents a promising solution. Indeed, digital
interventions offer accessibility and flexibility and overcome
social stigma, making them an optimal choice for women
seeking support [12,13].

Recognizing the critical need to promote psychological
well-being during the transition to motherhood, especially in
the digital age, becomes imperative.

According to Kabat-Zinn [14], mindfulness is defined as “the
awareness that arises from paying attention, on purpose, in the
present moment, and non-judgmentally.” This practice involves
actively noticing one’s thoughts, emotions, and bodily sensations
and fostering an attitude of openness and acceptance. Kabat-Zinn
[15] emphasizes the significance of mindfulness in reducing
stress and enhancing overall well-being. Mindfulness practices

enable pregnant women to manage stress, anxiety, and
depression actively, equipping them with valuable skills for
various situations, including childbirth [14,16-19]. For this
reason, mindfulness interventions delivered through web-based
platforms, for example, have shown promise in improving the
psychological well-being of pregnant women [17,20,21].

Therefore, psychoeducational interventions using
mindfulness-based digital solutions have significant potential
to promote psychological well-being, foster women’s
psychological adjustment during physiological pregnancies,
and prevent clinically relevant symptoms [22].

This study illustrates the creation of a tailored mindfulness
intervention for pregnant women using technology and a
dedicated mobile app. Building on established mindfulness
concepts proven effective in face-to-face interventions [23-25],
the study adopted a user-centered design approach to ensure
alignment of the intervention with users’ needs and contextual
use [26,27]. The fundamental principle of user-centered design
is to actively involve users in the design and development stages,
ensuring that they influence the evolution of the product [28].

The user-centered design approach ensures a holistic
understanding of user perspectives by incorporating various
methods that facilitate user participation at different
development stages and involvement levels [29]. In addition,
the study incorporated service design principles, emphasizing
whole ecosystem experiences, such as how and when it is used,
by whom, and where, rather than focusing exclusively on the
end product [30]. This fusion of user-centered and service design
approaches aimed to involve stakeholders, including pregnant
women, health care providers, mindfulness and communication
experts, psychologists, and midwives, throughout the design
and development process. The overall goal was to create a final
product that was easy to use, practical, engaging, and motivating,
and fit seamlessly into the larger context of daily life and the
challenges faced during pregnancy.

Mindfulness-Based Childbirth and Parenting
The Mindfulness-Based Childbirth and Parenting (MBCP)
protocol was created in 1998 by Nancy Bardacke, a nurse,
midwife, and mindfulness trainer. Through participation in the
MBCP protocol, extrapolated from Kabat-Zinn’s [15]
Mindfulness-Based Stress Reduction (MBSR) protocol, pregnant
women and their partners have the opportunity to learn
mindfulness techniques to cope with the states of anxiety and
stress ordinarily present during pregnancy, pain, and fear during
childbirth, as well as to develop couple cooperation and
parenting sensitivity [24,25,31]. MBCP was initially a group
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course held for 3 hours once a week for 9 weeks. The 9-week
MBCP course includes a day of silent meditation between weeks
6 and 7 and an additional reunion gathering after all women
have given birth. Participants begin MBCP in the late second
or early third trimester and are asked to commit to home practice
using guided meditation CDs for 30 minutes a day, 6 days a
week throughout the course. Formal mindfulness meditation
instruction is given in each class, including sitting meditation,
body scan, mindful yoga, and loving-kindness meditation, all
tailored to include attention to mental and physical aspects of
pregnancy (eg, noting fetal movements during the body scan)
[24]. For a description of the main topics covered week by week,
refer to Multimedia Appendix 1.

The literature indicates the extraordinary effectiveness of the
MBCP protocol both during [23,32-36] and after pregnancy
[20,37-39]. Creswell [22] found a moderate effect size (Cohen
d=0.5) for mindfulness interventions in reducing anxiety and
depression in pregnant women. Duncan et al [32] reported a
pooled effect size of d=0.48 for mindfulness-based interventions
in enhancing psychological well-being during pregnancy.

Some of the benefits of mindful birthing are (1) an increase in
confidence and decrease in fear of childbirth; (2) tapping into
deep inner resources for working with pain; (3) improving
couple communication, connection, and cooperation; and (4)
providing stress-reducing skills for greater joy and well-being
[40].

Results suggest the effects of a group-based psychosocial
intervention during pregnancy may endure for years, well
beyond the initial perinatal period. Investing in prevention and
intervention efforts for mental health during pregnancy may
have long-term benefits for the well-being of women [39].

There are also several potential benefits to participating in a
mindfulness program individually, especially during pregnancy.
Participants can choose when and where to practice, making it
easier to incorporate mindfulness into a busy schedule or daily
routine. Practicing mindfulness alone can also help women
concentrate more deeply on their thoughts, feelings, and
sensations without distractions from group dynamics,
encouraging deeper self-reflection and self-awareness, fostering
a better understanding of personal experiences and emotions.
For those who may feel anxious in group settings, individual
participation can provide a more comfortable environment to
explore mindfulness. Individuals can also select specific
practices or techniques that resonate with them, creating a more
personalized experience; this can empower participants to
develop their mindfulness skills independently, fostering a sense
of ownership over their mental well-being.

There are several digital apps that are based on MBCP
principles. For example, Mindful Mama (Mindful Mamas Club)
[41], an app that provides resources and guided meditations
designed to support mothers during pregnancy and parenting,
incorporating mindfulness techniques, or Mind the Bump
(Smiling Mind) [42], which offers mindfulness practices,
educational resources, and a community support feature for
parents-to-be, integrating MBCP concepts. None of these
involve the use of an online coach.

Our Study
MBCP intervention, which has already been validated and
tested, will be fully available to users through digital tools. In
particular, it will be delivered by a mobile app and guided by
an online assistant, MAIA (developed by FBK). This research
aims to assess the prototype of the MAIA app. This paper
describes the prototype technology-based mindfulness
intervention’s design and development process for pregnant
women, including the exploration phase, intervention content
development, and iterative software development (including
design, development, and formative evaluation of paper- and
low-fidelity prototypes).

Methods

Overview
The design and development process encompassed a
multidisciplinary approach and continuous, systematic
evaluation throughout, as recommended in the Center for
eHealth Research and Disease Management comprehensive
roadmap approach to improve the uptake and impact of eHealth
technologies [43].

The study’s principal investigator (SR), a researcher and
psychologist, led the intervention development work. During
the design and development phase, the multidisciplinary project
team, consisting of psychologists, mindfulness experts,
communication experts, and information technology developers,
had biweekly meetings. User-centered and service design
methodologies were applied to ensure user involvement
throughout the design and development process.

The mindfulness intervention was developed in iterative
processes, following the ORBIT model [44], as shown in Figure
1, through a combination of (1) intervention content
development (identified and adjusted from the MBCP program)
and (2) iterative software development of a prototypes and
formative evaluation. The development and iterative processes
of the mindfulness intervention are shown in Figure 2.
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Figure 1. The ORBIT model.

Figure 2. Development and iterative processes of the mindfulness intervention (Phase 1 of the ORBIT model—Design). MBCP: Mindfulness-Based
Childbirth and Parenting.

Intervention Content Development
Adapting the protocol into a digital format involved an initial
phase of studying the literature and the protocol itself. Once the
main themes being presented week by week were identified, a
team of psychologists with communication skills worked to
adapt the content into an individual digital format delivered by
chatbot. First, the team developed the online coach’s script and
then multimedia content (videos, audio, and images) useful for
delivering critical information in a way that is easier for women
to understand than just text format.

The initial intervention content for this study was first developed
by the primary investigator, then adapted and tailored by the

entire research team through iterative processes to fit an
8-session-based intervention in electronic format through text,
audio, video, and images. The intervention was user-tested to
make the content easily accessible, confirm adaptation to an
app format, and ensure that the scientific foundation for the
intervention was intact. Table 1 lists and briefly describes the
8 sessions and the topics covered in each session.

The intervention was constructed in such a way that MAIA is
always the first to interact with the user. It is currently not
possible for the woman to ask specific questions. The chatbot
provides information but also asks questions to help the user in
self-reflection. The user’s response text is not analyzed at this
stage of the study as it is not useful for the purpose of the study.
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Table 1. MAIA intervention overview of sessions (8 sessions preceded by an introductory one) and their content divided into formal practices, informal
practices, and readings or homework to be carried out independently between sessions.

Readings or homeworkInformal practicesFormal practicesSession

Preparation of materials and spaceS0 •• Mindfulness definition. Formal
practice and informal practice.

Welcome

• Rituality, posture, and inten-
tionality.

—aS1 •• Being with the childAwareness of breath
• Raisin meditation

“The Body scan”S2 •• Mindful eatingBody scan
• Awareness of breath

“Mindfulness in daily life,” “The
pain of childbirth,” enjoyable events
calendar

S3 •• Mindfulness in daily life
(brushing your teeth, dishes,
cooking, and so on)

Body scan
• Awareness of breath

Calendar of unpleasant events,
“Mindfulness practices for being
with pain”

S4 •• Informal pain practiceBody scan
• Awareness of breath
• Mindfulness meditation-related

pain

—S5 •• Physical activity and informal
practice, being with the child

Body scan
• Awareness of breath
• Mindfulness meditation-related

pain
• Mindful touch-care meditation

BRANNb (make informed deci-
sions) and Mindfulness day plan-
ning

—S6 • Body scan
• Sitting meditation
• Walking meditation

—S7c •• Inquiry families of originBody scan
• Sitting meditation
• Loving-kindness meditation

“Breastfeeding” and Mindfulness
slogans, tips for continuing on your
own

S8 •• Continue informal practicesPersonal choice (choose one or
more meditation)

• Loving-kindness meditation

aNot applicable.
bBRANN: Benefits, Risk, Alternatives, Nothing, Now.
cA day of mindfulness practice was held between S6 and S7.

Iterative Software Development and Formative
Evaluation
Adapting the MBCP interventions by implementing the MAIA
chatbot provides a novel approach to delivering psychological
support. Users can engage in a comprehensive and effective
intervention through personalized sessions. Specifically, in the
initial session, users are asked to select 2 days of the week on
which they want to be contacted by MAIA to conduct
mindfulness sessions, along with their preferred time slot
(morning, afternoon, or evening). In addition, on the basis of
some answers given, MAIA provided them with customized
information (eg, MAIA asks whether or not the user wants to
do a review of the previous session, whether they prefer to do
a certain mindfulness practice now or later, and so on and on
the basis of the answers the dialogue tree takes different
directions). Therefore, considering different sections of the app

that could be integrated was critical to supporting user
engagement, adherence, and overall well-being.

In the first iteration, in spring 2023, 2 psychologists and 2
communication experts tested preliminary. They gave feedback
on the prototype to ensure that the intervention program was
logically built.

At this co-design stage, the involvement of experienced
professionals, in addition to end users, is of paramount
importance. For this reason, 3 other psychologists, 2 mindfulness
experts, and 2 communication experts were involved in a later
study (test 1) by creating a paper prototype. Later, after the
development of a low-fidelity prototype, end users (4 women
and 4 clinicians) were also involved (test 2). Thus, a multistage
evaluation of the MAIA prototype was conducted between
August and December 2023, involving 15 participants, as
elaborated in Figure 3.
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Figure 3. Timeline of software development and formative evaluation specifying the people involved (N=19).

Identification of Variables
To gather the necessary information from tests 1 and 2 with the
paper prototype and the low-fidelity prototype, key variables
were identified for investigation—communication, session
structure, materials, and content. Given the study’s objectives,

a list of subvariables was chosen to be created ad hoc for the
research. Table 2 shows the chosen variables and their respective
subvariables. It was also decided not to ask each person
everything. Still, based on the domain, a grid was created to
determine which subvariables to investigate with the people
involved.

Table 2. List of variables and subvariables investigated and people involved in evaluating individual variables.

MidwivesTargetCommunica-
tion experts

Mindfulness
experts

Psycholo-
gists

Variables and subvariables

Communication

✓✓✓✓✓Empathy and listening

✓✓✓✓✓Smoothness and fluidity

✓✓✓—a✓Chatbot interaction

✓✓✓✓✓Lexicon

Session structure

✓✓✓✓✓Interaction length

—✓✓—✓Notifications and reminders

✓✓✓——external links

Materials

✓✓✓✓✓Diary

✓✓✓✓✓Audio tracks

✓✓✓✓✓Infographics and videos

Content

———✓—Adherence to MBCPb protocol

✓✓—✓✓content evaluation

✓✓✓✓—content clarity

aNot applicable.
bMBCP: Mindfulness-Based Childbirth and Parenting.

These variables were assessed through the semantic differential
tool [45] and a semistructured interview. The semantic
differential is an instrument consisting of a series of scales, each
composed of a pair of bipolar adjectives between which a rating
scale (generally 5- or 7-position) is placed.

Interviews, instead, are suitable for a more in-depth investigation
of users’ attitudes

and preferences toward new technological solutions since
open-ended discussions with users can help researchers better
understand the issues and concerns related to the possible future
adoption of these solutions.

Iterative Development and Prototypes
Based on needed content adjustments, the first prototype version
of the software was developed. This initial paper prototype
consisted of the scripted dialogue of the chatbot and screens
presenting the different sections of the app. All professionals
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involved were assigned specific days of the mindfulness sessions
to view. They were then asked to complete an online
questionnaire based on the semantic differential. In this study,
we used a 4-point rating instead of 5 or 7 points to prevent
neutral feedback allocation. The rating scale displayed
semantically opposing adjectives with negative connotations
on the left and positive connotations on the right, representing
the extremes. The pairs of adjectives chosen explicitly for this
study correspond to 1 of the 4 macrovariables under
investigation. Participants were tasked with indicating, for each
adjective pair, which adjective better characterized the specified
variable related to the chatbot. For instance, if the adjective pair
is “passive listening-active listening,” associated with the
“communication” variable, participants would choose point 1
or 2 if they perceive the chatbot’s listening as passive and point
3 or 4 if they perceive it as more active. Following the
questionnaire, a short semistructured interview was conducted
to investigate participants’ impressions. The interviewer posed
specific questions, and then an opportunity was given for the
interviewee to share additional open reflections. To facilitate
subsequent analyses, the interview was recorded after the
participant’s direct consent was obtained. Multimedia Appendix
2 shows the list of topics and questions posed during the
interviews.

To recruit participants, we adopted criterion-based sampling.
Specifically, participants had to be psychologists, mindfulness
instructors, or communication experts. Participants were
recruited through instant messaging tools (WhatsApp [Meta])
and email.

In the first iteration, psychologists, mindfulness, and
communication experts tested and gave feedback on the
prototype to ensure that the intervention program was logically
built. Participants were given oral and written information about
the study and provided written informed consent before user
testing.

At this stage, the Personas methodology was also found useful.
Personas is a user-centered and service design method used to
create and visualize fictional representations of the target group
[46]. Personas is an effective method for all project team
members to understand the target group for which the app is
built better. The personas in this study contained information
about the pregnancy background, challenges, and technology
use. Refer to Multimedia Appendix 3 for illustrated examples
of study Personas. Participants had to identify with one of these
Personas before the reading.

The data obtained from the administered questionnaires
underwent aggregated analysis. Therefore, participants’
evaluations on a 4-point scale for each adjective pair were
summed. Once summed, the arithmetic mean for each adjective
pair’s evaluation was calculated. After obtaining all the average
scores, a dot chart was generated using Datawrapper
(Datawrapper GmbH), a web-based charting and mapping tool
[47], to observe the overall trend of the scores better and,
consequently, the semantic pole toward which they tend to
orient.

The information obtained during the interviews has been
transcribed for a more detailed analysis. The respondents’

answers were then categorized by topics within the 4 initially
identified variables—communication, session structure,
materials, and content. In addition to these variables, a new
theme emerged concerning the “postintervention” phase. The
categorized responses within the variables were further divided
into their respective subvariables (for the complete list, refer to
Table 2). Finally, they were classified into positive and negative
aspects or suggestions (areas for improvement). By
“suggestions,” we refer to those aspects of the app that might
need modification in a forward-looking perspective.

Following minor adjustments, the paper prototype was
transformed into an electronic tool to simulate the chatbot and
app concept. The intervention was delivered through a software
platform called TreC-PerseO (FBK), which supports the delivery
of digital behavior change interventions. This proprietary
software architecture is designed to ensure privacy and certified
workflows in a production environment while also facilitating
prototyping by adapting to the steps outlined in the chosen
methodology. In this phase, Telegram (Telegram Messenger
Inc) chat was used to deliver the intervention (to validate the
content without the need to collect personal user data). During
this second iteration (test 2), the final version of the low-fidelity
prototype was tested by 2 pregnant women, 2 mothers, and 4
midwives. The participants were assigned different days of the
mindfulness sessions to review, after which they completed an
online questionnaire based on the semantic differential. A short
interview followed the questionnaire.

To recruit participants, we adopted criteria-based sampling.
Specifically, participants had to meet the following criteria: be
pregnant or mothers with children aged less than 1 year or be
midwives. Participants were recruited through instant messaging
tools (WhatsApp) and email. The sample collected was 8
participants—2 pregnant women, 2 mothers, and 4 midwives.
Participants were given oral and written information about the
study and provided written informed consent before user testing.

The data collected during the interviews has been transcribed
for a more detailed analysis. The respondents’ answers were
then categorized by topics within the 4 initially identified
variables. The categorized responses within the variables were
further divided into their respective subvariables, and then they
were classified into positive and negative aspects or suggestions
(areas for improvement). The resulting participant’s feedback
data were again used to evaluate, refine, iteratively adjust, and
upgrade the prototype.

Ethical Considerations
At the time of enrollment, all participants who freely decided
to take part in the study were asked to sign an informed consent
form after a careful explanation of the study, its aims, the level
of involvement required, and the duration of the research, as
well as all ethical issues concerning confidentiality. All data
collected were anonymized before analysis.

The participants will then be informed of the study’s results
through the dissemination of articles.

In line with Italian Law No. 3/2018, ethical review is mandatory
for clinical trials, therapeutic procedures, or studies involving
health risks or sensitive data. This study, being nonclinical and
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focused on prototype development, did not meet these criteria,
justifying the absence of ethics committee involvement.

No compensation was provided for participants.

Results

Intervention Content Development
The iterative content development processes were parallel to
app programming, and adjustments were made based on

usability testing. Therefore, the app is designed to include 5
sections: the chatbot, Practices, Gallery, To Do List, and Diary.

Figure 4 shows some mockups of the app with its different
sections.

Figure 4. Mockups of the MAIA app with its different sections.

MAIA assigns homework during the session that the users
should carry out during the subsequent days, so the app Diary
section will support self-monitoring. We have also provided for
a tree that grows as the woman progresses. All the exercises
women need to do during the week are listed in the To-Do List
section to help her remember what she needs to do. All the
practices, divided week per week, are shown in the Practices
section. The Gallery page features all multimedia material
delivered by MAIA, such as educational videos, images, and
intervention introductions.

Iterative Software Development and Formative
Evaluation

Iterative Development and Preliminary Test
A total of 2 psychologists and 2 communication experts took
part in this preliminary test phase. The objective of this
evaluative phase was to test, through role-playing, the
communicative style of dialogues—empathetic, welcoming,
fluent, and smooth.

Therefore, it was possible to evaluate and revise MAIA’s
communication style through role-playing.
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Regarding fluency and smoothness, the evaluation was primarily
positive. To make the protocol more and more realistic, the
dialogues were revised in some parts. Changes were made
grammatically and syntactically to make the text more fluent
and read smoothly. The changes also considered empathy. This
makes it possible to create a feeling of trust in the relationship.
Through empathic communication, the person can feel in a safe
space, within which he or she is reassured and protected.

Initially, the feeling while reading the dialogues could have
been more apathetic communication. Therefore, multiple-choice
questions were included about the individual practice (eg, How
was this experience?) and the general course of action (eg, How
did you do with mindfulness practices last time?). This allows
MAIA to respond appropriately and more accurately based on
the user’s experience. Some examples are illustrated in Figure
5.

Figure 5. Examples of new multiple-choice questions included after preliminary tests.

A new practice not provided for in the MBCP initiate protocol,
namely the practice of 3 breaths before each session, was also
included. The user receiving notification from MAIA can be
anywhere and under any conditions. To help the person focus
on the present moment and be ready for the practices offered
later, it was decided to provide this new initial practice at each
session.

Finally, the correctness of the videos and images being sent was
checked. For each video link, consistency was checked against
the instructions, and the topic was addressed. Everything was
correct, so no changes had to be made.

Iterative Development and Paper Prototype
After modifying some parts of the dialogue, as described above,
the first paper prototype was developed. In this phase, the

sample involved consisted of 7 professionals—3 psychologists,
2 mindfulness instructors, and 2 communication experts.

Using a semantic differential-based questionnaire facilitates
observing the respondents’ average positioning with respect to
the 4 macrovariables under investigation.

As can be seen from Figure 6, a clear tendency toward the
positive semantic pole (right pole) emerges in the feedback.
This means that a significant portion of the chatbot-related
feature pairs were evaluated in the positive rather than the
negative sense. For instance, the vocabulary used by the chatbot
was judged as understandable rather than abstruse. However,
feedback related to 4 pairs of features occupied a middle position
between the positive and negative poles, that is, passive
listening–active listening, cold-warm, troublesome-welcome,
and soporific-activator.
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Figure 6. Graphical representation of mean values derived from semantic differential administered to domain experts (psychologists, mindfulness
instructors, and communication experts).

In total, 2 psychologists (experts in communication) conducted
the qualitative interview to gather additional information. Table
3 briefly highlights key positive and negative aspects that
emerged during the domain experts’ interviews.

In particular, the analysis of the interviews unearthed several
notable observations that garnered attention due to their
recurrent mention by more experts. Certain interviewees
advocated augmenting written textual content with an auditory
counterpart or substituting it entirely with auditory or
audiovisual formats. The diary, initially conceived as a personal
and confidential tool, prevents external control. However, the
process of diary entry may elicit personal experiences,
necessitating potential consultation with a designated
professional if the need arises.

A further debated aspect is the inclusion of background music
in mindfulness exercise tracks. According to certain
interviewees, such music might prove distracting, diverting
attention away from the individual’s introspective focus.
Conversely, others contend that it could serve as an aid,
particularly in the absence of direct human interaction. In
summation, these insights are deemed fundamental for the
following stages of research, wherein the perspectives of
pregnant women directly engaged in this study can be further
investigated. In addition, we underscore the presence of
numerous positive aspects delineated in the interviews, including
the empathetic and welcoming communication style, the fluidity
of discourse, and the use of imparted content, among others.
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Table 3. Positive and negative aspects emerged from interviews with domain experts (psychologists, mindfulness instructors, and communication
experts).

Negative aspects (and suggestions)Positive aspectsVariables and subvariables

Communication

Empathy and listening •• Include more sentences that also address the
child

Empathic communication is comprehensive,
conveys calm, reassuring, warm, welcoming,
and puts at ease • Responses are repetitive and somewhat me-

chanical• Nice dialogue, relaxing, helpful
• “How did it go (the process)?” is too judgmen-

tal
• Customized

—aSmoothness and fluidity • Very smooth
• Enjoyable to read

Chatbot interaction •• Needs to be more engagingIf I read, I can go at the speed I want
•• Reading can be tediousIt is not artificial, it works
• Audio-only or audio and video or written and

audio

Lexicon •• The term “discomfort” may cause concernAccessible to everyone: intuitive, simple,
straightforward, and understandable • The term “pain” is repeated

• Gentle, suitable, and consistent terms

Session structure

—Interaction length • Not demanding
• Self-management of dialogue times

—Notifications and reminders • Helpful in saving and reviewing it without
entering the app

Materials

Diary •• Option to print the diary and write it by handPutting into writing what is felt allows for
processing and gaining clarity

Audio tracks •• Banal video graphicsUseful content
•• Remove the music“Being with the pain”: very helpful for

preparing for childbirth • Add music
• Use of different voices • Lack of initial welcoming moment

• Option to choose a male or female voice

—Infographics and videos • Beautiful graphics, practical, and charming
• Nice color used
• Option to print PDFs

Content

Adherence to MBCPb protocol •• Providing two options (same content presented
differently) based on past pregnancy experi-
ences

Positive and negative experiences of other
women

• Liked the 8 attitudes

Content evaluation •• Having too much time to think is only some-
times positive

Interesting content
• Practices dedicated to both mother and baby

—Content clarity • Engaging protocol

—Other • Understand how it went postpartum in light
of these weeks

• Hold an in-person meeting at the end of the
protocol to make it more engaging

aNot available.
bMBCP: Mindfulness-Based Childbirth and Parenting.
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Iterative Development and Low-Fidelity Prototypes
In total, 2 pregnant women, 2 moms, and 4 midwives
participated in this second test phase. To better understand the
app and the entire intervention, more realistic mockups were
created (Figure 7). This allowed users to represent the app in
its final appearance better.

In this case, using a semantic differential-based questionnaire
facilitates the observation of the respondents’ average
positioning with respect to the 4 variables under investigation.

As illustrated in Figure 8, a tendency toward the positive
semantic pole (right pole) emerges in the feedback also in these
groups of participants. However, feedback related to 5 pairs of
features occupied a middle position between the positive and
negative poles for the pregnant woman and moms’ group and
5 for the midwives group.

Figure 7. More realistic mockups of the MAIA app with its different sections.
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Figure 8. Graphical representation of the mean values obtained from administering the semantic differential to target users.

Furthermore, 2 psychologists (experts in communication)
conducted the qualitative interview to gather additional
information. Table 4 briefly highlights key positive and negative
aspects that emerged during user interviews.

All respondents found the protocol content of great value,
considering it interesting and useful. They appreciated the
alternation of simple and streamlined proposals with more
time-consuming ones. They consider it an added value to
manage the timing of the course autonomously; with the app,
they can postpone the performance of activities, reassured by
the fact that they can catch up at another time. They also mostly
consider the diary to be useful and usable as long as it is left as
an option.

One of them suggested supplementing the stand-alone activities
with a couple of face-to-face meetings (an initial one to explain
the meaning and experience as a group and a central one for the
more engaging exercises, such as the sultana and ice cube
exercises).

The midwives dwelt more on the contents and found them
correct and set out in a simple and comprehensible manner for
all, giving useful advice to improve the video part in a couple
of cases. One of them strongly urged the translation of the
protocol into several languages.

Among the materials, the infographics were highly appreciated
by both categories for their incisiveness and the fact that they
were printable.
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Table 4. Positive and negative aspects emerged from user interviews (pregnant women, moms, and midwives).

Negative aspects (and suggestions)Positive aspectsVariables and subvariables

Communication

Empathy and listening • Responses are repetitive, somewhat mechani-
cal

• Nice dialogue
• Communication puts at ease

• When the exercise does not work, it could be
a question that goes into depth analyses and

• Customized, nonjudgmental

also advises for future exercises

—aSmoothness and fluidity • Very smooth
• Enjoyable to read

—Chatbot interaction • It is not artificial, it works
• It is fast and light, particularly when it propos-

es questions with multiple-choice answers

—Lexicon • Accessible to everyone: intuitive, simple,
clear, and understandable

Session structure

—Interaction length • Not demanding
• Self-management of dialogue times

Notifications and reminders • Sometimes stressful because even at the
scheduled time, you cannot do the exercises

• Useful even if you have no time at that mo-
ment

Materials

Diary • It depends on the available time• Useful if optional
• Interesting to focus on different exercises
• Very useful to promote awareness

Audio tracks • Add music• Useful content
• Sometimes they are too long• Good timing

• Good voice

Infographics and videos • The pregnant woman is too thin• Beautiful graphics, effective, and charming
• The eighth-week video on pain has a very

heavy atmosphere and does not reflect the real
• Very useful Infographics to focus on the most

important information, and to repeat the exer-
situation in the delivery room (the bed is usedcise
very little, and the woman is never alone)• Very useful images in the videos, especially

for people with visual memory

Content

—Content evaluation • Interesting content
• Engaging protocol
• Very valuable content
• The content on breastfeeding was very well

done, it says the right things in the right way
• The daily practical exercises are very interest-

ing and engaging (eg, walking and teeth
washing)

• It is engaging because the commitment re-
quired is growing

• The practice of three breaths is very useful and
effective

Content clarity • At first, it seems like the practice will always
last 5 minutes

• Very clear and simple to follow
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Negative aspects (and suggestions)Positive aspectsVariables and subvariables

• Desire to have other two weeks after the
childbirth

• Hold an in-person meeting at the beginning
and at the end of the protocol to make it more
engaging

• It could be easier to follow the most demand-
ing exercises in the team, with a guide

• Very comfortable to have all you need in the
app

Other

aNot available.

Discussion

Principal Findings
This study illustrates how user-centered and service designs
can be applied to identify and incorporate essential stakeholder
aspects in the design and development process. Combined with
evidence-based concepts, this process facilitated the
development of a mindfulness intervention designed for the end
users, in this case, pregnant women.

Importing and adapting the intervention was a comprehensive
and meticulous process. According to the ORBIT model, we
examined a wide range of scientific studies on the efficacy of
mindfulness during pregnancy and the postpartum period,
focusing on the MBSR and the MBCP protocols. By integrating
elements from both methodologies, we tailored key aspects of
each protocol to create an intervention specifically designed for
the needs of pregnant women. In addition, we considered other
evidence and best practices in the field of mindfulness, ensuring
the incorporation of empirically supported and culturally
sensitive approaches (ie, the practice of the 3 breaths to anchor
oneself in the present moment).

This integrative approach allowed us to develop a protocol that
is scientifically grounded, practical, and suitable for the unique
context of pregnancy.

Paying attention to the semantic differentials with lower values,
we can see that in the case of listening, the answers of the users
and midwives agree. In the interviews, 3 out of 4 women stated
that they see the chatbot as the necessary tool to dispense
material. Furthermore, 2 of them consider the dialogues to be
valuable when it is fast and nondemanding (eg, when a
multiple-choice answer is expected), which is also confirmed
by the results on the overloaded or discharged differential.
However, as seen from the other semantic differentials, the
chatbot is welcoming, reassuring, and polite.

Consider the pair “passive listening–active listening,” referring
to whether one feels actively or passively listened to by the
chatbot; domain experts, on average, did not distinctly categorize
the listening as active. This judgment may be due to the inherent
limitation of digital apps—lacking a natural person on the other
side of the screen responding to each user’s comment. The
structure of this type of interaction, therefore, makes it difficult
to feel fully heard, particularly in an active way.

One of the suggestions we received from users was to add audio
in addition to the written text. This suggestion stems from
sociocultural considerations. Indeed, nowadays, people

increasingly use social networks, interacting with content that
is short in duration and predominantly in the form of video
rather than text. Reading may, therefore, appear more boring
for some. Another focal point pertains to the diary feature,
particularly the need to facilitate interaction with a designated
professional.

Strengths, Limitations, and Future Directions
One of the main strengths of this study lies in the fact that it
engaged both domain experts and target users from the very
early stages. The suggestions that were gathered highlight
different but equally important points of view for refining the
intervention. Having midwives involved, in addition to pregnant
women, once again allowed us to have an additional point of
view. The midwives could give us suggestions (eg, editing a
video so that it was more aligned with what is happening in the
delivery room) that none of the other actors involved would
have been able to provide.

One limitation, however, mainly concerns the development of
the low-fidelity prototype and the number of users involved.
Along with that prototype, we provided users with a mockup
of the app, but interacting with such a prototype or with the
final app is a very different experience. The purpose of this
study, however, was not to evaluate the user experience with
the app but to gather impressions of content, vocabulary, and
communication style. For that reason, the tool used was deemed
good enough. The next step will be to develop the application
following the suggestions gleaned from this first study and then
to set up a proof-of-concept study, following the orbit model,
involving about 50 women to evaluate the acceptability,
feasibility, and usability of the MAIA app [48].

Based on the data collected during this second study, we expect
to have to make further modifications to the intervention and
application. Following these modifications, we will finally be
ready to field a randomized control trial to evaluate the efficacy
of the intervention (the study protocol will be finalized by
mid-2025). After conducting this randomized controlled trial,
we also plan to conduct a real-world study in order to evaluate
the effectiveness of the intervention and the app itself.

Conclusions
Developing a digital intervention is a complex procedure that
requires work in different areas and involves different
professionals. We aimed to build an intervention that was as
suitable as possible for the target audience, both in terms of
content and design. The contribution of specialists is
undoubtedly an added value from the early stages in a
coconstruction perspective. This survey is the first step in a

JMIR Form Res 2025 | vol. 9 | e58265 | p.1522https://formative.jmir.org/2025/1/e58265
(page number not for citation purposes)

Rizzi et alJMIR FORMATIVE RESEARCH

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


series of studies to validate the intervention. At this stage, it is
still difficult to state how this research contributes to the broader
evidence base supporting the use of mindfulness-based practices
among pregnant women, as we are still at a preliminary stage.

However, we can state that the impression of the users and
experts involved is positive; as the results seem to be
encouraging, the next step will be to conduct a study to assess
the experience and engagement of pregnant women.
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Abstract

Background: Current research on digital applications to support the mental health and well-being of foster youth is limited to
theoretical applications for transition-aged foster youth and support platforms developed without intentional input from foster
youth themselves. Centering the lived expertise of foster youth in digital solutions is crucial to dismantling barriers to care, leading
to an increase in service access and improving mental health outcomes. Co-design centers the intended end users during the design
process, creating a direct relationship between potential users and developers. This methodology holds promise for creating tools
centered on foster youth, yet little is known about the co-design experience for foster youth. Understanding foster youth’s
experience with co-design is crucial to identifying best practices, knowledge of which is currently limited.

Objective: The aim of this paper is to reflect on the experiences of 4 foster youth involved in the co-design of FostrSpace, a
mobile app designed through a collaboration among foster youth in the San Francisco Bay Area; clinicians and academics from
the Juvenile Justice Behavioral Health research team at the University of California, San Francisco; and Chorus Innovations, a
rapid technology development platform specializing in participatory design practices. Key recommendations for co-designing
with foster youth were generated with reference to these reflections.

Methods: A duoethnography study was conducted over a 1-month period with the 4 transition-aged former foster youth
co-designers of FostrSpace via written reflections and a single in-person roundtable discussion. Reflections were coded and
analyzed via reflexive thematic analysis.

Results: In total, 4 main themes were identified from coding of the duoethnography reflections: power and control, resource
navigation, building community and safe spaces, and identity. Themes of power and control and resource navigation highlighted
the challenges FostrSpace co-designers experienced trying to access basic needs, support from caregivers, and mental health
resources as foster youth and former foster youth. Discussions pertaining to building community and safe spaces highlighted the
positive effect of foster youth communities on co-designers, and discussions related to identity revealed the complexities associated
with understanding and embracing foster youth identity.

Conclusions: This duoethnography study highlights the importance of centering the lived expertise of co-designers throughout
the app development process. As the digital health field increasingly shifts toward using co-design methods to develop digital
mental health technologies for underserved youth populations, we offer recommendations for researchers seeking to ethically
and effectively engage youth co-designers. Actively reflecting throughout the co-design process, finding creative ways to engage
in power-sharing practices to build community, and ensuring mutual benefit among co-designers are some of the recommended
core components to address when co-designing behavioral health technologies for youth.
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Introduction

Background
Over 391,000 youth are in foster care in the United States, with
behavioral health being their largest unmet need [1]. Foster
youth are young people removed from their caregivers due to
safety risks or unforeseen circumstances (eg, death of caregivers)
and placed in out-of-home care that aims to be safe and stable.
Out-of-home placement, such as group homes and placement
with a foster parent, can precede reunification with their original
caregiver, permanent placement with a legal guardian or
adoptive family, or other planned permanency arrangements
[2]. Contact with the foster care system at key periods of
development and abrupt placement with new caregivers can
contribute to foster youth experiencing adverse behavioral health
outcomes, increased risk of not having an accountable caregiver,
and insufficient access to services that support their well-being
[3]. Changes in placement can result in service disruption,
further exacerbating unmet mental health needs. However,
digital health technology may provide an intermediary
behavioral health support solution while youth transition
between placements or act as a longer-term support that can go
with them anywhere from placement to placement. There is a
need to target widespread inequities in behavioral health service
access and involve foster youth voices in the development of
new resources. Currently, there is a gap in the literature on the
development, deployment, and evaluation of mobile apps
designed for foster youth. Foster youth have been excluded
from conversations regarding tools designed to support their
well-being despite their lived expertise being crucial in targeting
barriers that drive adverse mental health outcomes and underuse
of services [3]. Co-design holds promise for creating
youth-centered tools that are responsive to the needs of specific
communities such as foster youth. Despite the potential benefits,
little is known about how best to facilitate co-design with youth
from underserved groups, such as foster youth, or their
experiences working on co-design teams.

Co-Designing Mobile Apps
Interventions to address mental health and resource needs have
increasingly shifted toward digital health technologies. Digital
health methods hold great potential for addressing gaps in
services for underserved communities, and using co-design
methods may better meet the needs of these communities [4].
Co-design processes create a direct relationship between
potential users and designers, where intended users from target
communities actively participate in designing technologies for
their community [4,5]. Co-design centers users in the design
process and lies at one end of the user-centered design spectrum.
Co-design processes with young people are meant to center
youth involvement throughout the design process, but many
technologies claiming to use co-design processes with youth
use the term co-design to reference a continuum of user
involvement ranging from minimal youth involvement at the

level of consultation to more integrated involvement through
mutual partnership (true co-design) [4].

Recent co-designed applications include mood-monitoring
applications for youth experiencing depression; integrated digital
crisis planning tools for youth; personal informatics apps; and
open access, anonymous platforms with evidence-based,
self-guided interventions for youth mental health [6-9].
Co-designed digital health technologies for both youth and
adults have used human-centered co-design with studio
methodology (ie, an iterative process of young people sketching
out an idealized app and its features), adolescent-led and
initiated co-design processes at a higher level in the “ladder of
participation,” and participatory technology development
incorporating community-partnered research principles with
technology platforms (eg, Chorus) [6,8,10,11].

Researchers have begun designing digital health technologies
with greater intentionality in their work with young people by
including them as early in the research design process as
possible [5,12] and have called on others to do the same.
However, there is still a dearth of mobile apps designed by
young people for young people. Current data estimate that
>10,000 existing mental health apps are available for download
[13]. However, a 2020 systematic review identified only 30
mental health technologies that were co-designed digital mental
health technologies for children and young people [4]. Another
systematic review in 2020 surfaced only 10 publications
specifically on mobile apps and web applications for young
people, with most being focused on the dissemination of mental
health information to specific populations [14]. With the
increased use of co-design for the development of web-based
mental health resources and the lack of literature on co-design
with foster youth, it is imperative to focus efforts on pinpointing
strategies that help center the voices of the intended beneficiaries
in the creation of these technologies.

Apps and web-based platforms designed to be used by the foster
youth community (and caregivers) exist. For example,
FosterClub and iFoster are 2 web-based communities targeted
toward empowering current and former foster youth through
resources and opportunities [15,16]. Currently, iFoster is led
by a former foster youth with team members with lived expertise
working with children in care and transition-aged youth.
FosterClub was founded by a caregiver of 2 foster youth to
“help fill the gap she perceived her boys—and other children
and youth in foster care in America—were experiencing: a lack
of access to a peer support group and information to help them
navigate the foster care system” [16]. However, these websites
were designed and created by resource providers and
professionals (some of whom were former foster youth that had
long aged out of the system) and did not directly partner with
current or transition-aged foster youth to address the emotional
wellness needs of the foster youth community at creation. A
recent study with current and former foster youth analyzed a
conceptual framework for developing a mobile app to assist
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youth in transitioning from foster care to adulthood; however,
this study did not result in the formal creation of the app [17].
Thus, there remains a need to center the lived expertise of young
adults presently in or recently aged out of the foster care system
in designing and building emotional wellness tools. Particularly
in this era defined by technology and increased accessibility,
there is no room to exclude minoritized young people, such as
foster youth, from participating in the creation of digital health
technology meant to support them.

FostrSpace
FostrSpace is a mobile app designed and created through a
collaboration among San Francisco Bay Area foster youth;
clinicians and academics from the Juvenile Justice Behavioral
Health (JJBH) research team at the University of California,
San Francisco (UCSF); and Chorus Innovations, a rapid
technology development platform specializing in participatory
design practices. FostrSpace was created to take the stigma out
of accessing mental health care and resources for young people
who have been in foster care by offering access to digital
psychoeducational materials, a personal resource navigator, and
licensed clinicians who provide tele–mental health services. To
our knowledge, FostrSpace is the only mobile app focused on
improving emotional wellness resources for the foster youth
community that was co-designed from inception to production
to iteration with foster youth. FostrSpace is currently live and
can be accessed at its website [18].

Aim of This Study
The aim of this paper is to reflect on the co-design experience
of the 4 foster youth involved in the development of FostrSpace.
The focus of this manuscript is not on the methodology of
co-design as a practice but, rather, on the foster youth experience
participating in the co-design process, including how lived
experience in the foster care system informed what was
cocreated and how the co-design process impacted the foster
youth co-designers. These reflections are later leveraged to
provide recommended practices for academics aiming to
facilitate effective co-design spaces with foster youth. The
preceding section briefly outlined the FostrSpace app and its
features. The aim of this manuscript is to offer insights into the
co-design process from the perspective of foster youth. Rather
than providing an exhaustive description or outcomes of the
resulting app, our emphasis remains on reflecting on the
collaborative design experience. The FostrSpace co-design
process reflects the critical duty of academics to collaborate
with minoritized communities when developing technological
resources. In general, academics without lived expertise in the
foster care system can be at higher risk of recreating experiences
that result in mental health and resource disparities or creating
web-based spaces that exacerbate trauma experienced by foster
youth. The duoethnography practice used in this study built on
research by Porche et al [5] that aimed to promote more
authentic partnerships between academics and minoritized
communities. The ultimate goal is to dismantle barriers to
resource access while nurturing mutually beneficial relationships
among all participants. Through the duoethnography
methodology, Porche et al [5] focused on the reflections of 4
psychologists and psychiatrists in academic medicine, 2 of

whom are also authors of this paper. Porche et al [5] offer broad
co-design reflections across various projects (including
FostrSpace), highlighting barriers and challenges in sharing
co-design responsibility with co-design partners. The paper by
Porche et al [5] focuses solely on reflections from academic
co-designers and does not include perspectives from community
co-designers. This paper expands on the work by Porche et al
[5] by examining the co-design process from the youth
perspective and specifically with foster youth. The use of
duoethnography in examining the FostrSpace co-design process
helped reveal candid reflections on foster youth’s lived expertise
and involvement in co-design. These reflections underscore
how positive dynamics within the co-design team led to an open
and collaborative partnership.

Methods

Co-Design
The design of FostrSpace used a community-partnered
participatory co-design process to ensure power sharing between
co-designers. Techquity, the process of achieving health equity
through strategic development and deployment of technology,
guided the co-design [19]. Digital health technologies can help
connect young people with care, addressing service use deficits
and cost barriers. Techquity applies a critical lens to the
inclusion and exclusion of individuals during the technology
creation process, recognizing that excluding certain voices leads
to gaps in technological advancements.

The co-design process used youth participatory action research
(YPAR) principles with an antiracist framework. YPAR
challenges assumptions about who is allowed to conduct
research, placing young people in a central role to investigate
social conditions (eg, the foster care system) that impact their
lives [20]. YPAR principles underscore the significance of
establishing a secure and inclusive environment for involving
young people in research processes. Our commitment to safety
and inclusion was manifested through practices such as ensuring
that participants could make informed decisions about their
engagement, highlighting voluntary participation, upholding
the confidentiality of shared information, fostering active
involvement in decision-making, and implementing continuous
feedback and reflection mechanisms. Similarly, we were mindful
of racialized research positionality and cultural and
developmental contexts, deferring to the FostrSpace Advisory
Board (FAB)—a name chosen by the members—co-designers
for language and framing feedback whenever possible on the
app. YPAR is a valuable approach to support young people
wanting to make a positive impact, proving especially impactful
for those facing marginalization rooted in racism, sexism,
homophobia, transphobia, classism, ableism, or other oppressive
factors. With this in mind, we chose YPAR as a framework to
underscore the expertise of our foster youth co-designers and
carefully manage power dynamics to promote power sharing.
While all research projects within the JJBH research team
incorporate antiracist principles, it requires a deliberate and
sustained effort and, thus, was an intentional focus in the
FostrSpace co-design. Particular efforts were made to value
multiple ways of knowing and honor foster youth similar and
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dissimilar lived expertise, as well as counter paternalism to
ensure that participating foster youth were empowered to direct
FostrSpace’s creation from design to mechanics.

FostrSpace co-design included transition-aged foster youth,
clinicians, academics, and technology developers in the same
co-design space rather than holding separate parallel co-design
processes, as is common in app development. By having all
co-designers in the room, everyone could learn from one another
and collaborate to integrate distinct experiences into the
FostrSpace design process. Youth co-designers came with lived
expertise and histories of foster youth advocacy work, whereas
academic co-designers came with experience of co-designing
with young people in other research projects [5]. Clinicians,
some of whom held dual roles as academics, possessed clinical
expertise in supporting youth well-being and facilitating group
processes. Technology developers came with expertise creating
digital health technologies through participatory design.

Co-design of FostrSpace started in the planning stages, with
young people aged 16 to 26 years who were previously or
currently involved in the foster care system being invited to
participate in idea-sharing work groups. The work groups were
advertised through organizations and resource providers that
have ongoing collaborations with the JJBH research team (eg,
the San Francisco Unified School District), who shared
recruitment flyers within their networks. In total, 2 work groups
took place in September 2021, qualitatively exploring how a
mobile app could help support foster youth in identifying and
navigating mental health and wellness resources, supports, and
interventions. The first work group had 3 participants, and the
second work group had 2 participants; each work group lasted
90 minutes and was held with a different group of foster youth.
A call was put out to the 5 participants over the 2 work groups
to join the co-design team in a more formal staff capacity. Once
the team was finalized (ie, the FAB members were hired), formal
co-design meetings for FostrSpace took place on a weekly basis.

Duoethnography

Overview
Duoethnography, as defined by Sawyer and Norris [21], was
used to guide the analysis. This research method aims to look
at “the cultural contexts of autobiographical experiences in order
to gain insight into their current perspectives and experiences
of issues related to personal and professional identities” [22],
allowing researchers to use their “life curriculum” to
collaboratively examine and apply meaning to the experience
of interest. In this context, the duoethnography process focuses
on the experience of 4 self-identified foster youth (the FAB
members) who codeveloped the mental wellness app FostrSpace
with a team of academics, clinicians, and technology developers.
Duoethnography was regarded as the most appropriate approach
for this study as it allowed for centering the voices of the FAB.
Furthermore, the duoethnography reflection process promoted
further collaboration between the FAB and the academic
co-design team. The FAB’s sharing of their lived experiences
that motivated involvement in FostrSpace highlighted the
importance of having young people with lived expertise
contribute to interventions aimed at their community, as well

as the practices that were considered to have made the co-design
of FostrSpace a productive, reflective space.

Participants
Coauthors of this paper include 4 FAB co-designers (TL, DM,
JT, and AP), with whom the duoethnography was performed,
and 4 academic co-designers (IE, JBF, MVDC, and MT-S),
who did not provide reflections for the duoethnography. As part
of the duoethnography process, FAB co-designers provided
both written reflections and verbal responses via a roundtable
discussion regarding their experiences co-designing and
cobuilding FostrSpace. All FAB members also contributed to
the writing of the duoethnography in a multitude of ways (eg,
co–first author and author) through providing data to shape the
thematic analysis (TA), being involved in TA (eg, coding and
writing), or providing feedback on the themes derived (eg,
whether quotes were used appropriately or themes were derived
appropriately). The collaborative academic co-designers and
authors (n=4) were involved in providing structure to the
co-design of the FostrSpace app, the reflection prompts, and
the roundtable discussion. All academic co-designers were
involved in the writing of this manuscript, in TA (eg, coding
and writing), or in providing feedback on the themes derived.
While the sample size of 4 FAB members contributing to the
data collected for the TA is small, it reflects the number of
young people with lived expertise in foster care who contributed
to the development of FostrSpace and their reflections on the
co-design process. Duoethnography does not have a set number
of collaborators needed to engage in the methodology, rather
focusing on the ability to maintain “intimacy, trust, and
commitment” [22] to the tenets of duoethnography (eg,
self-reflexivity) among 2 or more researchers. Similarly,
reflexive TA dictates that the participant sample size for analysis
depends on the size and scope of the project [23]. The FAB
members’ reflections provided a basis for engaging with foster
youth in collaborative development of digital solutions and a
framework for centering lived expertise in the development of
and research on mental health technology.

The FAB included a White nonbinary foster youth, a
White-passing mixed Asian-Hispanic foster youth, a
Mexican-Latino foster youth, and a Chicana foster youth. The
FAB members are a group of current and recently graduated
multilingual, first-generation college students who, together,
have experiences in both the traditional foster care system and
kinship or relative care, making them intimately aware of the
disparities present in the child welfare system. At the time of
the duoethnography, 75% (3/4) of the FAB members identified
as former foster youth, and 25% (1/4) identified as
transition-aged foster youth; they maintained a consensus that
they were not current foster youth due to being aged over 18
years but were still impacted by the identity. Through their
upbringings, FAB members experienced poverty, low-income,
working-class, and middle-class statuses, living in group homes,
kinship caregiver households, community housing centers,
campus housing, and individual housing. As a group, they hold
both cisgender and queer identities, various levels of connection
and separation from their cultural identities, different levels of
disability status, and part-time positions in both FostrSpace and
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other jobs in the community while maintaining statuses as
students or full-time employees.

The academic co-designers included a first-generation Nigerian
Black pangender and pansexual research coordinator; a
first-generation Guatemalan American, neurodivergent,
cisgender, and straight light-skinned Latina clinical psychologist;
a White Jewish genderqueer and gay clinical psychologist; and
a White-passing Iranian immigrant cisgender and heterosexual
clinical psychologist. All are conducting community-engaged
research to increase behavioral health service access for youth
and families in contact with the juvenile legal and child welfare
systems and have had personal ties to these communities.

Through connected but distinct lived expertise and various roles
that we occupy in community and academic spheres, all the
coauthors of the paper have an awareness of the types of
hardship that foster youth can experience from childhood to
adulthood and how those hardships interact with intersectional
identities. These hardships included social and emotional factors
such as parentification from a young age as well as structural
and systemic barriers to resource navigation in the behavioral
health, medical, and educational spheres. Our own identities
and lived expertise drive us to address these barriers to improve
conditions for foster youth and provide a lens for interpreting
our results.

Procedure
Following duoethnography guidelines, FAB members reflected
on their experiences in the foster care system and how this
related to their experience in the FostrSpace app development
co-design process (eg, what they personally got out of the
process and how they conceptualized different features on the
app) via written reflections and verbal discussions. Members
spent 1 month (April 2022-May 2022) writing their own
reflections and reading and responding to their fellow FAB

members’ reflections. Following the writing period, an in-person
roundtable discussion about the co-design experience was held
to allow members to verbally share their reflections as well (eg,
because not all co-designers felt as comfortable with written
reflections). The 4 FAB members engaged in an hour-long
discussion with JBF as a facilitator and IE as notetaker. The
facilitator and notetaker were academic co-designers that
contributed to the FostrSpace app development and
duoethnography paper writing; neither held a formal supervisory
role over the FAB members (ie, the supervisor on record was
not involved in the duoethnography process). We acknowledge
that the power dynamics of having academic co-designers
facilitate the roundtable discussion among the FAB members
about their co-design experience could have impacted what was
and was not shared. Keeping this in mind, academic co-designers
provided structure to the discussion through the prompting of
discussion questions while allowing space for the co-designers
to talk with one another freely on the topics with limited
interjection. In addition, FAB members and academic
co-designers built mutual, trusting partnerships with one another
during the co-design process, and the duoethnography took
place after the bulk of the co-design process was concluded and
the app was functional. As a result of the mitigation of the
potential consequences of negative power dynamics through
these methods, FAB members felt comfortable sharing sensitive
data in the roundtable, as indicated by the vulnerability and
honesty exhibited in the quotes used in the results as well as
within co-design meeting discussions and one-on-one check-ins
with staff. Reflection prompts were collaboratively developed
by the coauthors before starting the duoethnography process,
keeping in mind the research aim of understanding the
experience of foster youth co-designing an app in collaboration
with academics, clinicians, and technology developers. The
same prompts were used for the written and verbal reflections.
The prompts are available in Textbox 1.

Textbox 1. Reflection prompts used in the FostrSpace duoethnography with FostrSpace Advisory Board co-designers over the 1-month reflection
period.

• Why did you get involved in this process? What encouraged you to keep going? After attending the first meeting, what kept you going to the
second, third, and so on?

• How do you feel about the way the co-design was handled? In what ways would you have liked the process to go differently? What were your
experiences of power dynamics in the co-design process and in what you bring to this work?

• Why is it important to center lived experience in this work? What parts of yourself and your experiences in foster care did you bring into this
work? What inspired you throughout your time in foster care to have interest in what we are doing? What support did you lack in foster care?
Remember: not every story is the same—not everyone would do the same things growing up and everyone’s feelings are valid.

• How have you changed throughout the course of the co-design process? How have your goals or aspirations or mindset changed since starting
this project?

• Has this project amplified your voice or feelings toward reform within the foster care system? In what ways?

• Why do you think this is a good resource for other foster youth to have?

Data Analysis
Reflexive TA [23-27] was used with 9 pieces (n=8, 89% written
reflections and peer responses to reflections and n=1, 11%
roundtable transcription) from the 4 FAB members. Reflexive
TA was specifically chosen (as opposed to a coding reliability
TA or a codebook approach to TA) to be congruent with the
co-design value of honoring participant lived expertise.

Reflexive TA allows for the analysis of participant subjective
data through the lens of researcher reflexive interpretations [26].
An inductive, “bottom up” approach under an essentialist and
realist paradigm was used by the first author coders (IE and TL)
to ensure that identified patterns within the data were pulled
from the data itself [23-27]. Initial codes aimed to provide a
rich description of the full dataset to capture the breadth of
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factors that should be at the forefront of academics’minds when
co-designing with individuals with lived expertise in the foster
care system. Themes were developed using a semantic approach
in which surface meanings of the data were focused on in the
initial coding process. This distinction was important for the
coders as a way to acknowledge the prevalent history in the
foster youth community of feeling disempowered by individuals
and groups in power. By using a semantic approach to theme
development, coders hoped that the process would be more
empowering and respectful to the FAB members’ experiences.
A realist and essentialist paradigm rather than a constructionist
approach was used to focus on individual psychologies as well
as differences and similarities in lived expertise among the FAB
members.

In line with the 6 guidelines by Braun and Clarke [23-27] for
reflexive TA, the coders first familiarized themselves with the

dataset before initiating coding. As an FAB member and
participant in the verbal discussion and written prompts and
reflections, TL was intimately familiar with the dataset.
Similarly, as lead research coordinator on FostrSpace, IE read
the FAB reflections as they were being written and acted as the
notetaker during the roundtable discussion. All qualitative
analysis was conducted in ATLAS.ti (ATLAS.ti Scientific
Software Development GmbH) [28]. The 2 coders independently
generated initial codes related to the co-design process and the
foster youth experience. Preliminary codes were discussed
collaboratively among the coders and coauthors (IE, TL, JBF,
and MT-S) to develop a final list of codes. A total of 18 codes
(initial broad themes) were developed and used to conduct final
coding through which themes were developed (Textbox 2).
Analysis involved more than one coder and, therefore,
necessitated collaborative discussion.

Textbox 2. The 18 codes developed from thematic analysis and applied to the 4 FostrSpace Advisory Board members’ reflections on the co-design
process.

Codes

• App as a place for transparency

• App as a safe space

• Barriers to accessing resources that are not foster youth specific

• Barriers to accessing resources specifically for foster youth

• Co-design as a safe collaborative space

• Future goals for the app

• Identity (negative)—external gatekeeping

• Identity (negative)—internal gatekeeping

• Identity (positive)—finding, accepting, and embracing

• Initial app involvement

• Intersectionality

• Lack of clarity—foster care system

• Motivation for the app—paying it forward

• Negative experiences in kinship care

• Positive community support

• Positive impact of co-design participation on the self

• Resource stigma

• Stigma toward foster youth

The results include final analyses of the selected extracts and
relevant themes, which were reviewed and approved by the
coauthors of this paper, including the entire FAB team, who
had the option of retracting extracts of their data that they did
not feel comfortable sharing with the public. All FAB members
endorsed the information presented in the manuscript and opted
not to retract data.

Ethical Considerations
The institutional review board of the UCSF determined that this
research is exempt from institutional review board oversight
according to the federal regulations summarized in Title 45 of
the Code of Federal Regulations Part 46.102(l). Participants

from the work groups were compensated with a US $75 gift
card for their participation. A total of 80% (4/5) of the
individuals from the work groups applied for and joined the
final co-design team, making up the FAB. FAB members were
then hired as UCSF employees to co-design the FostrSpace app
and were compensated at an hourly rate based on their individual
compensation package, which was determined by educational
level and experience as set by UCSF Human Resources for all
the time spent completing tasks related to UCSF employment
(eg, co-designing the FostrSpace app and engaging in the
duoethnography reflections). The FAB as employees of UCSF
must abide by federal and state employment laws as well as
have access to human resources to support any workplace issues.
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Results

Overview
Coders derived 4 main themes from organizing codes around
core commonalities through reflexive TA. The final themes
addressed the experience of taking part in the co-design process,
including the FAB members’ broad experiences in the foster
care system, which directly influenced their approach to and
navigation through the co-design process and app development.
The number of quotes presented in the results from each FAB
member ranged from 5 to 15 excerpts. Themes included (1)
power and control (loss of power, reclamation of power, and
power dynamics), (2) resource navigation, (3) building
community and safe spaces, and (4) identity. All themes were
rooted in explicit content from the coded data.

Power and Control

Loss of Power
FAB members described their experiences with a loss of power
due to the nature of their foster youth status through childhood,
adolescence, and even extending into young adulthood. Systems
(ie, the child welfare system) allegedly designed to empower
and protect them withheld crucial information necessary for
FAB members to feel like they had agency over their own lives.
To illustrate, the lack of transparency regarding monthly
payments made to foster parents (both the monetary amount
and transaction timeline) led to frustration and disempowerment
stemming from FAB members feeling that they were left in the
dark about their own care:

So, for a while, I was just like, “I’m homeless.” Or
I’m not homeless, “I’m poor.” I was just like, “I’m
poor. I can’t ask for anything.” And then 10-plus
years later to find out that that person was still getting
paid to take care of me? And I’m like—because
they’re family, you know what I mean, it’s [sic] was
like they didn’t really owe you much? [FAB member
3]

Existing foster care systems and policies (eg, foster youth not
having a say in placement with family members) constantly
take away power and control from foster youth, making
decisions for them without their input. Decisions made by
guardians without FAB members’ input negatively impacted
the ability of FAB members to access vital information
necessary for their care:

I asked my grandparents, “Who is my social worker?”
They were like, “Oh, we shredded all those documents
because it didn’t apply because they weren’t coming
anymore. And we were good.” I’m like, “What?” So,
I tried calling the county, they never got back to me.
They just put me in this whole rigamarole. [FAB
member 2]

In addition, though part of a larger network of youth in the child
welfare system, FAB members noted the isolation prevalent in
the foster care system:

Growing up foster kids were never given a platform
to speak and ask for help. I personally was never

given resources growing up that could help connect
me to other foster youth or provide mental health
resources when I needed them. [FAB member 1]

Reclamation of Power
By participating in the co-design of FostrSpace, FAB members
were able to reclaim some of the power they had lost and their
decision-making ability. Members felt empowered to reclaim
control over their own trajectories as well as lay the groundwork
for foster youth coming after them to assert agency. Through
FostrSpace, FAB members felt that they could equip current
and future generations of foster youth with information and
resources, which could allow them to take control of their own
lives and mental health:

I agree that the app is a great place for current and
past foster youth to find a supportive community to
share with as it is not always easy to reach out to the
people around you for help. Especially when you’re
searching for a safe space to share struggles with
mental health as so much stigma still surrounds
mental illness in the United States as well as being a
former or current foster youth. [FAB member 4]

In addition to promoting resource access, co-designing
FostrSpace strengthened FAB members’ feelings of power and
control by educating youth about the foster care system.
Growing up in the isolation of the foster care system led to
increased appreciation for the transparency available in
FostrSpace:

[My caregiver] villainized everybody and it was like
we cut contact off with everyone. It was really like
isolating. So, I like that we have this resource where
we can go search it up and be like, “Okay, well, what
does it mean to be a foster kid? Where can I find a
resource to go get some money for food?” [FAB
member 1]

FAB members emphasized the importance of giving users ample
information to equip them with knowledge, encouraging them
to be informed consumers. FAB members appreciated how
FostrSpace leans toward having too much rather than too little
information:

That’s the thing—like the app. I remember I always
like where we specify everything down to a T.
Sometimes it gets a little wordy and that’s annoying
for some users of the app, but it explains everything
to you clearly. [FAB member 1]

With the opportunity to use their lived expertise in the
development of the web-based platform, FAB members felt that
they could reclaim the narrative over their life. FostrSpace gave
them the opportunity to regain control after years of
experiencing intentional withholding of control by the system:

It really points to just this greater idea of mitigating
suffering. This greater idea of moving beyond and I
think that’s really important. I’ve always been focused
on this as a greater abstract idea, but this is one of
the ways I’ve actually nailed down providing support
and making the world better, in a limited way that I
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can. And so, I’ve really appreciated having the space
to allow me to actually do this. [FAB member 2]

Power Dynamics
The interplay of power dynamics was key for FAB members
regarding life experiences as detrimental versus supportive.
Harmful power dynamics manifested in both navigating
governmental assistance and the family unit. While navigating
already mystifying systems, FAB members had to advocate for
themselves to individuals in positions of power when submitting
applications for food assistance, housing, and more. FAB
members also expressed feeling as if their own realities and
experiences were minimized or denied when trying to access
resources:

...I had to call back for my EBT [electronic benefits
transfer] because they denied it last month. I
remember calling them and I was like, “Hey, you guys
denied it. Even the app says I didn’t have any money
entered.” And she’s checking her records and she’s
like, “No. We put it in.” And I was like, “Lady, like
no you didn’t.”...I remember just being like, Come
on. I’m already telling you I had to use money out of
my own pocket that I’ve been trying to save for rent.
I know what I’m using my money for. [FAB member
1]

Government and school staff alike also denied FAB members’
foster youth identities and ability to access foster youth–specific
resources because they did not have proper documentation
labeling them as foster youth:

In school, I remember I was constantly denied. I asked
if they could get help finding foster youth resources
and scholarships, and I literally had staff tell me,
“You’re not a foster kid. I don’t have documentation.”
[FAB member 1]

Consistently facing roadblocks and antagonism from the systems
designed to help them led to feelings of disempowerment among
the FAB members. Having to go up the chain of command to
receive a response or going through several layers of forms,
applications, and paperwork only for these to be rejected
accumulated experiences of trauma and negatively impacted
the motivation to access these resources for some FAB members:

I am and have been eligible for EBT [electronic
benefits transfer], but after doing it for a year I don’t
do it...how many of these are actually foster
youth-friendly? Because we can tell people to sign
up for SNAP, but when we look at these programs the
blatant villainization or willful ignorance to what
we’ve gone through and the struggles we are going
through makes it so it’s harder to reach out for these
resources...they don’t take me seriously when I tell
them about the trauma that comes from it. [FAB
member 2]

FAB members experienced kinship care as mirroring the
unsupportive power dynamics in governmental assistance, with
kinship care “family” behaving differently from how a
“traditional” family or chosen family or community may be

thought to behave. FAB members described feeling alienated
due to the dynamics of being in a kinship care household:

...even though foster youth may have access to family
in foster care through family members being their
foster parent or having their sibling with them, it’s
still easy to feel alone. I personally felt that as the
oldest sibling of three I couldn’t be vulnerable when
I was struggling as everyone else was also having a
difficult time. In my experience being in foster care
made it difficult for me to ask for support, I was
uncomfortable being in a new parental dynamic with
people I didn’t know too well so it was hard to ask
for things. [FAB member 4]

FAB members experienced kinship caregivers withholding
resources and information about the foster care system that FAB
members needed even though they were meant to be trusted
adults who could provide care:

She just wanted to do stuff where again she was the
only one in control. And with me going and finding
these resources? She didn’t help me go do that. She
was leaving me on my own and like, “Go do that.”
Again, it’s just like she’s leaving me out there and
alone. It was really sad. [FAB member 1]

Similarly, FAB members felt the weight of being the different
party in a new caregiver-youth dynamic with mixed signals:

But looking back on [growing up], it was a heavy
load kind of me just to like—well, my family is proud
of me? No, they’re not proud of me because I’m
smarter than I guess they thought I’d be. So, for a
while, it was just like wow. I was just so conflicted
where it was like, “Am I doing the right thing? Should
I keep pursuing my education?”...I’m like...“Why are
you talking down on me and making me feel
bad?...Isn't this what y'all wanted for me?” [FAB
member 3]

The ability of the co-design process to empower FAB members
was in great part due to the intentional way in which power
dynamics were attended to in the process:

I remember telling everybody like, “Dude, it’s equal
here...they don’t talk on top of each other. They don’t
cut you off. They let you finish your idea even if it’s
dumb because it might be.” [laughs]...here everyone
is on an equal playing field, even your bosses. They’re
all chill with you...they’re always, they’re engaged.
They want to listen, they want to do something, and
they want to help the community. I think that’s the
most important part is the want to do something and
then actually doing it. [FAB member 1]

Notably, as individuals who had experienced systems designed
to uplift them repeatedly ignoring their voices, FAB members
went into FostrSpace without hopeful expectations:

I didn’t necessarily anticipate having a big role in
the development of this app, but I also didn’t have
many expectations about its potential either. I became
ecstatic when I received my official offer letter to join
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UCSF and begin the process of developing an app as
an ambassador. [FAB member 3]

Over time in the co-design space, FAB members became
comfortable, learning that the participating academics were
working for the betterment of the community and uplifting
individual voices within the group:

...the co-design team was wonderful to work with as
it felt all the foster youth giving feedback were heard
and treated as equals by superiors. Overall, the
friendly space that was created by the entire team
during meetings and the positive influence the finished
app would have in the foster youth community keep
me returning to the meetings. [FAB member 4]

Resource Navigation
FAB members shared situational factors that contributed to
inaccessibility of resources, including lack of knowledge of
available resources and how to access them, responsive
resources, adult figures to guide them toward resources, and
documentation. FAB members expressed frustration over being
stuck in a system with ambiguous directions:

Yes. Oh, my god. [collective agreement] All the
[redacted name] county forms are like, “Worker ID
this, ID this.” Then you're like, okay, who do I call?
Leaving voicemails for the workers because they
never want to answer their phones. Then they never
call you back. It's just stuff like that where you're just
sitting there like, “Okay, well, what do I do?” [FAB
member 1]

Furthermore, FAB members mentioned that, when they did
access resources, these were often not responsive to their lived
expertise and status as foster youth, instead following a
one-size-fits-all structure. FAB members recounted situations
in which resources did not meet their needs due to limitations
in access (eg, time frame):

I remember telling my whole life story at five years
old to this lady and just telling her, “Oh, this is what
happened,” again the gory situation and everything,
and she helped me cope with it. It was really good. I
would walk out feeling refreshed. I felt like everything
was just off my shoulders. Then after maybe like a
few sessions it just stopped. And then I never got any
resources. [FAB member 1]

A lack of reliable adult figures during key periods of
development was a common experience for FAB members, who
suddenly lost support people who could direct them to needed
resources. FAB members expressed that FostrSpace resonated
with them as it attempts to connect foster youth with resources
for mental health and basic needs:

 I had received an email about outreach being done
through UCSF to develop an app to better support
the needs of foster youth, particular in the field of
mental health and connecting youth to basic needs.
I was previously in foster care in my early teens and
lost both my parents in my teens, these experiences
made me feel like I had no adult guidance to show

me what resources I had available to me as well as
support me when I was dealing with mental health
issues. [FAB member 4]

When resources required FAB members to provide
documentation (eg, case IDs, permanent address, or social
worker’s name) that they did not have access to, they were
hindered in submitting applications:

...they were doing scholarships or support funds for
foster youth, and even like transition age. I remember
I applied to it and they were like, “What’s your social
worker’s name? What’s your case number?” All this
stuff. And I didn’t have that information. [FAB
member 2]

FAB members also had difficulty identifying resources that
they were entitled to as foster youth, such as Court Appointed
Special Advocate workers:

Like, I’m going to be honest. I don’t think I ever had
a CASA person. So, just like you guys talking about
CASA, it’s like there’s so many different aspects of
just being a foster youth where we all have different
experiences. [FAB member 3]

The resource navigation challenges experienced by FAB
members were described in contrast to the FostrSpace approach,
which could benefit foster youth experiencing the same
deterrents to resource access. The web-based platform provides
foster youth with a directory of resources and live help on
emotional wellness or resource navigation without the need for
documentation. Due to FostrSpace’s more straightforward
approach to resource navigation, FAB members expressed that
FostrSpace helps reinforce self-advocacy and facilitates positive
resource navigation experiences:

Moreover, having good experiences accessing
resources should further encourage foster youth to
engage with resources as I have experienced and seen
people turn away from help when their experience is
negative. [FAB member 4]

Building Community and Safe Spaces
FAB members discussed the importance of centering building
community and safe spaces for foster youth. Membership in an
established foster youth community positively impacted FAB
members:

But I remembered when I got to UC Berkeley, my
brother immediately was like, “Oh, my god, there’s
this program called Berkeley Hope Scholars”... I
signed up—and [Director name redacted] like a week
before was just like, “Hey, this is what we have. These
are the resources. We’re going to help you with
everything.” And I immediately felt a sense of just
comfortability. I felt safe there and I finally found a
community where I could find other people who are
like me or who experienced some of the same stuff as
me. [FAB member 1]

Similarly, the FAB community was beneficial for creating a
space to collaboratively give back to the foster youth community
through FostrSpace:
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After attending the first meeting and meeting my
co-workers I instantly felt as if I had found a great
community of people fighting for change for a
community that is often hidden in the shadows. I was
excited to finally have my voice heard and to speak
for my friends who experienced the system in a
multitude of ways. [FAB member 1]

There was shared comradery among FAB members as
FostrSpace allowed them to unite under a common goal: to
curate a safe space for heterogeneous foster youth tied by a
common thread of lived expertise:

We’re dedicated to just creating a space so that
people don’t have to further suffer the way we might
have already, or in ways that we may not have
experienced, but we don’t want anyone to ever risk
going through. [FAB member 2]

The importance of considering intersectionality was highlighted
when building community and safe spaces for foster youth as
foster youth experiences are shaped by how multitudes of
identities, global world views, and inclusion interact. Through
this duoethnography process, FAB members came to the
realization that future iterations of FostrSpace’s resource
directory need to take into account other identities that foster
youth may hold (eg, race and gender) to better target nuances
of resource inaccessibility:

...I’m always talking about my multitude of identities
and intersecting identities. But that’s something where
I don’t want resources just to default onto foster youth
because sometimes they’re for White foster youth,
Asian foster youth, or Black foster youth. It’s like
specific. So, I’d really like to find more resources for
trans youth, and for other races, as well, like Black,
White, Asian, Latino—because there’s a huge Latino
population in California. But just stuff like that where
it’s resources for women’s reproductive health
because again, I’m a woman and that’s something I
have to go through...Like just where it covers those
identities and takes care of kids that not only align
under foster youth, but are foster youth AND, you
know foster youth-included. [FAB member 1]

FAB members also felt fortunate to have found a foster youth
community as well as a common desire to develop a community
within FostrSpace, expressing that FostrSpace could help
connect more foster youth with a supportive community:

But then when I actually saw what y'all were doing,
I was really moved by it. Like providing mental health
and wellness resources for like—a I just felt like it
spoke to an earlier me that was in desperate need for
those and needed support and a community aspect.
[FAB member 2]

Identity
FAB members engaged in rich discussions regarding the
decision to identify as foster youth, the journey of coming to
that decision, and the resulting consequences. Discussions
highlighted that carrying a foster youth identity led to grappling
with both positive and negative experiences. Within the context

of negative experiences regarding identity, FAB members
disclosed the strain that shame and stigma have on a foster
youth’s ability to embrace their identity. Shame was described
as something that was both ascribed by others (eg, strangers
and family members) and internalized. FAB members associated
the identity with traumatic upbringing:

I was never told that I was even a foster kid. When I
said—like when me and my brothers said that name,
my aunt would roll her eyes and be like, “What’s
that? You’re just making stuff up. You’re dramatic.”
So, it was like things like that. It had a very negative
connotation around it. [FAB member 1]

While kinship care is recognized as a part of the foster care
system, FAB members noted internal shame regarding
placement in kinship care:

I think part of it is because I still feel a bit of shame
about my identity where there’s a part of me that’s
just like, “Yeah, but you were raised by your
grandparents. And even though you were in the
system, do you really count?” [FAB member 2]

In addition, they experienced external shame when actively
aligning with the foster youth identity:

...when I created my website, I was really open about
it, I’ve written a lot about it. Then one day, one of my
distant uncles calls me. I’ll never forget this. I was
getting ready and he was just like, “I saw that you
posted an article on your Facebook about saying that
you were a foster youth. You’re not a foster youth.”
He was like, “How do you think your grandparents
feel if you told them that you identify this way or that
you say this?” [FAB member 2]

Stigma was evident in the mischaracterization of the foster youth
identity and pitying by others:

...when we were handing out flyers, one of my friends
was like, “Watch out, they’re going to say sorry a
lot.” I was like, “What do you mean?” And we were
handing out flyers and the students were like, “Oh,
I’m so sorry.” They’ll look at you with puppy-dog
eyes and you’re just like, “I’m good. I’m chilling,
bro. I just got some free lemonade.” [group laughter]
It’s just stuff where you feel the name “foster
youth”—just you feel like has this weight on it. And
that’s what people add to it. It’s just like not like that.
[FAB member 1]

While negative associations with identity stemmed from general
community (eg, schoolmates), family (eg, kinship caregivers),
and internalized anti–foster youth dialogue from living with
kinship caregivers, positive associations with their foster youth
identity were built through engagement in the FostrSpace
co-design process and with a foster youth community. Being a
part of the co-design process offered FAB members space to
reflect on negative experiences related to identity as well as
build a new, positive association with the foster youth identity
(eg, through community building in meetings):

...this process has...given [me] an ability to
understand and process the uniqueness of what I have
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gone through, but also the commonality of the
struggles and how no matter who you are, we all
share these ideas, these feelings. And so why not try
together to overcome them? [FAB member 2]

Moreover, experience in an established foster youth community
encouraged FAB members to embrace and accept identity, as
well as providing a venue to receive support regarding struggles
of identity. Co-designers expressed that being members of the
FAB and working on the development of FostrSpace together
validated their identity and allowed them to recognize that they
were not isolated in their identity or experiences:

So, talking with you guys has always been great
because every meeting is like, “Damn, I didn’t know
that,” or, “Yes, I’ve been there.” Not that I’m glad
that someone else has went through that with me, but
it’s just like knowing that now collectively we can put
that insight and experience to fruition. [FAB member
3]

FostrSpace also acted as a platform to support the dismantling
of stigma regarding the foster youth identity as FAB members
were given the space to call on their lived expertise in the
development of FostrSpace:

I felt as if I had just gained a new purpose in life,
which was to share my lived experience and
encourage others in the foster care system to embrace
their stories and share it with pride. [FAB member
3]

Discussion

Principal Findings
Co-design processes hold significant potential to create
meaningful interventions for underserved populations such as
current and former foster youth. The co-design process for
FostrSpace exemplifies the value of centering the lived expertise
of foster youth in the creation of digital tools designed to support
them. The FAB members actively brought their own lived
experiences navigating resources in their personal lives into the
co-design space and used those experiences in developing the
resource library for FostrSpace. As active co-designers, FAB
members identified potential barriers to accessing resources
that foster youth may face as well as brainstorming and
problem-solving ways to inform the FostrSpace approach to
resource navigation. For example, one barrier to accessing
resources that FAB members identified was applications
requiring details that foster youth may not have access to (ie,
their social worker’s ID, particularly because some foster youth
are not alerted to the fact that they have a social worker). Due
to this, the FAB reflected as part of the co-design that
FostrSpace needed to commit to providing resources made with
foster youth in mind. Ideally, foster youth–tailored resources
would not require information that foster youth do not have
access to. To address this, the FAB recommended providing
brief highlights on the information required to access certain
resources (ie, CalFresh). This would equip foster youth with
knowledge of potential barriers before trying to access the
application. In line with this, during co-design, the FAB
advocated for ensuring that foster youth did not face similar

barriers and restrictions to accessing FostrSpace to those they
faced in accessing other resources meant for foster youth (eg,
as such, FostrSpace does not require foster youth to upload
proof of status as a foster youth or social worker ID numbers).

Furthermore, reflections from the FAB members indicated that
the co-design process was a safe and constructive space where
all members worked together for the betterment of the wider
foster youth community. As FAB member 3 stated, “Together,
we can change the system and it all starts with collective effort
of informing the broader community,” showing the drive to
collectively work toward the shared goal of creating FostrSpace.
This duoethnographic process adds to the literature of
co-designing with young people and specifically to the
scholarship of co-designing formal mental health applications
with foster youth.

Recommended Practices

Overview
The 4 main themes shared across the 4 FAB members
demonstrate their reflections on their experiences with the
FostrSpace co-design process, including motivations for
participation and potential reasons why FAB members could
not access the very resources they aimed to make more
accessible through FostrSpace. From this reflection process, we
recommend 3 key practices when co-designing with young
people. Although we did not explicitly seek direct feedback
from the FAB on these practices as part of the duoethnography
process, the richness of the duoethnography data affirms the
value of these practices in creating an enriching co-design space.
In addition, while a number of different practices were brought
into the FostrSpace co-design space, the key practices that we
chose to list here are inspired by what was highlighted in the
FAB members’ duoethnography quotes in addition to their
endorsements in co-design meetings and check-ins. These
recommendations are built from practices that were implemented
in the creation of FostrSpace and are believed to have made the
co-design process successful and worthwhile for co-designers:

1. Engage in active reflection on the co-design process both
during and after co-design.

2. Find creative ways to engage in power-sharing practices to
build community across diverse experiences and positions
of power and privilege.

3. Ensure mutual benefit among co-designers.

Engage in Active Reflection of the Co-Design Process
Both During and After Co-Design
Engaging in active reflection throughout the co-design process
allows for the intervention (in this case, FostrSpace, a digital
health technology) to become more actively shaped by
thoughtful reflections. In the co-design of FostrSpace, brief
icebreakers were used at the start of every meeting to ease
individuals into lighthearted discussion before talking about a
specific feature of the app. In addition, brief check-in questions
were used at the end of meetings as well as in occasional
one-on-one check-ins between FAB members and UCSF
academic staff to evaluate co-designer comfort and feedback
on the app. Although these engagement and reflection methods
were highly useful in building community among the
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co-designers and allowing for free discussion, many of the
reflections uncovered through the duoethnography were highly
distinct and had not surfaced through previous reflection tools
used during the co-design process. Specifically, by having a
space designed solely for FAB co-designers to talk with one
another and respond to questions not directly related to building
the app through the in-person duoethnography process, we were
able to reaffirm the most important features of the current app
and important aspects to consider for iterations moving forward
(eg, fully detailing a community element and the different ways
in which this was crucial for this community).

Notably, in FostrSpace, we aimed to provide a robust resource
directory for foster youth with food insecurity, legal or housing
concerns, employment goals, or transportation goals, among
others. We felt confident that we had developed strong resource
lists within the counties that we initially served (eg, by tailoring
resource pages with resource eligibility criteria, relevant website
links, summaries, and office hours); however, we found through
the duoethnography process that we were missing an essential
element. The resources, though helpful when successfully
acquired, often contained application or eligibility processes
that were not foster youth friendly. This discovery, made
possible only due to FAB members discussing their own
personal frustrations with accessing public aid (eg, being given
the “run-around,” having their needs denied, or being shamed
for their needs) throughout the duoethnography, highlighted the
need to seek out resource providers knowledgeable of the foster
youth experience. It also reinforced the need to continue pushing
the personal navigator to the forefront of the app as someone
“who takes the role of goal-collaborator and accountabili-buddy
by providing connections to resources so folks don’t have to
navigate life alone” and ensuring that, for resources that are not
foster youth friendly, app users have someone to support them
throughout the process. Furthermore, FAB members’
experiences navigating public resources highlighted the
importance of self-advocacy when dealing with resource
providers lacking knowledge about the foster youth experience;
personal and peer navigators (FAB members) can connect with
users to help build self-advocacy to support resource access.
FAB members as peer navigators and continued contributors
to the app have since made content on sharing knowledge with
current and former foster youth about skills they learned
transitioning into adulthood, essentially creating a “how to”
guide to accessing some common resources (eg, electronic
benefits transfer).

Find Creative Ways to Engage in Power-Sharing
Practices to Build Community
As noted previously, co-design meetings began with icebreakers,
some led by UCSF academics, some led by Chorus designers
and developers, and some led by the FAB members.
Co-designers were encouraged to think of icebreakers in
between meetings, topics they were curious about in their
coworkers. Many came to the meetings excited to share their
icebreakers, as FAB member 1 shared in the duoethnography
roundtable:

I think the intro questions are my favorite part. I think
that really showed it, too. They were like, “Hey,

what’s your favorite taco spot?” It was just like small
questions like that where you were like, Oh, okay, this
is a cool space. Every time before each time, I’m like,
Okay, what cool icebreaker questions will I ask my
coworkers?

These icebreakers aided the development of a relaxed space
before diving into the FostrSpace app design and development.
All members had a chance to contribute and share something
before transitioning into potentially daunting topics regarding
designing an app. Furthermore, engaging in conversations about
non–work-related topics served to shift the focus away from
work titles and hierarchies, allowing participants to connect on
a more personal level beyond the confines of the work
environment. In addition, as co-design meetings were often in
the early evening after a potentially draining work or school
day for co-designers, the icebreakers helped in providing a
check-in for co-designer energy levels, which influenced how
many breaks were taken in a meeting and what agenda items
were prioritized. FostrSpace was an app built through a
co-design process that involved internal meetings among UCSF
academics and clinicians; collaborative meetings with UCSF
and Chorus designers and technology staff; and co-design
meetings with UCSF, Chorus, and the FAB. Many ideas went
through various iterations, with the FAB voice being taken into
the highest consideration. FAB members provided different
viewpoints and made decisions on design elements such as name
and color scheme, as well as content elements such as specific
questions and text language. Furthermore, having a technology
partner with extensive experience in co-designing digital health
technologies with diverse communities and ensuring equitable
power sharing in the development of FostrSpace contributed a
great deal to the success of the co-design space.

Ensure Mutual Benefit Among Co-Designers
The maintenance of reciprocal relationships during the co-design
process is ideal, with all participants (academics, foster youth,
clinicians, and developers) benefiting, whether through greater
understanding of the self, community building, professional
development, or furthering research. This relationship can allow
for continued engagement in co-design and progression of the
product, elucidation of honest and often sensitive or personal
feedback, and novelty and creativity in the design process.
Although FAB members held their own legitimacy as
individuals with lived expertise in the foster care system, UCSF
academics went through the process of creating staff positions
for the FAB members, formalizing their roles and providing a
professional title to add to their career trajectories and resume.
FAB members also actively engaged in professional
development opportunities such as presentations to community
members, colleges, and donors to discuss the FostrSpace
development. In hiring the FAB as staff, UCSF academics
reaffirmed that FostrSpace would be a longer-term commitment
and partnership. In turn, UCSF academics derived benefit from
the stable consistency of FAB staff, who not only were
committed to their work but also had the stability through
financial support that allowed for continued engagement in the
work. All co-designers were able to benefit by learning from
one another (eg, UCSF academics and clinicians and FAB
members learning about the vast capabilities of Chorus),
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building community, and having a safe space to share. All
co-designers also benefited from building an emotional wellness
app for foster youth—the FAB members by developing an app
tailored to their needs and the needs of their fellow community
members, UCSF academics by adding to the literature and
development of foster youth interventions and services, and
Chorus by partnering with another community to leverage
participatory design practices.

Limitations
The foster youth lived expertise is highly heterogeneous, and
thus, there are limits to the generalizability found in the themes
we derived. The cohort of co-design partners was diverse in
ethnic origin, academic background, sexuality, and lived
expertise; due to the small size of the FAB group (4 members),
there are limitations to broader application as lived expertise in
the foster care system can vary widely. Within the small group
of FAB members, there was notable overlap in their lived
expertise, especially due to the overrepresentation of students
(all 4 FAB members were students in higher-education
institutions, and 3/4, 75% were in the same college). The
common profiles of tertiary education institutions and academic
studies in the San Francisco Bay Area provide another limit to
the generalizability of these findings to foster youth outside of
the region. All FAB members had also been placed in kinship
care, suggesting that barriers to mental health resources that are
faced in other forms of foster care placement may not be
adequately highlighted. Expanding the co-design process to
include more diverse academic backgrounds (including youth
who are not pursuing higher education), partners from regions
beyond Northern California, and different forms of foster care
placements appears to be a promising next step for improving
intervention impacts and understanding how foster youth
contribute to co-design processes.

Conclusions
Lessons learned from this duoethnographic process can inform
future researchers seeking to co-design digital health
technologies with foster youth, as well as young people more
broadly. The FAB’s determination of roles and level of
participation underwent constant revision to accommodate and
support FAB members as their lives developed over the course
of the project. As suggested by Porche et al [5], by tailoring the
nature and style of power sharing to the interests and thematic

motivations of the co-design partners rather than just increasing
the degree of power sharing and authority alone, a greater depth
of engagement can be achieved. To this end, early and
concurrent partnership with the intervention population to
improve impact and ensure not only a satisfactory co-design
process for the partners but also a tailored end product is
essential [29]. Future research may consider the nuances of the
themes derived from this duoethnography and devise methods
to ensure that future co-design processes address those themes
both through the actual co-design and in the developed
intervention or app. Foster youth who have had extensive
experiences with negative power dynamics in different spaces,
for example, may benefit more from greater intentionality
toward the cultivation of safety and empowerment in the
co-design space than may be typically granted for other young
people. Similarly, foster youth such as those who participated
in this duoethnography process may have increased levels of
negative experiences accessing resources and may be put off
from the idea of trying to access future resources through a
different platform; in this case, someone creating a resource
bank may seek to provide more details on the resources being
offered, tips and tricks for successful resource access, and
potentially a difficulty rating or timescale indicating how much
bandwidth a foster youth would have to commit in trying to
access the resource.

Due to the diversity within the foster youth community, it may
be difficult to develop a single plan that ensures adequate
empowerment and recognition of each co-designer’s lived
expertise in a co-design process, thereby reinforcing the need
for active reflection throughout the co-design process.
Continuous reflection co-design practices can be refined over
time to meet the needs of a specific co-design team. The themes
and subthemes gathered from the FostrSpace co-design team’s
duoethnography may provide a helpful framework in starting
to think about how to best serve foster youth throughout the
co-design process. Co-design practices are vital for creating
digital health technologies that are helpful, intuitive, and healing
for their intended users. Co-design practices can draw out
nuanced community knowledge and result in a thoughtful, vetted
product. We call on researchers to continue the work of
co-designing with young people and specifically foster youth,
with a commitment to active and in-depth reflection throughout
the co-design process.
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Abstract

Background: Patient engagement is a critical but challenging public health priority in behavioral health care. During telehealth
sessions, health care providers need to rely predominantly on verbal strategies rather than typical nonverbal cues to effectively
engage patients. Hence, the typical patient engagement behaviors are now different, and health care provider training on telehealth
patient engagement is unavailable or quite limited. Therefore, we explore the application of machine learning for estimating
patient engagement. This can assist psychotherapists in the development of a therapeutic relationship with the patient and enhance
patient engagement in the treatment of mental health conditions during tele–mental health sessions.

Objective: This study aimed to examine the ability of machine learning models to estimate patient engagement levels during
a tele–mental health session and understand whether the machine learning approach could support therapeutic engagement between
the client and psychotherapist.

Methods: We proposed a multimodal learning-based approach. We uniquely leveraged latent vectors corresponding to affective
and cognitive features frequently used in psychology literature to understand a person’s level of engagement. Given the labeled
data constraints that exist in health care, we explored a semisupervised learning solution. To support the development of similar
technologies for telehealth, we also plan to release a dataset called Multimodal Engagement Detection in Clinical Analysis
(MEDICA). This dataset includes 1229 video clips, each lasting 3 seconds. In addition, we present experiments conducted on
this dataset, along with real-world tests that demonstrate the effectiveness of our method.

Results: Our algorithm reports a 40% improvement in root mean square error over state-of-the-art methods for engagement
estimation. In our real-world tests on 438 video clips from psychotherapy sessions with 20 patients, in comparison to prior
methods, positive correlations were observed between psychotherapists’ Working Alliance Inventory scores and our mean and
median engagement level estimates. This indicates the potential of the proposed model to present patient engagement estimations
that align well with the engagement measures used by psychotherapists.

Conclusions: Patient engagement has been identified as being important to improve therapeutic alliance. However, limited
research has been conducted to measure this in a telehealth setting, where the therapist lacks conventional cues to make a confident
assessment. The algorithm developed is an attempt to model person-oriented engagement modeling theories within machine
learning frameworks to estimate the level of engagement of the patient accurately and reliably in telehealth. The results are
encouraging and emphasize the value of combining psychology and machine learning to understand patient engagement. Further
testing in the real-world setting is necessary to fully assess its usefulness in helping therapists gauge patient engagement during
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online sessions. However, the proposed approach and the creation of the new dataset, MEDICA, open avenues for future research
and the development of impactful tools for telehealth.

(JMIR Form Res 2025;9:e46390)   doi:10.2196/46390

KEYWORDS

machine learning; mental health; telehealth; engagement detection; patient engagement

Introduction

Overview
The World Health Organization defines mental health as a “state
of well-being” that allows a person to lead a fulfilling and
productive life and contribute to society [1]. In addition, the
World Health Organization estimates that one-fourth of the
adult population is affected by a mental disorder [2]. However,
there are only approximately 9 psychiatrists per 100,000 people
in higher-income countries and only approximately 0.1
psychiatrists for every 1,000,000 people in lower-income
countries [3,4]. As stress and pressure continue to increase,
leading to poor mental health outcomes, the need for improved
tele–mental health care has become critical. Tele–mental health
care is the process of providing psychotherapy remotely,
typically using Health Insurance Portability and Accountability
Act (HIPAA)–compliant videoconferencing [5]. It offers an
effective means of accessing mental health services and
treatment, transcending geographical and cultural boundaries
worldwide, and helps address the chronic shortage of
psychotherapists. These services not only remove practical
barriers to care, such as transportation, but also offer
affordability and direct access to qualified therapists. Therefore,
there has been an upward trend in the demand for such services
[6]. Despite these undeniable benefits, this emerging treatment
modality raises new challenges in patient engagement compared
to in-person care. By “engagement,” we refer to the connection
between a therapist and patient, characterized by a sense of
basic trust and a willingness or interest to collaborate. This
connection is essential for the therapeutic process and fosters
the development of a strong therapeutic relationship.

Background
Patient engagement is a critical priority in behavioral health
care as it involves establishing effective rapport between health
care providers and patients. In the context of mental health,
patient engagement is an indicator of a successful therapy
session. This multidimensional concept [7,8] encompasses the
interaction of cognitive and emotion-related components of the
patient’s psychological state. However, one of the challenges
in fully understanding and evaluating patient engagement lies
in the difficulty of establishing a standardized measurement
approach. Patient engagement is a complex and dynamic
construct that defies a one-size-fits-all measurement. The diverse
factors influencing patient engagement, such as individual
characteristics, and health care contexts make it challenging to
develop a universally accepted standard of measuring its
effectiveness. Traditional quantitative metrics (appointment
attendance rates, treatment adherence, and patient satisfaction)
often fall short in capturing the depth and richness of patient
engagement. While they can provide numerical data, they may

overlook the subjective experiences of the interaction and do
not necessarily reflect health care provider-patient alliance in
treatment. In contrast, qualitative methods such as patient
narratives and feedback provide valuable insights but lack
scalability, objectivity, and uniformity across different health
systems. Therefore, to address these limitations, machine
learning techniques are being explored to complement and
enhance these traditional methods by leveraging computational
power, scalability, and ability to identify patterns, relationships,
and insights that may not be otherwise apparent. Some prior
works in engagement detection have focused on using a single
modality, such as facial expressions [9,10], speech [11], body
posture [12], gaze direction [13], or head pose [14], to detect
engagement. Combining different modalities has been observed
to improve engagement detection accuracy [15-17]. The authors
expanded the work of Stanford PBL Lab’s eRing [18] by
including information streams such as facial expressions, voice,
and other biometric data. Monkaresi et al [19] proposed an
approach to detect engagement levels in students during a
writing task by not only making use of facial features but also
features obtained from remote video-based detection of heart
rate. The dataset used was generated by the authors, and they
used self-reports instead of external annotation for classification
purposes. Chang et al [20] made use of facial expressions as
well as body posture for detecting engagement in learners.
Fedotov et al [21] proposed the use of audio, facial, and body
pose features to detect engagement and disengagement for an
in-the-wild dataset that had been created using videos obtained
from uncontrolled environments or situations. The distribution
of class labels in this dataset is not balanced.

Despite the existence of a variety of such algorithms to perform
engagement detection, the results obtained from these
approaches (particularly single modality–based approaches)
could be misleading in a telehealth setting due to factors such
as camera position and resistant or guarded clients. In telehealth
appointments, therapists have limited visual data available to
them, as they can only view the patient’s face rather than their
full body. Asking the patient to adjust their position to gain a
better view of their body during telehealth appointments is a
potential solution for therapists. However, this approach may
lead to communication difficulties, as it can impact the patient’s
proximity to the microphone, potentially affecting the quality
of audio communication between the patient and the therapist.
Therefore, therapists must rely on verbal communication
strategies to engage patients than in-person care because they
cannot use typical nonverbal cues to convey interest and be
responsive to the patient (eg, a handshake at the beginning of
a session, adjusting the distance between the patient and health
care provider by moving a chair closer or further away, and
observing a patient’s response to questions while maintaining
eye contact). It is also more difficult for therapists to convey
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attentiveness because eye contact requires the therapist to look
at a camera rather than observe or look at a person. They may
also have limited training on telehealth patient engagement,
leading to a lack of guidance on measuring patient engagement.
Therefore, this highlights the need for a system that can provide
feedback on patient engagement by just using the data that are
easily accessible, namely, text, audio, and face visuals.
Engagement is critical for both retention of patients in care as
well as effectiveness of mental health treatment. Developing
such a system will make it possible to enhance the quality of
tele–mental health and ultimately improve patient outcomes.

Objective
Taking all this into consideration, we propose and explore a
machine learning–based approach that takes visual, audio, and
text data as input and estimates the engagement level of a patient
with mental health problems through a regression-based
approach. We demonstrate the effectiveness of our method in
tele–mental health sessions and provide a new dataset called
Multimodal Engagement Detection in Clinical Analysis
(MEDICA) to advance mental health research by understanding
patient engagement levels during therapy sessions. MEDICA
consists of 1229 short video clips from mock mental health
therapy sessions used by medical schools in their psychiatry
teaching curriculum. To the best of our knowledge, MEDICA
is the first multimodal dataset that focuses on mental health
research and consists of annotations useful for understanding
the psychological state of patients with mental health problems
during a therapy session.

Methods

Datasets

MEDICA Dataset

Overview

Engagement is an overloaded term, and the definition varies
with the application, making it difficult and expensive to collect,

annotate, and analyze such data. As a result, we find too few
multimodal-based engagement detection datasets currently
available for us to use. Our problem statement revolves
specifically around detecting patient engagement during a
tele–mental health session. In such a setting, the only
information we can work with includes the patient’s face and
speech (audio and text). There exist datasets such as Carnegie
Mellon University Multimodal Corpus of Sentimental Intensity
(CMU-MOSI) [22], Carnegie Mellon University Multimodal
Opinion Sentiment and Emotion Intensity (CMU-MOSEI) [23],
and Stanford Emotional Narratives Dataset (SEND) [24] that
capture such settings. However, they are not specifically for
engagement detection. Given the lack of a dataset that allows
researchers to use multimodal features (video, text, and audio)
for engagement, we propose MEDICA, a novel dataset
developed specifically to cater to engagement detection using
tele–mental health session videos. To use these data to address
a broader range of issues related to mental health, we also
include labels pertaining to stress and emotions.

To the best of our knowledge, this dataset is one of the first
publicly available datasets specifically catering to multimodal
research in patient engagement in mental health. Table 1
presents a comparison between MEDICA and other related
datasets. Despite the rise in telehealth services and the poor
patient-to-therapist ratios for individuals with mental health
problems, there are no datasets that even try modeling telehealth
sessions to give the community an opportunity to innovate and
develop new technologies. MEDICA is a humble attempt by us
to kick-start interesting research opportunities. The MEDICA
dataset is unique in that it contains multimodal data from
multiple sensors including speech and video. These data have
been annotated with the engagement levels exhibited by each
participant at different points in time.
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Table 1. Comparison of the Multimodal Engagement Detection in Clinical Analysis (MEDICA) dataset with other related datasetsa.

Other mental health cuesEngagement informationEmotion labelsModesUnique speakersSamplesDataset name

Physiological (electrocardiogram
and electrothermal activity)

NoYes{v,a}273400RECOLAb [25]

—dNoYes{v,a,t}Multiple715CMU MOSEASc [26]

—NoYes{v,a,t}Multiple2199CMU-MOSIe [22]

—NoYes{v,a,t}10003228CMU-MOSEIf [23]

—NoYes{v,a,t}49193SENDg [24]

—YesNo{v}1129068DAiSEEh [27]

—YesNo{v}34120HBCUi [9]

—YesNo{v}78195In the wild [28]

—YesYes{v,a}2020SDMATH [29]

Hesitation, stress, and attentivenessYesYes{v,a,t}131229bMEDICA

aModes indicate the subset of modalities present from visual (v), audio (a), and text (t).
bRECOLA: Remote Collaborative and Affective.
cCMU MOSEAS: Carnegie Mellon University Multimodal Opinion Sentiment, Emotions and Attributes.
dNot applicable.
eCMU-MOSI: Carnegie Mellon University Multimodal Corpus of Sentiment Intensity.
fCMU-MOSEI: Carnegie Mellon University Multimodal Opinion Sentiment and Emotion Intensity.
gSEND: Stanford Emotional Narratives Dataset.
hDAiSEE: Dataset for Affective States in E-Environments.
iHBCU: historically black college and university.
jCurrent status of the dataset. The size of the dataset will be increased.

Acquisition

MEDICA has been developed by collecting publicly available
mock therapy session videos created by different psychiatry
medical schools for training their students. The patients in these
videos are being advised for depression, social anxiety, and
posttraumatic stress disorder. We collected 13 videos, each
having a duration of approximately 20 to 30 minutes. We limit

the videos to the setup where both the therapist and the patient
are not visible together in the same frame. In addition, we take
only those videos where there is only 1 patient. Each video has
a unique English-speaking patient. The therapists in these videos
are actual therapists, while the patients are trained actors who
have been dictated to act and react in a particular way. Figure
1 shows the snapshots taken from various video clips in the
MEDICA dataset.

Figure 1. Examples from the Multimodal Engagement Detection in Clinical Analysis (MEDICA) dataset created for mental health research. This
dataset has been created using publicly available videos that are usually used for training purposes by different medical schools. The faces of the
individuals have been blurred to protect their identity.

Processing and Annotation

Our primary focus was to create a dataset that captures the
behavior of patients with mental health problems during their
sessions. Therefore, we selected only portions of the videos
where only the patient was visible in the frames, which appeared

at various intervals and durations throughout the recordings.
We took these scattered clips and divided them into smaller
clips of 3 seconds each, resulting in a dataset of size 1229. We
use Moviepy and speech-recognition libraries to extract audio
and text from the video clips, respectively. Each video was
annotated for attentiveness, stress, and engagement, which were
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scored on a Likert scale ranging from –3 to 3; hesitation was a
binary target variable (yes or no). Humans tend to have multiple
emotions with varying intensities while expressing their thoughts
and feelings. Therefore, the videos have been labeled for 8
emotions related to mental health: happy, sad, irritated, neutral,
anxious, embarrassed, scared, and surprised. This will enable
us to develop systems capable of understanding the various
interacting emotions of the users.

Real-World Data
The videos collected to develop MEDICA were created by the
psychiatry schools in controlled settings. By controlled, we
mean that the therapists in these videos were real, while the
patients were trained method actors who had been instructed in
a very detailed manner regarding what to expect and how they
should react. While these videos were approved by a team of
psychotherapists as being inclusive of potential scenarios and
patient reactions, the work would still be meaningless if not
tested in the wild, that is, in settings where we have real patients
who have not been instructed what to do or how to behave
during the session with their real therapist. To accomplish this,
we collaborated with 8 child psychotherapists. These
psychotherapists are individuals who were trained and licensed
as psychotherapists for both children and adults. The
administrative staff identified patients that were scheduled for
sessions with any of the participating therapists and provided
the caregiver contact information. Our research assistant
contacted eligible caregivers and provided information related
to the purpose, potential risks and benefits, and responsibilities
of study participation. They were informed of the study protocol
that involved recording 1 to 2 telemental sessions to test our
proposed approach. A total of 20 caregivers provided consent
to participate in the study. They were provided with instructions
on the setup of the equipment that we provided to ensure a clean
recording. “Clean” refers to a recording executed with a camera
of good quality with appropriate lighting conditions. The
equipment included a smartphone with a good quality camera,
a ring light with a stand to ensure that the session was recorded
in a well-lit environment, and a hot spot internet connection to
ensure that the session occurred smoothly without any network
glitches. They were also given the assurance regarding
preserving the confidentiality of the data being collected. All
video recordings were labeled only by study number, with all
identifiable information removed and stored in a double
password–protected database. Participants were also informed
that any facial images other than the caregiver who participated

in the session would be deidentified (using methods such as
blurring, etc). These steps were taken to ensure that only the
caregiver’s level of engagement was measured and analyzed.
In addition, this step protected the confidentiality of
nonparticipants who did not provide consent.

On average, each of these sessions lasted approximately 20
minutes. The demographics of the caregivers who participated
in our real-world experiments can be found in Multimedia
Appendix 1. The entire data collection process can be divided
into three parts:

1. Before each tele–mental health session of a caregiver with
their therapist, a research assistant helped the caregiver with
setting up the equipment to record their session. The
assistant also ensured that the caregivers were comfortable
using the equipment.

2. During the session, we made sure that the tele–mental health
session proceeded in the same manner as a typical session.
The caregivers were requested to use the equipment
provided if possible, but there were no restrictions imposed
by us on either the therapist or the caregiver regarding how
the session should be conducted. After the presession
process, the research assistant would log off. Therefore,
during the session, it would be just the therapist and the
caregiver having a conversation. No one else from the study
would be a part of it. The only thing different about this
session was that the caregiver was being recorded using the
smartphone given to them. We did not record the therapist.

3. After the session, after the session was complete, a research
assistant guided the participant regarding the steps to stop
the recording and save the data collected.

Upon completion of the session, the therapist scored the quality
of the collaborative relationship (therapeutic alliance)
established between them during the session with the Working
Alliance Inventory (WAI) [30,31]. It is used for both child and
adult therapy and is a widely studied therapeutic alliance
measure. The WAI was modeled on the theoretical work
conducted by Bordin [32]. It captures 3 dimensions of the
alliance: bond, task, and goals. Extensive tests showed 12 items
per dimension to be the minimum length for effective
representations of the inventory. A composite score is computed
based on these 12 items for each of the sessions conducted.
Henceforth, we refer to this score as the WAI score. The WAI
scores can range from 12 to 84 [33,34]. Figure 2 shows frames
from a few of the video recordings collected.
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Figure 2. A few frames from the real-world videos we collected. The faces have been blurred here to protect the identity of the patients. However, the
consent of the patients was taken to use their unblurred faces as input to our model.

While efforts were taken to ensure clean video recordings, we
still could not use 7 out of the 20 videos collected for any type
of analysis. The reasons for it ranged from the video being
extremely shaky due to the continuous movement of some
participants during their session to not having the permissions
to process and analyze videos where the child spoke for the
entire session instead of the caregiver. The remaining videos
were processed in the same way as MEDICA. At the end of
data processing, we obtained approximately 438 clips, each
lasting 3 seconds. Unlike MEDICA where we had annotations

for every 3 seconds, we had only a single WAI score for the
entire session. Therefore, all the 3-second clips obtained from
a session were annotated with the WAI score obtained for the
session. Any analysis conducted on these data treated all the
438 clips independently.

Proposed Model Design
Figure 3 presents an overview of our engagement estimation
model. It has 2 key components: multimodal feature extractor
and semisupervised learning network. We discuss each of them
in detail in the subsequent sections.
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Figure 3. Overall block diagram of the proposed architecture. The features obtained from the 2 modalities, cognitive and affective, are combined to
form hT (real) of shape 655×1. The generator takes in random noise (Gaussian) and tries to generate a fake feature map that looks similar to hfakeT
that looks similar to hT (real). The discriminator tries to distinguish between hT and hfakeT. The yellow bars in the discriminator and generator refer
to linear layers with activation function as leaky rectified linear activation unit. The shape of the linear layers used has been written on the bars. The
number of linear layers used can be changed depending upon the dataset size and task at hand.

Multimodal Feature Extractor

Overview

Multimodal feature extractor in general refers to a system or
algorithm that extracts and combines features from multiple
modalities, such as audio, video, text, and other types of data,
to provide a more comprehensive representation of input data.
The goal of multimodal feature extraction is to capture
complementary information from different sources, which can
lead to better performance in various tasks. In our model, the
multimodal feature extractor is used to comprehend the
psychological state of the patient with mental health problems.
We take inspiration from literature in psychology and psychiatry
to build an extractor that can enable the learning network to
recognize, understand, and evaluate engagement as close as
possible to that of a psychotherapist. Therefore, we proposed a
multicomponent approach to build the feature extractor and
introduce 2 modules, namely, cognitive and affective states, to
capture the different cues used by psychotherapists to assess
their patients. As mentioned earlier, the visual data available
are limited. Therefore, apart from the visuals, we also need to
make use of verbal information, that is, understanding the
speaking style of the person (audio) and what the person said
(text).

Therefore, given this information corresponding to a participant,
the multimodal feature extractor outputs a feature vector hT. hT

is obtained after concatenating the feature vectors hC and hA

obtained from the cognitive and affective state modalities
(components of the multimodal feature extractor), respectively.
We now discuss the cognitive and affective state modalities in
more detail in the subsequent sections.

Cognitive State Modality

The cognitive state involves comprehending complex concepts
and issues and acquiring difficult skills. It conveys deep (rather
than surface level) processing of information, where the person
gains a critical or higher-order understanding of the subject
matter and solves challenging problems.

Psychotherapists usually measure and evaluate the cognitive
state of the person using the mental status examination, typically
conducted via in-person interviews or self-evaluations, to gauge
memory, thinking, and the extent of understanding of the topic
of discussion. There has been a lot of work around determining
biomarkers for detecting signs of a person’s cognitive state.
However, these methods are either offline or fail to consider
various essential perceptual indicators. Recently, there has been
a lot of work around using speech as a potential biomarker for
detecting cognitive decline. For instance, stress negatively
affects the cognitive functions of a person, and this can be easily
detected using speech signals. Moreover, speech-based methods
are attractive because they are nonintrusive, inexpensive, and
can be done in real time. Four distinct features have proven to
be highly effective in identifying signs of cognitive impairment
and are increasingly utilized to detect conditions like
Alzheimer’s and Parkinson’s diseases. These features include
glottal (fg), prosody (fpr), phonation (fph), and articulation
measures (far), each offering unique insights into speech
characteristics associated with cognitive decline.

Glottal features are acoustic measures used to characterize
speech under stress. The glottal is the space between the vocal
cords in the larynx, and the opening and closing of the vocal
cords create sound during speech. During periods of stress, there
is an aberration in the amount of tension applied in the opening
(abduction) and closing (adduction) of the vocal cords. Prosody
features characterize the speaker’s intonation and speaking
styles. Under this feature, we analyze variables such as timing,
pitch, and loudness during the production of speech. Phonation
refers to the production of vocal sounds by the vibration of the
vocal cords. In individuals with cognitive decline, phonation is
often characterized by bowing and inadequate closure of the
vocal cords. These changes can lead to instability and
irregularity in the vibration of the vocal cords, which in turn
affects the production of speech. They are analyzed in terms of
features related to perturbation measures, such as jitter (temporal
perturbations of the fundamental frequency), shimmer (temporal
perturbation of the amplitude of the signal), amplitude
perturbation quotient, and pitch perturbation quotient. Apart
from these, the degree of unvoiced is also included. Articulation

JMIR Form Res 2025 | vol. 9 | e46390 | p.1547https://formative.jmir.org/2025/1/e46390
(page number not for citation purposes)

Guhan et alJMIR FORMATIVE RESEARCH

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


features refer to the movements of the lips, tongue, and jaw
during speech production. Reduced amplitude and velocity of
these movements can impact speech intelligibility. The analysis
of articulation is primarily based on the first 2 vocal formants
F1 and F2, which correspond to the frequency of the sound
waves produced by the vocal tract.

For a given audio input, we extract these features using librosa
[35] and praat [36] libraries. Therefore, we define features
corresponding to cognitive state as the concatenation of these
4 audio features. Therefore, cognitive state features

hc = concat (fg, fpr, fph, far) (1)

Affective State Modality

The affective state encompasses emotional reactions such as
excitement, boredom, curiosity, and anger. The range of
affective expressions will vary based on individual demographic
factors (eg, age), cultural backgrounds or norms, and mental
health symptoms.

To understand the affective state, we check if there exists any
inconsistency between the emotions perceived and the statement
the person made. Balomenos et al [37] and Porter and ten Brinke
[38] suggest that when different modalities are modeled and
projected onto a common space, they should point to similar
affective cues; otherwise, the incongruity suggests distraction,
deception, etc. In other words, if E1, E2, and E3 represent the
emotions perceived individually from what the patient said
(text), the way they said it or sounded (audio), and how they
looked or expressed (visuals), respectively, then the patient
would be considered engaged if E1, E2, and E3 are similar;
otherwise, they would be considered disengaged. Therefore, we
adopt pretrained emotion recognition models to extract affective
features corresponding to audio, visuals, and text from each
video sample separately.

Audio features (fa) are extracted using mel-frequency cepstral
coefficients (MFCC) from audio clips available in the dataset.
MFCC is a commonly used audio feature extraction technique
in signal processing and machine learning. It is based on the
concept of the mel scale, which is a nonlinear transformation
of frequency that is more perceptually relevant to human
hearing. By applying MFCC to audio signals, we can extract
features that capture important aspects of the sound, such as
pitch, timbre, and spectral shape. These features are often used
in speech and music analysis as well as in various machine
learning applications, including emotion recognition and speaker
identification. In our work, the extracted MFCC features from
audio are then passed as input to a multilayer perceptron network
trained for emotion recognition in speech, specifically using
the data available in the Crowd-source Emotional Multimodal
Actors Dataset (CREMA-D) to extract affective features from
the audio data. Through this method, we obtained a feature
vector fa, for each audio clip, which provides valuable insights
into the emotional characteristics of the speech.

Visual features (fv) correspond to the affective features extracted
from video frames to understand the emotions expressed through
facial cues of the patient. We used a deep learning architecture
called Visual Geometry Group-B (VCG-B), which has been

pretrained as described in the study by Arriaga et al [39], to
extract the affective features. We modified the output
dimensions of the second last layer of the network to produce
a feature vector fv of length 100.

Text (ft), characterizing the emotions, sentiment, and other
affective cues present in the text, is obtained using a
Bidirectional Encoder Representations from
Transformers(BERT)–based model, which has been pretrained
on the GoEmotions dataset [40]. The Bidirectional Encoder
Representations from Transformers model works by processing
the text input through a multilayer neural network that is trained
to predict the context of each word based on its surrounding
words. This allows the model to capture the complex
relationships between words and their meanings, which are
essential for understanding the affective context of the text.

Therefore, we represent the affective state of the patient as a
concatenation of fa, fv, and ft. Hence, affective state features

hA= concat (fa, fv, ft) (2)

Therefore, the overall output of the multimodal feature extractor
is a feature vector hTwhich can be defined as

hT = concat (hC, hA)

The learning network discussed in the next section makes use
of this.

Learning Network
In this section, we discuss the second part of our proposed
model, that is, the semisupervised learning network. Different
machine learning techniques can be explored to solve the task
of predicting the level of engagement. However, obtaining a
large amount of high-quality labeled data to train a robust model
for predicting patient engagement is inevitably laborious and
requires expert medical knowledge. Considering that unlabeled
data are relatively easy to collect, we propose a semisupervised
learning–based solution. Semisupervised learning enables us
to deploy machine learning systems in real-life applications (eg,
image search [41], speech analysis [42,43], and natural language
processing) where we have few labeled data samples and a lot
of unlabeled data. Some prior works have also explored
semisupervised learning for engagement detection in nonmedical
domains. One of the earliest studies in this area is by Alyuz et
al [44], where they consider the development of an engagement
detection system, more specifically emotional or affective
engagement of students, in a semisupervised fashion to
personalize systems such as intelligent tutoring systems
according to their needs. Nezami et al [45] conducted
experiments to detect user engagement using a facial
feature–based semisupervised model. Most state-of-the-art
semisupervised learning methods use generative adversarial
nets (GANs) [46].

GANs are a class of machine learning models and typically
have 2 neural networks competing with each other to generate
more accurate predictions. These 2 neural networks are referred
to as the generator and the discriminator. The generator’s goal
is to artificially manufacture outputs (ie, fake data) that could
easily be mistaken as real data. The goal of the discriminator is
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to identify the real from the artificially generated data. In trying
to generate high-quality outputs, the generator learns to capture
the different possible variations in the input variables, and
therefore, the data manifold well. This is extremely helpful
when we may not be able to access data containing a wide
variety of similar engagement-related cues visible across
different patients. In general, the training process of GANs
involves a dynamic interplay and competition between the
generator and discriminator networks. Both the generator and
discriminator networks improve their abilities iteratively. The
generator aims to generate more realistic samples, while the
discriminator aims to become better at distinguishing between
real and generated (artificial) data. The eventual goal of the
training process is for the generator and discriminator to reach
Nash equilibrium [47]. Once the equilibrium is achieved, no
player (generator or discriminator) has any incentive to deviate
toward a more optimal position, that is, no player has a better
strategy given the choices of the other player.

Taking all this into consideration, we propose using a
multimodal semisupervised GAN as our learning network for
regressing on the levels of patient engagement. This type of
machine learning model combines multiple modalities (in this
case, cognitive and affective modalities) to generate realistic
samples (or features) that can fool the discriminator. The term
semisupervised refers to the network’s ability to use a limited
amount of labeled data alongside a larger amount of unlabeled
data to enhance its accuracy. Such a network will generalize
better and be more robust compared to previously defined
semisupervised learning approaches. It is different than the
semisupervised GAN framework SR-GAN proposed by
Olmschenk et al [48] in 2 main ways. First, our network is
multimodal, whereas SR-GAN is not. Second, unlike the
SR-GAN generator, which focuses on generating realistic
images, our GAN’s generator is designed to create realistic
feature maps that mimic the multimodal feature vector hT,
derived from the fusion of cognitive and affective state
modalities (as discussed in the previous section). The generator
takes Gaussian noise as input and produces a synthetic feature
vector hfakeT, aiming to deceive the discriminator into classifying
it as hfakeT. The discriminator’s role, in turn, is to distinguish hT

as a fake representation and correctly identify hT as the genuine
feature vector.

Overall, our multimodal semisupervised GAN can therefore be
divided into 3 parts: multimodal feature extractor, generator,
and discriminator.

For the purpose of training, we make use of the following four
standard loss functions, namely, labeled loss (Llab), unlabeled
loss (Lun), fake loss (Lfake), and generator loss (Lgen):

1. Llab—this loss is similar to typical supervised learning
regression losses, where the goal is to assess the network’s
ability to estimate the engagement level accurately, as close as
possible to the ground truth (ie, the actual engagement level
annotated for the data sample). Therefore, we compute the mean

squared error of model output ( , ie, predicted level of
engagement) with ground truth (yt, ie, actual level of
engagement).

2. Lun—in semisupervised GANs, the labeled dataset contains
a small portion of data with labels, while most of the data are
unlabeled. The goal of the Lun loss function is to improve the
performance of the generator by minimizing the distance
between the feature spaces of the labeled and unlabeled datasets.
This helps to ensure that the generator produces feature maps
that are consistent with both labeled and unlabeled data, thereby
improving the generalization performance of the model. By
minimizing the distance between the feature spaces of labeled
and unlabeled datasets, the model can effectively learn from
both labeled and unlabeled data, which is particularly useful in
cases where labeled data is scarce.

3. Lfake—it is a loss function used to update the discriminator
network. The objective of this loss is to maximize the distance
between the feature space of unlabeled dataset and fake features
generated by the generator. This enables the discriminator to
distinguish the real and fake data features better.

4. Lgen—the generator network’s objective is to produce feature
vectors hT (fake) that can be passed off as real feature vectors
hT: Lgen updates the generator network to do just that. Lgen

encourages the generator to learn the underlying distribution of
unlabeled data features (real) and generate fake features that
match the feature statistics of the real features.

Similar to SR-GAN, we also make use of a gradient penalty (P)
to keep the gradient of the discriminator in check, which helps
convergence. The gradient penalty is calculated with respect to
a randomly chosen point on the convex manifold connecting
the unlabeled feature vector hT to the fake feature vector hT. We
compute it as

Here, pinterpolate examples are generated by αpunlabeled + (1 –
α)pfake for α ~ U (0,1).

U (0,1) represents a uniform distribution over the range from 0
to 1.

The overall loss function used for training the network is:

L = Llab + Lun + Lfake + Lgen + λP (8)

Overall Pipeline
In this section, we present an overview of how the various
components of our proposed approach interact to estimate the
engagement level of a patient with mental health problems
during a tele–mental health session. We provide insights into
the working mechanism of our model and shed light on the
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underlying processes involved in engagement level estimation
in a multimodal setting.

As depicted in Figure 3, the proposed model involves data
preprocessing, which includes extracting video frames, audio
signal, and text data from the input video clip. To capture
engagement dynamics over small time scales, we analyze
engagement at the microlevel, considering video clips of a few
seconds duration. This aligns with the person-oriented analysis
suggested by Sinatra et al [49]. Specifically, for the MEDICA
dataset and real-world data, we consider video clips of 3 seconds
duration. All samples, labeled and unlabeled, from the dataset
are treated as real data for the semisupervised GAN. The
multimodal feature extractor (consisting of the cognitive and
affective state modalities) is used to obtain the hT features from
the preprocessed visual, audio, and text data. hT is considered
real. In parallel, the generator network creates hfakeT (ie, fake
hT) features using gaussian noise as input. The labeled and
unlabeled hT features obtained from the multimodal feature
extractor and the hfakeT features obtained from the generator are
then input to the discriminator network. In addition to
distinguishing between real (hT) and fake (hfakeT) features, the
discriminator network outputs the engagement level of the
patient with mental health problems as a continuous value.

The subsequent sections outline the different studies being
conducted to verify our approach.

Study 1: Testing Our Proposed Approach on MEDICA
The purpose of the first study is to test the applicability of our
approach to estimate the levels of engagement exhibited by the
participants present in the videos. The test was conducted on
the MEDICA dataset. In addition, we compared the performance
of the proposed model against other similar frameworks to
understand its effectiveness. To test the models, we partitioned
the dataset in a ratio of 70:10:20 for training, testing, and
validation. Motivated by recent works in clinical psychotherapy
[50-52], we used the standard evaluation metric of root mean
square error (RMSE) to evaluate our approach. Smaller the
RMSE value, better is the performance of the model for the
engagement estimation task.

Study 2: Ablation Studies
The proposed model design involves the introduction of 2
modalities, namely, affective and cognitive. In this study, we
explored the contribution of these 2 modalities for the purpose
of engagement detection. We aimed to test the effectiveness of
the model with and without these modalities. Therefore, we ran
the overall pipeline described earlier by removing either one of
the modalities corresponding to affective and cognitive states
and reported our findings. The tests were conducted on the
MEDICA dataset. Similar to our previous study, we performed
the evaluation using RMSE.

Study 3: Analysis on Real-World Data
Evaluating the model only on MEDICA is not sufficient to
prove the usability of the model in the real-world setting.
Therefore, this study aimed to test our approach on data
collected from real-world scenarios. The study involved testing
the proposed model that has been trained on MEDICA using

real-world data. We also compared the performance of our
proposed model against other baselines explored in study 1 on
the real-world data. Apart from testing our model’s usability
for the real world, we also tested its capability to perform on
unseen real-world data, which is different from the data
(MEDICA) it has been trained on. Contrary to previous
experiments where we compared the performance on
engagement estimation values, in this test, we will study the
correlation of the model-estimated engagement values with the
WAI score. This will help us to also test whether the scores
estimated by our model are clinically useful for therapists.

Ethical Considerations
Both the MEDICA dataset and the real-world data collection
processes have been approved by the institutional review boards
(#HP-00092966) at both the University of Maryland College
Park’s computer science department and University of Maryland
Baltimore medical school.

Participation of the caregivers while collecting the real-world
data was completely voluntary. They could withdraw anytime
without any negative consequences. They were informed about
the purpose of the study and the analysis that would be
conducted using the data collected.

The therapist and the participating caregiver were given the
option of allowing us to store videotaped recordings for
development of future studies or to request to have all videotape
sessions destroyed after a 2-year period. The video recordings
were stored in our laboratory databases and subject to strict
University of Maryland privacy protocol, including encryption
and password protection. While the research is ongoing, only
select project personnel with internal clearance can have access
to the data. In addition, we ensured that the data are untampered
using standard cryptographic hash functions. During the video
storage process, we deidentified any facial images beside the
health care provider or caregiver who are recorded (eg, sibling
interrupts session) so that they are not recognizable on the
recorded video. All data related to enrollment, demographics,
and questionnaires will be stored in an electronic database at
the University of Maryland and will be double password
protected with only select research members having access. The
participating caregiver was given an individual ID number, and
their data were deidentified to ensure it could not be linked back
to them.

While the participating caregiver may not directly benefit from
the study, they received 1-month free internet hot spot and a
Fitbit, which were provided as part of the real-world study
equipment. They were compensated with a US $20 gift card
after returning the equipment.

Results

The semisupervised models were trained on an NVIDIA
GeForce GTX 1080 Ti GPU with a batch size of 512 and a
learning rate of 0.0001 for 50 epochs.

Study 1: Testing Our Proposed Approach on MEDICA
The purpose of the first study is to demonstrate the ability of
our model to estimate the level of engagement exhibited by the
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patient in the video. This study was performed on the MEDICA
dataset. As our proposed methodology leverages a
semisupervised approach, we extracted labeled samples from
MEDICA and unlabeled samples from the CMU-MOSEI
dataset. After preprocessing, we extracted 12,854 unlabeled
data points from CMU-MOSEI. We split the 1229 labeled data
points from MEDICA into 70:10:20 for training, validation,
and testing, respectively. Therefore, the split of the labeled
training data to unlabeled training data points was 860:12,854.
In addition, the ground truth engagement levels corresponding
to the training data points in the MEDICA dataset were
normalized to fall within a range of 0 and 1. We compared our
model with the following state-of-the-art methods for
engagement detection:

1. Kaur et al [28] used a deep multiple instance learning–based
framework for detecting engagement in students. They extracted
local binary pattern on three orthogonal planes (LBP-TOP)
features from the facial video segments and performed linear
regression using a deep neural network to estimate the
engagement scores.

2. Nezami et al [45] performed a semisupervised engagement
detection using a semisupervised support vector machine.

In addition to being state-of-the-art, these methods can be used
in a telehealth setting like ours. We used the publicly available
implementation proposed by Kaur et al [28] and trained the
entire model on MEDICA. Nezami et al [45] do not have a
publicly available implementation. We reproduced the method
to the best of our understanding.

Table 2 summarizes the RMSE values obtained for methods
described by Kaur et al [28] and Nezami et al [45], including
ours. We observed an improvement of at least 40%. Our
approach is one of the first methods of engagement estimation
built on the principles of psychotherapy. The modules used,
specifically cognitive and affective states, help the overall model
to effectively mimic the ways a psychotherapist perceives the
patient’s level of engagement. Similar to psychotherapists, these
modules also look for specific engagement-related cues
exhibited by the patient in the video.

Table 2. Comparison of RMSE values obtained from various methods for estimating levels of engagement on the Multimodal Engagement Detection
in Clinical Analysis dataset.

RMSEa for engagementMethod

0.96Kaur et al [28]

0.17Nezami et al [45]

0.10Our approach

aRMSE: root mean square error.

Study 2: Ablation Studies
To show the importance of the different components (affective
and cognitive) used in our approach, we run our method on
MEDICA by removing either one of the modules corresponding
to affective or cognitive states and report our findings. Table 3
summarizes the results obtained from the ablation experiments.
We observe that the ablated model (ie, only using affective [A]
or cognitive [C] modules) does not perform as well as the model
that includes both modules. To understand and verify the

contribution of these modules further, we leveraged the other
labels (stress, hesitation, and attention) available in MEDICA
and performed regression tasks using our proposed architecture
on all of them. We observed that mode C performed better when
predicting stress and hesitation values. Mode A performed better
in estimating a patient’s level of attentiveness. These results
agree with our understanding of cognitive state and affective
state. Therefore, the combination of affective and cognitive state
modes helps in efficiently predicting the engagement level of
the patient.

Table 3. Ablation experiments on the Multimodal Engagement Detection in Clinical Analysis dataset. We ran our proposed model using only 1 modality
at a time (either affective or cognitive) and compared the performance with that of using both modalities together.

RMSE for attentionRMSE for hesitationRMSE for stressRMSEa for engagementModality

0.070.1460.150.24Affective

0.080.160.130.3Cognitive

0.10.140.120.10Affective + cognitive (our approach)

aRMSE: root mean square error.

Study 3: Analysis on Real-World Data
Our model that has been trained for estimating engagement
levels using the MEDICA dataset was tested on the processed
real-world data. WAI scoring is based on certain observations
the therapist makes during the session with the patient. The
score obtained from our model was different from the WAI
score, but we claim that similar to WAI, our estimates also

captured the engagement levels of the patient well. If this is
indeed the case, then both WAI and our estimates should be
correlated. As discussed earlier, a single WAI score is reported
by the therapist (health care provider) for the entire session.
Unlike WAI, which reports a single score per session, our
method, along with those proposed by Kaur et al [28] and
Nezami et al [45], performs microanalysis, generating
engagement estimates at multiple time points within a session.
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To enable a fair comparison, we calculated the mean of the
engagement estimates across each session for all methods. The
mean engagement estimates across sessions were as follows:
Kaur et al [28] had a mean of 0.50 (SD: 7.82e-17), Nezami et
al [45] had a mean of 0.64 (SD: 0.017), and our approach had
a mean of 0.65 (SD: 0.006). We subsequently examined each
of their correlations with the corresponding WAI scores across
sessions. Given that WAI scores and engagement estimates are
measured on different scales, WAI scores were normalized to

a 0-1 range for consistency with the engagement values from
the methods. We found that Kaur et al [28] obtained a
correlation score of –0.03, Nezami et al [45] obtained a score
of –0.24 and our approach obtained a much better score of 0.38.
We plot the engagement level estimations obtained for each
session against its corresponding WAI score, as shown in Figure
4. The plot corresponding to our approach shows a noticeably
better alignment with the WAI score trends compared to other
methods [28,45].

Figure 4. Scatterplot between the engagement level estimations obtained from each method for each session: (A) the plot between engagement level
estimations obtained from our approach and the Working Alliance Inventory (WAI) scores, (B) the plot between the engagement level estimations
obtained by Kaur et al [28] for each session and the WAI scores, (C) the plot between the engagement level estimations for each session obtained by
Nezami et al [45] and the WAI scores.

Additionally, instead of just taking the mean, we also took the
median of the engagement level estimates available at different
instances of the sessions. The average median of the engagement
estimates across sessions for different methods were as follows:
Kaur et al [28] had an average median of 0.50 (IQR 0.0), Nezami
et al [45] had an average median of 0.64 (IQR 0.02), and our
approach had an average median of 0.65 (IQR 0.007).

We then examined the median of the engagement estimates for
each session, obtained using different methods, and assessed
their correlation with the WAI scores. In this case, Kaur et al
[28] obtained a correlation score of 0, Nezami et al [45] obtained
a score of –0.18 and our approach obtained a relatively high
score of 0.40. These findings reinforce that our model captures
WAI patterns more effectively than prior methods. Its stronger
positive correlation with the WAI scores indicates its capability
to better estimate engagement levels during therapy sessions.

The conceptual model of our proposed approach is also
supported by the theoretical work by Bordin [32]. According
to this theory, the therapist-provider alliance is driven by 3
factors: bond, agreement on goals, and agreement on tasks;
these factors align well with the features identified in this work.
While bond would correspond with the affective state, goals
and task agreement correspond with the cognitive state. The
merit of the approach by Bordin [32] is that it has been used for
child and adult therapy, and it is one of the more widely studied
therapeutic alliance measures. Therefore, it is no surprise that
our approach can work well to provide an estimate of
engagement levels in a tele–mental health session.

Discussion

Principal Findings
In this study, we developed a machine learning–based model
that integrates features related to cognitive and affective

psychological states to predict patient engagement levels during
tele–mental health sessions. The input to our proposed algorithm
is the visual, audio, and text data available, while the output is
the engagement level of the patient. Our investigation
demonstrated the significant promise of our proposed method,
achieving an average improvement of 40% in RMSE for
predicting engagement levels on the newly introduced MEDICA
dataset compared to prior works. In real-world settings, our
method provided patient engagement estimates that closely
aligned with the trends observed in WAI scores assigned by
therapists based on their sessions [30,31]. This study highlights
the potential of our multimodal engagement estimation algorithm
to enhance the quality of telehealth services and ultimately
improve patient outcomes.

Comparison With Prior Work
Patient engagement is recognized as a pivotal determinant of a
successful therapy session, particularly in the realm of mental
health care [53]. Current psychiatric literature [54-56] has
extensively examined a range of strategies and methodologies
designed to foster [57] and sustain patient engagement during
therapy sessions. These strategies are crucial for achieving
optimal therapeutic outcomes. There has been a growing interest
in applying artificial intelligence (AI) to mental health [58-62],
with innovative approaches being explored to enhance patient
care. However, despite the proliferation of AI-based methods
in mental health applications, there remains a noticeable gap in
research specifically focused on understanding and quantifying
engagement. This gap is even more evident in the context of
tele–mental health [63]. The transition from traditional in-person
therapy to digital platforms has introduced unique challenges,
as conventional indicators of engagement, such as body language
[64], eye contact [65], and physical presence, maybe less
discernible or entirely absent in web-based settings.
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Our research addresses this critical gap by pioneering an
approach that estimates patient engagement specifically in the
tele–mental health context. This work is the first of its kind to
target engagement estimation in this setting, offering a novel
perspective that has largely been overlooked in previous studies.
While the broader concept of engagement has been explored
by AI in various domains, existing methods [28,45,66] have
not been adapted or tested within the unique demands of mental
health care, particularly in a remote or web-based environment.
From an algorithmic standpoint, previous works have explored
both unimodal and multimodal learning-based networks to
understand engagement. Unimodal approaches focus on
individual modalities, such as speech, body posture, biometric
data (eg, heart rate variability and skin conductance) [67,68],
gaze direction [69], and head pose [70]. Multimodal approaches
[71] integrate various signals, leveraging the complementary
strengths of each modality to provide a more holistic
understanding of engagement. In contrast to these works, our
research focuses on using the types of information that are
readily available during a tele–mental health session, specifically
audio, video, and text data. This approach is designed to be
practical and easily implementable in real-world telehealth
settings. This also ensures that the engagement estimation
process is minimally disruptive to the therapeutic experience
during the telehealth session. We validated our approach using
our newly introduced dataset, MEDICA. In addition, we tested
it on data collected from real-world therapy sessions. Our
method achieved state-of-the-art performance in both cases.

Strengths and Implications
In this work, we explored the multidimensional and temporally
dynamic nature of patient engagement [72]. Our method
estimates engagement at regular short intervals. These
characteristics of our approach align perfectly with the
person-oriented analysis discussed by Sinatra et al [49]. We
released a new dataset, MEDICA, to enhance mental health
research, specifically toward understanding the engagement
levels of patients attending therapy sessions. To the best of our
knowledge, there is no other multimodal dataset that caters
specifically to the needs of the mental health–based research.
In addition, while there are some image-based [9,27,28] or
sensor information–based datasets, there is no dataset that
addresses the possibility of exploring engagement detection
using visual, audio, and text modalities. We verified the
usefulness of our machine learning method using 3 studies.
Study 1 demonstrates the ability of our model to estimate the
engagement level exhibited by the patient in video. It was done
to understand the usefulness of the proposed model in
comparison to other existing engagement estimation methods
such as those by Nezami et al [45] and Kaur et al [28]. Our
approach reported an RMSE [50-52] of 0.1, which on an average
is 40% less than the RMSE reported by other methods (Table
1). Our study is one of the first to estimate engagement
specifically for patients with mental health problems in a
tele–mental health setting. The modalities used, specifically
cognitive and affective states, propel the overall algorithm to
mimic the way a psychotherapist perceives the patient’s level
of engagement. As part of study 2, we were interested to
understand the contribution of the 2 modalities (cognitive and

affective states). The experiments conducted as part of this study
are also termed as ablation as it involves running the network
pipeline using only 1 of the 2 modalities available at a time. We
leveraged the annotations in MEDICA on stress, hesitation, and
attention to dig deeper regarding the contribution of the
cognitive and affective state modalities. We ran the same
ablation experiments on not only patient engagement but also
stress, hesitation, and attention estimation. While the
combination of affective and cognitive states gives better results
(RMSE of 0.1), it was interesting to note that the observations
obtained supported the theoretical discussion about the 2 states.
Cognitive state modality was able to understand stress (RMSE
of 0.13) better. Affective state that was built on the concept of
capturing distraction using emotion inconsistency between
visual, audio, and text data helped relate better with the
understanding of attention (RMSE of 0.07). These results agree
with our understanding of cognitive state and affective state
discussed earlier.

WAI is a popular measure of patient engagement used by many
mental health care providers. Therefore, in study 3, we wished
to understand and check if the values being estimated by our
method related well with the trends observed in WAI. We did
so by computing the correlation scores between WAI and the
values estimated by our proposed model. In addition, to test the
effectiveness of our approach, we also compared the correlation
scores obtained between WAI and patient engagement values
estimated by other existing methods. Positive values are
preferred because they indicate similarity in distribution
behavior. Negative values would indicate that the trends
observed in WAI and the engagement values predicted are
different and opposite. The results (Table 2) revealed that our
model was able to capture the trends in WAI much better than
other engagement estimation methods, reinforcing its clinical
relevance. The correlation strength observed between WAI and
our method’s estimated engagement values is better than other
approaches, but it also indicates the need for further
investigation. The trend is positive, suggesting that we have
successfully modeled engagement to some extent. Further
analysis will provide opportunities to enhance and strengthen
the relationship between WAI and the engagement values
estimated by machine learning.

Limitations and Future Work
One of the primary limitations of the proposed algorithm is that
engagement predictions may not be optimal in case of occlusions
or missing modalities, data corruption due to low internet
bandwidth, and integration of wearable devices with our model.
We recognize that this situation is likely to occur in a
tele–mental health session and plan to incorporate solutions for
it in our future work. In addition, we aim to explore ways to
make the predictions more explainable, allowing
psychotherapists to receive evidence-based suggestions to
support their final decisions.

Conclusions
Telehealth behavioral services, delivered via videoconferencing
systems, have emerged as a cost-effective, dependable, and
secure option for mental health treatment, particularly in recent
times. However, gauging patient engagement, a critical mental
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health care standard, remains challenging in telehealth due to
the absence of nonverbal cues and sensory data such as heart
rate. To address this, we propose a novel multimodal
semisupervised GAN that leverages affective and cognitive
features from psychology to estimate engagement levels using
visuals, audio, and text from video calls. This approach can
significantly enhance social interactions and assist
psychotherapists during tele–mental health sessions.
Engagement is typically assessed through patient reports, which
are susceptible to response bias, and current measures such as

“show rate” and “patient satisfaction” do not accurately reflect
the health care provider–patient alliance. Our model
demonstrates its effectiveness on both our newly introduced
dataset called MEDICA as well as real-world data. Given the
lack of systematic engagement measurement and the limited
training for health care providers on telehealth engagement, our
proposed system offers a promising solution to these challenges,
promoting better patient-health care provider interactions and
making telehealth more effective.
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Abstract

Background: Depression significantly impacts an individual’s thoughts, emotions, behaviors, and moods; this prevalent mental
health condition affects millions globally. Traditional approaches to detecting and treating depression rely on questionnaires and
personal interviews, which can be time consuming and potentially inefficient. As social media has permanently shifted the pattern
of our daily communications, social media postings can offer new perspectives in understanding mental illness in individuals
because they provide an unbiased exploration of their language use and behavioral patterns.

Objective: This study aimed to develop and evaluate a methodological language framework that integrates psychological
patterns, contextual information, and social interactions using natural language processing and machine learning techniques. The
goal was to enhance intelligent decision-making for detecting depression at the user level.

Methods: We extracted language patterns via natural language processing approaches that facilitate understanding contextual
and psychological factors, such as affective patterns and personality traits linked with depression. Then, we extracted social
interaction influence features. The resultant social interaction influence that users have within their online social group is derived
based on users’emotions, psychological states, and context of communication extracted from status updates and the social network
structure. We empirically evaluated the effectiveness of our framework by applying machine learning models to detect depression,
reporting accuracy, recall, precision, and F1-score using social media status updates from 1047 users along with their associated
depression diagnosis questionnaire scores. These datasets also include user postings, network connections, and personality
responses.

Results: The proposed framework demonstrates accurate and effective detection of depression, improving performance compared
to traditional baselines with an average improvement of 6% in accuracy and 10% in F1-score. It also shows competitive performance
relative to state-of-the-art models. The inclusion of social interaction features demonstrates strong performance. By using all
influence features (affective influence features, contextual influence features, and personality influence features), the model
achieved an accuracy of 77% and a precision of 80%. Using affective features and affective influence features also showed strong
performance, achieving 81% precision and an F1-score of 79%.

Conclusions: The developed framework offers practical applications, such as accelerating hospital diagnoses, improving
prediction accuracy, facilitating timely referrals, and providing actionable insights for early interventions in mental health treatment
plans.

(JMIR Form Res 2025;9:e60286)   doi:10.2196/60286
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Introduction

Depression is characterized by a constant depressed mood and
the inability to anticipate happiness or pleasure; [1] it has
emerged as one of the major challenges globally [2].
Approximately 350 million people experience depression
worldwide [3]. Without timely psychiatric interventions, a
patient may have worsening symptoms, leading to more severe
consequences such as self-harm, physical disability, or even
suicide [4]. This problem has been exacerbated by the
COVID-19 pandemic. Fear of COVID-19 infection, lack of
social support, isolation, and limited access to medical resources
during the COVID-19 pandemic have increased psychological
distress [5,6]. Compared to the prepandemic period, depression
rates almost doubled in 2020 to 2021 [7]. Despite its severity
and seriousness, depression remains significantly
underdiagnosed and undertreated [8]. Thus, there is an
increasing need for intelligent clinical decision support tools to
offer timely depression diagnoses and referral services so that
people can receive early intervention or treatment before
developing more serious mental health conditions.

Traditional methods of depression detection and treatment are
based on questionnaires and personal interviews, which usually
require long one-on-one physical engagements where
psychiatrists gather information from patients and then
recommend medications or treatments. This process can be both
time consuming and costly, not only because of its complexity
but also because of the expenses associated with the required
trained personnel [9]. Thus, it is challenging for mental health
professionals to offer immediate detection, referral services,
proactive interventions, or treatments for those at risk and
prepare for the next public health emergency, such as
COVID-19, particularly when in-person assessments are difficult
or costly. This challenge has motivated the exploration of more
cost-effective and efficient methods, such as leveraging data
from social media [10]. Platforms such as Meta are commonly
used to share feelings and emotions. This makes social media
a new venue for depression investigations [11-13] because they
provide an unbiased exploration of language use and behavioral
patterns of individuals [14]. Moreover, research has shown that
depression can affect how individuals express themselves in
their social media posts [15]. Therefore, there is an increasing
trend toward using abundant text data and information from
social media to examine individuals’ sentiments and behaviors
in mental health studies [16,17]. However, manually analyzing
texts is not practical for timely psychiatric support due to the
exponential growth of text data on social media and the
increasing number of cases of mental illnesses. Thus, there is
a rising need to use machine learning (ML) and natural language
processing (NLP) techniques to deal with the large volume of
data. Existing research in this domain primarily focuses on
finding the key indicators, such as linguistic and sentiment
features, to enhance the accuracy of depression detection
[18,19]. For example, many studies focus on extracting textual
content from social media data using linguistic features such as

semantics and syntactic features [20], a bag of words [21], and
n-grams [22]. Although these features can help yield reasonable
results in depression detection, they overlook several critical
aspects.

First, these linguistic features do not thoroughly reflect an
individual’s psychological patterns and states. Affective patterns
(affect refers to emotions that change or influence the behaviors
or thoughts of an individual) in language expressions are
important dimensions of psychological patterns. They can reveal
an individual’s moods, sentiments, and emotional factors beyond
simple linguistic features for analyzing mental disorders on
social media. Studies show that frequent negative affect
expression has higher connections with depressive states, while
positive affect tends to have a lower connection to depression
[23-25]. Thus, emotions play an essential role in diagnosing
mental illnesses such as depression [11]. In addition, an
individual’s psychological states are directly related to
depression. Personality has been used to distinguish social media
users’ activities, status updates content, and language use habits
[26,27]. Moreover, Klein et al [28] and Hakulinen et al [29]
identified the links between depression and personality types
and found that certain personality traits may serve as predictive
factors and influence the treatment of depression. Second,
contextual information about the words is another critical
dimension. Because pretrained language models have shown
strong contextual modeling ability, they are used in
understanding texts in various applications [30,31]. By
considering the sequence of all words in the documents,
sequence-level semantics can be learned to reflect the diverse
contexts and meanings of words in sentences. For example, in
the sentence “My car was left on the left-hand side,” the word
“left” is used 2 times, but it carries 2 different meanings. The
first “left” is a verb suggesting the action performed on the car,
while the second “left” is a noun specifying the car’s location.
The contextual meaning (eg, the meaning derived from the
words’ surroundings) can vary for the same word. Thus,
contextual information is also a crucial aspect of understanding
individuals’ mental states.

Third, existing research often overlooks the impact of social
interactions when analyzing features for mental disorders on
social media. Social interactions reflect how users influence
each other within an online social group. According to social
influence theory, individuals in social environments significantly
shape each other’s attitudes, beliefs, and actions [32]. Recent
psychological studies show that family, friends, or colleagues
can directly or indirectly affect mental well-being [33]. For
instance, in internet-based communities, recreational
discussions, or chat groups, a negative mood can spread among
different individuals [34,35]. Mental illnesses are influenced
by an individual’s daily social interactions [36]. This impact
can be even more substantial on social media, where individuals
are influenced by their friends’ shared conventions and norms.
Therefore, investigating the influence of social interaction is
crucial for monitoring psychological patterns and states on social
media. Studies by Murarka et al [37], Cui et al [38], and Ghosal
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and Jain [39] analyzed emotions, personality, and pretrained
models for mental health problems, but they did not account
for the impact of social interactions. To study the mental
well-being of social media users, an individual’s mental health
is reflected by more than just the content of their status updates.
Thus, in our study, we not only account for psychological
patterns and states and contextual information but also
incorporate the influence of social interactions by considering
the social network structure within these feature patterns.

This study aimed to offer a novel methodological language
framework to enhance intelligent decision-making in the mental
health domain. Our contributions are outlined as follows:

• We developed a unified language framework using NLP
and ML techniques to enhance the detection of depression
at the user level, making it more effective and accurate.

• Our framework advances previous studies by extracting
and analyzing language patterns to comprehensively
understand the contextual and psychological features (eg,
affective patterns and personality) associated with
depressive symptoms.

• We extracted features of social interaction influence,
capturing how users influence their online social group.
These features consider users’ emotions, psychological
states, and communication context from status updates and
social network structure, differentiating individuals with
depression from those without.

Our study aims for early-stage detection and initial screening
to identify individuals at risk of getting depression and narrow
down those needing closer observation or follow-up. It is
designed to complement, not replace, clinical diagnoses, offering
insights that support timely interventions and enhance patient
care. Our framework can enrich the reliability and knowledge
base of decision support systems for health care providers,

enabling more precise diagnoses and timely referrals,
interventions, and treatment plans. The framework is designed
to be adaptable, enabling researchers to apply similar methods
to their own datasets and explore psychological, contextual, and
social influence factors. While it provides valuable insights, the
framework is not intended to draw definitive conclusions but
rather to offer a structured approach to understanding social
interactions and their impact. Beyond its focus on mental illness,
it can be extended to other domains, generating interpretable
findings tailored to specific contexts.

The paper is organized as follows. In the Methods section, we
introduce our proposed framework and present the language
feature discovery processes and the influence analysis. In the
Results section, we empirically evaluate the effectiveness of
our framework. We discuss the implications of our results,
suggest directions for future research, and conclude the paper
in the Discussion section.

Methods

Psychological and Contextual Analysis NLP
Framework
This section presents our methods for inferring language patterns
and conducting an analysis of social interactions from social
media content. Figure 1 shows a conceptual representation of
the proposed psychological and contextual analysis NLP
framework to extract affective, personality, contextual, and
social interaction influence features. Given the data collected
from social media platforms, our framework starts with
extensive data preparation and cleaning procedures. In addition,
we establish a user-friendship network based on users’ social
connections on social media. This network shows if one user
is connected to others (ie, if this user is a friend of other users).

Figure 1. The proposed psychological and contextual analysis natural language processing framework. It starts with extensive data preparation and
cleaning procedures and establishes a user-friendship network based on users’ social connections on social media. We then apply machine learning
models to effectively manage high-volume and high-speed user-generated data to analyze the depression states of users within social media environments.
This framework can be used in various applications.
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In the feature discovery phase, our framework deduces
depressive behaviors from social media users, considering both
contextual and psychological perspectives. We first focus on
extracting features, including (1) affective features—these
suggest users’ psychological patterns such as mood, sentiment,
and emotional factors as expressed in their social media
postings, (2) personality features—these reveal how users’
psychological states (ie, personalities) affect depression states,
and (3) contextual features—these show sequence-level
semantics learned from users’ social media postings to reflect
different contexts and meanings of each word within sentences
by considering the sequence of all words. On the basis of these
features, we proceeded to perform a social interaction analysis
to understand how the interactions between individuals with
and without depression influence each other within their
user-friendship network. We considered both the social network
structure and users’ psychological and contextual features for
extracting social interaction influence features, where the
structure of the user-friendship network shows the strength of
connections among users in the social media environment. Then,
we applied ML models to effectively manage high-volume and
high-speed user-generated data to analyze the depression states
of users within social media environments.

Data Cleaning and Preparation
We illustrated and evaluated our proposed framework using
datasets from the study by Kosinski et al [40], which contain
197,230 Facebook (Meta Platforms, Inc) status updates from
1047 users, along with their associated Center for Epidemiologic
Studies Depression (CES-D) Scale questionnaire scores. These
datasets also include user postings, network connections, and
personality responses. Note that datasets from other general
social networks or online discussion forums can also be used.
To minimize the privacy impact regarding using text data, we
followed privacy-preserving procedures [41] to ensure
anonymity throughout our analysis.

We obtained status updates from all users, regardless of their
demographics, as our focus was on a general observation of
social network users. Each user’s status updates were then
aggregated based on their anonymous IDs. We cleaned and
preprocessed the data to ensure consistent content. Text
preprocessing was conducted in Python (Python Software
Foundation), involving correcting spelling errors with
SpellChecker (package in Python), converting text to lowercase,
removing special characters and numbers, and expanding
contractions. We used the NLTK package (Natural Language
Toolkit, a Python library for NLP) to remove stop words such
as “the,” “is,” and “our,” which are the most common words
that appear in a sentence and do not contribute to its meaning.
Thus, we removed stop words without sacrificing the meaning
of the sentence. Our analysis assesses users’personality features
based on the Big Five Factor Model using their responses to
the International Personality Item Pool (IPIP) [42]. We
determined users’depression levels by obtaining their responses
to the CES-D Scale questionnaire, which is a commonly used
approach to diagnose depression [43]. It is a 20-item screening
questionnaire that captures users’ responses to questions related
to depressive states. These questions assess the frequency of
feelings and behaviors over the past week, including loneliness,

sadness, and restless sleep. The higher the score, the more likely
an individual is to experience depression. We adopted a similar
threshold of 25, as suggested by Lewinsohn et al [44] and Julian
et al [45], to label users with depression (total CES-D score
>25) and without depression.

We begin by extracting affective, personality, and contextual
features from status updates, followed by deriving social
interaction influence features based on social network
connections. The subsequent sections detail the procedure to
identify psychological (eg, affective and personality) and
contextual features. These features provide insights into how
emotional states, personality traits, and contextual factors
interact with social influences. By analyzing these features, we
can better understand the dynamics of social interactions and
their broader implications for applications such as behavior
modeling and targeted interventions.

Discover Affective Features
This section outlines how we extracted affective features.
Emotions are essential in diagnosing mental illnesses [46].
Several studies show that depressive symptoms are more related
to negative affect, while individuals without depression are
more related to positive affect [23,24]. In our study, we extracted
affective features to reveal individuals’ emotional states and
understand users’ moods, sentiments, and emotional factors
beyond simple linguistic features. Multimedia Appendix 1 shows
the process of extracting emotion intensity features and emotion
word features to represent the affective features. Because
different words can convey affect to various degrees (eg,
intensities), we used the NRC Emotion Intensity Lexicon [47]
to extract the emotion words from users’ social media postings.
The lexicon includes >10,000 words related to emotions,
including surprise, anger, joy, fear, trust, sadness, anticipation,
and disgust, with different intensities. Both common English
words and prominent words in social media are covered. For
each word t, the intensity of a particular emotion e falls within
the range of 0 to 1. A value of “1” indicates the highest intensity
of a particular emotion e conveyed by the word t, while “0”
indicates the lowest intensity of emotion e for the word t, where
e ∈ {fear, sadness, anger, joy, anticipation, trust, disgust, and
surprise}. Thus, each emotion word has an emotion intensity
vector v(t) showing the intensities of 8 emotion dimensions.
We first calculated how often each emotion word appears within
individuals’ social media postings to obtain an affective feature
vector from a user’s posting. Then, for each emotion word t,
we multiplied the emotion intensity vector v(t) with the
frequency. After that, we computed the average intensity for all
emotion words to obtain the affective feature vector.

For example, a user uses 3 emotion words “threat,” “illness,”
and “sunny” in social media postings with a frequency of
freq(threat)=2, and freq(illness)=freq(sunny)=1, respectively.
The emotion intensity vector of each emotion word is v(threat)=
<0.742, 0.604, 0, 0, 0, 0, 0, 0 >, v(illness)=<0, 0.609, 0.688, 0,
0, 0, 0, 0 >, and v(sunny)=<0, 0, 0, 0, 0.562, 0.5, 0 >. For each
emotion word, we multiplied the emotion intensity vector with
the frequency of the word and then computed the average
emotion intensity for all emotion words. The average of all
emotion word intensity for this user is <0.495, 0.605, 0.229, 0,
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0, 0.187, 0.167, 0 >. We repeated the process for each user to
obtain the user-level average emotion intensity to obtain
affective features for all users.

Research shows that the occurrence and distribution of particular
words within a document can represent its main content [48].
This suggests that the occurrence of a particular emotion word
appearing in social media postings can indicate individuals’
emotional state, sentiment, and mood. Thus, we extracted
emotion words from individual with and without depression to
illustrate their respective emotional states and make a
comparison between them. We divided the status updates into
2 datasets: one containing only the status updates of the
individuals with depression and the other containing only the
status updates of individuals without depression. We then
computed the term frequencies of each emotion word based on
these datasets from individuals with and without depression:

where cg(t) indicates the frequency of emotion words t in group
g (g=d for the depressed group and g=nd for the nondepressed
group).

Then, we find df (t), the ratio differences in relative term
frequency for each emotion word t that appears in the datasets
from individuals with and without depression as follows:

df (t) = tfd (t) – tfnd (t) (2)

We then sorted the ratio differences of all emotion words to
find the most distinct emotion words across the depressed and
nondepressed groups. We identify the top-k emotion words as
distinct features of the depressed group and the bottom-k
emotion words as distinct features of the nondepressed group,
which help differentiate between the 2 groups.

Figure 2 illustrates an example of the top 10 and bottom 10
emotions words. The emotion words such as “like,” “love,”
“life,” “ill,” and “heart” have the most positive disparities in
term frequencies between the depressed group and the
nondepressed group. These words indicate the depressed group’s
distinct emotion features. In contrast, “tomorrow,” “weekend,”
“morning,” “home,” and “jeopardy” have the most negative
differences, indicating the distinct emotion features of the
nondepressed group. The distinct emotion features discovered
through term frequency computation highlighted the contrasting
emotional states between the depressed and nondepressed
groups. These insights serve as invaluable resources for
clinically intelligent decision-making, enhancing diagnostic
accuracy and offering support tailored to the unique emotional
needs of individuals, which, in turn, promotes more effective
therapeutic outcomes and enhances overall well-being.

Figure 2. The top 10 distinct emotion words (positive) were associated with the group with depression, and the bottom 10 distinct emotion words
(negative) were associated with the group without depression.
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Once we identify the most distinct emotion features, we use
term frequency and inverse document frequency (TFIDF) to
indicate the importance of a word t to a document D (eg, users’
aggregated status updates) in a corpus [49]. Each user will have
1 feature vector with all emotion words based on the TFIDF (t,
D) value:

TFIDF (t, D) = TF (t, D) × IDF (t) (3)

where TF (t, D) stands for the term frequency of word t in a
specific document D. The higher TF (t, D), the more important
the word t is for that document D. IDF (t) stands for inverse
document frequency and shows how significant term t is in the
entire collection of documents, with rarer words having higher
IDF values.

Discover Personality Features
This section outlines how we extracted personality features.
Personality shows the patterns of individuals’ thoughts, feelings,
and actions as well as their attitudes and reactions to external
social environments. Numerous studies have shown a link
between personality and depressive symptoms [28,29,50].
Therefore, many studies adopt personality for diagnosing
depression [32,51].

Our study uses the IPIP questionnaire [42] to measure
individuals’personalities based on 5 dimensions outlined in the
Big Five Factor Model [48]. This model is the most commonly
accepted personality theory in various research studies and
clinical practice, offering a comprehensive approach to
characterizing an individual’s unique characteristics and patterns
of behaviors. The model shows how people think, feel, and
behave with 5 dimensions: extraversion, agreeableness,
conscientiousness, neuroticism, and openness [52,53].
Preoţiuc-Pietro et al [54] used language-derived and user-level
“big five” personality factor dimensions to predict the depression
state of a user based on social media postings. The personality
features show strong performance in differentiating between
users with depression and without depression. Yang et al [55]
also used personality indicators for depression detection,
affirming their strong correlation with traits such as neuroticism,
extraversion, and conscientiousness. The IPIP questionnaire
includes 50 assessment questions designed to assess diverse
individual differences. Participants indicate the extent of
truthfulness regarding themselves on a scale from 1=disagree
to 5=agree. Higher scores on a personality dimension indicate
greater alignment with the respective trait. Multimedia Appendix
2 shows a detailed breakdown of each trait. Five numerical
features are derived through responses to the IPIP questionnaire,
each corresponding to a participant’s personality trait.

Discover Contextual Features
This section shows how we extracted contextual features
(contextual meaning of words derived from the words’
surroundings in a sentence), which is another critical component
of user-generated content. To extract contextual-level language
features to reflect different contexts and meanings of words in
sentences, we considered the sequence of words in users’ social
media postings to learn sequence-level semantics. Given that
social media posts are often written in a general format,
characterized by informal or everyday language, pretrained

models—typically trained on general datasets—are particularly
effective in capturing these patterns. Their strong contextual
modeling capabilities have made pretrained language models
well suited for analyzing such data, including the detection of
different mental health conditions [51,56,57]. Thus, we take
advantage of them to extract contextual-level language features
from user generated content. Moreover, considering contextual
information, we conducted cluster analysis to visualize specific
words used by users with depression and without depression
for further analysis by clinicians.

A state-of-the-art model such as Bidirectional Encoder
Representations from Transformers (BERT) [58] is a pretrained
language model designed to learn deep bidirectional
representations of natural language from extensive unsupervised
text corpora. BERT has the ability to capture information from
both the preceding and following words, enabling it to grasp a
more comprehensive understanding of the language context.
BERT generates a representation for each word, called word
embedding, which can be used for further ML tasks such as
classification or clustering. However, to perform ML tasks such
as classifying sentences, BERT cannot directly generate
independent sentence embeddings (eg, representation for
sentences). Thus, we adopted Sentence BERT (SBERT) [59],
which effectively represents texts with >1 term. The SBERT
model was fine-tuned and pretrained on large datasets [60,61].
Input sentences can be transformed into fixed-sized vectors (768
dimensions), serving as sentence representations. Moreover,
sentences that are semantically similar will be close to each
other; that is, if we use similarity measures such as Euclidean
distance measure to compute the differences between 2
sentences, the more similar the 2 sentences are, the shorter the
distance between them.

Multimedia Appendix 3 outlines the proposed procedure to
discover contextual features. We first aggregated each user’s
social media postings. Then, we applied SBERT for each user’s
aggregated posting [59] to learn sentence embeddings based on
each word’s contextual information in a sentence to obtain
user-level contextual features.

User-level contextual features alone may not offer interpretable
information for aiding clinicians in making informed decisions.
Hence, based on the sentence embedding, we conducted a cluster
analysis to examine the content discussed by different user
groups. First, we split the sentence embeddings (eg, user-level
contextual features) into 2 datasets (depressed and
nondepressed). Next, we applied K-means clustering separately
to the datasets of user groups with depression and without
depression to cluster sentence embeddings from each group.
This helps differentiate the contents or topics discussed by
different user groups.

To accomplish this, K-means clustering is conducted across a
range of cluster sizes, computing the corresponding silhouette
scores—a well-known measure indicating how effectively the
resulting clusters separate from each other. The best model is
chosen based on the highest silhouette score, with the associated
number of clusters representing the optimal cluster count for
K-means clustering on the dataset.
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For each user group, users belonging to the same cluster are
grouped together to obtain the aggregated social media postings.
Next, we identified the main topics that user groups with
depression and without depression talk about within each cluster.
This is achieved by extracting the top-k words from each cluster
based on term frequency, indicating how often a term appears
in a specific cluster and group. Subsequently, we analyzed the
words and main topics frequently discussed by different user
groups.

Discover Social Interaction Influence Features
This section shows how we extracted social interaction influence
features. Studies show that social interactions within social
groups can directly or indirectly impact an individual’s mental
state [33]. Online social interactions are considered as intentional
social actions that individuals engage in within the context of
participation [62]. These interactions include users expressing
their feelings and emotions by posting status updates and
comments to share conventions, norms, or languages with
positive or negative moods in online social groups. Research
indicates that social interaction can facilitate the transfer of
negative moods between individuals [34]. Thus, individuals’
psychological patterns and the specific words and sentences
they use in their online postings in different contexts may affect
how friends or social connections in their online social groups
react or express themselves on the internet. We conducted social
interaction analysis to extract the social interaction influence
features for each user in the social network and examine the
impact from the psychological and contextual perspective of
other users in social groups through social connections. Social
interaction influences features that consider users’psychological
and contextual features and network structure from social
connections.

Multimedia Appendix 4 shows procedures for obtaining social
interaction influence features. For each user, we obtained feature
vectors from psychological and contextual features described
in the Discover Affective Features, Discover Personality
Features, and Discover Contextual Features sections. For each
type of feature f (eg, emotion, personality, or context features),

we have 2 feature vectors, FVf
U,d, and FVf

U,nd for each user U
where g ∈ {d, nd}. We then found the social connections of
each pair of users via the user-friendship network that shows if
one user is connected with the other. If user U is a friend of
another user, Y, they are socially connected. Next, we examined
the influence of users with depression and without depression
on the target user U, respectively, based on the different features
to obtain emotion, personality, and context influence features.
We argue that the emotions, personality, and context information
of users with depression and without depression on social media

affect how other users express themselves through immediate
and nonimmediate social connections and interactions.
Therefore, if one user is more influenced by another, their
features will be more similar. Moreover, the target user is more
likely to be influenced by their close neighbors in a social
network regarding distance. Thus, a more immediate neighbor
influences the target user more than a faraway neighbor in the
social network. Hence, we extract distance-weighted social
interaction influence features from users with depression and
without depression by considering both network structure (eg,
distances between users) and different features (eg, emotions,
personality, and contextual features) simultaneously to reflect
the neighbors’ impact on the target user. We first run the shortest
paths for the whole social network between each pair of users.
For target user U, we obtained the distance measures of the
target user and the neighbor user Y as Distance (U, Y). Then,
we assigned weight to each neighbor user Y.

Then, the influence of depressed and nondepressed neighbors
on the target user was computed using the weight and feature
vectors. Consequently, we derived 2 separate social interaction
influence features for the target user to represent the degree of
similarities between the target user and their depressed and
nondepressed neighbors. The same procedure was applied to
all social network users.

We illustrate how the analysis works with an example for a
particular user, Jenny. Figure 3 shows a partial user-friendship
network Jenny. She has a direct connection to Rachel
(immediate neighbor) and indirect connections to Paul, Helen,
Daniel (second-level neighbors), and Linda (third-level
neighbor) in her user-friendship network. Because the shortest
path between Jenny and Rachel (first-level neighbor) is 1, we
consider their distance to be 1 (ie, Distance [Jenny, Rachel]=1).
Because the shortest path between Jenny and her second-level
neighbors (ie, Paul, Helen, and Daniel) is 2, we consider the
distance as 2. Likewise, the distance between Jenny and her
third-tier neighbor (ie, Linda) is defined as 3, and so forth.
Because we argue that the target user is more likely to be
influenced by their immediate neighbors in a social network,
we can infer that the first-level neighbor, Rachel, has a greater
potential to impact Jenny than the second-level neighbors, Paul,
Helen, and Daniel. The second-level neighbors have a stronger
influence over Jenny than the third-level neighbor, Linda.
Consequently, we allocated a greater influence on the first-level
neighbor than the second-level neighbor to reflect the higher
impact first-level neighbors have on the target user. Similarly,
we assigned a higher weight to second-level neighbors than
third-level neighbors. For each neighbor Y of user U, we
assigned scores based on the following equation:
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Figure 3. Partial user-friendship network of Jenny showing a direct connection to Rachel (immediate neighbor) and indirect connections to Paul, Helen,
Daniel (second-level neighbors), and Linda (third-level neighbor) in her user-friendship network.

Thus, we assigned a weight of 1 to Rachel; a weight of 1/2 to
Paul, Helen, and Daniel; and a weight of 1/3 to Linda to capture
the decreasing influence with increasing distance between users.

In our analysis, we considered that the level of influence one
user has on another is correlated with the similarity of features
between the 2 users. Thus, we used Euclidean distance to assess
the similarities of user U with their depressed and nondepressed
neighbors separately. These similarities are determined by
evaluating the depressed and nondepressed social media content
of user U and their neighbor Y for each type of feature f (eg,
emotions, personality, and contextual features). The similarity
is calculated as the absolute difference between the feature
vectors:

Sim (U, Y)f is calculated for all users in a social network with
confirmed depression states. Then, we combined similarity
measures with weights to obtain the social interaction score:

where αY is an indicator and αY=1 when the neighbor belongs
to user group g. The higher the values of SICg(U, Y), the more

impact the specific neighbor user group (depressed or
nondepressed) has on the target user in the social network.
Multimedia Appendix 5 shows the pseudocode of the proposed
social interaction analysis.

Ethical Considerations
The data used in this study were originally collected by
researchers at Johns Hopkins University and received approval
from their institutional review board. Permission to use the data
solely for research purposes was obtained under a confidentiality
agreement. This paper details the privacy-preserving procedures
used to maintain participant anonymity in the Data Cleaning
and Preparation section. Because this study only reanalyzed
secondary, anonymized data, additional ethics approval for this
study was not required. The original data host has obtained
informed consent from all participants who voluntarily donated
their data for research purposes, permitting reuse for academic
research. The dataset used for this secondary analysis consisted
of fully anonymized data and was restricted to noncommercial
academic research purposes. This secondary analysis did not
involve any direct participant interaction or additional
compensation. There is no identification of individual
participants or users in any images or supplementary material
included in the manuscript. The dataset was deidentified,
ensuring no identifiable information was presented.
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Results

Overview
In this section, we follow the feature discovery procedure
discussed in the Methods section and analyze the proposed
features. We then conduct experiments to evaluate the proposed
framework based on the datasets [40], which include Facebook
users’ status updates, network connections, users’ associated
depression scores measured by CES-D questionnaires, and
personality measured by the IPIP personality questionnaire. We
demonstrate how we extract psychological and contextual
features as well as the resultant social interaction influence
features. We explore the understandability of the developed
features in explaining and understanding users’ sentiments,
moods, emotional behaviors, psychological states, and influence
from social interactions in social networks. Our framework can
be extended to include any social media and social platforms
to enhance the capability of mental health professionals and
clinicians to make explainable and timely diagnoses, referrals,
interventions, and treatments for their potential patients.

Analysis of Affective Features
Given the procedure outlined in the Discover Affective Features
section, we first obtained user-level emotion intensity by

averaging the emotion intensities of the 8 emotion dimensions
in users’ social media postings. We further explored emotions,
sentiments, and moods across different user groups by
examining the top 30 and bottom 30 emotion words as distinct
features, which were extracted from the depressed and
nondepressed groups, respectively. Figure 4 illustrates the
frequency distributions for each user group. Words with higher
frequency values were more distinct emotion terms in each user
group. The user group with depression frequently used emotion
words with negative sentiments, such as “sick,” “hurt,” “bad,”
“alone,” “ill,” “lost,” and “hate,” and some swear words, which
align with those reported in previous studies [63]. In contrast,
users without depression expressed positive sentiments,
including “good,” “wonderful,” “incredible,” and “lovely.”
Words such as “family,” “friends,” and “daughter” were
frequently mentioned in status updates by individuals in the
user group with depression, indicating specific individuals or
individuals that are related to them. In contrast, events such as
“exams” and “vacation”; specific food, drinks, or items related
to events including “beer,” “wine,” “football,” “chocolate,” and
“hot”; and outcomes of events such as “win,” “break,” and
“jeopardy” were discussed by the user group without depression.

Figure 4. Emotion frequency distributions of the user groups with depression and without depression. The top 30 distinct emotion words (positive) are
associated with the depressed group, and the top 30 distinct emotion words (negative) are associated with the group without depression.

From Figure 4, we observe that the user group without
depression is more likely to use emotion words associated with
time, such as “time,” “tomorrow,” “morning,” “weekend,”
“friday,” “christmas,” and “sunday.” In contrast, the user group
with depression expresses feelings by using words such as

“like,” “love,” and “fun.” They also care about more internal
things such as “god,” “life,” “hear,” and “dreams.”

We calculated TFIDF (t, D) for each emotion word t in each
user’s social media postings D to generate the feature vectors
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based on the most distinct depressed and nondepressed words
as inputs for classifying the users with and without depression.

We conducted further analysis to examine the emotion
intensities for each user group separately. To achieve this, we
calculated the average intensity of each word in the emotion
dimensions for the top 30 words in the depressed user group
and the bottom 30 words in the nondepressed user group. The
set of distinct emotion words used by user group g is {Tg1, Tg2,
..., Tg30}, where g ∈ {d, nd}. For each emotion word tg ∈ {Tg1,
Tg2, ..., Tg30} in group g, we denoted the total count of word tg’s
appearance in all users’ social media postings in group g by
TCtg and the total number of words for all users as TCU. Then,
the average intensity of in group g is computed as: Sum of:

(TCtg * V(tg))/TCU (7)

We compared the average intensities of the most distinct
emotions of these 2 user groups, as shown in Figure 5. Distinct
depressed emotion words have high intensities in all emotion
categories, suggesting that the user group with depression tends
to have more emotional behavioral changes than the user group
without depression. The user group with depression shows
significant intensities in sadness, anger, fear, disgust, and trust
compared to the user group without depression, suggesting that
negative emotions are frequently expressed through social media
postings by the user group with depression. The user group with
depression also shows a higher intensity of joy than the user
group without depression. This suggests that users with
depression may try to use words related to joy to cheer
themselves up, or they are seeking joy.

Figure 5. Comparison of average emotion intensities of the most distinct emotions of user groups with depression and without depression.

Analysis of Personality Features
As discussed in the Discover Personality Features section, we
used the IPIP questionnaire to assess individuals on 5
dimensions of personality according to the Big Five Factor
Model. For each user, we obtained a score for each of the 5
personality dimensions to form a feature vector for the
personality feature of that user. Table 1 provides an example
illustrating how we obtain the feature vector for each user. This
personality feature vector comprises 5 values, each representing

1 of the 5 personality dimensions. The score for each dimension
ranges from 1 to 5. For example, as shown in Table 1, the first
user, U1, scores 4 for openness, 2.25 for conscientiousness, 2.2
for extraversion, 3.6 for agreeableness, and 2.8 for neuroticism.
Thus, U1’s feature vector for personality is <4, 2.25, 2.2, 3.6,
2.8 >. Similarly, we obtained the feature vector for U2 as <3.8,
3.75, 3.4, 4.4, 2.15> and for U3 as <3.55, 3.2, 3.2, 3.35, 2.9>,
and so on. The feature vector for personality will be used to run
experiments for depression detection.
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Table 1. Examples of personality feature vectors for 3 users across 5 personality traits.

The feature vector <openness, conscientiousness, extraversion, agreeableness, neuroticism> is a numerical representation of personality traits
based on the Big Five model used to describe and analyze individual characteristics in a structured format.

User

<4, 2.25, 2.2, 3.6, 2.8>U1
a

<3.8, 3.75, 3.4, 4.4, 2.15>U2

<3.55, 3.2, 3.2, 3.35, 2.9>U3

aU1 represents first user, U2 represent second user, and so on.

Analysis of Contextual Features
As outlined in the Discover Contextual Features section, we
first used SBERT [59] to learn sentence embeddings based on
each word’s contextual information in a sentence for each user’s
social media posting to obtain user-level contextual features.
The sentences users discuss in their social media postings are
transformed into fixed-sized vectors (768 dimensions), which
are the representation of the sentences. We conducted cluster
analysis based on the SBERT feature vectors to obtain more
valuable insights to support clinical decisions. We conducted
K-means clustering separately for the user groups with and
without depression to analyze different contents or topics
different user groups discuss on social media. We found the
optimal number of clusters for each user group based on the
“silhouette” method. We chose 2 and 4 to be the optimal number
of clusters for the user groups with and without depression,
respectively, by experimenting with silhouette scores with regard
to a range of clusters (ie, we choose the number of clusters with
the highest silhouette score as the optimal number).

We then grouped users belonging to the same cluster together
and obtained the aggregated social media postings for each
cluster. Because the nondepressed group had fewer clusters than
the depressed group, we obtained the top 20 words from each

depressed cluster based on the term frequency and the top 40
words for each nondepressed cluster to have an equal number
of top words from each user group for comparison.

The top words discussed in each cluster for each user group are
shown in Multimedia Appendices 6 and 7.

On the basis of the top words, we conducted further analysis.
Swear words and negative sentiments, such as “ass,” “f**king,”
and “tear,” were unique to the user group with depression, as
shown in Textbox 1. This group also uses words related to
family members, such as “dad” and “daughter,” and spiritual
words, such as “pray,” “bless,” and “trust.” This may suggest
that the user group with depression tends to seek comfort from
family or the spiritual world. They also talk about school-related
terms such as “teacher” and “college.” This might suggest that
the user group with depression has depressed symptoms due to
pressure from school. The non-depressed group typically uses
fewer negative sentiment words. The user group without
depression uniquely mentioned words related to being
forward-looking or future, such as “future,” “forward,”
“chance,” and “step”; optimistic actions, such as “pass,” “win,”
and “worth”; or positive words, such as “power” and “perfect.”
They also used words suggesting the beginning of something,
such as “awake” and “begin.”

Textbox 1. Comparison of unique words used by users with and without depression.

Unique words used by users with depression

• “Awake”, “begin”, “burn”, “chance”, “comment”, “cut”, “exam”, “Facebook”, “fear”, “final”, “forward”, “future”, “human”, “pass”, “paste”,
“perfect”, “point”, “power”, “problem”, “self”, “side”, “step”, “thought”, “truth”, “weather”, “win”, and “worth”.

Unique words used by users without depression

• “Ass”, “band”, “beat”, “bless”, “dad”, “daughter”, “chocolate”, “college”, “easy”, “fly”, “fxxking”, “kind”, “omg”, “pray”, “repost”, “seriously”,
“tear”, “teacher”, “text”, and “trust”.

Analysis of Social Interaction Influence Features
Next, we used the proposed psychological and contextual
features, along with the social network structure derived from
social connections, to extract social interaction influence
features. We created social interaction influence features for
each user and each type of proposed feature to show the extent
of influence exerted by user groups with and without depression

on the target user. As shown in Table 2, the example illustrates
the affective, personality, and contextual influence of neighbors
with and without depression, respectively, on 4 users, U1 (user
1), U2 (user 2), U3 (user 3), and U4.(user 4) We first extracted
each user’s affective, personality, and contextual features. For
each user, Ui, and each feature, f, we obtained feature vectors

FVf
U,d and FVf

U,nd that represent the features from user Ui ’s
social connections with and without depression, respectively.
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Table 2. Examples of affective, personality, and contextual influences on four users, stemming from interactions with neighbors with depression and
without depression, respectively. Each value represents the proportion or impact (as a fraction of 1) of the specific influence type (affective, personality,
contextual) on the given user from neighbors with or without depression.

Feature typeUser

ContextualPersonalityAffective

NondepressedDepressedNondepressedDepressedNondepressedDepressed

0.3320.6680.3230.6770.2640.736U1
a

0.6040.3960.4860.5140.4340.566U 2

0.5360.4640.5950.4050.7180.282U 3

0.7350.2650.8090.1910.7940.206U 4

aU1 represent first user, U2 represent second user, and so on.

These feature vectors are inputs for extracting the social
interaction influence features. In the case of affective features,
the scores obtained from the users’ group with depression are
higher than those from the users’ group without depression for
U1 and U2. This suggests a stronger social interaction influence
from the user with depression compared to the user without
depression for U1 and U2. As a result, these 2 users exhibited
emotions that are closer to those of their friends with depression
and further from those of their friends without depression. In
contrast, U3 and U4 exhibited greater similarity to their friends
without depression compared to their friends with depression,
suggesting they experienced a stronger influence from the
friends without depression. Thus, SICd(U,Y) affective is larger
than SICnd(U,Y) affective for user U1 and U2 for emotion
features. Likewise, for personality and contextual features,
higher scores suggest a higher influence. By comparing the
scores between the user groups with depression and without
depression, a higher score for a feature in 1 group suggests that
the users are more aligned with that particular user group
regarding that feature. This observation suggests that within the
social networks, the user groups with depression and without
depression may have different effects on their friends. Users
who are more influenced by the user group without depression
tend to display a higher degree of resemblance in affective,
personality, or contextual information with the user group
without depression, and vice versa.

Experiment Results: Depression Prediction Using ML
Methods
The proposed psychological and contextual analysis NLP
framework has the potential to enhance intelligent
decision-making in the mental health domain. Our framework
can enhance the reliability and knowledge base of decision
support systems for health care providers, facilitating more
accurate diagnoses and timely referrals and interventions, while
also simplifying treatment plans. We found that incorporating
affective, contextual, and personality features outperformed
traditional baselines (improving performance compared to
traditional baselines with an average improvement of 6% in
accuracy and 10% in F1-score) and achieved performance
comparable to state-of-the-art baselines. Furthermore, the
addition of social interaction influence enhanced performance
across all metrics.

We conducted experiments using ML methods with the proposed
features for depression detection to demonstrate the performance
of our framework. All ML implementations were conducted
using Python’s scikit-learn library. The experiments were
conducted on a ThinkPad (X1 Yoga Gen 8 Intel) with an Intel
Core i7 CPU, 16 GB of RAM, running Windows 10. We used
5-fold cross-validation for model evaluation. Four ML methods
were used: (1) logistic regression, (2) neural network, (3)
k-nearest neighbors (KNN), and (4) random forest. We used an
80/20 split for training and testing the models. Specifically, we
reported the accuracy of depression detection as part of our
evaluation:

where TP=true positives, TN=true negatives, FP=false positives,
and FN=false negatives.

In addition, we reported recall and precision scores. The recall
represents the ratio of correctly predicted users with depression
among all actual users with depression, while precision measures
the proportion of users with depression correctly identified as
depressed relative to the total number of users predicted as
depressed, that is:

We also reported F1-score, which is the combination of precision
and recall:

To assess the predictive capability of our proposed framework,
we leveraged psychological (eg, affective and personality),
contextual, and social interaction influence features to detect
depression. We used the Linguistic Inquiry and Word Count
(LIWC) [64] feature as the baseline, which is easily replicable
to provide a comparative benchmark with the same data. The
LIWC feature is widely used in depression detection because
it offers reliable, unbiased, and effective measures [65-68].

We first conducted experiments using psychological (eg,
affective and personality) and contextual features. The
performance of various ML methods for different sets of features
is illustrated in Figure 6. KNN showed the highest accuracy
among all other ML models, with 69% for the LIWC feature,
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76.6% for the affective features, 73% for contextual features,
and 79% for the personality features. For precision, although
neural network showed a higher performance of 67% compared
to 66% under KNN for the affective features, KNN showed
better performance compared to other ML methods for all other
features. KNN also indicated the highest recall and F1-score

compared to other ML methods among all feature sets. Overall,
KNN performed the best among all ML methods used in this
study. Therefore, we conducted an additional set of experiments
with different feature sets (F1-F9 correspond to different feature
sets) listed in Table 3, using KNN, to assess the predictive power
of depression detection based on the proposed features for each
feature set.

Figure 6. Performance comparison of different machine learning methods across 4 metrics using Linguistic Inquiry and Word Count (LIWC), personality
(psychology), contextual, and affective features. KNN: k-nearest neighbors; LR: logistic regression; NN: neural network; RF: random forest.
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Table 3. Different feature sets using KNNa to evaluate the predictive power of depression detection.

Feature variablesFeature short name

LIWCb featuresBaseline1

FastTextBaseline2

CNNcBaseline3

Affective featuresF1

Contextual featuresF2

Personality featuresF3

Affective features, contextual features, and personality featuresF4

Affective influence features, contextual influence features, and personality influence featuresF5

Affective features and affective influence featuresF6

Contextual features and contextual influence featuresF7

Personality features and personality influence featuresF8

Affective features, contextual features, and personality features and affective influence features, contextual influence features,
and personality influence features

F9

aKNN: k-nearest neighbors.
bLIWC: Linguistic Inquiry and Word Count.
cCNN: convolutional neural network. F1-F9 correspond to different feature sets listed in Table 3, F1 is feature set 1 which is Affective Features as listed
in Table 3, F2 is feature set 2 which is listed as Contextual Features in Table 3 and so on.

We treated the LIWC feature as baseline 1 and compared it
against the proposed affective, contextual, personality, and
corresponding social interaction influence features (eg, affective
influence, contextual influence, and personality influence
features) using KNN. We also compared our model with
state-of-the-art approaches that used pretrained models for text
processing combined with ML techniques for detection, such
as FastText with XGBoost (baseline 2, as used in the study by
Marriwala and Chaudhary [69]) and deep learning architectures,
including convolutional neural networks for text processing and
detection (baseline 3, as described in the study by Ghosal and
Jain [39]).

As shown in Figure 7, the feature sets incorporating the proposed
features significantly improved the detection capability
compared to the LIWC feature across all performance measures.
Our results are comparable to those achieved by baseline 2
(FastText with XGBoost) and baseline 3 (convolutional neural
networks); however, the combination of all affective,
personality, and contextual features, along with their influence
features, yields even stronger performance. The inclusion of
emotional and personality-driven factors, combined with social
interaction features within our framework, offers a unique
advantage. This approach delivers richer insights and a higher
interpretive value compared to previous models, while
maintaining high interpretability—a crucial aspect for mental
health applications.
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Figure 7. Performance comparison across different feature sets and baselines.

Among the proposed features, the model with affective features
(F1) and the model with personality features (F3) performed
better than the model with contextual features (F2). The model
with affective features, personality features, and contextual
features (F4) had the best performance in all measures except
recall compared to F1, F2, and F3, while F3 showed better
performance in recall compared to F4. The relatively strong
performance of F2 showed the model’s ability to effectively
distinguish users with depression, suggesting its capacity to
identify depression-specific language patterns. When
considering the social interaction influence features for each
feature type, the model with affective influence, personality
influence, and contextual influence features (F5) showed higher
performance compared to F4 with respect to accuracy, precision,
and F1-score. F3 and F4 showed better recall compared to F5.
Compared to affective features (F1), the combination of affective
features and the corresponding social interaction influence of
affective features—affective influence features (F6)—performed
better across all performance metrics. The same pattern applies
for F7 with the combination of contextual features and the
corresponding contextual influence features and for F8 with the
combination of personality features and the corresponding
personality influence features; they both performed better
compared to the model with contextual features (F2) and
personality features (F3) alone across all performance metrics.
The model with all proposed features, including affective,
personality, contextual, and the corresponding social interaction
influence features (F9), showed high performance but not the
highest among all models; this implies that simply including
all features may not necessarily enhance performance. All

proposed features outperformed baselines; notably, F5 and F6
demonstrated the strongest overall performance.

To examine how each feature impacts model performance, we
performed permutation importance. This approach provides
insights into how each feature affects the model’s accuracy by
measuring the change in performance when individual features
are randomly shuffled [70]. Multimedia Appendix 8 shows the
top 10 influential features, highlighting those most impactful
for depression detection. The results indicate that personality
features such as neuroticism, extraversion, and agreeableness
are highly significant, followed by social interaction influence
based on emotion, personality, and contextual measures. Finally,
the affective feature, anticipation score, is the most influential
among all emotions. F1-F9 represent short name of 9 feature
sets we used in the experiments

Discussion

Principal Findings
We contribute by proposing a methodological framework using
NLP and ML techniques to extract features and patterns, thereby
comprehensively understanding depression-related symptoms
from psychological and contextual perspectives. Building on
the foundations of social influence theory, which points out that
the way individuals behave, think, or act is influenced by their
social environment, we extracted social interaction influence
features based on social media postings. These features
considered both psychological and contextual features (eg, users’
emotions, psychological states, and context of communication)
from users’ social media postings and the social network
structure of social media. They reflected the influence that a
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user’s social connections may have on their mental well-being.
The combination of all affective, personality, and contextual
features, along with their influence features, yields strong
performance compared to baselines. F5 (which represent
affective influence features, contextual influence features, and
personality influence features in Table 3) and F6 (affective
features and affective influence features) show particularly
strong performances. Our study, designed to complement clinical
diagnoses, delivers results that are sufficiently robust to support
timely interventions and practical applications in mental health
monitoring. By achieving comparable results to state-of-the-art
methods, our approach demonstrates strong performance while
adding value through richer insights and high interpretability.
These patterns bridge the gap between model accuracy and
interpretability, providing more actionable and inseparable
insights that can aid clinicians in better understanding users’
mentality and supporting their decision-making processes. This
framework has the potential to expedite the diagnostic process
and provide timely referral services to individuals at high risk,
facilitating early intervention or treatment before more severe
mental health conditions develop. With an improved
understanding of users’ mental states reflected in the
psychological and contextual aspects, clinicians can more easily
detect significant changes in users’ mental well-being. This
allows clinicians to provide well-supported guidance during
early intervention and facilitate follow-ups in treatment plans.

Research in psychology has verified the theoretical connections
between patients’mental health conditions and certain linguistic
features. Various studies establish that individuals experiencing
certain mental illnesses exhibit specific verbal behavior.
Therefore, there is an increasing trend toward using rich sources
of text data and information from social media to examine users’
sentiments and behaviors in mental health studies [16,17].
Studies show that frequent negative affect expression has higher
connections with depressive states, while positive affect tends
to have a lower connection to depression [23-25]. Thus,
emotions play an essential role in diagnosing mental illnesses
such as depression [11]. Various studies have characterized
emotions from language use of users disclosing their mental
illnesses on social media to detect depression [68,71,72].
Personality is another important aspect of analyzing depression.
Personality has been used to distinguish social media users’
activities, posting content, and language use habits [26,27,73].
Several studies show a link between personality types and
depression, and personality features can be used in depression
diagnosis and treatments [28,50,55].

In addition to psychological factors, pretrained language models
have shown strong contextual modeling ability; they are used
in understanding texts in various applications [58]. For example,
Haque et al [74] leveraged pretrained language models to detect
early signs of suicidal thoughts, improve the diagnosis process,
and provide people with appropriate treatment on time. Jiang
et al [75] used deep contextualized pretrained word
representation to build strong predictive models to detect
different mental health problems from social media. Murarka
et al [37] built a multiclass model using the pretrained language
model to classify 5 prominent types of mental illnesses by
analyzing unstructured user data on Reddit. Social media plays

a critical role in shaping attitudes, beliefs, and behaviors through
interactions [76,77]. Social influence theory suggests that
individuals’ mental states and social interactions affect their
language and behaviors on social media [32,78]. While previous
research has focused on linguistic, emotional, and personality
factors, it often overlooks the impact of social interactions
[37,68]. Our study aims to bridge this gap by analyzing social
influence and interactions alongside psychological and
contextual factors. This comprehensive framework can aid in
improving mental health diagnosis and treatment plans.

Our study has several practical implications. By providing
mental health professionals with a deeper and more
comprehensive insight into a user’s mental state, our framework
can help accelerate the depression diagnosis process. It also
enables timely referral services to individuals who may be
unaware of their mental states or have limited access to mental
health resources. Moreover, it is beneficial to alert health care
management to offer early intervention or treatment to
individuals at risk of developing more severe mental health
conditions. Furthermore, by gaining a deeper insight into users’
behaviors reflected in different aspects, mental health
professionals can identify the significant changes in users’
emotional, psychological, and mental health states to provide
more justified recommendations during the early intervention
and facilitate easier follow-ups in treatment plans.

Other domains that analyze social interactions and language
use can also adopt our framework. In the general health domain,
our framework offers valuable assistance in discovering positive
and negative opinions by studying user-generated content from
health-based social platforms. These platforms serve as spaces
where users, including patients, physicians, and caregivers, can
pose questions and seek advice from other users. By analyzing
emotions, personality, and contextual information and the
influence of social interaction, medical professionals and
caregivers can effectively monitor different health conditions
among patients and individuals at risk. This allows them to
provide timely advice, referral services, or interventions,
ultimately enhancing health care quality in these online
communities. In the finance domain, for example, StockTwits
is an online platform where investors exchange ideas, opinions,
and sentiments regarding financial markets [79]. Our framework
can be used to examine how emotional shifts, personality
differences, and contextual information within sentences
influence investors’ decision-making processes. It also enables
the examination of how social interactions among different
investors may influence their investment decisions.

Limitations
While analyzing users’ postings on social media enables the
identification of mental states through means unavailable offline,
our research does not consider the socioeconomic status,
idiosyncratic behaviors “behind the scenes,” or dynamic
language data. For future studies, complementary sources of
behavioral data and dynamic data, such as activity logs or search
history, could be integrated with health records, such as records
of prescriptions or health care claims data, to offer a more
comprehensive understanding of the mental health status of an
individual. Moreover, the expression of individuals with
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depression may vary across different intensity levels of their
depression. As a result, investigating how language use differs
and evolves across different stages of depression could be a
promising future direction, potentially leading to more
personalized treatment plans. In addition, we plan to incorporate
domain-specific lexicons and more specialized datasets to further
enhance the model’s accuracy in capturing nuanced depressive
language. We also aim to fine-tune SBERT embeddings using
mental health–specific corpora, which could improve
performance in detecting depression-related language.
Furthermore, after comprehensively understanding the patterns
and trends of users with depression, a database system can be
developed to store significant behaviors or language use
changes. Updated classifiers could be trained using real-time
data from online platforms or other sources. The system could
automatically detect users who are at risk of depression even
when they are unaware of their mental conditions and
recommend suitable treatments based on information extracted
from previous instances. We also plan to incorporate more recent
and real-world datasets with similar features, extending the

analysis beyond mental health contexts to various domains of
social network analysis. This broader approach will facilitate a
more comprehensive exploration across diverse scenarios,
enhancing the framework’s relevance and adaptability.

Conclusions
Our study illustrates a psychological and contextual analysis
NLP framework that uses affective, personality, and contextual
information. We further explore the influence of social
interaction shaped by these elements to monitor depression
behaviors on social media using NLP and ML. The proposed
framework highlights the potential of using emotion intensities,
personality measurement, pretrained language models, and
social interactions among users on social media as features or
patterns for predicting depression in individuals. Our research
shows the potential of developing a better foundation for
predicting the risk of depression and offering referrals, early
intervention, and treatment plans via the analysis of social media
data. It presents promising potential as an intelligent
decision-making tool integrating information from multiple
channels, such as social networks.
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Multimedia Appendix 1
The process of extracting emotion intensity features and emotion word features to represent the affective features. We extracted
emotion words from social media posts of users with and without depression and calculated the ratio differences in relative term
frequency to identify distinct emotion words. We also combined the intensity levels across 8 emotion dimensions with emotion
word frequency, computing the average intensity to form an emotion intensity feature.
[PNG File , 93 KB - formative_v9i1e60286_app1.png ]

Multimedia Appendix 2
The Big Five Factor Model—personality traits with descriptions, showing the behavioral tendencies associated with low and high
scores for each trait.
[PDF File (Adobe PDF File), 13 KB - formative_v9i1e60286_app2.pdf ]

Multimedia Appendix 3
Discovery process of contextual features. We aggregated each user’s social media postings and applied Sentence Bidirectional
Encoder Representations (SBERT) from Transformers to generate sentence embeddings, capturing the contextual information
of each word within a sentence. These embeddings serve as user-level contextual features. Then, we performed cluster analysis
using K-means clustering, applied separately to the sentence embeddings of user groups with depression and without depression
to analyze the content discussed by different user groups.
[PNG File , 108 KB - formative_v9i1e60286_app3.png ]

Multimedia Appendix 4
Discovery process of social interaction influence features. For each user, we obtained feature vectors from the psychological and
contextual features identified earlier. We then analyzed the influence of users with depression and without depression on the
target user separately, based on the emotion, personality, and context influence features.
[PNG File , 19 KB - formative_v9i1e60286_app4.png ]

Multimedia Appendix 5
Algorithm for discovering social interaction influence features.
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[PNG File , 104 KB - formative_v9i1e60286_app5.png ]

Multimedia Appendix 6
The most frequently discussed words across the four clusters for the user group with depression.
[PNG File , 254 KB - formative_v9i1e60286_app6.png ]

Multimedia Appendix 7
The most frequently discussed words across the two clusters for the user group without depression.
[PNG File , 244 KB - formative_v9i1e60286_app7.png ]

Multimedia Appendix 8
The top 10 influential features, highlighting the most impactful features for depression detection.
[PNG File , 21 KB - formative_v9i1e60286_app8.png ]
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Abstract

Background: eHealth interventions constitute a promising approach to disease prevention, particularly because of their ability
to facilitate lifestyle changes. Although a rather recent development, eHealth interventions might be able to promote brain health
and reduce dementia risk in older adults.

Objective: This study aimed to explore the perspective of general practitioners (GPs) on the potentials and barriers of eHealth
interventions for brain health. Understanding the perspective of GPs allows us to identify chances and challenges for implementing
eHealth apps for dementia risk reduction.

Methods: We conducted semistructured expert interviews with 9 GPs working in an outpatient setting in and near Leipzig,
Germany. Data were fully transcribed and analyzed using a process model of qualitative content analysis with codes and categories
being constructed inductively and deductively.

Results: We found generally favorable but balanced views of eHealth apps for brain health. Eight themes were identified and
elaborated on in the data as follows: “addressing dementia,” “knowledge about dementia,” “need for information,” “potential for
prevention,” “chances for apps for prevention,” “development of apps for prevention,” and “barriers of apps for prevention.” GPs
talked mostly about how and when to address dementia and the requirements for their use of eHealth apps for dementia prevention.
GPs stated that they only addressed dementia once abnormalities were already present or less frequently when a patient or relative
expressed a direct wish, while individual dementia risk or standardized diagnostic during routine check-ups were mentioned much
less frequently. According to GPs, knowledge about dementia in patients was low; therefore, patients expressed little need for
information on dementia risk factors and prevention in GP practices. Most patients wished for quick information regarding
diagnostics, treatment options, and progression of the disease. GPs mentioned a lack of overview of the available eHealth apps
and their content. They also expressed a fear of inducing health anxiety when talking to patients about risk factors and prevention.

Conclusions: GPs want patients to receive relevant and individualized information. Prerequisites for the use of eHealth apps
for dementia prevention were app characteristics related to design and content. GPs need to address dementia more routinely,
assess relevant risk factors, and aid patients in a preventive role. Concerns were expressed over limited effectiveness, overwhelming
patients, limited use in clinical practice, and only targeting patients with an already low risk of dementia.

(JMIR Form Res 2025;9:e56310)   doi:10.2196/56310
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Introduction

Background
Dementia is one of the most common neurodegenerative
diseases. In Germany alone, dementia is one of the 5 most
common diseases prevalent at the time of death [1]. At the same
time, dementia is connected with a high burden of illness and
excess costs of illness that are 2.5 times higher when compared
to people without dementia [2]. Without available curative
therapies, risk factors for dementia are a primary focus for
dementia prevention. According to the latest report of the Lancet
Commission on Dementia Prevention, Intervention, and Care,
45% of dementia cases can be explained by 14 modifiable risk
factors (low levels of education, hearing impairment,
hypertension, smoking, obesity, depression, physical inactivity,
diabetes, higher alcohol consumption, traumatic brain injury,
air pollution, social isolation, high levels of low-density
lipoprotein cholesterol, and visual impairment [3]). This
underlines the potential of dementia risk reduction by risk factor
modification. In Germany, 38% of dementia cases are estimated
to be due to 11 modifiable risk factors [4]. The use of eHealth
apps has garnered considerable attention as a potential tool to
assist in promoting brain health and mitigating dementia risk
[5].

General practitioners (GPs) working in primary care usually
consult their patients regularly and could potentially identify
risk factors and early markers of dementia. GPs are also
perceived to be an important support body with a high level of
competence and trust [6] and play a central role in advising
patients on health-related matters. Therefore, the primary care
setting is crucial for the assessment of dementia risk factors and
early dementia diagnosis. However, existing research has shown
that dementia risk reduction is not routinely conducted in
primary care settings [7,8]. Only few existing studies examined
the views of GPs on dementia risk reduction.

While older adults are the most rapidly growing share of internet
users in Germany [9], their use of eHealth tools has been found
to be significantly lower than in other (European) countries
[10]. The general use of health apps was low in a
population-based sample of older (aged ≥60 years) German
adults conducted in 2016, with only 16.5% reporting previous
use of health apps. Concerns about data protection and lack of
trust in eHealth tools were the most commonly named barriers
[11]. Although these findings indicate a rather skeptical view
of older German adults on eHealth tools, findings from the
@ktiv-trial, testing an eHealth intervention for depression, found
higher levels of adherence in older than in younger users,
indicating the potential benefits of eHealth interventions for
older adults [12].

Digital interventions aimed at enhancing brain health and
mitigating dementia risk factors are currently an important focus
of research [13-15], which explores potential benefits and
challenges of digital apps for dementia risk reduction,
highlighting their capacity to deliver personalized interventions
and facilitate self-management on a large scale. However,
despite these advancements in the field, only limited attention
has been directed toward understanding the perspective of GPs,

who play a critical role in adoption and implementation of these
apps into clinical practice. Therefore, knowing the potentials
and barriers before the development and implementation of such
measures can be important to enhance potential. To the best of
our knowledge, no study so far has examined the attitudes of
German GPs toward eHealth apps for dementia risk reduction.

This Study
Consequently, we conducted 9 qualitative expert interviews
with German GPs practicing in the Leipzig area to gain insight
into GPs’ subjective experience with older patients, how GPs
address topics of dementia risk factors, and the possibilities of
eHealth apps for prevention and managing dementia risk.
Qualitative research can provide an understanding of subjective
experiences, attitudes, and challenges GPs face. Qualitative
studies can help explore and explain social relations between
the health care system and the way patients and providers
interact. In addition, qualitative approaches allow depicting
aspects that might be lost by transformation of experiences into
numerical forms for proper statistical analysis [16,17]. We aimed
to identify possible chances and hindrances of eHealth apps for
prevention of dementia and challenges for implementation.
Furthermore, we aimed to provide specific recommendations
toward goals, content, challenges, and possible implementation
of eHealth apps to reduce dementia risk.

Methods

Study Design
This study uses a qualitative semistructured interview design.
We conducted interviews with GPs via telephone using guided
interviews. Telephone-based interviews were conducted to
increase convenience and flexibility for participating GPs.
Furthermore, we aimed to reduce the risk of social desirability
bias and keep technical requirements for GPs to a minimum,
arguing for telephone- instead of video-based interviews.
Guidelines for the interview were designed to cover a
prespecified topic list focused on dementia prevention, attitudes
toward eHealth apps for dementia prevention, and
technology-related factors. Although participants were reminded
that the interview focuses on dementia prevention, GPs
frequently steered the conversation toward identifying and
managing dementia. This divergence from the intended focus
of prevention was noted and addressed in real time by
interviewers. Participants were encouraged to address further
topics not covered by the interview guidelines at the end of the
interview. We used a process model of qualitative content
analysis as developed by Mayring [18] to identify key themes
using inductive and deductive coding.

Sample
Participants were GPs with practices in an outpatient setting
(individual practice, joint practice, or medical center) in the city
of Leipzig, Germany, and its surrounding region. No further
inclusion or exclusion criteria were applied. Eligible GP
practices were recruited from a database at the Institute of Social
Medicine, Occupational Health and Public Health, including
53 GPs who had participated in previous studies or expressed
interest in participating in future research. This sample contained
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GP practices from all regions of the city of Leipzig, comprising
urban and suburban areas, as well as practices from the environs
of Leipzig. All 53 GPs were contacted via telephone and email,
of which 5 (9%) refused participation. Of the remaining 48
(91%) GPs, 12 (23%) expressed interest in participation. In 3
(6%) cases, interviews could not be scheduled due to time
constraints on the side of GPs; therefore, the final sample
included 9 (17%) GPs. On the basis of previous experiences
conducting qualitative interviews, as well as narrowly defined
research questions and a relatively homogeneous study sample
[19,20], we expected to reach data saturation after 8 interviews.
Interviews were conducted in a timeframe of roughly 25 minutes
each. Participating GPs received detailed study information, an
informed consent form, account data forms for the transfer of
the expense allowance, and a sociodemographic questionnaire
in advance via postal service. At the beginning of the interviews,
interviewers informed participants about the method of expert
interviews and encouraged them to share their experiences and
opinions openly.

Analysis
All interviews followed the same general structure. Before the
interviews, participants were given a short introduction on the
interview topic identical to the previously received detailed
study information. Interviewers informed GPs that the goal of
the study was to gather information on how informed older
patients are about the risk and protective factors of dementia
and their willingness to use eHealth apps to manage dementia
risk. In addition, they were informed that there was an interview
guideline and encouraged to share their own experiences and
opinions. The interview guideline was developed for this study;
a full English translation is provided in Multimedia Appendix
1.

First, interviewers asked GPs whether they address the topic of
dementia and cognitive ability with their older patients. If so,
they were further asked with which groups of patients they bring
the topic up and whether older patients addressed dementia at
appointments themselves. Second, GPs were asked to assess
the knowledge of patients about dementia and respective risk
or protective factors. In the third section of the interview,
interviewers inquired if patients wished to receive information
on dementia prevention. In the fourth section, interviewers gave
a brief description of how modifiable risk factors, for example,
managing cardiovascular risk, increasing physical and social
activity, or optimizing diet, have a positive impact on cognitive
ability. Interviewers then asked participants which risk factors
they considered especially promising for dementia risk
reduction, whether they bring up modifiable risk factors when
talking about dementia with their patients, and which risk factors
patients might already know. In the following section,
participants were asked to assess the potential of eHealth apps
for managing cognitive decline and reducing the risk of
dementia. In the sixth section, participants were asked to imagine
a respective eHealth tool that addressed modifiable risk factors
(eg, diet, physical and social activity, cardiovascular risk) via

standardized questionnaires and that allowed patients to receive
individualized notifications and information on how to reduce
their personal risk for dementia. Following this, GPs were asked
to assess whether older patients would make use of this program,
which patients they would recommend the program to, and
whether they would recommend all of it to their own patients.
In section 7, GPs were asked to elaborate on facilitators and
barriers for such a program. In the last section, interviewers
asked for the GP’s opinion on the implementation of respective
eHealth apps for the prevention of dementia and which
information they would need to assess the use of the service.
Technical requirements, content, criteria of quality, measurable
effect, privacy, and cost were given as anchors. Closing the
interview, participants were thanked for their collaboration and
asked whether they had an opinion, question, or if any topic
was not covered in the interview.

All interviews were audio-recorded, fully transcribed and
content-analyzed using MAXQDA 2022. We formed codes
inductively and deductively according to the process model
developed by Mayring [18] and the analytic pathway 1 as
identified by Raskind et al [21] on qualitative data analysis
practices in health education and health behavior research. Three
trained scientific project members with experience in qualitative
research independently coded and revised all interviews. The
coding scheme was derived from an initial coding template
based on literature, the interview guide (deductive coding), and
emerging codes from the interview material (inductive coding,
second-level coding within a domain, and openness for open
coding during this stage). Methodological rigor was ensured by
agreeing on a rule and process model-based approach before
coding, iterative processing of reviewing coded data, discussing
coded data in a group setting to develop and reach agreement
on salient themes, repeated comparisons among coded data,
combining similar or related codes into themes, and extracting
themes from within codes [18,21]. After the final group
discussion, categories were reviewed and given examples from
the transcripts.

Ethical Considerations
This study was performed in accordance with the principles of
the Declaration of Helsinki in its revised version from 2000.
The Ethics Committee of the Medical Faculty of Leipzig
University, Germany, approved the study (587/21-ek).
Participating GPs were informed of their right to withdraw from
the study at any time without consequences and provided written
informed consent before participation. Each participating GP
was assigned an identification number and all data were
deidentified for analyses. GPs received a reimbursement of €100
(US $103).

Results

Sample Characteristics
Table 1 shows the collected sociodemographic data and
information for the GPs in the sample.
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Table 1. Sample characteristics (N=9).

ValuesCharacteristics

Sex, n (%)

4 (44)Male

5 (56)Female

46.3 (8.8); 33-57Age (y), mean (SD; range)

10.3 (5.5)Duration of practice as resident (y), mean (SD)

3 (33)11-25, n (%)

4 (44)26-50, n (%)

2 (22)51-75, n (%)

Older patients treated per quarter, n (%)

1 (11)51-100

4 (44)101-500

3 (33)501-1000

1 (11)>1000

20.11 (11.1)Estimated percentage of older patients with dementia, mean (SD)

Form of practice, n (%)

4 (44)Individual practice

3 (33)Joint practice (Gemeinschaftspraxis)

2 (22)Medical center

Themes and Subthemes Identified
We identified 8 themes, each including 2 to 12 subthemes. Table
2 shows the overall frequency of quotes per subcategory.

The theme mentioned most frequently was addressing dementia.
On the level of subthemes, requirements for the implementation

of eHealth apps were mentioned more frequently than other
subthemes. GPs emphasized personal requirements for using
an eHealth app for dementia prevention in their care. Themes
and subthemes with respective key quotations are described in
Multimedia Appendix 2.
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Table 2. Frequency of themes (N=8) and subthemes (N=28).

Frequency, naThemes and subthemes

54Addressing dementia

17Cause: abnormalities

1Cause: high risk of dementia

3Cause: routine checkup

3Cause: affected relatives

12Cause: initiative of patient or relatives

18Expressed wishes toward GPb

13Knowledge about dementia

2High knowledge

11Low knowledge

17Need for information

11For diagnostics, treatment options or progression

4Psychosocial aspects

1For risk factors

1No need for information

35Potential for risk reduction

12Most promising risk factors

11Addressing risk factors

9Risk factors known by patients

3Risk factors are disregarded

21Chances for eHealth apps for dementia risk reduction

11Advantages for patients

9Advantages for practitioners

1Low interest of patients

25Development of eHealth apps for dementia risk reduction

13Characteristics qualifying patients for apps for dementia risk reduction

10Characteristics rendering patients unsuitable for eHealth apps for dementia risk reduction

2Characteristics of eHealth apps for dementia risk reduction

17Barriers to eHealth apps for dementia risk reduction

3General barriers

10Concerns

4Limited use

33Implementation of eHealth apps for dementia risk reduction

13Prerequisite: accessibility

10Prerequisites: characteristics of eHealth apps

10Integration into GP care

aFrequency of reference to the respective theme or subtheme in the total sample (n=9 GPs); multiple mentions of themes or subthemes per GP possible.
bGP: general practitioner.

Addressing Dementia
GPs overwhelmingly addressed dementia in their care only
when abnormalities were already present and noticeable by

either the GP or their staff. Routine checkups or concerns of
relatives played a minor role with only a singular mention of
high dementia risk being the cause for addressing dementia in
routine care:
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So we address that routinely when doing check-ups,
starting at 70. And in patients under 70 who have
personal concerns or an increased risk of dementia
from my perspective. [GP5]

The initiative of patients or relatives was named frequently.
GPs mentioned that patients rarely take initiative action
regarding dementia risk reduction. Instead, GPs stated that
relatives noticed changes in patients and referred them to GPs
with a wish for diagnosis:

Oh well, when relatives register for consultation
hours, they nearly always name somewhat of a reason,
if it’s acute. And then they’ll say, “Dad is odd,” or
“My husband is odd” And surely also “can’t we take
a look?” and actively ask whether it’s the case
[dementia]. So yes, it’s talked about quite directly.
[GP2]

Congruently, wishes expressed toward GPs had the most
quotations within the theme. Wishes varied and ranged from
explicit wishes for fast diagnosis to less specifically expressed
emotional needs:

They [patients] surely want to hear that they are not
forgetful when they are. Or can’t remember certain
things. And whether there is medication. And get their
fears off their chest, which they surely can’t articulate
like that at home. Because it is a kind of weakness,
how they feel about that. So this [GP practice] is a
protected environment, where you can slowly move
forward and ask whether it’s still normal. So they
slowly advance, maybe talk about an occurrence.
[GP4]

Knowledge About Dementia
All GPs described patients’ knowledge about dementia as low.
These included symptoms of dementia, especially in contrast
to age-related cognitive decline, mental disorders in general, as
well as types and progression of dementia:

I think patients don’t know much about that [early
signs of dementia]. Especially separating normal
signs of aging and dementia is tough for a layman, I
think. And in my experience, patients that worry a lot
about having dementia more commonly suffer from
senile depression or an anxiety disorder and not
dementia. While the patients that do have dementia
often negate that or trivialize that and think it’s
normal when there’s surely an illness and a need for
therapy, or at least help, from my perspective. [GP5]

One GP mentioned that the level of education, personal
experience, and degree of personal growth are relevant factors
for high knowledge about dementia:

[Knowledge of elderly patients about dementia] is
dependent on the level of education. It differs. Those
who have the ability for differentiated thinking can
assess that in a completely different way. And some
confuse dementia with something else and simply say
“Well, you’re surely demented” or something like
that to their relative even though he isn’t. It’s not only

related to the level of education but personal
experience that they’ve made, with other patients.
And to their own personality. [GP1]

Need for Information
In the experience of GPs, most patients want to receive
information on personal diagnosis, treatment, and course of
illness. Patients wish for standardized diagnostic as well as
personally relevant assessments made by the GP. These
assessments include personalized advice related to psychosocial
factors, for example, living situation, relationships with family
members, or concerns. Information regarding treatment options
and the course of illness were mentioned more frequently than
diagnostics. The need for information was only mentioned in
regard to early diagnosis of dementia with only a singular
mention of risk factors in the context of general health
recommendations during check-ups:

For many it’s about the question: If I had dementia,
how would I continue to lead my life? Can I stay
independent? Do I need to change my living situation?
What happens to my relatives or close ones,
commonly spouses? That’s what I think concerns
patients and is why dementia is omnipresent in our
practice. [GP5]

One GP elaborated that it is common for patients to have
received misinformation about the use and limitations of
pharmaceutical treatment for dementia by specialized health
care providers. It is noteworthy that despite being included as
an example in the interview guide and the inductive category
system, no GP mentioned a need for information on the causes
or risk factors of dementia:

If you suffer from dementia and see a psychiatrist,
you get one or two different kinds of medication and
that’s that. There is nothing about lifestyle, nothing
about counseling the [social] surroundings, nothing
with alternative therapeutic options, what is still
possible. You get your pills prescribed and that was
that. [GP6]

Potential for Dementia Risk Reduction
When asked about the most promising factors to be targeted for
reducing dementia risk, GPs named social, cognitive, and
physical activity. Cardiovascular risk factors were frequently
named as part of routine care but are commonly not put into the
context of dementia:

Measurable factors like blood sugar, blood pressure,
and arteriosclerosis, that is definitely part of my job
as a GP and an essential part of preventing dementia.
The topic of social interactions, social contacts,
exercise, I think those are very important. I talk about
that, too, but I see my influence there as smaller
because more initiative of the patient is required.
[GP5]

GPs stressed their concern over socially isolated older patients
and their perceived limited influence on psychosocial factors
(eg, social support). All participants stated that they addressed
common risk factors in their practice but added that they are
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often unsure whether patients follow their recommendations.
In the experience of GPs, patients often know about broad
components of a healthy lifestyle and cardiovascular risk factors
for illnesses, but not for dementia in particular:

[I do not mention risk factors] at every contact, but
I especially use check-ups and so on to ask: how do
you exercise. I always ask about alcohol, and, of
course, their daily routine and such things. There, I
often talk about what would be good to do more of
and what to do less of. But if me addressing it [risk
and protective factors for dementia] is enough, that
is always hard to say. [GP8]

One GP mentioned that they addressed lifestyle factors in
general but did not give patients any recommendations regarding
diet, due to limited potential for improvement:

[Regarding diet] I wouldn’t say that they [patients]
should limit themselves or do less of anything.
Disregarding alcohol, but nothing else. So, I wouldn’t
say they need to up their vitamins, because of Vitamin
C... I don’t see relevant potential there. [GP9]

Chances for eHealth Apps for Dementia Risk
Reduction
GPs perceived eHealth apps for dementia risk reduction mostly
as a chance to standardize patient education and integrate social
factors into care. Strengthening self-efficacy and motivating
patients was another point mentioned by participating GPs:

It really is mostly about relatives who would be very
interested in helping their spouse, for example. Or
help their parents. And then, of course, if a patient
isn’t able to educate themselves about this application
or read everything, with the help of relatives it would
be very appreciated. I think that makes sense. [GP3]

One GP mentioned the ability to self-administer screening tests
before appointments as a chance to improve care:

[I would use it] just how I recommend a good
depression scale if I know one, check yourself for
depression. There it says a bit more, for example,
moderate depression, and then I would offer to check
with me again. [GP9]

Development of eHealth Apps for Dementia Risk
Reduction
GPs characterized suitable patients for eHealth apps for
prevention as high in health literacy and self-efficacy. Especially
younger patients and patients with high media literacy were
named as suitable for eHealth apps for dementia risk reduction.
Accordingly, patients who would be unsuitable for such
measures were characterized as older individuals or those who
lived alone without help:

But the older people who are alone, I don’t think they
could manage to do that. If I imagine two 85 year old
seniors here, no. And one of those has dementia...
They rather have questions like, how do I turn on the
phone? And then getting to an application, that is
really hard. [GP6]

Barriers to eHealth Apps for Dementia Risk Reduction
GPs mentioned they were worried that early preventive measures
for at-risk patients could increase anxiety and worries about
dementia in patients. They also argued that patients who would
be likely to use these measures are both already overly anxious
and therefore already active. This perception would limit the
effectiveness and likeliness of use for GPs severely.

One GP elaborated that it would be important for them to use
eHealth only for supporting already existing care and explicitly
communicate barriers of eHealth and limitations of prevention
for dementia. As an example, this GP listed individualized
recommendations for lifestyle changes from an eHealth app.

Implementation of eHealth apps for Dementia Risk
Reduction
To implement eHealth apps for dementia risk reduction into
their care, GPs mentioned that they would need to have an
overview of the information provided by the app to administer
its use. Furthermore, GPs emphasized a high degree of
accessibility in terms of ease of use and low complexity.
Reliable privacy policies and free use were mentioned as key
factors for recommending such measures to patients. Most GPs
advocated supervised use of preventive measures by qualified
personnel (eg, GPs, psychologists, and nurses):

I imagine a certain type of older person at their
computer, entering their data and the application
says: “you have moderately severe dementia.” And
I don’t want to imagine that patient alone with their
computer. [GP5]

Further ideas of GPs were integrating recommendations for
eHealth apps for prevention into routine check-ups or
cooperating with nursing services that can assess the need for
lifestyle changes. Finally, one GP mentioned a lack of
information regarding existing preventive measures for GPs
and wished for vocational training, published guidance, and
personalized letters or emails.

Discussion

Principal Findings
To the best of our knowledge, our study is the first to use a
qualitative approach for examining GPs’views on eHealth apps
for dementia risk reduction, interviewing 9 German GPs working
in an outpatient setting. Overall, GPs named more positive than
negative aspects of eHealth apps for dementia risk reduction
and displayed a balanced but positive attitude toward them. It
is noteworthy that participants frequently steered the
conversation toward early dementia diagnosis or dementia care
management, although the questions focused on dementia
prevention. This was also reflected in the coding system, as GPs
frequently noted that they only addressed dementia when
abnormalities were present and that patients’ need for
information concerns only diagnostic and treatment options.
Existing research has established that GPs are reluctant to
perform early dementia diagnosis due to uncertainty, which
seems to extend to dementia prevention [22]. Our findings may
aid in the development and implementation of eHealth apps for
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dementia prevention and to inform discussions about acceptance
and attitudes of eHealth apps for dementia risk reduction with
primary care givers in Germany.

According to the typology of eHealth implementation theories
developed by Heinsch et al [23], respective theories can fall
into the 5 categories of centering agency, structure, relations,
meaning, and norms. Agency-centered theories focus on an
individual’s actions, beliefs, and attitudes as opposed to other
theories that center, for example, on organizational environments
or interactional processes. The topics covered by our participants
are highly compatible with agency-centered theories, as there
was no mention of structural, organizational, or other factors.
Particularly, the Technology Acceptance Model (TAM) and the
Unified Theory of Acceptance and Use of Technology (UTAUT)
were reflected in our coding system. TAM proposes that
technology acceptance and use are affected by perceived ease
of use, perceived usefulness, and subjective norms, all of which
were most frequently mentioned by our participants. UTAUT
proposes that the intention to use eHealth apps is affected by
effort expectancy, performance expectancy, social influence,
facilitating conditions, and habit [23]. Effort expectancy and
performance expectancy were factors GPs talked about in-depth,
while social, environmental, and habitual factors only played a
minor role, for example, for practical implementation purposes,
such as delegating the use of eHealth app to staff. Addressing
dementia due to high risk or during routine checkups was only
mentioned 4 times. Therefore, many GPs seem to show little to
no regard for primary prevention and dementia risk reduction,
which is in line with recent findings from the Netherlands [6]
and the United Kingdom [8], where GPs stated that they did
not address dementia prevention or risk reduction with their
patients in routine care.

According to the interviewed GPs, patients want to receive
individualized information and apps they can work at their
tempo. The social environment and relatives should be included
in the use of the app. In addition, apps should be designed
sensitively so as to not cause or reinforce worries regarding
dementia and give realistic goals and expectations.

There seems to be a need for information on the part of patients,
as GPs predominantly perceived their patients’knowledge about
dementia as low. This indicates potential for increasing
knowledge, for example, via eHealth apps for dementia risk
reduction. Patients seem to have no interest in information on
prevention of dementia, and risk factors can be attributed either
to no interest in these aspects or, in our eyes more likely, to no
knowledge about modifiable dementia risk factors [14,24].
When patients are unaware of a link between lifestyle and
dementia risk, they have no reason to seek out their GP for
information.

In an earlier study, older patients expressed the wish for eHealth
services to be integrated into usual GP treatment and had
favorable opinions toward eHealth services when they
supplemented care [25]. Congruently, GPs were generally also
in favor of individualized risk assessment and lifestyle
recommendations. In a recent study [26], only a small number
of interviewed GPs saw self-monitoring as a useful area for
implementation of eHealth apps for prevention measures.

In accordance with these findings, the use of eHealth apps for
dementia risk reduction was also only addressed by one GP in
our study, while the use for psychosocial care was generally
favored. In existing research on the perception of internet-based
and digital health apps in general, physicians see a variety of
advantages and potential uses, particularly for preventive
measures and lifestyle modifications [26-29]. A meta-analysis
reported small to medium effect sizes for eHealth interventions
for brain health on subjective and cognitive performance as well
as risk profiles for dementia [13]. More recent studies showed
beneficial intervention effects on risk factors for dementia in
middle aged and older adults [30,31]. Communicating respective
findings regarding eHealth interventions for dementia risk
reduction to GPs might increase practitioners’ interest and
convince them of their potential effectiveness. Against this
background, raising awareness for the potential of dementia
risk reduction and the role that eHealth interventions might play
in this regard among GPs seems necessary to maximize the
potential of risk reduction strategies.

Tying in with earlier studies [26], GPs stressed free access and
ease of use. In addition, GPs felt unsure navigating the variety
of digital health apps and wished for scientifically evaluated
effectiveness to find appropriate apps. Despite the currently
explorative stage of research, our results fit well into existing
studies and allow us to draw narrow conclusions about the
preventive use of internet-based or digital health apps for
dementia risk reduction. A previous review identified wrongful
data use, cost, and lack of quality of care as topics that concern
patients the most regarding digital health apps and this fear
seems to be warranted [32]. Therefore, potential eHealth apps
for dementia risk reduction should prioritize no costs for patients
in their financial planning if they want to ensure maximum use
by GPs and patients alike. Similar to the studies that attribute
the low use of digital health apps in practice to concerns
regarding safety, interviewed GPs in our study also frequently
mentioned security concerns and privacy issues. The most
frequently named concerns in our study (limited use, low effects,
and inducing anxiety and worries) can be explained both within
the theoretical frameworks of TAM and UTAUT, as they seem
to reflect the factors of perceived usefulness (TAM) and
expected performance (UTAUT). A recent study with a similar
design to our study from the United Kingdom also found that
the fear of inducing health anxiety seems to be common in GPs
regarding dementia prevention [8].

Another perceived barrier not mentioned in previous studies
was that eHealth apps for prevention measures would only be
used by patients with (1) high anxieties and worries regarding
dementia, (2) high self-efficacy, or (3) high health literacy,
thereby limiting potential. Generally, existing research suggests
that digital health interventions improve health literacy [33,34].
However, the use of digital health apps is affected by structural
inequalities, such as low socioeconomic status, ethnicity, and
education status, which contribute to disparities in health literacy
as well as use of additional health education programs [35]. In
contrast, eHealth interventions can use various channels to
provide information, for example, audiovisual or interactive
formats, which may facilitate the inclusion of older adults with
lower levels of education or health literacy [36]. This view was
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also expressed by one of the GPs in our study (GP8). Previous
studies indicate that the effects of digital health app use on
health behaviors could be mediated by self-efficacy [37], which
is a different effect than the one frequently proposed by our
participating GPs (eHealth apps increase knowledge for already
motivated patients) and could be communicated to GPs
interested in the mechanisms of future internet-based preventive
measures. An earlier study focusing on older adults in a low
socioeconomic community found increased computer health
literacy and self-efficacy because of a targeted computer
intervention [38]. The GPs in our interviews also focused on
increased self-efficacy and participation of patients and their
social environments as one of the most promising factors for
the use of eHealth apps for prevention measures. The barriers
discussed by our participants and the concerns over
implementation into routine care seem to reflect a fear of a lower
quality of care or a loss of trust between the physician and the
patient when relying too heavily on digital apps. The review by
Ramachandran et al [39] on the impact of eHealth on
relationships and trust in primary care shows that eHealth apps
can even increase trust when patients perceive that they are
receiving personalized and collaborative care. This indicates
that GPs could be more in favor of eHealth apps for dementia
prevention when used in a hybrid care model, where GPs use
eHealth prevention tools when assessing high dementia risk in
a patient. Our results allow a potential investigation of the role
of eHealth apps that GPs would prefer, although the integration
into routine care is a longstanding debate with many more
factors to consider [40-42]. It would be interesting to see future
evaluations of eHealth apps for prevention measures include
constructs, such as self-efficacy, perceived usefulness,
physician-patient trust, and measurement of possible covariates
that might influence the effect of eHealth apps for prevention
measures. Research based on social cognitive theory has
consistently found that self-efficacy facilitates a change and

uptake of change in health behaviors [43] and is, therefore, a
relevant outcome for evaluative studies that test digital health
apps.

GPs mentioned both a lack of overview of existing apps and
their respective content and were unsure about how to integrate
them into their clinical practice. Therefore, eHealth apps should
be designed in a way that frequently refers to the GP in a
primary care setting, for example, via having tips that direct
patients to their GP. Furthermore, referral to eHealth apps by
trusted sources like GPs has been suggested as a promising
approach to increase older adults’ interest in eHealth tools [35].
This could serve to strengthen the role of the GP in providing
care and reduce unrealistic expectations of patients regarding
the possibilities of the app, reducing 2 important barriers at
once. To maximize cooperation with GPs, internet-based
prevention measures should serve a clear and identifiable role
in the care of patients, for example, as part of comprehensive
psychosocial care provided by the GP or part of self-monitoring
in-between appointments. Developers of eHealth interventions
aimed at brain health and dementia risk reduction might benefit
from cooperation with GPs early on in the process of designing
interventions. Furthermore, offering concise information for
GPs on the device, that is, contents, target group, administration
in GP practice, and tutorials for GP practice could further
enhance acceptance of eHealth tools among GPs and strengthen
cooperation between researchers, developers, and practitioners
toward the goal of dementia risk reduction [4]. A possible
application for eHealth interventions for dementia risk reduction
and other digital health apps should further focus on
supplementing in-person health care to increase health literacy
and mend care in areas with weak health infrastructure or
particularly hard to reach patients [34,38,45,46]. Textbox 1
summarizes recommendations for the development and
implementation of eHealth tools for dementia risk reduction,
as expressed by participating GPs.

Textbox 1. Recommendations for design and implementation of eHealth tools for dementia risk reduction.

• Ease of use, low complexity: relevant information is readily traceable within the eHealth tool, intuitive navigation

• Individualized recommendations: provide guidance and recommendations based on individual dementia risk profiles and stage of motivation for
behavior change

• Sincerity about the potential for dementia prevention: avoid overemphasizing individual means of risk reduction (eg, “risk reduction” instead of
“prevention”)

• Inclusion of partners and relatives: provide means for partners or other relatives to interact with the eHealth tool, for example, to coach patients
in using the app

• Privacy and data protection: ensure privacy of user data, prohibit wrongful transfer of participant data to third parties

• Accessibility: provide the eHealth tool free of cost, easily findable in app stores

• Inclusion of general practitioners (GPs) and other health professionals: provide structured information on available eHealth tools for dementia
risk reduction, including evidence of effectiveness, for GPs. Train health professionals (GPs, medical assistants, nurses, psychologists, etc) in
the use of the app to facilitate supervision of patients’ use of eHealth tools

Discussion of Methods
Qualitative research does not allow direct comparability via
quantified scores and readily defined constructs. However, this
tradeoff allows a more accurate depiction of ambivalences,
subtleties, and possibly contradicting opinions that would be
lost if focusing on rigorously established scales. Therefore, we

decided on a structured, but explorative design to gain as broad
of an insight as possible. Using the qualitative research approach
of Mayring [18] in formulating the interview guide and data
analysis with a very high degree of structure, validity, reliability,
and generalizability, we hope to provide robust information.
This procedure seems particularly appropriate, given the novelty
of eHealth apps for dementia risk reduction.
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Strengths and Limitations
Our study assessed a timely topic for means of dementia risk
reduction, that is, the use of eHealth apps. GPs can play a major
role in providing recommendations for lifestyle changes to
reduce dementia risk. Therefore, assessing GPs’attitudes toward
eHealth for dementia risk reduction may likely provide useful
evidence for both the design and implementation of apps, as
well as uptake and acceptance by patients. Still, certain
limitations need to be considered when interpreting our findings.
Although the interviews focused on primary prevention, that
is, dementia risk reduction, several GPs referred to the use of
eHealth for secondary prevention in our study. Furthermore,
heterogeneity in participating GPs’ age may have influenced
our findings. It might be possible that younger participants may
generally be more familiar with eHealth tools, while GPs in
their 50s might be less accustomed to apps, possibly rendering
them more skeptical toward eHealth for dementia risk reduction.
To ensure the timely execution of interviews and due to time
constraints of the project, GPs were recruited from established
networks of GPs, raising the risk of selection bias and resulting
in a rather homogeneous sample. Because we aimed to keep
effort for GPs to a minimum, we only assessed limited
sociodemographics and further information about GPs. A larger,
more diverse sample recruited across various channels may
improve the generalizability of findings in future studies.
However, this study aimed to provide a first insight into German
GPs’ attitudes toward eHealth for a fairly new topic, that is,
dementia risk reduction. We are confident that our findings
provide valuable insights that can inform larger-scale surveys
on the topic as well as the design of eHealth interventions aimed
at reducing dementia risk.

Implications and Recommendations for Future
Research
Future eHealth interventions for brain health could be developed
and implemented as part of a blended care approach, similar to
strategies already used in psychiatry and primary care [47-49].
Considering the intended form of use (eg, directly supervised,
supported use in between appointments) before developing the

app and its features would allow increased performance
expectations and better evaluation. As lifestyle interventions
aim to induce behavioral change, future studies for developing
and evaluating eHealth apps for brain health should include
measures that can assess the constructs that are intended to
induce this behavioral change alongside relevant outcome
measures. Along with general efficacy and effectiveness
evaluations, this could allow a better understanding of not just
if eHealth apps for prevention measures work but how they
work, as few available interventions include comparable
constructs (eg, changing health beliefs, increasing self-efficacy,
and introducing or improving existing health behavior). A
proof-of-concept study evaluating the Dutch MijnBreincoach
app indicated no change in beliefs and attitudes despite positive
evaluations [50], whereas in another study, the same app
improved adherence to the Mediterranean diet, BMI, and
knowledge of dementia risk reduction [30]. We recommend
that future researchers rely on unified theory-based
questionnaires for health beliefs, such as the Motivation to
Change Lifestyle and Health Behaviors for Dementia Risk
Reduction scale [51].

We further propose that researchers and developers consider
the needs and concerns of GPs named in this study and similar
studies to increase acceptance and adoption by practitioners.
Similarly, the factors influencing user acceptance should be
assessed to make future interventions valuable to practitioners
and patients alike. The development of future interventions
should prioritize tailoring and personalization of eHealth apps
for dementia risk reduction. Features, recommendations, and
information given should be relevant to the individual patient
and provide a positive approach toward change of lifestyle
factors, without raising or increasing fear of dementia in users.
Finally, future research should pay attention to general health
inequalities and access to eHealth apps for dementia risk
reduction [34,35,46]. Understanding existing disparities in
access, use, and outcomes among populations with different
socioeconomic backgrounds can allow equitable distribution
and ensure that interventions reach those who need them.
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Abstract

Background: Perception-related errors comprise most diagnostic mistakes in radiology. To mitigate this problem, radiologists
use personalized and high-dimensional visual search strategies, otherwise known as search patterns. Qualitative descriptions of
these search patterns, which involve the physician verbalizing or annotating the order he or she analyzes the image, can be
unreliable due to discrepancies in what is reported versus the actual visual patterns. This discrepancy can interfere with quality
improvement interventions and negatively impact patient care.

Objective: The objective of this study is to provide an alternative method for distinguishing between radiologists by means of
captured eye-tracking data such that the raw gaze (or processed fixation data) can be used to discriminate users based on
subconscious behavior in visual inspection.

Methods: We present a novel discretized feature encoding based on spatiotemporal binning of fixation data for efficient geometric
alignment and temporal ordering of eye movement when reading chest x-rays. The encoded features of the eye-fixation data are
used by machine learning classifiers to discriminate between faculty and trainee radiologists. A clinical trial case study was
conducted using metrics such as the area under the curve, accuracy, F1-score, sensitivity, and specificity to evaluate the
discriminability between the 2 groups regarding their level of experience. The classification performance was then compared
with state-of-the-art methodologies. In addition, a repeatability experiment using a separate dataset, experimental protocol, and
eye tracker was performed with 8 participants to evaluate the robustness of the proposed approach.

Results: The numerical results from both experiments demonstrate that classifiers using the proposed feature encoding methods
outperform the current state-of-the-art in differentiating between radiologists in terms of experience level. An average performance
gain of 6.9% is observed compared with traditional features while classifying experience levels of radiologists. This gain in
accuracy is also substantial across different eye tracker–collected datasets, with improvements of 6.41% using the Tobii eye
tracker and 7.29% using the EyeLink eye tracker. These results signify the potential impact of the proposed method for identifying
radiologists’ level of expertise and those who would benefit from additional training.

Conclusions: The effectiveness of the proposed spatiotemporal discretization approach, validated across diverse datasets and
various classification metrics, underscores its potential for objective evaluation, informing targeted interventions and training
strategies in radiology. This research advances reliable assessment tools, addressing challenges in perception-related errors to
enhance patient care outcomes.
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Introduction

Lung cancer is the leading cause of cancer death, claiming
139,000 American lives yearly [1]. To mitigate its impact, the
US Preventative Task Force recommends annual radiological
screening for at-risk individuals [2]. Radiologists identify
suspicious lung lesions (nodules) from patient chest images and
recommend further management, including biopsy, continued
surveillance, or further workup. Radiological surveillance
reduces population mortality from lung cancer, but it is
estimated that radiologists will make errors on 33% of abnormal
chest exams, eliminating the chance for patients to start
lifesaving treatment [3]. The predominant source of these errors
is not deficient medical knowledge. Rather, errors primarily
stem from the methods radiologists use to visually inspect the
image, referred to as perceptual errors [4]. In other words,
perceptual errors in radiology are mistakes that occur during
the visual inspection and interpretation of medical images. They
are distinct from cognitive errors, which involve incorrect
reasoning or decision-making based on observed information.
There are 2 primary patterns for overlooking a disease due to
perceptual errors:

• Examining the affected area but ignoring the disease: This
occurs when the radiologist inspects the region with the
abnormality but fails to recognize it, possibly due to subtle
presentation, distractions, or visual fatigue.

• Not examining the affected area: This happens when the
radiologist misses the region with the abnormality entirely,
often due to inefficient search patterns, incomplete scanning,
or being misled by more prominent findings elsewhere.

Kundel [5] investigated the effects of perceptual errors in
radiology and concluded that decisions and outcomes improve
when radiologists’ experiences are enhanced.

Radiologists and radiology educators understand the stakes
associated with missed diagnoses due to perceptual errors but
have limited tools to combat these errors. Classical educational
texts include general concepts, for example, “...scan the areas
of least interest first, working toward the more important areas”
[6], which, unfortunately, are inadequate to improve radiologist
performance meaningfully.

Eye-tracking technology has been previously proposed as a tool
to evaluate radiologist perception. Eye trackers are powerful
because they provide high (>30 Hz) temporal and spatial
resolution (approximately 1 degree of error). With the aid of
eye tracking, quantitative analyses can be performed to
understand the cognitive and perceptual processes better.
Eye-tracking technology has previously proven relevant in
evaluating decision-making processes [7], attention interruption
[8], skill level determination [9], and impact of search pattern
education [10].

In 2017, van der Gijp et al [11] performed a systematic literature
review outlining the current state of science concerning visual
perception in radiology. A key tenet is the global-focal search
model [12-14], which can be summarized as the generation of
an initial, fast global impression followed by a more detailed
focal search. Eye-tracking technology allows these principles
to be tested and potentially optimized to evaluate all clinically
relevant portions of the exam in greater detail. Of the 22 relevant
articles van der Gijp et al [11] reviewed, a consensus
“traditional” feature set consisting of 5 features that could be
experimentally measured was found to be associated with
expertise.

Despite the development of this consensus feature set, visual
search complexity may not be adequately captured by simple,
low-dimensional features that do not fully describe how visual
perception relates to skill. Machine learning is well-suited to
provide deeper insight into radiologist visual search behavior
and how this relates to radiologist performance. Waite et al [3]
highlighted the importance of understanding perceptual expertise
in radiology and the potential use of eye-tracking and perceptual
learning methods in medical training to improve diagnostic
accuracy. Lim et al [15] identified several features that can be
extracted from eye-tracking data, including pupil size, saccade,
fixations, velocity, blink, pupil position, electrooculogram, and
gaze point, to be used in machine learning models. Among these
features, fixation was the most commonly used feature in the
studies reviewed.

Shamyuktha et al [16] developed a machine learning framework
using eye gaze data such as saccade latency and amplitude to
classify expert and nonexpert radiologists. Harezlak et al [17]
investigated eye movement traits to differentiate experts and
laymen in a similar study. Akshay et al [18] proposed a machine
learning algorithm to identify eye movement metrics using raw
eye-tracking data. Rizzo et al [19] used machine learning to
detect cognitive interference based on eye-tracking data. Öder
et al [20] applied machine learning to classify familiar web users
based on eye-tracking data. Indeed, these techniques can be
used to enhance competency assessment and feedback
techniques in radiologists.

Eye tracking also holds the potential for understanding the
longitudinal aspects of competency progression in medical
education, allowing for examining how interpretive and
diagnostic skills develop over time. Karargyris et al [21] and
Bigolin Lanfredi et al [22] created and validated chest x-ray
datasets with eye-tracking data and report dictation for
developing such artificial intelligence systems. These datasets
aim to support the research community in developing more
complex support tools for radiology research.

In this study, we use machine learning to compare the
discriminability of 2 radiologists of different skill levels using,
first, the aforementioned “traditional” gaze-based features (such
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as time to scan, saccade length, the total number of fixations,
and total regressive fixations) [11] and second, the “proposed”
features that we developed to describe high-dimensional visual
search patterns thoroughly and quantitatively. We curate the
traditional feature sets to those that could be practically acquired
without laborious manual ground truthing of exams, as this
would permit large-scale deployment of this technology to health
care institutions. To highlight the use of eye-tracking data and
artificial intelligence, we term our general approach “biometric
radiology artificial intelligence.”

The driving hypothesis behind the work presented in this paper
is that gaze patterns measurably differ among radiologists as a
function of their experience level. To test this hypothesis, we
proposed a novel discretized feature encoding method that

condenses fixation data into a few representative spatiotemporal
bins for descriptive and predictive analytics purposes (Figure
1). With spatiotemporal binning, fixations are divided into a
predefined number of temporal segments (bins). Within each
temporal bin, the fixations are counted within spatial
subdivisions of the image. This process results in a vector that
captures detailed and structured information about both where
and when fixations occurred. By splitting fixations into temporal
bins, we capture the evolution of the visual search process over
time, providing insights into how radiologists allocate their
attention during different phases of image inspection. Also,
spatial binning allows us to understand which regions of the
image are being focused on and how frequently. In addition,
this method transforms raw fixation data into structured features
that can be effectively used by machine learning models.

Figure 1. Overall algorithm: the steps required to generate proposed features from the raw dataset and build the proposed machine learning model.

We collected the gaze fixation data from radiologists while they
were reading the x-rays. These data were then segmented into
fixed temporal groups before discretizing them to convert them
into final encoded vectors. The final encoded features were then
used in training machine learning algorithms to classify
radiologists.

Collecting data from 2 participants—1 faculty member (expert)
and 1 resident (trainee)—we analyzed their behavior and level
of experience using the proposed approach. Using stratified
cross-validation over 10 folds, we compared the area under the

curve (AUC) performance of several classifiers using the
proposed methodology with the AUC performance of those
same classifiers when using a traditional feature set (Table 1).
We then confirmed our results using data from a second
similarly designed, larger study evaluating 8 participants—4
faculty members (expert) and 4 residents (trainee). The
remainder of the paper is structured as follows: Methods presents
the data collection and preparation procedures and details of
the proposed method; Results describes the simulation study
and interpretation; and Discussion presents the discussion,
concluding remarks, and advice to practitioners.
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Table 1. State-of-the-art features from 22 relevant studies.

Association with high level of expertise (percentage of the
total number of included studies)

Attribute descriptionAttribute (per trial)

Decrease (45.45%)Measures the total duration spent scanning the chest x-ray
image, indicating the thoroughness of the visual inspection

Total time to scan

Increase (4.55%) or decrease (4.55%)Counts the number of distinct locations revisited during
the scan, suggesting areas of uncertainty or interest

Regressive fixation count

Decrease (18.18%)Total number of fixations, reflecting the intensity of the
visual scrutiny

Fixation count

Increase (9.09%) or decrease (4.55%)Sum of all saccade lengths, indicating the extent and pattern
of the visual search (time between fixations) [23] captured
in a single chest x-ray scan

Total saccade length

Increase (9.09%) or decrease (9.09%)Percentage of salient regions covered by the gaze, reflecting
the comprehensiveness of the examination

Coverage

Methods

Study Design, Data Collection, and Preparation

Overview
The study design was prospective, controlled, block-randomized,
and Institutional Review Board (IRB) approved. Each study
participant completed 4 roughly 1-hour sessions in a radiology
reading room, including tutorial, calibration, assessment, and
annotation periods. The tutorial included an overview of the
assessment period and instructions on how to perform dictation
and annotation consistently. Calibration was performed to ensure
that recorded and actual gaze were consistent based on a 9-point
custom calibration mapping script.

Nodule and normal cases were derived from the Shiraishi 2000
chest radiograph dataset [24], which includes 154 chest
radiographs with 5 degrees of subtlety from level 1 (extremely
subtle) to level 5 (obvious). Distractor cases were derived from
the VinDr chest radiograph dataset [25]. A total of 3 sets of 6
nodule cases from the Japanese Society of Radiological
Technology dataset, 1 set each from the intermediate difficulty
levels (2, 3, and 4), and 1 set of 9 normal cases from the
Japanese Society of Radiological Technology dataset were
randomly sampled without replacement. In total, 2 cases each
of pneumothorax, cardiomegaly, and consolidation from the
VinDr dataset were randomly sampled without replacement to

serve as distractor cases. These distractor cases functioned
mainly to prevent control subject bias to the nodule detection
task. Each participant reviewed the exams only once during the
trial, and all study participants reviewed the same set of cases.

A custom software tool was developed to automatically display
the study images and capture time-stamped bilateral gaze,
bilateral pupil, head pose, voice, annotation, and image display
configuration data. No chin rest was used to ensure that the
study was performed in a manner that was as close as possible
to a clinical setting. After each session, data were transferred
to a database for further analysis.

Data Acquisition
In the first study, the EyeLink 1000 eye tracker and software
were used to collect eye-tracking data [26]. A total of 2
participants—1 faculty member (9 years of faculty experience)
and 1 resident (3 years of trainee experience)—observed a series
of chest x-ray images, which contained a balanced class
composition of normal scans (no abnormalities), abnormal scans
(mass or nodule present), or abnormal scans with pleural
effusion. A total of 110 trials (55 trials were studied by each
participant) were recorded. We leveraged the EyeLink suite to
remove most artifacts, such as blinks, from the eye-tracking
data captured in each participant’s trial and manually filtered
remaining artifacts, such as off-screen distractions left
unprocessed (eg, the far-displaced fixations in Figure 2).
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Figure 2. Example of eye-tracking fixations for 1 trial processed by the EyeLink software. The fixations illustrated include participants 1 (blue) and
2 (red) superimposed on the image displayed during the trial. The “invalid” fixations that were not successfully filtered out are shown as “x” markers
and were manually removed during data processing.

In the second study, a Tobii 5L eye tracker was used [27]. This
second dataset included 8 participants (4 faculty with an average
of 12.75 years of faculty experience and 4 trainees with 2.25
years of trainee experience), each scanning the same set of 27
images. The Tobii gaze data were unprocessed to evaluate the
robustness of the proposed method to fixation postprocessing.

Common (Traditional) Features
To establish a necessary baseline to which the proposed
methodology can compare, several attributes were established
based on a meta-analysis done by van der Gijp et al [11] in
2017. The baseline is used for two main reasons: (1) traditional
features are well-known and correlate with radiologist expertise,
serving as a necessary reference point to evaluate our proposed
method’s effectiveness, and (2) comparing our novel discretized
vector encoding method against this baseline demonstrates the
added value, improved classification accuracy, and robustness
of our new approach. We separated those features based on if
they required ground truthing of exams. Meanwhile, ground
truthing of medical exams is costly and time-consuming as it
involves manual annotation by experts, which also limits the
scalability of the method. In addition, reliance on ground truth
annotations can introduce biases and errors, as the annotations
themselves might vary between experts, which limits
applicability and transferability to real-world applications.
Consequently, features that required knowledge of the image
abnormalities’ ground truth location (ie, area of interest) were
removed: fixation duration on the area of interest, number of
fixations on the area of interest, and the time between trial start
and the first fixation on the area of interest. This ensures that
the proposed approach can be more easily and widely applied
in clinical settings without the need for extensive preparatory
work. It also helps mitigate potential variability and subjectivity
in the training data, leading to more robust and generalizable
models. Furthermore, by excluding features tied to known
locations abnormally, we can better capture inherent differences

in visual search patterns between experienced and less
experienced radiologists.

Table 1 summarizes the remaining attribute names, descriptions,
and expected association with levels of expertise. All features
were used as originally defined except for coverage. Salient
regions refer to areas of an image that are not part of a peripheral
black background. This is typically necessary because users
may be viewing scans with different amounts of background
area. As noted previously, we used the Tobii gaze data without
fixation postprocessing. For evaluating traditional features using
fixations in the Tobii dataset, we substituted raw gaze data with
fixation data. For purposes of clarity and brevity, we use
fixations and gaze interchangeably for the remainder of the
paper.

Proposed Approach: Discretized Vector Encoding for
Fixation Data
Here, we describe the proposed method for directly using the
fixation patterns as an alternative approach to using the current
and previously described attributes in Table 1. The proposed
strategy aims to extract information from fixations in the
following 2 ways: first, geometric alignment: this involves
mapping the coordinates of eye fixations on the chest x-ray
images into a Cartesian grid. Each fixation is assigned to a
specific grid cell based on its position, such as the Cartesian
locations of the fixations when displayed on a chest x-ray image.
Second, temporal order in which the fixations appear: the order
in which fixations occur is crucial. Fixations are split into
temporal bins, preserving the sequence of visual inspection. For
each trial with recorded fixation data, we split the fixations into
t number of temporal bins (each bin covers “total time divided
by the number of bins in seconds”) or groups before counting
the number of fixations captured within square grids or
subdivisions of size x. Then, the t number of x-by-x grids is
encoded into a single vector of size 1-by-(x×x×t). The overall
procedure is described in pseudocode in algorithm 1 (Textbox
1) and illustrated in Figure 3.
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Textbox 1. Discrete vector encoding for fixation data.

Algorithm 1: Vector encoding for fixation data

• Input

• n-Fixation coordinates of a single trial, F[n×2], number of x- and y-axis subdivisions, (x,y), number of temporal groups, (t)

• Output

• Encoded vector, V[1×(t×x×y)]

• Initialize

• Create array A[t×x×y] and centroids C[(x×y)×2] corresponding to the center of each grid subdivision (defined by second and third indices of A

• Evenly split fixations into t-groups, T = ([F1, F2,  ]1,  , [ , F(n-1) Fn ]t)

• Procedure

• For i= 1 →>t do:

f = Ti

For j = 1 → len (f) do:

C*=argmin (|| C-fj ||)

A [i, Cx
*, Cy

*] += 1

V = vec(A)

Return V

Figure 3. Proposed discretized vector encoding for fixation data. Bins 1, 2, and 3 capture fixations in a preserved spatial dimension across different
temporal windows. Each row represents a temporal bin, and within each bin, the chest x-ray image is divided into spatial grids. The fixations are counted
within each grid cell, providing a detailed representation of the radiologist’s visual search pattern over time.

In Figure 3, participant 1 inspects a single chest x-ray image;
the processed fixations are captured as illustrated gold squares
with red edges, with the first fixation labeled as a blue cross
and the last fixation visualized as a magenta star. In this
example, the fixations are split into 3 temporal segments (Step
1), in which 3-by-3 grids count the number of fixations within
them (Step 2). Then, the proposed algorithm outputs the final
encoding vector as the flattening and concatenation of the set
of 3-by-3 grids (Step 3). For a given (square) grid of size x and

t number of temporal segments, the final yielded output vector
is of length, regardless of trial temporal duration. Segmenting
the raw data into fixed temporal segments is one of the benefits
of this approach and a strategy developed and imposed to
generate consistent numbers of variables on the encoding output
across different trials. As the number of fixations across each
trial can vary between participants, fixing the number of
temporal segments allows the capturing of trial duration while
conforming to a prescribed number of grid subdivisions and
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temporal groups. For example, with Figure 3 as a reference, the
final encoded vector will yield a vector with larger values therein
for longer trials and yield a sparse vector (with lower values or
values of zero) for shorter trials. Users can increase the fidelity
of the grid and the number of time groups to represent a
continuous spatiotemporal domain more closely. It is notable
that the proposed methodology possesses the capability for
tensor configuration for use in deep learning architecture by
using t layers of grids. This tensor configuration is not studied
in the paper due to the small sample size. The introduced
technique is designed with more accessible or simpler classifiers
in mind.

Performance Metric and Simulation Setup

To evaluate the discriminability of participants using the
proposed approach, we use a stratified-fold cross-validation to
calculate the AUC metric for several classification models,
where each of the folds contains 5 trials from both levels of
experience as the hold-out set. The study was performed on the
data acquired by the EyeLink and Tobii equipment separately,
and the following sections will contain an elaboration on their
respective results. We performed cross-validations on a
full-factorial configuration of 5, 7, 10, and 15 square grid
subdivisions and 3, 5, 10, and 20 temporal groupings and
selected the settings for each classifier that yielded the best
results. In the presentation of these results, the average scores
were calculated by computing the AUC metrics at the lowest
level (data acquisition method, classifier, data type, feature
extraction method, grid-size, temporal-group, and
cross-validation seed) and averaged to the presented levels of
granularity. Given the small sample size of 110 (EyeLink
dataset) and 216 (Tobii dataset) trials, and high dimensionality
in the chosen configurations (up to 4500 encoded variables in
our study), there are available pathways that we have used to
alleviate the effects of the curse of dimensionality present [28],
such as principal component analysis (PCA) [29] and kernel
principal component analysis (KPCA) [30]. The feature
extraction and dimensionality reduction methods used include
reducing the input data to 2 dimensions (with varying amounts
of explained variance) and fixing the amount of variance
explained to 50%, 90%, and 99% (with varying numbers of
dimensions). These techniques were used not only to reduce
the density of the data but also to introduce an additional
preprocessing step that leverages the spectral decomposition of
data collected from each participant.

Some of the major reasons for considering PCA and KPCA
instead of the other alternatives include the following: PCA and
KPCA are among the most popular method of dimensionality
reduction; most technical practitioners, especially in the field
of medicine, are familiar with PCA and KPCA; PCA and KPCA
have rigorous mathematical properties and commonly used
baseline methods in statistical analysis; and PCA and KPCA

have relatively low computational complexity compared with
many of the other shallow and deep alternatives.

All the codes were written using Python. The used libraries and
versions are as follows: matplotlib (3.7.1), seaborn (0.12.2),
tqdm (4.65.0), scipy (1.8.0), scikit-learn (1.0.2), xgboost (1.7.5),
GPy (1.10.0), numpy (1.21.6), pandas (2.0.1), and joblib (1.2.0).

Ethical Considerations
This study was conducted in full compliance with human
participant research ethics and was reviewed and approved by
the University of Texas Health San Antonio Institutional Review
Board (20190533HU). All participants were fully informed
about the purpose and procedures of the study, and informed
consent was obtained before their inclusion. To ensure the
privacy and confidentiality of participant data, all identifying
information was removed to anonymize the dataset before
analysis. Furthermore, participants were compensated $400
USD for their time and involvement in the study.

Results

Competing Algorithms and Training
In this study, we use the Gaussian process, logistic regression,
and k-nearest neighbors classifiers from the Scikit-learn [31]
package; the extreme gradient boosting (XGBoost) [32]
tree-based ensemble classifier; and a modified AlexNet [33]
deep learning classifier. The Scikit-learn classifiers were
selected for their accessibility to users, while the XGBoost and
AlexNet-like neural networks were chosen as more complex
classifiers. The logistic regression, k-nearest neighbors, and
XGBoost classifiers used Scikit-learn’s StratifiedKFold and
GridSearchCV packages to train on the balanced accuracy loss
function (also defined by Scikit-learn), while the Gaussian
process methodology used Laplace approximation as detailed
in their documentation [31]. Finally, the AlexNet-like classifier
used sparse categorical cross-entropy [34] for training.

EyeLink Dataset
Figure 4 illustrates the average AUC across each classifier
tasked with distinguishing between 2 participants (particularly
between 2 levels of experience) using either the traditional or
the proposed encoded data types (features). Along with the
original data types, we include the average AUC of the
classifiers based on the usage of select feature extraction
configurations. The encoded features extracted from the raw
dataset, shown on the left, illustrate a consistently high AUC
score compared with the traditional features shown on the right,
implying that the model performance for each classifier (except
for certain feature extraction configurations of the AlexNet
model) has high discriminatory power under optimal
spatiotemporal encoding settings.
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Figure 4. Numerical study results on the area under the curve metric reported for each classifier when consuming the EyeLink dataset, organized by
the aggregated average of classifier, data type, and select feature extraction levels using the original dataset, principal component analysis (PCA), and
kernel principal component analysis (KPCA). Alex: AlexNet-like neural network classifier; Average: average of all classifiers; GP: Gaussian process;
KNN: k-nearest neighbors; LR: logistic regression; XGBoost: extreme gradient boosting;.

We also present the AUC metrics from Figure 4 below in Table
2. The performance of the classifiers using the encoded data
type consistently yielded higher discriminatory power than those
using the traditional data type across all feature extraction
methods. Encoding the fixation data into the proposed
spatiotemporal elements provides more information each
classifier can use to determine the experience level of a given
participant more effectively than using traditional attributes.
This table illustrates the original encoded data to possess the
highest performance, with AUC scores consistently above 0.98
across all classifiers. However, usage of the traditional data
yields roughly 0.522 at worst, as seen in the reported results for
the AlexNet classifier. This trend of encoded data providing
better results is also seen when using feature extraction; although
a performance decrease is observable when reducing dimensions
either through an information covariance matrix (PCA) or spatial

relation (KPCA), the use of encoded data still outperforms those
corresponding to the use of the traditional data. This suggests
that the loss in information due to dimensionality reduction can
be considered negligible in light of the benefits of using
spatiotemporal encoding. The lower relative performance of
the AlexNet-like classifier is likely caused by the number of
training samples available in this study. The report on AUC in
the table for the classifier is higher for the encoded data type,
where it is observable that using the data without dimensionality
reduction provides the best performance. This effect has been
studied in Sumner and Alaeddini [35], in which neural networks
already perform feature extraction throughout each present
layer; this supportively evidences the reported results here,
whereas (besides the small dataset) performing feature extraction
beforehand may not provide enough information for the network
to use its architecture to its fullest potential.
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Table 2. Numerical tabulation of area under the curve scores across each classifier and data type and select feature extraction methods.

Classifier for the EyeLink dataset, AUCaFeature extraction method and data
type

XGBoostdLRcKNNbGaussian processAlexNet

KPCAe (2D)

0.9801.0000.9801.0000.801Encoded

0.9140.9700.9670.9780.336Traditional

KPCA (50%)

0.9801.0000.9961.0000.501Encoded

0.9140.9700.9670.9780.292Traditional

Original

0.9911.0001.0001.0000.985Encoded

0.9141.0000.9001.0000.522Traditional

PCAf (2D)

0.9911.0000.9910.9780.818Encoded

0.8300.8060.8700.8660.500Traditional

PCA (50%)

0.9911.0000.9911.0000.611Encoded

0.8300.8060.8700.8660.500Traditional

aAUC: area under the curve.
bKNN: k-nearest neighbor.
cLR: logistic regression.
dXGBoost: extreme gradient boosting.
eKPCA: kernel principal component analysis.
fPCA: principal component analysis.

By using the encoded vectors for classification, differences in
eye-tracking patterns can more consistently be distinguished
between the 2 participants. Figures 5 and 6 illustrate one such
difference in search pattern behavior. The more experienced
participant (participant 1, Figure 5) shows a more uniformly
distributed search pattern across the chest x-ray. In contrast, the
less-experienced participant (participant 2, Figure 6) focuses

on regions where they suspect abnormalities. It is clear from a
visual inspection that the behavior between these participants
is markedly different and using the correct spatiotemporal
configurations to capture the differences between the 2
participant’s behavior by leveraging the proposed methodology
(as reported numerically in Table 2) provides a consistent
improvement of classification accuracy.
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Figure 5. Scan of chest x-ray by participant 1 (faculty).

Figure 6. Scan of chest x-ray by participant 2 (trainee).

Tobii Dataset
We have performed the same analysis on the data acquired using
Tobii eye-tracking equipment. It is notable that although the
AUC scores from the EyeLink dataset are consistently high,
natural anticipations allow one to observe more variation in
classifier performance when more individual participants
(classified as either a more-experienced faculty or

less-experienced trainee) are introduced to the study. Figure 7
illustrates a report on AUC in a similar fashion to that in Figure
4, with lower scores across all classifying models for both data
types. As seen in Figure 4, Figure 7 also suggests that the best
performance for the encoded data on average is attained when
using it without feature extraction, although, for several cases,
we can observe that some form of feature extraction yields better
results than their respective traditional dataset counterparts.
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Figure 7. Numerical study results on the area under the curve metric reported for each classifier when consuming the Tobii dataset, organized by the
aggregated average of classifier, data type, and selected feature extraction levels using the original dataset, principal component analysis (PCA), and
kernel principal component analysis (KPCA). Alex: AlexNet-like neural network classifier; Average: average of all classifiers; GP: Gaussian process;
KNN: k-nearest neighbors; LR: logistic regression; XGBoost: extreme gradient boosting;.

When inspecting Tables 3, we can numerically inspect the
average (and variance of) AUC, F1-score, accuracy, specificity,
and sensitivity of each classifier when consuming each data
type in both datasets. Within the Tobii dataset, the encoded data
type generally outperformed (shown in italics) the traditional
data type across most metrics and models. Although the encoded
data type that was consumed within the Tobii dataset possessed
more discriminatory capability than that in the traditional data,
the performance gap was less pronounced than those observable
in the EyeLink dataset. For example, the Tobii average (and
variance) AUC scores for the encoded data type ranged from
0.55 (0.05) to 0.82 (0.04), while the traditional data type ranged
from 0.51 (0.07) to 0.76 (0.05), and the EyeLink average
(variance) AUC scores for the same data types ranged from
0.63 (0.07) to 1.0 (0.0) and from 0.52 (0.08) to 0.96 (0.01),
respectively. There is a consistent trend across datasets that
support the encoded data are capable of providing higher values
of accuracy and performance; the F1-score for the Gaussian

process, k-nearest neighbors, logistic regression, and XGBoost
were consistently higher when using the encoded data than when
using traditional attributes in classification. This highlights the
ability of the proposed encoding procedure to improve the
balance between precision and recall in the classifiers and, as
a result, the overall effectiveness of each model’s predictions.
In terms of specificity, the encoded data type is also shown to
have a competitive edge in boosting a classifier’s ability to
correctly identify true negative class labels (experienced
participants). As seen in Table 3, the average range of
improvement lies between 0.01 to 0.04 for the EyeLink dataset
and between –0.2 to +0.15 for the Tobii dataset; the negative
value of the improvement is seen with the AlexNet-like model,
which, as explained before, may have difficulty fitting well for
classification on small datasets, made more difficult by the
variation in subconscious behavior between participants that
are recorded in spatiotemporal encodings by the proposed
methodology.
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Table 3. Numerical tabulation of mean and variance area under the curve, F1-score, accuracy, specificity, and sensitivity across each data acquisition
method, classifier, and data type.

Data acquisition systemMetric and classifier

TobiiEyeLink

Data typeData type

Traditional, average (SD)Encoded, average (SD)Traditional, average (SD)Encoded, average (SD)

Area under the curve

0.51 (0.07)0.55 (0.05)0.52 (0.08)0.63 (0.07) aAlexNet

0.76 (0.05)0.82 (0.04)0.96 (0.01)1 (0)GPb

0.74 (0.04)0.73 (0.05)0.93 (0.01)0.96 (0.01)KNNc

0.71 (0.08)0.82 (0.04)0.93 (0.01)1 (0)LRd

0.71 (0.05)0.73 (0.05)0.91 (0.01)0.97 (0.0)XGBooste

F1-score

0.23 (0.1)0.39 (0.1)0.41 (0.09)0.43 (0.1)AlexNet

0.71 (0.05)0.73 (0.07)0.90 (0.03)0.98 (0)GP

0.71 (0.04)0.61 (0.1)0.88 (0.02)0.90 (0.03)KNN

0.58 (0.09)0.74 (0.06)0.82 (0.04)0.98 (0)LR

0.67 (0.05)0.68 (0.07)0.87 (0.02)0.96 (0)XGBoost

Accuracy

0.5 (0.01)0.51 (0.0)0.49 (0.04)0.52 (0.02)AlexNet

0.7 (0.03)0.76 (0.03)0.93 (0.01)0.99 (0.0)GP

0.7 (0.02)0.69 (0.03)0.9 (0.01)0.93 (0.01)KNN

0.64 (0.03)0.77 (0.03)0.88 (0.01)0.98 (0.0)LR

0.67 (0.03)0.72 (0.03)0.9 (0.01)0.96 (0.0)XGBoost

Specificity

0.66 (0.12)0.46 (0.16)0.42 (0.22)0.43 (0.22)AlexNet

0.65 (0.07)0.80 (0.04)0.97 (0.01)0.98 (0)GP

0.67 (0.04)0.76 (0.06)0.93 (0.01)0.97 (0.01)KNN

0.67 (0.08)0.81 (0.04)0.97 (0.01)0.99 (0.0)LR

0.63 (0.08)0.76 (0.05)0.92 (0.01)0.95 (0.01)XGBoost

Sensitivity

0.32 (0.12)0.56 (0.17)0.57 (0.2)0.64 (0.22)AlexNet

0.76 (0.05)0.72 (0.07)0.89 (0.04)0.99 (0)GP

0.74 (0.04)0.61 (0.1)0.87 (0.03)0.89 (0.05)KNN

0.6 (0.09)0.72 (0.06)0.77 (0.06)0.98 (0.01)LR

0.71 (0.05)0.68 (0.07)0.86 (0.03)0.98 (0)XGBoost

aSuperior values are italicized.
bGP: Gaussian process.
cKNN: k-nearest neighbor.
dLR: logistic regression.
eXGBoost: extreme gradient boosting.
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Discussion

Principal Findings
In this study, we demonstrated the capacity of eye-tracking
technology, combined with machine learning algorithms, to
discriminate between radiologists’ experience levels. For this
purpose, we developed a novel feature encoding technique where
fixations are first spatially arranged according to their Cartesian
coordinates on chest x-ray images and temporally ordered. The
fixations are then subdivided into predefined temporal bins, and
within each bin, we count the number of eye fixations within
each subdivision. These counted bins are then concatenated to
form a vector encoding to be used as feature input for machine
learning algorithms. Our experiments showed that the discretized
vector encoding creates discriminative features that are not
captured by conventional metrics. Using the encoding approach
allows classifiers to better distinguish between participants in
terms of experience level, which highlights performance gains
(when compared with using traditional features for
discrimination) of 6.9%, 7.11%, 9.14%, 9.59%, and 5.61% for
AUC, accuracy, F1-score, sensitivity, and specificity,
respectively, aggregated across both EyeLink and Tobii datasets
in Table 3. The Tobii dataset exhibits a lower performance gain
(6.41%, 7.48%, 8.62%, 5.11%, and 9.45%) than observed using
the EyeLink dataset (7.29%, 6.83%, 9.54%, and 13.13%) due
to using a more diverse roster of participants; however, the trend
in using the proposed eye-tracking encoding approach
possessing the competitive edge is still present, highlighting
the effectiveness of spatiotemporal assortment in the introduced
method. These results validate our initial hypothesis that when
appropriately encoded, eye-tracking data can provide nuanced
insights into the difference between radiologist’s expertise
levels.

We can also observe the perceptual strategies radiologists use
during diagnostic evaluations. Previous research has often
focused on more general eye-tracking metrics without leveraging
the full potential of machine learning to analyze the data. For
example, studies by van der Gijp et al [11] and Waite et al [3]
explored how visual search patterns correlate with diagnostic
accuracy and expertise. With the help of the proposed encoding
method, such machine learning models can be developed to
determine expertise level and has the potential to identify and
track potential features from eye fixations or gaze fixations.

Limitations
While our study has shown promising results and potential
benefits, it is important to acknowledge limitations that may
have a degree of effect on our findings. One such limitation is
sample size; across both the EyeLink and Tobii datasets, there
were 2 participants in one study (EyeLink) and 8 participants
in the other (Tobii), with both containing small numbers of
images scanned by each participant. Another condition involves
the variation in data acquisition. In total, 2 different eye-tracking
devices (EyeLink and Tobii) were used for data collection, and
while serving the same overarching purpose of collecting data,
some additional variability in the findings are notably attributed
to the usage of 2 different hardware-software configurations.

Another important consideration includes the difference in
traditional feature sets between the EyeLink and Tobii datasets.
Coupled with data acquisition differences, some features from
the EyeLink software were not congruent with the Tobii dataset,
such as the usage of fixations (EyeLink) versus gaze (Tobii).
When applying the encoding approach to these datasets, the
Tobii dataset had larger yielded values in each output vector.
This did not affect the results substantially; however, it
underscores the challenge of directly comparing data from 2
sources. One final consideration was our decision to remove
certain metrics related to the location of abnormalities in chest
x-rays as features in the traditional data type during performance
evaluation. For example, we did not consider the time to first
fixation on the region of abnormality. This and other like
attributes possess statistical significance in previous works;
however, their inclusion necessitates extensive labeling,
validation, and other processing in order to establish ground
truth information for each image scanned by each participant.

Conclusions
Despite the limitations above, this study holds significant
promise and offers a range of benefits worthy of attention and
consideration for use. By extracting spatiotemporal features
from eye-tracking data, the proposed approach has demonstrated
the capacity to differentiate users based on eye-tracking behavior
alone instead of traditional methods and can be extended for
use in fields ranging from medical to educational. The approach
enables discriminability between users and offers a pathway to
gaining deeper insights into generalized differences between
levels of expertise. By exploring these pathways, this approach
holds the potential to establish more effective educational
programs that can assist users optimize their search patterns.
Respective to the study conducted, by providing support to
radiologists to find abnormalities quickly and accurately in chest
x-rays, our approach seeks to reduce perceptual errors in medical
diagnoses. In fields where the development of unique and
precise search patterns is important, the proposed approach
offers a valuable source of knowledge transfer. Transmission
of expertise from more-experienced individuals to
less-experienced individuals can be facilitated and result in
increased streamlining during the learning process and yield
more efficient and accurate search patterns. The potential
benefits can apply to professionals and trainees or students alike.

In summary, we have shown the potential for spatiotemporal
features extracted from eye-tracking data to be useful in
discriminating between radiologists of different skill levels and
opening the door to improving education. We plan to augment
this research by increasing the number of radiologists to
demonstrate generalizability and exploring additional types of
spatiotemporal analyses. The implications of our findings extend
beyond radiology, suggesting that similar methodologies could
revolutionize training and assessment protocols in various fields
that rely on visual cognition like aviation and ground
transportation. Further research could explore the integration
of these techniques into real-time training tools, potentially
transforming educational paradigms in professions requiring
visual expertise.
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Abstract

Background: The transition from military service to civilian life presents a variety of challenges for veterans, influenced by
individual factors such as premilitary life, length of service, and deployment history. Mental health issues, physical injuries,
difficulties in relationships, and identity loss compound the reintegration process. To address these challenges, various face-to-face
and internet-based programs are available yet underused. This paper presents the preliminary evaluation of “Go-Beyond, Navigating
Life Beyond Service,” an internet-based psychoeducational program for veterans.

Objective: The study aims to identify the reach, adoption, and engagement with the program and to generate future
recommendations to enhance its overall impact.

Methods: This study exclusively used data that were automatically and routinely collected from the start of the Go-Beyond
program’s launch on May 24, 2021, until May 7, 2023. When accessing the Go-Beyond website, veterans were asked to complete
the Military-Civilian Adjustment and Reintegration Measure (M-CARM) questionnaire, which produces a unique M-CARM
profile of results specifying potential areas of need on the 5 domains of the measure. Users were then automatically allocated to
Go-Beyond modules that aligned with their M-CARM profile. Additionally, quantitative and qualitative data were collected from
a survey on aesthetics, interactivity, user journey, and user experience, which was optional for users to complete at the end of
each module.

Results: Results show a conversion rate of 28.5% (273/959) from the M-CARM survey to the Go-Beyond program. This rate
is notably higher compared with similar internet-based self-help programs, such as VetChange (1033/22,087, 4.7%) and resources
for gambling behavior (5652/8083, 14%), but lower than the MoodGYM program (82,159/194,840, 42.2%). However, these
comparisons should be interpreted with caution due to the limited availability of published conversion rates and varying definitions
of uptake and adoption across studies. Additionally, individuals were 1.64 (95% CI 1.17-2.28) more likely to enroll when they
express a need in Purpose and Connection, and they were 1.50 (95% CI 1.06-2.18) times more likely to enroll when they express
the need Beliefs About Civilians, compared with those without these needs. The overall completion rate for the program was
31% (85/273) and modules’ individual completion rates varied from 8.4% (17/203) to 20% (41/206). Feedback survey revealed
high overall user satisfaction with Go-Beyond, emphasizing its engaging content and user-friendly modules. Notably, 94% (88/94)
of survey respondents indicated they would recommend the program to other veterans, family, or friends.

Conclusions: The Go-Beyond program may offer promising support for veterans transitioning to civilian life through digital
technology. Our study reveals insights on user engagement and adoption, emphasizing the need for ongoing evaluation to further
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address the diverse needs of military personnel. Future research should explore predictors of engagement, the addition of peer or
facilitator support, and the use of outcome measures for effectiveness assessment.

(JMIR Form Res 2025;9:e60868)   doi:10.2196/60868

KEYWORDS

military transition; web-based interventions; military-civilian adjustment; Go-Beyond; internet-based program; civilian; military
service; veteran; premilitary life; mental health issues; physical injuries; adoption; quantitative analysis; survey; family; support;
digital technology; user engagement; effectiveness; assessment

Introduction

The transition from military service to civilian life is a
multifaceted process that can present challenges for veterans
[1-3]. Upon leaving the military, veterans often face a period
of adjustment as they navigate a vastly different sociocultural
and professional landscape [4-6]. The process of transitioning
from military service to civilian life is not uniform, as each
veteran’s experience is shaped by individual factors such as
premilitary life, length of service, deployment history, and
personal resilience [7]. While many individuals successfully
navigate this change, a substantial proportion experience
difficulty in adjusting to civilian life, with these difficulties
persisting over the years [1,2,4].

In the literature, there is recognition of various challenges faced
by military personnel when they transition into civilian life.
Among these challenges, mental health issues such as
posttraumatic stress disorder (PTSD), substance use disorders,
depression, and anxiety are frequently reported [1]. In addition,
physical injuries, including chronic pain and traumatic brain
injuries, play a significant role [8]. Furthermore, difficulties in
establishing and maintaining friendships and family relationships
[4,5], loss of identity and purpose [2,3,9], disparities between
military and civilian cultures, as well as employment factors
[6] are all critical elements. Collectively, these multiple and
dynamic factors have a significant impact on the reintegration
of veterans into civilian life. It is important to note that the
presence of hardships in various domains can compound the
effects and exacerbate functional impairments beyond those
caused by individual stressors alone [10]. Consequently,
understanding the factors that influence transition and
identifying effective accessible interventions is critical in
supporting military personnel during this crucial phase.

Internet-based approaches can complement and expand the
support systems available to service members and veterans
[11-13]. By harnessing the potential of digital technology,
personalized and accessible interventions that cater to the diverse
needs of military personnel during their transition to civilian
life can be provided. Moreover, internet-based interventions
could present an effective way to overcome some of the barriers
to care, such as long waiting periods, stigma, or lack of access
to treatment due to remote location [12]. Internet-based
interventions hold significant potential in supporting veterans
during the critical transitioning phase. However, ensuring their
uptake and effectiveness requires robust evaluations, covering
aspects like utility, user satisfaction, usability, acceptability,
and potential in addressing the diverse needs of transitioning
military personnel [14]. Through such evaluations, policy

makers, researchers, and support organizations can gain valuable
insights into the most beneficial strategies for veterans [15].
Furthermore, a comprehensive assessment of internet-based
interventions may enable tailored interventions, improvement
of support mechanisms, and the development of evidence-based
practices [16]. Therefore, understanding the impact of
internet-based interventions is paramount in enhancing the
well-being and successful integration of military veterans into
civilian society.

In this paper, we present the preliminary evaluation of an
internet-based psychoeducational program “Go-Beyond,
Navigating Life Beyond Service” designed for veterans who
are in the process of reintegration to civilian life. The aim of
the study was to perform a user-centered evaluation of the
Go-Beyond program using user engagement data routinely
collected and assess the reach, adoption, engagement, and
completion rates. Furthermore, the study aimed to gather user
feedback to enhance the concept version of the program’s
modules, identify opportunities for further improvement, and
generate future recommendations.

Methods

Program Description
“Go-Beyond, Navigating Life Beyond Service” is an
evidence-informed, self-directed, web-based program designed
to support veterans’ adjustment to civilian life after separation
from military service. The program was developed by Gallipoli
Medical Research (GMR), a not-for-profit organization that has
the mission to improve the quality of life for veterans and their
families through research, translation, and implementation, in
partnership with Returned and Services League of Australia
Queensland (RSLQ), and was officially launched on May 24,
2021. Over the 24 months after the launch, all interested veterans
were provided unlimited access to the Go-Beyond program.
Former service members were made aware of the Go-Beyond
program through a national implementation task force initiative
that included flyers, posters, presentations, and a social media
campaign and was conducted by GMR, RSLQ, Department of
Veteran Affairs, Open Arms, and Commonwealth Super
Corporation. The program was also promoted to various
ex-serving organizations. Furthermore, Go-Beyond was
accompanied by an applied practitioner portal that provided
training on the use of the program and targeted clinicians,
especially rehab providers. The implementation of the
Go-Beyond program was part of a larger research agreement
with RSLQ, and the associated costs for its development and
preliminary implementation have been covered by the funding
organization. This funding covered essential elements such as
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platform design, content creation, technical support, and user
testing to ensure the program’s accessibility for veterans. In
addition, future strategies are being developed to ensure the
program’s sustainability beyond the funding period in Australia.

When accessing the Go-Beyond website, veterans are asked to
complete the Military-Civilian Adjustment and Reintegration
Measure (M-CARM) questionnaire, which produces a unique
M-CARM profile of results specifying potential areas of need
on the 5 factors of the measure. The M-CARM is a valid and
reliable self-report questionnaire designed to assess adjustment
and reintegration to civilian life after service. It contains 21
questions, rated from 1 to 5, and takes approximately 5 minutes
to complete. The measure is freely available on a dedicated
website [17]. Users are automatically allocated to Go-Beyond
modules that align with their M-CARM profile.

The Go-Beyond program aims to (1) provide education about
topics that are important for psychological adjustment and
reintegration to civilian life; (2) build psychological insight into
personal challenges adjusting to civilian life; (3) offer practical
first steps and tools to facilitate stronger adjustment and
reintegration; and (4) provide links to additional services and
support available in Australia.

The Go-Beyond program was developed by 2 clinical
psychologists at GMR who have both research and clinical
experience with ex-service personnel in Australia. The content

of the program is based on previous research describing
empirically derived psychological and cultural factors associated
with adjustment and reintegration to civilian life, including (1)
Purpose and Connection, (2) Help Seeking, (3) Beliefs About
Civilians, (4) Resentment and Regret, and (5) Regimentation
[18]. These factors were derived as part of the development of
the M-CARM [18]. Go-Beyond consists of seven interactive
modules entitled (1) Finding Purpose, (2) Help Seeking, (3)
Regimentation, (4) Resentment and Regret, (5) Social
Connection, (6) Beliefs About Civilians, and (7) an optional
module available to anyone who signed up to Go-Beyond: (7)
Effective Communication in Civilian Life. They are presented
to participants in the above order. If a participant is not required
to do a particular module, it gets omitted in that order. The
session outline of the program is presented in Textbox 1. The
program content uses evidence-based psychological therapeutic
approaches including cognitive behavioral therapy and
acceptance and commitment therapy. Both cognitive behavioral
therapy and acceptance and commitment therapy have
demonstrated transdiagnostic treatment efficacy within veteran
populations [19]. Each module includes (1) psychoeducation
for each topic; (2) hypothetical case studies and personal,
video-recorded stories from Australian ex-service members; (3)
personal reflection opportunities or written tasks; (4) helpful
activities; and (5) direction to more specific services and
resources for Australian ex-service personnel. The approximate
time needed to complete each module is 45-60 minutes.

JMIR Form Res 2025 | vol. 9 | e60868 | p.1613https://formative.jmir.org/2025/1/e60868
(page number not for citation purposes)

Alichniewicz et alJMIR FORMATIVE RESEARCH

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


Textbox 1. Descriptions of Go-Beyond modules.

Beliefs About Civilians

• The module introduces the concept of beliefs, social identity theory, and common unhelpful beliefs about civilians that can hinder adjustment to
civilian life. Participants engage in self-reflection to evaluate their beliefs and learn techniques to adapt them, including thought challenging,
defusing exercises, and a “take your thought to court” activity. The importance of practicing these techniques is emphasized throughout.

Finding Purpose

• The module begins by exploring the importance of purpose, particularly in the military context, and the sense of loss that can occur during the
transition to civilian life. It helps participants clarify their values, distinguish between values and goals, and engage in activities like the life
compass, values-guided actions, and goal setting. The module also emphasizes finding purpose through volunteering or paid employment and
provides information on services and resources that support veterans in securing meaningful work.

Help Seeking

• The module provides psychoeducation on the importance of help-seeking for mental health, addressing common barriers and highlighting the
rates of help-seeking among Australian veterans. It covers how to find evidence-based treatments and recognize when help is needed. Through
the “Staying Well” activity, participants learn to identify indicators of good mental health, and signs of decline, and create an action plan. Practical
steps for accessing high-quality mental health support are also provided.

Social Connections

• This module covers the importance of social connections for health and well-being, focusing on their role in adjusting to transitions, especially
for the “Defence family.” It addresses common barriers such as cultural differences, misconceptions, and communication issues. Strategies for
finding mateship outside the military, strengthening existing ties, and building new ones are discussed, alongside opportunities for social connection
and volunteering.

Resentment and Regret

• This module explores resentment, covering its definition, functions, and impacts, and includes activities to identify underlying feelings, use
self-compassion, and resolve related injustices. It also addresses regret, discussing its nature, impacts, and irrationality, with activities to manage
regret by confronting hindsight bias, accepting imperfections, and clarifying values and goals.

Regimentation

• This module covers regimentation; its role in Defence; and its effects on personal life, family, and work. It includes activities to identify and
evaluate regimentation’s impact and emphasizes the importance of psychological flexibility and adaptability. Practical strategies are provided
for embracing change, trying new things, and adjusting routines and thought processes.

Effective Communication in Civilian Life

• This module covers communication styles (aggressive, passive, passive-aggressive, and assertive) and includes a quiz to identify your style. It
provides skills for meaningful conversations, including asking questions, self-disclosure, managing stereotypes, active listening, and overcoming
barriers. The module also explores using compliments and empathy to build social connections.

Data Collection
This study exclusively used data that were automatically and
routinely collected starting from the program’s launch on May
24, 2021, until May 7, 2023, through websites [17] for
M-CARM and [20] for Go-Beyond. Both websites were freely
available to everyone, both veterans and civilian populations,
in Australia. No specific inclusion or exclusion criteria were
applied to this study. The reach of Go-Beyond was defined as
the number of users who accessed and completed the M-CARM
measure and the adoption was defined as the number of users

who signed up to the Go-Beyond program. Completion was
measured by the number of users who accessed and reached the
end of the module, as tracked by the Absorb LMS system
(Absorb Software Inc). The system records whether a user has
started, is in progress, and has fully completed the module,
including exiting the module properly. The modules were
designed to be completed in 45-60 minutes.

In addition, quantitative and qualitative data were collected
from a survey on aesthetics, interactivity, user journey, and user
experience, which was optional for users to complete at the end
of each module. The questions asked can be found in Table 1.
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Table 1. User experience survey.

Rating optionsQuestion

Option for commentsHow did you find the duration of the module?

Option for commentsHow easy was the Go-Beyond Platform to use? Were you able to navigate to what you
needed? Please provide details.

Likert scale 1-5How likely are you to implement changes in your life following this module?

• 1-Very Unlikely
• 2-Unlikely
• 3-Likely
• 4-Very Likely
• 5-Extremely Likely

Option for commentsIf yes (likely as above), what changes would you make? If no (unlikely or very unlikely),
why not?

Option for commentsHow many minutes did it take for you to complete this module?

Likert scale 1-5How useful did you find this module?

• 1-Completely dissatisfied
• 2-Dissatisfied
• 3-Neutral
• 4-Satisfied
• 5-Completely satisfied

Likert scale 1-5How would you rate the aesthetics (layout, graphics, or visuals)?

• 1-Completely dissatisfied
• 2-Dissatisfied
• 3-Neutral
• 4-Satisfied
• 5-Completely satisfied

Likert scale 1-5How would you rate the gestural design (interactions, taps, swipes, and scrolling) functions?

• 1-Completely dissatisfied
• 2-Dissatisfied
• 3-Neutral
• 4-Satisfied
• 5-Completely satisfied

Likert scale 1-5How would you rate the performance of the module (features and components)?

• 1-Completely dissatisfied
• 2-Dissatisfied
• 3-Neutral
• 4-Satisfied
• 5-Completely satisfied

Likert scale 1-5How would you rate the quality of content?

• 1-Completely dissatisfied
• 2-Dissatisfied
• 3-Neutral
• 4-Satisfied
• 5-Completely satisfied

Likert scale 1-5How would you rate the usability or navigation of this module?

• 1-Completely dissatisfied
• 2-Dissatisfied
• 3-Neutral
• 4-Satisfied
• 5-Completely satisfied
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Rating optionsQuestion

Likert scale 1-5

• 1-Completely dissatisfied
• 2-Dissatisfied
• 3-Neutral
• 4-Satisfied
• 5-Completely satisfied

Overall how engaging did you find the module (entertainment, interest, relatability, and
interactivity)?

Likert scale 1-5

• 1- Poor
• 2-Satisfactory
• 3-Good
• 4-Very Good
• 5-Excellent

Overall what would you rate this module?

Options to choose from:

• Laptop
• Mobile
• Tablet
• Desktop
• Combination

What device did you use to access the module (desktop, mobile, or tablet)?

Options to choose from: Yes, NoWould you recommend this module to other veterans or family or friends of a veteran?

Options to choose from: No, Somewhat, Yes, No com-
ment

Did the audio and visual presentations resonate with you and your personal experiences?

Option for commentsHow did you find the use of personal stories, videos, animations, and illustrations?

Option for commentsPlease make any further comments regarding the engagement and communication of the
module.

Option for commentsPlease provide any additional comments on the functionality of the module.

Option for commentsWas the visual information accurate (concepts are logical and correct)? Please provide any
comments.

Option for commentsWhat further recommendations or comments would you make to improve the Go-Beyond
Platform and the module?

Option for commentsWhat was the least helpful part of the module?

Option for commentsWhat was the most helpful part of the module?

Statistical Analysis
To determine the reach and adoption of the Go-Beyond program,
a user-centered evaluation was performed using information
routinely collected to monitor and improve the quality of the
program. The system engagement data were automatically
collected from users who accessed the M-CARM and
Go-Beyond websites on a voluntary basis.

The data analysis was conducted using R (R Core Team) [21].
Descriptive statistics were used to gain insights into the
distribution and central tendencies of the collected data.
Subsequently, logistic regression analysis was used to discern
factors influencing users’ likelihood to progress to Go-Beyond
following completion of the M-CARM.

To analyze the qualitative data gathered through the voluntary
online surveys, a systematic approach was used. Thematic
analysis was used to recognize patterns and identify core themes.
Themes were extracted from the data and grouped under the
questions posed adhering to the thematic analysis approach by
Braun and Clarke [22]. The initial coding of responses was
conducted manually by the primary researcher, who

independently reviewed the data to develop preliminary codes.
Responses were coded into categories and were organized
thematically, allowing for the identification of recurring topics.
These codes were then reviewed and refined through consensus
discussions among the research team, ensuring that differing
perspectives were considered. The researchers acknowledge
that their perspectives and experiences may influence their
interpretations, and they have taken steps to reflect on and
mitigate potential biases throughout the research process. The
positionality of the researchers was acknowledged throughout
the analysis process, with the team reflecting on how their
backgrounds, experiences, and potential biases might influence
the interpretation of the data and this qualitative analysis [23].
All researchers were committed to evaluating a web-based
intervention aiming for it to be not only useful but also feasible
and acceptable to the intended users. The primary researcher
brings over 10 years of experience working with clients from
military backgrounds, providing a unique perspective informed
by extensive professional practice. However, it is important to
note that the primary and senior researchers were not involved
in the creation or implementation of the version of the program
under study, positioning them as outsiders in this context. This

JMIR Form Res 2025 | vol. 9 | e60868 | p.1616https://formative.jmir.org/2025/1/e60868
(page number not for citation purposes)

Alichniewicz et alJMIR FORMATIVE RESEARCH

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


outsider status allows for a more detached analysis, free from
potential biases related to program design and execution.
Consensus discussions among the research team also ensured
that individual biases were minimized and enhanced the
credibility of the interpretations. Representative quotations and
exemplars were extracted to illustrate each identified theme.

Ethical Considerations
The Department of Defense and Veterans’ Affairs Human
Research Ethics Committee has deemed this study to be a quality
assurance activity that upholds the principles of the National
Statement on Ethical Conduct in Human Research and the
Ethical Consideration in Quality Assurance and Evaluation
Activities (approval number 516-23). In the privacy policy
statement that participants have access to when deciding to sign
in to the program, they are informed about the organization’s
commitment to comply with the Privacy Act 1988 (Cth) (Privacy
Act), including the Australian Privacy Principles. The data were
extracted from the Absorb LMS system by the LMS
Administrator and deidentified before they were provided to
the research team. After data cleaning and integration, analysis
was conducted by the research team on deidentified data. All
collected data were held confidential at all times, in a

password-protected database, on a server that requires a unique
log-in and password by all team members. Only the project
team had access to the data. No compensation was provided to
users as this service evaluation used routinely collected data.

Results

Go-Beyond User and M-CARM–Only User Profile
Out of the total of 959 users who voluntarily completed
M-CARM, there were 686 who did not proceed to sign up for
the Go-Beyond program (M-CARM–only users) and 273 who
signed up for Go-Beyond, resulting in a conversion rate of
28.5% (273/959) and a preprogram dropout rate of 71.5%
(686/959). Table 2 summarizes the demographic characteristics
of both user groups. Only upon signing up for the Go-Beyond
program, the data regarding time since discharge from the
Australian Defence Force were recorded. Out of 273 Go-Beyond
users, 215 were discharged from the Australian Defence Force
and 43 reported that they were still serving. The median number
of years since transition for Go-Beyond users who were
discharged equaled 2.74 years, with a large proportion of users
(165/273, 60.5 %) reporting being within 0-5 years from
discharge.

JMIR Form Res 2025 | vol. 9 | e60868 | p.1617https://formative.jmir.org/2025/1/e60868
(page number not for citation purposes)

Alichniewicz et alJMIR FORMATIVE RESEARCH

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


Table 2. Demographic characteristics of the Go-Beyond users and Military-Civilian Adjustment and Reintegration Measure (M-CARM)–only users.

M-CARM–only users (n=686)Go-Beyond users (n=273)Variables

Sex, n (%)

498 (72.6)192 (70.3)Male

178 (26)67 (25)Female

10 (2)1 (0.2)Prefer not to answer

(0)13 (4.8)N/Aa

Age range (years), n (%)

74 (11)20 (7.3)18-25

187 (27.3)65 (24)26-35

162 (23.6)59 (21)36-45

144 (21)73 (26.7)46-55

93 (14)32 (12)56-65

15 (2)8 (3)66-75

6 (1)2 (1)>75

5 (1)1 (0.2)Prefer not to answer

(0)13 (4.8)N/A

Service, n (%)

384 (56)153 (56)Army

96 (14)48 (18)Navy

117 (17)31 (11)Airforce

77 (11)24 (9)Prefer not to answer

3 (0.4)2 (1)Army+Airforce

1 (0.2)1 (0.2)Army+Navy

2 (0.3)0 (0)Navy+Airforce

0 (0)14 (5.1)N/A

Type of needs as shown on M-CARM, n (%)b

441 (64.3)197 (75.5)Beliefs About Civilians

452 (65.9)182 (69.7)Regimentation

396 (57.7)176 (67.4)Resentment and Regret

287 (41.8)146 (55.9)Purpose and Connection

184 (26.8)76 (29.1)Help Seeking

aN/A: not applicable.
bOne person can have multiple needs.

There were no statistically significant differences observed
between the Go-Beyond and M-CARM–only user groups
concerning age, sex, or service type (all P>.05). However, a
significantly higher number of individuals in the Go-Beyond
user group were identified as having needs in the areas of
Purpose and Connection (χ²4=14.59, P<.001), Resentment and
Regret (χ²4=7.05, P=.008), and Beliefs About Civilians
(χ²4=10.273, P=.001) compared with the M-CARM–only users.

A logistic regression was then performed to assess the effects
of M-CARM outcomes and service type on the likelihood of
enrolling in the Go-Beyond program. Participant’s age, sex,
and service type were controlled for. The outcomes of logistic

regression showed that participants with the need for Purpose
and Connection and Beliefs About Civilians were found to be
significantly more likely to sign up for Go-Beyond (P=.003 and
P=.03 respectively). Individuals expressing a need for Purpose
and Connection were approximately 1.64 times more likely to
enroll (odds ratio 1.64, 95% CI 1.17-2.28) compared with those
who did not. Similarly, those with the need Beliefs About
Civilians were 1.50 times more likely to enroll (odds ratio 1.50,
95% CI 1.06-2.18) compared with those without this need.
Individuals who were identified with a need for Resentment
and Regret were not found to be significantly more likely to
sign up for Go-Beyond (P>.05).
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Go-Beyond User Engagement
Out of 273 users who signed up for Go-Beyond, 85 (31%) users
completed at least 1 assigned module. The data on the
enrollment status at the time of the data extraction for each of
the modules and corresponding completion rates can be found
in Table 3. Out of participants who completed at least 1 module,
nearly all users who had been assigned 1 module, completed it
(36/38, 94% users). Among users who were assigned 2 modules,
37% (14/38) have completed them both. For those who had
been assigned 3 modules, 26% (9/34) have completed all 3. Of
users who had been assigned 4 modules, 10% (3/31) have
completed them, and of users who had been assigned 5 modules,
3% (2/63) have completed all 5. A total of 22% (10/45) of users
who had assigned 6 modules have completed all 6. Overall, 3%
(8/247) of participants who had been assigned other modules
also completed the Communication module. Out of Go-Beyond

users, who did not have any modules assigned, but still accessed
the program (26 users), 4 (15%) users completed 1 module, 1
(4%) user completed 3 modules, 2 (8%) users completed 4
modules, 1 (4%) user completed all available modules, and 3
(12%) completed the Communication module. The module with
the highest completion rate was Finding Purpose with 41 (20%)
out of 206 users who signed up to this module, followed by
Beliefs About Civilians with 48 (19.7%) out of 244 who signed
up, Resentment and Regret with 38 (17.6%) out of 216 who
signed up, Regimentation with 33 (16%) out of 205 who signed
up, Help Seeking with 21 (15.5%) out of 156 who signed up,
and Social Connection with 17 (8.4%) out of 220 signed up
users. The lowest completion rate was the additional module
Effective Communication in Civilian Life, in which everyone
was enrolled automatically, with 11 (4%) out of 273 users who
signed up.

Table 3. Enrollment status for each Go-Beyond module at the time of data extraction.

Complete, n (%)In progress, n (%)Not started, n (%)Module and status

48 (19.7)45 (18.4)151 (61.9)Beliefs About Civilians (n=244)

41 (20)37 (18)128 (62)Finding Purpose (n=206)

38 (17.6)15 (6.9)163 (75.5)Resentment and Regret (n=216)

33 (16)6 (3)166 (81)Regimentation (n=205)

21 (15.5)4 (3)110 (81.5)Help Seeking (n=156)

17 (8.4)11 (5.4)175 (86)Social Connection (n=220)

11 (4)0 (0)262 (96)Communicationa (n=273)

aThis module is available to everyone as an additional module regardless of their Military-Civilian Adjustment and Reintegration Measure profile.

The “time spent” refers to the time participants spent engaging
with each module. This metric could reflect multiple factors,
including module complexity, participant interest, or difficulty
with the content. The module with the highest median time
spent by the users who did complete it was Beliefs About
Civilians (67, IQR 23.4-110.6 minutes). It was followed by
Finding Purpose (median time of 32, IQR 9-55 minutes),
Regimentation (median time of 25, IQR 11-39 minutes),
Resentment and Regret (median time of 17, IQR 0.25-33.75
minutes), Social Connection (median time of 13, IQR 5.5-20.5
minutes) and Help Seeking (median time of 11, IQR 0-31.5
minutes). The median time for the additional module Effective
Communication in Civilian Life was 19 (IQR 10.75-27.25
minutes) minutes.

No statistically significant differences were observed (all P>.05)
in relation to age, sex, service type, or type of needs (Purpose
and Connection, Help Seeking, Regimentation, Resentment and
Regret, and Beliefs About Civilians) between participants who
had completed at least 1 module and those who had not started
or were still in progress at the time of data extraction.

Go-Beyond User Experience Survey Data
There were 94 self-report surveys assessing the Go-Beyond
internet-based program completed. The survey responses
provided insights regarding the program’s subjective usefulness,
user engagement, the platform’s usability, and user
recommendations.

Perceived Usefulness and Satisfaction
Out of the 94 internet-based self-report surveys evaluating
Go-Beyond, 80% (74/94) of respondents acknowledged the
usefulness of the module. Moreover, 85% (80/94) of the users
were “satisfied” or “completely satisfied” with the program’s
features and components, and 79% (73/94) of survey
respondents stated that they were “satisfied” or “completely
satisfied” with the quality of the content. Furthermore, 86%
(81/94) of survey respondents indicated a likelihood of
implementing changes in their lives following the module, and
94% (88/94) reported they would recommend the program to
other veterans or their family or friends.

User Assessment of Platforms Engaging Features
The users were asked how engaging overall the modules were
in terms of entertainment, interest, relatability, and interactivity
of the modules (see Textbox 1 for questions). A total of 78%
(73/94) of the survey respondents found the modules engaging
overall. In addition, 86% (81/94) of participants found the time
required to complete the program to be satisfactory.

Platform Usability
A total of 91% (86/94) of users reported a high degree of
satisfaction with the Go-Beyond Platform’s usability. The audio
and visual presentations resonated or somewhat resonated with
94% (88/94) of users. In relation to the use of personal stories,
videos, animations, and illustrations, users reported that they
were: “Very helpful and informative” and commented that they
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enhanced the program: “I thought the quotes, illustrations, and
videos were used really well in this module and very realistic.”
And helped them self-reflect: “It was good. Made me look at
myself a little and accept that it is ok to be flexible.” The survey
indicated strong endorsements of the platform’s aesthetics, rated
as “satisfied” and completely satisfied” by 86% (81/94) of users.
Furthermore, 85% (80/94) of users were “satisfied” or
“completely satisfied” with gestural design functions of the
platform.

User Recommendations
When questioned about the most beneficial features of the
program, the majority of responses were related to (1) relatable
psychoeducational content (ie, “The information behind
emotions and why we feel them” and “The personal insights it
provided along with leaving me with a sense of not being alone
in feeling this way”), (2) opportunities for self-reflection (ie,
“Given the option to self-reflect” and “Providing places to
self-reflect on the information given”), and (3) practical
strategies and techniques (ie, “strategies and thought techniques
to widen perspectives and assist with positive actions”). On the
other hand, the least helpful features included (1) a long
reference list and links to resources (ie, “The links end up with
more links that take you further and further from the main
content”), (2) a lack of diversity in the personal videos (ie, “I
don’t recall any useful or memorable audio clips with
information or personal stories, although I can appreciate that
it is not simple to source authentic, vulnerable, and engaging
stories”). Furthermore, some technical issues were also identified
(ie, “No previous work was recorded. I had to wait to I got
access to a printer to complete the module and all my previous
work had not been saved. Having a complete module button
that takes you back to the home page would be great,” “Return
to other courses button when completing the module would be
great,” and “Better audio for the doctor videos. Very echo’y”).

Discussion

Principal Findings
The study aimed to assess the reach, adoption, and engagement
with the “Go-Beyond, Navigating Life Beyond Service
Program,” a web-based program designed to aid veterans in
transitioning to civilian life, incorporating evidence-informed
content on psychological and cultural factors. The program aims
to provide education, build psychological insight, offer practical
tools, and offer users links to available support. The findings
underscore the potential value of the Go-Beyond program as a
web-based initiative, leveraging digital technology to provide
a personalized and easily accessible resource for veterans
navigating the transition to civilian life.

Most of the Go-Beyond users were male (192/273, 70.3%),
within 46-55 years of age, and served in the Army (153/273,
56%). Median years since the transition for Go-Beyond users
who were discharged equaled 2.74 years, with a large proportion
of users (165/273, 60.5 %) reporting being within 0-5 years
from discharge. It is noteworthy that the first few years after
discharge are widely recognized as an extremely vulnerable
period for ex-serving members. Suicide risk, in particular, is
notably high during the initial year of transitioning to civilian

life [24]. In addition, evidence in the literature points out that
many individuals experience reintegration difficulties within 6
years after separation [25], underscoring the importance of the
program during this critical phase. Furthermore, the analysis of
users’ needs highlights the need for a program that can address
a wide array of transitional challenges and provide essential
support during the transition process [18].

The overall conversion rate from completing the M-CARM
questionnaire to signing up for the Go-Beyond program was
28.5% (273/959). Interestingly, among the analyzed factors,
the study identified that having needs in Beliefs About Civilians
and Purpose and Connection domains could be considered
relevant predictors of engagement with the program. Users
identified with these needs were up to almost 2 times more
likely to sign up for Go-Beyond after completing the M-CARM
survey. Interestingly, aligning with these findings, the module
Finding Purpose had the highest completion rate (41/206, 20%),
followed by Beliefs About Civilians (48/244, 19.7%). There is
a limited number of studies providing conversion rates for
internet-based, self-help programs for mental health, with the
definition of uptake or adoption varying widely based on
program structure and objectives [26]. A study assessing the
public implementation of a web-based program for veterans
dealing with risky alcohol use and PTSD, named VetChange,
reported a conversion rate of 4.7% (1033/22,087) from unique
homepage visits resulting in full account registrations [27].
Another study examining the impact of self-help resources on
gambling behavior, found a conversion rate of 14% (5652/8083)
from the program registration page to create an account. On the
other hand, a study evaluating the MoodGYM program, which
aims to prevent and manage symptoms of depression and
anxiety, demonstrated a 42.2% (82,159/194,840) registration
rate, considering the number of website visitors. Although
further research is necessary to thoroughly assess ongoing
participation after the initial sign-up to Go-Beyond, the
conversion rate found in this study appears to be mostly higher
than comparable published programs and indicates a decent
level of interest and engagement among veterans.

The time spent on each module of the Go-Beyond Program
indicates varying degrees of user engagement, with a notable
proportion (31%) completing at least 1 assigned module. These
outcomes also correspond to the findings of other studies [27].
A systematic review of digital self-help interventions for
depression, low mood, or anxiety demonstrated that real-world
uptake and engagement present a significant variability and
may differ from adherence in controlled trials [27]. Across the
studies analyzed in that research, minimal usage of the
intervention ranged from 21% to 88%, with users either
accessing it at least once or completing one module. However,
completion or sustained use, defined as finishing all modules
or the final assessment, or continuing to use the apps after a
prolonged period of time was lower and ranged from 0.5% to
28.6%. Research has demonstrated that factors such as
motivation, previous experience, and the perceived relevance
of course content can significantly influence engagement and
completion rates in online interventions [28]. Jardine et al [29]
identified uncertainty about the intervention’s usefulness and
usability as the main barriers to its uptake. Previous studies also
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revealed that forgetting about the intervention, not finding time
for it, and not finding it useful posed main barriers to early
engagement [28]. Further barriers to engagement included
technological challenges, severe mental health issues, lack of
personalization [30], lack of privacy, or difficulty in relating to
the content [30,31]. Conversely, facilitators include among
others user-friendly interfaces, personalized content, social
connectedness facilitated by the intervention, and the perception
of gaining better insight into the condition [30,31].

Beatty and Binnion [31] examined 36 studies to determine
predictors for adherence to web-based interventions, such as
demographic, psychological, characteristics of the presenting
problem, and intervention and computer-related factors. The
findings indicated that the female sex, higher treatment
expectancy, sufficient time, and personalized intervention
content were associated with increased adherence. Further, not
having enough time, dissatisfaction with program content,
perceiving content as impersonal, and computer difficulties
were found to decrease adherence [32]. Sex was not found to
play a significant role in predicting the completion of any
module in the Go-Beyond program in our study. However, as
identified in the users’ feedback, technical challenges
experienced by Go-Beyond users, such as difficulties with
saving completed worksheets, accessing the homepage with all
relevant modules, and audio quality, may have influenced
veterans’ frustration levels and their willingness or ability to
complete the modules. On the other hand, the highly
personalized content of the program, which offers users modules
tailored to their identified M-CARM areas of need, may have
contributed to the completion rates and engagement with the
module evidenced by high ratings of quality of content and
usefulness of the program. Moreover, the results of the user
survey underscore overall user satisfaction with the Go-Beyond
program, encompassing various aspects of module effectiveness,
user engagement, platform usability, and user recommendations.
They suggest that the Go-Beyond internet-based program
engages users, providing valuable content with aesthetically
pleasing and functionally efficient modules. Users also express
a high likelihood of recommending the program to others,
indicating a potential helpful impact on a broader audience.
However, further studies evaluating specific barriers and
facilitators for engagement with Go-Beyond are necessary.

While considering factors impacting adherence, it needs to be
noted that Wojtowicz et al [32] suggest that levels of guidance
or support through phone or email contribute to increased
adherence to internet-based interventions. It is suggested that
guided support may enhance motivation to participate or foster
a greater sense of accountability to adhere [33]. Peer support
and professional-assisted delivery of web-based interventions
also pose a potential solution to the enhancement of engagement
in web-based interventions [34]. Research suggests that
peer-assisted internet-based interventions have proven to be
feasible in the veteran population [35,36]. Since Go-Beyond
was designed as a completely self-help tool, an entirely self-help
format may be challenging for the ex-Defence cohort where
low motivation and avoidance are key features in common
mental health disorders experienced by veterans such as
depression, anxiety, and PTSD [37-39].

The findings of this preliminary evaluation provide several
lessons learned from the preliminary implementation and lay
the groundwork for further investigation and refinement of the
Go-Beyond program. In this context, it is crucial to emphasize
the importance of using real-world data when evaluating
adoption and engagement in digital mental health interventions.
As previously highlighted, real-world settings often differ from
controlled trial conditions, as individuals’ interaction with these
interventions can be influenced by factors such as accessibility,
usability, and personal preferences. Therefore, comparing uptake
and usage patterns across various interventions using real-world
data could offer invaluable insights, enabling researchers and
developers to identify trends, successes, and areas for
improvement in the field of digital mental health. This, in turn,
would facilitate making informed decisions to enhance user
experience and outcomes [26].

Limitations and Future Directions
There are several limitations to this study. Veterans who chose
to participate in the Go-Beyond program may not represent the
entire veteran population, leading to selection bias. Since the
M-CARM measure as well as the Go-Beyond program are
available to anyone, there is a possibility that some of the users
might have been members of the general population interested
in the program. Those who completed the M-CARM and signed
up for the Go-Beyond might have unique characteristics or
experiences that differ from nonparticipants, impacting the
generalizability of the findings. Therefore, the existing literature
is the only source of information to draw conclusions as to why
some chose to enroll in the program and complete assigned
modules. Furthermore, only 31% of users who signed up for
Go-Beyond completed at least 1 assigned module and provided
feedback. As a result, the favorable quantitative and qualitative
feedback received regarding the program may not fully represent
the overall user experience. This highlights the importance of
considering the perspectives of those who did not fully engage
with or did not complete the program in future evaluations
another limitation of our study is related to the interpretation
of the “time spent” metric. While “time spent” refers to the
duration participants engaged with each module, this measure
does not account for various underlying factors that could
influence the observed time. For instance, a longer duration
may indicate that a module was more complex, more engaging,
or potentially more challenging for participants. This variability
can complicate the interpretation of whether differences in “time
spent” are due to the inherent characteristics of the modules or
other participant-specific factors.

Finally, this was a preliminary examination of the reach, user
engagement, and completion rates of the Go-Beyond program,
and further evaluations of the barriers and facilitators, as well
as the effectiveness of the internet-based program on veterans’
readjustment to civilian life are needed.

Conclusion
In conclusion, the Go-Beyond program may be a promising
initiative in leveraging digital technology to support veterans
during their transition to civilian life. The study’s outcomes
contribute valuable insights into user engagement, completion
rates, and the program’s overall adoption. As the program
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continues to evolve, ongoing evaluation and refinement will be
crucial to enhancing its effectiveness and addressing the diverse
needs of military personnel in their reintegration journey. Our
study supports the notion that web-based interventions hold
substantial promise in enhancing the experience of transition
into the civilian life of veterans. Future research should examine

factors that predict the use and nonuse of Go-Beyond, how use
changes over time, and what factors can serve as predictors of
use. Furthermore, it is crucial to incorporate relevant outcome
measures to gain a thorough understanding of its effectiveness
and potential benefits.
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Abstract

Background: The prognosis for patients with several types of cancer has substantially improved following the introduction of
immune checkpoint inhibitors, a novel type of immunotherapy. However, patients may experience symptoms both from the cancer
itself and from the medication. A prototype of the eHealth tool Cancer Patients Better Life Experience (CAPABLE) was developed
to facilitate symptom management, aimed at patients with melanoma and renal cell carcinoma treated with immunotherapy. Better
usability of such eHealth tools can lead to improved user well-being and reduced risk of harm. It is unknown for usability
evaluations whether certain usability problems would only be evident to patients whose condition closely resembles the target
population, or if a broader group of patients would lead to the identification of a broader range of potential usability issues.

Objective: This study aims to evaluate the CAPABLE prototype by conducting tests to assess usability, user experience, and
perceived acceptability among end users, and to assess any agreements or differences in the results of our wide range of participants.

Methods: This usability study was executed by interviewing participants with a melanoma or renal cell carcinoma diagnosis
who have received immunotherapy and participants without direct experience with the targeted cancer types who have not received
immunotherapy. Participants were asked to review the concept of the tool, perform think-aloud tasks, and complete the System
Usability Scale and a Perceived Usefulness questionnaire. Usability problems were extracted from the interview data by independent
coding and mapped to an eHealth Usability Problem Framework.

Results: We included 21 participants in the study, aged 29 to 73 years; 13 participants who had received immunotherapy and
8 participants who had not received immunotherapy. In total, 76 usability problems were identified. A total of 22 usability problems
were in the task-technology fit category of the usability framework, mostly regarding the coaching and symptom functionality
of the prototype. Critical problems regarding the symptom monitoring functionality were mainly found by participants who had
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received immunotherapy. For 8 out of 10 statements in the Perceived Usefulness questionnaire, more than 75% of participants
agreed or strongly agreed. The overall mean System Usability Scale score was 80 out of 100 (SD 11.3).

Conclusions: Despite identified usability issues, participants responded positively to the Perceived Usefulness questionnaire
regarding the evaluated tool. Further analysis of the usability problems indicates that it was essential to include participants who
matched the target end users. Participants treated with immunotherapy, specifically with previous experience in immune-related
adverse events, encountered critical problems with symptom reporting that would not have been identified if these participants
were not included. For other tasks and functionalities, it seems likely that loosening the inclusion criteria would have resulted in
sufficient feedback without critical missing usability issues.

(JMIR Form Res 2025;9:e57659)   doi:10.2196/57659

KEYWORDS

oncology; usability; usefulness; symptom management; coaching system; patients with cancer; immune checkpoint inhibitors;
comparative qualitative study; medication; eHealth applications; caregivers; cancer treatment; patient education; well-being
interventions; acceptability; melanoma; renal cell carcinoma; immunotherapy

Introduction

The prognosis for patients with several types of cancer has
substantially improved following the introduction of immune
checkpoint inhibitors, a novel form of immunotherapy that
incites the patient’s own immune system to attack the cancer
cells [1-4]. The treatment has improved prognosis, but also often
incites side effects, ranging from mild to potentially
life-threatening. In addition, patients may experience symptoms
from the cancer itself, as well as the stress of the disease and
treatment on their mental well-being. Consequently, patients
may experience a diminished health-related quality of life [2-5].
Previous research has shown that patients with cancer often
have unmet care and information needs during their treatment
and follow-up. eHealth apps may support health providers in
addressing these needs [6,7].

For example, eHealth apps in cancer treatment are used to
facilitate timely symptom reporting by the collection of
patient-reported outcomes, by providing information for patients
and caregivers on diagnosis, treatment, and side effects, and by
giving patients access to home interventions for physical and
mental well-being [8-12]. While there is conclusive evidence
on the impact of eHealth on perceived support and knowledge
levels, there are inconsistent findings for outcomes related to
quality of life, self-management, and physical or mental
well-being [6,13,14]. These potential benefits of eHealth apps
are partially dependent on their ease of use, Perceived
Usefulness, and eventual user acceptance [15,16].

It is known that user-centered design (UCD) processes for these
types of eHealth apps may benefit system usability and user
acceptance [16-18]. Better usability can lead to benefits such
as enhanced user well-being and reduced risk of harm [19]. A
significant part of UCD is evaluating apps using a usability
evaluation method (UEM). Most UEMs highlight the importance
of doing so with the intended end users of the product in order
to accurately extract and understand the usability problems of
target users [20]. The International Organization for
Standardization standard for health and wellness apps states if
the app is specifically designed to cater to individuals with a
particular health condition, testing should involve participants
with that condition [21]. However, the characteristics of the
intended end users for health apps might not be strictly defined,

or the intended end users might consist of a broadly defined,
heterogeneous patient population [22]. Thus, it is not always
clear which user characteristics should be considered when
recruiting representative participants. In addition, it may be
difficult for researchers to find patients who fit a particular
profile, forcing them to adjust their inclusion criteria.

Prior to this study, we developed a prototype of the eHealth tool
Cancer Patients Better Life Experience (CAPABLE). This tool
facilitates symptom reporting, patient education, and well-being
interventions [23]. The prototype was developed in an iterative
manner based on UCD principles [6]. At the start of prototype
development, preliminary and semistructured interviews were
conducted with patients, caregivers, and health care
professionals, to elicit their specific support needs and
requirements for an eHealth tool [7]. These requirements were
translated into functionalities of the prototype, followed by a
preliminary usability test using heuristic evaluation.

The CAPABLE tool is intended for melanoma and renal cell
carcinoma patients treated with immunotherapy, and their health
care providers. During development, we aimed to consider
various aspects of implementation for these different patient
populations in different countries. The pilot study of CAPABLE
will focus on these specific patient populations [24]. However,
it is intended to be useful for a more general population of
patients with cancer who are undergoing treatment. It is not
known whether certain usability problems would only be evident
to patients whose condition closely resembles patients in the
trial, or if a broader group of patients would lead to the
identification of a broader range of potential usability issues.
This is particularly relevant for systems like CAPABLE,
intended for use by patients with serious health complaints, who
ethically should only be asked to participate in tasks where their
time and effort are truly needed.

Therefore, we aimed to evaluate the CAPABLE prototype by
conducting tests to assess usability, user experience, and
perceived acceptability among end users. A secondary objective
of the study is to assess any agreements or differences in the
results of our wide range of participants in the usability studies,
considering the target population of our eHealth intervention
(patients with melanoma and renal cell carcinoma treated with
immunotherapy) and participants that are part of a broader
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population (patients with cancer with other types of cancer and
informal caregivers).

Methods

Overview
The CAPABLE prototype was developed by a multidisciplinary
Consortium, as part of the CAPABLE Project [23]. The overall
aim of the project is to explore the effect, usability, and
feasibility of the CAPABLE tool in a pilot study with patients
with melanoma and renal cell carcinoma, during treatment with
immune-checkpoint inhibitors [24]. This usability study was
performed as part of the UCD process, through a think-aloud
approach where participants were asked to execute
scenario-based tasks using the CAPABLE prototype [20,25].

We followed the COREQ (Consolidated Criteria for Reporting
Qualitative Research) checklist for reporting our results
(Multimedia Appendix 1).

The CAPABLE Prototype
The CAPABLE prototype consists of a mobile app for patients
and a web-based dashboard for their health care providers. This
usability study focuses on the mobile app for patients. Software
from Invision was used to create a full clickable prototype of
the CAPABLE app. See Figure 1 for an excerpt of screens from
the CAPABLE prototype app screens [26].

The mobile app for patients consists of five different sections
to facilitate symptom reporting, well-being interventions, and
patient education (Table 1).

Figure 1. Excerpt of screens from the CAPABLE mobile app prototype evaluated during the usability study. CAPABLE: Cancer Patients Better Life
Experience.

Table 1. Sections of the CAPABLE mobile app with their goals and content for supporting patients treated with immunotherapy, including symptom
reporting, well-being interventions, and patient education.

Goals and contentsSections

Contains a daily plan for patients to follow, including their hospital appointments, links to patient questionnaires, and suggestions for
well-being interventions.

Home page

Contains messages, recommendations, and reminders regarding their symptoms and well-being interventions.Inbox

Allows users to report their symptoms and provides feedback based on implemented computer-interpretable clinical guidelines for the
management of symptoms related to immunotherapy side effects. Users report symptoms by selecting from a predefined set of descriptions
that detail both the severity of symptoms and their impact on daily activities. After reporting, they receive feedback such as self-care
instructions or advice to contact their health care provider.

Symptom
reporting

Provides well-being goals such as improving sleep, physical well-being, and mental well-being, and offers corresponding theory-driven
digital behavior change interventions including breathing exercises, meditation, and walking activities [27].

Goals

Contains information about melanoma and renal cell carcinoma, treatments including targeted therapy and immunotherapy, side effects,
supportive care, and nutrition.

Education
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Recruiting and Inclusion
Three recruiting organizations participated in the study, the
Netherlands Cancer Institute-Antoni van Leeuwenhoek
(NKI-AvL) in The Netherlands, Istituti Clinici Scientifici
Maugeri (ICSM) in Italy, and the Italian Association of Cancer
Patients, Relatives and Friends (AIMAC).

We aimed to recruit three participant groups; individuals
diagnosed with melanoma previously treated with
immunotherapy, those with renal cell carcinoma previously
treated with immunotherapy, and participants without direct

experience with the targeted cancer types nor with
immunotherapy (thus patients with other types of cancer or
informal caregivers). For each participant group, our goal was
to recruit seven to nine participants. We did not specifically aim
for data saturation as we considered the recommended sample
sizes found in the literature, which range from five to ten
participants. We chose seven to nine participants per group to
reduce the risk of missing usability problems while being
sensitive to time and resource constraints [28,29]. The inclusion
criteria and recruitment strategies are described in Table 2.

Table 2. Inclusion criteria and recruitment strategies across the three participating centers.

AIMACcICSMbNKI-AvLa

Participant ••• Adult AIMAC members or
their informal caregivers

Adult patientsAdult patients

Diagnosis ••• Any type of cancerRenal cell carcinomaHigh risk (resectable stage III) or advanced
(stage IV and unresectable stage III)
melanoma

Treatment ••• Any type of treatmentDuring or after treatment with immune
checkpoint inhibitors

During or after treatment with immune
checkpoint inhibitors

Language ••• Sufficient understanding of
the Italian language

Sufficient understanding of the Italian lan-
guage

Sufficient understanding of the Dutch lan-
guage

Recruitment ••• Open enrollment recruitment
from volunteering patient
network

Purposive sampling strategy to obtain a
sample that varied in age

Purposive sampling strategy to obtain a
sample that varied in age

•• Participants were invited by their treating
clinician, face-to-face or by telephone

Participants were invited by their treating
clinician, face-to-face or by telephone

aNKI-AvL: the Netherlands Cancer Institute-Antoni van Leeuwenhoek.
bICSM: Istituti Clinici Scientifici Maugeri in Italy.
cAIMAC: the Italian Association of Cancer Patients, Relatives, and Friends.

Ethical Considerations
This study was approved by the medical ethics committee of
Amsterdam Universitair Medisch Centrum (Amsterdam; ID
2023.0944). Written informed consent was obtained from all
participants prior to the interviews. All data collected for this
study were pseudonymized with a new identifier. The research
participants were not compensated for their study participation.

Interviews

Overview
The interviews were performed by two research teams. The
interviews at NKI-AvL were performed in Dutch by two female
PhD candidates with prior interviewing experience (IF and
SLCG). The interviews at ICSM and AIMAC were performed
in Italian by a female researcher (VT), a male senior researcher
(MO), and a male research assistant with previous experience
as a health care professional (Federico Dagostin). Two
participants from NKI-AvL had participated in a previous
interview with the NKI-AvL research team to elicit specific
needs and requirements for the CAPABLE tool. The researchers
had no clinical relationship with nor did know the remaining
participants. A collaborative training session was held with all

interviewers to streamline the UEMs used in the interviews as
much as possible.

Due to the COVID-19 pandemic, interviews were done digitally
using videoconferencing tools Teams (Microsoft Corp) and
Zoom (Zoom Video Communications). The interviews were
recorded using the screen- and audio-capture functionalities of
these tools. The planned duration of the interviews was 45-60
minutes. The interviews were conducted in three phases: (1)
the introduction, where participants were asked their opinion
on the CAPABLE concept; (2) completing think-aloud tasks,
and (3) filling in questionnaires. Participants were aware that
the interviewers were researchers involved in the development
of the CAPABLE prototype. See Multimedia Appendix 2 for
the interview protocol.

Phase I: Introduction
The interview started with a few questions regarding patient
demographics, and their previous experience with smartphones
and technology. This was followed by a short presentation about
the CAPABLE system and a few open-ended questions
regarding the participant’s opinion on the proposed goals and
functionalities of the mobile app. Then, the interviewer
explained the concept of the think-aloud phase of the interview.
The participants were informed that the purpose of the
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think-aloud tasks was to evaluate the app’s performance and
that the method required them to talk about what they were
doing and thinking whilst using the app.

Phase II: Think-Aloud Tasks
The participants were asked to complete five tasks in total.
These tasks were developed in cooperation with research team
members and the developer. The tasks were (1) go through the
introduction, check notifications, and report an activity; (2)
report an itch symptom in the patient role; (3) report a fever
symptom in the caregiver role; (4) find and perform a deep
breathing exercise; and (5) find and review information about
skin toxicity.

After performing the tasks, participants were asked about their
final opinions, suggestions, or functionalities that they missed
in the app.

Phase III: Questionnaires
Next, we administered the System Usability Scale (SUS) survey,
a 10-item questionnaire aimed to assess the usability of a system
considering effectiveness, efficiency, and satisfaction [30].
Finally, the participants were asked to fill out an 11-item
questionnaire on Perceived Usefulness, based on the Technology
Acceptance Model [31]. For both questionnaires, each item
contains a statement that the participant is asked to rate based
on a 5-point scale, ranging from strongly agree to strongly
disagree (Multimedia Appendix 3).

Data Analysis

Participant Characteristics
The participants’characteristics were analyzed using descriptive
statistics. We divided participants into two groups: treated with
immunotherapy and not treated with immunotherapy.

Task Completion
We assessed the effectiveness of the participants performing
the tasks according to three measures: (1) completed with ease,

(2) completed with difficulty, and (3) failed to complete. We
defined completed with difficulty as completed while needing
to receive hints from the interviewer. Giving hints was done to
ensure that the participant would have the opportunity to review
all the content of the app and allow the researchers to obtain
additional information about the usability of the app regardless
of the completion status of the task.

Usability Problems
The Dutch interview recordings at NKI-AvL were transcribed
verbatim (SLCG) as source data for our coding and analysis of
the usability problems. During the Italian interviews at ICSM
and AIMAC, notes were made by the interviewer that
summarized the participants’ feedback. These notes were revised
and completed after the interview upon reviewing the recording.
The transcripts and notes were not returned to the participants.

As two research teams performed the interviews and the data
used to code the interviews varied (ie, transcripts and
summarizing notes), we conducted a data quality check. Two
Italian interviews and two Dutch interviews were transcribed
and independently coded by researchers from both research
teams (SLCG and VT). The codes based on the transcript were
compared to those based on the summarizing notes of the Italian
interviews to evaluate their consistency. In addition, the
independently coded interviews were compared to ensure
whether the interpretation of the data was similar between the
two research teams. Transcripts and notes were considered
comparable if both reviewers agreed that there were no
substantial differences or omissions in the code’s results.

Coding and Analysis of Interview Recordings
Several steps were taken to code and analyze the interview
recordings. This was executed by the same researchers who
conducted the Dutch interviews (SLCG and IF), plus NB, an
MSc in Medical Informatics. The coding and analysis were
done in English. See Figure 2 for an overview of these steps.
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Figure 2. Steps executed for open coding of the usability interview transcripts and notes and analysis of the usability problems by mapping to the
eHealth Usability Problem Framework. FD: Federico Dagostin.

First, the interviews were open-coded by SLCG. The codes
from the Dutch and Italian interviews were reviewed by IF and
NB, respectively, until a consensus was reached. After merging
the data and codes from the Dutch and Italian interviews, an
extra revision step was executed to ensure that duplicate and
similar codes were revised, upon agreement of SLCG and NB.
This resulted in the final codebook. All codes in the codebook
were independently labeled by SLCG and NB as “Positive
remark,” “Neutral remark,” or “Problem” to allow us to focus
on the usability problems indicated by the participants. Then,
we mapped the “Problem” codes in the codebook to an eHealth
Usability Problem Framework developed by Broekhuis et al
[32]. This framework specifies 21 usability factors in the
following categories: basic system performance, task-technology
fit, accessibility, interface design, navigation and structure,
information and technology, guidance and support, and
satisfaction. This mapping process was done by SLCG and NB,
in three different cycles, independently mapping and comparing
the mappings, reaching consensus. Any discrepancies were
discussed with IF and SM.

To gain insight into the usability problems and the frequency
with which they were encountered, we counted the distinct
problems associated with each usability factor (eg, the number

of issues related to the usability factor “design clarity” under
the category “interface design.” To address our secondary
objective, we noted which participants had observed specific
problems, and counted how many were identified by both groups
(those treated with immunotherapy and those not treated with
immunotherapy) versus problems identified by only one group.
Furthermore, for each distinct usability problem, we noted the
number of participants who identified the problem and compared
how frequently the problem was reported across the two
participant groups.

We provide a more detailed account of the usability problems
in the “Qualitative Assessment” section. We adopted a UCD
approach and a postpositivist perspective. The eHealth Usability
Problem Framework was used as a theoretical framework for
our analysis. We included the problems most frequently
identified, as well as those where there was a notable difference
in identification between the two participant groups.

The qualitative analysis was conducted without the use of any
specialized software. The quantitative analysis of counts and
frequency was performed using Excel (Microsoft Corp).
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Perceived Usefulness and SUS Questionnaires
The SUS survey results were evaluated using the standard SUS
scoring algorithm. We followed the general guideline for
interpretation of the results, with scores below 68 indicating
poor usability, and scores above 68 indicative of good usability.
The Perceived Usefulness results were analyzed using frequency
analysis.

Results

Participant Characteristics
We conducted 21 interviews in total. The interviews took place
between June 2021 and April 2022. The average age of the

participants was 53 (SD 12.1) years. We interviewed 7 patients
with melanoma, 6 patients with renal cell carcinoma, 6 patients
with other types of cancer (breast cancer, urinary cancer,
lymphoma, and vestibular schwannoma), and 2 caregivers. See
Table 3 for an overview of the participants’ characteristics. The
participants with melanoma and renal cell carcinoma were
treated with immune checkpoint inhibitors. All participants used
a smartphone and were familiar with mobile apps. Five
participants mentioned having used a health-related mobile app
before.

Table 3. Characteristics of participants that were interviewed for this usability study (between June 2021 and April 2022).

Treated with immunotherapy?

No, N/Aa (caregiver; n=8)Yes (n=13)

Sex, n (%)

6 (29)6 (29)Male

2 (10)7 (33)Female

Age (years)

56 (14)52 (11)Mean (SD)

29-7332-71Range

Type of cancer, n (%)

0 (0)7 (33)Melanoma III-IV

0 (0)4 (19)Kidney I-II

0 (0)2 (10)Kidney III-IV

1 (5)0 (0)Breast I-II

2 (10)0 (0)Breast III-IV

1 (5)0 (0)Lymphoma

1 (5)0 (0)Urinary IV

1 (5)0 (0)Vestibular schwannoma I-II

2 (10)0 (0)N/A (caregiver)

Treatment status, n (%)

4 (19)8 (38)On treatment

2 (10)5 (24)Off treatment

2 (10)0 (0)N/A (caregiver)

Living situation, n (%)

1 (5)2 (10)Alone

6 (29)11 (52)With relatives

1 (5)0 (0)Shared housing

Type of smartphone, n (%)

5 (24)6 (29)Android

3 (14)7 (33)iOS

aNot applicable.
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Task Completion
We measured the effectiveness of the participants performing
tasks by completion rates (Table 4). Participants found Task 1,
“Go through introduction, check notifications, and report an
activity,” and Task 3, “Report a fever symptom in a caregiver’s

role,” the most challenging. Task 5, “Find and review
information about skin toxicity,” had the highest completion
rate. Participants who were not treated with immunotherapy
seemed to struggle more with the symptom-reporting tasks
(Tasks 2 and 3).

Table 4. Task completion rates of tasks performed during the think-aloud part of the usability interview, divided by participant group (participants
previously treated with immunotherapy and not treated with immunotherapy).

Task 5: patient edu-
cation

Task 4: coaching,
goals, and activities

Task 3: symptom report-
ing and response inbox
(fever as caregiver)

Task 2: symptom re-
porting and response
inbox (itch as patient)

Task 1: introduc-
tion and home
page

NoYesNoYesNoYesNoYesNoYes

8 (100)11 (85)5 (63)9 (69)3 (38)10 (77)4 (50)11 (85)5 (63)8 (62)Completed chemotherapy with
ease, n (%)

0 (0)2 (15)3 (37)4 (31)5 (62)3 (23)4 (50)2 (15)3 (37)5 (38)Completed chemotherapy with
difficulty, n (%)

Usability Problems
In the four interviews used to assess data quality, no substantial
differences were noted in the results from the Italian and Dutch
research teams, nor were differences between the analyses based
on transcripts compared to the analyses from notes. The
participants identified 76 distinct usability problems and
proposed 15 additional features missing in the CAPABLE app.
The first task “Go through introduction, check notifications,
and report an activity” resulted in 31 issues; the second and
third tasks “Report an itch symptom in a patients’ role” and
“Report a fever symptom in a caregivers’ role” resulted in 24
issues; the fourth task “Find and perform a breathing exercise”
resulted in 16 issues; and the final fifth task “Find and review
information about skin toxicity” resulted in 12 issues. Eight
problems recurred in multiple tasks.

Table 5 shows an overview of the eHealth Usability Problem
Framework [32] and the count of usability problems found per
usability factor. The category with the highest number of
usability problems is the task-technology fit category, which
relates to the match between the system on the one hand, and
the user, their context of use, and their health goals on the other
hand. Of these, 23 usability problems were found by both
participants who received immunotherapy and participants who
did not receive immunotherapy, 31 problems were solely found
by participants who received immunotherapy, and 22 problems
were solely found by participants who did not receive
immunotherapy. Table 6 shows an overview of all usability
problems that were indicated by more than one participant,
resulting in 32 problems. See Multimedia Appendix 4 for the
complete table of usability problems. We discuss the usability
problems that participants most frequently indicated during the
study in the following section.
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Table 5. Number of distinct usability problems identified during the think-aloud part of the usability interviewa.

Number of
total issues

Number of issues found only by
the nonimmunotherapy group

Number of issues found only
by the immunotherapy group

Number of issues
found by both groups

Usability factors

2011Basic system performance

2011General system interaction

22796Task-technology fit

4121Fit between system and context of use

8323Fit between system and health goals

10352Fit between system and user

11452Interface design

2020Design clarity

3111Interface organization

3201Readability of texts

3120Symbols, icons, and buttons

5104Navigation and structure

4103Navigation

1001Structure

15636Information and terminology

12534Health-related information

3102System information

9171Guidance and support

8161Procedural health-related information

1010Procedural system information

12363Satisfaction

5122Satisfaction with system

7241Satisfaction with the system’s ability to
support health goals

76223123Total

aThe counts are presented per usability factor and usability factor category.
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Table 6. List of usability problems including the count of participants that identified these usability problems, divided by group (treated with

immunotherapy vs not treated with immunotherapy)a.

Treated with immunotherapy?

NoYes

Introduction and home page

Task-technology fit

22Current list of hobbies not sufficient

13Expects automatic detection of activities by smartwatch

02Time of going to bed is different every day

02Unclear what the added value is of recording exercises or activities

02Allow user to write down why they did or did not like the challenge

11Not possible to select multiple hobbies

20Need for balance between coaching, support for symptoms, and support for cancer treatment in content

Interface design

25Text is too long

20Participant prefers graphical explanations to textual explanations

Navigation and structure

11Link between times of waking up or going to bed and the symptom management unclear

Information and terminology

02Unclear what vital functions in home page are

Satisfaction

11Tone in the introduction text is not appreciated

Symptom reporting and response inbox

Basic system performance

56Not clear that scrolling was necessary to view everything in screen

Task-technology fit

17Information missing about medication in recommendation (dosage, need for prescription, where to get it)

06Symptom descriptions do not match experience of itch of the patient, would be difficult to choose

51Feedback missing after report

Navigation and structure

13Participant cannot find symptom section easily

Information and terminology

11Term caregiver is unclear, caregiver can be a professional or family or friends visiting

00Guidance and support

04Unclear if the clinician will view the report, if patient will be contacted, and what is expected of patient

02Missing from instructions that caregivers can report symptoms

Satisfaction

11Symptom reporting process seems long or steps redundant

11Participant does not trust the feedback from the app

Coaching, goals, and well-being interventions

Task-technology fit

30Expects automatic detection of activities by smartwatch

20Unclear how users can set their own goals

22Unmet expectation of the app recommending a schedule with activities, which can be personalized
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Treated with immunotherapy?

NoYes

Navigation and structure

27Participant cannot find the exercise easily

Information and terminology

14Names of types of breathing exercises are not self-explanatory

12Menu term “objectives or goals” does not match with content found

Guidance and support

04Unclear how goals relate to the activities

710Invitation for well-being intervention is not clear, not self-explanatory what it is and how to proceed

Satisfaction

03Content, purpose, and benefits of well-being interventions not sufficient currently

Patient education

Interface design

31Reorganize the categories and structure of the educational content list

Navigation and structure

31Participant cannot find educational section easily (clicks on symptoms first)

Information and terminology

21First part of the text is difficult to understand without in-depth knowledge

21Education not the correct term for section

11Rash and itching are not translated

85128Total

aProblems included in this table were identified by at least two participants.

Qualitative Assessment

Introduction and Home Page
Task-technology fit: the CAPABLE app asks the user to select
their hobbies from a predefined list. This selection is used to
recommend similar activities. Participants could not find their
own hobbies in this list and were unable to select more than one
hobby.

Interface design: in the introduction, the text to explain the
purpose and functionalities of the CAPABLE app was deemed
too long by some participants and participants stated a
preference for more graphical explanations.

Yes, it [the text] was long, and the concentration of
some patients might be decreased, so a video might
be easier. [Participant 20]

Symptom Reporting and Feedback Inbox
In general, it was not always clear to participants that scrolling
was necessary to view everything on screen.

Task-technology fit: participants who received immunotherapy
treatment predominantly experienced problems when reporting
an “Itch” symptom using the symptom reporting function in the
app. The app presents a set of symptom descriptions to choose
from. Nearly half of the participants in the immunotherapy
group found it difficult to choose one of those descriptions,

which did not match their own experiences with itching caused
by immunotherapy:

It’s very black-and-white, isn’t it? Yes, I had constant
itching, all day long, but I could still do activities.
And that’s not reflected in there. You really should
give a lot more options ... I had constant itching, but
of course, I could still go grocery shopping, and wash
myself, and, sleeping was really difficult though,
whole nights without sleep. [Participant 21]

During the think-aloud task, the app recommended an emollient
cream for the itch symptom reported by the participants. While
participants appreciated the advice, a majority of the participants
in the immunotherapy group found the message incomplete, as
they were not sure what the exact dosage of the cream would
be, if a prescription would be needed, and where to acquire the
medication.

Guidance and support: after reporting the symptom, participants
were confused about the next steps in the process. A subset of
participants from the immunotherapy group expressed
uncertainty on whether a clinician would view the report, in
which cases they would be contacted by the clinician, and what
was expected of them as a patient.

That may still need to be coordinated, like, when
should the patient or caregiver take action themselves
if they notice things are not going well, and when
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does the team proactively step in or call to check how
things are going or if they can offer any help? would
have expected if you report [symptoms] in this
manner, that your care team would be informed.
[Participant 15]

Coaching, Goals, and Activities
Task-technology fit: the section “Goals” in the app contains a
list of exercises and activities. These can be filtered by their
goal, including supporting mental well-being, physical
well-being, sleep, and acceptance. The connection between the
name of the section and the list of activities was perceived as
unclear and confusing by some participants. As a result, when
asked to find a breathing exercise in the app, it was not always
obvious for participants to click on the “Goals” button from the
home page. In addition, while participants appreciated the ability
to easily select and do an exercise, it was unclear how often to
do these activities and how to schedule activities in the daily
plan on the home page of the app:

[I expected] some sort of automatic coach within the
system that informs you: you’ve chosen mental
well-being as your focus, so every night before going
to sleep, do fifteen minutes of meditation. [Participant
8]

Participants were also confused about wearing a smartwatch
while the app requires manual registration of exercises such as
walking.

Guidance and support: users receive an invitation in the
CAPABLE app inbox to participate in an activity, such as a
daily walking challenge. While users are immediately prompted
to accept this challenge, most participants found it unclear in
the invitation what is expected of them, how they should
proceed, where they can see the content of this program in the

app, and whether and where they should register to do these
activities.

Patient Education
Navigation and structure: participants were asked to find
information about skin adverse events due to immunotherapy.
Some participants had trouble finding the correct section in the
app and clicked on the “Symptom management” section instead
of the “Education” section.

Information and terminology: some participants indicated that
the text in the example section shown during the interview was
challenging to understand without in-depth knowledge.

Perceived Usefulness and SUS Questionnaires
The participants filled in a questionnaire aiming to measure
their acceptance and perceived usefulness of the CAPABLE
app. Overall, participants were positive about nearly all
statements. For eight out of ten questions, more than 75% of
participants agreed or strongly agreed (Figure 3). The statements
that were most widely agreed upon were that the system would
easily fit in users’ daily routines, could help health care
professionals to follow up on patients’ well-being, could
improve communication with the care team, could help users
cope with their treatment, and could help users support their
quality of life. Participants were more skeptical about the
CAPABLE app helping to manage emotions such as anxiety
and stress and the ability of the app to help cope with daily life
problems. The results of the questionnaire were comparable
between the participant group treated with immunotherapy,
versus the group not treated with immunotherapy. Finally, the
participants were asked to fill in the SUS questionnaire. The
mean SUS score was 80 (SD 11), which is classified as “good”
in terms of usability.

Figure 3. Outcomes of the Perceived Usefulness questionnaire filled in at the end of the usability interview by participants, presented as a stacked bar
chart. CAPABLE: Cancer Patients Better Life Experience; HCP: health care provider.

Discussion

Principal Findings
We evaluated the prototype of the CAPABLE app, a symptom
monitoring and coaching system, with 21 participants divided
into two groups, participants that had received immunotherapy

(patients with melanoma and renal cell carcinoma) and that had
not received immunotherapy (other cancer types), from The
Netherlands and Italy. This evaluation was executed by use of
think-aloud interviews and two questionnaires. In total, 76
usability issues were identified. Specifically, 23 usability issues
were identified by both groups. The immunotherapy group
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found 31 additional issues, and the nonimmunotherapy group
found 22 additional issues.

Most usability problems were in the task-technology fit category
of the eHealth Usability Problem Framework [33]. This is
reflected in problems encountered in the coaching section of
the app. The participants’ mental model, defined as what a user
knows, believes about, and expects from a system [34], did not
match with the design and presentation of the digital behavior
change interventions. Participants expected to be able to set
their own goals, and thought that the app would suggest a
recommended weekly schedule of activities that can be
personalized according to their needs. Problems with
task-technology fit were also encountered in creating a symptom
report and with the subsequent advice given. Participants who
had experienced itching due to immunotherapy found it difficult
to choose one of the descriptions given to make a symptom
report, as none of them matched their own experiences with the
symptom. Additionally, participants felt that the advice provided
was insufficient because it lacked information about the
prescription, use, and dosage of the recommended medication,
as well as whether to contact their clinician. This set of issues
was mainly indicated by participants who had received
immunotherapy. This is logical, since patients who received
immunotherapy are more likely to have experienced a situation
similar to the scenario used in the test, and could assess the fit
of the app with their own lived experience. No differences were
noted in the number and type of usability issues identified by
caregivers compared to patients.

Despite identified usability issues, participants responded
positively to the perceived acceptance and usefulness
questionnaire regarding the CAPABLE app. Specifically, they
would expect that the CAPABLE app would facilitate at-home
monitoring, help patients cope with treatment, and support their
quality of life.

Overall, our analysis of the usability problems seems to indicate
a necessity to include participants with the characteristics of
the intended end users for the evaluation of certain
functionalities. In our case, this meant having the
symptom-reporting functionality evaluated by patients who had
been treated with immunotherapy, specifically with previous
experience in immune-related adverse events. For the other
tasks and functionalities, it seems likely that loosening the
inclusion criteria would have resulted in sufficient feedback
without critical missing usability issues.

Interpretation and Impact
This study adds to previously published information by
extracting a specific description of the usability problems
encountered by intended end users during the evaluation of
symptom management and coaching eHealth intervention. These
findings are relevant for researchers developing and evaluating
tools like symptom monitoring apps, especially for patients with
cancer. More generally, we noted that patients who had taken
immunotherapy noticed problems that other patients with cancer
(and caregivers) did not. This is useful information for
researchers who are considering whether patients who have
experienced the specific health problem under study need to be
recruited. It can be that these patients are quite ill, and

researchers do not want to burden them. Our results suggest
that the participation of these patients added valuable
information, at least in this study, and thus asking for their
participation in usability studies is justified.

Comparison With Prior Work
This study found positive perspectives from participants on
measured perceived acceptance and perceived usefulness. This
might seem contradictory to the number and severity of usability
issues reported. This is reflected in other studies, where
participants are enthusiastic about the functionalities and
perceived future benefits, while simultaneously encountering
difficulties during the usability evaluation [35-37]. Patients’
wants and needs seem to be identified clearly in research, while
a gap between user needs and eHealth tool implementation
might be caused by practical considerations, the adaptability of
the tool to local context, complexity factors, and health
professionals’ uptake of the eHealth app [38].

In addition, we investigated the impact of different user
characteristics on usability problems found during a think-aloud
evaluation. Previous studies have researched the impact of
domain knowledge, specified as the familiarity or expertise an
individual has with a particular topic or subject area, on finding
usability problems [39]. In these studies, the output of novices
and experts, with previous expertise with the software or tools
evaluated, was compared. In some cases, novices found more
usability problems, less usability problems, or less usability
problems but more severe problems, compared to experts
[40-42]. However, this study would define previous domain
knowledge not as previous experience with the software, but as
previous experience with the treatment (immunotherapy) or
previous experience with certain side effects (itch). Previous
research found a significant difference between the novice and
expert group with previous domain knowledge defined as
previous pregnancy [43]. More research is needed on the impact
of previous experience with a disease or treatment in the
oncology field as part of the users’ profile on usability
evaluation outcomes.

Strengths and Limitations
In this study, we were able to recruit a large and diverse
participant group from multiple centers in both The Netherlands
and Italy. This was a benefit to our goal of collecting broad
feedback on the CAPABLE tool and aiming to find a complete
overview of potential usability issues. We had researchers from
two different research teams performing the interviews. Nearly
all researchers had previous interviewing experience, and a
collaborative training session was held with all interviewers to
streamline the UEMs used in the interviews as much as possible
to prevent bias. The interviews were qualitative in nature;
however, the data from the think-aloud tasks was specifically
used to identify usability problems, rather than for thematic
analysis. No pilot testing was performed, but no changes were
needed during the course of the interview rounds.

The raw data used for coding the interviews varied: interviews
with participants with renal cell carcinoma and other types of
cancer were coded using summarizing interview notes, while
interviews with melanoma participants were coded using
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transcriptions. This discrepancy may have led to missing data
from incomplete interview notes. However, our data quality
check revealed that although transcripts provided more context
for the codes, the codes derived from the interview notes were
consistent with those from the transcripts. In addition, we had
multiple researchers involved in the coding and analysis phase
of the study, to reduce the evaluator effect [44].

We did not take health, smartphone literacy, or physical or
mental impairments into account during recruitment. There
might be a selection bias of participants agreeing to the interview
as they have an interest in using their mobile phones, or invitees
refusing to participate because of limited smartphone literacy.
However, we recruited a varied group of 21 participants, with
varying ages, different diagnoses, past treatments, and countries.

Future Work
The usability results of this study were used to improve the
CAPABLE prototype. A prospective exploratory pilot study
involving the final version of CAPABLE is currently being held
in The Netherlands and Italy, with different patient populations
treated with immune checkpoint inhibitors, including patients
with melanoma and renal cell carcinoma [24]. The clinical
impact and usability of the CAPABLE tool will be evaluated.

Our comparison of the usability problems generated by
participants treated with immunotherapy versus the
nonimmunotherapy group indicated a difference in output
mainly for the symptom-reporting functionality of the
CAPABLE tool. This comparison was based on qualitative data.

Multiple factors may have been involved in the differences of
usability problems found in addition to previous experience
with the treatment or side effects, such as age, diagnosis, stadium
of disease, health literacy, and country. However, our findings
implore future studies to focus on exploring and comparing the
usability evaluation output of participants with varying previous
experiences. In addition, future research is needed to determine
for which types of software, or which specific functionalities,
there would be an added benefit or need for participants with
specific characteristics.

Conclusions
While participants identified usability problems regarding
task-technology fit, interface design, and overall satisfaction,
they responded positively regarding the perceived impact of
CAPABLE in monitoring patients from home, helping to cope
with treatment, and supporting quality of life. Further analysis
of the usability problems indicates that it was essential to include
participants who matched the target end users. Participants
treated with immunotherapy, specifically with previous
experience in immune-related adverse events encountered
critical problems with symptom reporting that would not have
been identified if these participants were not included. For other
tasks and functionalities, it seems likely that loosening the
inclusion criteria would have resulted in sufficient feedback
without critical missing usability issues. Future research is
needed to determine for which types of software and which
specific functionalities, there would be an added benefit or need
for participants with specific characteristics.
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Abstract

Background: With growing evidence suggesting that levels of emotional well-being have been decreasing globally over the
past few years, demand for easily accessible, convenient, and affordable well-being and mental health support has increased.
Although mental health apps designed to tackle this demand by targeting diagnosed conditions have been shown to be beneficial,
less research has focused on apps aiming to improve emotional well-being. There is also a dearth of research on well-being apps
structured around users’ lived experiences and emotional patterns and a lack of integration of real-world evidence of app usage.
Thus, the potential benefits of these apps need to be evaluated using robust real-world data.

Objective: This study aimed to explore usage patterns and preliminary outcomes related to mental health and well-being among
users of an app (Paradym; Paradym Ltd) designed to promote emotional well-being and positive mental health.

Methods: This is a pre-post, single-arm evaluation of real-world data provided by users of the Paradym app. Data were provided
as part of optional built-in self-assessments that users completed to test their levels of depression (Patient Health Questionnaire-9),
anxiety (Generalized Anxiety Disorder Questionnaire-7), life satisfaction (Satisfaction With Life Scale), and overall well-being
(World Health Organization-5 Well-Being Index) when they first started using the app and at regular intervals following initial
usage. Usage patterns, including the number of assessments completed and the length of time between assessments, were recorded.
Data were analyzed using within-subjects t tests, and Cohen d estimates were used to measure effect sizes.

Results: A total of 3237 app users completed at least 1 self-assessment, and 787 users completed a follow-up assessment. The
sample was diverse, with 2000 users (61.8%) being located outside of the United States. At baseline, many users reported
experiencing strong feelings of burnout (677/1627, 41.6%), strong insecurities (73/211, 34.6%), and low levels of thriving
(140/260, 53.8%). Users also experienced symptoms of depression (mean 9.85, SD 5.55) and anxiety (mean 14.27, SD 6.77) and
reported low levels of life satisfaction (mean 12.14, SD 7.42) and general well-being (mean 9.88, SD 5.51). On average, users
had been using the app for 74 days when they completed a follow-up assessment. Following app usage, small but significant
improvements were reported across all outcomes of interest, with anxiety and depression scores improving by 1.20 and 1.26
points on average, respectively, and life satisfaction and well-being scores improving by 0.71 and 0.97 points, respectively.

Conclusions: This real-world data analysis and evaluation provided positive preliminary evidence for the Paradym app’s
effectiveness in improving mental health and well-being, supporting its use as a scalable intervention for emotional well-being,
with potential applications across diverse populations and settings, and encourages the use of built-in assessments in mental health
app research.

(JMIR Form Res 2025;9:e68031)   doi:10.2196/68031
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Introduction

Background
Emotional well-being has been widely recognized as a crucial
factor in predicting overall health and quality of life [1].
Increased emotional well-being has been robustly associated
with a lower risk of both physical and mental health problems,
according to numerous studies [2,3]. Research findings from
different countries indicate that emotional well-being has been
declining within the general population over the last few years
[4,5], a trend that was first observed following the beginning
of the COVID-19 pandemic in 2020. Since then, problems with
well-being and general satisfaction with life have intensified
globally, and simultaneously, the demand for easily accessible,
affordable, and effective support services has increased [4].
While research suggests that one effective way to enhance
emotional well-being is by increasing emotional self-awareness,
such a goal is not easily obtainable for many people facing
mental health and well-being difficulties. Specifically,
conventional face-to-face psychotherapeutic treatments are often
inaccessible, usually due to high costs, long waiting times, and
inflexible treatment schedules that are not accommodating to
people’s daily lives and work-related commitments [4,6]. As a
result, mental health apps have been highlighted as a promising
solution for delivering these services, given their affordability,
ease of access, scalability, and ability to offer anonymous
support [6].

In addition, mental health and well-being apps have also begun
to be integrated into clinical practice; some therapists use such
apps to enhance in-person treatment and provide patients with
a tool they can use outside of face-to-face sessions to gain
psychoeducational insights, monitor their symptoms, and reflect
on their progress [7]. Therapists have expressed positive views
about the integration of online mental health tools into their
practice, as they can provide a streamlined way to organize and
conduct therapy-related activities, improve patient’s accessibility
to therapy, and reduce the stigma associated with visiting a
mental health professional [8]. Specific types of therapy, such
as art therapy, can especially benefit from online mental health
tools that enable the creation and sharing of visual arts media,
which is a key method to fostering self-expression and
well-being for patients [9]. However, concerns have been raised
focusing on the high implementation costs associated with the
integration of digital apps, both for the therapist and the patient,
as well as the privacy, safety, and anonymity of app users, as
apps collect sensitive personal information related to patients’
mental and physical health and experiences [10]. In addition,
clinicians have expressed some concerns about the robustness
of the evidence base behind mental health apps, as some apps’
content and structure are not clearly based on validated
therapeutic techniques and have not been investigated in
rigorous research studies [10,11]. However, emotional
well-being apps have been increasingly studied and have mixed
results with effectiveness. Of note, some studies show that,

overall, such apps are valued by users for the privacy,
personalization, and instant support that they can provide [12].

Emotional Well-Being
Emotional well-being is a key aspect of mental health that
encompasses overall happiness and life satisfaction [13].
Emotional self-awareness, which refers to recognizing and
expressing one’s emotions as they occur [14], is crucial for
achieving emotional well-being, as low levels of emotional
awareness have consistently been linked to diminished emotional
well-being, reduced quality of life, problems in interpersonal
relationships, and a higher risk of mental health disorders like
depression and anxiety [15,16]. In contrast, increased emotional
awareness has been linked to better emotional regulation,
increased positive emotions and quality of life, improvements
in social functioning, and reductions in symptoms of depression
and anxiety [17]. Based on these findings, both researchers and
policymakers have highlighted emotional well-being as a means
to improve overall mental and physical health and reduce the
costs linked to poor mental health and the treatment of mental
health disorders [1,2].

Emotional Well-Being Apps
In recent years, a growing number of apps have focused on the
connection between emotional self-awareness and emotional
well-being has led to a range of digital interventions that focus
on this approach [18,19]. These apps, which can be easily
accessed on smartphones and tablets, allow users to improve
their emotional well-being at their convenience, offering privacy
and flexibility, while they are usually either free or have a much
lower annual cost than traditional face-to-face therapy [18,19].

A comprehensive review of 52 well-being apps revealed that
most of these tools focus on helping users improve their
emotional well-being and emotional awareness primarily
through techniques such as mindfulness, meditation, cognitive
behavioral therapy, mood tracking, and journaling [20].
Mindfulness-based apps, such as Headspace and Calm
(Calm.com Inc), have gained popularity by encouraging users
to incorporate meditation and breathing exercises into their daily
routines. These practices are designed to heighten emotional
awareness and help users manage their thoughts and feelings
more effectively [21-23]. Similarly, other apps have integrated
cognitive behavioral therapy strategies, which are aimed at
helping users challenge and reframe negative thought patterns
and engage in positive reappraisal [24,25]. Moreover,
mood-tracking features in some apps enable users to record and
monitor their emotions over time, often providing personalized
suggestions for activities that can help regulate and improve
their moods [26,27]. This combination of approaches highlights
the diverse methods through which digital tools are addressing
emotional well-being.

Despite the variety of techniques used, many well-being apps
have been critiqued for not fully incorporating lived experiences
or storytelling elements in their design [20]. When these
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elements are included, they typically take the form of fictional
narratives or real-life testimonials from individuals who have
successfully navigated difficult emotional situations or life
events [28]. These storytelling techniques can be powerful,
offering users relatable examples and motivating them to engage
more deeply with the app’s content [29]. Research indicates
that the incorporation of storytelling in therapeutic interventions
can improve patient engagement and destigmatize mental health
treatment [30]. Effective storytelling has also been shown to
enable the delivery of novel health care interventions and capture
the unmet needs of patients across demographic strata and
treatment areas [31]. However, the limited use of these
approaches suggests that there is untapped potential in using
storytelling and lived experiences more extensively. In addition,
very few apps encourage users to explore their emotional
patterns over time. Such exploration could provide valuable
insights into their personality traits and behavioral tendencies,
offering a deeper understanding of their emotional landscape
beyond the immediate moment [20].

Given the rapid growth of well-being apps and the limited
research on those that use storytelling, lived experiences, or
focus on emotional patterns, there is a clear opportunity for
further exploration, which could help identify new strategies to
increase user engagement and satisfaction with digital well-being
tools, leading to better outcomes in emotional health
management. As digital interventions continue to evolve,
exploring these areas could play a crucial role in developing
more holistic and user-centered tools that better meet the diverse
needs of those seeking to improve their emotional well-being
[20,32].

The Paradym App
The Paradym app was created in response to the increasing
demand for scalable mental health solutions, driven by global
challenges such as the COVID-19 pandemic and increased
societal awareness of mental well-being. Paradym addresses
these challenges by providing an accessible, evidence-based
platform to help users increase their emotional awareness by
exploring their emotional patterns, ultimately aiming to enhance
emotional well-being, boost self-awareness, and improve overall
life satisfaction [32]. The Paradym app introduces users to
psychoeducational content through storytelling, covering key
aspects of life such as love and relationships, body image, work
and success, and identity. In addition, it incorporates elements
of lived experience, which involves the user’s personal,
first-hand experiences and the significance these experiences
bring to their current situations [33].

Paradym’s unique use of emotional pattern recognition and
storytelling aims to offer a novel approach within the field of
digital mental health and use this combination of lived
experience and evidence-based interventions to boost user
engagement and emotional awareness. Finally, in contrast to
many of the widely used mental health and well-being apps
available, Paradym incorporates validated mental health
questionnaires in its interface, such as the Satisfaction with Life
Scale (SWLS), which allows users to monitor their mood and
well-being as they go through the app’s contents. To ensure
effective implementation and guide further development, the

app’s design considered the principles of the Technology
Acceptance Model [34]. This model suggests that users’
engagement with a new digital tool is influenced by their
perceptions of its usefulness and ease of use. In addition, the
model recommends monitoring user anxiety, as previous
research has identified anxiety as an external factor that can
impact technology acceptance [35]. A 2021 acceptability and
engagement study of the Paradym app [32] revealed that the
majority of users found the app easy to use (64%) and used it
daily (79%), and post hoc statistical analyses showed a
significant increase in the well-being measures (d=0.73 for
SWLS scores and d=0.51 for World Health Organization-5
Well-Being Index [WHO-5] scores) and reduction in symptoms
of depression (d=–0.38 for Patient Health Questionnaire-9
[PHQ-9] scores) following app use. Importantly, no adverse
effects were reported, providing encouraging preliminary
evidence for the Paradym app’s effectiveness and usability.

Aim of This Study
The aim of this study was to expand Paradym’s evidence base
by evaluating the app’s effectiveness in addressing symptoms
of anxiety and depression and promoting overall well-being and
life satisfaction in a real-world context.

Methods

Participants and Procedure
Real-world data were collected from an international pool of
Paradym app users, who had downloaded and were using the
mobile app from the App Store or Google Play. The participant
pool for this study consisted of the total of Paradym users who
had completed the app’s built-in assessments and questionnaires
(Generalized Anxiety Disorder-7 [GAD-7], PHQ-9, WHO-5,
and SWLS) at least once. These questionnaires are an optional
part of the Paradym app experience, and users can complete
them as many times as they wish while using the app to track
their progress in their own well-being and life satisfaction.
Owing to the fact that assessments are part of the app
intervention a specific recruitment procedure was not required
to obtain participants’ data for this study. Instead, before
completing the questionnaires, all Paradym app users were
informed by a written statement that their data would be used
for research purposes related to the effects of Paradym on
anxiety, depression, general well-being, and satisfaction with
life. Users provided consent when signing up to the app and
informed that surveys were part of the app user experience.
Following the principle of data minimization, users did not
provide detailed demographic data beyond the country of
residence. The data that informed this study from the in-app
assessments was collected between March 2023 and June 2024.
Participants did not receive any compensation for filling out
the questionnaires as the measures were part of the app
intervention.

The Checklist for Reporting Results of Internet E-Surveys
(CHERRIES) [36] was used to track the details of this study’s
methodology, this provides further detail on recruitment and
administration and is provided in in Multimedia Appendix 1.
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Intervention Overview
Paradym is an app designed to promote emotional well-being
among the general population, specifically targeting adults aged
18 years and older. Its primary goal is to help users cultivate
greater emotional awareness and achieve higher levels of life
satisfaction. In its early development, Paradym was funded
through crowdfunding, a choice made to avoid the influence of
commercial interests during the initial stages of creating the
intervention.

Paradym was developed based on evidence-based techniques
and was tailored to address themes like success, body, identity,
love, and relationships, which were identified by users as
important. The platform’s development involved clinical
psychologists, coaches, and researchers who collaborated on
crafting the content. This included selecting and reviewing
psychoeducational materials, appropriate evidence-based
strategies, and various activities like journaling and note-taking
[32].

The foundation of Paradym is an integrative theoretical
approach, enriched by therapeutic strategies like acceptance
and commitment therapy and schema therapy, which shape the
lived experience and storytelling aspects of the platform. User
feedback further refined these approaches, leading to the
integration of additional theory-driven strategies to generate
content that resonated with the needs expressed by users. The
core strategies of Paradym encompass these elements, providing
a comprehensive toolkit for personal development.

Digital Lessons
Paradym’s psychoeducational digital lessons are organized
around 5 central themes: awareness, success, love, identity, and
body. These areas were selected based on feedback gathered
from users during the initial phase of development [32]. The
educational content covers several topics, including building
emotional awareness, aiding users in recognizing and
understanding their emotions, and helping them identify and
reinforce their personal values.

Each lesson starts by presenting the educational concept through
narratives based on real-life experiences. The use of personal
stories is intended to make the material more accessible and
relatable, enhance empathy, and encourage users to see
themselves in the stories being told. This storytelling approach
is known to increase user engagement with both psychological
interventions and digital applications. The lessons are available
in various formats, including text chapters, audio recordings,
and videos, catering to different learning preferences.

Emotional Patterns
At the conclusion of each digital lesson, users are prompted to
examine their own emotional patterns in context with the app’s
material, incorporating elements from schema therapy, in order
to enhance emotional insight. To facilitate this, the app presents
various “emotional patterns” and encourages users to reflect on
which pattern they resonate with most at the time of finishing
the lesson. This allows users to track and potentially modify
their emotional patterns as they progress through the lessons.

Reflections
Users receive reflections through push notifications, designed
to enhance their daily interaction with the app by introducing
a new reflection each day. Research has highlighted numerous
advantages to such reflection exercises, including aiding
individuals in maintaining focus on tasks amidst stressful
situations, and reducing tendencies to ruminate, which is often
associated with internal struggles and social conflicts. In
addition, the use of notifications has been proven to boost user
interaction with apps [32], and studies suggest that mobile apps
delivering psychological insights are most effective when
coupled with proactive user involvement.

Data Collection Tools

Demographics
In order to maintain users’ anonymity and confidentiality, only
information regarding their geographic location was collected.

Well-Being Measure
The WHO-5 was used to assess well-being in this study. The
WHO-5 consists of a brief assessment (under 1 minute) of
well-being over a 2-week period [37], in which individuals are
asked to indicate how they felt over the past 2 weeks for each
of 5 statements using a 6-point Likert scale, ranging from 0=“at
no time” to 5=“all of the time.” A higher total score on the
WHO-5 indicates a higher level of well-being. The WHO-5 is
derived from a 28-item questionnaire based on the Zung scales
for depression, distress, and anxiety, as well as from the General
Health Questionnaire and the Psychological General Well-Being
Scale [38,39]. The WHO-5 has been validated as a measure of
depression in both adolescents and older adults, with high
measurement invariance [38,39].

Satisfaction With Life Measure
The SWLS [40] is a brief (approximately 1 minute) assessment
consisting of 5 items designed to measure the global cognitive
assessment of satisfaction with life. The SWLS has been shown
to have very high construct validity, with Cronbach α=0.85-0.87
[41] and moderately high reliability (Cronbach α=0.78) [42].
A higher score on the SWLS indicates a higher level of life
satisfaction.

Anxiety Measure
The GAD-7 is a 7-item, brief, widely-used clinical measure that
assesses the presence and severity of generalized anxiety
disorder. The self-report scale asks how often during the last 2
weeks individuals experienced symptoms of generalized anxiety
disorder. Total scores range from 0-21, with cutoff scores of 5,
10, and 15 indicating mild, moderate, and severe anxiety,
respectively. Increasing scores on the GAD-7 are strongly
associated with greater functional impairment in real-world
settings. Sample items are rated from 0 (not at all) to 3 (nearly
every day). Scores over 10 have good sensitivity (89%) and
specificity (82%) for diagnosis of generalized anxiety disorder
by interview, and the scale has high internal reliability, as
suggested by Cronbach α=0.92 [43]. The scale has been widely
used and considered a valid and reliable screening tool in
previous research, presenting good reliability, factorial, and
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concurrent validity [44]. A higher GAD-7 score indicates more
severe anxiety.

Depression Measure
The PHQ-9 is a widely used depression scale that scores each
of the 9 Diagnostic and Statistical Manual of Mental Disorders,
Fourth Edition criteria as 0 (not at all) to 3 (nearly every day).
The PHQ-9 has been validated for use in primary care [45]. It
is not a screening tool for depression but can monitor the
severity of symptoms and response to treatment. Scores over
10 have good sensitivity (88%) and specificity (88%) for the
diagnosis of major depression by interview. It has high internal
reliability, and Cronbach α=0.89 [46]. The construct validity
of the PHQ-9 is also high for community and clinical samples
[47]. A high score obtained from the PHQ-9 is indicative of a
severe level of depression.

Data Analysis
Available demographic information (ie, geographic location)
and emotional patterns (ie, burnout, sense of thriving, and
insecurity) for app users were descriptively analyzed using count
and percentages (n, %). Engagement was calculated based on
the number of times users visited the app and the length of time
the user had been registered on the Paradym app. The results
for primary outcomes were largely descriptive in nature, and
we evaluated success based on improvements in scores over
time. Within-subjects t tests were conducted to estimate
differences between time 1 (ie, the start of app use) and
follow-up. A P value of <.001 was considered significant and
Cohen d estimates were used to measure effect sizes. All
statistical analyses were conducted using the SPSS (IBM Corp)
software [48].

Ethical Considerations
This study was conducted with a strong commitment to ethical
principles, ensuring the protection of participants’ rights, safety,

dignity, and well-being [49]. Data were gathered remotely from
individuals who were not part of a clinical setting, and who
freely gave their informed consent, allowing their anonymized
and nonidentifiable in-app data to be used for research purposes.
The research team made their contact information available,
offering support and directing participants to additional
well-being resources as needed. Participants did not receive any
compensation for filling out the questionnaires as the measures
were part of the app intervention.

The study was considered to be user testing or service
evaluation, and as such, it was not subject to the usual
requirements for formal ethical approval by the National Health
Service Health Research Authority, aligning with practices in
similar studies [50,51]. The certificate of exemption is provided
in Multimedia Appendix 2. Since the evaluation included a
nonclinical group, it was exempt from registration in a public
trials registry, similar to other studies where formal ethical
oversight was deemed unnecessary due to the low-risk nature
of the research and its nonclinical focus [52,53]. The detailed
Terms and Conditions regulations are provided in Multimedia
Appendix 3; through these, users of the app agree to their data
being used in research.

Results

Descriptive Data
A total of 3237 unique users of the Paradym app provided data
included in this analysis, between March of 2023 and June of
2024. User uniqueness was determined based on the principal
investigator and cookie data. The data were anonymized to
protect participants’ identities, so details on their age, gender,
and race were not recorded. However, the users had the option
to provide information on their geographic location (Table 1).

Table 1. Baseline demographic information of Paradym app users whose data were used in this real-world evaluation (N=3237).

Participants, n (%)Country

1237 (38.2)United States

547 (16.9)Philippines

210 (6.5)Great Britain

204 (6.3)Canada

139 (4.3)Australia

900 (27.8)Other

Users had the option to self-report their perceived levels of
burnout, sense of thriving, and level of insecurity before starting
to use the app. A total of 1627 users provided information on
their level of burnout, and almost half (n=677, 41.6%) reported
experiencing strong burnout, while 641 (39.4%) experienced
moderate levels of burnout and 309 (19%) experienced low
levels of burnout. A total of 260 users rated their sense of

thriving, and the majority reported either slight (n=140, 53.8%)
or moderate (n=104, 40%) thriving, with only 16 (6.2%)
reporting a strong sense of thriving. Among the 211 users who
rated their level of insecurity, 34.6% (n=73) and 29.4% (n=62)
reported strong and moderate insecurity, respectively, with
36.0% reporting slight insecurity (n=76; Table 2).
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Table 2. Baseline data on Paradym app users’ levels of burnout (n=1627), thriving (n=260), and insecurity (n=211).

Participants, n (%)Domain

Burnout

309 (19)Slight

641 (39.4)Moderate

677 (41.6)Strong

Thriving

140 (53.8)Slight

104 (40)Moderate

16 (6.2)Strong

Insecurity

76 (36)Slight

62 (29.4)Moderate

73 (34.6)Strong

Efficacy Data
After downloading the app, the first-time users completed
questionnaires assessing their levels of anxiety (GAD-7),
depression (PHQ-9), life satisfaction (SWLS), and well-being
(WHO-5). App usage among the participants in this study varied,
but on average, users had been registered for 74 days at the time
the data were collected and had visited the Paradym app 10
times, with over 30% of users reporting that they had been using
the app somewhat frequently or very often. Of the 3237 app
users, just over 20% (n=787) of app users returned to the app
more than once to complete mental health and well-being

assessments. This was also a significant indicator of those who
used the app more frequently (119 times vs 379 times) and had
been using the app over a longer period of time (mean 215 days
vs mean 36 days). Notably, those who returned to monitor their
mental health and well-being indicators at least once showed
significant improvements in all 4 mental health and well-being
measures. Using available data, within-subjects t tests were
applied, and the improvement in anxiety (t521=5.288, P<.001),
depression (t521=6.667, P<.001), satisfaction with life
(t521=3.191, P<.001), and general well-being (t521=4.947,
P<.001) scores were all significant at follow-up (Table 3; Figure
1).

Table 3. Baseline (first questionnaire completion) and follow-up (subsequent questionnaire completion) data on Paradym app users’ levels of anxiety,
depression, satisfaction with life, and general well-being (n=787).

Effect size (Cohen d)Average baseline to follow-up score changeFollow-up, mean (SD)Baseline, mean (SD)Outcome measure

0.2311.2013.07 (6.63)14.27 (6.77)GAD-7a

0.2921.268.6 (5.55)9.85 (5.55)PHQ-9b

0.1400.7112.85 (7.46)12.14 (7.42)SWLSc

0.2170.9710.85 (5.5)9.88 (5.51)WHO-5d

aGAD-7: Generalized Anxiety Disorder-7.
bPHQ-9: Patient Health Questionnaire-9.
cSWLS: Satisfaction With Life Scale.
dWHO-5: World Health Organization-5 Well-Being Index.
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Figure 1. Baseline and follow-up data on participants’ levels of anxiety, depression, satisfaction with life, and general well-being (n=787). GAD-7:
Generalized Anxiety Disorder-7; PHQ-9: Patient Health Questionnaire-9; SWLS: Satisfaction with Life Scale; WHO-5: World Health Organization-5
Well-Being Index.

Discussion

Principal Findings
The aim of this study was to investigate the effects of the
well-being app Paradym on the users’ levels of anxiety,
depression, satisfaction with life, and general well-being. The
findings indicated that users who accessed the app’s contents
and completed the built-in mental health and well-being
assessments (N=3237) generally reported problems with
burnout, insecurity, and a lack of thriving in their lives. In
addition, the app’s user base scored highly on scales of
depression (PHQ-9) and anxiety (GAD-7) but reported low
levels of life satisfaction (SWLS) and well-being (WHO-5). A
total of the 787 users chose to complete follow-up assessments
of these measures, in which significant decreases in average
scores of depression and anxiety were observed. In addition,
both life satisfaction and well-being scores increased
significantly, providing real-world data on Paradym’s benefits
for users with a relatively large sample. However, as this was
not a controlled study, it is not possible to make any causal
claims or explicitly attribute the findings to the use of the app.
Nonetheless, these preliminary findings are overall positive and
indicate that Paradym’s digital format allows for wide
accessibility and scalability, positioning it as an effective tool
for both individual and public mental health strategies.

Despite these positive findings, the number of users who opted
to not complete the follow-up mental health and well-being
assessments was high (2450/3237), which is commonly observed
in studies of mental health and well-being apps [54]. However,
this dropout rate only refers to users who did not use the app’s
built-in questionnaires. Thus, it is possible that many of these
users continued using the app and engaging with its contents,
but did not feel the need to assess their progress with the app’s

built-in questionnaires. Alternatively, users who experienced
higher levels of distress or more severe depression and anxiety
symptoms found it more difficult to engage with the app or
respond to the outcome measures, as has been observed in other
similar studies [55]. In addition, mental health apps generally
have high dropout rates, and some studies have found that once
users learn a skill or knowledge from a particular app, they stop
using it [56]. Further research would be required to understand
the factors that influence users to complete the outcome
measures beyond the first measure.

Comparison With Previous Work
This study’s findings on Paradym’s effectiveness in improving
mental health and well-being are in line with those observed in
studies of other similar apps and add to the growing literature
supporting apps’ benefits as mental health tools [57,58].

A significant decrease in symptoms of anxiety and depression
has been observed in multiple other studies of popular apps,
such as Headspace and Calm, using the same questionnaires as
this study [22,59-61]. The same is true for studies examining
well-being and life satisfaction [15,62]. In addition, the effect
sizes observed for depression and anxiety are consistent with
those reported in other studies and meta-analyses of mental
health apps [21-23,58,60-63].

However, very few studies have examined the effects that
multiple compared to stand-alone assessments or the timing of
those assessments could have on the participants, and we did
not identify any studies that studied this association using
naturalistic data through assessments that were built into the
apps’ experience.

Strengths and Limitations
A key strength of the present analysis rests on its use of a large
sample of users under real-world conditions from a diverse user
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base over a long period of time. Naturalistic data were collected,
as users were completing assessments as part of the app
experience, and not as part of a controlled study environment.
Such analyses could prompt app developers to integrate rigorous
data collection processes within their apps’ interface and core
features. In addition, the high levels of burnout, insecurity,
anxiety, and depression, and low levels of life satisfaction,
thriving, and general well-being reported by users at baseline
act as a strong indicator that Paradym reached users who were
seeking support for their mental health and well-being.

Since no personal data related to the users’ gender, race, or age
were collected by the app, in order to ensure users’ anonymity
and confidentiality and follow the data minimization principle
some limitations in our data analysis are acknowledged. Due
to the absence of such detailed demographic data, subgroup
analyses based on such characteristics were not conducted as
part of this study. Subgroup analyses of effectiveness could
provide important insights into how demographic factors affect
the outcomes of interest, as has been observed in other studies
[64,65].

Further, this study’s single-arm design did not allow for the
inclusion of comparators, which could limit the findings’
robustness. Change scores were small but significant so this
should be interpreted with caution. The change scores and
resulting effect sizes were lower than those commonly accepted
to indicate a clinically meaningful difference (approximately 4
points on the GAD-7 [66] and 3 points on the PHQ-9 [67]).
However, it should be noted that these thresholds for clinically
meaningful change are based on studies of clinical populations,
including patients diagnosed with anxiety or depression who
had mild to severe symptoms [68]; Paradym is not exclusively
aimed at diagnosed patients, and thus, it is expected that the
aforementioned clinically meaningful thresholds are not directly
applicable to the app’s users, who may have benefited
substantially from smaller improvements in questionnaire scores
[69].

Finally, while the number of users who dropped out in regards
to the questionnaire filling was captured in the data, the exact
patterns of app usage were not measured. For instance, some
users may have stopped completing the questionnaires, but they
maintained a subscription and continued using the app and
engaging with its content daily. Collecting more specific data
on user engagement patterns would allow for a clearer view of
which features of the Paradym app users found more useful,
beyond the questionnaires.

Future Directions
Future studies ought to gain more understanding of the
mechanisms underpinning the observed reductions in anxiety
and depression symptoms and the increase in life satisfaction
and well-being that Paradym users experience. Assessments to
capture the specific components of the app’s content and
structure that have a greater impact on users could be
incorporated into future analyses of user data.

In addition, more detailed information on users’ experiences
with burnout, low levels of thriving, anxiety, and depression
would help us better understand the needs of the app’s user

base, and tailor the app accordingly. For example, questions
exploring the specific domains users struggle with (eg, work
and personal relationships) could shed light on what kind of
content they would benefit the most from (eg, self-assessments,
reflection exercises, and guided lessons).

Paradym’s benefits for mental health and well-being could be
investigated through randomized controlled trials in the future,
in order to understand whether improvements in the users’
mental health and well-being are attributed to ongoing app
usage. Comparison groups using similar apps or face-to-face
therapy could also be introduced to enhance the results’validity,
robustness, and generalizability.

While not collecting demographic data for this study was a
deliberate choice made to preserve the users’ anonymity, future
studies could consider collecting data related to age, gender,
and race, in order to allow for subgroup analyses of Paradym’s
efficacy based on these characteristics. This will be a significant
next step in order to answer questions around “what worked,
for whom, and under which circumstances.”

Further studies could also explore Paradym’s integration within
broader systems, such as health care or educational settings, to
evaluate the app’s effectiveness at scale. For instance, patients
could be offered access to Paradym if they are placed on a
waiting list for in-person therapy, or if they do not feel
comfortable initiating face-to-face therapy. In addition, future
research could explore the app’s impact across different
populations and contexts, including workplace wellness
programs or health care partnerships.

Finally, this study’s findings indicate that the anxiety,
depression, well-being, and life satisfaction data collection tools
incorporated within the app are beneficial to the users. As a
result, additional tools, including qualitative data collection
measures, could be introduced to the app’s interface, allowing
participants to provide valuable and detailed information that
could provide insight into their emotional and mental health
journey while using the app, as well as a way for them to track
their own progress. Feedback measures could also be added to
capture the reasons why some participants decide to complete
the existing assessments more or less frequently, and why some
opt to not complete them at all. This would help to elucidate
potential barriers to user engagement with these data collection
tools, and whether these are related to the app’s content and
structure or to external factors that prevent users from fully
engaging with Paradym’s user journey.

Conclusions
Overall, this analysis highlighted the value of conducting
formative research on mental health and well-being apps. The
findings suggest that built-in assessments in a mental health
app can lead to the collection of valid real-world data from users
and promote organic engagement with the app’s features.
Among users who completed follow-up assessments in the
Paradym app, levels of anxiety and depression decreased
significantly, while life satisfaction and general well-being
improved significantly. This study provided positive evidence
for Paradym’s effectiveness in improving mood and well-being
and highlighted the value of the app’s content, functionality,

JMIR Form Res 2025 | vol. 9 | e68031 | p.1649https://formative.jmir.org/2025/1/e68031
(page number not for citation purposes)

Metaxa et alJMIR FORMATIVE RESEARCH

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


and underlying principles. These encouraging results suggest
the scope for further research on Paradym and the integration

of built-in assessments in mental health apps.
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Abstract

Background: Physician burnout is widespread in health care systems, with harmful consequences on physicians, patients, and
health care organizations. Mindfulness training (MT) has proven effective in reducing burnout; however, its time-consuming
requirements often pose challenges for physicians who are already struggling with their busy schedules.

Objective: This study aimed to design a short and pragmatic digital MT program with input from clinicians specifically to
address burnout and to test its efficacy in physicians.

Methods: Two separate nonrandomized pilot studies were conducted. In the first study, 27 physicians received the digital MT
in a podcast format, while in the second study, 29 physicians and nurse practitioners accessed the same training through a free
app-based platform. The main outcome measure was cynicism, one dimension of burnout. The secondary outcome measures
were emotional exhaustion (the second dimension of burnout), anxiety, depression, intolerance of uncertainty, empathy (personal
distress, perspective taking, and empathic concern subscales), self-compassion, and mindfulness (nonreactivity and nonjudgment
subscales). In the second study, worry, sleep disturbances, and difficulties in emotion regulation were also measured. Changes
in outcomes were assessed using self-report questionnaires administered before and after the treatment and 1 month later as
follow-up.

Results: Both studies showed that MT decreased cynicism (posttreatment: 33% reduction; P≤.04; r≥0.41 and follow-up: 33%
reduction; P≤.04; r≥0.45), while improvements in emotional exhaustion were observed solely in the first study (25% reduction,
P=.02, r=.50 at posttreatment; 25% reduction, P=.008, r=.62 at follow-up). There were also significant reductions in anxiety
(P≤.01, r≥0.49 at posttreatment; P≤.01, r≥0.54 at follow-up), intolerance of uncertainty (P≤.03, r≥.57 at posttreatment; P<.001,
r≥0.66 at follow-up), and personal distress (P=.03, r=0.43 at posttreatment; P=.03, r=0.46 at follow-up), while increases in
self-compassion (P≤.02, r≥0.50 at posttreatment; P≤.006, r≥0.59 at follow-up) and mindfulness (nonreactivity: P≤.001, r≥0.69
at posttreatment; P≤.004, r≥0.58 at follow-up; nonjudgment: P≤.009, r≥0.50 at posttreatment; P≤.03, r≥0.60 at follow-up). In
addition, the second study reported significant decreases in worry (P=.04, r=0.40 at posttreatment; P=.006, r=0.58 at follow-up),
sleep disturbances (P=.04, r=0.42 at posttreatment; P=.01, r=0.53 at follow-up), and difficulties in emotion regulation (P=.005,
r=0.54 at posttreatment; P<.001, r=0.70 at follow-up). However, no changes were observed over time for depression or perspective
taking and empathic concern. Finally, both studies revealed significant positive correlations between burnout and anxiety (cynicism:
r≥0.38; P≤.04; emotional exhaustion: r≥0.58; P≤.001).

Conclusions: To our knowledge, this research is the first where clinicians were involved in designing an intervention targeting
burnout. These findings suggest that this digital MT serves as a viable and effective tool for alleviating burnout and anxiety among
physicians.

Trial Registration: ClinicalTrials.gov NCT06145425; https://clinicaltrials.gov/study/NCT06145425

(JMIR Form Res 2025;9:e63197)   doi:10.2196/63197

JMIR Form Res 2025 | vol. 9 | e63197 | p.1655https://formative.jmir.org/2025/1/e63197
(page number not for citation purposes)

Antico & BrewerJMIR FORMATIVE RESEARCH

XSL•FO
RenderX

mailto:lia_antico@brown.edu
http://dx.doi.org/10.2196/63197
http://www.w3.org/Style/XSL
http://www.renderx.com/


KEYWORDS

burnout; anxiety; empathy fatigue; physician; mindfulness; digital therapeutics; app; smartphone; podcast; compassion; health
care provider; training; physician burnout; cynicism; efficacy; treatment; meditation; chronic; workplace stress; digital health;
mHealth; mobile phone

Introduction

Background
Burnout is an occupational phenomenon that is highly prevalent
among physicians globally. While the rates have increased
because of the COVID-19 pandemic, this was only the
acceleration of an existing trend over the last decade [1-4]. In
a 2021 survey of 2500 US physicians, 62.8% reported at least
1 symptom of burnout, compared with 38.2% in 2020, 43.9%
in 2017, 54.4% in 2014, and 45.5% in 2011 [4].

Defined by the World Health Organization as “a syndrome
resulting from chronic workplace stress that has not been
managed successfully,” burnout is characterized by 3
dimensions: emotional exhaustion, cynicism, and reduced
personal accomplishment [5]. Emotional exhaustion includes
feeling overwhelmed by work demands and experiencing
depletion of emotional and physical resources. Cynicism
represents the interpersonal aspect of burnout and refers to
callous and detached attitudes toward one’s job and people.
Reduced personal accomplishment refers to poor professional
self-esteem and efficacy [6].

The consequences of burnout on physicians, patients, and health
care organizations are significant and far reaching. A large
number of studies showed that physicians reporting high rates
of burnout are also those who report high levels of anxiety [7],
sleep disturbances [8-10], depression, and substance abuse
[11,12]. Suicide rates among physicians are twice as high as
those in the general public [13]. The emotional toll is so high
that in a 2020 survey, 31% of physicians planned to reduce their
work hours, and 24% of physicians intended to leave their job
within 2 years [14]. An estimation of the direct costs of
physician turnover and reduced clinical work is approximately
US $4.6 billion each year in the United States [15].
Meta-analyses found that physician burnout is also associated
with increased risk of patient safety incidents and malpractice
claims, poorer quality due to low professionalism, and
diminished and ineffective communication between physicians
and patients [16,17]. Indirect costs from medical errors, reduced
patient satisfaction, damage to the organization’s reputation,
and decreased patient loyalty raise the burnout bill to
approximately US $7.6 million annually per employed physician
[15].

Associated Factors of Physician Burnout
Physician burnout is complex and multifactorial. Burnout among
physicians arises from both institutional and individual factors
that create an imbalance between job demands and available
resources. For instance, high workload and increased
administrative tasks (eg, the electronic medical record systems)
lead to overworking and deprioritizing self-care. A study
involving 7288 US physicians found that for every additional
hour worked per week beyond 51.8 hours, burnout symptoms

rose by approximately 2% [18]. Similarly, research on 1490 US
oncologists revealed that each additional hour spent working
at home led to a 2% rise in burnout [2]. Another major
contributor to burnout is the loss of flexibility, autonomy, and
control that occurs when health care organizations and
leadership fail to support individual work goals. This leaves
physicians excluded from decisions about patient visit durations
and treatment approaches [19].

It may not be a coincidence that the term “burnout” was first
used in 1974 to describe the exhaustion observed in people in
“healing professions” [20]. Indeed, physicians are constantly
exposed to highly stressful and demanding situations that are
intrinsic to the clinical practice. Many aspects of medicine are
uncertain and ambiguous. For example, diagnoses are often
unclear, the natural course of illness is unpredictable, responses
of patients to treatments vary, and the clinical information is
complex. A growing body of literature indicates that physicians’
reactions to uncertainty and their ability to tolerate it can predict
stress [21]. Cross-sectional studies reported negative correlations
between intolerance of uncertainty and well-being of physicians
[22,23]. In particular, physicians with a high intolerance for
uncertainty are more likely to experience higher rates of burnout
and anxiety, make more referrals, and report lower job
satisfaction [24]. However, to date, no studies have directly
tested the effects of interventions aimed at reducing physician
burnout on intolerance of uncertainty.

While alleviating patients’ distress is among the main reasons
why many physicians enter the healing professions, caring for
the sick is not without consequences. Repeated exposure to
illness, death, or social inequities may cause empathic distress
that leads to empathy fatigue (sometimes called inappropriately
compassion fatigue [25]) and burnout.

Empathy is defined as the capacity to understand and share
others’ emotions, feelings, and mental states by imagining or
taking another person’s perspective [25]. Clinical empathy is
an essential element of quality care, associated with improved
patient satisfaction; increased adherence to treatment; better
surgical recovery; shorter hospital stays [26-30]; and increased
physician health, well-being, and professional satisfaction
[31,32]. However, overempathizing can lead to being
overwhelmed by the patient’s distress, which might result in
withdrawal and contribute to empathy fatigue. Conversely,
maintaining a professional perspective with compassionate
concern allows physicians to engage with the patient’s distress
without taking it personally, fostering stronger connections
while reducing the risk of burnout.

Interventions for Physician Burnout
Combating burnout is a shared responsibility between the
institution and the individual. Effective initiatives have been
developed and implemented at both levels [33].
Organization-directed interventions target workload, foster
communication between members of the health care system,

JMIR Form Res 2025 | vol. 9 | e63197 | p.1656https://formative.jmir.org/2025/1/e63197
(page number not for citation purposes)

Antico & BrewerJMIR FORMATIVE RESEARCH

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


and cultivate a sense of team cohesion and job control [33,34].
Individual-focused approaches aim to decrease perceived stress,
increase resilience to stressful work environments, and enhance
work engagement [33-35]. In particular, this paper focuses on
the tangible support that could be provided to physicians at the
individual level.

Mindfulness Training
Several studies have reported that mindfulness training (MT)
is one of the most studied individual-focused interventions for
reducing stress and enhancing well-being among physicians
[33,36-40]. Mindfulness refers to being fully aware and present
in the current moment, on purpose and nonjudgmentally, of
thoughts, feelings, and sensations [41]. By fostering
self-awareness and attitudes of openness and “nonjudgment,”
MT facilitates acceptance of the challenging components of
experiences and reduces emotional reactivity [42], both of which
are crucial in health care. Most studies have observed that MT
reduces rumination, worry, and emotional reactivity among
health care providers [40,43]. For instance, nonreactivity to
inner experiences has been inversely associated with perceived
stress in health care providers [44].

In addition, a meta-analysis found that MT also increases
self-compassion in health care providers, with moderate to high
effect sizes [45]. Self-compassion involves being touched by
one’s own distress and being motivated to alleviate it with
kindness and understanding [46,47]. It has been theorized that
self-compassion is pertinent to physicians’ well-being at work
and care for patients [48], as it was inversely associated with
burnout and empathy fatigue among health care professionals
[49-52]. For example, it has been found that physicians who
were more self-compassionate felt less exhausted due to work
demands and experienced greater work engagement and
satisfaction with their professional life [53].

These findings suggest that MT may be promising as an
intervention for physician burnout. Different formats have been
used in clinical settings [54]; some of them are intensive,
including weekly groups sessions of 2.5 hours, home practices
of 45 minutes for 8 weeks, and a 7-hour retreat [39]. Therefore,
shorter and more practical formats are needed to avoid
inadvertently contributing to overload. For example, in a study,
44% of health care professionals randomized to an MT dropped
the program because of “lack of time” [55]. Even when health
care providers are willing to attend MT, work conflicts can often
arise and affect attendance and home practice adherence [35].
In a qualitative study, physicians confirmed the role of
mindfulness interventions in the development of self-awareness
and highlighted the importance of adapting the course timing
and materials to meet their schedule, thereby improving
participation and adherence [56].

Furthermore, engaging physicians in the design and
implementation of interventions might increase their sense of
control and engagement (“user-centered design”) [57] and might
make the interventions more feasible and tailored to their
specific needs. However, to our knowledge, no studies have yet
addressed this issue. This study is one of the few that involve
clinicians in designing an intervention to reduce physician
burnout. Successively, we conducted 2 independent single-arm

studies and assessed the impact of digital MT training on
physician burnout. In study 1, the intervention was delivered
in a podcast format, while in study 2, it was delivered via a free
app-based platform.

Study 1

Overview
To develop a short and tailored intervention, we used a
user-centered design approach by involving clinicians and
focusing on their needs in each phase of the development
process. After iterative content development, we delivered the
digital intervention in the format of an audio podcast, with the
reasoning that content could be consumed during one’s commute
to and from work and, thus, not add more to the physician’s
workload. The primary goal of this single-arm study was to
examine whether the intervention reduces cynicism (ie, one
dimension of burnout) in physicians. The secondary goal was
to assess its effects on other variables, such as emotional
exhaustion (ie, another dimension of burnout), anxiety,
depression, mindfulness (ie, the aspects of nonreactivity and
nonjudging of inner experiences), intolerance of uncertainty,
empathy (ie, the dimensions of empathic concern, perspective
taking, and personal distress), and self-compassion. Finally, we
explored the relationship between the 2 dimensions of burnout
(ie, cynicism and emotional exhaustion) and the other secondary
outcomes.

We evaluated the following hypotheses:

• Hypothesis 1: there will be a main effect of time on
cynicism. Physicians will report lower scores for cynicism
at postintervention assessments compared to baseline.

• Hypothesis 2: there will be a main effect of time on the
other variables. Physicians will report lower scores for
emotional exhaustion, anxiety, depression, intolerance of
uncertainty, and personal distress and higher scores for
nonreactivity, nonjudging of inner experiences, empathic
concern, perspective taking, and self-compassion at
postintervention assessments compared to baseline.

• Hypothesis 3: cynicism and emotional exhaustion will
positively correlate with anxiety.

Methods

Ethical Considerations
The study was approved by the Brown University Institutional
Review Board (protocol 2022003296) and was conducted in
accordance with the Declaration of Helsinki for experiments
involving human subjects. Eligible individuals were directed
to the informed consent form on Qualtrics (Qualtrics
International, Inc). After enrolling by selecting “yes” (a waiver
of documentation of informed consent was obtained), they were
redirected to complete the web-based survey. Participants were
compensated with a US $25 Amazon gift card for the completion
of each survey (US $75 for 3 surveys). All collected data were
anonymized, with each participant being assigned a unique
alphanumeric code. For statistical analyses, the final database
contained only these alphanumeric codes to ensure privacy.
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Participants
Physicians were recruited using university hospital mailing lists
and flyer advertisements targeting physicians who were
interested in testing whether a short training program was
effective at reducing burnout. We used the following text in the
recruitment message: “Would you like to help us test a short
mindfulness-based training to reduce burnout? If you are a
physician and are interested in helping us learn about burnout,
please contact us.”

Inclusion criteria were as follows: direct patient interaction;
currently employed as a physician; fluency in English; endorsed
willingness to listen to a mindfulness audio course for 15
minutes per day for 7 days; and endorsed willingness to
complete 3 web-based surveys, before and after the completion
of the training and 1 month later as follow-up. The only
exclusion criteria were changing the dose of psychotropic
medication in the past 6 weeks and prior exposure to this specific
podcast or its content.

Intervention
The mindfulness-based training teaches physicians how to
acknowledge and support patients’ suffering without becoming

overwhelmed by it. It also teaches them to identify and work
with empathy fatigue habits loops as well as anxious and worry
thoughts that contribute to burnout (eg, not being able to stop
thinking about a problem, worrying about patients, and taking
work home). Specifically, this program trains awareness and
curiosity by targeting fundamental learning processes, such as
reinforcement learning, to alter entrenched habits [58]. Previous
studies have demonstrated that these changes can lead to
significant, clinically relevant effects [58-61].

This experiential education is delivered via an audio podcast,
which consists of 7 modules of brief didactic and
experience-based MT, each approximately 15 minutes long,
and a summary module at the end. Each module includes
real-world vignettes and practical mindfulness exercises
designed to help identify habit loops in clinical practice and
work-related tasks and to provide strategies for breaking these
unhelpful loops (Textbox 1). We also provided links to guided
meditations, including noting, breathing, grounding practices,
as well as curiosity and loving-kindness meditations. Although
participants were encouraged to practice these guided
meditations, they were optional and not mandatory for
participation in this study.

Textbox 1. Overview of the audio course: burnout to resilience themes and content.

Module 1: goals, empathy fatigue, and unhelpful habits

• Set goals and introduce how important it is to be empathetic with patients in their recovery and its limits. Help physicians reflect on the different
coping strategies used to protect themselves from patients’distress that become habits and contribute to exhaustion. It discusses specific strategies
for stepping out of unhelpful habit loops.

Module 2: empathy versus compassion

• Addresses specifically the difference between empathy and compassion in patterns of activations in the body and mind, and it introduces
compassion as a new way to feel patients’ distress without being emotionally exhausted by it.

Module 3: intrusive thoughts

• Explains that intrusive thoughts are distracting and can cause great distress. This module also provides strategies for handling them and coming
back to the present moment.

Module 4: self-judgment and kindness

• Describes how the mind can be caught up in the loop of self-judgments that contribute to exhaustion by getting in the way of doing one’s own
tasks and interacting with patients. This module also focuses on how kindness can be a detox of self-judgment.

Module 5: stress and anxiety

• Discusses why the brain does not like uncertainty and how this causes stress and anxiety. This module also provides strategies to change habit
patterns and reduce stress and anxiety.

Module 6: emotional contagion and curiosity

• Introduces emotional contagion and its impact on the interactions with patients and colleagues. This module also explains how curiosity can be
used as a vaccine against emotional contagion.

Module 7: bias in the diagnosis and treatment of pain

• Describes the complexity of pain, including factors and biases that influence the diagnosis and treatment of pain in patients, and provides strategies
for recognizing and dealing with those biases.

The content of this intervention was developed using a
user-centered design approach, an iterative design process in
which designers focus on the users and their needs in each phase
of the design process. On the basis of the extant literature and

interviews of the physicians, we identified common individual
empathy fatigue “habits” that contribute to burnout [62-64].
Scripts were written by a physician with >20 years of clinical
and mindfulness practice and >10 years of experience in
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developing MT programs [59-61]. We developed a “minimum
viable product” consisting of script-based content that users
read, tried out, and commented. We refined the audio course
and tested its suitability for a wide range of physicians and other
health care providers by collecting feedback from 40 clinicians
in 2 rounds. In round 1, a total of 10 physicians from different
subspecialties were emailed a script, instructions, and a link to
a feedback form. The feedback form included open-ended
questions about what participants learned, what was helpful in
their clinical practice and personal life, and any confusion or
difficulties with understanding and completing home practices
and slider questions (ranging from 0 to 100) about how well
the module met their needs and those of their colleagues, the
usefulness of the real-life stories shared, and the clarity of the
home practice instructions. Once each module was completed
(as indicated by a completed feedback form), the next module
was emailed to the pilot tester. Feedback was collated, and
common themes were extracted for training refinement.
Vignettes from this round of pilot testers were also incorporated
for story-based learning [65]. In round 2, a total of 30 physicians
and other clinicians were recruited to repeat this process to
confirm content fit and gather additional real-world vignettes
for potential incorporation.

Intervention Orientation and Engagement
Participants were instructed to complete the modules at their
own pace, with a maximum of 1 module per day. The project
director reached out with check-in messages every 15 days from
the start of the training to address technical difficulties and
encourage continued engagement. During these check-ins,
participants were asked about their experience with the podcast
since the last contact. If participants expressed difficulties,
efforts were made to resolve the problem.

Measures
Primary and secondary outcomes were assessed at 3 time points:
baseline (before training), postintervention (after training
completion), and follow-up (1 month after training completion).

Primary Outcome
Cynicism, a key dimension of burnout, was measured using a
single item from the Maslach Burnout Inventory. This approach
is supported by research from West et al [66,67], which
demonstrated the validity of using a single item in relation to
the full 22-item questionnaire. Participants rated how often they
felt “more callous toward people since starting this job” on a
7-point scale (0=“never” and 6=“every day”). Higher scores
indicate greater cynicism [68].

Secondary Outcomes
Emotional exhaustion was measured using a single Maslach
Burnout Inventory item. Participants rated how often they felt
“burned out from their work” on a 7-point scale, with higher
scores indicating greater exhaustion [68].

Anxiety was measured using the Generalized Anxiety Disorder-7
on a 4-point scale (0=“not at all” and 3=“nearly every day”).
Scores range from 0 to 21, with higher scores indicating more
severe anxiety. Total scores of 5 to 9, 10 to 14, and ≥15

correspond to cutoff points of mild, moderate, and severe
anxiety, respectively [69].

Depression was measured using the Patient Health
Questionnaire-2 assessing depressive symptoms over the past
2 weeks. Participants rated each item on a 4-point scale (0=“not
at all” and 3=“nearly every day”), with higher scores indicating
more severe symptoms [70].

Intolerance of uncertainty was assessed by the Intolerance of
Uncertainty scale-12 measuring intolerance of uncertainty with
12 items rated on a 5-point scale (1=“not at all” to 5=“entirely”).
Total scores range from 12 to 60, with higher scores indicating
greater intolerance [71].

Self-compassion was measured by the Self-Compassion
Scale-Short Form assessing self-compassion using 12 items
rated on a 5-point scale (1=“almost never” to 5=“almost
always”). Total scores range from 12 to 60, with higher scores
indicating greater self-compassion [72].

Mindfulness was assessed using the Five Facet Mindfulness
Questionnaire measuring nonreactivity and nonjudgment, with
subscales rated on a 5-point scale (1=“never true” to 5=“always
true”). Nonreactivity total scores range from 7 to 35, with higher
scores indicating a greater ability to not react to or get caught
up in thoughts or emotions. Nonjudgment total scores range
from 8 to 40, with higher scores indicating a greater ability to
not judge or criticize thoughts or emotions [73].

Empathy was assessed using the Interpersonal Reactivity Index
that measured empathy using 4 subscales (empathic concern,
perspective taking, personal distress, and fantasy). Items were
rated on a 5-point scale (0=“does not describe me” to
4=“describes me well”). Each subscale consists of 7 items, and
total scores range from 0 to 28, with higher scores indicating
greater empathy across subscales. The fantasy subscale was
excluded as not relevant [74].

Statistical Analysis
Statistical analyses were conducted in R (version 4.2.2; R
Foundation for Statistical Computing). Friedman ANOVA, a
nonparametric test, was used to analyze the overall change in
cynicism scores (primary outcome) and the other scores
(secondary outcomes) at the 3 time points due to the data having
a nonnormal distribution. Post hoc analyses between the
individual time points were analyzed using Wilcoxon signed
rank tests and were corrected for multiple comparisons using
the Benjamini-Hochberg procedure. The relationship between
the dimensions of burnout and the other variables was evaluated
using the Spearman rank correlation coefficient. Effect sizes

were reported as Kendall W= χ2/N(K−1) for Friedman tests and
as Pearson r=z/sqrt (N) for pairwise Wilcoxon signed rank tests.
Kendall W and Pearson r use Cohen criteria where 0.1 to <0.3
is a small effect, 0.3 to <0.5 is a medium effect, and ≥0.5 is a
large effect [75].

Results

Participants
A total of 40 physicians replied to our recruitment message,
and 32 (80%) participants met eligibility criteria and consented
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to participate between August 2022 and February 2023. Out of
this group who received the allocated intervention, of the 32
physicians, 27 (84%) completed assessments at all 3 time points
and were included in the final analysis (Figure 1). The

participant population comprised 20 women and 7 men who
worked in health care for an average of 15 (SD 9.76) years. The
average age was 50.6 (SD 9.74) years (Table 1).

Table 1. Demographic characteristics of study 1.

Participants (N=27)

50.6 (9.74)Age (y), mean (SD)

Gender, n (%)

7 (26)Man

20 (74)Woman

Race and ethnicity, n (%)

5 (19)Asian

1 (4)Black or African American

0 (0)Hispanic, Latinx, or Spanish

21 (77)White

Work status, n (%)

22 (82)Employed full time

5 (8)Employed part time

15 (9.76)Years working in health care, mean (SD)

Medical specialty , n (%)

2 (7)Emergency medicine

3 (12)Pediatric emergency medicine

2 (7)Pediatric hematology oncology

2 (7)Pulmonary and critical care medicine

6 (22)Family medicine

5 (19)Internal medicine

1 (4)Neurology

1 (4)Neurocritical care

2 (7)Psychiatry

1 (4)Infectious disease

2 (7)Obstetrics-gynecology
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Figure 1. CONSORT (Consolidated Standards of Reporting Trials) flow diagram of study procedures of study 1.

Primary and Secondary Outcomes
The average time taken by participants to complete the program
was 30 (SD 16) days.

Table 2 shows the outcome scores at each assessment point
compared with baseline.

Friedman ANOVA tests indicated significant changes over time
for cynicism (χ²2=6.96; P=.03; W=0.13), emotional exhaustion
(χ²2=12.6; P=.002; W=0.23), anxiety (χ²2=10.7; P=.005;
W=0.20), intolerance of uncertainty (χ²2=12.1; P=.002;
W=0.22), self-compassion (χ²2=9.88; P=.007; W=0.18),
nonreactivity (χ²2=16.7; P<.001; W=0.31), and nonjudgment
of inner experiences (χ²2=19.5; P<.001; W=0.36) and personal

distress (a subdimension of empathy; χ2
2=6.74; P=.03; W=0.13).

No significant change was observed across the 3 time points
for the other subdimensions of empathy, such as perspective

taking (χ2
2=5.75; P=.06; W=0.106) and empathic concern

(χ2
2=90.3; P=.86; W=0.006), and for depression (χ2

2=1.72;
P=.42; W=0.032).

Post hoc Wilcoxon signed rank tests revealed 33% reduction
of cynicism from baseline to postintervention (W26=134; P=.04;
r=0.41) and 1 month later (W26=140; P=.04; r=0.47), 25%
reduction of emotional exhaustion at both points
(postintervention: W26=116; P=.02; r=0.50 and follow-up:
W26=154; P=.008; r=0.62), and 43% reduction of anxiety at
postintervention (W26=244; P=.004; r=0.62) and 29% one month
later (W26=228; P=.01; r=0.54; Figure 2).

Wilcoxon signed rank tests revealed 26% reduction of
intolerance of uncertainty at postintervention (W26=314; P<.001;
r=0.67) and 1 month after the end of the intervention (W26=242;
P<.001; r=0.70), 15% increase of self-compassion at both points
(postintervention: W26=73.5; P=.02; r=0.50 and follow-up:
W26=36; P=.006; r=0.59), 16% increase of nonreactivity
(postintervention: W26=22.5; P=.001; r=0.69 and follow-up:
W26=50; P=.004; r=0.58), and 15% increase of nonjudgment
of inner experiences at postintervention (W26=5; P<.001; r=0.81)
and 12% increase 1 month later (W26=47; P=.003; r=0.60;
Figure 3).
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Table 2. Descriptive statistics for primary and secondary outcomes (N=27 physicians).

Effect sizes (r)P valueValues, median (IQR)Values, mean (SD)

Cynicism

——a3 (2)2.93 (1.77)Baseline

——2 (1.5)2.26 (1.26)Postintervention

——2 (2)2.07 (1.38)1-mo postintervention

0.41.04−1 (−33)−0.67 (−23)Δb at postintervention (%)

0.47.04−1 (−33)−0.86 (−29)Δ at 1-mo postintervention (%)

Emotional exhaustion

——4 (2)3.89 (1.31)Baseline

——3 (2)3.22 (1.31)Postintervention

——3 (2)2.93 (1.41)1-mo postintervention

0.50.02−1 (−25)−0.67 (−17)Δ at postintervention (%)

0.62.08−1 (−25)–0.96 (−25)Δ at 1-mo postintervention (%)

GAD-7c

——7 (8)7.63 (5.25)Baseline

——4 (4.5)4.59 (4.45)Postintervention

——5 (4)4.67 (3.85)1-mo postintervention

0.62.004−3 (−43)−3.04 (−40)Δ at postintervention (%)

0.54.01−2 (−29)−2.96 (−39)Δ at 1-mo postintervention (%)

PHQ-2 d

——0 (1)0.56 (0.70)Baseline

——0 (1)0.63 (1.12)Postintervention

——0 (1)0.52 (0.80)1-mo postintervention

0.03.990 (0)−0.07 (−12)Δ at postintervention (%)

0.11.970 (0)−0.04 (−7)Δ at 1-mo postintervention (%)

Intolerance of uncertainty

——34 (12.5)32.6 (10)Baseline

——25 (10)27.4 (9.31)Postintervention

——25 (13)27.4 (8.97)1-mo postintervention

0.67<.001−9 (−26)−5.2 (16)Δ at postintervention (%)

0.70<.001−9 (−26)−5.2 (16)Δ at 1-mo postintervention (%)

Self-compassion

——33 (11)34.3 (7)Baseline

——38 (7)38.1 (6.97)Postintervention

——38 (11.5)39.2 (7.87)1-mo postintervention

0.50.025 (15)3.8 (11)Δ at postintervention (%)

0.59.0065 (15)4.9 (14)Δ at 1-mo postintervention (%)

Nonreactivity

——19 (7)19.3 (4.65)Baseline

——22 (4)22.6 (3.90)Postintervention

——22 (4)21.9 (4.26)1-mo postintervention

0.69.0013 (16)3.3 (17)Δ at postintervention (%)
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Effect sizes (r)P valueValues, median (IQR)Values, mean (SD)

0.58.0043 (16)2.6 (13)Δ at 1-mo postintervention (%)

Nonjudgment

——26 (10.5)24 (6.66)Baseline

——30 (5)29.7 (5.46)Postintervention

——29 (6)28.3 (5.51)1-mo postintervention

0.81<.0014 (15)5.7 (24)Δ at postintervention (%)

0.60.0033 (12)4.3 (18)Δ at 1-mo postintervention (%)

Personal distress

——8 (5.5)8.52 (4.43)Baseline

——7 (6)6.96 (4.57)Postintervention

——6 (4.5)6.74 (4.64)1-mo postintervention

0.43.03−1 (−12)−1.56 (−18)Δ at postintervention (%)

0.46.03−2 (−25)−1.78 (−21)Δ at 1-mo postintervention (%)

Empathic concern

——22 (6)21.5 (5.02)Baseline

——22 (5.5)22.1 (3.47)Postintervention

——22 (6)21.6 (3.96)1-mo postintervention

0.07.810 (0)0.6 (2.8)Δ at postintervention (%)

0.04.810 (0)0.1 (0.5)Δ at 1-mo postintervention (%)

Perspective taking

——21 (4.5)20.3 (4.57)Baseline

——21 (5.5)21.2 (4.31)Postintervention

——22 (5)21.7 (4.31)1-mo postintervention

0.26.180 (0)0.9 (4)Δ at postintervention (%)

0.43.071 (5)1.4 (7)Δ at 1-mo postintervention (%)

aNot applicable.
bΔ: change between baseline and stated time point.
cGAD-7: Generalized Anxiety Disorder-7.
dPHQ-2: Patient Health Questionnaire-2.

Figure 2. Box and whisker plots at baseline, at postintervention, and 1 month after intervention completion for (A) Generalized Anxiety Disorder-7
scores, (B) cynicism scores, and (C) emotional exhaustion scores from the Maslach Burnout Inventory. *P=.05, **P=.01.
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Figure 3. Box and whisker plots at baseline, at postintervention, and 1 month after intervention completion for (A) intolerance of uncertainty scores,
(B) self-compassion scores, (C) nonreactivity, and (D) nonjudgment of inner experiences scores. *P=.05, **P=.01, ***P=.001.

Finally, Wilcoxon signed rank tests showed a 12% reduction
in personal distress scores from baseline to postintervention
(W26=217; P=.03; r=0.43) and a 25% reduction at 1 month after

the end of the intervention (W26=200; P=.03; r=0.46; Figure
4).
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Figure 4. Box and whisker plots at baseline, at post-intervention, and 1 month after intervention completion, for personal distress scores. Significance
level is denoted by asterisks: *P=.05.

Correlations Between Burnout and Other Outcomes
Table 3 shows the correlations between the 2 burnout
dimensions of cynicism and emotional exhaustion and the other
outcomes at each assessment point. There were significant
correlations between burnout and anxiety at baseline and
postintervention (cynicism: r≥0.56; P≤.03 and emotional

exhaustion: r≥0.53; P≤.004) but not 1 month after the end of
the intervention. Burnout scores were also correlated with
nonreactivity scores at baseline and postintervention (cynicism:
r≥0.39; P≤.04 and emotional exhaustion: r≥−0.40; P≤.04) but
not at follow-up. Emotional exhaustion score was also correlated
with self-compassion score only at baseline (r=−0.39; P≤.043).
We did not observe any other correlations (r≤|0.37|; P≥|.06|).
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Table 3. Correlations between burnout scores and other outcomes at baseline, postintervention, and 1-month postintervention.

1-mo postinterventionPostinterventionBaselineVariables

GAD-7a × cynicism

0.240.410.56Value

.22.03.002P value

GAD-7 × emotional exhaustion

0.320.530.60Value

.99.004<.001P value

PHQ-2b × cynicism

0.110.120.25Value

.60.56.21P value

PHQ-2 × emotional exhaustion

0.210.080.17Value

.28.70.39P value

IUc × cynicism

0.160.020.37Value

.44.91.06P value

IU × emotional exhaustion

0.120.360.15Value

.55.07.44P value

Self-compassion × cynicism

−0.05−0.16−0.22Value

.80.44.27P value

Self-compassion × emotional exhaustion

−0.03−0.17−0.39Value

.87.41.04P value

Nonreactivity × cynicism

−0.35−0.69−0.39Value

.07<.001.04P value

Nonreactivity × emotional exhaustion

−0.35−0.49−0.40Value

.07.01.04P value

Nonjudgment × cynicism

−0.17−0.13−0.34Value

.41.52.09P value

Nonjudgment × emotional exhaustion

−0.06−0.02−0.37Value

.76.90.06P value

Personal distress × cynicism

0.340.080.10Value

.10.67.63P value

Personal distress × emotional exhaustion

0.230.150.06Value
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1-mo postinterventionPostinterventionBaselineVariables

.24.45.77P value

Empathic concern × cynicism

−0.24−0.01−0.07Value

.23.95.75P value

Empathic concern × emotional exhaustion

0.140.240.27Value

.48.24.17P value

Perspective taking × cynicism

−0.10−0.09−0.17Value

.62.67.38P value

Perspective taking × emotional exhaustion

−0.15−0.25−0.03Value

.46.21.85P value

aGAD-7: Generalized Anxiety Disorder-7.
bPHQ-2: Patient Health Questionnaire-2.
cIU: intolerance of uncertainty.

Study 2

Overview
The results of study 1 provided evidence that physicians reported
lower cynicism and emotional exhaustion at postintervention
assessments compared to baseline. This was also the case for
reduced anxiety, intolerance of uncertainty, and personal distress
and increased self-compassion and mindfulness after the
intervention. No difference was observed for depression and 2
subdimensions of empathy (ie, empathic concern and perspective
taking) across time. This lack of change may be attributed to
participants reporting low levels of depression and high levels
of empathy at baseline.

To confirm the validity of these initial findings from study 1,
we conducted a preregistered replication study. We used that
same intervention but delivered it via a free smartphone-based
platform called Unwinding by Sharecare (Behavioral Health
team at Sharecare), which allows a progression of 7 daily
modules of brief didactic; 1 summary at the end; and access to
further features, such as experience-based MT, app-triggered
check-ins, guided meditations (5-15 minutes), and clinician life
stories.

Similar to study 1, participants completed web-based surveys
at 3 time points: baseline, postintervention, and 1 month later
as follow-up. To be more inclusive and expand to a broader
range of clinicians, we recruited physicians and nurse
practitioners, who provide direct care and medication
prescriptions to their patients.

The same primary and secondary outcomes were included as
in study 1, with the exception of the Interpersonal Reactivity
Index, which was removed due to its lack of appropriateness
for physicians, as indicated by the results of study 1.

In addition, based on the strong reduction of anxiety observed
in study 1, we aimed to explore the effects of the intervention
on further variables that have been suggested to be relevant for
the onset and maintenance of anxiety, such as worry [76], sleep
disturbances [77], and difficulties in emotion regulation [78].

We evaluated the following hypotheses:

• Hypothesis 1: there will be a main effect of time on
cynicism. Physicians and nurse practitioners will report
lower scores for cynicism at postintervention assessments
compared to baseline.

• Hypothesis 2: there will be a main effect of time on the
other variables. Physicians and nurse practitioners will
report lower scores for emotional exhaustion, anxiety,
depression, intolerance of uncertainty, worry, sleep
disturbances, and difficulties in emotion regulation and
higher scores for nonreactivity, nonjudging of inner
experiences, and self-compassion at postintervention
assessments compared to baseline.

• Hypothesis 3: cynicism and emotional exhaustion will
positively correlate with anxiety.

Methods

Ethical Considerations
Similar to study 1, this study was approved by the Brown
University Institutional Review Board (protocol 2022003296)
and followed the Declaration of Helsinki. The same consent
process was used: participants were directed to the informed
consent form on Qualtrics, and after selecting “yes” (with a
waiver of documentation), they completed the web-based survey.
Data were anonymized with alphanumeric codes, and the final
database used only these codes. Likewise, participants were
compensated with a US $25 Amazon gift card for the completion
of each survey (US $75 for 3 surveys). The study was
preregistered at ClinicalTrials.gov (NCT06145425), except for
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the exploratory outcome of difficulties in emotion regulation
that we added later.

Participants
The same study design, recruitment process, and inclusion and
exclusion criteria were used as in study 1, except for the
additional recruitment of nurse practitioners. To be more
inclusive, we recruited physicians and nurse practitioners, who
are equally skilled and knowledgeable in providing direct care
and medication prescriptions to their patients.

Intervention
The same intervention was delivered via the smartphone app
Unwinding by Sharecare, which included 7 daily modules of
MT, a final summary, app-triggered check-ins, guided
meditations (5-15 minutes), and clinician life stories. Participants
were encouraged to explore other app features; however, this
was optional. Similar to study 1, participants completed 1
module per day at their own pace, with check-in messages from
the project director every 15 days to address technical issues
and encourage engagement.

Engagement
Data related to program engagement, as measured by the number
of modules completed, were obtained directly from the
Unwinding by Sharecare app.

Outcome Measures
The same approach was used as described in study 1:
participants completed web-based surveys at 3 time points:
baseline, postintervention, and 1 month later as follow-up. The
same outcomes were included as described in study 1, with the
following exceptions: the Interpersonal Reactivity Index was
removed because the results of study 1 showed that this measure
might not be appropriate for physicians. The Patient-Reported
Outcomes Measurement Information System (PROMIS), the
Penn State Worry Questionnaire, and the Difficulties in Emotion
Regulation Scale were added as secondary outcomes to explore

the effects of the intervention on sleep disturbances, worry, and
difficulties in emotion regulation, respectively.

PROMIS was used to measure worry-related sleep disturbances.
Five items from PROMIS were preselected based on their direct
assessment of worry interfering with sleep [79]. Items were
rated on a 5-point Likert scale (1=“not at all” and 5=“very
much”). Scores range from 5 to 25, with higher scores indicating
more sleep disturbances and greater sleep-related impairment
[79,80].

Penn State Worry Questionnaire is a 16-item questionnaire to
assess worry on a 5-point Likert scale (1=“not at all typical of
me” and 5=“very typical of me”). Scores range from 16 to 80,
with higher total scores indicating increased levels of worry
[81].

Difficulties in Emotion Regulation Scale is a 36-item
questionnaire used to assess emotion regulation challenges on
a 5-point Likert scale (1=“almost never” and 5=“almost
always”). Scores range from 36 to 180, with higher total scores
indicating increased greater emotion regulation difficulty [82].

Statistical Analysis
The same data analysis approach described in study 1 was used.

Results

Participants
A total of 40 physicians and 10 nurse practitioners replied to
our recruitment message, and 39 (78%) participants (29
physicians and 10 nurse practitioners) met the eligibility criteria
and consented to participate between June 2023 and May 2024.
Out of this group who received the allocated intervention, of
the N = 39 participants, 29 (74%, n=20, 69% physicians and
n=9, 90% nurse practitioners) completed the 3-time point
assessments and were included in the final analysis (Figure 5).
The participant population comprised 23 women and 6 men
who worked in health care for an average of 16.4 (SD 10.1)
years. The average age was 49.6 (SD 9.8) years (Table 4).
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Figure 5. CONSORT (Consolidated Standards of Reporting Trials) flow diagram of study procedures of study 2.
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Table 4. Demographic characteristics of study 2.

Nurse practitioners (n=9)Physicians (n=20)Physicians+nurse practitioners
(n=29)

49.1 (6.9)49.8 (10.9)49.6 (9.8)Age (y), mean (SD)

Gender, n (%)

1 (11)5 (25)6 (21)Men

8 (89)15 (75)23 (79)Women

Race and ethnicity, n (%)

0 (0)3 (15)3 (10)Asian

1 (11)1 (5)2 (7)Black or African American

0 (0)0 (0)0 (0)Hispanic, Latinx, or Spanish

8 (89)16 (80)24 (83)White

Work status, n (%)

9 (100)18 (90)27 (93)Employed full time

0 (0)2 (10)2 (7)Employed part time

19.89 (11.86)14.85 (8.83)16.41 (10.14)Working duration in health care (y), mean (SD)

Medical specialty, n (%)

1 (11)2 (10)3 (10.2)Emergency medicine

4 (45)2 (10)6 (21)Pediatrics

1 (11)0 (0)1 (3.4)Oncology

0 (0)2 (10)2 (7)Palliative medicine

1 (11)1 (5)2 (7)Family medicine

0 (0)4 (20)4 (14)Internal medicine

0 (0)1 (5)1 (3.4)Nephrology

0 (0)1 (5)1 (3.4)Hospitality

1 (11)0 (0)1 (3.4)Psychiatry

0 (0)1 (5)1 (3.4)Infectious disease

0 (0)3 (15)3 (10.2)Obstetrics-gynecology

0 (0)1 (5)1 (3.4)Endocrinology

0 (0)1 (5)1 (3.4)Clinical immunology

0 (0)1 (5)1 (3.4)Physical medicine

1 (11)0 (0)1 (3.4)Orthopedics

Engagement
At posttreatment, 100% (29/29) of the participants completed
the 7-module program; only 3 (10%) participants did not listen
to the summary at the end. The average time taken by
participants to complete the program was 23.8 (SD 18.7) days.

Primary and Secondary Outcomes
Multimedia Appendix 1 shows the outcome scores at each
assessment point compared with baseline. Friedman ANOVA
tests indicated significant changes over time for cynicism

(χ2
2=13.1; P=.001; W=0.23), emotional exhaustion (χ2

2=2.39;

P=.30; W=0.04), anxiety (χ2
2=14.6; P<.001; W=0.25),

intolerance of uncertainty (χ2
2=15.6; P<.001; W=0.27),

self-compassion (χ2
2=22.2; P<.001; W=0.38), nonreactivity

(χ2
2=24.3; P<.001; W=0.42), and nonjudgment of inner

experiences (χ2
2=10.3; P=.006; W=0.18). Friedman ANOVA

tests revealed significant changes over time for worry (χ2
2=7.53;

P=.02; W=0.13), sleep disturbances (χ2
2=7.07; P=.03;

W=0.122), and difficulties in emotion regulation (χ2
2=15.4;

P<.001; W=0.27). No significant change across the 3 time points

was observed for depression (χ2
2=1.77; P=.41; W=0.03).

Post hoc Wilcoxon signed rank tests revealed 33% reduction
of cynicism at both postintervention (W28=184; P=.008; r=0.58)
and 1 month after the end of the intervention (W28=196; P=.04;
r=0.45) and 29% reduction of anxiety scores from baseline to
postintervention (W28=317; P=.01; r=0.49) and 57% reduction
1 month later (W28=340; P=.006; r=0.59; Figure 6). We
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observed stronger results when we analyzed only the data from
physicians: a significant change across the 3 time points for

cynicism (χ2
2=16.3; P<.001; W=0.41) and a 50% reduction in

scores from baseline to postintervention (W19=105; P=.003;
r=0.81) and 33% reduction 1 month later (W19=128; P=.02;
r=0.58). Likewise, we observe similar results for anxiety over

time (χ2
2=10.5; P=.005; W=0.26) and 33% reduction from

baseline to postintervention (W19=150; P=.04; r=0.51) and 60%
reduction 1 month later (W19=165; P=.02; r=0.63).

Wilcoxon signed rank tests found 12% reduction of intolerance
of uncertainty scores from baseline to postintervention
(W26=338; P=.003; r=0.57) and 8% reduction 1 month after the
end of the intervention (W26=310; P<.001; r=0.66) and 21%
increase in self-compassion scores from baseline to
postintervention (W28=32.5; P<.001; r=0.69) and 27% increase
1 later (W28=2; P<.001; r=0.84). We observed similar results
with data collected only from physicians: significant changes

across the 3 time points for intolerance of uncertainty (χ2
2=9.24;

P=.01; W=0.23) and for self-compassion (χ2
2=15.5; P<.001;

W=0.39). Intolerance of uncertainty scores reduced by 22% at
postintervention (W19=162; P=.01; r=0.59) and by 24% one
month later (W19=158; P=.003; r=0.72) and self-compassion
scores increased by 31% at postintervention (W19=9.5; P=.001;
r=0.74) and 38% one month later (W19=1.5; P<.001; r=0.82).

Wilcoxon signed rank tests also found 33% increase in
nonreactivity scores from baseline to postintervention
(W28=38.5; P<.001; r=0.72) and 39% increase 1 month after
the end of the intervention (W28=9; P<.001; r=0.83) and 8%
increase in nonjudgment scores at postintervention (W28=60.5;
P=.009; r=0.50) and 12% increase 1 month later (W28=38.5;
P=.003; r=0.62; Figure 7). We observed similar results with
data only from physicians: a significant change across the 3

time points for nonreactivity (χ2
2=18.8; P<.001; W=0.47) and

for nonjudgment (χ2
2=7.10; P=.03; W=0.18) and 28% increase

in nonreactivity scores at postintervention (W19=21; P=.003;
r=0.71) and 39% increase 1 month later (W19=4; P<.001;
r=0.85) and 10% increase in nonjudgment scores at
postintervention (W19=40.5; P=.08; r=0.43) and 12% increase
1 month later (W19=19.5; P=.02; r=0.62).

Figure 6. Box and whisker plots at baseline, at postintervention, and 1 month after intervention completion for (A) Generalized Anxiety Disorder-7
scores, (B) cynicism scores, and (C) emotional exhaustion scores from the Maslach Burnout Inventory in 29 physicians and nurse practitioners. *P=.05,
**P=.01.
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Figure 7. Box and whisker plots at baseline, at postintervention, and 1 month after intervention completion for (A) intolerance of uncertainty scores,
(B) self-compassion scores, and (C) nonreactivity toward inner experiences scores in 29 physicians and nurse practitioners. *P=.05, **P=.01,***P=.001.

Finally, Wilcoxon signed rank tests revealed 14% reduction in
worry scores from baseline to postintervention (W28=247;
P=.04; r=0.40) and 12% reduction 1 month after the end of the
intervention (W28=319; P=.006; r=0.58), 10% reduction in sleep
disturbances at postintervention (W28=283; P=.04; r=.42) and
20% reduction 1 month later (W28=268; P=.01; r=0.53), and
4% reduction in difficulties in emotion regulation scores at
postintervention (W28=353; P=.005; r=0.54) and 8% reduction
1 month later (W28=392; P<.001; r=0.70; Figure 8). We observe
less strong results with data only from physicians: a trend change

across the 3 time points for worry (χ2
2=5.30; P=.07; W=0.13)

and significant changes for sleep (χ2
2=7.53; P=.02; W=0.188)

and emotion regulation (χ2
2=9.29; P=.009; W=0.23). We only

observed 21% reduction in worry at 1 month after the end of
the intervention (W19=168; P=.01; r=0.66) but not at
postintervention (W19=116; P=.09; r=0.37). We found 22%
reduction in sleep disturbances scores from baseline to
postintervention (W19=156; P=.02; r=0.54) and 30% reduction
1 month later (W19=152; P=.01; r=0.64) and 8% reduction in
difficulties in emotion regulation at postintervention (W19=176;
P=.01; r=0.59) and 11% reduction 1 month later (W19=192;
P=.04; r=0.73).
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Figure 8. Box and whisker plots at baseline, at postintervention, and 1 month after intervention completion for (A) worry scores, (B) sleep disturbances
scores, and (C) difficulties in emotion regulation scores in 29 physicians and nurse practitioners. *P=.05, **P=.01,***P=.001.

Correlations Between Burnout and Other Outcomes
Table 5 shows the correlations between the 2 burnout
dimensions of cynicism and emotional exhaustion and the other
outcomes at each assessment point. There were significant
correlations between anxiety and burnout at baseline and 1
month after the end of the intervention (cynicism: r≥0.39; P≤.04
and emotional exhaustion: r≥0.58; P≤.001) but not right after
the intervention. Burnout were correlated also with
self-compassion scores (cynicism: r≥−0.42; P≤.02 and emotional
exhaustion: r=−0.56; P=.002), intolerance of uncertainty scores

(cynicism: r≥0.37; P≤.05 and emotional exhaustion: r≥0.40;
P≤.03), and depression (cynicism: r=0.41; P=.03 and emotional
exhaustion: r=0.41; P=.03). Burnout scores were also correlated
with worry (cynicism: r≥0.45; P≤.01 and emotional exhaustion:
r≥0.51; P≤.004) and emotion regulation (cynicism: r≥0.46;
P≤.01 and emotional exhaustion: r=0.40; P=.03). Cynicism
scores were also correlated with nonjudgment at baseline
(r=−0.49; P=.006) and with sleep after the intervention (r=0.38;
P=.04). Emotional exhaustion scores were also correlated with
nonreactivity scores only at baseline (r=−0.56; P=.002). We
did not observe any other correlations (r≤|0.36|; P≥|.054|).
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Table 5. Correlations between anxiety and burnout scores at baseline, postintervention, and 1-month postintervention.

1-mo postinterventionPostinterventionBaselineVariables

GAD-7a × cynicism

0.240.410.56Value

.22.03.002P value

GAD-7 × emotional exhaustion

0.320.530.60Value

.10.004<.001P value

PHQ-2b × cynicism

0.410.050.22Value

.03.81.25P value

PHQ-2 × emotional exhaustion

0.410.230.35Value

.03.24.06P value

IUc × cynicism

0.370.280.52Value

.05.13.004P value

IU × emotional exhaustion

0.40.450.41Value

.03.01.03P value

Self-compassion × cynicism

−0.62−0.42−0.52Value

<.001.002.004P value

Self-compassion × emotional exhaustion

−0.56−0.17−0.35Value

.002.37.06P value

Nonreactivity × cynicism

−0.3−0.20−0.27Value

.11.29.15P value

Nonreactivity × emotional exhaustion

−0.26−0.3−0.56Value

.12.12.002P value

Nonjudgment × cynicism

−0.34−0.3−0.49Value

.07.11.006P value

Nonjudgment × emotional exhaustion

−0.34−0.18−0.25Value

.08.35.19P value

Worry × cynicism

−0.64−0.45−0.49Value

.001.01.007P value

Worry × emotional distress

0.540.320.51Value
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1-mo postinterventionPostinterventionBaselineVariables

.003.09.004P value

Difficulties in emotion regulation × cynicism

0.530.330.49Value

.003.08.01P value

Difficulties in emotion regulation × emotional exhaustion

0.40.310.35Value

.03.10.07P value

Sleep disturbances × cynicism

−0.25−0.38−0.22Value

.19.04.26P value

Sleep disturbances × emotional exhaustion

0.36−0.2−0.29Value

.60.30.12P value

aGAD-7: Generalized Anxiety Disorder-7.
bPHQ-2: Patient Health Questionnaire-2.
cIU: intolerance of uncertainty.

Discussion

Principal Findings
To our knowledge, this is the first research to assess the efficacy
of a digital MT program designed with input from clinicians
specifically to address burnout. Two independent single-arm
studies were conducted to evaluate its impact on physicians. In
the first study, MT was delivered via podcast, while in the
second study, it was administered through a free mobile app.

Results from both studies demonstrated that MT led to
reductions in burnout, anxiety, intolerance of uncertainty, and
personal distress, while also fostering increases in
self-compassion and mindfulness, with effect sizes ranging from
medium to large. In addition, the second study revealed
decreases in worry, sleep disturbances, and difficulties in
emotion regulation. However, no significant changes were
observed over time for depression or perspective taking and
empathic concern, potentially due to the already low levels of
depression and high levels of perspective taking and empathic
concern reported at baseline. Furthermore, significant positive
correlations were found between burnout and anxiety at baseline
in both studies, at postintervention in study 1, and at follow-up
in study 2, thus confirming the relationship between these 2
variables.

Reduction of Physician Burnout
Preliminary findings suggest that this training could be an
efficacious, accessible way for busy physicians to combat
burnout. Both studies showed that it reduced cynicism, with the
first also reducing emotional exhaustion. This may be due to
the focus of the intervention on individual well-being,
particularly addressing the interpersonal aspect of burnout.
However, individual-focused interventions alone may not fully
address physician burnout, which often requires collaborative
efforts at both the individual and organizational levels [33,83].

Increase of Mindfulness and Self-Compassion
This study builds upon prior research demonstrating that
in-person mindfulness-based interventions have been effective
in reducing burnout and anxiety among physicians [37-40].
Importantly, we were able to replicate these findings using a
digital program that is both free and less time consuming than
the intensive in-person MT used in previous studies. This digital
intervention may therefore offer a more feasible option for
integration into the already hectic schedules of physicians. In
addition, this intervention contributes to the growing field of
digital therapeutics by demonstrating clinically meaningful
effects [7,60,61,84].

Consistent with numerous studies, we found that MT increased
nonreactivity and nonjudgmental attitudes toward thoughts,
sensations, and emotions, while also enhancing self-compassion.
Self-compassion has been theorized to provide self-care during
times of distress, failure, and difficulty and to enable individuals
to offer compassionate care to others. This concept comprises
3 interconnected components: mindfulness, self-kindness, and
common humanity [46]. In practical terms, self-compassion can
facilitate several key aspects: (1) recognizing and accepting
feelings as they arise without suppression or avoidance (ie,
mindfulness), (2) treating oneself with kindness and
understanding (ie, self-kindness), and (3) acknowledging one’s
own pain and distress as part of the broader human experience
(ie, common humanity [46]).

Therefore, self-compassion may enable health care providers,
who often struggle with perfectionism and self-criticism in
high-stakes environments where errors can have grave
consequences, to better navigate the challenges they face. Such
feelings of inadequacy have been linked to anxiety, depression,
and even suicidal ideation among medical students [85,86] and
physicians [87]. For instance, interventions promoting
self-compassion among athletes have proven successful in
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helping them manage concerns about mistakes, self-criticism,
and rumination during setbacks and uncertainties, thereby
improving both athletic performance and psychological
well-being [88].

Reduction of Personal Distress and Intolerance of
Uncertainty
Regarding empathy, we only observed a significant reduction
in personal distress during postintervention assessments. This
finding aligns with existing literature, which has consistently
reported that personal distress is the empathic component
positively associated with burnout [89]. However, we did not
observe any effects on the other 2 dimensions of empathy:
perspective taking and empathic concern. This outcome may
be due to a ceiling effect, as previous research with health care
professionals has also reported [90]. The high baseline scores
suggest that the chosen questionnaire may not have been
sensitive enough to capture changes in these dimensions among
physicians.

Although previous literature has shown a link between high
intolerance of uncertainty and an increased risk or presence of
physician burnout [24,91] and work-related stress and
satisfaction [21,92], these 2 studies are the first to investigate
the effects of MT on intolerance of uncertainty. We found a
significant reduction with a large effect size. Recognizing
uncertainty and developing coping strategies are crucial in the
field of medicine and are recognized as essential clinical
competencies to be fostered throughout medical education and
training [93,94].

For example, when faced with clinical situations where
outcomes are difficult to predict, physicians with high
intolerance of uncertainty may experience excessive worry and
anxiety about the consequences of their decisions. They may
also struggle with self-doubt and insecurity regarding their
professional competence, leading to a sense of being “stuck”
in uncertainty and hesitancy in decision-making [95,96]. It is
estimated that 17% of the excessive costs in medical care result
from physicians’ anxiety related to uncertainty management,
leading to increased tendencies to order further tests [97],
failures to adhere to evidence-based guidelines [98], and fear
of malpractice litigation and defensive practices [99].

Reduction of Anxiety and Related Variables
Importantly, we observed that MT reduced anxiety by 40%
postintervention, with moderate to large effect sizes.
Furthermore, we confirmed the positive correlation between
burnout and anxiety, although this correlation was not significant
across all 3 time points in both studies. These results build upon
previous findings regarding the relationship between burnout
and anxiety [7].

Interestingly, MT also reduced variables previously associated
with the onset and maintenance of anxiety, such as worry, sleep
disturbances, and difficulties with emotion regulation. In
previous research, app-based MT significantly reduced anxiety
in individuals with generalized anxiety disorders [61] and
improved sleep disturbances [84]. These effects were mediated
by a reduction in worry [61,84]. MT appears to assist individuals
in interrupting habitual worry patterns by fostering

present-focused awareness of thoughts and emotions. Guiding
physicians to observe and manage repetitive worry patterns
rather than reacting to and reinforcing them could alleviate
anxiety and burnout.

In addition, research indicates that being aware of one’s own
emotions and regulating them in stressful work environments
can not only reduce personal distress but also promote prosocial
behavior [100,101]. For instance, when physicians encounter
patients with sudden worsening symptoms, they need to manage
their own discomfort to provide appropriate care for their
patients considered distressed.

Limitations
These studies offer several strengths and significant findings,
such as a freely accessible training program designed for
real-world application, preregistered outcomes, and the inclusion
of a diverse range of medical specialties in the samples.
However, they also have several limitations.

First, both studies are single-arm trials with relatively short
follow-up periods (ie, 1 month after completing the training).
To validate the efficacy of this program and ascertain its
long-term effects, future studies using a waiting list or active
control intervention with longer follow-up periods are warranted.
These studies could also investigate the underlying
psychological mechanisms.

Second, the study samples are relatively small and not fully
representative, with predominantly White and female physician
participants. While future studies with balanced representation
across sexes are necessary for generalizability, it is worth noting
that women are more likely to be affected by burnout and
anxiety compared to men [102-104]. In addition, it is important
to recognize that burnout affects not only physicians but also
other health care professionals and students. Moving forward,
it is critical to adapt and test interventions across a wider
population within the health care system. Addressing clinician
burnout early in professional development and acknowledging
specific stressors in the learning environment are essential steps
in mitigating its impact. In addition, both studies involved
self-selection of participants, meaning that those who chose to
participate were likely already predisposed to favor the program.
This suggests that the intervention might have been particularly
beneficial for individuals who were attracted to the mindfulness
component of the program. As a result, we do not know whether
the intervention would affect those who were less interested in
mindfulness or less inclined to participate.

Finally, the impact of the intervention was assessed exclusively
through self-report measures and individual-related variables,
without considering the individual-organization relationship.
As we have noted, both individual and organizational factors
contribute to burnout. Similar to recent findings in the field
[105], future research should incorporate measures such as work
engagement, teamwork, and feelings of being valued by the
organization, in addition to patient-related ecological outcomes.
While collecting data on mortality rates, complication rates,
and disease progression might be challenging across different
health care institutions, other measures such as patient
compliance, the strength of the patient–health care provider
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relationship, compassionate care, and testing and prescribing
behaviors can be effectively implemented. Understanding these
broader outcomes is crucial for developing effective
interventions and strategies to address physician burnout and
improve patient care and health outcomes.

Conclusions
Despite these limitations, both studies demonstrated that
physicians were open to trying a pragmatically designed and
delivered digital MT program and could potentially benefit from
it. They suggest that digital MT holds promise as an accessible,
evidence-based tool for addressing burnout and related aspects

of anxiety among physicians. However, it is important to note
that causal claims cannot be definitively made until future
randomized controlled studies are conducted. These
proof-of-concept studies serve as an initial exploration of
potential mechanisms and effect size calculations for larger
randomized controlled trials.

Furthermore, this evidence underscores the need for both
individual-focused and organizational-focused approaches to
addressing burnout, and it highlights the importance of involving
physicians in the design of new interventions to create effective
and sustainable strategies for preventing or mitigating burnout
and promoting professional well-being.
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Abstract

Background: Telemedicine is transforming health care by enabling remote diagnosis, consultation, and treatment. Despite rapid
adoption during the COVID-19 pandemic, telemedicine uptake among health care professionals (HCPs) remains inconsistent due
to perceived risks and lack of tailored policies. Existing studies focus on patient perspectives or general adoption factors, neglecting
the complex interplay of contextual variables and trust constructs influencing HCPs’ telemedicine adoption. This gap highlights
the need for a framework integrating risks, benefits, and trust in telemedicine adoption, while addressing health care’s unique
dynamics.

Objective: This study aimed to adapt and extend the extended valence framework (EVF) to telemedicine, deconstructing factors
driving adoption from an HCP perspective. Specifically, it investigated the nuanced roles of perceived risks, benefits, and trust
referents (eg, technology, treatment, technology provider, and patient) in shaping behavioral intentions, while integrating contextual
factors.

Methods: We used a qualitative research design involving semistructured interviews with 14 HCPs experienced in offering
video consultations. The interview data were analyzed with deductive and inductive coding based on the EVF. Two coders
conducted the coding process independently, achieving an intercoder reliability of 86.14%. The qualitative content analysis aimed
to uncover the nuanced perspectives of HCPs, identifying key risk and benefit dimensions and trust referents relevant to telemedicine
adoption.

Results: The study reveals the complex considerations HCPs have when adopting telemedicine. Perceived risks were
multidimensional, including performance risks such as treatment limitations (mentioned by 7/14, 50% of the participants) and
reliance on technical proficiency of patients (5/14, 36%), privacy risks related to data security (10/14, 71%), and time and financial
risks associated with training (7/14, 50%) and equipment costs (4/14, 29%). Perceived benefits encompassed convenience through
reduced travel time (5/14, 36%), improved care quality due to higher accessibility (8/14, 57%), and operational efficiency (7/14,
50%). Trust referents played a pivotal role; trust in technology was linked to functionality (6/14, 43%) and reliability (5/14, 36%),
while trust in treatment depended on effective collaboration (9/14, 64%). Transparency emerged as a critical antecedent of trust
across different referents, comprising disclosure, clarity, and accuracy. In addition, the study highlighted the importance of
context-specific variables such as symptom characteristics (10/14, 71%) and prior professional experience with telemedicine
(11/14, 79%).

Conclusions: This study expands the EVF for telemedicine, providing a framework integrating multidimensional risks, benefits,
trust, and contextual factors. It advances theory by decomposing trust referents and transparency into actionable subdimensions
and emphasizing context-specific variables. Practically, the findings guide stakeholders: policy makers should prioritize transparent
regulations and data security, health care organizations should provide training and support for HCPs, and technology developers
must design telemedicine solutions aligning with trust and usability needs. This understanding equips health care to address
barriers, optimize adoption, and leverage telemedicine’s potential for sustainable clinical integration.
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Introduction

Background
Generally, a rise in technological innovations is omnipresent
and particularly impacts the health care sector [1,2]. Nowadays,
telemedicine can provide a wide range of services, which is
attributed to the continuous evolution of innovations [3]. Remote
patient care, diagnosis, and treatment enabled by leveraging
information and communication technologies offer health care
services in addition to traditional face-to-face encounters of
health care professionals (HCPs) with patients [4]. The use of
technology allows new opportunities to be exploited in a wide
range of medical fields [5]. Among researchers, the added value,
such as cost efficiency, is widely agreed upon. As an example,
the percentage of global gross domestic product accounted for
by health care costs is around 10% and rising [6].
Correspondingly, studies have shown that low-cost
improvements in patients’ health may be achieved by using
remote health services for consultation, evaluation, or treatment
[7,8]. Furthermore, the implementation of telemedicine allows
for increased accessibility to health care. Thus, by eliminating
the proximity factor, patients can access basic and particularly
specialist care from their home, which allows instant assessment
or treatment [7,9-11]. The relevance of the accessibility gained
via telemedicine is highlighted in diverse respects. Especially
in rural areas, a shortage of health care providers represents a
challenge that can be bridged by telemedicine [7]. Considering
the disparity in health care among nations, the increase in
telemedicine adoption has the potential to provide great benefits
not only to patients but also to medical staff worldwide [10].

Despite the multitude of presented advantages, the adoption
rate of telemedicine remains low [2]. Regarding diffusion, the
recent COVID-19 pandemic had a strong impact on the adoption
rate of telemedicine. The emergence of COVID-19 in 2020 and
the restrictions that were enacted resulted in far-reaching
challenges worldwide [12,13]. Telemedicine provided a viable
solution to many of those challenges by avoiding direct contact,
reducing the danger of transmission, and ultimately ensuring
continuous care [5,14]. Consequently, the circumstances
enhanced the adoption of telemedicine, inducing a rapid upscale
of diffusion in 2020. However, many HCPs, especially in
countries lagging in technology, remain suspicious, resulting
in low telemedicine adoption rates [15]. For example, in
countries such as Germany (industrialized economy), India
(resource-limited economy), and Brazil (emerging economy),
telemedicine has been slower to establish itself than in other
countries such as Israel (industrialized economy) [16]. These
countries are examples of countries lagging in technology in
telemedicine adoption due to barriers such as regulatory hurdles,
insufficient digital infrastructure, skepticism among HCPs, and
limited access to technology in rural areas, despite the potential
benefits [16,17].

Extensive research has been conducted on relevant factors for
telemedicine adoption [5,18,19]. In this regard, trust has been
repeatedly highlighted as a key determinant of acceptance and
use of telemedicine services [20,21]. Relatedly, perceived
usefulness and ease of use have also been found to influence
telemedicine adoption substantially [22]. The adoption of
technologies in health care brings uncertainties, particularly
related to data security and privacy [23,24]. Such uncertainties
often lead to perceived risks that pose significant barriers to
adoption intentions [25,26]. Factors such as the HCP-patient
relationship, cultural aspects, and the digital divide also serve
a critical role in the overall adoption of telemedicine [27-29].
Taken together, the literature on trust, perceived risk, perceived
benefits, and other factors related to telemedicine adoption has
been researched in a variety of settings and from differing
perspectives. Kuen et al [30], for example, highlighted the
multidimensionality of risks and trust transfer effects between
several trust referents in a telemedicine context from the
patient’s perspective. However, it is still to be determined to
what extent these constructs are also relevant from an HCP’s
perspective.

The information systems (IS) literature perspective is
particularly relevant for telemedicine adoption as it explores
how technology is effectively implemented, managed, and
accepted within organizations. Because telemedicine heavily
relies on digital systems and interactions, IS literature provides
valuable insights into user acceptance and integration of these
technologies in health care. Indeed, several systematic literature
reviews have shown that technology adoption models such as
the technology acceptance model (TAM) and the unified theory
of acceptance and use of technology (UTAUT) are the dominant
theoretical frameworks used to study telemedicine adoption
among HCPs [31,32]. While these models offer important
insights into factors such as perceived usefulness and ease of
use, they are limited in their ability to account for the full
complexity of telemedicine adoption in health care settings.
Specifically, they fail to adequately address the critical role of
perceived risks, which are especially relevant due to the sensitive
nature of health care services [31]. Moreover, these models
often assume that the decision-making process is primarily
driven by functional considerations, such as ease of integration
and productivity improvements [33]. However, HCPs operate
in a more complex environment, where ethical concerns, patient
safety, and trust in the technology and technology provider play
significant roles [30,34]. Traditional models such as TAM and
UTAUT also overlook the emotional and psychological
dimensions of decision-making, including anxiety about new
technology or concerns about the erosion of the HCP-patient
relationship [35]. In addition, these models are generally
ill-suited to capture the intricate professional and legal
responsibilities faced by HCPs, which can directly influence
their adoption behavior [35]. In the health care context, the
stakes are higher, and the consequences of technology adoption
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can directly impact patient outcomes, creating a level of risk
that these models fail to fully incorporate [36].

Therefore, these frameworks do not offer the depth needed to
explore the multilayered, context-specific factors that influence
telemedicine adoption among HCPs. For example, while Bakshi
and Tandon [37] explored how various dimensions of risk—such
as financial, social, technological, and privacy risks—affect
physicians’ intentions to adopt telemedicine, their work does
not fully contextualize these risks or examine the factors that
drive these perceptions. Furthermore, some studies that identify
key adoption factors in telemedicine do not use specific
theoretical frameworks or examine the relationships between
these factors [38]. This creates a gap in the literature, as the
existing models and frameworks (eg, TAM and UTAUT) do
not sufficiently incorporate the multidimensional risks that are
crucial in the health care context [31].

This gap underscores the need for a more comprehensive
framework. While technology adoption models provide one
perspective, they do not account for the broader factors that
influence decision-making in health care. As Hong et al [39]
argue, theoretical models must be adapted to specific contexts
to provide meaningful insights. In health care, the adoption of
telemedicine goes beyond technical functionality and is shaped
by professional ethics, regulatory environments, and
context-specific risks. Therefore, a framework that integrates
these elements is needed to better explain telemedicine adoption
from an HCP’s perspective. Therefore, we pose the following
research question: “Which factors are relevant in the context of
telemedicine adoption from an HCP’s perspective, and how can
these be incorporated into an overarching framework?”

Objectives
The research goal of this paper is to identify the factors
influencing the adoption of telemedicine in terms of perceived
risk, perceived benefits, and trust from an HCP’s perspective.
The aim is to derive a contextualized framework for the

telemedicine context, which can serve as a guideline for future
research. We draw on the extended valence framework (EVF)
by Kim et al [40], which was initially developed for the
consumer context but has demonstrated applicability to
technology adoption in various domains (eg, mobile payment
solutions [41] and remote anti-doping testing [42]), including
consumer acceptance of online health information services [43].
We adapt it to the context-specific characteristics of
telemedicine, which include the exchange of sensitive and
personal data, situations with high uncertainty and dependency
for patients, the significant responsibility placed on HCPs, and
the adoption of new technology.

Theoretical Lens
To answer the research question, we draw on previous literature
on adoption behavior and provide a brief introduction to the
relevant definitions of the related constructs. We argue that the
EVF is well suited as an overarching framework to explore
relevant factors for technology adoption as it provides a broad
perspective on individuals’ attitudes and perceptions toward a
new technology [40]. Unlike traditional models such as the
TAM and the UTAUT, which primarily emphasize positive
factors such as perceived usefulness, the EVF integrates both
positive drivers (eg, perceived benefits) and negative drivers
(eg, perceived risks), offering a more balanced understanding
of adoption decisions. This is particularly critical in health care,
where concerns over patient safety, data security, and ethical
implications play a central role in decision-making. The EVF
integrates perceived risks, perceived benefits, trust, and
behavioral intentions, all of which are critical to the adoption
of new technologies [44]. Figure 1 [40] depicts the layout of
the EVF in which trust positively affects perceived benefits and
behavioral intentions but negatively affects perceived risks. In
addition, perceived risks have a negative relationship, and
perceived benefits have a positive relationship with behavioral
intentions.

Figure 1. Extended valence framework (EVF) for telemedicine adoption (this depiction of the EVF is based on the study by Kim et al [40]).

In the context of telemedicine, the EVF is particularly
appropriate because it not only captures the benefits of new
technology but also addresses the risks associated with it, such
as misdiagnoses, technical reliability, and patient confidentiality,
which are often underexplored in models such as TAM and
UTAUT. Perceived risk refers to the uncertainty and potential
severity of negative consequences, a definition established by
Dowling and Staelin [45] as well as Featherman and Pavlou

[26]. Various dimensions of risk have been identified in the
literature, underscoring its multifaceted nature [46]. While the
risk dimensions used in this study were initially developed in
consumer e-services and purchasing contexts [26,47,48],
research has extended their applicability to health care and
telemedicine [30]. Table 1 provides an overview of the risks
identified by previous research and their respective definitions.
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Table 1. Definitions of risk dimensions relevant to telemedicine adoption.

StudyDefinitionRisk dimension

Grewal et al [47], 1994Reflects the perception that a product or service fails to meet the anticipated per-
formance standards, consequently not delivering the desired benefits

Performance risk

Featherman and Pavlou [26], 2003Reflects the “potential loss of control over personal information”Privacy risk

Featherman and Pavlou [26], 2003Reflects the potential monetary outlay due to the product’s or service’s costsFinancial risk

Jacoby and Kaplan [48], 1972, and
Featherman and Pavlou [26], 2003

Reflects the mental stress that possibly arises through the use of technologyPsychological risk

Featherman and Pavlou [26], 2003Reflects the potential loss of time when making a bad purchasing decision by
wasting time researching and making the purchase, learning how to use a technol-
ogy or service only to must replace it if it does not perform to expectations

Time risk

Featherman and Pavlou [26], 2003Reflects the potential loss of status in one’s social group because of adopting a
product or service, looking foolish or untrendy

Social risk

Contrary to the multidimensional definition of perceived risk,
perceived benefit represents the extent to which an individual
believes that they will benefit from using a product or service
[23]. It is characterized by the user’s motivation to maximize
the expected value associated with a technology [40]. Therefore,
in this study, perceived benefit is defined as the potential value
that a user associates with the use of telemedicine. As
telemedicine represents a context that is different from other
topics addressed in IS research, commonly used constructs
cannot be easily transferred [49]. Previous research on
telemedicine has shown, for example, the impact of efficiency
on perceived benefits in health contexts such as autism and
diabetes [7,8], as well as the relevance of the perceived quality
of the specific service or product under consideration [50-52].
A study on the patient’s perspective toward telemedicine
adoption additionally highlights convenience as an impacting
factor [53].

Within the EVF, trust is integrated as another relevant variable,
as studies have shown that it reduces risk perceptions and can
increase perceived benefits [54-56]. Thus, we include it in the
scope of our contextual decomposition approach and define
trust according to Mayer et al [57] as “the willingness of a party
to be vulnerable to the actions of another party based on the
expectation that the other will perform a particular action
important to the truster, irrespective of the ability to monitor or
control that other party.” Within this definition, a relationship
is considered to exist with another identifiable party that acts
and reacts with volition toward the truster. Both parties—the
truster and the trustee—are not limited to individuals; they can

also include other entities, both physical and non-physical, such
as technology [58]. Interpersonal trust is considered to be a
trusting relationship between individuals. According to Mayer
et al [57], individuals’ trust is determined by their perception
of the trustworthiness of the other party. Trustworthiness is
considered a multidimensional construct, the dimensions (ability,
benevolence, and integrity) that influence trust in another
individual, groups of individuals, or an organization and lead
to a higher willingness to take risks in the respective relationship
[57]. In addition to interpersonal trust, the need to distinguish
trust in technology emerged. While trust in an individual entails
a moral and conscious interpersonal dynamic, technology is an
artificial creation with limited capabilities and no moral agency.
Therefore, further research on trust developed a
multidimensional construct of trusting beliefs in technology
[55,59]. Table 2 shows a compromised overview of the relevant
dimension definitions.

As this study aims to decompose the EVF, we look at several
potential and context-specific trust referents. In research on trust
in telemedicine, 4 main stakeholders have been identified
(technology, treatment, patient, and provider) [60]. The concept
of trustworthiness and trusting beliefs can be applied to patients
and providers (trustworthiness) as well as technology (trusting
beliefs). As treatment is understood to be a process, it does not
fall under the 2 trust constructs. However, trust in treatment can
be characterized as an individual’s belief that the telemedical
treatment effectively addresses medical concerns, is clear, and
results from a collaborative decision-making process between
the patient and HCP [30,61].
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Table 2. Definitions of trust dimensions for interpersonal and technological contexts.

StudyDefinitionTrust construct and dimension

Mayer et al [57], 1995Interpersonal trust/trustworthiness

The skills, competencies, and attributes that enable a party to have an im-
pact in a specific domain.

Ability

The degree to which a trustee intends goodwill toward the truster, alongside
their perceived positive attitude toward the truster.

Benevolence

The truster’s perception that the trustee adheres to a set of principles that
the truster finds acceptable.

Integrity

McKnight et al [59], 2011Trust in technology/trusting beliefs

The belief that a specific technology has the appropriate functionalities
or features to fulfill the requirement.

Functionality

The belief that the specific technology will consistently operate properly.Reliability

The belief that adequate and responsive help is provided by the technology.Helpfulness

Methods

Study Design
To determine how perceived risks, perceived benefits, and trust
are related in the specific context of telemedicine, we referred
to the guidelines by Hong et al [39] on context-specific
theorizing. Accordingly, we chose a qualitative research
approach and conducted semistructured interviews with HCPs
who already offer video consultations to their patients, which
is considered a widely applied method to obtain contextual and
authentic accounts [62]. HCPs represent the primary party in
adopting telemedicine, as they must be willing to offer
telemedicine to enable patients to actively opt for it. Hence,
they have the opportunity to shape the broad adoption of
telemedicine [63]. Given the limited adoption of this technology,
interviewing HCPs with extensive experience in telemedicine
is expected to provide greater value, as their use and familiarity
with it are essential for overall social acceptance.

As part of the study’s rigorous design, a pilot study was
conducted before the actual data collection to ensure the clarity
and relevance of the interview guide [64]. This pilot phase
involved conducting preliminary interviews with 4 HCPs who
had prior experience with telemedicine. On the basis of this
feedback, the interview guide only had to be marginally adapted.
The interview guide was mainly guided by the EVF (Figure 1),
covering key constructs such as trust, perceived risks, perceived
benefits, use behavior, and intention (Table S1 in Multimedia
Appendix 1). It also included contextual factors to capture
additional insights that may not be covered by the EVF. The
guide consisted of open-ended questions designed to explore
how these factors influence telemedicine adoption from the
HCP’s perspective. This structure allowed for flexibility,
enabling follow-up questions to be asked during the interviews
as needed to explore emerging themes.

On the basis of the EVF, a combination of deductively derived
and inductively elaborated relevant constructs was chosen as
the research approach [65]. Thus, in line with the study by Hong

et al [39], the various constructs can be decomposed, the
appropriateness of the EVF for the specific context can be
examined, and all relevant constructs can then be transferred
into a context-specific variation of the EVF. In addition, newly
emerging antecedents and context-specific variables are added.

Data Collection
To ensure the interview partners were sufficiently qualified,
only HCPs who (1) have completed formal education in the
medical or therapeutic field, (2) have experience with
telemedicine through video consultations, and (3) practice in
Germany (to ensure cultural comparability) were contacted. All
medical specializations were included. As psychotherapists
represent about 25% of HCPs in Germany, this group was
included in our analysis [66]. This selection deliberately focused
on gaining insights from HCPs who have practical experience
with telemedicine, enabling a deeper exploration of its
real-world effectiveness and challenges. Involving only
experienced users ensures that the study captures practical
insights that are directly relevant to improving the future
implementation of telemedicine. Obtaining consent from
interviewees and assuring anonymization, we audio-recorded
the interviews and then transcribed them verbatim [67,68]. We
chose to recruit via the medical website Jameda [69]. A total of
142 HCPs who met the requirements as experts were contacted
by email. Out of these 142 professionals, 26 (18.3%) expressed
interest in participating. The interviews were conducted online
via Zoom (Zoom Video Communications) during March and
April 2023. After 14 interviews, theoretical saturation was
reached, suggesting that further interviews would be unlikely
to add any new insights [70].

Sample Description
The resulting interview sample included 14 experts, half of
whom were male (7/14, 50%) or female (7/14, 50%) and were,
on average, aged 47 (range 34-68) years. The length of the
interviews varied between 13 and 53 (mean 27, SD 10) minutes.
Table 3 gives an overview of the relevant descriptives.
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Table 3. Characteristics of the 14 health care professionals interviewed.

Field of practiceHighest educationAge (y)Number

Palliative careDoctoral degree431

PsychotherapyHigh school diploma492

PsychotherapyHigh school diploma553

GynecologyDoctoral degree484

PsychotherapyMaster’s degree685

Psychiatry and psychotherapyDoctoral degree456

General medicineDoctoral degree527

EndocrinologyDoctoral degree508

PhysiotherapyBachelor’s degree369

GynecologyDoctoral degree4210

General medicineDoctoral degree6811

PsychotherapyState examination3712

General medicineDoctoral degree3513

General medicineState examination3414

Data Analysis
We conducted a qualitative content analysis [65] using
MAXQDA 2022 (version 22.7.0) software. The analysis was
conducted by 2 authors (coder A and coder B) separately and
using deductive as well as inductive coding methods. The
deductive codes were derived from the relevant constructs
already outlined in the theoretical lens based on the EVF. First,
all transcripts were coded by coder A according to these
categories. In addition, coder A inductively derived
subcategories to allow for more in-depth explanations and
context-specific extension, which were then discussed with
coder B. Following coding, coding rules, definitions, and anchor
examples were developed to ensure consistency for each
category. Coder B performed the coding process independently
following coder A. Subsequently, the coding was iteratively
extended and analyzed in several steps. Transparency, for
example, was identified as an antecedent to trust and coded
following the dimensions defined by Schnackenberg and
Tomlinson [71] (disclosure, clarity, and accuracy). We adhered
to the standards set by Venkatesh et al [72] to ensure the quality
of our qualitative research. The validity of our research design
was confirmed through a thorough account of our research
context, which increased the relevance and trustworthiness of
our conclusions. To ensure a valid coding process, we took steps
to ensure inferential validity. The interauthor agreement in the
coding process resulted in an intercoder reliability of 86.14%.
To account for the potential of random agreement at the segment
level, we assessed coding reliability and calculated Cohen κ,
which yielded a value of 0.86. These results suggest an “almost
perfect” agreement between the 2 coders [73].

Ethical Considerations
The study received ethics approval from the ethics committee
of the School of Business and Economics at the University of
Münster (2020–02). The research adhered to ethical guidelines
for human subject research. All participants provided written

informed consent before participating in the study. The consent
process included an explanation of the study objectives,
procedures, and the right to withdraw at any time without any
consequences. To protect participants’ privacy, all interview
data were anonymized during transcription. Identifiable
information was removed, and participants were assigned unique
codes to ensure confidentiality. Data were securely stored on
encrypted devices accessible only to the research team. No
monetary or material compensation was provided to participants
for their involvement in the study. This study does not include
any images of participants or supplementary material that could
potentially identify individuals. As a precaution, the interview
transcripts were carefully reviewed to exclude any inadvertent
references that could lead to participant identification.

Results

Outcome Evaluation
By decomposing the constructs of the EVF, our results
demonstrated their individual sublevels and relevance to the
context of telemedicine. We found that HCPs clearly perceived
both the risks and benefits of telemedicine. They were able to
reflect on and consider these extensively. In addition to the
decomposed constructs of the EVF, we identified
context-specific variables; transparency was an inductively
derived factor that preceded trust. The following sections
presents our result according to each construct of the EVF.
Although certain inductive codes were mentioned infrequently,
their inclusion is justified by the nature of qualitative research.
Qualitative analysis values the depth of insights over frequency,
meaning even low-frequency mentions can offer significant
contextual relevance. These rare codes can highlight emerging
or underexplored challenges within telemedicine adoption,
particularly in niche areas of health care practice [74]. Specific
quote examples for the inductively generated level 3 codings
can be found in Tables S2-S6 in Multimedia Appendix 1.

JMIR Form Res 2025 | vol. 9 | e54777 | p.1688https://formative.jmir.org/2025/1/e54777
(page number not for citation purposes)

Schürmann et alJMIR FORMATIVE RESEARCH

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


Perceived Risks
Limited treatment options due to visual restrictions were
mentioned with regard to performance risk; that is, no holistic
insight into the patient can be gained. Furthermore, physical
contact is omitted, and further examinations for diagnosis might
be neglected. This results in the “...danger...that something is
overlooked in the diagnosis” (interviewee 11). Internet
connection issues were additionally noted, especially concerning
patients in rural areas. An interviewee expressed the following:

...the great issue is the poor internet connection of
the clients most of the time.... [Interviewee 4]

In addition, financial risks were recognized, particularly
associated with acquiring high-technology equipment. While
the general cost of equipment was not seen as a risk, the
purchase of advanced, high-technology tools was perceived
differently. An interviewee stated the following:

You could also control it remotely and make a much
better zoom than with the webcam. Such a tool is
expensive, of course. [Interviewee 6]

Concerning time risks, the investment of time required for staff
to familiarize themselves with technology and its functions was
underlined. One respondent mentioned that “[Telemedicine] is
indeed a considerable investment of time, as you have to train
the staff as a whole” (interviewee 10), pointing out the
significant time commitment necessary for staff training. As
far as psychological risk is concerned, it was rarely addressed
and, if so, was associated with an uncomfortable feeling and a
certain weight in digital communication. Concerning social
risks, it was inferred that negative comments are mainly received
from the social and professional environment. However, privacy
risk was most frequently addressed by the interviewees. The
main focus was on the perceived risk posed by patient data
security:

The basic question is always that of data security
since patient data is exchanged. [Interviewee 1]

Table 4 shows the deductive and inductive codes for perceived
risks according to the number of interviews in which these were
addressed.
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Table 4. Results of the qualitative content analysis for perceived risks (N=14).

Interviews in which this aspect was mentioned, n (%)Levels 1a, 2b, and 3c

Perceived risk

Performance risk

7 (50)Restriction in treatment d

7 (50)Restriction in patient-HCP e connection

5 (36)Internet connection issues

4 (29)Technical issues

5 (36)Technical proficiency of patient

Financial risk

4 (29)Need for equipment

1 (7)Need for staff

3 (21)Insurance coverage

2 (14)Limited user group

1 (7)Inadequate compensation

Time risk

7 (50)Familiarization with the technology

2 (14)Adaptation to the new workflow

1 (7)Research for alternatives

Psychological risk

3 (21)Uncomfortable feeling

3 (21)Weight of communication

2 (14)External interfering factors

Social risk

5 (36)Negative comments

Privacy risk

10 (71)Data security

2 (14)HCPs’ privacy

4 (29)Patients’ privacy

aCategory derived from the study by Kim et al [40].
bCategories derived from the study by Featherman and Pavlou [26].
cCategories are inductive codes based on specifications from respondents.
dInductive codes are italicized.
eHCP: health care professional.

Perceived Benefits
Interviewees expressed multiple benefits related to the
convenience of telemedicine. A notable advantage was the
reduction in travel time, which benefited HCPs by allowing
them to manage their schedules more efficiently and handle a
higher volume of consultations. One participant stated that video
consultation had the following benefits: “No more traveling.
Rehabilitation clinics, in particular, are always a little further
out of town as far as our field is concerned.” (interviewee 9).
Moreover, convenience was accentuated in treating patients
located in rural areas. Another interviewee emphasized that
these patients particularly value telemedicine as it allows them

to receive consultations at home. In addition, interviewees
commented on the medical implications of reduced travel,
mentioning that longer travel durations “may also not be
harmless due to the illness” (interviewee 6). They suggested
that maintaining distance, especially if patients are contagious,
is sensible for both patient and HCP. Apart from convenience,
there was a shared sentiment that telemedicine augments the
quality of care. Accessibility was often spotlighted as a distinct
advantage of telemedicine, with interviewees noting its
significant role in improving patient care. In addition to the
accessibility of medical treatment and consultation, the
possibility of maintaining a safe space was mentioned several
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times, particularly in the psychological field, as many patients
might feel more comfortable at home:

...the more distance there is between medical staff
and patients,...it gives patients a low-barrier
opportunity to mention things that they might not dare
to mention face-to-face. [Interviewee 9]

Consequently, HCPs obtained more relevant information, thus
ensuring a higher quality of diagnosis and treatment.

Furthermore, telemedicine was observed to enhance HCP’s
efficiency. The emphasis was largely on the significant time
savings for HCPs, allowing them to provide timely care while
easily coordinating and managing their schedules through health
platforms. This streamlined process enables HCPs to handle
more appointments and optimize their workflow, ultimately
improving their productivity. Table 5 shows the deductive and
inductive codes for perceived benefits according to the number
of interviews in which these were addressed.

Table 5. Results of the qualitative content analysis for perceived benefits (N=14).

Interviews in which this aspect was mentioned, n (%)Levels 1a, 2b, and 3c

Perceived benefit

Convenience of telemedical use d

8 (57)Space independence

5 (36)Reduction of travel time

6 (43)Time flexibility

4 (29)Protection of HCPs’ e well-being

6 (43)Protection of patients’ well-being

Quality of care

8 (57)Accessibility

4 (29)Safe space for sensitive topics

3 (21)Enhanced perception

Efficiency of telemedical service

7 (50)Time saving

2 (14)More precise working time

4 (29)Financial advantage

aCategory derived from the study by Kim et al [40].
bCategories derived from the study by Featherman and Pavlou [26].
cCategories are inductive codes based on specifications from respondents.
dInductive codes are italicized.
eHCP: health care professional.

Trust Referents
Trust referents were distinguished by the HCPs, and all were
acknowledged, although not all were considered to be of high
importance. Trust in technology was typically mentioned in
terms of its functionality, such as the ability to provide audio
and visual connection, schedule appointments, and even collect
some anamnesis data; for example,

[Take] a quick picture of the throat with a smartphone
so that you can get an idea. Are the tonsils swollen
now? Are they coated? That works. [Interviewee 13]

With regard to trust in the treatment process, 3 subcategories
emerged, which can be subdivided into the initial necessary
consensus, the subsequent effective collaboration of patient and
HCP, and the final effectiveness of the treatment. The
patient-HCP connection was particularly relevant for HCPs:

Definitely, if you manage to maintain the personal
factor further [using video consultation]. [Interviewee
9]

Trust in the provider was supported above all by the
data security it offers, which also corresponds to the
high perceived risk of data security:

I trust my specialist provider, so to speak, and assume
that the solution he offers has also been checked with
the data protection authorities in terms of data
protection law. [Interviewee 2]

It also became clear that the provider is expected to have both
technical competence and knowledge of medical procedures,
that is, an understanding of the particular application context.
Compared to the other trust referents, the HCPs’ perception of
trust in the patient was rather limited. It was primarily based
on the digital affinity assigned to the patient, which is relevant
for the HCP to be able to use telemedicine effectively together
with the patient. Table 6 presents the deductive and inductive
codes for all trust referents.
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Table 6. Results of the qualitative content analysis for trust referents (N=14).

Interviews in which this aspect was mentioned, n (%)Levels 1a, 2b, and 3c

Technology as a trust referent

Technology’s functionality

5 (36)Audio connection d

6 (43)Visual connection

1 (7)Appointment scheduling

3 (21)Anamnesis data taken

Technology’s reliability

5 (36)Stable connection

4 (29)Stable platform

Treatment as a trust referent

Consensus understanding of the treatment process

4 (29)Practicality

4 (29)Enabling adequate dialogue

Effectiveness of collaboration

5 (36)Consent of patient

4 (29)Enabling compliance

9 (64)HCP e-patient connection

2 (14)Patient feedback

Effectiveness of treatment

3 (21)Provision of medical reports

4 (29)Work facilitation

2 (14)Possible guidance to self-examination

Provider as a trust referent

Provider ability

2 (14)Contextual knowledge

2 (14)Technical knowledge

Provider benevolence

1 (7)Proximity

Provider integrity

11 (79)Data security

3 (21)Responsiveness

3 (21)Certification

Patient as a trust referent

Patient ability

5 (36)Digital affinity

aCategory derived from the studies by Van Velsen et al [60] and Kim et al [40].
bCategories derived from the studies by Mayer et al [57] and McKnight et al [59].
cCategories as inductive codes based on respondents’ specifications.
dInductive codes are italicized.
eHCP: health care professional.
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Transparency
In the coding process, transparency emerged as an important
antecedent to several trust referents for HCPs. This is in line
with previous literature that identified transparency as an
antecedent to trust, as information shared in this way indicates
the ability, benevolence, and integrity of a truster [75,76]. The
definition by Schnackenberg and Tomlinson [71] is widely
accepted and defines transparency as “the perceived quality of
intentionally shared information from a sender.” We followed
the accepted multidimensional approach and accordingly
subdivided transparency into its 3 dimensions: disclosure,
clarity, and accuracy [71,76,77]. Thereby, we define
“disclosure” as the belief that all relevant information is shared
in a timely manner, “clarity” as the level of correspondence
between the intended and the understood meaning of
information, and “accuracy” as the extent to which information

given matches reality and is free from intentional distortions
[71,76].

Transparency was emphasized in the information provided about
technology, treatment, and providers. The patient as a trust
referent was not mentioned when it came to transparency. In
addition to transparency in relation to the provider, the relevance
for disclosure on technology also became apparent: “Now I’m
not a technician and can’t assess what it could do with this data,
but I feel well informed.” (interviewee 3) Similarly, the
importance of transparency in the treatment process between
the patient and the HCP was highlighted: “When you feel like
you’ve had a lot explained to you and you have a lot of
knowledge about it and you know how things work”
(interviewee 9). Table 7 shows the deductive codes for the
transparency recipients according to the number of interviews
in which these were addressed for each transparency dimension.

Table 7. Results of the qualitative content analysis for transparency dimensions (N=14).

Interviews in which this aspect was mentioned, n (%)Levels 1, 2a, and3b

Transparency

Transparency on technology

2 (14)Disclosure

1 (7)Clarity

3 (21)Accuracy

Transparency on treatment

4 (29)Disclosure

2 (14)Clarity

3 (21)Accuracy

Transparency on provider

7 (50)Disclosure

7 (50)Clarity

5 (36)Accuracy

aCategories are in accordance to the trust referents based on the studies by Van Velsen et al [60] and Kuen et al [30].
bCategories derived from the study by Schnackenberg and Tomlinson [71].

Context-Specific Variables
Regarding the need for contextual specification mentioned by
Hong et al [39], we were able to identify variables that apply
specifically to the telemedicine context. Especially, the relevance
of prior consideration of the symptom characteristics and their
suitability for treatment with telemedicine services, such as
video consultation, was highlighted:

I can take a lot of responsibility for doing this via
telemedicine or not....And I have a bad feeling when
I hear patients report that...the patient is being sealed
off even more. [Interviewee 12]

It is not so much the distinction between mental and physical
that plays a role here, but rather the necessary examination
proximity and physical treatment approach:

What is more difficult is to examine you....Let’s say
one would have to palpate it or something else, then
it stops. [Interviewee 1]

Another context-specific variable is the previous experience or
familiarization of the HCP and their patients with telemedicine:

[Video consultation] has also now worked out quite
well over the last two years. [Interviewee 8]

Frequent positive experiences, therefore, increase both the
willingness to adopt and the level of trust in the technology.
Table 8 shows the inductively derived codes for context-specific
variables.

JMIR Form Res 2025 | vol. 9 | e54777 | p.1693https://formative.jmir.org/2025/1/e54777
(page number not for citation purposes)

Schürmann et alJMIR FORMATIVE RESEARCH

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


Table 8. Results of the qualitative content analysis for context-specific variables affecting telemedicine adoption.

Interviews in which this aspect was mentioned, n (%)Levels 1 and 2a

Context variable

10 (71)Symptom characteristics (10)

11 (79)Experience (11)

aCategories derived inductively.

In summary, our proposed expansion of the EVF is shown in
Figure 2 [26,30,40,60,71]. We consider transparency a key
multidimensional antecedent, along with context-specific

variables such as symptom characteristics and experience with
telemedicine services.

Figure 2. Telemedicine-contextualized valence framework. The extended valence framework is based on the study by Kim et al [40]. Perceived risk
categories follow the study by Featherman and Pavlou [26]. Trust referents are derived from the studies by Van Velsen et al [61] and Kuen et al [30],
and transparency dimensions are based on the study by Schnackenberg and Tomlinson [71].

Discussion

Interpretation of Results
Our study provides a multifaceted examination of the
considerations HCPs have when adopting and using telemedicine
services, revealing various facets of perceived risks and benefits,
trust referents, transparency, and context-specific variables.

First, it is evident that HCPs have various concerns about
telemedicine. Concerns primarily relate to performance risks
such as visibility limitations that restrict holistic insight into the
patient’s well-being. Lack of physical contact and potential
confusion in diagnosis were highlighted by the HCPs, pointing
to the critical role of traditional face-to-face interaction in
medical assessments. Financial risks, such as the time required
to learn to use technology, and privacy risks, such as concerns
about data security, emphasize the challenges that HCPs face.
Previous studies have identified technological issues, data
security, and privacy as primary risks associated with the
telemedicine context [30,78]. Consistent with earlier research,
this study reaffirms the existence and multidimensionality of
perceived risk [26,30], further delineating it into subdimensions
of performance risks (eg, visual restrictions), privacy risks (eg,
data security), and financial risks (eg, uncertainty about
insurance coverage) as the risks most often mentioned. The
addition of these context-specific subdimensions is a nuanced

insight, adding depth to the understanding of practical challenges
faced by HCPs.

Second, among the perceived benefits, the convenience of the
telemedical approach, quality of care, and efficiency of the
telemedical service were identified as key factors. Particular
emphasis was placed on minimizing the HCP’s travel time and
improving the protection of the patient’s well-being by reducing
the need for transportation. This convenience, along with
increased comfort and protection through minimal physical
contact, establishes a better experience and better safety using
telemedicine. In addition, our findings indicate that telemedicine
can foster an environment that leads to increased efficiency of
the services the HCP offers. Telemedicine was often
complimented for its convenience, accessibility, and potential
to deliver health care services to remote or underserved areas
[7]. Increased patient engagement and satisfaction were also
commonly cited benefits [10]. Our results align with existing
literature, emphasizing convenience, quality, and efficiency as
significant benefits and adding context-specific dimensions by
highlighting the potential for streamlined operations and
enhanced HCP efficiency in subdimensions.

Third, we found that trust is a key driver of adoption behavior,
with multiple trust referents such as technology, treatment
process, provider, and patient. Our findings illustrate that while
technology and treatment process were strongly and diversely
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perceived trust referents, trust in patients was solely measured
by the patient’s abilities in terms of their digital affinity. This
underscores the important role that technical reliability and
effective treatment collaboration have in successful telemedicine
practices. These findings corroborate prior research, signifying
trust as a multifaceted concept involving technology, treatment
processes, and patients [30,60]. However, our results contradict
the relevance of trust in patients from an HCP’s perspective, as
they represent a given parameter in the general treatment process
for the HCP, and changing to an online setting seems to adapt
the relationship only to the extent that patients must be able to
use the new technology in question. Furthermore, the
subdivisions of the treatment process need to be considered.
Therefore, relevancy for trust is seen in particular in the second
part, the consensus of collaboration. This is consistent with the
assumption that the highest level of interaction and reliance on
functioning communication between patient and HCP occurs
here. Therefore, this study offers a more nuanced perspective
by identifying the different relevancy of trust referents from the
HCP’s perspective.

Fourth, transparency emerged as an antecedent for trust,
indicating the need for disclosure, clarity, and accuracy in
technological processes and interactions with providers to foster
a trustworthy telemedicine environment. This underscores the
critical role of clear communication and information sharing.
Transparency, specifically regarding data use and security, has
been identified as crucial in previous research in differing
contexts [79-81]. In addition, transparency is often linked to
increased trust and acceptance of telemedicine services [60].
Notably, the need for transparency was identified for all trust
referents except the patient. This could be explained by the
personal view of the HCPs, in that they do not feel any
dependency on their patients, as they perceive themselves as
service providers on whom the patients depend. This highlights
the special nature of the medical sector and the attitude and
unilateral dependent relationship between HCPs and patients.
Our results align with prior research, highlighting the importance
of transparency as an antecedent for certain trust referents. This
underscores the need to tailor the information provided
according to the HCPs’ relevant trust referents when fostering
a trustworthy telemedicine environment. We also show that the
view of transparency as multidimensional and the 3 defined
dimensions (disclosure, clarity, and accuracy) [71] are
transferable to the context under consideration and that, with a
qualitative research approach, no major deviations in the
relevancy of the individual dimensions are apparent.

Fifth, context-specific variables such as symptom characteristics
and prior experience with telemedicine have a significant role
in its use and efficacy. An HCP’s intention to use telemedicine
is influenced by various contextual factors such as the
characteristics of symptoms, patient demographics, and
technological familiarity among users [82-84]. The results from
our interview study resonated with these findings, emphasizing
the impact of symptom characteristics and previous telemedicine
experiences on its use and perceived effectiveness. In addition,
adoption behaviors may vary across medical specializations,
depending on how telemedicine software interacts with clinical
workflows and the patient-practitioner dynamic. For example,

therapy with clinical psychologists might involve a more
personal and sensitive experience compared to discussions of
physical symptoms with HCPs, which may not require the same
level of intimacy. The distinct benefits telemedicine can offer
in fields such as infectious diseases further highlight the need
to consider how different clinical contexts impact telemedicine
adoption. Thereby, we specify which type of symptom
characteristic is decisive for the usability of telemedical services
such as video consultation. We abandon a division into mental
and physical symptoms, an approach taken in prior research
[30], as we found no significant difference between mental and
physical symptoms. Instead, distinctions should be made
according to the severity of the need for direct intervention.
This is similar to a distinction of symptom severity, which has
also already been introduced [85], but should not be interpreted
as synonymous with it. The demonstrated impact of repetition,
leading to increased experience and familiarity, is consistent
with other studies, such as the study by Venkatesh et al [33],
which highlight the importance of the repetition cycle in building
trust [86].

Implication for Research
Several theoretical implications can be derived from the results
of our study. Arguably, the first and most straightforward is the
applicability and relevance of the guidelines by Hong et al [39]
for context-specific theorizing. Our results show that a
systematic decomposition of the relevant constructs of adoption
behavior should address context-specific characteristics,
especially because the context of telemedicine is characterized
by a special relationship among the patient, HCP, and
technology used for the treatment process and its provider.

Our second theoretical contribution is that this study addresses
the limitations of existing technology adoption models such as
TAM and UTAUT by incorporating telemedicine-specific
factors into a contextualized framework. While TAM and
UTAUT focus primarily on general constructs such as perceived
usefulness and ease of use, they often fail to capture critical
dimensions relevant to health care, such as the multifaceted
risks and trust referents that are crucial for HCPs. The developed
contextualized model overcomes these limitations by integrating
additional factors such as transparency and symptom
characteristics, offering a more comprehensive understanding
of telemedicine adoption from an HCP perspective. This
framework provides a valuable additional perspective to existing
technology adoption models, serving as a foundation for future
research on telemedicine adoption. Moving forward, future
research can build on this by conducting quantitative validation
and refining the framework further.

Third, our study emphasizes the multidimensionality of relevant
factors in telemedicine, such as risks [26,30] and trust [59,60].
Recognizing the multidimensional nature of these factors enables
a more nuanced understanding and specific contextualization
for telemedicine. This perspective can guide future research to
explore these dimensions in different health care settings and
with different stakeholders.

Fourth, the developed framework offers starting points for
further analysis of stakeholders in health care. For example, the
perspectives of patients or technology providers, who have
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already been identified by Van Velsen et al [60] as trust referents
in the context of telemedicine adoption, may be examined in
future studies. Understanding their perspectives and relevant
context-specific factors can enrich the theoretical understanding
of telemedicine adoption and its broader implications in health
care.

Practical Implications
Several practical implications for HCPs and their use of
telemedicine can be derived from our findings. First, the need
for additional training of medical staff in telemedicine
technologies can be addressed by ensuring that HCPs can focus
on medical examinations and treatments without being distracted
by technical issues. Therefore, health care facilities and general
practices should consider hiring specialized telemedicine support
staff. This approach enables a more efficient division of labor
and ensures that technical problems do not affect the quality of
medical care. In addition, specific training programs can be
developed or used to help staff mitigate risks and fully
understand and leverage the benefits of telemedicine. Training
should thus include best practice approaches and encourage
exchange with other medical facilities. In addition, telemedicine
should be formally integrated into medical school curriculums
and clinical placements to prepare future HCPs for the evolving
landscape of digital health care. This will ensure that medical
students are equipped with both the technical and clinical skills
necessary for using telemedicine effectively in their practice.
However, it is important to note that the cost and feasibility of
these recommendations may vary, particularly for smaller or
resource-constrained organizations. Ideally, telemedicine
software should be intuitive enough for existing staff, such as
IT or administrative personnel, to manage with minimal training,
although this may not always be feasible.

Second, the individually identified risks that are particularly
relevant can be addressed in a more targeted manner. To better
manage such risks, risk management guidelines could be
developed to provide guidance and protocols to counteract the
perceived risks of telemedicine, for example, by reducing the
performance risk through enhanced remote examination with
improved imaging technologies or remote monitoring tools to
mitigate visibility limitations and diagnostic confusion. Data
security protocols can also be strengthened, thus minimizing
the privacy risk, as insurance with compliance privacy
regulations sends a trustworthy signal.

Third, transparency is a significant antecedent that underlines
the necessity to choose an appropriate provider and the right
technology for the planned medical approach. On the basis of
our results, HCPs should choose telemedicine platforms and
technologies that fit their most important trust factors, for
example, those that offer reliable, user-friendly interfaces and
robust security features. Thus, professionals should look for
providers that offer comprehensive support and training. In
addition, health care institutions should aid HCPs in selecting
the appropriate telemedicine platform and technology by
choosing their recommendations based on the criteria that
emerged as particularly relevant in this study.

Fourth, as not every symptom characteristic can be treated
equally well or at all with telemedicine, providers should focus

on developing solutions that are specialized for certain medical
conditions and symptoms and can optimally support these. By
tailoring their technologies and programs to diverse symptom
characteristics, HCPs may more effectively manage treatment
via telemedicine. However, developing specific policies and
guidelines on when it is appropriate to use telemedicine may
be a more practical approach, given the constraints of resources
and the limitations of digital communication. These guidelines
can help ensure that telemedicine is used optimally without
compromising patient care.

Limitations and Further Research
First, the amendments to the framework are based on a
qualitative approach that aimed to identify relevant constructs
for the considered context. Next, they should be tested
quantitatively for the strength of the proposed causal
relationships and applied to other telemedicine applications,
such as telemonitoring or videoconferencing between HCPs
that are not diagnostic or a treatment. We have added the new
context-adapted subcategories to already established constructs,
such as multiple risks. Therefore, future research should review
and adapt existing scales to ensure that they cover the relevant
new subcategories. However, the current framework does not
fully address key human factors such as task load burden and
the user experience of interacting with telemedicine software
in daily clinical practice. These factors represent ongoing,
structural impacts on health care delivery rather than the
transitional costs of implementation. Although this was not a
focus of this study, it is important to acknowledge this limitation
and consider it as an avenue for future research.

Second, we adjusted the sample size to suit the rarity of the
niche population (ie, HCPs in Germany offering video
consultations). Due to the low adoption rate, HCPs with an
affinity for technology are more likely to use telemedicine.
Therefore, the benefits could be overestimated and the perceived
risks underestimated. In addition, the use of volunteer sampling
may introduce self-selection bias, as those who choose to
participate are likely to hold more favorable and supportive
views of telemedicine. This could further increase the risk of
overestimating its benefits and underestimating its risks. Thus,
it has to be argued that there is a possible lack of generalizability
of our results, which should be addressed in future studies by
considering larger samples and subject triangulation [87].
However, we intentionally only interviewed HCPs with
experience, ensuring that the perceived benefits and risks were
based on real experience rather than assumptions. Moreover,
we ensured a diverse sample in terms of age, gender, and
specialization to take a variety of perspectives into account.
Future research should compare our findings with the
perspectives of HCPs who have not adopted telemedicine as
well as their transferability to a patient’s perspective.
Furthermore, the transferability of our results to the patient’s
perspective ought to be examined, given that previous studies
showed a greater disparity between HCPs and patients [88].
This will provide deeper insights into the barriers and facilitators
to further implementation of telemedicine.

Third, our sample is limited to the German context with its
national regulations and funding opportunities. Cultural factors
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specific to Germany, such as high individualism and low
uncertainty avoidance [89], may also influence perceptions of
telemedicine. These biases could differ significantly in other
cultural environments, particularly in low-income countries,
where telemedicine adoption might be shaped by different
cultural attitudes and resource constraints. Telemedicine is
already more established in other countries, which might differ
in terms of regulatory and organizational conditions [90,91].
Our study shows the specificity of early adopters, who may still
face more prejudices, insecurities, and lack of habits. The results
of this study can be adapted to other cultural environments with
more established telemedicine offerings and reveal differing
cultural-specific results. To address the relevance of the
governmental framework, future research should analyze how
recent and anticipated changes in health policy and regulations
affect the adoption and effectiveness of telemedicine and how
this might affect the constructs proposed in this study’s adoption
framework. In addition, the demographics and communities
served by telemedicine users should be considered, as
populations less affected by the digital divide may perceive
lower risks and greater benefits compared to the groups
considered disadvantaged.

Conclusions
Context-specific consideration is useful and shows which
additional factors from generally applicable frameworks or
theories are particularly relevant. It also reveals which factors,
if any, do not seem relevant in the context of telemedicine from
an HCP’s perspective. Our results show that multidimensional
transparency as an antecedent to trust, as well as the
context-specific metavariables (symptom characteristics and
experience), impact telemedicine adoption. The complexity and
higher risk perception associated with telemedicine also lead
to a multitude of perceived risks. For future research, the results
of this study imply that prospective studies in the field of
telemedicine should refer to the design of a modified
telemedicine-contextualized valence framework to conduct a
fully comprehensive analysis. The role of a broader systematic
and organizational context should also be considered to
understand how external factors shape telemedicine adoption.
Especially when using quantitative approaches, existing scales
should address telemedicine-specific characteristics of constructs
such as trust referents, risks, and benefits, as well as antecedents
such as transparency in their items. If they do not, the scales
should be adapted accordingly.
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Abstract

Background: Mental health remains among the top 10 leading causes of disease burden globally, and there is a significant
treatment gap due to limited resources, stigma, limited accessibility, and low perceived need for treatment. Problem Management
Plus, a World Health Organization–endorsed brief psychological intervention for mental health disorders, has been shown to be
effective and cost-effective in various countries globally but faces implementation challenges, such as quality control in training,
supervision, and delivery. While digital technologies to foster mental health care have the potential to close treatment gaps and
address the issues of quality control, their development requires context-specific, interdisciplinary, and participatory approaches
to enhance impact and acceptance.

Objective: We aimed to co-produce Technology-Assisted Problem Management Plus (TA-PM+) for "lady health workers"
(LHWs; this is the terminology used by the Lady Health Worker Programme for lay health workers) to efficiently deliver sessions
to women with symptoms of common mental health disorders within the community settings of Pakistan and conducted usability
testing in community settings.

Methods: A 3-stage framework was used for co-producing and prototyping the intervention. Stage 1 (evidence review and
stakeholder consultation) included 3 focus group discussions with 32 LHWs and 7 in-depth interviews with key stakeholders
working in the health system or at the health policy level. Thematic analyses using the Capability, Opportunity, and Motivation
for Behavioral Change (COM-B) model were conducted. Stage 2 included over eight online workshops, and a multidisciplinary
intervention development group co-produced TA-PM+. Stage 3 (prototyping) involved 2 usability testing rounds. In round 1
conducted in laboratory settings, 6 LHWs participated in role plays and completed the 15-item mHealth Usability App Questionnaire
(MUAQ) (score range 0-7). In round 2 conducted in community settings, trained LHWs delivered the intervention to 6 participants
screened for depression and anxiety. Data were collected using the MUAQ completed by LHWs and the Patient Satisfaction
Questionnaire (PSQ) (score range 0-46) completed by participants.

Results: Qualitative analysis indicated that a lack of digital skills among LHWs, high workload, resource scarcity for digitization
(specifically internet bandwidth in the community), and need for comprehensive training were barriers for TA-PM+ implementation
in the community through LHWs. Training, professional support, user guidance, an easy and automated interface, offline
functionalities, incentives, and strong credibility among communities were perceived to enhance the capability, opportunity, and
motivation of LHWs to implement TA-PM+. TA-PM+ was co-produced with features like an automated interface, a personal
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dashboard, guidance videos, and a connected supervisory panel. The mean MUAQ score was 5.62 in round 1 of usability testing
and improved to 5.96 after incorporating LHW feedback in round 2. The mean PSQ score for TA-PM+ was 40 in round 2.

Conclusions: Co-production of TA-PM+ for LHWs balanced context and evidence. The 3-stage iterative development approach
resulted in high usability and acceptability of TA-PM+ for LHWs and participants.

(JMIR Form Res 2025;9:e59414)   doi:10.2196/59414

KEYWORDS

digital mental health; digital technology; digital intervention; Problem Management Plus; lay health worker programme; common
mental health disorders; low- and middle-income countries; co-production

Introduction

Background
Recent research has indicated that mental health remains among
the top 10 leading causes of disease burden globally and
constitutes 32.4% of years lived with disability [1]. Common
mental health disorders are conditions that impact mood, thought
processes, and behavior, often leading to challenges in daily
functioning and overall well-being. These include disorders,
such as depression, anxiety, and bipolar disorder, each
characterized by unique symptoms and impacts on the lives of
individuals [2]. Depression, affecting over 300 million people
globally, is the most prevalent mental health disorder [3]. A
major part of this burden (about 70%) is concentrated in low-
and middle-income countries (LMICs). Additionally, a shortage
of mental health specialists in LMICs contributes to a mental
health treatment gap of 90% for almost all mental health
conditions, meaning that only 1 out of 10 conditions requiring
mental health treatment receive it from a mental health specialist
[3]. Various factors contribute to the mental health treatment
gap, including lack of human resources for mental health,
stigma, accessibility, uneven mental health service distribution,
and lack of a perceived need for treatment [4]. To address this
gap, the World Health Organization (WHO) developed the
Mental Health Gap Action Programme (mhGAP) by providing
evidence-based interventions for 8 priority mental health
disorders. These guidelines recommend involving lay health
workers and community members in the early detection of
mental health disorders and low-intensity psychological care
of patients with mental health disorders. This can help LMICs
address the treatment gap and health resource shortfall, and
achieve WHO Mental Health Action Plan targets [3,4]. Building
on the WHO’s mhGAP, several initiatives in LMICs have been
developed to address the mental health treatment gap [5-7].
These programs empower nonspecialist health workers to deliver
mental health care through structured culturally adapted
interventions. Examples include Problem Management Plus
(PM+), a transdiagnostic intervention for managing stress and
depression, and the Thinking Healthy Programme, which
addresses perinatal depression through simplified behavioral
strategies. Community-based programs like Friendship Bench
in Zimbabwe further extend the reach of mhGAP by embedding
mental health support within local settings, demonstrating
significant improvements in access and patient outcomes. The
Disease Control Priorities (DCP3) report endorses such scalable
models as effective affordable solutions that bolster mental
health care capacity in LMICs [6,7]. A comprehensive review

[7] of 208 studies focusing on various mhGAP interventions in
LMICs demonstrated their overall efficacy. The mhGAP
interventions were shown to significantly improve the symptoms
of common mental health disorders, reduce substance use, and
positively impact parenting and child outcomes. Furthermore,
mhGAP training across these interventions enhanced the clinical
skills, knowledge, and competency of health workers,
contributing to improved quality of care after training [7].

PM+ is a low-intensity brief psychological and transdiagnostic
intervention for common mental health disorders. It is an
evidence-based intervention that can address various mental
health issues and address the limitations posed by scarce
specialized treatments in low-resource settings [8-14]. PM+ has
been designed for depression, anxiety, stress, grief, and
self-identified practical issues (interpersonal conflict and
unemployment) and is delivered by lay health workers [15].
The intervention consists of 5 weekly face-to-face sessions
involving stress management and problem-solving approaches
[15]. PM+ has been tested for effectiveness and
cost-effectiveness in various LMICs [8-14]. It has proven to be
particularly effective in reducing the symptoms of anxiety,
depression, and general distress in settings affected by
significant adversity, including conflict-affected regions or
under-resourced settings [16]. PM+ is recommended for
stepped-care models, especially in low-resource settings where
it serves as an effective first-line intervention. In these contexts,
PM+ addresses common mental health needs at a low cost,
allowing higher-intensity services to be reserved for more severe
cases. This approach optimizes resource use and enhances
accessibility in areas with limited mental health infrastructure.
Notably, PM+ is available in several languages including Urdu,
and it has been contextualized and rigorously evaluated in
Pakistan [10,12,13].

However, the implementation of PM+ can be challenging for
lay health workers and can be hampered by issues of quality
control in training, supervision, and delivery [8-11]. Lengthy
sessions and the complex nature of systematic stress and patient
problem management strategies further compound these
challenges, along with the struggle to recall all core strategies
and protocols [8-11]. This specific phenomenon is termed
“program drift” in the field of implementation science, which
refers to a situation where the quality and fidelity of an
intervention diminish because of deviations from the manual
protocol, resulting in a reduction in the potential benefits of the
intervention [17]. These challenges and barriers can be overcome
by using digital tools and training lay health workers for them
[18]. A recent systematic review of studies from LMICs revealed
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that the integration of digital technologies into mental health
interventions led by nonspecialists typically results in positive
outcomes and has the potential to address the following three
gaps highlighted in mental health literature: (1) the treatment
gap, (2) the treatment-quality gap by improving the
competencies and knowledge of nonspecialists, and (3) the
service utilization gap by increasing the use of mental health
care services [18].

Few initiatives have pursued digital adaptations of PM+ to
enhance accessibility and scalability, particularly in low-resource
settings. The step-by-step intervention was initially
conceptualized as an online self-help adaptation of PM+. While
the step-by-step intervention initially incorporated the principles
of PM+, the intervention diverged as the complexity of
implementing problem-solving components within a digital app
proved challenging. Consequently, the step-by-step intervention
evolved into an independent transdiagnostic intervention focused
on managing stress and addressing depression and anxiety
through behavioral activation principles [19]. In response to the
COVID-19 pandemic, additional digital training frameworks
were developed to enable remote training of lay health workers,
ensuring uninterrupted mental health support amid physical
distancing measures [20].

PM+ has been rigorously evaluated in Pakistan, showing
effectiveness in reducing depression and anxiety symptoms
[10,12,13]. Despite higher initial costs than the standard care,
it has demonstrated long-term cost-effectiveness and is
recommended for integration into a stepped-care model in
resource-limited settings like Pakistan [12]. In a stepped-care
model [21], individuals begin with lower-intensity support and
progress to more intensive treatments only if necessary,
optimizing resources and tailoring care to individual needs. This
approach is particularly relevant in Pakistan, where mental
health services are limited and mostly concentrated in major
urban centers [22]. Pakistan’s health care system, with its
community outreach through "lady health workers" (LHWs;
this is the terminology used by the Lady Health Worker
Programme for lay health workers) [23], who have established
supervision and referral mechanisms, provides a strong
foundation for implementing stepped-care mental health
interventions like PM+. To address the challenges in
implementing PM+ by applying technological assistance and
to align with the recommended stepped-care model for Pakistan,
we aimed to develop a technological platform
Technology-Assisted Problem Management Plus (TA-PM+).
TA-PM+ consists of an app designed to support nonspecialists
in delivering the PM+ intervention within Pakistan’s health
system, with an established backend for supervision, monitoring,
and referral processes. TA-PM+ seeks to ensure the consistent
delivery of therapeutic components at the appropriate dosage
and with high fidelity while being delivered face-to-face,
fostering a therapeutic alliance, which is essential for
maintaining the problem-management focus required for
effective intervention delivery. This paper describes the stepwise
co-production of TA-PM+ and its key features.

Objective
We aimed to co-produce TA-PM+ for LHWs to use in efficiently
delivering sessions to women within community settings in
Pakistan.

Methods

Setting and Context
The study was conducted in the Federal District of Islamabad
Capital Territory (ICT), Pakistan. The study considered the
Union Council (UC) of Tarlai, which has a population of
100,000 and is located about 10 kilometers outside the ICT.
The UC is a predominantly low-income and lower middle–class
area, with a significant number of migrants from different parts
of Pakistan. The crude birth rate is estimated to be around 40
births per 1000 population, with families typically having 4-8
children. Traditional gender roles prevail in families. Among
the poorer sections of the population, several adversities are
common, including malnutrition, irregular income, and low
literacy rates [24].

Each UC is served by the primary health care unit, which
consists of a medical doctor, vaccinators, and a pharmacist, and
serves as the base for the community outreach program of
LHWs. The LHWs are supervised and monitored by a
facility-based supervisor, known as the lady health supervisor
(LHS). The LHWs provide family planning, and maternal and
child preventive and promotive services to 250-300 households
in the catchment area and establish referrals for high-risk cases.
More recently, maternal and adolescent mental health awareness
and prevention have been added to the curriculum. The UC of
Tarlai has 32 LHWs who cover nearly 80% of the population
of Tarlai.

Ethical Considerations
This study has been approved by the Institutional Review Board
of Fazaia Medical College, Islamabad, Pakistan (approval
number: IBD/FMC/1341/IRB), in accordance with the ethical
guidelines for human subject research and the Declaration of
Helsinki. Informed consent was obtained from all participants,
and for secondary analyses, the original consent permitted data
use without requiring additional permissions. All data were
anonymized to ensure privacy and were securely stored on a
protected cloud platform accessible only to the research team.
Participants received modest compensation, such as financial
allowances and travel reimbursements (US $5-7). No identifiable
participant information has been included in the manuscript or
supplementary materials.

TA-PM+ Co-production
In line with the 3-stage framework of co-production and
prototyping of public health interventions [25], TA-PM+ was
designed in three stages: (1) qualitative investigation, (2)
co-production, and (3) prototyping and usability testing.
Qualitative investigation used semistructured interviews and
was designed and reported in line with the Consolidated Criteria
for Reporting Qualitative Research (COREQ) checklist
(Multimedia Appendix 1).
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Stage 1: Qualitative Investigation
A qualitative study was conducted to inform the development
of TA-PM+. The main objectives were to explore
implementation barriers; understand user needs (including
training and supervision), particularly those related to
technology use assisting intervention delivery; evaluate
monitoring; and identify TA-PM+ functionalities that could be
used to strategically address barriers and aspects of delivering
PM+ sessions. The sample for qualitative investigation consisted
of LHWs, an LHS, and participants working in the health system
or at the health policy level. Focus group discussions and
in-depth interviews were conducted as part of qualitative
investigation. All participants were given information about the
research aims, and rapport was established.

Focus Group Discussions

A trained female researcher conducted 3 focus groups between
June and August 2022 with the LHWs (n=32). They were
purposefully sampled from a range of settings to ensure diversity
in demographic factors, age, and education. The focus group
discussions were held at a primary health care facility in
Islamabad, Pakistan. One focus group discussion lasted between
70 and 85 minutes. The focus group discussions were held in
Urdu, and data on mental health, digitization, and intervention
functions perceived to be useful for TA-PM+ were elicited using
semistructured techniques (Multimedia Appendix 2).

In-Depth Interviews

Interviews were conducted with a purposive sample of 7
participants working in the health system (n=2) or at the health
policy level (n=5) between July and August 2022. The
participants included an LHS, doctors at the primary health care
unit of the health system, health system specialists, individuals
in Director General programs, program officers of
noncommunicable diseases, and digital health and information
specialists at the policy level. The interviews were conducted
in Urdu and face-to-face at a location of the participant’s choice
by a trained female researcher. The duration of the interviews
ranged from 35 to 45 minutes, during which a semistructured
interview guide was employed (Multimedia Appendix 2).

Data Analysis

The focus group discussions and interviews were audio recorded
and transcribed verbatim. The framework analysis approach
was used for analyses consisting of familiarization, identification
of the thematic framework, charting, mapping, and
interpretation. A second author (SZ) was engaged to
independently code a randomly selected subset of 20% of the
transcripts. The deductive framework was constructed using
the Capability Opportunity and Motivation for Behavioral
Change framework and the Theoretical Domain Framework
(TDF) [26]. The TDF was implemented in deductive analyses
to include various elements that otherwise might have been
ignored. However, the researcher realized that not all constructs
would be used to code the data, and constructs that did not yield
any findings were excluded. The thematic framework was
refined through repetitive discussions between the researchers
MS and SZ. To ensure the authenticity of the data and to
minimize the risk of data loss, the coding process was carried

out on the transcript written in Urdu. Once indexing and charting
were completed using MaxQDA, the coded sections of the
transcript were double translated into English.

Stage 2: Co-production of TA-PM+
During stage 2, TA-PM+ was collaboratively developed by an
intervention development group comprising both local (n=5)
and international (n=5) members. This group included
professionals with diverse backgrounds, including software
developers, clinical psychiatrists, epidemiologists, public health
researchers, and health system specialists.

Co-production Workshops

Eight co-production workshops were conducted online on Zoom
between July and October 2022. Each co-production workshop
lasted 120 to 150 minutes and was conducted with the aim of
planning TA-PM+ features and delivery mechanisms. The
findings from stage 1 were presented, ideas were sought from
all members, and a storyboard was formulated. Subsequently,
software designers presented concepts, prototypes, and avatar
samples, and this was followed by the collection of feedback
and iterative refinement, ultimately resulting in the finalization
of features for TA-PM+. All the workshops were recorded, and
after each workshop, a researcher (MS) summarized the findings
decided during the workshop, which included technological
features, scripts of the videos from the PM+ manual, and text
for different interfaces of sessions. Additionally, member
checking [27] (ie, sharing the findings with all members of the
workshop) was carried out to verify the authenticity of the
summarized findings. The finalized summary was shared with
the software designers who prepared diagrams, vignettes, icon
pictures, and interface mock-ups and was presented at the next
workshop where feedback was sought again. This process was
replicated across all 8 workshops, resulting in the finalization
of all features, interface mock-ups, and videos for TA-PM+.

TA-PM+ Technological Platform Development

TA-PM+ was developed using the Agile methodology fostering
flexibility and adaptability throughout the app’s development
and maintenance phases [28] from October 2022 till May 2023.
The Agile methodology is an iterative approach to software
development that prioritizes flexibility, customer collaboration,
and continuous improvement. It emphasizes adaptive planning,
incremental delivery, and embracing change. Agile teams work
in short iterations to deliver working software increments, gather
feedback, and adapt to evolving requirements. TA-PM+ is
designed to operate on standard mobile devices, including iOS
and Android platforms, underpinned by a robust hardware
infrastructure. The mobile app and web dashboard are hosted
on servers that necessitate a configuration with a minimum of
4 GB of RAM and 20 GB of storage capacity, ensuring the
smooth operation of the app. MySQL is employed as the
database management system on the server, providing a reliable
platform for data management.

The software components of TA-PM+ are developed using
advanced programming languages. PHP 7.3 and PHP 8.0 are
leveraged for web development, while React Native is used for
the mobile app and Laravel 8.40 is used for web development.
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The TA-PM+ mobile app, developed using React Native, serves
as the primary interface for users. The server-side component,
developed using PHP (Laravel), involves a RESTful API and
is responsible for authenticating users, conducting assessments,
and facilitating data retrieval. The web dashboard, built using
PHP (Laravel), is accessible via web browsers and is primarily
intended for administrators. It provides a user-friendly interface
for content management, configuration settings, and report
viewing.

Stage 3: Prototyping and Usability Testing

Prototyping

After the co-production, external experts (n=2) in the PM+
intervention and in clinical psychiatry prototyped the content,
resources, and videos of TA-PM+. The content was updated
according to their feedback. The intervention development team
examined the application for heuristic evaluation employing
Jakob Nielsen heuristics [29].

Cultural Adaptation

We used the culturally adapted and Urdu-translated PM+ manual
developed for the Pakistan context [10,12,13]. To further
enhance cultural relevance, psychoeducational videos for
patients were developed with detailed adjustments, including
culturally appropriate avatars, dress codes, names, video
backgrounds, and case scenarios. Voiceovers were provided by
a native Urdu speaker, and the videos were reviewed by clinical
psychiatrists (n=2) in Pakistan for language refinement. LHWs
(n=6) participated in usability testing of TA-PM+, providing
feedback on wording, icon labels, and flowcharts in the app.
Additionally, women (n=6) from the community together with
LHWs (n=6) evaluated the videos for cultural appropriateness
and sensitivity. All feedback was incorporated to optimize
clarity, usability, and cultural alignment.

Usability Testing

To evaluate the preliminary acceptance and utility of
TA-PM+, usability testing sessions were carried out with a
convenience sample of LHWs (n=6) in 2 rounds. Nelson [30]
has established that a total of 5 participants is sufficient to detect
usability issues.

Recruitment

Six LHWs were randomly recruited from the primary health
care unit at Tarlai for usability testing. The LHWs had a
comprehensive training program of 15 hours, which focused
on their proficiency in using TA-PM+. The training agenda
included introduction to common mental health disorders,
confidentiality, PSYCHLOPS (Psychological Outcome Profiles),
introduction to the PM+ intervention, content of the first session
of PM+ on stress management, and delivery of the first session
using TA-PM+. Subsequently, for round 2 of usability testing,
recruitment was conducted in community settings, and the
LHWs identified individuals exhibiting symptoms indicative
of a common mental health problem from their catchment areas.
A researcher screened these women for the symptoms of
common mental health disorders. The following two screening
tools were used (specific cutoffs were applied): (1) General
Health Questionnaire-12 (GHQ-12): a score of 3 or higher on

the GHQ-12, which is a 12-item questionnaire measuring general
psychological distress on a 4-point scale (possible range of 0
to 36) and (2) WHO Disability Assessment Schedule
(WHODAS): a score of 16 or higher on the WHODAS 2.0,
which is a screener for functional impairment consisting of 12
items measured on a scale ranging from 1 to 5 (possible range
of 12 to 60).

A total of 6 women from community settings were included for
round 2 of usability testing.

Data Collection

The LHWs completed round 1 of usability testing through role
plays following the completion of the training, using the
mHealth App Usability Questionnaire (MUAQ) for standalone
apps for health care providers [31]. The MUAQ comprises 18
items rated on a 7-point scale, with a higher score indicating
greater usability. To assess the usability of TA-PM+, the total
average score of the responses to all statements was calculated.
With a maximum score of 7, a higher overall average score
indicates superior app usability. Feedback was sought from
LHWs, and TA-PM+ was improved with feedback gathered
before round 2 of usability testing was conducted in the
community with 6 participants. After recruiting participants, 6
trained LHWs delivered the first session of TA-PM+ to the
positively screened individuals. After session delivery, the
MUAQ [31] was administered to the LHWs, while the Patient
Satisfaction Questionnaire (PSQ) involving an mHealth
intervention [32] adapted for TA-PM+ was administered to the
participants. The PSQ comprises a total of 14 items. On a 5-point
Likert scale, respondents indicate the degree of agreement with
each item. Ten items are presented in the positive, while 4 are
stated in the negative. In the analysis, the negatively stated items
are inverted; therefore, a higher score indicates increased
satisfaction with the intervention. The highest possible score is
46. Another round of feedback was gathered from the LHWs
and integrated into the final version of the TA-PM+ app.

Results

Overview
This section is divided into three parts describing the results of
(1) qualitative investigation, (2) co-production, and (3)
prototyping and evaluation.

Qualitative Investigation

Participant Characteristics
A total of 40 participants (mean age 49 years; range 40-60 years)
were recruited, out of which 34 were female and 6 were male.
Among the 40 participants, 30 completed 10 years of education,
2 completed 14 years of education, and 8 completed over 16
years of education.

Perception of Factors Influencing the Implementation
of TA-PM+ and the Features of TA-PM+ to Address
These Factors Within the Capability, Opportunity, and
Motivation-Behavior Model
Figure 1 provides an overview of the health system’s barriers
to the implementation of TA-PM+ and the TA-PM+ features
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to facilitate implementation that were mapped under the
constructs of the TDF and the components of the Capability,
Opportunity, and Motivation for Behavioral Change (COM-B)

model. The code chart with the description of codes is provided
in Multimedia Appendix 3.

Figure 1. Perceived barriers and facilitators for the implementation of Technology-Assisted Problem Management Plus (TA-PM+) and the corresponding
digital facilitators of TA-PM+ identified to address the barriers. Thematic analysis conducted using the Capability, Opportunity, and Motivation for
Behavioral Change (COM-B) framework. TDF: Theoretical Domain Framework.

Barriers and Facilitators of the Health System Capacity to
Implement TA-PM+ and the Features of TA-PM+ to
Improve the Capacity Within the COM-B Framework

Knowledge and Skills

The significance of the knowledge and skill proficiency of
LHWs in the effective implementation of TA-PM+ was
highlighted by multiple participants. Although the digitization
of the outpatient departments (OPDs) of LHWs has resulted in
the development of some competencies to use digital tools, this
aspect assumes utmost importance in the implementation
process. Quotes have been provided, and the position of each
quote in the transcript has been indicated.

There are some challenges for this intervention.
Although the LHWs are given tablets, and their OPD
is digitized…they receive proper digital training. But
then again there might be problems regarding digital
skills of LHWs to implement TA-PM+. [Health policy
participant_5, Position 10]

The challenges that can be faced include HR (Human
Resources) and capacity issues. [Health policy
participant_3, Position 50]

Many participants perceived that in addition to training, the
provision of user guidance and the incorporation of a fully
automated guided app could effectively address the competency
barrier.

When we open this app, it guides us from beginning
till end. For example, when we are checking a child
in a family, we open it all data comes and as we keep
progressing, we are instructed what to do like its
written ‘check' and the name of the medicine, we click
it, and it moves forward and tells us what to do next.
This will make it easier for us. [Focus group_1, LHW
participant_6, Position 110]

Time/Workload of the Provider

All the participants agreed that a significant barrier to the
implementation of TA-PM+ is the workload of LHWs. They
were extensively involved in health promotion, disease
prevention, and care delivery to women and children in their
catchment area. The integration of a complex psychological
intervention was perceived as an additional burden. Few
respondents believed that the added workload associated with
the additional digital tool complexity would outweigh the
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assistance TA-PM+ is expected to provide in delivering the
intervention.

We visit seven to eight homes daily, work on various
aspects. We spend around 40 to 50 minutes in one
household. In our app, which is dedicated to dengue,
we send pictures. We also monitor the weight of
children and assess the health of both mothers and
children. When we encounter pregnant women, we
provide them with cards and refer them accordingly.
We give guidance, suggesting that they go to the
center and obtain medication from there. In addition
to all of this, we also record everything in our
registers, and we enter data in the tablets. [Focus
group_3, LHW participant_1, Position 3]

The proposed design and strategies aimed at mitigating the
strain experienced by LHWs were primarily focused on
improving the time efficiency of TA-PM+. The participants
strongly agreed on the importance of minimizing the amount
of time spent using TA-PM+. Moreover, the participants
emphasized the need for a simplified method that alleviates
LHWs from the burden of typing. The ideal app, according to
the participants, would be one that is fully automated and
requires minimal input from LHWs. Almost all participants
agreed to reduce session durations by leveraging the capabilities
of the digital platform.

First, it should let them do everything with just a click.
Why not create a form in such a way that these poor
women don't need to type? So, I would suggest that
you consider developing an app that is quick for them
to use. The reason behind this suggestion is that these
women are dealing with dengue, pneumonia, polio,
health education, breast feeding, breast cancer, family
planning, and post-abortion matters. So, think about
how it could benefit them. [Health system
participant_6, Position 100]

Training

The importance of LHW training was acknowledged by the
participants as a critical component of successful
implementation. They emphasized the significance of
comprehensive training covering the PM+ intervention as well
as training to use TA-PM+. Some participants also highlighted
the importance of field usability testing prior to implementation.

They should be guided on how to use it properly, and
proper training and facilitation will be required. Train
them for problem management plus and for the digital
App. I think they shouldn't encounter any problems,
but essentially, it's about sensitizing them first, then
explaining the application thoroughly and conducting
proper training. And, useful to conduct field test, then
it should work well. [Health policy participant_5,
Position 16]

Regarding TA-PM+ functionalities, the participants felt that it
should improve the TA-PM+ digital literacy of LHWs.
Suggestions included the use of infographics or the provision
of TA-PM+ introduction videos to serve as a refresher training
for LHWs. This functionality was thought to be a helpful tool

that LHWs could access at any time to address challenges in
using the app.

Infographics should be designed in such a way that
the LHWs can easily understand and get refresher
training. For example, the LHW goes into the
community, and sometimes someone asks her how to
make ORS (Oral Rehydration Solution), and she
doesn't remember how to make ORS. So, if she opens
her learning platform and she can see how to make
it. If there's a small infographic video uploaded, it
will make it easier for community workers. Sometimes
they may not remember everything, but with such
resources, they can easily learn. [Health policy
participant_3, Position 56]

Cognitive Capacity

The cognitive capacity, including memory and attention, of
LHWs has been identified as a crucial factor in the successful
implementation of the TA-PM+ intervention. The majority of
LHWs have 10 years of formal education. After training, LHWs
need to remember and retain the information provided, pay
attention to the needs and concerns of the individuals receiving
the intervention, and actively engage with TA-PM+ to
effectively deliver the intended support. Given the complexity
of TA-PM+ and the cognitive demands associated with
delivering it through a digital platform, it is crucial to develop
an easy-to-use app that is not overly complex and employs plain
language.

These poor women are not IT experts, they are all
over 40, and while it seems easy, at this age, learning
something new is challenging for them because they
are accustomed to their old ways. So, I would suggest
that you provide them with an app that is easy to
download and use. [Health system participant_6,
Position 92]

Behavioral Regulation

One of the most important functionalities of TA-PM+
highlighted by LHWs was to promote enablement, which refers
to the app’s capacity to enhance precision in intervention
delivery. To ensure that the intervention is implemented
successfully, the TA-PM+ design must be optimized to promote
and support the targeted actions.

At first, the name should appear, then their age,
followed by their phone number, and then some other
contact information. Also, session information like
you've started a session, an entry has been made for
that session or our visit data is recorded in it. The
next session and date should be visible and whenever
we click on patient name, the next session will come
up. [Focus group_3, LHW participant_6, Position
145]
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Barriers and Facilitators for the Opportunity in Health
Systems to Implement TA-PM+ and the Features of TA-PM+
to Increase the Opportunity Within the COM-B Framework

Resources/Infrastructure

The effective implementation of TA-PM+ relies on the
availability of sufficient infrastructure and resources. The
ongoing health reforms and digitization of health care in
Pakistan provide a favorable environment for the implementation
of a digital mental health intervention. However, the digitization
of primary health systems is still in its early stages, and LHWs
face numerous challenges. Despite the availability of digital
tablets and the use of digital applications by LHWs for service
delivery, concerns remain regarding device insurance, internet
availability in different areas, and limited funds for internet
access.

When you go to the community, sometimes it happens
that you don't have access to the internet, and we
cannot submit data. This internet, which is making
life easy for people, has become a burden for us. It
has become a source of trouble. [Focus group_1,
LHW participant_8, Position 254]

One of the key features considered important by all participants
was offline functionality for TA-PM+. It was unanimously
agreed that TA-PM+ should not rely on internet connectivity
for its operation.

Monitoring, Supervision, and Support

The provision of supervision and continuous monitoring of
LHWs was seen as crucial to the effective delivery of TA-PM+
to mental health patients. Furthermore, it is of utmost importance
to ensure adequate support in case of any issues arising with
the app.

The current model, which involves the supervision of LHWs
by LHSs and referral from the community to primary health
care facilities as needed, has been identified as a favorable
approach for implementation. For TA-PM+ functionality, the
online monitoring and referral features should be included to
enhance the supervision process and ensure efficient
communication between LHWs and health care facilities.

There should be a referral system in place where there
is someone available who can assess if your patient
is not benefiting from sessions and if their condition
is severe, they should be referred through app. There
should be a doctor available at the center, and there
should be a clear referral process. It should also be
made convenient so that if someone comes for help,
it is beneficial for them, and there is no
embarrassment for us. [Focus group_3, LHW
participant_2, Position 276]

Patient and Provider Relationship

TA-PM+ will be delivered by LHWs, and all participants
perceived that the delivery can only be planned for women
residing in the areas. Delivering the intervention to men is not
possible given the focus of the LHW program on women’s
health. Furthermore, it was also perceived as a facilitator to
implementation because LHWs have a positive reputation among

the women of the community and the entire household has trust
in them. This will facilitate the identification of cases of
depression and stress by the LHW, as she will be fully informed
of the circumstances a woman is experiencing.

When you visit someone's home, you get an idea of
the internal situation there. You can estimate how
they are doing, for instance... by observing their tone,
silence, arguments, and fights. You can figure out
that if a woman is distressed now, it might be because
of her husband, or maybe because of her
mother-in-law. In this case, they can obtain history
and they can provide this lady intervention. And I
think that it's not easy to go to a psychologist or
psychiatrist for stress. But lady health worker can
deal with this individual very comfortably. [Health
system participant_6, Position 108]

Participants indicated that features that improve patient
engagement with the intervention were needed in TA-PM+
functionality. Features that are specifically tailored for patients
and actively encourage and support patient engagement should
be included in TA-PM+ to enhance the effectiveness of the
intervention and further strengthen the patient-provider
relationship.

We have worked on another digital project, there
were videos for patients in that. We used to show them
videos initially, and patient would understand quite
well and used to be very convinced and focused.
[Focus group_3, LHW participant_2, Position 130]

Stigma

Stigma surrounding mental health disorders persists within the
society in Pakistan, leading many individuals to perceive mental
health treatment as stigmatized. Mental health services are
generally provided at tertiary health hospitals, and psychiatric
wards are locally known by stigmatized labels, reinforcing
mental health’s negative connotations. However, an alternative
approach, that is, TA-PM+ provision in the community,
specifically in the patient’s home with LHWs, may reduce
stigma and encourage treatment. This is because the community
trusts these LHWs. One important component of TA-PM+ that
has been identified is the use of persuasive strategies to reduce
mental health stigma. In addition to promoting user engagement,
TA-PM+ should also destigmatize mental health disorders and
convince patients to accept support.

I really liked the feature of videos, especially for
LHWs dealing with depression patients. This is very
good. Additionally, there should be a face-to-face
component in it. But overall, if you create something
that includes engaging and persuading videos for
patients, I think it would be very easily available to
them all the time through the digital platform. I think
it's good enough and efficient enough. [Health policy
participant_7, Position 11-12]
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Barriers and Facilitators of Motivation for Health Systems
to Implement TA-PM+ and the Features of TA-PM+ to
Enhance Motivation Within the COM-B Framework

Credibility

Critical determinants of reflective motivation include credibility
and reputation within the community. An LHW provides service
to 150-200 households in the community where she resides.
Improving her reputation in the community is directly linked
to the provision of modern tools and expanded services, which
leads to a sense of empowerment. It was perceived that her
reputation and position in the community would be further
enhanced by the implementation of the TA-PM+ program using
a digital tablet to address depression and stress.

One thing to remember is that when we provide a tool
to LHW, I give an example like this: if we introduce

a new intervention that we are implementing
throughout Pakistan, where they check blood pressure
and refer patients with hypertension. When you
provide them with a tool, their credibility in the
community improves. In this, basically counseling, is
included. But when you give them a digital tool, it
motivates them and allows them to feel a bit
empowered. [Health policy participant_2, Position
42]

Co-production of TA-PM+
During the co-production of TA-PM+, the intervention
development team reflected on the findings from stage 1 and
decided on the key features of TA-PM+. Table 1 summarizes
the TA-PM+ features planned during co-production workshops
informed by the themes identified in the qualitative analyses of
stage 1.

Table 1. Functionality of Technology-Assisted Problem Management Plus (TA-PM+) identified through a qualitative investigation and features
developed in a co-production workshop.

TA-PM+ features developed in a co-production workshop
TA-PM+a functionality identified
in a qualitative investigation

User guidance • Various prompts and alerts in TA-PM+ to guide LHWsb and confirm completion of tasks
• Instruction manual for TA-PM+

Easy and time efficient • Basic consistent design across every session
• Fully automated

Increase digital and mental literacy • Two-minute informational videos for LHWs that provide information and outline the purpose of the session,
its steps, the technique used, and how to use TA-PM+ to conduct the session

• PDFs of the PM+c Urdu manual

Reduce cognitive load • Fully automated PSYCHLOPSd displays questions in accordance with the scoring protocol
• No typing required and audio recording available

Promote competence/enablement • Personalized dashboard for each LHW, which includes patient details, name, address, session details, and
next appointment date

• Red, yellow, and green color codes to encourage regular appointments; the green code indicates that the
session has just been delivered, the yellow code indicates that it is almost due, and the red code indicates
that it is urgently due

Internet independent • To enable use in places where internet access may be costly or where bandwidth is limited or unpredictable,
the content’s file size is kept as small as possible

• All videos are stored in TA-PM+ and can be viewed without the internet

Supervision and monitoring • Web-based supervisor backend; information is accessible regarding the session’s date, duration, PSY-
CHLOPS responses, and score

• Notification if the PSYCHLOPS score rises in subsequent sessions or suicidal ideation is noted in the patient
• A locking feature that prevents session data from being altered once it is submitted
• WhatsApp support group for urgent queries related to TA-PM+

Promote engagement • Psychoeducation videos for patients that explain the physiological symptoms of anxiety and depression to
the patients

Persuasion/destigmatization • Psychoeducation videos for patients that include destigmatized vocabulary for symptoms
• Psychoeducation videos for patients narrated by a female doctor to boost persuasiveness

aTA-PM+: Technology-Assisted Problem Management Plus.
bLHW: lady health worker.
cPM+: Problem Management Plus.
dPSYCHLOPS: Psychological Outcome Profiles.
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TA-PM+ User Interface

TA-PM+ is an app that guides LHWs to deliver the PM+
intervention in a systematic manner. TA-PM+ features a
personalized password-protected account and personal
dashboard for each LHW (Figure 2), presenting essential patient
details, session specifics, and upcoming appointment dates.
Using a color-coded system, the app encourages the regular
scheduling of appointments, indicating the urgency of upcoming
sessions. By clicking on a patient name in the dashboard, the
session home screen of the patient opens. TA-PM+ ensures the
security and integrity of data through its locking features,
preventing the alteration of submitted data.

TA-PM+ includes 5 informational videos, referred to as “Session
Aid” (Figure 3), designed to provide LHWs with an outline of
each session’s purpose, the steps involved, and the techniques
employed for each session. Moreover, the videos offer guidance
on how to effectively use TA-PM+ to conduct these sessions.
The videos have a duration of 2 minutes to promote utilization
anytime uncertainty arises, without concern for schedule delays.
Additionally, TA-PM+ provides access to the PM+ Urdu manual
in PDF format.

To enhance understanding and engagement, and address mental
health stigma, a series of psychoeducational videos (Figure 4)
were developed and included in the session interface. These
videos are narrated by a fictional character Dr Ayesha and

employ a narrative approach, presenting the physiological
symptoms of anxiety and depression in layperson’s terms. The
content is tailored to respect the cultural nuances and
demographics of target communities and thus ensures maximum
relevance. Using destigmatized vocabulary, the videos serve as
a potent educational tool, addressing patient concerns and
mitigating potential embarrassment or fear associated with their
conditions. The primary objective is to develop trust and
empathy, thereby promoting patient engagement and fostering
acceptance of the sessions. Additionally, these videos play a
vital role in efficiently explaining the active ingredients of PM+
sessions to the patients, empowering LHWs to establish context,
and minimizing the time required to convey background
information. The duration of each video is 4-5 minutes, and the
content is designed to be concise and memorable for a diverse
audience. The inclusion of a female doctor’s narration adds a
layer of persuasiveness, reinforcing and promoting mental health
awareness. One video is developed for each session to deliver
the active therapeutic ingredients for fidelity and ensure delivery
at the right dose.

This design approach not only ensures the accurate delivery of
active elements through patient-computer interaction, but also
maintains the crucial patient-facilitator interaction for counseling
and empathy throughout the intervention process. In addition,
TA-PM+ enhances the counseling skills of LHWs and the
therapeutic alliance between LHWs and patients.

Figure 2. User interface of the Technology-Assisted Problem Management Plus (TA-PM+) app developed to assist lady health workers in delivering
mental health interventions within community settings in Pakistan. The first screen presents a dashboard with color-coded indicators (red, yellow, and
green) to track and prioritize patient sessions. Subsequent screens illustrate session navigation, patient data entry, and automated PSYCHLOPS
(Psychological Outcome Profiles) assessments in Urdu. Features have been co-designed for cultural relevance and usability among lady health workers
in Pakistan.
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Figure 3. Screenshots from session-aid videos developed for lady health workers to enhance digital literacy and support the delivery of
Technology-Assisted Problem Management Plus (TA-PM+). These videos, designed in Urdu, provide step-by-step instructions for navigating the
TA-PM+ app and conducting sessions effectively.

Figure 4. Screenshots from psychoeducational videos for patients, showing the characters Dr Ayesha, lady health worker Shazia, and patient Saima,
which have been developed for sessions of Technology-Assisted Problem Management Plus (TA-PM+).
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Web Dashboard for Supervisors

The online dashboard provides a user-friendly interface tailored
for supervisors, streamlining the data from TA-PM+. This
dashboard is structured to include an individual interface for
each LHW, which in turn provides access to specific patient
details. Supervisors can consistently monitor key information,
such as session duration, delivery dates, and PSYCHLOPS
scores. Moreover, the system incorporates notifications to alert
supervisors in the event of a patient expressing suicidal thoughts,
facilitating active case monitoring and prompt referral initiation.

Prototyping and Usability Testing
Employing the MUAQ designed for standalone mHealth apps
used by health care providers, usability testing was performed
twice, and it involved a cohort of 6 LHWs.

In the initial evaluation, 6 participating LHWs (mean age 44
years; range 41-58 years) were invited to fill the questionnaire
and provide their feedback, which highlighted the issues of user
interface, language, and pop-up alert settings.

The MUAQ item scores are shown in Table 2. After training,
the mean usability score was recorded at 5.62 (highest possible
score of 7). In the subsequent field assessment, the usability

score increased to 5.96, which indicates improvement resulting
from the incorporation of input from the first round. The
usability scores demonstrated the system’s overall usefulness.

Table 2 displays the average overall scores of the MUAQ
according to the following 3 categories: ease of use, interface
and satisfaction, and usefulness for delivering TA-PM+. After
incorporating feedback from round 1 of usability testing into
TA-PM+, scores of the categories ease of use and interface
satisfaction increased in round 2. However, scores of the
category usefulness for delivering PM+ did not change. This
may be because comments were largely sought on the usability,
interface, and functionality of TA-PM+ and not on its content,
which was adapted from the PM+ manual.

In the subsequent assessment phase, field usability testing was
conducted with 6 participants who were screened for depression
using the GHQ-12 questionnaire and WHODAS. The 6 screened
participants (mean age 29 years; range 25-37 years) were invited
to fill the mHealth Satisfaction Questionnaire after TA-PM+
session delivery by LHWs. The TA-PM+ session client
satisfaction score was 40 (highest possible score of 46) (Table
3), indicating that the patients expressed contentment with the
session.

JMIR Form Res 2025 | vol. 9 | e59414 | p.1713https://formative.jmir.org/2025/1/e59414
(page number not for citation purposes)

Saleem et alJMIR FORMATIVE RESEARCH

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


Table 2. Usability scores of the mHealth Usability App Questionnaire (MUAQ) for the Technology-Assisted Problem Management Plus (TA-PM+)
app.

Score, mean (SD)MUAQa item

Round 2 (field)Round 1 (posttraining)

5.13 (0.47)4.33 (0.31)Ease of use

4.33 (2.65)4.50 (1.97)The app was easy to use.

5.83 (1.83)5.00 (1.78)It was easy for me to learn to use the app.

5.16 (2.56)3.00 (2.28)The navigation was consistent when moving between screens.

4.00 (2.50)4.16 (2.40)The interface of the app allowed me to use all the functions (such as looking at the dashboard, filling

the PSYCHLOPSb, opening different sessions, and viewing videos) offered by the app.

6.33 (1.63)5.00 (1.67)Whenever I made a mistake using the app, I could recover easily and quickly.

6.21 (0.51)6.01 (0.67)Interface and satisfaction

5.83 (2.85)5.16 (2.10)I like the interface of the app.

6.33 (1.63)5.33 (1.86)The information in the app was well organized, so I could easily find the information I needed.

6.33 (1.54)6.33 (1.63)The app adequately acknowledged and provided information to let me know the progress of my
action (delivered sessions).

6.33 (1.21)5.83 (1.83)I feel comfortable using this app while delivering the session to a patient.

6.33 (1.63)6.33 (1.63)The amount of time involved in using this app has been fitting for me.

6.33 (1.63)7.00 (0.00)I would use this app again.

6.33 (1.63)6.33 (1.63)Overall, I am satisfied with this app.

6.11 (0.61)6.11 (0.89)Usefulness

6.33 (1.63)7.00 (0.00)The app would be useful for my health care practice.

6.33 (1.63)7.00 (0.00)The app improved my access to delivering mental health service.

6.16 (1.60)6.33 (1.21)The app helped me manage my patients’ mental health effectively.

6.50 (1.22)6.00 (1.26)This app has all the functions and capabilities I expected it to have.

4.50 (2.25)3.66 (2.65)I could use the app even when the internet connection was poor.

6.83 (0.40)6.66 (0.51)This mobile health app provides an acceptable way to deliver the PM+c intervention, such as accessing
educational materials, tracking my own activities, and performing assessments.

5.96 (0.59)5.62 (0.81)Overall usability of the TA-PM+d app

aMUAQ: mHealth Usability App Questionnaire.
bPSYCHLOPS: Psychological Outcome Profiles.
cPM+: Problem Management Plus.
dTA-PM+: Technology-Assisted Problem Management Plus.
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Table 3. Client satisfaction (mHealth Satisfaction Questionnaire) with the videos and sessions delivered by lady health workers using the
Technology-Assisted Problem Management Plus (TA-PM+) app.

Score, mean (SD)mHealth Satisfaction Questionnaire items

4.83 (0.40)The video was helpful in receiving the sessions.

5.00 (0.00)I enjoyed receiving the sessions through the app and videos.

4.83 (0.40)The time spent receiving the session through the app was acceptable.

5.00 (0.00)The language used in the videos was difficult to understand.

4.83 (0.40)The information given in the video was in small chunks, which I was able to retain.

2.33 (2.06)Videos were too time consuming.

1.66 (1.63)I didn’t like the videos or app usage during the session, and it felt like interruption.

1.66 (0.81)It was so boring that I lost my interest during the sessions.

1.66 (0.00)It was like a lecture, a disturbance, or too difficult to understand.

4.33 (1.03)I can recommend it to others.

4.83 (1.02)The avatars helped me to engage with the program. The scene settings were relatable, and it has motivated me to do the
practices recommended for my well-being.

4.83 (0.40)The examples in the videos helped me in understanding the information and helped me understand how the sessions will
help my mental well-being.

4.66 (0.51)The examples in the videos helped me understand how I need to implement session strategies in my life to feel better.

4.83 (0.40)The videos and sessions have helped me set personal goals for my lifestyle habits in a way that I could not have done on
my own.

40Overall client satisfaction

Discussion

Principal Findings
The TA-PM+ app was designed to support LHWs in delivering
the transdiagnostic PM+ intervention to patients with symptoms
of stress, anxiety, and depression in Islamabad, Pakistan. The
development process followed a thorough 3-stage methodology
involving co-production with local stakeholders. Throughout
the development of TA-PM+, careful consideration was given
to the local health system perspective, available resources, and
cultural sensitivities by involvement of experts. Usability testing
confirmed that TA-PM+ is well-received by both LHWs and
participants in community settings.

Urdu-translated PM+ was further adapted for
technology-assisted delivery in our study using a comprehensive
methodology involving local stakeholders and experts, a strategy
recommended in the existing literature for PM+ adaptation.
According to Heim et al [33], PM+ requires many adaptations
to fit a given context before testing or implementing PM+ in
that setting. Even changes to peripheral components of the
intervention, such as instructional materials and illustrations,
require the involvement of numerous experts in planning,
translation, and cultural adaptation [34]. This procedural
diligence is equally important when adapting the delivery style,
for example, when PM+ is predominantly administered through
web-based communication or when the length of treatment
deviates from the originally specified 5 PM+ sessions [34].

The TA-PM+ app was developed through a co-production
methodology, with the chosen delivery format being face-to-face
interaction. The primary objective of the TA-PM+ app is to

support LHWs in delivering the PM+ intervention in person,
and patients only interact with the app to access
psychoeducational videos. This particular design choice was
carefully considered during the co-production to ensure a smooth
integration with contextual elements and local digital and health
resources, and the potential for a wider impact. Existing
literature emphasizes that the success of digital technologies in
mental health is dependent upon their alignment with
sociopolitical conditions and cultural contexts. Failure to align
with these factors often results in reduced user engagement and
higher attrition rates. The term “nonalignment” encompasses
various factors, such as values, mental health treatment methods,
and specific health needs of the population [33,35].

The barriers to implementing TA-PM+ that were highlighted
during the first round of qualitative investigation included skills
and knowledge of LHWs to use TA-PM+, workload, time to
implement TA-PM+, stigma associated with mental health, and
lack of resources like internet availability. These barriers are in
line with the current literature. A survey to explore barriers to
implementation of digital mental health interventions in primary
health care settings identified the availability of supporting
infrastructure, organizational readiness and capacity, health care
professional skills, and cultural appropriateness [36]. Research
on digital mental health implementation [34] and digital health
interventions through health systems [37] has shown that
resource availability is a major barrier. The challenge posed by
limited resource availability is particularly heightened in LMICs
that are already struggling with resource constraints. A notable
challenge in LMICs pertains to the availability of internet access
and sufficient bandwidth. Addressing this barrier in digital
health technologies is imperative, as highlighted both in our

JMIR Form Res 2025 | vol. 9 | e59414 | p.1715https://formative.jmir.org/2025/1/e59414
(page number not for citation purposes)

Saleem et alJMIR FORMATIVE RESEARCH

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


study and in a concurrent investigation conducted in Nepal
[38,39], advocating for the implementation of interventions that
are independent of internet connectivity. One of the most
frequent recommendations for TA-PM+ that emerged through
the qualitative investigation was to shorten the sessions from
90 minutes to 45-60 minutes to increase feasibility. This is
consistent with the existing research on the reasons for high
attrition in PM+. Prior research has indicated that participants
commonly had difficulties finishing all 5 sessions of PM+
because of the lengthy sessions, which frequently interfered
with finding or maintaining a job, performing domestic duties,
or raising children [8-10]. Top of Form

During the co-production workshop, customization of the
content, especially tailoring of the psychoeducational videos to
respect the cultural nuances and demographics of the target
communities, was planned for TA-PM+, to address stigma and
improve engagement. Likewise, recent reviews on engagement
with digital mental health interventions [40,41] identified that
tailored digital technologies with personalized videos and avatars
increased user engagement and demonstrated effectiveness. To
augment persuasiveness in TA-PM+, there was a strategic
decision during co-production workshops to have the videos
narrated by a fictional doctor avatar. This design feature of
TA-PM+ is consistent with the self-help digital intervention
recently developed by the WHO for depression, wherein all the
videos feature a doctor as the narrator [19].

Limitations
There are limitations in this study, which have been divided
into methodological limitations and design limitations of
TA-PM+.

Methodological limitations include the potential lack of
inclusivity and diversity in the co-production workshop sample,
where people with lived experiences were not involved in the
development of TA-PM+. Another limitation is the usability

testing, which was conducted on a limited sample size and in
the first session of TA-PM+, assuming interface uniformity
across all sessions. The subsequent stage of our evaluation
(feasibility study) will assess the feasibility, effectiveness, and
usability of TA-PM+.

One of the main limitations in the design of TA-PM+ is that it
requires the internet for the backend data storage function.
Internet availability and bandwidth were identified as major
barriers to the implementation of TA-PM+ in qualitative
investigation. However, owing to backend storage of data and
online monitoring, TA-PM+ cannot function without the
internet, although some features requiring a high bandwidth,
such as video playback, work without internet access. An
additional limitation is that TA-PM+ will be administered by
LHWs who provide services to women only. Thus, it will not
be applicable to men, even though men require mental health
care. TA-PM+ is currently in Urdu, necessitating technical and
cultural adaptations to ensure its relevance and effectiveness in
various sociocultural settings.

Conclusions
We successfully developed the TA-PM+ app for LHWs, with
the potential to be integrated into primary health care to address
common mental health conditions. This work has several
implications even beyond the Pakistan setting. These include
(1) an understanding of the process of developing a
resource-appropriate digital health tool for high uptake; (2) a
model for adaptation that is flexible and can be used to create
similar tools for PM+ in other low-resource settings globally;
and (3) the ability of the system to be expanded to function as
a national tool to capture the prevalence of common mental
health conditions at the population level.

Further feasibility testing and eventual up-scaling are envisaged
based on the thorough development process outlined in this
paper.
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Abstract

Background: Patient recruitment and data management are laborious, resource-intensive aspects of clinical research that often
dictate whether the successful completion of studies is possible. Technological advances present opportunities for streamlining
these processes, thus improving completion rates for clinical research studies.

Objective: This paper aims to demonstrate how technological adjuncts can enhance clinical research processes via automation
and digital integration.

Methods: Using one clinical research study as an example, we highlighted the use of technological adjuncts to automate and
streamline research processes across various digital platforms, including a centralized database of electronic medical records
(enterprise data warehouse [EDW]); a clinical research data management tool (REDCap [Research Electronic Data Capture]);
and a locally managed, Health Insurance Portability and Accountability Act–compliant server. Eligible participants were identified
through automated queries in the EDW, after which they received personalized email invitations with digital consent forms. After
digital consent, patient data were transferred to a single Health Insurance Portability and Accountability Act–compliant server
where each participant was assigned a unique QR code to facilitate data collection and integration. After the research study visit,
data obtained were associated with existing electronic medical record data for each participant via a QR code system that collated
participant consent, imaging data, and associated clinical data according to a unique examination ID.

Results: Over a 19-month period, automated EDW queries identified 20,988 eligible patients, and 10,582 patients received
personalized email invitations. In total, 1000 (9.45%) patients signed consents to participate in the study. Of the consented patients,
549 unique patients completed 779 study visits; some patients consented to the study at more than 1 time period during their
pregnancy.

Conclusions: Technological adjuncts in clinical research decrease human labor while increasing participant reach and minimizing
disruptions to clinic operations. Automating portions of the clinical research process benefits clinical research efforts by expanding
and optimizing participant reach while reducing the limitations of labor and time in completing research studies.

(JMIR Form Res 2025;9:e58628)   doi:10.2196/58628
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Introduction

Clinical research processes, specifically in patient recruitment,
are rife with logistical complexities that often determine the
success or failure of a clinical trial [1]. Successful participant
enrollment depends on organization, personnel, and participant
factors as well as the features of the clinical trial at hand [2-5].
McDonald et al [6] cited reasons for research study failure as
including heavy clinical and research workload of research team
members, perceived imbalance between patient incentive and
risk, and low status typically conferred to recruitment work. Of
114 studies in the review of McDonald et al [6], only 31% met
their original recruitment goals, while 53% required extended
periods for completion.

The resource-intensiveness of recruitment activities often
dictates whether studies are completed successfully [7].
Recruitment processes have traditionally relied heavily on
trained manual labor [8,9], which is costly. Moreover, these
research personnel often face logistic barriers when recruiting
in high-volume clinical settings, where their research activities
may be restricted by clinical workflows and tight patient
turnaround [10]. In general, in-person recruiting is
personnel-intensive, as it requires research staff to repetitively
explain the research study to each potential participant
accurately and representatively [11,12]. Finally, traditional
methods for recruiting patients rely on collecting and filing
printed paperwork, especially in managing patient records and
study results, which oftentimes require a high cognitive
workload to manage and safeguard [2].

Following these observations, health care and federal institutions
have increasingly demonstrated support for the integration of
digital technological capabilities within clinical research [13-15],
especially leveraging the capabilities brought about by
automating clinical processes [16,17]. In 2019, the National
Heart, Lung, and Blood Institute; National Institutes of Health;
and National Science Foundation hosted a workshop calling for
the digitization of clinical research using advanced analytics to
facilitate patient screening and data management to increase
the representation of diverse patient populations [18]. In a
separate review of recruitment methods across 61 clinical trials,
digital recruitment was found to be 52% more effective than
conventional offline recruitment [19].

Such technological advancements present opportunities for
overcoming the onerous complexities of clinical research
workflows while also reducing the operational costs of research
(by reducing research staff labor-intensiveness and expanding
potential participant reach) as well as the potential for human
error in recruitment processes (by digitizing data management).

In this paper, we share our experience using technological
adjuncts to streamline participant identification, recruitment,
consent, and data management processes for an observational
clinical research study. These strategies allowed us to complete
our study recruitment goal ahead of schedule and in a
cost-effective, resource-optimized way.

Methods

Ethical Considerations
All elements of the research study—which, in this portion,
involved patient recruitment to achieve the goals of our broader
study—were approved by Northwestern University’s
Institutional Review Board Office (study ID: STU00215717).
This approval confirms that all aspects of the study meet the
ethical standards of the review board. Invited patients were
asked to provide consent if they agreed to participate in our
study and were also given the option to opt out of the study with
no consequences to the care provided to them. Patients were
not financially compensated for their participation in our study,
and all data collected were subsequently deidentified.

Purpose of Broader Research Study
The digitized recruitment processes that we describe in this
paper are part of a prospective, observational research study.
The research study’s primary aim is to develop a database of
ultrasonography images for use in the development of artificial
intelligence technology with specific applications to perinatal
care. To fulfill this goal, we planned to enroll 1000 patients
across various time periods of pregnancy from within a single
institution. To accomplish this task, we designed and executed
a digitized process of patient recruitment and data management.

Given our ultimate goal to build algorithms capable of providing
diagnostic recommendations and predictions of various maternal
and fetal health outcomes, we engaged in strategic and targeted
patient recruitment to ensure that we recruited an appropriate
number of patients with specific health conditions across various
outcomes while abiding by constraints including a temporally
bounded funding structure. Our clinical research processes relied
on 3 main technological adjuncts: a secured, centralized database
of electronic medical records (enterprise data warehouse
[EDW]), a research data management tool (REDCap [Research
Electronic Data Capture]; Vanderbilt University), and a locally
managed, Health Insurance Portability and Accountability
Act–compliant QR code–based system that allowed us to
coordinate all patient information, data, and enrollment-related
documentation on a single, secured server. An overview of our
clinical research processes is depicted in Figure 1. Each step of
these processes is detailed below.
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Figure 1. Workflow for clinical research processes across digital adjuncts. API: application programming interface; EDW: enterprise data warehouse;
REDCap: Research Electronic Data Capture.

Identify Eligible Patients Using EDW Based on
Inclusion Criteria
The patient recruitment process leveraged access to patient
medical records collated from Epic and stored in a local EDW
to identify eligible patients for the study. In doing so, we
performed a SQL query, filtering for patients based on the
inclusion and exclusion criteria and limited to participating
clinical units. The inclusion criteria were patients aged 18 years
and older, English speaking, and at least 16 weeks of gestational
age. This query derived multiple rows of eligible patients to be
invited to participate in our study. We set up this query function
as an automated process with the list of eligible patients
refreshed every 24 hours. This query generated a list of patient
appointments that had been scheduled within the next 30 days
across participating clinics.

Automate Distribution of Study Invite to Eligible
Patients Using the REDCap Application Programming
Interface
We used a REDCap-specific application programming interface
to import the rows of eligible patient appointments generated
from the EDW into the REDCap database. Each discrete row
provided all necessary details for patient identification and
recruitment including patient medical record numbers, personal
and clinical information, contact information, and details
including patient notes on upcoming appointments. Patients
provide universal consent when first receiving care at our
institution, thereby granting access to contact information for
use in recruitment for research studies.

Within REDCap, we conducted an additional manual check on
the list of eligible patients against our inclusion criteria using
a filtering function. This was done to mitigate any errors that

may have been made as a result of data compatibility issues
during transfer between platforms. Given that patients are
exclusively electronically recruited for this study, we also
filtered patients based on the presence of an email address on
file. Finally, we filtered to exclude patients who previously
indicated disinterest in participating in this study, resulting in
a narrowed list of eligible patients to recruit.

We used REDCap’s survey distribution tool function to
distribute invitations to eligible patients. We sent personalized
emails with patient names as designated in their charts followed
by all relevant information pertaining to the study including the
title and purpose of clinical research, risks and benefits of
participation, participant expectations for the study, and contact
information for any inquiries. Patients were provided unique
links that directed them to their personalized electronic consent
forms embedded in REDCap. The email invitation text may be
reviewed in Multimedia Appendix 1.

Enroll Consented Patients and Upload Information to
Local Server
As the research nurse on the team cosigned patient consent
forms, using a second SQL query, we uploaded the list of
consented patients onto a local server managed by the project
team. On the server, expired patient appointments were removed
to optimize memory space. With the list of consented patients,
we deployed a third SQL script that generated a list of patients
who had an appointment in the clinical units each day. This
script also generated a unique QR code for each patient to
associate the collected data with the patient’s medical records
on the local server and in REDCap.

With the list of consented patients, the research nurse scheduled
data collection appointments by prioritizing patients with
outcomes of interest to our study, and also inconsideration of
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where each patient was located and the providers’ preference
for data collection should be carried out. Scheduling accounted
for travel time between appointment rooms and clinical units
and the time taken to prepare for and wrap up data collection.
This routine enabled the research nurse to carry data collection
in multiple clinical units in a single day.

Enable Data Management, Transfer, and
Deidentification Through Generating Unique QR
Codes
As is standard for most data collection studies, the study
workflow must culminate in generating a fully deidentified
database. Alongside generating the QR code, a unique research
examination ID that is not present in the patient’s medical record
is generated as a function for identifying collected data without
associating it with any protected health information (PHI).

At the beginning of each data collection appointment, a research
nurse would scan the unique QR code that would route the
collected ultrasound scans to the appropriate folder on the local
server to be stored. The folders on the server are labeled using
the unique examination ID. This system allows the QR code to
serve as a means for identification and reference as we link
deidentified patient files with the associated ultrasound scans.
Aside from a single “master list” linking the patient’s “real”
PHI information to their study information (as is standard in
data collection studies), routing and parsing relevant data points
are fully automated and rely on research-specific identifiers
(unique examination ID) and QR codes, thus reducing the risk
of study documentation being lost or otherwise mishandled.
This contrasts current, manual approaches that oftentimes rely
on names or date of births written on documents to associate
data to a patient, which subsequently must be shredded and
disposed of.

Results

Between December 1, 2021, and June 13, 2023 (19 months),
we achieved our study goal of enrolling 1000 patients for the
study. Our automated EDW queries identified 20,988 eligible
patient appointments across 3 obstetric clinics throughout that
time period. Each query was automatically run every 24 hours
and generated between 1000 and 2000 eligible patient
appointments.

Logistic constraints including limited study personnel (1
research nurse on the project) and limited work schedule
availability to collect data resulted in only approximately 50.4%
(10,582/20,988) of identified eligible patients receiving an
invitation to participate in the study. We also restricted invites
to 2 or 3 potential patients with overlapping appointment times
across all clinical sites. Data collection appointments were only
scheduled on weekdays between 8 AM and 4 PM.

Based on these constraints, personalized email invitations were
subsequently issued to 10,582 potential participants. We enrolled
1000 patients, yielding a 9.5% enrollment rate over 19 months.
Among those who were enrolled in the study, 779 patients
completed the research study visit within the reported time
frame. The difference between enrolled patients and those with
complete data collection is a result of some consented patients
not having completed their study appointments within our
reported time frame. This is largely attributed to the rescheduling
of data collection to a subsequent appointment to accommodate
the time or logistic constraints of our 1 research nurse
performing study data collection. During the study interval
reported here, a total of 549 unique individual patients
participated in the study; some patients participated more than
once during their pregnancy.

Table 1 presents the descriptive demographics of participating
patients for race, ethnicity, age, gestational age, and insurance
payor. The patient recruitment and enrollment process are
summarized in Figure 2.
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Table 1. Demographic data of the consented patient population at the time of study enrollment.

Institution population (raw), n (%)Study population (raw), n (%)

Race

3958 (7.2)44 (8.0)Asian

5452 (9.9)74 (13.5)Black

35,930 (65.1)284 (51.7)White

3363 (6.1)40 (7.3)Other

8028 (14.5)107 (19.5)Not specified

Ethnicity

11,403 (20.6)80 (14.6)Hispanic

40,665 (73.6)396 (72.1)Non-Hispanic

3160 (5.7)73 (13.3)Not specified

Age group (years)

1309 (2.4)4 (0.7)<20

16,770 (30.4)101 (18.4)20-30

34,474 (62.4)404 (73.6)30-40

2675 (4.8)40 (7.3)>40

Gestational age (years)

794 (2.8)2 (0.3)<16

3781 (18.2)167 (16.7)16-20

2666 (12.9)163 (16.3)21-25

3120 (15)196 (19.6)26-30

5502 (26.5)315 (31.5)31-35

4693 (22.6)157 (15.7)36-40

183 (0.8)0 (0)>40

Insurance payor

1286 (33.1)126 (23)Public

2595 (66.9)423 (77)Private

Figure 2. Overview of patient recruitment data across the recruitment and enrollment process.
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Discussion

Principal Findings
Overall, relying on digital adjuncts in this study helped us to
achieve our patient enrollment goal in less than 19 months (as
compared to an initial projection of 24 months) while optimizing
operational costs and minimizing disruptions to participating
clinical sites. For this study, using SQL automation within the
EDW allowed us to accurately identify and regularly update
lists of eligible participants without ongoing human input or
intervention. Digitizing recruitment and consent expanded our
reach to many more eligible participants than 1 research nurse
could have realistically approached via in-person recruitment,
thereby shifting the research nurse’s efforts and availability to
collecting ultrasound scans and ensuring a positive patient
experience participating in the study. Finally, using a digital
interface simplified and contained data management for the
study to a single server, which reduced the human burden of
data management and consequently improved data integrity.

Strengths
Consistent with the existing literature, we found digitizing
clinical research processes to be effective in attaining goal
recruitment rates, minimizing disruptions to clinic workflows,
and ensuring transparency of information regarding research
studies [9,19,20]. We also experienced the benefits of integrating
the technological capabilities of the electronic medical record
for broad-based identification of eligible participants [21-23].

Digitizing patient recruitment and enrollment allowed us the
flexibility to strategically target patients with specific outcomes
or appointments in specific locations. This also meant that our
recruitment data were available to be analyzed frequently,
thereby providing us with real-time feedback to improve our
recruitment methods. Based on this feedback, we adjusted the
time interval between sending an invitation and the scheduled
appointment date to optimize participant consent rates.

Reducing aspects of clinical research that are highly dependent
on human labor helped to alleviate financial constraints that
have previously crippled clinical research and instead focused
efforts on participant experience throughout the study [24]. Over
19 months of active patient recruitment with only 1 research
nurse, our approach to patient recruitment enabled the research
nurse to successfully collect data from patients across 3 clinical
units that were in close geographic proximity, completing data
collection appointments with up to 5 participants per day. In
comparison, a study looking at consent rates using traditional
in-person recruitment found that 9 recruiters were needed to
approach 2498 patients over a 1-year period in a primary care
physician office [24]. If we extended those ratios to our study,
we would have needed 18 recruiters over 2 years to approach
the 10,582 patients we reached by personalized email invitation.

In clinic settings where multiple clinical research studies are
conducted concurrently, front-loading recruitment activities and
consent limited disruption to the clinic workflows and
minimized patient recruitment fatigue or coercion. We found
that limiting research personnel presence in clinics with high
volumes of patients and quick patient turnaround increased

clinics’ willingness to collaborate as recruitment sites for our
study.

For patients, shifting recruitment processes onto digital
platforms allowed them unlimited time to review holistically
all the information pertaining to the study, their participation
in the study, and address any data privacy concerns before
agreeing to participate in our study. Digitizing patient
recruitment inherently standardized the information shared with
all eligible participants, giving us confidence in the ethical
execution of informed consent.

Finally, our QR code system alleviated pressures on research
nurses to maintain cumbersome paperwork associated with data
management and instead focus on collecting data and the
patient’s experience in the study. Additionally, digitizing data
management leveraged the compatibility between already
digitized patient information (on Epic) and routed relevant study
data, thus simplifying the deidentification process of PHI,
especially when sharing data with external parties.

Limitations
A limitation of patient recruitment via digital platforms is the
potential for selection bias, in our case by restricting recruitment
to patients with an associated email address. To mitigate this,
research teams may wish to complement digital recruitment
activities with telephone or in-person outreach to directly target
groups at risk of exclusion.

We recognize that our study was minimally invasive and posed
no risk to participants. As such, our results using technological
adjuncts for clinical research processes may not be generalizable
to clinical research with different study features. Additionally,
the scope of this study did not include patient feedback on the
recruitment process, and patient experiences with digital
recruitment processes are a valuable area for future
consideration.

Finally, using digital adjuncts in clinical research inherently
means that research teams must include team members
well-versed in the technical skills and know-how for setting up
digitized recruitment systems and troubleshooting when needed.
This option may not be readily available for all research
programs or may require consideration of the costs of such
expertise.

Conclusions
Digital adjuncts are promising tools that can assist in
streamlining patient identification, recruitment, and enrollment
in clinical research studies. In our experience, digital adjuncts
allowed us to reach out to many more patients than would have
been possible with traditional one-on-one, in-person–based
recruitment. Additionally, we believe that the benefit of privately
reviewing information pertaining to the study without time
constraints or any in-person influences optimizes an ethical
consent process for patients. Finally, streamlining the data
management necessary for our imaging-based observational
study has reduced the personnel and resources required for the
completion of the study. Using these digital tools could ease
research and make it more equitable, leading to higher
probabilities of study completion.
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Abstract

Background: Psychologists have developed frameworks to understand many constructs, which have subsequently informed
the design of digital mental health interventions (DMHIs) aimed at improving mental health outcomes. The science of happiness
is one such domain that holds significant applied importance due to its links to well-being and evidence that happiness can be
cultivated through interventions. However, as with many constructs, the unique ways in which individuals experience happiness
present major challenges for designing personalized DMHIs.

Objective: This paper aims to (1) present an analysis of how sex may interact with age, marital status, and parental status to
predict individual differences in sources of happiness, and (2) to present a preliminary discussion of how open datasets may
contribute to the process of designing health-related technology innovations.

Methods: The HappyDB is an open database of 100,535 statements of what people consider to have made them happy, with
some people asking to consider the past 24 hours (49,831 statements) and some considering the last 3 months (50,704 statements).
Demographic information is also provided. Binary logistic regression analyses are used to determine whether various groups
differed in their likelihood of selecting or not selecting a category as a source of their happiness.

Results: Sex and age interacted to influence what was selected as sources of happiness, with patterns being less consistent
among female individuals in comparison with male individuals. For marital status, differences in sources of happiness were
predominantly between married individuals and those who are divorced or separated, but these were the same for both sexes.
Married, single, and widowed individuals were all largely similar in their likelihood of selecting each of the categories as a source
of their happiness. However, there were some anomalies, and sex appeared to be important in these anomalies. Sex and parental
status also interacted to influence what was selected as sources of happiness.

Conclusions: Sex interacts with age, marital status, and parental status in the likelihood of reporting affection, bonding, leisure,
achievement, or enjoying the moment as sources of happiness. The contribution of an open dataset to understanding individual
differences in sources of happiness is discussed in terms of its potential role in addressing the challenges of designing DMHIs
that are ethical, responsible, evidence based, acceptable, engaging, inclusive, and effective for users. The discussion considers
how the content design of DMHIs in general may benefit from exploring new methods informed by diverse data sources. It is
proposed that examining the extent to which insights from nondigital settings can inform requirements gathering for DMHIs is
warranted.

(JMIR Form Res 2025;9:e65658)   doi:10.2196/65658
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Introduction

Exploring Individual Differences in Sources of
Happiness, and the Role of Open Datasets in Health
Technology Design
Well-being is founded upon positive emotions, engagement,
relationships, meaning, and accomplishments [1]. Different
people will derive well-being from each of these 5 building
blocks to varying degrees [1]. The premise is that individuals
need to focus on positive emotions, engage with life and the
activities around them, strive for meaningful relationships and
social connections, try to find meaning in life, and have goals
and ambitions. Later discussions of the model have concluded
life is easier and more enjoyable when our health is optimal.
Much literature uses terms such as “happiness,” “subjective
well-being,” “thriving,” and “flourishing” interchangeably [2,3].
There is no complete consensus on the relationship between
happiness and well-being, but happiness is at least considered
to be a component of well-being.

At the very basic level, happiness is an example of a positive
emotion that contributes to well-being, with joy, love, and
gratitude representing additional examples [4]. The links
between happiness and well-being have led to great interest in
the science of happiness. This investigates what constitutes
happiness; what makes people happy; and what we can do, to
ourselves or others, to feel happier [5]. While genetics and life
circumstances (eg, finances, job, and material belongings) play
roles, 40% of our happiness is determined by behaviors that are
under our control [6].

Open data represent a crucial element of the open science
movement [7]. These datasets are publicly available, without
any restrictions on their use or distribution [7]. The growth of
the open science movement has led to an increased availability
of open datasets and consideration of how we can reap
maximum benefits from these [7]. Example benefits have
included transparency and the capacity to amalgamate large
datasets, which can give comprehensive insights to inform
data-driven decision-making, for example, informing targeted
interventions or data-driven resource allocation [7]. Open
datasets also allow analysis from a variety of diverse
perspectives and thus represent a powerful resource for
developing insights into the underlying meaning of
psychological constructs [8]. This in turn facilitates enhanced
precision and clarity within theories and definitions, an
understanding of the meaning of the construct across different
cultures and contexts, the development of improved means of
measurement, and the development of more effective
interventions and treatment options [8].

The HappyDB is an example of a data source that has advanced
our understanding of the individual meaning and sources of
happiness. The HappyDB is a dataset containing over 100,000
happy statements [9] that is freely available on the web [10].
Some people were asked to consider what had brought them

happiness in the past 24 hours, and some were asked to consider
the last 3 months. Individuals could make more than 1 entry,
but not more than 3 entries. Happiness does not always mean
the same thing. Short-term happiness (24 hours) tends to be
associated with more daily tasks such as “Exercise,” “Nature,”
and “Leisure,” whereas longer-term happiness is more likely to
come from loved ones or achievements [9]. Sources of happiness
vary cross-culturally [11].

Based on studying happiness within a Latin-American sample,
Pena-Lopez et al [12] stressed the need to understand the
individual determinants of happiness. Focusing on the words
used to express happiness within the HappyDB as opposed to
the categories of the sources of happiness, Mohamed and
Mostafa [13] used logistic regression, gradient boosting, and
the fastText deep learning algorithm, and they found that
demographics did influence the meaning and sources of
happiness. For example, male individuals expressed greater
interest in games and gadgets as sources of happiness, while
female individuals discussed family and friends to a greater
extent [13]. Parents placed more discussion around the
well-being of their families and children, whereas nonparents
placed their emphasis on friends, games, eating out, pets, and
watching television [13]. Unmarried people focused mostly on
dating, friendship, food, and exercise as sources of happiness,
whereas married people focused mainly on children and family
[13]. Age brackets also differed in how they expressed happiness
[13]. Other research studies have also shown differences
between demographic groups in the factors associated with
happiness levels [14,15].

As noted earlier, sex influences the sources of happiness. Age,
marital status, and parenthood status also influence the sources
of happiness. The effects of age and marital status would also
appear to interact with sex to influence the importance of
individual sources of happiness [14]. This is not surprising given
that they have been shown to interact in predicting overall levels
of happiness or well-being. For example, some research has
suggested that the transition to parenthood links to mental
well-being, and this differs across the sexes [16,17]. However,
other research suggests that the sex gap in the emotional
implications of parenthood has dissipated [18]. On a similar
note, sex has been found to interact with marital status in
predicting levels of happiness [19].

This paper expands on existing research by examining how sex
and time frame (last 24 hours vs last 3 months) interact with
demographics like age, marital status, and parenthood in
predicting sources of happiness. It offers new insights not only
by exploring how these factors influence well-being over
different time periods but also by considering them in relation
to the 5 primary sources of happiness. Mohamed and Mostafa
[13] examined the topics of sources of happiness, through
natural language processing, and Asai et al [9] identified that
statements of happiness can be classified within 7 categories
(Table 1). Two of these are endorsed much less frequently than
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the others (across 24-hour and 3-month time periods; Table 1),
but the five most popular sources of happiness are (1) affection,
(2) bonding, (3) leisure, (4) achievement, and (5) enjoying the
moment [9]. This research focuses on these 5 most common
sources of happiness.

These 5 sources shall be focused upon within this paper. The
importance of affection aligns with research showing links

between romantic relationships and mental health [20]. The
importance of achievement concurs with Walsh et al [21] in
their conclusion that happiness is associated with career success
[21]. Indeed, while much research is correlational, they conclude
that happiness actually often precedes career success, in that
positive emotions lead to improved outcomes in the workplace
[21].

Table 1. The categories of happy moments: definitions, examples, and frequency of occurrence.

Happiness statements within
the 3-month category
(n=50,704), n (%)

Happiness statements within
the 24-hour category
(n=49,831), n (%)

ExamplesDefinitionCategory

18,507 (36.5)15,398 (30.9)With extra effort to achieve a
better-than-expected result

Achievement • Finish work
• Complete marathon

17,797 (35.1)16,295 (32.7)Meaningful interaction with
family, loved ones, and pets

Affection • Hug
• Cuddle
• Kiss

5476 (10.8)5182 (10.4)Meaningful interaction with
friends and colleagues

Bonding • Have meals with
coworker

• Meet friends

4513 (8.9)6628 (13.3)Being aware or reflecting on
present environment

Enjoy the Moment • Have a good time
• Mesmerize

3093 (6.1)4335 (8.7)An activity done regularly in
one’s free time for pleasure

Leisure • Play games
• Watch movies
• Bake cookies

761 (1.5)1046 (2.1)In the open air and in natureNature • Garden
• Beach
• Sunset
• Weather

406 (0.8)747 (1.5)With intent to exercise or
workout

Exercise • Run
• Bike
• Do yoga
• Lift weights

Objectives
This paper uses the HappyDB database to examine whether age
category, marital status, and parenthood status predict the
likelihood of selecting or not selecting each of the 5 most
popular sources of happiness (affection, bonding, leisure,
achievement, and enjoying the moment) and whether this differs
by sex and time frame. Results will be discussed within a
preliminary discussion of how open datasets such as HappyDB
may represent a novel method to inform the content design of
positive psychology interventions (PPIs), and indeed digital
mental health interventions (DMHIs) in general. This domain
brings great potential, but the ethical and responsible design of
DMHIs brings many considerations and calls for creative
approaches [22,23]. Best practice guidelines for the development
of DMHIs recommend evidence-based approaches;
theory-driven design; tailoring the DMHIs to the population
and the context; and consideration of engagement, inclusivity,
accessibility, and flexibility [22,24,25]. This represents a
significant challenge, as collaboration is needed across many

disciplines, and open datasets may have valuable contributions
to make.

Methods

Materials
There are 100,535 statements within the HappyDB database,
with 49,831 statements relating to what made the individual
happy in the past 24 hours and 50,704 relating to what made
the individual happy within the last 3 months [9]. Table 1
illustrates definitions of each of the 7 categories and examples
of the topics discussed within each category. Examples of
statements include “My son gave me a big hug in the morning
when I woke him up,” “I finally managed to make 40 pushups,”
“I had dinner with my husband,” “Morning started with the
chirping of birds and the pleasant sun rays,” “The event at work
was fun. I loved spending time with my good friends and
laughing,” or “I went to the park with the kids. The weather
was perfect” [9].
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Ethical Considerations
HappyDB is an open, publicly available dataset that has been
used in many other research studies. No personally identifiable
information is included in the datasets. Nonetheless, this study

received ethical approval from the Filter Committee of the
School of Psychology at Ulster University (FCPSYCH2020EE).

Participants
Sample details are outlined in Table 2.

Table 2. Sample details.

3-month data (n=50,704), n (%)24-hour data (n=49,831), n (%)Overall sample (N=100,535), n (%)Variable

Sex

20,937 (49.8)28,483 (49.4)57,661 (57.4)Male

21,099 (50.2)29,178 (50.6)42,036 (41.8)Female

Marital status

20,400 (40.3)20,925 (42.1)41,325 (41.2)Married

2302 (4.6)2142 (4.3)4446 (4.4)Divorced or separated

249 (0.5)228 (0.5)477 (0.5)Widowed

27,650 (54.6)26,441 (53.2)54,091 (53.9)Single

Parental status

31,211 (61.6)29,700(59.7)60,911 (60.6)No children

19,427 (38.4)20,072 (40.3)39,499 (39.3)Children

Age group (years)

12,178 (24.1)11,960 (24)24,138 (24.1)18-25

37,771 (74.6)37,161 (74.7)74,932 (74.7)26-64

655 (1.8)609 (1.2)1264 (1.3)65 and older

Analyses
Analyses took the form of binary regression analyses. Based
on Asai et al [9] noting that sources of happiness varied across
the time periods, the 24-hour data and 3-month data were
analyzed separately. Analyses also considered male and female
individuals separately. As noted earlier, exercise and nature
were the least frequently endorsed sources of happiness (Table
1). Due to the small group sizes associated with these 2
categories, analyses focused on considering group differences
within the remaining top-5 sources of happiness. Both sex and
parental status were treated as dichotomous variables. Age was
considered an ordinal variable, as it has a natural order but
unequal intervals. Marital status, being categorical with no
inherent order or ranking, was classified as nominal.

There were 20 binary logistic regression analyses in all. The
overall dataset was separated into four separate datasets: (1)
sources of happiness for female individuals over the previous
24 hours; (2) sources of happiness for male individuals over the
previous 24 hours; (3) sources of happiness for female
individuals over the previous 3 months; and (4) sources of
happiness for male individuals over the previous 3 months.
Within each of the 4 datasets, 5 binary logistic regression
analyses were conducted. Each one of these five regressions
considered one of the sources of happiness as a dependent
variable: (1) the presence or absence of affection as a source of
happiness; (2) the presence or absence of bonding as a source
of happiness; (3) the presence or absence of leisure as a source
of happiness; (4) the presence or absence of achievement as a
source of happiness; and (5) the presence or absence of enjoying

the moment as a source of happiness. The analysis examined
whether each of these could be predicted by the demographic
factors of age category, marital status, and parenthood status
(predictors) and whether this differed by sex and time frame.
Basically, there were 5 forms of regression, and each one was
done within each of the 4 datasets, giving rise to 20 binary
logistic regression analyses. For age as an independent variable,
18-25 years represented the reference category. For marital
status as a predictor, married individuals represented the
reference category. For parental status as a predictor, those with
no children represented the reference category. The assumptions
for the analyses were addressed as follows.

• Binary logistic regression assumes that observations are
independent. While individuals could provide multiple
reports about their sources of happiness, each report was
treated as a separate data entry, ensuring no repeated
measures

• Multicollinearity among independent variables was
examined using variance inflation factor (VIF) values. VIF
values below 5 indicate low multicollinearity, while values
above 10 suggest a high degree of multicollinearity [26].
In this study, all VIF values were below 2, confirming no
multicollinearity issues.

• The linearity of the logit: assumption applies to continuous
independent variables. Since all independent variables in
this study are categorical, this assumption is not relevant.

• Outlier detection is not applicable here due to the categorical
nature of all variables.
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Results

Affection
Predictors of affection as a source of happiness are outlined in
Table 3. The first category (not selecting affection) was the
reference category.

Within male individuals, the different age groups did not differ
in their likelihood of selecting or not selecting affection as a
source of their happiness. Within female individuals, all age
groups were significantly more likely than the 18-25 years age
group to select affection as a source of their happiness. This
was evident within both the 24-hour (P<.001) and 3-month
(P<.01) reports of sources of happiness.

Within both the male and female data, divorced or separated
individuals were significantly more likely than married

individuals to select affection as a source of their happiness
(P<.001). However, across both male and female individuals,
those who were widowed did not differ from married individuals
in their likelihood of selecting affection as a source of happiness.
Within male individuals, those who were single did not differ
from married individuals in their likelihood of selecting affection
as a source of happiness. Within the female individuals, this
was the same within the 3-month data. However, within the
data where female individuals had reported their sources of
happiness within the last 24 hours, single female individuals
were significantly (1.38 times; P<.05) more likely than married
female individuals to select affection as a source of their
happiness.

Within both the male and female data, those with children were
significantly less likely than those without children to select
affection as a source of their happiness (P<.001).

Table 3. ORsa and significance for logistic regression on choosing “affection” as a source of happiness by demographics and time frameb.

Female, OR (95% CI)Male, OR (95% CI)

3-month data24-hour data3-month data24-hour data

Age group (years) with “18-25 years” as reference

1.43 (1.12-1.83)**2.13 (1.64-2.75)***1.14 (0.91-1.44)1.13 (0.89-1.45)26-64

1.21 (0.95-1.52)1.55 (1.21-1.98)***1.17 (0.94-1.46)1.06 (0.84-1.35)65 and older

Marital status with “Married” as reference

1.34 (1.24-1.45)***1.49 (1.38-1.61)***1.48 (1.38-1.59)***1.54 (1.43-1.66)***Divorced or separated

0.98 (0.87-1.11)1.04 (0.91-1.19)1.13 (0.96-1.32)1.00 (0.85-1.19Widowed

1.26 (0.92-1.71)1.38 (1.01-1.88)*1.32 (0.81-2.13)1.31 (0.71-2.41)Single

Parenthood with “No children” as reference

0.51 (0.48-0.55)***0.56 (0.52-0.60)***0.63 (0.59-0.68)***0.60 (0.56-0.65)***Children

aOR: odds ratio.
bReference category: no selection of affection.
*P<.05.
**P<.01.
***P<.001.

Bonding
Predictors of bonding as a source of happiness are outlined in
Table 4. The first category (not selecting bonding) was the
reference category.

For age as a predictor of bonding as a source of happiness, 18-25
years represents the reference category. Within male individuals,
the different age groups did not differ in their likelihood of
selecting or not selecting bonding as a source of their happiness.
Within female individuals, the different age groups did not differ
in their likelihood of selecting or not selecting bonding as a
source of their happiness over the past 3 months. However,
when considering what made them happy over the past 24 hours,
female individuals aged 26-64 years were significantly more
(1.94 times; P<.05) more likely than female individuals aged
18-25 years to select bonding as a source of their happiness.
Within reports of happiness in the past 24 hours, female
individuals aged 65 years old and older did not differ

significantly from those aged 18-25 years in their likelihood of
selecting bonding as a source of their happiness.

Within both the male and female data, divorced or separated
individuals were significantly less likely than married
individuals to select bonding as a source of their happiness
(P<.001). Within male reports of happiness within the past 24
hours, widowed male individuals were significantly less likely
than married male individuals to select bonding as a source of
their happiness (P<.05). However, widowed and married male
individuals did not differ in their likelihood of selecting bonding
as a source of their happiness over the past 3 months. Widowed
and married female individuals did not differ in their likelihood
of selecting bonding as a source of their happiness. Across both
male and female individuals, those who were single did not
differ from married individuals in their likelihood of selecting
bonding as a source of happiness.

Male individuals with and without children did not differ in
their likelihood of selecting bonding as a source of their
happiness over the past 24 hours. However, within 3-month
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reports of sources of happiness, male individuals with children
were much more likely to endorse something within the bonding
category in comparison with male individuals with no children

(P<.001). Within female individuals, those with children were
much more likely to endorse something within the bonding
category in comparison with those with no children (P<.001).

Table 4. ORsa and significance for logistic regression on choosing “bonding” as a source of happiness by demographics and time frameb.

Female, OR (95% CI)Male, OR (95% CI)

3-month data24-hour data3-month data24-hour data

Age group (years) with “18-25 years” as reference

1.03 (0.68-1.58)1.94 (1.16-3.24)*1.03 (0.69-1.55)0.85 (0.58-1.24)26-64

0.93 (0.62-1.40)1.52 (0.92-2.50)0.98 (0.66-1.46)0.75 (0.52-1.08)65 and older

Marital status with “Married” as reference

0.82 (0.72-0.92)***0.78 (0.69-0.88)***0.68 (0.61-0.75)***0.69 (0.62-0.78)***Divorced or separated

1.13 (0.93-1.38)0.96 (0.77-1.18)0.83 (0.65-1.06)0.78 (0.61-1.00)*Widowed

0.88 (0.51-1.51)1.20 (0.73-1.96)1.10 (0.55-2.24)0.83(0.32-2.11)Single

Parenthood with “No children” as reference

1.61 (1.43-1.82)1.26 (1.11-1.42)***1.24 (1.11-1.39)***1.07 (0.96-1.20)Children

aOR: odds ratio.
bReference category: no selection of affection.
*P<.05.
**P<.01.
***P<.001.

Leisure
Predictors of leisure as a source of happiness are outlined in
Table 5. The first category (not selecting leisure) was the
reference category.

Table 5. ORsa and significance for logistic regression on choosing “leisure” as a source of happiness by demographics and time frameb.

Female, OR (95% CI)Male, OR (95% CI)

3-month data24-hour data3-month data24-hour data

Age group (years) with “18-25 years” as reference

0.44 (0.25-0.78)**0.26 (0.17-0.38)***0.85 (0.53-1.36)1.31 (0.80-2.15)26-64

0.85(0.49-1.47)0.44(0.30-0.63)***0.94 (0.59-1.49)1.40 (0.86-2.28)65 and older

Marital status with “Married” as reference

1.27 (1.08-1.49)**0.95 (0.83-1.09)1.08 (0.95-1.22)1.18 (1.05-1.31)**Divorced or separated

1.28 (0.98-1.68)0.95 (0.75-1.21)0.94 (0.70-1.27)1.24 (0.97-1.58)Widowed

0.26 (0.06-1.04)0.31 (0.13-0.77)**0.95 (0.35-2.63)3.11 (1.48-6.53)**Single

Parenthood with “No children” as reference

2.35 (2.00-2.75)***1.87 (1.63-2.15)***1.56 (1.36-1.78)***1.84 (1.63-2.07)Children

aOR: odds ratio.
bReference category: no selection of affection.
*P<.05.
**P<.01.
***P<.001.

Results show that within the male individuals of the sample,
the different age groups did not differ in their likelihood of
selecting or not selecting leisure as a source of their happiness.
Within the female individuals of the sample, those aged 26-64
years and those aged 65 years and older were both significantly
less likely than those aged 18-25 years to select leisure as a

source of their happiness (P<.001). This was evident in reports
of happiness over the past 3 months and the past 24 hours.

In relation to marital status, divorced or separated male
individuals were significantly more (1.18 times; P<.01) likely
than married male individuals to cite leisure as a source of their
happiness over the past 24 hours. However, divorced or
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separated and married male individuals did not differ in their
likelihood of citing leisure as a source of their happiness over
the past 3 months. The pattern was reversed among female
individuals. Specifically, divorced or separated and married
female individuals did not differ in their likelihood of citing
leisure as a source of their happiness over the past 24 hours.
However, divorced or separated female individuals were
significantly more (1.27 times; P<.01) likely than married
female individuals to cite leisure as a source of their happiness
over the past 3 months.

Male individuals with and without children did not differ in
their likelihood of selecting leisure as a source of their happiness
over the past 24 hours. However, within 3-month reports of
sources of happiness, male individuals with children were much
more likely to endorse something within the leisure category
in comparison with male individuals with no children (P<.001).
Within female individuals, those with children were much more
likely to endorse something within the leisure category in
comparison with those with no children (P<.001).

Achievement
Predictors of achievement as a source of happiness are outlined
in Table 6. The first category (not selecting achievement) was
the reference category.

Results show that within the male individuals of the sample,
the different age groups did not differ in their likelihood of
selecting or not selecting achievement as a source of their
happiness. Within the female individuals of the sample, those
aged 26-64 years were significantly less likely than those aged

18-25 years to select achievement as a source of their happiness.
This was evident in reports of happiness over the past 3 months
(P<.05) and the past 24 hours (P<.001). However, female
individuals aged 65 years and older only differed significantly
from those aged 18-25 years in terms of them being less likely
(0.74 times; P<.05) to cite achievement as a source of their
happiness over the past 24 hours. The 2 groups did not differ
significantly in their likelihood of endorsing achievement as a
source of their happiness over the past 3 months.

In relation to marital status, those who were divorced or
separated (male and female individuals) were significantly less
likely than their counterparts to select achievement as a source
of their happiness (P<.001). This was evident within 24-hour
reports and those of the past 3 months. Within the 24-hour and
3-month reports, widowed individuals did not differ from their
married counterparts in the likelihood of selecting achievement
as a source of their happiness. Compared to married male
individuals, single male individuals were significantly less (0.39
times; P<.05) likely to cite achievement as a source of their
happiness over the past 24 hours. However, single and married
female individuals did not differ significantly in their likelihood
of endorsing achievement as a source of their happiness over
the past 3 months. Single and married male individuals did not
differ significantly in their likelihood of endorsing achievement
as a source of their happiness over the past 24 hours or 3 months.

Within male and female individuals, and within the 24-hour
reports and the 3-month reports, those with children were
significantly more likely than those without children to select
achievement as a source of their happiness (P<.001).

Table 6. ORsa and significance for logistic regression on choosing “achievement” as a source of happiness by demographics and time frameb.

Female, OR (95% CI)Male, OR (95% CI)

3-month data24-hour data3-month data24-hour data

Age group (years) with “18-25 years” as reference

0.73 (0.57-0.94)*0.64 (0.49-0.84)***0.88 (0.70-1.11)0.96 (0.74-1.25)26-64

0.81 (0.63-1.03)0.74 (0.58-0.96)*0.84 (0.67-1.05)1.02 (0.80-1.32)65 and older

Marital status with “Married” as reference

0.76 (0.70-0.82)***0.83 (0.76-0.90)***0.82 (0.77-0.88)***0.83 (0.77-0.89)***Divorced or separated

0.90 (0.80-1.03)1.12 (0.97-1.28)1.08 (0.93-1.25)0.99 (0.84-1.15)Widowed

0.84 (0.61-1.16)1.08 (0.78-1.50)0.92 (0.57-1.49)0.39 (0.18-0.83)*Single

Parenthood with “No children” as reference

1.24 (1.15-1.34)***1.30 (1.20-1.41)***1.16 (1.08-1.24)***1.17 (1.09-1.26)***Children

aOR: odds ratio.
bReference category: no selection of affection.
*P<.05.
**P<.01.
***P<.001.

Enjoy the Moment
Predictors of enjoying the moment as a source of happiness are
outlined in Table 7. The first category (not selecting enjoying
the moment) was the reference category.

Within male and female individuals, the age categories did not
differ in their likelihood of selecting enjoying the moment as a
source of their happiness. This was evident within both the
24-hour and 3-month reports of sources of happiness. Within
the 24-hour data, divorced or separated male and female
individuals were significantly less likely than their counterparts
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to cite enjoying the moment as a source of their happiness over
the past 24 hours (P<.001). However, within the 3-month data,
divorced or separated male and female individuals did not differ
significantly from their counterparts in their likelihood of citing
enjoying the moment as a source of their happiness over the
past 24 hours. Within male and female individuals, neither the
widowed individuals nor single individuals differed from their
married counterparts in their likelihood of selecting enjoying
the moment as a source of their happiness. This was evident

within both the 24-hour and 3-month reports of sources of
happiness.

Within 24-hour reports of happiness, those with children (male
and female individuals) did not differ from their counterparts
in their likelihood of selecting enjoying the moment as a source
of their happiness. However, within 3-month reports of
happiness, those with children (male individuals: P<.01 and
female individuals: P<.001) were significantly more likely than
their counterparts in their likelihood of selecting enjoying the
moment as a source of their happiness.

Table 7. ORsa and significance for logistic regression on choosing “enjoying the moment” as a source of happiness by demographics and time frameb.

Female, OR (95% CI)Male, OR (95% CI)

3-month data24-hour data3-month data24-hour data

Age group (years) with “18-25 years” as reference

141 (0.87-2.27)0.92 (0.63-1.34)1.54 (0.95-2.52)1.29 (0.89-1.87)26-64

1.13 (0.71-1.80)0.94 (0.65-1.35)1.57 (0.97-2.55)1.26 (0.88-1.82)65 and older

Marital status with “Married” as reference

1.00 (0.88-1.14)0.79 (0.71-0.89)***0.97 (0.87-1.09)0.82 (0.75-0.91)***Divorced or separated

1.17 (0.95-1.46)0.86 (0.71-0.89)0.79 (0.60-1.04)1.02 (0.83-1.26)Widowed

1.39 (0.83-2.32)0.70 (0.42-1.15)0.46 (0.15-1.47)1.58 (0.78-3.21)Single

Parenthood with “No children” as reference

1.31 (1.15-1.49)***1.07 (0.95-1.19)1.20 (1.07-1.35)**0.97 (0.88-1.07)Children

aOR: odds ratio.
bReference category: no selection of affection.
*P<.05.
**P<.01.
***P<.001.

Discussion

Principal Findings
This paper set out to (1) present an analysis of how sex may
interact with age, marital status, and parental status to predict
individual differences in sources of happiness; and (2) present
a preliminary discussion of how open datasets may contribute
to the process of designing health-related technology
innovations. In terms of a brief summary of findings, sex
interacted with age, marital status, and parental status in
predicting sources of happiness, with some patterns varying
across time periods.

Earlier research has suggested that sex interacts with other
demographic factors to predict individual differences in sources
of happiness [14]. Results partially supported this suggestion.
First, sex and age interacted in predicting sources of happiness.
Clear trends were evident in the data for male individuals. Male
individuals across the 3 age categories did not differ in their
likelihood of reporting affection, bonding, leisure, achievement,
or enjoying the moment as sources of happiness. Trends were
not as consistent within the female data, with the time period
under consideration also exerting significant effects on the
likelihood of affection, bonding, leisure, and achievement being
reported as a source of happiness. The exact direction of effects
is described in the Results section. The only exception was in

relation to enjoying the moment as a source of happiness
wherein, like the male group, the different female age groups
did not differ in their likelihood of reporting enjoying the
moment as a source of happiness. This was regardless of the
time period under consideration. Results can therefore be said
to only partially agree with a previous review by Buijs et al
[27], which concluded that chronological age did not relate to
affection, status, and other behavioral factors as sources of
happiness.

Results partially tied in with earlier conclusions that sex interacts
with marital status in predicting levels of happiness [19]. Across
the board, differences in sources of happiness were
predominantly between married individuals and those who are
divorced or separated. However, these differences were the
same for both sexes. Married, single, and widowed individuals
were all largely similar in their likelihood of selecting each of
the categories as a source of their happiness. However, there
were some anomalies and sex appeared to be important in these
anomalies. For example, in comparison to married male
individuals, single male individuals were less likely to report
achievement as a source of their happiness in the previous 24
hours. On the contrary, married and single female individuals
did not differ in their likelihood of reporting achievement as a
source of their happiness in the previous 24 hours. Compared
to married male individuals, single male individuals were
significantly more likely to report leisure as a source of their
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happiness in the past 24 hours. Conversely, in comparison with
married female individuals, single female individuals were
significantly less likely to report leisure as a source of happiness
in the previous 24 hours. Such patterns were not evident in the
3-month data. It must be acknowledged that the current study
only looks at marital status, whereas other factors such as
commitment are also important [20]. Understanding how marital
status ties to happiness is important, as there is a bidirectional
relationship between relationships and mental health, which is
particularly strong when relationship status is used as a predictor
of health [20].

Parental status and sex also appeared to interact in predicting
some, but not all, sources of happiness. Compared to those who
were not parents, those who were parents were significantly
less likely to consider affection as a source of their happiness
and significantly more likely to consider achievement as a source
of their happiness. However, differences were apparent within
both the male and female data, and across both the 24-hour and
3-month time periods. Compared to male individuals who were
not parents, those male individuals who were parents were
significantly more likely to consider enjoying the moment as a
source of their happiness over the past 3 months, but not the
past 24 hours. This exact same pattern was evident in the female
data. However, as can be seen from the results, the sexes did
differ in how they reported bonding and leisure as sources of
happiness. Some past research has suggested sex differences in
how the transition to parenthood links to mental well-being
[16,17], and some have suggested that the sex gap in the
emotional implications of parenthood has dissipated [18]. The
current findings are consistent with the inconclusive nature of
past research, and the recognized need to consider the
complexity of how and why parents experience happiness [28].

Limitations
Limitations of course must be considered. As the HappyDB
data were gathered via crowdsourcing, the representativeness
of the sample is unknown. Obviously, data collection was
dependent upon access to technology. Many other demographic
factors link to happiness, for example, health and socioeconomic
status. Sample details are not available for factors such as
socioeconomic status or health conditions, but the US
background and the limited representation of older participants
are clear limitations in terms of the cultural and age group
representativeness of this analysis. Open datasets often lack
details on psychological factors, such as personality traits, that
influence individual differences in happiness [29]. To maximize
their use in developing DMHIs, researchers must balance the
breadth and depth of data. While large sample sizes offer
generalizable insights and scalability, incorporating
psychometric measures (eg, personality or emotional well-being
scales), and providing richer, more personalized data. A
balanced approach that integrates demographic diversity with
targeted, detailed subsamples would ensure both robust and
effective DMHIs. Similarly, within the Positive Emotions,
Engagement, Relationships, Meaning, Accomplishment, and
Health model, happiness is just 1 example of positive emotion,
and many other components link to well-being (eg, engagement,
relationships, meaning, accomplishments, and health). This
paper analyzes each source of happiness independently.

However, exploring correlations between sources within
demographics could offer deeper insights. For instance,
responses about affection, bonding, leisure, achievement, or
enjoying the moment might reflect the same “event” over
different time frames, with patterns varying by demographic.
It would be interesting to examine how many individuals fall
into the same happiness category for both the 24-hour and
3-month statements by demographic group, and whether certain
demographics are more likely to report consistent happiness
across time frames.

Conclusions
There currently are no best practice guidelines to support
developers and designers in gathering and defining the
stakeholder-driven or humanity-centric requirements, use cases,
and goals for DMHIs in select domains. The ethical and
responsible design of DMHIs should be evidence-based
approaches; use theory-driven design; be tailored to the
population and the context; and be considerate of engagement,
inclusivity, accessibility, and flexibility, but this represents a
significant challenge [22,24,25]. However, the identification of
universal and domain-specific needs is also central to user
engagement and retention. Coproduction would typically include
interviews, focus groups, literature reviews, workshops, panel
discussions, and clinical expertise [23]. Of course, such
processes are very time, and as such resource intensive [23].

Within their systematic review, Brotherdale et al [23] note the
need for creative methods to be adopted in the coproduction of
digital mental health intervention, and the use of open datasets
may be a fruitful approach in this endeavor. Currently, little
attention has been paid to open datasets as a creative approach
to requirements gathering and informing content development
of PPIs, and indeed DMHIs in general. The HappyDB analysis
can be presented as a sample application.

PPIs can be tailored to address diverse challenges and promote
well-being, as well as prevent mental ill health by promoting
protective factors, enhancing resilience, and fostering well-being
[30]. PPIs often involve suggested activities to enhance
happiness or well-being [9]. PPIs generally focus on one of five
categories: (1) savoring experiences and sensations; (2)
cultivating (and sometimes expressing) gratitude; (3) engaging
in kind acts; (4) promoting positive relationship processes; and
(5) pursuing hope and meaning [31]. Their mode of operation
is typically either diaries for self-reflection or applications that
make suggestions based on responses to set questions [9]. Some
examples relevant to this discussion might be virtual reality
interventions that seek to promote happiness by immersing users
in positive environments or guided meditations; strength-based
platforms that help users to identify and use their personal
strengths; positive psychology games that are designed to
promote positive emotions; or gratitude apps where users can
keep a digital gratitude journal, but there would also be
reminders and prompts to help them focus on positive aspects
of their lives.

User engagement difficulties across the board represent a major
challenge to PPIs, and indeed DMHIs in general, achieving their
maximum potential benefits [32]. Designing content that can
be personalized based on user data, preferences, and progress
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to increase engagement and effectiveness represents a major
challenge for design developers, with collaboration across
several disciplines required [32]. However, as can be seen
earlier, notwithstanding the recognized limitations, open datasets
such as the HappyDB provide great insight into how
demographics link to differences in sources of happiness. Certain
PPIs or suggested activities may have increased meaning for
certain subgroups, and open datasets may provide a starting
point for understanding what these might be. Research on the
science of happiness is also relevant to the concept of intrinsic
capacity for healthy aging and holistic well-being. This concept
remains undervalidated, and a deeper understanding of happiness
could help validate and practically apply it in mental health
interventions [33]. Open datasets may also come in various
formats. For example, there are many sources that outline
counseling dialogues, and how these are rated by users. Through
the use of machine learning, these may give insights into useful
content generation for DMHIs.

When discussing DMHI content design, it is important to
consider the lack of context in interpreting the significance of
insights derived from open-source data. This is a key limitation
in health technology design. Evaluating user satisfaction and
engagement is essential to determine whether a version created
using open data is received more positively than one developed
through other approaches. Metrics such as usability, satisfaction,
and effectiveness should be compared to assess the value of
incorporating open data in DMHI development.

Many platforms host open datasets, with the Open Science
Framework, Mendeley Data, PsychOpen Community, Archive,
and Metadata for Open Science, or Kaggle representing
examples. Nonetheless, supporting researchers in providing
findable, accessible, interoperable, and reusable data poses
significant challenges [8]. For example, what might a framework
to describe the nature of the data that are typically gathered
across different domains look like? What would the best
methods be for structuring data (and metadata) that are human
and machine readable but also useful for designers and analysts
and for interpretability across different channels? How would
datasets be described in terms of purposes, goals, and
communication patterns, and what might a structured
representational repository look like?

Huston [7] discusses the challenges associated with open data
in terms of three categories: (1) making the technological shift;
(2) social, cultural, legal, and ethical issues; and (3) avoiding
the pitfalls. Nonetheless, a discussion of the extent to which our
understanding of data and interactions from nondigital settings
may inform requirement gathering for DMHIs is warranted.
While the challenges associated with open data are substantial
and should not be underestimated, the potential benefits of open
data are very exciting [7]. They may play a role in the
development of content for digital PPIs that are engaging,
effective, and grounded in scientific research.

 

Data Availability
The HappyDB is a dataset containing over 100,000 happy statements [9] that is freely available on the web [10]. The data set
analyzed during this study is available on the Megagon Labs website [34].
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Abstract

Background: Sexual and Gender Diverse Youth (SGDY) are at increased risk for suicide due to unique experiences including
discrimination, family or friend rejection, and low positive affect. Peer mentors (PMs) may offer a unique opportunity for
intervention but are underutilized for suicide prevention among SGDY.

Objective: Little is known about the training needed for PMs when working with SGDY at risk for suicide. We developed an
intervention, Supporting Transitions to Adulthood and Reducing Suicide (STARS), to improve suicide prevention among SGDY
and increase social support, coping, and positive effects. PMs were trained by a licensed clinical therapist and provided a manual.
PMs meet virtually for 6 weeks, providing social support, strategies to diminish the impact of discrimination, connection to safe
spaces, and reinforcement of intentions to use Safety Plans with mentees.

Methods: To understand PMs’ experiences in their role, including distress, fidelity to the manual, and perceptions of feasibility
and acceptability of STARS and mentees’ Safety Plan, we collected survey data from mentees and PMs as well as in-depth
interviews with PMs after the completion of the intervention.

Results: As of September 2024, all peer mentees (N=64) have completed the study and all PMs have finished providing sessions
for peer mentees. PMs (n=5) reported overall high comfort (8.52) and low distress (1.93) during sessions. All 5 PMs had high
fidelity (>90%) to the PM intervention training. All 5 PMs reported high feasibility (17.50), acceptability (20), and appropriateness
(20) of the STARS intervention. Mentees (n=27) reported high confidence ratings (3.54) in speaking with their PMs.

Conclusions: Peer mentorship for SGDY who are at risk for suicide was feasible and acceptable by PMs and mentees alike.
PMs reported that they felt comfortable and confident during the sessions. Mentees also reported confidence in working with
their PMs. Future research should explore the optimal strategies to support PMs and mentees as they engage in suicide prevention
work as well as incorporate feedback from the PMs in this study to ensure optimal outcomes.

Trial Registration: ClinicalTrials.gov NCT05018143; https://clinicaltrials.gov/study/NCT05018143

International Registered Report Identifier (IRRID): RR2-10.2196/48177
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Introduction

Emerging adulthood is a critical period of suicide risk for Sexual
and Gender Diverse Youth (SGDY) people [1]. A meta-analysis
indicated 11%-20% of sexual and gender diverse (SGD)
individuals have a lifetime prevalence of suicide attempts
compared with 4% of heterosexual adults [2]. Rates of suicide
attempts may be higher; however, as these statistics only include
SGDY who have self-reported their sexual and gender minority
identity and ignore those who have not “come out” and are at
even greater risk for suicidal ideation [2]. A meta-analysis of
SGDY and emerging adults (12-20 years old) found that bisexual
and transgender youth were at the most significant risk of
attempting suicide (odds ratios of 4.87 and 5.87, respectively)
compared with their cisgender heterosexual peers [3].

Sexually diverse emerging adults (eg, lesbian, gay, bisexual,
transgender, and queer/questioning [LGBTQ]) may present with
unique individual-level distal risk factors for suicide, such as
the age of coming out, violence, exposure to sexual orientation
change or conversion efforts, and discrimination, and proximal
risk factors for suicide, such as internalized homophobia,
expectations of rejection, and level of social support, which all
interact to either increase or decrease the risk for suicide
depending on the social environment and the individual’s
perceived belongingness within said environment [4-7]. Rooted
in both the minority stress theory and the interpersonal theory
of suicide, previous work has indicated that sexual and gender
minority stress for adolescents and emerging adults is associated
with suicidal ideation and attempts through perceived
burdensomeness and thwarted belongingness [8]. To address
feelings of burdensome and thwarted belongingness, increasing
a sense of connectedness for SGM emerging adults can be an
important protective factor against suicide, even when
accounting for experiences of discrimination and victimization
[9].

PM may serve as a strategy to provide social support, promote
positive affect and feelings of belongingness, and build a
connection to the community. Given at-risk SGM individuals’
tendency to disclose suicidal ideation to peers rather than
professionals, peers are crucial actors in suicide prevention
[10,11]. Previous research demonstrated that most individuals
contemplating suicide, particularly adolescents and young adults,
do not seek help from formal support structures due to stigma
concerns, but instead use informal resources like friends and
family [12]. Therefore, educating peers about suicide,
depression, and the resources available for at-risk individuals
may reduce their reluctance to intervene and increase their
ability to do so appropriately.

A review shows that peer mentoring can effectively promote
health behavior changes in adolescents and emerging adults
through reinforcing coping skills, incorporating skill-building
activities, and delivering social support [13]. In studies of suicide
prevention models, peer mentorship decreased stigma related
to help-seeking behaviors and reduced rates of repeated

psychiatric hospitalization [14,15]. A pilot trial of a
peer-delivered safety planning intervention (SPI) found that
adults who received the peer-delivered version had fewer
emergency room visits during the follow-up period than those
who received the provider-delivered version [16]. Those with
sexual minority identities reported reluctance to access mental
health services for fear of discrimination and dismissal of their
emotional distress [17,18]. Therefore, approaches using peer
mentorship that decrease stigma and decrease the need for
repeated service engagement may be critical for reducing suicide
risk in the SGM community.

For SGDY, effective peer mentor (PM) interventions should
incorporate several design characteristics to prevent future
suicide risk. First, they should target social support [19]. Second,
they should involve skill-based peer-administered interventions
instead of purely supportive interventions [20,21]. Third, they
should market interventions as LBGTQ (lesbian, gay, bisexual,
transgender, and queer/questioning)-affirming [22]. Fourth,
they should emphasize the use of a safety plan, which reduces
the risk of suicide attempts [23]. When SGM emerging adults
are reluctant to use their safety plan, peer mentorship should be
enhanced with principles of motivational interviewing (MI).
MI is a counseling method designed to elicit behavior change
[24-27]. MI can be successfully used in peer-based interventions
[28-30]. Given the need for peer mentor interventions to
consider a multitude of important design characteristics and
targets, there is a need to understand the challenges for PMs.
Research to understand the experiences of PMs who deliver
suicide prevention interventions to SGDY would be instructive.

In this paper, we describe the protocol for training PMs to
fidelity in a suicide prevention intervention (Supporting
Transitions to Adulthood and Reducing Suicide [STARS]) and
detail their experiences in delivering MI- and cognitive
behavioral therapy (CBT)–based content to SGDY mentees.
We hypothesized that PMs would retain high fidelity to the
protocol throughout their participation in the project,
operationalized as greater than 80% fidelity to critical
components of each session. We report on peer mentor distress
and comfort ratings (completed after each peer mentor session)
and evaluate changes in distress and comfort throughout the
trial. We hypothesized that as PMs gained more experience with
the protocol and the population, distress ratings would
significantly decrease over time and comfort ratings would
increase over time. Finally, we completed qualitative interviews
with PMs about their experiences serving in this role. We
hypothesized that PMs would report that the STARS
intervention was acceptable, feasible, and appropriate.

Methods

The STARS Intervention
This study was part of a larger university randomized control
trial (NCT05018143) evaluating an app-based intervention
STARS aimed to reduce suicidal ideation and behaviors among
SGDY (ages 18-24 years) [31]. Eligible participants were
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between the ages of 18 and 24 years, lived in the Philadelphia
Metro area, reported no psychotic symptoms (hallucinations or
delusions), had access to a smartphone and Wi-Fi, and had
active suicidal ideation in the past month. Participants were
randomized to receive an in-person brief, evidence-based SPI
(control arm) or to receive the SPI plus access to STARS
(intervention arm). Mentees randomized to the STARS
intervention had access to a mobile app focused on the provision
of life skills and their safety plan and 6 peer mentor sessions.
More detailed information on the more extensive study can be
found in the study by Brown et al [31].

PM Training Plan
PMs completed eight 2-hour training sessions with 2 licensed
mental health providers. The first session included an overall
introduction to MI. PMs received training in core MI concepts,
with an emphasis on skill use. We provided a 2-hour training
covering ambivalence, MI spirit (ie, acceptance, partnership,
compassion, and evocation), and the righting reflex (the
inclination helpers have to give advice, correct what they see
as wrong information, or the wrong reasoning, and generally
fix things for the person they are helping). OARS (ie,
open-ended questions, affirmations, reflections, and summaries)
skills were covered in a second 2-hour training. A third 2-hour
training covered the 4 MI processes (ie, engaging, focusing,
evoking, and planning) and the Helping Roadmap model [32].
PMs were assigned exercises after each training session to
support their acquisition of skills. These trainings were adapted
from materials used in the iReach trial [28] and were led by a
masters-prepared research staff member (project manager and
research coordinator) with a background in mental health
counseling and delivering MI training for PMs.

After training and practice in the style of MI, PMs received
62-hour training sessions on the content of PM sessions. These
trainings included a didactic overview with questions and
answers, modeled roleplay, and then an observed experiential
role-play between the PMs with feedback from the study
clinicians. After training in the MI-style and CBT content of
the peer mentor intervention, additional time was dedicated to
navigating difficult scenarios, including exacerbations in suicide
risk, risky behaviors in general, boundary crossings, and building
rapport and connection (or repairing ruptures in the peer mentor
relationship).

After the original training, PMs attended a weekly group
consultation meeting that was attended by 1 to 3 study clinicians.
In the weekly meeting, PMs provided an update on the mentees
to whom they were assigned, discussed difficulties in the
session, and provided examples of successes in the PM
relationship. PMs provided feedback and ideas to each other,
and the study clinicians provided validation, coaching, and
support around content areas that PMs indicated a need for more
support (ie, what to do in a crisis and how to engage
participants).

Approximately 6 months into the start of study recruitment, the
team dedicated two 30-minute supervision sessions to reviewing
and refreshing PMs’ MI style.

Participant Measures: Mentee Feedback
In their follow-up survey (at 2 months), mentees were asked
questions about their experience with PM sessions, including:
“PM sessions were offered at times that worked for my
schedule,” and “I feel confident talking to a STARS PM to
discuss what’s going on in my life.” Questions were answered
on a Likert scale from 1 (strongly disagree) to 4 (strongly agree).

PM Measures: PM Comfort and Distress
At the end of each PM session, PMs were asked to fill out a
post-session form that assessed issues that arose and distress
and comfort during the PM sessions. The PM comfort rating
included two questions: (1) “On a scale from 1-10 how
comfortable did you feel during this PM session?” (“10” is “very
comfortable” and “1” is “the most uncomfortable”) and (2)
“Please rate the highest level of distress you experienced during
this session on a scale of 1-10.” (“10” is “very distressed” and
“1” is “not at all distressed”). Scores on the second question
were reverse coded, and the scores for both questions were
averaged for a total comfort score ranging from 1 to 10, with
higher scores indicating higher comfort.

Implementation Measures

Overview
To determine the extent to which the STARS PM intervention
was acceptable, appropriate, and feasible, we adapted the
Acceptability of Intervention Measure (AIM), Intervention
Appropriateness Measure (IAM), and Feasibility of Intervention
Measure (FIM) [33]. The AIM, IAM, and FIM demonstrated
strong psychometric properties in a series of 3 studies conducted
by Weiner et al [33]. The AIM, IAM, and FIM are 4-item
measures asking participants to answer questions on a scale of
“1” (“completely disagree”) to “5” (“completely agree”). We
adapted the scales for the STARS PM intervention; for example,
1 item from the AIM states, “The STARS peer mentoring
intervention meets my approval.”

PM Qualitative Interview
Semistructured interviews were conducted with all PMs to gain
a deeper understanding of PM experiences and views on the
STARS PM intervention. A member of the research team,
outside of those providing training or supervising the
implementation of the peer mentoring intervention, conducted
the interviews with PMs virtually. The interviews lasted about
60 minutes and were audio recorded and transcribed verbatim.

We used a Template Analysis approach, a form of thematic
analysis emphasizing hierarchical coding [34-36]. An a priori
codebook was created informed by the interview guide. Out of
3 researchers (JT, TB, and JW) coded the first transcript using
the codebook as a guide and template. After the first transcript,
a consensus was reached, and the codebook was edited with
final details. The remaining transcripts were divided between
2 researchers and individually coded [34-36].

Fidelity Monitoring
PM fidelity to the intervention was assessed using a checklist
that evaluated their adherence to content and style [31]. Content
was assessed based on whether PMs covered key elements of
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the session (eg, agenda setting for the day’s session, checking
in about safety plan use since the last session, and teaching the
designated CBT skill for the session). Possible total content
scores for the sessions ranged from 16 to 29, based on how
many elements were meant to be covered in each session. The
style was assessed based on the PMs’ use of MI skills OARS
[25] to facilitate participant learning and engagement with the
session content. The style was scored on a scale of 0-5 for
whether PMs asked open-ended questions, used affirming
statements, used reflections, and used summaries during the
session.

PMs’ fidelity to the intervention was assessed across all sessions
for the first 2 mentees they saw, allowing for early detection of
challenges to fidelity and corrective supervision. After
completing the intervention with their first 2 mentees, PMs were
assessed randomly for 1 in every 6 sessions per mentee. Sessions
were randomly selected for fidelity assessment using a
randomized list generator. Out of 2 research team members
were tasked with completing fidelity ratings, 10% of which
were scored twice to assess interrater reliability.

Ethical Considerations
The study was reviewed by the university’s institutional review
board (protocol # 849500) and was deemed a human-subjects
study. Informed consent was obtained from participants in
person during the baseline visit. Participants were informed of
all the risks and benefits of the study. All information is
dedeidentified and all personal information collected is kept
private and confidential. Participants received up to US $170
(US $50 for baseline, US $30 for 2 months, US $40 for 4
months, and US $50 for 6 months) through physical or electronic
ClinCard.

Results

Mentee Description
As of September 2024, all peer mentees (N=64) have completed
the study. A total of 32 mentees were randomized to receive
the STARS app intervention. One mentee opted not to
participate in the PM sessions. Out of 4 mentees did not
complete all 6 recommended PM sessions. Of the 4 mentees
who did not complete all 6 sessions, 2 only completed PM
session 1, 1 completed 4 PM sessions, and 1 completed 5 PM
sessions. A total of 27 mentees completed all 6 PM sessions.

PM Description
PMs were recruited from the Greater Philadelphia, Pennsylvania
area, through job announcements through area university student
employment boards, university bulletin boards, and network
connections. Applicants were interviewed based on previous
education, experience with mentoring, mental health, and
LGBTQ advocacy. PMs selected needed to have some previous
experience in mentoring; however, other aspects were not
required as we intentionally wanted a heterogeneity of PMs in
educational or professional experiences parallel to participants
in the study. Although we never asked specific questions of
applicants or employees, given human resources guidelines, we
can provide descriptive information about the 5 PMs who
delivered sessions, which we obtained from working closely
with them. At hiring, PMs were between the ages of 22 to 26,
self-identified as a part of a sexual and gender minority
community orally, and over half identified as a racial and ethnic
minority.

Out of 5 PMs delivered sessions after completing their training.
PMs were assigned to study mentees who were randomized to
the STARS intervention. PMs worked with no more than 3
STARS mentees at a time. STARS participants were assigned
to PMs based on a list and caseload to prevent overburdening
PMs.

Fidelity to PM Training
PM fidelity checks were completed by 2 researchers (LB and
JW), both trained in therapeutic peer mentorship. PM fidelity
to content was calculated for each of the 6 peer mentor sessions.
Fidelity percentages were high, ranging from 95.7% to 100%.
PM fidelity to style was calculated for each of the 6 PM sessions
and was high, ranging from 92.1% to 97.4%.

Mentee Feedback on Intervention
STARS mentees provided ratings for PM sessions at 2 months.
Mentees (N=28) rated their confidence in talking with a PM as
3.54 (SD 0.64) out of a possible confidence rating of 4.0.
Mentees agreed that sessions were offered at times that worked
for their schedule as 3.74 (SD 0.53) out of a score of 4.0.

PM Outcomes

PM Implementation Outcomes
PMs (n=5) rated the sessions with a feasibility score (FIM) of
16.40 (SD 3.21), an appropriateness score (IAM) of 18.40 (SD
3.58), and an acceptability score (AIM) of 18.40 (SD 3.58) with
a possible maximum score of 20 for all implementation
outcomes (Table 1).
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Table 1. Average fidelity ratings to the training of 6 peer mentor (PM) sessions of a mixed methods study on suicide prevention in sexual and
gender-diverse youth.

Session Time PointMeasure

654321

Content total scores

26.71 (0.73)17.54 (1.13)21.38 (1.76)20.33 (1.11)20.93 (1.49)15.21 (0.70Mean (SD)

291823212216Maximum

Style total scores

19.14 (1.83)19.77 (0.60)19.92 (0.28)19.87 (0.35)19.80 (0.77)20 (0)Mean (SD)

202020202020Maximum

PM Comfort and Distress
PMs indicated high comfort ratings after each session and low
distress. Paired samples t tests indicated that there were no

significant differences in comfort (P=.44) or distress ratings
(P=.70) from session 1 to session 6 (Table 2).

Table 2. Average comfort and distress ratings self-reported by peer mentors (PMs) for each of the 6 PM sessions in a mixed methods study on a suicide
prevention intervention for sexual and gender-diverse youth.

Session time pointMeasure

654321

Comfort ratings

272829292931N

8.52 (1.60)8.89 (1.07)8.41 (1.18)8.38 (1.40)8.45 (1.33)8.81 (0.79)Mean (SD)

Distress ratings

272829292931N

1.93 (0.87)1.96 (1.04)2 (0.85)2.59 (2.15)2.52 (1.79)1.81 (1.22)Mean (SD)

PM Experiences
Thematic analysis of the interviews with PMs categorized their
experiences into 6 themes: decision for peer mentoring, training
experiences, use of the pm manual, interpersonal relationship
with mentee, internal struggles and growth, and STARS App
Thoughts.

Decisions for Peer Mentoring
This theme represents background information on the PMs and
their motivations for becoming involved in STARS. PMs worked
with STARS for 8 months to 18 months. All PMs indicated they
were interested in the role due to their career goals related to
mental health, LGBTQ+ research, or clinical work. Many PMs
reported wanting to give back or support the LGBTQ+
community, due to their connection to the community. One PM
stated, “I was really interested in the study itself. I thought it
just sounded like a really cool and meaningful idea that would
definitely be helpful for the participants.” While another PM
said “reason is my self-identification as a cisgender gay man,
and that aligns with my value to get back to the community to
support all of them.”

Training Experiences
This theme represented information on PMs’ experiences of
PM training and how prepared they felt to provide PM sessions
to mentees for STARS. All PMs reported that their training was
helpful, specifically the role-playing sessions. One PM stated,

“I felt like I was very prepared to do everything in relation to
the like discussing safety plans and sort of working to brainstorm
a safety plan that wasn’t quite working for somebody that I felt
like we did so much kind of prep work on, and that was always
one of that was like one of my favorite parts, always.” Another
PM said, “I think doing the mock sessions was definitely helpful.
Where I would be pretending to be the participant in one, and
then [another PM] would do the opposite for me. I think that
was definitely really helpful.” Some PMs spoke about the
importance of having weekly meetings (3/5 PMs), particularly
having that space to talk to supervisors and other PMs about
their experiences and troubleshooting. A PM stated, “It was
nice to have, you know, the weekly meeting and be able to share
difficult things that would come up.” One PM indicated a
possibility for more practice during training periods. Several
PMs noted specific skills or topics they needed clarification on,
such as engagement with their STARS mentees. All PMs noted
that the continued training (MI) was helpful.

Use of PM Manual
PMs were asked to describe their experiences delivering the
STARS sessions to trial mentees. This theme includes feedback
on barriers, facilitators, and suggestions for improvement in
future STARS manualized session content implementation.
Overall, PMs described having “good experiences” delivering
the session content. Out of 2 noted session lengths varied,
attributed to content and the interactions with individual
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mentees. One PM explains, “I think that some of the sessions
felt a little bit more like jam-packed with content than others,
but that also depended on the person that you were with, and
some people really had nothing to say-- and so you could get
through it pretty easily. And with some people that was harder.”
One PM expressed concern that mentees “zoned out” when
delivering content where they had to “talk too much” per the
session script. Out of 3 PMs described feeling “more
comfortable” delivering the session scripts with each new
mentee experience. For most PMs, the main barrier to delivering
session content was covering session content within the
30-minute timeframe. Out of 3 PMs described an imbalance in
the length of content from session to session as a barrier. One
explained, “Delivering the content. Yeah, that would be one
thing that I feel like I usually take a long time in delivering
session 5 or 6, and I find it hard to squeeze the time to like 25
or 30. So that can be one thing.”

Out of 3 PMs identified the script in the manual as a primary
facilitator to content delivery, describing it as “the way I guided
people” and “easy to follow along” during sessions. Another
explained, “How it was broken up I feel like it made sense.
There was like a good flow to it. And it was nice to have
examples of how to phrase things, or how to talk about
something or questions to ask. Yeah. So that was helpful.” PMs
identified flexibility in content and session structure as potential
areas for improving STARS implementation. One PM suggested
differentiating between essential and optional session content
to help adhere to the time limit of sessions. Similarly, another
expressed that increasing content flexibility would allow PMs
to make sessions more relevant for individual STARS mentees.
One PM noted that “if there were things that I felt like we
couldn’t just breeze over or just wasn’t in line with where the
script was headed. I think things like that made it hard for me
to make sure I was getting all the fidelity items done.”

Interpersonal Relationship With Mentees
This theme described any interpersonal challenges experienced
in the mentoring role as well as positive changes and growths
that they observed in STARS mentees. Some challenges
described by PMs included difficulties with engagement,
challenges related to participant personality or behavior, missing
appointments, texting during sessions, trouble relating to session
content, and not using the safety plan. Of the 3 PMs had
experiences where they felt mentees were not engaging with
session content. One PM explains, “Some of the mentees who
I felt weren’t that engaged would be examples that they brought
up…And I feel like some mentees would like, give, just like,
very like surface-level, or things that weren’t significant or
gonna help them. I don’t know if they were avoiding getting
deep with me. And, you know, I didn’t like that we couldn’t
kinda get beyond that.”

Mentee personalities and behaviors were sometimes a challenge
for PMs. Some PMs found it difficult to balance covering the
session content while giving space for sharing with more
talkative STARS mentees. During the sessions, a PM described
challenges with STARS mentees doing other things on their
computers and phones. Out of 2 PMs described challenges with
STARS mentees who frequently missed appointments and

needed to reschedule. A PM stated, “There were some who were
like chronically late, or would forget, needed to reschedule.”
Resolutions included sending reminders before sessions,
changing times, and discussing barriers to scheduling.

While there were some interpersonal challenges, PMs also
described growth in their STARS mentees. Out of 2 PMs
identified an increase in openness to sharing experiences as an
area of growth among STARS mentees. One PM described an
example in which a mentee was initially resistant to being on
camera at the first meeting due to negative body image and
concerns of being seen by others but eventually engaged fully
in video sessions as the relationship developed, indicating a
relationship of safety and trust. All 5 PMs identified a
willingness to practice and apply session content outside of
weekly meetings as a primary growth area among STARS
mentees. One PM noted, “The participants, mostly all of them
I had like they were actually implementing [session content].
Like all of the participants, that kind of surprised me a bit.
“Cause they actually were using the things that [STARS] was
wanting to do. Which is the goal. Yeah. It was cool.” In one
example, a PM noticed that STARS mentees who gave positive
session feedback shared that they were also using the app and
practicing content between sessions. Out of 2 PMs described a
noticeable shift in mentees’motivation and engagement around
setting and following through on achieving goals. One PM
explained, “I mean, a lot of people were reporting, I think, less
suicidal ideation or more ease in using a safety plan and more
sort of like feeling like they were able to ride the waves of
something which was great and hmm. Yeah, I think just a lot
of people developed coping skills.”

Internal Struggles and Growth
This theme represented information on the STARS PMs’internal
experiences throughout the study, including emotional responses
and reactions to their interactions with mentees, both positive
and negative. When discussing concerns about providing peer
mentorship to mentees with a history of suicide risk, all 5 PMs
mentioned a fear that a mentee would actively be in crisis during
a session. They were comforted knowing that they had a script
and protocol to follow if something did happen. One PM noted,
“One major concern was just like how to go about like if they
feel like they’re in crisis while they’re with me. And then
another one was how to respond if someone says they want to
harm themselves. I remember learning during the sessions.”
Despite the safeguards in place, the potential for suicidal crises
remained a source of anxiety. Some other internal, emotional,
or personal challenges that PMs encountered included worries
about their STARS mentees’ health, difficulty hearing about
mentees’ history with suicidal ideation, and not being sure if
they were making sense or being engaging to their STARS
mentees. One person said that these challenges subsided the
more “exposure” they had. Another PM felt frustrated by
needing to balance helping the STARS mentee with sticking to
the script to keep their fidelity rating high.

While PMs expressed some internal struggles, they managed
difficult emotions that came up by mentioning them to the
principal investigators during weekly team meetings and
referring to the script in moments of uncertainty. Out of 2 PMs
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mentioned the comfort that the script brought them. A PM
stated, “I'm sticking to the scripts, and hitting all the items I
need to hit… When those goals would kind of work against
what I think is most important, to really just see what is most
useful for the participant and see what I could do to help them.”
Out of 2 other PMs said it was helpful to remind themselves of
the boundaries of this role and that the STARS mentees’ lives
outside of PM sessions were not in their control.

PMs also indicated that the experience was rewarding seeing
some improvement in their STARS mentees. This ranged from
simply feeling helpful and effective in their sessions to feeling
like they were imparting something useful to seeing STARS
mentees use their safety plan between sessions. A PM stated,
“I think it was just like rewarding to be able to feel like I’m
imparting something useful to the peer mentees. So it was nice
when we would have like, you know, a fruitful discussion that
felt like it was something that was helpful. And that they could
use in their real life and use to make changes that were helpful
to them.” One PM felt rewarded by getting encouraging
supervisor feedback and hearing STARS mentees express
gratitude. In addition, another PM appreciated the opportunity
to interact more with the queer community and learn about
experiences different from their own.

Discussion

Principal Findings
This study aimed to evaluate the experiences of PMs who deliver
suicide prevention content to SGDY. The study was designed
to provide PMs with comprehensive training for working with
SGDY at risk for suicide, evaluate PM experiences (reported
ratings of comfort and distress), and assess PM fidelity to the
protocol (PM training).

It has been well-documented that there is anxiety in providing
care for patients at risk for suicide in behavioral health
practitioners [37]. Therefore, it is important to assess
comfortability and distress with PMs working in suicide
prevention interventions. Overall, PMs described high comfort
and low distress ratings after each PM session. The comfort and
distress ratings did not change over time. These ratings were
aligned with the reported experiences of PMs during the
follow-up interviews. PMs described having “good experiences”
in delivering the session content and several reported that they
felt “more comfortable” as they saw more mentees. Many PMs
attributed their comfort with sessions by mentioning them during
weekly team meetings. Some PMs stated that having the manual
was a comfort during the sessions as a resource for them to
refer. Therefore, having regular supervision and a thorough
resource (such as a manual) are important components to include
in future PM based interventions for SGDY at risk for suicide.
To our knowledge, this is the first study to report on PM comfort
and distress levels when providing support to mentees in a
suicide prevention intervention. These results highlight the
importance of structured supervision for PMs to aid in providing
support to mentees at risk of suicide knowing the anxiety that
can surround such a stigmatizing topic [37].

In examining the fidelity of PM sessions with the training, PMs
had high fidelity overall (greater than 90% in content and style
fidelity ratings). Fidelity (the degree to which an intervention,
ie, peer mentoring, was delivered as intended) [38] plays an
important role in how well an intervention is considered
successful. Fidelity to an intervention provides information that
can help determine if the intervention was delivered as intended
and therefore any impacts can be more confidently associated
with the intervention. PMs provided sessions to STARS mentees
with high fidelity; however, PMs noted some challenges. PMs
were made aware of fidelity to the training and session content
were being assessed and expressed concerns about completing
all the fidelity items in the allotted time limit (30-minute
sessions). PMs noted that there was a lot of content to cover
during the sessions, but they also wanted to provide space and
time for their STARS mentees to share updates. PMs expressed
frustration with sticking to the script and addressing all the
fidelity content items while also preserving fidelity style.
However, we did not interview or collect data pertaining to the
STARS mentees experience with their PMs and cannot confirm
if this was a similar experience for STARS mentees. These
concerns from PMs have been noted by mental health
professionals who advocate for the use of a manual in treatment
[39]. One noted suggestion is the idea of flexibility in fidelity
which refers to the implementation of an intervention protocol
that contains the core attributes for fidelity but also allows for
flexibility for each individual client [40]. A suggestion for future
implementation should include highlighting content that is
necessary. Determining what content is necessary can come
from feedback provided by licensed mental health professionals,
PMs, and mentees. Future iterations of the intervention should
include flexibility in fidelity [40] within the manual and training
by reducing content and increasing space for PMs and STARS
mentees to connect for social support.

The STARS PM intervention was developed with several
components for a culturally informed design including (1)
targeting social support, (2) skill-based training for PMs, (3)
focusing on SGM-affirming context, and (4) highlighting safety
plan use [19-23]. In our interviews with PMs, we noted how
PMs experience delivering the PM intervention to STARS
mentees and how they align with the 4 factors incorporated into
the intervention design. For the first factor of social support,
PMs reported that mentees expressed gratitude and that they
noticed improvement in their mentees. However, as mentioned
above, we did not directly collect data from STARS mentees
to determine if they felt supported by their PM. Future iterations
of the study should look to collected data from STARS mentees
and their experiences. Second, PMs highlighted the importance
and helpfulness of the skill-based training that was provided,
with MI and role-playing. All PMs noted that initial and
continual training in MI skills were helpful in conducting
sessions with STARS mentees. Some even noted even more
training in MI would be helpful. Third, PMs all noted that they
wanted to be mentors because they wanted to provide and
support the SGD community. While we did not assess whether
STARS mentees felt affirmed, we can note that the content
delivered and provided for were SGD-affirming. Finally, the
fourth component of the safety plan use was reiterated within
the training and fidelity of the PMs’ sessions with STARS
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mentees. During all sessions, PMs were asked to check in with
STARS mentees and their use of the safety plan. Some PMs
noted the difficulty in how to engage STARS mentees with the
safety plan, particularly when mentees noted that they had not
looked at or used their safety plan.

Our study provides needed context and implementation
information regarding peer-based interventions for suicide
prevention for SGDY. In a recent scoping review, Bowersox et
al [41] identified very few peer-based interventions for suicide
prevention overall. Researchers identified only 9 peer-based
interventions aimed at crisis and relapse prevention: however,
none of these focused on SGD communities. In a PM program
for older adults, Van Orden et al [42] trained senior companions
(55 years and older) on topics of confidentiality, reporting
requirements, accommodations for disabilities, and common
physical and mental health conditions but not in suicide risk.
Another program, PREVAIL (Peers for Valued Living), is a
trial for adapting peer support delivered intervention for veterans
recently hospitalized for suicidal thoughts or behaviors [43]. In
qualitative interviews with key parties (veterans with current
or recent suicide risk, suicide prevention coordinator, clinicians,
peer specialists, and a director of inpatient psychiatry),
researchers noted that peers should be trained in topics specific
to suicide prevention as well as more general clinical approaches
such as MI. These findings inspired the focus in our project of
offering practical skills training for reducing suicide risk using
a style of MI. There are possible applications of the mentoring
model developed in our study (ie, training structure, supervision

support, and MI skills) for other communities at risk of suicide,
including veterans and older adults.

Limitations and Future Directions
Limitations of our study include the small sample of PMs (n=5).
The PMs may not have been representative of the whole pool
of persons that would be PMs for our study as we were unable
to recruit directly stating PMs with lived experiences of suicidal
ideation and identify as a part of sexual and gender minority
communities. Another limitation of the study is the lack of
feedback from mentees on their experiences with PM sessions.
Future studies should include gathering qualitative data from
mentees on their experiences. Future directions should include
simultaneous mixed methods study design of qualitative
interviews with PMs and participants to understand the
relationship between peers as it relates to quantitative outcomes
(ie, thwarted belongingness) of participants identifying as SGM
emerging adults.

Conclusion
PMs are outstanding candidates for delivering suicide prevention
services, particularly when working with historically oppressed
communities, such as SGDY. In this study, we demonstrated
the feasibility and acceptability of training and implementing
peer mentorship for SGDY who are at higher risk for suicide.
PMs reported high ratings of comfort and low ratings of distress
when implementing the STARS sessions. In addition, PMs had
high fidelity ratings throughout the intervention. Finally, PMs
offered helpful suggestions for improving our STARS app and
PM content and style to improve outcomes in the future.
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Abstract

Background: Barriers to mental health assessment and intervention have been well documented within South Africa, in both
urban and rural settings. Internationally, evidence has emerged for the effectiveness of technology and, specifically, app-based
mental health tools and interventions to help overcome some of these barriers. However, research on digital interventions specific
to the South African context and mental health is limited.

Objective: This pilot study investigated the feasibility of using an app (Vimbo) to treat symptoms of anxiety and depression in
South African adults recruited from a community sample. The Vimbo app is a self-guided, cognitive behavioral therapy–based
digital intervention for common mental health difficulties developed for the South African context.

Methods: This pilot study used a naturalistic, single-arm design testing the Vimbo app over 12 weeks, from October 2020 to
February 2021. Participants were recruited through the South African Depression and Anxiety Group and social media
advertisements online. A 2-week retention period was used to allow for a minimum of 2 datasets. App usage and engagement
metrics were extracted directly from the back end of the app. Based on the model, researchers expected many users to discontinue
usage when their symptom levels entered a healthy range. Pre-post review of symptom levels was used to reflect on clinical
recovery status at discontinuation after the retention period.

Results: A total of 218 applicants met study eligibility criteria and were invited to download the Vimbo app. Of these, 52%
(114/218) of the participants registered with the app, who indicated multiple variances of depression and anxiety symptoms
ranging in severity from mild to severe. Two participants users withdrew from the study. Moreover, 69% (77/112) of users were
retained, including 8 who had technical issues with their treatment. When comparing broad uptake across all interested participants,
chi-square analysis indicated significantly reduced uptake in participants identifying as “unemployed but seeking employment”

(χ2
4=10.47; N=251; P=.03). When considering app usage for the entire cohort (n=69, excluding participants with technical issues),

there was a mean of 72.87 (SD 71.425) total module pages read, a mean of 30% (SD 29.473%) of prescribed content completed,
and a mean of 19.93 (SD 27.517) times engaging with tools and skills.

Conclusions: Our findings support the case for continued exploration of app-based interventions for treating depression and
anxiety in South Africa. Developing strategies to increase access and improve intervention uptake may prove essential to helping
mobile health interventions make as significant an impact as possible. Future research should include a randomized controlled
trial with a larger sample to further assess the efficacy of app-based interventions in treating mental health difficulties in South
Africa.

(JMIR Form Res 2025;9:e54216)   doi:10.2196/54216
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Introduction

South Africa currently has some of the poorest mental health
outcomes globally, with 36% of the population feeling distressed
or struggling [1]. Recent studies suggest that nationally, 25.7%
(874/3402) of respondents reported scores ≥10 on the Patient
Health Questionnaire-9 (PHQ-9) and 17.8% (606/3402) reported
scores of >10 on the Generalized Anxiety Disorder-7 (GAD-7),
indicating probable depression or anxiety [2]. Disorder
prevalence varies widely by geographical province, which may
reflect the variance in mental health resource availability and
allocation [2,3]. These estimates are a marked increase from
previous findings from the World Health Organization, which
estimated that 4.6% of the population lived with a depressive
disorder and 3.4% lived with an anxiety disorder [4]. This
increase is part of a more significant global increase in cases of
anxiety and major depressive disorders following the COVID-19
pandemic, including a 21.5% increase in the prevalence of these
disorders in sub-Saharan Africa [5].

There is an ever-widening divide between increasing numbers
of people experiencing mental health difficulties and access to
adequate support or therapeutic intervention, known as the
“treatment gap” [6,7]. Findings indicate that mental disorders
often go untreated despite their high prevalence and associated
impairment [6]. The treatment gap for depression and many
anxiety disorders was more than 50%, increasing to as much as
80% in low- and middle-income countries for severe cases [6,8].
Government spending on mental health is below what is needed
to adequately address this gap, with those in middle-income
countries being the most affected [8].

South Africa is no exception. Despite having dedicated
legislation, such as the Mental Health Care Act of 2002, there
remains a significant treatment gap, especially in rural areas
[9-11]. Recent studies suggest that for people in South Africa
with mental health problems, only 1 in 10 receives the care they
need [3]. This figure amounts to a staggering 92% treatment
gap before the added burden of COVID-19. South Africa faces
many barriers to bridging the treatment gap, including high
levels of comorbidity and the relationship between common
mental disorders (CMDs) and communicable diseases (such as
HIV and tuberculosis), the apartheid legacy of institutional
disparity, lack of adequate development of services, and a severe
shortage of mental health professionals [9,11]. Research into
cost-effective interventions is essential to inform policy
decisions [9-11].

The use of technology and mental health apps in bridging
barriers to this treatment gap is growing [7,9,12]. In 2018,
approximately 99.5% of the population in South Africa had
access to the 3G mobile network, and 85.7% had 4G/LTE
coverage [13]. As of January 2020, South Africa had an
estimated 3493 million active mobile web users [14].

The potential for app-based interventions to significantly reduce
the cost of treatment, increase access in difficult-to-reach

populations (such as rural communities), and reduce the need
for clinician input and time is especially relevant to the South
African context where these barriers have a more significant
impact [6,9-11]. Several studies within South Africa have shown
that mobile phones are already used as informal learning tools
by patients and health care workers [15-20].

Despite this growing evidence and the number of mobile health
(mHealth) apps, research is needed into apps designed
specifically for the South African context and market. More
generally, further research is needed to consider the
cost-effectiveness and therapeutic efficacy of interventions for
CMDs, especially mobile-based technology in South Africa
[10,11].

Vimbo Health is a mental health assessment and treatment app,
informed and developed based on a cognitive behavioral therapy
(CBT) approach. The app streams users into courses for
depression, anxiety and comorbid presentations using
standardized psychometric measures, namely, the PHQ-9 and
GAD-7. Subclinical users receive a well-being course focused
on building awareness and resilience. CBT has proven effective
in reducing symptom severity and functional impairment in
both depressive and anxiety disorders [21-25].

This study aimed to investigate the feasibility of using the
Vimbo app to reduce symptoms of anxiety and depression within
an adult South African cohort. Using a single-arm, naturalistic
design, we sought to pilot the app within a community sample
as a self-guided intervention for those interested in supporting
their mental health. We hypothesized that if offered a self-guided
app (Vimbo), South African adults would voluntarily engage
with the app to improve their mental health. We further
hypothesized that Vimbo would reduce common symptoms of
anxiety and depression symptom severity within 12 weeks of
initial usage. Testing Vimbo’s safety and efficacy provides
valuable knowledge about using app-based mental health
interventions in South Africa.

Methods

Study Design and Procedure
This study used a naturalistic, single-arm design to assess the
acceptability of a self-guided, digital intervention to reduce
symptoms of depression and anxiety in South African adults,
using multiple repeat measures administered in the app over 12
weeks.

Interested individuals provided consent (Multimedia Appendix
1) and completed a demographic questionnaire and PHQ-9
online via a web form. Eligible participants were invited to
participate via email, offered technical support, and given 2
weeks to download and register with the app (February 1-15,
2021). App registration included completing the PHQ-9, GAD-7,
and Work and Social Adjustment Scale (WSAS). Participants
self-managed app engagement with psychometric measures
administered biweekly in the app. Data were collected directly
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from the app over 12 weeks (ended May 10, 2021). At the
study’s end, participants received a user experience
questionnaire to collect qualitative feedback and were offered
an opportunity to debrief with a researcher. Participants had 2
weeks to complete and submit the user experience questionnaire
on the web. This study does not include these qualitative data,
which will be reported separately.

Ethical Considerations
This study received ethical clearance from the Human Sciences
Research Council (HSRC) of South Africa on August 28, 2020.
The HSRC Research Ethics Committee (REC) is registered with
the South African National Health Research Ethics Council
(REC-290808-015). The HSRC REC has the US Office for
Human Research Protections Federalwide Assurance
(organization 0000 6347). All participants signed a research
study information and consent form via a web-based portal
using a standardized form provided by the HSRC. Received
consent forms were reviewed by researchers to ensure proper
completion. All interested individuals were encouraged to
contact the researchers should they have any question or wish
to discuss their participation. Participation in the research was
completely voluntary, with participants able to withdraw from
the study at any point during the study period. The study was
available to anyone comfortable communicating in English.

The Vimbo app is designed specifically for low data usage, both
during download and regular use. The app has offline capability;
as such, course content is downloaded once at the point of
registration. Guided audio meditations are downloaded once
when first played, so further playing does not consume any
additional data. The app syncs to our back end when in daily
use; however, expected use should not exceed 0.5 MB of data
per day. The app is expected to use 126 MB over the 3-month
study period. As such, participants were offered a once off
reimbursement of R29.00 (approximately USD 2) to cover data
usage based on local data costs.

Personally identifiable information stored in the mobile app
back end was held on an encrypted Google cloud database,
access to which was password protected and tightly controlled
by the chief executive officer. Access to the back end is limited
to only the chief executive officer and the software developer
and restricted to critical use cases.

Data extracted from the back end were anonymized by removing
or obfuscating personally identifiable information (name, email
address, and phone number). Extracted data were kept in a
password-protected and encrypted web-based folder hosted by
Google with access granted only to the researchers. All
electronic files generated by the research were maintained in
the same electronic folders. Google Drive offers encryption and
restricted access rights.

Informed consents and prescreening data were captured and
stored electronically using the platform Jotform, which is
password protected, is encrypted, and meets high security
standards. Participants were anonymized through the use of
coded identifiers, with any personally identifiable information
including contact details stored in a separate, password-protected
folder. Data were accessible only to the researchers and, due to
necessity, the chief executive officer of Vimbo Health Ltd.

Participants
Participants were recruited through the South African
Depression and Anxiety Group and paid social media
advertisements on Facebook from October 2020 to February
2021. Advertisements informed potential volunteers that the
study assessed the effectiveness of an app for anxiety and
depression over 12 weeks. Participation inclusion criteria
included the following:

1. 18 years of age or older
2. South African residency
3. Access to an Android phone for the duration of the study
4. Comfortable using the app in English

Participants considered at risk of suicidality or self-harm as
measured by a response of 2 and greater on question 9 of the
PHQ-9 were excluded from participation in the intervention.
Follow-up risk assessments and signposting were offered to
these individuals.

A total of 4 participants were excluded based on technical
criteria and 3 withdrew. An additional 36 were excluded due to
risk concerns (PHQ-9 question 9 score of ≥2). Details of the
flow of participants through recruitment and study are shown
in Figure 1.
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Figure 1. Flowchart of participants. DP2 is at 2 weeks after registration. DP2: data point 2.

Instrument and Procedure Overview
Interested persons were directed via a web-based link to a
Jotform page for further study information and consent.
Following digital receipt of study consent, individuals were
asked to complete a demographic questionnaire and the PHQ-9
to help assess suitability for study participation. Following
review of the consent form, demographic questionnaire, and
PHQ-9 for inclusion and exclusion criteria, individuals were
advised of their suitability for the study via their preferred
communication mode.

Those participants who met the inclusion criteria and none of
the exclusion criteria were invited to participate in the
intervention and given 2 weeks to download and register with
the app (February 1-15, 2021). Technical support was offered
to participants to aid this process.

The registration process included the following:

1. Offering some brief information on the frequency of mental
health problems and about the app, namely, that it is CBT
based and aimed at assessing and treating mental health.

2. Entering their mobile number to get started. This number
is used to text message a security code to authenticate the
device.

3. Registering their details, including preferred name, email
address, age, gender, and employment status.

4. Reading and agreeing to the terms and conditions.
5. Completing the PHQ-9 and receiving feedback on their

score.

6. Completing the GAD-7 and receiving feedback on their
score.

7. Completing the WSAS and receiving feedback on their
score.

8. Completing a brief questionnaire on well-being.
9. Receiving feedback on the overall presentation.

After completing the registration process, participants
self-managed their app engagement except for the psychometric
measures, administered through pop-ups in the app every 2
weeks. Data were collected directly from the app over 12 weeks
(ended May 10, 2021).

Interventions
Following in-app registration, participants were placed into 1
of the following 6 treatment courses, based on their symptom
profile:

1. Depression courses (PHQ-9 >10 or WSAS >20)
2. Anxiety course (GAD-7 >10)
3. Comorbid depression and anxiety course, addressing

depression first (PHQ-9 and GAD-7 both >10)
4. Comorbid depression and anxiety course, addressing anxiety

first (PHQ-9 and GAD-7 both >10)
5. Subclinical course focused on general well-being (for users

who present with none to minimal symptom severity)
6. Low activity (subclinical scores, WSAS >20)

Users in the low activity group receive the same treatment
course as those in the depression group.
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Our courses are structured around CBT-based modules, which
focus on skills development and encourage real-world practice.
To support participants, we provide in-app tools and skills pages
that facilitate the completion of suggested practice exercises,
reflection, and skill integration. Measures are readministered
fortnightly in the app. These allow the user to reflect on the
impact their new skills are having on their symptom profiles.
While no additional support is provided outside technical help,
21 random pop-up notifications are strategically used to
encourage engagement. Details of course content and tools are
included in Multimedia Appendix 2.

Outcome Measures
App usage and engagement were measured by tracking
interactions with the various aspects of the app, including
content, skills, and tools. We also considered the percentage of
overall content completed with the specific treatment course.
Unfortunately, we could not reliably use the time stamp
information to calculate the overall time spent on the app and
individual session data due to possible inconsistencies in how
these back-end data were collected. Participants were considered
retained if they entered at least 2 complete sets of measures
(PHQ-9, GAD-7, and WSAS), including those completed during
registration.

In-app outcome measures allow the users to track their progress
and symptom changes as a result of their efforts. These include
the PHQ-9, GAD-7, and the WSAS [26-30].

1. PHQ-9: 9 items, 4-point Likert scale, measures depression
severity (cutoffs: 5, 10, 15, and 20).

2. GAD-7: 7 items, 4-point Likert scale, measures anxiety
severity (cutoffs: 5, 10, and 15).

3. WSAS: 5 items, 8-point Likert scale, measures functional
impairment (cutoffs: 10 and 20).

Both the PHQ-9 and the GAD-7, widely used in research and
clinical practice in health care and community settings, have
shown reliable sensitivity within the general population [31,32].
These measures have also been tested for reliability in South
Africa [33-36]. The WSAS, on the other hand, has proven to
be a reliable and valid measure of impaired functioning, offering
enough sensitivity to be an effective outcome measure [36,37].
All 3 measures were self-administered within the app, at
registration, and every 2 weeks after that for the duration of the
study, ensuring the credibility of our results. Reviewing pre-post
changes on these measures allowed us to look at how clinical
recovery may impact discontinuation with the app, with
researchers theorizing that clinical recovery may coincide with
discontinuation of the app in line with the underpinning
theoretical model. Participants met clinical recovery if their
final scores were below 10 on the GAD-7 and PHQ-9 after
having initially scored above 10 on either measure.

Statistical Analysis
All data analysis was conducted using IBM SPSS Statistics
software (version 28; IBM Corp). Unless otherwise stated, the
significance level for all tests was set to α=.05.

Demographic differences based on intervention uptake,
retention, and recovery status were analyzed using chi-square

and independent 2-tailed t tests. Frequency tables captured app
usage and engagement. Unfortunately, due to technical issues,
we could not accurately collate time-relative session data and,
as such, could not reliably calculate the total number of usage
sessions or the total amount of time spent on the app. Due to
the small number of participants in the 2 comorbid streams,
these were collapsed into a single group for analysis. Pre-post
comparisons of symptoms levels on the PHQ-9 and GAD-7
allowed us to establish clinical recovery status. For these
calculations, data collected during registration were compared
with the last full set of primary measures completed in the app,
regardless of the time point at which this was submitted (so
entry and exit measures only). Therefore, any participants who
completed only some of the primary measures would have their
previous complete set of measures used for analysis.

Results

Participant Characteristics
A total of 218 people were invited to download and register the
app. Moreover, 47% (104/218) of those invited did not register
or no longer met criteria to participate in treatment. A total of
114 participants registered with the app; however, 2 withdrew
from the study, leaving a total sample size of 112 participants.

The mean age of participants (n=112) was 35.21 (SD 9.6) years.
The average PHQ-9 score was 9.58 (SD 6.02). In terms of
ethnicity, 35% (39/112) identified as Black African, 34%
(38/112) as White, 10% (11/112) as Coloured, 5% (6/112) as
Indian, and 16% (18/112) as belonging to another ethnic group.
The gender distribution was predominantly female, with 83%
(90/112) identifying as female and 17% (21/112) as male.

Regarding primary language, 11% (12/112) of the participants
spoke Afrikaans, 64% (72/112) spoke English, 11% (12/112)
spoke isiZulu, and 14% (16/112) spoke another language. When
asked about their current health condition, 43% (48/112)
reported having a health condition, 53% (59/112) reported no
health condition, and 5% (5/112) preferred not to say.
Furthermore, 65% (31/48) of those who reported having a health
condition reported a mental health issue. Employment status
among the participants showed that 61% (69/112) were in some
form of employment, 19% (21/112) were unemployed but
seeking work, and 20% (22/112) fell into other categories.

When comparing broad uptake across all interested participants,
chi-square analysis indicated significantly reduced uptake in
participants identifying as “Unemployed but seeking

employment” (χ2
4=10.47; N=251; P=.03). Participants

identifying with this employment category had the highest
representation of those who did not register with the app
(49/139, 35.3%). Also, those who categorized themselves as
having a mental health diagnosis were significantly more likely
to register (31/112, 28%) than those who did not identify as

having a mental health diagnosis (81/112, 72%; χ2
1=8.56;

N=251; P=.003). No other significant demographic differences
were found based on intervention uptake (all P>.05).

Moreover, 69% (77/112) of users were retained using a 2-week
metric, with 31% (35/112) dropping out before completing a
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second set of measures in the app. Also, 45% (50/112) of users
submitted a third set of measures, 29% (33/112) a fourth set,
22% (25/112) a fifth set, 12% (14/112) a sixth, and with only
5% (6/112) submitting a sixth set of measures at 12 weeks.

Table 1 looks at retention rates based on treatment group and
symptom severity level. Moreover, 6% (2/35) of those
participants who dropped out were missing treatment course
data due to technical problems. Analysis of demographic
information found no statistically significant differences
associated with study retention (all P>.05). These percentages

correspond to the overall proportionality in each treatment
group.

Ten participants were missing treatment course information or
had been placed in the incorrect treatment course due to
technical error. Two (20%) of these 10 participants dropped out
and 8 (80%) were retained. Of those who were retained, 7 (88%)
of the 8 met the clinical symptom severity level criteria—neither
of the participants who dropped out met the criteria for clinical
symptom severity level (0/2, 0%).

Table 1. Comparison of treatment group allocation and symptom severity levels between retained and dropped out study participants.

Dropped out (n=35)Retained (n=77)Variable

35 (31)77 (69)Participants (n=112), n (%)

Treatment group, n (%)

10 (29)32 (42)Subclinical group

12 (34)21 (27)Depression group

7 (20)13 (17)Comorbid group

4 (11)11 (14)Anxiety group

2 (6)N/AaUnknown due to technical error

Depressive symptom severity, n (%)

7 (20)13 (17)Minimal

7 (20)25 (33)Mild

17 (49)21 (27)Moderate

4 (11)12 (16)Moderately severe

N/A6 (8)Severe

Generalized anxiety disorder symptom severity, n (%)

9 (26)17 (22)Minimal

13 (37)26 (34)Mild

9 (26)23 (30)Moderate

4 (11)11 (14)Severe

aN/A: not applicable.

App Usage
When considering overall app usage for the entire cohort (n=69,
excluding participants with any technical issues), there was a
mean of 72.87 (SD 71.425; range 0-278; mode 0) total module
pages read, a mean of 3.36 (SD 2.169; range 0-10; mode 3) total
modules accessed, and a mean of 19.93 (SD 27.517; range
0-126; mode 0) times engaging with tools and skills. Users

(n=69) completed a mean of 30% (SD 29.473%; range
0%-100%; mode 0%) of prescribed content. Table 2 compares
app usage and engagement across treatment groups.

There were no significant differences in app usage between
those who met clinical recovery criteria and those who did not.
Similarly, no significant correlations were found between
changes in primary measures and app usage (all P>.05).
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Table 2. App usage across treatment groups (total n=69, excluding users with technical errors).

Prescribed content completed (%)Tools/skills usage (n)Module pages read (n)Group

Depression group (n=19)

29.40 (24.623)19.05 (22.225)69.68 (58.357)Mean (SD)

8986210Range

0a8a0Mode

Anxiety group (n=9)

28.77 (31.151)31.22 (37.181)77.67 (84.109)Mean (SD)

97119263Range

0a40aMode

Comorbid group (n=13)

20.07 (22.086)12.54 (28.070)66.85 (73.546)Mean (SD)

78104260Range

5a318aMode

Subclinical group (n=28)

34.21 (34.832)20.32 (27.356)76.29 (77.676)Mean (SD)

100126223Range

00a0Mode

aMultiple modes exist. The smallest value is shown.

Symptom Status at Discontinuation
The intervention follows a least intervention first approach,
meaning that users are expected to engage with the app as
needed until their symptoms return to a healthy level. Since
CBT is time limited, the app focuses on real-world integration
of the skills and techniques taught, with users expected to reduce
engagement or discontinue use as their symptoms improve.
Considering this, we have included a review of the recovery
status of users based on their last complete set of measures
submitted in the app, as an indicator of symptom status at point
of discontinuation (last set of complete measures submitted in
the app).

Of the 69 users who indicated clinically severe symptom levels
at registration, 25% (17/69) met clinical recovery, 35% (24/69)
did not meet clinical recovery, and 41% (28/69) did not have
initial scores high enough to be considered before discontinuing
use (last set of measures). Of those with clinical symptom levels

at registration, 42% (17/41) met clinical recovery and 59%
(24/41) did not meet clinical recovery based on their last
submitted measures.

Moreover, 58% (11/19) of the depression course, 44% (4/9) of
the GAD course, and 31% (4/13) of the comorbid course met
recovery on the GAD-7 in their final scores. Also, 53% (10/19)
of the depression course, 44% (4/9) of the GAD course, and
46% (6/13) of the comorbid course met recovery on the PHQ-9
in their final scores.

Based on current evidence, UK National Institute for Clinical
Excellence guidelines recommend offering low-intensity CBT,
including computerized CBT, for those individuals presenting
with mild to moderate symptom levels and not for those
individuals with moderate to severe symptom levels [38-41].
Considering this, Table 3 shows retention and clinical recovery
status at discontinuation, when removing participants with
severe symptom levels at registration.

Table 3. Retention and clinical recovery status at discontinuation or study end (excluding participants with severe symptom levels).

Clinical recovery met, n (%)Retained past DP2a, n (%)Dropped out, n (%)Total participants, n

16 (52)31 (61)20 (39)51Clinical cohort

9 (50)18 (60)12 (40)30Depression group

3 (100)3 (75)1 (25)4Anxiety group

4 (40)10 (59)7 (41)17Comorbid group

aDP2: Data point 2.
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Discussion

Principal Findings
This pilot study sought to test the feasibility of a self-guided,
CBT-focused, mental health app–based intervention for South
African adults who are experiencing mild to severe symptoms
of depression and anxiety. Using an app specifically designed
for the South African environment, we recruited 112 South
African adults online and through support services, who were
interested in using a mental health app. Participant engagement
with the app was completely self-driven, with only technical
support offered to users. Study retention rates and app usage
indicate great potential for mHealth-based treatment; however,
further technical development may be necessary to encourage
greater engagement with content and tool use. In line with the
treatment model, data suggest that most users who discontinued
usage beyond the retention period did so after meeting clinical
recovery. Although small, this pilot study is one of the first to
test the usage case for an app-based intervention designed,
developed for, and delivered within the South African context
using a CBT model. Overall, these results support the continued
exploration of using app-based interventions within the South
African context to support the diagnosis and treatment of
depression and anxiety.

In their survey of a low-income community in Johannesburg,
van Rie and colleagues [42] found that 23% (283/1230) of the
participants reported mild to severe depression. In our study,
27% (21/77) of the participants reported clinically significant
depressive symptoms and 14% (11/77) reported clinically
significant anxiety levels. Moreover, 17% (13/77) of the
participants reported clinically significant depression and anxiety
symptoms. Comparing our findings with a 2022 national survey
where 25.7% (874/3402) of respondents reported PHQ-9 scores
of 10 and greater and 17.8% (606/3402) reported scores of 10
and greater on the GAD-7 allows us to see better the impact the
COVID-19 lockdown had on mental health [2].

Several authors have reflected on the disparity between
individual enrollment and initiation in self-guided web-based
interventions, with a systematic review finding that 33% to 88%
of users who downloaded the app used it at least once [43-45].
Our uptake and retention rates are comfortably on the higher
end of this scale and offer further evidence supporting the
intervention. Other mental health app–based intervention studies
report retention rates ranging from 5.5% to 70% after 30 days
[46,47]. Our retention rates ranged from 69% at 2 weeks, 29%
at 8 weeks, and 5% at 12 weeks. This steady reduction in
retention is in line with the app model, which focuses on
real-world integration of skills and learning with users expected
to use the app for only as long as they need to reduce their
symptoms to healthy levels. It further reflects the differing
lengths of courses and individual progression through the
intervention.

There was significantly reduced uptake in those identified as
“unemployed but seeking employment.” This association may
be due to issues with communication during the recruitment
and app registration process, especially since subsequent
analysis found no significant relationship between employment

and retention. Several mHealth studies have found reduced
retention in those who identified as unemployed [46,48]. The
significantly increased uptake in those participants who reported
having a mental health diagnosis suggests that already having
a mental health diagnosis may act as a motivator for seeking
support and engaging in research.

We found that users in a clinical course completed an average
of 26% of their prescribed content, equating to approximately
2.1 modules completed per user. In a similar study, the
participants completed an average of 2.6 (SD 2.7) modules.
However, this included some access to coaching [49]. Aizenstros
et al [46], in their study of a smartphone-delivered behavioral
activation intervention, found that users completed an average
of 5.46 (range 1-65; n=238) app-based activities over 30 days.
Their findings were comparable with those of Watts et al [50],
whose study participants’mean aggregated score for homework
completion within the mobile-based intervention was 11 (range
6-17; n=35).

Although usage is comparable, if not higher than other
app-based interventions, numerous studies suggest that outcomes
may be further improved if a mental health care professional
guides the digital intervention [51-53]. Anton et al [49] found
increased treatment outcomes and engagement in participants
who completed at least 4 modules compared with those who
completed fewer, suggesting a minimal dosage effect. However,
it is tricky to know since interventions may not be directly
comparable in amount and length of content [49]. However, in
a similar small-scale pilot, Moghimi et al [54] found significant
improvements in the GAD-7 and PHQ-9 for participants of their
9-week mHealth intervention. Their study had better overall
retention, suggesting room for improving intervention efficacy
through increased treatment adherence. Considering the
scalability and impact on accessibility that mHealth interventions
offer, even small gains can lead to considerable public health
gains [23]. As other authors have noted, this is especially
relevant to vulnerable populations, including those who may
be geographically isolated and those with limited access to
suitable resources [19,55].

As mentioned, there is a significant treatment gap related to the
assessment and treatment of mental health disorders, specifically
those individuals with a comorbid diagnosis, that is, evidenced
by 2 or more mental health difficulties or disorders experienced
simultaneously. The applicability of mHealth for people
accessing mental health services and the possibility of reducing
hospital admissions and improving symptom severity,
engagement, and treatment are undeniable for clinical practice.
Furthermore, this applicability extends to using mHealth as a
stand-alone process or a process used in conjunction with other
mental health care interventions, such as individual and group
therapy or support groups and psychiatric interventions. The
potential for app-based interventions to significantly reduce the
cost of treatment, increase access in difficult-to-reach
populations (such as low-income or rural communities), and
reduce the need for clinician input and time is especially relevant
to the South African context where these barriers have a more
significant impact [6,9-11,19,56].

JMIR Form Res 2025 | vol. 9 | e54216 | p.1758https://formative.jmir.org/2025/1/e54216
(page number not for citation purposes)

Steyn & SlabbertJMIR FORMATIVE RESEARCH

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


The app allows users to track their symptom progression easily,
is designed for low data usage, and includes offline functionality.
Furthermore, the app can be accessed using a voucher code and
text message verification, allowing almost immediate access
without professional guidance. This feature increases immediate
access to treatment and reduces barriers such as wait times,
travel and transport difficulties, and stigma. This is especially
noteworthy in light of the findings by Forman-Hoffman et al
[57], whose investigation found no significant differences
between participants in underserved rural or metropolitan areas
regarding usage, satisfaction, and treatment outcomes.

The Vimbo app has multiple usage cases, including as a
stand-alone intervention or as a therapeutic tool and resource.
This adaptability allows it to be integrated at various care levels
within a stepped-care system to effectively create easily
personalized intervention options into current health systems
[12,23]. Using this stepped-care implementation directly into
current health systems encourages a reduced caseload for care
providers and better use and distribution of resources [7,10].
Furthermore, research suggests that using a blended CBT model
that integrates a digital program may improve working alliance
and outcomes, suggesting that treatment as usual may benefit
by including access to the Vimbo app [58].

Strengths and Limitations
This pilot study possesses several strengths. One of the primary
strengths is its contextual relevance, as it is among the first to
explore app-based digital interventions within the South African
context. This offers valuable insights into the scalability of such
interventions to larger settings and services. The study’s
naturalistic setting, community orientation, and diverse
participant age range offer realistic and generalizable insights
into everyday usage and engagement. The research points to
future digital intervention developments for rural and urban
South Africa and has provided Vimbo Health with data for app
improvements.

However, it is important to note the study’s limitations, which
could impact the generalizability of the findings. While
qualitative data on user experiences were collected, they were
not included in this report due to the significant amount of
quantitative data, with plans to publish these findings separately.
The small sample size limits the statistical power of the study,
making it challenging to extend the findings broadly. The
context of the pandemic may have influenced user registration,
engagement, and outcomes, indicating a need for further
research in nonpandemic conditions. The reliance on
self-reported data could introduce biases and affect the accuracy
of the results. The app’s availability only in English excluded
non-English speakers. Future iterations should consider
localizing the app to include all South African languages.

Conclusions
This pilot study takes the first critical steps to establish the
feasibility of using self-guided, app-based treatment for anxiety
and depression to help address the substantial mental health
treatment gap in South Africa. The 69% (77/112) retention of
users for a minimum of 2 weeks shows that mHealth
interventions are a viable treatment modality, acceptable to the
South African community. However, only 52% (114/218) of
individuals invited to participate in the research registered with
the app, suggesting the potential for greater impact if the access
and onboarding process can be refined and improved to increase
uptake. Overall, our results show promise for the use of digital
technologies in addressing symptoms of anxiety and depression
in South African adults struggling with their mental health.
However, due to the pilot nature of this study and the limited
number of other studies in this field within South Africa that
have examined the use of digital interventions, further studies
are needed to better understand treatment parameters including
efficacy and dosage response. Large-scale, longitudinal studies
are necessary to better assess the impact digital interventions
have on mental health symptoms. Findings from this initial
study offer support for app-based psychological interventions
to bridge the ever-widening treatment gap.
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Abstract

Background: Opioid medications are important for pain management, but many patients progress to unsafe medication use.
With few personalized and accessible behavioral treatment options to reduce potential opioid-related harm, new and innovative
patient-centered approaches are urgently needed to fill this gap.

Objective: This study involved the first phase of co-designing a digital brief intervention to reduce the risk of opioid-related
harm by investigating the lived experience of chronic noncancer pain (CNCP) in treatment-seeking patients, with a particular
focus on opioid therapy experiences.

Methods: Eligible patients were those aged between 18 and 70 years with CNCP at a clinically significant level of intensity (a
score of ≥4 of 10). Purposive sampling was used to engage patients on public hospital waitlists via mail or through the treating
medical specialist. Participants (N=18; n=10 women; mean age 49.5 years, SD 11.50) completed semistructured telephone
interviews. Interviews were transcribed verbatim, thematically analyzed using grounded theory, and member checked by patients.

Results: Eight overarching themes were found, listed in the order of their prominence from most to least prominent: limited
treatment collaboration and partnership; limited biopsychosocial understanding of pain; continued opioid use when benefits do
not outweigh harms; a trial-and-error approach to opioid use; cycles of hopefulness and hopelessness; diagnostic uncertainty;
significant negative impacts tied to loss; and complexity of pain and opioid use journeys.
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Conclusions: The findings of this study advance progress in co-designing digital brief interventions by actively engaging patient
partners in their lived experiences of chronic pain and use of prescription opioid medications. The key recommendations proposed
should guide the development of personalized solutions to address the complex care needs of patients with CNCP.

(JMIR Form Res 2025;9:e57208)   doi:10.2196/57208

KEYWORDS

chronic noncancer pain; prescription opioid use; brief intervention; co-design; patient partners; lived experience; qualitative;
digital health

Introduction

Opioid therapy is recommended as part of a multimodal
approach to manage acute, postoperative, and cancer pain [1].
There is considerably less evidence on the effectiveness of
opioid therapy for patients with chronic noncancer pain (CNCP)
[2,3], and meta-analyses show modest CNCP relief [4]. The
risks of adverse side effects [5], including opioid-related
overdose death [6,7], remain a major public health concern
[8-11], especially as (1) access to interdisciplinary rehabilitation
is restricted by cost, treatment intensity, geography, demand
[12-16], and patient fears about opioid discontinuation [17-19]
and (2) the effectiveness of behavioral and pharmacological
treatments to reduce the risks of opioid use in patients with
CNCP is inconclusive [20,21].

Digital brief interventions (BIs) may offer a nonpharmacological
option to reduce opioid-related harm [22,23]. BIs are widely
used in substance use treatment, and they involve screening,
feedback assessment, education, and goal setting, motivating
those at risk to modify substance use and engage in further
treatment if required [24]. BIs are effective in reducing
substance use and related harm in various settings (eg, primary
care and emergency departments) [25,26] and have shown
similar effectiveness to more intensive psychological therapies
[27,28]. Digital BIs are becoming an increasingly attractive,
scalable technological innovation in the management of pain
that may be just as effective as in-person BIs in reducing
substance use and related harm [29]. The use of digital BIs in
the CNCP population is still in its infancy, but there is interest
among patients in these types of interventions [23,30].

Broadly speaking, as effective as digital health interventions
(DHIs) are, they are not widely adopted in practice [31,32]. One
of the main reasons is that key stakeholders (eg, patients and
health professionals) have not been a part of the solution design
[33-36]. Research co-design, that is, the meaningful involvement
of end users in the design, implementation, and translation of
research, has the potential to reduce the risk of research failing
to translate into practice [37]. Co-design offers a means to
increase the success of DHIs by aligning with user needs and
preferences [38,39].

Co-design of DHIs for CNCP has not made significant progress
over the past decade [40]. Most DHIs for pain or medication
use are developed by the for-profit software industry [41], lack
a theoretical framework [42] and evidence base [43]. Only 19%
of studies involve end users in the development process, and
this is usually in an ad hoc manner [44]; few studies support
clinician access or involvement [42,44,45].

Using a co-design approach with patient partners makes it
possible to design a fit-for-patient-purpose digital BI, which
may accelerate its adoption and impact considerably. The first
step of the co-design of DHIs is to obtain a rich and deep
understanding of people’s experiences within the disease
management context while also sensitizing them to the problem
space [46,47]. Despite the diverse and unique lived experiences
of those with CNCP (eg, [48,49]), DHIs are rarely designed in
partnership with this patient population. This study aimed to
understand the lived experiences of patients with CNCP with
a particular focus on opioid therapy—the first important step
of co-design. The patients were informed of the overall goal to
co-design a digital BI and then asked to describe their
experiences of CNCP (past, present, and future) management,
including opioid therapy. This new knowledge will inform future
steps in the co-design process of digital BIs for the population
that is most at risk of harmful use of opioid medicines.

Methods

Participants
Participants were eligible if they were aged between 18 and 70
years, living with CNCP (defined as a sensory and emotional
experience that lasts or recurs for ≥3 months), and seeking
treatment from public health specialist addiction or pain services.
Participants were also required to report clinical levels of pain,
as indicated by scoring ≥4 out of 10 on the Pain Numerical
Rating Scale on average over the past week.

Participants were excluded if they were assessed as being highly
distressed (based on scores ≥13 on the Kessler Psychological
Distress Scale [50] and follow-up telephone risk assessments
by the research team psychologists [RE and KB]); were
non–English speaking; had a history of recent injecting drug
use; or had currently tested positive with SARS-CoV-2. In
addition, patients recruited from addiction services were
excluded based on the clinical judgment from the addiction
specialist if they had an acute, severe mental illness (eg, active
psychosis).

Design
A co-design approach [51] was used. We applied the co-design
framework by Sanders and Stappers [47] and updated by
Noorbergen et al [46] during the co-design of the digital BI. It
outlines 6 iterative co-design phases: predesign, generative,
prototyping, evaluative, implementation, and postdesign. Figure
1 presents an overview of the co-design framework. This study
reports on the first phase of the iterative co-design development
process – the exploration of patient experiences as part of
predesign (ie, contextual inquiry). A systematic review
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examining the state of the evidence and an adjunctive study
examining patient preferences for BIs to reduce pain, opioid

use, and related harm was also conducted as part of the first
phase and is reported elsewhere [23].

Figure 1. Overview of the iterative co-design framework used in this study. The predesign phase, denoted by the box highlighted in green, is reported
in this study.

Recruitment
Treatment-seeking patients who were currently using
prescription opioids or had a history of opioid use were
purposively sampled. Participants with CNCP were recruited
through a tertiary hospital specialist pain clinic or community
addiction specialist service. Patients from the pain clinic were
engaged by mailing an information pack inviting those on the
waitlist to participate. Participants from the hospital addiction
service were invited by the medical specialist and a member of
the research team (RE) during their on-site appointment at the
clinic. The final sample size was determined by thematic
saturation using the approach outlined by Guest et al [52],
applied during the data collection and inductive thematic
analysis phase using 3 components: base size, run length, and
new information threshold. The base size refers to the body of
information identified in the initial dataset (ie, initial number
of themes) and is used as a denominator of the saturation ratio.
The run length refers to the number of interviews or other data

collection events based on which new information or themes
are identified. New information threshold refers to the level of
information accepted as indicative of saturation. A new
information threshold of ≤5% was selected to indicate that we
had reached adequate saturation.

Procedure
Recruitment and interviews were completed from June to
November 2020. Participants completed an initial telephone
screening interview for us to determine eligibility. If eligible,
patients completed a web-based questionnaire before the
interview for descriptive purposes and to provide background
to guide the interview. Interviews were audio-recorded,
professionally transcribed verbatim, and thematically analyzed.
Member checking of themes by patients who participated in the
interviews was conducted during a follow-up workshop, which
focused on the design components of the BI (not reported in
this study). Figure 2 presents a summary of patient flow.
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Figure 2. Patient flow.

Measures

Demographics
Demographic data, including age, sex, and cultural background,
as well as information on pain location, duration, intensity, and
current medications were collected. Data on history of mental
health or substance use disorder were also collected.

Brief Pain Inventory
The Brief Pain Inventory [53,54] is an 8-item measure that
assesses the pain experience, including location of pain, pain
intensity and interference on a scale from 0 (no pain) to 10 (pain
as bad as you can imagine). Scores are summed to produce 2
separate scores of pain intensity and pain interference, with
higher levels indicating greater intensity and interference. An
example item is as follows: “Please rate your pain by circling
the one number that best describes your pain at its worst in the
last week.” The Brief Pain Inventory is a validated and widely
used measure in clinical settings with efficacy in both patients
with cancer pain and those with chronic, noncancer pain [53,54].

Kessler Psychological Distress Scale
The Kessler Psychological Distress Scale [50] is a 6-item
measure used to assess a person’s level of psychological distress.
Participants were asked how often they have felt a range of
emotions over the past 4 weeks (eg, “How often did you feel
anxious?”). Responses are scored on a 5-point scale (0=none
of the time; 4=all of the time). Scores ≥13 indicate the presence
of a possible mental illness [50]. This scale has demonstrated
excellent reliability [50].

Depression, Anxiety, and Stress
The 21-item Depression Anxiety Stress Scales [55] asked
participants to rate to what degree depressive, anxiety, or stress

symptoms have impacted them in the previous week on a scale
from 0 (did not apply to me at all) to 3 (very much or most of
the time). Items from each subscale were summed and multiplied
by 2 to denote a patient’s current level of depression, with higher
scores reflecting higher levels of depression. An example item
from the depression subscale is as follows: “I felt that I had
nothing to look forward to.” The 21-item Depression Anxiety
Stress Scales has previously been shown to be a reliable and
valid tool in a chronic pain sample (Cronbach α=0.96 for
depression, Cronbach α=0.89 for anxiety, and Cronbach α=0.95
for stress) [56].

Current Opioid Misuse Measure
The Current Opioid Misuse Measure (COMM) [57] consists of
17 items measured on a 0 (never) to 4 (very often) scale, which
asks patients about their current opioid use behaviors. Scores
are summed, with higher totals reflecting higher levels of opioid
misuse. An example item is as follows: “In the past 30 days,
how often have you taken your medication differently to how
they are prescribed?” The COMM is a validated and reliable
measure within chronic pain samples, with previous research
reporting Cronbach α=0.86 [57-59].

Semistructured Interview
Semistructured interview questions explored patient experiences
and their initial perspectives of a digital BI (Multimedia
Appendix 1). Participants were first informed about the overall
aim of the research, to co-design a digital BI to reduce risk of
unsafe use of prescription opioid medications. They were then
asked about their past, current, and future experiences of pain
and pain management; access to treatment services and programs
including psychologists and psychological treatment; and
specifically, their experience of using prescription opioids. Then,
suggestions for the design and implementation of the digital BI
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were explored; however, these will be reported in a separate
paper as part of the second (generative) phase of the co-design
process [46,47]. All interviews were conducted by RE, a clinical
psychologist, and KB, a psychologist, both with expertise in
treatment of chronic pain and qualitative research. Field notes
were made after the interviews to record the interviewer’s
observations and impressions.

Data Analysis
Transcripts were thematically analyzed using grounded theory
[60]. Two independent coders (RE and SP) read the transcripts
to establish familiarity. An inductive approach to coding was
used, with codes added as they were identified in the data. The
coding structure consisted of first level codes recorded
line-by-line, second level codes of possible subthemes, and third
level codes of higher order themes. Key quotes were extracted.
The analysis was conducted iteratively, with codes
cross-checked between coders approximately every 3 to 5
transcripts to identify any discrepancies, which were resolved
by further discussion. Theme refinement was undertaken
between the coders and another interviewer (KB), integrating
the interviewer’s field notes to aid interpretation and reduce
coder bias.

Member checking [61] was conducted in a subsample (n=7) of
interviewed participants in subsequent workshops to explore
the validity of the themes as part of the assessment of data
saturation approach, that is, to check whether the themes were

consistent with the participant’s experience. This involved
facilitators providing verbal feedback on the themes integrated
with the workshop activities. We sought disconfirming voices
(objectivism) and provided opportunities for reflection on
personal experiences, creating opportunities to add data
(constructivism) [62].

Ethical Considerations
Ethics approval was obtained from the relevant institutional
review boards (HREC/2020/QMS/60695). All participants
provided written informed consent. Study data were deidentified
for analysis, and any identifying information was removed
before publication, including patient numbers, to ensure
complete anonymity. All participants were offered an Aus $50
(US $33) gift voucher for each session attended to thank them
for their time.

Results

Data Saturation Analysis
Table 1 presents a summary of the data saturation analysis. We

reached adequate saturation (≤5% threshold) after 16+2 in-depth
interviews. The final 2 extra interviews did not add substantially
to the body of information collected; however, these ensured a
purposive sampling approach included a balance of male and
female participants and people from various culturally and
linguistically diverse backgrounds.

Table 1. Data saturation analysis.

OutcomeStep

8 × PID_Pb interviews1. Number of themes for the base interviewsa

5 new themes from 4 × PID_Ac interviews2. Number of unique themes for the first run

Number of new themes/run: 5/30 = 17% (>5% threshold); continue with
interviews

3. Saturation ratio

2 new themes from 5 × PID_A interviews and interviewer reflections:
2/30=7%

4. Number of new, unique themes for the next run

7% (>5% threshold); continue with interviews5. Updated saturation ratio

1 new theme from 2 × workshop member checking: 1/30=3%6. Number of new unique themes for the next run

3%, less than ≤5% threshold7. Updated saturation ratio

1 new theme from 1 × PID_A and 1 × PID_P interview: 1/30=3%8. Number of new unique themes for the next run (to address gaps in demo-
graphics)

3%, ≤5% threshold9. Updated saturation ratio

aDenominator in the equation.
bPID_P: patients from the pain clinic.
cPID_A: patients from specialist addiction services.

Sample Characteristics
The sample included 10 women and 8 men, with a mean age of
49.5 (SD 11.50; range 25-62) years. One-third of the patients
self-identified an ethnicity in addition to Australian descent,
including 2 from Aboriginal and Torres Strait Islander descent.
Four (22%) patients were employed either part time or full time.
Approximately half of the participants reported their highest
level of education as grade 12 and 4 (22%) participants had at

least an undergraduate degree. More than half of the patients
were in a relationship.

The sample predominantly reported back or neck pain (89%).
Duration of pain ranged from 6 months to 42 years (mean 11.57,
SD 11.55 years; median 7 years). Average pain severity in the
past week was 5.82 (SD 1.51), and average pain interference in
the past week was 5.80 (SD 1.91). In total, 16 (89%) patients
were currently using prescription opioids (range 1.15 mg/d [pro
re nata] to 480 mg/d), and 2 (11%) patients had used opioid
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therapy in the past. Half of the participants reported current
opioid misuse (scores ≥9 on the COMM) [57]. Three (19%)
patients were prescribed high-dose opioids (≥100 mg/d) [63].
Seven (39%) patients reported moderate depressive symptoms.
Three (17%) reported severe or extremely severe depressive

symptoms; these patients were included as they were assessed
to have adequate supports and risk management plans, which
supported their involvement. Table 2 presents a summary of
individual characteristics (see Multimedia Appendix 2 for a
more detailed summary of individual patient characteristics).

Table 2. Sample characteristics of patients.

OMEbCOMMaPain severity (past week)Pain interference (past week)Pain duration (y)SexAge (y)

1.1542.252.7115Female33

30579.142Male52

45765.003Female60

6014c54.145Male31

—d—d64.710.5Female47

—d852.864Female61

7010c44.7114Female53

22.820c6.756.570.83Female47

143.413c88.8642Female58

37.927.256.432.5Female60

48025c7.257.4320Male54

4.216.55.833Male25

N/Ae15c5.56.4311Male58

N/Ae13c5.755.2920Male53

N/Ae36.758.0028Female56

9011c6.54.149Male48

48027c34.293.5Female33

2016c6.257.7125Male62

aCOMM: Current Opioid Misuse Measure.
bOME: oral morphine equivalence (daily).
cThese scores meet the cutoff for the scale as risk of unsafe opioid use.
dMissing.
eN/A: not applicable; patients were using methadone and dose could not be calculated.

Thematic Analysis

Overview
Eight overarching themes and 13 subthemes were identified
from the data, listed in the order of prominence from most to
least prominent: limited treatment collaboration and partnership;
limited biopsychosocial understanding of pain; continued opioid
use when benefits do not outweigh harms; a trial-and-error

approach to opioid use; cycles of hopefulness and hopelessness;
diagnostic uncertainty; significant negative impacts tied to loss;
and complexity of pain and opioid use journeys. Figure 3
provides an overview of the themes; larger circles reflect more
prevalent themes. In subsequent sections, note that PID_P refers
to patients from the pain clinic and PID_A refers to patients
from addiction services. Patient numbers were removed before
publication to ensure complete anonymity.
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Figure 3. Overview of themes and subthemes. The overlap of circles represents connections between themes, and lines represent connections between
subthemes.

Theme 1: Limited Collaboration and Partnership During
Treatment
This theme reflected the lack of a patient–health professional
collaborative partnership and an integrated approach among
health professionals in the care of patients.

Patients Initially Followed the Medical Model, With Faith
and Trust

Initial opioid prescription was usually prompted by the treating
physicians in response to an acute episode of pain or following
surgery. Patients with a long history of pain described early
prescribing practices as including more passive rather than active
involvement of patients. One patient (PID_P) reported the
following:

So the Dr says, look here, take this, this will stop the
pain. So, you go, ok, you take it.

Patients said they often continued to follow the medical model,
with faith and trust in the treatment approach guided by their
physician. This suggested a lack of shared decision-making
about whether opioids were the best or right treatment option
and whether the benefits outweighed potential harms—“I’m in
the hands of the Doctors” (PID_A). As their pain persisted over
time, trust in opioid or medical treatment decreased and
participants tried to seek alternatives treatments to manage pain.
Some patients reported remaining very trusting of their general
practitioner (GP) and were more actively involved in discussing
options with them. Others reported becoming distrustful and
even angry.

Inconsistent Opioid Use Education, Monitoring, and Support

There was variation in the amount of education about opioid
use that the patients received when first prescribed. Some
patients said they received education from their physician or
pharmacist about the potential harmful effects of prescription
opioids (eg, side effects and addiction potential). Other
participants could not recall receiving any education in this
regard:

A lot of doctors don’t have communication or you
know, they’ll just walk in, they’ll give you the script
and walk out. But I think it’s very important for the
doctors, as the ones prescribing to actually sit there
and go, all right, here’s the side effects. [PID_A]

The reported level of ongoing education and medical monitoring
of opioid use over time also varied. One patient (PID_P)
suggested, “They should have an opiate diary and they should
make people keep diaries of when they take them and how
many, that would allow them to monitor usage because I get
given a prescription, but nobody actually monitors my usage.”

Patients also described the discussions they had with their
physician about possible changes to their opioid use. Some
patients felt that doctors prescribed opioids when they were not
sure about or had exhausted other treatment options. For
example, one patient (PID_P) reported, “I have tried to ask my
doctor is there anything else I can try to see if it works
better...his advice was there’s not really anything else that’s
going to be able to help.” Lack of education appeared to fuel
questions later during treatment. Some patients questioned why
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they were still using opioids, given that they initially expected
opioids to be a relatively short-term solution for pain: “I
personally thought this (opioids) might be taken 6-8 months
maybe a year, we’ll fix it, back to work” (PID_P). One patient
said that doctors had different opinions and that the tapering
plan differed to information on the internet, so they did not
progress with it. Some reported being encouraged to taper in
the context of recent policy changes to accessing opioids but
did not always feel they had adequate support to do this. One
patient (PID_A) said the following:

You know, and they keep saying to you try and cut
down, you try and cut down so much. You’re in pain,
cutting down, you show that you can try and cut
down.... I know I don’t want to be on them, I should
be off them by now if it had of gone right. I think you
just feel isolated because we don’t have anybody we
can really talk to about our pain anymore.

Some patients described that they had not discussed tapering
with their physician as they were worried that pain may increase
and were fearful of the physician’s response. One patient
(PID_P) said the following:

I was too scared to say to him “look I want to start
reducing” because I just thought if I couldn’t cope
with the pain on a reduced dose he many not let me
go back up again and then I would be stuck with pain.
So that stopped me sort of officially asking for help.

Health Professional and System Judgment, Distrust, and
Stigma

This theme related to the patients’ general feeling of
disillusionment and distrust of mainstream medicine because
of continued pain and seeking to apportion blame (eg, “I don’t
trust doctors. I don’t trust physios. I don’t trust anybody because
of what they’ve done to me” [PID_A]). When patients described
more active attempts to discuss pain relief, concerns about
addiction reportedly impacted the clinician’s decision to
prescribe opioid medications. One patient (PID_P) stated the
following:

Drs are more bothered about other people’s addiction
rather than prescribing me pain relief.... My pain was
not her concern when I went and asked for strong
pain killers.

These reports of mistrust were also observed when patients
discussed the impact of recent policy changes in Australia that
restricted access to over-the-counter codeine medicines
(February 2018) and medications for CNCP (June 2020). There
was an understanding that the system and the message had
changed, leaving them in a difficult position: “well the medical
community’s clearly been saying for a long time ‘you need to
take this, you need to take this’, and then they say ‘well no,
you’re not allowed to take them anymore’, you’re left with
‘well, nothing else works, what are you going to do?’” (PID_A).
For patients from addiction services, there were cases where
their physician had ceased prescription, which prompted referral
to an addiction specialist and engagement in an opioid
replacement program. This was accompanied by feelings of
abandonment toward their previous prescriber and, broadly, the

medical system and ambivalence about accessing an addiction
service. For some, this led to consideration of other treatment
alternatives, including psychological therapy and cannabis (both
prescribed and nonprescribed).

Several patients reported feeling increasingly sensitive to
questioning and comments about their opioid use and chronic
pain condition:

She would sort of say well what medications are you
on? Oh, that’s a high dose. oh that’s been a long time.
I feel like they make you feel like you’re doing the
wrong thing but nobody is offering any sort of
solutions. [PID_P]

Some patients reported finding this confronting and exhibited
some defensiveness to the possibility of addiction or
dependency. One patient (PID_A) said, “So I don’t think I was
addicted to it, I just took it because I got pain.”

This appeared to contribute to the possible stigma associated
with addiction more broadly. A patient (PID_A) explained as
follows:

My doctor sent me there.... It kind of made me feel
like I had a habit or had an addiction. That kind of
really put me on the spot, and I didn’t really want to
go. But I went anyway. So if you put someone that’s
willing to cut down, but then you send them to a place
like that they might feel attacked in a certain way.
Like they’re in the same category as those people but
they’re trying to do it for good reasons, not because
they’re addicts.

One patient (PID_A) also described being on methadone as
stigmatizing as “only heroin users use methadone.” Discussions
indicated that some patients felt that addiction services were
not the right place for them to seek treatment and that they were
different from other drug users. There was also a difference for
people between acknowledging that they may be addicted to
opioids versus the label of “addict” or “junkie.” It is possible
that this may contribute to an identity crisis for patients (linked
to the theme of significant negative impacts linked to loss): if
they are not engaging in medical treatment for a medical
problem, then they either are a “junkie” or have a mental health
problem (“it’s all in my head”.

Lack of Coordination and Integration of Care

Patients reported seeking many different types of treatments
and supports for their pain. However, there was little reported
integration or coordination of care between different providers,
the public and private sectors, or traditional and alternative
treatments. One participant shared a positive experience with a
multidisciplinary rehabilitation program:

It was a triple pronged approach with having the
psychologist, the physiotherapist and the exercise
physiologist. That was really good. [PID_P]

Another participant who was referred to the pain clinic by their
GP was not receptive to an integrated approach: “the guy saying
‘you’ll see physio and you’ll see psychologist and you’ll see
this and you’ll see that’ and I’m thinking I’ve tried that, been
there, done that” (PID_A).

JMIR Form Res 2025 | vol. 9 | e57208 | p.1771https://formative.jmir.org/2025/1/e57208
(page number not for citation purposes)

Elphinston et alJMIR FORMATIVE RESEARCH

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


Theme 2: Limited Biopsychosocial Understanding of
Pain

Focus on Physical Aspects of Pain

Most participants focused on the physical aspects of pain and
minimized the potential role of psychosocial factors in
exacerbating pain. One patient (PID_P) said, “Well I know
where my pain is, my pain is a deterioration of the bones...so I
don’t think it’s psychological.” There was also reference to
experiences where one participant stated, “mine is physical pain
not psychological pain” PID_P), with another participant
describing pain as being perceived as separate from the mind:

Like if you’re in pain, how can your mind tell you that
you’re not in pain? That’s how we’re looking at it.
As if to say, well, you’re going to go get pain
management, and they’re going to psychologically
move your brain around to say that you’re not really
in pain, you don’t really need these tablets.... but that
still doesn’t have to do with my pain. And I try and
keep the two separate because pain is one thing, and
keeping my mind sane is another thing. [PID_A]

Some participants did describe how psychosocial factors
influenced their pain experience. This knowledge often emerged
in hindsight or in a precontemplative state of considering
treatment options other than opioids. Examples of the possible
role of biopsychological factors were often inconsistent or
lacked detail. For example, one patient (PID_P) said, “I think
there is a big mental side to it as well.” Overall, patient
connection with social influences was limited.

Disconnect Between Mental Health Problems and Pain and
Engagement in Psychological Treatment

Several people described having a co-occurring mental health
problem (eg, depression, anxiety, and posttraumatic stress
disorder) for which they were receiving treatment from a
psychiatrist or psychologist. This was also reflected in the
clinical characteristics of the sample. Despite this, there was
little evidence that they perceived their mental health as
influencing the levels of pain experienced or vice versa.

Participants did not describe accessing psychological treatment
specifically for pain or mention that psychological treatments
were recommended. One participant (PID_P) reported:

With only recently going to the pain management sort
of introduction that they told us that psychiatrist
can...psychologist can sort of discuss pain with you
and I just didn’t know that that had anything to do
with being on pain killers....I think it’s fantastic
because I think the brain is a powerful thing and I
saw what cognitive behavioural therapy did with my
son.

Some patients reported positive experiences with psychological
treatment for mental health problems but did not link how
psychological treatments could be potentially effective for pain.

Theme 3: Continued Opioid Use When Benefits Do Not
Outweigh Harms

Overview

Participants reported relatively more risks and consequences
(eg, side effects and limited pain relief) versus benefits of their
opioid use, but they continued to use them. Patients said the
following:

I would reduce it down to nothing if I could...because
I don’t like taking them or just the way it makes me
feel. [PID_P]

Well if I could maybe reduce some, it would be good,
But I can’t see it happening. [PID_P]

Patients also described frustration about taking opioids for pain,
while at the same time, they reported holding out hope that there
may be other options (eg, “it’s a catch 22...I have to think clearly
if there’s a better way of doing it, than to be popping pills every
day, then I’m open to anything” [PID_P]).

Opioids Mask the Pain

Some patients in this sample reported that opioids did not
provide effective pain relief, but this varied from person to
person; for example, “It’s not like taking painkillers is actually
stopping or making the pain better” (PID_P) and “(opioids)
doesn't knock all the pain over” (PID_A). There were reports
that opioids “take (pain) down a few notches” (PID_P); “take
the edge off” (PID_A and PID_P); or “drowns out the pain”
(PID_P). Others did report that medications got rid of the pain
(PID_A) and that opioids work better than other medications
in the market (PID_A).

In the cases of limited pain relief, opioid medications were often
not reportedly taken as prescribed (theme 4): “...even the opioids
aren’t really helping with this pain. So that’s why I haven’t been
taking them religiously, like I probably should have been”
(PID_P). Another participant said, “it just puts me to sleep, I
don’t feel anything...I don’t get the pain relief from the pill, you
get pain relief from sleep” (PID_P).

No Options Other Than Opioids

Most participants reported that they had no other option but to
use prescription opioids for pain. One patient (PID_P) said, “I
can’t not take it, I don’t have any other option”; another patient
(PID_A) said, “But with me, I’d rather not have them myself,
you know, I don’t know any other way you can deal with the
pain when an operation has gone bad.” For some patients, there
was a view that they had no choice but to take opioids, which
was related to feelings of frustration.

Escalating Dose and Need for Opioids

Participants described a history of escalating dose over time.
Patients said the following: “it was two, then four, then six then
eight Panadeine Forte...my body had totally adjusted to
them...my body was saying, yep I’m having more and more of
those” (PID_P); “That’s the first time I was put on an opioids,
Endone think it was, and then started off through there, and as
the pain got worse over the years the medication got higher”
(PID_A). Patients often initiated dose increases with their health
professional. One patient demonstrated awareness of this:

JMIR Form Res 2025 | vol. 9 | e57208 | p.1772https://formative.jmir.org/2025/1/e57208
(page number not for citation purposes)

Elphinston et alJMIR FORMATIVE RESEARCH

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


“because in the long-run I’m going to need a detox clinic, then
I’m going to need someone from this clinic...psychologists and
psychiatrists” (PID_P). Some patients may have been
experiencing withdrawal: “sometimes I just forget my lunchtime
dose and what reminds me is the severe drop in mood” (PID_P).
Continued use despite negative consequences (eg, social,
physical, or psychological problems) and features of tolerance
and withdrawal were also reported.

Theme 4: Trial-and-Error Approach to Opioid Use
Some patients reported that they were taking opioid medicines
as a “trial-and-error” approach to get relief. This appeared to
be related to efforts to take control of their pain. Some people
said that they took their medication when they were in pain
rather than as prescribed:

I try not to take the opioid if I can help it. Wait to see
how bad the pain gets before I take it (opioids)...the
pain is unbearable. So, I get to the stage where
nothing’s helping. [PID_P]

I do try to do without them and as long as I possibly
can and then sometimes, the pain is so bad...then
waste half a day in bed, I get pissed off at myself
about it. [PID_P]

These reports reflected patients’ delayed use of opioids when
in pain to minimize reliance on opioid therapy; that is, patients
were hoping or taking the risk that their pain would not become
more severe, so they did not have to use opioids.

Others described overuse of opioid medications:

Take more... Yeah. Yeah. I have four of what he gives
me for that day and then there’s one for the
morning...My overuse of Oxycontin. [PID_A]

Some patients reported a history of overuse: “Yes, it was taking
too much Targin and before that it was too much morphine, I
was actually on morphine and I was taking too much of it”
(PID_A). Opioids were also used for other reasons such as sleep
or improved mood. For instance, a patient (PID_P) reported the
following:

It just puts me to sleep, I don’t feel anything...I don’t
get the pain relief from the pill, you get pain relief
from sleep.

Patients also reported using stockpiled opioid medications:

I had some old medication that I had from old
surgeries...so I would take them when my pain was
like 9 out of 10. [PID_P]

There were also examples of patients overusing other medicines
(eg, benzodiapines and antiepileptics) in conjunction with
opioids when they were in severe pain. There were examples
where patients decided to self-taper their opioids, without health
professional support:

I tried to go cold turkey initially and that was
shocking...I thought I would try and reduce on my
own. [PID_P]

Theme 5: Cycles of Hopefulness and Hopelessness in
Desperation to Find Pain Relief

Overview

Patient reports reflected cycles of hopelessness and hopefulness
associated with pain treatment in a desperate effort to find relief.
Those with increased pain or pain moving to different parts of
the body over time reported a sense of hopelessness about the
future: “In the last 3 years, it’s gotten worse and I don’t know
what else is going to work” (PID_P). Desperation to find pain
relief was commonly reported among participants, which was
reflected in the sheer number and variety of other strategies
tried and tested over time. This theme linked to the unknown
cause of pain and uncertainty that prompts engagement in
help-seeking behaviors to either find the source of pain or
physical treatments or other strategies to relieve pain (theme
6). While patients tended to use less treatments or strategies
over time due to feelings of defeat or failure, burden of
treatment, and financial reasons, some seemed to be always
looking for the next treatment opportunity.

Cycle Back to Previous Treatment Options

Patients described a pattern where they engaged in various pain
treatments (eg, physiotherapy and chiropractic treatment) often
earlier in their pain journey and that it did not help or became
increasingly less effective. This was associated with feelings
of hopelessness and defeat, resulting in them taking a break
from treatment or trying other strategies until they were
prompted to engage in physiotherapy again. One patient (PID_P)
reported as follows:

To be told, I want you to go back and do physio and
then stay on tramadol and come back in 10 months....
I have already been through all of that.

Some patients reported significant frustration that went along
with what they assessed as ineffective treatments.

Seeking New Treatments Despite Hopelessness

Participants appeared to hold feelings of hopelessness about
current pain treatment and hopefulness that something still may
help in the future, at the same time. Some patients were
optimistic for a cure and still wanted to be “fixed.” One patient
(PID_P) reported, “all I’m asking for is just to get fixed and
just go back to work and get my life back on track.” Patients
said that hope tended to decrease over time, with one participant
reporting, “I was definitely more hopeful earlier on, I’m just
thinking there’s going to be something that’s going to be sorted
out” (PID_P). Despite this, some patients were open to the idea
of receiving psychological treatments as well as medical or
surgical interventions or alternative treatments (eg, stem cell
therapy) in the hope that this may relieve their pain.

Theme 6: Diagnostic Uncertainty and Associated
Help-Seeking Behaviors to “Fix”
This theme reflects the participants’ uncertainty about the
underlying causes of pain which were varied and often
unexplained, contributing to ongoing attempts to understand
the origins of their pain. Distress, anger, and a sense of
unfairness was often tied to the triggering pain event or onset
of pain, which was still apparent many years later.
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For some individuals, the main explanations for the originating
causes of their CNCP were seemingly unusual and involved
either internalization (eg, diet and posture) or externalization
(eg, weather and surgical or medical interventions going wrong)
of blame. For others, there was no known cause for primary
pain and patients had difficulty pinpointing the triggering event
to their CNCP condition. One patient (PID_P) reported, “I
couldn’t tell you because it has always been there on one level,
but over the course of the years it’s gotten to the level where it
is now.” Diagnostic uncertainty contributed to ongoing attempts
to understand their CNCP (cause) and find a “cure” (treatment)
through more assessments and tests (eg, “...let’s see what
happens with this MRI” [PID_A]). Help-seeking behaviors were
associated with hopeful or hopeless feelings about pain
treatments and their effects (theme 5). Particularly, in cases
where medical diagnoses did not explain the cause of pain, this
resulted in patients being in a constant holding pattern, waiting
for treatment or further tests.

Theme 7: Significant Negative Impacts Linked to Loss
Participants reported a significant number and range of negative
impacts of their pain and pain management. These impacts were
biological and physical (eg, dental problems); psychological
and functional (eg, cognitive and memory problems, sleep
disturbance, difficulties engaging in daily tasks, and low mood);
or social and economic (eg, social isolation, financial burden
of treatment, can’t drive, and intimacy and relationship
problems) in nature. One participant (PID_A) spoke about pain
as a disability. Another shared that these impacts were often
centered around grief and loss: “Most days I feel like I’m letting
everybody down in my family because I’m not out there making
money” (PID_P). The interviewer observed that participants
become the most distressed in the interview when they compared
their life before the pain to how it is now—and what they had
lost or had to try to change or adapt. This was interpreted as a
sense of loss of participating in life and normality.

For some, this sense of loss was also related to a loss or
changing of identity:

If I come off the 10 tablets, am I going to be in more
pain or am I going to be in the same pain as I am
now...but have me back I’m me, have me back, just
be myself. [PID_P]

This included changes to their identity over time—to a “chronic
opioid user” or “addict.” Others noted a more recovery-focused
interpretation of their identity with opioid use. A patient
(PID_A) said the following:

Well, that’s just part of what you did. It’s not who
you are. It’s what you do. It doesn’t have to define
you. You can live a normal freaking life, with or
without opioids. You’ve got a choice.

Importantly, the varying ways people used prescription opioids
(theme 4) was interwoven with these impacts; that is, the use
or misuse of opioids was often to reduce the impacts of pain on
their life.

Theme 8: Complexity of Pain and Opioid Use Journeys
Participants described complex pain journeys that involved
variations in pain experience over time (got better or worse)
and either a slow or fast track to opioid use. The uniqueness of
the pain experience was also highlighted.

Slow Versus Fast Track to Opioid Use

The slow track to opioids often started with physiotherapy and
primary care efforts to relieve pain and, in some cases, for
specialists to “fact find.” Over the course of their pain journey,
there was a common feeling that patients were exhausted trying
to investigate the physical or organic cause of pain. Because of
failed treatments, patients were often initiated on opioids. One
patient (PID_P) said, “cause he’s the one that ... organised me
to go to physiotherapy and all this, and that’s when it didn’t
work. That’s when I really started on this, using that.” This
pathway was common among patients from the pain clinic.

For other participants, a fast track to prescription opioids was
initiated as part of acute pain management, associated with acute
injury or surgery. These individuals were initiated on opioids
in hospital and on discharge. A patient (PID_A) described as
follows:

Pretty much straight away when I was in pain (in
hospital).... Yes, they gave me medication to take
home and then take the deep heat and that’s how it
started.

Participants described either positive or negative experiences
of being prescribed opioids for the first time. Some patients
reported immediate pain relief or euphoria. This sense of relief
was reported as sometimes occurring after previously trying
multiple types of opioids. Other patients described experiencing
adverse side effects and limited longer-term pain relief:

I knew a little bit about it but it didn’t really deter me
from it because, you know, not going to work, not
paying bills, seems more of a downside than just
taking something throughout the day that can help
you continue on with your life. [PID_A]

Everyone’s Pain Experience Is Unique

Patients described the experience of pain as unique to each
individual. One participant (PID_A) said the following:

Everyone is different... Because it’s a very individual
thing, I think. Handling pain, dealing with pain.

Additional statements from the workshops provided further
validation of this subtheme (eg, “well I’ve always had pain...pain
is a personal thing” [PID_P]).

Interviewer Observations
During the patient interviews, there was evidence that some
patients benefitted from the interactions with the interviewers
(psychologists). This was evident even for those patients who
reported that it was really challenging to describe their pain
journey and they would not have been able to do this if it was
years ago. There was a view that listening, asking nonjudgmental
questions, and showing empathy resulted in some patients
softening throughout the interview when they appeared to be
more defensive at the outset:
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You went about it the correct way. I used to get
annoyed at people quite easily. So yeah, you done it
fine, you ask questions nicely, you didn’t talk over,
you stopped when someone else is talking, which is
a nice thing. So, you conducted it very well so it made
it a lot easier. [PID_A]

Alternatively, for one patient (PID_A), the interview brought
attention to past pain experiences, and this was related to an
increased experience of pain: “Like my backs starting to hurt
just thinking about it.”

There appeared to be increased interest in understanding and
openness to the biopsychosocial model at the end of the
interview (eg, compared with starting the discussion around the
aim of the study). Some patients appeared to reflect upon and
repeat the points on the biopsychosocial model throughout the
interview.

Validity Checking
The process of member checking resulted in several changes to
the theme structure. These included the following:

1. Tapering fears and lack of patient-physician partnering was
integrated in theme 1. Furthermore, lack of coordination
and integration of care among health professionals;
influence of policy change judgment; and mistrust of
medical profession were also included in theme 1.

2. We removed seeking certainty for cause of pain and looking
within and looking outward for explanations; these were
absorbed in theme 6. Furthermore, we refined the theme to
focus on diagnostic uncertainty and associated help-seeking
behaviors to capture these elements.

3. Theme 8, previously named multiple pain journeys and
pathways to opioid use, was reconceptualized as complexity
of pain and opioid use journeys. This was to capture the
complexities of pain management (either fast or slow track
to opioids) and also the unique experience of pain (a
subtheme that emerged from workshop 1).

Discussion

Main Findings
This study is one of the first to describe the lived experience of
individuals with CNCP in the context of co-designing a digital
BI to increase the safe use of pain medicines. In the sample of
patients interviewed, half of the patients met the current opioid
misuse thresholds on validated psychometric scales (COMM
[57]). Our main findings were the following 8 overarching
themes that emerged in this sample related to the lived
experience of patients with CNCP regarding pain management
including opioid therapy: limited treatment collaboration and
partnership; limited biopsychosocial understanding of pain;
continued opioid use when benefits do not outweigh harms;
trial-and-error approach to opioid use; cycles of hopefulness
and hopelessness; diagnostic uncertainty; significant negative
impacts tied to loss; and complexity of pain and the opioid use
journey.

Overall, patients felt they had limited choice but to continue
opioid therapy, as there were few perceived alterative treatment

options available, a common concern also shared by physicians
[64]. Patients’ fears about making changes to their opioid use
may have also played a role. This state of “stuckness” may have
contributed to patients’ sense of hopelessness about pain and
its management. In many ways, patients may be rightly
consumed by their pain in a way that they may be ambivalent
about many aspects of pain management and life in general.
Opioid therapy was also linked to behaviors that could elevate
patient risk (eg, not taking medication as prescribed,
self-tapering, and combining different opioids and classes of
drugs) in a trial-and-error approach. Opioid use generally
provided a pain “mask” with limited pain relief, sometimes;
consistent with the results from meta-analyses [4]. However,
some patients from addiction services described more positive
experiences of opioid medications. Altogether, these experiences
signal gaps in our current models of care and suggest that BIs
may provide an avenue for (1) patients to explore thoughts and
feelings about opioid use, (2) treating clinicians to support
patient-physician partnering, (3) opioid use education (risks and
harms), and (4) exploring patient ambivalence (risks versus
benefits of status quo versus change) as a precursor to resolving
the push and pull of behavioral change. Whether these
techniques translates into behavioral change requires further
testing. Certainly, there is evidence for the effectiveness of BIs
in reducing substance-related harm [26,27] and growing
evidence for their role in treating pain [65].

BIs provide another avenue to improve patient understanding
of the biopsychosocial model of pain, critical to effective pain
care [66]. The biopsychosocial model is broad and complex,
and our explanation during the interview was brief and over the
telephone. While participants may have received some education
in the past, it was not obvious during the interview that they
had a clear prior understanding of the influence of physical and
psychosocial factors in the development and management of
pain. When discussing the biopsychosocial model as a part of
member checking, the use of visual tools to explain the concepts,
the group peer setting, and reinforced messages may have
contributed to patients’ more positive responses to the model.
Educating patients in the biopsychosocial model of pain is an
important part of multidisciplinary rehabilitation and
discipline-specific treatments that can be effective (eg, [67]).
Efforts to enhance the education of health professionals in the
biopsychological model could be important in contributing to
improved patient understanding [68-70]. The consideration of
patient health literacy and eHealth literacy [71] could help
tailoring pain education to patient needs. These approaches are
especially important, given that the lack of understanding of
the biopsychosocial model may be related to ongoing diagnostic
uncertainty and attempts to find a (biological or physical) source
of pain and treatments that “fix.”

Patients indicated that specific psychological treatment for pain
was rarely offered, although many patients had previously
engaged with psychologists or psychiatrists for other
co-occurring mental health reasons. These reports are consistent
with survey data from the United States indicating that 37% of
patients are not aware of this treatment option and only 33%
had ever worked with a pain psychologist [69]. This is despite
psychological treatments being one of the recommended
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evidence-based treatment options for the treatment of chronic
pain and in conjunction with opioid therapy [3,8,72].
Approaches that raise awareness and provide education on the
role of psychology in the treatment of pain are clearly needed
not only at the patient level but also at the provider and public
health systems level [73]. Most patients reported being open to
this approach. Therefore, it is necessary for the psychologist
workforce to meet this need for psychoeducation [13]. This will
be especially important, given the psychologist workforce
shortages and growing demand in the post–COVID-19 pandemic
era [74].

Patient–health care professional communication and
relationships had a significant impact on patients’ emotional
well-being and in seeking appropriate pain care. Patients felt
that various aspects of opioid therapy (eg, monitoring, dose
reduction, and policy change) could have been managed
differently. It is acknowledged that we do not know about the
patient’s prescription instructions or if there was a management
plan to taper them (as recommended in clinical guidelines). Our
findings suggest that partnerships could be optimized by
enhancing the patient–health care professional alliance and
shared decision-making. Assuring patients that they will not be
neglected by the treating practitioner in their medication
management is essential [75], as is the need to make patients
feel heard and understood. There were several examples of
effective patient–health care professional communication and
effective multidisciplinary management of the patients’ pain
and health concerns. Our study found that these examples of
patient care were positively received by patients.

Questions in our interviews explored the patient’s pain journey,
including participation in psychological treatments as well as
the pros and cons of opioid use, consistent with a motivational
interviewing framework. Applying patient-identified
motivational BI strategies may give patients with complex
chronic conditions a space to share and feel heard. This can
often be the first important step toward facilitating behavioral
change [76,77]. Motivational interviewing BI techniques might
also be particularly beneficial in exploring ambivalence, that
is, teasing out where adverse effects and consequences of opioid
use outweigh the benefits (ie, positive effects on pain or daily
functioning); pain triggers; different pain management strategies;
or highlighting unintended consequences to those who do not
know they are at elevated risk of opioid-related harm.

Recommendations for the Design of BIs
On the basis of our research findings, we provide 6 core
recommendations (not in any particular order) for co-designing
and codeveloping digital BIs. Textbox 1 presents a summary
of the recommendations. Future research should consider the
potential barriers and enablers to implementing these
recommendations during the design and development process.
For example, patients may be reluctant to consider psychological
therapies or to see a psychologist (recommendation 1), as their
pain experience may be perceived as “all in their head.” Health
professionals (especially GPs) may believe that they do not
have enough time to address aspects of pain management, such
as the ups and downs of the pain experience and pain treatments
(recommendation 2), given the demands of primary care.
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Textbox 1. Summary of recommendations for the co-design and co-development of digital brief interventions.

Recommendation 1: educate about the role of psychologists and behavioral therapies in pain care

Educate patients and health professionals about the role of psychologists and mental health professionals and the evidence and clinical recommendations
for use of psychological therapies in pain care. This is necessary to ensure there are no missed opportunities for patients to access psychological
treatments earlier in their pain journey or as a first-line treatment.

Recommendation 2: normalize the hopefulness and hopelessness cycles in pain treatment

Normalize the cycle of pain treatment and associated feelings of hopefulness and hopelessness in the proposed brief intervention (BI) by discussing
expectations and potential challenges, such as the idea of setbacks. Informing patients that they may go back to strategies that they have tried before
may be helpful. The degree to which they are experiencing hope and optimism about treatment could be acknowledged and explored. Sharing what
works with peers could enhance pain self-efficacy and social connectedness.

Recommendation 3: communicate with compassion and empower patients in patient–health care professional partnerships

Incorporate key principles of partnership and shared decision-making between health professionals and patients. Inviting patients to share their story
could strengthen patient–health professional relationships as well as acknowledging feelings of loss and frustration. Strategies to empower patients
and communicate with compassion are needed. Regular monitoring and feedback of opioid therapy by health professionals may assist patients. Digital
solutions could also optimize this goal.

Recommendation 4: inform about the risks of unsafe opioid use and explore any ambivalence

Weighing the individual benefits versus harms of current opioid use may assist in exploring ambivalence about change. Educate patients about the
possible harms of opioid use and contraindications. Developing insight into potentially unsafe opioid use patterns may be aided by monitoring,
assessment, and feedback. Motivational interviewing may provide a guiding framework.

Recommendation 5: educate about the biopsychosocial model of pain

Educate patients about the biopsychosocial model of pain in a simple and engaging way; that is, the dynamic interaction among physiology, psychological,
and social factors that can contribute to and perpetuate pain. Provide textual and visual cues and supporting materials to aid explanation. It will also
be important to address ongoing patient efforts to seek a medical or physical explanation for the onset and maintenance of pain. A clear definition of
psychological treatments is also required as well as consideration of marketing of the BI, particularly when patients have a history of failed pain
management strategies.

Recommendation 6: acknowledge stigma and the uniqueness of pain and personalize management to different care pathways

Acknowledge stigma and personalize management to different care pathways (eg, slow or fast track to opioids and different referral or service
perceptions). Patients with pain see themselves as different from other patients of addiction services. Notwithstanding, patients from pain clinics also
expressed that they experience stigma related to chronic noncancer pain and opioid use. Acknowledge the uniqueness of each pain experience. Tailoring
of content may also be required. Distinguishing concepts, such as addiction versus physical and psychological dependence, may also be important.
Consideration of recovery-focused language may assist in exploring impacts of diagnostic labels on identity (internal or social conflicts; sick role).

Strengths and Limitations
Several strategies were used to increase the generalizability of
the findings to the complex pain population. A broad sampling
strategy was included to capture diversity, including age, culture,
language, sex, and history of opioid therapy. Despite these
attempts, culturally and linguistically diverse patients were not
well-represented. Ensuring cultural diversity is incorporated as
much as possible in the subsequent steps of co-design and
co-development of BIs could increase customizability of the
solution to fit a wider range of users. Our strategy also
considered the sample size required for data saturation
prospectively during data collection using a new assessment
method [52]. The validity of the themes and subthemes was
further enhanced through patient member checking. Future
research could explore whether these core themes generalize to
individuals living in a community (not actively seeking specialist
treatment) in a replication study. Patients from specialist
addiction and pain clinics were recruited using different
strategies. This was necessary to integrate recruitment into the
existing models of care, but it may have affected initial patient
engagement. Patient reports may have also been influenced by
their position in the treatment pathway when they were engaged
in this study (eg, before multidisciplinary pain clinic care vs
during the initial visit vs review visit). Our study was conducted

in Australia, where patients have access to a relatively high
standard of public health care and access to heavily subsidized
medications. Investigations in countries with different health
care systems are needed. There remains a power differential
between patients, health care providers, and researchers. It is
unknown how this may have influenced our findings. Future
work could acknowledge and explore relationship power
imbalances in the initial design steps and jointly develop guiding
ethical principles. Inviting patients to be members of the
research team will be important.

Conclusions
BIs have a long history in chronic relapsing conditions [24,25].
It remains to be discovered whether this treatment can be
successfully applied to patients with CNCP who are at risk of
opioid-related harm. However, we have made progress in
effectively engaging patient partners in the co-design of a digital
BI, the first necessary step. Exploring lived experiences as part
of contextual inquiry could be considered a predesign step to
co-design [78]. Our findings add to the growing literature on
pre- or co-design in DHIs [79] and extend research into the
CNCP field. Co-design has advantages in designing
fit-for-purpose solutions that have the potential to enhance
treatment effectiveness, adoption, and reach for individuals with
CNCP at risk of prescription opioid–related harm.
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This important first step of partnering with patients who have
CNCP to understand their lived experience is integral to the
co-design of new and innovative digital psychological
treatments. Without this, many of the challenges identified by
patients (eg, lack of trust and accessibility of treatment options)
would compromise later co-design phases. The next phase in

co-designing personalized digital BIs involves the generation
of early design concepts and prototyping, by bringing together
scientific, patient, clinical, and technical expertise to meet our
current and foreseeable complex challenge of patient-centered,
safe opioid therapy in CNCP care.
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Abstract

Background: Assisted partner services (APSs; sometimes called index testing) are now being brought to scale as a high-yield
HIV testing strategy in many nations. However, the success of APSs is often hampered by low levels of partner elicitation. The
Computer-Assisted Self-Interview (CASI)–Plus study sought to develop and test a mobile health (mHealth) tool to increase the
elicitation of sexual and needle-sharing partners among persons with newly diagnosed HIV. CASI-Plus provides client-facing
information on APS methods and uses a standardized, self-guided questionnaire with nonjudgmental language for clients to list
partners who would benefit from HIV testing. The tool also enables health care workers (HCWs) to see summarized data to
facilitate partner tracking.

Objective: The formative research phase of the CASI-Plus study aimed to gather client and HCW input on the design of the
CASI-Plus tool to ensure its acceptability, feasibility, and usability.

Methods: This study gathered input to prioritize features and tested the usability of CASI-Plus with HCWs and clients receiving
HIV services in public health clinics in wartime Ukraine. The CASI-Plus study’s formative phase, carried out from May 2023 to
July 2024, adapted human-centered design (HCD) methods grounded in principles of empathy, iteration, and creative ideation.
The study involved 3 steps: formative HCD, including in-depth individual interviews with clients, such as men who have sex
with men and people who inject drugs, and internet-based design workshops with HCWs from rural and urban HIV clinics in
Chernihiv and Dnipro; software platform assessment and heuristic evaluation, including assessment of open-source mHealth
platforms against CASI-Plus requirements, prototype development, and testing of the REDCap (Research Electronic Data Capture)
prototype based on usability heuristics; and usability walk-throughs, including simulated cases with HCWs and clients.

Results: The formative phase of the CASI-Plus study included in-depth individual interviews with 10 clients and 3 workshops
with 22 HCWs. This study demonstrated how simplified HCD methods, adapted to the wartime context, gathered rich input on
prioritized features and tool design. The CASI-Plus design reflected features that are both culturally sensitive and in alignment
with the constraints of Ukraine’s wartime setting. Prioritized features included information about the benefits of HIV index testing;
a nonjudgmental, self-guided questionnaire to report partners; client stories; and bright images to accompany the text. Two-way

JMIR Form Res 2025 | vol. 9 | e66132 | p.1783https://formative.jmir.org/2025/1/e66132
(page number not for citation purposes)

Puttkammer et alJMIR FORMATIVE RESEARCH

XSL•FO
RenderX

mailto:nputt@uw.edu
http://www.w3.org/Style/XSL
http://www.renderx.com/


SMS text messaging between clients and HCWs was deemed impractical based on risks of privacy breaches, national patient
privacy regulations, and HCW workload.

Conclusions: It was feasible to conduct HCD research in Ukraine in a wartime setting. The CASI-Plus mHealth tool was
acceptable to both HCWs and clients. The next step for this research is a randomized clinical trial of the effect of the REDCap-based
CASI-Plus tool on the number of partners named and the rate of partners completing HIV testing.

(JMIR Form Res 2025;9:e66132)   doi:10.2196/66132

KEYWORDS

human-centered design; mobile health; mHealth; Ukraine; HIV testing; war and humanitarian settings

Introduction

Background
In December 2016, the World Health Organization
recommended scale-up of HIV assisted partner services (APSs)
as a strategy to increase the identification and testing of partners
of persons with HIV [1,2]. APSs offer persons with HIV
assistance to confidentially notify their sexual and
needle-sharing partners of their exposure and link the partners
to testing and treatment. Randomized controlled trials have
shown that APSs increase HIV testing and case finding [3-6]
and are cost-effective [7,8]. APSs are scalable in routine
practice, but routine APS programs have typically demonstrated
lower HIV case finding than was observed in randomized
controlled trials [9-12]. At least in part, the low case finding
observed with APSs in most settings reflects the small number
of sexual and needle-sharing partners named by index cases.
As of 2020, persons with HIV receiving APSs in Ukraine named
an average of only 1.14 partners despite training of APS program
personnel that emphasized the need to elicit more than 1 partner
for each index client [13].

Computer-Assisted Self-Interview (CASI)–Plus seeks to
improve partner elicitation and testing through a mobile health
(mHealth) client engagement tool using a CASI. CASI-Plus
supports the initial APS encounter by providing information on
how APSs work, eliciting names of all sexual or injection
partners, screening for risk of intimate partner violence, and
planning for partner notification. It also facilitates case
management at the point of partner testing and via repeat
follow-up surveys to assess for barriers to notification, interest
in provider assistance, and occurrence of intimate partner
violence. In surveys of sexual behavior across diverse settings,
the computer-assisted self-interview approach reduced social
desirability bias compared with in-person interviews [14-17].
However, the computer-assisted self-interview approach has
not yet been used in APS programs in low- or middle-income
countries. The CASI-Plus study sought to assess whether the
tool improves partner elicitation and HIV testing in a routine
APS program operating at scale, with the goal of increasing the
number of persons with HIV who know their status and are
linked to either HIV pre-exposure prophylaxis or HIV
antiretroviral therapy services. The Russian Federation’s
full-scale invasion and ongoing war in Ukraine has underscored
the need for simple and scalable interventions to support the
control of the HIV epidemic in a disrupted health care system.
CASI-Plus offers the potential to improve APS partner
elicitation and HIV case finding in wartime Ukraine, as well as

in many other settings where routine APS programs face
challenges with high-fidelity APS implementation and low
contact (partner) elicitation.

Objectives
For the CASI-Plus study, we first carried out formative research
with health care workers (HCWs) and clients from a
human-centered design (HCD) perspective. As applied to
mHealth tools, HCD is a pragmatic research orientation that
seeks to overcome barriers to usability and integration with
workflows that arise when tool designers ignore the
sociotechnical complexity of health care systems [18,19]. HCD
principles and methods emphasize engaging with mHealth users,
starting with problem definition before solution design;
supporting divergence and convergence of ideas through the
design process; using participatory co-design techniques,
prototyping, and iteration; and applying values of creativity,
empathy, tolerance for ambiguity, and willingness to fail
[18,20-22]. There are few research studies or frameworks
discussing the application of HCD perspectives in mHealth
projects in wartime and humanitarian contexts. The participatory
engagement and time required to carry out HCD-oriented
research may be challenging in wartime contexts [23], and more
scholarship is needed on realistic approaches to HCD in such
contexts. During the CASI-Plus formative research phase, we
adapted HCD methods to Ukraine’s wartime context. The aims
of our formative research were to (1) describe how HCW and
client perspectives and the wartime context of Ukraine shaped
the design of the CASI-Plus mHealth tool and (2) identify HCD
methods and principles for effective formative mHealth research
in a wartime setting.

Methods

Study Design
The formative phase of the CASI-Plus study (ClinicalTrials.gov
NCT05826977) supported the design and software adaptation
of an mHealth tool for use in Ukraine’s APS program. During
the first step of the formative research, we conducted
internet-based workshops with HCWs from 3 health facilities,
as well as in-depth interviews with clients enrolled in HIV care
at 1 health facility. During the second step, we developed the
CASI-Plus tool, rated its usability based on common usability
heuristics or “rules of thumb,” and made improvements to the
prototype. During the third step, we obtained feedback on the
CASI-Plus tool prototype through simulated use of the tool by
health workers and clients to further adapt our design. Table 1
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presents an overview of the activities across the 3 steps of our formative research.

Table 1. Summary of the Computer-Assisted Self-Interview (CASI)–Plus formative research design—participants, methods, and activities for research
steps 1 to 3 in wartime Ukraine (May 2023-July 2024).

Step 3: simulated walk-throughs—end user
prototype testing

Step 2: heuristic evaluation
—critique platforms and proto-
type

Step 1: formative design workshops and interviews
—elicit and prioritize CASI-Plus features

HIV care clientsHealth care workersStudy teamHIV care clientsHealth care workers

Review of prototype
and individual inter-
views

Review of prototype
and focus group

Compare tools and review CASI-
Plus usability

In-depth individual inter-
views

Design workshops with
focus group

Method

Activities ••••• 5 current HIV
care clients
walked through
the client portion
of CASI-Plus

Add 5 fictional
clients to proto-
type and test fea-
tures

Compare 5 open-source
platforms with CASI-Plus
requirements from step 1

Discuss current APSa

barriers

Preworkshop exer-
cise

• Critique ideas for
CASI-Plus fea-
tures

• Critique CASI-Plus
mock-up • Critique CASI-Plus RED-

Capb prototype using usabil-
ity best practices

• Discuss feedback
with the group

• Review client script
• •Feature prioritiza-

tion game
Gather feedback

• Group synthesis
and feedback

aAPS: assisted partner service.
bREDCap: Research Electronic Data Capture (Vanderbilt University).

Ukrainian Setting and War
Ukraine is an Eastern European nation that regained its
independence from the Soviet Union in 1991. On February 24,
2022, the Russian Federation invaded Ukraine, inflicting the
largest military assault in Europe since World War II. Of a
prewar population of 41.6 million, an estimated 7.5 million
(18%) fled the country as refugees, 5.9 million (14.2%) were
internally displaced, 1.6 to 2.8 million were forcefully deported
to Russia, and >10,000 civilians were killed [24-26]. As of
mid-2023, when this study was conducted, the population was
estimated to be 41 million, with 12.4% being internally displaced
persons and 11.6% being refugees who had returned to their
homes [27]. War crimes have included direct attacks on health
care facilities, resulting in damage to >1000 facilities, complete
destruction of >200 facilities, and deaths of >100 HCWs (with
approximately one-third killed while working) [28-31]. Our
study sites included health facilities in the cities of Chernihiv
and Dnipro. Chernihiv is in northern Ukraine and was occupied
by Russian forces from March 2022 to April 2022, leading to
widespread destruction and trauma [32]. Dnipro is a leading
industrial city located in southeastern Ukraine that has served
as a hub for wartime logistics and humanitarian aid for the
eastern and southern regions most affected by war and
occupation.

HIV in Ukraine
Ukraine has a significant HIV burden, with an estimated 245,000
persons with HIV living in the country in early 2022, of whom
roughly 79% knew their HIV status [28]. In 2019, the Ukraine
Ministry of Health began scaling APSs, reaching 7533 index
clients and 5038 newly tested partners in 2020 [13]. Clients
who are newly diagnosed with HIV, as well as clients who were
previously diagnosed but who experienced interruptions in HIV
treatment or other conditions leading to having an unsuppressed
HIV viral load, are invited to participate in APSs on a voluntary

basis. Index clients are asked to name all recent sexual and
needle-sharing partners as well as biological children to indicate
whether these partners have recently been tested for HIV and
to select a notification method for each partner. Health workers
then follow up over time with the index clients to ensure that
each partner is notified and provided information about how to
get tested for HIV. Persons who inject drugs and men who have
sex with men have high HIV prevalence (20.9% and 3.9%,
respectively) and are estimated to account for 29.9% and 2.9%
of all persons with HIV in Ukraine [33-36]. However, these key
populations appear underrepresented in APSs as persons who
inject drugs made up only 14.9% and men who have sex with
men made up only 1.8% of APS index clients in 2020
[13,37,38]. An additional barrier to epidemic control in Ukraine
was that approximately one-third of named partners with
unknown status (32.4%) in the APS program did not complete
HIV testing within 60 days [13].

In the wartime context, HIV programs have been stretched, and
conditions have favored increased HIV transmission [39]. HIV
testing declined by 36% in 2022 compared to 2021 before
rebounding to prewar levels in 2023 [28]. The Ukraine Ministry
of Health estimated that reduced coverage of HIV testing
services, together with wartime occupation and population
displacement, contributed to a 13% increase in HIV incidence
in 2023 compared to 2022 [28]. In the wartime context, APSs
remain an expected part of the basic package of HIV services.
However, their prioritization during the war given other pressing
needs has not been thoroughly assessed, including in the context
of our study.

HCD Methods for the Design of CASI-Plus
We sought to design CASI-Plus as a tool to increase partner
elicitation and testing that would be both tailored to Ukraine’s
specific wartime context and generalizable to APS programs
worldwide. We selected HCD methods given their utility in
leveraging end-user expertise and taking a system thinking
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approach while designing this health care innovation [19,22,40].
Melles et al [18] discuss the importance of system thinking
regarding how an innovation interacts across 3 levels: micro
(eg, using tools to perform tasks), meso (eg, health workers as
a part of teams that coordinate to deliver care), and macro (eg,
health workers and clients as a part of organizations and
societies). With HCWs, our inquiry focused on eliciting
task-based features (micro level), as well as how to integrate a
tool within their health care delivery workflow (meso level)
and how to tailor the design for the Ukrainian cultural context
and wartime environment (macro level). For index clients, our
study focused on considerations to ensure that the tool was
accessible (micro), aligned with patient health care experiences
(meso), and aligned with client values (macro).

Our original study, conceived before the full-scale invasion of
Ukraine in 2022, proposed in-person, participatory HCD
workshops and interviews with HCWs and clients led jointly
by American and Ukrainian investigators. However, in the
wartime context, we needed to reconsider our HCD methods
based on disrupted ground transportation, safety of Public Health
Center (PHC) of the Ministry of Health of Ukraine and
University of Washington study team members to travel to the
study sites, understaffing at the study sites, and unpredictable
client demand for health care services due to mass population
displacement and military mobilization. Table 1 provides an
overview of HCD activities across 3 steps, whereas Table 2
provides a more detailed description of the internet-based,
tele-conferencing sessions with HCWs and in-person
engagements with index clients and how the HCD methods
were adapted to the wartime context.
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Table 2. Detailed description of human-centered design (HCD) methods used in the Computer-Assisted Self-Interview (CASI)–Plus study, including
HCD principles and adaptations to Ukraine’s wartime context (May 2023-July 2024).

Adaptations to wartime contextHCD principlesDescriptionStep, participants, and activity

Step 1—HCWsa

Reduced the duration of the design
workshop and allowed participants

Empowering end users as ex-
perts—presession exercises can

HCWs created an ordered list of the

steps of APSsb and described care

Individual preworkshop exer-
cise

to complete when they had availabil-
ity (thereby reducing burden). Al-
lowed the study team to consolidate

prime users’ engagement and allow
them to reflect independently and
without the social pressures of the

activities, who was involved, and
the data collected. HCWs were re-
minded of their expertise and that

information for review at the work-
shop. Included explicit discussion

workshop [41,42]; crowdsource re-
sponses from multiple partici-

there were no right or wrong an-
swers. The study team consolidated

of how war has impacted clients and
services.

pants—this helps consolidate core
steps, which is critical to understand
context and activities that the tool
could support [18,43]

individual workflow maps to pro-
duce a consensus version for display
during the workshop session.

Conducted the workshop via video-
conference (Zoom [Zoom Video

Ideation and creativity [20]; co-de-
sign process supported design and

Reviewed mock-ups of 12 ideas for
CASI-Plus features. Each mock-up

Critique ideas for CASI-Plus
features

Communications]) where partici-
pants joined individually to mini-
mize safety risks and the inconve-

validation of a solution based first
on diverging perspectives and then
on converging perspectives

contained key discussion question
prompts (eg, “what are the advan-
tages of this feature?” and “what are
your concerns?”). Invited partici- nience of in-person meetings. Web-

based tools for ideation and creativepants to share additional feature
work (eg, Figma) were deemed tooideas and describe ideal feature de-

signs that would be most useful. complex for HCWs to learn and use,
so the study team relied on slides
and discussion. Visual mock-ups
supported reactions and discussions
and stimulated creative thinking.

Used verbal roll call for voting
along with marking each vote on the

The prioritization game helped fo-
cus the feature set for health worker

HCWs completed 3 rounds of voting
on priority features, with each HCW

Feature prioritization game

screen to avoid the complexity of
web-based voting tools. HCWs were

top preferences. The prioritization
game was adapted to voting on fea-

having 3 votes per round. Between
rounds of voting, HCWs discussed

engaged in exercises, discussion,
and explaining their choices.

tures rather than a money-based
game of purchasing options by the
study team per recommendations

why they prioritized specific fea-
tures. One group received 3 extra
votes for the final round when they

that voting would resonate more
with participants.

did not change choices between the
first and second round.

HCWs required extra time to famil-
iarize themselves with and practice

Consider user needs and experiences
[43]; system perspective

Semistructured focus group discus-
sions on how CASI-Plus would im-
pact workflow and what barriers it
would and would not address

Group synthesis and feedback

using the tool after the internet-
based orientation.

Step 1—clients

IDIc questions asked about barriers
in the wartime context.

Empathy [20]Semistructured questions on barriers
to naming partners, notifying part-
ners, using APSs, and partners

Discuss current APS barriers

completing testing. Reflections on
what works well and what can be
improved in APSs.

A single round of design feedback
was conducted to minimize burden

Co-design; creativitySemistructured questions on CASI-
Plus features, including opinions on

Critique CASI-Plus features
and review client script

on client and researcher time in
wartime context.

2-way texting and reflections on
what barriers it would and would
not address. Clients reviewed 13
cards with visual mock-ups of the
client-facing screens of the CASI-
Plus tool. They shared reactions,
including things that were confusing
or inappropriate. They provided al-
ternative suggestions for visual de-
sign.

Step 2—study team
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Adaptations to wartime contextHCD principlesDescriptionStep, participants, and activity

Ukrainian and American study team
members independently and asyn-
chronously completed this activity
and documented the results in a
spreadsheet to minimize the need
for synchronous web-based meet-
ings.

Heuristic evaluations are common
in HCD in which study team mem-
bers compare a tool against heuris-
tics to fix common usability issues
[44,45].

Evaluated 5 open-source software
platforms against the CASI-Plus re-
quirements developed by the study
team and refined during step 1.
Conducted heuristic evaluation (us-
ability “rules of thumb”).

Heuristic evaluation to critique
platforms and prototype

Step 3—HCWs

The study team met via videoconfer-
ence with HCWs to debrief their
walk-throughs.

Consider user needs and experiences
[43].

Provided “test scripts” for 5 fictional
clients for HCWs to enter data and
a template for documenting issues
and recommendations.

Usability walk-throughs

Step 3—clients

Clients rejected being video record-
ed when piloting the use of the tool.

Consider user needs and experiences
[43].

A total of 5 clients participating in
APSs tested CASI-Plus using a “talk
aloud method.” HCWs documented
issues and recommendations in a
structured template.

Usability walk-throughs

aHCW: health care worker.
bAPS: assisted partner service.
cIDI: in-depth interview.

Step 1: Formative HCD (May 2023-July 2023)
During step 1, with HCWs, we asked participants to (1)
complete a preworkshop exercise to describe current APSs,
including which personnel and what data collection or data
management tools were involved; (2) discuss the current state
of APSs, including barriers to partner notification and testing;
(3) review 12 ideas for CASI-Plus features; and (4) prioritize
features during a voting game in which participants selected
top features, discussed their choices, and repeated 3 rounds of
voting to allow them to change their priorities. We also carried
out individual in-depth interviews with clients in which we
asked them to (1) discuss current barriers to partner notification
and testing and (2) critique mock-ups showing the client-facing
screens and CASI-Plus tool design.

HCW workshop participants included a purposive sample of
site managers, infectious disease physicians, nurses,
psychologists, and social workers who deliver APSs and HIV
care services. The first 2 HCW workshops included HCWs from
the regional AIDS centers at hospitals in Chernihiv and Dnipro.
The third workshop included HCWs from smaller rural primary
care clinics that operate as subsidiary locations for the Chernihiv
site. Because of safety concerns with travel of researchers to
the study sites, the 3 HCW workshops were held via Zoom
videoconference (Zoom Video Communications), with voluntary
video and audio recording of the sessions. In total, 2 Ukrainian
researchers facilitated the videoconference workshops using a
facilitator’s manual and slide decks. The English-speaking study
team members listened in silently with synchronous translation
to follow the proceedings and observe group dynamics. Before
the workshops, participants were given an individual
preworkshop assignment to describe APS consultation and case
management activities. Between the first and second workshops,
given the HCD approach, the study team iterated on potential

CASI-Plus features to reflect feedback and better tailor ideas
for the subsequent 2 HCW workshops.

For index clients, the study team held 30- to 45-minute in-person
interviews at a single site because we could not assume that
clients had access to the internet or familiarity with
videoconferencing methods. We also reduced the number of
client touch points during step 1 from 2 to 1 session to reduce
participant burden during wartime. Clients were recruited from
the Chernihiv oblast AIDS centers using a convenience sample
of clients coming for routine medical visits. Inclusion criteria
were (1) being aged ≥18 years and (2) having participated in
APSs within the previous 12 months at the study clinic. Because
we were particularly interested in the perspectives of clients
from vulnerable, stigmatized groups, including men who have
sex with men and persons who inject drugs, study personnel
worked with HCWs to ensure that clients from these groups
were referred to the study.

All workshops and client interviews were conducted in the state
language, Ukrainian.

Step 2: Software Platform Assessment and Heuristic
Evaluation (October 2023-May 2024)
During step 2, the study team evaluated 5 open-source software
platforms against the CASI-Plus functional and technical
requirements. The study team developed the requirements based
on work in a preliminary study and updated this based on
feedback from step 1. We then adapted the selected platform
(REDCap [Research Electronic Data Capture; Vanderbilt
University]) [46,47] to become the CASI-Plus tool and
completed heuristic evaluation to assess usability. Each heuristic,
or rule of thumb, for what makes for a pleasing and usable
electronic tool was drawn from frameworks by Nielsen [44]
and Kientz et al [45] using concepts such as “helps users
recognize and recover from errors or relies on recognition rather
than recall.” We created a matrix tool for rating usability
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according to each heuristic applied to each section of the
CASI-Plus tool, with coding of each issue as having low,
medium, or high impact on usability (Multimedia Appendix 1).
Study team members then conducted walk-throughs of the tool
with 5 fictional client “test scripts,” rating each part of the
CASI-Plus tool as passing or failing each heuristic. We collated
all issues and addressed all modifiable high- and medium-impact
issues through a round of improvements to the tool.

Step 3: Usability Walk-Throughs (July 2024)
Step 3 involved HCWs and clients conducting simulated
walk-throughs of CASI-Plus at the Chernihiv study site using
a live test version of the tool with the Android tablets procured
for use of CASI-Plus at study sites. HCWs used the 5 fictional
client test scripts, where they registered clients in the live version
of CASI-Plus, entered client data, viewed the summary results,
and edited client data as needed. After these walk-throughs, the
PHC team held a focus group to gather feedback on navigation,
system performance, and concerns using CASI-Plus in practice.
In addition, the study coordinator completed walk-throughs
with 5 actual clients, again using the live version of the tool and
the tablets, followed by brief individual interviews to gather
feedback, learn whether they would recommend the tool’s use
by others, and share suggested changes to the tool. Participants
received similar incentives as in step 1.

Data Analysis
Ukrainian study team members created English-language rapid
debrief reports for the data collected in step 1 using a template
that followed the semistructured discussion guides to support
rapid qualitative analysis [48-51]. Rapid qualitative analysis
enabled actionable insights to emerge from each HCW workshop
so that we could iterate on the ideas and visuals to consider
input from each session. Later, full written transcripts were

created and translated into English for additional analysis to
reveal themes related to Ukraine’s wartime and social context
and inform the tool design. One analyst (NP) developed an
inductive thematic codebook after an initial read-through of the
transcripts and then applied the codebook to each transcript
using the Dedoose software (SocioCultural Research
Consultants) [52]. Data from steps 2 and 3 were tracked in
spreadsheets and used in conjunction with the software
requirements and design documents to guide modifications to
the software prototype.

Ethical Considerations
The protocol for the CASI-Plus study was reviewed and
approved by the University of Washington Human Subjects
Division (00015808) and the institutional review board for the
PHC (222; August 12, 2022). All participants provided written
informed consent using a Ukrainian-language consent process
and form. Health workers and clients were each offered an
incentive of US $10 for participation in the CASI-Plus formative
research. All data collected from study participants were
deidentified before analysis and stored in secure,
password-protected electronic storage locations.

Results

Overview
There were 22 HCWs and 10 clients participating in step 1 data
collection (Table 3). All HCW participants (22/22, 100%) were
female, most (13/22, 59%) were infectious disease or other
physicians, and most (18/22, 82%) had provided HIV services
for ≥5 years. Clients interviewed were mostly male (8/10, 80%)
and included both persons who inject drugs (6/10, 60%) and
men who have sex with men (4/10, 40%). Most clients
interviewed (6/10, 60%) were aged 35 to 44 years.
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Table 3. Study participants for step 1 of the Computer-Assisted Self-Interview–Plus formative research in wartime Ukraine (May 2023-July 2023).

Participants, n (%)Characteristic

Health workers (n=22 individuals in 3 workshops)

Location of work

15 (68)Oblast AIDS center

7 (32)Peripheral health center

Sex

22 (100)Female

0Male

Professional cadre

11 (50)Infectious disease physician

7 (32)Nurse

2 (9)Other physician

1 (5)Psychologist

1 (5)Social worker

Time working in HIV program (y)

8 (36)>10

10 (45)5-10

4 (18)2-5

Age group (y)

4 (18)<35

8 (36)35-44

10 (45)≥45

Clients (n=10 in-depth interviews)

Sex

8 (80)Male

2 (20)Female

Key population group

6 (60)Persons who inject drugs

4 (40)Men who have sex with men

Age group (y)

2 (20)<35

6 (60)35-44

2 (20)≥45

Step 1: Formative HCD

APS Workflow
HCWs across the 3 workshops identified common, standard
steps for the APS workflow, matching steps in the index client
journey through initial and follow-up visits (Multimedia
Appendix 2). The workflow activity resulted in a consensus on
a standardized workflow that harmonized perspectives of HCWs
within and across study sites. Noting that APS clients are newly
engaged in care, HCWs discussed how some clients needed to
build trust in the health care team before disclosing information
about their partners, which underscored that CASI-Plus should

be designed for longitudinal partner elicitation rather than
elicitation at the initial APS enrollment visit. HCWs at one site
reported eliciting information about household members and
friends (in addition to HIV-exposed partners and biological
children); however, the PHC researchers determined that “social
network testing” was not part of the standard APS model and
should not be a focus of the tool.

APS Barriers and Effects of Wartime
HCWs and clients noted barriers to APSs and challenges of
wartime; Table 4 summarizes these barriers and challenges with
illustrative quotes. Barriers to partner notification included fear
of blame, rejection, family dissolution, and aggressive reactions
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or abuse by partners, as well as clients’ inability to come to
terms with their HIV diagnosis. Both HCWs and clients
discussed stigma and discrimination in health care by family
physicians and other medical providers as being a barrier to
HIV testing. Both groups also cited practical barriers to partner
notification and testing, such as difficulty traveling to health
facilities due to disrupted transportation networks, difficulty
tracking partners due to widespread population displacement,

and hesitancy to accept calls from unknown numbers given the
efforts of military recruiters to enlist citizens in the armed forces.
HCWs at the Chernihiv site explained that they did no HIV
testing for 2 months while under Russian occupation in 2022.
They estimated that HIV testing levels had rebounded to
approximately 75% of the level in 2019, before the war and the
COVID-19 pandemic, while noting that understaffing was an
ongoing challenge in delivering APSs.
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Table 4. Barriers to HIV assisted partner services (APSs) in wartime Ukraine—results from step 1 in-depth client interviews and health worker
workshops (May 2023-July 2023).

Illustrative quotesThemesBarrier

Lack of acceptance of
HIV diagnosis

• “To be honest, I didn’t immediately accept it, because I was on my
own, I had the Internet at first, I was searching for all possible options
why the test could be wrong. Well, I had a feeling that I wanted to

1. Denial of HIV test result
2. Anger and blame of others

turn this diagnosis inside out.” [Client; male; man who has sex with
men; aged 32 years]

• “[A] person is offended that he/she was punished in this way, so they
want to punish others, I believe. I had a situation like that...there was
a time when I blamed everyone, I wanted to infect the whole
world...[A] psychologist worked with me and everything is normal
now, touch wood.” [Client; female; person who injects drugs; aged
44 years]

Concern about disclo-
sure of HIV status

• “So, you [health worker] are calling and saying: ‘Here, we have been
informed...that you had sexual contact during last year.’ The thing
is, that we don’t know how many were there, right? But he does. He

1. Fear of “word getting out” about one’s HIV
status

2. Even an anonymous notification by an
knows that he was only with me.” [Client; male; man who has sexHCWa could allow a partner to deduce the
with men; aged 32 years]source of the exposure

Fear of partners’ reac-
tions

• “[Y]ou’re not, like, the same person anymore. You’re HIV-positive.
It’s honestly stressing me out...[A] lot of people kind of say don’t be
afraid of this, but I’m already a second-class person.” [Client; male;

1. Women and clients with newer partners
may have more trouble notifying their
partners

person who injects drugs; aged 44 years]2. A client who was a man who has sex with
men reported greater difficulty notifying • “[I]f, for example, he was single, yes [I could notify him]. Whatever

was to happen let it happen. [But if] he is married, it’s ok if everythingbisexual partners because of fear of blame
if wives and children become affected is fine. But if not, it would be chaos in the family...I'm afraid of the

reaction, so to speak.” [Client; male; man who has sex with men;
aged 32 years]

Clients have other prior-
ities

• “Due to the war, some clients have adopted a fatalistic attitude to-
wards life and do not wish to inform their partners, making an excuse
that they will live as long as they live, and what if they die tomorrow

1. Clients who are persons who inject drugs
are generally difficult to engage due to their
preoccupation with obtaining drugs or

from a rocket.” [HCW; female; 8 years of professional experience]money for drugs if they are actively using
drugs • “[W]hen...I met my partner just once or twice...we met, he texted me

or called me, I answered him, we met, and I don’t even sign this2. Fatalistic wartime attitude
[phone] number. Especially if I didn’t like the partner, then, well,3. Low obligation to notify partner if they do
what’s the point?” [Client; male; man who has sex with men; agednot have an ongoing relationship
32 years]

Difficulty disclosing
partnerships to HCWs
due to stigma

• “[T]hey do not name their partners in all cases, they say ‘I have no
partner,’ and then, after a while, we conduct conversations, we figure
out that a partner of this or that client presented to us...It happens after
some time, not immediately when a patient has just found out his

1. Shame to admit to health workers that
clients have sex partners who are men who
have sex with men or that they have shared
needles

status, rather after a while.” [HCW; nurse; 8 years of professional2. Social stigma can prevent partners from
experience]accessing HIV testing services because they

do not want to be seen entering the HIV • “[T]here are some people who are coming here and try to hide the
fact that they are using [drugs]...or they may say the opposite, ‘I’mclinic for testing
quitting’ or something else...[T]hey will be afraid, if they have to tell
the doctor, the doctor will just swear or will be negligent...like: ‘Oh,
they’re drug addicts?...[T]hey’re so...annoying,’...so they ignore it
and don’t talk about it.” [Client; female; person who injects drugs;
aged 43 years]

Ethical concerns • “[P]ersonally, I don’t provide phone numbers to anyone without
asking the person if I can. I don’t know if other people do it.” [Client;

1. Concern about sharing partner contact de-
tails without asking them first (client)

male; man who has sex with men; aged 39 years]2. Preference for routine HIV testing as part
of primary health care, alleviating responsi-
bility for notifying partners (client)
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Illustrative quotesThemesBarrier

• “Due to the war, male clients and male partners are much more hesi-
tant to answer calls from unknown numbers. They fear mobilization
and are apprehensive about receiving calls from the military, so very
often they don’t pick up or don’t trust strangers on the phone.” [HCW;
female; >10 years of professional experience]

1. People may not pay attention to phone calls
or messages attempting notification (HCWs
and clients)

2. Massive displacement of the population
during war creates difficulties tracing and
contacting partners

3. Disrupted transportation networks make it
difficult for citizens from rural and semiur-
ban areas to access HIV testing

Practical barriers to
partner notification and
testing

• “I have 2 social workers here. One works part-time 25 per cent, which
is 1 hour and 28 minutes, the other works part-time 75 per cent. A
patient comes for ARVs...you need to find out about their sexual
partners, you need to ask them about complaints, enter it [data] into
the system of socially significant diseases, simultaneously enter it
into the NHSU, into e-Health, so that we are paid for this case, write
them out a prescription, refer them to tests… we are given 12 minutes
per each patient...[Y]ou have to do your best, talk through everything
quickly...There is such a race with each patient. And how to do all
this, to ask them about all partners...they sit and try to remember, it
can only be done properly in the social worker’s office, if they are
free...” [HCW; female; unit head; 23 years of professional service]

1. HCWs have limited bandwidth to track
partners over multiple attempts due to
workload

2. Too few social workers to help physicians
with APSs

Skeletal, overburdened
HCW staff is chal-
lenged to provide APSs

aHCW: health care worker.

Perceptions of the CASI-Plus Tool
Both HCWs and clients had an overall favorable perception of
the CASI-Plus tool. HCWs and clients both felt that it would
help clients discuss their partnerships without shame or
embarrassment:

...there are patients who are sometimes ashamed to
tell the doctor how many partners they have, because
the person lives in a marriage and does not really
want to reveal that they have someone anyone else,
you now, and when it will be on the tablet, we will
not look into their eyes, into their soul, as they say,
perhaps the person will then simply open up. Perhaps
a person will not name them, but at least they will say
the number. As if it will be useful for us. [HCW;
female; >10 years of professional experience]

One client felt that it would help providers remember to discuss
partner testing with each client:

...it’s a great idea with a tablet, why, if the doctor,
let’s say, forgets to ask something, then that’s it, I’m
gone, I’ll go home and think “[shoot], but I still
wanted to talk about my problem, well, I won’t, okay,
later.” [Client; female; person who injects drugs;
aged 43 years]

Of the 10 clients interviewed, all (100%) expressed willingness
to use CASI-Plus on a tablet within the clinic, and only 1 (10%)
expressed a definitive preference for speaking with an HCW
about APSs rather than using CASI-Plus. HCWs expressed
concern about the physical security and maintenance of tablet
devices and made recommendations for preventing theft.

Preferred Features for the CASI-Plus Tool
Figure 1 shows the original concept for the CASI-Plus features,
input from HCWs and clients about the features, and how we

modified the design to address the feedback. The most important
changes were (1) dropping 2-way texting with clients and (2)
modifying the case management dashboard to focus on
person-level information about partner disposition as reported
by index clients rather than APS program performance metrics.
Multimedia Appendix 2 summarizes feedback and shows how
the design evolved across each step of the APS workflow,
whereas Multimedia Appendix 3 shows the results of the HCW
prioritization voting exercise.

During the 3 HCW workshops, HCWs prioritized features that
support the initial APS encounter, including educational
messaging about the rationale for APSs and how they work, as
well as an initial partner elicitation questionnaire. Some HCWs
and clients liked the idea of client stories that shared realistic
examples of clients who pursued partner notification and testing.
Clients liked the idea of CASI-Plus including 2-way texting
because they felt that it would be a convenient way to
communicate with their health care team. They felt that
encrypted messaging (eg, via the Viber platform) would protect
the privacy of communication. However, HCWs were concerned
that 2-way texting would add to their workloads even if
messaging was partially automated. They were also concerned
about operating outside the current national legislative
framework, which narrowly limits the collection and use of
private information such as names and phone numbers.

There was less consensus among HCWs about CASI-Plus
functionality to support APS case management. HCWs were
enthusiastic about having a dashboard display of information
that would help them track whether partners had completed HIV
testing. However, they did not value a dashboard with
performance indicators such as the total number of clients served
or the average number of partners named per index client. HCWs
said that they could not handle the additional data entry of case
updates about contact attempts or partner testing disposition
within the tool given their existing workload. They
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recommended that clients capture partner follow-up data via a
self-administered follow-up CASI-Plus questionnaire to be used
whenever they returned to the clinic. Clients requested more
health promotion information, such as messages normalizing

HIV and explaining benefits of HIV pre-exposure prophylaxis
and antiretroviral therapy. Design preferences included a large
font for readability and a bright and hopeful visual design, with
images that could help clients easily follow the text (Figure 2).

Figure 1. Evolution of the Computer-Assisted Self-Interview–Plus functional design based on step 1 formative research in wartime Ukraine (May
2023-July 2023).

Figure 2. Evolution of the Computer-Assisted Self-Interview–Plus visual design based on step 1 formative research in wartime Ukraine (May 2023-July
2023).
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Step 2: Software Platform Assessment and Heuristic
Evaluation
An evaluation of 5 widely used open-source technology
platforms for digital health resulted in the initial selection and
adaptation of OpenSRP (Ona Systems) [53] as the optimal
platform to meet the detailed functional and technical
requirements developed by the team for CASI-Plus. The other
4 platforms considered were the Community Health Toolkit
[54], DHIS2 Tracker [55], OpenMRS [56,57], and REDCap
[46,47,58]. However, after building CASI-Plus using OpenSRP,
the study encountered potential delays in implementing the tool
due to risks posed by the ongoing war. The use of technology
in Ukraine, particularly in wartime, required a careful approach
to ensure data security and prevent leaks, reflecting a broader
state-level policy on protecting personal and medical data. In
the context of Russian cyber warfare threats, hosting CASI-Plus
on secure, trusted servers within Ukraine became a top priority.
Therefore, the study team emphasized the specific operational
needs of having a platform with an appropriate license, a

Ukrainian-language interface, and reliable technical support.
These requirements were critical for aligning with national
policy and ensuring the project’s successful execution.
Consequently, the team shifted to developing the final
CASI-Plus prototype in REDCap, a platform already well
established in Ukraine, even though it lacked certain desirable
features identified during the requirement-gathering and design
stages. The REDCap tool was hosted on PHC servers and was
accessible as a web application to authorized users, meaning
that internet connectivity at the sites was required for its use.

A total of 5 members of the PHC research team and 3 members
of the University of Washington research team completed
heuristic testing of the REDCap tool. Resulting improvements
to CASI-Plus usability included (1) more consistent ways to
advance between screens, with messages to inform clients about
progress through the questionnaire; (2) improved instructions
for questionnaire items with single versus multiple response
options; (3) removal of duplicate items and content; and (4)
improved page loading of images (Table 5).

Table 5. Illustrative examples of findings of the usability heuristic evaluation—step 2 of the Computer-Assisted Self-Interview–Plus formative research
in wartime Ukraine (October 2023-May 2024).

Change to softwareFinding (severity)Heuristic

Harmonized language showing
progress through the sections of the
tool

Inconsistent messages at the end of each section
of the tool before moving on to the next section
(medium)

Consistency and standards—users should not have to
wonder whether different words, situations, or actions mean
the same thing. Follow platform conventions.

Modified question flowQuestion flow allows users to enter a partner name
while also indicating that they do not have a part-
ner (eg, enter 2 mutually exclusive states at once;
medium)

Error prevention—even better than good error messages
is a careful design that prevents a problem from occurring
in the first place. Either eliminate error-prone conditions
or check for them and present users with a confirmation
option before they commit to the action.

Added the description “Multiple an-
swers allowed” to the questions with
multiple response options

For some questions, it is not obvious that multiple
responses are allowed (low)

Recognition rather than recall—minimize the user’s mem-
ory load by making objects, actions, and options visible.
The user should not have to remember information from
one part of the dialogue to another. Instructions for use of
the system should be visible or easily retrievable whenever
appropriate.

Changed style for “show more” but-

tons in REDCapa
Confusing labeling and use of “show more” but-
tons in the section on methods of partner notifica-
tion (high)

Aesthetic and minimalist design—dialogues should not
contain information that is irrelevant or rarely needed. Ev-
ery extra unit of information in a dialogue competes with
the relevant units.

aREDCap: Research Electronic Data Capture (Vanderbilt University).

Step 3: Usability Walk-Throughs
HCWs found that navigating the main menu to register and edit
client records (an unmodifiable aspect of REDCap) was not
intuitive but was learnable with practice and that navigating the
client-facing sections of the tool was straightforward. They
requested hosting separate instances of the REDCap tool for
each study site to protect the confidentiality of client records
across sites and prevent inappropriate editing of records by
personnel from the other study sites. They recommended that
future, scaled implementation of CASI-Plus would allow for
selective access permissions by site, a feature built into the
original OpenSRP-based tool but not available within REDCap.
Overall, the HCWs were enthusiastic about testing the tool in
clinical practice.

Clients also found CASI-Plus easy to use and understand. One
user indicated that the tool “significantly simplifies notifying
the partner; stories provide considerable support and confidence”
(client; male).

There were several points of feedback. One client noted that
the terms used for different partner notification methods were
difficult to understand but that the explanations clarified the
terminology. Another noted that it might be difficult to recall
one’s date of diagnosis. Client feedback did not require changes
to the tool.
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Discussion

Principal Findings
More interventions are needed to contain Ukraine’s HIV
epidemic and facilitate the effectiveness of large-scale APS
programs in other low-resource settings. The CASI-Plus concept
of an mHealth tool that gives persons with HIV a convenient
way to learn about HIV index testing and report their partners
and that helps HCWs track completion of partner testing was
acceptable to both clients and HCWs in Ukraine. Prioritized
features included information about the benefits of HIV index
testing, a nonjudgmental self-guided questionnaire to report
partners, client stories, and bright images to accompany text.
Two-way SMS text messaging between clients and HCWs was
not considered feasible to integrate within the workflow of
understaffed public health clinics. Our final tool design and
software platform choice (REDCap) reflected national policies
and the principle of avoiding extra burden to clients and health
workers, resulting in higher intention to engage with the tool.

Our focus was on developing a tool that would be of generalized
relevance outside of Ukraine and that would also work well
within the challenging conditions of Ukraine’s wartime setting.
This reflects the HCD design principle of “designing at the
margins,” in which tools that can address widespread problems
are then adapted for marginalized use cases through an HCD
process with the target population [59,60]. In our case, final
choices for CASI-Plus features and design reflected the
constraints of Ukraine’s wartime setting but could be considered
prudent choices for all contexts where health care resources are
strained, workloads and time management are issues, and the
target client population is stigmatized. The selection of the
REDCap platform was driven by existing Ukraine Ministry of
Health familiarity and capabilities. REDCap lacked several
desired features that would have been possible with OpenSRP,
such as hierarchical access permissions that would enable HCWs
to view and edit the data only from their site while enabling
scaled use across multiple sites and a data model supporting
capture of record-level updates over time (rather than
overwriting values through an editing process). Implementations
of CASI-Plus in other settings might adapt the design but make
a different technology choice.

This study contributes to the sparse literature on HCD methods
for digital health interventions in war and humanitarian settings.
The formative research phase of the CASI-Plus study
demonstrated how simplified HCD methods adapted to the
wartime context gathered rich input on the prioritized features
and design of the CASI-Plus tool. There are few research studies
or frameworks discussing HCD in mHealth projects in war or
humanitarian settings. Existing published work has focused on
tools for supporting the mental health of soldiers [61,62] or
mHealth apps for health promotion among communities of
refugees who have fled humanitarian crises [63-66]. Most
existing work illustrates the role of the setting in shaping the
problems and needs but not the specific ways in which the
researchers adapted or shaped HCD methods based on a crisis
context. For example, Beeman et al [65] described HCD
methods applied to the design of menstrual health spaces for

women living in a refugee settlement in Uganda. Their HCD
methods involved standard steps of design research, rough
prototyping, live prototyping, and piloting [65]. The resulting
intervention design addressed the lack of privacy, tenuous access
to disposable sanitary products, and other challenges facing
women in the humanitarian setting. Another study of an mHealth
app for Syrian refugees in Lebanon, a structured electronic
health record with both client-facing features designed to
improve health literacy and provider-facing features designed
to support clinical decision-making, represents a cautionary tale
in which design took place without participatory end-user input.
The resulting tool failed to ease the workload of HCWs, and
uptake was limited to approximately 20% of clinical
consultations [67]. In another study, Bartlett et al [64] reported
on an evaluation of an HCD process for a health care app for
refugees. The evaluation findings noted power differentials in
the design process and the need for diverse sampling techniques
for client engagement so that design does not favor the
perspectives of those with greater privilege [64].

Our formative study is unique in reporting on how we adapted
mHealth HCD methods to a wartime context where the health
system is under tremendous stress. Our study demonstrated
several principles for successful HCD in a wartime context.
First, we approached data collection so that it would be safe
and feasible for both participants and study team members, all
of whom were living through challenges of war, including
displacement from their own homes; disrupted power supplies,
including in winter; interrupted access to their offices,
computers, and files; need to take shelter from bombs at a
moment’s notice; and having family members and friends
risking their lives on the front lines. Drawing on the HCD
principle of empathy, we relied on in-country investigators to
guide the timing and design of participatory formative research
activities, first brainstorming possible activities and then
consulting with HCWs at the sites to confirm whether the
activities would be feasible, hear their concerns, and modify
plans. Second, we created a detailed facilitator guide for the
HCD workshop and added guidance to workshop slides to
support facilitators in real time in guiding the conversation
toward the research aims. Third, we scheduled activities during
the day (eg, in the afternoons before daily facility curfew closure
times) and during weeks when wartime conditions (eg, fewer
bombings and power outages) permitted.

Adoption of mHealth tools is always complex from a system
perspective, affecting tasks by individuals, how teams work
together, and how teams function within broader systems (the
micro, meso, and macro levels discussed by Melles et al [18]).
The complexity of absorbing system changes during war is
amplified. Ukraine is struggling to maintain its health care
delivery system in the face of direct attacks on health care
infrastructure, departure of many health workers, and surging
public health disease burden. Priorities for the health care system
include carrying through with reforms started before the war
(eg, decentralization of health care management and enabling
of private providers to receive state funding to deliver approved
HIV service packages) and adaptations resulting from the war
(eg, modifications to the electronic data system for the HIV
program [called the Information System for Socially Significant
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Diseases] to enable remote use and tracking of patients receiving
HIV care outside of Ukrainian borders). However, many
adaptive responses in health care are still not formally
recognized by the government, such as providers communicating
with patients via messaging apps such as Viber or Telegram.
In terms of CASI-Plus, our final design and prototype adapted
to the existing APS workflows and formal regulations rather
than introducing large changes that could be difficult to
implement or sustain within understaffed public-sector clinics
during wartime.

Future Priorities and Research
Future priorities for CASI-Plus technology development include
features to reduce workloads for the already overworked HCWs,
such as integrations with other existing routine data systems to
avoid double data entry, and improved tracking of named
partners. Future efforts are warranted to explore the use of 2-way
SMS text messaging at a time when Ukrainian health policy
makers can codify formal regulations for this type of technology.
The next step in research on CASI-Plus for Ukraine’s APS
program is a randomized controlled trial of the effect of the
REDCap-based CASI-Plus on the number of partners named
and tested for HIV. CASI-Plus has the potential to complement
other strategies being used in Ukraine to support HIV case
finding in the wartime context. Previous studies have identified
that APSs applied to social networks, particularly for persons
who inject drugs, are effective for HIV case finding [33]. A
recent study combined a social network approach to APSs with
a machine learning algorithm applied to screening data from
index clients to identify the networks most likely to yield new
HIV cases [68]. Future research could study the use of
CASI-Plus as part of social network testing and in conjunction
with a prediction algorithm, as well as cultural adaptation of
CASI-Plus in other countries.

Strengths and Limitations
Strengths of this study were the adaptation of HCD methods to
Ukraine’s wartime context, the inclusion of perspectives from
2 regions and both larger and smaller HIV service sites, and
openness to HCW and client perspectives about the direction
for CASI-Plus. Limitations of this study included the inability
of HCWs and research team members to meet in person for
creative co-design sessions; time pressure to complete the HCW
workshops, where several participants had to drop out early
when their worksites closed; and low engagement from rural,
peripheral sites due to unfamiliarity with Zoom
videoconferencing technology. Favorable opinions expressed
about the CASI-Plus concept may reflect social desirability bias
or a tendency to conform to the priorities of external funders
because of the resources they provide [69]. Engaging
participants from only 3 out of hundreds of primary health care
sites may also have limited feature elicitation and utility across
the spectrum of service delivery, particularly given the nuances
in wartime settings. A limitation of pursuing CASI-Plus
technology design during wartime was that national policies on
technology platforms and patient electronic communications
were less flexible than we anticipated when we conceptualized
the study before the war, meaning that we were not able to
implement 2-way SMS text messaging as part of the tool.

Conclusion
In conclusion, the CASI-Plus mHealth tool is an acceptable
intervention to support HIV testing targeted at people most at
risk of HIV exposure, namely, the sexual and needle-sharing
partners of people who have been newly diagnosed with HIV.
It was possible to adapt HCD methods grounded in principles
of empathy, iteration, and creative ideation to Ukraine’s wartime
context using internet-based workshops with HCWs and
individual interviews with clients. This work demonstrates the
flexibility and value of HCD methods for adapting digital health
tools in a wartime context.
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Abstract

Background: Hispanic adults receive less advice to quit smoking and use fewer evidence-based smoking cessation treatments
compared to their non-Hispanic counterparts. Digital smoking cessation interventions, such as those delivered via smartphone
apps, provide a feasible and within-reach treatment option for Hispanic adults who smoke and want to quit smoking. While the
combination of pharmacotherapy and behavioral interventions are considered best practices for smoking cessation, its efficacy
among Hispanic adults, especially alongside smartphone app–based interventions, is uncertain.

Objective: This secondary analysis used data from a randomized controlled trial that compared the efficacy of 2 smoking
cessation apps, iCanQuit (based on acceptance and commitment therapy) and QuitGuide (following US clinical practice guidelines),
to explore the association between pharmacotherapy use and smoking cessation outcomes among the subsample of 173 Hispanic
participants who reported on pharmacotherapy use. Given the randomized design, we first tested the potential interaction of
pharmacotherapy use and intervention arm on 12-month cigarette smoking abstinence. We then examined whether the use of any
pharmacotherapy (ie, nicotine replacement therapy [NRT], varenicline, or bupropion) and NRT alone augmented each app-based
intervention efficacy.

Methods: Participants reported using pharmacotherapy on their own during the 3-month follow-up and cigarette smoking
abstinence at the 12-month follow-up via web-based surveys. These data were used (1) to test the interaction effect of using
pharmacotherapy to aid smoking cessation and intervention arm (iCanQuit vs QuitGuide) on smoking cessation at 12 months
and (2) to test whether the use of pharmacotherapy to aid smoking cessation augmented the efficacy of each intervention arm to
help participants successfully quit smoking.

Results: The subsample of Hispanic participants was recruited from 30 US states. They were on average 34.5 (SD 9.3) years
of age, 50.9% (88/173) were female, and 56.1% (97/173) reported smoking at least 10 cigarettes daily. Approximately 22%
(38/173) of participants reported using pharmacotherapy to aid smoking cessation at the 3-month follow-up, including NRT,
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varenicline, or bupropion, with no difference between intervention arms. There was an interaction between pharmacotherapy use
and intervention arm that marginally influenced 12-month quit rates at 12 months (P for interaction=.053). In the iCanQuit arm,
12-month missing-as-smoking quit rates were 43.8% (7/16) for pharmacotherapy users versus 28.8% (19/16) for nonusers (odds
ratio 2.21, 95% CI 0.66-7.48; P=.20). In the QuitGuide arm, quit rates were 9.1% (2/22) for pharmacotherapy users versus 21.7%
(15/69) for nonusers (odds ratio 0.36, 95% CI 0.07-1.72; P=.20). Results were similar for the use of NRT only.

Conclusions: Combining pharmacotherapy to aid smoking cessation with a smartphone app–based behavioral intervention that
teaches acceptance of cravings to smoke (iCanQuit) shows promise in improving quit rates among Hispanic adults. However,
this combined approach was not effective with the US clinical guideline–based app (QuitGuide).

Trial Registration: ClinicalTrials.gov NCT02724462; https://clinicaltrials.gov/study/NCT02724462

International Registered Report Identifier (IRRID): RR2-10.1001/jamainternmed.2020.4055

(JMIR Form Res 2025;9:e69311)   doi:10.2196/69311
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Introduction

Background
In the United States, 1 in 5 adults are Hispanic or Latino
(referred to hereafter as Hispanic). Hispanic adults in the United
States constitute the largest ethnic minority group [1,2]. In fact,
it is estimated that by 2026, the Hispanic population will reach
111 million [3]. Presently, there are approximately 4 million
Hispanic adults who smoke cigarettes [4]. Even though smoking
rates are lower among Hispanic adults (7.7% vs 11.7%) when
compared to the general population of adults in the United States
who smoke [5], the prevalence of smoking varies across
different Hispanic nationalities [6-8]. For instance, people from
Puerto Rico and Cuba have higher than average smoking rates
at 25.5% and 19.8%, respectively. Hispanic adults also face
higher smoking-attributable morbidity and mortality compared
to their non-Hispanic White counterparts [9-11]. Despite these
health inequities in smoking and the rapid population growth
of the Hispanic population in the United States, research on
smoking cessation interventions for this group is sparse [12],
with only 2 full-scale randomized controlled trials (RCTs) with
6-month follow-up or longer conducted to date [13,14].

While evidence-based smoking cessation treatments are
generally within reach of the US general adult population
[15,16], Hispanic adults often lack access to these treatments
[17]. Reasons for these accessibility barriers include health
providers being 50% less likely to offer quit-smoking advice
to Hispanic adults compared to their non-Hispanic counterparts,
which greatly contributes to significant inequities in smoking
cessation efforts in this group [4,17]. Moreover, many Hispanic
adults attempt to quit cigarette smoking cold turkey, which
typically results in a very low likelihood of success of 2% to
5% [18,19]. Addressing these challenges requires research to
develop culturally inclusive behavioral interventions that are
within reach and tailored to the unique needs of Hispanic adults
who smoke and want to quit smoking.

Free and remotely delivered digital interventions may improve
access to evidence-based smoking cessation programs and
thereby help improve smoking cessation outcomes [20]. Only
1 RCT, with a follow-up of 6 months or longer, has examined

a digital smoking cessation intervention for Hispanic adults
[21]. This study randomly assigned 457 English and
Spanish-speaking Hispanic adults to receive either a culturally
tailored mobile health smoking cessation intervention
(Decídetexto) or standard of care, including written materials
from the American Cancer Society and the National Cancer
Institute (NCI), along with access to state-funded tobacco
quitlines. Nicotine replacement therapies (NRTs; patches and
gum) were offered to both arms at no cost. Results at 6 months
showed higher (but nonsignificant) biochemically verified quit
rates (Decídetexto: 33/229, 14.4% vs control group: 21/228,
9.2%; P=.09) and greater NRT use in the intervention group
compared to standard of care (at least 1 day of NRT: 174/192,
90.6% vs 139/198, 70.2%; P=.01). However, it remains unclear
if the use of pharmacotherapy to aid smoking cessation
contributed to these quit rates, as both groups had access to free
medication.

Digital interventions, like smartphone apps, offer an alternative
approach to SMS text messaging or website-based interventions
for smoking cessation [22], with over 500 smoking cessation
apps currently available (R Nelson, personal communication,
2020). Although 91% of Hispanic adults in the United States
own smartphones [23], to our knowledge, only 1 study has
explored the potential efficacy of an app-based intervention for
helping Hispanic adults quit smoking [24]. This study was a
secondary analysis of a Hispanic adult subsample (n=210, 8.7%
of the total sample) from a full-scale RCT comparing the
iCanQuit app (Moby, Inc; based on acceptance and commitment
therapy [ACT]) with the NCI’s QuitGuide app (National Cancer
Institute; based on US clinical practice guidelines [USCPGs])
for smoking cessation [24,25]. Results showed significantly
higher 12-month quit rates in iCanQuit (28/82, 34.1%) versus
QuitGuide (19/94, 20.2%; odds ratio [OR] 2.20, 95% CI
1.10-4.41; P=.02). This finding is significant, given the
challenges faced by Hispanic adults in accessing evidence-based
smoking cessation treatments, such as lack of medical insurance,
ethnic discrimination, and cost [26,27].

Although app-based smoking cessation interventions hold
promise, USCPGs emphasize that combining behavioral
interventions with pharmacotherapy to aid smoking cessation
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is more efficacious than either approach alone [28,29]. In the
iCanQuit parent RCT, pharmacotherapy use was an exclusion
criterion, but participants could opt to use it on their own after
randomization [25]. In fact, both the iCanQuit and QuitGuide
app–based interventions educate users on Food and Drug
Administration (FDA)–approved pharmacotherapy to aid
cessation [25]. In the full sample of the iCanQuit parent RCT,
participants in the iCanQuit arm who used pharmacotherapy to
aid smoking cessation on their own had significantly higher
quit rates at 12 months compared to nonusers (users: 70/176,
39.8% vs nonusers: 192/691, 27.8%; P=.002) [30]. Whether
the use of pharmacotherapy to aid cessation improved the quit
rates of Hispanic participants, specifically, remains unknown.

Hispanic adults in the United States have the lowest rate of
pharmacotherapy use to aid smoking cessation compared to
other racial or ethnic groups [4,17,31]. For example, the rate of
pharmacotherapy use is approximately 25.2% among
non-Hispanic Black adults and 23.6% among non-Hispanic
White adults but only 16.6% among Hispanic adults. In fact,
reports from population-based studies of NRT use during quit
attempts showed that an overwhelming 91% of Hispanic adults
had never used NRT to aid their quit attempts [19]. There are
various reasons why Hispanic adults may be more reluctant to
use pharmacotherapy to aid their quit attempts. For instance,
financial barriers and being medically uninsured (24% of US
Hispanic adults) may play an important role [32,33]. Other
reasons may include having a mistrust of the medical system
[34] and having misconceptions about NRT use, such as NRT
being addictive [31,33,35,36]. Prior research also highlights to
a cultural emphasis on “voluntad propia” or the willpower to
quit smoking that is unique to the Hispanic population [36]. In
fact, when compared to non-Hispanic adults, Hispanic adults
who smoke and have tried to quit smoking are twice as likely
to cite willpower as their main reason for not trying
pharmacotherapy to aid their quit attempts [19].

Objectives
To address existing knowledge gaps and build on prior studies
[24,25], this secondary analysis used data from an RCT with
long-term smoking cessation outcomes comparing 2 smoking
cessation apps, iCanQuit (based on ACT) and QuitGuide
(following USCPG) [25]. We explored the association between
pharmacotherapy use and smoking cessation outcomes in the
subsample of 173 English-speaking Hispanic adults recruited
nationwide from 30 US states. Given the randomized design,
we first tested the potential interaction of pharmacotherapy use
and intervention arm on 12-month cigarette smoking abstinence.
We then examined whether the use of any pharmacotherapy (ie,
NRT, varenicline, or bupropion) augmented each app-based
intervention efficacy to help Hispanic adults quit smoking.
Finally, we compared NRT (eg, patch, gum, lozenge, and
inhaler) users with nonusers, noting the scalability potential of
mailed NRT for remote interventions compared to other smoking
cessation medications.

Methods

Overview
The details of the iCanQuit RCT have been previously published
[25]. Adults aged 18 years and older who reported smoking
cigarettes every day, who had access to their own smartphones,
and who had a desire to quit cigarette smoking within 30 days
were eligible to participate. Exclusion criteria were an inability
to read English, ongoing smoking cessation treatment including
the use of pharmacotherapy at the time of enrollment only, prior
use of iCanQuit or QuitGuide app–based interventions, or having
a household member already enrolled in the trial. Participants
were not excluded from the study if they chose to use
pharmacotherapy to aid cessation on their own after
randomization.

Ethical Considerations
All participants provided informed consent. Study procedures
were approved by the Fred Hutchinson Cancer Center
Institutional Review Board (IRB FHIRB0008317). Participants
were compensated up to US $105 for completing data collection
at the 3-, 6-, and 12-month follow-ups (US $35 per participant
per follow-up). The data is de-identified.

Recruitment, Study Population, and Enrollment
Recruitment spanned from May 2017 to September 2018.
Eligible participants were randomly assigned to iCanQuit or
QuitGuide for 12 months. Follow-up data collection spanned
from August 2017 to December 2019 via web-based surveys at
the 3-, 6-, and 12-month follow-up after randomization. From
the original 2415 adults in the iCanQuit parent RCT, a total of
173 Hispanic or Latino participants (173/2415, 7.2% of the total
sample) who provided pharmacotherapy data at the 3-month
follow-up were included in this paper’s secondary analysis (ie,
pharmacotherapy data at the 3-month follow-up were missing
for 37 Hispanic participants of 210 enrolled in the study).

Smartphone App–Based Interventions
The iCanQuit app, described in great detail elsewhere [25],
comprises 8 ACT-based levels emphasizing two core processes
of ACT: (1) acceptance of cravings to smoke, including physical
sensations, emotions, and thoughts that cue smoking, and (2)
aligning personal values, such as family, community, and health,
with a smoke-free life. The “preparing to quit” phase fosters
acceptance through mindfulness. It includes an “urge help”
function and encourages users to track urges and cigarettes
smoked daily. The “after you quit” phase focuses on motivation
and relapse prevention.

QuitGuide, a free app developed by the NCI that is based on
the USCPGs for smoking cessation [28], offers educational
resources and techniques for quitting smoking and preventing
relapse. It provides information on smoking cravings and
quitting barriers. Unlike iCanQuit, which motivates through
personal life values, QuitGuide focuses on health consequences
and avoidance of cravings to smoke. Neither the content of
iCanQuit nor QuitGuide was specifically designed for Hispanic
adults who smoke. Neither arm provided pharmacotherapy to
aid smoking cessation, coaching, or other interventions. Both
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apps educated participants on FDA-approved medications to
aid smoking cessation, highlighting benefits, where to obtain
them, use instructions, and common side effects.

Measures

Baseline Characteristics
Participants completed baseline web-based surveys reporting
sociodemographic, geographic, and smoking characteristics.
Data collected included participants’ self-reported age, sex,
race, ethnicity, higher level of education attained, household
annual income, employment status, marital status, sexual
orientation, and household zip code [37-41]. Baseline smoking
characteristics included daily cigarette consumption, cigarette
dependence using the Fagerström Test for Cigarette Dependence
[42], use of other nicotine-containing tobacco products including
e-cigarettes, previous quit attempts, self-confidence in quitting,
and friends and family who smoke. Alcohol consumption was
assessed using the Quick Drinking Screen [43].

Pharmacotherapy Use
At the 3-month follow-up survey, participants were asked if
they used NRTs or pharmacotherapy to aid smoking cessation
since joining the study (ie, within the first 3 months following
randomization). This time frame was selected because the
content of each app is designed to be completed within
approximately 6 weeks of initial use. Thus, assessing
pharmacotherapy use by 3 months provides a relevant timeline
to examine its potential synergistic effects with the content of
the app-based interventions. Participants who reported using
nicotine gum, patch, lozenge, or inhaler and varenicline or
bupropion were classified as using pharmacotherapy.
Participants selecting gum, patch, lozenge, or inhaler but not
varenicline or bupropion were classified as using only NRT.

Smoking Abstinence
To assess cigarette smoking abstinence, participants were asked:
“When was the last time you smoked, or even tried, a cigarette?”
in the 12-month follow-up survey. Response choices were
“earlier today,” “24 hours ago,” “2-7 days ago,” “8-30 days
ago,” and “over 30 days ago” [25,44]. To be categorized as
abstinence for the 30-day primary cessation outcomes,
participants needed to report no cigarette consumption in the
past 30 days at the time of the 12-month follow-up survey. The
primary outcome was 30-day cigarette smoking abstinence
analyzed through complete-case analysis and sensitivity analyses
including missing-as-smoking and multiple imputation.
Additional cessation outcomes included cessation of all nicotine

and tobacco products (ie, cigarettes, e-cigarettes or vaping,
chewing tobacco, snus, hookahs, cigars, cigarillos, tobacco
pipes, and kreteks) and prolonged abstinence from cigarettes.

Statistical Analysis
Baseline characteristics were compared between groups by use
of pharmacotherapy using Fisher exact tests for categorical
variables and 2-sided t tests for continuous variables. To
determine whether pharmacotherapy use or use of NRT alone
by 3 months differentially impacted the effect of the app-based
intervention arm on the primary 12-month cessation outcome,
we used logistic regression models with a pharmacotherapy use
or NRT use by intervention interaction term. Logistic regression
models were then used to estimate the effect of pharmacotherapy
use or NRT use on 12-month cessation, separately for each
intervention arm [44]. For multiple imputation of missing
12-month smoking status, we used multivariate imputation by
chained equations in the R package mice [45]. All models were
adjusted for randomization stratification factors from the parent
RCT: smoking frequency, education, and depression. Statistical
analyses were carried out using R software (version 4.2.3; R
Foundation for Statistical Computing), with 2-sided tests and
α=.05.

Results

Baseline Characteristics
Hispanic participants were recruited from 30 US states,
averaging 34.5 years in age, with 50.9% (88/173) being female;
20.2% (35/173) identifying as sexual or gender minority; and
30.6% (53/173) being married or partnered. Regarding race,
59% (102/173) identified as White, 15% (26/173) identified as
multiracial, and 13.9% (24/173) did not report their race (Table
1). Regarding education, employment, and income, 46.8%
(81/173) had a high school diploma or lower; 45.7% (79/173)
were unemployed, disabled, or out of the labor force; and 42.8%
(35/173) had annual household incomes of US $20,000 or less.
More than half (94/173, 54.7%) screened positive for depression
symptoms, 29.8% (51/173) for generalized anxiety, 31.8%
(54/173) for panic disorder, 48.2% (82/173) for posttraumatic
stress disorder, and 34.5% (59/173) for social anxiety disorder.
Additionally, 19.1% (33/173) reported bipolar disorder or
schizophrenia. On average, participants reported smoking an
average of 16.2 (SD 15.9) cigarettes per day, 46.8% (81/173)
had high cigarette dependence, 77.5% (134/173) smoked for at
least 10 years, and 24.3% (42/173) were dual users of
combustible cigarettes and e-cigarettes.
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Table 1. Baseline characteristics of Hispanic participants.

P valueUsed pharmacothera-
py (n=38, 22%)

Did not use pharmacothera-
py (n=135, 78%)

Overall (N=173)Participants, nCharacteristic

.4435.5 (8.5)34.2 (9.5)34.5 (9.3)173Age (years), mean (SD)

.24173Sex, n (%)

20 (52.6)68 (50.4)88 (50.9)Female

17 (44.7)65 (48.1)82 (47.4)Male

1 (2.6)0 (0)1 (0.6)Transgender female

0 (0)2 (1.5)2 (1.2)Transgender male

.19173Race, n (%)

0 (0)8 (5.9)8 (4.6)American Indian or Alaska Native

5 (13.2)8 (5.9)13 (7.5)Black or African American

5 (13.2)21 (15.6)26 (15)Multiracial

25 (65.8)77 (57)102 (59)White

3 (7.9)21 (15.6)24 (13.9)Unknown (unreported) race

.937 (18.4)28 (20.7)35 (20.2)173LGBTa, n (%)

.93173Education, n (%)

18 (47.4)63 (46.7)81 (46.8)GEDb, high school or less education

13 (34.2)50 (37)63 (36.4)Some college, no degree

7 (18.4)22 (16.3)29 (16.8)College degree or higher

.04173Employment status, n (%)

26 (68.4)68 (50.4)94 (54.3)Employed

1 (2.6)27 (20)28 (16.2)Unemployed

7 (18.4)18 (13.3)25 (14.5)Disabled

4 (10.5)22 (16.3)26 (15)Out of labor force

.17173Income (US $), n (%)

12 (31.6)62 (45.9)74 (42.8)Less than $20,000 per year

22 (57.9)55 (40.7)77 (44.5)$20,000-$54,999 per year

4 (10.5)18 (13.3)22 (12.7)$55,000 per year or more

.6510 (26.3)43 (31.9)53 (30.6)173Married, n (%)

.232 (5.3)19 (14.1)21 (12.1)173Rural residencec, n (%)

Mental health positive screening, n (%)

.3124 (63.2)70 (52.2)94 (54.7)172Depression (CES-D)d

.2015 (39.5)36 (27.1)51 (29.8)171General anxiety (GAD-7)e

.8713 (34.2)41 (31.1)54 (31.8)170Panic disorder (ANSQ)f

.2422 (57.9)60 (45.5)82 (48.2)170PTSD (PCL-6)g

.0419 (50)40 (30.1)59 (34.5)171Social anxiety (mini-SPIN)h

>.997 (18.4)26 (19.3)33 (19.1)173Self-reported bipolar or schizophreniai, n (%)

Alcohol use, n (%)

.902.4 (3.3)2.3 (4.2)2.3 (4.0)166Drinks per drinking day, mean (SD)

.927 (19.4)22 (16.9)29 (17.5)166Heavy drinkingj, n (%)

Smoking behavior
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P valueUsed pharmacothera-
py (n=38, 22%)

Did not use pharmacothera-
py (n=135, 78%)

Overall (N=173)Participants, nCharacteristic

.6717.2 (15.1)15.9 (16.2)16.2 (15.9)173Cigarettes smoked per day, mean (SD)

.975.2 (2.5)5.3 (1.9)5.2 (2.0)173FTCD scorek, mean (SD)

.3221 (55.3)60 (44.4)81 (46.8)173High nicotine dependence (FTCD≥6), n (%)

.9917 (44.7)58 (43)75 (43.4)173First cigarette within 5 minutes of waking,
n (%)

.2425 (65.8)72 (53.3)97 (56.1)173Smokes greater than one-half pack (10
cigarettes) per day, n (%)

.745 (13.2)13 (9.6)18 (10.4)173Smokes more than 1 pack (20 cigarettes)
per day, n (%)

.0734 (89.5)100 (74.1)134 (77.5)173Smoking for 10 or more years, n (%)

.467 (18.4)35 (25.9)42 (24.3)173Used e-cigarettes in the past month, n (%)

.511.8 (3.2)3.8 (17.8)3.3 (15.8)166Quit attempts in the past 12 months, mean
(SD)

.9867.8 (29.9)68.0 (27.6)67.9 (28.1)173Confidence to quit smokingl, mean (SD)

Friend and partner smoking

.482.9 (1.8)2.7 (1.7)2.8 (1.7)173Close friends who smoke, mean (SD)

.961.5 (0.8)1.5 (1.1)1.5 (1.1)173Housemates who smoke, mean (SD)

>.9912 (31.6)44 (32.6)56 (32.4)173Living with a partner who smokes, n (%)

aLGBT: lesbian, gay, bisexual, or transgender.
bGED: general education development.
cTo ascertain the residential classification of participants into urban or rural areas within the United States, we used the zipcode R library [46] to link
participants’ zip codes to geographic locations. The classification was based on rural-urban commuting area codes at the subcounty level [37-41].
dPositive screening results for depression via Center for Epidemiologic Studies Depression Scale (CES-D)-20; threshold ≥16 [47].
ePositive screening results for generalized anxiety via General Anxiety Disorder (GAD)-7; threshold ≥10 [48].
fPositive screening results for panic disorder via Autonomic Nervous System Questionnaire (ANSQ) [49]. A positive screening was recorded for
individuals reporting at least 1 panic attack in the past month, provided that at least 1 of these incidents occurred in a situation in which they were not
in danger or the center of attention.
gPositive screening results for posttraumatic stress disorder (PTSD) via Post-Traumatic Checklist (PCL-6); threshold ≥14 [50].
hPositive screening results for social anxiety via Mini-Social Phobia Inventory (mini-SPIN); threshold ≥6 [51].
iPresence of bipolar disorder or schizophrenia was self-reported via question: “Do you have any of the following mental health disorders?” Multiselect
response options included anxiety disorder, depression disorder, bipolar disorder, schizophrenia, alcohol abuse disorder, drug abuse disorder, or none
of the above [52,53].
jHeavy drinking is defined as 4 or more drinks on a typical drinking day for women and 5 or more drinks on a typical drinking day for men within the
past 30 days [43].
kFagerström Test for Cigarette Dependence (FTCD) score [42].
lRange 0-100, where 0 indicates not at all confident and 100 indicates extremely confident.

Pharmacotherapy Use and Outcome Retention Rates
At the 3-month follow-up, 22% (38/173) of participants used
pharmacotherapy (NRT, varenicline, or bupropion). There was
no statistically significant difference in pharmacotherapy use
between treatment arms (iCanQuit: 16/82, 19.5% vs QuitGuide:
22/91, 24.2%; P=.41). Approximately 73.6% (28/38) of
participants who reported pharmacotherapy use opted for NRT
only (ie, nicotine patch, gum, inhaler, or lozenge), whereas
26.3% (10/38) reported using a combination of NRT and
medication (varenicline or bupropion). Outcome data retention
at 12 months was high, with an overall rate of 93.6% (162/173).
This rate did not differ by intervention arms (iCanQuit: 74/82,
90.2% vs QuitGuide: 88/91, 96.7%; P=.09) and

pharmacotherapy use (users: 36/38, 94.7% vs nonusers: 126/135,
93.3%; P=.82).

Smoking Abstinence
Report of any FDA-approved pharmacotherapy use by 3 months
had a marginal differential impact on 12-month quit rates by
intervention arm (P for interaction=.053). In the iCanQuit arm,
there was a signal indicating higher odds of quitting with
pharmacotherapy. Specifically, 12-month cigarette smoking
abstinence rates in the iCanQuit arm were 43.8% (7/16) for
pharmacotherapy users versus 28.8% (19/66) for nonusers (OR
2.21, 95% CI 0.66-7.48; P=.20). In contrast, cigarette smoking
abstinence rates in the QuitGuide arm were 9.1% (2/22) for
pharmacotherapy users versus 21.7% (15/69) for nonusers (OR
0.36, 95% CI 0.07-1.72; P=.20). Similar trends were observed
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for other secondary smoking cessation outcomes, but none
reached statistical significance (Table 2).

The impact of using pharmacotherapy to aid cessation at 12
months was more pronounced when NRT was the sole form of
pharmacotherapy used, although the interaction effect between
NRT use and app-based intervention arm on the 12-month
smoking cessation outcome was not statistically significant

(P=.09). In the iCanQuit arm, 30-day cigarette smoking
abstinence rates at 12 months were 45.5% (5/11) for NRT users
versus 28.8% (20/69) for nonusers (OR 2.24, 95% CI 0.54-9.27;
P=.26). In contrast, in the QuitGuide arm, 30-day cigarette
smoking abstinence rates at 12 months were 11.8% (2/17) for
NRT users versus 21.7% (15/69) for nonusers (OR 0.49, 95%
CI 0.10-2.45; P=.36; Table 3).

Table 2. Association between any pharmacotherapy use and cessation outcomes in the iCanQuit and QuitGuide treatment arms among Hispanic
participants.

P valueORa (95%

CI)b

Used phar-
macothera-
py, n (%)

Did not use
pharmacother-
apy, n (%)

Overall, n
(%)

Partici-
pants, n

Treatment armInteraction between
treatment arm and use
of pharmacotherapy

12-Month cessation outcome

P valueβ (SE)

.162.59 (0.69-
9.73)

7 (50)19 (31.7)26 (35.1)74iCanQuit.0531.97 (1.02)30-Day PPAc from
cigarettes, complete case

.180.34 (0.07-
1.64)

2 (9.1)15 (22.7)17 (19.3)88QuitGuide.0531.97 (1.02)30-Day PPA from cigarettes,
complete case

.232.27 (0.61-
8.41)

76 (47.5)214 (32.4)290 (35.4)820iCanQuit.071.86 (1.02)30-Day PPA from cigarettes,
multiple imputation

.180.34 (0.07-
1.64)

20 (9.1)157 (22.8)177 (19.5)910QuitGuide.071.86 (1.02)30-Day PPA from cigarettes,
multiple imputation

.202.21 (0.66-
7.48)

7 (43.8)19 (28.8)26 (31.7)82iCanQuit.071.79 (0.99)30-Day PPA from cigarettes,
missing-as-smoking

.200.36 (0.07-
1.72)

2 (9.1)15 (21.7)17 (18.7)91QuitGuide.071.79 (0.99)30-Day PPA from cigarettes,
missing-as-smoking

.142.79 (0.72-
10.77)

6 (42.9)15 (25)21 (28.4)74iCanQuit.061.90 (1.03)30-Day PPA from all nico-

tine and tobacco productsd

.220.37 (0.08-
1.81)

2 (9.1)14 (21.2)16 (18.2)88QuitGuide.061.90 (1.03)30-Day PPA from all nico-

tine and tobacco productsd

.581.67 (0.27-
10.36)

2 (25)8 (17.4)10 (18.5)54iCanQuit.641.06 (1.47)Prolonged abstinence from

cigarettese

.640.58 (0.06-
5.49)

1 (5.9)5 (9.6)6 (8.7)69QuitGuide.641.06 (1.47)Prolonged abstinence from

cigarettese

aOR: odds ratio.
bOR for use versus no use of pharmacotherapy by 3 months after randomization. All models were adjusted for factors used in stratified randomization:
smoking >20 cigarettes per day, high school or lower education, and positive screening for depression.
cPPA: point prevalence abstinence.
dIncluding any kind of e-cigarettes or vaping, chewing tobacco, snus, hookahs, cigars, cigarillos, tobacco pipes, and kreteks.
eProlonged abstinence is defined as no smoking since 3 months after randomization, using the self-reported date of the last cigarette.
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Table 3. Association between use of nicotine replacement therapy (NRT) only and cessation outcomes in the iCanQuit and QuitGuide treatment arms
among Hispanic participants.

P valueORa (95%

CI)b

Used NRT,
n (%)

Did not use
NRT, n
(%)

Overall, n (%)Partici-
pants, n

Treatment armInteraction between
treatment arm and use of
NRT,

12-Month cessation
outcome

P valueβ (SE)

.173.09 (0.62-
15.41)

5 (55.6)19 (31.7)24 (34.8)69iCanQuit.091.88 (1.11)30-Day PPAc from
cigarettes, complete
case

.360.47 (0.09-
2.33)

2 (11.8)15 (22.7)17 (20.5)83QuitGuide.091.88 (1.11)30-Day PPA from
cigarettes, complete
case

.272.46 (0.51-
11.90)

56 (50.9)214 (32.4)270 (35.1)770iCanQuit.131.69 (1.11) 30-Day PPA from
cigarettes, multiple im-
putation

.360.47 (0.10-
2.35)

20 (11.8)157 (22.8)177 (20.6)860QuitGuide.131.69 (1.11)30-Day PPA from
cigarettes, multiple im-
putation

.262.24 (0.54-
9.27)

5 (45.5)19 (28.8)24 (31.2)77iCanQuit.141.56 (1.06)30-Day PPA from
cigarettes, missing-as-
smoking

.390.49 (0.10-
2.45)

2 (11.8)15 (21.7)17 (19.8)86QuitGuide.141.56 (1.06)30-Day PPA from
cigarettes, missing-as-
smoking

.222.73 (0.54-
13.7)

4 (44.4)15 (25)19 (27.5)69iCanQuit.141.66 (1.11)30-Day PPA from all
nicotine and tobacco

productsd

.410.51 (0.10-
2.54)

2 (11.8)14 (21.2)16 (19.3)83QuitGuide.141.66 (1.11)30-Day PPA from all
nicotine and tobacco

productsd

.881.20 (0.11-
12.87)

1 (20)8 (17.4)9 (17.6)51iCanQuit.910.29 (1.68)Prolonged abstinence

from cigarettese

.930.90 (0.09-
9.10)

1 (8.3)5 (9.6)6 (9.4)64QuitGuide.910.29 (1.68)Prolonged abstinence

from cigarettese

aOR: odds ratio.
bOR for use versus no use of NRT by 3 months after randomization. All models were adjusted for factors used in stratified randomization: smoking
>20 cigarettes per day, high school or lower education, and positive screening for depression.
cPPA: point prevalence abstinence.
dIncluding any kind of e-cigarettes or vaping, chewing tobacco, snus, hookahs, cigars, cigarillos, tobacco pipes, and kreteks.
eProlonged abstinence is defined as no smoking since 3 months after randomization, using the self-reported date of the last cigarette.

Discussion

Principal Findings
This paper aimed to address the critical knowledge gaps
regarding the efficacy of smoking cessation app–based
interventions combined with pharmacotherapy to help
individuals quit cigarette smoking, particularly among Hispanic
adults who tends to underuse evidence-based smoking cessation
treatments, including pharmacotherapy [17,25,26,54]. The
findings suggest that self-selected use of pharmacotherapy,
including NRT, varenicline, or bupropion, improved 12-month
quit rates among participants in the iCanQuit arm (users: 7/14,
50% vs nonusers: 19/60, 31.7%). However, this effect was not
observed among participants in the QuitGuide arm (users: 2/22,
9.1% vs nonusers: 15/66, 22.7%).

The differential effect of using pharmacotherapy between
participants in the iCanQuit and QuitGuide arms suggests that
combining pharmacotherapy with an ACT-based intervention
(iCanQuit) may have synergistically helped participants manage
smoking cravings during quit attempts. The results suggest a
combined and synergetic effect of managing short- and
long-term withdrawal symptoms, resulting in a more effective
treatment than ACT-based behavioral interventions alone. It is
plausible that short-term withdrawal symptoms were ameliorated
using pharmacotherapy, while the skills using iCanQuit to
manage withdrawal symptoms may have helped in the long
term. While the QuitGuide app–based intervention also mentions
FDA-approved pharmacotherapy to aid cessation, the app
usually portrays medications as separate rather than
complementary to learning behavioral skills to quit smoking
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[25,28]. It is then possible that participants in the QuitGuide
arm may have not understood the potential complementary role
of using pharmacotherapy to aid smoking cessation alongside
the app. It is plausible that guidance is needed when
pharmacotherapy is offered alongside behavioral interventions
to have the desired synergetic effect [28]. Further investigation
is warranted to understand the improved quit rates with
pharmacotherapy in iCanQuit but not QuitGuide.

It is important to note that Hispanic adults in this study opted
independently to use pharmacotherapy to aid smoking cessation,
albeit at a nonsignificantly lower rate than non-Hispanic
participants (38/173, 22% vs 581/1915, 30.3%; P=.33). This is
contrary to population-based reports among US Hispanic adults
being 50% less likely to use evidence-based smoking cessation
treatments compared to the general population of adults who
smoke in the United States [17,26,54]. Our results showed the
potential of evidence-based smoking cessation interventions
that are delivered remotely in improving awareness of
FDA-approved pharmacotherapy to aid cessation.

Limitations
This study has several limitations. First, the reliance on
secondary data inherently limits findings, as participants were
not randomized to receive pharmacotherapy, resulting in
associations rather than causal effects. Second, details on dosage,
adherence, and duration of pharmacotherapy use are unknown;
thus, the nature of pharmacotherapy usage remains uncertain.
Third, Hispanic participants were English speakers who smoked
daily, which limits the generalizability of the findings to
Spanish-speaking Hispanic adults, or those who smoke less than
daily [55]. Finally, reliance on self-reported use of
pharmacotherapy and smoking abstinence introduces subjectivity
and reporting bias. Future multimethod assessment protocols
for smoking behavior would therefore be important.

This study also had several strengths. First, it is the first study
to explore the effect of an app-based smoking cessation
intervention combined with pharmacotherapy use as a potential
treatment for Hispanic adults who smoke and wish to quit
[17,26,54]. Second, the trial’s long-term smoking cessation
outcomes (12 months) and high retention rates that did not differ
by intervention arm or pharmacotherapy use helped reduce any

potential bias in the complete-case analysis and
missing-as-smoking sensitivity analyses. Third, despite the
modest sample size, Hispanic participants were recruited from
30 US states, underscoring the geographic diversity of the results
and the potential of app-based interventions for widespread
reach and broad dissemination.

The results from this secondary analysis have significant public
health implications for designing future interventions to help
Hispanic adults quit smoking. First, app-based smoking
cessation interventions offer a viable approach for hard-to-reach
population who are lacking access to evidence-based treatments,
including 24% of uninsured Hispanic adults in the United States
[32]. Second, app-based delivered interventions could help
overcome accessibility barriers like transportation and time
constraints. Third, our results show a notable increase in quit
rates when using NRT alongside iCanQuit compared to nonuse
(5/9, 55.6% vs 20/63, 31.7%). This is noteworthy, as
over-the-counter NRT has shown high reach and efficacy
[16,29]. Additionally, NRT is readily available and
cost-effective and requires minimal medical oversight compared
to other medications (varenicline or bupropion) [56,57]. Mailed
NRT [58,59], as seen in previous trials, could hold potential for
broad dissemination and scalability of smoking cessation
programs at the population level. Moreover, future interventions
for the Hispanic population could be offered in Spanish,
expanding their reach to the 28% of Spanish-speaking Hispanic
adults currently living in the United States [32].

Conclusions
This secondary analysis underscores the nuanced role of
pharmacotherapy in enhancing the efficacy of app-based
smoking cessation interventions among Hispanic adults.
Pharmacotherapy use, particularly when paired with an
ACT-based app (iCanQuit), appears to improve quit rates,
highlighting a potential pathway to address disparities in
smoking cessation outcomes. In contrast, the USCPG-based
app (QuitGuide) did not result in a similar synergistic effect
when combined with pharmacotherapy. Considering the
scalability of NRT, future research should evaluate the efficacy
and cost-effectiveness of remotely providing NRT alongside
iCanQuit compared to iCanQuit alone.
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Abstract

Background: A common definition of “subthreshold” is that the diagnostic threshold is not met but the individuals are not
asymptomatic. Some symptoms are present, causing significant difficulty in functioning and negatively impacting quality of life.
Despite the attention given to subthreshold symptoms and the interventions for subthreshold symptoms being efficient in preventing
the transition to psychiatric disease in primary care, reports on specific interventions are insufficient.

Objective: This study aimed to verify the effectiveness of internet-delivered cognitive behavioral therapy (ICBT) for subthreshold
depression (SD), subthreshold insomnia (SI), and subthreshold panic (SP). Additionally, this study aimed to explore the minimally
important change (MIC) of each subthreshold group’s effectiveness outcome.

Methods: Participants aged 18-70 years from internet research monitors were categorized into SD, SI, and SP groups based on
screening assessment. They were randomly assigned to intervention or control groups within each subthreshold symptom. The
intervention groups worked on 4 weeks of nonguided ICBT (“Mentre”), while the control groups worked on a sham app. The
primary outcome was the score change from screening (T1) to 4-week follow-up (T4) using the Center for Epidemiologic Studies
Depression Scale (CESD) in the SD group, the Pittsburgh Sleep Quality Index (PSQI) in the SI group, and the Panic and
Agoraphobia Scale (PAS) in the SP group. Secondary outcomes were score changes in the Generalized Anxiety Disorder-7
(GAD-7) scale, the Patient Health Questionnaire 9 (PHQ-9), the CESD, the PSQI, and the PAS, except the primary outcome in
each group. Secondary outcomes were analyzed using complete-case analysis and repeated-measures ANOVA. Additionally, the
MIC in the primary endpoint for each group was also calculated as an exploratory outcome.

Results: The SD, SP, and SI groups contained 846, 597, and 1106 participants, respectively. In the SD group, the difference in
the CESD score change from baseline to follow-up between the intervention and control groups was significant (difference=0.52,
95% CI 1.29-4.66, P<.001). In the SI group, the difference in the PSQI score change was also significant (difference=0.53, 95%
CI 0.11-0.94, P=.01). However, in the SP group, the difference in the PAS score change was not significant (difference=0.07,
95% CI –2.00 to 2.15, P=.94).

Conclusions: Our ICBT program Mentre contributes to the improvement of SI and SD. This suggests that nonguided ICBT
may be effective in preventing SI and SD from progressing to the full threshold. However, appropriate definitions of subthreshold
symptoms are necessary. In particular, it is difficult to define SP, and further research that considers the specific factors of each
subthreshold symptom is necessary to accumulate evidence.

JMIR Form Res 2025 | vol. 9 | e63139 | p.1815https://formative.jmir.org/2025/1/e63139
(page number not for citation purposes)

Taguchi et alJMIR FORMATIVE RESEARCH

XSL•FO
RenderX

mailto:k.taguchi@chiba-u.jp
http://www.w3.org/Style/XSL
http://www.renderx.com/


Trial Registration: University Hospital Medical Information Network (UMIN) UMIN000051280; https://tinyurl.com/2wyahhe3

(JMIR Form Res 2025;9:e63139)   doi:10.2196/63139
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minimally important change; nonguided cognitive behavioral therapy; subthreshold depression; subthreshold insomnia; subthreshold
panic; cognitive behavioral therapy; CBT; psychiatric disease; primary care; interventions; depression; anxiety; insomnia;
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Introduction

A common definition of “subthreshold” is that the diagnostic
is not met but the individuals are not asymptomatic, that is,
some symptoms are present, causing significant difficulty in
functioning and negatively impacting the quality of life [1,2].
However, the concept of “subthreshold” symptoms remains
unclear in the clinical setting. For instance, according to the
latest scoping review of subthreshold depression (SD), there
are many definitions based on the assessment tool cutoff point
of the Center for Epidemiologic Studies Depression Scale
(CESD), Beck’s Depression Inventory II (BDI-II), and the
Patient Health Questionnaire 9 (PHQ-9) and on the duration of
symptoms. As a result, these definitions “seem to be arbitrary,
with considerable overlap” [3]. Even the most popular
subthreshold symptom is vague in its definition, and the other
subthreshold symptoms, which are little mentioned, are even
more so.

Although the definition is ambiguous, intervening for
subthreshold symptoms is efficient in preventing the transition
to psychiatric disease in primary care. Research has already
suggested that shortening the duration of untreated illness (DUI)
has a good therapeutic effect. The DUI is “measured as the
interval between onset of the disorder and when the patient
receives the first adequate treatment for that psychiatric
disorder” [4], and many studies have claimed that the DUI
affects treatment prognosis [5]. Furthermore, some studies have
revealed the risk of transition from the subthreshold level to
disease [6]. There is consensus that early intervention can be
applied flexibly in different formats and across different target
groups [7,8]. For instance, since SD and subthreshold anxiety
occur twice as often as depression and anxiety [9], so appropriate
definitions are, of course, essential for a concrete approach to
primary care [10]. Furthermore, insomnia symptoms are closely
associated with SD and subthreshold anxiety, and prevention
programs for subthreshold insomnia (SI) have been reported to
not only decrease depressive symptoms but also improve
insomnia [11]. Namely, when considering primary care for
subthreshold symptoms, overlapping symptoms also need to be
considered; as a result, the treatment for specific subthreshold
symptoms should also have the potential to cover a wide range
of subthreshold symptoms. However, although there are some
reports regarding SD interventions, there are insufficient studies
on specific interventions in the subthreshold stage.

With limited reports, cognitive behavioral therapy (CBT) has
been shown to be effective for subthreshold symptoms. CBT,
which is a type of psychological therapy, improves symptoms
by understanding patterns of maladaptive thinking and behavior
and correcting the vicious cycle that perpetuates symptoms. It

has been shown to be effective in improving diagnosed
depression, anxiety, and insomnia [12-14]. However, nonguided
internet-delivered cognitive behavioral therapy (ICBT) also has
been shown to be effective for SD in a latest meta-analysis [15].
Since subthreshold symptoms are not severe, it is preferable
that interventions be relatively short, easily accessible, and
cost-effective. Nonguided CBT is more scalable and affordable
[16,17], and it is suitable for people who have subthreshold
symptoms but have no motivation to visit a hospital. However,
there is insufficient evidence for ICBT as a subthreshold
symptom treatment, and only 1 or 2 randomized controlled trials
(RCTs) have verified that ICBT has valid effects on SD, SI,
and subthreshold panic (SP). SI treatment verification over the
internet has rarely been reported [18,19]. There are few reports
on subthreshold anxiety, particularly reports on SP, which are
mostly epidemiology and fact-finding surveys. Among the few
papers on this topic, agreement has been reached concerning
early intervention being valid and cost-effective for SP;
however, they are not ICBTs [20,21].

Additionally, there are discussions of how patients perceive the
significance of receiving ICBT for subthreshold symptoms. In
recent years, interesting research results and suggestions
concerning the minimally important change (MIC) have been
reported [22]. The MIC is the smallest change or difference that
patients perceive as significant. Researchers who reported on
the MIC noted that the only satisfactory approach is for patients
themselves to measure the health conditions they experience
and know best. It is essential to discuss whether the MIC has
implications for the significance of early intervention for
subthreshold symptoms.

This study aimed to verify the effectiveness of the “Mentre”
program as an ICBT for SD, SI, and SP in a 6-arm RCT.
Additionally, this study aimed to explore the MIC of each
subthreshold group’s effectiveness outcome. These results will
be useful as the first evidence accumulated about ICBT for
subthreshold symptoms with stricter criteria and for knowledge
of the MIC among patients with subthreshold symptoms.

Methods

Ethical Considerations
This study was conducted with the approval of the Institutional
Review Board of Chiba University Hospital (approval number:
G2022005). Additionally, the Clinical Research Ethics Review
Committee oversaw proper implementation of the study at least
once a year.

An explanatory document was presented to each web program
site, and consent was obtained. Participants were informed that
participation was voluntary, that they could decline at any time
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for any reason, and that there would be no negative
consequences for declining. Additionally, participants could
withdraw their consent after providing informed consent.

For privacy, all participants’data were anonymized. Participants
were granted points that would enable them to shop online as
compensation for research participation. Each intervention group
received 1000 points if the participants worked on the program
and answered the outcome inventory completely, while the
control groups received 800 points.

Trial Design and Procedure
The study was a prospective 6-arm, parallel-group RCT
(Multimedia Appendix 1) [23]. The 6 arms were classified as
SD, SI, and SP groups with 2 arms each. The trial was registered
as “Effect of Mental Training Web Application for Subthreshold
Insomnia, Subthreshold Depression and Subthreshold Panic Six
Arms Randomized Controlled Trial” with the University
Hospital Medical Information Network (UMIN; registration
number: UMIN000051280). Participants were recruited from
the internet research monitor of the NTT Com Online Marketing
Solutions Corporation in May 2023. Participants who consented
to the study completed a screening evaluation (T1) and a
symptom persistence evaluation (T2) after 2 weeks. They were
classified as having SD, SI, or SP and allocated to intervention
or control groups. The intervention was a 4-week ICBT program
Mentre, while the control program was a sham app, both of
which started in June 2024 for each group. All participants were
sent reminder emails every weekend to increase motivation and
encourage continuous practice. After the program was complete,
the participants were assessed for their symptoms postevaluation
(T3), and 4 weeks later, follow-up evaluations were carried out
(T4). Participants were awarded points for participating in the
study and answering each time (T1-T4).

Participants
Participants were aged 18-70 years and did not visit a hospital
for any disease. The exclusion and inclusion criteria for this
study were as follows:

• Individuals who experienced little interest in things or had
depressed thoughts almost every day for 2 weeks and met
more than 5 items of depressive symptoms in the PHQ-9
were excluded as having depression. Of those who were
not excluded, individuals with a CESD score of 16 or higher
were eligible as those with SD.

• Individuals with SI who had PSQI scores greater than 6
and insomnia symptoms lasting less than 3 months were
also eligible.

• Individuals with SP who had Panic and Agoraphobia Scale
(PAS) scores greater than 9 and who experienced
anxiety-related panic symptoms continuously lasting less
than 1 month were also eligible. In the case of duplicate
symptoms, if the panic score met the eligibility criteria,
participants were allocated to the SP group preferentially
because panic symptoms are more specific than depression
and anxiety symptoms. SD sometimes overlaps with SI;
hence, participants who showed SD and SI symptoms were
allocated to the SD group.

• The exclusion criteria included individuals with a history
of diagnosed depression, insomnia, or panic disorder and
those who experienced difficulty or extreme difficulty in
daily life owing to anxiety symptoms on the Generalized
Anxiety Disorder-7 (GAD-7) scale or depressive thoughts
on the PHQ-9.

Interventions
The intervention program Mentre was based on ICBT. We
prepared 3 types of Mentre programs for each subthreshold
symptom: SD, SI, and SP. Participants in the intervention groups
undertook the relevant program for 4 weeks. The basic structure
involved participants undergoing the first session at the
beginning of the week and completing their homework
throughout the remainder of the week. The control groups
similarly recorded daily activities and weather conditions (sham
app) in all subthreshold groups. All participants received
guidance via email and accessed their program website through
the URL provided on their mobile phones, personal computers,
and tablets. The SD program included (1) cognitive restructuring
about irrational thoughts, (2) psychoeducation for a depressive
mood, (3) rumination distraction, and (4) behavioral activation
to positive behavior. The SI program included (1) a sleep diary,
(2) a review of one’s sleeping behavior, (3) a review of one’s
sleep cognition, and (4) a review of one’s sleep efficiency and
sleep restriction methods. The SP program included (1) learning
concerning panic disorder, (2) attention shift training for when
facing a panic attack, (3) how to change the worst image of
panic to a rational image, and (4) how to stop avoidant behavior.
Each program involved paying attention to become aware of
symptoms and to change irrational thoughts to rational thoughts
and negative behavior to positive behavior. Participants could
inquire about this study through each web program, and the
researcher and manager of the web program responded
accordingly. Reminder emails were sent to all participants at
the end of each week to continue and not to forget working on
the program.

Outcomes

Primary Endpoints
We set separate primary endpoints for each subthreshold
symptom for the SD, SI, and SP groups: score change from
screening (T1) to 4-week follow-up (T4) in each group:

• CESD in the SD group: The CESD is a brief self-report
questionnaire for measuring the severity of depressive
symptoms. It consists of 20 questions assessing numerous
symptoms of depression experienced in the past week, with
most items focusing on the emotional component of
depression. Scores range from 0 to 60 points, with higher
scores indicating more severe depressive symptoms. It has
been used in many clinical trials involving a wide range of
age groups [24,25].

• The Pittsburgh Sleep Quality Index (PSQI) in the SI group:
The PSQI is a self-assessment consisting of 19 questions
across 7 subscales (sleep quality, sleep latency, sleep
duration, habitual sleep efficiency, sleep disturbances,
hypnotic medication use, and daytime dysfunction). The
total score indicates sleep quality and ranges between 0
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(good sleep quality) and 21 (very poor sleep quality) points.
The PSQI has been validated as a reliable and valid measure
of subjective sleep quality in clinical practice and
experimental studies [26,27].

• PAS in the SP group: The PAS is a 13-item questionnaire
assessing panic attacks, composed of 5 factors (fear
behavior, avoidance behavior, anticipatory anxiety, degree
of disability, and health concerns) and evaluates the
condition over the past week. Each item is scored from 0
to 4 points, with higher scores indicating more severe
symptoms [28].

Secondary Endpoints
The secondary endpoints were the CESD, PSQI, and PAS score
changes from screening (T1) to postevaluation (T3) and 4-week
follow-up (T4) in all groups, as well as subsequent
questionnaires. Additionally, the MIC in the primary endpoint
for each group was also calculated.

• GAD-7 scale: It has been shown to have reliability,
criterion, construct, factorial, and procedural validity. Cutoff
points optimizing sensitivity (89%) and specificity (82%)
were identified. The scale has 7 items assessing the severity
of GAD in the past 2 weeks on a 4-point Likert scale (0=not
at all, 1=1 episode, 2=on half or more days, and 3=almost
daily). The minimum and maximum scores are 0 and 21,
respectively (0-4, 5-9, 10-14, and 15-21 indicate no, mild,
moderate, and severe symptoms, respectively). The cutoff
score for clinically significant symptoms of anxiety is 10
[29].

• PHQ-9:It has diagnostic validity (for the diagnosis of 1 or
more PHQ disorders; κ=0.65; overall accuracy=85,;
sensitivity=75%, specificity=90%). It consists of 9 items
scored on a 4-point Likert scale (0=not at all, 1=on several
days, 2=on half or more days, and 3=almost daily). The
minimum and maximum scores are 0 and 27, respectively
(0-4, 5-9, 10-14, 15-19, and 20-27 indicate no, mild,
moderate, moderate-to-severe, and severe symptoms,
respectively). The PHQ cutoff score for clinically significant
depressive symptoms is 10 [30].

Exploratory Endpoints

Minimally Important Change
The MIC is the minimum change threshold that the patient feels
has improved or worsened and the change that is considered
significant to the patient [20,29]. When patients evaluate their
treatment effect using certain measures, it remains unclear how
much change is meaningful. Hence, many studies suggest
considering the MIC concept [32,33].

Sample Size
The sample size was calculated as follows: We needed to
consider each subthreshold symptom, but there was insufficient
evidence to estimate the effect size. We estimated the effect
size of nonguided ICBT to be 0.2 based on a previous study
[34]. Assuming an α level of .05 and a β level of .20, analysis
was performed, resulting in a calculated sample size of 82.
Based on the meta-analysis, more than 50% of the participants

were expected to drop out. Hence, the sample size was set at
160 for each of the intervention and control groups.

Registration and Randomization
For case registration, participants who met the criteria were
automatically registered after a preliminary screening on the
server of an internet research company (NTT Com Online
Marketing Solutions Corporation. This company assigned
participants to the SI group, SD group, or SP group and further
randomly assigned them to either the intervention or the control
subgroup. The assigned control factors were CESD score≥23
or not for SD, PSQI score≥12 or not for SI, and PAS score≥22
or not for SP; sex was also assigned as a control factor for all
groups. Participants were informed via email or other means
about how to access the corresponding intervention program.

Protocol Deviations
Participants were provided the Mentre program through the
web; therefore, dropouts and loss to follow-up were expected
as main deviations. The number of not-evaluable cases was
recorded. If any case reported a deviation due to an emergency
crisis, the researcher immediately reported this to the Clinical
Research Ethics Review Committee.

Statistical Methods

Main Analysis
Baseline variables were compared using the Fisher exact test
and an unpaired 2-tailed t test for categorical and continuous
variables, respectively. The significance level was set at .05.
For the main analysis of treatment effects, the means of the least
squares and their 95% CIs were estimated by repeated-measures
ANOVA with each change in the CESD, PSQI, and PAS scores
at the 4-week follow-up for each group. The model included
intervention group, time, and intervention-by-time interaction
as fixed effects. All comparisons were planned, and all P values
were 2-sided. P<.05 was considered statistically significant.
The primary outcome formed the basis of complete case
analysis. No special complementary processing by statistical
methods was performed for missing values. All statistical
analyses were performed using R version 4.3.1 (R Foundation
for Statistical Computing).

Secondary Analysis
To examine the MIC, we used an anchor. The patient-reported
outcome (PRO) scores for each primary outcome were classified
into the following anchor categories: “much better,” “slightly
better,” “about the same,” “slightly worse,” and “much worse.”
The average PRO score classified as “slightly better” was
considered the MIC. We calculated the CESD, PSQI, and PAS
scores of the MIC in this study.

Results

Participant Details
The flow of participants through the study is illustrated in Figure
1. This study was announced to 215,000 internet research
monitors, and 25,418 (11.8%) monitors provided consent. Of
them, 2549 (10%) participants with SD, SI, or SP symptoms
were screened (T1) and assigned to 1 of 6 arms. Afterward,
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2091 (82%) participants’ symptoms continued after 2 weeks
(T2). In total, 846 (33.2%) participants (n=424, 50.1%,
intervention vs n=422, 49.9%, control participants) were
classified as having SD, 1106 (43.4%) participants (n=552,
49.9%, intervention vs n=554, 50.1%, control participants) as
having SI, and 597 (23.4%) participants (n=299, 50.1%,
intervention vs n=298, 49.9%, control participants) as having
SP according to screening evaluation scores. A total of 145

(34.2%) of 424 participants who were assigned to the SD group
undertook the Mentre program, with 17 (11.7%) dropping out
during the intervention. A total of 267 out of 552 participants
who were assigned to the SI group undertook the Mentre
program, with 74 dropping out during the intervention (27.7%).
A total of 141 out of 299 participants who were assigned to the
subthreshold panic group undertook the Mentre program, with
60 dropping out during the intervention (43.2%).

Figure 1. Flow diagram of the study participants.

Table 1 presents the clinical characteristics of the patients in
each group. In all 3 groups, no significant difference was found
between the intervention and control subgroups in any average

value, including sex, age, marital status, cohabitation rate,
employment status, and income.
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Table 1. Baseline demographic and clinical characteristics (N=2549).

SPcSIbSDaCharacteristics

P valueControl
(n=298)

Intervention
(n=299)

P valueControl
(n=554)

Intervention
(n=552)

P valueControl
(n=422)

Intervention
(n=424)

.932107 (35.9)106 (35.4).951227 (41.0)225 (40.7).99130 (30.8)130 (30.7)Sex (male), n (%)

.36342.1 (12.03)41.2 (12.60).54642.8 (12.10)42.3 (11.74).06842.5 (11.68)41.3 (12.48)Age (years), mean
(standard deviation)

Marital status, n (%)

.870156 (52.3)154 (51.5).502331 (59.7)318 (57.6).448239 (56.6)229 (54.0)Married

.555229 (76.8)236 (78.9).886429 (77.4)425 (77.0).811317 (75.1)322 (75.9)Living with
someone

.20814.3 (2.15)14.6 (2.10).05914.7 (1.92)14.9 (1.95).41014.7 (2.05)14.8 (1.99)Education, mean
(standard devia-
tion)

.496186 (62.4)195 (65.2).304402 (72.6)416 (75.3).556291 (68.9)284 (66.9)Employment, n
(%)

.150——.320——.783——dYearly income (yen),
n (%)

—112 (37.6)105 (35.1)—143 (25.8)126 (22.8)—119 (28.2)131 (30.8)<1,000,000 (US

$6322.53)e

—135 (45.3)137 (45.8)—268 (48.3)284 (51.4)—214 (50.7)203 (47.8)1,000,001-
5,000,000 (US
$6322.54-
$31,612.66)

—40 (13.4)53 (17.7)—121 (21.8)128 (23.2)—75 (17.7)78 (18.4)5,000,001-
10,000,000 (US
$31,612.66-
$63,225.31)

—11 (3.7)4 (1.3)—22 (4)14 (2.5)—14 (3.3)12 (2.8)>10,000,000 (US
$63,225.31)

aSD: subthreshold depression.
bSI: subthreshold insomnia.
cSP: subthreshold panic.
dNot applicable.
eAn exchange rate of 1 yen=US $0.0063 has been applied.

Primary Outcome
Tables 2-4 and Figure 2 show the effects of the Mentre program
as the primary outcome for each group. In the SD group,
differences in the CESD score change from T1 to T4 between
the intervention and control groups were significant
(difference=0.52, 95% CI 1.29-4.66, P<.001). In the SI group,

differences in the PSQI score change from T1 to T4 between
the intervention and control groups were significant
(difference=0.53, 95% CI 0.11-0.94, P=.01). In the SP group,
differences in the PAS score change from T1 to T4 between the
intervention and control groups were not significant
(difference=0.07, 95% CI –2.00 to 2.15, P=.94).
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Table 2. Primary outcome ANOVA results for the SDa group using the CESDb.

Cohen's dP valueSEEstimate (95% CI)Control (n=187), mean
(standard deviation)

Intervention (n=128), mean
(standard deviation)

Weekc

————d22.11 (8.48)22.42 (9.03)T1

—.8290.760.16 (–1.33 to 1.65)20.47 (8.97)20.54 (9.70)T2

0.18.023e0.882.01 (0.28 to 3.73)20.18 (10.14)18.41 (9.98)T3

0.28.001f0.862.98 (1.29 to 4.66)19.94 (10.05)17.20 (9.33)T4

aSD: subthreshold depression.
bCESD: Center for Epidemiologic Studies Depression Scale.
cT1: screening; T2: symptom persistence evaluation; T3: postevaluation; T4: 4-week follow-up.
dNot applicable.
eP<.05.
fP<.01.

Table 3. Primary outcome ANOVA results for the SIa group using the PSQIb.

Cohen's dP valueSEEstimate (95% CI)Control (n=230), mean
(standard deviation)

Intervention (n=193), mean
(standard deviation)

Weekc

————d7.69 (1.87)7.66 (1.63)T1

—.0990.190.32 (–0.06 to 0.69)7.23 (2.49)6.90 (2.26)T2

0.22.015e0.200.50 (0.10 to 0.90)7.00 (2.40)6.48 (2.23)T3

0.23.013e0.210.53 (0.11 to 0.94)6.63 (2.42)6.09 (2.26)T4

aSI: subthreshold insomnia.
bPSQI: Pittsburgh Sleep Quality Index.
cT1: screening; T2: symptom persistence evaluation; T3: postevaluation; T4: 4-week follow-up.
dNot applicable.
eP<.05.

Table 4. Primary outcome ANOVA results for the SPa group using the PASb.

Cohen's dP valueSEEstimate (95% CI)Control (n=67), mean (stan-
dard deviation)

Intervention (n=81), mean
(standard deviation)

Weekc

————d13.54 (4.40)13.89 (4.73)T1

—.1560.991.41 (–0.54 to 3.36)12.60 (7.32)11.47 (6.68)T2

0.29.1011.00–1.65 (–3.62 to 0.33)10.43 (6.21)12.30 (6.93)T3

0.02.9451.050.07 (–2.00 to 2.15)10.52 (7.05)10.69 (7.02)T4

aSP: subthreshold panic.
bPAS: Panic and Agoraphobia Scale.
cT1: screening; T2: symptom persistence evaluation; T3: postevaluation; T4: 4-week follow-up.
dNot applicable.
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Figure 2. The effect of the Mentre program as the primary outcome for each group.

Secondary Outcomes
Tables 5-7 present the means of the secondary endpoints in each
group and the differences between groups. In the SD group,
differences in the mean PSQI and PAS scores at either time
point were not significant; however, the difference in the PHQ-9
score at T4 was significant (difference=1.00, 95% CI 0.04-1.97,
P=.04). Furthermore, at the time of postevaluation (T3), a

significant difference was revealed in the PAS score
(difference=2.05, 95% CI 0.02-4.08, P=.047). In the SI group,
at the time of postevaluation (T3), a significant difference was
found in the PSQI (difference=0.50, 95% CI 0.01-0.90, P=.02);
however, between-group differences in changes in other
endpoints were not significant at any time point. In the SP group,
between-group differences in changes in all secondary endpoints
were not significant.
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Table 5. Secondary outcome ANOVA results for the SDa group.

Cohen's dP valueSE (95% CI)Control group, mean
(standard deviation)

Intervention, mean (stan-
dard deviation)

Variables and weeksb

PSQI c (intervention: n=128; control: n=187)

———d6.47 (2.44)6.01 (2.13)T1

0.26.130.26 (–0.12 to 0.89)6.53 (2.82)5.83 (2.57)T3

0.16.640.28 (–0.41 to 0.67)5.97 (3.13)5.52 (2.48)T4

PAS e (intervention: n=38; control: n=48)

———3.79 (2.21)4.29 (3.70)T1

0.34.051.02 (0.02 to 4.08)5.94 (5.39)4.24 (4.56)T3

0.06.541.09 (–1.50 to 2.84)4.60 (5.36)4.29 (5.34)T4

PHQ-9 f (intervention: n=128; control: n=187)

———7.80 (4.19)7.81 (4.42)T1

0.05.540.45 (–0.61 to 1.17)6.83 (5.23)6.57 (5.18)T3

0.18.04g0.49 (0.04 to 1.97)6.68 (5.30)5.69 (5.53)T4

GAD-7 h (intervention: n=128; control: n=187)

———6.49 (4.23)6.45 (4.26)T1

0.08.430.39 (–0.46 to 1.07)5.42 (4.18)5.09 (4.21)T3

0.17.080.40 (–0.09 to 1.48)5.20 (4.22)4.49 (4.14)T4

aSD: subthreshold depression.
bT1: screening; T3: postevaluation; T4: 4-week follow-up.
cPSQI: Pittsburgh Sleep Quality Index.
dNot applicable.
ePAS: Panic and Agoraphobia Scale.
fPHQ-9: Patient Health Questionnaire-9.
gP<.05.
hGAD-7: Generalized Anxiety Disorder-7.
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Table 6. Secondary outcome ANOVA results for the SIa group.

Cohen's dP valueSE (95% CI)Control group, mean
(standard deviation)

Intervention, mean (stan-
dard deviation)

Variables and weeksb

CESD c (intervention: n=193; control: n=230)

———d15.45 (7.18)15.74 (7.74)T1

0.04.360.57 (–0.59 to 1.65)15.68 (8.46)15.37 (7.99)T3

0.06.220.60 (–0.44 to 1.92)15.02 (8.48)14.49 (8.20)T4

PAS e (intervention: n=53; control: n=54)

———3.43 (2.35)3.91 (3.47)T1

0.01.700.86 (–1.37 to 2.03)4.80 (4.59)4.74 (4.72)T3

0.10.790.78 (–1.75 to 1.34)3.83 (4.14)4.26 (4.23)T4

PHQ-9 f (intervention: n=193; control: n=68)

———5.01 (4.45)3.98 (3.62)T1

0.13.370.63 (–0.67 to 1.82)5.10 (4.85)4.53 (4.27)T3

0.01.910.65 (–1.21 to 1.35)4.19 (4.50)4.13 (4.57)T4

GAD-7 g (intervention: n=193; control: n=230)

———3.73 (3.46)4.36 (4.13)T1

0.00.220.31 (–0.22 to 0.99)3.54 (3.88)3.54 (3.94)T3

0.06.650.30 (–0.45 to 0.72)2.95 (3.68)3.16 (3.68)T4

aSI: subthreshold insomnia.
bT1: screening; T3: postevaluation; T4: 4-week follow-up.
cCESD: Center for Epidemiologic Studies Depression Scale.
dNot applicable.
ePAS: Panic and Agoraphobia Scale.
fPHQ-9: Patient Health Questionnaire-9.
gGAD-7: Generalized Anxiety Disorder-7.
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Table 7. Secondary outcome ANOVA results for the SPa group.

Cohen's dP valueSE (95% CI)Control group, mean
(standard deviation)

Intervention, mean (stan-
dard deviation)

Variables and weeksb

PSQI c (intervention: n=99; control: n=98)

———d7.01 (2.79)7.30 (2.76)T1

0.12.640.28 (–0.68 to 0.42)6.91 (2.93)7.27 (2.98)T3

0.02.560.28 (–0.39 to 0.72)6.73 (2.93)6.80 (2.88)T4

CESD e (intervention: n=99; control: n=98)

———21.80 (10.26)24.68 (10.23)T1

0.29.361.00 (–2.90 to 1.07)20.53 (9.21)23.22 (9.53)T3

0.02.071.02 (–0.16 to 3.87)20.51 (9.48)20.33 (8.98)T4

PHQ-9 f (intervention: n=99; control: n=98)

———4.92 (4.70)6.04 (4.96)T1

0.17.210.83 (–2.70 to 0.59)7.68 (5.71)8.68 (5.83)T3

0.13.300.78 (–2.35 to 0.72)7.30 (5.31)8.01 (5.47)T4

GAD-7 g (intervention: n=99; control: n=98)

———7.44 (3.96)8.55 (4.64)T1

0.22.570.52 (–1.32 to 0.73)6.28 (4.08)7.26 (4.87)T3

0.55.380.48 (–0.52 to 1.37)5.76 (3.98)5.95 (4.23)T4

aSP: subthreshold panic.
bT1: screening; T3: postevaluation; T4: 4-week follow-up.
cPSQI: Pittsburgh Sleep Quality Index.
dNot applicable.
eCESD: Center for Epidemiologic Studies Depression Scale.
fPHQ-9: Patient Health Questionnaire-9.
gGAD-7: Generalized Anxiety Disorder-7.

Calculation of the MIC
Table 8 presents the MICs of the CESD, PSQI, and PAS. The
mean MIC of the CESD for participants who undertook the
Mentre program for SD was –5.23 (standard deviation 8.89).

The mean MIC of the PSQI for participants who undertook the
Mentre program for SI was –3.60 (standard deviation 6.34).
The mean MIC of the PAS for participants who undertook the
Mentre program for SP was –2.08 (standard deviation 2.44).
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Table 8. MICa of each primary endpoint.

PASf in the SPg groupPSQId in the SIe groupCESDb in the SDc group

Mean (standard
deviation)

Participants, n (%)Mean (standard
deviation)

Participants, n (%)Mean (standard
deviation)

Participants, n (%)MIC

–7.91 (5.991)11 (11.8)–3.78 (2.184)18 (8.4)–9.78 (6.381)23 (16.0)Better

–3.60 (6.340)45 (48.4)–2.08 (2.436)71 (33.2)–5.23 (8.890)48 (33.3)Slightly better

–1.79 (5.732)33 (35.5)–1.1 (1.911)113 (52.8)–3.61 (7.831)66 (45.8)About the same

–3.00 (4.761)4 (4.3)0.91 (2.548)11 (5.1)–1.00 (1.414)4 (2.8)Slightly worse

—h00.001 (0.5)8.00 (14.731)3 (2.1)Worse

–3.44 (6.220)93 (100.0)–1.59 (2.338)214 (100.0)–4.82 (8.470)144 (100.0)Total

aMIC: minimally important change.
bCESD: Center for Epidemiologic Studies Depression Scale.
cSD: subthreshold depression.
dPSQI: Pittsburgh Sleep Quality Index.
eSI: subthreshold insomnia.
fPAS: Panic and Agoraphobia Scale.
gSP: subthreshold panic.
hNot applicable.

Adverse Events
None of the participants in either group experienced serious
adverse events during the time of this study.

Discussion

Principal Findings
This study aimed to assess the effectiveness of the Mentre
program, a 4-week ICBT, for SD, SI, and SP. We categorized
participants into SD, SI, and SP groups based on their eligibility
using previous research and conducted an RCT for each group.
We verified differences in the score change from screening (T1)
to 4-week follow-up (T4) as indicators of ICBT effectiveness.
There was a significant difference between the SD and SI
intervention and control groups but not in the SP groups.
Additionally, significant differences in CESD score changes
were observed from screening (T1) to postintervention (T3) in
the SD intervention and control groups. The SI intervention and
control groups also showed significant PSQI score changes
from T1 to T3. Previous studies have yielded mixed results on
ICBT for SD, indicating its effectiveness compared to usual
treatment, with effectiveness maintained for more than 6 months
[6,35]. Limited research on SI has also suggested the
effectiveness of ICBT in improving insomnia symptoms [18].
Our findings of SD and SI are comparable to those of previous
studies. However, there was no significant difference in PAS
score changes in the SP intervention and control groups. One
reason was the possibility that the eligibility of SP was not
appropriate. Although no studies have yet properly defined and
intervened on SP [36-40], a previous study [36] suggests that
if agoraphobia is present, we should carefully attend to it even
if it does not completely meet the panic disorder criteria. In
another study [40], a participant was classified according to the
severity based on the frequency of panic attacks. Our study
participants were considered to have SP if they had no panic

attacks and the duration of symptoms was less than 1 month
but they scored more than 9 points on the PAS. Therefore, the
Mentre program for SP did not work, because it focused on
anticipatory anxiety or dealt with avoidance of a particular place.

At least in primary care, our Mentre app found that
self-understanding depressive moods and thoughts and trying
to change them into rational behavior are effective in SD and
that recording and reviewing sleep are effective in SI. However,
further research is needed for the definition of SP; in particular,
it is necessary to verify whether ICBT programs, such as Mentre,
are effective for SP accompanied by agoraphobia and panic
attacks.

Regarding subthreshold criteria, it is not just SP that requires
discussion. Previous studies [41,42] have emphasized the need
to define the score indicating a healthy state for the definition
of subthreshold symptoms. In our study, we considered the
persistence of each subthreshold symptom for 2 weeks (T2),
resulting in 458 participants no longer meeting the subthreshold
criteria. Can we conclude that the 458 participants did not have
subthreshold symptoms? It is worth considering whether the
absence of symptoms for 2 weeks defines health. These patients
were excluded from our study; however, we should consider
the timing of the intervention for subthreshold symptoms,
including medical histories, event factors, and the frequency of
panic attacks or depressive episodes, in the definition of
subthreshold symptoms in the future.

Given that the definition of the subthreshold state is ambiguous,
it is difficult to estimate the appearance rate of subthreshold
symptoms. In our study, we estimated 160 participants in each
group as the target sample size, but in fact, there was
considerable discrepancy. This may indicate that there are many
more individuals with subthreshold symptoms than we predicted,
possibly because there is substantial overlap across subthreshold
states. In contrast, we also need to consider that the participants
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earned reward points by registering over the internet, which
may relate to the high dropout rate, and the participants’
motivation to test the Mentre program should also be considered.
Individuals with subthreshold symptoms may lack high
motivation for treatment compared to diagnosed patients,
because their symptoms are of a low level and do not impair
everyday function. The Mentre program operates at the same
level used for patients diagnosed with depression, insomnia,
and panic disorder. Hence, daily participation may have been
bothersome for the participants.

Future studies should be designed considering the concept of
subthreshold symptoms and possible overlap across subthreshold
conditions and having a structure that is manageable and
appropriate for this particular patient population.

An essential consideration is the overlap across subthreshold
symptoms. In this study, we verified all 3 subthreshold
symptoms together, given the frequent comorbidity of
depression and anxiety disorders, often with insomnia [43,44].
However, few previous studies have explored this overlap. A
previous study [45] on universal prevention treatment for
depression suggested that adolescents at low risk for depression
benefit equally from preventive interventions as those at high
risk; however, it did not specify a matching treatment for low
risk [45]. In other words, patients with subthreshold symptoms
may benefit from treatment, but the treatment is not specified,
and a completely new approach may be necessary [46]. We
hypothesize that if there is overlap across subthreshold
symptoms, interventions targeting specific symptoms might
also affect overlapping symptoms owing to their low severity.
Unfortunately, our program only showed efficacy for the
symptoms we pretargeted, but previous meta-analyses have
shown that improvement in diagnosed insomnia is related to
improved depressive symptoms [14]. Therefore, treatments
focusing on identifying components of subthreshold symptoms
and supplementing CBT techniques may be effective.

Additionally, our study provided evidence of the MIC for SD,
SI, and SP, which is specific to the subthreshold condition.
Despite being useful as an index for clinicians and patients,
caution is necessary in generalizing to individuals, because the
MIC provides a statistical measure of association and may not
reflect clinical conditions [47]. Particularly, subthreshold
symptoms were originally low in severity; hence, the MIC was
also low. For the indicated MIC to be an important change, it
is necessary to also examine the events and satisfaction levels
that changed because of the MIC for patients who reported that
they felt “slightly better.”

Limitations
Several limitations of this study should be acknowledged. First,
the participants were limited to internet research monitors;
hence, it is possible that our sample may not have been
representative of all individuals with subthreshold symptoms.
Approximately 30% of the participants were not employed and
had a low income, which also does not reflect the entire
population. Second, the main analysis was a complete case
analysis owing to concerns regarding the high dropout rate
among patients with subthreshold symptoms. In this study, we
needed to verify the effectiveness of the Mentre program for
specialized subthreshold symptoms as a pilot study. In the future,
more accurate efficacy verification research is needed by
conducting RCTs on the general population and analyzing them
using intent-to-treat methods.

Conclusion
Our study suggests that the use of the 4-week Mentre program
as a nonguided ICBT is associated with improvements in
symptoms of SD and SI in primary care. However, for SP, there
is a need to first define it, and next, it is necessary to re-examine
the effectiveness of ICBT. Additionally, although the MIC of
subthreshold symptoms may be useful in clinical situations,
individual adaptation needs to be approached with caution.
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Abstract

Background: Future Health Today (FHT) is a program integrated with electronic medical record (EMR) systems in general
practice and comprises (1) a practice dashboard to identify people at risk of, or with, chronic disease who may benefit from
intervention; (2) active clinical decision support (CDS) at the point of care; and (3) quality improvement activities. One module
within FHT aims to facilitate cardiovascular disease (CVD) risk reduction in people with chronic kidney disease (CKD) through
the recommendation of angiotensin-converting enzyme inhibitor inhibitors (ACEI), angiotensin receptor blockers (ARB), or
statins according to Australian guidelines (defined as appropriate pharmacological therapy).

Objective: This study aimed to determine if the FHT program increases the proportion of general practice patients with CKD
receiving appropriate pharmacological therapy (statins alone, ACEI or ARB alone, or both) to reduce CVD risk at 12 months
postrandomization compared with active control (primary outcome).

Methods: General practices recruited through practice-based research networks in Victoria and Tasmania were randomly
allocated 1:1 to the FHT CKD module or active control. The intervention was delivered to practices between October 4, 2021,
and September 30, 2022. Data extracted from EMRs for eligible patients identified at baseline were used to evaluate the trial
outcomes at the completion of the intervention period. The primary analysis used an intention-to-treat approach. The intervention
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effect for the primary outcome was estimated with a marginal logistic model using generalized estimating equations with robust
SE.

Results: Overall, of the 734 eligible patients from 19 intervention practices and 715 from 21 control practices, 82 (11.2%) and
70 (9.8%), respectively, had received appropriate pharmacological therapy (statins alone, ACEI or ARB alone, or both) at 12
months postintervention to reduce CVD risk, with an estimated between-trial group difference (Diff) of 2.0% (95% CI –1.6% to
5.7%) and odds ratio of 1.24 (95% CI 0.85 to 1.81; P=.26). Of the 470 intervention patients and 425 control patients that received
a recommendation for statins, 61 (13%) and 38 (9%) were prescribed statins at follow-up (Diff 4.3%, 95% CI 0 to 8.6%; odds
ratio 1.55, 95% CI 1.02 to 2.35; P=.04). There was no statistical evidence to support between-group differences in other secondary
outcomes and general practice health care use.

Conclusions: FHT harnesses the data stored within EMRs to translate guidelines into practice through quality improvement
activities and active clinical decision support. In this instance, it did not result in a difference in prescribing or clinical outcomes
except for small changes in statin prescribing. This may relate to COVID-19–related disruptions, technical implementation
challenges, and recruiting higher performing practices to the trial. A separate process evaluation will further explore factors
impacting implementation and engagement with FHT.

Trial Registration: ACTRN12620000993998; https://www.anzctr.org.au/Trial/Registration/TrialReview.aspx?id=380119

(JMIR Form Res 2025;9:e54147)   doi:10.2196/54147

KEYWORDS

primary care; general practice; clinical decision support; chronic kidney disease; cardiovascular disease; cardiovascular; clinical
decision; decision support; support; kidney; kidney disease; electronic medical record; risk; risk reduction; pharmacological;
pharmacological therapy; medical records; logistic model

Introduction

More than 4 in 5 Australians visit their general practice at least
once per year and 2 million attend every week [1,2]. As medical
knowledge continues to increase exponentially, it is crucial that
this knowledge is translated into practice efficiently and
effectively. Australian general practitioners (GPs) need to have
a good working knowledge of 167 conditions to manage 85%
of presentations [3], but there is no way for GPs to easily keep
up to date with a multitude of guidelines that are stored in
different locations while delivering person-centered care. This
is critically important for people at risk of, or with, chronic
diseases such as chronic kidney disease (CKD), where early
detection and management have the potential to reduce disease
progression and the development of complications, improve
quality of life, and reduce the burden on the health care system
[4].

CKD is a common condition, primarily managed in the general
practice setting, that is defined as kidney damage reduced
function, or both present for at least 3 months [5]. In Australia,
CKD affects up to 2 million people and costs the Australian
economy more than Aus $5 billion per year (a currency
exchange rate as of October 1, 2021, of Aus $1=US $0.726 is
applicable) [6]. Untreated CKD can lead to end-stage kidney
failure, which may require dialysis or transplant therapies, but
the most common cause of death in people with CKD is
cardiovascular disease (CVD) [4]. Kidney Health Australia
guidelines support the detection of CKD in high-risk populations
and recommend pharmacological treatment with
angiotensin-converting enzyme inhibitor inhibitors (ACEI) or
angiotensin receptor blockers (ARB), or statins or both statins
and an ACEI or ARB to reduce CKD progression and CVD risk
[5]. It has been identified that additional strategies are required
to optimize CVD risk management in general practice [7,8].

Quality improvement (QI) and clinical decision support (CDS)
software may help to optimize the care provided to people with
CKD in general practice. Building on systematic review
evidence for effective elements of these interventions [9,10],
we collaborated with GPs, general practice nurses, practice
managers, and patients to codesign Future Health Today (FHT)
[11]. The FHT software program integrates with the electronic
medical records (EMRs) used by over 90% of Australian general
practices. It consists of 4 components: a dashboard, a CDS tool,
access to resources and QI activities.

This trial aimed to determine whether the FHT platform,
packaged with QI support and a series of webinars provided
using the Extension for Community Healthcare Outcomes
(Project ECHO) program [12] through the Zoom
videoconferencing platform, was effective in increasing the
proportion of patients with CKD receiving guideline-concordant
care to reduce CVD risk at 12 months postrandomization in
intervention practices compared with control practices which
received an FHT module focused on cancer care. This is a timely
trial as policy informing the use of CDS in Australian general
practice is currently under development [13].

Methods

Overview
We conducted a stratified cluster randomized head-to-head trial
with general practices randomly assigned 1:1 to the FHT CKD
program or an active control (FHT cancer program). The full
protocol was published [14] and registered with the Australia
and New Zealand Clinical Trial Registry
(ACTRN12620000993998) [15].

Setting
The FHT trial was conducted in 39 general practices in Victoria
and 1 practice in Tasmania, Australia. In Australia, general
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practice provides continuous, longitudinal care across the
lifespan. The Australian government funds general practice
through the Medicare Benefit Schedule (MBS) as a
fee-per-service model. The MBS is a list of the medical services
for which the Australian Government will make a payment [16],
although this may not cover the full cost of the consultation.

The COVID-19 pandemic had a significant impact on general
practices, service provision, and patient access during the study
period. The government strategy was COVID-19 elimination
with frequent lockdowns and border closures. The sixth
lockdown in Victoria lasted from August 5, 2021, to October
22, 2021, crossing over the commencement of this trial, which
had already been delayed by 6 months due to the pandemic.
Significant workload related to COVID-19 infection control
procedures and vaccination [17], a shift to telehealth [18], and
a significant reduction in pathology services utilization were
observed [19].

Recruitment
Forty general practices were recruited between October 2020
and August 2021. Practices were recruited through the VicREN
practice-based research and education network at the Department
of General Practice and Primary Care, The University of
Melbourne [20], the University of Tasmania’s Northern
Tasmania General Practice-based research network, and through
newsletters sent to practices through Primary Health Networks.
Following the referral of interested practices by these networks
to the study team, the research team liaised with general practice

staff to explain the study further and to arrange consent and the
completion of an information technology checklist to ensure
that the general practice technology infrastructure that was
consistent with the requirements of the FHT software.

General practice eligibility criteria are summarized in Textbox
1. Practices needed to have at least 2500 active patients in their
EMR system (ie, not marked as deceased or no longer attending
the practice) and use either the Best Practice or Medical Director
EMR systems. These 2 systems are estimated to be used by
more than 90% of Victorian general practices [21]. Practices
also needed to agree to install the GRHANITE data extraction
tool [22] so that they could contribute deidentified data from
their EMR to the Patron dataset [23] to facilitate analysis of the
trial outcome measures.

Practices were compensated Aus $2250 for participating in the
trial; additional payments were made to GPs and general practice
staff if they were nominated as practice champions (Aus $200)
or participated in interviews (Aus $50 per interview).

There was no individual patient-level recruitment or consent
required as outcomes were ascertained using deidentified EMR
data. Inclusion criteria for patient records: Adults aged 18 to
80 years, inclusive, that were not marked as inactive or deceased,
with a recorded diagnosis or pathology tests consistent with
CKD as defined by Kidney Health Australia [5] that may benefit
from pharmacological therapy to reduce CVD risk at baseline.
Individuals with a recorded history of renal transplant or chronic
dialysis were excluded. Pregnant individuals were also excluded.

Textbox 1. General practice eligibility criteria.

Inclusion criteria

• Agreed to install the GRHANITE data extraction tool [22] to contribute deidentified data from their electronic medical records (EMRs) to the
Patron dataset [23].

• Consultations with at least 35 adults aged ≥18 years per day, >2500 active adult patients (defined as patients who attended the general practice
at least 3 times in the last 2 years and not marked as deceased) recorded in their EMR or have at least 50 patients that fit cohort definitions for
people with chronic kidney disease not on optimal medications and abnormal test results and additional clinical features placing them at risk of
an undiagnosed cancer.

• Employed a general practice nurse.

• Contributed (or willing to contribute) data to the Patron dataset, a repository of data from EMR shared by general practices and curated by the
University of Melbourne.

• Used Best Practice or Medical Director EMR software to record clinical consultations, prescription of medications, and ordering and receiving
pathology results.

• Could identify a workstation (i5/i7 and 16GB RAM or upgradeable to 16GB) with Windows 10 (operating system) that would have GRHANITE,
the data extraction tool, installed.

• Computers had Edge or Chrome web browsers installed.

Exclusion criteria

• Had previously participated in other Future Health Today projects.

• Intended to change to another EMR software during the trial period.

• Used a cloud-based EMR system.

Randomization
General practices were allocated 1:1 to the FHT CKD program
or the FHT cancer program (active control), using a
computer-generated schedule, stratified by Index of Relative

Socioeconomic Disadvantage (IRSD) terciles [24] and the
number of full-time equivalent (FTE) GPs (4 or fewer vs greater
than 4), using random permuted block sizes of 2 and 4 within
the stratum. Practices were randomly allocated after they were
all recruited, and practices’ baseline measures were collected.
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The random allocation schedule was generated by the statistician
not involved in the practice recruitment or data collection. After
practices were recruited, the statistician randomly allocated the
deidentified practices to one of the 2 intervention groups and
then informed the clinical liaison staff, who advised practices
of their allocated group. Practices were informed that it was a
pragmatic cluster randomized controlled trial with 2 active
groups.

Blinding of general practice participants and the team providing
QI support was not possible. The statistician conducting the
analysis and study investigators not involved in practice support
and engagement remained blinded, and allocation of practices
was only revealed after the data were analyzed and results
interpreted.

Intervention

Future Health Today Software
FHT is software installed in general practices to identify people
who may benefit from the implementation of guideline-informed
care. There are two main components: (1) a dashboard that can
be used to create cohorts of patients that may benefit from
review and potential optimization of care and (2) a CDS tool
that deploys when a patient file is opened. Login details and
passwords were provided for the dashboard. The CDS tool
automatically deployed when a patient file was opened within
the EMR without the need for the clinician to log in to FHT.
FHT cohorts and CDS prompts are generated each night when
code related to best practice guideline recommendations is run
over EMR systems in the practice. Screenshots that illustrate
the different components of FHT are provided in Multimedia

Appendix 1. Implementation activities and timing for delivery
are detailed in Figure 1. Following quality assurance testing of
the FHT platform and the module algorithms in a virtual
environment, FHT was installed in all practices (intervention
and control) before the commencement of the trial. Practices
were asked to install FHT on at least one GP and one practice
nurse computer. A training FHT type 2 diabetes module was
deployed and available to both intervention and control practices
for approximately 4 weeks before the trial, to ensure that FHT
was working correctly from a technical perspective. Pretrial
training sessions covering the functionality of the FHT CDS
and dashboard components were offered to all practices.

At trial commencement, the training FHT type 2 diabetes
module was deactivated and the FHT CKD module was
deployed to intervention practices. The CKD module consisted
of 3 recommendations for medications that aim to reduce
cardiovascular disease risk: “Consider initiation of ACEI or
ARB,” “Consider initiation of statin for CKD management,”
and “Consider initiation of ACEI or ARB (note: BP in target)”
for patients who had an indication for these medications but
had not been prescribed them. These recommendations were
based on guidelines from Kidney Health Australia [5], the Royal
Australian College of General Practitioners [25], and the
National Vascular Disease Prevention Alliance [26] and were
applied to patients who had a recorded diagnosis of CKD or
pathology consistent with CKD, as defined by Kidney Health
Australia guidelines [5]. Practices were asked to create a cohort
of patients with these recommendations in the dashboard at
baseline and asked to use FHT as they chose for the following
12 months.

Figure 1. Trial timeline and data sources (chronic kidney disease group).

Quality Improvement Supports
A practice liaison staff member was assigned to support the
intervention practices. This staff member provided software
training to practices, and 2 benchmarking reports (6 months and
12 months from trial start) and offered practice guidance in
undertaking a quality improvement clinical audit activity related
to the intervention. The benchmarking reports summarized the
number of patients with recommendations for a specific practice
and then compared these to the overall intervention cohort. The
practice liaison also coordinated a series of webinars using the
Project ECHO program [12], an evidence-based platform that
facilitates case-based learning networks with primary care,
facilitated by academic medicine departments, and delivered
by the Zoom videoconferencing platform. Three separate 1-hour

sessions were delivered with a focus on CKD management and
reduction of cardiovascular disease risk, and a further three
1-hour sessions were delivered on how to conduct quality
improvement activities. The clinical audit and webinar series
were accredited by the Royal Australian College of General
Practitioners and the Australian College of Rural and Remote
Medicine as continuing professional development (CPD)
activities. All participants, including nonclinical staff, were
provided with certificates of participation in these activities.

Two deviations from the initially proposed protocol occurred,
both of which related to the availability of the FHT software,
(1) there was a pause in the provision of the CKD module in
FHT software from December 16, 2021, to February 14, 2022,
due to complexity of the FHT module algorithms and mappings
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from CKD not being appropriately implemented within the FHT
code. This meant that the software was not available for the full
intended 12 months, (2) one practice did not have access to FHT
modules until 2 weeks after the trial started due to challenges
with software installation.

Consumer Involvement
A consumer advisory group and general practice advisory group
(consisting of GPs, general practice nurses, and practice
managers) provided input to the trial intervention and
interpretation of the trial results.

Endpoints and Data Collection
All outcomes were measured at 12 months postrandomization.
The primary outcome was the proportion of eligible patients
with a prescription of ACE inhibitors, ARBs statins, or both
according to guidelines. Patients were considered to have
received guideline-concordant care if they had a recorded
prescription for the classes of medication indicated by FHT
recommendations within the study period. If a patient received
recommendations for both classes of medication at baseline,
for the primary outcome, they were required to have been
prescribed both classes of medication. If a prescription was not
recorded in the EMR, patients were considered not to have
received guideline-concordant care. The secondary outcomes
related to the prescription of individual classes of these
medications, pathology results (including estimated glomerular
filtration rate, albumin creatinine ratio, and cholesterol), and
systolic blood pressure; refer to Multimedia Appendix 2 for
additional details. The number and billing of general practice
consultations were also captured. Costs to the government
associated with consultations occurring during the trial were
based on the Medicare Benefits Schedule (MBS) rebate for the
service items retrieved from the Patron database [27].

Baseline and outcome measures were obtained using patient
data extracted from general practice EMRs and stored in the
Patron database [28]. Patron data are stored at the University
of Melbourne and were only accessible by the study statisticians.

Practice characteristics, including the number of GPs and other
general practice staff, billing method, and regionality were
collected through a survey before randomization.

We also collected survey and qualitative data relating to
implementation, to be reported as a process evaluation
elsewhere.

Sample Size
We determined that 2580 patients from 20 practices per group
are required to detect an absolute 10% increase in the difference
in the percentage of patients on optimal pharmacological
management in the intervention group at 12 months
postintervention compared with the control group at 80% power
for a 2-sided 5% significance level. Based on electronic health
records from 77 general practices that contribute data to the
Patron dataset in Victoria, Australia [28], we expected 55% of
active control patients with CKD would be on optimal
pharmacological management with an intracluster correlation
(ICC) coefficient of 0.03 to account for clustering at the practice
level. Further, we expected on average 139 eligible patients per

practice (fixed cluster size), with a coefficient of variation of
0.41 to account for variable cluster sizes across the practices.
The target of 40 practices included 4 additional practices to
allow for attrition by 12 months (eg, practice closure,
withdrawals, mergers) and the addition of one extra practice
per group, for a degree of freedom correction. The effect size
of 10% was considered a minimally important difference and
worth implementing and is consistent with another Australian
general practice study that aimed to improve CVD risk
management, albeit not limited to patients with CKD [29].

Statistical Analysis
Descriptive statistics were used to summarize general practice,
clinician, and patient characteristics by study group. The primary
analysis used an intention-to-treat approach with practices
analyzed according to their allocated group. All general practice
patients were included in the analysis, regardless of the
occurrence of intercurrent events (eg, death, pregnancy). For
the primary outcome, the OR and between-group differences
in proportions were estimated with a generalized linear
regression model, with the logit and identity link functions,
respectively. Generalized estimating equations (GEEs) were
used with an exchangeable correlation structure and robust SE
to allow for the correlation of outcomes within general practice.
The ICC was estimated using a one-way analysis of variance.
Binary secondary outcomes used the same method as the
primary outcome. For continuous outcomes, a linear mixed
effects model was used to estimate the between-group difference
in mean change scores with random effects for general practice
and individual and adjusted for their respective baseline measure
with study group means at baseline constrained to be equal. A
proportional odds logistic regression model with GEEs and
robust SE was used to estimate cumulative OR for the albumin
creatinine ratio level at 12 months. The between-group
difference in the rate of consultations per year and rate ratio of
visits were modeled using a negative binomial mixed effects
model, with random effects for general practice, with GEEs and
robust SE.

A 2-part model consisting of a logistic regression model for the
probability of positive Medicare benefit and a generalized linear
model with a log link and gamma distribution for the positive
Medicare benefit was used to assess the association between
the intervention and the Medicare benefit. The marginal effect
of the intervention was computed in both the logistic regression
model (as percentage point change) and the generalized linear
regression model (as dollar change).

All regression models included the study group and
randomization stratification factors (GP, FTE, and IRSD tercile)
as covariates. For secondary binary outcomes, the
recommendation to initiate statin and ACEI or ARB was
adjusted for the recommendation to consider ACEI or ARB and
statin initiation, respectively. Sensitivity analyses included (1)
complete cases only (for continuous outcomes, if the linear
mixed effects model failed to converge, linear regression with
robust SE was used) and (2) adjusting for patient age and sex
and previous practice involvement in formalized QI programs.
For the binary outcomes, if the model used to estimate the risk
difference failed to converge, the additional covariates were
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excluded (noted in the results tables). Adherence-adjusted
analysis was not conducted as we were unable to measure
adherence to the intervention.

Estimated intervention effects were reported with 95% CI and
P values. No corrections were made for multiple comparisons.

All analyses were conducted using Stata 17.0 (StataCorp). The
full statistical analysis plan has been uploaded to the ANZCTR.

Ethical Considerations
The FHT trial was approved by the Faculty of Medicine,
Dentistry and Health Sciences Human Ethics Sub-Committee
at the University of Melbourne (Ethics ID:2056564). General
practices signed a study agreement to participate in the trial.
Patients were not recruited for this study, with data from the
Patron dataset used to calculate the primary and secondary trial
outcomes. The Patron dataset has a waiver of consent granted
by the Faculty of Medicine, Dentistry and Health Sciences
Human Ethics Sub-Committee at the University of Melbourne
(ethics number 2023-23358-37538-6). Data within the Patron
dataset is anonymized. General practices were paid Aus $2250
to compensate them for any IT support, meeting or training
attendance, generating patient lists, mailouts, monthly key staff
informant interviews, and participation in quality improvement
activities and ECHO education activities.

Results

Participating Practices
Between October 2020 and August 2021, there were 775 general
practices assessed for eligibility, following which 50 practices
were recruited to participate in the trial (refer to Figure 2). Six
practices withdrew before randomization (all these practices
were owned by the same group), and a practice withdrew after
randomization but before they were notified of their group
allocation. Two randomized practices did not receive the
allocated intervention and 1 discontinued the intervention during
the trial, leaving forty participating practices that completed the
trial. Patron data was only provided for the forty practices that
completed the study.

Baseline characteristics of the 40 practices, clinicians, and staff
(Table 1) and their eligible patients (Table 2) were balanced
between the study groups. A total of 734 and 715 eligible
patients in the intervention and control groups, respectively,
were identified in the EMR with a recorded diagnosis or
pathology tests consistent with CKD that may benefit from
pharmacological therapy to reduce CVD risk. Of these, 17%
had a recommendation for both ACEI or ARB and satins, 45%
for statins only, and the remaining 38% for ACEI/ARBS only.

JMIR Form Res 2025 | vol. 9 | e54147 | p.1836https://formative.jmir.org/2025/1/e54147
(page number not for citation purposes)

Manski-Nankervis et alJMIR FORMATIVE RESEARCH

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


Figure 2. Practice recruitment, allocation, follow-up, and data analysis.
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Table 1. Baseline characteristics of practices, clinicians, managers, and staff, overall and by study group.

Control group (N=21)Intervention group (N=19)All practices (N=40)

Practice characteristics

State, n (%)

20 (95.2)19 (100)39 (97.5)Victoria

1 (4.8)0 (0)1 (2.5)Tasmania

Relative socioeconomic disadvantage index (terciles), n (%)

6 (28.6)6 (31.6)12 (30)1 (most disadvantaged)

6 (28.6)6 (31.6)12 (30)2

9 (42.8)7 (36.8)16 (40)3 (least disadvantaged)

Practice size

12 (57.1)9 (47.4)21 (52.5)4 or fewer FTEa GPsb, n (%)

9 (42.9)10 (52.6)19 (47.5)Greater than 4 FTE GPs, n (%)

9 (42.9)9 (47.4)18 (45)Previous quality improvement program participation, n (%)

33.0 (1-104)37.7 (3-116)35.3 (1-116)Eligible patients per practice, mean (range)

5.5 (1-19)7.4 (1-20)6.4 (1-20)Workstations with Future Health Today per practice, mean (range)c

33.2 (10-160)30.2 (14-73)31.8 (10-160)Future Health Today users per practice, mean (range)

4.0 (3.5-5.5)4.5 (3.5-7.5)4.5 (3.5-6.0)Number of FTE GPs, median (IQR)

2.0 (1.5-2.5)1.5 (1.0-3.0)1.8 (1.0-2.5)Number of FTE practice nurses, median (IQR)

3.5 (2.5-4.5)4.5 (3.5-6.0)4.0 (3.0-5.0)Number of FTE practice managers or administrative staff, median
(IQR)

145164309General practitioners

Sex, n (%)

85 (58.6)93 (56.7)178 (57.6)Male

60 (41.4)71 (43.3)131 (43.4)Female

Age, n (%)

21 (15.8)19 (14.2)40 (15)<35 years

73 (54.9)56 (41.8)129 (48.3)35-50 years

39 (29.3)59 (44)98 (36.7)>50 years

5964123Nurses

Sex, n (%)

4 (6.8)3 (4.7)7 (5.7)Male

55 (93.2)61 (95.3)116 (94.3)Female

Aged, n (%)

32 (50)33 (52.4)60 (49.2)<35 years

17 (26.6)14 (22.2)31 (25.4)35-50 years

15 (23.4)16 (25.4)31 (25.4)>50 years

127130257Practice managers or administrative staff

Sex, n (%)

13 (10.2)14 (10.8)27 (10.5)Male

114 (89.8)116 (89.2)230 (89.5)Female

Age, n (%)

55 (43.3)75 (60)130 (51.6)<35 years

33 (26)26 (20.8)59 (23.4)35-50 years
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Control group (N=21)Intervention group (N=19)All practices (N=40)

39 (30.7)24 (19.2)63 (25)>50 years

aFTE: full-time equivalent.
bGPs: general practitioner.
cSix intervention and 2 control group practices ran a “terminal server” that pushed Future Health Today to all workstations.
dPercentages for age categories were calculated based on the number of staff who provided age data.
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Table 2. Baseline characteristics of patients, overall and by study group.

Control group (n=715)Intervention group (n=734)All participants (N=1449)Patient characteristics

Sex, n (%)

410 (57.3)402 (54.8)812 (56)Male

305 (42.7)332 (45.2)637 (44)Female

65.4 (12.9)66.3 (11.3)65.9 (12.1)Age (years), mean (SD)

Prescribed ACEIa or ARBb , n (%)

106 (14.8) 109 (14.9) 215 (14.8) ACEI only

155 (21.7) 166 (22.6) 321 (22.2) ARB only

2 (0.3) 4 (0.6) 6 (0.4) ACEI and ARB

452 (63.2) 455 (62) 907 (62.6) None

Prescribed statins, n (%) 

232 (32.5)192 (26.2) 424 (29.3)Yes

483 (67.5)542 (73.8) 1025 (70.7) No

Guideline recommended initiation, n (%)

115 (16.1) 131 (17.9) 246 (17) Both ACEI or ARB and statins

290 (40.5) 264 (36) 554 (38.2) ACEI or ARBs only

310 (43.4) 339 (46.2) 649 (44.8) Statin only

Cardiovascular disease risk category, n (%)

526 (73.8)539 (73.4)1065 (73.5)Total sample

42 (8) 43 (7.6) 85 (8) Low

15 (2.9) 14 (2.7) 29 (2.7) Moderate

469 (89.2) 482 (89.7) 951 (89.3) High

325 (45.5)308 (42)633 (43.7)Type 2 diabetes n (%)

Systolic blood pressure (mmHg)

409 (57.2)434 (59.1)843 (58.2)Number (%)

137 (19)138 (20)138 (20)Mean (SD)

Lipids (all mmol/L) 

451 (63.1)465 (63.4)916 (63.2)Total cholesterol, n (%)

4.8 (1.3)4.8 (1.2)4.8 (1.2)Total cholesterol, mean (SD)

413 (57.8)431 (58.7)844 (58.2)Low-density lipoproteins, n (%)

2.6 (1.1)2.7 (1.1)2.7 (1.1)Low-density lipoproteins, mean (SD)

421 (58.9)444 (60.5)865 (59.7)High-density lipoproteins, n (%)

1.3 (0.4)1.3 (0.4)1.3 (0.4)High-density lipoproteins, mean (SD)

450 (62.9)464 (63.2)914 (63.1)Triglycerides, n (%)

2.1 (2.1)2.0 (1.4)2.1 (1.8)Triglycerides mean (SD)

Urine albumin-creatinine ratio (mg/mmol)c

379 (53)323 (44)702 (48.4)Number (%)

5.6 (1.7-20.2)5.2 (1.4-22.5)5.5 (1.6-21.7)Median (IQR)c

73 (19.3)64 (19.8)137 (19.5)Macroalbuminuria, n (%)

193 (50.9)150 (46.4)343 (48.9)Microalbuminuria, n (%)

113 (29.8)109 (33.8)222 (31.6)Normal, n (%)

Estimated glomerular filtration rate (mL/min/1.73m2)
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Control group (n=715)Intervention group (n=734)All participants (N=1449)Patient characteristics

583 (81.5)592 (80.7)1175 (81.1)Number (%)

57.1 (21.2)53.5 (20.4)55.3 (20.9)Mean (SD)

98 (15.1)61 (10.3)149 (12.7)G1 (≥90), n (%)

119 (20.4)105 (17.7)224 (19.1)G2 (60-89), n (%)

207 (35.5)221 (37.3)428 (36.4)G3a (45-59), n (%)

121 (20.8)146 (24.7)267 (22.7)G3b (30-44), n (%)

36 (6.2)37 (6.3)73 (6.2)G4 (15-29), n (%)

12 (2.1)22 (3.7)35 (2.9)G5 (<15), n (%)

aACEI: angiotensin-converting enzyme inhibitor.
bARB: angiotensin receptor blocker.
cMedian and IQR were reported due to skewed distribution.

Primary and Secondary Outcomes

Primary Outcome
Of patients identified as eligible for pharmacological therapy
to reduce CVD risk, 11.2% (82/734) in the intervention group
and 9.8% (70/715) in the control group had received appropriate

pharmacological therapy at 12 months post-intervention, an
increase of 2.0% (95% CI –1.6% to 5.7%) (Table 3), with the
confidence bounds excluding our hypothesized minimally
important difference of 10%. The ICC for the proportion of
patients who were prescribed ACEI or ARB and Statin at
baseline was estimated as 0.03 (95% CI 0.01 to 0.05).

Table 3. Primary outcome and secondary outcomes related to medication prescriptions

P valueEstimated effect size (95% CI)Control group,
n (%)

Intervention
group, n (%)

All participants,
n (%)

ORb (95% CI)Diffa (95% CI), %

Primary outcome

Angiotensin-converting enzyme inhibitor or angiotensin receptor blocker and statins

7157341449Number of partici-
pants

.261.24 (0.85 to 1.81)2.0 (–1.6 to 5.7)70 (9.8)82 (11.2)152 (10.5)Primary analysis

.171.30 (0.90 to 1.87)2.6 (0.0 to 6.1)70 (9.8)82 (11.2)152 (10.5)Sensitivity analysisc

Secondary outcomes

Angiotensin-converting enzyme inhibitor or angiotensin receptor blocker

405395800Number of partici-
pants

.760.94 (0.62 to 1.42)0.0 (–3.7 to 4.6)52 (12.8)48 (12.2)100 (12.5)Primary analysis

.851.04 (0.69 to 1.57)1.8 (–2.6 to 6.2)52 (12.8)48 (12.2)100 (12.5)Sensitivity analysisa

Statins

425470895Number of partici-
pants

.041.55 (1.02 to 2.35)4.3 (0 to 8.6)38 (9)61 (13)99 (11.1)Primary analysis

.031.56 (1.04 to 2.34)4.4 (0 to 8.5)38 (9)61 (13)99 (11.1)Sensitivity analysisa

aDiff: difference in mean change score or percentages between the 2 groups.
bOR: odds ratio.
cSensitivity analysis 1, as above, with adjustment for participant age and sex and general practitioner participation in formal quality improvement
activities.

Secondary Outcomes
When we examined the patients with recommendations for
statins and ACEI or ARBS, separately, 13% (61/470) of patients

in the intervention group received a statin prescription compared
to 9% (38/425) in the control group, an estimated between-group
difference of 4.3% (95% CI 0%-8.6%). The sensitivity analyses
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showed similar results. Primary analyses are generalized linear
regression using generalized estimating equations with robust
SE, adjusted for GP FTE and IRSD tercile.

Table 4 shows that there was no statistical evidence of an
intervention effect for mean change in pathology measures from
baseline between the intervention and control groups. Primary
analyses for continuous measures used a linear mixed effects
model with random effects for general practice and individuals,
adjusted for baseline measure of the outcome. Primary analyses
for binary outcomes used generalized linear regression using
generalized estimating equations with robust standard errors.
All primary analyses adjusted for GP FTE and IRSD tercile.

Table 5 summarizes the nonpathology measures of secondary
outcomes. There was no evidence of an effect of the intervention
on systolic blood pressure change, cardiovascular disease risk
category, or rate of general practice visits of patients over the
12-month intervention period compared to the control group.
Primary analyses for continuous measures used a linear mixed
effects model with random effects for general practice and
individuals and adjusted for baseline measures of the outcome.
Primary analyses for ordinal outcomes used proportional odds
logistic regression, using generalized estimating equations with
robust standard errors. The primary analysis of the rate of visit
data used a negative binomial mixed effects model with random
effects for general practice. All primary analyses adjusted for
GP FTE and IRSD tercile.
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Table 4. Secondary outcomes for laboratory pathology measures.

P valueEstimated effect size, (95% CI)Control groupIntervention groupAll participants

Cholesterol change (mmol/L), mean (SD)

303260563Sample size

.24Diffa –0.11 (–0.28 to 0.07)0.20 (1.01)0.07 (0.84)0.14 (0.94)Primary analysis

.32Diff –0.09 (–0.27 to 0.09)0.20 (1.01)0.07 (0.84)0.14 (0.94)Sensitivity analysisb

.06Diff –0.13 (–0.27 to 0.03)0.20 (1.01)0.07 (0.84)0.14 (0.94)Sensitivity analysisc,d

Low-density lipoproteins change (mmol/L), mean (SD)

254230484Sample size

.21Diff –0.10 (–0.26 to 0.06)0.20 (0.82)0.05 (0.67)0.13 (0.75)Primary analysis

.24Diff –0.10 (–0.26 to 0.06)0.20 (0.82)0.05 (0.67)0.13 (0.75)Sensitivity analysisb

.05Diff –0.13 (–0.26 to 0.00)0.20 (0.82)0.05 (0.67)0.13 (0.75)Sensitivity analysisc

High-density lipoproteins change (mmol/L), mean (SD)

271247518Sample size

.17Diff –0.04 (–0.09 to 0.02)0.01 (0.22)–0.01 (0.20)0.00 (0.21)Primary analysis

.09Diff –0.05 (–0.10 to 0.01)0.01 (0.22)–0.01 (0.20)0.00 (0.21)Sensitivity analysisb

.11Diff –0.03 (–0.07 to 0.01)0.01 (0.22)–0.01 (0.20)0.00 (0.21)Sensitivity analysisc

Triglycerides change (mmol/L), mean (SD)

302258560Sample size

.36Diff 0.09 (–0.11 to 0.29)0.07 (2.03)0.06 (0.88)0.07 (1.61)Primary analysis

.15Diff 0.15 (–0.05 to 0.35)0.07 (2.03)0.06 (0.88)0.07 (1.61)Sensitivity analysisb

.39Diff 0.09 (–0.11 to 0.29)0.07 (2.03)0.06 (0.88)0.07 (1.61)Sensitivity analysisc

Urine albumin-creatinine ratio change (mg/mmol), mean (SD)

220178398Sample size

.15Diff –9.11 (–21.36 to 3.14)1.45 (40.56)–6.56 (42.99)–2.13 (41.80)Primary analysis

.15Diff –8.97 (–21.23 to 3.31)1.45 (40.56)–6.56 (42.99)–2.13 (41.80)Sensitivity analysisb

.09Diff –6.69 (–14.33 to 0.95)1.45 (40.56)–6.56 (42.99)–2.13 (41.80)Sensitivity analysisc

Urine albumin-creatinine ratio 30% reduction

220178398Sample size

.55Diff 3.1% (–5.7% to 12.0%); ORe

1.14 (.74 to 1.76)

63 (28.6)54 (30.3)117 (29.4)Primary analysis, n (%)

.70Diff 2.4% (–6.8% to 11.5%); OR 1.09
(.69 to 1.73)

63 (28.6)54 (30.3)117 (29.4)Sensitivity analysisb, n (%)

Estimated glomerular filtration rate change (mL/min/1.732), mean (SD)

457437894Sample size

.29Diff 1.35 (–1.15 to 3.86)0.44 (8.64)–0.27 (8.30)0.10 (8.47)Primary analysis

.40Diff 1.04 (–1.37 to 3.45)0.44 (8.64)–0.27 (8.30)0.10 (8.47)Sensitivity analysisb

.36Diff –0.56 (–1.75 to 0.64)0.44 (8.64)–0.27 (8.30)0.10 (8.47)Sensitivity analysisc

aDiff: difference in mean change score or percentages between the 2 groups.
bSensitivity analysis 1 additionally adjusts for participant age and sex, and practice participation in formal QI activities.
cSensitivity analysis 2 using complete case only for outcomes with missing data.
dLinear regression model with robust SE used as an alternative to linear mixed effects model due to convergence issues.
eOR: odds ratio.
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Table 5. Secondary outcomes for nonpathology measures.

P valueEstimated effect size (95%
CI)

Control groupIntervention groupAll participants

Systolic blood pressure changes from baseline mmHg, mean (SD)

341335676Sample size

.55Diffa 0.75 (–1.71 to 3.21)1.47 (19.86)3.11 (20.66)2.29 (20.26)Primary analysis

.49Diff 0.88 (–1.58 to 3.35)1.47 (19.86)3.11 (20.66)2.29 (20.26)Sensitivity analysisb

.43Diff 1.00 (–1.49 to 3.48)1.47 (19.86)3.11 (20.66)2.29 (20.26)Sensitivity analysisc

Cardiovascular d isease risk category, n (%)

5035161019Sample size

.47Cumulative ORe 0.89 (0.64 to
1.22)

———dPrimary analysis

53 (10.5)48 (9.3)101 (9.9)Low CVDf risk

16 (3.2)23 (4.5)39 (3.8)Medium CVD risk

434 (86.3)445 (86.2)879 (86.3)High CVD risk

.18Cumulative OR 0.81 (0.60 to
1.10)

———Sensitivity analysisb

Rate of visits, n (%)

7137341447Sample size

9451778617,237Number of visits, mean (SD)

.27Diff –0.14 (–0.38 to 0.11);

RRg 0.87 (0.68 to 1.11)

13.26 (16.37)10.61 (12.16)11.91 (14.45)Primary analysis

.20Diff –0.15 (–0.38 to 0.08); RR
0.86 (0.69 to 1.08)

13.26 (16.37)10.61 (12.16)11.91 (14.45)Sensitivity analysisb

aDiff: difference in mean change score or percentages between the 2 groups.
bSensitivity analysis 1 additionally adjusts for participant age and sex and practice participation in formal quality improvement activities.
cSensitivity analysis 2 using complete cases for outcomes with missing data.
dNot applicable.
eOR: odds ratio.
fCVD: cardiovascular disease.
gRR: rate ratio.

Health Care Costs
Table 6 summarizes the health economic outcomes. Of 734
patients in the intervention group, 541 (73.7%) had at least one
general practice consultation associated with an MBS rebate,
compared to 80.6% (576/715) patients in the control group.
Patients meeting the criteria for the CKD FHT module in the
practices receiving the intervention had a 6.7 percentage point
lower probability of having at least one general practice
consultation associated with an MBS rebate compared to those
in the control group, but there was no evidence of a difference
(95% CI –0.26 to 0.13).

Patients in the intervention group who claimed at least one MBS
rebate during the trial period had Aus $38.55 lower Medicare
benefits compared with the control group over 12 months,
roughly equivalent to one standard consultation in general
practice lasting up to 20 minutes. There was no evidence of a
difference between groups (95% CI Aus $328.46 to Aus
$251.35; P=0.79). Primary analyses for binary outcomes used
logistic regression, with robust SE. Primary analysis of positive
Medicare benefits was carried out with a generalized linear
model with log link and gamma distribution, with robust
standard errors. All primary analyses adjusted for GP FTE and
IRSD tercile.
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Table 6. Health economic outcomes.

P valueEstimated effect size
(95% CI)

Control groupIntervention groupAll participants

Probability of incurring Medicare Benefits Schedule rebate (logistic regression), n (%)

7157341449Sample size

.49Diffa –0.067 (–0.260 to
0.125); odds ratio 0.719
(0.285 to 1.82)

576 (80.6)541 (73.7)1117 (77.1)Primary analysis

.45Diff –0.094 (–0.337 to
0.148; odds ratio 0.659
(0.236 to 1.84)

576 (80.6)541 (73.7)1117 (77.1)Sensitivity analysisb

Positive Medicare Benefits Schedule rebate (generalized linear model), Aus $, mean (SE)

5765411117Sample size

.79Diff –38.555 (–328.463
to 251.353)

843.84 (31.81)850.96 (33.33)847.28 (23.01)Primary analysis

.99Diff 0.880 (–255.905 to
257.666)

843.84 (31.81)850.96 (33.33)847.28 (23.01)Sensitivity analysisb

aDiff: difference in mean change score or percentages between the 2 groups.
bSensitivity analysis 1 additionally adjusts for participant age and sex and practice participation in formal quality improvement activities (and a dummy
variable for missing quality improvement practice participation).

Discussion

Principal Results
Our findings do not support that the intervention was effective
in increasing the proportion of eligible patients with optimal
pharmacological therapies at 12 months postintervention to
reduce their CKD risk. Among general practice adult patients
identified in the EMR at baseline with a recorded diagnosis or
pathology tests consistent with CKD that may benefit from an
ACEI or ARB or statin prescription or both to reduce the risk
of CKD based on guidelines, we found that 11.2% and 9.8% of
eligible patients received appropriate pharmacological therapy
at 12 months post-randomization in those receiving the FHT
CKD module compared to active control, an estimated 2%
difference between the intervention and control groups.

For participants with a recommendation to initiate a statin,
13.0% received a prescription for statin medication in the
intervention group compared to 9.0% of control patients, an
estimated 4.3% (95% CI 0% to 8.6%) increase in statin
prescribing when initiation was recommended. Although the
confidence bound excluded the 10% effect size hypothesized
as minimally important for optimal pharmacological therapies,
the confidence bounds include improvement in statins
prescribing when recommended which could potentially impact
reducing cardiovascular events [30], particularly when
considering the estimated effect size may be attenuated as a
result of several extenuating circumstances.

Circumstances that may have impacted the trial findings include:
pausing access of practices to the CKD module from December
16, 2021, to February 14, 2022, due to the complexity of the
FHT module algorithms and mappings from CKD not being
appropriately implemented within the FHT code; challenges
with software installation in some practices with one practice
not having access to FHT modules until two weeks after trial

start; the number of patients identified in the module being
approximately half that proposed in the target sample size; and
variation in some of the coding implemented in FHT compared
with that provided in the business requirements document. A
sensitivity analysis conducted on the cohort of patients who
would have been identified, had the algorithms been
implemented without error, did not change the trial findings
(data not shown).

Further, our trial was conducted during the COVID-19 pandemic
which included stay-at-home orders and general practices needed
to deliver COVID-19 vaccinations. As a result, there were
unprecedented workforce pressures that may have impacted the
ability of practices to use FHT and reduced patient attendance
at general practice. GPs may have had more confidence in
prescribing statins than ACEI or ARB as these medications do
not require pathology tests postinitiation, which may have been
an additional consideration during the pandemic.

Strengths and Limitations
Our study has several strengths. First, this was a pragmatic trial
and so the results that are obtained are likely to reflect the impact
of FHT in real-world practice. Forty practices were included in
the analysis, although we had anticipated 36 after allowing for
attrition. EMR data were used to capture patient data and
outcome measures minimizing selection bias. Without this EMR
data capture, the trial would have been logistically impossible
due to the impact of COVID-19 on the general practice
workforce and the COVID-19 restrictions that were in place
restricted travel and access to medical practices by researchers
during this period. Our light touch intervention was designed
to overcome the known financial and scalability barriers to more
traditional academic detailing. Finally, randomizing practices
rather than individuals minimized the risk of contamination.

Study limitations included cluster sizes being smaller than
anticipated and there was a lower percentage of eligible patients
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receiving appropriate pharmacological therapy at 12 months in
both groups than expected. Possible reasons include that we
may have attracted higher performing practices to participate
in the trial, so there were smaller proportions of patients with
CKD who were not being managed according to guidelines;
improvements in coding of the EMR data between the datasets
used to estimate the parameters to determine the sample size
calculations and then used to measure the primary outcome;
variation in the quality of recording of data in EMRs within
participating general practices; or fewer patients than anticipated
may have attended the general practice during the COVID-19
pandemic due to the Victorian lockdowns. However, the smaller
cluster sizes for the 40 practices and lower percentages receiving
appropriate pharmacological therapy improved study efficiency,
allowing us to address the research question and provide
sufficient certainty to rule out the target 10% intervention effect.
Further, among patients who did not receive appropriate
pharmacological therapy, we were unable to determine if the
GP did not consider that medications were indicated for other
reasons or if the patient chose not to take the medications.

Comparison with Previous Work
QI activities and CDS form an important part of Australian and
international primary care policy, with the aim of optimizing
the care provided to patients through the strengthening of clinical
decision-making and improving care processes. There is
increased focus on QI programs in Australian general practices,
with payments to practices for participating in QI activities
commencing in 2019 [31] and exploration of the use and
regulation of CDS in general practice as the focus of current
Australian government consultation [13].

The advent of EMRs has resulted in the development of QI and
CDS software internationally and across care settings. Australian
general practices were early adopters of EMRs in the 1990s,
with near universal computerization by 2006 [21]. Similar to
our trial, the results of trials of the use of QI dashboards and
clinical decision support software (CDSS) tools in primary care
to facilitate guideline-recommended prescribing have been
underwhelming. For example, the TORPEDO cluster
randomized trial in Australian primary care found that the
proportion of patients with a recording of risk factors for CVD
increased, but the proportion of patients at high CVD risk that
received recommended prescriptions was not significantly
different from the control group [29]. Hespe’s mixed methods
descriptive study of a QI program in the Central and Eastern
Sydney Primary Health Network area aimed to improve
monitoring, prescribing practices, and attainment of BP and
lipid targets for CVD risk reduction. The intervention included

plan-do-study act cycles supported by a QI officer, workshops,
an audit tool, and the HealthTracker guideline recommendation
tool, but did not result in a change in the proportion of patients
prescribed blood pressure and lipid-lowering medications over
the 22-month intervention period.[24] The EBMeDS CDSS
trial did not result in improvements in the management of
diabetes in Belgian primary care despite high physician
satisfaction [32].

Overall, the effectiveness of CDSS is generally small to
moderate and highly variable [33] with the predictors of
meaningful improvement unclear [34]. A systematic review of
11 trials incorporating clinical dashboards found limited
evidence for their use, especially if they were not a component
of a multifaceted intervention [35].

All of these studies highlight the challenges of implementation
of QI dashboards and CDSS in general practice, including lack
of time, practices’ need for technical support, a perceived lack
of value for QI work, difficulty disseminating knowledge across
the practice team, tensions between the team and clinical staff,
workforce, a need for strong IT infrastructure and technical
support, organization of practices as providing reactive (as
opposed to proactive, planned) care and suboptimal recording
of patient data in the EMR [24,32,36].

Our experiences with this trial have resulted in more robust
mechanisms to validate our algorithms that incorporate the use
of comprehensive data from Patron. We think this, combined
with greater utility through supporting a wider range of decision
support capabilities, may increase utilization of FHT and offer
a greater chance of demonstrating the effectiveness of the FHT
CDSS going forward. We will explore factors relevant to the
FHT trial in a process evaluation and implementation study to
be published separately. Upcoming studies of different
conditions, including the results of the cancer module active
control in this trial, will provide further information regarding
the implementation and effectiveness of FHT in Australian
general practice.

Conclusions
In our trial, the CKD FHT intervention found no differences in
trial primary or secondary outcomes except for a small
improvement in prescribing of statin medication when initiation
was recommended which may reduce future cardiovascular
events. These results may be reflective of several factors,
including the impact of the COVID-19 pandemic on general
practice, technical implementation challenges, and sampling
from high-performing practices. Which may have attenuated
the intervention effect.
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Abstract

Background: Technology that detects early when a patient at risk of falling leaves the bed can support nurses in acute care
hospitals.

Objective: To develop a better understanding of nurses’ perspectives and experiences with a bed-exit information system (BES)
in an acute care hospital setting.

Methods: BES was implemented on 3 wards of a university medical center. Nurses completed 2 online surveys at each time
point (P0 and P1) and participated in focus groups before (P0) and after (P1) implementation. Additional patient data were
collected. Descriptive statistics summarized the survey results, while content analysis was applied to focus group data. Patient
rates and adverse events in both phases were compared using negative binomial models. Reporting of this study adhered to the
GRAMMS checklist.

Results: A total of 30 questionnaires were completed at P0 (30/72, 42%) and 24 at P1 (24/71, 33%). Of the participants, 15
completed both questionnaires (complete cases). At P1, 64% (9/14) of participants agreed that their perceived workload and strain
in caring for patients with cognitive impairment was reduced by the use of the BES. The adverse event rate per patient per day
was reduced by a factor of 0.61 (95% CI 0.393-0.955; P=.03). In addition, 11 nurses participated in 4 focus groups before and
after the intervention. Participants found it challenging to operationalize the use of the BES due to the heterogeneity of care
settings, but certain behaviors of patients with cognitive impairment were recognized as indicating a need for intervention.
Negative experiences included information overload and alarm fatigue, leading to occasional removal of the system.

Conclusions: While BES provides some support in managing patients with cognitive impairment, its impact remains limited
to specific scenarios and does not significantly reduce nurses’ workload or strain. Our findings highlight the need to manage
expectations of BES performance to ensure alignment between expected and actual benefits. To improve BES effectiveness and
long-term implementation, future research should consider both objective measures of patient care and subjective factors such
as nurse experience, structural conditions, and technical specifications. Improving information mechanisms within call systems
could help reduce alarm fatigue and increase perceived usefulness. Overall, successful integration of BES in acute care settings
will require close collaboration with nursing staff to drive meaningful healthcare innovation and ensure that the technology meets
the needs of both patients and nurses.

Trial Registration: German Register for Clinical Studies DRKS00021720; https://drks.de/search/de/trial/DRKS00021720
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Introduction

Background
Globally, the number of older adults admitted to hospitals in
emergency situations is increasing, and this trend is expected
to continue as a result of current demographic changes [1].
Currently, older adults account for approximately two-thirds of
all hospital inpatients, and up to 50% of this group show signs
of cognitive impairment, including forms associated with
dementia [2,3]. Patients with cognitive impairment often find
it challenging to adhere to standardized care plans in the hospital
setting [1]. They are at increased risk of developing responsive
behaviors (responsive behavior is a term, which represents the
effect of cognitive impairment on actions, words, and gestures
of a person) and continued cognitive and functional decline [4].
Typical behaviors include an inverted day-night cycle or lack
of adherence to care plans [5]. We refer to such behaviors as
adverse events (AEs) in the context of nursing care when they
affect the health or well-being of patients or increase the
workload of nurses (see the Adverse Events in the Context of
Nursing Care section). A particular challenge for nurses in
hospitals is motor agitation in and around the bed, as well as
related incidents such as falls or the disconnection of catheters
or vascular access [6]. Kang and Hur [7] reported in a qualitative
meta-synthesis that these symptoms were associated with a
significantly higher workload [7]. In light of this, technological
innovations have been discussed as a potential support for nurses
and caregivers [8-10]. Bed-exit information systems (BES)
serve as warning systems designed to monitor bed exits or
patient movements in bed. This should enable nurses to prevent
(or respond more quickly to) falls or other related events [11].
Nurses’perspectives and experiences on a particular technology
play a central role in whether it will be successfully used and
adopted over time [12]. Understanding and addressing these
attitudes is essential to promoting successful and sustained
technology adoption in the acute care hospital setting. In this
context, little attention has been paid to nurses’ perspectives
and experiences on the use of a BES [13,14]. Previous studies
have predominantly addressed the efficacy and effectiveness
of BES in terms of reducing falls or fall rates [15,16].

Aim and Research Questions
Based on these findings, the aim of this study was to develop
a better understanding of nurses’ experiences, views, and needs
regarding BES in an acute care hospital setting.

In terms of the aim, this study addresses the following research
questions:

• What are nurses’ perspectives and experiences of using a
BES in an acute hospital setting?

• What is the perceived workload and strain of nurses dealing
with patients with cognitive impairments and how does it
change with the use of a BES?

• What is the number of AEs before and during the use of a
BES?

Methods

Reporting of the study followed the Good Reporting of a Mixed
Methods Study (GRAMMS) criteria proposed by O’Cathain et
al [17].

Design and Setting
A parallel mixed methods triangulation design (Figure 1) with
quantitative surveys and qualitative focus groups (FGs) was
used to gain more insight from multiple perspectives [18]. A
fundamental premise of mixed methods research is that the
merging of quantitative and qualitative data provides a more
complete understanding of the research question than using
either data source in isolation. As defined by Creswell [19],
mixed methods research is “research in which the investigator
collects both quantitative (closed) and qualitative (open) data,
integrates the 2, and then draws interpretations based on the
strengths of both data sets to understand the research problem”
[19]. Integration of methods occurred in the discussion chapter
of the study, where the authors collaboratively interpreted and
consolidated the results. The study was conducted in 3 wards
assigned to the departments of neurosurgery, surgery, and
radiology at a university medical center in southern Germany
with 2 phases of data collection over a total period of 190 days.
The first phase without the use of BES (P0) lasted 64 days. In
the second phase (P1), a BES was available for 126 days as a
tool to assist nurses in caring for patients with cognitive
impairment. During the study period, 912 adult patients were
treated in the first phase of the study (P0). In the second phase
(P1), 1748 patients were treated.
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Figure 1. Study design.

Bed-Exit Information Systems
After a rigorous, multistage selection process, the research group
chose a sensor mat in the form of a mattress topper from a Swiss
manufacturer. By lowering the body weight on the sensors, the
device transmits information about (potential) bed exits to the
call system through a radio transmitter. The manufacturer has
developed this technology specifically for people with cognitive
impairments such as delirium, dementia, and sleep disorders.
The sensor mat, equipped with a radio transmitter, was placed
under the bed mattress and the corresponding radio receiver
was connected to the call system. The call system of the
participating wards was not able to distinguish between alarms
triggered by the sensor mat and other calls. In this study, the
assessment of patient cognitive impairment was performed by
nurses. The decision to use the BES was also made
independently by the nurses, as not all patients with cognitive
impairment exhibit symptoms such as motor agitation. Training
sessions were conducted for all wards, focusing on the handling
and use of the equipment according to the manufacturer’s
intended scenarios. These sessions were held on separate days
during the handover period from the early to the late shift. If
additional training was deemed necessary, additional training
sessions could have been scheduled. One of the authors
conducted the training sessions.

Patients With Cognitive Impairment
For this study, cognitive impairment is defined as temporary or
persistent problems with mental performance, regardless of age.
Typical complaints include increasing forgetfulness, decreased
attention, difficulty concentrating, speech problems,
disorientation, or memory loss. Cognitive impairment can occur
after surgery, as part of an illness, or as a result of general
age-related decline [20].

Adverse Events in the Context of Nursing Care
Responsive behaviors can lead to events that (1) disrupt acute
inpatient care and can directly or indirectly endanger the affected
patient or fellow patients and (2) are related to the unintentional
(potential) leaving of the bed without supervision [21]. As part
of the prevalence survey, the number of the following AEs was
recorded: (1) finding a patient out of bed; (2) falling of a patient;
(3) finding a patient in a helpless situation; (4) disconnection
or dislocation of accesses, drains, or catheters; (5) use of
restraints; (6) leaving the ward or the hospital unsupervised,
and (7) disturbing or endangering of fellow patients. These AEs
were previously identified as particularly important in 2
workshops with nurses at the university hospital, which is
consistent with recent studies [1,22].

Participants

Overview
The surveys and FGs were conducted among nurses who met
the inclusion criteria. The target group consisted of all nurses
who met the predefined criteria listed in Textbox 1, while
individuals who did not meet these criteria were excluded. At
P0, the total number of registered nurses used in all wards was
72, which decreased to 70 at P1. Potential participants were
informed about the surveys and the FGs during ward meetings
and by email using internal institutional mailing lists and were
invited to participate. Interested nurses received detailed written
information about the study and what participation entailed (see
the Ethical Considerations section for further details). The
surveys and FGs were completed during working hours with
the permission of the respective organization, and no additional
incentives or rewards were offered to participants.
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Textbox 1. Inclusion and exclusion criteria.

Inclusion criteria

• Age ≥18 years.

• Nurses with at least 3 years of apprenticeship or equivalent international training with professional recognition in Germany.

• Employees working on the included wards during the study period.

Exclusion criteria

• Employees of the included wards who belong to other professional groups.

• Employees of the reserve pool.

• Nurses from other wards helping out.

• Trainees.

Data Collection
The study followed a parallel mixed methods approach with
the following elements:

1. Surveys and FGs of nurses at time points P0 and P1, before
and after BES use

2. A prevalence survey on the number of patients with
cognitive impairment and AEs related to their leaving the
bed throughout the study period (P0/P1) and, in the
intervention phase (P1), the number of patients with
cognitive impairment who received the BES.

Surveys of Nurses
The surveys were conducted using a standardized questionnaire
based on 2 questionnaires [23,24], supplemented by specific
items related to the setting and technology. A total of 22 (P0)
and 27 (P1) items assessed respondents’ perceived strain in
dealing with patients with cognitive impairment, expectations
(P0) and experiences (P1) of the BES, and sociodemographic
data. Items in the perceived strain category focused on AEs and
the care process, which were associated with high levels of
potential strain for nurses in the Isfort et al [23] study. With the
exception of 2 unipolar-scaled items assessing general attitudes
and acceptance of IT, items were expressed on a bipolar 7-point
Likert scale.

Focus Groups
The 4 FGs were conducted by 2 moderators (SW and JP). Both
moderators involved are experienced qualitative researchers,
and one moderator (SW) is a registered nurse. FGs are a special
type of group interview in which a moderator leads a discussion
focused on a specific topic [25]. FGs are useful for obtaining
information about beliefs, attitudes, thoughts, and perceptions
about a particular topic from several people in a short period of
time. The interaction of the participants within the group plays
an important role in the generation of data [26]. A semistructured
interview guide was used to structure the discussion. This guide
was developed according to the recommendations of Kallio et
al [27]. The structure and content of the guide are based on the
current research findings mentioned above. A semistructured
interview guide was chosen because it provided a framework
for exploring the key concepts of interest while allowing for
flexibility and openness in the discussion. During the
development phase, several initial versions of the interview

guide underwent multiple internal reviews and modifications
by all members of the research team. Nurses were asked about
their perspectives (P0) and experiences (P1), as well as barriers
and opportunities for sustainable use of the BES, and the
discussions were recorded and transcribed.

Prevalence Survey of Patients and Adverse Events
The prevalence survey was conducted retrospectively once a
day for the last 24 hours by the nurses of the 3 wards. The
number of patients with cognitive impairment and a tendency
to get out of bed (first and second phases), the number of
patients using a system (second phase), and the number and
type of AEs that occurred in patients (first and second phases)
were recorded anonymously on a documentation sheet
(occupancy and fall prevalence statistics from the medical
center’s medical controlling and reporting systems were used
as a reference for the quantitative data).

Analysis

Quantitative Data
The Clinical Trials Unit at the University Medical Center
analyzed the quantitative data. Intraindividual changes in nurses’
responses between phases were presented. AE rates of both
phases were compared using negative binomial models [28].
Three different analyses were performed: (1) a raw overall
comparison of both phases without considering individual wards,
(2) a comparison of both phases separately for the 3 wards, and
(3) an overall comparison of both phases adjusted for differences
between wards. AE rates and multiplicative phase comparisons
(ratio of AE rates in P1 vs P0) were obtained from the negative
binomial models with 95% CIs, and tests of the hypothesis of
equality of AE rates in P0 and P1 were performed at a 2-sided
5% significance level.

Qualitative Data
Content analysis was applied using a deductive-inductive
approach [29]. The transcripts were read by 3 members of the
research team (SW, IS, and JP) to familiarize themselves with
the data. Codes were created through condensation and then
abstracted into categories. The coders (SW and JP) reviewed
the codes and categories, discussed any discrepancies, and made
revisions. Finally, narrative summaries were written for each
category, and thematic descriptions for the main categories were
developed based on these summaries.
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Setting
The study was conducted at the University Medical Center
Freiburg.

Ethical Considerations
Approval was obtained from the Ethics Committee of the
University of Freiburg (106/20 [MPG §23b]) and the Staff
Council. Before the start of the study, all potential participants
were provided with a comprehensive written document
containing information about the study, including its purpose,
objectives, procedures, and data protection measures.
Participants were informed of the decision of the responsible
committees and were given the opportunity to contact the
investigators with any questions throughout the study. For
participants who completed the surveys, they were explicitly
informed at the beginning of the questionnaire that by submitting
their responses they were indicating that they had read and
understood the enclosed information letter and were giving their
informed consent to participate in the survey. In the case of the

FG, written informed consent was obtained from each participant
at the beginning of each group session, confirming that they
had been informed of the study details and were willing to
participate in the study. Participation in the surveys and FGs
was voluntary, no personal information was collected, and
anonymity (surveys) or pseudonymization (FGs) was always
maintained.

Results

Results of the Surveys
In total, 30 questionnaires were completed at P0 (30/72, 42%)
and 24 at P1 (24/71, 33%). Among the total participants, 15
participants completed both questionnaires (complete cases).
The sociodemographic characteristics of the participants are
shown in Table 1. Approximately two-thirds of the respondents
had at least 15 years of general nursing experience and the same
amount of experience working with patients with cognitive
impairment.

Table 1. Sociodemographic characteristics.

After implementation (P1; n=24), n (%)Before implementation (P0; n=30), n (%)Characteristics

Gender

12 (50)20 (67)Women

10 (42)10 (33)Men

Age (years)

9 (38)10 (33)≤40

14 (58)20 (67)>40

General work experience (years)

6 (25)8 (27)≤15

16 (67)22 (73)>15

Work experience with patients with cognitive impairment (years)

8 (33)10 (33)≤15

15 (63)20 (67)>15

The following results refer to the complete cases to allow a
comparative view.

General Attitude Toward (Information) Technologies
The survey conducted at P0 showed that nurses generally had
a positive attitude toward IT. This was reflected in the finding
that 90% (27/30) of respondents recognized the benefits of IT,
agreeing that it offered significant benefits and considering it
essential in today's world.

Despite this overall positive outlook, some nurses expressed
concerns and fears about using such technology. Overall, 14%
(4/30) admitted that they feared making irreversible mistakes
when using technology. In addition, 14% (4/30) found most
technology-related issues challenging and 7% (2/30) said they
were frightened by the possibility of using technology they had
never worked with before.

The following results refer to the complete cases to allow a
comparative view. Multimedia Appendix 1 shows that the
participants rated their experience in dealing with IT or
acceptance of IT rather positively (experience: median 7 (IQR
6-8); acceptance: median 8 (IQR 7-9).

Perceived Strain
The vast majority of participating nurses felt moderately to very
strongly strained by patients with cognitive impairment, both
before and after the use of BES (Figure 2). For example, 75%
(9/12) in P0 and 100% (12/12) in P1 of the participating nurses
felt strained by not being able to do right by the patients, and
92% (11/12) in P0 and P1 felt strained by the fact that patients
with cognitive impairment could leave the bed unattended.
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Figure 2. Perceived strain (ranging from moderate to very high).

Expectations and Experiences Regarding the Use of
Bed-Exit Information Systems
Among the nurses who participated in both surveys, their
expectations regarding the use of BES did not match their

experiences in most categories (Figure 3). For example, after
the intervention, 64% (93%, P0) agreed that BES can have a
positive effect on the management of patients with cognitive
impairment and that daily work becomes easier, and 79% (93%,
P0) expected that BES could be useful.

Figure 3. Expectations and experiences regarding the use of technology (statements ranging from somewhat agree to strongly agree).

Results of the Prevalence Survey on Adverse Events
The collection of data through the questionnaires took place
around 2 PM and referred to the period of the previous 24 hours.
Analysis of the prevalence survey showed that in P0, patients
with cognitive impairment were treated on 78% of the survey
days (199/256). In P1, patients with cognitive impairment were
treated on 60% of survey days (302/504), and BES was used
by nurses on 20% of survey days (103 of 504). On 79 of 199
days in P0 (40%), 222 AEs were recorded in patients. In P1,
253 AEs were recorded on 82 of 302 days (27%).

The visualization in Figure 4 illustrates the occurrence of each
defined AE. For each day, whether an event occurred at least
once or not was recorded. It is important to note that the
frequencies of the 3 categories presented can only be effectively
compared within their respective contexts, as both the duration
and the number of patients for each category vary. The most
frequent event is the discovery of patients out of bed. This event
may be due to a previous fall that left the patient in a vulnerable
state. Conversely, a comparatively rare but meaningful event
involves patients leaving the ward or clinic unattended, posing
a potential risk of disorientation and “getting lost.”
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Figure 4. Adverse events (type and number).

The average AE rates per patient per day in P0 and P1 and the
ratio of AE rates in P1 versus P0 with 95% confidence intervals

from the raw overall comparison without considering the
individual wards shown in Table 2.

Table 2. Adverse events in the context of nursing care rates per patient and day in P0 and P1.

P valueAEa rate (95% CI)Phase

—b0.49 (0.36-0.67)0

—0.35 (0.27-0.46)1

.120.73 (0.48-1.09)1 vs 0

aAE: adverse event.
bNot applicable.

Table 3 provides a comparison of AE rates between P0 and P1
separately for the three wards.
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Table 3. Adverse event rates per patient per day with interaction between phase and ward.

P valueAEa rate (95% CI)PhaseWard

—b0.29 (0.17-0.49)01

—0.57 (0.39-0.82)11

.041.97 (1.03-3.75)1 vs 01

—0.28 (0.13-0.60)02

—0.26 (0.08-0.08)12

.910.92 (0.23-3.70)1 vs 02

—0.70 (0.47-1.05)03

—0.20 (0.13-0.29)13

<.0010.28 (0.16-0.50)1 vs 03

aAE: adverse event; in the context of nursing care.
bNot applicable.

The picture was different for each ward. While ward 1 had a
relatively low AE rate of 0.29 (95% CI 0.17-0.49) in P0 and
increased by a factor of 1.97 (95% CI 1.03-3.75) in P1, ward 2
showed similarly low AE rates in P0 and P1. In ward 3 with
125 patient days in P0 and 248 patient days in P1, the relatively

high AE rate in P0 decreased from 0.70 (95% CI 0.47-1.05) in
P1 to 0.20 (95% CI 0.13-0.29). The statistical test for interaction
between phase and ward showed a P value of .00. The overall
comparison of AE rates between P0 and P1, adjusted for
differences between the wards, is shown in Table 4.

Table 4. Adjusted adverse event rates per patient per day in P0 and P1.

P valueAEa rate (95% CI)Phase

—b0.47 (0.33-0.67)0

—0.29 (0.21-0.41)1

.030.61 (0.39-0.95)1 vs 0

aAE: adverse event; in the context of nursing care.
bNot applicable.

Thus, in a summary comparison of AE rates per cognitively
impaired patient per day on each ward, there was a reduction
in the AE rate by a factor of 0.613 (95% CI 0.393-0.955; P=.03).

Results of the FGs
A total of 11 nurses participated in the FGs. Two FGs with
similar questions were held before (P0) and 2 were held after
the use of the BES (P1). Each discussion lasted for 2 hours. The
group size varied from 2 (see limitations for more details) to 5
participants, and 3 nurses participated in both P0 and P1. The
key findings from the thematic descriptions are presented: (1)
challenges in the use of BES and (2) opportunities in the use of
BES; once from an expectation perspective (P0) and once from
an experience perspective (P1).

Challenges
The nurses who participated in the preintervention FG identified
several challenges in using BES. In the hospital setting, the
exact causes of AEs are often not (or not fully) understood (also
due to lack of biographical information). Therefore, concrete
scenarios for the use of BES remain vague in advance.
Consequently, the most specific expectations relate to the
institutional framework: it is assumed that the system can be
used in cases where continuous monitoring is needed, but no
constant observers (sitters) and no other strategies (such as

transfer to the intensive care unit) are available. Of course,
nurses have also developed strategies to deal with AE
independently of technical aids. Nontechnical alarms and
safeguards such as mattresses on the floor in front of beds or
plastic cups on door handles are used. However, the desire for
sitters, who participants felt could best counteract AE, is
mentioned very often.

[…] so, I see in general such a mat, a mat for
movements ... I think, that [the BES] is the wrong
way, because we actually need more people in the
clinic […] [P0_FG1]

After using the BES (P1), the participants confirmed that the
diversity of conditions and symptoms makes operationalization
a challenge. It became clear that the question, “Who gets a BES
and for what reasons?” is not easy to answer. The heterogeneity
of care situations also results in a variety of situations that are
challenging for caregivers. Nevertheless, it was mostly specific
behaviors of the patients with cognitive impairment that
indicated intervention. One nurse summarized this as follows:

The cognitively altered [people], who are too mobile
for the bed rail to protect [them]. [...] If this is
someone who can perhaps still move a foot or even
only half of it, he doesn’t necessarily need a sensor
mat, because he can’t stand up anyway, yes. But [the
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one who is] just cognitively impaired, still very lively,
very mobile, agile: he gets a mat. [P1_FG1]

The discussions also revealed negative experiences with BES.
Depending on the workload of the nurses, it became clear that
the frequency of information could lead to delays and additional
workload. After an initial rush to get information from the BES,
information or alarm fatigue set in due to the frequency of
information, and the systems were sometimes removed because
nurses saw more disadvantages than benefits.

[…] They said: ‘Oh, that’ll be the mat again.’ But I mean - I
think you still have to look. You can’t say: ‘My God, it’s just
the mat.’ And just leave it there. [P1_FG1]

Opportunities
Before using the BES (P0), the nurses discussed the need for
more staff and sitters as mentioned earlier. Since sitters are not
always available, despite the preference for sitters, a
technological device such as the BES is seen as an alternative,
especially at night.

And then we said: ‘well better now than never’ -
sounds interesting and if it [BES] is of any use
something […] then we’ll cope with that. Because, I
think for us, at night or also during the day depending
on / - because sitters, that is another problem, you
don’t always get them and if this [BES] is of any help:
great. [P0_FG1]

As intended by the manufacturer, the BES is used for wandering
patients. However, the participating nurses differentiated
between whether the person felt a “harmless” urge to move, for
example, to walk down the hallway, or whether there was an
acute risk of falling. Participants indicated that BES was useful
when patients with cognitive impairment were at risk of being
lost if they left the building quickly and purposefully. In this
context, BES has special potential at night.

I actually have the feeling that the situation [...] with people
who absolutely have to go to the toilet at night and then they
can't find the light - they don't even think about the bell-the
night guards have already benefited from it and they also went
into the room more quickly at night because they knew there
was a mat in there […]. [P1_FG2]

After using the BES, the participating nurses were mostly
positive about the reliability of the alarms and considered it
acceptable that moderate technical problems occurred in a few
cases, for example, false-positive alarms. From their point of
view, the BES is a technical aid that can be used in individual
situations, such as pressure mattresses or patient lifts, and as
such has its place in everyday care.

I put that in once, plug it in and then it’s there. When
I put an infusion pump or an ultrasound or something
else into the room, it’s there, too. Maybe I’m too naive
now, but of course it fits into the daily nursing routine.
Because, as we have now experienced, it does prevent
falls in some cases. Of course, it fits in there, for me.
[P1_FG1]

Even before use, participants identified potential support in the
early detection of AE. This can help give them a sense of

security and safety. BES can support and relieve nurses by
alerting them to certain critical situations. One nurse summarized
this as follows:

Then I already know how fast I can run. But that's
the good thing, that I actually already know, ok, I
don't hear it rumbling and then run, but it rings and
I run and it doesn't rumble. [P0_FG1]

This potential was also perceived by participants after use. In
certain situations, the advantages of the BES may outweigh the
disadvantages, such as constant alerting and the associated
additional workload.

So, it was little more relaxed. Because you stop-if it
rang, then there was something. Then you could go,
more or less calmly. Sure, it rang all the time, but
there wasn't this uncertainty of, ‘What now?’

Nonetheless, the question of overall benefit remains unanswered.
Although nurses have had positive experiences, some question
whether this technology is really what they need to improve
their overall work situation and patient care.

Discussion

Principal Findings
This study used a parallel mixed methods triangulation design
to explore nurses’ perspectives and experiences of a BES in an
acute care hospital. The BES was implemented in 3 wards in a
university medical center. Data collection included standardized
online surveys completed by nurses at two time points: before
(P0) and after (P1) the implementation of the system. In
addition, FGs were conducted at both time points, using a
semistructured interview guide. Retrospective prevalence
surveys anonymously documented patient-related data, including
cognitive impairment, tendencies to get out of bed, and AEs
such as falls, over 24-hour periods.

The results clearly show the emotional and psychological strain
nurses experience when caring for and supporting patients with
cognitive impairment. The reported workload was significantly
higher than in a survey on the care of people with dementia in
hospitals by Isfort et al [23]. In the survey, 66.9% of participants
reported high levels of distress when patients with cognitive
impairment were allowed to leave the ward unnoticed [23]. The
same question in our survey resulted in over 90% agreement.
The other statements also showed significantly higher reported
distress. Although this is not a representative cross-section, the
results are worth discussing. One explanation could be the
different target group of respondents. Isfort et al [23] surveyed
senior nurses who were at least no longer working full-time “at
the bedside.” The respondents in the current study were
predominantly nurses working in direct patient care, so a greater
potential for distress might be expected in this context. Another
explanation may be that the participating units generally have
an above-average number of patients with cognitive impairment.
The nurses’ general attitude and acceptance of IT and
communication technology are positive. This is also consistent
with the results of an online survey conducted by the German
Center for Quality in Care [30].
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Nearly half of nurses reported that the BES made their daily
work easier or much easier. Depending on the situation, it can
increase both patient safety and nurses’ sense of safety. A BES
can be a tool, but, like all technological innovations in highly
complex environments, it does not solve complex, interrelated
problems [12,31]. A BES can provide a sense of safety and
increased security in selected situations, individually adapted
to the setting and the patients. Looking at the complete cases,
the experiences with the BES deviate negatively from the
expectations. For example, the positive effect in dealing with
patients with cognitive impairment, which 93% (13/14) of
participants expected before using the BES, was observed by
only 64% (9/14) of the participants after using the BES. This
finding suggests that the experience of using the BES did not
live up to previous expectations; helpfulness fell short of
expectations. One way to deal with this is to manage
expectations in advance (also on the part of the manufacturer)
[32]. Whether the final perceived usefulness is sufficient for
further use must be decided based on the fit between individual
needs and benefits [33]. An improvement in perceived
usefulness could possibly be achieved by implementing
differentiated information mechanisms through the call system.

The most common AEs are getting patients out of bed and falls.
A total of 66.9% (P0) and 59.9% (P1) of the respondents
reported them as very stressful. These results are consistent with
the findings of Isfort et al [23], who showed that these two
events are the most stressful factors for nurses. Comparing the
results of the cognitive impairment prevalence survey and AEs
in the 2 phases, the rate of AEs per patient day decreased by a
factor of 0.6. However, there were significant differences
between the wards, with sometimes conflicting results. One
explanation could be that the clinical conditions and
comorbidities of the patients differ, which could lead to
differences in the ability to use the BES very accurately.

Bed-leaving tendencies do not stand alone, but must always be
evaluated in the context of other individual patient behaviors
as well as the conditions of the particular ward. Focusing on a
specific tool necessarily takes into account only a small part of
the picture, which does not exist in this form for the nurses
participating in the FGs. The situations described in the
discussions show the complexity of supporting nurses in dealing
with patients with cognitive impairment. Previous studies have
predominantly addressed the efficacy and effectiveness of BES
in terms of reducing falls or fall rates [15,34,35]. As a result,
the primary focus of research has been on evaluating the
functionality of the technology. However, there are many other
factors that determine whether a technology will be successfully
used and adopted over time in a particular setting [12,31]. This
study provides a broader picture of the potential benefits of BES
in the care and support of patients with cognitive impairments
from a nurse’s perspective.

The analysis of the FGs shows a generally open and pragmatic
attitude toward technology in nursing. The benefits of BES from
the nurses’ point of view can be, for example, physical relief
(eg, fewer rounds at night), psychological relief (eg, a greater
sense of security), or an improvement in the quality of care (eg,
avoidance of patient injury). At the same time, it is important
to avoid new challenges, such as high alarm rates and limited

response options, which can lead to alarm fatigue. In light of
the survey results showing high expectations of the benefits of
the BES and low experience of the benefits, the FGs showed
that the high expectations were related to the reduction of falls.
In the nurses’ perception, this goal was not fully achieved.
However, it helped to cope with the consequences and was
therefore helpful in reducing stress. The FGs show that the BES
is best suited for use at night and with patients at risk of falling
and with mild cognitive impairment. This specification of use
scenarios makes it possible to obtain benefits in the form of fall
prevention or rapid response to falls without being overloaded
by too many alarms. Our results suggest that the effectiveness
of the intervention appears to be strongly influenced by several
factors, such as the individual condition of the patient, the
staff-to-patient ratio, and the timing of use.

Strengths and Limitations
This paper discusses the implementation of a specific BES. Due
to the different systems and implementation aspects, it is not
possible to generalize the results. The sample size, 30 people
in P0, 24 in P1 and 15 complete cases, is a limitation for
complex statistical procedures. However, the combination of
quantitative and qualitative methods provides a comprehensive
perspective and deeper insights into the research topic. We
collected data for the prevalence survey using documentation
forms at around 2 PM, referring to the previous 24-hour period.
Overlaps occurred on 3 days per ward (study start, transition
between study phases, and study end), but we ensured that
patient and case counts were accurate to the day. The
heterogeneous patient population, with complex and fluctuating
symptom patterns and congruent but not equivalent wards,
introduces potential bias in the evaluation of the prevalence
survey. The significant reduction in the AE rate suggests that
the use of the BES may be beneficial, although it does not allow
causal conclusions. We must remember that leaving the bed
unattended was also considered an AE. An increase in the AE
rate could indicate a reduction in underreporting, paradoxically
a desirable outcome. A more precise numerical presentation of
the different AEs would have been helpful. Another limitation
is the different conditions of use of the technology in different
ward designs, which limits the direct applicability of the results
to other wards. Since the focus of this study was to capture the
perspectives of nursing staff specifically, the diversity of
participants was limited by the study design. Future research
could, however, consider including a broader range of health
care professionals or expanding the diversity of nursing staff
to explore how different perspectives, such as those from
interdisciplinary teams, may influence the outcomes of BES
implementation. Due to recruitment difficulties, we conducted
a postintervention FG with only 2 participants, which may have
changed the dynamics of the discussion, making it more like a
dyadic interview. There are some similarities and differences
between these methods [36]. In our case, each group discussion
maintained the same thematic focus and similar dynamics.

Conclusions
Our results indicate that while the BES provides some assistance
in managing patients with cognitive impairment, its impact is
limited to specific scenarios and does not significantly reduce
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nurses’ workload or strain. In addition, our study highlights the
importance of managing expectations regarding BES
performance. Setting realistic expectations for both
manufacturers and end users is essential to bridge the gap
between expected and experienced benefits. To better evaluate
the benefits of BES for nurses and increase the likelihood of
successful long-term implementation, future studies should
address not only objectively measurable changes in patient care
but also subjective perspectives, structural factors, and technical
specifications. Technical improvements, such as differentiated

information mechanisms through the call system, could enhance
its perceived usefulness and help reduce alarm fatigue. By
examining these factors, a more comprehensive understanding
of the BES’s impact can be achieved, supporting its appropriate
implementation in acute care settings. Finally, these findings
emphasize the importance of integrating technology like the
BES through close collaboration with nursing staff. Such
collaboration is crucial for driving effective health care
innovation and ensuring that new technologies meet the needs
of both patients and nurses.
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Abstract

Background: Digital health technologies (DHTs) have been recognized as a key solution to help countries, especially those in
the low- and middle-income group, to achieve the Sustainable Development Goals (SDGs) and the World Health Organization’s
(WHO) Triple Billion Targets. In hospital settings, DHTs need to be designed and implemented, considering the local context,
to achieve usability and sustainability. As projects such as the Vietnam ICU Translational Applications Laboratory are seeking
to integrate new digital technologies in the Vietnamese critical care settings, it is important to understand the current status of
DHT adoption in Vietnamese hospitals.

Objective: We aimed to explore the current digital maturity in 5 Vietnamese public hospitals to understand their readiness in
implementing new DHTs.

Methods: We assessed the adoption of some key DHTs and infrastructure in 5 top-tier public hospitals in Vietnam using a
questionnaire adapted from the Vietnam Health Information Technology (HIT) Maturity Model. The questionnaire was answered
by the heads of the hospitals’ IT departments, with follow-up for clarifications and verifications on some answers. Descriptive
statistics demonstrated on radar plots and tile graphs were used to visualize the data collected.

Results: Hospital information systems (HIS), laboratory information systems (LIS), and radiology information systems–picture
archiving and communication systems (RIS-PACS) were implemented in all 5 hospitals, albeit at varied digital maturity levels.
At least 50% of the criteria for LIS in the Vietnam HIT Maturity Model were satisfied by the hospitals in the assessment. However,
this threshold was only met by 80% and 60% of the hospitals with regard to HIS and RIS-PACS, respectively. Two hospitals
were not using any electronic medical record (EMR) system or fulfilling any extra digital capability, such as implementing clinical
data repositories (CDRs) and clinical decision support systems (CDSS). No hospital reported sharing clinical data with other
organizations using Health Level Seven (HL7) standards, such as Continuity of Care Document (CCD) and Clinical Document
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Architecture (CDA), although 2 (40%) reported their systems adopted these standards. Of the 5 hospitals, 4 (80%) reported their
RIS-PACS adopted the Digital Imaging and Communications in Medicine (DICOM) standard.

Conclusions: The 5 major Vietnamese public hospitals in this assessment have widely adopted information systems, such as
HIS, LIS, and RIS-PACS, to support administrative and clinical tasks. Although the adoption of EMR systems is less common,
their implementation revolves around data collection, management, and access to clinical data. Secondary use of clinical data for
decision support through the implementation of CDRs and CDSS is limited, posing a potential barrier to the integration of external
DHTs into the existing systems. However, the wide adoption of international standards, such as HL7 and DICOM, is a facilitator
for the adoption of new DHTs in these hospitals.

(JMIR Form Res 2025;9:e53483)   doi:10.2196/53483

KEYWORDS

electronic health record; electronic medical record; digital maturity; clinical decision support; digital infrastructure; Vietnam;
health information technology; digital health technology; low- and middle-income country

Introduction

The COVID-19 pandemic demonstrated the need for countries
worldwide to implement a national digital health infrastructure
needed to respond to health emergencies and to achieve the
Sustainable Development Goals (SDGs) [1]. As part of this
digital transformation effort, digital health technologies (DHTs),
such as electronic medical record (EMR) systems, laboratory
information systems (LISs), and picture archiving and
communication systems (PACSs), have become widespread.
In recent years, Vietnam has developed and begun
implementation of an ambitious national digital health strategy
that includes the deployment of hospital-based EMRs and an
electronic health insurance claim system [2].

As the cost of hardware continues to drop and the range and
capabilities of DHTs continue to expand [3], digitization of
health systems is becoming increasingly feasible in low- and
middle-income countries (LMICs). New technologies, such as
the Internet of Things, wearable devices, and artificial
intelligence (AI), have begun to be adopted in health care
settings and could be an important enabler for realizing the
World Health Organization’s (WHO) Triple Billion Targets
(more than 1 billion people benefiting from universal health
care; better protected from health emergencies; and enjoying
better health and well-being) and to accelerate SDG achievement
[4]. In 2023, WHO announced the Global Initiative for Digital
Health to help LMICs achieve the aims of the Global Strategy
on Digital Health by developing their national digital health
infrastructure, adopting international data standards, and
fostering increased international collaboration in digital health
[1,4].

In global health research, there is increasing interest in
implementing new technologies, such as AI or smart wearables,
for clinical decision support [5,6]. However, for these systems
to be practicable and to take advantage of increasingly available
“big data,” the local provision of technological infrastructure
and implementation capabilities is necessary. For example,
hospitals that have implemented EMR systems could use data
from the EMRs to train AI models and enable the
implementation of clinical decision support systems (CDSS)
[7]. In addition, the adoption of international interoperability
standards, such as Health Level Seven (HL7) Fast Healthcare
Interoperability Resources (FHIR), is also necessary to allow

efficient data exchange between information systems and new
DHTs [8].

In hospital settings, digital maturity models, such as the
Electronic Medical Record Adoption Model (EMRAM) from
the Healthcare Information and Management Systems Society
(HIMSS), are often used to guide DHT adoption and
implementation [9]. These models can be used on a national or
international scale and can target different dimensions, including
technology, strategy, interoperability, analytics, and governance.
Currently, there is no international consensus on how to best
measure digital capabilities in health care institutions [9,10],
and variations in digital maturity models across different
countries may reflect an adaptation to national priorities and
contexts, especially when being implemented in LMICs. In
2017, the Vietnam Ministry of Health (MoH) issued the Vietnam
Health Information Technology (HIT) Maturity Model,
originally known as Circular 54/2017/TT-BYT, as a roadmap
for Vietnamese public hospitals toward a paperless and smart
hospital model [2,11]. Although this guidance defines 7 digital
maturity stages similar to EMRAM, the criteria to achieve a
specific level have been significantly modified. For example,
the Vietnam model includes the requirement for hospital
information systems (HIS) to connect to the Vietnam Social
Security claim portal and assesses the integration of the national
standardized vocabularies into the digital systems [11].

The Vietnam ICU Translational Applications Laboratory
(VITAL) project focuses on developing new technologies for
improving outcomes of critically ill patients in Vietnam, such
as CDSS using AI algorithms trained on local data [12-14]. In
the national DHT policy landscape, regulations, infrastructure,
and professional workflows are important elements [2,15] to
ensure the sustainability and successful implementation of DHTs
[6,16]. For this reason, in this study, we aimed to explore the
current status and likely short-term development of the DHT
infrastructure in 5 major public hospitals in Vietnam. Although
the findings may not be generalizable to all Vietnamese hospitals
regarding the state of their DHT adoption, we expect they can
inform discussions around how new DHTs can be integrated
with the existing IT infrastructure in Vietnamese public
hospitals.
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Methods

Study Design
This study used a structured questionnaire to explore the current
adoption of DHTs in 5 public hospitals in Vietnam. The
assessment items were developed based on the Vietnam HIT
Maturity Model, which comprises 8 domains related to
technology adoption and digital capabilities in hospitals [11].
The 8 domains are IT infrastructure, HIS, LIS, radiology
information systems–picture archiving and communication
systems (RIS-PACS), EMR, administrative and operation
software, security and information safety, and nonfunctional
criteria. Except for security and information safety and
nonfunctional criteria, each domain includes a set of
infrastructure requirements, such as having a server room, or
software functional criteria, such as having laboratory test
management functionality. The model also sets out further
digital capabilities focusing on assisting clinical practice, such
as CDSS, clinical data repositories (CDRs), and medication
management; these are named extra capabilities.

Following a stage-based approach, a hospital reaches a digital
maturity level in a domain if a predefined set of criteria is met.
The hospital can only move to a higher digital maturity level
when all criteria of the lower levels have been satisfied. The
domains of IT infrastructure and HIS have 7 digital maturity
levels (1-7), while the other domains have 2 levels (basic and
advanced). Multimedia Appendix 1 presents the digital maturity
levels and their scoring criteria based on the domains and extra
capabilities.

Questionnaire, Data Collection, and Analysis
Since the focus of this study was the adoption of digital health
systems in hospitals, we developed an assessment tool based
on the criteria from the IT infrastructure, HIS, LIS, RIS-PACS,
EMR, and extra capabilities domains (see Multimedia Appendix
2). The administrative and operation software, security and
information safety, and nonfunctional criteria domains were
not included in this study as we considered these less relevant
to the study’s focus despite their importance to the overall digital
maturity of a health care institution.

For each domain, we gathered information through the hospitals’
IT departments to determine whether the hospitals met the
component criteria or whether they planned to achieve the
criteria in the next 3-5 years. Results of the assessments were

discussed with the heads of the IT departments to ensure
accuracy. Data collection was carried out from July 2022 to
March 2023. Information about the digital maturity of each
hospital was entered into Microsoft Excel for initial data
cleaning and then analyzed using R software (R Foundation for
Statistical Computing) [16].

Our aim was to provide a descriptive summary of what
infrastructure and functionalities, or criteria, were available in
each hospital across the domains rather than calculating scores
for their digital maturity. The proportion of criteria that each
hospital met in each domain was calculated. A radar plot was
created using the fmsb package in R [17] to depict the difference
in the proportions of criteria met among the hospitals by domain.
Radar plots are regarded as an efficient tool to compare various
groups on multiple variables, as discussed by Saary [18]. In
addition to summary statistics, we further compared technology
adoption between the 5hospitals by delving into the individual
domains. Tile graphs were created using the ggplot2 package
in R [19] to illustrate the criteria that the hospitals had satisfied
within each domain. These graphs allow for the visualization
of individual data points (eg, which criterion was met by a
specific hospital) as opposed to visualizing the counts or
proportions of hospitals that met a particular criterion, as in the
case of bar charts.

Study Population
Until the beginning of 2024, it was estimated that there were
nearly 1500 public and over 300 private hospitals in Vietnam
[20]. Five hospitals were purposively selected for this study
based on previous interest in DHT innovation and participation
in digital health research activities. Our approach aimed to
sample hospitals where DHT innovation was likely to occur the
soonest, rather than providing a comprehensive view of all
government hospitals. Of the 5 hospitals that participated in this
assessment, 4 (80%) were in Hanoi or Ho Chi Minh City, the
2 largest cities in Vietnam, and 1 (20%) was in a Mekong Delta
(ie, rural) province. All are top-tier teaching public hospitals
with a capacity of over 500 beds; 2 (40%) are tertiary hospitals
that focus on a limited number of specialties, while 3 (60%) are
general hospitals that provide care in a wide range of specialties.
Most hospitals have between 8 and 12 IT staff per 1000 beds,
except for 1 (20%) hospital that has an approximate ratio of
over 50 per 1000 beds. Characteristics of the hospitals are shown
in Table 1. To ensure confidentiality, we withheld information
that could be used to identify the hospitals.

Table 1. Characteristics of the 5 hospitals participating in this assessment.

IT staff:bed ratioTeaching hospitalNumber of bedsHospital typeTierHospital

50:1000Yes>500General hospital1A

13:1000Yes>500Tertiary hospital1B

11:1000Yes>500Tertiary hospital1C

8:1000Yes>500General hospital1D

12:1000Yes>500General hospital1E
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Ethical Considerations
This project was exempted from ethical review as it constituted
a service review, as defined by the Oxford Tropical Research
Ethics Committee (OxTREC) [21,22]. The selected hospitals
were identified from a professional network that the study’s
principal investigators (authors LT and CP) were part of. The
hospitals were invited to participate in the assessment through
an invitation letter explaining the purpose and scope of the
study. Upon approval by the hospitals’ authorities, the hospital
IT directors were provided with an information sheet, the
questionnaire, and an instruction document. Queries regarding
the assessment, if any, were clarified by the first author (DMT).

The IT directors were informed in writing that they could refuse
to provide any data if they wished and that the data collected
would be securely managed and only be used for the purpose
of the study. Participating departments were able to review and
agree on the contents of the manuscript prior to submission. No
personally identifiable data were collected during the research.
The research data were managed as per the Oxford University
Clinical Research Unit’s data management policy. Information
that can be used to identify the hospitals, such as names and the
number of beds, was deidentified to ensure confidentiality. No
compensation was given to the hospitals for participating in this
study.

Information Systems in Vietnamese Public Hospitals
HIS, LIS, radiology information systems (RIS), PACS, and
EMRs are popular information systems in health care institutions
worldwide. However, their functionalities and use cases may
differ to some extent depending on the national context that
they are implemented in. In this section, we provide a
Vietnam-oriented description of these information systems to
support the interpretation of the study’s findings.

Hospital Information Systems
Also known as hospital management systems, HIS are usually
prioritized by Vietnamese hospitals among other information
systems. They are typically used to manage outpatient services,
as well as administrative and billing data emerging from all
wards and departments in a hospital. HIS can be interfaced with
RIS and LIS to send orders or receive imaging and laboratory
results. A significant proportion of HIS in Vietnamese hospitals
have been developed and provided by local vendors, such as
the Corporation for Financing Promoting Technology (known
as FPT), the Vietnam Posts and Telecommunications Group
(known as VNPT), and Viettel [23].

Laboratory Information Systems
LIS allow clinical laboratories to track and use a wide range of
data related to orders, specimens, results, and consumables.
They reduce the turnaround time from ordering tests to
collecting laboratory results through automatic processes, such
as integrating with HIS to transfer orders to the laboratory and
connecting with laboratory instruments to automatically receive
results. Clinicians can use LIS installed in their wards or HIS
interfaced with LIS to access laboratory results, when available.
Many public hospitals in Vietnam have chosen LIS developed
by local vendors, such as LABCONN by LABSoft (deployed
in over 200 laboratories) and LABMDSOFT by MDsoft.

Radiology Information Systems–Picture Archiving and
Communication Systems
RIS and PACS are often used together in medical imaging
departments. RIS typically support managing orders, patients,
and imaging procedure information. RIS can receive order
information and send images and report back to HIS using HL7
messages. RIS can also send orders to imaging machines and
receive processed images from PACS.

PACS comprise 4 components: imaging instruments, a secure
network to transfer the images, workstations that allow doctors
to view the images, and a storage system that can archive the
images. PACS can thus facilitate image viewing, editing, storing,
and sharing. With PACS, hospitals can eliminate physical film
usage and provide multisite access to medical images through
a web interface.

Electronic Medical Records
In Vietnam, EMR systems refer to systems implemented in
hospitals, especially in inpatient wards, to manage patient care
information, such as medical histories, problems, orders, tests,
and medications, similar to paper charts [24]. EMRs are defined
differently than electronic health records (EHRs) in Vietnam,
which are defined as health records updated throughout a
person’s lifetime and can cover a comprehensive range of health
information, such as allergies, vaccination, family history, and
outpatient visits rather than specialized care information [25].
Although the data collected by EMR systems are independently
managed by hospitals, EHR data are synchronized from multiple
sources, such as hospital and primary care facility visits to a
centralized platform managed by the MoH [26]. In the Vietnam
HIT Maturity Model, EMR systems were assessed on 4 areas
as follows:

• Clinical data management functions, such as medical
histories, clinical documents, and test management

• Administrative and demographics functions, including
managing information of health staff and patients and
managing integrations between the EMR system and other
information systems in a hospital

• Medical record storage capabilities, including the required
record retention duration according to health care law,
record synchronization, and medical record storage and
restoring

• Technical administration functions, including security,
supervision, standardized terminology management,
standard-based data exchange, EMR workflow management,
and database backup and recovery

Extra Capabilities
In the Vietnam HIT Maturity Model, each digital maturity level
requires several extra digital capabilities, in addition to the
principal information systems, such as HIS, LIS, and EMRs
(see Multimedia Appendix 1). These capabilities can be grouped
as follows:

• CDRs: These are centralized data stores that gather patient
data generated from other clinical information systems.
Data and resources from CDRs can also be used by other
systems and applications in the same network, such as
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standardized laboratory order vocabularies can be jointly
deployed in EMRs and LIS. This assessment examined
CDR implementation based on the following criteria: (1)
Hospitals can establish a CDR containing standardized
vocabularies, medications, orders, and laboratory tests; (2)
information in CDRs can be shared with stakeholders
involved in patient care; and (3) CDRs contain data on vital
signs, nursing notes, and clinical procedures.

• CDSS are categorized into 3 levels: CDSS level 1 can
support drug prescribing, including new prescription and
represcribing; CDSS level 2 can send alerts for basic
conflicts in ordering and prescribing; and CDSS level 3 can
inform clinicians’ treatment plans and outcomes via
appropriately customized alerts.

• Electronic ordering and inpatient order management.
• Digitizing clinical notes using electronic structured

templates.

• Closed loop medication management using identification
technologies such as radiofrequency identification and
barcoding.

• Sharing clinical data with stakeholders involved in patient
care through standardized electronic transactions, such as
the HL7 Clinical Document Architecture (CDA) and the
HL7 Continuity of Care Document (CCD).

• Continuous summaries of service usage data from all the
departments, such as inpatient, outpatient, and emergency
departments.

Results

Assessment Criteria
Although we were not able to collect information about 3-5-year
investment plans from the 5 hospitals, we were able to collect
data on all the assessment criteria from the maturity model. The
radar plot in Figure 1 presents the percentage of criteria the 5
hospitals met in each domain.

Figure 1. Percentage of HIT criteria satisfied in each domain across the 5 hospitals (IT infrastructure, EMR, LIS, HIS, RIS-PACS, and extra capabilities).
EMR: electronic medical record; HIS: hospital information systems; HIT: health information technology; LIS: laboratory information systems; RIS-PACS:
radiology information systems–picture archiving and communication systems.

In general, HIS, LIS, and RIS-PACS were implemented in all
5 hospitals, albeit with varied digital maturity levels. Two
hospitals were not using any EMR system or fulfilling any extra

digital capability. One hospital reported meeting all the criteria
across the 6 domains. In the following sections, we describe the
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domains in more detail and compare the implementation
strategies between the hospitals.

IT Infrastructure
Figure 2 shows the IT Infrastructure criteria that were met by
the 5 hospitals. Level 1 criteria were met by all 5 hospitals, and
most hospitals reported meeting level 2-5 criteria.

Figure 2. Criteria of IT infrastructure in the Vietnam HIT Maturity Model met by the 5 hospitals in this assessment, where a maximum of level 7 could
be obtained. The color coding represents the maturity group that a criterion belongs to, not the entire domain’s maturity level of a hospital. Although
for official purposes, a hospital needs to meet all the criteria of a lower level to progress to a higher level, this figure represents any criteria attained.
HIT: health information technology; LAN: local area network; NAS: network attached storage; SAN: storage area network.

All 5 hospitals had sufficient workstations for staff. They were
connected to the internet and local area networks. All 5
hospitals’ digital systems and databases were run on dedicated
servers, and 3 (60%) hospitals had their own on-premise server
rooms with physical controls. The hospitals’ data were stored
on storage devices that were supported by storage networks,
such as network attached storage (NAS) or storage area network
(SAN) systems. Backup storage systems were available in 3
(60%) of the 5 hospitals.

Almost all hospitals in this assessment adopted technologies to
help reduce errors and improve patient flow. These included

barcode readers, barcode printers, queue management systems,
screens displaying queue orders, and electronic notice boards.
Information kiosks were less common as only 3 (60%) of the
5 hospitals implemented this technology.

Level 6 and 7 criteria were less available in the hospitals. Only
1 (20%) hospital reported adopting mobile devices, such as
tablets and smartphones, and a wireless local area network
(LAN) to support hospital activities.
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Hospital Information Systems
All 5 hospitals reported that their HIS fully met the level 1 and
2 criteria (Figure 3). These systems were able to support patient
registration, outpatient services, and pharmacy stock
management. Hospital fees, including social health insurance
payments, were also managed in these HIS, where insurance
claims were formatted into XML files following a national
standard and routinely submitted to the Vietnam Social Security

portal. The HIS were reportedly able to integrate Vietnam’s
national coding systems to standardize the classifications of
some administrative units, such as the Vietnam ethnic
classification system, and clinical services, such as the WHO
International Classification of Disease [27]. Medical orders and
test results were assigned unique patient IDs and uploaded to
the HIS. Inpatient service management and reporting
functionalities (level 3) were also available in the HIS across
the 5 hospitals.

Figure 3. Criteria of HIS in the Vietnam HIT Maturity Model met by the 5 hospitals in this assessment, where a maximum of level 7 can be obtained.
The color coding represents the maturity group that a criterion belongs to, not the entire domain’s maturity level of a hospital. Although for official
purposes, a hospital needs to meet all the criteria of a lower level to progress to a higher level, this figure represents any criteria attained. EMR: electronic
medical record; HIS: hospital information systems; HIT: health information technology; PACS: picture archiving and communication systems.

Of the 5 hospitals, 4 (80%) reported that their HIS integrated
with PACS and cashless payment technology. However,
modules for treatment protocols, professional procedures, and
drug interaction management were implemented in only 3 (60%)
hospitals.

We found the functionalities that were least adopted were the
ones that required integration with EMR systems (ie, voice
recognition for EMRs and EMR management, available in 1,
20%, hospital). In addition, only 2 (40%) hospitals reported that

their HIS could interface with information kiosks, electronic
patient cards, and mobile devices.

Laboratory Information Systems
Results of our assessment showed that all 5 hospitals reported
that their LIS met the basic criteria (Figure 4). All the LIS could
manage hospital laboratory orders and results, as well as
generate reports. Most of these systems could automatically
send orders to and receive results from laboratory machines.
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One hospital reported that its LIS could receive results from
laboratory instruments, but the orders could only be entered
manually. The national dictionary system for laboratory tests
was adopted across all 5 hospitals to standardize laboratory
coding. The LIS of 4 (80%) hospitals satisfied all the advanced

criteria, which included the ability to integrate with HIS for
exchanging orders and results, set alert thresholds for laboratory
results, manage chemical supply stocks, and manage laboratory
specimens.

Figure 4. Criteria of LIS in the Vietnam HIT Maturity Model met by the 5 hospitals in this assessment, where a maximum of 2 levels can be obtained.
The color coding represents the maturity group that a criterion belongs to, not the entire domain’s maturity level of a hospital. Although for official
purposes a hospital needs to meet all the criteria of a lower level to progress to a higher level, this figure represents any criteria attained. HIS: hospital
information systems; HIT: health information technology; LIS: laboratory information systems.

Radiology Information Systems—Picture Archiving and
Communication Systems
All 5 hospitals were using RIS-PACS at the time of this
assessment, although with different degrees of implementation
(Figure 5). Of the 5 hospitals, 2 (40%; A and C) had RIS-PACS

that met all the basic and advanced criteria, 1 (20%) hospital
(B) nearly satisfied all the basic and advanced criteria, and
RIS-PACS from the remaining 2 (40%) hospitals (D and E)
were largely operated by external vendors and only implemented
a limited number of functionalities of RIS-PACS.
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Figure 5. Criteria of RIS-PACS in the Vietnam HIT Maturity Model met by the 5 hospitals in this assessment, where a maximum of 2 levels can be
obtained. The color coding represents the maturity group that a criterion belongs to, not the entire domain’s maturity level of a hospital. Although for
official purposes a hospital needs to meet all the criteria of a lower level to progress to a higher level, this figure represents any criteria attained. DICOM:
Digital Imaging and Communications in Medicine; HIS: hospital information systems; HIT: health information technology; HL7: Health Level Seven;
RIS-PACS: radiology information systems–picture archiving and communication systems.

RIS-PACS meeting the basic criteria were able to retrieve
Digital Imaging and Communications in Medicine (DICOM)
images of common imaging modalities, such as X-ray, magnetic
resonance imaging, and ultrasound, through 2-way interfaces.
The RIS, PACS, and HIS could exchange orders and images
with one another based on HL7 messaging standards. The PACS
could convert DICOM images to JPEG format, and any changes
to images in the PACS could be promptly updated to the HIS.
Orders and radiologists’ reading result management,
measurement, and reporting were also ensured by these
RIS-PACS.

Hospitals meeting the advanced criteria of RIS-PACS could
carry out multisite consultations through web-based access to

DICOM images. One hospital reported that its PACS had
adopted the HL7 FHIR standard.

Electronic Medical Records
Generally, the EMR status was less mature than other domains
(Figure 6), with only 3 (60%) hospitals reporting that they were
implementing EMR systems. Only 1 (20%) of these satisfied
sufficient criteria in the regulations for EMR systems [24],
which allowed the hospital to completely eliminate archiving
of paper records for backup and legal purposes. Nevertheless,
the other EMR systems could provide clinical data management
functions, including managing medical histories, clinical
documents, orders, laboratory and imaging results, treatments,
and prescriptions.
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Figure 6. Criteria of EMRs in the Vietnam HIT Maturity Model met by the 5 hospitals in this assessment, where a maximum of 2 levels can be obtained.
The color coding represents the maturity group that a criterion belongs to, not the entire domain’s maturity level of a hospital. Although for official
purposes a hospital needs to meet all the criteria of a lower level to progress to a higher level, this figure represents any criteria attained. CCD: Continuity
of Care Document; CDA: Clinical Document Architecture; EMR: electronic medical record; HIT: health information technology; HL7: Health Level
Seven.

An EMR system fully compliant with the regulations for EMRs
could ensure storage capacity, backup, and recovery capabilities.
Interoperability standards, such as the HL7 CDA, the HL7 CCD,
and HL7 FHIR, were implemented. Information security
measures, such as authentication, audit trail, and encryption,
were in place. Digital signatures were used to authenticate
medical records and orders.

Extra Capabilities
The availability of these capabilities in the 5 hospitals is shown
in Figure 7. Notably, 1 (20%) hospital reported achieving all

the extra capabilities, with 2 (40%) hospitals confident about
sharing clinical data using HL7 standards (although they were
not currently sharing data at the time of the study). The adoption
of CDRs and CDSS to support clinical tasks, such as giving
orders, prescribing, and clinical decision-making, was only
available in 1 (20%) hospital. However, all the hospitals with
an EMR system reported being able to digitize all clinical
documents and allow clinicians to give orders in the electronic
environment.
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Figure 7. Extra capability criteria in the Vietnam HIT Maturity Model met by the 5 hospitals in this assessment. CDR: clinical data repository; CDSS:
clinical decision support systems; HIT: health information technology; HL7: Health Level Seven.

Discussion

Principal Findings
This study assessed the implementation of some key digital
health systems in 5 top-tier hospitals in Vietnam. Overall, many
processes related to administration, laboratory tests, and medical
imaging were digitized in the hospitals through the
implementation of HIS, LIS, and RIS-PACS on the basis of
adequate basic IT infrastructures. The digital maturity of these
systems, however, varied significantly between the hospitals,
although all are large top-tier hospitals. EMR systems were
implemented in 3 of the 5 hospitals. Although these systems
could satisfy a wide range of data collection needs, their
integration with CDRs and CDSS was sparse.

Comparison With Prior Works
This is the first original research that examined digital health
system implementation in Vietnamese hospitals since the
Vietnam MoH enacted the National EMR plan and the Vietnam
HIT Maturity Model in 2018 as part of the sectorwide digital
transformation agenda [11,21,24]. Academic publications on
adoption and implementation of hospital-based digital health
systems are limited [2]. Most of the previous studies have been
conducted before 2014 and focused on the readiness to transition

from paper-based processes to electronic systems rather than
describing DHT adoption [28,29]. Other publications have
described the development and pilots of technical solutions,
such as LIS, data retrieval from medical devices, and data
visualization for EMRs. We could not find any research
exploring the digital systems currently used in hospitals in
Vietnam [30-33].

Muinga et al [34] showed that most of the digital health systems
adopted in Kenyan public hospitals from 2014 to 2016 were
aimed at administrative and billing purposes rather than
supporting clinical tasks. Systems such as LIS, RIS, and PACS,
when available, were usually stand-alone systems and lacked
interoperability with other systems in the same institution [34].
Our study found that all the Vietnamese hospitals assessed had
gone beyond administrative systems and had used clinical
information systems that are interoperable with each other,
especially with HIS. EMRs, as a crucial clinical information
system, had been implemented in 3 of the 5 hospitals to capture
a wide range of data, such as medical histories, clinical
documents, orders, and test results. However, the adoption of
EMR capabilities, such as CDRs and CDSS, was limited, even
though these are large teaching hospitals at the top tier of the
Vietnamese health system. This is inferior to the digital maturity
status of public hospitals in Turkey, as over 98% of the Turkish
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hospitals surveyed reported having CDRs regardless of their
size [35]. In addition, CDSS for medication orders and
nonmedication orders were implemented in 71% and over 57%
of Turkish public hospitals, respectively. The early use of
EMRAM to guide the national digital health care transformation
may be an important facilitator for this wide adoption of CDRs
and CDSS in Turkish hospitals [36].

The Vietnam HIT Maturity Model [11] that this study’s
questionnaire was based on and the HIMSS EMRAM [9] share
several similarities regarding assessment criteria. For example,
CDRs, CDSS, closed-loop medication administration, and
electronic documentation are included in both models, including
the maturity stage that these systems belong to. However,
EMRAM particularly focuses on EMR capabilities, in which
systems such as laboratory, radiology, and pharmacy are seen
as EMR ancillaries, while CDRs and CDSS are crucial
components deciding the maturity of the EMR system. All the
ancillary systems need to be implemented as early as in stage
1 of EMRAM. The Vietnam HIT Maturity Model, in contrast,
splits the ancillaries into basic and more advanced maturity
levels along the digital maturity roadmap. Systems such as
CDRs and CDSS are the extra capabilities that should be met,
alongside other domains, such as HIS, LIS, RIS, and PACS, so
that a hospital can move up to a higher digital maturity level.
Although the division of digital systems into smaller milestones
may allow hospitals to better benchmark their digital maturity
and plan for investments, the requirement to meet digital
maturity criteria across multiple domains can be challenging
for hospitals in a resource-limited setting such as Vietnam.
Duncan et al [10] discussed that most published maturity
models, including EMRAM, are not assessed in LMICs,
questioning their applicability in cultures different from those
of high-income countries, such as the United States and the
United Kingdom. In addition, the implementation of EMRAM
poses the risk of investing in complex systems without meeting
the organization’s local needs [37].

Integrating New DHTs Into the Existing System
Most hospitals participating in this assessment had a low
adoption rate of EMRs, CDSS, and CDRs. The low number of
complete EMR systems may be caused by the cost required to
upgrade the infrastructure and a lack of the required technical
capabilities to meet all the requirements in EMR regulations.
It is difficult for hospitals with incomplete EMR systems and
CDRs to embark on using CDSS. Integrating, implementing,
and maintaining CDSS is usually complex and depends on
multiple factors, such as the availability and interoperability of
data, especially from EMRs; an updated knowledge base; and
understanding of the hospital’s workflow [38].

The wide availability of HIS, LIS, and RIS-PACS in the
hospitals participating in our study suggests that digital systems
for administrative and billing purposes and simpler systems to
implement tend to be prioritized. Many hospitals may choose
to implement clinical documentation functions before upgrading
the other components to fully comply with EMR regulation.
This leads to an increasing amount of medical data that are

electronically available and useful for AI training and
implementation even without full EMR implementation.
However, the scarcity of CDSS, CDRs, and standard-based
data-sharing experience found in this assessment suggests
challenges that stakeholders may face when seeking to integrate
AI-enabled solutions in Vietnamese hospitals. Although these
challenges should be explored in further research, we believe
a lack of national frameworks and detailed guidance for
meaningful and secure clinical data exchange is 1 of the key
barriers. In addition, recently, Chanh et al [39] mentioned
exploring system interoperability, collaboration with local
stakeholders from multiple disciplines, and understanding local
data-sharing policies as some of the key considerations for
applying AI in Vietnam.

Strengths and Limitations
We examined the adoption of digital health systems using the
criteria published in the Vietnam HIT Maturity Model. This is
a national benchmarking tool for HIT implementation in
Vietnamese public hospitals, making it familiar to the hospitals
participating in this study.

Only 5 public hospitals at the top-tier level were included in
this assessment, so our findings do not represent the overall
picture of HIT implementation in Vietnamese hospitals. The
hospitals participating in this study were ones that had previous
interest in DHT implementation and digital health innovation
research. However, it is likely that hospitals at low tiers and
located in less-funded regions have lower digital maturity across
all the domains, especially in the EMR and extra capabilities
domains.

Implications for Further Study
The adoption of digital health systems in this study was assessed
based on technological criteria, such as the software functions
that were available. Future work could address other dimensions
related to the implementation of these systems, such as the
organizational context and human factors [40]. The use of
qualitative methods can be particularly suitable for such research
questions as they can unveil the characteristics unique to
technology adoption in hospitals in LMIC settings, such as
Vietnam.

Conclusion
Several major public hospitals in Vietnam have a sound digital
infrastructure in place to support fundamental administrative
and clinical tasks, such as patient management, insurance claims,
laboratory result management, and medical imaging inspection.
Most of the hospitals have implemented EMR systems to a basic
level that prioritizes data collection, management, and access.
Nevertheless, the more advanced level of data management and
use via CDRs and CDSS is not common. This can be seen as a
barrier to the introduction of new DHTs in these hospitals. Along
with the increased amount of data collected by the systems, the
adoption of HL7, DICOM, and other international standards
can be seen as a facilitator for new DHTs, such as AI-based
CDSS, to be implemented in these hospitals.
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Abstract

Background: At least half of smokers make a serious quit attempt each year, but Black adults who smoke are less likely than
White adults who smoke to quit smoking successfully. Black adults who smoke and have high anxiety sensitivity (an individual
difference factor implicated in smoking relapse and culturally relevant to Black adults) are even less successful. The Mobile
Anxiety Sensitivity Program for Smoking (MASP) is a smoking cessation smartphone app culturally tailored to Black adults who
smoke to increase smoking cessation rates by targeting anxiety sensitivity.

Objective: This study examined the acceptability and feasibility of the MASP smartphone app following a 6-week pilot test
through postintervention qualitative interviews.

Methods: The MASP smoking cessation app was adapted from an evidence-based app by adding culturally tailored narration
and images specific to the Black community, educational content on tobacco use in the Black community and the role of menthol,
culturally tailored messages, and addressing tobacco use and racial discrimination. The MASP app was piloted with 24 adults
with high anxiety sensitivity who identified as Black, smoked daily, and were not currently using medications or psychotherapy
for smoking cessation. At the end of the 6-week pilot test, 21/24 participants (67% female; 95.2% non-Hispanic; mean age=47.3
years; 43% college educated; 86% single or separated) completed an audio-recorded semistructured interview assessing the
acceptability and utility of the app, individual experiences, barriers to use, the cultural fit for Black adults who wanted to quit
smoking, and identified areas for improvement. Transcribed interviews were coded using NVivo (Lumivero), and then analyzed
for themes using an inductive, use-focused process.

Results: Most participants (17/21, 81%) had smoked for more than 20 years and 29% (6/21) of them smoked more than 20
cigarettes daily. Participants felt the MASP app was helpful in quitting smoking (20/21, 95%) and made them more aware of
smoking thoughts, feelings, and behaviors (16/19, 84%). Half of the participants (11/21, 52%) thought the combination of
medication and smartphone app gave them the best chance of quitting smoking. Themes related to participant experiences using
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the app included establishing trust and credibility through the recruitment experience, providing personally tailored content linked
to evidence-based stress reduction techniques, and self-reflection through daily surveys. The culturally tailored material increased
app relevance, engagement, and acceptability. Suggested improvements included opportunities to engage with other participants,
more control over app functions, and additional self-monitoring functions.

Conclusions: Adding culturally tailored material to an evidence-based mobile health (mHealth) intervention could increase the
use of smoking cessation interventions among Black adults who want to quit smoking. Qualitative interviews provide mHealth
app developers important insights into how apps can be improved before full study implementation and emphasize the importance
of getting feedback from the target population throughout the development process of mHealth interventions.

Trial Registration: ClinicalTrials.gov NCT04838236; https://clinicaltrials.gov/ct2/show/NCT04838236

(JMIR Form Res 2025;9:e53566)   doi:10.2196/53566

KEYWORDS

cultural tailoring; tailoring; African American; black; smoking cessation; mHealth; smartphone application; just in time adaptive
intervention; qualitative; formative evaluation; app; application; anxiety; adult; qualitative analysis; smoking; mobile phone;
tobacco

Introduction

Black or African American (hereafter referred to as Black)
adults who smoke experience significant tobacco-related health
disparities [1]. Black adults who smoke are at higher risk for
tobacco-related death and disease, including lung cancer [2,3],
heart disease, and stroke [4]. On average, Black adults who
smoke initiate smoking later in life and smoke fewer cigarettes
per day relative to their European American or White
counterparts [5,6]. Yet, Black adults who smoke demonstrate
greater cigarette dependence and are less likely to quit relative
to other racial and ethnic groups [7,8], despite engaging in more
quit attempts [8,9]. The difficulty this group faces in quitting
successfully highlights the wide range of tobacco-related
disparities that disproportionately impact Black adults who
smoke (eg, tobacco advertising in predominately Black
neighborhoods) [10-13].

One additional factor that can influence the success of a quit
attempt and sustained smoking cessation among Black adults
who smoke is anxiety sensitivity. Anxiety sensitivity is a
relatively stable individual trait predisposing individuals to
focus on internal bodily feelings of distress and to believe that
anxiety and the bodily symptoms they experience from anxiety
are uncommon or indicate an underlying threat to their health
[14,15]. People who smoke and have high anxiety sensitivity
can experience higher nicotine withdrawal symptoms and more
intense cravings when they quit smoking [16], they are more
prone to smoke when they have smoking-related thoughts,
feelings, and sensations during cessation attempts, and they are
more likely to smoke again soon after they have initiated a quit
attempt [17-19]. Anxiety sensitivity is prevalent in up to a third
of people who smoke across all races and ethnic groups [20,21];
however, Black people who smoke and have higher levels of
anxiety sensitivity report experiencing the internal physical
symptoms of nicotine withdrawal more intensely than Hispanic
and White people who smoke [22,23]. Black people who smoke
were also more likely to perceive these symptoms were out of
their control or were worsened by environmental stressors such
as racial discrimination [22,23]. Such processes could contribute
to Black people being less successful in quitting smoking or

put them more at risk of returning to smoking to help alleviate
stress and anxiety [19].

One promising smoking cessation strategy for Black people
with anxiety sensitivity is the delivery of tailored interventions
through smartphone apps. Mobile health (mHealth) interventions
can provide low-cost access to evidence-based smoking
cessation strategies that extend the reach of traditional smoking
cessation interventions. mHealth interventions can increase
access for people who smoke but do not wish to engage in
traditional smoking cessation interventions, those not interested
in face-to-face interventions, and those who live in remote or
underserved areas [24,25]. Smartphone smoking cessation apps
have high acceptability in people who wish to quit smoking
[25-27] and some smoking cessation apps have demonstrated
efficacy in helping people to quit smoking, particularly for the
most engaged app users [24,28-30]. While Black adults are
underrepresented in mHealth studies [31], Black adults who
have participated in mHealth studies viewed the interventions
positively and found them to be acceptable and easy to use [32].
Thus, mHealth approaches may also reduce disparities in
smoking cessation rates for Black people who smoke [33].

A benefit of mHealth smartphone apps is their potential to tailor
intervention content to increase its relevance and acceptability
for people who smoke. Tailoring involves selecting intervention
content that corresponds to participant characteristics such as
beliefs, identity, or readiness to change that can influence the
success of a behavior change intervention and provide relevant
content in the moments it is needed most [25,34-36].
Specifically, tailoring is the process of modifying the specific
content a person receives in a mHealth smoking cessation
intervention through personalization (based on regular
participant assessments) and feedback (presenting participants
with information about their behaviors over the course of the
intervention) [34].

Cultural tailoring is an additional tailoring process of modifying
an evidence-based mHealth behavioral intervention to increase
the cultural relevance or cultural sensitivity of the intervention
to a specific cultural group [37,38]. Cultural tailoring can include
adjusting or adding intervention content to better match cultural
and historical experiences, social norms and values, and
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meanings of tobacco use to a specific cultural group [37].
Culturally tailored mHealth interventions can also address
unique risk and protective factors, incorporate more inclusive
language, and include culturally specific images and messages
to decrease problems of acceptability, inclusion, and engagement
[25,35,38,39]. Although it is not clear if culturally tailored
materials increase the ultimate effectiveness of interventions,
previous work has shown that Black people who smoke
preferred culturally tailored content over standard content, which
could ultimately increase acceptability and engagement with
smoking cessation interventions, and improve retention rates
[39-43]. Pilot testing culturally tailored interventions before
full study implementation can verify if adapted content is
acceptable and relevant to a cultural subgroup and can be used
to obtain feedback on ways to improve the cultural relevance
of the intervention [37,44].

The purpose of this study was (1) to assess participant reactions
to an evidence-based smoking cessation smartphone app that

was culturally tailored for Black people who smoke and have
high anxiety sensitivity and (2) to provide recommendations
for additional modifications to the app before full study
implementation.

Methods

Mobile Anxiety Sensitivity Program for Smoking
Adaptation
The Mobile Anxiety Sensitivity Program for Smoking (MASP)
is a 6-week smoking cessation smartphone app for Black people
with high anxiety sensitivity that was adapted from an
evidence-based mHealth smartphone app for people with anxiety
sensitivity [30,36,45,46]. The app contained a balance of
standard intervention content for all participants (ie, on-demand
tips, videos, and guided exercises) and individually tailored
content based on the participant’s responses to baseline, daily,
and weekly assessments (ie, just-in-time messages; Figure 1)
[46].
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Figure 1. MASP (Mobile Anxiety Sensitivity Program) app components and cultural tailoring.

Based on the model proposed by Barrera and Castro [37], the
MASP app was adapted for Black people who smoke with high
anxiety sensitivity in an initial pilot study by incorporating
culturally tailored content based on theoretical and empirical
guidelines [47]. The MASP app was then reviewed by the
University of Houston HEALTH Research Institute Community
Research Advisory Board, which is part of a broader U54
addressing health equity. The Community Research Advisory
Board provided input into video content and narration, clearer
and more engaging language, and recruitment materials and
strategies. From this input, key MASP app features were revised
to include more culturally relevant content including treatment
videos, messages, and on-demand content (Figure 1 and
Multimedia Appendices 1 and 2). Examples of culturally tailored
content included using Black male and female voices to narrate
the videos, drawings, and illustrations of Black artists, the

inclusion of additional videos addressing menthol tobacco
products, the history of tobacco marketing to Black adults, and
the impact of racism and discrimination on stress, smoking, and
smoking relapse (Figure 1).

Expanded message content was created that related physical
symptoms of quitting smoking to anxiety, discrimination, and
severity of withdrawal symptoms, as well as messages relevant
to Black culture (Textbox 1). Expanded educational content
addressed topics relevant to Black people who smoke, including
concerns about nicotine replacement therapy and medications
to quit smoking. Several areas of the app were not modified,
including skills-based approaches such as standard interceptive
stress exposure videos, because of the universal applicability
of the content [46]. The revised app reflected a balance of
culturally tailored and standard material, consistent with other
culturally adapted interventions [43].
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Textbox 1. Examples of Mobile Anxiety Sensitivity Program culturally tailored messages for Black smokers.

• Your Tip: (FirstName), Did you know that 45,000 Black people die from smoking-related diseases each year in the US?

• Your Tip: (FirstName), 4 out of 5 Black smokers buy menthols. Chemicals are added to menthol cigarettes to give them a fresh, minty taste. This
can make it easier for a smoker to inhale deeply, which may allow more harmful chemicals to enter the lungs.

• Your Tip: (FirstName), Did you know that the money that Black smokers spend on cigarettes in a single day could send 2500 Black students to
college for an entire year?

• Your Tip: (FirstName), Tobacco companies have pushed menthol products on the Black community for decades. Did you know that there are
significantly more menthol advertisements at stores in neighborhoods with a higher proportion of African American residents?

• Your Tip: (FirstName), Each year smoking kills more African Americans than AIDS, car accidents, fires, alcohol, drugs, and guns combined!

• Your Tip: (FirstName), Did you know African American children and adults are more likely to be exposed to secondhand smoke than any other
racial or ethnic group? By quitting smoking you’re not only making life better for yourself, but for the people around you too.

• Your Tip: (FirstName), Tobacco companies have targeted the African American community for decades. By quitting smoking, you’re not only
standing up for yourself but also for the members of your community.

Recruitment
Participants were recruited through Facebook (Meta)
advertisements, mass emails through the University of Houston,
and fliers posted in organizations and businesses in Houston
communities with high concentrations of Black people.
Individuals who saw the recruitment materials accessed the
screening questionnaire through a posted link on the recruitment
materials to assess their eligibility for the study. Individuals
were eligible to participate in the pilot study if they (1)
self-identified as Black or African American, (2) smoked daily
(at least 10 cigarettes per day) for at least 2 years, (3) reported
high Anxiety Sensitivity (Short Scale Anxiety Sensitivity Index
score of at least 5), (4) endorsed a desire to quit smoking 2
weeks after completion of the baseline assessment, (5) were
fluent in English, (6) had no current use of pharmacotherapy or
psychotherapy for smoking cessation, and (7) had no cognitive
impairment.

Fully enrolled participants (N=24) were instructed to download
the INSIGHT (Insight Enterprises Inc) app to their personal
smartphone, and those without a compatible phone were
provided a study smartphone loaded with the MASP app. All
participants were then asked to complete the baseline assessment
in the app. Following baseline assessments and a final phone
call appointment with project staff members, participants
initiated the 6-week intervention. During the 6-week
intervention, participants received 5 daily brief assessments (ie,
1 in the morning, 1 in the evening, and 3 at random times

throughout the day) followed by individually tailored smoking
cessation messages. Along with the daily surveys, participants
were prompted to complete weekly follow-up assessments and
self-reported smoking status. Participants also had access to
stress management and relaxation videos, on-demand tips,
strategies for smoking cessation and coping with cravings and
urges, and no-cost nicotine replacement therapy. At the end of
the intervention, participants used the app to complete a final
assessment survey and were asked to participate in an online
interview about their experiences with the app [46]. At the end
of the 6-week intervention, participants were compensated US
$45 for completing the week 6 survey, carbon monoxide breath
test, and qualitative interview [46].

Qualitative Interviews
At the end of the 6-week pilot test, 21 of 24 (88%) participants
agreed to participate in an interview about their experiences
with the app. The interviews took place between March and
August 2022. Two interviewers trained in qualitative
interviewing techniques conducted the interviews over Zoom
(Zoom Video Communications). The interviews with individual
participants lasted an average of 44 minutes each. The interview
question path was based on a previous study [48] and adapted
to address the acceptability and utility of the app for smoking
cessation, individual experiences with each component of the
app, barriers to use, the relevance and fit for Black people who
smoke, and identify areas for revision before full study
implementation (Textbox 2 for question path excerpts).

Textbox 2. Excerpts from the Mobile Anxiety Sensitivity Program interview question path.

• What could have been done differently to help you complete more of the daily surveys?

• What are some specific things you liked about the app?

• What things did you like least about the app?

• If you had a slip-up during your quit attempt, was there ever a time that you didn't record that on the app?

• You received some different messages from the app during the study. Can you tell me about a time when you found the message to be really
helpful when coping with stress?

• Can you tell me about a time when you found the message you received to be really helpful for quitting smoking?

• If you could add one thing to the app to make it more helpful to future smokers, what would you add?

• How relevant do you think the app is for Black Americans or African Americans who want to quit smoking?

• Do you have any suggestions for any way that we can improve the cultural tailoring of the app for Black Americans or African American smokers?
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The audio-recorded interviews were transcribed verbatim,
reviewed against the audio recording for accuracy, and then
imported into NVivo (version 11; Lumivero) for data analysis.
A qualitative researcher (MKC) first read through the transcripts,
developed the codebook, and coded the transcripts in 2 coding
passes. The codebook was developed using a usage-focused
lens [49]. For the first coding pass, the individual interview
questions were used as codes, which captured the specific
functions of the MASP app, how participants interacted with
the app, response to cultural tailoring, and the relevance of app
content to Black people who wanted to quit smoking. The
second coding pass used a pragmatism lens, coding for
additional meanings and uses of the app across interview
questions [50,51]. Following interview coding, a thematic
analysis was conducted. The coded material was reviewed first
within each code, then in groupings of related codes, and finally
across all codes. Data displays were also created by grouping
participant responses over a set of interview questions or codes
to assess additional patterns of responses for individual
participants [52]. A second qualitative researcher (AA) read the
transcripts, reviewed the coding and primary data displays, and
provided additional feedback. The qualitative researchers then
arrived at the final determination of themes and quotes through
an iterative process of feedback and discussion. A final review
of the transcripts was then conducted for confirming and

disconfirming evidence of themes [52]. Representative quotes
were independently selected and distributed across participants.

Ethical Considerations
The University of Houston (reference number: 12747) and the
University of Oklahoma Health Sciences Center (reference
number: STUDY00000360) institutional review boards approved
the protocol presented in this study. This trial was registered at

ClinicalTrials.gov (NCT04838236).

Results

Participant Characteristics
Most (15/21, 71%) of the participants who completed the
qualitative interviews were age 40 years or older (mean 47.33,
SD=9.6), almost half (9/21, 43%) were college graduates,
two-thirds were female (14/21, 67%), most participants were
non-Hispanic (20/21, 95%), and reported being single (18/21,
86%). The majority smoked less than a pack of cigarettes per
day (15/21, 71%), had smoked for 20 years or longer (17/21,
81%), smoked menthol cigarettes (20/21, 95%), and smoked
an average of 15.48 (SD 5.02) cigarettes per day. Participants
had moderate levels of nicotine dependence (mean 3.10, SD
1.45), and anxiety sensitivity (mean 11.00, SD 5.40). Most
participants were highly motivated to quit smoking (Table 1).
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Table 1. Interview participant characteristics (n=21).

ValuesParticipant characteristics

47.33 (9.6)Age (years), mean (SD)

Age groups (years), n (%)

6 (29)30-39

6 (29)40-49

9 (43)50 or more

Education, n (%)

2 (10)Less than high-school degree

4 (19)High-school graduate or General Educational Development degree

6 (29)Some college

9 (43)College or graduate degree

Sex, n (%)

14 (67)Female

7 (33)Male

Ethnicity, n (%)

20 (95)Non-Hispanic

1 (5)Hispanic

Marital status, n (%)

3 (14)Married or living with significant other

18 (86)Single or separated

Employment, n (%)

7 (33)Regular full-time work

3 (14)Regular part-time work

2 (10)Stay-at-home caregiver

9 (43)Unemployed or unable to work

Average number of cigarettes smoked per day, n (%)

15 (71)10-19

6 (29)20 or more

Years smoked, n (%)

4 (19)10-19

12 (57)20-29

5 (24)30 or more

Motivation to quit (range 1-10), n (%)

3 (14)5-7.9

11 (52)8-9.9

7 (33)10

Before the start of the intervention, participants were asked
about their preferred method for quitting smoking. While 17/21
indicated medications (81%) as their preferred cessation method,
11 (52%) also selected smartphone app. Half (n=11) of
participants also indicated that the combination of medications
and smartphone app would give them the best chance of quitting
smoking (Table 2). Following the 6-week intervention, the

majority of participants (16/19, 85%) thought that having the
app and answering the questions increased their awareness of
their smoking behaviors and 20/21 interviewees reported that
the app was helpful in quitting smoking. The mean score on the
African American Acculturation Scale was 15, indicating a
medium level of Black cultural identification [53].
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Table 2. Interview participant beliefs (n=21).

ValuesParticipant beliefs

Preintervention questions, n (%)

If you were to quit smoking, which of the following would you prefer to receive?

17 (81)Medications

4 (19)Group counseling

11 (52)Smartphone app

6 (29)In-person individual counseling

6 (29)Smoking cessation telephone helpline

Which option would give you the best chance of quitting smoking?

4 (19)Medications

4 (19)Both medications and counseling

11 (52)Both smartphone apps and medications

2 (10)Quitting “cold turkey” without counseling or medications

Postintervention questions, n (%)

Consider the number of assessments that were automatically pushed by the smartphone app, was the number of assessments.

11 (55)Too high

8 (40)About right

1 (5)Not enough

Did carrying the phone and answering questions make you more aware of your thoughts, feelings, and behavior?

3 (16)Definitely or mostly no

16 (84)Definitely or mostly yes

Overall, how helpful has the smartphone app been in helping you to quit smoking?

1 (5)Not at all helpful

5 (25)Slightly or moderately helpful

14 (70)Very or extremely helpful

African American Acculturation Scale score range (mean 15, SD 6.5, range 6-27)

5 (24)Low (score 1-9)

9 (43)Medium (score 10-18)

7 (33)High (score 19-27)

Themes
Thematic analysis identified 6 themes related to participant
experiences using the app which are (1) recruitment experience,
(2) overall experience with the app, (3) most helpful aspects of

the app, (4) reaction to the culturally-tailored material, (5)
experience with the daily surveys and other assessments, and
(6) suggested changes to make the app more helpful or relevant
to Black people who want to quit smoking (Figure 2 for a
summary of themes).

JMIR Form Res 2025 | vol. 9 | e53566 | p.1887https://formative.jmir.org/2025/1/e53566
(page number not for citation purposes)

Cheney et alJMIR FORMATIVE RESEARCH

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


Figure 2. Summary of themes.

Recruitment Experience
Participants were asked about their initial reaction to the
recruitment materials and what prompted them to complete the
screening. Important factors in the recruitment process included
the legitimacy of the study, the intervention was delivered using
a smartphone app, and the inclusion of more familiar traditional
nicotine replacement products.

Participants described the professional appearance of the
recruitment materials, direct linkage with a university, and that

the screening questions matched the stated purpose of the study
as important factors in their initial participation. Participants
were positive about being part of a real research study but did
not want to be drawn into a for-profit research study. Two
participants mentioned that they were skeptical but curious,
looking up the university and the specific lab to make sure it
was an actual study.

I thought this is probably a scam. But then I thought,
okay, well I just won’t give anything too personal,
and as I started completing the survey, the questions
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were, they sounded legit. They were actually about
my habit of smoking, and it just sounded scientific
enough that I thought, okay yeah, this probably isn’t
a scam …. even though it was on Craigslist.
[Participant 12 (P12)]

Participants were interested in the study when they learned the
intervention would be delivered using a smartphone app. This
was a new strategy when others had not worked and would
allow them more independence during the intervention.

Overall Experience With the App
Participants commented that they liked the app and found it
easy to use and navigate, particularly for adults who are not
“tech savvy” or who have not had much experience using
smartphone apps. They reported that the app motivated them
to keep trying to quit throughout the intervention, even if they
were unable to completely quit smoking. Participants also said
the supportive, encouraging, nonjudgmental tone of the app was
very important to reporting their true behaviors and feelings.

the app … gives you the encouragement of why you
don’t have to do that [smoking]. There are other
things you can do until you get better at not smoking…
to help you along the way during that little minutes
when it’s difficult. [P10]

it’s not belittling you or anything and still giving you
encouragement … they make you change your thought
process into a positive one, so I think that’s amazing.
[P16]

Over half of the participants also said that what they liked most
was that the app helped them learn more about themselves and
their smoking, made them aware of their smoking behaviors
and habits, and “kept me accountable to myself.”

The app made you think about the smoking you were
doing. Normally you would just pick up a cigarette
and smoke, but the app forces you like OK, do I really
need that cigarette right now…. You’re thinking about
it more. Well, whereas smoking was just an extension
of you before. [P20]

About a third of participants mentioned what they liked the
most was that the app was something they could do privately
rather than with a group of others, trying different options when
they were ready and at their own pace.

I was in a group before, and I didn’t really get too
much out of it… I’m by myself and I’m doing this
alone. I’m with the app, I can think more clearly, and
I think this is better than being in the group. [P2]

It gives you anonymity. You don’t have to tell
anybody…It allowed me to be independent, and not
have to speak to someone every day … it just allowed
me to do it basically at my pace. I didn’t feel
pressured that I had to do it. [P10]

A third of the participants mentioned the nicotine replacement
products integrated into the intervention.

throughout the day, it would remind me to take more
lozenges … that was cool. [P6]

Most Helpful Aspects of the App
Participants found the tailored app content helpful for their
current challenges with stress, anxiety, and smoking even if
they were not able to quit smoking during the pilot study.
Participants commented that the combination of app-directed
content and access to complementary on-demand content was
a real strength of the intervention. When participants mentioned
a specific part of an app that was most helpful to them, they
most often mentioned the relaxation and stress reduction
exercises and videos, on-demand information that provided
them with tips and suggestions, education about tobacco use,
and the daily messages (Table 1).

They are targeted to what you put into the app
yourself, you would say my anxiety is so much or I’m
not able to deal with my anxiety. They would give you
tips for that and I thought that was really helpful. [P9]

It would tell you after you did the assessments, would
you like to take a relaxation or would you like to go
or just to go to your toolkit, and that would remind
you after you took the assessments to actually do that.
[P14]

However, if the participant was at work, driving, or busy with
family responsibilities, they found it difficult to read or act on
a particular message at that time.

Across the different parts of the app, participants said that it
was the content related to coping that was particularly helpful,
either in the form of a tailored supportive message, developing
a new skill to reduce stress or fight cravings, or through
exercises to challenge unhelpful thoughts.

I feel like my anxiety leads into anger sometimes and
that [the app] makes you sit there and think about it
instead of you being in that moment and being so
upset that you can’t comprehend what’s going on or
be logical about your thinking … Just think about
it…let’s do this little activity. [P16]

It would pose a question …It would give you a
statement and ask you, do you believe this to be true
… that really stuck with me. If you smoked one
cigarette … do you believe that you could still not
smoke the rest of the day … I really believe, once I’ve
smoked one, I’m a smoker there’s no stopping… I
don’t really challenge my way of thinking…There is
a positive side if you would just open your eyes to it.
[P12]

Others said that the most helpful part of the intervention was
having it with them all the time, to use at the moment they
needed it.

Remove yourself from the situation… if you can just
go to the app in that moment and have that put into
your head, that's what’s helpful … because it helps
in that moment. [P8]

When I was feeling stressed I pushed the button ...
just stressed out like where you think you’re gonna
light up a cigarette and smoke … you push that
button. [P3]
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Reactions to Cultural Tailoring
Participants were asked about the cultural tailoring of the app
to reflect Black culture. Almost all participants said cultural
tailoring contributed to their engagement with the app.

I really like this app being geared toward the Black
people, I mean because it is a different thing. The
high blood pressure and stress and the discrimination
is a totally different thing than what White people
face on a daily basis. [P4]

Participants were then asked about the relevance of the tailored
intervention components to smokers who are Black.

explaining about the history of cigarettes within the
African American community, the effect that it had
within the community … I feel like it’s very relevant.
There’s a lot of facts in there that you wouldn’t even
think about as a Black person. There’s a lot of things
that were directed towards Black people…they
portray it in media. I always thought that it was
portrayed more for white people … for a Black person
that actually smokes, I think it would be eye opening,
it would be very, very helpful for them. [P16]

A lot of the tips were directly towards African
Americans. [P17]

Participant recommendations to increase the relevance of the
MASP app for Black people who want to quit smoking included
hearing from Black former smokers, either through short videos
added to the app, seeing former participant pictures added to
the app, or brief quotes or stories from former participants as
messages or on-demand content. These pictures and stories
could help the participants connect to the project and the app
and encourage them during the tough parts of the quitting
process.

past users of the actual app that are African American
that have been successful with it… if they
[participants] have pictures of past people that have
actually accomplished this, they'll be more inclined
to use it…African American[s] really use this app,
his picture’s right there… it worked for him. It might
work for me. [P21]

Other suggestions to increase relevance for Black people who
smoke included more overall diversity in photographs and
videos throughout the app, especially more photographs and
videos using Black people who smoke and former smokers, as
well as Black health care professionals.

It's gotta be by Black people for black people to pay
attention... I think a lot of African Americans are, if
it's not something that looks familiar or sounds
familiar, then they’re scared to go around it. [P12]

A few participants suggested additional information on menthol
tobacco use that is highly prevalent.

I would just emphasize menthols and maybe Black
and Milds? On top of cigarettes, you know that that
those are just as deadly. [P18]

Several participants also suggested incorporating Black
vernacular in videos and messaging.

A more relatable language to the African American
community …how we speak like there’s certain words
and lingo, maybe just incorporating that… it might
appeal to more African Americans... they could read
it and be like oh they know what I’m talking about.
[P16]

Experience With Daily Surveys and Other Assessments
All of the participants found the surveys easy to complete. Many
of the participants thought the daily assessments were a part of
the intervention content. Participants described the surveys as
holding them more “accountable” and keeping them aware of
their smoking behaviors and how much they were thinking
about smoking. Several discussed how the survey questions
helped them ask for help or remove themselves from a situation
where they were more likely to smoke. Most responded quite
positively to the idea of the daily surveys, but many participants
did not like the amount of repetition of the survey questions
and the number of surveys each day. The repetition of the
questions over the 6 weeks of the study, which participants
acknowledged as necessary to track their progress over time,
was often experienced as frustrating or boring in the later weeks
of the study.

I knew what questions were coming up and I didn’t
even have to read the questions anymore. I was just
answering them. [P20]

the amount of times you guys asked me a day if I’m
depressed …it was a bit excessive. You’re going to
get the same answer 2 hours or three hours from now
… so you might as well just ask me in the middle of
the day … it was exhausting. [P7]

Participants provided several suggestions to hold their interest
in the surveys and help them complete more of the surveys
throughout the study.

a different set of completely different set of questions
weekly or change them every day. [P4]

have more of a variety of questions…maybe add
something, maybe switch them up a little bit. [P18]

Participants expressed challenges with what they perceived as
a short response window to start the surveys following
notification, particularly the surveys that happened during the
workday. Participants gave examples of missing surveys because
they were driving, with customers, at work, or with family where
they could not immediately stop to take the survey or press a
button to indicate they would like to take the survey later.
Participants also asked for more control over when to take the
surveys during the day.

Give us more than five minutes to pull our cars over
… there were quite a few times I’m on the highway
or I’m on the other line with a doctor’s office or kids
school and I need more than five minutes. [P7]

Suggested Changes to Improve the Mobile Anxiety
Sensitivity Program for Smoking App
The most commonly suggested improvement was a feature to
allow interaction with other participants. Other app
improvements included more self-monitoring functions, more
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pictures and color, and options for longer versions of the
training, such as meditation and coping skills.

Hearing from other smokers trying to quit: Participants
suggested connecting with other app users to chat, establish a
buddy system within the app, or just talk through their
challenges and hear from others. They suggested these contacts
could take place within the app, be voluntary, and be anonymous
to protect participant identities.

set up a buddy system when the person signs up for
the study … get permission consent from both parties,
if you need to talk to somebody live, this is your
buddy. [P10]

Maybe like a chat line…go into an open forum. Say
we speak to ‘em, just say whatever to chit chat, talk…
moral support. [P21]

Self-monitoring: Several participants asked if there was a way
they could look at their survey data to see their trends in how
many cigarettes they were smoking, how they were feeling at
the time, and what seemed to trigger their smoking. Other
participants suggested an optional journaling function where
they could write about their experiences and review their entries
later.

The option …to really track your smoking … more
on an individual basis so you can actually see …how
you were smoking or not or how long you were going
without smoking, … especially your progress because
I think that's the most motivating to see that you're
actually doing it. [P8]

Discussion

Principal Results
Black people are disproportionally affected by tobacco use and
tobacco-related health conditions but historically have been
underrepresented in tobacco cessation research [31]. The MASP
smoking cessation app was shown to be acceptable and
culturally fit with Black adults, and study participants provided
recommendations to increase MASP’s relevance to Black people
who want to quit smoking.

Given the underrepresentation of Black adults in intervention
research, generally, understanding what influences potential
participants to complete study screening surveys or to contact
study staff members is helpful in increasing participation in
clinical trials among Black communities. Participants indicated
that it is important that recruitment materials and app content
be designed to establish study legitimacy. This includes the
professional appearance of recruitment materials and linking
the study with a specific university. One recommendation was
to include testimonials from previous study participants, which
is consistent with other mHealth studies [32,38,41].

Throughout the interviews, participants discussed trust and
credibility regarding the intervention and its content. Similar
to other studies focused on Black adults, the credibility of the
information in the app was often assessed by how well the
information in the app matched their own experiences and the
source of the information [54,55]. This may be especially

important for cultural groups such as Black adults who may
experience suspicions or distrust of the medical community due
to centuries of historical oppression and systemic racism [56].
To increase credibility and relevance to Black people who
smoke, participants recommended including more images
reflective of Black adults but also suggested increasing the
diversity of the photos and videos beyond Black people to
include more photographs and videos of Black health care
professionals. However, participants in another study cautioned
researchers not to use stock photos or stereotypical images, but
to use images and photographs reflective of the app users
[32,38].

MASP participants also suggested incorporating more language
and statistics on Black people who smoke and more discussion
of disparities and targeting by the tobacco industry into the
intervention messages to increase engagement and acceptability
of the app [32,41]. One novel strategy to increase the number
of culturally relevant messages in other mHealth studies
involved recruiting a group of Black people who smoke and
those who have successfully quit smoking to generate
motivational messages for other Black people trying to quit
[57-59]. These messages could also be used to incorporate more
culturally relevant content and Black vernacular into the app
[59]. However, it should be noted that a small number of
participants (2 out of 21 in the current study) did not react
positively to the explicit cultural tailoring. Diversity of opinions
and cultural identity would be expected in any cultural group,
so testing messaging and educational content within the app
and assessing a participant’s degree of cultural identification at
baseline would allow researchers to match culturally relevant
messages by level of cultural identification so that participants
could receive appropriately tailored messages for their level of
cultural identification.

When asked what additional features they would add to the app,
participants wanted a way to interact with other participants
who were using the app to try to stop smoking. This was
interesting, given participants’ comments that they liked using
the app because it allowed them privacy and flexibility.
Interaction with other study participants within the app may
increase cultural relevance as participants would interact with
others from their cultural group who were embarking on a shared
lived experience of smoking cessation. Other mHealth
researchers have suggested a discussion board or group chats
moderated by study staff members so that misinformation and
unhealthy conversations could not be introduced [27,38]. A
discussion board could be an easy option to allow participants
to interact with each other [32,41,55,60]. These interactions
could also be collected for additional qualitative data analysis.
Researchers might want to consider a different discussion board
for the control and intervention participants or only for
intervention participants. This type of feature has not been well
used in previous smoking cessation apps [61,62].

MASP participants also asked for tools that could summarize
their progress within the app (eg, cigarette and other tobacco
product tracking, money saved, and tracking triggers for
smoking). This was also suggested by participants in other
mHealth substance use studies [38,41,54,55,63]. Self-tracking
or self-monitoring functions could help participants increase
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their awareness of substance use and personal feelings of
accountability for their behavior and develop plans to cope with
personal smoking triggers [29]. Both personal accountability
and increased awareness of behaviors were named by
participants in this and other substance use mHealth studies as
something they liked best about the study [54].

MASP participants also recommended prompting fewer surveys
per day and adding or substituting questions within the surveys
to increase variety and engagement throughout the study. One
concern expressed by MASP participants was to make the
surveys equally accessible to those who do not have as much
control over their daily work schedule, as they cannot always
stop what they are doing to complete surveys. This could apply
to those who have changing shifts and scheduled work hours,
those who drive a lot, are in customer service, and cannot stop
serving customers to take surveys immediately, or those who
are in hourly positions with less flexibility when they can take
short breaks. This was also noted as a challenge in other
mHealth interventions [30]. Similarly, MASP participants
suggested an option to “try later” for surveys sent when
participants could not or did not want to complete them;
however, Bendotti et al [55] cautioned app developers to balance
additional time to complete surveys with the number of daily
notifications from the app as many users did not like frequent
notifications. Rather than delaying surveys and messages,
another option MASP participants suggested was to allow
participants to keep the messages and surveys in a “bank” that
they could come back to later that day. However, the MASP
app prompted participants with 5 assessments and tailored
messages throughout the day, so delaying them until the end of

the day would mean participants would not be recording their
experiences at the most stressful and potentially most
meaningful moments during the day when tailored messages
could be most needed to prevent smoking lapse.

Limitations
Limitations of the study’s qualitative data analysis included the
relatively small number of interviews, which limited
generalizability to the larger population of Black people who
smoke cigarettes. An additional limitation is that the 2
interviewers were not Black. This may have affected participant
feedback, both constructive and positive. However, interviewers
of the same cultural group as the participants can take
unconscious “cultural shortcuts” in communication with
participants or make assumptions about participant responses
and move too quickly through participant responses without
sufficient probing of responses. One suggestion is to have a
diverse team of qualitative interviewers and analysts, which
may lead to richer data collection and analysis.

Conclusions
In conclusion, MASP is a feasible and acceptable culturally
tailored smoking cessation app for anxiety-sensitive Black adults
who want to quit smoking. The development of evidence-based,
culturally tailored mHealth apps such as MASP could help to
reduce health disparities by improving the cultural relevance of
mHealth interventions. Tailored mHealth interventions could
decrease barriers to accessing smoking cessation interventions
and could increase engagement and acceptability in population
subgroups who experience higher burdens of health-harming
behaviors and diseases [25,38].
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Abstract

Background: Coproduction with users of new digital technology, such as passive mood monitoring, is likely to improve its
utility, safety, and successful implementation via improved design and consideration of how such technology fits with their daily
lives. Mood-monitoring interventions are commonly used by people with bipolar disorder (BD) and have promising potential for
digitization using novel technological methods.

Objective: This study aims to explore how a passive behavioral monitoring platform, Remote Assessment of Disease and
Relapse, would meet the needs of people with BD by specifically considering purpose and function, diversity of need, personal
preference, essential components and potential risks, and harms and mitigation strategies through an iterative coproduction
process.

Methods: A total of 17 people with BD were recruited via national charities. We conducted 3 web-based focus groups as a part
of an iterative coproduction process in line with responsible research and innovation principles and with consideration of clinical
challenges associated with BD. Data were analyzed thematically. Results were cross-checked by someone with lived experience
of BD.

Results: Focus groups were transcribed and analyzed using thematic analysis. Six themes were identified as follows: (1) the
purpose of using the app, (2) desired features, (3) when to use the app, (4) risks of using the app, (5) sharing with family and
friends, and (6) sharing with health care professionals.

Conclusions: People with BD who are interested in using passive technology to monitor their mood wish to do so for a wide
variety of purposes, identifying several preferences and potential risks. Principally, people with BD wished to use this novel
technology to aid them in self-managing their BD with greater insight and a better understanding of potential triggers. We discuss
key features that may aid this functionality and purpose, including crisis plans and sharing with others. Future development of
passive mood-monitoring technologies should not assume that the involvement of formal mental health services is desired.

(JMIR Form Res 2025;9:e65140)   doi:10.2196/65140
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Introduction

Background
Recent developments in technology have increased the
possibility of determining the mental state of an individual via
tracking behavioral data collected via smartphones [1]. This
promises novel interventions based on passive ecological
momentary assessment—a technology that can potentially
frequently assess mood via data collected in the background of
one’s smartphone use [2]. While this hypothesis remains
controversial, many research teams are trying to implement this
new technology into usable and acceptable interventions [3].
One open-access research platform using passive monitoring
technology to glean new insights into mental disorders is the
Remote Assessment of Disease and Relapse (RADAR) [4].
Here, we explore the design and potential implementation of
this technology, using the RADAR platform, in the form of a
mood-tracking app for people with bipolar disorder (BD),
considering purpose, function, components, and risks and harms
in an iterative coproduction process centrally involving end
users of the technology—people with BD interested in mood
monitoring. However, clinical experts and experts in the design
of digital technology involving human-computer interaction
and responsible innovation were also involved in such
coproduction, as we have previously proposed [5]. There is a
tension between 2 models of technology explored here—one
where mental state is predicted via smartphone use and another
where technology enters our lives via coproduction. This paper
builds on these conceptual ideas.

BD is a condition where individuals already apply various
mood-tracking methods to try to gain insights into the disorder
and prevent relapse [5,6]. There is some evidence suggesting
that increasing awareness of mood fluctuations can improve
insights into and the identification of early warning signs and
can be useful in preventing relapse in BD [7]. It also suggests
that novel technology increases the potential to harness this new
technology to create more sophisticated and structured
mood-tracking interventions for people with BD. Most of these
existing techniques and methods of tracking mood require
considerable effort from participants in logging their mood
every day for many months [8,9] and may be subject to
inaccurate information due to mood biases [10]. Many people
with BD use approaches such as paper- and pen-based tracking
procedures, mental and physical notation, conversations with
their partner, or already existing active smartphone apps [5].
Passive data collection approaches (which are then interpreted
actively by the user) may improve flexibility, usability, and
acceptability and decrease the time requirement for people who
monitor their moods. In a previous qualitative work, a passive
mood-tracking app was perceived as potentially positive and
helpful by people with BD [5], solving many of the issues with
existing methods.

When applying novel technologies in potentially clinical and
vulnerable populations, it is important to consider potential risks
and harms [11,12]. Technical advances offer potential solutions
to complex problems with lighter regulation than many existing
approaches to mental health, for example, medication. There is
an urgent need to embed responsible research and innovation
(RRI) frameworks to maximize societal benefit and be able to
anticipate and reflect on the medium- or long-term impact of
technology on stakeholders as well as the environment [13].
For example, by engaging with users, developers can identify
design properties that could minimize the potential for harm in
a number of ways (eg, accessible interfaces, integration with
conventional mental health services, and enhanced data privacy
and security [14]) and also reduce other risks, for example,
digital exclusion that might potentially increase inequalities
[14-16].

RRI [11] provide an ethical approach that requires planning,
anticipation, and co-design through technological development
with end users and all those involved in developing and later
using the technology. Along with mitigating harm and
inequality, such a co-design process carried out in the framework
helps to improve its acceptability and usability for all potential
users and relevance to practice and provides some assurance of
the safety of the product. For these reasons, a co-design process
may lead to a faster spread of usable interventions and a quicker
abandonment of less satisfactory developments. However, one
element that has so far been given less consideration in the work
of responsible innovation is the range of problems associated
with different types of mental states when using different forms
of technology, such as digital mood monitoring, particularly in
conditions where change may be dramatically different, such
as BD, where people with BD may experience more than one
type of mental state, such as mania and depression. For instance,
people with mania are likely to show dramatic changes in their
social contacts and what they will communicate and share
(particularly on social media) compared to when they are
depressed or when they are in neither mental state. This paper
applies principles from RRI to consider risk anticipation and
risk mitigation in people with BD.

RADAR is an open-source platform and resource for
self-tracking psychiatric and neurological conditions developed
by a consortium of academic and industry organizations.
Currently, the platform has been successfully developed for
those with multiple sclerosis [17], depression [4], and epilepsy
[18]. RADAR currently passively monitors the following
smartphone data: phone use, local weather, step count, GPS
location, app use and time duration, battery level, Bluetooth
devices in the nearby vicinity, actigraphy, heart rate, call or
SMS text message logs, and ambient light.

We are aiming to apply the technology to people with BD, to
assess how it might be adapted and adjusted to meet the specific
needs of this population. We will not only focus on the
technology but also on the requirements needed to ensure it
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fulfills the aspirations of people with BD, balanced against
identifying potential risks. We will use expertise in responsible
technology design to consider unintended consequences,
potential risks, and how these might be mitigated.

Objectives
We conducted a series of focus groups to explore the
opportunities and challenges of the app to ensure the
acceptability and efficacy of passive mood-monitoring apps in
the future. This work was part of an iterative coproduction
process in line with the use of RRI. We aimed to determine
opinions on the following: (1) the purpose and function of the
app, (2) the essential and desired components of the digital tool
and optimal methods of delivery and design frequency, and (3)
the potential risks and harms of using the technology and how
these might be mitigated

Methods

Overview
Participants were recruited via national and local charities
(Bipolar UK and Bipolar LIFT CIC) via their research
opportunity network and other snowballing techniques via an
existing patient and public involvement (PPI) team based at the
Institute of Mental Health and the University of Nottingham.

Previous research included 16 individuals with BD [5,19] in 2
workshops; however, this explored the utility of self-tracking
in general before the development of the RADAR-based tool
and did not explore the tool in detail. We chose to explore the
study aims through 3 focus groups with potential end users of
this technology to simulate discussion and exploration of these
issues rather than conduct individual interviews. Previously,
we recruited participants from a geographical area that was
familiar with participation in research on BD and digital mental
health. We wanted to check whether the findings would apply
to participants who were not from an area where there was such
exposure to research so that fresh ideas and challenges might
emerge and also to check the transferability of previous findings.
We wanted to test the credibility and confirmability by feeding
back findings from previous workshops and focus groups. To
facilitate this, one of the workshop leaders from our previous
research (an individual with over a decade of experience in PPI
and who also has experienced BD) took part in the development
of the topic guides and write-up of the current project. All these
approaches enhanced the trustworthiness of data collection and
analysis. We hoped to recruit 5 to 8 individuals per focus group
(>8 individuals would be inappropriate via video call). We
planned to run as many focus groups as required until there was
a saturation of themes emerging from the focus groups, and no
new themes were emerging. Initially, we planned 3 focus groups
based on our previous experience of carrying out workshops
and focus groups.

The inclusion criteria were as follows: self-reported formal
diagnosis of bipolar 1 disorder, bipolar 2 disorder, or bipolar
spectrum disorder (BD not otherwise specified or cyclothymia)
by a UK psychiatrist, owns and regularly uses a smartphone
with an interest in self-tracking their mood via a digital tool,
fluent in English, able to give informed consent, and aged >16

years. Exclusion criteria were as follows: participants who
lacked the capacity to consent (eg, self-reported diagnosis of
dementia and primary diagnosis of substance misuse) or were
current inpatients in a psychiatric hospital.

The study was conducted between August and December 2023.
We tried to ensure that our methods reflected current practices
used by these organizations who organize workshops, focus
groups, and group events, which was the reason behind our
choice of data collection. Our 3 focus groups were held on the
web to improve accessibility and to improve diversity
recruitment. The COREQ (Consolidated Criteria for Reporting
Qualitative Studies) checklist is presented in Multimedia
Appendix 1.

Ethical Considerations
The study was subject to ethical review and approved by the
faculty of medicine and health sciences at the University of
Nottingham (FMHS 174-1222). Participants made first contact
with the research team following advertising. Participants were
initially provided with a participant information sheet and given
an opportunity to discuss this and ask questions via phone call
or email. After ≥48 hours, participants were invited to complete
the consent form and again provided with an opportunity to ask
questions via telephone call or an alternative method. The data
in this study have been deidentified where applicable, and
participants consented to the publishing of deidentified
quotations. Participants were provided with a £30 (US $38)
voucher following the completion of a single focus group. The
participants had no relationship with the research team before
joining the study. The participants knew about the reasons for
conducting the research but had limited knowledge about the
research team other than their qualifications. While the research
team was diverse, including people with lived experience, some
members were psychiatrists and therefore might have carried
certain assumptions or biases about the delivery of interventions
in people with BD in the National Health Service.

Focus Group Layout
Each focus group lasted 2 hours in total and followed a
semistructured topic guide informed by previous research [5]
and produced by 2 psychiatrists and 1 person with lived
experience of BD (LAW, RM, and MM). Participants were
given an explanation of the purpose of the focus groups before
participation. The topic guide was used to ask open questions
on (1) developing the function of the mood-tracking tool, (2)
developing the content of the mood-tracking tool, and (3) how
best to translate function and content into a usable and
acceptable digital tool (Figure 1). The first 2 focus groups
concentrated mostly on what participants wanted from the app
and why, reaching saturation in relation to these themes.
Therefore, the third focus group only briefly commented on
these matters having been presented with these findings. The
third focus group concentrated in more detail on how the app
was delivered, although some of this content had been explored
in the first 2 focus groups. Focus groups were video recorded
followed by verbatim transcription. Focus groups were
facilitated by LAW (male psychiatrist), who was trained in
qualitative interviewing and focus group data collection. At the
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time of the focus group, all participants knew LAW from their first contact when considering joining the study.

Figure 1. Overview of the main findings of the 6 themes.

Participants in all focus groups were given a verbal description
of the RADAR platform, including the type and amount of data
it was possible to collect presented pictorially (Figure S1 in
Multimedia Appendix 2). Participants in focus group 1 were
presented with the results from the previous round of workshops.
The results are summarized in Figures S2 and S3 in Multimedia
Appendix 2.

Results

Overview
A total of 17 participants joined 3 focus groups. The
demographic characteristics of participants are reported in Table
1. A total of 97 people initially made contact via recruitment
methods.
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Table 1. Demographics and clinical characteristics of the participants (N=17).

Participants, n (%)Demographic and clinical characteristics

Age group (y)

0 (0)<18

1 (6)18-24

4 (24)25-34

3 (18)35-44

3 (18)45-55

4 (24)55-64

0 (0)>65

Sex

5 (29)Male

9 (53)Female

1 (6)Nonbinary

Category of bipolar diagnosis

5 (29)Bipolar 1 disorder

8 (47)Bipolar 2 disorder

1 (6)Cyclothymia

1 (6)Bipolar disorder not specified

Years of lived experience of bipolar disorder

0 (0)<1

2 (12)1-3

5 (29)3-5

1 (6)5-7

7 (41)>7

Thematic analysis resulted in 6 themes as follows: (1) purpose
of using the app, (2) desired features, (3) when to use the app,
(4) risks of using the app, (5) sharing with family and friends,
and (6) sharing with health care professionals. For each theme,
participants described positives and negatives. Tables 2-4 report
themes, subthemes, and the participant identifiers.

All the results were cross-checked by someone with lived
experience of BD type 1 and over a decade of experience in
PPI. Participants did not provide feedback on the findings.
Coding via NVivo (Lumivero) [20] was performed by 1
researcher (LAW).
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Table 2. Quotes related to theme 1 (purpose of using the app).

QuotesSubthemes

Subtheme: aid not a tool to be trusted
blindly

• “But then I think most people would rather have someone check in and say ohh you know, your app
suggests there’s been a change and then for them to say Oh no actually you know, I’m fine it’s just
that this has happened that’s happened.” [ID15].

Subtheme: understanding triggers • “What I have used it for is we’ll got on. I’m I’m a bit anxious for no particular reason. Am I just
being bloody minded and annoyed? But a lot of the time, it’s actually. I’ve tripled my workload. I
haven’t had sleep.” [ID13]

Subtheme: improving insight • “So actually, I didn't sleep well and this happened or I did sleep well and I was fine and ohh I've
been spending a lot of money doing a lot of stuff and then this happened. But also what was happening
with my medication and where was I in my cycle? Where was I? What exercise was my level of ex-
ercise good at high or low or yeah, so I think it’s for your own picture and your own health and ev-
erybody’s different.” [ID11]

Subtheme: objectively judging the mood • “I think one of the positives about it for people with bipolar is that objectivity and you know the
objective data that comes because it also takes a bit of that pressure off the person.” [ID12]

Subtheme: prevention • “Yes, that is fair to say and to catch it quickly, you know, I mean sort of the sooner you can pick up
on it and if you've got a monitoring device that can alert you, that’s even better.” [ID8].

• “Bit hyper, you’re a bit, you know, you’re talking really fast or you’re having loads of different ideas
about different things and stuff, and it might be that I missed that until it’s fed back to me, reflected
back to me so.” [ID9]

Subtheme: safety net and reassurance • “So something in the background. Something in the background sort of saying actually, you’re doing
X, Y & Z and that’s not normal for you.” [ID5]

• “It’s a sense of security in a way. You know, it’s almost like having someone there constantly
keeping a check on your mood, even though they’re not there virtually.” [ID8]

Subtheme: self-management • “If I’m struggling, I’m at 2. What activities could I do to boost it so I’ll go for a walk or art activities
so I will go back to that book that we made and try the strategies first before I went to the doctor and
got a PRN so that would be how I’d monitor it.” [ID2]

Subtheme: to compensate for having fewer
people around to check in on you

• “I live alone so I don’t have anybody to notice. A mood tracker would help with that.” [ID5]

Subtheme: use information to adjust med-
ication

• “Yeah, lifestyle changes. Probably tweaking my medication. It could be that because sleep deprivation
is a big trigger for me and it could be that I’m lacking in sleep, so the may need to give me some
sleep medication.” [ID8]
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Table 3. Quotes related to theme 2 (desired features), 3 (when to use the app), and 4 (risks of using the app).

QuotesThemes and subthemes

Theme 2: desired features

“Depends how good the app is, whether it does actually perform well ’cause it could be something that is
obviously not correct. In a sense, it might not necessarily me being a period of mania, it could be picking
up something that is questionable.” [ID9]

Subtheme: accuracy is important

“And quite often I’m not even that. I’m not that aware of. Maybe what I’ve put into it ’cause I get up, do
it, and then you know and go about my business. So maybe something that’s a little bit more engaging and
if it’s an app that’s working in the background more rather than you know, and then I can perhaps turn to
that and realize stuff that I’ve not seen before.” [ID9]

Subtheme: the advantages of passive
monitoring

“We have a plan in place like that. He’s allowed to call the doctors and the mental health team and the GP
that needs to be called.” [ID17]

Subtheme: crisis plan

“I think I would like to see all the individual pieces of data. I feel like if that app is collecting those data
points, I kind of feel like I’m entitled to see them.” [ID10]

Subtheme: data and app transparen-
cy

“If it’s really like clunky and not that accessible or it doesn’t feel very friendly. It’s gotta be something that
fits, doesn’t it? The individual.” [ID9]

Subtheme: the ease of use

“When I’m not well then I’m absolutely rubbish at taking medication. So yes, prompts to take medication
and stuff would probably be for me a good idea.” [ID8]

Subtheme: medication prompts

“I think that people are gonna have very different preferences and people are going to want to use this in
very different ways. And I think that one size isn’t gonna fit all. And if you’re gonna do this, then you need
to build in that adaptability within it.” [ID15]

Subtheme: personalization

Theme 3: when to use the app

“I think for me it would be useful to have it kind of on in the background all the time, so that then you can
kind of see those periods where you’re not 100% sure what it was like. You can go back and say oh actually
I’ve had this amount of time...especially when the mood’s low you can I find that I might think, oh, I’ve
only been OK for a week, but it would give you a bit more of a realistic insight to say oh actually you’ve
had a few months when you’ve been okay.” [ID7]

Subtheme: would monitor constant-
ly

“As for using it every day, I probably wouldn’t. I would probably just dip in if I felt my mood starting to
get a bit lower, a bit high.” [ID14]

Subtheme: not track all the time

“I guess the idea would be that the app would learn about your behavior, so it would be able to predict when
you know things might be difficult for you, or you know if certain times of the year are more difficult than
being able to provide that support for you and then being able to toggle things on and off.” [ID10]

Subtheme: periods when tracking is
particularly important

Theme 4: risks of using the app

“I think for me anyway, because you’ve got a lot of data, I’d be a little bit worried about where that data
was going if it was being shared.” [ID7]

Subtheme: data security concerns

“I also got really paranoid when I was ill...so you, you know, would you get to the point where you didn’t
trust the app where you thought that people were trying to get you, you know, sectioned or trying to get
your money off you or, you know, trying to do some sort of nefarious activities, you know, against you at
that time?” [ID 14]

Subtheme: dislike of the app when
unwell

“Obviously there’s a danger where you feel that you’re being monitored.” [ID13]Subtheme: feeling monitored in a
negative way

“If the app sensed you know that things weren’t going too well, you know, in whatever kind of data point
that is, then it kinda feels like my, I dunno, sense of agency is removed, or autonomy...it doesn’t feel good,
it doesn’t necessarily feel like an empowering thing.” [ID10]

Subtheme: losing autonomy

“But it depends in certain situations, like if you got an abusive partner or something like that, you might
not want them to know so.” [ID2]

Subtheme: potential for the data to
be used against you

“Massive risk is taken...Overshare...there’s a real risk the if you’ve got this sort of information you could
just say to anybody any stranger: look at all this. The inhibitors aren’t there. You lose the self-control, the
inner voice, when you’re high.” [ID13]

Subtheme: the risks of oversharing
data

“I’d be scared of what they’d make of that information and whether they’d make decisions behind my back
about my care. That yeah, that I wouldn’t agree with.” [ID4]

Subtheme: the fear of mental health
services
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Table 4. Quotes related to theme 5 (sharing with family and friends) and theme 6 (sharing with health care professionals).

QuotesThemes and subthemes

Theme 5: sharing with family and friends

“So I think the ability to share with other people is is good, but as a everyone said, you need
to be really careful and have the options of who you share it with.” [ID14]

Subtheme: carefully choosing the right person to
share with

“Yeah, I think it could create some difficult conversations, but the friend would usually be
able to tell pretty quickly, especially if it’s mania they’d be able to tell just by giving me a
quick phone call.” [ID4]

Subtheme: facilitating conversations about relapse
and care

“That’s it really, with me. And of course my partner does pull me back, do you know what I
mean, when he sees it running out of, do you know what I mean, running of control.” [ID3]

Subtheme: family and friends tracking mood

Theme 6: sharing with health care professionals

“They don’t take at face value what I’m telling them and therefore they are making comments
like ‘Ohh sorry, we don’t believe you’ and all this sort of stuff, so I’m opening up saying I’m
ill and they're saying but you’re talking to me, you’re presenting a very strong individual, go
away.” [ID13]

Subtheme: skepticism about sharing with mental
health services

“I will say it amazed me actually as in I could see my highs and my lows and I’d be like you
know where as if I hadn’t been doing that, I wouldn’t have been able to put that across to the
health professional because it would kind of just gone you know, so this...was actually really
beneficial to me.” [ID16]

Subtheme: mood monitoring to guide treatment

“Do it myself first and share that sort of more directly with all my husband or whatever rather
than sharing it sort of with the mental health team straight off.” [ID7]

Subtheme: sharing less with professionals versus
family and friends

“I think you’d have to be at one with who you’re sharing with so you wouldn’t just be sharing
indiscriminately with health care professionals who that don’t know you...my consultant
psychiatrist, I’ve had, you know for 16, almost 16 years, so you know, it's lucky for me that
I know her and true her and she knows me.” [ID12]

Subtheme: sharing relies on trust

“Retrospectively, like it would work, I guess in the same way how I've been like using like
the previous apps, I think in real time, I guess it could be like quite a few problems.” [ID10]

Subtheme: would share in retrospect but not in
real time

Participants articulated a wide variety of different needs and
preferences for the use of the app; some were commonly
endorsed, and some were only endorsed by a few but for specific
reasons, for example, because they lived alone and needed more
objectivity (Tables 3 and 4). Most (35/45, 78%) subthemes were
articulated, even if very briefly, in all 3 focus groups. Naturally,
some subthemes were discussed in much more depth in certain
focus groups. This is likely to represent important and
generalizable data [21]. A minority (13/45, 29%) of subthemes
were present in 1 or 2 focus groups (eg, medication prompts,
providing continuity of care, positive messages, reassurance,
data security concerns, feeling monitored [negative], potential
for abuse, the risks of oversharing data, facilitating conversations
about relapse and care, skepticism about sharing with mental
health services, monitoring constantly, self-rating of mood can
be unreliable, and stop self-monitoring when unwell).

Theme 1: Purpose of Using the App
Views on the purpose of the app were mixed (Table 3), and the
participants wished to use the app in a variety of different ways.
Some participants reported multiple uses for the app; others
wished to use it for one specific purpose. The most popular was
using the information they inputted into and reflecting back
from the app to get a sense of where their mood was at that
moment and to self-manage their BD. This could take the form
of scaling back commitments, communicating with one’s
support network, changing medication, ensuring sufficient sleep,
and doing more exercise, depending on the mood state. Many
people wished to share information about their mood with

trusted individuals around them and some with their health care
professional.

Many wished to use the app to prevent future relapse by
identifying early warning signs and triggers and improving
long-term insight by examining both where their mood was now
and the long-term changes in mood over many months and
years. Many wanted a safety net for when they lost insights into
how low or high their mood was at that moment, to both prevent
the worsening of their mood and to avoid the negative behavioral
consequences of being unwell, for example, excessive spending
leading to the accumulation of long-term debt. There was an
acknowledgment that the app might occasionally be wrong and
that this information would be used to inform decision-making
but not be the sole driver of it.

Theme 2: Desired Features
Participants were complimentary of passive monitoring
(provided it was accurate and gave usable data), particularly
regarding the ease of tracking their data over many years and
when they may not wish to do so, for example, when they were
unwell (Table 4). Many identified that a key barrier to them
tracking their mood at present was the amount of time and effort
it took, which they felt passive approaches would solve.
Function and usability were key—the app being accurate in its
core functions, for example, roughly identifying mood state.
Participants wished to incorporate a crisis plan and personal
alert system into the app; suggestions included writing things
a person wished to be reminded of when they were well (such
as a crisis plan) that could then be shown to them when they
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were unwell, for example, around self-management of the
illness. Another suggestion was receiving a notification from
the app simply informing a person that they might be unwell as
well as potentially sharing that with a predetermined trusted
individual (explored in more detail in Theme 5: Sharing With
Family and Friends section). The ability to customize and
personalize aspects of the app seemed key, for example, toggling
on-off certain aspects of data collection or any sharing. It was
acknowledged that individuals would wish to use the app in a
variety of different ways with different preferences around data
security and the way they manage their BD.

Theme 3: When to Use the App
Opinions regarding when participants might use the app were
mixed (Table 4). Some wished to monitor it constantly,
acknowledging that doing so may help them triangulate their
mood around important life events in the hope of managing
their illness. Others disliked the idea of tracking all the time
and did not wish to do so when well. Some mentioned that there
were times, for example, around particularly stressful life events,
when tracking might be more important.

Theme 4: Risks of Using the App
Concerns were raised around data security and possible breaches
of data (Table 4), including from the individual who was unwell,
for example, oversharing their information or data with someone
who could potentially harm them. Susceptibility to abuse
because of the collected data were a concern and some
participants felt as the stigma of their illness had been used
against them previously. Some participants were concerned
they might feel monitored and that they would develop a dislike
of the app if they felt particularly paranoid when unwell,
potentially deleting it or removing their data from it. In total, 2
participants expressed concerns that the app could decrease their
sense of autonomy, particularly if it was directing a person to
do certain things or sharing their information with others. Many
expressed concerns and fear of the involvement of mental health
services deriving from previous negative experiences, including
not feeling heard, being detained under the Mental Health Act,
and a lack of trust in their health care professional.

Theme 5: Sharing With Family and Friends
We explored sharing with others in detail as it appeared to be
a particularly important and potentially difficult-to-implement
aspect of the app (Table 4). Participants felt that carefully
choosing the right person to share any data with was extremely
important. Some participants felt that their family and friends
would wish to see their mood charts over long periods, while
others felt that that information would not be of interest. Some
wished for a single chosen person or a couple of chosen people
to receive a notification when they were unwell as a safety
net—building on previous nuanced conversations around safety
or crisis planning, relapse, self-management, the involvement
of mental health services, etc. Others would not choose this
functionality and would not wish to share their data.

Theme 6: Sharing With Health Care Professionals
Many individuals did not wish to share their mood data with
their health care professional in real time, due to concerns about
an overreaction from mental health services, coercion, and a

preference for self-management (Table 4). This seemed to be
determined by the degree of trust participants had in their health
care professional. However, most would share the data about
their mood in retrospect to help with diagnosis, assessment, and
subsequent treatment, for example, medication monitoring.

Discussion

Principal Findings
This qualitative study explored what people with BD wanted
from a passive, mood-tracking app and tool to help them manage
their BD. We explored the purpose, desired features, and
usability in the context of ethical development of technology
considering potential risks and safety of use and misuse. We
explored the potential methods of incorporating desired features
into the app in ways that would not compromise safety or cause
unintended consequences, for example, sharing data with others.

Fundamentally, people with BD wanted to use passive
mood-monitoring technology for a wide variety of purposes
using different methods. They wished to use the data in a diverse
and pragmatic way to help them self-manage their BD with
greater insight and a better understanding of potential triggers.
We discuss key features that may aid this functionality, for
example, sharing with trusted individuals and reminders of crisis
plans or personal alert systems. We discuss the future
development of passive mood-monitoring technologies and
particularly state that it should not be assumed that the
involvement of formal mental health services is desired.

Most individuals principally wished to use the app to aid the
already existing self-management of their BD. The way
individuals wished to self-manage varied, and a preference for
personalization was clear to accommodate the variety of
strategies of using the app and the data it generated. This accords
with previous work where insight, understanding, and
self-management [6] to aid coping and prevention of relapse
were the most salient reasons for engaging with self-monitoring
[5,22-24]. Some subthemes were only articulated by a minority
of participants, for example, using the information from the app
to adjust their medication, providing continuity of care, and
receiving positive or encouraging messages from the app. These
less frequently endorsed subthemes highlight the multiple,
different, and individual ways that the data generated by the
app could be used. This kind of technological intervention could
present data to individuals who can then use these data flexibly
to prompt a variety of more nuanced behavioral changes.

Sharing with health care professionals appeared to be a less
important reason for developing the app; again, this chimes with
previous findings [5]. Individuals in this study felt that sharing
their data and facilitating conversations around their illness with
someone and people they trust was important, reinforcing what
previous findings had demonstrated [5]. Communication with
trusted people to improve relationships and manage the
condition together seems important for many people with BD,
while for others who do not have a trusted individual to check
on them, the app seemed to provide an alternative safety net.

Fundamentally the app needed to be easy to use and accurate
when determining mood. This presents programming and
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technical challenges around performance, validity, and
human-computer interaction. The RADAR platform, as used
in depression, multiple sclerosis, and epilepsy, uses passive
monitoring to obtain a general detection of important changes
in the underlying condition, which then triggers active data
completion to provide more granularity and greater sensitivity
and specificity [17,25,26]. Participants articulated that the app
does not necessarily have to be accurate all the time (subtheme:
aid not a tool to be trusted blindly) and that any data from the
app would be triangulated with contextual information, such as
their own personal judgment on their mood and the opinions of
those around them. It does seem important to have an awareness
of how accurate the app is likely to be and this will factor into
any decision-making that is reliant on the app’s data [27].

Participants in our study suggested feasible ways of
incorporating desired features and mitigating the risks of this
technology. Crisis plans and personal alert systems could be set
up when an individual is well, and then they could be reminded
of crisis plans and personal alert systems when they are unwell
(similar methods have been used in diabetes care [28] and
epilepsy [29]). The person with BD could nominate 1 individual
to receive a notification if the app considered that the person
with BD might be unwell—again, similar to recent developments
with seizure or diabetes tracking apps [28,29]. These features
can all be chosen actively and toggled on and off, including all
individual data collection methods. This would incorporate
some aspects of personalization that seem important to people
with BD, both in this study and in others, to account for differing
needs, patterns of illness, and self-management strategies
[5,22,24,30]. Data security should be considered carefully, and
we should assume that many individuals will be skeptical about
sharing their data with mental health services.

Participants in our focus groups did not feel that the app would
feel confronting and potentially exacerbate any negative
thoughts [31] via increasing awareness of depressive symptoms;
however, other studies have suggested that this may be the case
with mood-monitoring apps [32,33]. Some participants were
concerned about the risks of using the app and there was a
concern about technology exacerbating the risks that people
with BD already face, for example, vulnerability, abuse, a loss
of autonomy and independence, and stigma.

Limitations
The limitations of the study are mentioned subsequently. The
sample reported here is small and is unlikely to be representative
of those with BD more broadly, partly because we specifically
recruited individuals with an interest in smartphone-based
interventions and mood tracking. However, it did show diversity,
both in terms of demographics and subthemes and views
articulated. The recruitment was based on the kind of people
we expected would ultimately use the app therefore was a
pragmatic sampling method to best inform the final intervention.
As most of these individuals were interested in mood-monitoring

interventions, the degree of engagement and detailed discussion
was likely higher than if we had selected individuals who did
not have a particular interest in mood-tracking or digital
interventions. Another limitation of this work was that we did
not systematically record ethnicity data or previous experience
with mood-tracking platforms. We were limited to how much
personal data we collected and reported so that the data,
combined with direction quotations, would not identify
participants who were assured of anonymity through ethical
review and individual consent.

The app was discussed hypothetically with a demonstration or
discussion of possible features or usability; therefore,
participants did not use the app. It is possible that following
use, opinions may change; however, mostly the discussion
around potential features, risks, and usability was theoretical,
hence we decided to include a hypothetical discussion. Further
work could iteratively develop the app, incorporating this
feedback and these views into its development. A series of
rounds of qualitative work could be conducted to gradually
develop a feasible, usable, and acceptable app for people with
BD. Furthermore, these results are specific to the RADAR
platform, but there are many commonalities between passive
behavior-tracking apps. Therefore, it is reasonable to consider
the applicability of other platforms. These focus groups highlight
the importance of accuracy and performance of digital
mood-tracking apps [32,34,35].

Using the principles of RRI, we have considered and reflected
on the issues identified by stakeholders as well as mitigation
practices in the iterative development of this app; however, this
is largely hypothetical. As we develop the app further into a
useable prototype and the clinical utility is increasingly explored,
we will continue engaging with stakeholders to anticipate and
act upon risk detection and risk surveillance to anticipate
potential misuse or unintended use as well as prioritizing safety,
inclusivity, and responsible innovation [11]. This is particularly
important considering the potential risks or harms highlighted
here and previous concerns around the potential adverse effects
of mood-monitoring interventions [32,33].

Conclusions
This study suggests that people with BD, who are interested in
using passive technology to monitor mood, wish to do so for a
wide variety of purposes and using a variety of different methods
of using the data. Principally, people with BD wished to use
this novel technology to aid them in self-managing their BD
with greater insight and a better understanding of potential
triggers. There are a few key features that may aid this
functionality, for example, sharing with trusted individuals and
the reminder of crisis plans and personal alert systems. Future
development of passive mood-monitoring technologies should
not assume that the involvement of formal mental health services
is desired.
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Abstract

Background: Social media has become a central tool in health communication, offering both opportunities and challenges. In
Saudi Arabia, where platforms like WhatsApp, Snapchat, and Instagram are widely used, the quality and credibility of oral health
information shared digitally remain critical issues. Misconceptions about oral health can negatively influence individuals’behaviors
and oral health outcomes.

Objective: This study aimed to describe the patterns of social media use and estimate the prevalence of oral health–related
misconceptions among adults in Saudi Arabia. Additionally, it assessed the associations between engagement with oral health
information, self-reported oral health, and the presence and count of these misconceptions.

Methods: A cross-sectional survey was conducted over 10 weeks, targeting adults aged 15 years and older in Saudi Arabia.
Data were collected from a total sample size (n=387) via a questionnaire distributed through targeted advertisements on Instagram,
TikTok, Snapchat, and X (Twitter). The prevalence of oral health–related misconceptions was estimated using descriptive statistics,
including counts and percentages. Chi-square tests described sociodemographic, social media engagement, and self-reported oral
health. Logistic and Poisson regression analyses were used to assess associations between engagement and self-reported oral
health with misconceptions. Logistic regression models provided odds ratios and adjusted odds ratios with 95% CI to assess the
presence of oral health misconceptions. Poisson regression was used to calculate mean ratios and adjusted mean ratios (AMRs)
for the count of misconceptions.

Results: WhatsApp (n=344, 89.8%) and Instagram (n=304, 78.9%) were the most frequently used social media platforms daily.
Common oral health misconceptions included beliefs that “Pregnancy causes calcium loss in teeth” (n=337, 87%) and “Dental
treatment should be avoided during pregnancy” (n=245, 63.3%). Following dental-specific accounts was significantly associated
with lower odds of having any misconceptions (adjusted odds ratio 0.41, 95% CI 0.22-0.78) and a lower count of misconceptions
(AMR 0.87, 95% CI 0.77-0.98). Conversely, trust in social media as a source of oral health information was associated with a
higher count of misconceptions (AMR 1.16, 95% CI 1.02-1.31).

Conclusions: Social media platforms are essential yet double-edged tools for oral health information dissemination in Saudi
Arabia. Participants who followed dental-specific accounts had significantly lower misconceptions, while trust in social media
as a source of information was linked to higher counts of misconceptions. These findings highlight the importance of promoting
credible content from verified sources to combat misconceptions. Strategic collaborations with dental professionals are necessary
to enhance the dissemination of accurate oral health information and public awareness and reduce the prevalence of oral
health–related misconceptions.

(JMIR Form Res 2025;9:e70071)   doi:10.2196/70071
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Introduction

We live in a new era filled with rapid technological
advancements that facilitate everyday life. The internet has been
used worldwide for many purposes, and it has become an
important tool that can improve the distribution of information
and health care delivery and outcomes [1]. Web 2.0 is the second
generation of the World Wide Web, emphasizing the shift from
static web pages to more dynamic and participatory content,
with social media becoming a key element shaping daily life
[2]. Globally, social media platforms such as Facebook, Twitter,
YouTube, and WhatsApp allow individuals to access and share
information at a unique scale [3-5]. In Saudi Arabia, platforms
like WhatsApp, Snapchat, and YouTube are heavily used for
general communication and increasingly for seeking
health-related information [6].

Social media platforms have emerged as powerful tools in health
communication, offering both opportunities and challenges. In
oral health, social media platforms can provide greater access
to oral health information, engaging educational content, and
web-based interaction with dental professionals [7,8]. For
example, YouTube has been identified as a valuable resource
for educating patients with leukemia on oral care [9]. Similarly,
Snapchat-based interventions have effectively enhanced oral
health knowledge among pregnant women in Saudi Arabia [10].
Oral health promotion campaigns delivered through social media
platforms have been shown to improve oral health outcomes
[11,12].

Despite social media benefits, information quality and reliability
with sources often lack clear authorship or transparency, leading
to difficulty in assessing information credibility for users
[13-16]. This is particularly problematic in oral health, where
misinformation—false or inaccurate health claims—could lead
to negative oral health outcomes if it was taken by the users and
distributed without consulting an expert [17,18].
Disinformation—information deliberately spread with the intent
to harm—exacerbates these risks [19]. For example, practices
such as using oil pulling to reduce mouth bacteria and prevent
dental caries or relying on home remedy pastes to alleviate tooth
pain are often shared digitally without scientific evidence [20].
This study uses “misconception” as a comprehensive term to
encompass these various forms of inaccurate or misleading oral
health information.

In addition to content concerns, sex-based differences in health
behaviors, perceptions, and information-seeking patterns play
a role in how individuals engage with oral health information
on social media. It has been shown that women are more likely
to seek web-based health information and engage with health
care services compared to men [21]. They are also more likely
to engage with and trust content shared on social media, making
them a key demographic for addressing oral health
misconceptions through these platforms [22]. Conversely, men
may be less likely to search for web-based health information
or disease prevention, which may lead to the persistence of

misconceptions about oral health practices [23]. Sex differences
explain that while women may be more susceptible to health
misinformation due to their higher engagement, men may require
distinct strategies to capture their attention and promote oral
health awareness [24]. Such differences suggest that sex may
influence the way individuals access and interpret oral
health–related information on social media.

In Saudi Arabia, where 99% of the population are internet users
actively engaging with social media platforms, this widespread
use facilitates the diffusion of oral health misconceptions,
leading users to accept inaccurate information and challenge
health care professionals [25]. The challenge lies in the sheer
quantity and variable quality of information available on social
media platforms, which could lead to negative oral health
outcomes if one misconception keeps spreading. For example,
widespread beliefs about ineffective home remedies and
misconceptions about neglecting primary teeth, dental treatment,
and oral care during pregnancy continue to be prevalent among
people in Saudi Arabia [26-28]. These misconceptions lead to
public health implications, as untreated oral health issues can
exacerbate systemic health conditions and increase health care
costs [29]. To our knowledge, no previous study has specifically
explored the context of oral health misconceptions on social
media within this population, highlighting the need for this
study.

This study aims to describe the patterns of social media use and
to estimate the prevalence of oral health–related misconceptions
among adults in Saudi Arabia. Additionally, the study aims to
explore how social media engagement influences oral health
misconceptions, with results stratified by sex to explore potential
differences.

Methods

Study Design
This study is a cross-sectional survey. We collected the data
over a 10-week period from September 9, 2024, to November
17, 2024, using an Arabic-language questionnaire developed
on SurveyMonkey (SurveyMonkey Inc) among adults aged 15
years and older residing in Saudi Arabia. The questionnaire was
initially developed in English and translated into Arabic to suit
the target population. The questionnaire link was distributed
through targeted web-based advertisements on the most popular
social media platforms in Saudi Arabia [6], including Instagram,
X (Twitter), Snapchat, and TikTok. Participants clicking on the
advertisements were redirected to a dedicated web page
containing a detailed study description and consent form,
followed by the questionnaire. At the start of the survey, an
introductory statement provided information on the study
objectives, assured confidentiality, and included the researcher’s
contact information. We obtained the consent via an “Agree”
button, which participants clicked to access the survey.
Participants were informed that the survey would take
approximately five minutes to complete. They were assured
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that participation is entirely voluntary, with the option to skip
questions or withdraw at any time.

Sample Recruitment
The study was conducted in a digital setting with an open survey
accessible to anyone who clicked on the advertisements, using
widely used social media platforms in Saudi Arabia (Instagram,
X [Twitter], Snapchat, and TikTok) for recruitment. These
platforms were chosen due to their high penetration rates and
active use in Saudi Arabia [6], ensuring ease of access and
effective targeting through their advertising systems. We
designed the social media–targeted advertisements to be
culturally appropriate and visually engaging, highlighting the
voluntary nature of participation and the study’s focus on oral
health–related information. The study used a simple random
sampling approach facilitated by the advertisement algorithms.
These algorithms were used to define the target group—adults
aged 15 years and older residing in Saudi Arabia—ensuring
that all individuals within this demographic had an equal chance
of seeing the advertisement. According to 2022 population data
from the General Authority of Statistics (GASTAT) [30] and
2023 internet penetration figures from the Communications,
Space, and Technology Commission [6], the target population
was estimated at 24,045,450 individuals, representing 99% of
the total population in Saudi Arabia who are internet users
within the targeted age group. This recruitment strategy aimed
to: ensure representation of the population of interest by using
an algorithm without prespecified interests, thereby targeting
all individuals within the defined demographic; and maximize
geographical diversity by specifying the algorithm to reach
individuals residing in Saudi Arabia.

However, it is important to acknowledge that participation was
voluntary, introducing self-selection bias that may affect the
sample’s generalizability. Despite this, the approach was a
practical and effective method for recruiting a large, diverse
population.

Effectiveness of the Selected Social Media Platforms
To effectively reach a broad and diverse sample, we launched
advertisement campaigns across Instagram, X (Twitter),
Snapchat, and TikTok. User interactions were monitored
throughout the campaigns to evaluate reach and sample
representativeness. Snapchat and TikTok provided us with
strategic support to optimize campaign strategies. Snapchat
emphasized targeting mechanisms such as predefined and
custom audiences, advanced demographics, and accurate
algorithmic delivery, which enhanced the ability to reach users
based on demographics, location, and language. TikTok
highlighted its robust targeting tools, including lookalike or
custom audiences, ensuring advertisements were delivered to
relevant users while monitoring user interactions like
click-through and conversion rates. Although Instagram and X
(Twitter) did not provide direct support, their platforms offered
advanced targeting capabilities via Ads Manager tools. These
tools allowed for audience segmentation by age, location, and
sex, enabling effective recruitment across diverse demographics.

Sample Size
To estimate the prevalence of oral health–related
misconceptions, with a 5% margin of error and a 95% CI, a
sample size of 384 participants was required (assuming a 50%
prevalence to maximize sample size requirements). Anticipating
a low participation rate typical of web-based surveys, we
assumed a 2% participation rate, leading us to target the reach
of approximately 19,200 users in our advertisement campaigns
across all platforms to ensure the required sample size. Reach
refers to the estimated number of users who would see the
advertisement, with metrics from Instagram, X (Twitter),
Snapchat, and TikTok helping us track both views and link
clicks.

Selection Criteria
We included both male and female participants aged 15 years
and older residing in Saudi Arabia and those who provided
informed consent to participate in the study. The age threshold
of 15 was selected based on the classification by the GASTAT
in Saudi Arabia, which classifies individuals aged 15 years and
older as adults for statistical and demographic purposes [31].
Additionally, adolescents in this age group are active users of
social media and are likely to be exposed to oral health
information digitally, making their inclusion essential to assess
the study objectives.

Questionnaire
We structured the questionnaire into five domains with a total
of 29 fixed items distributed across six screens designed to align
with the study’s objectives and draw on previously published
and validated cross-sectional studies. Face validity was
established through expert review by a panel of dental public
health specialists. Experts assessed the clarity, relevance, and
domain alignment of each item, as well as the overall
comprehensiveness of the questionnaire within the study’s
objectives. We implemented minor revisions to item wording
and categorization based on their feedback (Multimedia
Appendix 1). No adaptive questioning was used; all items
required mandatory responses prior to proceeding to subsequent
sections pages. Respondents could review and modify their
answers using the “Back” button.

The Patterns of Social Media Use
The first domain assessed participants’ use patterns and
preferred platforms with one item [6,32-35]. Participants were
asked to select their preferred social media platforms across the
popular platforms in Saudi Arabia, which included X (Twitter),
Snapchat, WhatsApp, Instagram, Facebook, TikTok, Telegram,
YouTube, Line, and LinkedIn [6]. Responses were categorized
as “more than once a day,” “once a day,” “2-3 times a week,”
“4-6 times a week,” “once per week” or “once per month,” and
“I don’t use this platform.”

Engagement With Oral Health Information
The second domain, containing 6 items, focused on the
engagement with oral health information obtained from social
media [6,32,33,36,37]. Participants were asked binary (yes or
no) questions, including whether they “use social media to
search for oral health information,” “ever received oral health
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info from nondental professionals on social media,” “following
dental-specific accounts on social media,” “trust in oral health
information from social media,” and “influence their trust by
social media profile content.” Perception of social media as a
good source for oral health information was assessed with
response options: “yes,” “sometimes,” and “no.” We
dichotomize it to combine “yes” and “sometimes” into a single
category representing participants who perceived social media
as a good source of oral health information.

Self-Reported Oral Health
To capture self-reported oral health, we included a single item
in the third domain using the Global Self-Ratings of Oral Health
question for participants to rate their own oral health status on
a 3-point Likert scale as “good,” “average,” and “poor.” [38].
For analysis, self-reported poor oral health was defined as
participants selecting “poor,” while better oral health perceptions
included those reporting “good” oral health. Participants who
neither rated their oral health as good nor poor, reflecting a
moderate perception of their oral health, included those reporting
“average” status.

Oral Health–Related Misconceptions
The fourth domain presented 14 statements on common oral
health misconceptions in Saudi Arabia, derived from literature
[27,28], with response options of “agree,” “disagree,” and “don’t
know.” We combined responses of “disagree” and “don’t know”
into a single category representing participants who do not
believe in the misconceptions. The category “agree” includes
those who do agree with these misconceptions.

Sociodemographic Factors
In the fifth domain, we collected sociodemographic information
across seven items: age, which was categorized into five groups:
15-24, 25-34, 35-44, 45-54, and 55+ years; sex; education,
which was classified into “high school or less,” “associate or
intermediate diploma,” “bachelor’s degree,” and “master’s or
PhD”; occupation, which was grouped into “student,”
“governmental worker,” “private worker,” and “unemployed”;
marital status, “single,” “married,” or “other”; region of
residence, included the 13 administrative regions of Saudi
Arabia: “Riyadh,” “Makkah,” “Madinah,” “Qassim,” “Eastern
Region,” “Asir Region,” “Tabuk,” “Hail,” “Northern Region,”
“Jazan,” “Najran,” “Al-Baha,” and “Al-Jawf”; and nationality,
“Saudi” and “Non-Saudi” within Saudi Arabia. Age and region
categories were based on distributions from the GASTAT
[30,39], and education levels followed the National
Qualifications Framework 2023 [40].

Pilot
In a preliminary phase of the study, we conducted a pilot to
confirm the validity and relevance of this study prior to full
implementation. We targeted a sample group representing 10%
of the total study sample size, with 10 participants recruited
from each of the four social media platforms, which are
Instagram, X (Twitter), Snapchat, and TikTok, resulting in a
total of 40 participants. Participants responded positively to the
questionnaire, navigating it without difficulty. Based on
feedback, we made two key adjustments to improve the survey.
First, we added a “sometimes” response option to the question

in the second domain, “Do you think social media is a good
source for obtaining oral health information?” to provide a wider
range of responses. Second, we simplified certain Arabic terms
in the misconception domain to make the statements clear to
participants. This pilot phase was conducted from June 17, 2024,
to September 2, 2024. Participants involved in this pilot were
not included in the final study sample.

Statistical Analysis
Counts and percentages were reported to describe participants’
sociodemographic characteristics, their engagement with oral
health information, and their self-reported oral health. We used
the chi-square test to examine potential associations between
the 3 domains and sex, identifying statistically significant
relationships where applicable.

For the multivariable analysis, the independent variables
included engagement with the oral health information domain
(the manner of participants’engagement with oral health–related
information in social media measured via the six binary items,
each item entered as a separate exposure in the model) and
self-reported oral health (participants’ subjective evaluation of
their oral health status measured via 3-point Likert scale). The
dependent variables were defined as:

• Presence of oral health misconceptions (binary): had at least
one misconception based on the 14 statements on oral health
misconceptions.

• Number of oral health misconceptions (count): the total
number of misconceptions identified per participant.

To assess these relationships, we used logistic regression models
to present both crude (odds ratio) and adjusted odds ratio (AOR),
with respective 95% CI, to examine engagement with oral health
information and self-reported oral health (exposure variables)
with the presence of any oral health misconceptions among
social media users (outcome). Logistic regression was selected
due to its appropriateness for modeling binary outcomes,
allowing us to examine the likelihood of participants holding
at least one misconception. Poisson regression is used to report
the mean ratio and adjusted mean ratio (AMR) of oral health
misconceptions (outcome) by the engagement with oral health
information and self-reported oral health (exposure variables).
Poisson regression was chosen because it is suitable for
modeling count data, particularly when the outcome variable
represents a frequency count of misconceptions per participant.
We confirmed the appropriateness of the Poisson model by
assessing equidispersion using the Pearson chi-square statistic,
which indicated no overdispersion. Sex, education (as a measure
of socioeconomic status), and nationality were selected and
adjusted as potential confounders based on their theoretical
relevance [41] and observed associations with both the exposure
and the outcome in exploratory analyses.

A sensitivity analysis was performed for both regression models
to assess the potential impact on the results if the response “don’t
know” was reclassified as “agree” in the 14 statements
addressing oral health misconceptions. We reclassified “don’t
know” responses based on the assumption that these individuals
might be more susceptible to misconceptions due to a lack of
knowledge or confidence. This provided a more conservative,
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robust estimate of misconception prevalence, allowing us to
examine the influence of uncertainty on our findings across
different analyses. A 2-tailed α level of .05 was used to test
relationships in both directions, and all statistical analyses were
conducted using Stata/BE (version 17.0; StataCorp).

Ethical Considerations
This study was conducted in compliance with the ethical
standards set by the institutional review board of King Saud
University. Research ethical approval was obtained, and the
study was registered with the Institutional Review Board from
the Committee of Human and Social Research Ethics, King
Saud University (registration KSU-HE-23848). Participants
were informed about the study objectives, procedures, and their
rights before participating in the survey. Informed consent was
obtained electronically via a mandatory “Agree” button at the
start of the questionnaire. Only individuals who provided
consent were able to proceed with the survey. The survey
content was specifically designed to be low-risk without
including sensitive or intrusive questions. Data were collected
anonymously, with no personally identifiable information linked
to the responses. The platform (SurveyMonkey) complied with
strict data security and privacy protocols to ensure the protection
of participants’ responses. IP addresses were monitored to
identify duplicate entries within a 24-hour period and then
omitted before analysis. Participation was voluntary, and no
monetary or material compensation was provided to participants
in this study. This study did not involve the use of images or
media containing identifiable participants.

Results

Campaign Reach and Interaction Across Social Media
Platforms
Using targeted social media campaigns across Instagram, X
(Twitter), TikTok, and Snapchat, we observed notable

differences in reach and interaction across platforms. TikTok
achieved the highest reach (836,477) and link clicks (67,678)
during its 30-day campaign, followed by Instagram, which
reached (53,341) users and generated (1007) link clicks over
60 days. X (Twitter) and Snapchat had comparatively lower
interactions. Across all platform advertisements, the overall
view rate was 6.6%, and the participation rate was 0.7%.

Sociodemographic Characteristics
Out of 640 individuals who initially responded to the
questionnaire, 387 (76%) individuals completed it fully; the
remaining (n=253) either provided incomplete responses or
exited the survey after clicking “disagree” to participate in the
questionnaire. These partial responses were excluded from the
analysis to ensure data completeness.

The final sample size consisted of 248 (64%) female and 139
(35.9%) male participants (Table 1). The largest age group was
15-24 years (n=221, 57.1%), followed by 25-34 years (n=77,
19.9%). Most participants held a bachelor’s degree (n=184,
47.5%) or a high school diploma or less (n=138, 35.6%).
Regarding occupation, more than half of the participants were
students (n=199, 51.4%), while 97 (25%) participants were
unemployed. In terms of marital status, 299 (77.2%) of
participants were single, while 82 (21.1%) of participants were
married. Saudi participants accounted for 72.3% (n=280) of the
sample, and most participants resided in Riyadh (n=258, 66.6%).
Significant sex-based differences were observed in occupation
(P<.001) and marital status (P=.02), with male participants more
likely to be employed and married compared to female
participants, who were predominantly unemployed and single
(Table 1).
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Table 1. Sociodemographic characteristics and regional distribution among adults aged 15 years and older residing in Saudi Arabia (n=387), described

by sexa.

P valueFemale (n=248, 64%),
n (%)

Male (n=139, 35.9%),
n (%)

Overall (n=387, 100%),
n (%)

Sociodemographic characteristics

.35Age (in years)

143 (64.7)78 (35.2)221 (57.1)15-24

55 (71.4)22 (28.5)77 (19.9)25-34

26 (57.7)19 (42.2)45 (11.6)35-44

20 (55.5)16 (44.4)36 (9.3)45-54

4 (50)4 (50)8 (2)55+

.23Education

89 (64.4)49 (35.5)138 (35.6)High school or less

24 (61.5)15 (38.4)39 (10)Associate—intermediate diploma

123 (66.8)61 (33.1)184 (47.5)Bachelor’s degree

12 (46.1)14 (53.8)26 (6.7)Master’s degree—PhD

<.001Occupation

130 (65.3)69 (34.6)199 (51.4)Student

19 (44.1)24 (55.8)43 (11.1)Governmental worker

20 (41.6)28 (58.3)48 (12.4)Private worker

79 (81.4)18 (18.5)97 (25)Unemployed

.02Marital status

201 (67.2)98 (32.7)299 (77.2)Single

42 (51.2)40 (48.7)82 (21.1)Married

5 (83.3)1 (16.6)6 (1.5)Other

.92Nationality

179 (63.9)101 (36)280 (72.3)Saudi

69 (64.4)38 (35.5)107 (27.6)Non-Saudi

.19Region of residence

174 (67.4)84 (32.5)258 (66.6)Riyadh

24 (53.3)21 (46.6)45 (11.6)Makkah

6 (46.1)7 (53.8)13 (3.3)Madinah

9 (81.8)2 (18.1)11 (2.8)Qassim

24 (53.3)21 (46.6)45 (11.6)Eastern Region

4 (80)1 (20)5 (1.2)Asir Region

1 (100)0 (0)1 (0.2)Tabuk

2 (100)0 (0)2 (0.5)Hail

1 (100)0 (0)1 (0.2)Northern Region

2 (66.6)1 (33.3)3 (0.7)Jazan

0 (0)1 (100)1 (0.2)Najran

0 (0)1 (100)1 (0.2)Al-Baha

1 (100)0 (0)1 (0.2)Al-Jawf

aData were collected in a cross-sectional survey on oral health misconceptions conducted from September to November 2024.
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Engagement With Oral Health Information and
Self-Reported Oral Health
Female participants were significantly more likely than male
participants to use social media for oral health information
(n=156, 68.7% compared to n=71, 31.2%; P=.02) and follow

dental-specific accounts (n=126, 72% compared to n=49, 28%;
P=.003; Table 2). For self-reported oral health, female
participants were significantly more likely to rate their oral
health as good (n=98, 73.1%) or average (n=125, 60.1%), while
poor oral health was significantly slightly more common among
male participants (n=20, 44.4%; P=.02).

Table 2. Engagement with oral health information and self-reported oral health described by sex among adults aged 15 years and older residing in

Saudi Arabia (n=387)a.

P valueFemale (n=248, 64%),
n (%)

Male (n=139, 35.9%),
n (%)

Overall (n=387, 100%),
n (%)

Characteristics

Engagement with oral health information

.02156 (68.7)71 (31.2)227 (58.6)Use of social media to search for oral health infor-
mation

.73149 (63.4)86 (36.6)235 (60.7)Ever received oral health information from nonden-
tal professionals on social media

.003126 (72)49 (28)175 (45.2)Following dental-specific accounts on social media

.11117 (68.4)54 (31.5)171 (44.1)Trust in oral health information from social media

.77184 (63.6)105 (36.3)289 (74.6)Social media profile content influence on trust in
oral health information

.82223 (63.9)126 (36.1)349 (90.1)Perception of social media as a good source for oral
health information

.02Self-reported oral health

98 (73.1)36 (26.8)134 (34.6)Good

125 (60.1)83 (39.9)208 (53.7)Average

25 (55.5)20 (44.4)45 (11.6)Poor

aData were collected in a cross-sectional survey on oral health misconceptions conducted from September to November 2024.

Patterns of Social Media Use
The patterns of social media use are summarized in Table 3. Of
the total sample, the most frequently used platform on a daily
basis was WhatsApp (n=344, 89.8%), followed by Instagram
(n=304, 78.9%), Snapchat (n=239, 62%), and YouTube (n=196,

50.7%). The majority of our sample reported not using Line
(n=374, 97.1%), Facebook (n=295, 76.4%), and LinkedIn
(n=271, 70%). Telegram had a proportion of weekly users
(n=134, 35.1%), while TikTok showed mixed use with 49.7%
(n=192) reporting daily use and 31% (n=120) reporting no use.
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Table 3. The patterns of social media use among adults aged 15 years and older residing in Saudi Arabia described by daily, weekly, monthly, and no

use of commonly used platforms in Saudi Arabiaa.

No usee, n (%)Monthly used, n (%)Weekly usec, n (%)Daily useb, n (%)Social media platforms

69 (17.9)37 (9.6)98 (25.5)180 (46.8)X (Twitter)

86 (22.3)11 (2.8)49 (12.7)239 (62)Snapchat

5 (1.3)2 (0.5)32 (8.3)344 (89.8)WhatsApp

20 (5.1)9 (2.3)52 (13.5)304 (78.9)Instagram

120 (31)13 (3.3)61 (15.8)192 (49.7)TikTok

295 (76.4)30 (7.7)29 (7.5)32 (8.2)Facebook

50 (13.1)51 (13.3)134 (35.1)146 (38.3)Telegram

14 (3.6)21 (5.4)155 (40.1)196 (50.7)YouTube

374 (97.1)2 (0.5)5 (1.3)4 (1)Line

271 (70.2)42 (10.8)47 (12.1)26 (6.7)LinkedIn

aData were collected in a cross-sectional survey on oral health misconceptions conducted from September to November 2024.
bDaily use: users who use the platform once a day or more than once a day.
cWeekly use: users who use the platform once a week, 2-3 times a week, or 4-6 times a week. dMonthly use: users who use the platform once a month.
eNo use: users who are not using the platform.

Oral Health Misconceptions
Table 4 highlights the prevalence of oral health misconceptions
among participants. Overall, 96.9% (n=375) of participants
reported having at least one or more of the identified
misconceptions. When stratified by sex, 93.5% (n=130) of male
and 98.8% (n=245) of female participants were found to hold
at least one or more misconceptions. Common misconceptions
included “During pregnancy, the baby absorbs calcium from

the mother’s teeth and bones” (n=337, 87%) and “Pregnant
women should only undergo dental treatment after childbirth”
(n=245, 63.3%). Additionally, 59.9% (n=232) of participants
believed that “You should not eat anything when going for tooth
extraction.” Sex-based differences were observed for the
misconception that “Using a hard-bristled toothbrush makes
teeth whiter,” with male participants more likely to agree (n=38,
57.5%) than female participants (n=28, 43.4%; Table 4).

JMIR Form Res 2025 | vol. 9 | e70071 | p.1917https://formative.jmir.org/2025/1/e70071
(page number not for citation purposes)

BinHamdan et alJMIR FORMATIVE RESEARCH

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


Table 4. The proportion of responses to common oral health misconceptions among adults aged 15 years and older residing in Saudi Arabia, described

by sexa.

Female, n (%)Male, n (%)Overall, n (%)Oral health misconceptions

229 (67.9)108 (32)337 (87)During pregnancy, the baby absorbs calcium from the mother’s teeth and
bones

156 (63.6)89 (36.3)245 (63.3)Pregnant women should only undergo dental treatment after childbirth

142 (61.2)90 (38.7)232 (59.9)You should not eat anything when going for tooth extraction

144 (64.2)80 (35.7)224 (57.8)Scaling weakens the structure of the teeth

152 (69.7)66 (30.2)218 (56.3)Upper teeth extraction affects the brain

120 (65.5)63 (34.4)183 (47.2)Brushing with salt helps whiten teeth

88 (56)69 (43.9)157 (40.5)It is better not to brush your teeth when you have bleeding gums

87 (59.5)59 (40.4)146 (37.7)Extracted teeth do not need to be replaced with artificial teeth

87 (63.5)50 (36.6)137 (35.4)Taking antibiotics will relieve the tooth pain

79 (60.7)51 (39.2)130 (33.5)If there is no tooth pain, there is no need to visit the dentist

61 (53.5)53 (46.4)114 (29.4)Leaving a milk bottle in the baby’s mouth during sleep does not harm
teeth

51 (62.2)31 (37.8)82 (21.1)The appearance of wisdom teeth increases one’s wisdom

28 (43.4)38 (57.5)66 (17)Using a hard-bristled toothbrush makes teeth whiter

26 (40.6)38 (59.3)64 (16.5)There is no need to care for primary teeth, as they will be replaced by
permanent teeth anyway

245 (98.79)130 (93.53)375 (96.90)Having at least one or more of the above-mentioned misconceptions

aData were collected in a cross-sectional survey on oral health misconceptions conducted from September to November 2024.

Association Between Engagement With Oral Health
Information and Self-Reported Oral Health With Oral
Health Misconceptions
Logistic and Poisson regression analyses (Table 5) revealed
significant associations between following dental-specific
accounts on social media with lower odds of having any
misconceptions (AOR 0.41, 95% CI 0.22-0.78) and a lower
count of misconceptions (AMR 0.87, 95% CI 0.77-0.98). Trust
in social media for oral health information was significantly
associated with a higher count of misconceptions (AMR 1.16,

95% CI 1.02-1.31). Self-reported oral health showed that
participants with poor oral health had a higher count of
misconceptions (AMR 1.23, 95% CI 0.99-1.50), although the
association was not statistically significant. After conducting
the sensitivity analysis by combining “I don’t know” with
“agree” as a single variable, there was no difference in most of
the observations, except that participants who perceived social
media as a good source of oral health information had a
statistically significant higher count of misconceptions (AMR
1.18, 95% CI 1.02-1.37). This reclassification suggests that
uncertainty about oral health information may reflect
susceptibility to misconception.
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Table 5. Logistic and Poisson regression models of the association between engagement with oral health information and self-reported oral health with

the presence and count of oral health misconceptions among adults aged 15 years and older residing in Saudi Arabiaa.

Number of misconceptionsAny misconceptionsCharacteristics

Adjusted MR (95% CI)Crude MRc (95% CI)Adjusted OR (95% CI)Crude ORb (95% CI)

Engagement with oral health information

Use of social media to search for oral health information

referencereferencereferencereferenceNo

1.12 (0.99-1.28)1.12 (0.99-1.28)1.07 (0.59-1.97)1.20 (0.67-2.16)Yes

Ever received oral health info from nondental professionals on social media

referencereferencereferencereferenceNo

1.00 (0.89-1.14)1.01 (0.89-1.15)1.33 (0.73-2.44)1.33 (0.74-2.39)Yes

Following dental-specific accounts on social media

referencereferencereferencereferenceNo

0.87 (0.77-0.98)d0.85 (0.76-0.97)d0.41 (0.22-0.78)d0.49 (0.27-0.89)dYes

Trust in oral health information from social media

referencereferencereferencereferenceNo

1.16 (1.02-1.31)d1.16 (1.02-1.31)d1.68 (0.89-3.17)1.81 (0.98-3.35)Yes

Social media profile content influence on trust in oral health information

referencereferencereferencereferenceNo

1.12 (0.97-1.30)1.10 (0.95-1.28)1.73 (0.89-3.35)1.47 (0.79-2.77)Yes

Perception of social media as a good source for oral health information

referencereferencereferencereferenceNo

1.20, (0.96-1.50)1.21 (0.97-1.51)0.93 (0.34-2.58)0.95 (0.35-2.55)Yes

Self-reported oral health

referencereferencereferencereferenceGood

1.14 (0.99-1.31)1.17 (1.01-1.34)1.33 (0.70-2.53)1.31 (0.71-2.42)Average

1.23 (0.99-1.50)1.26 (1.03-1.54)2.11 (0.66-6.76)2.01 (0.65-6.19)Poor

aData were collected in a cross-sectional survey on oral health misconceptions conducted from September to November 2024.
bOR: odds ratio.
cMR: mean ratio. Adjusted for sex, education, and nationality.
dIndicates statistical significance (P<.05).

Discussion

Main Findings
This study investigated the patterns of social media use and the
prevalence of oral health misconceptions among Saudi adults,
focusing on the relationship between engagement with oral
health information on social media and self-reported oral health
with oral health misconceptions. The study highlighted
significant associations between following dental-specific
accounts and lower oral health–related misconceptions, while
higher trust in social media information was associated with a
higher count of oral health–related misconceptions. Additionally,
self-reported poor oral health was associated with higher counts
of oral health–related misconceptions.

A significant portion of our sample consisted of students and
women. The high proportion of students in our sample reflects

that students are known to be highly active on social media and
rely on these platforms for information seeking, including
health-related information. This aligns with findings from a
scoping review indicating that social media plays a dominant
role in health education in Saudi Arabia and that younger
individuals and women frequently seek medical and
health-related advice through digital platforms [42].

The results of our targeted social media campaigns reveal
distinct differences in audience reach and interaction across
various platforms. TikTok, in particular, demonstrated a
significant advantage in terms of reach. This aligns with
previous studies that highlight TikTok’s rapid rise as a dominant
platform for user interaction, especially among younger
audiences [43,44]. Instagram, known for its visual-centric
content, also proved effective in reaching a wide audience and
generating meaningful interactions in this study. Instagram has
been shown to be effective for health communication because
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of its ability to attract users through images, videos, and
infographics, which enhance user interaction and retention [45].
In contrast, X (Twitter) and Snapchat showed lower interaction
rates, which can be explained by their platform-specific
characteristics. In contrast, both X (Twitter), with its focus on
quick updates and real-time communication, and Snapchat, with
its temporary content format appealing to younger users seeking
informal and immediate interactions, limit their potential for
sustained and broad interaction [46].

TikTok’s effectiveness in disseminating health information can
be attributed to its short-form video format, which caters to
modern users’ preference for quick, easily digestible content
[47]. This format has not only captured the attention of younger
audiences but also influenced other social media platforms to
adopt similar features. The platform’s popularity among younger
demographics further enhances its role in health communication,
as it serves as a primary source of information for this age group.
Moreover, TikTok’s participatory features, such as duets and
challenges, encourage user participation and the viral spread of
health-related content [48].

Our methodology assumed that using social media advertisement
campaigns would effectively reach our target population, with
advertisement reach aligning with the demographic distribution
in Saudi Arabia, where men represent a larger proportion
(61.2%) [49]. The term “ad recipient” refers specifically to
individuals who were exposed to the advertisement (ie, saw the
advertisement) without necessarily engaging with it by clicking.
Men comprised the majority of advertisement recipients across
all platforms: Snapchat (n=28,235, 56%), TikTok (n=625,665,
74.32%), Instagram (n=24,625, 57.2%), and X (Twitter;
n=107,116, 61%), similar to the male demographic distribution
in Saudi Arabia [49]. However, despite greater advertisement
exposure among men, women represented the majority of
questionnaire respondents. This difference in interaction may
be explained by behavioral differences, as previous studies have
found that women are more likely to interact with health-related
advertisements and content on social media than men [50-52].
This trend may be driven by greater health awareness among
women, a higher likelihood of managing family health matters,
and cultural norms that encourage women to be more involved
in health-related decision-making [53,54].

This study identified several common oral health–related
misconceptions. The most prevalent misconceptions include
the belief that pregnant women lose calcium during pregnancy,
dental procedures should be postponed during pregnancy, eating
before dental extractions is harmful, and scaling weakens tooth
structure. These findings are consistent with earlier studies
conducted in Saudi Arabia, which also documented widespread
myths about oral health [26-28].

Many of these oral health misconceptions can negatively impact
oral health by discouraging preventive behaviors and delaying
necessary treatment. For example, myths about pregnancy and
oral health, such as the belief that “Pregnancy causes calcium
loss in teeth” or that “Dental treatment should be avoided during
pregnancy,” may lead to untreated dental issues, increasing the
risk of adverse pregnancy outcomes like preterm birth and low
birth weight [55]. Similarly, misconceptions about primary teeth

being unimportant contribute to early childhood caries, which
affects children’s overall well-being and increases the likelihood
of future dental problems [56]. Additionally, beliefs in
ineffective home remedies, such as using salt for whitening or
avoiding professional scaling, can lead to poor oral hygiene and
a higher risk of periodontal disease [57,58]. Based on these
observations, addressing these common oral health–related
misconceptions through targeted public health campaigns and
education is essential. Engaging the community to participate
in the educational content, primarily through social media
platforms, would be an active way of enhancing people’s
awareness.

The high prevalence of misconceptions underscores the
challenges in addressing oral health information in the digital
age. While social media platforms provide an avenue for
disseminating information, their effectiveness depends on the
quality and credibility of the content shared.

This study observed associations between trust in social media
for oral health information and higher misconceptions are
consistent with broader concerns about the role of social media
in propagating misconceptions in health communication [59].
The user-driven nature of social media echo chambers, combined
with algorithm-driven content personalization, can reinforce
existing beliefs, making users more susceptible to content that
aligns with their biases and less likely to evaluate or seek out
alternative perspectives critically. Social media algorithms on
platforms such as TikTok, Instagram, and Facebook select
content based on users’ past interactions, prioritizing posts that
align with their preference history. As a result, users who have
previously interacted with nonevidence-based health claims are
more likely to be exposed to similar misconceptions [60,61].
Conversely, the protective effect of following dental-specific
accounts aligns with prior studies that emphasize the importance
of verified content from credible sources in mitigating health
misconceptions [62-65]. On social media, accounts maintained
by professionals or organizations with expertise in a given field
act as anchors of credibility, reducing the likelihood that users
will engage with inaccurate information [59].

Strengths and Limitations of the Study
Our research specifically investigates oral health–related
misconceptions in Saudi Arabia, an area understudied despite
social media’s growing influence in shaping health beliefs. This
study’s multiplatform social media approach enabled a
comprehensive analysis of social media’s role in oral health
information. The use of targeted advertisements across multiple
platforms, including Snapchat, TikTok, Instagram, and X
(Twitter), allowed for the random selection of participants,
enhancing the representativeness of the sample. We provided
robust insights into the associations between engagement
behaviors and self-reported oral health with oral health
misconceptions by using advanced statistical modeling,
including logistic and Poisson regression analyses. However,
the cross-sectional design limits the ability to establish temporal
relationships between the variables. Moreover, the reliance on
self-reported data introduces potential response and recall biases,
as participants may have overstated their engagement with oral
health information or underreported misconceptions due to
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social desirability. Additionally, recall bias could have affected
their ability to recall their pattern of social media use accurately.
Furthermore, while we adjusted for key confounders,
unmeasured variables may have influenced both the exposures
and outcomes, potentially affecting the observed associations.

Implication of the Study
Our findings align with previous research that highlights social
media’s role as a valuable channel for disseminating health
information and as a potential source of misconceptions [19,66].
Therefore, the highly used platforms like WhatsApp, Instagram,
Snapchat, and YouTube, as observed in this study, highlight
their potential as valuable tools for web-based dental public
health campaigns in Saudi Arabia. These platforms are widely
used daily, reflecting their integration into the community’s
digital habits and their capacity to reach broad and diverse
audiences. To address oral health–related misconceptions, health
authorities, dental professionals, and regulatory bodies should
consider the following:

• Developing social media–targeted campaigns that
collaborate with credible, well-followed dental professional
creators to disseminate accurate and engaging oral health
information. This can include posting participatory videos,
photos, and Q and A sessions to address common oral
health–related misconceptions identified in our findings.
Use social media features tailored to user interaction—such
as TikTok’s targeting for reaching young adults, Instagram
Reels for quick educational content, Snapchat Stories for
oral health tips, and X (Twitter) threads to counter oral
health–related misconceptions.

• Establishing Saudi health authorities verified social media
pages that consistently share reliable oral health
information, combat misconceptions, and engage with users.
These dental-specific accounts should interact with trending
dental topics to redirect audiences toward credible sources.

• Legalizing and monitoring both oral health–related
advertisements and information in social media from Saudi
regulatory bodies would help protect public health and
ensure that individuals receive evidence-based information
in social media. For example, the European Union’s Digital
Services Act mandates that web-based platforms prevent
the spread of misinformation, including health-related

content, by enforcing fact-checking measures and
transparency requirements for web-based advertisements
[67].

While this study provides valuable insights, future research is
needed to investigate how different content formats (eg, videos,
photos, and participatory posts) and features (eg, likes,
comments, and shares) influence the dissemination and retention
of oral health information on social media. Experimental studies
can assess which formats are most effective in improving
knowledge and correcting oral health–related misconceptions,
while longitudinal research can explore how repeated exposure
to accurate content impacts behavioral change over time.

Conclusions
The study underscores the role of social media in shaping oral
health perceptions among adults in Saudi Arabia. Engagement
with dental-specific accounts was associated with fewer
misconceptions, while trust in oral health information in social
media was associated with higher misconceptions. Platforms
like WhatsApp, Instagram, TikTok, and Snapchat are widely
used in Saudi Arabia and offer the potential for targeted dental
public health campaigns. Strategic collaborations with credible
dental professional creators to disseminate accurate and
engaging oral health information. Creating Instagram reels for
quick educational content or using TikTok’s targeting features
could enhance information retention and user interaction.
Although this study focuses on Saudi Arabia, its findings have
broader relevance, particularly in regions with high social media
penetration and similar digital health-seeking behaviors, such
as the Gulf countries. From a policy perspective, legalizing and
monitoring oral health–related advertisements and information
in social media should be implemented by regulatory bodies to
protect public health.

Future research should build on these findings to investigate
the effectiveness of varying social media platforms’ content
formats and features in improving oral health knowledge and
correcting misconceptions through experimental studies.
Longitudinal research should also explore the long-term impact
of repeated exposure to accurate information on behavioral
change. These insights provide a basis for stakeholders to
formulate evidence-based, innovative strategies to improve
public health in the context of the digital age.
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Abstract

Background: Mobile Integrated Care for Childhood Obesity is a multicomponent intervention for caregivers of young children
with obesity from rural communities that was developed in collaboration with community, parent, and health care partners. It
includes community programming to promote healthy lifestyles and address social needs and health care visits with an
interdisciplinary team. A digital mobile health platform—the Healthy Lifestyle (Nemours Children’s Health) dashboard—was
designed as a self-management tool for caregivers to use as part of Mobile Integrated Care for Childhood Obesity.

Objective: This study aimed to improve the usability of the English and Spanish language versions of the Healthy Lifestyle
dashboard.

Methods: During a 3-phased approach, usability testing was conducted with a diverse group of parents. In total, 7 mothers of
children with obesity from rural communities (average age 39, SD 4.9 years; 4 Spanish-speaking and 3 English-speaking) provided
feedback on a prototype of the dashboard. Participants verbalized their thoughts while using the prototype to complete 4 tasks.
Preferences on the dashboard icon and resource page layout were also collected. Testing was done until feedback reached saturation
and no additional substantive changes were suggested. Qualitative and quantitative data regarding usability, acceptability, and
understandability were analyzed.

Results: The dashboard was noted to be acceptable by 100% (N=7) of the participants. Overall, participants found the dashboard
easy to navigate and found the resources, notifications, and ability to communicate with the health care team to be especially
helpful. However, all (N=4) of the Spanish-speaking participants identified challenges related to numeracy (eg, difficulty
interpreting the growth chart) and literacy (eg, features not fully available in Spanish), which informed iterative refinements to
make the dashboard clearer and more literacy-sensitive. All 7 participants (100%) selected the same dashboard icon and 71%
(5/7) preferred the final resource page layout.

Conclusions: Conducting usability testing with key demographic populations, especially Spanish-speaking populations, was
important to developing a mobile health intervention that is user-friendly, culturally relevant, and literacy-sensitive.

(JMIR Form Res 2025;9:e60495)   doi:10.2196/60495
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Introduction

Childhood obesity persists as a significant public health concern
in the United States [1,2]. Notably, 1 in every 5 children in the
United States lives with obesity. Obesity in childhood is linked
to increased risks of comorbid and future health conditions such
as diabetes, cardiovascular diseases, cancer, and psychosocial
concerns, leading to increased health care costs and utilization
[1,3]. This is especially the case for children from communities
of color, communities with fewer resources, and rural
communities, who continue to have the highest rates of obesity
[2]. Challenges in affording and accessing nutritious food,
accessing safe spaces for physical activity, having transportation
to get to health care services, and managing family stressors are
a few of the many systemic barriers that perpetuate disparities
in childhood obesity [4,5]. While lifestyle behavior interventions
are first-line treatments for improving health behaviors and
obesity outcomes, most available interventions do not address
these systemic barriers and are often not effective when
implemented in the communities with the greatest need [6,7].
Thus, more studies are needed that consider the needs and
preferences of diverse patient families when designing an
intervention.

Digital interventions for the treatment of pediatric obesity can
increase the convenience and access to treatment through the
removal of common barriers such as financial, travel, and time
constraints [8,9]. A recent systematic review and meta-analysis
revealed that digital interventions for the treatment of pediatric
obesity have a significant yet small effect on BMI z scores [10].
Still, there are important limitations to digital interventions that
require consideration, especially regarding their uptake and
implementation. For one, digital interventions are subject to
high nonusage attrition such as low uptake and disengagement
[11,12]. Although some digital interventions for the treatment
of pediatric obesity have included diverse samples in their
studies, there remain concerns about their cultural sensitivity
[10]. For example, most of these interventions do not include
content related to systemic barriers, social drivers of health, or

community resources [13]. Rurality or place of residence is also
not often reported or considered when implementing digital
interventions [14]. In addition, there is only 1 published study
of a digital intervention for pediatric obesity available in
Spanish, which is a major gap given the prevalence of Hispanic
or Latino children with overweight or obesity in the United
States [5,15,16]. Therefore, there is a need to incorporate
human-centered design principles into the design of digital
interventions, such as partnering with target users to enhance
the usability of these interventions. This way, digital intervention
designers can maximize engagement by building an intervention
that centers on the needs and preferences of its users. Key
principles of human-centered design include but are not limited
to the active involvement of users with lived experiences
relevant to the intervention in design activities as well as
iteratively refining and updating intervention features based on
user feedback [17].

Drawing on the advantages of using a digital intervention, a
digital mobile health (mHealth) platform was included as part
of a larger, multicomponent intervention called Mobile
Integrated Care for Childhood Obesity (MICCO). MICCO was
designed for caregivers of children with obesity from rural
communities (Figure 1). MICCO combines evidence-based
interdisciplinary obesity treatment, monthly community-based
programming for families to engage in physical activity and
have a healthy affordable meal together, and community health
worker outreach to address psychosocial needs and barriers to
achieving lifestyle goals. Importantly, MICCO was developed
with the input of a Council of Parent Partners, which included
6 parents of children with obesity from rural communities, and
a Council of Community Partners, which included 5 primary
care providers from clinics serving rural communities and 4
community organizations serving rural communities. These
Councils met routinely by videoconference throughout the
entirety of the study to provide valuable feedback on the
development and implementation of the MICCO intervention,
drawing on their knowledge about the needs of families of
children with obesity and resources in the community to support
families.

Figure 1. Mobile Integrated Care for Childhood Obesity (MICCO) care model, developed by a research team for families of young children with
obesity.
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As an additional component of MICCO, a custom Healthy
Lifestyle dashboard on a mobile app linked to the Nemours
Children’s Health electronic health record (EHR; Nemours App
[Nemours Children’s Health]) was built, with input from
interdisciplinary specialists from the Nemours Healthy Weight
and Wellness Clinic and Council of Community Partners and
in collaboration with app designers from the Nemours Center
for Health Delivery Innovation. Psychoeducational tools based
on social cognitive theory [18], behavior change techniques
[19], and the socioecological model of obesity [20] were
included on the dashboard, including a self-monitoring function
to track daily progress toward lifestyle goals formed during
treatment visits and culturally relevant videos to promote
positive parenting and healthy lifestyle behaviors. The video
resources, including 6 that were created specifically for the
MICCO intervention, provided content related to mood and
behavior, physical activity, and healthy eating; were available
in English and Spanish; and featured families and health care
providers of diverse backgrounds. Through the dashboard,
caregivers can also track their child’s weight using an integrated
Bluetooth scale, send messages to their health care team, and
connect to telehealth appointments. The dashboard also included
links to community programs (including healthy lifestyle and
social need resources) and monthly reminders about the monthly
community-based program. Since many of the patient families
with obesity served by Nemours Children’s Health are Hispanic
or Latino, the dashboard was developed in English and Spanish.
A parallel dashboard was created for health care providers to
access data entered by patient families about their goals and
weight progress to assist with clinical decision support.

User testing was conducted to test and refine the MICCO
Healthy Lifestyle dashboard to enhance the usability of the
intervention for families of diverse backgrounds. No hypotheses
were made a priori.

Methods

Overview
Parents of children with obesity living in rural communities
provided feedback on the usability of the Healthy Lifestyle
dashboard through Think Aloud testing. Think Aloud testing
is a research method applied to an iterative human-centered
design process to discover usability problems with a product,
incorporate feedback, revise the product, and retest to validate
the design. This evidence-based method for obtaining in vivo
feedback has been used in the development of digital health
interventions [21]. In a typical usability study, the most common
usability problems are uncovered after testing with 5 participants
[22].

Sample and Recruitment
Target users of the MICCO intervention are legal guardians of
children ages 4-12 years with obesity (BMI percentile ≥95)
receiving primary care from 1 of 3 Nemours Children’s Health
practices in Delaware serving rural communities. Rurality was
determined based on a score of 4 or greater on the US
Department of Agriculture 2010 Rural-Urban Commuting Area
Codes [23]. Therefore, we recruited participants matching these
characteristics for user testing. Legal guardians also had to be

able to read English or Spanish and have access to the internet.
A primary aim of the study was to incorporate diverse
perspectives in refining the Healthy Lifestyle dashboard;
therefore, purposeful sampling was used to recruit a diverse
group of parents including Spanish-speaking parents of Hispanic
or Latino ethnicity and English-speaking parents of Black and
White race. A list of potentially eligible participants was pulled
from the EHR of Nemours Children’s Health, which is a large
pediatric health care system with 12 primary care clinics in
Delaware. A total of 196 parents (63 Spanish-speaking and 133
English-speaking) from this EHR list received an SMS text
message informing them of the study. In total, 34 parents (15
Spanish-speaking and 19 English-speaking) responded to the
text. A research coordinator then followed up with a call to
discuss the study and procedures with each parent. Of these, 7
agreed to participate (4 Spanish-speaking and 3
English-speaking), 2 declined after hearing about the study, and
the remainder did not respond to any additional contact by the
study team. For those who agreed to participate, the research
coordinator scheduled a Think Aloud session. Consent was
collected at the time of the session before any data collection
(refer to Ethical Considerations for details regarding the consent
process).

Data Collection
Think Aloud testing was conducted via video calls through a
secure Zoom (Zoom Communications) platform, accessible to
participants either on their mobile device or computer. A web
link to an interactive, high-fidelity prototype of the Healthy
Lifestyle dashboard was shared with participants. The online
prototype mirrored the app and allowed participants to easily
access the design for Think Aloud testing. The sessions were
done through a video call, similar to other studies [24], to
increase the convenience for parents of young children and to
simulate the environmental context within which the actual
mobile app would be experienced. It also allowed for screen
recording so the research coordinator could see which parts
were easy or hard to navigate.

The testing sessions were video-recorded, and the audio was
transcribed. Spanish language recordings were translated and
transcribed into English. Rarely, participants encountered minor
technical issues with Zoom, such as slow connectivity or
difficulty using Zoom (eg, how to join the call or share their
screen), but the bilingual research coordinator on the call was
able to guide them through these issues.

Testing sessions were conducted using a semistructured
interview guide (Multimedia Appendix 1) to facilitate the
completion of tasks. Introductory questions were used to
establish a connection with the participant before user testing
of the dashboard. During the testing portion of the interview,
participants were introduced to the dashboard at the time of
testing so that first impressions could be observed. This also
allowed for genuine reactions as they became familiar with the
platform and navigated the tools. Participants were then asked
to complete four major tasks, as laid out by the interview guide:
(1) enter daily goal completion and review their weekly
progress, (2) enter the child’s height and weight and review a
growth curve, (3) contact their health care team, and (4) find
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resources for their family. Families were also asked about
specific design layouts using preference testing (ie, participants
were shown 2 design options and asked to pick the one they
preferred). Throughout the testing, participants were encouraged
to Think Aloud or verbalize their thoughts as they navigated
independently through the tasks. The participants shared their
screens with the research coordinator, which allowed the
coordinator to see their navigation when using the app.
Immediately following the testing portion, participants were
asked closing questions to collect additional general feedback
about the dashboard. Each session lasted 30 to 60 minutes.

A 3-phased approach was used to refine the dashboard and
validate that iterative changes were acceptable. In phase 1, Think
Aloud sessions with 4 Spanish-speaking families were conducted
until no new feedback was received. The research and Nemours
app team met to discuss feedback, and rapid changes were made
to the user interface based on participant feedback. In phase 2,
Think Aloud sessions with 3 English-speaking families were
completed with the revised prototype until no substantive
changes were recommended. In phase 3, a final prototype based
on all of the Think Aloud feedback was shown in a video call
to the larger study’s Council of Parent Partners, which was
started after user testing was complete. The Council of Parent
Partners included 4 parents from phase 1, one parent from phase
2, and one parent who did not participate in Think Aloud testing.
This meeting was not formal user testing. Instead, it presented
an opportunity to obtain final approval from parents, including
many who had participated as individuals in the user testing.
Meetings were facilitated by a bilingual research coordinator,
with whom the parents had developed a rapport, and participants
received an additional US $50 gift card for participating. Parents
were advised during the group meeting that they could also
provide feedback on the final prototype privately if desired.

Data Analysis
All Think Aloud transcripts were uploaded into Dedoose [25],
a qualitative data analysis software, to complete a formal
qualitative analysis. A preliminary codebook of a priori codes
was established based on the interview guide. The goal of the
codebook was to capture the usability, understandability, and
acceptability of the dashboard and its specific features during
the Think Aloud sessions (Multimedia Appendix 2).
Furthermore, 3 members of the research team (TLP, APR, and
AO) met regularly to review the transcripts and codebook. The
first transcript was coded by LP and APR together to test the
codebook. All 3 members then independently coded 2 more
transcripts. The team met to review discrepancies and revise
the codebook as needed. The fourth transcript was used to test
reliability among the coders and the established codebook.
Given the strong intercoder reliability (83.5%), the codebook
was finalized, and then all the transcripts were coded with the
final codebook by APR and TLP. They met regularly to resolve
any discrepancies. After all transcripts were coded, feedback
for each of the 4 specific tasks and the overall app was pulled.

The research team noted specific challenges and features
highlighted by participants. This feedback was analyzed for
each phase given that there were changes in-between phases.
Quantitative data regarding the number of participants who
reported overall acceptability of the dashboard and usability
and understandability of each task were also extracted by coding
specific mentions and counting the frequency of the codes.

Ethical Considerations
Considerations to protect participants were taken into account
when designing study procedures. Before recruitment, the
Nemours IRB (#1812070) approved all study procedures. During
recruitment, families were given the option to decline
participation or opt out of further communication. Interested
participants were asked to complete a consent form using an
e-consent process. At a convenient time for the participant, the
research coordinator trained in collecting informed consent,
called the participant on the phone to review the full consent
form. The consent form listed the study procedures and risks
and benefits involved with the study. Participants were reminded
that their participation was voluntary and that they could ask to
withdraw at any time. Spanish-speaking participants were
consented by a native Spanish-speaking research coordinator
and with an approved Spanish-language form. Study procedures,
such as having participants turn their cameras off at the time of
the Think Aloud session and removing all identifying
information from transcripts, were followed to protect the
participants’ identities. All participants received a US $50 gift
card after completing the Think Aloud session.

Results

In total, 7 mothers (average age 39, SD 4.9 years) participated
in Think Aloud sessions (4 in phase 1 and 3 in phase 2) and 6
mothers (average age 42, SD 4.9 years, 5 of whom participated
in Think Aloud testing) participated in the Council of Parent
Partners meeting (phase 3, Table 1). No additional participants
were recruited given that user feedback did not identify any
new usability problems after 2 rounds of testing. These sample
sizes are in line with a typical usability study [22].

Overall, MICCO was accepted and liked by 100% (N=7) of the
participants. Participants shared that the Healthy Lifestyle
dashboard would be an easy-to-use tool to help them develop
healthier habits as a family. As 1 participant described:

It is a tool that is within my reach. I can contact my
son’s doctor to know what he can or cannot eat, and
not have to make an appointment to go to the hospital.
I can use the application to solve the doubts I have
about some things that my son can or cannot get. For
me, it would be an easy tool to handle as a mom.

While it was generally well-received, participants shared some
challenges with specific tasks and highlighted features that were
important to them, as described further in this study.
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Table 1. Demographic information of caregivers of children with obesity from rural clinics in Delaware, participating in 3 iterative phases of Think
Aloud Testing of a mobile dashboard to promote healthy lifestyles.

Phase 3a (n=6)Phase 2 (n=3)Phase 1 (n=4)Characteristics

42.0 (4.9)40.3 (7.6)38.8 (3.0)Parent age in years, mean (SD)

6 (100)3 (100)4 (100)Parent sex (female), n (%)

Race, n (%)

2 (33)1 (33)2 (50)White

———bBlack

3 (50)1 (33)2 (50)Otherc

1 (17)1 (33)—More than 1 race

6 (100)2 (67)4 (100)Ethnicity (Hispanic or Latino), n (%)

5 (83)2 (100)d4 (100)Insurance status (public)c, n (%)

aFive participants also participated in phases 1 and 2.
bNot applicable.
c“Other” was not specified by participants.
dMissing n=1; public insurance refers to a program run by the government to pay for some or all health care costs.

Phase 1

Overview
Spanish-speaking participants reported challenges surrounding
understandability and usability of certain features of the Healthy
Lifestyle dashboard. For example, 3 participants did not

understand the lifestyle goal progress feature, 4 did not
understand the growth curve feature, and 3 had trouble using
the tool to communicate with the health care team. Themes
surrounding numeracy and literacy challenges (Table 2) emerged
and specific changes were made to the dashboard to ease these
challenges after phase 1 (Figures 2 and 3, respectively).

Table 2. Challenges and solutions identified in Think Aloud testing of a mobile dashboard to promote healthy lifestyles by Spanish-speaking caregivers
of children with obesity from rural clinics in Delaware.

SolutionArea and challenge

Numeracy challenges

Changed the percentage bar to thumbs-up icons and provided a count in-
stead of percentage

Interpretation of weekly goal completion

Changed growth chart to show weight change over time instead of BMIInterpretation of child’s growth chart

Literacy challenges

A pop-up note was added to provide the user with instructions in Spanish
and a note that the following page would only be available in English

Some components of the Nemours app (ie, the message center) were
not available in Spanish

Language was simplified throughout the appDespite the dashboard being in Spanish, there were concerns about
the reading level
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Figure 2. Revisions to dashboard to address numeracy challenges identified by 4 Spanish-speaking caregivers of children with obesity from rural clinics
in Delaware during phase 1 of Think Aloud testing of a mobile app to promote healthy lifestyles.
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Figure 3. Revisions to address literacy challenges experienced during phase 1 Think Aloud testing of a mobile app to promote healthy lifestyles by
Spanish-speaking caregivers of children with obesity from rural clinics in Delaware.

Numeracy Challenges
All 4 participants reported numeracy issues when reviewing the
lifestyle goal progress and growth curve in the dashboard. In
particular, some of the participants did not understand how to
interpret the percentage of goals reached over the past 7 days
and some interpreted it as a “grade” or “score.” To simplify the
weekly summary and ensure it would not be seen as punitive,
the percentages were removed and substituted with a weekly
view that used a green thumbs-up icon to indicate completion
of the goal for that day, a grey thumbs-up if the goal was not
completed, or a white thumbs-up if there was no data entered

for that day. In the first iteration of the growth curve, participants
were shown their child’s BMI over time. Despite having a note
that explained how BMI was calculated and what it meant, all
4 participants struggled with the interpretation of the growth
curve. Given this, the growth curve was simplified to show
weight instead of BMI and to have the entry of height and
weight appear on the same page as the weight curve.

Literacy Challenges
While all of the content in the Healthy Lifestyle dashboard was
available in Spanish, there were some features of the overall
Nemours app that were only available in English at the time of
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testing. This created some challenges. For example, participants
were asked to send a message to their community health worker
during Think Aloud testing. Since the Nemours app message
center was only available in English, the language barrier caused
some difficulty for participants. To provide families with more
guidance when using the message center, a note in Spanish was
added to the revised prototype to provide instructions on how
to use the message center. In addition to this messaging task, 2
participants shared concerns about language barriers. As 1
participant stated:

For example, I have my mom … she definitely has
trouble with technology. One, because she doesn’t
really work with technology, and secondly, because

there is a language barrier. Even when things are in
Spanish, she still feels uncomfortable.

In recognition of these barriers, changes were made to simplify
the language throughout the Healthy Lifestyle dashboard.

Phase 2

Overview
In phase 2, participants were shown a revised version of the
Healthy Lifestyle prototype based on the feedback from phase
1. New changes were well-received by parents and 3 reported
that the revised prototype was usable and understandable.
Feedback during this phase highlighted the importance of certain
features in the dashboard (Figure 4), with only minor
suggestions provided.
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Figure 4. Features that caregivers of children with obesity from rural clinics in Delaware considered important to include during Think Aloud testing
of a mobile app to promote healthy lifestyles.

Important Features to Include
Participants liked many of the features already included in the
Healthy Lifestyle dashboard and thought they would help
motivate families. Participants found the multimedia resources
(ie, videos, handouts, and links to external sources) embedded
in the dashboard to be particularly useful. Participants especially
liked the videos and thought they were a user-friendly way to
view the resources. Having a set of curated resources in 1
centralized location was also an advantage because participants
found it challenging to find reliable, evidence-based resources
on their own. As 1 participant commented:

I would definitely promote all the things that app can
help with – not just that it’s about healthy living,
healthy eating, and things like that, but also that it
has resources for everything, because every family’s
different, and they deal with different things and
different things within their children. There are great
resources that you guys have and that you guys are
offering.

Finally, while participants liked the lifestyle goal feature and
understood the importance of tracking their lifestyle goals, many
participants talked about competing priorities that may get in
the way of inputting their data. As a solution, they discussed
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how an evening reminder to log their goals would help keep
them on track.

Communication and Integration With Health Care Team
All participants discussed the importance of being able to
communicate with their health care team through the dashboard,
whether by sending messages or by having lifestyle goals and
weight data available to their health care team. One participant
highlighted how the transfer of the dashboard data to the child’s
care team could help keep families accountable for their goals:

I also think maybe to some parents, it would also be
motivating to know – like if this is going to the
provider, you want to show that as a parent, you’re

being proactive, and you’re doing what you need to
do for your child.

Despite the appeal of communicating with their health care team
through the app, participants expressed a need for more clarity
about who would view their data and how and when the health
care team would be communicating back to them, which was
incorporated into the final prototype.

Preference Testing
Preference testing is a research method during which participants
compare 2 variations of a design, choose 1, and explain their
preference [21], and it was used in both phases 1 and 2. This
method was used for selecting an icon to represent the Healthy
Lifestyle dashboard and determining the preferred way to
incorporate resources (Figure 5).
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Figure 5. Results of preference testing done during Think Aloud testing of caregivers of children with obesity from rural clinics in Delaware to determine
a dashboard icon and resource page layout for a mobile app to promote healthy lifestyles.

Healthy Lifestyle Dashboard Icon
Since the Healthy Lifestyle dashboard is incorporated into the
Nemours app, which is a much broader app designed for a range
of health care needs, an icon was needed to launch the
dashboard. Designers on the Nemours app team explored a
range of concepts for the icon. Symbols that represent different
aspects of a healthy lifestyle, like physical activity and nutrition,

were considered. The top 2 designs—a joyous person (left) and
an apple (right)—were shared during phase 1 testing. Based on
feedback from all the participants, the apple icon was chosen
to be the branding element for the Healthy Lifestyle dashboard.
Participants cited liking the apple more because they associated
it with nutrition, which was the primary domain that participants
associated with healthy lifestyles.
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Resource Page Layout
The list of Healthy Lifestyle resources included 19 items across
4 domains (healthy eating, being active, mood and behavior,
and community programs). Preference testing was used to
understand how participants preferred to access the resources.
In total, 2 variations of the Healthy Lifestyle resources were
designed. Option A made the resources available at the bottom
of each page (like a footer) with expandable sections. Whereas
option B involved adding them to the dashboard as a fourth
link, which would open a new page for this section. Participants
compared the 2 options and then indicated their preference.
Though 2 of the 7 participants thought option B looked better,
the majority picked option A. They liked having all the resources
easily accessible on every page instead of having to navigate
back and forth through the pages.

Phase 3
All 6 parents (refer to Table 1 for demographic information)
who participated in phase 3 were in agreement that the revisions
to the dashboard addressed their concerns from phase 1 or 2.
They reported that the final prototype was useful and easy to
understand. Given no further feedback about the dashboard, it
was finalized for use in future research studies.

Discussion

Principal Findings
MICCO is a comprehensive, multicomponent intervention that
was developed in collaboration with community, parent, and
health care partners to improve the relevance and accessibility
of pediatric obesity interventions for families from underserved
and rural communities. Digital self-management tools are a key
component of the MICCO intervention and are made available
to families through a mobile app dashboard integrated with the
EHR. This dashboard component of MICCO addresses notable
limitations in the mHealth for childhood obesity literature by
including community resources, being available in Spanish,
incorporating culturally relevant resources, and being integrated
into health care delivery. Human-centered design methods were
applied to ensure that the needs and preferences of families of
diverse backgrounds were incorporated. The resulting dashboard
is user-friendly, literacy-sensitive, and culturally responsive
and incorporates features that will facilitate its usability in future
research and clinical practice.

Through a human-centered approach to design, the research
team was able to better understand the challenges that families,
especially those with limited English proficiency and from rural
neighborhoods, may experience in using an app to facilitate
healthy lifestyle behaviors. Challenges navigating health
information are not unique to this study and have been described
among larger cohorts of Spanish-speaking individuals of
Hispanic or Latino ethnicity [26,27]. Even when health
information is available in Spanish, studies have found that
reading levels are typically above a sixth-grade level which is
higher than the recommended reading level for health
information in any language [28,29]. Difficulty understanding
health information can contribute to low rates of engagement
with programs and services among Spanish-speaking

populations [27,30,31]. Therefore, testing mHealth interventions
with Spanish-speaking users is critical to ensuring that the
intervention is understood and well-received by these
populations.

In this study, numeracy and literacy barriers were identified
during Think Aloud testing with Spanish-speaking participants.
Therefore, pages depicting weight and goal progress were
simplified to convey relevant health information more clearly.
In addition, information was added to help Spanish-speaking
families navigate the 1 component (messaging function) of the
app that was not fully available in Spanish at the time of testing.
Not only were these adaptations made as part of this research
study, but findings from this line of research in conjunction
with other Diversity, Equity, and Inclusion initiatives at
Nemours Children’s Health, prompted an overhaul of the entire
Nemours App to be fully available in Spanish after testing.

Feedback received during usability testing also helped the team
develop a deeper understanding of families’ busy lifestyles. In
particular, the majority of participants expressed challenges
balancing competing priorities when taking care of young
children. Not surprisingly, time constraints are a commonly
cited barrier to adherence in childhood obesity treatment [32,33].
Because of this, many participants reported that an evening
reminder about tracking lifestyle goals would be helpful, so a
push notification was implemented to remind families to track
their lifestyle goals in the app. Participants also liked the curated
resources available through the dashboard, especially the brief
videos. Having resources that were easily accessible added to
the convenience of the app for families; in addition to automated
reminders, this may be a way to keep families engaged in
treatment.

Finally, participants endorsed an appreciation for the integration
of the dashboard with their overall health care. For example,
they reported a desire for information tracked through the
dashboard to be shared with their health care team and wanted
to know more about how to communicate with their health care
team. The Healthy Lifestyle dashboard was designed to facilitate
this bidirectional communication. This approach is different
than most apps designed for childhood obesity, which are
stand-alone. While there are advantages to this, findings from
this study suggest that mHealth interventions may be more
effective if integrated with health care delivery, especially for
rural communities that may experience lower access to health
care facilities. Not only can this enhance satisfaction and
motivation on the part of families, but it can also inform clinical
decision-making on the part of the health care team [34,35].

Limitations
There were some limitations to this study. While the recruitment
strategy was broad and a diverse sample was recruited, it is
possible that our sample was biased toward those with more
digital literacy and broadband access. In the future, it will be
important to evaluate the app across families from varying
socioeconomic backgrounds and with those who face greater
barriers to care. Using in-person testing may also allow for
testing of patients with limited digital access and provide a
better understanding of nonverbal cues that may not have been
captured in the video recording. While our sample size was
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small, it is consistent with best practices for usability testing
but there may be limitations in our methods of obtaining final
input through an Advisory Council (vs repeated formal usability
testing). Also, while participants endorsed the acceptability of
the dashboard, the study’s focus on usability does not allow for
an understanding of whether participants would engage with it
on a routine basis. A future study might conduct field testing
of the MICCO app, wherein participants can use the app
continuously for a shortened duration (eg, a month) and provide
acceptability and usability feedback before it is deployed in a
longer trial. In addition, previous studies have identified that
digital interventions are subject to low uptake and engagement
levels; therefore, further research using implementation
frameworks will be needed to better understand factors that will
facilitate routine use of the dashboard as part of the larger

intervention. Finally, while the dashboard (and intervention
more broadly) was designed for caregivers of young children,
future studies should consider refining and testing the dashboard
for youth with obesity who may find a digital intervention even
more acceptable.

Conclusion
Collaborating with community and patient partners and
conducting usability testing with key demographic populations,
especially Spanish-speaking populations, was important to
developing an mHealth intervention that is user-friendly,
culturally relevant, and literacy-sensitive to promote pediatric
healthy lifestyles among diverse families. Designing an
intervention that is usable for intended users and in intended
settings is a critical first step to trialing and implementing a
successful intervention.
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Abstract

Background: Despite the growing interest in smart glasses, it is striking that they are not widespread among health care
professionals. Previous research has identified issues related to social interactions involving the use of smart glasses in public
settings, which may differ from those associated with their application in health care contexts.

Objective: Assuming that smart glasses mediate contact between the health care provider and patient, the objectives of this
research are two-fold: (1) to develop an instrument that combines the adoption and mediation perspectives, and (2) to gain insights
into how the intention to use is influenced through aspects of adoption and social interaction.

Methods: A questionnaire was administered to a target audience of health care professionals (N=450), with recruitment via
MTurk. The sample primarily included male participants from the United States, with the majority aged 42 years or younger.
Although a large portion of respondents were medical doctors, the sample also included nurses and other health care professionals.
Data were analyzed by structural equation modeling.

Results: Regarding the aim of developing an instrument combining adoption and social interaction, the internal consistency
was above the aspirational level (α>.70) for the instrument. Furthermore, regarding the second objective involving gaining insights
into the influential constructs of the anticipated intention to use, the following results were highlighted: in testing the conceptual
model, the measurement model generated a good fit and the respecified structural model also generated a good fit. The tested
hypotheses confirmed that social interaction constructs could explain a higher variance of users’ anticipated intention to use.
Perceived social isolation and decreased attentional allocation did not have a significant effect on attitude. Furthermore, the
intention to use smart glasses despite nonacceptance of smart glasses by the patient significantly influenced the anticipated
intention to use. In summary, constructs that focus on social interaction could contribute to better explanation and prediction of
the expected adoption of smart glasses in health care.

Conclusions: The empirical findings of this study provide new insights into how the mediation perspective can increase the
explained variance compared to existing knowledge about adoption. Against expectations based on previous literature and despite
the social issues raised earlier, these social aspects do play important roles for health care professionals but are ultimately not
decisive for the intention to use. As a result, there are fewer threats to the adoption of smart glasses from the perspective of health
care professionals than might be expected based on the previous literature. Therefore, the use of smart glasses can still be considered
as an innovative way of working in health care.

(JMIR Form Res 2025;9:e49610)   doi:10.2196/49610
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Introduction

Background
The initial public reactions to smart glasses, notably Google
Glass (Figure 1), were quite mixed. Google Glass was both
praised for its innovative technologies, such as a see-through
screen and hands-free use, and criticized for various reasons.
Shortly after the introduction of Google Glass, cautionary stories
about “Glassholes” emerged, a term coined to describe
individuals who misuse the technology in socially inappropriate
ways [1]. Examples of this phenomenon include people who
wear Google Glass and ignore the people around them or stare
off into space while operating their smart glasses. Google
responded with rules to help users avoid these situations [2].
There are several examples of various emotional reactions to
smart glasses in the media, and ethical questions are repeatedly

raised about wearing smart glasses [3,4]. Although research
into smart glasses is continuously expanding, current knowledge
and theoretical foundations about the acceptance of smart glasses
are still scarce.

Smart glasses have emerged as a growing research topic over
the past years in various fields [5,6] and could bring about a
revolution in health care [7]. Smart glasses are computerized
head-mounted devices worn like eyeglasses, which can collect
and provide information to the user and the environment. The
majority of smart glasses incorporate a display through which
information can be accessed while simultaneously maintaining
visibility of the external environment. Furthermore, these
devices often provide the advantage of hands-free operation
[8]. Pilot studies on the use of smart glasses in health care have
been conducted [7]; however, few researchers have addressed
the issue of preadoption criteria, and identifying these criteria
remains a critical issue [9].

Figure 1. Example of a health care professional wearing Google Glass smart glasses in a home environment to illustrate the appearance of the glasses.

Prior Research on the Adoption of Smart Glasses
The initial responses to smart glasses raise the question of how
the adoption of smart glasses is progressing.

The growing body of research on the adoption of smart glasses
was searched in the existing scientific literature. The following
keywords were used: “smart glasses,” “head-mounted display*,”
“wearable display*,” “augmented reality (smart) glasses,”
“adoption,” “acceptance,” and “acceptability.” The search was
performed in the following databases on June 12, 2021: Scopus
(11 hits), Web of Science (12 hits), ACM Digital Library (96
hits), IEEE Xplore (2 hits), and PubMed (0 hits). All synonyms
were connected with the disjunction “OR,” and both “smart
glasses” and “adoption” were connected with the conjunction

“AND.” Keywords were searched in the title. The identified
publications are listed in Multimedia Appendix 1.

Various methodologies have been employed by researchers to
investigate the adoption of smart glasses. For an overview of
these methods, please refer to Multimedia Appendix 1. The
context of the studies varied, with the general context most often
consisting of random individuals or students. A small number
of studies were found in the context of health care and tourism;
therefore, it can be concluded that knowledge about the adoption
of smart glasses is still scarce in these fields. Adoption studies
with industry, retail, and agriculture respondents are even more
limited. Various methods have been applied, with the majority
of studies being qualitative in nature. Most of the previous
quantitative studies had a relatively low number of respondents.
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The findings presented in Multimedia Appendix 1 offer
foundational inputs for the development of a questionnaire.
Furthermore, the social aspects surrounding smart glasses were
mentioned multiple times in previous studies, and therefore, it
could be assumed that social interaction is a relevant topic
regarding the acceptance of smart glasses.

The Unified Theory of Acceptance and Use of Technology
(UTAUT) [10], the Technology Acceptance Model (TAM) [11],
and the Diffusion of Innovations [12] were found to be the most
commonly accepted theories by scholars [13,14]. Some of the
findings from prior research in Multimedia Appendix 1 might
be related to the aforementioned models such as the influence
on perceived usefulness, perceived ease of use, facilitating
conditions, image, and perceived enjoyment [10,15]. However,
other findings suggest themes regarding both the ethical and
social contexts, which can be termed social acceptability [16].
Social acceptability can be divided into conversation partners,
such as interpersonal communication, and spectators or third
parties, with examples such as disturbance and controversial
public use. The theme of privacy is also related to the social
context and can be divided into the same categories:
conversation partners and third parties. For example, wearing
smart glasses is not only about the privacy of the user, but also
about other people’s privacy, and this can strongly influence
the user’s decision-making [17]. Figure 1 provides an illustrative
example of an encounter with a health care professional wearing
smart glasses. To summarize the findings of the prior research
in Multimedia Appendix 1, it can be concluded that relevant
aspects of the preadoption criteria should be informed by the
current knowledge in adoption research, such as the TAM, and
should also take into account the social context from the
perspectives of both caregivers and patients.

Devices worn on the body in general influence the symbolic
meaning in the natural environment of the person and the public
surroundings and have psychological impacts on wearers and
behavioral consequences for wearers [18]. Over the past decades,
the TAM [19] had an incredible influence on empirical research.
One might also say in general that current adoption models take
a snapshot of adoption readiness, and the TAM consistently
explains about 40% of the variance in the intention to use IT
and the actual usage by individuals [15]. However, these
adoption models have limitations [20], in which the current
reality regarding smart glasses may not be fully involved.
Current models are linear and strongly focused on the user’s
perspective alone. Moreover, according to recent studies, social
influence, as it is considered in the UTAUT [10], may involve
more than just the influence and desire of others in the future
use of the one considering it [3]. Several studies have suggested
that social context influences usage norms and that public use
is controversial [21,22]. The use of smart glasses does not
reproduce existing norms and understandings in turn-taking,
knowledge, and identity and could reconfigure norms by creating
new settings in which activities begin to compete and interfere
with each other [23,24]. In addition, privacy is often mentioned
to be influential [25]. The privacy of the user is important, and
other people’s privacy can also strongly influence the user’s
decision-making [17]. Therefore, smart glasses force us to take

a broader view of adoption models, and we should not only
consider the perspectives of potential users but also look at the
surroundings. Hence, social influences might be currently
underestimated in the context of the acceptance of smart glasses
given the reports from various media and recent publications
on the subject.

Turning to a perspective that takes a broader view of users and
their surroundings and environment [26], the mediation
perspective fits well with the identified gaps regarding the
acceptance of smart glasses. The mediation perspective of the
philosophy of technology considers the relationship between
humans and technology from a phenomenological perspective,
and it inspired the beginning of ubiquitous computing [27].
Furthermore, Mann [28] explained the use of smart glasses after
over 35 years as a mediated version of reality. Those mediated
relationships are reciprocal, and technology is perceived as the
mediator between humans and the world. For example, a user
looks through glasses rather than at glasses, and this is therefore
termed as an embodiment relationship. In addition, smart glasses
can represent information on a parallel screen while seeing the
world, which is termed as a hermeneutic relationship [29]. A
combined perspective of both adoption and mediation could
complement each other in understanding the appropriation of
smart glasses (Figure 2; derived and adapted from Zuidhof et
al [30]). However, knowledge of the mediated experience of
smart glasses is still scarce, and recent studies have reported
strong influences of the social context in decision-making
[17,21]. The theoretical framework of adoption and mediation
can reveal both the user’s perspective and the perspective of
others who are related to the user, such as a patient.

In the field of the philosophy of technology, mediation is
interpreted as determining human-technology relationships and
interactions, and anticipating influences on human behavior
[29]. Prior studies on the adoption of smart glasses, as illustrated
in Multimedia Appendix 1, not only present familiar constructs
but also have begun, since 2010, to delve into social themes
from various perspectives, including those of the user,
conversational partner, and third parties [26]. A large-scale
survey in which the anticipated perspective of the health care
professional and the anticipated social interaction are united is
lacking in current knowledge. Based on previous research results
and the theoretical framework of adoption and mediation (as
part of a doctoral research project), it seems relevant to explore
adoption themes and assess if social interaction influences the
intention to use smart glasses.

Figure 2 proposes to adapt the theoretical framework of adoption
and mediation to the context of the health care professional and
the patient. It is considered that smart glasses for health care
professionals are still in an early phase of dissemination, and
therefore, it is needed to gather knowledge about anticipating
the use of smart glasses. Moreover, health care professionals
are expected to anticipate adoption while taking into account
social interaction with patients, but they can also take into
account the patient’s perspective in social interaction. Therefore,
this goes beyond mere adoption for self-interest and may lead
to a higher or lower intention to use smart glasses.
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Figure 2. Theoretical framework of anticipated adoption and social interaction.

Objectives and Hypotheses
Prior research on the adoption of smart glasses has been mainly
conducted in general contexts; however, some studies were
carried out in the area of tourism or health care. Few of the
recent qualitative studies on smart glasses in health care are part
of the authors’ doctoral research projects. Furthermore, it
appears that there are no large-scale surveys conducted on the
adoption of smart glasses and that most of the recent studies
have an explorative and qualitative nature. Prior research on
the adoption of smart glasses is presented in Multimedia
Appendix 1. In addition, the emotional and ethical aspects that
can play roles as issues to adoption described above are still
involved to a limited extent in recent studies and might be
especially relevant in professions where people are vulnerable
or interact intensively like in health care.

The objectives of this study were two-fold: (1) to develop an
instrument that combines the perspectives of adoption and
mediation to measure the intention to use smart glasses by health

care professionals, and (2) to obtain insights into how the
intention to use is influenced by adoption and social interaction
aspects. Regarding the state of the art and the objectives of this
study, the following research question was formulated: “To
what extent do constructs derived from a mediation perspective
contribute to the established constructs of adoption to explain
the intention to use smart glasses?”

Observed Variables Derived From Technology
Acceptance Literature
In the proposed model (Figure 2), it was argued that technology
adoption and social influence might influence each other and
the user. The underlying idea here is that a decision to use smart
glasses is explained by a linear model and is not only aimed at
the self but also others, as is endorsed by the mediation
perspective [30,31]. The recently developed conceptual model
to explain the anticipated adoption and the social aspects of
smart glasses has been outlined in Figure 3, and the aspects will
be included.

Figure 3. Conceptual model with the hypotheses of the anticipated adoption and social interaction of smart glasses by health care professionals. H:
hypothesis; TAM: Technology Acceptance Model.
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Observed Variables Derived From the Technology
Acceptance Model 2
As one of the most accepted theories by scholars, in the TAM
[13,14], intention to use is proposed as a key independent
variable. The constructs “perceived usefulness” and “perceived
ease of use” are mainly aimed at their considerations and do
not yet tell us much about how this relates to others. Therefore,
we found the Technology Acceptance Model 2 (TAM2) to be
the most appropriate because it builds on the basic model and
extends this model with constructs that take others into account,
such as the constructs “subjective norm” and “image.” Other
constructs from the TAM2 model, such as experience,
voluntariness, job relevance, output quality, and result
demonstrability, have been excluded as they extend beyond the
scope of this study. These constructs do not specifically address
social interaction, which is the central emphasis of our research.
By adding specifically more social constructs, we aim to gain
a more holistic perspective of not only personal considerations
in own use but also how much a health care professional takes
patients into account and how this influences the anticipated
use of technology.

Hypothesis 1 is as follows: Additional social interaction
constructs can explain the higher variance of users’ anticipated
intention to use smart glasses compared with subjective norm,
image, perceived usefulness, and perceived usefulness on
anticipated intention to use.

The attitude toward technology is a debatable construct in
adoption studies because the added value in the model might
not be good enough [10], or it may theoretically differ little
from the intention to use. Similar to the Theory of Planned
Behavior [32], we regard attitude as a predictor of the intention
to use smart glasses, and we added the construct “attitude”
because of previous findings [31,33], which may be related to
the early phase of the adoption of smart glasses where we can
only measure the anticipated intention to use.

Hypothesis 2 is as follows: Users’ attitudes directly influence
the anticipated intention to use smart glasses.

Observed Variables Regarding Social Interaction With
Smart Glasses
Previous studies found several constructs under the themes that
seemed theoretically relevant, such as attentional shift, social
presence, and social isolation [14,31,34-36]. The items were
translated as accurately as possible and applied to the
anticipation of smart glasses. This resulted in the following
constructs: lack of social presence, social isolation of the patient,
and reduced attentional allocation to the patient.

Hypothesis 3 is as follows: The lack of social presence due to
wearing smart glasses during a physical contact moment
influences the attitude directly.

Hypothesis 4 is as follows: Social isolation due to wearing smart
glasses during a physical contact moment influences the attitude
directly.

Hypothesis 5 is as follows: The decreased attentional allocation
due to wearing smart glasses during a physical contact moment
influences the attitude directly.

Observed Variables Regarding Social Scenarios With
Smart Glasses in Health Care
Furthermore, in previous qualitative studies, themes related to
the context of smart glass use were also found, such as location,
an unknown patient, and wearing smart glasses but not actively
using them [31]. These scenarios were linked to social presence
[36], resulting in social presence in 3 scenarios, namely,
providing care with smart glasses on in an external location
(outpatient care), providing care with smart glasses while in
passive use, and providing care with smart glasses to an
unfamiliar patient.

Hypothesis 6 is as follows: The use of smart glasses at an
external location during a physical contact moment directly
influences the attitude.

Hypothesis 7 is as follows: The use of smart glasses with an
unknown person during a physical contact moment directly
influences the attitude.

Hypothesis 8 is as follows: The passive use of smart glasses
during a physical contact moment directly influences the
attitude.

Observed Variables Regarding Nonacceptance of Smart
Glasses by the Patient
The mediation approach visualizes the relationship with the
outside world during adoption, while technology acts as a
mediator in the work of the health care professional and the
patient. To understand both the social interaction with patients
during the use of smart glasses and the sustained use of smart
glasses, the unintended consequences of smart glass use might
also be relevant [26,37-39]. In particular, the patient’s
nonacceptance of the use of smart glasses is interesting, simply
because the patient’s acceptance of smart glasses would
probably not create tension in the intentional use of smart
glasses. The mediation perspective has led to the following
construct in the model: intention to use despite social
nonacceptance by others.

Hypothesis 9 is as follows: The intention to use smart glasses
despite the nonacceptance of smart glasses by the patient directly
influences the anticipated intention to use.

Methods

Study Design
To achieve the aims of this study, a summated rating scale
development approach for social sciences was used [40]. The
initial steps were aimed at defining constructs and designing
the scale. The resulting scale was evaluated through an online
survey among a sample of students.

Defining Constructs and Item Pool Development
To develop an item pool, existing literature was consulted, and
the state-of-the-art knowledge, as described in the Introduction,
was combined with the theoretical framework of adoption and
mediation. A core aspect of the framework (Figure 2) is the
reciprocal relationship among the user, the technology, and the
world. In the next step, the aspects from Figure 2 were
substantiated with existing literature and translated into items.
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See Multimedia Appendix 2 for the item pool. All measurements
were recorded using 5-point Likert scales. Back translation was
performed by 2 researchers as a validation method for the survey
[41] and to develop a robust item pool.

Item Pool Refinement
To check for comprehensibility, readability, and internal
consistency, 2 pretest moments were organized. First, the
questions were reviewed by 2 potential respondents. Next, data
collection (as a pretest) was conducted at a health care institution
in the Netherlands (n=17). Although the pretest was conducted
on a small sample, internal consistency was acceptable. Initially,
reversed items were included, but inconsistent response patterns
were observed for those items. Respondents reported too much
confusion with reversed items, and therefore, these items were
removed from the questionnaire.

Data Collection
Respondents (N=450) were recruited in July 2022 on the internet
using Amazon’s Mechanical Turk. The questionnaire was made

available to respondents who met the following inclusion
criteria: (1) language: English; (2) employment industry: health
care; and (3) location: Northwest Europe (Austria, Belgium,
Denmark, Finland, France, Germany, Iceland, Ireland,
Luxembourg, Netherlands, Norway, Sweden, and Switzerland),
Canada, United Kingdom, and United States. The questionnaire
was closed once the desired number of respondents was reached.

Demographic Information
A summary of the demographic information of the respondents
is presented in Table 1. The sample pool consisted mainly of
male participants, with over three-quarters being 42 years of
age or younger. The majority of the respondents were from the
United States. With regard to occupation, the participants were
distributed as follows: physicians, 192 (42.6%); nurses, 165
(36.7%); and others, 93 (20.7%). Other professions included a
diverse group of medical assistants (n=14), medical technical
professionals (n=11), managers (n=10), health care professionals
(n=9), IT professionals (n=6), and home care professionals
(n=4), among other various professions in health care.
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Table 1. Demographic information of the respondents.

Value (N=450), n (%)Characteristic

Gender

303 (32.4)Female

146 (67.3)Male

1 (0.2)Prefer not to say

Age (years)

1 (0.2)>72

15 (3.3)63-72

42 (9.3)53-62

45 (10.0)43-52

124 (27.6)33-42

222 (49.3)23-32

1 (0.2)18-22

Country of residence

4 (0.9)Canada

442 (98.2)United States of America

3 (0.7)Northwest Europe

1 (0.2)United Kingdom

Highest degree

5 (1.1)High school or less

22 (4.9)Some college but no degree

32 (7.1)Associate degree

235 (52.2)Bachelor’s degree

145 (32.2)Master’s degree

11 (2.4)Professional or doctoral degree

Current profession

192 (42.6)Physician

165 (36.7)Nurse

93 (20.7)Other

Employment status

401 (89.1)Employed full time

35 (7.8)Employed part-time

4 (0.9)Student

10 (2.2)Self-employed

Years of work experience

224 (49.8)<10

115 (25.6)11-20

74 (16.4)21-30

28 (6.2)31-40

9 (2.0)>40
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Ethical Considerations
Before starting the survey, respondents provided active online
consent after reading the opening statement (Multimedia
Appendix 3). Furthermore, pictures were used with permission
from health care professionals and patients. Respondents were
rewarded with US $2 when they completed the survey. Study
data were deidentified and anonymously used for analysis. This
study was reviewed and approved by the Ethical Review Board
of the University of Twente (approval number 211121).

Procedure
After the opening statement and consent, respondents were
asked to watch 2 short videos about smart glasses to get an idea
of the technology and its use. The first video showed an
augmented reality platform for health care with English-spoken
animations [42], and the second video showed an example of
Vuzix M400 smart glasses in the context of health care [43].
After watching both videos, respondents were asked to fill out
the questionnaire. Demographic information was requested at
the end of the questionnaire. Some photos used in the
questionnaire are presented in Figure 4.

Figure 4. Photos used in the questionnaire about examples of using smart glasses consecutively: (A) contact with patients, (B, C) face-to-face interaction
in outpatient care, (D) inpatient care, (E) passive use of smart glasses, and (F) active use of smart glasses (published with permission).

Data Analysis
Before the analyses, data were checked for normality. No
significant deviation from normality was found. All skewness
and kurtosis values were below 1.96, and values between –2
and +2 are considered acceptable to prove normal distribution
[44]. Structural Equation Modeling was performed with
maximum likelihood estimation, as advocated by [45,46], to
test the conceptual model of the intention to adopt smart glasses
by health care professionals. To test if the conceptual model
fits the data well, the next absolute and incremental model fit
indices were used as suggested by Holbert and Stephensen [47]
and Hoyle and Panter [48]. The most common absolute fit index

is the χ2 goodness-of-fit test, and to minimize the impact of
sample size on the model chi-square, the relative/normed

chi-square (χ2/df) was used [49]. The standardized root mean
square residual (SRMR) was reported as an absolute fit index.
The following incremental fit indices have been reported:
Tucker-Lewis index (TLI) and root mean square error of
approximation (RMSEA). The practitioner recommendations
for model evaluation were followed, suggesting a cutoff value
close to 0.95 for the TLI in combination with a cutoff value
close to 0.09 for the SRMR to evaluate model fit, and a cutoff
value close to 0.06 for the RMSEA [50]. The Fornell and
Larcker discriminant validity criterion was used to test
discriminant validity. The Fornell and Larcker criterion is

satisfied when a construct is more closely related to its own
indicators than to other constructs [51].

Results

Diffusion of Smart Glasses in Health Care
The questionnaire on the anticipated adoption and mediation
of smart glasses was designed to examine the perceptions of
future users regarding smart glasses. It was also designed to get
a better understanding of how specific situations in the use of
smart glasses influence the intention to use them. The research
question was: “To what extent do constructs derived from a
mediation perspective contribute to the established constructs
of adoption to explain the intention to use smart glasses?”

Participants were queried regarding their familiarity and
experience with smart glasses. The constructs “knowledge” and
“persuasion” served as constructs in assessing how health care
professionals perceive the diffusion of smart glasses. Overall,
the respondents reported having substantial knowledge about
smart glasses (eg, I know what someone can do with smart
glasses; mean score 4.02, SD 0.84) and expressed understanding
of the concept of smart glasses (mean score 4.08, SD 0.79).
Close to 75% of the respondents (n=339) indicated their
willingness to try smart glasses if they were available to them
(mean score 3.94, SD 0.93).
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Explaining Anticipated Adoption of Smart Glasses:
Model Comparison
To investigate the added value of the observed variables in the
conceptual model, a comparison was made between validated
TAM2 [52] constructs used to create a baseline and the
additional social interaction variables in this study. The
constructs “perceived usefulness” and “perceived ease of use”
were adapted to the context of smart glasses, and subjective
norm and image were included because they represent social
interaction. Although the construct “attitude” was not included
in the TAM, there was a reason to include this validated
construct based on previous studies on the early phase of the
diffusion of smart glasses.

Interpreting Selected TAM2 Effects: Intention to Use,
Perceived Usefulness, Perceived Ease of Use, Subjective
Norm, and Image

Measurement Model
The initial measurement model generated a good fit

(χ2
142=183.55; χ2/df=1.29; SRMR=0.03; TLI=0.99;

RMSEA=0.03 [CI 0.01-0.04]). The internal consistency was
above the aspirational level (α>.70).

Structural Model
The results obtained from testing the validity of a causal
structure of earlier validated variables showed a good fit

(χ2
14=218.314; χ2/df=1.52; SRMR=0.04; TLI=0.98;

RMSEA=0.03 [CI 0.02-0.04]).

Path Model
The path model with standardized path coefficients is featured
in Figure 5. The standardized path coefficients show significant
direct effects of perceived usefulness and perceived ease of use
on the intention to use smart glasses. Furthermore, subjective
norm had a direct effect on perceived usefulness. Figure 5 also
shows that subjective norm has a direct effect on image. The
direct effect of perceived ease of use on perceived usefulness
was not significant. The direct effect of image on perceived
usefulness was also not significant. Subjective norm was the
only contributor to perceived usefulness. In addition, perceived
usefulness was the strongest contributor to the intention to use
smart glasses. Squared multiple correlations showed that image
accounted for 61%, perceived usefulness accounted for 51%,
and intention to use smart glasses accounted for 73% of the
explained variance.

Figure 5. Standardized path coefficients of the TAM2 variables for anticipated use of smart glasses by health care professionals (N=450). Dotted lines
represent nonsignificant paths, italics represents nonsignificant factor loadings, and underline represents squared multiple correlations. TAM: Technology
Acceptance Model. ***P<.001.

Interpreting Social Interaction Effects: Lack of Social
Presence, Social Isolation, Decreased Attentional
Allocation, External Location, Unfamiliar Person,
Passive Use, Intention to Use Despite Nonacceptance
by Others

Measurement Model
The initial measurement model generated a good fit

(χ2
1461=2146.696; χ2/df=1.47; SRMR=0.04; TLI=0.95;

RMSEA=0.03 [CI 0.03-0.04]). The internal consistency was
above the aspirational level (α>.70).

Structural Model
The results obtained from testing the validity of a causal
structure of the conceptual model showed that the initial model

did not fit the data (χ2
1525=4896.900; χ2/df=3.21; SRMR=0.25;

TLI=0.78; RMSEA=0.07 [CI 0.07-0.07]). Post-hoc modification
indices suggested an improved fit by correlating error terms of

perceived ease of use and social norm, social norm and image,
lack of social presence and decreased attentional allocation,
lack of social presence and social isolation, decreased attentional
allocation and intention to use, external location and passive
use, unfamiliar person and passive use, passive use and social
norm, and passive use and intention to use despite social
nonacceptance by others. Furthermore, post-hoc indication
indices also suggested additional paths between perceived
usefulness and intention to use, perceived ease of use and
intention to use, perceived ease of use and image, perceived
ease of use and social isolation, social norm and external
location, social norm and lack of social presence, and lack of
social presence and intention to use despite social nonacceptance
by others. Some of the paths in the conceptual model were
suggested differently, such as external location to intention to
use instead of attitude, and the same applied for unfamiliar
people and passive use. The paths suggested were from attitude
to intention to use despite social nonacceptance by others and
attitude to lack of social presence. The respecified model
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generated a good fit (χ2
1337=2113.035; χ2/df=1.58; SRMR=0.08;

TLI=0.95; RMSEA=0.04 [CI 0.03-0.04]). Multimedia Appendix
2 summarizes the mean and SD, Cronbach α, factor loadings

(β), and squared multiple correlations (R2) of the observed
variables to predict the anticipated intention to use smart glasses.
The correlation matrix is available upon request.

Path Model
It was hypothesized that additional social interaction constructs
could explain higher variance of users’ anticipated intention to
use compared to subjective norm, image, perceived usefulness,
and perceived usefulness on anticipated intention to use
(hypothesis 1). Squared multiple correlations are featured in
Figure 6. It was shown that intention to use represented 96%,
and it was raised with additional social interaction variables
compared with squared multiple correlations, with representation
of 73% from intention to use, perceived usefulness, perceived
ease of use, subjective norm, and image. Attitude accounted for
89%, intention to use smart glasses despite social nonacceptance
accounted for 65%, perceived usefulness accounted for 51%,
and image accounted for 29%. These results supported the
acceptance of hypothesis 1.

It was hypothesized that the user’s attitudes directly influence
the anticipated intention to use smart glasses (hypothesis 2).
The standardized path coefficients in Figure 6 show a significant
direct effect of attitude toward smart glasses on the intention to
use smart glasses, which supported the acceptance of hypothesis
2.

It was stated that the lack of social presence due to wearing
smart glasses during a physical contact moment influences the
attitude directly (hypothesis 3). Figure 6 shows a significant
negative direct effect of lack of social presence on attitude, and
therefore, the results supported the acceptance of hypothesis 3.
Surprisingly, the lack of social presence also had a positive
direct effect on the intention to use despite social nonacceptance
by patients.

Furthermore, it was hypothesized that social isolation due to
wearing smart glasses during a physical contact moment

influences the attitude directly. Social isolation did not have a
significant effect on attitude (Figure 6), and this result supported
the rejection of hypothesis 4.

In addition, it was hypothesized that the decreased attentional
allocation due to wearing smart glasses during a physical contact
moment influences the attitude directly (hypothesis 5). Figure
6 shows that decreased attentional allocation does not have a
significant effect on attitude, and this result supported the
rejection of hypothesis 5.

It was also hypothesized that the social acceptance of the use
of smart glasses at an external location during a physical contact
moment directly influences attitude (hypothesis 6). Figure 6
shows that use at an external location could not significantly
explain attitude, and this result supported the rejection of
hypothesis 6.

In addition, it was hypothesized that social acceptance regarding
the use of smart glasses with an unknown person during a
physical contact moment directly influences attitude. Figure 6
shows that there was no significant effect of the use of smart
glasses with an unknown person on attitude, and this result
supported the rejection of hypothesis 7.

Furthermore, it was hypothesized that the passive use of smart
glasses during a physical contact moment directly influences
attitude. Figure 6 shows that social acceptance regarding the
passive use of smart glasses indeed directly influences attitude.
Therefore, hypothesis 8 is accepted. In addition, social
acceptance regarding the passive use of smart glasses has
significant effects on the intention to use despite social
nonacceptance by the patient, intention to use, and perceived
usefulness.

Examining the nonacceptance of smart glasses by the patient,
it was hypothesized that the intention to use despite the
nonacceptance of smart glasses by the patient directly influences
the anticipated intention to use (hypothesis 9). Figure 6 shows
a significant effect, and therefore, hypothesis 9 is accepted. In
addition, an overview of the accepted and rejected hypotheses
can be found in Figure 7.
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Figure 6. Standardized path coefficients of the adoption of smart glasses and the social interaction variables for the anticipated use of smart glasses by
health care professionals (N=450). Dotted lines represent nonsignificant paths, italics represents nonsignificant factor loadings, and underline represents
squared multiple correlations. TAM: Technology Acceptance Model. *P<.05; ***P<.001.

Figure 7. Overview of the tested hypotheses of the adoption of smart glasses and the social interaction variables for the anticipated use of smart glasses
by health care professionals (N=450). Hypothesis 1 is underlined, and the hypothesis is accepted. Solid lines represent accepted hypotheses, and dotted
lines represent rejected hypotheses. H: hypothesis.

Discussion

Overview
Considering the current state of the art and the objectives of
this study, we formulated the following research question: “To
what extent do constructs derived from a mediation perspective
contribute to the established constructs of adoption to explain
the intention to use smart glasses?” This study had 2 primary
objectives. The first objective was to develop an instrument that

combines the perspectives of adoption and mediation to measure
the intention to use smart glasses by health care professionals.
A conceptual model was created by drawing on previous
findings related to smart glass adoption and testing hypotheses
about their anticipated effects on attitudes and intentions to use.
The instrument developed integrates both adoption and social
interaction perspectives, highlighting smart glasses as a
mediating factor between individuals, and it was validated with
health care professionals. The approach for this instrument
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builds on prior research and represents a step forward in
understanding the role of smart glasses in health care.

The second objective was to obtain insights into how the
intention to use is influenced by adoption and social interaction
aspects. The structural equation analysis showed that integrating
social interaction factors with selected TAM2 constructs led to
a higher explained variance in the intention to use smart glasses
than TAM2 alone. Key factors influencing the intention to use
included attitude, perceived usefulness, intention to use despite
social nonacceptance, and passive use of smart glasses. Social
presence had an unexpected effect: as social presence increased,
attitudes toward smart glasses decreased. Despite social
nonacceptance by patients, health care professionals still showed
willingness to use smart glasses, suggesting that this factor may
be less decisive in health care. Passive use was linked to
perceived usefulness and intention to use, indicating that wearing
smart glasses on top of the head (as presented in Figure 4) could
be convenient to have smart glasses close by, even when not
actively in use. These findings suggest that social interaction
plays a nuanced role in adoption, and further research is
recommended to explore these relationships, especially
regarding social presence and passive use.

Principal Findings

Development of the Instrument
Regarding the first objective of this study, there was an initial
endeavor to create an instrument for investigating the anticipated
adoption and mediation (as expressed through social
interactions) of smart glasses within the health care sector.
Consequently, a conceptual model was derived, which (1) drew
upon prior findings related to the adoption of smart glasses, (2)
tested hypotheses pertaining to the anticipated effects on
attitudes and use intention, and (3) was applied to a sample of
health care professionals for validation. We believe that the
proposed conceptual model of expected adoption and social
interaction provides a strong theoretical basis for further
development of the model. The structural model in this study
adds a higher explained variance but can be improved in the
parsimony of the model. Furthermore, the focus in the model
can be shifted in later research studies to other bystanders, such
as colleagues, who may be confronted with a user of smart
glasses.

The initial objective of this research was to develop an
instrument that integrates the perspectives of both adoption and
mediation. The resultant instrument was crafted to align closely
with the state-of-the-art knowledge of smart glass adoption
while simultaneously addressing aspects of social interaction.
Central to this development was the assumption that smart
glasses serve as a mediating factor between individuals. While
there exist numerous methods to investigate social interaction
factors, this study opted to ground its approach in findings from
previous research.

Explaining the Anticipated Adoption of Smart Glasses
The second aim of this study was to gain insights into how the
intention to use is influenced by adoption and social interaction
aspects. The outcomes of the structural equation analysis
revealed that our path model (Figure 6) integrating constructs

from both TAM2 and social interaction variables demonstrated
a higher explained variance in the anticipated intention to use
smart glasses, compared to the isolated TAM2 constructs that
were selected. This finding indicates that social interaction
concerning smart glasses plays a role in anticipating the adoption
of smart glasses in health care besides the perceived usefulness
and attitude toward smart glasses. More specifically, the
intention to use smart glasses is directly influenced by attitude,
perceived usefulness, intention to use despite social
nonacceptance, and passive use of smart glasses.

The presented model showed that attitude and intention to use
both had high squared multiple correlations. This gives a reason
to consider whether there is a theoretical difference between
these constructs. In the Introduction section, it was also indicated
that the attitude toward technology is a debatable construct in
adoption studies because the added value in the model would
not be substantial [10]. Original adoption models were
developed for computer use in the 1980s, but smart glasses are
different in several ways: they are worn on the body, are in the
field of view, and often contain a camera. In this model, attitude
is a mediating variable for subjective norm and the lack of social
presence and was found to be important for the intention to use.
Follow-up studies may investigate this relationship further.

Intention to use despite social nonacceptance shows that the
influence of others is important for the health care professional
but that it is not decisive to eventually use smart glasses. This
can be understood because care actions can often be unpleasant
for the patient but necessary for health purposes. This construct
may score very differently in other disciplines where social
relationships may be more important. Furthermore, the
anticipated intention to use smart glasses is indirectly influenced
by the lack of social presence and subjective norm.

A notable result of the lack of social presence is the decline in
attitude. If the lack of social presence decreases (with an increase
in social presence), the attitude toward smart glasses also
decreases. This might indicate that respondents do not expect
that smart glasses will ever provide more social presence and
would not use them for that reason. One explanation that
supports this finding is the positive regression coefficient with
intention to use despite social nonacceptance by patients. This
suggests that professionals would use smart glasses despite
social nonacceptance by the patient.

The results of this study also indicate that there is a complex
relationship between the passive use of smart glasses and 4
variables: a direct relationship with intention to use and an
indirect relationship through perceived usefulness, attitude, and
intention to use despite social nonacceptance. This can have 4
explanations, namely that passive use has a negative relationship
with the intention to use, which indicates, for example, that
health care professionals would rather not passively use smart
glasses. However, this seems to contradict the finding of a
weaker relationship with perceived usefulness, which could
mean, for example, that it is convenient to have the glasses
quickly at hand by wearing them on top of the head, just as a
doctor places a stethoscope on the neck. Passive use also leads
to an increased positive attitude toward glasses, which in turn
leads to increased intention. In addition, there was a significant
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negative regression between passive use and intention to use
despite social nonacceptance by the patient. This could indicate,
for example, that the health care professional is willing not to
use technology or, in this case, is willing to remove it if the
smart glasses are not actively used and the patient is not
comfortable with them.

The second objective was to gain insights into how the intention
to use smart glasses is influenced by the aspects of both adoption
and social interaction. Based on our findings, it can be asserted
that the presented model provides a higher explained variance
for the intention to use smart glasses. The majority of the
hypotheses were confirmed. However, some results were
unexpected, such as the influence of social presence on attitudes,
as discussed previously. Contrary to expectations drawn from
prior research [31,53], we found that a lack of social presence
did not result in a negative attitude or diminished intention to
use. Therefore, we recommend further exploration in subsequent
research, potentially using methodologies such as in-depth
interviews and quasiexperimental studies. The same applies to
the construct of social acceptance during the passive use of
smart glasses. The model indicated that this factor also impacts
perceived usefulness, suggesting that passive use of smart
glasses could be beneficial in a work context and could
consequently enhance the intention to use. Further research
should shed more light on the underlying reasons for this
finding.

Limitations
This study focused on the combination of adoption and social
interaction. A limitation of this study lies in the comparison
with the full TAM2 model. A priori–selected TAM2 constructs
based on relevance and the aim of the study were included,
namely to investigate social interaction and assess to what extent
themes from the mediation perspective add something to current
models. A comparison with the full TAM2 model is
recommended for a follow-up study.

Second, in this study, social acceptance was examined through
scenarios and not directly as a variable. The reason for this was
to tie in with the previous findings and become more concrete
in the specific context. This ignores social acceptance as an
independent construct, and it is advisable to do so now that it
appears that social interaction plays a substantial role in the
model.

Third, as discussed in the conclusion, attitude and intention to
use as variables score high on the explained variance, and it is
questionable whether they are distinctive enough. Nevertheless,
this difference is based on previous literature. Attitude was
assumed as a preliminary state in the conceptual model, and it
also fits the final model. It is recommended to investigate this
further in a subsequent study, and it might be related to the last
limitation.

The sample was limited to individuals who have access to
MTurk. The distribution of respondents was mainly centered
in the United States, and the questionnaire may have been
completed mainly by people who were enthusiastic about the
topic. As other researchers have addressed potential issues with
sample representativeness and quality of the data [54,55], the

results are more difficult to generalize and are not necessarily
representative of the population of health care professionals.
Therefore, it is important to revalidate the results with a reliable
and representative dataset.

Furthermore, participants were presented with 2 videos to watch
before proceeding further with the questionnaire. These videos,
accessible to the public, were specifically chosen to provide a
balanced depiction of what smart glasses are and their
capabilities. It is worth noting, however, that as commercial
videos, they may be designed to persuade viewers of the utility
of smart glasses. The researchers selected these videos because
they provided examples that were realistic and applicable in
real-life work contexts at the time of the study and represented
an attempt to prevent unrealistic imaging from smart glasses.

Although this model has been created based on previous
literature and has remained as close as possible to the conceptual
model, it is not a parsimonious model. From Cutting [56], a
series of criteria can be derived to discuss the model evaluation,
which is reflected by the accuracy, scope, and simplicity of the
model. Parameter counting is widely used to indicate simplicity:
if 2 models are both equally valid, the one with the fewest
parameters is the best [56]. Several nonsignificant regression
coefficients were found in the results of this study, and in
combination with the previous recommendations, a subsequent
simpler model can be developed.

Conclusions

Anticipating Adoption and Appropriation
The main finding is the answer to the following research
question: “To what extent do constructs derived from a
mediation perspective contribute to the established constructs
of adoption to explain the intention to use smart glasses?” In
the Introduction, the assumption was made that the target
audience would likely be in an early stage of adoption of smart
glasses. However, the responses gathered concerning knowledge
and experience revealed that the majority of respondents
demonstrated a fair understanding of smart glasses, and
approximately half of them had already experimented with the
technology.

The mediation perspective has provided insights into potentially
useful variables for the anticipated adoption and social
interaction of smart glasses. Social interaction with technology
may be important because smart glasses are worn on the body.
Venkatesh and Davis [52] found that the influence of subjective
norm was only significant in mandatory usage contexts and not
in voluntary contexts [52]. In this study, no obligatory or
voluntary context was specifically referred to, yet subjective
norm had a significant association with intention to use. That
moderator can be added for control in a subsequent study, but
it is also expected that with the current technology, such as
smart glasses that are worn on the body, this is different than
with personal computers. With smart glasses, there is human
interaction where technology differently mediates in the physical
world. In addition, social influences would have a nonsignificant
influence on intention to use without moderators such as gender,
age, experience, and use voluntariness [10]. This study showed
that subjective norm and the lack of social presence influence
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attitude and indirectly influence intention to use smart glasses
in health care and can therefore make better predictions for
anticipated use intention for smart glasses. Furthermore, despite
many of the social issues addressed in the literature [21,26,31]
and previous studies, most of the issues incorporated in this
study did not have an effect on the anticipated intention to use
smart glasses in the future. The findings reported here shed new
light on the intention to use smart glasses in health care, where
it could be argued that social interaction is perceived as an
important aspect in providing care but not the most important
construct for predicting future use. While this study does not
provide evidence regarding the issues in social interaction
surrounding smart glasses in health care as seen in the literature,
a limitation in this study might be that respondents did not
experience the use of smart glasses in real time. On the other
hand, it may also be that the quality of care is more important
than social interaction, and even if a patient feels uncomfortable
when it comes to health, an intervention is sometimes necessary.
Respondents might assume that smart glasses will help them in
their work and that they will add value, regardless of the
outcomes of social interaction.

Furthermore, although it is suggested that social acceptance is
regularly included in evaluation sections in smart glasses
research [18,57], it was observed that the adoption was only
partly included in research designs in some studies. For example,

in some cases, technology acceptance was evaluated by 3
constructs: perceived usefulness, perceived ease of use, and
intention to use [58]. However, the first TAM [11] included
attitude as well, and the more recent developments of the model
included 13 factors influencing perceived usefulness and
perceived ease of use and thereafter intention to use [15,59].
This example and current research in technology acceptance in
related fields [60,61] show that there is more to study in
adoption than 3 factors, and we argue to use all relevant aspects
of adoption and acceptance frameworks to obtain more valid
answers in acceptance research.

In summary, several theoretical perspectives have been used in
this study, and it has been found that despite the concerns raised
about social interaction with smart glasses, these aspects play
important roles for health care professionals but are ultimately
not decisive for the intention to use. As a result, there are fewer
threats to implementation for health care than might be expected
based on previous literature. It can also be concluded that the
empirical findings of this study provide a new understanding
of how the mediation perspective can increase the explained
variance compared to existing constructs from the literature.
This is why the mediation perspective adds new insights into a
theoretical framework that can also be applied in other
professional fields or related technologies.

 

Acknowledgments
This study would not have been possible without the respondents from a health care organization in the Netherlands and the
workers of Amazon’s Mechanical Turk.

Data Availability
The datasets generated during or analyzed during this study are available from the corresponding author upon reasonable request.

Authors' Contributions
NZ led the design, data collection, and data analysis, and drafted the initial manuscript. SBA, OP, and PPV contributed to the
design and data collection. OP contributed to data analysis as well. All authors reviewed the protocols, contributed to the
conceptualization and methodology, and reviewed the final manuscript.

Conflicts of Interest
None declared.

Multimedia Appendix 1
Prior research on the adoption of smart glasses.
[DOCX File , 50 KB - formative_v9i1e49610_app1.docx ]

Multimedia Appendix 2
Item pool, descriptive statistics, factor loadings, squared multiple correlations, and Cronbach alpha of the observed indicators to
explain and predict the anticipated use of smart glasses.
[DOCX File , 121 KB - formative_v9i1e49610_app2.docx ]

Multimedia Appendix 3
Opening statement.
[DOCX File , 14 KB - formative_v9i1e49610_app3.docx ]

References

JMIR Form Res 2025 | vol. 9 | e49610 | p.1954https://formative.jmir.org/2025/1/e49610
(page number not for citation purposes)

Zuidhof et alJMIR FORMATIVE RESEARCH

XSL•FO
RenderX

https://jmir.org/api/download?alt_name=formative_v9i1e49610_app1.docx&filename=d0a0a407f299eccc8eee3958c8b4c5d8.docx
https://jmir.org/api/download?alt_name=formative_v9i1e49610_app1.docx&filename=d0a0a407f299eccc8eee3958c8b4c5d8.docx
https://jmir.org/api/download?alt_name=formative_v9i1e49610_app2.docx&filename=e55d2fe34dcc5d06537aeec5dc1747fe.docx
https://jmir.org/api/download?alt_name=formative_v9i1e49610_app2.docx&filename=e55d2fe34dcc5d06537aeec5dc1747fe.docx
https://jmir.org/api/download?alt_name=formative_v9i1e49610_app3.docx&filename=00c04b5db98b146b5d49a2d9f5919882.docx
https://jmir.org/api/download?alt_name=formative_v9i1e49610_app3.docx&filename=00c04b5db98b146b5d49a2d9f5919882.docx
http://www.w3.org/Style/XSL
http://www.renderx.com/


1. Get Ready For Even More Google Glasshole Sightings. TechCrunch. 2013. URL: https://techcrunch.com/2013/01/28/
glassholes/ [accessed 2024-12-26]

2. Google Glass advice: how to avoid being a glasshole. The Guardian. 2014. URL: https://www.theguardian.com/technology/
2014/feb/19/google-glass-advice-smartglasses-glasshole [accessed 2024-12-26]

3. Hein DWE, Jodoin JL, Rauschnabel PA, Ivens BS. Are Wearables Good or Bad for Society?: An Exploration of Societal
Benefits, Risks, and Consequences of Augmented Reality Smart Glasses. In: Wearable Technologies: Concepts,
Methodologies, Tools, and Applications. Hershey, PA: IGI Global Scientific Publishing; 2018:1313-1337.

4. Hofmann B, Haustein D, Landeweerd L. Smart-glasses: exposing and elucidating the ethical issues. Sci Eng Ethics 2017
Jun 18;23(3):701-721. [doi: 10.1007/s11948-016-9792-z] [Medline: 27432401]

5. Kress B. See Through Optical Architectures for Wearable Displays. 2014 Presented at: Imaging and Applied Optics; July
13-17, 2014; Seattle, WA. [doi: 10.1364/AIO.2014.JTu1A.1]

6. Wortmeier A, Sousa Calepso A, Kropp C, Sedlmair M, Weiskopf D. Configuring augmented reality users: analysing
YouTube commercials to understand industry expectations. Behaviour & Information Technology 2023 Jan 09;43(2):371-386.
[doi: 10.1080/0144929X.2022.2163693]

7. Kolodzey L, Grantcharov PD, Rivas H, Schijven MP, Grantcharov TP. Wearable technology in the operating room: a
systematic review. BMJ Innov 2016 Dec 21;3(1):55-63. [doi: 10.1136/bmjinnov-2016-000133]

8. Zuidhof N, Ben Allouch S, Peters O, Verbeek P. Defining smart glasses: a rapid review of state-of-the-art perspectives and
future challenges from a social sciences’ perspective. Augment Hum Res 2021 Oct 31;6(1):15. [doi:
10.1007/s41133-021-00053-3]

9. Lu J, Yao JE, Yu C. Personal innovativeness, social influences and adoption of wireless Internet services via mobile
technology. The Journal of Strategic Information Systems 2005 Sep;14(3):245-268. [doi: 10.1016/j.jsis.2005.07.003]

10. Venkatesh V, Morris M, Davis G, Davis F. User acceptance of information technology: toward a unified view. MIS Quarterly
2003;27(3):425. [doi: 10.2307/30036540]

11. Davis FD, Bagozzi RP, Warshaw PR. User acceptance of computer technology: a comparison of two theoretical models.
Management Science 1989 Aug;35(8):982-1003. [doi: 10.1287/mnsc.35.8.982]

12. Rogers E. Diffusion of Innovations, 3rd edition. New York, NY: Free Press; 1983.
13. Akbari M, Rezvani A, Shahriari E, Zúñiga M, Pouladian H. Acceptance of 5 G technology: mediation role of trust and

concentration. Journal of Engineering and Technology Management 2020;57:101585 [FREE Full text] [doi:
10.1016/j.jengtecman.2020.101585]

14. Lee Y, Kozar KA, Larsen KR. The technology acceptance model: past, present, and future. CAIS 2003;12:1250. [doi:
10.17705/1CAIS.01250]

15. Venkatesh V, Bala H. Technology acceptance model 3 and a research agenda on interventions. Decision Sciences 2008
May 09;39(2):273-315. [doi: 10.1111/j.1540-5915.2008.00192.x]

16. Koelle M, El Ali A, Cobus V, Heuten W, Boll S. All about Acceptability?: Identifying Factors for the Adoption of Data
Glasses. In: CHI '17: Proceedings of the 2017 CHI Conference on Human Factors in Computing Systems. 2017 Presented
at: 2017 CHI Conference on Human Factors in Computing Systems; May 6-11, 2017; Denver, CO. [doi:
10.1145/3025453.3025749]

17. Rauschnabel PA, He J, Ro YK. Antecedents to the adoption of augmented reality smart glasses: A closer look at privacy
risks. Journal of Business Research 2018 Nov;92:374-384. [doi: 10.1016/j.jbusres.2018.08.008]

18. Nam C, Lee Y. Validation of the wearable acceptability range scale for smart apparel. Fash Text 2020 May 05;7(1):13.
[doi: 10.1186/s40691-019-0203-3]

19. Davis FD. Perceived usefulness, perceived ease of use, and user acceptance of information technology. MIS Quarterly 1989
Sep;13(3):319. [doi: 10.2307/249008]

20. Bagozzi R. The legacy of the technology acceptance model and a proposal for a paradigm shift. JAIS 2007 Apr;8(4):244-254.
[doi: 10.17705/1jais.00122]

21. Koelle M, Kranz M, Möller A. Don't look at me that way!: Understanding User Attitudes Towards Data Glasses Usage.
In: MobileHCI '15: Proceedings of the 17th International Conference on Human-Computer Interaction with Mobile Devices
and Services. 2015 Presented at: 17th International Conference on Human-Computer Interaction with Mobile Devices and
Services; August 24-27, 2015; Copenhagen, Denmark. [doi: 10.1145/2785830.2785842]

22. Rauschnabel P, Brem A, Ivens B. Mixing Physical and Virtual Realities: Implications of Augmented Reality Smart Glasses
for the Management of Innovation. 2015 Presented at: AMA Summer Marketing Educators’ Conference 2015; August
14-18, 2015; Chicago, IL.

23. Due B. The social construction of a Glasshole: Google Glass and multiactivity in social interaction. PsychNology Journal
2015;13(2-3):149-178 [FREE Full text]

24. Liinasuo M, Kuula T, Goriachev V, Helin K. Choosing between remote and face-to-face features in a test setting: methodology
used in two usability and user experience case studies. Behaviour & Information Technology 2023 Jan 13;42(3):298-306.
[doi: 10.1080/0144929x.2023.2165453]

JMIR Form Res 2025 | vol. 9 | e49610 | p.1955https://formative.jmir.org/2025/1/e49610
(page number not for citation purposes)

Zuidhof et alJMIR FORMATIVE RESEARCH

XSL•FO
RenderX

https://techcrunch.com/2013/01/28/glassholes/
https://techcrunch.com/2013/01/28/glassholes/
https://www.theguardian.com/technology/2014/feb/19/google-glass-advice-smartglasses-glasshole
https://www.theguardian.com/technology/2014/feb/19/google-glass-advice-smartglasses-glasshole
http://dx.doi.org/10.1007/s11948-016-9792-z
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27432401&dopt=Abstract
http://dx.doi.org/10.1364/AIO.2014.JTu1A.1
http://dx.doi.org/10.1080/0144929X.2022.2163693
http://dx.doi.org/10.1136/bmjinnov-2016-000133
http://dx.doi.org/10.1007/s41133-021-00053-3
http://dx.doi.org/10.1016/j.jsis.2005.07.003
http://dx.doi.org/10.2307/30036540
http://dx.doi.org/10.1287/mnsc.35.8.982
https://www.sciencedirect.com/science/article/abs/pii/S0923474820300333
http://dx.doi.org/10.1016/j.jengtecman.2020.101585
http://dx.doi.org/10.17705/1CAIS.01250
http://dx.doi.org/10.1111/j.1540-5915.2008.00192.x
http://dx.doi.org/10.1145/3025453.3025749
http://dx.doi.org/10.1016/j.jbusres.2018.08.008
http://dx.doi.org/10.1186/s40691-019-0203-3
http://dx.doi.org/10.2307/249008
http://dx.doi.org/10.17705/1jais.00122
http://dx.doi.org/10.1145/2785830.2785842
http://www.psychnology.org/File/PNJ13(2-3)/PSYCHNOLOGY_JOURNAL_13_2_DUE.pdf
http://dx.doi.org/10.1080/0144929x.2023.2165453
http://www.w3.org/Style/XSL
http://www.renderx.com/


25. Goken M, Basoglu A, Dabic M. Exploring adoption of smart glasses: Applications in medical industry. 2016 Presented at:
Portland International Conference on Management of Engineering and Technology (PICMET); September 04-08, 2016;
Honolulu, HI. [doi: 10.1109/picmet.2016.7806835]

26. Montero C, Alexander J, Marshall M, Subramanian S. Would you do that?: understanding social acceptance of gestural
interfaces. In: MobileHCI '10: Proceedings of the 12th International Conference on Human Computer Interaction with
Mobile Devices and Services. 2010 Presented at: 12th International Conference on Human Computer Interaction with
Mobile Devices and Services; September 7-10, 2010; Lisbon, Portugal. [doi: 10.1145/1851600.1851647]

27. Weiser M, Gold R, Brown JS. The origins of ubiquitous computing research at PARC in the late 1980s. IBM Syst. J
1999;38(4):693-696. [doi: 10.1147/sj.384.0693]

28. Mann S. What I've learned from 35 years of wearing computerized eyewear. IEEE Spectr. 2013. URL: https://www.
nxtbook.com/nxtbooks/ieee/spectrum_na_0313/index.php?startid=23#/1 [accessed 2024-12-26]

29. Verbeek P. Beyond interaction: a short introduction to mediation theory. Interactions 2015 Apr 27;22(3):26-31. [doi:
10.1145/2751314]

30. Zuidhof N, Ben AS, Peters O, Verbeek P. A theoretical framework to study long-term use of smart eyewear. In:
UbiComp/ISWC '19 Adjunct: Adjunct Proceedings of the 2019 ACM International Joint Conference on Pervasive and
Ubiquitous Computing and Proceedings of the 2019 ACM International Symposium on Wearable Computers. 2019 Presented
at: 2019 ACM International Joint Conference on Pervasive and Ubiquitous Computing and ACM International Symposium
on Wearable Computers; September 9-13, 2019; London, UK. [doi: 10.1145/3341162.3348382]

31. Zuidhof N, Ben Allouch S, Peters O, Verbeek P. Perspectives on the acceptance and social implications of smart glasses:
a qualitative focus group study in healthcare. International Journal of Human–Computer Interaction 2022 Aug
26;40(2):149-159. [doi: 10.1080/10447318.2022.2111046]

32. Ajzen I. The theory of planned behavior. Organizational Behavior and Human Decision Processes 1991 Dec;50(2):179-211.
[doi: 10.1016/0749-5978(91)90020-t]

33. Zuidhof N, Ben Allouch S, Peters O, Verbeek P. Anticipated Acceptance of Head Mounted Displays: a content analysis
of YouTube comments. 2019 Presented at: IEEE International Conference on Pervasive Computing and Communications
Workshops (PerCom Workshops); March 11-15, 2019; Kyoto, Japan. [doi: 10.1109/percomw.2019.8730658]

34. Han DD, Tom Dieck MC, Jung T. Augmented Reality Smart Glasses (ARSG) visitor adoption in cultural tourism. Leisure
Studies 2019 Apr 21;38(5):618-633. [doi: 10.1080/02614367.2019.1604790]

35. Harms C, Biocca F. Internal consistency and reliability of the networked minds social presence measure. In: Alcaniz M,
Rey B, editors. Seventh Annual International Workshop: Presence. Valencia: Universidad Politecnica de Valencia;
2004:246-251.

36. Karahanna E, Limayem M. E-mail and v-mail usage: generalizing across technologies. J of Organizational Comp & Elec
Commerce 2000 Mar 1;10(1):49-66. [doi: 10.1207/s15327744joce100103]

37. Tenner E. Why Things Bite Back, Technology and the Revenge of Unintended Consequences. New York, NY: Vintage
Books; 1996.

38. Verbeek P. Op de vleugels van Icarus. Hoe techniek en moraal met elkaar meebewegen. Rotterdam: Lemniscaat; 2014.
39. Merton RK. The unanticipated consequences of purposive social action. American Sociological Review 1936 Dec;1(6):894.

[doi: 10.2307/2084615]
40. Spector P. Summated Rating Scale Construction, 82nd edition. Newbury Park, CA: Sage; 1992.
41. Tyupa S. A theoretical framework for back-translation as a quality assessment tool. New Voices in Translation Studies

2011;7(1):35-46 [FREE Full text]
42. Gemvision Healthcare platform | Augmented Reality Smart Glasses. YouTube. URL: https://youtu.be/N_QoKStFn_Q

[accessed 2024-12-26]
43. M400 Telemedicine Medical. YouTube. URL: https://youtu.be/TyA_NVyK9iw [accessed 2024-12-26]
44. George D, Mallery M. SPSS for Windows Step by Step: A Simple Guide and Reference, 17.0 Update. Boston, MA: Allyn

& Bacon, Inc; 2010.
45. Jöreskog KG. A general method for estimating a linear structural equation system*. ETS Research Bulletin Series 2014

Aug 08;1970(2):i-41. [doi: 10.1002/j.2333-8504.1970.tb00783.x]
46. Kline R. Principles and practice of structural equation modeling, 4th edition. New York, NY: Guilford Press; 2016.
47. Holbert RL, Stephenson MT. Structural equation modeling in the communication sciences, 1995-2000. Human Comm Res

2002 Oct;28(4):531-551. [doi: 10.1111/j.1468-2958.2002.tb00822.x]
48. Hoyle R, Panter A. Writing about structural equation models. In: Hoyle RH, editor. Structural equation modeling: Concepts,

issues, and applications. Thousand Oaks, CA: Sage Publications; 1995:158-176.
49. Hooper D, Coughlan J, Mullen M. Structural equation modelling: guidelines for determining model fit. Electronic Journal

of Business Research Methods 2008;6(1):53-60 [FREE Full text]
50. Hu L, Bentler PM. Cutoff criteria for fit indexes in covariance structure analysis: Conventional criteria versus new alternatives.

Structural Equation Modeling: A Multidisciplinary Journal 1999 Jan;6(1):1-55. [doi: 10.1080/10705519909540118]
51. Fornell C, Larcker DF. Evaluating structural equation models with unobservable variables and measurement error. Journal

of Marketing Research 1981 Feb;18(1):39. [doi: 10.2307/3151312]

JMIR Form Res 2025 | vol. 9 | e49610 | p.1956https://formative.jmir.org/2025/1/e49610
(page number not for citation purposes)

Zuidhof et alJMIR FORMATIVE RESEARCH

XSL•FO
RenderX

http://dx.doi.org/10.1109/picmet.2016.7806835
http://dx.doi.org/10.1145/1851600.1851647
http://dx.doi.org/10.1147/sj.384.0693
https://www.nxtbook.com/nxtbooks/ieee/spectrum_na_0313/index.php?startid=23#/1
https://www.nxtbook.com/nxtbooks/ieee/spectrum_na_0313/index.php?startid=23#/1
http://dx.doi.org/10.1145/2751314
http://dx.doi.org/10.1145/3341162.3348382
http://dx.doi.org/10.1080/10447318.2022.2111046
http://dx.doi.org/10.1016/0749-5978(91)90020-t
http://dx.doi.org/10.1109/percomw.2019.8730658
http://dx.doi.org/10.1080/02614367.2019.1604790
http://dx.doi.org/10.1207/s15327744joce100103
http://dx.doi.org/10.2307/2084615
https://newvoices.arts.chula.ac.th/index.php/en/article/view/150
https://youtu.be/N_QoKStFn_Q
https://youtu.be/TyA_NVyK9iw
http://dx.doi.org/10.1002/j.2333-8504.1970.tb00783.x
http://dx.doi.org/10.1111/j.1468-2958.2002.tb00822.x
https://academic-publishing.org/index.php/ejbrm/article/view/1224
http://dx.doi.org/10.1080/10705519909540118
http://dx.doi.org/10.2307/3151312
http://www.w3.org/Style/XSL
http://www.renderx.com/


52. Venkatesh V, Davis FD. A theoretical extension of the technology acceptance model: four longitudinal field studies.
Management Science 2000 Feb;46(2):186-204. [doi: 10.1287/mnsc.46.2.186.11926]

53. Uhde A, Tretter S, von Terzi P, Koelle M, Diefenbach S, Hassenzahl M. Interaction in the Public: Aesthetics, Social
Acceptability, and Social Context. Mensch und Computer 2021, Workshopband, Workshop on Interaction in the Public:
Aesthetics, Social Acceptability, and Social Context. 2021. URL: https://alarithuhde.com/publications/
Workshop-Interaction-in-the-Public.pdf [accessed 2024-12-26]

54. Aguinis H, Villamor I, Ramani RS. MTurk research: review and recommendations. Journal of Management 2020 Nov
19;47(4):823-837. [doi: 10.1177/0149206320969787]

55. Paolacci G, Chandler J. Inside the Turk. Curr Dir Psychol Sci 2014 Jun 03;23(3):184-188. [doi: 10.1177/0963721414531598]
56. Cutting JE. Accuracy, scope, and flexibility of models. J Math Psychol 2000 Mar;44(1):3-19. [doi: 10.1006/jmps.1999.1274]

[Medline: 10733855]
57. Lee L, Hui P. Interaction methods for smart glasses: a survey. IEEE Access 2018;6:28712-28732. [doi:

10.1109/access.2018.2831081]
58. Lam K, Hang LL, Braud T, Hui P. M2A: A framework for visualizing information from mobile web to mobile augmented

reality. 2019 Presented at: 2019 IEEE International Conference on Pervasive Computing and Communications (PerCom);
March 11-15, 2019; Kyoto, Japan. [doi: 10.1109/percom.2019.8767388]

59. Lai P. The literature review of technology adoption models and theories for the novelty technology. JISTEM USP 2017
Jun 08;14(1):21-38. [doi: 10.4301/S1807-17752017000100002]

60. Ben Allouch S. The design and anticipated adoption of ambient intelligence in the home. University of Twente. 2008. URL:
https://ris.utwente.nl/ws/files/6085272/thesis_Ben_Allouch.pdf [accessed 2024-12-26]

61. de Graaf M, Ben Allouch S, van Dijk J. Why Do They Refuse to Use My Robot?: Reasons for Non-Use Derived from a
Long-Term Home Study. In: HRI '17: Proceedings of the 2017 ACM/IEEE International Conference on Human-Robot
Interaction. 2017 Presented at: 2017 ACM/IEEE International Conference on Human-Robot Interaction; March 6-9, 2017;
Vienna, Austria. [doi: 10.1145/2909824.3020236]

Abbreviations
RMSEA: root mean square error of approximation
SRMR: standardized root mean square residual
TAM: Technology Acceptance Model
TAM2: Technology Acceptance Model 2
TLI: Tucker-Lewis Index
UTAUT: Unified Theory of Acceptance and Use of Technology

Edited by A Mavragani; submitted 03.06.23; peer-reviewed by D Nogueira-Leite, C Romare; comments to author 19.07.23; revised
version received 01.08.23; accepted 28.11.24; published 11.02.25.

Please cite as:
Zuidhof N, Peters O, Verbeek PP, Ben Allouch S
Social Acceptance of Smart Glasses in Health Care: Model Evaluation Study of Anticipated Adoption and Social Interaction
JMIR Form Res 2025;9:e49610
URL: https://formative.jmir.org/2025/1/e49610 
doi:10.2196/49610
PMID:

©Niek Zuidhof, Oscar Peters, Peter-Paul Verbeek, Somaya Ben Allouch. Originally published in JMIR Formative Research
(https://formative.jmir.org), 11.02.2025. This is an open-access article distributed under the terms of the Creative Commons
Attribution License (https://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution, and reproduction
in any medium, provided the original work, first published in JMIR Formative Research, is properly cited. The complete
bibliographic information, a link to the original publication on https://formative.jmir.org, as well as this copyright and license
information must be included.

JMIR Form Res 2025 | vol. 9 | e49610 | p.1957https://formative.jmir.org/2025/1/e49610
(page number not for citation purposes)

Zuidhof et alJMIR FORMATIVE RESEARCH

XSL•FO
RenderX

http://dx.doi.org/10.1287/mnsc.46.2.186.11926
https://alarithuhde.com/publications/Workshop-Interaction-in-the-Public.pdf
https://alarithuhde.com/publications/Workshop-Interaction-in-the-Public.pdf
http://dx.doi.org/10.1177/0149206320969787
http://dx.doi.org/10.1177/0963721414531598
http://dx.doi.org/10.1006/jmps.1999.1274
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=10733855&dopt=Abstract
http://dx.doi.org/10.1109/access.2018.2831081
http://dx.doi.org/10.1109/percom.2019.8767388
http://dx.doi.org/10.4301/S1807-17752017000100002
https://ris.utwente.nl/ws/files/6085272/thesis_Ben_Allouch.pdf
http://dx.doi.org/10.1145/2909824.3020236
https://formative.jmir.org/2025/1/e49610
http://dx.doi.org/10.2196/49610
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


Original Paper

Designing Patient-Centered Interventions for Emergency Care:
Participatory Design Study

Woosuk Seo1, BS; Shruti Jain2, BS; Vivian Le1, BS; Jiaqi Li1, MS; Zhan Zhang3, PhD; Hardeep Singh4, MD, MPH;

Kalyan Pasupathy5, PhD; Prashant Mahajan6, MPH, MBA, MD; Sun Young Park7, PhD
1School of Information, University of Michigan, Ann Arbor, MI, United States
2Computer Science and Engineering, University of Michigan, Ann Arbor, United States
3Seidenberg School of Computer Science and Information Systems, Pace University, New York, NY, United States
4Center for Innovations in Quality, Effectiveness and Safety (IQuESt), Michael E. DeBakey Veterans Affairs Medical Center and Baylor College of
Medicine, Houston, TX, United States
5Biomedical and Health Information Sciences, University of Illinois Chicago, Chicago, IL, United States
6Department of Emergency Medicine, University of Michigan Medical School, Ann Arbor, MI, United States
7School of Information, Stamps School of Art and Design, University of Michigan, Ann Arbor, MI, United States

Corresponding Author:
Woosuk Seo, BS
School of Information
University of Michigan
105 S State St
Ann Arbor, MI
United States
Phone: 1 2063109264
Email: seow@umich.edu

Abstract

Background: Emergency departments (EDs) are high-pressure environments where clinicians diagnose patients under significant
constraints, including limited medical histories, severe time pressures, and frequent interruptions. Current ED care practices often
inadequately support meaningful patient participation. Most interventions prioritize clinical workflow and health care provider
communication, inadvertently overlooking patients’needs. Additionally, patient-facing technologies in EDs are typically developed
without meaningful patient input, leading to solutions that may not effectively address patients’ specific challenges. To enhance
both patient-centered care practices and the diagnosis process in EDs, patient involvement in technology design is essential to
ensure their needs during emergency care are understood and addressed.

Objective: This study aimed to invite ED patients to participatory design sessions, identify their needs during ED visits, and
present potential design guidelines for technological interventions to address these needs.

Methods: We conducted 8 design sessions with 36 ED patients and caregivers to validate their needs and identify considerations
for designing patient-centered interventions to improve diagnostic safety. We used 10 technological intervention ideas as probes
for a needs evaluation of the study participants. Participants discussed the use cases of each intervention idea to assess their needs
during the ED care process. We facilitated co-design activities with the participants to improve the technological intervention
designs. We audio- and video-recorded the design sessions. We then analyzed session transcripts, field notes, and design sketches.

Results: On the basis of ED patients’ feedback and evaluation of our intervention designs, we found the 3 most preferred
intervention ideas that addressed the common challenges ED patients experience. We also identified 4 themes of ED patients’
needs: a feeling of inclusion in the ED care process, access to sources of medical information to enhance patient comprehension,
addressing patient anxiety related to information overload and privacy concerns, and ensuring continuity in care and information.
We interpreted these as insights for designing technological interventions for ED patients. Therefore, on the basis of the findings,
we present five considerations for designing better patient-centered interventions in the ED care process: technology-based
interventions should (1) address patients’ dynamic needs to promote continuity in care; (2) consider the amount and timing of
information that patients receive; (3) empower patients to be more active for better patient safety and care quality; (4) optimize
human resources, depending on patients’ needs; and (5) be designed with the consideration of patients’ perspectives on
implementation.
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Conclusions: This study provides unique insights for designing technological interventions to support ED diagnostic processes.
By inviting ED patients into the design process, we present unique insights into the diagnostic process and design considerations
for designing novel technological interventions to enhance patient safety.

International Registered Report Identifier (IRRID): RR2-10.2196/55357

(JMIR Form Res 2025;9:e63610)   doi:10.2196/63610

KEYWORDS

emergency department; participatory design; patient; technology; intervention

Introduction

Background
In the high-pressure environment of emergency departments
(EDs), diagnosing and managing patients is inherently complex.
This complexity arises from extensive interactions among
various stakeholders, including health care providers, family
caregivers, and patients. The dynamic and time-sensitive context
of EDs forces stakeholders to make critical medical decisions
promptly. The urgent nature of emergency care thus poses
substantial challenges to ED providers, compounding the
difficulty of achieving timely and accurate diagnoses and raising
concerns regarding patient safety. While exact rates of diagnostic
errors remain elusive, a conservative estimate of 5% errors in
adults out of the 131 million annual ED visits translates to about
7 million cases of ED-based diagnostic errors [1]. Notably,
nearly half of these diagnostic errors have the potential to cause
harm to patients.

Many existing technological interventions focus on supporting
the diagnostic process and promoting patient safety in the ED.
For example, an ED provider-facing mobile app currently exists
to deliver real-time patient information and allows for
collaborative patient management for care teams [2]. Artificial
intelligence (AI)–based software [3] has also been developed
to provide practical guidance to novice nurses or scan operators
in the ED who have limited experience in echocardiography.
In addition, AI-based systems [4,5] have been used to support
documentation for the nursing team, indirectly promoting the
efficiency of the care process. Such systems could support
providers by easing the documentation burden (eg, parsing long
notes and automatically populating relevant text) so that they
could focus more on patient care.

On the other hand, some technological interventions have been
developed that focus more on ED patients. An indoor navigation
system [6] was developed to assist patients unfamiliar with the
ED environment, and a mobile display [7] was designed to
present an interactive report detailing patients’ progress, care
plans, and care teams throughout their stay in the ED. To reduce
patients’ anxiety, some prior studies highlighted opportunities
to use music apps [8] or virtual reality applications [9]. More
recently, a study presented the opportunity for an AI-based
application to provide medical triage to patients more efficiently
[10]. Compared with human clinicians, the AI-based application
made probable triage decisions. While these technological
interventions improve providers’ diagnosing work or patient
safety, direct input from patients and providers working at the
frontline is often overlooked when developing such solutions.

Participatory design (PD) [11] is a methodology that engages
all stakeholders in the design process to create solutions that
address their needs. PD has been widely used by researchers in
prior studies to co-design user-centered technologies with health
care providers. For instance, Kusunoki et al [12] conducted PD
workshops with trauma team members to understand the
different needs of awareness support among the various roles
of team members and identify concrete design strategies to
manage these differences. Pollack et al [13] organized a design
session with 11 clinicians to develop a clinical information tool
using PD techniques. On the basis of the session’s findings, the
authors identified benefits (eg, a high level of domain knowledge
can be used to anticipate how design ideas can be applied to
clinical processes and workflow) and potential challenges (eg,
power dynamics between physicians) of leveraging PD
techniques in designing a clinical information tool. The authors
also outlined guiding principles for implementing these methods
in health care organizations interested in advancing health
information technology. These prior studies have presented how
PD is helpful and practical for designing human-centered
technology in health care settings.

Despite the benefits of PD in designing health technology,
limited work has adopted a user-centered PD approach to
develop technological interventions for ED specifically to
enhance patient safety. Østervang et al [14] conducted PD
workshops with health care providers and patients to design an
ED information system. In the study, providers brainstormed
initial design ideas for an ED information system in a workshop;
then, patients provided feedback in separate workshops. The
authors presented how the PD approach helps yield insights
from ED providers and patients to create a more user-centered
system. However, ED patients in the study had limited
participation because the workshops were conducted one-on-one,
and patients were only asked to provide feedback on intervention
ideas developed by health care providers.

Objectives
Building on previous research, we aimed to engage ED patients
in validating their needs and co-designing novel interventions
to promote patient safety and enhance the ED diagnostic process.
Because patients are vulnerable to potential errors, their
involvement in developing patient-centered interventions is
important to improve the diagnostic process. Through
identifying patients’ needs during their ED visits, this study
presents design guidelines for more patient-centered
technological interventions. We used preliminary technological
intervention concepts to facilitate discussions about participants’
experiences and needs. This approach helped expand our
understanding of patient experiences in the ED. Rather than
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proposing specific solutions, we aimed to refine intervention
concepts based on patient input and establish broader guidelines
for designing patient-facing interventions.

Methods

Overview
This study is part of a larger project that aims to identify ED
patients’ and health care providers’ perspectives on
technological interventions to support the ED diagnostic process
and to craft design guidelines for interventions that meet both
stakeholders’ needs. In this paper, we focus on validating the
needs of ED patients and caregivers during ED visits and their
perspectives on technological interventions. We conducted 8
design sessions with 36 ED patients or their caregivers. On the
basis of the analysis of transcripts, design sketches, and field
notes, we identified 4 themes representing patient needs,
strategies to mitigate common challenges, and design guidelines
for potential interventions.

Design Idea Generation Phase for ED Care
Interventions
Before our PD study with ED patients, the research team
interviewed 8 patients and caregivers to better understand their

experiences and challenges during ED visits. From the
interviews, we identified difficulties, emerging patterns of
complaints, and general levels of satisfaction with different
aspects of the care process (Table 1). Common themes were
discovered from each problem category through analysis of the
interview data ranging from patient and caregiver difficulties,
complaints, and satisfaction levels with various aspects of the
ED care process. In addition to the known problems, such as
long wait times and insufficient or poor communication with
providers, ED patients and caregivers also faced difficulties
because of the absence of caregivers, lack of ED process literacy,
or inadequate understanding of discharge information. On the
basis of the findings, the research team brainstormed numerous
design ideas for each problem category, focusing on the
stakeholders (eg, patients, caregivers, and providers). We then
merged the design ideas based on feasibility and usefulness.
Finally, we narrowed the list and finalized the 10 most effective
intervention ideas (Table 2). These ideas were used to validate
patient needs during each PD session, presented as storyboards,
as shown in Figure 1. Each intervention idea aims to address at
least one problem category.

Figure 1. Two sample storyboards of technological intervention ideas presented to the participants during the sessions (top: table-top robot; bottom:
virtual specialist). ED: emergency department.
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Table 1. A list of identified problem categories from the previous study’s patient interview data.

ExamplesProblem category

Waiting room general
challenges

• Patients feel forgotten in the waiting room because health care providers do not check up on them
• Patients are left in pain in the waiting room

Overcrowding challenges • There are patients with mild symptoms who make the EDa more crowded

Information presentation
and overload challenges

• Patients are inadequately informed of the ED process during the visit (ie, lack of ED process literacy)
• Test results can be confusing for patients to understand because of the use of medical terminology

Information sharing
challenges

• Patients often feel that there are errors in the physician’s notes (eg, it is different from what was discussed in the
visit)

• Health care providers at hospitals sometimes wait for information transfer from the patient’s original hospital, which
can take time

Communication chal-
lenges

• Patients find it hard to recount all personal medical details in the ED because they are sick, stressed, or unaware
• Patients sometimes have trouble communicating with providers because of challenges like being a nonnative English

speaker

Contagious disease
transfer in ED

• Crowded waiting rooms can have many sick patients in close proximity, which makes patients concerned
• Contact with surfaces can cause disease transfer

Discharge and postvisit
challenges

• Lack of postvisit resources for patients
• Patients feel that they have been wrongly discharged

aED: emergency department.

As probes, the storyboards incorporated user requirements and
insights about patient-centered interventions to help participants
better understand the use cases and contexts where the proposed
interventions could be implemented. Each storyboard consisted
of a 3-panel illustration, describing an example of a patient
facing one of the challenges mentioned above and using the
intervention to mitigate or prevent the problem (see Figure 1
for sample storyboards). Details of the intervention’s features
and functionality were left vague. We wanted participants to
focus on the need rather than specific features to encourage

more discussion about improving the intervention concept. Each
storyboard included a lead question to highlight the user’s needs
(ie, patients) outlined in each intervention and to facilitate
participant discussion about whether they had experienced the
need, rather than directly referencing the intervention. Using
storyboards allowed participants to have less biased and more
open-ended discussions in the PD sessions. Table 2 describes
each technological intervention and the patient need it addresses,
along with storyboard samples.
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Table 2. A list of 10 intervention ideas with brief descriptions and discussion questions to validate patient needs.

Sample of lead question used for the discussion
of patient need

DescriptionTechnological interventionIntervention
number

Have you experienced any difficulty visiting the
ED alone without a caregiver?

A communication device for EDa patients that enables
the virtual presence of the caregiver for the patient and
their ED provider when the caregiver cannot physically
be with the patient

Virtual presence of a care-
giver

I-1

During your ED visit, have you worried that you
might be coming in contact with contagious dis-
eases while in the waiting room?

An interactive display for ED patients in a waiting
room that displays ED-related guidance and acts as a
separator between patients for personal hygiene

Transparent interactive
display for ED-related
guidance

I-2

Have you felt distraction and entertainment is
helpful during a long wait in the ED?

A table-top robot for ED patients in the waiting room
that provides distraction and entertainment as they
wait

Table-top robot for distrac-
tion and entertainment

I-3

Have you felt worried about your condition
worsening while waiting, and being unable to in-
form healthcare providers properly?

A wearable device for ED patients in the waiting room
that tracks their real-time data (eg, vitals, such as heart
rate and blood oxygen) and notifies providers if vitals
indicate a patient needs immediate help

Wearable device for moni-
toring real-time condition

I-4

Have you felt forgotten while waiting because of
busy ED providers not checking up on your con-
dition?

A mobile robot that assists and checks on ED patients
in the waiting room

Assistant robot in the
waiting room

I-5

Have you ever felt confused about the meaning
of the medical information you received during
ED care?

A mobile device–compatible chatbot that can provide
ED-specific information directly from the hospital to
patients

ED-specific chatbot for ED
practice literacy

I-6

Have you felt the need to consult with a specialist
during your ED visit?

A communication device for ED patients and providers
that enables a virtual consultation with a specialist
during ED care

Virtual communication
with a specialist

I-7

Have you had any difficulties in describing your
pain verbally?

A tactile device that helps ED patients understand and
describe pain through vibrations and haptic feedback

Pain expression deviceI-8

Have you ever noticed errors or confusing details
on physician’s notes (usually on discharge notes
or after-visit summaries)?

A screen display that presents care-related information
for patients to view during consultation or follow-up
with providers about diagnosis or test results

Patient-facing screen for
sharing physician’s notes

I-9

Have you had any challenges or questions that
needed to be properly addressed after your ED
visit?

A follow-up call powered by AI to help answer pa-
tients’ postdischarge questions regarding their ED
visit

AIb caller for providing
after-visit support

I-10

aED: emergency department.
bAI: artificial intelligence.

Participant Recruitment
We recruited patients and caregivers who had visited the ED
within 6 weeks from the point of contact. Participants were
mainly recruited from the adult and pediatric EDs at a
university-affiliated hospital in 3 ways: calling or emailing them
after their most recent ED visit, posting fliers with the study’s
contact information in the adult ED and the pediatric ED, and
approaching patients during their ED visit. The inclusion criteria
for participants were as follows: (1) aged ≥18 years old, (2)
previously visited ED within 6 weeks from the point of contact,
and (3) comfortable speaking English. During a patient’s ED

visit, researchers mainly focused on recruiting those having a
triage level of 3 to 5, with 1 being critical and 5 being nonurgent,
to avoid disrupting or risking their care. We contacted more
than 150 potential participants via email and phone, as
participant retention was challenging because of last-minute
cancellations from patients. In total, 36 ED patients and
caregivers participated in 8 design sessions (see Table 3 for
their demographic information). All but one session had 4 or 5
participants, and one session had 3 participants. As
compensation for participation, each participant was provided
with a US $100 gift card for the session.
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Table 3. Demographic information of study participants (N=36).

Participants, n (%)Participant demographics

Race

1 (3)Asian

7 (19)Black

27 (75)White

1 (3)Unknown

Sex

12 (33)Male

24 (67)Female

Participant type

23 (64)Patient

13 (36)Caregiver

PD Session Procedure
We conducted 8 PD sessions. Each session was roughly divided
into three parts: (1) session introduction, (2) storyboard critique,
and (3) co-design as a group. Each session took approximately
2 hours.

In the introductory session, participants were each given a paper
packet outlining the current ED care process timeline, the 10
technological intervention storyboards for reference, and a sheet
to rank the interventions based on their preferences. A
presentation of the ED care process timeline (Figure 2) was
shown to prompt participants to recall their previous or most

recent ED experience. We created this timeline based on our
last interview study [15] and prior studies on the ED care
framework [16]. We first asked participants to write down one
major challenge they encountered during this experience and
specifically indicate where it occurred in the current ED care
process timeline in their packet. Each participant was then asked
to discuss their experiences with the group, establishing the
foundation for the main session activities. Allowing participants
to reflect on their previous or most recent ED visit prefaced
discussions about how their challenges might or might not be
addressed with one or more of the 10 technological interventions
and the co-design activity.

Figure 2. A timeline of the emergency department (ED) care process illustrating steps before, during, and after care. This timeline, based on prior
studies, was provided to the participants as a reference for recalling their ED visits.

For the storyboard critique activity, 10 intervention design ideas
were presented via storyboards to prompt participant discussion
about each intervention’s feasibility in the current ED care
process. Researchers encouraged participants to initiate the
conversation with lead questions and additional follow-up
questions related to each scenario were asked, as necessary, to
maintain the discussion within the group. The discussion of the
10 technological interventions provided a space for participants
to speak about their experiences and needs during ED visits and
for researchers to better understand the underlying challenges
patients face. After all the intervention storyboards were
presented, participants ranked their top 3 preferred interventions
based on preference and potential feasibility in ED care. While
the main task for each participant was to consider the

interventions from the patient or caregiver perspective,
participants naturally framed these interventions from the
provider’s perspective as well. We did not set any restrictions
regarding this task during the discussions and design activities
to solicit as much feedback as possible regarding the feasibility
of each intervention in the ED care context.

Each group of participants discussed their most preferred 3
interventions and then selected one for the co-design activity.
Then, as a group, participants had approximately 25 to 30
minutes to augment their chosen technological intervention to
improve the ED experience (Figure 3). Participants were tasked
with adding, changing, and removing features or modifying the
context of the technological intervention to help it better align
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with their preferred, ideal future implementation. Researchers
emphasized the importance of focusing on the roles and
functionality of technological interventions rather than the
aesthetic quality of the designs. The co-design activity helped
us understand the features of the intervention technologies
participants desired to address patient needs, along with other
fundamental and feature-specific aspects that may not have been

revealed in the storyboard critique. Through this, participants
could also discuss their decisions in detail, out loud, and reach
a consensus about the most critical design features to incorporate
into an ideal intervention solution. Following the co-design
activity, participants were asked to provide a summary
presentation to the researchers and explain their reasoning
behind the design decisions they made together.

Figure 3. Co-design activity with the participants in the middle of a discussion about improving idea 7 (I-7 in Table 2). Participants collaboratively
drew ideas on a whiteboard and wrote notes about imagined functionality.

Data Analysis
During the PD sessions, at least 2 researchers presented and
took separate notes on points discussed among groups and
overall interpretations of participant reactions to ideas. After
every session, the researchers collaborated to reflect on session
notes and compiled a document with observations on critical
insights and sentiments toward each design idea. For each PD
session, a researcher also took pictures of the sketches created
during the design activity and on participant handouts, which
contained participant notes, feedback, and intervention rankings.
We used transcripts as the primary data source, and all other
collected data were used as supplementary sources. We also
incorporated the co-design activity sketches as supplementary
data to validate what participants discussed during the session
and clarify participants’ design suggestions. The above data
collection was conducted with the participant’s permission.

After organizing the collected data, we coded the first 3 PD
transcripts. At least 2 researchers coded each transcript, and
each code was reviewed to account for missed information. The
codes were compiled into a growing codebook organized by
their corresponding intervention or put into a general category.
On the basis of the codebook, the remaining transcripts were
then coded. If any new codes were found, they were either added
to the codebook as a new code or incorporated into the definition
of an existing similar code.

We then used affinity diagramming [17] to identify the emerging
themes from the codes. Similar codes from all 10 interventions
were first grouped together into subthemes specific to each
intervention. Then, a team of researchers had a series of
discussions to build larger, emerging themes across interventions
that revealed the most important patient needs from the study
(see Multimedia Appendix 1 [18] for the screen capture of our
affinity diagramming). For example, a larger theme of
patient-provider communication contained various subthemes,
such as patients being unable to notify providers and improving
the communication of pain. Codes that were ambiguous or
needed further support were refined by referencing participant
quotes from transcripts and participants’ sketches from PD
sessions. After multiple group discussions, we identified 4
themes that described patients’key needs during their ED visits.

Ethical Considerations
We complied with the following ethical considerations. First,
we recruited and obtained consent from all participants before
the study sessions described in the multisite institutional review
board approved by the University of Michigan (HUM00156261).
Participants were informed that their participation was voluntary,
the sessions would be recorded, the collected information would
be deidentified and protected at a secured storage, and they
would be compensated with US $100 for their participation.
Second, we ensured that the collected transcript data were
deidentified by replacing their names with pseudonyms, and
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participants’ faces in photos or videos were blurred. All
collected data are stored in secured storage that requires the
University of Michigan accounts. Third, all the researchers
completed research compliance training such as the
Collaborative Institutional Training Initiative or Program for
the Education and Evaluation in Responsible Conduct of
Research to become trained on best practices and ethical
considerations of interacting with providers and patients.

Results

Overview
On the basis of the analysis of the collected data, we identified
the 3 most preferred intervention ideas that participants preferred
and 4 emerging themes that described the participants’ needs
in the ED care process.

Across all sessions, I-4 (ie, wearable device), I-7 (ie, virtual
specialist), and I-1 (ie, virtual presence of a caregiver) emerged
as the most preferred intervention ideas that the participants
selected to help enhance the overall quality of patient care in

the existing ED process. Among 36 participants, 25 (69%) chose
I-4; 22 (61%) chose I-7; and 21 (58%) chose I-1 among their
top 3 preferred interventions. These preferences represent which
patient needs the participants considered most important.
Through I-4, participants valued provider accountability and
prioritization of patient conditions in the ED waiting room. For
I-7, participants valued real-time virtual interactions with
providers to better use their visit time while receiving the
specialized care they needed. Furthermore, for I-1, participants
valued the role of the caregiver for assistance and emotional
support in the ED process even if they could not be physically
present.

We also report 4 emerging themes of specific needs that
participants had during their ED visits. These themes encompass
broader perspectives of ED patients, extending beyond the
technological intervention ideas provided. While describing
these needs, we explain how participants addressed or wished
to address them, along with their intervention ideas. Table 4
summarizes our key findings on patient needs and participants’
suggestions for improving the intervention ideas.

Table 4. A summary of the 4 emerging themes based on patient needs during their EDa visit, discovered across all participatory design sessions, includes
a description of each patient need and participant suggestions on how to address or improve the need.

Patients suggestions for improvementDescriptionPatient needs

Create more communication channels with
providers (eg, Help button)

Patients feel that their voices are not heard by providers and
want to be more involved in their care process

The feeling of inclusion in the ED care
process

Use personalized information in intervention
technology to enhance patients’ understand-
ing of their medical history

Patients feel inadequately literate about their health and want
to have reliable ways to easily understand their condition, care
plan, and treatment options

Resources to improve patient compre-
hension of medical information

Assist human-mediated emotional support,
rather than replacing providers

Patients feel anxious because of privacy concerns and infor-
mation overload in the ED. They strongly value emotional
support from providers

Relief of anxiety experienced by the
patient over information overload and
privacy concerns

Consider the accessibility of technology for
different patient contexts

Patients perceive gaps in provider-to-provider communication
that compromise care quality, emphasizing the need for im-
proved technical infrastructure and procedures to ensure effec-
tive information delivery

Continuity in care and information

aED: emergency department.

The Feeling of Inclusion in the ED Care Process
Throughout the 8 sessions, it is more than evident that
participants wanted to be more included in the ED process.
Participants often felt unheard, dismissed, and uninformed in
their interactions with providers:

[The nurses] almost like, didn’t believe me or didn’t
care, until they saw like, I have to pass out in front
of them before they’re going to do anything. And the
second I passed out, I got moved to an actual room
in the ED when I’ve been sitting in the hallway for
hours. [P13]

As described in the quote, participants sometimes felt that
providers dismissed patient concerns unless they physically
showed symptoms.

Their feeling of exclusion was caused mainly by the lack of
timely and transparent communication with ED providers as
they experienced providers not necessarily available to check

on worsening patient conditions. Thus, it was challenging to
inform providers of their health conditions:

Because there’s a lot of times if you’re on a two-hour
wait and you’re in the process of having a stroke,
you’re not able to get up and go back to the waiting
room or the front desk, but it’d be good if something
flagged that your condition was deteriorating. [P24]

Because of the concern about potentially worsening conditions
during the wait time, most participants favored I-4 (ie, wearable
device) to track their conditions in real time and alert providers
if necessary. In addition to the illustrated functionality, many
participants suggested adding features such as pain-tracking
and fall detection to the intervention, borrowing functionalities
from other less popular intervention ideas, such as I-8 (ie, pain
expression device) and I-5 (ie assistant robot). Some participants
also thought that real-time tracking devices could be used to
update patient priority in the posttriage stage:

If your condition is staying fine, or steady and stable
and somebody else with a higher pain or priority
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could go first and you’re still okay, you know
something like that I could see being helpful. [P3]

Participants felt that by using real-time tracking data, patients
in critical condition could receive medical attention as soon as
needed, ultimately improving the accuracy of the diagnosis.

Despite their general support for real-time tracking of symptoms,
some participants expressed concerns about how providers could
use such interventions. For instance, some participants were
worried that providers would ignore tracking device emergency
alerts in an already hectic environment. Others also expressed
concern about providers becoming overreliant on tracking
devices and potentially disregarding verbal patient feedback
about worsening conditions if the device’s data did not
corroborate with patient concerns. Regardless of these worries,
some participants pointed out that capturing real-time health
data alerts could increase provider accountability in cases where
patients felt ignored or misdiagnosed:

...if you’re getting this information in real-time,
then...people can be held to accountability. Because
you go back and you look at their chart, you look at
their record, “Hey, this person was in distress, and

you neglected them,” so I think in some ways, the AI
could really assist in that because, again, there needs
to be accountability to doctors and nurses and stuff
that are just blowing you off. [P18]

Participants also advocated for additional communication
channels to create a more inclusive ED care process between
patients and providers. A popular idea was incorporating a
“help” button that participants could use to receive immediate
medical attention from a provider, which they suggested could
be implemented into one or many interventions (I-2: interactive
display; I-3: table-top robot; I-4: wearable device; and I-5:
assistant robot). Figure 4 demonstrates a sample drawing of an
improved I-4 (ie, wearable device) with a “nurse help” button
on the side. Moreover, many participants indicated that the I-4
(ie, wearable device) included a way to update their condition
and pain levels as they changed during their visit, and some
patients mentioned that concrete pain descriptors (eg, tactile or
word based) could help them better describe their pain.
Participants believed that having direct communication channels,
such as a “help” button, with providers could lead to better care
outcomes and higher trust in their care.

Figure 4. A sample drawing by a participant during a co-design activity. The drawing shows how I-4 (ie, a wearable device) could be improved with
additional features such as the Nurse Help button.

As our participant pool included caregivers and patients, the
role of the caregiver in patient-provider communication was
also emphasized. Caregivers are especially crucial as patients
advocate for children and older adults, as they can significantly
help patients who cannot correctly remember or communicate
their condition in the ED. Participants were receptive to the idea
of incorporating I-1 (ie, virtual caregiver) into the ED process
when an in-person caregiver was unavailable, and some
emphasized that a caregiver list could be incorporated into
patient records for cases when the patient was too incoherent
to call a caregiver.

Resources to Improve Patient Comprehension of
Medical Information
Another theme we found was patients needing more information
resources to improve their comprehension of care-related
information. Participants expressed that their understanding of
medical information required more alignment with their
providers. Despite having access to their patient portal, most
patients found it hard to familiarize themselves with the
terminologies providers used in the ED when communicating
about their condition or test results:

When I see...I think it’s [a] diagnosis or something
or like conditions I have...in my chart or portal or
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whatever. Like it says Latin...something just saying
that my knees are bad...So I wish in parentheses it
could say in English...the layman’s term for that.
[P25]

A similar concern around patient health literacy arose when
clarifying personal medical information. Participants said they
often used Google (Google LLC) and other web resources to
help understand their condition or diagnosis better while waiting
for a provider’s consultation. One participant expressed that it
could be more accessible to conduct a Google search because
patients can have a baseline understanding to prepare follow-up
questions for providers. However, participants also noted that
when seeking medical information on the internet in this way,
they could be misled into thinking their condition had severe
side effects or symptoms that were not identified or considered
relevant to the provider’s diagnosis.

To address the concern of potentially misleading diagnoses,
participants frequently mentioned the necessity of incorporating
personalized information into intervention technology to
enhance patients’ understanding of their medical history.
Depending on the patient’s level of health literacy, they might
struggle with formulating questions or initiating conversations
when communicating with their provider. In many design
sessions, participants suggested that hospital-specific
information can be curated based on the patient’s medical history
to provide relevant and reliable search results sourced directly
from the ED that might otherwise be retrieved from a Google
search. Participants specifically valued the features of the I-6
(ie, ED chatbot) and I-4 (ie, wearable device) for providing
personalized patient information and helping effectively
facilitate conversations from the patient to provider and with
the patient themselves—such technology can break down
complex medical terminology so that patients can follow up
with providers in a more efficient way and aid in making
informed decisions about their condition:

I think that it [I-6: ED chatbot] can be helpful to the
emergency room staff or doctors because they could
input the information that they want you [patients]
to know...so they can control the information that’s
being given. Versus you [patients] googling it. [P3]

Along with the difficulty in understanding medical information
regarding their care, participants expressed the challenge of
explaining their pain to providers. Issues with patient-provider
communication arose when patients felt unable to properly
convey pain levels, struggling with arbitrary scales from 1 to
10. Several participants mentioned that current pain scales do
not provide adequate ways to express different types of pain:

Whenever they say on a scale of one to 10, I don’t
feel pain like other people. [P15]

Some participants who struggled with chronic pain also recalled
that current pain scales do not take into account that people
might consider different levels of pain to be “normal.” In such
cases, the lack of medical information comprehension hinders
patients from accurately describing their medical conditions
(eg, pain) to providers. While many EDs ask about pain on a
scale of 1 to 10, it is difficult to pinpoint or trace a patient’s
condition over time based on this abstract measurement:

The description of the pain varies for me.... And, I do
live with pain.... All the rest of the pain is still there.
[P16]

Some participants found the intervention idea of an I-8 (ie, pain
expression device) valuable in addressing this issue, particularly
for patients who cannot communicate verbally with a provider
or have a language barrier. Participants particularly liked the
device’s tactile capabilities as this feature could help anchor
patients to a basic description or visualization of their pain to
communicate with providers effectively. At the same time, some
participants were also concerned about the ability of a patient
to understand how a complex device works when in pain, further
delaying their time in the ED and getting a proper diagnosis
from providers:

If they [ED patients] are in pain already and we [the
participants and researchers] have to stop and give
an explanation of how to work it [a new intervention],
I think it might present some difficulties, and there
might actually end up being more of a barrier in terms
of getting the information. [P20]

Relief of Patient Anxiety Over Information Overload
and Privacy Concerns
Many of our participants mentioned patient anxiety during their
ED visit as one of their top concerns. On top of being admitted
to the ED, participants experienced anxiety due to various
factors beyond diagnosis, including long wait times, fear of
contagious diseases (especially during and after the COVID-19
pandemic), and uncertainty about the subsequent steps in the
ED process. They also noted that being overwhelmed with
information as a patient in the ED aggravated their anxiety.
Whether from a Google search or looking at test results, patients
might not be able to understand all the information presented
to them. Participants thought it was essential to consider the
types of information that would be accessible—such as vitals
or pain levels—to patients, providers, or both:

Do [patients] know how to read it? Do they know
how to interpret the information that’s given to them?
Too much information for a patient can be bad. Then
their mind wanders because they don’t know. [P30]

Potential anxiety induced by overwhelming information brought
different perspectives regarding how much information should
be displayed in the intervention ideas. Participants wanted to
be informed but felt too much information could be unnecessary
for patients who did not understand medical terminology:

I think that’s a hard one. Because some people—it
doesn’t stress them out to know, and they like to know,
other people can like to say their heart rates [are]
high, but it can make it worse because then they’re
anxious about it. [P13]

Participants across sessions discussed different scopes of
information access available for each intervention idea. For
example, patients might be presented with a fundamental view
that only shows whether their vitals were in a normal range. At
the same time, providers might have more detailed access to
numeric values and other data that could help track patient
conditions over time. Participants suggested this could be paired
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with alerts on the I-4 (ie, wearable device) for the patient and
provider, or providers only, to notify hospital staff in an
emergency and better support care priority in the waiting room.
Some participants even considered extending this idea for the
entire duration of a patient’s ED visit. Overall, participants
suggested informing providers of a patient’s condition would
help mitigate patient anxiety in an ED setting.

The other factor that contributed to patient anxiety was related
to patient privacy. Some participants felt that their health
information was exposed to others in the waiting room when
providers periodically checked in with them. Participants did
not feel their privacy was protected during these discussions
and thus felt their rights were being violated. Participants also
attributed this feeling to more functional ED issues such as the
waiting room’s size, layout, structure, and overall ED design.
With a small waiting room and open, shared space for beds in
the ED, participants felt uncomfortable about exchanging
confidential health information between patients and providers
in open environments and public areas:

I heard everything that was going on. I could have
told you what was going on....Because of our health
and our health being we have rights for nobody to
know. [P16]

P20 also had a similar experience:

I’m hearing people’s whole names being called out
in this huge waiting room. I felt like the confidentiality
was being breached because I knew that person was
there getting care.

To address this issue, many participants advocated for existing
ED processes to be remediated at the structural level. This
included the addition of more ED beds with closed walls or
partitions, private spaces in the waiting room, and priority-based
interventions. Overcrowded EDs induce long wait times and
quickly fill up space in the waiting room where patient
information is highly vulnerable to others. Some participants
also suggested interventions, such as I-2 (ie, interactive display)
and I-5 (ie, assistant robot), should avoid displaying personal
information to protect patient privacy, primarily because these
interventions would be concentrated in the waiting room.

To alleviate anxiety induced in general by multiple factors
during ED visits, many participants stressed the importance of
having human providers as an aspect of emotional support for
patients in the ED care process. When presented with ideas that
limited patient-to-provider interactions (eg, I-3: table-top robot
and I-10: AI caller), participants expressed how technological
interventions should support human providers rather than replace
them. For this reason, interventions involving AI or robot
technology were not popular with participants because they
could have limitations in understanding patient requests or
evaluating a patient’s condition because of the lack of
sophisticated technology in this space. Participants further
highlighted empathy as another critical factor to consider
because technology in the form of a robot would not convey as
much sympathy and support as a human would in a stressful
ED situation. Many participants thus preferred to have human
support for alleviating their anxiety along with technological
interventions because humans can communicate medical

information and reassure patients in a manner that helps in
coping with an anxiety-inducing environment:

I don’t think people would have a lot of confidence
in [I-5: assistant robot] either. You know what I’m
saying—it needs to be people who still like to interact.
[P18]

Continuity in Care and Information
During group discussions, many participants shared their
experiences with discontinuity in care and information. On the
basis of their experience, participants perceived that
discontinuity might have occurred due to the handoff process
within the care team. They noted that the involvement of
multiple providers in their care team meant that information
would often get lost during handoffs. Because of such missing
information, some participants experienced discrepancies in
provider-to-provider communication that caused patient
confusion:

Even a stay in the hospital, the doctors just rotate and
roll over.... The first doctor said they wouldn’t
consider [discharging] until it [the protein level] goes
below 10,000. Then the next doctor said, “Oh no, I’m
not going to even think about it unless it’s below
500.” So, each time the shift changed—they told us
something different. [P10]

Such discrepancies in care also occurred between hospitals. For
instance, P27 shared her experience when she received a
different diagnosis in the second hospital:

So if he [P27’s son] would have asked for a second
opinion, at that point, you’re leaving me in a lot of
pain, and I still don’t know what’s going on. If he
could have asked for that second opinion at that point,
maybe he would have been diagnosed with a real
issue five days earlier than he was. [P27]

Reflecting on those situations where information discontinuity
had occurred, most participants favored the I-7 (ie, virtual
specialist) to improve the breakdowns. They insisted that for
interventions such as I-7 (ie, virtual specialist), an ED physician
should be present when the patient talks to the specialist so that
the ED care team could have updated information. They
envisioned that bringing specialists directly to the ED care
process would improve diagnosis and documentation in patient
care records with the second opinion. Participants also expressed
the need to allow for secure but easy information sharing with
providers outside the hospital when external providers were
invited to the ED care process. For instance, a global access
health care platform could be used across hospitals for patient
medical data transfer. Therefore, they thought that I-7 (ie, virtual
specialist) could be expanded to include medical professionals
beyond certain specialists:

I think it depends on the context, the question, but for
certain questions, it could be any nurse, it could be
a PA [physician assistant], or someone who had
familiarity with the patient. Based on the level of
question, it may need to be a provider. Or a
pharmacist. [P27]
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To promote continuity of care, participants commented that the
technological interventions should be designed in an accessible
way for different patient situations. For example, some patients
wanted to use their existing wearable devices like smartwatches
or fitness trackers instead of wearables provided by the ED to
integrate live vitals tracking with historical data accurately.
They also suggested that the I-6 (ie, ED chatbot) could be
offered as an app for mobile devices that patients and caregivers
could download when they arrived at the ED and use throughout
their ED stay and after their ED care. These participants
expected that using interventions with patients’ devices would
ensure that patient-collected health data would be used to its
fullest extent during care in the ED and would allow providers
to glimpse the patient’s complete health profile over time rather
than only view current condition. On the other hand, some other
participants emphasized the need for care continuity for those
who may not have the same access to technology (eg,
smartphones and smartwatches) or may have different amounts
of previously collected health data, for instance, patients with
chronic illnesses may have more personal health data tracked
than those without. Thus, it is important that intervention use
did not become a privilege reserved only for a subset of patients
who had access to certain technological and data resources:

I think that one, look at the person that comes in
without any communications, no phone or no
computer, you know, nothing.... I often go into
situations and emergencies without any kind of
feature.... I carry a phone—an old-fashioned flip
phone with me. I can’t access some of those things.
[P20]

Participants’desire for continuity of care was also shown during
their co-design activity when they worked to improve the
intervention designs. They envisioned an integrative, connected
system where multiple intervention ideas were integrated with
the current health portal or text notification system to flow
health-related information continuously. For example, they
envisioned a tablet that could be used for I-7 (ie, virtual
specialist), displaying vitals synchronized with I-4 (ie, wearable
device) or the patient’s health device (Figure 4). Through such
integration of features, participants envisioned inventions to
enhance the continuity of care and information and to address
their complex challenges in the ED care process. Although a
few participants felt concerned that such an integrated
intervention could delay ED stay time or contribute to patient
information overload, many still thought our suggested
interventions could be integrated with the existing patient portal
and offered in an app format on various devices.

Discussion

Design Implications for Patient-Centered Interventions
in ED
On the basis of the PD sessions, we identified ED patients’
needs in the ED care process and expectations for future
technological interventions. This section discusses how these
findings may lead to design guidelines for more patient-centered
interventions in EDs.

First, technology-based interventions should address patients’
dynamic needs to promote continuity in care. Our participants
found that their needs could be met by more than one
intervention idea or multiple specific features because their
complex needs may change depending on where they stand in
the ED care process. For instance, many participants suggested
integrating critical functions into one system in the co-design
activity so that the system could provide necessary and relevant
information to them, from arrival at the ED to postvisit
follow-up. This desire was evident when some participants
envisioned an integrated system of 2 different intervention ideas
(I-7: virtual specialist and I-4: wearable device) that could track
patients’ status and share data with specialists during the
diagnosis process. Such integrated interventions may also be
used to support issues in patient-provider communication. Our
findings demonstrated that patients lacked sufficient information
and interactions with ED providers. Thus, our participants shared
how integrated interventions may help fill this information gap
by providing relevant communication channels or resources
based on patients’ dynamic needs during ED visits. However,
mere integration of systems may lead to additional challenges
for patients. As some of our participants highlighted, numerous
resources may cause information overload that can lead to
patient anxiety. In another case, inviting outside providers (ie,
specialists) would require extra documentation, potentially
resulting in additional patient burdens. To incorporate a
patient-centered integrated system in the ED, we suggest that
the system be capable of adapting to patients’ needs throughout
the ED care timeline rather than simply adding features into
one system. Existing technologies are primarily designed to
provide specific information to patients in a certain part of the
ED process (eg, a mobile app for an interactive report [7] to
inform patients about their real-time progress and care plans
during their visits). Such technologies can be integrated with
other features, such as I-10 (ie, AI caller) for after-visit support,
to address the dynamically evolving needs of patients that extend
beyond their stay in the ED. An integrated system that supports
patients starting from triage to beyond their discharge would
provide timely, relevant information to patients based on their
status within the ED care process. This integration approach to
promoting continuity in care resonates with prior studies that
designed a multicomponent app for patients and caregivers, the
Bone Marrow Transplant Roadmap [19]. The app included
components that reflect the information needs of patients and
caregivers during their clinic visits, such as an overview of the
criteria needed for discharge, real-time laboratory results,
personalized medication lists, and educational materials. This
app was further expanded to include outpatient settings to better
support caregivers [20]. Similar to these multicomponent
approaches, we suggest the integration of various features to
better meet ED patients’ dynamic needs during or even after
their ED visits.

Second, interventions should account for both the amount and
timing of information provided to patients. Our participants
shared their challenges in accessing the appropriate amount of
information during their ED visits. They felt excluded from the
care process when they received insufficient information, while
overwhelming information heightened their anxiety. Thus,
participants suggested that the patients should have the decision
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to choose the timing and extent of information they receive for
applicable interventions, such as opting for partial, complete,
or no information access. One example of this suggestion was
using a chatbot to provide patients with personalized care
information. On the basis of the participants’ ideas, I-6 (ie, ED
chatbot) could be further developed to offer relevant information
depending on the steps patients undergo in the care process and
their current health condition. Prior studies have shown that
chatbots can provide more accessible and relevant information
to patients [21]. In cancer contexts, a chatbot provided answers
to patients with breast cancer with similar satisfaction as
physicians [22], while another chatbot collected patient-reported
symptoms during chemotherapy and reduced ED visits and
unscheduled hospitalizations [23]. While these studies presented
the opportunities for chatbots to provide information to patients,
our findings suggest more careful considerations on the timing
of providing information to patients. The need for timely and
appropriate information resonates with the findings of a prior
study [24], which describes how temporal dependency can delay
the information that ED patients need. As ED medical activities
often depend on previous activities, the information patients
need or want is usually delayed. Without having relevant
information during the ED process, patients may experience
communication challenges with ED providers, such as different
perceptions of what information is critical to ED care [25].
Therefore, as our participants suggested, interventions should
provide ED patients with optimized information relevant to the
current step of the care process or options to control the amount
and timing of information they expect to receive.

Third, interventions should empower patients to be more active
in their care process for better patient safety and care quality.
Our findings highlighted participants’need for patient autonomy
in ED care. Unlike other patient care settings, the ED context
is particularly intimidating for patients because ED visits are
unexpected and urgent. Each visit may be different from the
previous one. However, we found that participants in our study
were eager to take a more active role in the ED care process. In
the PD sessions, the need for empowerment was evident when
most participants suggested features that allowed them to
communicate assertively with providers about their symptoms.
For instance, although I-4 (ie, wearable device) was initially
designed to track patients’ condition so they would not feel
forgotten while waiting, many participants wanted to have
another function, similar to a “help” button, to request support
more actively from providers when their conditions worsened
or changed. This suggestion indicates how ED patients want to
be more active stakeholders in the ED care process rather than
be considered passive stakeholders who are just being assessed
for their symptoms. Patient-empowering interventions are
implemented on the basis of the prior studies’ insights from
existing interventions, such as an inpatient portal [26] and a
smartphone app [27]. For instance, a smartphone app called
MySurgery [27] was developed to provide information about
surgery risks and practical step-by-step advice for each risk.
The app demonstrated a significant ability to enable patients to
engage actively in discussions regarding their care and adopt
behaviors related to their safety. Similarly, ED patients can be
empowered with relevant information and advice, such as
explaining medical terms or notices about the next step in the

ED care process. This need for patient empowerment resonates
with previous studies on shared decision-making in the ED
[28,29]. These studies identified that ED patients want some
degree of involvement in medical decision-making. Extending
this line of study, we found contextual nuances and more
concrete examples of ED interventions to promote patient
involvement. For instance, a review study showed the
opportunity for wearable devices to monitor patient vital signs
and provide the collected data to providers to improve
decision-making [30]. Our findings suggest how ED patients
perceive such wearable devices as an opportunity to be more
actively involved in the care process rather than letting the
devices passively collect data. Therefore, we suggest that future
ED interventions be designed to empower patients to be included
in shared decision-making.

Fourth, interventions should optimize human resources,
depending on patients’ needs. We identified that some issues
cannot be addressed through technological interventions alone.
These issues may be related to distress or emotional needs of
ED patients. For instance, our participants preferred human
support rather than interactions with technical tools in alleviating
their feeling of anxiety during ED visits. This preference implies
that ED patients can manage their stress through human
interactions, although the suggested interventions, such as I-5
(ie, assistant robot), can still provide medical information.
Moreover, human resources for ED patients can include those
who are not ED providers. Many participants expressed their
need to connect with informal caregivers (eg, family members),
specialists, or other providers during their ED visit. Their needs
were particularly evident when patients visited the ED once
because they did not know about the ED care process. On the
basis of their previous visits, patients learned that some external
resources (eg, family members and specialists) could provide
more information to help assess their conditions or, in the case
of family members, provide emotional support during the ED
visit. This finding indicates that ED patients leverage resources
they are more familiar with in the intimidating and unfamiliar
ED settings. Prior studies in the medical literature have shown
the opportunities and challenges of telehealth for patients
[31-33]. However, those identified challenges (eg, unsteady or
poorly framed video [33]) and strategies to overcome them may
not be implemented in the fast-paced ED care process.
Depending on the patient’s current conditions, the right timing
(eg, when a specialist can be contacted) and method (eg, simple
video call or additional camera to show the patient’s status) for
providing external resources to patients should be determined.
Thus, designing patient-centered interventions should optimize
human resources to address ED-specific challenges, as we
identified in our study. It will be critical to identify when and
how interventions should provide external resources to patients.
For instance, some of our participants wanted to be connected
with specialists when they met ED providers after examinations
so that they could have second opinions on their symptoms.

Finally, interventions should be designed considering patients’
perspectives on implementation. Through co-design activities,
we identified how our participants expected intervention ideas
to be implemented to address their needs better. However, their
expectations could differ from actual implementations,
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potentially conflicting with what providers or the hospital
expect. In such cases, it is critical to mitigate those expectations
to implement patient-centered interventions. For instance, one
of the potential reasons for our participants’ preference for I-7
(ie, virtual specialist) was the assumption that specialists are
available to have on-demand consultations. In contrast, in actual
implementations, it would require other resources (eg, cost,
time, and human resources) to implement a system to become
connected with specialists. As a prior study shows, ED providers
must modify their work practices to adopt the new interventions
[34]. Moreover, some of our participants pointed out the
accessibility of devices that ED patients may not have. While
mobile device ownership is high among ED patients [35], our
suggested intervention ideas involved devices that patients may
not have, such as wearable trackers. Thus, it is essential to
consider how ED patients perceive the implementation of
technological interventions in the ED.

Limitations
This study has some limitations. Given their qualitative nature,
the findings are specific to the context we examined. Providers
and patients from other EDs may face different challenges.
However, our findings will contribute to identifying potential
interventions that address such challenges through a PD
approach. In addition, we recruited participants with varying
backgrounds from 2 ED units (pediatric and adult EDs), which
could help with the study’s generalizability. Another limitation
is that we did not distinguish participants’previous experiences
as ED patients or caregivers. While the ED experiences of
patients and caregivers do not have noticeable differences, future

work can explore caregiver-specific perspectives on
interventions designed to address their challenges in the ED
care process. Finally, we only presented concepts, not interactive
system prototypes. Therefore, participants may not be quite
familiar with some intervention ideas. They could only imagine
how an intervention might work but could not see the real
system or product. However, storyboards are a common
Human-Computer Interaction methodology for eliciting user
needs in the early system design stage. They are useful for
validating user needs and expectations before implementing a
system in a complex environment similar to an ED.

Conclusions
In this PD study, we invited ED patients to design sessions to
assess their needs in the ED care process and co-design technical
interventions. On the basis of the analysis of collected data, we
identified 4 themes related to ED patients’ needs: the feeling
of exclusion from the ED care process, limited resources for
patient comprehension of medical information, anxiety about
overwhelming information and privacy, and discontinuity in
care and information. Concerns were also expressed about the
accuracy of the diagnosis. These findings also informed us to
develop guidance for designing future technology-based
patient-centered interventions to improve the diagnostic process
in the ED. To refine the identified design guidelines, we aim to
conduct a PD study with ED health care providers. By
identifying similarities and differences between ED patients
and providers, we expect to present concrete design guidelines
for technological interventions to support the ED diagnostic
process and patient safety.
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Abstract

Background: Decreasing aggression through stress reduction is an important part of forensic psychiatric treatment. DEEP is
an experience-based virtual reality intervention that uses biofeedback to train diaphragmatic breathing and increase relaxation.
Although DEEP has shown promising results in reducing stress and anxiety in students and adolescents in special education, it
has not been examined in forensic psychiatric populations.

Objective: This study aimed to evaluate DEEP’s potential to reduce stress, emotional tension, and anger in forensic psychiatric
inpatients.

Methods: A mixed methods, alternating treatment, single-case experimental design was conducted with 6 Dutch forensic
inpatients. For 20 days, participants engaged in 4 DEEP sessions. Experience sampling was used for continuous monitoring of
stress, emotional tension, and anger twice daily. A repeated linear mixed model was used as a primary statistical approach for
analyzing the experience sampling data as well as visual analyses. Finally, semistructured interviews were conducted with
participants and health care professionals to compare quantitative with qualitative results.

Results: Of the 6 participants, 3 (50%) completed all 4 DEEP sessions, while the other 3 (50%) missed one session due to
technical difficulties or absence from the inpatient clinic. P1 showed a significant reduction of stress after session 2 (β=–.865;
P=.005). No significant changes over time were found, although an experienced effect was reported during the interviews. P2
showed no significant results. They reported the sessions as being repetitive, with no experienced effect. P3 showed a momentary
increase of emotional tension after the first session (β=–.053; P=.002), but no changes were observed over time. No experienced
effects were reported in the interview. P4 did not show significant results over time, and was hesitant to report clear experienced
effects. P5 showed a significant decline of emotional tension (β=–.012; P=.006), stress (β=–.014; P=.007), and anger (β=–.007;
P=.02) over time. They also reported short-term experienced effects in the interview. P6 showed a significant decline of stress
over time (β=–.029; P<.001) and reported experiencing substantial effects. Finally, health care professionals reported a relaxing
effect of DEEP in their patients but did not expect many long-term effects because no clear behavioral changes were observed.

Conclusions: DEEP shows promise in teaching deep breathing techniques to forensic psychiatric inpatients, potentially decreasing
stress, emotional tension, and anger in some patients. However, DEEP is not a one-size-fits-all intervention that supports every
patient because the effectiveness on the outcome measures varied among participants. To increase effectiveness, emphasis should
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be put on supporting patients to transfer deep breathing skills into their daily lives. This highlights the importance for the structural
integration of DEEP into current treatment protocols.

(JMIR Form Res 2025;9:e65206)   doi:10.2196/65206

KEYWORDS

virtual reality; VR; diaphragmatic breathing; biofeedback; DEEP; forensic psychiatry; mental health; stress; single-case experimental
design; experience sampling method

Introduction

Background
Forensic mental health care is focused on the treatment of
individuals who exhibit imminent aggressive or sexually
inappropriate behavior due to 1 or more psychiatric illnesses
[1,2]. Reducing aggression in treatment is complex because
patients often show difficulties with reflection, reading, and
writing due to low literacy and treatment motivation [3,4].
However, treatment is mostly focused on talking and thinking
about behavior, guided by treatment frameworks such as
cognitive behavioral therapy, with less attention for more
experience-based or experimental approaches [5]. This shows
a need for interventions that can support patients in preventing
aggressive behavior in an experiential and engaging way.

Earlier research has shown the promise of virtual reality (VR)
and serious games to better involve patients with lower cognitive
skills and treatment motivation [5,6]. Previous research has also
shown that the VR game DEEP fits the skills and needs of the
forensic population [7]. In DEEP, the player moves through an
immersive world where they have to use deep diaphragmatic
breathing to navigate through and explore the world [8]. The
user receives feedback on how they are breathing, which helps
them to adjust their breathing and learn to apply diaphragmatic
breathing. This technique of providing direct feedback on bodily
signals is called biofeedback [9]. Diaphragmatic breathing has
been shown to support relaxation, well-being, and anger
regulation [10,11].

Previous research has shown the potential of DEEP to reduce
negative emotions. First, a randomized controlled trial with
DEEP in undergraduate students showed a decrease in anxiety
symptoms after using DEEP 4 times [12]. However, these results
cannot be generalized, as the study population consists of a
relatively healthy, highly educated, and homogeneous target
group, which is not the case for the forensic psychiatric
population. Second, a single-case experimental design (SCED)
study with adolescents in special education demonstrated
DEEP’s ability to decrease state anxiety and stress [11]. By
using an SCED, this study was able to provide insights into both
short-term and potential learning effects of DEEP. Moreover,
their level of disruptive behavior in class seemed to decrease
[11]. Although this population and the forensic target group
have overlapping characteristics, the results are not entirely
generalizable to a forensic setting. Namely, this study did not
include state anger or aggression, which are important treatment
outcomes in forensic mental health. There seems to be a need
for more specific studies that investigate whether DEEP is fitting
the characteristics of the forensic psychiatric setting, focusing
on those specific outcomes measures. On the basis of these

earlier studies and qualitative research in which DEEP was
discussed with forensic patients and health care professionals,
DEEP could be a fitting intervention for the hard-to-involve
forensic psychiatric patient group. First, because of its appealing
and immersive design in VR, DEEP might be able to engage
populations with lower motivation, which is not always possible
with regular breathing or relaxation interventions [7]. Second,
DEEP uses diaphragmatic breathing, where an individual learns
to breathe deeply using the diaphragm muscle, as opposed to
shallowly through the rib cage and chest [13-15]. In addition
to direct relaxation, the use of deep breathing during stressful
situations can enhance emotion regulation and reduce stress
[16]. By reducing stress, applying deep breathing may also
reduce anger and aggression, because these constructs are
important factors that may underlie outbursts of aggression
[17-19]. By letting patients experience and adjust their own way
of breathing in an engaging way, DEEP might be able to support
them in increasing relaxation and well-being and decrease
emotional tension, stress, and anger.

Objectives
This study aimed to investigate whether DEEP can support
forensic inpatients in reducing stress, emotional tension, and
anger.

In this mixed methods SCED study, the following research
questions were formulated:

1. To what extent is there a significant improvement in
self-reported stress, emotional tension, and anger in forensic
psychiatric inpatients on days when DEEP is being used
compared to days when it is not used?

2. To what extent is there a significant improvement in
self-reported stress, emotional tension, and anger in forensic
inpatients over time during the period when DEEP was
used?

3. To what extent do patients and health care professionals
observe or experience effects on emotional tension, stress,
and anger that they attribute to DEEP?

Methods

Study Design
To answer the research questions, a mixed methods SCED was
applied. Data on stress, emotional tension, and anger were
collected quantitatively via experience sampling (ES) as well
as qualitatively via interviews. In SCEDs, participants serve as
both the intervention group and their own control group. Only
a small number of participants are needed to provide sufficient
statistical power (3-6), with a minimum of 3 data points per
phase, including a baseline and follow-up [20]. Therefore, an
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SCED is a fitting study design to use within the forensic
psychiatric population, as they form a heterogeneous and
complex-to-involve target group with high comorbidity. To
study the effectiveness of DEEP, an alternating treatment SCED
was chosen [20]. In this type of design, an intervention is not
applied on certain days (A phase) and is implemented on other
days (B phase), which is then repeated often in a brief period
[21,22].

Setting and Participants
The study was conducted at Dutch inpatient clinics with various
security levels. Five health care professionals (ie professionals
providing social and behavioral support in mental health
settings) were included. Of these, 4 (80%) identified as female
and 1 (20%) as male, with ages ranging between 27 and 39
(mean 31.2, SD 7.1) years. Patients were included via
convenience sampling, which meant that they were included
via their health care professional, who identified them as suitable
candidates and asked them to participate. A patient was included
if (1) they were aged ≥18 years, (2) they were admitted to a
forensic psychiatric hospital, (3) they were expected to reside
in the same clinic for at least 5 weeks, (4) they were treated for
aggression regulation problems, and (5) their health care
professional deemed them physically and mentally capable to
participate. A patient was excluded if (1) they experienced
psychotic episodes or any other form of psychiatric crisis that
could negatively impact participation, or (2) they experienced
epileptic episodes. In total, 6 forensic inpatients were included.
All (6/6, 100%) identified as male, with ages ranging between
23 and 45 (mean 33.4, SD 9.3) years. The data collection
commenced 1 week after inclusion, allowing patients sufficient
time to reconsider and withdraw from the study if they wished.
The inclusion of participants was done in line with the guidelines
from the Declaration of Helsinki and from the Medical Research
Involving Human Subjects Act (wet medisch-wetenschappelijk
onderzoek met mensen in Dutch).

Materials

Avicenna App
During the SCED, the participants were monitored through ES,
providing insight into outcome measures, which were measured
multiple times per day [23]. ES increases the ecological validity,
possibilities, and reliability of frequent data collection [24]. The
participants received questions regarding their experienced
stress, emotional tension, and anger by use of the Ethica app
(formerly known as the Avicenna app), which assists researchers
in collecting real-time data [25]. During the study period,
participants received 3 notifications per day (at 10:00 AM, 2:00
PM, and 9:00 PM) through the installed app on their mobile
phones with a set of 3 statements about the study outcomes:
“At this moment I feel [emotionally tense, stressed or angry].”
The participants scored these statements on a 5-point Likert
scale, where 1 was “not the case at all” and 5 was “very much
the case.”

The DEEP Intervention
DEEP is a VR game based on scientific knowledge about
anxiety and stress regulation [8]. The player finds themselves
in an immersive virtual underwater world where they navigate
using their diaphragmatic breathing, which is measured by an
abdominal belt [8,26]. The player’s breathing is visualized in
the VR environment through a breathing circle, as well as by
the illumination and growth of plants and corals, which mirror
the player’s breath (Figure 1). By using deep breathing, the
player is able to increase their progress in the game, while
shallow breathing, which often occurs while experiencing
negative emotions, will lead to in-game stagnation. During this
study, a beta-version of DEEP was used on the Oculus Rift
headset. Oculus (currently known as Meta Quest) is a
well-known provider of VR technology and is Conformité
Européene certified [27]. In this study, the participants would
sit on a spinning desk chair with the VR headset on their head
and the abdominal belt around their diaphragm. Both the headset
and the belt were attached to a laptop by wires.

Figure 1. A visual representation of a deep breathing exercise in DEEP, as measured with an abdominal belt, with the left image showing a breathing
circle during the measured inhalation and right during exhalation.
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Procedure

Informing and Including Participants
First, the health care professional would ask the patient for
approval to be approached by the researchers and to provide
them a flyer and information letter. If the patient expressed
interest in participating, an appointment was scheduled with
the patient to discuss the study. During this meeting, the
researcher informed the patient about the time commitment and
measurement methods. The health care professional was not
present at this meeting to avoid role conflicts that could
potentially hinder the voluntary decision to participate due to

the dependency relationship with their health care professional.
If the patient felt adequately informed and decided to participate
in the study, they signed an informed consent. Next, the
researcher helped the patient in installing the Avicenna app and
assisted them in completing the first set of questions regarding
stress, emotional tension, and anger on Avicenna, for instance,
by reading them aloud.

Study Procedure
The SCED was conducted between May 2022 and October 2022
by one researcher (LKH). An overview of the SCED procedure
is provided in Table 1.

Table 1. Overview of the alternating treatment design conducted with forensic inpatients from a Dutch forensic psychiatric organization (N=6).

3 days1 day3 days1 day3 days1 day3 days1 day3 days

No DEEP (A)DEEP (B)No DEEP (A)DEEP (B)No DEEP (A)DEEP (B)No DEEP (A)DEEP (B)Baseline (A)P1

No DEEP (A)DEEP (B)No DEEP (A)DEEP (B)No DEEP (A)DEEP (B)No DEEP (A)DEEP (B)Baseline (A)P2

No DEEP (A)DEEP (B)No DEEP (A)DEEP (B)No DEEP (A)DEEP (B)No DEEP (A)DEEP (B)Baseline (A)P3

In the B phase, DEEP was introduced to the participant. During
a period of 20 days, DEEP was introduced 4 times, based on a
previous study on DEEP [11]. The researcher visited the location
to prepare the DEEP session and supported the patient in its
use. DEEP was started via the laptop, which meant that the
researcher could watch along with what the participant was
seeing through the headset. Before the first session, the
researcher provided participants with a brief explanation of the
DEEP concept, deep breathing, and what they would be doing
during the DEEP sessions. During the first session, the
researcher also provided some help if a participant would get
stuck or felt lost in the game. The other 3 sessions were done
by the patient independently, while the researcher was there to
observe.

Semistructured Interviews
A week after the completion of the SCED, 2 separate
semistructured interviews (mean 38, SD 4.23 min) were
conducted with participating patients and their daily health care
professionals to assess whether they experienced an effect of
DEEP on the level of stress, emotional tension, and anger of
the participant and if any other benefits or disadvantages for
the participants and their behavior had been observed. This was
further expanded by asking the participants whether DEEP had
an effect during the session, the day of the session, and in their
daily lives in general. The health care professionals were asked
the same types of questions about the patient’s experienced
stress, emotional tension, and anger, and they were also asked
about the behavior of the participant during the SCED.

Data Analysis

Visual Analyses
The responses to the ES questions resulted in a maximum of
60 data points per participant (3 times per day for 20 days).
Time series graphs were constructed per participant in R (version
4.0.0; R Foundation for Statistical Computing) using the scplot
package (version 0.3.8), which is an add-on package to the scan
package (version 0.60.0) for visualizing single-case data [28].
Each graph illustrated stress, emotional tension, and anger over

time, with days on which DEEP was used marked. Visual
analysis was primarily used to gain an overall impression of the
data [29,30]. Of the 6 aspects of visual analysis to consider in
single case research [29], the level, variability, and trend of each
phase were inspected. Level refers to the difference in mean
values between phases. Variability refers to the fluctuation of
the data, in this case reflected by the data’s range. Trend refers
to the slope of the best-fitting line for data within a phase and
is used to examine whether the outcomes decreased or increased
over time and whether the introduction of the intervention
changed this trajectory [29].

Repeated Linear Mixed Model Analysis
The data were statistically analyzed using linear mixed models
(LMMs) embedded in the MultiSCED web application [31].
MultiSCED is an interactive web application that provides R
functionality. LMMs compute 4 parameters—intercept, time
effect, intervention effect, and interaction of intervention over
time—for each participant, enabling phase-wise comparisons
at the participant level. Using MultiSCED, individual linear
models were constructed for each participant to determine the
individual effects of DEEP on stress, emotional tension, and
anger. The additional use of SCED-specific fit indices to
statistically examine the nonoverlap between data points across
phases A and B such as nonoverlap of all pairs [32], treatment
as usual–uncontrolled [33], and typicality of level change [34]
were considered. However, this approach was abandoned as
half of the participants did not reach the sufficient number of 5
data points in the B phase required for reliable effect sizes [34].

Semistructured Interviews
A deductive approach was used to analyze the interview data
[35]. This way, potential findings from both the ES method
(ESM) data and interviews complement each other. The
interviews were recorded and transcribed verbatim. Afterward,
the transcriptions were coded deductively for the outcome
measures stress, emotional tension, and anger. Any relevant
fragments regarding other outcomes measured were inductively
coded. On the basis of these fragments, an initial version of the
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coding scheme with main code and subcodes was established
[36]. This coding scheme was then independently applied to
the first 3 interviews by the first coder (LKH), which then was
sent to the second coder (HK). An agreement rate of 81% was
found, which is acceptable in the coding process [37].

Ethical Considerations
The Single-Case Reporting Guideline in Behavioral
Interventions (SCRIBE) was used to design and report this study
[38]. The checklist can be found in Multimedia Appendix 1
[38]. Ethics approval was given by the Ethics Committee of the
University of Twente (Behavioral, Management and Social
Sciences, no. 220190). Each patient was thoroughly informed
about the study through information folders, information letters,
and clarification from the researcher. Before participating, every
patient signed an informed consent form. As compensation for
their participation, all patients received 2 vouchers worth €10
(US $10) halfway through and at the end of the study. To ensure
privacy and confidentiality, personal data regarding age, gender,
and psychiatric disorder were stored on the secured research
drive of the University of Twente. Moreover, names of patients

and therapists were omitted from the transcripts, and only
participant codes were used to connect quantitative and
qualitative data, resulting in a pseudoanonymized dataset.

Results

Overview
The results of the ES and interviews are reported for each
participant individually. The interview results per participant
are reported using the codes regarding the outcomes measures,
that is, stress, emotional tension, and anger. The coding schemes
on group level can be found in Multimedia Appendix 1.

Descriptive Statistics
The mean scores on stress, emotional tension, and anger per
phase are depicted in Table 2. Half of the participants (3/6, 50%)
showed lower average levels of emotional tension (P4-P6), and
most lower levels of anger (P1 and P4-P6) and stress (P1 and
P3-P6). However, other participants reported more stress (P2),
emotional tension (P2 and P3), and anger (P2) on DEEP days.
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Table 2. Descriptive statistics of experience sampling data on emotional tension (ET), stress, and anger per participant per phase (scored with a 1-5–point
Likert scale).

Total missing datapoints, for scoring stress, anger
and ET combined, n (%)

B phase, mean
(SD)

A phase, mean (SD)Reported range in Likert
scale (1-5)

Participant and outcome

P1

—a3.75 (0.5)4.00 (0.24)3-5Stress

20 (33)4 (0)3.92 (0.28)3-4ET

—3 (0.82)3.39 (0.60)2-4Anger

P2

—3 (1.41)2.28 (0.75)2-5Stress

12 (20)3 (1.41)2.30 (0.76)2-5ET

—3 (1.41)2.39 (0.93)1-5Anger

P3

—2 (0)2.08 (0.49)2-5Stress

18 (30)2.5 (1)2.03 (0.37)1-4ET

—2 (0)2.05 (0.32)2-4Anger

P4

—2 (0)2.12 (0.45)2-4Stress

15 (25)2 (0)2.26 (0.66)2-4ET

—2 (0)2.23 (0.68)2-5Anger

P5

—2.50 (0.71)2.59 (0.69)2-4Stress

4 (7)2 (0)2.42 (0.60)2-4ET

—2 (0)2.13 (0.39)1-3Anger

P6

—2.25 (1.26)2.64 (1.01)1-4Stress

1 (2)2.25 (1.26)2.98 (0.93)1-4ET

—1.50 (0.58)1.82 (1.14)1-5Anger

aNot applicable.

Results of ES and Interviews
The results of the visual analyses, LMMs, and interviews are
described per participant. At the end of this section, a synthesis
of the qualitative and quantitative results is presented. An
overview of the LMM outcomes can be found in Multimedia
Appendix 1.

Results for P1
P1 was a man aged 44 years who, according to himself, showed
difficulty controlling his temper when others irritated or did not
agree with him. During the study, P1 was enthusiastic about

working with DEEP and was interested in how breathing in a
VR environment would help him regulate his emotions. P1
completed all 4 DEEP sessions with no difficulty. Figure 2
illustrates that P1 showed consistent levels of high emotional
tension and stress independent of DEEP use. In addition, a
significant momentary reduction in stress was found after
session 2 (β=–.865; P=.005). However, this effect disappeared
over time (β=.023; P=.02). Although no significant changes
over time were found, anger (β=–.001; P=.93) seemed to variate
more than stress (β=–.002; P=.57) or emotional tension
(β=–.002; P=.52).
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Figure 2. Stress, emotional tension, and anger in P1 over time, measured with experience sampling. The light blue marking represents the period DEEP
was introduced and withdrawn. The blue triangles indicate the first data point after a DEEP session.

The interview outcomes and examples of quotes regarding those
outcomes are shown in Table 3. During the interview, P1
indicated that he found DEEP a pleasant experience. P1 felt that
DEEP was more of a helpful reference to understand deep
breathing than a direct intervention in increasing emotion
regulation. His advice was to not only offer DEEP as a

stand-alone intervention but also provide patients with
assignments, which can help to better apply deep breathing into
daily life situations. Because P1 was trying out for assisted
living, he had little contact with health care professionals during
this study. Therefore, his health care professionals had no clear
view on his daily emotions and behavior during this study.

Table 3. Results of the semistructured interview with P1 regarding the experienced effects on emotional tension, stress, and anger.

Example quotes from P1Times mentionedOutcome measure

“DEEP became a reference for me. I do the session and think back on it. Like oh, I feel tense, let’s pretend
that I am doing DEEP. Just in my head, feeling like a little fish.”

5Emotional tension

“And I’ve actually had quite a bit of trouble with panic attacks and stress. But it’s all pretty much gone
now. And when I start feeling a bit off, I just focus on my breathing.”

2Stress

“And it helped just as well with anger. Absolutely. Simply by breathing. Just going back. Back to basics,
back to swimming and just breathing calmly.”

1Anger

Results for P2
P2 was a male patient aged 23 years who, according to his health
care professionals, was enthusiastic about his treatment but also
impulsive and manipulative in nature. He was glad to participate
in this study and was curious to find out whether the deep
breathing skills he learned in therapy could support him during
a DEEP session. P2 completed 3 out of 4 DEEP sessions. The
first session was canceled due to a conflict between him and

another inpatient. Figure 3 shows that P2 reported some
variation in stress, emotional tension, and anger at the start of
the study, which stabilized after data point 10 (emotional tension
and stress) and data point 22 (anger). In addition, all outcomes
temporarily increased after his last use of DEEP. However, no
significant results in stress (β=.002; P=.57), emotional tension
(β=–.006; P=.29), or anger (β=–.002; P=.78) were found over
time or directly after DEEP sessions.
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Figure 3. Stress, emotional tension, and anger in P2 over time, measured with experience sampling. The light blue marking represents the period DEEP
was introduced and withdrawn. The blue triangles indicate the first data point after a DEEP session. The gray triangles indicate a DEEP session in which
no measurements were taken.

During the interview, P2 indicated that he really liked the first
DEEP session but that the last session felt repetitive as he was
doing the same thing each time. Moreover, he found the DEEP
sessions relaxing, but did not find it to be helpful during
moments of conflict. The health care professional of P2 did not
really notice any changes in behavior after the DEEP sessions.

She did acknowledge that it might have had a positive effect
on his well-being, as he was more aware of his breathing.
However, during a conflict, she did not notice that he was less
angry or that he was able to regulate his emotions through deep
breathing (Table 4).

Table 4. Results of the semistructured interview with P2 regarding the experienced effects on emotional tension, stress, and anger.

Example quotes from P2Times mentionedOutcome measure

“I would recommend DEEP to other patients. Not everyone would maybe benefit, but it could help most
of them with developing breathing skills and a better way to relax and become less tense.”

5Emotional tension

“I did find the DEEP sessions to be effective in reducing my stress. Because I found that when I really
focused on my breathing I became more calm and mindful.”

1Stress

“But I do notice that with DEEP, whenever I get stressed or angry or things like that, I do pay attention
to my breathing. I don’t realize it. It’s already ingrained in my system [due to earlier treatment that used
breathing exercises] that I do that.”

1Anger

Results for P3
P3 was a man aged 31 years. His health care professionals
indicated that he sometimes struggles to access his emotions
and talk about them. P3 was interested in participating because
he has worked in the IT field and was intrigued by the
technology behind the VR game and how the biofeedback in
DEEP operates. P3 completed all 4 DEEP sessions. Figure 4
shows that P3 reported low levels and little fluctuation of stress,

emotional tension, and anger throughout the study. In addition,
his reported emotional tension was significantly increased after
the first session (β=1.875; P<.001). However, this effect did
not remain over time (β=–.053; P=.002), indicating only a
momentary increase in tension with first-time use of DEEP.
Finally, no changes over time in stress (β=–.006; P=.34),
emotional tension (β=.002; P=.71), and anger (β=–.001; P=.85)
were found.

Figure 4. Stress, emotional tension, and anger in P3 over time, measured with experience sampling. The light blue marking represents the period DEEP
was introduced and withdrawn. The blue triangles indicate the first data point after a DEEP session.
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During the interview, P3 stated that he expected more from the
DEEP sessions. He felt that the VR showed some technical
defects and that it did not help him in reducing negative
emotions. According to his health care professional, P3 was not

entirely engaged in DEEP and what it might teach him. He was
more involved in the technical part, such as the VR and
abdominal belt, and expressed annoyance that it did not always
work correctly (Table 5).

Table 5. Results of the semistructured interview with P3 regarding the experienced effects on emotional tension, stress, and anger.

Example quotes from P3Times mentionedOutcome measure

“I was able to focus on my breathing during DEEP, which made me feel relaxed. But I already knew
this from going to the gym and deep breath during my exercises.”

2Emotional tension

“I don’t know if DEEP helps with reducing stress. I would say that you would need more triggers to test
that. Like that things get a bit scary in the game and that you have to keep breathing to calm yourself
down.”

1Stress

“Something just came to mind. I don’t even remember what it was about, but I was irritated recently.
But expressed it calmly, and was immediately vocal about it, you know. But then, did I take a breath?
No, that feels pointless.”

2Anger

Results for P4
P4 was a man aged 24 years. According to his health care
professionals, he was a quiet man who had difficulty recognizing
and articulating his own emotions. P4 completed 3 of 4 sessions.
The third session was canceled due to the researcher being
unavailable unexpectedly. As is shown in Figure 5, P4 reported

low stress, emotional tension, and anger during the first half of
the study. More variety in these outcomes was observed in the
second half of the study. However, no significant results in
stress (β=.004; P=.44), emotional tension (β=.000; P=.97), and
anger (β=.004; P=.61) were found over time, nor was a direct
effect observed after a DEEP session.

Figure 5. Stress, emotional tension, and anger in P4 over time, measured with experience sampling. The light blue marking represents the period DEEP
was introduced and withdrawn. The blue triangles indicate the first data point after a DEEP session. The gray triangles indicate a DEEP session in which
no measurements were taken.

During the interview, P4 stated DEEP sessions to be a fun and
relaxing experience. He also felt that after a DEEP session, he
was able to stay calm the rest of the day, even when conflict
occurred. However, P5 was hesitant to state that DEEP helped
him using his deep breathing in daily life situations. Except for
during a DEEP session, he did not use his deep breathing to
cope with negative emotions, such as anger. His health care

professional was also hesitant to ascribe a direct effect of DEEP
on P5’s behavior. She did find P5 to be calm and tired after a
DEEP session and indicated that it provided him with more
insight on deep breathing. However, she did not find him less
tense, stressed, or angry during the SCED, as he was already
behaving well in the clinic (Table 6).

Table 6. Results of the semistructured interview with P4 regarding the experienced effects on emotional tension, stress, and anger.

Example quotes from P4Times mentionedOutcome measure

“I loved the DEEP sessions. It was nice and really relaxing. Just to be in a calm environment made me
less tense already.”

6Emotional tension

“DEEP gave me an empty mind. I had nothing to think or stress about. The mornings you [researcher]
came around with DEEP were nice days. I could really relax.”

4Stress

“After the session we were cooking, and there was someone bossing people around, and normally I
would say: do something yourself for once! Normally, I would react with irritation, but now I was very
calm and could respond more calmly.”

4Anger
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Results for P5
P5 was a man aged 37 years. According to both him and his
health care professional, he did not always recognize when his
anger was increasing and could suddenly explode. He was
curious about how DEEP could help him in recognizing his
increasing emotional tension and using deep breathing
techniques in a timely manner. P5 completed 3 of 4 DEEP
sessions. The first session was canceled due to a technical

problem with the VR set. As is shown in Figure 6, P5 reported
fluctuations on the 3 outcome measures. The DEEP sessions
were consistently associated with the lowest scores on emotional
tension, stress, and, to a lesser extent, anger. In addition, a
significant decline over time in emotional tension (β=–.012;
P=.006), stress (β=–.014; P=.007), and anger (β=–.007; P=.02)
was found, with high to moderate levels of stress until day 9
and moderate to low levels of stress after that.

Figure 6. Stress, emotional tension, and anger in P5 over time, measured with experience sampling. The light blue marking represents the period DEEP
was introduced and withdrawn. The blue triangles indicate the first data point after a DEEP session. The gray triangles indicate a DEEP session in which
no measurements were taken.

During the interview, P5 stated that DEEP was a helpful
intervention for him to relax and focus on his own body.
However, P5 was not able to use his deep breathing techniques
and reduce his anger during conflicts or stressful situations. He
stated that during those moments, he is so engaged in the conflict
that he is not thinking about his bodily signals or what he should

do to prevent aggression. His health care professional agreed
with these statements. She acknowledged that P5 really felt
happy and relaxed after each DEEP session and that he was able
to keep calm during most conflicts. However, the health care
professional did not find DEEP to be effective in supporting P5
during stressful moments or aggressive outbursts (Table 7).

Table 7. Results of the semistructured interview with P5 regarding the experienced effects on emotional tension, stress, and anger

Example quotes from P5Times mentionedOutcome measure

“You know, one thing I’ve become more aware of is my breathing. Even before getting out of bed, I
sometimes pay attention to my abdominal breathing. So, I’m conscious that breathing can be a momentary
relief of tension to start and get through the day.”

5Emotional tension

“I do feel less stressed, but I am not entirely sure if it can be linked to doing DEEP. I think I have to do
more DEEP sessions to discover that.”

2Stress

“During DEEP I was in a calm environment to chill and get out of my head. But I don’t know if those
breathing exercises work if I am in a fight with a family member. I don’t think so to be honest.”

2Anger

Results for P6
P6 was a man aged 33 years. According to his health care
professional, he often struggled to regulate his negative emotions
in a healthy way. DEEP appealed to P6 because he wanted to
find distraction through it and calm his thoughts. P6 completed
all 4 DEEP sessions. However, the second session for P6 was
interrupted due to a signal disruption between the VR headset
and the VR sensor after 8 minutes. The session was eventually
completed but the participant did experience more discomfort
than usual, because his vision kept shifting, causing difficulty
to navigate properly. As is shown in Figure 7, P6 reported both

highly fluctuating levels of stress, emotional tension, and anger.
His findings are mixed, with DEEP sessions being associated
with both the least (session 1; day 2) and highest (session 2;
day 6) emotional tension. However, anger levels did seem to
decrease with the use of DEEP, notably after session 3 (day 10),
which was followed by a longer period of stability. In addition,
a significant decline of stress was found over time (β=–.029;
P<.001) but not in emotional tension (β=–.009; P=.22) or anger
(β=.009; P=.33). In addition, as neither of the interaction effects
are significant, these declines cannot be attributed directly to a
momentary effect of DEEP.
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Figure 7. Stress, emotional tension, and anger in P6 over time, measured with experience sampling. The light blue marking represents the period DEEP
was introduced and withdrawn. The blue triangles indicate the first data point after a DEEP session.

During the interview, P6 expressed being pleasantly surprised
by how much he liked the DEEP sessions. He found the
environment and music of DEEP to be a great distraction from
his negative thoughts and felt that it helped him to cope with
his negative emotions. According to his health care professional,

P6 really experienced that he can use his deep breathing to
reduce emotional tension and stress. She stated that, although
there were some conflicts during the data collection period, P6
clearly was less angry and explosive toward the health care
professionals (Table 8).

Table 8. Results of the semistructured interview with P6 regarding the experienced effects on emotional tension, stress, and anger.

Example quotes from P6Times mentionedOutcome measure

“What really stuck with me was that I started every DEEP session tense and that I came out of the session
calm and happy.”

6Emotional tension

“I do remember that, during the DEEP sessions, I was able to breath in a deep and calm way which felt
really nice and made my body relax as well.”

2Stress

“I’ve had quite a rough couple of weeks. And after the DEEP sessions, I noticed that I didn’t immediately
react to conflicts, but found a way to cope. I didn’t explode right away but managed to keep myself to-
gether. Also, because I emerged from such a session feeling so relaxed.”

3Anger

“I know that if I explode, I bring a lot of tension to the staff and the group. DEEP helped me to respond
more calmly. But now the study has ended, and I don’t know how I will do without the help of DEEP.”

2Self-efficacya

aThis was not a predetermined outcome measure but additionally mentioned by P6.

Synthesis of the Results
In this study, we used multiple research methods to assess the
effectiveness of DEEP on stress, emotional tension, and anger
in forensic psychiatric patients. In Table 9, we juxtaposed the
quantitative and qualitative results per participant. This provides
an overview on group level and an individualized examination
of whether they paint a consistent picture or present
contradictory results. Some discrepancies were observed

between quantitative and qualitative results. Two patients
showed no significant changes quantitatively, but reported
experiencing effects of DEEP in the interviews. Two other
patients displayed short-term significant changes in emotional
tension or stress, with one patient reporting matching
experiences and the other reporting no effects. The final 2
patients showed significant changes over time, aligning with
their reported experiences.
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Table 9. Overview of quantitative and qualitative results per participant (N=6).

Qualitative outcomesQuantitative outcomesID

P1 •• Experienced short-term effect on ET and stressVariation in stress, ETa, and anger
• No experienced long-term effect• Momentary decrease of stress

• No significant changes over time

P2 •• Experienced short-term effects on ETStabilization of stress, ET, and anger in second half SCEDb

• No experienced long-term effects• No significant changes over time

P3 •• No experienced short-term effectsLow stress, ET, and anger throughout SCED
• •Momentary increase of ET No experienced long-term effects
• No significant changes over time

P4 •• Experienced short-term effect on ET, stress, and angerMore fluctuation of stress, ET, and anger in second half SCED
• •No significant changes over time Experienced long-term effect on ET

P5 •• Experienced short-term effect on ET and stressFluctuation, but lower levels in stress, ET, and anger after DEEP
sessions. • Experienced long-term effect on ET and stress

• Significant reduction of stress, ET, and anger over time

P6 •• Experienced short-term effect on ET, stress, and angerElevated levels and fluctuation of stress, ET, and anger
throughout SCED • Experienced long-term effect on stress and anger

• Significant reduction of stress over time

aET: emotional tension.
bSCED: single-case experimental design.

Discussion

Principal Findings
This study aimed to investigate whether DEEP, through its
immersive focus on relaxation and diaphragmatic breathing
techniques, is able to decrease stress, emotional tension, and
anger in forensic psychiatric inpatients. First, much variation
in effectiveness was found between each participant. In 2
participants, a momentary effect on emotional tension and stress
right after a DEEP session was found. Two other participants
showed a decrease in stress, emotional tension, and anger over
time, with no direct effect of DEEP. The last 2 participants did
not show any significant effects. These results underline that
DEEP is no one-size-fits-all solution and that users might benefit
from DEEP in diverse ways or not at all. Second, most
participants felt enthusiastic about DEEP and found it to be a
helpful intervention to enhance short-term relaxation. Some
participants also found DEEP to be able to teach them
diaphragmatic breathing, which, in their experience, helped
them reduce aggressive outbursts or conflicts. However, most
patients were not yet able to put what they had learned in DEEP
into practice, which was also indicated by their health care
professionals. Finally, some discrepancies were found in the
synthesis of the ES and qualitative results; although most
patients experienced a positive effect of DEEP on their
well-being, 67% (4/6) of them showed no significant change in
emotional tension, stress, or anger.

Variation in Effectiveness
An important finding of this study is that DEEP seems able to
reduce momentary emotional tension, stress, and anger and
induce short-term relaxation in some but not all forensic
inpatients. One possible explanation for this is that the

participants in this study exhibit heterogeneity in their history
of offenses, treatment objectives, cognitive abilities, and
psychosocial characteristics [4,39], which might explain the
differences in their experiences during the DEEP sessions and
variation in effectiveness. This underlines earlier research, which
states that there is no one-size-fits-all approach to support all
psychiatric patients in their treatment and that a personalized
approach is essential [40], which is in particular the case for
forensic patients [3]. Furthermore, DEEP was provided as a
stand-alone intervention within a research context without a
more personalized instruction. The participants stated that they
had trouble applying what they learned in DEEP into daily life
situations. This shows that a structural integration of DEEP into
existing treatment could support patients in generalizing deep
breathing skills, making the intervention more effective as is
supported by earlier studies. Finally, some technical difficulties
with the abdominal waistband occurred during the study, which
limited the impact biofeedback could have on participants.
Future research could further investigate these reasons for
variation in effectiveness, for example, by focusing on patient-,
contextual-, and intervention-related factors [41-43].

Generalization of Deep Breathing Skills
Another finding of this study is that DEEP was able to induce
short-term effects on stress, emotional tension, and anger.
However, a long-term effect that could directly be ascribed to
DEEP was not found in any participants. Similar to earlier
evaluation studies of DEEP, the DEEP sessions were conducted
as a “stand-alone” intervention, without an extensive
introduction or debriefing from a health care professional
[8,11,26]. In the interviews, patients and health care
professionals stated that more information about diaphragmatic
breathing could help them to actively use this as a coping
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strategy to prevent aggression in their daily lives. Therefore,
DEEP might require some form of psychoeducation and support
with integration in daily life to generalize the skills that are
taught in DEEP [7]. In addition, other studies recommended
that technological interventions, such as VR, should be
embedded within existing treatment as opposed to being used
as a separate tool [6,44,45]. Therefore, future research should
focus on determining the most optimal way to integrate DEEP
in a treatment context where health care professionals are
conducting the DEEP sessions.

Using Deep Breathing During Conflicts
A third finding of this study is that most participants often forgot
to apply diaphragmatic breathing during conflicts because they
were already too involved or angry. An explanation for this is
that patients were often not aware of their increasing emotional
tension or anger, which is a common problem in forensic
psychiatric patients [46]. Consequently, necessary precondition
for applying diaphragmatic breathing to prevent aggression
seems to be that patients recognize their increasing tension early
on [18,47,48]. This degree of recognition and trust in one’s own
bodily signals—which is called interoceptive awareness—is
indeed found to be related to the improvement of emotion
regulation skills [48]. Therefore, it would be interesting to
determine whether the effect of DEEP or other emotion
regulation interventions can be enhanced if the user’s
interoceptive awareness increases. Consequently, a
recommendation for future research is to combine DEEP with
other biofeedback devices such as wearables that can be used
to increase interoceptive awareness in daily life [46,47].

Strengths and Limitations
First, by using a mixed methods single-case approach, this study
was able to differentiate individual responses to a novel
intervention. However, the data quality of the current SCED
study limited opportunities to use SCED-specific effect sizes
such as treatment as usual–uncontrolled, nonoverlap of all pairs,
and typicality of level change and, as such, to be able to draw
robust conclusions about the effectiveness of DEEP. To meet
standards in future studies, at least 5 data points in each phase
should be produced. This could be successfully reached by
extending the DEEP phase by embedding the VR sessions in
treatment as usual. This way more data points are easily
collected and long-term changes in outcome measures might
be reached. Second, by using convenience sampling as a
sampling method, researchers and health care professionals
were able to recruit and include participants, while ensuring a
time- and cost-effective procedure [49]. However, it could have
led to selection bias as health care professionals may have only
recruited patients that they deemed motivated to participate to
ensure that they were able to complete the study [49,50].

Therefore, it is important to remain careful when generalizing
study outcomes, particularly as the vulnerable forensic
psychiatric patients could not be involved in this study. Third,
attention should be paid to the impact of technical issues, as
some DEEP sessions were canceled or interrupted due to signal
loss between the abdominal belt and the VR equipment. It should
be noted that these issues could have inhibited the possible
effectiveness of DEEP. Fourth, this study used ES, which is a
suitable way to study real-time changes in mental states [51,52].
As a significant decrease in stress, emotional tension, and anger
over time—without a direct effect of DEEP—was found in 2
patients, ES could have provided an unforeseen effect on their
well-being, just by asking them to reflect on their emotions
thrice a day. However, by using a mixed methods design, these
possible unforeseen effects have been partly addressed in
semistructured interviews because quantitative ESM data were
supplemented by experienced effectiveness. Finally, emotional
tension, stress, and anger are complex constructs to measure,
particularly using ES [53]. Some participants mentioned effects
of DEEP that were not reflected in the ESM data, raising
questions about the extent to which the items were fully valid.
Finally, participants scored their stress, emotional tension, and
anger by using a 5-point Likert scale, an often-used scoring
system in validated questionnaires [54,55]. However, this
resulted in less detailed information about the emotional state
of the participants; although an increase from 1 to 3 may seem
significant, it simply indicates that the participant selected “(3)
neutral/do not know,” which does not directly reflect an
improvement. To encounter this, a visual analog scale of 0 to
10 or 0 to 100 might have been a better way to assess the
outcomes in a more specific, sensitive way.

Conclusions
This study has shown that DEEP seems a promising intervention
for some, but not all, forensic psychiatric inpatients to practice
deep breathing techniques in a novel and engaging way. DEEP
is not a one-size-fits-all intervention that works for every patient,
as the effectiveness in decreasing emotional tension, stress, and
anger varied among the participants. Despite variation in
quantitative results, both inpatients and the health care
professionals found DEEP to be of added value in providing
short-term relaxation. In addition, DEEP seems to be an
engaging way to acquire deep breathing as a coping strategy.
However, generalization to daily lives was difficult, which can
be explained by problems with interoceptive awareness and
lack of integration in treatment protocols. This underlines the
need for a structural integration of interventions such as DEEP
in existing treatment programs or psychoeducation. Future
research should therefore focus not only on whether DEEP is
effective, but also on why and for whom it is effective, by
identifying patient-, context-, and intervention-related factors.
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Abstract

Background: Wrong-site surgery (WSS) is a critical but preventable medical error, often resulting in severe patient harm and
substantial financial costs. While protocols exist to reduce wrong-site surgery, underreporting and inconsistent documentation
continue to contribute to its persistence. Machine learning (ML) models, which have shown success in detecting medication
errors, may offer a solution by identifying unusual procedure-diagnosis combinations. This study investigated whether an ML
approach can effectively adapt to detect surgical errors.

Objective: This study aimed to evaluate the transferability and effectiveness of an ML-based model for detecting inconsistencies
within surgical documentation, particularly focusing on laterality discrepancies.

Methods: We used claims data from the Centers for Medicare and Medicaid Services Limited Data Set (CMS-LDS) from 2017
to 2020, focusing on surgical procedures with documented laterality. We developed an adapted Association Outlier Pattern (AOP)
ML model to identify uncommon procedure-diagnosis combinations, specifically targeting discrepancies in laterality. The model
was trained on data from 2017 to 2019 and tested on 2020 orthopedic procedures, using ICD-10-PCS (International Classification
of Diseases, Tenth Revision, Procedure Coding System) codes to distinguish body part and laterality. Test cases were classified
based on alignment between procedural and diagnostic laterality, with 2 key subgroups (right-left and left-right mismatches)
identified for evaluation. Model performance was assessed by comparing precision-recall curves and accuracy against rule-based
methods.

Results: The findings here included 346,382 claims, of which 2170 claims demonstrated with significant laterality discrepancies
between procedures and diagnoses. Among patients with left-side procedures and right-side diagnoses (603/1106), 54.5% were
confirmed as errors after clinical review. For right-side procedures with left-side diagnoses (541/1064), 50.8% were classified
as errors. The AOP model identified 697 and 655 potentially unusual combinations in the left-right and right-left subgroups,
respectively, with over 80% of these cases confirmed as errors following clinical review. Most confirmed errors involved
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discrepancies in laterality for the same body part, while nonerror cases typically involved general diagnoses without specified
laterality.

Conclusions: This investigation showed that the AOP model effectively detects inconsistencies between surgical procedures
and diagnoses using CMS-LDS data. The AOP model outperformed traditional rule-based methods, offering higher accuracy in
identifying errors. Moreover, the model’s transferability from medication-disease associations to procedure-diagnosis verification
highlights its broad applicability. By improving the precision of identifying laterality discrepancies, the AOP model can reduce
surgical errors, particularly in orthopedic care. These findings suggest that the model enhances patient safety and has the potential
to improve clinical decision-making and outcomes.

(JMIR Form Res 2025;9:e68436)   doi:10.2196/68436
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Introduction

Wrong-site surgery (WSS) is recognized as the fifth most severe
medical error in the United States [1]. A recent study revealed
that one-third of inpatient WSS incidents resulted in
high-severity injuries, with 7.4% of these cases leading to death
[2]. This preventable mistake not only causes a big impact on
patients but also imposes considerable financial burdens on the
health care system [3]. According to a review in the United
States National Practitioner Data Bank, a total of US $1.3 billion
was recorded in payouts for surgical never events for 2 decades
(1990-2010) [4]. Despite efforts aimed at reducing surgical
errors through preprocedure verification, site marking, and a
preoperative timeout, WSS events continue to occur.
Specifically, the services most frequently responsible for those
cases were orthopedic, including spine and intervertebral disc
surgery, arthroscopy, and surgery on muscles or tendons [2,5].

The underreporting of WSS further complicates efforts to
address this issue. In the United States, only 2% of sentinel
events are reported to The Joint Commission, contributing to
the persistence of WSS [1]. Moreover, the World Health
Organization’s 2024 Global Patient Safety Report highlights
that only 38% of countries have implemented systems to report
preventable and catastrophic medical errors, leading to the
widespread underestimation of their true frequency [6]. Among
the factors to WSS, inconsistent documentation and
inappropriate history and examination information contribute
significantly to the occurrence of WSS [2,3]. For example, a
patient may have a radiology report indicating a right renal mass
from an outside hospital, while a referral document refers to a
recent ultrasound report of a left renal mass, leading to a left
nephrectomy [2]. Due to the inescapable nature of human error,
the ability to automatically identify such discrepancies with the
emerging technology could substantially reduce the incidence
of WSS.

To address issues of inconsistent documentation and
inappropriate history and examination information, a machine
learning (ML) model that can automatically detect uncommon
associations between diagnosis and surgical procedures may
offer a viable solution for identifying and preventing WSS.
Recent studies have shown promising results using ML
algorithms to detect medication errors, using unsupervised
association rule learning to identify unreasonable
medication-disease combinations [7,8]. We hypothesized that

the similar characteristics between procedure-diagnosis and
medication-disease associations could be used to train a model
capable of detecting surgical errors. Therefore, this study aims
to assess the transferability of an adapted ML model and validate
its performance in detecting inconsistencies in surgical
procedure documentation.

Methods

Data Source
The Centers for Medicare and Medicaid Services Limited Data
Set (CMS-LDS) files provide detailed information on health
care services given to beneficiaries. This database includes
claims data that record the medical services provided, along
with related diagnosis and procedure codes [9]. This dataset is
crucial for health care research and quality assessments, helping
to measure health care outcomes in various settings [10-12].
We included claims with complete records of both medical and
surgical procedures.

Model Construction
In this study, we constructed the adapted version of the
Association Outlier Pattern (AOP) model using the ML
algorithms, with methods described in a previous paper [13].
We used CMS-LDS data from 2017 to 2019 as a training set to
develop the model. This AOP model is designed to automatically
detect uncommon or rare associations between specific diseases
and surgical procedures, with a particular focus on discrepancies
between the diagnosed side (left or right) and the side operated
on. The model determined a procedure to be substantiated if
the index procedure could be explained by a relevant diagnosis.
However, if there was a procedure that could not be explained
by any of the diagnoses, then the procedure-diagnosis
combination would be viewed as unsubstantiated. All data
collection and analysis procedures in this study fully comply
with the principles outlined in the “Guidelines for Developing
and Reporting Machine Learning Predictive Models in
Biomedical Research” [14].

Test Set Development
The study used inpatient CMS-LDS data from 2020 as a test
set. We limited our testing data to orthopedic procedures,
identified by the Attending Physician Specialty Code for
Orthopedic Surgery. The study population was selected only if
the ICD-10-PCS (International Classification of Diseases, Tenth
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Revision, Procedure Coding System) and ICD-10-CM
(International Classification of Diseases, Tenth Revision,
Clinical Modification) codes included identifiable body parts
and laterality information. The fourth character of the
ICD-10-PCS code was used to differentiate body parts and
laterality. Cases in which the only procedure performed was
the insertion of an infusion device were excluded, as the
rationale for the insertion site is typically clinician-determined
and often lacks a documented record.

Procedures and diagnoses were categorized by laterality: right,
left, or both. “Right-side procedures” indicated that all
procedures performed on the patient were on the right side, and
“both-side procedures” indicated that the patient received both
right- and left-side procedures. The same definitions applied to
the laterality of diagnoses. Patients with complete laterality
information for both procedures and diagnoses were classified
into 9 subgroups based on the combination of procedural and
diagnostic laterality, such as right-right, right-left, right-both,
left-right, left-left, left-both, both-right, both-left, and both-both.
The analysis focused on 2 subgroups with significant
discrepancies between procedure and diagnosis laterality:
right-side surgery with left-side diagnosis (right-left) and
left-side surgery with right-side diagnosis (left-right).

Test Set Evaluation
The accuracy of these 2 subgroups was evaluated through a
rigorous review process that examined the alignment between
documented procedures and diagnoses. Two authors (YHC and
CHL) independently reviewed the consistency between
procedures and diagnoses. In cases of disagreement, both authors
conducted a thorough secondary review of all available medical
records and reached a consensus through discussion. A
confirmed error case was defined as a scenario in which no
direct association existed between the surgery performed and
any recorded diagnosis. Clinical criteria for defining an error
case included: (1) all diagnoses did not sufficiently justify the
need for the surgery; (2) the anatomical areas mentioned in the
diagnoses and procedures were either not the same, not in
proximity (eg, shoulder joint and humerus are in proximity), or
not appropriately related (eg, upper leg relates to femur bone);
and (3) the anatomical areas were similar, but the laterality was
opposite. These criteria ensured that discrepancies in laterality
between diagnoses and surgical procedures were systematically
identified.

Confirmed error cases were further categorized based on whether
the procedure and diagnosis involved the same or different body
parts. Confirmed nonerror cases were classified into five
categories based on potential rationale: (1) same body part
between procedure and diagnosis, but with the unspecified side
in the diagnosis; (2) same body part between procedure and

diagnosis, but with no laterality specified; (3) diagnosis without
a specific body part that can explain the index procedure; (4)
anatomical areas in the diagnoses and procedures were in
proximity; and (5) the index procedure could be explained by
a combination of diagnoses and concurrent procedures.

Model Performance Metrics
To assess the generalization and extrapolation performance of
the model, we applied the trained AOP model to identify
potentially unusual combinations of procedures and diagnoses
among the 2 subgroups with significant discrepancies (right-left
and left-right) in the test set. We plotted the precision-recall
curves to obtain the optimal probability threshold to maximize
the predictive capability of the AOP model. Precision-recall
curves have been considered an effective metric for accessing
the model, especially the data is an unbalanced dataset [15,16].
The optimal probability threshold is where a point can achieve
high precision score while only sacrificing minimal recall
(Figure S1 in Multimedia Appendix 1). By calculating the
accurate prediction rate of the AOP model and the rule-based
method (right-left and left-right), we can compare the
performance between these 2 methods.

Ethical Considerations
This study used the CMS-LDS files, which provide
beneficiary-level information for research aimed at improving
the US health care system. Access to the data was granted
through the standard Centers for Medicare and Medicaid
Services (CMS) approval process, including entering into a
Data Use Agreement with CMS. The study was exempt from
human subject research ethics review, as the data used were
deidentified in accordance with the Health Insurance Portability
and Accountability Act (HIPAA) Privacy Rule. Since the study
involved secondary analyses of deidentified data, informed
consent was not required, and no direct interaction with human
participants occurred.

To ensure privacy and confidentiality, all analyses strictly
adhered to CMS policies, including the cell suppression rule,
which prohibits the publication of results with cell sizes of 10
or fewer (eg, patients or services). Furthermore, no attempts
were made to reidentify individuals from the data, maintaining
compliance with ethical and privacy standards.

Results

Baseline Study Population
Data from a total of 346,382 claims were included in the study.
Among them, the data indicated that 1106 patients had a left-side
procedure with right-side diagnoses, and 1064 patients had a
right-side procedure with left-side diagnoses (Figure 1).
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Figure 1. Selection of test set study population from Centers for Medicare and Medicaid Services Limited Data Set (CMS-LDS).

The study used inpatient CMS-LDS data from 2020 as the test
set. Testing data was restricted to orthopedic procedures, and
identified using the Attending Physician Specialty Code for
Orthopedic Surgery. The study population included only cases
where the ICD-10 (International Statistical Classification of
Diseases, Tenth Revision) procedure and diagnosis codes
provided clear information about the body part and laterality.

Test Set Population Characteristics
Among the 1106 patients with left-side procedures with
right-side diagnoses, 603/1106 (54.5%) cases were confirmed

as errors, while 503/1106 (45.5%) were deemed reasonable
combinations after applying the clinical review criteria.
Similarly, among the 1064 patients with right-side procedures
with left-side diagnoses, 541/1064 (50.8%) cases were
confirmed as errors, while 523/1064 (49.2%) were deemed
reasonable combinations (Table 1). Most confirmed errors
involved the same body part in both procedure and diagnosis
but with opposite laterality. Most nonerror cases were considered
reasonable due to the presence of a relatively general diagnosis
code with an unspecified body part, or a diagnosis with a
specified body part but no laterality.
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Table 1. Performance of rule-based method and association outlier pattern (AOP) model by laterality.

AOPb,c modelRule-based methoda

Left-side procedure with right-side diagnoses

n=576 (82.6%)n=603 (54.5%)Confirmed error

n=404n=421Same body part

n=172n=182Not same body part

n=121 (17.4%)n=503 (45.5%)Confirmed nonerror

n=17n=39Unspecified side of diagnosisd

n=34n=131No laterality for diagnosise

n=58n=251No specific body part nor lateralityf

n=2n=4Proximity areag

n=10n=78Othersh

Right-side procedure with left-side diagnoses

n=524 (80.0%)n=541 (50.8%)Confirmed error

n=376n=390Same body part

n=148n=151Not same body part

n=131 (20.0%)n=523 (49.2%)Confirmed nonerror

n=17n=50Unspecified side of diagnosis

n=75n=271No laterality for diagnosis

n=25n=129No specific body part nor laterality

n=4n=4Proximity area

n=10n=69Others

aLeft-side procedure with right-side diagnoses: n=1106; right-side procedure with left-side diagnoses: n=1064.
bLeft-side procedure with right-side diagnoses: n=697; right-side procedure with left-side diagnoses: n=655.
cAOP: association outlier pattern.
dSame body part between procedure and diagnosis, but with the unspecified side in the diagnosis.
eSame body part between procedure and diagnosis, but with no laterality specified.
fDiagnosis without a specific body part that can explain the index procedure.
gAnatomical areas in the diagnoses and procedures were in proximity.
hThe index procedure could be explained by a combination of diagnoses and concurrent procedures.

This table summarizes the performance of the rule-based method
and the AOP machine learning model in identifying surgical
procedure-diagnosis inconsistencies in the CMS-LDS from
2020. The study focused on patients undergoing orthopedic
procedures with discrepancies in laterality between procedures
and diagnoses. Results are presented for 2 subgroups: left-side
procedures with right-side diagnoses (n=1106) and right-side
procedures with left-side diagnoses (n=1064). Clinical review
outcomes are categorized into confirmed errors and nonerrors,
with further classification based on the nature of the diagnosis
and its alignment with the index procedure.

We focused on 2 subgroups with significant discrepancies
regarding laterality between procedure and diagnosis, where
combinations could be reasonable or unreasonable. For instance,
a patient who underwent right knee joint arthroplasty but was
diagnosed only with left knee osteoarthritis was deemed to have
an error, as no diagnoses could justify the need for right knee
joint replacement. Conversely, a nonerror case might involve
a patient who underwent right lower leg detachment surgery
with a diagnosis of diabetes-related gangrene (Table 2).
Although the diagnosis did not specify the body part or laterality,
it could explain the reason for the surgery and did not conflict
with other diagnoses.
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Table 2. Test set evaluation examples for clinical review of procedure-diagnosis discrepancies.

DiagnosesIndex procedures

Confirmed error

Same body part •• M1712-Unilateral primary osteoarthritis, left kneeRight knee joint
• F17210-Nicotine dependence, cigarettes, uncomplicated

• 0SRC0J9-Replacement of right knee joint
with synthetic substitute, cemented, open
approach

Not same body part •• M19021-Primary osteoarthritis and right elbowLeft upper arm tendon, left shoulder joint
• E785-Hyperlipidemia, unspecified

• 0LS40ZZ-Reposition left upper arm tendon,
open approach

• I10-Essential (primary) hypertension
• E7800-Pure hypercholesterolemia, unspecified

• 0RRK0JZ-Replacement of left shoulder joint
with synthetic substitute, open approach

Confirmed non-error

Unspecified body part and
unspecified laterality

•• T8484XA-Pain due to internal orthopedic prosthetic devices,
implants and grafts, initial encounter

Left hip joint

• 0SPB0JZ-Removal of synthetic substitute
from left hip joint, open approach

• Y792-Prosthetic and other implants, materials and accessory
orthopedic devices associated with adverse incidents

• 0SRB049-Replacement of left hip joint with
ceramic on polyethylene synthetic substitute,
cemented, open approach

• S0501XA-Injury of conjunctiva and corneal abrasion without
foreign body, right eye, initial encounter

• H10501-Unspecified blepharoconjunctivitis and right eye

Unspecified body part and
unspecified laterality

•• E1152-Type 2 diabetes mellitus with diabetic peripheral
angiopathy with gangrene

Right lower leg

• 0Y6H0Z2-Detachment at right lower leg,
mid, open approach

• I96-Gangrene, not elsewhere classified
• N186-End stage renal disease
• I69354-Hemiplegia and hemiparesis following cerebral in-

farction affecting left nondominant side
• E1122-Type 2 diabetes mellitus with diabetic chronic kidney

disease
• E785-Hyperlipidemia, unspecified
• I252-Old myocardial infarction
• Z85528-Personal history of other malignant neoplasm of

kidney

Unspecified body part and
unspecified laterality

•• C7951-Secondary malignant neoplasm of boneRight femoral shaft and right upper femur
• C3402-Malignant neoplasm of left main bronchus

• 0QB80ZX-Excision of right femoral shaft,
open approach, and diagnostic

• R200-Anesthesia of skin
• R591-Generalized enlarged lymph nodes

• 0QH606Z-Insertion of intramedullary inter-
nal fixation device into right upper femur,
open approach

No laterality for diagnosis •• Z4733-Aftercare following explanation of knee joint pros-
thesis

Left knee

• 0SPD08Z-Removal of spacer from left knee
joint, open approach

• E785-Hyperlipidemia, unspecified
• I4510-Unspecified right bundle-branch block

• 0SRD0J9-Replacement of left knee joint with
synthetic substitute, cemented, open ap-
proach

• I10-Essential (primary) hypertension

This table provides representative examples of confirmed errors
and nonerrors from the test set of orthopedic procedures in the
CMS-LDS data from 2020. Confirmed errors include cases
where procedural laterality (eg, left or right) did not align with
the diagnosis, while nonerrors involve reasonable justifications
for the procedure based on provided diagnoses. Each example
lists the index procedures, associated diagnoses, and rationale
for classification based on clinical review.

AOP Model Performance Evaluation
Among the 1106 patients with left-side procedures with
right-side diagnoses, the AOP model identified 697 potentially
unusual combinations. After applying the clinical review criteria,
576 out of 697 (82.6%) cases were confirmed as errors, while
121 out of 697 (17.4%) were deemed reasonable. Similarly,
among the 1064 patients with right-side procedures with left-side
diagnoses, the AOP model identified 655 potentially unusual
combinations. Of these, 524 out of 655 (80%) cases were
confirmed as errors, and 131 out of 655 (20%) were reasonable
combinations (Table 1). Most confirmed errors involved the
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same body part in both procedure and diagnosis but with
opposite laterality. Most nonerror cases were considered
reasonable due to a general diagnosis with an unspecified body
part or a diagnosis with a specified body part but no laterality.

An example of a confirmed error among AOP model-identified
cases was a patient who received right shoulder joint
arthroplasty, while the diagnoses only included a left humerus

fracture. Since a left arm fracture could not justify right shoulder
joint replacement, this case was deemed an error. Conversely,
an example of a nonerror case was a patient who underwent left
glenoid cavity replacement, with a diagnosis of unspecified side
rotator cuff tear or rupture (Table 3). As an unspecified side
shoulder injury could justify left shoulder surgery, this case was
deemed a nonerror.

Table 3. Association outlier pattern (AOP) model evaluation examples for identifying unusual procedure-diagnosis combinations.

DiagnosesIndex procedures

Confirmed error

Same body part •• M1611 - Unilateral primary osteoarthritis, right hipLeft hip
• I10-Essential (primary) hypertension

• 0SRB02A-Replacement of Left Hip Joint
with Metal on Polyethylene Synthetic Substi-
tute, Uncemented, Open Approach

• F329-Major depressive disorder, single episode, unspecified

Not same body part •• S42242A-4-part fracture of surgical neck of left humerus,
initial encounter for closed fracture

Right shoulder joint

• 0RRJ0J6-Replacement of right shoulder joint
with synthetic substitute, humeral surface,
open approach

• Z880-Allergy status to penicillin
• Z79899-Other long term (current) drug therapy

Confirmed non-error

Unspecified body part and
unspecified laterality

•• T8131XA-Disruption of external operation (surgical) wound,
not elsewhere classified, initial encounter

Right hip bursa

• 0MBL0ZZ-Excision of right hip bursa and
ligament, open approach

• G40909-Epilepsy, unspecified, not intractable, and without
status epilepticus

• I110-Hypertensive heart disease with heart failure
• E669-Obesity, unspecified
• G2581-Restless legs syndrome
• Z96642-Presence of left artificial hip joint
• B964-Proteus (mirabilis) (morganii) as the cause of diseases

classified elsewhere
• T8141XA-Infection following a procedure, superficial inci-

sional surgical site, initial encounter
• I428-Other cardiomyopathies
• Y838-Other surgical procedures as the cause of abnormal

reaction of the patient, or of later complication, without
mention of misadventure at the time of the procedure

No laterality for diagnosis •• M75120-Complete rotator cuff tear or rupture of unspecified
shoulder, not specified as traumatic

Left glenoid cavity

• 0PR80JZ-Replacement of left glenoid cavity
with synthetic substitute, open approach

• G8918-Other acute postprocedural pain
• M109-Gout and unspecified
• Z89511-Acquired absence of right leg below the knee

This table illustrates specific examples of confirmed errors and
nonerrors identified by the AOP machine learning model in the
CMS-LDS 2020 test set. Confirmed errors are characterized by
laterality discrepancies between the procedure and diagnosis,
while nonerrors reflect plausible procedure-diagnosis
relationships despite general or unspecified diagnoses. Each
case includes the index procedures, associated diagnoses, and
the rationale for classification.

Discussion

Principal Findings
In this study, we evaluated the effectiveness of the AOP model
in detecting whether surgical procedures are substantiated with
diagnoses records using CMS-LDS data. We found the AOP

model is more accurate in identifying inconsistencies in surgical
procedure documentation when compared with the traditional
rule-based method. Meanwhile, the adapted AOP model also
showed the transferability from detecting the medication-disease
association and expanding to verifying the procedure-diagnosis
association.

Our study adds to the existing literature that ML has penetrated
the medical field with great success. ML allows for more detail
to be mined from the data, allowing for the development of
better diagnostic and prognostic tools than traditional approaches
[17,18]. Similarly, the AOP model can detect associations
between specific diseases and surgical procedures by learning
patterns from a large database, while the rule-based method
depends on the laterality of procedures and diagnoses. For
example, among the 2 subgroups with significant discrepancies
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regarding laterality between procedure and diagnosis (left-right
and right-left), a rule-based method classified all 2170 cases as
inappropriate combinations due to the conflict in laterality. In
contrast, the AOP model classified only 1352 of these cases as
inappropriate. In terms of identifying inappropriate
procedure-diagnosis combinations, the AOP model identified
most errors similarly to the rule-based method (1100 for AOP
vs 1144 for rule-based). In addition, the AOP performed with
much higher accuracy (1100/1352, 81.4%) compared with the
rule-based method (1144/2170, 52.7%).

The AOP model outperformed the traditional rule-based model,
demonstrating a lower rate of false signals. Comparing the
confirmed nonerror percentage between the rule-based method
and the AOP model, there was a significantly lower rate of
confirmed nonerror cases identified by the AOP model. In these
cases, most confirmed nonerrors identified by the rule-based
method could be explained by other diagnoses without
mentioning body part or laterality. For example, cancer
metastasis to bone may explain the reason for pelvic surgery,
even without a specific pelvic metastasis diagnosis. This is
because some diagnoses may not provide detailed information
about the patient’s condition. Similarly, a patient who underwent
lower leg detachment surgery with a diagnosis of
diabetes-related gangrene could have the surgery justified, even
if the gangrene diagnosis did not specify the body part. The
rule-based method focuses solely on the laterality of the
diagnosis, whereas the AOP model uses ML methods to explain
the association between procedures and diagnoses. Therefore,
when the association is deemed normal, the AOP model does
not label them as inappropriate.

This study also showed several noteworthy findings. First, cases
with fewer diagnoses were more likely to be labeled as
inappropriate procedure-diagnosis combinations. For example,
a patient who underwent surgeries for the left upper arm and
left shoulder had only 4 diagnoses, including a right elbow
problem and other chronic diseases. This may indicate
incomplete diagnosis coding or an error in the surgical site.
Second, the AOP model effectively identified unusual
procedure-diagnosis combinations within subgroups where
traditional rule-based methods failed to do so. Specifically,
procedures that aligned with their corresponding diagnoses were
deemed appropriate by conventional methods, such as left-side
procedures with left-side diagnoses (left-left) and right-side
procedures with right-side diagnoses (right-right). However,
the AOP model continued to uncover atypical combinations
within these groups. For instance, the model identified a patient
who underwent left hip arthroplasty despite having a diagnosis
of left knee osteoarthritis only.

The strengths of our study include its being the first to explore
whether a ML model could play a surveillance role in detecting
wrong site surgery. The effectiveness and fast pace to review
the inconsistencies of surgical documentation help increase
reporting mistakes in a timely manner without putting too much
workforce on this issue. The findings from our study raise
important questions regarding whether these errors stem from
documentation mistakes or represent actual incidents involving
patients. Therefore, in addition to retrospective reviews, it is
essential to leverage modern technology to facilitate real-time

error prevention. The potential of our model could add value
on the current technology to encompass proactive prediction
and analysis of diagnoses and clinical evidence to inform
accurate surgical decisions and improve documentation practices
[19]. In addition, the potential adaptability of the AOP model
extends beyond orthopedic surgery to other specialties where
procedural and diagnostic codes require logical alignment. For
example, in ophthalmic surgery, the model could identify
mismatches such as a diagnosis of left-sided cataract paired
with a procedure for right-eye cataract surgery. Similarly,
otolaryngology and other surgical fields with specific laterality
could benefit. However, certain specialties may pose unique
challenges due to differences in coding systems or the absence
of laterality indicators, requiring further validation and
specialty-specific refinements.

The AOP model has limitations. There were still nonerror cases
identified by the AOP model. For instance, a patient who
underwent left glenoid cavity replacement surgery with a
diagnosis of unspecified rotator cuff tear was marked as
inappropriate by the AOP model. However, the diagnosis could
explain the necessity of the surgery. The reason the AOP model
labeled this as an inappropriate combination may be due to the
low frequency of this procedure-diagnosis combination in the
CMS dataset. If the training dataset has a limited number of
surgeries or diagnoses, then the association may be viewed as
low and therefore marked as an inappropriate combination.

Another limitation is that the AOP model failed to identify some
error cases labeled by the rule-based method. For example, a
patient received an internal fixation surgery of the right upper
femur with diagnoses of secondary malignant neoplasm of bone
and left femur osteonecrosis. While the diagnosis of secondary
malignant neoplasm could justify the surgical necessity, the
diagnosis of left femur osteonecrosis conflicted with the right
femur surgery. In such cases, the AOP model uses the maximum
association within all procedure-diagnosis combinations,
meaning that if the association between the surgery and a
diagnosis is high, the model will view the combination as
appropriate, even if the other diagnosis is in conflict. Therefore,
in cases where one diagnosis can justify surgery, but another is
conflicting, the AOP model may not accurately identify the
combination. However, this aspect of the AOP model presents
an opportunity for optimization, and future adjustments
incorporating more detailed information through advanced ML
techniques could yield a more accurate model, especially in
cases where diagnoses are vague, incomplete, or lack clear
specifications of body parts or sides.

Building on these strengths and limitations, future steps for
implementing the AOP model in electronic health record
systems could proceed along 2 directions. First, the model could
support retrospective reviews by efficiently identifying WSS
events, reducing review times and workforce burden, and
enabling more timely reporting. Second, it could facilitate
real-time consistency checks when clinicians input procedure
codes. For example, if a surgeon enters a right-sided knee
arthroplasty for a patient diagnosed with left knee osteoarthritis,
the AOP model could flag the discrepancy and issue an alert.
Such real-time notifications may prevent WSS before it occurs.
However, to achieve successful implementation, the model must
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be optimized to address the limitations, and its performance
must be validated across diverse electronic health record systems
and datasets across different facilities.

Conclusion
Overall, the AOP model enhances patient safety by
systematically analyzing the cooccurrence frequency of diseases
and surgical procedures on opposite sides, thereby identifying
potentially unusual procedure-diagnosis combinations. Our
analysis demonstrated a significant improvement in accuracy

rates when the AOP model was used, compared with scenarios
where it was not applied. By improving precision in identifying
and validating cases with discrepancies between the diagnosed
and operated sides, the AOP model has the potential to reduce
the risk of errors in orthopedic treatment planning. This
enhanced accuracy enables health care providers to make more
informed decisions, reducing the risk of WSS and ultimately
contributing to improved patient outcomes in orthopedic health
care settings.
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Abstract

Background: The management of type 2 diabetes (T2D) requires individuals to adopt and maintain a healthy lifestyle. Personalized
eHealth interventions can help individuals change their lifestyle behavior. Specifically, just-in-time adaptive interventions (JITAIs)
offer a promising approach to provide tailored support to encourage healthy behaviors. Low-effort self-reporting via ecological
momentary assessment (EMA) can provide insights into individuals’ experiences and environmental factors and thus improve
JITAI support, particularly for conditions that cannot be measured by sensors. We developed an EMA-driven JITAI to offer
tailored support for various personal and environmental factors influencing healthy behavior in individuals with T2D.

Objective: This study aimed to assess the acceptability of EMA-driven, just-in-time adaptive lifestyle support in individuals
with T2D.

Methods: In total, 8 individuals with T2D used the JITAI for 2 weeks. Participants completed daily EMAs about their activity,
location, mood, overall condition, weather, and cravings and received tailored support via SMS text messaging. The acceptability
of the JITAI was assessed through telephone-conducted, semistructured interviews. Interview topics included the acceptability
of the EMA content and prompts, the intervention options, and the overall use of the JITAI. Data were analyzed using a hybrid
approach of thematic analysis.

Results: Participants with a mean age of 70.5 (SD 9) years, BMI of 32.1 (SD 5.3) kg/m², and T2D duration of 15.6 (SD 7.7)
years had high self-efficacy scores in physical activity (ie, 32) and nutrition (ie, 29) and were mainly initiating or maintaining
behavior changes. The identified themes were related to the intervention design, decision points, tailoring variables, intervention
options, and mechanisms underlying adherence and retention. Participants provided positive feedback on several aspects of the
JITAI, such as the motivating and enjoyable messages that appeared well tailored to some individuals. However, there were
notable differences in individual experiences with the JITAI, particularly regarding intervention intensity and the perceived
personalization of the EMA and messages. The EMA was perceived as easy to use and low in burden, but participants felt it
provided too much of a snapshot and too little context, reducing the perceived tailoring of the intervention options. Challenges
with the timing and frequency of prompts and the relevance of some tailoring variables were also observed. While some participants
found the support relevant and motivating, others were less inclined to follow the advice. Participants expressed the need for even
more personalized support tailored to their specific characteristics and circumstances.

Conclusions: This study showed that an EMA-driven JITAI can provide motivating and tailored support, but more personalization
is needed to ensure that the lifestyle support more closely fits each individual’s unique needs. Key areas for improvement include
developing more individually tailored interventions, improving assessment methods to balance active and passive data collection,
and integrating JITAIs within comprehensive lifestyle interventions.
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Introduction

Background
A healthy lifestyle has a pivotal role in effective management
of type 2 diabetes (T2D) [1,2]. This approach includes
addressing important contributors to T2D, such as insufficient
physical activity, unhealthy dietary habits, inadequate sleep,
and elevated stress levels. Substantial scientific evidence
supports the substantial health benefits of lifestyle interventions
[3-8], including studies indicating that lifestyle modifications
can potentially reverse or achieve remission in T2D. In addition,
a 10-year study demonstrated that lifestyle interventions could
result in economic benefits in the form of reduced health care
costs [9].

However, individuals with T2D often struggle to adhere to
lifestyle guidelines [10-13]. One explanation is that social and
environmental changes, such as the prevalence of sedentary
jobs and the widespread availability of highly processed foods,
have made it increasingly challenging for individuals to adopt
and maintain a healthy lifestyle [14]. Moreover, managing a
chronic condition poses additional challenges, including the
time and effort required to manage symptoms, adhere to
treatment plans, and cope with physical and psychosocial
consequences [15,16]. Individuals need knowledge and
self-management skills to implement sustainable lifestyle
changes [2]. Due to variations in personal, environmental, and
disease-related factors, self-management skills can differ
substantially from person to person [17]. Therefore, a
personalized approach is essential to guide each individual
toward a healthier lifestyle, providing tailored support that meets
their unique needs.

eHealth, which involves using technology to promote health,
well-being, and health care [18], holds considerable potential
in delivering personalized lifestyle support. Research has
demonstrated that eHealth interventions can be both acceptable
and effective for improving physical activity, diet, and health
outcomes [19-23]. A promising approach to provide
personalized support is just-in-time adaptive interventions
(JITAIs). JITAIs are designed to dynamically provide the right
support at the right time [24]. A key element of JITAIs is the
need for insights into behavior and context to adapt the support
accordingly. Today, wearables, smartphone sensors, and remote
monitoring devices, such as activity trackers, GPS, and
smartphone calendars, can be used for real-time monitoring and
to inform intervention decisions [24,25]. In addition, low-effort
self-reporting via ecological momentary assessment (EMA) can
provide further insights into an individual’s situation and
emotional state, which may improve the support offered by
JITAIs [26]. EMA involves repeated sampling of an individual’s
behaviors, cognitions, emotions, and environmental factors in
their natural environment through short questionnaires that are
prompted multiple times within a certain time frame [27]. EMAs

allow for adapting support to individual needs, particularly for
conditions that cannot be measured by sensors. Unlike typical
eHealth interventions, JITAIs can provide near–real-time and
contextually relevant support, tailored to an individual’s needs
and preferences [24].

JITAIs have been studied to determine their added value in
supporting several lifestyle behaviors, such as physical activity,
diet, and substance use. Studies have examined their
acceptability; feasibility; and, to a lesser extent, effectiveness
[28-32]. Overall, JITAIs appear to be acceptable, although some
feasibility challenges were identified, including issues with
smartphone battery life, sensor reliability, the punctuality of
JITAI messages, and the incomplete automation of JITAI
delivery [28,31]. People were more likely to follow JITAI
messages and to find them more relevant than randomly selected
messages [33,34]. Evidence on the effectiveness of JITAIs for
behavior change is mixed, and there is insufficient data to draw
well-founded conclusions [28,29,32]. JITAIs that use algorithms
to tailor interventions based on past behavior and current needs,
along with guidance from a human, are more effective [30].

Objectives
Our research team previously developed the E-Supporter, an
evidence-based and tailored digital coach for people with
chronic conditions, primarily T2D [35]. A previous feasibility
study on the E-Supporter revealed that individuals with T2D
need more tailored support to better align with their personal
circumstances [36]. This finding highlights the need for
interventions that can adapt to individual needs. JITAIs offer
the opportunity to provide personalized, contextually relevant
support when it is needed. In many JITAIs, tailoring is often
based on objective parameters related to healthy lifestyles, such
as wearable data [37-39]. However, these eHealth interventions
do not frequently address the more nuanced aspects of
individuals’ experiences, such as disease-related challenges or
environmental factors [28]. While a few JITAIs assess these
conditions via EMA [26,32], none currently tailor support to
the unique characteristics of individuals with T2D. Therefore,
we developed an EMA-driven JITAI designed to offer tailored
assistance for several personal and environmental factors that
influence healthy behavior. Given its novelty, assessing
acceptability is crucial for refinements and future development
[18,40]. Hence, we conducted an acceptability assessment for
the EMA-driven JITAI designed to support a healthy lifestyle
for individuals with T2D.

Methods

Study Design
We performed a qualitative study to assess the acceptability of
the JITAI over 2 weeks among individuals with T2D. The JITAI
was designed to support physical activity and healthy nutrition
in individuals with T2D. The study was conducted during a
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national lockdown due to COVID-19, requiring all contact with
participants to take place remotely.

Intervention Description

Overview
The foundation of the developed JITAI is rooted in the
E-Supporter 1.0 [35], designed to promote physical activity and
a healthy diet among individuals with chronic diseases, initially
focusing on T2D. The E-Supporter 1.0 was participatory
developed with input from both patients with T2D and health
care professionals. It is tailored to several variables, including
behavioral objectives, the phase of behavior change, type of
chronic disease, time of day, and goal achievement. The

behavior change strategies are based on the Health Action
Process Approach [41] and theories to support behavior
maintenance [42,43]. An in-depth description of the E-Supporter
1.0 can be found elsewhere [35].

We used a systematic approach to design the JITAI according
to the principles outlined in the framework by Nahum-Shani et
al [24]. This process involved developing the 6 components of
a JITAI: distal outcome, proximal outcome, tailoring variables,
intervention options, decision rules, and decision points (Figure
1 [24]). The development process involved iterative feedback
on all components from a group of multidisciplinary experts,
including a health scientist, sports scientist, computer scientist,
and diabetologist.

Figure 1. Overview of the intervention components based on the conceptual model of just-in-time adaptive interventions. EMA: ecological momentary
assessment.

Distal Outcome
The distal outcome represents the ultimate long-term goal of
the intervention, indicating the desired outcome that is expected
to be achieved [24]. The distal outcome regarding the physical
activity module is improvement in, or maintenance of, light to
moderate vigorous physical activities in people with T2D.
Regarding the nutritional module, the distal outcome is
improvement in adherence to the national dietary guidelines
[44]. A substantiation for the choice of the distal outcomes can
be found in the study by Hietbrink et al [35].

Proximal Outcome
The proximal outcome represents the short-term goal that the
intervention aims to achieve and indicates the progress to the
distal outcome [24]. For this JITAI, we opted for a proximal
outcome centered on actual behavior. The E-Supporter 1.0
allows users to set specific goals for steps, cycling, or nutrition,
contributing to the attainment of distal outcomes [35].
Consequently, we focused on daily goal achievement as our
proximal outcome, which is considered a meaningful indicator
of short-term behavioral progress toward the distal outcome
[24].

Tailoring Variables
Tailoring variables refer to individual-specific information used
for personalization, determining when and how to intervene
[24]. To identify tailoring variables, we conducted a survey
assessing facilitators and barriers for a healthy lifestyle among
individuals with a lifestyle-related chronic condition (L K
Schrijver, MSc, unpublished data, March 2020). In the domain
of physical activity, important dynamic factors included weather,
mood, daily activities, fatigue, disease symptoms, pain, and
social support. Regarding dietary choices, mood, location (eg,
eating out in a restaurant), social occasions, and the presence
of unhealthy foods emerged as dynamic factors. The research
group clustered these factors into the tailoring variables for the
JITAI. The following 6 tailoring variables were identified:
activity, location, mood, physical or conditional restrictions,
weather, and cravings. In this study, we used EMA as an active
assessment method (ie, input from the user is required) to
evaluate all tailoring variables. Each variable was addressed
through a specific EMA question. The research team designed,
evaluated, and refined the EMA questions and corresponding
response options. Table 1 presents an overview of the tailored
EMA questions designed to assess the identified variables.
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Table 1. Ecological momentary assessment questions and corresponding response options designed to assess the tailoring variables during the study
period.

Coaching domain (ie,
physical activity or
nutrition)

Response optionsQuestionTailoring variable

BothWhat are you currently doing?Activity • At work or studying
• Leisure activity
• Social occasion
• Traveling
• Eating (ie, other than a social occasion)
• Being physically active
• Otherwise

BothWhat is your current location?Location • At home
• At someone else’s house
• At work
• In a vehicle
• In a restaurant or café or on a terrace
• At a sports club or other sports location
• Outside, not otherwise specified
• Otherwise

BothHow are you feeling at the moment?Mood • I feel positive emotions (eg, happy, cheerful,
loved, confident, or relaxed)

• I feel negative emotions (eg, sad, angry,
stressed, ashamed, or anxious)

• I feel neutral (neither positive nor negative)

Physical activityAre you currently experiencing restrictions
in your overall condition?

Restrictions in physical or
mental condition

• I experience no restrictions
• I experience discomfort due to my physical

limitations
• I experience pain complaints
• I experience diabetes-specific symptoms (eg,

hyperglycemia or hypoglycemia)
• I experience fatigue
• Otherwise

Physical activityHow do you feel about the weather for
doing physical activity outdoors?

Weather • The weather is nice to be physically active out-
side

• The weather is not suitable (ie, too hot, cold, or
wet) to be physically active outside

NutritionAre you currently craving food?Cravings • No, I do not feel like eating
• Yes, I feel like eating healthy
• Yes, I feel like eating unhealthy
• Yes, but I do not crave a specific food

Intervention Options
Intervention options represent the diverse behavior change
actions that can be taken in response to decision points [24].
The content of the intervention options was rooted in the
theoretical framework of the E-Supporter 1.0 [35], structured
around 3 behavioral change phases: initiation, action, and
maintenance. For each phase, relevant determinants of behavior
were identified, and corresponding behavior change techniques
(BCTs) were integrated to influence behavior effectively. BCTs
are active components included in interventions designed to
change behavior through various mechanisms [45].

The JITAI contained a set of 215 short SMS text messages,
each tailored to address the tailoring variables (Table 2). These

messages aimed to build skills, motivate, prompt reflection, and
provide encouragement. Input to develop the intervention
options was gathered from the following sources: the literature,
the Dutch Diabetes Fund, the Dutch Nutrition Center, and the
Dutch guidelines for physical activity and healthy diet [44,46].
The determinants and BCTs from the E-Supporter 1.0 were
used as basis to develop the JITAI intervention options [35]. In
addition, new determinants and BCTs were added to align with
the selected tailoring variables, such as activity and location,
which use environmental cues and context to prompt and guide
individuals in various settings (eg, work, home, or during
specific activities) [47]. For a comprehensive overview of
determinants and BCTs, please refer to Multimedia Appendix
1.
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Table 2. Examples of intervention options provided during the study, featuring tailored text messages customized for each tailoring variable.

Example intervention optionAnswer optionTailoring variable

“Do you have a sedentary job? Scheduling a daily walk during your break can help.
Maybe your colleagues would like to join you. It is not only good for physical activity
but also a fun way to spend time together!”

At work or studyingActivity

“Hi! Eating out at a restaurant? Try to choose the healthier option on the menu. Here
are some examples of fairly healthy main courses: lean meat (eg, chicken or turkey fillet)
or fatty fish (eg, salmon), served with vegetables, potatoes, or whole grain rice.”

In a restaurant or café or on a terraceLocation

“Hello [name], with this beautiful weather, everything around you looks even nicer.
Take a walk around the neighborhood and enjoy it!”

The weather is nice to be physically
active outside

Weather

“Hello [name], I am sorry you are not feeling great. Even when you are feeling down,
a walk might help. Give it a try, it could do you some good!”

I feel negative emotions (think sad,
angry, stressed, angry, ashamed, or
anxious)

Mood

“Hi, Feeling tired? You can break up your daily physical activity into shorter sessions.
That way, you will have time to rest in between.”

I experience fatiguePhysical restrictions

“If the temptation to snack is strong, doing something else can help, like going for a
walk or talking to someone. A little distraction can make the craving fade!”

Yes, I feel like eating unhealthy foodFood cravings

Decision Rules
The decision rules serve as the link between tailoring variables
and intervention options, enabling personalized adaptation of
the intervention based on when, for whom, and which
intervention option to offer [24]. All intervention options were
systematically coded according to a behavioral goal, phase of
behavior change, determinants of behavior, BCTs, tailoring
variable from the EMA, and time of day. In our intervention,
we used rule-based decisions with if-then statements—if certain
conditions were met, then a specific intervention option was
provided. A fitting intervention option was randomly selected.
In instances where none of the assessed tailoring variables
influenced health behavior or the EMA was not filled out, a text
message was sent from the message set derived from the
previously developed E-Supporter 1.0.

Decision Points
A decision point refers to a specific moment in time when the
delivery of interventions to the user is determined [24]. In this
JITAI, intervention decisions were triggered by each EMA
prompt. EMAs were initiated through time-based sampling,
occurring at 1 or 2 semirandom instances daily—once in the
morning and again in the afternoon or evening.

Participants and Recruitment
We aimed to recruit 8 to 10 individuals diagnosed with T2D
for this study, as this group size typically yields valuable insights
into the acceptability of technologies [48]. To be eligible for
participation, individuals needed to have a diagnosis of T2D,
be aged ≥18 years, own a mobile phone, have the ability to
understand Dutch, and possess the capacity to understand the
informed consent procedure. Participants were recruited from
the observational Diabetes and Lifestyle Cohort Twente study,
a longitudinal study to obtain lifestyle, glucose, and
disease-related parameters in patients with T2D [49], from
Ziekenhuisgroep Twente (ZGT), a regional hospital in the east
of the Netherlands. ZGT has a diabetes outpatient clinic where
internists, nurse practitioners, and diabetes nurses provide daily
care for a large population of patients with T2D. This hospital

is also actively engaged in extensive scientific research related
to diabetes. Individuals from the Diabetes and Lifestyle Cohort
Twente cohort who had previously expressed willingness to
participate in additional scientific research were contacted by
telephone by the researcher (EAGH) to determine their interest
in participating in this study. Detailed study information was
provided orally, and interested individuals were sent the
participant information sheet via email. After a week, potential
participants were contacted again by telephone to inquire about
their decision to participate. Those who chose to participate
provided their informed consent by signing a digital or paper
consent form before study enrollment. Although participants
were recruited from ZGT hospital, participants used the JITAI
in their home situation.

Procedures
The researcher introduced herself and the aims of the study
before the start of the intervention. Participants were instructed
to use the intervention for a period of 2 weeks, with the option
to receive coaching for physical activity, healthy nutrition, or
both lifestyle domains. Before starting the intervention,
participants completed a web-based survey, providing
questionnaires related to self-efficacy and phase of behavior
change (refer to the Data Collection and Analysis section). The
information on participants’self-efficacy and phase of behavior
change was used to identify the most suitable self-efficacy
messages and phase of behavior change messages for delivering
intervention options (eg, people in the action phase received
fewer messages related to behavior initiation and more messages
regarding the action and maintenance phase) [35].

Throughout the intervention, participants were prompted to fill
in the EMAs at 1 or 2 semirandom time intervals each day—one
in the morning and another in the afternoon or evening [26]. At
the prompt time, participants received a text message containing
a link to access the EMA questionnaire. Intervention options
were delivered via texting, with a maximum of 2 messages per
day.

Following the 2-week intervention period, semistructured
interviews were conducted via telephone and audio recorded
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by EAGH, a female PhD candidate in health sciences, to gather
in-depth insights and feedback from participants regarding their
experiences with the intervention. The interviewer followed a
preestablished interview guide, had prior experience in
conducting interviews, and had no prior relationship with the
study participants. Each interview lasted between 20 and 40
minutes.

Data Collection and Analysis

Acceptability
After the 2-week intervention period, participants engaged in a
semistructured interview to elicit their thoughts, experiences,
and suggestions for improvement. We examined the
comprehensiveness and ease of use regarding the use of the
JITAI [18]. Furthermore, the focus was primarily on satisfaction
with the experience and the perceived usefulness of the
intervention [40]. The interview schedule (Multimedia Appendix
2) covered three core parts: (1) acceptability of the EMA content
and prompts, (2) acceptability of the intervention options (ie,
the text messages), and (3) use of the JITAI (ie, the combinations
of EMA and the messages).

The interview questions regarding the EMA questionnaire
section were based on recommendations to assess the
acceptability of EMAs [50], ensuring questions regarding item
relevance, comprehensiveness, and instrument
comprehensibility. In addition, participants’perceptions of EMA
burden in terms of length, intensity, and motivation for
completion were addressed. To evaluate the intervention options
and the use of the JITAI, the interview schedule was based on
the Unified Theory of Acceptance and Use of Technology 2
framework [51]. Questions aligned with the Unified Theory of
Acceptance and Use of Technology 2 determinants, such as
performance expectancy, effort expectancy, use behavior, and
behavioral intention.

The interviews were analyzed based on a hybrid approach of
thematic analysis, as outlined by Bingham [52] using ATLAS.ti
23 (Lumivero, LLC). This method combines both inductive and
deductive strategies, enabling the development of new insights
from the data while grounding the findings in an existing
theoretical framework. The inductive phase began with
reviewing the transcripts to familiarize with participants’
responses, followed by an open inductive coding approach.
Each text segment offering a notable perspective on the research
questions received a descriptive open code. EAGH coded all
transcripts, while AM independently coded 25% (2/8) and
cross-checked the remainder. Open codes were iteratively
refined, and discrepancies between EAGH and AM were
resolved through discussions until consensus was achieved. The
process of axial coding followed, involving clustering and
combining open codes to identify patterns within and across
interviews. Themes were developed by incorporating axial codes
into theme statements that captured the observed data patterns.
In the deductive phase, the conceptual model of JITAI
components proposed by Nahum-Shani et al [24] was used to
refine and classify the theme statements based on JITAI’s main
intervention components. Initially, themes were broadly assigned
to the JITAI component where the definitions showed the
greatest overlap. This classification was iteratively revised, with

themes being reassigned until all themes were grouped under
the most appropriate intervention component within the model.
Throughout these phases, the research team continually
discussed and refined the findings until consensus was reached.

Self-Efficacy Level
Self-efficacy was measured using the Exercise Self-Efficacy
Scale (ESES) [53], consisting of 10 items that assess
self-confidence in performing physical activity. In addition, a
modified version of the ESES was used to determine
self-efficacy related to a healthy diet [54]. The assessment used
a 4-point Likert scale, ranging from 1 (ie, not at all true) to 4
(ie, always true), yielding sum scores between 10 and 40, with
higher scores indicating higher self-efficacy levels. Self-efficacy
scores were treated as a continuous variable, obtained by
summing the scores from the 10 items of the ESES
questionnaire. Mean (SD) was used to present self-efficacy
scores.

Phase of Behavior Change
To assess the phase of behavior change, single-question
self-assessment stages of change scale [55] was used. This scale
uses a single question to inquire about an individual’s
engagement in healthy behavior, aligning with the 5 phases of
behavior change described in the transtheoretical model [56].
The phase of behavior change was categorized as an ordinal
variable, ranging from 1 to 5, representing the following phases:
(1) maintenance, (2) action, (3) preparation, (4) contemplation,
and (5) precontemplation. These 5 answer options were aligned
with the 3 behavior change phases targeted in the E-Supporter
1.0 intervention to allow for tailoring of intervention content.
Participants who selected answer options 3, 4, or 5 were in the
initiation phase, participants who chose answer option 2 were
classified in the action phase, and participants who selected
answer option 1 were categorized in the maintenance phase.

Demographics
Information on age (years), sex (ie, male, female, or other), BMI

(kg/m2), duration of T2D diagnosis (years), medication use (ie,
none, oral, or insulin), and diabetes-related complications (ie,
none, retinopathy, nephropathy, or neuropathy) was obtained
from the hospital’s electronic patient record. Having a job (ie,
yes or no) and highest level of education (ie, no formal
education, elementary education, lower secondary education,
upper secondary education, higher vocational education,
preuniversity education, university education, or postgraduate
education) were questioned. Demographic characteristics were
reported as mean (SD) for continuous variables or frequency
(%) for categorical variables.

Ethical Considerations
The study protocol was reviewed and approved by the Medical
Ethics Research Committee Twente, Enschede, the Netherlands
(K20-05). In addition, the local advisory committee of practical
feasibility in ZGT hospital approved to conduct this study
(ZGT17-39). We obtained informed consent from all study
participants, either digitally or on paper. Participants did not
receive financial compensation for their participation due to the
short duration of the study. Audio recordings of the interviews
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were deleted after transcription. All participant-identifiable data
were removed or pseudonymized. The data are stored on a
secure, encrypted server at the University of Twente, accessible
only to the researchers.

Results

Participant Characteristics
In total, 12 individuals were invited to participate in the study.
Three people declined participation due to personal
circumstances or perceiving the study burden as too high. One
participant initially agreed but withdrew prematurely due to
family circumstances. The characteristics of the 8 participants
who completed the study are presented in Table 3. The
participants had a mean age of 70.5 (SD 9.0) years, a mean BMI

of 32.1 (SD 5.3) kg/m2, and a mean T2D diagnosis of 15.6 (SD

7.7) years. Microvascular complications included neuropathy
in 50% (4/8) of the participants and nephropathy in 25% (2/8)
of the participants. In addition, of the 8 participants, 5 (63%)
were using insulin and 6 (75%) remained active in work or
volunteer activities. The most common educational level was
higher vocational education (4/8, 50%).

A total of 6 participants opted for coaching on both physical
activity and nutrition, while 1 participant preferred coaching
exclusively on physical activity and another participant preferred
coaching solely on nutrition. The results indicate that
participants reported higher self-efficacy levels in the domain
of nutrition compared to physical activity, with mean scores of
32 (SD 4) and 29 (SD 7), respectively (Table 4). Regarding the
phase of behavior change, a large proportion of participants
were in the maintenance phase for both physical activity (3/7,
43%) and nutrition (5/7, 71%).

Table 3. Participant characteristics (n=8).

ParticipantsCharacteristic

70.5 (9)Age (y), mean (SD)

Sex, n (%)

6 (75)Male

2 (25)Female

32.1 (5.3)BMI (kg/m2), mean (SD)

15.6 (7.7)Type 2 diabetes duration (y), mean (SD)

Complications, n (%)

0 (0)Retinopathy

4 (50)Neuropathy

2 (25)Nephropathy

5 (63)Insulin treatment, n (%)

6 (75)Employed, n (%)

Highest level of education, n (%)

1 (13)No formal education

0 (0)Elementary education

1 (13)Lower secondary vocational education

1 (13)Secondary vocational education

0 (0)Upper secondary vocational education

4 (50)Higher vocational education

0 (0)Preuniversity education

0 (0)University education

0 (0)Postgraduate education

1 (13)Other
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Table 4. Self-efficacy levels and phase of behavior change of participants for the physical activity and nutrition domains.

Nutrition (n=7)Physical activity (n=7)

32 (4)29 (7)Self-efficacy level, mean (SD)

Phase of behavior change, n (%)

2 (29)3 (43)Initiation

0 (0)1 (14)Action

5 (71)3 (43)Maintenance

Acceptability

Overview
Figure 2 [24] provides an overview of various JITAI components
from the conceptual model of JITAIs by Nahum-Shani et al
[24], with the themes identified from the interviews.

Table 5 presents the results of the interviews. The bold terms
represent the various components from the conceptual model
of JITAIs by Nahum-Shani et al [24], including the identified
themes and their associated definitions that were identified from
the interviews.

Figure 2. Overview of the just-in-time adaptive intervention (JITAI) components and associated themes identified from the interviews with individuals
with type 2 diabetes. EMA: ecological momentary assessment.
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Table 5. Summary of the interview themes classified under JITAIa components related to the acceptability of the JITAI.

DefinitionsJITAI components and identified themes

Intervention design

General perceptions about the intervention and associated components.General perceptions regarding the intervention

Preferences regarding the method through which the intervention is delivered.Mode of intervention delivery

Views on the need for additional support and the integration of other behavior change
strategies.

JITAI limited without other coaching strategies

Decision points

Perceptions and preferences regarding the frequency of EMAb prompts and interven-
tion options.

Frequency of decision points

Perceptions and experiences regarding the appropriateness and predictability of the
timing of EMA prompts.

Timing of EMA prompts

Behaviors and perceptions regarding the timeliness of their responses to EMA
prompts.

Response time to EMAs

Tailoring variables

Perspectives on the usefulness and constraints associated with using EMAs to measure
tailoring variables.

Measurement of tailoring variables with EMAs

Perceptions of the appropriateness and usefulness of the tailoring variables included
in the EMAs.

Relevance of selected tailoring variables

Perceptions of the suitability and adequacy of the response options provided for the
tailoring variables in the EMAs.

Relevance of values of tailoring variables

Intervention options

Perceptions and assessments of the content of the messages.Evaluation of message content

Perceptions regarding the personalization and relevance of the messages they received.Tailoring of messages

Interactions with and reactions to the messages.Engagement with and responsiveness to messages

Perceptions of how the messages participants received influenced their motivation
and behavior change efforts.

Perceived motivational effects and effectiveness of mes-
sages

Mechanisms underlying adherence and retention

External factors that impact participants’ engagement with the intervention.Contextual influences on intervention engagement

Personal factors that affect participants’ engagement and experiences with the inter-
vention.

Individual influences on intervention engagement and ex-
periences

Various factors related to the intervention itself that influence participants’ engage-
ment and experiences.

Interventional influences on intervention engagement and
experiences

Intentions and willingness to continue using the JITAI system over a certain duration.Intentions for use over time

aJITAI: just-in-time adaptive intervention.
bEMA: ecological momentary assessment.

Intervention Design
All intervention components received average to good ratings,
ranging from 7 to 9, with all components scoring approximately
equally.

Overall, participants found this JITAI to be an easy-to-use and
generally useful concept for supporting a healthy lifestyle. In
addition to providing advice on a healthy lifestyle, participants
felt that it also made them more aware of their lifestyle choices
for the day.

In addition, most participants appreciated receiving
technology-supported lifestyle guidance. In this study, SMS
text messaging was used, which was perceived as an easy
medium. Most participants preferred using an app, although 1

participant found using an app more complicated than SMS text
messaging. Participant 8 had a clear preference for using an
app; he stated the following:

I do everything via my phone. I find using a phone or
tablet excellent. ... I would actually enjoy that [using
an app], it is the easiest thing there is. I do everything
on my mobile. It is convenient if personal goals and
medical records are also available on it. [Male, aged
59 years]

However, some participants preferred in-person support or
guidance, such as support from a spouse as social support or
professional guidance from a health care provider. The
preference for in-person guidance mainly stemmed from the
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ability to provide more context for certain events or feelings.
Participant 3 illustrated this as follows:

For example, negative [mood] I will never indicate
[in an EMA]. If I disagree with something, I will never
put it in writing like that. If I have you on the phone
personally, I will say what I feel, but on paper, that
is not how I am. If I have to check on paper whether
you are positive or negative, I will always indicate
positive because if I indicate negative, I cannot
provide any context, and then it is just how you want
to read it and how you want to hear it. If I can provide
an explanation to you, then I will more likely indicate
that something is negative. [Male, aged 77 years]

Some participants felt that relying solely on EMA-based
messages to promote lifestyle was limited. They believed that
coaching in this form alone lacked the pressure to actually
change behavior. Examples to address this lack of pressure
included setting goals and self-monitoring. Participant 1 had
previously worked with goal setting and mentioned the
following:

For example, the goal was: achieve 10,000 steps this
week. And if I am missing 100, then I think: I will take
a few more steps, I still want to reach those 10,000.
It is an extra movement and pressure to do the
exercise that I would not normally do, just to meet
the set goal. [Male, aged 78 years]

Other options mentioned were to make coaching more appealing
by linking coaching to medical information about the participant
or by providing healthy eating advice based on offers at the
local supermarket.

Decision Points
For most participants, the number of prompts per day was
acceptable, partly due to the low burden of completing the
EMAs. However, some participants preferred a different prompt
frequency, with options for both more and fewer EMA prompts
mentioned. One participant suggested increasing the frequency
from 3 to 4 EMA prompts per day, as it triggered engagement
with a healthy lifestyle. Another participant preferred receiving
the EMA prompts every other day, given their retired lifestyle
with fewer varied activities.

The timing of the EMA prompts and messages was considered
suboptimal by most participants. While they indicated that the
timing was not disruptive, some prompts were deemed
inconvenient, particularly when they occurred at times when
participants could not respond, such as during work.
Furthermore, some participants found the timing of the prompts
predictable, as they often received them at approximately the
same times each day, suggesting that more variation in timing
would be preferred. Participant 5 elaborated on this, as follows:

For example, feeling hungry, that was often in the
morning. But I had just eaten breakfast, so then I am
not hungry and not craving anything. If you were to
receive the questionnaire more in the evenings, that
might be different, because then you’re more likely
watching TV and, well, then you might have a
different answer. [Female, aged 77 years]

The occasionally unsuitable timing of the prompts and the fact
that not everyone consistently had their mobile phone with them
affected the time frame used to complete the EMAs. Some
participants deliberately made time to respond to the prompts
upon receiving them, while others waited for a suitable moment.
None of the participants intentionally delayed completing the
EMAs.

Tailoring Variables
One participant misunderstood the purpose of the EMA and did
not grasp why they had to fill out a questionnaire so frequently,
but overall, participants were satisfied with using an EMA to
gain insight into their situation. However, two main points of
criticism were that (1) EMA responses provide only a snapshot
and (2) there was insufficient opportunity to provide context or
additional explanations for the response options in the EMA.

Regarding the first point, participants noted that while an EMA
is a useful tool to assess the situation at a specific moment, it
lacks insight into what happens for the rest of the day and
therefore does not adequately account for rapid changes that
may occur in one’s situation, as explained by participant 3:

For example, I can be very negative in the morning,
but after noon, I can be in a very good mood. I can
bump my head and start swearing, and that can
change at any moment. Therefore, it is a bit of a
snapshot. That is why I often give standard answers,
and I do not think you will gain much insight from
that. [Male, aged 77 years]

With regard to the second point, some participants felt there
was insufficient opportunity to provide explanations for
multiple-choice question answers. They would prefer an open
field where they could freely elaborate on the multiple-choice
questions.

In addition, participants felt a slight obligation to complete the
EMAs because they felt researchers were waiting for their
responses. Furthermore, some participants mentioned that they
could not always answer completely freely due to feeling the
need to provide socially desirable responses and being reluctant
to give negative answers. However, all participants were
comfortable sharing personal information, such as location or
activity, via an EMA. The reasons for this included generally
having no objection to sharing personal information, having
given informed consent for this, and feeling a sense of autonomy
by only providing information if they wished to do so.

Regarding the relevance of the tailoring variables, participants
felt that the chosen variables were generally suitable for
providing insights into their personal and environmental
situations. Some participants mentioned that there could be
room to include additional questions in the EMA without
substantially increasing the burden. One participant suggested
adding a specific question about experiencing hyperglycemia
and hypoglycemia, so that this could also be taken into account
in lifestyle advice. Furthermore, in some cases, certain questions
were not relevant to a person, such as the mood question, which
some participants mentioned always being in a good mood.
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Most participants found the values of the tailoring variables,
meaning the answer options in the EMA, sufficiently complete
and clear. However, some improvement points were mentioned,
such as making more distinctions in the answers for certain
tailoring variables, for example, by including more types of
weather conditions or also adding a neutral option in the weather
tailoring variable. In addition, participant 5 indicated that the
activity eating could not provide the researchers with enough
information on the current activity. She made the following
suggestion:

You could also fill in “eating,” I have done that
before. Those things, it is clear, but it could be a bit
clearer... For example, what am I eating? If you are
eating your regular meal or if you are eating a snack.
It would be nice if you can provide more information
about that. [Female, aged 77 years]

Intervention Options
Most participants found the content of the messages enjoyable,
funny, and varied, with clear tips for improving lifestyle.
Although there was some variation in how enjoyable participants
found the messages, the content was not perceived as intrusive.
Most feedback was related to the content of the recipes
referenced in the messages. For example, 1 participant
mentioned that the recipes were quite complex, requiring many
ingredients that are not commonly used, leading to items
expiring. Furthermore, some minor suggestions were made to
improve the content of the messages, such as adding reminders.

Participants were generally satisfied with the degree of tailoring
in the messages and could see that their EMA responses were
reflected in the messages. However, participants also felt that
there was variation in how well the messages aligned with
individual circumstances. Participants noticed tailoring the most
when they were addressed by their first names, when messages
matched their personal preferences, and when messages matched
their location or activity at that time. Participant 6 illustrated
this with the following example:

Yes, I noticed from the little tips you got, for example
asking a colleague for a walk during the break or
traveling by bike to work instead of by car when you
are at work. [Female, aged 55 years]

Some participants had a more neutral opinion on the tailoring
of the messages, such as that the messages sometimes still
contained too much general knowledge or did not sufficiently
align with their specific situation. Participant 4 believed that
his preferences were considered, but he found that the messages
did not sufficiently address his physical limitations:

Here it says at one point that it is good to move. I
completely agree with you, but for me, it is currently
difficult to move.... We used to do a lot of cycling and
walking. I have had trouble with my right leg for five
years now. [Male, aged 71 years]

Participants indicated that they always read the messages, and
some of them were even curious about the message they would
receive based on the EMA, as indicated by participant 6:

It was fun. I was always waiting for the response I
got. When I was at work, I got a message like: ask
your colleague or do something with your colleague.
When I had been to the store, I got different answers
again, that was fun. [Female, aged 55 years]

It was not always possible to read the messages immediately,
but participants did so as soon as they could. Participants also
showed a preference for interactivity, as several participants
responded to the messages via SMS text messaging and
expressed enjoyment in giving a reaction to the messages.

The responses regarding the motivating effect and perceived
effectiveness of the messages varied. Almost all participants
found receiving messages motivating to work on their lifestyle.
Some participants indicated that they did not always act on the
advice, partly because the advice was not always applicable to
them. Nevertheless, it helped some participants make healthier
choices, as participant 8 indicated with the following examples:

It did trigger me. Sometimes in the evening I thought:
let’s get some fries. Then I thought: no, let’s just peel
two potatoes, with a piece of meat and vegetables. I
did that twice. [Male, aged 59 years]

For example, that church service. Are you going to
church? How? In that questionnaire, you indicate
that you are going to do an activity. Then you get a
message with: how could you improve this activity?
Do you think about this? Are you going by bike, car,
or walking? I started cycling, otherwise I would have
taken the car. [Male, aged 59 years]

Mechanisms Underlying Adherence and Retention
A contextual factor influencing engagement with the
intervention was the COVID-19 pandemic and the lockdown
period in the Netherlands during which the study was conducted.
For instance, 1 participant mentioned that daily activities had
substantially reduced due to the COVID-19 pandemic, referring
to limited opening hours of stores and restaurants during the
lockdown. As a result, the participant reported providing nearly
identical answers every day, which lowered his engagement
with the intervention. Another participant mentioned that they
had become less active during the COVID-19 pandemic due to
disruptions in their regular routine.

In addition, participants indicated various individual factors
that influenced the use of the intervention. Some participants
reported making many lifestyle adjustments or losing weight
before participating in the study, making the intervention
information less useful for them. Other participants expressed
that they felt no need to improve their lifestyle because they
were satisfied with their current health and lifestyle. Finally,
some participants felt a slight resistance to actually adjusting
their lifestyle, which seemed to be independent from the
indicated phase of behavior change (Table 4). This feeling partly
stemmed from their unwillingness to make certain lifestyle
changes (eg, a participant who did not want to take the stairs)
and from a desire to also be allowed to make unhealthy choices.
Participant 2 already made many improvements to his lifestyle
in recent years but indicated that he sometimes wanted to make
unhealthy choices:
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I am very careful with my eating. In the past 2.5 years,
I have lost 18-20 kilos. I try to maintain my current
weight now. That is certainly better for my diabetes
too. But I do still snack occasionally. [Male, aged 78
years]

The intervention itself also influenced engagement and
experiences with the intervention. An important factor was the
intervention burden. All participants found the burden of
completing the EMA minimal. Participants found the EMA
instructions and questions clear and the questionnaire brief, and
it took little time to complete the EMA. They also found the
link to the EMA questionnaire in the text message easy to use.
As a result, participants remained motivated. However, the lack
of variation in the EMA questionnaire reduced engagement over
time for some participants. Because participants received the
exact same questions every day, they found it monotonous.
Several participants mentioned that they started filling out the
questions on autopilot, as participant 5 described:

Overall, there was enough motivation, but because
it was always the same questionnaire, you start
thinking about it less. Only for activities like drinking
coffee, I sometimes gave a different answer, but
otherwise, it was always the same answer. You do not
have to think about it anymore. [Female, aged 77
years]

Participants suggested rearranging the questions or asking
different questions on different days to make the EMA more
engaging and encourage careful consideration when completing
it.

In addition, participants provided feedback on the continued
use of the intervention, with most participants willing to use
the intervention for >2 weeks. Some participants were willing
to fill out EMAs and receive messages daily without indicating
a maximum period of use, but others saw more value in a
maximum period of several weeks to months.

Discussion

Principal Findings
With this study, we aimed to gain insight into the acceptability
of our initial JITAI version among individuals with T2D. This
preliminary phase is pivotal for gaining insights into the target
group’s experiences with the intervention, allowing us to assess
and enhance its potential value based on their feedback [18].
Overall, participants expressed satisfaction with the intervention,
as supported by their average to high ratings across its
components. This opinion was evident from the positive
feedback on the motivating and varied text messages, as well
as some examples of personalized support that participants
experienced.

It became evident that experiences varied substantially and were
often influenced by individual and contextual factors that were
not sufficiently captured with the EMAs. This variability was
observed across all aspects of the intervention design. On the
basis of the participants’ feedback, we have identified three key
areas for improvement: (1) optimizing tailoring, (2) refining

assessment methods, and (3) emphasizing integration with other
behavioral intervention strategies.

Regarding the optimization of tailoring, our study highlighted
the need for further refinement in this area. Although tailoring
variables were selected based on target group input, their
relevance varied among participants. For instance, mood- or
disease-related symptoms were relevant to some but not all
individuals. The decision to offer 2 prompts per day was
informed by previous E-Supporter studies [35,36], yet
participant feedback on prompt frequency varied. Similarly, we
noted nonoptimal timing of prompts, aligning with challenges
observed in related studies [57]. This heterogeneity among
individuals’ experiences requires a shift toward individually
tailored intervention designs. Realizing such individual tailoring
can be approached in several ways. A straightforward method
is to allow individuals to specify their preferences for tailoring
variables, intervention options, as well as the frequency and
timing of prompts before or during the intervention period
[58,59]. Applying machine learning, such as reinforcement
learning (RL), is a more advanced method for improving
tailoring. RL learns and adapts from interaction and feedback.
RL allows to tailor support strategies to individual needs and
preferences regarding timing, frequency, and intervention types
[60-63].

With respect to the assessment methods, participants mentioned
the potential of EMAs to personalize intervention support, but
they also identified limitations. These limitations included the
repetitive nature of the EMA questionnaire and its snapshot
insight into the current situation. Some participants reported
reduced engagement over time, possibly attributed to the lack
of variation in questions or the impact of the COVID-19
pandemic and associated restrictions during the study period
[64]. Lockdown measures reduced social interactions and
outdoor activities, leading to participants spending more time
at home and engaging less in social or work-related activities.
Consequently, responses to EMAs became predictable, and the
participant’s interest diminished over time. EMAs rely on user
input to deliver personalized support [27]. Decreased user
engagement may lead to either skipping questions or responding
without due consideration. This may influence the reliability
and validity of measurements. As Nahum-Shani et al [24]
emphasized, balancing response burden with the need for
frequent assessment for capturing dynamic changes in certain
variables is critical. Exploring variability in measured constructs
across EMAs and considering alternative measurement methods
for tailoring variables, such as GPS tracking for location and
weather application programming interface, could simplify the
data collection [57,61,65,66]. Nevertheless, issues such as
privacy concerns with GPS and individuals’ perceptions of
weather suitability for outdoor activities require consideration.
While optimal measurement strategies for tailoring variables
remain uncertain, we aim to find the right balance between
passive and active methods for accommodating their variability
in future interventions.

To realize sustainable behavior change, our study revealed that
many participants found the intervention motivating, but some
expressed no need, unwillingness, or resistance to follow the
advice. The participants had T2D for an average of 15.6 (SD
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7.7) years, which suggests they were already familiar with
making lifestyle changes. This is supported by their relatively
high self-efficacy scores, as individuals with high self-efficacy
tend to feel confident in their ability to make behavioral changes.
Consequently, their perceived need for external support from
the intervention may have been reduced. Furthermore, many
participants were already in the maintenance phase of behavior
change, suggesting that they had already implemented some
lifestyle changes. These individuals might require specific
support for relapse prevention or, in some cases, no additional
support at all [43]. A smaller group was in the initiation phase,
indicating that they were just beginning to consider lifestyle
changes. This group might require a stronger focus on
motivational strategies to build commitment [1,2]. These
differences highlight the need for interventions that can adapt
to the wide variety of individual needs. However, JITAIs are
generally designed to offer brief, just-in-time suggestions for
immediate behavior adjustments [26,28,57]. While the JITAI
may be effective for action-related changes, this design may
fall short of addressing the more comprehensive strategies
required. Therefore, we emphasize the importance of situating
JITAIs within broader behavior change interventions. Integrating
a JITAI within a comprehensive lifestyle intervention that
includes extensive behavioral change strategies, as envisioned
in our integration with the E-Supporter content, could provide
the necessary support to facilitate sustainable behavior change.

Strengths and Limitations
A strength of this study was the application of a hybrid approach
to thematic analysis for analyzing the interviews. An advantage
of this approach is that we were able to combine the strengths
of both inductive and deductive approaches. The hybrid
approach allowed us to use the flexibility of inductive coding
to create data-driven insights and also use the deductive
method’s ability to build upon existing knowledge, ensuring
that the findings were both data driven and theoretically
grounded.

A limitation of our study was the inability to measure the impact
on proximal outcomes. Ideally, we would have supported the
intervention with wearable activity monitoring and an app for
dietary monitoring. However, due to COVID-19 restrictions

preventing physical contact with participants, we were unable
to distribute wearables or assist with app installations. In the
future, our aim is to incorporate goal setting and self-monitoring
into the intervention, as done in the E-Supporter. This approach
can provide additional support in the behavior change process
and enable examination of the intervention effects on proximal
outcomes. As it was not the aim of this study to measure these
outcomes, it does not affect the answer to the research question.
Another limitation is the limited evaluation of intervention
options for certain tailoring variables, such as negative mood
or poor weather. As reported by participants, negative mood
was seldom indicated in the EMA, resulting in no corresponding
intervention options being sent. Furthermore, the evaluation
was conducted during sunny weather, leading to minimal use
of intervention options for poor weather conditions.
Consequently, we lacked insight into the acceptability of these
intervention options. However, the content and BCTs used in
these intervention options are similar to others, so we anticipate
similar perceptions of these messages compared to others.
Finally, our sample size was relatively small, which may affect
the robustness of the results. While this study provided valuable
insights into the acceptability of the JITAI, our study population
was relatively homogeneous, consisting predominantly of older
individuals with a longer duration of diabetes. These
characteristics appear to be a relatively good representation of
the target group, characterized by an older average age, a slightly
higher proportion of men than women, and including individuals
with lower education levels, which are all sociodemographic
factors associated with T2D [67,68]. However, the homogeneity
limits the strength of our conclusions. Future research should
focus on recruiting a more diverse population, including younger
individuals and those with a shorter diabetes duration, to
improve the generalizability of our findings.

Conclusions
This study presents the first version of an EMA-driven JITAI
designed to support a healthy lifestyle in individuals with T2D.
The intervention received positive feedback, particularly for its
motivating messages that felt tailored. However, individual
differences in experiences highlight the need for improvement
in tailoring, assessment methods, and the integration of JITAI
with other behavioral intervention strategies.
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Abstract

Background: Smartphones have become an indispensable part of people’s lives, and the fear of being without them, what has
been termed “no mobile phone phobia” (nomophobia), is a growing phenomenon. The rise of problematic smartphone use
highlights the urgent need to explore the intricate relationship between smartphones and human behavior. However, the connections
between nomophobia, mental health indicators, smartphone use patterns, and daily activities remain largely underexplored.

Objective: This study aimed to explore the relationship between young adults with depression and smartphones and investigate
nomophobia by analyzing data obtained from a pilot study of depression in a youth cohort. Exploring nomophobia can enhance
our understanding of the dynamics between young adults and smartphone use, potentially empowering them to manage and
regulate their smartphone use more effectively.

Methods: During an 8-week period, data collected via smartphone sensors, such as locations and screen status, were gathered
from a cohort of 41 individuals diagnosed with major depressive disorder. In addition to passive-sensing smartphone data, the
study collected ecological momentary assessments and psychometric measures, including the Nomophobia Questionnaire, which
formed the basis of our investigation. We explored statistical associations among smartphone-derived behavioral features,
psychometric indicators, and nomophobia. In addition, we used behavioral and psychometric data to develop regression models
demonstrating the prediction of nomophobia levels.

Results: Our findings revealed that the level of nomophobia was positively associated with depression and negative affect,
lower geolocation movements, and higher comfort with smartphone sensing. The exploratory predictive linear regression models
demonstrated the feasibility of predicting an individual’s Nomophobia Questionnaire score based on their smartphone sensing
data. These models effectively used input features derived from both a combination of smartphone sensing data and psychometric
measures and from smartphone sensing data alone.

Conclusions: Our work is the first to explore the relationship between nomophobia and smartphone sensor data. It provides
valuable insights into the predictors of nomophobia level, contributing to the understanding of the relationship between smartphones
and human behavior and paving the way for future studies.

(JMIR Form Res 2025;9:e57512)   doi:10.2196/57512
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mobile sensing; nomophobia; digital phenotyping; depression; mental health; smartphone use; personal sensing; behavior analysis;
machine learning; mobile health; mobile phone
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Introduction

Background
Nomophobia is a portmanteau of “no mobile phone phobia”
and describes the fear of being without a smartphone. The
concept of nomophobia has been proposed and researched in
several early works [1,2], and a subsequent paper [3] presented
a validated quantitative scale to measure it, known as the
Nomophobia Questionnaire (NMP-Q). The rapid proliferation
of smartphones has made nomophobia a timely phenomenon
to investigate.

By July 2022, more than two-thirds of the world’s population
used mobile phones [4]. However, the popularity of smartphones
has raised concerns about their impact on individuals’
well-being. Smartphone addiction, especially among youth
populations, has become a prominent issue. Approximately 95%
of teenagers (aged 13-18 years) use cell phones every day in
the United States [5]. It is claimed that overattachment to
smartphones can lead to actual harmful outcomes such as
depression [6], anxiety [7], and reduction in physical activity
in the young population.

The notions of problematic smartphone use and smartphone
addiction remain unsettled and need further exploration to
determine their status as genuine diagnostic phenomena. The
last decade has seen various attempts to quantify these notions
using self-report scales [8]; however, more work is needed to
better understand and predict nomophobia. One promising
avenue is the analysis of nomophobia in terms of digital
footprints, a term used to denote the data trails generated from
human interactions with digital devices (eg, smartphones) and
the internet (eg, social media). The idea of computationally
mining digital footprints to infer an individual’s (or a group’s)
behavior, preferences, and mental states has given rise to a field
of research associated with the terms digital phenotyping [9],
personal sensing [10], and psychoinformatics [11].

In this study, we investigated the relationship among
nomophobia, smartphone sensor data, several mental health
measures, and several debriefing questions concerning
participant comfort with personal data sensing. This
investigation was based on the collection of passive smartphone
sensing data, ecological momentary assessment (EMA)
responses, and various psychometric measures collected at
baseline and the 8-week follow-up of a mental health digital
phenotyping study of 41 young people diagnosed with major
depressive disorder (MDD). We studied this information in
relation to accompanying results on the NMP-Q.

Related Work
Research suggests that nomophobia has been a prevalent
phenomenon across youth populations. According to previous
investigations, up to 99% of students or young people have
some degree of nomophobia [12-16], and a quarter of university
students experience severe nomophobia [17,18]. This, in turn,
adversely affects their mental or physical health and
performance [19], even to the extent that there have been
proposals to include nomophobia in the Diagnostic and
Statistical Manual of Mental Disorders, Fifth Edition [20].

As a nascent field, investigation into nomophobia is still
emerging [19,21]. One study [22] used structural equation
modeling and semantic network analysis to investigate the
cognitive factors associated with nomophobia, showing that
people with higher nomophobia tend to “perceive smartphones
as their extended selves” [22] due to personal memories.
Examining the relationships between nomophobia and
psychological assessments, researchers have found various
associations between nomophobia and social media use [23],
loneliness [23-25], smartphone addiction [26], stress [25],
problematic phone use [27], personality traits (Big Five
personality traits) [28] and emotional stability [28], depression
[29], anxiety [24,29], hyperactivity [29], social phobia [30],
and oppositional symptoms [29]. One study [31] found that
vertical collectivism, which involves sacrificing personal goals
and submitting to authorities, is positively associated with
nomophobia. Another study [32] took a qualitative approach
and found a strong correlation between smartphone addiction
and personal feelings such as social anxiety, antisocial
behaviors, and loneliness.

In terms of nomophobia measurement, the basis of our work is
the NMP-Q scale [3]. This validated scale consists of 4
dimensions: communication, connection, informativeness, and
convenience. The 140-point total on the scale represents the
sum of the responses to 20 questions, each rated on a Likert
scale from 1 to 7. As per the scale developers, the total score
can be categorized into 4 nomophobia severity levels: none and
mild, moderate, and severe nomophobia. Since its release, this
scale has been used in a handful of studies that affirm the
reliance on mobile phones as an emerging issue for young
people [16,32-34].

A recent study [35] investigated the NMP-Q scale in terms of
various independent variables, particularly certain
psychopathological measures, smartphone use, and lifestyle
measurements. The study identified interpersonal sensitivity,
obsession-compulsion, and the number of hours of smartphone
use per day as predictors of nomophobia. While these results
are of interest, the study was limited in terms of smartphone
sensing. Only a few smartphone use–related inputs were
obtained, such as the number of years using a smartphone, the
number of daily hours using a smartphone, and the most used
apps. Furthermore, the method to measure smartphone use was
based on simply asking participants to subjectively provide
estimates of these figures. While these results are of interest,
the investigation of nomophobia against a greater variety of
objectively collected smartphone sensing data is called for.

Thus, building upon this earlier work, in this study, we explored
nomophobia outcomes against a range of objectively collected
smartphone data inputs and psychometric scale results. Unlike
work in digital phenotyping that uses smartphone data to infer
psychopathology, our research on nomophobia uses objective
phone data to directly characterize patterns of smartphone use.
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Methods

Study Design
The data for this study were obtained from the
SMARTSENSE-D project [36]. Participants were recruited
from primary and specialized youth mental health services in
Melbourne, Victoria, Australia, over a 2-year period between
2020 and 2021. Recruitment took longer than anticipated due
to the COVID-19 pandemic situation in Melbourne. In total, 41
young people (aged 16-25 years) with a diagnosis of MDD
consented to participate in data collection for 8 weeks.

With consent from their clinicians, we contacted potential
participants who met the diagnosis criteria for MDD based on
results from the Mini-International Neuropsychiatric Interview
[37] and Patient Health Questionnaire–9 [38]. We included
participants with an MDD diagnosis based on the Diagnostic
and Statistical Manual of Mental Disorders, Fifth Edition [39],
who regularly used a smartphone, understood smartphone data
tracking, and were willing to participate. We excluded those at
high risk of suicide, actively manic or actively psychotic, not
familiar enough with smartphones to complete daily EMA
surveys, or with insufficient ability to communicate in English.

Each participant provided demographic information,
psychometric assessments (before and after the 8-week period),
continuous smartphone sensing data (Android phones only),
and data from a wrist actigraphy device during the 8-week trial
period. We included in our investigation score results from the
following measures and questionnaires that were administered
in the study: (1) a demographic questionnaire (baseline
assessment only) that captured demographic information such
as age, gender, educational level, and other relevant background
information; (2) the Depression, Anxiety, and Stress Scale–21
(DASS-21) [40,41], a set of 3 self-reported scales designed to
measure the emotional states of depression, anxiety, and stress;
(3) the Quick Inventory of Depressive Symptomatology (QIDS)
[42,43], a brief self-report tool that assesses the severity of
depressive symptoms; (4) the University of California, Los
Angeles (UCLA), Loneliness Scale [44,45], which is designed
to measure subjective feelings of loneliness and social isolation;
(5) the Penn State Worry Questionnaire (PSWQ) [46,47], a
self-report measure that assesses the tendency to worry
excessively; (6) the Rumination Response Scale (RRS) [48,49],
which assesses the extent to which individuals focus on their
depressive symptoms and the possible causes and consequences
of these symptoms; (7) the NMP-Q [3,50], which measures the
severity of nomophobia, which is the fear of being without a
mobile phone; and (8) a debriefing questionnaire (follow-up
assessment only), which used a Likert scale from 1 (strongly
disagree) to 7 (strongly agree) to capture participant attitudes
toward such smartphone sensing and their perspectives on its
feasibility and acceptability and also captured participant
attitudes regarding each of the sensors being activated on their
phones using a Likert scale from 1 (extremely uncomfortable)
to 7 (extremely comfortable).

The AWARE-Light smartphone sensing app [51] was installed
on each participant’s Android phone and continuously collected
geolocation, keyboard, communication (through calls and

messages), screen status, app use, and touch operation data using
sensors [52,53]. In addition, the AWARE-Light app
administered EMA surveys twice daily at noon and 8 PM. The
debriefing questionnaire items and EMA questions can be found
in Multimedia Appendices 1 and 2, respectively.

Ethical Considerations
This study involved the collection of primary data directly from
participants. All participants provided informed consent, which
included detailed information about the purpose of the study,
the types of data collected, how the data would be stored
securely, and how they would be used. Participants were
informed that their data would remain confidential and
anonymized, and they had the option to withdraw from the study
at any time without consequence. The study protocol was
reviewed and approved by the University of Melbourne Human
Research Ethics Committee (ID: 1955691.4). This study was
carried out in accordance with the principles contained in the
Declaration of Helsinki, the Australian National Health and
Medical Research Council National Statement on Ethical
Conduct in Human Research, and the National Health and
Medical Research Council Australian Code for the Responsible
Conduct of Research.

Participants were reimbursed Aus $100 (US $62.32) upon
completion of the study, as well as an additional Aus $1.5 (US
$0.93) for completion of each EMA survey (maximum of Aus
$126 [US $78.53] if all surveys were completed).

Data Processing

Preprocessing
As participants installed the AWARE-Light sensing app at
different times on their first study day, we discarded the data
collected during the initial day of the 56-day data collection
period. Therefore, the analysis was based on 55 full 24-hour
days for each participant starting from the second day of
installation.

We handled missing values in 2 steps. First, we only retained
the sensor data for a participant if the data were recorded for at
least 27 out of the 55 days; if a participant’s sensor captured
data for ≤26 days, then the data were excluded. The phone call
and SMS text message sensors were exempt from this
requirement as they may not be used every day. As such, we
had different numbers of participants with valid data for each
sensor dataset. Given this filtering, we ended up focusing on
the smartphone sensor data of participants whose location and
screen sensors met the threshold, resulting in a total of 27 valid
sets of participant data.

Second, we used imputation to handle missing values in active
data, including EMA questions and psychological assessments.
In sum, <2% of the psychometric data were missing and
imputed, and approximately 30% of EMA data were missing
values. The days with missing EMA answers were excluded
from feature calculations, such as the average and SD.

To resolve the missing data in the QIDS, we left the missing
field as null to represent the missing data. Because the questions
in these scales vary significantly, we believe that participants’
attitude toward certain questions cannot be represented by the
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ratings for other questions in the same scale. Note that the total
value of the QIDS remained unchanged after resolving the
missing data.

To resolve the missing data in assessments other than the QIDS,
we first calculated the average ratings of nonmissing questions
for each participant and then used the average score to replace
the missing data. In this way, we assumed that participants had
no special preference toward the questions they skipped.

For psychometric assessments, missing data arose from
participants selecting “Prefer not to say,” which we treated as
missing data. This suggests that the missingness might be related
to the participants’unwillingness to disclose certain information,
implying that the data were missing not at random. Given that
<2% of the data were missing, we opted for a straightforward
imputation method. While this approach does not explicitly
account for the potential missing-not-at-random nature of the
data, the small proportion of missing data minimized the impact
on our overall analysis. Nevertheless, we acknowledge that
more sophisticated methods such as pattern-mixture models or
sensitivity analysis could be considered in future studies to
address any potential biases.

We verified the correlation and root mean square error (RMSE)
values for the psychometric data and found that the lowest
correlation between the original and imputed datasets was 0.89,
whereas the highest correlation corresponded to an RMSE of
0, indicating a near-perfect match. Specifically, the RMSE
values for the baseline DASS-21 total, baseline UCLA
Loneliness Scale total, baseline PSWQ total, baseline RRS total,
and follow-up RRS total were 0.61, 0.94, 2.15, 0.78, and 2.56,
respectively. This indicates that the overall patterns remained
robust and intact after imputation.

Feature Generation
The smartphone sensor data collected were used to generate a
variety of information features. Message, keyboard, and screen
status features were generated using the RAPIDS feature
generation tool (AWARE Framework) [54], and the library by
Doryab et al [55] was used to generate geolocation features such
as average speed, maximum length staying at clusters, and
number of frequent places [56]. Specifically, the Hierarchical
Density-Based Spatial Clustering of Applications With Noise
(HDBSCAN) [57] algorithm was used for cluster generation,
effectively handling noise and clusters of varying densities.

We first generated daily smartphone sensor data and then
averaged the data across the study period. For instance, to
calculate the “maximum time spent at significant locations”
feature, we first determined the maximum length of time that
each participant stayed in various clusters per day, and then we
computed the average duration over the 56 days for each
participant.

In addition, we created our own Python scripts to work with
certain sensors or generate features that were not available using
the aforementioned tools, including touch operations, screen
status, app use, and daily EMA questions. The fundamental
features are the counts and average values of the interaction
with the phone, such as counts of clicks and scrolling from touch

operations, average and SD of EMA values, and the number of
screen unlocks during each hour of the day.

The features derived from passively collected smartphone sensor
data were preselected based on their relevance and potential to
provide meaningful insights into user behavior and nomophobia.
Location-based features offer detailed insights into the daily
movement and habits of participants, encompassing various
aspects of mobility, such as variability, speed, distance, and
location diversity. Message traces and keyboard use for
information retrieval or exchange indicate the extent of users’
reliance on their smartphones. Screen use time and frequency,
count of touch actions, and app use for particular app types not
only reflect smartphone engagement but also serve as potential
indicators of problematic smartphone use [27].

Regarding the psychometric measures investigated (DASS-21,
QIDS, UCLA Loneliness Scale, PSWQ, RRS, and NMP-Q),
apart from using the aggregate score of an assessment scale, in
certain cases, we also investigated the subscores based on the
dimensions or domains in each scale. For example, the four
dimensions in the nomophobia scale [27] are (1) not being able
to communicate (belonging and connectedness), (2) losing
connectedness, (3) not being able to access information, and
(4) giving up convenience. Similarly, several of the other
psychometric assessments, such as the DASS-21, QIDS, and
RRS (see the Models section), were also composed of different
dimensions.

It is worth noting that we focused on analyzing the psychometric
measures from the follow-up assessment for several reasons.
First, the follow-up assessment results aligned better with the
phone sensor data in terms of chronological order. The follow-up
assessments were chronologically recorded after the passive
sensing and could reveal more information about the entire
study period. Second, the follow-up assessments from various
questionnaires aligned better with each other as they were taken
at the same time point. Third, the psychometric measures
changed little throughout the 56-day study duration. The ratio
of the absolute scale difference (calculated using the formula
[after − before]/before) for the DASS-21, PSWQ, RRS, and
QIDS was approximately 0.1, whereas the ratio for the UCLA
Loneliness Scale was <0.05. This subtle difference between the
baseline and follow-up absolute values indicates only minor
variations across these scales, suggesting stability in the
measured psychometric attributes over the study period.

Apart from the total scores for each psychometric measure, we
explored the subfactors because they offered a more detailed
and sensitive view of the data. While the total score provides a
holistic perspective, the subfactors reveal detailed insights into
different aspects of the psychometric constructs. These
subfactors can highlight specific areas of change that may not
be apparent in the overall scores, offering a more granular
understanding. Therefore, we were interested in examining the
correlation and predictive power of both the total scores and
the subfactor scores of the psychometric measures.

Models
We used the Spearman rank correlation [58] to investigate the
statistical associations between nomophobia scores and other
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variables of interest. The Spearman correlation was chosen due
to the nonnormal distribution of ordinal Likert-type
questionnaire measures and continuous smartphone-collected
features. We adjusted all P values using the original
Benjamini-Hochberg method [59] to control the false discovery
rate at 20%. This adjustment allows up to 20% of the rejected
null hypotheses to be false positives and was chosen to ensure
a reasonable balance between sensitivity and specificity in our
exploratory analysis.

To test the correlations between smartphone sensor features and
nomophobia, we only included a participant’s dataset for a
sensor if it had at least 27 out of the 55 days of availability

(location and screen sensors were selected after this filtering
process as they were the 2 sensors with sufficient data).
Correlations between psychometric and debriefing questionnaire
features and the NMP-Q were explored using valid data for 41
participants. Correlations between EMA features and
nomophobia were explored using valid data for 85% (35/41) of
the participants.

In total, we selected 48 correlation pairs to investigate, as shown
in Textbox 1. The significant feature pairs are presented in the
Results section.

We generated the smartphone sensor and psychometric features
(Multimedia Appendix 3) shown in Textbox 2.

Textbox 1. Selected pairs of features for correlation investigation.

• A total of 9 location sensor features were each paired with the Nomophobia Questionnaire (NMP-Q) total score (Multimedia Appendix 3).

• A total of 3 screen sensor features were each paired with the NMP-Q total score (Multimedia Appendix 3).

• A total of 8 ecological momentary assessment (EMA) features were each paired with the NMP-Q total score. Each feature was obtained by
averaging the morning and evening scores of an EMA affect question (Multimedia Appendix 3).

• A total of 2 debriefing questionnaire features—one based on the question concerning overall comfort with using AWARE-Light (statement: “I
felt comfortable using the app”) and the other based on the average of questions concerning comfort with the accelerometer, app, communication,
location, light, keyboard, network, and screen sensors—were paired with the NMP-Q total score as well as the NMP-Q subdimension scores for
a total combination of 10 pairs (Multimedia Appendix 3).

• A total of 4 Depression, Anxiety, and Stress Scale–21 (DASS-21) features were each paired with the NMP-Q total score (the DASS-21 total
score, as well as the scores for the 3 subdimensions of depression, stress, and anxiety). Each subdimension or factor was added to the exploration
given that they each represented separate mental health conditions. Furthermore, this investigation had a particular focus on depression given
the cohort of young adults with depression (Multimedia Appendix 3).

• A total of 11 Quick Inventory of Depressive Symptomatology (QIDS) features were each paired with the NMP-Q total score (the QIDS total
score, as well as the scores for the 10 subdimensions). As with the DASS-21, given the focus on depression, it was decided to investigate the
subdimensions of this scale as well (Multimedia Appendix 3).

• One Rumination Response Scale total score feature was paired with the NMP-Q total score (Multimedia Appendix 3).

• One Penn State Worry Questionnaire total score feature was paired with the NMP-Q total score (Multimedia Appendix 3).

• One University of California, Los Angeles, Loneliness Scale total score feature was paired with the NMP-Q total (Multimedia Appendix 3).
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Textbox 2. Smartphone sensor and psychometric features generated.

Location

• The RAPIDS tool (AWARE Framework) used Density-Based Spatial Clustering of Applications With Noise algorithms (HDBSCAN) to calculate
location points into clusters. On the basis of the time spent in each location cluster, 8 features derived from location clusters were explored in
correlation with the Nomophobia Questionnaire (NMP-Q) scale. In total, 5 of these features describe significant places (the minimum, maximum,
average, and SD of the time spent per day at significant locations), as well as the number of visited significant places per day. The other 3 features
include the average speed (indicating how fast a person moves) per day, total traveled distance per day, and time spent at home per day. There
may be some overlap of information if the home is considered the most significant location for the person. The maximum period of staying at
significant locations refers to the longest duration that a user stays at any identified significant location over a given period, identifying key
locations that are important to the user, such as their home, workplace, or frequently visited places. Extended stays at certain locations can provide
insights into routines and lifestyle patterns. The SD of the time spent in a cluster reflects the degree of variability in the time participants spend
at different location clusters, with a higher SD indicating greater variation.

Screen

• A screen use episode is defined as the period from when the phone is unlocked until the screen is turned off. A total of 3 screen features were
explored for correlation: the total duration of unlock episodes, considered as the time when smartphones are actively used; the longest duration
of any unlock episode, representing the longest use episode per day; and the number of all unlock episodes, indicating how many times the person
unlocked their smartphone in a day. For predictive models, 3 additional features were considered: the minimum, average, and SD of unlock
episode duration in a day.

Messaging

• In total, 3 pairs of messaging features were explored for predictive models, including the total number of messages received from or sent to the
contact who sent messages most frequently per day, the total number of messages received and sent by the participant per day, and the number
of different contacts from whom the participant received and sent messages per day.

App use

• A total of 4 app use features were included in the candidate pool for the predictive model: the total number of times that social media apps were
used by the participant per day, the total number of times that communication apps (eg, messaging and email) were used per day, the total number
of times that entertainment apps (eg, games and videos) were used per day, and the total number of times that music or audio apps were used per
day.

Touch actions

• One feature derived from collected smartphone touch data was the average number of items scrolled. This metric is calculated by tracking the
number of distinct scroll actions a user performs on their smartphone screen during a specified period.

Psychometric subfactors

• Our study included both the total scores and subfactor scores of the following psychometrics: Depression, Anxiety, and Stress Scale–21 (DASS-21);
Quick Inventory of Depressive Symptomatology (QIDS); University of California, Los Angeles (UCLA), Loneliness Scale; Penn State Worry
Questionnaire (PSWQ); Rumination Response Scale (RRS); and NMP-Q. However, not all combinations across the subfactors were explored.
We primarily focused on the total score on the NMP-Q for exploring correlations with smartphone sensor features and other psychometrics. In
addition, for specific debriefing questions, we examined subfactors of participants’ NMP-Q scores to understand why they felt comfortable with
sensitive data being collected via smartphones. The DASS-21 is designed to be interpreted using 3 subscales: depression, anxiety, and stress.
The QIDS also includes subfactors even though some subfactors are represented by a single question. In contrast, the RRS, PSWQ, and UCLA
Loneliness Scale do not have subfactor representations and, thus, were not explored in this context.

In general, we investigated the correlation between each of these
features and the NMP-Q total score. The one exception to this
was the debriefing questionnaire features, which we also tested
against the NMP-Q subdimensions because of our preassumption
that using AWARE-Light and sensor activation might naturally
correlate with certain aspects of nomophobia, such as the need
for communication or convenience.

Apart from the correlation analysis, we also experimented with
constructing some supervised machine learning models with
the follow-up nomophobia scores as the outcome to be predicted.
In our supervised learning models, we only included data from
participants whose location and screen sensor data met the
threshold of at least 27 out of the 55 days of availability (which
resulted in 27/41, 66% of the participants included in the
analysis). If a participant met this requirement for both sensors,

then data for all their sensors, their psychometric results, and
their EMA data were retained for regression.

After data cleaning, linear regression was applied to 47 extracted
features (Multimedia Appendix 4) from 66% (27/41) of the
participants, with filtering based on the combination of location
and screen sensors. We focused on exploring two general
models: (1) those whose input was only passive smartphone
sensor features and (2) those whose input combined passive
and active data, including EMA, phone sensors, and
psychometrics. We implemented both wrapper methods and

filter methods to test various combinations of features using R2

to evaluate the models. Of the 47 preselected features, we
included those that showed a potential improvement in model

performance of >0.01 in terms of R2 results. To predict NMP-Q
scores, we used leave-one-out cross-validation for model
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evaluation due to the small sample size. In addition to the R2

score, we used mean absolute error (MAE), mean absolute
percentage error (MAPE), and RMSE to assess the regression
errors.

Results

Data Description
In total, 41 individuals took part in the study. Their demographic
characteristics are presented in Table 1. The means and SDs of
the psychometrics are shown in Table 2. The NMP-Q total

scores of the participants only slightly changed between baseline
and follow-up, as shown in Figure 1, with a Spearman test-retest
reliability of 0.87 and a Cronbach α of 0.93. A total of 4
nomophobia severity levels as defined in the study by Yildirim
and Correia [3] were used: no nomophobia (score of 0-20), mild
nomophobia (score of 21-59), moderate nomophobia (score of
60-99), and severe nomophobia (score of 100-140). All
participants (41/41, 100%) had an NMP-Q score of >20, with
most participants (18/41, 44%) reporting a moderate level of
nomophobia. A similar percentage of participants reported a
mild (11/41, 27%) or severe (12/41, 29%) level of nomophobia.

Table 1. Demographic information of the young adults with depression involved in the 8-week longitudinal study (N=41).

Participants, n (%)Characteristic and categories

Sex at birth

29 (71)Female

12 (29)Male

Age group (y)

11 (27)16-18

17 (41)19-22

13 (32)23-25

Country of birth

35 (85)Australia

6 (15)Overseas (South America, Asia, Europe, and New Zealand)

Table 2. Means, SDs, and score ranges of the psychometric measurements taken at the end of the 8-week study among 41 participants for the Depression,
Anxiety, and Stress Scale–21 (DASS-21); Penn State Worry Questionnaire (PSWQ); Rumination Response Scale (RRS); University of California, Los
Angeles (UCLA), Loneliness Scale; and Quick Inventory of Depressive Symptomatology (QIDS).

Scores, mean (SD; range)Psychometric scale

30.6 (12.9; 0-126)DASS-21

59.1 (12.9; 16-80)PSWQ

26.9 (5.5; 4-40)RRS

57.0 (5.0; 20-80)UCLA Loneliness Scale

15.0 (5.5; 0-27)QIDS
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Figure 1. Comparison of Nomophobia Questionnaire (NMP-Q) total scores among 41 participants with major depressive disorder at baseline and at
the end of the 8-week longitudinal study period, revealing minimal differences.

Statistical Analysis
Exploratory data analysis was conducted using the Spearman
rank correlation analyzing follow-up NMP-Q results against
the psychometric, questionnaire, passive smartphone sensing,
and EMA data. As detailed previously, we examined 48 feature
pairs, with each pair involving the NMP-Q total score or that
of one of its subfactors. Of these 48 tested combinations, we
found 11 (23%) significant results that are presented and
analyzed in this section, with the remaining 37 (77%) tests
yielding nonsignificant results (Multimedia Appendix 3).

To qualify for inclusion as significant, the results needed to
have P≤.05 and a correlation coefficient of >0.3 or <−0.3, in
line with the standard by Cohen [60], according to which results
of >0.3 are of moderate effect.

Overall, significant correlations with the NMP-Q were found
for certain EMA items, certain geolocation features, certain
debriefing questions, and certain psychometric scores. The
following is a descriptive summary of these correlation results.

Regarding location data (Table 3), there was a positive
correlation between nomophobia (NMP-Q total score) and time
spent at home, time spent at the most significant location, the
maximum time spent in a cluster (at a daily level, this feature

captures the maximum time that a participant spent at any of
their significant locations [as determined by the geolocation
clustering algorithm] for the day), and the SD of the time spent
in a cluster (significant location; at a daily level, this feature
captures the SD of all the durations of time that a participant
spent at their significant locations for the day).

Regarding debriefing questions (Table 4), a positive correlation
was found between the comfort level of a participant using the
sensing app and their nomophobia in terms of the NMP-Q factor
of giving up convenience, and a positive correlation was found
between the comfort level of a participant having certain sensors
tracking their personal information and their nomophobia in
terms of the NMP-Q factor of giving up convenience.

Regarding the DASS-21 (Table 5), there was a positive
correlation between the depression score and nomophobia
(NMP-Q total score).

Regarding the QIDS (Table 5), mood and fatigue in the
depressive cohort were positively correlated with nomophobia
(NMP-Q total score).

Regarding EMA (Table 6), participants who felt more relaxed
and happier daily reported lower nomophobia (NMP-Q total
score).
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Table 3. Significant correlations between Nomophobia Questionnaire total scores and smartphone-based location sensor features among 27 participants
with major depressive disorder during the 8-week study period.

Spearman correlation coefficientP valueLocation feature

0.35.02The maximum period staying at significant locations

0.32.04The SD of the time spent in a cluster

0.35.02Time spent at home

0.35.03Time spent at the most significant location

Table 4. Significant correlations between the “giving up convenience” subfactor of the Nomophobia Questionnaire and participants’ responses to
debriefing questions at the conclusion of the 8-week study period observed among 41 participants with major depressive disorder.

Spearman correlation coefficientP valueFeature

0.37.02Participant comfort with using AWARE-Light (item 4 in Multimedia Appendix 1)

0.40.01Participant comfort with sensor activation (an average of items 21-28 in Multimedia Appendix 1)

Table 5. Significant correlations between Nomophobia Questionnaire total scores and various psychometric measures assessed among 41 participants
with major depressive disorder at the conclusion of the 8-week study period.

Spearman correlation coefficientP valuePsychometric measure

0.38.02DASS-21a factor—depression

0.31.046QIDSb factor—mood

0.37.02QIDS factor—energy and fatigue

aDASS-21: Depression, Anxiety, and Stress Scale–21.
bQIDS: Quick Inventory of Depressive Symptomatology.

Table 6. Significant correlations between Nomophobia Questionnaire total scores and responses to ecological momentary assessment (EMA) questions
captured over the 8-week study period among 41 participants with major depressive disorder.

Spearman correlation coefficientP valueEMA measure

–0.34.03Average of morning and evening EMA score for how happy participants felt

–0.337.03Average of morning and evening EMA score for how relaxed participants felt

Predicting Nomophobia
Tables 7 and 8 show the attributes of our best models for
passively plus actively collected data and passively collected

data only, respectively. Our best model achieved an R2 value
of 0.779 (MAE=9.42; MAPE=13.56%; RMSE=12.09). Figure
2 shows the distribution of predicted and actual NMP-Q scores

based on both phone sensor features and psychometric measures
input into a linear regression model. We also developed a model
to predict individuals’ NMP-Q scores using only smartphone

sensor data. Our best model achieved an R2 of 0.732
(MAE=10.88; MAPE=14.44%; RMSE=13.32), as illustrated
in Figure 3.

Table 7. Overview of smartphone sensor data and survey features included in the linear regression model to predict Nomophobia Questionnaire total

scores among 27 participants with depressive symptoms over the 8-week study period, reaching an R2 value of 0.779.

Attribute coefficientSensor or questionnaireFeatureRank

−17.55AppCount of social media app use1

−4.40QIDSaSleep disturbance2

−1.5MessageCount of sent messages to the most frequent contact3

−1.32LocationThe total traveled distance4

0.81ScreenSD of unlock episode duration5

0.03LocationThe maximum period staying at significant locations6

aQIDS: Quick Inventory of Depressive Symptomatology.
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Table 8. Overview of smartphone sensor features included in the linear regression model to predict Nomophobia Questionnaire total scores among 27

participants with depressive symptoms over the 8-week study period, reaching an R2 value of 0.732.

Attribute coefficientSensor or questionnaireFeatureRank

−20.59AppCount of social media app use1

−2.23MessageCount of sent messages to the most frequent contact2

0.81ScreenSD of unlock episode duration3

0.02LocationThe maximum period of staying at significant locations4

–0.0005LocationThe area covered by a participant5

–0.00000218LocationThe total traveled distance6

0.00000158TouchThe average amount of items scrolled7

Figure 2. Comparison of actual versus predicted Nomophobia Questionnaire (NMP-Q) total scores using a combination of psychometric measures and
smartphone sensor data from 27 participants with depressive symptoms who had valid data during the 8-week study period. This highlights the potential
of machine learning for accurate predictions.
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Figure 3. Comparison of actual versus predicted Nomophobia Questionnaire (NMP-Q) total scores using only smartphone sensor data from 27
participants with depressive symptoms who had valid data during the 8-week study period without incorporating psychometric measures. This demonstrates
the feasibility of machine learning–based predictions.

Both models’ performance was mostly related to the frequency
of social media app use. The count of sent messages to the most
frequent contact, the duration of staying at clusters, and the SD
of the duration of screen unlock episodes were also important
features revealing smartphone use and location information in
both models.

Discussion

Themes
The results from our exploratory study are suggestive of several
themes concerning nomophobia and its associations with both
psychopathology and smartphone use.

Depression and Negative or Positive Affect
Given that the SMARTSENSE-D study focused on a cohort of
young people diagnosed with clinical depression and varying
degrees of symptom severity, the data provided a good
opportunity to explore associations between nomophobia and
depression. The 2 psychometric scales concerning depression
that were used in the study, the DASS-21 and QIDS, both
showed significant associations with nomophobia. The DASS-21
depression scale and 2 QIDS factors positively correlated with
total nomophobia scores.

Our EMA results across the study indicate that the more positive
affect one has in general, the lower their nomophobia. The most
salient of these results concern happiness and relaxation, for

which the EMA results negatively correlated with total
nomophobia scores.

These findings regarding associations among depression, affect,
and nomophobia are in line with previous findings [61-67].
Given the co-occurrence of depression and nomophobia, there
is a possibility that depressive symptoms and negative affect
are influenced by nomophobia, or vice versa. The connection
and causality among depression, negative feelings, and
nomophobia need to be further validated through additional
research.

Location
Our results suggest that participants who spent more time at
home or at their otherwise most visited location had greater
nomophobia. Relatedly, one’s maximum duration at a significant
location also positively correlated with nomophobia. This
implies that the more an individual is confined to their home or
the more concentrated their geolocation to a particular location,
the greater their sense of dependency on their smartphone.

Our results also showed a positive correlation between
nomophobia and the SD of all the durations of time that a
participant spent at their significant locations for the day. This
is a result that is perhaps less straightforward to interpret; we
can say that, if one has a lower SD, then there is a more evenly
spread diversity in the time they spend at their various
significant locations. This contrasts with a higher SD, which
implies a concentration in fewer places. In this case, the SD
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result is in line with the other geolocation results discussed
previously.

The fact that nomophobia was associated both with geolocation
and depressive symptoms is in line with previous research that
has demonstrated a significant link between movement patterns
and depression [56,68-70]. Thus, a triangle emerges that
connects geolocation, depression, and nomophobia. Ultimately,
limited or confined geolocation activity is associated with
nomophobia and can be an indicator of depression.

Nomophobia-Privacy Trade-Off
A trend of positive correlations emerged between nomophobia
and comfort with being tracked via a smartphone sensing app
and sharing data. The NMP-Q “giving up convenience”
dimension positively correlated with comfort levels with using
the AWARE-Light sensing app and activating sensors within
it.

Thus, a trade-off seems to emerge whereby individuals with
nomophobic tendencies, particularly their concern of giving up
the convenience afforded by smartphones, are less concerned
about being smartphone sensed. Alternatively, one could perhaps
frame this as being about privacy concerns outweighing certain
smartphone benefits and that those more concerned about
privacy are less inclined to develop nomophobia.

At any rate, these findings relate to those of previous studies
that have shown how privacy concerns can influence smartphone
use behaviors as a dependent indicator [71,72]. Our results from
the self-reported evaluations of both participants’ nomophobia
levels and attitudes toward privacy further support this
correlation between smartphone use and privacy concerns.

Smartphone Use
Previous studies [27] have indicated a positive correlation
between nomophobia and problematic smartphone use, including
screen status (eg, screen locks and unlocks and turning the
screen on or off). While none of our formal results involving
screen sensor features were significant, we did observe using a
scatter plot that, when limited to participants in the mild and
severe NMP-Q categories (moderate category excluded), there
was a noticeable positive correlation between the number of
phone unlocks and NMP-Q scores. However, further work is
required to formally strengthen the case that nomophobia is
associated with greater screen use, such as unlock instances.

Predictive Models
The predictive results shown by our linear regression models
indicate the feasibility of predicting the NMP-Q score based on
passive human behavioral features. The implications of these
results can be valuable for the understanding, detection, and
control of nomophobia.

The most important feature in both models, the count of social
media app use, showed a negative relationship with the predicted
ground-truth NMP-Q score, indicating that engagement with
social media apps co-occurs with a lower level of nomophobia.
Meanwhile, the count of sent messages to the most frequent
contact and the total traveled distance demonstrated different
levels of negative association with the NMP-Q. These findings

should be highlighted for further exploration regarding the role
of social media apps in managing the relationship between users
and smartphones.

Limitations
Our primary goal was to understand the relationship between
the features and the NMP-Q, demonstrating the feasibility of
predicting NMP-Q scores based on smartphone sensor data and
psychometrics or even using only passively collected data.
However, we acknowledge that more complex models such as
Extreme Gradient Boosting or support vector machines might
be valuable in future research with more data to explore potential
nonlinear relationships within the data. These advanced models
could offer deeper insights and improve prediction accuracy by
capturing intricate patterns that simpler linear models might
miss.

This study was exploratory and aimed to gain preliminary
insights into associations between smartphone-inferred
behavioral features and nomophobia (NMP-Q score), as well
as the potential of machine learning models to predict NMP-Q
scores from such features. The primary intent was not to provide
a model ready for practical application at this stage but to
demonstrate the feasibility of model use in future stages with
more extensive data over a longer time frame. Predictive models
for NMP-Q score could assist researchers, patients with
depression, and mental health professionals in understanding
the impact of smartphone use and daily behaviors on mental
health from a technological perspective.

Our inferential statistical results provide a starting point for
more dedicated studies with larger samples sizes to strengthen
the claims suggested by our results. The use of a 20% false
discovery rate may have introduced potential false positives,
especially in a small cohort of participants. This threshold aimed
to balance false positives and false negatives. However, to
achieve more robust and precise conclusions, the findings need
further confirmation with larger sample sizes. The larger datasets
would also incorporate more advanced machine learning
techniques and be less prone to issues such as overfitting. With
more data and refined models, clinicians could better understand
depression and its relationship with smartphone use, aiding
those with depressive symptoms. This could offer valuable
insights into how these digital interactions influence their lives
and aid in better mental health management.

In addition to the small sample size, another limitation was the
imperfection of our data collection given technical issues
encountered, issues with AWARE-Light in particular, and the
general difficulty of getting smartphone sensing data collection
to work across various sensors and various participant phones.
Thus, we had to implement a data quality filtering procedure
to ensure that we only used a phone’s data for a given sensor if
those data met certain threshold requirements. Consequently,
not all participants were included for every sensor.

Conclusions
Our study explored associations among nomophobia, clinical
measures, EMAs, smartphone sensor data, and smartphone use
questionnaires. We discovered that greater nomophobia is linked
to more depressive symptoms, limited geolocation movement
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and (domestic) stationariness, comfort with being smartphone
sensed, and negative emotions. In doing so, we demonstrated
that smartphone sensing can effectively quantify user behaviors
and perceptions underlying nomophobia and the phenomena
that its measures are designed to capture.

Nomophobia is a nascent notion that merits further investigation.
Beyond conceptualizations and measurement scales, use of the

technology in question (ie, smartphones) to provide objective
quantification of nomophobic-related use and behavioral
phenomena requires further exploration through larger and more
in-depth purpose-built studies. It is hoped that these initial
exploratory findings will contribute to paving the way for such
future work.
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Multimedia Appendix 1
Questions presented in the debriefing questionnaire administered at the end of the 8-week study. Items 1 to 20 are provided in
scales from 1 to 7 indicating the level of agreement. Items 21 to 28 are provided in scales from 1 to 7 indicating the comfort level
of the participants with the sensor being activated on their smartphones. Items 29 and 30 are provided as Yes or No options.
[DOCX File , 23 KB - formative_v9i1e57512_app1.docx ]

Multimedia Appendix 2
Daily ecological momentary assessment items for 41 participants with major depressive disorder. The 21-question survey,
administered at noon and 8 PM, used 7-point Likert-scale items (questions 1-14 and 18), binary (yes or no) items (questions 15
and 19), and open-text responses (questions 16, 17, 20, and 21).
[DOCX File , 23 KB - formative_v9i1e57512_app2.docx ]

Multimedia Appendix 3
Comprehensive correlation analysis results between Nomophobia Questionnaire total scores and various study variables, including
psychometric measures assessed at the end of the study and smartphone sensing features recorded throughout the study. The
analysis includes 41 participants for the psychometric data and 27 participants for variables involving smartphone sensor features,
including both significant and nonsignificant associations.
[DOCX File , 26 KB - formative_v9i1e57512_app3.docx ]

Multimedia Appendix 4
Preselected features used in predictive models to estimate Nomophobia Questionnaire total scores for 27 participants with major
depressive disorder. These features include psychometric measures collected at the end of the 8-week study and smartphone-derived
variables recorded throughout the study.
[DOCX File , 26 KB - formative_v9i1e57512_app4.docx ]
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Abstract

Background: Infection prevention and control (IPC) is vital in care homes as it can reduce morbidity and mortality by 30%.
Ensuring good IPC practice is a perennial challenge in the varied and complex context of care homes. Behavior change interventions
delivered via digital technology may be effective in improving IPC among care home staff.

Objective: This study aimed to evaluate how an evidence-based, digital behavior change intervention called Germ Defence can
be rapidly adapted to meet the needs of care homes.

Methods: This study applied the person-based approach, which emphasizes iterative approaches to optimizing interventions
via individual user feedback. Phase 1 involved initial edits to the website by the research team to create Germ Defence for Care
Homes (GDCH) version 1. Phase 2 consisted of stakeholder consultation on GDCH version 1 followed by edits to create GDCH
version 2. The formal research (phases 3 and 4) involved individual think-aloud interviews with 21 staff members from management,
care, and ancillary positions in 4 care homes providing real-time feedback as they worked through GDCH. Edits were made to
create GDCH version 3 between phases 3 and 4. During the development of GDCH versions 2 and 3, it became clear that the
intervention would need more fundamental changes beyond the pragmatic, incremental changes that would be possible within
the scope of this study. Analysis was completed via a rapid, qualitative descriptive approach to develop a high-level summary of
key findings from the interview data.

Results: There were mixed results about the attractiveness of GDCH and its suitability to the care home context. Participants
felt that the images needed to be aligned much more closely with the meaning of adjacent text. Many participants felt that they
would not have time to read a text-based website, and some suggested that more engaging content, including audio and video,
may be preferable. Most participants felt that the overall concept of Germ Defence was clearly relevant to their context. Some
felt that it might be a useful introduction for new staff members or a refresher for current staff, but others felt that it did not add
anything to their existing IPC training. There were mixed opinions about the level of detail provided in the information offered
by the site. While the goal-setting behavior change mechanism may have potential, the findings suggested that it may be unsuitable
for care homes and more work is needed to refine it.
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Conclusions: Much more work needs to be done to make Germ Defence more engaging, accessible, and relevant to the care
home workforce. Our study highlights the challenges of rapidly adapting an existing intervention to a new context. Future research
in this area will require a pragmatic methodological approach with a focus on implementation.

(JMIR Form Res 2025;9:e66706)   doi:10.2196/66706

KEYWORDS

care homes; long-term care; nursing homes; infection prevention and control; behavioral intervention development; person-based
approach; qualitative

Introduction

Background
Infection prevention and control (IPC) is vital in long-term care
facilities as it can reduce morbidity and mortality by 30% and
may reduce unplanned hospital admissions and overuse of
antibiotics [1]. In England (the setting of this study), IPC is a
central focus of the Care Quality Commission, the independent
health and care regulator that inspects long-term care facilities
[2]. International terminology on long-term care facilities varies;
in this paper, we use the term care home to refer to a long-term
care facility providing 24-hour care, either with nursing (ie, in
which residents with complex needs receive care provided by
registered nurses on-site) or without nursing (ie, in which
residents with less complex needs receive support with personal
care from nonregistered staff, with nursing and health care input
provided as required by community practitioners). In England
and Wales, there are approximately 278,000 care home residents
aged ≥65 years (approximately three-quarters of whom are aged
≥80 years), approximately half of whom live in homes with
nursing and half of whom live in homes without nursing and
over two-thirds of whom experience substantial limitations in
their ability to carry out day-to-day activities [3].

The COVID-19 pandemic of 2020 to 2022 brought both the
importance of and challenges in ensuring good IPC to the
forefront of public consciousness [4-6]. It also raised the profile
of care homes, which are often marginalized and forgotten by
the public and policy makers and which were hit particularly
hard [7]. Many countries struggled with ensuring good IPC in
care homes during the pandemic, but although international
comparisons are difficult [8], the United Kingdom is perceived
to have fared particularly badly. In England, the first 5 months
of the pandemic saw approximately 20,000 excess deaths among
care home residents that were directly attributable to COVID-19
[9]. Before the pandemic, care home residents in England aged
≥65 years had a 10-fold higher mortality than older people in
private homes, but in the first wave of the pandemic, this rose
to an 18-fold difference [10]. At least for the first months of the
pandemic, care homes experienced substantial, widely reported
challenges in accessing COVID-19 testing and in isolating
residents and a lack of availability of personal protective
equipment (PPE; eg, gloves, face masks, and aprons) [11,12].
Other systemic problems linked to a higher risk of COVID-19
outbreaks included a lack of statutory sick pay for staff (thereby
discouraging staff to take time off work) and reliance on agency
workers (who work across multiple sites) to address workforce
shortages [13]. Care homes were locked down with only
essential staff access, and government guidance on visiting care

homes was not issued until July 2020, which was 4 months into
the pandemic, and, thereafter, proceeded to change frequently.
Care home managers struggled with late notice about changes
(often being informed after national televised briefings), gaps
regarding risks and harms to residents, a lack of clarity on how
to interpret guidance coupled with uncoordinated support from
local regulators, and lack of acknowledgment of implementation
challenges [14]. Restrictive IPC measures in care homes have
been the subject of intense debates regarding their psychosocial
impacts on residents and potential breaches of mental capacity
and human rights law [15,16].

COVID-19 stands as the contemporary paradigmatic case study
of (failures in) IPC in care homes, but many of the challenges
it highlighted long predate the pandemic. Other common viral
infections in care homes include seasonal influenza (another
respiratory virus) and norovirus (the main cause of
gastroenteritis, which is spread through physical contact);
bacterial infections such as Salmonella sp and group A
Streptococcus sp; and infections caused by nonviral and
nonbacterial agents, including scabies [17-19]. Care homes are
particularly vulnerable to all these pathogens because of the
physical proximity between people and the fact that most
residents are of advanced age and living with chronic health
conditions and require hands-on work with physical contact. In
England, all care homes are required to have IPC plans, and all
staff are required to complete IPC training [2]. A Cochrane
rapid review of qualitative evidence (published between 2005
and 2020) of barriers to and facilitators of health care workers’
adherence to IPC guidelines showed numerous enduring
challenges that resounded during the COVID-19 pandemic,
including (but not limited to) lengthy and changing guidance,
increased workload in following guidance, lack of easy access
to handwashing facilities, lack of training about infections and
PPE use, lack of good-quality PPE, and difficulties in using
PPE if patients felt frightened or stigmatized by it [20]. Some
of these challenges are particularly pertinent to care homes as
they function as both people’s homes and places of care and are
staffed by a workforce that may lack training and skills
compared to those in other health care sites, including key
ancillary staff (eg, cooks and cleaners) who are crucial to IPC
[21]. Hand hygiene among care home staff may have been poor
for many years [22], and a systematic review of evidence
published before the pandemic found that poor hand hygiene
was the most common cause of transmission of infections in
care homes [23]. The COVID-19 pandemic reinforced the
importance of PPE and behavioral measures such as
handwashing to reduce transmission of infection [24] but also
strikingly highlighted unintended consequences where use of
PPE such as gloves may actually reduce compliance with
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handwashing [25]. A recent meta-ethnography of qualitative
studies of IPC in care homes found that IPC can be considered
by staff to be “outside” the control of the care home both in
terms of the source of infection and in actions to control it—the
tension of implementing IPC in what is meant to be a homely
environment appears to contribute to a sense that outbreaks are
inevitable, with care home staff ambivalent about the benefits
of applying IPC and perceiving a lack of ownership over IPC
practice [26]. Ensuring good IPC practice is a perennial
challenge in the varied and complex context of care homes. It
remains of primary importance to consider how to improve IPC
interventions and their implementation to help protect care home
residents and staff from outbreaks of infectious diseases.

A recent systematic review of randomized controlled trials of
interventions to prevent transmission of infections in care homes
found only 4 trials of interventions to improve hand hygiene
and IPC, with variable results [27]. Only 1 study showed a
reduction in pneumonia incidence, 1 showed a reduction in
influenza outbreaks, and 1 showed a reduction in incidence of
influenzalike illness. Achieving high levels of adherence to
infection control is challenging, and the interventions were all
different; 3 contained in-person presentations, and only 1
contained an e-learning component. The review recommended
developing more impactful behavior change interventions for
improving IPC in care homes using behavioral science and the
person-based approach.

Germ Defence: A Web-Based Behavior Change IPC
Intervention
The World Health Organization outlines 8 core components of
IPC programs in health care, including emphasis on multimodal
strategies to change individual behavior [28]. A systematic
review of IPC interventions in care homes found that those
incorporating behavior change strategies via education,
monitoring, and feedback were the most successful [29]. There
is increasing recognition of the potential role of digital health
technologies in IPC [30-33], which may be associated with their
increased use to facilitate behavior change across a range of
health domains, particularly via goal setting and
self-management [34]. The intervention in this study is Germ
Defence, a mobile-friendly website providing targeted, tailored
advice on how and why people should adopt IPC behaviors,
supplementing public health guidance with evidence-based and
theory-based behavior change techniques [35]. It consists of
introductory content about the importance of IPC followed by
a series of pages arranged in parallel pathways where users can
select from 2 components of interest (handwashing and reducing
illness) and follow sequential pages of content streams that
result in tailored advice and goal setting to improve or increase
IPC behaviors.

Germ Defence was originally developed in response to the swine
influenza (H1N1) and H5N1 influenza outbreaks of 2009 to
2010 in the form of an intervention then called PRIMIT (Primary
Care Trial of a Website-Based Infection Control Intervention
to Modify Influenza-like Illness and Respiratory Infection
Transmission) to encourage handwashing delivered in 4 weekly
sessions [36,37]. A subsequent large randomized controlled
trial of >20,000 people living in shared households conducted

across 3 winters (2011-2013) showed that the PRIMIT
intervention increased handwashing and reduced respiratory
tract infections [38]. The intervention was developed using the
person-based approach, which involved conducting in-depth
qualitative research to develop detailed understandings of how
to overcome the behavioral barriers that users might encounter
to engaging with the target behaviors [39]. It also used behavior
change approaches to incorporate education, personalized goal
setting, environmental prompting, and emotional motivation
[40]. A process evaluation showed that the intervention was
effective for both men and women, older and younger people,
and people with both lower and higher levels of education [40].
Importantly, the biggest change in handwashing behavior
occurred after the first of the 4 weekly sessions, so the
intervention structure was subsequently adapted for wider
dissemination to comprise 1 stand-alone session, with further
optional content available immediately afterward [40]. The
adapted intervention—now known as Germ Defence—was
disseminated “in the wild” to help reduce seasonal colds and
influenza.

In 2020, Germ Defence was rapidly adapted for the COVID-19
pandemic by a team of medical, public health and behavior
change experts, and public contributors [35], with cross-sectional
work highlighting its potential to improve IPC behavior [41].
It was endorsed by the chief medical officer for England as a
priority via a large cluster-randomized controlled trial in primary
care rolled out across all general practices in England (N=6579)
[42]. At the same time, work with schoolchildren, parents, and
school staff to use Germ Defence to mitigate the spread of
COVID-19 in schools suggested that it is possible to adapt the
intervention for use in this institutional context [43,44]. The
sense of collective responsibility promoted by the intervention
was seen to be persuasive in adopting the suggested behaviors,
although lack of physical space and resources within schools
may be barriers to adoption [43].

Study Aim
IPC is a perennial challenge in care homes. Behavior change
interventions delivered via digital technology may be effective
in improving IPC. The existing evidence base for Germ Defence,
its positioning as a national priority response to COVID-19,
and its potential for adaptation to institutional contexts
highlighted that consideration of adapting it to suit care homes
was merited. The aim of this study was to evaluate whether and
how Germ Defence might be adapted to meet the needs of care
home staff.

Methods

Design
This study followed Medical Research Council guidance on
intervention development by drawing on the intervention
development aspects of the person-based approach, which
emphasizes iterative approaches to optimizing interventions
[39,45,46]. It involved modification of the existing Germ
Defence for Schools website [44] across 4 phases (Figure 1).
We chose the school version as our starting point because of its
potential greater initial applicability to an institutional context
than the original version intended for use only in private
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residences. After its initial general introduction pages, the school
version contains 2 pathways of advice that users can choose to
work through, one focusing on how to protect themselves in
their own homes and one focusing on how to protect themselves
in school. We intended to mimic this structure and change the
organizational pathway from schools to care homes. Given the
limited scope of our project, we focused our attention on the
general introduction pages and the organizational pathway only.

Phase 1 involved preliminary research team edits to the website
to create Germ Defence for Care Homes (GDCH) version 1.
Phase 2 consisted of stakeholder consultation followed by
further edits to create GDCH version 2. Phase 3 was the first
half of the formal research, involving an initial round of
qualitative fieldwork with care home staff followed by edits to
create GDCH version 3. Finally, phase 4 was a second round
of qualitative fieldwork exploring care home staff perceptions
on GDCH version 3.

Figure 1. Four phases of the study.

Preliminary Work: Phases 1 and 2
In phase 1, we made some initial small changes to the existing
website to ensure that it referred to care homes rather than
schools and to viruses more generally rather than to
SARS-CoV-2 specifically. This became GDCH version 1. In
phase 2, we held brief individual consultations with 8 staff
members from 3 care homes (n=3, 38% managers; n=3, 38%
carers; and n=2, 25% nurses) to gauge their initial responses to
GDCH version 1. The changes they suggested were incorporated
into GDCH version 2, which was then used in the qualitative
fieldwork. Details of key changes are presented in the Results
section.

Formal Research: Phases 3 and 4

Recruitment
The formal research involved 2 phases of qualitative fieldwork
with iterative intervention development. We conducted
fieldwork with care home staff in Greater Manchester. We aimed
to purposively sample between 4 and 6 care homes representing
a range of characteristics known to be related to infection rates
(large and small size, modern purpose-built and retrofitted
houses, with and without nursing care, not for profit and for
profit, and inspection quality rating) [9]. Within each care home,
we aimed to recruit 5 to 6 staff members purposively sampled
to represent a wide range of roles, including managers, carers,
and ancillary staff. Therefore, the total estimated sample was
between 20 and 36 staff members, which aligns with previous
work on qualitative sampling [47]. Care homes were recruited
via a range of existing networks and contacts in the region,
including the National Institute for Health and Care Research
Applied Research Collaboration Greater Manchester Care Home
Research Collaboration and the Enabling Research in Care
Homes network. Within each care home, we provided
promotional materials about the study for display and sought
guidance from managers as to suitable staff members to invite.

Data Collection
The person-based approach to intervention development
involves using “think-aloud” interviews to understand users’
contexts and views on every aspect of the intervention and
modifying the intervention accordingly [46]. Think-aloud
interviews have roots in cognitive psychology and are commonly
used to collect real-time feedback and information about
people’s thought processes as they engage with a particular
phenomenon of interest [48]. All staff members in phases 3 and
4 participated in individual think-aloud interviews. Participants
were shown the contemporaneous version of the GDCH website
and were asked to work through the intervention in real time.
The think-aloud element drew on an interview guide that
included neutral prompts and follow-up probes to encourage
participants to elaborate on their actions and verbalizations in
the moment (eg, “Can you tell me a bit more about that?”). This
approach offered participants the opportunity to express
immediate reactions to all aspects of intervention content and
functionality as they used them, page by page. Details of key
changes after each phase are presented in the Results section.

All interviews were conducted individually face-to-face on care
home premises, lasting 28 to 54 minutes. They were audio
recorded and transcribed verbatim. We also collected
demographic data on participants’age, ethnicity, role, and length
of time in the post. Data collection was undertaken by one
researcher (JA-M) in May 2023 to June 2023. This researcher
had a background in qualitative research within organizational
psychology and, before data collection, attended training on the
person-based approach and think-aloud interviews.

Data Analysis
Our initial approach to data analysis was to adopt the “table of
changes” analysis commonly used with the person-based
approach [39,45,46]. This analysis offers a rapid but rigorous
method for extracting quotes and feedback about each
component of the intervention from the think-aloud interviews
and considering the relative importance of possible changes to
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the intervention. One researcher (JA-M) read the interview
transcripts and extracted quotes from them into a Microsoft
Excel (Microsoft Corp) document detailing positive and negative
comments by website page or section. This document was shared
with the wider research team, and we discussed possible changes
and their potential importance. Following phase 3, we made
changes to GDCH version 2 that we considered important yet
practicable within the resources of the study. The revised GDCH
version 3 was then used in phase 4 with the same intention.
However, during the development of GDCH versions 2 and 3,
it became apparent that the website would need more
fundamental changes than any of the pragmatic, incremental
changes identified via the table of changes approach, which
would be beyond the limited scope of this study. Therefore, we
conducted a rapid qualitative descriptive analysis [49] to present
a high-level summary of the key findings from the interview
data. This involved taking the data that we had arranged in our
table-of-changes Microsoft Excel documents, coding them, and
grouping these codes into topic summaries. One researcher (AH)
developed a set of codes that were discussed and agreed upon
with the team. These codes (n=28) were applied to the remaining
data by another researcher (JA-M). The team agreed on the
grouping of these codes into 3 higher-level topics.

Ethical Considerations
Research participants in phases 3 and 4 provided written
informed consent. Ethics approval was granted by the University

of Manchester Proportionate University Research Ethics
Committee (November 8, 2022; reference 2022-15380-25722).
Participants were informed about the study’s purpose and
procedures and their right to withdraw at any time without
detriment. To protect participants’ privacy, all data were fully
anonymized. Research team members (JA-M and AH) reviewed
the transcripts and removed any identifying information. Care
homes were offered reimbursement of up to £25 (US $24.76)
per staff member released to participate for up to an hour [50].
Payments were offered to the organizations rather than to
individual staff members to contribute to backfilling of time if
necessary and to avoid any perception of unfairness among
nonparticipating staff.

Results

Care Homes and Participants
In total, we recruited 4 care homes. All homes were for-profit
organizations, with variation in type of home, building design,
size, and quality rating (Table 1).

Overall, we recruited 21 members of staff (Table 2). Participants
occupied all major positions commonly found within care
homes, including caring, senior caring, nursing, leadership and
management, directorship, cleaning, and kitchen roles.

Table 1. Care homes in the study.

Inspection ratingaOwnershipSizeBuilding typeCare home typeCare home number

GoodFor profit26 bedsPurpose builtWith nursing1

OutstandingFor profit40 bedsPurpose builtWithout nursing2

Requires improvementFor profit31 bedsPurpose builtWith nursing3

Inadequate (under the previous provider; was being
reinspected at the time of this study)

For profit17 bedsRetrofitted houseWithout nursing4

aCare homes in England are subject to regular, usually unannounced inspection by the Care Quality Commission, the sector regulator. The inspection
focuses on 5 domains assessing the extent to which a home is safe, effective, caring, responsive, and well led. The inspection results in 1 of 4 overall
ratings: “outstanding,” “good,” “requires improvement,” or “inadequate.” Homes with the 2 lowest ratings are likely to be reinspected sooner than
homes with the 2 highest ratings.
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Table 2. Participant detailsa.

Study phaseRoleCare homeID

3HousekeeperHome 1P1

3Senior carerHome 1P2

3Health care assistant (enhanced)Home 2P3

3Registered manager and directorHome 2P4

3Care assistant (plus domestic team lead)Home 2P5

3Health and development leadHome 2P6

3Senior carerHome 1P7

3Deputy managerHome 1P8

3Quality and compliance leadHome 2P9

3Care team lead (plus acting care manager)Home 2P10

4Carer and health care assistantHome 3P11

4Carer and health care assistantHome 3P12

4Domestic cleanerHome 3P13

4Head chefHome 3P14

4Team leaderHome 3P15

4Staff nurse (mental health)Home 3P16

4Domestic assistantHome 4P17

4ChefHome 4P18

4Senior care assistantHome 4P19

4Care assistantHome 4P20

4Registered managerHome 4P21

aTime in the post ranged from 4 months to 21 years. The mean age was 43.38 (SD 13.27) years. In total, 90% (19/21) were female, and 67% (14/21)
were of White British ethnicity.

Phases 1 and 2: Minor Edits
In phase 1, we made 2 types of minor changes to some of the
wording of the website to create GDCH version 1. The first was
to change references from “school” to “care home.” The second
was to broaden the focus from COVID-19 to talk about
infectious diseases more generally, including changing
references to “COVID-19” to “respiratory viruses.” A major
comment by the stakeholders consulted in phase 2 highlighted
that a lot of the content in the section about mask wearing was
very much dated to the COVID-19 pandemic, which may be
unsuitable because permanent mask wearing was now not part
of mandatory practice in care homes. When developing GDCH
version 2, we amended this section to refer to using PPE more
generally, which included some mention of masks but also other
PPE commonly used in care homes, such as gloves and aprons,
and delivering personal care (Figure 2).

In phase 1, GDCH version 1 retained the original Germ Defence
behavior change component that asked participants to indicate

how often they had performed certain IPC actions (eg,
handwashing) per day over the previous week on an ordinal
scale from 1 to 10 and then to make a plan for how frequently
they intended to perform this behavior over the following week.
In phase 2, some stakeholders felt that the scale from 1 to 10
would be unsuitable in the care home context as care home staff
would wash their hands much more frequently. Therefore, in
GDCH version 2, we removed this scale altogether. GDCH
version 1 also contained a component that invited staff to think
about points at which they had performed certain IPC actions
in a typical working day on a 5-point scale (“almost never,”
“sometimes,” “quite often,” “very often,” and “always”). We
revised it to include more specific care home scenarios (eg,
before coming into close contact with a resident and when
donning PPE). We retained a sixth option of “does not apply to
me” on certain questions (eg, those about PPE) because we were
aware that some staff members, such as kitchen staff, would
not perform certain activities, such as administering personal
care.
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Figure 2. (A) Germ Defence for Care Homes version 1 face covering and (B) Germ Defence for Care Homes version 2 personal protective equipment
(PPE) sections following stakeholder feedback in phase 2.

Phases 3 and 4: Key Findings and Further Intervention
Modifications

Overview
Findings from phases 3 and 4 were grouped into 3 broad topic
areas presented in the following sections along with key iterative
changes made during the different project phases. Attractiveness
and accessibility of Germ Defence reflects the overall appeal
of the website and how accessible and engaging it was perceived
to be. Usefulness of Germ Defence reflects the extent to which
participants felt that Germ Defence might be useful in the care
home context. Individual behavior change in a complex
environment reflects findings relating to the goal-setting
behavior change mechanism underpinning the intervention.

Attractiveness, Accessibility, and Usability of the Germ
Defence Website
Participants in phases 3 and 4 made a wealth of suggestions for
revising the images and the text of the website. One example
of this was in relation to a cartoon showing how germs may

spread between people (Figure 3A). In phase 3, some
participants found this cartoon confusing:

You’re looking at that thinking, I don’t know what’s
going on. You’re reading that and then you’ve got to
work out who’s who and which way it’s all going.
[P6; health and development lead; phase 3]

However, others were positive about the cartoon and its
accompanying text:

...it just shows how easily it’s passed on to multiple
other people. So, I think the text is enough and the
picture is enough and I think they work quite well
together. [P4; registered director and manager; phase
3]

I think that tells the story quite well. Obviously, if it
was in a care home setting...if you change the name
Chloe to, like...Maureen or Beryl or Joyce, these are,
sort of, the names that we have that are, sort of, older
names for people...But, yeah, I mean, in terms of the
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image, I think it works. [P9; quality and compliance
lead; phase 3]

As an initial change following phase 3, we edited the names of
some of the characters to be more reflective of care home
resident age profiles (Figure 3B). Feedback in phase 4 suggested
that the accompanying text was still necessary as the image
alone did not clearly convey the message:

Once you read all this, you know what it is. But
without the reading and without seeing anything, I

can’t tell with this picture what it is. [P15; team
leader; phase 4]

Some participants suggested incorporating an image of a germ
within the cartoon showing how it might move between people.
Others suggested using color coding, such as red hands on one
person and red shoulders on someone else they had touched.
Another suggested adding Venn diagram–like circles around
the images to show overlapping relationships. These suggestions
highlighted that even revising this one cartoon may require
substantial work, likely conducted over multiple phases of
iterative development.

Figure 3. Cartoon showing how germs may spread between people (A) in Germ Defence for Care Homes (GDCH) version 2, used in phase 3, and (B)
in GDCH version 3, used in phase 4, with character names changed.

In both phase 3 and phase 4, some participants felt that they
would not have time to sit and read through a text-based website.
Some suggested that more engaging content, including via audio
and video delivery, would be preferable (and identified some
existing resources) and might address concerns surrounding
English-language reading ability:

It’s a good way of explaining it, but with it being a
website...There’s a video that we watched in
training...I think it’s a hospital setting and he’s
walking through, and it just shows how easy it is once
you’re touching it and then that’s infected. I feel like
that, from my experience, seeing that explains it a lot
better than the picture there. [P5; care assistant and
domestic team lead; phase 3]

Or one thing you could add, I don’t know, is you could
add an audio option where people could just click the
audio and listen instead. You know, some people can’t
understand English or they don’t...they can’t read so
that’s another thing you can add to it. [P11; carer and
health care assistant; phase 4]

Regarding engagement with the website, some participants in
phases 3 and 4 expressed a preference for practical training over
reading material:

So, I think having that training face-to-face really
enables people to see the risks that they’re putting
themselves at if they’re not following the correct
procedures and risks to our residents. [P4; registered
manager and director; phase 3]

I think practical’s better for me, personally, because
academically, I don’t enjoy that side of it, I’m more
practical, ’cause I’m a chef, I’m creative and that
side. [P18; chef; phase 4]

These findings highlighted that any adaptation of Germ Defence
may need to include a practical element of applied action.

In phase 4, some participants suggested that, overall, the images
on the web pages needed to stand out from the text more and
cautioned that they needed to convey the message without
depending on accompanying text as the level of
English-language ability among the care home workforce is
highly variable:

JMIR Form Res 2025 | vol. 9 | e66706 | p.2043https://formative.jmir.org/2025/1/e66706
(page number not for citation purposes)

Hall et alJMIR FORMATIVE RESEARCH

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


...a lot of the girls, we do it on iPads, we do it on
phones, things like that. So that picture’s going to be
minute...So I think you’re best putting that picture on
a page on its own, if you want it to stand out. [P18;
chef; phase 4]

...we have people that might not be able to understand
English as well as other people but they can
understand what images are. So, that’s it, so this
picture is equally as important as the contents within
the text, yes. [[P11; carer and health care assistant;
phase 4]]

In summary, participants made a wealth of suggestions for
changes that were not always mutually compatible.
Incorporating these suggestions would require many phases of
iterative development that were beyond the scope of our study.

Usefulness of Germ Defence Within the Care Home
Context
The revised content about PPE (Figure 2) was received
positively by some participants in phases 3 and 4. Some
participants suggested that the content could better reflect
requirements in the care home context, including how to
properly dispose of PPE rather than simply saying, “dispose of
it carefully.” Some acknowledged that mask wearing was not
mandatory practice and suggested that masks were not used at
all in their care homes:

I think it’s really good...I suppose, so mask wearing
is becoming less prevalent in homes, so we
wouldn’t...it wouldn’t be the sort of, something we’d
push now, because we don’t wear masks in our home.
[P9; quality and compliance lead; phase 3]

However, we avoided making any further changes to references
to masks because we were aware that homes may still use them
in the event of another disease outbreak. This was exemplified
in phase 4:

I think that’s, yes, giving you the right information.
Not necessarily right now. I wouldn’t say that you
need to wear a face mask in a care home now, but if
there was a virus in the care home which was really
contagious as coronavirus was, then that is a good
point to have there. [P20; care assistant; phase 4]

Overall, there were mixed views on the potential utility of Germ
Defence. Most participants felt that the overall concept of Germ
Defence was clearly relevant to their context, and some felt that
it might be useful as an introduction for new staff members or
as a refresher for current staff:

We wouldn’t use it that much...The team have enough
to do. They’re really busy. I could imagine that I
might use that on orientation, so when I’m getting
people in and first starting then I think this is a good
introduction to what IPC is all about and then when
they’re doing the competencies out on the floor or
that’s when they’re actually learning all the practical
sides of it. [P4; registered manager and director; phase
3]

We know that infection prevention and control can
be difficult, sometimes, especially in a busy care
home. The Germ Defence website will give you a
hand, a refresher, on how to prevent and control the
spread of infections. Yeah. [P16; staff nurse; phase
4]

However, others felt that they were already doing what Germ
Defence suggested and that it did not seem to add anything to
their existing IPC training, which was felt to be adequate
because inspections had been passed:

I don’t think they’re helpful because I’m already
doing it...We’ve had Infection Control round twice
and they’ve not pulled anything that I’ve done, so I’m
doing my job well...So I wouldn’t... [P17; domestic
assistant; phase 4]

And if there’s an...like on my phone, probably this
morning, I’ve got an update to say that one of the
policies has been updated. So, then we will read
through it quickly...as things change, we’re kept very
much up to date, and I think, I don’t know, I don’t
think we need this additionally, really. [P18; chef;
phase 4]

There were also mixed opinions about the level of detail
provided in the information offered by the site. For example,
in phase 3, some participants felt that, at certain points, there
needed to be comprehensive information to remind them about
the transmission of germs and viruses as it is a complex subject:

You need a lot of information to let you know how the
infection starts, and how to stop it, and control it, and
stuff. If you didn’t have the information, you wouldn’t
know. [P1; housekeeper; phase 3]

However, at other points, some participants felt that brevity was
preferable:

It’s nice and...I like...personally I like a bullet point,
so have, like, long...Because of my attention, and other
people’s, I think, it needs to be bullet pointed [so it]
sticks. [P3; health care assistant (enhanced); phase 3]

Participants in phase 3 expressed mixed opinions about the level
at which Germ Defence was pitched. Some felt that it was
appropriate as it balanced recognition of previous knowledge
with a need to be accessible to care staff from a wide range of
educational backgrounds:

I think sometimes some other professional bodies tend
to dismiss carers as bottom of the rung, which we’re
not, it’s a highly professional career now. So, I like
that it recognises that we will have some knowledge
around this, the infographic is clear, it sets it out very
clearly how infection is spread. I think it’s pitched at
just the right level really because there are some
people who work in care, whose educational
background is not as good as others. [P4; registered
manager and director; phase 3]

However, others felt that it was too basic for experienced staff:

I realise that new staff are coming into an
environment and they don’t know things, but I think
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when you’ve got experienced staff, it sounds a bit, as
I say, condescending. [P8; deputy manager; phase 3]

As a first attempt to acknowledge this ambivalence, we added
a self-rated confidence scale (1=least confident; 10=very
confident) to the third page of the website in GDCH version 3
that acknowledged that staff may already be familiar with IPC
measures. The page would display 1 of 2 messages depending
on the self-rating selection made by the staff member: for lower
confidence (1-6), the message would say that Germ Defence
would give more advice and guidance about IPC and, for higher
confidence (7-10), the message would say that Germ Defence
would provide a handy refresher on IPC. In phase 4, feedback
on this scale was that some participants felt that staff who rated
themselves as very confident about IPC practice would not
continue to look through the website:

So that’s just informing us that if we want to look
further we can go to that website...Personally, I don’t
think many people would look at it...I would say...half
the people, they wouldn’t bother. [P18; chef; phase
4]

Individual Behavior Change in a Complex Environment
These findings relate to the goal-setting mechanism of the
intervention, which we modified slightly following stakeholder
feedback in phase 2. In phases 3 and 4, participants’ feedback
on the goal-setting pages suggested that, although they were
easy to read and it was clear how to interact with the pages to
answer the questions, it was not clear whether this might lead
to any sustained change in behavior. We were initially concerned
about the potential for social desirability bias in responses and
that participants would simply choose “always” for every
behavior. However, this did not appear to be the case as
participants appeared to acknowledge shortfalls, at least to some
extent:

[Regarding washing hands] touching something that
other people have touched, like door handles, and
furniture. I'd say, “very often,” but sometimes we
might forget, you know what I mean. [P1;
housekeeper; phase 3]

Some participants appeared to be unconvinced by the “making
a plan” goal-setting activity, citing externally driven IPC
requirements as having the ultimate influence over individual
behavior and highlighting that noncompliance could result in
disciplinary action:

Making a plan, yeah, I mean, essentially, we’re
wearing an apron and a mask because that is a
requirement, so to make the plan of wearing them is
what we’re doing anyway because it’s a requirement
to do it. So if the aprons came back into being a
requirement from IPC, then we wouldn’t be planning
on doing it, we’d have to do it, otherwise you wouldn’t
be coming to work, you’d have to do it. And the PPE
for the personal care is a requirement, and if you
don’t do it you’d have to go down the conversations
and supervisions and that type of thing. [P6; health
and development lead; phase 3]

This participant went on to say that the “making a plan” activity
may be more beneficial for new, inexperienced colleagues rather
than for experienced staff for whom IPC behavior was
“embedded.”

Some of the statements regarding the behavior change
component specifically related to wearing face masks, which
were not mandated at the time of data collection. There were
examples to suggest that, if an aspect of IPC was not mandatory,
it may be seen as not applicable by some participants:

It doesn’t apply to me but obviously it is optional
when you’re giving personal care. But personally, I
don’t wear them when it’s not mandatory. So, I’d say
“does not apply to me.” [P5; care assistant and
domestic team lead; phase 3]

There were other examples of how participants’ answers might
change depending on the type of activity and area of the home
they were thinking about when reading the page:

Face mask, not all the time, these days, but sometimes
if we want to get a resident’s room, we are choosing,
but in the kitchen, we don’t use it all the time. “Quite
often,” maybe. [P14; head chef; phase 4]

Therefore, it was unclear whether the questions and possible
responses were sensitive enough to the breadth of activities that
might arise in the care home setting. Other participants (eg, P12,
carer and health care assistant) indicated that they would choose
“always” for most questions about their behavior the previous
week and would not make any changes to their future plan of
behavior. It was unclear whether this response was influenced
by social desirability bias. However, some participants appeared
more reflective over the exercise, such as one manager who
suggested that it made them question their behavior:

It makes you think. So when you have ticked your
answers, if they’re not “always” on both sets of the
questions, it makes you think about your actions...I
clicked “always,” because that’s what I do. But I
don’t do it on close contact with a resident, so that
was “very often,” because most times I do. Whereas
on the second part, and then reading and thinking,
that’s maybe one of the places where I should always
wash my hands, in close contact with the resident.
[P21; registered manager; phase 4]

If participants did not indicate substantial improvements to their
plan for future activity (ie, if they continued to select answers
indicating a low frequency of behavior), they would then see a
page asking them to reconsider. Some suggested that they felt
indifferent about this page—there was nothing “wrong with it,”
but it did not appear to be very motivating:

Interviewer: So, now you have this page saying “are
you happy with your plan?” What do you think of
this?

Participant: I don’t really think anything of it. I don’t
know...sanitise your hands sometimes before coming
into close contact with a care home resident, why not
try wash and sanitising them quite often from now
on. Yes, I won’t say anything’s wrong with it. [P20;
care assistant; phase 4]
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There were also some comments about the utility of conceiving
the goal-setting exercise across a weekly time frame, how the
intervention might be implemented alongside the remit of
infection control leads, and whether there needed to be some
output that captured the plan that a staff member had made as
“evidence” of their proposed change in behavior:

[It would be useful if it was] downloadable or we can
save it in some way to build it into the audit for us,
as an evidence-base...we wouldn’t do it weekly, they
get so many competency checks and supervisories
and everything else that this would be yet another
thing we would add in. But it’s certainly something
we could add in as part of that auditing process that
we do which is done at a minimum of twice
yearly...Then if we find somebody isn’t following
procedure or isn’t changing the PPE effectively, then
we can go back and go, “look, you said you were
going to do it, so do it,” and just have that
evidence-base there a little bit. I think but because
we keep on top of it and because we’ve got infection
leads, it’s not something we would do weekly by any
stretch. I think you would be hard pressed to find a
home that would do it weekly. [P4; registered manager
and director; phase 3]

Therefore, overall, our findings suggest that, while the
goal-setting behavior change mechanism may have potential,
more work would be needed to refine it to facilitate successful
individual behavior change when there is organizational-level
regulation about what IPC actions should be taken by staff and
how often.

Discussion

Principal Findings
This paper reports on qualitative work to evaluate whether and
how an existing web-based, evidence-based behavior change
IPC intervention called Germ Defence might be adapted to meet
the needs of care home staff. Overall, our findings showed that
adapting Germ Defence to this context is extremely challenging.
Participants had mixed views about the appeal of Germ Defence
and its potential suitability to the care home context and
suggested that much more work would need to be done to make
Germ Defence more engaging, accessible, and relevant to the
care home workforce. The original Germ Defence intervention
was designed for a very different population with little IPC
knowledge. The elements that explained the need for IPC tended
to duplicate existing training, and the goal setting for IPC actions
did not appear to make sense to care home staff, whose primary
concern may have been to follow mandatory IPC requirements.
Following completion of our care home study, the results of the
large cluster-randomized controlled trial of the COVID-19
adaption of Germ Defence in English general practice underway
at the same time [42] showed no evidence that the intervention
affected rates of respiratory tract infections or other health
outcomes [51]. As the actual use of the intervention was below
the 25% assumed in the sample size calculations, it is difficult
to draw robust conclusions [51]. However, the results of this
trial are important to note in the context of our study. Our

findings suggest that substantial further work would be required
to adapt Germ Defence to the care home context.

As qualitative descriptive approaches do not aim to provide
in-depth theoretical analysis [52], it is useful to offer some brief
discussion of our findings by drawing upon the widely used
theoretical model of the Unified Theory of Acceptance and Use
of Technology (UTAUT) [53]. The UTAUT’s unit of analysis
is the individual user, which is applicable for our study because
our aim was to work with individual members of care home
staff to try to adapt Germ Defence to their occupational context
[54]. Although most commonly used quantitatively, the UTAUT
has been used as a qualitative analytical and interpretive lens
(eg, a recent qualitative meta-synthesis of digital interventions
for antimicrobial prescribing and monitoring [55]). The UTAUT
comprises 4 main constructs; our data speak mostly to the first
2 that focus on perceptions of benefit and ease of use.

Performance expectancy refers to the degree to which
participants believe that using the intervention would be
beneficial. Our findings within this construct appear to be mixed.
Some respondents felt that Germ Defence could be potentially
useful to support induction of new staff or provide refresher
training, but others suggested that it may be too simplistic. The
degree to which participants thought that it would offer a
genuine benefit was unclear. Although we did not explicitly
investigate the current IPC training provided in each care home
in depth, some participants’ responses suggested that more work
would need to be done for Germ Defence to be seen as a useful
addition to their existing training and practice.

Effort expectancy refers to the degree of ease of use of the
intervention. Again, our findings within this construct were
mixed, with some participants talking positively about the simple
layout but others finding it confusing. Many participants
suggested that the images would need substantial refinement
as they did not always clearly convey the message of the text.
Feedback also suggested that a text-heavy website would not
be suitable because staff may be too busy to read through it all,
may prefer audio or video content, or may prefer more practical
training. Although the goal-setting exercises appeared to be
easy to understand in principle, an investigation into their
effectiveness for behavior change was beyond the scope of this
study. We did not have the resources to develop multimedia
content (eg, video or audio options) to assess whether it would
be engaging enough to result in repeated, realistic practice of
the desired behaviors.

Although the reasons for this low take-up are unclear, we note
that Germ Defence was initially developed approximately 15
years before this work, and in the context of care homes, it is
unclear from our study whether further context-specific
adaptations would be sufficient to deliver engaging content that
meets contemporary expectations. For instance, the potential
of virtual reality (VR) and augmented reality to deliver engaging
and realistic training in technical medical skills has long been
recognized, and there is increasing recognition of their potential
to support training in nonclinical skills [56-58]. Recent work
exploring the development and use of VR and augmented reality
hand hygiene training with care home staff has found that staff
were extremely positive about immersive VR delivery,
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perceiving it to be more engaging and enjoyable than previous
training and valuing its inherent repeated practice, task realism,
and feedback inherent to the intervention [59]. However, there
are some challenges with this mode of delivery (eg, some side
effects of nausea from using VR that render it unsuitable for all
and up-front cost implications) [59].

The other 2 constructs of the UTAUT refer to external factors
influencing implementation of the intervention. The focus of
our study meant that we had less data relevant to these
constructs. Social influence captures the degree to which
participants perceive that important others believe that they
should use the intervention. Although our interviews did not
explicitly focus on this construct, some participants suggested
that external directives regarding IPC from authoritative bodies
would be a stronger driver of behavior than individual goal
setting. However, several studies suggest that adherence to
external directives is suboptimal [21,22,26]. Therefore, Germ
Defence could be designed to improve adherence to IPC rules
and guidance for care homes and explain when certain IPC
measures are useful even if they are not mandatory (eg,
explaining why mask wearing reduces transmission of
respiratory infections when a staff member or resident has a
cough). Finally, facilitating conditions highlights the degree to
which participants feel that their organization’s infrastructure
would support the intervention’s use. Although these kinds of
implementation questions were not addressed directly in our
study, some participants suggested that Germ Defence would
need to be seen as compatible with their routine use of
smartphones and tablets. Some managers suggested that Germ
Defence could be used alongside IPC audits, suggesting that
there is potential support from care homes’ administrative
infrastructure. These issues warrant further consideration.

Strengths and Limitations
The main strength of this study is its diverse sample of
organizations and participants. We recruited care homes across
the spectrum of quality rating according to the sector regulator
and homes providing both residential only and nursing care.
We did not observe any strong differences in views across types
of homes, suggesting that our findings are likely to apply across
the care home sector. Within the homes, we recruited
participants working in a wide range of roles, including senior
management, direct care provision, and ancillary positions, and
with a wide range of experience, from a few months to >2
decades. Some of our findings highlight possible differences in
views from staff in different roles (eg, the questionable relevance
of some of the current content to ancillary staff and managers’

views on the potential of the intervention to be used to
demonstrate compliance), which would warrant further
consideration in intervention development. Therefore, we
believe that our findings are likely to have a high degree of
transferability to the care home sector more widely. In addition,
we provided a transparent description of our study methods,
including the iterative phases of the study, to promote credibility
and dependability.

The main limitation of our study is its relatively rapid nature.
It was conceived in response to the crisis faced in the care home
sector from the COVID-19 pandemic, with the aim to consider
how an existing evidence-based intervention might be adapted
to meet the needs of care homes. The think-aloud interviews to
capture participants’ real-time reactions to using Germ Defence
were not designed to elicit detailed perspectives on potential
facilitators of and challenges to implementation of the
intervention that may contribute to intervention design. Our
data lend themselves to a descriptive summary analysis rather
than to a more nuanced exploration via a more interpretive
approach, such as thematic analysis [60]. Despite these
limitations, our study highlights the challenges of making rapid
adaptations to Germ Defence in this context. Any such work
would require a more sophisticated methodological approach,
drawing more comprehensively on implementation theory. This
could involve a greater focus on more fundamental aspects of
intervention design advocated at an earlier stage of the
person-based approach methodology [46], including a detailed
investigation of current IPC training and practice and more
detailed, theoretically informed exploration of participants’
understandings of the intervention (eg, via a greater focus on
the constructs of the UTAUT or of normalization process theory
[61]). Such an approach was beyond the scope of this study.
However, it is also unclear whether such work would be merited.
Finally, it is worth noting that the ongoing independent public
inquiry into the UK government’s decision-making during the
pandemic includes scrutiny on the extent to which care homes
were protected and highlights that, in addition to single
interventions, there is an urgent need for well-prepared,
coherent, strategic IPC responses to such health emergencies
across health and care systems [62,63].

Conclusions
Our study highlights the challenges of rapidly adapting an
existing intervention to a new context. Future research in this
area would require a pragmatic methodological approach with
a focus on implementation. In the context of the GDCH
intervention, it is unclear whether such work is warranted.
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Abstract

Background: Individuals with multiple chronic conditions (MCCs) and mental health challenges such as depression or anxiety
have complex health needs and experience significant challenges with care coordination. Approaches to enhance care for patients
with MCCs typically focus on eliciting patients’ values to identify and align treatment priorities across patients and providers.
However, these efforts are often hindered by both systems- and patient-level barriers, which are exacerbated for patients with
co-occurring mental health symptoms. Technology-enabled services (TES) offer a promising avenue to facilitate values elicitation
and promote patient-centered care for these patients, though TES have not yet been tailored to their unique needs.

Objective: This study aimed to identify design and implementation considerations for TES that facilitate values elicitation
among patients with MCCs and depression or anxiety. We sought to understand the preferences of both clinicians and patients
for TES that could bridge the gap between mental and physical health care.

Methods: Using human-centered design methods, we conducted 7 co-design workshops with 18 participants, including primary
care clinicians, mental health clinicians, and patients with MCCs and depression or anxiety. Participants were introduced to TES
prototypes that used various formats (eg, worksheets and artificial intelligence chatbots) to elicit and communicate patients’
values. Prototypes were iteratively refined based on participant feedback. Data from these sessions were analyzed using reflexive
thematic analysis to uncover themes related to service, technology, and implementation considerations.

Results: Three primary themes were identified. (1) Service considerations: TES should help patients translate elicited values
into actionable treatment plans and include low-burden, flexible activities to accommodate fluctuations in their mental health
symptoms. Both patients and clinicians indicated that TES could be valuable for improving appointment preparation and
patient-provider communication through interpersonal skill-building. (2) Technology considerations: Patients expressed openness
to TES prototypes that used artificial intelligence, particularly those that provided concise summaries of appointment priorities.
Visual aids and simplified language were highlighted as essential features to support accessibility for neurodiverse patients. (3)
Implementation considerations: Clinicians and patients favored situating values elicitation in mental health care settings over
primary care and preferred self-guided TES that patients could complete independently before appointments.

Conclusions: Findings indicate that TES can address the unique needs of patients with MCCs and mental health challenges by
facilitating values-based care. Key design considerations include ensuring TES flexibility to account for fluctuating mental health
symptoms, facilitating skill-building for effective communication, and creating user-friendly technology interfaces. Future research
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should explore how TES can be integrated into health care settings to enhance care coordination and support patient-centered
treatment planning. By aligning TES design with patient and clinician preferences, there is potential to bridge gaps in care for
this complex patient population.

(JMIR Form Res 2025;9:e68419)   doi:10.2196/68419

KEYWORDS

chronic care management; anxiety; depression; values elicitation; eHealth; patient-centered care; technology-enabled services;
human-centered design; multimorbidity; user-centered design; multiple chronic conditions

Introduction

Approximately 42% of adults in the United States have multiple
chronic conditions (MCCs), commonly including diabetes, heart
disease, and hypertension [1]. Managing MCCs is a persistent
challenge for both patients and their health care providers due
to the complex health care needs of these patients. Care
approaches that target one condition at a time have been deemed
ineffective in addressing the complexities of competing health
priorities [2,3], which leaves patients susceptible to gaps in care
[4]. Specifically, recommended treatments and clinical
workflows for each condition may conflict, causing patients to
feel overwhelmed and unsupported in managing their complex
health conditions. Patients with MCCs are also burdened with
tracking and sharing medical information between providers,
which complicates their ability to effectively communicate their
health needs and priorities across their various care team
members [5]. These challenges are intensified when patients’
chronic conditions include mental health challenges such as
depression or anxiety. Symptoms such as amotivation, low
mood, and concentration difficulties associated with depression
or anxiety can impair patients’ decision-making capacity [6],
making it challenging for them to identify and articulate their
health priorities during values elicitation. These symptoms can
lead to cognitive and emotional barriers, such as limited working
memory capacity that can impair patients’ ability to reflect and
communicate their values, which are critical steps for informed,
patient-centered care planning [7] that centralizes what patients
consider most important for their health and well-being [8,9].
The traditional separation between physical and mental health
care providers further complicates coordinated care,
exacerbating the challenges these patients face in aligning their
care with their personal values [10].

Approaches such as the Patient Priorities Care model [11] have
been developed to enhance care for patients with MCCs. Such
approaches focus on identifying and aligning health priorities
between patients and providers to better address their respective
needs [12]. Common strategies include eliciting patients’values
to facilitate patient-provider discussions about priorities and
inform patient-centered care management. Structured
communication tools have shown promise in supporting patients
with MCCs in incorporating their values into their treatment
plans, including technology-enabled acceptance and
commitment therapy and self-efficacy–enhancing interviewing
techniques [13]. Despite this progress, current interventions still
fail to meet the unique requirements of patients who also
experience depression or anxiety. For instance, existing
interventions do not adequately account for the ways in which

mental health symptoms may impact patients’capacity to engage
with values elicitation activities [14]. Prior research in eliciting
patients’values among primary care physicians has also revealed
significant communication barriers due to patient-level
constraints (eg, overlapping symptoms, capacity to engage) and
the perceived irrelevance of values in health care [15]. Structural
barriers, such as time constraints and competing clinical
priorities, have also led to low intervention uptake among
providers [16], which signals the need for values elicitation
interventions that are designed for implementation.

These barriers underscore the need for efficient interventions
that (1) can be implemented within clinicians’ workflows, (2)
are tailored to patients with MCCs and depression or anxiety,
and (3) establish the relevance of values to health care. Recent
work that explored the challenges faced by patients with MCCs
and depression or anxiety in communicating their values to
providers highlighted the need for user-friendly, flexible
technology-enabled services (TES)—digital tools and platforms
that enhance health care delivery by integrating technology into
care—that facilitate values elicitation across both mental health
and primary care settings [14]. Research is needed to further
clarify patients’ and providers’ design preferences for values
elicitation TES tailored to this population. Building on insights
from past work focusing on patients’ preferences and needs in
using TES for values elicitation [14], this study expands the
scope to incorporate providers’ preferences and needs with
respect to TES for values elicitation.

Human-centered design processes iteratively engage key parties
(eg, patients and providers) through interactive methods such
as co-design workshops to understand their goals, challenges,
and motivations, and produce TES that adequately address key
parties’ needs [17]. Given that implementation challenges have
often limited the real-world impact of TES [18], implementation
considerations should also be centered throughout design
processes. The Accelerated Creation-to-Sustainment (ACTS)
model [18] is a framework for expediting and improving the
development and implementation of digital health solutions by
integrating insights from human-computer interaction,
implementation science, and clinical trial methodologies. The
ACTS model aggregates design considerations into 3 groups:
service, technology, and implementation. “Service” encompasses
the behavioral strategies facilitated by digital tools and the
expected roles of providers and patients; “technology” refers
to the technologies that enable service delivery; and
“implementation” involves methods to integrate digital tools
into clinical practice, as well as broader contextual factors. This
study used a human-centered design approach, informed by the
ACTS model, to define design and implementation

JMIR Form Res 2025 | vol. 9 | e68419 | p.2053https://formative.jmir.org/2025/1/e68419
(page number not for citation purposes)

Rooper et alJMIR FORMATIVE RESEARCH

XSL•FO
RenderX

http://dx.doi.org/10.2196/68419
http://www.w3.org/Style/XSL
http://www.renderx.com/


considerations for TES that help patients articulate their values
and support providers in identifying and acting upon those
values collaboratively.

Methods

Recruitment
Participants included both providers and patients.
English-speaking providers with experience in primary care or
mental health settings were recruited from a large
medical-academic center in the Midwest United States via study
advertisements and emails. Additional providers were reached
through snowball sampling via personal contacts. Demographic
information relevant to the foci of this study, such as role and
department, was collected from providers. However, other
demographic data were not gathered, as this analysis did not
intend to assess demographic characteristics and their
relationship to clinicians’ preferences regarding values
elicitation TES. Patient participants were English-speaking
adults with at least 2 self-reported chronic medical conditions
and a history of depression or anxiety. The study prioritized
engaging individuals with current or prior lived experience
balancing mental and physical health challenges in order to
capture nuanced insights into how these conditions intersect
with chronic illness management and values elicitation. This
approach aligns with human-centered design principles,
emphasizing the value of incorporating a wide range of
perspectives to inform participatory design [19]. Eligible patients
were identified via institutional research recruitment registries
and invited to participate in the study via email. Trained study
personnel then scheduled interested individuals for workshops.
Twelve providers and 6 patients verbally granted informed
consent and participated in workshops.

Ethical Considerations
This study was approved by the Northwestern University
institutional review board (STU00212476). Informed consent

was obtained from all participants prior to participation in the
study. Participants were provided with detailed information
about the study’s purpose, procedures, potential risks, and
benefits, as well as assurances of confidentiality and the
voluntary nature of their involvement. Participants were
compensated with a US $50 gift card for their participation.
Study data were deidentified to ensure participant privacy and
confidentiality. Each participant was assigned a unique
identification number for analysis and reporting purposes, and
all personally identifying information was removed before
sharing data outside the research team. Study data were securely
stored in Health Insurance Portability and Accountability
Act–compliant electronic locations.

Workshops and Prototypes

Overview
Five provider workshops (workshops 1-5) and 2 patient
workshops (workshops 6-7) were conducted via Zoom (Zoom
Video Communications Inc) between February 2023 and March
2024 (Table 1). Researchers can identify themes and evaluate
the most and least promising design directions with as few as
5-6 qualitative interviews [20]. Each workshop involved
discussing and critiquing prototypes to explore specific aspects
of TES design and implementation. Workshops lasted 60
minutes and included 4-6 participants (primary care providers
[PCPs], mental health providers [MHPs], or patients) and 2
researchers (ABLB, JG, or WWL). At the beginning of each
workshop, the researchers introduced themselves and established
the workshop goals, confidentiality procedures, and prototype
rationale. Prototypes shown in each workshop were tailored to
address specific design questions, representing various values
elicitation methods that were iteratively refined based on
feedback from earlier workshops. Prototypes were intended as
“thinking tools” to elicit design considerations, rather than
high-fidelity prototypes to be optimized (see Table 2 for an
overview of prototypes and Multimedia Appendix 1 for example
prototypes) [14].
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Table 1. Summary of workshop phases, objectives, activities, and prototypes used to explore clinicians’and patients’preferences for technology-enabled
services for values elicitation, with prototypes tailored to specific goals in each phase.

Purpose of prototypesPrototypesActivitiesObjectivesPhase

Provide an example of a
structured reflection tool on
values and health priorities.

Values bull’s eye worksheet
[21]

Explore how to communi-
cate values elicitation ratio-
nale to patients.

Phase 1 (N=4): Building
buy-in for values elicitation

(MHPsa and PCPsb)

• Introduced rationale
and workflow for val-
ues elicitation.

• Participants designed
invitations to patients
to engage in values
elicitation.

Provide an example of a
structured reflection tool on
values and health priorities.

Values bull’s eye worksheetUnderstand how to facilitate
discussions about patients’
values and their application
in care planning.

Phase 2 (N=4): Facilitating
values elicitation (MHPs)

• Reviewed prototypes
for eliciting and reflect-
ing on values.

• Facilitated discussions
on how to implement
values elicitation in pa-
tient interactions.

Elicit reaction to completing
a values exercise before
meeting with an MHP.

Premeeting with an MHP

Elicit reaction to completing
a values exercise while
meeting with an MHP.

Story-sharing• Drafted messages for
MHPs to share values
with PCPs.

Provide an example of a
structured reflection tool on
values and health priorities.

Values bull’s eye worksheetSpecify how patient values
should be communicated to
clinicians.

Evaluate strategies and tools
to enhance the effectiveness
of shared care planning.

Phase 3 (N=4): Shared care
planning (PCPs)

• Critiqued patient sce-
narios and prototypes.

• Identified barriers to
implementing shared
care planning. Evaluate actionability of pa-

tients’ values in PCP visits.
Inbox storyboard

• Brainstormed tem-
plates and workflows
for sharing values with
PCPs.

Understand whether preap-
pointment preparation could
center patient values without
adding significant workload
burden.

Previsit summary

Illustrates care coordination
between primary and mental
health to explore proposed
integrations.

Workflow diagram

Elicit reaction to completing
a values exercise while
meeting with an MHP.

Story-sharingExplore prototype methods
to address challenges in
identifying and communicat-
ing values, such as prioritiz-
ing health concerns, aligning
values with treatment.

Phase 3 (N=6): Shared care
planning (patients)

• Explored patient-cen-
tered approaches for
sharing values.

• Discussed patient feed-
back on interactive
prototypes.

Understand what types of
communication-building
support would be needed to
communicate values to
PCPs.

PCP simulator

aMHPs: mental health providers.
bPCPs: primary care providers.
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Table 2. Values elicitation technology–enabled service (TES) prototypes were shown to clinicians and patients to elicit their preferences for TES design

and implementationa.

Prototype name and summaryWorkshop displayed

Values bull’s eye worksheet [21]: Established tool from acceptance and commitment therapy to help patients
reflect on their values via a mobile interface.

W1-W3

Inbox storyboard: Workflow prototype in which patients complete values elicitation activities preappointment
and mental health providers receive an inbox message with the results.

W2

Previsit summary: Document available in patients’ electronic health records listing patients’ personal values
and appointment-related questions.

W4

Workflow diagram: Graphic displaying workflows to facilitate collaborative care management across mental
and primary health care.

W4

Premeeting with an MHPb: Patients review self-care behaviors and assess their alignment with their values before
meeting with an MHP; results electronically transmit to MHPs.

W5

Story-sharing: Patients are emailed an exercise to complete preappointment and then meet with an MHP to reflect
on their values and appointment priorities.

W5-W7

PCPc simulator: Patients use an AId chatbot, playing the role of their PCP, to practice communicating their
values to a dismissive PCP and receive takeaways (eg, communication tips and appointment priorities).

W6-W7

aThe prototypes were used as “thinking tools” during the workshops.
bMHP: mental health provider.
cPCP: primary care provider.
dAI: artificial intelligence.

Prototype Development
Building on past work exploring the design requirements to
support patients with MCC and anxiety or depression to identify
and share their values [14], the team identified three key
principles needed to support this population: (1) Credibility:
the person eliciting the patient’s values has the training and
experience to do so effectively and with beneficence. (2)
Trustworthiness: sharing the patient’s values with the PCP will

only benefit—and not negatively affect—the patient’s care. (3)
Time worthiness: engaging in a reflection exercise to identify
and communicate one’s values should offer meaningful benefits
for their care, given competing demands on patients’ time and
capacity (eg, appointments with multiple specialists).

The team generated a high-level service flow illustrating how
values could be elicited and then applied in shared care planning
(Figure 1). The service flow included 3 phases for conducting
values elicitation with MHPs and PCPs.

Figure 1. High-level overview of values elicitation service design, which guided the formulation of the technology-enabled prototypes that were shown
to clinicians and patients as part of this qualitative study. PCP: primary care provider.

The first phase, building buy-in for values elicitation, focused
on strategies to communicate the rationale for values elicitation
to patients, as well as the credibility, trustworthiness, and
timeworthiness of various approaches to values elicitation.
Perspectives from both PCPs and MHPs were elicited to
understand how to build trust and demonstrate the value of
values elicitation from both physical and mental health care
perspectives.

The second phase, facilitating values elicitation, aimed to refine
the activities and technologies through which values could be
elicited. Since previous research indicated that patients in this

population often preferred engaging in values elicitation with
MHPs [14], this phase centered on gathering MHPs’
perspectives on how to structure and instrument values
elicitation activities.

Finally, the third phase, shared care planning, focused on
applying elicited patient values in shared care planning between
patients and PCPs, including possible implementation barriers
and facilitators. PCPs’ insights were sought in this phase to
identify workflow opportunities and challenges, given their
central role in coordinating care across diverse clinical settings.
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Prototypes were then developed to illustrate alternatives within
and across these phases. For example, in phase 2, prototypes
explored MHP-driven values elicitation versus patient-driven,
self-guided values elicitation. By seeking confirmatory and
refuting evidence from multiple participant groups in response
to a range of possible design directions, this approach increased
the rigor of the design research process.

Iterative Design Workshops
While workshops were being conducted, the research team met
weekly to discuss and enumerate the insights garnered through
each workshop, align them with the research questions and
workshop objectives, and use these insights to guide prototype
development for pursuant workshops. Accordingly, prototypes
shown in later workshops responded to the input and critique
from participants in earlier workshops.

Following the provider workshops, the research team refined 2
prototypes that were then presented to patients in 2 workshops
to understand how their preferences aligned with providers’
preferences. These 2 prototypes integrated insights from
provider workshops and previous research with this patient
population [14], which found that patients were open to values
elicitation activities facilitated by MHPs, as well as self-guided
values elicitation. This prior work additionally found that while
patients generally know what they want to discuss with
providers, they often lack the communication skills to convey
these priorities effectively. Accordingly, two prototype options
were created, listed in Multimedia Appendix 1: (1) a
story-sharing prototype with an MHP and (2) a “PCP simulator”
focused on building patients’ communication skills. The
artificial intelligence (AI) tool within the PCP simulator was
well suited to this task, as it generated text tailored to different
patient-provider scenarios, helping patients practice
communicating their values and priorities with a range of
provider responses.

Analyses
This analysis combined 2 complementary approaches: iterative
prototype analysis to refine specific aspects of a TES, and
thematic analysis to generate insights across workshops.
Together, these approaches provided a robust framework for
exploring values elicitation and shared care planning in diverse
health care settings. Grounded in reflection-in-action [22] and
research through design [23], this dual focus allowed us to
rigorously address the complexities of designing and
implementing values-based health care.

Iterative Refinement of Tools
Throughout this iterative process, prototypes served as “thinking
tools” to elicit participants’ feedback and address emerging
questions about the design space. This approach aligns with
research through design methodologies, where artifacts are both
products of research and vehicles for generating insights.
Prototype analysis was informed by reflection-in-action
principles, emphasizing adaptive learning and real-time
evaluation. Each phase of the workshops was analyzed
iteratively to refine prototypes and activities.

For example, feedback was gathered on initial concepts to
identify areas where tools could better address user needs. This
feedback informed the iterative development of prototypes, with
adjustments made to enhance their usability and relevance.
Later, barriers to integrating prototypes into existing workflows
were examined. Insights from this process guided further
refinements to ensure that the tools aligned with practical
implementation requirements.

Thematic Analysis
Workshops were recorded via Zoom and transcribed. Transcripts
were then deidentified and edited for accuracy. Finalized
transcripts were qualitatively analyzed for themes using reflexive
thematic analysis [24,25] to synthesize insights across
workshops. This analysis involved the following steps:

1. Codebook development: Lead coauthors IRR and WL
reviewed transcripts and workshop insights to create an
initial codebook. Five coders then applied this codebook
to a sample transcript, refining it collaboratively to resolve
discrepancies.

2. Coding and memoing: Coders independently applied the
refined codebook to transcripts using Dedoose
(SocioCultural Research Consultants LLC) and wrote
memos to capture emerging themes.

3. Collaborative synthesis: Weekly team meetings facilitated
the development of themes, which were subsequently
grouped using the ACTS model into design considerations
for service, technology, and implementation.

This thematic analysis triangulated stakeholder perspectives by
engaging participants across clinical roles and settings to
validate findings and highlight role-specific nuances. Analysts’
reflexivity, shaped by expertise in health education, technology
design, and lived experience managing chronic conditions
enhanced these findings. By combining iterative prototyping
with reflexive thematic analysis, this methodology was
intentionally designed to bridge theory and practice. Prototypes
generated actionable insights for refining design elements, while
thematic analysis captured the broader social and systemic
contexts in which these tools would be implemented. This dual
approach ensured that these findings were both grounded in
stakeholder needs and positioned to contribute to future research
and practice in values-based health care.

Results

Participants
From the primary care domain, participants included 4
physicians, 1 internal medicine physician’s assistant, and 1
nurse practitioner, hereafter referred to as “PCPs.” From the
mental health domain, participants (“MHPs”) included 2 clinical
psychologists, 3 behavioral care coordinators, and 1 medical
social worker. This grouping reflects the participants’ primary
practice contexts, with PCPs focused on managing physical
health and chronic conditions, and MHPs primarily engaged in
addressing mental health care needs. Full sample characteristics
are shown in Tables 3 and 4.
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Table 3. Sample characteristics of the clinicians who participated in workshops that explored the design and implementation of technology-enabled
services for values elicitation.

WorkshopRoleDomainID

W1Primary care physicianPrimary care1

W1Patient care coordinatorMental health2

W1Patient care coordinatorMental health3

W1Patient care coordinatorMental health4

W2Internal medicine physician assistantPrimary care5

W2Nurse practitionerPrimary care6

W3PsychiatristMental health7

W3Medical social workerMental health8

W4Primary care physicianPrimary care9

W4Primary care physicianPrimary care10

W5Clinical psychologistMental health11

W5Clinical psychologistMental health12

Table 4. Sample characteristics of the patients who participated in workshops that explored the design and implementation of technology-enabled
services for values elicitation.

WorkshopChronic conditionsAge (years)HispanicRaceGenderID

W6Cancer, glaucoma, and hyperlipi-
demia

66NoWhiteMan13

W6Arthritis, kidney or bladder
problems, macular degeneration,
and hypertension

82NoWhiteWoman14

W6Hyperlipidemia, restless leg syn-

drome, IBSa, and arthritis

66NoWhiteWoman15

W7Arthritis, asthma, cancer, and
Hashimoto disease

48NoWhiteWoman18

W7Diabetes, arthritis, hypertension,
and chronic pain

61NoAfrican Ameri-
can

Man16

W7Diabetes, hyperlipidemia, asth-
ma, autism spectrum disorder,

and ADHDb

38NoWhiteWoman17

aIBS: irritable bowel syndrome.
bADHD: attention-deficit/hyperactivity disorder.

Service Considerations
Service considerations reflect the unique experiences and goals
of patients with MCCs and depression or anxiety. Patients and
providers preferred service models for values elicitation that
addressed concerns about anxiety, agenda setting, and time
pressure during clinical visits. For instance, patients described
how managing MCCs leads to anxiety before appointments with
their PCP because they feel pressure to maximize their limited
time together and had poor previous experiences with dismissive
providers. To alleviate this anxiety, patients wanted support
preparing for appointments. Specifically, patients said that
values elicitation TES should produce a tangible outcome (eg,
a list of questions) supporting preparedness and serving as
memory aids. This goal reflected that their anxiety could

interfere with their ability to remember information during
appointments, as one participant described:

A tool like this [the PCP simulator] would help me,
especially if I forgot to put some stuff in. It’ll make
sure I don’t miss anything that I need to share with
my primary care physician. [P16, Patient]

Likewise, providers said that balancing MCCs makes
agenda-setting challenging for some patients, so TES should
be designed to help patients clarify their agenda for the
appointment by reflecting on their health concerns and
establishing priorities to address with providers.

Communication challenges were cited by providers (eg, due to
patients’ mental health symptoms) and patients, who said that
values elicitation TES could offer specific language to use
during appointments, allowing patients to refer to pregenerated
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language instead of finding the right words in the moment,
which can be challenging when experiencing anxiety. MHPs
and patients said that TES that facilitate interpersonal
skill-building (eg, practicing effective communication strategies)
could improve preappointment anxiety and preparation, as well
as provider-patient communication during appointments.

Participants reacted to TES prototypes using service models
that were self-guided (ie, completed independently by a patient)
versus provider-facilitated (ie, collaboratively completed by a
patient and a facilitator). Both patients and providers preferred
self-guided over facilitated TES due to appointment time
constraints. They said that patients needed sufficient time and
capacity to engage with values elicitation. Patients appreciated
how self-guided TES could be completed on their own
schedules.

Best case scenario, I would prepare about a week
before a physician visit. My schedule means that may
or may not happen. So, having the ability to do it at
whatever time, but save that information would be
incredibly important for me. [P18, Patient]

In addition, patients described how it would be challenging for
them to engage with values elicitation when their mental health
symptoms are high, indicating that self-guided TES, provided
well in advance of appointments, may address patients’
fluctuating needs and abilities.

My days are very different in that my level of anxiety
and depression in some days dictate what I can and
can’t do. So, on good days, [values elicitation] is
something that I would definitely be interested in
doing. But on not-so-good days, probably not so
much. [P13, Patient]

Providers agreed that, if facilitated, TES should be led by MHPs
due to the relevance of values to mental health care and
perceived constraints of PCPs, extrapolated in the section
“Implementation Considerations.” One MHP said that in
addition to mental health, clinicians facilitating values elicitation
should understand physical health, in order to best support
patients managing MCCs. They recalled an instance where lack
of knowledge about a patient’s physical health condition was
a barrier to their care:

The Crohn’s Disease was super important to
improving the depression. But I had very little insight
into what her treatment was for the Crohn’s Disease,
[which] stunts my ability to work with her. [P12,
MHP]

Across these findings, patients and providers suggested a flexible
service model that accommodates patient-directed or
clinician-facilitated values elicitation and emphasized the need
to support previsit communication skill-building.

Technology Considerations
The majority of providers’ feedback focused on service
considerations (“Service Considerations” section). In terms of
technology, PCPs emphasized constraints of short appointment
times and competing clinical priorities, meaning that any
provider-facing TES interfaces must present concise, at-a-glance

information about patients’values to be acceptable. The primary
requirement is to enable PCPs to identify and address the highest
priority health issues in a limited time. When viewing the
previsit summary prototype, one provider commented:

I would say there’s too much information
there...Because remember, this guy has diabetes, but
also is obese, and also...we need to talk about
medication for the depression. So, I’m grateful I have
a 40-minute appointment, but how can we address
this in a 20-minute? [P9, PCP]

PCPs also said that the interface should provide clear
instructions for interpreting the “results” of values elicitation,
such that those results could be applied to patient care.

Providers said that the technology should integrate into a
patient’s electronic health record and facilitate information
sharing between providers. For instance, an MHP said that they
would not have time to translate a patient’s values into a
message to the patient’s PCP, so the technology would need to
facilitate that information-sharing process.

I don’t know that I would look at a screening tool,
assess it, and then filter that information for the PCP.
I wouldn’t have that time. So, if it’s available, I would
think they can look at it or not. [P8, MHP]

Patients were shown prototypes that differed in the inclusion
of AI. Patients expressed varying levels of openness to the use
of AI in values elicitation TES. Participants found the use of
conversational AI for skill-building and appointment preparation
(as in the “PCP simulator” prototype) helpful and were generally
unconcerned with the AI delivery method, although 1 participant
expressed mistrust of AI and said that they would prefer that a
person facilitate the same process. Another participant described
a lack of familiarity with the technology.

I have not had a lot of personal experience with AI.
But conceptually, I’m not opposed to it. And I would
not be opposed to it in this particular scenario. [P13,
Patient]

Across designs, patients expressed concerns that technologies
enabling values elicitation must be accessible, particularly for
neurodivergent patients and those with conditions such as
depression and anxiety, which can affect cognitive processing
and communication. For example, incorporating emoticons was
suggested to simplify complex emotions and support users in
expressing their values more easily. When asked whether they
preferred the story-sharing prototype or the AI chatbot, all
patient participants chose the “PCP simulator” for its
skill-building and appointment preparation functionalities.

Implementation Considerations
Providers said that values elicitation should be implemented in
mental health care (rather than primary care) and preferred that
patients use TES previsit to avoid wasting valuable appointment
time. They identified specific barriers, unique to the primary
care domain, that reduce the feasibility of implementing a values
elicitation TES therein.

PCPs said that patients’ values were more relevant to MHPs
than PCPs. Due to their training and focus on physical health,
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PCPs did not feel equipped or well-positioned to elicit patients’
values. Generally, PCPs also perceived values as nonactionable,
meaning they did not view patients’ values as information they
could apply in patient care. Accordingly, they preferred not
seeing their patients’ values enumerated unless those values
were explicitly connected to a patient’s primary physical health
concern.

To me, it’s just too nebulous and complex for me to
use that information...or know what it actually means.
And how it relates to their current chief complaint.
And how I’m going to take their value and their chief
complaint and validate it in a way that I wouldn’t
otherwise do. [P10, PCP]

Compared with MHPs, who defined values in alignment with
values elicitation literature (ie, what patients consider most
important for their health and well-being [8,9]), PCPs
conceptualized values in nonspecific and variable terms, at times
conflating values with goals and social history.

I actually have done this [values elicitation] for the
last 25 years; I’ve always been big on social
history...“where did you go to high school?” Because
immediately that opens up so many conversations and
goes in different directions that you start to
understand people’s values. [P1, PCP]

While this comment shows the provider’s commitment to
building relationships with patients, their misunderstanding of
values elicitation complicates its implementation. It creates a
false impression that PCPs are effectively identifying patients’
care priorities, when in fact, the potential of values elicitation
to enhance patient care has not yet been fully realized.

Conflating values and goals similarly undermines the purpose
of values elicitation, as goals are typically specific and
shorter-term, while values represent the deeper, longer-term
priorities guiding patients’ overall care decisions. For example,
a goal might be “to lower blood pressure,” while the underlying
value could be “to maintain independence and live an active
life.” By focusing on clinical goals without addressing these
broader values, providers risk delivering care that aligns with
immediate clinical targets but neglects what truly matters to
patients. As a result, patients may feel that their overall

well-being is overlooked, compromising the effectiveness of
patient priorities-aligned care [26].

Regarding implementation processes, providers highlighted the
many moving pieces that must be accounted for when
implementing TES within existing health care systems. For
example, a PCP cited workflow integration concerns and said
that it is difficult to implement requisite workflows to refer
patients to TES and review resulting information when TES are
new and infrequently used.

If it’s only one in 12 patients, the doctor’s workflow
isn’t going to be used to that kind of a process. And
it might be less accepted by the doctor. [P10, PCP]

PCPs and MHPs also said that structural barriers, such as short
appointments, meant that implementing a new TES during an
appointment would be infeasible. However, some providers
were open to reviewing patients’ values before an appointment,
so long as the patients completed the TES independently outside
their appointment time and the presentation of those values
matched providers’ other requirements (eg, actionability).

Discussion

Principal Findings
This study used iterative prototyping of values elicitation TES
to identify the needs and preferences of providers and patients
managing multiple mental and physical health conditions. By
applying the ACTS model, this study identified service,
technology, and implementation considerations for TES design
that help patients articulate their values and support providers
in identifying and acting upon those values collaboratively.
These findings largely supported the Patient Priorities Care
approach [11], in that participants generally perceived
identifying and aligning health priorities across clinicians and
patients as useful. Findings also extended the Patient Priorities
Care model to apply to patients with comorbid mental and
physical health conditions. In particular, these patients’ mental
health symptoms and related needs have not yet been well
represented in values elicitation research. This population can
benefit from clarifying and communicating their values to
promote patient-centered care. Per these results, design
recommendations are organized in accordance with the ACTS
model and summarized in Table 5.
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Table 5. Design recommendations for values elicitation technology–enabled services for patients with multiple chronic conditions and depression or
anxiety, organized by the ACTS model’s 3 domains: service, technology, and implementation.

RationaleChallenge addressedDesign recommendation

Service

Structured prompts help patients articulate and connect their values to
their treatment planning, making their values actionable for providers.

Difficulty translating elicited values
into actionable health treatment
plans.

Incorporate clear, structured
reflection prompts that elicit
values actionable for health
treatment planning.

Providing a suite of tools can address patients’ diverse needs and allow
flexibility when patients have low capacity for engagement.

Mental health symptoms pose a
barrier to engaging with values
elicitation.

Offer various services, includ-
ing low-burden activities when
mental health symptoms are
high.

Supports self-reflection and skill-building to enhance patient communica-
tion and manage preappointment anxiety.

Difficulties with communication and
preappointment anxiety.

Incorporate self-guided skill-
building features to handle dif-
ficult conversations.

Facilitators with joint expertise can holistically offer values elicitation to

support patients with MCCsa.

Lack of understanding between
mental and physical health care.

When relevant, involve facilita-
tors experienced in physical
and mental health.

Technology

Providing tangible outputs helps patients organize their priorities, reducing
anxiety and helping avoid forgotten concerns.

Patients experience anxiety and
sometimes forget information during
appointments.

Create summaries of health
priorities for patients to bring
to appointments.

Centering neurodiverse patients’perspectives will improve tool accessibil-
ity.

Intellectual disabilities can pose

barriers to TESb engagement.

Engage patients with intellectu-
al disabilities in design work.

Despite some mistrust, patients accepted the AI prototype due to its per-
ceived use for skill-building.

Some mistrust in the AI prototype.When used, explain the clinical

intent of TES that use AIc.

Implementation

Aligning providers’ perceptions of the purpose and value of a TES will
help facilitate TES implementation.

Discordance poses barriers, as
providers must understand a TES to
implement it.

Establish concordance among
providers about how to concep-
tualize values.

Designing for present care coordination challenges helps TES add value
for patients and providers.

Lack of interprofessional communi-
cation infrastructure.

Design for real-world structural
barriers (eg, communication
constraints).

Engaging with implementers (eg, clinicians and staff) yields contextual
considerations that could become implementation determinants.

Difficulty fitting new TES into exist-
ing health care systems and work-
flows.

Center implementation consid-
erations (eg, via the ACTS
model) throughout TES design
processes.

aMCCs: multiple chronic conditions.
bTES: technology-enabled services.
cAI: artificial intelligence.

Service Considerations
Results indicate that TES should assist patients in preparing for
difficult conversations during appointments and provide specific
language to use during consultations, both of which help
alleviate their preappointment anxiety. This study identified an
opportunity to enhance Patient Priorities Care approaches by
addressing a critical skill gap: participants expressed a need for
support not only in generating values-aligned priorities but also
in developing self-advocacy skills to communicate those
priorities effectively during appointments. This finding
highlights that TES outputs (eg, a list of questions) alone do
not guarantee effective communication; rather, participants
suggested that TES should actively support patient-provider
communication by strengthening patients’ self-advocacy skills.
This finding aligns with previous work showing that mental

health symptoms can make patient-provider communication
particularly difficult among patients with MCCs [27]. Yet, these
findings contrast with earlier work that found that patients with
MCCs and depression or anxiety preferred values elicitation
facilitated by an MHP, given their credentials and the potential
therapeutic benefits [14]. In this study, despite presenting an
MHP-directed TES prototype, patients preferred a self-directed
service model, which addressed their need to prepare for difficult
conversations with providers during appointments by accounting
for interpersonal dynamics with providers, including
dismissiveness. This preference aligns with previous research
indicating that interactions with dismissive PCPs can heighten
anxiety and complicate communication about health-related
values and priorities [28]. Participants may therefore have
prioritized this issue over deeper therapeutic conversations about
values with MHPs. Given that this patient population already
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experiences unique barriers to communicating their health
priorities (eg, due to their overlapping symptoms), addressing
these communication challenges through skill-building is a
promising area for future design work and a strategy that can
empower patients to engage more actively in their appointments,
leading to better care coordination and collaboration [29].

The Serious Illness Conversation Guide (SICG) provides a
patient-tested framework for addressing communication
challenges and self-advocacy skill gaps [30], making it highly
relevant for values elicitation. By emphasizing structured
communication tools, the SICG guides clinicians through
sensitive discussions about patient values, offering clear
language and actionable steps to ensure that these conversations
are patient-centered. This structured approach could inform the
design of TES by incorporating tools that allow patients to
practice articulating their values before appointments. Such
features align with patients’preference for self-directed models,
enabling them to prepare for discussions in a low-pressure
setting while retaining the SICG’s focus on clarity and structure.
In addition, TES inspired by the SICG could include clinician
training modules to improve active listening, equipping
providers to better respond to patients’ expressed values. These
combined strategies address key interpersonal dynamics, such
as the need to counter dismissiveness, while empowering
patients to effectively advocate for their priorities.

Findings illustrated the need for values elicitation service models
to incorporate expertise from clinicians who understand the
interplay between mental and physical health. Many MHPs lack
access to PCPs’ medical notes that detail patients’ ongoing
physical health issues, which are important for understanding
how symptoms may overlap [31]. This gap places the burden
on patients with MCCs to clearly articulate their complex health
needs to both PCPs and MHPs, a task that is particularly
challenging for those experiencing depression or anxiety.
Literature suggests that patients with MCCs and mental health
conditions often face cognitive and emotional barriers that make
it difficult to convey the full picture of their health to providers
[32]. This communication gap can hinder care coordination and
increase the risk of fragmented or inadequate care. To address
this, it is essential for TES to not only support values elicitation
but also empower patients with tools that help them
communicate their physical and mental health concerns across
care teams and settings. Future research should explore these
tools, particularly in promoting better care collaboration and
interprofessional communication between providers in managing
complex care needs.

Technology Considerations
Results from this study underscore the diverse technology
preferences among patients and providers, highlighting the need
for a multifaceted approach to designing TES for values
elicitation. Patients and providers emphasized that the
technology interface must be concise and user-friendly,
accommodating the limited time available during appointments.
PCPs also said that they needed clear instructions for interpreting
values elicitation results. These findings align with Patient
Priorities Care approaches, which emphasize the need for values
to be actionable to providers. Furthermore, these findings are

consistent with literature showing that technology interfaces in
health care must present clear, actionable information to be
effective [33], as providers often face information overload,
where the volume and complexity of available information
exceed their capacity to process and use it [34]. In the context
of values elicitation, interfaces that provide at-a-glance
summaries of values and care priorities, and straightforward
instructions for responding to those, can help alleviate the
challenges of managing complex patient information within
constrained appointment times. This finding aligns with design
recommendations for eliciting patient values in clinical
conversations, which emphasize that providers must be able to
easily access and interpret patient values for effective care
planning [35].

Patient feedback revealed that technology design must consider
the cognitive and sensory needs of users, particularly those with
mental health challenges or intellectual disabilities. Previous
work found that cognitively and emotionally demanding values
elicitation activities can be particularly challenging for
individuals with depression or anxiety, suggesting that designs
should balance requisite effort against potential benefits by
making activities shorter, more enjoyable, and less taxing to
encourage patient engagement [14]. These findings expand upon
this to include accommodating diverse communication needs
among patients with intellectual disabilities, as highlighted by
suggestions to include visual aids such as emoticons in the
interface. Existing literature on eHealth interventions for people
with intellectual disabilities calls for more intentional
participatory development and iteration with end users [36],
emphasizing the importance of seeing the “whole picture” of
both mental and physical health when designing values
elicitation TES. As individuals age with MCCs, the
complications of these conditions—combined with cognitive
challenges such as depression, anxiety, and intellectual
disabilities—may contribute to increased difficulty in engaging
with health technologies. Future design work should therefore
involve patients with intellectual disabilities and those managing
MCCs to cocreate inclusive technologies that address the
interconnected nature of physical and mental health, promoting
accessibility for this historically underrepresented group.

While patients expressed general openness to using a generative
AI tool to build communication skills, responses were mixed
when it came to identifying and effectively communicating their
values, particularly when dealing with dismissive providers.
Some participants expressed uncertainty or mistrust of AI,
preferring human facilitation. This hesitation is consistent with
studies indicating that while AI has potential in health care, its
acceptance is often tempered by concerns about trust and
transparency [37,38], emphasizing the need for AI-based tools
to be carefully designed and transparently integrated into patient
care in order to build trust and acceptance [37]. This finding
underscores the importance of clearly communicating the
rationale and benefits of values elicitation TES, as patients
prefer assurance about how their values will be used [14]. In
the context of AI-based tools, transparency about the elicitation
and application of these values becomes even more critical.

Given these varied preferences, a suite of tools may be indicated
that address relevant behavioral targets (eg, appointment
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preparation and preappointment anxiety) using varied
technology-based approaches (eg, skill-building, virtual
worksheets, and meeting with a values elicitation facilitator).
Future design work should continue mapping this array of
preferences and iterate TES to accommodate them.

Implementation Considerations
The approach used in this study to implement values elicitation
TES reflects a broader perspective than typical Patient Priorities
Care conceptions. Specifically, the research team sought to
understand the various touchpoints that patients encounter across
their care journeys, given their engagement with multiple
providers across different settings. By expanding the perspective
of inquiry beyond single conditions or discrete interactions, this
study identified new design directions, particularly in
understanding how to bridge the conceptualizations of values
held by both patients and providers. Establishing a common
understanding of values is essential to successfully implement
values elicitation TES; otherwise, challenges may arise due to
knowledge gaps regarding how and why to engage patients in
TES for values elicitation. Future work is therefore needed to
help PCPs identify the relevance of patients’ values to patients’
health, and potentially, to reframe values elicitation to more
clearly resonate with their practice. Indeed, PCPs in this study
highlighted the importance of linking patients’ values to
patients’ health concerns to make those values actionable. This
finding aligns with patients’perspectives as well, in that patients
may withhold values from providers that they perceive as
irrelevant to their health care [15]. Because these varied
conceptualizations of values and their perceived relevance to
health care pose an implementation barrier, designing TES for
values elicitation requires navigating and aligning these
conceptualizations. Co-designing values elicitation educational
materials with providers may help improve their perceptions of
the relevance of values elicitation to this patient population, as
well as prepare them to articulate its purpose to patients.

Furthermore, TES must reflect real-world challenges, such as
the lack of care coordination infrastructure in many health care
systems. Providers in this study said that values elicitation TES
should integrate seamlessly with existing electronic health
records and facilitate efficient information sharing between
providers, which aligns with literature indicating the importance
of interoperability and streamlined communication in improving
care coordination. Yet, they also cited structural barriers that
prevent interprofessional communication, which means that in
the current system, patients must directly communicate their
values to their PCP. Patient Priorities Care services—a common,
evidence-based approach to values elicitation for patients with
MCCs [11]—often assume that staff, such as medical assistants,
are available and trained to support PCPs in this process.
However, not all health systems are equipped with the resources
or staffing models to integrate these roles effectively, limiting
the feasibility of this approach in certain settings. In practice,
the absence of such interprofessional communication
infrastructure means that patients bear the burden of conveying
their values themselves, a task made complicated when their
mental health symptoms limit their ability to engage with values
elicitation. The applicability of Patient Priorities Care tools to
patients with MCCs and depression or anxiety could therefore

be improved by accounting for these implementation challenges
(eg, via self-guided instead of facilitated approaches that require
staff resources), as well as this patient population’s unique
service requirements (eg, tool responsiveness to high mental
health symptoms).

Building on these challenges, the SICG emphasizes the need
for system-level changes, such as integrating structured prompts
into electronic health records and developing standardized
documentation templates that allow clinicians to efficiently
reference and act on patient values. By embedding values
elicitation into routine workflows, these tools reduce reliance
on additional staffing resources, making them more feasible for
implementation across diverse health care settings. Furthermore,
the SICG’s approach to training clinicians in communication
strategies could be adapted to help providers articulate the
relevance of values elicitation to patients and to foster greater
patient engagement. These strategies align with findings from
this study, particularly the need to link values to actionable
health priorities and to ensure that TES design reflects real-world
structural constraints. Incorporating these SICG-inspired
interventions could enhance the scalability and effectiveness of
TES by streamlining workflows, linking patient values to
actionable health priorities, and addressing structural constraints
across diverse care environments.

Reflections on the ACTS Model
The ACTS model provided a vital framework for generating
these findings, particularly in addressing the complex needs of
patients with multiple mental and physical health conditions.
By focusing on service, technology, and implementation, the
model helped identify the design and implementation needs of
values elicitation TES. It emphasized the importance of
empowering patients in their health care interactions, creating
user-friendly tools that accommodate diverse needs, and
addressing the structural barriers that hinder care coordination.
The ACTS model’s structured approach ensured that TES design
is both practical and effective, facilitating seamless integration
into the existing health care landscape, and ultimately, meeting
the needs of this complex patient population.

Limitations
Because this work principally engaged providers from a large
medical-academic center, the implementation considerations
identified (eg, lack of interprofessional communication and
workflow integration concerns) may not apply to other clinical
contexts. Per the ACTS model, future work should continue
designing TES with institution-specific implementation
considerations in mind, which other designers can identify by
using similar methods to this study. In addition, the providers
who participated in these workshops were interested in values
elicitation; their preferences may therefore not be transferable
to other contexts.

Due to the small sample size and highly iterative prototypes,
consensus was not achieved regarding preferred TES design
features or approaches. Despite this, findings offer distinct,
novel, and significant insights to inform future TES design.

Sample characteristics pose another limitation. Demographic
data were not collected from providers. Future work must collect
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providers’ demographics to address the potential influence of
misalignments between patient and clinician identities on care
delivery, as these differences may affect how values are
perceived and prioritized in clinical interactions. In addition,
most patient participants self-identified as White and
non-Hispanic. The lack of racial and ethnic diversity among
patients limits the generalizability of these results and must be
addressed in subsequent research. Future studies would also
benefit from assessing patients’ current levels of depression or
anxiety to learn how symptom severity may shape patients’
preferences.

Implications and Future Directions
This study found opportunities to address the unique needs of
patients with MCCs and depression or anxiety by designing
TES that account for patients’ fluctuating mental health
symptoms, build patients’ communication skills, and facilitate
care collaboration across mental and physical health care. Next
steps from this study include conducting continued design work
with providers, such as service journey mapping, to uncover
additional barriers and facilitators to integrating values
elicitation TES into real-world practice. Building on this
engagement with patients and providers, future efforts should
also expand to include stakeholders who shape systems-level
decisions around adoption and implementation. Engaging
hospital administrators, policymakers, and other system
influencers can help address the structural barriers identified in
this study, particularly in care coordination. This broader
stakeholder involvement will be essential for integrating TES

into health care systems effectively, ensuring that these tools
are supported by the necessary resources and workflows.

Conclusions
This study offers novel insights into the design and
implementation of TES for values elicitation among patients
with MCCs and depression or anxiety, who have been
underrepresented in values elicitation research to date. Findings
demonstrate a clear patient and provider preference for
self-guided TES that support communication skill-building,
enabling patients to articulate and advocate for their values,
particularly when engaging with dismissive providers. This
study extends prior values elicitation research by identifying
and addressing important barriers faced by this patient
population and offers design recommendations for other TES
designers to apply these insights in practice. In addition,
applying the ACTS model offered a novel approach that enabled
the research team to identify and centralize implementation
considerations. Indeed, this study underscores the practical
challenges of integrating TES into existing health care
workflows, highlighting the need for tools that work within time
constraints and respond to structural barriers, such as limited
care coordination resources. These insights provide a foundation
for future TES development aimed at improving care
coordination and patient-centered care for this complex patient
population, emphasizing the importance of designing tools that
are both scalable and sensitive to mental health symptoms.
Future research should further explore co-design processes and
strategies for overcoming real-world implementation challenges.
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Abstract

Background: Noncommunicable diseases (NCDs) resulting from sedentary behavior (SB) are adding a further strain on the
South African health system, which is already struggling to manage infectious diseases. Some countries have enabled children
to reduce SB at school by substituting traditional furniture with sit-stand classroom furniture, allowing learners to interrupt
prolonged bouts of sitting with standing without interrupting their school work. Alternating between sitting and standing also
benefits spinal health by interrupting prolonged periods of high spinal loading, but no such intervention has been trialed in South
Africa. The potential to reduce strain on the health system by reducing the incidence of NCDs and improving spinal health requires
further consideration. Before embarking on a large classroom-based trial, it is essential to determine the acceptability of the
intervention, its impact on teachers’ practices, and the logistical and pragmatic considerations of data collection.

Objective: This study aimed to assess the feasibility of implementing a classroom-based intervention to reduce SB and improve
spinal health in primary school learners, to assess the pragmatics of delivering and adherence to the intervention, and assess the
pragmatics of measuring physical activity and postural dynamism data with wearable sensors.

Methods: We used a stratified, closed-cohort, randomized, 2-cluster, stepped-wedge design with a pragmatic approach. One
grade 5 and grade 6 class each was recruited from contrasting socioeconomically categorized, state-funded primary schools in
the Western Cape province, South Africa. Classroom furniture was substituted with sit-stand desks, and health education and
movement videos (HEMVs) were shown during class time. Skin-mounted activPAL physical activity monitors were used to
measure SB and postural topography and Noraxon myoMOTION inertial measurement units (IMUs) to measure spinal movement.
The study was evaluated for feasibility by tracking school retention, successful delivery of the HEMVs, the use of sit-stand desks,
compliance with the wearable sensors, and data accuracy. We deductively analyzed teachers’ interviews and learners’ focus
groups using Atlas.ti 9 software. Descriptive analysis of quantitative data was performed using Microsoft Excel.

Results: Cluster 1 withdrew from the study before follow-up SB, postural topography, and spinal movements were measured.
All feasibility outcomes, namely (1) classroom retention, (2) delivery of HEMVs, (3) learner and teacher acceptance and usage
of sit-stand classroom furniture, (4) 100% compliance with wearing skin-mounted sensors for the duration of the intended
measurement period, and (5) minimum 80% eligibility of sensor data gathered included in data analysis, were met in cluster 2.
The study found that it is feasible to conduct a larger trial with minor modifications to the methodology.
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Conclusions: We recommend a whole-school approach to support the intervention and a monitoring strategy to track the impact
of the intervention on the classroom. Furthermore, we recommend contextualized teacher training on how sit-stand desks and
HEMVs can be used as classroom management tools.

Trial Registration: Pan African Trials Registry PACTR201811799476016; https://tinyurl.com/y4upoys8

International Registered Report Identifier (IRRID): RR2-10.2196/18522

(JMIR Form Res 2025;9:e65169)   doi:10.2196/65169

KEYWORDS

sedentary behavior; spinal health; classroom-based intervention; sit-stand desks; spinal; African; Africa; primary school; child;
youth; randomized controlled trial; RCT; infectious disease; acceptability; data collection; teacher; classroom-based interventions;
primary school learners; physical activity; closed-cohort; interview; quantitative data; wearable; wearable sensor; spine

Introduction

The prevalence of preventable, long-term noncommunicable
diseases (NCDs) presents a serious strain on the South African
health care system, already under pressure from the burden of
infectious disease management [1]. Although the causes of
NCDs are multifactorial, there is consensus that lifestyle,
including sedentary behavior (SB), is a major contributor [2].
Any waking behavior with energy expenditure less than or equal
to 1.5 metabolic equivalent units while sitting, lying down, or
reclining is considered sedentary [1]. Although initial SB
interventions were mainly focused on adults, the understanding
that SB in adulthood tracks through from childhood and
adolescence [3] expanded SB research to include younger
populations. Interventions aimed at reducing SB in children
have shown promise, with several studies demonstrating good
efficacy in reducing SB by educating parents, teachers, and
children about the harmful effects of SB [4]. Interventions to
address SB initially focused on substituting discretionary screen
time with periods of physical activity. However, understanding
that the beneficial effects of physical activity, even at the
prescribed World Health Organization (WHO) dose, do not
undo the detrimental physiological effects of SB [5] has led to
the development of interventions to prevent the accumulation
of SB.

School-based SB studies have demonstrated high levels of
accumulated periods of nondiscretionary sedentary time during
class [6]. These high levels of SB are attributable to teachers’
preference that children remain seated during class [7] and
environmental barriers to interrupting SB when teachers
encourage movement [8]. The conventional classroom
environment is not conducive to increasing children’s movement
without compromising teaching and learning. As a result,
classroom-based SB interventions trialed dynamic sit-stand
furniture to overcome the environmental barriers posed by
traditional classroom furniture.

Interrupting prolonged sitting bouts by alternating between
sitting and standing may have the additional benefit of
improving spinal health. Prolonged sitting has been shown to
increase axial loading of the spine and increase back muscle
activation, which could lead to back pain [9]. Given that spinal
pain tracks to adulthood from childhood [7,10] and given the
reported high levels of nondiscretionary classroom sedentary
time, alternating children’s postural topography may have dual

long-term benefits on children’s cardiometabolic and spinal
health. It is proposed that alternating between sitting and
standing (alternating postural topography) mitigates the effects
of prolonged loading in one position by providing periods of
relative rest. This approach aligns with the theory of postural
dynamism, which encourages regular spinal movement as
opposed to maintaining a single preferred spinal position.
Altering postural topography may promote spinal health by
mitigating axial load on spinal posture and encouraging regular
spinal movement. The dual benefit of interrupting prolonged
sitting and encouraging transitioning between sitting and
standing during class to mitigate the long-term risks to
cardiometabolic and spinal health holds significant public health
potential in resource-limited contexts, such as South Africa.

Classroom-based interventions comprising dynamic sit-stand
furniture, health education, and movement integration that have
been conducted in the United States, Europe, Australia, and
New Zealand have shown good efficacy in reducing SB without
disturbing teaching and learning activities [4]. To the best of
our knowledge, no such studies have been conducted in South
Africa. Conducting a trial of a classroom-based intervention in
South Africa would have to consider a range of contextual
factors related to the educational system and socioeconomic
inequality, not to mention logistic and pragmatic considerations.
Before implementing such a trial, it is important to establish
the contextual viability of a previously untested intervention.
Given the likely increase in children’s movement in response
to a classroom-based intervention and the potential impact on
teacher practice, determining the acceptability of the intervention
was considered [11,12]. In addition, a pragmatic methodology
to measure postural topography, physical activity, and spinal
movement needed to be established before being implemented
in a large trial. Furthermore, the integrity of data collected in a
new environment needed to be assessed. These are all key
aspects needed to establish the feasibility of conducting a large
trial to assess the beneficial effects of a novel SB intervention
in a South African classroom context.

The aim of this study was, thus, to assess the feasibility of
implementing a classroom-based intervention to reduce
classroom SB and promote spinal health in primary school
learners. The study objectives were to assess the pragmatics of
delivering and adherence to a classroom-based intervention and
assess the pragmatics of measuring physical activity and postural
dynamism data with activPAL and Noraxon myoMOTION
inertial measurement units (IMUs), respectively. This
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manuscript focused only on the primary feasibility outcomes.
The preliminary findings of the effects will be published
subsequently.

Methods

Ethical Considerations
This study was granted ethical approval by the Stellenbosch
University Health Research Ethics Committee (reference number
S17/08/130) and institutional permission by the Western Cape
Education Department (reference number 20170525-1279). It
was also registered with the Pan African Trials Registry
(PACTR201811799476016; International Registered Report
Identifier [IRRID] RR1-10.2196/18522).

Prospective participants who expressed interest in participating
in the project were provided with study information documents
and consent forms. Learners were provided with child assent
and parent/guardian consent forms, as well as study information
for parents and guardians, which were then collected by the

research team upon completion. Before the study began, learners
were informed about the intervention and measurement methods.
Study data were anonymized by assigning a unique participant
identifier to data obtained from participants. As compensation,
participants were offered retention of the intervention materials
at the conclusion of the project.

Study Design
A school-based, stratified, closed-cohort, randomized, 2-cluster,
stepped-wedge design with a pragmatic approach was used for
this study. Participant clusters (school classrooms) were the
unit of randomization to determine the order of implementing
the intervention. This study report followed the CONSORT
(Consolidated Standards of Reporting Trials) extension
statement for pilot and feasibility trials (Multimedia Appendix
1) [13]. The protocol for this feasibility trial has been published
elsewhere [14]. The CONSORT stepped-wedge flow diagram
(Table 1) for cluster randomized trials [15] shows the timing
of crossover from control to intervention conditions.

Table 1. Stepped-wedge cluster RCTa diagram of the study sequence.

Randomized transition from usual classroom conditions to intervention conditionCluster

July 31-August 15,
2019

Weeks 15-16 (Au-
gust 13-24, 2018)

Weeks 6-14 (May
14-August 10,
2018)

Weeks 4-5 (April 23-
May 10, 2018)

Week 3 (May 11-16,
2018)

Weeks 1-2 (April
23-May 10,
2018)

Usual conditions:
withdrawal from
study

Withdrawal from
study and qualita-
tive interviews

InterventionInterventionBaseline measurement
and introduction of
intervention

Usual conditionsCluster 1, Q5b

classroom

Follow-up measure-
ment and qualita-
tive interviews

Follow-up measure-
ment and qualita-
tive interviews

InterventionBaseline measurement
and introduction of
intervention

Usual conditionsUsual conditionsCluster 2, Q3c

classroom

aRCT: randomized controlled trial.
bQ5: quintile 5.
cQ3 quintile 3.

The stepped-wedge design was used to allow the intervention
to be evaluated within the bounds of the logistical constraints
and context of each cluster [16]. Given the limited availability
of measurement equipment, the stepped-wedge design allowed
sequential baseline and follow-up measurements. Furthermore,
given the evidence of the effectiveness of the mode of
intervention in other contexts [4], and other classroom-based
interventions, the stepped-wedged design allowed both clusters
to receive the potential benefit of the intervention.

Study Setting
The study was conducted in the Western Cape province of South
Africa, a region of broad language, cultural, and socioeconomic
diversity. In South Africa, publicly funded (state schools) are
categorized into quintiles according to socioeconomic factors,
including income, literacy, and employment rates of the
surrounding community [17]. Lower-quintile schools are more
resource limited than upper-quintile schools and thus receive
greater state funding per registered learner. In the metro central
district, there are fewer lower-quintile schools, and most schools
fall under the quintile 5 (Q5) category.

Sampling and Recruitment
To ensure a diverse range of contextual factors, primary schools
from quintile 3 (Q3) and Q5 were selected exclusively from the
central metro district of the Western Cape Education
Department. The rationale was that if it were deemed feasible
to conduct a future trial in the more challenging,
resource-strained context, it would be feasible in less
challenging, adequately resourced contexts. A downloaded list
of publicly funded schools in the central metro district from the
Western Cape Education Department website was delimited to
school categories Q3 and Q5. School principals, stratified
according to Q3 and Q5 schools, were randomly contacted by
the principal investigator via telephone or email for recruitment.
Afterward, the principals nominated grade 5 or 6 teachers to
attend an information session.

Sample Size
A sample size calculation was not performed as per the
CONSORT extension statement for feasibility studies [18]. The
sample target was to include a wide range of contextual factors
relevant to the feasibility outcomes. The diversity between the
clusters (namely classrooms from Q3 and Q5 schools) was
considered sufficient to provide a range of considerations to
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assess the feasibility of the intervention and the pragmatics of
data collection. The individual participants selected for
measuring physiological outcomes (SB and postural dynamism)
were randomly chosen from the class list provided by the class
teacher. An equal number of male and female learners were
sampled.

Intervention
The aim of the intervention is to improve the long-term
cardiometabolic and spinal health of the public by reducing the
accumulation of prolonged SB that has been shown to be
pervasive in schools. Providing learners with an opportunity to
transition between sitting and standing during class time helps
arrest sedentary physiology and provides respite from prolonged
axial spinal loading. The study intervention comprised a novel
height-adjustable sit-stand desk and a playlist of 9 health
education and movement videos (HEMVs). The study authors
(DF and QL) contributed to the development of the intervention.
The design concept was informed in part by a systematic review
of the efficacy of classroom-based interventions to improve
spinal health and reduce the SB of schoolchildren [4], as well
as a qualitative study of educators’ perceptions of learners’
movement during class time conducted in the Western Cape
province, South Africa [7]. The systematic review provided
compelling evidence for the efficacy of classroom-based
interventions that include alternative, sit-stand classroom
furniture and health education to improve spinal health and SB
outcomes.

Sit-Stand Desks
The research team considered the sit-stand desks available in
South Africa prohibitively expensive and thus unsuitable for
implementation in the study. An innovation team developed a
novel, multifunctional, height-adjustable, sit-stand classroom
desk called the KUZE (Multimedia Appendix 2) for this study.
Learners and teachers were shown how to select the correct
height for sitting and standing. All the usual classroom chairs
were removed and replaced with KUZE sit-stand desks during
the study period.

Health Education and Movement Videos
The innovation team comprising the authors, professional video
content creators, and a teacher who advocates for using body
movement in teaching mathematics developed a series of
HEMVs for this study. Learners were instructed to follow the
videos, which included an interactive component requiring them
to solve simple arithmetic problems using corresponding body
movements (Multimedia Appendix 3).  The teachers were
handed the HEMVs on a mobile external hard drive and, after

discussions with the researchers, were given the freedom to
develop their own strategies for playing the videos during class
time. The videos are available to view on YouTube [14].

Control Conditions
The control conditions were the usual classroom conditions.
Cluster 1 and cluster 2 classrooms had similar dimensions. The
cluster 1 classroom furniture comprised metal framed, wooden,
all-in-one, tandem desks that fit 2 learners abreast (Multimedia
Appendix 4). The cluster 2 classroom furniture had a
combination of single and double metal-framed wooden tables
with accompanying plastic-molded chairs (Multimedia Appendix
4). The HEMVs were not played during control conditions.

Pragmatics of Physiological Data Collection Using
Wearable Sensors

Physical Activity Monitoring: activPAL
Participants’ classroom physical activity and postural
topography (sitting, standing, stepping. and sit-to-stand
transitioning) were measured using activPAL3 microsensors
(PAL Technologies). In the past decade, activPAL sensors have
been widely used to objectively measure physical activity
[19-21]. Sensors were applied to participants before the start of
lessons and removed after the end of lessons on physiological
data collection days. The sensors were attached to the anterior
right thigh with a waterproof nitrile sleeve and Opsite dressing,
as prescribed by the user manual. Data logged on the sensors
were downloaded into a secure file at the end of each day.

Spinal Movement: Noraxon myoMOTION Inertial
Measurement Units
Postural dynamism was measured using Noraxon myoMOTION
IMUs. Wearable IMUs allow for the assessment of postural
dynamism in an ecologically valid setting of the classroom. The
IMUs combine on-board triaxial gyroscopes, accelerometers,
and magnetometers for accurate sensor orientation tracking
[22]. IMUs were attached to the head with an elasticated Velcro
belt and to the neck, thorax, and sacrum directly to the skin
using double-sided tape.

Description and Measurement of Feasibility Outcomes
The feasibility outcomes include retention of the study, fidelity
to the intervention (acceptance, and usage of the KUZE sit-stand
desks, delivery of the HEMVs), and integrity of the
physiological data collected (compliance with wearing the
activPAL and IMU sensors). The success indicators (set a priori)
and methods of measuring the 5 feasibility outcomes are outlined
in Table 2.
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Table 2. Summary of feasibility outcomes, success indicators, and measurement methods.

Measurement methodSuccess indicatorFeasibility outcome

Both clusters remained in the study until follow-up
measurements were obtained.

Cluster retention • Retention rate recorded on the project
management record

• Qualitative feedback obtained from
teachers regarding retention

Teachers developed a routine of playing the HEMVs
and adhered to the routine.

Delivery of HEMVsa • Qualitative feedback obtained from
teachers and learners at the exit inter-
view

Learners and teachers accepted and used the KUZE
as classroom furniture for the entire study period.

Acceptance and usage of the KUZE desk in
the classroom

• Retention rate recorded on the project
management record

• Qualitative feedback obtained from
teachers and learners regarding accep-
tance of the KUZE

There was 100% compliance with wearing activPAL
sensors and IMUs for the duration of the intended
measurement period.

Compliance with wearing activPAL and

IMUb sensors

• Recorded on the project management
record

Of all data captured by activPAL and IMU sensors,
80% were eligible for inclusion in the analysis.

Integrity of physical activity and postural dy-
namism data

• Recorded on the project management
record

aHEMV: health education and movement video.
bIMU: inertial measurement unit.

Feasibility outcomes were measured using both qualitative and
quantitative methods. For the qualitative measurement of the
feasibility outcomes, individual depth interviews (IDIs) with
the class teachers and focus group discussions (FGDs) with a
subgroup of learner participants from each cluster were
conducted at the end of the intervention period. The success
criteria of the feasibility outcomes were used as the framework
for the IDIs and FGDs. The quantitative methods encompassed
the physiological data obtained from the activPAL and IMU
sensors, as well as estimates of retention and compliance, which
were monitored by the researcher.

Interpretation of Feasibility Criteria
The success criteria set a priori were:

• Continue with a large pilot/trial if all 5 success criteria are
met in both clusters;

• Make minor modifications to the protocol if 3 or more
criteria are met in both clusters before continuing with a
pilot/trial; or

• Make significant protocol modifications if 2 or less criteria
are met in both clusters [18].

Data Analysis

Qualitative Analysis
A deductive analysis of data from IDIs with teachers and FGDs
with learners was conducted to determine the feasibility
outcomes and success indicators. The qualitative feedback
sessions were recorded and transcribed in full and then analyzed
using Atlas.ti 9, a computer-assisted qualitative data analysis

software program that facilitates the organization, coding,
analysis, and visualization of data [23]. Learner and teacher
responses were grouped into corresponding themes related to
classroom retention, intervention delivery, acceptance, and
usage of the KUZE. At the end of the intervention, 2 FGDs per
cluster were conducted. The focus group comprised both
individuals who provided physiological data and those who
were only exposed to the intervention but did not provide
physiological data. Verbatim representative quotes of participant
responses were provided.

Quantitative Analysis
Categorical data were analyzed descriptively and presented as
percentages. The number of participant classes (clusters) that
remained in the study for the duration of the study was
documented and presented as a percentage of the total participant
classes that enrolled in the study. The proportion of data used
in the analysis compared to data collected was presented as a
percentage. All analyses were performed using Microsoft Excel.

Results

Demographic Characteristics
The CONSORT flow diagram of the study is illustrated in Figure
1. The baseline demographic characteristics of participants were
similar across clusters. The cluster 1 (Q5) school comprised a
grade 6 class, while cluster 2 (Q3) was a grade 5 class. Thus,
the ages of the learners in this study were 10-11 years. An equal
number of male and female learners made up the study sample.
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Figure 1. CONSORT flow diagram of the feasibility RCT. CONSORT: Consolidated Standards of Reporting Trials; IMU: inertial measurement unit;
Q3: quintile 3; Q5: quintile 5; Qual: qualitative; RCT: randomized controlled trial.

Feasibility Outcome 1: Cluster Retention
The cluster 1 (Q5) teacher withdrew her consent to participate
in the study after the 13-week intervention and before
physiological follow-up measurements were taken. However,

the teacher and learners participated in the IDI and FGDs,
respectively. Cluster 2 (Q3) remained in the study throughout
the study period. Table 3 demonstrates at which stage the cluster
1 teacher withdrew.
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Table 3. Components of retention for clusters 1 and 2.

Qualitative interviewsFollow-up measurementsInterventionBaseline measurementsRecruitmentCluster

✓Withdrew✓✓✓1

✓✓✓✓✓2

Qualitative Findings
Based on the qualitative findings, the reasons for withdrawal
from the study were analyzed into 3 themes: the way access to
the classroom was negotiated; the teacher’s preference for not
being video-recorded during data collection; and the perceived
disruption to teaching and learning by the study.

Access Negotiation
The same strategy was used to recruit both clusters. Negotiation
of access to the classroom was conducted via the school
principal and the original teacher (cluster 1). However, a
last-minute substitute teacher was employed immediately before
the commencement of the study. The school principal discussed
the project and its requirements with the substitute teacher.
However, the substitute teacher felt that she was not adequately
informed of the full extent of the study, despite receiving the
study information material.

So, I didn’t really know. So, I was like, okay, I’ll wait
for you (the researcher) to come; maybe you’ll tell
me, and then suddenly, it was a whole setup in my
class, and I was, like, what is going on? [Teacher,
cluster 1]

The teacher in cluster 2 was satisfied with the recruitment
strategy.

Yes. It was the right way. Starting with the principal
of course…the principal would never decide on her
own. She had to go to the teachers and bring this to
the teachers and hear what they say. [Teacher, cluster
2]

Preference for Not Being Video-Recorded
The cluster 1 teacher was uncomfortable about being recorded
on video. She reported that she was self-conscious about being
on camera, which influenced her interactions with the learners.
The teacher in cluster 2 did not have objections to the use of
video for postural dynamism data collection.

Well, I mean, having someone basically watching you
(laughing). You don’t really have freedom with your
kids because you say something, but you get recorded
on video. [Teacher, cluster 1]

Perception of Disruption to Teaching and Learning
The cluster 1 teacher felt that the intervention (KUZE) interfered
with her preferred way of arranging the classroom furniture.

And I found that because the way my class is set out,
I put my class when it was rows, so before, I had
groups, but then when the desk came, I only could
have rows because that was the only thing that could
fit in my class. [Teacher, cluster 1]

To standardize the orientation of learners for postural dynamism
measurement, the learners were required to sit facing the front
of the classroom. The teacher reported that the learners often
had to be moved from their usual desks, and this impacted
interpersonal dynamics with the person next to them.

Maybe that, but also, as you know my class, I had
groups. So, you needed your kids to face the front.
So, that also caused moving around and disruptions,
like this child don’t want to sit next to that child, but
yet, they had to because...to accommodate the project.
[Teacher, cluster 1]

The teacher was concerned that disruptions to teaching and
learning would impact the learners’ academic performance and
decided it was best to withdraw from the study.

I don’t think my kids can afford to have all that
interruptions, especially during the second term, when
we have exams, and the third term, when we have
systemics. So, I needed to be focused all the time. So,
having the disruption was just a lot to manage.
[Teacher, cluster 1]

Feasibility Outcome 2: Delivery of HEMVs
Both teachers reported having developed a routine for playing
the HEMVs during class. The cluster 1 teacher played the
HEMVs intermittently during the day, while the cluster 2 teacher
used the videos as a classroom management tool to his
advantage. He played the videos at the start of the periods to
engage learners and prepare them for the lesson.

So, what I did is the morning I played them one, in
the beginning of the day and before first break. Then,
second break, I don’t have them, so...they go for 2
hours…they go somewhere else (to a different
classroom), and then maybe a video at the end of the
day. [Teacher, cluster 1]

Because of the start of the period, I want them to bring
their minds before doing maths…it’s like an exercise
where everybody would feel right for the lesson…We
didn’t do that a lot every day. Most of the time, I did
the videos when it’s my first period in my class.
[Teacher, cluster 2]

Feasibility Outcome 3: Acceptance and Usage of the
KUZE Desk in the Classroom
Teachers and learners in both clusters accepted the KUZE as
the classroom furniture for the duration of the intervention
period. The cluster 1 teacher allowed the learners to stand during
groupwork activities for specific subjects and during times
where independent work was required.

I think the desk was helpful in that situation, yes,
where they had their own work to do without having
extra work on the board or looking at the board. So,

JMIR Form Res 2025 | vol. 9 | e65169 | p.2074https://formative.jmir.org/2025/1/e65169
(page number not for citation purposes)

Fisher et alJMIR FORMATIVE RESEARCH

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


when they had independent tasks like that, then I think
it was okay to be standing, but also not for a long
period of time because they tend to move around and
they’re free to walk around. [Teacher, cluster 1]

I think it was actually amazing for me not to be
sitting...just sitting there like a stick insect the whole
time, and sometimes, you can’t even concentrate in
class because your head is down. But you’re active
from those desks you brought us (KUZE). [Learner,
cluster 1]

Learners in cluster 2 were allowed to use their discretion in
whether to sit or stand while completing their work and to break
up periods of sitting. At the end of the intervention period, the
KUZE desks were removed from cluster 1 and the usual
classroom furniture was returned. The cluster 2 teacher requested
that the KUZE remain as the standard classroom furniture in
his class beyond the completion of the study. When asked about
whether they wanted to return to using their usual classroom
furniture, learners from cluster 2 chose to keep the KUZE
furniture.

I think I was going to use it for the new learners
maybe next year. Because as I can see now, the other
classes, they see these desks. Now they are also
curious... [Teacher, cluster 2]

I want you to keep the cosi (KUZE) chairs for us…and
our teacher said the cosi (KUZE) chairs are good for
us so that we can stand. [Learner, cluster 2]

The teacher in cluster 2 reported that the KUZE desks provided
a valuable advantage of more space to access all the areas of
the classroom.

The advantage they (KUZE desks) give me is that in
that classroom there is space; it’s spacious, you see.
I can now move in between them…I am able to move
around, looking at their books. [Teacher, cluster 2]

Feasibility Outcome 4: Compliance With Wearing
activPAL and IMU Sensors
There was 100% compliance with wearing activPAL sensors
and IMUs. No learners reported any adverse skin reactions to
wearing the activPAL sensors at any stage of the study. During
the 13-week follow-up measurement, 10 participants reported
mild head discomfort from the elasticated Velcro strap used to
secure the head IMU. In all cases, discomfort was resolved by
readjusting the strap. Thereafter, the learners were able to return
to class and resume learning activities. The mild discomfort
that learners reported from the head strap had resolved before
they were allowed to return to the class to complete the period
of data collection. All learners selected for physiological
measurements complied with wearing the activPAL sensors
and IMUs throughout the study.

Feasibility Outcome 5: Integrity of Physical Activity
and Postural Dynamism Data
A low rate of data loss was recorded for physical activity and
postural dynamism (Table 4). An average of 94.64% of recorded
SB and spinal movement data had sound integrity and was
considered eligible for inclusion in the analysis for the secondary
objectives. The rate of data integrity met the a priori target of
80%. Data loss from wearable sensors was attributable to
technical problems during downloading to the project computer
or due to batteries running out of charge.

Table 4. Data integrity from wearable sensors.

Cluster 2Cluster 1Measurement period

IMU (%)activPAL (%)IMUa (%)activPAL (%)

100.0098.4892.8687.23Baseline

95.0098.48WithdrewWithdrew13 weeks

Not measured83.75WithdrewWithdrew1-year follow up

aIMU: inertial measurement unit.

Summary of Feasibility Outcomes
Three of the feasibility outcomes were achieved in 3 criteria in
both clusters. As cluster 1 was not retained in the study, the

acceptance and usage of the KUZE could only be assessed
partially through qualitative feedback and was thus categorized
as “partially met.” All 5 feasibility outcomes were achieved in
cluster 2 (Table 5).
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Table 5. Achievement of success criteria.

OutcomeSuccess indicatorFeasibility outcome

Cluster 2Cluster 1

MetUnmetBoth clusters remained in the study until follow-up measurements
were obtained.

Classroom retention

MetMetThe teacher developed a routine of playing the videos and adhered to
the routine.

Delivery of HEMVsa

MetPartially metLearners and teachers accepted and used the KUZE as classroom
furniture for the entire study period.

Acceptance and usage of the KUZE desk
in the classroom

MetMetThere was 100% compliance with wearing activPAL sensors and
IMUs for the duration of the intended measurement period.

Compliance with wearing activPAL and

IMUb sensors

MetMetOf all data captured by activPAL and IMU sensors, 80% were eligible
for inclusion in the analysis.

Integrity of physical activity and postural
dynamism data

aHEMV: health education and movement video.
bIMU: inertial measurement unit.

Discussion

Principal Findings
This study effectively assessed the feasibility of implementing
a classroom-based intervention to reduce classroom SB and
promote spinal health in primary school learners in the Western
Cape province of South Africa. Our findings showed that the a
priori success criteria to decide to continue with a large trial
were met. Having met 3 feasibility outcome success criteria
(delivery of HEMVs, compliance with wearing physical activity
and postural dynamism sensors, and integrity of the data
gathered) in both clusters indicates that with minor modifications
to the study methodology, it is feasible to progress to a larger
trial. Despite this positive finding, reduced cluster retention
may be a risk of a larger trial. Therefore, strategies to enhance
retention are an important consideration for a larger trial.

Individual teacher-related aspects should be considered in
retention strategies. The last-minute substitution of the teacher
meant that the research team was unable to establish a
satisfactory level of engagement, rapport, and support before
the study started. This may have led to a negative attitude toward
the study, which was compounded by her perceived loss of
autonomy due to the study-related change to the classroom
furniture and configuration. Holistic support of teachers is
important in classroom-based movement integration
interventions [24] to maintain adequate levels of engagement
and support throughout the process of the study. Such a holistic
whole-school approach that includes senior school management
and other school stakeholders has gathered traction in
interventions to increase physical activity in UK primary schools
[25]. However, such a whole-school approach will need to be
contextualized for the South African school system, considering
the scarce track record of implementation of similar
interventions. Given the importance of teachers in implementing
the study and the dynamic nature of school settings, the design
of a future trial should incorporate pragmatism to ensure that
timely and appropriate adaptation is possible throughout the
study [26].

Although not retaining cluster 1 (Q5) was disappointing, it
provides a valuable learning opportunity to inform a larger trial.
It is, therefore, recommended that a customized school
context–specific program of engagement, awareness, and
involvement in the study precede a future trial to improve
participants’ experience of participation [27] and to optimize
its acceptability and efficacy [28]. Prior teacher involvement
and program monitoring may also provide an opportunity to
codevelop cluster retention strategies for implementation in a
future trial; aid the development, implementation, and adaptation
of the intervention; and track cluster progress against study
goals [29]. Cocreation of school-based health interventions has
been shown to improve the feasibility of interventions in the
complex environment of the school context [30]. Including
teachers in the development and implementation of an
intervention can leverage their expertise of the classroom
environment and enable them to find solutions to concerns about
the potential classroom disruptions and reconfiguration of
classroom furniture. Raising awareness about the study with a
view to including teachers to codevelop the intervention may
be important considerations for a future trial, given the sizeable
investment requirement in this emerging area of research in
South Africa.

Despite no previous classroom-based interventions including
sit-stand desks in South Africa, the KUZE desk was well
accepted by teachers and learners. Teachers recognized the
positive impact of allowing learners to stand on their ability to
work independently and on their concentration after prolonged
periods of sitting. However, some concerns were raised about
disruption to teaching and learning and loss of control of the
classroom, which presents a potential threat to the rollout of a
future trial. Similar concerns were voiced by teachers in a
previous UK-based trial [11]. These concerns are reasonable,
given the longstanding tradition and practice of enforcing
learners to remain seated during class time. Interrupting periods
of sitting with standing tasks challenges teachers’ practice and
propensity to enforce sitting during teaching and learning
activities. In a study of teachers’ perspectives of learners’
movement during class, participants reported that they believed
that sitting enhances learners’ concentration [7] and were
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unaware of the evidence that interrupting prolonged sitting may
enhance their concentration and engagement with cognitive
tasks [31,32]. Teachers in the study by Fisher and Louw [7]
associated enforcing that learners remain seated with teachers’
maintaining control of the classroom and their level of classroom
management skill and teaching pedagogy. It may be prudent to
emphasize the benefits of interrupting prolonged sitting for
learners in future teacher training and support as part of a future
trial of the intervention.

The activPAL sensor wear protocol used in this study did not
appear to impact the logistics or integrity of the physical activity
data collected. The decision to apply and remove the activPAL
sensors daily was mainly motivated by not wanting to risk losing
the expensive devises. The research team also considered the
ethics of the potential safety risks study participants would bear
by wearing expensive devices in their communities without any
mitigating measures in place. Most studies of free-living
physical activity using activPAL adopt a 24-hour, 7-day wear
protocol [33]. However, this wear protocol has drawn some
criticism, with evidence of dose–response noncompliance with
wear protocols approaching the 7-day period [34]. Reports of
skin irritation caused by perspiration, particularly in warm,
humid conditions, have threatened study participants’
compliance with wearing the sensors [35]. The fact that no skin
irritation was reported by study participants justifies the rationale
for the wear protocol. If this activPAL wear protocol was
adopted in a future study, it may be useful to determine the
validity of the single wear protocol compared to the 24-hour,
7-day wear protocol.

Study Limitations
The study was limited to schools in a specific geographical and
socioeconomic context. Therefore, the findings may not be
broadly generalizable. The interpretation of some findings was
limited by the suboptimal retention of 1 cluster. The study was
also limited to specific preset feasibility criteria and important
implementation factors; for example, teacher and school

dynamics were not considered. The feasibility study’s data are
also arguably too limited for sample size considerations for a
larger trial, and further research is required.

Conclusion
This study addressed the uncertainty of the acceptability of a
classroom-based SB and spinal health intervention, its impact
on teachers’ practice, and the logistical and pragmatic
considerations of data collection in a previously unresearched
setting. Having established the feasibility of some aspects of
the intervention in the local context, the acceptance of sit-stand
desks remains questionable and presents a potential risk to the
success of a larger trial. Although teachers and learners from
both clusters accepted and used the intervention classroom
furniture for the duration of the intervention period, the feedback
from the cluster 1 teacher raises some uncertainty. However,
these concerns can be addressed, as described in the
recommendations. The results of this study indicate that minor
revisions to the current methodology are required to conduct a
large cluster randomized controlled trial (RCT) of an
intervention aimed at reducing SB and improving spinal health
in primary schools in the Western Cape province.

Recommended changes to the methodology include:

• A holistic whole-school approach to the intervention,
including all grade teachers and school management, to
support implementation of the intervention, particularly
playing HEMVs

• A monitoring strategy to track the impact of the intervention
on the classroom, teacher, and school’s environment, as
well as the ability to adapt and implement pragmatic
strategies to enhance retention

• Inclusion of teachers in the cocreation, monitoring, and
implementation of the intervention to improve the feasibility
of a future trial

• Contextualized teacher training on SB and how sit-stand
desks and HEMVs can be used as a classroom management
tool
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Multimedia Appendix 1
CONSORT (Consolidated Standards of Reporting Trials) extension statement for feasibility of sedentary behavior (SB) and spinal
health.
[PDF File (Adobe PDF File), 359 KB - formative_v9i1e65169_app1.pdf ]

Multimedia Appendix 2
Learner using KUZE for sitting and standing.
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RCT: randomized controlled trial
SB: sedentary behavior
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Abstract

Background: The suicide rate among men exceeds that of women worldwide. One important measure in suicide prevention
for men is digital communication interventions, as they enable easy and anonymous access to information resources. This is
especially important for men who might not be reached by traditional, in-person prevention methods. Thus, as part of an
interdisciplinary project on suicide prevention for men, two specific digital communication prevention measures were developed:
(1) a website to inform men at risk about suicide prevention, and (2) a website to educate potential gatekeepers who are in contact
with men at risk of suicide about appropriate life-saving measures. Both websites needed evaluation to explore how they are
perceived by (1) men and by (2) potential gatekeepers of men at risk of suicide. This is crucial, as existing research lacks formative
evaluation that informs the development of intervention communication materials.

Objective: This study aimed to analyze whether these websites were perceived as (1) comprehensible and engaging, (2) authentic
and trustworthy, as well as (3) useful by (potential) users. Furthermore, we examined (4) additional ideas for effective
communication about suicide prevention.

Methods: We conducted (1) individual videoconference interviews with 24 men to evaluate the website and (2) four focus
groups with 8 gatekeepers in each group (32 participants) to evaluate the online education program. The focus group sample was
equally distributed regarding gender and age. Recruitment was conducted together with a field research partner who posted adverts
on Facebook and Instagram (Meta) to reach as many potential participants as possible in an efficient way. All participants were
asked to evaluate the intervention materials using a fictitious scenario of a man experiencing a mental health crisis before the
interviews or focus groups took place.

Results: The videos were perceived as (1) catchy, comprehensible, and empathetic, but too long for a short introduction. A
balanced mix of emotional and informative content was considered appropriate and helpful. The health information provided was
perceived as (2) serious and trustworthy due to citing scientific institutions and video material of men who had experienced
suicidal ideation. (3) The intervention’s applicability for men experiencing acute crisis was critiqued, but it was regarded as very
useful for comprehensive information. (4) Further communication channels and addressing other male subgroups or gender
identities were presented as possible extensions of the program.

Conclusions: Effective suicide prevention research should address both the groups at risk and their support network. Digital
communication interventions can provide low-threshold access. Videos with personalized examples are important to give men
someone to identify with, which validates their emotional responses and supports their self-esteem, while videos with experts
provide relevant and credible information.

(JMIR Form Res 2025;9:e59829)   doi:10.2196/59829
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Introduction

Suicide rates among men surpass those among women
worldwide. For instance, in Germany, approximately 75% of
all suicides are carried out by men [1]. Even though recent
reviews have emphasized advances in our understanding of risk
factors and countermeasures for suicidal behavior in men and
women [2,3], it remains a reality that men are at substantially
higher risk. Preventive measures are hence needed that
specifically address men and consider the particular needs of
men at risk and their suicide-related communication [4].

One important measure in suicide prevention is digital
communication interventions. Digital media such as websites
are used as information sources on suicide methods but could
also be used as easily accessible sources of suicide prevention
support [5]. As they enable easy and anonymous access to
information resources, digital media can be beneficial tools for
a variety of different population groups [6]. Men in particular
might profit from digital interventions, as they are less likely
to be reached by traditional, in-person prevention methods that
might not be tailored to their needs [7]. Recent systematic
reviews [8,9] show that communication-based digital
interventions appear to be effective measures for male suicide
prevention. While the interventions demonstrate high overall
effectiveness on suicide-related outcomes (eg, knowledge,
attitudes, and cognitions), one of the reviews [9] also found no
adverse effects linked to these interventions among men. This
means that the risk associated with digital interventions for men
at risk seems to be particularly low.

In addition, interventions for so-called “gatekeepers” (people
who are in contact with individuals at risk of suicide, eg, family
members or friends) play a central role in suicide prevention
[10]. They can be considered to fulfill an important bridging
function, extending intervention reach to this group of men at
risk and being well-placed to initiate difficult conversations
[11]. Sharing distressing personal experiences with trusted social
contacts can be an important first step in seeking psychological
support, for example in the case of clinical depression [12]. Men
seem to be less likely to seek professional or informal help and
less likely to communicate directly to their closest contacts
about suicidal intentions; however, they still show signs of
change (eg, further self-isolation, sudden anger, or hopelessness)
before the suicide, which makes gatekeeper interventions all
the more important [13,14].

Training gatekeepers on how to approach men at risk, and react
appropriately in case of disclosure, is of paramount importance.
Based on evidence from a systematic review, gatekeepers can
be effective in their bridging function for suicide prevention
[15], particularly where training programs succeed in sensitizing
gatekeepers and building their competencies for engaging with
men at risk [16]. Digital training programs for adolescents have
been shown to be successful in the development of gatekeepers’
competencies, such as for teachers and peers [17-19].

To date, however, further evaluations for digital interventions
for adult men and their (potential) gatekeepers are required [20].
This especially holds true for qualitative research evaluations,
such as with interviews and focus groups. While randomized
controlled trials (RCTs) and quantitative evaluations are
necessary for testing programs’ effectiveness and have also
been completed within this project [11], qualitative methods
offer the chance to not only test the usability of the developed
programs but can also generate insights extending beyond the
specific intervention [21].

We therefore conducted two qualitative studies evaluating (1)
a website addressing particularly men at risk about suicide
prevention, and (2) a web-based program to educate potential
gatekeepers about appropriate and critical life-saving measures.
The communication strategies selection for the websites was
based on the findings of recent systematic reviews, which
focused on effective message strategies and communication
campaigns for suicide prevention [8,9]. Here, it was
recommended to include testimonials and educational materials.
The content was also informed by research on gender-specific
suicide-related communication [14] as well as the typical
communication behavior of men in the days before a suicide
[13]. For more details on the structure, components, and
materials of both websites [11,22].

The website is specifically aimed at men experiencing acute
(suicidal) crises and provides visitors with information about
suicidal experiences and behavior, offers of help, and signposts
ways to access health provision and mental health support.
Using short videos, men at risk talk about their experiences with
suicidal crises and how they found their way out of the crisis.
In addition, the videos address images of masculinity,
stigmatization, shame, and overcoming obstacles to seeking
help. Furthermore, experts from various professions within the
health and care sectors provide more detailed information. These
experts include a male professor and psychiatrist as well as a
female professor and psychologist, all of whom primarily
conduct research on mental health and suicide.

The web-based program for gatekeepers is aimed at people who
are worried about a loved one and consists of four modules.
The first module provides information about suicidal experiences
and behavior, detailing warning signs. The second module
explores communication and conversation strategies. The third
module focuses on support services for signposting. The last
module addresses the burden on relatives themselves, and their
options for self-care, and gives further recommendations for
stress-management strategies.

The web-based program (similar to the website) consists of
videos featuring men at risk and experts from the health and
care sectors. Participants also learn about communication
strategies and conversation skills using exemplar audio
recordings of people with suicidal experiences and behavior.
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There were multiple focuses when evaluating both programs,
given their differing objectives and content. On a more
superficial level, usability evaluations were key. These have
the objective of analyzing whether the digital interface is easy
to understand and appealing to potential users [21]. Usability,
in general, “is the ability of a product to be understood, learned,
used, and attractive to the user” [21], which emphasizes a
user-centered approach and focuses on their satisfaction. In
health-related contexts, the credibility and authenticity of
information is another important determinant of user satisfaction
[23]. Because there is an excess of information available online
(of varying quality) and because people at risk are very
vulnerable, trust is key to their health information-seeking
behaviors [24]. Often, expert sources as well as individuals with
personal experience can be convincing in this regard.

Finally, the aspect of perceived utility should be considered,
because this also influences the intention to keep using the sites
and recommendations to others.

Thus, in our evaluations, we aim to analyze whether the website
and the web-based gatekeeper program are perceived as (1)
comprehensible and engaging, (2) trustworthy, and (3) useful
by the two different audiences. Furthermore, we were interested
in (4) additional ideas for the communication of suicide
prevention beyond the developed digital interventions for men.

Methods

Participants
To pursue these 4 research goals, a 2-step study with both men
and gatekeepers was conducted.

For the evaluation of the websites for males, 24 videoconference
interviews with men in 3 age groups (18 to 30 years old, 31 to
50 years old, 50 years and older; 8 participants per age group)
were conducted.

We included all persons who identified as men and were older
than 18 years. We did not explicitly search for men with a
history of suicidal behavior nor relatives of men with a history
of suicidal experience and behavior given ethical considerations.
However, based on the recruitment information (which disclosed
the aim of the website as one for suicide prevention), many
participants reported that they themselves were affected by
suicidal ideation and behavior, or had vicarious experiences
through friends, acquaintances, or relatives. We did not exclude
these participants from the sample.

For the evaluation of the gatekeeper program, four
videoconference focus groups with gatekeepers with 8 people
each (32 participants in total) were conducted. The focus group
sample was equally distributed regarding gender and age (50%,
16/32 female and 50%, 16/32 male; 50%, 16/32 individuals
from younger, ie, under 40 years old, and 50%, 16/32 from older
age groups, ie, over 40 years old).

For an overview of the specific age and gender of each
participant refer to Table 1. A videoconference format for the
interviews and the focus groups was chosen to maximize ease
of attendance and the potential for anonymous participation.
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Table 1. Age and gender of participants in interviews (24 men) and focus groups (16 men and 16 women in 4 groups) for the evaluation of websites
for suicide prevention.

Interviewer or moderatorAge (years)Method and gender

Interviews

Female48Male

Female63Male

Female39Male

Male24Male

Male48Male

Female67Male

Female56Male

Female66Male

Female62Male

Female49Male

Female30Male

Female33Male

Female30Male

Female29Male

Male35Male

Male36Male

Male40Male

Male65Male

Male25Male

Male24Male

Female54Male

Female51Male

Female20Male

Female21Male

Male, FemaleFocus group 1

60Female

58Female

55Female

47Female

41Female

72Female

41Female

51Female

Male, FemaleFocus group 2

35Male

18Male

36Male

27Male

33Male

34Male

JMIR Form Res 2025 | vol. 9 | e59829 | p.2084https://formative.jmir.org/2025/1/e59829
(page number not for citation purposes)

Reifegerste et alJMIR FORMATIVE RESEARCH

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


Interviewer or moderatorAge (years)Method and gender

27Male

40Male

Male, FemaleFocus group 3

22Female

34Female

32Female

24Female

29Female

30Female

37Female

30Female

Male, FemaleFocus group 4

71Male

44Male

65Male

58Male

61Male

75Male

46Male

41Male

Sample sizes were therefore consistent with recommendations
for sample sizes in interviews and focus groups to reach
sufficient saturation [25]. As it happens, data saturation in the
interviews was already reached after about 20 interviews. The
number of people refusing to take part in the study or not
showing up at the scheduled time was low to nonexistent
(especially in comparison to market research projects).

Recruitment
Recruitment was conducted together with the field research
partner Quotapoint Pharma and Health in Germany, which
specializes in recruiting participants for qualitative studies on
health-related topics. They used an announcement in their
newsletter (refer to Multimedia Appendix 1 for an English
version of the recruitment material). They also posted adverts
on Facebook (to reach potential participants older than 35 years)
as well as Instagram (to reach potential participants younger
than 35 years). This approach to recruitment was chosen in order
to reach as many potential participants as possible in an efficient
way. After the initial contact was made, a screening process
was carried out using a screening tool, with which suitable
participants were filtered according to the sample criteria.
During the screening process, a brief sociodemographic check
was conducted due to the all-male target group for the interviews
and the gender-mixed sample for the focus groups. Following
this, a trigger warning was given that the subsequent screening
interview would be about suicide prevention to minimize the
psychological stress on the potential participants. Participant
recruitment was documented with regard to the filtering criteria,

for example, age or gender, and checked before the participants
were finally invited to the interviews and focus groups.

Ethical Considerations
Ethical approval for this study was obtained from the Ethics
Committee of Bielefeld University (number 2023-153). All
participants were provided with an information form describing
the study (refer to Multimedia Appendix 2 for an English
translation of this consent form). Participants in both studies
were required to return signed consent before they could
participate in the study, via a web-based form and a data
protection agreement. As the interviews and focus groups took
place as a videoconference, the participants were once again
reminded about their data and confidentiality rights at the start
of the interviews. The interviews were recorded only once active
consent to recording had been given by the participants.

As stated above, we avoided explicitly searching for men with
a history of suicidal behavior consideration due to ethical
considerations.

All data were collected anonymously. All participants were
provided with financial compensation in recognition of time
spent and their contribution to the study (€90 [US $94] per
participant in interviews; €140 [US $146] per participant in
focus groups).

Procedure
After giving their consent, all participants were asked to
extensively study the intervention materials and briefly evaluate
them via a quantitative survey. This was both for the website
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for men at risk and the gatekeeper online program (step 1), and
was completed before the interviews and focus groups took
place (step 2). In the first step, called the pretask, the participants
were asked to engage with and reflect on the content in a home
setting. Initial findings on the attractiveness, intuitiveness, and
comprehensibility of the content were collected using short
questions via online survey software. Surveys took
approximately 5-10 minutes to complete. Responses from the
surveys were included as context information in the qualitative
data analysis and were used during the interviews as
conversation starters.

In the second step, the interviews and focus groups were
conducted in July 2023 using the ZoomX videoconferencing
platform (Zoom and Telekom), which is hosted in Germany.
After a brief summary of the project (and in the case of the focus
group a round of introduction), participants were informed about
the research goals, their ability to end participation at every step
of the data collection, and about the applicable data protection
rules. Moreover, they were given the opportunity to ask
questions before the interviews and focus groups began.

All interviews were conducted by one of two authors (LH and
MF; one male and one female) and ran for 45 minutes. All focus
groups were conducted jointly by one moderator and one
assistant and ran for approximately 90 minutes (refer to Table
1 for details on role allocation). These were recorded, using
both audio and video. During the interviews, the interviewer
took notes on the content of participant discussions. Meanwhile,
during the focus groups, the assistant listened to the discussion
of the moderator and participants, while taking handwritten
notes on all discussion points.

Materials
The website for men with an increased risk of suicide entitled
“Männer-stärken” (empowering or strengthening men) offers
information on suicide prevention. The website contains videos,
information summaries, and lists of helpful recommendations.
Complex content is conveyed in simple language and with the
help of visual illustrations. Long text sections are avoided in
favor of concise information summaries and lists. Graphic
illustrations feature a line art and watercolor design. The website
is primarily designed in yellow-themed color.

The web-based program “Help for Relatives” provides
information on the topic of suicide or suicide prevention in men,
with the help of text content on the website and an
accompanying manual, as well as four videos approximately
20 minutes long each. It is structured into four modules: (1)
suicidal ideation and behavior, (2) communication, (3) offers
of assistance, and (4) self-care. Here, visual elements are
additionally used to convey complex information.

The short, standardized web-based surveys conducted next
assessed a range of topics relevant for website evaluation
(confirming participant identity, first impressions of the
web-based platform, liking or disliking different aspects as open
text fields and grading items as well as optimization potential)
comprising closed- and open-ended questions. Their results
were used as conversation prompts to provide an easy entrance
into the interview situation and generate conversation.

The interviews and focus groups were structured, with a series
of guiding questions and prompts exploring the views of men
and gatekeepers on the potential design, content, functioning,
and user experience (eg, optional phone and email support) of
a web-based navigation tool (eg, liking or disliking the online
platform for different aspects such as understandability,
authenticity, the trustworthiness of given information, and the
usability in everyday life and in acute crisis). Questions and
prompts were developed based on mental health research as
well as usability research. Participants were encouraged to share
their perspectives verbally with the group or the interviewer.

Several techniques were used to deal as sensitively as possible
with the topic of suicide. One technique was the scenario
technique or vignette methodology [26], which was used to
keep the interviewees’ psychological stress as low as possible
and enable them to evaluate the digital interventions on the basis
of a standardized crisis situation: a fictitious scenario of a man
in a psychological crisis was presented, which served as the
basis for the interviews. In addition (and also to minimize
emotional stress), we first asked the men indirectly about the
assumed perceptions of others, before they were asked to present
their own views. This so-called circular questioning is a
technique often used in therapy to investigate sensitive topics
[27]. All materials were pretested in advance with persons
matching the sample structure (refer to Multimedia Appendix
3 for the guides and short protocols of the interviews and the
focus groups).

Data Analysis
Regarding personal reflections that were relevant to our analysis,
there were methodological as well as gender aspects to consider
during the data analysis phase. One part of the team comprises
established scientific researchers, who are rooted in theory-based
quantitative and experimental as well as qualitative research,
while the other part has long experience in market research for
new websites and consumer products. We tried to link these 2
worlds and systemize the content of the interviews and focus
groups against the background of theories like the unified theory
of acceptance and use of technology and similar theories [28]
as well as known consumer needs for products in digital
environments (Multimedia Appendices 4 and 5). Such products,
like cars or digital devices also often address a primarily male
audience.

At the same time the three researchers in the team who identify
as female tried to be especially empathetic to male perspectives,
whereby we for instance explicitly asked for input from the
male researcher in our team.

Taking into account the reflexivity of the researchers, it is
important to reflect on the different perspectives and life
experiences of the researchers who did the coding (a man over
50 and a woman under 30) in terms of how this could influence
the analysis of the data. In the sense of Clark and Braun [29],
this serves to make the subjective influences of the researchers
transparent and to consider them as a research resource rather
than a bias. On the one hand, it is therefore important to
emphasize age and generational perspectives. The male
researcher over the age of 50 years has a more experienced
perspective than the female researcher under the age of 30 years,

JMIR Form Res 2025 | vol. 9 | e59829 | p.2086https://formative.jmir.org/2025/1/e59829
(page number not for citation purposes)

Reifegerste et alJMIR FORMATIVE RESEARCH

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


which proved to be a suitable age structure with regard to the
sample of interviewees aged 18-60 years, as all age splits could
be covered within the researcher perspectives. At the same time,
generationally different views on suicide, suicide prevention,
and mental health can be countered from an age perspective.
Furthermore, by choosing a man and a woman to analyze and
collect the data, gender-specific needs of the participants and
insights can be gained from the data. As a man, the male
researcher is more attuned to the lifeworld issues and needs of
the male target group, whereas the female researcher is more
sensitive to gender-specific differences. Finally, the degree of
digitality can also be reflected in the analysis and collection of
data. It can be assumed here that the younger female researcher
has a high level of familiarity with digital technologies and
communication styles, which could make a difference in the
consideration and interpretation of what the participants say
with regard to the user-friendliness and address of the websites.
Due to the selected age range of the sample, it is also possible
to take into account any degree of digitality of the participants.

Qualitative data were managed using transcripts, an Excel table,
and protocols of the interviews and the focus groups. A thematic
analysis [29,30] was conducted by 2 authors on interview and
focus group data notes, chat conversations, and survey responses
to identify and summarize the key topics and preferences raised
by the interview and focus group participants within each area
of the research questions while preserving the breadth and
diversity of perspectives presented. Analyses and developing
categories were regularly discussed with all members of the
research team.

A combination of deductive and inductive approaches to coding
was hence applied to the research. Deductive is here defined as
linking the answers to the theoretical and empirical background.
More specifically, deductive themes were derived from literature
and applied to the material. In contrast, inductive approaches
entail being open for topic-specific feedback and including
themes that arise from the material and which had not been
previously assumed by the researchers.

With regard to the methodological explanations by Braun and
Clarke [29] regarding established coding practices, the decision
was therefore made to use “mashups,” that is, a mixture of
existing literature-based codes and immanent interpretation.
This is due to the special feature of the study that, in addition
to the content-related exploration of the relevance of such
websites for the target group, aspects of user experience were
also examined, which sometimes include merely technical
aspects.

Before starting the data analysis, an initial broad coding
framework was developed based on the key areas of
comprehensibility, appeal, credibility, utility, and ideas for
further communication measures in relation to the presentation
of the website content. The data was coded deductively within
each category. As the coding progressed, subcategories that
were not included in the deductive framework were developed
inductively, such as the relevance of suicide prevention services
as a website per se.

Results

Comprehensibility and Appeal
With regard to our first aim of analyzing the comprehensibility
and appeal of the videos, findings showed that they were
perceived as catchy, understandable, and empathetic by both
men and gatekeepers, but too lengthy. Men of all 3 age groups
evaluated the website as looking serious, clear, and professional.
They especially noted the yellow colors as being positive,
friendly, and informative. In contrast, they would perceive the
color black as being too masculine, sad, and aggressive.

The content was perceived as easy to receive due to simple and
understandable language, and plain typography in combination
with images and videos that make complex topics accessible to
the general public. The combination of images, video, and text
was considered appropriate and varied. Especially the graphic
illustrations, short sentences, and comprehensible statistics were
perceived as more effective than “text deserts” and allow easy
understanding:

Numbers also make the whole thing a bit more
tangible, I'm perhaps more of a numbers person, so
it makes sense in that direction, but I always find it
much easier to understand, otherwise you're in kind
of an empty space where you talk around [the topic]
without having any numbers. [male, 24 years,
interview]

For some videos in the gatekeeper program, the language from
featured experts was perceived as being too scientific that is,
using too many scientific terms.

Highly modern or fancy websites were not expected by most
viewers given the seriousness of the topic; rather, they expected
timeless design and a clear presentation of facts.

If I make the thing colorful and pretty, then it loses a
bit of its meaning; [male, >41 years, focus groups]

It just has to be good and clear and, not like a
thousand other sites, I always knew how to navigate
[the site] and found guidance. [male, 62 years,
interview]

However, participants also rated the website as too unmodern
due to long texts and videos. Especially the videos (on average
7-8 minutes and up to 20 minutes in length) were perceived as
too lengthy. Feedback indicated that these demanded too much
attention and increased the risk of participants discontinuing
the program. The same applies to searching and scrolling on
the website, which was also perceived as not user-friendly.
Respondents suggested making the aim of the website for men
at risk and the gatekeepers’ program clearer at first glance.
Specifically, it was suggested to offer specific content sections
and “trailer-length” videos for a first impression. The option of
more detailed formats should be an option for cases where more
information is required. Some even wanted more facts and
information in this regard.

Some of the men perceived the title of the website for men
(which means empowering or strengthening men) as nonintuitive
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and misleading because they had associations with potency
substances or coaching about masculinity.

If I didn't know the context, then I would think of, I'll
say, potency or something like that. [male, 66 years,
interview]

well, strengthening can be in many ways, so that could
also be some sexual enhancers or some power food
supplement stores for bodybuilders. [male, 51 years,
interview]

In addition, they found the claim of “strengthening men” rather
counterproductive for the destigmatization of mental distress,
which they felt should not be connected to weakness.

For me, it's more of an illness that can be treated like
any other illness and has nothing to do with strength
or weakness. So, I would tend to think that it's the
supposedly strong men, who are strong in the classic
sense, who can get it because they're not so good at
dealing with problems. [male, 67 years, interview]

Credibility and Authenticity
In terms of authenticity and trustworthiness, the information on
the website and in the web-based program was perceived as
serious and trustworthy due to referencing universities, health
insurance companies, and scientific institutions as sources as
well as facts and figures. In addition, the perceived clarity, color
choice, and timelessness were attributed as professional and
serious.

What naturally contributes to credibility is that the
logos of the participating universities were right at
the front of the home page. Then there were these
experts, which of course also increased credibility to
a certain extent. [male, 33 years, interview]

I found the interview with the professor very, very
good, especially because you can see how extensive
the problem is, where he had his problems, and to
understand that there is a big process behind it. [male,
<40 years, focus group]

The same perception applies to facts and statistics as an integral
part of evidence-based information.

Several men in the interviews stated that it is good that the
programs’ developers are based in universities. This lent
credibility to the websites, which were perceived as trustworthy.
The men were sure that the websites were based on the latest
research rather than being driven by advertising or a
pharmaceutical company for reasons of profit, even when they
did not recognize all the universities involved.

In addition, including links to other sources increased the
perception of content presented as authoritative.

Participants also rated the videos featuring men at risk of
suicidal behavior as authentic and easy to understand. Including
these videos offered visitors faces to identify with, and
validation for experiences. It also created the feeling for visitors
who self-identified as at risk that they are not alone with
problems (even without having spoken to others personally

about the topic), making it possible to still feel a sense of
belonging.

Especially with the videos, it brings a personal
closeness and makes it easier to accept support.
Because you realize that there are also real men who
have the same problems. [male, 36 years, interview]

At the same time, using and engaging with these vignettes can
offer a supported form of self-diagnosis which helps men at
risk to classify their own feelings and symptoms.

That you can draw parallels from yourself to a
description or identify with a person who also
describes [these experiences]. [male, 56 years,
interview]

That the men at risk featured in the videos were of various ages
was also perceived as helpful to recognize that this is a problem
for all ages.

A video featuring individuals sharing their own experiences
can also serve a more inspiring purpose. Sharing these
experiences and also how that person also managed to recover
can demonstrate how this is possible, changing perceptions of
how good the chances are of a recovering person also depicts
an example of how good the chances of recovery can be:

There were also patients in it, I think several times,
I think the same person was in several videos. (Which
then takes you by the hand, along the lines of) Look,
I'm already here, why don't you come too, you can
see I'm not doing so badly. Or it makes me feel better.
[male, 30 years, interview]

In contrast, the men at risk found archive photos of emotional
states on the website for the gatekeepers as noncredible,
perceiving these instead as too dramatic and inauthentic. This
underlines how important the credibility of the material is, as
where material otherwise seems staged, inauthentic, and prompts
an adverse reaction:

So, when I'm told what I'm supposed to feel in such
a way, I am out… and that's what these stock photos
do, because in my opinion they want to create
something very specific and emphasize what I as a
consumer am supposed to think. [male, <40 years,
focus group]

Utility
In terms of utility, the websites are perceived as helpful overall.
The participants think that the websites are a good place to find
information, especially because men at risk also shared their
experiences. Because of this inclusion, the information shared
was perceived to be helpful as realistic and practical advice by
users. Behavioral recommendations were considered to be
helpful tips, which were highly relevant to everyday life.

With regards to the website, one man (21 years) reported in an
interview:

I particularly liked the “Glossary of concerns” and
the “Addressing distress” pages, because these are
the most practical in my opinion. I also really liked
the fact that all the texts always included a link to
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further help or resources. These resources were very
well structured based on different needs. Contact
details were also given everywhere.

I mean, you get a lot of information so that you can
perhaps recognize the signs [...] when you see the
symptoms... irritability, listlessness, and so on. [male,
36 years, interview]

The gatekeepers reported similar reactions to their program:

It was very much about.... how do I try to understand
a person and how do I communicate with that person
so that the person appreciates it, that's what you're
allowed to do? [male, <40 years, focus group]

The participants found digital anonymity on the internet and
the possibility of searching for information without being
obliged to do something helpful. According to them, it provides
men at risk and concerned family members support with low
barriers to access because help is provided in anonymous
internet spaces for this very sensitive and stigmatized topic.
Several men in the interviews and focus groups stated that they
experienced less shame when talking in a videoconference about
mental health problems and more potential to engage with the
idea of getting help, because of the anonymity.

The help site for relatives was considered to provide significant
added value emotionally, as it can support the family members
to minimize difficult feelings related to powerlessness.

If the people notice something in their surroundings
that they can then check with this program as a first

step, ok, are these worries that I'm having justified,
is this really going in the direction that I'm thinking?
[female, <40 years, focus group]

At the same time, however, the applicability in crises is
questioned as to whether men at risk of suicide in an acute crisis
would still visit websites to get help because they might not
have the energy to do so:

So within this situation, he might not want to read
something for hours or anything like that, but he's
overstimulated, so he doesn't know what to do next,
he just needs someone with whom he can somehow
communicate verbally, to one. [male, 66 years,
interview]

Some were even concerned that the “unregulated internet space”
could promote a problematic approach to the topic of suicide
risk and counteract the actual aim of the service. They were
worried that such a website could increase the risk of seeking
out further information and then receiving “bad advice” or
“getting the wrong person” in other online spaces, which would
then hinder them from seeking help in “real life.”

Participants suggested prefiltering the offers of help for those
at risk in an acute crisis, by providing emergency numbers and
direct contact persons or a helpline who can offer help in a crisis.
Given that websites provide information asynchronously, the
hope for immediate, quick help for relatives in emotional distress
(contact details, chats, and direct contact options for immediate
personal offers of help) remains unfulfilled.

Table 2 summarizes the answers to RQ1 to RQ3.

Table 2. Summary of Results of the Interviews and the Focus Groups and their Feedback on Comprehensibility, Credibility, and Utility of the Websites
for Suicide Prevention.

Focus groups with Gatekeepers (32 participants)Interviews with men (24 participants)Theme

Comprehensibility and appeal •• Videos were perceived as catchy, understandable,
and empathetic

Videos were perceived as catchy, understandable, and
empathetic

•• But too lengthy and too fixedBut too lengthy and too fixed
• •Website is perceived as authoritative, easily under-

standable
Too many scientific terms in the expert videos

• A modern or fancy design is not expected
• Yellow color as positive, friendly, and informative
• The website title was discussed as it seemed ambigu-

ous

Credibility and authenticity •• Websites are perceived as trustworthy due to refer-
ences to scientific institutions as well as facts and
figures

Websites are perceived as trustworthy due to refer-
ences to scientific institutions as well as facts and
figures

•• Generic stock photos provoke adverse responsesGeneric stock photos provoke adverse responses

Utility •• A good place to find informationA good place to find information
• •But might not be appropriate or helpful in emergency

cases
But might not be appropriate or helpful in emergen-
cy cases

Ideas Beyond the Intervention Material: Other
Communication Channels
Both the topic, the desire for education about the topic, and its
destigmatization were evaluated as critically important,
especially from the group of men younger than 30 years. As a
consequence, the respondents also recommended using more
communication channels for promotion in both the health and

public sector to make the information more accessible to
everyone. They suggested using all conceivable communication
channels to draw attention to this offer of help, to destigmatize
the topic, and to widen the reach for education purposes.

I think this should be widely distributed now, because
ultimately, of course, I have to reach the men
everywhere [man, 51 years, interview]
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This could involve promoting the websites more prominently
on social media channels like Instagram and TikTok
(ByteDance), in magazines, outdoor media, TV health shows,
cinema and radio spots, at train stations, and in sports stadiums.

They also suggested connecting the website for men at risk
more visibly with the online program for gatekeepers. This
would mean that where the website for men is mentioned in a
private conversation with a friend (gatekeeper) who has already
screened for information and helpful content from the website.
Conversely, a man in acute crisis could recommend the program
for the gatekeepers to his relatives.

While it was considered valuable that topics around masculinity
and suicidal ideation are being addressed, suicide prevention
services specifically for men were questioned as a concept by
the participants. Despite the information about the statistically
higher suicide rate among men, some of the content produced
on the sites was considered too conservative for the way that
gender roles were presented, because they offered no
identification potential for other gender identities, such as
nonbinary, intersex, or transgender persons.

Discussion

Main Results
The goals of the study were to collect information on the
comprehensibility, attractiveness, authenticity, and usability of
websites for suicide prevention for men in crisis as well as their
gatekeepers. Both websites present psychoeducational resources
from experts and patients for both this (vulnerable) group at
risk and for their support network. Overall, the findings of this
study provide valuable insights into the design and usability of
suicide prevention websites addressing men in crisis and their
gatekeepers and may provide important implications for future
digital prevention interventions.

Potential users of the websites evaluated the balanced mix of
emotional content by persons at risk and informative content
by scientists as adequate, credible, and helpful. This highlights
the potential of this particular combination to address
stigmatized topics such as suicidality and mental health and
aligns with previous research suggesting that personal narratives
combined with information may enhance mental health
outcomes and decrease stigmatizing attitudes [31]. However,
there were also challenges noted by interview participants, who
indicated that they felt overwhelmed with video lengths and the
multitude of options to navigate on the websites. Studies on
video length have shown that videos with a length of more than
6 minutes can reduce interaction and understanding of learning
significantly, thereby acting as a barrier to usage [32]. Based
on cognitive load theory and taking into account the limited
capacity of active working memory, they recommend using
short videos that segment information into small blocks [33].
In addition, based on theories of cognitive capacity, studies on
website design show how simplified navigation reduces barriers
and prolongs usage [34].

Another key area identified was the need for additional
communication channels to signpost to and promote the
websites. Users expressed the importance of outreach to raise

awareness about the websites and options for individualized
and interpersonal communication after using the websites,
especially in crisis situations. This aligns with research
advocating for multiple communication channels in mental
health interventions [35].

In sum, our study shows that both websites are perceived as
trustworthy and reliable sources for male suicide prevention.
Based on the perceived shortcomings of the programs and
participants’ recommendations, the study also provides
important implications and improvement strategies for future
interventions. This includes communicating brief and concise
information as well as integrating options for more immediate
emergency support. Overall, our findings underline the need
for comprehensible, well-structured digital information which
provides a balance between information richness and clarity.
For both gatekeepers and the men at risk themselves, practical
advice should be incorporated into communication interventions,
and shorter content formats should be preferred, particularly
considering video length. While digital interventions are
undoubtedly crucial, our study also reveals the need to embed
them in offline contexts and accompany them using other
communication channels.

Limitations
Some limitations of the studies must be noted.

Due to the recruitment strategy used, we had a sample of very
open, highly involved, and topic-aware participants who
occasionally saw themselves as ambassadors and rated the social
relevance of suicide prevention as very important. This means
that emphasis on education and destigmatization related to this
topic was already important for them. Thus, our results cannot
be held to be transferable to people who may have internal
barriers and fears about engaging with the topic. Furthermore,
our cross-sectional studies focused on short-term effects and
website evaluations. A longitudinal study would be needed to
evaluate whether the websites are a helpful tool in the long run
[36].

With regard to male gender and identification itself, we made
broad generalizations, as it was our goal to create information
platforms that were as universal and accessible as possible by
as many men as possible. However, this also meant that specific
challenges and burdens of people identifying as male and related
subgroups (such as homosexual men, transgender men, and men
from minority ethnic groups) were not specifically taken into
account. Here it is pertinent that members of the LGBTQIA+
(lesbian, gay, bisexual, transgender, queer/questioning, intersex,
asexual, and others) community are much more prone to suicidal
thoughts and mental health problems than the population at
large [37]. Developing prevention campaigns and information
tools specifically tailored for them is thus of paramount
importance. The same applies to other minorities, such as
immigrants, non-traditional German-born individuals, older
individuals, living alone, or those with wider mental health
issues. Future research is needed that examines interventions
for those vulnerable groups more closely and works with more
diverse samples and communities.
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Finally, our studies did not focus on creating an intervention
directed at changing masculine tropes. This could be worthwhile,
as studies suggest that social media campaigns can trigger
conversations about masculinity [38,39], potentially questioning
behavior driven by traditional masculine norms and value sets
that aggravate the risk of (mental health) distress and negative
experiences.

Conclusion
Both an RCT of the gatekeeper website [11] as well as this
qualitative evaluation indicated that the program was positively
evaluated by the participants, in the sense that it was seen as
comprehensible and informative. The RCT [11] reported that
the training of gatekeepers through a relatively short digital
training program is effective based on the knowledge gained.
In addition, the qualitative research demonstrates that both types
of videos included in the program seem to be relevant for
knowledge gain. While the videos featuring real individuals
constitute important figures for personal identification and
validation, supporting emotional health and self-esteem, the

expert videos provide relevant and credible information. Such
websites can, therefore, support gatekeepers in suicide
prevention. However, it should not be overlooked that such
interventions could be perceived to function as “tasking” the
gatekeeper to manage the situation, thereby placing a specific
burden on gatekeepers, who might feel even more responsible
for the suicidal ideation and behavior.

Future studies in this area should also develop guidelines for
population-specific communication with men at risk as well as
gatekeepers.

Findings from brainstorming ideas beyond the tested
interventions highlighted the need to integrate such low-barrier
digital offers as one step in a strategy for more comprehensive
gatekeeper support. Websites for men and gatekeepers can only
fulfill one role in this strategy, with regard to national suicide
prevention measures, and must be supplemented by other
measures, such as a regional care network for mental health,
architectural measures at high-risk sites such as overpasses, and
helplines provision [4].
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Abstract

Background: Young adults in the United States are experiencing accelerating rates of suicidal thoughts and behaviors but have
the lowest rates of formal mental health care. Digital suicide prevention interventions have the potential to increase access to
suicide prevention care by circumventing attitudinal and structural barriers that prevent access to formal mental health care. These
tools should be designed in collaboration with young adults who have lived experience of suicide-related thoughts and behaviors
to optimize acceptability and use.

Objective: This study aims to identify the needs, preferences, and features for an automated SMS text messaging–based safety
planning service to support the self-management of suicide-related thoughts and behaviors among young adults.

Methods: We enrolled 30 young adults (age 18-24 years) with recent suicide-related thoughts and behaviors to participate in
asynchronous remote focus groups via an online private forum. Participants responded to researcher-posted prompts and were
encouraged to reply to fellow participants—creating a threaded digital conversation. Researcher-posted prompts centered on
participants’ experiences with suicide-related thought and behavior-related coping, safety planning, and technologies for
suicide-related thought and behavior self-management. Focus group transcripts were analyzed using thematic analysis to extract
key needs, preferences, and feature considerations for an automated SMS text messaging–based safety planning tool.

Results: Young adult participants indicated that an automated digital SMS text message–based safety planning intervention
must meet their needs in 2 ways. First, by empowering them to manage their symptoms on their own and support acquiring and
using effective coping skills. Second, by leveraging young adults’ existing social connections. Young adult participants also
shared 3 key technological needs of an automated intervention: (1) transparency about how the intervention functions, the kinds
of actions it does and does not take, the limits of confidentiality, and the role of human oversight within the program; (2) strong
privacy practices—data security around how content within the intervention and how private data created by the intervention
would be maintained and used was extremely important to young adult participants given the sensitive nature of suicide-related
data; and (3) usability, convenience, and accessibility were particularly important to participants—this includes having an
approachable and engaging message tone, customizable message delivery options (eg, length, number, content focus), and
straightforward menu navigation. Young adult participants also highlighted specific features that could support core coping skill
acquisition (eg, self-tracking, coping skill idea generation, reminders).
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Conclusions: Engaging young adults in the design process of a digital suicide prevention tool revealed critical considerations
that must be addressed if the tool is to effectively expand access to evidence-based care to reach young people at risk for
suicide-related thoughts and behaviors. Specifically, automated digital safety planning interventions must support building
skillfulness to cope effectively with suicidal crises, deepening interpersonal connections, system transparency, and data privacy.

(JMIR Form Res 2025;9:e69602)   doi:10.2196/69602
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mental health services; technology; therapy; computer assisted; SMS text messaging

Introduction

Background
The prevalence of suicidal thoughts among young adults, those
between the ages of 18 and 25 years, in the United States has
increased by approximately 160% since 2013 [1,2]. While most
young adults who experience suicidal thoughts do not go on to
make a suicide attempt, suicidal thoughts are indicators of risk
that warrant attention and intervention [3]. Among adults who
experienced mental health symptoms in the last year, young
adults have the lowest rates of formal mental health care
treatment [2]. Structural (eg, cost, accessibility, and provider
availability) and attitudinal (eg, stigma, strong preferences for
self-management) barriers are particularly important for
determining help-seeking behavior [4] and contribute to low
rates of mental health treatment engagement [4-6].

Current approaches to suicide prevention underserve young
adults facing structural or attitudinal barriers to mental health
services. Most prevention efforts are delivered in the context
of mental health interventions via formal outpatient, inpatient,
emergency department, and other clinical care settings.
Prevention is also delivered in informal settings such as crisis
helplines, targeting individuals before suicidal crises arise (eg,
in schools or workplaces) in an effort to bring suicide prevention
approaches to those who need it in places they are most likely
to access it [7]. As most young adults with suicide-related
thoughts and behaviors do not engage in formal mental health
treatment, where most evidence-based suicide prevention is
delivered [8-15], and they experience strong preferences for
self-management, young adults are less likely to encounter
evidence-based suicide prevention interventions.

The high need for preventive interventions and low formal
mental health treatment engagement among young adults
experiencing suicidal thoughts and behaviors [1,2] signal a
critical gap in suicide prevention infrastructure. Digital suicide
prevention interventions are an important avenue by which
access to evidence-based suicide prevention care can be
increased. Digital suicide prevention interventions offer the
benefit of being able to circumvent many of the attitudinal and
structural barriers that prevent young adults from accessing
evidence-based preventive interventions [4-6]. They can be
accessed on young adults’ devices (eg, smartphones) and used
privately.

The safety planning intervention (SPI) [16], a brief intervention
aimed at interrupting the progression from suicidal ideation to
suicidal behavior by increasing coping ability, has typically
been administered collaboratively by clinicians in clinical care

settings across ages [17-19] and is considered standard of care
[20,21]. The SPI typically includes 6 areas of focus: warning
signs, coping skills, people for distraction, people for help,
professional organizations and resources, and environmental
safety [16]. The product of the SPI is often a brief document
with personalized lists of resources and coping activities for
each of the 6 focus areas. When delivered with fidelity,
clinicians ask patients targeted questions and follow-up on
patients’ responses to elicit highly personalized information
that can enhance the efficacy of an individual’s safety plan by
making it as relevant as possible to the individual’s life
circumstances [22]. However, safety planning is frequently
delivered by individuals facing barriers to implementation
including insufficient training and time [23,24], which poses a
risk to safety plan quality and efficacy.

The SPI is one of the most common digital suicide prevention
intervention elements [25]. There is an emerging literature on
automated digital SPIs that guide users through the creation of
a highly personalized safety plan [25]. Several have been shown
to be acceptable [26-29] and even demonstrate that resultant
safety plan quality can be comparable to collaboratively
developed safety plans [30,31]. Extant literature on digital SPIs
primarily focuses on broad adult samples and narrow adolescent
populations [25]. Boudreaux et al [26] piloted an automated,
computer-based SPI that enabled adults who experienced
suicide-related thoughts and behaviors to complete a safety plan
and offered brief guidance on how to complete the safety plan.
The resultant safety plan was a 1-page PDF that users could
download, access on different devices, and share with trusted
others. Melvin et al [27] and Rainbow et al [29] developed a
mobile app–based approach called BeyondNow that includes
a customizable SPI with prepopulated suggestions for each of
the 6 safety planning steps and offers the ability to edit or share
the completed safety plan and a quick access button to a crisis
helpline. The app is publicly accessible and has strong
acceptability metrics and is associated with promising
improvements in suicide-related coping. Finally, Methi et al
[28] created an automated web-based e-SPI specifically designed
for adolescents that includes age-appropriate instructions,
examples, and illustrations that assist users in completing the
online safety plan via text-fill boxes. The content adolescents
add is converted to an online safety card that users can save.
These efforts highlight that automated safety planning is feasible
to implement and that there are opportunities to engage
individuals in new ways, expanding beyond single-session safety
planning and crafting safety plans via mediums that are more
conversational in nature.
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Among this emerging literature, several key needs and
preferences have surfaced. First, having quick access to
information such as one’s documented safety plan, crisis
resources, or personal contact information can be extremely
valuable during a crisis as crisis states make it difficult to
navigate complex user interfaces [32,33]. Second, there is a
favorable view of digital artifacts (eg, photos, songs) that inspire
hope and increase motivation for living [27]. Third, across the
literature, users of digital SPIs have ambivalence about whether
or how they want to involve others in their personal networks
in the creation or use of their safety plans [32,33]. One way
early digital SPIs have addressed this issue is through the use
of optional prescripted messages users can generate when
outside of crisis states and send to trusted others to elicit social
or instrumental support [32]. Fourth, extant literature highlights
that strong privacy practices emerge as critical priorities for
users of digital safety plans [33,34]. Fifth, the ability to
download and edit created safety plans after their initial creation
is critical for ensuring safety plans remain relevant and
accessible over time [27,34,35]. Finally, using validating
language that minimizes assumptions about a user (eg, that they
have a network of others that can provide support during a crisis)
and ensuring the digital SPI can provide examples or menus of
items if a user has difficulty generating safety planning content
independently can prove beneficial [35].

The vast majority of digital SPIs are mobile app or browser
based [25,36], meaning that individuals must visit a specific
app or website in order to interact with or create their safety
plan. In this study, we aimed to understand the potential of an
SMS text messaging–based safety plan creation approach.
Texting has the technological affordance of being a
conversational medium, potentially addressing some of the
shortcomings of automated digital safety plans that are
documentation only. By eliciting information relevant to safety
planning in a conversational manner, an automated
texting–based SPI may be able to increase the personalization
and relevance of digital safety plans. SMS text messaging is
the most commonly used communication medium and young
adults are the age group sending the greatest number of SMS
text messages [37,38]. It is more widely used than social media
apps [39]. Therefore, an SMS text messaging–based SPI is
capable of meeting young adults in a space where they are
already spending a significant amount of time. Indeed, prior
work has shown that texting interventions for suicide prevention
have been acceptable to users [40-45].

The relatively sparse existing literature on the needs and
preferences of digital SPI users is focused on the app- or
web-based designs. Further, it lacks focus on the needs of the
adult age group with the highest rates of suicide-related thoughts
and behaviors, but the lowest rates of treatment-seeking: young
adults. Moreover, there is a paucity of literature regarding
automated, interactive, texting interventions to support suicide
prevention, broadly, and safety planning, more specifically.

Objective
In this study, we aimed to understand the needs, preferences,
constraints, and design considerations for an SMS text
message–based automated safety planning tool for young adults
who have lived experience of suicide-related thoughts and
behaviors. Informed by prior literature, our work was guided
by the following research questions: (1) What are the broad
needs and preferences of young adults who experience
suicide-related thoughts and behaviors for suicide prevention?
(2) What are the features that can support young adults with
suicide-related thoughts and behaviors to create an effective
safety plan?

Methods

Participants
A total of 30 participants between the ages of 18 and 24 years
were enrolled in this study (Table 1). Individuals were eligible
to participate if they resided in the United States, were between
the ages of 18 and 24 years, owned a smartphone, were
proficient in English, and endorsed past 2-week suicidal
ideation. Suicidal ideation was assessed using a modified item
from the DSM-5 (Diagnostic and Statistical Manual of Mental
Disorders, Fifth Edition) Cross-Cutting Symptom Inventory
(DSM-5-CCSI) [46], “During the past 2 weeks, how often have
you been bothered by thoughts of actually hurting yourself [or
ending your life]?” Disambiguation of suicidal thoughts from
nonsuicidal self-injurious thoughts was assessed via the
Depression Severity Index—Suicidality Subscale (DSI-SS)
[47], a 4-item self-report measure assessing the frequency and
intensity of suicidal thinking. Participants were not eligible to
participate if they endorsed symptoms consistent with mania
or psychosis in the last 2 weeks (assessed via the DSM-5-CCSI)
or the presence of strong suicidal desire assessed via item 9 on
the Beck Depression Inventory—Second Edition [48] and a
subsequent score of 2 or 3 (range 0-3).
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Table 1. Participant characteristics.

ValuesCharacteristics

21.1 (1.9)Age, mean (SD)

Gender, n (%)

3 (10)Male

22 (73)Female

5 (17)Nonbinary

4 (13)Transgender, n (%)

Race, n (%)

3 (10)Black/African American

1 (3)American Indian/Alaska Native

5 (17)Asian

0 (0)Native Hawaiian/Pacific Islander

18 (60)White

2 (7)More than one race

1 (3)Prefer not to answer

3 (10)Hispanic/Latino, n (%)

4.8 (1.6)Total DSI-SSa score (4 items, with each coded between 0 and 3; range 0-12), mean (SD)

25 (83)Ever seen a therapist or mental health professional, n (%)

11 (37)Currently seeing a therapist or mental health professional, n (%)

17 (57)Plan to see a therapist or mental health professional in the next 8 weeks, n (%)

1 (3)Never seen a therapist or mental health professional and does not plan to see one in the next 8 weeks, n (%)

aDSI-SS: Depression Severity Index—Suicidality Subscale.

Procedures
Individuals were recruited via an advertisement embedded on
Mental Health America’s (MHA) website. The advertisement
was shown to individuals who visited a resource page about
suicidal thoughts and behaviors, endorsed suicidal or self-harm
ideation in the past 2 weeks on MHA’s online screening website,
or endorsed past-month suicidal ideation on MHA’s nonsuicidal
self-injury survey. Individuals who clicked the ad were directed
to a Northwestern University–hosted informational web page
about the study. Interested individuals could elect to provide
informed consent for eligibility screening via Northwestern
University’s instance of REDCap [49,50] and were subsequently
routed to the eligibility screening surveys.

If eligible, interested individuals could review the
REDCap-based study consent documentation and the code of
conduct for engaging with research staff and fellow participants
on the private research forum. The code of conduct detailed
guidelines such as refraining from posting identifying
information or detailed descriptions of self-harm, suicide
methods, or behaviors. The code of conduct also overviewed
harassment and moderation policies. To be enrolled in the study,
individuals needed to provide affirmative informed consent and
agree to abide by the code of conduct.

Participants engaged in 1 of 2 asynchronous remote community
(ARC) [51-53] groups—akin to an online focus group. We used

ARC to increase the engagement of underrepresented
populations by decreasing barriers related to synchronous or
in-laboratory research tasks [54]. Additionally, the group format
was chosen to facilitate conversation between adults with shared
experiences. ARC methods are used in the field of
human-computer interaction to facilitate conversation, elicit
several perspectives simultaneously, and provide the
environment for participants to build on each other’s creative
contributions [51]. ARC groups were held between November
and December 2022, or February and March 2023. Two ARC
groups were held to increase the sample size and diversity of
responses to several lines of questioning and protect against
group effects as well as to gather data on lines of inquiry that
were not covered in the first group. ARC groups involved
participants registering for a private online forum using
FocusGroupIt [55] in which researchers and participants could
create posts visible for all in the study and with which
participants could engage or respond. Each group comprised
15 participants. Past work demonstrates similar sample sizes
are sufficient to elicit diverse perspectives [56]. Participants
were provided with automatically generated anonymous
usernames (eg, participant 1, participant 2). Each ARC group
consisted of 8 total prompts, 1 every 3 days. Prompts focused
on terminology young adults used for suicidal ideation,
prompting events for suicide-related thoughts and behaviors,
safety plan use, and technology to support both safety planning
and help-seeking.
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Research staff monitored forums daily for posts violating the
posted code of conduct. Offending posts were deleted, and the
original poster was contacted by research staff with an
explanation of why the post was removed, and, if needed, to
conduct a risk assessment. Only 1 such post was removed and
there was no indication of suicide-risk elevation for the poster.

Data Analysis
The corpus for this study included 3 prompts from each group
containing relevant data to answering the primary research
questions (see Multimedia Appendix 1). These prompts
comprising the corpus covered perceptions of safety planning
via SMS text messages (group 1, prompt 4; group 2, prompt 3),
the role of automated messages in supporting safety planning
(group 1, prompt 5; group 2, prompt 4), use of a safety plan
after it is created (group 1, prompt 7), and the role of crisis
services in suicide prevention care (group 2, prompt 7).

Forum transcripts were analyzed using Thematic Analysis
[57,58] to extract key needs, preferences, and design
considerations for a digital safety planning tool. Thematic
analysis was facilitated using Dedoose software (Version 9.0.9)
[59]. One coder (JM) read through the corpus and generated an
initial codebook via open coding responses to each of the 3
prompts from each ARC group. Coding occurred at the sentence
level within a participant’s post. Two additional coders (SAP
and TL) read through the entire corpus to familiarize themselves
with the data and then applied the initial codebook to
overlapping transcripts. All 3 coders then met to revise the initial
codebook. Discrepancies were discussed until a consensus was
reached among all coders. Importantly, the analysis software,
Dedoose, facilitates the attribution of code applications to the
research staff who coded the data, enabling the ability to identify
and resolve coding discrepancies. All coders then divided the
remaining data and applied the revised codebook so that the
entire corpus was coded by at least two coders. Coders met 3
more times to discuss and resolve discrepancies. The saturation
of codes was determined to be reached once all discrepancies
in codes were resolved and no additional codes were identified
in the overlapping transcripts. Coders then met to organize codes
into axial themes iteratively.

Positionality Statement
At the time of this study, JM was a clinical psychologist and
faculty member with a background in both clinical and research
work in suicide prevention. He held funded grants focused on
increasing access to care through the design, development, and
evaluation of digital mental health interventions. SAP was a
research assistant who supported the administration of the ARC
methods described in this paper. Both JM and SAP interacted
with participants whose data comprise the study corpus through
study procedures such as email and, in some cases, interviews.
To maximize objectivity during coding and analysis, all
participants were assigned a coded ID number. TL was a
research assistant external to the project and had no prior contact
with any study participants.

Ethical Considerations
Before beginning any screening or study procedures, all
interested individuals and participants in this study provided

affirmative informed consent, both for initial eligibility
screening and subsequently for participation in the study.
Participants were compensated up to US $80 for responding to
the study prompts and for commenting on other participants’
posts.

Throughout the study, participants’ data were, and continue to
be, considered confidential and protected. Only research
personnel and individuals securing appropriate credentials and
data use agreements were able to access study data and complete
transcripts. Study transcripts were deidentified and maintained
on secure encrypted servers at Northwestern University.

All study procedures were administered at Northwestern
University and all study procedures were approved by the
Northwestern University Institutional Review Board (project
number STU00217191).

Results

Young Adults’Perspectives on Automated Digital SPIs:
Treatment Mechanisms, Core Elements, and
Skill-Building Features
Across participants in our ARC groups, young adults expressed
their need for automated digital SPIs. Young adults discussed
(1) the treatment mechanisms an automated digital SPI must
address, (2) core elements of the technology that affect the
perceived usefulness and acceptability of an automated digital
SPI, and (3) key skill-building features they would like to see
in such an intervention.

Meeting Young Adults’ Needs

Key Needs for SPI Support: Self-Management and Social
Connection
We identified 2 key needs that young adults thought an SPI
should support. The first need was for self-management and the
second was for social connection.

Empowering Young Adults to Manage Their Own Symptoms
by Supporting Coping Skill Acquisition and Use

Young adults wanted an automated digital SPI to support the
self-management of their suicide-related thoughts and behaviors
through coping skills that foster a sense of self-empowerment.
Self-empowerment approaches enable young adults to rely on
their own skillfulness to effectively cope with their
suicide-related thoughts and behaviors, and to avoid the stigma
they associated with help-seeking. Some participants already
possessed coping skills that facilitated self-empowerment and
shared how these coping skills allowed them to navigate future
suicidal crises:

I have never thought about using one of the crisis
services, as I never felt as though I have needed to
use one. I think it would be a bit embarrassing for
me, as I strongly dislike talking about depression
and/or suicide with others. I have also always been
able to talk myself down without the need for a crisis
service intervention. [G2-P2]
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G2-P2’s statement suggests that through practice in talking
themselves down, they have been able to mitigate escalating
suicidal crises and this experience provides confidence in their
own ability. While participants, in general, noted the potential
value of a tool to support coping skill use and acquisition, others
such as G2-P3 highlighted the potential benefits of an approach
that involved other people:

I ultimately chose not to use these [crisis helpline]
services because I was able to eventually re-ground
myself, however, in retrospect, I think it would have
been more beneficial to talk to someone about this in
the moment rather than going through it alone.

Young adult participants described the impact they believed an
automated SMS text messaging–based safety planning tool
could have on their self-empowerment in moments of need.
G1-P4 shared that by creating a safety plan with the assistance
of a digital tool, an individual is taking the lead in planning for
their own coping. They described that one of the “benefits would
be reassurance of the feeling of not being alone from something
you created.” G1-P15 also highlighted the benefits of a
self-created safety plan, commenting, “the fact that the
individual will be able to change it, and have the power over
their safety would probably make a lot of people who use the
plan a lot more secure.” Overall, young adult participants were
clear that an automated safety planning service would need to
be able to provide them with the ability to choose how they
cope with their symptoms.

Young adult participants shared that one of the motivations for
using self-management tools was prior experiences of
invalidation when discussing their suicide-related thoughts and
behaviors with others. As G2-P12 recalled,

After reaching out to a hotline, I had to speak with a
campus therapist and she laughed at me for
considering suicide because my problems seemed
“frivolous” or “overexaggerated”. I haven't been
able to trust a hotline since, and after that one
incident, I've cut myself off to dozens of resources
that may help me with the fear they may joke about
me in the same manner.

This experience of stigma, wherein the participant expected
help and was instead met with judgment-worsened symptoms
sowed distrust in systems and made future help-seeking less
appealing, ultimately leading to decreased support and increased
social isolation. As a result, young adults noted that it was
important to have resources that enabled them to self-manage
their symptoms and that were offered in a welcoming and
nonjudgmental tone, mitigating the need to disclose
suicide-related thoughts and behaviors to others to obtain
support. For example, G1-P13 shared how messages could
support effective coping, but would need to strike the right tone
“I think automated messages like this would be extremely
helpful in providing a structured way to create a safety plan.
[...] these messages should be welcoming, even if they aren't
actually run by a person, and include greetings or transitions.”

Participants described how an automated digital SPI delivered
via SMS text messaging could foster self-empowerment by
providing actionable coping resources in an easily accessible

format. G2-P14 shared, “[the intervention] would need to be
automated, where it texts my questions and I respond and it can
provide me with the appropriate part of my personalized safety
plan.” G2-P14’s comment depicts a scenario in which a user of
an automated safety planning service is asked targeted questions
that elicit personalized coping resources and then these
personalized coping resources are sent back to the user at
opportune times, facilitating self-management of suicidal crises
and self-efficacy by enabling an individual to use coping
resources effectively. This approach was echoed by others, for
example, G1-P8 noted “Having the automated messages send
me reminders for self-care and other things based on what I
write in response to the messages (plus what I already have in
my safety plan) would be great as well.”

Some participants shared how a digital SMS text
messaging–based approach must accommodate change over
time to fully support self-management of suicide-related
thoughts and behaviors. As an individual’s circumstances,
resources, and skillfulness change over time, what works for
them at the outset will need to be updated to be more relevant
and effective. G1-P6 shared that, “So much can change in just
a second, and what worked for me yesterday might not work
for me today.” Editing and maintaining one’s safety plan was
seen as a critical component of self-empowerment in that it
enables a constant cycle of being able to evaluate a safety plan’s
efficacy against real-world suicide-related thought and behavior
and crisis mitigation and management attempts. The ability to
edit and maintain a safety plan allows for modification and
adaptation in the event of actual or anticipated underperformance
so that it can perform better in the future.

Drawing on Social Connections
The second core element many young adults in our study wanted
was an automated digital SPI to support self-management of
suicide-related thoughts and behaviors by supporting users in
connecting with others. Participants had different ideas about
how this could be accomplished, but the vast majority agreed
that interpersonal connections were critical for any
suicide-related thought and behavior intervention. The findings
that follow highlight how components that support interpersonal
connection may be critical targets in an automated intervention
aimed at addressing suicide-related thoughts and behaviors, and
could potentially work by creating accountability structures,
creating openness to connection with others, fostering a feeling
of being cared for, eliciting outside perspectives, and recruiting
help when needed.

Creating social accountability was a core function participants
said was important to consider for the self-management of
suicide-related thoughts and behaviors. Participants noted that
it was difficult to commit to using certain coping skills when
in a suicidal crisis, but accountability to others would make it
more likely for them to use the planned coping skills. One
participant highlighted the utility of others to maintain
accountability structures:

I do feel like a lot of safety plans are made with that
individual having to keep themselves accountable in
mind. But, part of a safety plan can include other
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people/ resources that can help in those times and in
some ways keep you accountable and safe. [G2-P16]

As G2-P16 articulates, the system could encourage the
engagement of trusted others in the digital intervention to
enhance the efficacy of digital safety planning.

Participants also wanted a digital intervention to facilitate
connections with trusted others in their network. G2-P7 put it
clearly, “I need human interaction more than anything right
now.” This participant’s perspective highlights that many young
adults are aware of the need for connection, especially in the
context of crisis states, and that it is necessary to, first, build
and, second, reach out to those support networks when needed.
G2-P3 stated, “when experiencing feelings of
loneliness/isolation alongside suicidal thoughts, it is especially
beneficial to have social support mechanisms in place.” Young
adults were open to an automated digital SPI but emphasized
that it needed to also facilitate connection and strengthen ties
to trusted others.

Participants imagined that an automated intervention could
connect individuals to their support networks and allow young
adults to get outside perspectives from mental health
professionals or trusted others. When experiencing suicidal
thoughts, young adults shared that it is challenging to access
perspectives outside of their own, but acknowledged that it can
be helpful for diverting or avoiding an escalating suicidal crisis.
As a result, participants raised the importance of obtaining
outside perspectives:

Sometimes it is really hard to notice signs of crisis in
yourself, and having something point it out to you
could be really helpful. I’ve noticed in myself that
sometimes when I get really worked up I don’t notice
how dangerous my behavior has become until a loved
one points it out to me and expressed their concerns.
It’s helpful to get an outside perspective. [G1-P6]

While many participants wanted other people involved in the
perspective-taking process, some did not. G2-P7 shared how
experiences with past treatment-seeking cast doubt on the utility
of involving others to offer outside perspectives, “The best
therapy, in my opinion, is taking time to yourself and getting
to the root of the issue alone. It was the best thing I could have
ever done for myself.” However, participants discussed that an
automated system should nonetheless prompt an individual to
consider different ways of looking at one’s circumstances,
experiences, and values providing an outside perspective that
could serve a similar function without integrating a human in
the loop by default. As G2-P3 states, “these messages could
serve as gentle reminders of values and the things that are
important to people, [...] I would be more likely to respond to
these messages if they contained thought-provoking questions
that probed my values.”

There was a minority of participants who shared that a potential
drawback to an automated SMS text messaging–based SPI is
that it had the potential to maintain or exacerbate social isolation
by reducing a point of potential human contact such as calling
or texting with a crisis counselor. For example, G2-P2 shared,
“even if it designed for you, the digital aspect of the text is a
bit isolating.” An SMS text messaging suicide-related thought

and behavior intervention may be acceptable for many, but
participants cautioned that if the interpersonal considerations
were not sufficiently designed for, this type of intervention
could cause harm. Specifically noting that automated suicide
prevention interventions could be misused in place of a point
of human contact (eg, crisis counselor support), potentially
worsening subjective experiences of isolation.

Technology Needs

Technological Needs for Automated Digital SPIs:
Transparency, Privacy, and Usability
The young adult participants in our study also discussed needs
related to the technological aspects of an automated digital SPI.
Specifically, they highlighted the importance of (1) transparency
or clarity regarding expectations, assumptions, and limitations
of automated digital SPI; (2) privacy or the practices, policies,
and technologies that limit exposure of personal information;
and (3) usability, convenience, and accessibility of the
intervention.

The Need for Transparency
Participants detailed the important ways in which being
transparent in the context of an intervention for suicide-related
thoughts and behaviors is critical to uptake and efficacy. One
participant shared how transparency about crisis helpline
practices helped them feel more comfortable using a particular
crisis helpline:

Even just having some ideas of what may be asked of
my or what to expect, vocabulary to express my
feelings, etc. may help make the experience of asking
for help much less scary and more accessible.
[G2-P13]

G2-P13 highlighted how, in the context of crisis helplines,
having information about the scripts and procedures counselors
follow before making the call can help put callers at ease by
facilitating mental preparation. This in turn can reduce
uncertainty during a crisis call, reduce fear about disclosing
one’s suicide-related thoughts and behaviors to a stranger, and
increase how readily accessible a helpline is to a prospective
caller.

Similarly, in the context of an automated SMS text
messaging–based SPI, young adult participants described that
information about how the program functioned (eg, how many
messages the system sent) and guidelines on the limits of
confidentiality would be important when considering whether
to use such a service. As G1-P3 articulated, “I have really bad
anxiety so I am immediately thinking of well what if I do/say
something “wrong” will they have a list of numbers and contact
people and tell them.” Given the potential real-life consequences
of mandated reporting laws, even if relatively rare (eg,
involuntary hospitalization, removal from one’s home, or
physical harm from emergency responders), participants in our
study wanted transparency about the kind of information that
would result in the automated intervention activating a mandated
report. As G1-P3 alludes to, knowing in advance how the system
responds to user input and operationalizes mandated reporting
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can help ameliorate symptoms of anxiety while being instructive
as to how to get the most benefit from the service.

The Role of Strong Privacy Practices
In addition to transparent information about how a
suicide-related thought and behavior prevention intervention
functions, the underlying assumptions it makes about users, and
the procedures to which it adheres, young adult participants
also expressed the importance of privacy including (1) autonomy
over data and data use, (2) anonymity, and (3) discretion.

Participants wanted to ensure they maintained control over their
data. In the context of an SMS text messaging–based SPI,
participants were concerned that their messages could be read
by another individual, the information they share could be
reported to third parties, and that the messages they sent would
be identifiable. As G2-P13 shared, “I would be concerned about
privacy though. I would want to know that what I shared over
text would not be read by another person without my consent,
and that what I shared would not be traced back to me or
reported to someone.” By contrast, others saw the ability to
create a safety plan via SMS text messages as a way to maintain
control over how, when, and what the safety plan contained
which they viewed as a form of data autonomy.

Another important technical specification for suicide-related
thought and behavior-focused interventions was the ability to
remain anonymous. As G2-P9 noted, “there is a fear of being
traced and how it is not completely anonymous because the
phone number is linked to you.” Anonymity was one of the
factors that influenced whether or not participants would use a
crisis service. For example, despite one participant’s
misinterpretation of the National Suicide and Crisis Lifeline’s
processes, they noted that a key factor in making the Lifeline
an attractive intervention was the ability to remain anonymous
(The National Suicide and Crisis Lifeline maintains
confidentiality except in cases of imminent risk and they do not
enable completely anonymous contacts. Their Information
Technology infrastructure and counselors collect callers’ and
texters’ personally identifiable information such as phone
numbers, IP addresses, or volunteered other information that
may be linked back to an individual.).

Relatedly, participants wanted digital or remote suicide-related
thought and behavior-related interventions to be discreet. This
was especially true when considering the use of a texting–based
SPI. Participants were particularly concerned that people in
their lives with physical access to their devices, but no or partial
knowledge of their suicide-related thoughts and behaviors, might
be able to access material that would result in an unwanted
disclosure of an individual’s suicide-related thoughts or
behaviors. G2-P5 noted, “I relate to the fear of being found out.
Even with the promise of anonymity I’m still worried about
someone in my life finding out and reporting me.” Another
participant, G2-P12, contextualized this well-represented fear
around a digital intervention, “I definitely would also be nervous
someone could see it on accident, because that's definitely
happened to me before where I opened my phone and people I
was eating lunch with saw what I had recently seen.” While
participants expressed general concerns around access to SMS
text message data (eg, G1-P3 “I think the privacy is a big

concern.”, G1-P2 “I think many people feel vulnerable about
their mental state and want it treated with as much privacy as
possible.”), most of the specific concerns about discretion and
privacy focused on people in one’s day-to-day environment
gaining access to information and how that disclosure would
negatively affect an individual’s relationships. As G1-P6
explains, “most texting apps on phones don’t have locks or
passwords as far as I know, and if someone got a hold of the
person’s phone they would have immediate access to intimate
and private details about the texter’s mental health.”

Usability, Convenience, and Accessibility
Participants shared a number of technical considerations related
to an automated digital SPI. Among them was the importance
of having a highly functional user interface. Participants were
already familiar with the texting medium but noted that
text-based menu navigation, relative to graphical user interfaces,
could become tedious and frustrating. For example, G1-P8 said,
“Text messages have a very specific, not customizable format.
For something like a safety plan, I'd much prefer an app or
website where I could work through my plan on a page or
multiple pages, however that would look and be designed.”
However, participants largely agreed that texting–based safety
planning could offer an important level of convenience and
accessibility that may be especially important for
self-management of suicide-related thoughts and behaviors. For
example, G2-P9 noted, “The benefits is that it is easily
accessible though and your phone is everywhere with you so if
you need to refer back to it you will have it with you.”

Participants also noted that an SMS text messaging–based
service can make safety planning accessible to individuals that
experience anxiety speaking to others about their concerns, in
ways that synchronous voice call support cannot. G1-P1 shared,
“I think the idea of texting gives me much less anxiety than
having to call.” Therefore, specific communication channels
may provide different levels of comfort, based on participants’
associations and past experiences.

Participants preferred tools that were efficient to use and did
not require significant time or effort. This was especially true
for participants who imagined using an automated digital SPI
while in crisis. Further, if a program requires significant effort
on the part of the individual, it could be demotivating and
unhelpful. As G1-P13 shared, “I would be more likely to
respond to these messages if they didn't take a lot of effort to
respond to--if they involved a long, inconvenient chain of
messages, for example, I wouldn't feel motivated to respond.”
It is critical that messages are focused and direct, but that they
also have some semblance of personality. Participants like
G1-P11 shared how they wanted messages styled, “The
messaging dynamic should be concise but not totally devoid of
feeling, even if it is totally automated.” Participants wanted
messages that made interacting with a tool interesting without
being overly demanding.

Skill Building Features
Beyond intervention and technological requirements,
participants in our study shared numerous preferences and
feature suggestions for an automated digital SPI that helped
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support skill  building, not simply skill
documentation—extending the role and function of a safety
plan. For example, participants shared that they wanted
self-tracking features so that they could identify patterns in their
suicide-related thoughts and behaviors and build insights over
time. G1-P4 shared one way this feature could be integrated
into the larger automated digital SPI:

it could work in conjunction with tools where you can
mark your feelings and behaviors, and once you know
how you feel prior to an episode, it could help identify
when you may potentially be feeling depressed or
experiencing suicidal thoughts or behaviors.

Others wanted suggestions for coping skills. This augments
traditional safety planning by making automated digital SPIs a
coping idea generation and refinement system, hosting a
repository for useful coping skills that might spark inspiration
for a user, especially if that user is having difficulty generating
coping skills on their own. One participant shared how this
might work:

I think that using specific questions to personalize
someone's safety plan could be really useful. One big
problem I have with the general concept of safety
plans is that I feel that I wouldn't know what specific
things to add to it, this would definitely solve that
issue. I think specificity would definitely help me
answer or respond to those messages, I feel less
motivated to answer messages from automated
services where the prompt is super vague or not very
engaging. Other text messages that would be helpful
to receive could be resources to distract or help cope
with difficult situations. Another way the service could
ask for things to incorporate into the plan without
directly asking could be to ask for the user's interests
or things that might help them calm down. [G1-P11]

Relatedly, some participants wanted reminders to use coping
skills. While safety plans have traditionally been a static
document, the translation to an automated digital SPI enables
the system to prompt the user to assess the need to use coping
skills through periodic reminders. As G1-P2 shared, “I
personally feel like getting reminders to relax and check in with
myself would be helpful, since suicidal thoughts can be brought
on by stress.”

Taken together, participants shared that through reminders, skill
suggestions, and self-tracking features, an automated digital
SPI presents an opportunity to build skillfulness and insight for
a potential user, rather than simply documenting effective coping
skills.

Discussion

Principal Findings and Design Implications
This study aimed to understand the needs, preferences, and
design requirements and features necessary for an automated
SMS text messaging–based suicide prevention intervention.
Our results suggest that young adults who experience
suicide-related thoughts and behaviors are open to embedding
suicide prevention interventions within SMS text messages, but

these interventions must be designed to meet their unique needs
and preferences.

One of the important needs arising from our ARC groups was
the importance of social connection and accountability in
automated digital SPI design. Young adults who experienced
suicide-related thoughts and behaviors were interested in
interventions that strengthen existing protective factors and
social connections. This finding aligns with the Interpersonal
Psychological Theory of Suicide [60,61] and the Three-Step
Theory of Suicide [62,63], which each identify social
disconnection as a key driver of suicidal desire and ideation.
An automated digital SPI, such as the one proposed in this study,
may offer psychoeducation to users on methods of leveraging
existing social connections to build social accountability for
symptom self-management. It may prompt users to consider
available coping activities that foster a sense of connection (eg,
letter writing, watching a movie with others). Additionally, an
automated digital SPI may be able to support users in crafting
messages to trusted others to solicit support around safety plan
use and offer resources that users can send to trusted others to
educate them on how to respond to someone experiencing
suicidal thoughts (eg, tips to mitigate unhelpful reactions and
methods of engaging in nonjudgmental listening). Importantly,
our results also show that connection to trusted individuals
within participants’ personal networks was particularly valued
relative to simulated connection or companionship achieved
exclusively through texting with an automated chatbot.
Designers of automated SPIs should consider designs that
encourage and support real-world interpersonal connections
with people in users’ personal networks; otherwise, they could
unintentionally exacerbate a sense of isolation.

Our finding that young adults believed that having social
accountability may support their use of a digital safety plan, as
well as their application of coping skills, also sits within the
context of digital health literature that suggests, for some,
framework-based human support and accountability [64,65]
can facilitate longitudinal engagement in digital interventions
[66]. Although human support aimed at engaging users in a
digital health intervention is conceptually distinct from the social
accountability young adults saw as valuable in facilitating the
use of a safety plan—not necessarily a digital health
intervention—there is conceptual overlap that signals the
importance of others for facilitating the use of a therapeutic tool
that may, at times, be difficult to engage with.

Participants in our study wanted to be highly informed about
how an automated digital SPI would handle personal data. This
finding has implications for the design of digital suicide
prevention interventions broadly. Intervention systems must
proactively communicate meta-information about how the
intervention operates, as this has the potential to increase
confidence and comfort using the intervention. Prior work
demonstrates that individuals are more likely to make use of
crisis helpline resources when they are provided alongside
barrier-reduction interventions that target informational gaps
such as misunderstandings of crisis helpline practices with
regard to active rescues (ie, emergency responders being called
to make contact with an individual) before receiving a referral
to crisis helplines [67]. Moreover, U.S. Suicide and Crisis
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helpline (ie, 988) data suggest that several of the top barriers to
contacting the Suicide and Crisis helpline are due to fears about
law enforcement being called and about privacy and
confidentiality [68]. These top concerns are addressable through
robust transparency practices that frontload information about
the decision rules and processes used within the intervention
and by its administrators. For instance, having clear and simple
language before a user engages in the intervention that addresses
(1) how and when confidentiality is broken and emergency
services are called; (2) how data inputs are used such as contact
information for individuals a user can reach out to for help
during a crisis; (3) if, when, and how trusted others are
contacted, and (4) proactive psychoeducational information
about how privacy and confidentiality are maintained within
the program (ie, data security measures). Finally, it is important
to offer resources that empower users to ask questions about
privacy, confidentiality, and clinical decision-making in other
contexts such as formal treatment settings and crisis helpline
calls. Thus, while our findings suggest the value of
self-management to reduce the need for crisis services, they
also suggest important ways that crisis services can improve.

Themes raised across our ARC groups highlight the importance
of ensuring that an automated SPI is usable and convenient. In
the context of SMS text messaging–based safety planning, this
means the system design must incorporate bidirectional or
interactive messaging. To date, SMS text messaging
interventions for suicide prevention [40-44] have primarily used
unidirectional messaging (originating from the intervention
system and being sent to the user), leaving individuals with
limited opportunity to engage with intervention material in ways
that reflect their lived experiences. To ensure an SMS text
messaging–based automated SPI is convenient and usable, the
system must use the conversational medium to be interactive.
Eliciting safety plan entries by prompting users to consider new
or different aspects of coping and prompting users to be highly
specific are all unique affordances offered by texting. To make
an SMS text messaging system usable and convenient, a system
must also leverage a text-based navigation menu. This enables
users to access settings, jump to different parts of their safety
plan, and modify elements of a safety plan, if needed. To this
end, participants highlighted that while texting may be useful
for safety plan creation, having multiple methods of editing a
safety plan may be necessary if the navigation menu becomes
cumbersome. Thus, offering multiple modes of interacting with
one’s safety plan (ie, via SMS text messages and via a
web-based editing tool) may be required to make an automated
digital SPI maximally usable.

Our results reveal an overlap between young adults’ stated needs
and preferences and innovations in the interactive text–based
market. Our results highlighted that young adults had several
needs and preferences that may lend themselves to innovation
using emerging technologies. Specifically, young adults
expressed a desire for a digital SPI service to support, among
other needs, (1) coping skill acquisition and use, (2) quick and
simple menu navigation and easy access to desired information,
(3) interpersonal connection to trusted others, and (4) clear
privacy policies. The recent commercial availability of highly
customizable large language models (LLMs), a class of machine

learning model trained on massive linguistic data sets and
designed to process and generate text-based data, has
increasingly been integrated into text-based mental health
interventions in the form of chatbots, content generators, and
as classifier algorithms that code or categorize data so that an
intervention becomes more responsive to user inputs [69]. LLMs
integrated into digital chatbots can tailor responses based on
context, previous interactions, and user inputs. This emerging
technology is beginning to be integrated into digital suicide
prevention tools, especially as it relates to the detection of
suicide-related user-generated content [70], and comes with
significant risks in addition to substantial promise [71]. While
our study did not explicitly seek to understand the role of LLMs
in an automated digital SPI, participants in our study offered
important insights that are relevant to intervention development
in the context of a market where commercial LLMs are available
and actively being incorporated into different digital mental
health technologies.

First, as it relates to supporting coping skill acquisition and use,
LLM-based messages may be launched to support users in
ideating coping skills when they have difficulty generating their
own. Moreover, the ability of LLMs to personalize content
based on individuals’ contexts and inputs creates opportunities
to increase the relevance of a user’s safety plan at the moment.
With a user’s existing safety plan as context, LLMs may be able
to support idea generation about how to overcome barriers to
coping (eg, if an individual’s safety plan contains going for a
walk outside as a coping skill, but weather is prohibitive,
LLM-based messages may be able to support a user identifying
relevant solutions, such as going for a walk indoors, taking
protective gear, using other coping skills on one’s safety plan).
Second, LLMs may be able to improve the experience of
navigating rigid text-based menus embedded in an SMS text
messaging intervention by enabling the system to accept user
responses that do not exactly match preprogrammed keywords
that direct a user down different branching logic trees and
instead allowing users to respond using natural language. Third,
young adults were clear that they wanted a digital SPI to support
interpersonal connections to other humans. While they were
open to an automated digital SPI, connection to real people was
crucial. LLM-based chatbots have often been used as
conversational agents [70], some of which have personified the
conversational agent. This may exacerbate a suicide-specific
vulnerability: isolation and loneliness. Past work highlights that
young adults with depression were concerned that using a robot
for companionship could worsen their symptoms by making
the absence of real human companions more apparent [72].
More research is needed to understand whether LLM-based
suicide prevention tools should present themselves as personified
agents or as self-service tools. Finally, given participants’
emphasis on the importance of privacy and transparency, if an
LLM was to be integrated into an automated digital SPI to
enhance messages, it would need to (1) proactively make
transparent ways in which user inputs would be used to train
models and (2) disclose the potential risk of confidentiality
breaches through the LLM itself, as has been documented in
other contexts [73].
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By engaging young adults with lived experience of
suicide-related thoughts and behaviors to understand their needs,
preferences, constraints, and the context of existing
technological solutions, we can identify design requirements
that are able to be applied across digital suicide prevention tools.

Limitations and Future Directions
This study is limited in several important ways. First, while we
engaged in rigorous user-centered design practices to understand
the needs and preferences of young people who experience
suicide-related thoughts and behaviors, we were only able to
engage a relatively small number of individuals, and our results
may not be generalizable to broader young adult populations.
In our sample of 30 participants, 11 (37%) were in formal mental
health treatment, and 17 (57%) planned to seek formal treatment
in the coming months. These treatment-engaged numbers are
greater than the approximately 12% of US adults who have
experienced suicidal thoughts and sought treatment in the past
year [2]. Moreover, we recruited exclusively from MHA’s
website which may inherently limit the perspectives of
individuals included in the study to those who are open to
technology-assisted interventions and services, and potentially
more actively engaged in self-management of mental health
symptoms. While we aimed to cover a broad range of topics in
our ARC groups, our discussions were guided by
researcher-posted prompts and centered on eliciting needs and

preferences as they related to safety planning or texting. To this
end, in this study we did not systematically examine needs and
preferences for risk management in self-guided digital safety
planning tools; however, future work must aim to better
understand the needs and preferences across interested parties
(eg, consumers, research participants, clinicians, organizations)
as it relates to risk management procedures. Finally, individuals
at the highest levels of suicide risk (ie, individuals who may
have had elevated levels of suicidal desire and intent) were not
eligible to participate in this study and thus their voices were
systematically excluded as the study format lacked appropriate
support for these individuals. Future work should focus on
applying these design considerations and assessing their value
within the context of deployable digital suicide prevention
interventions.

Conclusion
Engaging young adults in the design process of a digital suicide
prevention tool revealed critical considerations that must be
addressed if the tool is to effectively expand access to
evidence-based care to reach young people at risk for
suicide-related thoughts and behaviors. Specifically, automated
digital SPIs must support building skillfulness to cope
effectively with suicidal crises, deepening interpersonal
connections, system transparency, and data privacy.
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Abstract

Background: Mobile health apps are proving to be an important tool for increasing access to psychological therapies early on,
particularly with rising rates of anxiety and depression in young people.

Objective: We aimed to assess the usability, acceptability, safety, and effectiveness of a new app, Clear Fear, developed to help
young people manage symptoms of anxiety using the principles of cognitive behavioral therapy.

Methods: The Clear Fear app was developed to provide cognitive behavioral strategies to suit anxiety disorders. An uncontrolled
pre– and post–follow-up design over a 9-week period was used to assess the app and its effects. This study comprised 3 phases:
baseline (stage 1), post–app familiarization phase (stage 2), and follow-up (stage 3). Eligible participants were aged between 16
and 25 years with mild to moderate anxiety but not currently receiving treatment or in contact with specialist mental health
services or using other interventions or apps to help monitor or manage their mental health. A community sample was recruited
via advertisements, relevant websites, and social media networks. Eligible participants completed standardized self-report tools
and questionnaires at each study stage. These measured probable symptoms of anxiety (7-item Generalized Anxiety Disorder
scale) and depression (Mood and Feelings Questionnaire); emotional and behavioral difficulties (Strengths and Difficulties
Questionnaire); and feedback on the usability, accessibility, and safety of the app. Mean scores at baseline and follow-up were
compared using paired 2-tailed t tests or Wilcoxon signed rank tests. Qualitative data derived from open-ended questions were
coded and entered into NVivo (version 10) for analysis.

Results: A total of 48 young people entered the study at baseline, with 37 (77%) completing all outcome measures at follow-up.
The sample was mostly female (37/48, 77%). The mean age was 20.1 (SD 2.1) years. In total, 48% (23/48) of the participants
reached the threshold for probable anxiety disorder, 56% (27/48) had positive scores for probable depression, and 75% (36/48)
obtained a total score of “very high” on the Strengths and Difficulties Questionnaire for emotional and behavioral difficulties.
The app was well received, offering reassurance, practical and immediate help to manage symptoms, and encouragement to seek
help, and was generally found easy to use. A small minority (3/48, 6%) found the app difficult to navigate. The Clear Fear app
resulted in statistically significant reductions in probable symptoms of anxiety (t36=2.6, 95% CI 0.41-3.53; P=.01) and depression
(z=2.3; P=.02) and behavioral and emotional difficulties (t47=4.5, 95% CI 3.67-9.65; P<.001), representing mostly medium to
large standardized effect sizes.

Conclusions: The Clear Fear app was found to be usable, acceptable, safe, and effective in helping manage symptoms of anxiety
and depression and emotional and behavioral difficulties.

(JMIR Form Res 2025;9:e55603)   doi:10.2196/55603
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Introduction

Background
The rates of probable mental health problems in the United
Kingdom among young people have steadily increased since
2017. According to National Health Service Digital data (2022),
for example, the rates for young people aged 17 to 19 years with
mental health problems rose by 7.6% in 2020 and reached 25.7%
in 2022 [1]. In 2017 to 2018, depression and anxiety among
young women aged 16 to 24 years rose by 26% compared to
the previous year [2].

The high volume of young people with experience of symptoms
associated with moderate depression and anxiety has prompted
a rise in referrals to already overstretched specialist mental
health services. For example, in November 2023, a total of
445,000 people were in contact with children and young
people’s mental health services compared to 362,000 in
November 2021 [3]. New referrals to these services reached a
peak of 87,000 per month in 2021, the highest since 2019 [4].
While referrals have increased, there remains a huge shortfall
in those who need support and receive it. In 2020, the proportion
of children and young people needing and receiving support
was 27% [4].

Therefore, it is important to find ways to ensure that young
people have timely access to support. One growing avenue is
support through mobile health apps.

Approximately 96% of those aged between 16 and 24 years
own a smartphone [5]. Mobile health apps now constitute an
important tool for increasing access to psychological therapies,
particularly for young people. Several published systematic
reviews have assessed the usability, feasibility, acceptability,
functionality, and effectiveness of specific mobile mental health
apps for young people [6,7]. Despite the published literature on
how mobile app technology can increase access to psychological
therapy, relatively little research exists on its effectiveness and
whether it improves symptoms of mental health problems.
However, there is some evidence suggesting that certain mobile
apps for mental health can help improve the monitoring and
management of mental health [8]. A handful of studies confirm
that web-based cognitive behavioral therapy (CBT) is as
effective as face-to-face treatment for anxiety and depression
[9]. Among young people, mobile mental health apps also offer
an important opportunity to prevent mental health problems or
intervene early to reduce the risk of a long-term mental health
condition into adulthood [10].

Objectives
Given the limited available evidence on the effectiveness of
mental health apps for young people, this pilot study aimed to
assess whether the Clear Fear app, developed to help young
people manage symptoms of anxiety, could reduce these
symptoms.

The main aims of this study were to assess the usability,
acceptability, safety, and effectiveness of the Clear Fear app,
specifically (1) what particular features of the app young people
found most helpful or beneficial; (2) the ease of use,
acceptability, and frequency with which young people used the
app, as well as whether they found it safe and any improvements
that could be made; and (3) whether the Clear Fear app was
able to reduce or improve symptoms of anxiety primarily (and
any adverse behavior) following its use during the study period.

Thus, this study was designed to test the following hypothesis:
a self-guided mobile cognitive behavioral app can improve
anxiety symptoms and be acceptable to young people over a
period of 9 weeks.

Methods

Clear Fear App

Aims of the App
The Clear Fear app aims to support young people in managing
symptoms of anxiety early in their stage of development. It does
this by (1) providing cognitive behavioral strategies to suit
anxiety disorders; (2) encouraging self-monitoring and
self-management and building resilience; and (3) teaching
alternative, adaptive ways to deal with anxiety.

Users manage their anxiety and “face their fear” in a gradual
way while learning to manage panic, challenge worries, and
regulate their emotions.

The app provides a first step for young people looking for
immediate techniques to help manage anxious thoughts and
behaviors for longer-term change. It was also designed to be
easily accessible for those who do not meet the criteria for
mental health services or are currently on a waiting list to receive
appropriate treatment for anxiety disorder. The app does not
replace specialist treatment but can be used in addition to it.

Development, Structure, and App Function
The app was developed by NK at stem4, a charity supporting
teenage mental health, in collaboration with young people. The
development process began with reviewing available mainstream
apps that aimed to manage anxiety through mindfulness. Integral
to the process was the coproduction of the Clear Fear app with
a group of 30 young people (aged between 14 and 17 years)
who took part in a series of user engagement sessions to explore
desired outputs, user journeys, visual concepts, colors, imagery,
security and privacy considerations, user experience, and tone
of voice. The app provides a low-intensity CBT treatment to
monitor and change thoughts, emotions, and behaviors
associated with mild to moderate symptoms of anxiety. It seeks
to calm fear responses through a cognitive behavioral framework
along with breathing, relaxation, and mindfulness exercises.

The Clear Your Fear section of the app provides activities to
help users with the 4 key areas—dealing with emotions,
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managing worries, reacting to worries, and managing physical
responses to anxiety—and is described in Textbox 1 and Figure
1. Each activity provides some brief introductory information
to explain why the activity can help, as well as examples where
necessary throughout.

The multiple areas for goal setting provided in the app facilitate
the following: identifying specific goals, tailoring each goal to
suit each individual, identifying barriers, problem-solving,
breaking long-term goals into short-term challenges,
accomplishing easier challenges first, prompts, cueing,
reinforcing success, social support, and tracking personal
information to enhance self-directed learning.

Textbox 1. Description of the Clear Your Fear section of the Clear Fear app.

Dealing With Your Emotions

This consists of activities for users to learn to identify, express, and regulate emotions, which can help reduce anxiety.

• Express Yourself activities provide opportunities for note keeping and finding alternative ways of emotional regulation.

• Stay Calm activities help users learn to calm the body and mind by doing either the guided breathing activity or mindfulness exercises.

• Laugh & Smile activities aid in substituting negative emotions for positive ones through the use of humor by viewing jokes or gifs.

Managing Your Worries

This focuses on learning how thinking can contribute to anxiety and how to make a change by learning to understand, identify, and change fearful
thoughts (Worry Warriors); have a break from anxious thoughts (Worry Box); or put a problem-solving strategy into practice (Worry Ladder).

• Worry Warriors guides the user through a process of cognitive restructuring to identify and combat 3 common types of automatic negative
thoughts (those that have been magnified by anxiety or taken to the extreme or that are about something negative that is expected to happen),
together with self-monitoring, seeking evidence, and restructuring thoughts. The resulting positive thoughts that are created can then be revisited
in the Grit Box, located in another area of the app. Therapeutic gains from this process can include symptom relief and an increased sense of
control over anxiety through its objectification.

• Worry Box is an activity in which the user types in their worries to be stored in this section of the app, which can then be emptied to metaphorically
clear them.

• Worry Ladder guides the user through dealing with their worries one step at a time (and creating a visual ladder of these steps in the process) by
first stating a worry and then typing in possible solutions; choosing one to try; and, finally, noting what happened and what worked. Both the
Worry Ladder and Worry Box, together with problem-solving, help with prioritizing and containing anxiety.

Reacting to Worries

This involves the user identifying situations in which they want to experience less anxiety and learn to face their worries with the help of activities to
lessen overdoing or avoiding things. In each case, the user is guided through setting a goal and breaking it down into an exposure hierarchy of
manageable steps and can also mark when a goal has been achieved.

Managing Physical Responses to Anxiety

This consists of activities for users to cope with and lessen the physical effects of anxiety. In total, 4 categories of goals are presented (exercise, diet,
relaxation, and sleep), within which the user is given brief information as to why the activity can help and suggestions of goals to set, which can be
input into the app. The user is also given the option of setting push notifications (at daily, weekly, or monthly intervals) for the goal to help remind
them.
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Figure 1. Flowchart and screenshots of the Clear Fear app, the digital intervention used in this uncontrolled pre– and post–follow-up study to evaluate
its usability, acceptability, safety, and effectiveness in helping young people manage symptoms of anxiety using the principles of cognitive behavioral
therapy over a 9-week period.

Activity Feedback and Self-Monitoring
Upon completion of an activity, the user is asked to provide the
following feedback: whether the activity helped (Yes or No),
whether it reduced their anxiety (Yes, A little, or No), and the
level of anxiety they were feeling (Low, Medium, or High).
This information feeds into that user’s self-monitoring section
on the app, which includes an anxiety profile and anxiety tracker
to help the user self-monitor across every task.

Grit Box
The Grit Box is based on the concept that grit is a necessary
factor in resilience. It holds the user’s own Worry Warrior
Positive Thoughts, which are generated from their activity on
the app. It also contains a range of motivational statements,
positive quotes, and information on resilient and inspirational

people as suggested during the coproduction process with young
people.

Other Areas of the App
Psychoeducation is provided in the information section and in
optional notifications sent to the users to support their
momentum in reaching personal goals and in gaining valuable
psychological insights (eg, setting realistic goals, overcoming
fears, and increasing motivation). On achieving a goal, users
receive a plan on how to maintain the new skills and avoid
falling back into old habits.

In addition, information about anxiety is provided via messages
sent to the user to help normalize their experience, as well as
giving information on the value and functioning of anxiety. This
includes information on specific types of anxiety (namely,
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generalized anxiety, social anxiety, performance anxiety,
obsessive-compulsive disorder and health anxiety, separation
anxiety, exam anxiety, phobias, and fear of missing out).

Finally, users can receive physiological support and help in
dealing with panic and panic attacks based on mindfulness
exercises in both visual and auditory formats to improve low
self-esteem, emotional reactivity, and functioning [11], as well
as signposts to further support.

The Clear Fear App’s Contribution to Digital Mental
Health
The Clear Fear app is a clinician-developed, evidence-based,
and comprehensive CBT app that differs from those using
mindfulness and meditation as their primary interventions,
artificial intelligence chatbots, and other available apps for
anxiety management developed without clinician input or
comprehensive evidence-based approaches [12,13].

The Clear Fear app is designed primarily for managing anxiety
symptoms in young people. It provides a comprehensive
evidence-based approach that is both structured and
personalizable, incorporating CBT exercises, psychoeducation,
mindfulness, and self-monitoring. The content, language,
visuals, tone of voice, and user journeys are age appropriate.
For younger users aged between 11 and 15 years, the Clear Fear
app includes age-appropriate design and language, ease of
navigation, age-relevant gamification, less abstract cognitive
concepts, tasks that cater to shorter attention spans, and
increased socialization.

It also prioritizes user privacy and data safety as it does not
collect identifiable information or require user accounts, can be
passcode protected, is regularly reviewed and updated, and is
compliant with regulatory standards such as the National Health
Service clinical safety standard DCB0129.

Unlike many mental health apps, Clear Fear is free to download
in the United Kingdom, with no subscriptions, in-app purchases,
or advertisements, and can be used without an internet
connection, making it highly accessible.

Study Design
This study used an uncontrolled pre– and post–follow-up design
over a 9-week period to assess the app and its effects. The study
comprised three main phases: (1) baseline and app introduction
(stage 1), (2) post–app familiarization phase (stage 2), and (3)
follow-up (stage 3).

Participants and Eligibility Criteria
Participants were a community sample recruited via stem4’s
website and their existing social media networks.

Potential participants were eligible to take part in the study if
they (1) were aged between 16 and 25 years and (2) had mild
to moderate anxiety.

Participants were excluded if they were (1) in contact with
mental health services or taking medication for a mental health
problem; (2) using other interventions or apps to monitor their
mental health; or (3) at risk of suicide, diagnosed with a severe

and enduring mental health problem such as psychosis or major
depression, or experiencing substance use problems.

Potential participants were screened using a 10-item
questionnaire developed for this study on suicide ideation, any
severe mental health problems, and substance use issues (drugs
and alcohol).

Recruitment
The main method for recruiting participants was through
advertisements on the stem4 website and via stem4 social media
channels inviting young people who experienced anxiety and
had not previously used the Clear Fear app to take part in the
study. stem4 also provided details of the study to schools within
their local area. Eligible participants were offered a web-based
shopping voucher as an incentive to take part in the study.

A web-based screening questionnaire (developed for this study)
was sent to all young people interested in taking part in the
study to assess their study eligibility and level of risk. This
included a 10- to 15-item screening tool to identify any current
mental health issues or history of and contact with mental health
services. Those identified with an increased risk at initial
screening were excluded from the study to prioritize their safety.
These individuals were provided with an information pack
containing emergency contact numbers and guidance on further
support, and they were encouraged to notify the research team
if they accessed additional support.

Eligible participants were provided with an information sheet
detailing the study and asked to complete an informed consent
form before taking part. Participants could leave the study at
any time during the study without giving a reason if they wished.
Participants were also made aware that the Clear Fear app does
not replace traditional treatment and were appropriately
signposted to sources of help where necessary. Participants also
received an introductory leaflet with information on symptoms
and suggested strategies for mitigating risk and were directed
to sections on the app that provided immediate signposts and
access to services.

Furthermore, at the start of the study, all participants completed
the Safety Net section of the app, which is a vital safety feature
that is always available to the user and can be shared with
responsible adults. The users populated what they could think
and do when they needed help and the numbers of people they
could contact to go along with the Safety Net section’s
prepopulated emergency numbers.

The app also prompted users to seek help from a trusted adult
or general practitioner if they noticed that their anxiety levels,
from the tracker in the Self-Monitoring section, were
consistently high.

Sample Size
The aim was to recruit approximately 45 young people to
address the main study aims. No formal sample size calculation
was made given the preliminary nature of the study and piloting
of the Clear Fear app. We allowed for attrition rates of up to
15% at the postfamiliarization and follow-up time points.
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Study Procedure
Figure 2 shows the study procedure, including the 3 main study
stages and the recruitment process. We also consulted with 6

people (aged between 14 and 17 years) to provide feedback on
the study proposal and procedure regarding their preferences
concerning web-based data collection.

Figure 2. Diagram of the procedure of this uncontrolled pre– and post–follow-up study to evaluate the Clear Fear app’s usability, acceptability, safety,
and effectiveness in helping young people manage symptoms of anxiety using the principles of cognitive behavioral therapy over a 9-week period.

Baseline (Stage 1)
Upon entry to the study, participants were provided with
web-based instructions on how to download and use the Clear
Fear app and the study procedure. Participants were then
allocated a study ID number to maintain confidentiality and
anonymity and emailed a link to the web-based baseline
questionnaires. The link was created by the researchers using
SurveyMonkey (SurveyMonkey Inc).

At this stage, participants were asked only to familiarize
themselves with the Clear Fear app over the coming week and
not to use it during a time of crisis. This was to ensure the
person’s safety until they became fully versed in using the Clear
Fear app and to obtain baseline measures of the frequency and
severity of anxiety they experienced and their existing coping
mechanisms.

Post–App Familiarization Phase (Stage 2)
One week after baseline, web-based questionnaires were sent
again to participants, which included a user questionnaire to
gauge their assessment of the Clear Fear app and any problems
they may have had. If the participant wished to continue taking
part in the study, they were asked to complete the outcome
measures again. Participants were informed that they could now
use the Clear Fear app as often as they wanted over the
following 8 weeks.

Follow-Up (Stage 3)
After an 8-week period of using the Clear Fear app, participants
were sent the web-based questionnaires for a final time to
complete, again including the user questionnaire for their
specific feedback on using the app. In total, 2 to 3 attempts were
made to follow up on participants if no response was received.
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If no response was received, it was assumed that the participant
had withdrawn from the study.

Ongoing Monitoring and Risk Assessment
Throughout the study, participants self-reported their anxiety
levels at regular intervals. If they reported high levels of anxiety
or emerging new symptoms, they were encouraged to consult
a general practitioner or, depending on the severity, seek more
urgent help. After the study, participants were given resources
on maintaining well-being.

stem4, the owners of the app, had a clinical safety protocol and
a hazard mitigation list that was managed and reviewed regularly
with clear timelines of response. Their clinical safety officer
was available to respond to inquiries daily.

Data Collection
A standardized questionnaire was developed to gather the
eligible participants’demographic characteristics. To assess the
Clear Fear app and its effects, participants were asked to
complete 3 outcome measures to assess their emotional state or
mood and behavior and the Clear Fear user questionnaire.
Participants completed these 4 measures at stages 2 (post–app
familiarization phase) and 3 (follow-up).

Outcome Assessments
In total, 3 self-report outcome measures were administered to
participants to assess their symptoms of anxiety (main outcome)
and depression and their behavior.

For anxiety, the 7-item Generalized Anxiety Disorder scale
(GAD-7) was used, covering various areas, including social
phobia, anxiety, and obsessive-compulsive disorder [14]. Total
scores of 5, 10, and 15 indicate probable mild, moderate, and
severe anxiety, respectively.

For depression, the 13-item self-report Mood and Feelings
Questionnaire (MFQ) was used, with item ratings of true (score
of 2), sometimes true (score of 1), or not true (score of 0) [15].
A total score of ≥12 may indicate depression.

For emotional and behavioral difficulties, the Strengths and
Difficulties Questionnaire (SDQ) was used. This is a 25-item
questionnaire to measure behavioral and emotional difficulties
and assess psychological adjustment and mental health problems
in children and young people [16].

The child and adolescent versions of the MFQ and the SDQ
were used for participants aged between 16 and 17 years, and
the adult version was used for those aged ≥18 years.

Clear Fear App Questionnaire
The Clear Fear app questionnaire, developed for the purposes
of this study, was used to assess the Clear Fear app’s safety,
acceptability, satisfaction, and usability and included 21 items
(of which 7 were closed ended, 9 were open ended for free-text
responses, and 5 had Likert scales from 1-5).

For acceptability and user satisfaction, 10 items, including 8
open-ended questions, asked about what parts of the Clear Fear
app were used, whether the content was useful, what features
were liked or disliked and why, whether the app met the
participants’ expectations, and whether the app was unloaded.

For safety, 4 items asked whether the app helped reassure,
reduce, or increase feelings of anxiety and whether the
participants had to contact someone.

For usability, 7 items were related to how easy the Clear Fear
app was to use, whether any technical issues were encountered,
frequency of use, and at what time of the day it was used.

Data Analysis
Statistical analyses for all quantitative data were conducted
using SPSS Statistics for Windows (version 29; IBM Corp).
The demographic profile of participants and other quantitative
data were described using frequencies, percentages, and means.
The Shapiro-Wilk test of normality and visual assessment of
Q-Q plots were used to check whether continuous variables for
the outcome scores were normally distributed.

Mean scores derived from the outcome measures (GAD-7, MFQ,
and SDQ) were compared between baseline and follow-up.
Tests of significance were conducted using 2-tailed t tests or
Wilcoxon signed rank tests (for continuous variables not
distributed normally) to compare baseline and follow-up scores
for all outcome and clinical measures. Standardized effect sizes
were calculated using the Cohen d based on the mean change
in outcome scores between baseline (stage 1) and follow-up
(stage 3).

Qualitative data derived from open-ended questions were coded
and entered into NVivo (version 10; QSR International) and
analyzed using a thematic analysis of the text to identify themes
and patterns in the data and how they addressed the main aims
of the study [17]. Additional analyses (means and SDs) were
conducted to examine any differences in total outcome scores
for the GAD-7 and MFQ among age, gender, and ethnic groups.
Differences among these groups were also explored through
qualitative feedback on the Clear Fear app’s acceptability using
thematic analysis and categorization according to age, gender,
and ethnic group.

Ethical Considerations
Ethics approval for this study was obtained from the London –
City and East Research Ethics Committee (United Kingdom;
20/PR/0268), and all practices and procedures throughout the
research process were in line with the stipulations of the
Declaration of Helsinki.

This included that eligible participants be suitably informed of
the study details, risks, and benefits via an information sheet
before being asked to consent to the study. Only those who thus
provided their informed consent went on to enter the study.

Participants’ data were anonymized, collected and stored
securely, and managed solely by the researchers. Participants
were allocated a study ID number by a project administrator
separate from the researchers.

Finally, participants were given a £20 (US $24.44) Amazon
voucher as an honorarium upon completion of the final stage.
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Results

Overview
Recruitment for the study took place between February 2021
and June 2022. A total of 48 young people completed the
baseline measures. At the postfamiliarization phase (stage 2),
92% (44/48) of the participants completed all measures and the
Clear Fear app user questionnaire. At the 8-week follow-up
(stage 3), 77% (37/48) of the participants submitted all required
responses, constituting a dropout rate of 23% (11/48).

Demographic Characteristics
The demographic characteristics of the sample are listed in
Table 1. The mean age of the sample was 20.1 (SD 2.1) years,
with 62% (30/48) aged between 18 and 25 years. The sample
was predominantly female (37/48, 77%). Most were students,
with a third (16/48, 33%) attending secondary school and 29%
(14/48) at university. In terms of ethnicity, 67% (32/48) were
White British, and 10% (5/48) were Black British.

Table 1. Characteristics of the participants at baseline (stage 1) of this uncontrolled pre– and post–follow-up study to evaluate the Clear Fear app’s
usability, acceptability, safety, and effectiveness in helping young people manage symptoms of anxiety using the principles of cognitive behavioral
therapy over a 9-week period (N=48).

ValuesCharacteristics

20.1 (2.1; 17-24)Age (y), mean (SD; range)

18 (38)16-17, n (%)

30 (62)18-25, n (%)

Sex, n (%)

37 (77)Female

11 (23)Male

Marital status, n (%)

41 (85)Single

4 (8)Married or cohabiting

3 (6)Other long-term relationship

Ethnicity, n (%)

2 (4)Asian or Asian British

5 (10)Black British

3 (6)Mixed heritage

32 (67)White British

3 (6)White other

3 (6)Other

Student status, n (%)

16 (33)Attending secondary school

14 (29)Attending university

10 (21)Attending sixth form or college

8 (17)Not currently a student

Employment status, n (%)

33 (69)Student

6 (12)Employed part time

5 (10)Employed full time

2 (4)Unemployed

2 (4)Other

Baseline Scores
Table 2 lists the numbers and percentages of participants with
probable symptoms of anxiety and depression and emotional
and behavioral difficulties at baseline that would require further

assessment. In total, 48% (23/48) of the participants reached
the threshold for probable anxiety disorder as measured using
the GAD-7, with 29% (14/48) finding it very difficult or
extremely difficult to go about their daily routine or get along
with others.
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On the basis of the short MFQ measure, 56% (27/48) of the
participants obtained a positive score for probable depression.
A total of 75% (36/48) obtained very high on the SDQ total
score, with 52% (25/48) of participants reporting their problems

to be considerably distressing (quite a lot or a great deal). The
ability to learn (23/48, 48%) and get along with others close to
them (21/48, 44%) was also impacted for many.

Table 2. Numbers and percentages of participants meeting the threshold for probable symptoms of anxiety and depression and emotional and behavioral
difficulties at baseline (stage 1) and follow-up (stage 3) following use of the Clear Fear app over a 9-week period to evaluate the app’s usability,
acceptability, safety, and effectiveness in helping young people manage symptoms of anxiety using the principles of cognitive behavioral therapy.

Follow-up (stage 3; n=37), n (%)Baseline (stage 1; n=48), n (%)

8 (22)23 (48)Generalized anxiety disorder (GAD-7a)b

8 (22)27 (56)Mood and feelings (short MFQc)d

23 (62)36 (75)Emotional and behavioral difficulties (SDQe)f

10 (27)19 (40)Definite or severe problem

14 (38)19 (40)Problem lasting >12 months

12 (32)25 (52)Problem causing distressg

14 (38)21 (44)Difficulties getting along with close family or friends

12 (32)14 (29)Difficulties making and keeping friends

17 (46)23 (48)Difficulties with learning, studying, or work

13 (35)14 (29)Difficulties with hobbies and leisure

6 (16)19 (40)Difficulties impacting on others

aGAD-7: 7-item Generalized Anxiety Disorder scale.
bTotal score of ≥10.
cMFQ: Mood and Feelings Questionnaire.
dTotal score of ≥12.
eSQD: Strengths and Difficulties Questionnaire.
fTotal score of 20 to 40 (very high).
gThose reporting quite a lot to a great deal.

Postfamiliarization Phase (Stage 2): Clear Fear App
Use
A total of 92% (44/48) of the participants completed the
self-report measures and questionnaires at stage 2. In total, 77%
(34/44) of the participants used iOS (iPhone) as their operating
system, with the remainder (10/44, 23%) using an Android
phone. Only 5% (2/44) of the participants encountered technical
issues when using the Clear Fear app (eg, poor display or phone
freezing).

Participants used the Clear Fear app quite frequently; for many,
it was several times a week (18/44, 41%) or every day (11/44,
25%). The evening was the preferred time for over half (24/44,
55%) of the participants.

Commonly used parts of the Clear Fear app included Anxiety
Types (25/44, 57%), Clear Your Fear (23/44, 52%), and
Self-Monitoring (20/44, 45%; Table 3). Parts of the Clear Fear
app that were used less included Express Yourself (6/44, 14%),
Laugh And Smile (6/44, 14%), information (6/44, 14%), Stop
Overdoing Things (4/44, 9%), and Set an Exercise Goal (4/44,
9%).
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Table 3. Participants’ use of the Clear Fear app at the postfamiliarization phase (stage 2; 1 week following baseline) of this uncontrolled pre– and
post–follow-up study to evaluate the app’s usability, acceptability, safety, and effectiveness in helping young people manage symptoms of anxiety using
the principles of cognitive behavioral therapy over a 9-week period (N=44).

Participants, n (%)

Frequency of use

2 (5)More than once a day

11 (25)Every day

18 (41)Several times a week

10 (23)Weekly

3 (7)Less than once a week

Parts of the app used most

25 (57)Anxiety Types

23 (52)Clear Your Fear

20 (45)Self-Monitoring

14 (32)Stay Calm

13 (30)Dealing With Your Emotions

12 (27)Managing Your Worries

12 (27)Safety Net

10 (23)Combat Negative Thoughts

8 (18)Immediate Help

8 (18)Managing Physical Responses to Anxiety

Follow-Up (Stage 3)

Usability and Acceptability

Overview

At follow-up (stage 3), 77% (37/48) of the participants
completed the Clear Fear app user questionnaire. A total of 70%
(26/37) of the participants reported using the Clear Fear app to
address and manage feelings of anxiety, panic attacks, fear,
stress, and worry. Participants were asked what they did before
using the Clear Fear app to manage these symptoms. Most
(23/37, 62%) used positive distractions, such as talking to family
members, exercising, or other activities. The remaining
participants either did nothing or used negative distractions such
as “be in a daze.”

The use pattern of the Clear Fear app was similar to that in stage
2 as the most used parts continued to be Anxiety Types (20/37,
54%), Clear Your Fear (24/37, 65%), and Self-Monitoring
(16/37, 43%) and the least used parts were Express Yourself
(4/37, 11%) and Stop Overdoing Things (4/37, 11%).
Participants again mostly used the Clear Fear app either several
times a week (17/37, 46%) or weekly (14/37, 38%) and in the
evening (15/37, 41%). Fewer participants reported using the
Clear Fear app every day at stage 3 compared to stage 2 (4/37,
11% vs 11/44, 25%, respectively). Most participants (31/37,
84%) found the Clear Fear app easy or very easy to use.

In total, 4 key themes were derived from the qualitative data
(open-ended text responses). These included the Clear Fear
app’s interactive approach, active exercises, navigation, and
app look and content.

Interactive Approach

When asked what features of the Clear Fear app were liked the
most and why, a common theme appeared to include its
interactive and direct approach while simultaneously providing
information and guidance on how to manage feelings of anxiety
and fear:

I liked the way the app asked what you were afraid
of and then what you could do to battle that. I liked
the way the questions made you face your fears and
really think about it and not hide them. [P21; female;
student; aged 20 years]

This interactive approach gave one participant a sense of being
more in control:

I like things where I actively did something with my
anxiety, such as putting worries away, breathing
exercises, clear fear, etc. The active involvement made
me feel more in control. [P59; female; volunteer; aged
24 years]

Active Exercises

The range of different activities, including breathing and writing
exercises, to guide participants through their negative thoughts
and feelings was well received. The immediate help feature and
the available activities were considered helpful:

I liked using the immediate help feature and doing
the breathing activities and panic attack feature
because it helped to calm me down while having a
panic attack. I also liked the safety net feature to
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remind myself what help I could get. [P65; female;
student; aged 18 years]

Encouraging participants to seek help when they needed it was
another important feature of the Clear Fear app, together with
offering practical and immediate strategies to manage their
anxiety.

Navigation

The app is generally great and easy to use, and very
helpful. [P61; male; working part time; aged 21 years]

While most participants found the Clear Fear app easy to use
and follow, a small minority (5/37, 14%) found the Clear Fear
app difficult to use. A total of 60% (3/5) of these participants
found the app difficult to navigate and asked for clearer
instructions for finding activities:

The app was a little confusing to navigate on the home
page, I found it confusing to go to the activities
because there was no instruction as to how to do that.
[P32; female; student; aged 17 years]

Some features take a long time to find and I forgot
which buttons I needed to press to get to them. [P35;
female; student; aged 17 years]

Another 40% (2/5) mentioned that they wanted to be able to
make entries to the journal part of the app without having to
carry out the activities first:

I couldn’t find a way to always access the journal.
My entries were after activities where it gives you the
option to write. I’d love there to be a more accessible
journal. [P59; female; other; aged 22 years]

In total, 2 features of Clear Fear, Grit Box and Laugh and Smile,
were considered less helpful by a small minority (4/37, 11%).

App Look and Content

While the Clear Fear app had content that participants found
useful, some preferred not to have to read so much. One

participant described expecting the Clear Fear app to have a
better layout and look, with a less clinical appearance:

I expected the physical layout and colour schemes
and fonts to look more calming and relaxing. The
white backgrounds and lack of obvious clickable
buttons made it look very clinical. To some extent the
confusing layout made me feel more anxious when I
used it. [P29; female; student; aged 18 years]

Another participant thought that the Clear Fear app would have
a means through which to communicate with someone or
something:

I thought that there would be some sort of
communication with something or someone like an
area where you can talk to those cute creature things
and have them say nice messages. [P65; female;
working full time; aged 21 years]

There was also a suggestion to have the Clear Fear app speak,
perhaps to offer reassurance or include games:

I wanted more options of help than just writing
everything down and having to read the help. E.g.
videos to watch on the topic, music to calm thoughts
and someone speaking the words. [P30; female;
student; aged 18 years]

Safety
Table 4 lists the numbers and percentages of participants
concerning their responses to questions about the Clear Fear
app’s safety. Many participants found that the Clear Fear app
reassured them either a lot (11/37, 30%) or somewhat (16/37,
43%). Similarly, the Clear Fear app was said to help reduce
feelings of anxiety by a lot (13/37, 35%) or somewhat (14/37,
38%).

Table 4. Participants’ responses regarding the safety of the Clear Fear app following 8 weeks of use (at stage 3) in this uncontrolled pre– and
post–follow-up study to evaluate the app’s usability, acceptability, safety, and effectiveness in helping young people manage symptoms of anxiety using
the principles of cognitive behavioral therapy (N=37).

Participants, n (%)Questions and responses

Did the Clear Fear app help reassure you when feeling anxious?

11 (30)Yes, a lot

16 (43)Yes, somewhat

5 (14)Yes, a little

2 (5)No, not at all

Did the Clear Fear app reduce your feelings of anxiety?

13 (35)Yes, a lot

14 (38)Yes, somewhat

7 (19)Yes, a little

2 (5)No, not at all

Did the Clear Fear app help you contact someone to speak to about your anxiety?

21 (57)Yes

16 (43)No
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Just over half (21/37, 57%) of the participants who responded
to this question reported that the Clear Fear app helped them
speak to someone about their anxiety. However, 43% (16/37)
said that the Clear Fear app did not help them contact someone.

Qualitative User Feedback and Differences by Age,
Gender, and Ethnicity
Some differences were found among age, gender, and ethnic
groups from the qualitative data gathered from 3 user feedback
questions concerning the acceptability of the Clear Fear
app—which parts were most liked and disliked and what users
were expecting from the app. Younger users (aged 16-18 years)
preferred guided, calming features such as Clear Your Fear,
whereas older users (aged 19-25 years) appreciated
action-oriented, self-reflective tools such as the worry box and
anxiety management features. The small sample of men focused
on more immediate relief tools, such as breathing exercises and
the Laugh and Smile feature, whereas female participants opted
more for features that allow for emotional processing (eg,
writing and emotional guidance). Regarding ethnicity, Black
British users highlighted a focus on privacy and control, and
Asian British participants valued ease of use and humor.

There were few differences between demographic groups for
the small number of participants who noted parts of the app that
they disliked (5/37, 14%). Younger users (aged 16-18 years)
appeared less satisfied with navigating the app and features such
as Safety Net or Laugh and Smile. Male respondents were less

dissatisfied with the Clear Fear app, although they provided
very brief responses. Black British users found the app’s
interface and navigation difficult and preferred customizable
features, whereas Asian British participants provided limited
negative feedback.

Managing emotions, anxiety, and coping strategies were the
main expectations from the app across each of the age, gender,
and ethnic groups.

Effectiveness of the Clear Fear App: Outcomes at
Follow-Up (Stage 3)
Tables 5 and 6 list mean scores (and subscores for the SDQ),
mean differences, standardized effect sizes, 95% CIs, and P
values for each outcome measure at baseline and follow-up. At
follow-up, 8 weeks after stage 2, statistically significant
reductions were found in all mean total scores for symptoms of
anxiety (GAD-7; t36=2.6, 95% CI 0.41-3.53; P=.01) and
depression (short MFQ; z=2.3; P=.02) and emotional and
behavioral difficulties (SDQ; t47=4.5, 95% CI 3.67-9.65;
P<.001). The mean change in mean symptom scores revealed
mostly medium to large standardized effect sizes.

Subscores for the SDQ also revealed significant decreases in
emotional problems (t47=4.5, 95% CI 1.14-2.99; P<.001),
conduct problems (t47=4.2, 95% CI 0.64-1.82; P<.001),
hyperactivity (t47=2.3, 95% CI 0.11-1.59; P=.02), and peer
problems (t47=1.6, 95% CI 0.39-1.61; P=.002).

Table 5. Baseline and follow-up (9 weeks later) mean comparisons, mean differences, and standardized effect sizes for participants’ anxiety, depression,
and behavioral and emotional symptom scores following their use of the Clear Fear app in this uncontrolled pre– and post–follow-up study to evaluate
the app’s usability, acceptability, safety, and effectiveness in helping young people manage symptoms of anxiety using the principles of cognitive
behavioral therapy.

Standardized effect size,
Cohen dz

Mean difference (SD)Follow-up score (stage 3;
n=37), mean (SD)

Baseline score (stage 1;
n=48), mean (SD)

Outcome measure

0.46–1.9 (4.1)7.5 (3.7)9.4 (4.5)Probable anxiety disorder (GAD-7a total)

0.50–2.6 (5.2)8.7 (5.1)11.3 (5.4)Probable depression (short MFQb total)

0.80–6.7 (8.3)16.6 (9.9)23.3 (4.8)Behavioral and emotional difficulties

0.80–2.0 (2.5)3.9 (2.9)5.9 (2.1)Emotional problems

0.79–1.2 (1.5)1.5 (1.2)2.7 (1.8)Conduct problems

0.34–0.8 (2.3)3.3 (2.7)4.1 (1.9)Hyperactivity

0.54–1.0 (1.8)2.1 (1.9)3.1 (1.8)Peer problems

aGAD-7: 7-item Generalized Anxiety Disorder scale.
bMFQ: Mood and Feelings Questionnaire.
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Table 6. Baseline and follow-up (9 weeks later) test of significance of the results for participants’ anxiety, depression, and behavioral and emotional
symptom scores following their use of the Clear Fear app in this uncontrolled pre– and post–follow-up study to evaluate the app’s usability, acceptability,
safety, and effectiveness in helping young people manage symptoms of anxiety using the principles of cognitive behavioral therapy.

P valueTest of significanceOutcome measure

.01t36=2.6 (95% CI 0.41-3.53)Probable anxiety disorder (GAD-7a total)

.02z=2.3cProbable depression (short MFQb total)

<.001t47=4.5 (95% CI 3.67-9.65)Behavioral and emotional difficulties (SDQd total)

<.001t47=4.5 (95% CI 1.14-2.99)Emotional problems

<.001t47=4.2 (95% CI 0.64-1.82)Conduct problems

.02t47=2.3 (95% CI 0.11-1.59)Hyperactivity

.002t47=1.6 (95% CI 0.39-1.61)Peer problems

aGAD-7: 7-item Generalized Anxiety Disorder scale.
bMFQ: Mood and Feelings Questionnaire.
cZ score from Wilcoxon signed rank test.
dSDQ: Strengths and Difficulties Questionnaire.

Differences in Anxiety and Depression Symptoms by
Age, Gender, and Ethnicity
Few differences in the mean total outcome scores were found
for the GAD-7 and MFQ when examined by age, gender, and
ethnic group. Almost all groups showed improved anxiety and
depression symptom scores at stage 3. The exceptions were
Black British (5/37, 14%) and mixed-heritage (3/37, 8%) ethnic
groups, whose GAD-7 mean scores increased slightly between
stages 1 and 3 (from 13.0 to 13.3 and 11.3 to 13.0, respectively).
Black British participants also had a slightly increased MFQ
mean score at stage 3 (from 13.0 to 13.3). The greatest
improvements in mean scores were a mean reduction of –5.0
(SD 9.8) in the GAD-7 for White other individuals (3/37, 8%)
and mean reductions in the MFQ of –5.3 (SD 5.3) for male
individuals (11/37, 30%), –6.0 (SD 11.3) for White other
individuals (3/37, 8%), and –4.4 (SD 7.8) for those aged 18 to
25 years (25/37, 68%).

Discussion

Principal Findings
This paper details the development and evaluation of the Clear
Fear app. The main findings on usability, acceptability, safety,
and effectiveness were positive overall. The app was effective
in reducing probable symptoms of anxiety and depression and
emotional and behavioral difficulties. Therefore, this appears
to support the hypothesis that a self-guided mobile cognitive
behavioral app can improve anxiety symptoms and be acceptable
to young people over a period of 9 weeks. However, the
limitations of this study (outlined in a later section) should be
noted when interpreting these findings.

A post hoc power analysis was conducted using G*Power
(version 3.1.9.7) to check whether the sample size used in this
study was large enough to facilitate sufficient statistical power
for the analyses conducted [18]. The sample of 48 participants
at baseline (with a medium effect size of 0.5 and an α of .05)
and the sample at stage 3 (follow-up; n=37) provided 90% power

and 80% power, respectively. Therefore, the study was
adequately powered for the statistical analyses conducted.

Comparison With Prior Work

Usability
Certain parts of the Clear Fear app were frequently used both
at stage 2 and stage 3, including Anxiety Types, Clear Your
Fear, and Self-Monitoring, features that perhaps targeted
participants’ specific needs and symptoms. Over three-quarters
of participants at stage 3 (31/37, 84%) reported the Clear Fear
app to be easy to use. Patterns of Clear Fear app use remained
broadly similar at stages 2 and 3, demonstrating consistent use
throughout the study. Other similar studies have reported high
use of mental health apps among young people during the first
week, which often declines over time [19,20].

A very small minority of participants (5/48, 10%) found the
Clear Fear app difficult to use. The app contains many different
features and activities, perhaps too many, which, for a minority
of participants, made it confusing to navigate and, subsequently,
less useful and helpful when trying to find or retrieve parts. The
information given and some of the requirements, such as writing
down goals and ways to achieve them, may be overwhelming
for some. Striking the right balance between ease of use and
informativeness is important [21]. Therefore, based on the
feedback from a small minority of study participants, future
updates of the Clear Fear app could ensure easier navigation
and direct access to features if required.

Popular and frequently used features of the Clear Fear app
included Anxiety Types, Clear Your Fear, and Self-Monitoring.
This appeared to show some participants’preference for dealing
head-on with their feelings of anxiety and fear. The
self-monitoring feature provides important emotional awareness
to track and reflect on feelings and emotions to identify which
promote positive or negative moods [19]. Previous research has
also shown that self-monitoring mood is commonly included
in many mobile mental health apps for young people and is the
most liked and engaged with section [22,23].
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Qualitative Feedback
The key themes derived from the open-ended responses to the
Clear Fear app user questionnaire revealed which aspects
participants found useful and what they liked and disliked. The
Clear Fear app’s approach to tackling feelings of anxiety and
fear appeared beneficial. The exercises (breathing, meditation,
and journal writing) within the Clear Fear app were also
beneficial in helping some participants calm down from a panic
attack. These exercises and other distraction strategies are
important for managing anxiety. Some participants also
suggested adding videos to watch, calming music, games, and
someone speaking reassuring words, which could potentially
enhance the Clear Fear app. Video games have been shown to
be a useful therapeutic distraction, which helps address and treat
symptoms of anxiety [24].

When selecting mobile mental health apps, young people have
been found to prefer those that are accessible, secure, and
evidence based [25]. The Clear Fear app meets these important
criteria.

Safety
The Clear Fear app also appeared safe to use, with nearly
three-quarters of participants (31/37, 84%) reporting that it
offered a lot or some reassurance when feeling anxious or
fearful. These reports were confirmed by the pre– and
post–follow-up scores for the outcome measures. The
“immediate help” feature was an important reminder for some
participants to seek help when they needed it while in the
meantime providing information and practical strategies for
dealing with their anxiety and fear. Encouragingly, over half
(21/37, 57%) of the participants reported that the Clear Fear
app helped them speak to someone about their anxiety.

Effectiveness
At the beginning of this study, just under half (23/48, 48%) of
the participants met the threshold for probable symptoms of
anxiety disorder, over half (27/48, 56%) had probable
depression, and three-quarters (36/48, 75%) obtained a score
of very high for emotional and behavioral difficulties. By the
end of the study, this had decreased to just under a quarter (8/37,
22%) of participants meeting the threshold for probable anxiety
disorder, the same proportion (8/37, 22%) for probable
depression, and just under two-thirds (23/37, 62%) scoring very
high for emotional and behavioral difficulties. Consequently,
the Clear Fear app appeared to significantly reduce scores for
probable anxiety disorder (P=.01), probable depression (P=.02),
and behavioral and emotional difficulties (P<.001) after 8 weeks
of use. Moreover, at stage 3 of this study, far fewer participants
met the threshold for symptoms of probable anxiety disorder
and depression in particular.

These results add to the limited available evidence of the
effectiveness of app interventions targeting anxiety and
depression in young people and confirm previous findings that
such apps, according to one review, can produce small to
medium positive effect sizes [26]. Despite being distinct
conditions, there is a strong relationship between anxiety and
depression, which can coexist in young people [27]. This may
explain the improvement in depression scores found in this

study even though the Clear Fear app is designed for the
management of anxiety symptoms. This improvement may be
due to several reasons. Anxiety and depression often share
common risk and maintaining factors, and addressing anxiety
may help with some of the factors that are common to
depression. Lowered anxiety may also help improve a person’s
self-esteem and confidence; enhance social connection; and
help with focus, purpose, and application to work, all
contributing to enhanced mood.

Differences by Age, Gender, and Ethnic Group
Generally, the Clear Fear app revealed few differences across
the age, gender, and ethnic groups examined. However, the
differences found highlighted the need to improve the app’s
navigation and refine less popular features for Black British
and younger users. Interestingly, Black British users had slightly
increased scores at follow-up for anxiety and depression
symptoms, which underlines the need for more culturally
appropriate content.

Limitations
The small sample of participants prevented further statistical
tests to compare differences among age, gender, and ethnic
groups. However, such differences were further examined in
terms of mean outcomes and qualitative feedback (a strength
of this study) to understand the user experiences of the Clear
Fear app according to age, gender, and ethnicity.

The Clear Fear app is suitable for ages of ≥11 years; however,
participants in the study were aged between 16 and 25 years,
making the study findings generalizable only to this age group.
Children and adolescents may respond differently to the Clear
Fear app layouts, interaction styles, and content than those aged
16 to 25 years.

It is difficult to know what biases may have been introduced
during recruitment, for example, how participants self-selected
to take part in the study, the different avenues of information
(eg, how participants found out about the study and the Clear
Fear app), and their motivation to take part. The offer of an
incentive (a shopping voucher) could have led to some form of
selection bias regarding those who took part in the study.
However, the attrition rates were low, with over three-quarters
of participants (37/48, 77%) remaining in the study at follow-up,
preventing selective biases associated with high dropout rates.

The follow-up of 8 weeks was a relatively short period, and a
lack of a control group also presents further limitations in the
study design. However, this exploratory uncontrolled
pretest-posttest design provides promising initial findings; some
understanding of how the Clear Fear app was used; its
acceptability; and potential effects on reducing symptoms of
anxiety, depression, and emotional and behavioral difficulties.
This study was also adequately powered to conduct significance
tests on the main outcome after carrying out a post hoc G*Power
calculation.

Future Research
Future studies could benefit from a more robust evaluation
design with a larger and more diverse sample. A randomized
controlled trial with one or more comparison groups (including
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a control group) would help determine causality and control for
potential confounders and other external influencing factors.
This combined with recruiting participants from a wider
representation, including children and adolescents (between the
ages of 11 and 15 years), could extend the generalizability of
this study’s findings. Incorporating clinician-administered
outcome measures and extending the follow-up period beyond
8 weeks would enhance understanding of the Clear Fear app’s
effectiveness and user engagement over time (eg, over 3, 6, and
≥12 months). Future studies could also help determine how and
why the Clear Fear app helped with symptoms of depression.

Future studies could also examine the Clear Fear app’s
effectiveness across different cultural contexts to reveal how
cultural norms and societal pressures impact user engagement
and outcomes. This could help identify any necessary
adaptations to the app’s content or functionality to make it
culturally sensitive and relevant.

Similarly, future studies could explore how the Clear Fear app
can be integrated with specialist mental health services. This
could involve studying the app’s role in supporting young adults
on treatment waiting lists through enhancing engagement,
complementing face-to-face therapy, being administered as a
stand-alone intervention, and helping reduce increased
workloads for health care providers. Given the need for ongoing
support following discharge and in preventing relapse, the Clear
Fear app may also have a function in helping young adults stay
well.

In addition, further research could focus on understanding the
perceptions and acceptance of digital health tools among both
patients generally and clinicians in various health care settings,
which may vary widely based on local practices and resources.
This research will help refine the development of digital
interventions, ensuring that they are both accessible and effective
for diverse populations and integrated within existing health
care systems.

Conclusions
The findings indicate that the Clear Fear app is an accessible,
easy-to-use, safe, and effective early intervention for young
people experiencing mild to moderate anxiety and depression.
Therefore, this study appears to support the hypothesis that a
self-guided mobile cognitive behavioral app can improve anxiety
symptoms and be acceptable to young people over a period of
9 weeks. However, it is important to note this study’s limitations,
which may restrict the validity and generalizability of these
findings, particularly until further research is conducted with
larger samples of young people and specifically with children
aged between 11 and 15 years to continue to assess the Clear
Fear app’s functioning and use. It is also important to examine
its effectiveness over a longer period, using more robust and
possibly alternative methodologies to better understand its use
and compliance. The quantitative and qualitative feedback from
participants also provide important information for further
improvements to the Clear Fear app through future updates.
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Abstract

Background: After experiencing symptoms for an average of 7 years before diagnosis, patients with endometriosis are usually
left with more questions than answers about managing their symptoms in the absence of a cure. To help women with endometriosis
after their diagnosis, we developed a digital program combining user research, evidence-based medicine, and clinical expertise.
Structured around cognitive behavioral therapy and the quality of life metrics from the Endometriosis Health Profile score, the
program was designed to guide participants for 3 months.

Objective: This cohort study was designed to measure the impact of a digital health program on the symptoms and quality of
life levels of women with endometriosis.

Methods: In total, 63% (92/146) of the participants were included in the pilot study, recruited either free of charge through
employer health insurance or via individual direct access. A control group of 404 women with endometriosis who did not follow
the program, recruited through social media and mailing campaigns, was sampled (n=149, 36.9%) according to initial pain levels
to ensure a similar pain profile to participants. Questionnaires assessing quality of life and symptom levels were emailed to both
groups at baseline and 3 months. Descriptive statistics and statistical tests were used to analyze intragroup and intergroup
differences, with Cohen d measuring effect sizes for significant results.

Results: Over 3 months, participants showed substantial improvements in global symptom burden, general pain level, anxiety,
depression, dysmenorrhea, dysuria, chronic fatigue, neuropathic pain, and endo belly. These improvements were significantly
different from the control group for global symptom burden (participants: mean –0.7, SD 1.6; controls: mean –0.3, SD 1.3; P=.048;
small effect size), anxiety (participants: mean –1.1, SD 2.8; controls: mean 0.2, SD 2.5; P<.001; medium effect size), depression
(participants: mean –0.9, SD 2.5; controls: mean 0.0, SD 3.1; P=.04; small effect size), neuropathic pain (participants: mean –1.0,
SD 2.7; controls: mean –0.1, SD 2.6; P=.004; small effect size), and endo belly (participants: mean –0.9, SD 2.5; controls: mean
–0.3, SD 2.4; P=.03; small effect size). Participants’ quality of life improved between baseline and 3 months and significantly
differed from that of the control group for the core part of the Endometriosis Health Profile-5 (participants: mean –5.9, SD 21.0;
controls: mean 1.0, SD 14.8; P=.03; small effect size) and the EQ-5D (participants: mean 0.1, SD 0.1; controls: mean –0.0, SD
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0.1; P=.001; medium effect size). Perceived knowledge of endometriosis was significantly greater at 3 months among participants
compared to the control group (P<.001).

Conclusions: This study’s results suggest that a digital health program providing medical and scientific information about
endometriosis and multidisciplinary self-management tools may be useful to reduce global symptom burden, anxiety, depression,
neuropathic pain, and endo belly while improving knowledge on endometriosis and quality of life among participants.

(JMIR Form Res 2025;9:e58262)   doi:10.2196/58262

KEYWORDS

digital program; endometriosis; integrative therapies; quality of life; nonpharmacological intervention; daily life; adenomyosis;
lesions; women; digital; France; case control; digital health; pilot study; control group; global symptom; burden; depression;
neuropathic pain; chronic; multidisciplinary; web based; mobile health; mHealth; intervention

Introduction

Background
Endometriosis is a chronic, inflammatory disease affecting an
estimated 1 in 10 women of childbearing age. It is defined by
the presence of endometrial-like tissue outside the uterine cavity
[1]. Manifestations of the disease are mainly painful (eg,
dysmenorrhea, dyspareunia, dyschezia, and dysuria), with
symptoms substantially impacting the quality of life (QOL) of
those affected [2]. There is no definitive cure, and available
solutions aim to reduce symptoms. The initial solutions are
generally hormonal, which are not always well tolerated by
patients [1], consistent with their fertility goals, or effective in
relieving pain [3]. While surgery was once widely recommended
to patients with endometriosis, given the frequent disease
recurrence [4], it is now increasingly restricted to selected
patients for whom it can be relevant in European countries [5].
Thus, living with endometriosis means learning to deal with the
symptoms, using tools other than or in complement to hormonal
therapy. After experiencing symptoms for an average of 7 years
before diagnosis [6], the lack of an adapted care pathway for
symptom management is a crucial unmet need of the patients
[7]. Various nonpharmacological interventions have been studied
to help with symptom management, such as dietary changes,
physical activity, sex therapy, and mind-body interventions,
which seem pertinent for the daily management of endometriosis
[8-12]. Digital tools may offer a solution to enhance accessibility
to and observance of nonpharmacological interventions toward
endometriosis symptom reduction.

Prior Work
Developing a program to improve QOL requires the construction
of content corresponding to what can modulate the QOL of
women with endometriosis. Numerous studies to assess changes
in patients’ QOL have been using the Endometriosis Health
Profile (EHP) score as a reference for almost 20 years [13]. The
EHP is a standardized tool for measuring QOL. Initially
developed with 30 items (EHP-30) [14], a shortened version
with 5 items (ie, EHP-5) was also validated [15]. The following
EHP components were taken into account in developing the
programs: pain, control and powerlessness, emotional
well-being, social support, self-image, work life, infertility and
children management, sexual relationships, and relation to the
medical profession.

Cognitive behavioral therapy (CBT) is a well-supported
treatment for various disorders [16]. CBT’s goal is to help
individuals better understand the relationship and interaction
between their emotions, cognitions (received ideas), and
behavior to be able to manage their symptoms and quit the
vicious cycle that contributing factors may create through
behavior change (develop coping mechanisms), cognitive
restructuring (restructure maladaptive thoughts), and emotion
regulation (relaxation and acceptance) [17-19]. It was found to
improve the QOL for patients with chronic pain conditions
[20-23], especially by encouraging a problem-solving attitude
in the patients receiving the treatment [24]. Internet-based CBT
programs have been proven effective for a variety of disorders
[25-29]. When considering CBT-based programs for chronic
pain [18,30], the following components are found:
psychoeducation on pain mechanisms and biopsychosocial
model, goal settings, CBT-based behavior skills for managing
pain (eg, pleasant activities and sleep hygiene), emotion
regulation and mind-body interventions (eg, relaxation methods
and mindfulness), cognitive restructuring, and long-term action
plan for maintenance and anticipation of obstacles.

Goal of This Study
A digital solution for endometriosis symptom management was
developed using a CBT approach based on EHP items. The
digital support solution focused on the scientific and medical
state of the art around 5 nonpharmacological interventions
(disease education including pain mechanism, diet, adapted
physical activity, well-being and mental health, and sexual
health). The School of Endo digital program was developed and
made available in France to help women with endometriosis
after their diagnosis.

This cohort study was designed to measure the impact of a
digital health program on the symptoms and QOL levels of
women with endometriosis. The study also aimed to provide
insights into the value of a digital program for the day-to-day
management of endometriosis and to address the lack of real-life
data studies for digital support in endometriosis.

Methods

Development of a Digital Health Program
To develop a digital health program that adequately addresses
the needs of patients with endometriosis, several steps were
followed, where product development and scientific research
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complemented each other [31]. As the first step, 120
semistructured interviews and >100 web-based questionnaires
with patients and health professionals were conducted to
understand the needs of women with endometriosis. According
to this user research, the primary need expressed by women
with endometriosis was to find help with the daily management
of symptoms, especially pain. A small exploratory preliminary
program was developed and tested by women to complement
the user research. A scientific rationale and advice from medical
experts completed the user research. User research,
evidence-based medicine, and clinical expertise were combined
to enable the development of the program [32].

The structure of the program’s content was based on CBT and
the QOL items of the EHP score, and participants were advised
to follow it for 3 months. The program was accessible from
November 2022 for women with endometriosis aged >18 years,
either at no fee through employer health insurance (Mutuelle
Générale de l’Education Nationale) or individual direct
payment. Program participants were invited to join the pilot
study on a voluntary basis.

This program sought to provide evidence-based information
and tools to empower patients on symptom management through
a wide range of content: videos, exercises, written content, live
sessions, quizzes, and a community-based platform. A total of
12 endometriosis experts were involved in the construction of
the program, constituting a multidisciplinary team.

Scientific rationale highlighted some factors of interest for the
program. In an Australian study on 484 women with
endometriosis, dietary changes were reported among the most
effective strategies in terms of reducing self-reported pain
associated with the disease [8]. Optimizing nutrition is a
nonpharmacological intervention that can be used to manage
the symptoms of endometriosis. The positive effects of physical
activity have been documented for various health conditions,
including mental health (improved cognitive function, enhanced
QOL, improved sleep, and reduced signs of anxiety and
depression) and chronic pain [12,33,34]. According to current
research, psychological interventions and mind-body approaches
are promising for improving QOL and alleviating pain, anxiety,
depression, stress, and fatigue in women with endometriosis
[9,10]. The impact of endometriosis on sex life harms patients’
self-esteem. Sex therapy and psychological interventions can
be very beneficial during treatment to improve QOL [11].

The program addressed every aspect of the disease through 5
sections: disease education including pain mechanism, diet,
adapted physical activity, well-being and mental health, and
sexual health. It started with a section on knowledge of the
disease, with an introduction to the program and the
multidisciplinary approach. Psychoeducation was focused on
defining the disorder, its causes, and its impacts. It helped the
participant generate a model of their disorder and pain to obtain
a representation of a functional analysis of the factors
perpetuating the symptoms. The first part of the program
concluded with educating the participants on setting goals and
initiating change and provided tools to help them set their goals.

CBT content is included throughout the program. Each section
mentioned subsequently contains education, advice, and tools
created by health care professionals in the field.

The diet section covered step-by-step behavior change through
good mealtime habits, from breakfast to dinner, with the help
of calendars to fill in. This section provided information on why
and how to make dietary changes with endometriosis,
particularly on the role of diet in inflammation and digestive
symptoms. A section dedicated to identifying inflammatory
foods was also available to participants.

The sections dedicated to physical activity presented different
ways to stay active while experiencing symptoms and suggested
various methods, including yoga, Pilates, physiotherapy
exercises, and daily habits, to move the body. A 30-minute yoga
session and a Pilates session were available each week. These
sessions focused mainly on pelvic mobility. Physiotherapy
complemented the physical activity with ventral breathing
exercises and a focus on the perineum and abdominal muscles.

The mental health section focused mainly on education and
prevention to help with emotional regulation. Relaxation
practices, sophrology exercises, Beck columns, and a weekly
diary to initiate behavior changes were proposed.

The sexuality and intimacy section featured physiotherapy
exercises, sex therapy tools, and advice to rediscover pleasure
and self-confidence in sexual relations.

The program allowed participants to create their toolbox and
action plan. Section contents were delivered weekly for 3
months and were available for a further 3 months (Figure 1).
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Figure 1. Sections contained in the 3-month digital program offered to participants with endometriosis on which this cohort study is based.

Ethical Considerations
A study protocol was established in compliance with French
regulations, reviewed by the Lyv Healthcare company’s ethics
committee, and filed with the French public structure for studies
on health data: Health Data Hub (N° F20221114165253).
Participants answered the questionnaires on a voluntary basis
after being informed about the research project objectives and
were provided with contact information to exercise their rights.
At any time, participants had the possibility to opt out. All
collected data were pseudonymized and stored in compliance
with health data security standards (Health Data Hosting
certification, hébergeurs de données de santé). No personal
information was shared with third parties, and all data analysis
was performed on deidentified datasets. No compensation was
provided to either program participants or the control group for
their participation in the study.

Impact of the Digital Health Program

Questionnaires
Our study compared 2 groups, distinct in terms of exposure to
the digital program, both having participants with endometriosis.
The study is considered a cohort study because the allocation
of respondents to the exposure criterion was not controlled for
the research participant, and there was no prospective
assignment. Two web-based questionnaires were sent to program
participants via email links and reminders on the program’s
community-based platform. The first questionnaire was sent at
the time of inclusion in the program (time point 0 [T0]) and the
second one after 3 months (T0+3 mo), with 2 weeks to submit
their answers. Participants completed the questionnaires on their
own, requiring approximately 15 minutes to complete.
Questionnaires were structured into 2 parts, including a main
part (53 questions) and a bonus part (24 questions), explaining

differences in the sample size for some outcomes. Both
questionnaires were electronically tested before diffusion. A
back button allowed respondents to review and modify their
answers, while IP addresses were used to ensure that each
participant was a unique visitor, with only the first submission
used for analysis.

Population Sample
Women were free to choose whether to take part in the program,
with no obligation to complete it in full. Program participants
were given the freedom to answer the questionnaires. This pilot
study included participants who completed the main part entirely
at baseline and 3 months.

Only women who reported being diagnosed with endometriosis
could answer the questionnaires. The diagnosis could be clinical,
imagery based, or surgical. To record the effect of active use
of the program on participants, the threshold of following at
least half of the proposed content types was retained. As a result,
among the participants, only women who declared having tested
>50% of the proposed content type in the program were
included.

The terms woman and women are used in this paper. It should
be noted that people with a uterus may or may not identify with
these terms and experience endometriosis. Sex and gender were
not criteria for inclusion in the study.

Control Group
A control group of women with endometriosis who did not
follow the program was recruited via social media and a health
insurance provider email campaign (Mutuelle Générale de
l’Education Nationale). The women in the control group were
volunteers, motivated solely by the desire to contribute to
advancing research, as no incentives, prizes, or rewards were
offered for their participation. The control group received the
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same questionnaires as program participants during the same
periods to eliminate external effects on measured parameters.

The control group was sampled on the initial pain level to have
a similar profile between them and program participants. Women
were selected from the control group by stratifying the sample
to reproduce the distribution of pain levels among program
participants. QOL answers were not selected for this
stratification as these questions were part of bonus
questionnaires. A random sample of women from the control
group was selected so that the same proportion was represented
for each modality of the participants’ general pain level. The
proportional sample was thus selected, reducing the number of
women in the control group to 149.

Study Outcomes Measures

Numeric Rating Scales

Numeric Rating Scales (NRSs) are 11-point scales, ranging
from 0 (no pain or symptom) to 10 (intense pain or symptom),
primarily used to measure symptom intensity. NRS evaluated
the level of overall pain, anxiety, depression, dysmenorrhea,
dyspareunia, dyschezia, dysuria, chronic pelvic pain,
gastrointestinal disorders, chronic fatigue, neuropathic pain,
and endo belly. Endo belly is a common term used by patients
with endometriosis to describe the cyclic bloating of the
abdomen [35] as “uncomfortable or painful, often accompanied
by a sensation of abdominal fullness,” and which “often forces
women with endometriosis to wear loose clothing” [36]. Endo
belly affects >80% of women with gastrointestinal symptoms
due to endometriosis [37].

Women without menstruation did not respond to the
dysmenorrhea NRS, and women without sexual activities did
not respond to the dyspareunia NRS, which explains differences
in sample size for these outcomes.

An average of each of these NRSs was used to determine a
global symptom burden score, ranging from 0 to 10.

EHP-5 Scale

EHP-5 is a QOL scale specific to endometriosis. A main score
is calculated out of 100 (100=poor QOL and 0=good QOL),
based on 5 items with 5 modalities (scored as 0, 25, 50, 75, and
100). The main score is the average of the scores for the 5 items.
A modular score is calculated out of 100 (100=worst QOL and
0=best QOL), based on 6 optional 5-modality items (scored as
0, 25, 50, 75, and 100). The score is the average of the scores
for the 6 items.

EQ-5D Scale

EQ-5D is a QOL scale nonspecific to endometriosis. It
comprises 5 items with 5 modalities scored from 1 to 5. The
concatenation of the 5 scores gives a combination. Each
combination ranging from 11111 to 55555 has a numerical
equivalent between –0.53 and 1. EQ-5D score ranges from –0.53
(poor QOL) to 1 (good QOL).

Statistical Analysis
Symptoms were considered to have evolved (improved or
deteriorated) if scores had changed by >2 points compared with

T0 [38]. QOL was considered to have evolved (improved or
deteriorated) if the score had changed by >15% compared with
T0 [39]. Otherwise, outcomes were considered stable.

The minimum sample size was calculated through a feasibility
study power analysis for outcomes between program participants
and the control group. This feasibility study was carried out on
a preliminary program among 55 participants to identify ways
to improve the program and observe symptoms and QOL levels.
Global pain on the NRS was assumed by a mean (SD) of 5.9
(2.3). Assuming a difference of at least 2 points, a power (1–β)
of 0.80, α=.05, and using a 2-sided 2-sample test, 11 program
participants and 11 participants from the control group would
be required to detect group differences. QOL was measured on
the EHP-5, assumed by a mean (SD) of 53.6 (19.0). Assuming
a change in score of at least 15%, a power of 0.80, α=.05, and
using a 2-sided 2-sample test, 13 program participants and 13
participants from the control group would be required for
detecting between-group differences. On the basis of power
analyses, it was planned to include answers from at least 13
program participants and 13 from the control group.

Descriptive statistics were carried out (number of participants,
percentage, mean, and SD). Statistical tests used to measure the
significance of intragroup evolution were the chi-square test
and the Fisher exact test for discrete variables, the Wilcoxon
signed rank test for paired and nonparametric continuous
variables, and the paired 2-tailed Student t test for parametric
continuous variables. Statistical tests used to measure
between-group differences (participants vs controls) were the
chi-square test and the Fisher exact test for discrete variables,
the Mann-Whitney U test for unpaired and nonparametric
continuous variables, and the unpaired 2-tailed Student t test
for parametric continuous variables. Furthermore, we applied
the Benjamini-Hochberg method to adjust for multiple
comparisons. This method controls the false discovery rate,
offering a balance between minimizing false positives and
maintaining statistical power. Cohen d tests were performed to
measure effect size when the result was statistically significant.
If Cohen d>|0.2|, the effect size was considered small, medium
if Cohen d>|0.5|, and large if Cohen d>|0.8|. Each outcome was
studied separately. A sensitivity analysis was conducted to note
the impact of program follow-up according to baseline QOL
level. For this, linear regression models and interaction tests
were used with the EHP-5 core QOL level (good QOL: 0 to 32,
medium QOL: 33 to 65, and low QOL: 66 to 100). Statistical
analysis was performed with SAS software (version 9.4; SAS
Institute).

Results

Population Description
The pilot study was based on the responses to the main
questionnaire part from 92 program participants diagnosed with
endometriosis and 149 women diagnosed with endometriosis
who did not follow the program, constituting the control group
(Figure 2).
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Figure 2. Cohort study flow diagram: cohort study responders were divided according to their participation in the 3-month digital program for women
with endometriosis. T0: time point 0.

Respondents to the questionnaires took part in this study on a
voluntary basis. Table 1 presents the characteristics of the
program participants and those of the control group at baseline.
On average, participants were aged 36.7 (SD 6.8) years and
were diagnosed with the disease when they were aged 32.5 (SD
6.7) years. In total, 26% (24/92) of the participants were
experiencing or had experienced infertility problems. There
were no substantial differences in socioeconomic characteristics

or pain levels at the time of inclusion compared to the control
group. Participants had a slightly poorer QOL at the time of
inclusion than those in the control group (P=.04) and were more
often on a continuous hormonal pill (P=.046). The baseline
symptom levels and QOL of program participants are provided
in Multimedia Appendix 1.

Analyses were based on the answers given by participants to
the initial questionnaire and the one at 3 months.

JMIR Form Res 2025 | vol. 9 | e58262 | p.2132https://formative.jmir.org/2025/1/e58262
(page number not for citation purposes)

Breton et alJMIR FORMATIVE RESEARCH

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


Table 1. Sociodemographic, clinical, pain-related, and quality of life baseline characteristics of program participants and those in the control group
with endometriosis (N=241).

P valueControl group (n=149)Program participants (n=92)

Sociodemographic characteristics

.9136.6 (7.2)36.7 (6.8)Age (y), mean (SD)

.6429 (19.5)23 (25)Single status, n (%)

.9211 (7.4)6 (6.5)Does not feel surrounded and feels very alone, n (%)

.735.4 (1.9)5.4 (1.7)Perceived financial situation (0=very insecure to 10=very comfort-
able), mean (SD)

.340.8 (1.0)0.7 (1.0)Number of children, mean (SD)

.111.3 (1.5)1.1 (1.4)Number of pregnancies, mean (SD)

Diagnosis of endometriosis and treatment

.093.4 (2.7)2.7 (2.4)Experience of the pathway to diagnosis (0=very poor to 10=very
good), mean (SD)

.2131.6 (6.8)32.5 (6.7)Age at diagnosis (y), mean (SD)

.5619.9 (8.7)18.7 (7.3)Age at first symptoms (y), mean (SD)

.1011.5 (8.6)13.5 (8.9)Time between first set of symptoms and diagnosis, mean (SD)

.04665 (43.6)53 (57.6)Hormonal treatment, n (%)

Symptoms and quality of life

.3747 (31.5)24 (26.1)Experienced infertility problems, n (%)

.126.5 (2.3)7.3 (1.8)Dysmenorrhea level (0=no pain to 10=worst pain), mean (SD)

.175.0 (1.6)5.3 (1.6)Global symptom burden (0=no symptom to 10=worst symptom inten-
sity), mean (SD)

.314 (2.7)5 (5.4)Proportion of global symptom burden ≥8, n (%)

.0445.2 (20.3)c53.8 (20.4)bQuality of life: EHP-5a (0=best to 100=worst), mean (SD)

.159 (6)11 (12)Proportion of quality of life: EHP-5 ≥80, n (%)

aEHP-5: Endometriosis Health Profile-5.
bn=39 program participants.
cn=65 individuals from the control group.

Impact on Endometriosis Symptoms
Initially, the participants’ most severe symptom was chronic
fatigue (mean 7.5, SD 2.1), followed by dysmenorrhea (mean
7.3, SD 1.8) and anxiety (mean 6.5, SD 2.2; Table 2).

Overall, there was a tendency for all symptoms to improve
during the 3 months of following the program (Table 3). For
some symptoms, the evolution was not significant compared
with the control group: dyspareunia, dyschezia, chronic pelvic

pain, gastrointestinal disorders, overall pain, dysuria, and chronic
fatigue. Over 3 months, the global symptom burden, general
level of pain, anxiety, depression, dysmenorrhea, dysuria,
chronic fatigue, neuropathic pain, and endo belly improved
significantly for the program participants. These improvements
were significantly different compared to the control group for
global symptom burden (P=.048; small effect size), anxiety
(P<.001; medium effect size), depression (P=.04; small effect
size), neuropathic pain (P=.004; small effect size), and endo
belly (P=.03; small effect size).
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Table 2. Outcome evaluation at baseline and 3 months for program participants versus those in the control group with endometriosis.

T0+3 moT0aControl
group
(n=149), n
(%)

Program par-
ticipants
(n=92), n (%)

Health outcome

Participants vs
control group

Control
group,
mean
(SD)

Program par-
ticipants,
mean (SD)

Participants vs
control group

Control
group,
mean
(SD)

Program par-
ticipants,
mean (SD)

Cohen dP valueCohen dP value

–0.0b.754.7 (1.8)4.6 (1.6)0.1b.175.0 (1.6)5.3 (1.6)147 (98.7)90 (97.8)Global symptom
burden

0.1b.665.3 (2.6)5.5 (2.6)0.1b.686.0 (2.4)6.2 (2.5)147 (98.7)90 (97.8)Overall pain

–0.2c.126.1 (2.7)5.5 (2.9)0.2c.125.9 (2.7)6.5 (2.2)147 (98.7)90 (97.8)Anxiety

–0.3c.054.2 (3.3)3.3 (3.1)–0.0b.874.2 (3.2)4.0 (3.0)147 (98.7)89 (96.7)Depression

–0.1b.545.8 (2.6)5.6 (2.6)0.3c.126.5 (2.3)7.3 (1.8)74 (49.7)35 (38)Dysmenorrhea

–0.2c.473.5 (2.7)3.1 (2.5)–0.0b.904.1 (2.8)3.9 (2.4)84 (56.4)43 (46.7)Dyspareunia

–0.1b.603.6 (2.9)3.3 (2.7)–0.2c.194.2 (2.8)3.7 (3.2)147 (98.7)90 (97.8)Dyschezia

0.0b.351.6 (2.4)1.6 (2.0)0.2c.361.8 (2.5)2.2 (2.9)147 (98.7)90 (97.8)Dysuria

0.1b.484.5 (2.7)4.8 (2.8)0.2b.224.8 (2.7)5.2 (2.8)147 (98.7)90 (97.8)Chronic pelvic
pain

0.2c.135.1 (2.8)5.7 (2.3)0.2c.105.3 (2.7)5.9 (2.7)147 (98.7)90 (97.8)Gastrointestinal
disorders

–0.0b.776.8 (2.3)6.8 (2.3)0.2c.097.0 (2.2)7.5 (2.1)147 (98.7)90 (97.8)Chronic fatigue

–0.1b.474.5 (3.0)4.3 (2.9)0.2c.094.6 (3.2)5.4 (3.1)147 (98.7)90 (97.8)Neuropathic pain

0.0b.925.3 (2.7)5.4 (2.7)0.2c.095.7 (2.7)6.2 (2.5)147 (98.7)90 (97.8)Endo belly

0.0b.8846.2
(21.5)

47.9 (19.4)0.0b.0445.2
(20.3)

53.8 (20.4)65 (43.6)39 (42.4)QOLd: EHP-5e

core part

0.0b.5926.4
(18.8)

26.7 (15.4)0.4c.0528.7
(18.4)

34.9 (13.0)64 (43)39 (42.4)QOL: EHP-5,
modular part

0.0b.440.8 (0.2)0.9 (0.1)–0.2c.060.8 (0.2)0.8 (0.1)80 (53.7)33 (35.9)QOL: EQ-5D score

aT0: time point 0.
bNo effect size.
cSmall effect size.
dQOL: quality of life.
eEHP-5: Endometriosis Health Profile-5.
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Table 3. Continuous outcomes evolution between baseline and 3 months for program participants versus the control group with endometriosis.

Benjamini-
Hochberg
threshold

Program participants
vs control group

Within control groupControl group,
mean (SD)

Within program partic-
ipants

Program partici-
pants, mean (SD)

Health outcome

Cohen dP valueCohen dP valueCohen daP value

0.022–0.3c.0480.2 c.004–0.3 (1.3)0.4 c<.001 b–0.7 (1.6)Global symptom bur-
den

0.050—d.840.3 c<.001–0.7 (2.5)0.3 c.02–0.7 (2.9)Overall pain

0.003–0.5e<.001—.510.2 (2.5)0.4 c<.001–1.1 (2.8)Anxiety

0.019–0.3c.04—.920.0 (3.1)0.3 c.002–0.9 (2.5)Depression

0.025—.050.3 c.01–0.7 (2.4)0.7 e<.001–1.9 (2.8)Dysmenorrhea

0.044—.690.3 c.007–0.7 (2.2)—.28–0.5 (2.8)Dyspareunia

0.038—.470.2 c.004–0.6 (2.7)—.16–0.4 (2.3)Dyschezia

0.034—.22—.41–0.1 (2.3)0.2 c.045–0.5 (2.3)Dysuria

0.041—.53—.29–0.3 (2.6)—.15–0.5 (3.0)Chronic pelvic pain

0.047—.76—.31–0.2 (2.3)—.36–0.2 (2.7)Gastrointestinal disor-
ders

0.031—.14—.29–0.2 (2.3)0.3 c.02–0.7 (2.5)Chronic fatigue

0.009–0.4c.004—.58–0.1 (2.6)0.4 c<.001–1.0 (2.7)Neuropathic pain

0.013–0.2c.03—.21–0.3 (2.4)0.3 c.002–0.9 (2.5)Endo belly

0.016–0.4c.03—.59—.09–5.9 (21.0)QOLf: EHP-5g core
part

1. (14.8)

0.028—.10—.06–2.5 (11.1)–0.5e.004–8.2 (16.9)QOL: EHP-5, modu-
lar part

0.0060.7 e.001—.08–0.0 (0.1)0.5 e.010.1 (0.1)QOL: EQ-5D score

aThe effect size was considered small if Cohen d >|0.2|, medium if Cohen d >|0.5|, and large if Cohen d >|0.8|.
bValues in italics indicate significant P values.
cSmall effect size.
dNot applicable.
eMedium effect size.
fQOL: quality of life.
gEHP-5: Endometriosis Health Profile-5.

When looking at symptom evolution (improvement, stability,
or deterioration), the distribution was not significantly different
between the 2 groups for dyspareunia, dyschezia, dysuria,
chronic pelvic pain, gastrointestinal disorders, and chronic
fatigue (Table 4). Global symptom burden improved in 20%
(18/90) of the program participants versus 6.1% (9/147) in the
control group (P=.003). Anxiety levels improved in 42% (38/90)
and deteriorated in 11% (10/90) of the program participants
versus 26.5% and 28.6%, respectively, in the control group
(P=.002). Depression deteriorated less in program participants

(9/89, 10%) than in the control group (41/147, 27.9%; P=.003).
Neuropathic pain improved more in program participants (37/90,
41%) than in the control group (34/147, 23.1%; P=.02), as did
endo belly (37/90, 41% vs 36/147, 24.5%; P=.03).

Actively following the digital program for 3 months was
associated with a significant improvement in global symptom
burden, anxiety, depression, neuropathic pain, and endo belly
perception among program participants when compared to the
control group.
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Table 4. Evolution of symptoms between baseline and 3 months for program participants versus the control group with endometriosis.

Benjamini-
Hochberg
threshold

Program partici-
pants vs control
group, P value

Control groupProgram participantsHealth outcome

DeteriorationStableImprovementDeteriorationStableImprovement

0.009.003 aGlobal symptom burden (n=90 participants; n=147 controls)

5 (3.4)133 (90.5)9 (6.1)4 (4.4)68 (75.6)18 (20)Participants, n (%)

2.5 (0.5)–0.2 (1.0)–2.9 (0.9)2.6 (0.7)–0.3 (1.0)–3.1 (0.9)Points, mean (SD)

0.029.09Overall pain (n=90 participants; n=147 controls)

19 (12.9)85 (57.8)43 (29.3)17 (18.9)39 (43.3)34 (37.8)Participants, n (%)

3.2 (1.5)–0.1 (0.7)–3.7 (1.6)3.3 (1.3)0.1 (0.8)–3.8 (1.7)Points, mean (SD)

0.006.002Anxiety (n=90 participants; n=147 controls)

42 (28.6)66 (44.9)39 (26.5)10 (11.1)42 (46.7)38 (42.2)Participants, n (%)

3.0 (1.4)0.2 (0.7)–2.9 (1.2)4.2 (1.9)–0.1 (0.7)–3.6 (1.8)Points, mean (SD)

0.012.003Depression (n=89 participants; n=147 controls)

41 (27.9)64 (43.5)42 (28.6)9 (10.1)52 (58.4)28 (31.5)Participants, n (%)

3.7 (2.1)0.0 (0.7)–3.5 (1.6)3.0 (1.5)0.0 (0.8)–3.7 (1.7)Points, mean (SD)

0.024.07Dysmenorrhea (n=35 participants; n=74 controls)

11 (14.9)39 (52.7)24 (32.4)2 (5.7)14 (40)19 (54.3)Participants, n (%)

2.9 (1.1)–0.2 (0.8)–3.3 (1.6)3.0 (0.0)0.1 (0.7)–4.0 (2.1)Points, mean (SD)

0.038.49Dyspareunia (n=43 participants; n=84 controls)

11 (13.1)48 (57.1)25 (29.8)9 (20.9)21 (48.8)13 (30.2)Participants, n (%)

2.3 (0.6)0.0 (0.7)–3.4 (1.6)3.1 (1.5)0.0 (0.8)–3.9 (1.6)Points, mean (SD)

0.047.63Dyschezia (n=90 participants; n=147 controls)

26 (17.7)75 (51)46 (31.3)16 (17.8)51 (56.7)23 (25.6)Participants, n (%)

3.3 (2.1)–0.1 (0.8)–3.5 (1.7)3.1 (1.1)–0.1 (0.7)–3.3 (1.5)Points, mean (SD)

0.035.38Dysuria (n=90 participants; n=147 controls)

22 (15)97 (66)28 (19.1)11 (12.2)55 (61.1)24 (26.7)Participants, n (%)

3.6 (1.6)0.0 (0.5)–3.4 (1.5)3.5 (1.4)–0.1 (0.5)–3.3 (1.7)Points, mean (SD)

0.032.30Chronic pelvic pain (n=90 participants; n=147 controls)

34 (23.1)69 (46.9)44 (29.9)24 (26.7)33 (36.7)33 (36.7)Participants, n (%)

3.1 (1.2)0.0 (0.8)–3.2 (1.6)3.3 (1.2)0.0 (0.7)–3.7 (1.6)Points, mean (SD)

0.050.90Gastrointestinal disorders (n=90 participants; n=147 controls)

32 (21.8)73 (49.7)42 (28.6)21 (23.3)42 (46.7)27 (30)Participants, n (%)

3.0 (1.3)0.0 (0.8)–2.8 (1.1)3.4 (1.6)–0.1 (0.8)–3.2 (1.3)Points, mean (SD)

0.041.49Chronic fatigue (n=90 participants; n=147 controls)

29 (19.7)81 (55.1)37 (25.2)15 (16.7)46 (51.1)29 (32.2)Participants, n (%)

2.9 (1.5)0.0 (0.7)–3.1 (1.4)2.9 (1.4)–0.1 (0.8)–3.4 (1.6)Points, mean (SD)

0.015.02Neuropathic pain (n=90 participants; n=147 controls)

29 (19.7)84 (57.1)34 (23.1)14 (15.6)39 (43.3)37 (41.1)Participants, n (%)

3.6 (1.8)0.0 (0.7)–3.4 (1.6)3.1 (1.7)–0.2 (0.7)–3.5 (1.6)Points, mean (SD)

0.021.03Endo belly (n=90 participants; n=147 controls)

30 (20.4)81 (55.1)36 (24.5)16 (17.8)37 (41.1)37 (41.1)Participants, n (%)

2.7 (1.1)0.0 (0.7)–3.5 (1.8)3.3 (1.8)–0.1 (0.9)–3.4 (1.4)Points, mean (SD)
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aItalicization indicates significant P values.

Impact on QOL
With all 3 scores used (EHP-5 core part, EHP-5 modular part,
and EQ-5D), active program participants showed an
improvement in their QOL after 3 months on the program (Table
2). This evolution observed between 0 and 3 months
significantly differed from the control group for the core part
of the EHP-5 (P=.03; small effect size) and the EQ-5D (P=.001;
medium effect size; Table 3). Therefore, the use of the program
was associated with an improvement of QOL in participants
with endometriosis.

When looking at the types of evolution (improvement, stability,
or deterioration) in QOL, an improvement of the EQ-5D and
the EHP-5 core part was observed in 2 and 3 times more women
in the program participants than in the control group,
respectively (Table 5). However, the difference in the types of
evolution was not significant between the 2 groups for EQ-5D
(P=.58) and the core part of EHP-5 (P=.07). A significant
difference in the types of evolution between the 2 groups was
observed for the modular part of the EHP-5 (P=.02), with an
improvement in 31% (12/39) of the program participants versus
11% (7/64) of the controls.

Table 5. Evolution of quality of life (QOL) score items and perceived knowledge between baseline and 3 months for program participants versus the
control group with endometriosis.

Benjamini-
Hochberg
threshold

Program partici-
pants vs control
group, P value

Control groupProgram participantsHealth outcome

DeteriorationStableImprovementDeteriorationStableImprovement

0.026.07QOL: EHP-5a core part (n=39 participants; n=65 controls)

12 (18.5)40 (61.5)13 (20)6 (15.4)17 (43.6)16 (41)Participants, n (%)

23.3 (11.3)0.5 (6.6)–18.1 (3.8)30.8 (11.6)–0.9 (6.9)–25.0 (8.2)Points, mean (SD)

0.018.02 bQOL: EHP-5 modular part (n=39 participants; n=64 controls)

3 (4.7)54 (84.4)7 (10.9)3 (7.7)24 (61.5)12 (30.8)Participants, n (%)

23.6 (2.4)–1.3 (6.9)–23.2 (3.3)25.0 (8.3)–2.4 (6.1)–28.1 (9.3)Points, mean (SD)

0.044.58QOL: EQ-5D score (n=33 participants; n=80 controls)

0 (0)78 (97.5)2 (2.5)0 (0)31 (93.9)2 (6.1)Participants, n (%)

—–0.0 (0.1)0.4 (0.1)—c0.0 (0.1)0.4 (0.1)Points, mean (SD)

0.003<.0018 (5.4)119 (80.4)21 (14.2)2 (2.2)41 (45.6)47 (52.2)Perceived knowledge
(n=90 participants;
n=148 controls), n (%)

aEHP-5: Endometriosis Health Profile-5.
bValues in italics indicate significant P values.
cNot applicable.

To better understand these evolutions in QOL, we focused on
the items that make up the QOL scores (Table 6). There was a
significant difference at baseline (P=.03; small effect size) in
the core part of the EHP-5 score on the item concerning control
and powerlessness. Program participants were more affected
than those in the control group. This significant difference
disappeared at 3 months. Besides, after 3 months, there was a
significant improvement in the sexual relationship item (P=.02;
small effect size) in the modular part of the EHP-5 score, which
was not observed in the control group. Participants were less
often worried about pain during sexual intercourse after 3
months on the program than before starting the program. Finally,

the usual activity item in the EQ-5D score improved nearly
significantly for the program participants (P=.05; small effect
size) after 3 months, which was not the case in the control group,
with participants feeling less limited in their usual activities
after 3 months on the program.

The benefits of a digital program also depend on how it is used;
in this study, it was found that the greater the frequency of use
or the greater the diversity of sections consulted, the greater the
improvement in symptoms or QOL (Multimedia Appendices 2
and 3). The results did not show any statistically significant
correlations between the viewing of action-oriented content and
the program’s effectiveness (Multimedia Appendix 3).
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Table 6. Quality of life (QOL) score items evaluation at baseline and 3 months for program participants versus the control group with endometriosis.

Program participants vs control groupControl groupProgram participantsHealth outcome

T0+3
mo, Co-
hen d

T0+3
mo, P
value

T0,
Cohen
d

T0, P val-
ue

Cohen
d

P valueT0 +3
mo, mean
(SD)

T0, mean
(SD)

Cohen
d

P val-
ue

T0 +3
mo, mean
(SD)

T0a,
mean
(SD)

QOL: EHP-5b core part

—.99—.25—.951.2 (1.0)1.2 (1.0)—c.171.2 (1.0)1.4 (1.1)Pain

—.620.4d.03—.931.9 (1.2)1.9 (1.2)—.062.1 (1.2)2.5 (1.4)Control and pow-
erlessness

—.90—.79—.592.3 (1.1)2.3 (1.0)—.392.3 (0.9)2.5 (1.0)Emotional well-
being

—.87—.15—.642.0 (1.1)1.9 (1.2)—.192.1 (0.9)2.3 (1.0)Social support

—.80—.13—.481.9 (1.4)1.8 (1.2)—.462.0 (1.4)2.2 (1.3)Self-image

QOL: EHP-5 modular part

—.21—.13—.460.8 (1.3)0.9 (1.2)—.370.9 (1.1)1.2 (1.1)Work life

0.7e.040.7e.03—.991.3 (1.2)1.4 (1.1)—.192.1 (1.1)2.2 (1.2)Taking care of
children

—.99—.15—.161.7 (1.4)1.7 (1.4)–0.4d.021.7 (1.4)2.2 (1.5)Sexual relation-
ships

—.21—.81—.661.1 (1.4)1.2 (1.3)—.060.6 (0.8)1.3 (1.2)Medical profes-
sion

—.36—.32—.241.9 (1.4)2.1 (1.3)—.252.2 (1.2)2.4 (1.0)Treatment

—.52—.45—.682.1 (1.7)1.9 (1.7)—.662.5 (1.4)2.2 (1.6)Infertility

QOL: EQ-5D score

—.06—.87—.621.5 (0.8)1.5 (0.8)—.111.2 (0.5)1.4 (0.7)Mobility

—.17—.61—.991.1 (0.4)1.1 (0.4)—.991.0 (0.2)1.1 (0.2)Self-care

—.92—.05—.631.9 (0.8)1.9 (0.9)–0.4d.051.9 (0.9)2.2 (0.9)Usual activities

—.47—.06—.642.5 (1.0)2.5 (1.0)—.062.5 (0.7)2.9 (0.8)Pain or discom-
fort

—.52—.280.2d.042.6 (1.0)2.4 (0.9)—.192.4 (1.0)2.6 (0.9)Anxiety or depres-
sion

—.99—.13—.7962.8
(19.2)

63.4
(20.7)

—.2363.0
(15.7)

58.8
(17.1)

VASf (0=worst to
100=best QOL)

aT0: time point 0.
bEHP-5: Endometriosis Health Profile-5.
cNot applicable.
dSmall size effect.
eMedium size effect.
fVAS: visual analog scale.

Impact on Perceived Knowledge of Endometriosis
Initially, there was no significant difference in perceived
knowledge between program participants and the control group
(P=.74; Table 7). In total, 22% (20/92) of the program
participants felt that they knew little about the disease, 71%
(65/92) had good knowledge, and 8% (7/92) considered
themselves experts (vs 34/149, 22.8%; 99/149, 66.4%; and
16/149, 10.7%, respectively for the control group). At 3 months,

none of the program participants considered themselves as
knowing little about the disease (0/92, 0%); 64% (59/92)
considered themselves as having good knowledge, and 36%
(33/92) considered themselves experts (vs 25/149, 16.8%;
104/149, 69.8%, and 20/149, 13.4%, respectively, for the control
group). The perceived knowledge of endometriosis was
significantly different at 3 months between the 2 groups
(P<.001; Table 5). As expected, the program seemed to improve
perceived knowledge of endometriosis.
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Table 7. Perceived knowledge on endometriosis at baseline and 3 months for program participants versus the control group. The significance for
program participants versus control group is P=.74 at T0 and P<.001 at T0+3 months.

Control group (n=149), n (%)Program participants (n=92), n (%)Perceived knowledge on endometriosis

T0+3 moT0T0+3 moT0a

25 (16.8)34 (22.8)0 (0)20 (21.7)I know little

104 (69.8)99 (66.4)59 (64.1)65 (70.7)I have good knowledge, but I am not an expert

20 (13.4)16 (10.7)33 (35.9)7 (7.6)I consider myself an expert

aT0: time point 0.

Multiple Comparisons and Sensitivity Analysis
To address the potential for type I errors due to multiple testing
in this pilot analysis, we applied the Benjamini-Hochberg
method to adjust significance thresholds while maintaining
statistical power. This approach controls the false discovery
rate and is particularly suited for exploratory analyses.

Table 1 illustrates that the QOL levels, as assessed by the EHP-5
core part, significantly differed between the 2 groups at baseline
(P=.04). However, the proportion of participants reporting poor
QOL was similar in both groups (P=.15). To explore the
potential influence of these baseline differences on the evolution
of outcomes, we conducted interaction analyses using linear
regression models, as detailed in Multimedia Appendix 4. These
analyses revealed that baseline QOL differences primarily
affected the evolution of dyschezia. Specifically, dyschezia
showed more significant improvement in program participants
compared to the control group, particularly among women with
good baseline QOL. In addition, baseline QOL levels influenced
changes in the EHP core part score at 3 months. This score
improved significantly among program participants with a
distinct pattern compared to the control group, especially for
women with good QOL at baseline. Conversely, improvements
were more pronounced in the control group than in the program
participants for women with moderate or poor QOL at baseline.

Discussion

Principal Findings
This pilot study of 92 program participants and 149 individuals
in the control group shows that following a 3-month digital
health program for the self-management of endometriosis
symptoms is associated with a significant reduction in
endometriosis-related symptoms (anxiety, depression,
neuropathic pain, and endo belly perception), a reduction of the
global symptom burden, and a significant improvement in the
participants’ knowledge of endometriosis. Furthermore,
following the program seemed to be associated with an
improvement in QOL. Combining CBT approaches and
EHP-focused programs in a digital tool has proved useful in
inducing symptom relief and a better QOL.

Comparison With Prior Work
Previous studies have shown that patients often use
nonpharmacological interventions to cope with their symptoms
[8,40]. However, only one short-term study has examined the
value of combining these nonpharmacological interventions as
part of a multidisciplinary approach for QOL with endometriosis

[41], and a recent publication tested the application over 3
months [42]. Instead, most published studies analyzed the
benefits of such interventions individually. These studies, among
other things, have underpinned the development of our proposed
program, which offers patients various tools and solutions to
manage their symptoms.

As confirmed by our results, CBT has been found to be helpful
in managing pain and improving the scores of depression and
QOL in patients with endometriosis [43-45]. New studies are
also beginning to be conducted on the benefits of psychological
and relaxation interventions for patients with endometriosis,
thus far demonstrating improvement in pain [46], stress [47],
anxiety, depression, and QOL [48,49]. The improvement of
mental health–related symptoms in our results might be in part
due to the psychological and relaxation approaches included in
our program. Given the link between mental health and QOL
in women with endometriosis [50], future research should
explore the use of more comprehensive scales for anxiety and
depression. Furthermore, nutrition and physical activity have
been studied separately and proved to have an impact on
endometriosis symptoms, stress, anxiety, and QOL [51-56].
Finally, although sexual issues are a prevalent symptom, sex
education for women with endometriosis has only been assessed
in one study, where an improvement in sexual function and
quality of sexual life was observed [57]. Interestingly, in our
study, the EHP-5 score for the sexual intercourse apprehension
item decreased for participants, notwithstanding persisting
dyspareunia. This highlights a change in the perception of sexual
anxiety after 3 months, despite the persistence of pain. Digital
programs for the management of endometriosis should study
the long-term effect of sex education content on dyspareunia,
both in terms of symptoms and perception.

While the efficacy and relevance of each intervention for the
management of endometriosis symptoms have thus been
confirmed by previous research, a multidisciplinary approach
is in line with current guidelines; therefore, it should be
encouraged for women with endometriosis and more generally
for those who experience chronic pain [58,59]. Future studies
should seek to determine the optimal combination of
nonpharmacological interventions according to patient profiles
to find the right balance between diet, physical activity, stress
management, sleep, and environmental enrichment on top of
their medical care [60,61].

In terms of methodology, our study assessed each symptom
using numerical scales to simplify user responses and limit
attrition rates. For QOL, we used 2 different scales: the EQ-5D,
which is nonspecific to endometriosis, and the EHP-5, which
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is specific to endometriosis. These were previously compared
in a French study [39], which concluded that while both scales
were appropriate for assessing the QOL of women with
endometriosis, the EHP-5 was better at assessing health-related
QOL, especially regarding medical treatment and the intensity
of dysmenorrhea. According to our results, the EHP-5 does
seem to better discriminate with regard to endometriosis, which
echoes the conclusions of the French study [39]. However,
regardless of the scale used, following our digital program was
associated with an improved QOL. This was true for 2 to 3 times
more participants than individuals in the control group. Our
study used a 15% threshold to define a change in QOL, allowing
stringent evolutions to be highlighted. Program participants had
a poorer QOL level at baseline compared to the control group
(despite a similar pain profile). However, after 3 months of
following the program, program participants caught up with the
QOL level of the control group.

Digital tools are a way to bring multidisciplinary interventions
to patients, enhancing their accessibility. Studies on digital
interventions for various conditions have shown positive results,
such as improvements in anxiety and depression through
CBT-based approaches [62], symptom management and QOL
enhancements via mindfulness-based stress-reduction programs
[63], or better health outcomes through digital personalized
diets [64]. Similarly, multidisciplinary digital programs have
demonstrated significant benefits across diverse chronic
conditions, including improved QOL and symptom management.
For instance, internet-based programs have been shown to
enhance knowledge, increase exercise habits, and reduce heart
failure symptoms [65], while personalized digital care programs
have improved the QOL in adults with autoimmune diseases
and post–COVID-19 condition [66]. Digital support programs
have also improved self-reported QOL in patients with
rheumatoid arthritis [67] and managing symptoms in patients
with cancer [68]. In our study, we observed that a digital tool
using a CBT approach is effective in helping patients manage
a condition, in this case, endometriosis. This may have to do
with the fact that digital technology can bring about a different
perception and thus reduce the stigma surrounding intimate
issues associated with endometriosis, such as psychological or
sexuality aspects [28,69-71]. These findings underscore the
potential of multidisciplinary digital programs to relieve
symptoms, improve QOL, and enhance disease-related
knowledge across various chronic conditions.

For digital therapeutics to achieve their purpose, they must meet
patient needs in terms of content while optimizing patient
adherence and fulfilling prescriber requirements. The content
of our program was based on EHP components to address
subjects that were relevant to patients with endometriosis and
was approved by health care specialists. Other studies have
looked at digital technology for managing endometriosis or
pelvic pain and highlighted the need for educational content,
psychological and social support, and patient empowerment in
particular [40]. As for patient adherence, to enhance digital
therapeutic efficiency, it is crucial that future studies analyze
specific factors influencing patient engagement in a digital
program, such as trust, interactions, and consideration [72].

Keeping patients engaged to increase their frequency of use and
guiding them through nonpharmacological, multidisciplinary
interventions are therefore key to a program’s efficiency.
Guidelines and studies encourage the multidisciplinary
management of endometriosis. However, only 2 studies on the
same intervention, evaluating the QOL after 2 and 12 weeks
following a multimodal program, have been conducted in the
context of digital intervention [41,42]. Our study contributes to
answering the need for new research on the multidisciplinary
management of endometriosis and the development of programs
to make such management accessible [73,74].

Limitations and Strengths
Our study is subject to several limitations. It is based on
voluntary participation only, with no compulsory questionnaires
and no obligation to complete the program. It also includes a
selection bias, with no information as to whether the profiles
of the women who answered the questionnaires were similar to
the overall profiles of the women who took part in the program.
Although the participants in this study was not randomized,
differences between program participants and the control group
were minimized by selecting a control group sample with pain
levels similar to those of program participants (despite a
different initial QOL level, the effect of which was analyzed in
sensitivity analyses). Using the Benjamini-Hochberg method,
we were able to control the false discovery rate. Nevertheless,
we interpreted results with borderline P values cautiously,
acknowledging the increased risk of type I errors inherent in
multiple testing.

Furthermore, participants self-reported their diagnosis of
endometriosis, which may be clinical, imaging based, or
surgical. However, one can assume that women who do not
have endometriosis would not attend the program and would
not spend time filling in research questionnaires.

A strength of the program is that it was designed based on user
research, scientific rationale, and medical expertise. Our
approach, targeting EHP components and using CBT, allowed
the development of an effective digital tool for the
self-management of endometriosis symptoms. In addition, the
use of 2 different questionnaires on QOL showed that following
the program was associated with an improvement of the
health-related QOL (EQ-5D) and the QOL specific to
endometriosis (EHP-5). Very little amount of data exists on the
reliability and efficiency of a digital program for the
management of endometriosis symptoms. Our study is the first
step in identifying key factors to be considered for developing
a digital health program for the daily management of
endometriosis and in demonstrating its positive impact on patient
symptoms and QOL.

Conclusions
Our results suggest that a digital health program providing
medical and scientific information about endometriosis as well
as multidisciplinary self-management tools may be a helpful
and effective resource for women to manage life with
endometriosis alongside their medical care. Hence, a digital
program for endometriosis that combines integrative solutions,
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focuses on EHP components, and uses a CBT approach can enhance patient care for those with endometriosis.
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Abstract

Background: Peritoneal dialysis is one of the major renal replacement modalities for patients with end-stage renal disease.
Heart failure is a common adverse event among patients who undergo peritoneal dialysis treatment, especially for those who
undergo continuous ambulatory peritoneal dialysis at home, because of the lack of professional input-output volume monitoring
and management during treatment.

Objective: This study aims to develop novel mobile health (mHealth) tools to improve the quality of home-based continuous
ambulatory peritoneal dialysis treatment and to build a prediction model of heart failure based on the system’s daily treatment
monitoring data.

Methods: The mHealth tools with a 4-layer system were designed and developed using Spring Boot, MyBatis Plus, MySQL,
and Redis as backend technology stack, and Vue, Element User Interface, and WeChat Mini Program as front-end technology
stack. Patients were recruited to use the tool during daily peritoneal dialysis treatment from January 1, 2017, to April 20, 2023.
Logistic regression models based on real-time treatment monitoring data were used for heart failure prediction. The sensitivity,
specificity, accuracy, and Youden index were calculated to evaluate the performance of the prediction model. In the sensitivity
analysis, the ratio of patients with and without heart failure was set to 1:4 and 1:10, respectively, to better evaluate the stability
of the prediction model.

Results: A WeChat Mini Program named Futou Bao for patients and a patient data management platform for doctors was
developed. Futou Bao included an intelligent data upload function module and an auxiliary function module. The doctor’s data
management platform consisted of 4 function modules, that is, patient management, data visualization and marking, data statistics,
and system management. During the study period, the records of 6635 patients who received peritoneal dialysis treatment were
uploaded in Futou Bao, with 0.71% (47/6635) of them experiencing heart failure. The prediction model that included sex, age,
and diastolic blood pressure was considered as the optimal model, wherein the sensitivity, specificity, accuracy, and Youden
index were 0.75, 0.91, 0.89, and 0.66, respectively, with an area under the curve value of 0.879 (95% CI 0.772-0.986) using the
validation dataset. The sensitivity analysis showed stable results.

Conclusions: This study provides a new home-based peritoneal dialysis management paradigm that enables the daily monitoring
and early warning of heart failure risk. This novel paradigm is of great value for improving the efficiency, security, and
personalization of peritoneal dialysis.
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Introduction

Peritoneal dialysis is one of the 3 major renal replacement
modalities (ie, hemodialysis, peritoneal dialysis, and kidney
transplantation) for end-stage renal disease (ESRD) [1-3].
Continuous ambulatory peritoneal dialysis (CAPD) gradually
becomes the mainstream mode for peritoneal dialysis [4].
Patients can receive the treatment at home because the treatment
site environment needs less treatment resources and is flexible
[5,6]. Compared with hemodialysis, peritoneal dialysis as a
home-based, cost-saving renal replacement therapy has several
advantages, including protection of residual kidney function,
stable hemodynamics, and less interference with normal family,
work, and social life. Peritoneal dialysis therapy has been
recognized and accepted by patients with ESRD.

One common and serious adverse event in patients undergoing
CAPD is capacity-overloaded heart failure. Previous studies
have shown a high prevalence of congestive heart failure among
patients who receive peritoneal dialysis treatment. A multicenter
cohort study in mainland China conducted in 2012 reported that
heart failure occurred in 47.3% of the patients who underwent
peritoneal dialysis [7]. Contemporaneously, Wang et al’s [8]
study conducted in Hong Kong showed a heart failure
prevalence of 39% in patients treated with peritoneal dialysis.
Although the prevalence reported by subsequent studies showed
a decrease to 29% in Wang et al’s study [9] and to 19.6% in
Sun et al’s study [10], the prevalence remained at a high level.
Therefore, the prevention and early detection of heart failure in
patients undergoing peritoneal dialysis treatment is a vital issue
that cannot be ignored.

Although operating peritoneal dialysis treatment at home has
many advantages, there are still several treatment bottlenecks
in the traditional home-based peritoneal dialysis approach. First,
because patients manage the treatment at home, doctors cannot
provide timely and accurate follow-up. Second, the effectiveness
of peritoneal dialysis, the occurrence of adverse events
represented by heart failure, and the quality of life of patients
are closely related to the training and management level of the
medical institutions and the self-management levels of the
patients. Third, it is difficult to implement good remote
whole-process quality management of patients and prevent
adverse events in a timely and effective manner for patients
receiving CAPD at home.

Given the treatment bottleneck in the traditional home-based
peritoneal dialysis method, it is essential to develop a
user-friendly remote intelligent treatment management platform.
The internet, big data, and other mobile health (mHealth)
technologies can enable seamless integration of mobile
equipment, systems, and home-based CAPD treatment
operations to conduct timely detection and early intervention
of adverse events represented by heart failure through analyzing
the automatically collected data by the system.

The aim of this study was to develop mHealth tools and systems
to improve the efficiency, accuracy, and personalization of the
home-based peritoneal dialysis treatment and to build a
prediction model of heart failure in patients with peritoneal
dialysis based on the systems’ daily treatment monitoring data.

Methods

mHealth Tool Design and Development Procedures
The mHealth tools developed in this study were intended to
promote the intelligence of the home peritoneal dialysis
treatment in the following 4 aspects.

1. Automated data collection: Through the Bluetooth
connection device, the system enables the automatic
collection of peritoneal dialysis data, including peritoneal
dialysis solution weight and patient’s weight data, which
can reduce manual operation and the possibility of data
input error.

2. Daily data analysis: The system timely processes and
analyzes the uploaded data and provides intuitive data
visualization to help doctors better understand the patient’s
treatment status.

3. Remote treatment monitoring: In order to improve the
efficiency and convenience of treatment, patients do not
need to go to the hospital frequently for treatment, and
doctors can remotely monitor and manage the treatment
process of patients.

4. Personalized treatment plan: Through the real-time data
analysis and treatment monitoring, doctors can develop
personalized treatment plans according to the specific
conditions of patients and improve the treatment effect.

In order to improve the mHealth system’s usage convenience,
this study plans to use Spring Boot, MyBatis Plus, MySQL, and
Redis as backend technology stack, and Vue, Element User
Interface, and WeChat Mini Program as the front-end technology
stack. The whole system is divided into 4 layers: data storage
layer, core service layer, system application layer, and user
interface layer. This architecture could make the system
efficient, reliable, and extensible, and meet the functional and
performance requirements of peritoneal dialysis treatment
management. The details of each layer are as follows (Figure
1):

1. Data storage layer: This layer is responsible for data storage
and management. MySQL database is used to store various
data, including user information and medical records. Redis
is used as a nonrelational database to store login token and
treatment time point information as a cache to improve the
ability to query data.

2. Core service layer: This layer is the core operation
processing layer of the system, responsible for realizing the
core functions and business logic of the system. Spring
Boot framework was adopted as the backend development
framework, combined with MyBatis Plus as the persistence
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framework. Each function module of the system was
developed through the annotation method of Spring Boot
and used the Object Relational Mapping provided by
MyBatis Plus to interact with the MySQL database.

3. System application layer: This layer is responsible for
receiving and handling user requests. A single-page
application based on Vue framework was used as the
front-end technology of the background management
system, and Element User Interface was used as the user

interface component library to build the web pages and
interactive interface of the system. For patient users, the
development framework of the WeChat Mini Program was
adopted to realize the user’s access and use of the system
in WeChat (the most popular mobile app in China).

4. User interface layer: This is the interface layer for the
system to interact with users and is responsible for
displaying the data and functions of the system to users in
an intuitive and friendly way.

Figure 1. Architecture of the mobile health system. mHealth: mobile health; PD: peritoneal dialysis; UI: user interface.

Design of the Longitudinal Study and Model Prediction
From January 1, 2017, to April 20, 2023, a longitudinal study
was conducted based on the usage of the Futou Bao system
among outpatients of Shenzhen Hospital of Traditional Chinese
Medicine. Patients who met the following criteria were recruited
and included in the longitudinal study. The inclusion criteria
for the participants were as follows.

1. Met the clinical standard of home peritoneal dialysis,
including (1) patients with ESRD who needed continuous
renal replacement therapy and chose peritoneal dialysis as
the kidney replacement therapy; (2) patients underwent
peritoneal dialysis catheterization, and the peritoneal
dialysis catheter was inserted, which met the requirements
of the peritoneal dialysis treatment; and (3) patients
accepted the training of home peritoneal dialysis operation
and obtained the qualification of self-completion of
peritoneal dialysis operation after the training.

2. Intended to receive medical follow-up in Shenzhen Hospital
of Traditional Chinese Medicine.

3. Had no difficulty in using smartphones and WeChat.
4. Willing to follow the procedure of the mHealth tool for

operate peritoneal dialysis at home and sign the informed
consent document.

The exclusion criteria included (1) patients diagnosed with heart
failure and met either of the following 2 conditions, namely,
acute heart failure classified as New York Heart Association
class III or above and nonacute heart failure classified as New

York Heart Association class II or below but combining with
peripheral edema; and (2) patients had other serious physical
and mental diseases that they could not complete the peritoneal
dialysis at home with the help of the mHealth tool that we
developed. In addition, in the process of using the mHealth tool,
when clinical evaluation indicated that the patient did not meet
the conditions of home peritoneal dialysis and needed
hospitalization, the use of the mHealth tool would be stopped
immediately.

Prior to patient recruitment, a specialized patient home
peritoneal dialysis management team was selected, including
professional doctors and nurses from the Department of
Nephrology. Training for the patient management team was
conducted, including home peritoneal dialysis operation and
system use methods, patient recruitment methods, patient
follow-up methods, and management methods. Thereafter, the
above management team recruited the patients in their daily
work and conducted one-on-one training for the patients who
met the enrollment criteria. Patients were asked to use the
mHealth tool during each peritoneal dialysis at home.
Designated doctors and nurses were assigned to patients for
treatment monitoring and follow-up.

During the usage of Futou Bao, patients’daily peritoneal dialysis
treatment data were recorded in the system, which were obtained
to create the dataset of the modeling process. In the dataset,
identifiable information of the patients, such as names, were
replaced with a string of encrypted ID numbers to blind the data
analysts during analysis. Sex, age, time duration of peritoneal
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dialysis, weight, urine volume, diastolic blood pressure, systolic
blood pressure, and pulse pressure difference were obtained and
included in the dataset as prediction variables to predict the
onset of heart failure. Because the dialysate recommended in
the home-based peritoneal dialysis was 1.5% glucose
concentrations, the type of dialysate was not considered as a
prediction variable in this study. For the heart failure outcome,
because the occurrence of heart failure was always a progressive
process among patients who received peritoneal dialysis, the
15 days before the date of hospitalization for heart failure was
defined as the time duration of progression of heart failure. The
data collected in that time duration were considered to be related
to heart failure. Due to the careful and close patient
management, the exact time of heart failure hospitalization
could be obtained so as to avoid information bias. Because heart
failure occurred infrequently, we randomly selected 6 times the
number of patients with heart failure from the data of patients
without heart failure to form the study dataset (number of
patients with heart failure vs number of patients without heart
failure = 1:6). After that, 80% of the data in the study dataset
were randomly selected as the training dataset, while 20% were
selected as the validation dataset of the prediction model. The
sampling method without replacement was adopted in the above
process. In the sensitivity analysis, we set the ratio of patients
with and without heart failure to 1:4 and 1:10, respectively, to
better evaluate the stability of the prediction model.

Statistical Analysis
The therapeutic effect and process of patients undergoing
peritoneal dialysis treatment is self-specific, which should be
considered in conjunction with the patient’s own treatment
monitoring data. For improving the adaptability of prediction
model, it is more important and valuable to observe patients’
own indicator value changes, including weight, urine volume,
and blood pressure. Considering the different baseline data of
each patient, the least squares method was used to fit the data
of each patient, and discrete points were defined as the actual
data that were not in the confidence intervals of the fitted data
calculated by least squares method [11]. With the help of this

method, the urine volume, diastolic blood pressure, systolic
blood pressure, and pulse pressure difference were converted
from numerical variables to categorical variables (ie, normal,
abnormal). In this study, both α=.05 and α=.01 were used as
the CI criterion (ie, 95% CI and 99% CI) to divide the categories
of variables, so as to choose the optimal model.

Logistic regression models were used as prediction models.
Four models were built using the training dataset. Models 1 and
2 used the variables based on the 95% CI criterion, while models
3 and 4 used the variables based on the 99% CI criterion. In
models 1 and 3, all of the variables were included, while models
2 and 4 used the backward method and only included variables
that were statistically significant. Receiver operating
characteristic curves were presented, and the corresponding
area under the curve (AUC) values were calculated. The AUC
value and Akaike’s information criterion (AIC) value were
considered comprehensively to select the optimal model, which
showed the highest AUC value and the lowest AIC value. Using
the validation dataset, the sensitivity, specificity, accuracy, and
Youden index of the optimal model were calculated, and the
receiver operating characteristic curve and decision curve were
presented to evaluate the performance of the prediction model
comprehensively. The specific calculation formulas were as
follows (Figure 2):

Sensitivity = True Positive / (True Positive + False
Negative) (Formula 1)

Specificity = True Negative / (False Positive + True
Negative) (Formula 2)

Accuracy = (True Positive + True Negative) / (True
Positive + False Positive + False Negative + True
Negative) (Formula 3)

Youden index = (Sensitivity + Specificity) – 1
(Formula 4)

A 2-sided P value of .05 was used for null hypothesis tests.
Statistical analyses were conducted using SPSS version 19.0
(IBM Corp) and R version 4.3.0 (R Core Team).

Figure 2. Definitions of true positive, false positive, false negative, and true negative.

Ethics Approval
This study was approved by the medical ethics committee of
Shenzhen Hospital of Traditional Chinese Medicine (B2019043
and K2021-036-01). Written informed consent was obtained
from the participants. In the analysis process, identifiable
information of the patients (ie, names) was replaced with a string
of encrypted ID numbers to protect patients’privacy. There was

no compensation (money or gift) provided to the participants
during the implementation of the study. However, participants
received careful and fair health services and management of
home-based peritoneal dialysis treatment.
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Results

mHealth Tools Development: Modules and Functions
In order to realize safe and convenient peritoneal dialysis for
patients at home and to make it convenient for doctors to know

the treatment and the physical condition of the patients in real
time, an mHealth system was developed, comprising a WeChat
Mini Program for patients named Futou Bao (“腹透宝” in
Chinese) and a patient data management platform used by
doctors (Figure 3).

Figure 3. Functional flow diagram. PD: peritoneal dialysis.

WeChat Mini Program (Futou Bao) for Patients
Futou Bao is a WeChat Mini Program that patients can use
easily on WeChat, which is one of the most popular mobile
social apps in China by scanning the quick response code or
searching the name (“腹透宝” in Chinese) through WeChat.
The main function of Futou Bao is the intelligent data upload
function for patients receiving peritoneal dialysis treatment at
home. Futou Bao has a series of auxiliary functions to
complement this main function module.

Intelligent Data Upload Function Module
In this module, patients’ data during the treatment can be
uploaded to the system in real time, including blood pressure,
urine volume, weight, and peritoneal dialysis solution weight
at different time points during peritoneal dialysis. Data can be
uploaded at patients’ homes in the following 2 ways: by the
patients filling in the interface of the module and by the devices
automatically uploading through Bluetooth. The detailed data
uploading process of the patients during peritoneal dialysis
treatment is as follows (Figure 4):

1. Patients measure their own blood pressure and upload it
through the module interface, including systolic and
diastolic blood pressure, on the day of peritoneal dialysis.

2. Patients need to measure the urine volume per urination
according to the training method and calculate the urine
volume on the day of receiving peritoneal dialysis treatment
and upload the data through the module interface.

3. After peritoneal dialysis, patients need to weigh themselves
on the Bluetooth-enabled weighing scale, after which the
weight data can be uploaded directly to the system through
Bluetooth (Figure 4).

4. For the peritoneal dialysis solution weight, Futou Bao
adopts the method of intelligent data collection in the whole
process of peritoneal dialysis treatment. Patients need to
place the peritoneal dialysis solution on a Bluetooth-enabled
spring scale or electronic flat scale before the start of
peritoneal dialysis treatment, and the device can upload the
peritoneal dialysis solution weight data through Bluetooth
in real time (Figure 4).
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Figure 4. User interface of Futou Bao. (A) Uploading data through Bluetooth. (B) Peritoneal dialysis operation records. PD: peritoneal dialysis.

After uploading peritoneal dialysis data, patients can also check
whether the peritoneal dialysis operation is correct or not in this
module, including abnormal problems automatically identified
by the system and manually marked by doctors so that patients
can improve their peritoneal dialysis operation at home (Figure
4).

Auxiliary Function Module
There are 2 auxiliary functions to support the normal operation
of the data upload function, as follows.

1. Password change and retrieve function: newly enrolled
patients will have a default password, but patients can
change the password according to personal needs. If patients
forget the password, they can request password retrieval.

2. Bluetooth device connection management function: The
patient can see the connection status of the
Bluetooth-enabled scales on Futou Bao. When the patients
encounter problems when connecting the Bluetooth device,
the system will prompt the corresponding reason such as
Bluetooth not enabled or connection timeout to help the
patient solve the connection problem.

Patients’ Data Management Platform for Doctors
The management platform for doctors contains 4 function
modules: patient management module, data visualization and
marking module, data statistics module, and system management
module (Figures 5-9).
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Figure 5. Management of patients’ daily peritoneal dialysis records, including real-time data of peritoneal dialysis fluid, weight, blood pressure, and
urine output.

Figure 6. Map of patients.
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Figure 7. Scatterplot of the peritoneal dialysis solution weight during the treatment.

Figure 8. Peritoneal dialysis solution weight data at each treatment time point.

Figure 9. Statistics of daily and weekly peritoneal dialysis frequency and proportion of effective operations.

Patient Management Module
There are 3 main functions in this module. The first function is
that doctors can view and manage the patients’ basic
information, including age, sex, date of first dialysis, and time
duration of peritoneal dialysis treatment. The second function
is the management of patients’daily peritoneal dialysis records,
in which doctors can query and view patients’ specific treatment
records according to the treatment date (Figure 5). Based on the
treatment records, doctors can know the regularity and operation
of patients’ peritoneal dialysis at home. The third function in
this module can provide a map of the patients’addresses, which
can help doctors to identify and help patients with operational
problems during peritoneal dialysis in a timely manner (Figure
6).

Peritoneal Dialysis Data Visualization and Marking
Module
In this module, the data visualization function can generate
scatterplots of peritoneal dialysis solution weights based on the
data uploaded by the spring scale or flat scale during the
treatment (Figure 7). In addition to the scatterplots, doctors can
also view the peritoneal dialysis solution weight data of each
treatment time point, including liquid inlet starting point, liquid
inlet end point, tube sealing starting point, tube sealing end
point, and waste liquid hanging point (Figure 8). By viewing
patient data and charts, doctors can observe patients’ peritoneal
dialysis operation habits, manually mark patients’ abnormal
operations and causes, and display corresponding prompts to
patients through Futou Bao to correct possible wrong operations.
Common marks for abnormal data include forgetting to weigh
the waste liquid, only recording liquid output phase data, lack
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of liquid output phase data, and irregular data (which may be
caused by randomly pulling the spring scale).

Data Statistics Module
The data statistics module consists of 4 main functions:
follow-up statistics, effective operation statistics, operation time
statistics of each treatment point, and comparative statistics of
treatment data in recent days. First, follow-up statistics can
check the number of patients’ follow-up visits, the number of
new Futou Bao users, and the number of withdrawals in each
year. Second, effective operation statistics function can be used
to check the number of peritoneal dialysis treatments and
effective operations on a given date. The effective operation
rate is calculated to evaluate the overall situation of operational
capability and correctness. This function makes it convenient
for doctors to correct operational errors for patients (Figure 9).
Third, the operation time statistics of each treatment point can
be effectively viewed together with the above function. The
total operation time, hand hygiene time, infusion time, and tube
sealing time of the patients can be viewed. Fourth, comparative
statistics of treatment data in recent days function can provide
doctors with recent days’ important process data during
peritoneal dialysis and mark the trends of data (ie, rising or
declining), which can make it easier for doctors to know the
effect of peritoneal dialysis treatment.

System Management Module
The system provides permission control menus based on the
role-based access control method. The super administrator
assigns management rights to different roles among medical
staff. This process can fully ensure the meticulous management
of patients by medical staff and protect the privacy of patients.

Prediction Model of Heart Failure

General Information of the Study Participants
During the time period of this study, records of 6635 patients
who underwent peritoneal dialysis treatment were uploaded in
Futou Bao with 0.71% (47/6635) showing heart failure. Based
on the 1:6 random sampling, treatment data of 329 patients were
included in the modeling analysis, that is, 47 (14.3%) patients
with heart failure and 282 (85.7%) patients without heart failure.
Table 1 shows the detailed characteristics of the included
patients. Most of them were females (228/329, 69.3%), with a
median age of 46.55 years and a median peritoneal dialysis time
duration of 0.94 years. According to the ratio of 8:2, the study
dataset was randomly divided into the training dataset and the
verification dataset, which included 264 patients and 65 patients,
respectively (Figure 10).
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Table 1. Basic characteristics of the patients using Futou Bao.

Patients included in the analysisAll patients
(N=6635)

Characteristics

Validation set (n=65)Training set (n=264)Total (n=329)

Sex, n (%)

22 (33.85)79 (29.92)101 (30.70)2578 (38.85)Male

43 (66.15)185 (70.08)228 (69.30)4057 (61.15)Female

46.91 (44.04, 52.68)46.48 (43.94, 50.82)46.55 (43.96, 51.19)46.90 (44.68, 50.59)Age (years), median (IQR)

1.08 (0.53, 1.87)0.91 (0.46, 1.77)0.94 (0.49, 1.78)1.00 (0.53, 1.64)Time duration of peritoneal dialysis (years), median
(IQR)

Weight, n (%)

Based on 95% CI

60 (92.31)239 (90.53)299 (90.88)6115 (92.16)Normal

5 (7.69)25 (9.47)30 (9.12)520 (7.84)Abnormal

Based on 99% CI

63 (96.92)257 (97.35)320 (97.26)6458 (97.33)Normal

2 (3.08)7 (2.65)9 (2.74)177 (2.67)Abnormal

Urine volume, n (%)

Based on 95% CI

57 (87.69)241 (91.29)298 (90.58)6089 (91.77)Normal

8 (12.31)23 (8.71)31 (9.42)546 (8.23)Abnormal

Based on 99% CI

61 (93.85)252 (95.45)313 (95.14)6384 (96.22)Normal

4 (6.15)12 (4.55)16 (4.86)251 (3.78)Abnormal

Systolic blood pressure, n (%)

Based on 95% CI

60 (92.31)239 (90.53)299 (90.88)6189 (93.28)Normal

5 (7.69)25 (9.47)30 (9.12)446 (6.72)Abnormal

Based on 99% CI

63 (96.92)251 (95.08)314 (95.44)6458 (97.33)Normal

2 (3.08)13 (4.92)15 (4.56)177 (2.67)Abnormal

Diastolic blood pressure, n (%)

Based on 95% CI

62 (95.38)251 (95.08)313 (95.14)6326 (95.34)Normal

3 (4.62)13 (4.92)16 (4.86)309 (4.66)Abnormal

Based on 99% CI

63 (96.92)256 (96.97)319 (96.96)6515 (98.19)Normal

2 (3.08)8 (3.03)10 (3.04)120 (1.81)Abnormal

Pulse pressure difference, n (%)

Based on 95% CI

61 (93.85)238 (90.15)299 (90.88)6232 (93.93)Normal

4 (6.15)26 (9.85)30 (9.12)403 (6.07)Abnormal

Based on 99% CI

62 (95.38)254 (96.21)316 (96.05)6478 (97.63)Normal

3 (4.62)10 (3.79)13 (3.95)157 (2.37)Abnormal
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Patients included in the analysisAll patients
(N=6635)

Characteristics

Validation set (n=65)Training set (n=264)Total (n=329)

Heart failure, n (%)

8 (12.31)39 (14.77)47 (14.29)47 (0.71)Yes

57 (87.69)225 (85.23)282 (85.71)6588 (99.29)No

Figure 10. Data processing flowchart. PD: peritoneal dialysis.

Optimal Prediction Model Selection
Four prediction models based on logistic regression were
constructed using the training dataset (Tables 2-3). The AIC
values of the 4 models were 147.23, 138.62, 145.18, and 136.50,
respectively. The AUC value of model 4 (the lowest AIC value)
was higher than that of model 1 (the highest AIC value)
(AUCModel 4 vs AUCModel 1 : 0.896 vs 0.893); however, the
difference was not statistically significant (P=.78) (Figure 11).

Based on the above comparison, model 4 was considered as the
optimal prediction model. Sex, age, and diastolic blood pressure
were included in model 4. Females were less likely to experience
heart failure than males (adjusted odds ratio [AOR] 0.06, 95%
CI 0.01-0.22), while older age (AOR 1.19, 95% CI 1.13-1.25)
and abnormal diastolic blood pressure during treatment (AOR
38.79, 95% CI 5.08-291.63) were the risk factors of heart failure
(Table 3).
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Table 2. Impact factors of heart failure in patients receiving peritoneal dialysis treatment (abnormal value based on 95% CI).

Multivariable model 2Multivariable model 1Univariable modelCharacteristics

P valueAOR (95% CI)P valueAORa (95% CI)P valueOdds ratio (95% CI)

Sex

N/AN/AN/A1.00N/Ab1.00Male

<.0010.05 (0.01-0.26)<.0010.05 (0.01-0.22).0020.10 (0.02-0.35)Female

<.0011.17 (1.12-1.23)<.0011.18 (1.11-1.28)<.0011.17 (1.12-1.23)Age

N/AN/A.830.92 (0.42-1.80)<.0012.73 (1.82-4.32)Time duration of peritoneal dialysis

Weight

N/AN/AN/A1.00N/A1.00Normal

N/AN/A.811.24 (0.15-6.22).330.48 (0.07-1.70)Abnormal

Urine volume

N/AN/AN/A1.00N/A1.00Normal

N/AN/A.591.54 (0.31-7.84).0073.61 (1.36-9.06)Abnormal

Systolic blood pressure

N/AN/AN/A1.00N/A1.00Normal

.0028.02 (2.09-30.77).174.49 (0.62-45.50).0014.83 (1.94-11.68)Abnormal

Diastolic blood pressure

N/AN/AN/A1.00N/A1.00Normal

N/AN/A.442.31 (0.22-17.93).112.74 (0.71-8.93)Abnormal

Pulse pressure difference

N/AN/AN/A1.00N/A1.00Normal

N/AN/A.961.05 (0.11-6.83).072.37 (0.87-5.59)Abnormal

aAOR: adjusted odds ratio.
bN/A: not applicable.
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Table 3. Impact factors of heart failure in patients receiving peritoneal dialysis treatment (abnormal value based on 99% CI).

Multivariable model 4Multivariable model 3Univariable modelCharacteristics

P valueAOR (95% CI)P valueAORa (95% CI)P valueOdds ratio (95% CI)

Sex

N/A1.00N/A1.00N/Ab1.00Male

<.0010.06 (0.01-0.22).0010.04 (0.01-0.22).0020.10 (0.02-0.35)Female

<.0011.19 (1.13-1.25)<.0011.20 (1.12-1.30)<.0011.17 (1.12-1.23)Age

N/AN/A.890.95 (0.41-1.89)<.0012.73 (1.82-4.32)Time duration of peritoneal dialysis

Weight

N/AN/AN/A1.00N/A1.00Normal

N/AN/A.254.34 (0.23-44.51).312.38 (0.33-11.49)Abnormal

Urine volume

N/AN/AN/A1.00N/A1.00Normal

N/AN/A.881.19 (0.11-12.44).083.10 (0.79-10.41)Abnormal

Systolic blood pressure

N/AN/AN/A1.00N/A1.00Normal

N/AN/A.911.17 (0.04-18.27).023.99 (1.15-12.69)Abnormal

Diastolic blood pressure

N/A1.00N/A1.00N/A1.00Normal

<.00138.79 (5.08-291.63).419.87 (0.07-290.03).016.31 (1.44-27.83)Abnormal

Pulse pressure difference

N/AN/AN/A1.00N/A1.00Normal

N/AN/A.901.35 (0.01-74.38).034.17 (1.02-15.35)Abnormal

aAOR: adjusted odds ratio.
bN/A: not applicable.
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Figure 11. Receiver operating characteristic curves of 2 heart failure prediction models in the training dataset. (A) Initial model (model 1). (B) Final
model (model 4). (C) Model comparison. AUC: area under the curve; FPR: false positive rate; TPR: true positive rate.

Validation of the Optimal Prediction Model
Based on the validation dataset, the sensitivity, specificity,
accuracy, and Youden index of the optimal model were 0.75,

0.91, 0.89, and 0.66, respectively. Figure 12A shows the ROC
curve of the model, of which the AUC value was 0.879 (95%
CI 0.772-0.986). The decision curve also showed the acceptable
performance of the model (Figure 12B).
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Figure 12. Performance of the final model in the testing dataset. (A) Receiver operating characteristic curve. (B) Decision curve. AUC: area under the
curve.

Sensitivity Analysis
In the sensitivity analysis, after changing the ratio of patients
with and without heart failure (1:4 and 1:10), the analysis
showed stable results. The variables included in the optimal
model were constant, including sex, age, and diastolic blood
pressure during treatment (Tables S1-S2 of Multimedia
Appendix 1). In validation, the models also showed good
performance. The AUC values were 0.877 (95% CI 0.774-0.980)
in the 1:4 ratio dataset and 0.913 (95% CI 0.825-0.999) in the
1:10 ratio datasets, respectively (Figures S1-S2 in Multimedia
Appendix 1). The Youden indexes were 0.76 and 0.68 in the 2
datasets, respectively.

Discussion

Principal Findings
In this study, a practical and user-friendly mHealth tool named
Futou Bao and its supporting management system were
developed for patients with ESRD who managed their peritoneal
dialysis treatment at home in China. With its comprehensive
functions that provided intelligent data upload, visualization,
management, and doctor-patient interaction, the mHealth tool
and system could effectively solve the difficulties in managing
peritoneal dialysis treatment at home, increase treatment
effectiveness, and minimize complication risk. Compared with
the CKD-PD (chronic kidney disease-peritoneal dialysis) app
[12] developed by researchers in the Khon Kaen University,
Thailand, in the same period as our study, Futou Bao had several
additional advantages. First, automatic data upload via Bluetooth
could reduce data recording errors. Second, the recording of
peritoneal dialysis solution weight data was more detailed,
which included the weight data at each time point during the

whole treatment process, and it could generate data visualization
plots timely. Third, Futou Bao could provide better interactions
between doctors and patients. The operation problems marked
by doctors can be notified to the patients through the platform
in a timely manner to help patients improve the peritoneal
dialysis operation quality. Fourth, the Futou Bao system was
able to locate patients’ addresses to detect serious health risks
and provide timely medical assistance. In addition, a previous
study conducted among Thai patients using the CKD-PD app
mainly focused on the optimization of the app’s functionality
and usefulness with only 10 participants involved [12]. By
contrast, in this study, a larger number of patients were included
to explore a better way for assisting clinical decision-making
with the help of constructing prediction models based on the
usage records of Futou Bao. We found that most of the patients
with ESRD using Futou Bao, as an eHealth management and
promoting tool, in our study were females, which was different
from the real-world clinical experiences, wherein most patients
treated for ESRD with any form of dialysis were males.
However, in the process of recruitment, we only relied on
patients’ voluntary participation in the study and did not induce
them in any form or select any of them based on their sex. This
interesting phenomenon can be explained by the higher
acceptance of the eHealth approaches among females. A study
focusing on drug use treatment in China using a mobile app
also showed that female users were more willing to receive
health care messages and communicate with health workers
through the mobile app and were more likely to have positive
health changes than male users, which could support our finding
[13].

Given the importance of early detection of heart failure in
patients receiving home-based peritoneal dialysis, it is of great
value to make full use of the data recorded in the process of
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daily peritoneal dialysis treatment to perform real-time
prediction and for early warning of heart failure risk. However,
the variables recorded during the daily home-based peritoneal
dialysis were limited to some extent. In previous studies, the
prediction models of heart diseases among patients with CKD
and ESRD mainly relied on clinical test indicators and
biomarkers that could not be tested at home. Kessler et al [14]
built a risk prediction model of cardiovascular events for patients
with ESRD based on the FOSIDIAL trial and found that
C-reactive protein and left ventricular mass index were
important prognostic factors of cardiovascular events. Weekley
and Peralta [15] indicated that combining creatinine, cystatin
C, and albuminuria could improve the detection and risk
stratification for heart failure and other cardiovascular events.
Other biomarkers, including estimated glomerular filtration rate,
urine albumin-to-creatinine ratio, and β2-microglobulin, were
also proved to be associated with heart failure in patients with
CKD [16-20]. Based on evidences from the Chronic Renal
Insufficiency Cohort study, a Pooled Cohort Equations to
Prevent Heart Failure in the CKD population was constructed
to predict incident heart failure hospitalizations [21]. A series
of clinical factors were included in this model, such as blood
pressure, fasting glucose, total cholesterol, high-density
lipoprotein cholesterol, QRS duration, estimated glomerular
filtration rate, and albuminuria [21]. A recent research based
on the data of a Chronic Renal Insufficiency Cohort study
indicated that adding N-terminal brain natriuretic peptide and
high sensitivity troponin-T to the prediction model could
improve the discrimination of heart failure [22].

Considering the unavailability of laboratory test results in daily
home-based peritoneal dialysis and the lack of heart failure
prediction model in patients receiving peritoneal dialysis
treatment, our study innovatively establishes a practical
prediction model of heart failure in patients undergoing
peritoneal dialysis based on the monitoring data of daily
peritoneal dialysis treatment at home. The factors in the
prediction model included sex, age, time duration of peritoneal
dialysis, weight, urine volume, and blood pressure, which were
accessible and real-time data monitored and recorded by the
Futou Bao. In addition, the effectiveness of the prediction model
based on routine monitoring variables was acceptable. In the
model validation, the accuracy of the prediction model could
reach 89%, with sensitivity of 75% and higher specificity of
91%. Therefore, the mHealth tools and the predictive model
developed in this study enabled monitoring and early warning
of heart failure risk, which has formed a new paradigm for the
management of patients receiving home-based peritoneal
dialysis treatment. From another perspective, during the 5-year
follow-up, the proportion of patients experiencing heart failure
in our study was less than 1%, which was much lower than that
reported in previous studies [7-10]. This result could indicate
that our management paradigm was practical and effective.

Limitations
There were several limitations in this study. First, the number
of patients with heart failure during the observation period of
this study was small, which resulted in a relatively small number
of patients in the dataset for the prediction model study.
Volunteer bias may enhance the management effectiveness of
the system. In future studies, we will conduct randomized
controlled trials to better rule out confounding factors and reduce
the occurrence of bias. Second, the mHealth tools were only
used for daily data collection and monitoring, and the exclusion
criteria were relatively strict that patients with previous heart
failure or coronary heart disease history were not included in
this study. To better expand the coverage of patients included
and managed in the future, more variables in their medical
history should be added to better predict the risk of heart failure.
Third, the mHealth system was only used in the scenario of
large cities represented by Shenzhen. In future studies, the
regional scope of the system should be further expanded. In
addition, the sex and age composition of the users was different
from that in clinical practice experiences. In the future, the
performance of Futou Bao should be promoted in the following
3 ways: (1) further investigation is needed to explore the
obstacles in male users’ acceptance of Futou Bao, and the
functional design should consider the needs of both male and
female users; (2) the improvement of Futou Bao should enhance
the usage experience of older adults to help them use the tool
more conveniently; and (3) on the basis of ensuring patient
privacy, family caregivers can be authorized to use the patient
platform so that more older adults who do not have the ability
to use smartphones can benefit from using this home-based
system.

Conclusions
This is a pioneering study that describes the development of an
intelligent home-based peritoneal dialysis management and
monitoring system based on mHealth technology in China. This
system consists of a WeChat Mini Program named Futou Bao
for patients, which includes an intelligent data upload function
module and an auxiliary function module; and a patient data
management platform for doctors, which includes 4 function
modules: patient management, data visualization and marking,
data statistics, and system management. Based on the daily
peritoneal dialysis treatment data recorded in the system, a
real-time prediction model of heart failure in patients receiving
peritoneal dialysis treatment was built and verified. This
accuracy of the prediction model was accepted, with the AUC
value of 0.879 (95% CI 0.772-0.986). The new home-based
peritoneal dialysis management paradigm that we developed
enabled real-time monitoring and early warning of heart failure
risk. In the future, it is essential to evaluate the effectiveness of
mHealth tools through multicenter studies, which should include
regions with different economic levels and medical and health
service levels to improve the universality of the research results.
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Abstract

Background: Older adults now make up about two-thirds of hospital admissions, with up to 50% experiencing cognitive
impairments such as dementia. These patients often struggle with adherence to care plans and maintaining regular day or night
cycles, presenting challenges for nurses. Hospitals are typically unprepared to manage this patient population, resulting in increased
nurse workload and challenges like managing motor agitation, which can lead to falls or accidental removal of medical devices.

Objective: This study aimed to (1) assess how an in-bed real-time motion monitoring system (IRMS) impacts nurses’perceptions
of physical and mental stress, (2) evaluate the IRMS’s effect on the care process, (3) explore ethical implications like patient
autonomy and privacy, and (4) understand how nurses acquire knowledge about the technology and how this affects their assessment
of the IRMS.

Methods: The IRMS, which provides real-time motion monitoring and bed edge or exit information, was implemented in the
geriatric ward of a university medical center. The study followed a monocentric, explorative evaluation design using a mixed
methods approach. It lasted 24 weeks and had two phases. In Phase 0 (6 weeks), patients received standard care. In Phase 1 (18
weeks), the IRMS was introduced. Initial data were gathered through focus groups and participant observations during manufacturer
training sessions. At the end of the intervention, a survey, a second focus group, and an interview were conducted to capture
nurses’ experiences. The study follows the Good Reporting of a Mixed Method Study (GRAMMS) checklist for reporting.

Results: Initial training sessions with 12 participants (10 nurses and 2 physiotherapists) showed varying levels of engagement,
with the second session demonstrating more optimism and interprofessional collaboration. A total of 10 questionnaires were
completed (10/21, 48%). Survey results showed that 80% (8/10) of nurses found the IRMS valuable for assessing the quality of
work, and 90% (9/10) were willing to continue using it. The system was regarded as reliable for monitoring bed edge and exit
events. Usability was positively rated, with minimal concerns about documentation burden. Focus group discussions (n=3 per
session) indicated that nurses viewed the system as reliable and appreciated its role in reducing anxiety related to fall prevention.
However, concerns about patient privacy and monitoring were raised. Nurses expressed a willingness to continue using the IRMS
but reaffirmed their ability to care for patients without it.

Conclusions: Nurses had a generally positive attitude toward the IRMS, recognizing its benefits, particularly for nighttime
monitoring. Although its effectiveness in preventing falls remains inconclusive, the system helps reduce nurses’ fear of falls and
enhances their responsiveness. The study highlights the broader impact of the IRMS beyond fall prevention and stresses the
importance of thoughtful integration into health care practice.

(JMIR Form Res 2025;9:e63572)   doi:10.2196/63572
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Introduction

Background
The global increase in emergency hospital admissions of older
individuals is expected to continue, driven by ongoing
demographic shifts. Currently, older adults make up
approximately two-thirds of hospital inpatients, with up to 50%
of this population experiencing some degree of cognitive
impairment, including dementia-related conditions [1-3].
Patients with cognitive impairment (hereafter referred to as
patients) often struggle to adhere to care plans in the hospital
setting, and their day or night cycles are frequently disrupted.
This presents additional challenges for nurses, as their workload
increases, especially since hospitals are often not adequately
equipped to care for patients with cognitive impairment [4]. A
particular challenge for hospital nurses is motor agitation in and
around the patient’s bed, which can lead to incidents such as
falls or accidental removal of catheters or vascular access
devices [5]. In light of these challenges, there is ongoing
discussion about the potential role of technological innovations
in supporting nurses and caregivers [6,7].

Bed exit information systems (BES) are well-known in this
context [8,9]. In a previous study by the research team [10], the
focus was widened to the complex interplay of factors from the
nurses’ perspective. The study addressed the perception of
nurses on several aspects as adverse events and the
implementation in the clinical setting, as well as their assessment
of usefulness. Therefore, nurses on regular wards at a university
medical center used a bed exit system to better understand its
potential in hospitals [10]. The system, which was placed under
the mattress in the patient’s bed, informed nurses via the nurse
call system whether patients were mobilizing to the edge of the
bed or leaving the bed unassisted. An advantage of this system
was its ease of use, which provided benefits to the nursing staff.
However, due to the complex and sometimes unpredictable
course of symptoms, it was only possible to use it in a targeted
way for a limited number of patients (patients with cognitive
impairments who also have a tendency to walk and a risk of
falls or may become disoriented). That technological limitations
and special characteristics strongly affect the effect of a BES
becomes also evident in the study of Considine et al [11], in
which alarms at the bedside caused specific challenges for the
nurses, including issues related to alarm fatigue, disruptions in
patient care, and difficulties in prioritizing responses to alarms.

Therefore, the research team looked for another technology with
a higher degree of functionality (allowing for the setting of
either bed edge or bed exit notifications) and an additional
function (real-time motion monitoring), with the aim of
evaluating its implementation. Here as well, the research
question focused on possible benefits for the nurses in patient
care and the integration of the technology in the working

routines. To answer this question, the nursing staff of a geriatric
ward in a university hospital used the Mobility Monitor, an
in-bed real-time motion monitoring system (IRMS) from the
company Compliant Concept AG, as an additional aid in the
standard care of patients [12]. In addition to bed edge and bed
exit information, the system provides nurses with real-time
monitoring to observe and analyze the patient’s movement
patterns in bed. In a previous evaluation project [13], the IRMS
was found to have potential benefits for the nightly monitoring
of patients on standard wards in general and the care of patients
with delirium in particular.

Overall, previous studies have predominantly addressed single
aspects of the technology, such as the efficacy and effectiveness
of BES in terms of reducing falls or fall rates [14,15], and there
has been limited research into nurses’ perspectives and
experiences of using BES [16,17].

Aim and Research Question
Guided by the results of previous studies, the purpose of this
study was to better understand the positive effects and
disadvantages of the use of an IRMS from a nursing point of
view.

The study was designed to address the following research
questions:

• How does the use of IRMS affect nurses’ perception of
physical and mental stress?

• How is the care process affected by the use of the IRMS?
• What kind of ethical implications could arise from the

nursing perspective, such as perceptions of autonomy and
privacy for patients?

• How do nurses acquire knowledge about the technology,
and how does this learning process influence their
assessment of it?

Methods

Reporting was guided by the Good Reporting of a Mixed
Method Study (GRAMMS) criteria proposed by O’Cathain et
al [18].

Design
This study was designed using a parallel mixed methods
triangulation approach [19], incorporating a quantitative survey,
qualitative focus groups, and one interview, as well as
participant observations to obtain a more comprehensive
understanding from multiple perspectives (Figure 1). A key
principle of mixed methods research is that combining
quantitative and qualitative data provides a richer understanding
of the research question compared to using either data source
in isolation [20]. The integration of results is realized in the
Discussion section of this paper.
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Figure 1. Parallel mixed methods triangulation study design.

The study was conducted in a geriatric ward at a university
medical center in the south of Germany. The ward has 20 beds
with an average occupancy of 18 patients at any one time.
Staffing typically includes three registered nurses on the day
shift and usually three on the evening shift, but occasionally
two registered nurses and two nursing assistants, depending on
availability. During the night shift, there are usually two staff
members on duty. Three physician assistants and one supervising
physician are responsible for the ward.

Spanning 24 weeks, the study period was divided into two
distinct phases. Phase 0 (baseline survey P0) lasted 6 weeks.
During this phase, patients were cared for according to the
university medical center care standard. Phase 1 (intervention
phase P1) lasted 18 weeks. For this intervention phase, the
geriatric ward was equipped with the IRMS, and data about the
experience of nurses were collected. The IRMS were available
to nurses as an aid to patient care, assisting nurses in assessing
the patients’ cognitive status and tendency to get out of bed.
Nurses were able to make their own decisions about which
patients they would use the IRMS with. Both the (1) real-time
monitoring of the patient’s movement patterns in bed and (2)
bed edge and bed exit information could be turned on or off by
the nurses.

During the study, 22 devices were made available to the ward
from the first day of the intervention phase (Phase 1), ensuring
full coverage. The research team integrated the devices into the
beds on that day, which also marked the first training session,
with a second session conducted the following week. Preparatory
work, including software installation and setup of the screens
in the nursing station, was carried out in the weeks prior (Phase
0). The devices were customized by the supplier (Compliant

Concept) in coordination with the University Medical Center’s
technical team to ensure compatibility with the call system.

The training consisted of a 2-hour session, which was held twice
by a company representative for the nursing staff. While the
focus was primarily on nurses, other professionals working on
the ward, such as physicians and physiotherapists, were also
invited to participate. The training included a presentation for
the IRMS introduction, as well as practical exercises to reinforce
learning. Additionally, research team members provided further
assistance as needed, ensuring ongoing support for any questions
or challenges the nursing team faced. Informational materials
were also available to the staff, including a PowerPoint
(Microsoft Corp) presentation, a practical written guideline for
patient entry into the software, and the company’s manual.
Regarding communication with patients about the IRMS, nurses
were not specifically trained to discuss its use, but it ultimately
depended on their professionalism in interacting with patients.

Participants
The survey and focus group sessions involved nurses who met
the predetermined criteria outlined in Textbox 1. A total of 21
nurses met the inclusion criteria at P1. Potential participants
were informed about the survey, focus groups, participant
observations, and interview through ward meetings and internal
institutional mailing lists, supplemented by email
communications. They were then formally invited to participate.
Nurses who expressed an interest were given full written
information about the study and the nature of their participation.
The survey, focus groups, participant observation, and interview
were conducted during working hours with the authorization
of the respective organization and no additional incentives or
rewards were provided to participants.

JMIR Form Res 2025 | vol. 9 | e63572 | p.2167https://formative.jmir.org/2025/1/e63572
(page number not for citation purposes)

Walzer et alJMIR FORMATIVE RESEARCH

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


Textbox 1. Inclusion and exclusion criteria.

Inclusion criteria

• ≥18 years

• Nurses with at least three years of apprenticeship or equivalent international training with professional recognition in Germany

• Employees working on the included ward during the study period

Exclusion criteria

• Employees of the included ward who belong to other professional groups.

• Employees of the reserve pool.

• Nurses from other wards helping out

• Trainees

Data Collection
The study followed a parallel mixed methods approach with
the following elements (see Figure 1 for an overview of the
study design):

• Survey of nurses at time point P1.
• Focus groups with nurses at time points P0 and P1, before

and after IRMS use.
• Interview with one nurse at time point P1, after IRMS use.
• Participant observations during the initial introduction of

the technology on the ward by the manufacturer.

Nurse Survey
The survey was developed in REDCap (Research Electronic
Data Capture; Vanderbilt University) [21]. A comprehensive
review of the literature did not identify a suitable assessment
tool for collecting data on this topic in the German language.
The web-based survey, which consisted of 48 items, was based
on the technology attitude or acceptance, burden, and
expectations or experiences survey used in a previous study
[10]. It primarily used items from Spagnolli et al’s [22] survey
on user acceptance of wearable technologies, which were
translated into German by our team, and a subset of Isfort et
al’s [23] survey on nurses’ perceived burden in patient care,
which was available in German. The instrument was further
supplemented with custom questions and sociodemographic
data, including age, gender, and years of professional experience
of the nursing staff. However, due to the small sample size,
these sociodemographic data were deemed insufficient for
meaningful subgroup analysis or generalizable insights.
Presenting these variables could risk overinterpretation or imply
trends unsupported by the data. Therefore, we chose to focus
on the main findings directly related to our research questions.
In previous projects using paper and pencil surveys, it was found
that the nursing team preferred a digital format due to its
environmental benefits, such as the elimination of paper waste.
A total of 21 nurses were invited to participate via email with
a link to the web-based survey, allowing them to complete the
survey at their convenience. The survey began immediately
after the intervention phase, starting 11 days after the IRMS
had been in use for 20 weeks. The survey is included in
Multimedia Appendix 1.

Focus Groups and Interview
Each focus group was conducted during the first survey phase
(P0) and at the end of the second survey phase (P1) by two
researchers (IS and SW) to capture the context of technology
use and to further explore the issues identified in the staff
survey. The initial focus group guide addressed expectations
regarding the potential for alleviation, usability, and the
influence on social interaction with patients (Multimedia
Appendix 2). In contrast, the guide for the discussion after the
intervention centered on the experiences related to these same
themes. Topics included the challenges of caring for patients
with cognitive impairment, the tendency of patients to get out
of bed unsupervised, and the expectations, experiences, and
evaluations related to the use of the IRMS (Multimedia
Appendix 3). This approach aimed to derive insights into nurses’
perceptions of physical and mental stress, as well as any changes
resulting from the implementation of the technology. Inferences
about potential alterations in the care process, patient outcomes,
and the perceptions of autonomy or privacy by patients can be
deduced from nurses’comments on processes, perceptions, and
evaluations before, during, and after the use of the IRMS.

The two researchers facilitating the discussions both have prior
experience in conducting focus groups, with one having a
background in nursing science (SW) and the other in sociology
(IS). A semistructured interview guide was used, focusing on
the concepts of interest while allowing for flexibility. The
structure and content of the guide were informed by the core
findings of previous studies [10,13] and the literature reviewed
(see Background under Introduction section). Since one
participant from the first focus group could not participate in
the second, a follow-up interview was conducted using the same
guideline at P1. Both the focus group and the interview were
audio-recorded and transcribed using a denaturalized approach,
omitting idiosyncratic speech elements [24]. Transcripts were
pseudonymized prior to analysis.

Participant Observations
The analysis of the focus groups in a previous study [10] showed
that the initial introduction of the technology on the ward by
the manufacturer is an important factor for the further course
of implementation. Therefore, this factor was investigated as a
decisive condition for the implementation of IRMS. For this
purpose, observations in the sense of a focused ethnography
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[25] were carried out by two researchers (SW and IS) during
the training sessions. The observations were open with the
consent of the participants and the trainers. Field notes taken
during the observations were collected, converted to a digital
text format, and pseudonymized prior to analysis.

Analysis
Qualitative data (focus groups, participant observation, and
interview) were analyzed by SW, IS, and NM. We
systematically organized and structured the data according to
the principles of Kuckartz’s content analysis approach [26]. The
main categories were shaped by the guiding questions and
supplemented with inductive aspects derived from analysis
discussions. Additionally, the investigation of specific aspects
of the discussion dynamics in the focus groups was inspired by
elements of the documentary method, particularly as outlined
by Bohnsack [27] and Bohnsack and Schäffer [28]. This
methodological combination aimed to provide a robust
foundation for analyzing both the explicit content structure and
the underlying social dynamics and interpretations of meaning,
thereby promoting a comprehensive understanding of the
phenomena under study. Descriptive quantitative data analysis
by SW, IS, and HM was performed using SPSS Statistics (IBM
Corp) for Windows. Frequencies and percentages were
calculated for all quantitative variables.

Setting
The study was conducted at the University Medical Center
Freiburg.

Ethical Considerations
The conceptualization and implementation of this study were
based on the principles of the Declaration of Helsinki. By
German law, survey studies with a focus on employees must
be approved by the Employee Council at the respective
institution. The responsible committee of the Employee Council
of the University Medical Center Freiburg provided approval
for this study in written format (approval 106/20 [MPG §23b]).
Participation in the focus groups was voluntary, no personal
data were collected, and anonymity was always maintained. All
potential participants received written information on the study
(reason for the study, objective, processes, and data protection),
were informed about the decision of the Employee Council and
its subcommittees, and had the opportunity to contact the
investigators in case of questions at any time during the study.
Informed consent to participate was assumed if individuals
completed the survey and were confirmed (by ticking a box) at
the beginning of the survey.

Results

Participant Observations
The two initial training sessions were diverging. There were 12
participants in total—10 nurses and 2 physiotherapists. They
took place in two very different places. The first one was in a
lecture hall where the participants were spread around the room.
They seemed quite tired after the morning shift but were eager
to understand the technology. The amount of information
seemed rather overwhelming in this setting. However, the nurses

seemed to be able to follow very well. The second introduction
took place on the ward with two participants from the
physiotherapy profession. The atmosphere was livelier and more
optimistic regarding the use of the technology. There was an
interprofessional exchange, and strategies for using the IRMS
were discussed. Once again, the participants’ questions
demonstrated their engagement and ability to quickly grasp the
basic concepts of the technology. The presenter began the
session by mentioning the number of miles nurses walk every
day. However, this topic was not explored further in the
discussion, and we conclude that the participants did not
prioritize it as a goal for using the technology. Additionally, the
presenter emphasized the expertise of the nurses in making
decisions about the use of the IRMS. The presentation of case
scenarios primarily focused on night-time use. Although
preventing falls and other adverse events was framed as a key
interest of the research team, the representative highlighted both
fall prevention and motion analysis, with a particular focus on
the latter. One participant’s question suggested that targeting
specific patients might be a promising strategy.

Survey
At the time of the survey, participants had been using the IRMS
on the ward for 20 weeks and had gained initial experience of
its functionality. A total of 11 of a possible 21 individuals
participated in the survey, 10 of which were completed (10/21,
48%). Nurses’ responses to the survey confirmed that caring
for patients with cognitive impairment is a significant burden
(items 8-19 in Multimedia Appendix 1). Notably, participants
demonstrated a general openness and minimal fear of technology
(items 1-7 in Multimedia Appendix 1).

When asked about potential improvements from the IRMS,
most respondents were optimistic and agreed that it would
improve outcomes in several areas. The only areas where they
did not agree were preventing the removal of peripheral venous
catheters and drains, improving privacy, and disturbing other
patients (items 23, 25, and 26 in Multimedia Appendix 1).
However, nurses also see many opportunities to improve care
and work processes through the use of technology, including
feeling safer due to the use of the IRMS, receiving support in
care planning, and assisting in coordinating their work schedule
(items 28-30 in Multimedia Appendix 1). The impact on patient
safety is also seen as positive (item 20 in Multimedia Appendix
1). The survey responses from the nurses indicate a clearly
positive view regarding the IRMS’s effectiveness in preventing
falls and preventing patients from leaving the ward unnoticed
(Figure 2).

In terms of organizational aspects, nurses found the IRMS to
be a valuable tool for care planning and time management
(Figure 2). In addition, 80% (n=8) of respondents (statements
from “tend to agree” to “fully agree”) confirmed that the
technology enabled them to assess the quality of their work
(Figure 2). For nurses to find the IRMS helpful, they must find
it reliable—which they consistently confirmed in the survey,
both for bed edge and bed exit information and for motion
monitoring (items 40-42 in Multimedia Appendix 1). In terms
of usability, respondents generally agreed that using the
technology was not annoying and did not increase the
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documentation burden. However, the initial setup was
considered by some to be labor-intensive. Opinions varied
between respondents, possibly influenced by the actual
involvement in the setup process. (items 32, 33, and 37 in
Multimedia Appendix 1). Overall, nurses found it easy to learn
how to use the device (Figure 2).

Responses regarding the potential reduction of work-related
movements, such as checking on patients at risk of falling, were
mixed, with differing opinions between participants. Further

insight into this variation can be gained by analyzing the focus
groups, as described below.

Ethical considerations were explored by assessing whether
nurses felt that the IRMS helped to maintain patient privacy. In
general, respondents tended to think that it did not, a nuance
that may be clarified by analysis of the focus groups. When
asked if they felt monitored by the technology, 8 out of 10 nurses
said that this was not the case. Almost all of the nurses surveyed
(n=9; statements from agree to fully agree) indicated that they
would continue to use the IRMS in the future.

Figure 2. Survey results on the effectiveness and organizational aspects of the in-bed real-time motion monitoring system (IRMS).

Focus Groups and Interview

Overview
The focus groups and the interview largely confirm the results
of the survey and can shed more light on some details. Each
focus group had a total of three participants, with one person

attending both sessions. The issues of benefits, privacy concerns,
and usability were discussed more controversially than the
survey suggests. This is illustrated by the following analyses.
A summary of the themes, including their descriptions and
primary insights, is provided in Table 1. The originals of the
quotes used can be found in Multimedia Appendix 4.

Table 1. Summary of themes and key insights from focus groups and the interview.

Key insightsDescriptionTheme

The IRMS was seen as helpful in improving patient safety and re-
ducing anxiety through quick responses. It was especially valuable
during night shifts to manage patient movements.

Discussion on the benefits of the IRMSa, particularly
regarding fall prevention and night shift management.

Benefits

Some patients felt monitored or “controlled.” However, this was
considered an exception. A clear explanation of the system helped
alleviate some concerns.

Concerns regarding patient privacy in relation to
monitoring through the IRMS.

Privacy concerns

The IRMS was considered increasingly reliable. Suggestions for
improvement mainly focused on integration with the documentation
system and reducing “false alarms.”

Experiences of nurses with the usability and reliability
of the system.

Usability

Nurses found the system helpful, but not essential. They empha-
sized that care could still be provided without it, though some ad-
ditional visual checks would be necessary.

Overall assessment of the system and nurses’ willing-
ness to continue using the IRMS.

Overall assessment

aIRMS: in-bed real-time motion monitoring system.
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Benefits
Nurses participating in both focus groups reported that they
found the technology helpful in preventing or responding to
falls. However, reports of specific responses to information
about bed exit or bed edge information remained largely vague
despite repeated questioning. The meaning of the “usefulness”
of the IRMS becomes clearer when considering that the
additional information allows nurses to better plan their next
steps, potentially allowing them to respond more quickly to
falls.

And when it rings, we know, this woman is sitting at
the edge of the bed. Then we know...We have ideas.
Then we know how we have to organize the process
or how to do the plan for the patient. [Focus Group
1, P3]

In addition, the absence of narratives about specific
fall-prevention situations emphasizes that it was not the
prevention of falls themselves that played a crucial and relieving
role, but rather a sense of safety in relation to falls. Simply
knowing that they would be alerted if the patient got up allowed
nurses to perform their other activities with less anxiety.

Well. Especially regarding falls there was a certain
safety, because the notification actually always sets
off and you don’t have to permanently do visual
controls and go to the rooms. This certainly creates
a feeling of safety, to know “Okay, the patient is not
in danger of falls or similar right now.” Well and for
coverage of the positioning and in order to see:
“Okay, was there sufficient positioning? Have I
supported the patient sufficiently?...it gives a certain
feeling of safety when you can check this on the
monitor.” [Focus Group 2, P3]

In addition to an increased sense of security, another clearly
identified benefit is improved information about patient
self-movement. This is particularly important at night, when
patients may need to be repositioned at defined intervals
according to nursing standards. Right at the beginning of the
interview, the IRMS is described as a technology that goes
beyond and is superior to the existing technical possibilities (eg,
a mat on the floor in front of the bed that sends a signal to the
call system when touched by the patient) and is superior to them.
According to the interviewee, the technology is particularly
valuable during night shifts because it constantly monitors
whether patients are moving or not. Previously, patients had to
be awakened and repositioned every 2 to 3 hours to relieve
pressure.

In nightshifts [with the IRMS] you immediately notice:
Do people move, don’t they move. And before, okay
you walk there every 2 to 3 hours, turn the people
from left to right, have to wake them up and this is
bad, when people are fast asleep and you see: Oh,
he’s moving, moving sufficiently, perfect. AND, it’s
very good that when somebody really has developed
a decubitus here, we can prove: Okay, every 2 hours,
the monitor has recorded it and there were immediate
reactions, there were positionings and so we can
demonstrate this. [Interview]

The IRMS provides an indication of whether there has been
sufficient spontaneous movement, allowing nurses to avoid
unnecessary repositioning. This helps prevent unnecessary
disruption to the patient’s sleep and supports nurses in
re-evaluating their own judgments about the need for
repositioning. If a patient develops a pressure ulcer, the recorded
data can be used by nursing staff to demonstrate that regular
pressure-relieving positioning has been carried out correctly
(interview and focus groups). The interviewee also mentioned
the recording of bed exits, especially for patients with
hyperdelirium. The ability to detect physical tension in patients
through specific movement patterns is highlighted as another,
initially unintended, “function” of the device.

Privacy Concerns
The issue of privacy was not directly raised in the focus group
discussions. However, the analysis provides insights into the
different responses in the survey. The difference may be due to
different perceptions or reference points of “privacy.” In the
second focus group discussion, it was reported that with the use
of the IRMS, room doors are occasionally closed more often,
as monitoring can take place without direct visual contact.
However, according to nurses’ reports, some patients
occasionally expressed feeling monitored and controlled. For
example, the interviewee reported a situation where the
technology was seen by a patient as a “spy in the bed.”

This one patient, who always said: “Ha, the spy
betrayed me again, actually I wanted to try to go to
the toilet by myself.” There you stand next to them
and say: “You shouldn’t walk alone; you are still
quite weak-kneed with the rollator.” [Interview]

Due to the design of the study, it remains uncertain how patients
experience these reactions, whether positively or negatively. It
is worth noting that the term “spying” typically carries a
negative connotation in German. This anecdote, involving a
patient at risk of falling who was attempting to use the toilet
independently, illustrates the effectiveness of the IRMS in
preventing potentially dangerous situations. The system alerted
the nursing staff, enabling them to assist the patient immediately.
The nurses perceive their immediate presence when the system
is activated as a positive aspect, as it allows for a quick response
to the patient’s needs. However, the extent to which patients
are comfortable with this form of monitoring seems to be a
critical factor.

P3: I think they were not really aware, that there is
a special mat in their bed. They didn’t really notice
it, most of them. The others quickly mentioned it. But
they didn’t mind either, whether there was something
like that or not. So.

P1: Except for the ones who ranted, because they
were worried, well...one once even said: “Am I being
controlled?”

P3: Okay no, I’ve never come across that.

P1: And then there were some, who worried [about]
the space for their cell phone plug. [Focus Group 2,
P1 and P3]
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This highlights an interesting ethical conflict. The nurses in the
focus group at P1 also report patients’ complaints or confusion
about the sense of being controlled, but they regard these as
special cases, similar to minor concerns like charging their
mobile phones. However, the primary cause of confusion
appears to be the patient’s general state of confusion. Explaining
the technology seemed effective in addressing this confusion.
However, the nurses did not report exploring deeper complaints,
such as the feeling of being controlled or monitored. This
assessment by the nurses regarding patient privacy may correlate
with their own perceptions of control associated with IRMS. In
the first focus group at P0 and the interview (P1), some team
members initially viewed the IRMS as a potential “control
device,” referring to the supervision of nurses and their
activities, for example, by line managers. Although this
perception dissipated relatively quickly as the IRMS became
more established, it highlights nurses’ concerns about potential
surveillance, which were also discussed in the focus groups.
After a longer period of use (according to reports from the
second focus group), nurses no longer feared being monitored
themselves. While in the first focus group, they were suspicious
of the potential monitoring of their work performance, in the
second focus group, they expressed hope that the IRMS would
demonstrate that they were making correct judgments about
patient positioning. The issue of surveillance was eventually
dismissed as irrelevant.

Usability
With minor reservations, the nurses consider the system to be
reliable, especially in the second focus group and the interview
at P1, more so than at the beginning. They have no fundamental
objections to the usability of the system, but they do have some
suggestions for improvement. Most of these suggestions focus
on improving the documentation process. For example, if there
were an interface to the documentation system and a simplified
or automated transfer of recorded data to mandatory
documentation, the IRMS could streamline the documentation
process overall. This could also help nurses to provide a
plausible explanation for justified deviations from standards of
care, thereby encouraging the use of their own professional
knowledge and experience.

In addition to the survey’s assessment that the technology is
easy to learn, focus group participants and the interviewee
emphasize that its use requires the development of routines.
They point out that a lack of familiarity with the system can
lead to disruptions in ward operations, particularly among other
professional groups who do not work exclusively on the
participating ward and have not developed routines with the
IRMS. This often results in “false alerts” during the day, such
as physiotherapists forgetting to turn off alerts before their
interventions.

In line with the inconsistent assessment in the survey regarding
the reduction of walking distances, different perspectives
emerged in the focus group discussions. When using the IRMS,
nurses do not have to repeatedly check on patients at risk of
falling by visiting them. This is especially an improvement at
night. However, this process rarely exists in isolation, as nurses
often combine these checks with other tasks. The

implementation of the system does not alter these interrelated
activities, which continue as usual.

Those who are hyperactive at night, you pick that up
anyways, because then you are continuously close to
the bed, because they’re ringing all the time, calling
or doing anything else. [Focus Group 2, P1]

Overall Assessment
When asked whether they would like to continue using the
technology, the nurses in the second focus group were slightly
more ambivalent than in the survey. On the one hand, they
emphasize that care can be provided without such technology,
but on the other hand, they generally find the IRMS helpful.

Moderator: And if there was no IRMS starting from
tomorrow on. How would you like that?

Person 3: Well...

Several: [laughing]

Person 2: I would miss it. I would like to

Person 3: Yes, it would be missed. But the work still
could be done. That’s not the way it is.

Person 2: Well maybe a thing or two would be more
complicated again. Because we would have to do
more visual controls at the patients’beds, for patients
who could wander or patients with dementia.

Person 3: Yes.

Person 1: Exactly, probably one fall or two would
happen [2.5 seconds]

Person 3: but those could not be prevented with IRMS,
either.

Person 1: Yes, sure! We would certainly go back to
text-book, which means positioning according to the
clock, but-

Person 2: This would not make our work impossible

Person 1: (laughing) Exactly. Nursing can do that
[Focus Group 2, P1, P2, and P3]

Overall, the nurses expressed a willingness to continue using
the IRMS but highlighted that care is not entirely dependent on
such a technology. In the following discussion, possible
backgrounds for this evaluation will be examined further.

Discussion

Principal Findings
The two initial training sessions showed differences in both
effectiveness and atmosphere. The second introductory session,
held on the ward with additional therapeutic staff, fostered a
much livelier and more optimistic atmosphere toward the
technology. Interprofessional exchange was seamless, with
active discussion of strategies for implementation and use of
the IRMS. These observations are consistent with the research
of Koukourikos et al [29], which emphasizes the effectiveness
of hands-on training in familiar environments over formal
settings. Moreover, Kahn et al [30] highlight the importance of
interprofessional collaboration from the outset of technology
implementation in hospital care settings. Building on these
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findings, a recent study using a design-based research approach
highlights the importance of structured training and support
programs to help nurses effectively integrate innovative
technologies into practice [31].

The survey, focus groups, and the interview showed that nurses
benefit most from motion monitoring, especially at night. The
increased sense of security can reduce psychological distress.
This finding is consistent with the systematic review by Mileski
et al [32], which included 28 studies. Whether the technology
is effective in preventing falls could not be determined as this
study was not designed to measure its effectiveness and the
nurses’ statements in this regard remain ambiguous. However,
the technology does appear to reduce the nurses’ fear of falls
and make them feel better equipped to respond in a timely and
appropriate manner should a fall occur.

Interestingly, the focus on fall prevention was primarily driven
by the research question, but it emerged that other benefits were
more relevant. One reason for the limited focus on fall
prevention might be that nurses’ responses to the information
provided by the system were constrained by existing routines.
Since there was no significant adaptation of processes beyond
the introduction of the technology, nurses could not change
their workflows significantly. More comprehensive
changes—such as ongoing training programs and organizational
policies supporting flexibility in nursing practices—would be
needed for nurses to react more promptly when desired. Future
studies would benefit from exploring how such ongoing support
influences technology adoption and the potential long-term
impact on nursing workflows.

The literature also suggests that alarms, particularly when they
are frequent or audible to patients, may not be effective as
standalone interventions [33-35]. A high number of alerts or
alarms (especially if patients can hear them) may even have
adverse effects, as suggested by the study by Considine et al
[11]. Excessive alarms can increase anxiety and stress levels,
disturb sleep, and desensitize both patients and staff, leading to
delayed responses to critical situations. This may explain why
the system was primarily used at night when nurses could
respond more directly to the system’s alerts. Goals such as
reducing physical strain by reducing the need to walk to check
on patients are negated because such rounds often include other
essential nursing activities. For example, during these rounds,
nurses are often checking on multiple patients, assessing their
comfort, administering medication, or performing other routine
tasks. This underlines that technology can only reach its full
potential if it is integrated into comprehensive, targeted changes
and is part of a broader, well-structured care plan [32].

Another factor contributing to the mixed evaluation of the IRMS
could be debates about the professionalization of nursing in
Germany [36]. Notably, in the second focus group, it was
emphasized that nursing care could still be provided effectively
without the use of technology.

Concerns about surveillance disappeared over time. In the survey
and the second focus group, nurses no longer expressed privacy
concerns and even minimized patients’ worries. These findings
are consistent with a previous study on a BES used across
several wards at the University Medical Center [10]. On one

hand, it could be argued that patient privacy is actually enhanced
compared to personal observation, as physical movements can
be monitored discreetly, without patients’ awareness. However,
patients still voiced concerns about being monitored. While the
focus group participants did not consider this a serious issue, it
remains essential to address patient privacy. Nurses could
explore ways to make the technology more understandable,
ensuring that patients are informed and that their consent is
respected. Situations may arise where a patient’s rejection of
the technology—due to significant stress or a violation of
personal values—should lead to discontinuation of the system’s
use. Future research could explore effective communication
strategies to address privacy concerns and promote patient
acceptance of monitoring technologies.

Finally, integration with documentation standards and systems
remains a major concern contributing to nurses’ workload, as
discussed in the reviews by Mileski et al [32] and in studies on
the implementation of digital nursing technologies [37-39].
Considering these aspects in the development of new
technologies could significantly enhance the benefits of nursing.
By supporting conditions that allow nurses to work in a
self-directed and knowledge-based way, both their
empowerment and professional standing could be strengthened.

Limitations
When discussing the use of the IRMS, it is important to clarify
that the study’s aim was not to assess its effectiveness or similar
outcomes but rather to explore nurses’ perceptions of its
usefulness.

One limitation of the study is the small sample size. Ideally,
multiple focus group discussions would have been conducted
and analyzed at each time point to identify specific discursive
patterns through comparison. Unfortunately, this was not
feasible due to a limited number of eligible participants and a
lack of volunteers. For practical reasons, an interview was
conducted instead of a focus group. While an interview does
not capture the same level of social consensus on issues as a
focus group, the results were notably similar. The survey
achieved a response rate representing 48% of the nursing staff
in the geriatric ward. Although the sample size was relatively
small, it provided valuable insights into the perceptions of nearly
half of the relevant nursing staff. Given the limited number of
participants, it is possible that the findings could be influenced
by selection bias, especially if the individuals who participated
were more likely to be early adopters or held leadership
positions within their wards. Early adopters, including those in
leadership roles, may exhibit a more positive perception of new
technologies, potentially leading to an overrepresentation of
optimistic perspectives in our results.

However, it is important to note that this study does not aim to
present representative findings. Instead, it seeks to provide an
in-depth insight into the implementation and use of the
technology within a specific context. In qualitative research,
some degree of bias is inherent, as findings are inevitably tied
to the specific social situations and perspectives of the
participants involved.
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Conclusions
Based on the findings, the participating nurses have a positive
attitude toward the use of a real-time in-bed movement
monitoring system, highlighting its benefits for nurses and
patients, particularly during nighttime monitoring. While its
effectiveness in preventing falls remains inconclusive, the
system appears to reduce nurses’ fear of falls and improve their
ability to respond effectively. The results highlight the wider
impact of the system beyond fall prevention and underline the

importance of carefully integrating such technologies into health
care practice. The study acknowledges the challenges of
embedding technology into care, including the limitations of
nurses’ responses to the IRMS information and ongoing
discussions about professional dynamics in Germany. It also
identifies opportunities for future research and development,
particularly in relation to integration with documentation
systems. Overall, the study argues for a deliberate, holistic
approach to health care technology that considers professional
relationships, patient needs, and system improvements.
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Abstract

Background: Digital use cases describe the application of technology to achieve specific outcomes. Several studies in health
care have examined patients’ overall attitudes toward digitalization and specific use cases. However, these studies have failed to
provide a comparison of patient acceptance criteria between inherently different digital use cases in family medicine.

Objective: To address this research gap, this paper aimed to assist family doctors in selecting digital use cases by comparing
the underlying patient adoption factors and in driving usage of these use cases by presenting a differentiated implementation
approach.

Methods: Adapting an established Unified Theory of Acceptance and Use of Technology (UTAUT) questionnaire to 4 digital
use cases in family medicine, we surveyed a large cross-sectional sample of adults living in Germany. The results of the web-based
survey were then analyzed via descriptive statistics, ANOVA, and hierarchical regression models to compare the effects of
sociodemographic and technology acceptance factors on the intention to use a specific use case.

Results: Our web-based survey included 1880 participants. Of these 1880 participants, only 304 (16.2%) agreed that the degree
of digitalization is important when selecting a family practice. However, more digitally literate participants attributed greater
importance to this criterion (B=0.226, SE 0.023; β=.223; P<.001), and digital literacy was found to be dependent on age (Welch
F3,968.29=53.441; P<.001). Regarding sociodemographic characteristics, only digital literacy demonstrated a significant effect on
the intention to use for all use cases, particularly scheduling doctor appointments online (B=0.322, SE 0.033; β=.408; P<.001).
Furthermore, performance expectancy was the strongest predictor of the intention to use for all use cases, while further effects
of technology acceptance factors depended on the use case (receiving medical consultations via video: B=0.603, SE 0.049; β=.527;
P<.001; scheduling doctor appointments online: B=0.566, SE 0.043; β=.513; P<.001; storing personal medical information via
electronic health records: B=0.405, SE 0.047; β=.348; P<.001; and providing personal information before consultation digitally
[digital anamnesis]: B=0.434, SE 0.048; β=.410; P<.001). To illustrate, perceived privacy and security had an effect on the
intention to use electronic health records (B=0.284, SE 0.040; β=.243; P<.001) but no effect on the intention to use video
consultations (B=0.068, SE 0.042; β=.053; P=.10).
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Conclusions: In the selection and implementation of digital use cases, family doctors should always prioritize the perceived
value of the digital use case for the patient, and further criteria might depend on the digital use case. Practice owners should
therefore always harmonize the introduction of digital use cases with their own patient care strategies. Not every digital innovation
fits every strategy and therefore every practice.

(JMIR Form Res 2025;9:e58867)   doi:10.2196/58867

KEYWORDS

technology acceptance; UTAUT; family doctor; digital health; eHealth; video consultation; electronic health records; digital
anamnesis; online appointment scheduling

Introduction

Background
The benefits of applying digital use cases, which we understand
as the application of digital technologies to achieve a specific
outcome, are well documented for the health care sector [1,2].
For example, in family medicine in Germany, where the family
doctor is the first contact point to the health system and thus
particularly important to ensure adequate treatment [3], digital
use cases could address overarching challenges such as the
shortage of family doctors [4]. After years of sporadic offering
and use of digital tools in family medicine, COVID-19
accelerated their use [2,5]. Furthermore, this trend toward
digitalization increased the diversity of digitally enabled use
cases (eg, from online appointment systems to digital anamnesis
tools and video consultation offerings) [5]. To illustrate this,
the American Medical Association showed in 2022 in their
longitudinal survey that the average number of digital
applications used by a doctor increased by 72% between 2016
and 2022 [6].

It is apparent that, today more than ever, family doctors can
decide which of the various offerings to implement. However,
overall adoption rates of digital health care use cases by both
patients and family doctors are still at low levels in some
regions. For example, in Germany in 2023, only about 1% of
all statutorily insured patients stored personal medical
information via electronic health records [7,8]. A similar picture
has emerged in other countries (eg, only about 3% of medical
appointments in November 2023 in general practice in the
United Kingdom were conducted via video) [9]. To stimulate
broader adoption of digital use cases, legislative bodies in
countries, such as the United Kingdom and Germany, revised
their regulatory frameworks, such as directing the default use
of electronic health records in Germany [10,11]. Nevertheless,
to translate these incentives into actual patient usage of digital
use cases, we argue that it is vital to assess the underlying factors
determining patient adoption behavior. This evaluation is
particularly important as family doctors consider patient
expectations when deciding to offer patient-facing use cases
[12,13].

In assessing technology acceptance, we premise that
differentiation and comparison between use cases might offer
fruitful insights, as we presume inherent structural differences
between digital use cases (eg, degree of voluntariness of use
for patients or degree of dealing with sensitive medical
information). Thereby, we add to the academic discourse since
there are several studies in health care examining patients’

overall digital attitudes toward digitalization [14] as well as for
specific use cases [15-18]. However, these studies have failed
to provide a nuanced assessment and comparison of patient
acceptance criteria between distinct digital use cases in family
medicine. This differentiation is particularly vital as potentially
diverse patient technology acceptance criteria per use case might
emerge, and therefore, a differentiated approach to drive
adoption might be needed.

Objectives
This survey-based study provides a nuanced comparison of
patients’ technology acceptance of key digital use cases in
family medicine (ie, receiving medical consultations via video,
scheduling doctor appointments online, storing personal medical
information via electronic health records, and providing personal
information before consultation digitally [digital anamnesis]).

Accordingly, this paper aims to support family doctors in
selecting digital use cases by showcasing their relative
importance to patients and in driving their use. In doing so, it
highlights the need for a differentiated implementation approach
based on different patient acceptance criteria for each digital
use case.

For the scope of this research paper, we focused on family
doctors as they act as gatekeepers for access to digital
technologies [19]. Additionally, we hypothesized that family
doctors could be important for driving adoption with an already
established and trusted patient-doctor relationship.

Methods

Research Approach
Building on the insights of a rapid literature review on patient
acceptance of 4 digital use cases, we leveraged an existing
questionnaire assessing the acceptance of electronic health
records in family medicine based on the Unified Theory of
Acceptance and Use of Technology (UTAUT) model [20] and
adapted it to the other use cases. The objective of our
convenience sample approach was to gather a cross-sectional
sample of adult patients living in Germany.

Digital Use Cases in Family Medicine
Family medicine typically provides the first medical contact
within the health care system [21], and substantial evidence
supports the application of digital technologies (digital use
cases) in this setting [1,2]. Due to the high pace of innovation
and great variety of digital use cases in family medicine, we
limited the number of use cases in scope. The final selection of
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digital use cases was a joint decision of a multi-professional
team (comprising 4 researchers with diverse backgrounds in
the digitalization of family medicine and 1 practicing family
doctor). The decision was based on (1) the applicability of these
use cases for patients in family medicine and (2) their current
perceived practical relevance for both patients and family
doctors. Thereby, we adhered to the following use case
definitions:

• Receiving medical consultations via video: We followed
the definition by Keuper et al [22] that “a video consultation
is considered as a real-time visual and audio (digital) contact
moment between the patient and health care provider.” This
excludes, for example, telehealth applications that do not
facilitate a contact moment (eg, telemonitoring [23]).

• Scheduling doctor appointments online: We understand
online appointment scheduling as the use case of booking
an appointment via the internet in real-time [24].

• Storing personal medical information via electronic health
records: We followed the definition of the National
Coordinator for Health Information Technology of the
United States that “EHRs are real-time, patient-centered
records that make information available instantly and
securely to authorized users” [25].

• Providing personal information before consultation digitally
(digital anamnesis): Patient anamnesis refers to the data
that patients provide about their personal medical history
[26]. Digital anamnesis then applies this concept to the
digital space as the information-gathering process occurs
via a digital application.

Nevertheless, the full scale of adoption of the various digital
use cases is yet to be realized [27]. Overall barriers can be
pinpointed to a fragmentation of the digital health landscape,
inadequate legislative frameworks, and limited clarity on
information exchange, highlighting the necessity to consider
the patients’ perspectives even more [28].

Research Model
Our research attempts to compare different use cases in family
medicine and highlight substantial differences between factors
in patient technology acceptance.

Technology acceptance describes the positive decision of an
individual toward using technology and explains the various
factors and contexts incentivizing individuals to use a particular
technology [29,30]. This range of factors in the decision-making
process to use a tool in a health care setting is reflected in the
various theories used to describe this technology acceptance.
AlQudah et al [30] and Heinsch et al [31] demonstrated that the
Technology Acceptance Model (TAM) and the UTAUT are the
most applied theories in health care settings. Nevertheless, many
studies combine different theories to explain technology
acceptance with various factors [32,33].

The original UTAUT model consists of 4 constructs. The
definitions of these UTAUT constructs by Venkatesh et al [34]
are as follows. Performance expectancy is defined as “the degree
to which an individual believes that using the system will help
him or her to attain gains in job performance.” In the family
medicine setting, this translates to the usefulness of the use case

to manage one’s health or disease in a family practice setting.
Effort expectancy is defined as “the degree of ease associated
with the use of the system” [34], which, in our setting, relates
to how easily patients can use the digital use case. Social
influence is defined as “the degree to which an individual
perceives that important others believe he or she should use the
new system” [34]. In family medicine, these important others
could range from physicians to public opinions to friends and
family members. Facilitating condition is defined as “the degree
to which an individual believes that an organizational and
technical infrastructure exists to support use of the system” [34],
which, in our context, is associated with having the right
resources, compatible technologies, and knowledge to use the
digital use case. The additionally included dimension in our
study perceived privacy and security refers to “the degree to
which patients believe that the respective use case is safe from
intrusion and personal information is protected” [20,35]. We
support the justification of Abd-Alrazaq et al [20] for applying
the UTAUT model in the family medicine setting as the model
has shown explanatory power in comparable contexts [31].

In line with our objective to assist family doctors by
demonstrating the relative importance of digital use cases for
patients and by highlighting different patient adoption factors,
we tested 3 key hypotheses (hypothesis A, hypothesis B, and
hypothesis C).

First, to illustrate the relative importance of each use case for
patients, we hypothesized that awareness, availability, and actual
usage behavior differ across use cases. For example, commercial
studies have shown that 78% of surveyed patients wish for
online appointment scheduling at their family doctor, while
only 32% wish for an electronic health record and 27% wish
for a video consultation [36].

Hypothesis A is as follows: Different use cases have differences
in awareness, availability, and actual usage by patients.

Second, to determine the underlying adoption factors of digital
use cases in family medicine, we formulated hypotheses B and
C. Our rapid literature review, which aligned with the Preferred
Reporting Items for Systematic Reviews and Meta-Analyses
(PRISMA) extension for Rapid Reviews (PRISMA-RR) and
recommendations by Tricco et al [37] and King et al [38],
showed that different use cases have different factors driving
technology acceptance [39,40]. The detailed approach and
results can be found in the checklist in Multimedia Appendix
1.

Hypothesis B is as follows: Different use cases have different
significant technology acceptance factors driving behavioral
intention to use.

Various studies have indicated that sociodemographic factors
affect technology acceptance. Mueller et al [4] argued that living
in rural areas with potentially less doctor density might increase
the likelihood of using digital offerings such as video
consultation as it “saves the trip to the physician’s practice.”
Thus, we hypothesized that the degree of the intended use of
digital offerings varies (eg, by region and size of a city).
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Hypothesis C is as follows: Different use cases have different
sociodemographic characteristics impacting behavioral intention
to use.

While hypothesis A pertains to indicated usage behavior,
hypotheses B and C test the effect of a respective technology
acceptance factor on the behavioral intention to use a specific
digital use case in family medicine. The research model is
depicted in Figure 1.

Figure 1. Research model. The effects of sociodemographic and technology acceptance factors on patients’ intention to use a digital use case in family
medicine in Germany in 2023 [20]. Dark blue indicates areas to collect evidence for hypothesis B, while gray indicates areas to test hypothesis C.

In these superordinate hypotheses, we replicated the same
research model for each digital use case, with each testing the
same subordinate hypotheses. Therefore, all subordinate
hypotheses have the same components.

• Component 1 (illustrated in the research model): Respective
technology acceptance factor [B]/respective
sociodemographic characteristic [C] positively influences
behavioral intention to use …

• Component 2: … a respective digital use case
[online-booking platforms; digital anamnesis tools; video
consultation platforms; electronic health records]

Survey Construction and Design
The questionnaire was constructed based on a rapid literature
review on technology acceptance of digital use cases in family
medicine (Multimedia Appendix 1) and our research model.
Given its demonstrated validity and reliability in a family
medicine setting (eg, average Cronbach α of .95; average
“average variance contracted” [AVE] of 0.95; and average
composite reliability [CR] value of 0.87), we leveraged an
existing questionnaire assessing a comparable use case in a
family medicine setting in the United Kingdom [20]. The
questionnaire extends the UTAUT model [34] with additional
items on perceived privacy and security [35], which also
emerged in our literature review as an additional element to
understand technology acceptance in health care settings [18,40].
Dropped items with lower factor loadings in the original model

of Abd-Alrazaq et al [20] were excluded from our questionnaire.
For data restriction purposes, our study did not look at the actual
use behavior.

To ensure construct comparability in different use cases, we
replaced “patient portal” in the original questionnaire with the
names of the other use cases. The questionnaire was then
translated into German based on existing validated translations
of the UTAUT construct [41] and pretested with 21 participants
from the sample target group. Minor adjustments to answer
options, the order of questions, and the wording of selected
items were made (the translated survey can be found in
Multimedia Appendix 2). From a methodological viewpoint,
the survey study was aligned with CHERRIES (Checklist for
Reporting Results of Internet E-Surveys) (Multimedia Appendix
3). The web-based survey was finally conducted between May
30, 2023, and November 22, 2023, using the software
LimeSurvey (LimeSurvey GmbH).

Participants were shown brief descriptions of all the digital use
cases in the scope of this paper to minimize any
misunderstanding. Participants were then randomly assigned
to 2 of the digital use cases for which they answered the
technology acceptance items on a Likert scale. The number of
use cases per participant was later reduced from 2 to 1 due to
higher-than-expected dropout rates. This adjustment was
appropriate as the order of questions was not changed.
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Recruitment and Sample Composition
Our convenience sampling approach aimed to recruit a large
cross-sectional sample of adults living in Germany. Since the
only limiting factor to participate in the study was reaching
legal age, our sample was broad, which is reflected in the variety
of recruitment channels. Participants were mainly recruited via
the Social Sciences’ Panel, a convenience pool project for
scientific research, as well as social media platforms such as
LinkedIn, Instagram, and Facebook; online (research) forums;
and flyers in the waiting rooms of family practices and other
facilities. The questionnaire was only posted online in the
open-access mode, and no responses from other sources (eg,
physical questionnaires) were manually added. Further details,
such as the wording of the advertisement of the survey, can be
found in Multimedia Appendix 3.

Applied data cleaning mechanisms included removing duplicate
entries, excluding the fastest 5% responses, eliminating entries
with no reasonable answer behavior (straight lining or
incorrectly answering 2 control questions), and deleting entries
with no specified demographics and those not meeting the k≥5
criteria [42,43]. We believe that these data-cleaning measures
contributed to the validity and reliability of our study. First, we
avoided overrepresentation of multiple entries by single
participants. Second, we enhanced response quality by
minimizing obvious nondiligent answer behavior. Finally, we
ensured meaningful analysis by eliminating “not specified”
responses while at the same time adhering to our privacy policy
by deleting responses that failed the k≥5 criteria.

Details of data cleaning measures can be found in Figure 2.

Figure 2. Included responses for data analysis. Impact of dropout and data cleaning measures.

Empirical Analysis
Validation of the research model and statistical analysis via
IBM SPSS 29 were performed separately for each use case in
3 steps.

First, Cronbach α values were calculated to evaluate the internal
consistency of the study. The acceptable cutoff point in line
with our exploratory research design was set at .60 [44]. Second,
descriptive statistics were applied to test hypothesis A that
different use cases have differences in awareness, availability,
and actual usage among patients. Third, to test our hypotheses
B and C regarding whether different use cases have different
significant factors influencing behavioral intention to use, each
research model was tested separately via multiple hierarchical
regression. Thus, we tested the subordinated hypotheses for
each digital use case.

The hierarchical regression was adequate to differentiate
between the effects of technology acceptance and
sociodemographic factors on intention to use. Therefore, we
collected evidence for hypotheses B and C with a consistent
analytical approach. Additionally, given the 4 different research
models and a subsequent high number of subordinate
hypotheses, a robust yet straightforward analytical approach
was deemed necessary. The statistical significance level was
set at P<.05 [45].

The first block entered into each model included only
sociodemographic variables (age, gender, region of residency,
size of the residence city, frequency of doctor visits, insurance
status, and digital literacy). This allowed us to isolate the effects
of different sociodemographic factors on intention to use,
validating hypothesis C. The second block added the adapted
UTAUT factors into the model (performance expectancy, effort
expectancy, social influence, facilitating condition, and
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perceived privacy and security). The final model addressed
hypothesis B, testing the effect of technology acceptance factors
on the intention to use a specific use case.

Four requirements for multiple regression models have been
tested and confirmed for each of the use cases. First,
multicollinearity can be rejected as all variance inflation factor
(VIF) values were below 10 [46]. Second, autocorrelation can
be rejected as the Durbin-Watson value for each use case was
close to 2 [47]. Third, the normal distribution of residuals can
be confirmed after visual inspection of the histogram of the
standardized residuals. Lastly, homoscedasticity can be assumed
as the regression of the standardized residual versus standardized
predicted value scatter plot did not yield any considerable
pattern.

By assessing usage rates, testing the technology acceptance
model for each digital use case, and comparing our results across
use cases, we collected evidence to assess our hypotheses A,
B, and C. We accepted or rejected these superordinated
hypotheses based on varying usage rates or different factors
impacting the behavioral intention to use in different use cases
(the decision was further validated with our research team).

Ethical Considerations
Our human subject research study was approved by the Ethics
Committee of Witten/Herdecke University (Nr. S-245/2022).
All participants provided informed consent in line with the
GDPR (General Data Protection Regulation) guidelines prior
to the start of the survey and had the ability to opt-out. No
personal data were gathered, and sociodemographic data points
were anonymized in accordance with k≥5 anonymity. All
participants filled out the questionnaire voluntarily, and no
compensation was offered.

Results

Internal Consistency and Sample Size
We calculated Cronbach α values for all 5 technology
acceptance factors and the intention to use a specific digital use
case. Therefore, we validated 24 variables across all 4 models.
Of the 24 variables across all use cases, 23 met the threshold
of >.60 [48], while 1 variable showed a Cronbach α of .57
(scheduling doctor appointments online: facilitating condition).
The Cronbach α values for all 5 technology acceptance factors
and intention to use are shown in Table 1.

Additionally, we leveraged the convenience sampling strategy
to gather a large cross-sectional sample of German-speaking
adults. Our final sample included 1880 adult respondents living
in Germany. The demographic characteristics of the sample are
shown in Table 2.

As the number of assigned use case assessments was reduced
during the study, 175 out of the 1880 participants initially
assessed the technology acceptance of 2 digital use cases,
resulting in a total of 2055 technology acceptance assessments,
with limited overlap between the groups (receiving medical
consultations via video: n=494 [number of respondents who
also assessed other use cases: n=80]; scheduling doctor
appointments online: n=542 [number of respondents who also
assessed other use cases: n=75]; storing personal medical
information via electronic health records: n=528 [number of
respondents who also assessed other use cases: n=103];
providing personal information before consultation digitally
[digital anamnesis]: n=491 [number of respondents who also
assessed other use cases: n=92]).

Table 1. Construct reliability (Cronbach α) in each digital use case.

Digital use caseNumber of itemsVariable

Providing personal in-
formation before con-
sultation digitally
(digital anamnesis)

Storing personal med-
ical information via
electronic health
records

Scheduling doctor ap-
pointments online

Receiving medical
consultations via
video

.90.92.90.913Behavioral intention to use

.87.85.85.883Performance expectancy

.76.74.71.754Effort expectancy

.92.91.92.913Social influence

.62.60.57.703Facilitating condition

.73.74.61.713Perceived privacy and security

JMIR Form Res 2025 | vol. 9 | e58867 | p.2183https://formative.jmir.org/2025/1/e58867
(page number not for citation purposes)

Beerbaum et alJMIR FORMATIVE RESEARCH

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


Table 2. Characteristics of the adult respondents living in Germany in 2023.

Value (N=1880)Variable

Gender, n (%)

821 (43.7)Male

1059 (56.3)Female

Age group (years), n (%)

295 (15.7)18-30 years

519 (27.6)31-50 years

608 (32.3)51-65 years

458 (24.4)>65 years

Frequency group (visits in the last 12 months), n (%)

132 (7.0)0

362 (19.3)1

705 (37.5)2-3

681 (36.2)>3

Insurance status, n (%)

1459 (77.6)Statutorily

421 (22.4)Privately

Population size of residence (inhabitants), n (%)

525 (27.9)≤20,000

581 (30.9)20,001-200,000

774 (41.2)>200,000

Region, n (%)

437 (23.2)East

326 (17.3)North

365 (19.4)South

752 (40.0)West

Self-assessed digital literacy, n (%)

103 (5.5)Low (1-4)

455 (24.2)Medium (5-7)

1322 (70.3)High (8-10)

8.0 (1.8)Digital literacy score, mean (SD)

Current Patient Adoption Rates of Digital Use Cases
in Family Medicine
There was support for hypothesis A that different use cases have
differences in awareness, availability, and actual usage by
patients.

Overall, low offering and usage rates of digital use cases were
evident. For example, nearly all respondents (1750/1880, 93.1%)
were aware of online booking platforms; however, only
approximately one-third (617/1880, 32.8%) stated that this
service is offered in their family practice. Nevertheless, the vast
majority (537/617, 87.0%) of those respondents who were

offered online booking services in their family practice reported
using them. This usage-to-availability ratio was higher for
scheduling doctor appointments online than for video
consultations where only less than half of the participants
(94/225, 41.8%) stated usage. The results are presented in Table
3. The share of respondents using digital use cases when offered
at their family doctor was as follows: receiving medical
consultations via video, 94/225 (41.8%); scheduling doctor
appointments online, 537/617 (87.0%); storing personal medical
information via electronic health records, 108/166 (65.1%);
providing personal information before consultation digitally
(digital anamnesis), 53/78 (68.0%).

JMIR Form Res 2025 | vol. 9 | e58867 | p.2184https://formative.jmir.org/2025/1/e58867
(page number not for citation purposes)

Beerbaum et alJMIR FORMATIVE RESEARCH

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


Table 3. Patient awareness, availability, and patient usage of selected digital use cases in family medicine in Germany in 2023.

Response option, n (%)Statement and digital use case

Not specifiedNot offered in my
family practice

I don’t knowNoYes

“I am aware of this use case”

7 (0.4)——b571 (30.4)1302 (69.3)VCa

0 (0.0)——130 (6.9)1750 (93.1)OSc

22 (1.2)——638 (33.9)1220 (64.9)EHRd

21 (1.1)——1075 (57.2)784 (41.7)DAe

“The use case is offered at my family doctors ”

4 (0.2)559 (29.7)—1092 (58.1)225 (12.0)VC

3 (0.2)229 (12.2)—1031 (54.8)617 (32.8)OS

8 (0.5)1016 (54.0)—690 (36.7)166 (8.8)EHR

11 (1.0)835 (44.4)—956 (50.9)78 (4.0)DA

“I use this digital use case at my family doctors”

84 (5.0)793 (42.2)—909 (48.4)94 (5.0)VC

48 (3.0)712 (37.9)—583 (31.0)537 (28.6)OS

243 (12.9)622 (33.1)—907 (48.2)108 (5.7)EHR

191 (10.2)759 (40.4)—877 (46.6)53 (3.0)DA

aVC: receiving medical consultations via video.
bNot applicable.
cOS: scheduling doctor appointments online.
dEHR: storing personal medical information via electronic health records.
eDA: providing personal information before consultation digitally (digital anamnesis).

There was a low usage rate of digital use cases as only 16.2%
(304/1880) of respondents agreed or fully agreed that the degree
of digitalization is key when selecting a family practice.
Furthermore, the willingness to change the family practice when
a particular digital use case is unavailable was found to depend
on the use case (69/1880, 3.7% for receiving medical
consultations via video; 200/1880, 10.6% for scheduling doctor
appointments online; 131/1880, 7.0% for storing personal
medical information via electronic medical records; and
82/1880, 4.4% for providing personal information before
consultation digitally [digital anamnesis]). Nevertheless,
regression analysis showed that when selecting a family practice,
participants with higher digital literacy tended to assign a higher
value to the degree of digitalization (B=0.226, SE 0.023; β=.223;
P<.001).

Factors Explaining Technology Acceptance in Family
Medicine
To better understand the predictors of technology acceptance,
we conducted a multiple hierarchical linear regression analysis
on the intention to use each use case. Block 1 collects evidence
to validate hypothesis C, which involves testing the sole effect
of sociodemographic variables on intention to use, while block
2 refers to hypothesis B, which involves validating the effect
of technology acceptance factors. In doing so, we did not
moderate prior experience with a particular use case to reduce
the complexity of each model. The results are illustrated in
Table 4. All details of the respective models can be found in
Multimedia Appendix 4.
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Table 4. Standardized coefficients for hierarchical linear regression models explaining patients’ intention to use a specific digital use case in family
medicine in Germany in 2023.

Providing personal in-
formation before consul-
tation digitally (digital
anamnesis) (n=491)

Storing personal medical in-
formation via electronic
health records (n=528)

Scheduling doctor appoint-
ments online (n=542)

Receiving medical consulta-
tions via video (n=494)

Block and variable

P valueβP valueβP valueβP valueβ

Block 1: Sociodemographic variables

Frequency of doctor visits (vs no doctor visit in the last 12 months)

.74.025.92–.008.01a.213.69.0321 visit

.27.089.10.142.01a.233.15.1342-3 visits

.10.136.45.066.01a.224.14.137>3 visits

Gender (vs male)

.41–.037.02a–.101.04a.084.04a.900Female

Age (vs 18-30 years)

.82.013.75–.017.84–.011.13.08731-50 years

.04a–.125.71–.021.69–.023.09.10751-65 years

.01a–.158.74.020.16–.083.60.032>65 years

Size of the residence city (vs ≤20,000)

.90.007.29.056.66.022.62–.02520,001-200,000

.92–.005.67.023.53.032.30–.057>200,000

Region (vs East)

.48–.038.57–.028.93.005.22–.061South

.69.022.53–.031.48–.035.25–.061West

.74.020.33.052.58.029.64–.026North

.13.067.60–.022.81–.010.32–.044Type of insurance

<.001a.250<.001a.329<.001a.408<.001a.335Digital literacy

Block 2b: Sociodemographic variables + technology acceptance factors

<.001a.410<.001a.348<.001a.513<.001a.527Performance expectancy

<.001a.236.03a.096<.001a.218.005a.135Effort expectancy

<.001a.173<.001a.101.07.054<.001a.206Social influence

.045a.085<.001a.198.44.028.36.039Facilitating condition

.003a.104<.001a.243<.001a.094.10.053Perceived privacy and secu-
rity

aStatistically significant (P<.05).
bThe effect of sociodemographic variables is not displayed as the focus of the analysis is on the effect of technology acceptance factors on intention to
use.

All final models (including steps 1 and 2) significantly predicted
technology acceptance, whereas the addition of the UTAUT
variables in the second step increased the explained variance
significantly in all models for all use cases. In the first step,
sociodemographic variables alone explained on average 14.6%
of the intention to use a specific digital use case (receiving

medical consultations via video: R2=0.124; F14,479=4.849;

P<.001; scheduling doctor appointments online: R2=0.189;

F14,527=8.780; P<.001; storing personal medical information

via electronic health records: R2=0.150; F14,513=6.484; P<.001;
providing personal information before consultation digitally

[digital anamnesis]: R2=0.121; F14,476=4.698; P<.001). The final
models explained on average 62.8% of the variance in intention

to use (receiving medical consultations via video: R2=0.624;
F19,474=41.356; P<.001; scheduling doctor appointments online:

R2=0.624; F19,522=45.617; P<.001; storing personal medical

JMIR Form Res 2025 | vol. 9 | e58867 | p.2186https://formative.jmir.org/2025/1/e58867
(page number not for citation purposes)

Beerbaum et alJMIR FORMATIVE RESEARCH

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


information via electronic health records: R2=0.631;
F19,508=45.655; P<.001; providing personal information before

consultation digitally [digital anamnesis]: R2=0.631;
F19,471=42.364; P<.001).

There was support for hypothesis B that different use cases have
different significant technology acceptance factors. Only
performance expectancy and effort expectancy were significant
predictors of technology acceptance for all use cases.
Additionally, the magnitude of the effects of technology
acceptance factors differed between use cases (performance
expectancy: receiving medical consultations via video: B=0.603,
SE 0.049; β=.527; P<.001; scheduling doctor appointments
online: B=0.566, SE 0.043; β=.513; P<.001; storing personal
medical information via electronic health records: B=0.405, SE
0.047; β=.348; P<.001; providing personal information before
consultation digitally [digital anamnesis]: B=0.434, SE 0.048;
β=.410; P<.001; effort expectancy: receiving medical
consultations via video: B=0.236, SE 0.084; β=.135; P=.01;
scheduling doctor appointments online: B=0.391, SE 0.075;
β=.218; P<.001; storing personal medical information via
electronic health records: B=0.153, SE 0.070; β=.096; P=.03;

providing personal information before consultation digitally
[digital anamnesis]: B=0.366, SE 0.073; β=.236; P<.001).

We found that social influence was significant for all use cases,
except for scheduling doctor appointments online (receiving
medical consultations via video: B=0.227, SE 0.036; β=.206;
P<.001; storing personal medical information via electronic
health records: B=0.108, SE 0.033; β=.101; P=.001; providing
personal information before consultation digitally [digital
anamnesis]: B=0.186, SE 0.036; β=.173; P<.001). Moreover,
perceived privacy and security was significant for all use cases,
except for receiving medical consultations via video (scheduling
doctor appointments online: B=0.117, SE 0.037; β=.094;
P=.002; storing personal medical information via electronic
health records: B=0.284, SE 0.040; β=.243; P<.001; providing
personal information before consultation digitally [digital
anamnesis]: B=0.121, SE 0.040; β=.104; P=.003). Facilitating
condition was only significant for storing personal medical
information via electronic health records (B=0.299, SE 0.061;
β=.198; P<.001) and providing personal information before
consultation digitally (digital anamnesis) (B=0.127, SE 0.063;
β=.085; P=.045). A simplified illustration of the different
magnitudes of effects is presented in Figure 3.

Figure 3. Magnitudes of the effects of technology acceptance factors on the behavioral intention to use a digital use case in family medicine in Germany
in 2023 (ranking based on β).

There was partial support for hypothesis C that different use
cases have different sociodemographic factors impacting the
behavioral intention, as self-assessed digital literacy had a
positive effect for all use cases (receiving medical consultations
via video: B=0.341, SE 0.049; β=.335; P<.001; scheduling
doctor appointments online: B=0.322, SE 0.033; β=.408;
P<.001; storing personal medical information via electronic
health records: B=0.308, SE 0.041; β=.329; P<.001; providing
personal information before consultation digitally [digital
anamnesis]: B=0.239, SE 0.044; β=.250; P<.001).

Further, significant effects of sociodemographic variables on
intention to use depended on the use case. Gender (female vs

male) had an effect on 3 digital use cases, but the direction of
that effect varied (receiving medical consultations via video:
B=0.321, SE 0.159; β=.090; P=.04; scheduling doctor
appointments online: B=0.247, SE 0.122; β=.084; P=.04; storing
personal medical information via electronic health records:
B=–0.356, SE 0.149; β=–.101; P=.02). Additionally, the
frequency of doctor visits had a positive effect on the intention
to use online appointment systems and age had a negative effect
on digital anamnesis tools. Compared with respondents who
had not visited a doctor in the last 12 months, all frequency
groups showed a positive effect (1 visit in the last 12 months:
B=0.783, SE 0.285; β=0.213; P=.006; 2-3 visits: B=0.698, SE
0.267; β=.233; P=.009; >3 visits: B=0.690, SE 0.270; β=.224;
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P=.01). Compared with the age group of 18-30 years, there
were negative effects for the age groups of 51-65 years
(B=–0.476, SE 0.235; β=–.125; P=.04) and >65 years
(B=–0.614, SE 0.239; β=–.158; P=.01).

The size of the residence city, region, and type of insurance did
not affect the intention to use any digital use cases. Remarkably,
Welch ANOVA found that digital literacy was dependent on
age (Welch F3,968.29=53.441; P<.001).

Discussion

Principal Findings
This research paper aimed to compare the different technology
acceptance factors of patients for key digital use cases in family
medicine and to support family doctors in selecting and
implementing digital use cases. Our results indicated that the
degree of digitalization of family practice is not critically
important for patients. Additionally, our results fully supported
hypothesis A, highlighting that different use cases have
differences in awareness, availability, and actual usage among
patients. Further, we validated hypothesis B, showing that
different use cases are affected by different technology
acceptance factors. Nevertheless, our results only partially
supported hypothesis C as digital literacy had a significant effect
on the intention to use for all use cases.

Thus, the varying relative importance of technology acceptance
factors for each digital use case emphasizes the need for a
nuanced selection and implementation approach of digital use
cases for family practice. Simultaneously, the partial rejection
of different effects of sociodemographic variables could imply
that our recommendations can be applied in different
sociodemographic contexts.

Comparison With Prior Work
We introduced a systematic assessment of technology
acceptance for online booking platforms and digital anamnesis
tools as existing studies concentrated only on video consultation
platforms and electronic health records. Hence, we could only
compare our results to prior work on these 2 use cases.

Receiving Medical Consultations via Video
The strongest effect of performance expectancy has been
validated in various studies [18,49]. However, the literature
indicates mixed results for the effect of effort expectancy and
social influence on the intention to use video consultation
platforms. For example, Schmitz et al [18] rejected the effect
of social influence, claiming that medical appointments are
highly personal, and thus, the fact of undergoing a medical
treatment is not subjective to the opinions of others, regardless
of a virtual or physical setting. However, our findings showed
that the mode of the consultation might be affected by other
opinions. This is supported by Esber et al [17], who confirmed
the significance of social influence on the acceptance of video
consultations, and Mueller et al [4], who stressed the importance
of social cues to drive the technology acceptance of preusers.

Additionally, we found support for our rejection of the effect
of facilitating condition on the intention to use video
consultations in previous work [18,39,49,50]. Schmitz et al [18]

and Brooks [51] mention that video consultation technologies
are comparable to already widespread technologies, such as
FaceTime, and thus, people are already well equipped for their
use in a medical setting.

Surprisingly, we rejected the effect of perceived privacy and
security on the intention to use video consultations but accepted
this effect for other use cases. This contrasts with the findings
of Zobair et al [52] and Schmitz et al [18] who highlighted the
effect of perceived security on the intention to use telemedicine
or telehealth in Bangladesh and Germany. Viana Pereira et al
[39] postulated that doctors could also provide advice on general
health topics via video and thus would not cause confidentiality
concerns among patients. Nevertheless, we argued that the
neglect of the importance of perceived privacy and security for
patients requires further validation.

Storing Personal Medical Information via Electronic
Health Records
Performance expectancy was constantly confirmed as a
significant predictor of intention to use [16,20,40,53-63].
Additionally, we found evidence for positive effects of effort
expectancy [16,20,53,55-57,62] and facilitating condition
[20,60] on intention to use. Nevertheless, our findings contradict
those of Tavares and Olivera [59] who suggested that early
adopters do not perceive obstacles in using electronic health
records due to their higher cognitive ability and experience with
both technological complexities and IT infrastructure. This is
further supported by Aydin and Kumru [40] who rejected
facilitating condition as a predictor of the intention to use
electronic medical records for Gen-Z university students. We
explain this discrepancy with our more diverse sample, which
we believe is less biased toward high cognitive ability and
technological experience.

Our findings of a positive effect of social influence confirm the
findings of Tavares et al [16] who illustrated inadequate
promotion activities as a possible reason for the failed
implementation of a comparable health record technology [64].
Nevertheless, Abd-Alrazaq et al [20] identified social influence
as a nonsignificant predictor for behavioral intention, explaining
that usage is voluntary and thus less objective to social influence.
We hypothesized that the ongoing discussion on the transition
from an opt-in to an opt-out model in Germany (default
mandatory use of electronic health records) could partially
explain the significance of social influence in our research [10].

Further studies that assessed comparable constructs of perceived
security and privacy confirmed the positive effect on the
intention to use electronic health records [20,40,53,55,56].

Effect of Sociodemographic Variables on the Intention
to Use Digital Use Cases
Except for digital literacy, we found no clear pattern of the effect
of sociodemographic variables on the intention to use a specific
digital use case. The vital role of digital literacy in technology
acceptance is in line with research that postulates a digital divide
of patient groups in engaging in digital use cases [65]. However,
this role of digital literacy necessitates further differentiation.
First, the participants in our study might be rather digitally
savvy, and thus, this effect might be overgeneralized. Second,
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we acknowledge different magnitudes of this effect across use
cases, suggesting that inherent characteristics of use cases (eg,
technical complexity) might impact the role of digital literacy
in technology acceptance. In identifying digitally literate
patients, our findings showed a negative effect of age on digital
literacy, with further evidence in other studies [66].

Our study found no effect of the residence city size on patients’
intention to use video consultations. This is particularly
interesting as, for example, receiving video consultations is seen
as a means to ensure adequate treatment opportunities in rural
areas, with Kane and Gillis [67] highlighting that the use of
telemedicine by physicians is higher in nonmetropolitan areas
than in metropolitan areas in the United States. On the other
hand, McGrail et al [68] noted no difference in the offering of
telemedicine between rural and urban settings in Canada. This
contradiction indicates that the effect of the residence city size
on intention to use or actual usage depends on further factors
(eg, the potential difference in the digital literacy of people
living in rural vs metropolitan areas or the lack of availability
of video consultation offerings in some regions).

Measures for Family Doctors to Increase Patient Usage
of Digital Use Cases

Importance of the Digital Maturity of Family Practices
for Patients
Family doctors should carefully assess whether investing in
digital use cases is adequate to attract and sustain patients. Our
results showed that the level of digitalization of family practices
was not a vital criterion for patients when choosing a doctor.
This confirms the findings of Kuruoglu et al [69] and Khatami
et al [70] who did not mention the degree of digitalization as a
selection criterion for patients.

Nevertheless, our results showed that patients with higher digital
literacy had greater importance for the degree of digitalization
when selecting a family practice. Thus, digital investment may
be more vital for family doctors treating more digitally literate
patients. Hence, family doctors who refuse to invest in digital
technology could lose these patient groups to family doctors
who invest in digital technology.

Selection of Digital Use Cases
Family doctors should consider patient demand in the selection
of digital use cases. Our study highlights the attractiveness of
use cases for patients by comparing offering and actual usage
rates. According to this approach, scheduling doctor
appointments online appeared to be the most attractive digital
use case in Germany in 2023, followed by providing personal
information before consultation digitally (digital anamnesis).
Video consultation was the least favorable use case for patients.
Interestingly, a 2023 study on the digital offerings of family
doctors in Germany indicated that video consultations were
nearly 4 times more often offered than digital anamnesis tools
[71]. Nevertheless, we are aware that patient demand is only 1
factor for offering use cases [13], and further patient-specific
and use case–specific barriers might bias this attractivity
assessment. We excluded electronic health records as family
doctors in Germany must document patient treatment within
the respective electronic health record of the patient

(“Elektronische Patientenakte” [10]). Hence, family doctors do
not select this digital use case voluntarily.

Implementation of Digital Use Cases
To incentivize usage among patients, family doctors should
adopt an implementation approach for each use case, given that
we showed the varying importance of technology acceptance
factors in each use case. Nevertheless, we identified 3 factors
that affected the intention to use for all use cases, and these
should always be considered by family doctors.

First, doctors should prioritize the value addition of the digital
use case to the patient. This is especially important for video
consultations. The focus on value addition to drive adoption
aligns with other academic papers [18,49] that stress the ability
of doctors to communicate the added value to the patient. Hence,
family doctors should receive adequate training or
communication material from providers to explain the added
value to patients effectively.

Second, family doctors should assess the importance of an
intuitive interface for solutions as effort expectancy had a
significant effect across all use cases. Nevertheless, the relative
importance of this factor varied by use case. Since we believe
that effort expectancy is dependent on the design and user
experience of solutions and family doctors have limited control
over these, the correct initial selection of a solution provider is
vital.

Third, family practices should consider the digital literacy of
their patients as it is a predictor of the intention to use across
all use cases. We acknowledge that the digital literacy of family
doctors affects their own technology adoption [72]. Hence, we
believe that not only family doctors themselves should ensure
that patients with low digital literacy are not excluded from
using digital use cases.

Further considerations for family doctors depend on the
respective digital use case. To increase the use of video
consultations, family doctors should additionally consider
endorsements from testimonials or other influencing bodies.
Surprisingly, we showed no effect of perceived privacy and
security on the intention to use video consultations. This could
indicate that this factor might be neglectable for family doctors;
however, further validation is needed. On the contrary, perceived
privacy and security is important for online booking platforms.
Therefore, family doctors should articulate how online booking
platforms ensure the privacy of end users and how platforms
communicate about this. Additionally, perceived privacy and
security is the second most important factor to drive the use of
electronic health records. Therefore, family doctors should focus
on whether patients feel their data are protected. While this
factor is also to be considered for digital anamnesis tools, having
an easy-to-use solution here is more important than for electronic
health records.

Limitations and Further Research
To the best of our knowledge, our web-based survey with 1880
included participants is one of the largest recent studies assessing
technology acceptance in a health care setting. By comparing
4 distinct use cases, we provided a new nuanced assessment
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and avoided attitude generalization. Contrary to studies that
only included users or nonusers of a digital use case [20,54],
our research included both users and nonusers in a family
medicine context.

Nevertheless, we acknowledge that our study had some
limitations. First, due to our voluntary and web-based survey
approach, our sample might be biased toward participants with
higher digital literacy and higher interest in digital health topics.
This excluded patients with no access to the internet. However,
we believe our sample is appropriate as digital use cases require
internet access and our sample includes these potential users.
Additionally, we tried to minimize bias by distributing physical
questionnaires in family practices; however, responses to
distributed flyers were limited. Second, replicating the same
construct with the exact wordings for each use case potentially
did not address use case specifics and thus increased the risk of
ambiguity of items. For example, an electronic health record is
not offered by the family doctor but rather by the insurance
provider. In addition, the questionnaire was translated into
German for the first time, which might explain the presence of
a few low Cronbach α values. Dropping items would have
significantly increased the Cronbach α values; however, to
ensure comparability with the original questionnaire, we
refrained from doing so. For example, for the worst Cronbach
α (scheduling doctor appointments online: facilitating
condition), only 1 item showed a low correlation with the other
items. Furthermore, we did not have access to data validating
the offer rates and usage rates of digital use cases by the
participants but rather relied on the subjective inputs of the
respondents. Nevertheless, as we offered the response options
“I don’t know” and “Not specified,” we hypothesized high
validity in the remaining responses with “Yes” or “No” answer
entries. In addition, we did not account for prior experience,
potentially not differentiating the distinct effects of expectations
or past use on technology acceptance. Finally, we only looked
at behavioral intention to use; however, various studies have

highlighted a gap between intention and usage behavior, which
is referred to as the intention-behavior gap [73]. Thus, our
research did not predict the actual usage of digital use cases.

There are 3 areas for future research. First, it is vital to
understand the technology acceptance of people with limited
access to the internet (eg, people living in elderly homes) or
low digital literacy and discuss measures on how to minimize
the digital divide. Second, the effects of the “Digital Act
(Digital-Gesetz)” of Germany [10] on usage by patients should
be examined, particularly the mandatory implementation of
electronic health records. Third, our research focused on
Germany, and thus, the applicability of our findings to other
countries could be discussed.

Conclusion
Patients assign lower importance to the degree of digitalization
of their family practices. Additionally, the usage of digital use
cases remains low. Therefore, family doctors should carefully
assess whether investments in digital use cases are adequate.
Nevertheless, as the benefits of these solutions are established
in the literature, we see future potential for higher adoption. For
capturing this adoption potential, we believe in the importance
of the role of family doctors owing to the established and trusted
patient-doctor relationship. To leverage this role and increase
patient usage, family doctors should align their selection and
implementation criteria with our findings of the varying
technology acceptance factors. We showed that performance
expectancy, effort expectancy, and digital literacy have positive
effects on the intention to use across all use cases, but further
acceptance factors depend on the use case. To illustrate, family
doctors should always emphasize the perceived added value for
patients, whereas the neglect of privacy and security aspects for
video consultation platforms requires further validation. Family
doctors should always prioritize performance expectancy, while
guides for the selection and implementation of digital tools
might emerge for each digital use case.
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Abstract

Background: Lifestyle modification is essential to achieve and maintain successful outcomes after metabolic bariatric surgery
(MBS). Emotions, physical states, and contextual factors are considered important determinants of maladaptive eating behavior,
emphasizing their significance in understanding and addressing weight management. In this context, experience sampling
methodology (ESM) offers promise for measuring lifestyle and behavior in the patient’s natural environment. Nevertheless, there
is limited research on its feasibility and association among emotions and problematic eating behavior within the population after
MBS.

Objective: This study aimed to examine the feasibility of ESM in the population after MBS regarding emotions, physical states,
contextual factors, and problematic eating behavior, and to explore the temporal association among these variables.

Methods: An experience sampling study was conducted in which participants rated their current affect (positive and negative),
physical states (disgust, boredom, fatigue, and hunger), contextual factors (where, with whom, and doing what), and problematic
eating behavior (ie, grazing, dietary relapse, craving, and binge eating) via smartphone-based ESM questionnaires at 6 semirandom
times daily for 14 consecutive days. Feasibility was operationalized as the study’s participation rate and completion rate, compliance
in answering ESM questionnaires, and response rates per day. At the end of the study period, patients reflected on the feasibility
of ESM in semistructured interviews. Generalized estimation equations were conducted to examine the temporal association
between emotions, physical states, contextual factors, and problematic eating behavior.

Results: In total, 25 out of 242 participants consented to participate, resulting in a study participation rate of 10.3%. The
completion rate was 83%. Overall compliance was 57.4% (1072/1868), varying from 13% (11/84) to 89% (75/84) per participant.
Total response rates per day decreased from 65% (90/138) to 52% (67/130) over the 14-day study period. According to the
interviews, ESM was considered feasible and of added value. Temporal associations were found for hunger and craving (odds
ratio 1.04, 95% CI 1.00-1.07; P=.03), and for positive affect and grazing (odds ratio 1.61, 95% CI 1.03-2.51; P=.04).

Conclusions: In this exploratory study, patients after MBS were not amenable to participate. Only a small number of patients
were willing to participate. However, those who participated found it feasible and expressed satisfaction with it. Temporal
associations were identified between hunger and craving, as well as between positive affect and grazing. However, no clear
patterns were observed among emotions, physical states, context, and problematic eating behaviors.

(JMIR Form Res 2025;9:e60486)   doi:10.2196/60486
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Introduction

Metabolic bariatric surgery (MBS) is the most effective
long-term strategy in the management of severe obesity and its
related comorbidities [1]. Lifestyle modification, including
nutritional compliance and physical activity, is essential to
achieve and maintain optimal weight loss results and to improve
obesity-related comorbidities after MBS [2-4]. Poor dietary
adherence is significantly associated with recurrent weight gain
after MBS [1,5,6]. Furthermore, maladaptive eating behaviors
may cause nutritional noncompliance with the inability to remain
consequently adherent to an intended diet (ie, dietary relapse)
and thereby negatively impact postsurgical weight loss outcomes
[7-10]. Most theoretical models of eating disorders posit that
negative emotions and numerous physical states (ie, hunger and
fatigue) contribute to the development and maintenance of
maladaptive eating behaviors [11-17]. However, little is known
whether these theoretical constructs apply to individuals who
have undergone MBS. To our best knowledge, only 1 study has
explored the relationship between negative affect and loss of
control (LOC) eating in patients who underwent MBS, finding
that higher momentary negative affect predicted more severe
LOC eating both before and after MBS [18]. Since this study
focused on 1 aspect of disordered eating behavior, it is important
to enhance our understanding of how emotions, physical states,
and other maladaptive eating behaviors are interconnected in
this specific population. This is particularly important given the
high prevalence of problematic eating behaviors in the
population with obesity, including grazing, food cravings, and
binge eating [7,19-22]. Grazing, defined as unplanned and
repetitive eating of small amounts of food between meals and
snacks [23], is reported to occur in up to 26% of patients seeking
MBS [7]. Postoperatively, the prevalence is even higher, with
rates reported as high as 47% [8]. Food cravings, characterized
by an intense desire to consume specific foods, are experienced
by nearly all patients after MBS, with only about 10% reporting
no cravings [24]. Binge eating involves the consumption of
excessive amounts of food within a discrete period of time,
accompanied by an LOC feeling during the binge eating episode
[9]. Binge eating, which is present in 24% of patients before
MBS [25], is strongly associated with obesity and negatively
impacts weight outcomes after MBS [8].

Since lifestyle and lifestyle modification after MBS takes place
primarily outside of medical visits and clinical settings, there
is an urgent need to have ecologically valid methods that capture
daily life to better understand and change behaviors. Experience
sampling methodology (ESM), also known as ecological
momentary assessment, addresses this need by collecting
real-time data on individuals’behavior, thoughts, emotions, and
environmental contexts as they go about their daily lives [26].
Unlike retrospective questionnaires, ESM prompts participants
at random or scheduled times throughout the day to record their
current state or activities. This approach provides a more
accurate representation of behavior within the individual’s

natural environment, capturing their typical routines in daily
life [27], while traditional self-reports may miss crucial details
about how and why a participant’s experiences or behaviors
change over time and context.

In the past years, an increasing number of experience sampling
studies have been conducted in various health domains,
representing a wide range of diseases and populations
[17,28-37]. However, the use of ESM to evaluate (disordered)
eating behaviors following MBS remains limited [18,38,39].
Previous research has focused on specific aspects, such as 1
type of problematic eating behavior [18], eating practices that
do not align with postoperative dietary or eating behavior
recommendations (eg, drinking liquids with meals and not
starting meals with protein) [39], or elements of eating
regulation (eg, dietary restraint and eating in the absence of
hunger) [38]. Our goal is to conduct a more comprehensive
assessment by examining a broader range of problematic eating
behaviors and their influencing factors—an important objective
given the high prevalence of disordered eating behavior in the
population after MBS [20], as outlined earlier in this section.

The feasibility of ESM has been previously evaluated in various
populations, including its use to monitor dietary intake and
physical activity among Dutch vocational education students
[28], to study depressive symptoms among caregivers of patients
with cancer [31], and to examine daily life experiences and
activities in patients with acute coronary syndrome [33]. These
studies show varying results regarding compliance, participation
rates, and completion rates, indicating that feasibility for ESM
differs between populations. However, the feasibility of ESM
has scarcely been studied in the population that has undergone
or is undergoing MBS. To our knowledge, only 1 experience
sampling feasibility study was conducted in adults undergoing
MBS, focusing on the use of a smartphone app for lifestyle
education before surgery [40]. This study reported high
satisfaction and perceived helpfulness, but the study was carried
out in patients before MBS. After MBS, patients are dealing
with physical and mental changes, along with the need to modify
their behavior. This may impact the feasibility of ESM, as
patients are likely to prioritize managing these challenges over
using an experience sampling app for monitoring. Although
some studies have used ESM to evaluate (disordered) eating
behaviors after MBS [18,38,39,41], they did not specifically
focus on evaluating feasibility. While these studies reported
compliance, they did not assess other feasibility metrics.
Notably, participants in these studies received monetary
compensation [38,39,41], which may have positively influenced
participation and compliance, potentially affecting feasibility
outcomes [42]. This raises concerns about the generalizability
of these findings to the real-world clinical setting.

Therefore, the primary aim of this exploratory study is to
establish the feasibility of ESM among patients shortly after
MBS, focusing on maladaptive eating behaviors, emotions,
physical states, and context. The secondary aim is to explore
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associations between emotions, physical states, context, and
maladaptive eating behaviors in the population after MBS using
experience sampling measurements.

Methods

Study Design and Participants
A prospective observational cohort study was performed at the
obesity center of Hospital Group Twente (ZGT)

Almelo/Hengelo, the Netherlands. All patients who underwent
MBS at ZGT during the inclusion period (from February 2022
to July 2022) were considered for participation in this study.
We included patients who had recently undergone MBS, as
lifestyle modification mostly occurs after surgery, making this
period particularly relevant for monitoring to enable timely
intervention. The inclusion and exclusion criteria are detailed
in Textbox 1.

Textbox 1. Inclusion and exclusion criteria.

Inclusion criteria

• Internet access at home

• Good comprehension of the Dutch language

Exclusion criteria

• No possession of a smartphone that supports the experience sampling methodology app

• Participation in an intervention program or behavioral treatment that is not included in the regular care pathway after metabolic bariatric surgery

• People who worked on night shifts (as it is impossible to complete the experience sampling questionnaires during the day)

Study Procedure

Recruitment
Patients were initially recruited through flyers sent by post and
by email 5 weeks after surgery. Due to a minimal response, the
recruitment strategy was expanded; patients were approached
following a postoperative group meeting or patients were
contacted by telephone. Recruitment proceeded as follows:

1. Via flyer by post or email: Participant information was
provided to the patients by scanning the QR code on the
flyer or clicking on the link. If the patient was interested in
participating after reading the information, the patient could
send an email to the first author (EAMK). Later, individuals
were contacted via telephone by the first author (EAMK)
or a student (Charlotte van den Berg) to provide verbal
information about the study.

2. During a postoperative group meeting: A student (Charlotte
van den Berg) provided verbal and written information
about the study. If interested, patients shared their contact
details for inclusion. Furthermore, a subset of these patients
was contacted by phone to encourage participation.

3. By telephone: Postoperative patients were contacted by
telephone by a student (Charlotte van den Berg) or by the
first author (EAMK) to inform patients about the study and
motivate them to participate.

After inclusion, participants received verbal instructions on
installing and using the ESM app. A user manual for the ESM
app was sent via email. The participants used their own email
addresses to create an account in the ESM app Ethica Data.
After entering a unique registration code to join the study,
participants were briefed on the study, and at this point,
participants signed informed consent in the Ethica Data app.
Patients who consented were asked if they would like to
participate in an interview at the end of the study period to
discuss the feasibility of the ESM app.

Questionnaires and Interviews
Participants were instructed to answer ESM questionnaires for
14 consecutive days, to capture both weekdays and weekends.
The app was programmed to send auditory and visual
notifications at 6 semirandom times throughout the day (1
prompt every 135 min, between 8:00 AM and 9:30 PM),
signaling the availability of a questionnaire (signal contingent).
At each prompt, participants answered questions regarding
current positive and negative affect, physical states, context,
and problematic eating behavior. A delayed response triggered
a 1-time reminder after 5 minutes, and each questionnaire
expired after 15 minutes to minimize recall bias. Participants
were asked to carry their smartphones throughout the day and
continue their daily lives as usual. Participants who consented
to the interview were contacted by phone to discuss the
feasibility of the ESM app.

Data Collection

Baseline Measures
Demographics and surgical data were obtained from electronic
patient records. Collected patient characteristics included age;
gender; type of surgery; time since surgery; and obesity-related
comorbidities, such as hypertension, diabetes mellitus,
dyslipidemia, osteoarthrosis, gastroesophageal reflux disease,
and obstructive sleep apnea syndrome. At the start of the study,
each participant was asked to enter their current weight and
height into the Ethica Data app.

Feasibility
Feasibility was operationalized as participation rate, completion
rate, compliance, and response rate per day.

• The participation rate was calculated as the percentage of
approached patients willing to participate in the study.

• The completion rate represented the percentage of
participants who filled out at least 1 ESM questionnaire on
the 14th day of the study period.
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• Compliance with experience sampling was calculated as
the percentage of answered ESM questionnaires out of all
issued ESM questionnaires.

• The response rate per day was the percentage of ESM
questionnaires answered per day, calculated for each day
of the study period.

At the end of the 2-week period, participants were invited to
participate in a semistructured interview to share their
experiences. The interviews were conducted by the first author
(EAMK) and a master’s student in health science (Charlotte
van den Berg) via telephone in November and December 2022.
The interviews, guided by a semistructured interview guide
(Multimedia Appendix 1), lasted between 15 and 30 minutes.
This guide covered the feasibility themes to be discussed,
including user-friendliness, technical performance, and content,
along with optional questions. With participants’ permission,
the interviews were audio-recorded, transcribed verbatim, and
anonymized.

ESM Measures
ESM data were collected using the Ethica Data app. All ESM
questions were provided in the patients’native language (Dutch).
ESM data included the following items:

1. Emotion: Participants rated their feelings as “angry or
annoyed,” “anxious or scared,” “relaxed or calm,” “cheerful
or happy,” “sad or gloomy,” and “tensed or stressed”
[43,44]. These items reflect both positive and negative affect
and were scored on a visual analog scale from 0 (not at all
or very bad) to 10 (extremely or very good).

2. Physical states: Disgust, boredom, fatigue, and hunger were
rated. The first ESM questionnaire in the morning also
asked participants to rate their sleep quality. Physical state
items were scored on a visual analog scale from 0 to 10.

3. Context and activities: Questions about the context (where,
with whom) and activities (doing what) had multiple-choice
response options.

4. Problematic eating behavior: Participants answered 4
questions about problematic eating behavior. The questions
and answer options are presented in Table 1.

Table 1. Experience sampling questions about problematic eating behavior and their answer options.

Answer optionQuestionBehavior

VASa: 0-10“Have you had a craving for a specific food in the past 30 minutes? If yes, how strong was this
desire?”

Craving

Yes or no“In the past 60 minutes, did you eat and/or drink anything that is likely to negatively impact
your weight?”

Dietary relapse

Yes or no“Have you eaten unusually large amounts of unhealthy food in the past 60 minutes?”Binge eating

Yes or no“In the past 60 minutes, have you eaten unplanned and repetitive small amounts of food outside
of planned meals and snacks?”

Grazing

aVAS: visual analog scale.

Statistical Analysis
Statistical analysis was performed using SPSS (version 24; IBM
Corp). Patient characteristics were expressed as means with
SDs for parametric continuous data or frequencies and
percentages for categorical data. For nonparametric continuous
data, median and IQR were reported. Feasibility metrics were
expressed as percentages.

To investigate the relationship between emotions, physical
states, context, and problematic eating behaviors, generalized
estimation equations (GEEs) were used. GEEs are an extension
of generalized linear models designed to account for the
correlation between repeated measures within participants, as
data collected through ESM involve multiple observations per
individual [45]. This makes GEEs the appropriate choice for
our analysis, as they allow us to model repeated measures data
while adjusting for within-subject correlations without assuming
that these correlations are the same across all participants.

We used a negative binomial distribution with a binary logistic
link function, as our dependent variables (eg, dietary relapse
and grazing) were dichotomous (yes or no) and did not follow
a normal distribution. The negative binomial distribution is
particularly suitable for overdispersed count data, which are
often encountered in studies involving behavioral data. An

exchangeable correlation structure was selected, assuming a
constant correlation between repeated measures within
individuals over time. While centering is customary in ESM
studies, in this study, not centering the variables aligns better
with the interpretability of the results. Retaining the raw values
ensures that the intercept is directly relatable to real-world states
(eg, no negative or positive emotion), which facilitates reader
comprehension without altering the estimated effects.

Momentary assessments (level 1) were nested within participants
(level 2). Momentary levels of positive affect were calculated
by averaging the scores of the “relaxed or calm” and “cheerful
or happy” items, while momentary levels of negative affect
were calculated by averaging the “angry or annoyed”, “anxious
or scared”, “sad or gloomy” and “tensed or stressed” items.
Contextual factors were recoded as dichotomous variables such
as “being at home’ (yes or no), “being alone” (yes or no), and
“relaxing” (yes or no), where “relaxing” encompassed resting
or doing nothing. Due to nonnormality, craving was
dichotomized (yes or no).

To account for potential temporal dependencies, we lagged the
independent variables (emotions, physical states, and contextual
factors) by 1 time point, meaning that the predictors at time t–1
were used to examine their influence on problematic eating
behavior at time t. The first assessment of each day was
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excluded from the analysis to avoid carry-over effects from the
previous day.

A minimum response rate of 33% for ESM data was applied,
which is the generally accepted threshold for ESM studies [46].
Univariate GEE analyses were conducted for each predictor
variable, and given the exploratory nature of the study, we did
not adjust for multiple comparisons. The significance level was
set at P<.05.

Thematic Analysis
Using the software program ATLAS.ti (version 22; Lumivero),
the interview transcripts were reviewed and analyzed
thematically by the first author. Initially, each transcript was
read multiple times without conducting a thematic analysis.
Next, comments related to feasibility issues were extracted from
the transcripts without interpretation or categorization. These
feasibility issues were then classified deductively according to
the 7 categories of the eHealth Usability Benchmarking
Instrument (HUBBI), namely, basic system performance,
task-technology fit, interface design, navigation and structure,
information and terminology, guidance and support, and
satisfaction [47]. Finally, transcripts were reread to ensure that
all relevant codes were identified.

Ethical Considerations
The study protocol was reviewed and approved by the local
medical ethics committee (local registration 2020-48), and all
patients provided informed consent. Data collected via the Ethica
Data app were securely stored on Ethica Data’s servers. Ethica

Data employs 2 separate databases located on 2 different servers.
Participant registration data (ie, name and email) are stored on
one server, while study data (ie, questionnaire responses) are
stored on another. Study data are stored in a coded format and
cannot be traced back to individual participants. The study data
stored on Ethica Data’s server were accessible only to
researchers with a password-protected account and could be
imported by the researchers to ZGT’s server. The dataset
contains only participant numbers, and the combination of
participant numbers and email addresses was securely stored
in a password-protected file within the research department.
Only authorized persons had access to these data. Audio
recordings of interviews were used to generate deidentified
transcripts, after which the recordings were immediately
destroyed. Both the audio recordings and transcripts were
securely stored on a protected hard drive. Participants with a
minimum response rate of 80% on the ESM questionnaires had
the chance to win a €50 voucher (US $52.32), which was
randomly awarded to 1 participant. No additional monetary
compensation was provided.

Results

Participants
From February to July 2022, a total of 242 patients were
informed about the study. Out of the 242 patients who were
approached to participate in the ESM study, 25 patients
consented to participate, resulting in a participation rate of
10.3%. Figure 1 presents the study flowchart.

Figure 1. Study flowchart of patients approached for participation between February and July 2022. ESM: experience sampling methodology; GEE:
generalized estimation equation.

Two participants were excluded from analyses due to missing
baseline data. The remaining 23 participants were included to
answer the primary aim of the study. Although 2 participants
withdrew due to a high perceived burden, they were included
in the feasibility analysis. For the secondary aim of this study,
an additional 5 participants were excluded due to a response
rate of less than 33% for all ESM questionnaires. Thus, a total
of 18 participants were included in this analysis.

Demographics
The 23 participants had a mean age of 47 (SD 11) years, and
17 (74%) were female. The median time since surgery was 36
(IQR 31-88) days. At inclusion, median BMI was 36 (IQR

33-39) kg/m2. The most performed bariatric procedure was
one-anastomosis gastric bypass (n=16, 70%). The most prevalent
obesity-related comorbidities were dyslipidemia (n=21, 91%)
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and osteoarthrosis (n=13, 57%). Descriptive statistics of the participants are shown in Table 2.

Table 2. Participant characteristics for the total study population, as well as for those with a response rate ≥33% and <33% on the experience sampling
questionnaires.

Response rate <33% (n=5)Response rate ≥33% (n=18)Total (n=23)Participant characteristic

42 (9)49 (12)47 (11)Age (years), mean (SD)

Sex, n (%)

4 (80)13 (72)17 (74)Female

1 (20)5 (28)6 (26)Male

39 (32-42)36 (33-38)36 (33-39)BMI (kg/m2), median (IQR)

88 (60-103)34 (28-79)36 (31-88)Days between surgery and study start, median (IQR)

Comorbidities, n (%)

1 (20)2 (11)3 (13)T2DMa

1 (20)9 (50)10 (44)Hypertension

1 (20)7 (39)8 (35)OSASb

3 (60)10 (56)13 (57)Osteoarthrosis

2 (40)8 (44)10 (44)GERDc

4 (80)17 (94)21 (91)Dyslipidemia

Type of surgery, n (%)

1 (20)0 (0)1 (4)SGd

0 (0)3 (17)3 (13)RYGBe

3 (60)13 (72)16 (70)OAGBf

1 (20)1 (6)2 (9)OAGB+correction HHg

0 (0)1 (6)1 (4)OAGB+cholecystectomy

aT2DM: type 2 diabetes mellitus.
bOSAS: obstructive sleep apnea syndrome.
cGERD: gastroesophageal reflux disease.
dSG: sleeve gastrectomy.
eRYGB: Roux-en-Y gastric bypass.
fOAGB: one-anastomosis gastric bypass.
gHH: Hiatal hernia.

Feasibility

Overview
The compliance per participant ranged from 13% (11/84
questionnaires completed) to 89% (75/84 questionnaires
completed). Overall, participants responded to 1072 out of 1868
prompts, resulting in an overall compliance of 57.4%. The

compliance in answering experience sampling questionnaires
per participant is presented in Multimedia Appendix 2.

The mean number of answered ESM questionnaires was 47 (SD
21). Total response rates were calculated from day 1 to day 14,
as illustrated in Figure 2. Over time, the total response rate
declined by 14%. The study completion rate was 83% (19/23).
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Figure 2. Mean response rates per day and SD for the total study population (n=23) over 14 days of study participation.

Semistructured Interviews

Overview

In total, 10 patients participated in the semistructured interviews,
of whom 7 (70%) were female. The mean age was 46 (range

28-64) years, and the mean BMI was 38 (SD 6) kg/m2. The
median time between surgery and participation in the ESM
study was 34 (IQR 28-87) days.

The categories that were indicated in the interviews, based on
the HUBBI, are basic system performance, task-technology fit,
information and terminology, guidance and support, and
satisfaction [47].

Basis System Performance

The participants reported that the app was easy to use and
straightforward to install on their mobile phones, with no
technical issues during installation. When asked about technical
performance in general, 1 participant reported repeated technical
problems that prevented her from completing several
questionnaires. In addition, she reported not receiving auditory
notifications and sometimes inconsistent visual notifications.

Task-Technology Fit

Most participants reported they could not complete all
questionnaires within the 15-minute time frame due to work or
travel commitments. Participants perceived the number of
questions per questionnaire as appropriate and found them easy
to answer since the questionnaires were nearly identical. The
daily number of questionnaires per day was also considered
manageable, with 1 participant stating:

Not too much, not too little [the number of
questionnaires]. [Participant 6]

Another participant felt that 6 questionnaires per day was the
maximum, saying:

Otherwise, you spend so much time working on it [the
questionnaires], I don’t think that’s healthy.
[Participant 7]

Furthermore, 3 participants shared their views on the 2-week
survey duration, and 2 of them indicated that a longer duration
would have been acceptable, with 1 noting:

If it’s not going well immediately [after MBS], it
[filling in the questionnaires] can provide insights,
because it’s quite astonishing how you change after
bariatric surgery. [Participant 6]

In addition, 7 participants indicated that using the app
encouraged them to reflect on their behavior, providing insights
and increasing awareness. One participant found the questions
negatively framed, which led to his reluctance to use the app,
ultimately causing him to withdraw from the study. Another
participant felt she was doing very well at that moment.
Therefore, she experienced no additional support by using the
app.

Information and Terminology

The participants found the questions clear, though 5 participants
noted that the questions were repetitive. One participant
commented:

Maybe I expected different questions, as not much
has changed in such a short time [time since previous
questionnaire]. [Participant 10]

Another participant suggested occasionally changing the order
of the questions:

This way, you have to think carefully about which
question to answer. [Participant 2]

Furthermore, 2 participants would have preferred open questions
as well:

Imagine you experience a certain emotion or that you
ate something ‘wrong’, what was that about? If you
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could explain a little more, it would provide greater
depth. [Participant 10]

As mentioned above, 1 participant indicated that the questions
were negatively framed, feeling that the negative aspects
overshadowed questions about positive emotions.

Guidance and Support

The participants were not bothered about lacking insight into
their own answers, understanding it was for scientific research.
As one stated:

It is especially important for you as researchers, I
don’t necessarily have to see it myself [the answers].
[Participant 3]

However, 5 participants felt that having access to their answers
could be valuable. One of them mentioned:

It might be interesting to see if there were any changes
or patterns. [Participant 10]

Another remarked:

On one hand, I see the benefit, on the other, it could
raise many questions. Ultimately, if things aren’t
going well, you’re the one who must seek help.
[Participant 6]

Overall, participants were positive about using the app in
bariatric care, as it could help individuals become more aware
of their actions:

I can imagine that some people have had surgery and
then feel a little lost. Of course, you have group
meetings with the dietician, but the application allows
for personal reflection in a quieter moment.
[Participant 5]

In total, 4 participants indicated that using the app before MBS
could be interesting:

Are people aware of their emotions and their eating
behavior before surgery? [Participant 2]

Participants expressed mixed opinions on how an app should
be integrated into follow-up care after MBS. One suggested
that questions about changes in eating patterns, the creeping in
of old habits, physical activity, and mental well-being may be
relevant 1 or 2 years after MBS. Another participant expressed
interest in questions about nutrition and related uncertainties.
One participant preferred an app where she could ask questions
directly to a health care professional. Participants recognized
the need to tailor the app to their specific stage after surgery.
While most participants preferred using the app in the short
term (within a few months) after MBS, 1 participant preferred
using the app on a longer-term (at least 6 months) after MBS.
He indicated that, in the short term after surgery, he would have
benefited more from an app that provided meal or snack
suggestions, and calculated protein intake based on those
suggestions.

Satisfaction

In general, participants were positive about the app, finding it
helpful in the follow-up after MBS. Most participants
experienced personal benefits from using the app, noting that

it encouraged more conscious eating by prompting questions
at random times:

What did I actually eat or drink and how do I feel
about that? [Participant 2]

One participant experienced a personal disadvantage by using
the app:

I remember thinking that if I continue this [the
questionnaires], it will even make me depressed. I
don’t think that’s the intention. [Participant 9]

For improvement, participants suggested extending the time a
questionnaire remains open and adding the question:

What do all these questions do to you? [Participant
2]

If the answer is negative, it was recommended that the app alert
the health care professional:

I think you should contact this person, because he
can’t figure it out on his own. [Participant 2]

Association Between Positive and Negative Affect,
Contextual Factors, and Problematic Eating Behavior

Frequencies and Percentages of Problematic Eating
Behaviors
Frequencies and percentages of the different types of
problematic eating behavior are illustrated in Multimedia
Appendix 3.

• Dietary relapse: In total, 6 participants reported no dietary
relapse over 14 days. The remaining participants reported
a total of 45 dietary relapses, with individual counts ranging
from 1 to 8.

• Grazing: Grazing occurred in total 13 times among 7
participants (range per participant: 1-3), while 11
participants reported no grazing during the study period.

• Binge eating: A total of 7 binge eating episodes were
reported by 3 participants (range per participant: 2-3), while
15 participants reported no binge eating episodes during
the study period.

• Craving: Craving was absent (score 0) in 65% (643/994)
of all completed questionnaires. In addition, 3 participants
consistently reported no craving throughout the study, while
the remaining 15 participants experienced a total of 351
craving episodes (range per participant: 3-53).

GEE Analyses
Data from the ESM questionnaires were nested within 18
individuals. The number of observations per predictor or
outcome variable ranged from 987 to 1005. After lagging each
predictor and setting the first prompt of each day to missing,
the number of observations available for the GEE analyses
ranged from 594 to 605. Table 3 summarizes the GEE results,
showing the temporal associations between lagged predictors
(ie, positive and negative affect, physical states, and contextual
factors) and problematic eating behaviors (craving, binge eating,
dietary relapse, and grazing). Significant associations are
described below, while nonsignificant trends are noted for
exploratory purposes.
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• Craving: Hunger was significantly associated with craving
(OR 1.04, 95% CI 1.00-1.07; P=.03).

• Binge eating: The odds of binge eating increased by 1.61
times with each unit increase in negative affect (95% CI
0.77-3.34; P=.21) and decreased by 0.51 times for each unit
increase in disgust (95% CI 0.20-1.28; P=.15). When at
home, the odds of binge eating decreased by 0.27 times
compared with not being at home (95% CI 0.03-2.67;
P=.26).

• Dietary relapse: The odds of dietary relapse decreased by
0.40 times for being at home (95% CI 0.14-1.17; P=.09)

and by 0.67 times for each unit increase in boredom (95%
CI 0.40-1.14; P=.14).

• Grazing: A significant temporal association was found for
positive affect and grazing, with the odds of grazing
increasing by 1.61 times for each unit increase in positive
affect (95% CI 1.03-2.51; P=.04). The odds of grazing
decreased by 0.68 times with each unit increase in negative
affect (95% CI 0.40-1.15; P=.15). When at home, the odds
of grazing decreased by 0.16 times compared with not being
at home (95% CI 0.02-1.07), with this result approaching
statistical significance (P=.06).
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Table 3. Generalized estimation equation analyses showing the temporal associations between lagged predictors (positive and negative affect, physical
states, and contextual factors) and subsequent problematic eating behaviors (craving, binge eating, dietary relapse, and grazing) in patients shortly after
metabolic bariatric surgery.

P valueOdds ratio (95% CI)Eating behavior and predictor

Craving

.691.06 (0.79-1.42)Negative affect

.701.02 (0.91-1.15)Positive affect

.701.03 (0.89-1.20)Boredom

.911.01 (0.82-1.25)Disgust

.211.07 (0.96-1.18)Fatigue

.031.04 (1.00-1.07)Hunger

.921.01 (0.87-1.17)Being alone

.211.15 (0.93-1.42)Being at home

.360.93 (0.78-1.09)Relaxing

Binge eating

.211.61 (0.77-3.34)Negative affect

.860.95 (0.53-1.69)Positive affect

.760.93 (0.57-1.50)Boredom

.150.51 (0.20-1.28)Disgust

.551.10 (0.81-1.50)Fatigue

≥.991.00 (0.68-1.48)Hunger

.830.80 (0.11-5.81)Being alone

.260.27 (0.03-2.67)Being at home

.790.80 (0.17-3.91)Relaxing

Dietary relapse

.560.84 (0.46-1.52)Negative affect

.231.15 (0.91-1.46)Positive affect

.140.67 (0.40-1.14)Boredom

.590.89 (0.59-1.36)Disgust

.281.14 (0.90-1.45)Fatigue

.280.89 (0.72-1.10)Hunger

.650.82 (0.35-1.91)Being alone

.090.40 (0.14-1.17)Being at home

.970.97 (0.30-3.20)Relaxing

Grazing

.150.68 (0.40-1.15)Negative affect

.041.61 (1.03-2.51)Positive affect

.530.81 (0.43-1.55)Boredom

.590.88 (0.57-1.38)Disgust

.061.23 (1.00-1.51)Fatigue

.150.77 (0.55-1.09)Hunger

.831.14 (0.33-3.94)Being alone

.060.16 (0.02-1.07)Being at home

.910.90 (0.14-5.97)Relaxing
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Discussion

Principal Results
This exploratory study describes the feasibility of ESM in
patients after MBS, focusing on negative and positive affect,
physical states, contextual factors, and problematic eating
behaviors. The results indicate that patients shortly after MBS
may be less inclined to participate in experience sampling
studies. Nonetheless, actual usage was considered feasible,
given the moderate compliance and high completion rate upon
patient participation. In addition, results from the semistructured
interviews indicated that the ESM app used in this study showed
to be usable and of added value from the patient’s perspective.
This indicates that patients who chose to participate were
motivated to complete the ESM questionnaires. Concerning the
second research aim, temporal associations were found, but
only between hunger and craving, and between positive affect
and grazing.

Comparison With Previous Work
Our study faced a low participation rate of 10.3%. Several
participants who were approached face-to-face and declined
participation, mentioned the high expected burden, or indicated
that study participation would likely not fit into their daily life
or work schedule. Ratcliff et al [48] performed an experience
sampling feasibility study to assess the adherence to
postoperative diet and activity patterns in adolescents who
underwent MBS. Their participation rate was 62%, which is
remarkably higher than ours. However, they included
participants at least 12 months after MBS, while we approached
patients eligible for participation a few weeks after MBS. This
timing difference may have influenced the willingness to
participate, considering the overwhelming changes patients are
dealing with in the first weeks after surgery. Furthermore, in
the study by Ratcliff et al [48], participants completed only 3
daily phone diaries (a form of ESM) instead of 14 days of
measurements. As we were interested in the feasibility of ESM,
we opted for an intensive sampling strategy to gain insight into
the daily response rates throughout the study period. This may
have negatively affected our participation rate because of the
high expected burden shortly following MBS. In addition, to
obtain more realistic feasibility metrics, patients were not
incentivized with monetary remuneration, except for 1 voucher
randomly awarded among participants with a minimum response
rate of 80%. This approach offers insights into the effectiveness
of ESM in clinical practice without the use of financial
incentives but might have further contributed to a low
participation rate. Finally, we recruited patients through flyers
sent by post and email, as well as during group meetings. An
individualized or personalized recruitment strategy could
potentially increase participation rates.

Our compliance rate was 56%, while previous experience
sampling studies regarding affect and problematic eating
behaviors showed higher compliance rates ranging from 62%
to 81% [17,44,49,50]. Interestingly, compliance rates were
higher (62%) in the studies by Stevenson et al [50] and Boh et
al [44] (80% for participants with healthy weight and 81% for
participants who were overweight), despite both studies

administering more daily ESM questionnaires over a similar
study duration compared with ours. First, differences in study
populations may account for the discrepancy in compliance
rates. For instance, Boh et al [44] included participants who
were both healthy-weight and overweight, but none of these
participants had recently undergone MBS. MBS entails
associated changes and challenges, particularly in the short term
following surgery. This might have played a role in the lower
compliance rates observed in our study. Participants in the study
by Stevenson et al [50] were younger compared with our
participants (age 24 years versus 47 years in our study). This
could potentially explain their higher compliance rates, as
mobile apps for self-management are known to be used less
frequently by older adults compared with younger individuals
[51,52]. Second, to minimize recall bias, we restricted the time
window for participants to respond to ESM questionnaires to
15 minutes. Several participants mentioned in the semistructured
interviews that this short-time window hindered their ability to
respond, possibly contributing to our lower compliance rate.
However, other ESM studies with longer response windows
have reported compliance rates that are either lower or similar
to ours [28,31], whereas others with similar time windows
achieved higher compliance rates [33]. This indicates that
extending the time window or increasing reminder frequency,
is unlikely to positively impact compliance within our study
population.

This study is one of the few to assess problematic eating
behaviors using ESM in the population after MBS [18,38,39].
While different methods exist for assessing problematic eating
behaviors, we used terminology consistent with previous
research in populations with overweight or obesity [53,54]. Our
study identified a significant temporal association between
hunger and craving (P=.03). However, an OR close to 1 (OR
1.04) indicates a minimal effect of hunger on craving. Previous
studies also found that food cravings closely follow hunger
[55,56]. Given that food craving is defined as an intense desire
to consume a specific food, and hunger as an urgent need for
food or a specific nutrient, it is unsurprising that both constructs
are closely intertwined. This overlap might create difficulties
for participants to differentiate between both constructs and
therefore, an association between hunger and craving could
have arisen. Our results also revealed a significant temporal
association between positive affect and grazing (OR 1.61, 95%
CI 1.03-2.51; P=.04), where grazing behaviors increased with
higher levels of positive affect. As grazing behaviors were not
specifically assessed in previous studies, direct comparisons
with existing literature are not possible. However, practical
implications arise from the identified associations. For example,
recognizing a positive mood might help patients in
acknowledging the potential risk of grazing behavior.

Overall, our study yielded inconclusive results regarding the
association between negative emotions, positive emotions, and
problematic eating behaviors, as no clear patterns emerged from
the GEE analyses. ORs regarding problematic eating behaviors
for both positive and negative emotions (including boredom
and disgust) were notably ambiguous. This is unexpected, as
most theoretical models of eating disorders propose that negative
emotions trigger episodes of problematic eating behavior [13].
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It is likely that the impact of MBS, which encompasses both
mental and physical adjustments, might have influenced the
inconsistencies in positive and negative affect on problematic
eating behaviors in our study. Future studies focusing on the
longer term after MBS are needed to assess the association
between both positive and negative affect and problematic eating
behaviors. Furthermore, participants in our study exhibited
fewer episodes of problematic eating behaviors compared with
existing literature [57], resulting in a low number of events,
which likely impacted the robustness of our analyses.
Consequently, the limited frequency of problematic eating
episodes observed in our sample, combined with potential
influences of post-MBS adaptations, may have contributed to
the inconclusive findings regarding the role of emotions in
problematic eating behaviors.

Study Strengths and Limitations
As we were interested in the feasibility of ESM in the population
after MBS, we used an intensive sampling strategy over 14
consecutive days with 6 prompts per day, which is a strength
of our study. Furthermore, we collected both quantitative and
qualitative data to answer our primary research aim, which
increased the validity of the study.

There are a few limitations to this study, so the results should
be interpreted with caution. First, the relatively small sample
size is a limitation of our study. However, the small sample size
was justifiable, due to the large amount of collected data by
intensive sampling, and to the exploratory nature of the study.
Despite the small sample size, we add to the limited knowledge
about the feasibility of ESM in the population after MBS.
Second, we conducted multiple tests without correction, which
may increase the risk of type I statistical errors, that is, finding
significant results while there are no true underlying
associations. In exploratory studies, the primary goal is to
identify potential relationships, making it more appropriate to
forego corrections. This approach allows for the identification
of possible associations that can be further examined and
validated in follow-up confirmatory studies. Third, the overall
frequency of problematic eating behaviors in our study
population was extremely low. To minimize recall bias, we
asked participants about problematic eating behaviors occurring
within the past 30 or 60 minutes, which may have missed
behaviors occurring outside this time frame. Wider time
windows could probably overcome this limitation, but this goes
hand in hand with recall bias. Furthermore, behavior can change
when monitored, even without an intended change, a
phenomenon known as “measurement reactivity,” which may
have increased participants’awareness of their eating behaviors
and led them to adjust their responses or actions accordingly.
Together, this may have resulted in underreporting of
problematic eating behaviors in our study. Finally, our

assessment of binge eating focused solely on the quantity of
food consumed, without evaluating LOC. Previous research
highlights that LOC may be a stronger indicator of binge eating
episodes, particularly in patients with obesity and patients
undergoing MBS [58,59]. By focusing on quantity alone, we
may have misclassified certain episodes or overlooked critical
associations related to LOC. However, it is important to note
that our primary aim was to assess the feasibility of ESM, which
is not directly impacted by this limitation. For our secondary
aim, the small number of binge eating episodes (n=7 across 3
participants) already posed challenges in detecting meaningful
associations. Including the LOC aspect could have further
reduced this number, potentially making statistical analyses
even more difficult or infeasible. Nonetheless, we recognize
that future studies should include LOC as a key criterion for
binge eating to enhance content validity and better capture
associations with momentary predictors.

Future Perspectives
This study provides insights into the feasibility of ESM in the
population after MBS. This information could be used to further
refine the development of ESM to monitor patients during their
postoperative trajectory. Several participants mentioned that
the questionnaires were repetitive and monotonous. Compliance
might be increased if the questions are asked in a different order.
Furthermore, patients would appreciate a free-input text area to
explain their answers about emotion and problematic eating
behavior. Feasibility for health care personnel should be
considered and evaluated in future studies, especially when the
objective of ESM includes remote monitoring.

Monitoring efforts should be particularly directed toward
individuals exhibiting problematic eating behaviors. Such results
could help patients and health care professionals to identify
problematic eating behavior episodes by recommending them
to focus on specific emotions, physical states, or contextual
factors.

Conclusion
From this exploratory study to describe the feasibility of ESM
regarding negative and positive affect, physical states, contextual
factors, and problematic eating behaviors, findings suggest that
ESM can be feasible in the population after MBS. Despite the
low participation rate, compliance with experience sampling
was moderate, and the completion rate was high. According to
the interviews, patients considered ESM feasible and of added
value, as awareness arose by using the ESM app. This offers a
perspective for the use of ESM in the follow-up after MBS.
Temporal associations were found between hunger and craving,
and between positive affect and grazing. Nevertheless, no
distinct patterns emerged among emotions, physical states,
context, and problematic eating behaviors.
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Abstract

Background: Portugal is facing the challenge of population ageing, with a notable increase in the proportion of older individuals.
This has positioned the country among those in Europe with a high prevalence of frailty. Frailty, a geriatric syndrome characterized
by diminished physiological reserve and heightened vulnerability to stressors, imposes a substantial burden on public health.

Objective: This study seeks to address two primary objectives: (1) translation and psychometric evaluation of the European
Portuguese version of the Groningen Frailty Indicator (GFI); and (2) development and evaluation of the FRAILSURVEY app,
a novel assessment tool for frailty based on the GFI. By achieving these objectives, the study aims to enhance the accuracy and
reliability of frailty assessment in the Portuguese context, ultimately contributing to improved health care outcomes for older
individuals in the region.

Methods: To accomplish the objectives of the study, a comprehensive research methodology was used. The study comprised
2 major phases: the initial translation and validation of the GFI into European Portuguese and the development of the
FRAILSURVEY app. Following this, an extensive examination of the app’s validity and reliability was conducted compared
with the conventional paper version of the GFI. A randomized repeated crossover design was used to ensure rigorous evaluation
of both assessment methods, using both the paper form of the GFI and the smartphone-based app FRAILSURVEY.

Results: The findings of the study revealed promising outcomes in line with the research objectives. The meticulous translation
process yielded a final version of the GFI with robust psychometric properties, ensuring clarity and comprehensibility for
participants. The study included 522 participants, predominantly women (367/522, 70.3%), with a mean age of 73.7 (SD 6.7)
years. Psychometric evaluation of the European Portuguese GFI in paper form demonstrates good reliability (internal consistency:
Cronbach a value of 0.759; temporal stability: intraclass correlation coefficient=0.974) and construct validity (revealing a 4D
structure explaining 56% of variance). Evaluation of the app-based European Portuguese GFI indicates good reliability
(interinstrument reliability: Cohen k=0.790; temporal stability: intraclass correlation coefficient=0.800) and concurrent validity
(r=0.694; P<.001).
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Conclusions: Both the smartphone-based app and the paper version of the GFI were feasible and acceptable for use. The findings
supported that FRAILSURVEY exhibited comparable validity and reliability to its paper counterpart. FRAILSURVEY uses a
standardized and validated assessment tool, offering objective and consistent measurements while eliminating subjective biases,
enhancing accuracy, and ensuring reliability. This app holds promising potential for aiding health care professionals in identifying
frailty in older individuals, enabling early intervention, and improving the management of adverse health outcomes associated
with this syndrome. Its integration with electronic health records and other data may lead to personalized interventions, improving
frailty management and health outcomes for at-risk individuals.

(JMIR Form Res 2025;9:e51975)   doi:10.2196/51975

KEYWORDS

frailty; mHealth; assessment; validation; GFI; reliability; self-assessment; Groningen Frailty Indicator; FRAILSURVEY; mobile
phone

Introduction

Background
Portugal is currently confronting a significant population ageing
phenomenon, placing it among the European countries with one
of the highest percentages of older individuals. As of 2021, the
ageing index reached 182, meaning there were 182 people aged
65 years or older for every 100 individuals aged 0-14 years.
This ageing trend results from various contributing factors, such
as low birth rates, extended life expectancy, and emigration of
young people. According to the 2011 census, 19% of the
Portuguese population were aged 65 years or older. A substantial
increase was denoted to 23.4% (2,423,639/10,343,066) in the
2021 census. Projections indicate that this percentage will
continue to rise in the upcoming years. Estimations forecast
that by 2080, the proportion of people aged 65 years and older
will escalate to 37.5% of the total population [1-4]. This
demographic change has significant implications for the
country’s economy, social security, and health care systems.
The increasing number of older people will require greater
resources to provide for their care and support, including health
care services, long-term care facilities, and home care services.
At the same time, the working-age population will be under
pressure to support the social security system as the number of
retirees increases and the number of workers decreases. As the
proportion of older people grows, so does the prevalence of
age-related diseases, comorbidities, and geriatric syndromes.
Portugal ranks among the European countries with the highest
prevalence of frailty (20.7%) [5,6].

Frailty is characterized by a reduced physiologic reserve and
increased susceptibility to stressors, leading to an elevated risk
of adverse health outcomes such as falls, hospitalization,
disability, and death. Typically associated with ageing, frailty
may encompass a blend of physical, cognitive, and psychosocial
factors, making it a complex and multifaceted condition, and,
therefore, identifying and addressing frailty is essential for
preventing comorbidities, optimizing health outcomes, and
improving the quality of life in older adults [7-11]. However,
evaluating frailty poses challenges due to its multifactorial
nature, resulting in various tools and methods commonly used
for its assessment. It is crucial to recognize that every assessment
tool is flawed, lacks standardization, and different approaches
may be more suitable for specific populations or settings [10,12].

The Groningen Frailty Indicator (GFI) stands out for its
comprehensive assessment for evaluating frailty in older adults.
With its rapid administration and validated reliability in diverse
populations, the GFI serves as a predictive tool for adverse
outcomes such as hospitalization and mortality. Its
multidimensional approach offers a nuanced understanding of
frailty, making it invaluable for routine screening in clinical
practice, empowering health care professionals to craft suitable
care plans for their patients [13-16]. Covering physical,
psychological, social, and cognitive aspects, the paper version
of the GFI has undergone validation in diverse settings, such
as among Romanian community-dwelling older adults [17] and
Chinese nursing home residents [18], and different populations,
such as patients with rheumatoid arthritis [19], patients with
end-stage hip and knee osteoarthritis [20], and head and neck
cancer surgery patients [21], confirming its accuracy,
consistency, and predictive value. Distinguishing itself from
other instruments, the GFI boasts a straightforward
administration process, requiring no more than 10 minutes to
complete. Furthermore, as a noninvasive instrument, individuals
can complete it through self-reporting or seek guidance from a
trained health professional, if necessary [15,16]. There are
already some versions in European Portuguese of frailty scales,
such as the Edmonton Frailty Scale [22], Program on Research
for Integrating Services for the Maintenance of Autonomy
questionnaire (PRISMA-7) [23], FRAIL Scale [24], Clinical
Frailty Scale [25], SUNFRAIL [26], and Tilburg Frailty
Indicator [27]; however, some are not yet validated for the
Portuguese population. To our knowledge, there is still no study
on the translation and validation of the GFI into European
Portuguese.

Despite being commonly used, paper-based questionnaires have
several disadvantages: manual data entry is time-consuming
and leads to potential errors; accessibility is limited as they must
be physically distributed and collected; data security may be
compromised; and incomplete or illegible responses and reduced
data analysis capabilities are common challenges. Furthermore,
they lack interactive features that enhance engagement and data
quality, such as in digital formats [28]. Smartphone-based
assessments aim to develop a user-friendly tool that streamlines
screening and monitoring by scoring data [29,30]. Such an
approach has the potential to increase health literacy resulting
in cost savings. Nevertheless, it is crucial to validate the
smartphone-based apps to ensure their accuracy and reliability
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compared with the original paper questionnaires, as there may
be possible response bias between the 2 versions [31].

Aim
Given the high burden of frailty in Portugal and to contribute
to improving frailty assessment, enhancing health care delivery,
and addressing the specific needs of older adults in Portugal,
this study aimed to translate and validate the GFI into European
Portuguese. Then, this study also aimed to examine the validity
and reliability of the digital version of the GFI, the app
FRAILSURVEY.

Methods

This is a quantitative, exploratory research that involves analysis
of psychometric data and that was developed in 2 major phases:
initially, the GFI was translated and validated into European
Portuguese, and the application FRAILSURVEY was developed
and its validity and reliability studied as a mobile health
(mHealth) tool for frailty assessment.

Translation and Validation of the GFI
The GFI is a short, easy-to-use instrument that has proven to
be a good alternative for assessing frailty in the population aged
65 years or older [32]. Textbox 1 indicates the domains assessed
in the GFI scale, as well as scoring items. The self-assessment
version of the GFI published in 2013 was used, composed of
15 items and divided into 4 domains [33]. The physical domain
has 9 questions related to toileting, shopping, mobility functions,
dressing, physical fitness, vision, hearing, unexplained weight
loss, and medication use. The cognitive domain includes 1 item
related to cognitive concerns. The social domain consists of 3
questions about emotional isolation, social relations, and social
support. The psychological domain comprises 2 questions
related to mood. Each item has a score of 0 or 1 attributed, with
1 indicating a dependency problem. For example, if the
participant cannot dress or undress without help, he would score
1. The total score ranged from 0 to 15, and higher scores indicate
greater levels of frailty. The originally proposed cutoff point of
4 or higher represents frailty [16].

Textbox 1. Self-assessment version of the Groningen Frailty Indicator (GFI): with 15 items divided by 4 main domains (physical, cognitive, social, and
psychological), the GFI scores between 0 and 15. People with scores of 4 and above are considered frail [33].

Physical domain

Are you able to carry out these tasks single-handedly and without any help? (The use of help resources such as a walking stick, walking frame, or
wheelchair is considered independent.)

1. Shopping

2. Walking around outside (around the house or to the neighbors)

3. Dressing and undressing

4. Going to the toilet

5. What mark do you give yourself for physical fitness? (Scales 0-10)

6. Do you experience problems in daily life due to poor vision?

7. Do you experience problems in daily life due to being hard of hearing?

8. During the last 6 months have you lost a lot of weight unwillingly? (3 kg in 1 month or 6 kg in 2 months)

9. Do you take 4 or more different types of medicine?

Cognitive domain

10. Do you have any complaints about your memory?

Social domain

11. Do you sometimes experience emptiness around yourself?

12. Do you sometimes miss people around yourself?

13. Do you sometimes feel abandoned?

Psychological domain

14. Have you recently felt downhearted or sad?

15. Have you recently felt nervous or anxious?

Scoring

Questions 1-4: Yes=0; No=1

Question 5: 0-6=1; 7-10=0

Questions 6-15: No=0; Yes=1

For the development of the European Portuguese version of the
GFI, the self-report instrument guidelines defined by the ISPOR

Task Force for Translation and Cultural Adaptation were
followed [34]. Briefly, the translation was done by 2 technicians,
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with experience in this type of task, and the final version of
each item (of the 15) always resulted from complete agreement
between them. After that an English technician carried out the
back-translation, and a consensus was reached as the
back-translation version was in line with the original version.

Developing the Smartphone-Based App of the GFI
The smartphone-based app was developed for both Android
(the operating system created by Google) and iOS (created by
Apple) systems. FRAILSURVEY is a questionnaire that
comprises 2 sets of questions: 19 questions about
sociodemographic data; social resources; and self-perception
of health, nutrition, medication, psychosocial and cognitive
status, and time occupation, plus a set of 15 questions used to
assess frailty status, the European Portuguese version of the
GFI. FRAILSURVEY also uses the originally proposed cutoff
point of 4 or higher representing frailty [16].

FRAILSURVEY development was based on an accessibility
principle for older adults to guarantee greater autonomy to use
it. Therefore, considerations such as vision, hearing, motor
control, and cognition were considered. Considering the vision
of the older population, the app features a typographic font
designed for low-vision people, APHont, developed by the
American Printing House for the Blind. It also presents a way
to increase or decrease the font size, as well as the possibility
of listening to the audio information.

The results obtained classify the person as robust or frail. The
app displays tailored recommendations if the person is classified
as frail. The recommendations revolve around aspects such as
physical exercise, a healthy diet, and social networks, among
others (Figure 1). The app generates an anonymous database
for research purposes.

Figure 1. Printscreens of the FRAILSURVEY app.
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Study Design
A randomized repeated crossover design was used with the
paper form of the GFI and the smartphone-based app
FRAILSURVEY, as used in other similar studies [35]. This
design entailed the dual administration of both assessment
methods to each participant on distinct occasions, separated by
a 1-week interval. The order of presentation for the assessments
was randomized to mitigate any potential sequence effects. In
evaluating test-retest reliability, a subset of participants was
randomly chosen from the larger cohort to participate in retest
assessments approximately 2 weeks after their initial interaction.
These retest assessments encompassed both the paper-based
form and the application [36].

Ethical Considerations
Ethical clearance for the research was granted by the ethical
review board of the faculty of pharmacy, University of Porto
(33-11-2017). Before their involvement, the rights and
responsibilities of participants were comprehensively elucidated,
and written consent was obtained from all individuals.
Participation was voluntary and no compensation was provided.
Throughout the process of data collection and entry, strict
confidentiality measures were upheld and all data were
anonymized.

Participants
Between February 2019 and February 2020, older adults living
in the district of Porto, Portugal, were invited in cultural and
sports associations, day centers, and nursing homes to take part
in this study. A total of 522 participants were recruited for this
study, using a convenience sampling method. The sample
included a diverse population of community-dwelling older
individuals, residents of nursing homes, and older adults living
in their own homes but availing daily care facilities. The
inclusion criteria encompassed individuals aged 65 years and
older, regardless of gender, who could independently complete
the assessments. The sample exceeded the sample size required
to be 10 times larger than the number of GFI items [37]. For
test-retest reliability, 10% (52/522) of the participants were
recruited randomly, but only 24 participants accepted to perform
the retests and, therefore, were included in the test-retest analysis
[36].

Statistical Analysis
Categorical variables were summarized as absolute and relative
frequencies. Descriptive statistics were used to report the subject
characteristics of the study sample. Differences between
different subgroups were studied, that is, gender, age, marital
status, education, and financial status. GFI scores (from 0 to
15) were presented as mean (SD), and differences between
subgroups were tested through the Kruskal-Wallis test. GFI
classification (nonfrail and frail) was presented as frequencies,
and differences between different subgroups were tested through
the Mann-Whitney U test. To address the issue of multiple
comparisons, adjustments were made, and the Bonferroni
correction was applied to all statistical tests involving
associations across multiple demographic variables.

The psychometric properties of the European Portuguese version
of the GFI were assessed as follows: internal consistency

referred to the extent to which the items within a scale or
questionnaire consistently measure the same construct and was
assessed by Cronbach a. The retest was conducted 2 weeks after
the initial contact with the participant for assessing temporal
stability. A 2-week interval allows for a sufficient gap between
the 2 administrations to minimize potential memory effects and
recall bias while maintaining a relatively short time frame. The
most commonly used statistical measure to evaluate temporal
stability is the intraclass correlation coefficient (ICC), and
therefore it was used in this study. The ICC value ranges
between 0 and 1, with higher values indicating greater temporal
stability. Values above 0.9 suggest excellent temporal stability,
while values between 0.75 and 0.9 indicate good temporal
stability and values between 0.5 and 0.75 show moderate
temporal stability [38]. Construct validity was assessed by
performing exploratory factor analysis with principal
components and varimax rotation methods [39].

The psychometric properties of the FRAILSURVEY were
assessed as follows: interinstrument reliability refers to the
consistency of GFI scores obtained by the same person between
the paper and smartphone versions. Cohen k was used to assess
it. Cohen suggested the k result be interpreted as follows: values
≤0 as indicating no agreement, 0.01-0.20 as none to slight
(light), 0.21-0.40 as fair (fair), 0.41-0.60 as moderate (moderate),
0.61-0.80 as substantial (considerable), and 0.81-1.00 as almost
perfect agreement [40]; temporal stability was evaluated by the
ICC, as described previously; and the concurrent validity was
studied through Pearson correlation coefficient that was used
to quantify the relationship between the scores obtained in the
app and in paper and with the app, the scores from the
established criterion measure, and the scores from the instrument
we intended to validate. Pearson correlation coefficient assesses
the strength and direction of the correlation, indicating the
degree to which the 2 measures agree or disagree. The validity
assessment in this study was based on demonstrating the absence
of significant differences in the total score of the GFI and each
item of the GFI. Two-tailed t tests were used, and a P value of
<.05 was considered statistically significant. The significance
level used was .05. Data were analyzed using SPSS Statistics
(version 28.0; IBM Corp).

Results

European Portuguese Version of the GFI
The English version of the GFI tool was translated into European
Portuguese by 2 native Portuguese speakers. The
back-translation was done by a professional service provider
who knew nothing about the purpose of the research. A panel
of experts assessed the similarity of the versions and reviewed
and resolved all discrepancies and ambiguities by consensus.
To assess the comprehensibility of the language and wording,
the revised preliminary European Portuguese version was used
with a pilot sample of 10 native Portuguese-speaking older
adults. The final European Portuguese version of the GFI was
defined and used in the validation process. No changes were
made to the version used, as the items were judged to be clear
and easy to understand. In the end, the final version was
produced (Table S1 in Multimedia Appendix 1).
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Participants
In this study, 522 participants were included, with a mean
average age of 73.7 (SD 6.7) years and consisted mainly of
women (367/522, 70.3%). Almost two-thirds of the sample were
aged between 65 and 74 years, most participants were married
(311/522, 59.6%), the majority had only primary school
completed (283/522, 54.2%), and 59.2% (309/522) reported
having moderate money to meet their needs (Table 1). Using
the paper version of the European Portuguese version of the
GFI, the average score was 4.57, significantly higher in women
(5.05) than in men (3.43; P<.001). The score increases

significantly with age, with higher scores being more present
in older people (GFI=3.73 for participants aged between 65 and
74 years; GFI=5.58 for participants aged between 75 and 84
years, and; GFI=7.77 for participants aged 85 years or older;
P<.001). There are also significant differences in the mean GFI
scores according to marital status, with married (3.67) and
divorced people (4.62) having lower values while widowed
(6.02) or single people (6.13) having higher values (P<.001).
Frailty is also related to education. We reported that higher
frailty scores are associated with lower levels of education, and
with the economic level, with greater scores of frailty in people
with lower economic levels.

Table 1. Participants’ sociodemographic characteristics according to their frailty status: 522 participants were included in this randomized repeated
crossover design study.

P value (Mann-
Whitney U test)

Frailty, n (%)Nonfrailty, n (%)P value (Kruskal-
Wallis test)

Portuguese GFIa,
mean (SD)

Variables, n (%)

<.001<.001Sex

240 (65.4)127 (34.6)5.05 (3.04)367 (70.3)Female

66 (42.6)89 (57.4)3.43 (2.702)155 (29.7)Male

<.001<.001Age (years)

160 (46.9)181 (53.1)3.73 (2.68)341 (65.3)65-74

103 (76.9)31 (23.1)5.58 (2.91)134 (25.7)75-84

43 (91.5)4 (8.5)7.77 (2.86)47 (9.0)85+

.003<.001Marital status

26 (81.3)6 (18.8)6.13 (3.24)32 (6.1)Single

150 (48.2)161 (51.8)3.67 (2.47)311 (59.6)Married

120 (75.9)38 (24.1)6.02 (3.34)158 (30.3)Widowed

10 (47.6)11 (52.4)4.62 (2.94)21 (4.0)Divorced

<.001<.001Education

31 (86.1)5 (13.9)7.03 (3.11)36 (6.9)Illiterate

61 (76.3)19 (23.8)5.90 (2.95)80 (15.3)Unfinished pri-
mary school

155 (54.8)128 (45.2)4.29 (2.97)283 (54.2)Primary school

45 (48.9)47 (51.1)3.52 (2.32)92 (17.6)High school

14 (45.2)17 (54.8)4.00 (3.24)31 (5.9)Higher educa-
tion

<.001<.001Do you think you have enough money to meet your needs?

6 (50.0)6 (50.0)5.00 (3.77)12 (2.3)Nothing

143 (75.3)47 (24.7)5.89 (3.20)190 (36.4)Little

151 (48.9)158 (51.1)3.78 (2.63)309 (59.2)Moderately

6 (54.5)4 (45.5)(1.96)11 (2.1)Quite enough

aGFI: Groningen Frailty Indicator.

According to the GFI frailty classification, using the cutoff point
of 4 [16], 58.6% of the people included in this study are frail.
Frailty is significantly greater in women (65.4% vs 42.6% in
men; P<.001), in older people (91.5% in people aged 85 years
and older vs 76.9% in people aged 75-84 years vs 46.9% in
people aged 65 and 74 years; P<.001), and in single people and
widows (81.3% and 75.9%, respectively, vs 48.2% in married

people and 47.6% in divorced people; P<.001). The proportion
of frail people is also significantly higher for people with the
lowest level of education and at lower economic levels.

Item Descriptive Analysis and Missing Data
Of the 15 indicators, the most prevalent among all people are
the items that assess nervousness and anxiety (present in
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320/521, 61.4% of the participants), problems in daily life due
to poor vision reported by 56% (291/520) of the participants,
and polypharmacy reported by 53.6% (279/522; Table 2). The
least prevalent items are mobility issues, more specifically, the

inability to dress and undress alone (51/521, 9.8%) and to use
the bathroom without help (41/522, 7.9%), and the feeling of
abandonment (37/522, 7.1%).

Table 2. Groningen Frailty Indicator: missing values and criteria fulfillments: of the 522 participants, questions 3, 4, 14, and 15 had 1 missing value;
questions 6 and 9 had 2 missing values; and question 5 had 10 missing values.

Missing values, nFulfills criteria, n (%)Question

0522 (18.4)1. Shopping

0522 (13.0)2. Walking around outside (around the house or to the neighbors)

1521 (9.8)3. Dressing and undressing

1521 (7.9)4. Going to the toilet

10512 (35.5)5. How do you rate your physical fitness? (scale 0-10)

2520 (56.0)6. Do you experience problems in daily life due to poor vision?

0522 (35.1)7. Do you experience problems in daily life due to being hard of hearing?

0522 (11.5)8. During the last 6 months, did you lose a lot of weight unwillingly? (3 kg in 1 month or 6 kg
in 2 months)

2520 (53.6)9. Do you take 4 or more different types of medicine?

0522 (35.2)10. Do you have any complaints about your memory?

0522 (39.1)11. Do you sometimes experience an emptiness around you?

0522 (28.0)12. Do you sometimes miss people around you?

0522 (7.1)13. Do you sometimes feel abandoned?

1521 (46.6)14. Did you feel downhearted or sad recently?

1521 (61.4)15. Did you feel nervous or anxious recently?

Of the 522 participants, there are only 18 missing values in 7
of the 15 GFI questions. The average of missing values per
participant is 0.03. Only 1 participant has missing values for 2
GFI questions, while the other 17 missing values come from
17 different participants. The question that has the most missing
values (1.9%) is the question that asks the participant how he
rates his physical fitness (from 0 to 10). The small proportion
of missing data, constituting only 0.23% of the total values,
suggests that it is improbable for these missing values to
significantly impact the overall patterns or conclusions of the
analysis, while the large sample size (522 participants) ensures
that the study maintains sufficient statistical power to detect

meaningful effects or relationships despite the negligible
reduction in sample size attributable to missing data.

Psychometric Evaluation of the European Portuguese
Version of the GFI (Paper)

Internal Consistency
The obtained Cronbach a value of 0.759 suggests a moderate
level of internal consistency and no item was dropped (Table
3) [33].

Temporal Stability
The values varied between 0.504 and 1.000, being an overall
value of 0.974 (Table 3).
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Table 3. Psychometric Evaluation of the European Portuguese version of the GFIa—reliability analysis (internal consistency and temporal stability):
no item was dropped and the Cronbach a value of 0.759 suggests a moderate level of internal consistency.

Temporal stability,

ICCb
Internal ConsistencyQuestion

Cronbach a if the item is
removed

Scale variation if the
item is removed

Scale average if the
item is removed

1.0000.7297.8764.401. Shopping

0.9470.7378.1894.462. Walking around outside (around the house or
to the neighbors)

1.0000.7418.3624.493. Dressing and undressing

0.9090.7448.5044.514. Going to the toilet

0.9400.7407.8824.235. How do you rate your physical fitness? (scale
0-10)

1.0000.7648.4384.026. Do you experience problems in daily life due
to poor vision?

1.0000.7598.3814.247. Do you experience problems in daily life due
to being hard of hearing?

1.0000.7658.9524.478. During the last 6 months, did you lose a lot of
weight unwillingly? (3 kg in 1 month or 6 kg in
2 months)

1.0000.7518.0874.059. Do you take 4 or more different types of
medicine?

0.9110.7558.2574.2410. Do you have any complaints about your
memory?

0.9580.7377.7954.2011. Do you sometimes experience an emptiness
around you?

0.7270.7428.0144.3012. Do you sometimes miss people around you?

0.8800.7518.6834.5113. Do you sometimes feel abandoned?

1.0000.7277.5474.1314. Did you feel downhearted or sad recently?

0.5040.7498.0923.9715. Did you feel nervous or anxious recently?

0.9740.759Total

aGFI: Groningen Frailty Indicator.
bICC: intraclass correlation coefficient.

Construct Validity
The suitability of the factor analysis by checking the existence
of significant correlations between the items was confirmed by
Kaiser-Meyer-Olkin test (0.799) and by Bartlett’s Test of
Sphericity (χ²105=2074.7; P<.001). The Kaiser-Meyer-Olkin
measure assesses the suitability of data for factor analysis by
evaluating proportions of variance in variables potentially linked
to underlying factors, with higher values indicating better fit,
typically above 0.6 or 0.7. Its advantage lies in providing a
simple index for researchers to interpret and make decisions.

Bartlett’s Test of Sphericity validates the interrelationship of
variables necessary for factor analysis, testing the null
hypothesis of no correlation between variables, with a significant
result (P<.05) confirming the suitability of the dataset for
analysis factorial [41].

Evaluation of the scree plot and the size of the eigenvalues
strongly suggest that the GFI has a 4D structure, explaining
56.0% of the variance (Table 4). This analysis produced four
subscales: (1) Daily Activities and Physical Fitness (items 1-5),
(2) Nourishment, (3) Health Problems (items 6, 7, 9, and 10),
and (4) Psychosocial Functioning (items 11-15).
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Table 4. Psychometric Evaluation of the European Portuguese version of the GFIa—validity analysis (construct validity): exploratory factor analysis
structure of the Portuguese version of the GFI: loading for each factor and each item in the model with 4 factors after an orthogonal varimax rotation
and factor extraction using principal components (n=502): GFI has a 4D structure, explaining 56.0% of the variance.

FactorsbItems

4321

Daily Activities and Physical Fitness

–0.0090.1650.1670.8221. Shopping

–0.0380.0870.0840.8632. Walking around outside (around the house or to the neighbors)

0.0180.0020.0760.8803. Dressing and undressing

0.061–0.0280.0280.8724. Going to the toilet

–0.0340.2790.1790.5055. How do you rate your physical fitness? (scale 0-10)

Health Problems

0.3250.5110.033–0.0086. Do you experience problems in daily life due to poor vision?

0.0940.705–0.0730.0617. Do you experience problems in daily life due to being hard of hearing?

–0.1720.5630.1340.1839. Do you take 4 or more different types of medicine?

0.0730.4650.2060.06210. Do you have any complaints about your memory?

Nourishment

0.8320.1530.041–0.0538. During the last 6 months, did you lose a lot of weight unwillingly? (3 kg in 1 month or 6 kg in 2 months)

Psychosocial Functioning

–0.0070.0580.8170.09211. Do you sometimes experience an emptiness around you?

0.1520.0420.7780.02912. Do you sometimes miss people around you?

0.368–0.0920.4320.27013. Do you sometimes feel abandoned?

–0.0050.1900.6760.25814. Did you feel downhearted or sad recently?

–0.2140.3890.497–0.00815. Did you feel nervous or anxious recently?

6.678.6613.50N/AcPercentage of total variance explained for each factor

aGFI: Groningen Frailty Indicator.
bPercentage of total variance explained for the 4 extracted factors=56%; Kaiser-Meyer-Olkin=0.799 and Bartlett’s Test of Sphericity <0.001.
cN/A: not applicable.

Psychometric Evaluation of the FRAILSURVEY—an
mHealth Tool for Frailty Assessment

Interinstrument Reliability
The values varied between 0.100 and 0.634, being an overall
value of 0.790 (Table 5). From the 15 items, 2 items had a

substantial agreement, 5 had a moderate agreement, 6 had a fair
agreement, 2 had none to a slight agreement, and the overall
score had an almost perfect agreement.
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Table 5. Psychometric Evaluation of the FRAILSURVEY—reliability analysis (interinstrument reliability and temporal stability)a.

Temporal stability,

ICCb
Interinstrument reliabilityQuestion

Upper limit (95% CI)Lower limit (95% CI)Observed k valuesSE values

0.7930.7220.5460.6340.0451. Shopping

0.8670.7120.5030.6080.0532. Walking around outside (around the
house or to the neighbors)

0.9580.6570.3870.5220.0693. Dressing and undressing

0.8750.6220.3140.4680.0794. Going to the toilet

0.7880.5030.3350.4190.0435. How do you rate your physical fitness?
(scale 0-10)

0.9580.3490.1820.2660.0426. Do you experience problems in daily
life due to poor vision?

0.7980.3780.2010.2890.0457. Do you experience problems in daily
life due to being hard of hearing?

0.9580.2700.0000.1000.0868. During the last 6 months, did you lose
a lot of weight unwillingly? (3 kg in 1
month or 6 kg in 2 months)

0.9130.4190.2560.3370.0429. Do you take 4 or more different types
of medicine?

0.7240.3240.1470.2360.04510. Do you have any complaints about
your memory?

0.8570.5330.3740.4540.04111. Do you sometimes experience an
emptiness around you?

0.6670.4280.2450.3360.04712. Do you sometimes miss people around
you?

0.7930.3810.0000.1880.09913. Do you sometimes feel abandoned?

0.7180.5200.3660.4430.03914. Did you feel downhearted or sad recent-
ly?

0.5890.4130.2430.3280.04315. Did you feel nervous or anxious recent-
ly?

0.8000.8440.7370.7900.027GFIc score

aEvaluation of the app-based European Portuguese GFI indicates good reliability (interinstrument reliability: Cohen k=0.790; temporal stability:
ICC=0.800).
bICC: intraclass correlation coefficient.
cGFI: Groningen Frailty Indicator.

Temporal Stability
The retest was administered 2 weeks after the initial contact
with the participant to evaluate the temporal stability of the
measurements. The ICC values varied between 0.589 and 0.958,
being an overall value of 0.800 (Table 5).

Concurrent Validity
All values were positive, ranging from 0.101 to 0.634, and the
total score was 0.694 (Table 6). These results demonstrate a
positive correlation between responses in both formats, paper,
and app.

JMIR Form Res 2025 | vol. 9 | e51975 | p.2220https://formative.jmir.org/2025/1/e51975
(page number not for citation purposes)

Midao et alJMIR FORMATIVE RESEARCH

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


Table 6. Psychometric evaluation of the FRAILSURVEY—validity analysis (concurrent validity): a positive correlation between responses in both
formats, paper, and app was observed.

P valuer valuePaper,
mean (SD)

FRAILSURVEY,
mean (SD)

NQuestion

<.0010.6340.18 (0.39)0.20 (0.40)5221. Shopping

<.0010.6090.13 (0.34)0.15 (0.36)5222. Walking around outside (around the house or to the neighbors)

<.0010.5220.10 (0.30)0.10 (0.30)5213. Dressing and undressing

<.0010.4680.08 (0,27)0.09 (0.28)5214. Going to the toilet

<.0010.4190.36 (0.48)0.35 (0.48)5125. How do you rate your physical fitness? (scale 0-10)

<.0010.2660.56 (0.50)0.52 (0.50)5206. Do you experience problems in daily life due to poor vision?

<.0010.2900.35 (0.48)0.33 (0.47)5227. Do you experience problems in daily life due to being hard of hearing?

.020.1010.11 (0.32)0.10 (0.30)5228. During the last 6 months, did you lose a lot of weight unwillingly? (3
kg in 1 month or 6 kg in 2 months)

<.0010.3370.54 (0.50)0.55 (0.50)5209. Do you take 4 or more different types of medicine?

<.0010.2360.35 (0.48)0.38 (0.49)52210. Do you have any complaints about your memory?

<.0010.4540.39 (0.49)0.38 (0.49)52211. Do you sometimes experience an emptiness around you?

<.0010.3380.28 (0.45)0.32 (0.47)52212. Do you sometimes miss people around you?

<.0010.1890.07 (0.26)0.08 (0.28)52213. Do you sometimes feel abandoned?

<.0010.4440.47 (0.50)0.50 (0.50)52114. Did you feel downhearted or sad recently?

<.0010.3290.61 (0.49)0.64 (0.48)52115. Did you feel nervous or anxious recently?

<.0010.6944.57 (3.04)4.67 (3.01)522Total score

Discussion

Principal Findings
Translating and validating frailty assessment tools are vital for
cross-cultural research, ensuring inclusivity and diversity, and
allowing researchers and health care professionals to identify
frailty in older adults independently or irrespective of linguistic
and cultural backgrounds [42]. Translated versions enhance
measurement accuracy and consistency by retaining the
psychometric properties and measurement validity. This
facilitates the development of comprehensive public health
policies and targeted interventions, improving care and quality
of life for ageing populations worldwide [43]. Overall,
translating and validating frailty assessment tools are crucial in
advancing research, clinical practice, and public health initiatives
related to frailty [44]. Frailty assessment tools are valuable for
identifying at-risk individuals and tailoring interventions to their
needs. By identifying frailty early, health care practitioners can
develop strategies to prevent functional decline and mitigate
adverse health outcomes [45].

In this study, the translation of the GFI into European Portuguese
underwent rigorous processes, resulting in a final version with
strong psychometric properties. The translated version proved
to be clear and easily understandable.

Among the 522 participants in the study, the majority were
women, which aligns with typical demographic patterns in this
type of research. In addition, most participants were aged 65-74
years, were either married or widowed, had completed only
primary education, and had moderate money to meet their needs.

The mean GFI score was 4.57 in this study, whereas validation
studies conducted in China, Romania, and Lebanon were 4.60,
5.68, and 6.80, respectively [17,18,46]. Consistent with previous
research, the average score was significantly higher in women
than in men [5,12,17,46]. As anticipated, there was a significant
positive correlation between age and GFI score and, additionally,
marital status showed significant differences, with singles and
widowers having higher scores [47]. Frailty also demonstrated
significant associations with lower education levels and lower
economic statuses, as already shown [48].

The GFI comprises 15 frailty indicators and the most prevalent
were polypharmacy, vision problems, and feelings of anxiety
or nervousness, all reported by more than 50% of the
participants. Indeed, the link between polypharmacy and frailty
has been established through a study using SHARE data, which
explored the connection between mortality, frailty, and
polypharmacy across 18 countries. According to these findings,
59.4% of the identified frail population was found to be taking
multiple medications, a percentage that closely aligns with the
results obtained in this study, where 53.6% of the population
were under polypharmacy [5]. Frailty and poor vision are
interconnected conditions with a bidirectional relationship, as
already described [49]. Poor vision can contribute to frailty by
impairing balance, mobility, and daily functioning, increasing
the risk of falls and social isolation. It has already been described
that people with visual impairment have 3.7 greater odds of
being frail [49]. Anxiety symptoms, reported by 61.4%
(320/521) of the participants of this study, were reported to be
notably more prevalent among older adults with frailty than
among those who are robust, which has also been reported
elsewhere [50].
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The psychometric evaluation of the European Portuguese version
of the GFI demonstrated good reliability and validity. In
previous psychometric studies assessing the internal consistency
of the GFI, Cronbach α values ranged from 0.680 to 0.810.
Nevertheless, in this study, the obtained value was 0.759, which
is similar to Cronbach α value of the original scale [32]. Internal
consistency maintained the same value even if any item was
deleted. The assessment of reliability over time involved a retest
conducted 2 weeks after the initial contact, and the ICC was
used for calculation. The ICC values ranged from 0.504 to 1.000,
with an overall value of 0.974. This value surpassed the
reliability values obtained in 2 comparable studies conducted
on the Chinese population (0.950 and 0.939) [18,51]. These
results demonstrate that the European Portuguese version of the
GFI exhibits excellent reliability over time, confirming its
consistency as a measurement tool. The factor analysis yielded
the same number of factors as the original scale, indicating that
the translated version maintains a similar underlying factor
structure to the original scale, suggesting that it measures the
same fundamental constructs or dimensions as the items in the
original version [52]. This encouraging finding indicates that
the translation process effectively retained the core structure of
the scale. Moreover, this confirmation of reliability and validity
further demonstrates that the translated version of the GFI
effectively preserves the essential elements of the original
instrument.

The general hypothesis of this study was that a smartphone GFI
app would show the same validity and reliability as the paper
version, and it was proved in this study. The interinstrument
reliability was studied to investigate the agreement and
consistency between the 2 instruments, thereby ensuring the
robustness of the results. High interinstrument reliability
strengthens the credibility and accuracy of research outcomes,
contributing to the overall quality and validity of assessments
and evaluations. In this study, high levels of agreement were
recorded between the instruments, proving that the digital format
of the questionnaire is as reliable as the paper version. The
reliability assessment over time was done in the same way as
for the paper version of the GFI. The ICC values ranged from
0.589 to 0.958, with an overall value of 0.800, evidencing that,
just like on paper, the digital version of the GFI remained
reliable over time. The validity of the application was assessed
by comparing the answers and total scores of the same
individuals in the paper format (conventional) and the
application (the new format to be validated). The results revealed
a robust, positive, and statistically significant relationship
between the responses in both forms. These findings not only
establish the reliability of the application but also demonstrate
its validation.

Health apps are vital in modern health care, providing easy
access to health information, monitoring tools, and personalized
advice [53]. The importance of mHealth becomes clear when
examining its impact on health care accessibility. Many people,
especially those living in disadvantaged or remote regions, face
significant challenges in accessing health services. mHealth
serves as a powerful equalizer, enabling individuals to connect
with health care professionals, get immediate medical advice,
and access health-related information, regardless of their

geographic location [54]. This level of accessibility empowers
patients and fosters early intervention and preventative care,
ultimately resulting in improved health outcomes [55]. However,
the proliferation of health apps on smartphone-based app stores
is still on the rise due to the ease of app development, the
absence of regulation, and the direct marketing to users, leading
to an overcrowded scenario, which lacks reliability and
accuracy. However, the ability of health stakeholders to discern
the quality of these apps still lags significantly. This challenge
largely stems from the lack of validation, which hinders app
reliability and validity assurance [56]. Some potential benefits
of validating health apps include improved accuracy and
reliability of the app, increased user confidence in the app, and
improved safety and effectiveness [57,58].

Assessing frailty is crucial as it helps identify individuals at
higher risk of adverse health outcomes and enables timely
interventions to mitigate these risks. Moreover, frailty
assessments may guide treatment decisions, leading to tailored
health care approaches focused on maintaining independence
and managing chronic conditions. The impact of frailty in
individuals and communities is profound, increasing health care
usage, decreasing quality of life, and adding strain on families
and caregivers. Understanding these effects allows for prioritized
interventions, effective resource allocation, and appropriate
support, ultimately improving the well-being and outcomes of
frail individuals. The advantages of using apps for frailty
assessment include their ease of use, ability to provide real-time
feedback to the user, and their potential for improving the
accuracy and reliability of frailty assessment [59,60]. An app
designed to assess frailty offers numerous advantages and can
revolutionize how frailty is identified. Its accessibility on
smartphones and digital devices ensures easy and convenient
frailty assessment, even in remote areas, while enabling early
detection of an individual’s physical and cognitive abilities,
allowing for timely interventions.

However, a key challenge in implementing mHealth solutions
for frailty is the digital divide. Frail individuals, especially those
from disadvantaged backgrounds, may lack access to necessary
technology. This gap exacerbates health inequalities, as those
in need of mHealth interventions the most may have the least
access to them [61]. Ensuring fair access to technology and
mHealth tools is a critical ethical issue [62]. Creating mHealth
apps and devices that are easy to use and accessible to frail
individuals is essential. This involves overcoming challenges
related to age-related impairments in vision, hearing, and
dexterity, which were considered in the development of the
FRAILSURVEY [63].

The advancements in mHealth for frailty care hold the potential
for deeply personalized interventions. Using cutting-edge data
analytics and artificial intelligence, mHealth platforms will be
adept at customizing interventions according to the distinct
needs and characteristics of each frail individual [64]. The
integration of mHealth platforms with electronic health records
holds the potential to enhance care coordination and facilitate
seamless data sharing. This interoperability will streamline
processes, improve communication, and, ultimately, raise the
standard of service. Furthermore, the evolving landscape of
mHealth in frailty care will require ongoing ethical dialogues.
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As technological capabilities progress, ethical dilemmas around
privacy, data security, informed consent, and fairness in
algorithms will persist as paramount concerns. Navigating the
delicate balance between innovation and ethical protection will
present a constant challenge [65,66].

This study has some limitations that should be highlighted.
Despite using a randomized, repeated crossover design and
recruiting 522 participants from diverse settings, including
community-dwelling older adults and nursing home residents,
limitations persisted, only a fraction of participants underwent
test-retest analysis, reducing the robustness of the results. In
addition, the digital literacy barrier among older adults may
have impacted the accessibility of the smartphone-based app,
FRAILSURVEY. Furthermore, biases inherent in translating
and validating scales into different languages may have
influenced the study results. However, the similarity of
psychometric properties to previous validation studies and the

pioneering demonstration of the validity of the smartphone
version offer promising insights into frailty assessment methods.
This study marks a significant contribution to the field by
establishing the scientific validity of the smartphone version of
the GFI.

Conclusions
Overall, FRAILSURVEY uses a standardized and validated
assessment tool, providing objective and consistent
measurements, eliminating subjective biases, and enhancing
accuracy and reliability. Compared with traditional in-person
assessments, its cost-effectiveness can reduce health care
expenses and increase accessibility. The future integration with
electronic health records and other health-related data could
enable personalized interventions tailored to an individual’s
specific needs and medical history, ultimately leading to more
effective frailty management and improved overall health
outcomes for at-risk individuals.
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Abstract

Background: Many couples undergoing fertility treatment face multiple lifestyle risk factors that lower their chances of achieving
pregnancy. The MyFertiCoach (MFC) app was designed as an integrated lifestyle program featuring modules on healthy weight
management, nutrition, exercise, quitting smoking, reducing alcohol and drug use, and managing stress. We hypothesized that
supplementing standard care with the MFC app would improve lifestyle outcomes.

Objective: This study aims to assess the impact of the MFC app on changing multiple lifestyle habits in women seeking fertility
treatment. The primary outcome is the change in the total risk score (TRS) at 3- and six-month follow-ups. The TRS is calculated
for each individual as the sum of all risk scores per behavior (eg, vegetable/fruit/folic acid intake, smoking, and alcohol use) at
3 and 6 months. A higher TRS indicates unhealthier nutrition and lifestyle habits and a lower likelihood of achieving pregnancy.
The secondary endpoints include changes in BMI, activity score, preconception dietary risk score, distress score (eg, perceived
burden), smoking habits, alcohol intake, and program adherence.

Methods: This retrospective, observational, single-center evaluation included patients between January 1, 2022, and December
31, 2023. Subfertile female patients aged 18-43 years and their partners, who were referred to a gynecologist, were invited to
participate in online lifestyle coaching via the MFC app. The gynecologist selected relevant lifestyle modules based on the results
of integrated screening questionnaires. We used (hierarchical) linear mixed models (LMMs) to estimate changes in outcomes.
For missing data patterns deemed missing not at random, joint modeling was applied. Statistical significance was set at P≤.05,
with methods in place to maintain the same false-positive rate.

Results: A total of 1805 patients were invited to participate in the evaluation, with an average of 737 (40.83%) completing the
screening questionnaire at baseline. For the TRS, 798 (44.21%) patients were included at baseline, of whom 517 (64.8%) involved
their partner. On average, 282 of 744 (37.9%) patients submitted at least one follow-up questionnaire. Patients rated the app above
average (n=137, median score of 7 on a 1-10 scale) on days 7 and 14. The TRS decreased by an average of 1.5 points (P<.001)
at T3 and T6 compared with baseline, a clinically meaningful improvement. All secondary outcomes showed statistically significant
positive changes for patients who used a relevant lifestyle module (P<.001). Most improvements were achieved by 3 months and
remained significant at 6 months (P<.001), except for alcohol intake (P<.53). These findings were consistent across both LMMs
and joint models.

Conclusions: Our evaluation of a mobile health app integrated into standard care demonstrates immediate and clinically
meaningful improvements in key lifestyle parameters among women seeking to become pregnant. Additional scientific research
is needed to identify the causal pathways leading to sustained effectiveness. To maintain and enhance these outcomes, further
tailoring of patient-specific programs is essential.

(JMIR Form Res 2025;9:e64239)   doi:10.2196/64239
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Introduction

Many couples undergoing fertility treatment have multiple
lifestyle risk factors, such as obesity, unbalanced nutritional
habits, low physical activity, and alcohol consumption or
smoking. These habits not only increase the risk of
cardiovascular and metabolic diseases but also reduce the chance
of becoming pregnant [1-4]. Reducing any or all of these
lifestyle factors before pregnancy or assisted reproductive
technology treatment can improve reproductive health [5-9]. In
summary, the more negative lifestyle factors present, the lower
the chance of becoming pregnant and the longer the time until
pregnancy [10].

For instance, improving dietary patterns during the
preconception period reduces the risk of several adverse birth
outcomes, such as fetal growth restriction and babies born small
or large for gestational age. Maternal complications, including
gestational diabetes, hypertensive disorders, and premature
delivery, also appear to decrease [11,12].

Moreover, cognitive behavioral therapy and psychological
support during fertility treatment have been suggested to result
in significantly more viable pregnancies compared with routine
care [13-15].

While the evidence supporting the importance of improving
and maintaining a healthy lifestyle is abundantly clear, changing
habits and behaviors remains difficult [16].
Health-compromising behaviors are hard to stop, and
health-promoting behaviors are challenging to adopt, making
behavior change particularly difficult. As health care budgets
face increasing pressure due to noncommunicable diseases
associated with an aging population, workforce shortages, and
rising costs of novel medical technologies, it is crucial that
lifestyle interventions are cost-effective—for instance, through
the use of online programs and apps [17].

Several lifestyle intervention programs for women actively
seeking medical support to achieve pregnancy have shown high
attrition rates and limited effects [18]. However, mobile health
(mHealth) apps have the potential to overcome these obstacles
by providing individualized, tailored, and repeated information
[19,20]. Indeed, growing evidence suggests that mobile
technology can effectively improve inadequate nutrition,
lifestyle, and medication adherence [21,22].

Many lifestyle apps are currently available on the market, but
very few are specifically designed for couples wishing to have
children. To provide guidance for both patients and health care
providers (HCPs), the MyFertiCoach (MFC) app was developed
as a 6-month integrated lifestyle program with modules on
healthy weight; nutrition; exercise; and quitting smoking,
alcohol, drugs, and stress.

The MFC app supports couples trying to conceive and pregnant
women in modifying unhealthy dietary and lifestyle habits.
HCPs can use the app to help patients improve their lifestyle.
Based on demographic parameters and an assessment of

nutrition and lifestyle habits, a screening process is conducted,
and a personalized coaching program consisting of lifestyle
modules is created. Interactive elements, visual support, and
motivational interviewing are incorporated as much as possible.
Additionally, at various points during the program, we will
assess whether lifestyle improvements have been achieved
across different domains.

This retrospective, observational, single-center evaluation will
be the first to assess the impact of the MFC app on changing 7
lifestyle habits in women seeking fertility treatment: healthy
weight, diet, exercise, smoking, alcohol, drugs, and stress. Given
the established influence of these lifestyle factors on subfertility,
we expect that positive changes in these habits will also enhance
reproductive health.

Methods

Overview
This is a retrospective, single-center evaluation conducted at
the Elisabeth-TweeSteden Hospital in Tilburg, the Netherlands.
This work does not assess the effectiveness of a new intervention
before implementation but rather evaluates an addition to
standard care after its integration.

Ethical Considerations
This study did not undergo formal approval by a medical ethics
board for several reasons. First, the app was not purchased for
scientific purposes but rather to augment standard care. As such,
it received explicit approval from the board of directors for
purchase and subsequently became part of standard care.

Additionally, all patients were free to use the app or not; their
treatment remained unchanged if they chose not to use it. App
usage was entirely voluntary, and data storage complied with
national and European GDPR (General Data Protection
Regulation) guidelines. The data were anonymized, and none
of the researchers had direct access to them. Thus, the hospital
purchased an app that was offered to patients as an optional
resource. Each patient indicated whether they wanted to use the
app and, if so, whether their anonymized data could be used for
scientific purposes. As a result, the data set was generated with
full patient consent and in compliance with privacy regulations.

Furthermore, our data analysis was conducted retrospectively,
long after data collection had been completed. One of the authors
(MJ) has previously used a similar approach, analyzing distress
thermometer data stored in the electronic patient system [23].
For that study, the institutional review board was consulted,
and an exemption was granted as it was classified as file
research.

Adding a research paper is not the same as legislation, but the
Dutch Central Committee on Research Involving Human
Subjects states that “Retrospective research/research with patient
files does not fall within the scope of the WMO, as the research
subject is not physically involved in the research. Nor have the
data that are to be researched been gathered for the sake of the
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research. The research subjects do not have to change their
behaviour for the sake of the research.” [24]. We believe the
last sentence is the most relevant: although patients filled out
questionnaires and could use the app to support their care and
contact their physician, the app did not require them to change
their behavior for the sake of care or research. In fact, many
patients we approached chose not to participate, and many who
did eventually dropped out. They were free to do so. As the data
were analyzed retrospectively, we consider our evaluation
comparable to file research [25]. Following the decision tree
for scientific medical research, our study falls under non-WMO
research: it is medical-scientific research, but no patient was
required to change procedures or behavior. The app was as
freely available as any app that can be purchased from the Apple
Store (Apple Inc.) or Google Play (Alphabet Inc.).

The MyFertiCoach App
The MFC app is a coaching program specifically designed to
support lifestyle changes. It was developed by Ferring
Pharmaceuticals B.V. in collaboration with a multidisciplinary
team of health care professionals, with input from the patients’
association Freya and patients who participated in the test phase.

HCPs can use the app to support patients and their partners
while actively monitoring the (pre)active treatment phase. While
the patient and their partner are motivated within the domains
relevant to them, progress and results are visualized on a
dashboard. Data essential for the next steps in treatment can
also be used for evaluations and scientific research.

The MFC app promotes lifestyle changes over 6 months through
motivation (using motivational interviewing techniques),
information (on various domains), and relaxation (by
incorporating game elements). It focuses on 7 key domains:
achieving a healthy weight, maintaining a healthy diet, engaging
in regular exercise, quitting smoking, stopping alcohol
consumption, discontinuing drug/anabolic steroid use, and
reducing stress through mindfulness. These domains were
determined by the evaluation group and are supported by
literature demonstrating their influence on the likelihood of a
healthy pregnancy.

During the registration process, baseline demographic
parameters and questionnaires on dietary and lifestyle habits
are completed to screen patients on various factors, including
BMI, smoking, nutrition, alcohol use, and stress. These
assessments provide insights into patients’ habits and help
determine which domains require attention or intervention. The
identified domains are then presented to the patient in the order
of importance.

Patients were free to choose whether to complete the
questionnaires, which took an average of 10 minutes in total.
No financial compensation was provided for completing them.

To assess patients’ knowledge, skills, and confidence in
managing their own health or illness, both the patient and their
partner are asked to complete the Patient Activation Measure
questionnaire [26]. This provides HCPs with deeper insights
into patients’perceived ability to improve their health, allowing
for adjustments in the level of coaching and motivational
interviewing techniques used.

At the first consultation, based on the screening outcomes, the
HCP and patient jointly decide which aspects of their lifestyle
to focus on. The relevant modules—healthy weight, healthy
eating, healthy activity, smoking cessation, alcohol cessation,
drug cessation, and stress reduction with mindfulness—are then
activated. Once activated, patients receive module-specific
questionnaires and general patient-reported outcome measures
on a monthly basis. Patients are free to complete these at their
convenience, but a baseline screening measure is required for
inclusion in the evaluation. The program duration is set at 6
months.

Using the diary page, each patient can access all functionalities
that allow them to record their daily mood and receive
motivating messages. They can also send messages to their HCP
with questions (eg, about nutrition or other lifestyle factors).
The HCP can respond at their discretion. Each patient’s progress
is visible to the HCP via the MFC platform through
domain-specific visualizations. Patients can track their progress
using the app.

Recruitment and Data Collection
All new women aged 18-45 years who visited the fertility clinic
were signed up for the MFC app after providing written consent
and before their first appointment with the HCP. The MFC
program, its modules, and the questionnaires were designed as
a screening tool for lifestyle factors and were offered to all new
patients as part of standard care.

The data extraction took place on February 1, 2024, and included
all patients from January 1, 2022, to December 31, 2023, who
completed the screening and had at least one activated module.
Patients received a push notification and an email 1 month after
the previous questionnaire. Patients who did not provide a
baseline score and at least one follow-up score for an outcome
(regardless of time) were excluded from further analysis of that
particular outcome.

In the case of pregnancy, patients could check a box in the app
indicating that they were pregnant (positive test). These patients
would then receive additional questionnaires related to their
pregnancy. As pregnancy is a defined endpoint, the formal
intervention by the app was stopped, meaning these patients
were no longer included in the evaluation. However, because
some women indicated that they wanted to continue using the
app, all modules—except the healthy weight module—remained
active for 6 months. The app was never formally stopped by
the physician, as it is part of standard care.

Outcomes

Assessing the Impact of the MFC App: Primary and
Secondary Measures of Lifestyle Program Benefits
To properly evaluate the MFC app, several outcome measures
have been defined to assess any additional benefits of our
lifestyle program. The primary outcome was the change in the
total risk score (TRS) [10] at the 3- and 6-month follow-ups.
The secondary endpoints are changes in BMI, activity score,
preconception dietary risk (PDR) score [27], distress score [28],
smoking habits, alcohol intake, and program adherence.
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Total Risk Score
The TRS is based on the Rotterdam Reproduction Risk Score
(R3 score), the PDR score, and other existing evidence of
associations with reproductive and pregnancy outcomes. An
individual’s TRS is defined as the sum of all risk scores per
behavior (ie, based on vegetable, fruit, and folic acid intake, as
well as smoking and alcohol use after 3 and 6 months) [10].

Vegetable and fruit intake were each subdivided into a risk score
of 0, 1, 2, or 3. A score of 0 represents an adequate daily intake
(≥200 g of vegetables per day and ≥2 pieces of fruit per day,
respectively). Scores of 1 and 2 both indicate a “nearly
adequate” intake (vegetable intake of 150 to <200 g and fruit
intake of 1.5 to <2 pieces per day), with score 1 reflecting the
participant’s intention to change this risk factor and score 2
indicating no such intention. A score of 3 represents an
inadequate daily intake (vegetable intake <150 g and fruit intake
<1.5 pieces).

If a participant received a score of 1 or 2, an additional question
regarding their intrinsic motivation was asked to determine
whether they intended to improve their behavior related to this
risk factor.

Folic acid supplement use was considered adequate (score 0)
or inadequate (score 3) based on whether a participant met the
recommendation of taking a 400-mg folic acid supplement daily
during the periconceptional period. There is no evidence or
recommendation for folic acid supplementation beyond 12
weeks of pregnancy, although this does not mean patients are
not allowed to continue its use. Therefore, if a patient became
pregnant while using the app, took folic acid for the first 12
weeks of pregnancy, and then stopped, she received a score of
0 for folic acid supplement use. This approach ensured
consistency in scoring across all patients, allowing for a more
conservative estimate of the app’s benefits.

Risk scores for smoking and alcohol consumption were based
on average daily use: no smoking (score 0), smoking 1-5
cigarettes (score 1), 6-14 cigarettes (score 3), or ≥15 cigarettes
(score 6); and no drinking (score 0), drinking <1 alcoholic
beverage per day (score 1), 1-2 beverages per day (score 2), or
≥2 beverages per day (score 3).

An important distinction is that the TRS is calculated separately
for females and their partners (male/female). A higher TRS
indicates unhealthier nutrition and lifestyle habits, which lowers
the chance of becoming pregnant [10]. Based on previous
findings, where a 1-point increase in the TRS was associated
with a 21% reduction in pregnancy likelihood, we considered
a 1-point decrease in the TRS clinically relevant.

Other Scores
We considered a BMI (calculated as weight divided by height

squared) between 18.5 and 25 kg/m2 to represent a “normal”

weight [29]. A BMI ≥29 kg/m2 is associated with a lower chance
of becoming pregnant, with each unit increase above 29 linked
to a 4% decrease in fertility [2]. Therefore, we considered a
1-point drop in the high BMI group clinically relevant.

To determine the activity score, we followed the Dutch physical
activity guidelines, which state that adults should be physically
active for at least 30 minutes a day on at least five days per
week. This activity can include sports, walking, cycling, or
strenuous household chores.

To compute a score, we devised 2 sets of 3 questions. The first
set assessed the number of active minutes per week (ie, <75,
75 to <150, and ≥150 minutes), while the second set assessed
muscle- and bone-enhancing activities (ie, never, once a week,
or at least twice a week). Scores ranged from 1 to 3 for each
set, with a total possible score between 2 and 6.

The level of distress was measured using the distress score,
which provides a general impression of the problems couples
experience in 5 areas: practical problems, family/social
problems, emotional problems, religious/spiritual problems,
and physical problems [30]. Additionally, couples were
separately asked to rate their level of distress using a
“thermometer” ranging from 0 to 10. The physician could then
explore with the couple where their greatest concerns lay and
discuss available options to address or reduce any symptoms
or concerns as much as possible. A score of 5 or higher on the
thermometer indicated a serious “burden.” For our analysis, we
only used the thermometer scores.

The PDR score was based on 6 nutritional questions covering
the intake of key food groups, in line with dietary
recommendations from the Netherlands Nutrition Centre.
According to current guidelines, individuals should consume
at least four slices of whole wheat bread daily (or an equivalent
amount of cereals); use monounsaturated or polyunsaturated
oils; and consume ≥200 g of vegetables daily, ≥2 pieces of fruit
daily, ≥3 servings of meat or meat substitutes weekly, and ≥1
serving of fish weekly. Patients received 1 point for each
recommendation met, with a maximum PDR score of 6,
representing highly adequate nutrition according to the
Netherlands Nutrition Centre’s guidelines.

The smoking and alcohol scores were based on the number of
cigarettes or alcoholic beverages consumed per day. Adherence
was measured by the number of active patients over time.

Statistical Analysis

Evaluation Plan
This evaluation was conducted in accordance with a Statistical
Analysis Plan (see Multimedia Appendix 1).

Descriptives and Transformations
We used descriptive statistics for each outcome of interest: the
number of patients and observations for frequency data, and the
mean and 95% CI for continuous data. For each outcome, we
also calculated the number and percentage of responses per time
point, as well as the mean and SD of response time. This allowed
us to track response levels at each time point and assess the
appropriateness of the predefined time-point categories (eg, 3
months, 6 months).

Some outcomes are known composites of aggregated parameters
(eg, BMI), while others are transformations based on the specific
manual of the questionnaire. We followed each manual’s
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guidelines on handling missing data when transforming or
aggregating specific questionnaire items.

Missing Data
There is no official cut-off for what constitutes an acceptable
or unacceptable level of missingness. Additionally, the reason
for missing data is often unclear, except in cases where a
participant has died. Therefore, we conducted a missing pattern
analysis to determine the amount of missing data for each
parameter separately and to identify how often multiple
parameters are missing simultaneously.

We examined missing patterns across all items in the data set
and aimed to classify them into 3 recognized types of missing
data patterns: missing completely at random (MCAR), missing
at random (MAR), or missing not at random (MNAR) [31]. Of
these 3 patterns, MNAR is the most problematic [32,33], as the
missingness occurs for a specific reason related to the actual
score a participant could have provided but did not.

As there are no formal statistical tests for assessing the size and
nature of missing data, we relied heavily on visual inspection
using bar charts, box plots, kernel density plots, and matrix
plots. For example, if a questionnaire is missing at a particular
time point and continues to be missing at subsequent time points,
this would appear as a linear increase in missing data. Moreover,
if factors such as age or having a partner are likely to influence
responses, we would observe different response distributions
across groups.

Power
As this evaluation was exploratory in nature, we did not conduct
a formal power analysis to estimate the sample size required to
detect a specific effect size with a given level of statistical
significance. Statistical significance was determined by checking
whether the 95% CI excluded 0.

Statistical Models Used
The main objective of this evaluation is to investigate the effect
of following the MFC app program on changes in the TRS after
3 and 6 months. We analyzed the secondary outcomes (ie, BMI,
activity score, PDR score, distress score, smoking habits, and
alcohol intake) in the same way as the primary outcome, except
for program adherence, which was described using descriptive
statistics.

To estimate change, our primary analysis focused on patients
for whom the intended module was made available.
Accordingly, we used the following combinations: activity score
for users of the activity module; alcohol score for users of the
alcohol module; BMI for users of the weight module; last scores
for users of the mindfulness module; the PDR score for users
of the nutrition module; and smoking habits for users of the
smoking module. The TRSs were analyzed for all participants
who responded during the evaluation.

Using a maximum of 7 measurements per patient (1 baseline
measurement and 6 follow-up measurements), and in the absence
of a clinically relevant cut-off value, we estimated change using
a (hierarchical) linear mixed model (LMM) [34]. LMMs are

regression models designed to analyze clustered (longitudinal)
data and can accommodate both MCAR and MAR data [35].

An important note is that we did not build separate models for
the 3- and 6-month time points. As longitudinal data are
correlated (ie, multiple measurements from the same patient),
we constructed a single model from which the statistical
significance of change can be derived at any time point up to
the last observed measurement. Using an LMM, we can include
time as either a categorical variable (eg, 1 month, 3 months, or
6 months) or as a continuous variable, represented by the number
of months or the actual time in days. This approach allows us
to evaluate the app’s effect using days rather than months.

Because of the correlated nature of the data, we developed
several LMMs with different random effects structures: random
intercept, random slope, and random intercept with random
slope [36]. This modeling strategy allows us to account for
different assumptions, such as patients having the same starting
point but different trajectories (random slope), the same
trajectory but different starting points (random intercept), or
both different starting points and different trajectories (random
intercept and random slope).

Model Selection
The primary explanatory factors included in the models are
time, partner status, age, the number of active modules, and the
specific module associated with an outcome (eg, the nutrition
module for the PDR score). To appropriately model time as a
continuous variable, we will use linear functions, polynomial
terms, or natural cubic splines [37].

To evaluate the relevance of these factors, we will iteratively
remove parameters from a fully specified fixed-effects model
using the chi-square test, considering both main effects and
interaction effects. Model accuracy and parsimony will be
assessed using the F test (analysis of variance) and the Akaike
information criterion (AIC), with lower AIC values indicating
better model fit. Model assumptions will be evaluated through
graphical diagnostics and visualizations.

It is important to note that we will not build separate models
for the 3- and 6-month time points. Instead, we will construct
a single model from which the statistical significance of change
can be derived at any time point up to the last observed
measurement.

The analysis of the primary and secondary outcomes will result
in several different models. This raises concerns about spurious
results, as each model carries a 5% false-positive rate when
determining statistical significance. To safeguard against such
statistically spurious findings, it is important to assess whether
the 7 outcomes are correlated at any given time point.

To address this, we will first create a correlation matrix using
Spearman rank correlation, as many of the outcomes are ordinal
in nature. If correlations are consistently higher than 0.50
between outcomes and across time points, we will include the
correlated outcomes as predictors in the original LMM models.
For example, if there is a correlation between distress and BMI,
the distress outcome model will include both time and BMI as
predictors.
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As all variables have a clinical connection to the outcomes of
interest, we allowed this form of statistical reasoning to guide
variable inclusion. However, the final decision was based on
model estimates for each variable, taking into account that
multicollinearity can inflate SEs and affect variance estimates
in mixed models. In summary, we included variables deemed
both clinically important and statistically necessary.

Multiple Imputations in the Case of MNAR
Although patients may exhibit intermittent
missingness—commonly associated with MAR situations and
addressed using MAR models or multiple imputations—a
sudden stop (ie, monotone missingness or drop out) strongly
indicates an MNAR response. This is problematic for our
analysis if it occurs before the 3- or 6-month follow-up. To
address this, we will create a joint model, which combines an
LMM with a survival model [38,39]. This approach is
recognized as a viable alternative to older methods such as
pattern-mixture modeling [40]. One of the authors has previously
applied this method successfully to analyze quality-of-life
changes in a population of patients with palliative pancreatic
cancer [41].

The joint model yields 2 key outputs: (1) a survival model on
program adherence, which incorporates information from the
LMM; and (2) an LMM that adjusts its estimates based on the
survival model. For each joint model, we used Markov chain
Monte Carlo with 4 chains and 100,000 iterations, of which
10,000 were designated as burn-in. Model fit was assessed using
trace and density plots.

Sensitivity Analyses

Adjusting for Timing Discrepancies in Longitudinal
Data: Realignment of Assessment Periods
When analyzing longitudinal data, there is often a discrepancy
between the intended timing of questionnaire returns and the

actual return dates. This means that a 3-month assessment of
an intervention may, in practice, represent a time frame that is
either longer or shorter than planned. To address this, we created
new time categories that better align with the intended schedule
of questionnaire returns. For example, T3 is defined as 90 days
plus or minus 14 days, and T6 as 180 days plus or minus 14
days.

Statistical Package Used
All analyses were performed using R Statistical Software
(v4.1.2; R Foundation), a widely recognized and accepted
program for statistical analysis. For the LMMs, we used the
lme4 package. For the joint models, we used the JMbayes2
package in conjunction with the nlme package for constructing
the LMM component. The survival package was used to build
the Cox proportional hazards component of the joint models.

Results

Patient Characteristics
Table 1 presents the response rates during the evaluation period,
along with response times, which varied by questionnaire
(Figure S4 in Multimedia Appendix 2) and over time (Figure
S2 in Multimedia Appendix 2). In total, 1815 patients were
invited to participate, and all of them agreed to join, achieving
a 100% recruitment rate. Of these, 818 patients (45.07%) agreed
to participate. The mean age of the invited population was 34.1
(SD 5.46) years. A comparison between responders and
nonresponders showed similar age distributions: 33.0 (SD 5.03)
years for responders versus 35.1 (SD 5.63) years for
nonresponders (Figure S1 in Multimedia Appendix 2).
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Table 1. Number and percentage of responses, and the mean and SD of the response time.

Measurement momentsQuestionnaire and condition

T6T5T4T3T2T1T0Screening

Total risk score

Regardless of the active module

21 (1.2)36 (2.0)50 (2.8)91 (5.0)148 (8.2)270 (14.9)546 (30.1)1815 (100)n (%)

N/AN/AN/AN/AN/AN/AN/AN/AaMean (SD)

Activity

Regardless of the active module

20 (1.1)34 (1.9)50 (2.7)85 (4.7)139 (7.7)235 (12.9)758 (41.8)1815 (100)n (%)

220.3 (27.8)186.3 (24.0)154.1
(26.3)

120.6
(23.5)

89.6 (25.1)55.6 (40.9)0 (0)N/AMean (SD)

Only active module exercise

20 (4.5)34 (7.7)50 (11.3)85 (19.1)138 (31.1)233 (52.5)438 (98.6)444 (100)n (%)

220.6 (27.8)186.3 (24.0)154.1
(26.3)

120.6
(23.5)

89.7 (25.1)55.8 (41.0)0 (0)N/AMean (SD)

Alcohol

Regardless of the active module

7 (0.4)23 (1.3)38 (2.1)61 (3.4)113 (6.2)210 (11.6)761 (41.9)1815 (100)n (%)

196.3 (45.6)158.6 (31.2)130.9
(31.9)

92.2 (26.2)62.0 (24.0)34.4 (23.7)0 (0)N/AMean (SD)

Only active module alcohol

5 (2.4)11 (5.3)14 (6.7)26 (12.4)42 (20.1)95 (45.5)199 (95.2)209 (100)n (%)

211.8 (45.5)177.4 (35.2)154.5
(38.4)

104.3
(28.4)

76.2 (27.1)46.2 27.2)0 (0)N/AMean (SD)

BMI (kg/m 2 )

Regardless of the active module

19 (1.0)32 (1.8)45 (2.5)73 (4.0)115 (6.3)209 (11.5)792 (43.6)1815 (100)n (%)

225.8 (27.6)187.1 (25.3)154 (25.2)125.9
(27.7)

93.3 (30.1)57.9 (43.5)0 (0)N/AMean (SD)

Only active module weight

19 (4.5)32 (7.6)45 (10.7)73 (17.4)115 (27.4)207 (49.3)416 (99)420 (100)n (%)

225.8 (27.6)187.1 (25.3)154.0
(25.2)

125.9
(27.7)

93.3 (30.1)57.9 (43.5)0 (0)N/AMean (SD)

Distress

Regardless of the active module

7 (0.4)13 (0.7)17 (0.9)27 (1.5)42 (2.3)84 (4.6)764 (42.1)1815 (100)n (%)

223.9 (28.7)220.0
(108.2)

203.8
(135.5)

160.8
(110.3)

115.5
(89.9)

65.7 (64.5)0 (0)N/AMean (SD)

Only active module mindful-
ness

7 (4.5)13 (8.3)17 (10.8)27 (17.2)42 (26.8)83 (52.9)153 (97.5)157 (100)n (%)

223.9 (28.7)220.0
(108.2)

203.8
(135.5)

160.8
(110.3)

115.5
(89.9)

66.4 (64.5)0 (0)N/AMean (SD)

Preconception dietary risk
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Measurement momentsQuestionnaire and condition

T6T5T4T3T2T1T0Screening

Regardless of the active module

32 (1.8)56 (3.1)80 (4.4)131 (7.2)218 (12.0)380 (20.9)783 (43.1)1815 (100)n (%)

222.9 (26.9)192.6 (58.1)155.7
(50.2)

123 (42.5)87.8 (34.6)55.2 (42.3)0 (0)N/AMean (SD)

Only active module nutrition

32 (4.6)56 (8.1)80 (11.5)131 (18.9)218 (31.5)379 (54.7)680 (98.1)693 (100)n (%)

222.9 (26.9)192.6 (58.1)155.7
(50.2)

123 (42.5)87.8 (34.6)55.3 (42.3)0 (0)N/AMean (SD)

Smoking

Regardless of the active module

94 (5.2)131 (7.2)191 (10.5)262 (14.4)375 (20.7)579 (31.9)761 (41.9)1815 (100)n (%)

129.6 (51.6)114.1 (41.9)88.6 (40.0)71.7 (32.6)44.4 (24.5)20 (20.4)0 (0)N/AMean (SD)

Only active module smoking

11 (8.5)18 (13.8)28 (21.5)42 (32.3)53 (40.8)82 (63.1)119 (91.5)130 (100)n (%)

126.2 (40.5)105.8 (33.2)85.0 (34.8)63.9 (29.6)41.4 (20.5)16.4 (16.5)0 (0)N/AMean (SD)

aN/A: not applicable.

Among the 818 participants, 532 (65%) also included their
partner. The partner-to-no-partner ratio differed significantly
between those who accepted the invitation (532/818, 65.0% vs
286/818, 35.0%) and those who did not (323/997, 32.4% vs

674/997,67.6%; χ2
1=190.81; P<.001).

When age distribution was further stratified by partner status,
the results remained consistent. For nonparticipants, the mean
ages were 34.0 (SD 4.59) years with a partner and 35.6 (SD
6.02) years without a partner. For participants, the mean ages
were 32.1 (SD 4.22) years with a partner and 34.7 (SD 4.22)
years without a partner.

Ultimately, data from 798 of 1815 patients (43.97% of those
invited) were included in the analysis. These participants had
a mean age of 33.0 (SD 5.04) years, with 517 (64.8%) including
their partner. Of the 784 (98.2%) participants who reported their
educational background, the majority (423/784, 53.9%) held a
higher professional or university degree. Notably, higher
education levels were associated with greater follow-up rates
(see Figure S5 in Multimedia Appendix 2).

MFC Programs and Grading by Patients
Patients engaged with a diverse range of personal programs.
Specifically, 693 patients included a nutrition module, while
130 patients included a smoking module. In total, the distribution
of active modules per patient was as follows: we included 113
patients with 1 active module, 271 patients with 2 active
modules, and 289 with 3 active modules; 4, 5, and 6 active
modules were attached to 89, 33, and 3 patients, respectively.
When asked to grade the MFC app on the seventh and fourteenth
day of using the app (Figure S6 in Multimedia Appendix 2),
115 and 68 patients, respectively, gave a median score of 7 (IQR
3).

Patient Response and Response Time
The percentage of patients who filled out a questionnaire
dropped rapidly across time (Figure S9 in Multimedia Appendix
2). The percentage of patients who had both a baseline score
and at least one follow-up score (Figure S11 in Multimedia
Appendix 2) ranged from 84 out of 764 (11.0%) patients for
the distress score to 579 out of 761 (76.1%) patients for the
smoking score, regardless of the module included. Across
questionnaires, we received an average follow-up response rate
of 38.3% (average of 282 patients/average of 737 patients).
Compared with patients who did not return a follow-up
questionnaire (see Figures S12-S14 and S16 in Multimedia
Appendix 2), those who did respond had different median

baseline scores for BMI (29.4 vs 24.3 kg/m2), exercise (3 vs 5),
distress score (6 vs 2), and alcohol (2 vs 0.1). However, the
median scores for the TRS (3), PDR (4), and smoking (0) did
not differ at follow-up. The follow-up percentage did differ
much between those who included a partner and those who did
not (see Figure S8 in Multimedia Appendix 2). When we
accounted for the number of active modules, the graphs showed
a slightly different pattern (see Figures S7, S8, and S10 in
Multimedia Appendix 2), but the data became too sparse for
additional statistical analysis. At baseline, the response rate
ranged from 41.76% (758/1815) to 43.64% (792/1815),
regardless of the active module, and from 91.5% (119/130) to
99.0% (416/420) per active module. These percentages declined
over time, reaching 8.5% (11/130) for the smoking module and
2.4% (5/209) for the alcohol module at the last time point (see
Figure S15 in Multimedia Appendix 2). The average response
time did not align with the expected response time. While all
patients completed their baseline questionnaire on time, the
average response time for the first follow-up, regardless of the
module, ranged from 20 days (smoking score) to 65.7 days
(distress score). When considering only patients with active
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modules, the response times were 16.4 and 66.4 days for the
smoking and distress scores, respectively.

As time progressed, the gap between actual and expected
response times widened. At the fifth time point—approximately
5 months after the follow-up—response times, regardless of the
module, ranged from 220 days for the distress score to 114 days
for the smoking score. The longest response time was observed
for BMI, with an average of 226 days for the 6-month follow-up.

Sensitivity Analyses
Although secondary outcomes showed correlations at each time
point, none consistently exceeded 0.5 (see Figures S24 and S25
in Multimedia Appendix 2). Therefore, we did not use any
secondary outcomes to explain each other.

When we created new time categories that better aligned with
the expected return of questionnaires (eg, T3 was defined as 90
days plus minus 14 days, T6 as 180 days plus minus 14 days),
we reduced our effective sample size (see Figure S3 in
Multimedia Appendix 2). However, this did not alter the
distribution of values across the outcomes (see Figure S14 in
Multimedia Appendix 2). Consequently, we used the Tx
categories for our LMM models (main analysis) while using
the actual time until questionnaire submission for our joint
models, which also accounted for missing data.

Missing Data Pattern Analysis
The missing data pattern analysis revealed a monotone pattern
(see Figures S31-S36 in Multimedia Appendix 2), meaning that

once a patient stopped returning questionnaires, they dropped
out entirely. This suggests a potential MNAR pattern.
Consequently, we successfully fitted joint models for the TRS
(see Figure S19 in Multimedia Appendix 2), activity (see Figure
S26 in Multimedia Appendix 2), alcohol intake (see Figure S27
in Multimedia Appendix 2), BMI (see Figure S29 in Multimedia
Appendix 2), PDR (see Figure S30 in Multimedia Appendix
2), and smoking habits (see Figure S28 in Multimedia Appendix
2). The results from the joint models align with the outcomes
of the LMM models, although they are somewhat harder to
interpret due to the inclusion of splines. Therefore, we reported
the output of the LMM models, as they better followed the
original questionnaire sampling. A joint model for distress did
not converge. In summary, the MNAR analysis via joint
modeling did not warrant further investigation.

Results for the Primary and Secondary Outcomes
The model selection results (see Figures S17-S23 in Multimedia
Appendix 2) show 14 models for alcohol intake, BMI, activity,
and the distress score. For PDR and smoking habits, we created
15 models, while for the TRS, we included 13 different models.
In almost all selection procedures, the AIC was lowest for
models that included a main effect of time (as a dummy
variable), partner, age, and the number of active modules.

Figure 1 and Table 2 show the results for primary and secondary
outcomes at baseline, 3-month, and 6-month follow-ups. The
number of patients and observations included ranged from 424
patients (1040 observations) for the TRS to 83 patients (272
observations) for the distress score.
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Figure 1. Predicted response by best model per outcome and partner.
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Table 2. Results following the MFCa app at the 3- and 6-month follow-up.b

Measurement momentsValuesQuestionnaire

T6T3T0

P valueΔ95% CIMeanP valueΔc95% CIMean95% CIMeanObservedN

<.001–1.461.65-
3.06

2.35<.001–1.471.87-2.812.343.43-4.193.811040424Total risk score

<.0010.923.95-4.74.33<.0010.773.97-4.404.183.25-3.573.41786230Activity

.53–1.162.10-
6.42

4.26<.001–2.791.55-3.722.644.71-6.145.4328694Alcohol

<.001–0.9528.4-
29.9

29.1<.001–0.4728.9-30.329.629.4-30.830.1698207BMI (kg/m2)

.07–1.622.45-
5.37

3.91<.001–1.692.99-4.703.844.94-6.125.5327283Distress

<.0010.813.93-
4.53

4.23<.0010.864.11-4.454.283.30-3.553.42375265Preconception dietary
risk

<.001–4.742.87-
7.56

5.22<.001–4.754.03-6.755.388.89-11.029.9581313Smoking

aMFC: MyFertiCoach.
bResults are based on the most optimal model following an extensive model selection procedure.
cΔ: difference between categories.

For all outcomes, the change in score compared with baseline
was statistically significant at 3 months (at the 5% level or
P<.001) and considered positive (eg, lower BMI, reduced
smoking, or improved nutrition). These changes remained
statistically significant (P<.001)at 6 months, except for alcohol
intake (P<.53) and distress levels (P<.07). For alcohol, part of
the initial positive response (Δ –2.79; P<.001) diminished by 6
months (Δ –1.16; P<.531). For distress, the initial statistically
significant change (Δ –1.69; P<.001) shifted to a positive trend
(Δ –1.62; P<.073). BMI was the only outcome that continued

improving over 6 months (30.1 vs 29.6 vs 29.1 kg/m2; P<.001).

For the TRS, the changes were clinically relevant at both 3 and
6 months. For BMI, clinical relevance was only observed at 6
months.

When we stratified the longitudinal analysis by partner presence
(Figure 1 and Table 3), statistical significance was maintained
at 3 months (P<.001), except for BMI, which was no longer
significant in the group that included a partner (30.4 vs 30.2

kg/m2 vs 29.9 kg/m2; P<.07). However, the group without a
partner showed an even greater decrease in BMI (29.8 vs 29.1

vs 28.4 kg/m2; P<.001). Regardless of partner status, the change
in alcohol intake remained nonsignificant (P=.53).

JMIR Form Res 2025 | vol. 9 | e64239 | p.2237https://formative.jmir.org/2025/1/e64239
(page number not for citation purposes)

Smeenk et alJMIR FORMATIVE RESEARCH

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


Table 3. Results following the MFCa app at the 3- and 6-month follow-up.b

Measurement momentsValuesPartnerQuestion-
naire

T6T3T0

P valueΔ95% CIMeanP valueΔc95% CIMean95% CIMeanObservedN

1040424Total risk
score

<.0011.461.47-2.732.1<.0011.471.74-
2.44

2.13.35-
3.77

3.56Yes

<.0011.461.67-3.542.6<.0011.471.82-
3.37

2.593.34-
4.79

4.07No

786230Activity

<.001–0.93.87-4.644.26<.001–0.773.89-
4.33

4.13.17-
3.50

3.33Yes

<.001–0.93.98-4.844.41<.001–0.773.96-
4.56

4.263.23-
3.75

3.49No

28694Alcohol

.531.20.93-5.393.2<.0012.790.32-
2.75

1.53.44-
5.21

4.33Yes

.531.23.09-7.635.4<.0012.792.44-
5.03

3.75.51-
7.54

6.52No

698207BMI

(kg/m2)

.07–0.529.0-31.029.9.07–0.2329.3-
31.0

30.229.6-
31.2

30.4Yes

<.001–1.427.0-29.728.4<.001–0.7127.9-
30.3

29.128.6-
31.0

29.8No

27283Distress

.071.622.62-5.544.08<.0011.693.18-
4.84

4.015.14-
6.26

5.70Yes

.071.622.11-5.373.74<.0011.692.53-
4.82

3.674.40-
6.32

5.36No

3751265Preconcep-
tion dietary
risk

<.001–0.814.06-4.664.36<.001–0.864.23-
4.59

4.413.42-
3.69

3.55Yes

<.001–0.813.77-4.444.10<.001–0.863.92-
4.38

4.153.10-
3.49

3.30No

81313Smoking

<.001–4.742.13-6.974.55<.001–4.753.23-
6.20

4.728.03-
10.54

9.29Yes

<.001–4.743.28-8.475.88<.001–4.754.29-
7.80

6.049.09-
12.14

10.64No

aMFC: MyFertiCoach.
bResults are based on the most optimal model following an extensive model selection procedure.
cΔ: difference between categories.

When we further analyzed outcomes by partner presence and
time point (Table 4), we observed lower alcohol scores (Δ –2.2;
P<.001) and higher PDR scores (Δ 0.256; P=.03) in patients
who included their partner. These were both main effects.

However, for BMI, we identified an interaction effect, showing
a more pronounced decline at 6 months (Δ –1.555; P=.04) in
patients who did not include their partner.
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Table 4. Results following the MFCa app at the 3- and 6-month follow-upb.

Measurement momentsValueQuestionnaire
and partner

T6T3T0

P valueΔ 95% CIMeanΔ P valueΔ 95% CIMeanΔ P valueΔc 95% CIMeanObservedN

1040424Total risk score

.190.505
(–0.244 to
1.25)

2.1.190.505
(–0.244 to
1.25)

2.1.190.505
(–0.244 to
1.25)

3.56Yes

N/AN/A2.6N/AN/A2.59N/AN/Ad4.07No

786230Activity

.290.154
(–0.135 to
1.051)

4.3.290.154
(–0.135 to
1.051)

4.1.290.154
(–0.135 to
1.051)

3.33Yes

N/AN/A4.4N/AN/A4.3N/AN/A3.49No

28694Alcohol

<.0012.2 (0.922 to
3.47)

3.2<.0012.2 (0.922 to
3.47)

1.5<.0012.2 (0.922 to
3.47)

4.33Yes

N/AN/A5.4N/AN/A3.7N/AN/A6.52No

698207BMI (kg/m2)

.04–1.555
(–3.06 to
–0.0518)

29.9.12–1.077
(–2.46 to
0.3021)

30.2.39–0.599
(–1.96 to
0.767)

30.4Yes

N/AN/A28.4N/AN/A29.1N/AN/A29.8No

27283Distress

.51–0.339
(–1.37 to
0.691)

4.08.51–0.339
(–1.37 to
0.691)

4.01.51–0.339
(–1.37 to
0.691)

5.70Yes

N/AN/A3.74N/AN/A3.67N/AN/A5.36No

3751265Preconception
dietary risk

.03–0.256
(–0.484 to
–0.028)

4.36.03–0.256
(–0.484 to
–0.028)

4.41.03–0.256
(–0.484 to
–0.028)

3.55Yes

N/AN/A4.10N/AN/A4.15N/AN/A3.30No

81313Smoking

.15–0.909
(–0.485 to
1.458)

4.55.15–0.909
(–0.485 to
1.458)

4.72.15–0.909
(–0.485 to
1.458)

9.29Yes

N/AN/A5.88N/AN/A6.04N/AN/A10.64No

aMFC: MyFertiCoach.
bResults are based on the most optimal model following an extensive model selection procedure.
cΔ: difference between categories.
dN/A: not applicable.

Discussion

Principal Findings
Our findings indicate that introducing a lifestyle app can
immediately improve several lifestyle factors associated with
subfertility and the success of fertility treatment. Specifically,
the assessment of the TRS shows that app usage leads to a

clinically relevant improvement. The peak effect of the
intervention appears to occur around the third month, after which
improvements plateau—except for BMI, which remained
clinically relevant at 6 months. The MFC app was designed
with input from both patients and health care professionals to
ensure it targeted lifestyle domains deemed most useful. As a
result, the app was intended to be more than just a digital
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summary of suboptimal lifestyle behaviors. Through shared
decision-making, both patients and HCPs contributed to the
final selection of active modules, integrating the app into the
broader treatment plan. From a preventive medicine perspective,
the app provided a valuable starting point and contributed to
more efficient care, offering an inexpensive way to influence
lifestyle. This impact is also reflected in the data, where most
effects were observed immediately after app use began.

However, it appears that not everyone is eager to start an
intervention of this type. While we cannot determine with
certainty why some individuals chose not to participate, we
observed lower participation rates among those with lower levels
of education and those without a partner. It remains unclear
whether the presence of a partner played a significant role in
the acceptance of this evaluation. However, even when better
follow-up led to a more favorable effect of the app, partner
participation did not consistently enhance its effectiveness.

On an individual level, the reasons why some patients stopped
using the app—or never started—remain uncertain. One
plausible explanation is that certain users did not identify with
the app, despite extensive screening and discussions. Another
possibility is that aspects of the app’s design or usability did
not appeal to everyone, although we do not have specific data
to confirm this.

In summary, we believe the MFC app is a cost-effective addition
to standard care, helping subfertile women and their partners
implement necessary lifestyle changes. Financial costs are
minimal, and health care professionals require little time
investment. While the app primarily attracts a specific
group—those with higher education and a partner—it does lead
to meaningful improvements in key lifestyle factors.

Limitations
Because of the nature of our evaluation, we were unable to
account for all known and unknown confounders. Despite
conducting several sensitivity analyses, we cannot rule out the
possibility that the temporal differences—or lack
thereof—observed between patients, including those with a
partner, may be influenced by factors beyond patient
characteristics or the app itself. Additionally, the pattern of
missing data cannot be formally assessed in a quantitative
manner, meaning we do not know why patients dropped out
when they did.

Furthermore, we did not include a formal comparative group,
so we cannot determine how outcomes would have developed
in patients who did not receive guidance through the app. These
limitations—along with others, such as the lack of randomization
or blinding—prevent us from drawing causal inferences.

Many uncertainties remain. For example, we do not know why
patients dropped out, nor do we have full transparency regarding
the exact selection process. Although modules were chosen
through shared decision-making, it is unclear whether the final
choice was driven solely by motivation. However, this does not
imply that a lack of improvement is due to low motivation or
suboptimal care. It is possible that the interventions themselves
did not sufficiently support patients in improving suboptimal
lifestyle factors.

Special consideration should be given to folic acid use and
pregnancy. While we did not extract these data, it is possible
that some patients became pregnant while using the app and
continued to use it. As Dutch guidelines recommend folic acid
supplementation during the first 3 months of pregnancy, some
patients may not have used folic acid, leading to a higher TRS.
If this is the case, the app’s beneficial effect could be even
greater than our current estimates suggest.

The consistency of findings across LMMs and joint models
does not eliminate the potential limitations of our study. While
LMMs can handle data that are MAR and joint models can
address missing-not-at-random (MNAR) data by incorporating
estimates from survival analysis, no statistical safeguard can
fully account for the high amount of missing data in our
evaluation. Ultimately, there is no way to account for what we
do not know.

As a result, we cannot claim that the high probability of MNAR
data was entirely mitigated by the joint models. However, we
can state that incorporating survival models alongside mixed
models produced estimates that were very similar to those
obtained using mixed models alone. This strengthens our
confidence in the robustness of the model estimates given the
available data. Nonetheless, our findings should be interpreted
with caution due to the high level of missing data—an inherent
limitation when evaluating interventions in standard care
settings.

Additionally, our findings are based on a select group of patients
from a single center in the Netherlands, where we observed a
high rate of attrition during implementation. As we cannot fully
determine the reasons for dropout, there is a potential risk of
bias, as those who continued participating may differ
systematically from those who dropped out.

Comparison With Prior Work
In the Netherlands, 2 other groups are actively developing apps
to support treatment: the international LIFESTYLE study, in
which the Medical University of Groningen participates [6,7,42],
and the Smarter Pregnancy platform at Erasmus Medical Center
[43]. However, these initiatives primarily involve hands-on
interventions, making them financially expensive and
time-intensive, although they tend to yield better and more stable
responses. This suggests that maintaining patient motivation
may require a similar level of investment from health care
professionals.

Lifestyle changes are notoriously difficult to achieve and sustain.
Eating, drinking, and smoking are habits that provide immediate
gratification, while their negative effects manifest only in the
long term. Psychological stressors are also challenging to
address and vary depending on their nature—for example, losing
a loved one differs from facing persistent financial difficulties.
Consequently, our findings of immediate but not long-lasting
changes align with what has been extensively documented in
previous research.

Patients varied significantly in their personal trajectories. Some
showed substantial improvement, others experienced only
marginal benefits, and some saw no measurable change despite
their efforts. Analyzing heterogeneous data often results in
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marginal main effects which, even when statistically significant,
may not translate into meaningful clinical change. Attempts to
include interaction effects—such as partner presence, number
of active modules, and age—did not provide clearer insights
into why some patients responded well while others did not.

However, given the nature of the app and the study setting, the
observed dropout rates were not unexpected. We aimed to
facilitate lifestyle changes in a predominantly working-class
population with limited health literacy. This does not imply that
these patients cannot benefit from or are unwilling to engage
with such interventions, but rather that additional efforts are

necessary to achieve long-term change. Therefore, evaluations
of mHealth apps should not rely solely on questionnaires but
should also incorporate in-depth follow-up interviews, which
we plan to conduct in future development stages.

Conclusions
Our evaluation of an mHealth app in standard care, designed to
support women seeking pregnancy, demonstrated an immediate
and clinically relevant improvement in key lifestyle parameters.
Further research is needed to identify causal pathways leading
to sustained effectiveness. To maintain and enhance these
results, patient-specific programs must be further tailored.
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Abstract

Background: Up to 75% of young adult cancer survivors (YACS) experience chronic insomnia, negatively affecting physical
and emotional health and overall quality of life. Cognitive behavioral therapy for insomnia (CBT-I) is a gold-standard intervention
to address insomnia. To improve CBT-I access and treatment adherence, screen-based digital CBT-I platforms have been developed.
However, even with these digital products, widespread uptake of CBT-I remains limited, and new strategies for CBT-I delivery
are warranted.

Objective: The objective of this study is to understand how YACS experience insomnia and how they might incorporate
technology-delivered CBT-I into a daily routine and test the feasibility and acceptability of a novel screen-free voice-activated
virtual assistant–delivered CBT-I prototype.

Methods: Eligible participants—ages 18-39, living with a history of cancer (any type, any stage), self-reporting on average less
sleep than National Sleep Foundation recommendations, and English-speaking—were recruited from a major urban cancer center,
2 regional oncology clinics, and 2 cancer survivorship support groups. We conducted 4 focus groups to understand the YACS
experience of insomnia, their routine use of technology at home, particularly voice-activated virtual assistants such as Amazon
Alexa, and input on how CBT-I might be delivered at home through a smart speaker system. We developed a prototype device
to deliver key elements of CBT-I at home along with circadian lighting and monitoring of post-bedtime device use, collected
YACS user perspectives on this prototype, and then conducted a single-arm feasibility and acceptability study.

Results: In total, 26 YACS (6-7 participants per group) experiencing insomnia participated in focus groups to share experiences
of insomnia during cancer survivorship and to provide input regarding a CBT-I prototype. Common triggers of insomnia included
worry about disease management and progression, disease-related pain and other symptoms, choices regarding personal device
use, and worry about the impact of poor sleep on daily functioning. In total, 12 participants completed device prototype testing,
engaging with the prototype 94% of the assigned times (twice daily for 14 days; meeting predetermined feasibility cutoff of
engagement ≥70% of assigned times) and rating the prototype with an overall mean score of 5.43 on the Satisfaction subscale of
the Usability, Satisfaction, and Ease of Use scale (range 4.42-7; exceeding the predetermined cutoff score for acceptability of
5.0). All participants completing the study reported they would be interested in using the prototype again and would recommend
it to someone else with insomnia.
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Conclusions: YACS were highly engaged with our voice-activated virtual assistant–delivered CBT-I prototype and found it
acceptable to use. Following final device development, future studies should evaluate the efficacy of this intervention among
YACS.

Trial Registration: ClinicalTrials.gov NCT05875129; https://clinicaltrials.gov/study/NCT05875129

(JMIR Form Res 2025;9:e64869)   doi:10.2196/64869

KEYWORDS

cancer; survivor; insomnia; cognitive behavioral therapy; technology; app; oncology; mobile health; artificial intelligence; young
adults; sleep; mHealth; mobile health; CBT; voice-activated virtual assistant; virtual assistants; focus group; qualitative research

Introduction

Insomnia, characterized by the struggle to initiate or maintain
sleep or the experience of nonrestorative sleep, brings along
symptoms that hinder daily functioning, such as weariness,
concentration difficulties, and mood disruptions [1]. Among
the estimated 650,000 young adult cancer survivors (YACS,
ages 18-39 years old) in the United States, up to 75% are
grappling with insomnia symptoms, with nearly 30% likely to
experience insomnia disorder [2-8]. Untreated insomnia is
associated with a myriad of psychological and medical
consequences, exacerbating the long-term impact of cancer
diagnosis and treatment [3,4,9-11].

Insomnia adversely affects cardiometabolic and immune system
health, neurobehavioral function, depression, fatigue, and overall
quality of life [9,12-14]. These repercussions can also result in
reduced physical activity and increased sedentary behavior,
both linked to negative health outcomes in YACS [4,15]. In
comparison to those with regular sleep patterns, cancer survivors
dealing with insomnia tend to have more medical visits, double
the hospitalization rate, and a higher reliance on medication
[16]. Furthermore, insomnia serves as a risk factor for various
mental illnesses, with the greatest risk ratios observed in
depressive disorders. Despite its persistent nature during and
after cancer treatment, discussions about insomnia with health
care providers remain infrequent [17]. Addressing the need for
accessible and effective insomnia treatment targeted to support
this population with distinct cancer trajectories due to diagnosis
at a young age is imperative.

Cognitive behavioral therapy for insomnia (CBT-I) is the gold
standard intervention recommended by the National
Comprehensive Cancer Network (NCCN) to address insomnia
in cancer survivor populations [18-20]. Previous studies have
demonstrated the effectiveness of CBT-I among YACSs [21,22].
However, widespread accessibility to CBT-I remains challenging
due to an insufficient number of trained providers, a lack of
insurance coverage, and even language barriers [23,24]. The
administration of CBT-I demands specialized training, and its
delivery, typically over 5-6 in-person sessions, can be
time-consuming and expensive, creating multiple obstacles to
care. Though CBT-I remains the gold standard intervention,
adherence can be challenging due to a variety of patient and
treatment-related factors as well as multiple changes to bedtime
required by the CBT-I component called sleep restriction
[25,26]. Even with shorter treatment plans of 3-4 sessions,
dropout rates in trials have reached 20%-30%, suggesting
potential challenges in real-world adherence [27,28].

In response to this, internet-based or app-delivered digital
automated therapies have been developed and proven easier to
access by patients, though many of these programs are more
instructional than interactive, which may be less engaging for
participants [29-31]. Such platforms can make therapy more
flexible and accessible, particularly for individuals without
access to in-person therapy or who prefer to engage with CBT-I
at home. Several meta-analyses and reviews indicate that
electronic delivery of CBT-I is just as effective as traditional,
face-to-face approaches [29,30]. These programs are grounded
in evidence-based practices and typically incorporate
components like those found in traditional CBT-I [32,33].
However, there are concerns that the self-directed format of
these programs might lead to lower treatment adherence [34].
Some critics also point to a lack of comprehensive quality
control over these digital therapeutics as a potential issue
[34,35]. Furthermore, these internet-delivered therapies require
user engagement with digital screens right at bedtime, potentially
confounding the physiologic process of melatonin secretion that
enhances sleep [36].

Building on prior work [37], we hypothesized that we could
address these issues—improving access to CBT-I, greater
technology usability, and reducing screen-time use—at once
by integrating 3 distinct technologies running custom software
and that YACS would find this technology appealing to use.
First, we aimed to deliver the most important therapeutic
components of CBT-I interactively via an AI-assisted smart
speaker system and without the use of mentally and emotionally
activating, melatonin-suppressing screens at night. Second, we
deployed smart lighting controls to facilitate CBT-I suggested
changes to the room environment. Finally, we used a customized
router that provided feedback to each participant about
post-bedtime screen use. We supported the ability of YACS to
make different choices about screen use at night. We believe
these 3 technologies could work together in a customized
package to meet the best elements of conversation CBT-I with
new ways to support adherence through complex and lengthy
treatment protocols. Thus, using an approach involving active
stakeholder input and an iterative design process, we aimed to
develop and test a novel prototype to increase sleep duration
for YACS.

Methods

Participants and Recruitment
Recruitment occurred via patient referrals from 11 oncologists
at a large urban academic medical center in Washington, DC,
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from 2 regional oncology practices focused on YACS
populations, 2 regional cancer survivor support groups, and
Facebook social media advertising. The Washington, DC-based
academic medical center annually provides oncology care to
over 2000 adult patients living with cancer, including
approximately 360 YACS. Regional young adult oncology
practices included a large outpatient clinic in Northern Virginia
and a similarly large clinic in Charlotte, NC. Regional cancer
survivor support groups were based in Washington, DC, and
suburban Maryland in the Baltimore-Washington, DC region.
In all settings, approved recruitment flyers were placed
strategically in clinic waiting areas or were shared directly with
potential participants by providers (oncology clinics) or support
staff (cancer survivor support groups). Members of the study
team were available by phone or email to answer questions.
Potential participants were screened for eligibility by the
research team.

Participants were included if between 18 and 39 years old, living
with a history of cancer (any type, any stage), self-reported to
average less sleep than recommended for their age by the
National Sleep Foundation for ≥3 months (7-9 hours per night)
[1], could engage with the study prototype and complete surveys
and interviews in English, and had Wi-Fi access at home.
Individuals were excluded if they were enrolled in hospice care
or lived outside the continental United States.

Focus Groups
Our research team followed the consolidated criteria for
reporting qualitative research (COREQ) process through this

qualitative study [38]. Qualitative data was gathered through 4
formative focus groups led by study authors (HG and DG), held
virtually between December 2022 and March 2023. During
recruitment, potential participants were informed that the team
sought to learn more about the experience of chronic insomnia
and gather perspectives on the use of mobile technology to
improve sleep at home. Prior to the study, no study team member
had any relationship with any participant. We included 26
participants (6 in focus group 1; 7 in group 2; 7 in group 3; and
6 in group 4). Prior to joining the virtual meeting, participants
were asked to turn off their video cameras and deidentify their
names (eg, “Guest” or “Participant”) making participation
anonymous. Focus group questions and prompts—outlined in
Table 1—were developed by members of the research team
based on prior work with cancer survivors and tested with 2
YACS who were not part of the focus groups. Each focus group
consisted of a brief introduction to the project followed by a
facilitated conversation regarding participant experiences of
insomnia and sleep disruption in cancer survivorship. Our
inquiries explored participant insomnia experiences, elucidating
perceived causes and symptoms. Participants were also asked
about the current use of technology at home, particularly smart
technology such as smart speakers and other voice-activated
virtual assistants, screen use habits, and concerns about privacy
related to smart technology use. Each focus group lasted
approximately 90 minutes. Members of the research team
continually reviewed focus group content and, after the fourth
focus group, determined that content saturation had been
achieved.
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Table 1. Focus group questions aimed at understanding chronic insomnia of young adult cancer survivors and portable technology habits.

QuestionsTheme

Perceptions and experiences of insomnia • What is your insomnia experience like? How long has it been occurring?
• How has insomnia affected your cancer journey?

Mitigation strategies for insomnia • What steps have you taken to improve your sleep? What have you found to be helpful, if
anything?

Device use and habits • Which connected devices do you use every day?

Associated between device use and sleep habits • To what extent do you think that the use of connected devices affects your sleep?

• Have you taken any efforts to try and change your connected device use, specifically as it
relates to how you sleep?

• If yes, what have you found to be helpful?

• If not, what would interest you to make changes?

VAVAa technology use and habits • Do you use VAVAs at home or elsewhere? Examples include Apple Siri, Amazon Echo/Dot,
or Google Assistant.

• If you have not used VAVAs, why not?

Comfort using VAVA-delivered strategies to im-
prove insomnia

• What are your thoughts on a smart speaker system giving you instructions like this about
your sleep?

• What other ways do you think that technology might be able to help make better choices to
improve your sleep?

Familiarity with smart lighting and integration
into sleep-wake experience

• What is your familiarity with smart lighting?
• What are your thoughts on having smart lights installed in your bedroom that would automat-

ically change in the evening to set up an optimal bedtime for you?
• What if the smart lights also automatically changed prior to an optimal wake time?

Screen time usage and device prototype feedback
about habits

• What are your thoughts on seeing weekly or monthly reports on how often your devices impact
your sleep, and which devices have the most significant effect on your sleep?

• Would you have privacy concerns about a system that provides feedback about your internet
usage to you?

• If yes, how do these privacy concerns compare to your privacy concerns about other apps
you use and websites you visit?

• Would those privacy concerns change your interest in using a system like this for better sleep?
• What system would make you feel confident about privacy protection on a system like this?

aVAVA: voice-activated virtual assistant.

Device Prototype Development
The More SHEEP (More Sleep Hours Electronic Education
Program) system includes proprietary Media Rez technology
for delivering elements of CBT-I via natural voice interactions
for more engaging patient education and patients can complete
sleep logs without bedtime screen use (Figure 1). The team used
the first 2 focus groups with YACS to design the systems and
2 follow-up focus groups to iteratively revise the software. The
system was built around an AI-driven smart speaker using an
Amazon Alexa device (Echo Dot 3rd Gen). In preparation for
the 2-week trial, the technical team reduced the 6-session course
of CBT-I to only 2 weeks by concentrating material from later
weeks into the earlier sessions, with the goal of providing a
comprehensive experience of virtual CBT-I sessions in only 2
weeks. The team also provided a lamp with a color-changing
Philips smart bulb controlled by our custom software, which
changed its on and off times based on each patient’s unique
sleep restriction and sleep consolidation recommendations

according to the rules of CBT-I. As a result, the smart lamp
bulbs automatically changed color temperature throughout the
day. It began with a bright white with blue wavelengths in the
morning to suppress melatonin production and reduce sleepiness
and shifted to a warm amber in the evenings, so melatonin is
not suppressed, and the patient can feel naturally sleepy [39,40].
The technical team also developed router control software to
record and categorize the web-based traffic (social media,
streaming video, and gaming) by the participant after bedtime
(but not other members of the household, by having only the
participant use the WiFi from the included custom router), so
this screen use information could be presented to each patient
to help them make better decisions about evening device use.
For example, the system compares IP addresses visited by the
patient with known sites like Netflix, Call of Duty, and
Instagram. The system was also built to intelligently filter out
other sources of internet use, like automatic updates and other
forms of device telemetry. In this system, patient privacy and
confidentiality are ensured since the system immediately
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discards all identifiable information about post-bedtime website
usage once that usage is shared with the patient. No information
is collected about websites visited at any other time. Because
this IP information is not stored, it cannot be summarized to
participants or accessed at a future time, either by the participant

or by a third party such as an internet hacker. No information
is collected from other people in the household who are using
conventional WiFi and not using this system. Together, these
3 elements combine to deliver a comprehensive, innovative
sleep solution.

Figure 1. The More SHEEP (More Sleep Hours Electronic Education Program) system connects a smart speaker, smart lighting, and unique internet
router to provide tailored cognitive behavioral therapy for insomnia (CBT-I) and individualized screen use data to individuals with chronic insomnia.

Device Testing
Following prototype development and refinement, we conducted
a single-arm study to evaluate the feasibility and acceptability
of the system. While the research team remained knowledgeable
about each participant, the technology company Media Rez was
blinded to participants to preserve anonymity. For this phase,
we screened 27 potential participants for participation, 6 of
whom expressed interest and then did not respond to further
communication, 5 changed their minds about participation after
hearing more information about the study, 1 person wished to
proceed with consent but was about to leave the country for an
extended travel period, 1 person decided not to participate due
to an upcoming medical procedure, and 1 person was initially
eligible and then became ineligible due to a hospice referral.
We thus recruited and enrolled 15 eligible YACS who were not
involved in the focus groups.

After completing written consent, participants received (either
by mail or picked up in person) a study materials box containing
the prototype smart speaker, smart lamp, router, and setup
instructions. A member of the study team assisted with device
setup via a brief phone call with each participant. Participants
were instructed to engage with the prototype system twice daily
for 14 days, including entering sleep logs, receiving smart
speaker–delivered education about relevant content (eg, sleep
hygiene, relaxation strategies), and reviewing personalized data
regarding screen time use. If challenges occurred during system
setup or use during the 14-day study period, a research team

member contacted the tech team directly for troubleshooting
advice to preserve the anonymity of the participants to the tech
team.

Study feasibility was determined by user engagement with the
prototype as assessed by: (1) the number of days over the study
period that participants interacted with the system (≥70%
interaction days used as cutoff) and (2) the average number of
daily interactions with the prototype (≥2 daily interactions used
as cutoff). Study acceptability was assessed by an average score
≥5 (“somewhat agree”) on the Satisfaction subscale of the
Usability, Satisfaction, and Ease of Use scale; this subscale is
composed of 7 items measuring satisfaction with program
content and the method of program delivery [41]. Additionally,
all participants completed a semi-structured interview to assess
overall user experience, with a focus on overall impressions of
the system as well as each specific component, enthusiasm for
longer-term use, and recommendations for device improvements.

We used a grounded theory approach for qualitative data
analysis. Focus groups (formative phase) and semi-structured
interviews (following device testing) were audio recorded and
transcribed. Coding was led by HG (trained in qualitative
analysis) with assistance from other team members (LA, LG)
and reviewed by members of the research team. Initial coding
of qualitative data was descriptive in nature, based on the
interview guide structure. From the focus group data, emerging
themes and exemplary quotes were extracted to develop the
prototype prior to testing. Semi-structured interview data will
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be used to further develop the device prior to future efficacy
testing. All quantitative data (following device testing) were
summarized using descriptive statistics.

Ethical Considerations
Per institutional guidelines at the primary study site, this study
was first reviewed and approved by the Georgetown University
Lombardi Comprehensive Cancer Center Scientific Review
Committee prior to review and approval by the MedStar Health
Research Institute Institutional Review Board (number
00005548). Focus group participants provided verbal consent
to participate at the beginning of each focus group conducted.
Participants for device feasibility testing provided written
consent prior to the device prototype being shipped to the home.
Per protocol approved by the IRB, all identifiable participant
data was stored on password-protected, encrypted servers. Focus
group participants each received a $30 gift card. Device testing
participants were offered a choice to either (1) keep the study
device after a factory reset or (2) receive a US $50 gift card.

Results

Focus Groups
In total, 26 YACS experiencing insomnia participated in focus
groups to share experiences of insomnia during cancer
survivorship and to assess the practicality of using this system
for delivering components of CBT-I (Table 1). All 4 focus
groups echoed similar experiences with insomnia, describing
cancer survivorship as characterized by insufficient sleep and
diminished energy, whether struggling to initiate sleep or stay
asleep, and often finding themselves awake in the middle of the
night. Common threads in perceived triggers and symptoms
encompassed anxiety and worry about disease management and
progression, disease-related pain and other symptoms, choices
regarding personal device use, and worry about the impact of
poor sleep on daily functioning (Table 2).
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Table 2. Sample scripts for MORE Sheep modules

CBT-I componentModule name

Education

Psychoeducation• Another thing I will do is automatically adjust the provided smart lamp. Tonight, beginning an hour before
your bedtime of 10:00 P.M., the lamp will begin to fade out, and turn itself off just before bed. In the morning,
it will turn on at its lowest brightness and slowly get brighter until it is fully bright at your wake-up time of
7:00 A.M. As I learn more about your sleep patterns, I may suggest changing when you sleep, and the lamp
will act as a visual cue of your sleep schedule. In the coming days, I'll explain the effects of light, your circa-
dian rhythm, and how your body uses a hormone called melatonin to regulate sleep.

Psychoeducation and stimulus
control

• Congratulations! You left the bed four times this week when you couldn't sleep and listened to three relaxation
scripts until you were tired enough to go back to the bedroom to sleep. This is good, because it helps you as-
sociate the bed only with sleep, and not with lying awake. In this case, sleep restriction could be helpful,
making your total time in bed closer to your actual sleep time. Instead of a 10:00 pm bedtime, would you like
to try going to bed at 10:45 for the next few nights?

• If Yes: Good. I'll reset your alarms and lights for 10:45, and we'll see how that works out.

Morning

Sleep restriction• We worked together to establish a bedtime of 10:45 and wake time of 7 A.M. The hours I set for your sleep
are not a lifelong sentence. It was merely the necessary step to get you to try to improve your sleep. As you
may be starting to see, sleep restriction and stimulus control are meant to help consolidate your sleep to improve
your ability to fall asleep and stay asleep.

Sleep hygiene• Rate the quality of your sleep last night from 1-5 (with one being the best and five being the worst). About
how many times did you wake up last night?

Night

Psychoeducation• Being active each day is important. Even a 10 minute walk is a great start! Would you like me to remind you
to get moving during the day?

• If Yes: Great. What time can I send you a push notification on the app to be active?
• User Time Input: Ok, I'll send you a notification to be active each day at 1:30 P.M.

Sleep Hygiene• Please rate your tiredness today on a scale of 1 to 5, with 1 being the least tired and 5 being the most tired.

Psychoeducation, Sleep Hygiene• Last night I detected internet usage during your sleep window. Specifically, it appears you used devices late
at night. This activity appears to include streaming video. Is this correct?

• If Yes: Remember that this will hurt your sleep. Let me give you a tip for tonight: Establish a bedtime routine
where you give yourself time to check devices one more time and then commit to keeping them off until
morning. It should ideally be 30 minutes or more before bed. Give yourself the time before bed to view social
media or watch a show, but promise yourself that once it is bedtime, your devices are off limits. Consider
turning on a “do not disturb” mode, or fully power off these devices, and keep them away from the bed.

Relaxation:

Relaxation• For this first relaxation exercise, I'd like to play a few samples of each type. In the future, I'll help you find
which type you enjoy most.

I think most times I get [insomnia] it was a little bit
combination of stress and having emotional traumas
that led to sleeplessness.

What causes me to stay awake is when I am having
some level of depression and anxiety.

At the end of the day, [if] you sleep one or two hours
and wake up, the experience is bad. A lot of people
are looking for how you can get yourself calm. There
is a lot of anxiety and depression [living with cancer].

Use of personal technologies was frequently cited as a trigger
for insomnia:

Sometimes these [screen] devices become a problem
for me in terms of sleeping. I put them in Airplane

mode so that I can get better sleep… [but if] I forget
to put it on Airplane mode and if my phone disturbs
me, I find it difficult to fall asleep again.

In order not to get distracted, sometimes [I find
myself] setting a limited time to spend with my device
and try to adhere to it. And when it is time [to stop
phone use] I know it's time to quit time to go to bed,
though it is really not easy.

Common strategies to mitigate sleep disturbances included web-
or app-based meditation programs to calm anxiety, worry, or
distraction through screen devices. Participants frequently noted
a reluctance to seek pharmacotherapies for insomnia, voicing
a preference for nonpharmacologic interventions.
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I try to use [apps to] wind down stuff on my phone. I
try to make sure that [I] turn off any screen usage
and make sure that I am on my bed getting ready to
sleep.

I think about a smart speaker for therapy, it is
something very unique. It [makes] you feel like [you
are in] a relationship, like talking to someone you
know. So, for me personally I think it is going to help
positively to help [instead of] the stress of going to
see therapist from day to day, time to time, consider
appointments, traffic, and out of pockets, financially.

You know when you have such a device around you,
it can literally put you back to sleep. You do not need
pills.

Participants were familiar with smart speakers or voice-activated
devices. All participants reported using smartphone-based voice
functions, like Apple Siri, for straightforward tasks (eg, creating
a calendar reminder) or information gathering (eg, local
weather). A minority used in-home smart speakers, primarily
to play music or deliver news. All participants expressed interest
in the concept of AI-delivered CBT-I and agreed that a smart
speaker delivery system could promote frequent engagement
with this therapy in the convenience of home. One participant
was familiar with smart lighting but did not use it regularly.
The remaining participants expressed interest in incorporating
smart lighting into a home-based insomnia program.

You know when you are in a room where the lighting
systems feels comfortable for sleep, you realize you
can sleep more better and easier than compared to
when we are in a room whereby you get you know
more blue light. So that tends to be a bit of a problem
to sleep and also affects the entire sleeping pattern.

My thought here is that having a smart lighting in the
bedroom is what will improve our sleep, our sleeping
pattern. Because a lot of people have some type of
insomnia because of depression, anxiety, or one thing
or the other. But I believe with the installation of
smart lighting, the color changes, and the variation
of the lighting system, patients might be forced to
sleep at a particular time.

Regarding the additional internet router function to monitor and
provide feedback about personal device use, all agreed such
data could promote making different choices about screen time
use. A minority of participants expressed some concern about
privacy with router monitoring of internet usage but also
expressed acceptance with additional information about
prototype privacy protection.

Anything that has to do with privacy, you have to be
very careful because you don’t want [personal
information] to go out there and fall into the wrong
hands.

At least every device connected to a router must have
its own IP address. So, I don’t know because each of
the IP addresses must have an IP address which can
be used to access each of the devices that is connected
to a router. I don’t know how [you are] going to
secure that in terms of privacy of information or data.

No participants expressed worry about privacy due to the smart
speaker itself. A few participants appreciated the possibility of
being more open with AI technology than with an actual
in-person therapist.

It is like meeting a therapist, it's more like talking to
a human, it actually saves us the stress of having to
access any health care and I'm talking about having
discussion about insomnia or sleep disorder. And it
is safe for me having it around me in my [home]
environment…goes a long way to have a kind of
communication level that will ease the tension of
having to say whatever you are feeling.

The most interesting part of it to me is that the
therapist’s [voice] in the device can make you feel
comfortable when you are trying to make sure you
get good sleep.

Device Testing
In total, 15 participants had an average age of 30.6 (SD 6.8);
10 identified as women; 8 identified as Caucasian, 7 identified
as Black or African American, and 1 identified as Hispanic. Of
15 enrolled participants, 2 became lost to follow-up immediately
after enrolling (sent the device prototype but never initiated the
program), and 1 completed 1 day of participation and then
dropped out from concerns about using home Wi-Fi for the
project as they were also using high-security home Wi-Fi
features for work. The remaining 12 participants completed the
study protocol, including a survey and a semi-structured
interview.

Participants were able to adhere to the More SHEEP program
directions, engaging with the prototype 94% of the assigned
times (twice daily for 14 days) and meeting the predetermined
feasibility cutoff of engagement ≥70% of assigned times.
Participants also found the More SHEEP prototype acceptable,
with an overall mean score of 5.43 on the Satisfaction subscale
of the Usability, Satisfaction, and Ease of Use scale (range
4.42-7), exceeding the predetermined cutoff score for
acceptability of 5.0. All participants completing the program
reported they would be interested in using the prototype again,
would recommend it to someone else with insomnia, and would
be interested in participating in future studies evaluating new
iterations of the prototype system.

Following participation, interview themes informed individual
experiences with each of the More SHEEP system components
(smart speaker, smart lighting, router, and More SHEEP
smartphone app) (Table 3).
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Table 3. The authors enrolled 15 young adult cancer survivors to participate in a single-arm feasibility-acceptability study of the More SHEEP prototype
that included qualitative data collection to inform future prototype development. Participant-generated themes inform prototype feasibility, acceptability,
and areas for potential improvement.

ContentPrompt

Familiarity with smart device use • I have another [smart speaker] device and my grandfather has one too because he’s blind. This one definitely
had a more pleasant voice (Participant #1)

Feasibility of use • The app reminded me twice a day on my phone and it was easy to spend a few minutes with the program
before bed or after getting up in the morning. No problem at all (#3)

• For the most part I found [the smart speaker] easy other than when I asked for something that it didn’t know
how to give me. It understood what I was talking about and was easy to use (#12)

Acceptability of use • I thought it was all pretty easy to use and get used to. I even tried taking it on a visit to family and it worked
there for me too. (#6)

• I do the check-ins each morning and evening. I think I remember to do it almost every day, so it’s pretty
easy to do, particularly with it being just audio, rather than having to go to a website and read [material]

Challenges with smart lamp • I ended up not using the lamp at all because my partner goes to bed at different times so it was disruptive.
The rest was easy to use (#4)

• I did sometimes modify my answers to make the smart lamp go off a little earlier…I would find myself
throwing a blanket over the top (#1)

Relevance of CBT-Ia language and
setting

• Occasionally, the [software] voice mentioned something related to cancer survivorship and I really felt that
this program was designed for someone like me (#2)

• I think the awareness [of my sleep choices] was one thing I wasn’t expecting to just pick up on…being more
aware of how I felt [around bedtime] (#1)

• I feel like it had surprisingly little survivorship information. For the most part, I felt like I was learning
general sleep habits (#12)

• I did think that this [home system] is very convenient as somebody who has three small kids and cancer and
a husband so I don’t have to go anywhere and I feel like I’m getting something from these sessions (#11)

Preference for more customization • It would be really cool if there was a way to make the lamp different colors maybe depending on the education
happening or on my mood. Maybe combine the speaker and the lamp into one, that would be good too (#7)

• I like being able to use sounds at night to sleep. I put the thunderstorm [track] on, or the ocean, and I’m
able to sleep (#14)

• It would definitely be nice if [the system] could say, if you could ask how much time you have or something
like that

Need to design for varying spaces
or needs

• I’m in college and have roommates so I wasn’t sure if I should try this at school or at home. I’m participating
from home but if I used this at school it would have to be different (#10)

• I have a 4-year-old and she can't sleep by herself so she's coming into my room; then I think, can I activate
Alexa without waking her up?

aCBT-I: cognitive behavioral therapy for insomnia.

Discussion

Principal Findings
We discovered a keen interest among participants in this
technology in this preliminary investigation into the experiences
of YACS dealing with insomnia and smart home devices,
particularly when tailored for user-friendly personalization.
Most participants expressed significant interest in using this
technology. Participants generally reported an enhanced
understanding of CBT-I and its potential impact on mitigating
chronic sleep disruption and rated the program as both feasible
and acceptable. Participants highlighted the high feasibility of
daily sleep logs during our demonstration, a crucial component
of successful engagement with CBT-I. This observation implies
that the data gathered by the smart home device can be leveraged
by AI programming to generate personalized recommendations

and schedules, surpassing the scope of conventional sleep
hygiene education.

Feedback from participants also informed areas for prototype
improvement. Some participants felt the More SHEEP content
could speak more to the YACS experience of insomnia and
could include more information and recommendations directed
specifically to cancer survivorship; in collaboration with young
adult cancer survivorship experts, future device iterations could
include more language targeted to YACS. Participants often
noted that a smart speaker or smart lighting may not be
conducive to sharing sleep space. For example, the smart light
might remain on to address sleep restrictions per CBT-I protocol
for a participant while a bed partner wants to sleep without
lighting. Similarly, a participant might not want to awaken
others using a smart speaker at bedtime—this was particularly
important to 1 participant living in a university dormitory.
Finally, some participants expressed preferences for more
sleep-related content, like sleep music or white noise, allowing
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more customizability. Formative testing processes of future
prototype iterations may address these concerns, ultimately
enhancing participant engagement and treatment adherence.

Developments in home technology play an increasing role in
improving insomnia and related symptoms by providing tools
and solutions to address sleep disturbances. Examples include
but are not limited to mobile sleep-tracking devices, light
therapy, smart thermostats, biometric feedback devices, and
relaxation or meditation apps [42-46]. As a gold standard for
the management of chronic insomnia, implementation of CBT-I
continues to be explored in this space, primarily through mobile
device applications [47-51]. Nevertheless, even through the use
of mobile technologies, maximizing treatment adherence
remains challenging. In total, 1 study specifically focused on
YACS, delivering an internet-based CBT-I intervention over
6-9 weeks and finding that, while outcomes of insomnia,
daytime sleepiness, fatigue, and quality of life improved at the
study’s 2 timepoints, most participants did not complete the
assigned protocol [52]. Compared to this and other device-driven
insomnia mitigation strategies, our prototype is unique in its
CBT-I delivery through a smart speaker, limiting device screen
exposure whose blue wavelength light can impede nighttime
melatonin secretion, as well as smart lighting use that can
provide important diurnal visual cues (and block blue
wavelength light at night). While most of our study participants
had never used these technologies before, acceptability was
high, and participants were able to easily engage with the
program structure. While we believe that our prototype’s
inherent ease of use through voice activation in the bedroom
will improve long-term CBT-I treatment adherence, we did not
design this early study to evaluate this.

Several limitations of this project deserve mention. First, our
insights come from a small number of participants, primarily
due to the constraints of the study's limited timeframe.
Nevertheless, this sample size appropriately aligns with stage
I (intervention refinement) of the NIH stage model for
behavioral intervention development. Additionally, as we
reached the conclusion of data collection, the absence of

emerging additional themes in our qualitative data suggested a
saturation of feedback. Second, we note selection bias, as some
eligible YACS learned of the study but chose not to participate.
We also were not able to complete data collection for 2 enrolled
participants. Furthermore, although some information was
revealed during post-participation interviews, we did not collect
data regarding other factors that might influence the choice to
enroll or study adherence, such as income, living situation, or
education that might influence outcomes. Given the nature of
the intervention, it is possible these same factors could also
influence clinical outcomes related to insomnia—thus, future
efficacy studies of our prototype should, at a minimum, collect
such patient-level data and potentially ensure diversity of
participants through purposive recruiting strategies, increasing
generalizability of results. By design, this study intentionally
did not evaluate clinical outcomes such as improvement in
insomnia, mood, daytime fatigue, etc, focusing specifically on
device feasibility of use and acceptability over 14 days. While
this time frame facilitated participant experience with the More
SHEEP prototype, a full CBT-I treatment typically requires
approximately 6 weeks; therefore, future prototype refinement
may benefit from piloting a longer period of use at home.
Nonetheless, this early development phase focused on evaluating
device feasibility and acceptability and we believe we have
achieved our primary goal. Subsequent studies will delve deeper,
refining and testing the prototype for practical feasibility and
effectiveness.

Conclusions
This study combined end-user participant input toward the
development of a novel smart speaker, smart lighting, or a router
system to deliver key elements of CBT-I for YACS to be used
in the home setting. Now that the system has demonstrated
feasibility and met acceptability benchmarks, the prototype can
continue to be developed to incorporate suggestions from our
participants and subsequently be tested for efficacy in the YACS
population. Ultimately, this system has the potential to increase
much-needed access to CBT-I among cancer survivors.
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Abstract

Background: Patients with chronic pain on long-term opioid therapy often face barriers to accessing effective nonpharmacological
treatments, including the burden of multiple sessions, lack of trained clinicians, and travel time. Empowered Relief (ER), a 2-hour,
single-session pain relief skills class, can improve pain and quality of life among patients with chronic pain when delivered in
person or virtually.

Objective: This study examined the impact of Zoom-delivered ER among people with chronic pain on long-term opioid therapy.
We assessed (1) the feasibility and acceptability of Zoom-delivered ER; (2) changes in pain and opioid use outcomes at 3 and 6
months after treatment; and (3) daily associations among pain, opioid dose, and the Pain Catastrophizing Scale (PCS) before and
after treatment.

Methods: During the early COVID-19 pandemic, we conducted an uncontrolled pilot study of a Zoom-delivered ER among
60 adults (n=45, 76% female participants; n=52, 88% White participants) experiencing chronic pain who were receiving daily
prescribed opioids (≥10 morphine-equivalent daily dose). Participants completed assessments at enrollment, before class, after
class, 3 months after treatment, and 6 months after treatment. Furthermore, participants completed 2 daily assessment periods
(spanning 14 consecutive days) before and after the class. We used a multilevel modeling approach to examine (1) the raw changes
in PCS, average pain intensity, pain interference, and self-reported opioid dose at 3 and 6 months after treatment and (2) daily-level
changes in average pain intensity and opioid dose before and after the class.

Results: Of the 60 participants enrolled, 41 (68%) attended the class and 24 (59% of the 41 class attendees) reported satisfaction
with the Zoom-delivered class. PCS score was significantly reduced at 3 months (β=–3.49, P=.01; Cohen d=0.35) and 6 months
after treatment (β=–3.61, P=.01; Cohen d=0.37), and pain intensity was significantly reduced at 3 months (β=–0.56, P=.01; Cohen
d=0.39) compared to enrollment. There were no significant reductions in pain interference or opioid dose. Across daily assessments,
higher daily pain catastrophizing was associated with worse daily pain (β=.42, P<.001) and higher self-reported opioid use
(β=3.14, P<.001); daily pain intensity significantly reduced after the class (β=–.50, P<.001). People taking prescribed opioids as
needed trended toward decreasing their daily opioid use after the class (β=–9.31, P=.02), although this result did not survive
correction for multiplicity.

Conclusions: Improvements to future Zoom-delivered ER iterations are needed to improve feasibility and acceptability among
people with chronic pain and daily prescribed opioid use. Despite this, findings show a promising preliminary impact of the
intervention on pain outcomes. A larger randomized controlled trial of Zoom-delivered ER among this patient population is
currently under way.
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Introduction

Background
One in 5 Americans has chronic pain [1], a condition associated
with substantial personal and societal costs. Annual expenditures
related to chronic pain, including lost productivity, exceed half
a trillion dollars [2]. Individuals with chronic pain frequently
report impacts on physical, psychological, and social functioning
[3]. Over 100,000 Americans receive daily prescribed opioids
[4], and while they can be an effective pain treatment for some
[5], this treatment approach can also present several health risks
[6], including overdose and death [7]. Furthermore, prolonged
opioid use can contribute to mental health challenges, such as
depression [8]. Thus, the gold standard for chronic pain
management is a multimodal approach that integrates medical,
behavioral, and rehabilitative treatments to minimize opioid use
and maximize patient functioning [9,10].

Behavioral pain treatments are low-risk approaches that may
reduce opioid-related risks and mitigate the broader impacts of
chronic pain [11]. For example, cognitive behavioral therapy
(CBT) alone [12], and when combined with posttreatment
therapeutic interactive voice response telephonic support [13],
has been shown to reduce opioid misuse. Moreover, acceptance
and commitment therapy was shown to aid in opioid cessation
[14] in patients flagged as being at risk for problematic opioid
use after surgery. In addition, acceptance and commitment
therapy was shown to aid in opioid reduction combined with
mindfulness-based relapse prevention [15] in patients with
prescription opioid misuse. In addition, a technique named
Mindfulness-Orientated Recovery Enhancement (MORE) can
lower pain interference and severity, as well as opioid misuse
among people with comorbid chronic pain and opioid misuse
[16]. Few interventions have been tested among patients who
do not specifically misuse opioids, and the findings are mixed
[13,17]. While studies have demonstrated the effectiveness of
behavioral interventions, few patients can access them due to
low availability and high treatment time burden (typically
requiring 8-16 hours of in-person or online treatment) [18]. Poor
insurance coverage and availability are primary barriers [19],
in addition to travel time and the length of the interventions
[20]. Treatment barriers were exacerbated by the COVID-19
pandemic, which caused further delays that contributed to
worsened pain [21], function, and psychological distress [22,23].
Furthermore, treatment burdens limit both the accessibility and
scalability of behavioral pain interventions, and in part, opioid
prescribing may be the result of fewer available alternatives,
particularly for patients in low-resource settings [24].

A single-session behavioral pain relief skills class, Empowered
Relief (ER), was developed to address these barriers. ER
synthesizes pain neuroscience education, cognitive behavioral
skills, and mindfulness-based skills into a 2-hour, single-session
pain relief skills class that enhances self-regulation of pain,
including pain catastrophizing [25]. Pain catastrophizing,

defined as a pattern of thinking that involves rumination,
magnification of pain, and helplessness, is a robust predictor of
worse pain and opioid use outcomes [26,27], including greater
opioid use [28], opioid misuse [29], pain-related disability [30],
and negative affect [31]. Previous work has demonstrated the
efficacy of ER when delivered in person [32] and in synchronous
[33] and asynchronous [34,35] web-based formats. Notably,
when delivered via Zoom to patients with mixed chronic pain
conditions (not taking opioids; N=101), it was superior to a
waitlist control in reducing pain catastrophizing, pain intensity,
and pain interference at 3 months after treatment [33]. A larger
comparative efficacy trial in people with chronic low back pain
(N=263) found in-person ER to be noninferior to 8 sessions of
CBT for reducing pain catastrophizing, pain intensity, and pain
interference (2 hours vs 16 hours of treatment time) at 3 [32]
and 6 months [36]. In addition, 2 randomized controlled trials
(RCTs) examining postsurgical outcomes showed that a
web-based, automated version of ER tailored to surgical patients
had opioid-sparing effects [34] and reduced pain [35] up to 3
months after surgery.

Critical gaps remain in disseminating high-quality digital pain
treatments and using digital data collection methods, which can
reduce barriers to participation in treatment and research studies
[37,38]. Few studies have used digital daily assessments among
people with chronic pain taking daily prescribed opioids
[31,39-43], despite support for their feasibility and acceptability
for measuring daily opioid use among patients with chronic
pain [44]. Of those few studies, results consistently show
heightened daily-level associations among pain catastrophizing,
pain, and opioid craving and use [39,41-43]. However, only 2
studies have examined these associations before and after a
behavioral pain intervention among people with chronic pain
on long-term opioid therapy. Both studies found significant
reductions in daily reports of pain, stress, and craving during
and 1 month after a mindfulness-based intervention (MORE)
[45,46] involving 16 hours of treatment. Further research of
briefer behavioral pain interventions and their impact on
daily-level pain and opioid use is needed.

Objectives
We aimed to address these gaps by conducting an uncontrolled
pilot study to assess the feasibility, acceptability, and impact of
Zoom-delivered ER on pain and opioid use outcomes among
patients with chronic pain receiving daily prescribed opioids.
We hypothesized that at least 80% of enrolled patients would
engage in the treatment. In addition, we hypothesized that ≥80%
of patients would rate treatment acceptability, satisfaction,
usefulness, and ease of understanding at ≥8 out of 10 and rate
ease, comfort, and overall satisfaction of using the Zoom
platform to be ≥5 out of 7 (higher scores indicating greater
satisfaction, comfort, and ease). Second, we examined changes
in pain and opioid use outcomes from enrollment to 3 months
(primary end point) and 6 months after treatment. We
hypothesized that there would be a significant reduction in pain
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intensity, pain interference, and pain catastrophizing at 3 and 6
months after treatment compared to enrollment. We examined
changes in opioid dose as an exploratory outcome. Finally, we
used 2 rounds of digital daily assessments before and after the
class to characterize changes in daily associations between pain
catastrophizing, pain intensity, and opioid use before and after
the ER class. We hypothesized that higher daily pain
catastrophizing would be significantly associated with higher
pain intensity and self-reported opioid use. We also hypothesized
that daily use of behavioral skills would be associated with a
reduction in pain intensity and opioid use after class.

Methods

Study Design
The Stanford University School of Medicine coordinated this
uncontrolled, prospective trial during the COVID-19 pandemic.
We designed this study to assess the feasibility and acceptability
of delivering ER via Zoom (Zoom Communications) to inform
the transitioning of a larger RCT (ClinicalTrials.gov:
NCT03950791) to the Zoom platform [47]. Thus, this study
was not powered to detect differences in outcomes; however,
findings will be used to determine adequate power and sample
size for future studies. Reporting of the current trial is in
concordance with the CONSORT (Consolidated Standards of
Reporting Trials) 2010 extension for randomized pilot and
feasibility trials. Participants with mixed-etiology chronic pain
who were taking daily prescribed opioid medication and were
between the ages of 18 and 80 years were enrolled. Full data
collection, including all posttreatment assessments, was
conducted between June 2020 and June 2021. The 2 ER classes
occurred between June 2020 and November 2020.

Ethical Considerations
This study protocol was submitted as a protocol modification
to the larger clinical trial and was approved by the Stanford
University Institutional Review Board (48784). To enroll in the
study, electronic informed consent was obtained from all
participants in concordance with the institutional review board
protocol. Study data were deidentified and anonymized after
study completion. Participants were compensated US $135 for
completing the baseline, preclass, postclass, 3-month, and
6-month assessments. The class was provided at no charge.
Participants who completed at least 10 of the 14 daily surveys
were entered into a raffle for an iPad. Participants could be
entered up to twice if they met this threshold for both the
baseline and follow-up daily surveys.

Recruitment and Enrollment
Participants were recruited remotely through targeted emails to
lists of patients who agreed to be contacted for research purposes
through the following three sources: (1) Stanford’s Learning
Health System, comprising patients who have received care at
the Stanford Pain Management Center (a referral-based tertiary
outpatient pain clinic in Redwood City, California, that offers
multidisciplinary pain care); (2) the Stanford Systems
Neuroscience and Pain Lab database of community members
with chronic pain who expressed interest in participating in
research; and (3) study advertisements on the Stanford Pain

Division website. Approximately 17% (10/60) of the study
sample were clinic patients and 83% (50/60) were from the
larger community. Patients who were in 1 of the 2 databases
(Stanford’s Learning Health System or Stanford Systems
Neuroscience and Pain Lab) were sent an email asking their
interest in participating in a chronic pain treatment research
study, and if interested, were directed to click on a link to a
web-based screening form. Community members who saw the
study advertisement on web were also directed to click on a
link to fill out a web-based screening form. Those who met the
initial eligibility criteria were contacted by research staff by
phone to confirm their eligibility. Inclusion criteria were (1)
individuals aged between 18 and 80 years; (2) individuals with
noncancer chronic pain (defined as pain duration ≥6 months);
(3) individuals who self-reported current use of prescription
opioids ≥10 morphine-equivalent daily dose (MEDD) for ≥3
months; (4) individuals with fluency in the English language;
and (5) individuals who were able to attend a one-time
web-based class and complete web-based surveys. Exclusion
criteria were (1) ongoing legal action or disability claim, (2)
active participation in a CBT-based treatment, (3) inability to
provide informed consent and complete study procedures, and
(4) active suicidality. Eligible participants were asked to
complete an electronic informed consent form and were
immediately scheduled for the next available class and directed
to fill out the web-based baseline assessment. Recruitment
occurred in 2 waves, with recruitment windows open for the 6
weeks preceding each scheduled class.

Assessments
All surveys were collected through REDCap (Research
Electronic Data Capture; Vanderbilt University) [48], a
web-based electronic data capture platform, which is a secure
(password-protected), Health Insurance Portability and
Accountability Act–compliant platform hosted by the Stanford
University School of Medicine. Survey links were sent via SMS
text message or email to participants. Participants completed
their first survey at enrollment, followed by baseline daily
surveys (14 consecutive days of daily surveys), which were
initiated 2 to 4 weeks before the scheduled class. Three days
before the class, participants completed a preclass survey, and
immediately following the class, participants completed a
postclass satisfaction survey. The follow-up daily surveys (14
consecutive days) were initiated 1 month after the class. All
daily assessments were deployed at the same time each evening.
Furthermore participants completed posttreatment surveys at 3
and 6 months after treatment (Multimedia Appendix 1 illustrates
the study flow). There was no in-person contact with a study
therapist or research staff. SMS text messages and phone call
reminders were deployed by a research assistant to encourage
completion of all assessments.

Study Intervention: ER
ER was developed in 2013 [25] and compresses pain
neuroscience education and key elements and skills from
CBT-based pain and mindfulness interventions into a 2-hour
single-session class [32,33]. Each class was led by 1 trained
doctoral-level clinical psychologist using a PowerPoint
(Microsoft Corporation) slide deck via Zoom to participant
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cohorts. Didactic content included psychoeducation about
mind-body science as it relates to pain and negative mindset,
as well as opioid safety. Participants learned skills on how to
identify a negative mindset and self-treat it. During the class,
participants practiced skills to decrease physiological
hyperarousal, improved regulation of cognition and emotion,
and engaged in adaptive behaviors to modulate attention and
counteract helplessness. Skills included relaxation, cognitive
reframing and thought restructuring, and identifying pleasant
activities. Participants self-tailored the information described
during the class and developed their own comprehensive
self-treatment plan to stop and prevent catastrophizing.
Participants left the class with a self-written personalized plan
and a 20-minute binaural relaxation response app and were
provided verbal and written instructions on how to download
the app onto their mobile phone or portable electronic device.

Class Platform
One week before the class, patients were emailed a Zoom link
to join the class, along with information on when and how to
attend the class. In addition, participants were offered a
one-on-one Zoom training session with a research assistant
before the intervention, if needed. Participant cohorts consisted
of 19 to 22 participants per class. The Zoom platform was used
to deliver the ER classes, and instructors screen-shared their
PowerPoint presentation slides throughout the class. Class
participants were encouraged to ask questions at any time
through the Zoom chat box and unmute themselves to
participate. Zoom classes were password-protected and hosted
within the firewalled Stanford University School of Medicine
and Stanford Healthcare systems.

Training and Monitoring of Instructors
Instructors were doctoral-level clinical psychologists trained
and certified in ER delivery before administering treatment.
Existing treatment manuals and highly structured and
standardized class content assured treatment fidelity. A research
coordinator served as a fidelity rater and directly observed all
classes. Cohort effects were minimized due to the highly
structured single-session format and limited participant
interaction.

Measures

Feasibility and Acceptability
The assessment of the feasibility and acceptability of the ER
Zoom-delivered intervention replicated published methods and
was assessed immediately after the class [33]. We assessed
feasibility by the proportion of participants that attended the
class. Acceptability was assessed by participant ratings of
treatment satisfaction, relevance, usefulness of information
presented, ease of understanding, and likelihood to use the skills
learned. Responses were measured on an 11-point Likert scale
from 0 to 10, with higher scores indicating higher acceptability
and satisfaction across respective items.

In addition, we assessed satisfaction with using the Zoom
platform, such as ease of operating Zoom, engagement with the
class material during the Zoom class, and ability to find a private
location. We assessed comfort with the Zoom instructor and

other class participants, connectedness to the Zoom instructor,
as well as overall satisfaction with the Zoom platform. Ratings
were assessed using a 7-point Likert scale from 1 “strongly
disagree” to 7 “strongly agree,” with higher scores indicating
greater satisfaction. Finally, we asked participants for open text
responses regarding general feedback on the class and what
they found helpful or challenging.

Pain and Opioid Use Measures
The following measures were collected at enrollment, before
class (3 days before the class), and 3 and 6 months after
treatment.

Pain Intensity

Respondents rated their average pain intensity over the previous
7 days on a numerical pain rating scale of 0 “no pain” to 10
“worst pain imaginable” [49,50].

Patient Reported Outcome Measurement Information
System Pain Interference

PROMIS (Patient Reported Outcome Measurement Information
System) pain interference short form (8 item) [51,52] was used
to assess self-reported consequences of pain, including
engagement with daily activities. Higher scores indicate higher
interference with activities. The National Institutes of Health
PROMIS short-form measures have been applied in pain
research [51], and selected domains were identified by the
Initiative on Methods, Measurement, and Pain Assessment in
Clinical Trials as core outcomes [53]. The web-based PROMIS
assessment center software [54] was used to calculate the
short-form T scores. A standardized T score for each PROMIS
measure is generated for each patient. A score of 50 reflects the
mean of the US general population, with an SD of 10. Internal
consistency of the pain interference measure at baseline was
high (α=.96).

Pain Catastrophizing Scale

The 13-item Pain Catastrophizing Scale (PCS) [26] was used
to measure negative thoughts and emotional responses to pain.
PCS includes 3 subscales: helplessness, magnification, and
rumination. The response scale ranges from 0 “not at all” to 4
“all the time”; total sum scores range from 0 to 52. It is scored
by summing all items, with higher scores indicating greater
catastrophizing. The PCS has demonstrated validity and
reliability in mixed-etiology chronic pain and is a
psychometrically trusted instrument [55]. The internal
consistency of the PCS in our sample at baseline was high
(α=.93).

Opioid Dose

Overview

Self-reported opioid type and dose was converted to MEDD
using the US Department of Health & Human Services Opioid
Oral Morphine Milligram Equivalent Conversion Factors table
[56] and the State of Ohio Board of Pharmacy Oral Morphine
Milligram Equivalent Conversion Table [57]. Our methods
reflected self-reported daily opioid use captured in other trials
[34,35,58]. A board-certified anesthesiology and pain medicine
physician verified the calculations. In addition, patients were
categorized into one of four opioid cohorts based on their opioid
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prescription type at enrollment: (1) short-acting prescribed
opioids as needed (pro re nata; PRN); (2) prescribed consistent,
long-acting opioids; (3) prescribed buprenorphine; and (4)
intrathecal pump.

The following measures were collected during the baseline (2-4
weeks before the class) and follow-up (1 month after the class)
daily survey periods. Daily behavioral skill use was only
assessed during the follow-up daily survey period.

Daily PCS

The daily PCS is a 3-item version of the PCS developed for use
in daily diary studies to facilitate research on mechanisms of
catastrophizing treatment. It has demonstrated validity and
reliability in patients with chronic pain [59]. Scores were
calculated by summing all items with a range from 0 to 12.
Items assessed patterns of unhelpful thoughts about pain within
the last 24 hours and were rated on a 5-point Likert scale from
0 “not at all” to 4 “all the time.” Example items included,
“During the past 24 hours I kept thinking about how much I
hurt.” The internal consistency of the follow-up daily PCS in
our sample was high (α=.91).

Daily Pain Intensity

Daily average pain ratings were assessed on a 0 to 10 numerical
rating scale (0=no pain and 10=worst pain imaginable) based
on pain experienced in the past 24 hours [49,60].

Daily Opioid Dose

Daily opioid dose, as reported by participants, was converted
to MEDD using the US Department of Health & Human
Services Opioid Oral Morphine Milligram Equivalent
Conversion Factors table [56] and the State of Ohio Board of
Pharmacy Oral Morphine Milligram Equivalent Conversion
Table [57]. Our methods reflected self-reported daily opioid
use captured in other trials [34,35,58]. A board-certified
anesthesiology and pain medicine physician verified the
calculations.

Daily Skills Use

Skills use was assessed for 14 days during the follow-up daily
assessments only. Three items were asked to assess the
frequency of cognitive, behavioral, and relaxation techniques
used over the past 24 hours using a 6-point Likert scale ranging
from 0 “No use” to 5 “Five or more times.” The items were
“How many times did you engage in deep breathing or
relaxation today?” “How many times did you use distraction or
reframing today?” and “How many times did you use pain relief
actions today?”

Data Analysis Plan
Analyses were carried out using SPSS (IBM Corp) [61] and
RStudio (RStudio, Inc) [62], a per-protocol approach was used.
Descriptive data were calculated, including means and SDs
across all study variables and time points. To examine attrition,
differences in baseline demographic, pain, and opioid
characteristics were assessed between those with complete and
missing data at each study time point using chi-square tests and
ANOVAs. To examine treatment satisfaction, average
participant ratings across each satisfaction item were calculated,
as well as the proportion of participants who rated each item

≥8 out of 10. To examine satisfaction with the Zoom platform,
average participant ratings across each satisfaction item were
calculated as well as the proportion of participants who rated
each item strongly agree, agree, or somewhat agree (≥5 out of
7).

To examine raw changes in pain intensity, pain catastrophizing,
pain interference, and opioid dose from enrollment to 3 and 6
months after treatment, multilevel models with a subject-level
random intercept and a fixed effect of time were used. In total,
4 time points (enrollment, before class, 3 months, and 6 months)
were included in each model. Linear multilevel models were
used to assess changes in pain intensity, pain interference, and
pain catastrophizing, and a negative binomial multilevel model
was used to assess changes in opioid dose (MEDD), given the
highly skewed distribution. Negative binomial models use a
natural logarithm link function to account for overdispersion
and skewed data. The raw coefficients from this model were
converted to a log scale and interpreted as incidence rate ratios,
which describe the proportional change in the outcome
associated with a 1-unit increase of the predictor [63].
Furthermore, we ran sensitivity analyses for each model,
removing tramadol, buprenorphine, and methadone users from
the analysis (due to difficulty in equating MEDD). Finally, we
calculated Cohen d effect sizes (0.20=small, 0.50=medium, and
0.80=large) [64] to aid interpretation.

Across the daily assessments, a similar multilevel modeling
approach was used to take advantage of the repeated-measures
design. All multilevel models included random intercepts at the
participant level and fixed effects of each predictor. To examine
predictors of change in daily average pain intensity across the
baseline and follow-up daily assessments (relative to
enrollment), a linear multilevel model was used. Predictors
included daily pain catastrophizing; time (dichotomized factor
of pre- vs postclass assessment); dummy-coded opioid cohort
(PRN, long-acting, buprenorphine, and intrathecal pump
cohorts); and time’s interactions with each factor. Change in
opioid dose (MEDD) was transformed into percentage change
to approximate a normal distribution. Outliers at the upper bound
were windsorized [65] to the 95th percentile (Multimedia
Appendix 2 provides more details). A linear multilevel model
was used to examine predictors of percentage change in opioid
dose across the baseline and follow-up daily assessments
(relative to enrollment). Predictors included daily pain
catastrophizing, daily average pain intensity, time (before vs
after class), opioid cohort, and time’s interaction with each
factor. For both the multilevel models assessing the time and
daily predictors, we ran sensitivity analyses for each model,
removing tramadol and methadone users from the analysis (due
to difficulty in equating MEDD).

Finally, to examine the role of behavioral skill use on changes
in pain and opioid dose, 2 additional linear multilevel models
were conducted across the follow-up daily assessments. Each
behavioral skill was dichotomized into no use and ≥1 use in the
past 24 hours and added as predictors in each model. Only
dummy-coded PRN and long-acting opioid cohorts were
examined due to small sample sizes within intrathecal pump
and buprenorphine cohorts and rank deficiency errors with
maximal models. To examine changes in average pain intensity,
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predictors included daily pain catastrophizing, time (before vs
after class), PRN versus long-acting cohort, behavioral skills
(relax, reframe, and actions), and time’s interaction with every
factor. To examine the percentage change in opioid dose,
predictors included daily pain catastrophizing, daily average
pain intensity, time (before vs after class), PRN versus
long-acting cohort, behavioral skills (relax, reframe, and
actions), and time’s interaction with every factor.

Multimedia Appendix 2 gives a description of pain and opioid
dose outcome calculations and all model specifications. Across
all models, data were inspected to ensure model assumptions
were met (ie, homoscedasticity in residuals), and P values were
corrected for multiple comparisons using the
Benjamini-Hochberg false discovery rate (BH-FDR) procedure,
an alternative measurement to the family-wise error rate [66].
The BH-FDR procedure has been shown to have greater power
than classical family-wise error rate procedures (eg, Bonferroni),
while still adequately controlling for type 1 errors. The desired

α level (α=.05), number of tests, and raw P value for each test
were used to calculate the BH-FDR [66].

Results

Overview
Participants were primarily female (45/59, 76%), White (52/59,
88%), non-Hispanic or Latino (57/59, 97%), married (28/59,
48%), and not working due to pain (28/59, 47%). The most
prevalent pain condition was chronic low back pain (35/59,
58%); most had pain >5 years (54/59, 92%; Table 1).
Oxycodone was the most commonly prescribed opioid (14/59,
24%; Multimedia Appendix 3 for all opioid types). The use of
PRN opioids was most common among the sample (32/59,
78%), followed by long-acting prescribed opioids taken
consistently (16/59, 39%), buprenorphine (10/59, 24%), and
intrathecal pump (2/59, 5%). Table 2 provides descriptive data
for all monthly and daily-level variables.
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Table 1. The enrolled sample demographic characteristics of people with chronic pain prescribed daily opioidsa.

ValuesMeasure

59.13 (14.54)Age (y), mean (SD)

Gender, n (%)

13 (22)Men

45 (76)Women

1 (2)Other

Race, n (%)

2 (3)American Indian or Alaska Native

1 (2)Asian

2 (3)Black or African American

52 (87)White

1 (2)>1 race

1 (2)Other

Ethnicity, n (%)

2 (3)Hispanic or Latino

57 (95)Non-Hispanic or Latino

Marital status, n (%)

8 (13)Never married

8 (13)Partnered

28 (47)Married

1 (2)Separated

4 (7)Widowed

10 (17)Divorced

Education, n (%)

1 (2)Some high school

1 (2)High school diploma or GEDb

17 (28)Some college, no degree

10 (17)Associates or vocational degree

18 (30)Bachelor’s degree

12 (20)Master’s, professional, or doctoral degree

Annual household income (US $), n (%)

19 (32)<24,999

9 (15)25,000-64,999

6 (10)65,000-84,999

11 (18)85,000-124,999

14 (23)>125,000

Employmentc, n (%)

9 (15)Full time or part time

5 (8)Homemaker or not employed

28 (47)Not working due to pain

20 (33)Retired

Receiving disability, n (%)
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ValuesMeasure

19 (32)Yes

40 (67)No

Chronic pain conditionc, n (%)

13 (22)Postsurgical recovery

35 (58)Chronic low back pain

7 (12)Complex regional pain syndrome

7 (12)Pelvic pain

15 (25)Migraines

9 (15)Headaches

33 (55)Neuropathic pain

11 (18)Abdominal pain

23 (38)Myofascial pain

14 (23)Fibromyalgia

22 (37)Other

Pain duration (y), n (%)

5 (8)1-5

54 (90)>5

aIn total, 60 participants enrolled but 1 withdrew and did not provide demographic information.
bGED: General Educational Development.
cThe participants could select all that apply.

Table 2. Descriptive data of monthly and daily-level study variables across all study time points (enrollment through 6 months) among people with

chronic pain prescribed daily opioidsa.

6 mo3 moFollow-up daily
dairies

Before classBaseline daily
dairies

Enrollment

36 (60)38 (63)40 (67)53 (88)56 (93)60 (100)Total, n (%)

5.34 (2.03)5.07 (1.80)4.64 (2.30)5.58 (1.70)5.56 (2.10)5.76 (1.71)Pain intensity, mean (SD)

13.14 (11.61)b13.32 (12.12)b3.10 (2.92)c15.30 (9.83)b3.90 (2.90)c17.29 (10.48)bPain catastrophizing, mean
(SD)

61.00 (10.38)61.26 (9.10)—62.38 (7.28)—e63.49 (7.45)Pain interference, mean (SD)d

87.42 (136.30)84.03 (136.30)74.10 (120.79)102.84 (171.06)96.01 (166.62)92.11 (147.13)Opioid dosef, mean (SD)

aDaily dairies were completed for 14 days approximately 2 to 4 weeks before the class (baseline daily dairies) and for 14 days approximately 4 weeks
after the class (follow-up daily dairies). Means and SDs for this period were calculated across all 14 days.
b13-item Pain Catastrophizing Scale.
c3-item daily Pain Catastrophizing Scale.
dPatient Reported Outcome Measurement Information System pain interference scale t score.
eNot available.
fOpioid dose as measured by morphine-equivalent daily dose.

A total of 60 participants enrolled in the study, and 7% (n=4)
withdrew from the study before completing the baseline survey
(7% pretreatment attrition). Of the 56 (N=60, 93%) participants
who completed the baseline survey, 41 (73%) participants
attended the class (68% of the enrolled sample), 38 (63% of the
enrolled sample) completed the 3-month follow-up survey, and
36 (60% of the enrolled sample) completed the 6-month
follow-up survey (Multimedia Appendix 1 illustrates the study
flowchart). Attrition analyses indicated that those who did not

attend the class or complete the follow-up daily surveys were

more likely to be female participants (χ2
40=8.72, P=.01). This

pattern held at the 3-month posttreatment assessment (gender:

χ2
37=6.51, P=.04). No other differences were observed in study

variables or demographic characteristics between those who
had complete or missing data at any other study time points.
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Feasibility and Acceptability
Some (41/60, 68% of the enrolled sample) attended the class
and completed the postclass survey. Of those who attended,
59% (24/41) of the sample rated Zoom-delivered ER to be
satisfactory (ie, ≥8 out of 10; mean 8.02, SD 2.08), and 73%
(30/41) rated the class easy to understand (mean 7.93, SD 2.1).
Some (26/41, 63%) rated the class as useful (mean 7.83, SD
2.27), 63% (26/41) rated the class as relevant (mean 8.10, SD
2.21), and 77% (31/41) stated they were likely to use the skills
(mean 8.41, SD 1.94). Open feedback was collected about the
class, and 63% (26/41) provided comments. The most common
feedback was that the class reduced travel barriers (15/41, 37%),
increased comfort by being able to participate at home (13/41,
32%), and reduced concerns about the COVID-19 pandemic
(6/41, 15%). Some (7/41, 17%) participants reported difficulty
engaging in the relaxation exercise or the class due to pain or
fatigue, 14% (6/41) reported a preference for an in-person class,
and 12% (5/41) had been exposed to similar content in the past
or were unsure if it would be helpful for their specific pain
condition.

Nearly all participants (39/41, 95%) found the Zoom platform
easy to operate (≥5 out of 7; mean 6.44, SD 0.92); 97% (40/41)
easily found a private location to attend the class (mean 6.71,
SD 0.68), and 93% (38/41) reported ease in engaging in the
class material via Zoom (mean 6.05, SD 1.24). Some (26/41,
63%) participants reported feeling connected to the instructor
(mean 5.22, SD 1.64). Overall, 95% (39/41) of participants
reported being somewhat satisfied (n=3, 7%), satisfied (n=17,

42%), or completely satisfied (n=19, 46%) with the Zoom
platform (mean 6.24, SD 0.97). A majority (33/41, 80%) of
participants reported no problems with the Zoom platform. Of
those who reported a problem (n=8, 20%), the most frequently
cited problem was unstable internet connection and poor audio
quality (n=5, 12%).

Pain and Opioid Use Outcomes
Findings from the 4 multilevel models examining the effect of
time on raw changes in pain and opioid outcomes are outlined
in Table 3. The corrected significance thresholds for each model
were pain intensity (P=.008), pain interference (P=.001), pain
catastrophizing (P=.01), and opioid dose (P=.05). Results
showed a significant reduction in pain catastrophizing from
enrollment to 3 months (mean –2.89, SD 10.89), and from
enrollment to 6 months (mean –2.83, SD 10.89) both with a
small effect size (Cohen d=0.35 and 0.37, respectively). The
average pain intensity significantly reduced from enrollment to
3 months posttreatment (mean –0.52, SD 1.40), indicating a
small effect size (Cohen d=0.39). However, average pain
intensity did not maintain a significant change from enrollment
to 3 months in our sensitivity analysis (Multimedia Appendix
4) nor from enrollment to 6 months posttreatment (mean –0.24,
SD 1.42). Reductions in pain interference from enrollment to
3 months (mean –2.03, SD 4.94) and 6 months (mean –2.14,
SD 6.77) did not survive correction, although they demonstrated
small effect sizes (Cohen d=0.27 and 0.28, respectively). There
were no significant reductions in opioid dose across the monthly
study time points.
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Table 3. Multilevel regressions examining changes in pain and opioid use outcomes from baseline through 6-month time points among people with
chronic pain prescribed daily opioids.

Cohen dbP valueTest statisticaCoefficienta (SE)Outcomes and variables

Linear

Pain intensity

—d<.001c24.685.76 (0.23)Intercept

0.10.40–0.84–0.16 (0.19)Before classe

0.39.008c–2.67–0.56 (0.21)3 moe

0.22.17–1.37–0.29 (0.21)6 moe

Pain interference

—<.001c58.0263.49 (1.09)Intercept

0.15.18–1.36–1.06 (0.77)Before classe

0.27.03–2.25–1.98 (0.88)3 moe

0.28.03–2.18–1.95 (0.89)6 moe

Pain c atastrophizing

—<.001c12.0517.29 (1.44)Intercept

.20.09–1.70–2.07 (1.22)Before classe

.35.01c–2.53–3.49 (1.38)3 moe

.37.01c–2.57–3.61 (1.40)6 moe

Negative binomial

Opioid dose (MEDDf)

—<.001c25.0046.50 (7.13)Intercept

–0.07.770.291.02 (0.07)Before classe

0.06.13–1.520.89 (0.07)3 moe

0.03.63–.480.96 (0.07)6 moe

aThe linear multilevel model reports an unstandardizedβ coefficient and t value statistics. The negative binomial multilevel model, via glmer, reports
incidence rate ratios and z-value statistics.
bThe effect size d calculated as baseline minus follow-up divided by pooled SD. Positive d values indicate improvements.
cSignificant values based on the corrected P value.
dNot available.
eReference group is the baseline.
fMEDD: morphine-equivalent daily dose.

Across the 2-week baseline daily assessment period (before
class), 93% (56/60) of participants completed 95.5% (749/784)
of deployed daily surveys. Across the 2-week follow-up daily
assessment period (after class), 68% (41/60) of participants
completed 95.6% (549/574) of deployed daily surveys. From
the 41 participants who attended class, 1136 baseline and
follow-up daily surveys were used to estimate changes in pain
and opioid dose using linear multilevel models (Table 4). The
corrected significance thresholds for each model were pain
intensity (P=.001) and opioid dose (P=.003). Results showed
that higher daily pain catastrophizing was associated with
increases in average pain intensity across the daily assessments
relative to enrollment (β=0.42, SE 0.02, P<.001), and there were

greater reductions in pain across the follow-up daily surveys
(after class) compared to the baseline daily surveys (before
class; β=–0.51, SE 0.12, P<.001) although this effect did not
survive sensitivity analyses (β=–0.41, SE 0.13, P=.002;
Multimedia Appendix 5). Opioid cohort and all interaction
factors were not significantly associated with change in average
pain intensity. When examining changes in opioid dosage,
higher daily pain catastrophizing (β=3.14, SE 0.74, P<.001)
and daily average pain (β=3.47, SE 1.16, P=.003) were
associated with increases in opioid dose across the daily
assessments relative to enrollment, although the effect of pain
did not survive our sensitivity analyses (β=3.58, SE 1.40,
P=.01). Those taking short-acting opioids as needed (PRN)
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showed a trend toward reduced opioid dose across the daily
assessments (β=–29.88, SE 10.68, P=.03), although this
association did not survive correction. Furthermore, the time ×
PRN cohort interaction did not survive correction, although it
indicated a trend toward greater opioid dose reductions for the

PRN cohort across the follow-up daily surveys (after class)
compared to the baseline daily surveys (before class; β=–9.31,
SE 3.94, P=.02). Figure 1 depicts the raw percentage change in
opioid dose between the long-acting and PRN cohorts.
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Table 4. Multilevel linear regressions predicting change in pain intensity and opioid dose from enrollment across the baseline (before class) and
follow-up (after class) daily diaries among people with chronic pain prescribed daily opioids.

P valueTest statisticaCoefficienta (SE)Outcome and variables

Change in pain intensityb

.36–0.92–0.42 (0.46)Intercept

<.001e18.940.42 (0.02)PCSc,d

<.001e–4.20–0.51 (0.12)Pre-postf

.34–0.96–0.55 (0.58)PRNg cohort

.720.360.23 (0.65)Long-acting cohort

.25–1.18–0.82 (0.69)Buprenorphine cohort

.600.530.77 (1.45)ITPh cohort

.320.990.03 (0.03)Pre-post x PCS

.161.390.21 (0.15)Pre-post x PRN

.12–1.58–0.27 (0.17)Pre-post x LAi

.84–0.20–0.04 (0.18)Pre-post x Buprenorphine

.41–0.82–0.32 (0.39)Pre-post x ITP

Percentage change in opioid dosej

.550.605.77 (9.66)Intercept

<.001e4.233.14 (0.74)PCSd

.650.451.40 (3.11)Pre-poste

.003e2.993.47 (1.16)Average pain

.03–2.20–26.88 (12.21)PRN cohort

.21–1.27–17.36 (13.65)LA cohort

.64–0.48–6.97 (14.59)Buprenorphine cohort

.56–0.58–17.64 (30.51)ITP cohort

.13–1.52–1.72 (1.13)Pre-post × PCS

.38–0.87–1.55 (1.78)Pre-post × pain

.02–2.37–9.31 (3.94)Pre-post × PRN

.480.703.08 (4.39)Pre-post × LA

.06–1.92–8.93 (4.67)Pre-post × buprenorphine

.091.7216.98 (9.90)Pre-post × ITP

aThe linear multilevel model reports an unstandardized β coefficient and t value statistics. bThe outcome is change in average pain intensity in the past
24 hours and depicts a change at each daily assessment compared to the enrollment.
cPCS: Pain Catastrophizing Scale.
dDaily PCS.
eSignificant values based on the corrected P value.
f0: preclass daily assessments; 1: postclass daily assessments.
gPRN: pro re nata.
hITP: intrathecal pump.
iLA: long acting.
jThe percentage change in opioid dose is measured using morphine-equivalent daily dose and depicts a change at each daily assessment compared to
the enrollment.
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Figure 1. The raw percentage change in opioid dose (morphine-equivalent daily dose; MEDD) from enrollment across study time points between
participants with chronic pain taking long-acting opioids and short-acting (prescribed opioids as needed) opioids.

Across the follow-up daily surveys (1 month after the class;
n=549), 446 (81.2%) of the daily surveys endorsed using
relaxation at least once, 403 (73.4%) endorsed using reframe
at least once, and 410 (74.7%) endorsed using pain relief actions
at least once. Findings from the multilevel models are provided
in Multimedia Appendix 6. The corrected significance thresholds
for each model were pain intensity (P=.001) and opioid dose
(P=.05). Results showed that higher daily pain catastrophizing
was associated with increase in average pain intensity relative
to enrollment (β=0.48, SE 0.04, P<.001). The use of behavioral
skills, time, and interactions was not a significant predictor of
change in average pain intensity. Furthermore, daily pain
catastrophizing, daily pain, use of the behavioral skills, time,
or their interactions were not significant predictors of percentage
change in opioid dose across the follow-up daily surveys.

Discussion

Principal Findings
We performed an uncontrolled pilot study to investigate the
initial feasibility, acceptability, and preliminary impact of a
Zoom-delivered ER class among people with chronic pain taking
daily opioid medication. Our results showed significant
reductions in pain catastrophizing and average pain intensity
that lasted 3 months after treatment, although with small effects.
Pain catastrophizing, a target of the ER class, continued to
exhibit significant reductions at 6 months after treatment.
Daily-level results also showed a trend toward opioid dose
reduction for people taking PRN opioids, though did not survive
correction (P=.02). The findings from this pilot study provide
justification for a larger, appropriately powered RCT.

Feasibility and Acceptability
We conducted this study during the first year of the COVID-19
pandemic (2020 to 2021), while access to traditional, in-person
pain psychology interventions was extremely limited. Although
we observed lower-than-hypothesized engagement rates (≥80%),
with 68% (41/60) of the enrolled patients attending the class,
we noted that our engagement was relatively high when

compared to the substantially reduced health care use that
occurred during the early stages of the COVID-19 pandemic
[21]. For those who participated in the class, 63% (26/41) to
77% (31/41) of the patients rated the class as satisfactory, useful,
and easy to understand. Furthermore, they reported high
satisfaction with web-based delivery, which reduced travel
barriers and concerns about the COVID-19 pandemic and
increased comfort by attending the intervention from home. In
addition, ease and comfort with digital assessments was evident,
as >93% (749/784) of the offered daily surveys were completed
(ie, at least 26 of 28 days per person). Future work that involves
follow-up interviews with participants is needed to identify
potential adaptations to improve the intervention’s engagement
and acceptability. On the basis of our initial findings,
implementing strategies to address digital literacy and poor
internet access may improve engagement, along with further
tailoring of the relaxation exercise to better engage people with
more severe pain and fatigue. In addition, increased reminders
and incentives may increase engagement in the intervention.

Pain and Opioid Use Outcomes
Following the ER class, individuals reported significant
reductions in pain catastrophizing at 3 and 6 months after
treatment and significant reductions in pain intensity at 3 months
after treatment. Furthermore, results showed a trend toward
decreased pain interference at 3 and 6 months after treatment,
although these did not survive multiplicity correction (P=.03).
This study of people taking daily opioids yielded smaller effect
sizes (Cohen d=0.35-0.39) as compared to prior RCTs of
in-person ER [32] (Cohen d=0.43-0.89) and Zoom-delivered
ER [33] (Cohen d=0.54-0.76) in patients with chronic pain with
no enrollment criterion applied for daily opioid use. While there
are notable methodological differences between studies (eg,
different pain conditions, enrollment criteria, and control
conditions), the smaller effect sizes may also be due to higher
rates of disability, which were 32% in this sample as compared
to 5% to 10% in the previous 2 studies. Patients on long-term
opioid therapy may require more intensive treatment, a different
type of treatment, or booster sessions, especially in the setting
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of greater disability. Regardless, this study’s findings suggest
that Zoom-delivered ER may impart small benefits in pain
intensity and pain catastrophizing, and trending toward
improvement for pain interference (though did not survive
correction, P=.03), in people with chronic pain on long-term
opioid therapy, warranting further testing in an RCT.

Our study is among the few to use daily digital assessments
among patients with mixed-etiology chronic pain and taking
long-term opioid medication. Our findings replicate previous
work showing that higher daily reports of pain catastrophizing
are associated with worse pain intensity, and higher daily pain
intensity and pain catastrophizing are associated with taking
greater doses of prescribed opioids [31,39,59]. In addition, daily
ratings of pain decreased from pre-to-post class, similar to
previous work that showed a mindfulness intervention (MORE)
reduced daily-level pain, negative affect, opioid craving, and
opioid use [45,46]. Furthermore, we examined the differences
between patients prescribed PRN opioids and long-acting
opioids. Results showed a trend that people prescribed PRN
opioids were more likely to reduce their opioid dose from before
to after class as compared to patients on long-acting opioids,
although this association did not survive our rigorous multiple
comparison correction (P=.02; Figure 1 illustrates a raw
percentage change across both groups). Our findings provide a
signal that a brief, Zoom-delivered behavioral pain treatment
may help patients taking PRN opioids rely less on their
medication, as has been found with other multisession behavioral
treatments [15,16]. For those on long-acting opioids, patients
are likely to need additional support and treatments, with active
clinician-patient engagement targeting a slow, gradual weaning
of their opioid dose over several weeks or months [67].
Behavioral treatments and psychoeducation are important
treatment components as they offer patients additional pain
coping skills and may help reduce potential pain flares during
the weaning process [17,68,69]. Future RCTs are warranted to
examine Zoom-delivered ER alone in reducing PRN opioid use
and in the context of an opioid weaning protocol in conjunction
with prescribers.

Limitations
We noted several limitations in this study that are important to
consider when interpreting the findings. First, this study was
an uncontrolled pilot trial. Therefore, inferences about
intervention causation cannot be assumed. We did use a rigorous
statistical approach to control for potential type 1 errors.
Furthermore, the actual therapeutic effect size cannot be
ascertained and separated from potential regression to the mean
effects. A larger RCT (NCT03950791) is currently underway
to further assess the efficacy of Zoom-delivered ER among
patients with chronic pain receiving daily prescribed opioids
[58]. Second, our sample consisted of largely White individuals,
non-Hispanic or Latino individuals, and educated women,
although our sample did report higher rates of disability (19/59,
32%) than in our previous studies. Future RCTs are needed to
assess the efficacy of the intervention in diverse and underserved
patient populations who experience greater barriers to treatment
[70]. Third, this study evidenced significant attrition (only 41/60,

60% of the enrolled sample completed the final 6-month
assessment). While we did not find significant differences
between those with complete versus missing data on our study
variables, stressors related to the COVID-19 pandemic likely
impacted study attrition. Importantly, we had exceptional
compliance rates with digital daily assessments (93%-95%).
Future research may consider using additional engagement
strategies, such as increased digital assessments or phone calls
in-between study time points. Fourth, we suspect that we did
not see any significant associations between daily behavioral
skill use and daily pain or opioid use because of the once-daily
assessments that were completed at the same time each day and
asked participants to recall information from the last 24 hours.
Future research should use stratified random sampling, prompts
with a shorter recall window, and other objective measures (eg,
electronic pill caps) to reduce measurement error [71]. Finally,
there are other variables that we did not measure that, in
previous work, have moderated associations between pain and
opioid use, such as opioid craving [72] and positive affect [45].
Future research using larger samples would benefit from
modeling both known risk factors (eg, opioid craving, negative
affect, and pain catastrophizing) [39,72] and protective factors
(eg, positive affect and use of behavioral skills) [45] to further
elucidate their impact on daily reports of pain and opioid use
as well as their change following behavioral pain treatments.

Conclusions
Improvements to future Zoom-delivered ER iterations are
needed to improve feasibility and acceptability among people
with chronic pain and daily prescribed opioid use. However,
despite this, we also found a promising preliminary impact of
the intervention on pain outcomes. There was high compliance
with digital daily assessments, and results showed a promising
trend of opioid dose reduction among people taking PRN opioids
(though did not survive correction, P=.02). Our results indicate
significant reductions in pain catastrophizing and daily pain
intensity, suggesting that even a brief, digitally delivered
behavioral intervention can positively influence pain outcomes
in this population. Although reductions in opioid use did not
reach statistical significance (P=.02), the observed trend among
patients prescribed PRN opioids highlights ER’s potential role
in supporting reduced reliance on medication.

We developed this study to inform a larger RCT that aims to
rigorously assess the efficacy of Zoom-delivered ER using
digital daily and monthly level assessments currently in data
collection [58]. Our initial findings suggest that Zoom-delivered
ER may be a promising intervention that can improve
pain-related outcomes and reduce common barriers to accessing
pain psychology interventions, such as travel and time burdens
[20]. Dissemination of brief, accessible, and scalable pain
psychology interventions, such as ER, stands to improve patient
outcomes by increasing equitable access to effective pain
psychology treatments and may be useful tools to help reduce
pain and opioid use. ER offers a promising approach to
expanding the reach of behavioral pain treatments, particularly
for populations with limited access to in-person care.
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Abstract

Background: Screening for cognitive impairment in primary care is important, yet primary care physicians (PCPs) report
conducting routine cognitive assessments for less than half of patients older than 60 years of age. Linus Health’s Core Cognitive
Evaluation (CCE), a tablet-based digital cognitive assessment, has been used for the detection of cognitive impairment, but its
application in primary care is not yet studied.

Objective: This study aimed to explore the integration of CCE implementation in a primary care setting.

Methods: A cohort of participants was recruited from the upcoming schedules of participating PCPs at UMass Memorial Medical
Center. Eligibility criteria included individuals aged ≥65 years; ability to read, write, and speak in English or Spanish; no previous
diagnosis of cognitive impairment; and no known untreated hearing or vision impairment. Research coordinators collected consent
from participants and facilitated the screening process. PCPs reviewed reports in real time, immediately before the scheduled
visits, and shared results at their discretion. A report was uploaded to each participant’s REDCap (Research Electronic Data
Capture; Vanderbilt University) record and linked to the encounter in the electronic health record. Feedback from patients and
their caregivers (if applicable) was collected by a tablet-based survey in the clinic before and after screening. Participating PCPs
were interviewed following the completion of the study.

Results: The screened cohort included 150 patients with a mean age of 74 (SD 7) years, of whom 65% (97/150) were female.
The CCE identified 40 patients as borderline and 7 as positive for cognitive impairment. A total of 84 orders were placed for
select laboratory tests or referrals to neurology and neuropsychology within 20 days of CCE administration. Before the assessment,
95% (143/150) of patients and all 15 caregivers expressed a desire to know if their or their loved one’s brain health was declining.
All except one patient also completed the postassessment survey. Among them, 96% (143/149) of patients reported finding the
CCE easy to complete, and 70% (105/149) felt that the experience was beneficial. In addition, 87% (130/149) of patients agreed
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or strongly agreed that they wanted to know their CCE results. Among the 7 participating PCPs, 6 stated that the CCE results
influenced their patient care management, and all 7 indicated they would continue using the CCE if it were made available after
the study.

Conclusions: We explored the integration of the CCE into primary care visits, which showed minimal disruption to the practice
workflow. Future studies will be warranted to further validate the implementation of digital cognitive impairment screening tools
within primary care settings in the real world.

(JMIR Form Res 2025;9:e66695)   doi:10.2196/66695

KEYWORDS

cognitive assessment; primary care; digital; cognitive impairment; digital assessment; assessment; cognitive health; cognition;
primary care; cognitive evaluation; Core Cognitive Evaluation; CCE; cohort; impairment; cognitive; outpatient

Introduction

Dementia is a neurodegenerative disorder characterized by
progressive deficits in one or more cognitive domains severe
enough to interfere with an individual’s functional status [1].
Mild cognitive impairment (MCI) is a precursor of dementia,
characterized by more subtle cognitive deficits that do not
interfere with functional status [1]. Although definitional
variability and reporting bias complicate the estimation of
prevalence [2], MCI likely afflicts 12% to 18% of people aged
60 years and older [3,4]. The rate of progression from MCI to
dementia is estimated to be 10% to 15% yearly [5].

Only about 18% of Americans are familiar with MCI [1].
However, when MCI is described, 85% report they would want
to know if they had either MCI or early dementia, with reasons
cited including to plan for the future, to enable earlier treatment
of symptoms, to take steps to prevent further deterioration, and
to better understand their condition [1]. Similar sentiments are
held by family members, for whom early detection enables a
more gradual adaptation to the caregiver role, resulting in an
improved sense of competence and less psychological distress
[6,7]. On a broader level, early detection can delay
institutionalization and inform the allocation of human resources
within a health care system already marred by shortages in the
dementia care workforce [8-10].

Most primary care physicians (PCPs) believe screening for MCI
and dementia in older patients is important [1]. Following the
detection of MCI or early dementia, PCPs commonly intervene
by assessing for reversible causes, recommending lifestyle
changes, and referring to specialists [1]. However, most PCPs
feel uncomfortable in this domain and report conducting
cognitive assessments for less than half of patients older than
60 years of age [1]. Reported barriers to screening in primary
care settings include low provider confidence (particularly in
distinguishing MCI from normal aging), time constraints,
competing priorities, poorly defined protocols for screening,
and lack of financial incentives [1,11,12]. Only 40% of PCPs
report being familiar with existing cerebrospinal fluid and
imaging biomarker tests that can aid in the diagnosis of
dementia, while only 18% of patients are referred for such
testing when MCI is detected [1,11,12]. An unfortunate
consequence is that more than 90% of patients with MCI are
not identified [13], resulting in delayed diagnosis when advanced
stages of dementia have developed, disability is higher,

treatment options are limited [14], and caregiver stress is high
[15].

Alzheimer's disease is the most common neurodegenerative
cause of MCI and dementia in individuals aged ≥65 years.
Biomarkers for AD span multiple modalities, including
molecular profiling of bodily fluids, brain imaging,
electroencephalography, and neuropsychological testing [16].
With increased computational power, particularly in the form
of artificial intelligence, digital biomarkers have emerged as
promising new noninvasive approaches for early detection of
MCI and early dementia due to AD [17]. One example is the
digitization of the traditional clock drawing test (CDT).
Although thoroughly validated, the CDT is a classically analog
test that requires manual supervision and skilled interpretation,
limiting its use in busy clinical practice and making it
susceptible to interobserver variability [18]. Linus Health’s
Core Cognitive Evaluation (CCE) is a tablet-based cognitive
assessment tool consisting of an immediate recall task, a digital
CDT administered on an Apple iPad using an Apple Pencil, and
a delayed recall task (collectively termed Digital Clock and
Recall [DCR]) [19,20]. Performance is analyzed by a machine
learning algorithm to yield a score (ranging from 0 to 5), which
is indicative of cognitive impairment (0-1), borderline for
cognitive impairment (2-3), or not indicative of cognitive
impairment (4-5). The DCR is paired with a Life and Health
Questionnaire (LHQ), which screens for modifiable lifestyle
and psychosocial risk and protective factors related to brain
health, enabling prediction of future dementia risk and
personalized recommendations for patients. The DCR has
demonstrated greater sensitivity and accuracy than existing
cognitive assessment tests such as the Mini-Mental State
Examination (MMSE) and the Mini-Cog [21] and takes
substantially less time to complete (approximately 3 min).

These qualities make the CCE well suited for the busy primary
care setting. However, the impact of the CCE in primary care
with respect to patient and provider satisfaction, downstream
clinical decision-making, and reimbursement remains unclear.
The objective of this study was to evaluate the feasibility and
impact of screening for cognitive impairment in an outpatient,
primary care setting using the Linus Health CCE.
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Methods

Screening and Recruitment
Participants for this study were recruited from the Benedict
Adult Primary Care Clinic at UMass Memorial Medical Center.
Eligible patients were identified through a list of upcoming
visits generated from the electronic health record system (Epic
Systems). Eligibility criteria included being aged 65 years or
older; having the ability to read, write, and speak in English or
Spanish; having no previous diagnosis of cognitive impairment;
and having no untreated hearing or vision impairment that would
hinder audible conversation or the use of a tablet. Recruitment
letters were mailed to eligible patients, inviting them to
participate in the study. These letters included an opt-out phone
number and email address. If no response was received, a
research coordinator followed up with a phone call 3-5 days
after the letter was sent to assess interest. Patients who expressed
interest received another phone call one day before their
scheduled visit to confirm their participation, remind them to
arrive an hour early, and advise them to bring their reading
glasses or hearing aids, if applicable. All contacted patients
were logged in a recruitment tracker, which recorded details
such as patient name, participation status, PCP name,
recruitment letter mail date, follow-up call date, visit date and
type, and participation reminder call date.

Assessment
Participants were greeted in the clinic by research coordinators,
escorted to a quiet and private room without an analog clock
present, and completed the consent process. They then
completed preassessment surveys on study tablets. If the patients
were accompanied by their caregivers, their caregivers were
also provided with a fact sheet and completed a survey.
Simultaneously, research coordinators registered participants
on a separate tablet equipped with the Linus Health CCE.
Participants then completed the CCE on a study tablet.
Participants were first administered the DCR, in the following
sequence: (1) during the immediate recall condition, 3 words
were voiced by the tablet, and the patient was asked to repeat
them immediately; (2) during the command clock condition,
the tablet voiced the following command: “draw the face of a
clock, put in all of the numbers, and set the hands to ‘10 after
11”’; (3) during the copy clock condition, the tablet displayed
a picture of an analog clock set to 11:10 and asked the patient
to copy it; and (4) during the delayed recall condition, the patient
was asked to repeat the 3 words initially voiced by the tablet.
The DCR was not adjusted for demographics or education
similar to the original Mini-Cog score. Patients then completed
the LHQ and a postassessment survey on the study tablet before
their visit with the PCP. A total of 7 PCPs who consented to
participate were identified and given a fact sheet. They went
through a training session before the study. After assessments
were completed for the entire cohort, all PCPs involved in the
study completed a provider feedback survey sent by email and
completed an interview assessing their impressions of the CCE.

Results Sharing
After completion of the CCE, results were immediately uploaded
into the Linus Health portal. This generated a provider-facing
report consisting of DCR scores; interpretations; playbacks of
clock drawing and verbal recall; clinical decision support; and
a personalized patient-facing Brain Health Action Plan, which
identifies modifiable risk factors for cognitive impairment and
provides evidence-based suggestions for intervention. These
results were printed and given to PCPs immediately before
patient visits for review in real time. DCR results were shared
with patients at the discretion of PCPs, while the Brain Health
Action Plans were printed and universally shared with each
patient.

Data Management and Analysis
Study data were collected and managed using REDCap
(Research Electronic Data Capture; Vanderbilt University) tools
hosted at UMass Chan Medical School [22,23]. Informed
consent was also obtained using REDCap within the eConsent
framework on a study tablet [24]. REDCap is a secure,
web-based software platform designed to support data capture
for research studies, providing (1) an intuitive interface for
validated data capture; (2) audit trails for tracking data
manipulation and export procedures; (3) automated export
procedures for seamless data downloads to common statistical
packages; and (4) procedures for data integration and
interoperability with external sources. Identifiable patient health
information was concealed from Linus Health throughout the
study and thereafter.

Ethical Considerations
The study protocol was approved by the Western-Copernicus
Group Institutional Review Board (approval number 1341324),
and informed consent was obtained from all patients. Caregivers
and PCPs were provided with a fact sheet to guide them in
completing the survey. No compensation for participation was
provided. For data analysis, only deidentified data were exported
from REDCap to ensure confidentiality and compliance with
ethical standards.

Results

Screened Cohort
A flowchart of participant recruitment is shown in Figure S1 in
Multimedia Appendix 1. During the screening process, 1469
patients were identified as meeting the eligibility criteria. Among
them, 160 accepted the invitation to participate. Of these, 9
either did not show up, changed their minds, or canceled their
appointments, and one participant was found ineligible to
provide consent. Ultimately, 150 patients from the panels of 7
PCPs were successfully enrolled and completed the CCE
between March and December 2023. The baseline demographic
and clinical characteristics of studied patients are listed in Table
1. The participants had a mean age of 74 (SD 7) years; 65%
(97/150) were female, and 74% (111/150) held a college degree
or higher. The CCE identified 40 patients as borderline and 7
patients as positive for cognitive impairment. The number of
patients recruited from each PCP panel ranged from 9 to 38.
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Table 1. Patient demographic and clinical characteristics. Mean (SD) values for continuous variables, and counts (%) for categorical variables have
been reported.

Values (n=150)Characteristics

74 (7)Age (years), mean (SD)

97 (65)Female, n (%)

Race, n (%)

147 (98)White

2 (1)Black

1 (1)Not reported or unknown

Ethnicity, n (%)

2 (1)Hispanic or Latino

136 (91)Not Hispanic or Latino

12 (8)Not recorded or unknown

Education, n (%)

11 (7)High school

28 (19)Some college

111 (74)College graduate and above

111 (74)Hypertension, n (%)

32 (21)Diabetes mellitus, n (%)

135 (90)Hyperlipidemia, n (%)

35 (23)Smoking, n (%)

27 (18)Ischemic heart disease, n (%)

24 (16)Atrial fibrillation or flutter, n (%)

10 (7)Heart failure, n (%)

7 (5)Peripheral vascular disease, n (%)

62 (41)Obstructive sleep apnea, n (%)

1 (1)Parkinson disease, n (%)

37 (25)Depression, n (%)

9 (6)Stroke, n (%)

10 (7)Transient ischemic attack, n (%)

4 (3)Epilepsy, n (%)

66 (44)Hearing loss, n (%)

3 (2)B12 deficiency, n (%)

Provider Response to the CCE
Among the 7 PCPs participating in the study, 5 had more than
10 years of clinical practice, one had 5-10 years of clinical
practice, and one was a junior clinician. All PCPs stated that it
was important to detect undiagnosed cognitive impairment, and
most noted time or workflow constraints as a barrier to cognitive
testing. All PCPs reviewed test results before meeting with their
patient, with an average reported review time of 2 minutes, and
more time is needed if the results indicated a cognitive issue.
A majority of the PCPs stated that the CCE did not interfere
with patient visits (5/7, 71%) and that it did not lead to any
stress or challenges for their patient (6/7, 86%). Most PCPs
(4/7, 57%) reported that the CCE did not cause them any stresses

or challenges; among the 3 providers who answered
affirmatively, one discussed the stress of breaking the news of
poor CCE scores to patients, another cited the challenge of
finding the time to discuss results, and the last voiced concerns
about false positive scores that might result from extraneous
factors like anxiety, comorbidities, and language barriers. All
PCPs stated that they generally agreed with the CCE results,
and a majority (6/7, 86%) of PCPs stated that the results of the
CCE changed their patient care management. All PCPs reported
they would continue using the CCE if made available following
the study.
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Downstream Clinical Action Following the CCE
Referrals to neurology and neuropsychology, select laboratory
tests possibly related to the workup of dementia, and
neuroimaging studies ordered after administration of the CCE
are reported in Table 2. There were 84 such orders placed within

20 days of CCE administration, and an additional 58 orders
were placed within the subsequent 160 days thereafter.
Moreover, among the 7 patients with DCR scores of 0 and 1, a
total of 4 (57%) were later diagnosed with cognitive impairment.
In contrast, only 16 (11%) of the 143 patients with scores of 2
or above were later diagnosed with cognitive impairment.

Table 2. Near-term and delayed cognition-relevant orders placed following the administration of the Core Cognitive Evaluation (CCE).

Days since the CCECognition-relevant orders

21-1800-20

Referral, n

23Neurology

10Neuropsychology

Imaging test, n

52CTa head

114MRIb brain

20PETc brain

Laboratory test, n

726B12

411Folate

03Rapid plasma reagin

2635Thyroid-stimulating hormone

5884Total tests, n

aCT: computed tomography.
bMRI: magnetic resonance imaging.
cPET: positron emission tomography.

Patient and Caregiver Perspectives on Brain Health
Prior to the CCE
The results of the preassessment survey for patients and
caregivers are displayed in Table 3, and the stratified results are
shown in Table S1 in Multimedia Appendix 1. Before the
screening, 58% (87/150) of patients agreed or strongly agreed
they worry about their brain health, while 95% (143/150) of
patients and all caregivers reported they would want to know

if their or their loved one’s brain health was declining.
Approximately two-thirds of both patients (100/150, 67%) and
caregivers (10/15, 67%) agreed or strongly agreed their plans
for the next 5-10 years would change in response to a decline
in brain health; “How we spend our time” was the most
frequently selected decision that would be impacted. About
two-thirds (95/150, 63%) of patients reported they go to their
PCPs for help with taking care of their brain health.
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Table 3. Patient and caregiver perspectives on brain health before the administration of the Core Cognitive Evaluation.

Strongly dis-
agree, n (%)

Disagree, n
(%)

Neither agree nor
disagree, n (%)

Agree, n
(%)

Strongly
agree, n (%)

Survey questions

Patients (n=150)

18 (12)17 (11)28 (19)72 (48)15 (10)I worry about my memory or brain health.

1 (1)3 (2)29 (19)69 (46)48 (32)I understand how to take care of my brain health.

3 (2)9 (6)43 (29)50 (33)45 (30)I go to my primary care physician to help me take care of my brain
health.

3 (2)1 (1)3 (2)62 (41)81 (54)If my brain health was declining, I would want to know.

8 (5)14 (9)28 (19)63 (42)37 (25)If I found out that my brain health was declining, it would change
my plans for the next 5-10 years.

Caregivers (n=15)

1 (7)2 (13)4 (27)5 (33)3 (20)I worry about my relative’s memory or brain health.

0 (0)0 (0)6 (40)4 (27)5 (33)I understand how to help my relatives take care of their brain health.

0 (0)1 (7)1 (7)6 (40)7 (47)I would want to take my relative to their primary care physician
to help me take care of their brain health.

0 (0)0 (0)0 (0)7 (47)8 (53)If my relative’s brain health was declining, I would want to know.

1 (7)0 (0)4 (27)6 (40)4 (27)If I knew my relative’s brain health was declining, it would change
our plans for the next 5-10 years.

Patient Satisfaction With the Core Cognitive
Evaluation
The results of the postassessment survey for patients are
displayed in Table 4, and the stratified results are shown in
Table S2 in Multimedia Appendix 1. One patient did not
complete the assessment. Among participants who completed
the postassessment survey, 96% (143/149) of patients reported
being able to easily complete the CCE, while 70% (105/149)
reported that completing the CCE was beneficial. Among those

who felt the CCE was beneficial, all felt it enabled them to be
productive about their brain health, about two-thirds (68/105,
65%) felt it gave them more control over their long-term brain
health, and about one-third (37/105, 35%) felt it addressed a
current specific concern about their brain health. As a result of
taking the CCE, only one patient reported feeling sad or
depressed, while 5% (8/149) reported feeling worried or anxious.
Most patients (130/149, 87%) agreed or strongly agreed they
would like to know their CCE results.

Table 4. Patient satisfaction after the administration of the Core Cognitive Evaluation. One participant did not complete the postassessment survey
(n=149).

Strongly dis-
agree, n (%)

Disagree, n (%)Neither agree nor
disagree, n (%)

Agree, n (%)Strongly
agree, n (%)

Survey questions

3 (2)0 (0)3 (2)36 (24)107 (71)I was able to complete this assessment easily

3 (2)6 (4)35 (23)59 (39)46 (31)Taking this assessment was beneficial

81 (54)44 (29)16 (11)8 (5)0 (0)Taking this assessment was stressful

90 (60)39 (26)12 (8)8 (5)0 (0)This assessment made me feel anxious or worried

110 (73)32 (21)6 (4)1 (1)0 (0)This assessment made me feel sad or depressed

8 (5)3 (2)8 (5)46 (31)84 (56)I was to know my results from this assessment

Discussion

Principal Findings
Cognitive impairment is a formidable public health threat, with
significant burdens posed to individual patients, their caregivers,
the health care system, and the economy. With two
disease-modifying therapies now approved by the US Food and
Drug Administration (FDA) [25,26] and commercially available
and covered by the Centers for Medicare and Medicaid Services
(CMS) [27], early detection of cognitive impairment has
assumed new relevance. In this study, a cohort of older

outpatients without a previous diagnosis of cognitive impairment
was screened in a primary care setting using the CCE.

The preassessment survey overall comported with the existing
body of literature suggesting patients are concerned about their
brain health and would strongly prefer to detect cognitive
impairment as early as possible. Overall, participant satisfaction
with the screening process was high, with a low incidence of
patient-reported negative psychological impact. A majority of
PCPs stated that the CCE results changed their care
management, and all PCPs stated they would continue using
the CCE if made available following the study.
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The protocol used in this study prioritized minimizing disruption
in an already busy clinical environment by aligning cognitive
assessments with patients’ scheduled appointments. Central to
this workflow was a dedicated team member who facilitated
consenting, screening, and delivery of results to providers.
Although this role was filled by a research coordinator in the
study, it could feasibly be assigned to clinical staff, such as
medical assistants, in real-world practice given the simplicity
of the screening platform and the minimal training required to
administer the survey. Meanwhile, the timing of assessments
before visits and the provision of concise results with easily
digestible interpretations to PCPs obviate the need for manual
grading and interpretation, reducing both the time burden and
expertise requirements associated with conventional
assessments. This design therefore serves as a pragmatic
framework for the implementation of a digital cognitive
impairment screening program in a real-world primary care
setting.

There are noteworthy limitations inherent to this workflow and
its evaluation. While potentially more streamlined for PCPs,
the study required patients to arrive early for their scheduled
appointments. This represents an added medical burden for the
older population and may compete with other previsit agenda
items. This extra time requirement was necessary to ensure that
cognitive assessments could be completed without disrupting
the scheduled clinical visits, allowing PCPs to review the results
in real time. However, it might also impact a spouse or family
member helping the patient to spend more time onsite in the
office. This burden could be mitigated in future studies with
improved electronic health record integration and automated
clinical decision support implementation, or by exploring

alternative workflows, such as integrating the CCE into regular
appointment times or offering remote assessments. Furthermore,
while patients were surveyed before their scheduled visits and
were blind to their CCE results, PCPs were surveyed following
enrollment completion, introducing the potential for recall bias
in their evaluation of the screening process. This retrospective
feedback collection allowed PCPs to reflect on their experiences
with multiple patients but may have affected the accuracy of
their assessments. In addition, the study’s design, which
involved a convenience sample from a single primary care clinic,
limits the generalizability of the findings. While this approach
facilitated close monitoring of the implementation process, it
may not fully represent the broader population. Future studies
should expand the sample size and include multiple sites across
diverse geographic and health care settings. In addition, most
of the participants in this study are non-Hispanic White, which
greatly limits its generalizability to other racial and ethnic
populations. More efforts have to be made to increase the
diversity of participants in the future [28]. Finally, irrespective
of feasibility, the efficacy of a widely adopted digital cognitive
screening program using the CCE remains speculative until
tested in a randomized trial. It would be essential to further
investigate strategies for sustainable and scalable integration of
the CCE in diverse clinical environments, including enhanced
electronic health record integration.

Conclusion
In summary, we explored the integration of the CCE into
primary care visits, which showed minimal disruption to the
practice workflow. Future studies will be warranted to further
validate the implementation of digital cognitive impairment
screening tools within primary care settings in the real world.

 

Acknowledgments
We thank patients and their families, whose help and participation made this work possible. The investigators’ time was partly
supported by grants from P30AG073107, U01AG068221, R01AG080670, R01AG083735, R21HL175584, R01HL155343,
U01HL146382, U54HL143541, and R33HL158541. The views expressed in this manuscript are those of the authors and do not
necessarily represent the views of the National Institutes of Health or the US Department of Health and Human Services. The
funding agencies had no role in study design, data collection and analysis, decision to publish, or preparation of the manuscript.

Data Availability
The datasets generated or analyzed during this study are available from the corresponding author on reasonable request.

Conflicts of Interest
DDM has received consultancy fees from Heart Rhythm Society, Fitbit, Flexcon, Pfizer, Avania, NAMSA, and Bristol Myers
Squibb. DDM reports receiving research support from Fitbit, Apple, Care Evolution, Boeringher Ingelheim, Pfizer, and Bristol
Myers Squibb. The authors have no further interests to declare.

Multimedia Appendix 1
Flowchart illustrating the participant screening and enrollment, patient perspectives on brain health prior to the administration
of the CCE stratified by DCR score groups, and patient satisfaction after the administration of the CCE stratified by DCR score
groups. CCE: Core Cognitive Evaluation; DCR: Digital Clock and Recall.
[DOCX File , 53 KB - formative_v9i1e66695_app1.docx ]

References

JMIR Form Res 2025 | vol. 9 | e66695 | p.2283https://formative.jmir.org/2025/1/e66695
(page number not for citation purposes)

Doerr et alJMIR FORMATIVE RESEARCH

XSL•FO
RenderX

https://jmir.org/api/download?alt_name=formative_v9i1e66695_app1.docx&filename=31d2c3d84e3c68f6af19b8ee8e0c9190.docx
https://jmir.org/api/download?alt_name=formative_v9i1e66695_app1.docx&filename=31d2c3d84e3c68f6af19b8ee8e0c9190.docx
http://www.w3.org/Style/XSL
http://www.renderx.com/


1. Alzheimer's Association. 2022 Alzheimer's disease facts and figures. Alzheimers Dement 2022 Apr;18(4):700-789. [doi:
10.1002/alz.12638] [Medline: 35289055]

2. Casagrande M, Marselli G, Agostini F, Forte G, Favieri F, Guarino A. The complex burden of determining prevalence rates
of mild cognitive impairment: a systematic review. Front Psychiatry 2022;13:960648 [FREE Full text] [doi:
10.3389/fpsyt.2022.960648] [Medline: 36213927]

3. Petersen RC, Lopez O, Armstrong MJ, Getchius TSD, Ganguli M, Gloss D, et al. Practice guideline update summary: mild
cognitive impairment: report of the guideline development, dissemination, and implementation subcommittee of the American
Academy of Neurology. Neurology 2018;90(3):126-135 [FREE Full text] [doi: 10.1212/WNL.0000000000004826] [Medline:
29282327]

4. Rajan KB, Weuve J, Barnes LL, McAninch EA, Wilson RS, Evans DA. Population estimate of people with clinical
Alzheimer's disease and mild cognitive impairment in the United States (2020-2060). Alzheimers Dement
2021;17(12):1966-1975 [FREE Full text] [doi: 10.1002/alz.12362] [Medline: 34043283]

5. Mitchell AJ, Shiri-Feshki M. Rate of progression of mild cognitive impairment to dementia--meta-analysis of 41 robust
inception cohort studies. Acta Psychiatr Scand 2009;119(4):252-265. [doi: 10.1111/j.1600-0447.2008.01326.x] [Medline:
19236314]

6. de Vugt ME, Verhey FRJ. The impact of early dementia diagnosis and intervention on informal caregivers. Prog Neurobiol
2013;110:54-62. [doi: 10.1016/j.pneurobio.2013.04.005] [Medline: 23689068]

7. de Vugt ME, Stevens F, Aalten P, Lousberg R, Jaspers N, Winkens I, et al. Do caregiver management strategies influence
patient behaviour in dementia? Int J Geriatr Psychiatry 2004;19(1):85-92. [doi: 10.1002/gps.1044] [Medline: 14716704]

8. National Academies of Sciences, Division of Behavioral and Social Sciences and Education, Board on Behavioral, Cognitive,
and Sensory Sciences, Committee on the Decadal Survey of Behavioral and Social Science Research on Alzheimer's Disease
and Alzheimer's Disease-Related Dementias. Reducing the Impact of Dementia in America: A Decadal Survey of the
Behavioral and Social Sciences. Washington, DC: National Academies Press; 2021.

9. Banerjee S, Wittenberg R. Clinical and cost effectiveness of services for early diagnosis and intervention in dementia. Int
J Geriatr Psychiatry 2009;24(7):748-754. [doi: 10.1002/gps.2191] [Medline: 19206079]

10. Dubois B, Padovani A, Scheltens P, Rossi A, Dell'Agnello G. Timely diagnosis for Alzheimer's Disease: a literature review
on benefits and challenges. J Alzheimers Dis 2016;49(3):617-631 [FREE Full text] [doi: 10.3233/JAD-150692] [Medline:
26484931]

11. Gong N, Yang D, Zou J, He Q, Hu L, Chen W, et al. Exploring barriers to dementia screening and management services
by general practitioners in China: a qualitative study using the COM-B model. BMC Geriatr 2023;23(1):55 [FREE Full
text] [doi: 10.1186/s12877-023-03756-x] [Medline: 36717818]

12. Bernstein Sideman A, Al-Rousan T, Tsoy E, Piña Escudero SD, Pintado-Caipa M, Kanjanapong S, et al. Facilitators and
barriers to dementia assessment and diagnosis: perspectives from dementia experts within a global health context. Front
Neurol 2022;13:769360 [FREE Full text] [doi: 10.3389/fneur.2022.769360] [Medline: 35418934]

13. Mattke S, Jun H, Chen E, Liu Y, Becker A, Wallick C. Expected and diagnosed rates of mild cognitive impairment and
dementia in the U.S. medicare population: observational analysis. Alzheimers Res Ther 2023;15(1):128 [FREE Full text]
[doi: 10.1186/s13195-023-01272-z] [Medline: 37481563]

14. Mattke S, Jun H, Chen E, Liu Y, Becker A, Wallick C. Expected and diagnosed rates of mild cognitive impairment and
dementia in the U.S. medicare population: observational analysis. Alzheimers Res Ther 2023;15(1):128 [FREE Full text]
[doi: 10.1186/s13195-023-01272-z] [Medline: 37481563]

15. Richardson TJ, Lee SJ, Berg-Weger M, Grossberg GT. Caregiver health: health of caregivers of Alzheimer's and other
dementia patients. Curr Psychiatry Rep 2013;15(7):367. [doi: 10.1007/s11920-013-0367-2] [Medline: 23712718]

16. Gunes S, Aizawa Y, Sugashi T, Sugimoto M, Rodrigues PP. Biomarkers for Alzheimer's disease in the current state: a
narrative review. Int J Mol Sci 2022;23(9):4962 [FREE Full text] [doi: 10.3390/ijms23094962] [Medline: 35563350]

17. Vrahatis AG, Skolariki K, Krokidis MG, Lazaros K, Exarchos TP, Vlamos P. Revolutionizing the early detection of
Alzheimer's disease through non-invasive biomarkers: the role of artificial intelligence and deep learning. Sensors (Basel)
2023;23(9):4184 [FREE Full text] [doi: 10.3390/s23094184] [Medline: 37177386]

18. Agrell B, Dehlin O. The clock-drawing test. 1998. Age Ageing 2012;41 Suppl 3:iii41-iii45. [doi: 10.1093/ageing/afs149]
[Medline: 23144287]

19. Jannati A, Toro-Serey C, Gomes-Osman J, Banks R, Ciesla M, Showalter J, et al. Digital clock and recall is superior to the
mini-mental state examination for the detection of mild cognitive impairment and mild dementia. Alzheimers Res Ther
2024;16(1):2 [FREE Full text] [doi: 10.1186/s13195-023-01367-7] [Medline: 38167251]

20. Banks R, Higgins C, Greene BR, Jannati A, Gomes-Osman J, Tobyne S, et al. Clinical classification of memory and
cognitive impairment with multimodal digital biomarkers. Alzheimers Dement (Amst) 2024;16(1):e12557 [FREE Full text]
[doi: 10.1002/dad2.12557] [Medline: 38406610]

21. Gomes-Osman J, Borson S, Toro-Serey C, Banks R, Ciesla M, Jannati A, et al. Digital clock and recall: a digital,
process-driven evolution of the mini-cog. Front Hum Neurosci 2024;18:1337851 [FREE Full text] [doi:
10.3389/fnhum.2024.1337851] [Medline: 39253069]

JMIR Form Res 2025 | vol. 9 | e66695 | p.2284https://formative.jmir.org/2025/1/e66695
(page number not for citation purposes)

Doerr et alJMIR FORMATIVE RESEARCH

XSL•FO
RenderX

http://dx.doi.org/10.1002/alz.12638
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35289055&dopt=Abstract
https://europepmc.org/abstract/MED/36213927
http://dx.doi.org/10.3389/fpsyt.2022.960648
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=36213927&dopt=Abstract
https://europepmc.org/abstract/MED/29282327
http://dx.doi.org/10.1212/WNL.0000000000004826
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29282327&dopt=Abstract
https://europepmc.org/abstract/MED/34043283
http://dx.doi.org/10.1002/alz.12362
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34043283&dopt=Abstract
http://dx.doi.org/10.1111/j.1600-0447.2008.01326.x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19236314&dopt=Abstract
http://dx.doi.org/10.1016/j.pneurobio.2013.04.005
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23689068&dopt=Abstract
http://dx.doi.org/10.1002/gps.1044
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=14716704&dopt=Abstract
http://dx.doi.org/10.1002/gps.2191
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19206079&dopt=Abstract
https://journals.sagepub.com/doi/abs/10.3233/JAD-150692?url_ver=Z39.88-2003&rfr_id=ori:rid:crossref.org&rfr_dat=cr_pub  0pubmed
http://dx.doi.org/10.3233/JAD-150692
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26484931&dopt=Abstract
https://bmcgeriatr.biomedcentral.com/articles/10.1186/s12877-023-03756-x
https://bmcgeriatr.biomedcentral.com/articles/10.1186/s12877-023-03756-x
http://dx.doi.org/10.1186/s12877-023-03756-x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=36717818&dopt=Abstract
https://europepmc.org/abstract/MED/35418934
http://dx.doi.org/10.3389/fneur.2022.769360
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35418934&dopt=Abstract
https://alzres.biomedcentral.com/articles/10.1186/s13195-023-01272-z
http://dx.doi.org/10.1186/s13195-023-01272-z
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=37481563&dopt=Abstract
https://alzres.biomedcentral.com/articles/10.1186/s13195-023-01272-z
http://dx.doi.org/10.1186/s13195-023-01272-z
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=37481563&dopt=Abstract
http://dx.doi.org/10.1007/s11920-013-0367-2
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23712718&dopt=Abstract
https://www.mdpi.com/resolver?pii=ijms23094962
http://dx.doi.org/10.3390/ijms23094962
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35563350&dopt=Abstract
https://www.mdpi.com/resolver?pii=s23094184
http://dx.doi.org/10.3390/s23094184
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=37177386&dopt=Abstract
http://dx.doi.org/10.1093/ageing/afs149
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23144287&dopt=Abstract
https://alzres.biomedcentral.com/articles/10.1186/s13195-023-01367-7
http://dx.doi.org/10.1186/s13195-023-01367-7
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=38167251&dopt=Abstract
https://europepmc.org/abstract/MED/38406610
http://dx.doi.org/10.1002/dad2.12557
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=38406610&dopt=Abstract
https://doi.org/10.3389/fnhum.2024.1337851
http://dx.doi.org/10.3389/fnhum.2024.1337851
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=39253069&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


22. Harris PA, Taylor R, Thielke R, Payne J, Gonzalez N, Conde JG. Research electronic data capture (REDCap)--a
metadata-driven methodology and workflow process for providing translational research informatics support. J Biomed
Inform 2009;42(2):377-381 [FREE Full text] [doi: 10.1016/j.jbi.2008.08.010] [Medline: 18929686]

23. Harris PA, Taylor R, Minor BL, Elliott V, Fernandez M, O'Neal L, et al. The REDCap consortium: building an international
community of software platform partners. J Biomed Inform 2019;95:103208 [FREE Full text] [doi: 10.1016/j.jbi.2019.103208]
[Medline: 31078660]

24. Lawrence CE, Dunkel L, McEver M, Israel T, Taylor R, Chiriboga G, et al. A REDCap-based model for electronic consent
(eConsent): moving toward a more personalized consent. J Clin Transl Sci 2020;4(4):345-353 [FREE Full text] [doi:
10.1017/cts.2020.30] [Medline: 33244416]

25. FDA converts novel Alzheimer's disease treatment to traditional approval. U.S. Food and Drug Administration. 2023. URL:
https://www.fda.gov/news-events/press-announcements/fda-converts-novel-alzheimers-disease-treatment-traditional-approval
[accessed 2025-01-14]

26. FDA approves treatment for adults with Alzheimer's disease. U.S. Food and Drug Administration. 2024. URL: https://www.
fda.gov/drugs/news-events-human-drugs/fda-approves-treatment-adults-alzheimers-disease [accessed 2025-01-14]

27. Statement: broader medicare coverage of leqembi available following FDA traditional approval. Centers for Medicare and
Medicaid Services. 2023. URL: https://www.cms.gov/newsroom/press-releases/
statement-broader-medicare-coverage-leqembi-available-following-fda-traditional-approval [accessed 2025-01-14]

28. Fisher JA, Kalbaugh CA. Challenging assumptions about minority participation in US clinical research. Am J Public Health
2011;101(12):2217-2222. [doi: 10.2105/AJPH.2011.300279] [Medline: 22021285]

Abbreviations
CCE: Core Cognitive Evaluation
CDT: clock drawing test
CMS: Centers for Medicare and Medicaid Services
DCR: Digital Clock and Recall
FDA: US Food and Drug Administration
LHQ: Life and Health Questionnaire
MCI: mild cognitive impairment
MMSE: Mini-Mental State Examination
PCP: primary care physicians
REDCap: Research Electronic Data Capture

Edited by A Mavragani; submitted 20.09.24; peer-reviewed by K Possin; comments to author 29.10.24; revised version received
08.12.24; accepted 27.12.24; published 12.03.25.

Please cite as:
Doerr AJ, Orwig TA, McNulty M, Sison SDM, Paquette DR, Leung R, Ding H, Erban SB, Weinstein BR, Guilarte-Walker Y, Zai AH,
Walkey AJ, Soni A, McManus DD, Lin H
Digital Assessment of Cognitive Health in Outpatient Primary Care: Usability Study
JMIR Form Res 2025;9:e66695
URL: https://formative.jmir.org/2025/1/e66695 
doi:10.2196/66695
PMID:

©Adam J Doerr, Taylor A Orwig, Matthew McNulty, Stephanie Denise M Sison, David R Paquette, Robert Leung, Huitong
Ding, Stephen B Erban, Bruce R Weinstein, Yurima Guilarte-Walker, Adrian H Zai, Allan J Walkey, Apurv Soni, David D
McManus, Honghuang Lin. Originally published in JMIR Formative Research (https://formative.jmir.org), 12.03.2025. This is
an open-access article distributed under the terms of the Creative Commons Attribution License
(https://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution, and reproduction in any medium,
provided the original work, first published in JMIR Formative Research, is properly cited. The complete bibliographic information,
a link to the original publication on https://formative.jmir.org, as well as this copyright and license information must be included.

JMIR Form Res 2025 | vol. 9 | e66695 | p.2285https://formative.jmir.org/2025/1/e66695
(page number not for citation purposes)

Doerr et alJMIR FORMATIVE RESEARCH

XSL•FO
RenderX

https://linkinghub.elsevier.com/retrieve/pii/S1532-0464(08)00122-6
http://dx.doi.org/10.1016/j.jbi.2008.08.010
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18929686&dopt=Abstract
https://linkinghub.elsevier.com/retrieve/pii/S1532-0464(19)30126-1
http://dx.doi.org/10.1016/j.jbi.2019.103208
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31078660&dopt=Abstract
https://europepmc.org/abstract/MED/33244416
http://dx.doi.org/10.1017/cts.2020.30
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33244416&dopt=Abstract
https://www.fda.gov/news-events/press-announcements/fda-converts-novel-alzheimers-disease-treatment-traditional-approval
https://www.fda.gov/drugs/news-events-human-drugs/fda-approves-treatment-adults-alzheimers-disease
https://www.fda.gov/drugs/news-events-human-drugs/fda-approves-treatment-adults-alzheimers-disease
https://www.cms.gov/newsroom/press-releases/statement-broader-medicare-coverage-leqembi-available-following-fda-traditional-approval
https://www.cms.gov/newsroom/press-releases/statement-broader-medicare-coverage-leqembi-available-following-fda-traditional-approval
http://dx.doi.org/10.2105/AJPH.2011.300279
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22021285&dopt=Abstract
https://formative.jmir.org/2025/1/e66695
http://dx.doi.org/10.2196/66695
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


Original Paper

Teen Perspectives on Integrating Digital Mental Health Programs
for Teens Into Public Libraries (“I Was Always at the Library”):
Qualitative Interview Study

Ashley A Knapp1, PhD; Katherine Cohen2, MA; Kaylee P Kruzan3, LCSW, PhD; Rachel Kornfield3, PhD; Miguel

Herrera1, MEd; Aderonke B Pederson4, MD; Sydney Lee1; Kathryn Macapagal2, PhD; Chantelle A Roulston2, BA;

Kaleigh Clarke5, BS; Clarisa Wijaya6, MA; Robert Simmons7, MSW; Latonia Jackson7, BA; Simrandeep Kour8, MA;

Sandra Franco9, MS, MEd; David C Mohr3, PhD
1Department of Psychiatry and Behavioral Sciences, Feinberg School of Medicine, Northwestern University, Chicago, IL, United States
2Department of Medical Social Sciences, Feinberg School of Medicine, Northwestern University, Chicago, IL, United States
3Department of Preventive Medicine, Feinberg School of Medicine, Northwestern University, Chicago, IL, United States
4Department of Psychiatry, Harvard Medical School, Massachusetts General Hospital, Boston, MA, United States
5Bradley University, Peoria, IL, United States
6Department of Psychology and Psychiatry, University of Illinois Chicago, Chicago, IL, United States
7Oak Park Public Library, Oak Park, IL, United States
8Chitkara University, Chandigarh, India
9Chicago School of Education, Loyola University, Chicago, IL, United States

Corresponding Author:
Ashley A Knapp, PhD
Department of Psychiatry and Behavioral Sciences
Feinberg School of Medicine
Northwestern University
750 North Lake Shore Drive
Chicago, IL, 60611
United States
Phone: 1 3125033751
Email: ashley.knapp@northwestern.edu

Abstract

Background: Rising rates of anxiety among teens necessitate innovative approaches for implementing evidence-based mental
health support. Public libraries, seen as safe spaces for patrons with marginalized identities, offer free public services such as
broadband internet access. Many teens spend significant amounts of time in their local libraries due to the safety of this space as
well as the trusted adults working there. The American Library Association has shifted its priorities to focus more on mental
health through employing social workers and providing mental health programs. As such, public libraries may be promising sites
for the implementation of digital mental health (DMH) programs for teens.

Objective: This study aimed to examine how teens who attended their local public library experienced and managed their
anxiety, what mental health supports they were interested in receiving, and how DMH programs and public libraries can meet
their needs.

Methods: We interviewed 16 teens aged 12-18 (mean 15.2, SD 2.0) years who used the library frequently at the time of the
interviews. Of these teen patrons, 56% (9/16) identified as female, 31% (5/16) identified as male, and 12% (2/16) identified as
nonbinary. Most (11/16, 69%) identified as either White or Black or African American individuals, with the remainder (5/16,
31%) identifying as Hispanic or Latino or Chinese American individuals or with ≥2 races. The interviews were individual and
semistructured, designed to elicit recommendations for designing and implementing digital tools in libraries to improve teen
mental health. Interview transcripts were coded by multiple coders using thematic analysis to synthesize key themes.

Results: Teens reported experiencing uncontrollability, unpredictability, and anger related to their anxiety, which they managed
using strategies such as guided breathing, distress tolerance, and social connection. They also talked about other helpful management
techniques (eg, progressive muscle relaxation, journaling, and mood tracking). Teens underscored the importance of pairing mood
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tracking with daily activities to reveal patterns. They also stressed the significance of context and anxiety severity when choosing
anxiety management strategies. Teens underscored the centrality of the public library in their lives and their view of it as a safe
space where they can easily access resources and connect with friends and trusted adults. When considering the design of a DMH
program implemented in libraries, they suggested including personalization for different identities, gamification, and simple
navigation. Teens emphasized the importance of protecting their privacy within digital programs and that their end goal was to
use the skills learned in the DMH program offline.

Conclusions: Teens who frequently used their local public library expressed interest in receiving digital tools via libraries to
help them manage anxiety. Their recommendations will help inform future research on the adaptation and implementation of
DMH programs for teens in public libraries.

(JMIR Form Res 2025;9:e67454)   doi:10.2196/67454
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Introduction

Background
Researchers, clinicians, and policy makers in the United States
have declared a teen mental health crisis due to increasing rates
of internalizing distress combined with limited access to mental
health programs [1-3]. The Centers for Disease Control and
Prevention found that over one-third of teens in 2019
experienced persistent feelings of hopelessness, a transdiagnostic
predictor of anxiety and depression [4,5]. Anxiety is particularly
common among teens, with rates increasing roughly 27%
between 2016 and 2019 [6] and continuing to rise since the
pandemic [7]. Prevention and treatment efforts for teens have
the potential to reduce the likelihood that internalizing disorders
will persist or worsen in adulthood [8], but demand far exceeds
the available supply of teen mental health programs [9,10].
Increasing the number of providers would not fully ameliorate
the issue as many teens face additional barriers such as high
treatment costs, lack of transportation to clinics, and complex
regulations regarding parental consent [11]. Consequently,
advocates call for researchers and clinicians to meet teens where
they are by implementing mental health interventions in settings
frequently used by teens [12-14]. In this paper, we focus on
public libraries as a promising yet understudied setting for
delivering teen mental health programs, particularly programs
targeting anxiety.

Many teens, especially those with marginalized identities, spend
significant amounts of time in libraries [15]. Public libraries are
a third place, where patrons can spend time without being
expected to spend money [16,17]. The commercialization of
space, particularly in urban areas, has led to libraries being one
of the few indoor spaces teens can inhabit for free without facing
accusations of loitering. As a result, libraries have transitioned
in recent years to become beacons of public services, offering
health services, professional development classes, art workshops,
and more [18]. An increasing number of libraries now offer
teen-specific programming [19-21]. Libraries are also seen as
a safe space for teens with marginalized identities, including
historically underserved racial and ethnic minority (HURE)
teens; teens who identify as lesbian, gay, bisexual, transgender,
queer, intersex, or asexual (LGBTQIA+); teens living in
lower-resourced and disinvested areas; and teens living with

mental health conditions [15,16,18,22-27]. Unsurprisingly, the
teen mental health crisis is visible in public libraries. Within
the last decade, the American Library Association has shifted
its priorities to focus more on mental health through actions
such as employing social workers within public libraries and
providing patrons with mental health programs [25,26,28]. At
the same time, librarians report wanting more mental health
support for teen patrons that is accessible and on demand and
requires little additional training for already overtaxed staff
[15]. Accordingly, interventions that leverage digital
technologies, or digital mental health (DMH) programs, may
be well suited for use in libraries.

DMH programs are an ideal way to reach teens for several
reasons. Teens commonly use the internet for mental health
support and psychoeducation [29]. DMH programs can be
implemented in practically any location at relatively low cost.
Libraries offer free broadband internet access and computer
access to all patrons, allowing DMH programs to be easily
accessed in this setting. Self-administered DMH programs
provide availability on demand when teens need support,
eliminating the need to involve a facilitator or caregiver and
also satisfying the needs of teens for independence and
autonomy [11]. Despite the promise of DMH programs, many
face problems with user engagement and sustainment by
organizations outside the research context [30,31]. Researchers
have suggested that this may reflect, in part, that DMH programs
are typically designed for research contexts rather than for
implementation in real-world settings [32,33]. On average, it
takes 17 years [34] for research evidence to reach real-world
settings and change practice. These statistics have not
significantly changed in decades, highlighting the need for
innovative solutions to address this research-practice gap.

To ensure that DMH programs are implemented in real-world
settings, researchers may look toward approaches that (1) center
the community who will use the program, (2) design the program
according to the community’s needs, and (3) evaluate
implementation metrics outside of effectiveness.
Community-based participatory research (CBPR) is an approach
to research that prioritizes partnership and shared
decision-making with community members impacted by the
research [35]. The application of CBPR principles in the
development of DMH programs ensures that DMH programs
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can positively impact the community of interest.
Human-centered design (HCD) is defined as a set of methods
that require that “the human perspective is considered from the
initial conception to the eventual design, and that the people
who will use and/or be affected by the designed product are
involved in the process” [32]. Similarly to CBPR, HCD elevates
the end users’voices in intervention design and implementation,
increasing the likelihood that design outputs will be acceptable
and sustainable. Finally, implementation research (IR) involves
studying how evidence-based practices can best be implemented
in real-world settings outside of research contexts (eg, examining
determinants of and strategies for implementation and evaluating
and designing for the deployment context) [36]. In combination,
CBPR stipulates principles for partnering with a community
that may use a DMH program, HCD provides methods for
effectively creating the DMH program such that end users will
be engaged, and IR plans for and evaluates the deployment of
the DMH program outside of a research setting. The frameworks
improve the likelihood that DMH programs will have high
uptake and a meaningful and sustained impact beyond research.

Across CBPR, HCD, and IR frameworks, the first step in
creating interventions that are engaging and sustainable is to
understand and center the needs, goals, and preferences of end
users, their communities, and eventual deployment settings
[31,33]. For example, previous research suggests that teens
often experience anxiety through somatic symptoms and
excessive worrying. However, it is unknown whether these
findings fully generalize to the experiences of teen library
patrons or whether there are additional factors to consider that
are unique to the community they are in [37,38].

Objectives
The purpose of this study was to use CBPR, HCD, and IR
methods to understand the lived experiences of teen library
patrons related to anxiety, elicit recommendations on what teen
patrons would like to see in a DMH program for anxiety and
anxiety management, and understand contextual factors and
teens’perspectives of the public library as a deployment setting.
Our goal was to use this information to inform the adaptation
of DMH programs that can be implemented in public libraries
to meet teens where they already are and help alleviate the teen
mental health crisis [15].

Methods

Setting and Participants
Building on our previous needs assessment with library workers
[15], this study examined teen patrons’ needs and preferences
related to the implementation of a DMH program for anxiety
within a public library that serves communities in the west side
and west of Chicago, Illinois. We will use teens or teen patrons
to describe the teens who use the library frequently as this is
the term the library community and teens use. The library serves
community members from diverse racial and economic
backgrounds, prioritizing the needs of marginalized patrons and
those most affected by health inequities in their programming
and the services they offer the community. AAK interviewed
16 teens aged 12-18 (mean 15.2, SD 2.0) years who used the
library frequently at the time of the interviews. The interviewer

held a master’s degree and doctoral degree in experimental
psychology, was an assistant professor, and identified as female
at the time of the interview. We define frequently as those teens
who either attended weekly programming at the library or visited
the library during the week. Of these 16 teen patrons, 56% (n=9)
identified as female, 31% (n=5) identified as male, and 12%
(n=2) identified as nonbinary, and 44% (n=7) identified as White
individuals, 25% (n=4) identified as Black or African American
individuals, 12% (n=2) identified as Hispanic or Latino
individuals, 12% (n=2) identified with ≥2 races, and 6% (n=1)
identified as Chinese American individuals.

Procedures
All participants were recruited from a local Chicagoland public
library between 2020 and 2021. The library’s Teen Services
staff coordinated with the research team to post study flyers in
the library common areas, promote the study in the library’s
Teen Services programming, post in the library’s newsletter,
and receive referrals from other teen patrons. Recruitment
occurred until saturation was achieved in the interviews. No
participant dropped out or refused to be part of the study; no
repeat interviews were conducted. During the first year of the
COVID-19 pandemic, the physical library was shut down;
however, programming for teens continued via Zoom (audio
only). Our research team built rapport with teens in person
before the pandemic onset (and then once the physical library
opened again), as well as attending the internet-based weekly
programming events led by teens when the library was shut
down. A total of 16 teen patrons participated in a 1-hour,
individual needs assessment interview with members of the
research study team.

Due to COVID-19 restrictions, all interviews were conducted
over the phone or using audio-only Zoom calls (Zoom Video
Communications). The semistructured interviews covered how
participants experience and manage anxiety, current use of
technology, and current or future library programming focused
on teen mental health (Multimedia Appendix 1). Participants
were also asked about what resources or features within a digital
program may help them better manage anxiety. All interviews
were audio recorded, transcribed, and uploaded to Dedoose
(SocioCultural Research Consultants) [39] for qualitative data
analysis. If teens expressed thoughts of suicide or self-harm
behaviors during the interview, a predetermined safety procedure
was in place to assess risk of imminent harm and take
appropriate action (including safety planning for those deemed
low risk and connecting the teens with emergency services for
those at high risk). While some teens expressed experiencing
self-harm thoughts in the past, no teen expressed current suicide
or self-harm thoughts or behaviors, so the safety protocol was
not enacted.

Data Analysis
In total, 3 researchers (AAK, MH, and CW) conducted a
thematic qualitative data analysis of the transcribed interviews.
These coders all had training in qualitative analysis, all held
master’s degrees, and one also held a doctoral degree. Coders
used an iterative approach to create and refine the codebook.
No field notes were used in the analysis. First, coders read and
annotated 3 interview transcripts each, labeling relevant words,
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phrases, or sections with codes. Then, coders met to discuss
and conceptualize the annotations, identify highly salient codes,
and group codes into broader categories. The coders met
regularly to discuss the application of codes, resolve
discrepancies in code application, and refine the codebook
accordingly. Next, coders were randomly assigned to apply the
updated codebook to 5 or 6 additional interview transcripts each,
after which they met to resolve discrepancies and further refine
the codebook by removing codes that were underused or not
present within the transcripts. After these iterations, the final
codebook was applied to all transcripts, encompassing the
following key themes: (1) public libraries and mental health,

(2) teen anxiety experiences and management, and (3) DMH
program design for teens and implementation considerations
(see Multimedia Appendix 2 for the COREQ [Consolidated
Criteria for Reporting Qualitative Research] checklist). The
community members were primarily involved in member
checking [40-43] in that they were most interested in reading
the first drafts of the paper and verifying that the main concepts
identified by researchers in the qualitative data analysis (and,
thus, highlighted in the Results section) were an accurate
representation of the teen patrons’ feedback and also of the
library itself. The summary of the key themes is shown in
Textbox 1.
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Textbox 1. Summary of key themes and subthemes from the qualitative analysis conducted on the transcripts of the individual semistructured interviews
with teens who frequently used a local Chicagoland library between 2020 and 2021. The interviews covered how teens experienced and managed
anxiety; current use of technology; and current or future library programming focused on teen mental health, including digital mental health (DMH)
programs for anxiety (Multimedia Appendix 1).

Public libraries and mental health

• Most teens liked the centrality and easy access of the library.

• The library provides teens easy access to reliable mental health resources to connect with other teens on this subject.

• Teens from historically underserved racial and ethnic minority backgrounds and other marginalized identities perceived libraries as safe spaces.

Teen lived experiences of anxiety

• Uncontrollability: teens identified catastrophizing, overthinking, and a lack of control over thoughts, emotions, and actions as feelings of
anxiousness. For some, anxiety led to feelings of sadness and depression and thoughts of self-harm. The cyclical pattern resulting from the
co-occurrence of anxiety and depression symptoms severely impacted teens’ drive and motivation. The uncontrollability of anxiety led teens to
feel burned out and tired, with a sense of dissociation from reality and derealization.

• Unpredictability: new experiences were a major source of anxiety related to unpredictability. Experiencing an unpredictable situation prompted
urges to escape the situation or avoid future anxiety-provoking situations.

• Anger: anxiety can lead to teens getting easily frustrated, having a short fuse, and feeling angry. Sources of anger ranged from irritation over
mistakes to frustration and bitterness toward personal anxiety. External annoyance and bitterness usually ended in arguments with family and
friends.

How teens manage anxiety

• Breathing and progressive muscle relaxation: teens used apps with guided breathing, in-the-moment breathing exercises prompted by devices
tracking physical changes, and progressive muscle relaxation to help regulate high anxiety levels.

• Grounding and distress tolerance: grounding techniques were used to disrupt uncomfortable thoughts and feelings. One method was the 5-4-3-2-1
technique, where one names things related to each sense. Another anxiety-managing technique used the sense of taste, namely, salty and sour
tastes.

• Social connection: engaging in various activities with loved ones, namely, talking to and connecting with family and friends through conversation,
helped with easing anxiety. Teens with anxiety felt validated and less isolated when sharing experiences with other teens or mental health
professionals. Teens suggested an anonymous social component in a DMH program serving as a safe space for them to share experiences and
advice with one another. Teens also wanted access to a mental health professional to provide advice in a safe space.

• Journaling and mood tracking: teens used journaling to work through and release their anxiety, helping them gain confidence and motivation to
address stressors. Teens appreciated when mood tracking was used to reveal patterns such as relationships between their anxiety and daily
activities. Some teens desired a pop-up mood tracker when first opening the program that could tailor mood management techniques to their
input responses (eg, if high anxiety is reported, the program directs teens to in-the-moment anxiety relief techniques).

• Psychoeducation and crisis resources: teens found psychoeducation and crisis resources to be useful in contextualizing and learning the patterns
and origins of their anxiety. Teens emphasized the importance of warm handoffs and easy access to reliable resources when in a crisis.

• Strategy choice and context: teens wanted a wide range of anxiety-mitigating techniques. Having variety allows teens to experiment and figure
out what works best for them. Teens noted that context and anxiety levels played important roles in choosing a technique. The main goal of the
resources should be to allow for practicing skills to eventually be used without technological assistance.

Desired DMH program features

• Personalization: teens liked app algorithms that curated or suggested content based on feedback, use, and data entry, as well as reports on patterns.
They emphasized the need to understand who the program is targeting and provide resources specific to that population.

• Aesthetics and layout: teens preferred simple and concise app layouts that made navigation of the resources easy. Teens recommended that apps
should be low commitment as longer materials were hard to keep up with and became overwhelming. They favored content delivered in teen-friendly
language to keep the program more relatable and up-to-date.

• Gamification and animations: videos, animations and graphics, and mini games were the best modalities for information acquisition and engagement
for teens. Content would be even more compelling if it featured teen celebrities or popular social media influencers. Teens liked interactive digital
features, such as haptic and touch screen features, while practicing skills.

• Privacy and accessibility: protecting teens’ privacy was a top priority—teens worried about parental access to and surveillance of their phones
and parents potentially finding out that they were struggling with mental health issues. Teens noted school rules and caregivers restricting phone
use as access barriers. Paid subscriptions, an overt mental health focus in case of onlookers, and phone limits (eg, low storage and limited or
inconsistent broadband access) were access barriers to resources on apps.
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Ethical Considerations
All research protocols were approved by the Northwestern
University Institutional Review Board (STU00212314) before
study enrollment. Both the interested teens and their caregivers
provided permission to take part in the study. In the process of
transcribing interviews, all potential identifying information
was removed to protect the privacy of the participants, and each
transcription was labeled as P1, P2, etc. Transcripts were not
returned to participants. Each adolescent was given a US $25
Visa gift card for their time and participation in the interviews.

Results

Public Libraries and Teen Mental Health
Teens discussed resources they enjoyed at the library, the impact
the library had on them, and their opinion on how libraries could
support teen mental health. Most teens talked about the centrality
and easy access of the library. P13 stated the following:

Because of where I get off at the train on the metro,
I get off right across the street from the library so I
can go to the library and just chill there.

Other teens described the library as a community access point.
They noted that the library has many connections throughout
the community and serves as a hub for resources.

When reflecting on the role public libraries should play in teen
mental health, most teens agreed that the library is a great place
for teens to access reliable mental health resources and connect
with other teens about mental health via library programming.
While some teens had specific ideas for new mental health
offerings, such as creating a website or smartphone app to
connect teens to resources to manage their mental health, they
also spoke about resources that the library already had in place.
For example, P8 described the following:

Like obviously books are a resource—and kind of just
having that level of flexibility whether it’s mentorship
or whether it’s grounding yourself in a story or
whether it’s a pamphlet...having those different
opportunities for how people have different or how
different people interact with their own mental health
and coping mechanisms.

Teens emphasized how the library was a safe space for them
because of the trusted adults that worked there, friends they
made at the library, and the library’s intentional teen
programming. P12 summarized this nicely:

I was always at the library, and I was always doing
these groups and these fun summer clubs. I had a lot
of friends from the library...I do think that the library
is a great resource place. There’s a lot of good,
trusted adults. It’s quiet. And sometimes in a hectic
household or a hectic friend fight, you might just
wanna go to a place and feel welcomed and feel quiet
and feel calm.

Another teen, P2, underscored their admiration for the trusted
adults available via their teen programming at the library:

Even though you’re talking to an adult, you’re just
talking to people you know that care about you.

The library was perceived as a safe space for many HURE and
LGBTQIA+ teens in our sample, as well as those teens most
experiencing inequities. Several of these teens mentioned that
a social justice program within the library led by a local activist
helped create a safe space in the library. In addition to weekly
meetings for this program, teens researched and led town hall
meetings educating the public on issues such as climate change’s
disproportionate effect on lower-resourced communities. When
asking P3 what they liked about this program, they responded
the following:

For well me as like you know like a black, queer
individual in every sense of the word, obviously
because we [the group] love each other and stuff it’s
great, but it’s also like I can just talk about this
stuff...about stuff that I usually wouldn’t talk to
normal people you know your average Joe or
whatever about—talking about the oppression and
the prison system and mass incarceration and all that
stuff...But it definitely just helps so I can get all of
those problems or frustrations out and also just for
mental health just seeing these people [in the
group]...It’s just like we’re a family and that’s really
nice.

As can be seen in this quote, one HURE teen described finding
solace in the shared experiences and similar backgrounds within
this group, which allowed them to safely discuss topics including
structural racism and oppression. Another teen, P13, described
the following:

It’s just nice to have a space where I can be Black
and annoyed and then there’s other people who get
it.

Teens who attended this particular library program also
emphasized their appreciation for the trusted adult who led the
group, highlighting that the local activist empowered them and
elevated their voices, challenging them to think critically while
researching and reporting on current issues.

Teens’ Lived Experiences of Anxiety

Overview
Teens shared about their experiences with anxiety, which
impacted them in terms of physical sensations (eg, racing heart,
difficulty breathing, and feeling shaky or flushed) and socially
(eg, being easily embarrassed in public and worrying about
disappointing or being judged or rejected by others). They also
shared experiences less addressed in the teen anxiety literature;
specifically, they spoke about their feelings of uncontrollability
and unpredictability and the role of anger in their anxiety. As
there is already a robust literature on physical sensations and
social anxiety, we focused on these less explored aspects of
teens’ experiences of anxiety.

Uncontrollability
Teens spoke about catastrophizing and overthinking as part of
their anxiety, as well as feeling like their thoughts, emotions,
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and actions were out of their control. For example, P15
described the following:

My thought train is just going a million miles an hour.
It’s like this thought leads to this other thought and
it turns into a big fireball of negative thoughts...like
out of control.

In addition to feeling a lack of control, some teens’ anxiety led
to feelings of sadness and depression and thoughts of self-harm.
P13 described their experience as follows:

For me, it’s usually like the anxiety comes and then
the sadness once I cool down. So, I guess comparing
it to a storm, it’s like the anxiety is the hurricane and
then the sadness is kind of like the eye of the storm
and then the anxiety comes back and then there’s a
hurricane that follows it.

This teen highlighted the cyclical nature of symptoms, an
experience shared by many others. Teens went on to describe
how the co-occurrence of anxiety and symptoms of depression
had a severe impact on their motivation, ultimately taking a toll
on their grades and relationships with friends and family.

Finally, the uncontrollability of anxiety led some teens to feel
burned out and tired, causing them to zone out, operate on
autopilot, and shut down. They described feeling a sense of
dissociation and derealization because of their uncontrollable
anxiety. P4 described the following:

Dissociating and not feeling like I’m really present.
Just kind of I become less aware of my surroundings.

They went on to describe an escalation in which they felt
completely detached from reality.

Unpredictability
In addition to the uncontrollability of their anxiety, several teens
spoke about the unpredictable nature of their anxiety, especially
when it came to new experiences. For example, P7 explained
the following:

If I go somewhere new, I think like, “Where is
everything?” because I don’t know where anything
is and then like, “What’s gonna happen? What am I
gonna do? What are people gonna be like? Are people
gonna judge me?”

Teens commonly described that experiencing an unpredictable
situation led to urges to escape it or avoid future
anxiety-provoking situations, such as new experiences. P9
described their reaction to new social situations:

I feel like people are staring at me. And all I wanna
do is just hide usually. So, I try to get out of the
situation, like wherever I am in public.

Anger
Several teens described getting easily frustrated, having a short
fuse, and feeling very angry when anxious. Some internalized
their anger, becoming irritated at themselves for making a
mistake or experiencing frustration and bitterness toward their
own anxiety and anxiety-provoking situations. Other teens
described feeling annoyed and bitter externally, like they

“needed to go punch something” (P16). This usually ended in
arguments with family and friends, adding to their anxiety and
feelings of isolation.

Teen Anxiety Management Strategies

Overview
Teens described using multiple strategies to manage their
anxiety that included internally focused strategies for
self-management as well as externally focused strategies for
connecting with others and seeking resources. Teens reported
diverse experiences with mental health treatment and
resources—some described experiences with formal therapy,
others used smartphone apps for mental health, some had
experiences with both, and others had no previous experience
engaging with these resources. We describe teens’ experiences
in the following sections to inform future interventions that can
promote and reinforce strategies that teens already feel
comfortable using and that are already integrated into their daily
lives. These methods of coping are well aligned with
evidence-based strategies.

Breathing and Progressive Muscle Relaxation
Most teens mentioned that breathing exercises helped them
manage anxiety in the moment. For example, P7 described using
breathing exercises while having catastrophic and overwhelming
thoughts:

Because I focus on my breathing instead of my
thoughts. It kind of clears my mind too.

Teens also described using apps with guided breathing exercises
(eg, facilitating box breathing and deep breathing) alongside
interactive visualizations (eg, haptic and touch screen features).
P6 described the following:

I really like the ones that are like circles that tell you
to hold it in—that says to breathe in and hold it, then
breathe out and hold it.

Other teens enjoyed apps that used inputs from other devices,
such as smartwatches or exercise wristbands, to trigger breathing
exercises when their heart rate increased. Other teens found
utility in using breathing exercises as a supplemental strategy
that could help once they had regulated their high anxiety levels
using other strategies described in this section. Another
anxiety-reducing technique that teens reported using in apps
was progressive muscle relaxation. When describing a
smartphone app that included this technique, P7 stated the
following:

My favorite is where you tighten your muscles, which
is like you ball your fists up and then relax them and
stuff...I just kind of like it because it’s like you have
all your stress and all your feelings and then you just
let them go.

Grounding and Distress Tolerance
Several teens spoke about grounding and distress tolerance
techniques, which were used to disrupt uncomfortable thoughts
and feelings and then return to a more manageable level of
anxiety. Some mentioned using the 5-4-3-2-1 technique when
at their highest levels of anxiety—or, as P7 called it, “the five
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senses thingy”—where they named things related to each sense
(eg, name 5 things they saw, 4 things they felt, and so on). When
paired with breathing exercises, this technique made their
anxiety manageable. Another teen, P6, described a unique
technique:

When I feel really anxious, what I do is put salt on
my tongue. So, that kinda just it distracts me from
everything that I’m thinking about...It just disconnects
me from reality for a bit because of the strong taste
of salt messes up everything else that I was thinking
about.

This teen mentioned doing the same exercise and achieving the
same results with sour-tasting things such as lemons, limes, or
vinegar.

Social Connection
All teens spoke about the importance of social connection in
dealing with their anxiety even if social contexts brought on
anxiety. P8 described this phenomenon as follows:

As much as I do have social anxiety, I’m a very social
person.

The activities with friends and family that helped ease their
anxiety ranged from low-key, in-person activities (eg, watching
movies or listening to music together) to internet-based activities
(eg, where teens would play video games together). The simple
act of talking to and connecting with friends and loved ones
was the most mentioned social activity that helped in easing
anxiety, with teens emphasizing how these types of
“conversations are really key in those [high-anxiety] moments”
(P2). P8 described how conversations such as these helped:

Whether it’s just completely rambling you know like
distracting me—or guiding me through breathing
exercises or going on a walk with me and make sure
I keep moving and that I’m paying attention to my
surroundings like, “Oh, do you see that over there?”
and that kind of thing and just helping to ground me
and stuff.

Teens were asked to brainstorm how a DMH program could
provide social connection to help with anxiety. Teens reflected
that they felt validated and less isolated when reading about
other teens’ experiences of anxiety and how they dealt with it.
Accordingly, most teens suggested including an anonymous
social component within a DMH program that would serve as
“a safe space to talk to each other and see what people are going
through” (P5). In addition to these shared experiences and
advice, some teens wanted connection with a mental health
professional or monitors to provide professional advice while
also keeping it a safe space. P8 spoke to the benefits of this kind
of platform:

Being able to ground yourself in other people’s
experiences so that you can ground yourself in your
own and feel more validated or feel making anxiety
more approachable.

Journaling and Mood Tracking
Teens shared how journaling and mood tracking helped them
alleviate or better understand their anxiety. P3 described how
they used journaling to work through their anxiety:

After I’m done being upset in the moment, I’ll just
write about that moment and it just kind of just helps
me release those emotions—get them down so I
remember them, remember what happened.

This cathartic nature of journaling was shared by most teens
who used it as an anxiety management strategy. P14 had a
unique technique where they would create characters and
storylines based on a hardship or anxious situation they were
experiencing. This teen garnered confidence and motivation to
address stressors through these stories. P14 described how their
story creation helped:

Yeah, it definitely takes me out of the moment and
then it also it just feels like if I can beat this big
milestone and do that and achieve that and then have
it, homework’s nothing. I can finish that homework
assignment because I can do this. I can do this. I’m
more powerful than this homework. I will squash it,
you know? Like a bug...It’s just a confidence thing.

Other teens saw value in reviewing patterns in their
mood-tracking data, such as relationships between their anxiety
and daily activities. P4 described the following:

It’s nice to see a daily tracker so you can see the
bigger trend of what causes your stress and what
periods and times you’re more stressed.

Teens desired a mood tracker that pops up when first opening
the program so that their answers could tailor their interaction
with the program. For example, if they entered a high anxiety
rating, the program might direct the teens to in-the-moment
anxiety relief techniques.

Psychoeducation and Crisis Resources
Several teens described the benefits of including
psychoeducation and crisis resources in a DMH program
embedded within the library. Teens found psychoeducation
helpful in contextualizing and learning the patterns and origins
of their anxiety. P1 expanded on their idea for integrating
psychoeducation and resources into a DMH program:

I think it would be helpful to have a resources
page...articles on anxiety, quick advice, I guess, and
then maybe also a hotline page.

Teens also mentioned the importance of warm handoffs to
reliable resources and the need for easy access to these resources
when in a crisis. For example, P16 suggested that the future
program should “definitely start off with, definitely a phone
number to a social worker that if someone is feeling anxious,
or they wanna hurt themselves, you can talk to them.”

Strategy Choice and Context
Overall, teens wanted a variety of anxiety-mitigating strategies
to choose from as different strategies could work better or worse
for different teens and as variety allows them to experiment to
find what works best for them. Context and anxiety level played
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important roles in choosing a technique. For example, some
teens described that they typically had their phones with them
in public and would use social media or other apps to deal with
their stress in the moment. P7 described the following:

It depends on where I am, but if I’m at home I’ll play
my guitar, listen to music, or I’ll do meditation
sometimes and sometimes I’ll draw...But if I’m in a
public place, then I’ll do deep breathing.

Other teens expressed that their approach depended on how
anxious they were, with some strategies (eg, physical activity)
being better suited for high-anxiety moments and others (eg,
psychoeducation and listening to music) being better suited for
lower-anxiety moments. Regardless of the coping skill or how
it was taught, the consensus from teens was that the main goal
should be practicing skills to then use them without
technological assistance when in-the-moment anxiety occurs.
One participant described that “it’s not just about the technology
or about the app” (P8). Most teens appreciated the supportive
technologies they had previously used that helped them practice
exercises, which in turn made it easier to use the acquired skills
outside the app or in real life.

Desired DMH Program Features
In addition to specific anxiety management strategies, teens
discussed the top features they would like in a DMH program
embedded within the library. These desired features fell under
4 broad themes: personalization, aesthetics and layout,
gamification and animations, and privacy and accessibility.

Personalization
Teens discussed the importance of being able to both personalize
and receive tailored information from programs. For example,
P15 suggested the following:

You know how you can type something into WebMD
and it will show what the problem is and also how to
fix it. I think that’s what this app should look like. If
you have anxiety over a bad grade, you can do like,
“What can I do to overcome my anxiety about that
or stress?”

As this example suggests, teens liked when apps used algorithms
to curate and suggest tailored content based on their feedback,
use, and entry of data into that app. Teens also appreciated
reports on their particular use patterns (eg, features most used)
and shortcuts to view these data. In addition, it was important
that the mental health program offer resources specific to the
population it was designed for. For example, P13 described the
following:

One thing that I notice a lot with resources where
people put resources for like, “Did you know about
this and blah, blah, blah?” I’d be going through it,
and it would be like, “This is clearly meant to educate
white people.”

Several HURE teens underscored that current mental health
resources were catered to a small group of people, White teens
in particular, and did not reflect them or their mental health
needs.

Aesthetics and Layout
Many teens preferred simple digital program layouts that were
easy to navigate. They described being overwhelmed if the
home screen of the program had too many options. For example,
P11 said that they did not want the following:

A lot of folders or that you have to click a lot of things
to get to something. I think it should be the important
things, and then from there it can branch into more
specific ways to cope with types of stress or
recommendations or things like that.

Other teens emphasized that apps should be low commitment
(ie, relatively quick and easy to navigate and use on a daily
basis). Apps with higher commitment, or those that required
significant time or energy to use, and those with longer materials
were difficult to keep up with and quickly became
overwhelming. Furthermore, teens shared that it would be
important to have regularly updated content in teen-friendly
language. P8 said the following:

Teens can be turned off by aesthetics that just feel
kind of like dated or they feel like they were made by
people much older than them.

Gamification and Animations
Several teens underscored that the best modalities for
information acquisition and engagement were videos, animations
and graphics, and mini games. P5 said the following:

Like a video lesson or something that the user could
interact with or participate along with because there
are many resources out there for a number of
things...words don’t help as much as seeing the person
or listening.

They went on to describe that using teen actors in videos could
become cheesy but videos could be compelling if they featured
teen celebrities or popular social media influencers. Teens also
enjoyed interactive smartphone or tablet features (eg, haptic
and touch screen features) where they could touch the screen
while practicing skills. Teens gave examples that ranged from
using the notification vibrations on the phone to guide deep
breathing exercises to dragging their finger across the screen
until an image was revealed.

Privacy and Accessibility
Protecting the teens’ privacy was among the top priorities. P6
emphasized the following:

Making sure that my information’s safe and only to
me. It’s not shared with anyone else, especially,
random people.

Other teens expressed worry regarding their parents’ access to
and surveillance of their smartphones and them potentially
finding out that they were struggling with mental health issues.
P16, for example, stated the following:

It’s just my parents, every week, they checked my
phone. And if they saw I was searching, “How to
overcome anxiety,” I wouldn’t want them to make me
the center of attention. And make them drop
everything that they’re doing.
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Some teens had their smartphone use restricted by caregivers
or school rules. Policies ranged from not using smartphones
during school hours to caregivers taking away teens’ phones as
punishment (eg, when they said “something bad”) or at specific
times (eg, being unable to use anything other than the music
app on their smartphones after 8 PM on weeknights). Teens
were also concerned about paid subscriptions, onlookers being
able to see that the program was for mental health, and
smartphone-specific barriers (eg, low battery, storage, and data
of phone and inconsistent access to broadband). Many teens
spoke about liking a particular app, such as a mood-tracking
app, but reported that they stopped using it because they had to
use their cellular data or pay to use the full version of the app,
further limiting their use.

Discussion

Principal Findings
This study aimed to understand the needs and perspectives of
teen library patrons in an effort to support the creation of a
teen-focused DMH tool that can be disseminated in libraries.
The results of the needs assessment interviews with teens who
frequently use the library provided critical information on their
perspectives of the library’s function and programming. Teens
underscored the centrality of and, thus, easy access to their
public library. They also referred to the library as a hub for
connecting patrons to community resources and services. This
is consistent with our previous research, in which library
workers identified a main function of the library to be a conduit
to guide patrons to desired resources [15].

Teens talked about the teen-specific programming they attended
at their library, indicating that this is where they met a lot of
their friends and fostered relationships with the trusted adults
leading those programs. These factors led teens to view the
library as a safe space, which is consistent with several other
reports by library workers and researchers underscoring that
communities see public libraries as safe spaces [27,28]. HURE
teens and teens with marginalized identities (eg, LGBTQIA+
teens, teens living in lower-resourced and disinvested areas,
and teens living with mental health conditions) found
belongingness, companionship, and solidarity in library
programming that spoke to different aspects of their identity.
Given that there are more unsafe spaces for these groups due
to marginalization, it is critically important to invest in and
maintain safe spaces that bring individuals with shared
experiences and similar backgrounds together and that celebrate
the different aspects of their identities, especially within the
teen population.

Teens shared the nuanced experiences they had regarding their
anxiety. They spoke to the uncontrollable and unpredictable
feelings associated with their anxiety, which led some teens to
catastrophize, feel depressed, or have thoughts of self-harm,
which then cyclically fed back into their anxiety. Other teens
described dissociating to cope with adverse feelings or feeling
the need to avoid or flee anxiety-provoking situations. There is
evidence of the uncontrollable and unpredictable nature of
anxiety in the adult anxiety literature, especially in relation to
panic disorder, yet those variables have not been well studied

in the teen anxiety literature and are worthy of future research
[44-47]. More research is needed to better understand these 2
variables and their potential role as risk or maintenance factors,
which could then be used as targets for DMH programs for
anxiety and other mental health conditions in teens [48-52].

Other teens talked about their anger in relation to their anxiety.
Some described the internal aspects of anger that may be
expressed as frustration toward their own anxiety or frustration
about making mistakes. Others described the external aspects
of anger as experiencing frustrations that often led to conflicts
with friends and loved ones. This finding is aligned with those
of extant literature showing that anxiety and depression
commonly manifest as anger and irritability in teens [4,48-53].
In addition, there is evidence in the literature suggesting that
anger can be a prominent symptom co-occurring with several
internalizing disorders [54]. Stress and anger as a mood
symptom may be connected to experiences of racism among
teens [54]. Similarly to other studies [54-56], our study shows
that anger and racism-based stress play a role in the emotions
of teens who may feel disenfranchised by the current status quo
in society. Anger is often seen as a maladaptive response to
stress; however, with regard to racism-triggered stress, anger
can be an expected expression, and sometimes this expression
allows for healthy processing of emotional stressors. Given that
most of the teens in this study identified as HURE or multiracial,
along with the literature indicating that anger is a known
response to stress related to structural racism and discrimination,
additional research is needed to better understand the
relationship between anger (as a common stress response to
racism) and anxiety among teens who are Black or Indigenous
or hold other racial and ethnic identities. While the most potent
intervention would be to address the ultimate problem of
structural racism and discrimination, interventions that provide
support and validation to HURE teens in the face of systemic
racism and oppression are critical. For example, these programs
could be offered as part of library services and provide teens
with acknowledgment of factors such as privilege, oppression,
and discrimination and ways to curate social safety, as well as
coping strategies to alleviate the mood symptoms caused by
racism [51,57,58].

Teens described a variety of coping strategies (eg, guided
breathing, muscle relaxation, social connection, distress
tolerance, and mood and behavior tracking) that they used to
help feel more in control of their anxiety, lessen their symptoms,
increase knowledge of anxiety patterns, and increase their
motivation to approach rather than avoid anxiety-provoking
experiences. For example, teens gained knowledge about their
anxiety when mood tracking was used to reveal patterns such
as relationships between their anxiety and daily activities. They
liked this because it emphasized behaviors that they could
change or control that led to observable effects on their mood.
When applied to the design of a DMH program for teens, it may
be beneficial to include some of these strategies as on-demand
activities. Leveraging haptic and touch screen features to
actively engage teens in these strategies, especially strategies
that they are familiar with and are already integrated into their
daily lives, may also be worthwhile [59,60].
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In terms of overall goals of a DMH program, teens wanted to
learn a variety of anxiety management strategies and, ultimately,
be able to choose the most effective strategy in particular
contexts (eg, exercise for high-anxiety moments, listening to
music for low-anxiety moments, playing guitar at home, and
deep breathing exercises in public). Interestingly, while they
wanted the DMH program to facilitate learning of skills, they
ultimately wanted to be able to practice these skills without
technological assistance when in-the-moment anxiety occurred.
This use goal is consistent with other reports from the DMH
literature; for example, Latino and Latina [61] teens indicated
that their main goals for using DMH programs were to practice
skills within the program and then, ultimately, be able to use
the learned skills offline. If teens are using DMH programs with
this goal in mind, this could have implications for how we
interpret engagement metrics with teen DMH programs [62].
Teens’ low, sporadic, or drop-off in engagement with a DMH
program may not necessarily reflect a poor outcome or poor
retention; rather, it could be that teens used the program as much
as they needed to incorporate the skills learned into their daily
lives. Mixed methods research is needed to better understand
the patterns of teen engagement with DMH programs; how
those patterns map onto teens’ actual use of the skills acquired
in real life; and, ultimately, which patterns are most helpful in
mental health management.

Teens shared their feedback on additional features that they
would like to see in a DMH program for anxiety. It was
important to teens that the aesthetics and function of the DMH
program had the characteristics of clean design and easy
navigation. Teens also stressed the importance of protecting
their privacy, making the program accessible (eg, free and
aligned with caregiver and school restrictions on devices), and
designing discreet branding, all of which are consistent with
several previous reports describing teens’ or therapists’ design
recommendations regarding a teen DMH program [63,64]. In
addition, teens reflected on the characteristics that increased
their engagement with a digital program, which included
gamification, videos and animations, and buy-in from teen
celebrities or social media influencers. Other pediatric fields
have found partnering with teen social media influencers to be
a helpful strategy in enhancing knowledge and even outcomes
of health care delivery [65]. In addition to the other features
mentioned, partnering with popular teen social media influencers
who are known for speaking about their mental health on social
media outlets may be a promising strategy for increasing
awareness and potentially intervention effectiveness of teen
DMH programs. However, as teen culture and preferences
rapidly and constantly shift (particularly regarding social media),
DMH developers must balance ensuring relevance and
timeliness of interventions with ensuring that the content still
addresses theoretical mechanisms of change [66].

As for the additional feature of personalization, HURE teens
underscored that the available teen mental health resources were
White centric and they did not feel that their lived experiences
were represented in current mental health resources. This
suggests that we as scientists and designers need to intentionally
improve the inclusion of populations who are underrepresented
in teen mental health research, in particular HURE and

LGBTQIA+ teens as well as those from lower-resourced and
disinvested areas [67-76]. Teens advised that developers get to
know the audience for the program and work with that
population to personalize the program to their needs and
preferences. This feedback raises an important design question:
how do we equitably design DMH programs in community
spaces that serve people with different identities as well as with
different mental health needs and preferences? There are calls
in the literature to move away from a one-size-fits-all model
when developing DMH services [77-80]; however, more
discussion and research are needed to better understand the best
practices of DMH service development that is intended to meet
the mental health needs and preferences of heterogeneous
audiences (eg, a program encompassing tailored versions for
subgroups within the heterogenous audience or different
programs for different subpopulations) [81].

Limitations
We would be remiss to not include a discussion on study
limitations. The public library we worked with was well
resourced with existing social services (eg, employed social
workers, had a mental health and teen service budget, and
offered free mental health assessments). Accordingly, the results
of this study may not be generalizable to other public libraries
that have different infrastructures and resources. More research
is needed to better understand the teen resources offered by
different public libraries and their branches across the United
States. Second, we interviewed teen participants residing in a
large, socially and politically progressive, and racially and
ethnically diverse urban area. HURE teens living in areas with
different sociopolitical environments and sociodemographic
compositions may have different perspectives on whether and
how they would like to engage in library-based DMH services.
Third, we did not screen for anxiety before the interviews;
however, it was apparent from teen interview responses that
there was high variability in severity levels (level of
interference) and treatment experience (some talked about their
experiences with therapists, and some disclosed no experience
with formal treatment). Finally, while the racial and ethnic
makeup of the coders was diverse in representation, it is possible
that our views as researchers led us to de-emphasize, overlook,
or misinterpret aspects of the qualitative data, especially on
topics such as equity, racism, and racial justice. The researchers
took measures to reduce bias by engaging in researcher
consensus throughout data analysis and member checking with
teen and library staff from the partnering local library, some of
whom are coauthors who reviewed and edited this report. We
also included coauthors who are experts in the field of creating
and testing DMH programs for Black, Indigenous, and other
racial and ethnic minority populations.

Conclusions
Disseminating and implementing DMH programs in public
libraries is a promising strategy to increase access to care among
teens in need of support for their anxiety. By understanding
teens’perspectives and designing tools with their needs centered,
the promise of this approach may be realized. To the best of our
knowledge, this is the first report elevating teen voices and
opinions on implementing DMH programs in public libraries.
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Future research is now needed to test whether DMH programs
adapted in accordance with the suggestions presented in this

paper are acceptable, useful, and sustainable.

 

Acknowledgments
This research was supported by the National Institute of Mental Health (K01 MH121854, R34MH128410, K01MH131898, NIMH
K23MH128535, P50MH119029, K01MH125172k, and P50MH119029).

Data Availability
Due to the sensitive nature of the qualitative data with minors and the potential risk of identifying variables within the individual
transcripts that would potentially impact the privacy of the sample, the individual interviews are not publicly available, nor will
requests for data sharing be granted. In addition, public sharing of the individual interviews was not included in the teen assent
and parent consent forms.

Conflicts of Interest
DCM has accepted honoraria and consulting fees from Apple, Inc; Otsuka Pharmaceutical; Pear Therapeutics; and the One Mind
Foundation, as well as royalties from Oxford University Press, and has an ownership interest in Adaptive Health, Inc. RS and LJ
are employed by Oak Park Public Library. KC has received consulting fees from Kooth LLC and Koko. KC is a part-time employee
at Lyra Health, Inc. RK has accepted consulting fees and honoraria from CHESS Health and Jimini Health. ABP has served as
a consultant to Otsuka on developing clinical educational materials. None of the other authors have conflicts to declare.

Multimedia Appendix 1
Interview script.
[DOCX File , 15 KB - formative_v9i1e67454_app1.docx ]

Multimedia Appendix 2
COREQ (Consolidated Criteria for Reporting Qualitative Research) checklist.
[PDF File (Adobe PDF File), 422 KB - formative_v9i1e67454_app2.pdf ]

References
1. Gruber J, Prinstein MJ, Clark LA, Rottenberg J, Abramowitz JS, Albano AM, et al. Mental health and clinical psychological

science in the time of COVID-19: challenges, opportunities, and a call to action. Am Psychol 2021 Apr;76(3):409-426
[FREE Full text] [doi: 10.1037/amp0000707] [Medline: 32772538]

2. AAP-AACAP-CHA declaration of a national emergency in child and adolescent mental health. American Academy of
Pediatrics. URL: https://www.aap.org/en/advocacy/child-and-adolescent-healthy-mental-development/
aap-aacap-cha-declaration-of-a-national-emergency-in-child-and-adolescent-mental-health/
?srsltid=AfmBOopEGS8BeQBnlkoPjbVrYJyDife8fPC3b5pf9h74RcpB5y_Qdxfr [accessed 2024-10-10]

3. Social media and youth mental health: the U.S. surgeon general’s advisory. U.S. Department of Health and Human Services.
2023. URL: https://www.hhs.gov/surgeongeneral/reports-and-publications/youth-mental-health/social-media/index.html
[accessed 2024-10-10]

4. Youth risk behavior survey data summary and trends report: 2009-2019. Center for Disease Control and Prevention. 2020
Oct 21. URL: https://www.cdc.gov/yrbs/dstr/pdf/YRBSDataSummaryTrendsReport2019-508.pdf [accessed 2024-10-10]

5. Castellanos-Ryan N, Brière FN, O'Leary-Barrett M, Banaschewski T, Bokde A, Bromberg U, et al. The structure of
psychopathology in adolescence and its common personality and cognitive correlates. J Abnorm Psychol 2016
Nov;125(8):1039-1052 [FREE Full text] [doi: 10.1037/abn0000193] [Medline: 27819466]

6. Lebrun-Harris LA, Ghandour RM, Kogan MD, Warren MD. Five-year trends in US children's health and well-being,
2016-2020. JAMA Pediatr 2022 Jul 01;176(7):e220056 [FREE Full text] [doi: 10.1001/jamapediatrics.2022.0056] [Medline:
35285883]

7. Fortuna LR, Brown IC, Lewis Woods GG, Porche MV. The impact of COVID-19 on anxiety disorders in youth: coping
with stress, worry, and recovering from a pandemic. Child Adolesc Psychiatr Clin N Am 2023 Jul;32(3):531-542 [FREE
Full text] [doi: 10.1016/j.chc.2023.02.002] [Medline: 37201965]

8. Uhlhaas PJ, Davey CG, Mehta UM, Shah J, Torous J, Allen NB, et al. Towards a youth mental health paradigm: a perspective
and roadmap. Mol Psychiatry 2023 Aug;28(8):3171-3181 [FREE Full text] [doi: 10.1038/s41380-023-02202-z] [Medline:
37580524]

9. National projections of supply and demand for selected behavioral health practitioners: 2013-2025. National Center for
Health Workforce Analysis. 2016. URL: https://tinyurl.com/ycyp2f8e [accessed 2024-10-10]

JMIR Form Res 2025 | vol. 9 | e67454 | p.2297https://formative.jmir.org/2025/1/e67454
(page number not for citation purposes)

Knapp et alJMIR FORMATIVE RESEARCH

XSL•FO
RenderX

https://jmir.org/api/download?alt_name=formative_v9i1e67454_app1.docx&filename=3e2f4235d4d5b7f971d156a0849989fc.docx
https://jmir.org/api/download?alt_name=formative_v9i1e67454_app1.docx&filename=3e2f4235d4d5b7f971d156a0849989fc.docx
https://jmir.org/api/download?alt_name=formative_v9i1e67454_app2.pdf&filename=3bfa1e0804c80801f52c9c8bdffc5e0a.pdf
https://jmir.org/api/download?alt_name=formative_v9i1e67454_app2.pdf&filename=3bfa1e0804c80801f52c9c8bdffc5e0a.pdf
https://europepmc.org/abstract/MED/32772538
http://dx.doi.org/10.1037/amp0000707
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32772538&dopt=Abstract
https://www.aap.org/en/advocacy/child-and-adolescent-healthy-mental-development/aap-aacap-cha-declaration-of-a-national-emergency-in-child-and-adolescent-mental-health/?srsltid=AfmBOopEGS8BeQBnlkoPjbVrYJyDife8fPC3b5pf9h74RcpB5y_Qdxfr
https://www.aap.org/en/advocacy/child-and-adolescent-healthy-mental-development/aap-aacap-cha-declaration-of-a-national-emergency-in-child-and-adolescent-mental-health/?srsltid=AfmBOopEGS8BeQBnlkoPjbVrYJyDife8fPC3b5pf9h74RcpB5y_Qdxfr
https://www.aap.org/en/advocacy/child-and-adolescent-healthy-mental-development/aap-aacap-cha-declaration-of-a-national-emergency-in-child-and-adolescent-mental-health/?srsltid=AfmBOopEGS8BeQBnlkoPjbVrYJyDife8fPC3b5pf9h74RcpB5y_Qdxfr
https://www.hhs.gov/surgeongeneral/reports-and-publications/youth-mental-health/social-media/index.html
https://www.cdc.gov/yrbs/dstr/pdf/YRBSDataSummaryTrendsReport2019-508.pdf
https://europepmc.org/abstract/MED/27819466
http://dx.doi.org/10.1037/abn0000193
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27819466&dopt=Abstract
https://europepmc.org/abstract/MED/35285883
http://dx.doi.org/10.1001/jamapediatrics.2022.0056
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35285883&dopt=Abstract
https://europepmc.org/abstract/MED/37201965
https://europepmc.org/abstract/MED/37201965
http://dx.doi.org/10.1016/j.chc.2023.02.002
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=37201965&dopt=Abstract
https://europepmc.org/abstract/MED/37580524
http://dx.doi.org/10.1038/s41380-023-02202-z
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=37580524&dopt=Abstract
https://tinyurl.com/ycyp2f8e
http://www.w3.org/Style/XSL
http://www.renderx.com/


10. Shortages in school psychology: challenges to meeting the growing needs of U.S. students and schools. National Association
of School Psychologists. URL: https://ewscripps.brightspotcdn.com/ab/02/d7d25fd547f9b94feabaf81118dd/
school-psychology-shortage-2017.pdf [accessed 2024-10-10]

11. Gulliver A, Griffiths KM, Christensen H. Perceived barriers and facilitators to mental health help-seeking in young people:
a systematic review. BMC Psychiatry 2010 Dec 30;10:113. [doi: 10.1186/1471-244x-10-113]

12. Benningfield MM. Meeting youth where they are: substance use disorder treatment in schools. Child Adolesc Psychiatr
Clin N Am 2016 Oct;25(4):661-668. [doi: 10.1016/j.chc.2016.05.003] [Medline: 27613344]

13. Hardy BJ, Lesperance A, Foote I, Native Youth Sexual Health Network (NYSHN), Firestone M, Smylie J. Meeting
indigenous youth where they are at: knowing and doing with 2SLGBTTQQIA and gender non-conforming Indigenous
youth: a qualitative case study. BMC Public Health 2020 Dec 07;20(1):1871 [FREE Full text] [doi:
10.1186/s12889-020-09863-3] [Medline: 33287787]

14. Kazdin AE. Addressing the treatment gap: a key challenge for extending evidence-based psychosocial interventions. Behav
Res Ther 2017 Jan;88:7-18. [doi: 10.1016/j.brat.2016.06.004] [Medline: 28110678]

15. Knapp AA, Hersch E, Wijaya C, Herrera MA, Kruzan KP, Carroll AJ, et al. "The library is so much more than books":
considerations for the design and implementation of teen digital mental health services in public libraries. Front Digit Health
2023 Jul 25;5:1183319 [FREE Full text] [doi: 10.3389/fdgth.2023.1183319] [Medline: 37560198]

16. Kosmicki LR. Equal access as social equity: a literature review of programming and services in public libraries. Progress
Libr 2019(47):51-80 [FREE Full text]

17. Elmborg JK. Libraries as the spaces between us recognizing and valuing the third space. Ref User Serv Q 2011
Jun;50(4):338-350. [doi: 10.5860/rusq.50n4.338]

18. Morgan AU, Dupuis R, D'Alonzo B, Johnson A, Graves A, Brooks KL, et al. Beyond books: public libraries as partners
for population health. Health Aff (Millwood) 2016 Nov 01;35(11):2030-2036. [doi: 10.1377/hlthaff.2016.0724] [Medline:
27834243]

19. Li X, Ha Y, Aristeguieta S. Teens’ vision of an ideal library space: insights from a small rural public library in the United
States. Evid Based Libr Inf Pract 2023 Dec 15;18(4):52-67. [doi: 10.18438/eblip30410]

20. Ornstein E, Reid PH. ‘Talk to them like they’re people’: a cross-cultural comparison of teen-centred approaches in public
library services. J Librariansh Inf Sci 2021 Jun 12;54(3):451-468. [doi: 10.1177/09610006211020090]

21. Agosto DE, Bell JP, Bernier A, Kuhlmann M. “This is our library, and it’s a pretty cool place”: a user-centered study of
public library YA spaces. Public Libr Q 2015 Mar 03;34(1):23-43. [doi: 10.1080/01616846.2015.1000777]

22. Barone M, Fifelski S, Stocker A, Worm T, Patterson A, Braamse J, et al. Developing a model policy for public libraries to
address homelessness and mental illness. Dela J Public Health 2020 Sep 28;6(4):46-51 [FREE Full text] [doi:
10.32481/djph.2020.09.014] [Medline: 34467152]

23. Simon MA, O'Brian CA, Nava M, Dahdouh R, Wafford QE, Mack S, et al. Public libraries as key partners for advancing
health equity. Am J Public Health 2021 Jan;111(1):40-42. [doi: 10.2105/AJPH.2020.306004] [Medline: 33326277]

24. Pressley T. Public libraries, serious mental illness, and homelessness: a survey of public librarians. Public Libr Q 2017 Mar
02;36(1):61-76. [doi: 10.1080/01616846.2017.1275772]

25. Hall K, McAlister S. Library services and resources in support of mental health: a survey of initiatives in public and academic
libraries. J Libr Adm 2021 Sep 30;61(8):936-946. [doi: 10.1080/01930826.2021.1984137]

26. Wahler EA, Provence MA, Johnson SC, Helling J, Williams M. Library patrons' psychosocial needs: perceptions of need
and reasons for accessing social work services. Soc Work 2021 Oct 02;66(4):297-305. [doi: 10.1093/sw/swab032] [Medline:
34333662]

27. Libraries as safer spaces. American Library Association. URL: https://www.ala.org/aboutala/libraries-safer-spaces [accessed
2024-10-10]

28. Stringer H. Libraries as mental health hubs. American Psychological Association. 2020 Apr 01. URL: https://www.apa.org/
monitor/2020/04/libraries-health-hubs [accessed 2023-02-15]

29. Pretorius C, Chambers D, Cowan B, Coyle D. Young people seeking help online for mental health: cross-sectional survey
study. JMIR Ment Health 2019 Aug 26;6(8):e13524 [FREE Full text] [doi: 10.2196/13524] [Medline: 31452519]

30. Cohen KA, Schleider JL. Adolescent dropout from brief digital mental health interventions within and beyond randomized
trials. Internet Interv 2022 Jan 17;27:100496 [FREE Full text] [doi: 10.1016/j.invent.2022.100496] [Medline: 35257001]

31. Fleming T, Bavin L, Lucassen M, Stasiak K, Hopkins S, Merry S. Beyond the trial: systematic review of real-world uptake
and engagement with digital self-help interventions for depression, low mood, or anxiety. J Med Internet Res 2018 Jun
06;20(6):e199 [FREE Full text] [doi: 10.2196/jmir.9275] [Medline: 29875089]

32. Lyon AR, Dopp AR, Brewer SK, Kientz JA, Munson SA. Designing the future of children's mental health services. Adm
Policy Ment Health 2020 Sep;47(5):735-751 [FREE Full text] [doi: 10.1007/s10488-020-01038-x] [Medline: 32253634]

33. Mohr DC, Lyon AR, Lattie EG, Reddy M, Schueller SM. Accelerating digital mental health research from early design
and creation to successful implementation and sustainment. J Med Internet Res 2017 May 10;19(5):e153 [FREE Full text]
[doi: 10.2196/jmir.7725] [Medline: 28490417]

34. Morris ZS, Wooding S, Grant J. The answer is 17 years, what is the question: understanding time lags in translational
research. J R Soc Med 2011 Dec;104(12):510-520 [FREE Full text] [doi: 10.1258/jrsm.2011.110180] [Medline: 22179294]

JMIR Form Res 2025 | vol. 9 | e67454 | p.2298https://formative.jmir.org/2025/1/e67454
(page number not for citation purposes)

Knapp et alJMIR FORMATIVE RESEARCH

XSL•FO
RenderX

https://ewscripps.brightspotcdn.com/ab/02/d7d25fd547f9b94feabaf81118dd/school-psychology-shortage-2017.pdf
https://ewscripps.brightspotcdn.com/ab/02/d7d25fd547f9b94feabaf81118dd/school-psychology-shortage-2017.pdf
http://dx.doi.org/10.1186/1471-244x-10-113
http://dx.doi.org/10.1016/j.chc.2016.05.003
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27613344&dopt=Abstract
https://bmcpublichealth.biomedcentral.com/articles/10.1186/s12889-020-09863-3
http://dx.doi.org/10.1186/s12889-020-09863-3
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33287787&dopt=Abstract
http://dx.doi.org/10.1016/j.brat.2016.06.004
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28110678&dopt=Abstract
https://europepmc.org/abstract/MED/37560198
http://dx.doi.org/10.3389/fdgth.2023.1183319
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=37560198&dopt=Abstract
https://www.proquest.com/openview/4f7a88a40262ac71147e1ac12ad5eea1/1?pq-origsite=gscholar&cbl=26759
http://dx.doi.org/10.5860/rusq.50n4.338
http://dx.doi.org/10.1377/hlthaff.2016.0724
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27834243&dopt=Abstract
http://dx.doi.org/10.18438/eblip30410
http://dx.doi.org/10.1177/09610006211020090
http://dx.doi.org/10.1080/01616846.2015.1000777
https://europepmc.org/abstract/MED/34467152
http://dx.doi.org/10.32481/djph.2020.09.014
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34467152&dopt=Abstract
http://dx.doi.org/10.2105/AJPH.2020.306004
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33326277&dopt=Abstract
http://dx.doi.org/10.1080/01616846.2017.1275772
http://dx.doi.org/10.1080/01930826.2021.1984137
http://dx.doi.org/10.1093/sw/swab032
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34333662&dopt=Abstract
https://www.ala.org/aboutala/libraries-safer-spaces
https://www.apa.org/monitor/2020/04/libraries-health-hubs
https://www.apa.org/monitor/2020/04/libraries-health-hubs
https://mental.jmir.org/2019/8/e13524/
http://dx.doi.org/10.2196/13524
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31452519&dopt=Abstract
https://linkinghub.elsevier.com/retrieve/pii/S2214-7829(22)00003-3
http://dx.doi.org/10.1016/j.invent.2022.100496
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35257001&dopt=Abstract
https://www.jmir.org/2018/6/e199/
http://dx.doi.org/10.2196/jmir.9275
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29875089&dopt=Abstract
https://europepmc.org/abstract/MED/32253634
http://dx.doi.org/10.1007/s10488-020-01038-x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32253634&dopt=Abstract
https://www.jmir.org/2017/5/e153/
http://dx.doi.org/10.2196/jmir.7725
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28490417&dopt=Abstract
https://journals.sagepub.com/doi/abs/10.1258/jrsm.2011.110180?url_ver=Z39.88-2003&rfr_id=ori:rid:crossref.org&rfr_dat=cr_pub  0pubmed
http://dx.doi.org/10.1258/jrsm.2011.110180
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22179294&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


35. Israel BA, Eng E, Schulz AJ, Parker EA. Introduction to methods in community-based participatory research for health.
In: Methods in Community-Based Participatory Research for Health. Hoboken, NJ: John Wiley & Sons; 2005.

36. Bauer MS, Damschroder L, Hagedorn H, Smith J, Kilbourne AM. An introduction to implementation science for the
non-specialist. BMC Psychol 2015 Sep 16;3(1):32 [FREE Full text] [doi: 10.1186/s40359-015-0089-9] [Medline: 26376626]

37. Crawley SA, Caporino NE, Birmaher B, Ginsburg G, Piacentini J, Albano AM, et al. Somatic complaints in anxious youth.
Child Psychiatry Hum Dev 2014 Aug;45(4):398-407 [FREE Full text] [doi: 10.1007/s10578-013-0410-x] [Medline:
24129543]

38. Weems CF, Silverman WK, La Greca AM. What do youth referred for anxiety problems worry about? Worry and its relation
to anxiety and anxiety disorders in children and adolescents. J Abnorm Child Psychol 2000 Feb;28(1):63-72. [doi:
10.1023/a:1005122101885] [Medline: 10772350]

39. Dedoose (Version 9.0.17), cloud application for managing, analyzing, and presenting qualitative and mixed method research
data. SocioCultural Research Consultants. 2021. URL: https://www.dedoose.com/ [accessed 2024-10-10]

40. Doyle S. Member checking with older women: a framework for negotiating meaning. Health Care Women Int
2007;28(10):888-908. [doi: 10.1080/07399330701615325] [Medline: 17987459]

41. Tong A, Sainsbury P, Craig J. Consolidated criteria for reporting qualitative research (COREQ): a 32-item checklist for
interviews and focus groups. Int J Qual Health Care 2007 Dec;19(6):349-357. [doi: 10.1093/intqhc/mzm042] [Medline:
17872937]

42. Russell CK, Gregory DM. Evaluation of qualitative research studies. Evid Based Nurs 2003 Apr;6(2):36-40 [FREE Full
text] [doi: 10.1136/ebn.6.2.36] [Medline: 12710415]

43. Mays N, Pope C. Assessing quality in qualitative research. BMJ 2000 Jan 01;320(7226):50-52 [FREE Full text] [doi:
10.1136/bmj.320.7226.50] [Medline: 10617534]

44. Zvolensky MJ, Eifert GH, Lejuez C, Hopko DR, Forsyth JP. Assessing the perceived predictability of anxiety-related
events: a report on the perceived predictability index. J Behav Ther Exp Psychiatry 2000;31(3-4):201-218. [doi:
10.1016/s0005-7916(01)00006-4] [Medline: 11494957]

45. Lejuez CW, Eifert GH, Zvolensky MJ, Richards JB. Preference between onset predictable and unpredictable administrations
of 20% carbon-dioxide-enriched air: implications for better understanding the etiology and treatment of panic disorder. J
Exp Psychol Appl 2000 Dec;6(4):349-358. [doi: 10.1037//1076-898x.6.4.349] [Medline: 11218343]

46. Zvolensky MJ, Lejuez CW, Eifert GH. Prediction and control: operational definitions for the experimental analysis of
anxiety. Behav Res Ther 2000 Jul;38(7):653-663. [doi: 10.1016/s0005-7967(99)00090-x] [Medline: 10875188]

47. Gregor KL, Zvolensky MJ. Anxiety sensitivity and perceived control over anxiety-related events: evaluating the singular
and interactive effects in the prediction of anxious and fearful responding to bodily sensations. Behav Res Ther 2008
Sep;46(9):1017-1025. [doi: 10.1016/j.brat.2008.06.003] [Medline: 18675954]

48. Ream GL. Minority stress and intersectionality in LGBTQIA+ youth mental health disparities. Am J Public Health 2024
Jul;114(7):669-671. [doi: 10.2105/AJPH.2024.307676] [Medline: 38662974]

49. Fish JN. Future directions in understanding and addressing mental health among LGBTQ youth. J Clin Child Adolesc
Psychol 2020;49(6):943-956 [FREE Full text] [doi: 10.1080/15374416.2020.1815207] [Medline: 33074740]

50. Fish JN, Kapostasy S, Russell ST. Be YOU!: a collaborative effort to address minority stress for LGBTQ+ youth in school
settings. J Gay Lesbian Soc Serv 2023;35(4):434-455 [FREE Full text] [doi: 10.1080/10538720.2022.2148036] [Medline:
38322581]

51. Diamond LM, Alley J. Rethinking minority stress: a social safety perspective on the health effects of stigma in
sexually-diverse and gender-diverse populations. Neurosci Biobehav Rev 2022 Jul;138:104720. [doi:
10.1016/j.neubiorev.2022.104720] [Medline: 35662651]

52. Mahon NE, Yarcheski A, Yarcheski TJ, Hanks MM. A meta-analytic study of predictors of anger in adolescents. Nurs Res
2010;59(3):178-184. [doi: 10.1097/NNR.0b013e3181dbba04] [Medline: 20404774]

53. Walsh LM, Wolk CB, Haimes EM, Jensen-Doss A, Beidas RS. The relationship between anger and anxiety symptoms in
youth with anxiety disorders. J Child Adolesc Couns 2018;4(2):117-133 [FREE Full text] [doi:
10.1080/23727810.2017.1381930] [Medline: 30828611]

54. Osman M, Williams MT, Alftieh A. State of the science on racial microaggressions. Behav Ther 2024 Nov;55(6):1172-1188.
[doi: 10.1016/j.beth.2024.05.005] [Medline: 39443060]

55. Adkins-Jackson PB, Joseph VA, Ford TN, Avila-Rieger JF, Gobaud AN, Keyes K. State-level structural racism and
adolescent mental health in the United States. Am J Epidemiol 2024 Jul 03:kwae164 (forthcoming). [doi:
10.1093/aje/kwae164] [Medline: 38960643]

56. Oshri A, Reck AJ, Carter SE, Uddin LQ, Geier CF, Beach SR, et al. Racial discrimination and risk for internalizing and
externalizing symptoms among Black youths. JAMA Netw Open 2024 Jun 03;7(6):e2416491 [FREE Full text] [doi:
10.1001/jamanetworkopen.2024.16491] [Medline: 38865126]

57. Shen J, Rubin A, Cohen K, Hart EA, Sung J, McDanal R, et al. Randomized evaluation of an online single-session intervention
for minority stress in LGBTQ+ adolescents. Internet Interv 2023 Jun 07;33:100633 [FREE Full text] [doi:
10.1016/j.invent.2023.100633] [Medline: 37635950]

JMIR Form Res 2025 | vol. 9 | e67454 | p.2299https://formative.jmir.org/2025/1/e67454
(page number not for citation purposes)

Knapp et alJMIR FORMATIVE RESEARCH

XSL•FO
RenderX

https://bmcpsychology.biomedcentral.com/articles/10.1186/s40359-015-0089-9
http://dx.doi.org/10.1186/s40359-015-0089-9
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26376626&dopt=Abstract
https://europepmc.org/abstract/MED/24129543
http://dx.doi.org/10.1007/s10578-013-0410-x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24129543&dopt=Abstract
http://dx.doi.org/10.1023/a:1005122101885
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=10772350&dopt=Abstract
https://www.dedoose.com/
http://dx.doi.org/10.1080/07399330701615325
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17987459&dopt=Abstract
http://dx.doi.org/10.1093/intqhc/mzm042
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17872937&dopt=Abstract
https://ebn.bmj.com/lookup/pmidlookup?view=long&pmid=12710415
https://ebn.bmj.com/lookup/pmidlookup?view=long&pmid=12710415
http://dx.doi.org/10.1136/ebn.6.2.36
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=12710415&dopt=Abstract
https://europepmc.org/abstract/MED/10617534
http://dx.doi.org/10.1136/bmj.320.7226.50
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=10617534&dopt=Abstract
http://dx.doi.org/10.1016/s0005-7916(01)00006-4
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=11494957&dopt=Abstract
http://dx.doi.org/10.1037//1076-898x.6.4.349
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=11218343&dopt=Abstract
http://dx.doi.org/10.1016/s0005-7967(99)00090-x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=10875188&dopt=Abstract
http://dx.doi.org/10.1016/j.brat.2008.06.003
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18675954&dopt=Abstract
http://dx.doi.org/10.2105/AJPH.2024.307676
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=38662974&dopt=Abstract
https://europepmc.org/abstract/MED/33074740
http://dx.doi.org/10.1080/15374416.2020.1815207
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33074740&dopt=Abstract
https://europepmc.org/abstract/MED/38322581
http://dx.doi.org/10.1080/10538720.2022.2148036
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=38322581&dopt=Abstract
http://dx.doi.org/10.1016/j.neubiorev.2022.104720
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35662651&dopt=Abstract
http://dx.doi.org/10.1097/NNR.0b013e3181dbba04
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20404774&dopt=Abstract
https://europepmc.org/abstract/MED/30828611
http://dx.doi.org/10.1080/23727810.2017.1381930
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30828611&dopt=Abstract
http://dx.doi.org/10.1016/j.beth.2024.05.005
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=39443060&dopt=Abstract
http://dx.doi.org/10.1093/aje/kwae164
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=38960643&dopt=Abstract
https://europepmc.org/abstract/MED/38865126
http://dx.doi.org/10.1001/jamanetworkopen.2024.16491
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=38865126&dopt=Abstract
https://linkinghub.elsevier.com/retrieve/pii/S2214-7829(23)00033-7
http://dx.doi.org/10.1016/j.invent.2023.100633
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=37635950&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


58. Heard-Garris NJ, Hope E. Our voices matter: racial justice activism intervention to address structural racism and prevent
depression in Black and Latinx youth. Lurie Children’s Hospital of Chicago. URL: https://www.paperdigest.org/grant/
?grant_id=nih_10879839 [accessed 2024-10-10]

59. Roquet CD, Theofanopoulou N, Freeman JL, Schleider J, Gross JJ, Davis K, et al. Exploring situated and embodied support
for youth’s mental health: design opportunities for interactive tangible device. In: Proceedings of the 2022 CHI Conference
on Human Factors in Computing Systems. 2022 Presented at: CHI '22; April 29-May 5, 2022; New Orleans, LA. [doi:
10.1145/3491102.3502135]

60. MacLean KE. Designing affective haptic experience for wellness and social communication: where designers need affective
neuroscience and psychology. Curr Opin Behav Sci 2022 Jun;45:101113. [doi: 10.1016/j.cobeha.2022.101113]

61. Agapie E, Chang K, Patrachari S, Neary M, Schueller SM. Understanding mental health apps for youth: focus group study
with Latinx youth. JMIR Form Res 2022 Oct 18;6(10):e40726 [FREE Full text] [doi: 10.2196/40726] [Medline: 36256835]

62. Liverpool S, Mota CP, Sales CM, Čuš A, Carletto S, Hancheva C, et al. Engaging children and young people in digital
mental health interventions: systematic review of modes of delivery, facilitators, and barriers. J Med Internet Res 2020 Jun
23;22(6):e16317 [FREE Full text] [doi: 10.2196/16317] [Medline: 32442160]

63. Matthews M, Doherty G. In the mood: engaging teenagers in psychotherapy using mobile phones. In: Proceedings of the
SIGCHI Conference on Human Factors in Computing Systems. 2011 Presented at: CHI '11; May 7-12, 2011; Vancouver,
BC. [doi: 10.1145/1978942.1979379]

64. Knapp AA, Cohen K, Nicholas J, Mohr DC, Carlo AD, Skerl JJ, et al. Integration of digital tools into community mental
health care settings that serve young people: focus group study. JMIR Ment Health 2021 Aug 19;8(8):e27379 [FREE Full
text] [doi: 10.2196/27379] [Medline: 34420928]

65. Psihogios AM, Roth M, Gomez C, Hekimian-Brogan E, McQueen C, Yanez B. Partnering with social media influencers
to equitably improve adolescent and young adult cancer outcomes: a novel strategy to support cancer care delivery. JCO
Oncol Pract 2024 Jun;20(6):755-760. [doi: 10.1200/OP.23.00449] [Medline: 38408282]

66. Fitzpatrick S, Crenshaw AO, Donkin V, Collins A, Xiang A, Earle EA, et al. We have spent time, money, and effort making
self-help digital mental health interventions: is anyone going to come to the party? J Med Internet Res 2024 Sep 19;26:e58198
[FREE Full text] [doi: 10.2196/58198] [Medline: 39298760]

67. McCall T, Foster M, Tomlin HR, Schwartz TA. Black American women's attitudes toward seeking mental health services
and use of mobile technology to support the management of anxiety. JAMIA Open 2023 Oct 17;6(4):ooad088 [FREE Full
text] [doi: 10.1093/jamiaopen/ooad088] [Medline: 37860603]

68. McCall T, Foster M, Schwartz TA. Attitudes toward seeking mental health services and mobile technology to support the
management of depression among Black American women: cross-sectional survey study. J Med Internet Res 2023 Jul
19;25:e45766 [FREE Full text] [doi: 10.2196/45766] [Medline: 37467027]

69. Williams KD, Wijaya C, Stamatis CA, Abbott G, Lattie EG. Insights into needs and preferences for mental health support
on social media and through mobile apps among Black male university students: exploratory qualitative study. JMIR Form
Res 2022 Aug 31;6(8):e38716 [FREE Full text] [doi: 10.2196/38716] [Medline: 36044261]

70. Ramos G, Aguilera A, Montoya A, Lau A, Wen CY, Cruz Torres V, et al. App-based mindfulness meditation for people
of color who experience race-related stress: protocol for a randomized controlled trial. JMIR Res Protoc 2022 Apr
14;11(4):e35196 [FREE Full text] [doi: 10.2196/35196] [Medline: 35436228]

71. Aguilera A, Arévalo Avalos MR, Rosales K, Reyes Y, Hernandez-Ramos R, Ramos G, et al. Effectiveness-implementation
hybrid trial of Spanish language, digital cognitive-behavioral therapy (dCBT) intervention for depression and anxiety -
protocol for the SUPERA (SUpport from PEeRs to expand Access) study. Contemp Clin Trials 2024 Feb;137:107422
[FREE Full text] [doi: 10.1016/j.cct.2023.107422] [Medline: 38145715]

72. Eustis EH, LoPresti J, Aguilera A, Schueller SM. Cultural responsivity in technology-enabled services: integrating culture
into technology and service components. J Med Internet Res 2023 Oct 03;25:e45409 [FREE Full text] [doi: 10.2196/45409]
[Medline: 37788050]

73. Pederson AB. Management of depression in Black people: effects of cultural issues. Psychiatr Ann 2023 Mar;53(3):122-125
[FREE Full text] [doi: 10.3928/00485713-20230215-01] [Medline: 37396678]

74. Coyne CA, Wongsomboon V, Korpak AK, Macapagal K. "We have to figure it out ourselves": transfeminine adolescents'
online sexual experiences and recommendations for supporting their sexual health and wellbeing. Front Reprod Health
2022 Jan 16;4:1034747 [FREE Full text] [doi: 10.3389/frph.2022.1034747] [Medline: 36726593]

75. Jozsa K, Kraus A, Korpak AK, Birnholtz J, Moskowitz DA, Macapagal K. "Safe behind my screen": adolescent sexual
minority males' perceptions of safety and trustworthiness on geosocial and social networking apps. Arch Sex Behav 2021
Oct;50(7):2965-2980. [doi: 10.1007/s10508-021-01962-5] [Medline: 34581948]

76. Katapally TR. Smart indigenous youth: the smart platform policy solution for systems integration to address indigenous
youth mental health. JMIR Pediatr Parent 2020 Sep 25;3(2):e21155 [FREE Full text] [doi: 10.2196/21155] [Medline:
32975527]

77. Vis C, Schuurmans J, Aouizerate B, Atipei Craggs M, Batterham P, Bührmann L, et al. Effectiveness of self-guided tailored
implementation strategies in integrating and embedding internet-based cognitive behavioral therapy in routine mental health

JMIR Form Res 2025 | vol. 9 | e67454 | p.2300https://formative.jmir.org/2025/1/e67454
(page number not for citation purposes)

Knapp et alJMIR FORMATIVE RESEARCH

XSL•FO
RenderX

https://www.paperdigest.org/grant/?grant_id=nih_10879839
https://www.paperdigest.org/grant/?grant_id=nih_10879839
http://dx.doi.org/10.1145/3491102.3502135
http://dx.doi.org/10.1016/j.cobeha.2022.101113
https://formative.jmir.org/2022/10/e40726/
http://dx.doi.org/10.2196/40726
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=36256835&dopt=Abstract
http://hdl.handle.net/2318/1742226
http://dx.doi.org/10.2196/16317
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32442160&dopt=Abstract
http://dx.doi.org/10.1145/1978942.1979379
https://mental.jmir.org/2021/8/e27379/
https://mental.jmir.org/2021/8/e27379/
http://dx.doi.org/10.2196/27379
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34420928&dopt=Abstract
http://dx.doi.org/10.1200/OP.23.00449
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=38408282&dopt=Abstract
https://www.jmir.org/2024//e58198/
http://dx.doi.org/10.2196/58198
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=39298760&dopt=Abstract
https://europepmc.org/abstract/MED/37860603
https://europepmc.org/abstract/MED/37860603
http://dx.doi.org/10.1093/jamiaopen/ooad088
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=37860603&dopt=Abstract
https://www.jmir.org/2023//e45766/
http://dx.doi.org/10.2196/45766
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=37467027&dopt=Abstract
https://formative.jmir.org/2022/8/e38716/
http://dx.doi.org/10.2196/38716
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=36044261&dopt=Abstract
https://www.researchprotocols.org/2022/4/e35196/
http://dx.doi.org/10.2196/35196
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35436228&dopt=Abstract
https://linkinghub.elsevier.com/retrieve/pii/S1551-7144(23)00345-2
http://dx.doi.org/10.1016/j.cct.2023.107422
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=38145715&dopt=Abstract
https://www.jmir.org/2023//e45409/
http://dx.doi.org/10.2196/45409
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=37788050&dopt=Abstract
https://europepmc.org/abstract/MED/37396678
http://dx.doi.org/10.3928/00485713-20230215-01
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=37396678&dopt=Abstract
https://europepmc.org/abstract/MED/36726593
http://dx.doi.org/10.3389/frph.2022.1034747
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=36726593&dopt=Abstract
http://dx.doi.org/10.1007/s10508-021-01962-5
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34581948&dopt=Abstract
https://pediatrics.jmir.org/2020/2/e21155/
http://dx.doi.org/10.2196/21155
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32975527&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


care: results of a multicenter stepped-wedge cluster randomized trial. J Med Internet Res 2023 Feb 03;25:e41532 [FREE
Full text] [doi: 10.2196/41532] [Medline: 36735287]

78. McCall T, Threats M, Pillai M, Lakdawala A, Bolton CS3. Recommendations for design of a mobile application to support
management of anxiety and depression among Black American women. Front Digit Health 2022 Dec 23;4:1028408 [FREE
Full text] [doi: 10.3389/fdgth.2022.1028408] [Medline: 36620185]

79. Ellis DM, Draheim AA, Anderson PL. Culturally adapted digital mental health interventions for ethnic/racial minorities:
a systematic review and meta-analysis. J Consult Clin Psychol 2022 Oct;90(10):717-733. [doi: 10.1037/ccp0000759]
[Medline: 36227330]

80. Spadaro B, Martin-Key NA, Bahn S. Building the digital mental health ecosystem: opportunities and challenges for mobile
health innovators. J Med Internet Res 2021 Oct 13;23(10):e27507 [FREE Full text] [doi: 10.2196/27507] [Medline:
34643537]

81. Lyles CR, Aguilera A, Nguyen O, Sarkar U. Bridging the digital health divide: how designers can create more inclusive
digital health tools. California Health Care Foundation. 2022. URL: https://www.chcf.org/wp-content/uploads/2022/02/
BridgingDigitalDivideDesigners.pdf [accessed 2024-10-09]

Abbreviations
CBPR: community-based participatory research
COREQ: Consolidated Criteria for Reporting Qualitative Research
DMH: digital mental health
HCD: human-centered design
HURE: historically underserved racial and ethnic minority
IR: implementation research
LGBTQIA+: lesbian, gay, bisexual, transgender, queer, intersex, and asexual

Edited by A Mavragani; submitted 11.10.24; peer-reviewed by E Rubenstein, A Jolliff; comments to author 19.11.24; revised version
received 17.12.24; accepted 22.12.24; published 13.03.25.

Please cite as:
Knapp AA, Cohen K, Kruzan KP, Kornfield R, Herrera M, Pederson AB, Lee S, Macapagal K, Roulston CA, Clarke K, Wijaya C,
Simmons R, Jackson L, Kour S, Franco S, Mohr DC
Teen Perspectives on Integrating Digital Mental Health Programs for Teens Into Public Libraries (“I Was Always at the Library”):
Qualitative Interview Study
JMIR Form Res 2025;9:e67454
URL: https://formative.jmir.org/2025/1/e67454 
doi:10.2196/67454
PMID:

©Ashley A Knapp, Katherine Cohen, Kaylee P Kruzan, Rachel Kornfield, Miguel Herrera, Aderonke B Pederson, Sydney Lee,
Kathryn Macapagal, Chantelle A Roulston, Kaleigh Clarke, Clarisa Wijaya, Robert Simmons, Latonia Jackson, Simrandeep
Kour, Sandra Franco, David C Mohr. Originally published in JMIR Formative Research (https://formative.jmir.org), 13.03.2025.
This is an open-access article distributed under the terms of the Creative Commons Attribution License
(https://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution, and reproduction in any medium,
provided the original work, first published in JMIR Formative Research, is properly cited. The complete bibliographic information,
a link to the original publication on https://formative.jmir.org, as well as this copyright and license information must be included.

JMIR Form Res 2025 | vol. 9 | e67454 | p.2301https://formative.jmir.org/2025/1/e67454
(page number not for citation purposes)

Knapp et alJMIR FORMATIVE RESEARCH

XSL•FO
RenderX

https://www.jmir.org/2023//e41532/
https://www.jmir.org/2023//e41532/
http://dx.doi.org/10.2196/41532
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=36735287&dopt=Abstract
https://europepmc.org/abstract/MED/36620185
https://europepmc.org/abstract/MED/36620185
http://dx.doi.org/10.3389/fdgth.2022.1028408
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=36620185&dopt=Abstract
http://dx.doi.org/10.1037/ccp0000759
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=36227330&dopt=Abstract
https://www.jmir.org/2021/10/e27507/
http://dx.doi.org/10.2196/27507
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34643537&dopt=Abstract
https://www.chcf.org/wp-content/uploads/2022/02/BridgingDigitalDivideDesigners.pdf
https://www.chcf.org/wp-content/uploads/2022/02/BridgingDigitalDivideDesigners.pdf
https://formative.jmir.org/2025/1/e67454
http://dx.doi.org/10.2196/67454
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


Original Paper

Use of Video Consultation Between 2017 and 2020 in Outpatient
Medical Care in Germany and Characteristics of Their User
Groups: Analysis of Claims Data

Theresa Hüer1, Dr rer pol; Anke Walendzik1, Dr rer medic; Lara Kleinschmidt1, MSc; Klemens Höfer1, MA; Beatrice

Nauendorf2, MSc; Juliane Malsch2, MSc; Matthias Brittner3, MA; Paul Brandenburg4, MA; André Aeustergerling5,

MA; Udo Schneider6, PD Dr rer pol; Anja Wadeck6, MA; Sebastian Liersch7, Dr PH; Stephanie Sehlen7, Dr rer pol;

Katharina Schwarze8, MA; Jürgen Wasem1, Prof Dr
1Institute for Health Care Management and Research, University of Duisburg-Essen, Essen, Germany
2Kassenärztliche Vereinigung Berlin, Berlin, Germany
3Kassenärztliche Vereinigung Westfalen-Lippe, Dortmund, Germany
4Kassenärztliche Vereinigung Schleswig-Holstein, Bad Segeberg, Germany
5Kassenärztliche Vereinigung Mecklenburg-Vorpommern, Schwerin, Germany
6Techniker Krankenkasse, Hamburg, Germany
7AOK Nordost, Potsdam, Germany
8AOK NordWest, Dortmund, Germany

Corresponding Author:
Theresa Hüer, Dr rer pol
Institute for Health Care Management and Research
University of Duisburg-Essen
Thea-Leymann-Straße 9
Essen, 45127
Germany
Phone: 49 201 183 2592
Email: theresa.hueer@medman.uni-due.de

Abstract

Background: Supplementing outpatient medical care with the use of video consultations could, among other benefits, improve
access, especially in structurally disadvantaged areas.

Objective: This claims data analysis, carried out as part of the German research project “Preference-based use of video consultation
in urban and rural regions,” aimed to analyze the use of video consultations and the characteristics of its user groups.

Methods: Claims data from 3 Statutory Health Insurance Funds (SHIFs) and 4 Associations of Statutory Health Insurance
Physicians (ASHIPs) from the period April 2017 to the end of 2020 were used. Data from a sample of about 6.1 million insured
and 33,100 physicians and psychotherapists were analyzed. In addition to data on the use of video consultations, patient data on
sociodemographic characteristics, diagnoses, and place of residence were included. To analyze the physicians’ perspectives,
specialty groups, demographic characteristics, and the type of practice location were also included. In consideration of the
principles of data economy and the fact that data analysis represents merely a preliminary phase within the broader project, the
SHIFs and ASHIPs transmitted aggregated data (cross-tabulations per subgroup analysis) to the evaluator. For this reason, the
analyses were constrained to a comparison of video consultation users versus nonusers, differentiated according to the
aforementioned subgroups. Furthermore, the association between place of residence or type of region of the practice location and
the use of video consultation was examined. A significance level of P<.05 was set for chi-square tests.

Results: From 2017 to 2019, almost no video consultations were used in outpatient care in the German health care system.
Although this changed considerably in relative terms with the start of the COVID-19 pandemic (but still at a very low absolute
level), there was also a clear decline in the use of video consultations as the number of infections flattened out. Physicians working
in psychotherapy and psychological psychotherapists used video consultations with around 16% (44,808/282,530) of their treatment
cases in the second quarter of 2020, followed by psychotherapists using video consultations for children (10,828/113,293, 10%).
Although the absolute number of treatment cases with video consultations among general practitioners was very high compared
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with other specialist groups, their share of video consultations in all treatment cases was very low at 0.3% (29,600/9,837,118).
Younger age groups and those located in urban areas used video consultations more frequently; this applies to both patients (age

groups: χ2
7=9903.2, P<.001; region types: χ2

2=3746.2, P<.001) and service providers (age groups: χ2
3=11,338.2, P<.001; region

types: χ2
2=8474.1, P<.001).

Conclusions: The current use of video consultations is below its potential in terms of scope and user groups. The widespread
and lasting use of video consultations will only succeed if the potential user groups accept this form of service provision and
recognize its advantages. Further analyses (both qualitative, such as focus group discussions, and quantitative, such as preference
surveys) should therefore investigate the preferences of user groups for the use of video consultations.

International Registered Report Identifier (IRRID): RR2-10.2196/50932

(JMIR Form Res 2025;9:e60170)   doi:10.2196/60170

KEYWORDS

video consultation; outpatient medical care; user groups; claims data analysis; Germany; physician; psychotherapist;
sociodemographic; healthcare; digital health; digital consultation; telehealth; telemonitoring; telemedicine

Introduction

The implementation of video consultations in the German Social
Health Insurance (SHI) system in April 2017 was intended to
establish a basis for providing outpatient medical services
regardless of location and thus also in structurally disadvantaged
regions in Germany. Older people and those with limited
mobility were to be given easier access to medical services.
Video consultations can be used in a variety of ways and
therefore offer potential benefits for different patient groups.
Particularly in the case of long travel distances to the nearest
(specialist) physician, for follow-up appointments, or for the
provision of repeated prescriptions, video consultations can be
a useful tool, and the insured do not have to visit a doctor's
office for every appointment. In the field of psychotherapy,
therapeutic or certain diagnostic sessions can also take place in
the form of video consultations [1-3].

In the beginning, video consultations in Germany could only
be provided by a few specialist groups and only for selected
indications and follow-up appointments. In the second quarter
of 2019, these restrictions were mostly abolished, and the
assessment of the appropriateness of a diagnosis or treatment
via video consultation was the responsibility of the respective
physician. The remuneration for video consultations in
outpatient medical care within the German SHI system is
primarily based on age-differentiated quarterly flat rates. These
rates cover the entire medical care of a patient, not just video
consultations, provided by the attending physician during the
specified period. If a patient is treated exclusively via video in
a quarter and there are no other personal physician-patient
contacts, the quarterly flat rate is reduced by a discount specific
to the specialist group. In addition to the quarterly flat rates per
patient, there are supplementary fee schedule positions (FSPs)
that compensate for the additional technical effort (€4.60 [US
$4.77] per video consultation, FSP 01450) and the digital
authentication of an unknown patient in video consultations
(€1.15 [US $1.19] per video consultation with a previously
unknown patient, FSP 01444). From October 2019 to the end
of September 2021, there was also an incentive grant (at that
time approximately €10 [US $10.36] per video consultation for

a maximum of 50 video consultations per physician) to stimulate
the use of video consultations [1].

Despite the potential of video consultations for different user
groups (patients as well as physicians and psychiatrists),
financing by the German SHI system since 2017, and support
measures such as incentive payments, video consultations do
not yet appear to have established themselves as an integral part
of outpatient medical care. In order to investigate the underlying
obstacles, it is important to examine the actual use of video
consultations on a solid data basis in detail in order to identify
suitable groups and occasions for the development of measures
to promote video consultations.

The German committee for negotiating outpatient medical
remuneration in the SHI system (“Bewertungsausschuss Ärzte”)
published a report on the use of video consultations in 2018 and
in an updated form in 2022. These reports show the development
of the billing frequency of video consultations in outpatient
medical care within the SHI system for the data period April
2017 to the end of 2021, differentiated according to the specialist
groups as well as the age groups and gender of the insured [1,4].
In 2022, Gensorowsky et al [5] also published an article on the
use of video consultations in Germany based on data from a
nationwide health insurance fund, which also covered the billing
frequency of video consultations for the period April 2017, but
only up to the end of 2018. The analysis was differentiated
according to the specialist groups of the physicians and the age
groups and type of region in which insured persons who used
video consultations live [5]. However, Gensorowsky et al [5]
only examined the period up to the end of 2018 and were
therefore unable to account for the effects of the COVID-19
pandemic. A more recent 2023 study by Petrick and
Kreuzenbeck [6] considered data through mid-2020 but was
based on data from only one Social Health Insurance Fund
(SHIF) and therefore did not include information from the
perspective of physicians as well as psychotherapists. Thus,
recent studies are needed to investigate the characteristics of
insured persons using the service. Additionally, it would be
interesting to explore the specialist groups that offer video
consultations. It is not possible to analyze the characteristics of
physicians and psychotherapists (eg, provision of video
consultations by age group, gender, region of practice location)
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using data from SHIFs. This requires data from the Associations
of Statutory Health Insurance Physicians (ASHIPs).

Against this background, this article dealt in particular with
closing the aforementioned gaps in the evidence by analyzing
not only claims data from SHIFs but also data from ASHIPs.
The data period April 2017 to the end of 2020 was included in
order to take the effects of the COVID-19 pandemic into
consideration, a relevant extension of the observation period
compared with the paper by Gensorowsky et al [5], which ended
in 2018. In addition to the analysis of the frequency of video
consultations, detailed characteristics of their user groups (users
and insured persons and providers and physicians and
psychotherapists) will also be examined. The age and gender
distributions, employment status, and residence or type of region
will be compared between users and nonusers of video
consultations. In the case of service providers, specialty groups
as well as their age and gender distributions, type of operation
and employment, and the type of region of the practice location
were considered. In particular, a detailed analysis of the
association between place of residence or type of region of the
practice location and the use of video consultations represents
a significant contribution to the literature.

This claims data analysis was conducted as part of the German
research project “Preference-based use of video consultations
in urban and rural regions,” which is funded by the Innovation
Fund of the German Federal Joint Committee (funding number
01VSF20011). The research project addresses the question of
how video consultations should be designed to enhance the
quality of outpatient medical care while considering the
preferences of insured individuals, physicians, and
psychotherapists. A study protocol has been published elsewhere
[7].

The objective of this data analysis was to examine the use of
video consultations in Germany, with a particular emphasis on
the impact of the COVID-19 pandemic, and to discern salient
disparities between patient and physician subgroups. Our
objective was to ascertain the prevalence of dependencies
according to the following sociodemographic characteristics of
insured persons: age group, gender, employment status, and
place of residence. In addition, we wanted to investigate how
video consultations were integrated into the overall treatment
of a patient during the quarter; was this done exclusively via
video, or was the video consultation only used as a supplement?
For physicians and psychotherapists, the aim was to identify

dependencies between video consultation use and the following
variables: age group, gender, specialist group, practice type,
and practice location.

Methods

Data
In this analysis, anonymized, aggregated data from 3 SHIFs
(Techniker Krankenkasse, AOK Nordost, AOK NordWest) as
well as 4 ASHIPs were used to reflect both the perspective of
the insured or patients and that of the physicians and
psychotherapists. Data from April 2017 to the end of 2020 from
insured and physicians as well as psychotherapists who lived
or practiced in 1 of 4 (of a total of 17) German regions
(“Westphalia-Lippe,” “Mecklenburg-Western Pomerania,”
“Schleswig-Holstein,” and “Berlin”) were analyzed. These
regions were selected because they represent both rural and
urban districts. They were classified as rural or urban districts
using the interactive web application “INKAR - Indicators and
Maps of Spatial and Urban Development” from the German
Federal Institute for Research on Building, Urban Affairs and
Spatial Development. Among other things, the settlement
structure of the district is considered a combination of population
density and the proportion of settlement area.

Aggregated data from about 6.1 million insured living in the 4
selected regions were analyzed. This corresponds to a share of
approximately 8.4% of all SHI-insured persons in Germany
(annual average in 2020=73,274,131) [8]. In addition to data
on the use of video consultations, patient data on
sociodemographic characteristics and diagnostic information
were included. Of the 6.1 million insured persons included in
the analysis, approximately 4.6 million (approximately 74%)
had at least one outpatient treatment case on average across all
included quarters (“users of outpatient services”). The group of
outpatient service users is an important group in the analysis,
as only they were faced with the actual decision of whether to
contact a physician in person or via video. Table 1 summarizes
the details of the SHIF data used and the characteristics of the
insured who were included.

Table 2 shows the key information from the ASHIP data and
the characteristics of the approximate 33,000 physicians and
psychotherapists included. This corresponds to 18.4%
(33,000/180,581 in 2020) of all SHI-accredited physicians and
psychotherapists in Germany [9].
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Table 1. Social Health Insurance Fund (SHIF) data.

DataData type

3 SHIFs: Techniker Krankenkasse, AOK Nordost, AOK NordWestSource

4 of 17 regions in Germany: Berlin, Schleswig-Holstein, Mecklenburg-
Western Pomerania, Westphalia-Lippe

Regions

Q2a 2017 until the end of 2020Time period

1. Insured living abroad, 2. Insured in employee health insurance in the
respective SHIF, 3. Insured who refused the use of their data for research
purposes

Exclusion criteria

Insured persons (Q2 2017-Q4b 2020)

5,915,199Minimum (Q4 2017), n

6,318,851Maximum (Q2 2020), n

6,131,573Average

Insured persons with at least one treatment case (Q2 2017-Q4 2020), n (%)

4,277,149 (67.7)Minimum (Q2 2020)

4,761,242 (76.7)Maximum (Q1c 2020)

4,550,963 (74.2)Average

Gender (Q2 2020; n=4,277,148), n (%)

2,369,554 (55.4)Female (including diverse)

1,907,594 (44.6)Male

Age (years; Q2 2020; n=4,277,148), n (%)

742,967 (17.4)≤20

447,669 (10.5)21-30

511,062 (11.9)31-40

478,659 (11.2)41-50

717,920 (16.8)51-60

576,561 (13.5)61-70

429,612 (10)71-80

372,698 (8.7)≥81

Employment status (Q2 2020; n=4,229,406), n (%)

2,047,604 (48.4)Employed persons (employees/workers, self-employed persons)

967,533 (22.9)Not employed persons (unemployed, social welfare recipients, emi-
grants, refugees, students)

1,214,269 (28.7)Retired persons

Region type of the place of residence (Q2 2020; n=4,277,139), n (%)

2,295,715 (53.7)Urban regions

1,379,654 (32.2)Mixed regions

601,770 (14.1)Rural regions

aQ2: second quarter.
bQ4: fourth quarter.
cQ1: first quarter.
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Table 2. Association of Statutory Health Insurance Physicians (ASHIP) data.

DataData type

All SHIa physicians and psychotherapists in 4 ASHIP regions: Berlin,
Schleswig-Holstein, Mecklenburg-Western Pomerania, Westphalia-Lippe

Source

4 of 17 regions in Germany: Berlin, Schleswig-Holstein, Mecklenburg-
Western Pomerania, Westphalia-Lippe

Regions

Q2b 2017 until the end of 2020Time period

Specialist groups that are not allowed to provide video consultations (eg,
laboratory physicians)

Exclusion criteria

Physicians (Q2 2017-Q4c 2020)

32,128Minimum (Q2 2017), n

34,127Maximum (Q4 2020), n

33,758Q2 2020, n

33,231Average

Gender (Q2 2020; n=33,758), n (%)

14,930 (44.2)Female (including diverse)

18,828 (55.8)Male

Age (years; Q2 2020; n=33,758), n (%)

2516 (7.5)≤40

7940 (23.5)41-50

12,840 (38)51-60

10,462 (31)≥61

Aggregated specialist groups (Q2 2020; n=33,765), n (%)

11,988 (35.5)Primary care

8663 (25.7)Psychotherapy, psychiatry, neurology

2492 (7.4)Gynecology

1459 (4.3)Orthopedics

1391 (4.1)Surgery

791 (2.3)Dermatology

947 (2.8)Otorhinolaryngology and phoniatrics

6034 (17.9)Other specialist groups

Type of practice (Q2 2020; n=33,782d), n (%)

17,904 (53)Individual practice

10,738 (31.8)Joint practices (“Berufsausübungsgemeinschaft” and “Praxisgemein-
schaft“)

3585 (10.6)Medical care center (“Medizinisches Versorgungszentrum [MVZ]“)

1555 (4.6)Hospital physicians authorized for outpatient care

Region type of the location of the physician’s office (Q2 2020; n=33,757), n (%)

19,128 (56.7)Urban regions

10,086 (29.9)Mixed regions

4543 (13.5)Rural regions

aSHI: Social Health Insurance.
bQ2: second quarter.
cQ4: fourth quarter.
dThe sample size is higher than that of Q2 2020 overall, because physicians may be assigned to multiple practice types.
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Finally, it is important to emphasize that, depending on which
data set is used for analysis (SHIF data or ASHIP data), either
the entire outpatient medical care of all SHI-insured persons
with residence in the 4 regions is taken into account (ASHIP
data) or only the medical care of those SHI-insured persons who
are insured with 1 of the 3 SHIFs and live in the 4 regions (SHIF
data) is taken into account.

Data Analysis
The German Federal Data Protection Act defines the principle
of data avoidance and data minimization. Accordingly, the aim
of the evaluation must always be taken into account when
selecting and designing data processing systems. In light of this,
a 2-step evaluation was carried out in this analysis: in the first
step, a preliminary analysis of the individual data was carried
out by the SHIFs and ASHIPs, and, in the second step, the
aggregated data were merged and finally evaluated. This was
to ensure that the evaluating body (University of
Duisburg-Essen) only received the information necessary to
answer the research questions.

Step 1: Preparatory Work and Preliminary Analysis of
Personal Data at the SHIFs
In preparation for the data analysis, an evaluation concept and
a data protection concept were first developed. Data forwarding
agreements were also concluded bilaterally between the
evaluating body and the 7 data providers for the forwarding of
the aggregated data.

The developed evaluation concept comprised tables to be
completed by all data providers on the use of video
consultations, differentiated according to various characteristics
of the insured (age, gender, employment status, residence or
type of region) and of the physicians and psychotherapists (age,
gender, specialist group, type of operation and employment,
type of region of the practice location). This information was
collected for users of video consultations as well as nonusers
of video consultations. The frequency of video consultation use
can be identified using the FSP 01450 (technical surcharge for
video consultations), as this can be billed for every video
contact. A limitation in the use of this FSP is the fact that there
is a maximum billing quota for this FSP. In this respect, the use
of this FSP requires the assumption that physicians will continue
to use FSP 01450 even if they have already exhausted their
billing quota per physician and quarter.

Due to the aforementioned (partial) flat-rate billing in outpatient
medical care in Germany, which also includes video
consultations, an evaluation of the specific services performed
in video consultations is only possible to a limited extent.
However, it is possible to evaluate certain individual services
that are provided during video consultations that can be billed
separately. This is possible because the fee schedule items are
provided with a standardized national label if they are performed
by video. A list of these services has been published by the
National Association of Statutory Health Insurance Physicians
[10].

Based on this, the preliminary analyses of the individual data
were carried out by the SHIFs and ASHIPs.

On the basis of the data forwarding agreements, these were
transmitted securely by each data supplier to the evaluating
body.

Step 2: Merging and Final Evaluation of the
Anonymized and Aggregated Data at the Evaluating
Body
The aggregated data for each data supplier were initially merged
by the evaluating body so that all further evaluations were based
on the data from all SHIFs or all ASHIPs. Since the data were
not provided at the individual level, the analysis of the
aggregated data (only available as cross tables) was performed
using Excel (version 16.0; Microsoft Corp).

The analyses included a comparison of video consultation users
(VC users) versus nonusers, differentiated according to
subgroups (insured: age group, gender, employment situation;
physicians and psychotherapists: specialist group, age group,
gender, type of operation, and employment). Furthermore, the
association between the place of residence or type of region of
the practice location and the use of video consultation was
examined. To identify significant differences between
subgroups, a significance level of P<.05 was set. Since the
analysis was based on aggregated data (in the form of
cross-tabulations, nominally scaled data), chi-square tests were
used. Analyses based on individual and microdata (eg,
regression analyses) were therefore excluded. However, this
approach was chosen for reasons of data economy and because
the data analysis was only a preparatory step in the overall
project.

Ethical Considerations
The study was granted ethical approval by the Ethics Committee
of the Medical Faculty of the University of Duisburg-Essen on
September 27, 2022 (reference: 21-10283-BO). As the
University of Duisburg-Essen only had access to aggregated
data, there was no possibility of participant identification.

Results

Development of the Use of Video Consultations Over
Time
From 2017 to 2019, video consultations played almost no role
in outpatient medical care in Germany (quarters 2 and 3 [Q2
and Q3] 2017: 0; Q4 2017-Q3 2019: <300 video consultations;
Q4 2019: 718 video consultations). Since the start of the
COVID-19 pandemic, the use of video consultations has
increased substantially. The billing frequency of FSP 01450
showed a huge increase in the first quarter of 2020 in all regions
considered; this continued in the second quarter of 2020. This
means that the number of video consultations carried out within
1 quarter increased approximately 6-fold from 44,680 (Q1 2020)
to 271,483 (Q2 2020). The second quarter of 2020 covers the
largest period of the first lockdown during the COVID-19
pandemic. In the summer months (Q3 2020), the use of video
consultations decreased (109,683, which corresponds to only
40.4% [109,683/271,483] of the amount in Q2 2020), although
the number of video consultations carried out then rose sharply
again in the fourth quarter (192,405, which corresponds to
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70.9% [192,405/271,483] of the amount in Q2 2020). This
clearly shows that the use of video consultations not only
increased sharply during the COVID-19 pandemic but also
largely reflected the development of COVID-19 infections. In
the period from April 2017 to the end of 2020, a total of 620,970
video consultations were held in the relevant regions in
Germany.

When looking at the absolute figures, however, it should be
noted that physician contacts with video consultations still only
accounted for a fraction of all contacts of this type. If we look
at the SHIF data and examine which of the insured persons
included had at least one physician contact (“users”; Q2 2020:
4,277,149/6,318,851, 67.7%), the proportion of those who had
a video consultation was extremely low, with a maximum of
1% (43,139/4,227,149) in the second quarter of 2020, 0.3%
(13,543/4,227,149) in the first quarter of 2020, 0.4%
(19,989/4,227,149) in the third quarter of 2020, and 0.8%
(34,557/4,227,149) in the fourth quarter of 2020.

By examining the number of video consultations used per VC
user, we see that, in the second quarter of 2020, 50% of VC
users (21,569/43,139) had a maximum of 1 video consultation.
The mean value per VC user was significantly higher, at 2.5
video consultations, which is due to the fact that some VC users
made use of a large number of video consultations; the
maximum here was 38 video consultations in the second quarter
of 2020.

Characteristics of VC User Groups (Patients)

Overview of Analysis of VC User Groups
In the following sections, the results of the comparison between
VC users and nonusers in terms of sociodemographic
information are presented in order to investigate whether they
differed systematically from each other. In addition, the
association between the patient’s place of residence and the use
of video consultations was also analyzed. The underlying
population for all analyses was the insured who had at least one
outpatient medical contact in the second quarter of 2020,
because only they were faced with the decision of a video
consultation or face-to-face contact. The second quarter of 2020
was selected for analysis because, as previously described, the
number of video consultations was highest during this period,
allowing for subgroup analyses despite the absolute small
number of VC users.

Differences by Age Group
Table 3 shows, based on the example of the second quarter of
2020, that video consultations were mainly used by young to
middle-aged insured persons (20-50 years old). The largest
group was those aged 31 years to 40 years, with a share of 1.7%
(9378/563,715) of all insured in this age group, with at least
one outpatient contact with a doctor (users). The correlation

was statistically significant (χ2
7=9903.2, P<.001).

Table 3. Insured with at least one video consultation (VC) by age group (second quarter 2020), based on Social Health Insurance Fund data (χ27=9903.2,
P<.001).

Age (years), n (%)≥1 VC

≥81
(n=334,520)

71-80
(n=397,565)

61-70
(n=551,065)

51-60
(n=718,517)

41-50
(n=505,860)

31-40
(n=563,715)

21-30
(n=506,117)

≤20
(n=840,922)

 

1805 (0.5)1589 (0.4)3036 (0.6)7140 (1)6304 (1.3)9378 (1.7)7287 (1.4)6600 (0.8)Yes

332,715 (99.5)395,976 (99.6)548,029 (99.4)711,377 (99)499,556 (98.7)554,337 (98.3)498,830 (98.6)834,322 (99.2)No

Differences by Gender
Table 4 shows that video consultations were used
disproportionately more often by women in the second quarter

of 2020. The correlation was statistically significant

(χ2
1=1533.8, P<.001).

Table 4. Insured with at least one video consultation (VC) by gender (second quarter 2020), based on Social Health Insurance Fund data (χ21=1533.8,
P<.001).

Men (n=1,907,594), n (%)Women (n=2,369,554), n (%)≥1 VC

15,217 (0.8)27,922 (1.2)Yes

1,892,377 (99.2)2,341,632 (98.8)No

Employment Status
Table 5 shows that, for the second quarter of 2020, video
consultations were used disproportionately often by employed

people than people not in employment and retired persons

(χ2
2=3566.2, P<.001).
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Table 5. Insured with at least one video consultation (VC) by employment status (second quarter 2020), based on Social Health Insurance Fund data
(χ22=3566.2, P<.001).

Retired persons (n=1,123,538), n (%)Not employed persons (unemployed, social wel-
fare recipients, emigrants, refugees, students;
n=1,096,458), n (%)

Employed persons (employees/workers, self-
employed persons; n=2,150,544), n (%)

≥1 VC

7157 (0.6)8737 (0.8)25,729 (1.2)Yes

1,116,381 (99.4)1,087,721 (99.2)2,124,815 (98.8)No

Place of Residence of the Insured
Table 6 shows that video consultations were used
disproportionately more often by the insured living in urban

regions in the second quarter of 2020 (χ2
2=3746.2, P<.001).

Considering that a central reason for the introduction of video
consultations was to improve access in rural areas, this is
striking.

Table 6. Insured with at least one video consultation (VC) by place of residence (second quarter 2020), based on Social Health Insurance Fund data
(χ22=3746.2, P<.001).

Rural regions (n=609,420), n (%)Mixed regions (n=1,428,651), n (%)Urban regions (n=2,380,202), n (%)≥1 VC

3077 (0.5)10,878 (0.8)29,184 (1.2)Yes

606,343 (99.5)1,417,773 (99.2)2,351,018 (98.8)No

In addition, we investigated how video consultations were
integrated into the overall treatment of a patient during the
quarter; was this done exclusively via video, or was the video
consultation only used as a supplement? The exclusive use of
video consultations for the treatment of a patient by a physician
in a quarter can be identified by a mandatory flag, which leads
to a deduction from the physician's quarterly flat rate. Overall,

video consultations were used as a supplement in 80%
(34,525/43,139) of cases. If this is broken down by region, major
differences become apparent. VC users in rural regions used
them disproportionately more often exclusively (2001/3077,
65%) compared with those living in urban (4508/29,284, 15.4%)
or mixed (2105/10,878, 19.4%) regions (see Table 7).

Table 7. Exclusive or only supplementary use of video consultations (VCs) by place of residence (second quarter 2020), based on Social Health
Insurance Fund data (χ22=4285.8, P<.001).

Total (n=43,139), n (%)Rural regions (n=3077), n (%)Mixed regions (n=10,878), n (%)Urban regions (n=29,184), n (%)Type of VC use

8614 (20)2001 (65)2105 (19.4)4508 (15.4)VC exclusively

34,525 (80)1076 (35)8773 (80.6)24,676 (84.6)VC supplementary

Video consultations were therefore used less frequently in rural
regions, but when they are used in these regions, in 65%
(2001/3077) of cases, there was no further personal
doctor-patient contact during the quarter.

Characteristics of the Provider Groups (Physicians
and Psychotherapists)

Overview of Analysis of the Provider Groups
In the following sections, the results of the comparisons between
video consultation providers (VC providers) and nonproviders
are presented based on ASHIP data with regard to demographic
information, information on their specialist group and practice,
and employment type. In addition, we analyzed whether there
was an association between the location of the medical practice

and the availability of video consultations. The comparison was
made on the basis of treatment cases provided by the respective
physicians and psychotherapists, with or without the use of
video consultations.

Differences by Age Group
Table 8 shows that, for the second quarter of 2020, physicians
and psychotherapists in younger age groups had more treatment
cases with video consultations than older physicians and
psychotherapists. The largest group in relative numbers was
those younger than 40 years (12,680/1,235,393, 1%), while only
0.4% (22,766/6,374,630) of treatment cases with video
consultations were performed among those older than 60 years.

The correlation was statistically significant (χ2
3=11,338.2,

P<.001).

Table 8. Treatment cases with and without video consultations (VCs) by physicians or psychotherapists and their age (second quarter 2020), based on
Association of Statutory Health Insurance Physicians data (χ23=11,338.2, P<.001).

Age (years), n (%)Use of VC

≥61 (n=6,374,630)51-60 (n=10,390,058)41-50 (n=5,480,427)≤40 (n=1,235,393)

22,766 (0.4)42,208 (0.4)28,287 (0.5)12,680 (1)With VC

6,351,864 (99.6)10,347,850 (99.6)5,452,140 (99.5)1,222,713 (99)Without VC
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Differences by Gender
The comparison of service providers by gender showed that

female physicians or psychotherapists used video consultations
with treatment cases slightly more frequently than men (see
Table 9).

Table 9. Treatment cases with or without video consultations (VCs) by physicians or psychotherapists and their gender (second quarter 2020), based
on Association of Statutory Health Insurance Physicians data (χ21=2492.6, P<.001).

Men (n=13,274,371), n (%)Women (n=9,053,887), n (%)Use of VC

55,979 (0.4)51,677 (0.6)With VC

13,218,392 (99.6)9,002,210 (99.4)Without VC

Information on the Specialist Group
A comparative analysis of the professional groups showed that
physicians and psychotherapists working in the field of
psychotherapy (for both adults and children) were the most
likely to use video consultations. Physicians working in
psychotherapy and psychological psychotherapists used video
consultations with 15.9% (44,808/282,530) of their treatment
cases in the second quarter of 2020, followed by
psychotherapists for children, who used video consultations
with approximately 10% (10,828/113,293, 9.6%) of their
treatment cases. Although the absolute number of treatment
cases with video consultations among general practitioners was

very high compared with other specialist groups (29,600
compared with 10,828 among psychotherapists for children),
their share of video consultations with all treatment cases in
this specialist group was very low, at 0.3% (29,600/9,837,118).
This is caused by the high number of general practitioners and
treatment cases in this group.

Type of Practice
Table 10 shows that physicians or psychotherapists in individual
practices (73,494/11,089,465, 0.7% of treatment cases) used
video consultations 2.4 times more frequently than those in joint
practices (23,251/8,453,284, 0.3% of cases); this includes
different forms of joint practices.

Table 10. Treatment cases with or without video consultations (VCs) by physicians or psychotherapists and their type of practice (second quarter 2020),
based on Association of Statutory Health Insurance Physicians data (χ22=14,990.5, P<.001).

Medical care center (n=2,485,753), n (%)Joint practices (n=8,476,535), n (%)Individual practice (n=11,162,959), n (%)Use of VC

10,423 (0.4)23,251 (0.3)73,494 (0.7)With VC

2,475,330 (99.6)8,453,284 (99.7)11,089,465 (99.3)Without VC

Location of the Physician’s Office
As with the situation for insured persons, Table 11 shows that
physicians and psychotherapists in urban regions used video

consultations 2.3 times more frequently with treatment cases
than those in rural regions.

Table 11. Treatment cases with or without video consultations (VCs) by physicians or psychotherapists and their practice location (second quarter
2020), based on Social Health Insurance Fund data (χ22=8474.1, P<.001).

Rural regions (n=3,303,069)Mixed regions (n=6,870,939)Urban regions (n=12,153,573)Use of VC

8538 (0.3)26,136 (0.4)72,982 (0.6)With VC

3,294,531 (99.7)6,844,803 (99.6)12,080,591 (99.4)Without VC

Services and Diagnoses Associated With Video
Consultations
In 2020, a total of 715,104 services were identified as having
been provided and billed as part of video consultations.
Approximately 55% (392,380/715,104, 54.9%) of these were
claimable individual psychotherapy services, of which 54%
(211,788/392,380) were behavioral psychotherapy, 30.3%
(118,986/392,380) were depth psychology psychotherapy, and
15.7% (61,606/392,380) were analytic psychotherapy. Of the
715,104 services provided via video consultation, 30%
(214,411/715,104) were counseling services, and about 15%
(106,580/715,104, 14.9%) were other psychotherapeutic
services. A more detailed analysis showed that the majority of
counseling services were psychotherapeutic consultations
(168,388/214,411, 78.5%) and only a few were primary care
consultations (40,418/214,411, 18.9%).

The analysis of diagnoses (according to the International
Statistical Classification of Diseases and Related Health
Problems, 10th revision, German Modification) in treatment
cases (quarterly reference) with contacts that took place
exclusively via video consultation showed a similar picture.
The top 10 diagnoses in 2020 included, in particular, diagnoses
related to mental and behavioral disorders: reactions to severe
stress and adjustment disorders (ICD code F43), depressive
episode (F32), other anxiety disorders (F41), recurrent
depressive disorder (F33), somatoform disorders (F45), and
phobic disorders (F40). In addition, the top 10 most frequently
coded diagnoses included back pain (M54), essential (primary)
hypertension (I10), and COVID-19 pandemic–related indications
such as acute upper respiratory tract infection (J06).
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Discussion

Principal Findings and Interpretation of Underlying
Reasons
In the years 2017 to 2019, almost no video consultations were
used in outpatient medical care in the German health care
system. This changed significantly with the onset of the
COVID-19 pandemic: In the first and second quarters of 2020,
there was a sharp increase in the use of video consultations in
all regions analyzed. However, even in the second quarter, the
proportion of the insured with at least one video consultation
was extremely low, at a maximum of 1%. There was a decline
from the second to the third quarter, with a further significant
increase in the fourth quarter—a trend in use that is in line with
the COVID-19 infection rate.

Video consultations were used significantly more often by
younger insured persons, women, employed persons, and the
insured living in urban areas. These findings are in line with
the results of other studies stating that the younger and employed
generation as well as people living in urban environments are
more interested in using video consultations than older age
groups or people residing in rural areas [3]. Another reason
could be that physicians act as gatekeepers and preselect
patients, assuming that younger people and people from urban
areas with presumably better internet access are more suitable
for video consultations [11]. The picture is similar for physicians
and psychotherapists, with younger age groups and physicians
and psychotherapists with an urban-based practice also using
video consultations more frequently. In order to promote the
sustainable use of video consultations, it is important to identify
the key barriers for those groups. A lack of technical
requirements has often been cited as a key barrier for patients
as well as physicians and psychotherapists [12-14]. Physicians
were also concerned about negative effects on the doctor-patient
relationship. In addition, some believed that the lack of physical
examination methods could more easily lead to treatment errors
or misdiagnosis. Concerns were also expressed about privacy
and data security [11,15].

There was no evidence of increased use in structurally
disadvantaged rural areas, an often-cited potential for video
consultations [3]. A number of hypotheses may be posited to
explain the underlying reasons for the observed phenomenon.
For instance, the comparatively poorer broadband infrastructure
in rural areas or a different age structure could be identified as
potential explanatory factors. The population in rural regions
is, on average, older and therefore potentially less digitally
proficient than that in urban regions. In addition, people from
urban regions tend to use psychotherapy, which is the
predominant use case for video consultations, more often than
people from rural regions [5].

Psychotherapists and physicians working in a psychotherapy
specialty (both for adults and children) were, by far, the most
frequent users of video consultations. This was also reflected
in the analysis of services and diagnoses in video consultations.
The reason for this may be the nature of the services in this area,
which are primarily what is known as “talking medicine.”

Somatic specialists generally rely on physical examinations,
blood samples, for example, as a supplement.

Video consultations are primarily used as an adjunct to care and
rarely occur without further doctor-patient contact. However,
in rural areas, where video consultations are less common, the
opposite is true: There is often no face-to-face contact in
addition to video consultations. One reason for this could be
that these patients used a video consultation with a central
platform rather than with their usual physician. On these
platforms, personal follow-up contact is usually not possible at
all, as physicians from completely different regions of Germany
can also offer video consultations there. This may be because
their usual physician does not offer video consultations or
because there are no physicians in the area with vacancies in
the specialty they are looking for. In any case, this is an indicator
of a potential lack of care in rural areas.

Strengths and Limitations
This data analysis was based on data from 3 large German SHIFs
with a wide range of enrollees (about 6.1 million insured or
approximately 8.4% of all SHI-insured) and 4 ASHIPs (about
33,000 physicians and psychotherapists or 18.4% of all
SHI-accredited physicians and psychotherapists in Germany).
It is also worth noting that insured persons from different types
of SHIFs were considered, so that they do not represent only
one type of SHIF (eg, in terms of age and gender). The selection
of the 4 regions ensured that both rural and urban enrollees and
providers were included.

A first limitation could be that only those with statutory health
insurance were included, not those with private health insurance,
which accounts for only about 10% of all insured persons in
Germany.

The time period included allowed for an analysis of the impact
of the COVID-19 pandemic on the use of video consultations.
The second limitation is that this period could also have had a
biasing effect, for example in the analysis of diagnoses coded
in relation to video consultations, given the extremely high
coding of respiratory diseases in the second quarter of 2020. A
slightly longer data period would also have been desirable to
analyze the effects after the pandemic. However, the data period
used, in particular the year 2020, was considered sufficient for
the analysis of the characteristics of the user groups.

Third, the statistical evaluation was hindered by a number of
evident challenges. One principal reason for this was that, for
reasons of data minimization, only aggregated data were made
available to the evaluator, which significantly constrained the
range of analysis options. Consequently, only chi-square analysis
and, for example, no regression analyses could be conducted.
It should be noted, however, that even minor discrepancies can
become statistically significant due to the large sample size. To
ensure transparency, the absolute and relative data were
consistently provided in the cross tables, allowing readers to
assess them independently. Additionally, the study faced a
challenge with balancing the proportions, with approximately
1% of the sample using a video consultation and the remaining
99% not using it. This imbalance can complicate the analysis.
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Fourth, not all variables are available in health insurance data;
for example, information on educational status would have been
useful. However, in this mixed methods project, a survey was
conducted to ask, for example, about the use of video
consultations and the level of education [8]. The findings will
be published separately.

Fifth, the generalizability of the results for Germany to other
countries may be limited. Aspects such as the slow progress of
digitization in Germany, as well as the existence of statutory
health insurance and a relatively high density of physicians
compared with other countries, could explain the hesitant
acceptance of video consultations and may not apply to other
countries.

Conclusion and Potential for Future Research
The current extent of video consultation use remains well below
its potential. Additionally, it is notable that the groups for whom
it was anticipated that video consultations would offer
substantial benefits, such as individuals with limited mobility
and those residing in rural areas, currently use video
consultations at a significantly lower rate than groups who are

currently considered to be well served, including individuals in
urban areas and young people.

Unfortunately, initial analyses of a period at the end of the
pandemic are concerning. According to these data, the already
low uptake rate declined further toward the end of the pandemic.
According to a report by BARMER, a German SHIF, monthly
uptake in the second quarter of 2022 was more than 50% lower
than during the pandemic waves in the second quarter of 2020
and the first quarter of 2021. It appears to have stabilized at a
relatively low level [16].

The widespread and lasting use of video consultations will only
succeed if the potential user groups accept this form of service
provision and recognize its advantages. Further analyses should
therefore investigate the preferences of user groups for the use
of video consultations. Both qualitative (interviews, focus group
discussions) and quantitative research approaches (surveys [eg,
with preference elicitation methods such as discrete choice
experiments]) are suitable for this purpose. As part of this study,
a survey was conducted among the insured, physicians, and
psychotherapists to identify the primary barriers to the use of
video consultations [7]. The findings will be released in a
separate publication.
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Abstract

Background: There is a longstanding gap between national asthma guidelines and their implementation in primary care. Primary
care providers (PCPs) endorse numerous provider and practice or clinic-related barriers to providing guidelines-based asthma
care. To reduce asthma morbidity in primary care, PCPs need access to tools that facilitate adherence to national guidelines,
which can be delivered at the point of care, are minimally burdensome, and fit within the clinic workflow. Clinical decision
support (CDS) tools are health IT systems that can be housed in the electronic health record (EHR) system.

Objective: This study aimed to follow user-centered design principles and describe the formative qualitative work with target
stakeholders (ie, PCPs and IT professionals) to inform our design of an EHR-embedded CDS tool that adheres to recent, significant
changes in asthma management guidelines.

Methods: Purposive sampling was used to recruit three separate subgroups of professionals (n=15) between (1) PCPs with
previous experience using a paper-based CDS tool for asthma management, (2) PCPs without previous experience using CDS
tools for asthma management, and (3) health care IT professionals. The PCP interview guide focused on their practice, familiarity
with national asthma guidelines, and how a CDS tool embedded in the EHR might help them provide guideline-based care. The
health care IT professional guide included questions on the design and implementation processes of CDS tools into the EHR.
Qualitative data were audio-recorded, transcribed, and then analyzed using an inductive approach to develop themes.

Results: Themes were organized into 2 domains, current practice and CDS tool development. The themes that emerged from
PCPs included descriptions of assessments conducted to make an asthma diagnosis, previous attempts or opportunities to implement
updated national asthma guidelines, and how a CDS tool could be implemented using the EHR and fit into the current asthma
management workflow. The themes that emerged from health care IT professionals included processes used to design CDS tools
and strategies to collect evidence that indicated a tool’s value to a practice and the broader health system.

Conclusions: In this study, user-centered design principles were used to guide a qualitative study on perceived barriers and
facilitators to a primary care–based, EHR-integrated asthma CDS tool. PCPs expressed their interest in adopting an asthma CDS
tool that was low burden and efficient but could help them adhere to national asthma guidelines and improve clinic workflow.
Similarly, health care IT professionals perceived an asthma CDS tool to be useful, if it adhered to EHR design standards.

JMIR Form Res 2025 | vol. 9 | e65794 | p.2315https://formative.jmir.org/2025/1/e65794
(page number not for citation purposes)

Fedele et alJMIR FORMATIVE RESEARCH

XSL•FO
RenderX

mailto:david.fedele@nemours.org
http://www.w3.org/Style/XSL
http://www.renderx.com/


Implementation of a CDS tool to improve adherence of PCPs to recently updated national asthma guidelines could be beneficial
in reducing pediatric asthma morbidity.

(JMIR Form Res 2025;9:e65794)   doi:10.2196/65794

KEYWORDS

clinical decision support; asthma; primary care; guidelines; pediatric; asthma care; morbidity; health information technology;
electronic health record; EHR; user-centered design; inductive approach; digital health; health technology

Introduction

Asthma is the most common childhood chronic illness in the
United States, affecting >5 million children [1], and is a leading
cause of emergency department and urgent care visits [2], school
absences [3,4], and reduced quality of life among youth [5,6].
The National Asthma Education and Prevention Program
(NAEPP) guidelines are designed to prevent and reduce pediatric
asthma morbidity via disseminating state of the science guidance
to health care providers on asthma diagnosis and management
[7]. NAEPP guidelines call for health care providers to regularly
adhere to 4 pillars of asthma management—assessment of
asthma control, provision of asthma education to families (eg,
written asthma treatment plans), assessment of environmental
triggers, and following pharmacological therapy
recommendations [4]. Notably, NAEPP guidelines were recently
updated in 2020 to include single maintenance and reliever
therapy (SMART), a paradigm-shifting change to
recommendations for the management of youth with persistent
asthma [7].

Use of NAEPP guidelines improves asthma control, reduces
the likelihood of exacerbations, and decreases health care usage
[4,7-9]. However, there is a persistent gap between NAEPP
guidelines and their implementation in practice, particularly
among primary care providers (PCPs) [10,11]. PCPs are the
frontline health care providers for youth with asthma and provide
most ambulatory care [12,13]. Suboptimal adherence among
PCPs to national asthma guidelines is documented in numerous
studies [10,12,14,15]. For example, a chart review study of a
large cohort of primary care practices found that only 9% of
PCPs used a validated asthma control tool, just 6% provided an
asthma treatment plan, and 30% failed to prescribe
anti-inflammatory medication when indicated [16]. This pattern
of findings is mirrored in recent results from the National
Asthma Survey of Physicians [12].

The considerable gap between NAEPP guidelines and their
implementation in primary care are driven by provider and
practice or clinic-related factors [12]. PCPs encounter numerous
barriers to providing guidelines-based asthma care, including
time constraints, lack of familiarity and knowledge of the
guidelines, and low self-efficacy surrounding guideline
implementation [17,18]. Furthermore, primary care clinics are
commonly characterized as suffering themselves from
“information chaos” with limited administrative bandwidth for
comprehensive, evidenced-based interventions [19]. To reduce
asthma morbidity in primary care, PCPs need access to tools
that facilitate adherence to national guidelines, which can be
delivered at the point of care, are minimally burdensome, and
fit within the clinic workflow [15,20,21].

Clinical decision support (CDS) tools are health IT systems that
can be housed in the electronic health record (EHR) system and
be effective in improving provider adherence to guidelines and
patient outcomes [22,23]. CDS tools assist providers in
patient-level clinical decision-making (eg, asthma diagnosis
and severity designation) at the point of care via collecting
relevant data, synthesizing information, and providing real-time
recommendations, thereby reducing provider burden and
complexity surrounding adherence and implementation of
guidelines [24]. CDS tools were shown to be the most promising
method for modifying provider behavior in a systematic review
of 68 intervention studies on health care provider adherence to
national asthma guidelines [14]. There is a critical need for the
creation of a CDS tool for pediatric asthma that attends to the
needs of PCPs, especially in the current era of recently updated
NAEPP guidelines [21].

While paper-based CDS tools have been shown to increase PCP
adherence to NAEPP guidelines and reduce asthma-related
morbidity including the number of outpatient visits,
hospitalizations, and emergency department visits [25-27], the
ubiquity of EHRs in delivery and documentation of primary
care, including for asthma management [28], provides the
opportunity to provide real-time decision support within the
electronic workflow. In addition, electronically presented CDS
may support better adherence due to automatic provision of
guidance and patient-specific suggestions to support
decision-making [29]. While recent work provides key guidance
to support implementation of the recent guidelines into
electronic CDS, further work is necessary to understand local
contexts and clinician behaviors that will support successful
intervention development and implementation [30]. This study
describes our formative qualitative work with target stakeholders
(ie, PCPs and IT professionals) to inform our design of an
EHR-embedded CDS tool that adheres to the 4 pillars of asthma
management and is congruent with recent, significant changes
in NAEPP guidelines [7].

Methods

Overview
We used purposive sampling to recruit three separate subgroups
of professionals between January and March 2023, that are (1)
PCPs with previous experience using a paper-based CDS tool
for asthma management, (2) PCPs without previous experience
using CDS tools for asthma management, and (3) health care
IT professionals. Participants were recruited through study
announcement emails to department listservs and brief
presentations to raise awareness of the study during department
meetings. In total, 15 individuals agreed to participate. We
conducted 2 focus groups with PCPs (n=5 and n=4 participants,
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respectively), 1 health care IT professional focus group (n=2),
3 PCP individual interviews, and 1 health care IT professional
individual interview. Some participants had a previous
professional relationship with the study team (eg, had
participated in previous studies). The first focus group was with
PCPs (n=5) who had previous experience using Easy Breathing,
a validated paper-based CDS tool for asthma management that
translates NAEPP guidelines into a usable, efficient, and
effective format [10,11,25-27,31]. The second focus group (n=4)
and 3 individual interviews were with PCPs who did not have
previous experience with CDS tools for pediatric asthma. The
third focus group (n=2) and 1 individual interview were with
health care IT professionals who had previous experience
developing ambulatory CDS tools. Focus groups and interviews
were conducted over Zoom (Zoom Video Communications) or
in person in clinic workrooms. Focus groups and interviews
were facilitated by a PhD-level, certified asthma educator with
expertise in clinic- and school-based asthma management
intervention (JH [female]) or a PhD-level clinical psychologist
with expertise in mobile and eHealth asthma interventions (DAF
[male]). Both study authors have experience in conducting
qualitative interviews with families of children with asthma and
medical providers. Participants were made aware of the goals
of the study during the informed consent process and the
interviewers briefly summarized their professional expertise in
pediatric asthma. Participants were compensated US $50 for
their time. In addition, a brief demographics survey was
distributed during each focus group.

Focus groups and interviews were conducted in a semistructured
format, with separate guides developed for PCPs and health
care IT professionals. Sessions ranged in length from 25 to 65
minutes, with an average length of 38 minutes. The PCP
interview guide included open-ended questions on how the

provider currently diagnoses and treats asthma, if they use any
validated tools for diagnosis or treatment planning, familiarity
with NAEPP guidelines, how a CDS tool embedded in the EHR
might help them provide guidelines-based care, and what
functions could be useful in such a tool. The health care IT
professional guide included questions on design and
implementation processes of CDS tools into the EHR, best
practices for collaboration with research and clinical teams, and
strategies for evaluating and maintaining CDS tools across
multiple clinics.

Focus groups and interviews were audio-recorded, transcribed,
and then analyzed by 3 coders (DAF, JH, and JLM) using NVivo
14 (Lumivero). Field notes were taken during data collection.
We used an inductive approach by coding data based on similar
topics and content across transcripts, clustered by PCPs and
health care IT professionals, to develop themes. Themes were
derived from overlapping content between PCPs’ data and
included descriptions of assessments conducted to make an
asthma diagnosis, previous attempts or opportunities to
implement updated NAEPP guidelines, and how a CDS tool
could be implemented using the EHR and fit into current asthma
management workflow. Themes from overlapping content
between health care IT professionals’ data included discussion
of processes used to design CDS tools (eg, initial assessment
of required functionality, testing mock designs to evaluate
alignment with PCP workflow) and strategies to collect evidence
that indicated a tool’s value to a practice and the broader health
system. We then collapsed themes into 2 domains, Current
Practice and CDS Tool Development. The 3 coders then used
a final codebook that described the themes in each domain to
analyze all transcripts (Table 1) independently. Codes for each
transcript were then discussed and modified collectively until
consensus was reached.

JMIR Form Res 2025 | vol. 9 | e65794 | p.2317https://formative.jmir.org/2025/1/e65794
(page number not for citation purposes)

Fedele et alJMIR FORMATIVE RESEARCH

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


Table 1. Qualitative codebook for interviews with primary care providers and information (for technology health professionals).

DefinitionDomain and code

Current practice

Description of assessments PCPs conduct to make an asthma diagnosis.PCPsa describe their asthma diagnosis process and workflow

Descriptions of symptom monitoring at follow-up visits.PCPs describe asthma follow-up care

Mentions of barriers to making asthma diagnosis and to monitoring symptoms
at follow-up visits.

Barriers to asthma management

Statements about how asthma treatment regimen is communicated to families.Asthma action and treatment plans

Statements about barriers to implementing new guidelines and explanations of
previous attempts to implement them (individual PCP or practice-wide).

Opportunities to implement new guidelines

CDSb tool development

Recommendations on components and functionality of ideal tool, including pa-
tient surveys, how responses are displayed for the provider, how treatment or
prescription options are displayed for the provider.

How can a CDS tool fit into provider workflow

Recommendations on design strategies and examples of tools that were successful
or unsuccessful in having the components or functionality that providers wanted
and used.

How can a CDS tool be best designed

Explanations of how to gather evidence needed to demonstrate tool’s value to
a practice and the institution or health system. Mentions of pipeline through
which projects move forward.

Strategies to evaluate impact of a CDS tool

aPCP: primary care provider.
bCDS: clinical decision support.

Ethical Considerations
The institutional review board at the University of Florida
approved all study procedures and measures (IRB 202202480).
All individuals provided informed consent before participating
in the current study and were reimbursed US $50 for their time.
All study data presented below are deidentified.

Results

Participant Demographics
Across the 3 subgroups, 11 participants reported their gender
as women and 4 reported as men. Participants reported their

race as White (n=11), Black or African American (n=1), or
Asian (n=3), and 2 reported their ethnicity as Hispanic or
Latino-a-x. To account for providers with multiple racial or
ethnic identities, participants could select more than 1 race or
ethnicity response such that the total n and percentages summed
to greater than 15 and 100%, respectively. PCPs using a CDS
tool had an average of 14.6 (SD 13.9) years in practice, while
those not using a CDS tool had an average of 16.1 (7.6) years
(Tables 2 and 3).

Table 2. Demographics of study participants.

Participants, n (%)Characteristic

Gender

4 (27)Men

11 (73)Women

Race or ethnicitya

11 (73)White

1 (7)Black or African American

3 (20)Asian

2 (13)Hispanic or Latino-a-x

aParticipants could select more than one race or ethnicity response.
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Table 3. Demographics of study participant subgroup.

Years in practiceParticipant subgroup

RangeMean (SD)n

3-3614.6 (13.9)5PCPsa with asthma CDSb tool experience

3.5-2716.1 (7.6)7PCPs without asthma CDS tool experience

——c3IT professionals

aPCP: primary care provider.
bCDS: clinical decision support.
cNot available.

Current Practice for Asthma Management
Within the Current Practice domain, five themes were
developed, that are (1) description of asthma diagnosis
processes, (2) asthma follow-up care, (3) barriers to asthma
management, (4) asthma action or treatment plans, (5)
opportunities to implement updated NAEPP guidelines (refer
to Table 1 for full codebook and definitions of themes).
Quotations from participants in each of the three subgroups are
identified as (1) PCPs A through E for those with asthma CDS
tool experience, (2) PCPs 1 through 10 for those without asthma
CDS tool experience, and (3) IT professionals 1 through 3.

Diagnosis Processes and Follow-Up Care
PCPs currently implementing a paper-based asthma CDS tool
described a patient-reported survey to guide them in making an
asthma diagnosis. They described assessing asthma control with
the Asthma Control Test (ACT) during visits for specific patient
ages (eg, 4 and 8 years) or on designated days of the week.
Importantly, these PCPs discussed variable CDS tool
implementation and workflows across clinics. Providers
expressed the ease of conducting follow-up care using the ACT,
which is one of the validated measures included in the CDS
tool. The ACT is a validated measure of asthma control and
gives providers an objective measure, making overall workflow
more standardized and efficient.

It’s much easier every time [to use a CDS tool].
Implementation science tells you that you know just
when it’s called for. That’s part of why we do the
Asthma Control [Test] at every visit. Instead of
somebody having to figure out whether the patient
should be diagnosed with asthma or not, and the
symptom severity level. [PCP C (with CDS tool
experience)]

Alternatively, PCPs without experience using an asthma CDS
tool described their diagnosis and follow-up processes as based
primarily on symptom presentation, including recurrent cough,
nighttime cough, chest tightness, shortness of breath, and
wheezing, with some using structured observation to assess
treatment response for acute exacerbations (ie, monitoring
symptoms in clinic after administering albuterol) or level of
control at follow-up visits. In total, 3 PCPs mentioned using
recommendations, such as those published yearly by GINA
(Global Initiative for Asthma) to inform their diagnostics.

The GINA guidelines…Yeah, it’s what I know, and it’s quite
updated, and I like it, and I’m comfortable. But I will tell you

it’s not the easiest thing to do, especially in the clinic setup.
Usually in my previous practice, we had a lot of things that
we’re clicking on, and you know it sort of generates for you at
least a good estimate. And the reason why I say this because I
only have 20 min to do, you know…Even if I suspect that this
kid is asthma, after 10 minutes registering and getting roomed
in, I only have 10 minutes to figure this out so. [PCP 7 (without
CDS tool experience)]

It was also apparent that PCPs without experience using an
asthma CDS tool had knowledge of national and global asthma
care recommendations but relied on a more general familiarity
with recommendations rather than using a specific tool to aid
in their adherence.

I probably should do something, but I usually just ask
questions to kinda get an idea of how poorly they are
controlled, based on how many times they are using
it [quick-relief medication]. Basically going through
the guidelines, but not as complete. [PCP 10 (without
CDS tool experience)]

Barriers to Asthma Management
All PCPs endorsed time and workflow management as barriers
to managing asthma care and adhering to guidelines consistently
and thoroughly.

I would say the main limitation for this and any
guideline or anything else we do in clinic is just time.
Cause there’s so much to cover in such a short period
of time, and trying to prioritize the most important
things and spend the limited amount of time that we
have on those. Because the most important thing is,
albuterol whenever you’re wheezing, and then for the
kids that are on steroids, to use them consistently, to
be able to emphasize that in a way that it will happen
whenever they leave. So that’s a hard thing to do.
[PCP 4 (without CDS tool experience)]

Among PCPs using a paper-based CDS tool, needing to transfer
information from paper documentation into multiple EHR
modules (eg, progress note, prescriptions, after-visit summary,
and patient instructions) was reported as a barrier.

The scoring, writing your impression, especially the
[patient]survey. And then you’re gonna, you know,
basically do the same thing again, or some similar
variation of it in the note or in the chart for sure it’s
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like it’s definitely work. [PCP A (with CDS tool
experience)]

Potentially missing asthma diagnoses due to the lack of a CDS
tool at the point of care was also identified as a barrier to
management.

Missing the possible, not the ones that are established.
For the ones you’re considering a new diagnosis. It’s
a little bit out of sight out of mind. So people aren’t
thinking about [the CDS tool] to administer the
survey, and that’s a little bit cumbersome to go and
try to find it. [PCP A (with CDS tool experience)]

Although PCPs not using a CDS tool described prioritizing the
most important aspects of management in their verbal
communication with families, they also reported gaps potentially
caused by a lack of standardized and accessible treatment plans.
In addition, 3 of these PCPs noted insurance coverage of
medication costs as influential on their prescribing decisions.

We typically just tell them the medications, and which
one is which. You know it’d be nice if I had some kind
of chart with all of them on there. The parents, and
they usually do get confused. Is it the orange one? Is
it this one? So, but I try to go over it with them, which
one is rescue, which one is the daily medication. But
yeah, we don’t have examples of them in the clinic.
[PCP 10 (without CDS tool experience)]

So, the biggest barrier that I’ve had is like people
that get insurance denies like Flovent versus
QVAR…I’m not even sure what the insurance wants.
Then, the weirdest things is they want to replicate for
kids, like that’s the only one they’ll approve, but it’s
for a kid that can’t even use it. Like the barrier, I
would say it would be cost, and then sometimes
instead of doing like a low [dose]… sometimes the
insurance will only cover like a high dose. And so
you’re doing it [a higher dose] instead of like a lower
dose twice a day. But you’re just hoping that the
overall works out to be okay. You have to base on
cost. And so I can think of one [patient] in particular
that we’ve had to change it based on cost. [PCP 5
(without CDS tool experience)]

Asthma Action Plans
All PCPs reported using treatment plans to communicate with
families but used variable methods to accomplish this task. The
use of asthma action plans that are printed or sent to patients
via a patient portal was reported by the PCPs using a
paper-based CDS tool. Sending additional copies of the
treatment plan was described as a useful function.

The majority of families that I have that are actually
following their treatment plan. Aware of it adherent
usually have a paper copy, that is probably on the
fridge or something like that…I do appreciate that if
it [the treatment plan] was not done, or if they need
another copy or a nurse needs another copy, I can
very quickly send it to them again [via patient portal].
[PCP A (with CDS tool experience)]

Furthermore, 3 PCPs commented that confirming if a treatment
plan documented on paper was up-to-date was difficult and may
be easier with an EHR-embedded tool that could track treatment
plan documentation over multiple visits.

You don’t know when it [the treatment plan] was
updated you have to search and dig, to find out when
it’s updated…And then there’s the prescribing piece
where you’re writing all this out, and then you get to
do it again out in the prescription module. [PCP C
(with CDS tool experience)]

PCPs not using a paper-based CDS tool indicated using different
strategies to communicate treatment plans, for example, with
inhaler labels, verbal explanations of which medications to take
when, visual aids, and treatment plan templates from previous
training. Some clinicians also used EHR-based tools, including
personally developed or borrowed dot phrases (ie, preformatted
content that can be pulled into a clinical note using an
abbreviation or word), but the type of tool and use differed
between PCPs.

I have a dot phrase for an asthma action plan, which
I feel like I do more with ones that have controller
medicine. [PCP 2 (without CDS tool experience)]

I do mostly verbal. Sometimes we’ll look up pictures
of the different inhalers on the computer just to make
sure that they know which one is red, which one is
orange, and how can they use it. And then I have like
a PDF of an asthma action plan, but I don’t use it as
often as I probably should. [PCP 4 (without CDS tool
experience)]

Yeah, it’s a smartphrase from a colleague of mine
who she got from her attending when she was a
resident… I really like the colored ones, because it’s
more, if it looks good, the parents will read it…So,
it’s just a lot of typing. [PCP 7 (without CDS tool
experience)]

Opportunities to Implement Guidelines
Several PCPs not using a CDS tool referenced awareness of
national guidelines and intention to use in practice but noted
relying primarily on how they were trained. More experienced
PCPs acknowledged that they may be most familiar with
previous versions of guidelines while both newer and more
experienced providers expressed a desire for training on more
recent guidelines.

You know, it’s probably the guidelines that I learned
… when I finished residency. It is what was ingrained
in me. So, I probably, I know the guidelines changed
a few years ago where you can use controller meds
more intermittently. I still struggle to wrap my head
around that concept. [PCP 1 (without CDS tool
experience)]

We do have grand rounds every week. That would be
a good avenue that I think of. Or you know, to make
it a bit more personal level, like someone can go to
the clinic. We do have provider meetings every second
Thursday. It will be great if someone could, because
you know we’re general. We’re the gatekeepers. With
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all the guidelines you can barely keep up, so it may
be a bit of a spoon-feeding, but I mean it’s part of
you know provider support. [PCP 7 (without CDS
tool experience)]

I know GINA just had a recent update, so I looked
through it, but I wouldn’t say that I remember
everything that’s on it. I would definitely look over it
to see what the updates were. The biggest thing I got
out of it, because there’s a lot of stuff that’s beyond
what I would do as a primary care physician in peds.
But I remember the biggest change I think, was using
an inhaled corticosteroid as a rescue inhaler. But I
don’t know how many people are actually following
that, at this point. To be honest, I haven’t really even
started doing that, either. It’s hard to change your
ways. [PCP 10 (without CDS tool experience)]

CDS Tool Development
Within the CDS Tool Development domain, 3 themes were
developed based on health care IT professionals’ and PCPs’
responses. First, how CDS tools can fit into provider workflow;
second, best practices for CDS tool design; and third, strategies
to evaluate the impact of CDS tools.

CDS Tool Fit With Provider Workflow
Health care IT professionals emphasized the importance of
provider perspectives in design processes to promote
implementation that aligns with realistic clinic workflow. The
discrepancy between providers’ initial conceptualization of a
CDS tool and the clinical outcomes they seek to improve was
highlighted:

What we find often, I think, is that providers will come
to us saying they want something but, when we
actually talk with them, have a conversation with them
about what they’re trying to accomplish, it turns out
that what we can do for them is completely different
than what they thought they originally wanted. [IT
professional]

PCPs using a paper-based CDS tool provided examples of how
they might translate their processes into the EHR, noting
opportunities to reduce providers’ time and documentation
burden. They also suggested sending asthma questionnaires to
patients via patient portal before their appointment to inform
diagnosis and treatment planning but commented that patient
response rates would be a limitation of this strategy.

Going from your script to the form… it’s a lot of effort
to sort of click your way through. If doing all that
work to make a treatment plan could then just
generate my script at the same time. [PCP A (with
CDS tool experience)]

This paper ACT [Asthma Control Test], I generally
actually think it’s distributed pretty consistently. What
I find is it’s often done during the visit, so I’m not
necessarily looking at it to the very end, or I’m asking
them to finish it. So we can keep our conversation. If
there were a way that they could, have the ACT done
prior. We have some of our pre-visit questionnaire
and then surveys that we that we do. They can access

ahead of the visit. Not that a lot of them take that. But
I think if there were people that were more willing to
take that up, it would certainly be very helpful to them.
[PCP A (with CDS tool experience)]

And then it [the questionnaire] pops into Admin. It
says you know they have asthma and you’re pulled
right in with your smart phrase, and you can review
it right there, the scores and everything. [PCP D (with
CDS tool experience)]

Importantly, PCPs indicated a willingness to modify their
workflow to include a CDS tool if embedded in the EHR.
Specifically, PCPs mentioned EHR functions they believed
could be useful, including reminders of established diagnoses,
treatment options, progress note templates, and handouts for
families.

If they are known asthmatics, it would be good if there
would be an automatic bullet, and I mean I don’t have
to look for it, I don’t have to type it, it’ll remind me
that hey this kid is asthmatic. In terms of diagnosing,
it will be great to have something that we can just
click, click, click, and maybe at some point something
that they can fill out as well. Especially if they come
for wheezing or cough. Then it [the EHR] can all
summarize it for us. So that you know it’s a more
realistic, doable approach. Everything is on our
shoulders. [PCP 7 (without CDS tool experience)]

I like a good order set that kind of spell things out a little bit. I
think especially for these updated, like possible treatment
options to be reminded of that, of what the options are, and
what these new guidelines are.Cause I think otherwise without
that reminder, I’m just going to fall back on what I was trained
to do the last three years. [PCP 2 (without CDS tool
experience)]

It would be cool if it was embedded in a note template.
Everybody tends to use the same well child check
templates, and then we all make little tweaks on it.
But if there is a standard asthma template, and I guess
if you clicked like the certain things, and then it
embedded where they were, and if they needed to step
up. It could define. It’s not too much thinking about
whether they’re mild, moderate, or severe right.
There’s like definitions for this, and so it could quickly
like auto populate that sort of stuff and have like
something to show the parents. [PCP 5 (without CDS
tool experience)]

Best Design Practices
Health care IT professionals discussed the importance of using
tools the way they are already designed within the EHR, which
often requires first understanding current workflows and then
guiding clinicians from their usual practice toward a modified
workflow that accomplishes clinical goals while being
compatible with existing functionality. Compromise between
individual PCPs’nuances in how they work and new workflows
can be challenging. As such, they indicated that regular
communication with a designated physician champion for the
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implementation of a new CDS tool is paramount to an effective
design process and subsequent clinician buy-in.

…we ask them, how are you doing this today?...
Sometimes they’ll ask for something that is totally
different than the process they’re following today.
They may be asking for this because they want to
simplify things, but they may be asking it because
they’re in that mindset of oh, I’m electronic now, and
the way we did it before isn’t applicable at all. But
that’s not necessarily the case. [IT professional 2]

We are almost always asking them to do something
different. So even if it is, for instance, sending out
some sort of inventory, filling out a form, they still
have to navigate to a place to get to that form and
open it. It is that sort of moving them from what
they’re doing now to something completely different,
even though it potentially has a lot of benefit for them.
[IT professional 1]

The health care IT professionals also provided an example of
mechanisms for different CDS tools, such as pulling data from
multiple records into a health maintenance summary to track
chronic care (eg, routine screenings), drug dosing calculators
within the medication ordering processes, and best practice
alerts (BPAs) using in conjunction with questionnaires to guide
decision-making. Importantly, they highlighted that even though
clinicians may envision a new tool as a BPA pop-up, the risk
of alert fatigue may compromise the potential utility of the tool
in changing clinician behavior as well as negatively impact
other CDS tools.

We’re trying to really integrate our data analytics
group generating reports to say, “How are we doing
with this clinical decision support tool depending
upon the nature of the tool?” We want to see that at
least meeting expectations in a changing behavior
because if it's not, and we have alert fatigue, then, of
course, that also has a deleterious effect on all the
other local decision support systems we put out there.
[IT professional 3]

We don’t just want to encourage people to make BPAs
for everything, because ultimately they get ignored,
and so there might be some other tool. Understanding
exactly what they are wanting to do and where they
envision this working in their workflow. [IT
professional 1]

Finally, the health care IT professionals emphasized
consideration of how EHR changes may affect a broader health
system outside of the clinic implementing a new tool.

Sometimes an ask will be something that we need to
set at what we call the system level. Which means it
would impact users at [other clinic sites]…And
because of the way they practice, which sometimes
can be completely different, we have to come up with
either work around where we don’t have to set
something at the system level, which those aren’t
always available. [IT professional 2]

Evaluation of Impact
Working closely with a physician champion to share a
comprehensive understanding of existing workflows and
potential changes informs evaluation of a new CDS tool. One
health care IT professional described how workflow events (ie,
discrete steps a provider is taking in the EHR during an
encounter) must be captured in a reporting system to reflect
whether the tool is supporting physician decision-making
behavior in an intended manner. Demonstrating impact to key
stakeholders, for example, health system financial leadership,
physicians being asked to implement a new CDS tool, and other
clinical professionals working alongside them, was discussed
as essential to willingness to change usual practices. Considering
impacts on the broader health system was again highlighted as
critical for regulatory reporting, a standard aspect of CDS tool
implementation.

I ask the question about how do you want to
demonstrate to your stakeholders that you’ve made
an impact. So how are we going to be able to report
on this and show, what are you going to measure, to
demonstrate that it’s efficacious, so that they can then
sell this, so they can get people on board to follow.
And use the tools we’ve implemented. [IT professional
1]

We must know that workflow, because at certain
points those key workflow events can be captured in
a reporting system that way. We know that whatever
report we have is reflective of the workflow to make
sure that we’re indeed doing the right thing. [IT
professional 3]

There’s also differences within the various
departments, various workflows, not just among
clinicians among departments that we may be wanting
to implement a tool that crosses, so that from a from
a maintenance standpoint we have a single tool that
we can use to collect data for across the organization
and report out in one place. We must make sure that
tool is going to work for everyone, and they still yet
all those results and information still funnels out to
the same place. [IT professional 1]

Discussion

Principal Findings
The goal of the current study was to inform the design of an
EHR-embedded CDS tool that adheres to the 4 pillars of NAEPP
guidelines by gathering qualitative data from target stakeholders
(ie, PCPs and health care IT professionals). Overall, PCPs
described a variety of barriers to consistent guideline adherence
during their care of children with asthma. Commonly endorsed
barriers included having limited time during encounters, which
was linked to inconsistency in the assessment of asthma
symptoms and inconsistent provision of asthma treatment plans.
Furthermore, PCPs described current difficulties with integrating
guidelines into their workflow and that searching for
documentation tools or printed resources was often challenging.
These data are consistent with previous research showing that
PCPs regularly encounter extrinsic barriers that limit their ability
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to adhere to asthma guidelines [20]. Table 4 summarizes the
key themes and conclusions that EHR-embedded CDS tool can

improve care and guideline adherence.

Table 4. Summary of key themes and conclusions from qualitative interviews.

ConclusionTheme

EHRa-embedded CDSb tool can improve care through efficient, standardized
symptom assessment and diagnosis at the point of care and templates and re-
sources to optimize provision and documentation of consistent treatment plans

Limited time leads to inconsistent assessment of asthma symptoms
and variable communication about treatment plans depending on
provider

EHR-embedded CDS tool can improve guidelines adherence through structured
support throughout clinical encounter to promote guideline implementation and
fit within existing clinical procedures

Providers are aware of national guidelines but lack supports to im-
plement them in practice

aEHR: electronic health record.
bCDS: clinical decision support.

Data from this study suggest that CDS tools were positively
viewed by PCPs and may be beneficial for overcoming noted
barriers to improve provider adherence to NAEPP guidelines.
PCPs who have previously used a paper-based CDS tool
described that it helps them more readily identify new asthma
diagnoses, improves their adherence to several NAEPP
guidelines (eg, assessment of asthma control and provision of
treatment plan), and were enthusiastic about its implementation
in the EHR to improve asthma management. Similarly, PCPs
who had not used an asthma-focused CDS tool identified several
areas where such a tool could be beneficial to improve adherence
to NAEPP guidelines (eg, improving consistency in provision
of treatment plans) and expressed interest in incorporating a
CDS tool into the EHR. These findings align with previous
studies demonstrating that CDS tools improve provider
adherence to national asthma guidelines [20] and are viewed
favorably by PCPs [21,32], suggesting that CDS tools may be
an especially viable mechanism to increase PCP adherence to
NAEPP guidelines.

A notable change in recent guidelines is the inclusion of
SMART [7]. SMART shows promise in reducing asthma
exacerbations among those individuals with suboptimal asthma
control [33]. However, although PCPs who did not currently
use a CDS tool for asthma management indicated a general
awareness of new guidelines, they acknowledged often relying
on how they were originally trained to treat pediatric asthma,
being unfamiliar with key changes to guidelines, and having
limited professional development opportunities to familiarize
themselves with updated guidelines. Thus, an important
takeaway from the current study was that integration of an
asthma management CDS tool into the EHR may facilitate
adoption of SMART and be especially timely [30].

A unique aspect of this study is that we purposely included
health care IT professionals to gather their perspective on how
to best integrate a CDS tool into the EHR. Overall, their
feedback echoed best practices for the development of CDS
tools, which include designing for the end user’s context in
mind and providing the right information at the right time in
the PCPs’ workflow [34]. Feedback from PCPs on the
development of our CDS tool aligned with that of that health
care IT professionals and largely focused on ways the tool could
improve efficiency and consistency. Specifically, PCPs
described a desire to have guidance across the encounter to
assist with diagnosis, severity determination, assessment of

asthma control, and prescribing and ordering in a manner that
is concordant with NAEPP guidelines. Furthermore, there was
strong interest in support in the EHR for automating the note
writing and treatment plan components of the encounter to
reduce time-related barriers, improve documentation of relevant
asthma-related information, and increase the likelihood that
families would be provided an asthma treatment plan.

Strengths and Limitations of This Study
Our study has several notable strengths. First, consistent with
strengths of this study include following best practices for the
formative development of EHR-embedded CDS tools, we
purposely engaged the end users of our planned CDS tool to
provide their perspectives on its need at the point of care, the
fit within their workflow, and its potential features. A unique
strength of this study is the inclusion of the perspectives of 2
groups of PCPs, those with a longstanding history of using an
effective paper-based CDS tool for pediatric asthma and those
who have not used CDS in asthma care, across 2 health care
systems in geographically distinct areas. This allowed us to
gather diverse perspectives on our key research questions.
Finally, we also gathered important data from health care IT
professionals to understand the opportunities and challenges
that scientific teams interested in developing EHR-based CDS
tools should consider.

There are several study limitations that should be considered.
First, we acknowledge that this study included a modest number
of health care providers, all of which represent clinicians from
large academic medical centers and use the EHR in their daily
practice. Thus, although it is notable that health care providers
were recruited from 2 distinct academic medical centers, the
findings from this study may not generalize to health care
providers with less experience using an EHR or who practice
outside of academic medicine. Second, the responses that we
received were consistent across individuals, however, we
acknowledge that the current study included a small number of
health care IT professionals. It is possible that recruitment of
additional health care IT professionals would have yielded
different opinions or data. Third, the health care IT professionals
were from a single academic medical center that uses an
enterprise-wide EHR system. Therefore, it is possible that their
opinions may not be generalizable to other health care systems
or EHR platforms. Finally, participants were largely recruited
via convenience sampling–based, introducing some concern for
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selection bias. We attempted to limit this concern by directly
encouraging open and honest responses and ensuring that the
study investigator did not have a professional relationship with
the participant whenever feasible.

Conclusions and Future Directions
In this study, we used user-centered design principles to guide
a qualitative study on perceived barriers and facilitators to a
primary care–based, EHR-integrated asthma CDS tool.
Participants in this mixed-methods approach expressed their
interest in adopting an efficient asthma management CDS tool
that could help them adhere to NAEPP guidelines and improve
clinic workflow. Similarly, health care IT professionals

perceived having an asthma CDS tool to be useful, as long as
it adhered to EHR design standards. Additional
recommendations from IT professionals included limiting
BPA-alert fatigue and building automated reports to track use
of the CDS tool. Thus, future directions will be to design an
asthma CDS tool that (1) prompts PCPs in a low-burden
approach that limits alert fatigue, (2) guides PCPs in diagnosing
asthma and assigning a severity using native EHR tools, (3)
provides PCPs with guidelines- and severity-concordant
therapies to create an asthma treatment plan, and (4) streamlines
follow-up care using EHR-embedded asthma control assessment
tools.
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Abstract

Background: Breastfeeding rates among US mothers, particularly Black or African American mothers, fall short of recommended
guidelines. Despite the benefits of human milk, only 24.9% of all infants receive human milk exclusively at 6 months.

Objective: Our team previously explored the key content areas a mobile health intervention should address and the usability
of an initial prototype of the Knowledge and Usage of Lactation using Education and Advice from Support Network (KULEA-NET),
an evidence-based mobile breastfeeding app guided by preferences of Black or African American parents. This study aimed to
identify the preferences and acceptability of additional features, content, and delivery methods for an expanded KULEA-NET
app. Key social branding elements were defined to guide app development as a trusted adviser. The study also aimed to validate
previous findings regarding approaches to supporting breastfeeding goals and cultural tailoring.

Methods: We conducted a qualitative study using in-depth interviews and focus groups with potential KULEA-NET users. A
health branding approach provided a theoretical framework. We recruited 24 participants across 12 interviews and 2 focus groups,
each with 6 participants. The Data methods aligned with qualitative research principles and concluded once saturation was reached.
Given the focus on cultural tailoring, team members who shared social identities with study participants completed data collection
and coding. Two additional team members, 1 with expertise in social branding and 1 certified in lactation, participated in the
thematic analysis.

Results: All participants identified as Black or African American mothers, and most interview participants (7/12, 58%) engaged
in exclusive breastfeeding. In total, 4 themes were recognized. First, participants identified desired content, specifying peer
support, facilitated access to experts, geolocation to identify resources, and tracking functions. Second, delivery of content
differentiated platforms and messaging modality. Third, functionality and features were identified as key factors, highlighting
content diversity, ease of use, credibility, and interactivity. Finally, appealing aspects of messaging to shape a social brand
highlighted support and affirmation, inclusivity and body positivity, maternal inspiration, maternal identity, social norms, and
barriers to alignment with aspirational maternal behaviors as essential qualities. Crosscutting elements of themes included a desire
to communicate with other mothers in web-based forums and internet-based or in-person support groups to help balance the ideal
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medical recommendations for infant feeding with the contextual realities and motivations of mothers. Participants assigned high
value to personalization and emphasized a need to achieve both social and factual credibility.

Conclusions: This formative research suggested additional elements for an expanded KULEA-NET app that would be beneficial
and desired. The health branding approach to establish KULEA-NET as a trusted adviser is appealing and acceptable to users.
Next steps include developing full app functionality that reflects these findings and then testing the updated KULEA-NET edition
in a randomized controlled trial.

(JMIR Form Res 2025;9:e67284)   doi:10.2196/67284

KEYWORDS

health equity; breastfeeding; qualitative; mobile health; black mothers; preferences; cultural tailoring; mobile phone

Introduction

Background
Breastfeeding has been shown to have numerous health benefits
for infants and mothers, yet rates of breastfeeding among US
mothers, particularly Black or African American mothers, fall
short of recommended guidelines. The American Academy of
Pediatrics [1], American College of Obstetricians and
Gynecologists [2], and the World Health Organization [3] all
recommend exclusive breastfeeding or exclusive human milk
feeding (EHMF) for approximately 6 months after birth.
Breastfeeding has been shown to be effective in reducing overall
infant mortality, gastrointestinal tract and respiratory infections,
sudden infant death syndrome, otitis media, and childhood
obesity [4]. For mothers, breastfeeding has been associated with
postpartum weight loss and a reduction in the risk of diabetes,
cardiovascular disease, reproductive cancers, and postpartum
depression [5,6].

Despite these benefits, only 24.9% of infants receive breast milk
exclusively at 6 months [7]. Racial and ethnic disparities also
exist in breastfeeding rates—non-Hispanic Black women are
less likely to initiate breastfeeding and breastfeed for at least 6
months compared to the US national rate [8]. The American
College of Obstetricians and Gynecologists emphasizes the
importance of breastfeeding for underserved women due to the
increased prevalence of adverse health outcomes among
underserved groups, such as obesity, diabetes, and
cardiovascular disease. Improving breastfeeding among Black
or African American women not only improves short-term
outcomes but also has the potential to reduce other long-term
health disparities.

Barriers to initiation and continuation of breastfeeding can
include structural, cultural, and societal factors, such as the need
to return to work, lack of community support, or stigma around
breastfeeding in public. For Black or African American women,
reasons for low breastfeeding rates include not wanting to
breastfeed, lack of breastfeeding information and education,
having to return to work or school, lack of familial support, and
being located in neighborhoods with hospitals that are less likely
to implement practices that support breastfeeding [9]. Quintero
et al [8] found that racial and ethnic disparities exist related to
the role of breastfeeding information on breastfeeding initiation
and duration. Black or African American women were less
likely to receive information from their friends and family than
other racial or ethnic groups.

Technology-based interventions have been shown to increase
breastfeeding initiation and duration. A global meta-analysis
of 15 randomized controlled trials found that technology-based
interventions substantially increased the exclusive breastfeeding
rate 6 months after delivery compared to usual care [10]. Mobile
health (mHealth) technologies allow for greater access and
dissemination of information at the exact time of need [11-13].
mHealth interventions have included a variety of modalities,
including telephone support, televideo lactation consultations,
SMS text messaging support, breastfeeding monitoring, and
education. Several mHealth interventions have focused on the
important role of peer support in increasing positive
breastfeeding experiences, social connections, and a sense of
belonging and self-efficacy [14]. Other mHealth technologies
include location-based features, such as FeedFinder, a
smartphone app using a GPS to support women in finding,
reviewing, and sharing public breastfeeding places with others
[15]. The My Baby Now app, which provides evidence-based
information and support on infant feeding and active play from
pregnancy to 18 months, found an increase in breastfeeding
knowledge and EHMF intentions among Australian mothers.
The authors also noted that mothers with lower levels of
education found the app to be more helpful and rated it more
highly [16].

Few studies have focused on the use of mHealth for
breastfeeding in underserved populations. The Lactation Advice
Through Texting Can Help trial connected low-income
participants to breastfeeding peer counselors via SMS text
messaging but did not find an impact on EHMF rates [17].
Notably, Lactation Advice Through Texting Can Help relied
on text messages only and did not include additional features.
Furthermore, the authors did not describe specific efforts to
tailor messages to participants. A study of Breastfeeding Friend,
an app with interactive advice, breastfeeding strategies and
recommendations, educational content, and links to resources,
also found no difference in breastfeeding rates among
low-income, first-time mothers compared to a control app with
digitized handouts. The authors found that women were
receptive to receiving educational content through apps, but
they also preferred in-person breastfeeding support, which could
be provided through real-time chat functionality or SMS text
messaging with experts [18]. While this intervention was
designed with the intent to serve low-resource users and it
delivered content at the fifth-grade reading level, it did not
specify attention to cultural alignment or other aspects of social
identity. Additional research is needed on culturally tailored
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mHealth interventions that address the barriers to breastfeeding
of Black or African American women.

In our previous study, our team explored key content areas and
usability of an initial prototype of the Knowledge and Usage
of Lactation using Education and Advice from Support Network
(KULEA-NET), an evidence-based mHealth breastfeeding
intervention guided by the preferences of Black or African
American parents [19]. Participants appreciated tips on returning
to work, feed and diaper logs, information on infant growth and
development, SMS text messaging with a lactation consultant,
and a GPS map of breastfeeding-friendly locations. After the
initial study was completed, the development team incorporated
additional features based on these preliminary findings and
supported by other research. Additional features included social
support (eg, videos with relatable Black or African American
women and family members being supportive of breastfeeding),
emotional support (eg, personalized text messages,
communication between the mother and her support individual,
and educational entertainment and testimonial videos),
informational support (eg, knowledge base), instrumental
support (eg, breastfeeding-friendly locations, breastfeeding
classes, and access to lactation support), and appraisal (eg,
feeding and diaper logs with personalized feedback) [20-23].

Objectives
The study aimed to assess the feasibility and acceptability of
additional content and its delivery in the refined KULEA-NET
app and to validate previous findings in supporting breastfeeding
goals. The authors have adopted the more inclusive language
of human milk feeding to report study findings.

Methods

Design
We conducted a qualitative study using in-depth interviews and
focus groups to understand the preferences of potential users
and assess the acceptability of KULEA-NET. A health branding
approach provided a theoretical framework for this study [24].
This approach appeals to an individual’s self-interest and
emphasizes the cost and benefit tradeoffs of a health-promoting
behavior in the hope that the individual will adopt that behavior
[25]. We conceptualized the KULEA-NET brand to represent
mental schema that help new Black or African American
mothers encompass the benefits of breastfeeding. We designed
the app to offer trustworthy advice and engaging social support,
which would lead to adoption and continued use. This schema
captures the benefit that outweighs the costs of breastfeeding
and helps new mothers succeed in consistent breastfeeding.
This approach was based on the work of Evans et al [26] and
others that suggest “[h]ealth branding determines behavioral
choice by building consumer relationships and identification
with health behaviors and their benefits.” As the nature of this
study was exploratory, we used qualitative methods to gain
insight into content and features that would appeal to potential
users, preferred content delivery methods, and feedback on app
content and prototypes. The combination of in-depth interviews
and focus groups provided not only depth and breadth on our
study topics but also identification of individual and contextual
circumstances [27] surrounding breastfeeding.

Ethical Considerations
This study was reviewed by the Institutional Review Board of
the MedStar Health Research Institute and approved as human
participant research (IRB#00005929) on March 9, 2023.
Informed consent was obtained from all study participants before
data collection. All study data are deidentified, and no
participant identifiers are included. Study participants were
compensated with an electronic US $50 gift card for the in-depth
interviews and an electronic US $75 gift card for the focus
groups.

Setting and Relevant Context
This study was conducted in the United States at an
economically and culturally diverse urban hospital with an
academic research center and medical training programs. The
hospital supports the largest number of births among all health
systems in the city, >3000 births in 2022. The hospital primarily
serves patients from its surrounding urban community, which
was predominately White (36.3%) and Black or African
American (43.5%) in 2022 [28]. In the United States, substantial
racial or ethnic disparities exist in breastfeeding initiation rates.
Compared to the national average, non-Hispanic Black mothers
are less likely to initiate breastfeeding (73.6% vs 84.1%) [29].
In terms of resources, the Center for Disease Control and
Prevention’s 2022 Breastfeeding Report Card rated this urban
area as having enacted paid family and medical leave legislation
and having state licensing regulations for childcare centers that
were fully aligned with the standard of encouraging and
supporting breastfeeding by planning for mothers to feed on-site
[7]. Despite these positive indicators, other barriers to
breastfeeding remain, such as breastfeeding education, familial
and social support, intergenerational and historical trauma, and
misinformation [8].

Recruitment Procedures
Participants were invited to participate in the study using both
active and passive recruitment approaches. A study research
coordinator for women’s health studies approached patients of
ambulatory health care offices specializing in obstetrics and
gynecology regarding the opportunity to participate in ongoing
research initiatives. This location provides a comprehensive
maternal-infant program that includes a full scope of services
from health care to legal, behavioral health, and social services
[30]. If interested in this study, eligibility was established and
enrollment completed as appropriate. In addition, lactation
educators were aware of the study and referred interested
patients to the study research coordinator, who determined
interest, eligibility, and completed enrollment as appropriate.
Finally, information about the study was shared electronically
with patients through a pregnancy and postpartum care app
provided to them by the health care setting. Interested
individuals contacted the study research coordinator directly
regarding eligibility and enrollment.

Sample
For both in-depth interviews and focus groups, our desired
population was Black or African American parents aged between
18 and 34 years who were English speaking, intended to
continue breastfeeding after hospital discharge, owned a
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smartphone with internet access, and were willing to provide
verbal informed consent. We excluded parents of infants with
conditions that required admission to the neonatal intensive care

unit or interfered with breastfeeding (specific conditions are
listed in Textbox 1).

Textbox 1. Exclusion criteria for this qualitative study on support for successful human milk feeding among Black or African American mothers,
highlighting medical contraindications to breastfeeding.

Study exclusion criteria

• Infants born with cleft lip or palate, congenital heart defects, Down syndrome, neural tube defects, or other conditions that require admission to
a neonatal intensive care unit or interfere with breastfeeding

• HIV

• Untreated, active tuberculosis

• T-cell lymphotropic virus type I or type II

• Illicit drug use

• Receiving radiation therapy

• Exposed to anthrax

• Undergone breast surgery

• Active hepatitis B or C

• Prescription drug use incompatible with lactation

We used a purposive criterion sampling method to recruit
eligible patients who did not have contraindications for
breastfeeding. Potential participants were contacted by the study
team during a prenatal or postpartum appointment. Recruitment
flyers were also posted at the center to recruit participants for
the focus groups and electronically delivered to patients through
a push notification associated with a remote blood pressure
monitoring app used by patients receiving care at this center.
In addition, snowball sampling was used to identify other
potential participants that met the target population criteria.
Participants were compensated with an electronic US $50 gift
card for the in-depth interviews and a US $75 gift card for the
focus groups.

We aimed to recruit 30 participants across the interviews and
focus groups based on previous literature that recommends at
least 12 participants to reach thematic saturation [31,32].
Recruitment continued until data saturation was reached on
nearly all topics and no new themes emerged. In total, we
recruited 24 participants across 12 in-depth interviews and 2
focus groups with 6 participants each. Due to this research’s
exploratory nature and the relatively homogenous nature of our
target population, our sample size provided considerable data
and was found to be adequate following qualitative research
principles [33].

Data Collection
All in-depth interviews and focus groups took place on the
internet via Microsoft Teams from June 1, 2023, to March 26,
2024. Recruitment occurred between June 1, 2023, and March
25, 2024. All recordings were transcribed and deleted once
transcription was completed. Confidentiality was protected by
assigning each participant an unidentifiable code and reporting
only aggregated sample information and anonymized quotations.
The study team consisted of the principal investigators (ie,
multiple-principal investigator team), coinvestigators, app
development technologist, study coordinator, research assistant,

research nurse, and the community leadership council.
Interviews lasted between 30 minutes and 1 hour, while focus
groups lasted 1 hour. Team members who shared racially
concordant social identities conducted data collection.

Verbal consent was obtained from every participant at the start
of the interview or focus group. Before the interview or focus
group, the study team provided participants with the opportunity
to have any questions answered before obtaining consent. We
ensured the consenting process occurred in a private location
selected by the participant where other people were not present
and the study team’s private office. It was recorded via
Microsoft Teams.

A semi-structured interview guide and discussion guide were
used for the interviews and focus groups, respectively. For the
interviews, topics focused on media and information sources
used during pregnancy and motherhood and potential app
content and features. The topics of the focus groups centered
on identity as a mother, preferences for receiving support, and
desired content and features for the app.

Data Analysis

Overview
The study team used deductive thematic analysis [34] to identify
and interpret patterns or themes in the interview and focus group
transcripts. The primary goal of the analysis was to identify
themes and use them to inform the development of the content
and functionality of KULEA-NET. The research team reviewed
each transcript and developed a list of initial codes relevant to
the research questions using the topics from the discussion
guides as a starting point. An iterative process was used where
codes were compared and discussed at regular team meetings
during data collection. The coding dictionary was developed
with each code having a distinct and mutually exclusive
definition. Two team members coded the transcripts, compared
codes, discussed any discrepancies, and modified the codes after
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obtaining agreement. To develop the themes, 2 additional
research team members collaborated with those who coded the
data, reviewing the codes and grouping them into meaning or
a pattern that answered the research questions. A summary of

the thematic analysis is presented in Table 1. All coding and
analysis were performed by the coders, and no data analysis
software was used.

Table 1. Thematic analysis of responses from Black or African American mothers who participated in focus groups and individual in-depth interviews
identified 4 themes: desired content, preferred modes of content delivery, requested functionality and features, and appealing aspects of messaging to
shape a social brand for the app.

Category definitionTheme, theme definition, and category

Desired content and features

Resources, information, and features participants sought and found helpful

Connection and communication with other mothersPeer support

Knowledge of mother’s legal rights and guidance on tools to advocate for oneselfPolicy and advocacy support

Access to lactation consultants, doulas, or health care providers through the appAccess to experts

Geolocation functionality to identify helpful resourcesLocation-based resources

Documenting the progress of pregnancy or breastfeeding and planning for exclusive breastfeedingTracking and planning

Content delivery

Method in which content is delivered to users

Preferred devices or platformsDevice type

Preferred messaging modality—text messaging versus notificationsMessaging

Desired app characteristics

Preferences, requirements, or functionality participants requested

Variety and range of content presented to app usersContent diversity

Capacity of an app to be used easily and effectivelyEase of use

Trustworthy, reliable, and accurate information or sources in the appCredibility

Interaction between the user and the app that allows for real-time engagement, user input, and re-
sponsive feedback

Interactivity

Messaging

Communication style, tone, and content

Emotional support, tangible support, or validation from partners, family, peers, and communitySupport and affirmation

Acceptance of all feeding modalities, breastfeeding decisions, and comfort with the body in relation
to breastfeeding

Inclusivity and body positivity

Positive qualities and characteristics related to motherhood that women aim to embodyMaternal inspiration

The significance mothers attribute to motherhood and how they define their role as mothersMaternal identity

Perceptions and attitudes on breastfeeding among family, friends, or communitySocial norms

Challenges to fulfilling maternal behaviors that are part of a maternal identityBarriers to alignment with aspirational
maternal behaviors

Reflexivity
Our team participated in a reflexive process by taking notes
throughout coding and consideration of thematic analysis. We
used these to guide reflection on experiences related to infant
feeding and considered how lived experiences informed coding
and interpretation. Given the focus on cultural alignment, team
members with racially concordant social identities completed
data collection, coding, as well as thematic analyses related to
cultural tailoring. They reflected on how their own support
systems and cultural diversity within racial and ethnic
communities are connected to the process of information
gathering and interpretation. Team members with social

branding and lactation expertise joined analysis of social
branding and clinical themes only. As a group, we considered
how to share these narratives with authenticity and sensitivity.
A debriefing of coding and analysis was conducted with the
study’s community leadership group to critically assess findings
and interpretations. This review assisted the research team with
identifying potential biases and validating interpretations.
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Results

Characteristics of the Sample

Characteristics of the participants (N=24) are detailed in Table
2. Fewer identifying details were asked of focus group
participants, given the group setting.

Table 2. All study participants identified as Black or African American women. Details of breastfeeding history were asked during individual interviews,
and approximately one-third shared a history of practicing only human milk feeding with their infants.

Focus groups (n=12), n (%)Interviews (n=12), n (%)Sample characteristics

12 (100)12 (100)Identified as Black

12 (100)12 (100)Identified as women

Pregnancy status

0 (0)6 (50)Currently pregnant

12 (100)6 (50)Not currently pregnant

N/Aa2 (33)Primiparous

N/A4 (67)Multiparous

N/A7 (58)EHMFb

N/A4 (36)Did not practice EHMF with first child but started EHMF with recent child

N/A2 (18)Currently, EHMF

N/A5 (45)Plan to EHMF

N/A4 (36)Has EHMF for >6 months

N/A3 (25)Attempted EHMF in past but unsuccessful

aN/A: not applicable.
bEHMF: exclusive human milk feeding. Study participants were able to select more than one option, percents do not sum to 100%.

Themes
Among the 12 interviews and 2 focus groups, four themes
emerged that were related to KULEA-NET: (1) desired content
and features, (2) content delivery, (3) desired characteristics,
and (4) messaging.

Desired Content and Features

Peer Support

Participants described a desire to communicate with other
mothers in web-based forums and internet-based or in-person
support groups. They wanted to interact with mothers at different
stages, such as first-time and more experienced moms, to learn
about their experiences and ask questions:

I like seeing, you know, like a thread, a question and
people giving their opinion their advice, their tips,
how they dealt with that similar situation.

Participants referenced their appreciation of the peer support
features of existing apps (eg, Peanut, What to Expect, and My
Pregnancy) and websites (eg, Postpartum Support International
and The Feeding Flock) they have used. Another participant
described the benefits of community and not feeling alone:

I like group settings as well because I feel like when
[...] another person has asked a question that you
have then it’s almost like a sense of belonging because
you don’t feel like you’re going crazy trying to figure
something out. [...] You feel like a sense of like, ohh
yes, we’re all in this together.

Some participants also mentioned the ability of peer support to
fill in gaps in support from providers:

I feel like I’ve been gaining more information and
support from like these other outside support groups
more than I’ve been feeling supported by my provider,
which is kind of sad.

Policy and Advocacy Support

Some participants described a desire to know their rights as
mothers and for tools to advocate those rights to employers.
Participants wanted to know the legality of breastfeeding in
public, their rights for pumping and milk storage at work, and
their rights for work breaks as pregnant mothers. One participant
envisioned links to credible state-based resources:

So if they have an app that tells them “ok, you are
pregnant, this is your right.” Not just say this is your
right, give them an external link to like resources they
can use if they don’t want to rub their boss the wrong
way or whatever. When you know it is your legal
right, you won’t have an issue with it and you will
have something to back it up because you read it and
you can go talk to HR.

Access to Experts

Among existing apps, participants expressed that they liked the
ability to connect with experts, such as lactation consultants,
doulas, or providers. Multiple participants cited the brief time
they had with a lactation consultant in the hospital after birth
as insufficient to meet their needs. Others discussed how they
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did not feel listened to by their providers and wanted access to
expert-based information:

I didn’t get a chance to ask all of [my] questions, or
if I did, they were kind of rushed or the answer wasn’t
like a real answer.

Participants found it valuable to connect with lactation
specialists during extended hours, such as when they are the
only ones awake with the baby, via video calls or SMS text
messaging. One participant mentioned her experience using the
video chat feature of an existing app:

I used it like at 2:00 in the morning because I was,
you know, desperate because I had an issue with my
breast. But anyway, so it was helpful during the video
call because the lactation consultant she was able to
like, you know, see my breast and see like, what was
the issue and provide like, you know, real time
suggestions like what I can do in my case.

Location-Based Resources

Geolocation-based features that shared breastfeeding-friendly
locations were well received by participants who evaluated the
KULEA-NET prototypes:

I like it. Instead of trying to go on Google trying to
figure out places where to go, at least you have, you
know, the place pointed out to you where you can go.

Participants suggested adding women, infants, and children
locations and places that offer free baby supplies to this feature:

I was gonna say locations where you can go that gives
free diapers.

Tracking and Planning

Participants wanted the ability to track pregnancy and
breastfeeding indicators (eg, size of baby, amount of milk
pumped, and feeding times). In addition to tracking, planning
for EHMF was a critical contributor to EHMF behavior. One
participant discussed switching to EHMF with her second child
due to planning:

I had looked into getting an IBCLC [International
Board Certified Lactation Consultant] to help me and
things like that - resources I didn’t know the first time,
I was seeking them out in advance. Just to make sure
I had an arsenal of things to help me so I wouldn’t
quit.

Participants envisioned the app as a tool to help them create a
plan, integrate it into their daily lives, and receive guidance
throughout the planning process.

Content Delivery

Device Type

Preference for an app that could be accessed via a smartphone
or tablet was preferred over a laptop, as participants found those
easier to use when holding a baby, more lightweight, and
accessible while on the go:

When you’re about to be a mom, your phone is your
best friend.

Type, Frequency, and Choice of Messages and Notifications

Participants were divided regarding how they preferred to
receive information from KULEA-NET. Some preferred texts,
particularly if they came from the same number, while others
preferred notifications. The appropriate amount of text messages
or notifications ranged from 1 to 3 per week. Daily messages
or notifications were thought to be too intrusive and
overwhelming:

Too many texts can be annoying, aggressive, and
spam-like.

Several participants also wanted a choice in either opting in or
out of messages and notifications or selecting the frequency.

Desired Characteristics
In addition to the desired content and features, participants
provided input on the characteristics KULEA-NET should
exhibit.

Content Diversity

While KULEA-NET is designed for Black or African American
women, participants recommended that the app approach
cultural specificity with sensitivity to avoid the potential
othering of social identities:

Because I feel like within the media, it’s always
portrayed as though, umm, it’s more of a Caucasian
thing to breastfeed, and maybe it’s more popular, so
to speak, in that culture, I guess, but I feel like there’s
plenty of black women that breastfeed celebrities that
breastfeed.

Participants suggest materials include images with a diverse
range of women and not only Black and White women:

I like it overall, I’m but one thing I would mention is
it needs to be more diversity.

Moreover, participants did not want an app that only addressed
breastfeeding but rather provided support throughout the prenatal
to postnatal phases:

We have app fatigue—we need one that can transition
through different stages of motherhood.

One participant discussed how a comprehensive app would
reduce app fatigue:

So it can also be like a lot to continuously hop from
app to app to app and so the more information that
you can have in one place I think is the better. the
more that you can get in one app the better.

Ease of Use

Information in the app should be easy to navigate, easy to read,
and presented in various formats (ie, text, images, video, and
audio) to appeal to various learning styles:

I’m just a visual person, so I like being able to see
the person, it seems more real and personal.

One participant explained that information-heavy apps were
overwhelming:

How do I say, sometimes there are apps with too much
stuff and then it doesn’t feel like it’s helpful.
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Credibility

Many participants commented on the need to emphasize the
credibility of the content in the app by detailing sources,
citations, or academic affiliations. Participants mentioned past
experiences of receiving conflicting information from web-based
sources, making them cautious of internet-based information:

A lot of the apps contradict themselves like “oh don’t
give into your cravings” and then in the third
trimester they’re like “eat whatever you want.” What
am I supposed to be listening to?

Emphasis on credibility would make it easier and less
time-consuming for participants to discern the validity of the
information. While forums with peers were desirable,
participants also expressed the need for a provider to moderate
forums to reduce the potential of misinformation.

Interactivity

Video-based visits with lactation consultants supplemented by
video examples of breastfeeding techniques were suggested.
Participants wanted to share a live, visual display of the
breastfeeding process, such as latching, with a lactation
consultant to obtain effective support:

Phone or video will be most helpful so the consultant
can see what you’re doing and give real time advice,
or at least a phone, because you might be not hands
free, but at least on the phone you can put on speaker
and speak that way.

Messaging

Support and Affirmation

Participants appreciated empathetic support from their partners,
parents, and children, which took the pressure off being a
“perfect mom.” They also appreciated partners who took up
responsibilities when mothers needed rest:

We [my partner and I] have expectations that we
don’t set the bar too high. We know that in life there
are various struggles and imperfections and he keeps
me grounded when I feel like I have to be perfect as
like a perfect mom and the perfect life.

Some participants sought comfort in seeing other mothers
struggling in similar ways or found breastfeeding inspiration
on social media. One participant described the encouraging
influence social media had on her decision to exclusively
breastfeed. She said that seeing other people doing it made her
believe that she could do it too. Referring to her Facebook group,
1 participant shared the following:

Yeah, because honestly, that is one of the things that
got me through was the other members, you know,
somebody who’s been there, done that not just on uh
educated level, but you know, somebody in my shoes.

Many participants emphasized that the app should have positive
reinforcement and words of affirmation, rather than a punitive
tone. Pregnancy affirmations delivered by the app helped prepare
participants mentally:

I like the daily motivational quote. Basically saying
you’re doing a great job, which we often need to hear
as moms, even if we feel like we’re not doing a good
job. So I think that’s great.

Participants did not want to be pressured or judged for their
breastfeeding decisions and behaviors:

I don’t want it to make it seem like oh if you
breastfeed, you are successful, but if you don’t
breastfeed that you’re not successful....So just not to
limit just to exclusive breastfeed[ing], like anyone
could be successful.

One participant described that she does not want her partner’s
opinions about what she is doing with her body. She considers
breastfeeding a decision that she makes about her body and
wants his support whether or not she breastfeeds:

I mean that’s great [information for partners], but I
don’t want to hear my partner’s opinion about what
I’m doing to my body. It’s not a driving factor to know
how my partner feels about what I’m choosing to do.

Inclusivity and Body Positivity

Many participants expressed the need for the app to include
messaging that was inclusive of all feeding modalities. The app
should indicate respect for all infant feeding choices, as some
mothers are unable to breastfeed due to medical issues:

...I don’t want it to seem like it’s very exclusive to like
breastfeed[ing] I feel like it should be open to anyone
because there are different, you know, different
circumstances and situations in which a mother can’t
provide breastfeeding, you know?

A couple of participants expressed regret or guilt for not
breastfeeding and wanted to avoid those negative emotions:

I wanted to [breastfeed] because I figured it’s holistic,
you know. That’s how, you know, my son would have
been able to fight off like sicknesses and things. So,
for me not to do it, it was kind of hurtful.

Body positivity was also found to be an important element of
breastfeeding for participants. One participant explained how
she feels more comfortable with her body with her second baby
compared to her first because her breasts feel less “sexualized”
and now symbolize a food source for her baby:

Definitely feeling more comfortable with my skin as
far as I look as my boobs as nutrients you know. I
look at it as milk, as food for the baby. I don’t look
at it as sexualized you know.

Maternal Inspiration

When asked for examples of inspiration or influence,
participants highlighted public figures who were able to balance
their personal lives, careers, and other activities outside of
motherhood:

Just how she balanced both working and taking care
of three kids as well as, you know, still being a wife
and still having her individual life going on.
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Others expressed admiration for celebrity or influencer mothers
who are physically active and prioritize nutrition as mothers:

Ciara is very much active, and she was very active
during her pregnancy, so that was a lot of inspiration
for me to be active throughout my pregnancy.

Single mothers in participants’ personal lives and in popular
culture were seen as displaying strength and resilience:

She’s going through some things that an average
person, you know that maybe somebody else would
have broken down, but she continues to push through
for her girls.

Maternal Identity

Participants highlighted providing emotional safety, a better
relative childhood, and trust in their motherly instinct to be key
qualities of a good, capable mother. Creating a safe space and
promoting confidence were important goals:

I could be a good, safe space for the child,
emotionally help them grow into being a productive
member of society. But then also help them see that
they’re uniquely gifted and uniquely made. And to
help like, bring and call those things out so that they
can feel like a confident person.

Participants had a desire to provide a better childhood for their
children than their own:

You know, being mindful of choices that we’ve made
or that were made for us that we didn’t necessarily
agree with as we got older, you know, it takes that
intentionality [and] awareness to say, you know, I’m
gonna do this differently.

Focusing on their child’s needs rather than parenting norms and
trusting their own “motherly instinct” sometimes over medical
advice was valued:

The doctors may say one thing, right? You as a mom
know what’s best for your baby.

Social Norms

Decisions on breastfeeding were often informed by practices
among peers, family members, or a participant’s broader
community. Seeing sisters, mothers, and aunts breastfeed
provided examples of normative behavior that influenced
participants’breastfeeding decisions. One participant described
her decision as “more so what I saw from my community.”
Breastfeeding was also associated with challenges to traditional
norms and the expectations of support systems:

Family members were a barrier for breastfeeding in
the sense that it is almost not possible for family to
see her the way they want to because of the
breastfeeding...They’re used to bottle feeding with
formula, so they’re like, give me your baby, go sleep
overnight. Just trying to not discourage me
intentionally from breastfeeding, but just in the sense
that they wanted to help. So they’re like, “Why, it’s
so, so difficult when you’re breastfeeding. Don’t [you]
wanna try formula?” [It’s] not in a bad way. I know

they were just trying to help, but that definitely was
a hurdle for me.

Barriers to Alignment With Aspirational Maternal
Behaviors

Mental health challenges, including stress and anxiety, were
described as important barriers to being a “good mom.” One
participant described how exhaustion can interfere with her
intentions:

Mental exhaustion, like just being mentally tired and
not wanting to do anything, just wanting to
relax...When I may have other things that I could be
doing or need to be doing.

Discussion

Multiplicity of Maternal Identity
Using a health branding framework, we initially hypothesized
that a targeted intervention leveraging audience segmentation
based on sociodemographic characteristics would encourage
intended behavior change [24,25]. However, our previous study
revealed mixed responses to a culturally tailored intervention
featuring Black or African American imagery. Participants
informed us that providing for one’s child was a universal desire
that should not require race- or ethnicity-specific content [19].
In this study, we delved into participants’ perceptions of
maternal identity to better inform our communication approach.
Our findings reiterated commonalities in maternal identity,
particularly shared motivations of fostering emotional safety
and providing a better childhood. Furthermore, sources of
maternal inspiration highlighted were not exclusively Black or
African American and were mentioned for a variety of desirable
characteristics, such as success in balancing the multiple
components of mothers’ lives. Racial identity is merely one
aspect of maternal identity among Black or African American
mothers. Effective role models must speak to the
multidimensional nature of motherhood, particularly the skillful
managing of these diverse identities.

Previous research has shown the importance of avoiding the
uniform treatment of sociodemographic groups, instead
recognizing the multiple identities and intersecting factors that
exist within them. A systematic review of mHealth apps among
populations considered vulnerable, specifically
low-socioeconomic status and historically marginalized racial
and ethnic groups, found few improvements in health outcomes.
The review underscored the need for further research that
differentiates between broad categories of low-socioeconomic
status and racial and ethnic minority groups to understand how
mHealth tools can effectively address a range of needs [35].
Our mHealth intervention must appeal to the varied needs and
lived experiences of mothers by incorporating features that
consider sociocultural norms, environmental factors, household
composition, resources, and availability of breastfeeding role
models. KULEA-NET includes features informed by the barriers
Black or African American mothers may face, such as
breastfeeding education and tips, a GPS-based map of
breastfeeding-friendly spaces, and feeding and diaper change
logs. The delivery of this content will address the multiplicity
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of identities among Black or African American mothers, which
includes using imagery and messaging that speaks to a range
of current and aspirational identities and helps them feel
represented.

Nonoppositional Messaging
While EHMF for 6 months is recommended, our findings
revealed that mothers wanted a more inclusive approach to
breastfeeding—one that supports more options to accommodate
the realities of a mother’s circumstances and available resources.
A recent study evaluated the “breast is best” narrative and noted
a similar finding where mothers sought a more nuanced view
toward breastfeeding and formula feeding to recognize a
diversity of lived experiences and avoid inducing feelings of
shame or failure when mothers were unable to EHMF [36].

In social marketing and health branding, oppositional and
nonoppositional strategies are commonly used. Nonoppositional
strategies aim to promote behavior change without directly
challenging existing beliefs or practices (eg, eating 5 servings
of fruits and vegetables), while oppositional strategies confront
or compete with unhealthy messages (eg, antitobacco or
antismoking messages) [25]. Our participants discussed
workplace challenges to breastfeeding and the desire to know
their rights or have tools to advocate for breastfeeding at work.
Although mothers may intend to exclusively breastfeed, they
may lack the means to achieve this goal. Employment before 6
months without adequate breaks and space for pumping has
been shown to be a key barrier to EHMF [37,38]. Asiodu et al
[39] emphasized the need to discuss combination feeding openly
and alleviate some of the emotional burden and stress associated
with not meeting expectations or societal pressures of EHMF.
The tone and messaging of KULEA-NET must take a
nonoppositional approach and acknowledge the circumstances
that influence the ability of women to breastfeed. It will aim to
provide positive reinforcement and encouragement to support
mothers on their breastfeeding journey, rather than generate
guilt or shame.

Critical Role of Support
Various forms of tangible and emotional support emerged as
key features participants desired in KULEA-NET. Tangible
support included peer support, partner support, access to experts,
and assistance in navigating breastfeeding rights with employers.
In addition, mothers expressed a strong need for emotional
support to cope with the pressures of motherhood. Participants
voiced the importance of nonjudgmental acceptance and
encouragement of a mother’s choices.

Access to breastfeeding support has been identified as an
important mediator, accounting for two-thirds of the
Black-White disparity in breastfeeding outcomes [9]. Influential
supportive figures include not only providers and
community-based experts but also family members, partners,
friends, peers, church members, and even strangers. Moreover,
Black or African American women are most likely to initiate
and continue breastfeeding if they receive adequate support (ie,
assistance with lactation, domestic activities, childcare, and
groceries) from these sources during the first 2 weeks post

partum [40]. Support from these various sources can help
mothers overcome barriers to EHMF.

In this study, participants discussed examples of tangible and
emotional support. Intimate relationships, such as partners,
mothers, aunts, and grandmothers, not only shared some of the
burdens of motherhood but also served as role models and
fostered a normative culture of breastfeeding. Peers allowed
mothers to learn from others’ experiences, ask questions, and
fill in when providers did not provide sufficient breastfeeding
support. Peer support could also be internet-based, through
forums or social media, in providing a sense of belonging,
connection, and empowerment. Gyamfi et al [40] stressed the
importance of exploring all avenues, including internet-based
platforms, to establish culturally sensitive breastfeeding groups
among peers in the Black or African American community to
promote breastfeeding. Peer support features within an mHealth
app can provide emotional support and community engagement
and address a variety of unique needs in the Black or African
American community.

KULEA-NET aims to integrate these findings by offering an
app that recognizes the diverse lived experiences of Black or
African American women, addresses both EHMF and
combination feeding, and provides social support to improve
breastfeeding outcomes. Future research will evaluate the
efficacy of the fully developed version of this mHealth
intervention in increasing breastfeeding rates through a
randomized controlled trial. Findings of that trial will include
usability and user engagement metrics and compare outcomes
of exclusive human milk feeding success rates.

Future research should examine the conceptual model underlying
KULEA-NET and its focus on cultural tailoring. This would
involve evaluating the pathway of change and mediating factors,
such as social support and app features, and their effect on
breastfeeding outcomes. In addition, further research should
explore the optimal timing for introducing the app (eg, enrolling
participants in a KULEA-NET promotion study before vs after
delivery) as well as the dosage and frequency of use for specific
features. Studies should seek to identify the mechanisms of
change through which KULEA-NET works.

Limitations
While our qualitative methodology provided a range of positive
and negative perspectives on the KULEA-NET app and detailed
information about the experiences of Black or African American
mothers, there are some limitations to note. Our inclusion criteria
included a requirement that participants were willing or intended
to breastfeed, which meant that our sample may have been
predisposed to breastfeed and may not have been fully
representative of Black or African American mothers. In
addition, multiple participants worked in health care, and our
sample was informed of the benefits of EHMF compared to
other nursing methods, which limited the external validity of
our findings. Another limitation was inconsistency in the
interview questions asked of participants. Some new questions
were introduced in later interviews that were not included in
earlier interviews, mainly questions concerning participant
knowledge of their rights as mothers. For these questions, we
had a smaller sample size, resulting in less detail on this topic.
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Conclusions
Formative research suggests that the KULEA-NET app is
acceptable and beneficial to participants. The personalization,
support, and maternal identification features stood out as key

benefits provided by the app. Implementation and promotion
of app use represent important next steps. Future study
developments will include full app functionality and testing in
a randomized controlled trial.
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Abstract

Background: Symptom checkers aim to help users recognize medical symptoms and recommend actions. However, they are
not yet reliable for self-triage or diagnostics. Health literacy plays a role in their use, but the process from symptom recognition
to health care consultation remains unclear.

Objective: This qualitative observatory study explored how laypersons use symptom checkers, focusing on the process of use,
entry points and outcomes, and the role of health literacy. Laypersons are defined as individuals who are neither medical
professionals nor developers of such apps. Three research questions were addressed: (1) How do such users describe the process
of using symptom checkers? (2) What are entry points and possible outcomes of symptom checker app use? (3) How are health
literacy and eHealth literacy expressed during the use of symptom checker apps?

Methods: As part of the Ethical, Legal, and Social Implications of Symptom Checker Apps in Primary Health Care project, 15
laypersons (n=9, 60% female and n=6, 40% male; mean age 30.7, SD 13.6 years) were interviewed about their experiences with
the symptom checker Ada. The interviews were analyzed using an integrative approach combining social positioning, agency,
and the Rubicon model as a heuristic framework.

Results: App use follows a cyclic process comprising 4 steps: motivation (influenced by biography and context), intention
formation (assigning a purpose), intention implementation (recruiting resources), and evaluation (transforming interactions into
health-related insights). Biographical, social, and contextual factors shape process initiation. Users use symptom checkers for 3
main purposes: understanding their condition, receiving recommendations for action, and documenting or communicating
health-related information. Each purpose requires specific planning and integration into health-related behaviors drawing on
personal, social, and technological resources. Evaluation depends on contextual factors, app outputs, and the outcomes of users’
health-related actions. Users assess whether the app aligns with their expectations, condition severity, and previous experiences,
with health literacy playing a critical role in validation processes.

Conclusions: Symptom checker use is a complex, cyclic process shaped by context, biography, and health literacy. Users are
motivated by health concerns influenced by personal, social, and contextual factors, with trust and attitudes impacting initial
engagement. Intention formation reflects a balance between user skills and context, where app outputs inform decisions but may
not always lead to action, especially in ambiguous situations. Users rely on personal resources and social networks to integrate
app use into health-related behaviors, highlighting the limitations of symptom checkers in providing social or empathetic support.
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Symptom checkers have the potential to serve as an interface between users and health care, but future development must address
the complexity of their use to unlock this potential.

International Registered Report Identifier (IRRID): RR2-10.2196/34026

(JMIR Form Res 2025;9:e60647)   doi:10.2196/60647
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Introduction

Background
This qualitative study investigated how eHealth literacy (eHL)
[1,2], health literacy (HL) [3-6], and health-related behavior
(HRB) influence how laypersons, defined as individuals who
are neither medical professionals nor developers of symptom
checker apps, engage with a specific mobile symptom checker
app. Symptom checker apps offer readily accessible tools for
self-triage by prompting users to enter health-related information
[3,7]. This study focused on the Ada app by Ada Health GmbH.

Research shows that symptom checker apps are often used out
of curiosity or anxiety or to confirm the severity of symptoms
[4,7-9]. Factors such as users’ age, confidence in
self-assessment, trust in the app and technology, technology
affinity, past experiences with the health care system, and
proficiency in navigating health information play critical roles
in shaping user experiences and engagement with symptom
checker apps [3-7,9-16].

There is limited and partly conflicting evidence to conclude
whether symptom checker app use directly prompts HRB, such
as seeking professional health care [3,9,13,16,17]. Emerging
literature suggests that symptom checker app use may foster
self-care but could also lead to unnecessary health care use,
particularly when the apps err on the side of caution in nonacute
settings (eg, feeling tired over several days) [18-22]. Symptom
checker app use can influence users’ anxiety about seeking
medical help [3,4,17,23], with many preferring “wait and see”
recommendations [7,17], although satisfaction with the app
does not always correlate with adherence to its advice [13,24].

In addition, previous studies highlight that eHL and HL
significantly impact users’ interaction with digital health tools
and health outcomes, yet there is a knowledge gap in
understanding these literacy concepts in the context of symptom
checker app use [25-31]. Another gap in the literature is how
the social context influences the use of digital health applications
such as symptom checker apps, especially considering that eHL
and HL are distributed unequally across regions and social
groups [32-36].

How the occurrence of a symptom leads layperson users to
engage in symptom checker app use and, consecutively, act on
the app’s output has not yet been described as a process [3,37].
There are several challenges to researching symptom checker
apps, such as different user profiles, the context dependency of
app use, and the rapid rate of development in the field [3,14,38].

Objectives
This study aimed to fill that gap by describing the process
through which layperson users engage with symptom checker
apps for health concerns, examining the influence of eHL and
HRB on their interactions with the app and possible outcomes.
Specifically, this study addressed (1) the steps that layperson
users follow in using symptom checker apps, (2) key entry
points and outcomes of symptom checker app use, and (3) the
roles of eHL and HL in this process.

Methods

Study Design
This observational, exploratory qualitative study was embedded
in the larger context of the joint Ethical, Legal, and Social
Implications of Symptom Checker Apps in Primary Health Care
(CHECK.APP) project [39]. CHECK.APP represents a
collaboration among the Institute for General Practice and
Interprofessional Care, the Institute of Ethics and History of
Medicine, the Institute for Occupational and Social Medicine
and Health Services Research at Tübingen University Hospital,
and the Institute of Applied Social Science. The interdisciplinary
research team consists of persons with professional training and
research experience in medicine, family medicine, psychology,
sociology, law, medical ethics, and philosophy. The project is
conducted in the context of the German health care system with
a focus on primary health care.

The CHECK.APP project is based on a mixed methods design
and has four foci: (1) ethical, legal, and social issues [3]; (2)
epidemiology of symptom checker app use and predictors of
use [9]; (3) patterns of symptom checker app use and impact
on individuals [16]; and (4) impact of symptom checker app
use on the health care system and health care workers [40]. This
study was part of focus 3. Focus 3 consisted of a diary study
that was complemented with a follow-up qualitative interview
study. The 6-week self-monitoring diary study aimed to generate
mixed methods data on symptom checker app use patterns [16].

This study was conducted following the diary study and was
designed to complement the quantitative analysis of the use
patterns observed in the diary study by providing an in-depth
exploration of the motivations and experiences of symptom
checker app users. The reporting of this study followed the
Standards for Reporting Qualitative Research guidelines
statement [41]. The reporting checklist is included as Multimedia
Appendix 1.

How Ada Works
On the Ada app, users enter their symptoms by responding to
a series of questions. On the basis of their answers, Ada
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generates follow-up questions to refine the symptom description.
For example, if a user reports a rash, the app displays various
images of rashes, prompting the user to select the one that best
matches their condition. The app then yields a list of possible
causes, recommendations on care urgency, and self-care advice
(eg, “Eight of ten users with these symptoms had an acute
infection—it is recommended that you go see a doctor”).

Sample
For sample size estimation, we applied the 5D model of
information power by Malterud et al [42], which considers study
aim, sample specificity, use of established theory, quality of
dialogue, and analysis strategy. According to the 5D model, the
more specific each dimension, the smaller the required sample
size in a qualitative study. Given the study aim of an in-depth
exploration of symptom checker app use by laypersons, the
specific focus on users of a single app, the analysis approach
grounded in established theory (see the Data Analysis section),
the expertise of the researchers involved with an expected high
dialogue quality, and the planned techniques to enhance
trustworthiness (see the Data Analysis section), a sample of 15
interviews was estimated to generate sufficient information
power to explore the phenomenon under study. We reserved
the option to recruit additional participants if the estimated
sample size proved insufficient. To determine this, the analysis
began with an initial reading of the transcripts even before the
interviews were completed (see the Data Analysis section).

Participants for this study were recruited from a pool of 48
active symptom checker app users who had previously
completed the 6-week self-observation diary study. All
participants in the diary study were active users of Ada (Ada

Health GmbH) and were originally recruited through the survey
conducted as part of the CHECK.APP project. Recruitment was
limited to existing Ada users to comply with ethical
requirements prohibiting the initiation of symptom checker app
use for the study. Participants used Ada within the context of
their daily lives. Incentives were provided for maintaining the
diary and participating in the interviews.

These diary study participants were approached and asked
whether they were interested in undergoing additional in-depth
interviews based on their respective diary experiences. All 48
persons who took part in the diary study were laypersons,
meaning that they were neither health care professionals nor
symptom checker app developers [16]. A chronic condition was
reported by 21% (10/48) of the potential interview partners. In
total, 35% (17/48) of the potential participants used the symptom
checker app infrequently (less than once per week). Mean age
was 27 (SD 9.1; range 19-64) years. A total of 65% (31/48) of
the potential participants identified as female, and 35% (17/48)
identified as male. No person identified as nonbinary. Racial
characteristics were not asked about in the diary study [16]. Of
the 48 persons who took part in the diary study, 28 (58%)
expressed interest in an interview. The participants of the diary
study from whom the interviewees were selected primarily
consisted of well-educated younger female adults, a limitation
discussed later in the manuscript.

Among these 28 persons, interviewees were stratified based on
age, gender, use frequency, and experiences addressed in the
diaries to achieve the best heterogeneity within the rather
homogeneous sample. The relevant characteristics of the 15
selected interview participants can be found in Table 1. Mean
age was 30.7 (SD 13.6) years.
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Table 1. Study sample for the symptom checker app user interviews (N=15).

Participants, n (%)Relative dimension and features

Age (y)

10 (67)20-29

2 (13)30-39

1 (7)40-49

1 (7)50-59

1 (7)60-69

Gender

9 (60)Women

6 (40)Men

0 (0)aDiverse or nonbinary

Symptom checker app use frequency

6 (40)Sparse (less than once per week)

9 (60)Frequent (more than once per week)

Educational level

12 (80)Upper secondary school leading to university entrance qualification

2 (13)Intermediate secondary school

1 (7)Basic secondary school

Place of residence

13 (87)Urban

2 (13)Rural

Chronic condition

5 (33)Present

10 (67)Not present

aDespite our efforts, no nonbinary or diverse persons were included in the study.

Data Collection
The interviews were conducted by a pair of interviewers using
an interview guide (Multimedia Appendix 2). The interview
guide was created by the research team for this study and piloted
with 2 interview partners who were not included in the analysis.
The test interviews were used to review the guide and interview
styles in a group feedback discussion between the interviewers
and their supervisors. No changes were made to the interview
guide during data collection. The interviews were conducted
by a pair of interviewers comprising 1 representative from the
Institute for General Practice and Interprofessional Care (AJW,
RK, or MTS) and 1 representative from either the Institute of
Ethics and History of Medicine (RM) or the Institute of Applied
Social Science (MK). After consent was obtained, the interviews
were conducted using the Zoom (Zoom Video Communications)
video client and audio recorded on local, secure computers at
Tübingen University Hospital. The interviews were conducted
from January 18, 2022, to March 15, 2022, with an average
duration of 46 (SD 10.4; range 35-76) minutes.

The interviews were transcribed pseudonymously by a certified
office (Amanu). The transcripts were stored on protected servers

at Tübingen University Hospital. For analysis, Microsoft Excel
and Microsoft Word (Microsoft Corp) were used.

Data Analysis
This qualitative interview study followed a constructivist
research paradigm—users construct their social reality by
integrating experiences, self-image, daily interactions, and
bodily perceptions into their biography [43]. They learn from
experience [44]. These integrated factors are expressed through
the social act of narration during the interviews.

The integrative basic method by Kruse [45] is an
interpretative-reconstructive qualitative approach to reveal
manifest and latent meanings and the way in which users “make
sense” of the app and their experience with it. It represents an
in-depth analysis of self-perception, biographical connections,
self-image, and the perception of social roles within interview
material [45]. The analysis was conducted by RK and MTS
using strategies to enhance trustworthiness and rigor (see the
Data Analysis section). The process is visualized in Figure 1.

Initial transcript reading commenced on March 1, 2022, while
3 interviews were still pending. This revealed thematic
complexity; distinct patterns; and notable contrasts,
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contradictions, and differences within the data. As a result,
recruitment of additional participants beyond the planned sample
size of 15 interviews was deemed unnecessary.

The first step in the integrative basic method is a detailed
microlinguistic analysis in which transcripts are segmented into
discrete units of meaning guided by cues such as pauses,
interviewer questions, and topic changes. Each unit is then
analyzed on three distinct linguistic levels capturing different
aspects of the speaker’s attention: (1) pragmatic (interactional
aspects, including the relationship between interviewer and
participant), (2) syntactic (grammatical choices that reflect
cognitive structures), and (3) semantic (specific word choices,
metaphors, and other lexical elements). This descriptive in-depth
analysis of interaction, syntax, and semantics lays the
groundwork for the following analysis of concepts such as
agency, positioning, and the Rubicon model. Microsoft Excel
was used for this step.

The transcripts were then analyzed using methodological and
thematic heuristics. In our case, an analysis of social positioning
and agency was used to understand how layperson users perceive

the symptom checker app themselves and their scope for action
embedded in a network of participants [46,47]. In terms of
thematic heuristics, we used the Rubicon model by Achtziger
and Gollwitzer [48] as a framework for motivational processes
and intention building. It served both as a thematic lens to help
explore the intrapersonal motivational process and as a
macrostructure for the final synthesis text. The analyses were
conducted using Microsoft Word.

In the final stage, the preceding microlinguistic analysis and
the methodological and thematic analyses were condensed and
compared against the background of the research questions to
identify core motifs and modes of thematization within each
interview and between interviews. This step began with
formulating interpretative questions (“Lesarten” in German).
The questions formed critical bridges between microanalysis
(step 1) and interpretative analysis (step 2) to ensure that the
interpretations remained grounded in the data. For instance, a
question might be the following: “What role does Ada play in
the progression from symptom onset to the utilization of health
care?”

Figure 1. Visual representation of the integrative basic method. The process begins with 2 analysis steps: segmentation into units of meaning and
microlinguistic analysis (step 1) and methodological and thematic heuristics, which are applied to the units of meaning (step 2). Both steps are then
unified through interpretative questions (“Lesarten”) into a final step (step 3), identifying central motifs and patterns within and across the interviews.
Speech bubbles symbolize interviews, whereas flags denote units of meaning.
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By answering the questions, central motifs and patterns specific
to each interview were identified inductively. These motifs and
patterns were then compared across all interviews to identify
recurring themes (commonalities) and deviations within and
across transcripts. While commonalities were used to generalize
the findings, deviations were used to refine them. These insights
were then used to reveal and formulate central, overarching
motifs and patterns that were categorized using headlines (eg,
“Context of app use”) and structured according to the steps of
the Rubicon model. Microsoft Excel was used for this step.

To enhance trustworthiness, RK and MTS performed each of
the aforementioned 3 analysis steps independently on the same
transcript. They then compared their results after each step.
Differences were discussed, and if possible, a mutual
understanding of the texts and the method was established.
When disagreements arose, they were discussed in monthly
multidisciplinary methodological workshops within the
CHECK.APP project research team.

Relying on the method of peer checking, the interim results
were presented and discussed several times in a multidisciplinary
research workshop on qualitative research methods. For a
member check with most of the interview partners, the interim
results were discussed and validated during a 3-hour session.
Furthermore, in a multidisciplinary validation workshop,

intermediate states of the analysis as well as open questions
were discussed and illuminated under consideration of the
perspectives of law, ethics, social medicine, and general
medicine within the CHECK.APP project team. The results of
these discussions were used to inform interpretative analysis
(eg, by considering more perspectives) and the formulation of
the final results text.

Ethical Considerations
This study received a positive vote from the ethics committee
of the University of Tübingen (464/2020BO) and was conducted
following the Declaration of Helsinki. All participants gave
their informed consent before the interviews began. The
participants received monetary compensation (€50,
approximately US $50) for taking part in the interviews. All
data were stored on encrypted servers.

Results

Visualization of the Symptom Checker App Use
Process
On the basis of the 4 stages of the Rubicon model, a cyclic
model of the symptom checker app use process according to
the interview partners was developed. It is presented in Figure
2.

Figure 2. Symptom checker app (SCA) use process based on 15 interviews with SCA users. The figure is based on the Rubicon model. It describes
the path from an entry point (such as noticing a health-related concern) via intention formation (influenced by motivational and volitional determinants)
and volition to health-related behavior as an outcome. The latter can take place in different contexts. The behavior, in turn, leads to new experiences
that are evaluated by the individual and integrated into the biography.
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In the following sections, the synthesized text produced through
the integrative basic method is presented. Interview excerpts
are provided to illustrate the data basis for the central motifs
and patterns. Unless stated otherwise, the excerpts are from the
interview partners. If the interviewer asked a question, it is
marked with “interviewer.”

Motivation: Predecisional

Motivational Stage
Users assessed the severity of the issue by comparing it to their
own preexisting experiences. The interview partners did not
reflect on the relevance or validity of their perceived symptoms
and experiences—they took for granted that both were real and
valid. If the symptoms were perceived as less severe and
comparable experiences were available in the users’ biography,
the sensation was described as manageable:

Yes. I have that once in a while. I don’t even know
where that comes from. I also think that it’s possibly
one of those things that kind of comes from stress, I
definitely feel like that. And because I just never knew
what it was, but I also knew that it would go away
again, so because I had it before, as I said, I just
looked it up in the app once. [NT45]

At times, when individuals could not find relatable experiences
from their own health history or perceived the issue as more
severe, they expressed negative emotions such as fear or shock:

...In the end, it was a migraine attack. But I didn’t
think about it at that moment, I was shocked at first.
[NT39]

Trust in the app also played a role in the decision to use it, as
the following excerpt illustrates. The same interview partner
continued to elaborate on how trust in the app competed with
trust in health care professionals:

But, yes, because I couldn’t describe my problem in
detail—I didn’t trust the app so much at that
moment—it was important for me to go to the doctor
quickly, because I knew, okay, there are important
things that I couldn’t tell the app, and then that would
explain the diagnosis, so to speak. [NT41]

Context of App Use
Interview partners reported on different contexts in which they
considered using the app. The most commonly reported context
was the occurrence of a health-related concern. They first
reflected on whether the symptom was even “real”—meaning
whether they had just imagined it or whether the perceptions
really represented an issue worth dealing with. They compared
the symptom with their health-related experiences and biography
and tried to make sense of what was happening to them:

Yes, I also clearly had chest pains. I mean, at that
point I was already asking myself: Okay, to what
extent is this happening now? But I mean, then I lay
there and I had the feeling and thought: Yes, come
on—so it was already real for me at that moment.
[NT47]

Users also reported being motivated to use the app by the
health-related concerns of others. One user reported that she
used the app for her family. She said that she was more resistant
to possible anxiety than her family, whom she described as
prone to hypochondria:

Interviewer: And what made you decide to [use the
app] for [your daughter] and not with her?

Interviewee: That I wanted to check it out first...My
husband is a bit of a hypochondriac and so is my
child. So when I sort of poke them, or it could be
something dramatic, then I always don’t know what
will come of it. That’s why I did a pre-check for myself
first. [NT21]

Health system accessibility or formal requirements because of
their work further influenced users’ motivation to take
health-related actions:

Interview partner: ...It...is also one of the reasons
why you don’t like going to the doctor so much, is
that it is hard to get an appointment with such specific
doctors somehow. Especially a dermatologist or
something like that, you have to wait two or three
months and then you usually let it drop.

Interviewer: So access to a doctor or to care plays a
role for you?

Interview partner: Yes. Yes. I think if I knew, okay,
I’m going to get an appointment in one, two, three
weeks, then I’d be more likely to have something like
that checked out. [NT41]

Volition: Intention Formation (Preactional)
The motivational process described previously led to a planning
stage for HRB during which users purposefully engaged with
symptom checker apps with 3 distinct goals in mind. They
sought to (1) understand and validate their condition, (2) receive
recommendations for further action, and (3) communicate and
document health-related issues.

Understanding and Validating One’s Condition
Users were interested in understanding their condition. The app
provided an opportunity to find more information. Information
seeking was described as one way to deal with the concerns:

...I see [the app] as a first aid, first source of
information, where you can think about...: What do
I do now? Then I can take a look or maybe I think
again: What do I do now?...so as...again to update
the normal knowledge that you have as a non-medical
person. [NT37]

Finding a clear cause also drove the users and induced HRB:

I woke up with 39 and something degrees. And of
course I opened the app again and entered my
symptoms, just to see...what it was saying now...Yes,
then I knew...Okay, these are clearly the symptoms.
Which of these is now Corona, which is maybe
something else. Yes, I can still remember...that I was
lying in bed suffering and had the app open. [NT05]
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Sometimes, users described that an element of surprise was
needed to find an explanation for their concerns. They admitted
that they were not aware of all possible causes of their
conditions. The ability to be surprised was attributed to both
physicians and the app as external information sources:

Maybe it’s (what is needed to accept a diagnosis) a
“click” moment that you didn’t realize before. As an
example, maybe a doctor or a diagnosis app asks a
question [like: Does it get worse when it’s cold] and
then you think to yourself: Ah, yes, when I think about
it, it does get worse when it’s cold, or whatever.
[NT24]

Other times, users already had a suspicion of their own, which
could be verified by the symptom checker app:

...I also have migraines and sometimes I can’t quite
identify whether it’s a migraine or a headache. And
the app often helps me and then I can practically
distinguish: OK, do I treat it like a headache now or
do I treat it like a migraine now. [NT41]

In summary, the purpose of gathering information was to add
to one’s own knowledge about the condition and actively seek
out validation of one’s subjective impression.

Receiving Recommendations for Further Action
In addition to collecting more information about one’s condition,
users stated wanting to receive options for further health-related
actions to improve their condition:

What were the first experiences?...I used the feature
best or most, simply these suggestions about which
therapies you can take for which symptoms. And so
I always looked here again to see what the app
actually recommends. [NT44]

Even if the app was primarily used for information gathering,
the recommendations were received and considered:

...I looked to see what information was available if I
somehow...well, with children there’s always
something. And then I just thought the app was so
good, because sometimes they had a few other tips.
And then I just looked to see what one says, what the
other says...It was always a push in the direction: “I
should go to the doctor.” [NT21]

Users also typed in symptom combinations several times to see
whether anything changed in the app’s output:

Well, of course I also had accompanying symptoms
during the heart rhythm disturbances. So sometimes
trembling or high blood pressure, but some of it was
only temporary. I then sort of started to play with
that. I added the symptom once and indicated it and
left it out once to see what it recommended. Because
the option of selecting that a symptom only occurs
temporarily or is concomitant, only temporarily, is
not available in the app. And then I wanted to play
around with what would come out in the end if I
indicated this and didn’t indicate it. But apart from
that, the reason was...I gave everything I had and
always answered the questions truthfully. [NT19]

If the sense of medical urgency was very high or life-threatening,
app use was explicitly avoided. One participant described such
a hypothetical scenario:

If I somehow had symptoms of a heart attack or
something like that, then I would probably call the
ambulance service directly and not look on the app
to see if I really had a heart attack or if I was bleeding
to death or something like that. [NT49]

Communicating and Documenting Health-Related Issues
Users documented their own symptoms on the app:

It was recommended to me a long time ago to track
symptoms, just to keep a diary of symptoms... [NT31]

The app was also used to prepare for a visit to health care
professionals. In that context, the documentation contained on
the app was primarily used for the orderly and rapid presentation
of concerns:

So I can already describe my state of health more
specifically than if I hadn’t inquired beforehand.
[NT06]

Volition: Intention Implementation

Personal Resources
To implement the purpose of the initiated action, users integrated
personal, social, and digital resources into their behavior. One
example leading to a health care visit was provided by one of
the interview partners:

My doctor didn’t tell me that [oral iron supplement
pills] could have side effects. And then I had
discolored feces and abdominal pain and all sorts of
things for a week or two...So I used the app and then
I googled it and then I think I also talked to a friend
about it. (00:04:27) She was like: Hey, maybe it’s
from the iron tablets. And then I realized that it was
the iron tablets. And then I stopped taking them and
then I talked to my internal medicine physician and
she was like: Yes...And prescribed me other iron
tablets. [NT41]

Personal resources were provided by biographical reference
points such as previous experiences or special knowledge from
one’s own professional activity or skills. As soon as the purpose
of the action was determined in the preactional phase, personal
resources were factored into the user’s action. Users described
certain skills that they used in the process but also a sense of
self-efficacy. If enough personal resources were available, users
could actively decide against the app’s recommendation, as the
following example shows:

And then I entered that [the symptoms]. The app said
it could be a torn ligament or a fracture and that I
should go to the emergency room. And then I thought:
...I don’t know how I could have broken any bone in
the way I was walking. For me, the ligaments were
more plausible...I’ve had it before, so I already had
a bit of experience of what it’s like. And then I
thought: OK, the app says one thing, but I’ll just look
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at it again in two or three days and see how it
develops. [NT42]

Social Resources
Users also intentionally and purposefully sought out social
resources. Friends and family were assigned a role in
understanding and responding to concerns:

...I once suspected a stroke and then I was at home
and had a reduced field of vision and thought: What
is this? But that was before I knew about these apps.
And of course I immediately called a friend and said:
What could this be? What is that? And she said: Make
sure you have it checked out the next day. [NT21]

Health care professionals such as physicians were assigned a
special role—a visit to a health care professional was seen as
mandatory to obtain a final validated diagnosis or to obtain
health care services such as an authorization for sick leave or a
prescription. The interactions with physicians were mostly
intentionally initiated by the users if other resources were
depleted or did not improve their situation:

And I had then already contacted my family doctor
anyway, just from the fact that I also need a sick
note...Of course, if this [the symptoms] were to last
longer, the app would be of no use to me in the end,
then I would have to go back to the neurologist
or...the family doctor. [NT39]

The only social resource with physical access to the users’body
were physicians as they could conduct physical examinations:

And then I went there [to the General Practitioner],
described it again and showed it. Then...[she] turned
the [painful arm] in different directions and said that
no part, neither the forearm nor the upper arm
muscle, is affected in any way. That comes in any
case, exactly, so from the tendons...And then I just
said: yes, [the concern comes] from climbing...And
then she said: how much do you climb? So if you don’t
climb four hours a day, it’s very unlikely that it comes
from that. [NT31]

Reviewing the input and results together with health care
professionals (eg, a general practitioner [GP]) was mostly
described hypothetically. However, the prospect of discussing
app results with their GP was seen as beneficial by the users:

...what I would like is when you come to the doctor
and say: I assume that I have this because I googled
it or found out on an app. That he then says: Yes,
what symptoms did you enter? Or: How did you then
come up with this result?...So that he then, I don’t
know, doesn’t have to start again with Adam and Eve,
but that he can already inquire more intensively.
[NT06]

Mostly, users made a conscious decision to leave the app out
of the social context of health care. They expected it to have a
negative impact on patient-physician relationships:

Interviewer: Did you also mention there (at the GP)
that you used the app?

Interview partner: No, because I have the impression
that doctors tend to react badly to this. Because then,
they always like to say Dr. Google...and the topic has
a bit of a bad reputation. [NT07]

Digital and Technological Resources
The app and search engines were seen as competitors in the
same category with distinct advantages and challenges. Search
engines were mainly used as a supplement to obtain information
that was missing on the app:

...when you’re constantly googling, sometimes very
worrying answers come up and you can also enter a
lot of specific things in the app and it’s just more
practical and you somehow feel, how should I put it,
the diagnosis somehow feels more trustworthy than
through Google. [NT41]

...I missed in the symptom checkers, that you somehow
get such a tip, such old home recipes...belly compress
or something, and then such a guide to it...I then
thought: ...now I’m googling, what can one do, yes,
perhaps with a homeopathic approach. Because that’s
what I was missing. [NT21]

In contrast to app use, users found search engines overwhelming
when they tried to check their symptoms there:

[Referring to searching concerns with internet search
engines] In principle I never really figured it out,
because there were 10, 15, 20 possibilities, and I
couldn’t really assess it at all. Really. [NT19]

There are other technological resources and devices such as
users’ wearable devices or imaging procedures at the hospital
in addition to the app. Devices able to monitor and measure
bodily functions were described as determining and important
factors that can contribute to a decision:

I...always measured the blood pressure. And even my
[smartwatch], which is so clever, then recognized
that there is a heart rhythm disturbance, at times.
That time, it showed a rhythm disturbance...Then I
thought: Okay, now I have to go to the doctor. [NT19]

The user experience and usability features of the app were
discussed. For example, the chatbot-based approach with
questions asked to be answered by the user was perceived as
both helpful and limited. Users missed the opportunity to clarify
their input, ask questions, or address their own uncertainty and
ambiguity:

...I would have put it (a surprising app-result) down
to the fact that the app didn’t really understand
me...because I somehow couldn’t really convey
exactly what I wanted to say on the basis of the
questions and the selection options...I would have
said: OK, it just misunderstood me. [NT37]

According to the users, affinity for technology played a role in
the use of the app:

Yes, for my mum, for example, I use it (the app) quite
often, because she’s not that into the internet and
apps and stuff. [NT41]
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Evaluation
The outcomes of the interaction between users and the symptom
checker app were integrated into their subsequent experiences
and interpreted in the context of their past health-related
experiences. Once the HRB had been executed, a comparison
was made as to whether the intention of the action had been
fulfilled. Whether the app’s results represented an actual
diagnosis was negotiated individually by each user. Users
described having difficulty accepting the app results depending
on the topic and their own interpretation of the results. If the 2
diverged too drastically, they were at a loss and saw potential
problems in understanding or misinterpreting the given
recommendations:

I think the app always told me: stress and mild
depression or something like that. I didn’t feel that
stressed, but yes, I think that was the thing...I read
through it, but then I thought: Well, I still don’t know
exactly what’s going on. [NT37]

Concerning recommendations especially, users critically
evaluated the app’s output. How they reacted to it depended on
the intended purpose of the action, the user, and the context in
which the assessment took place:

I was a bit shocked that [the app] now sends someone
directly to the emergency room (with the app result
tonsillitis). Because I work for a health insurance
company...and I find it a bit exaggerated that patients
are sent so quickly to the emergency room. They are
so overloaded at the moment. [NT39]

Users reported that they were reassured by validated external
information about their condition. The app sometimes could
provide such reassurance:

It’s a bit like this: Is it true now? Of course, we are
aware, especially with this vaccination, that the side
effects come from the vaccination. But somehow it’s
still like that: Yes, you feel safer and somehow more
confirmed, even if you only have it in an app, but, yes,
you are somehow more reassured. [NT41]

On the other hand, users also found the app results unsettling
and misleading:

So it could really only be overstretched ligaments
(user’s suspicion), this fracture (app result) made me
a bit...A bit scared at that moment. [NT42]

Users acknowledged that having received information
contributed to a learning process that affected how they reacted
to future symptoms:

I still have it on my mobile phone, I still like to look
at it once in a while, even if it’s just to advance my
knowledge a bit. And, yes, it has become...I have
found that I look at it a little less, but also because I
find that when things repeat themselves in some way,
you already know how you could react. [NT44]

Discussion

Principal Findings

Layperson Perspectives on Using Symptom Checkers
for Health-Related Concerns
This study’s findings indicate that the use of a symptom checker
app by layperson users is a multifaceted and iterative learning
process that involves individual motivational factors; contextual
elements; and interaction with digital, social, and personal
resources. Both eHL and HL play a significant role in this
process. The subsequent Discussion section addresses the 3
research questions.

The use of symptom checkers can be mapped onto the 4 distinct
steps of the Rubicon model: motivation, intention formation,
intention implementation, and evaluation [48]. These stages can
be viewed as an iterative learning cycle that generates
health-related experiences according to the constructivist
paradigm [44]. During the motivational stage, users negotiate
app use depending on the context. If users choose to use the
app, they do so intentionally for 3 distinct purposes: obtaining
information and health information–seeking behavior (HISB),
receiving recommendations, and documenting and
communicating health-related issues. The purpose determines
the user’s strategy and the resources used to achieve it, including
personal, social, and digital or technological resources. Users’
experiences with the symptom checker app can influence their
motivation to use it in the future and how they incorporate it
into their HRB. Making meaning plays a crucial role in this as
users try to understand their bodily perceptions and symptoms
[43]. This process aligns with the model proposed by von
Wagner et al [29], which links HL and HRB and emphasizes
the role of learning in HL. Our study highlights that the use and
evaluation of symptom checker apps in line with the dynamic
concept of HL varies over time and is dependent on the context
and purpose of use [25,27,28,49]. This poses a challenge when
researching symptom checker apps [4,7,38].

Entry Points and Possible Outcomes of the Symptom
Checker App Use Process

Entry Points

Entry points were identified during the motivational or
predecisional phase. They were influenced by the context in
which symptom checker app use was considered [29]—in
addition to the user’s own health needs, situations involving the
health needs of others were also relevant. Motivational
determinants included attentiveness toward symptoms, past
experiences (biographical factors), confidence in one’s health,
trust in the app, and one’s ability to respond to symptoms. Some
of these factors for app use were also identified by Aboueid et
al [4,6] and Meyer et al [7]. The accessibility of health care and
availability of social networks were described as external factors.
Aboueid et al [4] identified the lack of accessibility of health
care as an enabler of app use, whereas social influences were
identified as a barrier. The diary study from the CHECK.APP
project found that the first occurrence of a symptom and certain
symptoms such as heart-, skin-, or eye-related concerns
increased the likelihood of symptom checker app use [16]. In
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the interview sample, interview partners considered the
aforementioned factors in their decision to use the app but did
not specify whether they were facilitators or enablers. Although
many of the listed factors have been identified in previous
research, their role in symptom checker app use is ambiguous
as they can act as both barriers and enablers [3,10,21]. As both
situational and individual factors shape when and for what
purpose symptom checker apps are used, the term “context
factors” seems much more appropriate than “barriers and
enablers” [3,10,27,28].

Outcomes

Meaningful Learning Experiences

The most common outcome of using symptom checker apps as
a digital information source and HISB is the act of learning,
which is difficult to measure [1]. This outcome is expressed
through the purpose of understanding one’s condition based on
users’need for more information. Users already have predefined
concepts about their condition in mind when planning their
course of action. Therefore, they also want to validate these
concepts by gathering information. In a substudy of the
CHECK.APP project by Wetzel et al [9], it was found that
symptom checker apps were the least important for HISB in the
general population. The subsample of active symptom checker
app users reported that internet use and consulting a physician
were more important for HISB than symptom checker apps [9].
In the study by Meyer et al [7], most symptom checker app
users stated that they used symptom checker apps to understand
the cause of their condition and found the information they
received useful. During the evaluation stage, users consider the
extent to which the information is meaningful. They base their
evaluation on their experiences with symptom checker app use
and the health-related actions and determine whether the
intended purpose was fulfilled and whether meaningful learning
experiences were generated [24,44].

HRB Outcome

Another type of outcome is HRB, which is planned in the
intention formation stage and implemented in the following
stage. The actions described in the intention implementation
stage relate to measurable HRB, such as visiting a health care
professional or seeking advice from friends or family [29].
Depending on the purpose of app use, 2 types of behavior can
be distinguished in this category.

As a result of using symptom checker apps for the purpose of
receiving recommendations for further action, such
recommendations are generated. This occurs frequently—in the
sample of Meyer et al [7], this purpose ranked second among
symptom checker app users.

Our interview partners considered whether to follow app
recommendations thoroughly. If recommendations do not align
with users’ concepts and expectations, they are sometimes
discarded as unrealistic, effectively preventing health care visits.
This mismatch between concept and recommendation can also
cause anxiety, creating the need for more information or
confirmation by health care professionals [10,11,16]. Turner et
al [50] also observed the rejection of app recommendations,
especially if they were given in a context in which the action

could not be implemented (eg, out of hours). Verzantvoort et
al [24] found that users intended to follow app advice if the
advice was to contact their GP during the daytime (75%) and
practice self-care (67%). If the concept and recommendation
align or if users are very anxious or surprised about the result,
a visit to health care professionals is a possible outcome.

To better understand this behavior, a dialogue option could be
implemented in symptom checker apps asking the
following—“Have you followed my recommendation?”—and
whether further resources such as health care professionals have
been contacted. That way, not only symptoms but also user
behavior and impact of the symptom checker app on health care
use could be traced.

Communicating and documenting health-related information
serves users’ need to structure their experiences and prepare for
contact with health care services. This sets up symptom checker
apps as a possible interface between the user and health care
services. This purpose has not been described yet apart from
the CHECK.APP project [10]. Symptom checker apps can
increase patient autonomy, as other research has postulated [17].
However, users specifically omit telling their physicians about
symptom checker app use.

According to our sample, direct communication with health
care professionals over app results and app use was avoided.
Aboueid et al [4] found that attitudes toward physicians and the
health care system may impact app use. Meyer et al [7] reported
that only approximately 50% of patients using symptom checker
apps considered informing their physicians about their symptom
checker app use. The study indicates that users may share the
output of the app, including given recommendations or probable
diagnoses. However, they are less likely to inform their
physicians that they used a symptom checker app to generate
these results. Further research is needed to explore ways to
facilitate open communication between health care professionals
and symptom checker app users. The quality of the
communication and its contents are suggested as measures for
this outcome.

Satisfaction With App Use

A third outcome is user satisfaction with the app, which emerges
during the evaluation stage. This outcome is closely linked to
the app’s intended purpose and the 2 previously mentioned
outcomes: HRB and learning. As such, satisfaction with
symptom checker apps represents a multifaceted and complex
construct [13,24].

Satisfaction resulting from app use depends on how well the
users perceive the symptom checker app’s alignment with their
needs, expectations, and intended purpose. Users become
insecure and sometimes dissatisfied with the app when their
concept does not match the output. This association with user
satisfaction indicates that users’ expectations also play a role
in how they validate the app [24]. In a substudy of the
CHECK.APP project, Müller et al [10] distinguished between
user expectations and motivations for app use and found that
these factors play a role in symptom checker app use. In fact,
according to the sample in the study Kopka et al [51], 33% of
symptom checker app users reported that the symptom checker
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app’s usefulness varied. Turner et al [50] conducted a study on
an online symptom checker and found that users were
dissatisfied with it because too little information on what to do
themselves was provided. From their point of view, the outcome
did not fit their intended purpose. This should be critical for
first-time users but can also influence how users validate the
app over time [51].

This indicates that simply measuring a single outcome of app
use may be a shortcoming of previous research as it ignores the
context of use and the intended purpose. Symptom checker apps
provide a wide range of potential services that are integrated
into a complex network of resources [4,5,7,13,18,20]. Therefore,
researchers and developers must consider addressing the
intended purpose of use and expectations and specify the desired
outcome.

HL and eHL in Symptom Checker Use

Motivational Stage

The main finding of this study was that both eHL and HL are
present throughout every stage of the complex process of
symptom checker app use. However, different aspects of these
concepts are relevant for different stages. Therefore, we will
discuss the expression of eHL and HL in relation to the stages
of the symptom checker app use process in the following
sections.

In the motivational stage, users are driven primarily by the
presence of a health-related concern and the context in which
it occurs. Personal resources such as the ability to process health
information and access services (as defined by the concept of
HL [25]) or to navigate electronic, digital, and mobile health
information (as defined by eHL [1]) play a crucial role.
However, the application of these skills is influenced and shaped
by the surrounding context [27,28]. The description of these
skills by the interview partners can also be conceptualized as
self-efficacy and self-care, which are interlinked with HL [52].
In a substudy of the CHECK.APP project, Wetzel et al [8] found
that, unlike eHL, self-efficacy could be a determinant of app
use—however, a sensitivity analysis revealed that the initial
correlation was not viable. Kopka et al [51] found that
individuals who perceived symptom checker apps as useful had
higher self-efficacy. This ambiguity can be resolved by
considering the context of use as an additional factor. Some
symptoms may be more alarming than others and may exceed
the available skills of even those with high HL [16].

Trust in apps, or the lack thereof, plays a role at the motivational
stage. Regarding eHL, the interview partners in our sample
positioned themselves as having high technical knowledge and
the ability to critically appraise app output (eHL). They trusted
the app but also their HL skills. This is consistent with the
observation made by Kopka et al [11]: users with high eHL are
more likely to trust symptom checker apps, possibly because
they have higher confidence in their ability to critically evaluate
app output. Conversely, lack of trust has been identified as a
factor in intentional nonuse [9]. Neither technology affinity nor
eHL are predictors that differentiate symptom checker app users
from nonusers [8]. Aboueid et al [14] identified different
technology affinity profiles as predictors of future app use for

self-triage. Both technology affinity and trust represent attitudes
rather than skills. They shape expectations and motivation to
use apps but are not predictors [10].

In our sample, interview participants did not link their attitudes
toward the app with the frequency of its use. Instead, their
motivation was shaped by specific and meaningful experiences,
such as situations in which the app provided valuable assistance
with a critical symptom, subsequently confirmed by a health
care professional. Research suggests that factors such as
hypochondria [8] and the presence of new or unfamiliar
symptoms [16] can drive app use, indicating that eHL and HL
influence not only the frequency of app use but also the purposes
for which symptom checker apps are used and the manner in
which they are used. On the basis of these findings, we conclude
that frequency of app use is an oversimplified parameter and
should be interpreted with caution in future analyses.

In summary, the skill sets defined in HL and eHL, as well as
context factors, influence how the motivational stage unfolds
[27,28].

Intention Formation

Symptom checker apps can serve as both an information source
and a tool for shaping one’s HRB. Navigating digital tools for
information gathering and evaluating this information is related
to eHL. Applying the information to one’s behavior and learning
from it is more closely related to HL [24,29,30]. Therefore,
planning to use symptom checker apps relates to both eHL and
HL [1,25].

Users with high HL may anticipate the app’s output and choose
not to use it or only use it for information gathering and HISB.
In addition, users may experiment with different inputs to
observe changes in the output. This demonstrates the
interconnection between HL and eHL during the intention
formation stage. Users understand the inner workings of the
app (eHL) and plan to use it to satisfy their information needs
but do not intend to actually follow its advice (HL) [1,53].
According to Kopka et al [11], users are more easily persuaded
to follow app recommendations when they are ambivalent or
unsure about their own decision. This aligns with interview
partners’ self-reports that they were less inclined to follow the
app’s recommendations if they felt that their condition was
critical or if the recommendation significantly differed from
their own concept (eg, recommendation to seek emergency help
when users felt perfectly healthy). In addition, using apps to
communicate about symptoms connects the concepts of eHL
and HL with a social context in health care [2,26].

Intention Implementation

Users use a range of resources associated with eHL and HL to
achieve their intended goals. Key personal resources include
the ability to evaluate one’s health and navigate the health care
system (HL), critically assess information from various
platforms, and effectively use and understand digital applications
(eHL). These resources are pivotal in shaping how symptom
checker apps are integrated into users’ actions [1,25,28,49]. In
our sample, users expressed confidence in their eHL skills,
including media literacy, information literacy, and computer
literacy. However, the extent to which they used these skills

JMIR Form Res 2025 | vol. 9 | e60647 | p.2351https://formative.jmir.org/2025/1/e60647
(page number not for citation purposes)

Koch et alJMIR FORMATIVE RESEARCH

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


depended on their purpose and the availability of other
resources.

The demand for applying interactive HL is not met by symptom
checker apps because they do not allow for direct
communication with others in a social context. This is
particularly evident when users seek to validate their own ideas
about their condition or receive recommendations for action.
In such cases, users may seek out social resources and discuss
their condition with friends and family. Alternatively, they may
present the app results to a health care professional without
disclosing their use of the app. This demonstrates that users
extend app use to other contexts, integrating those contexts into
their overall user experience [29,48]. This study demonstrated
that HRB can transition from digital interaction to social
interaction in the context of symptom checker app use. This
finding aligns with the concept of distributed HL by Edwards
et al [34], highlighting the importance of social networks in
realizing the benefits of symptom checker apps. Real-life
interaction can provide what the app interaction lacks. The
ability to actively listen, notice, and respond to emotional
nuances; provide support; and express understanding for the
person’s situation is also important. According to the observation
by Wetzel et al [9], symptom checker app users still refer to
friends, family, and physicians for HISB, albeit to a lesser extent
than nonusers. Future research in ethics and social sciences will
reveal the impact of large language models that mimic empathic
responses and conversations on the use of symptom checker
apps. Preliminary data suggest that such models may enhance
the symptom checker app experience [54].

The interview partners considered symptom checker apps as
one of the many digital resources available today. According
to users, the app asked dichotomous questions, leaving them
with a feeling of not being able to tell their whole story, address
ambiguity, or ask questions themselves [24]. However, symptom
checker apps offer a more personalized experience than internet
searches [4], which remain a core component of HISB even
among symptom checker app users [9]. The personal resources
that enable users to use the app and apply its results also impact
the integration of other digital resources into their HRB [1].
Therefore, there is potential in enhancing interoperability
between different technologies such as wearables and apps.

Evaluation

The app’s results, whether they provide information or
recommendations, may challenge users’ preexisting concepts
regarding health-related issues. The extent to which users follow
these recommendations depends on their preconceived notions
about their condition; their expectations for its resolution; and
their ability to cope with uncertainty, which is related to HL
[10,25].

Users evaluate whether the app results align with the severity
of their condition, their expectations of the appropriate course
of action, and past experiences. This evaluation requires critical
HL [25]. If users feel uncertain due to app use, they may need
to contact others, such as health care professionals or their social
network, for additional validation outside the app. Individuals
with high levels of hypochondria [8] or anxiety [51] may be
considered vulnerable groups in this context, particularly if they

have low self-efficacy and HL and lack access to social or health
care resources.

For the interview partners, symptom checker apps served as an
interface among information gathering [4,9], learning and
sensemaking [7,43], and interaction with the health care system
[9,22]. In summary, the skill set necessary for meaningful
interaction with symptom checker apps in the context of health
care services is best described using eHL and HL. Together
with contextual factors, both models can provide a deeper
understanding of the dynamic mechanisms underlying symptom
checker app use.

Implications for Health Care and Research With
Regard to Symptom Checker App Use
Overreliance on users’ HL and eHL results in wasted potential
[6]. The findings of this study support the idea that, for the
implementation of symptom checker apps in health care,
transparency is crucial [7,12]. The lack of transparency and
reliance on users’ HL and eHL are design flaws in symptom
checker apps, which, from a legal standpoint, only present
information to be interpreted by the user who provided the input.
In a worst-case scenario, users may feel isolated and insecure
[3,21]. If the app was designed as a communication tool between
physicians and users, such as in teleconsultations, their potential
as symptom trackers and decision aids for both user groups
could be realized in a safe setting. Users’ insecurities could be
discussed with a health professional, and possible harm, such
as health anxiety, could be reduced.

The skill sets provided by eHL and HL might be the reason why
users are able to use symptom checker apps to their health
benefit at all despite symptom checker apps’ questionable
diagnostic accuracy [18,38,55]. Concrete and meaningful
experiences with the app shaped users’ attitudes toward and
evaluation of the app. A pure cause-and-effect relationship, as
suggested by its user interface principle (input–algorithm or
artificial intelligence–output), is prevented by users’ HL,
self-efficacy, and self-care. Satisfaction with app use is
influenced by users’HL, context, and experiences [10,13,24,29].
Symptom checker app development and research should take
into account user expectations, context of use, and the need for
social interaction.

Our study uncovered phenomena that require further
investigation in the future. These include symptom checker app
use in various social settings [24]. Our results show that users
frequently engage with symptom checker apps not only for their
own health concerns but also to assess symptoms of family
members and friends. This social use—such as evaluating a
partner’s symptoms or a parent using the app for their
child—occurs more often than previously reported in the
literature. Different technological resources such as wearables,
other apps, and internet searches were perceived as possible
contributors to the 3 purposes by the interview partners. Thus,
research on the topic should consider the entire landscape of
digital resources and their interoperability.

Limitations
Experience-based research is limited to the information that
interview participants are willing to share about themselves. It
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is not possible to directly observe the psychological processes
that occur in someone’s mind. However, by collecting and
synthesizing users’ stories and perspectives, we were able to
describe a general process. The Rubicon model helped us
organize the stories coherently and with a focus on motivation.

It is important to critically evaluate the method and sample used.
It should be noted that, even in our sample of predominantly
younger, White, well-educated female users, each individual
had their own perspective on how the app fulfilled its purpose
in the described contexts. While a general process could be
derived, the outcomes were highly dependent on the user. In
addition, the results are primarily applicable to the context of
the German health care system and, therefore, can only be
transferred to similar health care systems, which is a common
challenge in symptom checker app research [38].

Our sample consisted of predominantly very reflective
individuals with presumably high HL. Our sampling strategy
to approach users based on diverse characteristics could only
partly be implemented because the sample from which we
recruited the interview partners represented the current major
user group of symptom checker apps: young, female, and well
educated individuals [5,9,17]. Thus, the sample reflects the most
typical characteristics of symptom checker app users, indicating
that the results are likely applicable to this core group [3,9].

While the mixed methods approach of the CHECK.APP project
allowed for the description of this population from different
perspectives using different methods, it limits the applicability
of our results to individuals with less HL. We can neither make
assumptions about nor extend our findings to marginalized
groups excluded from app use [15,56].

The integrative basic method builds on the tradition of
interpretative-reconstructive qualitative methods such as
ethnomethodological conversation analysis and narrative
analysis. It proved to be suitable to analyze how medical
laypersons make sense of the symptom checker app. While we
could show in another study of the CHECK.APP project how
GPs position symptom checker apps in the black box of the
“unorganized stage” of patients’ reflections on their symptoms
[40], our study succeeded in shedding light on this exact black
box.

Another limitation of this study is the focus on just 1 app. While
we believe to have extrapolated generalizable information, it is
possible that other apps may yield different user experiences
and human-app interactions. In addition, due to the pandemic,
the interviews were conducted on the web via videoconferencing
software. It is possible that conducting in-person interviews
would have attracted different interviewees and revealed
additional information due to the different setting.

While software-supported tools such as MAXQDA or f4analyse
exist to support qualitative analysis and the authors and analysts
are well acquainted with them, we deliberately chose not to use
these tools especially for the interpretative parts of the analysis
because their workflow is optimized for categorization of
qualitative data, not so much for in-depth interpretative analyses.
To ensure that our operationalization remained understandable,
we provided data examples in the results text.

Conclusions
In our qualitative interview study, we could demonstrate that,
from symptom checker app users’ perspective, a simple
cause-and-effect relationship between symptoms and symptom
checker app use is unlikely, at least in individuals with high
eHL and HL. Rather, symptom checker app use is described as
a complex, cyclic process. Context-dependent and biographical
factors, as well as the dynamic concepts of eHL and HL, were
expressed in users’ descriptions.

According to our limited sample, symptom checker apps are
used for 3 distinct purposes: understanding one’s condition,
receiving recommendations for action, and communicating on
and documenting health-related information. Each purpose
warrants its own planning, implementation, and evaluation in
HRB. Each purpose may be implemented using different
personal, social, and technological resources.

Symptom checker apps have shortcomings with respect needs
related to interactive HL. Users seek external validation of app
findings in their social networks and professional health care
services. However, symptom checker apps have the potential
to become an interface between users and health care services.
This potential has not been realized, which should be a design
goal for their continued development.
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Abstract

Background: Clinical documentation plays a crucial role in providing and coordinating care. Despite the widespread adoption
of electronic health record (EHR) systems, many end users still document clinical data in a manner similar to traditional paper-based
records. To fully leverage the benefits of EHR systems, it is necessary to adopt new documentation approaches that facilitate
easy access to information at the point of care and seamless exchange of information across health care facilities.

Objective: We aimed to evaluate how the transition from an older EHR system to a cross-institutional EHR system impacts
physicians’ documentation practices and gain a deeper understanding of the factors influencing their choice between free text
and structured and standardized documentation methods.

Methods: A qualitative study was conducted between September 2023 and January 2024. It involved participant observations
and individual semistructured interviews with physicians at a university hospital in Norway. Data were analyzed using reflexive
thematic analysis.

Results: The analysis revealed 3 main themes. First, physicians encountered challenges during the implementation phase of the
new EHR system due to its complexity and their unfamiliarity with its use. However, with time, physicians gradually adopted
new documentation processes. This integration or adoption primarily occurred by learning through practical experience and
collaborative knowledge exchange with their peers. Second, although the implementation of the new EHR system had increased
structured and standardized clinical documentation, free text remained the preferred method, with some exceptions. In addition,
the fact that many physicians still relied on free-text documentation created a sense of distrust among them toward some of the
standardized clinical data. Finally, the informants had mixed perceptions of Systematized Nomenclature of Medicine–Clinical
Terms. Some viewed it as a more nuanced terminology system, while others found it more complex. Most informants found using
templates for routine procedures beneficial as it saved time in the documentation process and ensured that all necessary parameters
and documentation requirements were met.

Conclusions: The study findings revealed that physicians’ acceptance of new documentation processes is influenced by various
social and technological factors. These factors include previous documentation experiences, perceived benefits, familiarity with
the EHR system, time constraints, and user-friendliness of the system. While physicians generally have a positive attitude toward
using templates for routine procedures, they often create their own templates, and data within these templates are documented in
a free-text format. To address this, health care organizations should consider implementing common standardized or
semistandardized templates to reduce disparities in documentation, enhance data recording, and ensure adherence to guidelines.
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Furthermore, to facilitate the transition to the new documentation processes, we recommend providing physicians with customized
training programs and platforms for tacit knowledge exchange.

(JMIR Form Res 2025;9:e63902)   doi:10.2196/63902

KEYWORDS

documentation; documentation practice; standardized documentation; structured documentation; secondary use of data;
interoperability; electronic health record; EHR

Introduction

Background
Electronic health record (EHR) systems have been advocated
as means to enhance the efficiency of health care services,
facilitating improved coordination and delivery of safe and
evidence-based care [1,2]. Data from an EHR system can also
provide health professionals with the information they need to
make informed decisions at the point of care and the opportunity
to reflect on their clinical work and learn from past experiences
[3]. In addition, an EHR system facilitates access to data
collected during clinical care, which may be used for secondary
purposes (eg, research and augmenting the capabilities of clinical
decision support systems) [4-6]. Nevertheless, clinical data need
to be captured in a fixed structure in order to facilitate their use
[4]. Health professionals play a crucial role in the documentation
process, facilitating the accumulation of data in the EHR system.
However, the implementation of the EHR system often results
in end users still recording clinical data in a manner reminiscent
of traditional paper-based records, although in a digital format,
using computers and keyboards [7]. Entering structured and
standardized data into an EHR system can be time-consuming,
and the level of acceptance among different end users can vary
greatly. Health professionals, frequently constrained by time
limitations, might be reluctant to assume the data entry task
unless they see significant benefits [8,9].

Clinical Documentation in EHR Systems
Health care systems are bound by stringent laws and regulations.
In Norway, the use of electronic health data for the provision
of health care services (ie, the primary use of health data) is
regulated by the Patient Record Act [10]. This act aims to ensure
that patients receive high-quality health care by making health
data available for health professionals in a quick, effective, and
secure manner. Health professionals, on their side, have a duty
to meet documentation requirements as outlined in the Health
Personnel Act [11]. This act specifically mandates that patient
journals must be maintained in accordance with high
professional standards, ensuring that they include pertinent and
essential information about the patient and the health care
services rendered. Furthermore, the journals must be easily
comprehensible for other qualified health care personnel. The
use of electronic health data for purposes such as statistics,
public health, health surveillance, research and product
development, education, or teaching (ie, the secondary use of
health data) is also strictly regulated [10,12].

The adoption of the EHR system has significantly expanded
the volume of clinical data available. However, a considerable
portion of these data remains underused, largely due to the

dominance of unstructured documentation, such as free-text
notes and narrative reports [7]. It is estimated that 80% of the
EHR data exist in unstructured documents [13,14].
Consequently, there is increasing pressure on health
professionals to adopt structured and standardized
documentation methods [6]. This involves the use of
standardized coding systems for data entry, the incorporation
of models and terminologies such as Systematized Nomenclature
of Medicine–Clinical Terms (SNOMED CT), and the use of
structured forms [6,15]. Structured and standardized data
encompass various patient details, including demographics,
laboratory tests, height, weight, blood pressure, medications,
allergies, and more [16,17]. Since structured and standardized
data types are organized within a fixed structure, they can be
easily analyzed using statistical or machine learning methods
[16]. Furthermore, data from EHR systems also play a crucial
role in the realization of learning health systems, where data
are captured as a by-product of care. These data are subsequently
analyzed to generate new knowledge, which, in turn, informs
continuous improvement and innovation in health care service
delivery [18,19]. While on the one hand, structured and
standardized documentation practices are associated with
enhanced quality of clinical notes [20,21], on the other hand,
research highlights that the adoption of the EHR system has led
to increased documentation time and reduced attention to patient
care [6]. Moreover, structured and standardized documentation
can impede expressivity in notes. Free-text documentation is
crucial in health care delivery as it allows health professionals
to record detailed and nuanced patient narratives. Thus,
Rosenbloom et al [22] advocated that health professionals should
have the flexibility to decide their documentation style according
to workflow needs and content specifics. Their study highlighted
that structured documentation is ideal for scenarios requiring
data reuse, whereas narrative documentation is suitable when
data reuse is not a priority. Furthermore, Levy et al [23]
emphasized that health professionals encounter an excessive
documentation burden when the usability of the documentation
systems fails to adequately support patient care delivery. This
highlights the crucial role of systems’ usability and the need to
assess their impact on documentation practices.

The aim of this study is to evaluate how the transition from an
older EHR system to a newer cross-institutional EHR system,
which enables structured and standardized documentation,
impacts physicians’ documentation practices. It seeks to gain
insights into the factors that impact physicians’ choice of
documentation methods, such as free text or structured and
standardized documentation.
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Theory
Standardizing work processes in health care, such as
implementing standardized guidelines for procedures and
treatments, is regarded as a useful approach to improving the
quality of health care due to its ability to improve outcomes,
reduce the likelihood of errors, and eliminate unnecessary
variations [24-26]. The increased adoption of EHR systems has
led to increased interest in integrating standardized clinical tools
within these systems. This includes, among others, standards
pertaining to clinical documentation, encompassing what, where,
and how information should be documented (eg, structured text,
use of templates, and narrative text) [27-30]. Standardizing the
use of the EHR system contributes to achieving interoperable
EHR system, enabling the seamless exchange of clinical data
among various health care organizations [31-33]. Nevertheless,
the pursuit of standardization in health care, particularly in the
realm of EHR systems, has proven to be challenging [31,34].
This is due to the highly heterogeneous nature of health care,
marked by the constant occurrence of unforeseen circumstances.
A significant portion of health care professionals’
responsibilities cannot be strictly defined by standardized
procedures alone, as a substantial amount of their work is
tailored to address the unique requirements of individual patients
[35,36]. Thus, it has been suggested that providing flexibility
is essential in health care work, as it enables health care
professionals to customize their work to factors such as patient
needs, good judgment, workflow, and prevailing circumstances
[24]. Cherns [37] further emphasized the importance of
incorporating sufficient flexibility within technical systems.
This entails the ability to tailor the system according to specific
local needs and adapt to evolving requirements [33,37]. This is
justifiable, as Orlikowski [38] highlighted the dynamic nature
of technologies, which are continually shaped by human
responses to a multitude of influences, such as environmental,
political, and cultural factors. Nevertheless, it is important to
note that people have their own distinct viewpoints, “practice
lenses” that impact how they use the systems [33,38], and may
also rely on their own meanings and interpretations of the
technology’s functions, known as “interpretative flexibility,”
which may deviate from the designer’s original intentions
[39,40]. Considering the aforementioned information, it is
notable that the implementation of EHR systems and the
standardized processes they encompass (eg, clinical
documentation) extend beyond being mere technological tools.
Instead, EHR systems are integral components of a
sociotechnical system, which encompasses a dynamic interaction
between technology, health professionals, organizational
structures, and the social environment in which they are
embedded [41-43]. Thus, literature has previously emphasized
the significance of using the sociotechnical system theory [44]
in the design, development, implementation, use, and evaluation
of health information technology [45] and applied it to examine
its impact on documentation practices [46].

The Context
Although all health care organizations in Norway use an EHR
system, many of these systems are not adequately designed for
structured and standardized documentation [47]. The daily
documentation primarily comprises unstructured notes written

in free text, which makes it difficult to use for secondary
purposes, such as quality improvements. Moreover, in many
cases, medications are manually recorded and signed on
paper-based charts before being scanned as images into the EHR
system [47]. According to Norwegian health authorities, health
professionals lack proper access to patient health information
when needed at the point of care [48]. This challenge is
primarily attributed to the fragmented nature of the health care
systems, coupled with the insufficient integration of various
information and communication technology systems [48]. Thus,
in 2012, the Norwegian government launched the “One
citizen—one health record” initiative. Its goal is to facilitate the
seamless integration and accessibility of essential health
information at every stage of patient care, regardless of when
or where it is required [48]. As part of this initiative, the Health
Platform (Helseplattformen) project was established [49], with
the aim to replace the existing fragmented EHR systems with
an integrated solution for both primary and specialist health
professionals in the entire central Norway region [50,51]. The
project selected Epic Systems Corporation as the vendor for the
EHR system [49].

Health Platform aimed to shift toward more structured and
standardized documentation of clinical data in order to achieve
optimal system functionality and make data machine readable.
A pivotal change within the Health Platform project is the
transition from the International Classification of Diseases,
10th Revision (ICD-10) to the more comprehensive and nuanced
terminology system, SNOMED CT [52]. The complexity of
SNOMED CT arises from a dense hierarchical structure and
“is-a” relationships that link broader and more specific concepts,
as explored by Abeysinghe et al [53]. This allows SNOMED
CT to capture nuances that provide better clinical coverage,
making it more suitable for the EHR system and supporting
patient care, compared to ICD, which is mainly used for
diagnoses and billing [54]. The lack of detail in ICD codes can
lead to a loss of specificity in a clinical context, which means
that rare conditions can be grouped under a single code, thus
impacting the EHR system’s ability to provide accurate clinical
decision support [54].

Methods

Study Design and Settings
We used a descriptive qualitative research method to conduct
this case study based on participant observations and individual
semistructured interviews with physicians. Qualitative research
methods enable researchers to delve deeply into the subject
matter, providing comprehensive insights and detailed
descriptions from the participants’ perspectives. Unlike
quantitative methods, qualitative approaches, such as interviews
and observations, excel at offering detailed explanations,
particularly when investigating questions pertaining to why and
how [35,55].

We conducted this study in 1 surgical department at a large
university hospital in the central Norway region, which
transitioned from a facility-centered EHR system to Health
Platform, the new cross-institutional EHR system (Epic Systems
Corporation), in November 2022. The university hospital houses
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approximately 1000 beds and employs around 11,000 staff
members. The surgical department includes an outpatient clinic,
inpatient ward, surgical unit, and emergency room,
complemented by a specialized division for pediatrics.

Recruitment of Participants
Participants for this study were recruited through verbal and
written approaches. First, an email was sent to all physicians
working within the surgical department, requesting their
participation in an observational study. Second, recognizing the
challenges of recruiting busy physicians, particularly during the
transition to the new EHR system, the first author (OG) attended
the physicians’ morning meeting to provide additional

information about the project and give them the opportunity to
ask direct questions about the study. The study aimed to recruit
participants with varying levels of professional experience,
including experienced physicians and interns, to ensure a diverse
range of perspectives. After completing the observational study
phase, a subsequent email invitation was sent to the same group
of individuals (ie, physicians in the surgical department),
inviting them to participate in individual interviews. The first
author (OG) reached out to physicians interested in participating
in the study to schedule a convenient time and location for their
meeting. In total, 14 physicians participated in the study, and
the characteristics of the participants are summarized in Table
1.

Table 1. Demographic characteristics of the study participants (N=14).

Participants, n (%)Characteristics

Age group (y)

9 (64)25-39

5 (36)≥40

Sex

6 (43)Female

8 (57)Male

Practice (y)

3 (21)<5

7 (50)5-15

4 (29)>15

Data Collection

Observations
Participant observations occurred from September 2023 to
November 2023. In total, 12 physicians were observed for a
combined duration of approximately 44 hours. Figure 1 depicts
the information regarding data collection activities. The
observation sessions ranged from 1 to 3 times, with each session
varying in duration from 1 hour to 3 hours. The observation
was conducted at the surgical department at several health care
facilities where the physicians were working, including an
outpatient clinic, an inpatient ward, and an emergency room.

Before these observations, a taxonomy was developed to guide
the observational process. It was developed based on the
research question, a review of existing literature [56-58], and
collaborative inputs from field experts (AF, LM, and RP). The
primary focus during observations was on physicians’
interactions with the new EHR system, with particular attention
given to their documentation practices. Throughout each
observational session, the observer (OG) recorded notes,
capturing both the physicians’ activities and, when feasible,
engaging them in dialogue about their EHR use. Following
observations, the observer supplemented these notes with
additional remarks and personal reflections.

Figure 1. Data collection activities. EHR: electronic health record.

Interviews
After the completion of the observations, individual,
semistructured interviews were conducted face-to-face with the

participants by the first author (OG). In total, 10 physicians
were interviewed, 8 (80%) of whom had also been part of
previous observations. The interviews were conducted between
November 2023 and January 2024 (Figure 1). The interviews
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lasted between 34 and 60 minutes, with an average duration of
44 (SD 9.6) minutes. The interview guide, developed based on
the existing literature [58-60] and expert collaboration in the
field, was initially outlined before the observational phase.
However, following the observations, which provided in-depth
insights into the physicians’ work practices with the new EHR
system, the interview guide was revised to incorporate emerging,
relevant questions. Multimedia Appendix 1 provides the
interview guide. Each interview was audio recorded and
transcribed verbatim by the first author (OG). The process of
transcription began immediately after the first interview and
was integral to the preliminary data analysis phase, which
involved a thorough familiarization with the collected data. The
interview phase concluded once data saturation was achieved.
This happened when further interviews no longer provided any
new insights or themes.

Data Analysis
Data were organized using NVivo (Lumivero) software [61]
and analyzed through a reflexive thematic analysis approach
[62]. The transcripts of the interviews and field notes from the
observation sessions were thoroughly examined to familiarize
them with the data. Then, specific codes were developed using
an inductive approach, meaning that the codes were derived
from the data. The initial codes were created using a semantic
coding approach. These initial codes were reviewed, leading to

the formation of initial themes. Throughout this process, we
continuously reviewed and revised the raw data, codes, and
initial themes to ensure consistency and coherence. Moreover,
we conducted a 2-day workshop where authors collaboratively
reviewed the preliminary themes and their associated codes.
During this workshop, we used latent analyses to gain a deeper
understanding of the data within the themes. Specifically, we
delved into the factors that influenced physicians’documentation
practices in the new EHR system using the sociotechnical system
theory [44]. These factors encompassed various aspects, such
as implications of learning and training in the use of EHR
system, physicians’perspectives and previous experiences with
clinical documentation, familiarity with the new EHR system,
and the influence of technology (new EHR system) and its
user-friendliness on physicians’documentation practices (Figure
2). The research team involved in the data analysis possessed
diverse backgrounds that enriched the interpretation of the data.
The researchers included experts in health informatics, medicine,
qualitative research, and implementation science. This
multidisciplinary perspective facilitated a comprehensive
understanding of the complexities inherent in the data collected.
Using the workshop notes, the first author (OG) further refined
the themes. This phase served as the basis for drafting the initial
report. The authors adhered to the SRQR (Standards for
Reporting Qualitative Research) checklist [63]. Multimedia
Appendix 2 provides the complete SRQR checklist.

Figure 2. Sociotechnical factors impacting physicians’ documentation practices. EHR: electronic health record.

Ethical Considerations
This study was registered and approved by Sikt, Norwegian
Agency for Shared Services in Education and Research (project
number 540255). Before conducting observations and

interviews, all participants were provided with written and verbal
information about the study. Written consent was individually
obtained from each participant. No personally identifiable data
were collected, and in cases where indirectly identifiable
information was mentioned during interviews, such details were
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omitted from all reports, papers, and presentations. Participants
in this study did not receive any form of compensation.

Results

Overview
Through observations and interviews, 3 main themes, with
corresponding subthemes related to documentation practices,
were identified (Figure 3). The first theme shed light on the
initial challenges faced by physicians during the implementation
phase, specifically their uncertainty in navigating the new EHR
system and its complexity. It also showed the gradual integration
of physicians into the new processes of the EHR system,

primarily by learning through practical experience and
collaborative knowledge exchange with their peers (peer-based
learning). The second theme contemplated the influence of the
new EHR system on physicians’ documentation practices. It
delved into the preferred method of documentation and provided
insights into the challenges and benefits associated with the
implementation of the new documentation processes. In addition,
it highlighted the issue of nonstandardized documentation, which
in some cases leads to a sense of distrust among physicians
toward standardized clinical data. The third theme delved into
the perspectives of physicians regarding the adoption of the
new terminology system, SNOMED CT, and their opinions on
using templates for clinical data documentation.

Figure 3. Themes and subthemes regarding clinical documentation practices emerged from the interviews and observations. EHR: electronic health
record; SNOMED CT: Systematized Nomenclature of Medicine–Clinical Terms.

New Documentation Processes

Uncertainty in Navigating the New EHR System and
Incorporating New Documentation Processe; Complexity
of the System and Insufficient Postimplementation
Training
Physicians encountered a learning curve while transitioning to
the new EHR system, necessitating adjustments to specific
documentation practices. The complexity of certain processes
and the additional administrative responsibilities linked to the
new system left physicians feeling unsure about how to
efficiently navigate the system and, in certain cases, how to
accurately document clinical data:

... you spend more time searching for the right
function that you need to document correctly, and to
search for information, and then maybe you are a
little bit unsure about some things, you wonder if you
have included everything...there is a lot of clicking
to move forward; it wasn’t like that before; it used to
be more like create note, write note, done, so there
are quite a lot of steps to move forward [in the new
EHR]; the system controls you a bit, sort of.
[Informant 10]

Initially, many physicians were unfamiliar with the specific
functionalities of the new EHR system and attempted to use
and document clinical data in a similar manner as they did in
the previous system. Consequently, certain informants
encountered difficulties when using the new system due to its
complexity and lack of familiarity with effective navigation:

I think that what we need now is to go through each
workflow and make sure that everyone does it in the
same way so that we can coordinate more, also that
you can improve the shortcuts that exist and the ways
of working efficiently so that everyone learns it
because there are some who use the system very
cumbersomely. [Informant 9]

Furthermore, informants highlighted that the training they
received before the implementation of the new EHR system
was not sufficient. This was mainly due to substantial
modifications made to the EHR system since the training and
because the training did not address their specific role. In
addition, some informants mentioned that differentiating
between essential and less significant aspects addressed in the
training became difficult if they had not yet used the system.
Most informants also believed that there was insufficient
personalized training provided after the implementation, and
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they felt that more specific and customized training was
necessary to effectively use the system’s advanced features,
particularly once physicians had acquired a basic understanding
of the system:

We received a lot of tips and tricks in the beginning,
but then it was more about doing, surviving, staying
afloat, and stabilizing ourselves a bit...having new
training now would have been a much bigger help at
this time than it was before... [Informant 1]

Moving Toward the Adoption of New Documentation
Processes and Learning Through Practical Experience
and Peer-Based Learning
On the basis of the observation sessions and interview data, it
was evident that physicians were gradually adapting to new
processes in the new EHR system and making changes to
specific documentation practices:

When I used to admit patients, I used to write a
continuous text with previous illnesses, family, and
social, such as whether they lived at home or in a
nursing home. I used to just list all previous illnesses,
which were often taken from a previous admission
journal. I have partly done it that way now as well,
but there is more and more emphasis on not doing it
and instead entering the information in problem lists
of medical and surgical history. So, it’s a transition
for me... [Informant 10]

This adaptation and learning occurred both through practice
(actual use of the system) and knowledge sharing among
colleagues (peer-based learning). The informants found it
valuable to learn from experienced colleagues. Occasionally,
they also organized small group meetings where these colleagues
provided guidance on navigating the system effectively.
However, most physicians expressed concerns about the
complexity of the newly implemented EHR system, which
hindered their learning process and effective use. It was
emphasized that simplifying the system and eliminating
unnecessary features would greatly enhance its usability.

The Impact of the New EHR System on Clinical
Documentation

Structured and Standardized Clinical Documentation Is
Increasing, and Free Text Remains the Preferred
Documentation Method
Compared to the previous EHR system, a greater proportion of
patient information was being entered in a structured and
standardized format. In certain cases, the system enforced a
hard stop, making it mandatory for users to input the required
standardized information. For instance, in the old EHR system,
the findings and diagnosis code were described in a free-text
format along with codes such as ICD-10, whereas in the new
EHR system, these aspects were documented in a standardized
format using SNOMED CT. Another example was the transition
from paper-based to digital documentation for ordering surgical
procedures. As a result, numerous tasks were performed
electronically, eliminating the reliance on paper, and more

patient health information was documented in a structured and
standardized format:

Well, then [previous EHR] there was nothing
standardized, so...no, no, then I manually entered the
procedure code and diagnosis code, and the
medications were mostly just copied from one note
to the next, and then you hoped that what you had
copied over was correct. [Informant 6]

Although structured and standardized documentation has
become more prevalent, many physicians still preferred using
free text whenever possible. This preference was primarily due
to the flexibility and time-saving nature of free-text
documentation. It was also easier for physicians to provide a
comprehensive overview of a patient’s medical condition
through free-text notes. Furthermore, some informants
highlighted their preference for reading high-quality free-text
notes as they provided a better understanding of the patient’s
condition compared to information presented in templates or
diagnosis codes:

The only way I manage to get an overview of the
medical history of a patient is basically if someone
has written something reasonable in a journal note.
[Informant 4]

Moreover, physicians were accustomed to free-text
documentation, and transitioning to structured and standardized
formats required additional time and training to ensure accuracy.

Structured and standardized documentation, on the other hand,
was often perceived as time-consuming, more challenging, and
sometimes misaligned with physicians’workflows. In addition,
one physician added that he did not see the benefits of adopting
a more intricate approach, such as standardized documentation:

Yes, no, I need to see the benefit of doing it in a more
complicated way, then I might have chosen a different
way of documentation than free text. So far, I haven’t
been able to see the major benefit, so that’s why I
document in free text... [Informant 2]

Nonetheless, some informants acknowledged that reading and
finding free-text documentation could be challenging in certain
situations, particularly when there were numerous notes present.
In such cases, important information might become obscured
or go unnoticed, whereas standardized information automatically
appeared when reviewing the patient journal.

Lack of Standardized Documentation and Distrust
Toward Standardized Data
On the basis of our findings, the preference for free-text
documentation method was often accompanied by a culture of
distrust among physicians toward standardized data available
in the EHR system. For instance, the new EHR system integrated
several processes related to clinical documentation that were
not present in the previous EHR system. These included
processes such as the documentation of the “problem list,” which
is an overview of medical conditions that might impact the
health care given to the patient, and “medical history,” which
lists the conditions that have been resolved and no longer impact
patients’ health or treatment. These conditions, if documented,
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were automatically displayed when reviewing patient journals
without the need to access journal notes. However, physicians
were uncertain about the accuracy of these standardized data
and sometimes could not rely on it, as they were aware that
many of their colleagues did not adhere to standardized
documentation:

It depends on how many people enter standardized
data, so I feel that I can’t rely on what is stated there.
One can enter previous illnesses and medical history,
but it is rarely done. So, then, the patient looks healthy
on paper, but there are many illnesses, as you can
find in the old journal system. [Informant 4]

Reduced Need for Double Documentation
In certain situations, physicians favored structured and
standardized documentation; for instance, in the new EHR
system, they transitioned from paper-based to digital
documentation when ordering surgical procedures. By adhering
to structured and standardized documentation during the
preoperative phase, they could save time in the postoperative
phase, as some of the information was automatically filled in
the postoperative template, eliminating redundant
documentation. As a result, physicians recognized the benefits
of using structured and standardized documentation for
frequently performed routine procedures:

It is to some extent a bit easier [postoperative
documentation] because all the information I enter
beforehand also appears in the postoperative
description afterwards, so before, I used to manually
write in codes and bleeding amount, for example, but
all of this is now automatically included in the
postoperative description, so actually, writing the
postoperative description afterwards is easier.
[Informant 8]

Medication Reconciliation and Medication Ordering
Being Complex and Time-Consuming
With the implementation of the new EHR system, physicians
transitioned from manually recording medications on
paper-based charts to electronically documenting them in a
standardized format. The informants expressed their frustration
and difficulties with the current medication reconciliation
process, ordering and administering medicines, and inaccuracies
in the medication list. This frustration was particularly evident
during patient admission and discharge, as there were numerous
medications to reconcile. However, while some informants
acknowledged the challenges of entering and managing
medication reconciliation in the new EHR system compared to
the previous system, they also emphasized the potential for
mitigating patient risk. Moreover, some informants expressed
contentment with the shift from paper charts to electronic charts
for medication lists. Conversely, certain individuals contended
that this process was demanding and could potentially increase
patient risk:

I find the medication lists to be a bit tangled and
unclear, especially when you have to discharge the
patient and know what they are actually on, I always
feel like there is something that gets overlooked, some

medications that are missing or others that have been
included but shouldn’t have been, so, the medication
lists are challenging. [Informant 1]

Furthermore, it was observed that, in some cases, physicians
who encountered difficulties with medication ordering or the
medication reconciliation process sought assistance from
colleagues who were more proficient in using the system.

Structured and Standardized Clinical Documentation:
SNOMED CT and the Use of Templates

SNOMED CT: More Nuanced or More Complex
Terminology System?
The transition from ICD-10 to SNOMED CT for documenting
patient health conditions was perceived by some informants as
challenging and by others as a more nuanced diagnostic system.
Challenges usually arose due to difficulties associated with
finding the correct diagnosis, as physicians were presented with
multiple alternatives when starting to write the name of the
diagnosis. In addition, sometimes physicians could not find the
diagnosis they needed. When diagnosing with SNOMED CT,
physicians could specify the location of a medical condition
using the SNOMED CT code:

...in ICD, there is no difference between right and
left, or bilaterally, whereas in SNOMED it is easier
to...there, the diagnosis code can already indicate
differences between right and left, and bilaterally, so
it is potentially that I write right and left in the
diagnosis code, which I did not do before... [Informant
7]

However, in some cases, it was not possible to do this for certain
conditions. For instance, during one of the observations, it was
noted that when the physician was documenting the diagnosis
of deep subfascial lipoma, the physician could not specify the
location of the lipoma in SNOMED CT. As a solution, the
physician noted the location in the daily notes. The physician
pointed out that this information could be essential, especially
for surgeons. In addition, the physician mentioned that they
could specify the location for a “general” lipoma but not for a
subfascial lipoma.

Nonetheless, some informants perceived SNOMED CT as a
more nuanced terminology system. Furthermore, SNOMED
CT eliminated the need for physicians to commit to memorizing
the precise code linked to a specific diagnosis. Instead, they
could search for a broader term related to the diagnosis they
intended to document. Subsequently, they were presented with
multiple alternative options, allowing them to choose the most
fitting one.

It is important to note that, in numerous cases, most physicians
relied on ICD-10 codes to identify the corresponding SNOMED
CT diagnosis.

Use of Templates: Both Limitation and Means of
Maintaining Continuity and Quality Assurance
Most informants emphasized the benefits of using templates to
document routine procedures, such as the most frequently
performed surgeries. They believed that this approach saved
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time, and, for some informants, it helped them remember all
the necessary parameters and documentation requirements:

It goes faster because there is already a lot of text
that is already there, and then you just need to fill in
the right and left, how long are the screws, what type
of plate was used, what kind of things...and the
rehabilitation afterward, is it six weeks, or eight
weeks... [Informant 7]

In addition, it could serve as a checklist for each step involved
in a procedure. Many informants had created their own
templates, with some developing up to 20 templates for
frequently executed operations. However, some of the
informants also mentioned that it took time to create these
templates properly, so they relied on templates designed by
their colleagues. It was also noted that, despite being in a
template, these data were not searchable because they were
written in free-text format.

Conversely, the informants highlighted that the use of structured
and standardized templates for nonstandardized procedures was
viewed as both time-consuming and ineffective. It was
mentioned that by using a standardized template, physicians
might end up documenting unnecessary information, thereby
complicating the clinical workflow, particularly during hectic
days.

Discussion

Principal Findings
This study provides insights into physicians’ documentation
practices after they transitioned from an older EHR system to
a cross-institutional EHR system, which enables standardized
and structured documentation. This transition necessitated
physicians to change their documentation habits to some extent,
resulting in more clinical data being recorded in a structured
and standardized format. However, the degree of acceptance
toward new documentation processes is influenced by a range
of social and technological factors.

First, according to the study participants, training in system use
and ongoing technical support were of utmost importance,
particularly after implementing the EHR:

We received a lot of tips and tricks in the beginning,
but then it was more about doing, surviving, staying
afloat, and stabilizing ourselves a bit...having new
training now would have been a much bigger help at
this time than it was before... [Informant 1]

The importance of training has been well-documented in
previous research [64-67]. However, most of the attention and
resources allocated for training tend to be centered on the
pre–go-live phase and the initial implementation stage of the
EHR system, with limited support available for an extended
period after the go-live phase and for system updates [65,68,69].
In addition, it has been noted that users may feel overwhelmed
during initial training and prioritize familiarizing themselves
with the fundamental aspects of the system rather than striving
to use it efficiently [68]. This concern was also emphasized by
the informants in our study. Moreover, peer-based learning,

where physicians are taught by their expert peers in the use of
the EHR system, was deemed beneficial. This suggests that
acquiring knowledge from fellow experts could prove more
advantageous, as these peers possess a deep understanding of
the physicians’ workflows and the specific challenges they face
when using the system. Peer-based learning has also been
observed when physicians use the templates created by their
colleagues. Hence, it can be advantageous to create platforms
where physicians can share tacit knowledge, enabling them to
mutually benefit from their expertise in effectively using the
system and implementing best practices for documentation.
Providing additional training in documentation practices should
be considered, particularly during the transition to the new EHR
system, which necessitates changes in physicians’
documentation practices. This training becomes even more
significant considering the alarming statistics from a study
conducted in Norway. The study, which encompassed 14
hospitals, revealed that in 2003, an incorrect main diagnosis
code was assigned in 37.8% of hospital stays, and in 2008, in
36.2% of hospital stays [47]. According to physicians working
in these hospitals, the main factors contributing to this issue
were challenging code systems (59%) and inadequate training
(50%) [70]. The significance of education and ongoing training
in good documentation practices as well as its contribution to
achieving a learning health system, has been emphasized in
numerous research studies [71-75].

Second, in conjunction with the aforementioned first factor,
physicians found the transition to the new EHR system to be
challenging. The challenge stems from the complex navigation
needed to find and execute specific tasks, the overwhelming
amount of information in the EHR system, and the inefficient
user interface. Furthermore, physicians’ past recording habits
in older EHR systems can impact their documentation practices
in the new EHR system. As pointed out by Orlikowski [38],
when people use technology, “people also draw on their skills,
power, knowledge, assumptions, and expectations about the
technology and its use, influenced typically by training,
communication, and previous experiences” [76]. Given that
physicians have established workflows in the previous system,
adjusting to new processes in the new EHR system might hinder
their adaptability and work efficiency. This finding aligns with
previous research conducted by Joukes et al [77], who identified
that the preimplementation circumstances played a significant
role in shaping the perceived advantages of implementing a
new EHR system with structured and standardized clinical data
recording. Specifically, the authors emphasized that the
perceived impact of the implementation varied depending on
whether users were transitioning from older EHR systems or
paper-based records. In a paper-based record center, the
implementation yielded positive perceived effects on EHR use,
data quality, and data reuse. However, in a center that had
previously used an EHR system, the perceived effects were
predominantly negative or neutral. The authors further
highlighted that individuals with previous exposure to EHR
systems tended to draw comparisons between the new system
and their old one, thereby potentially recognizing that certain
tasks were accomplished more efficiently in the former system
[77].
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While the adoption of the new EHR system has led to an
increase in structured and standardized data recording, it is often
not a decision made by physicians but rather an imposition by
the new system and health organization. In certain cases, the
structured and standardized documentation does not align with
physicians’ traditional workflow; therefore, it takes more time
compared to free-text documentation. Moreover, physicians
occasionally experience uncertainty and difficulties regarding
the correct way to document structured and standardized data
or question their necessity. This may potentially lead to
inconsistencies in data recording. Data that could be
standardized may instead be documented in a free-text format,
and when faced with time constraints, physicians may use
work-arounds, such as quickly clicking through to proceed
further. This practice might also explain physicians’ distrust
toward some of the standardized clinical data available in the
EHR system, such as problem lists and medical history. One
advantage of the problem list and medical history is that these
remain visible to physicians whenever they access patient
records, without the need to open journal notes. While this
provides better information at the point of care, the problem
lists and medical history lose their advantage if physicians fail
to document or update it or if they lack trust in the accuracy
and reliability of this information. Moreover, the prevalent
reliance of physicians on the ICD-10 codes to identify the
corresponding SNOMED CT codes may undermine the
advantages of using a more comprehensive terminology system,
SNOMED CT. This reliance can lead to loss of clinical detail
and mapping inaccuracies. This practice indicates a discrepancy
between the physicians’ mental models (understanding and
reasoning about systems) and the designer’s conceptual model
(how the system is intended to be used) [78,79]. Mental models,
derived from a range of factors, including experiences,
knowledge, and perception, have been widely applied in the
field of human-computer interaction research [79,80]. Gaining
an understanding of physicians’mental models can be important
for effectively optimizing the system and tailoring training in
documentation practices in the new EHR system. The greater
the disparity between the designer’s conceptual model and the
user’s mental model, the more challenging it becomes for
individuals to effectively use the system [78,79]. Furthermore,
this emphasizes the need to distinguish between technologies
as artifacts and technologies in practice (how technology is
actually used rather than solely focusing on the technology
itself), as it is only through effective use that technology can
impact productivity [38]. Consequently, when enhancing
technology, it becomes vital to consider sociotechnical factors,
which, in turn, necessitates the technology to possess sufficient
flexibility in order to be customized according to specific local
needs and evolving requirements [33,37]. Moreover,
Rosenbloom et al [22] have underscored the significance of
offering flexibility in the documentation processes, as they are
highly valued and essential for health care professionals. By
using free-text documentation, health care professionals can
document intricate and nuanced details about a patient, which
can also prove to be more valuable for subsequent health care
professionals taking over the patient’s care [22]. Some of our
study participants have also emphasized that reading
high-quality free-text journal notes can provide them with more

crucial information compared to solely reviewing standardized
or structured data:

The only way I manage to get an overview of the
medical history of a patient is basically if someone
has written something reasonable in a journal note.
[Informant 4]

Having the right balance between standardization and flexibility
in documentation processes is crucial, particularly in situations
where unforeseen clinical findings or unexpected circumstances
arise [22].

According to the study participants, most physicians have a
positive attitude toward using templates for documenting routine
procedures:

It goes faster [using templates] because there is
already a lot of text that is already there, and then
you just need to fill in the right and left, how long are
the screws, what type of plate was used, what kind of
things...and the rehabilitation afterward, is it six
weeks, or eight weeks... [Informant 7]

While certain physicians have created their own templates for
frequently conducted surgeries, others depend on templates
designed by their peers. However, the information contained
within these templates is recorded in a free-text format. As a
result, these data are not conducive to analysis using statistical
or machine learning techniques. Moreover, when physicians
develop their own templates for commonly performed surgeries,
it can result in inconsistencies in documentation and potential
omissions of critical data that need to be documented. On the
other hand, this behavior might be elucidated through the
analysis of physician-patient dialogues in Norwegian general
practice by Nessa [81,82]. His research emphasized that these
conversations were a fundamental aspect of a physician’s work,
encompassing rich narratives and certain elements such as
context and emotional tone [81,82]. Such complexities may be
challenging to capture within a standardized template and
encoded data. Thus, adhering strictly to encoded data and
standardized templates implied by the organization may impose
a semiotic burden on physicians, requiring them to exert
considerable mental effort to fit complex narratives into
standardized templates. The attitudes of health care professionals
toward structured and standardized documentation may also
depend on their perception of the benefits it provides [21,83].
Our study participants also highlighted this aspect (eg, saving
time in postoperative documentation), suggesting that physicians
may view the implementation of standardized or
semistandardized templates for commonly performed
procedures, developed in collaboration with physicians and
following established guidelines, as a positive step. Moreover,
this approach could potentially minimize variations in clinical
documentation. This approach might also enable more data to
be consistently recorded in a standardized format and enhance
guideline compliance. Several studies have shown that the use
of templates improves the accuracy of documentation [84-86].
For instance, Thomson et al [85] demonstrated the advantages
of using a standardized operative note template adhering to
established guidelines. This implementation led to enhanced
documentation quality and a decrease in the missing data.
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Limitations and Future Research
One limitation of our study is that it involved a limited number
of physicians, and data were collected from only 1 hospital.
Therefore, the findings of this study may only reflect physicians’
perspectives working within this specific context. Nonetheless,
we have made an effort to gather information on documentation
practices that can be applied more broadly. Specifically, our
focus was on understanding documentation practices when
physicians transition from an older EHR system to a new EHR
system that facilitates structured and standardized
documentation. In addition, we aimed to identify the factors
influencing physicians’choice of documentation methods, such
as free text and standardized documentation, regardless of the
EHR system they use. Thus, our findings may have relevance
beyond the specific organization and the EHR system used in
this study, providing insights that can be applied to a wider
context.

Moreover, although it is evident that the implementation of the
new EHR system has increased the amount of clinical data
recorded in a standardized format, our study did not objectively
evaluate either the quality of these data (eg, accuracy and
completeness) or their effectiveness for secondary uses.
Consequently, future research should aim to objectively assess
the quality of the data. Furthermore, additional investigations
could delve into the perceived data quality from the perspectives
of individuals using the data from the new EHR system for
secondary purposes, such as quality assurance. This would help
determine whether the transition to a more standardized EHR

system has positively impacted the use of these data for
secondary purposes.

Conclusions
The findings of this study identified that physicians’ acceptance
of new documentation processes is influenced by a range of
social and technological factors. These factors include
physicians’ past experiences with documentation, perceived
benefits, familiarity with the EHR system, and time constraints,
all of which can impact their choice of documentation methods.
Furthermore, it is important to consider the user-friendliness of
the EHR system and how well the documentation processes
align with physicians’ workflows. To facilitate the transition to
a new EHR system, health care organizations should provide
tailored training programs on documentation practices. This is
particularly crucial after the implementation of the new system.
In addition, it would be advantageous to establish platforms
that allow physicians to exchange tacit knowledge and expertise
on effectively using the system. Moreover, physicians highly
value flexibility in clinical documentation. Therefore, health
care organizations should consider implementing standardized
documentation processes that also align with physicians’
preferences and allow them some flexibility in the
documentation process. For instance, introducing common
standardized or semistandardized templates for routine
procedures, developed in collaboration with physicians, could
potentially minimize disparities in clinical documentation,
ensure the consistent recording of data, and improve adherence
to guidelines.
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Abstract

Background: Adolescent and young adult (AYA) cancer survivors are more likely to experience elevated depressive symptoms
than older survivors and healthy age-matched peers. Despite the elevated risk of depressive symptoms in AYA cancer survivors
and the existence of evidence-based interventions to address depression, it is unclear whether AYA cancer survivors can access
support services. Digital tools are a potential solution to overcoming barriers to AYA cancer survivors’unmet needs for psychosocial
support, but they have not been tailored to the needs and preferences of this unique population.

Objective: This study engaged AYA cancer survivors and their providers in the concept generation and ideation step of the
user-centered design process through online co-design workshops. The goal was to generate concepts and ideas for a digital
depression self-management tool tailored to AYA cancer survivors.

Methods: We conducted 5 co-design workshops—4 with AYA cancer survivors and 1 with providers who serve them. Participants
were asked to provide feedback on an existing digital mindfulness course using an “I like, I wish, I wonder” framework. Then,
participants were asked “How might we...” questions focused on brainstorming ideas for how the digital tool might work.
Participants brainstormed responses independently and then worked as a group to categorize and expand on their ideas. Co-design
workshops were autotranscribed using Webex (Cisco) software. Transcripts underwent thematic analysis with additional context
provided by the products created during the workshop.

Results: Eight AYA cancer survivors (aged 15-37 years) and 4 providers (2 oncologists and 2 social workers) participated in
co-design workshops. We identified 6 themes: barriers to engagement, desired content, preferences for content delivery, preferences
for interface, features, and aspects to avoid. Each theme had 2-7 subthemes that we relied upon when making design decisions
for the prototype.

Conclusions: Co-design workshops provided critical insights that informed the prototype development of a digital depression
self-management tool tailored to AYA cancer survivors. Key takeaways that were integrated into prototype design include (1)
using stories from other AYA cancer survivors to demonstrate concepts; (2) delivering content in brief lessons; and (3) using
encouraging notifications, organizational tools, and reward systems to keep AYA cancer survivors engaged with the tool. Some
of the themes identified in this study (eg, desired content and features) are consistent with known strategies for promoting user
engagement and co-design work in other cancer survivors. However, this study extended previous research by identifying uniquely
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relevant strategies for tailoring to AYA cancer survivors, such as delivering content in brief sessions to overcome the time
constraints AYA cancer survivors experience, providing opportunities for private expression, and maintaining an encouraging
tone throughout the tool. These data were used to inform the prototype development of a digital depression self-management tool
tailored to AYA cancer survivors.

(JMIR Form Res 2025;9:e67175)   doi:10.2196/67175
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Introduction

Depressive Symptoms Are Prevalent and Problematic
in Adolescent and Young Adult Cancer Survivors
Annually, approximately 90,000 adolescents and young adults
(AYAs) between the ages of 15 and 39 years are diagnosed with
cancer in the United States, with over 2.1 million AYA cancer
survivors living in the United States as of 2020. These numbers
are expected to rise as the incidence of cancer in this age group
increases [1,2]. Cancer survivors are up to 5 times more likely
to experience depression than members of the general population
[3]. Furthermore, a number of studies have demonstrated that
younger cancer survivors are more likely to experience elevated
depressive symptoms when compared with both older survivors
and healthy age-matched peers [4-6]. Among AYA cancer
survivors, estimates of the prevalence of depression range from
25% to 32% [7]. Elevated rates of depressive symptoms in AYA
cancer survivors are likely due to disruptions or delays in the
achievement of developmental milestones (eg, completion of
education and becoming a parent) [8]. Depressive symptoms
in AYA cancer survivors are problematic because depressive
symptoms are associated with diminished health-related quality
of life, increased health care use and costs, and elevated
mortality [9].

Psychosocial Interventions Are Efficacious in Treating
Depressive Symptoms
The American Psychological Association’s clinical practice
guidelines recommend cognitive behavioral therapy (CBT) for
the treatment of depressive disorders in AYAs [10]. CBT
focuses on helping patients recognize and change negative
automatic thoughts (by cognitive restructuring) and maladaptive
behaviors (by behavioral activation) that play a role in the
development and maintenance of depressive symptoms [11].
Among adults, mindfulness-based cognitive therapy (MBCT)
has also been shown to be efficacious. MBCT integrates
elements of CBT with mindfulness-based stress reduction to
improve one’s awareness of and relationship to unwanted
thoughts, feelings, and bodily sensations [10,12]. More recently,
there has been substantial interest in the use of positive
psychology interventions to manage psychological symptoms
in patients with severe and chronic illnesses. Systematic reviews
and meta-analyses of trials of these interventions suggest they
have small to moderate effects on depression and may be more
effective than other depression interventions [13,14]. Thus,
there are several topline evidence-based interventions (EBIs)

for depression. Despite the elevated risk of depression in AYA
cancer survivors and the existence of EBIs to address depression,
it is unclear whether AYA cancer survivors can access such
services. Indeed, the AYA Health Outcomes and Patient
Experience study found that between 56% and 75% of AYA
cancer survivors reported an unmet need for psychosocial
support 12 months postdiagnosis [15].

Digital Tools Can Increase Psychosocial Intervention
Reach
Digital tools are a potential solution to overcoming barriers to
AYA cancer survivors’ unmet needs for psychosocial support
and a preferred mode of delivery for this population [16]. They
allow interventions to be delivered remotely using smartphone
technology that the vast majority of AYA cancer survivors
already own, making them highly scalable [17]. Several studies
have demonstrated the feasibility of digital tools for the
self-management of physical symptoms among AYA cancer
survivors [18]. Furthermore, research suggests psychosocial
interventions for depression can be adapted for digital delivery
with evidence for efficacy among healthy AYAs [19-25].
However, few existing digital interventions targeting depression
have been evaluated in studies focused on AYA cancer
survivors.

Evidence for Digital Interventions Targeting
Depression in AYA Cancer Survivors Has Been Mixed
In a 2015 meta-analysis, Richter et al [26] concluded there was
limited evidence for the efficacy of existing interventions
targeting psychosocial distress in AYA cancer survivors,
including depressive symptoms. Since that time, Campo et al
[27] published the outcomes of a mindful self-compassion
videoconference intervention with 25 AYA cancer survivors
and demonstrated improvements in depression following the
intervention (Cohen d=0.99). Zhang et al [28] recently
demonstrated the feasibility and preliminary efficacy of
technology-assisted CBT for reducing depression in a pilot
randomized controlled trial of 17 AYA cancer survivors (Hedges
g=1.12). Although these findings are promising, others have
been less so. For example, Sansom-Daily et al [29] found that
an online group-based CBT intervention for AYA cancer
survivors early in cancer survivorship was associated with a
higher level of depressive symptoms compared with a control
group (P=.04). As such, it remains unclear whether CBT,
mindfulness, or other interventions will be most efficacious for
improving depressive symptoms in this population. Furthermore,
the interventions tested by both Campo et al [27] and
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Sansom-Daily et al [29] were delivered by interventionists via
videoconference; while this strategy addresses some barriers to
AYA cancer survivors’ participation in psychosocial
interventions (eg, distance or travel-related expenses), they are
not available on demand as AYA cancer survivors prefer [16].

Content Tailoring and User-Centered Design Increase
Efficacy and Engagement
While there is a growing body of available general mental health
apps, these tools do not address the specific needs and concerns
of AYA cancer survivors, such as negative thoughts about
cancer and feelings of isolation from peers [30-32]. A significant
consequence of this is low user engagement [33]. In the general
population, only 1 out of 5 apps downloaded are used more than
once [34]. The risk of nonuse of mobile health apps can be
reduced with tailoring and effective design [35]. Tailoring
involves developing individualized interventions based on key
individual difference variables such as age and cancer history
[36]. Data suggest that tailoring intervention content to the
population of interest facilitates greater content relevance, which
may result in more efficacious interventions and higher rates
of long-term use [37]. User-centered design (UCD) processes
allow for the integration of end-user input and feedback
regarding features designed to increase user engagement [38].
For example, McCurdie et al [39] proposed a UCD process that
consists of three iterative steps: (1) concept generation and
ideation, (2) prototype design and system development, and (3)
evaluation [39]. Following the final evaluation phase, the
product is deployed. Users are at the center of this process,
providing input at the concept generation and ideation step as
well as the evaluation step. In this study, we aimed to engage
AYA cancer survivors in the concept generation and ideation
step of this process and design an initial prototype.

Research Context and Guiding Strategy
The work presented in this paper forms part of a wider study
informed by the multiphase optimization strategy (MOST) that

aims to prepare and optimize a digital depression
self-management tool for AYA cancer survivors. MOST is a
comprehensive framework that can be used to optimize an
intervention by systematically identifying the most promising
components [40,41]. MOST includes three phases: (1)
preparation, which lays the groundwork for optimization (eg,
identification of a guiding conceptual model, choosing candidate
components, formative work, and pilot-testing); (2) optimization,
in which a trial (ie, a factorial experiment) is used to identify
the components that meet the optimization criterion; and (3)
evaluation, in which the effectiveness of the optimized
intervention is confirmed. The work of this study was informed
by the tasks to be completed during the preparation phase of
MOST [42].

Methods

Overview
In alignment with guidance from MOST, we devised a
theoretically and empirically supported model that informed
our selection of candidate intervention components (Figure 1).
We then engaged in an iterative UCD process to adapt these
candidate intervention components for delivery through an
existing self-guided digital tool and to address the unique needs
and concerns of AYA cancer survivors to ensure user
engagement. We began this process by conducting co-design
workshops with AYA cancer survivors and oncology providers
that serve this population to generate a concept for the adapted
tool. At the same time, the end users of the digital tool will be
AYA cancer survivors. Input from providers supplemented
AYA cancer survivors’ suggestions with expertise regarding
how this tool might overcome existing barriers to the
management of depressive symptoms among AYA cancer
survivors. Of note, the positive psychology component had
already been modified for use with AYA cancer survivors and
thus was not included in the co-design process [43]. Based on
workshop findings, KM designed the prototype of the tool.

Figure 1. The guiding conceptual model for the preparation of a digital depression self-management tool for adolescent and young adult cancer survivors.

Participants
Inclusion criteria for AYA cancer survivors were as follows:
(1) diagnosed with cancer between the ages of 12 and 39 years;

(2) currently between the ages of 15 and 39 years; (3) at least
1 month after completion of primary treatment; (4) fluent in
spoken and written English; (5) have access to a smartphone
with a data plan; and (6) have access to a computer with internet,
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a webcam, and a microphone that could be used to participate
in a Webex (Cisco) videoconference. Notably, the National
Cancer Institute (NCI) typically defines AYA cancer survivors
as individuals diagnosed between the ages of 15 and 39 years
and currently aged 15-39 years [1]. We chose to expand the age
of diagnosis for adolescents as they are frequently diagnosed
with hematologic malignancies, which require lengthy
treatments such as stem cell transplants. Thus, by the time these
patients reach posttreatment survivorship, they are considered
emerging adults. Decreasing the age of diagnosis to 12 years
for this subset of our sample ensured that adolescents currently
aged 15-17 years were represented.

Inclusion criteria for oncology providers that serve AYAs were
as follows: (1) licensed provider who treats AYA cancer
survivors; (2) fluent in spoken and written English; (3) have
access to a smartphone with a data plan; and (4) have access to
a computer with internet, a webcam, and a microphone that
could be used to participate in a Webex videoconference.

Potentially eligible participants were excluded if they reported
a current diagnosis of a severe or persistent mental illness or
reported severe suicidal ideation, including plan and intent. A
safety protocol was in place to ensure appropriate care was
provided if a potentially eligible participant reported suicidal
ideation.

Recruitment and Enrollment
AYA cancer survivors were recruited from an NCI-designated
comprehensive cancer center in the Southeastern region of the
United States. Potentially eligible AYA cancer survivors were
identified through an electronic medical record review. First,
an automated Epic (Epic Systems) report was used to identify
patients in the correct age range who had been diagnosed with
cancer. Study staff then conducted additional chart review to
evaluate eligibility with regard to age at diagnosis, type of
diagnosis, time since completion of primary treatment, and
history of severe or persistent mental illness. Potentially eligible
providers were identified based on their affiliation with an AYA
oncology program within North Carolina.

Study staff contacted potentially eligible participants or (in the
case of adolescents) their parents or guardians by email and (if
screening was not completed and no response was received
from the participant after 1 week) phone call. Interested
individuals or (in the case of adolescents) their parents or
guardians were directed to a website with more information
about the study and asked to complete a REDCap (Research
Electronic Data Capture; Vanderbilt University) [44] screening
form to determine their eligibility. This screening form requested
that prospective participants (or, in the case of adolescents, their
parents on their behalf) provide their current age, age at cancer
diagnosis, the type of cancer they had been diagnosed with,
how long it had been since they completed cancer treatment,
whether they had ever been diagnosed with a severe or persistent
mental illness, whether they had access to a smartphone and
computer, and their ability to speak and read English. Eligible
and interested participants and (in the case of adolescents) their
parents or guardians were automatically directed to the

appropriate assent and consent forms (see the Ethical
Considerations subsection for a detailed explanation of the
assent and consent process).

Upon provision of assent and consent, AYA cancer survivors
and providers were asked to provide their demographic
information and availability for participation in study
procedures. Co-design workshop participants were scheduled
in groups of at least 3 participants.

Co-Design Workshops

Overview
KMM conducted 4 online co-design workshops with AYA
cancer survivors and 1 co-design workshop with providers that
serve this population using Webex [45]. AYA cancer survivors
and providers completed workshop activities from their homes
or offices. No one else was present during workshops other than
the participants and the researcher. KMM is a female individual
with a PhD in Clinical Psychology and, at the time of the
interview, was an instructor at Wake Forest University School
of Medicine. KMM has extensive training in qualitative data
collection methods and completed a certificate in UCD. She
did not have a relationship with AYA cancer survivor
participants before the study commencement but had reviewed
their demographic and clinical characteristics. Regarding
providers, KMM had previously interacted with some of the
participants in professional settings but did not have any formal
working relationship with them. As the principal investigator
of this study, KMM’s primary interest in the research topic was
informing the development of a digital tool to help AYA cancer
survivors better manage symptoms of depression, and this was
communicated to all participants. Providers and AYA cancer
survivors attended separate workshops. Each workshop lasted
approximately 1 hour. Workshops were audio and video
recorded and autotranscribed.

Workshop Activities
To begin each workshop, participants were provided with
information about the goal of the project, namely, to develop a
tool that helps AYA cancer survivors manage symptoms of
depression. In addition, participants were introduced to EBIs
for depression (eg, behavioral activation and mindfulness
training) that we aimed to adapt and tailor for digital delivery
to AYA cancer survivors. After providing some general
guidelines for brainstorming and an introduction to Figma
(Figma, Inc) [46] (a digital whiteboard tool), participants were
asked to provide feedback on an existing digital mindfulness
course (Wakeful) using an “I like, I wish, I wonder” prompts
within Figma (Figure 2). In this context, wakefulness was
presented to participants as an example to spur ideas. Then,
participants were asked “How might we...” questions focused
on brainstorming ideas for how the digital tool might work
(Figure 3). Participants first brainstormed responses to each
question independently and then worked as a group to categorize
and expand on their ideas. Slides presented during workshops
are included as Multimedia Appendix 1 (AYA cancer survivor
workshops) and Multimedia Appendix 2 (provider workshop).
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Figure 2. Sample responses to the “I like, I wish, I wonder” activity from the adolescent and young adult cancer survivor workshop.

Figure 3. Sample responses to the group brainstorming activity from the provider workshop. AYA: adolescent and young adult.
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Data Processing and Analysis
Field notes were made by the researcher following each
workshop. Co-design workshops were autotranscribed using
Webex software. Transcripts of co-design workshops were
cleaned by study team members with additional context provided
by workshop products (ie, sticky notes). Reference was made
to the original audio and video recordings as needed for
clarification. Transcripts were not returned to participants for
correction, given the availability of audio and video recordings.

RG, with oversight from KMM, conducted a thematic analysis
of workshop transcripts guided by the methodological
framework by Braun and Clarke [47]; the analysis was
characterized by an inductive approach, where themes were
directly derived from the transcripts rather than predefined
before the analysis. The analysis began with a familiarization
phase of understanding the content, which provided initial
insights into overarching themes. Following familiarization, the
coding phase included identifying and assigning a descriptive
code that succinctly encapsulated the content. These codes
systematically organized the data and identified patterns that
later informed the identification of themes. The thematic analysis
provided a comprehensive understanding of the data,
highlighting the participant interactions within the co-design
workshops. Participants did not provide feedback on the
findings; rather, findings were used to develop a prototype that
was then presented to additional participants to gather feedback.

Ethical Considerations
All study procedures were reviewed and approved by the Wake
Forest University Health Sciences Institutional Review Board
(IRB00075887). This included an informed consent and assent
process, which primarily occurred through REDCap. Prospective
participants and (in the case of adolescents) their parents were
provided with a summary of the study, information about why
the study was being conducted, the procedures involved in
participating in the study, the duration of the study, the
designation of the study as no more than minimal risk, a
description of the minimal risks inherent in participating in the
study (eg, potential for breach of confidentiality or psychological
discomfort), the benefits to participating in the study (eg, helping
others in the future), alternatives to participating in the study,
compensation for participating in the study, and contact
information for the principal investigator and Institutional
Review Board.

In the case of young adults, eligible participants were asked to
review this information about the study and required to give
their consent to participate before providing their demographic
and clinical information and participating in the workshop. In
the case of adolescents younger than the age of 18 years, study
staff initially contacted the parent of the patient. Parents were
asked to review information about the study and provide their
permission for the adolescent to participate. Upon provision of
parental permission, study staff contacted the adolescent directly.
Adolescents were provided with age-appropriate information
about the study through REDCap and were required to provide
their assent to participate before providing their demographic
and clinical information and participating in the workshop.

All remote data collection occurred through Health Insurance
Portability and Accountability Act (HIPAA)–compliant
platforms, and all identifiable data were stored on secure,
password-protected servers (eg, REDCap and institutional
servers) only accessible by authorized study staff. Recordings
of workshops were transcribed and deidentified for analysis.
All information identifying participants will be deleted upon
publication of the primary study outcomes.

Participants were compensated US $40 for participating in a
workshop. Compensation was provided in the form of a digital
gift card that was emailed to the participant following the
workshop.

Results

Participants
In total, 4 providers and 8 AYA cancer survivors participated
in 5 co-design workshops, consistent with the recommended
number of focus group discussions needed to achieve saturation
[48]. There were 2 additional AYA cancer survivors who
expressed interest in the study but did not ultimately participate
in a workshop due to scheduling conflicts. The provider
workshop had 4 participants, while each of the AYA cancer
survivors’ workshops had 2 participants. All workshops lasted
approximately 1 hour.

The majority of providers identified as non-Hispanic White
(4/4, 100%) and heterosexual (3/4, 75%). Disciplines
represented by providers included medical oncology and social
work. AYA cancer survivors ranged in age from 15 to 37 years
(mean 23.5, SD 8.85 years). The majority of AYA cancer
survivors identified as non-Hispanic White (6/8, 75%), female
(6/8, 75%), and heterosexual (7/8, 87.5%). Each AYA cancer
survivor had been diagnosed with cancer between the ages of
12 and 36 years. All AYA cancer survivors had completed
treatment between 1 month and 5 years before participating in
the workshop.

Thematic Analysis
Thematic analysis revealed 6 overarching themes: barriers to
engagement, preferences for content delivery, desired content,
preferences for interface, features, and aspects to avoid. Each
of these themes and their subthemes are described in detail
below, with exemplar quotes. Of note, some quotes were spoken
by participants, and this was pulled from the transcript; other
quotes were never spoken by participants but instead typed out
on the Figma board as part of engaging with the digital
workshop materials. As such, we have denoted whether quotes
are from the “Transcript” or “Workshop Materials,” respectively.

Theme 1: Barriers to Engagement
This theme represents the challenges participants might face
that hinder their ability to engage effectively with the tool. These
barriers are crucial in understanding the obstacles that must be
addressed to enhance participation and involvement. The 2
primary barriers were time constraints and lack of usability.
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Subtheme 1.1: Time Constraints
Overall, the participants emphasized challenges with time
constraints due to balancing work, school, and family
responsibilities. They highlighted that these time constraints
often lead to difficulties in consistently engaging in activities
to support their needs, as highlighted by the quote below.

Yeah, probably, um, lesser time periods, maybe
spread them out a little bit more. Um, For the busy
momma’s out there, 'cause I tell ya when you work
80+ hours a week and go to school full time and have
a family. [24-Year-old leukemia survivor, transcript]

Subtheme 1.2: Lack of Usability
A significant barrier noted by both groups of participants,
particularly older AYA cancer survivor users and providers, is
a lack of usability. This includes challenges related to outdated
technology and user interfaces that may not be intuitive for this
demographic. Addressing these usability issues is essential to
enhance the overall user experience and to ensure the tool is
accessible.

Okay, I’m like the older AYA cancer survivors, and
I’m struggling with my brain. It’s trying to, like, learn
the new technology before it can think...so, I almost
feel like, I can’t think. [37-Year-old breast cancer
survivor, transcript]

There would be attention paid, and that the design
would be such that it would be accessible on, like,
multiple, even maybe older operating systems.
Because especially if these people are dealing with
the financial toxicity of cancer treatment. Their tech
may be a couple of versions back. So, I guess paying
attention to accessibility and ease of use. [Provider
3, medical oncologist, transcript]

Theme 2: Desired Content
This theme represents the types of content that participants find
most valuable and engaging. Understanding these preferences
helps ensure that the content is relevant, engaging, and aligned
with AYA cancer survivors’ interests and needs. We identified
4 specific types of content: information about mental health,
resources, AYA cancer survivors’ stories, and cancer-specific
content.

Subtheme 2.1: User Guidance
Participants expressed a desire for the tool to include a
comprehensive guide for the tool. They indicated that having a
structured guide would help them navigate the tool more
effectively, understand its features, and maximize its
functionalities.

I think, yeah, there could be like a guide like, when
you first open the app or like, uh, not really a tutorial,
but like sort of have it go through the app by its
features and stuff. I think that would be pretty helpful.
[15-Year-old gastrointestinal stromal tumor (GIST)
survivor, transcript]

Subtheme 2.2: Information About Mental Health
Participants and providers expressed a strong desire for mental
health information to be integrated throughout the tool. They
emphasized the importance of incorporating relevant mental
health content, such as information about depression, to address
the specific needs and concerns of AYA cancer survivors.

How depression can start, what depression can lead
to, and what I need to do if I am depressed.
[19-Year-old brain tumor survivor, workshop
materials]

Subtheme 2.3: Resources
Participants and providers expressed a strong desire for the tool
to include a variety of resources that address different aspects
of the AYA cancer survivors’ cancer experiences. This includes
a desire to have information about how to cope with mental
health difficulties; rediscovering enjoyable activities after
cancer; and external resources, particularly for emergent mental
health concerns. Incorporating these elements will ensure that
the tool offers comprehensive support and valuable information
tailored to the needs and interests of AYA cancer survivors.

Information about immediate medical attention for
suicidal ideation. [Provider 1, medical oncologist,
workshop materials]

Have helpful tools outside of this for people to
manage their depression on a daily basis.
[20-Year-old thyroid cancer survivor, workshop
materials]

This is actually a tool to help me figure out who am
I now after going through this...Like, okay, I tried
soccer again and on a scale of 1 to 10, I enjoyed, you
know, like. More or less some sort of, I think, it would
feel more. Um, I don't know what the word is like,
less like, you feel a little bit, it would feel a little more
empowering, I think, and a little bit less like, there's
something else cancer has taken from you.
[37-Year-old breast cancer survivor, transcript]

Mental health is individual—ability to create “my
mental health toolbox” that saves info and practice
you’ve found most helpful to return to as needed and
to share with others. [Provider 3, medical oncologist,
workshop materials]

Subtheme 2.4: AYA Cancer Survivors’ Stories
Both participants and providers highlighted the importance of
including stories from AYA cancer survivors within the tool.
They emphasized that featuring personal experiences from peers
can provide valuable insights, foster a sense of connection, and
offer relatable examples that resonate with the AYA cancer
survivors’ community.

I think you could give, like, ask people if they would
volunteer to give like their stories you could have
certain like videos or articles from them that showed
how they got through it sort of like a motivation.
[15-Year-old GIST survivor, transcript]
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Include videos with patient stories or experiences.
[Provider 1, medical oncologist, workshop materials]

Subtheme 2.5: Cancer-Specific Content
Providers noted that incorporating cancer-specific content could
be highly beneficial. This specialized content can enhance the
tool’s relevance and effectiveness by offering targeted guidance
and support for those affected by cancer.

Discuss/provide examples of differences and overlap
between treatment/disease-related symptoms and
depression-driven symptoms. [Provider 2, social
worker, workshop materials]

Theme 3: Preferences for Content Delivery
This theme represents how participants prefer to receive content,
which is essential for tailoring to meet the needs of users who
are AYA cancer survivors. Understanding these preferences
helps ensure that content is delivered in a way that aligns with
participants’ schedules and learning styles. We identified 3
important aspects of content delivery: intervention duration,
session duration, and learning modalities.

Subtheme 3.1: Intervention Duration
Participants preferred shorter intervention durations, reflecting
the multiple responsibilities that AYA cancer survivors juggle.
They indicated a reduced timeframe would better accommodate
their busy schedules and enhance their ability to engage
consistently.

I just wish it wasn’t as long as a nine-week course
because, like, with me, I’m trying to go to school and,
like, work at the same time. So, like it’d be nice if like,
this was something that I can do, like, after school,
or like between school and work. So that way it
wouldn’t take so long. [20-Year-old thyroid cancer
survivor, transcript]

Subtheme 3.2: Session Duration
Participants expressed a desire for shorter session durations to
better accommodate AYA cancer survivor users’busy schedules.
They highlighted that reduced session lengths would make it
easier for them to fit the sessions into their diverse and
demanding routines.

Uh, probably just to make it shorter, I don’t want to
like be on here for a long time. [19-Year-old brain
tumor survivor, transcript]

I guess if I could change one thing about it, it would
be lessening the class time. [24-Year-old leukemia
survivor, transcript]

Subtheme 3.3: Learning Modalities
Both participants and providers expressed a desire for varied
learning and interaction modalities. They emphasized the need
for diverse content delivery methods to cater to different learning
styles and preferences.

I liked how like there were scripts for the videos so,
in case someone doesn't want to, like, watch a video.
They can just read through it. [15-Year-old GIST
survivor, transcript]

Provide the option to either learn new information
through text or short videos. [38-Year-old breast
cancer survivor, workshop materials]

Theme 4: Preferences for Interface
This theme represents participants’ preferences regarding the
design and functionality of the tool’s interface. Understanding
these preferences helps ensure that the interface is intuitive,
user-friendly, and visually engaging. We identified 2 preferences
for interface design: ease of use and color scheme.

Subtheme 4.1: Ease of Use
Both participants and providers emphasized the importance of
a user-friendly interface, highlighting the need for intuitive
navigation and accessibility to ensure AYA cancer survivor
users can interact with the tool efficiently and comfortably.
Participants prefer that the tool resumes from where they left
off, allowing for a seamless and uninterrupted user experience.

I like that it [a sample interface] is very easy to read.
It looks like it looks very user friendly as well.
[24-Year-old leukemia survivor, transcript]

It is important that the tool is easy to click
through—minimal open responses. [Provider 3,
medical oncologist, workshop materials]

Subtheme 4.2: Color Scheme
Participants had varied opinions on the tool prototype’s color
scheme. Some expressed enjoyment of the current design,
appreciating its visual appeal. However, others felt that the color
scheme was more suited to a younger audience, suggesting a
need for a more age-appropriate or versatile design to better
align with the preferences of all AYA cancer survivor users.

Personally, I like it [a sample interface] a lot. Like,
I like, how all the colors kind of like I don’t know, I
don’t know how to put it. Um, blend well, I guess.
[15-Year-old thyroid cancer survivor, transcript]

I feel like I like the colors too, but I think it [a sample
interface] sort of it's more of a younger audience all
like the bright colors and stuff. I think if it's designed
for all ages, I think there should be, like, uh, three
colors that you use, and not just like all over the color
spectrum. [15-Year-old GIST survivor, transcript]

Theme 5: Features
This theme represents the essential functionalities and
characteristics that participants consider important for an
effective tool. Identifying and integrating these features ensures
that the tool meets the diverse needs of AYA cancer survivor
users, making it more engaging, user-friendly, and supportive.
We identified 7 functionalities participants indicated would be
important to include in the tool: daily mood tracking,
encouraging notifications, organizational tools, reward system,
interactive exercises, connection, and private expression.

Subtheme 5.1: Daily Mood Tracking
Participants preferred daily mood tracking instead of hourly
updates. They indicated that daily tracking is more manageable,
less intrusive, and aligns better with their routines. Participants
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thought that such “check-ins” would be helpful as they provide
valuable opportunities for self-reflection.

15-Year-old GIST survivor (transcript): I think, yeah,
I like how it would just be like, for the whole day,
instead of each hour.

Like um, mostly I'm thinking of a message that would
ask how were doing.

KMM: Yeah, yeah, so kind of like a check-in.

21-Year-old large B cell lymphoma survivor
(transcript): Yes, exactly.

15-Year-old GIST survivor (transcript): Yeah, yeah,
it [mood tracking by the hour] makes some might feel
overwhelmed.

Subtheme 5.2: Encouraging Notifications
Participants and providers noted the effectiveness of using
notifications within the tool to promote user engagement. They
highlighted that encouraging notifications may facilitate
consistent interaction with the tool and aid in maintaining a
positive outlook.

Yeah, I think just to get a reminder, like some days
you might forget to add like your thoughts or
whatever, I think just having some sort of
notifications, maybe just like, once a day.
[15-Year-old GIST survivor, transcript]

Send push notifications to nudge individuals to open
the app and log activities that are meaningful and
bring joy to that person. [Provider 1, medical
oncologist, workshop materials]

Subtheme 5.3: Organizational Tools
Both participants and providers valued the integration of
organizational elements into the tool, such as a to-do list, distinct
weekly sessions, and goal or progress tracking. These features
provide users with a structured framework, helping them manage
tasks, stay organized, and track their progress. In addition,
participants enjoyed the session schedule and progress
monitoring features of an exemplar interface.

Include a To-do list kind of option. [15-Year-old
thyroid cancer survivor, workshop materials]

Introduce new knowledge through roadmap. [Provider
3, medical oncologist, workshop materials]

Subtheme 5.4: Reward System
Both participants and providers recommended incorporating
reward systems to enhance user engagement. These reward
systems can provide positive reinforcement, recognize
achievements, and encourage consistent participation.

I also like when you have sort of point or reward
system. So, you can, I guess it gives you more
motivation to what your thoughts and ideas on there.
[15-Year-old GIST survivor, transcript]

Provide monetary incentives for logging activities
(gift cards, cash, prizes). [Provider 1, medical
oncologist, workshop materials]

Subtheme 5.5: Interactive Exercises
Providers recommended incorporating interactive elements into
the exercises and situations within the tool.

Include interactive exercises/situations. [Provider 1,
medical oncologist, workshop materials]

Subtheme 5.6: Connection
Participants and providers wanted users to have the option to
connect with other AYA cancer survivors through the tool as
was shown in an exemplar interface. They suggested that this
feature could facilitate meaningful connections and encourage
mutual support among users.

I like how you can chat with the other people to
experience the app together and talk with each other
about your experience. [20-Year-old thyroid cancer
survivor, transcript]

I like that you have other people to chat with and can
experience the course together. [38-Year-old breast
cancer survivor, transcript]

Message board or social networking aspect for
discussion/reinforcement. [Provider 2, social worker,
workshop materials]

Subtheme 5.7: Private Expression
Participants expressed a desire for a feature within the tool that
ensures the confidentiality and security of their emotions and
thoughts. They emphasized the importance of having a safe
space to express themselves without concerns about privacy.

There’s some type of place where you don't have to
worry at all about who’s gonna see it or what’s gonna
see it, and you can just put it, and it’s either
completely just for you or you can give, like, only up
to 3 people access, like, some sort of like the vault of
all of my horrible feelings can go to this place. And
I can just sort of dump in there, even if it's like, even
if it is just for the person and just for them to see later,
I think there's some value in doing that. [38-Year-old
breast cancer survivor, transcript]

Theme 6: Aspects to Avoid
Both participants and providers identified undesirable or
problematic strategies for engagement. Addressing these
concerns is crucial to ensure that the tool is user-friendly,
engaging, and aligned with the needs of AYA cancer survivor
users. We identified competition and negative tone as challenges
to engagement.

Subtheme 6.1: Competition
This theme highlights the importance of avoiding features that
may foster competition between participants. Providers
suggested that ensuring the tool promotes a positive,
non-competitive experience is essential for maintaining user
engagement and fostering a sense of community.

Avoid having a “leaderboard” or “point system”
with peers. [Provider 1, medical oncologist, workshop
materials]
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Subtheme 6.2: Negative Tone
Participants emphasized the need to avoid negative or potentially
discouraging content. It is important to ensure that all content
is supportive, uplifting, and encouraging.

People who have a lot of self-hate towards themselves
that might wanna want to put negative responses
towards themselves that could possibly make them
feel worse. [21-Year-old survivor of multiple cancers,
transcript]

The Prototype Depression Self-Management Tool
Based on feedback and recommendations from workshop
participants, the initial design of the tool was determined by the
study team (see Table 1 for a summary of how each theme and
subtheme informed design decisions). There were a few conflicts
between the providers’ and AYA cancer survivors’ suggestions;
however, in the case of conflicting suggestions, AYA cancer
survivors’ preferences were prioritized as they are the target
end users of the digital tool.

KM used Canva (Canva Inc) [49] to design a prototype of a
depression self-management tool tailored to the needs and
preferences of AYA cancer survivors. The tool was designed
with the aim of providing mood tracking, psychoeducation about
depression and cancer, and 4 adapted evidence-based
interventions (aEBIs) for depression to this population via a
web-based, app-optimized smartphone delivery (Figure 4). Each
aEBI was designed to be housed in its own module, which would
consist of a series of brief lessons. Each lesson would include
educational content regarding the lesson topic (presented via
video and transcript), a story of an AYA cancer survivor that
illustrated the lesson topic, app questions that asked the user to
apply the educational information to the AYA cancer survivors’
story, an activity in which they reflected on what they learned
related to their experience, and a practice activity that asked
users to apply what they learned in their day-to-day life (Figure
5). The tool also featured a discussion board section that would
allow users to connect with one another about the content
presented via the tool.
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Table 1. Summary of how each theme and subtheme informed design decisions.

Design decisionTheme and subtheme

Barriers to engagement

Each aEBIa will be delivered via a series of brief, on-demand lessons that users can complete when it is
convenient for them.

Time constraints

A web-based application with a responsive design that has established usability among AYAb cancer
survivors will be adapted for content delivery.

Lack of usability

Desired content

During research studies, participants will complete an orientation session that includes instructions on
how to use the digital tool. Once the tool has been optimized, a user guide will be developed and provided
to users.

User guidance

Relevant mental health information will be included in the constant component so that it is provided to
all participants. External resources for emergent mental health concerns will be provided to users via the
constant component.

Information about mental health

Each aEBI will include relevant practice activities to help users apply content in their daily lives. Future
research will inform how to best integrate these practice activities into the digital tool.

Resources

The tool will use AYA cancer survivors' stories to illustrate educational content.AYA cancer survivors stories

The constant component and aEBIs will include information that is tailored to AYA cancer survivors.Cancer-specific content

Preferences for content delivery

Content will be delivered over a duration shorter than 9 weeks. Additional research will inform intervention
duration.

Intervention duration

The constant component and each aEBI will be delivered via a series of brief lessons. Additional research
will inform session duration.

Session duration

Educational content will be presented via multiple modalities, such as a brief video with a transcript pro-
vided. Additional research will inform what content should be presented via each modality.

Learning modalities

Preferences for interface

A web-based application with a responsive design that has established usability among AYA cancer sur-
vivors will be adapted for content delivery.

Ease of use

The color scheme will be updated to reflect the age/maturity level of the target user population.Color scheme

Features

Users will be asked to track their mood daily rather than hourly.Daily mood tracking

Users will receive encouraging text message reminders to engage with the tool. Additional research will
inform the frequency of these messages.

Encouraging notifications

The tool will display users’ progress toward completion of content and provide them with clear next steps.Organizational tools

Additional research will be conducted to determine how to reward users for engagement in a way that is
feasible and scalable.

Reward system

Users will be asked to apply the information they learn to the stories of other AYA cancer survivors as
well as their own experiences. Future research will explore how users prefer to input such responses in
the tool.

Interactive exercise

The tool will include discussion boards that allow users to connect with other AYA cancer survivors.Connection

Users will be able to choose whether their responses to reflection questions are shared with other users.Private expression

Aspects to avoid

Users will not be able to see the progress of other users.Competition

A positive and encouraging tone will be used throughout the tool.Negative tone

aaEBI: adapted evidence-based intervention.
bAYA: adolescent and young adult.
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Figure 4. Dashboard and learning modules.

Figure 5. Example lesson structure and design. AYA: adolescent and young adult.
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Discussion

Principal Findings
AYA cancer survivors often experience depressive symptoms
that go unaddressed. Digital mental health tools are a promising
strategy to ensure that patients have the skills and tools
necessary to manage symptoms of depression. This study
described the initial co-design of a depression self-management
intervention to ensure that the final product is tailored to the
needs and preferences of AYA cancer survivors, fulfilling the
concept generation and ideation step of the UCD process set
forth by McCurdie et al [39] and contributing to the tasks of the
preparation phase of the MOST framework [42]. Feedback from
AYA cancer survivors during the co-design workshops provided
critical insights into ways in which a digital tool could be
tailored to engage this population in evidence-based strategies
for depression self-management. Specifically, users emphasized
the importance of overcoming barriers to engagement, such as
time constraints; provided suggestions for content to be included
in the tool and how it should be delivered; and recommended
features to enhance engagement with the tool. Using these
findings, we designed a midfidelity prototype of a digital
depression self-management tool tailored to the needs and
preferences of AYA cancer survivors.

Comparison With Previous Work
A primary goal of the UCD process in this project was to ensure
the tool we develop is engaging for AYA cancer survivors. As
such, many of the themes identified in this study are consistent
with previously identified strategies for promoting user
engagement. For example, a systematic review of
technology-supported strategies in digital mental health
interventions identified four categories of engagement strategies
used in existing tools: (1) reminders to use the tool, (2) tailored
information, (3) peer support, and (4) coaching techniques [50].
In our study, the first 3 of these categories were emphasized by
participants as important to include in the digital tool we are
designing.

The themes identified in this study also broadly align with
findings from co-design work in other groups of cancer
survivors. For example, Adler et al [51] engaged cancer
survivors with physical disabilities in a co-design process of a
self-management tool. Their team identified themes of
“engaging” and “socialization” that have significant overlap
with our “features” theme. Participants in both studies suggested
the use of participative features, progress tracking, and
opportunities to connect with others who have had similar
experiences as strategies to help users engage with a
self-management tool. Similarly, in a co-design study focused
on a tool to help cancer survivors engage in healthy behaviors,
Leske et al [52] identified relatability and relevance as a theme,
which has considerable overlap with the AYA stories and
cancer-specific content subthemes of our desired content theme
[52]. In both studies, it became evident that providing
cancer-specific information and stories from peers would
enhance the relevance of the tool for the target population.

Finally, this study extended previous research by engaging a
novel population of AYA cancer survivors and their providers

in the co-design process. This allowed us to elucidate strategies
for tailoring that are uniquely relevant to this population, such
as the importance of ensuring that the content is delivered in
brief sessions to overcome the time constraints AYA cancer
survivors experience, providing opportunities for private
expression of their thoughts and feelings, and using a positive
and encouraging tone throughout the tool.

Limitations
Our findings are limited by the size and characteristics of our
research sample and the use of web-based rather than in-person
activities. Our total sample size of 12 individuals across 5
workshops is consistent with recommendations for reaching
saturation and sample sizes in design research with similar
populations [48,53]. However, this small group of participants
inherently limits the generalizability of this study. In addition,
despite efforts to schedule as many AYA cancer survivors for
the same workshop as possible, difficulties in scheduling
resulted in groups of 2. These group brainstorming sessions
would have benefited from larger groups with more people to
generate ideas. Furthermore, despite efforts to recruit a diverse
group of AYA cancer survivors and providers, we did not
achieve a representative research sample with regard to race,
ethnicity, gender, and sexual orientation. However, our AYA
cancer survivors sample was representative of the vast majority
of the AYA cancer survivors’ age range and common cancer
diagnoses. Finally, the activities we were able to engage AYA
cancer survivors in were limited to the capabilities of existing
digital tools; we were not able to use the materials typically
relied upon during in-person, co-design sessions, such as
markers, Post-it notes, and posters. At times, we also
encountered technical difficulties with the tools that limited
user engagement in co-design activities. For example, one user
was not able to load Figma on her device during the workshop,
so she was limited to adding her insights verbally or through
the chat feature of Webex. However, the use of online tools for
co-design ultimately provided invaluable flexibility in terms of
location and scheduling to ensure the engagement of busy AYA
cancer survivors in the process.

Conclusions
This co-design study improved our understanding of the needs
and preferences of AYA cancer survivors for a digital tool that
may help them better manage symptoms of depression. This
process allowed us to develop a shared vision of what such a
digital tool would look like and how it would work. As such,
our findings informed the development of a prototype of the
tool. In addition, the findings from this work provide insights
into the preferences of AYA cancer survivors for digital mental
health tools more broadly. For example, AYA cancer survivors
broadly agreed on the need for brief intervention models.
However, it remains to be seen whether delivering interventions
in a brief manner negatively impacts efficacy. As such, findings
from this study are likely informative for future research aimed
at designing engaging digital interventions for AYA cancer
survivors. The next phase of this study is to have AYA cancer
survivors evaluate the prototype through semistructured
individual interviews to inform the design of a working
prototype. This formative work will continue to contribute to
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the tasks set forth by the preparation phase of MOST, as will a subsequent pilot study of the tool.
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Abstract

Background: The global rise of video gaming and esports has raised significant concerns about hearing loss due to loud sound
exposure. While these activities provide entertainment and have applications in health care, the auditory health risks and behavioral
factors influencing listening habits among gamers remain underexplored. Research is needed to develop tailored interventions
that address the unique barriers, attitudes, and beliefs of gamers and esports participants, promoting safer listening practices and
minimizing auditory health risks.

Objective: This study aimed to explore listening behaviors, attitudes, and awareness regarding hearing health risks among video
gamers and esports participants. The findings are intended to guide the design and implementation of technological features that
encourage safer listening practices, in alignment with the World Health Organization’s Safe Listening initiative.

Methods: An open web-based survey was conducted from September 2022 to January 2023, targeting video gamers and esports
enthusiasts. Participants were recruited via World Health Organization social media platforms and outreach to stakeholders. The
survey assessed gaming behaviors, listening habits, awareness about hearing health, beliefs, readiness to change listening behaviors,
and communication preferences. Data were analyzed using descriptive statistics and multinomial logistic regression.

Results: A total of 488 responses were collected, with 67.2% (n=328) of participants identifying as male, and 56.4% (n=275)
having a college degree or higher. Of the respondents, 90.8% (n=443) were actively engaged in video gaming, while 54.9%
(n=268) viewed esports, and 13.9% (n=68) participated in esports events. Notably, 24.8% (n=110) of gamers, 18.3% (n=49) of
esports viewers, and 37.1% (n=23) of esports players reported using high or very high volume settings. Despite around half of
the participants experiencing symptoms indicative of hearing damage (eg, ringing in the ears), only 34.3% (n=152) of gamers,
35.8% (n=92) of esports players, and 39.7% (n=27) of esports viewers reported taking sound breaks every hour. The study
identified a balanced distribution across readiness-to-change stages, with 30.3% (n=148) in the precontemplation stage, 35.3%
(n=173) in the contemplation stage, and 34.2% (n=167) in the action stage. Factors such as perceived susceptibility to hearing
loss, perceived benefits of preventive action, and self-efficacy significantly influenced readiness to change. Communication
preferences indicated that 51% (n=249) of participants were interested in receiving more information on hearing health, with
health care professionals and governmental agencies being the most trusted sources.

Conclusions: The findings highlight an urgent need for interventions to promote safe listening practices among gamers,
emphasizing a gap between awareness and preventive action. The integration of safe listening features into video games and
esports platforms, along with targeted communication strategies, can enhance auditory health awareness and protective behaviors.
Future research should evaluate the effectiveness of these interventions to ensure comprehensive auditory health protection in
the digital entertainment sector.

(JMIR Form Res 2025;9:e60476)   doi:10.2196/60476
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Introduction

Video gaming and esports have undergone an exponential rise
in recent years, evolving into a major entertainment force that
captivates individuals across different age groups [1]. With
projections suggesting that the global video game market will
grow at an annual rate of 12.9% from 2022 to 2030—reaching
an estimated US $399.6 billion by 2028—and the global gamer
population increasing from 2.7 billion in 2021 to an expected
3.04 billion by 2027, the influence of these digital platforms is
significant [2,3]. Concurrently, esports has experienced a surge
in popularity, with its global audience forecasted to reach 577
million by 2025, and the market is anticipated to grow at a rate
of 16.7% annually, resulting in a value of US $4.28 billion by
2030 [4,5].

Beyond serving as engaging and entertaining mediums, video
games and esports are increasingly acknowledged for their
potential in health care, particularly through serious gaming
applications aimed at education, rehabilitation, and therapy,
thus highlighting their versatile utility beyond mere
entertainment [6-8]. Despite these benefits, concerns about the
potential health risks associated with video gaming and esports
have emerged. The documented impacts on mental and physical
health are compounded by the risks of hearing loss, tinnitus,
and other auditory disorders resulting from exposure to loud
and persistent sound effects inherent in these activities [9-11].
Echoing the World Health Organization’s (WHO) warning,
over 1 billion young people are at an elevated risk of hearing
loss due to recreational exposure to loud sounds, including the
use of personal audio devices and attendance at loud public
events [12].

The public health realm has seen significant attention directed
toward the issue of hearing loss from recreational sound
exposure, leading to a wealth of research and the development
of global standards aimed at mitigating this risk. The pervasive
nature of this issue, covering activities ranging from personal
listening device use to attendance at live events with high
decibel levels, has been illuminated through extensive research.
Such studies have consistently underscored the risk of hearing
damage from prolonged exposure to loud music via earphones
or headphones and attendance at entertainment venues where
volumes exceed safe listening thresholds, potentially leading
to noise-induced hearing loss [13-16].

In response, the WHO and the International Telecommunication
Union have collaborated to launch the “Make Listening Safe”
initiative, which recommends standards for incorporating safe
listening features into personal audio devices. This includes
software that monitors volume levels and exposure time, aiming
to regulate sound exposure in recreational settings and promote
a balance between enjoyment and health [17,18]. These
standards not only aim to raise awareness among the public and
stakeholders about the risks associated with loud sound exposure
but also to provide concrete guidelines for safe listening

practices, such as sound level limits and user warnings about
unsafe listening volumes.

Research focused on hearing health within the context of video
gaming and esports, on the other hand, remains practically
nonexistent, particularly concerning unsafe listening habits and
their contributing factors [19,20]. Existing research from
different fields, such as physical activity promotion [21], and
related areas like safe listening using personal audio devices
[13,14], as well as behavioral models such as the health belief
model (HBM) [22], can be useful starting points to better
understand the factors influencing behavior and the barriers that
need to be addressed. However, we know that interventions
aimed at changing health behavior must be tailored to the
specific characteristics and preferences of the population being
targeted. A factor that plays a significant role in one context
might indeed not have the same impact in another. For example,
self-efficacy may be a major determinant for behaviors requiring
significant skill, such as learning new physical activities [23],
but may be less relevant for behaviors like adjusting volume
settings, which require minimal effort. Similarly, barriers to
safe listening, such as the worry about not enjoying music in
noisy environments, could be a major factor for users of personal
audio devices outdoors [13] but not for gamers who play indoors
and often in solitude. In the gaming context, other factors, such
as immersion or competitive performance, may be more
significant barriers. The large body of existing evidence from
other fields may therefore not directly apply to the gaming and
esports environments, as behavioral models used to understand
determinants of behavior must be specifically adapted to this
context. Only by understanding how these models apply to video
gamers and esports participants, we can effectively tailor
interventions and communication strategies.

Our study specifically aims to address this gap by (1) gaining
insights into the listening habits and safe listening behaviors of
video gamers and esports players, exploring the determinants
of these behaviors; (2) understanding the link between attitudes,
beliefs, awareness, and stages of change regarding auditory
health; and (3) identifying the most effective sources of
information that can be leveraged to promote safer listening
practices. These findings will support the development of
interventions that can be integrated into industry standards,
contributing to the design of technological features that
encourage safer listening within gaming and esports platforms.
By aligning with the WHO Safe Listening initiative, our work
aims to ensure that auditory health considerations are integrated
into the rapidly evolving landscape of video gaming and esports,
fostering a more holistic approach to hearing health across all
recreational sound exposure settings.

Methods

Sample
From September 2022 to January 2023, an open, web-based
survey was shared on the WHO’s social media platforms,
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including posts on X (formerly Twitter) and Facebook. These
posts were designed to reach a broad convenience sample of
video gamers and esports enthusiasts. Additionally, key
stakeholders were contacted via email and encouraged to share
the survey link within their local networks to increase
participation. No paid advertising or boosted posts were used
for recruitment. Participation in the survey was completely
voluntary, and no incentives or compensation were offered to
participants. To participate in the survey, individuals had to
have a good command of English, Spanish, French, or Chinese
and be either video game players or involved in esports. No
further specific eligibility criteria for access were specified, and
participants could freely choose to participate. Of the 1043
individuals who submitted the first survey page, 532 (51%)
completed the survey and were retained to be included in the
analyses. To ensure that participants responded to the survey
with adequate attention, response time was evaluated, and 35
(6.7%) individuals who completed the survey in less than 5
minutes were excluded, resulting in a total of 488 responses
retained for the analyses.

Instrument and Measures

Overview
To develop the web-based questionnaire, a combination of
established theories and empirical studies was used. Specifically,
the HMB [22], the transtheoretical model (TTM) of change
[24], and previous research on music- and noise-induced hearing
loss were drawn upon [25]. The HBM suggests that individuals
are more likely to adopt preventive measures if they perceive
themselves to be at risk of developing a severe health condition
(perceived susceptibility and severity), believe that taking action
can prevent it (perceived benefits), and have the confidence to
perform the necessary actions (self-efficacy). The TTM suggests
that individuals can be categorized into different groups based
on their readiness to adopt preventive behaviors.

The questionnaire (Multimedia Appendix 1) consisted of seven
main sections designed to assess various aspects of participants’
listening habits when gaming or engaging in esports. These
sections included questions on (1) their gaming or esports
behaviors and related listening habits (respondents were
redirected to different sections of the survey depending on
whether they played videogames, watched esports, participated
in esports, or a combination), (2) the consequences of their
listening behavior, (3) their knowledge and awareness of hearing
loss, (4) their beliefs about hearing loss and safe listening, (5)
their readiness to change their listening behavior, (6) their desire
for information on hearing loss and safe listening and their
preferred sources of information, and (7) their sociodemographic
information.

The survey consisted of 10 pages, each containing 3 to 7 items.
Respondents were required to answer basic and
sociodemographic questions, which included a nonresponse
option. All other items were optional and could be left
unanswered. Completeness checks were performed after
submission, highlighting mandatory items if incomplete. A
“Back” button allowed respondents to review and modify their
answers before final submission.

The survey was pretested with 15 individuals who had
experience in video gaming or esports. Their feedback helped
refine the questions for clarity and relevance, ensuring that the
final version was suitable for the target population. The survey
was hosted on the Qualtrics web-based platform, a widely used
platform that ensures data security through end-to-end
encryption and complies with General Data Protection
Regulation guidelines to protect participant anonymity. Several
accessibility features, such as adjustable text sizes and screen
reader compatibility, were included to accommodate participants
with disabilities.

To prevent multiple submissions from the same participant,
cookies were used on the introduction page and were valid for
24 months. IP address checks were not used to identify duplicate
entries. Data collected through the survey were stored in secure
cloud storage provided by Qualtrics, with all responses
anonymized, and participants assigned unique identifiers to
ensure confidentiality. The data will be securely stored for 5
years and then deleted in compliance with data protection
regulations. We adhered to the CHERRIES (Checklist for
Reporting Results of Internet E-Surveys; Multimedia Appendix
2) for reporting the results.

Gaming and Esports Behaviors and Related Listening
Habits
To assess the frequency of video game or esports viewing or
playing and volume-level preferences, a series of single-item
indicators were used. Participants were asked to rate the
frequency of their gaming or esports activities, as well as the
volume level they typically set on their devices, using a scale
ranging from 1=minimum volume to 10=maximum volume.
These questions were adapted from measures used in prior
research on the topic, such as the Listening Habits Questionnaire
(LHQ) [25].

Preventive Behaviors and Consequences of Listening
Participants were asked to indicate whether they take a break
from sound every hour and whether they check the sound dose.
The frequency of experiencing a ringing or fuzziness in the ears
after playing video games or engaging in esports was measured
on scales ranging from 1=never to 5=always. Participants were
asked to rate how often they experienced these symptoms using
questions from the LHQ [25].

Awareness and Knowledge
Participants were presented with 3 statements related to hearing
loss in the context of gaming and esports, which were
collaboratively developed with a team of international experts
in the field of hearing. The statements included “listening to
sounds above 85dB over a period of time can cause permanent
damage to your hearing,” “the amount of time you listen to a
sound affects how much damage it will cause,” and “listening
to video games or esports sounds at loud listening levels may
damage hearing.” Participants were asked to indicate whether
they believed each statement to be true or false and were scored
accordingly. A knowledge score was then computed by summing
the scores for all 3 statements, resulting in a range of 0 to 3.
The average knowledge score was 2.77 (SD 0.61), with an α
coefficient of .690.
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Beliefs
An adapted version of a section of the LHQ [25] was used to
assess the constructs of the HBM. The adaptation involved
removing the distinction between quiet and loud environments
after internal pretesting. Participants were then asked to rate
their agreement on a 7-point scale (with higher scores indicating
greater agreement) on a total of 22 statements about hearing
loss susceptibility related to gaming and esports. These
statements covered perceived susceptibility to hearing loss (4
items, α=.776), perceived severity of hearing loss (6 items,
α=.865), benefits of preventing hearing loss (5 items, α=.830),
barriers to preventing hearing loss (3 items, α=.638), and
self-efficacy for taking preventative action (4 items, α=.845).
The scores for each construct were obtained by averaging the
individual scores on items within each subscale.

Readiness to Change
To assess readiness to change listening behaviors, a set of 12
statements was adapted from a survey by Rollnick et al [26] for
excessive drinkers and a previous study on safe listening in the
context of personal listening devices [13]. Each statement
represented one aspect of the 3 stages of the TTM
(precontemplation, contemplation, and action). Respondents
answered each statement on a 5-point scale (ranging from
2=strongly disagree to +2=strongly agree), as per the authors’
instructions. The subscales showed acceptable to good internal
consistency (precontemplation: α=.626; contemplation: α=.740;
and action: α=.784). Scores for items related to the same stage
were added, resulting in a stage score ranging from –8 to +8.
The respondent’s stage of change was determined by the stage
with the highest score. If 2 stages had equally high scores, the
stage furthest along the change process was chosen (eg, if
precontemplation and contemplation had the highest scores,
contemplation was designated as the stage of change).

Communication Needs and Preferences
Participants were asked if they desired more information about
hearing loss and safe listening, with response options of yes or
no. Those who answered affirmatively were then asked to
indicate their preferred channels for receiving this information
on a 7-point scale, ranging from 1=definitely no to 7=definitely
yes, which included options such as public health campaigns,
gaming device interfaces, and social media. Additionally, all
participants were asked to rate how much they trust in different
sources of information about hearing loss and safe listening,
such as health care professionals, governmental and international
agencies, and family and friends, using a 7-point scale ranging
from 1=not at all to 7=completely.

Sociodemographics
Participants were requested to provide information about their
sex, age, the highest level of education completed, and country
of residence. For analytical purposes, sex (male and female),
age (16-35 and >35 years), and educational level (low and high)
were dichotomized.

Data Analysis
The data were analyzed using SPSS Statistics (version 21.0;
IBM Corp). Descriptive statistics, including basic frequencies,

were calculated to provide an overview of the sample
characteristics across all variables of interest, such as
demographics, knowledge, and beliefs related to hearing health.
To assess group differences in the descriptive analyses, we used
chi-square tests for categorical variables and 1-way ANOVAs
for continuous variables, supplemented by effect size measures
such as Cramer V or ϕ for chi-square tests and partial eta squared

(ηp
2) for ANOVAs. These tests and effect size measures allowed

us to compare key differences between sex, age, and education
subgroups within the sample, providing a more detailed
understanding of both the statistical significance and the
magnitude of group differences across the variables of interest.
To assess the relationship between predictors (knowledge and
beliefs about hearing health) and the outcome variable (readiness
to change listening behaviors), we performed a multinomial
logistic regression analysis. We chose this method because the
outcome variable (readiness to change) is categorical with
multiple levels, and it allowed us to evaluate how each predictor
influenced the likelihood of participants being in different stages
of readiness to change while controlling for other variables. The
use of multinomial logistic regression was particularly suited
to account for the complexity of the data and to handle multiple
predictors influencing a nonbinary categorical outcome. All
assumptions for the chi-square tests, ANOVAs, and multinomial
logistic regression (such as normality, independence, and
multicollinearity) were tested and met, ensuring the robustness
of our findings.

Ethical Considerations
Ethics approval for research in Switzerland is governed by the
Federal Act on Research Involving Human Beings (Human
Research Act, HRA, SR 810.30 [27]). According to chapter 1,
article 2, paragraph 2 of this act, ethics approval is required for
research involving human participants. However, our study,
which involves an anonymous web-based survey, does not fall
within the scope of the HRA. Specifically, article 2, paragraph
2 states: “It [the HRA] does not apply to research which
involves: a. IVF embryos in accordance with the Stem Cell
Research Act of 19 December 2003; b. anonymized biological
material; c. anonymously collected or anonymized health-related
data.” Therefore, our project does not require ethics approval
(see also the Swissethics decision tree [28]). This web-based
anonymous survey was conducted in strict adherence to the
principles outlined in the Declaration of Helsinki. Informed
consent was obtained from all participants prior to starting the
survey. Participants were presented with a web-based informed
consent form, which included information about the voluntary
nature of the study, data anonymity, and their right to withdraw
at any time without any consequences. Consent was confirmed
through a mandatory checkbox before proceeding to the survey
questions. No compensation was provided to study participants.

Results

Overview
Of the survey participants, the majority were male (n=355,
67.7%), with an average age of 28.4 (SD 10.8) years. The
highest level of education attained by most respondents was a
4-year college degree (n=107, 21.9%) or a high school diploma
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or General Educational Development (n=101, 20.7%). Although
respondents hailed from 92 different countries, the largest
number of respondents came from the United States (n=70,

14.3%), followed by the United Kingdom (n=51, 10.5%) and
India (n=40, 8.2%). More details about the participants are
shown in Table 1.

Table 1. Sample characteristics (N=488).

Values, n (%)

Sex

328 (67.2)Male

144 (29.5)Female

16 (3.3)No answer

Age (years)

386 (79.1)16-35

102 (20.9)>35

Education

196 (40.2)Low education (less than college)

133 (27.3)Middle education (college)

142 (29.1)High education (more than college)

17 (3.5)No answer

Country of origin (top 5)

70 (14.3)United States

51 (10.5)United Kingdom

40 (8.2)India

34 (7)Belgium

21 (4.3)Australia

Involved in (more than 1 answer possible)

443 (90.8)Video games

268 (54.9)Esports viewing

68 (13.9)Esports participation

Gaming and Esports Behaviors and Related Listening
Habits
Details of the overall gaming and esports behaviors and the
related listening habits are shown in Table 2 (video game
players) and Table 3 (esports viewers and esports players).
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Table 2. Behaviors and related listening habits of video game players (n=443).

Values

Time spent playing (hours per week), n (%)

29 (6.5)0-1

30 (6.8)1-2

50 (11.3)3-4

49 (11.1)4-6

73 (16.5)6-10

74 (16.7)10-15

82 (18.5)15-30

56 (12.6)>30

47.6 (21.3)Volume setting, mean (SD) (scale 1-100)

Volume setting, n (%)

49 (11.1)Very low (0%-20%)

134 (30.2)Low (20%-40%)

150 (33.9)Medium (40%-60%)

85 (19.2)High (60%-80%)

25 (5.6)Very high (80%-100%)

Importance of sounds, n (%)

14 (3.2)Not at all important

25 (5.6)Not so important

87 (19.6)Somewhat important

151 (34.1)Very important

166 (37.5)Extremely important

Sound break every hour, n (%)

152 (34.3)Yes

Checks use statistics, n (%)

45 (10.2)Yes

Experience ringing in ears, n (%)

253 (57.1)Never

125 (28.2)Rarely

51 (11.5)Sometimes

6 (1.4)Often

8 (1.8)Always

Experience fuzziness in ears, n (%)

206 (46.5)Never

148 (33.4)Rarely

71 (16)Sometimes

11 (2.5)Often

7 (1.6)Always
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Table 3. Behaviors and related listening habits of esports viewers and players.

Players (n=62)Viewers (n=287)

Frequency of viewing, n (%)

15 (24.2)14 (5.2)Daily

23 (37.1)75 (28)Weekly

11 (17.7)79 (29.5)Monthly

6 (9.7)68 (25.4)Yearly

7 (11.3)32 (11.9)Less than yearly

55.7 (22.5)45.6 (20.4)Volume setting, mean (SD) (scale 1-100)

Volume setting, n (%)

5 (8.1)34 (12.7)Very low (0%-20%)

10 (16.1)80 (29.9)Low (20%-40%)

24 (38.7)105 (39.2)Medium (40%-60%)

14 (22.6)36 (13.4)High (60%-80%)

9 (14.5)13 (4.9)Very high (80%-100%)

Experience ringing in ears, n (%)

36 (53.7)186 (69.4)Never

20 (29.9)46 (17.2)Rarely

6 (9)29 (10.8)Sometimes

0 (0)2 (0.7)Often

5 (7.5)5 (1.9)Always

Experience fuzziness in ears, n (%)

33 (49.3)187 (69.8)Never

18 (26.9)49 (18.3)Rarely

8 (11.9)23 (8.6)Sometimes

3 (4.5)4 (1.5)Often

5 (7.5)5 (1.9)Always

Importance of sounds, n (%)

1 (1.5)10 (3.7)Not at all important

8 (11.8)33 (12.3)Not so important

11 (16.2)79 (29.5)Somewhat important

20 (29.4)80 (29.9)Very important

28 (41.2)66 (24.6)Extremely important

Break from sound every hour, n (%)

27 (39.7)96 (35.8)Yes

Checks use statistics, n (%)

12 (17.6)37 (13.8)Yes

Video Game Players
Of the surveyed participants, 90.8% (n=443) reported engaging
in video games (Table 2). Around one-third of gamers (n=158,
35.7%) reported playing for up to 6 hours per week, followed
by a second group (n=147, 33.2%) who played between 6 and
15 hours per week, and a third group (n=138, 31.1%) who
played more than 15 hours per week. Male respondents reported

significantly more time spent on video gaming compared to
female respondents (P=.008; ϕ=0.210), while those with a higher
educational level spent significantly less time playing video
games compared to those in the lower and medium educational
groups (P=.03; Cramer V=0.175). The average volume setting
reported by participants was just below 50% (mean 47.6, SD
21.3), with almost 1 in 4 respondents listening at a high or very
high volume (n=110, 24.8%). No significant differences were
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found across sexes, ages, or educational levels. Finally, most
respondents indicated that sounds are either extremely (n=166,
37.5%) or very (n=151, 34.1%) important when playing video
games. Male respondents, on average, placed greater importance
on video game sounds than female respondents
(P=.03; Cramer V=0.161).

Esports Viewers and Players
More than half of the study participants (n=281, 57.6%) reported
engaging in esports, with most of them only viewing (n=213,
75.8%) and approximately one-fifth (n=55, 19.6%) both viewing
and participating (Table 3). A small percentage (n=13, 4.6%)
reported only participation. Among viewers (n=268), the
majority viewed on a monthly basis (n=79, 29.5%). Male
participants were found to watch esports events more often than
female participants (P=.03; Cramer V=0.202). The average
volume setting reported was slightly below 50% (mean 45.6,
SD 20.4), with almost 1 in 5 respondents listening at a high or
very high volume (n=49, 18.3%). Participants with lower
educational levels reported significantly higher volume settings
when watching esports events (F2,254=3.139; P=.04), while no
significant differences were observed across sex or age groups.

Among esports participants (n=68), the majority took part in
esports events on a weekly basis (n=23, 37.1%). No significant
differences were observed regarding sex, age, or education. The
average volume setting for esports participation was higher than
for viewing at 55.7 (SD 22.5), with more than 1 in 5 respondents
listening at a high or very high volume (n=23, 21%). No
significant differences were observed across sexes, ages,
educational levels, or frequency of participation.

Overall, esports viewers and players consider sounds in esports
as either somewhat (n=82, 29.2%), very (n=85, 30.2%), or
extremely (n=68, 24.2%) important. Among esports players, in
particular, sound was considered extremely important by a
majority (n=28, 41.2%). Participants with lower educational
levels placed significantly greater importance on sounds in
esports events compared to those with higher educational levels
(P=.02; Cramer V=0.183).

Protective Behavior and Consequences of Listening
Only about one-third of video game players (n=152, 34.3%)
reported taking a break from sound every hour. Just 1 in 10
(n=45, 10.2%) reported checking the sound dosage information
provided by the gaming device. Male and female respondents
differed significantly in whether they checked information on
how much time they spend listening and their sound dosages
through their gaming device (P=.03; Cramer V=0.144). A similar
picture emerged for esports players and participants. Over
one-third of them (n=106, 37.7%) reported taking an hourly
break, and only a few reported checking the sound dosage (n=43,
15.3%). No group differences were observed.

Regarding the consequences of listening, almost half of the
video game players reported having experienced at least once
a ringing in their ears after playing (n=190, 42.9%), and more
than half have experienced fullness or fuzziness in their ears

(n=237, 53.5%). Female respondents reported feeling their ears
full or fuzzy after playing video games more often than male
respondents (P=.006; Cramer V=0.184). Regarding esports, we
observed 2 different pictures for viewers and players. Among
esports viewers, less than one-third reported having experienced
a ringing in their ears (n=82, 30.6%) or a feeling of fullness or
fuzziness (n=81, 30.2%) after watching esports. Among esports
players, however, this percentage increased to 46.3% (n=31)
for the ringing in their ears and to 50.7% (n=34) for the feeling
of fullness or fuzziness. Participants’ characteristics were not
associated with the frequency of experiencing consequences.

Awareness and Knowledge
Overall, the respondents were very knowledgeable about the
risks for hearing related to exposure to video games, scoring
on average 2.78 (SD 0.62) of a maximum of 3 points indicating
a correct answer to all questions. No significant differences
among groups were observed.

Beliefs
The majority of participants rated the perceived severity of
hearing loss as high (mean 5.84, SD 1.31), while their perceived
susceptibility to it was relatively low (mean 3.70, SD 1.54).
Participants recognized the benefits of preventing hearing loss
(mean 5.84, SD 1.22) but also faced significant barriers to doing
so (mean 4.53, SD 1.56), such as the belief that turning down
the volume would limit their enjoyment of video games and
esports. Despite this, respondents demonstrated high confidence
in their ability to modify their listening behavior (mean 5.24,
SD 1.57). We observed few group differences in beliefs, except
for higher self-efficacy among male respondents

(F1,470=4.13; P=.04; ηp
2=0.009) and lower perceived

susceptibility among younger respondents

(F1,486=12.33; P<.001; ηp
2=0.025). In addition, respondents

with higher education reported perceiving more benefits of
prevention compared to the other 2 groups (F2,468=3.65; P=.03;

ηp
2=0.015).

Readiness to Change

Overview
We observed a balanced distribution of participants into the 3
readiness-to-change groups. Most of them (n=173, 35.3%) could
be categorized as belonging to the “contemplation” stage,
followed by the “action” stage (n=167, 34.2%) and the
“precontemplation” stage (n=148, 30.3%). A chi-square test
revealed a significant association between educational level and
stage of change (P=.009; Cramer V=0.120), with individuals in
the high education group more likely to be in the action stage
(n=60, 42.3%) compared to those in the medium (n=50, 37.6%)
and low education groups (n=49, 25%). Table 4 shows the
multinomial logistic regression results for factors associated
with being in one of the 3 readiness-to-change stages. Those
who were in the contemplation stage were the reference
category.
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Table 4. Associations of knowledge and beliefs with readiness to change (N=488)a.

Readiness to change

ActionPrecontemplation

P valueOR (95% CI)P valueORb (95% CI)

.990.998 (0.628-1.584).331.293 (0.769-0.174)Knowledge

.761.031 (0.851-1.249)<.0010.557 (0.452-0.687)Perceived susceptibility

.481.082 (0.868-1.349).021.344 (1.056-1.712)Perceived severity

.820.968 (0.732-1.281).0010.611 (0.461-0.809)Benefits of preventive action

.010.808 (0.680-0.959).540.985 (0.818-1.186)Barriers to preventive action

<.0011.431 (1.196-1.711)<.0011.518 (1.237-1.863)Self-efficacy in prevention

aMultinomial logistic regression analysis with contemplation as the reference category. The model is adjusted for sex, age, and education. Pseudo R2:
Cox and Snell=0.274; Nagelkerke=0.308.
bOR: odds ratio.

Multivariate Results: Contemplation Versus
Precontemplation Stage
The second column of Table 4 shows the odds ratio (OR) for
being in the precontemplation stage versus being in the
contemplation stage for each variable listed. The odds of being
in the precontemplation versus the contemplation group decrease
the more one perceives to be susceptible to hearing loss (OR
0.557, 95% CI 0.452-0.687) and the more one perceives the
benefits of preventive actions (OR 0.611, 95% CI 0.461-0.809).
On the other hand, the odds of being in the precontemplation
group increase the more one perceives hearing loss as severe
(OR 1.344, 95% CI 1.056-1.712) and the more one has
self-efficacy in the prevention of hearing loss (OR 1.518, 95%
CI 1.237-1.863).

Multivariate Results: Contemplation Versus Action Stage
The fourth column of Table 4 shows the OR for being in the
action stage versus being in the contemplation stage for each
variable listed. The odds of being in the action versus the
contemplation group decrease the more barriers to preventive
action for hearing loss one perceives (OR 0.808, 95% CI
0.680-0.959) and increase the more one has self-efficacy in the
prevention of hearing loss (OR 1.431, 95% CI 1.196-1.711).

Communication Needs and Preferences
More than half of the participants (n=249, 51%) expressed an
interest in expanding their knowledge on the topics of hearing

loss and safe listening in the context of video gaming and
esports. While investigating the preferred channels for obtaining
such information, it was found that no single mode was
unequivocally favored. Nonetheless, noteworthy options
included instruction manuals for gaming devices, dedicated
websites, and user interfaces integrated into gaming devices.
No significant differences were observed in preferences for sex,
age, or education. Regarding trusted sources of information,
respondents showed a clear preference for health care
professionals and governmental or international agencies (eg,
WHO), while traditional media and religious leaders were
among the least trusted sources. Female respondents reported
significantly higher trust in government or international health
agencies (eg, WHO) compared to male respondents

(F1,470=8.76; P=.003; ηp
2=0.018). Younger respondents reported

higher trust in government or international health agencies

(F1,486=4.98; P=.03; ηp
2=0.010) as well as higher trust in

producers of gaming or esports devices (F1,486=15.12; P<.001;

ηp
2=0.030) and doctors or pharmacists (F1,486=12.59; P<.001;

ηp
2=0.025). Significant differences in trust were observed across

educational levels, with respondents holding lower education
reporting higher trust in producers of gaming or esports devices

(F2,468=4.88; P=.008; ηp
2=0.020) as well as higher trust in

newspapers or magazines (F2,468=4.00; P=.02; ηp
2=0.017). More

details about communication needs and preferences can be found
in Table 5.
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Table 5. Communication needs and preferences (N=488).

Values

Interest in receiving more information, n (%)

249 (51)Yes

Preferred channelsa, mean (SD)

5.91 (1.58)Instructions of gaming device

5.84 (1.79)User interface of gaming device

5.82 (1.65)Dedicated website

5.70 (1.78)Social media

5.43 (1.89)Mass media

5.29 (1.95)Public health campaign

4.90 (2.14)Written information

4.86 (2.11)Interpersonal communication

4.20 (2.31)Public events

Trust in sources of informationb, mean (SD)

6.22 (1.32)Health care professionals

6.01 (1.46)Governmental or international agencies

4.65 (1.76)Charitable organizations

4.48 (1.90)Producers of gaming devices

4.21 (1.66)Family or friends

4.19 (1.65)Internet

3.87 (1.80)Radio

3.85 (1.80)Newspapers or magazines

3.78 (1.75)Television

2.74 (1.98)Religious organizations or leaders

aScores ranging from 1 to 7, with higher scores indicating a higher willingness to receive information from the source.
bScores ranging from 1 to 7, with higher scores indicating higher trust in the source.

Discussion

Overview
In this study, we aimed to explore the gaming and esports
behaviors, related listening habits, and awareness about hearing
health risks among gamers and esports participants. This
investigation was motivated by the increasing concerns over
potential hearing damage due to prolonged exposure to high
sound levels in video gaming environments and the need for
designing and implementing specifically designed features that
make video games safer.

Principal Findings
Our first specific aim was to gain insights into the listening
habits and safe listening behaviors of video gamers and esports
players, exploring the determinants of these behaviors. Our
results show that an important part of players set the volume at
high or very high levels, with younger participants reporting
significantly higher volume settings than older respondents.
Furthermore, we observed that most viewers and players
consider sounds in esports to be (very) important, and the

volume level for esports participation was higher than for
viewing. Although most respondents were aware of the risks
of loud sound exposure and recognized the benefits of
prevention, they still engaged in risky listening behaviors. For
instance, only about one-third of video game and esports players
reported taking a break from sound every hour, and only a few
reported checking the sound dosage. This lack of protective
behavior is particularly concerning, given that around half of
the video game and esports players reported having experienced
at least once a ringing or feelings of fullness or fuzziness in
their ears after playing. These findings suggest that many video
gamers and esports players are experiencing symptoms of
hearing damage, yet are not taking the necessary steps to protect
their hearing.

Second, we aimed to understand the link between attitudes,
beliefs, awareness, and stages of change regarding auditory
health. Applying the constructs of the HBM, we were able to
determine that, despite an overall recognition of the risks
associated with loud sound exposure, several factors get in the
way of a positive behavior change. For instance, many believed
that turning down the volume would limit their enjoyment of
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video games and esports. In addition, while many rated the
perceived severity of hearing loss as high, their perceived
susceptibility to it was relatively low. Finally, low self-efficacy
also seems to play a role in the decision to adopt safer listening
practices. These results are in line with what is suggested by
current theories of behavior change and evidence in the field of
health behaviors and of safe listening in other contexts, such as
findings in physical activity promotion, where individuals are
often aware of the benefits of exercise but are deterred by
perceived barriers like time constraints or lack of motivation
[29]. Similarly, in safe listening research for personal audio
devices, users often understand the risk of hearing damage but
continue to listen at high volumes, believing that lowering the
volume would reduce sound quality or enjoyment, especially
in noisy environments [13]. Concretely, these findings suggest
a need for education programs specifically designed to show
how prevention does not require particular skills and does not
necessarily limit enjoyment (eg, through testimonials [30]) and
to increase the perceived susceptibility [31] to hearing loss
among video gamers and esports players.

We also observed a balanced distribution of participants into
the 3 readiness-to-change groups, as defined by the TTM [24],
with most of them belonging to the “contemplation” stage,
followed by the “action” stage and the “precontemplation” stage.
While many video gamers and esports players are aware of the
risks of loud sound exposure and are considering taking action,
they may need additional support to move from contemplation
to action. The multivariate analysis revealed several factors that
were associated with participants’ readiness to change their
listening behavior in the context of video gaming and esports.
Participants who perceived themselves as more susceptible to
hearing loss and recognized the benefits of preventive actions
were less likely to be in the precontemplation stage and more
likely to be in the contemplation stage. On the other hand,
participants who perceived hearing loss as severe and had more
self-efficacy in preventing hearing loss were more likely to be
in the precontemplation stage. Participants who had more
self-efficacy in preventing hearing loss were more likely to be
in the action stage than in the contemplation stage. Finally,
participants who perceived more barriers to preventive actions
were less likely to be in the action stage. These findings suggest
that interventions aimed at promoting safe listening habits
among video gamers and esports viewers and players should
be tailored to participants’ beliefs and attitudes about hearing
loss and preventive actions [32]. In particular, our findings
suggest that interventions to increase self-efficacy [33] may be
effective in promoting safe listening habits among video gamers
and esports players independent of the stage they are in. At the
same time, interventions for those in the precontemplation stage
should focus on increasing the perceived susceptibility and on
showing the benefits of prevention, while those targeted at those
in the contemplation stage should include information aimed
at reducing barriers, for instance, by showing how listening to
lower volumes does not reduce enjoyment.

Finally, we aimed to identify the most effective sources of
information that can be leveraged to promote safer listening
practices. Approximately half of the participants expressed a
keen interest in expanding their knowledge on hearing loss and

safe listening in the context of video gaming and esports,
suggesting a good degree of openness to information. Regarding
trusted sources of information, respondents showed a clear
preference for health care professionals and governmental or
international agencies. Female respondents showed significantly
more trust in governmental or international agencies, while
younger respondents showed more trust in health care
professionals, governmental or international agencies, and
producers of gaming devices. This information is important, as
it can inform future communication efforts especially tailored
to video gamers and esports players.

Overall, our findings not only highlight the importance of
promoting safe listening behaviors among video gamers and
esports players but also contribute to the broader literature on
behavior change. By identifying key barriers and beliefs unique
to this population—such as prioritizing immersion and
performance over auditory health—our research offers new
insights into how behavior change models, like the HBM, can
be tailored to different contexts. This contributes to a more
nuanced understanding of how interventions should be tailored
to address context-specific motivations and barriers. In doing
so, our study advances the development of targeted interventions
aimed at reducing unsafe listening habits, with the potential to
inform both gaming platform design and broader behavior
change strategies. These findings are significant for the ongoing
development of health promotion strategies that encourage
long-term behavioral change, reinforcing the importance of
adapting existing models to the specific needs of the different
communities.

Practice Implications
Our findings support the need for the design and implementation
of safe listening features in video games and also provide useful
insights into how these features could look like. First, the
substantial engagement in video gaming and the pronounced
importance of sound highlight the necessity for interventions
that do not compromise sound quality. Features enabling the
tracking of the sound dose, such as dosimetry [34] or dynamic
range compression [35], have emerged as crucial innovations,
which could ensure that gamers can remain engaged and fully
immersed without risking their hearing health.

Second, the observation of gamers frequently listening at high
volumes and not engaging in protective practices, such as regular
sound breaks, motivates the introduction of features enabling
an automatic reduction of volume [36] and in-game notifications
[37] related to measured sound exposure. These interventions
would directly encourage gamers to adjust their volume settings
and take necessary breaks, promoting safer listening habits
organically within the gaming environment.

Third, the reported adverse effects, including ringing in the ears
and feelings of fullness, highlight the need for features allowing
users to remove particularly harmful sounds [38] and,
considering the detrimental impact of tinnitus in terms of
psychological or emotional effects, sleep disturbance, auditory
issues, and overall health [39], support the introduction of
general safe listening warnings in video games. These features
aim to provide a more comfortable gaming experience for
individuals experiencing tinnitus, reduce the experiences of
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tinnitus, and raise awareness about the potential adverse effects
of unsafe listening practices.

Fourth, despite participants being somewhat knowledgeable
about the risks of hearing damage, the application of this
knowledge was limited, indicating a gap between awareness
and protective action. This gap underscores the importance of
user guides, detailing what can be done at different levels, and
adaptive headphone safety modes [40,41] that automatically
optimize listening settings for safety when switching from a
loudspeaker to headphones, directly addressing the need to
bridge knowledge with actionable safe listening practices.

Fifth, the significant interest among gamers in expanding their
knowledge about hearing health and safe listening practices
supports the creation of a safer listening mode. Besides directly
contributing to protecting users’ hearing, the very existence of
such a mode could educate them on safer listening practices,
addressing the community’s desire for information and tools to
protect their hearing health.

Finally, our findings show that gamers often face barriers to
adopting safer listening practices due to concerns about
compromising their gaming experience. This suggests a need
for customizable features that balance individual preferences
with hearing safety. Features like sound category controls
[42,43] and dynamic range tests [44], tailored to specific gaming
contexts, could help ensure safe listening without detracting
from the immersive experience.

Limitations
This study has several limitations to consider when interpreting
the results. First, relying on self-reported data may introduce
bias and may not accurately reflect actual behaviors. Second,

the cross-sectional nature of the study prevents causal inferences.
Third, the lack of assessment of noise-canceling headphone use,
which could mitigate hearing damage, limits the findings.
Finally, the open web-based survey recruitment strategy, shared
via social media and stakeholder networks, may have led to
selection bias, as those more interested in hearing health or
gaming were more likely to participate. Despite this, the
consistency of our findings with previous studies on related
topics [13,14] supports their validity, allowing us to draw
meaningful conclusions. Future research should address these
limitations and evaluate the effectiveness of educational
interventions in promoting safe listening habits among video
gamers and esports players.

Conclusions
This study underscores the urgency of developing interventions
to foster safe listening habits in video gamers and esports
enthusiasts, pointing out their general lack of awareness and
preventive actions against hearing damage. Besides stressing
the need for effective communication strategies tailored to this
group’s specific preferences, the findings support creating
targeted interventions to encourage safe listening and minimize
hearing loss risk among these audiences. Incorporating safe
listening features directly into video games could offer a
strategic method to address prolonged exposure to high sound
levels without detracting from the gaming experience. These
personalized, gamer-friendly solutions could significantly boost
auditory health awareness and practices. The insights into gamer
behavior and preferences provided by this study not only enrich
discussions on digital health interventions but also pave the way
for enhancing hearing health in the digital entertainment sector,
contributing to the broader goal of leveraging technology to
improve health outcomes.

 

Acknowledgments
The authors would like to express their sincere gratitude to all the participants who took the time to complete the survey, without
whom this study would not have been possible. The authors also extend their appreciation to the organizations who helped with
the recruitment of study participants. The authors are thankful for their support and cooperation in disseminating information
about the study to their members and networks. This work was supported by the World Health Organization, Geneva, Switzerland.
The views reported are solely those of the authors and do not necessarily represent the views of the World Health Organization.
The authors used ChatGPT by OpenAI to improve the readability and language of the manuscript. After using this tool, the authors
reviewed and edited the content as needed and take full responsibility for the content of the publication.

Data Availability
The datasets generated and analyzed during this study are available from the corresponding author on reasonable request.

Authors' Contributions
All authors contributed to the conceptualization of the study and the investigation. ND and SR developed the study methodology,
with ND additionally overseeing recruitment, data collection, and formal analysis. ND also took on project administration and
supervision responsibilities. ND and SR wrote the original draft of the manuscript, while all authors participated in reviewing
and editing. Funding acquisition was managed by SC.

Conflicts of Interest
None declared.

Multimedia Appendix 1

JMIR Form Res 2025 | vol. 9 | e60476 | p.2402https://formative.jmir.org/2025/1/e60476
(page number not for citation purposes)

Diviani et alJMIR FORMATIVE RESEARCH

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


Survey questionnaire.
[PDF File (Adobe PDF File), 234 KB - formative_v9i1e60476_app1.pdf ]

Multimedia Appendix 2
Checklist for Reporting Results of Internet E-Surveys (CHERRIES).
[PDF File (Adobe PDF File), 52 KB - formative_v9i1e60476_app2.pdf ]

References
1. Franks RR, King D, Bodine W, Chisari E, Heller A, Jamal F, et al. AOASM position statement on esports, active video

gaming, and the role of the sports medicine physician. Clin J Sport Med 2022;32(3):e221-e229 [FREE Full text] [doi:
10.1097/JSM.0000000000001034] [Medline: 35470342]

2. Global video games market report and forecast 2023-2028. Claight Corp. URL: https://www.expertmarketresearch.com/
reports/video-games-market [accessed 2025-03-03]

3. Games - Worldwide | Statista Market Forecast. Statista. URL: https://www.statista.com/outlook/dmo/digital-media/
video-games/worldwide [accessed 2025-03-03]

4. Gilbert N. 75 Significant esports statistics: 2024 market, viewership & investment growth. FinancesOnline. 2023. URL:
https://financesonline.com/esports-statistics/ [accessed 2025-03-03]

5. Esports market size, share, trends and analysis by region, revenue stream, gaming genre and segment forecast to 2030.
Mark Res Rep Consult Glob UK Ltd. URL: https://www.globaldata.com/store/report/esports-market-analysis/ [accessed
2025-03-03]

6. Bossen D, Broekema A, Visser B, Brons A, Timmerman A, van Etten-Jamaludin F, et al. Effectiveness of serious games
to increase physical activity in children with a chronic disease: systematic review with meta-analysis. J Med Internet Res
2020;22(4):e14549 [FREE Full text] [doi: 10.2196/14549] [Medline: 32234697]

7. Gentry SV, Gauthier A, L'Estrade Ehrstrom B, Wortley D, Lilienthal A, Tudor Car L, et al. Serious gaming and gamification
education in health professions: systematic review. J Med Internet Res 2019;21(3):e12994 [FREE Full text] [doi:
10.2196/12994] [Medline: 30920375]

8. Kim Y, Hong S, Choi M. Effects of serious games on depression in older adults: systematic review and meta-analysis of
randomized controlled trials. J Med Internet Res 2022;24(9):e37753 [FREE Full text] [doi: 10.2196/37753] [Medline:
36066964]

9. Kelly S, Leung J. The new frontier of esports and gaming: a scoping meta-review of health impacts and research agenda.
Front Sports Act Living 2021;3:640362 [FREE Full text] [doi: 10.3389/fspor.2021.640362] [Medline: 33796849]

10. Chan G, Huo Y, Kelly S, Leung J, Tisdale C, Gullo M. The impact of eSports and online video gaming on lifestyle behaviours
in youth: a systematic review. Comput Hum Behav 2022;126:106974. [doi: 10.1016/j.chb.2021.106974]

11. Yin K, Zi Y, Zhuang W, Gao Y, Tong Y, Song L, et al. Linking esports to health risks and benefits: current knowledge and
future research needs. J Sport Health Sci 2020;9(6):485-488 [FREE Full text] [doi: 10.1016/j.jshs.2020.04.006] [Medline:
32417192]

12. Hearing loss due to recreational exposure to loud sounds: a review. World Health Organization. 2015. URL: https://iris.
who.int/handle/10665/154589 [accessed 2025-02-22]

13. Diviani N, Zanini C, Amann J, Chadha S, Cieza A, Rubinelli S. Awareness, attitudes, and beliefs about music-induced
hearing loss: towards the development of a health communication strategy to promote safe listening. Patient Educ Couns
2019;102(8):1506-1512. [doi: 10.1016/j.pec.2019.03.013] [Medline: 30935699]

14. Diviani N, Chadha S, Arunda M, Rubinelli S. Attitudes towards safe listening measures in entertainment venues: results
from an international survey among young venue-goers. Int J Environ Res Public Health 2021;18(23):12860 [FREE Full
text] [doi: 10.3390/ijerph182312860] [Medline: 34886583]

15. Portnuff CD. Reducing the risk of music-induced hearing loss from overuse of portable listening devices: understanding
the problems and establishing strategies for improving awareness in adolescents. Adolesc Health Med Ther 2016;7:27-35
[FREE Full text] [doi: 10.2147/AHMT.S74103] [Medline: 26929674]

16. Jiang W, Zhao F, Guderley N, Manchaiah V. Daily music exposure dose and hearing problems using personal listening
devices in adolescents and young adults: a systematic review. Int J Audiol 2016;55(4):197-205. [doi:
10.3109/14992027.2015.1122237] [Medline: 26768911]

17. Guidelines for safe listening devices/systems (Recommendation ITU-T H.870). International Telecommunication Union.
2018. URL: https://www.itu.int/rec/T-REC-H.870-201808-I/en [accessed 2018-12-06]

18. WHO global standard for safe listening venues and events. World Health Organization. 2022. URL: https://www.who.int/
publications/i/item/9789240043114 [accessed 2025-02-22]

19. Iannace G, Ciaburro G, Trematerra A. Video games noise exposure in teenagers and young adults. Noise Vib Worldw
2019;51(1-2):3-11. [doi: 10.1177/0957456519889956]

20. Dillard LK, Mulas P, Der C, Fu X, Chadha S. Risk of sound-induced hearing loss from exposure to video gaming or esports:
a systematic scoping review. BMC Public Health 2024;2(1):e000253. [doi: 10.1136/bmjph-2023-000253]

JMIR Form Res 2025 | vol. 9 | e60476 | p.2403https://formative.jmir.org/2025/1/e60476
(page number not for citation purposes)

Diviani et alJMIR FORMATIVE RESEARCH

XSL•FO
RenderX

https://jmir.org/api/download?alt_name=formative_v9i1e60476_app1.pdf&filename=33b3929da2008383217062b9f8ede48c.pdf
https://jmir.org/api/download?alt_name=formative_v9i1e60476_app1.pdf&filename=33b3929da2008383217062b9f8ede48c.pdf
https://jmir.org/api/download?alt_name=formative_v9i1e60476_app2.pdf&filename=6b288a858752c731b6b8c40ecd056858.pdf
https://jmir.org/api/download?alt_name=formative_v9i1e60476_app2.pdf&filename=6b288a858752c731b6b8c40ecd056858.pdf
https://europepmc.org/abstract/MED/35470342
http://dx.doi.org/10.1097/JSM.0000000000001034
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35470342&dopt=Abstract
https://www.expertmarketresearch.com/reports/video-games-market
https://www.expertmarketresearch.com/reports/video-games-market
https://www.statista.com/outlook/dmo/digital-media/video-games/worldwide
https://www.statista.com/outlook/dmo/digital-media/video-games/worldwide
https://financesonline.com/esports-statistics/
https://www.globaldata.com/store/report/esports-market-analysis/
https://www.jmir.org/2020/4/e14549/
http://dx.doi.org/10.2196/14549
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32234697&dopt=Abstract
https://www.jmir.org/2019/3/e12994/
http://dx.doi.org/10.2196/12994
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30920375&dopt=Abstract
https://www.jmir.org/2022/9/e37753/
http://dx.doi.org/10.2196/37753
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=36066964&dopt=Abstract
https://europepmc.org/abstract/MED/33796849
http://dx.doi.org/10.3389/fspor.2021.640362
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33796849&dopt=Abstract
http://dx.doi.org/10.1016/j.chb.2021.106974
https://linkinghub.elsevier.com/retrieve/pii/S2095-2546(20)30052-1
http://dx.doi.org/10.1016/j.jshs.2020.04.006
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32417192&dopt=Abstract
https://iris.who.int/handle/10665/154589
https://iris.who.int/handle/10665/154589
http://dx.doi.org/10.1016/j.pec.2019.03.013
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30935699&dopt=Abstract
https://www.mdpi.com/resolver?pii=ijerph182312860
https://www.mdpi.com/resolver?pii=ijerph182312860
http://dx.doi.org/10.3390/ijerph182312860
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34886583&dopt=Abstract
https://www.tandfonline.com/doi/abs/10.2147/AHMT.S74103?url_ver=Z39.88-2003&rfr_id=ori:rid:crossref.org&rfr_dat=cr_pub  0pubmed
http://dx.doi.org/10.2147/AHMT.S74103
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26929674&dopt=Abstract
http://dx.doi.org/10.3109/14992027.2015.1122237
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26768911&dopt=Abstract
https://www.itu.int/rec/T-REC-H.870-201808-I/en
https://www.who.int/publications/i/item/9789240043114
https://www.who.int/publications/i/item/9789240043114
http://dx.doi.org/10.1177/0957456519889956
http://dx.doi.org/10.1136/bmjph-2023-000253
http://www.w3.org/Style/XSL
http://www.renderx.com/


21. Müller-Riemenschneider F, Reinhold T, Nocon M, Willich S. Long-term effectiveness of interventions promoting physical
activity: a systematic review. Prev Med 2008;47(4):354-368. [doi: 10.1016/j.ypmed.2008.07.006] [Medline: 18675845]

22. Rosenstock IM. The health belief model and preventive health behavior. Health Educ Monogr 1974;2(4):354-386. [doi:
10.1177/109019817400200405]

23. Pauline J. Physical activity behaviors, motivation, and self-efficacy among college students. Coll Stud J 2013;47(1):64-74
[FREE Full text]

24. DiClemente CC, Prochaska JO. Toward a comprehensive, transtheoretical model of change: stages of change and addictive
behaviors. In: Treating Addictive Behaviors. 2nd Edition. New York, NY: Plenum Press; 1998:3-24.

25. Portnuff CDF, Fligor BJ, Arehart KH. Teenage use of portable listening devices: a hazard to hearing? J Am Acad Audiol
2011;22(10):663-677. [doi: 10.3766/jaaa.22.10.5] [Medline: 22212766]

26. Rollnick S, Heather N, Gold R, Hall W. Development of a short 'readiness to change' questionnaire for use in brief,
opportunistic interventions among excessive drinkers. Br J Addict 1992;87(5):743-754. [doi:
10.1111/j.1360-0443.1992.tb02720.x] [Medline: 1591525]

27. Federal Act on Research Involving Human Beings (Human Research Act, HRA, SR 810.30). URL: https://www.
fedlex.admin.ch/eli/cc/2013/617/en [accessed 2024-10-21]

28. Swissethics Decision Tree. URL: https://swissethics.ch/assets/other_study_documents/decision-tree_v2.1_06.02.25_en.pdf
[accessed 2025-03-03]

29. Koh YS, Asharani PV, Devi F, Roystonn K, Wang P, Vaingankar JA, et al. A cross-sectional study on the perceived barriers
to physical activity and their associations with domain-specific physical activity and sedentary behaviour. BMC Public
Health 2022;22(1):1051 [FREE Full text] [doi: 10.1186/s12889-022-13431-2] [Medline: 35614402]

30. Miller-Day M, Hecht ML. Narrative means to preventative ends: a narrative engagement framework for designing prevention
interventions. Health Commun 2013;28(7):657-670 [FREE Full text] [doi: 10.1080/10410236.2012.762861] [Medline:
23980613]

31. Greene K, Brinn LS. Messages influencing college women's tanning bed use: statistical versus narrative evidence format
and a self-assessment to increase perceived susceptibility. J Health Commun 2003;8(5):443-461. [doi: 10.1080/713852118]
[Medline: 14530147]

32. Noar SM, Harrington NG, Aldrich RS. The role of message tailoring in the development of persuasive health communication
messages. Ann Int Commun Assoc 2016;33(1):73-133 [FREE Full text] [doi: 10.1080/23808985.2009.11679085]

33. van de Laar KE, van der Bijl JJ. Strategies enhancing self-efficacy. In: Self-Efficacy in Nursing: Research and Measurement
Perspectives. New York, NY: Springer Publishing Company; 2002:63.

34. Pietrzak A. Musicians' daily sound exposure assessed by full-day dosimetry. Vib Phys Syst 2019;30(1):1-8 [FREE Full
text]

35. Kates JM. Principles of digital dynamic-range compression. Trends Amplif 2005;9(2):45-76 [FREE Full text] [doi:
10.1177/108471380500900202] [Medline: 16012704]

36. Kim H, Ryu D, Park J. Implementation of a volume controller for considering hearing loss in Bluetooth headset. In: Kim
T, Adeli H, Robles RJ, Balitanas M, editors. Advanced Communication and Networking. Berlin, Heidelberg: Springer;
2011:430-438.

37. Pretolesi D, Motnikar L, Till B, Uhl J. Notifying users: customisation preferences for notifications in health and well-being
applications. In: Meschtscherjakov A, Midden C, Ham J, editors. Persuasive Technology. Cham: Springer Nature Switzerland;
2023:410-424.

38. Horizon Forbidden West: what are tinnitus sounds. Game Rant. URL: https://gamerant.com/
horizon-forbidden-west-tinnitus-sounds-option/ [accessed 2024-05-13]

39. Swain SK. Impact of tinnitus on quality of life: a review. Int J Adv Med 2021;8(7):1006. [doi:
10.18203/2349-3933.ijam20212416]

40. How to raise or lower the maximum headphone volume. Nintendo Eur AG. URL: https://www.nintendo.com/en-gb/Support/
Nintendo-Switch/How-to-Raise-or-Lower-the-Maximum-Headphone-Volume-1516285.html [accessed 2024-05-13]

41. Adaptive audio for mobile. Game Developer. URL: https://www.gamedeveloper.com/audio/adaptive-audio-for-mobile
[accessed 2024-05-13]

42. Marks A. The Complete Guide to Game Audio: For Composers, Musicians, Sound Designers, Game Developers. New
York, NY: Routledge; 2012.

43. Audio Settings | Game Dev Handbook. URL: https://gamedev.catalystsoftworks.com/ui/settings/audio/ [accessed 2024-05-13]
44. Audio dynamic range calibration system. Martin Bussy-Pâris. 2016. URL: https://martinbussy.com/

audio-dynamic-range-calibration-system/ [accessed 2024-05-13]

Abbreviations
CHERRIES: Checklist for Reporting Results of Internet E-Surveys
HBM: health belief model
HRA: Human Research Act

JMIR Form Res 2025 | vol. 9 | e60476 | p.2404https://formative.jmir.org/2025/1/e60476
(page number not for citation purposes)

Diviani et alJMIR FORMATIVE RESEARCH

XSL•FO
RenderX

http://dx.doi.org/10.1016/j.ypmed.2008.07.006
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18675845&dopt=Abstract
http://dx.doi.org/10.1177/109019817400200405
https://eric.ed.gov/?id=EJ1022065
http://dx.doi.org/10.3766/jaaa.22.10.5
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22212766&dopt=Abstract
http://dx.doi.org/10.1111/j.1360-0443.1992.tb02720.x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=1591525&dopt=Abstract
https://www.fedlex.admin.ch/eli/cc/2013/617/en
https://www.fedlex.admin.ch/eli/cc/2013/617/en
https://swissethics.ch/assets/other_study_documents/decision-tree_v2.1_06.02.25_en.pdf
https://bmcpublichealth.biomedcentral.com/articles/10.1186/s12889-022-13431-2
http://dx.doi.org/10.1186/s12889-022-13431-2
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35614402&dopt=Abstract
https://europepmc.org/abstract/MED/23980613
http://dx.doi.org/10.1080/10410236.2012.762861
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23980613&dopt=Abstract
http://dx.doi.org/10.1080/713852118
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=14530147&dopt=Abstract
http://paperpile.com/b/qBwMCN/4qBS
http://dx.doi.org/10.1080/23808985.2009.11679085
https://repo.pw.edu.pl/docstore/download/WUTfca86b4234264daaa67db9dec840db45/vibsys_2019101.pdf
https://repo.pw.edu.pl/docstore/download/WUTfca86b4234264daaa67db9dec840db45/vibsys_2019101.pdf
https://europepmc.org/abstract/MED/16012704
http://dx.doi.org/10.1177/108471380500900202
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16012704&dopt=Abstract
https://gamerant.com/horizon-forbidden-west-tinnitus-sounds-option/
https://gamerant.com/horizon-forbidden-west-tinnitus-sounds-option/
http://dx.doi.org/10.18203/2349-3933.ijam20212416
https://www.nintendo.com/en-gb/Support/Nintendo-Switch/How-to-Raise-or-Lower-the-Maximum-Headphone-Volume-1516285.html
https://www.nintendo.com/en-gb/Support/Nintendo-Switch/How-to-Raise-or-Lower-the-Maximum-Headphone-Volume-1516285.html
https://www.gamedeveloper.com/audio/adaptive-audio-for-mobile
https://gamedev.catalystsoftworks.com/ui/settings/audio/
https://martinbussy.com/audio-dynamic-range-calibration-system/
https://martinbussy.com/audio-dynamic-range-calibration-system/
http://www.w3.org/Style/XSL
http://www.renderx.com/


LHQ: Listening Habits Questionnaire
OR: odds ratio
TTM: transtheoretical model
WHO: World Health Organization

Edited by A Mavragani; submitted 13.05.24; peer-reviewed by RE Ferdig, K Song; comments to author 06.09.24; revised version
received 27.09.24; accepted 28.10.24; published 25.03.25.

Please cite as:
Diviani N, Chadha S, Mulas P, Rubinelli S
Safe Listening Beliefs, Attitudes, and Practices Among Gamers and Esports Participants: International Web-Based Survey
JMIR Form Res 2025;9:e60476
URL: https://formative.jmir.org/2025/1/e60476 
doi:10.2196/60476
PMID:40131338

©Nicola Diviani, Shelly Chadha, Peter Mulas, Sara Rubinelli. Originally published in JMIR Formative Research
(https://formative.jmir.org), 25.03.2025. This is an open-access article distributed under the terms of the Creative Commons
Attribution License (https://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution, and reproduction
in any medium, provided the original work, first published in JMIR Formative Research, is properly cited. The complete
bibliographic information, a link to the original publication on https://formative.jmir.org, as well as this copyright and license
information must be included.

JMIR Form Res 2025 | vol. 9 | e60476 | p.2405https://formative.jmir.org/2025/1/e60476
(page number not for citation purposes)

Diviani et alJMIR FORMATIVE RESEARCH

XSL•FO
RenderX

https://formative.jmir.org/2025/1/e60476
http://dx.doi.org/10.2196/60476
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=40131338&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


Original Paper

Perceived Trust and Professional Identity Threat in AI-Based
Clinical Decision Support Systems: Scenario-Based Experimental
Study on AI Process Design Features

Sophia Ackerhans1, MSc; Kai Wehkamp2, Prof Dr Med; Rainer Petzina2, Dr phil, Prof Dr Med; Daniel Dumitrescu3,

Dr med; Carsten Schultz1, Prof Dr
1Kiel Institute of Responsible Innovation, University of Kiel, Kiel, Germany
2Medical School Hamburg, Hamburg, Germany
3Clinic for General and Interventional Cardiology/Angiology, Heart and Diabetes Center North Rhine-Westphalia, Ruhr-University Bochum, Medical
Faculty OWL (University Bielefeld), Bad Oeynhausen, Germany

Corresponding Author:
Sophia Ackerhans, MSc
Kiel Institute of Responsible Innovation
University of Kiel
Westring 425
Kiel, 24118
Germany
Phone: 49 431880479
Email: ackerhans@bwl.uni-kiel.de

Abstract

Background: Artificial intelligence (AI)–based systems in medicine like clinical decision support systems (CDSSs) have shown
promising results in health care, sometimes outperforming human specialists. However, the integration of AI may challenge
medical professionals’ identities and lead to limited trust in technology, resulting in health care professionals rejecting AI-based
systems.

Objective: This study aims to explore the impact of AI process design features on physicians’ trust in the AI solution and on
perceived threats to their professional identity. These design features involve the explainability of AI-based CDSS decision
outcomes, the integration depth of the AI-generated advice into the clinical workflow, and the physician’s accountability for the
AI system-induced medical decisions.

Methods: We conducted a 3-factorial web-based between-subject scenario-based experiment with 292 medical students in their
medical training and experienced physicians across different specialties. The participants were presented with an AI-based CDSS
for sepsis prediction and prevention for use in a hospital. Each participant was given a scenario in which the 3 design features of
the AI-based CDSS were manipulated in a 2×2×2 factorial design. SPSS PROCESS (IBM Corp) macro was used for hypothesis
testing.

Results: The results suggest that the explainability of the AI-based CDSS was positively associated with both trust in the AI
system (β=.508; P<.001) and professional identity threat perceptions (β=.351; P=.02). Trust in the AI system was found to be
negatively related to professional identity threat perceptions (β=–.138; P=.047), indicating a partially mediated effect on professional
identity threat through trust. Deep integration of AI-generated advice into the clinical workflow was positively associated with
trust in the system (β=.262; P=.009). The accountability of the AI-based decisions, that is, the system required a signature, was
found to be positively associated with professional identity threat perceptions among the respondents (β=.339; P=.004).

Conclusions: Our research highlights the role of process design features of AI systems used in medicine in shaping professional
identity perceptions, mediated through increased trust in AI. An explainable AI-based CDSS and an AI-generated system advice,
which is deeply integrated into the clinical workflow, reinforce trust, thereby mitigating perceived professional identity threats.
However, explainable AI and individual accountability of the system directly exacerbate threat perceptions. Our findings illustrate
the complex nature of the behavioral patterns of AI in health care and have broader implications for supporting the implementation
of AI-based CDSSs in a context where AI systems may impact professional identity.

(JMIR Form Res 2025;9:e64266)   doi:10.2196/64266
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Introduction

Background
Research in the field of health care innovation has begun to
examine the impact of artificial intelligence (AI) on
human-cognitive structures and processes of medical
decision-making and problem-solving [1,2]. AI enables
machines to process and analyze vast datasets independently
[3], improving clinical outcomes in areas such as sepsis
detection and error reduction [4,5]. AI-based clinical decision
support systems (CDSSs) can enhance patient care while
reducing costs and errors [6]. However, successful
implementation requires acceptance by health care professionals,
which is often hindered by skepticism, distrust, and perceived
threats to professional identity [7,8].

Process design features, such as explainability and reliability,
play a crucial role in shaping trust in AI-based CDSSs and may
influence physicians’ professional identity [8-11]. While prior
research has explored the relationship between trust and
technology acceptance [12,13], the impact of these design
features on professional identity threats remains underexplored.
This study investigates how process design features influence
physicians’ trust in AI-based CDSSs and how this trust relates
to professional identity threats, providing insights to support
AI implementation in health care.

Conceptual Framework
Early research on technology adoption in organizations primarily
focused on how users perceive and respond to technical aspects.
For instance, the Technology Acceptance Model [14] delineates
the key determinants shaping users’ attitudes and intentions
toward adopting new workplace technology. Recent studies
have scrutinized technology adoption from the perspective of
trust formation [12,15,16], revealing that a lack of trust in
technology can lead to its misuse and nonadoption of technology
[15]. For example, initial trust in technology positively mediates
the relationship between technology-related factors (such as
performance expectancy, effort expectancy, and task
complexity) and behavioral intentions [16,17]. Trust denotes
the degree to which an individual is willing to believe in or be
vulnerable to the actions of another party [18]. This is
particularly relevant in situations characterized by risk or
uncertainty, where individual behavior can lead to loss or harm
[19]. Importantly, this description extends trust beyond human
interaction to encompass technology, including AI [20]. This
study focuses on the user’s trust in the AI-based technology,
rather than interpersonal trust (trust between individuals) or
social trust (trust in an institution) [21]. Trust is a crucial
prerequisite for physicians in adopting AI [22], as AI is
perceived as risky due to the complexity and unpredictability
of its behavior [11]. Thus, the formation of trust in an AI-based
system among physicians is influenced by the AI system’s
representation and tangibility, that is how the underlying
rationale of AI tools’ decision outcomes are presented to the

user [12]. Consequently, the representation of AI functionalities
is expected to play a pivotal role in fostering trust in AI among
physicians.

IT systems that disrupt traditional work routines often meet
with particular resistance. This defensiveness originates, among
other things, from the potential threat to autonomous work
processes and traditional routines [23]. Studies have emphasized
the relevance of a perceived threat or enhancement posed by
new technologies to professional identities, underscoring the
importance of sociocognitive elements related to human
expertise, including hierarchy, status, autonomy, control, and
legitimacy, particularly in knowledge-intensive organizations
[23-26].

Professional identity pertains to how individuals define and
distinguish themselves in their professional roles [27]. Medical
professionals exhibit a particularly strong attachment to their
social group and professional identity, which evolves through
rigorous socialization during education and the acquisition of
extensive expertise through practical experience [28,29]. Health
care professionals often have the autonomy to make treatment
decisions, intensifying their motivation and dedication and
reinforcing their identification with the medical field [30].
Disruptions to existing workflows will be perceived as threats
to health professionals’ identity if they restrict autonomy in
terms of decision-making and sovereignty over medical
knowledge [8].

A recent literature review on the implementation challenges of
CDSSs showed that a CDSS transparency in elucidating decision
outcomes (the “explainable” AI), integration depth of the
AI-generated system advice into the clinical workflow, and
security- and privacy-related mechanisms such as
system-induced individual accountability frame professional
identity threats and enhancements among physicians [10]. These
3 process design features of AI-based systems may have positive
and negative behavioral consequences.

The AI’s ability to analyze vast amounts of data and
transparently present the outcome of the analysis can
complement physicians’ expertise and strengthen their
professional identity, by facilitating more informed
decision-making and affirming physicians in their perceived
efficiency and effectiveness. However, as the medical
environment in which AI is used is usually complex and the
behavior of AI is not deterministic, the opaque, multilayered
process of AI decision-making is difficult to predict, and the
underlying logic of the decision may be poorly understood
[11,30]. The risk of overreliance on AI may lead to a perceived
erosion of traditional medical expertise. Physicians may
associate AI recommendations with a devaluation of their
professional judgment [7].

AI-based systems that integrate seamlessly into clinical
workflows can enhance the efficiency and productivity of
clinicians, allowing them to focus more on patient care. This
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can strengthen their trust in the IT system [31]. However, AI
systems that provide detailed behavioral advice, which closely
resemble physicians’ established decision-making parameters,
can disrupt the intrinsic rhythm of medical practice. Such
disturbances may foster a perception of diminished autonomy
among physicians that could potentially compromise the
physicians’ professional identity [10].

In addition, the use of digital signatures and the monitoring of
user credentials play a critical role in safeguarding patient
information and maintaining trust in the health care system
[10,32]. The requirement for user signatures on treatment
decisions ensures that actions affected by the AI-based CDSS
are traceable to specific, authorized users, validating the
technologically derived information, and reinforcing the
confidentiality and integrity of patient data. The tracking of user
credentials and actions within AI-based CDSS underscores the
responsibility of physicians in making informed, ethical
treatment decisions, which reinforces their professional identity
as accountable caretakers of patient health [32]. However, these
systems may on the other hand negatively influence the
professional identity and role of physicians by embedding
accountability and increasing monitoring of diagnostic and
therapeutic decisions by clinical managers and external agents

such as government bodies and health insurance [8]. Electronic
monitoring facilitates the regulation and control of both
processes and outcomes. This technological oversight grants
clinical managers and regulators the capability to impose a form
of direct governance over health care professionals. It effectively
binds physicians to a self-regulatory framework, which is less
predicated on the active enforcement of control than on the
perceived omnipresence of surveillance [33]. Furthermore,
detailed tracking of decisions and actions can be used in legal
situations, increasing the liability risks for medical professionals.
This might lead to more defensive behavior, where professionals
take extra precautions, not out of clinical necessity, but to protect
against potential legal repercussions [7].

In the subsequent section, we formulate hypotheses regarding
the role of trust in AI-based CDSSs and the potential threat or
enhancement to the professional identity of health care
professionals stemming from the use of AI-based CDSSs. In
this context, we investigate the impact of AI explainability,
depth of integration of the AI-generated system advice into the
clinical workflow, and system-induced individual accountability.
Figure 1 provides a visual representation of our proposed
research model.

Figure 1. The proposed research framework for analyzing the impact of AI process design features on perceived professional identity threat. AI:
artificial intelligence; CDSS: clinical decision support system; H1A: hypothesis 1A; H1B: hypothesis 1B; H2A: hypothesis 2A; H2B: hypothesis 2B;
H3A: hypothesis 3A; H3B: hypothesis 3B; H4, hypothesis 4.

Hypothesis 1A: The Explainability of an AI-Based CDSS
Has a Positive Effect on Trust for Health Care
Professionals in the Decision Outcomes of Such Systems
Explainable AI represents a crucial component in building trust
in AI-based technologies by ensuring transparency in the
system’s operational principles [12,34]. Such a system
empowers users to understand the system’s internal operations
and decision rationale. For instance, it can illustrate how inputs
are mathematically transformed into outputs [35]. Various levels

of explainability can be implemented, including the presentation
of varying weightings of data leading to AI decisions [36].
Numerous studies highlight the importance of explainable
models in health care, enabling health care professionals to trust
AI-generated outcomes [37,38]. Consequently, we propose that
the transparent display of the data used and the mathematical
basis of decision outcomes in an explainable AI-based CDSS
fosters higher levels of trust.
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Hypothesis 1B: The Explainability of an AI-Based CDSS
Has a Positive Effect on Physicians’ Professional
Identity Threat
Nevertheless, explainable AI-based CDSSs may, in contrast,
pose a potential threat to medical authority and the role of
physicians [7,8]. As the potential of the AI system becomes
transparent to health care professionals, they are more likely to
believe in a shift in hierarchy and an erosion of physicians’
autonomy and status as a result of AI systems [8,26,39]. In
scenarios where AI partially supersedes a physician’s expertise,
particularly in high-risk situations, it exacerbates their sense of
loss of control and status [7], which can induce stress as their
professional decision-making control and autonomy may be
undermined [40]. An explainable AI-based CDSS may as such
be perceived as a threat to their established roles and
professional standing.

Hypothesis 2A: An AI-Based CDSS That Is Deeply
Integrated Into the Clinical Workflow Has a Positive
Effect on Physicians’ Trust in the System
Evaluating the AI-based CDSSs’ fit into the clinical workflow
is crucial because users’ trust in AI varies with the expected
efficacy of the technical system [41]. For instance, physicians
often disregard AI recommendations that are considered
unnecessary, potentially missing out on relevant
decision-enhancing benefits [7,42]. Detailed clinical treatment
recommendations, especially for high-risk events or complex
tasks, can reinforce confidence in the system by reducing
uncertainty through the clinical information provision
[30,34,43]. Consequently, the degree of trust in the technology’s
effectiveness is a result of users’perception of its ability to offer
sufficient, efficient, and prompt assistance.

Hypothesis 2B: An AI-Based CDSS That Is Deeply
Integrated Into the Clinical Workflow Has a Positive
Effect on Physicians’ Perceived Professional Identity
Threat
Physicians’ strong identification with their profession [28] may
make them skeptical of AI-driven system advice, especially in
situations where the AI task undermines their own clinical
workflow and tasks [30,44]. Physicians may fear losing control
over medical decisions if they are compelled to follow the
system’s advice [7]. Integrated AI-based systems with automated
advice, which closely mirror established human tasks, may
disrupt current established processes. Moreover, explicit advice
on expected behavior may diminish professional authority and
autonomy, eroding individual control. When systems control
actions, the scope for human professional judgment is limited,
impacting the ability to provide proficient recommendations.
This situation can lead to a sense of redundancy [44].

Hypothesis 3A: An AI-Based CDSS That Induces
Individual Accountability Has a Negative Effect on
Physicians’ Trust in the AI-Based CDSS
A mandatory use of AI-generated feedback, aimed at enhancing
human-AI collaboration, can inadvertently bring attention to
managerial monitoring and tracking, potentially leading to
concerns about excessive control and distrust. For instance,

demanding health care professionals to approve AI system
decisions can be seen as invasive and indicative of a lack of
managerial discretion, which may undermine both trust in the
system and compliance [45]. Similar issues have arisen in
contexts like Uber (Uber Technologies Inc), where continuous
tracking eroded drivers’ autonomy and trust [46]. Thomas et al
[47] investigated barriers to adopting e-prescribing and found
that requiring health care professional signatures on prescriptions
initially caused frustration and a preference for paper-based
prescriptions. However, over time, the use of signatures became
less of a barrier. Still, constant signature requirements can
increase ambiguity about treatment responsibility, leading to
reduced trust in the system. Physician signatures for validating
the AI system decisions make them cocreators of the AI-based
advice, increasing risk awareness and responsibility for the IT
system’s actions, and as such decreasing system trust.

Hypothesis 3B: An AI-Based CDSS That Induces
Individual Accountability Has a Positive Effect on the
Physicians’ Perceived Threat to Professional Identity
Active endorsement of AI-based CDSS decisions can lead to
an increased perceived reliance of health care professionals on
the system. This perceived dependency diminishes their sense
of autonomous decision-making and intensifies the pressure on
physicians to integrate AI results into their professional
judgment [30]. This pressure to endorse and validate AI-based
decisions raises questions about the distribution of responsibility
and accountability, reducing an individual’s ability to influence
a decision [48]. This kind of AI can infringe physicians’
autonomy and control as they have to justify AI-based CDSS
decisions, despite a lack of knowledge about the data quality
and accuracy of the system [44]. The traceability provided by
signatures raises concerns about the benefits and risks of AI
systems, potentially jeopardizing a physician's reputation as a
medical services provider [49].

Hypothesis 4: Trust in an AI-Based CDSS Mediates the
Relationship Between an Explainable AI-Based CDSS
and Physicians’ Perception of Threat to Their
Professional Identity
Finally, we anticipate a mediated relationship between the
analyzed process design features of AI systems and their
influence on the perception of threats to professional identity
via trust. Empirical research has nuanced human trust in AI into
the dimensions of cognitive and affective trust [50]. Cognitive
trust in AI, rooted in rational evaluation and reliability, and
affective trust, driven by emotional and interpersonal
connections, both emerge as key facets that influence the
acceptance and use of AI [11]. For cognitive trust, AI reliability
and explainability have been identified as pivotal, as the degree
to which the functionality and decision-making processes of
the AI are understandable to users is crucial for building trust.
Affective trust, on the other hand, is based on affective bonds
and feelings toward AI technology rather than rational
evaluations of its capabilities. The degree to which AI
demonstrates behaviors that promote perceived closeness to
actual medical tasks can foster emotional bonds between users
and AI, enhancing trust on an emotional level [11]. Given the
relationship between the use of an AI-based CDSS and threat
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to professional identity, it is reasonable to assume that
physicians’cognitive and affective trust in explainable AI-based
CDSSs can reduce their perception of threat to their professional
identity.

Methods

Study Design
Scenario-based experimental surveys present a valuable
approach to quantitative research by integrating the strengths
of traditional surveys and experimental designs. This method
enhances external validity through the representativeness and
multivariate measurement capabilities of surveys, while
simultaneously improving internal validity through controlled,
experimental interventions. By addressing the limitations of
both approaches—namely, the multicollinearity and passive
measurement inherent in surveys, and the lack of
representativeness and simplified settings typical of
experiments—scenario-based studies offer a comprehensive
and rigorous method for investigating respondents' beliefs,
attitudes, and judgments [51].

Sample and Data Collection
The study was conducted with German medical students,
physicians, and nursing professionals. The study sample was
composed primarily of German medical students in the second
(clinical) part of the course study program, as they represent
future users of AI-based risk prediction systems and are at a
critical stage of developing their professional identity. During
their education, medical students gain professional experience
by interacting directly with patients under supervision, allowing
them to apply theoretical knowledge to real-world clinical
scenarios. This hands-on training is essential for developing
diagnostic skills, clinical decision-making, and effective patient
communication. Medical students undergo continuous practical
training in university clinics, teaching hospitals, or other medical
centers. In addition, they are required to complete a 3-month
internship in a hospital before starting their medical study
program or during nonteaching periods of the preclinical stage,
which familiarizes them with hospital operations and clinical
procedures. Furthermore, a 4-month clinical traineeship is
mandatory during the transition between the preclinical and
clinical stages of medical education. These structured
experiences progressively immerse students in hospital
environments, allowing them to interact with diverse physicians
and develop their professional identities. Research supports the
idea that medical students’professional identity evolves rapidly
during their education. Niemi [52] notes that critical moments
for identity development occur at the start of professional
training, as students begin to conceptualize themselves as future
physicians. Similarly, Pitkala and Mantyranta [53] found that
while medical students initially lacked confidence, their
interactions with patients during clinical placements increased
their sense of credibility and comfort by the end of their first
year. Madill and Latchford [54] further observed that students’
identity progression during their first year of training was
marked by growing competence and dedication. Advanced
medical students, therefore, are well-positioned to recognize
and articulate perceptions of professional identity threats.

For the study, 8 different scenarios of a fictitious AI-based
CDSS were developed, which showed the user the risk of
developing sepsis within the next 48 hours. Sepsis is a complex
infectious disease that can develop from any focus of infection.
It can be caused by viruses, bacteria, fungi, or parasites and can
affect patients of all ages [55]. According to an analysis of
Germany-wide Diagnosis Related Groups statistics, there was
an incidence of 158 patients with sepsis per 100,000 inhabitants
in Germany in 2015. The proportion of sepsis patients among
all hospital patients was 0.7%. 53.8% of patients with
hospital-acquired sepsis were treated in intensive care units and
41.7% died in hospital [56]. In addition to the lack of
improvement in treatment standards and measures to reduce
hospital-acquired infections, this high mortality rate is attributed
to a lack of quality initiatives for early detection [57], which
illustrates the high relevance of AI-supported CDSSs for sepsis
risk prediction.

Five physicians from a university hospital in northern Germany
evaluated the scenario-based web-based survey during a pretest
to ensure that all 3 factors studied were successfully manipulated
and that participants could distinguish between them.
Participants were familiar with the topic of sepsis, as this
condition is considered one of the most common preventable
causes of death and requires timely antibiotic therapy, which
largely depends on the physician’s judgment if an AI-based
CDSS is not used. Manipulation checks were conducted to
ensure that participants understood the manipulation of the
scenario. It was also checked whether the respondents answered
the survey seriously (seriousness check).

Participants were recruited via paper and digital flyers
distributed in senior medical lectures at medical faculties in
northern Germany. In addition, participants were recruited via
social media and newsletters from medical faculties at German
universities. Participation in the study was voluntary, and
participants could access the web-based survey via a link and
QR code provided on the recruitment flyers. Before the
participants could access the questionnaire, they had to give
their informed consent to participate. Participants in the study
were able to view information about the duration of the survey
and data collection (location and duration of data storage,
investigator, and purpose of the study) via a link to a pop-up
on the first page of the survey before giving their consent. The
data was collected between the end of 2022 and summer 2023.
Of the 673 people who clicked on the QR code or link for the
survey, 333 (49.48%) participants accessed the survey. We
received 292 completed responses, which we used for analysis.

Design and Manipulations
In a 2×2×2 factorial design, 3 factors were manipulated:
AI-based CDSS decision explainability (explained vs not
explained), integration depth of AI-based CDSS advice into the
clinical workflow (detailed vs no detailed clinical treatment
advice), and system-induced accountability of a physician in
relation to the AI-based CDSS advice (system required a
signature vs no signature). These manipulations were designed
to produce 8 different treatments (Table 1). All participants
were given a scenario of AI Med Predict, a fictitious AI-based
CDSS. We modified the wording of the scenarios while keeping
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the content consistent to exclude other interpretations. The
participants were randomly divided into 8 groups, each exposed
to one of the treatments (between-subject design). A minimum
size of 23 in each group was calculated with an effect size of
0.85, an α of .05, and a statistical power of 0.8 using the
statistical software G*Power. Thus, the cell sizes for the 8
treatments were large enough for this exploratory study (n1=29;
n2=44; n3=41; n4=45; n5=31; n6=36; n7=42; and n8=24) [58,59].

We developed a hypothetical AI-based CDSS tool for sepsis
risk prediction to operationalize AI-based CDSS decision
explainability, depth of integration of AI-based CDSS advice
into the clinical workflow, and system-induced individual
accountability. The simulated CDSS, set in a fictional ward
view, displayed the patient’s name, age, case number, primary
diagnosis, room and bed, progress remark, and estimated sepsis
risk score in percent. Subsequently, the respondent has seen a
scenario involving a hypothetical patient with a high-risk
prognosis for sepsis within 48 hours.

The explainability of the AI-based CDSS decision was altered
through 2 treatments. If the user received a detailed explanation
of the AI-based CDSS decision that included the patient data
used in the risk analysis calculation, such as preexisting
conditions, recent procedures, vital signs, laboratory values, or
age, we coded the variable as 1. If the user did not receive an
explanation of the estimated sepsis risk score, we coded the
variable as 0. The integration depth of AI-generated advice into
the clinical workflow was coded as 1 if the system specified

preventive treatment procedures, such as catheter change and
microbiological investigations. The respondent was also
provided with a link to the German sepsis prevention, diagnostic,
treatment, and aftercare decision guidelines [60]. If the system
made an unspecific call for preventive activities, the variable
was coded as 0. System-induced individual accountability was
coded as 1 if the system hypothetically sought a signature from
the respondent to acknowledge the risk prediction and to confirm
the planned preventative actions. If the system instructed the
user to examine another subject without requiring a signature,
the variable was coded as 0.

To ensure treatment efficacy, we used manipulation checks.
Specifically, the respondents were asked to evaluate the
explainability of the AI-based CDSS decision (eg, whether AI
Med Predict for risk prediction of sepsis shows them the
composition or explanation of the risk value), the depth of
integration of AI-based CDSS advice into the clinical workflow
(eg, whether AI Med Predict for risk prediction of sepsis gives
them an exact recommended course of action including a link
to treatment guideline) regarding the measures they should
initiate for the patient), and system-induced individual
accountability for the decision outcome of the AI-based CDSS
(eg, whether AI Med Predict for risk prediction of sepsis finally
prompts them for their signature). Only participants were
included in the dataset, which have successfully passed the
manipulation check. On average, the survey completion time
was 15 minutes 16 seconds.

Table 1. Structure of the 2×2×2 scenario-based experiment design with 8 scenarios.

Individual accountability induced by AI-
based CDSS

Integration depth of AI-based CDSS advice
into the clinical workflow

Explainability of AIa-based CDSSb decisionScenario

No signature re-
quired

Signature requiredNo detailed treat-
ment advice

Detailed treatment
advice

Not explainedExplained

✓✓✓1

✓✓✓2

✓✓✓3

✓✓✓4

✓✓✓5

✓✓✓6

✓✓✓7

✓✓✓8

aAI: artificial intelligence.
bCDSS: clinical decision support system.

Measurement Scales
All question items were measured using a 5-point Likert scale
from “strongly disagree” to “strongly agree” (Multimedia
Appendix 1 lists the measurement items in detail). Professional
identity threat was measured by a 6-item scale adopted from
Walter and Lopez [8]. Sample items include “Using AI Med
Predict to predict risk of sepsis reduces my control over clinical
decisions.” Trust in AI-based CDSSs was measured by adapting
the 8-item scale developed by Hoffman et al [34]. An example
item is “I have confidence in the AI Med Predict system for

risk prediction of sepsis. I have the feeling that it works well.”
Because the 2 scales represent relatively recent additions and
include self-developed items, we conducted an exploratory
factor analysis (EFA) to assess their construct validity [61]. For
the scales we used, a principal component analysis with varimax
rotation was performed. The EFA enabled all items to load on
any factor, with the number of factors being defined by an
eigenvalue larger than 1.00 [62]. As reported in Multimedia
Appendix 2, this analysis yielded 2 factors. The first is
composed of items 1, 2, 3, and 5 of the professional identity
threat scale adapted from [8]. The second factor includes the
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first 4 items of the AI trust scale proposed by [34]. Any
remaining items that failed to load on their respective scales
were subsequently eliminated. Despite this, the scales appear
cohesive enough for analysis. The scales for professional identity
threat and trust in technology demonstrated reliability, with
Cronbach α values of 0.83 and 0.81, respectively [63].

Personal innovativeness with technology was examined as a
covariate using a scale, titled the same as Agarwal and Prasad
[64], which measures the respondent’s willingness to explore
new information technology. EFA was used to evaluate the
personal innovativeness scale's component structure [61]. We
found a single-factor solution for personal innovativeness with
a technology scale and a satisfactory Cronbach α (0.86),
indicating excellent construct validity and reliability of these
measures [63,64].

Ethical Considerations
Ethical approval was granted by the Central Ethics Committee
of Kiel University (ZEK-19/22). Informed consent was obtained
from all participants prior to participation in the scenario-based
experiment. The confidentiality of the participants was
maintained at all times. The participants received no
compensation for their participation. In return for participating
in the survey, we promised an earmarked donation per
completed response to a medical charity in the survey.

Results

Descriptive Statistics
A total of 333 responses were collected. Respondents who
indicated that their education or employment was not related
to the health care field were excluded, as their experiences may
not be relevant to the research question (n=16, 4.8%).
Manipulation checks were included to verify whether

participants properly understood and engaged in experimental
conditions. Participants who failed these checks were excluded
to maintain data integrity (n=16, 4.8%). In addition, seriousness
checks were used to ensure participants provided thoughtful
responses. Those who failed these checks, typically by
answering in a way that indicated random or inattentive
participation, were excluded (n=9, 2.7%). This resulted in a
final sample of 292 (87.7%) participants for data analysis. 278
(95.2%) were medical students, 8 (2.7%) participants were
physicians across different specialties, and 6 (2.1%) were
nursing professionals (eg, intensive care nurses). The
participants’average age was assessed using a categorical scale,
where 1=18 years or younger and 7=60 years or older. The mean
score for age was 2.53 (SD 0.75), indicating that the typical
participant in the sample was approximately 24-25 years of age,
corresponding to the mid-20s age range. 70% of the participants
were female (Table 2). On average, the medical students
attended their seventh semester and 74.1% had 3 or more years
of bedside experience. 75% of the physicians and 83.3% of the
nursing professionals were younger than 30 years and were still
active in medical specialist training. 57.2% of the respondents
stated that they lived in Schleswig-Holstein or Hamburg, 9.6%
in Lower Saxony, 9.3% in Baden-Wuerttemberg, and 8.9% in
Bavaria. The complete demographic characteristics of the
sample are present in Multimedia Appendix 3.

The mean values, SDs, and Pearson correlations for the study
variables are displayed in Table 2. The mediator and dependent
variables are weakly correlated (trust and professional identity
threat: r=–0.119; P=.042). Explainability of the AI-based CDSS’
decision outcome and trust in an AI-based CDSS are moderately
correlated (r=0.367; P<.001). AI-based system advice
(r=–0.115; P=.049) and accountability of the AI-based CDSS
via a system-required signature (r=0.122; P=.037) are weakly
correlated with professional identity threat.
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Table 2. Mean values, SDs, and correlation matrix (N=292).

87654321SDMean

———————c1.000.5010.49Explainable

AIa-based

CDSSb

——————1.00–0.117d0.5000.48AI-based
CDSS system
advice

—————1.00–0.045–0.1080.4990.54AI-based
CDSS track-
ing

————1.00–0.0220.1140.367e0.6553.278Trust

———1.00–0.119h0.122g–0.115f0.0340.7081.907Professional
identity threat

——1.00–0.1030.074–0.005–0.0160.0690.7993.463Personal inno-
vativeness

—1.00–0.077–0.027–0.104–0.0360.137j–0.0090.7802.50Age (1-7

scale)i

1.00–0.089–0.300l–0.0300.133k0.006–0.0640.0390.580.70Sex

(1: female)

a AI: artificial intelligence.
bCDSS: clinical decision support system.
cNot applicable.
dP=.045.
eP<.001.
fP=.049.
gP=.04.
hP=.042.
iParticipants reported their age using a categorical scale: 1=18 years or younger, 2=19-24 years, 3=25-29 years, 4=30-39 years, 5=40-49 years, 6=50-59
years, and 7=older than 60 years.
jP=.02.
kP=.02.
lP<.001.

Hypothesis Testing
First, we conducted a 1-way ANOVA to assess the effects of
the 8 differently manipulated scenarios on trust in an AI-based
CDSS and the threat of AI-based CDSS to professional identity.
The level of trust differed statistically significant for the different
scenarios, (F7,284=2.596; P<.01). The level of perceived
professional identity threat differed statistically significant on
a 10% level for the different scenarios (F7,284=1.818; P<.08).
Figure 2 and Figure 3 show the mean values of the 2 variables
across the 8 scenarios, along with pairwise comparisons using
a post hoc least significant difference test to control for type I
error.

The 8 scenarios given in Figures 2 and 3 are as follows. In
scenario 1, the AI-based CDSS decision is not explained, the
treatment advice is not deeply integrated into the clinical
workflow, and there is no individual accountability induced by
the system via signature. In scenario 2, the AI-based CDSS
decision is explainable; however, the treatment advice remains
not deeply integrated into the clinical workflow, and there is
no individual accountability induced by the system via signature.

Scenario 3 features an AI-based CDSS decision that is not
explained, but the treatment advice is deeply integrated into the
clinical workflow, while individual accountability is not induced
by the system via signature. In scenario 4, the AI-based CDSS
decision is explainable, the treatment advice is deeply integrated
into the clinical workflow, and no individual accountability is
induced by the system via signature. Scenario 5 involves a not
explained AI-based CDSS decision with treatment advice that
is not deeply integrated into the clinical workflow; however,
individual accountability is induced by the system via signature.
In scenario 6, the decision is explainable, the treatment advice
is not deeply integrated into the clinical workflow, and
individual accountability is induced by the system via signature.
Scenario 7 presents a not explained AI-based CDSS decision
combined with deeply integrated treatment advice in the clinical
workflow, and individual accountability is induced by the system
via signature. Finally, scenario 8 includes an explainable
AI-based CDSS decision, deeply integrated treatment advice
within the clinical workflow, and individual accountability is
induced by the system via signature. In all scenarios, the error
bars represent an SE of 1.
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Figure 2. Mean values of variable trust in AI-based CDSS, with pairwise comparisons (post hoc results). AI: artificial intelligence; CDSS: clinical
decision support system. *P<.05, **P<.01, ***P<.001.

Figure 3. Mean values of variable threat of AI-based CDSS to professional identity, with pairwise comparisons (post hoc results). AI: artificial
intelligence; CDSS: clinical decision support system. *P<.05, **P<.01.
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Further, we performed SPSS PROCESS (IBM Corp) macro
model 10 to test the proposed hypotheses (Figure 4) [65].
PROCESS is an observed-variable modeling tool that relies on
ordinary least squares regression, mediation, or moderation
analysis [66]. We carried out bootstrapping to test the indirect
effects with a sample size of 5000 and a 95% CI [67]. As
suggested by Preacher and Hayes [67], we examined the
significance of the effects by checking whether the CIs included
0. As control variables, we considered participants’ age, sex,
and personal innovativeness in relation to new technologies.
The model explains 7.2% of the variance of the dependent

variable, professional identity threat (adjusted R2=0.072;
F9,282=2.439; P=.01). We found a significant positive association
between AI-based CDSS explainability and trust in such a
system (β=.508; P<.001). This finding provides support for
hypothesis 1A. Furthermore, it was shown that the level of trust
in an AI-based CDSS has a negative relationship with a
perceived threat to professional identity (β=–.138; P=.047). The
results further demonstrated that the indirect effect of the
explainability of an AI-based CDSS on professional identity
threat via trust in an AI-based CDSS was significant in all
treatment manipulations. While holding the other 2 process
design features constant, the indirect effect of the explainability

of AI via trust was a×b=–.073 (95% CI –0.145 to –0.009). In
addition, we found a significant positive direct association
between the explainability of an AI-based CDSS and
professional identity threat (β=.351; P=.02), providing support
for hypothesis 1B. Thus, the impact of explainable AI-driven
CDSS on the perception of professional identity threat is found
to be partially mediated by the level of trust placed in AI,
providing support for hypothesis 4. We found a significant
positive association between an AI-based CDSS that is strongly
integrated into the clinical workflow and trust in such a system
(β=.262; P=.009), providing support for hypothesis 2A. Further,
the direct effect of an AI-based CDSS inducing individual
accountability on the perceived threat to professional identity
was significant (β=.339; P=.004), which supports hypothesis
3B. Finally, sex (1: female) significantly influences trust in an
AI-based CDSS (β=.208; P=.01) while personal innovativeness
significantly influences the professional identity threat posed
by an AI-based CDSS (β=–.108; P=.046; Figure 4). At the same
time, the direct influence of a strongly integrated AI-based
CDSS into the clinical workflow on a perceived threat to
professional identity is not significant. Similarly, a system
inducing a physician’s accountability does not significantly
affect trust in an AI-based CDSS (Table 3).

Figure 4. Regression results (N=292). AI: artificial intelligence; CDSS: clinical decision support system; H1A: hypothesis 1A; H1B: hypothesis 1B;
H2A: hypothesis 2A; H2B: hypothesis 2B; H3A: hypothesis 3A; H3B: hypothesis 3B; H4, hypothesis 4.
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Table 3. Path analysis results with coefficients, P values, and 95% CIs (N=292).

95% CIP valueCoefficients (β)Hypothesis and path

0.258 to 0.758<.001.508H1Aa: AIb-based CDSSc explainability → trust
in the AI-based CDSS

0.052 to 0.651.02.351H1Bd: AI-based CDSS explainability → perceived
threat of AI-based CDSS to professional identity

0.067 to 0456.009.262H2Ae: Integration of AI-based CDSS advice into
the clinical workflow → trust in the AI-based
CDSS

–0.301 to 0.158.538–.072H2Bf: Integration of AI-based CDSS advice into
the clinical workflow → perceived threat of AI-
based CDSS to professional identity

–0.173 to 0.222.81.024H3Ag: Individual accountability of the AI-based
CDSS → trust in the AI-based CDSS

0.110 to 0.569.004.339H3Bh: Individual accountability of the AI-based
CDSS → perceived threat of AI-based CDSS to
professional identity

–0.275 to –0.002.047–.138H4i: Trust in the AI-based CDSS → perceived
threat of AI-based CDSS to professional identity

–0.145 to –0.009—j–.073AI-based CDSS explainability → trust in the AI-
based CDSS → perceived threat of AI-based
CDSS to professional identity

aH1A: hypothesis 1A.
bAI: artificial intelligence.
cCDSS: clinical decision support system.
dH1B: hypothesis 1B.
eH2A: hypothesis 2A.
fH2B: hypothesis 2B
gH3A: hypothesis 3A.
hH3B: hypothesis 3B.
iH4: hypothesis 4.
jNot applicable.

A formal test of mediation was performed to analyze,
independently of the other variables of influence, whether
explainable AI-based CDSS predicts a perceived professional
identity threat, and whether this direct path would be mediated
by trust in the system. A total effect of an explainable AI-based
CDSS on professional identity threat perceptions without
involving trust was not observed (β=.065; P=.43). However,
after incorporating the mediator trust in AI into the model, the
explainability of an AI-based CDSS significantly predicted the
mediator (β=.465; P<.001), which in turn significantly
influenced perceptions of professional identity threat (β=–.156;
P<.05). The direct effect of an explainable AI-based CDSS on
professional identity threat perceptions via trust was not
significant (β=.138; P=.12). Thus, our findings suggest that the
relationship between AI-based CDSS explainability and
professional identity threat perceptions is partially mediated by
the trust in the system (indirect effect a×b=–.073 (95% CI
–0.143 to –0.009).

Moreover, we have refined the estimation of the model by
including other control variables, namely 5 personality
dimensions: conscientiousness, extraversion, agreeableness,
emotional stability, and openness to experience [68], as well as

health care job tenure, and surgical specialties. Here we found
that none of the variables had a significant effect on the threat
to professional identity or on the change in path coefficients.

Discussion

Principal Results
The present study examines how AI-based CDSS process design
features affect health care professionals’ trust in AI and their
perceived threat to professional identity. The findings show that
decision outcome representations and human-AI interaction
mechanisms shape health care professionals' trust and
professional identity threat perceptions. Our study revealed that
trust in AI partially mediates the influence of an explainable
AI-based CDSS and strongly integrated AI-based system on
the perceived identity threats among health care professionals.
This supports earlier studies on AI explainability and clinical
workflow integration, establishing trust in technology [10,34].
While AI decision-making may be challenging to understand
in certain instances, providing clarity about the algorithm and
AI advisory behavior may help align consumers' expectations
with the performance of AI [11]. Our study also found a direct
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and significant positive effect of explainable AI on the perceived
threat to professional identity, a finding that aligns with research
on the threat posed by AI in professional work [8]. In this
context, AI's enhanced capabilities may raise questions not only
about its compatibility with physicians’expertise and experience
but also about its individual consequences. Future research
needs to ascertain whether explainable AI undermines the
perceived professional identity, whether trust in technology
stabilizes through emergent dependability in real-life settings,
or if this finding is favored by the controlled laboratory setting.

Comparison With Prior Work
In research on AI-based CDSSs, the effect of system integration
into the clinical workflow on the emergence of professional
identity threats has been investigated and considered as evidence
of high absorption of individual medical competence [7,26,30].
Our study does not find any significant effect of AI-based
system advice that is deeply integrated into the clinical workflow
on individual professional identity threat assessments. This
might be attributed to the different interpretations individuals
have with high information content and medical guidelines.
Future research should investigate human biases associated with
AI-based advice, such as medical guidelines, not only to gain
a deeper understanding of their functioning role in shaping
professional identity threat perceptions among health care
professionals but also to prevent their misuse or overuse.
Furthermore, future AI research should focus on the influence
of AI-based systems’ reliability, that is, predicted consistent
performance [12], on technological trustworthiness [11].
Another potential area of investigation may be the influence of
various representations of AI reliability on threats to professional
identity. Furthermore, the ongoing discussion about the ethical
responsibility of AI-based CDSSs plays a significant role in
this context [12]. Physicians must be able to adhere to the
system’s decision without fear of biased data composition.

Previous research on monitoring the behavior of health care
professionals has identified it as an important factor for distrust
in technology [45]. However, as our research indicates, the
relationship between AI system monitoring and trust in AI could
be more complex, as a system that induces accountability of
the physician does not necessarily result in low trust in the AI
system and rejection among health care professionals. Health
care professionals may perceive a signing function as
micromanagement and distrust it, for example, by misusing it
to avoid responsibility and traceability of the AI tool’s judgment.
Our findings imply that such system functionalities interfere
profoundly with personal physician identity perceptions. The
significant positive relationship between an AI-assisted system
that is inducing individual accountability and a perceived threat
to professional identity demonstrates that agreement to an
AI-assisted treatment decision is viewed as invasive and
antagonistic to professional competence. Nevertheless, decision
support can be seen as a functionality that enhances professional
identity as it is followed rather than relying on individual
professional competence. Especially in situations where direct
consultation with a more experienced physician is not available,
the reassurance of an AI-assisted decision and its validation
may lead to increased trust in the technology [30]. Future
research should explore how incorporating a human decision

into an AI-assisted CDSS promotes trust in the technology and
the socio-cognitive aspects of such technology adoption in the
medical context.

The evaluative mechanisms used in this investigation to
determine trust in AI outcomes predominantly address cognitive
trust. Yet, empirical evidence underscores the significant role
of emotional dimensions, such as affective trust, in the
efficacious deployment of AI within the health care sector. It
is imperative that forthcoming research delves more deeply into
the determinants influencing the emotional aspects of trust in
AI and additional factors such as cooperation and reliance in
physician-AI relations [11].

Adopting such a human-centric perspective presents a substantial
opportunity for interdisciplinary collaboration among scholars
interested in the evolution and assimilation of AI technologies.
While the bulk of existing studies on the interplay between
humans and AI are mainly conducted by experts in cognitive
engineering and information systems, the field of organizational
research offers a valuable vantage point.

This study offers valuable insights for health care managers as
well as developers and implementers of AI-based CDSSs, which
should approach AI integration with an understanding of the
health care professionals' perspective, factoring in aspects that
foster human trust in AI and the relevance and value of specific
tasks to the workforce. Consequently, in determining the tasks
to delegate to AI, it is critical to evaluate not only the
technological capabilities at their disposal but also to consider
the human element, including perceived threats or enhancements
to their professional identity, the interests and motivations of
the employees, and the potential for enhancing their trust and
productivity through AI collaboration. Specifically, our study
shows that the explanation of AI-based CDSS decision outcomes
proves beneficial for enhancing trust in AI among health care
professionals. AI implementers and health care executives
should focus on presenting AI decisions as recommendations
that align with existing clinical workflows and which can be
overruled by a human decision, rather than disrupting work
processes. Furthermore, whenever feasible, AI-based CDSSs
should refrain from querying accountability that exposes
personal information about the operator. To resolve liability
issues, established standards and legal frameworks should be
developed, freeing individual practitioners of the duty of actively
validating this information.

Limitations
This study has several limitations that warrant careful
consideration. First, the small sample size constrained the ability
to apply certain filtering criteria, thereby limiting the robustness
of findings related to the influence of specific variables. A larger
sample would facilitate more precise filtering, particularly the
exclusion of preclinical medical students whose limited
professional experience and socialization may not accurately
represent perceptions of threats to professional identity.
Moreover, the sample’s composition, with 95% comprising
medical students, presents a potential selection bias, as their
experiences and perceptions may differ significantly from those
of practicing physicians, nurses, or other health care
professionals. Consequently, the generalizability of the findings
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to a broader health care population is limited. Future research
should aim to include a more heterogeneous sample of health
care professionals to enhance the validity and applicability of
the results.

Additionally, the study’s use of scenario-based surveys, while
methodologically advantageous in combining elements of both
traditional surveys and experimental designs, presents inherent
limitations. Despite attempts to balance internal and external
validity, scenario-based studies may still fail to fully capture
the complexity of real-world clinical settings, thus constraining
the external validity and broader applicability of the findings
[51]. For instance, laboratory studies indicate that users initially
exhibit high levels of trust in AI-based CDSS, which diminishes
over time as inconsistencies in risk prediction arise [69]. In
contrast, field studies suggest that lower initial trust may
increase through sustained interaction [70]. Such discrepancies
highlight the difficulty in generalizing findings from controlled
experimental settings to real-world environments. Furthermore,
variability in respondents’ interpretations of the hypothetical
scenarios presented may introduce bias, potentially affecting
the reliability of the results [51].

Finally, the study’s focus on an AI-based risk prediction system
for sepsis may limit the generalizability of the findings to other
clinical conditions or AI applications in different contexts.

Future research should examine whether the observed effects
are consistent across AI systems designed for other clinical
functions to provide a more comprehensive understanding of
the factors influencing the adoption and trust of AI in health
care settings.

Conclusions
In this study, we demonstrated how distinct AI process design
features such as the explainability of AI-based CDSS decision
outcomes, the integration depth of AI-based CDSS advice into
the clinical workflow, and higher accountability through
enforced signatures shape trust in AI and professional identity
among health care professionals. Our research demonstrated
the critical role that trust in AI played in fostering professional
identity among health care workers. While explainable AI-based
CDSS and systems highly integrated into clinical workflows
enhanced trust, which supported the compatibility of the AI
system with professional identity among health care
professionals, explainable AI and enforced accountability led
to a perceived professional identity threat. The findings of this
study can be applicable to a variety of scenarios where the
potential threat to professional identity posed by the rising
deployment of AI-based systems played a role, especially in
knowledge-intensive settings, where well-established and
taken-for-granted behaviors, attitudes, and beliefs are questioned
by AI solutions.
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Abstract

Background: Existing literature shows that persons with substance use disorder (SUD) experience different stages of readiness
to reduce or abstain from substance use, and tailoring intervention change strategies to these stages may facilitate recovery.
Moreover, stigma may serve as a barrier to recovery by preventing persons with SUDs from seeking treatment. In recent years,
the behavior change technique (BCT) taxonomy has increasingly become useful for identifying potential efficacious intervention
components; however, prior literature has not addressed the extent to which these techniques may naturally be used to recover
from substance use, and knowledge of this may be useful in the design of future interventions.

Objective: We take a three-step approach to identifying strategies to facilitate substance use recovery: (1) characterizing the
extent to which stages of change are expressed in social media data, (2) identifying BCTs used by persons at different stages of
change, and (3) exploring the role that stigma plays in recovery journeys.

Methods: We collected discussion posts from Reddit, a popular social networking site, and identified subreddits or discussion
forums about 3 substances (alcohol, cannabis, and opioids). We then performed qualitative data analysis using a hybrid
inductive-deductive method to identify the stages of change in social media authors’ recovery journeys, the techniques that social
media content authors used as they sought to quit substance use, and the role that stigma played in social media authors’ recovery
journeys.

Results: We examined 748 posts pertaining to 3 substances: alcohol (n=316, 42.2%), cannabis (n=335, 44.8%), and opioids
(n=135, 18%). Social media content representing the different stages of change was observed, with the majority (472/748, 63.1%)
of narratives representing the action stage. In total, 11 categories of BCTs were identified. There were similarities in BCT use
across precontemplation, contemplation, and preparation stages, with social support seeking and awareness of natural consequences
being the most common. As people sought to quit or reduce their use of substances (action stage), we observed a variety of BCTs,
such as the repetition and substitution of healthful behaviors and monitoring and receiving feedback on their own behavior. In
the maintenance stage, reports of diverse BCTs continue to be frequent, but offers of social support also become more common
than in previous stages. Stigma was present throughout all stages. We present 5 major themes pertaining to the manifestation of
stigma.

Conclusions: Patterns of BCT use and stigmatizing experiences are frequently discussed in social media, which can be leveraged
to better understand the natural course of recovery from SUD and how interventions might facilitate recovery from substance
use. It may be important to incorporate stigma reduction across all stages of the recovery journey.
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Introduction

Background
As of 2022, among individuals aged ≥12 years in the United
States, 17.3%, or 48.7 million people, met the diagnostic criteria
for substance use disorder (SUD) in the last year [1].
Considering individuals needing treatment for SUD in the past
year, it is estimated that only approximately one-fourth received
treatment [2].

SUD is a highly stigmatized condition [3], and there is
considerable evidence that individuals experiencing SUD are
faced with stigmatizing experiences in their communities, at
work, and in health care contexts [4]. Because stigma
substantially worsens outcomes for individuals with SUD [5],
mitigating stigma’s effects is important in improving outcomes
for individuals experiencing SUD.

A number of models have been developed to understand health
behavior change [6]. In the context of SUD and addiction
recovery, the most widely used theory is the transtheoretical
model (TTM) [7]. The TTM was originally developed in the
1980s in the context of designing smoking cessation
interventions and remains a dominant model for conceptualizing
recovery phases [8]. The theory posits that individuals
experiencing SUD can vary in their readiness to change a given
health-related behavior and that determining a person’s “change
readiness” can facilitate the choice of an appropriate
intervention. As such, successful behavior change is a process
that takes place over time, rather than a single decision at a
specific point in time. According to the TTM, an individual
experiencing SUD can be located in 1 of 6 stages:
precontemplation (ie, not intending to make a behavior change
within the next 6 months), contemplation (ie, intending to make
a change within the next 6 months), preparation (ie, intending
to take action within the next 30 days), action (ie, making active,
sustained attempts at behavior change for less than 6 months),
maintenance (ie, keeping up a sustained behavior change for
more than 6 months), and termination (ie, completed behavior
change, with no desire to return to the previous behavior). In
addition to the stages of change, the TTM argues that particular
processes of change are effective for individuals at different
stages, thus serving as recommendations for intervention design.

However, in recent years, there has been increased awareness
of the need to better understand behavioral interventions,
particularly due to the rapid evolution of technologies that are
often used to deliver interventions [9]. The behavior change
technique (BCT) taxonomy [10] is a resource that has been
developed to serve as a method for specifying interventions and
the components that account for their effectiveness. The
taxonomy includes a standardized set of 93 BCTs proposed to
be “active ingredients” of interventions (eg, personalized
feedback about health behaviors, self-monitoring of symptoms
and behaviors, and reinforcement of positive change).

Social media and other forms of consumer-generated textual
data are a widely used resource for understanding health
behaviors and serve as a useful complement to more established
data collection methods (eg, surveys and qualitative interviews)
[11,12]. A key advantage of social media as a source of data is
that they provide spontaneous, naturalistic, unmediated, and
first-person accounts of individual user’s feelings and attitudes,
which can provide insights that more hypothesis-driven data
collection strategies may not necessarily capture [13].

Reddit is a large, predominantly text-based social media site
organized into subreddits (ie, forums centered on a common
theme or topic) in which users pseudonymously create posts
and respond to other users’ posts. Compared to short text
microblog services such as Twitter (rebranded to X),
video-based services (eg, YouTube and TikTok), and
image-based services (eg, Pinterest and Instagram), Reddit
encourages a more verbose, discursive style of interaction, often
including rich, detailed narratives that share users' experiences,
foregrounding the voices and experiences of individuals living
with SUD. As such, Reddit has been extensively used as a
resource for investigating substance use in the context of
smoking cessation and vaping [14-16], cannabis use [16-18],
alcohol use [19,20], and opioid use [21,22].

Objectives
With this paper, we aimed to build on existing work that uses
Reddit data to explore social media users’ experiences of using
(and ceasing to use) alcohol, cannabis, and opioids. We selected
these 3 substances because public perception differs for different
substances [23]. The stigma associated with the use of a
substance can vary due to factors such as perceived
dangerousness, social acceptance, and legality [24], and these
substances may complement one another in terms of the insights
offered with respect to people’s use experiences and recovery
strategies. Moreover, alcohol and cannabis are among the most
widely used substances in the United States [25], and there was
widespread concern about the opioid crisis during the study
period [26,27]. We used qualitative data analysis methods to
characterize the behavior change strategies that may be used at
different stages of the TTM and explored a challenge that Reddit
authors report experiencing throughout the stages—stigma
relating to substance use. Our investigation was framed around
3 research questions (RQs):

• RQ1: What are the manifestations of the stages of the TTM
among Reddit authors?

• RQ2: Which BCTs emerge organically at different stages
of the TTM?

• RQ3: How do participants experience stigma, and how do
these experiences of stigma affect recovery?
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Methods

Data Collection and Preparation
The data collection and preparation process included multiple
phases (Figure 1). In phase 1, as described in a previous study
[28], we collected data from different subreddits relating to
alcohol, cannabis, or opioid use (N=163,662 posts) using the
pushshift.io application programming interface [29]. In the
selection of subreddits, we sought to be inclusive of orientation

toward use, including those more oriented toward recovery (eg,
r/stopdrinking, r/leaves, and r/OpiatesRecovery) and those
adopted various other positions regarding consumption and use
(eg, r/alcohol, r/cripplingalcoholism, r/Marijuana, r/Petioles,
r/trees, r/cannabis, r/opiates). The posts were authored between
January 1, 2013, and December 31, 2019. Data collected from
subreddits only included “initiating” posts, as previous work
has reported that these posts tend to contain richer narratives
than replies to the initiating post [30].

Figure 1. Data preparation flowchart illustrating the process of identifying subreddit posts containing narratives of stigma and recovery related to
alcohol, opioid, and cannabis use. BCT: behavior change technique; TTM: transtheoretical model.

We then performed content analysis on a subset of the corpus
(2214/163,662, 1.35%) sampled using keywords. Given the
salience of stigma in substance use recovery, posts were eligible
if they contained keywords suggesting that stigma might be
present, including adjectives that are highly indicative of stigma
(eg, “shame,” “untrustworthy,” and “disappoint”), pejorative
labels (eg, “crackhead,” “junkie,” and “alcoholic”), and
references to persons who might be involved in stigma-related
experiences (eg, partners, parents, and coworkers). In phase 1
content analysis, we annotated the substances used and stigma
mechanisms present (ie, internalized, anticipated, and enacted
stigma). These procedures are described in detail in a prior study
[31].

Building on this foundation, we developed a set of binary
classification models using the phase 1 annotated dataset as
training data. The models use machine learning (ML) algorithms
to differentiate between the presence versus absence of
substance use and stigma mechanisms. Architecturally, the
models combine an autoencoder RoBERTa framework [32] and
a multilayer perceptron that takes features that may be
informative of stigma as input. The features include Term
Frequency-Inverse Document Frequency weighted n-grams (ie,
the n-grams are weighted based on their importance in a given
post, relative to the corpus), affective and psychological lexical
features, and additional handcrafted features. A detailed
description of the development and evaluation of the classifiers
is available in a prior study [33]. These models were then used
to generate ML predictions of substances and stigma on the
unseen data (161,448/163,662, 98.65%).

In phase 2, we performed qualitative data analysis to delve
deeper into Reddit authors’ experiences of stigma and the
behaviors they engaged in while seeking to recover from
substance use. To enrich the concentration of stigma in our
sample, we sampled the first 496 posts in the phase 1 annotated
dataset consisting of posts with and without stigma and
combined this with another sample of 252 posts selected from
the unseen data. Post selection was performed using the
previously mentioned ML predictions of stigma and substances,
with the goal of sampling equal proportions of the 3 stigma
mechanisms and the 3 substances. Using this procedure, we
were able to ensure that the resulting dataset for this study
(N=748) contained sufficient posts relating to the 3 substances
and a varied distribution of posts with and without stigma for
subsequent qualitative analyses.

Data Analysis
We performed a qualitative analysis of the posts using a hybrid
inductive-deductive method, which seeks to leverage the
strengths of each respective approach [34]. The deductive or
“top-down” part of our analysis was based on 2 theoretical
frameworks and a taxonomy: the stigma framework [31,35],
the stages of change from the TTM [7], and BCTs as defined
in the behavior change taxonomy [10]. We also included the
substances of interest.

As noted by Proudfoot [34], using a hybrid inductive-deductive
approach to analysis “helps to ensure that the voices of the
participants are valued, while simultaneously allowing for more
theory-led analysis.” Given the sensitive nature of our research
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focus and the richness of our dataset, adopting an inductive
component was particularly important for ensuring that these
voices are heard. Thus, our codebook development included an
inductive or “bottom-up” component in which we adapted the
definitions to our data to account for the specifics of the health
behavior context and data type. For example, though the stage
of action has been defined as having modified their lifestyles
within the past 6 months [7], often there is no explicit
declaration of time in the social media data. Thus, to
differentiate action from the next stage in the TTM,
maintenance, our coding guide specifies that situations where
social media authors appeared to be actively seeking to quit
substance use are indicative of the action stage, whereas
situations where users maintain routinized strategies are
characteristic of the maintenance stage.

In developing codes for BCTs, we focused on the high-level
groupings of the taxonomy [10], such as “antecedents,” which
include more specific techniques, such as “restructuring the
physical environment” and “restructuring the social
environment.” Though the BCT taxonomy does not differentiate
between social support seeking and offering, we chose to do so
due to the diverse ways that social support has been studied in
the literature [36] and the potential importance of differentiating
support sought and received in terms of health outcomes [37].
The taxonomy includes 16 high-level groups; we only included
a subset of these because the others did not appear salient in
our data.

We also coded the substances of interest (eg, alcohol, cannabis,
and opioids) and the stigma mechanisms encountered, identified
either through qualitative coding or using the models and
checked by the annotators, as described previously. The stigma
mechanisms—enacted, anticipated, and internalized
stigma—were adapted from the stigma framework [31,35].
Enacted stigma describes experiences of stereotyping, prejudice,
and discrimination due to a stigmatized attribute; anticipated
stigma is the expectation that one might experience stereotyping,
prejudice, and discrimination in the future due to a stigmatized
attribute; and internalized stigma is the application of negative
feelings and beliefs about a stigmatized group to oneself (Table
1) [38]. For the stigma mechanisms, we also identified the actors
involved (eg, family, friends, partners, coworkers, others,
society, and self).

Our annotation process involved 2 primary coders (SJ and
RKC), who independently coded the discussion posts; an
adjudicator (SHW), who reviewed the codes and facilitated
reconciliation; and 1 additional investigator (ATC), who
provided additional feedback as needed. All disagreements were
reconciled by majority or consensus. Interrater reliability for
the substance and stigma codes are reported in a prior study
[33]. For the stages of the TTM and BCTs, we assessed interrater
reliability using Cohen κ [39]; overall interrater reliability was
0.71 between the 2 coders. Dedoose qualitative data analysis
software was used to perform the coding [40]. For each research
question, we report our findings using descriptive statistics as
well as narrative descriptions of each theme.

Table 1. The stigma framework: definitions and examples.

ExampleDefinition

“My husband called me an addict and said I’d never be-
come clean.”

Experiences of stereotyping, prejudice, and discrimination from others
due to a stigmatized attribute.

Enacted stigma

“My co-workers are giving me looks now at work after
I went in drunk last week. I don’t know how I’m going
to face them day after day.”

The expectation that one might experience stereotyping, prejudice,
and discrimination from others due to a stigmatized attribute.

Anticipated stigma

“I’m a stoner. I am an awful person...”Individuals internalize negative stereotypes about the stigmatized
group that they belong to and apply these to themselves, affecting
their sense of self-worth.

Internalized stigma

Ethical Considerations
Social media can offer naturalistic, first-person accounts of
individual user’s feelings and attitudes, allowing for
understandings that hypothesis-driven data collection strategies
may not necessarily capture [13]. Moreover, prior literature has
reported that social media authors often believe social media
content is public domain and can be freely used in research
without consent as long as individual information is not reported
[41].

However, particular care must be taken to protect the identities
and ensure the anonymity of content authors [42]. In this study,
we analyzed the collected data without attempting to contact or
connect social media authors to their posts; then, we used
synthetic or paraphrased quotations based on the original social
media content to illustrate the themes we present. As there are
situations in which search engines might be used to retrieve

social media posts [42], we constructed synthetic quotations to
protect the identities of content authors.

In the development of these synthetic quotations, we seek to
faithfully represent the voices of social media authors while
protecting their identities by selecting original quotations that
are representative of the data [43], faithful representation of
concepts in the synthesized quotations, and using language that
resembles language in the source medium to maximize
authenticity. As we did not seek to connect social media authors
to their posts, we also did not compensate them. This study has
received ethics approval from both the University of Washington
Human Subjects Division (STUDY00015737) and the
University of Melbourne Human Research Ethics Committee
(2023-25512-48127).

Reflexivity Statement
Our analysis incorporates many recommended practices for
establishing rigor and trustworthiness in qualitative research
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[44]. We ensured thick, rich descriptions using a sampling
strategy that leveraged the large volume of available data while
maintaining our specific research focus, and through a method
of synthetic quotation creation. We performed triangulation
during the data analysis and reporting process through the use
of multiple coders of different backgrounds, including those
with clinical experience (SJ and RKC) and informatics
experience (ATC and SHW) and an investigator with significant
experience in qualitative research, analysis of social media data,
and the lived experiences of persons with chronic conditions
(ATC). An important part of the annotation and synthetic
quotation creation process involved discussion among the
research team to ensure consistent coding over time, faithfulness
to the data, and contextualization of the data considering the
complementary backgrounds of the researchers. The discussion
had several purposes, including consideration of different
perspectives and mitigating the potential bias of any 1
researcher. Last but not least, our procedures facilitate
auditability through detailed notes on our data preparation
process and annotation process.

Results

Sample
Our sample comprised 748 posts pertaining to 3 substances:
alcohol (n=316, 42.2%), cannabis (n=335, 44.8%), and opioids
(n=135, 18%). Each post relates to at least 1 substance. On
average, posts were 348 (SD 315) words long. Internalized
stigma (369/748, 49.3%) was the most commonly expressed
across all stages, but anticipated (131/748, 17.5%) and enacted
stigma (111/748, 14.8%) were also present.

RQ1: How and to What Extent Are the Posts Relating
to Each Stage Represented in the Sample?
The posts reflected different stages of change (Table 2). A subset
of the posts was in the precontemplation stage, when social
media authors do not express an intent to quit. These could
include posts in which people are simply talking about
experiences that they have had relating to substance use, which
could include legal consequences, trouble at work or home, and
more, but do not demonstrate an intention to quit. Often in the
precontemplation stage, internalized stigma manifested as
hopelessness or existential questions:

I feel horrible about my life every day. I feel bad about
not taking care of my kids but I just keep picking up
the bottle.... My life is hopeless.

Am I depressed because I am a drunk or a drunk
because I am depressed?

In the contemplation stage, social media authors begin thinking
about quitting but may identify barriers to doing so:

I’m thinking about quitting again, but I can’t get time
off of work to go into a detox program...

They may also reach out to the Reddit community to ask their
opinion about whether to quit, how to do so, and other related
questions.

In the preparation stage, social media authors report taking
different steps to quit, including deleting the phone numbers of

dealers, planning to enroll in rehabilitation programs, telling
friends and family about their use to seek support in the quitting
process, and posting on Reddit to keep themselves
“accountable.” Many also mention that it is time to stop. At
times, there is an event that may trigger the preparation stage,
such as such as running out of the substance being used or being
discovered by parents. Throughout the stages, feelings of
depression, despair, and hopelessness are often expressed.

In the data that we annotated, the most commonly represented
stage was action. In these posts, Reddit authors often shared
their experiences with their recovery journeys. These posts often
included rich detail concerning challenges that they faced:

I have been thinking about attending meetings but am
also worried that the experiences of those worse off
will cause me to slip.

The holidays are the worst. I keep thinking that I’ll
just have a drink but I know that won’t happen.

In the maintenance stage, social media authors often share how
long they have been in recovery and seek to encourage others
by sharing their experiences:

This morning, I played with my son. I went to the park
with him and enjoyed the moment with a clarity that
I would have thought impossible a year ago. I’m so
grateful that I’m now here. If you are struggling, take
it one day at a time. It will get better.

However, not all the narratives in the maintenance stage express
positive sentiment. Some express continued cravings, feeling
like they might relapse, and problems experienced while sober.
While some say that they do not feel tempted at all, others say
that they do not feel that they will relapse but sometimes
reminisce about the effect of their substance of choice:

While I don’t think I’m in any danger of relapsing,
sometimes I feel the call of sweet mary jane and look
back fondly.

According to the TTM, people often slip back to prior stages.
In the social media content, people often reported situations in
which they had been sober for some time and then relapsed or
are on the point of relapse:

Five months sober. Last month I decided I could have
a drink while I was out with my coworkers, and it’s
been downhill from there. I have to stop!

Feeling like I might relapse. I have been sober for a
year and two months, but my life is as messed up now
as before. I don’t feel any better, and now I have no
one to talk to. I don’t want to start over again and
feel the high heart rate, paranoia, guilt, and lack of
motivation all over again, but the desire to smoke is
overwhelming.

As presented in Table 2, not all the data were representative of
a stage of change. This could happen for various reasons. For
example, a person might write a post providing advice but not
clearly indicate that they were in recovery or provide
commentary on relevant material, such as policy, a movie, or
book on how to quit.
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Table 2. Distribution of the stages of change in the dataset (N=748).

Posts, n (%)Stage

95 (12.7)Precontemplation

68 (9.1)Contemplation

43 (5.7)Preparation

472 (63.1)Action

45 (6)Maintenance

25 (3.3)Unknown

RQ2: What BCTs Do People Naturally Use as They
Seek to Recover From Substance Use in the Different
Stages?
In Textbox 1, we present the BCTs observed, along with their
definitions and examples. In Figure 2, we depict the prevalence
of BCTs observed in the TTM stages, with the length of each
bar reflecting the number of posts in which a given BCT was
observed. The frequency of BCTs varied for the different stages
of change. There were similarities in the precontemplation,
contemplation, and preparation stages, with social support
seeking and awareness of natural consequences being the most
common:

Reddit, help! I have lost everything because of my
habit... dropped out of college and am living at home
with my parents. I feel like a failure. I need help but
I don’t know how to start. [Social support seeking
and natural consequences]

Posters reported that they sought social support online, in online
support groups and other digital and web-based formats such
as subreddits, as well as from family, friends, and meetings such
as Alcoholics Anonymous.

In the contemplation stage, compared to the precontemplation
stage, we observed a greater proportion of posts including some
element of shaping knowledge or the acquisition of knowledge
and information related to the antecedents of the behavior and
ways to change it. At this time, social media authors expressed
increased awareness of reasons or triggers for use, including
loneliness, boredom, negative thoughts, and daily routines or
life situations that make post authors more prone to use:

I want to quit and am looking for any advice you all
have. I’ve been smoking for years and recently I’ve
noticed all these changes in me that make me want
to quit. First, I am anxious all of the time now and I
can’t sleep. I have no money and weed is draining
my finances. I am also using weed as a coping
mechanism for stress, which only makes me more
stressed. [Shaping knowledge and natural
consequences]

In the preparation stage, we observed a greater proportion of
goals and planning, such as seeking out accountability partners
and making accountability posts. Post authors also express
commitment to quitting or plans to enroll in treatment or detox
programs.

In the action stage, as people sought to quit their use of
substances, we observed a variety of BCTs. For example, by
recognizing that merely having access to a substance would
facilitate use, social media authors threw away alcohol and
equipment that they used to engage in use, such as pipes. They
also enlisted the help of others to ensure that they did not have
access to substances and, at times, relocated (antecedents):

Gave away all of the wine in the house. [Antecedents]

Put what little I had in my Civic and drove as far as
I could south, that was 2 months ago and I haven’t
used since, aside from a sub or two for withdrawals.
I lost everything when I was using—my friends, my
job, my savings, my dignity. No more. Applying to
jobs in this new town and planning to play pickup this
evening at the local gym. It’s time to rebuild.
[Antecedents, natural consequences, and goals and
planning]

They also sought to engage in repetition and substitution of
healthful behaviors, such as exercising while monitoring their
own progress (feedback and monitoring):

I’ve started working out regularly and it has helped
with the anxiety... [Repetition and substitution]

Six days down! I hate what weed has done to me. I
am always in a fog and can’t remember what
happened yesterday. My heart races. But I am slowly
feeling better and clearer. I’m learning what
withdrawal is like, trying to give space for my
feelings, and gradually getting through it. [Feedback
and monitoring]

It has been a month since I last smoked. At first, I had
a hard time sleeping and was tired all the time. But
each day gets better. I have a little more energy. I
can think more clearly. [Feedback and monitoring]
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Textbox 1. Behavior change technique (BCT) groupings, definitions, and examples (Adapted from the behavior change taxonomy [10]).

Natural consequences

• Definition: actions related to the identification of consequences of a behavior to be used as a facilitator of behavior change.

• Identified consequences should not be future, anticipated consequences. Only consequences that were experienced in the past or experienced in
the present should be coded.

• Examples: becoming aware of health, social, environmental, and emotional consequences.

Antecedents

• Definition: actions that are related to reducing or mitigating antecedents (preconditions) that might lead to the undesired behavior.

• Examples: restructuring the physical and social environment (eg, moving to a new place) and avoidance or reducing exposure to behavioral cues,
such as others who engage in substance use.

Shaping knowledge

• Definition: actions related to the accumulation of knowledge and information related to the behavior and ways to change it.

• Examples: information about antecedents and instructions on how to perform a behavior.

Repetition and substitution

• Definition: actions related to substituting the unwanted behavior with another and rehearsing the performance of a desired behavior.

• Examples: behavioral practice or rehearsal, behavioral substitution, and habit reversal.

Regulation

• Definition: actions related to emotional regulation and managing mental and cognitive stress.

• Examples: reducing negative emotions.

Goals and planning

• Definition: the identification of behaviors to be changed, creation of goals, and development of plans to facilitate change.

• Examples: reviewing goals and finding accountability partners.

Social support

• Definition: actions related to seeking, receiving, or providing social support to assist with behavior change. In this study, we used a broader
conceptualization of social support, encompassing both emotional and informational support.

• Examples: general (unspecified), seeking, received, and providing and offering.

Comparison of outcomes

• Definition: the identification of potential or realized outcomes as a way to encourage or motivate behavior change.

• Examples: listing pros and cons and persuasive argument.

Identity

• Definition: shifting one’s perspective on their past or current identity or actions to encourage behavior change.

• Examples: framing and reframing.

Self-belief

• Definition: increasing one’s confidence in successfully performing the desired behavior through reinforcing one’s belief in oneself.

• Examples: mental rehearsal of successful performance, focus on past success, and self-talk.

Feedback and monitoring

• Definition: monitoring one’s behavior and the effects of one’s behavior to facilitate the behavior change.

• Examples: self-monitoring of behavior and its outcomes.
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Figure 2. The use of behavior change techniques (BCTs) and the presence of stigma mechanisms in individual stages of change.

Social support is an important part of the quitting process. Social
media authors can experience challenges in removing
antecedents (ie, triggers) from their environment if others are
not supportive:

I have been trying to quit drinking, but a close friend
insists on going to the bar whenever we hang out.
Every time we go I have a hard time stopping myself
from ordering a drink. When I bring this up, he says
that I am just weak. What can I do? [Shaping
knowledge, antecedents, and social support seeking]

Social media authors also sought information from others as to
how to maintain the new habits that they tried to adopt, while
addressing symptoms that they experience in withdrawal:

The cravings are bad, but what is worse is not being
able to sleep. Does that happen to you all? How long
do the symptoms last? [Social support seeking]

We also observed examples of positive self-talk and reframing,
in which participants adopted or attempted to adopt new
perspectives:

I’ve reached the two week mark. It hasn’t been easy,
but I’m proud of myself, and hopeful that I can do it.
[Self-belief]

I went to a party and for once, I didn’t make a fool
of myself! I had a great time, and was able to focus
on every person I talked to... [Self-belief]

In the maintenance stage, reports of diverse BCTs continue to
be frequent. Notably, expressions of self-belief, altered
perspective (ie, reframing and identity), and providing support
and encouragement to others (ie, social support providing and
offering) also become common:

Today I live without shame and look forward to the
future. To everyone still struggling out there—you
can do it! [Social support providing and offering]

Many BCTs that became prominent in the action stage, such as
self-belief, reframing and identity, feedback and monitoring,
and repetition and substitution, remained common or were even
observed more often in the maintenance stage. While this may
partially be due to the nature of the venue—being an online
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community in which people may strive to be positive to
encourage others—this may also underscore the importance of
continual reaffirmation and efforts at abstinence:

When I think of my past, I still feel the guilt and
shame. But I think of them as a good reminder of what
I don’t want to go back to. I also tell myself that my
past doesn’t have to define me. [Reframing and
identity]

As we reflect back on the BCTs used, we observed that there
was diversity in the strategies used. For many, it was a
combination of BCTs and social support:

I told my partner last night about everything. She was
incredibly supportive, and we talked about a plan. I
am going to restart therapy. I am worried that I’ll
start using again, but for the first time in a long time,
I feel hopeful. [Goals and planning, social support
seeking, and social support received]

As the previous excerpt demonstrates, this process can be a
gradual one. While this poster states that others are supportive
of their efforts, this is not always the case:

I am in rehab and on subs. I am trying hard to stay
clean, but I still smoke weed. I am trying to be a good
mother to my kids, but I feel so alone. I have no
friends left. I had a friend that I kept up with, but it
was too hard to stop using while continuing to spend
time with them. I don’t know what to do and would
love to have some support. [Antecedents and social
support seeking]

Social media authors may experience challenges due to their
life contexts, including feelings of guilt and other pressures due
to family obligations. They may also face challenges dealing
with exposure cues in their day-to-day lives. In addition, people
may struggle with stress, self-doubt, and loneliness, leading
them to ask for others’ opinions on how to deal with these
hardships.

RQ 3: How Do Participants Experience Stigma, and
How Do These Experiences Affect Recovery?

Overview
In this research question, we aimed to examine how the presence
of stigma may affect social media authors’ recovery journeys.
In Figure 2, we observed that substantive amounts of stigma
(ie, in blue) are present in all stages. In this section, we review
key themes involving stigma, which were often observed in
multiple stages. We also present stage-specific characterizations
as appropriate.

Theme 1: Experiencing Enacted Stigma From Others
Social media authors reported experiences of enacted stigma
involving different persons that they encounter. Of the different
actors that we examined, enacted stigma from family and those
who were not part of a person’s social circle was most common.
Authors mentioned experiences with pharmacists and physicians
discounting health issues, attributing health issues to substance
use, and being reticent to provide services when they were aware
that participants engaged in substance use. In addition, Reddit

authors often spoke of how their use took a toll on their
relationships with family, friends, and partners, resulting in
broken trust and interpersonal conflict:

I got into a huge fight with my parents. They called
me a drug addict and made me feel worthless.
[Enacted stigma]

One scenario that occasionally arose as social media authors
sought to quit substance use was resistance from their social
circle. For example, there were examples of those who told their
family they wanted to quit drinking, and their family would say
that they were not an “alcoholic” or “You’re not that far gone.”
Social media authors often had to find new support networks,
such as Alcoholics Anonymous, as their family and friends were
not always supportive of their efforts to quit.

Theme 2: Experiencing Anticipated Stigma
Social media authors also experienced anticipated stigma. Many
feared disappointing others, particularly family and friends, or
feared repercussions at work, and thus hid their substance use.
As many keep their substance use a secret, they may reach out
to the Reddit community to ask questions that they are not able
to ask elsewhere, often using temporary (ie, “throwaway”)
accounts:

This is a throwaway account. I have been addicted
to oxy for years and am worried I will lose my job if
anyone finds out. I am thinking of taking suboxone
but am wondering if it would be better to quit cold
turkey or would the withdrawals be worse?
[Anticipated stigma]

Some authors reach out on Reddit asking whether they should
disclose their use to others around them. There are also times
when they do choose to do so and are surprised to find that
others are empathetic and supportive:

I have been feeling so ashamed and guilty, but I
finally told my parents about my drinking and they
were surprisingly supportive. I am beginning a rehab
program tomorrow. [Goals and planning, internalized
stigma, and anticipated stigma]

Similar to enacted stigma, Reddit authors most often anticipated
stigma from family and others outside of their social circle.

Theme 3: The Challenges of Internalized Stigma
There were posts that expressed internalized stigma, including
internal struggles that people experienced due to regret, guilt,
shame, and disappointment:

I have been able to avoid drinking when others are,
but my biggest challenge is when I am alone and start
to have negative thoughts and sink into this pool of
shame and disappointment. Then I think about what
a failure I am and how I have let everyone down.
[Internalized stigma]

Social media authors often shared challenges that they
experienced adjunctive to substance use, such as financial
difficulties, poor mental health, and increased social isolation.
In the contemplation stage, social media authors often speak of
“hating themselves” and hesitate to take steps forward due to
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lack of confidence in their own ability to succeed. In contrast,
in the maintenance stage, social media authors share that they
feel less guilt and have more compassion for themselves:

I always felt this deep self-loathing each time I
slipped. I didn’t think I would ever make it. But little
by little, I am learning to have compassion for myself.
Life is still hard, but it gets a little easier one day at
a time. [Internalized stigma]

The process of recovery was gradual, and there could be
setbacks:

I started out the year in constant shame. I was taking
a quick sip whenever I had the chance, and then
worrying that I was messing up my child. My mom,
who is an alcoholic, came to visit, setting off a
three-day bender. Now I am back on track. I haven’t
had a drop for a week and I haven’t even been
tempted. But I have some stressful stuff coming up at
work and am worried. Thanks for listening. [Feedback
and monitoring, natural consequences, and
internalized stigma]

As these posts illustrate, there can be triggers due to work and
interpersonal interactions, and people may try for some time,
intermittently experiencing setbacks, before being able to sustain
abstinence.

Theme 4: Multiple Forms of Stigma
There were also examples of multiple forms of stigma in the
same post. Shame, guilt from letting others down, and broken
trust leading to tolls on relationships with others were common
challenges:

I have lost family and friends due to my drug use. My
relatives hide their wallets whenever I go over. I feel
terrible that no one trusts me, and the worst failure
ever. [Enacted stigma and internalized stigma]

In earlier stages, people often report hiding their substance use
from others and experiencing feelings of negative self-worth
from doing so:

I hide my stash from my husband. The other day my
five-year old accidentally found it and I was mortified.
I feel horrible about hiding this but I don’t think I can
stop... [Anticipated stigma and internalized stigma]

As illustrated by the quotation above, people may feel low
self-worth. As a result, they may also avoid others or be
excluded by others (enacted stigma), resulting in social isolation.

Theme 5: Enacted Stigma Directed Toward Others
Social media authors also demonstrated enacted stigma toward
others. One common situation was when they referred to family
members using pejorative labels such as “addicts” or
“alcoholics,” which occurred throughout the stages. Another
example was a lack of empathy for others among some who felt
that they were succeeding in their recovery journeys (ie, often
occurring in the action or maintenance stages):

As I stopped smoking, I came to look down upon the
behavior of my stoner friends... [Enacted stigma]

In moments of introspection, some individuals reflected on their
own behavior, seeking input from fellow Redditors while
contemplating their motivations. For example, 1 social media
author mentioned that they wanted to help others who were
struggling but also felt it is impossible, and so instead chose to
distance themselves.

Discussion

Principal Findings
"In this study, we performed qualitative data analysis to identify
the stages of change and BCTs used by social media authors in
various stages of readiness to reduce their use of the following
substances: alcohol, cannabis, and opioids. There were some
similarities in the use of BCTs in the earlier stages of change
(ie, precontemplation, contemplation, and preparation). In posts
with content that reflected the contemplation stage, authors
described an awareness of the negative impacts that substance
use had on their lives (ie, natural consequences), and as they
prepared to quit, they increasingly took concrete steps to do so
by sharing their decision with their social network and
committing to it (ie, social support seeking, goals, and planning)
and seeking help in other ways.

Posts in the action stage reflected that individuals leveraged
other BCTs, such as modifying their daily routines (ie, repetition
and substitution), modifying their physical and social
environment (ie, antecedents), self-affirmation (ie, self-belief),
and viewing their situation through new lenses (ie, reframing
and identity). Substantive use of BCTs are observed, and in
some cases more prominently, in the maintenance stage. This
may partly stem from the nature of online discussions, where
many individuals aim to give back to the community by sharing
their experiences with successful health behavior change,
offering encouragement to those trying to quit.

We also examined the role of stigma in social media authors’
recovery journeys. We observed substantive amounts of stigma
across all stages of change. The influence of social interactions
was also salient. Social media authors shared situations in which
they experienced or anticipated stigma from strangers,
acquaintances, and loved ones. When people receive support
from others, this can be affirming and facilitate recovery;
however, social isolation can also result from isolating oneself
or from enacted stigma. Some social media authors reported
that the fear of disappointing others prevented them from
reaching out for support. In contrast, other authors sought
support from both online and offline social networks (eg, family
and friends) and reported that this support was instrumental in
successful recovery journeys. Previous research has found that
perceived stigma is associated with poorer mental health, while
perceived social support is linked to better mental health [45].

Comparison With Prior Work
This study extends the existing literature concerning recovery
mechanisms by identifying situations in which commonly used
BCTs appeared in social media narratives, thus affording insight
into how people may seek to address the challenges of recovery
in everyday life. Consistent with existing literature, which has
identified controlling one’s environment and social support as
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commonly used strategies for behavioral change in the context
of substance use [46,47], we observed examples of persons
seeking the support of others (social support seeking) and using
antecedents. These including discarding equipment necessary
for substance use behavior and physically removing themselves
from temptations. However, posters also lamented the
difficulties of encountering “triggers” or cues in their day-to-day
life that provoked relapse. The use of the antecedents BCT is
also common in evidence-based substance use treatments [48],
and a prior systematic review found that remotely delivered
substance use interventions [49] incorporating intervention
components related to “avoidance/reducing exposure to cues
for behavior,” “pros and cons,” and “self-monitoring of
behavior” may be effective. Social media authors also sought
to restructure their lives to mitigate exposures and observed the
effects of behavioral change.

In this study, we also observed that self-belief and cognitive
reframing (changing one’s perspective), were more common in
the action and maintenance stages. As recovery trajectories
progress, there is a trend toward individualistic and agentic
identity [50]; BCTs such as self-belief and cognitive reframing
may facilitate this process.

Our findings also illustrate the importance of temporality and
flux in the experience of the person in recovery, who is not static
but rather evolving due to their experiences over time. At times,
people may struggle with low self-worth due to internalized
and anticipated stigma, impeding their path to recovery; at other
times, one might also observe enacted stigma from them toward
someone else, often when the person is in recovery. There is
also a need for more research concerning how family and
romantic partners may also enact stigma [51].

Practice Implications
These findings have implications for the design of stigma
reduction interventions to promote substance use recovery.
Textbox 2 summarizes the key themes identified, along with
implications for subsequent intervention design. For instance,
to counter stigma and feelings of isolation, interventions could
provide education to improve self-advocacy and emotion
regulation. In particular, treatments such as acceptance and
commitment therapy could potentially combat internalized
stigma by assisting individuals with acceptance and compassion
toward the self [52-54].

Textbox 2. Practice implications considering the role of stigma in recovery journeys.

Experiencing enacted stigma from others

• Provide persons with substance use disorder (SUDs) training in navigating challenging situations involving enacted stigma (eg, in self-advocacy
with providers and emotion regulation in everyday situations).

• Assist persons with SUDs to develop alternative support networks and other mechanisms to nurture resilience.

Experiencing anticipated stigma

• Promote the use of behavior change techniques (BCTs) encouraging persons with SUDs to develop and strengthen support mechanisms.

• Teach strategies for disclosure of topics related to one’s SUD.

The challenges of internalized stigma

• Emphasize self-compassion.

• The internal struggles and gradual process were significant obstacles. Intervention components that serve as a toolkit for participants to combat
these challenges, such as feedback and monitoring and comparison of outcomes, can perhaps bolster natural mechanisms.

Multiple forms of stigma

• Use approaches that address the different stigma mechanisms individually but also emphasize that the process of recovery involves rebuilding
on multiple fronts.

Enacted stigma directed toward others

• Assist persons with SUDs to consider the situations of others with an open countenance.

In addition, interventions could encourage the development of
new support networks or teach strategies to intentionally seek
support from others. Doing so could lessen the impact of the
stigma while developing a social network that is supportive of
one’s recovery. Given that family interactions were a common
source of stigma, interventions could teach strategies to
encourage positive interactions with family members or facilitate
development of additional support networks outside the family
as needed. These study findings show that when family members
were supportive, participants valued the support of those that
they were close to.

Reddit authors also struggled with internalized stigma and
challenges involving multiple forms of stigma, in which authors
felt bad about their interactions with others. Interventions that
assist persons experiencing self-stigma to disclose and seek
support from others could be helpful [55].

Given that this study focused on occurrences of stigma expressed
by people who were engaged in online forums, it is also
worthwhile to consider how these findings have implications
for the design of internet-based interventions. Reddit authors
often mentioned the improvements that they observed over time.
These improvements seemed to increase their confidence and
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hope that they would continue to improve. There may be an
opportunity here to leverage mobile health apps to facilitate
self-monitoring and tracking of incremental improvements.
Previous research has also recognized the value of using
wearables to monitor biologic data, such as blood alcohol
concentration sensors [56], and self-monitoring surveys can
help participants reflect on associations between self-monitoring
domains and adhere to drug use reduction goals [57]. These are
potentially fruitful directions for future research.

The findings from this study could also improve the degree of
personalization of content, such as delivering stage-matched
intervention content. For example, the results suggest that
shaping knowledge (information about changing a behavior) is
more prominent in the contemplation stage as opposed to
precontemplation, and that people use diverse BCTs as they
actively seek to quit substance use. Thus, it may be beneficial
to present content that encourages thoughts about antecedents
or other methods of shaping knowledge to individuals in the
contemplation stage, while offering suggestions for different
BCTs to those in the preparation or action stages. In the
maintenance stage, we observed that some individuals faced
the potential for relapse, and other perceived no improvement
in their lives. Thus, there may be a need for intervention content
tailored to particular challenges of maintenance, such as the
position of abstinence as opposed to moderation or maintaining
recovery in the context of other aspects of life.

Finally, prior literature has observed that those who engage in
social media value the information and support from the online
communities [28,36,58,59]. In this study, we observed that
social media authors experienced different information and
support needs in different phases of their recovery journey.
During the action phase, social media authors were likely to
have questions about the quitting experience, including
strategies, withdrawal symptoms, and timing of those symptoms.
At all phases, people may experience questions about social
interactions, such as “protecting their quit” and changes in how
they may view and relate to others as they engage in
maintenance. Thus, insights from these study findings can
inform the provision of appropriate information at different
stages of the recovery journey.

Limitations
This study has various limitations. First, as this study was based
on social media data, there is bias as to who is represented due
to differences in people’s decisions about which media to use
[60]. However, as indicated by the sample posts, social media
authors shared their challenges with substance use in diverse
life contexts, including home, work, and school contexts. For
example, some social media authors experienced concern with
the effect that their use might have on their children, while
others described their fears and anxieties with respect to work
repercussions. Thus, the study findings still have implications
for the diverse life contexts in which people may confront and
seek to apply strategies for recovery.

In addition, this study used sampling approaches that sought to
increase the proportion of posts containing stigma in the sample.
As such, the posts in our sample may not represent the natural
distribution of stages of change in substance use–related content
on Reddit. There was less data available on stages other than
action, and there is a need for more research concerning
information and support needs of persons with SUDs in the
earlier phases. Finally, in this study, we used content analysis
to identify different stages of change to characterize BCT use
in the different stages. The study does not examine longitudinal
changes in the same person over time, and this could be an area
for future exploration.

Conclusions
This study used social media as a naturalistic data source to
explore how people may use BCTs to recover from substance
use, including how this use may vary depending on a person’s
readiness to quit or reduce their substance use. We observed
that there were differences in the BCTs that were most
commonly used in the different stages. Stigma was present in
a substantive portion of the narratives at all stages, suggesting
that there is a need to incorporate intervention components to
assist participants address stigma-related challenges.
Consideration of these patterns might be used to personalize
and deliver content in future interventions promoting substance
use recovery.
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Abstract

Background: Regular physical activity (PA) is known to offer substantial health benefits, including improved physical fitness,
reduced risk of disease, enhanced psychological well-being, and better cognitive performance. Despite these benefits, many
university students fail to meet recommended PA levels, risking long-term health consequences.

Objective: This study evaluated the user experience (UX) of futur.move, a digital intervention aimed at promoting PA among
university students. The service delivers personalized, evidence-based content to foster sustained engagement in PA.

Methods: A mixed methods approach was used to evaluate the prototype of futur.move. UX assessments included on-site and
online user tests, standardized questionnaires, and online focus groups. A total of 142 university students participated, with 23
joining additional focus groups. Each participant tested the service for 30 minutes. Quantitative data were collected using the
User Experience Questionnaire and analyzed descriptively, followed by correlation analysis with variables such as PA level, age,
gender, and experience with PA apps. Qualitative insights were gathered from transcribed focus group discussions and analyzed
using content-structuring, qualitative content analysis. Quantitative findings were cross-validated with qualitative data.

Results: The UX received positive ratings across 4 User Experience Questionnaire scales (range –3 to +3; higher numbers
indicate positive UX): attractiveness (median 1.67, IQR 1.04-2.17), perspicuity (median 1.5, IQR 0.5-2), stimulation (median
1.5, IQR 1-2), and novelty (median 1.25, IQR 0.5-2). Weak correlations were found between adherence to World Health
Organization guidelines for PA and the perspicuity subscale (η=0.232, P=.04), and between age and the perspicuity (Kendall
τb=0.132, P=.03) and stimulation subscales (Kendall τb=0.144, P=.02), and a moderate correlation was found between gender
and the novelty subscale (η=0.363, P=.004). Critical feedback from focus group discussions highlighted issues with manual data
entry. Qualitative findings aligned with the quantitative results, emphasizing students’ appreciation for the personalized, diverse
content and social networking features of futur.move.

Conclusions: futur.move demonstrates favorable UX and aligns with student needs, particularly through its personalized content
and social features. Improvements should focus on reducing manual data entry and enhancing feature clarity, particularly for the
features “your condition” and “goal setting.” While correlations between UX ratings and demographic variables were weak to
moderate, they warrant further investigation to better address the diverse target audience. The feedback from the students serves
as a basis for further adapting the service to their needs and expectations. Future work will involve coding an advanced prototype
and conducting a longitudinal study to assess its impact on PA behavior and sustained engagement.

(JMIR Form Res 2025;9:e64384)   doi:10.2196/64384
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Introduction

The words commonly attributed to Hippocrates, “walking is
humanity’s best medicine,” are more relevant than ever. In an
era dominated by sedentary lifestyles, university students could
greatly benefit from incorporating more physical activity (PA)
into their daily routines.

Regular PA offers many important health benefits, including
improved muscular and cardiorespiratory fitness, reduced risk
of diseases, and enhanced psychological well-being [1-3]. PA
also positively affects sleep and cognitive performance,
including academic achievements and attention [1,3-5]. PA can
also improve social skills and self-confidence [6].

The World Health Organization (WHO) recommends at least
150 minutes of moderate- to vigorous-intensity aerobic PA or
at least 75 minutes of vigorous-intensity aerobic PA and
muscle-strengthening activities of moderate to vigorous intensity
for all major muscle groups on 2 or more days a week for adults
[3]. Despite the benefits of regular PA, only a minority of young
adults, including university students, meet the recommended
PA levels, with 81% of adolescents [7] and 28% of adults
worldwide and 42% in high-income Western countries [8]
failing to adhere to these guidelines. Furthermore, studies show
that students’ PA levels drop significantly during examination
periods and that they are more active during weekdays than on
weekends [9-11]. As students undergo significant life transitions,
their lifestyle habits, including PA patterns, can persist into
adulthood if not addressed [12,13]. Therefore, universities face
the challenge of supporting students in adopting more active
lifestyles [14].

Promoting PA through mobile health (mHealth) services holds
great potential, especially as students are frequent users of
technology [15]. mHealth interventions are preferred by young
people over traditional face-to-face approaches [16]. However,
many current apps often fail to incorporate evidence-based
recommendations for PA promotion, with developers prioritizing
marketing strategies over addressing real user needs [17,18].

Positive user experience (UX) influences user satisfaction,
promoting sustained product use and increasing
recommendations [19]. “To create successful products or
services it is necessary to ensure that the product has a
sufficiently high user experience” [20]. UX is defined as “...a
person’s perceptions and responses that result from the use or
anticipated use of a product, system or service. Users’
perceptions and responses include the users’ emotions, beliefs,
preferences, perceptions, comfort, behaviors, and
accomplishments that occur before, during and after use” [21].
Evaluating UX early in the prototyping phase allows developers
to incorporate user feedback and refine features to meet diverse
user needs [20,21]. In the context of PA services, successful
interventions include behavior change techniques, such as
self-monitoring, goal setting, behavioral feedback, social

support, and social comparison, to effectively increase PA
[22-26]. The challenge remains to maintain long-term user
engagement with mHealth interventions [16]. Numerous studies
have identified poor functionality and technical issues as barriers
to engagement with mobile interventions, while design features
such as personalization, social interaction, and customized
feedback enhance user engagement [16]. Personalization is
crucial, as students’ PA needs vary widely [6], and
one-size-fits-all approaches are inadequate [27-29].

This study aims to comprehensively evaluate the UX of the
futur.move prototype, an mHealth service designed to enhance
PA among university students. Specifically, this study will focus
on the following UX aspects: (1) attractiveness—whether users
like the service, (2) perspicuity—whether the service is easy to
learn, (3) stimulation—whether using the service is exciting
and motivating, and (4) novelty—whether the service is
innovative and creative. The central research question is: “How
do students evaluate the UX of the futur.move prototype?” Of
particular interest are the specific improvements students suggest
to optimize implementation.

Methods

Study Design
This study design follows a sequential approach with a series
of cross-sectional surveys using structured online questionnaires
with qualitative focus group discussions to comprehensively
evaluate the futur.move prototype. On-site tests were conducted
with a large participant group at the university, while smaller
online sessions were held via Zoom (Zoom Video
Communications Inc).

This study report follows the CHERRIES (Checklist for
Reporting Results of Internet e-Surveys) reporting guideline
for reporting web-based surveys [30] (Multimedia Appendix
1).

futur.move
futur.move is a digital service that aims to improve students’
PA through a smartphone app and website in the form of a
progressive web application. According to a definition of service
design, a service should be useful, usable, and desirable for the
customer, while being effective, efficient, and unique for the
provider. Services include interactions and interfaces between
the customer and the provider [31].

The development of futur.move follows the holistic framework
for the development of eHealth technologies [32] and includes
5 phases: context analysis, design, UX evaluation, programming,
and long-term implementation. Currently, the prototype is in
the UX evaluation phase (phase 3). The design is informed by
a literature review, 2 student creative workshops (n=13
participants), and social cognitive theory [33]. Studies report
that PA interventions are more successful when they are theory
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based [34,35]. Components of social cognitive theory such as
health-related knowledge, individual goal setting, and social
support are transferred into the functions of the app to support
users in successfully and sustainably increasing their PA. An
interdisciplinary team of UX designers and health scientists

developed the app iteratively in the collaborative design tool
Figma (Figma Inc, 2022) with active involvement from the
target audience. Figure 1 shows the content structure of
futur.move features.

Figure 1. Structural overview of the features and content offered by the futur.move mHealth service. PA: physical activity. mHealth: mobile health.

After registration and reporting PA habits via the European
Health Interview Survey–Physical Activity Questionnaire
(EHIS-PAQ) [36], users access personalized content across five
areas: (1) “dashboard,” (2) “knowledge,” (3) “physical activity,”
(4) “planner and goals,” and (5) “about you” (Figure 1). A
messaging function is also available. In the “knowledge” section,
users access PA-related information through various formats
such as text, videos, and podcasts. The “physical activity”

section enables users to find inspiration for PA, join or create
PA groups, and use links to find PAs outside the campus.
“Planner and goals” offers a calendar view and goal-setting
features, while “about you” manually tracks PA habits and,
goals, and provides a faculty competition. By participating in
PA, users can earn points for their faculties and win rewards
such as a faculty party. Figure 2 shows the personalizable
dashboard of futur.move.
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Figure 2. Screenshot of the customizable dashboard of the futur.move mHealth service as viewed on a smartphone. mHealth: mobile health. An English
version of the dashboard is available in Multimedia Appendix 2.

Participants and Recruitment
User testing was conducted from October 27 to December 21,
2023, at University of Applied Sciences and Arts
Hildesheim/Holzminden/Göttingen (HAWK; N=6300 students
in winter 2022/2023).

The convenience sample for this study was recruited from the
entire student body of HAWK. For the on-site sessions, a high
number of participants was targeted to enable valid statistical
analyses. Therefore, researchers reached out directly to
professors from all 3 university campuses and various faculties,
requesting their support in implementing this study within their
seminars. On-site sessions were finally held in 4 seminars across
different faculties and locations. Participation in this study was
integrated into the respective seminars; however, it remained
entirely voluntary for all participants, ensuring that their consent
was informed and given freely without any obligation.

For the online sessions with focus group discussions, all students
at HAWK were invited via email, flyers, and the university’s
social media channels. Flyers were posted in high-traffic areas
on the university campuses, such as the cafeteria and the library.
Additionally, first-year students from the Faculty of Social Work
and Health were personally approached at a welcome event for
new students. Due to low participation, students were also
approached at a campus café. The latter method of reaching out
to students proved to be the most effective. A link distributed

through the mentioned media allowed registration via HAWK’s
online learning tool, followed by contact with the project team,
provision of information, and signing of the consent form. Only
those who returned the signed form participated. To participate
in both the on-site and online data collection, inclusion criteria
were enrollment and no prior involvement in futur.move.

Recommended sample sizes for quantitative UX testing to
estimate key performance parameters range from 10 to 1689
participants, depending on the margin of error. “A sample size
of 115 at 90% confidence can detect a 10% significant
difference” [37]. Therefore, we aimed to recruit a minimum of
65 participants for the survey to achieve 90% confidence. For
qualitative UX testing, it is recommended to conduct focus
groups with 4 to 37 participants to identify usability issues. A
sample size of 18 is needed to detect a 10% insight occurrence
[37]. Consequently, we aimed to recruit at least 18 participants
for the focus group discussions. Given the maximum group size
of 6 to 8 participants per focus group [38], we planned for a
minimum of 3 groups.

Ethical Considerations
Ethical approval was obtained from the HAWK ethics
committee on September 29, 2023. All participants gave written
informed consent before participation, agreeing to the use of
deidentified data for secondary analyses and the publication of
results. Data were collected anonymously, and no personally
identifiable information was included in the final dataset.
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Participation was voluntary. Participants could withdraw at any
time without justification. Data were stored on the university’s
server for secure keeping until January 10, 2033, and will then
be deleted by the researchers. Throughout this study, only
deidentified data were used, and access was restricted solely to
the research team. Participants in the online sessions received
a €10 (US $10.85) voucher for an online retailer.

Procedures

On-Site Data Collection
Quantitative data were collected on-site during the seminars
with a project team member present. Participants assumed the
role of “Kim,” a fictitious user of futur.move, to understand
prestored data and experience all app features. After an
introduction and onboarding, they received a task sheet with 6
tasks to independently test the service for approximately 30
minutes (eg, finding exercise information, Multimedia Appendix
3). They accessed the prototype via a device (eg, laptop or
tablet).

After completing each task, participants provided initial
feedback on the task sheet and then completed the online
questionnaire. This included sociodemographic data, PA
behavior (EHIS-PAQ) [36], and usability ratings using the User
Experience Questionnaire (UEQ) [39]. The survey, hosted via
SoSci Survey (version 3.5.02), presented the items to each
participant in the same order, allowed participants to change
their answers using a back button, and omitted irrelevant
questions. There was no check for completeness before
submission. No cookies were used. The online survey consisted
of 22 pages, including the introduction and conclusion. The
number of items on each page varied. Each participant used a
unique ID to merge task sheet responses with the online survey
for analysis. The ID was randomly assigned on each task sheet.
Each code could only be used once. On-site sessions lasted
approximately 60 minutes per session.

A pretest was conducted to ensure clarity and feasibility. Four
students tested the task sheets, while 2 project members and 2
individuals from the target group tested the online survey.
Feedback led to revisions of both instruments.

Online Data Collection
Online data collection was conducted via the Zoom
videoconferencing tool with 2 project team moderators.
Participants registered for user tests, and sessions were
scheduled based on availability. Participation was voluntary,
and participants could withdraw at any time.

The first part of the online session mirrored the on-site data
collection. The moderators reviewed task sheets and survey
feedback to refine focus group discussions, gathering targeted
qualitative insights beyond the prepared questions.

Measures

Demographics
As part of the online survey, participants provided their age,
gender, height, weight, faculty affiliation, and whether they had
used apps to improve PA before. Additionally, the EHIS-PAQ
[36] was used to collect standardized data on students’ PA. The

EHIS-PAQ is a domain-specific instrument for measuring (1)
work-related PA, (2) transport-related PA, and (3) leisure-time
PA. It distinguishes between “aerobic” and
“muscle-strengthening” PA and allows the assessment of
compliance with health-promoting PA recommendations [36].

About UX
UX was assessed using the UEQ [39]. The UEQ is a quantitative
instrument for assessing the UX of interactive products. It
originally consisted of 6 subscales with a total of 26 items with
classic usability aspects (ie, efficiency, perspicuity, or
dependability) and UX aspects (ie, originality or stimulation).
The authors state that entire subscales can be omitted if they
are irrelevant to the investigation [40]. Consequently, the
“efficiency” and “dependability” scales from the original
questionnaire were not included in the analysis, as no valid
results could be expected for these scales at the stage of
development of the service. In this study the items of the four
subscales (1) attractiveness (do the users like the service or
not?), (2) perspicuity (is it easy to learn how to use the service?),
(3) stimulation (is the use of the service exciting and
motivating?), and (4) novelty (is the service innovative and
creative?) were used. The attractiveness scale is represented by
6 items, while the other scales are represented by 4 items each.
The items are semantic differentials, for example, attractive and
unattractive. They can be rated on a 7-point scale from –3
(horribly bad) to +3 (extremely good). Scale scores are average
item ratings across participants. Scores between –0.8 and 0.8
represent a neutral evaluation of the scale, scores>0.8 represent
a positive evaluation, and scores<0.8 represent a negative
evaluation [40].

Evaluation of Individual Features
On the task sheet for testing futur.move, students had the
opportunity to indicate how much they liked each feature of
futur.move. They could tick a value from very good (1) to poor
(5) on a 5-point Likert scale. Within this framework, the students
rated the five features: (1) faculty competition, (2) your
condition, (3) knowledge, (4) PA group (hiking), (5) PA
inspirations, and (6) goal setting. Additionally, the online
questionnaire asked students how they would rate futur.move
overall on a 5-point Likert scale from 1 (very good) to 5 (poor).

Focus Groups
The focus groups were conducted to qualitatively summarize
the quantitative feedback from the students. The questions in
the focus groups were, therefore, related to the quantitative part
of the respective user tests. Follow-up questions were
individually prepared by the moderators by reviewing the
anonymized data from the user tests. The focus group structure
followed the recommended procedure in empirical social science
[41]. The duration of the focus groups was approximately 120
minutes, and they were conducted by VT and SW, who
moderated the discussion. The discussion was recorded using
the recording feature of Zoom.

The first question in the focus groups was what participants
remembered most about futur.move. Following this, an overview
of the UEQ scales was briefly presented. Based on the UEQ
scores, questions about divergences in the scoring of individual
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scales were discussed. Students were asked to describe their
quantitative assessments in more detail, and discrepancies in
the service ratings from the task sheet were examined. Finally,
there was an opportunity for participants to report any further
requirements. Discussions were recorded with participants’
consent for later transcription and stored on the university’s
server.

Data Analyses

Quantitative Data Analyses
The quantitative data from the questionnaires were analyzed
using IBM SPSS (version 27; IBM Corp).

The UEQ Data Analysis Tool (version 12) transformed the UEQ
data, which were then merged in SPSS using participant IDs.
Meta-information was added, and variable labeling was adjusted,
including scale levels [42]. Data cleansing involved checking
for incorrect or implausible information and marking missing
values with the code 999. Questionnaires with missing values
were included in the analysis.

For the UEQ data, items on the subscales were analyzed for
divergent ratings. Cases were recommended for exclusion if at
least 3 subscales were conspicuous or if more than 15 of 26
items had identical ratings. No records were excluded based on
plausibility, but 8 records from the task sheets were excluded
due to missing online survey data.

As the UEQ data were not normally distributed, the median and
IQR were calculated. Nonetheless, scale means, variances, and
Cronbach α were calculated using the UEQ Data Analysis Tool,
to use the provided benchmark for categorizing scale scores
against data from 468 studies on various products, rating them
from “poor” to “excellent” [40].

In addition to the descriptive data analysis, a correlation analysis
was conducted to explore the relationships between the UX
evaluation of the futur.move, as measured by the UEQ, and
various demographic and usage-related factors. These factors
included compliance with WHO guidelines for PA, age, gender,
and prior experience with apps aimed at promoting PA.

Associations were analyzed using the η and Pearson chi-square
tests for metric and nominal-scaled data. For associations

between 2 metric variables, Kendall τb was used. The
significance level for all tests was set at α≤.05.

Qualitative Data Analyses
The focus group recordings were automatically transcribed
verbatim using the tool noScribe (version 0.4.1). The transcripts
were then manually corrected and anonymized, with participant
names replaced by the IDs matching those from the quantitative
survey, allowing data linkage.

Two project members analyzed the transcripts using MAXQDA
2022 (VERBI-Software. Consult. Sozialforschung GmbH 2021)
following content-structuring, qualitative content analysis [43].
The data were analyzed based on the question: “How do students
evaluate the futur.move prototype?” with the 4 UEQ scales
(attractiveness, perspicuity, stimulation, and novelty) used as
deductive categories. Further inductive categories could be
formed based on the material, but no additional categories
emerged. Subcategories of the main categories were formed
inductively during the analysis.

Results

Quantitative Findings

Demographics
A total of 142 people (mean age 24, SD 4 years; female: n=105,
74%; male: n=33, 23%) participated in the user tests. Change
to: A total of 142 people (mean age 24, SD 4 years; female:
n=105, 75%; male: n=33, 23%) participated in the user tests.
Of these, 23 also took part in the focus groups. Most participants
were students from the Faculty of Social Work and Health
(n=60, 42%). Approximately a third of the students had prior
experience using an app to promote PA (n=49, 35%). The
majority of students (n=87, 61%) met the WHO guideline of
practicing more than 150 minutes of moderate aerobic activity
per week, while 49% (n=69) met the guideline of doing
muscle-strengthening exercises at least 2 days a week. Overall,
40% (n=57) of participants met the WHO guidelines for PA,
fulfilling both criteria. The mean BMI of the students was 23
(SD 4), which falls at the upper end of the normal weight range.
Table 1 summarizes the information provided by the students.
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Table 1. Demographics of university students participating in user tests conducted from October 27 to December 21, 2024.

ParticipantsCharacteristics

24 (4)Age (years), mean (SD)

Gender, n (%)

105 (74)Female

33 (23)Male

1 (1)Diverse

3 (2)Not specified

Faculty, n (%)

60 (42)Social work and health

26 (18)Design

22 (16)Engineering and health

20 (14)Architecture, engineering, and conservation

13 (9)Management, social work, and construction

1 (1)Not specified

“Do you already use digital services to promote physical activity?” n (%)

49 (35)Yes

74 (52)No

19 (13)Not specified

23 (4)BMI (kg/m2), mean (SD)

Fulfillment WHOa guideline >150 minutes of moderate aerobic activity, n (%)

87 (61)Yes

55 (39)No

Fulfillment WHO guideline ≥2 days/week muscle strengthening, n (%)

69 (49)Yes

73 (51)No

Fulfillment WHO guideline for physical activity overall, n (%)

57 (40)Yes

85 (60)No

aWHO: World Health Organization.

futur.move UX
The UX of futur.move is indicated by the average score on each
respective scale. As the data are not normally distributed, the
median, IQR, and the minimum and maximum range are also
reported. Attractiveness received a median score of 1.67 (IQR
1.04-2.17) and a mean score of 1.55 (SD 0.91) on a scale from
–3 to +3. Perspicuity was rated with a median of 1.5 (IQR 0.5-2)
and a mean of 1.28 (SD 0.97), stimulation with a median of 1.5
(IQR 1-2) and a mean of 1.37 (SD 1.03), and novelty with a
median of 1.25 (IQR 0.5-2) and a mean of 1.27 (SD 0.98).
Positive ratings are indicated by scores greater than 0.8 (UEQ
manual).

The UEQ benchmark refers to the mean scores and SD.
According to the UEQ benchmark results shown in Figure 3,
futur.move falls into the “good” category for hedonic quality
(stimulation and novelty scales). The attractiveness and
perspicuity scales are in the “above average” category. A score
is considered “good” if it is among the top 25% in the
benchmark dataset and “above average” if 25% of other products
score better. Therefore, the overall quality of futur.move can
be classified as good according to the UEQ. However, none of
the scale scores fall into the “excellent” category, which includes
the top 10% of results, indicating room for improvement.
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Figure 3. UX evaluation results of the futur.move mHealth service by study participants using the UEQ, compared to a dataset of 468 product reviews,
analyzed with the UEQ Data Analysis Tool Version 12. Error bars represent the 95% CI. mHealth: mobile health; UEQ: User Experience Questionnaire;
UX: user experience.

Evaluation of Individual Features
When rating the individual features of futur.move, at least 68%
(95/142) of participants rated all features with a score of 2 or
better (Figure 4). The PA features (PA groups and PA

inspirations) received the highest scores, with 90% (126/139)
and 86% (116/135) of participants rating them with a score of
2 or better, respectively. Only a small number of respondents
rated 2 features with a score of 5 (very poor): “your condition”
(1/142, 0.7%) and “goal setting” (3/142, 2%).
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Figure 4. Average ratings of individual features of the futur.move mHealth service by study participants. Each feature was evaluated on a scale from
1 (very good) to 5 (poor). mHealth: mobile health; PA: physical activity.

Overall Grade
Overall, 105 (74%) of 142 participants gave futur.move an
overall grade of 2 (n=97, 68%) or better (n=8, 6%). No grade
lower than 4 was awarded (grade of 3: n=29, 20%; grade of 4:
n=8, 6%). The average grade for the overall evaluation of
futur.move was 2.3 (German grading scale, where 1 is the best
grade and 6 the worst); a grade of 2 corresponds to a “good”
rating.

Correlation Analysis
A summary table of the correlation analysis results can be found
in Multimedia Appendix 4. To analyze the direction of
correlations calculated with η, corresponding bar charts were
used. These are also included in Multimedia Appendix 4.

The correlation analysis reveals a weak to moderate relationship
between adherence to WHO guidelines for PA and the UX
evaluation using the UEQ subscale perspicuity (η=0.232,
P=.04). Adherence to WHO guidelines is associated with less
favorable UX ratings.

Additionally, 2 weak but significant relationships were identified
between age and the UEQ subscales perspicuity (Kendall
τb=0.132, P=.03) and stimulation (Kendall τb=0.144, P=.02).
Higher age was associated with more favorable evaluations of
futur.move on both subscales.

A significant moderate relationship was also found between
gender and the UEQ subscale novelty (η=0.363, P=.004), with
women providing higher ratings for novelty compared to men.

No significant influence was observed for the variable prior
experience with apps for PA on the UX evaluation using the
UEQ.

Qualitative Findings

Overview
Four focus group discussions were conducted with a total of 23
participants. The main categories corresponded to the four scales
of the UEQ: (1) attractiveness, (2) perspicuity, (3) stimulation,
and (4) novelty. Figure 5 shows an overview of the UX
dimensions with an exemplary anchor quote representing each
category. The quotes mentioned in the text can be found in
Multimedia Appendix 5.
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Figure 5. Overview of user experience categories for the futur.move mHealth service from the qualitative content analysis of 4 focus group discussions,
structured according to UEQ subscales with illustrative anchor quotations. mHealth: mobile health; P: participant; UEQ: User Experience Questionnaire.

Attractiveness
Most participants liked futur.move overall and had fun when
using it (quote 1 in Multimedia Appendix 5). Some participants
were particularly attracted by the variety of features (quotes 2
and 3 in Multimedia Appendix 5). However, few individuals
found the platform to be less attractive. According to the
participants, this was due to enduring a recent injury, living
away from the university (quote 4 in Multimedia Appendix 5),
or undertaking part-time studies (quote 5 in Multimedia
Appendix 5). Many participants highlighted the networking
opportunities with other students and the links to PA
opportunities in the region (quotes 3 and 6 in Multimedia
Appendix 5).

Most participants thought the “physical activity inspirations”
were particularly attractive because of their diversity (quote 7
in Multimedia Appendix 5), perceived as a variety of offers for
different needs. One participant thought it was particularly
positive that the PA options were low-threshold; that is, they
did not always entail sport but general PA such as a walk around
the city (quote 8 in Multimedia Appendix 5). Most participants
found the group activities attractive, even though other
perspectives were also considered (quotes 9 and 10 in
Multimedia Appendix 5). One person emphasized that the group
recommendations were also a good way for first-year students
to make contacts upon arrival in a new city (quote 10 in
Multimedia Appendix 5). When using a digital service, the
physical presence was also discussed. One participant
particularly liked that futur.move offers the opportunity to meet
in person (quote 11 in Multimedia Appendix 5). Most
participants thought the “knowledge” feature was attractive. In
particular, the variety of media was mentioned as appealing
(quote 12 in Multimedia Appendix 5). However, details such
as the structure of the texts also contributed to the perceived
attractiveness (quote 13 in Multimedia Appendix 5). Many of

the participants liked the “goal setting” feature in general. One
of the reasons given was the possibility to set small, realistic
goals (quote 14 in Multimedia Appendix 5). Several focus
groups discussed appropriate target periods (quote 15 in
Multimedia Appendix 5) and manual data entry (quote 16 in
Multimedia Appendix 5).

Some of the participants thought it was attractive to compete
with others in a faculty competition (quote 17 in Multimedia
Appendix 5), while others would rather avoid such competition
(quote 18 in Multimedia Appendix 5). One person cited a lack
of connection to their own faculty as a reason (quote 19 in
Multimedia Appendix 5).

In terms of the attractiveness of individual features, the option
to design one’s own avatar elicited mixed feedback from
participants. While 1 person thought it was appealing (quote 20
in Multimedia Appendix 5), another did not find the choice
appealing at all (quote 21 in Multimedia Appendix 5).

Most participants were very positive about the design of
futur.move (quote 22 in Multimedia Appendix 5). One
participant particularly emphasized the design of the
“knowledge” feature, which was perceived as clean (quote 23
in Multimedia Appendix 5). One person had a good feeling
about the overall service but perceived a design break in the
“your condition” feature (quote 24 in Multimedia Appendix 5).
The color scheme of the service was rarely discussed, and apart
from 1 comment on the color scheme in the “your condition”
feature, was perceived as positive (quote 25 in Multimedia
Appendix 5). The choice of images was particularly appealing
to some respondents (quote 26 in Multimedia Appendix 5).

Perspicuity
Most participants described the platform as clear, tidy, and not
too packed. The font, large headings, and organized layout
contributed to this (quote 27 in Multimedia Appendix 5). Most
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features were also found to be easy to understand. Most
participants reported that they found their way around quickly,
although it took some time to get used to the system in the
beginning (quote 28 in Multimedia Appendix 5). While certain
aspects of the tasks required exploration, participants found the
navigation easy to learn and were able to use it quickly (quote
29 in Multimedia Appendix 5).

In contrast, not all participants understood the diagrams in the
“your condition” section or the points system for the “faculty
competition” (quotes 30 and 31 in Multimedia Appendix 5). In
1 focus group, the comprehensibility of the navigation buttons
in particular was discussed and perceived as somewhat difficult
to comprehend (quote 32 in Multimedia Appendix 5).

Stimulation
Overall, the design and content of the service caught the interest
of most participants and stimulated them to explore the content
(quote 33 in Multimedia Appendix 5). In this context, individual
feedback raised the question about the long-term motivation to
use the service (quote 34 in Multimedia Appendix 5).

The “physical activity” feature received a lot of positive
feedback, with the variety of activities seeming to be a key
advantage. Not all activities appealed to everyone (quote 35 in
Multimedia Appendix 5), but there was something for everyone
(quote 7 in Multimedia Appendix 5). Most participants were
particularly positive about the possibility of using futur.move
to become physically active in the first place or even to initiate
groups themselves (quote 36 in Multimedia Appendix 5). The
“knowledge” feature also appealed to many participants, partly
because of the variety of media and the design of the
contributions (quote 37 in Multimedia Appendix 5). Many
participants thought the “goal setting” feature was motivating,
especially because small goals could be set and big goals could
be broken down (quotes 38 and 39 in Multimedia Appendix 5).
Opinions differed on the period length to achieve a target and
whether the tool would be used during implementation (quotes
40 and 41 in Multimedia Appendix 5).

The “faculty competition” feature was discussed by participants.
While some felt motivated by the competitive nature of the
event (quote 42 in Multimedia Appendix 5), some participants
did not find it appealing (quote 18 in Multimedia Appendix 5).
Furthermore, the focus groups discussed the possibility of
providing information about one’s own mood or having PA
data displayed in the “your condition” feature: while some found
this feature helpful, others thought it was uninteresting or even
problematic to confront them with their own performance
(quotes 43, 44, and 45 in Multimedia Appendix 5). Designing
an avatar was a less motivating feature of the service to use for
some participants (quote 46 in Multimedia Appendix 5).

Novelty
Participants indicated that they were particularly attracted by
the creative design of the service (quote 47 in Multimedia
Appendix 5) and the “fresh” headings (quote 48 in Multimedia
Appendix 5). Some participants thought the service was new
(quote 49 in Multimedia Appendix 5). It was not the content
itself that was described as new, but its combination as an
infrastructure service (quote 50 in Multimedia Appendix 5).

The fact that the content was already familiar to some
participants from other contexts was also a reason for some to
perceive the service as less new (quote 51 in Multimedia
Appendix 5).

Discussion

Principal Findings
The evaluation of the UX of futur.move using the UEQ revealed
generally positive results, with attractiveness receiving the
highest ratings. Compared to the UEQ benchmark, all scores
were at least “above average.” However, all ratings still leave
room for improvement. It has to be taken into account that
despite rating options between –3 and +3, real-world
applications typically produce lower values, with averages
unlikely to exceed +2 or go below –2 [40]. “Your condition”
and “goal setting” were less favorably rated, suggesting these
areas are less engaging or useful for users. This feedback
provides valuable insights for targeted enhancements to increase
user satisfaction and engagement.

Qualitative results complemented the quantitative findings,
reflecting the positive feedback on the service’s content and
design. Participants particularly valued the personalization
features, as well as the social and the variety of PA options,
which enhanced their overall enjoyment. However, critical
feedback identified areas for improvement, notably the manual
data entry process and difficulties in comparing progress with
other users.

The correlation analysis provides additional insights into
potential areas for improving UX, though the findings should
be interpreted with caution. A weak to moderate correlation
was found between adherence to WHO guidelines for PA and
the UEQ subscale perspicuity, contradicting that individuals
who meet WHO guidelines for PA provide higher UX ratings
for futur.move using the UEQ. As none of the other subscales
showed any associations with adherence to the WHO guideline,
this is probably a chance finding, as the relationship cannot be
explained conceptually.

Interestingly, older students rated the UX higher on perspicuity
and stimulation compared to younger students. These findings
point to a need for better understanding what motivates the core
target group of students aged 20-30 years to engage with the
service and how to make it more intuitive for them. Although
age appears to have a weak influence overall, these insights can
guide refinements to improve engagement with this age group.

The observation that women perceive futur.move as more novel
than men suggests that women rate UX higher, specifically in
the subscale novelty. This finding emphasizes the importance
of tailoring innovative features to better engage men and other
genders, ensuring that the service effectively appeals to the
diverse target audience. Addressing these issues could
significantly enhance usability and overall UX. The analysis of
the qualitative data by PA, gender, and age showed no additional
insights.
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Comparison With Prior Work
Our study expands the existing literature by being to our
knowledge the first to investigate the UX of an mHealth
prototype in an early development phase using a combined
qualitative and quantitative approach. It provides valuable
insights into the strengths and weaknesses of the prototype,
along with practical recommendations for further development.

Previous studies on UX in mHealth services aimed at promoting
PA primarily focused on fully programmed apps in long-term
studies, with a predominant emphasis on usability aspects
[44-47]. For example, 1 study evaluated UX aspects using the
UEQ without incorporating qualitative methods [48]. In contrast,
our study integrates qualitative and quantitative UX methods
in an early development phase to derive key insights into
participatory development and its impact on UX.

The evaluation of futur.move revealed strengths in usability,
personalization, and design, with the ease of use being
particularly notable after a brief familiarization period. At the
same time, weaknesses such as the need for manual data entry
were identified, which could negatively affect long-term usage
[16,29]. These findings align with studies emphasizing the
importance of automated tracking features, intuitive navigation,
and the critical role of personalization options [16,29,49].

The investigation of social comparison features revealed
individual preferences. While some participants found the
“faculty competition” motivating, others expressed a negative
attitude toward competition, highlighting the diversity of user
values. A systematic review recommends using competitive
elements sparingly and in combination with other features [16].
The results of other studies suggest that intergroup competition
approaches are beneficial [50,51].

Gender and age correlate with UX ratings. Women tended to
evaluate the aspect of novelty more positively than men. One
explanation could be that men are generally more frequent users
of technology [52] and tend to score higher on measures of
technology acceptance and competence [53,54]. This could
explain why men perceive futur.move as less novel, as they
may already be familiar with a wider range of similar offerings.
Conversely, women often place greater emphasis on the design
and user-friendliness of an application [55], which could
positively influence their evaluation of its novelty. These
findings highlight the importance of considering gender-specific
preferences in UX design. For example, future development
could focus on creating a balance between functionality and
aesthetic appeal to meet the expectations of both genders.
Additionally, efforts to better understand how men and women
perceive and engage with novel features in mHealth apps could
further optimize the UX of futur.move.

Research indicates that younger people are more likely to use
smartphone apps for health-related purposes. For instance, as
early as 2016, one-third of students surveyed in a study were
already using mHealth apps [56]. Empirical evidence also shows
that interest in technology tends to decrease with age among
older adults [57]. Interestingly, in our study, older students rated
the perspicuity and stimulation provided by futur.move more
favorably. This could be attributed to differences in preferences,

as older individuals may value ease of navigation and
straightforward information over other features. While younger
users generally engage more frequently with health apps, older
adults may respond more positively to specific UX elements
when tailored to their needs. Identifying these aspects should
be a focus in future development.

Limitations
In this study, a convenience sample of students was used.
Participants were not selected based on their PA habits or need
for PA in the university context. Due to initial reluctance from
students to participate, they were engaged through personal
networks within the student community. Not all courses of study
and faculties of the university were covered. This recruitment
process has led to a strong representation of health students in
the sample. It can be assumed that some participants are already
aware of health-related issues and the importance of PA for
health. Therefore, the generalizability of the results to the entire
student community may be limited.

In this study, 74% of the participants were female, similar to
other mHealth intervention studies aimed at improving PA
among students [49,58,59]. A study found that female students
are also more likely to engage in health promotion activities on
campus than males [14]. The participants’ age and BMI were
similar to other studies [58-60]. Nevertheless, BMI has
limitations as it does not account for body composition and can
lead to health risk misestimation [61]. Self-reported height and
weight can also cause BMI underestimation [62]. For this reason,
BMI is not used in this study to refer to the students’ physical
health. The service does not provide recommendations to
students based on BMI. Future evaluation of the service should
consider possible underestimations of self-reported data,
especially concerning the effectiveness of the service, and
include objective measurement methods.

Due to the presentation of the prototype in Figma, not all of the
developed content of the service could be fully experienced. As
a click dummy, a clickable prototype with limited functionality,
the ability to make all activities of the service tangible is limited.
For example, push notifications, which will be part of the
service, could not be evaluated in this format. The evaluation
of activities within the service was indirect and could not be
directly tested in vivo. As futur.move was evaluated in a
cross-sectional survey, the results provide insights into how
students perceived its use but do not give information on the
actual use of the service. A longitudinal evaluation of the
programmed service is needed to collect data on user behavior
and the effects of the service on PA behavior and motivation
in long-term use. However, this evaluation requires not only a
programmed service but also its implementation in everyday
campus life, even if only on a trial basis.

Implications
Future research should include analyses focused on the values
and needs of younger students and men. These findings should
then be incorporated into the further development of the service
to better address and meet these groups’ specific requirements.

The service’s clarity, noted by most participants, confirms the
successful layout of the application on which the usability of
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the service was based. Nonetheless, feedback on
comprehensibility, such as navigation buttons, should be
addressed for usability. The manual data entry process requires
further review with the target group, as it was negatively
received and could impede long-term use. Data tracking through
devices might offer a solution here. Further investigation is also
needed for competitive elements such as the faculty challenge.

Despite some criticism, the overall evaluation of futur.move is
positive. futur.move meets a substantial proportion of the diverse
needs of the target group, underscoring the importance of
adaptability.

The next step is to assess whether using futur.move actually
improves students’ PA. Thus, a longitudinal study should be
carried out to assess real-world usability, long-term adherence,
effectiveness in regards to PA, and other health-related outcomes
and correlations with academic success.

Motivating students to participate in the development process
remains challenging. Although 60% of surveyed students
expressed interest in health programs [14], recruiting participants
has been difficult. This suggests that a desire for the service
does not necessarily lead to active participation in its design.
Therefore, future studies should place greater emphasis on
understanding the incentives and motivations that drive
involvement.

Based on our findings, the UX evaluation methods used in this
study could be adapted for other populations, such as individuals
with chronic pain, obesity, or cardiovascular disease, to align
with their needs and values in designing digital services or
mobile apps that promote PA.

Conclusions
The results of this study provide relevant information on how
to further develop futur.move as a multidimensional,
tailor-made, and participatory mHealth service to enhance PA
among university students in hybrid spaces. By emphasizing
personalization—a crucial factor also identified in prior research
that showed the limitations of one-size-fits-all approaches
[49]—futur.move aligns well with the diverse needs of its target
audience.

Overall, the UX evaluation yielded positive results for the
prototype. Students particularly appreciated its personalized
content, engaging social features, and thoughtful design
elements. However, the UX evaluation, complemented by
qualitative feedback from focus group discussions, identified
2 specific features that need significant improvement to better
meet user expectations. Additionally, reducing manual data
entry emerged as a critical area for optimization, as its current
implementation may hinder adherence and long-term user
engagement.

While correlations between UX ratings and demographic
variables were found to be weak to moderate, they warrant
further investigation to better address the diverse characteristics
of the student population. These findings may provide essential
guidance for future development steps.

Building on these results, the next phase will refine the prototype
by addressing the identified areas for improvement and
implementing it as a smartphone app. This app will be tested
and evaluated within the university context to ensure it
effectively supports students in increasing PA while maintaining
a high standard of UX.
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Multimedia Appendix 1
CHERRIES for the futur.move mHealth service. mHealth: mobile health.
[DOCX File , 25 KB - formative_v9i1e64384_app1.docx ]
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Multimedia Appendix 2
Screenshot of the customizable dashboard of the futur.move mHealth service as viewed on a smartphone in English. mHealth:
mobile health.
[PNG File , 828 KB - formative_v9i1e64384_app2.png ]

Multimedia Appendix 3
Task sheet for user testing to evaluate the user experience of the futur.move mHealth service in German and English. mHealth:
mobile health.
[PDF File (Adobe PDF File), 185 KB - formative_v9i1e64384_app3.pdf ]

Multimedia Appendix 4
Table of correlation analysis results for user experience evaluation of futur.move mHealth service using UEQ subscales, including
graphical interpretation. mHealth: mobile health; UEQ: User Experience Questionnaire.
[DOCX File , 85 KB - formative_v9i1e64384_app4.docx ]

Multimedia Appendix 5
Illustrative quotations from focus group discussions on the user experience of the futur.move mHealth service to support qualitative
findings, presented in German and English. mHealth: mobile health.
[DOCX File , 32 KB - formative_v9i1e64384_app5.docx ]
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Abstract

Background: Subsequent to the COVID-19 pandemic in 2020, a different approach to health care utilization was required to
improve safety and efficiency. In the postpandemic era, virtual care and remote assessment of musculoskeletal conditions has
become more common, and examining the accuracy of these remote encounters remains vital. In 2023, an innovative, video-based
tool—the Virtual Performance Measure (VPM)—was introduced to assess the functional difficulties of patients with osteoarthritis
of the knee joint. Further validation of this tool is warranted to expand its application longitudinally and in more diverse populations.

Objective: This study examined the longitudinal validity of the VPM, a digitally based outcome tool, in patients with osteoarthritis
of the hip and knee joints who had undergone arthroplasty.

Methods: Patients completed a web-based survey after watching 40 videos that demonstrated 10 functional tasks with increasing
difficulty, prior to and at approximately 3-5 months following surgery. The Lower Extremity Functional Scale (LEFS) was used
as the reference measure. Longitudinal convergent and known-groups validity as well as sensitivity to change were assessed.

Results: The data of 120 patients (n=80, 67% female; mean age 67, SD 9 years; n=58, 48% with hip osteoarthritis and n=62,
52% with knee osteoarthritis) were examined. There was a statistically significant improvement in both LEFS (t119=16.04, P<.001)
and VPM total scores (t119=13.92, P<.001) over time. The correlation between the postoperative LEFS and VPM scores was
higher (r=0.66; P<.001) than the correlation between the change scores of these measures (r=0.51; P<.001). The area under the
curve value for the VPM’s ability to differentiate between urgent and nonurgent candidates for surgery was 0.71 (95% CI
0.57-0.84). Sensitivity to change as measured by the standardized response mean was 1.27 (95% CI 1.09-1.45), indicating good
ability to detect change over time.

Conclusions: The VPM demonstrated sufficient longitudinal convergent and known-groups validity as well as sensitivity to
change in patients with hip and knee osteoarthritis following arthroplasty. This tool has a potential to improve the delivery of
care by increasing access, reducing the frequency of in-person visits, and improving the overall efficiency of the health care
system following a major surgery.

(JMIR Form Res 2025;9:e69001)   doi:10.2196/69001

KEYWORDS

virtual; video-based outcome; longitudinal validity; sensitivity to change; osteoarthritis

Introduction

Osteoarthritis of the hip and knee joint is a disabling condition
in older adults with significant physical, social, and economic

burdens. Traditionally, two types of outcome measurement have
been used in the assessment of patients with lower-extremity
osteoarthritis. Patient-reported outcome measures document
perceived physical difficulty within a specific timeframe [1].
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Performance-based measures reflect the actual ability of the
patients to execute a specific physical activity at the time of
assessment [2]. The first video-based outcome measure that
permitted a remote assessment of functional difficulties was
introduced by a team of Dutch investigators in 2014 using videos
with animated figures [3-5]. Subsequent to the COVID-19
pandemic in 2020, a different approach to health care utilization
was required to improve safety and efficiency. In 2023, a
next-generation, innovative, virtual assessment tool—the Virtual
Performance Measure (VPM)—was introduced [6]. The VPM
replaced animated figures with human models and combined
features of self-report and performance-based tools, creating an
outcome measure that could be used remotely. The original
studies by the developers have shown cross-sectional validity
of the VPM in patients with hip and knee joint osteoarthritis
[6,7]. As clinicians continue to face challenges in care delivery
and digital technology is being adopted more often by older
persons in the postpandemic era, further validation of this tool
is warranted to expand its application longitudinally and in more
diverse populations.

The objective of this study was to examine the longitudinal
convergent construct and known-groups validity as well as
sensitivity to change of the VPM total score in patients with
osteoarthritis of the hip and knee joints who had undergone
joint replacement surgery. We explored the role of age, sex, and
severity score on the postoperative VPM score after accounting
for the preoperative VPM score. We hypothesized that (1) the
postoperative and change scores of the VPM would correlate
moderately with those of a traditional, validated, self-report
functional tool; (2) the VPM would differentiate between
patients who were considered urgent versus nonurgent for joint
arthroplasty; and (3) the VPM score would show a large
sensitivity to change following surgery.

Methods

Participants
This was a longitudinal study. All patients were recruited at a
rapid-access clinic of a large arthroplasty center of an academic
hospital in Canada. Inclusion criteria were failed nonsurgical
management and candidacy for primary elective arthroplasty.
Exclusion criteria included inability to read English, presence
of cognitive conditions, lack of access to internet, or inability
to use web-based surveys.

Ethical Considerations
The study protocol was approved by the Human Ethics Research
Board of the Sunnybrook Health Sciences Centre (Project#
3703). All patients provided informed consent for participation
in the study. The web-based survey used a participant number,
no personal identifiers were collected, and study data were
anonymous. Patients were not compensated for their
participation in the study.

VPM Procedure
Patients who agreed to participate in the study received a link
from a research assistant to a web-based survey. After entering
their participant number, they completed the survey after
watching 40 videos of 10 tasks on a smart phone, computer, or

tablet twice—prior to surgery and 3-5 months following surgery.
Activities varied from simple tasks such as sitting on a chair to
physically demanding tasks such as navigating stairs, to provide
a wide variety of activities and avoid ceiling and floor effects.
The activities and their variations were selected based on input
from physical therapists, occupational therapists, and patient
representatives. The final set of the videos used an
age-appropriate model.

The videos represented 10 commonly executed functional tasks
with 4 levels of difficulty (normal to severe). Patients had an
option of choosing “unable to perform” if the task was
considered impossible to perform. The daily tasks included
sitting and rising from a chair, putting on or taking off socks,
getting into the shower, picking up an item from the floor, sitting
down and getting up from the floor, walking on even ground,
and ascending and descending stairs. The survey results were
sent to the researchers via a secure platform. Further details on
the development and cross-sectional validity of the tool have
been provided elsewhere [6,7]. The videos are available to public
(patients and researchers) [8].

Preoperative Assessment
Initial assessment was conducted by advanced practice
providers, who assigned a score to each candidate using the
Severity Scoring System (SSS). The SSS is a validated scoring
system and acts as a guide to interpreting findings across three
main elements of the standardized assessment: (1) patient’s
clinical presentation, (2) self-report pain and functional
difficulties, and (3) severity of osteoarthritis based on imaging.
The score helps improve access and outcomes in candidates for
joint arthroplasty by determining an appropriate management
plan, including assigning urgency and priority levels for surgery
[6,7,9,10]. The SSS has been aligned with the Wait Time
Information System priority levels and classifications in Canada
[11]. The clinical component score of the SSS ranges from 0-3,
the functional component score varies from 0-3, and the
radiological examination score varies from 0-2. The total
severity score ranges between 0-8, with higher numbers
indicating a higher severity. Patients with a score of 7 or higher
are considered urgent for surgical management.

Reference Outcome Measure
The reference measure used for convergent validity was the
Lower Extremity Functional Scale (LEFS) [12], which was
completed prior to surgery and after surgery along with the
VPM. The LEFS is a validated, patient-reported outcome
measure with 20 questions, with a score ranging from 0-80,
where higher numbers indicate better function. The LEFS has
shown validity and reliability in patients with lower-extremity
osteoarthritis and after hip and knee arthroplasty
[6,7,9,10,12,13].

Statistical Analysis
Descriptive analyses of patient characteristics were conducted.
The preoperative LEFS and VPM scores were compared with
postoperative scores, and the magnitude of change over time
was examined using paired, 1-tailed t test statistics. The analysis
of covariance was used to examine the role of age, sex, and
severity score on postoperative VPM scores after adjusting for
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the preoperative level of functional difficulty. Interactions
among independent variables were explored.

Longitudinal construct convergent validity was used to examine
the correlation between postoperative scores and the amount of
change (postoperative score – preoperative score) between the
VPM and LEFS, using Spearman correlations. We hypothesized
moderate correlations (r>0.30 and <0.50) [14] between the VPM
total score and the LEFS score due to using different modes of
measurement (self-report survey vs video-based survey).

Known-groups validity in a longitudinal context is examined
by the assessment of average change in subgroups that are
expected to have experienced a different amount of change in
function after surgery. The receive operating characteristic curve
and the area under the curve (AUC) value (area under the
receiver operating characteristic curve) were used to assess the
diagnostic ability of the VPM in detecting a difference in change
over time between a binary predictor that indicated priority for
surgery (eg, severity score ≥7 and <7). An AUC of above 0.70
is considered sufficient for diagnostic validity in clinical practice
[15].

Sensitivity to change refers to the capacity of a tool to measure
the magnitude of observed change statistically. We therefore
measured the magnitude of change between the scores at
baseline and following surgery using the standardized response
mean (SRM). The SRM was calculated as (mean change score
/ SD of the change score) [14]. The Cohen criteria were used

to interpret the magnitude of the SRM value [16]. An SRM of
0.80 is considered large in clinical practice.

Results

The data of 120 patients (n=80, 67% female and n=40, 33%
male; mean age 67, SD 9 years; age range 40-90 years; n=58,
48% hip osteoarthritis and n=62, 52% knee osteoarthritis) were
examined. Table 1 shows the demographic characteristics of
the sample included. There was a statistically significant
improvement in both LEFS (t119=16.04, P<.001) and VPM total
scores (t119=13.92, P<.001). Younger age (F4,115=9.93; P=.002)
and male sex (F4,115=4.68; P=.03) were predictive of better
VPM scores at follow-up after adjusting for the preoperative
VPM score and severity of the condition.

The results of the longitudinal convergent validation showed
strong correlations between the postoperative LEFS and VPM
scores (r=0.66; P<.001) and moderate correlation between the
change scores of these measures (r=0.51; P<.001).

The logistic regression that calculated the overall diagnostic
value of the VPM change score for the differentiation between
high priority versus moderate or low priority (based on the SSS)
showed acceptable predictive validity, with an AUC of 0.71
(95% CI 0.57-0.84; Figure 1).

The SRM was 1.27 (95% CI 1.09-1.45), indicating good
sensitivity to change and ability of the VPM tool to detect a true
effect of surgical management.
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Table 1. Demographics, disease characteristics, and preoperative and postoperative outcomes (N=120).

ValuesVariables

67 (9; 40-92)Age (years), mean (SD; range)

Sex, n (%)

80 (67)Female

40 (37)Male

Affected joint, n (%)

58 (48)Hip

62 (52)Knee

Walking devices, n (%)

35 (29)Yes

85 (71)No

Gait, n (%)

10 (8)Normal

103 (86)Abnormal

7 (6)Missing

Severity score, mean (SD)

2 (0.48)Clinical (0-3)

1.90 (0.50)Functional (0-3)

1.85 (0.34)Radiological (0-2)

5.8 (10.96)Total score (0-8)

Outcome measures, mean (SD)

32 (14)Preoperative LEFSa score

59 (13)Postoperative LEFS score

60 (18)Preoperative VPMb score

81 (13)Postoperative VPM score

aLEFS: Lower Extremity Functional Scale.
bVPM: Virtual Performance Measure.
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Figure 1. ROC analysis of the VPM change score in relation to surgical urgency. ROC: receiver operating characteristic; VPM: Virtual Performance
Measure. Model (0.7079), ROC1 (0.5000).

Discussion

Principal Findings
This study demonstrated longitudinal convergent construct and
known-groups validity as well as high sensitivity to change in
patients with osteoarthritis of the hip and knee joints who had
undergone joint replacement surgery. The postoperative and
change scores of the VPM correlated strongly with those of the
LEFS, a self-report functional tool. The VPM score was able
to differentiate between patients who were considered urgent
versus nonurgent for surgery (high priority vs moderate or low
priority) based on the severity score. Younger patients and male
patients showed a better postoperative VPM score after
accounting for the preoperative VPM score and severity of the
condition.

The VPM has shown cross-sectional convergent and
known-groups validity in patients with knee and hip
osteoarthritis [6,7]. The cross-sectional validity, however, is
not sufficient for using a tool after an intervention, and
longitudinal studies are required to detect change by extending
beyond a single point in time and establishing the impact of
surgery on improving function. To our knowledge, this is the
first study that demonstrates the longitudinal validity of a
digitally based outcome measure that uses a human model. In
the cross-sectional study of patients with knee osteoarthritis [6]
and hip joint osteoarthritis [7], the correlations between the
preoperative LEFS and VPM score were 0.66 (P<.001) and 0.68
(P<.001), respectively. In this study, there was a similar
correlation between the postoperative scores (r=0.66; P<.001).
The correlation between the change scores of the LEFS and
VPM was lower (r=0.51; P<.001). In terms of known-groups
validity, AUC values of 0.90 and 0.72 were reported in relation

to candidacy for total knee and hip arthroplasty [6,7]. The lower
AUC value of 0.71 of this study may be related to a higher
variability in the patient sample and the stricter criteria of the
predictor variable (urgency vs candidacy).

The sudden rise in popularity and demand for virtual care was
a consequence of the 2020 COVID-19 pandemic, which required
a different approach to health care utilization and access across
the world. In the postpandemic era, clinicians continue to rely
on virtual modes of examination and management to maintain
efficiency and access. Thus, establishing the diagnostic validity
of digital tools ensures the accuracy of clinical information
obtained through virtual care. Improved access to broadband
internet in rural and remote areas and higher use of new
technologies by older individuals will lessen the burden of
commute for families who often have to drive their older family
members to arthroplasty centers, which are often located in
larger cities. As technology evolves, alternative approaches to
virtual functional assessment that provide accurate data on range
of motion and function should be explored in osteoarthritis care.
A potential tool for future virtual care is the sensorless motion
tracking technology that uses cameras and computer vision
software to track the movements of a patient on personal devices
such as a phone, tablet, or laptop. With the use of artificial
intelligence, sensorless tracking systems may provide accurate
and reliable results with no additional hardware; this avoids the
complexity of sensor-based systems that require wearing
multiple high-cost sensors and devices and have limited ability
to track related body parts, thus affecting calibration and scaling.

The implication of this study in the era of fast developing new
technologies is establishing confidence in the ability of a digital
tool to provide valid results, predict true change, and
differentiate between groups with different characteristics and
patterns of recovery, while improving access. These results will
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inform further research in more diverse populations, shape
policy, and help to find solutions to today’s health care
challenges.

This study has some limitations. Patients who participated in
this study had advanced osteoarthritis that required joint
arthroplasty. The results may not be applicable to patients with
less pathology and higher functional levels. The model used in
the videos may not represent younger patients, female patients,
or patients with greater levels of obesity, and these potential
differences warrant investigation in future studies.

Conclusions
The VPM demonstrated sufficient longitudinal convergent and
known-group validity as well as sensitivity to change in patients
with hip and knee osteoarthritis following arthroplasty. This
tool has the potential to improve the delivery of care by
increasing access, reducing the frequency of in-person visits,
and improving the overall efficiency of the health care system
following a major surgery.
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Abstract

Background: The optimal response to a major incident in a road tunnel involves efficient decision-making among the responding
emergency services (fire and rescue services, police, and ambulances). The infrequent occurrence of road tunnel incidents may
entail unfamiliarity with the tunnel environment and lead to uncertain and inefficient decision-making among emergency services
commanders. Ambulance commanders have requested tunnel-specific learning materials to improve their preparedness.

Objective: We aimed to assess decision-making among ambulance commanders in simulated road tunnel incidents after they
had participated in a tunnel-specific e-learning course designed to support timely and correct decisions in this context.

Methods: We conducted a web-based intervention study involving 20 participants from emergency medical services in Sweden
who were randomly allocated to a test or control group. The control group (n=10, 50%) received a lecture on general incident
management, while the intervention group (n=10, 50%) completed an e-learning course consisting of 5 modules focused on tunnel
structure, safety, and collaboration in response. The participants took part in 2 simulation-based assessments for ambulance
commander decision-making in major road tunnel incidents 1 month and 6 months after their allocated study intervention. In
each simulation, the participants decided on the best course of action at 15 independent decision points, designed as multiple-choice
questions. The primary outcome was the correct response to the question regarding how to appropriately enter the road tunnel.
The secondary outcome measurements were correct or incorrect responses and the time taken to decide for each of the 15 decisions.
Limited in-depth follow-up interviews were conducted with participants (n=5, 25%), and collected data were analyzed using
qualitative content analysis.

Results: All 20 participants completed the first simulation, and 16 (80%) completed the second. The main finding was that none
(0/20, 0%) of the participants correctly answered the question on entering the tunnel system in the 1-month assessment. There
were no significant differences between the groups (P=.59; 2-sample test of proportions) in the second assessment. The e-learning
course was not associated with more correct answers at the first assessment, including accounting for participant factors (mean
difference between groups: –0.58 points, 95% CI –1.88 to 0.73; P=.36). The e-learning course was also not associated with a
shorter time to completion compared to the nonintervention group in either assessment. Interviews identified 3 categories linked
to the main outcome: information (lack of), risk (limited knowledge and equipment), and mitigation (access to maps and
aide-mémoire).
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Conclusions: Participation in a tunnel-specific e-learning course did not result in a measurable change in ambulance commanders’
decision-making behavior during simulated road tunnel incidents. The observed hesitation to enter the road tunnel system may
have several plausible causes, such as the lack of actionable intelligence and tunnel-specific plans. This novel approach to assessing
commander decision-making may be transferable to other educational settings.

(JMIR Form Res 2025;9:e58542)   doi:10.2196/58542
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e-learning; major incident; incident management; disaster medicine; road tunnels

Introduction

Background
The United Nations projects that 68% of the world’s population
will live in urban areas by 2050, with an estimated increase
from 4.2 billion to 6.7 billion people [1]. Increased urbanization
and growing cities will require reliable infrastructure [2]. Traffic
congestion is expensive for both communities and individuals.
The analytical company INRIX reported that traffic congestion
costs the average American 97 hours and US $1348 annually
[3]. To limit traffic congestion and exhaust emissions, road
tunnels are key to future urban development [2,4]. Traffic
incidents in road tunnels may result in significant societal costs
and individual health impairment.

Moreover, increasingly complex road tunnels are being
constructed. For example, the Norwegian Rogfast ferry
replacement project, which is 26.7 km long and 392 m deep,
will become the world’s longest and deepest subsea road tunnel
upon completion in the early 2030s [5]. Furthermore, road
tunnels can have different designs, including single or separate
twin-tunnel tubes. Some tunnel systems include subsea passages
and multiple on-ramp and off-ramp systems. In addition,
networks of different tunnels may include emergency exits and
rooms for technical equipment, shelters, and service tunnels
[6]. Understanding the layout of a specific tunnel may benefit
emergency services and maintenance personnel responding to
a road tunnel incident.

When a major incident occurs in a road tunnel, such as a fire or
a traffic crash, the evacuation of tunnel users is the first step in
limiting casualties. A complex tunnel structure may hamper
self-evacuation and complicate the accessibility of the
responding emergency services (police, fire and rescue, and
emergency medical services [EMSs]) to the incident site and
injured individuals. Moreover, the compact designs of modern
road tunnels contribute to unique medical challenges concerning
specific injury patterns, specific trauma mechanisms, and
increased extraction times [7-9]. Hence, accessibility issues
may result in considerable delays in vital treatment, potentially
leading to preventable loss of life.

Timely and adequate decision-making by emergency service
commanders to facilitate correct task priority and minimize time
to treatment is crucial and difficult. This is illustrated by the
2013 Norwegian Gudvanga monotube tunnel fire, where a
decision was made to ventilate smoke to aid firefighter access,
which, in turn, engulfed 67 evacuating persons in smoke,
resulting in acute smoke inhalation injuries [10].

A study by Kristiansen et al [11] exploring the collaboration
between responding emergency service commanders during a
Norwegian road tunnel exercise concluded that the ambulance
commanders were treated as outsiders in the decision-making
process owing to uncertainty regarding their management roles.
Similarly, in Sweden, an imbalance between the incident
commanders and ambulance or medical commanders concerning
specific road tunnel knowledge has been identified as a
collaborative obstacle [12]. As important decisions need to be
taken within the initial 20 minutes of the incident, this obstacle
may lead to further delay [13]. The current prehospital medical
management system in Sweden uses a general all-hazard
approach. This means that the same management method is
used regardless of the incident type or environment [14,15]. In
contrast, Norwegian fire and rescue services include educational
material on decision-making, task allocation, risks, human
behavior, and coping with uncertainties in their training
curriculum [16]. Swedish ambulance staff with road tunnels in
their catchment areas are expected to initiate incident
management in the event of a road tunnel incident, even without
tunnel-specific knowledge.

Knowledge of the tunnel system and the ability to understand
emerging situations are important for fire and rescue service
commanders and personnel when responding to road tunnel
fires [17]. Studies concerning EMS incident management in
road tunnel incidents in Norway [18] and Sweden [19] have
found that there is a perceived need for tunnel-specific and
readily accessible learning materials and training courses. These
are needed to be better prepared to optimally assess response
needs in a complex environment and make timely decisions to
facilitate early access to the injured persons.

Objective and Hypotheses
The main aim of this study was to evaluate whether participation
in a tunnel-specific e-learning course affected ambulance
commanders’ abilities to make appropriate decisions in
simulated road tunnel incidents. The secondary aim was to
explore participant confidence in decision-making through
structured questions and responses.

Hypothesis 1
Hypothesis 1 is that the tunnel-specific e-learning course will
lead to more participants correctly choosing to enter the road
tunnel system in the 1-month postcourse simulation-based
assessment compared to those who have not participated in the
course. Furthermore, the same is hypothesized for the second
assessment, 6 months after the e-learning course intervention.
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Hypothesis 2
Hypothesis 2 is that the tunnel-specific e-learning course will
lead to participants giving more correct answers across the 15
decision points for the simulated tunnel incidents (fire or car
crash) compared to those who have not participated in the
course, taking into account relevant participant factors, including
educational level and previous practical experience with tunnel
incidents.

Secondary Hypothesis
The secondary hypothesis is that tunnel-specific e-learning
course participation will lead to a shorter time to make decisions
in the simulation-based assessments compared with no
e-learning course participation.

Methods

Study Design
The difficulty in evaluating the effectiveness of educational
efforts in the medical management of major incidents has been
described in the literature [20]. This study has taken an
innovative approach to this issue. A schematic overview of the
study design is presented in Figure 1. The design of this study
is a 2-arm, assessor-blinded, randomized, prospectively
controlled trial. The intervention was web based and accessed
by individual participants via a purpose-built online platform.
This study adhered to the CONSORT-EHEALTH (Consolidated
Standards of Reporting Trials of Electronic and Mobile Health
Applications and Online Telehealth) reporting guidelines
[21,22].

Figure 1. Schematic overview of the study design. This study is a 2-arm, assessor-blinded, randomized, prospectively controlled trial. Participants
(N=20) were enrolled and randomized to either a prerecorded lecture or the tunnel-specific e-learning course. Both groups completed follow-up
simulations at 1 and 6 months, which included 15 decision points (each designed as a multiple-choice question). Outcomes included the decision to
correctly enter the tunnel, the number of correct decisions, and time. Participants also self-evaluated their decision-making ability and sense of security
in handling road tunnel incidents.

Ethical Considerations
This study was approved by the Swedish Ethical Review
Authority (registration numbers 2021-04810 and
2022-05388-02) and conducted in accordance with the
Declaration of Helsinki [23]. As this study examined the effect
of an educational course on health care provider performance
in a simulation, trial registration was not deemed necessary, as
described by the International Committee of Medical Journal
Editors recommendations [24]. Potential participants were
provided with written information, including informed consent
descriptions, regarding the aim of the study and the voluntary
nature of participation. They were also informed that
deidentified data (eg, demographic data, such as sex and
educational level) would be included in a scientific article. In

addition, they were given the contact information of the study’s
data protection officer if, after enrollment, they wished to have
their personal information removed. Potential participants were
also informed that they would not receive any compensation
for participation. Informed consent was obtained from the
participants before they were given access to their allotted course
material (refer to the Study Sequence section and Multimedia
Appendix 1 for further details).

Setting
This study was conducted between March and December 2022,
with participants from a large city in southern Sweden that has
several twin-tube road tunnels in its catchment area. In the
studied city, the EMS comprised emergency ambulances,
physician-staffed vehicles, a dedicated incident management
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unit, and a helicopter. Only staff from the dedicated incident
management unit and emergency ambulances were included as
study participants. These units were staffed by either a registered
nurse and an emergency medical technician or 2 nurses. The
educational level of those who staff emergency ambulances in
Sweden varies from emergency medical technicians to registered
nurses with a 1-year subspecialization, such as prehospital care.
The EMS personnel are trained in advanced life support and
prehospital management leadership. The prehospital
management leadership course provided for Swedish EMS staff
is a mandatory 2-day course covering the basics of incident
management and draws from the Major Incident Medical
Management and Support (MIMMS) course [14,25]. A separate
2-day leadership course focusing on stress resilience and
leadership traits is available, although this course is not
mandatory or nationally implemented [15].

In Sweden, including the studied region, the standard operating
procedure (SOP) concerning major incidents is that the first
arriving ambulance crew at an incident site initiates “command
and control” procedures by assuming the roles of ambulance
and medical commanders [25]. Consequently, all personnel who
staff emergency ambulances need to be able to initiate command
and control.

Sample Size Calculation, Participants, and
Randomization

Sample Size Calculation
The sample size calculation was based on findings from local
pretesting and recent literature [18,19], where ambulance
commanders highlighted concerns about tunnel risks that could
lead to hesitation in entering the road tunnel system. On the
basis of this, the control group was expected to respond with
close to 0 (10% response rate) correct answers to the critical
categorical question (decision to correctly enter the road tunnel)
and, similarly, a close to 0 (10%) correct response rate to the
15 tunnel-specific decision points (given their lack of
tunnel-specific education and unfamiliarity with the tunnel
environment). The intervention group was expected to correctly
answer the critical single categorical question and to have a
general correct response rate of 75% for all questions. Using a
power of 0.8 and a 2-tailed α of .05 with the Pearson chi-square
test, the estimated sample size was 8 participants per group. We
aimed to include a minimum of 10 participants in each group
owing to anticipated dropouts after inclusion.

Inclusion and Exclusion Criteria
The inclusion criteria were participants who were currently
employed by the regional EMS and assigned to the ambulance
service or dedicated incident management unit as either
registered nurses or emergency medical technicians. The
participants could also assume the role of ambulance commander
in road tunnel incidents, in accordance with the SOP. The
exclusion criteria were individuals who were involved in the
development or validation of the tunnel-specific e-learning
course for this study and those who were diagnosed with or had
self-perceived posttraumatic stress disorder or anxiety due to
road tunnel incidents.

Recruitment Process
The ambulance station commander assisted in informing
potential participants of the regional study. A letter of invitation
to participate in the study was distributed via “a weekly
newsletter” in the organization. Furthermore, short presentations
concerning the aim of and participation in the study were
conducted by the first author during the organization’s morning
briefings. In total, 23 participants were recruited during a
3-month period (March to May 2022), of whom 20 (87%)
participants were included in the study, while 3 (13%) were in
reserve. Before the intervention was initiated, 3 (13%) planned
participants withdrew, and the 3 (13%) individuals in reserve
were included as participants.

Randomization
The first author collected the participants’ email addresses. The
20 participants’ email addresses were sorted in alphabetical
order and assigned a case number. The participants were
randomly allocated to the intervention or control arm using a
random number generator. A randomization key containing case
identification details was stored in a locked place to which only
the first author had access.

Course Material and Study Sequence

Online Platform
An online platform was created for this study using Moodle
(Moodle HQ) open-source software [26]. The online platform
contained both the e-learning course and the control
(nonintervention) “course.” Participants were given individual
access to one of the courses after a randomized allocation.
Furthermore, both simulations were stored on the platform
(hidden from the participants) and became available during the
assessment periods (1 and 6 months after the educational
intervention). Once started, neither simulation could be aborted.
Thus, the participants had 1 opportunity to complete each
simulation. The participants were informed of this multiple
times in writing.

Prerecorded Lecture (Control Arm)
The control course consisted of a 23-minute prerecorded lecture
on general incident management. The lecture consisted of a
brief historical overview of major incidents where incident
management was highlighted as important, including examples
from the 2011 bombing in Oslo, Utøya island shooting in
Norway, and the 2017 truck attack in Stockholm, Sweden
[27,28]. The lecture emphasized the roles of the first ambulance
at the incident site, focusing on the ambulance
commander–specific tasks according to the MIMMS concept,
with emphasis on the mnemonic METHANE (major incident,
exact location, type of incident, hazards, access and egress,
number of casualties, and emergency services) [25]. The use of
the mnemonic METHANE has been an SOP in Swedish EMS
prehospital incident management for the past 20 years [29]. As
such, the general lecture did not include new learning or
tunnel-specific elements. The purpose of the control course was
to refresh the participants’ general knowledge of incident
management in major incidents. The control course was
validated by 5 EMS personnel who had extensive prehospital
experience from parts of the country outside the studied region.
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The personnel were asked to provide feedback on the content
of the course and perceived usefulness to ambulance
commanders. Feedback included comments, for example,
“Please describe MIMMS a bit more, otherwise the lecture
contains much that I already knew.” Changes were made
according to their feedback.

The Tunnel-Specific e-Learning Course (Intervention
Arm)
The intervention in this study consists of a tunnel-specific and
gamified e-learning course created using Articulate Global
software [30]. The e-learning course was developed in
collaboration with the Faculty of Humanities at Umeå
University, Sweden.

The aim of the e-learning course was to increase ambulance
commanders’ ability to make the proper decision at the right
time by increasing knowledge of the specific tunnel
environment. A particular concern was giving participants the
confidence to enter the road tunnel in a safe manner, for
example, using the unaffected tunnel tube during a major
incident, which, according to discussions among stakeholders,
is an effective method for gaining access to the scene and those
injured.

The e-learning course (content outline is provided in Multimedia
Appendix 2) consisted of materials concerning collaboration in
a tunnel-specific context and organizations’different tasks from
dispatch to arrival at the incident scene [18,19,31], methods of
identifying injured individuals (eg, triage), principles for treating
injuries (eg, smoke inhalation), and specific risks (eg,
explosions) [32-34]. The e-learning course content was validated
by 8 stakeholders from organizations involved in road tunnel
rescue efforts, including fire and rescue services, EMS, police,
emergency dispatch centers, and infrastructure owners. One or
2 participants from each organization participated. In addition,
the course content was reviewed by 2 individuals with in-depth
knowledge of prehospital education and extensive experience
in acting as ambulance commanders in a variety of scenarios.
Changes were made according to their feedback.

The e-learning course consisted of 5 distinct modules with
learning materials on different aspects of road tunnel rescue
efforts, including the road tunnel structure, potential injury
patterns, safety, and collaboration, which were determined after
the validation process. The modules were, in collaboration with
an expert in pedagogy, incorporated into a gamified e-learning
setting. This design was deemed suitable as an element of
gameplay that may stimulate learning [35]. The learning
materials consisted of text, images (eg, illustrating how to
correctly position an ambulance in a major road tunnel incident),
and short videos (eg, showing an example of fire development
in a road tunnel fire) combined with module-specific quizzes
(respondents needed to score 80% correct answers to pass each
module) to facilitate learning [36] (refer to Multimedia
Appendix 3 for an example).

Road tunnel layouts, different injury patterns, collaboration,
and aspects of personal and scene safety were integrated into
the e-learning course modules. Using the revised version of the
taxonomy of learning by Bloom, which was proposed by

Krathwohl [37], study participants needed to understand (eg,
the layout of the tunnel, tunnel-specific risks, and probable
injury patterns), analyze (how to collaborate with other
organizations to get a clearer picture of the incident and
incident-specific risks), and evaluate (the tunnel layout, risks,
and specific injury patterns) to be able to make an informed
decision regarding where the injured person should be
transported for definitive care. As decision-making is a complex
cognitive process, different aspects were covered in the
e-learning course. For example, risk management included the
identification of environmental risks (smoke and leakage of
flammable or corrosive fluids) and personal risks (inhalation
of toxic fumes and limited visibility in a smoke-filled
environment). Furthermore, risk-mitigation measures (eg, how
to position ambulances in the tunnel system) and tunnel safety
features (fire suppression systems and jet fans) were described.
Under the course segment “Should I enter the road tunnel?”
participants were informed of the importance of conducting a
risk assessment before entering the road tunnel system and that
using the unaffected tunnel tube (in case of a fire or major
incident) was considered safe.

The completed e-learning course was validated by 5 EMS staff
members (who also validated the control course) based on
language, logical progression, design, and overall usability. The
overall impression of the course design was described as
“appealing.” The course was described as “easy to navigate”
and “fun,” although “not designed to be used via smartphone.”
Changes were made according to validating EMS staff members
feedback; for example, those included in the study were advised
not to use smartphones while taking their allotted courses or
simulations.

Prospectively Controlled Trial
The trial consisted of a knowledge test based on the
tunnel-specific intervention’s course content, which was tested
in 2 digital simulations (assessment points) conducted 1 month
and 6 months after the intervention. The simulations also
included a time measurement for decision-making. Time was
measured individually for the 15 separate decisions in each
simulation. Between the first and second knowledge tests
(assessment points), there was no control over for what the
participants read, studied, or discussed in relation to tunnel
incident responses.

Knowledge Test
The knowledge test was developed based on the literature on
performance indicators [38-40], interview findings [18,19,31],
and focus group discussions among stakeholders [13]. A total
of 15 independent multiple-choice questions (MCQs), each with
1 correct option out of 5 alternatives, were created. This design
was chosen because MCQs are commonly used in medical
education to assess higher-order thinking, so the participating
personnel should be accustomed to the method [41]. In total,
the participants could get 15 points per simulation. The questions
were formulated as decision points (Multimedia Appendix 4)
and were directly related to the content of the intervention
(e-learning course). The questions were evaluated during the
pilot testing of the digital simulations.
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Simulations
The digital simulations were created in collaboration with an
expert in pedagogy and by integrating learning materials into
an e-learning environment. The content was created using
Microsoft PowerPoint (version 16.71) and modified using
Storyline 360 (Articulate Global, LLC). The 2 simulations of
major road tunnel incidents were visualized through a

combination of text, images, and videos (eg, exercises); audio
(dispatch calls and alarm signals); and animations to add a sense
of realism. To mimic a real tunnel incident, the simulations
followed the same logical, decision-based pathway, starting
from dispatch and continuing through to the conclusion of a
rescue effort. One example of a decision-based question is “Do
you enter the road tunnel”? (Figure 2).

Figure 2. Decision from one of the simulations on how to enter the road tunnel, designed as a multiple-choice question with 5 different choices, one
of which is correct. The text is provided in Swedish, with the corresponding English translation shown to the right (the correct answer is underlined).

The simulations were designed as forward-moving only. The
aforementioned kind of modified essay question is commonly
used in medical education, where students are presented with
a case and gradually presented with more information as the
case progresses, similar to unfolding an incident where initial
information may be scarce [42]. The scenario unfolds regardless
of what the participant answers, and the participant cannot go
back and change answers to the previous questions. During the
simulation, participants received updated information via an
audio clip (eg, prerecorded dispatch call) or an image containing
information on certain decisions made by others, for example,
“the road traffic center decided to close the road tunnel.” Actual
footage or video sequences from road tunnel interiors were also
included.

Two different simulations (1 month and 6 months after the
educational intervention) were created. In the first assessment
(at 1 month), the simulated road tunnel incident was a collision
between a bus and a passenger car, with numerous casualties.
The scenario did not include fire; smoke; or added risks, such
as leakage of fuels or dangerous cargo. In the second assessment
(at 6 months), the scenario was a collision between a mobile
home and multiple vehicles, again with numerous casualties.
The mobile home contained a liquefied petroleum gas cylinder
as an added risk element. This scenario developed into a road
tunnel fire at a later stage. These 2 scenarios were chosen based
on the experience that most fatalities in tunnel incidents result
from traffic crashes and fire [43].

The simulations were validated separately by 5 EMS personnel
(external validation) and 2 stakeholders (internal validation)
who had in-depth education in prehospital management and
extensive experience in acting as ambulance commanders. Their
feedback included comments such as “The time pressure was
noticeable, I chose to read instead of listen...I lost focus...But
the same goes for a real incident.” After the feedback was
considered and changes were made to the simulations, a final
version was established by the coauthors. No changes were

made to either course once data collection from study
participants was started.

Besides the choice of decision in each simulation, the time taken
to make each decision was also recorded. This was a feature
available in the software used in the development of the
simulations (Storyline 360). When the participant was presented
with the MCQ options, a hidden timer started, and the timer
stopped when the participant chose an alternative and clicked
on “next” to advance to the next question. The timing for each
question was validated separately by the first author and the
e-learning expert using stopwatches. Time was also measured
during the evaluation of the simulations.

Study Sequence
Individual emails containing information about the study,
together with a unique link to either the control or intervention
course, were sent to the participants. When the participants
clicked on the link, they were directed to a website (where the
course platform was located) and prompted to log in. After
logging in and before gaining access to their allotted course,
the participants were asked to answer a short survey regarding
their demographics: sex, level of education (registered nurse or
emergency medical technician), additional 2-day leadership
course, the number of years in EMS, and experience in
managing tunnel incidents. Furthermore, the participant had to
give consent by ticking a checkbox before completing the
survey. Upon completion of the survey, participants could open
their respective courses and had 2 weeks to access the content
and complete the course.

Approximately 1 month after the participants completed their
respective courses, they were sent an email with an invitation
to log onto the e-learning website to complete a simulation and
assessment, again with the expectation of participating within
2 weeks. As described earlier, the scenario contained 15 decision
points where the participant could decide on the best course of
action, choosing from multiple choices, with 1 correct answer.
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The participants’ responses and the time taken to make each
decision were recorded.

Six months after the participants completed their respective
courses, they were sent an email prompting them to log in to
the e-learning website to complete the second simulation and
assessment (scenario details given earlier) and again within 2
weeks. Participants who had provided their phone numbers were
sent an SMS text message reminder. The participants’ decision
responses were recorded in the same manner.

Evaluation Form
Upon completion of the second simulation, the participants were
redirected to an evaluation form and asked to subjectively assess
(decreased, unchanged, or increased) whether the course
(intervention or control) influenced their ability to make
decisions and affected their sense of security as ambulance
commanders in road tunnel incidents. In total, 2 email reminders
of participation were sent after 5 days and 10 days. The data
collection period was extended by 1 week because of a limited
response rate, and the time extension yielded 5 additional
responses.

Follow-Up Interviews
A limited number of in-depth follow-up interviews were
conducted with participants (4/10, 40% from the intervention
group and 1/10, 10% from the control group) within 2 months
from the second simulation. The interviews were conducted
using a semistructured interview guide and focused on
participants describing their reasoning behind the decision to
enter or not enter the road tunnel in both scenarios (Multimedia
Appendix 5). The collected data were analyzed using the method
of qualitative content analysis [44], where the transcribed data
were broken down (deconstructed) into meaning units. Next,
each meaning unit was labeled with a code, and similar codes
were grouped into subcategories and categories.

Outcomes and Analysis Plan

Outcomes
The outcomes were defined as choosing the correct decision
when presented with MCQs and the time spent making each
decision. The first primary outcome was the correctness of

responses to the question concerning the ambulance
commander’s decision to enter the road tunnel. The second
primary outcome was the number of correct responses across
the 15 different decision points. The secondary outcome was
the time taken to register each decision.

After the conclusion of the simulation-based assessments,
participants were asked to self-evaluate whether they felt that
the e-learning course or control course influenced their ability
to make decisions in general in road tunnel incidents (decreased,
unchanged, or increased) as well as influenced their sense of
safety in acting as ambulance commanders in road tunnel
incidents (decreased, unchanged, or increased).

Data Curation and Availability
Pseudonymized participant test scores and response times were
electronically recorded. The dataset was stored on an encrypted
hard drive (2 TB; ADATA Technology Co, Ltd).

Statistical Analysis
Statistical analysis was performed using SPSS Statistics software
(Macintosh version 28; IBM Corp). A 2-sample proportion test
was used to compare the grouped averages of proportions. P<.05
was considered significant for identifying the difference between
groups. Multivariate logistic regression was used to assess the
associations between the primary outcome and participant
factors as well as between secondary outcomes and participant
factors.

Results

Participants
A total of 20 participants participated in the course to which
they were assigned and the first simulation-based assessment.
Of these, 16 (80%) participants, with 8 (40%) in each group,
participated in the second simulation-based assessment at 6
months. However, 1 (5%) participant in the control group did
not complete the assessment, and data from this participant were
not included in the grouped responses for the second assessment
(Figure 3). Participant demographics, such as sex, years of
experience, and educational level, are provided in Table 1.
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Figure 3. Study flowchart. Description of the number of participants enrolled and lost to follow-up during the 6-month study period.
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Table 1. Participant demographics, including sex, years of experience, level of education, education in prehospital management, whether they have
attended a 2-day separate leadership course, and whether they have experience in managing road tunnel incidents (N=20).

Control group (n=10), n (%)Intervention group (n=10), n (%)Descriptive data

Sex

2 (20)2 (20)Female

8 (80)8 (80)Male

Experience (y)

6 (60)4 (40)5-10

1 (10)3 (30)10-15

0 (0)2 (20)15-20

3 (30)1 (10)>20

Level of education

0 (0)1 (10)Registered nurse

8 (80)8 (80)Specialist nurse

2 (20)1 (10)EMTa

10 (100)9 (90)Education in prehospital management

2 (20)2 (20)Attended a 2-day separate leadership course

3 (30)3 (30)Have experience in managing road tunnel incidents

aEMT: emergency medical technician.

Main Results
The main finding was that none (0/10, 0%) of the participants
in the control group (without the tunnel-specific e-learning
course) and the intervention group (with the tunnel-specific
e-learning course) responded correctly to the single categorical
question to enter the road tunnel. The second main finding was
that the average number of correct answers among the 15
decision points was 7.0 (SD 1.8) for the control group at the
first assessment point (1 month) and 6.5 (SD 1.8) for the
intervention group, with no difference between the groups
(P=.86, 2-sample test of proportions).

Secondary Results
Tunnel-specific e-learning course exposure was not associated
with more correct answers in the first or second simulation
assessments when participant factors were considered in the
multivariable logistic regression analysis (Table 2). Participant
factors included sex, work experience, educational level,
participation in a separate 2-day leadership course, and having
practical experience in tunnel management. The findings showed
that there were associations between more correct answers and
having participated in a separate 2-day leadership course, female
sex, and practical experience, at least at the first assessment
point. The total response time at the first assessment point was
not associated with course exposure (P=.80), even when
considering other participant factors.

At the 6-month assessment point, 25% (2/8) of the participants
in the intervention group and 14% (1/7) in the control group

chose to correctly enter the road tunnel, with no difference
between the groups (P=.59). Multivariable logistic regression
analysis identified no factors associated with the total number
of correct responses for either group.

Of the 20 participants, the evaluation form was completed by
11 (55%) participants (control group: n=6, 30% and intervention
group: n=5, 25%). In the intervention group with 5 participants,
confidence in acting as ambulance commanders was reported
to be unchanged (n=3, 60%) or to have increased (n=2, 40%).
In the control group with 6 participants, the confidence was
reported to be unchanged (4/6, 67%) or to have increased (n=2,
33%). Regarding the course’s impact on decision-making, 3
(60%) participants in the intervention group reported it as
unchanged, and 2 (40%) reported it as increased. By contrast 2
(33%) participants in the control group reported it as unchanged,
and 4 (67%) reported it as increased. None of the participants
reported decreased ability to make decisions or confidence in
handling road tunnel incidents.

The follow-up interviews identified 3 categories linked to the
decision not to enter the road tunnel correctly: information (lack
of updated information, risk of misunderstandings, and
unavailability of information on the actual tunnel system), risks
(limited knowledge of site risks, fear of being questioned by
EMS personnel if they decided to enter the tunnel, and lack of
proper equipment), and mitigation (need of site-specific maps,
access to updated course material annually, and access to
aide-mémoire).
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Table 2. Multivariable logistic regression (including demographic data, such as sex, work experience, educational level, additional leadership course,
and experience with tunnel incidents), number of correct answers, and total response time at both assessment points.

P valueB, 95% CIUnstandardized βAssessment point

Assessment point 1

Total correct answers

.36–1.88 to 0.73–.58Course exposure

.200.39 to 3.792.10Sex

.01–2.18 to –3.25–1.25Work experience

.12–0.23 to 1.73.75Educational level

.020.55 to 5.553.05Attended a 2-day separate leadership course

.15–0.46 to 2.641.09Having practical experience in tunnel management

Total response time (s)

.80–320.59 to 408.9644.18Course exposure

.35–692.90 to 260.59–216.16Sex

.73–302.35 to 216.91–42.72Work experience

.59–346.09 to 665.95–71.07Educational level

.92–736.39 to 665.96–35.22Attended a 2-day separate leadership course

.15–125.75 to 742.48308.37Having practical experience in tunnel management

Assessment point 2

Total correct answers

.82–2.91 to 2.36–.28Course exposure

.55–3.20 to 5.571.18Sex

.98–3.03 to 3.09.30Work experience

.42–2.52 to 1.38–.57Educational level

.52–11.87 to 5.45–3.212-day separate leadership course

.55–2.60 to 4.56.98Practical experience in tunnel management

Total response time (s)

.39–236.08 to 538.21151.07Course exposure

.88–603.22 to 687.6342.21Sex

.06–870.51 to 29.74–420.39Work experience

.23–123.93 to 449.80162.94Educational level

.05–19.22 to 2529.951255.372-day separate leadership course

.054.42 to 1058.08531.25Practical experience in tunnel management

Discussion

Principal Findings
The main finding of this study was that none (0/20, 0%) of the
participants correctly answered the question regarding entering
the road tunnel at the first assessment point. This was
unexpected.

Despite the tunnel-specific e-learning course specifically
addressing how to use the unaffected tunnel tube as one of the
important course learning goals, it did not succeed in supporting
this expected behavior. There are several possible and different
explanations for this result. One could be that most (14/20, 70%)
participants lacked any experience with real tunnel incidents,

and actual experience may be required to decide to enter the
road tunnel properly. This is supported by other reports [45,46],
which indicate that decisions often need to be based on
experience. Inexperienced decision makers may depend on
mnemonics and guidelines [47], and inexperienced commanders
may become more hesitant in their decision-making if the
guidelines or mnemonics are not adjusted to the situation or
environment. Easily accessible and adequate guidelines may
facilitate decision-making in this particular setting. This is
supported by the participant interviews, indicating a need for
adequate aide-mémoire tailored to the specific tunnel
environment. Adding useful mnemonics to the tunnel-specific
e-learning course may facilitate participant decision-making.
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Another possible explanation for participants not actively
choosing to enter the road tunnel may be concerns about
personal safety. This is in line with the findings from tunnel
incident reports [13,18] where incident scene safety is an
important concern for the ambulance commander. In addition,
it can be perceived as correct to initially wait when there is
limited information about site risks. This was illustrated by the
aforementioned 2013 Gudvanga tunnel fire where a large portion
of the tunnel became filled with smoke due to reversed jet fans
[10]. However, in the event of a fire in a twin-tube road tunnel,
the unaffected tube should be regarded as a safe environment,
as fans ventilate air in the same direction in both tubes, which
is expected to prevent smoke spillover to the opposite tube. The
unaffected tube as a safe environment was emphasized multiple
times during the tunnel-specific e-learning course, which may
have influenced the participants to adopt a more cautious
approach. Using the opposite tube would also result in bringing
the EMS personnel closer to the incident, which could be
beneficial for the treatment of critical injuries, such as internal
bleeding or smoke inhalation injuries. It seems that this approach
needs to be addressed further in future educational efforts. For
example, on-site visits could be an important element of
education and provide the EMS personnel with a sense of
security, which has been indicated by others [18]. Other
cost-effective solutions, such as “visiting” road tunnels in a
virtual environment, may create a sense of understanding of the
tunnel layout.

Other possible explanations for participants choosing not to
enter the road tunnel in the simulations could be related to the
technical interface of the simulation medium, simulated
scenarios, or the technical aspects of the assessment, which
were based on MCQs. Because of this design, we could not
confirm what the study participants understood in a granular
manner. Participants may have considered the correct answer
to the question concerning tunnel entry. There is a 20% chance
of answering correctly by simply guessing. However, in this
case, 0% (0/20) did, which may indicate a conscious choice to
not enter the road tunnel. However, there might be challenges
regarding responder clarity with MCQ formats, where the
responder simply failed to convert their reasoning to an intended
MCQ response. MCQs can often be improved for clarity [48,49],
for example, by gathering experience with responses and
modifying questions to improve precision in assessing specific
reasoning [50]. Ideally, a more detailed and interactive verbal
assessment could provide a more in-depth understanding of
participants’ reasoning to assess their competence [51]. In this
first evaluation of the simulations, MCQs were chosen to limit
subjective assessor bias and facilitate participant accessibility.

Another possible explanation for not choosing to enter the road
tunnel early is that the tunnel-specific e-learning course was
not sufficiently clear or effective in generating specific
knowledge among the participants on when to enter the road
tunnel system. Although the course content was reviewed before
this study, there was general agreement among the
convenience-sampled stakeholders that the learning objectives
were clear. It is possible that there was some knowledge decay
over the weeks before the 1-month assessment. During the
course, learning objectives were reinforced at multiple points.

However, it is possible that the learning objectives were not
adequately reinforced during the course. This result is important
for the further development of this type of e-learning course,
which is potentially going to be part of the formal training within
the EMS system as commissioned by the Swedish Transport
Administration.

Both the tunnel-specific e-learning course and the assessment
were conducted in a digital environment, and the practical details
of how the participants connected to the course and assessment
could have influenced their learning and performance. The
e-learning course and simulations used in this study were
designed for use on PCs; however, how the participants accessed
them was not controlled or reported. Participants’ experiences
with e-learning formats, materials, or assessment methods are
likely to influence learning and performance, where less
familiarity and comfort with e-learning media could impede
learning. A Cochrane review concluded that e-learning was no
more (or less) effective than traditional learning in improving
health professionals’ skills [52]. Developing this type of course
or preparing for responses in complex and dynamic settings is
challenging [53]. The applicability of a tunnel-specific
e-learning course or SOP in a real road tunnel incident in
Sweden needs to be studied further.

Secondary Results
There was poor performance at the 6-month assessment point
in both groups for the primary outcome, and the total number
of correct responses did not differ between groups or between
the same group at 1 month. Furthermore, secondary findings
showed that participant factors, such as sex, occupational
experience, and previous leadership course experience, were
associated with somewhat better performance in general for the
total number of correct decisions made. This can be relevant to
how receptive the participants are to the tunnel-specific
e-learning content. One notable secondary finding was that an
additional course in leadership was associated with poorer
performance in the assessment, although this was a very limited
sample and may not be a true finding. It may be relevant to try
to determine precourse receptivity to specific learning goals at
some depth to inform course content and logistics.

Despite not observing an intervention effect in this study,
participants reported that their ability to make decisions or act
as ambulance commanders in road tunnel incidents increased
or remained unchanged after the trial, indicating boosted or
unaffected professional confidence, respectively. This personal
trait (confidence), together with work experience, has been
described as important for ambulance commanders in the
Swedish EMS [54]. These aspects need to be included when
designing this type of highly specialized e-learning course so
that both experienced and inexperienced staff may benefit.

The in-depth follow-up interviews offered some insights into
the reasoning behind the main outcome. In addition to the
aide-mémoire, lack of information (including risks) has been
identified as an issue. This is concurrent with recent findings
from interviews with other emergency services than the EMS
responding to road tunnel incidents [31]. A possible support
tool could be an application for joint information sharing, similar
to those currently used in the United Kingdom [55]. Timely
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access to adequate information may aid in the decision-making
process and result in an informed (and quicker) decision to enter
the road tunnel.

Ambulance commander performance has been assessed in
different ways and reported [56] in web surveys [54] and
interviews [42], with performance indicators for completing
certain tasks, such as sending the first report to dispatch or
formulating guidelines for response within a predetermined
time frame [38-40]. Assessing performance indicators has been
used as a method to evaluate incident management in Sweden
[15]. This study presents a new method for evaluating
ambulance commander performance using simulation-based
assessment, which measures both the time and choice of
decisions. With this method, each decision can be evaluated
independently, potentially allowing the identification of
particularly time-sensitive and difficult decisions. This type of
detailed information can help to identify specific issues or points
that might benefit from extra focus and resources.

Limitations
In the context of this newly designed and tested e-learning
course and the limited achievement of the learning outcomes,
several study design limitations can be discussed. Despite
substantial effort in validating the course content using external
(EMS personnel outside the studied region) and internal (EMS
personnel with in-depth training and experience in
decision-making) methods, limitations in the validity and
reliability of the simulations and assessment methods may have
introduced systematic errors into the results. Regarding the
primary outcome, the assessment method may not have detected
course learning with sufficient granularity.

From a pedagogical standpoint, different methods of how study
participants were presented with learning materials were used.
The control group received a short lecture (passive learning),
and the intervention group was active and participated in a
gamified learning environment. This difference in how learning
materials were provided has not been studied, as the content of
the tunnel-specific e-learning course and its influence on
decision-making was the main focus. However, research findings
indicate that students participating in active learning
environments learn more but have a lesser feeling of learning
compared to students exposed to passive learning [57]. A feeling
of learning less in an educational setting could have affected
the participants’ decision-making abilities. In future revisions
of this tunnel-specific e-learning course, the method of delivery
needs to be considered. For example, using a blended learning
model (including elements of both passive and active learning)
may have a positive impact on learning and critical thinking
[58]. In addition, more formative assessment steps in the
e-learning–focused tunnel response could provide more
reinforcement of primary learning goals, even though it was
thought that this aspect was adequate before the study.

Using knowledge tests (MCQs) after 1 and 6 months could have
influenced the result. It is known that knowledge and clinical
skills decay over time [59,60]. If the first simulation had
followed directly after the completion of the allotted courses,
a different outcome may have been observed. This study design
was chosen because there may be considerable time between

an educational course and a real incident, leading to some
knowledge decay. For example, major road tunnel incidents are
uncommon in Sweden. During the years 2003 to 2013, a total
of 926 incidents occurred in 10 of Sweden’s approximately 20
road tunnels (length of >300 m). In these incidents, 525 injuries
were reported. Most (n=523) were minor injuries (injury severity
score of 1-8), and no deaths were reported [61]. Hence, it may
be some time before participants can apply their knowledge in
a real-life setting, and retaining skills for nonroutine situations
is difficult [62]. Still, none (0/20, 0%) of the participants
correctly entered the road tunnel, which indicates a conscious
choice. Participants were not given the correct answers after
the first simulation, as this may have influenced them to change
their answers in the second simulation. Further development of
the e-learning course is needed to facilitate the decision to
correctly enter the road tunnel in case of a major incident.

The evaluation process of the tunnel-specific e-learning course
and simulation could have benefited from a more granular
assessment, such as using the 4-level (reaction, learning,
behavior, and results) model of assessing the effectiveness of
training programs proposed by Kirkpatrick [63]. In this study,
level 1 was assessed during the development phase of the
tunnel-specific e-learning course. Level 3 of the Kirkpatrick
evaluation model has been addressed through participants’
self-assessed responses on how their ability to make decisions
or sense of security had changed. Level 2 of the Kirkpatrick
evaluation model (learning) could have been addressed properly
by adding a third question to the evaluation form, asking whether
the participants’ knowledge of managing road tunnel incidents
decreased, remained unchanged, or increased. Some aspects
concerning level 2 of the Kirkpatrick evaluation model were
discussed by the participants in the follow-up interviews.
However, a more structured evaluation could have been used
to assess learning. This element should be incorporated in future
revisions of the tunnel-specific e-learning course.

Other aspects that could potentially disturb learning goal
assessment in this study include external participant-specific
factors or human factors, such as whether participants were
unmotivated, tired, distracted, or stressed when attending the
course or the simulations. Adding images, videos, and sounds
to the simulation as part of realism may have also affected the
participants’ focus or stress levels, for example, as information
overload can degrade performance. The National Board of
Medical Examiners addresses this aspect of combining media
and MCQs and recommends choosing video clips with fewer
distracting features [64]. Furthermore, a real road tunnel incident
may include noxious sensory inputs, such as smoke and high
noise levels. There must be a balance in designing training or
education to incorporate enough realism without overwhelming
the participant with excessive input.

Ambiguity or difficulty in interpreting the MCQs could have
contributed to systematic errors in the results. More extensive
work in formulating and evaluating MCQs may be an additional
step in future validation processes to support both formative
and normative assessment in this type of context. MCQs have
the advantage of standardization and efficient data collection
but, at the same time, must be carefully constructed to ensure
high validity concerning specific learning goals [50]. MCQs
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can be useful for simple and rapid performance assessments,
although other forms of assessment can provide more granular
data concerning learning phenomena [51]. However, in this
serious incident context, where immediate binary decisions may
be needed in the setting of complex and incomplete information,
MCQ assessment was judged to be similar to the rapid decision
requirements in situations faced by ambulance commanders.

Applicability
This is the first iteration of a course intended for further
development based on this and other validation work for learning
effectiveness in this specific, complex environment and
professional response. A final e-learning course could be used
to give EMS personnel a basic understanding of the tunnel
environment and various risks. The final version of the
e-learning course could include tunnel-specific plans and
aide-mémoire and be used as a time- and cost-efficient
complement to other training methods, such as tabletop or
full-scale exercises. The findings in this study may be seen as
a proof of concept or demonstration of feasibility for course
delivery and assessment. Further evaluation and reconstruction
are warranted. For example, by incorporating a simulation as
the first step (and providing the user feedback on the result),
the EMS personnel could be able to identify individual areas
of improvement (eg, a lack of risk awareness). This feature may

be useful so that personnel with different levels of experience
can focus on specific sections of the course. After completing
the course, EMS personnel could take a second simulation.
Results from both simulations can be used to identify individual
progression (or regression). Using this method, a partial
individual tailoring for this kind of educational course could be
constructed. Thus, the findings indicate that both the gamified
e-learning content and assessments can serve as good learning
alternatives. The limitations presented in this study may provide
some support for other researchers considering the development
of e-learning systems for content areas involving complex
interventions in professional circumstances.

Conclusions
Participation in a tunnel-specific e-learning course did not
provide a measurable change in ambulance commanders’
decision-making behavior in simulated road tunnel incidents.
The unwarranted reluctance of ambulance commanders in these
simulations to enter the described twin-tube road tunnel system
could lead to unnecessary delays in the treatment of
time-sensitive injuries, with preventable morbidity and mortality,
if this were to occur in a real-life situation. This type of
assessment of commander performance could be applicable in
a similar educational context.
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Abstract

Background: Family caregivers of individuals with dementia face significant mental health challenges. Acceptance and
commitment therapy (ACT) has emerged as a promising intervention for improving these caregivers’mental health. While various
delivery modes of ACT have been explored, there is a need for evidence on the efficacy of videoconference-delivered ACT
programs for this population.

Objective: This pilot randomized controlled trial, conducted in the United States, aims to assess the effects of a
videoconference-delivered, therapist-guided ACT program on reducing depressive symptoms and improving other mental health
outcomes among family caregivers with depression who give care to individuals with dementia, compared to a control group that
received psychoeducation materials only.

Methods: This 2-arm, parallel-group pilot randomized controlled trial randomly assigned 33 family caregivers to either a
10-week videoconference-delivered ACT program (n=16, 48%) or a control group that received psychoeducation materials alone
(n=17, 52%). Depressive symptoms (primary outcome) were measured using the Patient Health Questionnaire-9. Secondary
outcomes included anxiety, stress, psychological quality of life (QoL), caregiver burden, predeath grief, guilt, and ACT process
measures. Outcomes were assessed in the pretest, posttest (10-12 weeks after pretest), and a 3-month follow-up (3 months after
posttest, approximately 5-6 months after pretest). An intent-to-treat approach was used for all outcome analyses. Linear mixed-effects
models for repeated measures were used to analyze outcomes.

Results: The ACT group reported significantly greater improvements in stress (P=.043) and psychological QoL (P=.014) in
the posttest compared to the control group. Within the ACT group, participants experienced a significant decrease in depressive
symptoms, with a mean (SE) change of –6.09 (1.16) points (95% CI –8.42 to –3.76; P<.001) in the posttest and –6.71 (1.45)
points (95% CI –9.63 to –3.81; P<.001) in the 3-month follow-up. These changes exceed the estimated minimal clinically important
difference on the Patient Health Questionnaire-9. In addition, the ACT group reported significant improvements in anxiety, stress,
psychological QoL, caregiver burden, predeath grief, guilt, values-driven action, and experiential avoidance at both posttest and
3-month follow-up. A sensitivity analysis, excluding 1 participant with near-outlier data, revealed statistically significant
between-group differences in depressive symptoms at posttest (P=.037); stress at posttest (P<.001) and in 3-month follow-up
(P=.001); psychological QoL at posttest (P<.001); caregiver burden at posttest (P=.003) and in 3-month follow-up (P=.003);
predeath grief in 3-month follow-up (P=.031); and values-driven action at posttest (P=.032).
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Conclusions: The videoconference-delivered ACT program showed promise in improving mental health outcomes and ACT
processes among family caregivers with depression who give care to individuals with dementia. Future studies should aim to
replicate these findings with larger, more diverse caregiver populations and explore the long-term efficacy of
videoconference-delivered ACT programs.

Trial Registration: ClinicalTrials.gov NCT05043441; https://clinicaltrials.gov/study/NCT05043441

(JMIR Form Res 2025;9:e67545)   doi:10.2196/67545

KEYWORDS

acceptance and commitment therapy; Alzheimer disease; caregivers; dementia; depression; web-based intervention; quality of
life; randomized controlled trial; stress; videoconferencing

Introduction

In the United States, around 11 million individuals offer unpaid
care to individuals with Alzheimer disease and related dementias
(ADRD), with approximately two-thirds identifying as women
[1]. Most of these caregivers are adult children caring for their
parents, with spouses making up the next largest group [1].
These family caregivers provide critical support for individuals
with ADRD, helping their relatives age in place [2,3]. Therefore,
maintaining these caregivers’ health is imperative; however,
they face significant unmet mental health needs [4]. Recent
meta-analyses estimate that approximately 34% of these family
caregivers experience depressive symptoms, and 32.1%
experience anxiety [5,6]. The demands of caring for individuals
with ADRD often prevent caregivers from engaging in self-care
and other personally valued activities and can lead to significant
caregiver burden, stress, and reduced quality of life (QoL)
[5,7-9]. Psychoeducation and skill-building interventions have
been the predominant approaches to addressing these caregivers’
needs, but meta-analyses indicate that these interventions alone
do not significantly improve caregivers’ mental health,
particularly in alleviating depressive symptoms [10]. In contrast,
psychoeducational interventions with psychotherapeutic
components, as well as psychotherapy and counseling, have
shown small effects in reducing depressive symptoms of these
caregivers [10].

Acceptance and commitment therapy (ACT) is an
evidence-based, transdiagnostic approach that combines
acceptance and mindfulness with behavior change processes to
support living in alignment with personal values [11,12]. ACT
is grounded in the psychological flexibility model, which
encompasses six core processes: (1) acceptance of unwanted
thoughts and emotions; (2) cognitive defusion, or detachment
from unhelpful thoughts and emotions; (3) present-moment
awareness; (4) self-as-context, or seeing oneself as the observer
of thoughts and feelings; (5) values clarification; and (6)
establishing patterns of behavior that align with values [12].
ACT skills training can help family caregivers manage the
difficult thoughts and emotions arising from their caregiving
roles, such as depression, anxiety, stress, guilt, and grief while
managing caregiving responsibilities alongside other important
areas of life [13,14].

To our knowledge, there have been 11 intervention studies
investigating ACT for family caregivers of individuals with
ADRD, most of which were published within the last 4 years
[14-24]. These studies were conducted in Spain [14-17], the

United States [18-21], the United Kingdom [22], Germany [23],
and the Netherlands [24]. They demonstrated the acceptability
and benefits of ACT in improving depressive symptoms,
anxiety, stress, caregiver burden, guilt, grief, and ACT processes
(eg, experiential avoidance and values-driven action) [14-24].
However, most of these studies were preliminary, with half
using one-group pretest-posttest designs as feasibility and pilot
studies [17,18,20-22,24], and the rest using randomized
controlled trials (RCTs) conducted on relatively smaller scales
or resulting in relatively smaller sample sizes at follow-ups
[14-16,19-23] compared to typical RCTs. For example, an RCT
conducted in Spain randomized 135 caregivers into in-person
ACT, in-person cognitive behavioral therapy, and a control
condition, and 6-month follow-up data were analyzed for 55
participants in total (25 in the ACT group) [15]. Most
importantly, delivery modes varied across studies, including
in-person programs [14-17], telephone-based programs [21,23],
and internet-delivered programs, such as coach-guided
videoconferences conducted by our study team [18,19] and
self-help web modules [20,22,24]). More research is needed to
understand the effects of ACT delivered in various delivery
modes and across different countries for family caregivers of
individuals with ADRD. Intervention effects may vary due to
cultural influences on caregiving experiences, coping styles,
acceptability, and the suitability of different delivery modes
based on caregivers’ characteristics, including race or ethnicity,
preferences, and needs [25].

Web-based delivery of ACT could be an effective alternative
to in-person services, enhancing accessibility and scheduling
flexibility for caregivers who cannot leave their relatives
unattended [26-28]. In particular, meta-analyses of ACT across
different populations suggest that therapist-guided, web-based
programs have greater effects on depressive symptoms and ACT
process measures than unguided programs [26,28]. In addition,
the use of a self-help approach alone is limited to individuals
with mild depressive symptoms, as it is not recommended for
those with more severe symptoms [29]. Individually and
remotely delivered ACT programs with therapist guidance can
provide higher engagement for these caregivers compared to
other internet delivery modes [30]. Therefore,
videoconference-delivered, therapist-guided programs may be
particularly beneficial for family caregivers who face significant
mental health challenges, including depressive symptoms, and
require one-on-one real-time interaction with a therapist but
struggle to attend in-person therapy sessions [18,19].

JMIR Form Res 2025 | vol. 9 | e67545 | p.2481https://formative.jmir.org/2025/1/e67545
(page number not for citation purposes)

Han et alJMIR FORMATIVE RESEARCH

XSL•FO
RenderX

http://dx.doi.org/10.2196/67545
http://www.w3.org/Style/XSL
http://www.renderx.com/


This study aimed to assess the effects of a
videoconference-delivered, therapist-guided ACT program on
mental health outcomes and ACT processes in family caregivers
with depression who give care to individuals with ADRD,
compared to a control group that received psychoeducation
materials alone conducted in the United States. The study builds
on insights gained and findings from 2 smaller-scale
videoconference-delivered ACT studies conducted by our team
[18,19], which informed the decision to focus on caregivers
with depressive symptoms and to modify the outcome measures.

Methods

Study Design and Overview
This study used a 2-arm, parallel-group RCT design. Family
caregivers of individuals with ADRD were randomly assigned
in a 1:1 ratio to either the videoconference-delivered ACT group
or the control group that received psychoeducation materials
alone. The study was conducted from late March 2022 to
mid-June 2024, with data collection and entry spanning
approximately 2.2 years, and a recruitment period lasting about
1.7 years.

Ethical Considerations
This study was reviewed and approved by the institutional
review board at the University of Alabama, Birmingham
(IRB-300008123) and registered at ClinicalTrials.gov
(NCT05043441) before participant enrollment. All procedures
adhered to ethical guidelines for human participant research.
All participants provided informed consent prior to their
involvement in the study. To protect participants’ privacy and
confidentiality, all study data were deidentified before analysis.
Data were securely maintained and accessible only to authorized
research personnel. Participants received a reloadable ClinCard
as compensation for their time—up to US $150 for the
intervention group for completing sessions and questionnaires,
and up to US $90 for the control group for completing
questionnaires only.

Eligibility Criteria
Participants were recruited based on the following inclusion
criteria: (1) adults (aged 18 years or older) primarily responsible
for the care of a relative with ADRD, (2) reporting at least mild
depressive symptoms (Patient Health Questionnaire-9 [PHQ-9]
scores≥5 [31]), (3) access to a computer or smartphone with
internet connectivity, and (4) ability to provide informed
consent. Exclusion criteria included cognitive, physical, or
sensory deficits; being a non-English speaker; psychiatric
hospitalizations or mental illness diagnoses in the past 2 years;
use of antipsychotic or anticonvulsant medications; or plans to
place the relative with ADRD in a nursing home within 6
months.

Target Sample Size
The target sample size was adjusted from 64 to 32 due to
challenges in recruiting family caregivers with depression within
the funding period. The following power calculation was
performed to justify the revised sample size; this was done
before study completion and before the statistical analyses were

performed, and as such, is considered a priori. This calculation
represents the possible between-group effect and its
corresponding effect size (Cohen d). Assuming that we will
compare repeated measurements for group means, that there
are 2 groups, 3 time points (ie, that there are 3 measurements
obtained for each participant), an SD for depressive symptoms
(PHQ-9 score of 5.20) [32], a moderate correlation between
measurements on the same participant of 0.50, and 13
participants per group (26 for the study), we will have 80%
power to detect a statistically significant difference in change
scores for PHQ-9 of 4.67 and greater between the 2 groups at
a 0.05 significance level (2-sided). This is equivalent to being
able to detect a statistically significant effect size of 0.90 and
greater. This result compares favorably with a previous ACT
intervention study for family caregivers with depression who
give care to individuals with ADRD in Spain, which reported
an effect size of 1.17 for reducing depressive symptoms in the
in-person ACT group compared to a control group at posttest
and included participants with posttest data in the analyses [15].
Our power calculation was performed using nQuery (version
9.4; Statistical Solutions, Ltd). Considering an estimated 16%
dropout rate based on a meta-analysis of dropout rates in ACT
RCTs [33], the study aimed to enroll at least 32 participants in
total (16 per group). This sample size is also consistent with the
recommendation of a minimum of 10 participants per group for
pilot RCTs [34].

Procedures
A study flyer containing the project coordinator’s contact
information and a link to the eligibility screening survey created
in Qualtrics was distributed to directors of Area Agencies on
Aging and centers or groups supporting individuals with ADRD
and their caregivers (eg, adult day care centers and support
groups) across various geographic locations within the United
States, including the south (eg, Alabama, Tennessee, Texas),
the northeast (eg, New York, New Jersey, Massachusetts), the
Midwest (eg, Michigan, Wisconsin, Indiana), and the west (eg,
California, Arizona). Potential participants contacted the project
coordinator for more information and completed the eligibility
screening survey. Printed consent forms and pretest
questionnaires were sent by mail to eligible participants who
expressed interest in taking part, along with a preaddressed,
prestamped envelope for their return.

A co-investigator, who had no direct contact with participants,
used a computer-generated randomization sequence to create a
list, which was provided to the project coordinator in
sequentially numbered, opaque sealed envelopes. After the
project coordinator received the signed consent forms and
completed the pretest questionnaires, the envelope associated
with the participant’s ID number was opened and informed
them of their group assignment. Participants were asked to
complete follow-up questionnaires roughly 3 and 6 months after
completing their pretest questionnaires.

The ACT and Control Groups
Participants assigned to the ACT group received individual
ACT sessions, led by a trained ACT coach (a licensed
professional counselor), via Zoom (Zoom Video
Communications) videoconferencing for 1 hour per week over
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10 weeks. Additionally, a 1-time 1-hour booster session was
provided 1.5 months after the completion of the 10th weekly
session to facilitate the maintenance of treatment effects [16].
Participants were provided with additional worksheets and
web-based ACT resources for continued use until the booster
session. The overview of the 10 weekly ACT sessions is
presented in Multimedia Appendix 1. The ACT protocol was
developed specifically for family caregivers of individuals with
ADRD [18,19].

Printed copies of the ACT session worksheets were sent by mail
to participants in the ACT group prior to the first session. The
program aimed to actively involve participants through
in-session learning activities such as worksheets, metaphors,
and case scenarios, along with homework assignments. After
each session, the coach shared additional web-based ACT
resources, like guided video exercises, and provided a summary
of the strategies discussed to support practice between sessions.

Regardless of group assignment, supplemental psychoeducation
materials were sent to all participants, including video links and
hard copies of resources to better meet these caregivers’ needs.
These materials aimed to enhance their understanding of
dementia (eg, types, stages, and symptoms), care strategies for
different stages of dementia, strategies for managing behavioral
and psychological symptoms of dementia, and communication
techniques. Participants in the control group continued with
care as usual and received the same psychoeducation materials
provided by the study team. After their participation in the study
ended, the control group was given access to web-based ACT
resources and offered a free optional 1-hour session with the
ACT coach.

Feasibility Outcomes
The feasibility of recruitment, eligibility, and retention was
assessed by tracking the number of potential participants who
completed the eligibility screening survey, those who were
excluded, those who consented, the number of dropouts, and
the time required to recruit the target sample size. Participant
adherence to the program was evaluated through session
attendance in the ACT group. The ACT coach maintained
session logs, which were reviewed by the principal investigator
(the first author) to ensure the coach followed the protocol
consistently across participants.

Data Collection and Entry

Overview
Data were collected using self-reported questionnaires in the
pretest (baseline), posttest (approximately 10-12 weeks after
the pretest), and a 3-month follow-up (approximately 3 months
after the posttest, or 5-6 months after the pretest) for both
groups. The pretest questionnaire included demographic and
caregiving-related questions, as presented in Multimedia
Appendix 2. The project coordinator periodically contacted
participants regarding the completion and mailing of their
questionnaires. When the project coordinator received the
completed paper questionnaire, she checked for any missing
responses. If any were found, the project coordinator called the
participant to obtain the missing information. Two
undergraduate research assistants, who were unaware of group

assignments, handled data entry using Qualtrics. Data entered
by each assistant was compared by a co-investigator who was
not involved in data analysis to identify and resolve any potential
data entry errors and to finalize the dataset before analysis.

Primary Outcome Measure
The primary outcome of this study was the PHQ-9, a 9-item
self-report tool that assesses the severity of depressive symptoms
over the past 2 weeks, rated on a scale from 0 to 3 [31]. Scores
range from 0 to 27, with higher scores indicating more severe
depressive symptoms. The PHQ-9 categorizes depressive
symptom severity as follows: 0-4=no depressive symptoms,
5-9=mild, 10-14=moderate, 15-19=moderately severe, and
20-27=severe [31]. It has demonstrated good internal
consistency and test-retest reliability, as well as criterion
validity, construct validity, diagnostic validity for major
depressive disorder, and sensitivity to change [31]. The minimal
clinically important difference (MCID) is estimated to be 5
points on the PHQ-9 scale [35].

Secondary Outcome Measures
The Generalized Anxiety Disorder-7 Scale (GAD-7) is a 7-item
self-report tool that assesses the severity of anxiety symptoms
over the past 2 weeks, rated on a scale from 0 to 3 [36]. Scores
range from 0 to 21, with higher scores indicating more severe
anxiety symptoms. Cutoff points of 5, 10, and 15 denote mild,
moderate, and severe anxieties, respectively [36]. The GAD-7
has shown good internal consistency and test-retest reliability,
as well as criterion validity, convergent validity, construct
validity, and sensitivity to change [36-39]. The MCID for the
GAD-7 is estimated to be 3 or 4 points [39,40].

The Perceived Stress Scale-10 (PSS-10) is a 10-item self-report
questionnaire that assesses how unpredictable, uncontrollable,
and overloaded individuals perceived their lives to be over the
past month, using a scale of 0 to 4 [41,42]. Scores range from
0 to 40, with higher scores indicating greater stress [42]. The
scale has shown good internal consistency and test-retest
reliability, as well as convergent validity, construct validity,
and concurrent validity [43].

The World Health Organization Quality of Life
Instrument–Psychological Health component
(WHOQOL-BREF–Psych) has 6 items that assess psychological
QoL over the past 2 weeks, rated on a scale of 1 to 5 [44]. Scores
range from 6 to 30, with higher scores denoting better
psychological QoL. The WHOQOL-BREF–Psych component
has demonstrated excellent intrarater reliability, interrater
reliability, internal consistency, and adequate convergent validity
[44].

The Short Version of the Zarit Burden Interview (ZBI) is a
12-item self-report tool that assesses caregivers’ perceived
burden, rated on a scale from 0 to 4 [45]. Scores range from 0
to 48, with higher scores indicating higher levels of caregiver
burden. Suggested cutoff points are as follows: 0-9=no or little
burden, 10-19=mild to moderate burden, and 20-48=high burden
[45]. The ZBI has good internal consistency as well as
convergent and discriminant validity in caregivers of individuals
with ADRD [45,46].
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The Marwit-Meuser Caregiver Grief Inventory-Brief Form
(MM-CGI-BF) is a 6-item self-report questionnaire that assesses
predeath grief in caregivers of individuals with ADRD (ie,
losses, including anticipation of future losses), rated on a scale
from 1 to 5 [47]. Scores range from 6 to 30, with higher scores
indicating greater grief. The MM-CGI-BF has demonstrated
good internal consistency, test-retest reliability, and construct
validity in caregivers of individuals with ADRD [47].

The Caregiver Guilt Questionnaire (CGQ) is a 22-item
self-report measure that assesses feelings of guilt in caregivers,
rated on a scale from 0 to 4 [48]. Scores range from 0 to 88,
with higher scores indicating greater levels of guilt. The CGQ
has good internal consistency and convergent validity in
caregivers of individuals with ADRD [48].

Measures Related to ACT Processes
The Acceptance and Action Questionnaire-II is a 7-item
self-report measure that assesses experiential avoidance (or
efforts to control or suppress unwanted thoughts and emotions,
even when doing so is ineffective or has negative consequences)
and the broader measure of psychological inflexibility, rated
on a scale from 1 to 7 [49]. Scores range from 7 to 49, with
higher scores indicating greater experiential avoidance. The
Acceptance and Action Questionnaire-II has demonstrated good
internal consistency and test-retest reliability, as well as
concurrent, predictive, discriminant, and incremental validity
[49,50].

The Cognitive Fusion Questionnaire-7 is a 7-item self-report
tool that assesses cognitive fusion (ie, being so entangled with
thoughts that they dictate behavior in inflexible ways), rated on
a scale from 1 to 7 [51]. Scores range from 7 to 49, with higher
scores indicating greater cognitive fusion. The Cognitive Fusion
Questionnaire-7 has shown good internal consistency and
test-retest reliability, as well as concurrent and discriminant
validity [51,52].

The Engaged Living Scale-9 is a 9-item self-report questionnaire
that assesses values-driven action (ie, clarity and engagement
with personal values), rated on a scale from 1 to 5 [53]. Scores
range from 9 to 45, with higher scores indicating greater
values-driven action. The Engaged Living Scale-9 has
demonstrated good internal consistency and construct validity
[53,54].

The Self-Compassion Scale-Short Form (SCS-SF) is a 12-item
self-report questionnaire that assesses self-compassion, rated
on a scale from 1 to 5 [55]. Scores range from 12 to 60, with
higher scores indicating higher levels of self-compassion. The
SCS-SF has shown good internal consistency and test-retest
reliability, as well as convergent validity [56].

Data Analysis
Composite scores, with appropriate reverse coding of the
responses for the outcome measures, were computed for
analysis. Descriptive statistics were used to summarize
participants’ characteristics. Normality checks, including
boxplots, stem-and-leaf plots, normal probability plots, and the
Kolmogorov-Smirnov test, were performed on continuous
variables. All continuous variables were found to be at least

approximately normally distributed. All statistical tests were
2-sided, with a significance level of α=.05. Statistical analyses
were conducted using SAS (version 9.4; SAS Institute, Inc).

To test the equivalence of groups (ACT and control groups) in
participants’demographic and caregiving-related characteristics,
as well as outcome measures in the pretest, the chi-square test
(or Fisher exact test when the assumptions for the chi-square
were not satisfied) was used for categorical variables, and the
2-sample t test was used for continuous variables. An
intent-to-treat approach was used for all outcome analyses (ie,
data from all participants were analyzed as randomized). Three
participants in the control group and 2 participants in the ACT
group who did not complete the posttest and 3-month follow-up
evaluations were included in these analyses.

Outcomes were explored using linear mixed-effects models for
repeated measures [57-60]. These models included group
(1=control group and 2=ACT group), which is treated as a fixed
effect, time point (1=pretest, 2=posttest, and 3=3-month
follow-up), which is treated as fixed but where the slopes of the
time points are treated as random, and the group by time point
interaction (including components for the group × posttest
interaction and the group by 3-month follow-up interaction),
with a random intercept for participants. All 3 time points were
included in our linear mixed effects models. These models were
estimated using restricted maximum likelihood, and a first-order
autoregressive covariance matrix was assumed. All linear mixed
effects models were run using PROC MIXED of SAS, invoking
the REPEATED statement. This statement allows us to
incorporate all aspects of random variation into a covariance
structure (for our data, a first-order autoregressive covariance
matrix) associated with the individual participants. Overall P
values and their associated F values are first reported for group,
time point, and the group×time point interaction. Next, the
estimated mean change from pretest to posttest within each
group, the absolute difference in mean change between groups
at posttest, the estimated mean change from pretest to 3-month
follow-up within each group, and the absolute difference in
mean change between groups in 3-month follow-up, along with
corresponding SEs and 95% CIs, were reported; for a given
variable, all of these results were obtained from the same linear
mixed effects model.

Linear mixed effects models (including those for repeated
measures) are robust against missing data, as they can
accommodate unbalanced data patterns [57-60]. Therefore, all
available observations were included in the analyses. For each
outcome variable, participants with at least 1 nonmissing
outcome measure were included in the analysis. A Cohen d type
effect size [61] was calculated for between-group effects using
the absolute difference of the means between the 2 groups
divided by the common SD and for within-group effects using
the estimated change in the means between the 2 time points
divided by the SD of change. Due to the exploratory and
preliminary nature of this pilot RCT study, no adjustment of P
values was conducted for multiple statistical comparisons of
the outcome measures [62].
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Results

Participant Flow and Feasibility Outcomes
Figure 1 shows the CONSORT-EHEALTH (Consolidated
Standards of Reporting Trials of Electronic and Mobile Health
Applications and Online Telehealth) flow diagram for participant
recruitment (CONSORT-EHEALTH checklist provided in

Multimedia Appendix 3). A total of 69 potential participants
completed the study eligibility screening survey over the
1.7-year recruitment period. Of these, 19 did not meet the
eligibility criteria, mostly due to not meeting the PHQ-9
screening criteria. Seventeen eligible participants chose not to
participate in the study, mostly for unknown reasons, and a few
due to concerns about the required language used in the consent
form.

Figure 1. Participant flow diagram of a pilot randomized controlled trial of a videoconference-delivered ACT group and a control group receiving
psychoeducation materials, with pretest, posttest, and 3-month follow-up evaluations for depressed family caregivers of individuals with dementia in
the United States. ACT: acceptance and commitment therapy.

The remaining 33 participants gave informed consent, completed
pretest questionnaires, and were randomly assigned to either
the ACT group or the control group. All participants except 5
(3 in the control group and 2 in the ACT group) completed the
posttest and 3-month follow-up questionnaires. Three
participants (2 from the control group and 1 from the ACT
group) were lost to follow-up after completing the pretest
questionnaire and group assignment (no response). One
participant in the control group requested withdrawal from the
study after the group assignment, and 1 participant in the ACT
group requested withdrawal after completing 6 sessions due to
a lack of preference for mindfulness practices. All remaining
participants in the ACT group completed all 10 weekly ACT

sessions and the booster session 1.5 months after the 10th
session. The coach adhered to the protocol across participants.

Baseline Characteristics of Participants
Table 1 presents the characteristics of participants (N=33) and
the results of between-group differences in characteristics.
Multimedia Appendix 4 presents between-group differences in
outcomes at pretest. There were no statistically significant
differences between the ACT and control groups in
characteristics and outcome measures at pretest. The majority
of participants were female (n=29, 88%), non-Hispanic White
(n=24, 73%), and daughters of individuals with ADRD (n=21,
64%). Participants’ ages ranged from 23 to 78 (mean 55.2, SD
12.7) years. The time since the relative’s diagnosis of ADRD
ranged from 0.4 to 14.2 (mean 4.8, SD 3.8) years.
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Table 1. Characteristics of participants at pretest in a pilot randomized controlled trial of a videoconference-delivered ACTa group and a control group
receiving psychoeducation materials for family caregivers with depression who give care to individuals with dementia in the United States.

Difference between
groups, P value

Control group (n=17)ACT group (n=16)All (N=33)

.54356.4 (12.2; 31-78)54.1 (13.4; 23-78)55.2 (12.7; 23-78)Age (years), mean (SD; range)

≥.99Sex, n (%)

15 (88)14 (88)29 (88)Female

2 (12)2 (12)4 (12)Male

.61Education, n (%)

10 (59)8 (50)18 (55)Postgraduate degree

7 (41)8 (50)15 (45)Bachelor’s degree or less

≥.99Race, n (%)

5 (29)4 (25)9 (27)Black or Hispanic

12 (71)12 (75)24 (73)Non-Hispanic White

.83Marital status, n (%)

10 (59)10 (63)20 (61)Married or living with a partner

7 (41)6 (37)13 (39)Never, divorced, or widowed

.12Employment status, n (%)

11 (65)6 (37)17 (52)Retired or unemployed

6 (35)10 (63)16 (48)Employed

.44Relationship to the relative with dementia, n (%)

14 (82)11 (69)25 (76)Non-spousal family members

3 (18)5 (31)8 (24)Spousal family members

≥.99Living with the relative with dementia, n (%)

14 (82)13 (81)27 (82)Living together

3 (18)3 (19)6 (18)Not living together

.08Caregiving hours per week, n (%)

9 (53)13 (81)22 (67)40 hours or more

8 (47)3 (19)11 (33)Less than 40 hours

.85Other family members helping with care, n (%)

9 (53)9 (56)18 (55)No

8 (47)7 (44)15 (45)Yes

.88Experience in support groups, n (%)

10 (59)9 (56)19 (58)Never attended

7 (41)7 (44)14 (42)Attending or attended before

.195.6 (4.4; 0.4-14.2)3.9 (2.9; 0.6-9.6)4.8 (3.8; 0.4-14.2)Years since the relative’s diagnosis of dementia, mean
(SD; range)

.56Type of dementia in the relative, n (%)

8 (47)5 (31)13 (40)Alzheimer disease

4 (24)7 (44)11 (33)Other dementias

5 (29)4 (25)9 (27)Not sure

.89Stage of dementia in the relative, n (%)

3 (18)2 (13)5 (15)Early or mild

8 (47)8 (50)16 (49)Middle or moderate

4 (23)5 (31)9 (27)Late or severe
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Difference between
groups, P value

Control group (n=17)ACT group (n=16)All (N=33)

2 (12)1 (6)3 (9)Not sure

aACT: acceptance and commitment therapy.

Effects of the Videoconference-Delivered ACT
Program on Outcomes
Multimedia Appendix 5 presents the overall P values for group,
timepoint, and group×timepoint, along with their associated F
values. The group×time interaction term was statistically
significant for only the variable WHOQOL-BREF–Psych
(F2,52=4.24; P=.020). All variables displayed statistically
significant overall timepoint (within-group) effects (F values
range from 3.32 to 20.73 and P values range from <.001 to
.044), except for MM-CGI-BF (F2,52=2.60; P=.084).

Multimedia Appendix 6 presents the outcome measure scores
in the pretest, posttest, and 3-month follow-up for each group,
change scores in the posttest and 3-month follow-up from the
pretest for each group, and findings from within-group and
between-group comparisons in a single table. For a given
variable in Multimedia Appendices 4 and 5, all inferential
statistical results were obtained from the same linear mixed
effects model. Within-group and between-group differences in
outcomes in posttest and 3-month follow-up are presented in
Table 2 and Table 3, respectively.

Two significant between-group differences were observed in
the posttest. The ACT group reported significantly greater
improvements than the control group in stress and psychological
QoL in the posttest. For stress, the estimated within-group
change in score for the ACT group (mean –7.75, SE 1.62 points;
95% CI –10.99 to –4.51; P<.001) compared to the control group
(mean –3.03, SE 1.61 points; 95% CI –6.25 to 0.19; P=.065)
resulted in an absolute between-group difference of mean –4.72
(SE 2.28) points (95% CI –9.29 to –0.15; P=.043). For
psychological QoL, the estimated within-group change in score
for the ACT group (mean 4.03, SE 0.96 points; 95% CI
2.10-5.96; P<.001) compared to the control group (mean 0.56,
SE 0.96 points; 95% CI –1.37 to 2.48; P=.56) resulted in an

absolute between-group difference of mean 3.48 (SE 1.36)
points (95% CI 0.75-6.20; P=.014). No significant
between-group differences were observed for other outcome
measures in the posttest, and none were observed for any
outcome measure in the 3-month follow-up (Tables 2 and 3).

For within-group comparisons in the ACT group, participants
experienced a significant decrease in depressive symptoms,
with a mean change of –6.09 (SE 1.16) points (95% CI –8.42
to –3.76; P<.001) in the posttest and –6.71 (SE 1.45) points
(95% CI –9.63 to –3.81; P<.001) in the 3-month follow-up.
These changes exceed the estimated MCID on the PHQ-9 scale
[35]. In addition, the ACT group reported significant
improvements in anxiety, stress, psychological QoL, caregiver
burden, predeath grief, guilt, values-driven action, and
experiential avoidance in both posttest and 3-month follow-up
(Tables 2 and 3). For example, the ACT group experienced a
significant decrease in anxiety symptoms, with a mean change
of –4.41 (SE 1.14) points (95% CI –6.71 to –2.12; P<.001) at
posttest and –4.09 (SE 1.47) points (95% CI –7.04 to –1.14;
P=.008) in the 3-month follow-up. These changes exceed the
estimated MCID on the GAD-7 [39,40]. No significant
within-group differences in change scores for cognitive fusion
and self-compassion in the ACT group were observed (Tables
2 and 3).

For within-group comparisons in the control group that received
psychoeducation materials alone, participants experienced a
significant decrease in depressive symptoms in the posttest and
3-month follow-up (Tables 2 and 3), but these changes were
smaller than the estimated MCID on the PHQ-9 scale [35].
Additionally, the control group reported significant
improvements in anxiety in 3-month follow-up, self-compassion
at posttest, values-driven action in the posttest and 3-month
follow-up, and experiential avoidance in the posttest (Tables 2
and 3).
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Table 2. Within-group and between-group differences in outcomes at posttest in a pilot randomized controlled trial of a videoconference-delivered

ACTa group and a control group receiving psychoeducation materials for family caregivers with depression who give care to individuals with dementia
in the United States.

Absolute between-group difference in Δ
ACT versus Δ control at posttestb

Estimated within-group Change Δ (posttest – pretest)b

P value; ESMean (SE; 95% CI)Control groupACT group

P value; ESMean (SE; 95% CI)P value; EScMean (SE; 95% CI)

.13; 0.27–2.54 (1.64; –5.82 to
0.75)

.003; 0.75–3.55 (1.15); (–5.87 to
–1.24)

<.001; 1.31–6.09 (1.16; –8.42 to
–3.76)

PHQ-9d (–)e

.17; 0.25–2.27 (1.61; –5.51 to
0.97)

.067; 0.46–2.14 (1.14; –4.42 to
0.15)

<.001; 0.96–4.41 (1.14; –6.71 to
–2.12)

GAD-7f (–)e

.043; 0.36–4.72 (2.28; –9.29 to
–0.15)

.065; 0.46–3.03 (1.61; –6.25,
0.19)

<.001; 1.20–7.75 (1.62; –10.99 to
–4.51)

PSS-10g (–)e

.014; 0.453.48 (1.36; 0.75-6.20).56; 0.140.56 (0.96; –1.37 to
2.48)

<.001; 1.054.03 (0.96; 2.10-5.96)WHOQOL-

BREF–Psychh

.083; 0.31–4.78 (2.70; –10.21 to
0.65)

.23; 0.30–2.34 (1.91; –6.16 to
1.49)

<.001; 0.93–7.11 (1.92; –10.96 to
–3.27)

ZBI-12i (–)e

.48; 0.12–1.46 (2.05; –5.57 to
2.65)

.29; 0.26–1.53 (1.44; –4.43 to
1.36)

.04; 0.51–2.99 (1.45; –5.91 to
–0.08)

MM-CGI-BFj

(–)e

.58; 0.10–2.74 (4.86; –12.50 to
7.02)

.092; 0.42–5.89 (3.43; –12.78 to
0.99)

.015; 0.63–8.64 (3.45; –15.55 to
–1.72)

CGQk (–)e

.27; 0.19–3.14 (2.83; –8.82 to
2.54)

.005; 0.705.79 (2.00; 1.79-9.80).19; 0.332.66 (2.01; –1.38 to
6.69)

SCS-SFl

.18; 0.242.71 (2.00; –1.30 to
6.72)

.016; 0.613.53 (1.41; 0.70-6.36)<.001; 1.106.24 (1.42; 3.40-9.08)ELS-9m

.71; 0.07–1.01 (2.69; –6.40 to
4.38)

.033; 0.53–4.14 (1.90; –7.95 to
–0.34)

.009; 0.68–5.16 (1.90; –8.97 to
–1.34)

AAQ-IIn (–)e

.73; 0.06–1.01 (2.92; (–6.88 to
4.85)

.89; 0.03–0.28 (2.06; –4.42 to
3.86)

.54; 0.16–1.29 (2.07; –5.44 to
2.86)

CFQ-7o (–)e

aACT: Acceptance and commitment therapy.
bEstablished from linear mixed effects models.
cES: effect size (Cohen d).
dPHQ-9: Patient Health Questionnaire-9.
eA minus sign in parentheses indicates that a decline in each variable means positive outcomes.
fGAD-7: Generalized Anxiety Disorder-7 Scale.
gPSS-10: Perceived Stress Scale -10.
hWHOQOL-BREF-Psych: World Health Organization Quality of Life Assessment-BREF-Psychological Health Component.
iZBI-12: Zarit Burden Interview-12.
jMM-CGI-BF: Marwit–Meuser Caregiver Grief Inventory-Brief-Form.
kCGQ: Caregiver Guilt Questionnaire.
lSCS-SF: Self-Compassion Scale-Short Form.
mELS-9: Engaged Living Scale-9.
nAAQ-II: Acceptance and Action Questionnaire-II.
oCFQ-7: Cognitive Fusion Questionnaire-7.
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Table 3. Within-group and between-group differences in outcomes in 3-month follow-up in a pilot randomized controlled trial of a

videoconference-delivered ACTa group and a control group receiving psychoeducation materials for family caregivers with depression who give care
to individuals with dementia in the United States.

Absolute between-group difference in Δ ACT

versus Δ control in 3-month follow-upb
Estimated within-group change Δ (3-month follow-up – pretest)b

P value; ESMean (SE; 95% CI)Control groupACTa group

P value; ESMean (SE; 95% CI)P value; EScMean (SE; 95% CI)

.38; 0.16–1.83 (2.05; –5.93 to
2.28)

.001; 0.82–4.89 (1.44; –7.78 to
–2.00)

<.001; 1.006.71 (1.45; –9.63 to
–3.81)

PHQ-9d (-)e

.68; 0.07–0.86 (2.07; –5.03 to
3.30)

.032; 0.54–3.23 (1.46; –6.16 to
–0.30)

.008; 0.69–4.09 (1.47; –7.04 to
–1.14)

GAD-7f (–)e

.079; 0.31–5.10 (2.84; –10.80 to
0.60)

.34; 0.24–1.95 (2.00; –5.96 to
2.07)

.001; 0.87–7.04 (2.02; –11.09 to
–2.99)

PSS-10g (–)e

.65; 0.080.76 (1.68; –2.61 to 4.12).073; 0.442.16 (1.18; –0.21 to
4.53)

.018; 0.612.92 (1.19; 0.52-5.31)WHOQOL-

BREF–Psychh

.093; 0.30–5.95 (3.47; –12.92 to
1.02)

.15; 0.36–3.60 (2.45; –8.51 to
1.31)

<.001; 0.97–9.55 (2.47; –14.50 to
–4.60)

ZBI-12i (–)e

.16; 0.25–3.60 (2.56; –8.73 to
1.53)

.78; 0.07–0.51 (1.80; –4.12 to
3.10)

.028; 0.57–4.11 (1.82; –7.76 to
–0.47)

MM-CGI-BFj

(–)e

.53; 0.11–3.88 (6.18; –16.28 to
8.51)

.098; 0.41–7.34 (4.35; –16.07 to
1.39)

.013; 0.64–11.22 (4.39; –20.03 to
–2.42)

CGQk (–)e

.76; 0.051.08 (3.49; –5.93 to 8.09).15; 0.353.55 (2.46; –1.38 to
8.48)

.068; 0.474.63 (2.48; –0.35 to
9.61)

SCS-SFl

.89; 0.030.37 (2.56; –4.76 to 5.50).008; 0.674.96 (1.80; 1.34-8.57).005; 0.735.33 (1.81; 1.69-8.97)ELS-9m

.38; 0.15–3.17 (3.56; –10.31 to
3.98)

.19; 0.32–3.32 (2.51; –8.35 to
1.72)

.013; 0.64–6.48 (2.52; –11.55 to
–1.42)

AAQ-IIn (–)e

.70; 0.07–1.51 (3.86; (–9.25 to
6.24)

.19; 0.32–3.59 (2.72; –9.05 to
1.87)

.068; 0.47–5.10 (2.74; –10.59 to
0.39)

CFQ-7o (–)e

aACT: acceptance and commitment therapy.
aEstablished from linear mixed effects models.
cES: effect size (Cohen d).
dPHQ-9: Patient Health Questionnaire-9.
eA minus sign in parentheses indicates that a decline in each variable means positive outcomes.
fGAD-7: Generalized Anxiety Disorder-7 Scale.
gPSS-10: Perceived Stress Scale-10.
hWHOQOL-BREF-Psych: World Health Organization Quality of Life Assessment-BREF-Psychological Health Component.
iZBI-12: Zarit Burden Interview-12.
jMM-CGI-BF: Marwit–Meuser Caregiver Grief Inventory-Brief-Form.
kCGQ: Caregiver Guilt Questionnaire.
lSCS-SF: Self-Compassion Scale-Short Form.
mELS-9: Engaged Living Scale-9.
nAAQ-II: Acceptance and Action Questionnaire-II.
oCFQ-7: Cognitive Fusion Questionnaire-7.

Discussion

Principal Findings
This study, along with our previous work [18,19], represents
the first efforts to evaluate videoconference-delivered ACT for
family caregivers of individuals with ADRD. In particular, this
pilot RCT targeted caregivers with at least mild depressive
symptoms, differing from our earlier studies that included those

with depressive, anxiety, or stress symptoms [18,19]. This
decision was informed by previous findings that showed more
positive outcomes when focusing specifically on caregivers
with depressive symptoms [19], as well as meta-analyses
indicating that web-based ACT interventions have larger effects
on depressive symptoms when the population primarily has
depressive symptoms [27].
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Despite the small sample size, the videoconference-delivered
ACT group demonstrated significantly greater improvements
in stress and psychological QoL compared to the control group
at posttest. The structured nature of ACT, delivered via
videoconferencing with a coach, likely provided caregivers with
opportunities to engage in real-time emotional processing and
skill-building, enabling better responses to day-to-day stressful
caregiving demands and situations [13,18]. This likely
contributed to the greater improvements in stress and
psychological QoL. Cohen d effect sizes for these
between-group comparisons in stress and psychological QoL
were 0.36 and 0.45, respectively, indicating small effect sizes.
These findings align with meta-analyses on the effects of
internet-delivered ACT compared to control conditions in RCTs
across diverse populations [27], as well as the effects of ACT
on family caregivers of individuals with chronic conditions [63].
Importantly, this is the first study to show significantly greater
improvements in stress and psychological QoL for family
caregivers of individuals with ADRD in an ACT program
compared to a control group, providing valuable new evidence
for this population.

However, no significant between-group differences were found
for the other outcome measures in the posttest, nor for any
outcome measure at the 3-month follow-up. This may be
because this small-scale RCT was underpowered to detect
between-group differences in most outcomes. Also, the control
group received psychoeducation materials, which may have
provided some benefits, particularly since more than half of the
participants had not previously attended support groups. In
addition, 1 participant in the control group, who found the study
information through the clinical trial registration, had
near-outlier data, which may have influenced some of the results.
This participant’s data approached outlier status (ie, outside of
3 SDs from the mean). A sensitivity analysis was conducted
excluding this participant’s data. The sensitivity analysis
revealed statistically significant between-group differences in
depressive symptoms in the posttest (absolute between-group
difference=–3.25 points; P=.037); stress at posttest (absolute
between-group difference=–6.45 points; P<.001) and in 3-month
follow-up (absolute between-group difference=–7.65 points;
P=.001); psychological QoL in the posttest (absolute
between-group difference=4.35 points; P<.001); caregiver
burden in the posttest (absolute between-group difference=–6.7
points; P=.003) and in the 3-month follow-up (absolute
between-group difference=–8.83 points; P=.003); predeath grief
in 3-month follow-up (absolute between-group difference=–5.31
points; P=.031); and values-driven action at posttest (absolute
between-group difference=3.67 points; P=.032). The effect sizes
for the differences between groups were larger in the posttest
for all outcomes except for the SCS-SF and in the 3-month
follow-up for all outcomes when excluding this participant’s
data than when including it. Notably, the effect sizes shifted
from small to medium in stress and caregiver burden in both
the posttest and 3-month follow-up, as well as in psychological
QoL in the posttest. A table detailing the results from this
sensitivity analysis can be found in Multimedia Appendix 7.

For within-group comparisons, the videoconference-delivered
ACT group experienced significant improvements in depressive

symptoms, anxiety, stress, psychological QoL, caregiver burden,
predeath grief, guilt, values-driven action, and experiential
avoidance in both posttest and 3-month follow-up. The mean
changes in the 3-month follow-up were similar to those in the
posttest, indicating that the treatment effects were maintained
over time. Additionally, Cohen d effect sizes for these
within-group comparisons indicated moderate to large effect
sizes in both posttest and 3-month follow-up for these outcomes.
These findings align with within-group improvements observed
in prior ACT studies delivered through various modes for this
population [14-23]. While the control group, which received
psychoeducational materials alone, showed some within-group
improvements, these changes were smaller compared to the
ACT group and were not statistically significant in most cases.

Limitations
This study had several limitations. The small sample size may
have limited the statistical power to detect small to moderate
significant between-group differences in outcomes, especially
at the 3-month follow-up. We adjusted our target sample size
due to challenges in recruiting family caregivers with depression
who give care to individuals with ADRD for an RCT within
our funding period. Recruitment relied on sharing our study
flyer with community sites, but we lacked access to the
population through clinics, and some potential participants had
already been recruited for previous studies, which further
constrained our recruitment capacity. Another limitation of this
pilot RCT is that, due to its exploratory and preliminary nature,
no adjustment of P values was conducted for multiple statistical
comparisons of the outcome measures. As a result, the findings
should be interpreted with caution, and further studies with
larger sample sizes and appropriate adjustments for multiple
comparisons are needed to confirm the reliability and robustness
of the results. This study did not collect data on participants’
income levels or the types of private caregiving support services
they were receiving at the time of recruitment. Therefore, these
factors were not considered in the data analysis when comparing
group differences or controlling for these factors if
between-group differences were identified. Given that financial
resources and access to caregiving support services may
influence caregivers’ mental health and engagement in
interventions [64], future research should include these variables
to better understand how socioeconomic status and caregiving
resources impact mental health outcomes and intervention
effects among family caregivers.

Conclusions
The videoconference-delivered, therapist-guided ACT program
demonstrated feasibility and positive effects on mental health
outcomes among family caregivers with depression who give
care to individuals with ADRD. Given the barriers many
caregivers face in accessing in-person mental health services,
this mode of delivery represents a promising alternative for
improving caregivers’ mental health. Future studies are needed
to replicate these findings with larger, more diverse caregiver
populations and explore the long-term efficacy of
videoconference-delivered ACT programs.
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ADRD: Alzheimer's disease and related dementias
CGQ: Caregiver Guilt Questionnaire
CONSORT-EHEALTH: Consolidated Standards of Reporting Trials of Electronic and Mobile Health Applications
and Online Telehealth
GAD-7: Generalized Anxiety Disorder-7 Scale
MCID: minimal clinically important difference
MM-CGI-BF: Marwit–Meuser Caregiver Grief Inventory-Brief-Form
PHQ-9: Patient Health Questionnaire-9
PSS-10: Perceived Stress Scale-10
QoL: quality of life
RCT: randomized controlled trial
SCS-SF: Self-Compassion Scale-Short Form
WHOQOL-BREF-Psych: World Health Organization Quality of Life Assessment-BREF-Psychological Health
Component
ZBI-12: Zarit Burden Interview-12
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Abstract

Background: In the modern economy, shift work is prevalent in numerous occupations. However, it often disrupts workers’
circadian rhythms and can result in shift work sleep disorder. Proper management of shift work sleep disorder involves
comprehensive and patient-specific strategies, some of which are similar to cognitive behavioral therapy for insomnia.

Objective: Our goal was to develop and evaluate machine learning algorithms that predict physicians’ sleep advice using
wearable and survey data. We developed a web- and app-based system to provide individualized sleep and behavior advice based
on cognitive behavioral therapy for insomnia for shift workers.

Methods: Data were collected for 5 weeks from shift workers (N=61) in the intensive care unit at 2 hospitals in Japan. The data
comprised 3 modalities: Fitbit data, survey data, and sleep advice. After the first week of enrollment, physicians reviewed Fitbit
and survey data to provide sleep advice and selected 1 to 5 messages from a list of 23 options. We handcrafted physiological and
behavioral features from the raw data and identified clusters of participants with similar characteristics using hierarchical clustering.
We explored 3 models (random forest, light gradient-boosting machine, and CatBoost) and 3 data-balancing approaches (no
balancing, random oversampling, and synthetic minority oversampling technique) to predict selections for the 7 most frequent
advice messages related to bedroom brightness, smartphone use, and nap and sleep duration. We tested our predictions under
participant-dependent and participant-independent settings and analyzed the most important features for prediction using permutation
importance and Shapley additive explanations.

Results: We found that the clusters were distinguished by work shifts and behavioral patterns. For example, one cluster had
days with low sleep duration and the lowest sleep quality when there was a day shift on the day before and a midnight shift on
the current day. Our advice prediction models achieved a higher area under the precision-recall curve than the baseline in all
settings. The performance differences were statistically significant (P<.001 for 13 tests and P=.003 for 1 test). Sensitivity ranged
from 0.50 to 1.00, and specificity varied between 0.44 and 0.93 across all advice messages and dataset split settings. Feature
importance analysis of our models found several important features that matched the corresponding advice messages sent. For
instance, for message 7 (darken the bedroom when you go to bed), the models primarily examined the average brightness of the
sleep environment to make predictions.

Conclusions: Although our current system requires physician input, an accurate machine learning algorithm shows promise for
automatic advice without compromising the trustworthiness of the selected recommendations. Despite its decent performance,
the algorithm is currently limited to the 7 most popular messages. Further studies are needed to enable predictions for less frequent
advice labels.

(JMIR Form Res 2025;9:e65000)   doi:10.2196/65000
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Introduction

Background
In the modern economy, shift work is prevalent in numerous
occupations. Data from 2010 estimated that half of the workers
in food preparation and serving, >45% of workers in protective
service, and >35% of health care practitioners had alternative
shifts apart from regular day shifts in the United States [1].
However, shift work often conflicts with the daily rhythm of
sleep and wakefulness, which increases the risk of shift work
sleep disorder (SWSD), a circadian rhythm disorder
characterized by shift work–related sleepiness and insomnia
[2]. Multiple studies have shown the substantial prevalence of
SWSD among shift workers. A survey of nurses in 3 federal
hospitals in Ethiopia found that 25.6% (102/399) of participants
had SWSD [3]. Another study of nurses in Norway reported
prevalence rates of 44.2% (580/1313) and 23.6% (146/619) for
SWSD-indicative symptoms among night workers and day
workers, respectively [4]. A random population sample of 1163
participants in Australia revealed that 10.1% (91/898) of day
workers and 32.1% (85/265) of night workers fulfilled the
study’s criteria for SWSD and 1.3% (12/898) of day workers
and 9.1% (24/265) of night workers were further classified under
severe SWSD based on the extent of negative SWSD impacts
on their life [5]. Shift workers’ sleep problems are also
associated with risks of mental health issues [6-8], work errors
[8], burnout [6], and turnover intentions [9].

Proper management of SWSD emphasizes comprehensive and
patient-specific strategies such as circadian adaptation,
maintaining good sleep hygiene, strategic napping, clockwise
shift rotation, and wakefulness promotions for night shifts [10].
Some of these strategies are analogous to the cognitive
behavioral therapy for insomnia (CBTI), a psychological therapy
recommended by the American College of Physicians as initial
treatment for chronic insomnia [11], which consists of multiple
approaches to improve sleep, including education about normal
sleep, sleep hygiene practice, sleep restriction to consolidate
high-quality sleep, and relaxation [12].

Related Work
Researchers have experimented with CBTI on shift workers
with sleep problems and high risk of SWSD. A study by
Järnefelt et al [13] on 19 shift workers with insomnia, more
than half of whom exhibited SWSD characteristics, showed that
group-based CBTI treatment improved their insomnia severity
and sleep over a 6-month postintervention period, and a
follow-up study further demonstrated long-lasting benefits of
CBTI for up to 24 months after the intervention [14]. Järnefelt
et al [15] also conducted a randomized controlled trial of
group-based CBTI and self-help CBTI against a sleep hygiene
education control on 83 shift workers with insomnia more
recently. They found that group-based CBTI improved
participants’ mental health significantly, although both CBTI
interventions enhanced their sleep and reduced their insomnia

symptoms without significant differences from the control
group, and all interventions were more beneficial for participants
without SWSD characteristics [15]. Peter et al [16] used
web-based CBTI for shift workers with sleep problems (n=21)
and found it to be as effective as face-to-face SWSD outpatient
CBTI treatment (n=12) for improving sleep efficiency and
insomnia symptoms. Their research group also proposed a
randomized controlled trial in 2021 to further assess their
web-based CBTI intervention for shift workers against a waitlist
control and face-to-face CBTI [17]. Although this existing
research on CBTI for shift workers has shown promising
improvement in participants’sleep, group-based and face-to-face
CBTI required participants to attend several weekly sessions
for up to 120 minutes led by specialists trained for >10 hours,
and the long time commitment likely caused many participants
to miss some sessions, which might have weakened the
intervention effects [13,15,16]. Self-help, web-based CBTI was
relatively more accessible to shift workers, but time commitment
for weekly sessions was still necessary and likely contributed
to the considerable dropout rates, and the interventions either
required human input for professional feedback or only
resembled a web-based learning module without any
personalization [15,16]. Therefore, a system that automatically
provides personalized CBTI interventions and sleep
recommendations for shift workers and requires less time
commitment could benefit them substantially and yield low
dropout rates.

In recent years, several web-based and mobile CBTI systems
have been developed to deliver automated and individualized
CBTI interventions. For example, Sleep Healthy Using the
Internet [18] and Sleepio [19] provide automated web-based
CBTI modules equipped with interactive web design elements
and user-tailored recommendations, and multiple randomized
controlled trials have demonstrated their effectiveness against
insomnia and related mental health problems among various
demographic groups [18,20-23]. Beun et al [24,25] developed
Sleepcare, a mobile app equipped with an automated digital
coach interacting with users to provide CBTI interventions,
adapt interventions to user characteristics, and promote
adherence. Its efficacy has been demonstrated in a randomized
controlled trial of 151 participants by Horsch et al [26]. CBT-i
Coach is another phone app developed as a supplemental tool
for face-to-face CBTI in which users can receive sleep
education, customize sleep hygiene advice and relaxation
activities, and practice personalized sleep restrictions [27]. In
a pilot study, the app did not impair CBTI effectiveness and
potentially improved patient adherence [28]. A subsequent
variant of the app called Insomnia Coach was applied as a
self-help CBTI intervention on 25 veterans with insomnia and
showed significant treatment effects compared to the waitlist
control [29].

In addition to web-based and mobile CBTI, multiple automated
sleep recommender systems (RSs) have also been developed to
provide personalized sleep suggestions. SleepCoacher collects
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data from smartphone sensors and user self-reports to compute
sleep variables and includes recommendation templates
reviewed by clinicians for each variable combination [30]. To
deliver a recommendation, the system chooses the template of
the most correlated combination, further personalizes it
according to the user’s sleep status, and also evaluates the
effectiveness of the recommendation. In total, 2 studies on 43
undergraduate students showed the benefits of this system on
sleep, which were greater when users adhered more to the
system. Daskalova et al [31] explored cohort-based sleep
recommendations in which their system used demographic,
exercise, and sleep data collected from 1 million users of a
wearable device to assign each participant to a user group in
which all members had similar profiles and chose a
recommendation that showed the greatest improvement among
the group in some aspects of sleep behaviors on which the
participant performed poorly compared to these similar users.
Compared to general sleep suggestions, cohort-based
recommendations improved sleep duration more, and many
participants were motivated to follow these recommendations.
Pandey et al [32] used event mining to discover optimal causal
relationships between a user’s lifestyle and sleep and provided
recommendations to match their current behaviors and
environment with these relationships for better sleep. On the
other hand, some systems do not directly provide advice to users
but, instead, help them self-adjust their sleep habits. For
example, Lullaby uses multiple sensors to track users’ sleep
and environment and helps them discover environmental factors
with negative impacts on their sleep [33]. ShutEye serves as a
peripheral display on mobile phones to remind users of
recommended and inadvisable time windows for various
sleep-related activities [34]. SleepBandits enables users to
perform numerous self-experiments to adjust their behaviors
and uses data from mobile phone sensors to evaluate experiment
effects on their sleep [35].

Although existing automated and individualized CBTI and sleep
RSs have demonstrated their great potential in improving sleep,
they have not been modified to accommodate shift workers’
irregular schedules of shift and wakefulness [13] and, thus, do
not include strategies specifically beneficial to shift workers.
Moreover, these CBTI interventions are mostly delivered
through weekly learning modules and tasks requiring active
involvement and a regular time commitment, and their
personalization options are limited and mainly focus on sleep
restrictions. Unlike CBTI, sleep RSs directly send behavior
change recommendations to users, but their advice-tailoring
processes often lack clinical support and have raised doubts
about their credibility among users [31].

Objectives
We aimed to develop and evaluate a machine learning algorithm
that predicts physicians’ sleep advice using wearable and survey
data. We also examined the model’s potential in assisting
physicians and even replacing them in providing sleep advice
in the system.

We characterized shift workers’ behaviors using clustering
analyses, estimated physicians’ advice selection strategies by
interpreting the developed advice prediction models, and

assessed the effectiveness of the provided sleep
recommendations to gain more insights into the system.

Methods

Data Collection
The data were collected from shift workers, including physicians
and nurses, in the intensive care unit (ICU) at Mie University
Hospital (n=47) and Suzuka Chuo General Hospital (n=14) in
Japan [36,37]. Eligible participants must have 8 hours of work
per shift and poor sleep quality demonstrated through a
Pittsburgh Sleep Quality Index score of ≥5. The detailed
inclusion and exclusion criteria have been described in the work
by Ito-Masui et al [36,37]. Each participant enrolled in a 5-week
trial, with the first week as a baseline without an intervention
(preintervention time point) and the following 4 weeks with
interventions. During the 5 weeks, participants filled out daily
surveys and wore a Fitbit (Google) to collect physiological and
behavioral data. Physicians reviewed the data and provided
sleep advice to participants as interventions 3 to 4 times a week.
In total, 2123 days of multimodal data were collected from these
participants for the entire study.

Ethical Considerations
This study was approved by the Clinical Research Ethics Review
Committee of Mie University Hospital, Tsu, Japan (H2020-083).
This study was approved by the ethics committee of Suzuka
General Hospital (review number 254). All procedures were
performed in accordance with the ethical standards of the
institutional research committee and the 2013 Declaration of
Helsinki. This study was registered in the University Hospital
Medical Information Network Clinical Trials Registry on May
1, 2020 (ID: UMIN000040547). Participants provided written
consent after receiving sufficient information about the study.
They retained the right to opt out of the study at any time. To
protect privacy, all collected data were deidentified. No
compensation was offered for participation.

Data Modalities
The collected data included 3 main modalities—Fitbit data,
survey data, and sleep advice. We followed the methods by Yu
et al [38] to extract some features from the same Fitbit and
survey data, and engineered extra features to accommodate our
objectives.

Fitbit Data
Raw data from Fitbit included minute-by-minute steps and heart
rate as well as the start time, end time, duration, and efficiency
of each sleep period. From raw heart rate data, we computed
their average, SD, and sample entropy. Sample entropy has been
used for cardiovascular time series, and a low entropy value
suggests greater self-similarity of the series [39]. We also
computed features from step count per minute to account for
the variability in participants’ daily activities. Specifically, we
computed and stored the duration of each continuous segment
with and without steps in minutes. We then computed
information entropy for the stationary and active segments. A
higher entropy corresponded to more variability in participants’
moving or nonmoving behaviors. Finally, we retrieved
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information about the main sleep period with the longest
duration from raw sleep data.

Survey Data
Participants received a morning survey and an evening survey
every day with questions about their daily behaviors and
well-being. Features were then extracted from their answers.

Morning Survey

Features from the morning surveys were divided into 3
categories—sleep, well-being, and miscellany.

Sleep

In the morning surveys, participants indicated whether they had
slept in the previous 24 hours and provided the number of naps
between 8 AM and 8 AM on the following day. They also
described how they woke up (naturally, via an alarm, or via
other means) and reported the time it took for them to fall asleep,
the duration of their phone use before sleep, the brightness level
of their sleep environment, and sleep quality. Specifically, sleep
quality was quantified through the answers to the following
statements using 5-point Likert scales (strongly disagree=1;
strongly agree=5): (1) I slept soundly, (2) I fell asleep
immediately, (3) I was able to recover from fatigue, (4) I didn’t
wake up in the middle of sleep, and (5) I was satisfied with sleep.

In addition to the aforementioned features retrieved directly
from surveys, we constructed some sleep features using available
survey data. In the surveys, participants reported the start time
and end time of their main sleep and nap periods. According to
the time entries, we constructed a binary sequence with 1-minute
resolution for every day, in which a bit of 1 meant that the
participants were sleeping or napping at that minute of the day.
If time entries of the main sleep periods were missing from the
surveys, the entries from Fitbit were used. From the binary
sequences, we computed the duration of the main sleep and nap
periods. We also calculated the sleep regularity index (SRI)
with sliding windows of 3, 5, and 7 days. The SRI represents
the probability of any 2 time points that are 24 hours apart
having the same sleep or awake state averaged over a specified
time window and is scaled to range from −100 to 100, where a
value of 100 indicates the same sleep schedule across all days
and a value of −100 means that an individual has completely
flipped their sleep schedule between any 2 consecutive days
[40]. Previous studies have shown that the SRI is positively
correlated with the academic performance of college students
[40] and a lower SRI is associated with increased stress,
depression, and risk of cardiovascular diseases in older adults
[41].

Well-Being

Participants reported 6 well-being metrics in the morning
surveys. A total of 5 metrics—alertness, happiness, energy,
health, and calmness—were reported using a continuous scale
from 1 to 100, with 100 as the most positive. The sixth metric,
current sleepiness, was reported via a 9-point Likert scale from
strongly awake (1) to strongly sleepy (9).

Behavior

The morning surveys also recorded participants’daily behaviors,
including the amount of caffeine intake and last intake time,
amount of alcohol intake, and bath time. From the time entries,
we computed the durations between their last caffeine intake
and sleep and between bath and sleep.

Evening Survey

Features from the evening surveys were divided into 2
categories—work and well-being.

Work

In the evening surveys, participants reported their work
schedules for the current day, the day before, and the day before
the day before in binary sequences with 30-minute resolution,
where a bit of 1 meant work during that 30-minute interval.
From the binary sequences, we computed work hours for the
entire day as well as for 3 different periods of the day (1:
midnight-8 AM, 2: 8 AM-4 PM, and 3: 4 PM-midnight). The
periods corresponded to midnight shifts, day shifts, and
afternoon shifts of the participants. Moreover, by comparing
the binary work sequences and binary sleep sequences
constructed from the morning surveys, we calculated
participants’nap durations during work and minimum durations
between the last sleep periods and the start of shifts and between
the end of shifts and following sleep periods. A binary indicator
of whether participants did any activities other than work outside
their homes was also retrieved from the surveys.

Well-Being

Similarly, as in the morning surveys, participants also answered
several questions about their well-being in the evening surveys.
In addition to the 6 metrics reported in the morning surveys
(alertness, happiness, energy, health, calmness, and current
sleepiness), they provided 3 other metrics: sleepiness during
the day, stress, and tiredness, which were all reported via 5-point
Likert scales (5=strongly awake, stressful, or tired).

Sleep Advice
Starting from the second week of enrollment, physicians
reviewed Fitbit and survey data to provide sleep advice. One
physician provided advice once a week to all participants, and
2 physicians gave advice 2 to 3 times a week to participants
from each of the 2 hospitals. Over the 4 weeks with
interventions, participants received advice approximately 13
times, and a total of 786 pieces of advice were sent to the 61
participants who completed their 5 weeks of the study. Every
time physicians provided sleep advice, they chose 1 to 5
messages from 23 options, listed in Table 1. To better
summarize the options, we divided them into 6 categories
according to their descriptions: (1) dietary intake (messages 1,
2, and 3), (2) activity (messages 4, 5, 6, 16, 17, and 18), (3)
sleep (messages 7, 8, 9, 10, 20, 21, and 22), (4) shift (message
11), (5) nap (messages 12, 13, 14, 15, and 23), and (6) mentality
(messages 19). After participants received the sleep advice, they
were able to respond to the advice as eager to follow or difficult
to follow.
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Table 1. Content of the 23 sleep advice messages that physicians sent to the participants.

Message contentMessage category
and ID

Dietary intake

“Refrain from consuming alcohol before sleep.”1

“Stop consuming caffeine 3 hours before lights-out.”2

“Refrain from eating midnight snacks.”3

Activity

“Refrain from using a smartphone in the bedroom.”4

“Take a bath a little earlier than usual.”5

“Refrain from exercising 3 hours before lights-out.”6

“Relax. 1) Make a habit of relaxing before sleep, including taking a bath in warm water, light stretching, using aroma, and drinking
herbal tea.”

16

“Relax. 2) Use the Fitbit breathing program called Relax.”17

“Do moderate exercise regularly.”18

Sleep

“Darken the bedroom when you go to bed.”7

“When you do not fall asleep within 15 minutes, leave the bedroom and stay out of the bedroom until you get sleepy.”8

“Set your wake-up time according to each work shift.”9

“Do not try too hard to fall asleep quickly.”10

“Continue current sleep habits.”20

“Try to make enough time for sleep.”21

“Get up at the same time, whether you are working or on holiday.”22

Shift

“Management of work shift: Consult with your superior so that shift rotation will be clockwise in general.”11

Nap

“Take a nap. 1) If possible, take a nap for approximately 90 minutes before the night shift.”12

“Take a nap. 2) If possible, take a nap for 15–20 minutes during rest time while you are working.”13

“Take a nap. 3) If possible, take a nap earlier after a late-night shift to refresh.”14

“Create an environment for taking a nap: Ask your family for cooperation to create a quiet environment during a nap in the daytime
or evening at home. Sharing your work shift schedule with your family by placing it where every member of your family can see
it might be a good idea. Avoid strong lights for several hours before a nap and darken the room during a nap.”

15

“Do not nap for too long.”23

Mentality

“Be broad-minded and try to approach things positively.”19

Participant Characteristic Analyses
We investigated the characteristics of the participants’ daily
activities to find participant subgroups who had similar
behaviors and understand the relationship between their
behaviors and well-being. We used agglomerative hierarchical
clustering to find the groupings. The algorithm initiates all
samples as individual clusters and merges clusters using Ward
linkage to minimize the within-cluster variances at every step
[42,43]. After all the samples are merged, a dendrogram is
constructed to show the merged path for each sample. By setting
thresholds on the height of the dendrogram, clusters and their
samples can be identified.

We used daily features from Fitbit and the surveys, except for
the participants’ well-being and sleep quality metrics, to find
the clusters. To include as many samples as possible during
clustering, we did not use the following features as they were
not available for some days: SRI; nap duration during work;
and the time between caffeine intake and sleep, between bath
and sleep, between last sleep and the start of shift, and between
the end of shift and following sleep (eg, participants did not
work or take a bath). All features were standardized across all
participants for clustering.

We then performed principal-component analysis on the
standardized features and overlaid the cluster assignments on
a 2D t-distributed stochastic neighbor embedding (t-SNE) plot
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generated from the principal components that explain 95% of
the total variance to observe how clusters interacted with each
other. t-SNE creates a low-dimensional mapping of
high-dimensional data by matching the conditional probabilities
in both spaces that are proportional to the similarity of the data
points [44]. To characterize participants’ behaviors and
well-being, we summarized the clusters’ profiles by observing
feature averages and examined distributions of the well-being
metrics for each cluster.

Advice Prediction Models
As mentioned in the Sleep Advice section, physicians reviewed
the Fitbit and survey data to provide sleep advice to participants.
We developed machine learning models to predict their message
selections and evaluated the performance of the advice
prediction models.

Prediction Approach
The advice prediction task can be formulated as a binary
classification, with the positive class representing the selection
of an advice message. We found substantial class imbalances
for the selected messages. Specifically, of 786 advice pieces,
the number of selections ranged from 64 (8.1%) to 390 (49.6%)
for the 7 most frequent advice messages (messages 4, 7, 12, 14,
15, 20, and 21). Consequently, we decided to build individual
binary classifiers only for these messages as there would be too
few positive samples to develop models for less frequent advice.

To construct samples for the machine learning models, we
computed the average and SD of daily Fitbit and survey features
across the previous 4 days for each date on which physicians
provided advice. Samples with missing values were excluded.
According to the physicians, they often considered the
participants’ responses to previous advice, especially when they
found it difficult to choose the messages. Therefore, we
incorporated advice responses into our models and enabled the
models to output class probabilities to indicate certainty about
a message selection. We used 12 Fitbit features (steps, sleep,
and heart rate), 53 morning survey features, 50 evening survey
features, and 23 advice response features. Table S1 in
Multimedia Appendix 1 summarizes the features used by the
classifier.

Dataset Split
To evaluate the advice prediction models, the data needed to
be split into a training set and a test set. We designed 2 ways
to split the data: a user-dependent split and a user-independent
split. Under the user-dependent setting, the data were split
chronologically, where the training set contained the first 70%
of each participant’s data and the testing set had the remaining
30%. Under the user-independent setting, we split the data
according to the order of participant enrollment such that the
models were trained on data from the first 70% of participants
enrolled and tested on the 30% of participants who enrolled
later in the study. We chose these train-test split methods to
ensure that, when predicting sleep advice for a date of a
participant, no data from later days of this participant’s
enrollment would be used in dependent models and only data
from participants enrolled earlier would be used in independent
models. In particular, the dependent split examined the effects

of personalization by leveraging participants’past data to predict
their future sleep advice, whereas the independent split assessed
model generalizability by predicting sleep messages for unseen
participants.

Classifiers
Considering the abundant features but relatively small size of
our data, we focused on ensemble classifiers for their feature
selection capabilities and robustness to overfitting. In particular,
we chose random forest (RF), a bagging-based model, and 2
gradient-boosting models, namely, light gradient-boosting
machine (LGBM) [45] and CatBoost [46], as our candidates.
To find the optimal sets of model hyperparameters, we tuned
the classifiers on the training set using 5-fold stratified
cross-validation and 100 iterations of random search over a grid
of parameters. Random search was used instead of grid search
because it can span a larger parameter space and find models
as good as or better than those found using grid search under
the same computation budget [47]. When tuning the classifiers
under the user-independent setting, we made sure that the
training data were divided into subsets with nonoverlapping
participants. Finally, classifiers with optimal hyperparameters
were fitted on the entire training set.

Data Balancing
To address class imbalances that could hinder the development
of effective advice prediction models, we experimented with 2
data-balancing methods: random oversampling and synthetic
minority oversampling technique (SMOTE) [48]. Random
oversampling increases the representation of the minority class
by duplicating existing samples through sampling with
replacement. In contrast, SMOTE enhances the minority class
by generating synthetic data points through interpolation
between existing samples and their nearest neighbors. Data
balancing was only applied to the training data during classifier
tuning and training. To better understand the effectiveness of
data balancing, we also trained models on the original
imbalanced data for comparison.

Prediction Evaluation
By combining 3 classifiers with 3 data-balancing approaches,
we trained 9 model configurations to predict the selection of a
particular advice message under user-dependent and
user-independent settings. On the basis of 2 key considerations,
we chose the area under the precision-recall curve (AUPRC)
as the main metric to evaluate and compare the performance of
the different models. First, given the relatively few occurrences
of sleep advice, it was crucial for the model to provide advice
when a participant needed it. The precision-recall curve is
particularly well suited for this scenario because it focuses on
the model’s ability to correctly predict the positive class, which
is actionable sleep advice. Second, due to class imbalances, the
default decision threshold of 0.5 may not be optimal for
converting the model’s probability outputs into predicted classes.
As the precision-recall curve reflects the trade-off between false
alarms and missed advice predictions across all decision
thresholds, the AUPRC provides a comprehensive evaluation
of the model’s ability to predict sleep advice without requiring
a specific decision threshold.
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For each model configuration, we repeated the tuning and
training process 10 times with different random seeds and
computed the average AUPRC on the test set. To ensure a fair
comparison, the same set of seeds was used across all
configurations. In addition, we performed 10 random guessing
trials by sampling probability predictions from a standard
uniform distribution and used a 1-sided Welch t test to assess
whether the model performance significantly exceeded random
guessing. This procedure was repeated for each of the 7 most
frequent advice messages.

Feature Importance
After training the advice prediction models, we analyzed feature
importance using 2 approaches to identify the key contributors
to predictions on the test set. The first approach was permutation
importance, which evaluates feature importance by measuring
the decrease in prediction performance after randomly permuting
a specific feature [49]. Greater performance degradation
indicates higher feature importance. Using the AUPRC as the
performance metric, we permuted each feature 10 times per
classifier run and summarized the results on the test set. The
second method was Shapley additive explanations (SHAP)
[50,51], which leverages game theory to explain outputs of
machine learning models at both local and global levels. In
particular, we computed the mean absolute SHAP values across
all test samples per classifier run to determine global feature
importance. Both permutation and SHAP importance values
were reported as averages across all repeated runs of each model
configuration.

Results

Participant Characteristics
Tables 2 and 3 summarize the participants’ daily features and
well-being scores, respectively. Their average step count was

7545 (SD 4419), their average sleep duration was 6.77 (SD
2.87) hours, their average nap duration was 53 (SD 108.2)
minutes, their average sleep regularity was 52 (SD 19.3), and
their average work duration was 5.62 (SD 4.19) hours.

We used 77.01% (1635/2123) of the samples with all selected
features available for hierarchical clustering. Figure 1 shows
the resulting dendrogram. The default distance threshold of
52.24 (purple dashed line) identified 6 clusters color coded and
labeled with numbers from 0 to 5 in the dendrogram. In addition,
a few smaller clusters merged at approximately 30, so we used
a lower threshold of 31 (red dashed line) to divide the 6 clusters
into 13 subclusters (a-m) and further investigated the behavior
variability within each larger cluster. Specifically, cluster 0 had
5 subclusters: c, f, g, e, and m. Cluster 1 had 2 subclusters: a
and b. Cluster 2 had 2 subclusters: k and d. Clusters 3 and 4 did
not have any subclusters and themselves were labeled as j and
h, respectively. Cluster 5 had 2 subclusters: l and i. Figure S1
in Multimedia Appendix 1 illustrates the clusters and subclusters
overlaid on t-SNE plots obtained from the same data used for
clustering. Cluster and subcluster structures were clearly
observable in both plots. For example, cluster 0 in the plot of
6 clusters has an upper branch and a lower branch on either side
of cluster 1, which are further divided into subclusters c and g,
respectively, in the plot of 13 subclusters.

Table S2 in Multimedia Appendix 1 summarizes cluster and
subcluster profiles for different aspects of participants’behaviors
and well-being. Major differences among the 6 clusters were
observed in the well-being metrics, whereas subclusters can
also be distinguished by work duration and shift types. The
profiles will be discussed in detail later in the Discussion section.
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Table 2. Participants’ daily physiological and behavioral features.

ValuesFeature

74.87 (8.6)hrmeana (bpm), mean (SD)

13.42 (3.45)hrstdb (bpm), mean (SD)

0.63 (0.21)hrentropyc, mean (SD)

7545 (4419.36)steps, mean (SD)

2.34 (0.34)duration_entropy_non_step, mean (SD)

1.69 (0.32)duration_entropy_step, mean (SD)

0.56 (0.69)nap_count, mean (SD)

18.63 (23.09)brightness_sleep (scale of 1-100), mean (SD)

406.46 (172.01)sleep_duration (min), mean (SD)

52.99 (108.23)nap_duration (min), mean (SD)

52.25 (28.3)sleep_regularity_3 days (scale of –100 to 100), mean (SD)

52.1 (22.6)sleep_regularity_5 days (scale of –100 to 100), mean (SD)

52.02 (19.26)sleep_regularity_7 days (scale of –100 to 100), mean (SD)

3.2 (1.14)deep_sleep (scale of 1-5), mean (SD)

3.55 (1.14)immediate_sleep (scale of 1-5), mean (SD)

2.84 (1.05)fatigue_recover (scale of 1-5), mean (SD)

3.2 (1.31)mid_awake (scale of 1-5), mean (SD)

2.85 (1.02)sleep_satisfy (scale of 1-5), mean (SD)

0.3 (0.63)alcohol_amount (cups), mean (SD)

1.53 (1.46)caffeine_amount (cups), mean (SD)

5.62 (4.19)worktime_today_duration (h), mean (SD)

1.52 (2.85)worktime_today_duration (1: midnight-8 AM; h), mean (SD)

2.15 (3.25)worktime_today_duration (2: 8 AM-4 PM; h), mean (SD)

1.96 (3.08)worktime_today_duration (3: 4 PM-midnight; h), mean (SD)

924 (49.54)extrawork_activities (n=1865), n (%)

2088 (99.81)sleep_prev_24d (n=2092), n (%)

793 (41.96)wake_natural (n=1890), n (%)

882 (46.67)wake_alarm (n=1890), n (%)

198 (10.48)wake_other (n=1890), n (%)

ahrmean: average daily heart rate.
bhrstd: SD of daily heart rate.
chrentropy: entropy of daily heart rate.
dsleep_prev_24: binary indicator of sleep in the previous 24 hours.

JMIR Form Res 2025 | vol. 9 | e65000 | p.2503https://formative.jmir.org/2025/1/e65000
(page number not for citation purposes)

Shen et alJMIR FORMATIVE RESEARCH

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


Table 3. Mean and SD of participants’ daily well-being scores. Morn indicates morning and eve indicates evening.

Values, mean (SD)Well-being metric

5.49 (1.99)sleepiness_morn (scale of 1-9)

5.7 (1.78)sleepiness_now_eve (scale of 1-9)

2.59 (1.23)sleepiness_daytime (scale of 1-5)

2.93 (1.1)stress (scale of 1-5)

2.51 (1.01)tiredness (scale of 1-5)

41 (23.02)alertness_morn (scale of 1-100)

52.99 (17.34)happiness_morn (scale of 1-100)

44.02 (21.27)energy_morn (scale of 1-100)

51.71 (18.12)health_morn (scale of 1-100)

55.97 (18.1)calmness_morn (scale of 1-100)

41.08 (21.1)alertness_eve (scale of 1-100)

54.27 (18.18)happiness_eve (scale of 1-100)

45.88 (21.08)energy_eve (scale of 1-100)

52.4 (18.19)health_eve (scale of 1-100)

56.85 (19)calmness_eve (scale of 1-100)

Figure 1. Dendrogram from hierarchical clustering of daily features using Ward linkage. The purple dashed line corresponds to a distance threshold
of 52.24 (0.7 times the maximum cluster distance as implemented by SciPy [52]) and identifies 6 clusters labeled and color coded (cluster 0=blue,
cluster 1=orange, cluster 2=green, cluster 3=red, cluster 4=purple, and cluster 5=brown). The red dashed line represents a distance threshold of 31 and
identifies 13 subclusters (a-m).

Advice Statistics
Figure 2 shows the frequency of advice provided as well as the
message categories in a pie chart. As physicians often selected
multiple messages for each day, 1332 advice messages were
selected in 786 advice pieces. The outer ring of the pie chart
indicates the proportions of each category with respect to the
1332 total occurrences of all message options, and the numbers
in parentheses after each category name correspond to the
frequency of the category. The inner ring shows the proportion
of each message with respect to the total occurrences. The
legend lists the corresponding color of each message, and each
parenthesis includes the proportion of all advice pieces
containing that message, which is computed by dividing the
frequency of the message by 786 total advice counts. Messages

in the sleep and nap categories were selected more frequently
than messages from other categories. Messages in the sleep
category were selected the greatest number of times (817/1332,
61.34%), and messages in the nap category were selected 21.7%
(289/1332) of the time. Moreover, only a few messages were
frequently selected by physicians. For example, message 20
(continue current sleep habits) was selected in 49.6% (390/786)
of advice pieces, and message 21 (try to make enough time for
sleep) was selected in 28.1% (221/786) of advice pieces. On
the other hand, 70% (16/23) of the messages were selected in
<50 advice pieces (50/786, 6.4%), and 7 messages were selected
<10 times (10/786, 1.3%).

Figure 3 summarizes the frequency and proportion of responses
to advice pieces containing each message. Sometimes,
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participants did not respond to the advice. Although multiple
messages might be selected for 1 advice piece, participants
responded to the advice but not to individual messages.
Participants showed different preferences for messages. For
example, participants expressed difficulty following message
20 (continue current sleep habits) only 0.5% (2/390) of the
time, whereas they experienced difficulty following message 4
(refrain from using a smartphone in the bedroom) 20% (15/76)
of the time and following message 2 (stop consuming caffeine
3 hours before lights-out) 26% (10/38) of the time. The
discrepancies might be explained by the message design.
Message 20 suggests that participants continue their current
sleep habits, which participants might feel is easier to follow
as it would not change their current lifestyle greatly. On the
other hand, message 2 and message 4 address caffeine
consumption and phone use, which might be challenging to
follow as it is suggested that participants change some essential
aspects of their routine.

Table S3 in Multimedia Appendix 1 summarizes the
distributions of positive and negative advice labels for both the
training and test data under user-dependent and user-independent
settings. In addition, it includes the ratios of negative-to-positive
sample counts. Class imbalances were evident for all messages
except message 20 (continue current sleep habits). In both data
split settings, messages 21 (try to make enough time for sleep)
and 7 (darken the bedroom when you go to bed) showed
moderate imbalances, with negative-to-positive ratios of <5.
For the remaining 4 messages, class imbalances were more
pronounced, with negative-to-positive ratios mostly ranging
from 5 to 10. Furthermore, we observed substantial
discrepancies in class imbalance between the user-independent
training and test sets of messages 12 (take a nap for
approximately 90 minutes before the night shift), 14 (take a nap
earlier after a late-night shift to refresh), and 15 (create an
environment for taking a nap). While negative-to-positive ratios
remained <10 in the training sets, the ratios exceeded 15 in the
test sets, indicating distinct preferences among physicians when
providing sleep advice to different shift workers.

Figure 2. The pie chart shows the selection frequency of each sleep advice message. All 23 message options are divided into 6 categories: dietary
intake (messages 1, 2, and 3), activity (messages 4, 5, 6, 16, 17, and 18), sleep (messages 7, 8, 9, 10, 20, 21, and 22), shift (message 11), nap (messages
12, 13, 14, 15, and 23), and mentality (message 19). Message 11 is excluded from the chart because of zero frequency.
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Figure 3. Frequency and proportion of message responses in a stacked bar plot. Each bar includes the frequency and proportion of participants’ responses
(no response, eager to follow, and difficult to follow) to advice pieces containing each message. Although multiple messages might be selected for 1
advice piece, participants responded to the advice but not to individual messages.

Advice Prediction Results
Following the approach described in the Methods section, we
obtained the AUPRC of 9 different configurations of classifiers
and data-balancing methods on the test set under dependent and
independent settings. Table 4 summarizes the performance of
the proposed models, where each model configuration was tuned
and trained 10 times with different random seeds, as well as
results from 10 random-guessing trials. The model performance
was compared with random guessing using a 1-sided Welch t
test.

As shown in Table 4, under the user-dependent setting, RF
performed the best for predicting 6 advice messages. The only
exception was advice message 7 (darken the bedroom when you
go to bed), where CatBoost achieved the highest AUPRC.
However, RF’s AUPRC was only 0.02 lower than that of
CatBoost. Under the user-independent setting, RF remained

competitive, achieving the best performance for predicting 3
advice messages. Its performance on other messages was also
close to that of the top performers. LGBM yielded the highest
prediction AUPRC for messages 12 (take a nap for
approximately 90 minutes before the night shift) and 14 (take
a nap earlier after a late-night shift to refresh). CatBoost was
the top performer for messages 7 (darken the bedroom when
you go to bed) and 21 (try to make enough time for sleep). These
results highlight the effectiveness of RF in mitigating overfitting
when working with limited data. While models trained on
balanced data achieved the best performance on 4 advice
messages in both dependent and independent settings,
data-balancing techniques overall did not result in a substantial
improvement in AUPRC and even degraded the performance
for some advice labels. Statistical tests revealed that the best
prediction models for each advice message and data split setting
performed significantly better than random guessing, with
P<.001 for 13 models and P=.003 for the remaining one.
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Table 4. Advice prediction area under the precision-recall curve (AUPRC) of the proposed models (random forest [RF], light gradient-boosting machine
[LGBM], and CatBoost) and random guessing baseline obtained under different data-balancing approaches (none, random oversampling, and synthetic
minority oversampling technique [SMOTE]) and dataset split settings (user dependent and user independent). A 1-sided Welch t test was used to compare
the models to random guessing.

Random guess-
ing (AUPRC),
mean (SD)

CatBoost (AUPRC)LGBM (AUPRC)RF (AUPRC)Setting, message ID, and balancing method

P valueValues,
mean (SD)

P valueValues, mean
(SD)

P valueValues, mean
(SD)

Dependent

0.12 (0.02)4

<.0010.24 (0.04)<.0010.28 (0.06)<.0010.33 (0.07) aNone

<.0010.20 (0.03)<.0010.21 (0.04)<.0010.25 (0.05)Random oversampling

<.0010.18 (0.02)<.0010.18 (0.02)<.0010.24 (0.03)SMOTE

0.17 (0.02)7

<.0010.57 (0.02)<.0010.54 (0.01)<.0010.56 (0.04)None

<.0010.54 (0.03)<.0010.52 (0.03)<.0010.54 (0.03)Random oversampling

<.0010.58 (0.02)<.0010.56 (0.02)<.0010.52 (0.03)SMOTE

0.12 (0.02)12

<.0010.27 (0.06)<.0010.23 (0.03)<.0010.32 (0.03)None

<.0010.26 (0.07)<.0010.21 (0.04)<.0010.31 (0.04)Random oversampling

<.0010.22 (0.05)<.0010.17 (0.01)<.0010.19 (0.03)SMOTE

0.10 (0.02)14

<.0010.23 (0.05)<.0010.24 (0.04)<.0010.26 (0.05)None

<.0010.23 (0.05)<.0010.22 (0.04)<.0010.25 (0.04)Random oversampling

<.0010.22 (0.04)<.0010.22 (0.05)<.0010.29 (0.05)SMOTE

0.19 (0.03)15

.0070.25 (0.05).0010.26 (0.05)<.0010.31 (0.03)None

.060.22 (0.04)<.0010.27 (0.05)<.0010.28 (0.02)Random oversampling

.0020.24 (0.02)<.0010.24 (0.02)<.0010.25 (0.01)SMOTE

0.57 (0.02)20

<.0010.79 (0.02)<.0010.76 (0.02)<.0010.80 (0.02)None

<.0010.80 (0.02)<.0010.77 (0.02)<.0010.80 (0.01)Random oversampling

<.0010.79 (0.01)<.0010.77 (0.02)<.0010.81 (0.02)SMOTE

0.23 (0.02)21

<.0010.41 (0.01)<.0010.38 (0.03)<.0010.38 (0.03)None

<.0010.40 (0.03)<.0010.36 (0.02)<.0010.38 (0.03)Random oversampling

<.0010.44 (0.06)<.0010.40 (0.04)<.0010.44 (0.04)SMOTE

Independent

0.11 (0.05)4

<.0010.20 (0.03).0050.17 (0.04)<.0010.25 (0.03)None

.020.15 (0.03).010.16 (0.04).0010.19 (0.04)Random oversampling

.580.11 (0.02).250.12 (0.04).0070.18 (0.06)SMOTE

0.16 (0.02)7

<.0010.66 (0.03)<.0010.61 (0.03)<.0010.67 (0.05)None

<.0010.62 (0.04)<.0010.58 (0.06)<.0010.60 (0.08)Random oversampling
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Random guess-
ing (AUPRC),
mean (SD)

CatBoost (AUPRC)LGBM (AUPRC)RF (AUPRC)Setting, message ID, and balancing method

P valueValues,
mean (SD)

P valueValues, mean
(SD)

P valueValues, mean
(SD)

<.0010.70 (0.04)<.0010.64 (0.04)<.0010.66 (0.06)SMOTE

0.03 (0.01)12

<.0010.06 (0.01)<.0010.09 (0.01)<.0010.07 (0.01)None

<.0010.07 (0.02)<.0010.08 (0.02)<.0010.06 (0.01)Random oversampling

<.0010.06 (0.01)<.0010.06 (0.01)<.0010.07 (0.01)SMOTE

0.06 (0.02)14

<.0010.10 (0.02).180.07 (0.01).0010.09 (0.01)None

.0010.09 (0.01).110.07 (0.02)<.0010.10 (0.01)Random oversampling

.0040.09 (0.03).0030.11 (0.04).0020.09 (0.02)SMOTE

0.06 (0.01)15

.0020.09 (0.02).0030.09 (0.03)<.0010.11 (0.02)None

<.0010.10 (0.02)<.0010.10 (0.02)<.0010.11 (0.03)Random oversampling

.030.08 (0.02).070.07 (0.01).040.08 (0.03)SMOTE

0.53 (0.02)20

<.0010.62 (0.01)<.0010.64 (0.01)<.0010.64 (0.01)None

<.0010.63 (0.01)<.0010.64 (0.02)<.0010.64 (0.01)Random oversampling

<.0010.63 (0.01)<.0010.64 (0.02)<.0010.64 (0.01)SMOTE

0.24 (0.03)21

<.0010.34 (0.02)<.0010.38 (0.02)<.0010.36 (0.01)None

<.0010.35 (0.03)<.0010.36 (0.03)<.0010.35 (0.02)Random oversampling

<.0010.39 (0.02)<.0010.36 (0.03)<.0010.38 (0.02)SMOTE

aThe best-performing configuration for each sleep advice message is italicized.

Important Features
We extracted permutation and SHAP feature importance for
the best model configuration when predicting each advice
message under both user-dependent and user-independent
settings. Table 5 shows the features that ranked among the top
5 most important using both permutation importance and SHAP,
with average AUPRC decrease and mean absolute SHAP values
of at least 0.01. All the features represented the average and SD
of daily Fitbit and survey features across the previous 4 days
for each date on which physicians provided advice. As expected,
several important features closely matched their corresponding
advice messages under both data split settings. The average
amount of phone use before sleep was a key factor in predicting
message 4 (refrain from using a smartphone in the bedroom).
Similarly, the average brightness of the sleep environment was

the most significant feature for predicting message 7 (darken
the bedroom when you go to bed). The model examined average
sleep duration for predictions of message 21 (try to make enough
time for sleep). When predicting message 12 (take a nap for
approximately 90 minutes before the night shift), the SD of work
hours between 4 PM and midnight on the current day across
the previous 4 days was an important factor. This suggests a
potential relationship between the frequency of night shifts and
the triggering of this sleep advice. In addition, the response to
the previous selection of message 20 (continue current sleep
habits) contributed to the prediction of messages 7, 20, and 21.
This aligns with physicians’ insights that they often considered
participants’ responses to previous advice when providing sleep
recommendations. These findings demonstrate the models’
ability to capture meaningful patterns that resonate with
physicians’ decision-making processes.
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Table 5. Important features identified using permutation importance and Shapley Additive Explanations (SHAP) for the best model configuration when
predicting each advice message under both user-dependent and user-independent settings. Features are listed if they ranked among the top 5 most
important using both permutation importance and SHAP, with average area under the precision-recall curve (AUPRC) decrease and mean absolute
SHAP values of at least 0.01.

Absolute SHAP value, mean (SD)AUPRC decrease, mean (SD)Setting, message ID, and feature

Dependent

4

0.05 (0.01)0.19 (0.06)Average amount of phone use before sleep

7

1.14 (0.25)0.33 (0.05)Average brightness of sleep environment

0.29 (0.06)0.04 (0.03)Response to previous selection of message 20

0.18 (0.06)0.03 (0.02)SD of brightness of sleep environment

0.09 (0.04)0.02 (0.01)SD of the binary indicator of activities other than work outside the
homes

12

0.02 (0.01)0.05 (0.07)SD of work hours on the current day for 4 PM-midnight

14

0.02 (0.01)0.03 (0.02)SD of daily caffeine intake

20

0.10 (0.04)0.12 (0.03)Response to previous selection of message 20

0.02 (0.01)0.01 (0.01)Average sleep satisfaction

0.03 (0.01)0.01 (0.01)Average fatigue recovery level

21

0.07 (0.03)0.11 (0.05)Response to previous selection of message 20

0.02 (0.005)0.03 (0.02)Average sleep duration

0.01 (0.01)0.03 (0.03)SD of work hours on the current day for midnight-8 AM

Independent

4

0.09 (0.02)0.13 (0.04)Average amount of phone use before sleep

7

1.35 (0.39)0.47 (0.05)Average brightness of sleep environment

0.18 (0.06)0.03 (0.02)Response to previous selection of message 20

12

0.28 (0.10)0.03 (0.02)SD of work hours on the current day for 4 PM-midnight

14

0.25 (0.10)0.03 (0.04)Response to previous selection of message 20

15

0.05 (0.04)0.02 (0.03)Average sleep satisfaction

0.02 (0.01)0.02 (0.02)Average fatigue recovery level

20

0.16 (0.03)0.11 (0.02)Response to previous selection of message 20

0.03 (0.01)0.02 (0.01)Average sleep satisfaction

21

0.45 (0.07)0.09 (0.04)Response to previous selection of message 20

0.17 (0.08)0.02 (0.03)Average sleep duration
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Discussion

Principal Findings
In this study, we used daily surveys and Fitbit to obtain
physiological and behavioral data of ICU shift workers.
Physicians reviewed the data to provide sleep advice from a list
of 23 messages to the workers. We extracted features from the
collected data and (1) conducted analyses to characterize
participants’ behaviors and advice and (2) constructed and
evaluated 3 models (RF, LGBM, and CatBoost) and 3
data-balancing approaches (no balancing, random oversampling,
and SMOTE) to predict sleep advice selections for the 7 most
frequent messages sent by the physicians. The advice prediction
models achieved higher AUPRC than the random guessing
baseline for predicting all the 7 advice messages under both
user-dependent and user-independent settings. The performance
differences were statistically significant, with P<.001 for 13
tests and P=.003 for 1 test. Feature importance analysis revealed
several important features that closely matched their
corresponding advice messages sent to participants. For instance,
for message 7 (darken the bedroom when you go to bed), the
models primarily examined the average brightness of the sleep
environment to make predictions. Similarly, the average amount
of phone use before sleep was a key factor in predicting message
4 (refrain from using a smartphone in the bedroom). The
analysis also supported physicians’ insights that they often
considered participants’ responses to previous advice when
providing sleep recommendations.

Participant Characteristics
Hierarchical clustering revealed different work shifts and
behavior patterns among clusters and subclusters, and we
investigated their relationships with their well-being scores.
First, work shifts on the current day contributed to low
well-being scores for clusters 3 and 5, and several well-being
metrics were further distinguished by their different shift
patterns. For example, cluster 3 had a much shorter average
sleep duration of approximately 220 minutes and the lowest
sleep quality. This was potentially caused by day shifts the day
before and midnight shifts on the current day for almost all
samples. In this cluster, participants finished their work at
approximately 4 PM the day before; they then started the next
shift period at approximately midnight and finished at
approximately 8 AM on the following day. After work, they
filled out the morning surveys and reported their well-being,
sleep duration, and sleep quality. Low scores on these metrics
reflected their tiredness shortly after work and lack of rest
between work shifts.

On the other hand, most samples in cluster 5 did not have shifts
the day before but had day shifts on the current day. As a result,
participants could have more time for sleep, reflected by a longer
average sleep duration of 400 minutes, better sleep quality, and
higher well-being scores in the morning compared with samples
in cluster 3. Such discrepancies in shift patterns and well-being
metrics could even be observed between subclusters d and k of
the same larger cluster 2. Although most samples of both
subclusters had midnight shifts the day before, subcluster d
majorly did not have shifts on the current day and achieved an

average level of well-being scores. The profile of subcluster k
was more similar to that of cluster 3, with midnight shifts on
the current day and much worse well-being and sleep quality
than in subcluster d, which is also supported by the t-SNE plot
(right plot in Figure S1 in Multimedia Appendix 1), where
subcluster k is closer to subcluster h (equivalence of cluster 3)
than to subcluster d. Furthermore, most of cluster 1 did not have
a work shift on the current day, which led to its high well-being
scores as 1 day off probably helped participants relax.
Nevertheless, shifts on the current day were not always
negatively correlated with well-being. Specifically, cluster 0
had above-average well-being scores although most samples
had work shifts on the current day.

Furthermore, several subclusters were characterized by some
distinct features of their profiles. For example, subclusters i and
l of cluster 5 had similar work patterns, but they differed
significantly in average daily step count, where subcluster i had
the highest count of >10,000 among all subclusters, whereas
subcluster l had the lowest count of <2000. Although multiple
clusters and subclusters contained samples with overtime shifts
of >8 hours, subcluster e was the only one with >9 hours of
average work duration for 3 consecutive days (10.6 hours the
day before the day before, 9.4 hours the day before, and 11.5
hours on the current day). The long work duration might also
contribute to other characteristics of this subcluster, including
the shortest time to fall asleep and the highest daily caffeine
consumption. Despite the existence of some outliers, the clusters
and subclusters generally grouped well, as shown in Figure S1
in Multimedia Appendix 1, and their profiles summarized from
average feature values provided many insights into participants’
daily behaviors, shifts, and well-being and their
interrelationships.

Advice Predictions
While we evaluated the advice prediction models using the
AUPRC computed from predicted class probabilities, it is also
important to understand the model performance in terms of
actual predicted classes. Given the class imbalances, adjusting
the decision thresholds was necessary to optimize prediction
performance. Specifically, for each classifier initialized with
its optimal hyperparameters, we performed 5-fold stratified
cross-validation on the training set to determine the optimal
threshold that maximized its F1-score. The F1-score was chosen
as the performance metric to obtain a balance between missed
advice predictions and false alarms. The optimal threshold was
then applied to convert prediction probabilities into class labels
on the test set. As we repeated the tuning and training process
10 times with different random seeds for each model
configuration, we created an ensemble of these classifiers to
mitigate potential overfitting. Final predictions were determined
through majority voting across the ensemble. To resolve ties
during voting, we used only 9 of the 10 classifiers generated
for each model configuration. We report the sensitivity,
specificity, precision, and F1-scores of the ensembles from the
RF, LGBM, and CatBoost classifiers with different
data-balancing approaches in Tables S4, S5, and S6 in
Multimedia Appendix 1, respectively.
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Table 6 presents the performance of the model configurations
with the highest F1-score for predicting each sleep advice
message under user-dependent and user-independent settings.
Baseline F1-scores, calculated by always predicting the positive
class, are also provided for comparison. All models
outperformed the baseline. Under the user-dependent setting,
the models achieved sensitivity and specificity within the range
of 0.5 to 0.9. Sensitivity tended to decrease for less frequent

advice messages, whereas specificity showed the opposite trend.
Under the user-independent setting, the models consistently
demonstrated decent sensitivity, exceeding 0.7 across all advice
messages, whereas specificity varied between 0.4 and 0.9. The
higher sensitivity observed in this setting may suggest that the
models were more effective at identifying universal decision
rules shared across participants than at accounting for individual
behavioral variability.

Table 6. Advice prediction sensitivity, specificity, precision, and F1-score of the best-performing ensemble classifier for each advice message under
both user-dependent and user-independent settings. Ensemble classifiers were constructed through majority voting across 9 random forest (RF), light
gradient-boosting machine (LGBM), or CatBoost classifiers trained using different random seeds. The decision threshold for each classifier was optimized
to maximize the F1-score. The baseline F1-score from always predicting the positive class is also listed.

Baseline F1-score (al-
ways positive)

F1-scorePrecisionSpecificitySensitivityBalancing methodModelSetting and
message ID

Dependent

0.200.420.340.860.56NoneLGBM4

0.280.590.520.880.69Random oversamplingCatBoost7

0.190.350.270.830.50NoneRF12

0.190.370.270.810.58Random oversamplingRF14

0.300.380.290.720.55Random oversamplingRF15

0.710.750.670.500.84SMOTEaRF20

0.350.480.340.580.81NoneCatBoost21

Independent

0.170.290.170.540.95NoneRF4

0.250.680.630.930.73SMOTECatBoost7

0.060.140.070.601.00Random oversamplingLGBM12

0.090.220.120.680.91NoneCatBoost14

0.110.150.080.480.77SMOTERF15

0.670.700.610.460.82SMOTERF20

0.380.450.310.440.81Random oversamplingRF21

aSMOTE: synthetic minority oversampling technique.

Single-Label Versus Multilabel Classification
As physicians could select multiple messages when providing
sleep advice, it is feasible to formulate sleep advice prediction
as a multilabel classification task, which outputs predictions for
all message selections simultaneously. Compared to the current
approach of training separate single-label classifiers for each
message, multilabel classification has the advantage of
leveraging information about message coselections during
training, potentially improving prediction performance.
However, this approach presents several challenges. First, some
models do not inherently support multilabel classification and,
instead, combine separate single-label classifiers for multilabel
outputs. This strategy fails to capture and use the coselection
information effectively. Second, the multilabel setting requires
careful handling of data imbalances both within individual labels
and across their co-occurrence patterns. Finally, multilabel
classification complicates feature importance analysis, which
aims to identify key contributors for predicting individual
message selections. In fact, we trained a user-dependent

multilabel RF classifier without any data balancing and did not
observe substantial performance improvement compared to the
single-label counterparts.

Comparison With Prior Work
Our system provided sleep and behavior recommendations for
shift workers with poor sleep quality. Although our system did
not follow the CBTI protocol, we borrowed elements from it,
such as sleep hygiene advice and relaxation. We designed sleep
recommendations specifically targeted for shift workers,
including strategic napping and clockwise shift rotation. Our
system offered several advantages over existing CBTI and sleep
RSs. First, while most mobile and web-based CBTI systems
require users to review sleep-related learning modules, our
system reduced users’ time commitment by sending them simple
pieces of advice to follow, which could be beneficial as shift
workers often have a poor work-life balance [53]. Consequently,
our study yielded a low dropout rate of 5% (3/64), as opposed
to the rates of other CBTI systems that range from 4% to 61%
[15,16,18-23,26,29,54].
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Moreover, our system received the most support from sleep
specialists compared to existing sleep RSs, which only have
limited or even no clinician support. For example, clinicians
only provided recommendation templates for further
customization by the automated SleepCoacher system [30]. The
cohort-based sleep recommender by Daskalova et al [31] relied
on profiles of similar users as the only recommendation source.
The system developed by Pandey et al [32] constructed its
recommendations based on discovered relationships between
the user’s lifestyle and sleep. The lack of clinician support could
impair the credibility of the provided sleep recommendations
among users. For instance, users of SleepCoacher suggested
adding justifications for the advice [30], and several users of
the cohort-based sleep recommender by Daskalova et al [31]
thought that the recommendations were implausible and even
untrustworthy as they contradicted the users’ own beliefs.
However, our system only delivered clinician-reviewed
recommendations, which greatly enhanced their trustworthiness.

Furthermore, only our study has evaluated the accuracy of an
algorithm for automatic sleep advice provision. Many existing
CBTI systems have been able to provide sleep restriction and
sleep hygiene recommendations automatically, but no analysis
is available of how close these generated recommendations are
to actual clinicians’ advice. Similarly, sleep RSs have not
compared their recommendations with professionals’
suggestions. Specifically, clinicians prepared all the
recommendations in the preliminary study of SleepCoacher,
and the provisions were automated by a correlation-based
algorithm in the final study, but the study did not evaluate the
accuracy of the algorithm for substituting clinicians [30]. Despite
the effectiveness of these systems, an analysis of algorithm
accuracy could further justify provided recommendations and
resolve users’ doubts about their credibility. On the other hand,
although our system is not automated at its current stage, we
developed an algorithm and assessed its accuracy for automatic
advice provision, and it showed decent performance and great
potential in providing clinical-level sleep recommendations.

Limitations and Future Work

False Predictions
To investigate the possible causes of false-positive and
false-negative predictions, we examined the relationship between
feature values and advice predictions. Specifically, we chose
the feature brightness_sleep (brightness level of the sleep
environment) and 1 repetition of the dependent advice prediction
model for message 7 (darken the bedroom when you go to bed).
We selected this combination because the feature had a dominant
effect on predictions of the message label, as shown in the
Important Features section, and could demonstrate the
limitations of the models more clearly with the existence of an
explicit decision rule.

For each participant, we plotted the trend of the feature across
all days of their enrollment and marked each predicted and the
actual selection of the message separately. Figure S2 in
Multimedia Appendix 1 includes such plots for 6 participants
to illustrate incorrect predictions and limitations of the advice
prediction models. First, the models did not have memories
about previous message selections and might produce false

positives as duplicate responses to previous feature values. For
example, the model made 3 positive predictions on days 29, 31,
and 33 in response to a peak of brightness on day 29 for
participant 1102, yet only the prediction on day 29 was an actual
positive. Similarly, 2 positive predictions were made for
participant 1154 on days 26 and 29 for a brightness surge on
day 26, but the latter was a false-positive. Shortening the feature
averaging window before each message selection might
eliminate some of these false positives, but it would increase
the risk of producing false negatives when a day with a favorable
value for message selection is excluded from the window.

Another scenario of false positives occurred for participants
1315 and 1181. Both participants received 4 false positives
although their brightness values only fluctuated within a small
range of approximately 30 (scale of 1-100). A closer look at
individual decision trees of the trained RF showed that some
trees considered SDs of brightness levels but most trees made
predictions by comparing average brightness with a threshold.
Thus, false-positive predictions were made because average
brightness exceeded the thresholds of most decision trees despite
the lack of brightness peaks. However, it could be tricky to
make correct predictions under such a scenario. For example,
physicians selected the message twice on days 9 and 16 for
participant 1315 although brightness remained stable. A
plausible explanation could be that physicians initially suggested
that the participant lower the brightness because it was
constantly above the threshold, but later, they stopped as neither
lower levels nor high peaks of brightness were observed after
the suggestions. Nevertheless, it would be very difficult for the
model to capture such change.

Unlike false positives, most false negatives occurred only under
1 scenario: when brightness peaks were not high enough and
adjacent days had very low feature values, which caused
averages to fall below the threshold, for example, on day 33 for
participant 1164 and on days 29, 31, and 33 for participant 1167.
Measuring the relative height of a peak (difference between
maximum and minimum values of the feature averaging
window) instead of averaging might be helpful to eliminate
these false negatives, but it may produce other false negatives
when feature values remain high and stable. From illustrative
plots of feature values and advice predictions, we demonstrated
several causes of false-positive and false-negative predictions,
but further investigations and experiments were necessary to
properly improve the advice prediction models as some false
positives might benefit participants and strategies to eliminate
certain false predictions might introduce others.

System Usability
Although our developed algorithm achieved a decent
performance in predicting sleep advice under both dependent
and independent settings, the algorithm is limited to the 7 most
popular advice messages among 23 choices due to infrequent
occurrences of the remaining options. Therefore, further studies
are necessary to gather enough data to enable predictions for
less frequent advice labels.

We gathered feedback on the sleep advice models from
clinicians (n=2) through questionnaires. They commented that
they decided their suggestions mainly based on morning survey,
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work shift, and wearable data. After they selected the
suggestions, they referred to the output of the models and made
the final decisions.

Future studies can compare the intervention effects of a
clinician-only input system, an algorithm-assisted system, and
a fully automated system to demonstrate the usefulness of the
machine learning algorithm. It will also be beneficial to validate
the generalizability of our advice prediction models with more
diverse participant populations.

Given the effectiveness of existing sleep RSs with limited
clinical support, we believe that our automated system has the
advantage of being built on the knowledge of sleep specialists
even if our algorithm still requires improvement to further boost
performance. We chose to evaluate our models in
user-dependent and user-independent settings instead of using
leave-one-out cross-validation because the advice frequencies
were extremely imbalanced across participants. However, such
a scheme will fit real-world scenarios the best when models use
all available data from current users to predict sleep advice for
a new user. It is also worth experimenting with personalization
beyond leave-one-out cross-validation by continuously
incorporating data accumulated from new users as they progress
to better adapt models to specific user characteristics.

Conclusions
We developed a web- and app-based system to provide
individualized sleep and behavior advice with CBTI elements

for shift workers. We collected data from shift workers (N=61)
in the ICU at 2 hospitals in Japan for 5 weeks, which included
Fitbit, survey, and sleep advice data. We used hierarchical
clustering to characterize shift workers’ physiological and
behavioral features and identified clusters with distinct patterns.
For example, days with low sleep duration and the lowest sleep
quality were associated with a day shift on the day before and
a midnight shift on the current day. Furthermore, we constructed
and evaluated 3 machine learning models (RF, LGBM, and
CatBoost) and 3 data-balancing approaches (no balancing,
random oversampling, and SMOTE) to predict sleep advice
selections for the 7 most frequent advice messages sent by the
physicians. Our advice prediction models achieved higher
AUPRC and F1-scores compared to the baseline. The analysis
of the feature importance of our models found several important
features that closely matched their corresponding advice
messages sent to participants. Although our current system
requires physician input, an accurate machine learning algorithm
would be promising for automation without hurting the
trustworthiness of the selected recommendations. Despite a
decent performance, the algorithms developed in this study are
limited to the 7 most popular advice messages among 23 choices
due to infrequent occurrences of the remaining advice options.
Therefore, further studies are necessary to gather enough data
to enable predictions for less frequent advice labels.
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Abstract

Background: Lyra Health’s short-term blended care therapy model, Lyra Care Therapy (LCT), has demonstrated effectiveness
at scale. In LCT, clients participate in synchronous telehealth sessions and asynchronous guided practice sessions, in which they
are provided with digital tools to reinforce key concepts and skills. These digital tools include animated video lessons that use
storytelling to show characters learning and implementing new skills from therapy, written psychoeducational materials, interactive
exercises that prompt reflection and skills practice, symptom assessments, and messaging with therapists. Past research on LCT
found that time spent in therapy sessions and viewing digital video lessons predicts improvements in depression and anxiety
symptoms.

Objective: This study aims to explore the client experience of LCT digital tools and to understand clients’ perceived benefits
and challenges of using digital tools while in LCT.

Methods: In total, 12 ethnically and racially diverse adults (5 male, 6 female, and 1 pangender) who had graduated from LCT
in the previous 4 months participated in semistructured interviews. Interviews focused on experiences with the digital components
of LCT (ie, video lessons, symptom assessments, and written exercises). Transcripts were analyzed using thematic analytic
methods to determine the benefits and challenges associated with components of the LCT model.

Results: In total, 3 primary themes were generated through thematic analysis. These themes centered around supporting
knowledge and skill development, the benefits and challenges associated with the range of digital tools, and the combination of
flexibility and accountability promoting positive change. First, we summarize the ways in which guided practice sessions allow
clients to develop additional knowledge and learn skills related to their mental health and well-being. Then, we describe how the
range of digital tools included in LCT presents different benefits and challenges for clients. Finally, we discuss how flexibility
inherent in having both synchronous and asynchronous sessions, along with the accountability from a provider, encourages clients
to continue to practice skills related to their mental health and well-being.

Conclusions: Results provide insights into the unique contributions of different components of the LCT model on therapeutic
gains. While perceived time constraints and content preferences can impact engagement with digital tools, overall the digital
tools were perceived as carrying significant value for participants in the LCT program.

(JMIR Form Res 2025;9:e68249)   doi:10.2196/68249

KEYWORDS

anxiety; depression; blended care therapy; mental health care; digital mental health; digital tools; qualitative interviews; Lyra
Care Therapy; video lesson; symptom assessment; written exercise; thematic analysis; LCT model; therapeutic value; client
experience
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Introduction

Blended care therapy programs, which combine synchronous
face-to-face therapy sessions with asynchronous therapeutic
digital content, can offer the benefits of both traditional
face-to-face and more novel internet-based mental health
services [1-3]. Blended care therapy programs can differ in the
degree to which they focus on the synchronous and
asynchronous components. Some programs have focused
primarily on adding face-to-face contact to digital interventions
[4-6], while other programs have more deeply integrated the
synchronous and asynchronous components of therapy to create
new models of care delivery [7,8]. These integrated blended
care therapy models typically address many of the barriers to
engaging with traditionally delivered in-person care, including
transportation, geography, mobility, and time constraints [9,10].
These blended care therapy models also address many of the
barriers to engaging with entirely asynchronous internet-based
mental health interventions, such as low perceived relevance
of the intervention tools to one’s own life, a lack of motivation
to consistently use digital tools, and a poor user experience with
digital tools [11,12].

Lyra Care Therapy (LCT) is Lyra Health’s short-term blended
care therapy model that is offered as an employee mental health
benefit. LCT is an integrated blended care therapy model that
has demonstrated effectiveness at scale for treating both
depression and anxiety across diverse racial and ethnic groups
[13,14]. This is a flexible model of blended care therapy and
treats a wide variety of clinical presentations. In a sample of
over 33,000 clients who received LCT in the United States,
86.6% of clients met criteria for clinical improvement by the
end of care. Further, this recent research demonstrates that
completing digital lessons and exercises and receiving provider
feedback messages was associated with greater improvements
in client depression and anxiety symptoms, beyond the effect
of therapy sessions [14].

In LCT, clients participate in synchronous telehealth therapy
sessions and in asynchronous guided practice sessions. The
average length of an LCT episode is 6 synchronous therapy
sessions over 8 weeks [14]. Consistent with best practices in
mental health care, Lyra Care therapists are trained in and
receive ongoing supervision and consultation on evidence-based
mental health care [15,16]. Synchronous telehealth therapy
sessions, in which therapists meet with clients on a secure video
platform that is compliant with the Health Insurance Portability
and Accountability Act, last for 50 minutes and typically occur
weekly or biweekly. During these synchronous therapy sessions,
therapists and clients establish goals for treatment, work together
on developing and practicing strategies and skills, and monitor
progress toward those treatment goals. Therapists also use time
in these sessions to introduce the content that they are
recommending the client to use during the guided practice
sessions. As a flexible provider-led model of blended care, the
recommended digital tools are selected in a collaborative way
based on the content of the session, the client's goals, case
conceptualization, and anticipated challenges during the
following week; then the provider gets commitment from the
client to do the practice.

Guided practice sessions take place on the digital therapy
platform, which clients can access on a web browser or via the
Lyra Health app. The “guided” aspect of guided practice
sessions refers to therapists guiding clients to asynchronous
tools relevant to their care, sending messages in between
sessions, and providing asynchronous feedback on the client’s
progress as the client completes between-session activities. The
“practice sessions” aspect refers to the asynchronous skills
building and practice that happen when clients engage with
these tools between sessions. This content is accessible
asynchronously at any time of day or night. These digital tools
were developed by Lyra Health based on transdiagnostic
treatment approaches, including the Unified Protocol [17],
acceptance and commitment therapy [18], and dialectical
behavior therapy [19]. After each synchronous therapy session,
therapists assign digital tools to their clients to reinforce key
concepts and skills related to what is being worked on in
treatment. These digital tools include animated video lessons
that use storytelling to show characters learning and
implementing new skills from therapy, written
psychoeducational materials, interactive exercises that prompt
reflection and skills practice, symptom assessments, and
messaging with therapists. The digital tool library has grown
over time, with new video lessons, exercises, and guides added
on an ongoing basis. As the client engages with the digital tools,
the therapist receives alerts and is able to provide asynchronous
support through in-platform commenting and messaging. In a
recent analysis of over 33,000 clients who completed LCT,
participants viewed a median of 6.0 (IQR 3.0-9.0) digital
lessons, completed 6.0 (IQR 2.0-12.0) exercises, and exchanged
16.0 (IQR 9.0-28.0) direct messages with their providers during
guided practice sessions [14]. This model supports the practice
of skills outside of synchronous telehealth sessions and helps
support therapist fidelity to evidence-based practices.

Past research on LCT found that time spent in therapy sessions,
time spent viewing digital video lessons, time spent completing
exercises, and time spent messaging with the therapist all predict
improvements in depression and anxiety symptoms [14,20].
These findings indicate unique statistically significant and
clinically significant benefits for clients engaging in both the
synchronous telehealth sessions and in the asynchronous guided
practice sessions.

However, little is known about the client experience of
participating in LCT. For clients to fully engage in mental health
services, the services should be optimized to have a strong user
experience. Qualitative research on a slightly different model
of blended care therapy, which included a greater average
number of telehealth sessions (an average of 21.96 sessions
relative to our average of 6 sessions) and a different model of
between-session practice assignments (consisting of text-based
lessons, exercises, and testimonials, with small interactive
elements such as audio and video clips), found that clients were
generally satisfied with all components of the blended care
therapy model but sometimes felt overwhelmed by the digital
tools [7]. Identifying the client-perceived value of and challenges
associated with specific components of blended care services
is essential to understanding and designing more usable,
enjoyable, and effective methods of delivering mental health
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care. This study explores the client experience of digital tools
while in LCT and aims to understand the perceived benefits and
challenges of using digital tools while participating in LCT.

Methods

Overview
We conducted a semistructured interview study to explore the
client experience of using digital tools while in LCT and to
understand our client’s perceived benefits and challenges for
engaging with these tools.

Participants
To ensure that potential participants had familiarity with LCT
digital tools and would be able to reflect on their experiences
in LCT, we sent a recruitment email to Lyra clients who had
graduated from LCT in the prior 4 months, were at least 18
years of age, and had completed at least 50% of digital
assignments (ie, video lessons, exercises, and guides) during
their course of therapy. LCT is available to individuals as an
employer-sponsored mental health benefit, Lyra Health, offered
by Lyra Clinical Associates. Potential participants were invited
to complete a short screening survey to confirm their interest
in participating and to provide demographic information.
Invitations to schedule an interview were sent to participants,
along with a copy of the institutional review board–approved
consent document.

Ethical Considerations
All study procedures were approved by the Western-Copernicus
Group Institutional Review Board (approval number: WCG
IRB Protocol #20232618) prior to enrolling participants.
Participants were sent a copy of the institutional review
board–approved consent document prior to their scheduled
interview. At the beginning of the interview appointment time,
the interviewer reviewed the consent form, and participants
provided verbal consent. After the interviews, participants were
compensated for their time with a US $75 gift card. Interviews
were recorded for transcription purposes, and the recordings
were deleted after transcription was completed. All quotations
presented in this manuscript have been deidentified.

Study Procedures
We interviewed a total of 12 participants. Interviews lasted
approximately 60 minutes and were conducted over Zoom by
the lead author. After verbal consent was obtained, the interview
began and was recorded for transcription purposes. During these
semistructured interviews, participants were prompted to reflect
on their experiences in LCT, including the impact that the digital
tools had on their lives and how different types of digital tools
may have helped or hindered their progress in psychotherapy.
Example questions from the interview guide include “How

would you describe the experience of having digital content to
work on in between sessions? What was helpful? What was
unhelpful?” and “What components of the platform were most
helpful to you in making progress in therapy?”

Positionality Statement
The authors all have training as clinical psychologists or
physicians and have experience in the design, development, and
implementation of technology-enabled mental health services.
The majority of the authors have experience in delivering
evidence-based psychotherapy to individuals across the lifespan
and drew on these professional experiences while designing the
study and interpreting the data. Throughout the analysis, the
authors took their own positionality and identities into account
while analyzing study data.

Analysis
Transcripts were analyzed in Dedoose [21] using a codebook
thematic analytic approach [22]. The 6 steps of analysis, outlined
by Braun and Clarke [23], were followed, in which the lead
author familiarized themself with the data prior to generating
a preliminary codebook used to organize the initial analysis of
the data. Reflexive practices were used to iteratively develop
themes, and the themes were reviewed, defined, and presented
in this paper. Analytic decisions were documented throughout
the research process. Because interrater reliability rests on the
assumption that meaning is fixed within the data, this analytic
approach does not recommend using formal interrater reliability
metrics [22].

Results

Overview
A total of 12 individuals participated in these interviews. As
seen in Table 1, participants held diverse social and cultural
identities.

In total, 3 primary themes were generated through thematic
analysis. These themes centered around supporting knowledge
and skill development, the benefits and challenges associated
with the range of digital tools, and the combination of flexibility
and accountability promoting positive change. First, we
summarize the ways in which guided practice sessions allowed
clients to develop knowledge and learn skills related to their
mental health and well-being. Then, we describe how the range
of digital tools included in LCT presents different benefits and
challenges for clients. Finally, we discuss how flexibility
inherent in having both synchronous and asynchronous sessions,
along with the accountability from a provider, encourages clients
to continue to practice skills related to their mental health and
well-being.
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Table 1. Participant demographics.

Participants, nGender

5Male

6Female

1Pangender

Age (years)

118-24

425-34

235-44

245-54

2≥55

Race or ethnicity

3Black

2South Asian

1East Asian

1Hispanic or Latino

5White

Education

2Vocational school

2Some college

6Bachelor’s degree

2Master’s degree

Household annual income (in US $)

1Less than $20,000

1$20,000-$34,000

2$35,000-$49,000

2$50,000-$74,000

2$75,000-$99,000

3More than $100,000

The Addition of Asynchronous Guided Practice
Sessions Allows for the Development of Both
Knowledge and Skills
Gaining knowledge and developing skills are central to making
gains in psychotherapy. The combination of synchronous
therapy sessions with a mental health provider and asynchronous
guided practice sessions was viewed by many participants as
essential to their progress in LCT. While many of the
participants were familiar with synchronous therapy sessions,
either from their own past treatment experiences or general
knowledge of what “therapy” typically entails, the concept of
having asynchronous guided practice sessions was new to most
participants and appeared key in supporting the development
of knowledge and skills. Overall, these asynchronous sessions
supported clients in using the synchronous sessions more
efficiently and often allowed clients and therapists to
communicate more effectively about issues related to the care
episode.

Participants shared ways in which the asynchronous guided
practice sessions were integrated into their lives and how they
helped to identify areas for growth and to provide support for
both knowledge acquisition and skills practice. Pt 6 reflected:

I got a video to learn about the approach with
cognitive behavioral therapy with my particular
therapist and I was sold on that completely. The tools
you're learning you then apply in your daily life. I
liked the hybrid learning or the flip learning where
you do work outside the classroom so when you come
to therapy, you can talk about it. And for me, it's
important to go back to them outside of that 45 min
because if not, we would waste time during my
session.

This participant had a background in education and drew these
favorable parallels to the increasingly popular flipped classroom
pedagogy in which active class time is used for working through
exercises and discussing concepts that were learned outside of
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the classroom. By completing exercises asynchronously, the
participant felt that subsequent sessions were more efficient
because they could use the time to talk through their progress
and any challenges that arose between sessions.

Many participants in the sample had past experiences with
receiving mental health care in which knowledge and skill
development felt less supported. Pt 5 reflected:

Previously, I had another therapist on a different
platform. I had an opportunity to meet with her very
regularly and while it was helpful, I did not get the
same benefits that I think I did from using Lyra
because my therapist with Lyra would issue me little
assignments, like videos, that often spoke to situations
that I was in personally.

Among participants who reflected on their past experiences in
therapy, there were particularly favorable attitudes towards the
model of blended care therapy in which asynchronous guided
practice sessions supported the clients in making specific
treatment gains, often in a more consolidated amount of time.
As Pt 12 commented:

Whenever I’ve done therapy without tools like this,
it’s taken me a couple of iterations to get to the point.
With the tools, I get to think faster.

This notion of “thinking faster,” supported by guided practice
session digital tools, appears to translate into more active and
engaged practice of therapeutic skills and a quicker time to
symptom relief.

Participants commented both on how the use of digital tools in
guided practice sessions helped them reflect more deeply and
on how therapist review of their digital tools assignments
allowed for the therapist and client to communicate more
effectively about presenting problems and concerns. As Pt 1
reflected:

So I ended up being assigned the journal… I started
going in and just writing a little more and I didn't
realize I hadn't truly opened up to the therapist
assigned to me. When I started to journal, she learned
more. She was like, “we never talked about this.
You've never talked about this in sessions”

Here, we see that the guided practice sessions allow for clients
to practice skills being taught in therapy and also allow for
clients to communicate with their therapists in an enhanced
way. Through this enhanced communication, therapists can
comment and reinforce or explore new topic areas with their
clients. This leads to a more deeply shared understanding and
to more personalized approaches to structuring subsequent
synchronous therapy sessions.

Pt 5 went on to comment:

It was probably the most effective thing that I've ever
had. I appreciated it a lot like, yes, my therapist was
amazing. She did a really great job with helping me
a lot, but having those videos along with her support
and her guidance, I feel really helped me to make the
progress that I have today.

Multiple participants echoed this belief that the provider-led
selection of the digital tools was critical to their treatment
success and that the personalization offered the advantage of
digital tools being perceived as highly relevant to the participant
and their presenting problems and goals for therapy. It appears
that digital tools alone are unlikely to support the reported level
of knowledge and skills development. Rather, the combination
of synchronous telehealth sessions and the digital tools
embedded within asynchronous guided practice sessions was
found to be of benefit here.

The Range of Available Digital Tools Presents Different
Benefits and Challenges for Clients
Overall, digital tools appeared to support the acquisition of
knowledge and support the practice of skills, while also helping
to build a common language between clients and their therapist.
In line with what is known about how different individuals will
respond to different treatment components in different ways
[24], we observed that the various digital tools embedded in
LCT each presented their own benefits and challenges for
clients. These benefits and challenges were discussed in the
context of having the therapist select digital tools based on
intended relevancy to the client. Within this theme, we identify
factors that contribute to both the strengths and weaknesses of
different types of digital tools within blended care therapy.

Video Lessons
Video lessons (ie, animated videos featuring stories of characters
as they face mental health challenges and work with a therapist
to learn skills to address those challenges) were the most popular
type of digital tool with participants in this study. The majority
of participants described favorable ways in which the lesson
content was relatable. In addition to videos teaching therapeutic
concepts and skills, they served a valuable function in
normalizing the experience of a range of mental health concerns.
Multiple participants reflected on how video lessons helped
deepen their understanding of skills and strategies that were
discussed in therapy sessions. For example, Pt 6 noted:

The videos allowed you to see glimpses of what was
happening in [the character’s] life, but then they
would use strategies to work through in the moment
just like what I was doing with [provider name]. It
was not just teaching, but it was also practicing the
strategies which was helpful because it creates the
framework right of how to actually implement it, think
about it and process it, which creates a roadmap.

Storytelling, as evident in these video lessons, appears to be a
vital component for supporting the learning acquisition process.

Similarly, Pt 10 highlighted:

I think the videos helped a lot. It puts things on a more
personal and a less straight, clinical level… I
remember actually watching some of the first videos
that were an introduction to depression and anxiety
and it walks you through the different effects that it
can have on someone and the different ways it can
manifest. That part really resonated with me and I
really understood it. It made me feel less crazy and
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instead of having something wrong, I understood this
disconnect between my thoughts and my emotional
reactions and how it is something that I can work
through. It's absolutely something that other people
also deal with and that definitely helped a lot.

The ability of lessons to normalize common mental health issues
appeared to help this participant overcome self-stigma related
to his symptoms and become more motivated to make changes.

Providing video lessons without support or guidance may be
less useful than when integrated into a blended care therapy
model. Pt 5 commented:

I appreciated that in tandem with me venting
everything under the sun to her, she was also able to
assign me things where if I brought up a very
particular problem, she's like, “Oh, this sounds a lot
like what you're going through. I want you to take a
look at this and to make sure that you're actually
paying attention.”

This highlighted how the guidance therapists provide around
video lessons supports therapy clients in learning new practices
that are in line with what is being discussed in therapy sessions.
The support of asynchronous learning and skill practice allowed
for the client to work toward their therapeutic goals within the
context of a supportive relationship with an expert clinician.

However, video lessons presented some challenges. Some
participants reported that it was challenging to find time to view
the videos, which are typically 8-10 minutes long. Although
many participants found that the video lessons fit well into their
lives, a small portion of study participants reported that it was
challenging to keep up with the video lessons (and other digital
tools) due to the time commitment required outside of
synchronous therapy sessions. For example, Pt 9 described
having some physical health issues emerge and needing to spend
significant time and energy navigating the health care system.
They reflected that:

medical stuff was just tacked on top of it, so
remembering to do the check-ins and watch all the
videos was derailed and I didn’t always keep up with
it.

For some people, dedicating 50 minutes every week or two to
synchronous therapy sessions feels like the maximum amount
of time that they can dedicate to mental health care.

Participants varied in how much they related to characters
presented in the video lessons. For example, a college-aged man
reflected that a specific lesson featuring a middle-aged woman
character, who was overwhelmed with messes that her husband
and child were leaving around the home, was particularly
relatable because:

this kind of thing is absolutely something that happens
in most people's lives whether it's a mom dealing with
a mess or whether it's me dealing with roommates
and a mess. I definitely think it can create some
trouble in thinking clearly and can create some very
angry and tense emotions. Having that reminder that

I can walk through it using the Lyra platform is very
helpful.

However, a middle-aged woman participant reflected on the
same digital lesson as less engaging, noting:

I didn’t relate to it because I don't have kids. There
were other videos featuring kids, a husband, and work
stress and my situation is kind of different because I
have a fiance, we don’t have kids, and my work
doesn’t necessarily stress me out.

Having relatable characters featured in the video lessons appears
to increase clients’ ability to empathize with and learn from the
lessons, and further examination of factors that increase and
decrease relatability will be fruitful for the continued
development of characters and storylines for video lessons.

Digital Exercises
Some participants found it challenging to write about their
thoughts, feelings, and experiences in digital exercises, though
with encouragement from their providers, they found these
exercises helped them feel better. While a few of the participants
reflected sentiments such as “writing isn’t my thing,”
participants also described ways in which their therapists were
able to tailor the written assignments to meet their needs. For
example, Pt 6 reflected:

I get caught in needing to write it perfectly…
[provider name] made it really clear that it doesn't
matter and to make bullet points in a section and we
can work with it. She used it as an opportunity to say,
“what do you think it's about writing or putting your
things down?” So it was good to be able to name it
and process it. But it is also attached to some of the
challenges.

This discomfort with writing down thoughts or experiences was
echoed by other clients who did not initially find written
exercises to be helpful. Pt 4 continued to reflect on this point
by noting:

When I did write the little bits that I did, I did feel
better. It wasn't too pushy. It was just like you said,
just a little bit of encouragement.

For participants like these ones, the guidance and support of
the therapist appeared essential for them to be able to engage
with, and subsequently benefit from, the written exercises.

Symptom Assessments
While in LCT, clients are prompted to complete symptom
assessments prior to each session. This practice is in line with
measurement-based care principles and allows both the therapist
and the client to track changes in symptoms and adjust treatment
as necessary. Some participants found the weekly symptom
assessments to be helpful and motivating from the beginning
of therapy. For example, participants who had past experiences
in therapy without routine symptom assessments, such as Pt 9,
stated:

The most useful to me was the check-ins to see where
I'm at and see where the progress was over time. I
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liked checking in to see where I was at and to see
progress.

However, some participants did not initially value these
assessments but grew to appreciate them over time. As Pt 6
highlighted:

I was answering the same questions over and over
again. But then, all of the sudden my responses were
starting to change. It felt affirming because at first,
I was just producing the same answers and then they
changed! It showed progress for myself.

While symptom assessments felt repetitive and tedious for some,
the vast majority of participants appreciated the feedback that
symptom assessment provided in terms of progress tracking.

Flexibility and Accountability Encourage Continued
Skills Practice
Evidence-based short-term therapy models, such as the Lyra
Care model, typically focus on developing and then practicing
new skills or strategies to reduce suffering and improve
well-being. Clients are prompted to set goals for treatment at
the onset of a course of therapy, and the client and therapist
work together to support progress toward those goals. As clients
make progress on their goals, they work toward graduating or
taking a break from therapy. This is marked by a client being
ready to stop having regularly scheduled therapy sessions and
to manage any remaining symptoms independently or with the
support of their social network. In these short-term therapy
models, therapy is conceptualized as a time to learn and apply
skills and to begin generalizing those skills. When someone
graduates from therapy, they are encouraged to continue doing
the things that work well for them and to have a plan for how
they will address new challenges moving forward. The
combination of flexibility and accountability woven into this
model of blended care therapy, and supported by the available
digital tools, appears to promote continued practice of
therapeutic skills.

Through these interviews, we observed that the digital content
available through the guided practice sessions provided durable
opportunities for reflection and discovery. Digital tools could
prompt clients to reflect on their current experiences, identify
their current emotions and thoughts, and discover both factors
contributing to their current emotional state and strategies that
they could use to feel better. Convenience matters when
examining how a digital tool can be used while in therapy and
how it might be used after graduation. Several participants
reported that the written exercises were important for practicing
skills and keeping the momentum going in between sessions.
As Pt 10 commented:

I got a lot more comfortable with taking out my phone
when I started having an issue or even just making a
mental note of what I was going to put in a thought
log or something of that nature. It's extremely helpful
as an in the moment tool while also being something
that is discrete enough that I could take out my phone
any time of the day, anywhere I was, and just seem
like I was texting where in reality I was, I was working

through whatever stress or anxious thoughts I was
having, so that definitely became a very helpful tool.

Having supportive tools almost always available to use can be
key for integrating and applying the skills taught in LCT to
diverse situations in one’s life.

While a plethora of digital mental health tools are available,
many individuals report difficulty in finding high-quality digital
mental health tools and are quick to disengage from using such
tools [25,26]. Here, we observed that the guidance from and
accountability provided by the blended care therapist helped
participants learn how specific tools could be useful to and
usable for them. Tools were typically introduced during
synchronous telehealth sessions, and then follow-up support
and recommendations were given during guided practice
sessions. Pt 8 noted:

my therapist did a good job of marketing the tools to
me of this being something you can do if you’re
feeling like this, and giving me examples of when even
would be good times to even use it. So, when I would
be experiencing a certain feeling that we discussed
in therapy, I would be reminded of my therapist telling
me that I should do this when I experience this, and
that would lead me to go onto the platform and try
an activity.

Participants also spoke of how automated prompts from the
system prompted greater accountability to engage. Pt 5 reflected:

During my time with my therapist, I would get, like,
little email reminders or text message reminders that
were prompting me to make sure that I get my
assignments or my weekly health assessments done
prior to my next session. I found that really helpful.

This support received from both the therapist and the automated
system prompted clients to experiment with tools during an
episode of care and learn how the tools can benefit them, which
can then facilitate ongoing habitual practices.

While video lessons were particularly popular for clients while
they were in care with their therapist and supported the learning
of new skills, written practices were often carried forward after
graduating from a course of blended care therapy as a means
of continued skill practice. For example, Pt 8 noted:

Now, I have a journal and even though it's not
necessarily the Lyra exercise itself, it had components
that I remember from it. When I was really anxious
the other day about some random thing, I just opened
up a note on my phone and started challenging my
thoughts.

This participant described one of the primary goals of short-term
CBT—that they were able to better recognize their emotional
experiences and quickly apply an evidence-based strategy
(cognitive restructuring) to proactively manage their experience.
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Discussion

Principal Findings
Results of this study support the previously observed therapeutic
value of digital video lessons in LCT and provide insights into
the unique contributions of different components of the LCT
model on therapeutic gains. While perceived time constraints
and content preferences can impact engagement with digital
tools, overall the digital tools were perceived as carrying
significant value while participants were clients in LCT. The
combination of synchronous telehealth sessions and
asynchronous guided practice sessions both helped clients learn
new skills that were personalized to their current needs and
helped clients apply these skills in their lives through
between-session practice and feedback from therapists.

Asynchronous and synchronous components of this blended
care model (ie, LCT) worked together to produce client-reported
benefits. The clinically important elements of this treatment
model seem to be (1) the therapist selecting relevant skills, (2)
the therapist introducing skills in session, (3) the client
completing between-session practice, (4) the therapist reviewing
and commenting on between-sessions practices, and (5)
reflection in the subsequent synchronous session. Guided
practice sessions appear to enhance synchronous therapy
sessions by helping facilitate ongoing communication between
therapist and client and supporting skills acquisition and practice
both in and out of sessions. Together, this model appears to
allow clients to make clinical progress more quickly than they
have seen in traditional models of psychotherapy.

Past quantitative analyses have demonstrated the value of video
lesson viewing on clinical outcomes. These qualitative analyses
further support the value of video lessons. Storytelling,
embedded in these lessons, appears to be important in
normalizing a range of experiences. Storytelling in digital mental
health interventions is increasingly being recognized as clinically
valuable. Narrative-based mental lessons support clients in
reflecting on their own patterns and help them to feel a sense
of connection to similar others as they apply the concepts to
their own lives [27]. Past research has found that satisfaction
with client stories embedded in internet-delivered cognitive
behavioral therapy to be related to both treatment satisfaction
and decreases in anxiety symptom severity [28]. Many clients
in this study found the video lessons normalized experiences
and that the characters and storylines were relatable, sometimes
in surprising ways. However, some clients had more difficulty
relating to the characters. Given that relatability appears to
support engagement in the guided practice session process, this
opens future directions for improving the relatability of digital
lesson content. Additional research should be conducted to
better understand which characteristics are most important for
relatability and how relatability of characters relates to
effectiveness of between-session practice. Additional training
for therapists on how to frame the between-session practice may
also be warranted to better support clients in developing their
ability to relate to and engage with the important elements of
the lesson.

At its core, LCT is an evidence-based short-term therapy model.
While short-term models of therapy have strong research
evidence for reducing symptoms of mental ill-health [29,30],
not all individuals are initially comfortable with or confident
in the approach of short-term therapy. Between-session practice
helps clients build structure and self-efficacy in using skills that
prepares them for a confident graduation. A large body of
literature demonstrates that completing therapy homework
relates to more positive treatment outcomes [31,32]. Here, we
observed that the structure of skill practice outside of
synchronous telehealth sessions allowed clients to figure out
what skills work for them and in what situations those skills
can be used. Participants in this study reflected on ways in which
they figured out how to practice skills in real time, such as on
their smartphones or by writing in a notebook. These
skill-learning experiences are supported both with guided
practice sessions and troubleshooting during synchronous
sessions with the therapist. As digital tools were identified as
being a helpful component of the LCT process with specific
benefits of supporting work toward therapy graduation,
additional work should be done to determine how to best support
the transition to self-care with digital tools after graduation.
Barriers to engaging in between-session practice included both
time constraints and content preferences (eg, video length,
preferences for reading or listening). Future work should
continue to explore how clients would respond to different
formats of between-session digital content.

Limitations and Additional Future Directions
The qualitative nature of this study is, in many ways, a strength.
Qualitative research allows for deeper understanding of our
client experience by honing in on how research participants
experienced different components of LCT. However, the
methods employed in this study do not support the quantification
of experiences [33], and qualitative research typically does not
aim to be generalizable across populations. Thus, the
experiences detailed in this manuscript are unlikely to be
representative of all experiences that one may have in LCT.
Historically, research on technology-enabled mental health
interventions has been conducted on largely homogenous
samples as White individuals, and particularly White young to
middle-age adult women, are typically over-represented in
research trials [34,35]. While our study sample was diverse in
regards to race, ethnicity, gender, age, and income, the
participants may not be representative of all clients who engage
with blended care services. We intentionally selected a sample
of clients who had been engaged with digital content while in
therapy (by having completed at least 50% of assignments)—this
decision was made to maximize the likelihood that participants
would be able to meaningfully reflect on the utility of the
different treatment components and the full model of LCT. We
cannot report on the exact digital tools each participant in the
study used during their course of therapy as their engagement
in therapy was separate from their engagement with this
qualitative research study. Clients in LCT are not “required” to
complete digital content to progress in therapy, and this sample
does not represent individuals who did not deeply engage with
the digital tools. Additionally, therapy is a dyadic process
involving both a client and a therapist, and both sides of this
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process, as well as the interactions between the client and
therapist, should be examined [36]. This study is reflective only
of the client experience of digital tools while in LCT and the
client-perceived benefits and challenges of using digital tools
while participating in LCT. Future work will examine the
therapist's experience of delivering this type of blended care.

Conclusions
The between-session digital content embedded in short-term
blended care therapy programs, such as LCT, can keep therapy
clients engaged in skill development outside of sessions and
can drive therapeutic gains. This model of care has demonstrated
clinical effectiveness at scale in past quantitative studies and

can support clients in developing mental health and coping skills
in a relatively limited treatment period (average of 6 sessions
over 8 weeks [1,14]). These qualitative results support the
previously observed therapeutic value of digital video lessons
in LCT and provide insights into the unique contributions of
different components of the LCT model on therapeutic gains.
As we continue to work toward increasing access to
evidence-based mental health care, blended care therapy
programs can be considered as a viable method for meeting
client desires to work synchronously with a mental health
provider while also offering the benefits of asynchronous care
focused on skill development.
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Abstract

Background: Despite the availability of antiretroviral therapy (ART), only 66% of people with HIV in the United States achieve
viral suppression, largely due to suboptimal ART adherence. Barriers such as limited access to care and forgetfulness impact
adherence rates, which must be maintained at ≥95% to prevent viral load rebound. Combination interventions leveraging community
health worker (CHW) support and mobile health (mHealth) technologies have the potential to overcome previously identified
barriers and provide cost-effective support for improving adherence and viral suppression outcomes in people with HIV.

Objective: This pilot study aimed to evaluate the feasibility, acceptability, and preliminary efficacy of remote delivery of the
Community Health Worker and mHealth to Improve Viral Suppression (CHAMPS) intervention, combining the WiseApp, CHW
support, and the CleverCap smart pill bottle. A secondary aim was to gather participants’ feedback on the usability of the app
and pill bottle as well as to better understand their experiences with remote study procedures.

Methods: This mixed methods pilot study involved 40 participants with HIV, who were randomly assigned to a control group
(n=20, 50%) or the CHAMPS intervention (n=20, 50%) over 3 months. The intervention group participated in up to 12 sessions
with CHWs and used the WiseApp, paired with a CleverCap smart pill bottle, to support ART adherence. Remote baseline and
follow-up visits were conducted via Zoom and included surveys measuring adherence, self-efficacy, and usability (measured by
Health Information Technology Usability Evaluation Scale [Health-ITUES] and Poststudy System Usability Questionnaire
[PSSUQ]). Semistructured interviews explored participants’ experiences with the intervention. Thematic analysis was used to
identify key facilitators and barriers based on the Mobile Health Technology Acceptance Model.

Results: Remote delivery of the CHAMPS intervention was feasible, with high usability ratings for both the WiseApp and
CleverCap (overall scores on Health-ITUES: mean 4.35, SD 0.58 and PSSUQ: mean 2.04, SD 1.03). In the intervention group,
there were nonsignificant improvements in self-reported adherence scores (P=.29) and in self-efficacy scores (P=.07). The adjusted
odds ratio for achieving undetectable viral load in the intervention group compared to the control group was 3.01 (95% CI –1.59
to 4.12), indicating a medium effect size in favor of the intervention. Overall study retention was 75% (30/40), with higher
retention in the control group. Participants valued the flexibility of remote study procedures, particularly Zoom-based study visits
and mailed blood sample kits. Qualitative feedback highlighted the intervention’s acceptability and ability to overcome logistical
barriers.

Conclusions: The remote CHAMPS pilot study demonstrated the feasibility and acceptability of combining mHealth tools with
CHW support to promote medication adherence among people with HIV. While further optimization is needed to enhance its
impact, this intervention shows potential for improving health outcomes in diverse underserved populations.
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Introduction

Background
With the advent of antiretroviral therapy (ART) for HIV, people
with HIV can now achieve near-normal life expectancies [1-4].
At the end of 2021, >50% of people with HIV in the United
States were aged ≥50 years, primarily due to the effectiveness
of ART [5]. However, the rates of viral suppression among the
1.2 million people with HIV in the United States continue to
remain low, with current estimates of approximately 66% among
people with HIV, despite the wider availability of ART [5]. The
suboptimal rates of viral suppression may be attributed to poor
ART adherence [6] and occur during a period of increasing
health care fragmentation, leading to higher costs of care and
lower health outcomes for many patients with chronic illnesses,
such as people with HIV [7].

The Ending the HIV Epidemic plan identifies viral suppression
as a cornerstone to preventing and treating HIV infections
[8-10]. HIV viral suppression is dependent on adherence to
ART, and studies demonstrate that high rates of ART adherence
(approximately 95%) are attributed to higher rates of viral
suppression (approximately 78%) [11]. However, even moderate
decreases in adherence to ART (from 95% to 80%) can lead to
drastic reductions in viral suppression rates (from 78% to 20%),
underscoring that ART adherence is maintained at ≥95% [11].
Poor adherence to ART can lead to poor outcomes for the
patient, the emergence of drug-resistant HIV strains [12], and
increased rates of HIV transmission [13]. Suboptimal levels of
ART adherence, along with low levels of engagement in the
HIV care continuum, have also been attributed to the progression
of HIV disease and premature deaths among people with HIV
[14]. Therefore, there is an urgent need to develop and evaluate
interventions that enhance adherence to ART.

Developing interventions to increase ART adherence must
address prevalent barriers to optimal ART adherence by
championing a comprehensive approach to understanding and
addressing the unmet needs of people with HIV. Previous studies
have identified numerous barriers to sustained adherence to
ART; engagement with medical care; and, consequently, viral
suppression, including HIV stigma or fear of HIV status
disclosure [15-19], geographic barriers or limited time resources
for receiving or accessing HIV care [16,17,19], negative
experiences within medical institutions or HIV care centers
[15,16,19], and forgetfulness [18,19]. Similar studies have
outlined strong networks of social support, HIV case managers,
telemedicine appointments, and reminder tools as facilitators
of ART adherence and medical care engagement [16-19].
Recently, there has been an increased focus on the utility of
community health workers (CHWs), who can take on roles as
outreach workers, patient navigators, health advisers, or peer

leaders in helping patients access and manage HIV in primary
care settings [20]. While the profile, skill level, and job scope
of CHWs can vary widely based on context, they often serve
as patient navigators and peer educators in the United States,
focusing on HIV care retention, ART adherence, and viral
suppression support, particularly in underresourced communities
[21-23]. Several studies have found that integrating CHWs was
associated with improved care retention, ART adherence, and
viral suppression outcomes [20,24,25]; nonetheless, other studies
have found no significant difference in viral suppression
outcomes between people with HIV with assigned CHWs and
those without CHW interventionists [26,27]. While some studies
failed to show statistical significance in viral suppression
outcomes between intervention and control groups, they
emphasized the utility of a combined intervention, including
CHW components and other interventions, to address barriers
to ART adherence [26,27]. Mobile health (mHealth)
interventions offer themselves as novel interventions in HIV
care settings, given their ubiquity, ability to overcome
geographic barriers to care, and low associated costs [28].
However, previous studies have provided mixed results, with
some finding increased viral suppression and retention in care
rates among mHealth intervention participants [29,30] and others
finding no statistically significant difference in viral suppression
and retention rates between intervention and control participants
[31]. Previous study limitations include poor integration of
mHealth technologies within HIV primary care settings, and
researchers have advocated for a combination approach with
patient navigation services to help prioritize human
communications and achieve desired outcomes related to viral
suppression [31]. Thus, interventions that combine the use of
CHWs and mHealth technologies hold promise for increasing
rates of ART adherence and viral suppression within the United
States [24,32].

Objectives
In this pilot study of the Community Health Worker and Mobile
Health to Improve Viral Suppression (CHAMPS) remote
intervention, conducted by our team at the Columbia University
School of Nursing, we tested the feasibility of a remotely
delivered CHW intervention through the mHealth app WiseApp.
Participants were recruited from across the United States and
provided with a smart pill bottle, CleverCap, which interfaced
with the WiseApp for personalized medication reminders
[33,34]. We also gathered feedback on the acceptability of
remotely conducted study procedures.
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Methods

Study Design

Overview
The pilot study was a 2-arm randomized controlled trial among
40 people with HIV who were followed over a 3-month period.
Participants were randomly assigned to the CHAMPS
intervention (20/40, 50%) or the standard of care control (20/40,
50%) arm. Recruitment for the study occurred over a 7-month
period, beginning in July 2023 and closing at the end of January
2024. The study was initiated on July 26, 2023, with the
enrollment of the first participant, and concluded in May 2024,
with the final participant completing their last study visit on
May 7, 2024.

Intervention Arm and Description of the Planned
Intervention
The CHAMPS intervention was a 3-month intervention guided
by the study team’s previous work on CHW and mHealth
interventions. Specifically, the Birmingham Access to Care
study (NCT03205982) adapted the Anti-Retroviral Treatment
and Access to Services intervention, an evidence-based
intervention designated by the Centers for Disease Control and
Prevention, to support re-engagement in care for people with

HIV who had dropped out of care [34,35]. This approach
emphasized strength-based case management and motivational
interviewing, fostering a close, supportive relationship between
CHWs and participants, and was used to design the content
structure of the CHW sessions. In addition, the WiseApp study
leveraged end user feedback to develop a self-management app
for people with HIV, incorporating features such as medication
trackers, push notification reminders, and linkage to the
CleverCap smart pill bottle [34,36].

Participants in the intervention arm were assigned a CHW at
the end of their baseline visit. CHWs were study team members
trained on the intervention, including the content of each session,
motivational interviewing, strength-based case management,
Anti-Retroviral Treatment and Access to Services [37], HIV
and substance use, the WiseApp and associated mHealth
technology, and field safety. CHWs administered at least 10 or
up to 12 individual sessions to the participants throughout the
intervention. Table 1 provides an outline and description of
CHW session contents and structure. All sessions were
conducted remotely via secure Zoom (Zoom Video
Communications, Inc) calls, in compliance with the Health
Insurance Portability and Accountability Act (HIPAA); phone
calls; or the chat feature of the WiseApp, depending on the
participant’s preference.
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Table 1. Structure and content of the community health worker (CHW) sessions delivered to participants in the Community Health Worker and Mobile
Health to Improve Viral Suppression (CHAMPS) intervention arm.

Window for sessionSession contentSession number and
title

At baseline visit or within 1
to 2 days of baseline visit

Introduce the goals of the CHAMPS intervention to the participant (approximately 15 to 20
minutes).

(1) Building the rela-
tionship

At baseline visit or within 1
to 2 days of baseline visit

Discuss how the WiseApp can be used to facilitate communication between the CHW and the
participant. Review the medication tracking function and how this can be used by the CHW
and the participant (approximately 30 to 45 minutes).

(2) Introduction to the
WiseApp

Week 1Help the participant self-identify personal strengths, abilities, and skills. Check in on any
technical issues and study logistics with the participant (approximately 30 to 45 minutes).

(3) Emphasizing per-
sonal strengths

Week 2Assist the participant in preparing a list of questions to ask their care provider. Check in on any
technical issues and study logistics with the participant (approximately 30 to 45 minutes).

(4) Learning to make
contact

Week 3Check in with the participant on their upcoming appointments and any needed documents; ad-
dress any potential barriers to care through offering local resources. Check in on any technical
issues and study logistics with the participant (approximately 15 to 20 minutes).

(5) Check-in call 1

On the basis of any upcom-
ing appointments

Support the participant’s efforts during their primary care provider remote visit, on the basis
of the participant’s comfort level (approximately 15 to 20 minutes).

(6) Primary care
provider appointment
1

At the time of or within 1 to
2 days of session 6

Solicit the participant’s input on what went well during their primary care provider visit. Elicit
from the participant what was learned from the care visit and what strengths they demonstrated.
Check in on any technical issues and study logistics with the participant (approximately 15 to
20 minutes).

(7) Debriefing the
provider visit 1

Anytime during weeks 4 to
7

Plan for and create an action plan for the transition process as the participant nears the end of
the study period and prepares to engage with standard-of-care case manager and related clinical
professionals (eg, social worker). Check in with the participant on their upcoming appointments
and any needed documents. Check in on any technical issues and study logistics with the par-
ticipant (approximately 30 to 45 minutes).

(8) Reviewing
progress

Anytime during weeks 8 to
10

Check in with the participant on their upcoming appointments and any needed documents; ad-
dress any potential barriers to care through offering local resources. Check in on any technical
issues and study logistics with the participant (approximately 15 to 20 minutes).

(9) Check in call 2

Anytime during weeks 11 to
12

Review the transition process action plan with the participant. Begin transition to standard-of-
care case manager and related clinical professionals (eg, social worker) (approximately 30 to
45 minutes).

(10) Completing the
work

Anytime during the study
and as needed by the partici-
pant

Check in on any technical issues and study logistics with the participant (approximately 15 to
20 minutes).

(11) Optional check in
session 1

Anytime during the study
and as needed by the partici-
pant

Check in on any technical issues and study logistics with the participant (approximately 15 to
20 minutes).

(12) Optional check in
session 2

Intervention participants received 1 daily reminder through
CleverCap’s programmed alarm to take their medication at their
chosen time. Additional alarms could be programmed by
participants, or mobile or app alerts could be set for missed or
off-schedule doses, in which case, participants received >1 daily
notification. Furthermore, participants were notified if they
reopened the pill bottle after an alarm had already been triggered
(flagged as an off-schedule dose) or if the cap was improperly
closed. However, no reminders were sent, and no alarms were
triggered if the CleverCap pill bottle lost power, was deactivated
by the study team, was damaged, or lacked a set dosing
schedule.

Figure 1 illustrates the WiseApp user interface, with screenshots
of a demonstration account. The main menu (Figure 1A) allows

navigation to various tabs. The dashboard (Figure 1B) provides
an overview of medication adherence, including statuses such
as taken (green), missed (red), off-schedule dose (yellow), and
improperly closed cap (orange). It also displays adherence
feedback through emoji indicators (eg, high adherence: green
smiley face). The chat interface (Figure 1C) enables
communication with CHWs, while the My Stats tab (Figure
1D) presents a percentage breakdown of adherence metrics,
dose timing, and adherence scores. The Videos and Information
tab (Figure 1E) includes testimonial videos with adherence tips.
The My Alerts tab (Figure 1F) allows participants and CHWs
to set reminders for missed or off-schedule doses. Finally, the
My Meds tab (Figure 1G) enables participants and CHWs to
manage medication details and adjust dosing schedules.
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Figure 1. User interface of WiseApp showcasing demo account data: (A) main menu, (B) dashboard with medication adherence status, (C) chat interface,
(D) My Stats tab, (E) Videos and Information tab, (F) My Alerts tab, and (G) My Meds tab and Edit Schedule interface.

The CleverCap pill bottle (Figure 2) tracked medication
adherence by recording when the bottle was opened, with a dose
marked as “taken” only if the cap remained off for at least 5
seconds. Figure 2A shows the CleverCap and its packaging,
which includes a micro-USB charger. Figure 2B demonstrates
CleverCap’s built-in reminder system, which provided a visual
and auditory alarm when it was time to take a scheduled dose.
The bottle flashed green lights for 2 minutes and emitted a loud
alarm to ensure that the reminder was noticeable. These cues

automatically ceased once the cap was unscrewed, signaling a
recorded dose. In addition, if no action was taken within the
2-minute reminder window, the visual and auditory cues
stopped, and the dose was recorded as “missed.” No visual or
auditory cues were provided for off-schedule doses. If the alarm
failed to activate due to incorrect or missing programmed alerts
on the WiseApp or due to the pill bottle losing power,
participants may have missed their medication without
documentation in the app.

Figure 2. The CleverCap pill bottle used for medication adherence monitoring: (A) device and packaging and (B) active CleverCap alarm for dosing
reminder.
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Standard of Care Control Arm
The control arm did not receive any additional interventions
beyond the usual standard of care, which consisted of routine
clinical services as needed, including referrals to mental health
or other ancillary services if clinically indicated.

Recruitment and Eligibility
Participants were eligible to participate if they (1) were able to
speak, read, and write in English; (2) were aged ≥18 years; (3)
were willing to provide a valid form of identification for
verification; (4) were willing to participate in any assigned arm
of the intervention; (5) were diagnosed with HIV ≥6 months
ago; (6) had an HIV-1 RNA level of >50 copies/ml or
self-reported being virally unsuppressed in the past 12 months
(defined as a viral load of ≥200 copies/ml in alignment with the
clinical definition of viral suppression in the United States); (7)
were owners of a smartphone; (8) were capable and willing to
provide informed consent for study participation and consent
for access to medical records; and (9) lived in the United States.
The use of different viral load thresholds aligns with established
clinical guidelines and reflects advances in monitoring
technology. A threshold of ≥200 copies/ml is used to determine
whether someone is detectable for HIV, as it accounts for small
fluctuations in viral levels and testing variations, providing a
practical measure of treatment effectiveness [38]. However,
with improvements in viral load assay sensitivity, a threshold
of 50 copies/ml is increasingly used to identify low levels of
HIV in the blood, as achieving a viral load below this threshold
is considered optimal for reducing transmission risk and
improving long-term health outcomes [39]. Viral load data were
obtained through one of the following methods: (1)
participant-uploaded viral load test results from their electronic
health record or laboratory reports, (2) dried blood spot (DBS)
collection analyzed by a certified laboratory, or (3) retrieval
through electronic health record access via a HIPAA electronic
release of information (eROI) authorization). To ensure
consistency in timing, only uploaded viral load results dated
within 4 to 6 weeks before the study visit were accepted. DBS
collection was offered to all participants as an alternative to
laboratory-based testing. Participants were not eligible if they
met any exclusion criteria, including (1) residing in a nursing
home, prison, or receiving in-patient psychiatric care at the time
of enrollment; (2) terminal illness with a life expectancy <3
months; (3) planning to move out of the United States in the
next 3 months; or (4) participating in a study that targets viral
suppression for people with HIV. The study team carefully
considered including newly diagnosed participants (diagnosed
<6 months) and chose not to include this subset of people with
HIV because newly diagnosed individuals are often treatment
naive; thus, their adherence behaviors are unknown and may
change frequently as they begin their ART regimen.

Participants were recruited via online advertisements posted on
POZ.com, Craigslist, as well as Facebook and Instagram (Meta
Platforms, Inc). In addition, the study team emailed
community-based organizations serving people with HIV across
the country with requests to hang study flyers. To determine
preliminary eligibility, participants either filled out a web-based
screener or were screened by phone. Participants who filled out

web-based screeners were followed up with phone calls and
were given detailed instructions regarding the study before
scheduling study visits. To finalize eligibility, participants were
requested to provide confirmation documentation of viral load
either via filling out an eROI, by uploading results obtained
within the past 4 to 6 weeks in their electronic health record to
a secure study platform, or by participating in a screening visit
where trained study staff instructed participants on how to
self-collect blood samples via a finger-prick method.

Study Visits and Visit Structure

Overview
The study consisted of 2 required visits: a baseline visit and a
3-month follow-up visit. The study also consisted of an optional
screening visit for participants who could not provide
confirmation of viral load for eligibility. All study visits were
conducted using secure HIPAA-compliant Zoom technology.
At the start of each study visit, participants were required to
show a valid form of identification for verification and to avert
fraud.

Screening Visit
Screening visits lasted approximately 1 hour. Participants
provided informed consent electronically through the REDCap
(Research Electronic Data Capture; Vanderbilt University)
system, a secure platform for data collection [40,41]. Before
consenting, participants had the opportunity to ask study staff
any questions about the process. Before the screening visit,
participants were sent a DBS collection kit along with detailed
instructions. Trained study staff guided participants through the
DBS collection process, which included the use of a Becton
Dickinson Microtainer contact-activated lancet blade (1.5 mm
× 2.0 mm; blue, high flow) to collect the sample. Care
instructions for the puncture site were provided to ensure proper
aftercare. Participants were instructed on how to package and
ship their samples back to the laboratory at the Miriam Hospital
in Rhode Island for processing. Upon receipt of laboratory
results, study staff followed up with the participants to inform
them of their eligibility for the study. Compensation was not
provided for screening visits.

Baseline Visit
Baseline visits lasted 2 hours. Participants provided e-consent
through REDCap, with the opportunity to ask study staff any
questions before participating in the baseline visit. Upon
enrollment, participants were randomized to either the
intervention or control arm through a randomization module in
REDCap. The randomization module was generated by the
study team’s data manager, ensuring an unbiased allocation
process, while study staff, who were separate from the data
manager and did not have access to the randomization module,
were responsible for assigning participants to their respective
study groups. Intervention participants were informed that they
would be sent a CleverCap bottle and would have up to 12 study
sessions over the duration of the study with an assigned CHW.
Participants were required to complete a comprehensive survey
via Qualtrics (Qualtrics International Inc). The survey gathered
information on demographics, a single-item ART adherence
self-reported scale item (SRSI) [42], and self-efficacy as a
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mediator of HIV treatment adherence (HIV Treatment
Adherence Self-Efficacy Scale [HIV-ASES]) [43]. Baseline
viral load and CD4 counts were recorded from information
obtained via eROI, participant self-uploaded laboratory results,
or the screening visit. Participants were compensated US $40
in the form of an Amazon gift code for their time.

3-Month Follow-Up Visit
Follow-up visits lasted 1 hour. Participants completed a similar
survey as the one administered at baseline with the addition of
measures for usability displayed to intervention participants,
including the Health Information Technology Usability
Evaluation Scale (Health-ITUES) [44] and the Poststudy System
Usability Questionnaire (PSSUQ) [45]. Participants also
provided viral load and CD4 counts obtained via eROI,
participant self-uploaded laboratory results, or DBS collection.
Real-time adherence data from the CleverCap pill bottles were
downloaded from the CleverCap website. At the end of the
follow-up visit, all participants were given the option to
participate in an optional qualitative interview regarding their
experience in the study and the perceived utility of the remotely
delivered CHAMPS intervention. Follow-up interviews were
conducted exclusively using secure HIPAA-compliant Zoom
technology and were audio recorded for transcription. Consent
for follow-up interviews was included in the study consent
offered to participants at the baseline visit. Participants were
compensated US $50 for their time in the follow-up visit and
an additional US $35 if they opted to participate in the interview.
Compensation was provided in the form of Amazon gift codes.

Quantitative Data Analysis
Descriptive statistics for demographic variables were reported
as counts and percentages. Statistical significance for differences
between the control and intervention groups was assessed using
the Mann-Whitney U test for continuous variables, such as age,
and the chi-square test for the remaining categorical variables.
A 2-sample z test for equality of proportions, with a continuity
correction, was used to assess whether the differences in
retention rates between the intervention and control groups were
statistically significant.

The primary outcome, viral load (virally unsuppressed vs
suppressed), was analyzed using a 2-way frequency table by
time. The adjusted odds ratio (aOR), adjusting for baseline viral
load status, was calculated for the CHAMPS group (intervention
vs control).

Self-rated adherence scores using the SRSI [42], a 6-point Likert
scale ranging from 1 (“very poor”) to 6 (“excellent”), were
reported as mean and SD. Independent 2-tailed t tests were used
to compare self-rated adherence scores between the intervention
and control groups, while paired 2-tailed t tests were used to
compare scores within groups over time. Missing data for the
paired 2-tailed t test were handled under the assumption that
they was missing completely at random, as participants were

lost to follow-up due to external factors unrelated to study data
collection.

For adherence data collected through CleverCap, the average
percentage of doses taken and missed was calculated, with SD
reported for the participants in the analyzed intervention group.
The correlation between follow-up SRSI scores and the average
percentage of doses taken was calculated using Pearson
correlation.

Usability measures, including the PSSUQ [45] and the
Health-ITUES [44], were analyzed by calculating the mean and
SD for the overall scales and their subscales. The PSSUQ (18
items and 3 subscales) was measured using a 7-point Likert
scale, ranging from 1 (“strongly agree”) to 7 (“strongly
disagree”). The Health-ITUES (20 items and 4 subscales) was
measured using a 5-point Likert scale, ranging from 1 (“strongly
disagree”) to 5 (“strongly agree”).

Self-efficacy for HIV treatment adherence was measured using
the HIV-ASES (12 items and 2 subscales) [43], a 10-point Likert
scale ranging from 1 (“cannot do at all”) to 10 (“certain can do
it”). Mean and SD were computed for self-efficacy scores.
Independent 2-tailed t tests were used to compare HIV-ASES
scores between groups, while paired 2-tailed t tests were used
to compare scores within groups over time, with missing data
handled as missing completely at random due to external factors
unrelated to the study.

Cronbach α was calculated for scales such as SRSI,
Health-ITUES, PSSUQ, and HIV-ASES to measure internal
reliability. Statistical analyses were conducted using SAS (SAS
Institute) [46] and R software (R Foundation for Statistical
Computing) [47], and significance was determined at a P value
of .05.

Qualitative Data Analysis
Following transcription, 3 members of the research team (SS,
SM, and TC) conducted a double-coding process on the
transcripts from 52% (12/23) intervention group participants
and 48% (11/23) control group participants. An initial codebook
was developed based on the Mobile Health Technology
Acceptance Model (MHTAM), which includes technological,
individual, and social factors that influence the acceptance of
health care technology [22]. This model has been adapted for
this study to examine an individual’s intention to use mHealth
interventions for HIV treatment adherence or participate in the
CHAMPS pilot study procedures, as it examines key factors
such as perceived usefulness, ease of use, and ubiquity,
alongside individual beliefs and social influences (Figure 3).
Data analysis was conducted using Excel (Microsoft
Corporation), which has been demonstrated as a practical tool
for qualitative analysis due to its capabilities for organizing,
coding, and analyzing textual data [48]. The methodological
approach was guided by Ose [49], who outlined systematic steps
for using Excel to manage and code qualitative data efficiently.
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Figure 3. The Mobile Health Technology Acceptance Model adapted to analyze participant perceptions of the Community Health Worker and Mobile
Health to Improve Viral Suppression (CHAMPS) intervention and experiences participating in the CHAMPS pilot study.

The codebook was created to align with the themes from the
interview guide, resulting in the following finalized codes: (1)
perceived usefulness, (2) perceived ease of use, (3) perceived
ubiquity (ie, the perception of seamless access to health care
networks and services at any time and place), (4) self-efficacy,
(5) technology literacy, and (6) subjective norms. In addition,
the codebook was applied deductively to analyze barriers and
facilitators related to both the CHAMPS intervention and study
procedures.

The coding process involved all coders coding 2 transcripts for
initial consensus with the codebook and double coding 81%
(17/21) of the remaining transcripts to enhance reliability, with
regular meetings to compare and synthesize definitions for
consistency. In certain cases, a consensus coder resolved
discrepancies to ensure agreement. A small number of transcripts
(4/21, 19%) were single coded due to availability constraints.
Overall, double coding and consensus coding were applied to
improve intercoder reliability and ensure a rigorous analytic
process [50,51].

Ethical Considerations
All study procedures were reviewed and approved by the
Columbia University Institutional Review Board (protocol
number AAAU2064) before the recruitment or enrollment of
participants. Participants provided electronic written consent,
including screening consent for those requiring a screening visit

and study consent for those proceeding directly to baseline. The
baseline consent included language informing participants about
an optional follow-up interview, with participants indicating
their willingness to participate by initialing the consent form.
Study data, including interview transcripts, were anonymized
and deidentified to ensure confidentiality. Participants were
compensated as follows: no compensation for the screening
visit, US $40 for the baseline visit, US $50 for the follow-up
visit, and US $35 for the optional qualitative interview at the
follow-up visit. All images and data presented in this manuscript
are deidentified to ensure the privacy of our participants.

Results

Participant Characteristics

Overview
A total of 40 participants were enrolled in the study, with 20
(50%) participants each randomly assigned to the intervention
and control groups. Retention rates were lower in the
intervention group (12/20, 60%) compared to the control group
(18/20, 90%). Although retention was higher in the control
group, this difference was not statistically significant (P=.07;
Figure 4). Overall, the study retained 75% (30/40) of the
participants, reflecting strong follow-up rates and participation
in the study.
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Figure 4. CONSORT (Consolidated Standards of Reporting Trials) flow diagram of participant enrollment, allocation, follow-up, and analysis within
the Community Health Worker and Mobile Health to Improve Viral Suppression (CHAMPS) pilot study.

Participant Demographics
At baseline, participant demographics were well balanced
between the intervention and control groups, indicating that
randomization was effective. There were no statistically
significant differences in key sociodemographic variables,
including age, gender, race, or income level, between the 2
groups (all P>.05). The median age of the participants in the
control group was 51.5 (IQR 22.0) years, compared to 45.0
(IQR 16.8) years in the intervention group. Gender distribution
was similar, with 60% (12/20) of participants in each group
identifying as male and 40% (8/20) of participants in the
intervention group and 35% (7/20) of the participants in the
control group identifying as female. 1 participant in the control

group (1/20, 5%) identified as “something else” and were
provided the opportunity to elaborate more on how they
conceptualized their gender. The racial composition was
predominantly African American or Black (10/20, 50% in the
control group and 14/20, 70% in the intervention group.)

Educational attainment, employment status, and health insurance
coverage were also comparable between the groups, supporting
the conclusion that randomization successfully minimized
baseline differences between the intervention and control arms.
Notably, most participants (25/40, 63%) in both intervention
and control groups reported annual incomes <US $20,000,
potentially highlighting shared socioeconomic barriers that
might limit their ability to fully engage with HIV care and
maximize its potential benefits (Table 2).
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Table 2. Baseline sociodemographic characteristics of participants, comparing the control and intervention groups (N=40).

P valueIntervention (n=20)Control (n=20)Category

.53a45.0 (16.8)51.5 (22.0)Age (y), median (IQR)

Gender, n (%)

.9912 (60)12 (60)Male

.788 (40)7 (35)Female

.320 (0)1 (5)Something else

Sex, n (%)

.8412 (60)13 (65)Male

.808 (40)7 (35)Female

Sexual orientation, n (%)

.6410 (50)8 (40)Homosexual, gay, or lesbian

.627 (35)9 (45)Heterosexual or straight

.992 (10)2 (10)Bisexual

.320 (0)1 (5)Asexual

.321 (5)0 (0)Something else (please specify)

Race, n (%)

.990 (0)0 (0)American Indian, Alaska Native, Native Hawaiian,
or other Pacific Islander

.320 (0)1 (5)Asian or Asian American

.4114 (70)10 (50)Black or African American

.295 (25)9 (45)White

.321 (5)0 (0)Something else

Ethnicity, n (%)

.992 (10)2 (10)Hispanic or Latino

.9918 (90)18 (90)Not Hispanic or Latino

Relationship status, n (%)

.4114 (70)10 (50)Single

.323 (15)6 (30)In a relationship with a man

.320 (0)1 (5)In a relationship with a woman

.320 (0)1 (5)Divorced or separated from a man

.320 (0)1 (5)Divorced or separated from a woman

.321 (5)0 (0)Widowed

.562 (10)1 (5)Other

Children, n (%)

.5615 (75)12 (60)No

.415 (25)8 (40)Yes

Education, n (%)

.990 (0)0 (0)None

.990 (0)0 (0)Elementary school

.663 (15)2 (10)Some high school or no diploma

.995 (25)5 (25)High-school diploma or equivalent (eg, GEDb)

.534 (20)6 (30)Some college

.713 (15)4 (20)Associate degree or technical degree
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P valueIntervention (n=20)Control (n=20)Category

.663 (15)2 (10)Bachelor or college degree

.562 (10)1 (5)Professional or graduate degree

Employment status, n (%)

.714 (20)3 (15)Working full time

.323 (15)6 (30)Working part time (eg, seasonal and work-study)

.485 (25)3 (15)Unemployed and looking for work

.162 (10)0 (0)Unemployed and not looking for work

.262 (10)5 (25)Retired

.536 (30)4 (20)Disabled

Annual income (US $), n (%)

.808 (40)7 (35)<10,000

.995 (25)5 (25)10,000-19,999

.412 (10)4 (20)20,000-39,999

.321 (5)3 (15)40,000-59,999

.321 (5)0 (0)60,000-79,999

.321 (5)0 (0)80,000-99,999

.321 (5)0 (0)100,000-149,999

.320 (0)1 (5)≥150,000

.321 (5)0 (0)I do not know

Health insurance status, n (%)

.320 (0)1 (5)No

.321 (5)0 (0)Yes, through my job

.562 (10)1 (5)Yes, through a health exchange (Affordable Care
Act)

.9917 (85)17 (85)Yes, Medicaid or Medicare

.993 (15)3 (15)Yes, AIDS Drug Assistance Program

.991 (5)1 (5)Other

.990 (0)0 (0)I do not know

aThe P value for age was calculated using the Mann-Whitney U test to compare the distribution of ages between the control and intervention groups
based on the full dataset of individual ages.
bGED: General Educational Development.

Self-Efficacy
Self-efficacy has been recognized as a key factor influencing
medication adherence in HIV treatment and other medical
conditions [43]. As such, it was quantitatively measured in this
study using the HIV-ASES, which has a maximum mean score
of 10. At baseline, the control group (20/20, 100%) had a mean
HIV-ASES overall score of 8.24 (SD 1.96), and the intervention
group (20/20, 100%) had a mean score of 8.08 (SD 2.25). At
follow-up, the control group’s (18/20, 90%) mean score
increased to 9.06 (SD 1.08), while the intervention group’s
(12/20, 60%) mean score was 8.78 (SD 2.16). Although

unexpected, the intervention group’s lower self-efficacy score
compared to the control group may reflect increased awareness
of their adherence habits through engagement with the
CHAMPS intervention, leading to more accurate and self-critical
reporting. Conversely, social desirability bias may have inflated
the control group’s self-reported scores. No significant
differences were observed between the groups at baseline
(P=.81) or follow-up (P=.64), and no significant within-group
changes were observed over time (control: P=.52 and
intervention: P=.07; Figure 5). The overall scale had excellent
internal consistency, with Cronbach α=0.95 at baseline and
Cronbach α=0.98 at follow-up [52].
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Figure 5. Self-efficacy for antiretroviral therapy adherence among control and intervention group participants, as measured by the HIV Treatment
Adherence Self-Efficacy Scale (HIV-ASES) at baseline and follow-up. Error bars represent SDs. No statistically significant differences were observed
between groups or within groups over time. I: Integration subscale; P: Perseverance subscale.

For the integration subscale, which includes the first 9 questions
on the HIV-ASES and measures participants’ ability to
incorporate treatment into their daily lives [43], mean baseline
scores were 8.14 (SD 2.11) for the control group and 8.21 (SD
2.23) for the intervention group. At follow-up, the mean scores
increased to 9.05 (SD 1.05) and 8.72 (SD 2.17), respectively.
No significant between-group differences were found at baseline
(P=.92) or follow-up (P=.58), and there were no significant
within-group changes (control: P=.26 and intervention: P=.89;
Figure 5). The integration subscale had excellent reliability,
with Cronbach α=0.95 at baseline and Cronbach α=0.97 at
follow-up [52].

For the perseverance subscale, which includes the final 3
questions on the HIV-ASES and measures participants’
confidence in maintaining adherence to their treatment regimens
despite any challenges [43], the control group’s baseline mean
score was 8.58 (SD 2.08), and the intervention group’s mean
score was 7.70 (SD 2.55). Follow-up mean scores were 9.11
(SD 1.30) for the control group and 8.93 (SD 2.18) for the
intervention group. No significant between-group differences
were found at baseline (P=.24) or follow-up (P=.78), and no
significant within-group changes were observed (control: P=.81
and intervention: P=.32; Figure 5). The perseverance subscale
had acceptable and good reliability, with Cronbach α=0.87 at
baseline and Cronbach α=0.93 at follow-up [52].

The quantitative findings, which indicated high self-efficacy in
both the control and intervention groups, were further supported
by qualitative feedback from participants, who described their
personal commitment to staying on top of their medication
routines. 1 participant shared how self-efficacy played a role in
maintaining adherence:

Because I just like to have a good track record of me
taking my medication in a timely fashion. So, when I
saw that face wasn’t a smile, and it was a frown, it

made me stay on top of my, you know, on my game
in terms of me being more consistent. Well,
maintaining my consistency with taking my
medication. [CHP 13]

These findings highlight the strong sense of personal
responsibility and self-efficacy that participants expressed in
their medication adherence, where they were motivated by a
desire to maintain their own health. A detailed list of additional
illustrative quotes organized by the MHTAM themes and their
respective definitions is provided in Multimedia Appendix 1.

Delivered Intervention
A total of 10 CHW sessions were conducted as planned,
although the optional 2 additional sessions were not used due
to declining participant engagement and the proximity of some
sessions to the participants’ final follow-up visits. CHWs used
HIPAA-compliant Zoom calls, phone calls, and the WiseApp
chat feature based on participant preferences. Completion rates
(Table 3) were initially high, with 17 (85%) out of the 20
intervention participants completing sessions 1 to 3, but this
declined to 9 (45%) participants by the 10th session. Participants
generally preferred phone calls for session delivery, with a
consistent majority opting for this modality across all sessions.
The variability in delivery modes during sessions 1 and 2 reflects
logistical factors: some participants had not received their
CleverCap devices at the time of their baseline visit,
necessitating follow-up sessions via Zoom call or phone call
for session 2. In addition, 3 participants disengaged from the
study immediately after the baseline visit, which contributed to
the drop in session completion rates early in the intervention.
To re-engage participants who missed sessions, CHWs
attempted up to 3 follow-ups using participants’ disclosed
communication preferences (calls, SMS text messaging, or
emails). When no response was received after 3 attempts,
re-engagement efforts were discontinued.
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Table 3. Completion rates and delivery model for community health worker sessions among participants in the intervention arm (n=20).

Mode of session delivery, n (%)Participants completing the session, n (%)Session number

WiseApp chatPhoneZoom

0 (0)8 (47)9 (53)17 (85)1

0 (0)14 (82)3 (18)17 (85)2

1 (6)15 (88)1 (6)17 (85)3

0 (0)13 (100)0 ()13 (65)4

1 (8)11 (85)1 (8)13 (65)5

0 (0)13 (100)0 (0)13 (65)6

1 (8)12 (92)0 (0)13 (65)7

0 (0)11 (92)1 (8)12 (60)8

1 (8)10 (83)1 (8)12 (60)9

0 (0)7 (78)2 (22)9 (45)10

The CleverCap pill bottles issued 3151 notifications, comprising
notifications for taking their medication and alerts for
nonadherence or improper use (Table 4). Notifications sent per
participant varied widely, with a mean value of 158.3 (SD 99.9).
Participants receiving >200 notifications often had frequently
missed or off-schedule doses, while those receiving <90
notifications likely disengaged from the intervention by
deactivating, losing, or destroying their pill bottles. This

90-notification threshold was based on the intervention design,
which included 1 scheduled daily reminder over the 3-month
study period (3 months ×30 days=90 reminders per participant).
Any participant receiving substantially <90 notifications likely
did not use the device consistently, whereas those receiving >90
notifications frequently triggered additional alerts due to missed
or off-schedule doses.

Table 4. Frequency and distribution of medication adherence notifications issued by the CleverCap pill bottle to participants in the intervention arm
(N=3151).

Notifications, n (%)Notification type

1061 (33.67)Dose taken

1585 (50.3)Missed dose

418 (13.26)Off-schedule dose

87 (2.76)Improperly closed pill bottle

Intervention Characteristics

Overview
The aOR for achieving undetectable viral load in the intervention
group compared to the control group was 3.01 (95% CI –1.59

to 4.12), controlling for baseline viral load status (Table 5). This
aOR represents a medium effect size, suggesting an
improvement in viral suppression in the intervention group [53].
Baseline viral load status by follow-up status and group is
presented in Multimedia Appendix 2.

Table 5. Baseline and follow-up viral load status of control and intervention group participants (N=40).

Follow-up, n (%)Baseline, n (%)Viral loada

Total (n=29)Intervention (n=12)Control (n=18)Total (n=40)Intervention (n=20)Control (n=20)

26 (90)11 (92)15b (83)28 (70)11 (55)17 (85)Not detectable (<200
copies/ml)

3 (10)1 (8)2 (11)12 (30)9 (45)3 (15)Detectable (≥200 copies/ml)

aFor consistency with US clinical guidelines, viral load status is categorized using a threshold of ≥200 copies/ml to define detectability. While participants
with viral loads between 50 and 199 copies/ml were eligible for the study, they were classified as suppressed in this analysis. In addition, details on the
methods used to obtain viral load measurements at baseline and follow-up are provided in Multimedia Appendix 3.
bData missing (1/18, 6%) as an insufficient sample provided by 1 participant precluded analysis and quantification.

Notably, nearly three-fourths of the participants (28/40, 70%)
had an undetectable viral load (<200 copies/ml) at baseline.
Among those with undetectable viral load at baseline, viral
suppression was largely maintained throughout the study period.

Specifically, in the control group, the viral load of 1 participant
became detectable at follow-up, whereas in the intervention
group, all participants’ viral loads that were initially undetectable
remained undetectable. Among participants with a detectable
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viral load (≥200 copies/ml) at baseline, 44% (4/9) of individuals
in the intervention group achieved viral suppression by
follow-up, compared to only 33% (1/3) in the control group.

At baseline, the control group (20/20, 100%) had a mean SRSI
score of 4.80 (SD 1.34), while the intervention group (20/20,
100%) had a mean score of 4.90 (SD 1.35). At follow-up, the
control group’s (18/20, 90%) mean increased to 5.27 (SD 1.23),

and the intervention group’s (12/20, 60%) mean was 5.25 (SD
1.17). No significant differences were observed between the
groups at baseline (P=.77) or follow-up (P=.95), and no
significant within-group changes were observed over time
(control: P=.16 and intervention: P=.29; Figure 6). The SRSI
score showed excellent internal consistency, with Cronbach
α=0.96 at baseline and Cronbach α=0.98 at follow-up [52].

Figure 6. Changes in self-reported adherence to antiretroviral therapy among control and intervention group participants, as measured using the
self-reported scale item (SRSI) at baseline and follow-up. Error bars represent SDs. No statistically significant differences were observed between
groups or within groups over time.

Adherence data from CleverCap showed that intervention group
participants (12/20, 60%) took an average of 60.08% (SD
19.15%) of their prescribed doses, with 39.33% (SD 19.24%)
of doses missed. A weak, nonsignificant correlation was found
between the CleverCap adherence data (percentage taken) and
follow-up SRSI scores (r=0.121; P=.71), suggesting that the
high self-reported adherence scores did not strongly align with
the electronic monitoring data.

Participant feedback can help explain the discrepancy between
self-reported scores and actual adherence by highlighting
individual factors, such as personal medication management
preferences, that influence adherence. 1 participant noted the
following, illustrating how participants’ personal beliefs about
the medication’s dosing flexibility influenced their adherence
behavior:

I know that Biktarvy has a 50-hour shelf-life. And so,
I’m not really stressing over when I take it. I usually
just make sure I take it before lunch. [CHP 2]

Rather than relying on CleverCap’s programmed alarms,
participants adjusted their dosing schedules based on their own

understanding of the medication’s efficacy, which may have
contributed to lower adherence rates recorded by the pill bottle.

Feasibility of the Remotely Delivered CleverCap Pill
Bottle and the WiseApp Intervention
The feasibility of the intervention was assessed by
supplementing usability data with feedback regarding
participants’ attitudes and intentions to use the intervention
[54,55]. The usability of the intervention was assessed using
the Health-ITUES and PSSUQ scores, which provided insights
into participants’ experiences and satisfaction with the
intervention, respectively. The Health-ITUES had a maximum
mean score of 5, with higher scores indicating better usability.
Participants (12/20, 60%) rated the overall usability of the
intervention positively, with an average overall score of 4.35
(SD 0.58). The scores ranged from 3.50 to 5, with an IQR of
0.84, reflecting consistently high usability ratings. Specific
subscales, such as perceived usefulness (mean 4.42, SD 0.63)
and perceived ease of use (mean 4.47, SD 0.71), received
similarly high ratings, with IQRs of 1.11 and 0.50, respectively,
indicating that participants generally found the pill bottle and
app useful and easy to use (Table 6).
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Table 6. Usability and acceptability of the Community Health Worker and Mobile Health to Improve Viral Suppression intervention, as assessed by
the Health Information Technology Usability Evaluation Scale (Health-ITUES) and Poststudy System Usability Questionnaire (PSSUQ) among
intervention group participants.

Cronbach αScores, median (IQR; range)Scores, mean (SD)Scale

Health-ITUES (n=12)

0.944.48 (0.84; 3.50-5)4.35 (0.58)Overall

0.924.17 (1.08; 3.33-5)4.36 (0.66)Impact

0.834.33 (1.11; 3.11-5)4.42 (0.63)Perceived usefulness

0.634.90 (0.50; 3.67-5)4.47 (0.71)Perceived ease of use

0.794.07 (1.75; 2.33-5)3.86 (0.95)User control

PSSUQ (n=12)

0.963.81 (1.31; 1-4.19)2.04 (1.03)Overall

0.941.79 (0.79; 1-4.86)1.87 (1.09)System usefulness

0.961.67 (2.04; 1-3.67)2.13 (1.16)Information quality

0.862.17 (1.58; 1-4.33)2.05 (0.98)Interface quality

These high ratings are echoed in participant feedback. The pill
bottle’s visual presence was perceived as useful for maintaining
adherence. Participants also found the pill bottle easy to operate
and intuitive, sharing positive experiences as follows:

Because I’m not really good with taking it at a certain
time every day, at the same time every day. And so I
feel like the CleverCap helped me with that...It does
remind me, because I always see it, versus me keeping
it in a white bottle. When I see the CleverCap on my
dresser, it just reminds me. “Okay, it’s time to take
your medicine.”...The functions of the CleverCap
were easy to use. I didn’t have to charge it many
times. I charged it once. It’s very easy. It reminded
me to take my medicine. I really, really appreciated
that. I just love it. It’s very easy. And it definitely
reminded me to stay on my meds. [CHP 39]

However, the user control subscale received a lower average
score (mean 3.86, SD 0.95) and a wider IQR of 1.75, suggesting
more variability in responses and some limitations in how
participants felt they could manage the intervention. These
concerns were reflected in feedback about the pill bottle’s
fragility and usability during travel:

Because there were times I was out of town, and I
don’t like bringing the pill bottle with me...I didn’t
take the bottle. I took my medication, but I didn’t take
the reminder, the bottle...That container, with the
alarm on, it’s very sensitive. I dropped it one time; I
was afraid it might break...So, that’s why when I knew
I was leaving to go out of town, I just felt it was more
secure leaving it at home. [CHP 13]

Despite this, some participants (3/12, 25%) were able to
maintain adherence even when separated from the pill bottle,
relying on their own strategies for medication management. 1
participant reflected on this experience, demonstrating that while
CleverCap supported adherence, participants’ self-efficacy and
personal management strategies often played a crucial role in
overcoming barriers related to the pill bottle’s portability and
user control:

When I went to D.C., I forgot the CleverCap...But I
had my medicine. I just got the notifications like, oh,
it’s time to take your medicine. Didn’t bring the cap.
[CHP 32]

The PSSUQ had a maximum mean score of 7, where lower
scores indicate better usability. Participants reported generally
high satisfaction with the system’s usability, with an average
overall score of 2.04 (SD 1.03). The scores ranged from 1 to
4.19, with an IQR of 1.31, indicating a favorable user experience
with some variability. Ratings for system usefulness (mean
1.87, SD 1.09) and interface quality (mean 2.05, SD 0.98)
subscales also indicate positive user experiences, with IQRs of
0.79 and 1.58, respectively, although information quality
subscale (mean 2.13, SD 1.16) showed highest variability in
participant responses, with an IQR of 2.04 (Table 5).

To assess the internal reliability of the scales used, Cronbach
α was calculated for both the Health-ITUES and PSSUQ. The
Health-ITUES demonstrated excellent overall reliability
(Cronbach α=0.94), with variable consistency across the
following subscales: perceived usefulness (Cronbach α=0.92,
excellent), integration (Cronbach α=0.83, good), perceived ease
of use (Cronbach α=0.63, acceptable), and user control
(Cronbach α=0.76, acceptable). The PSSUQ exhibited excellent
overall reliability (Cronbach α=0.96), with high consistency
across the following subscales: system usefulness (Cronbach
α=0.94, excellent), information quality (Cronbach α=0.96,
excellent), and interface quality (Cronbach α=0.86, good) [52].

Our results suggest that, despite potential improvements in user
control and information clarity, the remote delivery of the
CleverCap pill bottle and WiseApp was generally well received,
demonstrating feasibility and ease of use.

Perceptions of CHW Sessions
Participants shared a variety of experiences regarding their
engagement with the CHW sessions, with responses generally
falling into 3 key themes: ease of use and self-efficacy as a
facilitator; positive social influence; and barriers to ubiquity,
such as infrastructure or scheduling challenges.
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Several participants (10/12, 83%) expressed that the flexibility
and accessibility of the CHW sessions facilitated their
engagement. The ability to communicate with CHWs through
various channels, such as text, phone, and email, was highly
appreciated. For instance, 1 participant highlighted the ease of
communication with and persistence of the CHWs. In addition,
participants with existing knowledge about HIV felt comfortable
discussing their treatment with the CHWs, further facilitating
their engagement:

The flexibility that you had was amazing. Like I said,
you guys were available through a text message,
through a phone call, through email...whatever it
took. You guys didn’t disappear. You guys didn’t give
up. You guys are like, hello, I am trying to talk to you,
and kept on it. So, that was cool...To a person who
already knows about HIV, I am completely
comfortable talking about anything that has to do
with it. So, that wasn’t an issue for me. [CHP 17]

Positive social influence, particularly through regular check-ins
and motivational support from the CHWs, emerged as a key
facilitator of engagement. Participants expressed appreciation
for the ongoing support provided by the CHWs, with some
(10/12, 83%) noting that the regular communication made them
feel more accountable and supported in their adherence:

[The study] really was awesome. I mean the perk was
having you call me once a week...Having your own
personal somebody to motivate you and check up on
you and make sure you're doing good and adhering
to your medicine. [CHP 39]

While many participants found the CHW sessions helpful, some
(2/12, 16%) faced barriers to engagement due to external factors,
such as infrastructure limitations or time constraints. Participants
living in rural areas with limited internet access found it
challenging to maintain consistent communication with CHWs.
1 participant from a rural area explained how poor internet
connectivity hindered their participation:

Like I said, I’m busy. The issue with scheduling
because, just like I said, I was always on the go. I’m
always on the go...Travel, not having internet for
interaction with you. That was sometimes challenging,
I guess. Where I live, here in rural Alabama, I dare
say that 75% of the county... [does] not have any kind
of access to internet. It’s scarce...the internet and
phone service in a lot of spaces. And so that would
be a challenge to speaking with you, as well as trying
to look at any data on the phone. [CHP 38]

In addition, some participants (4/12, 33%) mentioned that their
busy schedules made it difficult to consistently engage in the
CHW sessions (Multimedia Appendix 1).

Thus, while there were some challenges related to infrastructure
and scheduling, participants’perceptions suggest that the CHW
sessions were generally well received, particularly in terms of
flexibility, ease of communication, and motivational support.

Acceptability of Remote Study Procedures
The acceptability of delivering the intervention and conducting
study procedures remotely was assessed through participant
feedback, which highlighted the overall usefulness of
participating in the study; ease of remote interactions; and
logistical considerations, such as shipping and blood sample
collection.

Participants largely embraced the flexibility offered by remote
study visits conducted via Zoom. Many (15/23, 65%) expressed
comfort and appreciation for the convenience of participating
from their own homes, along with increased privacy and
adaptability. 1 participant noted the following:

I have used Zoom in the past for like work...But with
Zoom, it’s actually more...what’s the word I’m looking
for? This was more private...If I had to step out and
go somewhere, I still could do it that way. But, I felt
more comfortable doing it on my laptop, you know,
at home. And, I liked the flexibility I had with you all,
as well. So, it was great, because you all worked
around my schedule. [CHP 23]

Overall, participants found Zoom easy to use and appreciated
the accessibility of conducting study visits remotely, especially
in cases where mobility or health concerns made in-person visits
difficult. 1 participant explained as follows:

Doesn’t bother me. I’d rather [Zoom] than have to
come out. It’s difficult for me to walk right now...This
is good because at least I can participate in things.
And I don’t have to make myself uncomfortable to do
it, you know? [CHP 30]

Remote collection of blood samples, facilitated through mailed
kits, was another aspect of the study that participants generally
found convenient. 1 participant described the process as efficient
and accessible:

I think [the blood sample collection process is] very
convenient. I’m nowhere near you guys and normally,
you know, we’d have someone say, well, you’re not
able to come into the office and do the blood draws
or whatever. So, this was very convenient. [CHP 11]

Furthermore, participants expressed appreciation for the
comprehensive kits and clear instructions provided (Multimedia
Appendix 1). Although some challenges with blood sample
collection were reported, including minor issues such as bruising
and difficulties with blood flow, these were anticipated and
communicated during the informed consent process, as such
challenges are commonly associated with point-of-care testing
[56]. Multimedia Appendix 3 provides additional numeric data
supporting these findings.

The shipping process for study kits and the CleverCap pill bottle
was largely seamless for participants, who noted the discreet
packaging of materials as a positive aspect of the study. 1
participant mentioned how the packaging helped protect their
privacy:

Just because of the delicateness of the subject matter,
it’s essentially discreet because nobody thinks a
FedEx package is anything suspect or scary. It’s just
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a FedEx package...it blended right in and it doesn’t
cause any red flags or make anybody feel
uncomfortable in a public setting. [CHP 17]

However, there were occasional logistical challenges with
returning the packages. A few participants (2/23, 9%) noted
issues with transportation and scheduling FedEx pickups, which
delayed their ability to return the materials. 1 participant shared
the following:

Because, I don’t always have transportation, so it’s
been harder for me to get the package sent back in
like a timely manner. I know you guys have tried
setting up a pick-up with FedEx, but they never came
to pick up the package. So, that’s like been the only
barrier I’ve had in participating in the program and
getting the package to a FedEx location. [CHP 27]

While logistical challenges, such as transportation for package
returns, were noted, the study’s design was practical and
effective for most participants, supporting its acceptability and
viability in remote settings.

Discussion

Principal Findings
This pilot study aimed to primarily assess the feasibility and
usability of the remotely delivered CHAMPS intervention.
While the preliminary results did not demonstrate significant
improvements in adherence or self-efficacy in the intervention
group compared to the control group, the findings provide
important insights into how participant attitudes to use the
intervention were shaped by technological, individual, and social
factors. Thus, understanding these sociodemographic factors is
essential for contextualizing the intervention’s feasibility and
the challenges participants faced in engaging with the CHAMPS
intervention. The demographic characteristics of participants
in this study partially align with key sociodemographic
characteristics of people with HIV in the United States. These
parallels suggest that our findings may be applicable to subsets
of the broader population of people with HIV, particularly those
disproportionately affected by intersecting socioeconomic and
racial disparities. Most of our participants (24/40, 60%)
identified as Black or African American individuals, consistent
with national data showing that nearly half of people with HIV
belong to this group [57]. The predominance of participants
reporting annual incomes <US $20,000, which is nearly double
the proportion of individuals living below the federal poverty
level (US $15,060/y) compared to the national estimate of
one-third of people with HIV, may reflect competing priorities
that made it challenging to fully engage with the intervention
and may help explain the nonsignificant results observed [57].

Baseline HIV-ASES scores showed that participants in both
control and intervention groups had high self-efficacy,
particularly in integrating HIV medication into their routines
and maintaining long-term adherence. This is critical, as
self-efficacy is a well-established predictor of successful health
behavior change, particularly for chronic conditions such as
HIV [58,59]. Although modest increases in scores were observed
at follow-up, they were not statistically significant, and the

control group reported higher self-efficacy than the intervention
group, indicating that the intervention did not significantly
enhance an already strong sense of self-efficacy. Qualitative
feedback confirmed that participants relied on their preexisting
knowledge and ability to adhere to medication, making
additional tools unnecessary.

SRSI scores showed stable adherence in both groups from
baseline to follow-up, with slight, nonsignificant increases.
Although the intervention did not significantly improve
adherence, qualitative data revealed that participants, especially
those with higher self-efficacy, often prioritized their own
understanding of medication efficacy over CleverCap reminders.
High confidence in managing their treatment may have made
these reminders less relevant, explaining the lack of significant
differences between groups.

Health-ITUES results showed the intervention’s success in
usability, with an overall score of 4.35 exceeding the acceptable
cut point of 4.32 [60]. High scores in perceived usefulness and
ease of use subscale indicated that participants found WiseApp
helpful and intuitive, supporting the MHTAM framework’s
emphasis on these factors for technology adoption [22].
However, lower scores in user control revealed challenges with
CleverCap’s portability, aligning with MHTAM’s perceived
ubiquity construct. PSSUQ scores also reflected positive
usability, with an overall mean of 2.04 (SD 1.03). Participants
rated system usefulness and interface quality highly.

Subjective norms emerged as an important factor for
engagement with the CHW component of the intervention. The
regular check-ins and motivational support from CHWs were
highlighted as valuable by participants, reinforcing the social
component of adherence. This reflects the broader role of CHWs
in providing not only practical assistance but also emotional
support, which has been shown to improve health outcomes in
other studies [21-23].

This pilot study found high acceptability for remotely delivered
procedures, with participants appreciating the convenience,
privacy, and flexibility of remote interactions. Zoom visits were
well received, allowing participation from home, which aligns
with literature suggesting that remote health care improves
patient satisfaction by reducing travel burden and enhancing
accessibility [61-63]. These procedures were key in promoting
participation and retention. Blood sample collection via mailed
kits was convenient for most participants (27/30, 90%),
demonstrating that, with clear guidance, it is a feasible
alternative to in-person phlebotomy. Discreet packaging of
study materials was also valued, as it addressed privacy needs
and reduced HIV stigma, which is a critical factor in engaging
people with HIV in care [64,65].

Our findings highlight the potential of mHealth interventions,
such as CHAMPS, to support the “Treat” pillar of the Ending
the HIV Epidemic initiative by enhancing accessibility and
convenience for people with HIV. The usability and
acceptability of remote delivery methods, such as mobile apps
for medication management, CHW support, and mailed DBS
collection, demonstrate a promising foundation for addressing
barriers to care. These strategies could be further refined to
promote viral suppression and improve engagement in HIV care
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for populations facing challenges in accessing traditional health
care services.

Limitations
This study has several limitations that should be considered.
The small sample size of 40 participants limited the statistical
power, making it difficult to detect significant differences
between groups and reducing the generalizability of findings
to the broader populations of people with HIV. Furthermore,
the small sample size for positive outcome events, such as viral
suppression at follow-up, may have affected the reliability of
the effect size estimate, particularly within the intervention
group. The lower retention rate in the intervention group
compared to the control group, while not statistically significant,
suggests challenges in effectively engaging participants assigned
to the intervention. This highlights the need to address structural
and social determinants of health when designing ART
adherence interventions. Future research should explore
strategies to reduce these barriers, such as more flexible
engagement options or additional resources.

In addition, recruitment challenges, particularly among younger
people with HIV (aged 18 to 29 y), were notable. Social media
platforms used for advertising, such as POZ.com, primarily
attracted older participants due to their demographic reach.
Alternative platforms, such as TikTok, which are more
commonly used by younger populations, should be prioritized
in future campaigns [66]. Strategies such as peer-driven
recruitment and culturally tailored SMS text messaging could
help engage younger individuals who may be less trusting of
traditional health care outreach methods. Addressing time
constraints and providing more flexible scheduling options may
also increase participation among this demographic [67,68].
Furthermore, it is important to note that participants who
responded to advertisements on POZ.com may not be
representative of the broader US population living with HIV,
introducing potential selection bias. Financial incentives for
study participation may have influenced responses, potentially
skewing the participant pool toward individuals with greater
financial needs.

Another significant limitation is the reliance on self-reported
adherence data in the control group, which is prone to bias.
Self-reported measures, particularly in the context of health
behaviors, can be subject to overreporting due to recall bias or
social desirability, where participants may provide responses
that they believe are more acceptable to researchers [69,70].
Although the SRSI scale demonstrated high internal consistency,
discrepancies between self-reported adherence and CleverCap
data suggest that participants’ actual behaviors differed. Some
adjusted their adherence schedules based on personal beliefs,
indicating that self-reported data may not fully reflect true
adherence. In addition, the reliance on self-reported viral load
data as an inclusion criterion may have introduced some
inaccuracies, as nearly half of the sample reported being virally
unsuppressed (threshold of ≥200 copies/ml) in the past 12
months despite being clinically undetectable at baseline. This

difference suggests that participants may have misremembered
or misreported their viral load history, highlighting a potential
limitation in self-reported viral suppression measures.

Discrepancies between the planned and delivered intervention
fidelity were observed, with several factors impeding full
implementation. While the intervention was designed to provide
consistent support through regular CHW sessions and timely
CleverCap notifications, technical challenges, such as unreliable
local telecommunication networks, affected the delivery of
mHealth components, leading to missed or delayed notifications.
In addition, participant engagement waned over time, with some
individuals disengaging from CHW sessions and underusing
the CleverCap device, a challenge commonly reported in
mHealth interventions [71,72]. The older demographic of the
study population introduced additional barriers, as many
participants had difficulty programming medication alerts
without CHW assistance, leading to missed doses. This aligns
with previous research indicating that older adults frequently
encounter usability issues with electronic adherence tools, which
can negatively impact adherence [71]. These findings highlight
the importance of tailoring adherence interventions to address
technological literacy and providing structured training for older
adults.

Finally, the lack of a universal data verification process for the
DBS results posed a limitation. While DBS samples were
collected and processed according to established protocols, most
participants’ (25/30, 83%) DBS results were not cross verified
with other sources. Only a small subset of participants (5/30,
17%) who had requested a screening visit and subsequently
provided electronic health record viral load data had their DBS
results cross-checked. This reliance on unverified DBS data for
most participants may introduce potential inaccuracies.
Furthermore, the moderate sensitivity (80%-95%) and specificity
(85%-90%) of DBS for viral load thresholds, such as 200 to
1000 copies/ml, could lead to misclassification, with some
participants incorrectly identified as having high or low viral
loads [73-75]. Future studies should incorporate systematic
verification processes, such as routine cross-checking with
laboratory results or electronic health records, to enhance the
reliability of biomarker data.

Conclusions
The findings from this pilot study support the feasibility and
acceptability of a remotely delivered mHealth intervention
integrated with CHW support for people with HIV. Participants
reported high levels of usability and satisfaction with both the
WiseApp and CleverCap, highlighting the intervention’s
potential to promote medication adherence and engagement in
care. Despite modest, nonsignificant improvements in
self-reported adherence and self-efficacy, the flexibility of the
intervention and its ability to address logistical challenges make
it a promising tool for broader implementation. These results
suggest that with further optimization, this intervention could
be a valuable resource in enhancing health outcomes for people
with HIV across diverse settings.
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Abstract

Background: Digital interventions have been suggested to facilitate access to mental health care for refugees, who experience
structural, linguistic, and cultural barriers to mental health care. Sleep-e, a digital sleep intervention originally developed for
German teachers, has been culturally adapted for refugees in Germany mainly coming from African and Middle East countries.
With the increasing number of refugees from Ukraine and the associated diversity of cultural backgrounds among refugees in
Germany, it is essential to assess whether existing digital interventions are culturally appropriate for this target group as well.

Objective: The study aimed to investigate the perceived cultural appropriateness of Sleep-e in both its original and culturally
adapted versions among refugees in Germany, hereby exploring and possibly contrasting the needs of refugees coming from
Ukraine and other countries of origin.

Methods: Overall, 13 refugees (6 from Ukraine, 23-66 years old; and 7 from other countries, 26-41 years old) participated in
the study. Each participant went through parts of the original or culturally adapted version of the digital sleep intervention, with
5 participants going through both versions. A total of 17 semistructured interviews (11 for the adapted, 6 for the nonadapted
intervention version) and 9 think-aloud sessions (6 for the adapted, 3 for the nonadapted intervention version) were conducted
to assess cultural appropriateness, suggestions for adaptations, and perceived relevance. Data were transcribed, categorized, and
analyzed using structured qualitative content analysis.

Results: The findings showed key differences in the perceived appropriateness and identification between the 2 refugee groups
and the 2 intervention versions. Ukrainian participants expressed positive (n=70) and negative (n=56) feedback on the adapted
intervention version, which revealed identity conflicts, as the adapted intervention version was targeted at a refugee population
with whom they could not fully identify (18 negative feedback quotes concerning the refugee example characters). Whereas they
identified with the European context in the original version, they found the problems described less relevant to their experiences.
In contrast, participating refugees from other countries found the culturally adapted version more comprehensible and culturally
appropriate (55 positive and 5 negative feedback quotes). No significant usability issues were reported, but several participants
highlighted the need for an individualization of the intervention content.

Conclusions: Neither the original nor culturally adapted version of the digital sleep intervention fully met the needs of all
refugee groups, highlighting the complexity of culturally adapting digital interventions for this population. Particularly, the
identity conflict of participating Ukrainian refugees regarding the refugee context suggests that adaptation should go beyond
regional considerations and consider the dynamics of social identity. These findings emphasize the relevance of including co-design

JMIR Form Res 2025 | vol. 9 | e65412 | p.2552https://formative.jmir.org/2025/1/e65412
(page number not for citation purposes)

Blomenkamp et alJMIR FORMATIVE RESEARCH

XSL•FO
RenderX

mailto:kerstin.spanhel@mps.uni-freiburg.de
http://www.w3.org/Style/XSL
http://www.renderx.com/


processes with different refugee populations to ensure broad identification and, herewith, cultural appropriateness of digital
interventions.

Trial Registration: German Clinical Trials Register DRKS00036484; https://drks.de/search/de/trial/DRKS00036484

(JMIR Form Res 2025;9:e65412)   doi:10.2196/65412

KEYWORDS

Ukraine; eHealth; sleep disturbances; low-threshold treatment; culturally sensitive treatment; refugee; digital sleep; Germany;
digital intervention; interview; content analysis; qualitative study; mental burden; mental health care; electronic health; digital
health

Introduction

The number of people forced to seek refuge in new countries
is increasing worldwide [1]. These people, hereafter referred to
as refugees, are exposed to multiple stressors before, during,
and after leaving their home countries, and they therefore
experience increased psychological vulnerability and prevalence
of mental disorders [2,3], including sleep problems [4].
However, there are major gaps in mental health care for refugees
in the receiving countries such as Germany [5,6], resulting from
a lack of (culturally sensitive) services, language barriers,
differences in help-seeking behavior and residence status, as
well as stigmatization, among other barriers [7-9]. To overcome
these barriers, culturally adapted digital interventions focusing
on transdiagnostic or somatically perceived symptoms are being
discussed and investigated as low threshold offers for refugees
[10,11]. In the general population, digital interventions show
good effectiveness for a wide range of mental health conditions
[12,13]. Their usability appears to be essential in this context
[14,15]. When offered to refugees, in addition to intervention
usability, cultural adaptation is suggested to be essential for the
acceptance and effectiveness of face-to-face and digital
interventions, recognizing the specific burdens associated with
the refugee context [16-18]. In this context, the question of the
cultural specificity of the adaptations is becoming increasingly
important [19]. The target group of refugees is characterized
by a diversity of countries of origin that is constantly changing
due to events in the global political situation, such as the start
of the war in Ukraine in 2022. To increase refugees with diverse
backgrounds using and profiting from digital interventions,
these interventions need to be provided in a culturally sensitive
(ie, with an openness to diverse backgrounds)—in contrast to
a culturally specific (ie, separately for diverse
backgrounds)—way [20]. Yet, so far, there are only a few digital
interventions developed for refugees from diverse countries of
origin [21-23].

Based on feedback from refugees in Germany, who at the time
were mainly coming from African and Middle Eastern countries
of origin, the digital sleep intervention Sleep-e was culturally
adapted for this target group with the aim of making it accessible
to people sharing the experience of flight. Thereby, (1) factors
related to the flight (eg, separation from the family and the home
country) and (2) factors related to the habits, values, and
treatment concepts of their non-Western countries of origin
were considered [24]. The culturally adapted version of the
digital sleep intervention was accepted by refugees from African
and Middle Eastern countries [22]. Based on the increasing

number of refugees in Germany coming from Ukraine since the
beginning of the war in Ukraine in 2022 [25], it seems essential
to make such interventions available to this target group as well.
Ukrainian refugees are shown to differ from refugees from other
countries of origin, among others, in terms of sociodemographic
aspects (age and gender), sociocultural aspects, differences in
the flight route, legal rights, and welcoming culture upon arrival
in Germany [26-29]. Building on the named 2 previous studies
[22,24], this qualitative study aimed to investigate differences
in the perceived cultural appropriateness and the cultural needs
in regard to the digital sleep intervention among refugees from
Ukraine and refugees from other, predominantly African and
Middle Eastern countries of origin. A culturally adapted version
and a nonadapted version of the intervention were used, and
factors influencing the perceived cultural appropriateness were
additionally investigated.

Methods

Recruitment and Participants
This study was conducted in 2 subsamples: refugees from
Ukraine and refugees from countries other than Ukraine.
Recruitment was carried out from February to April 2023 via
various institutions and associations working in the refugee and
migration context in Germany, mainly Freiburg and Karlsruhe.
Many recruitment inquiries remained unanswered (eg,
integration and language courses, migration offices, advice
centers, and advertising via social media). Recruitment mainly
succeeded via Refugium Freiburg (psychosocial advice for
refugees), the German-Ukrainian Choir Karlsruhe, the
University of Freiburg, the radio project “Our Voice” for
refugees in Freiburg, and “Kontaktcafé Freiburg” (get-together
café for refugees), as well as via personal contacts. Institutions
were contacted consecutively face-to-face, via phone, or via
email. They forwarded a flyer with information on the study to
their clients face-to-face. People interested in study participation
could contact the study team via email or phone and were then
forwarded the detailed study information. Inclusion criteria were
checked, which included the experience of flight, age of
majority, and sufficient knowledge of German or English. No
cutoff for insomnia severity was used as an inclusion criterion
in order to also reach refugees with subclinical symptoms, who
could be a key target group for the transdiagnostic and
low-threshold digital sleep intervention. In addition, this allows
information to be obtained on who might be interested in the
intervention, regardless of existing clinical symptoms. Contacted
participants who did not want to participate in the study mainly
reported reasons such as language barriers or difficulties in
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finding the time for study participation. None of the participants
dropped out after signing the informed consent.

There were 6 participants from Ukraine (23-66 years old), and
7 participants coming from Afghanistan, Gambia, Syria,

Madagascar, Cameroon, Ecuador, and Eritrea (26-41 years old),
referred to below as refugees from other countries. On average,
the participants revealed subthreshold sleep problems. Detailed
sociodemographic data are shown in Table 1.
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Table 1. Sociodemographic data and information on the conduction of the qualitative study in Germany in 2023 are illustrated for each participating
refugee from Ukraine (ukr) or other (oth) countries of origin.

Codes,
n

Duration
(min)

Study mode (study
language)

Tested
modules

Insomnia

severitya
Psychotherapy
(current or
past)

Years in
Germany

Age
(years)

EducationHome
country
(gender)

Subgroup
and ID

Ukraine

15479In person (German)nab1:

qtnc, intd

ae1:

ThAf, int

8No145High
school

Ukraine
(female)

01_ukr

5753In person (German)na2: qtn,
ThA, int
a2: int

15No145High
school

Ukraine
(female)

02_ukr

10557In person (English)na3: qtn,
ThA, int
a3: int

7No166High
school

Ukraine
(female)

03_ukr

6542Video call (English)a2: qtn,
ThA, int

15Yes126High
school

Ukraine
(female)

04_ukr

10863In person (English)a3: qtn,
ThA, int

15No123High
school

Ukraine/Nige-
ria (male)

05_ukr

4215Video call (English)a4: qtn,
int

19Yes0.533High
school

Ukraine
(female)

06_ukr

————13.2 (4.7)—0.9 (0.2)39.7
(15.9)

——gTotal,
mean
(SD)

Other countries

1823Video call (German)na1: qtn,
int

9No841High
school

Afghanistan
(male)

07_oth

7145In person (English)na2: qtn,
int a3: int

18Yes327No degreeGambia
(male)

08_oth

12574In person (German)na3: qtn,
ThA, int
a4: ThA,
int

8Yes7.526High
school

Syria
(male)

09_oth

3137In person (French)a1: qtn,
ThA, int

18Yes1030High
school

Madagas-
car (male)

10_oth

1335Video call (French)a2: qtn,
int

6No1.533High
school

Cameroon
(female)

11_oth

1833In person (German)a3: qtn,
ThA

15No0.532High
school

Ecuador
(male)

12_oth

2311Video call (German)a4: qtn,
int

12Yes831No degreeEritrea
(male)

13_oth

————12.3 (4.9)—5.5 (3.7)31.4
(4.9)

——Total,
mean
(SD)

aInsomnia Severity Scores [30]: 0-7, not clinically significant; 8-14, subthreshold; 15-21, clinical (moderate); 22-28, clinical (severe).
bna: nonadapted version of the digital sleep intervention (modules 1-3).
cqtn: questionnaire.
dint: interview.
ea: adapted version of the digital sleep intervention (modules 1-4).
fThA: think-aloud.
gNot applicable.
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Procedure
Data collection took place in one-to-one sessions (approximately
90 minutes of video-based or in-person, one-to-one meetings
at the Institute of Medical Psychology and Medical Sociology,
University of Freiburg, Germany) with MB, who was in the
final year of her master’s degree in clinical psychology at the
time of study conduction and had previous experience in
qualitative research (refer to Table 1 for further information).
MB had previous contact with one participant (01_ukr); the
other participants were unknown to her. The participants were
informed that the research was part of MB’s master thesis.
Sessions were conducted in German, English, or French and
were audio recorded. All participants completed a web-based
questionnaire (sociodemographic data, Insomnia Severity Index
with 7 Likert-scale items 0-4 [30], and Client Satisfaction
Questionnaire adapted to internet-based interventions with 8
Likert-scale items 1-4 [31]). To assess the perceived cultural
appropriateness of the respective interventions as part of the
usability test, it was considered sufficient to work through
individual modules of the adapted versus nonadapted
intervention: many aspects relevant to the assessment are similar
across the respective adapted versus nonadapted modules (eg,
number of pictures, use of text versus video, and example
characters with a German versus another cultural background).
Following this assumption, the participants worked through one
adapted or nonadapted module. They were then offered the
opportunity to test a second (nonadapted or adapted) module.
Three participants from Ukraine and 2 participants from other
countries completed both an adapted and a nonadapted module.
When assigning the modules, it was ensured that each module
was seen at least once by participants from each subgroup. After
each module completion, semistructured interviews were
conducted in order to assess the participants’ experiences with
the content and design of the tested module, its appropriateness
for themselves and refugees in general, and their own usage
behavior (refer to Multimedia Appendix 1 for the interview
guideline; as the interview guideline was shown to be

appropriate in a first pilot interview, the pilot was included in
the final results). The think-aloud method [32] was additionally
used with 8 participants (5 participants from Ukraine, and 3
from other countries), depending on the language skills and
time resources of the respective participants. Using this method,
the participants were asked to speak out loud all of the thoughts
they had while they went through the modules; for example,
they could comment on the experienced design, functionality,
or content of the intervention. Throughout data collection, the
investigator made observational notes on verbal or nonverbal
characteristics during the test. Table 1 shows in detail which
modules were processed by which participants and in which
format (interview or think-aloud) the data were collected.

Intervention
Two versions of the digital sleep intervention Sleep-e were used,
which is a digital, brief cognitive behavioral intervention for
sleep problems available in English and German. The
intervention was provided on the eHealth platform eSano. The
nonadapted version [24] is an unguided digital intervention
consisting of 3 content-separated, consecutive modules based
on the intervention GET.ON Recovery [33,34], which was
developed and evaluated for German employees with sleep
problems. Adaptations were conducted based on feedback from
health care professionals working with refugees as well as
refugees from Algeria, Eritrea, Iran, Iraq, and Syria [24],
complemented by previously conducted cultural adaptations of
digital interventions [35]. The resulting culturally adapted
version consists of 4 content-separated, consecutive modules
and was aimed at being suitable for refugees from diverse
countries of origin in Germany, with the idea of a shared
experience of pre-, peri-, and postmigration stressors. Its
feasibility, acceptance, and preliminary effectiveness were
investigated among refugees mainly coming from African and
Middle East countries [22]. Table 2 provides information on
the content of both versions of the intervention. Information on
the adaptations suggested [24] and conducted [22] can be found
in the respective articles.
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Table 2. Overview of the modules of both an adapted and a nonadapted version of a digital Sleep-e intervention tested in the qualitative study with
refugees in Germany.

Content of the culturally adapted version [22]Content of the nonadapted version [24]Module

Module 1 •• Introduction by a health expert and for example characters from
Arabic-speaking countries ("video-based")

Introduction of example characters from Germany ("text-

based"a with photo)
• Psychoeducation on sleep problems, link to "migration" ("video-

based")
• Psychoeducation and exercise on sleep hygiene rules

("text-based", quiz)
• Optional: relaxation exercise (audio-based)• Psychoeducation on sleep medication ("text-based")
• Optional: sleep diary ("short web-based document")• Optional: sleep diary ("offline document")

Module 2 •• Psychoeducation and "optional" exercise on sleep hygiene
("mainly video-based")

Psychoeducation on the topic of rumination ("eg, explana-
tory video")

•• "Optional": psychoeducation on sleep medication ("text- and
video-based")

“3” exercises on the topic of rumination (audio- and text-
based)

• "Optional": relaxation exercise ("audio-based")
• "Optional": sleep diary ("short web-based document")

Module 3 •• Psychoeducation on the topic of rumination, focus on migration
topics (mainly video-based)

Reflection on the results, consolidation of what has been
learned (text-based)

•• “Optional”: 2 exercises on the topic of rumination (audio- and
text-based)

Planning of future exercises ("text-based")
• Information on further offers of help ("text-based")

• “Optional”: exercise on sleep hygiene rules• Psychoeducation on problems associated with poor sleep
("text-based") • “Optional”: relaxation exercise (audio-based)

• “Optional”: sleep diary

—bModule 4 • “Optional”: psychoeducation on problems associated with poor
sleep (mainly video-based)

• Information on further offers of “refugee-specific” help
• “Optional”: exercise on sleep hygiene rules
• “Optional”: relaxation exercise (audio-based)
• “Optional”: reflection on results
• “Optional”: sleep diary

aDifferences between the adapted and the nonadapted version of the digital sleep intervention are in double quotes.
bNot applicable.

Data Analysis
Before analyzing data, the authors involved in the analysis (MB
and KS) reflected on their own assumptions regarding the topic
of the study. The following assumptions were identified: (1)
refugees are often not well off and are grateful for any form of
support and (2) Ukrainian refugees and refugees from other
countries of origin differ in their needs. The participants were
not involved in data transcription, analysis, or interpretation.

The collected data comprised 26 audio recordings (9 think-aloud
sessions, including one participant who did 2 sessions; 17
interviews, including 5 participants who did 2 interviews). The
recordings were automatically transcribed using Adobe Premiere
(2021) and postprocessed by MB based on the transcription
rules for computer-assisted analysis according to Kuckartz and
Rädiker [36]. The data were analyzed using structured
qualitative content analysis (primary analysis [36,37]) with a
combination of content-related, evaluative, and contrasting
categories [38]. MAXQDA 2022 [39] software was used to
code a total of 830 text passages. The categories were created
and continuously adapted by MB using an inductive and
deductive hybrid approach [38], primarily based on the
transcripts of the Ukrainian participants. This enabled the
deductive inclusion and validation of theories and questions
derived from the two previous studies, as well as the inductive
inclusion of new aspects (eg, in regard to the war in Ukraine)

introduced by the participants. After coding half of the
transcripts (ie, 13), the new information could be integrated into
the previously formed categories and no further changes were
made to the structure of the category system, which indicates
data saturation. In order to assess intercoder reliability and
ensure the comprehensibility of the category definitions, 2
transcripts were additionally coded and discussed by KS
(researcher at the time of study conduction). The different
category formats were used to identify possible group
differences (contrasting categories), evaluations (evaluative
categories), and factors influencing the evaluations
(content-related categories), as well as their interactions. As
part of the secondary analysis, valence analyses [37] were used
to compare the ratings of the intervention parts based on the
evaluative categories (positive vs negative feedback regarding
the adapted vs nonadapted intervention or regarding refugees
from Ukraine vs from other countries of origin). In addition,
the coding frequencies by categories, subgroups, and
interventions were compared in frequency analyses, and overlaps
between evaluative categories and contrasting or content-related
categories were examined in group comparison. Such frequency
analyses can provide insight into possible correlations but are
of limited scalability due to the lack of objectivity of the number
of codes. The qualitative results are shown along the developed
category system, underpinned by quotes from the participants.
The references of the quoted text passages comprise the number
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of participants (01-13), the subgroup (coming from Ukraine
[denoted as “ukr”] vs from other countries of origin [denote at
“oth”]), the modules processed (modules 1-4 of the adapted
version of the intervention [denoted from “a1” to “a4”], modules
1-3 of the nonadapted version of the intervention [denoted from
“na1” to “na3”]), the type of assessment (think-aloud [denoted
as “ThA”], and interview [denoted as “int”]) and the position
in the transcript (denotes as “pos.”). The quantitative data from
the questionnaires was analyzed descriptively.

Ethical Considerations
The study was registered in the Freiburg Clinical Trials Registry
(registration FRKS004288). Ethics approval was granted by the
ethics committee of the University of Freiburg, Germany
(22-1452-S2). The study was conducted and documented in
accordance with the guidelines for research with refugees [40]
and the COREQ (Consolidated Criteria for Reporting Qualitative
Research) [41] (refer to Multimedia Appendix 2 for the
checklist). Interested participants received detailed digital,
written information on the study procedure, aim, and their rights.
Afterward, they provided their digital informed consent before
the start of the study or had the option of withdrawing study
participation without any consequences. The protection of the
privacy and confidentiality of the participants was ensured by
pseudonymizing all collected data with an ID. Only the
pseudonymized data were used during the study, and the data
were only accessible to selected project members. A reference
list, which linked personal information with the ID, was deleted
at the end of the data collection. This means that all data
collected (transcripts or questionnaires) are de facto anonymized,

and it is not possible to draw any conclusions from these data
about the individual study participants. The de facto anonymized
data of the participants are stored by the researchers on secure
servers for 10 years after publication and then deleted. The
participants had the chance to win one of five €20 (€1=US
$1.10) gift vouchers as compensation for their efforts.

Results

Overview
The developed category system (refer to Multimedia Appendix
3) resulted in 6 main and 14 subcategories. In total, 4 main
categories informed the first research question and contained
information on the perceived cultural appropriateness and the
cultural needs among the participating refugees from Ukraine
versus those from other countries of origin regarding the digital
sleep intervention: (1) concept: adapted version, (2) concept:
nonadapted version, (3) comparison: adapted and nonadapted
version, and (4) use of the intervention. The developed category
system furthermore resulted in 2 main categories informing
about factors that influenced the perceived cultural
appropriateness and needs of the participating refugees regarding
the digital sleep intervention: (1) identity and (2) health care.

Perceived Cultural Appropriateness of the Digital Sleep
Intervention

Overview
Across both versions of the intervention and both subgroups,
there was more positive (n=202) than negative feedback (n=80;
see Figure 1).

Figure 1. Frequency analyses of positive and negative feedback given by the refugees from (A) Ukraine and (B) other countries of origin participating
in the qualitative study in Germany. The numbers of positive and negative feedback are illustrated separately for the adapted version and the nonadapted
version of the digital intervention Sleep-e tested in the study. oth: other countries of origin; ukr: Ukraine.

You can take a lot from it also. And you can learn
easily also. [08_oth_a3(na2)_int, pos. 211]

To have the training..., it’s much easier. Yeah, and it
could solve your problem. [06_ukr_a4_int, pos. 60]

An overall positive attitude also was revealed in the relatively
high ratings in the client satisfaction questionnaire adapted to
internet-based interventions, with an overall mean score of 26.0
(SD 4.7) and similar mean scores for the different versions or
subgroups.

Adapted Intervention Version
The adapted version of the intervention was rated positively in
both groups, but the feedback from the Ukrainian participants
revealed a rather heterogeneous picture, with 70 positive and
56 negative feedback quotes, contrasting with 55 positive and
5 negative feedback quotes among participants from other
countries. With regard to the conception of the intervention,
linguistic simplifications (eg, subtitles), the video formats and
quizzes, as well as good structuring and feasibility were
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considered particularly helpful. Both groups criticized the
quality of the videos as well as linguistic aspects such as the
length of the texts and modules or language difficulties. As for
the content of the intervention version, the experience reports
from the example characters (refugees) in particular were
described as motivating and interesting and the exercise content
as helpful. Differences in the perceived appropriateness of the
content between the 2 subgroups were found with regard to the
identification with the example characters: whereas the
participating refugees from other countries of origin were able
to recognize and name similarities with the example characters,
the participants from Ukraine did not identify with the example
characters and described them as untrustworthy or boring (“I
don't believe them that the exercises help.” [01_ukr_a1na1_int,
pos. 102, translated]). In addition, the participants from Ukraine
criticized the strong focus on the topic of flight, too negative
content, and too little concrete advice. Suggestions for changes
to the adapted version of the intervention included ideas for
increasing identification, for example, through the opportunity
to create a personalized profile with one’s own needs and issues
(“Maybe bubbles and then it’s like: hit which bubble you feel
speaks to you.” [05_ukr_a3_int, pos. 336]; “Create your own
profile and then really see: voilà, that’s me.”
[10_oth_a1_(ThA)int, pos. 147, translated]). According to the
participants (especially those from Ukraine), this could also be
achieved through a greater variety or abstractness (eg, by using
graphics instead of real videos) of the example characters.

Nonadapted Intervention Version
The nonadapted version of the intervention was also rated
positively in both groups (37 positive and 11 negative feedback
quotes from the Ukrainian participants; 40 positive and 8
negative feedback quotes from participants from other
countries). With regard to the conception of the intervention,
its simple design and the clear, motivating, and comprehensible
structure were mentioned. Both groups criticized the difficult
language and an oversupply of text-based information. As for
the content of the intervention version, the experience reports
of the example characters (Germans) and the exercises and
questions were described as helpful, as was the combination of
theoretical and practical aspects (“So the first [nonadapted]
version was technical for me. Going to see a therapist and
answering questions I could fully understand and that was
professional I would say.” [01_ukr_a1na1_int, pos. 6,
translated]). However, the content of this version of the
intervention was partly considered too scientific or insufficient
for more serious problems by the participants from Ukraine (“I
don’t see here any problems, serious problems. Just, time to
bed, stop having alcohol, stop working after 9. But people who
are under stress, need the more serious program.”
[03_ukr_na3_int, pos. 123]), whereas the participants from other
countries of origin mainly mentioned identification difficulties
(“Except for alcohol and so on, because I'm a Muslim and I
don’t drink alcohol. Yes, and the norm in the Arab-Islamic
world is completely different. It’s practically a sin, it’s an
absurdity, alcohol is for losers or sinners, or I don’t know, and

not for normal people.” [09_oth_na3a4_int, pos. 57, translated]).
Some statements of the Ukrainian participants did not include
themselves when pointing out possible limitations of the cultural
appropriateness for refugees (“But not all people can read so
much text at once and the language is also a bit too scientific,
like from a psychological book [...] For me it was okay.”
[02_ukr_na2_ThA_int_a3_int, pos. 39, translated]). Suggestions
for changes to the nonadapted version of the intervention
included a more solution-oriented content and the presentation
of more appropriate problems or situations (“I would yes, more
different [example characters], for example in terms of age.”
[07_oth_na1_int, pos. 111, translated]).

Factors Influencing the Perceived Cultural
Appropriateness
As a main factor influencing the perceived cultural
appropriateness of the intervention, identification was extracted.
In this context, the participants emphasized the need to enhance
identification with the intervention by including possible
differences in the refugee contexts as well as cultural and
linguistic differences in the intervention content.

Identification With the Refugee Context
Factors related to the refugee background and the identification
with it were shown to influence the perceived appropriateness
of the interventions among both groups of participating refugees.
Some of these factors were related to their own flight
experiences (“Especially when they came from Ukrainian zones
after the bombing, after devastation, ruin, these bad things. They
ask to get psychological treatment or to see a psychiatrist
because they realize they need it.” [03_ukr_na3_int, pos. 72];
“That is another traumatic experience. Knowing that crossing
the sea, some people die, some people survive.”
[08_oth_a3(na2)_int, pos. 153]).

Yet, a separation of the participating Ukrainian refugees from
being a refugee became apparent, revealing an underlying
identity conflict (identity of being a refugee): “They don't
identify as refugees, so in a way that [experience reports from
the adapted version of the intervention] would even be a
disconnect for them.” [05_ukr_a3_int, pos. 246]; “Just I lived
in prosperity [...] I have everything. And I fled from Ukraine
the second day of war and didn’t see all those bombings,
devastations, and so on and so forth.” [03_ukr_a3_(ThA)int,
pos. 11]. Along with this, the Ukrainian participants emphasized
that they did not want to be confronted with the topic of flight
(“If I were a refugee, I wouldn't want to focus on it...You have
to forget that you are a refugee.” [01_ukr_a1na1_int, pos. 243,
translated]).

Along with the identification as a refugee, the question of how
far the identity of being a refugee is compatible with the
Ukrainian identity was revealed, and whether refugees from
Ukraine can identify with refugees from other countries of origin
(same vs different identity). Thereby, statements about the same
versus different identities were repeatedly raised (Textbox 1).
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Textbox 1. Statements by the participating refugees in the qualitative study conducted in Germany about the same versus different identities of refugees
from Ukraine (ukr) and refugees from other countries of origin (oth).

• “You have a world with Ukrainians inside who do not just view fleeing the same, you know, it's the same war, but at the same time, it is not the
same (laughs).” [05_ukr_a3_int, pos. 252]

• “There are universal factors of flight and war.” [09_oth_na3a4_int, pos. 306, translated] versus “It is never the same experience.” [05_ukr_a3_int,
pos. 300]

• “The people that came from the other places also, they face even more difficulties than the people that came from Ukraine.” [08_oth_na2a3_ThA_int,
pos. 353] versus “First-degree refugees, second-degree refugees...as if they were now downgraded, that is, with the refugees who are now less
privileged.” [09_oth_na3a4_int, pos. 342, translated]

• “They have a different pronunciation, different skin color, different way of speaking and different challenges than we do.” [09_oth_na3a4_I,
pos. 336, translated] versus “They are also refugees and they have had all these problems.” [01_ukr_a1_T, pos. 432, translated]

The dilemma of same versus different identity also became
evident in various statements regarding a possible identification
of the participating refugees from Ukraine with the example
characters in the adapted version of the intervention: “When I
was listening to these people, I did not, I do not know their
situation.” [03_ukr_a3_(ThA)int, pos. 74] versus “I could relate.

I understand his problem and I think that I have the same
problem.” [04_ukr_a2_ThA, pos. 127] versus “Oh, [for refugees]
from Ukraine. No.” [05_ukr_a3_int, pos. 240]. Various
conflicting issues were found in their statements about the
example characters (Table 3).

Table 3. Statements of the participating refugees from Ukraine can illustrate an ambivalent view on the example characters of the adapted version of
the digital sleep intervention tested in the qualitative study in Germany.

Contrasting perspectiveAffirming perspective

“Not for me. [laughs] For me, I don’t know, I understand that it’s a
completely different culture.” [01_ukr_a1_ThA, pos. 432, translated]

↔“To be honest, it is better for refugees.” [01_ukr_a1na1_int, pos. 6,
translated]

“Hm no, for me, stress is the problem number one...Too much stress,
for sure. It can have a negative impact on the sleeping quality. Yeah,
you can’t sleep because you think how to solve this problem.”
[03_ukr_na3_int, pos. 18 // 03_ukr_na3_ThA, pos. 189]

↔“Of course, I don't have time to have this diary, because it's for
people who are under stress and under problems...who have serious
problems and they want to recover. They will do that.”
[03_ukr_a3_(ThA)int, pos. 116]

“Even though I did not flee to Europe, like through the Mediterranean
or the Sahara, fleeing the war in Ukraine, I don’t really think it speaks
to me.” [05_ukr_a3_int, pos. 198]

↔“You know, it [experience reports from refugees]'s something you
can relate to, you know.” [05_ukr_a3_int, pos. 234]

“No, for me, no, for me, everything is easy to talk about. I don’t have
such or deep problems.” [01_ukr_a1na1_int, pos. 165, translated]

↔“And besides: Being a refugee is difficult, it is always difficult.”
[01_ukr_a1_ThA, pos. 170, translated]

Related to this, frequency analyses of feedback from the
participating refugees from Ukraine revealed 9 positive feedback
quotes and 18 negative feedback quotes on the example
characters in the adapted intervention version. In contrast, the
participating refugees from other countries of origin seemed to
identify strongly with the example characters in the adapted
version of the intervention and did not mention any negative
criticism of them, but gave 16 positive feedback quotes.
Feedback on the example characters in the nonadapted
intervention version was more homogeneous, with both 4
positive and negative feedback quotes given by the participating
refugees from Ukraine and 3 positive and 1 negative feedback
quotes given by the participating refugees from other countries
of origin.

Identification With the Country of Origin
Other factors related to the flight background that influenced
the perceived appropriateness of the intervention versions were
associated with the identification with the respective country
of origin versus the identification with Germany. This goes back
to the fact of coming from non-German countries of origin,
which was linked to revealed cultural or linguistic differences.

Because I'm Muslim and I don't drink alcohol.
[09_oth_na3a4_int, pos. 57, translated]

Nope, so the psychologists work according to models
and views and worldviews that don't match mine.
[09_oth_na3a4_int, pos. 243, translated]

Also, a better linguistic understanding (native language,
linguistic facilitation such as subtitles or audios, etc) and the
consideration of different reading comprehension levels seemed
to increase the perceived cultural appropriateness: “And not
every refugee also can read. But having access to audible
information can be helpful.” [08_oth_a3(na2)_int, pos. 137].
As such, the German language was perceived as stressful by
one participant: “If I speak German, I'm tense. Yes, because it
has to do with work, with problems, with documents and so
on.” [01_ukr_a1_ThA, pos. 359, translated]. Whereas the
participants from other countries of origin named both cultural
and linguistic differences and identification issues, the Ukrainian
participants solely named linguistic differences.

Health care
Besides the refugee identity, the factor “health care” was
identified to be linked to the perceived cultural appropriateness
of the digital sleep intervention. Differences in the needs and
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the use of mental healthcare became evident, revealing the
importance of familiarity on the one hand and professionalism
on the other hand.

I would opt for a European doctor.
[01_ukr_a1na1_int, pos. 237, translated]

That [nonadapted version] was professional I would
say. [01_ukr_a1na1_int, pos. 6, translated]

If you have problems, you'd rather go to mother, yes,
[...] something like relatives, so your nation.
[01_ukr_a1_ThA, pos. 491, translated]

Although psychotherapy was partly described as “trendy”
[02_ukr_na2_int, pos. 108, translated], stigmatization of mental
health care became apparent: “Where I come from, it’s very
taboo and really inaccessible.” [10_oth_a1_(ThA)int, pos. 129,
translated]; this was also on a subconscious level (eg,
observation from participant 11 [oth] when filling out the
sociodemographic questionnaire: “Psychotherapy? Ah no no
no!” [translated]).

Discussion

Principal Findings

Overview
This study for the first time compared the cultural
appropriateness perceived by refugees from Ukraine and other

countries of origin regarding a digital intervention, specifically
the original (developed for Germans) and the culturally adapted
(adapted for refugees coming from African and Middle Eastern
countries) versions of a digital sleep intervention. Overall, the
participating refugees showed a positive attitude toward the
intervention, yet the perceived cultural appropriateness regarding
the 2 versions seemed to differ between the participants from
Ukraine versus those from other countries of origin. The
identification with the intervention content regarding the refugee
context as well as the context of their countries of origin seemed
to play a crucial role (refer to Figure 2). Identification with the
refugee context refers to the extent to which participants see
their own flight as a part of themselves and could relate to these
issues in the intervention. Identification with the country of
origin refers to the extent to which the participants identify with
the behaviors, values, and norms of their country of origin and
could relate to the behaviors, values, and norms illustrated in
the intervention. Thereby, identity conflicts among the Ukrainian
participants regarding the refugee context were identified as
factors reducing the perceived cultural appropriateness of both
intervention versions.

Figure 2. The role of identification in the cultural appropriateness of the digital intervention Sleep-e tested in the qualitative study in Germany, as
perceived by the participating refugees from Ukraine and other countries of origin. a: adapted version of the intervention; pos: position in the transcript;
ThA: think-aloud; ukr: Ukraine.

Differences in the Perceived Cultural Appropriateness
of the Digital Sleep Intervention
Both versions of the digital sleep intervention received more
positive than negative feedback, and feedback on less
appropriate aspects mainly concerned design and language
aspects (eg, including too much text and hard-to-understand
language), which is rather general feedback on digital
interventions than a refugee-specific point of view [42-44].

Regarding the participating refugees from countries other than
Ukraine, the findings mainly corresponded to previous findings:
whereas a lack of identification with the nonadapted version
was shown [24], the adapted version seemed to be perceived as
appropriate in terms of its content [22], and no negative feedback
on the intervention content was given. Regarding the
participating refugees from Ukraine, negative feedback on the
intervention content was mainly given concerning the adapted
version of the intervention and comprised a perceived overfocus
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on the topic of flight, in particular regarding the example
characters. Concerning the nonadapted version, less negative
feedback indicated a perceived inappropriateness of the
illustrated life situations and problems of the example characters,
which related in particular to a high workload. Thus, both
versions of the intervention appeared to be only partially
appropriate for the participants from Ukraine.

Identification Influences the Perceived Cultural
Appropriateness of the Digital Sleep Intervention
The lower perceived cultural appropriateness among the
Ukrainian participants regarding the adapted version of the
intervention was suggested to be linked to their lower
identification with the intervention: Differences between the
participants from Ukraine versus those from other countries of
origin became apparent with regard to the identification with
the refugee context and aspects related to the identification with
the own country of origin. This resulted in differences in the
identification with, for example, the example characters in the
interventions. The revealed differences correspond to differences
between refugees from Ukraine and refugees from other
countries of origin suggested in the literature: Although
Ukrainian refugees and refugees from other countries of origin
share the experience of having had to flee, they differ in various
other aspects, such as the welcome culture in Germany as well
as sociodemographics, which was also revealed in this study
[27,45].

Along with this, higher privileges of Ukrainian refugees and
differences in refugee experience or arrival in Germany were
discussed among the participants. Not only are there differences
between refugees from Ukraine and from other countries, but
there are also major differences in the experiences of war and
flight among refugees from Ukraine, particularly at the time the
study was conducted, which was only one year after the
beginning of the war [27]: Some of the participating refugees
from Ukraine had left the country right at the beginning of the
war without having experienced it themselves, and also without
having experienced the loss of family members or friends.
Furthermore, the Ukrainian participants might still have hoped
to return to their home country soon [27]. Different durations
of their stay in Germany therefore seemed to be linked to
different flight experiences and, herewith, with a different
identification with the refugee context and associated problems
described in the adapted intervention version. Depending on
this, the adapted version of the intervention could therefore
show a certain degree of perceived appropriateness for some of
the participating refugees from Ukraine. A dilemma became
apparent: Whereas the Ukrainian participants seemed to identify
with the European culture of the example characters in the
nonadapted version, they did not identify with their concerns,
especially regarding a high workload; with regard to the example
characters in the adapted version, they could possibly identify
in parts with their refugee background, but not with their
non-European cultural background. This was accompanied by
identity conflicts regarding the refugee context in the statements
of the Ukrainian participants, which were not found among the
participants from other countries of origin. For example, one
Ukrainian participant described the adapted version of the
intervention as appropriate for refugees, but not for herself. The

importance of identity issues and conflicts in the refugee context
has been highlighted previously [46,47].

The found differences in the identity conflicts and the
identification with the versions of the intervention emphasize
the relevance of specifying a target group and their specific
needs in the context of cultural adaptations [48,49]. The lack
of including the living situation and the needs of Ukrainian
refugees during the cultural adaptation of the present
intervention [24] may have led to the identification difficulties
and, herewith, the reduced perceived cultural appropriateness.
In order to enhance the appropriateness of the intervention for
refugees from Ukraine, the intervention could be further adapted,
for example by providing the possibility for personalization of
the content or of the example characters in order to improve the
identification. This has already been applied, for example, as
part of the Step-by-Step program in Lebanon [50,51].

Limitations
Several study limitations are to be named. First, the
generalizability and robustness of the results are limited due to
the qualitative and explorative character of the study.
Furthermore, we could only include study participants with
sufficient knowledge of German or English. Due to the open
recruitment, this resulted in a rather educated and young sample,
which possibly influenced the perceived cultural appropriateness
of interventions [52]. Second, the majority of participants were
recruited via private contacts. This may have biased the results
in terms of social desirability, despite enquiring about perceived
negative aspects of the interventions. Third, the duration and
mode of conduct (video call vs in person) of the interviews with
the study participants were not parallelized for the two
subgroups. This might have led to an overrepresentation of the
statements made by the Ukrainians, combined with the fact that
the category system was initially developed based on the
transcripts of Ukrainian participants. Fourth, the frequency
analyses are not directly interpretable, as they were not related
to the frequency of implementation of the respective
intervention.

Conclusions
With the rising number of refugees worldwide, the need for
low-threshold and culturally appropriate mental health services
is increasing. In this qualitative study, the relevance of the
identification of the participating refugees with the content of
the digital intervention Sleep-e for their perceived cultural
appropriateness was emphasized. There were substantial
differences between the participating refugees from Ukraine
and those from other countries of origin: The participants from
Ukraine appeared to be in an identity conflict regarding their
identification with the refugee context, which seemed to reduce
the perceived appropriateness both of the version of the
intervention adapted for refugees from African and Middle East
countries and of the nonadapted version for Germans. Refugees
from other countries of origin, on the other hand, could identify
well with the adapted version of the intervention and perceived
it as appropriate. The perceived cultural appropriateness for
refugees from Ukraine should be improved by diversifying the
problems addressed to consider current developments related
to the war in Ukraine and other changes in world affairs. As
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such, the cultural sensitivity of treatments should be considered as a dynamic condition related to time and context [53].
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Abstract

Background: Maternal health research faces challenges in participant recruitment, retention, and data collection, particularly
among underrepresented populations. Digital health platforms like PowerMom (Scripps Research) offer scalable solutions,
enabling decentralized, real-world data collection. Using innovative recruitment and multimodal techniques, PowerMom engages
diverse cohorts to gather longitudinal and episodic data during pregnancy and post partum.

Objective: This study aimed to evaluate the design, implementation, and outcomes of the PowerMom research platform, with
a focus on participant recruitment, engagement, and data collection across diverse populations. Secondary objectives included
identifying challenges encountered during implementation and deriving lessons to inform future digital maternal health studies.

Methods: Participants were recruited via digital advertisements, pregnancy apps, and the PowerMom Consortium of more than
15 local and national organizations. Data collection included self-reported surveys, wearable devices, and electronic health records.
Anomaly detection measures were implemented to address fraudulent enrollment activity. Recruitment trends and descriptive
statistics from survey data were analyzed to summarize participant characteristics, assess engagement metrics, and quantify
missing data to identify gaps.

Results: Overall, 5617 participants were enrolled from 2021 to 2024, with 69.8% (n=3922) providing demographic data. Of
these, 48.5% (2723/5617) were younger than 35 years, 14% (788/5617) identified as Hispanic or Latina, and 13.7% (770/5617)
identified as Black or African American. Geographic representation spanned all 50 US states, Puerto Rico, and Guam, with 58.3%
(3276/5617) residing in areas with moderate access to maternity care and 16.4% (919/5617) in highly disadvantaged neighborhoods
based on the Area Deprivation Index. Enrollment rates increased substantially over the study period, from 55 participants in late
2021 to 3310 in 2024, averaging 99.4 enrollments per week in 2024. Participants completed a total of 17,123 surveys, with 71.8%
(4033/5617) completing the Intake Survey and 12.4% (697/5617) completing the Postpartum Survey. Wearable device data were
shared by 1168 participants, providing more than 378,000 daily biometric measurements, including activity levels, sleep, and
heart rate. Additionally, 96 participants connected their electronic health records, contributing 276 data points such as diagnoses,
medications, and laboratory results. Among pregnancy-related characteristics, 28.1% (1578/5617) enrolled during the first
trimester, while 15.1% (849/5617) reported information about the completion of their pregnancies during the study period. Among
the 913 participants who shared delivery information, 56.1% (n=512) had spontaneous vaginal deliveries and 17.9% (n=163)
underwent unplanned cesarean sections.
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Conclusions: The PowerMom platform demonstrates the feasibility of using digital tools to recruit and engage diverse populations
in maternal health research. Its ability to integrate multimodal data sources showcases its potential to provide comprehensive
maternal-fetal health insights. Challenges with data completeness and survey attrition underscore the need for sustained participant
engagement strategies. These findings offer valuable lessons for scaling digital health platforms and addressing disparities in
maternal health research.

Trial Registration: ClinicalTrials.gov NCT03085875; https://clinicaltrials.gov/study/NCT03085875

(JMIR Form Res 2025;9:e70149)   doi:10.2196/70149

KEYWORDS

maternal health research; digital health platforms; pregnancy monitoring; decentralized clinical trials; participant engagement;
health disparities

Introduction

In 2020, there were approximately 24 pregnancy-related deaths
per 100,000 births in the United States, which is more than
double compared with other high-income countries [1].
Alarmingly, these rates have continued to rise, with disparities
disproportionately affecting marginalized populations [2].
Non-Hispanic Black or African American pregnant individuals
experience maternal mortality rates approximately 2.5 times
higher than their White counterparts, with non-Hispanic
American Indian or Alaska Native women facing rates three
times higher [2,3]. Cardiovascular conditions, perinatal
depression, and preexisting medical conditions are among the
leading contributors to these disparities [4,5]. However, the root
causes extend beyond medical risk factors, with social
determinants of health and structural racism playing crucial
roles [6,7].

Access to care, socioeconomic status, implicit bias, and
environmental factors further exacerbate these inequities.
Individuals from underrepresented communities are more likely
to face barriers to health care, economic insecurity, and a lack
of culturally competent care. These disparities are often
intensified by distrust of health care systems, fueled by historical
and ongoing discrimination in medical settings [8]. Addressing
these disparities requires innovative research approaches that
not only engage affected communities but also prioritize trust,
accessibility, and cultural competence [9].

Traditional maternal health research has struggled to effectively
recruit and engage underrepresented populations. Common
recruitment barriers include mistrust of the health care system,
concerns about data confidentiality, language differences, and
logistical hurdles such as the lack of transportation or time
constraints [10,11]. These challenges are compounded by the
fact that traditional recruitment methods, such as clinic-based
enrollment, often fail to reach the most vulnerable populations,
leading to underrepresentation in research that is critical for
health equity [12,13]. However, many of these traditional
methods do not offer sufficient direct benefits to participants
to offset their perceived and real costs of participation,
particularly in communities with heightened mistrust [9].

The emergence of digital health platforms offers a potential
solution to overcome these long-standing barriers, particularly
in maternal health research [14]. Mobile and decentralized
platforms provide an opportunity to recruit participants remotely,

allowing for broad geographical reach and the ability to engage
individuals in real-world settings [15]. Digital tools enable
continuous, real-time data collection, which can provide a more
holistic view of maternal health than episodic clinic visits. These
platforms can also deliver tailored educational content and
resources, building trust and empowering participants through
transparency and engagement [16].

The PowerMom (Scripps Research) platform was designed to
capitalize on these opportunities by implementing a bilingual
(English and Spanish) digital research platform that facilitates
remote, convenient participation. PowerMom’s recruitment
strategy was explicitly designed to harness the power of digital
platforms to allow seamless, rolling self-enrollment and ensure
wide-scale and inclusive participation across diverse
communities. It leverages digital approaches such as push
notifications and messaging to enhance participant engagement
and retention [17-20], allowing for data collection that respects
participants’ time and cultural needs.

By providing a decentralized clinical trial environment,
PowerMom enables participants to engage with the study on
their own terms, enhancing adherence and yielding data that
reflect a broad, comprehensive, and participant-centered
perspective on how structural factors influence maternal health.
The platform supports the collection of real-world, continuous
data through app-based surveys, electronic health record (EHR)
data linkage, and digital health technologies such as wearable
sensors, capturing biometric data (eg, heart rate, sleep, and
physical activity) that go beyond the traditional, episodic
measures collected during prenatal clinic visits [21-26].
PowerMom’s flexible architecture supports not only the
collection of baseline data but also the integration of multiple
substudies, which allows for more targeted research on specific
maternal health issues while leveraging the broader cohort’s
data.

In this paper, we describe the design and methods of the
PowerMom research platform, focusing on its recruitment
strategies, data collection capabilities, and participant
engagement efforts, and discuss lessons learned from its
implementation in diverse populations. In addition, we provide
a detailed description of the participant demographics recruited
through PowerMom and examine their engagement with the
various data collection opportunities throughout the pregnancy
and postpartum stages.
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Methods

Platform Design
The PowerMom platform, launched in March 2021, is built on
CareEvolution’s MyDataHelps secure digital infrastructure,
which provides a flexible and scalable foundation for collecting
and integrating a range of participant data, including biometric,
survey, and EHR data. This cloud-based, Health Insurance
Portability and Accountability Act (HIPAA)–compliant
infrastructure provides secure data storage and management,
leveraging CareEvolution’s backend architecture to maintain
participant confidentiality and data integrity. In addition, the
platform’s technical infrastructure adheres to industry-leading
security protocols for data transfer, ensuring that biometric data
from wearables, EHR data, and survey responses are securely
encrypted and processed.

The PowerMom platform integrates data from various sources
in real time, allowing for continuous monitoring of participants’
health. This includes heart rate, activity levels, and sleep data
collected from wearable devices such as Fitbit, Apple Watch,
and other HealthKit or Google Fit–compatible technologies.
By allowing participants to connect these devices, the platform
facilitates a richer, more granular view of maternal health,
capturing data beyond the traditional measures obtained during
prenatal clinic visits.

To ensure that the platform reflects the needs of its target
population, PowerMom’s development involved collaboration
with a participant advisory board composed of pregnant and
postpartum individuals from underrepresented communities.
The advisory board provided critical feedback on the platform’s
design, user interface, and engagement strategies, ensuring that
the platform remains culturally relevant and user-friendly for
diverse participants. This adheres to the CONSORT-EHEALTH
(v1.6.1) guidelines for digital health intervention research to
ensure comprehensive and standardized reporting. The checklist
was used to structure study reporting, covering recruitment,
platform usability, data integration, and participant engagement.

Participant Recruitment

Eligibility Criteria
Participants were eligible for PowerMom if they were pregnant
or post partum (up to 8 weeks after delivery), aged 16 years and
older, residing in the United States or its territories, and capable
of providing consent in either English or Spanish.

eConsent
All eligible PowerMom participants were presented with an
innovative electronic consent (eConsent) process, enabling them
to remotely join the study. This eConsent process significantly
broadened the potential participant pool by allowing individuals
to complete consent forms at their convenience, reducing the
need for in-person visits or transfer of paper forms. The
eConsent interface was designed to be user-friendly and
accessible across different devices, ensuring that participants
could easily navigate the process (refer to Multimedia Appendix
1). This digital consent process not only facilitated seamless

participation but also ensured compliance with ethical standards
for informed consent in clinical research.

Study Setting
The study was conducted entirely remotely, using the
PowerMom platform to engage participants across the United
States, Puerto Rico, and Guam. The decentralized nature of the
study eliminated geographic barriers, enabling recruitment from
urban, suburban, and rural areas. Participants could enroll and
participate using mobile devices or computers, providing
flexibility for those in resource-limited settings.

Recruitment Strategy
PowerMom implemented a rolling, digital self-enrollment
process to maximize reach and engagement. Recruitment took
place from March 22, 2021, to July 30, 2024, and relied on a
variety of digital and in-person outreach strategies. Participants
in PowerMom are recruited into a baseline cohort but may also
be invited to join additional substudies based on specific
eligibility criteria. These substudies focus on more targeted
research questions, allowing researchers to augment baseline
data with additional detailed outcomes.

Digital Outreach
Recruitment relied heavily on digital advertising campaigns on
social media platforms such as Facebook, Instagram, and Google
Ads. In addition, partnerships with pregnancy-related apps such
as Philips Pregnancy+ (Philips Digital) enabled in-app
advertisements that reached individuals in their natural digital
environments. These ads provided information about the study,
emphasizing its accessibility and participant-centered design.
Digital enrollment campaigns were designed to appear within
the app, enabling participants to enroll in PowerMom seamlessly
from their daily digital environment.

PowerMom Consortium
The PowerMom Consortium, established in December 2021,
brought together more than 15 local and national organizations
focused on improving maternal health. This consortium
amplified recruitment efforts through joint campaigns,
newsletters, and educational outreach, significantly increasing
visibility among target demographics [27].

Community Engagement
One of the platform’s key partners, Mae Health, is a culturally
competent, digital health platform that connects Black expectant
mothers with vital resources to improve pregnancy outcomes.
The collaboration with Mae Health included educational
campaigns and targeted outreach to Black and African American
communities.

PowerMom also partnered with advocacy organizations such
as the African American Wellness Center for Children and
Families. These organizations provided on-the-ground
recruitment efforts, ensuring that PowerMom reached
communities that might otherwise be underrepresented in digital
health research.
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Data Collection

Self-Reported Outcomes
Participants were asked to complete several surveys throughout
the study. An initial Intake Survey gathered demographic data,
including race, ethnicity, education, socioeconomic status, and
health care access. A Health History Survey collected
information on pregnancy history, preexisting health conditions,
and access to care.

Following the baseline surveys, participants received biweekly
surveys to assess changes in their health during pregnancy.
These surveys collected data on vital signs (eg, weight, blood
pressure, and heart rate); pregnancy symptoms; and health
behaviors, including tobacco, alcohol, and drug use. Biweekly
surveys were released based on the completion of the Intake
and Health History Surveys, and participants were notified about
each new biweekly survey release via push notifications through
the PowerMom app.

Participants also completed a Delivery Survey upon giving birth,
capturing details about the delivery, birth outcomes, and
complications. A Postpartum Survey, administered at 6-8 weeks
post partum, assessed maternal mental health using the
Edinburgh Postnatal Depression Scale and gathered information
on postpartum complications such as gestational diabetes,
pregnancy-induced hypertension, preeclampsia, and preterm
birth (refer to Multimedia Appendix 1).

Wearable Devices
Participants were prompted to connect their wearable devices,
including Fitbit, Apple Watch, and other compatible devices,
for real-time monitoring of heart rate, physical activity, and
sleep duration data. Participants had the option to upload up to
3 months of retrospective data (eg, prepregnancy data) and
continue data collection prospectively throughout their
pregnancy and the postpartum period.

EHR Integration
After completing the initial baseline surveys, participants were
prompted to connect their pregnancy-related EHR data through
the PowerMom app. The EHR integration can reach more than
85% of all US health care providers, ensuring comprehensive
coverage of both historical and prospective health data.
Participants could connect their EHR at any point during the
study, providing a continuous flow of clinical information that
complemented the self-reported and biometric data.

Study Engagement and Retention Strategies
The PowerMom platform was designed with a strong focus on
participant engagement and retention. To keep participants
engaged, the platform provided regular push notifications,
educational content, and personalized data visualizations. For
example, participants could track their own metrics—such as
daily activity or sleep patterns—through visual feedback in the
app, which helped build trust and maintain engagement.

In addition to digital strategies, participants were engaged
through blog posts that provided some initial return of results
based on aggregated data collected. The PowerMom advisory
board also contributed to refining engagement strategies by

providing input on how to make the platform more user-friendly
and responsive to the needs of underrepresented populations.
Engagement metrics were closely monitored, and iterative
improvements were made to the platform based on participant
feedback.

Data Integration
All data types (eg, survey data, wearable device data, and EHR
data) were collected and integrated through the MyDataHelps
PowerMom platform app. When discrepancies arose between
data sources, such as activity metrics reported in surveys versus
wearables, priority was given to wearable data due to their
objective and continuous measurement capabilities. Survey data
were used to provide context, particularly when participants
reported conditions or limitations that could explain deviations.
This approach ensured the accuracy and reliability of the data.

These data were securely transferred to the Scripps Research
Institute for storage and analysis. The data management system
leverages cloud-based infrastructure that is HIPAA compliant,
ensuring the highest level of data integrity and security. The
data were regularly monitored by the research team and cleaned
to address any issues with synchronization between devices,
missing data, or outliers, ensuring high-quality data for analysis.

Statistical Analysis
We evaluated the PowerMom platform using operational
outcomes and participant characteristics. The analytic sample
included all participants who met the baseline PowerMom
eligibility criteria, assessed through an initial Screener Survey,
and who provided eConsent to participation.

Participant Characteristics
Baseline sociodemographic and pregnancy-related
characteristics of all enrolled participants were summarized
using self-report data from the Screener, Intake, and Health
History Surveys. Delivery outcomes were also described for
participants who filled out the Delivery Survey. All eligible
participants are included in table summaries of these
characteristics, with missing data represented as “Unknown”
responses for both single-question and survey-level nonresponse.
Survey-level completion patterns, reported in the engagement
metrics section, capture the number of eligible participants who
completed at least one question on each survey.

Enrollment Trends
We analyzed enrollment trends beyond the three-year study
recruitment period. Weekly and cumulative enrollment rates
were calculated to demonstrate the impact of these strategies,
culminating in the final total number of participants.

Summary statistics were calculated using frequencies and
percentages for categorical variables and mean (SD) for
continuous variables. All analyses were conducted using
MyDataHelps Export Explorer (SQL) and Python (v3.8; Guido
van Rossum).

Ethical Considerations
The study protocol for PowerMom was reviewed and approved
by the Scripps Health Institutional Review Board (IRB 21-7738).
The research adhered to ethical guidelines for human subject
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research, ensuring compliance with all applicable regulations.
All participants provided eConsent before enrollment. The
eConsent process was designed to be accessible and
user-friendly, enabling participants to complete the consent
remotely via digital platforms. The consent process highlighted
participants’ rights, data confidentiality measures, and the
voluntary nature of their participation. Participant data were
anonymized or deidentified before analysis to ensure
confidentiality. The PowerMom platform operates on a
HIPAA-compliant, secure infrastructure, with additional
protections provided by a Certificate of Confidentiality from
the National Institutes of Health. This legal protection allows
the platform to refuse the disclosure of participant data in civil,
criminal, administrative, or legislative proceedings, adding an
extra robust layer of privacy beyond standard HIPAA
protections. Participants were not compensated for being part
of the PowerMom study. However, participants recruited from
the PowerMom study for one substudy were provided with
monetary incentives. Participants in this substudy were eligible
to receive up to US $175 in Amazon gift cards as compensation
for completing specific milestones within the substudy. These
incentives were structured to encourage engagement without
coercion, according to institutional review board guidelines,
and the details were explicitly communicated during the consent
process.

Results

Demographic Data
Participants were drawn from diverse demographic backgrounds,
with representation across different age groups, racial and ethnic
categories, and geographic locations. Among the 5617
participants enrolled in the study, 3922 (69.8%) opted to share
demographic information. Participants younger than 35 years
comprised 48.5% (2723/5617) of the cohort, while 19.3%
(1083/5617) were 35 years or older. Age data were missing for
32.2% (1811/5617) of participants.

Regarding ethnicity, 14% (788/5617) of participants reported
identifying as Hispanic or Latina, while 55.8% (3134/5617) did
not. Ethnicity data were missing for 30.2% (1695/5617) of
participants. Racial backgrounds included 0.9% (52/5617)
identifying as American Indian or Alaska Native, 1.9%
(105/5617) as Asian, 13.7% (770/5617) as Black or African
American or African, and 38.7% (2175/5617) as White. In
addition, 8.5% (478/5617) identified as Hispanic, Latina, or
Spanish without specifying another race, 0.2% (9/5617) as
Native Hawaiian or Other Pacific Islander, and 5.9% (333/5617)
as multiple races. Racial data were missing for 30.2%
(1695/5617) of participants.

Geographic distribution based on zip code at the time of study
enrollment showed that 11.3% (635/5617) of participants
residing in the Northeast, 29% (1630/5617) in the South, 15.7%
(880/5617) in the Midwest, and 15.2% (853/5617) in the West.
Only 0.4% (22/5617) resided in the Pacific region, and less than
0.1% (6/5617) were from Puerto Rico. Geographic data were
missing for 28.4% (1594/5617) of participants.

Education levels varied, with 12.5% (703/5617) of participants
reporting a graduate or postgraduate degree, 18.9% (1063/5617)
holding a college degree, and 6.1% (342/5617) reporting some
college or technical school education. High-school graduates
or those with General Educational Development attainment
accounted for 27.5% (1545/5617), while 6% (337/5617) reported
not completed high school. Education data were missing for
29% (1627/5617) of participants.

Access to maternity care was categorized based on geographic
location using the March of Dimes Maternity Care Deserts
Dashboard [28]. These data were reported by 62.6% (3520/5617)
of participants, with 58.3% (3276/5617) residing in areas with
moderate access and 4.3% (244/5617) in maternity care deserts
or areas with low access. Access data were missing for 37.3%
(2097/5617) of participants.

Neighborhood disadvantage was assessed using the
Neighborhood Atlas’Area Deprivation Index (ADI). The higher
the ADI value, the less resources the neighborhood has. Among
all participants, 16.4% (919/5617) reported residence in
neighborhoods with an ADI national rank of greater than or
equal to 75, indicating higher levels of deprivation, while 24.6%
(1381/5617), 19.7% (1108/5617), and 10.2% (574/5617) lived
in areas with ADI national ranks between 50-75, 25-50, and
less than 25, respectively. ADI data were missing for 29.1%
(1635/5617) of participants.

Pregnancy and Delivery-Related Characteristics
Among the 5617 participants enrolled in the study, the
pregnancy stage at enrollment varied. Approximately 28.1%
(1578/5617) of participants enrolled during the first trimester,
26.6% (1493/5617) in the second trimester, and 16.2%
(909/5617) in the third trimester. Postdelivery enrollment
accounted for 13.1% (736/5617), while the pregnancy stage at
enrollment was unknown for 16% (901/5617) of participants.

Most participants (3394/5617, 60.4%) reported being pregnant
with one fetus, while 2.2% (121/5617) reported being pregnant
with twins, 0.3% (16/5617) with triplets, and 0.3% (15/5617)
with more than 3 fetuses. According to available data [29],
around 2% to 3% of pregnancies in the United States result in
the birth of triplets or higher-order multiples. The number of
fetuses was not reported for 36.9% (2071/5617) of participants.

Regarding pregnancy history, 6.6% (371/5617) of participants
reported no previous pregnancies, while 13.5% (759/5617),
12.2% (688/5617), 8% (447/5617), 5.8% (328/5617), and 3.2%
(180/5617) reported 1, 2, 3, 4, and 5 previous pregnancies,
respectively. In addition, 4.7% (266/5617) of participants
reported more than 5 previous pregnancies, and 45.9%
(2578/5617) did not provide information on past pregnancies.

When asked about the number of past births, 19.9% (1118/5617)
reported having none, while 16.4% (923/5617), 10.2%
(571/5617), 4.6% (260/5617), 2% (111/5617, 1% (58/5617),
and 0.9% (53/5617) reported 1, 2, 3, 4, 5, and more than 5 births,
respectively. Information on past births was missing for 44.9%
(2523/5617) of participants. Of the 1106 (21.1%) participants
who reported at least one previous pregnancy and a
complication, the most commonly reported pregnancy
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complications were miscarriage (n=637), preterm birth (n=250),
and high blood pressure (n=234).

Participants were seeing a variety of prenatal care providers at
baseline, with 37.5% (2104/5617) reported seeing a physician;
9.9% (555/5617) seeing a midwife; 2.3% (129/5617) seeing a
doula; and smaller proportions seeing other providers such as
nurse midwives (56/5617, 1%) or nurse practitioners (36/5617,
0.6%) or planning home births (9/5617, 0.2%). However, 8%
(447/5617) reported not seeing any prenatal care provider, and
44.7% (2511/5617) did not report their provider.

Mental health treatment at baseline revealed that 3.4%
(189/5617) of participants were being treated for anxiety, 1.8%
(102/5617) for depression, and 9.8% (550/5617) for both anxiety
and depression, while 40.9% (2297/5617) reported receiving
no treatment. This information was missing for 44.2%
(2480/5617) of participants. In addition, 51.4% (2889/5617) of
participants reported taking medications or supplements at
baseline, 4.6% (261/5617) reported taking none, and 44%
(2469/5617) did not report this information. Among the 1449
(25.8%) participants who reported at least one prepregnancy
condition, the three most common were COVID-19 (n=781),
endometriosis (n=316), and a sexually transmitted illness
(n=217).

Regarding family medical history, 9.2% (517/5617) of
participants reported having a family member diagnosed with
conditions or diseases during childhood, while 46.3%
(2603/5617) did not, and 44.5% (2497/5617) did not provide
this information. Of the 9.2% (517/5617) of participants that
reported themselves, the baby’s second biological parent, or
anyone in their family having ever had any conditions or
diseases diagnosed when they were a baby or in early childhood,
the three most common diagnoses were heart defect (n=83),
chromosome genetic disorder (n=58), and sickle cell disease or
trait (n=21).

For delivery outcomes, 15.1% (849/5617) of participants
reported giving birth, 0.9% (52/5617) reported a pregnancy loss,
and 0.2% (12/5617) reported stillbirths. Delivery type
information showed that 9.1% (512//5617) reported having
spontaneous vaginal deliveries, 2.9% (163/5617) had unplanned

cesarean sections, and 2.1% (117/5617) had planned cesarean
sections. Forceps deliveries were reported by 0.1% (6/5617),
vacuum extractions by 0.4% (20/5617), and vaginal births after
cesarean by 0.4% (27/5617). Delivery type was not reported by
83.8% (4709/5617) of participants.

Finally, 14.4% (807/5617) of participants reported delivering
in a hospital, 0.4% (22/5617) at home, and 0.3% (18/5617) in
birthing centers. Delivery location data was unknown for 84.9%
(4768/5617) of participants.

Engagement Trends and Survey Completion
The PowerMom platform collected a total of 17,123 individual
surveys from 5617 pregnant and postpartum participants across
all 50 US states, Puerto Rico, and Guam. Of the 5617
participants who completed the initial Screener Survey, 4031
(71.76%) completed the Intake Survey and 3148 (56.04%)
completed the Health History Survey, which were the two
baseline surveys administered. There were 1514 (26.95%)
participants who completed at least one biweekly Health and
Wellbeing Survey; 913 (16.25%) who completed the Delivery
Survey; and 697 (12.41%) who completed the Postpartum
Survey, which assessed mental health and was sent 6-8 weeks
after the participant’s reported delivery date.

Fraudulent Behavior
Fraud detection was an essential part of maintaining data
integrity. Metrics such as unusually short completion times for
eConsent or surveys, duplicate IP addresses, and repetitive data
patterns were flagged. 580 of the flagged cases were determined
to be fraud and excluded.

Enrollment Trends
Enrollment rates varied significantly from the platform’s launch
in 2021 through 2024. In the first year of PowerMom’s launch,
70 participants were enrolled, with an average of 2.6 participants
per week. As recruitment methods were refined and partnerships
with pregnancy apps such as Philips Pregnancy+ and Mae Health
were formed, the average enrollment rate increased substantially,
reaching an average of 93 participants per week by 2024. Table
1 shows the enrollment trends by year, with a clear rise in
participant engagement.

Table 1. Participant enrollment rates for the PowerMom study over time.

Rate (per week)Rate (per month)Total participants (per year), nYear

3.615.7552021 (starting on September 15, 2021)

9.340.14812022

34.1147.617712023

99.4427.133102024 (ending on August 22, 2024)

Wearable Device Data
Of the 5617 participants, 1168 (20.8%) elected to share data
from their wearable devices. The distribution of device use is
as follows: 54.1% (632/1168) from Fitbit, 40.6% (474/1168)
from Apple HealthKit, and 5.3% (62/1168 participants) from
Google Fit. A total of 378,624 daily measurements were
collected from participants, covering activity levels, sleep
duration, and resting heart rate. These real-time biometric data

points provide a detailed, continuous view of participants’health
throughout their pregnancy journey.

EHR Data
Connecting EHR data was optional for PowerMom participants.
A total of 96 (1.7%) participants chose to connect their EHR
with the PowerMom platform, providing 276 distinct data points.
These data points included diagnosis codes, lab results,
medications, and procedures.
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Table 2 presents the summary of the demographic, geographic,
and access-to-care data for 5617 participants enrolled in the
PowerMom study (2021-2024). The table includes age
distribution, Hispanic or Latina identification, racial background,
education levels, geographic regions (eg, Northeast and
Midwest), and levels of access to maternity care based on the
March of Dimes Maternity Care Deserts Dashboard. Data also
include neighborhood deprivation as assessed by the ADI.
Missing data are reported for each category.

Table 3 presents a summary of baseline health history and
pregnancy-related characteristics for 5617 participants enrolled
in the PowerMom study. The table includes pregnancy stage at
enrollment, number of fetuses, previous pregnancies and births,
prenatal care providers, and medication or supplement usage at

baseline. In addition, the table details conditions such as
prepregnancy and past pregnancy complications, mental health
treatment (anxiety and depression), and family disease history.
Delivery outcomes, types, and locations are also reported.
Missing or unknown data percentages are indicated for each
category to account for variability in reporting.

Table 1 presents participant enrollment rates for the PowerMom
study, displayed by year. The table reports the total number of
participants enrolled each year, along with calculated monthly
and weekly enrollment rates. These trends highlight substantial
increases in recruitment efficiency, particularly in 2023 and
2024, reflecting the impact of enhanced outreach strategies and
platform optimization.
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Table 2. Demographic and regional characteristics of PowerMom participants.

Values (N=5617), n (%)Characteristics

Age category (years)

2723 (48.5)<35

1083 (19.3)≥35

1811 (32.2)Missing

Hispanic or Latina

788 (14.0)Yes

3134 (55.8)No

1695 (30.2)Missing

Racial background

52 (0.9)American Indian or Alaska Native

105 (1.9)Asian

770 (13.7)Black or African American or African

478 (8.5)Hispanic, Latina, or Spanish (no other race and ethnicity specified)

9 (0.2)Native Hawaiian or Other Pacific Islander

2175 (38.7)White

333 (5.9)Multiple races

1695 (30.2)Missing

Region

635 (11.3)Northeast

1630 (29.0)South

880 (15.7)Midwest

853 (15.2)West

24 (0.4)Pacific

1 (<0.1)Puerto Rico

1594 (28.4)Missing

Education

703 (12.5)Graduate or postgraduate degree

1063 (18.9)College degree

342 (6.1)Some college or technical school

1545 (27.5)High school graduate or GEDa (grade 12)

337 (6.0)Some high school (grades 9-11)

1627 (29.0)Missing

Level of access to maternity care

3276 (58.3)Moderate access to care/access to maternity care

244 (4.3)Maternity care desert/low access to care

2097 (37.3)Missing

Neighborhood Atlas’s ADIb

919 (16.4)≥75

1381 (24.6)≥50 and <75

1108 (19.7)≥25 and <50

574 (10.2)<25
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Values (N=5617), n (%)Characteristics

1635 (29.1)Missing

aGED: General Educational Development.
bADI: Area Deprivation Index.
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Table 3. Health history and pregnancy characteristics of PowerMom participants.

Values (N=5617), n (%)Characteristics

Pregnancy stage at enrollment

1578 (28.1)First trimester

1493 (26.6)Second trimester

909 (16.2)Third trimester

736 (13.1)Post delivery

901 (16.0)Unknown

Number of fetuses

3394 (60.4)1

121 (2.2)2

16 (0.3)3

15 (0.3)>3

2071 (36.9)Unknown

Number of past pregnancies

371 (6.6)0

759 (13.5)1

688 (12.2)2

447 (8.0)3

328 (5.8)4

180 (3.2)5

266 (4.7)>5

2578 (45.9)Unknown

Number of past births

1118 (19.9)0

923 (16.4)1

571 (10.2)2

260 (4.6)3

111 (2)4

58 (1)5

53 (0.9)>5

2523 (44.9)Unknown

Prenatal care providers seen at baseline

129 (2.3)Doula

9 (0.2)Homebirth

2104 (37.5)Physician

555 (9.9)Midwife

56 (1)Nurse midwife

36 (0.6)Nurse practitioner

237 (4.2)Obstetrician

143 (2.5)Other

447 (8.0)None

2511 (44.7)Unknown

Taking medications or supplements at baseline
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Values (N=5617), n (%)Characteristics

261 (4.6)No

2887 (51.4)Yes

2469 (44.0)Unknown

Receiving anxiety or depression treatment at baseline

550 (9.8)Anxiety and depression

189 (3.4)Anxiety only

102 (1.8)Depression only

2296 (40.9)Neither

2480 (44.2)Unknown

Parent or familial childhood condition or disease history

2603 (46.3)No

517 (9.2)Yes

2497 (44.5)Unknown

Prepregnancy condition

1699 (30.2)No

1449 (25.8)Yes

2469 (44.0)Unknown

Past pregnancy complication

1575 (28.0)No

1106 (19.7)Yes

371 (6.6)Not applicable

2565 (45.7)Unknown

Pregnancy completion

849 (15.1)Gave birth

52 (0.9)Pregnancy ended

12 (0.2)Stillbirth

4704 (83.7)Unknown

Delivery type

5 (0.1)Forceps delivery

64 (1.1)Not applicable

117 (2.1)Planned cesarean section

512 (9.1)Spontaneous vaginal delivery

4709 (83.8)Unknown

163 (2.9)Unplanned C-section

27 (0.5)VBACa

20 (0.4)Vacuum extraction

Delivery location

18 (0.3)Birthing center

22 (0.4)Home

807 (14.4)Hospital

2 (0)Other
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Values (N=5617), n (%)Characteristics

4768 (84.9)Unknown

aVBAC: vaginal births after cesarean.

Discussion

Overview
The PowerMom platform is a dynamic research tool designed
to capture and store maternal health data, enabling the analysis
of longitudinal and episodic data across all stages of pregnancy.
This includes survey responses, EHR, and wearable sensor data
from pregnant and postpartum individuals. PowerMom’s ability
to collect data from participants across all 50 US states, Puerto
Rico, and Guam has facilitated the creation of a diverse dataset.
The breadth and depth of these data allow for a detailed
exploration of individual variations in pregnancies, helping
researchers understand how these variations affect both maternal
and fetal health. PowerMom’s data collection supports advanced
analytical approaches, including trend analysis, comparative
studies, and machine learning techniques. This enables the
platform to explore patterns and associations between different
maternal health factors, including demographic variables, health
behaviors, and outcomes, offering insights that can inform
personalized approaches to maternal care.

Principal Findings
The PowerMom platform successfully engaged a diverse cohort
of 5617 participants across all 50 US states, Puerto Rico, and
Guam, demonstrating its effectiveness as a scalable tool for
maternal health research. Of the 5617 participants, 3922 (69.8%)
shared demographic data, revealing meaningful representation
across age, racial and ethnic categories, and geographic regions.
Nearly half (2723/5617, 48.5%) of participants were younger
than 35 years, while 19.3% (1083/5617) were 35 years or older.
Participants identifying as Black or African American accounted
for 13.7% (770/5617) of the cohort, while Hispanic or Latina
individuals represented 14.0% (788/5617). These data
underscore the platform’s success in reaching historically
underrepresented populations in maternal health research.

Recruitment efforts improved significantly over time, with
enrollment increasing from 55 participants in late 2021 to 3310
in 2024. By 2024, the platform reached an average enrollment
rate of 99.4 participants per week, reflecting the impact of
enhanced recruitment strategies and partnerships with apps such
as Philips Pregnancy+ and Mae Health.

Comprehensive data collection was achieved through surveys,
wearable devices, and EHR integration. A total of 17,123
surveys were completed across the cohort. The initial Screener
Survey had a completion rate of 100%. However, subsequent
surveys saw a decline in completion rates: 71.8% (4033/5617)
for the Intake Survey, 56.0% (3145/5617) for the Health History
Survey, and 12.4% (697/5617) for the Postpartum Survey. These
trends highlight the need for strategies to sustain participant
engagement over time.

Wearable device data were provided by 1168 participants,
yielding more than 378,000 daily biometric measurements,

including activity levels, sleep duration, and resting heart rate.
These continuous data provide a granular, real-time view of
maternal health throughout pregnancy and postpartum stages.
In addition, 96 participants connected their EHRs to the
platform, contributing 276 distinct data points, such as
diagnoses, medications, and laboratory results. The rationale
for the low EHR connection rate was not a metric of our study.
However, we observed that the low willingness to share EHR
data among participants (1.7%) is consistent with findings in
the literature, such as the study by Kim et al [30]. Key factors
cited in that study include privacy concerns, the lack of trust in
data-sharing platforms, and technical challenges in linking
EHRs. In addition, the demographic diversity within the cohort
may have contributed to this hesitancy, as some populations
with historical mistrust of health care systems might have been
more hesitant to share sensitive information. Understanding
these barriers is critical for future studies aiming to integrate
EHR data more comprehensively.

The analysis of pregnancy and delivery-related characteristics
further enriched the dataset. Approximately 28.1% (1578/5617)
of participants enrolled during the first trimester, and 15.1%
(849/5617) completed their pregnancies during the study period.
Delivery data revealed that 9.1% (512/5617) of participants
reported experiencing spontaneous vaginal births, while 2.1%
(117/5617) and 2.9% (163/5617) underwent planned and
unplanned cesarean deliveries, respectively. Mental health data
indicated that 14.9% of participants reported receiving treatment
for anxiety or depression at baseline.

Despite the platform’s successes, notable data gaps were
observed, including missing demographic information (eg, age
data missing for 1811/5617, 32.2% of participants) and survey
attrition. Due to attrition, only 15.1% (849/5617) of participants
reported completing their pregnancies within the study period,
limiting delivery-related analyses. These findings highlight both
the potential and challenges of using digital platforms for
maternal health research.

Comparison With Previous Work
The PowerMom platform builds upon lessons learned from our
earlier digital pregnancy study, the Healthy Pregnancy Study
[31]. The Healthy Pregnancy Study was embedded within a
pregnancy app, allowing for seamless recruitment and the
enrollment of more than 4000 participants. The study generated
more than 14,000 individual surveys and more than 107,000
daily health measurements, including sleep, activity, and heart
rate. The Healthy Pregnancy Study also highlighted key
disparities in maternal health care access and treatment. For
example, Black and rural participants reported lower use of
prenatal vitamins, antiemetics, and antidepressants compared
with their non-Black and urban counterparts [32]. PowerMom
sought to build on these findings by enabling widespread
participation from underrepresented communities and offering
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valuable insights into how structural and health care factors
affect maternal health outcomes.

Challenges Encountered

Substudy Enrollment Challenges
PowerMom’s foundational protocol allows for the integration
of additional substudies targeting specific research questions.
However, when substudies have additional eligibility criteria,
ensuring that participants can easily meet those criteria can be
challenging. For example, incomplete baseline surveys or unmet
eligibility criteria can hinder participant enrollment in
substudies. Streamlining the baseline survey process and
providing clear prompts for participants to join substudies have
proven to be effective strategies in minimizing these challenges
and boost substudy engagement.

Fraudulent Activity
One unexpected challenge during one of the PowerMom
substudies was the fraudulent redemption of gift cards offered
as participation incentives. The platform’s automated system
was exploited by 580 participants who enrolled fraudulently to
claim gift cards, leading to a rapid spike in enrollment in both
the baseline study and PowerMom Connect. To counter this,
we introduced anomaly detection measures, including
monitoring the time taken to complete eConsent and flagging
participants with irregular patterns of completion. These
measures successfully curtailed fraudulent activity. Future
studies should incorporate automated fraud detection tools from
the outset to prevent disruptions.

Attrition in Survey Completion
Participant attrition in completing surveys over time remains a
key limitation of the PowerMom platform. While initial survey
completion rates were high, subsequent surveys saw lower
completion rates, potentially due to participant fatigue or
competing priorities. Enhanced engagement strategies, such as
personalized incentives, interactive content, and dynamic
reminders, are needed to reduce participant burden and improve
survey retention in future studies.

Limitations
While the PowerMom platform leverages decentralized and
digital approaches to reach a large and diverse population, it is
not without limitations. Despite the increasing penetration of
smartphones in the United States (with 92% of adults owning
a smartphone as of 2023 [33]), there remain disparities in
broadband access and digital literacy, particularly in rural areas
and among lower-income populations. These barriers may
prevent certain individuals from participating fully in a purely
digital, mobile-based platform. However, PowerMom’s
decentralized design mitigates the need for participants to live
near academic medical centers. Therefore, increasing access to
maternal health research for those in remote or underserved
areas.

In addition, as noted in the Attrition in Survey Completion
section, participant attrition in survey completion remains a
challenge for longitudinal studies such as PowerMom. Ensuring

sustained engagement throughout pregnancy and postpartum
periods is critical for comprehensive data collection.

Lessons Learned
The relaunch of PowerMom in 2021 highlighted several key
lessons for future digital health studies:

1. Scalability and adaptability: The platform’s scalability and
adaptability have proven essential in accommodating
diverse participant needs. Culturally tailored outreach
strategies and bilingual interfaces were particularly
successful in engaging historically underrepresented
populations.

2. Continuous data collection: The ability to collect real-world,
continuous data from wearables and EHR systems provides
a comprehensive view of maternal health that surpasses
traditional, episodic clinic visits. This real-time data
collection allows for more precise tracking of health
changes over time.

3. Fraud detection and prevention: The experience of dealing
with fraudulent activity emphasized the importance of
implementing robust anomaly detection systems to protect
the integrity of participant data and incentives. Future
studies should incorporate automated fraud detection tools
from the outset to avoid disruptions.

4. Participant retention: Attrition in survey completion is a
challenge in longitudinal digital health studies. Future
studies should incorporate strategies to maintain participant
engagement, such as personalized incentives, interactive
content, or dynamic reminders, which may help reduce
participant fatigue and improve data completeness.

Conclusions
The PowerMom platform has demonstrated its potential as an
innovative, scalable, and inclusive maternal health research
tool. By leveraging decentralized, mobile-based recruitment
and data collection, PowerMom successfully engaged a diverse
cohort of 5617 participants across all 50 US states, Puerto Rico,
and Guam. The platform achieved representation across critical
demographic groups, including underrepresented racial and
ethnic populations and individuals residing in areas with limited
access to maternity care. Despite the platform’s successes,
challenges such as survey attrition, missing data, and fraudulent
activity underscored the importance of implementing robust
engagement and data quality strategies in future digital health
studies.

Looking ahead, PowerMom’s flexible and scalable architecture
positions it as a transformative model for maternal health
research. By continuing to enhance participant engagement
strategies and expanding data collection capabilities to include
genomic, environmental, and social determinants of health,
PowerMom can generate actionable insights to address maternal
health disparities. Ultimately, this platform represents a
significant step toward improving maternal health outcomes,
promoting health equity, and empowering diverse populations
to actively participate in research that directly impacts their
care.
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Multimedia Appendix 1
Participant flow and in-app surveys from the PowerMom study, conducted between 2021 and 2024. This figure illustrates the
step-by-step flow of participants from recruitment through study completion, including survey engagement. Surveys captured
demographic, health history, and pregnancy-related data at various stages, leveraging the PowerMom app's user-friendly interface
to enhance participant engagement and data collection.
[DOCX File , 12642 KB - formative_v9i1e70149_app1.docx ]
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Abstract

Background: Therapy-accompanying mental health apps can play an important role in the psychotherapeutic treatment of
adolescents. They can enhance adolescents’ engagement and autonomy, provide immediate support in critical situations, and
positively influence the therapeutic working alliance. Nevertheless, mental health apps are rarely used by psychotherapists.
Furthermore, due to the limited or nonexistent use of apps in psychotherapy, little is known about the actual barriers and drivers
affecting their integration into psychotherapists’ daily routines. To better understand how mental health apps should be designed
for practical use, it is essential to explore psychotherapists’ perspectives on key app features and characteristics, as well as the
factors influencing their integration into clinical practice.

Objective: This study aims to analyze which app features and characteristics are essential for psychotherapists to use a mobile
app in psychotherapy with adolescents and to identify the key drivers and barriers influencing the integration of a psychotherapeutic
app from the psychotherapists’ perspectives.

Methods: We conducted 3 feasibility studies using Steps, a transdiagnostic, therapy-accompanying app for adolescents, across
3 different psychotherapeutic treatment contexts: inpatient treatment, treatment in psychiatric outpatient clinics, and outpatient
treatment with psychotherapists in private practice. All studies followed a qualitative quasi-experimental design. Participants
provided information on their age, occupation, years of work experience, media affinity, attitudes toward psychotherapeutic apps,
perceived app quality and feasibility, and the implementation process of the therapy-accompanying app. Qualitative data were
analyzed using deductive qualitative content analysis. A total of 40 mental health professionals participated across the 3 studies
(study 1: n=18; study 2: n=13; study 3: n=9).

Results: Study participation and app usage rates were low across all studies. Six core features for a transdiagnostic,
therapy-accompanying app were identified: mood checks, library, reminders, goals and tasks, emergency kit, and questionnaires.
Additionally, the integration of mental health apps into daily routines was influenced by various drivers and barriers. The most
significant barriers included technological issues and practical constraints, such as limited time and resources. The most important
driver was the perceived improvement in treatment quality.

Conclusions: Overall, psychotherapists were generally open to using a therapy-accompanying mental health app. However,
study participation and app usage remained low. As psychotherapists act as gatekeepers for patients’ use of mental health apps,
their needs should be prioritized in the development and implementation of such apps.

Trial Registration: German Clinical Trials Register DRKS00031258; https://drks.de/search/en/trial/DRKS00031258/details
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Introduction

Background
There is a high risk of developing mental disorders during
adolescence, which may persist into adulthood [1-3]. According
to the World Health Organization (WHO), one in seven 10- to
19-year-olds experiences a mental disorder [4]. In addition, the
rates of treatment nonresponse and therapy dropout are high
among adolescents [5-7]. A promising way to address these
challenges in psychotherapeutic care is the use of
therapy-accompanying mental health apps (MHAs) [8-10]. At
the latest, the pandemic has demonstrated that MHAs can play
an important role in the psychotherapeutic treatment of
adolescents [11-13] and are widely accepted by them [11,14,15].

Therapy-accompanying MHAs are used as an adjunct to
psychotherapy [16]. They can offer specific manualized
treatments or therapy tools that can be individually incorporated
into psychotherapy [17,18]. The majority of available MHAs
focus on specific disorders rather than a transdiagnostic therapy
approach [12,17-19]. However, most MHAs have demonstrated
the potential to provide transdiagnostic support beyond their
primarily targeted disorder, as each contains fundamentally
transdiagnostic features [18,20,21]. Additionally, to date, all
therapy-accompanying apps have been designed for outpatient
treatment [16,18]. To the best of our knowledge, no MHA has
been specifically designed for inpatient treatment.

Therapy-accompanying MHAs offer several advantages in
adolescent psychotherapy. They can enhance engagement [8-10]
and promote greater autonomy [22,23]. Moreover, MHAs
provide immediate support in critical situations, such as
self-harm or acute suicidal ideation [16]. As a result, adolescents
experience increased self-efficacy and improved therapeutic
transfer to everyday life [8,16,17]. Furthermore, MHAs can
have a beneficial influence on the therapeutic working alliance
[8]. For psychotherapists, MHAs can facilitate documentation
and monitoring of therapeutic progress, as well as

communication with patients [24]. Another important aspect of
integrating MHAs into psychotherapy is their effectiveness
[24,25]. Previous research has shown that MHAs, in general,
are effective in adolescent psychotherapy [18,26-35].

Although there are many reasons to use MHAs as an adjunct
to psychotherapy with adolescents, they are rarely utilized by
psychotherapists [24,36-41]. In 2019, only 9% of German health
care professionals had tried an MHA in their psychotherapeutic
practice [24]. The COVID-19 pandemic led to a slight increase
in usage [37,39]; however, adoption remains low, with only
29% of German health care professionals reporting that they
have used an app in their practice [39]. This raises the question:
“Where does the discrepancy between the perceived benefits
of MHAs and their limited use in psychotherapy originate?”

To better understand this discrepancy, it is essential to identify
the factors associated with the integration of MHAs into
psychotherapists’ working routines. Feijt et al [42] developed
a model to explain the factors influencing psychotherapists’use
of e-mental health: the Levels of Adoption of e-Mental Health
(LAMH) model. This model categorizes influencing factors
into different domains, including general characteristics,
perceived drivers and barriers, and requirements for change.
All factors are categorized according to different levels of
e-mental health usage. The authors distinguish 5 levels of use,
ranging from “no use” (level 1) to “innovative use” (level 5).
According to previous research [24,39], psychotherapists
generally fall between level 1 (no use) and level 3 (passive
users) in their use of MHAs [42]. Consequently, our study
focuses on the lower levels of adoption (levels 1-3), excluding
level 4 (active use) and level 5 (innovative use). The selection
of general characteristics, perceived drivers and barriers, and
requirements for change mentioned in Feijt et al’s [42] is based
on qualitative research results. Nevertheless, these factors have
also been identified in other studies [9,24,25,39,43-48]. The
LAMH model, adapted for this study and supplemented by our
findings, is presented in Figure 1. It also includes corresponding
references for each factor in the adapted LAMH model.
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Figure 1. Levels of Adoption of e-Mental Health (LAMH) adapted for mental health app (MHA) use (aLAMH). The model is adapted from the LAMH
model of Feijt et al. Factors that are marked with an "a" were added to the original model based on the current study results. Factors mentioned in study
1 are marked with "b"; factors mentioned in study 2 are marked with "c"; and factors mentioned in study 3 are marked with "d." The factors in the model
were also mentioned in other studies as relevant association factors with psychotherapists' mental health app use.

Like the development of the LAMH model, previous research
on drivers and barriers has primarily focused on the theoretical
perspectives of psychotherapists [9,24,44,45,47]. Furthermore,
due to the limited or nonexistent use of apps in psychotherapy
[37,39], little is known about the actual barriers and drivers
influencing the integration of MHAs into psychotherapists’
working routines. Therefore, gaining a more practical
understanding of these factors is essential.

In addition to questions about potential drivers and barriers to
MHA integration, the design and features of MHAs may play
a crucial role in psychotherapists’ use of these apps. What if
psychotherapists do not use MHAs because the available apps
do not sufficiently meet the needs of adolescent

psychotherapeutic treatments? To better understand how MHAs
should be designed for actual use in psychotherapists’ working
routines, it is essential to explore their perspectives on the key
features and characteristics of therapy-accompanying MHAs.

Objectives
This study aims is to investigate how a therapy-accompanying
MHA should be designed for successful integration into
adolescent psychotherapy across different psychotherapeutic
contexts. To assess psychotherapists’ perspectives in a more
practical way, we conducted a needs evaluation within the initial
feasibility pilot testing of a transdiagnostic,
therapy-accompanying app for adolescents in 3 different
treatment settings: inpatient treatment, psychiatric outpatient
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clinics, and outpatient treatment with private practice
psychotherapists. We analyzed the essential app features and
characteristics required for psychotherapists to use an MHA in
adolescent psychotherapy, as well as the key drivers and barriers
influencing its integration from the psychotherapists’
perspectives.

Methods

Overview
Three feasibility studies were conducted in different settings
using the transdiagnostic, therapy-accompanying app Steps.
The app was designed as an adjunct to regular psychotherapeutic
treatment for adolescents. It was developed through a
participatory process by Circumradius GmbH and the Protestant

Hospital Bethel in Bielefeld. Steps offered interconnected
versions for both patients and their psychotherapists. While
patients used the Steps app on their own Android-based
smartphones, psychotherapists accessed a web-based version
(see Figures 2 and 3). The app included various transdiagnostic
features (Table 1). For implementation, psychotherapists were
not required to follow specific usage rules or treatment manuals;
they could independently decide to what extent they wanted to
integrate the app into their psychotherapy sessions. All studies
followed a qualitative quasi-experimental study design. In all
studies, data were collected from both psychotherapists and
patients. However, due to the objectives of this article and the
comprehensiveness of the collected data, patient data were not
included in the current analyses. Additionally, only methods
and results relevant to this analysis are reported in this article.

Figure 2. Screenshots of different app features of the patient version of the app Steps: goals and tasks (left), emergency kit (center), and the main
therapy goal (right).
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Figure 3. Displays of different app features of the web-based psychotherapist version of the app Steps: list of skills in the emergency kit (left) and
goals and tasks (right).

Table 1. Overview of the provided app features in the therapy-accompanying and transdiagnostic app Steps for adolescent psychotherapy.

DescriptionApp feature

Mood checks • Psychotherapists can customize mood checks for patients (type and number of items, response format,
frequency of queries).

• Patients are prompted and reminded by the app to complete the mood checks.
• In the psychotherapist version, a graphical overview of the mood checks is available.

Main therapy goal • Patients can record what they want to achieve through their psychotherapy.
• Photos can be uploaded to visualize patients’ therapy motivation.

Intermediate therapy goals • Intermediate therapy goals can be set to structure or visualize therapy progress.
• Patients can complete individual tasks to achieve intermediate goals.

Tasks • Psychotherapists can set tasks for their patients, for example, to complete between therapy sessions.
• When patients have completed a task, they receive an automated reflection query. Therapists can directly

access the information entered and easily refer to the situation-related information in the next therapy
session.

Logbook • Mood checks done by patients are saved in the logbook.
• Patients can also create free logbook entries to record important events, or to document the therapy

progress.

Questionnaire manager • Psychotherapists can set up questionnaires for their patients to complete directly in the app.
• Questionnaires can be customized by psychotherapists (type and number of items, response format, and

frequency of queries).
• Answers to questionnaires can be downloaded directly in the psychotherapist version.

Emergency kit • Skills and emergency contacts can be saved in the emergency kit.
• Skills are sorted according to stress levels from 1 (low stress) to 10 (maximum stress).
• Photos, home page links, or address details can be added to skill entries.
• Optional: activation of queries for analysis of undesirable behavior (eg, nonsuicidal self-injuries).

Design and Procedure
The first study examined the feasibility of using Steps in
inpatient treatment for adolescents. Adolescents admitted as
inpatients who consented to participate in the study received a
clinic-owned smartphone for their treatment. This smartphone
included the Steps app along with other treatment-relevant apps
and was available for use throughout their entire treatment
period. The entire staff of the adolescent ward was trained in
app usage and instructed to integrate Steps into the treatment
process. All employees were invited to participate in the study

on a voluntary basis. Psychotherapists completed a baseline
survey at the start of their participation and a follow-up
questionnaire at the end of the data collection period. For other
employees, all questions were consolidated into a single survey
conducted at the end of the project. Additionally, 4 employees
participated in qualitative interviews assessing the app’s quality
and the implementation process of Steps.

The second study was conducted in psychiatric outpatient
clinics. All staff members from the participating clinics were
invited to take part. Based on the participation challenges
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encountered in the first study, psychotherapists were offered 2
options for participation: (1) actively using the app in treatment
with adolescents and providing feedback on their experiences,
or (2) providing feedback on Steps after a brief introduction
without directly using the program. Each participant received
individual app training to familiarize themselves with the app
and its application in therapy. If psychotherapists incorporated
the app into their treatment, participating patients were required
to install Steps on their own smartphones. If needed, adolescents
could borrow a clinic-owned smartphone for study participation.
Data were collected from participating employees at the start
of their study involvement and again at the end of the data
collection period using the open-source online survey tool
LimeSurvey (LimeSurvey Team) [49]. The study was
preregistered in the German Clinical Trials Register
(DRKS00031258).

The third study was conducted with psychotherapists in private
practice. Interested psychotherapists were recruited through the
Association of Child and Adolescent Psychotherapists of East
Westphalia-Lippe. The study procedure was consistent with
that of the second study, with one difference: data for the second
assessment were collected through qualitative interviews.

Ethical Considerations
All 3 studies received positive ethical approvals. Studies 1 and
2 were approved by the Ethics Committee of the Medical
Association of Westphalia-Lippe (approval numbers
2020-878-f-S and 2022-528-f-S, respectively). Additionally,
study 2 was approved by the Ethics Committee II of the

University of Heidelberg (approval number 2022-643) and the
Ethics Commission of the Faculty of Medicine at the University
of Cologne (approval number 23-1026_1). Study 3 was approved
by the Ethics Committee of Bielefeld University (approval
number EUB-2023-050). In all 3 studies, participants received
detailed study information sheets outlining the study procedures,
research aims, and data protection guidelines. Participation was
voluntary and confidential. Psychotherapists signed informed
consent before their participation. To ensure data security, all
participant data were collected in a pseudonymized manner.
Personal data (eg, contact details or audiotapes) were stored
separately from the pseudonymized data. Audiotapes of the
qualitative interviews were transcribed. Once data analysis is
complete, the audiotapes will be destroyed, and the data will
be anonymized. Participants did not receive any compensation.
This study followed the COREQ (Consolidated Criteria for
Reporting Qualitative Research) checklist for study
conceptualization, data analysis, and reporting.

Participants
A total of 40 mental health professionals participated in the 3
studies. Sample characteristics varied based on the treatment
context. In study 1, participants included 18 employees from a
psychiatric ward for adolescents at a German clinic specializing
in child and adolescent psychiatry and psychotherapy. In study
2, 13 employees from 3 different psychiatric outpatient clinics
in Germany took part. In study 3, 9 psychotherapists in private
practice who treated adolescents aged 12-18 years were
included. Detailed sample characteristics are presented in Table
2.

Table 2. Overview of the sample characteristics presented separately for each study context.

Study 3: Psychotherapy in private prac-
tices (n=9 participants)

Study 2: Psychiatric outpatient clinics
(n=13 participants)

Study 1: Inpatient treatment (n=18
participants)

Sample characteristics

Included occupational
groups

••• Psychotherapists (n=9)Psychotherapists (n=9)Psychotherapists (n=3)
• •Specialist therapists (eg, music

therapists, n=3)
Psychologist without further
training (n=1)

•• Assistant doctors (n=3)Nursing professionals (n=11)
• Youth volunteer (n=1)

Age (years), mean (SD);
range

••• 54.44 (13.79); 33-7235.15 (9.05); 27-6132.50 (9.59); 22-62

Work experience (years),
mean (SD); range

••• 23.44 (14.34); 6-406.08 (5.12); 2.33-16.428.33 (9.46); 0.60-40.50

Measures

Survey Methodology and Questionnaire Design
In all studies, surveys were conducted using self-administered
questionnaires, which included both quantitative and qualitative
questions. Participants provided information on their age,
occupation, years of work experience, media affinity, attitudes
toward psychotherapeutic apps, perceived app quality and
feasibility, and the implementation process of Steps. Most
questions were purpose-built. Because of variations in study
contexts and insights gained from previous studies, some
questions and questionnaires differed between the studies.
Detailed differences in the surveys are presented in Multimedia
Appendix 1. In the inpatient treatment context (study 1),

psychotherapists received different questionnaires than other
employees to account for the distinct responsibilities and
working areas of each occupational group.

Media Affinity and Attitudes Toward Psychotherapeutic
Apps
In study 1, media affinity was assessed using the Affinity for
Technology (TA-EG) questionnaire [50]. The TA-EG consists
of 19 items across 4 subscales: enthusiasm for technology,
competence in using technology, perceived positive
consequences of technology, and perceived negative
consequences of technology. Participants rated each item on a
5-point Likert scale from 1 (does not apply at all) to 5 (fully
applies). Subscale scores were calculated as the mean of the
associated items, ranging from 1 to 5 points. The internal
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consistency values for the TA-EG questionnaire are presented
in Table 3. Based on the experiences from study 1 and the
differing working conditions in outpatient therapy settings,
media affinity was assessed differently in studies 2 and 3.
Participants answered self-created questions about the technical
equipment available at their workplace, their use of media and
smartphone apps, and the integration of media into their
psychotherapies. Additionally, in study 3, participants completed

the Affinity for Technology Interaction (ATI) questionnaire
[51], a unidimensional measurement instrument consisting of
9 items. Participants rated each item on a 5-point Likert scale
from 1 (not true at all) to 5 (completely true). The overall ATI
score was calculated as the mean value of all items, ranging
from 1 to 5. The internal consistency of the ATI is presented in
Table 3.

Table 3. Means, SDs, ranges, and reliability coefficients of the questionnaires on media affinity, attitudes toward e-mental health, and app quality from
psychotherapists’ perspectives. The data are presented separately for each study context.

Internal consistencies
(Cronbach α)

Actual scale rangeRangeMean (SD)nQuestionnaire

Study 1

TA-EGa

0.901-51.60-4.402.93 (0.77)18Enthusiasm

0.631-52.50-4.753.42 (0.62)18Competencies

0.571-53.40-4.804.01 (0.37)18Positive consequences

0.831-51.80-4.203.02 (0.63)18Negative consequences

Study 2

uMARSb

0.87-0.90c1-52.77-4.523.75 (0.60)10Overall

0.76-0.82c1-52.70-4.803.76 (0.69)11Engagement

0.70-0.88c1-52.38-5.003.77 (0.85)10Functionality

0.37-0.47c1-53.00-4.583.76 (0.59)10Aesthetics

Study 3

0.921-51.56-4.672.98 (0.99)9ATId

MTPSe

0.421-53.00-4.253.56 (0.46)9Potential to augment psy-
chotherapy

0.781-52.00-4.752.97 (0.85)9Perceived risks

uMARS

0.66-0.82c1-52.55-3.873.52 (0.56)5Overall

0.50-0.82c1-53.00-4.863.79 (0.66)9Engagement

0.57-0.60c1-52.14-4.453.54 (0.90)5Functionality

0.58-0.76c1-52.30-5.003.58 (0.86)9Aesthetics

aTA-EG: Affinity for Technology [50].
buMARS: user version of the Mobile Application Rating Scale [52].
cInternal consistencies of the app Steps (summarized for the app version and the web version of the app).
dATI: Affinity for Technology Interaction [51].
eMTPS: Psychotherapists’ Attitudes Toward Using Modern Technologies in Psychotherapy and Counselling Scale [53].

Given the specific study context of inpatient treatment (study
1), attitudes toward psychotherapeutic apps were assessed using
12 self-created questions based on the Unified Theory of
Acceptance and Usability of Technology (UTAUT) [54] and
an adapted UTAUT questionnaire by Hennemann et al [14].
Participants responded to the items on a 5-point Likert scale,
ranging from 1 (strongly disagree) to 5 (strongly agree). In study

2, the self-created questions were adapted to the outpatient study
context. As a result, attitudes toward psychotherapeutic apps
were measured using a 10-item questionnaire. In study 3,
attitudes toward psychotherapeutic apps were measured using
the Psychotherapists’ Attitudes Toward Using Modern
Technologies in Psychotherapy and Counselling Scale (MTPS)
[52]. The MTPS is a multidimensional self-report questionnaire
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with 16 items across 4 subscales: potential to augment
psychotherapy, psychoeducational value, perceived risks, and
perceived relevance. We included 2 subscales—potential to
augment psychotherapy (eg, “Modern technologies can speed
up the therapeutic process”) and perceived risks (eg, “A stricter
regulation of the content available via modern technologies in
relation to psychotherapy and psychopathology should be
enforced”). Both scales are considered central factors in
practitioners’ attitudes toward technology [52,55].
Psychotherapists rated their agreement with the statements on
a 5-point Likert scale, ranging from 1 (strongly disagree) to 5
(strongly agree). Subscale scores were calculated as the mean
values of the 4 associated items in each subscale, with scores
ranging from 1 to 5. For this study, the MTPS was translated
into German. The quality of the translation was ensured through
multiple forward and backward translations. The internal
consistencies of the subscales are presented in Table 3.

Perceived App Quality and Feasibility
As study 1 was the first evaluation study on Steps, perceived
app quality and feasibility were assessed using purpose-built
open questions, informed by previous evaluation studies
[14,56-58]. The questions focused on app functionality, design,
available features, and aspects of the implementation process
(eg, “Steps makes my therapeutic work easier” or “The use of
Steps fits well into everyday life on the ward”). To obtain a
more distinct and structured assessment of perceived app quality
and feasibility, 4 subscales of the user version of the Mobile
Application Rating Scale (uMARS) [53] were used in studies
2 and 3: engagement, functionality, aesthetics, and subjective
app quality. The uMARS is a self-report questionnaire that was
translated into German for this study, with accuracy ensured
through blind back-translation. Participants rated 17 items on
a 5-point Likert scale (1=totally disagree and 5=fully agree).
They evaluated both the patient version of the app and the
web-based psychotherapist version of Steps. Subscale scores
for engagement, functionality, and aesthetics were calculated
as the mean value of the associated items for each subscale,
ranging from 1 to 5. Five additional questions addressed
subjective app quality (eg, “What is your overall [star] rating
of the app?”). Overall app quality scores for both the app version
and the web version were determined by the mean value of all
items. The internal consistencies are presented in Table 3. In
studies 2 and 3, the feasibility of Steps was assessed using
purpose-built questions based on those used in study 1 but
adapted to the contexts of psychiatric outpatient clinics and
private practice psychotherapists.

Data Analysis
Qualitative interviews from studies 1 and 3 were transcribed.
All qualitative data, including interview transcripts and free-text
responses from the surveys, were analyzed using deductive
qualitative content analysis [59]. An initial set of categories was
developed based on the uMARS and LAMH model before data
analysis began. In the first step, 1 researcher coded the
qualitative data. Following the deductive qualitative content
analysis process described by Cho and Lee [59], data that did
not fit into the predetermined categories were assigned to newly
created categories. The final set of categories for the content

analysis is presented in Multimedia Appendix 2. All qualitative
data were recoded using the complete set of categories.
Following Mayring [60], a second rater coded a subset of the
qualitative data (2 qualitative interviews) to ensure coding
clarity. Any discrepancies between the 2 raters were thoroughly
discussed. The frequency of each category mentioned by
participants, as well as the number of participants who reported
each category, was assessed. Categories were ranked and
reported based on their occurrence. For this publication,
participant quotes from the study were translated into English.
Descriptive quantitative data were analyzed using SPSS version
29.0.0.0 (IBM Corp.).

Results

Study Participation and Attitudes Toward MHAs
Study participation was low across all studies (Table 2). Despite
extensive recruitment efforts, only a few psychotherapists chose
to test the transdiagnostic, therapy-accompanying app Steps as
part of the studies. Additionally, patient participation was low,
and dropout rates were high. Detailed information on study
participation and dropout rates is provided in Multimedia
Appendix 3. In all studies, mental health professionals reported
moderate media affinity and mixed attitudes toward MHAs. In
studies 2 (psychiatric outpatient clinics) and 3 (psychotherapists
in private practice), most psychotherapists had never
recommended MHAs to patients before (study 2: 9/12
participants; study 3: 8/9 participants). Frequencies of the
self-created questions from studies 2 and 3 regarding the
technical equipment available at work, the use of media and
smartphone apps, and the integration of media into
psychotherapies are provided in Multimedia Appendix 3.
Descriptive statistics for the standardized questionnaires used
in the studies are presented in Table 3.

Perceived App Quality and Feasibility of Steps
For inpatient treatment of adolescents, about half of the
participants in study 1 rated the joy of use neutrally (n=10; fun
to use: n=4, not fun to use: n=2) but found Steps helpful for
patients (n=9; undecided: n=5, unhelpful: n=3). However, the
app was rarely used for psychotherapeutic treatment. Almost
all participants agreed that the app did not fit the inpatient
context. Eight participants suggested that Steps might be more
beneficial for outpatient treatments. Correspondingly, 1
participant mentioned using the app for follow-up care after
patient discharge from the clinic.

I could imagine, [Steps] perhaps as a transitional
app [...] to somehow bridge the time before therapy
or as aftercare after therapy. [...] [WI2]

By contrast, for outpatient treatment of adolescents, the majority
of participants expressed interest in continuing to use the app
for some patients after the project ended (study 2—yes, n=9;
no, n=3; and missing, n=1; and study 3—yes, n=7 and no, n=2).
Additionally, most psychotherapists indicated a willingness to
recommend Steps to some colleagues (study 2—few, n=1; some,
n=5; many, n=3; everyone, n=3; and missing, n=1; and study
3—few, n=1; some, n=5; many, n=2; and missing, n=1).
However, while 5 psychotherapists in private practice were
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willing to pay for app use (no, n=4), only 1 participant from the
psychiatric outpatient clinics expressed willingness to pay (no,
n=10). Furthermore, Steps received an average star rating of
3.55 (SD 0.65; range 2.00-4.00; n=11) in study 2 and 3.19 (SD
0.53; range 2.50-4.00; n=8) in study 3. These ratings were
comparable to those of other MHAs [21]. Descriptive statistics
for the uMARS are presented in Table 3.

Essential App Features
In the inpatient setting, the most frequently mentioned feature
was setting therapy goals and tasks (n=4). While
psychotherapists rated this feature as unhelpful and disliked the
emphasis it placed on goals and tasks in the therapy process,
nursing professionals and specialist therapists found it interesting
to use.

I liked the visualization of the therapy process and
successes [through the goals and tasks feature [W18]

The second most frequently mentioned feature in the inpatient
setting was the mood check (n=3). Additionally, setting
reminders was identified as an important feature (n=4), with
participants expressing a desire for greater flexibility.

It should be possible to set a reminder as flexible as
in calendar apps [the current app version provided
periods that were not detailed enough] [W18]

The results from the outpatient therapy settings presented a
different perspective. Employees of psychiatric outpatient clinics
identified mood checks (mentioned 8 times by 5) and the
emergency kit (mentioned 5 times by 5) as the most helpful
features. Additionally, the questionnaire manager was
considered useful for diagnostics if templates were available
(mentioned 4 times by 4). However, participants were unwilling
to spend time digitizing their own questionnaires.

[Providing questionnaires was] far too laborious to
enter them yourself. [C14]

The availability of templates was also highlighted for other app
features. Three participants from psychiatric outpatient clinics
suggested a library feature to provide psychoeducational
materials, tests, skills, or templates for mood checks.
Additionally, psychotherapists in private practices identified
mood checks (n=8), the library (n=8), and the questionnaire
manager as the most helpful features of a therapy-accompanying
app. Additionally, psychotherapists in private practices
highlighted the option to digitize therapy materials (n=8) and
facilitate communication with patients through an app as
particularly helpful. However, the communication feature was
also perceived as challenging. Three psychotherapists expressed
concerns about legal provisions and responsibilities, particularly
in cases where patients might communicate indicators of
suicidality. Furthermore, a chat feature was seen as potentially
leading to an “increased workload that is not practicable” (P1)
for psychotherapists. Similarly, feedback on reminders was
mixed. While the majority of psychotherapists found it a helpful
feature (n=6), 1 psychotherapist noted that it could potentially
contradict therapeutic processes:

I somehow also expect patients to remember
appointments and perhaps manage this well via a
calendar or whatever, and otherwise it’s actually a
good indication of motivation for therapy for me. [P2]

Other app features suggested by psychotherapists in private
practices included a tool for tracking days without nonsuicidal
self-injury, the provision of relaxation exercises, and support
for organizational therapy tasks, such as sending documents or
completing necessary forms and questionnaires. An overview
of the key app features mentioned across the 3 studies is
presented in Figure 4.

Figure 4. Essential app features for a transdiagnostic, therapy-accompanying app mentioned in the different studies. Features mentioned in study 1 are
marked with "a"; features mentioned in study 2 are marked with "b"; and features mentioned in study 3 are marked with "c.".

Essential App Characteristics
Across all study contexts, ease of use and customizability were
identified as crucial app characteristics. Ease of use was
mentioned by several participants in each study (study 1, n=4;
study 2, n=6; and study 3, n=9). Half of the interviewed
participants from the inpatient treatment setting emphasized the
importance of customizability (study 2, n=4 and study 3, n=8).

However, some participants from study 1 highlighted the
benefits of preinstalled therapy tools and materials, such as
activity lists, meditation and relaxation exercises, and
mindfulness practices. Psychotherapists in private practices
particularly valued the ability to adapt the app to different
psychotherapeutic approaches and individual workflows,
considering it a key strength of Steps.
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also open to different psychotherapeutic
approaches...to offer psychotherapists a
tool...that...yes, incorporates modern technologies
into the treatment and makes it usable for both
psychotherapists and patients at the same time, so I
think that’s an advantage of Steps. [P6]

However, the ability to customize the app individually was also
identified as a potential barrier by psychotherapists in private
practices. They noted that digitizing materials and preparing
personalized app usage require additional time. In line with this
concern, 1 participant from the psychiatric outpatient clinics
suggested implementing an easy copy function to facilitate the
creation of custom app content (C1).

In addition, accessibility was highlighted as another crucial app
characteristic. The absence of an iOS version was cited as the
primary reason for not using Steps by 3 practitioners from
psychiatric outpatient clinics and 3 psychotherapists in private
practices. However, 1 participant from the psychiatric outpatient
clinics and 8 out of 9 psychotherapists in private practices
positively emphasized the benefit of both psychotherapists and
patients having individual yet interrelated accounts within Steps.

I also think it’s good that there’s a psychotherapist
app that I can use to control things to a certain extent.
I think it’s good to be able to provide the patient with
materials. Yes, I think so, for now. [P2]

Regarding a therapy-accompanying app for inpatient treatment,
all participants in the qualitative interviews emphasized that
individual access to each professional role is essential (n=4).

Yes, and then I might have had more of a connection
to it [with my access]. So, because I only had access
via the adolescents, it was forgotten a bit quicker
[WI3]

The design was another crucial factor, with 5 participants from
the inpatient therapy setting directly mentioning its importance.
Additionally, 3 out of 4 interviewed participants from study 1
emphasized that design serves as a motivator for usage. In the
outpatient therapy settings, design was also highlighted as
significant. Two practitioners from the psychiatric outpatient
clinics reported feeling less motivated to use Steps due to the
unattractive design of the psychotherapist version. Feedback
on the patient version of the app was mixed. On the one hand,
the “[...]individual design and yet reduced to the essentials[...]”
(C17) was mentioned positively. On the other hand, C18
suggested that the “layout could be more colorful” to motivate
adolescents to use the app. In the sample of psychotherapists
in private practices, 3 psychotherapists suggested a more playful
design, such as a customizable avatar or a reward system, to
make the app more appealing to adolescents. Additionally, a
participant proposed incorporating motivational features into
the psychotherapist version to enhance engagement.

Maybe there’s a nice seductiveness, so to speak. That
a psychotherapist who doesn’t like looking at
smartphones likes to look at them, [...]. [P3]

Aspects for the Integration of MHAs Into
Psychotherapists’ Daily Routines
In all studies, one of the most common barriers was conditions
in daily practice (study 1: mentioned 25 times by 12 in the
surveys and several times by 4; study 2: mentioned by 1; and
study 3: mentioned 23 times by 8). In the inpatient therapy
setting, other common barriers included sticking to automatic
behavior (mentioned 9 times by 6) in the surveys, as well as
being unconvinced of benefits (mentioned 14 times by 3) and
sticking to automatic behavior (mentioned 7 times by 3) in the
qualitative interviews. Regarding the barrier “sticking to
automatic behavior”, WI1 of the inpatient therapy setting said:

How do I get what I have there now into this app,
where I intuitively know how to proceed [without an
app]? I didn’t have time for that, and the adolescents
didn’t even think about it.

In line with the barriers mentioned in the inpatient therapy
setting, the barrier “technical issues” was also reported by 2
practitioners in the psychiatric outpatient clinics, while the
barrier “unconvinced of benefits” was mentioned 16 times by
7 psychotherapists in private practice. Additionally,
psychotherapists in private practice also identified “perceived
risks” as one of the most common barriers to app usage
(mentioned 12 times by 6). In the psychiatric outpatient clinics,
“technical issues” was likewise mentioned as one of the most
common barriers by 2 practitioners.

The most common drivers varied across study contexts. In the
inpatient therapy setting, the most frequently mentioned driver
in both surveys and interviews was approving of treatment
quality. Other drivers mentioned once included satisfaction of
client’s needs,personal efficiency, and belief in possible benefits.
By contrast, participants from the psychiatric outpatient clinics
identified the potential to digitize aspects of psychotherapy as
a driver for app use and an indicator of its suitability for client
needs.

[...]because paper pencil questionnaires/mood checks
etc. can be replaced. Young people are much more
interested in this. [C5]

Psychotherapists in private practices cited personal efficiency
(15 times by 7), approving of treatment quality (14 times by 7),
and support offers for app use (3 times by 3) as the 3 most
common drivers. Regarding the general characteristics of app
usage, all participants in the qualitative interviews of study 1
(n=4) and 8 out of 9 psychotherapists in private practices
highlighted the app’s fit to client needs as a crucial factor for
its use. Additionally, 2 psychotherapists in private practices
emphasized the necessity of face-to-face contact during the
relationship-building phase at the beginning of therapy as a
general characteristic. Regarding the requirements for change,
all interviewed participants in the inpatient therapy setting
mentioned the need for external triggers to integrate an app into
their daily work routines.

[It needs someone who] can consistently accompany
such a project and also pick up [everyone of] the
colleagues. [WI1]
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An overview of all mentioned drivers, barriers, general
characteristics, and requirements for change in all 3 studies is
presented in Figure 1.

Discussion

Principal Findings
Psychotherapists play an important role in integrating MHAs
into adolescent psychotherapies [38,61]. However, previous
research has indicated that apps are rarely used in
psychotherapeutic treatments, even though mental health
professionals are generally interested in MHAs [36-41]. In line
with this, participating psychotherapists reported positive
attitudes toward MHAs, but app usage rates were low across
all study contexts. Furthermore, the results of the 3 studies
indicated that psychotherapists had little to no experience using
MHAs for psychotherapeutic treatment. To highlight the
discrepancy between positive attitudes toward MHAs and their
low level of use in psychotherapeutic treatment, we assessed,
on the one hand, psychotherapists’ needs for a
therapy-accompanying MHA and, on the other hand, potential
factors influencing the integration of MHAs into their daily
working routines.

Examining MHAs themselves, the current studies identified 6
core features for a transdiagnostic therapy-accompanying app:
mood checks, template library, reminders, goals and tasks,
emergency kit, and questionnaire manager. Considering patients’
perspectives from previous research, they also reported similar
core features for MHAs [10,47,62,63]. Psychotherapists
highlighted accessibility, design, and customizability as
important app characteristics. Consistent with previous research,
accessibility remains a key characteristic of MHAs for both
patients and psychotherapists [45,63,64]. Psychotherapists in
the current studies highlighted the interrelatability of the app
Steps. They found it helpful to have complete access to
adolescents’ entries, as well as the opportunity to provide
additional content. Moreover, accessibility for adolescents was
also mentioned. As Steps was available only for Android-based
smartphones, the operating system was frequently cited as a
key exclusion factor. Across all 3 studies, the impact of app
design on both adolescents’ and psychotherapists’ engagement
was particularly emphasized. MHAs need to be designed to be
motivating and incentivizing to ensure long-term use for therapy
support [62]. Another core app characteristic mentioned in every
study was the customizability of MHAs. For example,
psychotherapists in study 3 highlighted that digitizing their
therapy materials was an important factor in their use of Steps.
They appreciated the ability to continue working with their own
materials rather than being restricted to content provided by the
app. Additionally, a high degree of customizability allows
psychotherapists to use an app independently of their specific
psychotherapeutic approaches. Most available MHAs are based
on cognitive behavioral theory [18], which creates higher
barriers to adoption for psychotherapists who align with other
therapeutic approaches [25,55,61,65].

Limited experience with MHAs is not only a result of
psychotherapists’ behavior but also a significant barrier to their
integration into daily routines. Previous research suggests that

limited experience with e-mental health is often accompanied
by a lack of competency and only moderate knowledge of the
advantages and possibilities of MHAs in psychotherapy.
Consequently, limited experience with MHAs can lead to
increased aversion toward their use [9,24,25,38,39,45,46]. In
line with this, the majority of psychotherapists in studies 2 and
3 reported that they had never used or recommended MHAs
before. Moreover, the stated requirements for
change—becoming aware of benefits and ease of use—were
reported multiple times in every study as key factors for MHA
use. Consistent with the LAMH model of Feijt et al [42], aspects
of ease of use were the most frequently mentioned in the current
studies. All participants emphasized that MHAs need to be easy
to understand and intuitive to use. Psychotherapists specifically
highlighted the need for an app that is both easy to understand
and simple to use, as daily routines leave little capacity for
intensive familiarization with new methods such as MHAs. In
Germany, the use of MHAs for psychotherapeutic treatment is
rarely reimbursed by health insurance companies [66]. That
may also contribute to the low willingness to engage with
MHAs. Other important influencing factors were related to
perceived benefits, such as “improvement of treatment quality”
as a driver and “being unconvinced of benefits” as a barrier. In
accordance with previous research, psychotherapists need to be
convinced of the advantages of MHA use for both patients and
their own workflow [8,24,39,45,47]. Psychotherapists reported
being more likely to adopt MHAs if the app facilitated their
working processes, particularly the organizational tasks of
psychotherapy. Additionally, fitting the app to patients’ needs
and maintaining face-to-face contact were also identified as
general characteristics in the current studies. From the
psychotherapists’perspective, the usefulness of an app depends
on the clients’ needs and the phase of psychotherapy.
Particularly during the initial stages, when establishing a
therapeutic relationship, psychotherapists would not introduce
a therapy-accompanying app. They believe that building a strong
relationship first is essential for the successful implementation
of MHAs. This aligns with previous studies indicating that
psychotherapeutic support is a crucial factor in patients’
engagement with apps [8].

Beyond various personal factors influencing psychotherapists’
use of MHAs, the current studies also highlighted organizational
factors. One significant and common barrier was technological
issues. Consistent with previous research, adequate technical
infrastructure—such as a stable internet connection and proper
devices—is essential for the adoption of MHAs [9,25,46]. In
studies 2 and 3, fewer than half of the psychotherapists reported
using a smartphone or tablet at work. Limited access to technical
equipment may contribute to the perceived difficulty of using
MHAs. Furthermore, in line with previous research,
psychotherapists expressed concerns about data security
[24,39,44,45]. Their concerns extended beyond data protection
within the apps to include transparent clinical standards and
guiding principles as essential requirements for MHA use in
psychotherapy [24,25,39,45,48]. Although apps are increasingly
being implemented in health care and supported by policy
makers [66], many psychotherapists still do not feel sufficiently
confident in using MHAs [9,44,62]. Additionally, in our study,
psychotherapists reported uncertainties regarding legal
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provisions and responsibilities, such as those related to an
optional communication feature or the provision of digitized
diagnostic questionnaires. Additionally, the need for external
triggers was mentioned as a requirement. In line with previous
research, participating psychotherapists suggested features such
as a reminder function in the therapist version of MHAs to
enhance engagement [24,25]. Furthermore, the perceived
commitment of the entire organization and management was
highlighted as an important motivational factor for successfully
and sustainably integrating MHAs into daily routines.

Practical Implications and Future Research
The study results provide insights into which app features and
characteristics are essential for psychotherapists in different
psychotherapeutic contexts. Future app development should
build on these findings and ensure that essential app features
and characteristics are incorporated into MHAs. Designing
MHAs based on psychotherapists’ needs will facilitate their
integration into daily routines. App developers must strike a
balance between maximum customizability and ease of use. For
example, MHAs could offer a wide selection of templates and
therapy materials through a library feature, along with the option
to digitize psychotherapists’ own materials to expand the
existing library. However, future research and app development
should not focus solely on psychotherapists’ perspectives and
needs but should also consider the perspectives and needs of
adolescents. Moreover, the integration of MHAs into daily
routines is influenced by various drivers and barriers. The most
significant barriers to integrating MHAs were technological
issues and conditions in daily practice, such as a lack of time
and resources. The most important driver was the perceived
improvement in treatment quality. To successfully integrate
MHAs, implementation strategies need to be adjusted. The
LAMH model of Feijt et al [42] provides a useful framework
for understanding common drivers, barriers, general
characteristics, and requirements for change, which were
supported by our study results. These identified drivers and
barriers must be directly addressed in implementation strategies.
Psychotherapists who have not previously worked with MHAs
require close support to implement app-based services into their
daily treatment routines. Additionally, organizational changes
are necessary to successfully integrate MHAs into the health

care system. Psychotherapists need sufficient time and resources
to familiarize themselves with MHAs and learn how to
incorporate them into their practice. Moreover, adequate
technical equipment and stable internet connections are essential
for the effective integration of MHAs.

Strengths and Limitations
The current studies have several strengths and limitations. One
of the most significant strengths is the exploration of
psychotherapists’ perspectives while they actively tested a
transdiagnostic, therapy-accompanying app in their regular
treatments. This approach allowed psychotherapists to go
beyond theoretical considerations of potential drivers, barriers,
or necessary app features. Instead, they gained firsthand
experience with MHAs, identifying which features they found
helpful and which were lacking in their work. Furthermore, to
the best of our knowledge, this is the first study exploring the
use of MHAs in the inpatient treatment of adolescents. However,
the present studies also have some limitations. The small sample
sizes in all 3 studies suggest that the app Steps was not well
implemented in practice, limiting the generalizability of the
findings to other settings. Additionally, the small sample sizes
and the recruitment method pose a risk of selection bias. For
instance, psychotherapists with a greater interest in technological
developments may have been more likely to participate in the
studies.

Conclusions
In sum, psychotherapists in this study were generally open to
therapy-accompanying MHAs. However, both study
participation and app usage were low. Psychotherapists
identified various drivers and barriers influencing their use of
MHAs, highlighting that adoption is shaped not only by personal
factors but also by organizational challenges. To enable
psychotherapists to integrate MHAs into their practice, changes
in current working conditions are necessary. For example, they
require adequate technical equipment and sufficient time to
familiarize themselves with new therapy methods such as
MHAs. Successfully integrating MHAs into daily
psychotherapeutic routines is a challenge for the entire health
care system, not just for individual psychotherapists.
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Abstract

Background: Digital mental health interventions may help increase access to psychological treatment for adolescents with
anxiety disorders. However, many clinical evaluations of digital treatments report low adherence and engagement and high
dropout rates, which remain challenges when the interventions are implemented in routine care. Involving intended end users in
the development process through user-centered design methods may help maximize user engagement and establish the validity
of interventions for implementation.

Objective: This study aimed to describe the methods used to develop a new internet-based cognitive behavioral therapy
intervention, CoolMinds, within a user-centered design framework.

Methods: The development of intervention content progressed in three iterative design phases: (1) identifying needs and design
specifications, (2) designing and testing prototypes, and (3) running feasibility tests with end users. In phase 1, a total of 24
adolescents participated in a user involvement workshop exploring their preferences on graphic identity and communication
styles as well as their help-seeking behavior. In phase 2, a total of 4 adolescents attended individual usability tests in which they
were presented with a prototype of a psychoeducational session and asked to think aloud about their actions on the platform. In
phase 3, a total of 7 families from the feasibility trial participated in a semistructured interview about their satisfaction with and
initial impressions of the platform and intervention content while in treatment. Activities in all 3 phases were audio recorded,
transcribed, and coded using thematic analysis and qualitative description design. The intervention was continuously revised after
each phase based on the feedback.

Results: In phase 1, adolescent feedback guided the look and feel of the intervention content (ie, color scheme, animation style,
and communication style). Participants generally liked content that was relatable and age appropriate and felt motivating.
Animations that resembled “humans” received more votes as adolescents could better “identify” themselves with them.
Communication should preferably be “supportive” and feel “like a friend” talking to them. Statements including praise—such
as “You’re well on your way. How are you today?”—received the most votes (12 votes), whereas directive statements such as
“Tell us how your day has been?” and “How is practicing your steps going?” received the least votes (2 and 0 votes, respectively).
In phase 2, adolescents perceived the platform as intuitive and easy to navigate and the session content as easy to understand but
lengthy. In phase 3, families were generally satisfied with the intervention content, emphasizing the helpfulness of graphic material
to understand therapeutic content. Their feedback helped identify areas for further improvement, such as editing down the material
and including more in-session breaks.

Conclusions: Using user involvement practices in the development of interventions helps ensure continued alignment of the
intervention with end-user needs and may help establish the validity of the intervention for implementation in routine care practice.
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Introduction

Background
Digital mental health interventions (DMHIs) may help increase
access to psychological treatment as provision via the internet
is presumed to counter some of the key treatment barriers, such
as social stigma [1,2], preference for self-reliance [1,2],
treatment costs [3], and waiting times [2,3]. It is also well
documented that internet-based cognitive behavioral therapy
(ICBT) with support from a therapist (eg, via telephone or email)
is effective for a variety of mental health problems, including
anxiety in children and adolescents [4-7].

However, many evaluations of ICBT programs for children and
adolescents with anxiety report high rates of dropout and that
participants often fail to complete assessments or treatment
sessions [8-12]. In addition, when transitioning to routine care
settings, these challenges with adherence and engagement
remain [13].

It is still unclear whether participants drop out of treatment due
to symptom improvement, symptom deterioration, or other
reasons outside therapy. However, working experts in the field
of ICBT for children and young people propose that the use of
user-centered design methods may help maximize user
engagement [14,15]. This methodology emphasizes the
importance of (1) understanding adolescents as experts on their
own preferences and (2) enabling adolescents to hold central
positions as experts in all stages of the design process. As it
was eloquently stated in a qualitative study of the Australian
Momentum platform, this type of design process may be
characterized by “a designing with as opposed to a designing
for mindset” [16].

User-centered design processes typically involve three phases
of development: (1) identifying needs and design specifications
(with end users), (2) designing prototypes of the intervention
and testing their usability, and (3) running feasibility tests with
end users [17,18]. The design process must be understood as
iterative, and each phase can be revisited if needed as the data
collection and analyses progress.

To the best our knowledge, only a few studies describe the
inclusion of end users in the design of ICBT interventions for
children and adolescents with anxiety [16,19,20]. Hill et al [20]
and Ludlow et al [16] both used co-design practices involving
service users (parents and children) and service providers
(clinicians from routine care) in the development of their ICBT
anxiety interventions. In an initial evaluation of the clinical
effectiveness, Hill et al [21] found that the dropout rate for their
intervention was lower (13%) than those reported in other
studies conducted in routine care (32% in the study by Moor et
al [22], 21% in the study by Waite et al [13], and 17% in the
study by Vigerland et al [23]). This indicates that using
user-centered design practices may result in better adherence

and engagement with the intervention when delivered in routine
care settings.

The importance of including end users in the design of DMHIs
has been increasingly acknowledged as imperative not only in
developing DMHIs but also in the processes of implementing
the interventions [14]. The project that this paper describes was
initiated by the Region of Southern Denmark, a government
organization that is responsible for the provision of health care
services for the residents of the southern municipalities in
Denmark. This was done with an intention of broadening the
service provision of a DMHI to routine care settings at a national
level. Transitioning from research to routine care settings can
be tricky, and evidence from clinical trials alone does not
guarantee the use of an intervention in routine care. Using
user-centered design practices in the development of this
intervention may facilitate a smoother transition to large-scale
service provision.

Objectives
The objective of this study was to describe the methods used
to develop a new ICBT intervention for adolescents aged 12 to
17 years with clinical anxiety disorders, CoolMinds, within a
user-centered design framework.

Our hope is that the methods and results described in this paper
will provide inspiration for others on how to include end users
in the design processes of DMHIs. In this study, we specifically
collected data focusing on how to enhance engagement with
the DMHI guided by the following objectives:

1. What are adolescents’ preferences on graphic identity and
communication styles within a digital intervention?

2. How do adolescents prefer to seek help and be supported
by their parents in this?

3. How do adolescents navigate a prototype of the digital
platform and content?

4. What are the families’ initial impressions of the platform
and content while in treatment?

Methods

Setting
Intervention development was initiated in January 2022 as a
collaborative project involving the Centre for the Psychological
Treatment of Children and Adolescents and the Centre for
Digital Psychiatry. The Centre for the Psychological Treatment
of Children and Adolescents is a research center nested within
the Department of Psychology and Behavioural Sciences at
Aarhus University and is specialized in studying and delivering
anxiety interventions to children and adolescents. The Centre
for Digital Psychiatry is a research, development, and treatment
facility specialized in the use of digital technologies for health
promotion and psychiatric treatments and is located within the
Mental Health Services in the Region of Southern Denmark.
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The project includes intervention development, a feasibility
trial, and a randomized controlled trial (RCT). In this paper,
only design processes and results from intervention development
and the evaluation of the first intervention prototype in the
feasibility trial are presented.

Ethical Considerations
The feasibility trial and RCT were ethically approved by the
Medical Research Ethics Committees in Denmark (ID: VMK
2211954), and the protocol for these studies was preregistered
in ClinicalTrials.gov (NCT06076964) and published in Trials
[24]. The workshops and usability tests were conducted as
development projects, which do not require ethics approval.
The reason for this is that these activities did not include any
experimental manipulations, were not targeted at a vulnerable
population, and the potential risks associated with participation
in these activities were evaluated as very low. Participants were
not compensated for taking part in any of the activities or
studies.

For the workshops and usability tests, written informed consent
was obtained regarding participation, audio recordings, and
publication of results. For adolescents aged <15 years, consent
was obtained from parents. For adolescents aged ≥15 years,
consent was obtained from the adolescents themselves.
However, parents were informed of the adolescents’
participation and were urged to discuss this with their children
before participation.

For the feasibility trial and the RCT, written and verbal informed
consent were obtained from all parents regarding participation
and publication. In addition, verbal informed consent was
obtained for adolescents aged <15 years, and both verbal and
written informed consent were obtained for adolescents aged
≥15 years.

An additional written consent form was used to obtain consent
regarding participation in, recording of, and publication of
information from feasibility interviews. For adolescents aged
<15 years, written informed consent was obtained from parents.
For adolescents aged ≥15 years, written informed consent was
obtained from both the adolescents and parents.

The quotes reported in this paper were translated from Danish
into English. Quotes containing sensitive or identifying
information were excluded to protect participants’ anonymity.

Procedure
The CoolMinds ICBT intervention was developed and
continuously updated from January 2022, when the initial
outlining of the project began, until June 2023, when the
feasibility trial concluded. The development of the intervention
followed the recommendations from Hill et al [14] and
progressed in three iterations following the design phases: (1)
identifying needs and design specifications, (2) designing and
testing prototypes, and (3) running feasibility tests. Reporting
of the study followed the Guidance for Reporting Involvement
of Patients and the Public, and a Guidance for Reporting
Involvement of Patients and the Public long-form checklist is
available in Multimedia Appendix 1 [25].

Working Groups
Development processes were led by a working group consisting
of junior researchers (authors NMS and HS); a psychologist
with experience in producing written materials for adolescents
(see the Acknowledgments section); and members of the
development and implementation team, such as graphic
designers, user involvement experts, and engineers (see the
Acknowledgments section) and were supervised by senior
researchers (authors JJL, KM, and MT).

During the development process, weekly meetings were held
with all available team members. The meetings always
commenced with a brief status from all involved teams. The
purpose of these meetings was to facilitate the decision-making
and implementation processes by assembling relevant team
members [26]. This ensured a flow of information between
teams when decision-making required the expertise of multiple
disciplines (eg, the psychological content had to be informed
by data from the user involvement practices and be aligned with
the technical possibilities within the platform). When consensus
on each topic was reached by all teams, smaller working groups
were formed with relevant team members who implemented
the decision-based outcomes.

Furthermore, a total of 3 team workshops were held with
members representing each team in the working group. The
workshops were held at different time points in the development
process reflecting the writing of the intervention manuscript.
The purpose of the workshops was to (1) map out the overall
framework of the intervention content and (2) become aware
of any missing information that would need to be researched
or collected using user involvement practices. The topics of
these workshops were (1) outlining the intervention content,
(2) rethinking how to conduct exposure therapy in a digital
format, and (3) parental involvement.

Outlining the Program
The outline of the program was drafted by the working group
with expert supervision. This included decisions on therapeutic
approach, key treatment components, and parental involvement.
It was decided to develop a cognitive behavioral therapy
(CBT)–based program as this is the most well-researched
approach and has shown good results in previous evaluations
using the internet-based format [27-31]. Decisions on which
treatment components to include were based on either evidence
from research and literature or clinician experience. Several
reviews and meta-analyses suggest that key CBT components
such as exposure therapy (in vivo and imaginal) and cognitive
restructuring are some of the main components driving the
treatment effects [27,32,33]. Evidence on the efficacy of coping
strategies is scarce compared to that for the key components
[34]. However, the group of clinicians involved in providing
feedback on the program manuscript advocated for the inclusion
of coping strategies as these, in their experience, were techniques
that adolescents usually benefitted from and were easier for
them to implement on a day-to-day basis. This is also in line
with findings from qualitative evaluations of ICBT treatments,
where adolescents preferred easy-to-use techniques [35,36]. It
was also decided to create a separate parent program and offer
the treatment as a family-based intervention as social support
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from parents may increase treatment adherence and response
when treatment is delivered in a digital format [37]. However,
the 2 programs were not connected on the platform, and thus,
adolescents and parents were allowed to progress at their own
pace within each of their programs.

In both programs, sessions were structured in a predefined order
starting with psychoeducation followed by cognitive
restructuring techniques and, finally, exposure therapy
techniques. Sessions were opened automatically upon
completion of the previous session unless the adolescent was
to receive feedback from a therapist. In that case, the session
was first opened upon receiving feedback.

Writing of the program manuscript was guided by experiences
from previous and linked research activities, current literature
in the field, and expertise of senior researchers and experienced
clinical psychologists within and external to the project who
continuously provided feedback on the manuscript. The
literature and practitioner expertise were revisited during the
development process to qualify and provide context to the
incorporation of insights from the user involvement workshop
and usability tests conducted using prototypes of the
intervention. This iterative design process is illustrated in Figure
1.

Figure 1. Model of the iterative design process used across phases of development.

Phase 1: Identifying Design Specifications in a User
Involvement Workshop
A total of 24 adolescents in grade 9 (aged >15 years) from a
Danish public school participated in a user involvement
workshop held in September 2022. The purpose of the user
involvement workshop was to identify adolescents’preferences
on graphic identity and communication styles within the
intervention content (objective 1) and investigate adolescent
help-seeking behavior (objective 2).

Activities included (1) voting for their favorite prototypes (out
of a selection of 3-5 prototypes) using stickers, (2) discussing
the pros and cons of each prototype in smaller groups and
plenary, and (3) discussing how to reach out for help. Prototypes
included different color schemes, styles of animation, expert
videos, and types of feedback from the app (push notifications,
mood ratings, and in-app rewards and praise). For polls
including many prototypes (ie, color schemes, animation style,
and notifications), adolescents had more than 1 vote. However,
they were also allowed not to use all their votes. The topic of
reaching out for help and receiving support was discussed in a
column exercise in which adolescents were to give advice to
another adolescent in mock-up scenarios about (1) how to handle
parents being overinvolved, (2) how to involve parents, and (3)
how to handle not having parental support and where to go for
help then. Their advice was written down by an assistant in each
group. Outcomes of the workshop were documented by audio
recording group discussions and through photographs of votes
and plenary summaries (both done on a whiteboard).

Members of the development team contacted 4 public schools
via phone and, if they were interested, provided them with
written information about the content and purpose of the
workshop. One school agreed to participate, and the time of the
workshop was planned in collaboration with the grade 9 teacher.
The written information was then shared with parents via the
school’s intranet. Informed written consent was obtained from

all adolescents at the beginning of the workshop using a printed
consent form.

Phase 2: Testing Intervention Prototypes in Usability
Tests
In total, 4 adolescents (all female) participated in individual
usability tests during November 2022 and December 2022. A
total of 2 tests were conducted in person with 50% (2/4) of the
adolescents, who were aged 12 years, and 2 tests were conducted
online with 50% (2/4) of the adolescents, who were aged 16
years. The purpose of the usability tests was to understand how
adolescents would navigate the digital platform and perceive
the intervention content within this platform (objective 3).
Participants were instructed by an assistant to go through a
psychoeducational session of the program and say out loud what
they thought they were to do in the program and what they then
did. They were also prompted to point out anything that
confused them and anything that they were particularly fond of
in the program. The assistant was present during the entire
usability test and took extensive notes used for briefly
interviewing the participants about their experience with the
program content (eg, animation style and intelligibility of the
text) and interface (eg, intuitiveness of navigating the platform),
along with some standardized questions (Multimedia Appendix
2). The usability tests were also audio recorded.

Participants were recruited through word of mouth by members
of the research group. Informed written consent was obtained
from caregivers to children aged <15 years using a printed
consent form. Informed written consent was obtained from
adolescents aged >15 years using a printable digital consent
form sent and received using secure emails (ie, encrypted and
digitally signed emails).

Phase 3: Feasibility Tests With End Users
A total of 7 families (adolescents and their parents) from the
feasibility trial participated in a 2-part online interview regarding
(1) their satisfaction with trial procedures and (2) their

JMIR Form Res 2025 | vol. 9 | e66966 | p.2602https://formative.jmir.org/2025/1/e66966
(page number not for citation purposes)

Sørensen et alJMIR FORMATIVE RESEARCH

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


experiences using the program and with specific content
components. We developed a semistructured interview guide
with open-ended questions regarding general topics related to
the trial and treatment procedures and questions regarding
specific components of the program content (Multimedia
Appendix 2). In this paper, only results regarding the program
content are elaborated on. Results on satisfaction with trial
procedures will be published elsewhere.

The purpose of these interviews was to explore the families’
initial impressions of the platform and content while still in
treatment (objective 4). The interviews were conducted with
each family individually but at different time points during their
treatment period. The families were picked at random during
March 2023 and April 2023 depending on their progress (ie,
whether they were at the beginning of, midway through, or at
the end of their treatment period). This was done to ensure the
collection of information about session-specific content while
it was still novel for the participants. The interviews were
conducted online and recorded.

For the participating adolescents (n=7), the mean age was 13.29
(SD 1.38; range 12-16) years. A total of 57% (4/7) were male,
and 43% (3/7) were female. In total, 43% (6/14) of the parents
had a high school or vocational education, 50% (7/14) had
completed medium-cycle higher education, and 7% (1/14) had
completed long-cycle higher education. All adolescents and
their parents were born in Denmark.

Informed written consent was received from all participants
aged >15 years and their caregivers before participation using
an online consent form distributed using REDCap (Research
Electronic Data Capture; Vanderbilt University), a secure,
web-based software platform designed to support data capture
for research studies [38,39] hosted at the Open Patient Data
Exploratory Network within the Region of Southern Denmark.

Data Analysis

Phase 1: Identifying Design Specifications in a User
Involvement Workshop
Votes were manually counted and ranked from the highest to
lowest number of votes. The audio files from group discussions

on pros and cons were transcribed, and the main arguments for
and against each prototype were listed by prototype.

Audio files on help-seeking behavior were transcribed and
analyzed using a qualitative description design by author NMS
[40]. Data were analyzed using content analysis, and codes were
sorted into themes.

Phase 2: Testing Intervention Prototypes in Usability
Tests
Notes from the usability test were analyzed using a qualitative
description design [40]. Data were coded into predefined
categories reflecting each feature assessed in the usability test
(eg, text, video, task, and animation).

Audio files were only used to expand the notes if anything was
unclear.

Phase 3: Feasibility Tests With End Users
Due to technical issues, recordings from only 71% (5/7) of the
interviews were available. These interviews were transcribed
and analyzed using a qualitative description design by author
NMS [40]. Data were coded using content analysis based on
features (eg, text, video, animation, and audio) and preferences
(ie, likes or dislikes). Data were then sorted to identify similar
patterns, commonalities, and differences. The codes were then
grouped into two main themes representing the general feedback
from the participants on (1) satisfaction and acceptability and
(2) parental involvement, as predefined in the interview guide.

Results

Phase 1: Identifying Design Specifications in a User
Involvement Workshop

Overview
Results from the user involvement workshop are reported in
Table 1.
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Table 1. Overview of adolescent votes and comments from the user involvement workshop conducted at a Danish school, divided into pros and cons.
Note that some statements are summaries of participants’ comments and some are direct quotes (indicated by quotation marks).

ConsProsNumber of votes

Color scheme (only the ones with the most votes are presented)

——a7Color scheme 7—pink, blue, green,
yellow, and orange

——6Color scheme 5—reds and grays

Animation style (only the ones with the most votes are presented)

—12Animation 4—the pursuit of happi-
ness

• Felt relatable as it represented “real” people.
• “Felt like I could identify myself with the anima-

tions better because it used ‘real’ people.”

10Animation 1—letting go of stress • The text could be pre-
sented a bit slower.

• It worked well because it did not contain that many
things.

• It was boring.• It felt very calming.
• It was too fast.

—10Animation 2—changing perspective • “I liked that everything was quite fast because it
shows how chaotic your thoughts can be.”

Expert videos

—8Expert 3—female actress • She seemed to be more like a psychologist.
• It was nice that she also used her body while

speaking.
• “I liked the calm background and her voice.”
• It was nice and simple without any disruptive ele-

ments.
• She seemed trustworthy and professional.

7Expert 1—male professor • “A bit ‘heavy.’ He
seems like a know-it-

• Seemed smart.
• “His way of talking appealed the most to me, but

the books behind him didn’t.” all.”
• “It is way too boring,

you don’t actually lis-
• “He seems intelligent. The books only added to his

professionalism.”
ten to what he says.”

• “The books in the
background are disrup-
tive. I can’t really fo-
cus on him because of
them.”

• The background is ‘too
noisy.’

6Expert 2—2 young people • It would be nicer to
only have one person

• It was nice that young people presented the infor-
mation as it made it feel more relatable.

talking.• “It felt more age appropriate to have young people
speak to me, but it also depends on what they’re • It was confusing that

they alternated talking.talking about.”
• They were a bit stiff.

Push notifications

—12Notification 5—“You’re well on your
way. How are you today?”

• “It feels motivating to receive praise and a reminder
in one.”

• “It is nice that it has both a motivating text and a
question.”

• “It is nice that something positive is included.”
• “It feels like a pat on the back.”

10Notification 1—“It has been a while
since we’ve heard from you. How are
you?”

• “Can be understood
both positively and
negatively.”

• “It feels like a friend is asking.”
• “It is good.”
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ConsProsNumber of votes

• “Can maybe be a bit
demanding.”

• “The thought of taking care of yourself is nice.”
• “I like the idea of rewarding myself.”

9Notification 2—“We know, you’re
working hard. Have you rewarded
yourself?”

• “Is hard to answer as it
is too broad.”

• “Covers a lot.”4Notification 3—“How has your day
been?”

• “Seems like an order.”
• “It sounds a bit nega-

tive.”

• “Is a simple, open-ended question.”2Notification 6—“Tell us how your
day has been?”

• Not very deep
• “Seems like a yes/no

question.”
• “Can seem like a repri-

mand.”

• More specific0Notification 4—“How is practicing
your steps going?”

In-program feedback—ratings

• “Maybe faces can be
too specific.”

• “It is easier to understand faces as opposed to e.g.,
colors.”

• The intention and meaning were clear.
• “The variety of options is a plus.”
• “It doesn’t sugar coat anything, which is nice.”

13Rating 1—smiley faces

• “It is a bit difficult to
understand.”

• “It does make good sense to compare your mood
to the weather.”

• “The weather gives you more room for interpreta-
tion and ascribing emotions.”

7Rating 2—weather

• “Needs more options.”
• “It is too unspecific. It

can’t relate to it at all.”
• “I don’t understand it.”

• The waves did leave more room for interpretation.1Rating 3—waves

In-program feedback—completion

—• It was simple and serious.
• “I like the combination.”
• “It is good and easy to understand.”
• “I really like the use of quotes.”
• “It seems the most professional and the quote is

like a reward.”

9Feedback 1—checkmark, praise, and
quote

• “It is a bit too over the
top.”

• “It needs to be used
consequently otherwise
you’d think you
weren’t doing good
enough.”

• “It is a bit too ‘cute.’”

• “The progress-bar is nice as you can track your
progress and see how much is left of the program.”

• “It is nice that it has no gender.”
• “It is cute.”

8Feedback 2—animated character re-
ceiving a trophy and confetti on a
podium

• “It seems too childish.”• “It is nice to have some movement in the anima-
tion.”

• “It is funny.”
• “It is good to know how far you’ve come.”

3Feedback 3—animated character
waving as it walks along a progress
bar

aNot applicable; the adolescents did not have any comments on the specific prototype listed.

Color Schemes
Color scheme 7 received the most votes (7 votes), closely
followed by color scheme 5 (6 votes).

Animation Style
Animation 4 received the most votes (12 votes), closely followed
by animations 1 and 2 (tied; 10 votes each). The adolescents
described animation 4 as the most “relatable” one. They thought
that it “worked well” because it included “humans” and that
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they were able to “identify better” with the animation because
of this.

Expert Videos
Votes were almost tied between the expert videos. Expert 3
received the most votes (8 votes), followed by expert 1 (7 votes)
and expert 2 (6 votes). The adolescents described how expert
3 seemed more like a psychologist in the way she looked and
talked. They also preferred the background and simple setup of
expert 3 (ie, plain background) compared to that of expert 1 (ie,
shelves with books) as it was perceived as more “calm” and not
“disrupting.” However, some adolescents felt that the look and
background of expert 1 added to the credibility of the expert
and the information provided in the video.

Push Notifications
Notification 5 received the most votes (12 votes). The
adolescents emphasized the motivating and acknowledging
aspect of receiving praise and that it felt nice to combine praise
and a question in contrast to just a question (ie, “You’re well
on your way. How are you today?”). The adolescents also
described how the tone of the text felt more like “a friend” and
“supportive.” Notification 1 also received a large number of
votes (10 votes; “It has been a while since we’ve heard from
you. How are you?”). It was also described as feeling “like a
friend.” However, most adolescents also pointed to the potential
“double meaning” as they thought that it could be “interpreted
both as positive and negative.” The same was the case for
notification 2 (9 votes), which was described as both “pleasant”
because of “the thought of caring for yourself” and
“commanding.”

Notifications 4 and 6 received the least votes and were described
as “negative” and feeling like “being told what do to” (eg, “Tell
us how your day has been?”). Notification 3 was perceived as
too hard to answer because it was too “broad.” However, some
adolescents did like that it was not too specific and would “cover
more.”

Ratings
Rating 1, an array of different smiley faces, received the most
votes (13 votes). The adolescents described how it was “the
easiest to understand the meaning of” and that it was “an
advantage that it had more options” to describe their mood more
accurately. Ratings 2 (7 votes) and 3 (1 vote) were generally
perceived as “hard to interpret,” “difficult to understand,” and
too “unspecific.” However, the metaphors of weather and waves
could also “leave room for interpretation” and the “possibility
to attribute more feelings to it” compared to the smiley faces
in rating 1.

Completion
Feedback 1 and 2 received the most votes (9 and 8 votes,
respectively). The adolescents preferred more “serious”-looking
feedback and animations, such as simple checkmarks or written
praise and quotes, and they wanted the animations to be the
same “or else you could think that you’ve not done it well
enough.” The adolescents were very fond of the combination
of praise and a quote as the quote then felt like “a reward” (eg,
“Good job! As Walt Disney once said, the difference between

winning and losing is not quitting”). Feedback 3 (3 votes) was
perceived as “too immature,” but the adolescents liked the
visualization of how far they had come in the program.

Parental Involvement
When investigating adolescents’ help-seeking behavior in the
user involvement workshop, the general response on how to
talk with parents about something difficult was to “just say it
as it is” as “your parents want what’s best for you anyway.”
However, all groups also mentioned seeking support from
others, such as another family member (eg, grandparent), a
teacher, friends, the school nurse, a physician, counseling
services, or the internet, despite all scenarios being centered on
parental involvement.

When looking at overarching themes across all scenarios, the
themes security and respect, boundaries, and mutual
understanding were identified (Multimedia Appendix 3).
Security represents the feeling of relational safety (“they only
want what’s best for you”) that enables the adolescent to feel
comfortable speaking to someone else. Respect, boundaries,
and mutual understanding represents the adolescents’ need for
autonomy (“she needs to establish boundaries for her parents”)
and having the defining voice in how to communicate about
their difficulties (“Make agreements with your parents on what
they can ask about and when”).

Phase 2: Testing Intervention Prototypes in Usability
Tests
The results from the usability tests can be found in Multimedia
Appendix 3. Generally, the interface of the session was
perceived as intuitive and easy to navigate by the adolescents.
They expressed that “it is easy to understand, what I have to
do” to move on in the program. However, most of the
adolescents, especially the younger participants, felt that the
session was “too long” and that there was “a bit too much text”
and “too many questions.” One of the youngest participants
commented that she had “actually forgotten the video” she saw
at the beginning of the session when she had to refer to it in an
assignment at the end of the session.

The content was generally perceived as “understandable.” Both
graphics and videos were generally perceived as helpful to better
understand the techniques and examples presented. However,
for the youngest participants, some of the content was too
complex at times. One participant explained that the animations
were “good but at times confusing” if too much was happening
at once. She noted that “you have to look at them for a while
to understand them.” Another participant commented that the
graphics helped her understand the content better and that the
order of presentation of content was important for her. She
explained that it would be more helpful to see the graphics first
and then the text-based explanation for her to better understand
it (eg, seeing the feelings thermometer as a graphic and then
reading about it).

Phase 3: Feasibility Tests With End Users
The results from the interviews conducted with families in
treatment during the feasibility trial can be found in Multimedia
Appendix 3.
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Satisfaction and Acceptability
The participants were generally satisfied with the program
content. Both adolescents and parents emphasized graphic
elements such as animations, videos, and audio files as
particularly beneficial for their understanding and acquiring of
the treatment techniques. Both adolescents and parents noted
how the audio files with stories from past patients with anxiety
disorders were “relatable” and “helped them understand” their
own or their children’s anxiety. One adolescent noted that it
helped him feel like he was “not the only one who has got
something.”

Both adolescents and parents also liked that the introductory
sessions in each of their programs included videos on how to
navigate the platform and functionalities within the program.
One parent noted that “there were videos for everything, so it
was impossible to do anything wrong.” Another parent also
noted that it was “helpful” that she “could always go back and
watch it again if you needed to.”

Parents particularly liked that they, in their program, were able
to try out some of the same techniques and tasks as their children
but directed at their own worries (ie, cognitive restructuring or
doing an exposure task). One parent explained how this made
her more capable of helping her child throughout the treatment.
However, for some participants, it was still difficult to
understand how to do the exposure tasks. Some of the parents
pointed out that they would have liked to be presented with
more disorder-specific examples of stepladders and step
planners.

Almost all participants, both adolescents and parents, expressed
that the amount of reading was too much. In addition, some
participants found the number of questions and tasks to complete
in each session overwhelming. One adolescent explained that
he “needed to take breaks after doing tasks to stay motivated.”
One of the parents also said that the breaks within the sessions
“felt like an acknowledgement and like it was okay to not
complete everything in one go.”

Parental Involvement
Similarly to the findings of the user involvement workshops,
adolescents expressed how having their own treatment program
separate from their parents gave them a sense of “freedom” and
“confidentiality” regarding the program. Parents, on the other
hand, expressed feeling a “lack of control” or being “excluded.”
However, some parents (of mainly older children) also noted
that the lack of control or unawareness of the adolescent’s
progress was “maybe healthy” and “fine but took a little getting
used to.”

Both adolescents and parents did find it difficult to align their
progress when completing separate programs. Some families
noted that it was “weird” or “difficult to discuss the program
content when they were not at the same session” and that it
would sometimes lead to “misunderstandings.” Another family
noted that they sometimes had difficulties helping their
adolescent with their tasks if they had not been introduced to
the techniques yet.

Final Iteration
The first versions of the adolescent and parent programs were
completed in December 2022 and evaluated in a feasibility trial
from January 2023 to June 2023. Findings from the interviews
conducted during the feasibility trial (described previously)
were then used to update and expand existing material from the
first version. The main updates made to the program were (1)
editing down of material and converting text to graphics, (2)
including in-session breaks to help adolescents stay motivated,
and (3) aligning the adolescent and parent programs to be
completed simultaneously. The second versions of the 2
programs are currently being evaluated in an RCT
(ClinicalTrials.gov NCT06368557).

The adolescent and parent versions of the program content can
be found in Multimedia Appendix 4.

Discussion

Principal Findings and Implications for Content
Development

Overview
This study addresses a gap in the current research on developing
DMHIs. First, this study provides examples of feasible methods
of including end users in the initial stages of development
processes. Second, the results of this study complement and
expand the current knowledge on adolescent preferences with
regard to DMHIs. This may ensure the development of relevant
DMHIs and help establish the validity of these interventions
for implementation in routine care settings.

Results from phase 1 guided the look and feel of the intervention
content, such as the graphic identity (ie, colors and animations)
and communication style. Generally, adolescents liked content
that was relatable and age appropriate. Adolescents preferred
communication that felt “like a friend” (ie, in a tone that was
supportive). When discussing support and help-seeking
behaviors, adolescents emphasized both themes of independence
and the need for relational security. In addition, they pointed
out how support may be provided not only by parents but also
by others in their social circle. In phase 2, adolescents perceived
the platform as intuitive and easy to navigate. Overall, the
content was easy to understand but too lengthy. In phase 3,
families were generally satisfied with the intervention content,
but it was still too lengthy, and the 2 programs (ie, the adolescent
and parent programs) needed to be better aligned to allow for
adolescents and parents to progress at the same pace. Overall,
feedback from end users helped identify areas for further
improvement.

Objective 1: Preferences on Graphic Identity and
Communication Style

Overview

Findings from the user involvement workshop helped clarify
adolescent preferences regarding both graphics and text-based
material. The prototypes with the most votes guided the
development of all content types. Thus, it was important to
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investigate this early in the development process while still
outlining the program.

Graphic Identity

The color schemes and animation styles with the most votes
were used when designing the project website and logo and in
the design of graphic material for the intervention (Multimedia
Appendix 5). Preferences on animation style and expert videos
were also used when developing the graphical content of the
intervention. Specifically, the somewhat equal number of votes
regarding expert videos led to the inclusion of two types of
experts in the program: (1) a psychologist explaining CBT
techniques and psychoeducational material and (2) a professor
explaining the research on anxiety and CBT. On the basis of
adolescents’ qualitative comments, we decided to keep the
background simple (Multimedia Appendix 5).

Communication Style

The qualitative comments from the adolescent discussions of
prototypes of notifications and feedback guided the writing style
of the program. We used a sort of “friendly strictness,” where
the program should feel like a friend supporting but also pushing
them forward. One way to do this was to formulate explanations
and tasks as offers instead of directive statements while still
emphasizing the importance of doing the tasks (ie, “A lot of
people make the mistake of believing that their thoughts are
truthful and factual. However, thoughts are just mere ideas that
may or may not be true. You won’t know if your thought is true
unless you do a fact-check of it. So, one of the first things you
should ask yourself, when you’re feeling anxious is...”).
Furthermore, the adolescents’ comments also emphasized the
positive impact of including quotes and praise. Thus, praise was
included throughout the program at the conclusion of exercises
and modules (ie, “Well done! Now you should have a bunch of
ideas on how to reward yourself”). At module completion, the
praise was also combined with quotes as they were perceived
as rewarding by the adolescents (ie, “Congratulations! You’ve
now completed Step 5. Walt Disney once said that the difference
between winning and losing is most often not quitting”). We
decided to include quotes as relevant in-program rewards to
keep adolescents motivated to use the program.

We did not end up including push notifications in the feasibility
version of the program due to technical limitations within the
digital platform. Instead, they have been included in the RCT
version that is currently being evaluated. Their potential impact
on adherence will be investigated in that trial.

Relatedness

In the user involvement workshop, the topic of being relatable
was evident in the qualitative comments across all preferred
prototypes. Adolescents simply preferred content prototypes
that were relatable in such a way that they could identify with
them, such as using humanlike characters in animations, using
appropriate metaphors, and using supportive and
developmentally appropriate language. This is in line with
previous research emphasizing the importance of including
relatable and age-appropriate content [16,35,36,41] and, thus,
including adolescents in the design process to clarify which
types of content are seen as relevant.

This finding guided the writing of the intervention manuscript
and development of graphic material. For example, we included
recurring animated characters, iGuides (Multimedia Appendix
5), that guided the adolescents through the intervention content
using a storytelling approach in a cartoonlike format. The
purpose was to offer a more personal and age-appropriate
dissemination of CBT concepts and techniques presented in the
program. We also conducted interviews with past patients whose
stories were then audio recorded by actors to provide the
adolescents with a feeling of recognition and acknowledgment.
These stories were included as part of psychoeducation (ie,
examples of how it feels to have anxiety), cognitive restructuring
(ie, examples of helpful thoughts), and exposure tasks (ie,
examples of goals and use of the technique) and as motivational
speeches (ie, how it was to receive treatment and overcome
anxiety). In addition, we included “help a friend” tasks in which
the adolescent had to help a friend (ie, a fictional case) using
the presented CBT techniques to further the feeling of
relatedness and mastery.

The theme of being “relatable” was also present in the interviews
conducted with families from the feasibility trial in phase 3. In
this case, families noted that the stories from past patients had
helped them feel less alone (“I’m not the only one who has got
something”) and helped them understand their situation better.
Thus, relatedness and relatability may be key themes when
developing engaging internet-based interventions.

Objective 2: Help-Seeking Behavior
Insights on adolescent help-seeking behavior helped clarify how
adolescents would prefer to be supported by parents and
caregivers.

In the user involvement workshop, the overarching themes
present in the adolescents’ discussion of support and
help-seeking behavior tapped into the duality of taking charge
on their own (eg, by “establishing boundaries,” “making
agreements,” and being “serious”) and the need for relational
security with others in this process (eg, by “just telling them”
and “talking to someone you trust”). In addition, many
adolescents also qualitatively emphasized how it could be
helpful to speak to someone other than their parents (eg, a friend,
a teacher, or another family member).

This duality may reflect how adolescents themselves initiate
and engage in scaffolding efforts as learners. Scaffolding refers
to the process “that enables a child or novice to solve a task or
achieve a goal that would be beyond his unassisted efforts” [42].
Thus, it refers to the process of assisting a person to move
through the zone of proximal development by “controlling those
elements of the task that are initially beyond the learner’s
capability, thus permitting him to concentrate upon and complete
only those elements that are within his range of competence”
[42]. In this case, adolescents may themselves initiate this
process by seeking out relevant “assistants” to support them in
using the intervention and acquiring the skills and knowledge
presented in the intervention.

In addition, there is some evidence suggesting that social support
may be more important in ICBT treatments in which the level
of therapist support is low compared to traditional CBT. In a
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predictor analysis by Spence et al [37], social support from
family, friends, or a special person significantly predicted higher
levels of program adherence for adolescents completing the
BRAVE-online self-help program. However, only family
support predicted treatment outcome. This may underline the
importance of parental support to increase treatment adherence
in digital formats.

However, in a predictor analysis by Stjerneklar et al [43], the
time spent by parents helping their adolescents complete
treatment did not significantly predict treatment outcome. In
this study, the level of therapist support was high (weekly phone
calls set to a duration of approximately 20 minutes) compared
to that in the study by Spence et al [37] (no support). Thus, the
role of parental support may only be important in interventions
with no or low levels of therapist support.

In broader terms, these themes may also reflect how adolescence
as a developmental stage is a time when liberation from parents
and the need for autonomy become more apparent. Turning to
peers instead of parents for support may not be unusual for this
age group, and thus, the program content should be inclusive
of this. In addition, increasing autonomy may call for a
communicative approach that emphasizes the adolescents’
agency [44]. This meant that, instead of focusing solely on using
parents for support during the ICBT treatment, adolescents were
also prompted to create a list of their “support network” in the
program’s first session, identifying all people who would be
able to support them and specifying how they would like to be
supported by them.

In the feasibility trial conducted in phase 3 of the development
process, autonomy and support were also themes that were
discussed by the families. Adolescents generally enjoyed the
autonomy related to having separate programs, whereas for
parents, this was associated with mixed responses. Generally,
parents of older adolescents were more positive toward their
children working in the program on their own. This is in line
with findings from a co-design study by Ludlow et al [45] with
caregivers of young people aged 7 to 17 years. They described
how the desired level of caregiver involvement depended on
the young person’s age, where involvement may be lower with
older adolescents. Thus, allowing for different levels of
caregiver involvement depending on the age of the adolescent
could allow for more flexible and personalized use of the
intervention.

Objective 3: Navigating the Platform and Content
The usability tests provided practical information on how end
users would navigate the platform and content. On the basis of
this, the intervention material was edited down significantly,
and most text bodies were converted into graphics or short
videos. On the basis of feedback from the youngest participants
(aged 12 years), some of the existing graphics were also
simplified and slowed down. Where possible, existing videos
were edited down or split into sections to not last more than 2
to 3 minutes each. These findings were then used to guide the
design of subsequent graphic elements.

Objective 4: First Impressions From Families in
Treatment
Generally, families were satisfied with the program content and
platform. Families emphasized the graphic elements of the
content, such as animations, videos, and audio files, as
particularly beneficial. On the basis of this, some text bodies
were converted into graphics and videos, and other text-based
elements such as checklists (eg, lists with examples of
symptoms, behaviors, and rewards) were edited down. One
session (on realistic thinking) was also split into 2 subsessions
on identifying and working with anxious thoughts and practicing
detective thinking.

However, some families did find it difficult to align their
progress when completing separate programs. This led to 2
major revisions to the parent program related to enhancing the
joint use of the 2 programs. First, guidelines on how to
appropriately use the program were included in the introductory
session. This included guidelines on how often to work with
the program, how often to do exercises outside of the program,
and tips on how to stay consistent with the help of parents, all
with the purpose of better aligning the adolescent and parent
progress when working separately. Second, the parent program
was also restructured from 7 sessions to 10 sessions to better
reflect the course of the adolescent program. Coping strategies
presented in the adolescent program (in the “toolbox” session)
were included in short in a “toolbox” session for the parents.
In addition, the intended purpose and rationale of each task were
elaborated on further in both the adolescent and parent programs
to help families establish a mutual understanding of the program
content.

Despite efforts to keep program content short, it was still too
extensive, and the amount of reading was too much. In addition
to converting text bodies to graphics and editing down the
material, more in-session breaks were included, encouraging
adolescents to take time to implement the strategies and then
return to the platform.

Thus, findings from the feasibility interviews led to substantial
revisions of the program, all related to enhancing its use.
However, little is known about the role of including
user-centered practices to enhance engagement with DMHIs.
Some research conducted with adult populations indicates that
using user-centered practices may help increase engagement
[46,47], but more research is generally needed.

Limitations
This study has some limitations related to the representativeness
of the samples and the extent of the involvement of end users
in the design processes that may be of importance when
interpreting the results.

Not all samples in this study may be representative of the actual
end users, who are children with clinical anxiety. However, this
argument assumes that there would be a difference in
preferences between adolescents with and without anxiety, but
perhaps it is feasible to first include adolescents as experts on
being young as opposed to (but not exclusive of) being anxious
when we want to gain knowledge on adolescent preferences in
general.

JMIR Form Res 2025 | vol. 9 | e66966 | p.2609https://formative.jmir.org/2025/1/e66966
(page number not for citation purposes)

Sørensen et alJMIR FORMATIVE RESEARCH

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


Furthermore, demographic data on ethnicity and socioeconomic
status were not collected for participants in phases 1 and 2, and
it is unclear whether our sample was demographically
representative. Future research could focus on collecting these
data and recruiting participants from different locations (ie,
schools in different areas, counseling services, and mental health
services) to enhance diversity.

In addition, only 4 adolescents participated in the usability tests
in phase 2. Although representing both the youngest and oldest
adolescents in the intended age group (aged 12 and 16 years,
respectively), the small number of participants limits the external
validity of the results. It may be that the results obtained from
the usability tests are specific to the platform and content viewed
in this study. In the future, conducting usability tests online or
“on-site” in places where adolescents regularly spend time (ie,
in class or at youth centers) could aid the recruitment of more
adolescents and increase sample size.

In this study, we emphasized the importance of systematically
including adolescents as end users of an intervention. However,
parents and clinicians may equally represent end users of this
intervention and constitute valuable sources of information in
a design and implementation context. We did include clinical
psychologists working in routine care settings as part of the
expert group to qualify the program manuscript but did not
systematically collect data from them. This poses a limitation
of this study, and it would be beneficial in the future to include
all intended end users in the development processes.

It may also be that adolescents could have been involved more
in the design of the intervention and at an earlier stage. In a
study by Ludlow et al [16], the research team used co-design
methods to understand preferences and perceptions of the design,
functions, and engagement features within a new digital mental
health platform. The aforementioned study used generative
toolkits to facilitate the co-design processes through production
of artifacts. These artifacts (and output from previous design
phases) were then used to qualify the design of their new digital
mental health platform for young people. This type of end-user

involvement allows young people to hold a central position as
experts at very early stages of the development process.
However, it may also be extensive and require a lot of time and
resources that may not be available.

When comparing this study to the one by Ludlow et al [16], it
becomes apparent that, despite using user-centered methods,
researchers have the power to define what end-user perspectives
to include and how to investigate them. There may not be a way
to solve this paradox, but it underlines how important it is to be
aware of one’s own impact as a researcher when engaging in
these practices.

Conclusions
DMHIs have the potential to overcome treatment barriers such
as stigma and costs and increase access to effective treatment
at an early stage in symptom development. However, most
DMHIs suffer from low treatment adherence. It has been
proposed that the lack of end-user involvement in the
development of intervention content and platforms may be of
particular importance when interpreting the low adherence to
DMHIs. In this study, we used user involvement practices at
different stages of development to investigate adolescent and
parent preferences on specific design components. Information
from these practices was implemented when developing
intervention content. This study emphasizes the importance of
understanding the design process as iterative, where content
prototypes are subjected to multiple phases of evaluation. This
ensures the continued alignment of the intervention with
end-user needs and may help establish the validity of the
intervention for implementation in routine care settings. Future
research may use user involvement practices such as those
described in this paper to understand how to individualize
intervention content and patient courses. In addition, user
involvement practices could be used to investigate adolescent
preferences on specific treatment components (eg, relaxation
techniques and behavioral experiments) and the order in which
they are presented (ie, in a specific order or as optional
components).
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Abstract

Background: Wearable sensor bracelets have gained interest for their ability to detect symptomatic and presymptomatic
infections through alterations in physiological indicators. Nevertheless, the use of these devices for public health surveillance
among attendees of large-scale events such as hajj, the Islamic religious mass gathering held in Saudi Arabia, is currently in a
nascent phase.

Objective: This study aimed to explore hajj stakeholders’ perspectives on the use of wearable sensor bracelets for disease
detection.

Methods: We conducted a qualitative, theoretically informed, interview-based study from March 2022 to October 2023 involving
a diverse sample of hajj stakeholders, including technology experts, health care providers, and hajj service providers. The study
was guided by the task-technology fit model and the unified theory of acceptance and use of technology to provide a comprehensive
understanding of the factors influencing the acceptance and use of the technology. Semistructured in-depth interviews were used
to capture perspectives on using wearable sensor bracelets for infectious disease detection during hajj. Thematic analysis of
interview transcripts was conducted.

Results: A total of 14 individuals were interviewed. In total, 4 main themes and 13 subthemes emerged from the study, highlighting
crucial challenges, considerations, recommendations, and opportunities in the use of wearable sensor bracelets for the
presymptomatic detection of infectious diseases during hajj. Implementing wearable sensor bracelets for disease detection during
hajj faces obstacles from multiple perspectives, encompassing users, implementing stakeholders, and technological factors. Hajj
stakeholders were concerned about the substantial financial and operational barriers. The motivation of implementing stakeholders
and users is essential for the acceptance and uptake of devices during hajj. Successful integration of wearables into the hajj
surveillance system depends on several factors, including infrastructure, device features, suitable use cases, training, and a smooth
organizational integration process.

Conclusions: This study provides valuable insights into the potential opportunities and challenges of adopting wearable sensor
bracelets for disease detection during hajj. It offers essential factors to consider and important suggestions to enhance comprehension
and ensure the effective implementation of this technology.

(JMIR Form Res 2025;9:e60484)   doi:10.2196/60484
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Introduction

New Generation of Digital Tools for Public Health
Surveillance
Understanding and reacting to health trends affecting
communities is a core function of public health systems [1].
Public health surveillance is the tool used to respond to these
health trends through “the ongoing, systematic collection,
analysis, and interpretation of health-related data essential to
planning, implementation, and evaluation of public health
practice” [1]. The COVID-19 pandemic has brought to light the
urgent need for real-time public health surveillance to enhance
the use of evidence in decision-making [1]. The 2020 Riyadh
Declaration was formulated as a response to the global
pandemic, aiming to propose a series of suggestions that would
effectively tackle the shortcomings observed in global public
health response systems. The Riyadh Declaration emphasized
the significance of implementing digital health solutions that
are both scalable and sustainable, as well as the adoption of
health intelligence [1].

Traditional public health initiatives targeted at preventing the
spread of infectious diseases such as the recent COVID-19 have
limitations that digital health technologies could address [2].
The World Health Organization has defined digital health
technologies as “the field of knowledge and practice associated
with the development and use of digital technologies to improve
health” [3]. The use of digital health tools during the global
pandemic has exhibited their efficacy in fighting, mitigating,
and controlling the transmission of emerging infectious diseases
[2]. There is a significant potential for adopting digital
surveillance as a valuable tool in monitoring and controlling
infectious diseases [4]. Internet of Things (IoT) technological
advancement has proven its ability to augment and optimize
conventional preventative public health strategies and
methodologies [2]. These internet-based technologies possess
certain characteristics that enable the expedited detection of
infectious diseases [4]. The term IoT pertains to a network of
interconnected objects, devices, and systems that engage in
electronic communication and receive, process, and send digital
data with minimal human involvement [5]. IoT is expected to
reach its “plateau of productivity” during the next 5 to 10 years
[5].

Detection is the initial and important aspect in preventing
infectious diseases [5]. In the context of these diseases, the
computation speed plays a crucial role in reducing the time
required for their diagnosis, facilitating prompt implementation
of preventive measures. The performance of system automation
has been found to enhance surveillance’s efficacy in widespread
disease transmission. In addition, it has proven to be an effective
means of reducing the workload of medical workers during
pandemics [4].

Wearable Technologies and Body Sensors
Wearable technologies are integral to widespread IoT technical
advancements [6]. Wearable technologies are intelligent
electronic devices worn on the body to measure, analyze, and
transfer information. The data may encompass many bodily
indicators associated with essential physiological parameters
and levels of physical exertion. These wearables have the
capability to provide information to the user by means of display
technology or vibrotactile feedback [7].

Wearable sensors have garnered considerable attention in the
past 10 years, with a particular focus on their application within
the health care sector [8,9]. Their ability to establish connections
with other devices and the IoT, facilitating data exchange, has
led to their designation as “smart” devices, setting them apart
from traditional, nonconnected step counters, wristwatches, or
clothing [10]. Wearable sensors have the capability to monitor,
collect, and send data [6]. They offer precise, credible, and
real-time data regarding an individual’s behaviors and activities,
hence aiding users in identifying potential issues. Wearables
collect raw data from measurements using sensors to store them
and use them for things such as performance evaluation and
ongoing health monitoring [11]. These sensors can be applied
in several areas, such as illness monitoring, diagnosis and
treatment, and health management [12].

Various terms are used to refer to wearable sensor devices that
capture and analyze real-time physical data in a nonintrusive
manner. These terms encompass smartwatches [9,13], smart
sensors [14], wearable activity trackers [15], wearable sensors
[16], wearable physiological sensors [17], integrated biosensors
[18], and sensor bracelets [19]. In the context of this research,
the phrase “sensor bracelet” will be used.

Extensive research has been conducted on wearables to
investigate their potential in health monitoring. However, there
is a noticeable trend in current research toward applying
wearables for the presymptomatic detection of infectious
diseases [9,19]. This transition signifies the growing importance
of early detection of diseases, especially within the context of
public health and large-scale occurrences. The use of wearable
technology has emerged as a significant factor in this pursuit,
presenting the possibility of identifying infections before the
manifestation of symptoms. This capability facilitates prompt
interventions and preventive actions. The increasing emphasis
on this matter highlights the significant contribution that
wearables can make in augmenting health care and methods for
disease control.

Wearable devices (sensor bracelets) have gained attention for
their ability to anticipate both symptomatic and presymptomatic
identification of viral respiratory infections by sensing changes
in physiological markers, as highlighted in the recent literature
[19,20]. Mitratza et al [16] conducted a systematic review to
assess the value of a range of wearable sensor devices in
detecting COVID-19. In their review, they noted that, while
wearable devices show promising potential for detecting
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COVID-19, the findings are still in the early stages. They
emphasized the need to consider how differences in sensor
methods, data processing, and algorithms affect the detection
of infection-related changes in physiological measurements, as
well as the importance of addressing sources of bias. Building
on this, Risch et al [19] assessed the use of a smart bracelet in
the early detection of changes in physiological parameters
related to COVID-19. With a low false-positive rate, their
wearable sensor bracelet algorithm was able to identify 71% of
COVID-19 cases up to 2 days before symptoms manifested.
This demonstrates the efficacy of using wearable technologies
for the early detection of diseases. Mishra et al [9] conducted
a study whereby they demonstrated the use of data from
smartwatches to detect respiratory infections such as COVID-19
in real time within a large-scale scenario. The study identified
63% of COVID-19 infections with a low false-positive rate.
Furthermore, Hirten et al [2] evaluated the longitudinal
collection of heart rate variability (HRV) metrics from a
wearable device for the prediction of COVID-19. Their study
indicated that HRV data from the Apple Watch can predict
COVID-19 and identify symptoms. In addition, alterations in
HRV were observed before a positive polymerase chain reaction
test, indicating its potential for early infection detection.

Hajj, the Largest Annual Religious Mass Gathering,
and Disease Transmission
Safety and security have consistently been of utmost importance
within the framework of hajj, a significant religious event that
attracts participants worldwide. This annual massive religious
gathering in Makkah, Saudi Arabia, attracts almost 3 million
pilgrims from 180 countries. These pilgrims spend several weeks
in the cities of Makkah and Madinah. The problem of
overcrowding and the lack of compliance with
government-mandated preventative measures for diseases have
been highlighted in several previous studies [17,21-23]. This
lack of compliance contributed to a long-standing high
occurrence of respiratory infections before the COVID-19
outbreak. Low adherence among pilgrims has been attributed
to a number of factors, including insufficient coverage and
limited access to information [24].

Using intelligent and comprehensive monitoring tools for
participants in this mass event is crucial to reducing the risk of
future tragedies. Saudi Arabia uses several technical methods
such as spatial computing, crowd simulation, mobile apps, and
big data analytics for hajj activities [25].

In recent times, there has been an increasing focus on
incorporating state-of-the-art technologies to tackle the
distinctive difficulties linked to hajj. The hajj pilgrimage,
characterized by its large-scale congregation of millions of
pilgrims, poses significant logistical, health, and safety
complexities. Disease surveillance has emerged as a crucial
component of hajj management, progressively evolving over
time by assimilating insights gained from previous operations.

The Kingdom of Saudi Arabia has been at the forefront of
implementing digital solutions to improve the pilgrimage
experience as part of the national strategy and the 2030 vision.
One of the notable technological developments in this context
involves the application of the smart bracelet initiative, which

involved the collaboration of multiple governmental authorities.
In 2021, the Pilgrims’ Smart Bracelet initiative was introduced,
offering 5000 pilgrims bracelets equipped with data storage and
transmission capabilities, thus contributing to the IoT. The main
purpose of the bracelet was to provide extensive information
on the pilgrim, including their health condition. The device
enabled the tracking of important health indicators such as blood
oxygen saturation and pulse rate while also offering
functionalities for requesting immediate medical or security
support, guaranteeing swift reaction and help. In addition,
pilgrims were given awareness messages via the bracelet they
wore. The initiative’s implementation entailed incorporating
and enhancing business models and systems, spanning both
operational and technological facets of the project [26].

The practice of postmortem detection for infectious diseases
underscores the criticality of real-time data and analytics to
avert their transmission, which has severe social and economic
repercussions for citizens worldwide [5]. Within the framework
of hajj, it is imperative to not only identify diseases before
symptoms appear but also find and follow the individuals who
have been in contact with infected individuals. This requires
incorporating tracking elements into the device. The current
state of affairs presents an opportune environment for scientific
inquiry specifically aimed at recognizing and addressing nascent
hazards and difficulties to predict and alleviate them. Hence,
this study endeavored to investigate the opportunities and
challenges surrounding using wearable sensor bracelets for
presymptomatic detection of infectious diseases during hajj.

Methods

Theoretical Framework
Technology acceptance models have been criticized for their
limited ability to evaluate the extent to which wearable
technology offers the requisite functionalities to attain desired
outcomes. This concern can be effectively resolved by
integrating the task-technology fit (TTF) and technology
acceptance models [27].

Studies have shown that integrating the TTF model and the
unified theory of acceptance and use of technology (UTAUT)
enhances the predictive strength for technology adoption. The
TTF-UTAUT model integrates 2 key frameworks to predict
technology adoption [28]. The TTF model is defined as the
interdependence between individual (a technology user),
technology (data, hardware, software tools, and the services
they provide), and task (an activity carried out by individuals
to produce the required output) characteristics [26]. The UTAUT
suggests that the actual use of technology is determined by
behavioral intention. The perceived likelihood of adopting the
technology depends on the direct effect of 4 key constructs:
performance expectancy, effort expectancy, social influence,
and facilitating conditions [29].

The UTAUT is considered beneficial for the complex nature of
this research, which involves evaluating several interrelated
factors in disciplines such as health informatics and public health
during large-scale events. The UTAUT can provide insights
into the determinants that affect the adoption and use of
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wearable sensor bracelets among various stakeholders
participating in the hajj pilgrimage. To provide a more thorough
explanation, the TTF model was integrated with the UTAUT.
The TTF model can be used to evaluate the degree to which the
features of the technology align with the requirements and
demands of its users, including both pilgrims and

authorities. This integration improves understanding and focuses
on particular elements inside the UTAUT.

To aid in effectively applying wearable sensor bracelets during
the hajj pilgrimage, this integrated approach can offer a
comprehensive understanding of stakeholders’ viewpoints.
Figure 1 [28] presents the model used.

Figure 1. Task-technology fit and unified theory of acceptance and use of technology.

Study Design
We conducted in-depth, semistructured, one-to-one qualitative
interviews from March 2022 to October 2023 with 14 selected
hajj stakeholders, organizers, and professionals working in the
field to capture their perspectives on using wearable sensor
bracelets for infectious disease detection during hajj.

Data Collection and Sampling Strategy

Overview
A nested cohort approach was used to explore stakeholders’
perspectives [30]. Participants were identified through purposive

sampling and snowball sampling techniques. Purposive sampling
is a method used to gather information and gain a comprehensive
understanding of a certain topic of interest. This methodology
entails the selection of data cases based on their capacity to
yield data that are rich in information for comprehensive analysis
[31].

A purposive sampling strategy was used to identify participants
who were directly involved in the smart bracelet initiative. This
resulted in a core group of 4 participants who held senior
positions within the organizational hierarchy. The key
stakeholders were identified through the organizational website
and were reached purposefully via email. These individuals
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offered comprehensive perspectives on the initiative as a result
of their direct expertise and authoritative decision-making
positions. Concurrently, a more extensive cohort of 10
participants selected using snowball sampling was incorporated
to gather insights into the general use of technology during hajj,
specifically from individuals who directly interacted with
pilgrims. Although these individuals were not directly involved

in the smart bracelet initiative, their contact with pilgrims
offered vital contextual information. We reached out to these
participants directly via their contact numbers.

The inclusion and exclusion criteria for participants are detailed
in Textbox 1. This study adhered to the guidelines outlined in
the COREQ (Consolidated Criteria for Reporting Qualitative
Research) checklist [32].

Textbox 1. Inclusion and exclusion criteria for participants in this study.

Inclusion criteria

• Individuals in senior positions within the organizational hierarchy who were directly involved in the smart bracelet initiative, including those
with technological, medical, organizational, or logistical expertise

• Individuals who have experience and are present in service organizations during hajj (eg, tawafa organizations) and can offer their perspective
on the technologies used and how pilgrims interact with or accept them

Exclusion criteria

• Individuals who are not directly involved in the smart bracelet initiative or do not occupy senior positions

• Individuals who lack pertinent experience or insight into the adoption and use of technology by pilgrims during hajj.

Interviews
We used a systematic approach to engage with our potential
participants before the interviews started. The interview
questions were then given to participants who replied favorably
and indicated their desire to take part. This action guaranteed
that participants had enough time to prepare for the subsequent
interview, promoting a deeper and more thoughtful discussion.
We then scheduled the interviews after allowing participants to
receive the interview questions and prepare.

Interview Topic Guide
The interviews were guided by a semistructured topic guide
exploring professional background, experience, and involvement
with the 2021 Pilgrims’ Smart Bracelet initiative. Questions
were based on existing literature and organizations’ online
information to understand the current capabilities and existing
tools used during hajj in addition to opportunities, gaps, and
challenges associated with implementing wearable sensor
bracelets for infectious disease detection during hajj. Questions
were tailored to the specific characteristics of participants and
evolved in light of emerging findings. We explored the
advancements of existing tools and technologies used during
hajj for public health surveillance, their limitations, and
stakeholders’ vision and perceptions regarding using wearable
sensor bracelets for disease detection during hajj.

The interview questions for key stakeholders who were directly
involved in the smart bracelet initiative primarily addressed the
capabilities of the surveillance system, the technologies and
tools used during hajj to support the event, their opinions on
wearables for disease detection, and their insights into the smart
bracelet initiative. In contrast, interviews conducted with
participants who had minimal involvement in the smart bracelet
initiative but were highly involved in assisting pilgrims focused
on their experiences and viewpoints regarding the acceptability
of the latest technology deployed during hajj by the pilgrims. A
copy of the topic guide can be found in Multimedia Appendix
1.

Digital audio recorders with encryption were used to record the
interviews. Interviews were transcribed verbatim, read numerous
times, and annotated to fully immerse us in the facts.

Data Analysis
Thematic analysis of interview transcripts was conducted [31].
This study used an inductive thematic analysis to investigate
participants’ experiences and perceptions regarding the use of
wearable sensor bracelets for disease detection during hajj. The
UTAUT and TTF framework variables served as a guide for
the interview questions, but themes were allowed to naturally
arise from the data. In the subsequent analysis, a deductive
approach was applied to identify relationships between the
emergent themes and the theoretical constructs of the UTAUT
and TTF model. This hybrid approach allowed for both the
discovery of novel insights and the integration of findings with
established theoretical frameworks.

The primary author, NM, led the data analysis by integrating
the UTAUT [33] and TTF models [34] to create a
comprehensive framework. This framework posits that the user’s
intention to use technology and their acceptance of it are
influenced by many criteria derived from the UTAUT as well
as the degree of compatibility between the task at hand and the
technology being used [28].

In this analysis, we explored the use of wearable sensor bracelets
for disease detection during hajj. We thoroughly evaluated
several aspects such as the integration of technology,
development of systems, augmentation of infrastructure, and
acceptance among users and suppliers. This comprehensive
exploration allowed us to understand the intricate interplay of
factors influencing the successful deployment of wearable sensor
technology within the unique context of hajj.

Upon completing data collection in our study, we promptly
commenced the analysis process to identify any significant
findings.
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We eventually arrived at the realization that we had obtained
enough data to attain data saturation when we noticed that the
same subjects kept cropping up during our observations of the
data-gathering process and no new ones were introduced. After
completing the data collection and analysis, it became evident
that no new themes were developing. This confirmed that we
had achieved a state of saturation in our findings.

To improve the dependability and verification, synopses of
discoveries were regularly communicated to other researchers
engaged in the study subsequent to each interview with a
participant. The completed transcripts and field notes were
systematically arranged and categorized in NVivo (version 12;
QSR International) using researcher-derived codes (latent codes)
obtained from the interview guide. We followed the
characteristics of an inductive coding strategy to guarantee
thoroughness and complexity in our investigation [31].

Ethical Considerations
According to the ethical guidelines set forth by the University
of Manchester, this research study did not require independent
ethical review and was categorized as low-risk research (“Work
with professionals; including interviews, focus groups,
questionnaires, etc” [35]). All study data were fully anonymized,
with no personal identifiers collected, and were securely stored
to ensure privacy and confidentiality in accordance with the
University of Manchester data protection guidelines. We initially

sent a participant information sheet to each potential participant
via digital communication tools informing them of the study’s
purpose and why they had been selected. Participation was
voluntary, and no compensation was offered or required.

Results

Participant Characteristics
A total of 14 semistructured, in-depth interviews were carried
out, with sessions having a duration ranging from 20 to 80
minutes. The mean duration of the interviews was 32.0 (SD
20.8) minutes. The variation in interview durations can be
ascribed to the participants’ varying levels of expertise and
knowledge and the degree of their engagement with the smart
bracelet initiative. Individuals that had greater direct engagement
with the initiative generally offered more comprehensive
perspectives, leading to lengthier interviews. In contrast,
individuals with limited direct experience or engagement
generally had shorter interviews.

The interview participants in our study encompassed a wide
array of backgrounds, which included individuals involved in
hajj, specialists in public health, and professionals from several
disciplines (Table 1). A subset of the individuals involved in
the study held prominent positions within governmental entities,
whereas others held positions with varied levels of
decision-making power.

Table 1. Study participants’ expertise and sectors.

SectorExpertiseParticipant number

Hajj and umrah servicesSystems engineering, business, and project management1

Health care and public healthHealth care provider and public health specialist2

Health care and public healthHealth care provider and public health specialist3

Technology or consulting (business)Communication engineering and artificial intelligence4

AccommodationService provider5

AccommodationService provider6

AccommodationService provider7

AccommodationService provider8

Guidance to holy sitesService provider9

Enrichment (educational and awareness)Service provider10

Arrivals and departuresService provider11

Arrivals and departuresService provider12

TransportationService provider13

TransportationService provider14

In total, 2 distinct groups were formed based on the results of
the conducted interviews. The initial cohort consisted of 4
participants who were directly involved in the 2021 initiative
and made significant contributions to this study. The second
cohort consisted of 10 persons who were not directly involved
in the 2021 initiative and had no additional insights to contribute
regarding the use of wearable devices during hajj. Nevertheless,
these individuals were involved in the provision and

coordination of hajj services as well as direct engagement with
pilgrims.

Each participant had a minimum of 10 years of professional
experience in their respective fields. The individuals who made
these contributions were located in Saudi Arabia. A total of
71% (10/14) of the interviews were conducted via telephone,
and the remaining 29% (4/14) were conducted using the Zoom
platform (Zoom Video Communications). Audio recordings
were gathered for all interviews.
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Generated Themes: An Overview
The analysis generated insights on 4 main themes and 13
subthemes (Figure 2), highlighting crucial challenges,
considerations, recommendations, and opportunities in the use
of wearable sensor bracelets for the presymptomatic detection
of infectious diseases during hajj. A narrative synthesis was
used to report the findings obtained from data collected from

the first group of 29% (4/14) of the participants who played a
role in the 2021 smart bracelet initiative. Table 2 highlights
inputs from each of the 4 participants related to the identified
themes.

For the second group, a brief summary of the findings is
presented highlighting important observations without a detailed
analysis.

Figure 2. Thematic analysis of the conceptual theme framework of the interviews. AI: artificial intelligence.
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Table 2. Themes generated during data collection.

ParticipantTheme and subthemes

4321

Implementation challenges

General challenges

✓Resistance to technology

Stakeholder challenges

✓Limited data

✓✓Financial burden

✓Operational burden

User challenges

✓Pilgrims’ acceptance and adherence

✓Cost

Technology and device challenges

✓✓✓Data privacy

✓✓User consent for data collection

✓Trust in technology

✓Existing infrastructure capabilities

Key considerations

Stakeholder motivations

✓✓Meeting needs

✓✓Building trust in device features and capabilities

✓✓✓Cost reduction through private sponsorship

✓✓Interest of entities involved

User motivations

✓✓Promoting the device for pilgrims’ safety

Recommendations

✓✓Comprehensive infrastructure

✓Device characteristics and features

✓✓✓Business model

✓Effective staff training for wearable implementation and distribution

✓The need for organic system harmony

Opportunities

✓✓Multidisciplinary features and distinctiveness among other digital tools with AIa integration

✓Gradual integration of wearables during hajj

aAI: artificial intelligence.

The First Group’s Perceptions of Using Wearable
Sensor Bracelets

Overview
The idea of “smart hajj” was a recurring topic in the interviews
as respondents emphasized their goals for the future and their
current capabilities and constraints. The concept of smart hajj
signifies the continuous endeavors of the hajj organization to

adapt to technological advancements and improve the overall
pilgrimage journey. The concept comprises various technical
solutions designed to tackle difficulties and enhance the welfare
and security of pilgrims.

However, the deployment of smart hajj and incorporating
wearable devices into the technology used by hajj authorities
present challenges and potential. Several important points were
raised, and suggestions were made by the participants.
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Implementation Challenges of Wearable Sensor
Bracelets for Infectious Disease Detection During Hajj
In the context of using digital health technologies for public
health surveillance, participants in our study highlighted a range
of challenges in deploying wearable sensor bracelets for disease
detection during hajj. The issues encompassed a range of areas,
including general challenges, challenges connected to
implementing stakeholders, challenges linked to users, and
challenges related to devices and technology.

General Challenges: Resistance to Technology

Participants voiced apprehensions over the wider difficulties
linked to integrating technology such as wearables within the
public health domain. They emphasized a vital concern related
to resistance from both users and implementing stakeholders
due to factors such as data privacy, information security, and
human rights:

We will face a challenge in using technology for
public health due to data, information, and human
rights. This challenge is present, and we will face
resistance. [Participant 2; health care provider and
public health specialist]

Stakeholder Challenges: Limited Data, Financial Burden,
and Operational Burden

Participants cited concerns regarding various factors from the
hajj implementing stakeholders’ perspective, including limited
data availability, resistance to adoption, and the operational and
financial burdens associated with wearable implementation. In
addition, the conversation explored several aspects pertaining
to the previous smart bracelet initiative, elucidating significant
barriers that hindered its advancement.

The limited availability of health data can be attributed to the
apprehensions of pilgrims regarding disclosing their medical
records to hajj authorities. There was a concern among
individuals that the act of revealing specific information
pertaining to their health status and underlying medical disorders
would potentially impede their ability to be granted permission
to partake in the hajj pilgrimage or, alternatively, affect their
eligibility to obtain hajj visas:

Pilgrims worry that if they mention any medical
condition, that the Ministry of Hajj and Umrah will
not issue them the visa. For example, they do not
mention that they have Cancer fearing that they will
not get issued the visa. I do not mind if the pilgrim
has Cancer, I will treat you, but I need to know in
advance to prepare and provide you with the service.
[Participant 2; health care provider and public health
specialist]

One major issue brought up by participants, especially the hajj
organizers, was the expense of integrating wearables throughout
the pilgrimage. Considering the wide range of services they
already offer, they voiced concerns regarding the cost load
related to the adoption of wearables. Participants attributed the
failure and incomplete implementation of the previous smart
bracelet initiative (NUSUK) to the high cost of wearables and
the significant budget needed for their deployment. Hajj

organizers questioned whether they could cover the expense of
integrating wearables for all pilgrims:

Let’s return to the smart bracelet project and why it
was not completed. Finance was an issue at that
stage, and the projects couldn’t proceed. The cost of
these devices is considered high. [Participant 4;
communication engineering and artificial intelligence
(AI)]

Can we afford to provide the wearable to all pilgrims?
[Participant 3; health care provider and public health
specialist]

Participants highlighted the operational challenges associated
with implementing ubiquitous sensor bracelets, including the
need for staff training and the availability of expert teams for
data analysis and decision-making. Concerns were also
expressed over the substantial data flow generated by wearables.
Despite the complete readiness of the expert teams, there were
concerns that these efforts might not produce valuable outcomes
owing to a lack of user engagement:

It will be a huge operational load.It needs a
specialised team that deals with the data collected by
the watch and decides whether the person needs a
team to be dispatched. So, there was a big operational
load with a minimal value, especially during Hajj.
[Participant 1; systems engineering, business, and
project management]

User Challenges

Pilgrims’ Acceptance and Adherence

Participants underlined the difficulty of obtaining user
acceptance, particularly in light of the wide range of
backgrounds, beliefs, and degrees of faith in technology
exhibited by pilgrims hailing from >180 nations worldwide.
Stakeholders observed that the implementation of the tracking
and tracing feature may potentially discourage certain pilgrims
from adopting or adhering to the technology:

Once you mention to the user that they can’t take the
bracelet off their wrist, or you can’t give it to someone
else, cut it, or I will notice what happens to the
bracelet once you have done any of these. It will be
like you are tracking me as a prisoner, and there will
be high resistance. [Participant 2; health care provider
and public health specialist]

Cost

In addition to being a financial burden for the providers,
wearable device costs may be seen as an obstacle by users if
they are part of their hajj package. Participants voiced
apprehension regarding the potential financial burden of
including the cost of the bracelet in the pilgrims’ bundles,
deeming it to be costly:

If we estimate that the cost of the bracelet will be 100
Saudi Riyal, it will be considered expensive for
pilgrims to add that amount to their package.
[Participant 4; communication engineering and AI]
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Technology and Device Challenges: Data Privacy and Users’
Consent, Trust in Technology, and Existing Infrastructure
Capabilities

The issue of data privacy is intricate and delicate, particularly
in relation to the acquisition of user data through diverse
technological means. Privacy considerations are important in
using wearable sensor bracelets for public health surveillance
during events such as hajj. This is primarily due to the acquired
data’s sensitive nature and the wide range of users participating
in these activities. When individuals’ data pertaining to their
health and movements are collected, it is natural for them to
express concerns regarding the entities that possess access to
these data and the potential applications they may be subjected
to:

Well, the issue of wearables usually and all digital
solutions are human rights. [Participant 2; health care
provider and public health specialist]

The interviewees emphasized the difficulties faced while
implementing the hajj smart bracelet initiative (NUSUK),
specifically focusing on data protection concerns. They
underscored the significance of acquiring informed consent for
data collection by technological means, such as health data and
location information:

Regarding data privacy, no data can be collected
without an individual consent. Tracking location and
gathering medical or health data as you know are
considered private data which fall under the General
Data Protection Regulation (GDPR). [Participant 4;
communication engineering and AI]

Participants expressed certain reservations about the usefulness
of wearable technology. One of the difficulties that participants
expressed concerns about was the efficacy of wearable devices.
This substantially enhances individuals’ confidence in the
deployment of wearable sensor bracelets for disease detection
during the hajj pilgrimage. In alternative terms, participants
emphasized the necessity for these technologies to possess a
high level of efficacy to foster a sense of assurance in their use:

There are lots of challenges. First, the technology
part. How effective is it, how does it capture data,
and is it durable? Is it accurate? I think we still can’t
say that the wearables are ready from the
technological side. [Participant 3; health care provider
and public health specialist]

Despite the notable advancements in the network infrastructure
built in the Kingdom of Saudi Arabia, participants expressed
concerns regarding the adequacy of connectivity strength
necessary to effectively manage the vast number of devices
used during hajj and the amount of data transmitted:

What if we have 2 million devices in an area with
weak connections? Do you think we can manage it?
Still early. [Participant 3; health care provider and
public health specialist]

Key Considerations in the Adoption of Wearable Sensor
Bracelets for Disease Detection During Hajj

Overview

The motives of both consumers and providers significantly
impact the successful integration of technology in any domain.
In implementing wearable sensor bracelets during the hajj
pilgrimage, it is imperative to thoroughly examine and
comprehend the motives of all stakeholders and users concerning
their acceptance and adoption of this technology. Participants
identified several factors that should be considered to encourage
stakeholders.

Stakeholder Motivation

Meeting Needs: Integrating Pilgrims’ Health Records for
Improved Data Accessibility and Enhanced Data Availability 

Stakeholders are primarily driven to integrate technology into
their strategic plans when it caters to their distinct requirements
and eliminates the obstacles they have experienced. Furthermore,
stakeholders tend to adopt a technology when it effectively
mitigates current challenges and when the characteristics and
capabilities of the device correspond to their specific needs.
The motivation behind this behavior arises from a
comprehensive understanding of how the technology may
optimize their activities and contribute to their overarching
goals.

The availability of health data, especially with the heterogeneity
of languages of pilgrims attending hajj, is of tremendous value
to health care professionals as it helps them determine the
individual requirements of participants (hajj attendees) and
make required preparations. Implementing a consolidated health
data system would significantly streamline the identification
and understanding of the medical background and requirements
of individuals regardless of the health care facilities they visit
within the holy sites and Makkah hospitals. Integrating systems
would facilitate uninterrupted access to participants’ records
and optimize the delivery of critical health care services:

Ministry of Health needs to have a complete EHR for
the pilgrim, they would prefer to have reliable and
accurate health data, so data availability. [Participant
4; communication engineering and AI]

Today, I need basic information. Wearables for public
health are different from normal bracelets. For the
normal bracelet, I need major clinical data. For
example, I need to know in advance the conditions
that the patient (pilgrim) has, such as if he has kidney
failure, if she is pregnant and so on, so I get ready to
serve them. I do not want to be surprised; I want to
be ready. [Participant 2; health care provider and
public health specialist]

Building Trust in Device Capabilities and Features

From the perspective of health care service providers,
participants emphasized the key features that must be
incorporated into wearable sensor bracelets to instill faith in
and reliance on these devices, hence minimizing the necessity
for additional evaluation. The accuracy of the data collected by
these devices is a crucial factor. Although health care providers
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may choose to perform supplementary evaluations such as
laboratory tests, it is imperative that the wearable device delivers
data of utmost precision. The significance of accuracy cannot
be overstated as it guarantees the reliability of the obtained
information and establishes a robust basis for further
evaluations:

If you look at Apple Fit watch or any other Fitbit
watch, the heart rate increases if a person makes any
physical effort. Sometimes even if you are sitting, your
heart rate could be irregular. [Participant 1; systems
engineering, business, and project management]

In addition to recognizing the significance of trust and the
attributes of the wearable sensor bracelet, participants
underscored their preference for specific aspects of wearable
technologies. A further motive emphasized by the study
participants pertained to a particular attribute of the device,
namely, its capacity to both transmit and receive data.
Participants emphasized the significance of bidirectional data
connection as it enables service providers to gather data from
the wearables and monitor the bracelets themselves. This
attribute was perceived as highly advantageous in terms of
facilitating efficient surveillance and guaranteeing the integrity
of the sensor bracelets, hence preventing any unauthorized
tampering or substitution:

I am not a technology person, but I imagine that if
we are using such bracelet, I would prefer that it send
me data, and I could pull data from it as well. So,
push and pull material for data. In addition, the
activation and deactivation are central. The user
shouldn’t be able to activate or deactivate something.
I need to know that someone has cut it, removed it,
given to someone else or exchanged, so I can track
people. [Participant 2; health care provider and public
health specialist]

Cost Reduction Through Private Sponsorship

Considering the cost of the bracelet is of utmost importance as
participants emphasized the need to minimize the financial load
on hajj authorities. The consensus among participants was that
developing or deploying such a device within the context of
hajj must strike a delicate equilibrium between cost-effectiveness
and the essential functionalities it provides:

Honestly, the operation model for this whole business
should be provided by the private sector, not the
government. [Participant 1; systems engineering,
business, and project management]

Interest of Entities Involved

A significant aspect highlighted by participants was the
identification of the interests of the entities involved in the
project and assessing the value derived from integrating the
technology into their road map development. Among the many
organizations participating in the hajj season, such as the
Ministry of Health, Ministry of Hajj and Umrah, Ministry of
Interior, and others, a number of duties and responsibilities were
highlighted:

The Ministry of Hajj and Umrah focuses on the
quality of services, which is why we focus on
measuring satisfaction with crowd management,
movements, and safety. We do not focus on diseases
and infectious diseases because it is different from
the scope of work we are looking for. We are not
wasting our effort and time on technologies of that
interest. It is not our specialist as a ministry, but the
Ministry of Health are working on this file.
[Participant 1; systems engineering, business, and
project management]

User Motivation: Promoting the Device for Pilgrim Safety

The significance of encouraging pilgrims to adopt wearable
sensor bracelets actively was emphasized by the participants.
They stressed the importance of communicating a message that
revolves around the person’s interest in and reasons for using
the technology, especially in light of their safety. It was widely
agreed upon that presenting the use of wearables during hajj as
a matter of personal preference closely linked to the individual’s
welfare enhanced the probability of acceptance among pilgrims.
The participants expressed reservations about adopting methods
that could be interpreted as invasive or limiting, emphasizing
the importance of presenting wearables as instruments for
individual safety and autonomy:

I think you can work it out with the Ministry of Hajj
and Umrah, and the Hajj missions by agreeing that
the wearable’s objective is user health and user
safety. They should propose it from the health and
safety aspect, so people accept wearing it. [Participant
2; health care provider and public health specialist]]

Recommendations for Wearable Sensor Bracelets for
Disease Detection During Hajj
Interviewees underlined and provided valuable insights into
many prerequisites that must be considered to successfully and
efficiently implement wearable sensor bracelets for disease
detection during hajj.

Comprehensive Infrastructure

The importance of establishing a resilient and all-encompassing
infrastructure to effectively handle the large number of devices
deployed in the vicinity of the holy sites of Makkah and enable
seamless data transmission was emphasized as a crucial
component. Moreover, the emphasis was placed on the many
components and characteristics of the devices that could
efficiently carry out the functions of disease detection and
tracking throughout the hard period of hajj considering the large
number of participants:

An important variable in the success of smart cities
is first the infrastructure. [Participant
4; communication engineering and AI]

Device Characteristics and Features

Strength, Type, and Independency of Connectivity
The current state of connection in holy places was underscored
as being in its nascent phase notwithstanding the progress made
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in 4G and 5G technologies and the deployment of IoT
infrastructure:

In previous years, the infrastructure of internet
connectivity for 4G and 5G improved remarkably.
Connectivity needs to be strong around all holy sites
and areas. Not all areas were 100% covered, some
were covered under a certain company, and others
were served under another coverage company. In
addition, the large number of people in a certain area
using that network could weaken the connectivity.
[Participant 4; communication engineering and AI]

A cost-effective communication infrastructure was suggested
as a means to facilitate data transmission for devices and
guarantee equitable service for the substantial number of
pilgrims. The proposal entails offering complimentary access
to this form of connectivity while considering the economic
strain on both the organizers and the users:

There is the cost of the device itself and the cost of
communication. What I mean by communication is
your network package or availability of Wi-Fi
services. [Participant 4; communication engineering
and AI]

Emphasizing the necessity for data transmission autonomy, it
was critical that wearable sensor bracelets possess the capability
to transmit data autonomously without dependence on an
intermediary device such as a mobile phone. Autonomy is
attained by the use of different forms of connectivity, such as
ultrawide band:

We usually recommend that when using a smart watch
not to connect it to a mobile phone, rather to a sim
card or to any type of connectivity such as the UWB
where data can be sent whenever it gets signal form
a sensor, a device, or any connectivity. [Participant
4; communication engineering and AI]

Accuracy and Length of Communication Range
Furthermore, the strong reliability of Bluetooth was highlighted,
specifically in the context of short-range communication.
Nevertheless, it was recognized that Bluetooth possesses certain
restrictions, necessitating specific intervals for optimal
functionality when operating over particular distances:

The advantage of Bluetooth is the strong accuracy.
However, one of the limitations is that every 50-100
m you need an interval. The UWB you can reach up
to 1000 meters, so less sensors. [Participant
4; communication engineering and AI]

Apart from the various characteristics of the wearable sensor
bracelet that were previously discussed, with a focus on accuracy
and efficiency in wearable devices for disease detection during
hajj, technologists emphasized the importance of battery life as
a critical factor to be taken into account. The importance of
selecting an appropriate connectivity option that aligns with the
specific circumstances was underscored as it helps reduce
excessive battery use and enables consistent and efficient use
of these devices within the challenging pilgrimage setting:

Battery life as I mentioned is a factor you need to
consider. How many days would you like the bracelet
to last for. Nowadays companies manufacture devices
based on your need, do you want it to last a day more,
a week or what. [Participant 4; communication
engineering and AI]

Business Model: Selection of an Appropriate Use Case (a
Methodology Used in System Analysis to Identify, Clarify,
and Organize System Requirements)

Identifying the right and appropriate use case for the technology
was highlighted based on user interest and needs and cost to
facilitate the successful integration of new technology into the
hajj system:

We need to know the appropriate and right use cases
for technology usage and implementation. It needs to
be clear. [Participant 4; communication engineering
and AI]

Participants emphasized the significance of rendering the use
of wearables a personal decision, striking a balance between
the device’s advantages and the costs involved. The rental
model, individual activation, and targeted distribution were
identified as crucial elements in attaining a more customized
and economically efficient strategy for deploying wearables
during the hajj pilgrimage:

A person could personally benefit from this wearable
if he/she feels they have a critical condition and needs
this service; it can be requested as a special request.
Anyone can activate it by connecting the watch with
contact numbers in an emergency. The government
does not need to provide this service, especially since
the watch cost is very high. We are talking about 1000
Saudi Riyal [US $266.60] for one watch. Honestly,
the value for the cost was not achieved in the project.
[Participant 1; systems engineering, business, and
project management]

Effective Staff Training for Wearable Implementation and
Distribution

Staff training was identified as a crucial component for
successfully implementing wearables. The tasks encompassed
managing a substantial volume of data and guaranteeing precise
allocation of the wearable devices. The hajj event yields a
substantial amount of data, necessitating the provision of
sufficient training to staff to handle, analyze, and understand
this information effectively:

Another thing we need to think about. When I receive
a large amount of data, and I am not ready for it, how
can I deal with it? Last Hajj, we suddenly received a
large amount of data from other departments it was
very detailed/360, and we had no idea how to deal
with them. We didn’t expect it. [Participant 3; health
care provider and public health specialist]

Another issue we need to consider is how we will
guarantee the distribution of the device. You know
the food itself; we have an issue with it with the
campaigns. Think about this scenario. I am receiving
pilgrims from various countries, and I have the
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bracelet to give to the campaign manager or staff that
were not trained enough to match the bracelet with
the right person. I can’t guarantee this; most likely,
there will be a mix-up. [Participant 3; health care
provider and public health specialist]

The Need for Organic System Harmony

Participants highlighted the significance of achieving a smooth
and natural incorporation of wearable devices into the system
to facilitate prospective expansion. This sentiment agrees with
the perspective expressed by a participant who emphasized the
importance of adopting an organic approach and considering
integration as a complete system. The importance of careful
deliberation was emphasized by the participant, stressing the
need for alignment between decision makers and persons who
wear the bracelets. The primary focus lies in establishing a
cohesive, interrelated framework that promotes user-friendly
functionality, comprehension, and expansion:

These things need to be organic; it is a system. We
need to think about the person taking the decision,
the person wearing the bracelet. Everything need to
be harmonised and work together. We all need to
know how to deal with it and there need to be built
on organic growth. [Participant 3; health care provider
and public health specialist]

Opportunities and Advantages of Wearable Sensor
Bracelets During Hajj

Multidisciplinary Features and Distinctiveness Among Other
Digital Tools With AI Integration

Participants provided insights into the possible benefits of
incorporating wearables, highlighting the numerous
opportunities that arise from the varied range of features offered
by these devices. They emphasized the potential for
transformation that is enabled by improvements in AI
capabilities, which play a vital role in developing and improving
these devices. The perspectives shared by the participants shed
light on a favorable view on the distinctive attributes of wearable
devices and the potential synergies they offer with modern AI
technologies. These observations indicate a wide range of
opportunities for further advancements in this field:

Yes, a Wearable sensor bracelet is a good device.
Can we use it? The answer is yes. AI will take a very
huge platform in public health. [Participant 2; health
care provider and public health specialist]

Participants underscored the unique features of wearable sensing
devices compared to other gadgets such as mobile phones. The
participants emphasized that wearable devices can assess a wider
array of physiological indicators in contrast to mobile devices.
This distinctive capacity of wearable sensors makes them
valuable instruments for gathering a complete array of
health-related data, surpassing typical mobile devices’
capabilities:

So, both devices; smart watches and mobile phone
can use Bluetooth to track and trace infected
individuals and people who have been in contact with.
However, Smart watches have an advance of

measuring vital signs. [Participant 4; communication
engineering and AI]

Gradual Integration of Wearables During Hajj

Participants emphasized the importance of gradually integrating
wearable devices as public health tools for effective
implementation into the hajj system:

...of course. Wearables started to get large space in
healthcare. Yes, we can use wearables, but I wouldn’t
use them for public health at first. It could start with
healthcare tackers, so I use the wearable, which can
give signals to the healthcare tacker first. Each group
of pilgrims have their own identifier (healthcare
tacker) or medical mission, so it gives a warning to
the medical mission, which gives him a summary of
number of cases for example 4 cases have X without
a diagnosis just based on the wearable. Then, as a
public health department, I get notified and decide
what actions need to be taken, such as checking A,
B, & C to ensure it is X or Y. [Participant 2; health
care provider and public health specialist]

A Brief Summary of the Findings From the Second
Group
The second group of participants cited their duty to serve the
guests of God during their hajj journey to Makkah. They
discussed the many types of tawafa organizations they belonged
to (a service provider for external pilgrims) and the role of each
one. Tawafa organizations are classified into 4 distinct groups.
The first group consists of 6 organizations responsible for
assisting pilgrims in Makkah and the holy sites that are
segregated into subgroups according to the countries and
continents from which they originate. These six organizations
are for pilgrims coming from (1) Iran; (2) South Asia; (3)
Turkey, Europe, Australia, and America; (4) Arabic countries;
(5) African non-Arabic countries; and (6) Southeast Asia. The
second group consists of 1 organization responsible for
providing water to pilgrims at the Sacred House. The third group
consists of an organization that is licensed to receive and
dispatch pilgrims arriving via air, sea, and land ports, facilitating
and arranging their departure protocols. The final group is an
organization that is licensed to provide services to pilgrims
visiting the sacred mosque located in Madinah city.

Several prevalent health concerns among the pilgrims they assist
were brought up by the participants. The most common health
problems associated with the hajj event include heat-related
illnesses such as heat stroke, heart diseases, and infectious
diseases. The importance of medical missions associated with
each group of pilgrims was also underscored.

Participants commented on a common issue related to pilgrims’
lack of adherence to specific preventive measures designed by
hajj authorities to safeguard their well-being, such as hygiene
and stampedes in Jamaraat Bridge. In addition, they highlighted
that the most holy site among Mina, Muzdalifah, Mount Arafat,
and the Holy Mosque where the crowd density becomes high
is Mina.
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Participants discussed the technological improvements
introduced by hajj authorities, such as mobile apps and smart
cards, which provide assistance and information to pilgrims
from diverse backgrounds. Nevertheless, the participants also
emphasized the difficulties of integrating these technologies on
a broad scale during hajj. They stressed the importance of
conducting more educational campaigns to assist pilgrims in
comprehending and proficiently using these technologies as
well as understanding the reasons behind their deployment.

Discussion

Principal Findings

Overview
In this study, we explored participant perceptions and
experiences of using wearable sensor bracelets during the hajj
pilgrimage. The primary objective was to investigate the
potential advantages and obstacles associated with wearables
monitoring pilgrims’ well-being and detecting diseases. The
main findings and themes that emerged from the interviews will
be analyzed and summarized in this section to provide insights
into the opportunities and challenges involved in incorporating
wearable technology (sensor bracelets) into mass gatherings,
including the hajj pilgrimage.

Wearable sensor bracelets have the capability to monitor the
health of pilgrims and detect emerging infectious diseases during
the hajj pilgrimage. However, achieving these capacities depends
on properly tackling existing problems and meticulously
evaluating multiple elements.

The diverse range of valuable information obtained from the
interviews with participants reveals a variety of obstacles that
hinder the seamless use of wearable sensor bracelets for
detecting infectious diseases during the hajj pilgrimage.
However, in the midst of these difficulties, a variety of factors
for achieving successful implementation become apparent,
uncovering hidden possibilities that these devices offer. Charting
a path for future deployments in the dynamic landscape of mass
gatherings such as hajj, we will unravel the multifaceted nature
of these challenges, explore the promising vistas these wearables
offer, and present recommendations highlighted by our
interviewees’ insightful perspectives as we navigate the
discussion.

Challenges
Numerous challenges associated with implementing wearable
sensor bracelets during hajj were highlighted. The primary
obstacle underlined was the anticipated opposition to
technology, which may potentially emerge from providers and
users of wearable devices. Participants observed that trust in
technology, data privacy, information security, and human rights
concerns could influence this reluctance.

The opposition of providers is affected by both the operational
and financial challenges associated with implementing wearable
technology into the hajj system. Although data are an essential
element in detecting diseases, staff training in data collection
and analysis is required to handle the anticipated volume of data
produced by the devices. Participants voiced reservations about

the limited and inaccurate pre-hajj data on pilgrims’ health.
Furthermore, there was concern that, despite the dedicated
efforts put into the implementation, the results may not
correspond with the anticipated or intended value.

The issue of financial burden is not limited to providers; it
affects pilgrims as well. Due to the financial obligations that
pilgrims encounter during their hajj journey [36], the cost could
constitute a barrier if the services were to be included in their
hajj packages. The cost-related reluctance may affect users’
willingness to use the device during their hajj pilgrimage. The
use of tracking and tracing methods to monitor pilgrims
throughout their journey may impede their compliance and
reception due to variations in their backgrounds, beliefs, ages,
approaches to conducting hajj rituals, level of trust in
technology, and literacy levels [3,37].

The challenges brought up by stakeholders are consistent with
those identified by Yeung et al [3], especially regarding the end
users in our research, who are pilgrims. The stakeholders’
worries about potential hurdles from users align with the
findings of Yeung et al [3], suggesting that user resistance may
stem from factors such as privacy concerns, lack of motivation,
and technological fear.

The viewpoints conveyed by stakeholders and the difficulties
they mentioned pertain to service providers and users and align
with the concept of effort expectancy in the UTAUT model.
This connection is particularly visible in the financial and
operational efforts required to integrate wearables during hajj.

Data privacy is paramount while collecting user data through
wearable devices in any domain. Collecting real-time data is
essential for public health surveillance to diagnose infectious
diseases promptly and implement appropriate interventions.
Gathering sensitive data poses difficulties, especially when
considering human rights and data privacy agreements. The use
of wearable public health devices, particularly in mass
gatherings, may be limited due to considerable challenges arising
from privacy considerations.

The issue of data privacy, which is of utmost importance for
wearable devices in the context of mass gatherings, is intricately
linked to the difficulty of amassing data with user consent.
Participants highlighted that addressing privacy concerns and
securing user consent presented substantial obstacles, impeding
the success of the previous smart bracelet initiative. Azodo et
al [6], who discussed information privacy, data sharing, and
autonomy, brought attention to this layer of complication
brought about by using wearables in health care.

The stakeholders’willingness to adopt wearable sensor bracelets
for disease detection and tracking during hajj was strongly linked
to the idea of performance expectancy in the UTAUT model.
The stakeholders’ trust in the technology was greatly impacted
by the device’s performance and its capacity to meet
fundamental functions. This is consistent with the concept of
performance expectancy, which highlights the perceived utility
of the technology. Furthermore, assessing the device’s utility,
including factors such as dependability, precision, and
compatibility, highlights the significance of technology
characteristics in the TTF model. These functionalities play a
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vital role in shaping stakeholders’ perceptions and adoption of
the technology within the specific context of hajj.

Considerations for Promoting Acceptance and Adoption
Overcoming current obstacles that hinder the adoption and use
of wearable sensor bracelets during hajj is vital. Participants
emphasized important aspects that play a significant role in
promoting the success of the implementation.

The interviews demonstrated that stakeholders believe that user
motivation is crucial in shaping their acceptance of the device.
The interviews covered several aspects that contribute to
promoting acceptance. Improving data availability to enhance
accessibility is a primary driver for addressing stakeholders’
needs. Furthermore, considering the interests of the parties
involved in managing hajj ensures the incorporation of
technology into their plans for future development in line with
their particular requirements and strategies.

The wearables’ functionality and capacity to collect accurate,
dependable, and real-time data were given thoughtful
consideration, addressing issues brought up in the literature on
the difficulty of guaranteeing wearable accuracy [11,27,38].
Increasing stakeholder trust in technology becomes increasingly
challenging when it comes to the known difficulties in ensuring
wearable accuracy. The need to ensure essential device functions
was stressed by participants as a means of promoting wearable
trust and dependence. These qualities are essential for
overcoming wearable accuracy difficulties, building stakeholder
trust, and influencing their choice to use technology for disease
detection and hajj surveillance.

The emphasis on accuracy and different device characteristics
is consistent with the concept of performance expectancy in the
UTAUT. Stakeholders emphasized the necessity for features
that qualify the device for successful disease diagnosis and saw
performance as critical to the technology. In addition to being
in line with performance expectations, addressing issues with
accuracy and key features is crucial for shaping stakeholders’
opinions of the technology.

There was a unanimous consensus on the necessity of
incorporating private sponsorship as a business model for
providing the device. By leveraging public-private partnerships,
Aina et al [24] propose resolving the obstacles linked to
smartification and digitalization in urban service financing. As
suggested by stakeholders, this strategy reduces the financial
and operational burden on hajj stakeholders related to
implementing and controlling wearable devices for disease
diagnosis and tracking. The fact of private sponsorship coincides
with the UTAUT’s facilitating condition construct, offering a
favorable setting and support for the effective integration of
wearable technology during hajj.

During the interviews, participants emphasized safety as a
crucial factor that significantly affects the adherence to and
acceptance, adoption, and use of wearable sensor bracelets by
pilgrims. Having sufficient user motivation and willingness to
acquire and use the wearable device is essential for acceptance
[39]. Although Saudi Arabia has made significant efforts to
guarantee the safety of pilgrims and control crowds to minimize

the occurrence of stampedes and the spread of diseases, the
difficulty remains [40].

It is widely agreed that presenting the use of wearables during
hajj as a personal choice strongly linked to individual well-being
greatly increases the chances of pilgrims accepting it. This is
consistent with the participants’ emphasis on the significance
of selecting the appropriate business model for implementing
such devices. Participants also voiced apprehensions over
techniques that can be interpreted as intrusive or constraining,
emphasizing the significance of portraying wearables as
instruments for personal safety and independence.

Recommendations
Several crucial recommendations were proposed to tackle the
limitations of incorporating wearable sensor bracelets for disease
detection during hajj. A robust IoT infrastructure emerged as a
crucial element in successfully deploying the device. The type
of network connectivity and its strength were highlighted as
key considerations, emphasizing the capacity to handle the
volume of users and data transmission coupled with the
availability of free connectivity for all pilgrims.

Participants emphasized the importance of implementing
wearables for public health surveillance in a gradual and
systematic manner. The gradual integration focuses on and
enables smooth integration by initially guaranteeing the
compatibility of the technology with the surveillance system
used during hajj. Compatibility is a vital element within the
TTF model that describes the features of the technology.

Participants with technology experience provided valuable
comments that highlighted the need to address data availability
difficulties faced by hajj stakeholders. They emphasized the
importance of establishing a strong, accurate health data system
to resolve these challenges. The proposed solution entails using
blockchain technology to establish customized electronic health
records specifically designed for pilgrims. This approach is in
keeping with the recommendations presented in the research
by Yeung et al [3], emphasizing the capacity of blockchain
technology to tackle issues concerning the secure and
decentralized storage and transmission of digital data in health
care infrastructure.

Participants put forth a distinctive suggestion concerning
carefully considering and selecting a suitable business model
to ensure the seamless integration and use of wearable sensors
during the hajj ritual. Walsh [35] states that smartwatch
applications and use cases differ in many fields, offering various
services and functions. The wide range of differences among
pilgrims during hajj and umrah offers a chance to create
applications that can improve their overall experience. A novel
proposal entails implementing a rental system for individuals
who wish to use such devices during their hajj pilgrimage either
for overall well-being or for specific health concerns.

Opportunities
Implementing wearable sensor bracelets for infectious disease
detection during hajj comes with difficulty, yet the opportunities
for this technology’s use are considerable.
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The use of AI greatly enhances the potential of wearables in
public health surveillance, representing a promising
advancement. Wearable devices, which include communication
modules and networking capabilities, possess modern hardware
technologies. These devices can supply vital data that power
AI procedures [41]. This technological advancement facilitates
the uninterrupted transmission of up-to-date information without
requiring direct engagement from health care staff, thereby
establishing wearables as a potent and nonintrusive instrument
for augmenting public health surveillance.

The capacity of wearable sensor bracelets to evaluate a wider
range of physiological indications gives them a clear edge over
other technologies such as mobile devices. Their ability to adapt
and be used in various ways makes them very valuable in the
health care industry.

Wearable sensor bracelets greatly enhance public health
surveillance during hajj by carrying out functions such as disease
identification, health monitoring, tracking, and tracing. They
stand out from other devices because of their unique
characteristics, which provide real-time health tracking,
detection, and monitoring. This helps with the efficient
administration of public health during hajj. This is consistent
with the broader idea of the TTF model, in which wearables are
customized to carry out certain duties and operations that are
essential for effective public health management in the special
circumstances of hajj.

The degree to which wearable sensor bracelets can fulfill the
unique requirements of hajj stakeholders is one of the key
elements determining the desire to use them for disease detection
during hajj. The link between hajj stakeholders’ desire to use
wearables for disease detection and their perception of the
devices’capabilities emphasizes the importance of performance
expectancy as a critical element of the UTAUT, which affects
providers’ desire to embrace the technology. Furthermore,
achieving successful implementation relies on facilitating
conditions, underscoring the need for a supportive environment
for efficient adoption.

Furthermore, the technology characteristics component, as
defined by the TTF model, has a crucial influence on the
intention to use. The characteristics and qualities of the
technology have a substantial influence on providers’ inclination
to embrace it. The relationship between the UTAUT and TTF
model highlights how users’ intention to adopt and use wearable
sensor bracelets for disease detection during hajj is influenced
by their perception of the technology’s performance, facilitating
conditions, and characteristics.

Strengths, Limitations, and Future Work

Strengths
This study is the first to address the opportunities and limitations
of wearable sensor bracelets for hajj. It provides a thorough
understanding of these issues from the perspective of key
stakeholders. The thoroughness of the investigation provides
useful insights into the complex dynamics surrounding the
implementation of these devices.

Moreover, the combined use of the UTAUT and TTF models
proved advantageous in comprehending stakeholder viewpoints
comprehensively. This method enabled a thorough investigation
of the possible uses of wearable devices for detecting diseases,
specifically during the hajj pilgrimage.

Limitations
One potential limitation is that the range of stakeholders from
different disciplines that were included in the interviews was
not very diverse. Broadening the pool of respondents would
enhance our understanding of the system and the
interconnectedness between its components.

In addition, a possible drawback arises from the involvement
of a single researcher in the coding and analytic process. This
limited worldview may lead to the potential for misjudging
participants’perspectives. Adding numerous analysts or external
assessments could have enhanced the coding process by
incorporating varied perspectives and increasing its rigor.
Considering the expansion of the analytical team in future
studies may help limit any biases in interpreting participant
replies.

Future Work
To optimize the efficient deployment of wearable sensor
bracelets, further studies should prioritize obtaining perspectives
from end users. Gaining insights into their perspectives and
embracing their adoption of the device is essential for
formulating tactics that align with user requirements and
preferences. This would additionally enhance the successful
integration and use of wearable sensor technology in pertinent
contexts.

Conclusions
The significant contribution of this work lies in its thorough
investigation of crucial factors in implementing wearable sensor
bracelets for the detection of infectious diseases during the hajj
event. Our study used the integration of the TTF and UTAUT
frameworks to better understand the adoption of wearable
sensors by stakeholders. The purpose of this integration was to
investigate the perceived likelihood of technology adoption
during hajj and the stakeholders’viewpoints on the compatibility
between the task of disease detection and the technology used.
Our aim was to integrate these theories to offer a thorough
comprehension of the aspects that impact the acceptance and
efficacy of wearable sensors in this particular setting. This study
underscores the need to resolve crucial issues to guarantee the
efficient implementation and use of wearable sensors in this
specific case. Our results highlight multiple problems pertaining
to suppliers, users, and technology, which impose a cost on hajj
stakeholders. Significantly, the specific attributes and
functionalities of the technology play a vital role in building
confidence among providers when it comes to using wearables
during hajj. This study highlights the importance of having the
ability to access pre-hajj health data for health care providers
to gain a more comprehensive understanding of pilgrims’
requirements. Although there have been some breakthroughs,
it is crucial to further develop the current infrastructure to
support wearables fully. Wearables stand out from other devices
due to their exceptional capacity to gather vital signs, and their
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potential is further amplified by encouraging outcomes from
AI algorithms. This study suggests choosing a suitable business
model that is customized to meet the specific demands of the
users to ensure a successful deployment. A crucial element of
this implementation entails creating a complete infrastructure
marked by a strong and reliable network capable of prompt data
transfer and accommodating a large user population.
Furthermore, the unique characteristics of the devices should
be in line with cost-effective advantages to guarantee a
sustainable implementation.

However, deploying wearable bracelets for detecting infectious
diseases during hajj may face difficulties. Therefore, it is
important to conduct pilot tests and thorough evaluations to
ensure their usefulness before implementing them at a large
scale. This prudent approach recognizes the intricacy of the hajj
environment and highlights the importance of conducting
evidence-based evaluations to determine the feasibility and
effectiveness of the wearable technology. Notwithstanding these
difficulties, there is a pervasive conviction regarding the innate
capacity of these wearable devices, cultivating optimism
regarding their ultimate and widespread use in the context of
hajj.
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Abstract

Background: Attention is at the base of more complex cognitive processes, and its deficits can significantly impact safety and
health. Attention can be impaired by neurodevelopmental and acquired disorders. One validated theoretical model to explain
attention processes and their deficits is the hierarchical model of Sohlberg and Mateer. This model guides intervention development
to improve attention following an acquired disorder. Another way to stimulate attention functions is to engage in the daily practice
of mindfulness, a multicomponent concept that can be explained by the theoretical model of Baer and colleagues. Mobile apps
offer great potential for practicing mindfulness daily as they can easily be used during daily routines, thus facilitating transfer.
Laverdière and colleagues have developed such a mobile app called Focusing, which is aimed at attention training using
mindfulness-inspired attentional exercises. However, this app has not been scientifically validated.

Objective: This research aims to analyze the logical content validity and ecological content validity of the Focusing app.

Methods: Logical content validation was performed by 7 experts in neuropsychology and mindfulness. Using an online
questionnaire, they determined whether the content of the attention training app exercises is representative of selected constructs,
namely the theoretical model of attention by Sohlberg and Mateer and the theoretical model of mindfulness by Baer and colleagues.
A focus group was subsequently held with the experts to discuss items that did not reach consensus in order to change or remove
them. Ecological content validation was performed with 10 healthy adults. Participants had to explore all sections of the app and
assess the usability, relevance, satisfaction, quality, attractiveness, and cognitive load associated with each section of the app,
using online questionnaires.

Results: Logical content validation results demonstrated a high content validity index (CVI) of the attention training app.
Excellent scores (CVI ≥0.78) in both the attention and mindfulness models were obtained for all exercises in the app, except 2
exercises. One of these exercises was subsequently modified to include expert feedback, and one was removed. Regarding
ecological content validation, the results showed that workload, quality, user experience, satisfaction, and relevance of the app
were adequate. The Mobile Application Rating Scale questionnaire showed an average quality rating between 3.75/5 (SD 0.41)
(objective quality) and 3.65/5 (SD 0.36) (subjective quality), indicating acceptable quality. The mean global attractiveness rating
from the AttrakDiff questionnaire was 2.36/3 (SD 0.57), which represents one of the strengths of the app. 

Conclusions: Logical and ecological content validation showed that Focusing is theoretically valid, with a high level of agreement
among experts and healthy participants. This tool can be tested to train attention processes after a neurological insult such as
traumatic brain injury.

(JMIR Form Res 2025;9:e64174)   doi:10.2196/64174
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Introduction

Attention Process Training
Attention is the ability to select relevant stimuli from the
environment and inhibit those that are not relevant [1]. This
cognitive process makes it possible for people to direct attention
to the most salient elements to handle them appropriately.
Indeed, attention is a factor of cognitive efficiency that supports
memory, perception, and problem-solving [2]. Attention deficits
are associated with significant difficulties in instrumental
activities of daily living that influence the overall quality of life
of individuals whose cognition is compromised [3,4].

Over the past decades, several experts have recommended the
use of cognitive remediation, a nonpharmacological approach,
for individuals with attention deficits [5].

People who live with attention deficits associated with a
condition, such as traumatic brain injury (TBI) or
attention-deficit/hyperactivity disorder, may benefit from
attention training interventions [5]. This kind of intervention,
particularly metacognitive strategy training (ie, anticipate, plan,
seek, self-regulate, and evaluate), has been proven effective in
neurological populations, such as people with TBI [6]. Cognitive
remediation aims to improve cognitive functioning either by
training to overcome deficits in functions or by allowing
individuals to acquire strategies to best exploit their residual
functions and help them engage in their daily activities [7].
Attention Process Training-III (APT-III) [8] is one of the most
validated attention training programs for people with TBI. It
includes two 45-minute sessions per week for 6 weeks. It
includes two 45-minute sessions per week for 6 weeks,
comprising visual and auditory exercises aimed at training the
5 attentional components of the model from Sohlberg and
Mateer [9]. However, several of the studies addressing the
effectiveness of this intervention have significant
methodological limitations, including a lack of reliability and
validity, and a low number of participants. Moreover, the results
of the studies showed improvements among individuals in
different attentional tests without any evidence of transfer to
functional tasks [6].

According to the results of several studies [10], it is possible to
stimulate and optimize attention functions using mindfulness
practice. Indeed, mindfulness is a state of consciousness that
emerges from deliberately focusing on an object in the present
moment [11]. An analysis of the “cognitive mechanics” of
mindfulness revealed that attention, working memory, and their
different processes are key [1,10]. Indeed, Bishop et al [12]
proposed 2 key components of mindfulness: self-regulation of
attention (ie, the ability to maintain attention) and orientation
to the present moment with curiosity, openness, and acceptance
(ie, focusing on internal or external stimuli, inhibition, or
activation of certain thoughts). Mindfulness interventions have
shown promising results for different populations in terms of
attentional capacities, particularly regarding sustained attention
and attentional flexibility [13]. For instance, a previous study

from our team [14] showed that a mindfulness intervention
integrated into an ecological virtual environment was safe,
feasible, and acceptable for people with mild TBI. The use of
attentional focusing techniques of mindfulness could also be
useful for the management of attention difficulties in people
who have experienced moderate to severe TBI. Indeed, focusing
on the present moment is a way of controlling one’s own
attentional processes. As such, attention is considered central
to the construct of mindfulness [10]. One limit of this type of
intervention is access to a trained guide to accompany
individuals, especially for people living in remote areas. It is
therefore relevant to elaborate mindfulness interventions
accompanied by a remote guide that is accessible from home,
regardless of the region.

Although not everyone uses technology or is familiar with
technology, mobile devices are ubiquitous in everyday life, and
their apps are increasingly being used and perfected, particularly
in health domains [15]. Countless mindfulness-based mobile
apps have been developed; for instance, a 2021 systematic
review identified 605 mindfulness-based mobile apps in
European app stores [16]. Several meta-analyses confirmed the
effectiveness of mindfulness interventions via mobile apps,
particularly for mental health [17-19]. A study also showed that
mindfulness interventions via a mobile app have effects
comparable to mindfulness interventions in person [20]. These
apps contain guided mindfulness exercises inspired by traditional
approaches (mindfulness-based stress reduction [MBSR] [11]
and mindfulness-based cognitive therapy [MBCT] [21]) that
can be performed by individuals at home. However, even if
studies show that these apps work, there is a lack of studies in
the literature supporting the content and quality of these apps
[22-25], and no studies have been conducted on the use of
validated mindfulness apps in individuals with TBI. A
systematic review in 2019 identified 53 mobile apps dedicated
to people with TBI on the Apple App Store and Google Play
Store [26]. Among these, there were compensatory measures,
and some apps were aimed more at the remediation of cognitive
functions, but none were aimed specifically at training attention
using mindfulness. Findings from studies on the effectiveness
of these apps in improving TBI symptoms are inconsistent.
There is very limited research to validate the content of these
apps, which poses a risk to users. Indeed, a specific validation
is required to use these types of apps, considering that people
who have experienced TBI (more specifically moderate or
severe TBI) often have a variety of physical and cognitive
deficits that can affect their ability to perform a mindfulness
program via a mobile app. Physically, they may have motor
disorders (paralysis, muscle weakness, and balance disorder),
persistent fatigue, or sensory disorders (vision or hearing).
Cognitively, deficits may involve attention, memory, language,
and executive functions such as problem-solving and
decision-making. These limitations may also be accompanied
by emotional or behavioral disorders.

To explore the potential of mobile apps in the training of
attention via a mindfulness focusing technique, we developed
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an app, called Focusing, based on the Obesity-Related
Behavioral Intervention Trials (ORBIT) intervention
development model [27], which aimed at attention process
training following the occurrence of neurological disorders such
as TBI [28]. Focusing is currently available in French. The
mobile app consists of mindfulness-inspired attentional focus
exercises (Figure 1). The proposed attention training is based
on 2 validated theoretical models: the mindfulness model of
Baer et al [29] and the theoretical attention framework of
Sohlberg and Mateer [9]. Focusing is composed of 5 sections
(Multimedia Appendix 1). The first section “About” contains
an interactive tutorial, a psychoeducational video about attention
after TBI with a thought-provoking case example, and
explanatory text about mindfulness. The second section

“Exercises” contains the 4 attentional focus exercise sessions
of the app. Each session includes 4 exercises (the first exercise
is the same for each session to promote a state of calm conducive
to the exercises of the session). Each session involves a
component of attention, ranging from the simplest to the most
complex. The third section “Homework” contains a list of
homework assignments for each week. It also contains a “Goals”
section, allowing the participant to set objectives and to consult
with them throughout the week. The fourth section “Ambiences”
contains ambient sounds representing nature and is aimed at
freely practicing attentional focus in the visual and auditory
modalities. The fifth section “Me” contains the participant’s
profile.

Figure 1. Screen captures of the different sections of the attention process training app (Focusing app) for people with traumatic brain injury.

Theoretical Framework
The development of the attention training app was based on the
neuropsychological model of attention of Sohlberg and Mateer
[9]. This model was developed based on data from populations
with brain damage and includes the subcomponents of attention
that are frequently affected by TBI. This model has been widely
used to explain attention in general, regardless of the
neurological disorder. It involves the processes of focused,
sustained, selective, alternating, and divided attention. Focused
attention represents the ability to respond specifically and in a
targeted way to a sensory stimulus. Sustained attention is the
ability to maintain a consistent behavioral response during
continuous or repetitive activity. Selective attention represents
the ability to maintain a given behavioral or cognitive response
to stimuli exerting a distracting or competitive effect. Alternating
attention shifts the focus between tasks with distinct cognitive
requirements efficiently and repeatedly. Finally, divided
attention represents the ability to perform multiple tasks
simultaneously.

To integrate this theoretical model into the Focusing app, each
of the 4 sessions trains one of the components of the model by
Sohlberg and Mateer [9]: Session 1, sustained attention; Session
2, selective attention; Session 3, alternating attention; and
Session 4, divided attention. Focused attention, being a basic
process, is trained in all sessions. The order of the sessions was
determined to train the simplest forms of attention (sustained

and selective) before the most complex forms (alternating and
divided).

The development of the Focusing app was also based on the
5-facet model of mindfulness of Baer et al [29]. This model
describes mindfulness as a multidimensional construct. It
includes the following 5 components: observation, description,
acting mindful, nonjudgment of inner experience, and
nonreactivity to inner experience. Observation refers to noticing
or paying attention to internal and external experiences, such
as sensations, cognitions, emotions, images, sounds, and smells.
Description refers to labeling internal experiments with words.
Acting mindful includes being attentive to your current activities
and may be opposed to behaving mechanically while one’s
attention is focused elsewhere (often called autopilot).
Nonjudgment of inner experience is about refraining from
assessing thoughts and feelings. Nonreactivity to inner
experience is about letting thoughts and feelings come and go,
without being taken in or carried away by them.

To integrate the 5 mindfulness components of this model into
Focusing, we selected and modified mindfulness exercises to
fit the definitions of the components. The objective was for the
intervention exercises to be broadly representative of all aspects
of the model by Baer et al [29]. The components have therefore
been integrated into the attentional exercises included in the 4
sessions.
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Objectives
This study aimed to assess the content validity of the Focusing
app. This research, inspired by the previous work of Vogt et al
[30], had the specific goal of analyzing the logical content
validity and ecological content validity of the attention training
program delivered through the mobile app. Logical content
validation aims to test whether the app and the proposed
exercises are aligned with “an operational definition” of the
theoretical framework. More specifically, experts were
instructed to decide on the level of proximity between the
proposed exercises and the theoretical constructs presented in
this study. Ecological content validation (on the basis of user
experience in everyday life) aims to determine, before the
proof-of-concept stage with a clinical population, the ease of
use of the mobile app and the comprehensibility of the exercises
(including vocabulary and visual/auditory aspects) that are
integrated in the app.

Methods

Early Version and Preliminary Work
An initial app was developed based on meditation exercises
from the MBSR [11] and MBCT [21] approaches. Mindfulness
and neuropsychology experts (N=7) were subsequently
consulted with a Delphi approach to obtain their views on the
exercises. In general, the experts recommended using a
mindfulness intervention approach in its entirety. Indeed, it is
not recommended to develop an intervention that modifies or
combines 2 approaches. The experts strongly suggested starting
over by doing something completely different from existing
mindfulness approaches. In response to the recommendations
of the first group of experts, a new version of the Focusing app
for training attentional functions was developed by Laverdière
et al [28] and was subjected to validation in this study.

Content Validation
Face validity represents the subjective feeling of the validity of
an instrument [31,32]. It is not strictly about what the instrument
measures, but what it seems to measure according to the research
team. An instrument with good apparent validity will generate
more positive attitudes, greater involvement in the task, and
greater authenticity in the responses, which will increase the
validity of the task performed [33]. For the development of the
Focusing app, the research team implemented
mindfulness-inspired attentional focus activities based on the
understanding of the theoretical model of attention by Sohlberg
and Mateer [9] and the model of mindfulness by Baer et al [29].
The construction of the intervention is based on the ORBIT
model [28], which is considered valid by the research team.

Content validity assesses the extent to which the various items
of an instrument are representative of the construct and its
different facets [30,31]. Haynes et al [34] proposed 7 essential
rules for validating the content of an instrument: Rule 1,
rigorously define the domain and facets of the measured
construct and validate this definition; Rule 2, use a sample of
experts and members of the target population to create the items
and define other aspects of the instrument; Rule 3, submit all
aspects of the instrument to content validation; Rule 4, consult

several experts to validate the content of the instrument and
quantify their judgments using formalized scales; Rule 5,
examine the proportional representation of items or tests relative
to the different facets of the construct; Rule 6, present the results
of content validation when publishing any new instrument; and
Rule 7, consider all subsequent psychometric analyses to refine
content validation.

To develop the Focusing app, validated theoretical models of
attention and mindfulness were used (Rule 1) [9,29].
Mindfulness and attention training experts were first consulted
when the intervention was created (Rule 2). Moreover, the entire
attention process training was validated by experts and people
from the general population (Rules 2, 3, and 4). The validation
data allowed to refine the intervention and thus to have a
development procedure and a valid intervention (Rule 5). Studies
on the validation process are presented in this manuscript (Rule
6). All the data obtained will make it possible to reflect
comprehensively on the modifications to be made to the app
for improvement before testing the app in a clinical population
(Rule 7).

Ethical Considerations
Ethics approval was obtained for this study from the Centre
Intégré Universitaire de Santé et de Services Sociaux de la
Capitale-Nationale (CIUSSS-CN) rehabilitation and social
integration committee (approval number: MP-13-2022-2523).
Written consent was obtained from all participants after they
were informed about the study’s objectives and potential
benefits. Participation was completely voluntary, and
participants retained the right to withdraw at any moment
without prejudice. To protect their privacy, all data were kept
strictly confidential and anonymized, ensuring that participants
could not be identified. No financial compensation or incentives
were offered for participation.

Study 1: Logical Content Validation

Participants
Logical content validation was conducted by a panel of 7 experts
from Canada (n=5) and France (n=2) who participated in the
validation process in February 2023. The selected experts had
to meet the following inclusion criteria: (1) be a clinician, have
at least 5 years of clinical experience with moderate or severe
TBI clients, or have at least 5 years of experience in the
mindfulness practice; (2) be a neuropsychologist, psychologist,
or occupational therapist; and (3) have practiced or be familiar
with physical rehabilitation. The experts were recruited via
email from September 2022 to January 2023. A total of 21
experts were contacted. Of these 21 experts, 10 agreed to
participate; however, 1 expert withdrew and 2 did not complete
all the validation steps. The participants included 4 clinical
neuropsychologists involved in teaching and research. They
specialize in the development of techniques for evaluation or
intervention in different clinical populations (TBI, autism
spectrum disorder, and neurodegenerative diseases). The other
3 participants are clinical psychologists involved in teaching
and research. They specialize in mindfulness interventions in
pediatric and adult populations.
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Procedure
Experts who agreed to participate in the study received an email
containing information about the exercises and a link to
download a desktop version of the Focusing app, which they
were asked to explore over a 4-week period. The desktop version
of the app corresponds to a preliminary version of the
implementation on the Google Play Store and is visually
identical to the currently available app on Android. The experts
were invited to try the different sections of the app and to
perform all the exercises of the program. They were asked to
assess whether the exercises in the program are theoretically
valid according to the theoretical model of attention by Sohlberg
and Mateer [9] and the theoretical model of mindfulness by
Baer et al [29], using a questionnaire on the Lime Survey
platform (closed survey). In the questionnaire, experts had
access to the definitions of the attentional components of the
model by Sohlberg and Mateer [9] and the 5 components of the
model of mindfulness by Baer et al [29] because their respective
knowledge of the theoretical models was different. In addition,
the component of attention trained in each exercise was
identified. The experts had to assess whether each exercise
involves the targeted component of attention, using a Likert
scale ranging from 1 (totally disagree) to 4 (totally agree). Using
the same Likert scale, they also had to assess the extent of
training of each of the 5 components of mindfulness, in general,
in the exercises. Indeed, the 5 components need not be present
in all the exercises, but rather they should be in the mindfulness
approach used for the construction of the exercises. They also
had to comment on the exercises and suggest improvements
when they considered that an item was not theoretically valid.
Finally, the experts had to assess the relevance of the first
exercise of each session, using a Likert scale ranging from 1
(totally irrelevant) to 4 (totally relevant). The questionnaire
consisted of 35 items and 20 pages. The experts could see their
progress in the questionnaire using a progress bar at the top of
the page. They could also save their answers and resume the
questionnaire later using their email and a password. They also
had the option to change their answers and go back in the
questionnaire. No cookies were used. The experts’ responses
were anonymous. Data and comments were then analyzed, and
a discussion meeting with the experts (videoconference) was
subsequently held to discuss the elements that did not reach
consensus between the experts. The changes suggested by the
experts were then applied to the mobile app. The experts
concluded this meeting in a consensual manner by saying that
they would consider the app to be valid once their suggestions
were incorporated. After making the adjustments and
incorporating the experts’ suggestions, one of the experts
reviewed the entire content of the intervention to validate it

again. This expert specializes in adapting mindfulness
interventions to different clinical populations. In addition, one
of the mindfulness experts trained the person who lent her voice
when recording voice tone and speed exercises. Once this step
was completed, the usability of the new version of the mobile
app was tested.

Data Analysis
For the evaluation of the content of the app and the theoretical
model of Sohlberg and Mateer [9] regarding attention and that
of Baer et al [29] regarding mindfulness by experts, a Likert-type
scale was used with 4 possible responses: 1, I totally disagree;
2, I somewhat disagree; 3, I somewhat agree; and 4, I totally
agree. For this analysis, the content validity index (CVI) was
calculated from the count of the responses “I somewhat agree”
and “I totally agree” divided by the total number of experts.
According to the literature, the items evaluated must have a
CVI greater than or equal to 0.78 (78%); otherwise, they need
to be adjusted according to experts’ suggestions [35].

Results
The experts assessed the theoretical validity of each exercise
of the sessions in relation to the attentional model used [9] for
a total of 16 exercises. They also assessed the theoretical validity
of the attention training program in relation to the mindfulness
model used [29].

Regarding the validity of the attention model (Table 1), the
calculated CVI for 14 exercises (out of 16) ranged between 0.86
and 1.00, indicating that these exercises are valid [35]. One
exercise with a CVI value of 0.71 required revision. The experts
mentioned that this exercise was too focused on mindfulness
concepts, which strayed away from the concept of selective
attention. They also pointed out that more distractions should
be present in the exercise. In addition, experts considered
another exercise (Exercise 4.4) to be not valid, as it had a CVI
value of 0.42, and thus, it was eliminated. According to the
experts, Exercise 4.4, which consisted of a dual visual-auditory
task, was too demanding for people with acquired brain injury.
As mentioned above, the first exercise of each session is the
same to allow participants to get into a state conducive to
exercises aimed at training the different components of attention.
The relevance of repeating this exercise was assessed by the
experts. The calculated CVI was 0.86, indicating that the
repetition of this exercise is relevant to the program.

For validation related to the mindfulness theoretical framework
(Table 2), the calculated CVI for all 5 components of the model
ranged between 0.86 and 1.00, indicating that the remediation
program is valid with regard to its mindfulness component.
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Table 1. Content validity index and data of each exercise based on the attention model by Sohlberg and Mateer [9], as evaluated by expert judges.

ModificationMean (SD)CVIbInstrument itema

Session 1: focused and sustained attention

Minor3.33 (0.47)0.86Exercise 1.1

Minor3.29 (0.70)0.86Exercise 1.2

Minor3.29 (0.70)0.86Exercise 1.3

Minor3.14 (0.64)0.86Exercise 1.4

Session 2: selective attention

Major3.43 (0.90)0.71cExercise 2.2

Minor3.29 (0.70)0.86Exercise 2.3

Minor3.14 (0.64)0.86Exercise 2.4

Session 3: alternating attention

Minor3.29 (0.70)0.86Exercise 3.2

No change3.71 (0.45)1.00Exercise 3.3

Minor3.14 (0.64)0.86Exercise 3.4

Session 4: divided attention

Minor3.57 (0.73)0.86Exercise 4.2

Minor3.57 (0.73)0.86Exercise 4.3

Item deleted2.71 (0.88)0.42cExercise 4.4

aExercises 2.1, 3.1, and 4.1 are not included in the table as they have the same content as Exercise 1.1.
bCVI: content validity index.
cItems with a CVI below the acceptable level of 0.78.

Table 2. Content validity index and data of each component of the theoretical framework of mindfulness by Baer et al [29] for the whole training
according to expert judges.

ModificationMean (SD)CVIaInstrument item

No change3.86 (0.35)1.00Observing

Minor3.00 (0.53)0.86Describing

Minor3.57 (0.73)0.86Acting with awareness

No change3.71 (0.45)1.00Nonjudging of inner experience

No change3.57 (0.49)1.00Nonreactivity to inner experience

aCVI: content validity index.

Synthesis of Expert Recommendations
During the logical content validation, 4 dimensions were
explored by the experts: theoretical model of attention,
theoretical model of mindfulness, technological aspects, and
audio. Regarding the theoretical model of attention, the
recommendations of the experts were to: (1) increase the
duration of exercise in sustained attention; (2) increase
distractions in selective attention; and (3) remind more
frequently about the instructions in all exercises. Regarding the
theoretical model of mindfulness, the recommendations of the
experts were to: (1) simplify the vocabulary; (2) give more
concrete examples to the participants; and (3) decrease the speed
of the voice in the audio tracks of the exercises. In terms of
technology, the experts reported some inconsistencies between

the visual elements of the app and the audio content of the
exercises.

Exercises were modified to reflect these recommendations.
First, the sustained attention exercises (1.1 to 1.4) were extended
by a few minutes each. Visual and auditory distractions were
added in the selective attention exercises (2.1 to 2.4).
Throughout the training exercises, the speech was adapted by
adding reminders of instructions several times during a single
exercise. The vocabulary was also adapted to be accessible to
the general population, for example, by adding concrete
examples and adapting the tone of voice (speaking less quickly).
The technological inconsistencies raised by the experts were
also corrected.
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Study 2: Ecological Content Validation

Participants
For this study, a convenience sample of 10 healthy participants
(7 female and 3 male participants) was recruited from the social
networks of the research laboratory. Participants were required
to meet the following criteria: (1) be over 18 years of age; (2)
understand and speak French; (3) own an Android device; (4)
have no diagnosis of TBI; (5) have no serious mental disorder
including but not restricted to schizophrenia spectrum disorder,
bipolar disorder, intellectual disability, and attention deficit
disorder; (6) have no vestibular disorder; and (7) have no
substance abuse.

An academic researcher also explored the mobile app. This
expert is interested in the neuropsychology of rehabilitation,
particularly among adults who have experienced TBI or stroke.
This researcher’s work also focuses on the use of technology
in clinical neuropsychology (mobile devices,
teleneuropsychology, and virtual reality). This expert did not
complete the validation questionnaires, but this expert’s
comments were taken into consideration in the validation
process.

Procedure
The 10 participants completed the entire study remotely.
Interested participants were directed to an online eligibility
questionnaire via a link in the recruitment advertisement.
Eligible participants received the mobile app download
procedure. They then had 2 weeks to explore by themselves the
mobile app and fill out the questionnaires provided for the
experimental protocol via Lime Survey (open survey). The
self-administered questionnaires were: a sociodemographic
questionnaire, the Simulation Task Load Index (SIM-TLX)
questionnaire (mental load; [36]), the French version of the
Mobile Application Rating Scale (MARS-F) questionnaire
(quality of the app; [37,38]), the French version of the AttrakDiff
questionnaire (user experience; [39,40]), and a questionnaire
concerning the participants’ satisfaction with the elements of
the app as well as their perception of the relevance of these
elements. The whole questionnaire set consisted of 107 items
and 9 pages. Participants could see their progress in the
questionnaire on a progress bar at the top of the page. They
could also save their answers and resume the questionnaire later
using their email and a password. They also had the option to
change their answers and go back in the questionnaire. No
cookies were used. The participants’responses were anonymous.
Once all participants completed the exploration, questionnaire
responses were analyzed and changes to the mobile app were
made if problematic elements were identified.

Instruments

SIM-TLX Questionnaire
This questionnaire [36] provides a measure of participants’
cognitive load. It contains 9 scales (mental demands, physical
demands, temporal demands, frustration, task complexity,
situational stress, distractions, perceptual strain, and task
control). The responses range from 1 (very low) to 20 (very
high).

MARS-F Questionnaire
This questionnaire [37,38] provides a measure of the app’s
quality. Items are rated on a scale of 1 to 5 (1=inadequate;
2=poor; 3=acceptable; 4=good; and 5=excellent). The MARS-F
questionnaire comprises 4 main scales: (1) user engagement (5
items: entertainment, interest, customization, interactivity, and
target group); (2) functionality (4 items: performance, usability,
navigation, and gestural design); (3) esthetics (3 items: layout,
graphics, and visual appeal); and (4) information quality (7
items: accuracy of app description, goals, quality of information,
quantity of information, quality of visual information,
credibility, and evidence base). For each scale, a mean score
was calculated.

AttrakDiff Questionnaire
This questionnaire [39,40] provides a measure of the app user
experience. It provides data on 3 quality scales (pragmatic,
hedonic-stimulation, and hedonic-identity) and a scale of global
attractiveness. Each item is rated on a scale ranging from –3 to
+3. Values close to the average (between –1 and 1) are standard;
they mean that the product meets its objective. Values outside
this neutral zone are to be considered as positive (from 1 to 3)
or negative (from –1 to –3) points of the app.

Satisfaction Questionnaire
In this questionnaire, participants rated on a scale of 1 (totally
dissatisfied) to 5 (totally satisfied) their levels of satisfaction
regarding the 5 sections (About, Exercises, Homework,
Ambiences, and Me) and the functionalities of the app.
Participants also rated the relevance of each section and
functionality (technological issues, sound, and ability to
navigate) on a scale from 1 (totally irrelevant) to 5 (totally
relevant). They also documented the technical issues they
encountered while exploring the app.

Data Analysis
To compute for all participants the variables surveyed by the
questionnaires, central trend measurements (mean and SD) and
frequency analyses were performed on the data. Exploratory
correlations were made on the data.

Results
A total of 11 participants started the usability validation study.
Only 10 participants (7 female and 3 male participants)
completed the validation process of the app. Their mean age
was 51 (SD 15) years, and the mean number of years of
education was 13 (SD 4). Most participants (5/10, 50%) worked
full-time, 40% (4/10) were retired, and 10% (1/10) were
studying full-time. None worked in the technology industry.
Moreover, 80% (8/10) of the participants regularly watched
animated films and only 40% (4/10) regularly played video
games. The smartphone was the most used technological tool
by participants (9/10, 90% used it daily) followed by computers
(4/10, 40% used it daily) and tablets (2/10, 20% used it daily).
On a scale of 1 to 10, participants’ comfort levels with these
technological tools averaged 7.36 (SD 1.57) for smartphones,
5.55 (SD 2.58) for computers, and 5.45 (SD 2.62) for tablets.

The results of the different questionnaires are presented in Table
3.
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Table 3. Scores of the scales of the questionnaires for usability validation of attention process training according to healthy participants.

Range, minimum to maximumScore, mean (SD)Questionnaire scale

SIM-TLXa (range: 1 [very low] to 20 [very high])

1 to 84.73 (2.33)Mental demands

1 to 41.45 (1.04)Physical demands

1 to 31.36 (0.81)Temporal demands

1 to 51.45 (1.21)Frustration

1 to 73.82 (2.27)Task complexity

1 to 31.18 (0.60)Situational stress

1 to 115.55 (3.59)Distractions

1 to 152.64 (4.20)Perceptual strain

1 to 82.73 (2.41)Task control

MARS-Fb (range: 1 [low quality] to 5 [high quality])

1 to 53.98 (0.48)Engagement

3 to 54.30 (0.45)Functionality

3 to 53.80 (0.45)Esthetic

1 to 52.89 (0.60)Information

1 to 53.74 (0.41)Objective quality

2 to 53.65 (0.36)Subjective quality

AttrakDiff (range: –3 to 3)

0 to 31.94 (0.61)Pragmatic quality

–2 to 31.79 (0.55)Hedonic quality: Simulation

–2 to 31.51 (0.57)Hedonic quality: Identification

0 to 32.36 (0.57)Global attractivity

Satisfaction (range: 1 [totally dissatisfied/irrelevant] to 5 [totally satisfied/relevant])

2 to 54.30 (0.62)Satisfaction

2 to 54.41 (0.47)Relevance

aSIM-TLX: Simulation Task Load Index.
bMARS-F: Mobile Application Rating Scale, French version.

The results showed that the app requires low physical and
temporal demands according to the SIM-TLX questionnaire.
All items scored less than 4. Even if the overall results on the
9 scales were low, mental demand, distractions, and task
complexity were rated slightly higher than the others. The app
generated a low level of frustration and stress (<1.5). Participants
had a good sense of control when using the app (a small score
indicates a good sense of control).

The results of the MARS-F questionnaire showed that, in
general, the quality of the app was adequate according to the
participants. The average quality rating for the app was between
3.75/5 (SD 0.41) (objective quality) and 3.65/5 (SD 0.36)
(subjective quality), demonstrating moderate quality [37,38].
The results indicated that the app is functional and esthetic and
provides an adequate level of engagement. The information
scale had a lower score (mean 2.89, SD 0.60). This suggests
that participants did not have enough information about the app
development process to judge its credibility.

The result of AttrakDiff’s global attractiveness scale indicated
that the user experience was adequate, with a mean score of
2.36 (SD 0.57). The result of the pragmatic quality scale, which
describes the usability of the app, indicated that using the app
was easy. The result of the hedonic quality scale-stimulation
indicated that the app appeared new, interesting, and stimulating.
The result of the hedonic quality scale-identity indicated that
participants liked to interact with the app (eg, voice). In fact,
all results were between 1 and 3 on the –3 to +3 scale, which
points out the positive aspects of the app.

The satisfaction questionnaire showed that participants were
generally satisfied with the different sections and functionalities
of the app. They also considered that the different sections and
functionalities of the app were relevant.

Synthesis of Correlation Analyses
A positive and strong correlation was obtained between the
participants’ ease of using a tablet and their ease of using a
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phone (r=0.832; P=.001). This suggests that Focusing could be
used on a tablet as well.

A negative and moderate correlation was obtained between the
result of the cognitive load of participants (SIM-TLX) and the
functionality score of the app (r=–0.635; P=.049). Better
functionality was therefore associated with a smaller mental
load. Having obtained a high score in functionality (MARS-F),
the app does not appear to lead to mental overload that could
interfere with the attention processes of participants.

A positive and moderate correlation was obtained between
pragmatics (ease of use; AttrakDiff) and engagement level
(MARS-F) (r=0.657; P=.04). The ease of use of Focusing
therefore increases participants’commitment to the intervention.
Better engagement was positively and strongly correlated with
the subjective quality (MARS-F) of the app perceived by the
participant (r=0.821; P=004). The level of satisfaction of
participants with the different sections of Focusing was also
positively and moderately correlated with objective quality
(MARS-F) (r=0.669; P=.04) and positively and strongly
correlated with the overall level of attractiveness (AttrakDiff)
of the app (r=0.919; P=.001).

Discussion

Main Results
Despite the growing popularity of mobile apps for cognitive
training and mindfulness, there is still a lack of comprehensive
analysis supporting the content and quality of these apps [22-25].
A systematic review identified 53 commercial cognitive training
or rehabilitation apps in 2023 [23]. Among these apps, only 5
had an overall MARS score exceeding 4 points, and more than
half had a score of less than 3 points. Considering that a MARS
score of 3 points is acceptable, most of these apps did not even
meet the acceptable criteria for quality [37,38]. Furthermore,
to our knowledge, none of these apps were intended to address
attention in people who have moderate or severe TBI.

Furthermore, no studies on the development of attention
interventions identified in the literature used a validated
development model. Due to the existing gaps in the methodology
of studies on attention remediation interventions, it is essential
to use a model like ORBIT in the development of future
interventions to address these limitations. Promising behavioral
interventions in development are often abandoned rather than
refined or improved if they fail the initial tests. In some cases,
successful interventions in early studies are not pushed toward
more rigorous efficacy studies, while others are tested in efficacy
studies prematurely.

This research aimed to validate the content and user experience
of an attention training intervention developed using the ORBIT
model via a mobile app called Focusing. The first step was to
validate the logical content with experts to ensure that the
exercises train the attention components of the model by
Sohlberg and Mateer [9]. It also aimed to validate that the
remediation program sessions incorporate the 5 components of
the mindfulness model by Baer et al [29]. The results showed
that experts (including experts in cognitive functions and experts
in mindfulness) considered the intervention to be theoretically

valid according to the 2 models. Regarding the theoretical model
of attention, the experts validated that each session of the
intervention involves a component of the attentional model.
Following the expert logical validation process, 1 exercise was
removed, 1 underwent major revisions, 10 were improved
according to the recommendations, and 1 was not changed. The
removed exercise, which consisted of a dual visual and auditory
task, was deemed too demanding for people with acquired brain
injury. Major changes included increasing the duration of
exercise, increasing the level of distraction, and making the
instructions more clear. Moreover, the experts confirmed that
the 5 components of the mindfulness model are included
throughout the exercises. Changes were made to the exercises
as recommended by the experts: the vocabulary for the
instructions was simplified, concrete and more practical
examples were added, the speed of the voice track/instructions
was reduced, and pauses were added to the voice track.

The second step was the ecological content validation of the
Focusing app. The relevance, satisfaction, quality, attractiveness,
and workload associated with each section of the app were
evaluated by participants from the general population.

The results of the SIM-TLX questionnaire underlined the level
of workload when using the app, which involves low physical
and temporal demands. It also involves low stress and
frustration. These results confirm that the Focusing app respects
the principles of mindfulness. Indeed, mindfulness promotes
being in the present moment and the acceptance of the
experience. The scales of the SIM-TLX questionnaire associated
with higher workload are mental demand, distraction, and task
complexity. The results confirm that attentional training program
exercises require some cognitive effort. In addition, distractors
were deliberately integrated into the exercises to train selective
attention.

MARS is one of the most widely used questionnaires in the
literature for app quality assessment [37]. This questionnaire
was also used by clinicians to assess the quality of 23
mindfulness apps available on the Apple App Store and Google
Play Store [25]. The results showed that the app is of good
quality and is esthetic, functional, and engaging. These features
allow you to properly interact with the app. Resources can
therefore be entirely devoted to the training of attention. The
Quality Information scale had the worst result. To prevent
misinformation and adverse effects from Focusing app use,
information quality must be improved. In fact, wrong or
misleading information could result in a decrease in user safety
[41]. Informing participants of the involvement of experts in
the development process (eg, psychotherapists and researchers
in mindfulness or cognition training) might help to address this
problem. Moreover, a better description of the app on the Play
Store might improve information quality.

The results of the AttrakDiff questionnaire demonstrated good
user experience of the Focusing app. The app was easy to use,
interesting, and challenging. It was also pleasant to interact with
the app. This also means that the voice (tone and speed) used
for the exercises was adequate. The results showed that the
recommendations of the experts during the logical content
validation helped improve the user experience of the app.
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In comparison with our study, the attention training application
(ATA) developed by Hill et al [42,43] is an app aimed at training
the attention of elderly people without cognitive impairment.
To our knowledge, this app is the most recent in the literature
to be validated with the target population. The ATA is an
adaptation of the «dual n-back» computerized intervention [44].
This study did not use a validated intervention development
model such as ORBIT. The app was, however, validated twice
[42,43] with a small number of elderly people and using a mixed
methods study design. This study corresponds to Phase
I(b)-Refine of the ORBIT model. As in our study, participants
were asked to complete questionnaires to capture familiarity
with technology and to provide their general impressions of the
ATA on a scale from 0 (negative) to 10 (positive in 4 categories:
overall, easy, satisfying, and interesting). The User Interface
Satisfaction questionnaire was also used [45]. Feedback had to
be given on a 7-point Likert-type scale for different items.
Interviews were conducted to allow participants to share their
perceptions of the app. A limitation of this previous study is
that the quality of the app was not assessed with the MARS
questionnaire. Moreover, the cognitive load associated with
using the app was not assessed.

Limitations
The content validation of the attention remediation program has
some limitations. Although the logical content validation experts
concluded that the program would be fully valid once their
recommendations were incorporated, the revised program was
only reviewed by 1 of these experts after changes were
implemented. In addition, 1 of the experts could not be present
at the focus group to discuss the recommendations.

The current validation of user experience was limited by the
characteristics of the participants. First, the sample included
more women (70%) than men (30%). However, only one-third
of people with TBI in Canada are women [46,47]. In addition,
most participants were in their 50s or 60s, while youth and
young adults aged 12 to 19 years are 5.2 times more likely to
have TBI [46]. Finally, participants in the sample considered
themselves weakly to moderately comfortable with the use of

electronic devices (computers, tablets, and smartphones), which
may be related to the age of the participants. On the other hand,
young people are more comfortable with the use of apps on
smartphones. Different data about user experience could have
been obtained with a sample that is very comfortable with
technologies. However, by targeting people who are less skilled
with technology, we ensured that this would not be an obstacle.

Future Research
Future studies should assess the safety, tolerability, and
acceptability of this attention training intervention via a mobile
app in a population with moderate or severe TBI. More
specifically, as part of phases Ib (refine) and IIa
(proof-of-concept) of the ORBIT model [27], 5 to 10 people
with moderate or severe TBI should be recruited as part of a
multiple single-case experimental design. The test phase should
include a waiting period and an intervention period, both marked
by pretests and posttests. At the end of this phase, it will be
possible to determine whether the intervention is clinically
acceptable and whether it can be made available to a larger
sample, leading to phase III (efficacy) studies that will involve
a randomized controlled design. At the end of phase III, we also
want to translate the tool for the English-speaking population
in order to increase the recruitment pool. This will involve
translating the audio files and the menus of the different sections
of the app. We also want to develop an iOS version of the app
to make it more accessible and expand recruitment.

Conclusions
The Focusing app is one of the first mobile attention training
apps scientifically validated with the ORBIT model and
developed based on theoretical models of both attention and
mindfulness. A systematic validation approach was used to
ensure that the intervention was theoretically valid before
clinical validation. In addition, this project provides a better
understanding of the attentional processes modulated by
attentional focus techniques based on mindfulness. In fact, this
study attempts to dissect attentional processes from the angle
of a theoretical model recognized in neuropsychology.
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Abstract

Background: Dependent older people or those losing their autonomy are at risk of emergency hospitalization. Digital systems
that monitor health remotely could be useful in reducing these visits by detecting worsening health conditions earlier. However,
few studies have assessed the medico-economic impact of these systems, particularly for older people.

Objective: The objective of this study was to compare the clinical and economic impacts of an eHealth device in real life
compared with the usual monitoring of older people living at home.

Methods: This study was a comparative, retrospective, and controlled trial on data collected between May 31, 2021, and May
31, 2022, in one health care and home nursing center located in Brittany, France. Participants had to be aged >75 years, living at
home, and receiving assistance from the home care service for at least 1 month. We implemented among the intervention group
an eHealth system that produces an alert for a high risk of emergency department visits or hospitalizations. After each home visit,
the home care aides completed a questionnaire on participants’ functional status using a smartphone app, and the information
was processed in real time by a previously developed machine learning algorithm that identifies patients at risk of an emergency
visit within 7 to 14 days. In the case of predicted risk, the eHealth system alerted a coordinating nurse who could then inform the
family carer and the patient’s nurses or general practitioner.

Results: A total of 120 patients were included in the study, with 60 in the control group and 60 in the intervention group. Among
the 726 visits from the intervention group that were not followed by an alert, only 4 (0.6%) resulted in hospitalizations (P<.001),
confirming the relevance of the system’s alerts. Over the course of the study, 37 hospitalizations were recorded for 25 (20.8%)
of the 120 patients. Additionally, of the 120 patients, 9 (7.5%) were admitted to a nursing home, and 7 (5.8%) died. Patients in
the intervention group (56/60, 93%) remained at home significantly more often than those in the control group (48/60, 80%;
P=.03). The total cost of primary care and hospitalization during the study was €167,000 (€1=US $1.09), with €108,000 (64.81%)
attributed to the intervention group (P=.20).

Conclusions: This study presents encouraging results on the impact of a remote medical monitoring system for older adults,
demonstrating a reduction in both emergency department visits and hospitalization costs.

Trial Registration: ClinicalTrials.gov NCT05221697; https://clinicaltrials.gov/study/NCT05221697
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Introduction

Older Adults and Emergency Hospitalizations
In France, over 13.4 million people are aged 65 years or older,
representing 20% of the French population. This proportion has
increased by 4% in 20 years [1]. With aging and frailty, the risk
of unplanned hospitalizations is increased.

Studies show that in France, older adults living at home
represent 13% of the population that is hospitalized at least once
a year, compared to 6% for the general population [2,3].
According to medico-economic data, nearly 1.6 million people
aged >80 years were hospitalized in 2017, twice the number in
the general population. In addition, the average length of stay
doubles between the ages of 60 and 80 years, reaching nearly
10 days for those aged >90 years [4].

Depending on the study, between 19% and 67% of
hospitalizations of older people are considered avoidable [5,6].

Medical and social frailty and comorbidity of the older
population are the main factors that increase the prevalence and
time spent in hospital [3].

The emergency department (ED) is the main entry point for the
older people. Half of the people who visit the ED are
subsequently hospitalized. Moreover, older adults represent
41% of ED visits, and nearly 23% of them spend more than 8
hours there and 34% spend between 4 and 8 hours—more than
twice as long as younger people. This longer stay in the ED is
compounded by a higher rate of transfer to other departments
or hospitals [3,7].

In people aged >80 years, main causes of admission to the ED
are traumatic events (generally related to fall; 25%),
cardiovascular events (17%), altered general condition or
infection (12%), a respiratory symptom (12%), a gastrointestinal
symptom (10%), and neurological symptoms (9%) [3,7].

Emergency hospitalization represents a significant medical and
economic cost. Older adults’ hospitalizations reduce the level
of dependency by 30% to 60% (immobilization syndrome,
confusion, malnutrition, urinary incontinence, undesirable
effects related to treatments, etc). While people aged >75 years
represent 8% of the population, they are responsible for one-fifth
of health care expenditure [8,9]. In France, the main expenses
to support the loss of autonomy of older adults are
approximately €12.2 billion (€1=US $1.09) in care expenses
and €10.7 billion in human and technical assistance. The
challenge is not so much to reduce hospitalization rates or the
average length of stay but rather to avoid preventable emergency
hospitalizations [1,2,8,10,11].

Telehealth and Artificial Intelligence for the Prediction
and Prevention of Emergency Situations in Older
Adults
Therefore, it is crucial to anticipate adverse events at home. The
use of eHealth systems, telemedicine, and connected objects
represent a promising approach for keeping older adults at home
and preventing the loss of autonomy. Patient-reported outcome
measures benefit people with chronic diseases by improving
their quality of life, reducing mortality, and reducing ED visits
and hospitalizations [7,12].

We have implemented a machine learning–based eHealth device
to predict and prevent ED visits and unscheduled
hospitalizations for older people living at home [13,14]. In 2022,
we conducted a multicenter study with people aged >65 years,
living at home, and receiving regular visits of home care aides
(HCAs) to evaluate this device in real life. After each home
visit, HCAs completed a smartphone-based questionnaire on
the functional status of the patients. The information was
processed in real time by a machine learning algorithm
developed beforehand in order to identify patients at risk of an
ED visit within 7 to 14 days (with a predictive performance of
83% sensitivity and 86% specificity). This machine learning
algorithm can also predict symptoms or events such as
malnutrition, falls, swollen legs, or depressions [15]. In the case
of predicted risk, the system alerted a nurse coordinator who
could then inform the family caregiver and the patient’s nurses
or general practitioner. A total of 206 patients were included
and followed for 10 months. Compliance was good. Among the
2656 home visits, 405 alerts were issued. The system
significantly reduced the number of ED visits when an
intervention was performed after an alert. The system was
considered easy to use and useful, and it was well accepted by
more than 90% of the HCAs and coordinating nurses [15].

This algorithm opens the possibility of mobilizing health
professionals to intervene early in an acute illness or in the
decompensation of a chronic illness before it leads to an
emergency hospitalization.

Objectives
The main hypothesis of this study was as follows: using a simple
tool to predict the risk can allow HCAs to anticipate the
incidence of emergency hospitalizations and, thereby, reduce
the cost and side effects of emergency hospitalization.

The objective of this study was to analyze the clinical and
economic impacts of this eHealth device in real life compared
to the usual monitoring of frail older people living at home. In
France, as this medical device is the first to predict ED use,
there are, to our knowledge, few medico-economic studies
available.
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Methods

Study Design
This study was a single-center, retrospective, and controlled
trial on data collected between May 31, 2021, and May 31,
2022, in one health care and home nursing center located in
Brittany, France.

Recruitment
Participants were recruited from among adults aged 75 years
and older who were living at home and receiving the assistance
from HCAs. These HCAs were not health care professionals
and typically provided assistance with nonmedical tasks (eg,
helping with meals, assisting with personal care, housekeeping,
and running errands). The dependency levels of the persons
were established according to the French national instrument,
which stratifies the dependency level from groupe iso-ressources
(GIR) 1 (very severe dependency) to GIR 6 (no dependency)
[16].

Patients in palliative care situations (GIR 1) were not included.
Patients were proposed to be included in the controlled group
without being offered any incentives. Written consent was
obtained from all participants of the intervention group to be
included in the study.

The control group was composed of people receiving the usual
support from the home care service. The adjustment between
intervention and control groups (1:1 or 1:2 when possible) was
based on age (within 2 years), gender, and level of dependency.
Participants in the control group were informed of their
enrollment in the study. Data were collected between May 30,
2021, and May 31, 2022.

Data Collection
Sociodemographic and pathway data—family situation,
dependency level, ED visits (dates and causes), hospitalization
(dates and causes), and death (date)—were collected via the
tracking system (for the intervention arm) and the coordinating
nurses (for the control arm).

Intervention
For participants in the intervention group, HCAs used a
smartphone app, for which they received training on its use (a
1-hour session at the start of the study). Each week, they
completed a simple and concise questionnaire for each patient
via the app. This questionnaire comprised 25 yes-or-no questions
covering functional and clinical autonomy (activities of daily
living); medical symptoms such as fatigue, falls, pain, and
undernutrition; as well as behavioral changes (cognitive
disorders and aggression), communication with caregivers, and
social life.

The collected data were transmitted in real time to a secure
server, where an artificial intelligence algorithm analyzed them
to assess risk levels and predict ED visits within 7 or 14 days.
The risk assessment was displayed on a Conformité
Européenne–marked, web-based secure medical platform called
PRESAGE CARE. When the algorithm detected a high-risk
level, an on-screen alert was sent to the nurse coordinator of

the home care center. This alert included information on recent
changes in the patient’s functional status, along with
decision-support insights to help the nurse coordinator take
appropriate action, such as contacting the family caregiver or
other health care professionals, or conducting a home
reassessment.

No specific intervention protocol was imposed on health care
professionals, allowing them full autonomy in their
decision-making. This alert-based intervention model was
presented to and approved by the Agence du Numérique en
Santé (National Agency for eHealth). The study followed the
guidelines and recommendations of the Haute Autorité de Santé
(French Health Authority) regarding the cost-effectiveness
evaluation of medical devices.

Outcomes
The primary outcome was the difference in the cumulative
incidence of emergency hospitalizations between the two groups,
with death and institutionalization considered competing events.
Unscheduled hospitalizations were defined as those occurring
after an ED visit or those explicitly recorded as such in the
PRESAGE CARE console or the data extracted from the center’s
information system.

Secondary outcomes included a comparison of hospitalization
rates following an alert that did not lead to an intervention versus
those following an alert that triggered an intervention, as well
as a cost comparison of hospitalizations between the two groups.
Additionally, the probability of remaining at home was assessed,
defined as the time elapsed from May 30, 2021 (study start
date), to the first occurrence of one of the following events:
unplanned hospitalization, death, or institutionalization.

Cost Analysis
For each group, the hospital costs attributable to the ED visits
and hospitalizations (unplanned and planned) were calculated
on the basis of the homogeneous group of patients, determined
by the declared causes of the hospitalization (CIM-10 PMSI
coding, which is the French adaptation of US diagnosis-related
groups). Hospital costs have been determined on the basis of
published costs by the type of illness and length of hospital stay
(basic category of classification in medicine, obstetrics, or
surgery). The costs of consultations with the attending physician
related to the PRESAGE CARE system were also included. The
average length of hospital stay was compared between the
groups. The burden costs (gross salary and taxes) of nurses who
managed alerts (intervention arm) and conducted regular
activities (control arm) were defined according to the time
needed to proceed their tasks and average gross salary for nurses
[17].

The cost for data collection by HCAs was defined as training
costs (1 hour of training time multiplied by the hourly burden
costs for HCAs [17]). The collection of data into PRESAGE
Care eHealth device occurred during regular visits so no extra
time was counted. In this study, the medical device was
deployed free of charge.

The analysis was performed from the point of view of the total
hospital cost per event and per patient in relation to the medical
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benefit determined by the number of deaths, the number of
institutionalizations, and the data in the literature concerning
the loss of functional independence following hospitalization
(in the absence of data on the reassessment of the dependency
level after hospitalization). The cost analysis was mainly carried
out from the point of view of social security expenditure.

Coordinating nurses were asked to report time spend in order
to check alerts and act according to the procedure. The number
of ED visits, emergency hospitalizations, deaths, and nursing
home admissions were compared between the groups. The times
before the first event were compared between groups.

Statistical Analysis
Continuous variables were described in terms of means,
medians, IQRs, and SDs, depending on the normality of the
distribution. Categorical variables were described in terms of
numbers and percentages. Groups were compared using the
chi-square or Fisher test for categorical variables and the
Wilcoxon or 2-tailed t test for quantitative variables.
Comparisons of cumulative incidences were made by the Gray
test (entry into an institution and death in competition). A value
of P<.05 was considered significant. Statistical analyses were
performed using Stata software (version 17; StataCorp LLC).

Ethical Considerations
The research protocol for this study was submitted to and
approved by the French National Committee for Biomedical

Research, the Committee for the Protection of Individuals, and
the French Agency for Health Product Safety (registration:
2234275). The beneficiaries as well as the caregivers and
professionals involved were informed of the nature of this study
and gave their written consent. Privacy and data protection rules
were presented to participants and are available upon request.
No compensation was offered.

Results

Patients’ Characteristics
A total of 120 patients were included in the study, with 60 (50%)
in the control group and 60 (50%) in the intervention group.
Among them, 86 (71.7%) were women, including 45 (75%) of
the 60 patients in the intervention group and 41 (68%) of the
60 patients in the control group (P=.76). The mean age of
participants was 83.77 years, with no significant difference
between the groups (P=.44).

Dependency levels, assessed using the autonomie
gérontologique GIR grid, showed an average dependency score
of 3.79, with no significant differences between the groups (all
P>.05; Table 1). Overall, the characteristics of participants in
the intervention and control groups were comparable.

Table 1. Participants’ characteristics.

P valueControl group (n=60)Intervention group (n=60)Characteristics

.4482.99 (80.08- 85.90)84.55 (81.78-87.32)Age (years), mean (95% CI)

.4241 (68)45 (75)Female, n (%)

.3610 (17)14 (23)Low dependency level (GIRa 5-6), n (%)

>.9937 (62)37 (62)Mild dependency level (GIR 3-4), n (%)

.798 (13)9 (15)High dependency level (GIR 2), n (%)

aGIR: groupes iso-ressources.

In the intervention arm, a total of 792 visits were monitored
through the app. Among these visits, 66 alerts were issued and
transmitted to a coordinating nurse, of which 21 (32%) led to
a health intervention (such as a general practitioner visit or a
home visit by a nurse).

Following an alert-triggered intervention, only 1 (5%) out of
the 21 patients was hospitalized, compared to 10 (91%) out of
the 11 patients when no intervention was performed after an
alert (P<.001). Among the 726 visits that did not trigger an alert,
4 (0.6%) hospitalizations occurred (P<.001; Table 2).

Table 2. Alert-triggered interventions and hospitalizations.

P valueHospitalizationsNo hospitalizationTotal

<.001Alerts (n=66)

10 (22)35 (78)45 (68)No alert-triggered intervention, n (%)

1 (5)20 (95)21 (33)Alert-triggered intervention, n (%)

<.0014 (0.6)722 (99.4)726 (100)No alerts (n=726), n (%)

Medical impact
Altered general condition (7/37, 19%) and falls with fractures
(7/37, 19%) were the most frequently described cause, followed

by dyspnea (6/37, 16%). The causes are relatively distributed
(Table 3).
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Table 3. Unplanned hospitalizations causes (n=37).

Control group, n (%)Intervention group, n (%)Total, n (%)Causes

6 (16)1 (3)7 (19)Altered general condition

4 (11)2 (5)6 (16)Dyspnea

3 (8)4 (10)7 (19)Fall with fracture

3 (8)2 (5)5 (14)Emergency surgery

2 (5)2 (5)4 (11)Acute pain

2 (5)0 (0)2 (5)Psychological symptoms

1 (3)1 (3)2 (5)Kidney failure

1 (3)0 (0)1 (3)Heart failure

0 (0)1 (3)1 (3)Stroke

0 (0)1 (3)1 (3)Fall without fracture

0 (0)1 (3)1 (3)Missing value

22 (59)15 (41)37 (100)Total

Emergency Hospitalizations, Deaths, and Nursing Home
Admissions
A total of 37 emergency hospitalizations were recorded during
the study, involving 25 patients. The number of emergency
hospitalizations was 32% lower in the intervention group (15/37,
41%) compared to the control group (22/37, 59%).

Of the 6 scheduled hospitalizations, 5 occurred in the
intervention group. The cumulative incidence of emergency
hospitalizations was 23.3% (95% CI 13.5%-34.7%) in the

control group, compared to 16.7% (95% CI 8.5%-27.2%) in the
intervention group (P=.37).

Among participants, 16 patients left their homes due to either
admission to a nursing home (9/120, 7.5%) or death (7/120,
5.8%). There were 7 deaths: 1 (14%) in the intervention group
and 6 (86%) in the control group. Nine patients were admitted
to a nursing home, including 3 (33%) in the intervention group
and 6 (67%) in the control group.

The proportion of patients who left home was significantly
higher in the control group (12/16, 75%) than in the intervention
group (4/16, 25%; P=.03; Table 4).

Table 4. Health events during the study.

P valueDifference between
groups (%)

Control group,
(n=60)

Intervention group,
(n=60)

Total (N=120)Health events

In terms of the number of events (n=37), n (%)

.16–3222 (59.5)15 (40.5)37 (100)Emergency hospitalizations

In terms of the number of patients, n (%)

.26–3315 (25)10 (16.7)25 (20.8)Emergency hospitalizations

.05–676 (10)1 (1.7)7 (5.8)Deaths

.30–506 (10)3 (5)9 (7.5)Entry into nursing homes or facilities

.03–6712 (20)4 (6.7)16 (86.7)Patients who left home

Probability of Staying at Home
The survival analysis for the probability to stay at home was
68% (95% CI 54.5%-78.3%) for the control group versus 80%
(95% CI 67.5%-88.1%) for the intervention group (P=.15).

Costs

Cost of Follow-Up
Eleven individuals benefited from a consultation with a general
practitioner following an alert issued by the PRESAGE CARE
system. These consultations were considered additional costs
attributable to the use of the device. The time required for nurses
to monitor patients in the intervention arm totaled 119 hours

(equivalent to 2 minutes and 40 seconds per patient per week),
resulting in a total burden cost of €3460 [16]. Training for HCAs
was conducted in a group setting over 1 hour, representing a
cost of €1334 for 30 HCAs. Training for the coordinating nurse
lasted 5 hours, with an associated cost of €200. The total cost
related to training time and device usage was estimated at €4994.

Hospital Costs
All causes of hospitalization and their durations were recorded
and categorized according to the relevant homogeneous group
of patients. The median length of stay per hospitalization was
9.8 (IQR 4.73-14.87) days in the intervention group, compared
to 13.61 (IQR 6.70-20.52) days in the control group,
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representing a 67% difference. Over the course of the year, the
total number of hospitalization days was 6 times higher in the
control group than in the intervention group, with 882 days
versus 147 days, respectively. The annual cost attributed to
emergency hospitalizations, based on data from the
homogeneous group of patients, was €58,975 in the intervention

group compared to €108,642 in the control group, reflecting a
45.72% reduction in the intervention group (Figure 1). The total
cost for the intervention group was €64,300, compared to
€108,642 in the control group, representing a 40.82% cost
reduction (Table 5).

Figure 1. Emergency hospitalizations' costs evolution (cumutive cost, 1€ = US $ 1.09).

Table 5. Costs analyses.

P valueDifference between
groups (%)

Control groupIntervention group

.41–2813.61 (6.70-20.52)9.8 (4.73-14.87)Length of stay (days), median (IQR)

.09–53313147Total number of days of emergency hospitalizations, n

.20–45108,64158,976Annual emergency hospitalization costs (€)a

 ——b330Cost for additional consultations with the attending physi-
cian (€)

——1334Cost for data collection (training cost for HCAsc; €)

——3460Cost for coordinating nurse (follow-up and alert manage-
ment; €)

——200Cost for coordinating nurse (training cost; €)

.25–41108,64164,300Total annual cost (€)

—18101071Mean cost by patient (€)

a€1=US $1.09.
bNot applicable.
cHCA: home care aide.

Discussion

Principal Findings
The objective of this study was to assess the medico-economic
impact of an eHealth device designed to predict and prevent

emergency hospitalizations among frail older adults living at
home.

The use of the PRESAGE CARE device led to a nearly 32%
reduction in emergency hospitalizations compared to the control
group. Overall, it reduced hospital-related costs by 45.72%. In

JMIR Form Res 2025 | vol. 9 | e63700 | p.2652https://formative.jmir.org/2025/1/e63700
(page number not for citation purposes)

Havreng-Théry et alJMIR FORMATIVE RESEARCH

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


addition, this cost reduction must be considered in the context
of additional expenses, including in-home care,
posthospitalization consultations, and the increased risk of
rehospitalization.

The median length of stay in the intervention group was
consistent with findings in the literature, whereas it was higher
in the control group, likely due to extreme values and the small
cohort size.

Furthermore, over a 1-year follow-up of 60 participants, the
system extended the mean time to failure in the care pathway
by 38 days. This result is likely underestimated given the limited
cohort size.

In the intervention arm, among the 726 visits not followed by
an alert, only 4 (0.6%) hospitalizations followed the visit
(P<.001), which confirm the relevance of the alerts issued by
the system. Comparison of the postintervention hospitalization
rate in the intervention group shows that an alert-triggered
intervention significantly reduces hospitalization. These results
are consistent with a previous study on this system [15].
Professionals can effectively anticipate a deteriorating health
condition and act at the right time.

The multiplication of technological tools to promote home care
rarely benefit from data on their real medico-economic benefits
[17,18]. Moreover, few studies on the economic evaluation of
telemedicine systems show a medico-economic gain [19-22].
In addition, to our knowledge, they have not evaluated the
effectiveness of a predictive system for the prevention of
unplanned hospitalizations of older people living at home.

Cost of the Device
The cost of the device has not been taken into account in this
study as it is currently being evaluated in terms of its impact.
The price of the health care sector (including hospital care)
varies widely from one country to another. France remains 40%
cheaper than the United States and 55% cheaper than
Switzerland [23].

Increased Cost of Dependency and Quality of Life
According to the report of the Hospital and Older People
Workshop published in 2018, the incidence of dependence
related to hospitalization varies between 30% and 60% in people
aged 70 years and older and increases to 50% in patients aged
85 years and older. After discharge from hospital, only 50% of
patients recover their basic functional state, 33% within 6
months after discharge, and 14% at 1 year [10,19]. The
prevalence of iatrogenic dependence is about 12%, and it is
avoidable in 80% of cases. It is therefore possible to prevent it.

Moreover, after a visit to the ED, 56% of older patients are
hospitalized, and 44% return home. The difficulty in finding
suitable hospital places for older adults leads to an increase in
the time spent by carers on calls to other departments. Older

people spend more time in the ED, on average 4 hours more
[10].

These data increase the medical and financial impact of devices
aimed at predicting and preventing ED visits and emergency
hospitalizations.

The increase in the loss of autonomy of older adults after
hospitalization (bed rest, loss of mobility, and waiting time in
the ED) leads to an increase in home care needs and increases
the costs associated with the management of dependency.

This increase in posthospitalization dependence leads to a
decrease in quality of life, which has been widely described in
the literature [24].

This device represents a real gain in terms of medical benefits,
quality of life, and hospital costs.

Limitations
Our study has several limitations. First, because the overall
study design was not randomized at the outset of the study, there
is a bias in the allocation of groups. Moreover, the number of
deaths was higher in the control group, but the sample size did
not allow us to identify a significant correlation with the
intervention. The lack of significance of the different results
can indeed be explained by the size of the cohort, the number
of events, and the low statistical power. Some particularly long
hospital stays imply a wide CI, impacting the significance of
the results.

In view of the number of deaths and the lack of consensus on
the relevance of using quality-adjusted life-year analyses to
carry out medico-economic studies of dependent or frail older
people (National Academy of Medicine) [21,24], it was not
possible to carry out a quality-adjusted life-year study based on
life expectancy.

Furthermore, the quality of life of the individuals could not be
measured and compared. It is not possible to draw conclusions
on the impact of PRESAGE CARE on the quality of life of
beneficiaries. A prospective study will be conducted to evaluate
this impact.

The size of the cohort is also a limitation and will require a
larger-scale, multicenter, randomized controlled trial.

Conclusion
This first study evaluating the medico-economic impact in real
life of the use of the PRESAGE CARE medical device shows
a reduction of almost half of the hospital expenses among the
beneficiaries of the device. In addition, PRESAGE CARE
reduced unplanned hospitalizations by more than 30% and
increased life expectancy in good health at home. A larger,
randomized controlled trial is needed to confirm these already
very encouraging results.
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Abstract

Background: Harboring dysfunctional depressogenic cognitions contributes to the development and maintenance of depression.
A central goal of cognitive behavioral therapy (CBT) for depression is to invalidate such cognitions via cognitive reappraisal
(CR). However, relatively low remission rates and high dropout rates in CBT demonstrate the need for further improvement.
Potentially, the effects of CBT could be enhanced by addressing not only dysfunctional depressogenic cognitions but also body
states associated with depression. This may be done, for example, by systematically pairing the invalidation of depressogenic
cognitions with the performance of antidepressive kinesthesia.

Objective: This study aimed to examine the feasibility and clinical potential of a smartphone-based cognitive restructuring task
that required users to deliberately perform antidepressive kinesthesia in conjunction with the rejection of depressogenic statements
and the affirmation of antidepressive statements. This feasibility study was conducted as a precursor to a large-scale randomized
controlled trial.

Methods: In total, 10 healthy participants engaged in a single 90-120-minute session of smartphone-based CR training. During
the training, they completed 2 phases in which they were required to reject 20 depressogenic and affirm 20 antidepressive
statements, respectively. Diagnostic assessments were conducted 1 week (T1) before and directly prior (T2) to the training, and
again directly posttraining (T3) and at a 2-week follow-up posttraining (T4). Feasibility outcomes assessed at T3 included
intervention safety recorded by study therapists, compliance, technical feasibility, usability assessed using the Short Version of
the User Experience Questionnaire (UEQ-S), and acceptability assessed using the UEQ-S and self-developed items. Preliminary
clinical potential was evaluated via single-item ratings of current depressed and positive mood assessed continuously during the
training. Feasibility outcomes were analyzed descriptively, and clinical potential was examined using paired-sample t tests of pre
and post ratings of mood at each training phase.

Results: Overall, the results indicated that the training was safe, feasible, and usable (UEQ-S pragmatic quality scale: mean
1.45, SD 0.71). However, acceptance was limited (UEQ-S hedonic quality scale: mean 1.05, SD 0.79). While 80% (8/10) of the
participants were generally satisfied with the training, 80% (8/10) would recommend it to a friend, 90% (9/10) found it interesting,
and 80% (8/10) rated it as “leading edge,” 40% (4/10) to 70% (7/10) did not consider it particularly helpful and 50% (5/10) found
it repetitive. Preliminary results regarding clinical potential were promising, with significant increases in positive mood (rejection:
Hedges g=0.63; affirmation: Hedges g=0.25), whereas changes in depressed mood were not significant.

Conclusions: This study evaluated the feasibility and acceptability of a smartphone-based CR training augmented with validating
and invalidating kinesthesia. This provided valuable insights for further optimizing the intervention for the subsequent randomized
controlled trial, but also potential similar interventions. If future studies confirm their clinical potential, such interventions offer
a promising approach to enhancing CBT for depression.
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Introduction

Depression is one of the most prevalent mental disorders [1]
and severely impacts the quality of life and functioning of
affected individuals [2]. Depression is also associated with an
increased risk of cardiovascular disease [3] and mortality [4].
Although cognitive behavioral therapy (CBT) has been shown
to be effective in depression treatment [5], dropout rates of up
to 32 % [6], low remission rates of 42 % [7], and low rates of
evidence-based treatment administration [8] highlight the need
to further optimize CBT for depression.

CBT for depression is based on Beck’s [9] cognitive model of
depression, which assumes that dysfunctional beliefs (eg, “I am
worthless”) are a key factor in the etiology and maintenance of
the disease. Therefore, one primary goal of CBT is the
reappraisal of such dysfunctional beliefs. This is typically
pursued with cognitive restructuring techniques, with which
therapists guide patients to question the validity of their
dysfunctional beliefs and to articulate more adaptive ones [9].
Theory and empirical evidence suggest that invalidating
dysfunctional beliefs while strengthening functional beliefs has
positive effects on depressed mood and other symptoms of
depression [10,11]. To reduce the large treatment gap in
depression, researchers have developed accessible and
cost-effective CBT-based app interventions that include
cognitive restructuring exercises, among others. Such
interventions have proven to be effective in reducing symptoms
of depression [12]. However, a meta-analysis evaluating single
components of such interventions with individual participant
data found no clear evidence for the efficacy of cognitive
restructuring when used within digital interventions [13],
highlighting the need to optimize digital cognitive restructuring
interventions. Most of the mobile cognitive restructuring
exercises in the context of depression take a similar approach
as therapists in face-to-face therapy. They offer
psychoeducational content about the relationship between
dysfunctional beliefs and depression and provide Socratic
questions to help individuals invalidate dysfunctional beliefs
and develop more adaptive ones (eg, [14-19]). However, without
the support of a therapist, this approach could be very
challenging for patients, especially in the context of cognitive
and motivational impairments in depression [20,21]. This is
also supported by pilot results indicating lower adherence rates
with a cognitive restructuring intervention than with an
intervention focusing on behavioral activation [18]. Thus, in
order to increase adherence, a structured cognitive restructuring
exercise with preselected content might be of greater benefit in
the context of app interventions without direct human
interaction. To our knowledge, only 2 studies evaluate such an
intervention. McCloud et al [22] propose a cognitive
restructuring exercise based on the ABC technique [23]

providing options for alternative interpretations for users to
choose from. Stiles-Shields et al [24] propose a step-by-step
procedure for identifying and changing maladaptive thoughts
using Socratic questions, providing examples of possible
thoughts and alternatives. However, the efficacy of McCloud
et al [22] cognitive restructuring exercise cannot be determined
as it was part of a multicomponent intervention. Stiles-Shields
et al [24] conducted a pilot trial. Although they did find effects
on symptoms of depression, the informative value is limited
due to the small sample size. The efficacy of such structured
cognitive restructuring exercises therefore still requires empirical
support.

A potential problem of such exercises, particularly if they
contain preselected content, could be that the invalidation of
dysfunctional beliefs remains superficial and does not lead to
emotional insight. This is also assumed by the interacting
cognitive subsystems (ICS) theory [25], another seminal
theoretical approach in the context of depression. The theory
distinguishes intellectual and emotional beliefs and posits that
cognitive restructuring only changes dysfunctional beliefs on
an intellectual level, but not their “felt meaning.” This is often
experienced by patients who report, “I understand the belief is
not true, but I still feel that it is.”

ICS suggests that depressogenic thoughts and proprioceptive
information interact to generate emotional states in general and
depressed mood in particular [25]. Semantic concepts and
specific meanings of depressogenic thoughts exist in the form
of intellectual beliefs. To generate specific emotional states (eg,
depressed mood) and thereby emotional beliefs, however, input
from acoustic, visual, and proprioceptive channels (eg, facial
expressions, gestures, and posture) is needed. Hence, according
to ICS, if patients merely question dysfunctional beliefs on an
intellectual level, they will still feel that they are true. To change
the resulting emotional state (ie, depressed mood),
proprioceptive information needs to additionally contradict the
depressogenic schema, for example, assume an upright body
posture and confident facial expression. Thus, the maintenance
of depression is explained in terms of a coupling of cognitive
and proprioceptive feedback loops that sustain each other,
referred to as “cognitive interlock.”

In light of these theoretical considerations, we assume that
complementing cognitive reappraisal (CR, a key cognitive
restructuring technique) with proprioceptions that both invalidate
dysfunctional beliefs and validate functional beliefs offers a
promising approach to improving CBT for depression.
Kinesthesia (ie, proprioception of movement) and, more
specifically, facial expressions might be particularly relevant
in this context as facial muscles are very sensitive to variations
in emotional experience [26].
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Empirically, numerous studies provide evidence for a
relationship between facial expressions on the one hand, and
emotional experience [27] and depression on the other [28-30].
Patients with depression manifest less facial expression of
positive affect [28]. Moreover, studies using electromyography
(EMG) found greater activity of the corrugator supercilii muscle,
a muscle that is activated during negative affective states [31],
in response to affective content pictures [32,33], and determined
clinical improvement to be associated with attenuated activity
of the corrugator supercilii [34]. Consistently, an experimental
manipulation of facial expression (ie, inducing a sad facial
expression) correlated with negative interpretation bias in
healthy adults [35]. The interconnection of depression and facial
expression is also reflected in studies using botulinum toxin to
block the corrugator supercilii in the treatment of depression,
which led to significant and large reductions in symptoms of
depression in placebo-controlled studies, as shown by Schulze
et al [36] in a recent meta-analysis.

These findings clearly demonstrate the relationship between
kinesthesia and depression. However, only very few studies
investigated the relationship between kinesthesia and
propositional (ie, reasoning) processes in depression. Moreover,
to our knowledge, few studies so far have investigated the effects
of augmenting cognitive interventions and, more specifically,
CR interventions with validating and invalidating kinesthesia.
Adaptations of the approach-avoidance modification training
(AAMT), which originally required participants to push or pull
joysticks to move disorder-relevant images away from or toward
themselves [37], use disorder-relevant dysfunctional beliefs as
stimuli [38-45]. Two of the studies following such an approach
addressed depression (ie, with stimuli such as “I am a failure”),
with promising effects on symptoms of depression [38,39].
Moreover, pilot findings from the stress context suggest that
using the deliberate display of positive and negative emotions
through facial expression, body posture, and a corresponding
statement as responses within AAMT might enhance its efficacy
[43-45]. Another, albeit not smartphone-based study by O’Toole
and Michalak [46] followed an approach more closely aligned
with cognitive restructuring in CBT. They evaluated a cognitive
restructuring exercise delivered face-to-face combined with
emotion-focused body postures and movements and found that
it produced greater decreases in agreement with dysfunctional
beliefs than isolated cognitive restructuring in healthy
individuals.

Although these approaches are promising, evidence remains
preliminary, particularly in the context of depression treatment
and no study so far has evaluated the efficacy of a
smartphone-based structured cognitive restructuring exercise
enhanced with validating and invalidating kinesthesia. To
advance research in this regard, we developed a structured
smartphone-based and sensor-supported CR intervention, in
which depressogenic verbalizations are paired with invalidating

facial expressions and antidepressive verbalizations are paired
with validating facial expressions. Our ultimate goal is to train
machine-learning models in the automated assessment of
depression, which could then be integrated into a fully
automated, smartphone-based biofeedback training. The primary
goal of this was to evaluate the feasibility and safety of this
intervention in a limited healthy sample by testing its technical
setup and procedures before implementation of a large-scale
randomized controlled trial (RCT) involving participants with
and without depression. The study protocol for the RCT has
been published [47]. Second, we aimed to gain preliminary
insights into the clinical potential of the intervention, expecting
an overall decrease in depressed mood and an increase in
positive mood throughout the training and beyond.

Methods

Design
In preparation for a large-scale RCT [47], we conducted an
experimental feasibility study with a repeated-measures,
within-subject design. The study is part of the Collaborative
Research Center EmpkinS (Empatho-Kinaesthetic Sensor
Technology – Sensor Techniques and Data Analysis Methods
for Empatho-Kinaesthetic Modeling and Condition Monitoring)
and was conducted at the EmpkinS Lab of the
Friedrich-Alexander-Universität Erlangen-Nürnberg (FAU).
Participants engaged in a 90-120-minute CR training session
augmented with antidepressive facial expression (AFE) prompts
on a study-provided smartphone (CR+AFE condition, ie, 1 of
the 4 study conditions of the bigger RCT [47]). The study
protocol did not involve blinding of either participants or
investigators. The study was registered in the Open Science
Framework [48] and we have adhered to the American
Psychological Association journal article reporting standards
[49] when writing the manuscript (Multimedia Appendix 1).

Participants
Participants were recruited between August 2022 and January
2023. Inclusion criteria were (1) a minimum age of 18 years
and (2) sufficient German language skills (at least level B2
according to the Common European Framework of Reference
for Languages). Exclusion criteria were (1) a Patient Health
Questionnaire (PHQ)-8 score of ≥4, (2) sufficient criteria for
any mental disorder (International Classification of Diseases
and Related Health Problems, Tenth Revision codes F1-F9),
(3) acute suicidality, (4) any impairment of facial expression,
and (5) dyschromatopsia. We aimed to include N=10
participants, following heuristics from the literature concerning
optimal sample sizes for feasibility studies [50,51] and internal
considerations of practicality and time constraints.
Sociodemographic and clinical baseline characteristics are
summarized in Table 1.

JMIR Form Res 2025 | vol. 9 | e65357 | p.2658https://formative.jmir.org/2025/1/e65357
(page number not for citation purposes)

Keinert et alJMIR FORMATIVE RESEARCH

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


Table 1. Sociodemographic and clinical baseline characteristics of participants (N=10) in the feasibility study investigating the single-session
EmpkinS-EKSpression Reappraisal Training against depression in healthy individuals.

ValuesCategories

24.00 (6.31)Age (years; range 18-41), mean (SD)

10 (100)Gender: female, n (%)

Education, n (%)

4 (40)> 10 years

6 (60)University degree

Occupation, n (%)

9 (90)Student

1 (10)Employed

10 (100)Relationship status: single

Diagnosis of depression, n (%)

1 (10)Former

0 (0)Current

Diagnosis of other mental disorders, n (%)

2 (20)Former

0 (0)Current

Psychotherapeutic or psychiatric treatment

4 (40)Former, n (%)

0 (0)Current, n (%)

2.10 (0.99)PHQ-8a, mean (SD)

aPHQ: Patient Health Questionnaire.

Procedures
Participants from the general population were recruited via
social media posts targeting the Erlangen area, emails sent via
student distribution lists of the FAU, and flyers posted in public
places throughout the city of Erlangen. The recruitment material
contained information about the conditions for participation,
the duration of the study, and the compensation as well as a QR
code and link to the study website for registration. The website
hosted by Unipark provided information on study aims and
procedures. Interested persons were directed to the study
screening questionnaire assessing inclusion and exclusion
criteria, as well as symptoms of depression with the Patient
Health Questionnaire (PHQ)-8 [52] and contact information.
Eligible participants were contacted via email or telephone and
invited to a diagnostic session (T1). All on-site study sessions
were held at the EmpkinS Lab of the FAU. The laboratory rooms
were located in a scientific university building and set up
specifically for this study. At the beginning of the diagnostic
session participants provided written informed consent. We
then conducted the Structured Clinical Interview for DSM-5
Disorders-Clinician version (SCID-5-CV; German version:
[53]) to assess the diagnostic status of participants. After the
interview, participants answered a set of questionnaires via
Unipark.com (T1).

One week after the diagnostic session, the training session was
held at the Lab. The entire session took about 3 hours. First, we

conducted the GRID Hamilton Depression Rating Scale
(GRID-HAMD; [54]) to assess depression. Next, participants
answered a web-based preassessment (T2), also via Unipark.com
and the physiological data acquisition was set up. Then,
participants received a short psychoeducation explaining the
interconnection of thoughts, mood, and the body. The
subsequent smartphone-based training session took
approximately 90-120 minutes. After completing the training,
a short postassessment (T3) was completed, again via
Unipark.com.

Two weeks after the training session, participants were invited
to a follow-up assessment (T4). The GRID-HAMD was
conducted via telephone and participants were asked to fill out
an online questionnaire via Unipark.com. They received the
link to the questionnaires via email one day before the telephone
interview.

The interviews and study sessions were conducted by trained
clinical psychologists and based on manuals outlining study
procedures and instructions for participants.

Smartphone Intervention
During the training, participants completed four phases (Figure
1): (1) the preparatory phase, (2) the depressed mood induction
phase, (3) the first training phase, and (4) the second training
phase. During the preparatory phase, participants were shown
a fixation cross (3 sec) followed by different stimuli (8 sec) in
randomized order on the smartphone. The stimuli consisted of
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self-recordings of the participants, words congruent and
incongruent with depressed mood (ie, “hopeless” and “happy”),
and words representing the so-called cognitive triad of
depression (ie, “me,” “the world,” and “the future” [55]), which
were each shown 4 times, resulting in 24 stimuli in total.
Subsequently, in order to allow working with current depressed
mood during the training, participants received a validated mood

induction beforehand. During this mood induction phase,
participants read aloud ten depressogenic cognitions shown on
the smartphone screen (eg, “My future is absolutely hopeless”).
In addition, sadness-inducing music was played (an excerpt
from “Adagio in G minor” by Tomaso Giovanni Albinoni). The
induction procedure was previously validated [56,57].

Figure 1. Intervention procedure of the single-session EmpkinS-EKSpression Reappraisal Training against depression was examined in this feasibility
study in healthy individuals.

Both training phases started with the study therapist providing
instructions on how to engage in the training, followed by
on-screen instructions with text and animations in the
EmpkinS-EKSpression app. Then, participants completed 2
practice trials before starting the actual training. In the actual
training, participants were confronted with 20 depressogenic
statements (eg, “I am a complete failure”; first training phase)
and antidepressive (eg, “I can do this;” second training phase)
statements presented in randomized order on the smartphone
screen. The statements were derived from validated
questionnaires in the context of depression (Beck Hopelessness
Scale, German version [58]; Cognitive Triad Inventory, German
version [59]; Automatic Thoughts Questionnaire, German
version [60]; and Rosenberg Self-Esteem Scale, German version
[61]). A team of 3 experts in clinical psychology adapted the
items to customize them for the intervention.

In the first training phase, participants were asked to reject the
depressogenic statements in the following three invalidation
steps: (1) reject the presented cognition, (2) affirm the rejection,
and (3) self-support themselves. In each step, participants were

able to choose from three statements (ie, 3 statements expressing
rejection, affirmation, and self-support, respectively) which
they had to manually select on the screen and also read aloud.
Their verbalization was to be amplified by the explicit
expression of congruent kinesthesia, including mimic, gesture,
and posture. Thus, their rejection of each depressogenic
statement was performed with an expression of disapproval,
the affirmation with an expression of approval, and self-support
with an expression of joy (trials 1-10) and pride (trials 11-20).

In the second training phase, participants received instructions
to validate the antidepressive statements in the following
sequence: (1) approve the positive cognition with an expression
of approval, (2) affirm the approval with an expression of
confidence, and (3) reinforce themselves with an expression of
joy (trials 1-10) and pride (trials 11-20). Here, to conclude,
participants read aloud all 3 statements they had selected.

After each trial, reinforcing statements and pictures were
displayed on the screen. Throughout the sequence of training
trials, study therapists rated the persuasiveness of participants’
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emotional expression, provided feedback to participants, and
maintained control of the training app using a tablet.

Measures

Feasibility of the Intervention
To determine the feasibility of the intervention, we assessed
safety, technical feasibility, compliance, usability, and
acceptability.

Safety of the Intervention

To determine the safety of the intervention, study therapists
recorded whether participants experienced significant mood
deterioration during the training. The intervention was deemed
safe if no more than 10% (1/10) of the training sessions were
prematurely terminated due to significant mood deterioration.

Compliance

The compliance rate was defined as the number of participants
completing the intervention per protocol. The intervention was
considered feasible if the compliance rate was at least 50%
(5/10).

Technical Feasibility

Technical difficulties with the EmpkinS-EKSpression app during
the training were to be reported by study therapists. We
considered the intervention feasible if at least 80% (8/10) of the
sessions were completed without major technical problems.

Usability

The usability of the training app was assessed with the pragmatic
quality scale of the short version of the User Experience
Questionnaire (UEQ-S [62]) and with one self-constructed item.
In the UEQ-S, 8 pairs of opposite adjectives related to the user
experience are rated on a 7-point Likert scale from –3 (fully
agree with the negative term) to +3 (fully agree with the positive
term). The pragmatic quality scale consists of 4 of the 8 items,
with the other 4 items belonging to the hedonic quality scale.
The self-constructed item asked participants how intelligible
the app instructions were on a 4-point Likert scale from 1 (not
at all) to 4 (very). We considered the intervention usable if
>80% (8/10) of participants rated the app as positive (score ≥1),
that is, supportive (rather than obstructive), easy (rather than
complicated), efficient (rather than inefficient), clear (rather
than confusing), and very intelligible.

Acceptability
Acceptability of the intervention was assessed with the “hedonic
quality” scale of the UEQ-S. The intervention was considered
acceptable if >80% of participants rated the training as positive
(score ≥1) that is, interesting (vs not interesting), exciting (vs
boring), inventive (vs conventional), and leading edge (vs usual).
A total of 12 additional self-generated items were used to assess
acceptability (Multimedia Appendix 2 provides the items).
Except for 2 items, they were all rated on a 4-point Likert scale
from 1 (not at all) to 4 (very). One item asking whether
participants would recommend the training to a friend was
answered with yes or no. Another item asking whether the
training takes a reasonable amount of time was rated on a 5-point
Likert scale from 1 (far too high) to 5 (far too low). The
intervention was considered acceptable if >80% of participants

indicated they would recommend the training to a friend, were
rather content with the training, would continue the training
given the opportunity, considered the training as rather helpful,
and fun (score ≥3), as well as requiring a reasonably acceptable
amount of time (score 2-4), and rate the training as only a little
or not at all strenuous and difficult to focus on (score ≤2).
Moreover, open-ended questions were asked by study therapists
during the training and at the T3 assessment to gain additional,
qualitative feedback for improvement. Acceptability of the
overall study was assessed with one item asking participants to
rate how burdensome study participation had been on a 4-point
Likert scale from 1 (not at all) to 4 (very). The study was
considered acceptable if >80% of participants rated participation
as only a little or not at all burdensome.

Clinical Measures
The primary clinical outcome was current depressed mood and
the secondary outcome was current positive mood.

Current depressed mood was assessed using an 11-point Likert
scale from 0 (no depressed mood at all) to 10 (very strong
depressed mood) during both diagnostic and training sessions.
During training, participants submitted 108 ratings in total: 24
during the preparatory phase, one after the negative mood
induction, one immediately before the first training item, one
after each initial statement, and one after the completion of each
training trial.

Current positive mood was also assessed using an 11-point
Likert-scale from 0 (no positive mood at all) to 10 (very strong
positive mood). Similar to the number of ratings of depressed
mood, participants submitted a total of 108 ratings of positive
mood.

Demographic and Health-Related Information
Demographic and health-related variables included age, date of
birth, German language skills, nationality, gender, height,
weight, academic degree, professional occupation, relationship
status, scholarly fields of study (if any), current or previous
diagnosis of a mental illness, psychotherapy, medication, color
blindness, and Botox treatment. In addition, the PHQ-8 [52]
was used to assess current depressive symptom severity during
diagnostic screening. The PHQ-8 consists of 8 items assessing
the frequency of 8 of the 9 Diagnostic and Statistical Manual
of Mental Disorders criteria of depression during the previous
2 weeks on a 4-point Likert scale (0=not at all to 3=nearly every
day). The items are added up to a sum maximum score of 24,
with a score ≥10 indicating clinically relevant symptom severity
[52].

Additional Measures
As one aim of our feasibility study was to test the technical
setup of the study and protocol procedures, we included all
measures to be assessed in the RCT. However, the additional
measures listed below will not be analyzed in this feasibility
evaluation. The clinical status of participants was assessed with
the SCID-5-CV during diagnostic screening. Symptoms of
depression were assessed with the GRID-HAMD [54] during
the training session and at follow-up. In addition, self-reported
symptoms of depression were assessed with the Centre for
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Epidemiological Studies Depression Scale (German version
[63]). Current suicidality was assessed with a single
self-developed item. Dysfunctional attitudes were assessed with
the German short version of the Dysfunctional Attitude Scale,
form A [64], and automatic thoughts with the German version
of the Automatic Thoughts Questionnaire-Revised [60]. Finally,
the emotional state was assessed with the Self-Report Instrument
for the Assessment of Emotion-Specific Regulation Skills parts
A and B (SEK-ES [65]).

Two video cameras were used to assess kinesthesia (ie, facial
expression and body posture): an Azure Kinect depth camera
(Microsoft) and a high-resolution RGB camera (Sony
SRG-300H), positioned 1.2 meters in front of participants. In
addition, bipolar EMG of various facial muscles (ie, corrugator
supercilii, zygomaticus major, masseter, orbicularis oculi) and
of the shoulder muscle (trapezius) were assessed with the BioPac
MP160 system (Biopac Inc). Further psychophysiological
measures assessed with the BioPac MP160 system included
electrocardiogram, respiration (using a respiration belt), and
electrodermal activity. In addition, heart rate and respiration
were assessed with radar-based technology [66]. The preparatory
phase served as a baseline period for physiological data
acquisition. Further, we assessed pupillometry data. Moreover,
the smartphone app recorded videos of each trial and
participants’ digital activity on the app using the smartphone’s
front camera.

Statistical Analysis Plan
The safety and feasibility of the intervention and collection of
kinesthetic and physiological data were determined based on
descriptive analyses. Results were compared to predefined
threshold values (see above). As a manipulation check, we
analyzed whether the negative mood induction successfully
elicited an increase in depressed mood and a decrease in positive
mood. To this end, a paired-sample t test was computed to
compare depressed or positive moods before and after the
negative mood induction. To analyze the clinical potential of
the intervention, we also computed paired-sample t tests to
compare the mean rating of depressed (dependent variable 1)
and positive mood (dependent variable 2) after the presentation
of the statements, with the mean depressed and positive mood
rating after completion of the trials. We analyzed the clinical
potential separately for the 2 training phases. For effect sizes,
we computed Hedges g as proposed by Lakens [67] for small
samples, with Hedges g values of 0.2, 0.5, and 0.8 representing
small, moderate, or large effects, respectively [68]. Moreover,
we implemented 2 linear mixed-effects models with time-point
as a fixed effect on level 1 and random intercepts and random
slopes to analyze the course of depressed and positive mood
ratings over the course of the training. The dependent variables
were depressed mood and positive mood, respectively. However,
as our data showed too little variance, particularly during the
second training phase, the models appeared to not converge.

Therefore, we merely analyzed the course of depressed and
positive mood on a descriptive level.

The level of significance for all analyses was α=.05. The
analyses were conducted with R Studio (version 4.3.2; Posit)
[69].

Ethical Considerations
The study followed the Declaration of Helsinki’s ethical
guidelines and obtained ethical approval from FAU’s Ethics
Committee (20-443-B, 20-443_1-B, 20-443_2-B). All
participants provided written informed consent at 2 time points
during the study: (1) for the screening at the beginning of the
online questionnaire via Unipark and (2) for the rest of the study
at the beginning of T1. To deidentify questionnaire and app
data, each participant received a personal code. A list connecting
personal information with the code was stored on a secure server
and accessible by study staff only. Video and audio data
collected during the study that could not be completely
anonymized were stored on an external hard drive that was
locked away at all times.

Participants received compensation up to €40 (€10 for the
diagnostic session, €20 for the training session, €5 for the
follow-up assessment, and a €5 bonus for completing the whole
study; a currency exchange rate of 1€=US $1.09 is applicable).
Psychology students at FAU could alternatively receive course
credits.

Results

Feasibility of the Intervention
The study flow is displayed in Figure 2. Regarding safety and
compliance, none of the participants terminated the training
prematurely. Technical difficulties with the
EmpkinS-EKSpression app occurred in 2 training sessions: one
of them had to be terminated immediately after the start due to
an error in the app, leading to the drop-out of that participant
(Figure 2). The other session was terminated after the first
training phase also due to an error in the app. Here, the data
recorded by the smartphone app (including mood ratings
delivered throughout the training) were missing. Therefore, this
participant was not included in the analysis of clinical potential.
However, the data were included in the feasibility analyses.

With regards to usability as assessed with the pragmatic quality
scale of the UEQ-S, favorable results emerged. Except for the
instrument’s “complicated – easy” item, all items were rated
positively (Table 2). The total score of the pragmatic quality
scale was a mean of 1.45 (SD 0.71). A total of 70% (7/10) of
participants assessed the overall usability positively. Ratings
for our self-developed item on the intelligibility of the app
instructions ranged from 3 to 4 with a median of 4 (mean 3.9,
SD 0.32). 90% (9/10) of participants rated the instructions as
very intelligible.
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Figure 2. Consolidated Standards of Reporting Trials (CONSORT) flow diagram of participants in the feasibility study investigating the single-session
EmpkinS-EKSpression Reappraisal Training against depression in healthy individuals from screening to analysis.

Table 2. Descriptive statistics of the short version of the User Experience Questionnaire assessing the usability of the single-session EmpkinS-EKSpression
Reappraisal Training against depression examined in this feasibility study in healthy individuals.

Participants (N=10) with
scores meeting bench-

marka, n (%)

Scores, mean (SD)Score rangeMedian score

Pragmatic quality scale

9 (90)1.8 (0.79)0 to 32Obstructive–supportive

6 (60)1 (2.11)–3 to 32Complicated–easy

8 (80)1.1 (0.99)–1 to 21Inefficient–efficient

9 (90)1.9 (1.29)–1 to 32Confusing–clear

Hedonic quality scale

9 (90)1.5 (0.85)0 to 31.5Not interesting–interesting

5 (50)0.2 (1.14)–1 to 20.5Boring–exciting

7 (70)1.1 (1.45)–2 to 31.5Conventional–inventive

8 (80)1.4 (1.51)–2 to 32Usual–leading edge

aThe predefined benchmark for the items considered to be rated as positive was a score ≥1. The percentage of participants meeting this benchmark is
displayed here.

For acceptability, as assessed with the hedonic quality scale of
the UEQ-S, results were more mixed (Table 2). While the total
score was a mean of 1.05 (SD 0.79), only 50% (5/10) of
participants gave a positive total score for the hedonic quality
scale. Regarding our self-developed items, 80% (8/10) of

participants indicated they would recommend the training to a
friend. Further descriptive statistics are displayed in Table 3.
In the open evaluation of the training, 4 participants revealed
that they found the training repetitive; 2 found it exhausting. A
total of 5 participants found the emotional display, 3 pride in
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particular, initially unfamiliar and difficult to engage in.
Moreover, 5 participants were critical that the standardized
statements were not better tailored for individuals, and 3 were
dissatisfied with the study setting (ie, uncomfortable seating
position, feeling observed by the study therapist, and awkward
electrodes). In contrast, some positive feedback included that
the training was fun and interesting (n=4), that it provided new

ideas for dealing with negative thoughts (n=4), and that there
were several statements to choose from (n=1). Regarding the
acceptability of the study, participation burden ratings ranged
from 1 to 2, with a median of 1 (mean 1.1, SD 0.2), hence, 100%
(10/10) of participants rated the participation as only a little or
not at all burdensome.

Table 3. Descriptive statistics of self-constructed items assessing the acceptability of the single-session EmpkinS-EKSpression Reappraisal Training
against depression examined in this feasibility study in healthy individuals (N=10).

Participants (N=10) with
scores meeting bench-

marka, n (%)

Scores, mean (SD)Score rangeMedian score

2 (20)1.9 (0.74)1 to 32Likelihood of continuation

8 (80)2.9 (0.57)2 to 43Satisfaction in general

Helpfulness

4 (40)2.4 (0.84)1 to 42Training part 1

6 (60)2.67 (0.5)2 to 33Training part 2b

6 (60)2.6 (0.52)2 to 33Training in total

3 (30)2.3 (0.48)2 to 32Modifying negative thoughts

4 (40)2.5 (0.71)2 to 42Coping with negative thoughts

4 (40)2.4 (0.52)2 to 32Enjoyment

8 (80)2.2 (0.42)2 to 32Strenuousness

3 (30)2.4 (0.7)2 to 42Reasonable amount of time

10 (100)1.3 (0.48)1 to 21Difficulty to focus

aThe predefined benchmark for the items considered to be rated as positive was a score ≥3 for the likelihood of continuation, satisfaction in general,
helpfulness, and enjoyment; a score between 2 and 4 for a reasonable amount of time; and a score≤ 2 for strenuousness and difficulty to focus.
bN=9.

Manipulation Check
With regards to negative mood induction, the mean rating of
depressed mood was 0.5 (SD 1.41) before and 1.44 (SD 0.73)
after mood induction. The mean rating of positive mood was
5.67 (SD 1.66) before and 4.56 (SD 1.88) after negative mood
induction. Both paired-samples t tests reached significance
(t7=–3.06, P=.02, Hedges g=–0.69, 95% CI –2.83 to –0.28 and
t8=3.16, P=.01, Hedges g=–0.95, 95% CI –1.84 to –0.55;
respectively).

Clinical Potential
In the first training phase, the mean rating for depressed mood
was 2.63 (SD 2.51) before and 2.41 (SD 2.36) after, and the
mean rating for positive mood was 4.14 (SD 2.42) before and
5.59 (SD 1.65) after the explicit rejection of depressogenic
statements, respectively. The difference was not significant for
depressed mood (t178=1.16, P=.25, Hedges g=0.09, 95% CI

–0.07 to 0.23), but did reach significance for positive mood
(t179=–8.53, P<.001, Hedges g=–0.63, 95% CI –0.72 to –0.55).
In the second training phase, the mean rating of depressed mood
was 2.75 (SD 2.47) before and 2.74 (SD 2.48) after, and the
mean rating of positive mood was 5.62 (SD 1.71) before and
5.81 (SD 1.58) after the explicit substantiation of antidepressive
statements, respectively. The difference was not significant for
depressed mood (t178=–0.16, P=.87, Hedges g=–0.01, 95% CI
–0.16 to 0.12), but did, again, reach significance for positive
mood (t177=–3.38, P<.001, Hedges g=–0.25, 95% CI –0.38 to
–0.11]). Descriptively, there was a visible mood change after
the negative mood induction (ie, an increase in depressed mood,
and a decrease in positive mood) and an increase in positive
mood after each trial, particularly during the first training phase
(Figure 3). Moreover, there was a slight increase in depressed
mood over the course of the first training phase, and in positive
mood over the course of the second training phase.
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Figure 3. Subjective depressed and positive mood ratings over the course of the single-session EmpkinS-EKSpression Reappraisal Training against
depression were examined in this feasibility study in healthy individuals. Regression lines represent loess curves.

Discussion

Principal Findings
This study aimed to assess the safety, feasibility, and clinical
potential of the novel EmpkinS-EKSpression training that
leverages the power of AFE to augment the beneficial effects
of CR on depression. Overall, the intervention proved to be safe
and feasible, and findings on its clinical potential were
promising. However, we identified several aspects that warrant
further clinical and technical optimization.

With regard to feasibility, the results were quite positive, and
the predefined benchmarks were met for safety, compliance,
and technical feasibility. Concerning the usability of the training
app as assessed with the pragmatic quality scale of the UEQ-S
and a self-developed item on the intelligibility of the app
instructions, the predefined benchmark was narrowly missed.
This result is worse than the findings of Stiles-Shields et al [24]
who evaluated a structured cognitive restructuring exercise
where usability was rated to be high. An important, possibly
explanatory difference in this study is a higher degree of
individualization: participants could choose between
self-generated and preselected content in each step of the
cognitive restructuring task. It is possible that including more
options for individualization of content might improve the
usability of the EmpkinS-EKSpression training. Similarly, one
of the studies investigating an AAMT intervention in the context
of depression reported high usability ratings [39]. The training

content here was highly standardized, so a lack of
individualization might not be the only explanatory factor for
missing the usability benchmark in this study. One difference
was the amount of time spent on the cognitive restructuring task
(which was not reported by Stiles-Shields and colleagues [24]).
While individuals in our study trained for 90-120 minutes,
individuals in the study by Lukas and Berking [39] completed
an average of around 40 minutes of training. Therefore, a shorter
treatment duration might be beneficial to increase usability.
When analyzing our usability results at an item level, only the
results for the “complicated – easy” item did not meet the
benchmark in our study. The variance of the item emerged to
be high, and the median indicates that most participants rated
the app as easy. Thus, the fact that the benchmark was missed
here is likely attributable to singular, extreme votes.
Nevertheless, the explicit display of antidepressive kinesthesia
might be more challenging than mere cognitive restructuring
exercises. Therefore, this finding should be considered in future
studies using similar paradigms with rather complicated setups,
such as AAMT, to emphasize a user-friendly development of
interventions and involve target groups to address their needs,
for example, by improving study support or providing more
information material. We decided to address this issue in the
upcoming RCT by providing a more in-depth oral explanation
by study therapists during the training phase. Results on the
acceptability of the training, as assessed with the hedonic quality
of the UEQ-S, as well as several self-constructed items, did not
meet the predefined benchmarks. The open evaluation revealed
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that over half of the participants found the training to be too
repetitive and too long. This finding is in line with previous
work investigating the acceptability of a digital cognitive bias
modification training that also required participants to complete
many trials, which suggests that participants’ willingness to
engage in repetitive digital treatments is limited [70]. However,
from the ICS theoretical perspective, repeated rehearsal of new
and adaptive schemas is important to break the cognitive
interlock and thus the maintenance of depressed mood [25].
One possible solution to this dilemma, as suggested by Beard
and colleagues [70], is to increase the credibility of the
intervention by ensuring a highly comprehensible and
convincing treatment rationale and motivation. This suggestion
is also in line with a systematic review of barriers and facilitators
for digital mental health interventions, which identified credible
content of an intervention to be an important facilitator for user
engagement [71]. Our feasibility study was likely to fall short
of meeting this requirement, given that we only included healthy
individuals with perhaps only a limited need for a mood
enhancement intervention. Thus, the content of the training was
probably not sufficiently relevant for participants, which in turn
could have compromised its credibility. However, it is common
practice for feasibility studies to initially scrutinize general
intervention effects in healthy individuals before exposing more
vulnerable clinical participants to those effects [72].
Nevertheless, we took this as an indication to expand our study
instructions and elaborate on the study rationale for the
subsequent RCT. This approach may also be useful to increase
the face validity and thus potentially the effectiveness [73] of
other digital mental health interventions, such as structured
cognitive restructuring exercises [22,24], smartphone-based
AAMT used for CR [38-45], or original AAMT versions used
to retrain approach and avoidance biases (Loijen et al performed
a systematic review [74]).

The fact that our feasibility sample consisted of healthy
individuals might also explain the finding that participants did
not consider the training to be particularly helpful. If they did
not relate to the standardized depressogenic statements in the
first place (which was reflected in participants’open feedback),
then there were no negative underlying cognitions to be
modified. In terms of strain associated with study participation
and training, the benchmark was met for all items. However, 7
participants indicated that the training session was too
protracted. Therefore, we decided to abbreviate the preparatory
phase of the training to the presentation of only 12 instead of
24 stimuli for 5 instead of 8 seconds. The primary purpose of
the preparatory phase was to gather baseline physiological data,
which was shown in the feasibility study to be adequately
achieved in a shorter time frame. We also decided to move the
GRID-HAMD interview to the diagnostic session (T1) to reduce
participant burden during the subsequent training session.
Another important feedback for the training was that participants
expressed difficulty in fully engaging in the spontaneous display
of emotion. As a result, the RCT will incorporate increased
support to participants from study therapists during the training.
One implication for future interventions using antidepressive
kinesthesia to augment cognitive restructuring derived from
this feedback is that such interventions should be
therapist-supported, at least when they are first delivered. Such

support can maximize the intervention’s effects by leveraging
the therapeutic relationship, which is a crucial common factor
of psychotherapy [73]. This is also consistent with studies
demonstrating that therapist-supported digital interventions for
depression are more effective than self-directed interventions
[75]. Furthermore, one participant reported that they found the
electrodes uncomfortable, which was also witnessed by study
therapists. Therefore, for the subsequent RCT, we planned to
collect EMG data only for a limited subgroup of participants
(for more detail, see the study protocol of the RCT [47]).

Results of the manipulation check suggest that the negative
mood induction successfully induced depressed mood with a
moderate-to-large effect size (Hedges g=–0.69), and reduced
positive mood with a large effect size (Hedges g=–0.95). These
results confirm the validity of the mood induction procedure
[56,57] and its usefulness in the study of depression
interventions. With regards to the clinical potential, rejecting
the depressogenic statements in the first training phase and
approving the antidepressive statements in the second training
phase did not affect the depressed mood. Positive mood,
however, did increase with a moderate-to-large effect (Hedges
g=–0.63) in the first training phase and a small effect (Hedges
g=–0.25) in the second training phase. The null findings for
depressed mood may be due to floor effects for our healthy
feasibility sample as the mean rating of depressed mood was
very low throughout data collection, even after the negative
mood induction and the presentation of the depressogenic
statements. This is in line with results from the study of O’Toole
and Michalak [46], who investigated the effects of augmenting
CR with antidepressive body posture and movement. As in our
study, healthy individuals were included and no effects on
negative emotions were found. Findings from the study by
Stiles-Shields et al, however, evaluating the effects of a
structured cognitive restructuring exercise, were the opposite,
with significant effects on symptoms of depression [24]. With
regard to previous studies investigating smartphone-based CR
augmented by antidepressive kinesthesia, the findings were
similar. One of the studies examining AAMT focusing on CR
found significant effects on symptoms of depression [38] (the
other reported only descriptive data [39]). These differences
may be explained by the fact that Stiles-Shields et al [24] as
well as Lukas et al [38] examined individuals with symptoms
of depression in their studies and not healthy individuals as in
our study. Furthermore, these studies assessed symptoms of
depression over the past week, whereas this study assessed the
intervention’s immediate effect on mood. Moreover, both studies
assessed various symptoms of depression, while the current
study focused exclusively on depressed mood.

The findings for positive mood, however, align with our
hypothesis, suggesting that counteracting depressogenic
statements in particular with antidepressive statements and
kinesthesia exercises has positive effects on mood in healthy
individuals. As such, they are in line with studies showing
positive effects of CR on mood, such as those included in a
meta-analysis by Ciharova et al [11]. In summary, the results
of this and previous studies are promising with regard to the
clinical potential of a structured cognitive restructuring exercise
as well as the potential of augmenting cognitive restructuring
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with antidepressive kinesthesia. These findings are particularly
important because structured cognitive restructuring exercises,
which also lead to emotional insight through augmentation with
antidepressive kinesthesia, could easily be used in mobile
interventions without direct human interaction. The types of
kinesthesia that are particularly beneficial and the extent to
which they augment effects of structured cognitive restructuring
on depressed and positive mood as posited by the ICS theory
of depression [25] and studies demonstrating effects of
manipulating facial expressions on depressed mood
[29,30,34,36], will be subject of our subsequent RCT.

Beyond investigating the feasibility and clinical potential of the
training, this feasibility study enabled us the opportunity to
ensure that the technical aspects of the study (ie, the kinesthetic
and physiological data acquisition) ran smoothly. In this respect,
we have drawn several implications from the feasibility results.
For instance, to improve the kinesthetic data acquisition, we
decided to use a second high-resolution RGB camera in the
upcoming RCT to record participants’ upper bodies and heads
viewed from the side. Moreover, after evaluating our data and
consulting with experts in the field, contrary to our initial
preregistrations (RCT [76]; feasibility study [48]), we decided
to drop the electrodermal activity and pupillometry
measurements, as well as the EMG measures of the trapezius
due to poor data quality and because an improvement of data
quality would only have been possible at the cost of disrupting

therapeutic processes. Overall, all further issues jeopardizing
the quality of kinesthetic and psychophysiological measures
could be fixed before the RCTs start, thereby optimizing the
development of machine-learning models for automated
depression assessment.

Limitations and Conclusion
Major limitations of this feasibility study include the fixed
sequence of first invalidating depressogenic cognitions and
thereafter validating antidepressive cognitions. This harbors the
risk of position effects on depressed and positive moods.
Therefore, we plan to randomize the order of the 2 training
phases in the RCT. In addition, the intensive contact with study
therapists during the training may have prompted socially
desirable behavior in participants, particularly regarding
compliance with the training and mood ratings submitted during
the training. Future studies should include measures of social
desirability and ways to control its effects. On the other hand,
this contact also represents a strength of the study, as the
therapeutic relationship is used to increase the efficacy of the
intervention. Despite these limitations and the small sample
size, this feasibility study provided valuable insights that led to
significant improvements in the study protocol of our upcoming
RCT. As such, it serves as a critical keystone in the further
development and investigation of innovative interventions for
depression.

 

Acknowledgments
Our foremost gratitude to all study participants. We also thank all the students who provided invaluable support to our team and
the EmpkinS-EKSpression app developers. The R code for creating Figure 3 was partially generated using ChatGPT (ChatGPT
v2; OpenAI).

Data Availability
The data sets analyzed during this study and the analysis code are available in the Open Science Framework [48].

Conflicts of Interest
None declared.

Multimedia Appendix 1
American Psychological Association journal article reporting standards.
[PDF File (Adobe PDF File), 1037 KB - formative_v9i1e65357_app1.pdf ]

Multimedia Appendix 2
Self-developed items to assess usability and acceptability.
[DOCX File , 41 KB - formative_v9i1e65357_app2.docx ]

References
1. GBD 2019 Mental Disorders Collaborators. Global, regional, and national burden of 12 mental disorders in 204 countries

and territories, 1990-2019: a systematic analysis for the Global Burden of Disease Study 2019. Lancet Psychiatry
2022;9(2):137-150 [FREE Full text] [doi: 10.1016/S2215-0366(21)00395-3] [Medline: 35026139]

2. Kessler RC, Bromet EJ. The epidemiology of depression across cultures. Annu Rev Public Health 2013;34(1):119-138
[FREE Full text] [doi: 10.1146/annurev-publhealth-031912-114409] [Medline: 23514317]

3. Correll CU, Solmi M, Veronese N, Bortolato B, Rosson S, Santonastaso P, et al. Prevalence, incidence and mortality from
cardiovascular disease in patients with pooled and specific severe mental illness: a large-scale meta-analysis of 3,211,768

JMIR Form Res 2025 | vol. 9 | e65357 | p.2667https://formative.jmir.org/2025/1/e65357
(page number not for citation purposes)

Keinert et alJMIR FORMATIVE RESEARCH

XSL•FO
RenderX

https://jmir.org/api/download?alt_name=formative_v9i1e65357_app1.pdf&filename=264f4dc00176822bb1895ff47702e01f.pdf
https://jmir.org/api/download?alt_name=formative_v9i1e65357_app1.pdf&filename=264f4dc00176822bb1895ff47702e01f.pdf
https://jmir.org/api/download?alt_name=formative_v9i1e65357_app2.docx&filename=1f13e98a30a2211085e0dc3bd8902215.docx
https://jmir.org/api/download?alt_name=formative_v9i1e65357_app2.docx&filename=1f13e98a30a2211085e0dc3bd8902215.docx
https://linkinghub.elsevier.com/retrieve/pii/S2215-0366(21)00395-3
http://dx.doi.org/10.1016/S2215-0366(21)00395-3
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35026139&dopt=Abstract
https://europepmc.org/abstract/MED/23514317
http://dx.doi.org/10.1146/annurev-publhealth-031912-114409
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23514317&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


patients and 113,383,368 controls. World Psychiatry 2017;16(2):163-180 [FREE Full text] [doi: 10.1002/wps.20420]
[Medline: 28498599]

4. Cuijpers P, Vogelzangs N, Twisk J, Kleiboer A, Li J, Penninx BW. Comprehensive meta-analysis of excess mortality in
depression in the general community versus patients with specific illnesses. Am J Psychiatry 2014;171(4):453-462 [FREE
Full text] [doi: 10.1176/appi.ajp.2013.13030325] [Medline: 24434956]

5. Cuijpers P, Berking M, Andersson G, Quigley L, Kleiboer A, Dobson KS. A meta-analysis of cognitive-behavioural therapy
for adult depression, alone and in comparison with other treatments. Can J Psychiatry 2013;58(7):376-385. [doi:
10.1177/070674371305800702] [Medline: 23870719]

6. Hans E, Hiller W. Effectiveness of and dropout from outpatient cognitive behavioral therapy for adult unipolar depression:
a meta-analysis of nonrandomized effectiveness studies. J Consult Clin Psychol 2013;81(1):75-88. [doi: 10.1037/a0031080]
[Medline: 23379264]

7. Cuijpers P, Karyotaki E, Weitz E, Andersson G, Hollon SD, van Straten A. The effects of psychotherapies for major
depression in adults on remission, recovery and improvement: a meta-analysis. J Affect Disord 2014;159:118-126. [doi:
10.1016/j.jad.2014.02.026] [Medline: 24679399]

8. Mekonen T, Chan GCK, Connor JP, Hides L, Leung J. Estimating the global treatment rates for depression: a systematic
review and meta-analysis. J Affect Disord 2021;295:1234-1242. [doi: 10.1016/j.jad.2021.09.038] [Medline: 34665135]

9. Beck AT, Haigh EAP. Advances in cognitive theory and therapy: the generic cognitive model. Annu Rev Clin Psychol
2014;10(1):1-24. [doi: 10.1146/annurev-clinpsy-032813-153734] [Medline: 24387236]

10. Beck AT, Dozois DJA. Cognitive therapy: current status and future directions. Annu Rev Med 2011;62:397-409. [doi:
10.1146/annurev-med-052209-100032] [Medline: 20690827]

11. Ciharova M, Furukawa TA, Efthimiou O, Karyotaki E, Miguel C, Noma H, et al. Cognitive restructuring, behavioral
activation and cognitive-behavioral therapy in the treatment of adult depression: a network meta-analysis. J Consult Clin
Psychol 2021;89(6):563-574. [doi: 10.1037/ccp0000654] [Medline: 34264703]

12. Morello K, Schäfer SK, Kunzler AM, Priesterroth LS, Tüscher O, Kubiak T. Cognitive reappraisal in mHealth interventions
to foster mental health in adults: a systematic review and meta-analysis. Front Digit Health 2023;5:1253390 [FREE Full
text] [doi: 10.3389/fdgth.2023.1253390] [Medline: 37927578]

13. Furukawa TA, Karyotaki E, Suganuma A, Pompoli A, Ostinelli EG, Cipriani A, et al. Dismantling, personalising and
optimising internet cognitive-behavioural therapy for depression: a study protocol for individual participant data component
network meta-analysis. BMJ Open 2019;8(11):e026137 [FREE Full text] [doi: 10.1136/bmjopen-2018-026137] [Medline:
30798295]

14. Bruhns A, Lüdtke T, Moritz S, Bücker L. A mobile-based intervention to increase self-esteem in students with depressive
symptoms: randomized controlled trial. JMIR Mhealth Uhealth 2021;9(7):e26498 [FREE Full text] [doi: 10.2196/26498]
[Medline: 34255711]

15. Ham K, Chin S, Suh YJ, Rhee M, Yu ES, Lee HJ, et al. Preliminary results from a randomized controlled study for an
app-based cognitive behavioral therapy program for depression and anxiety in cancer patients. Front Psychol 2019;10:1592
[FREE Full text] [doi: 10.3389/fpsyg.2019.01592] [Medline: 31402881]

16. Jannati N, Mazhari S, Ahmadian L, Mirzaee M. Effectiveness of an app-based cognitive behavioral therapy program for
postpartum depression in primary care: a randomized controlled trial. Int J Med Inform 2020;141:104145. [doi:
10.1016/j.ijmedinf.2020.104145] [Medline: 32480319]

17. Mantani A, Kato T, Furukawa TA, Horikoshi M, Imai H, Hiroe T, et al. Smartphone cognitive behavioral therapy as an
adjunct to pharmacotherapy for refractory depression: randomized controlled trial. J Med Internet Res 2017;19(11):e373
[FREE Full text] [doi: 10.2196/jmir.8602] [Medline: 29101095]

18. Dahne J, Collado A, Lejuez CW, Risco CM, Diaz VA, Coles L, et al. Pilot randomized controlled trial of a Spanish-language
behavioral activation mobile app (¡Aptívate!) for the treatment of depressive symptoms among united states latinx adults
with limited english proficiency. J Affect Disord 2019;250:210-217 [FREE Full text] [doi: 10.1016/j.jad.2019.03.009]
[Medline: 30870770]

19. Moberg C, Niles A, Beermann D. Guided self-help works: randomized waitlist controlled trial of pacifica, a mobile app
integrating cognitive behavioral therapy and mindfulness for stress, anxiety, and depression. J Med Internet Res
2019;21(6):e12556 [FREE Full text] [doi: 10.2196/12556] [Medline: 31199319]

20. Nuño L, Gómez-Benito J, Carmona VR, Pino O. A systematic review of executive function and information processing
speed in major depression disorder. Brain Sci 2021;11(2):147 [FREE Full text] [doi: 10.3390/brainsci11020147] [Medline:
33499360]

21. Grahek I, Shenhav A, Musslick S, Krebs RM, Koster EHW. Motivation and cognitive control in depression. Neurosci
Biobehav Rev 2019;102:371-381 [FREE Full text] [doi: 10.1016/j.neubiorev.2019.04.011] [Medline: 31047891]

22. McCloud T, Jones R, Lewis G, Bell V, Tsakanikos E. Effectiveness of a mobile app intervention for anxiety and depression
symptoms in university students: randomized controlled trial. JMIR Mhealth Uhealth 2020;8(7):e15418 [FREE Full text]
[doi: 10.2196/15418] [Medline: 32735221]

23. Ellis A. The revised ABC's of rational-emotive therapy (RET). J Ration-Emot Cogn-Behav Ther 1991;9(3):139-172. [doi:
10.1007/BF01061227]

JMIR Form Res 2025 | vol. 9 | e65357 | p.2668https://formative.jmir.org/2025/1/e65357
(page number not for citation purposes)

Keinert et alJMIR FORMATIVE RESEARCH

XSL•FO
RenderX

https://europepmc.org/abstract/MED/28498599
http://dx.doi.org/10.1002/wps.20420
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28498599&dopt=Abstract
https://core.ac.uk/reader/43407913?utm_source=linkout
https://core.ac.uk/reader/43407913?utm_source=linkout
http://dx.doi.org/10.1176/appi.ajp.2013.13030325
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24434956&dopt=Abstract
http://dx.doi.org/10.1177/070674371305800702
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23870719&dopt=Abstract
http://dx.doi.org/10.1037/a0031080
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23379264&dopt=Abstract
http://dx.doi.org/10.1016/j.jad.2014.02.026
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24679399&dopt=Abstract
http://dx.doi.org/10.1016/j.jad.2021.09.038
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34665135&dopt=Abstract
http://dx.doi.org/10.1146/annurev-clinpsy-032813-153734
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24387236&dopt=Abstract
http://dx.doi.org/10.1146/annurev-med-052209-100032
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20690827&dopt=Abstract
http://dx.doi.org/10.1037/ccp0000654
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34264703&dopt=Abstract
https://europepmc.org/abstract/MED/37927578
https://europepmc.org/abstract/MED/37927578
http://dx.doi.org/10.3389/fdgth.2023.1253390
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=37927578&dopt=Abstract
https://boris.unibe.ch/id/eprint/127356
http://dx.doi.org/10.1136/bmjopen-2018-026137
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30798295&dopt=Abstract
https://mhealth.jmir.org/2021/7/e26498/
http://dx.doi.org/10.2196/26498
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34255711&dopt=Abstract
https://europepmc.org/abstract/MED/31402881
http://dx.doi.org/10.3389/fpsyg.2019.01592
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31402881&dopt=Abstract
http://dx.doi.org/10.1016/j.ijmedinf.2020.104145
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32480319&dopt=Abstract
https://www.jmir.org/2017/11/e373/
http://dx.doi.org/10.2196/jmir.8602
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29101095&dopt=Abstract
https://europepmc.org/abstract/MED/30870770
http://dx.doi.org/10.1016/j.jad.2019.03.009
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30870770&dopt=Abstract
https://www.jmir.org/2019/6/e12556/
http://dx.doi.org/10.2196/12556
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31199319&dopt=Abstract
https://www.mdpi.com/resolver?pii=brainsci11020147
http://dx.doi.org/10.3390/brainsci11020147
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33499360&dopt=Abstract
https://europepmc.org/abstract/MED/31047891
http://dx.doi.org/10.1016/j.neubiorev.2019.04.011
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31047891&dopt=Abstract
https://mhealth.jmir.org/2020/7/e15418/
http://dx.doi.org/10.2196/15418
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32735221&dopt=Abstract
http://dx.doi.org/10.1007/BF01061227
http://www.w3.org/Style/XSL
http://www.renderx.com/


24. Stiles-Shields C, Montague E, Kwasny MJ, Mohr DC. Behavioral and cognitive intervention strategies delivered via coached
apps for depression: pilot trial. Psychol Serv 2019;16(2):233-238 [FREE Full text] [doi: 10.1037/ser0000261] [Medline:
30407055]

25. Teasdale JD, Barnard PJ. Affect, Cognition, and Change: Re-modelling depressive thought. Mahwah, NJ: Lawrence Erlbaum
Associates; 1993.

26. Ekman P, Friesen WV. Unmasking the Face: A Guide to Recognizing Emotions From Facial Expressions. Englewood
Cliffs, NJ: Prentice-Hall; 1975.

27. Coles NA, Larsen JT, Lench HC. A meta-analysis of the facial feedback literature: effects of facial feedback on emotional
experience are small and variable. Psychol Bull 2019;145(6):610-651. [doi: 10.1037/bul0000194] [Medline: 30973236]

28. Davies H, Wolz I, Leppanen J, Fernandez-Aranda F, Schmidt U, Tchanturia K. Facial expression to emotional stimuli in
non-psychotic disorders: a systematic review and meta-analysis. Neurosci Biobehav Rev 2016;64:252-271. [doi:
10.1016/j.neubiorev.2016.02.015] [Medline: 26915928]

29. Girard JM, Cohn JF, Mahoor MH, Mavadati S, Rosenwald DP. Social risk and depressionvidence from manual and automatic
facial expression analysis. 2013 Presented at: 10th IEEE International Conference and Workshops on Automatic Face and
Gesture Recognition (FG); April 26, 2013; Shanghai, China. [doi: 10.1109/fg.2013.6553748]

30. Pampouchidou A, Pediaditis M, Kazantzaki E, Sfakianakis S, Apostolaki IA, Argyraki K, et al. Automated facial video-based
recognition of depression and anxiety symptom severity: cross-corpus validation. Mach Vis Appl 2020;31(4):30. [doi:
10.1007/s00138-020-01080-7]

31. Larsen JT, Norris CJ, Cacioppo JT. Effects of positive and negative affect on electromyographic activity over zygomaticus
major and corrugator supercilii. Psychophysiology 2003;40(5):776-785. [doi: 10.1111/1469-8986.00078] [Medline:
14696731]

32. Lindsey KT, Rohan KJ, Roecklein KA, Mahon JN. Surface facial electromyography, skin conductance, and self-reported
emotional responses to light- and season-relevant stimuli in seasonal affective disorder. J Affect Disord 2011;133(1-2):311-319
[FREE Full text] [doi: 10.1016/j.jad.2011.04.016] [Medline: 21600661]

33. Wexler BE, Levenson L, Warrenburg S, Price LH. Decreased perceptual sensitivity to emotion-evoking stimuli in depression.
Psychiatry Res 1994;51(2):127-138 [FREE Full text] [doi: 10.1016/0165-1781(94)90032-9] [Medline: 8022947]

34. Schwartz GE, Fair PL, Mandel MR, Salt P, Mieske M, Klerman GL. Facial electromyography in the assessment of
improvement in depression. Psychosom Med 1978;40(4):355-360. [doi: 10.1097/00006842-197806000-00008] [Medline:
684137]

35. Davey GCL, Sired R, Jones S, Meeten F, Dash SR. The role of facial feedback in the modulation of clinically-relevant
ambiguity resolution. Cogn Ther Res 2012;37(2):284-295. [doi: 10.1007/s10608-012-9480-5]

36. Schulze J, Neumann I, Magid M, Finzi E, Sinke C, Wollmer MA, et al. Botulinum toxin for the management of depression:
an updated review of the evidence and meta-analysis. J Psychiatr Res 2021;135:332-340. [doi:
10.1016/j.jpsychires.2021.01.016] [Medline: 33578275]

37. Rinck M, Becker ES. Approach and avoidance in fear of spiders. J Behav Ther Exp Psychiatry 2007;38(2):105-120. [doi:
10.1016/j.jbtep.2006.10.001] [Medline: 17126289]

38. Lukas CA, Eskofier B, Berking M. A gamified smartphone-based intervention for depression: randomized controlled pilot
trial. JMIR Ment Health 2021;8(7):e16643 [FREE Full text] [doi: 10.2196/16643] [Medline: 34283037]

39. Lukas CA, Berking M. Blending group-based psychoeducation with a smartphone intervention for the reduction of depressive
symptoms: results of a randomized controlled pilot study. Pilot Feasibility Stud 2021;7(1):57 [FREE Full text] [doi:
10.1186/s40814-021-00799-y] [Medline: 33627198]

40. Kollei I, Lukas CA, Loeber S, Berking M. An app-based blended intervention to reduce body dissatisfaction: a randomized
controlled pilot study. J Consult Clin Psychol 2017;85(11):1104-1108. [doi: 10.1037/ccp0000246] [Medline: 28857576]

41. Lukas CA, Blechert J, Berking M. A smartphone application to reduce problematic drinking: a feasibility trial. Pilot
Feasibility Stud 2024;10(1):34 [FREE Full text] [doi: 10.1186/s40814-023-01420-0] [Medline: 38378675]

42. Lukas CA, Berking M. Reducing procrastination using a smartphone-based treatment program: a randomized controlled
pilot study. Internet Interv 2018;12:83-90 [FREE Full text] [doi: 10.1016/j.invent.2017.07.002] [Medline: 30135772]

43. Keinert M, Schindler-Gmelch L, Eskofier BM, Berking M. An anger-based approach-avoidance modification training
targeting dysfunctional beliefs in adults with elevated stress – results from a randomized controlled pilot study. Int J Cogn
Ther 2024;17(4):700-724. [doi: 10.1007/s41811-024-00218-z]

44. Rupp LH, Keinert M, Böhme S, Schindler-Gmelch L, Eskofier B, Schuller B, et al. Sadness-based approach-avoidance
modification training for subjective stress in adults: pilot randomized controlled trial. JMIR Form Res 2023;7:e50324
[FREE Full text] [doi: 10.2196/50324] [Medline: 38032725]

45. Streit H, Keinert M, Schindler-Gmelch L, Eskofier B, Berking M. Disgust-based approach-avoidance modification training
for individuals suffering from elevated stress: a randomized controlled pilot study. Stress Health 2024;40(4):e3384. [doi:
10.1002/smi.3384] [Medline: 38367241]

46. O'Toole MS, Michalak J. Embodied cognitive restructuring: the impact of posture and movement on changing dysfunctional
attitudes. J Behav Ther Exp Psychiatry 2024;84:101955 [FREE Full text] [doi: 10.1016/j.jbtep.2024.101955] [Medline:
38428361]

JMIR Form Res 2025 | vol. 9 | e65357 | p.2669https://formative.jmir.org/2025/1/e65357
(page number not for citation purposes)

Keinert et alJMIR FORMATIVE RESEARCH

XSL•FO
RenderX

https://europepmc.org/abstract/MED/30407055
http://dx.doi.org/10.1037/ser0000261
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30407055&dopt=Abstract
http://dx.doi.org/10.1037/bul0000194
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30973236&dopt=Abstract
http://dx.doi.org/10.1016/j.neubiorev.2016.02.015
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26915928&dopt=Abstract
http://dx.doi.org/10.1109/fg.2013.6553748
http://dx.doi.org/10.1007/s00138-020-01080-7
http://dx.doi.org/10.1111/1469-8986.00078
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=14696731&dopt=Abstract
https://europepmc.org/abstract/MED/21600661
http://dx.doi.org/10.1016/j.jad.2011.04.016
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21600661&dopt=Abstract
https://linkinghub.elsevier.com/retrieve/pii/0165-1781(94)90032-9
http://dx.doi.org/10.1016/0165-1781(94)90032-9
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=8022947&dopt=Abstract
http://dx.doi.org/10.1097/00006842-197806000-00008
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=684137&dopt=Abstract
http://dx.doi.org/10.1007/s10608-012-9480-5
http://dx.doi.org/10.1016/j.jpsychires.2021.01.016
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33578275&dopt=Abstract
http://dx.doi.org/10.1016/j.jbtep.2006.10.001
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17126289&dopt=Abstract
https://mental.jmir.org/2021/7/e16643/
http://dx.doi.org/10.2196/16643
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34283037&dopt=Abstract
https://pilotfeasibilitystudies.biomedcentral.com/articles/10.1186/s40814-021-00799-y
http://dx.doi.org/10.1186/s40814-021-00799-y
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33627198&dopt=Abstract
http://dx.doi.org/10.1037/ccp0000246
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28857576&dopt=Abstract
https://pilotfeasibilitystudies.biomedcentral.com/articles/10.1186/s40814-023-01420-0
http://dx.doi.org/10.1186/s40814-023-01420-0
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=38378675&dopt=Abstract
https://linkinghub.elsevier.com/retrieve/pii/S2214-7829(17)30046-5
http://dx.doi.org/10.1016/j.invent.2017.07.002
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30135772&dopt=Abstract
http://dx.doi.org/10.1007/s41811-024-00218-z
https://formative.jmir.org/2023//e50324/
http://dx.doi.org/10.2196/50324
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=38032725&dopt=Abstract
http://dx.doi.org/10.1002/smi.3384
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=38367241&dopt=Abstract
https://linkinghub.elsevier.com/retrieve/pii/S0005-7916(24)00014-4
http://dx.doi.org/10.1016/j.jbtep.2024.101955
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=38428361&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


47. Keinert M, Schindler-Gmelch L, Rupp LH, Sadeghi M, Capito K, Hager M, et al. Facing depression: evaluating the efficacy
of the empkinS-EKSpression reappraisal training augmented with facial expressions - protocol of a randomized controlled
trial. BMC Psychiatry 2024;24(1):896 [FREE Full text] [doi: 10.1186/s12888-024-06361-3] [Medline: 39668374]

48. Capito K, Keinert M, Schindler-Gmelch L, Rupp LH, Sadeghi M, Eskofier B, et al. Efficacy of a smartphone-based
reappraisal training against depressed mood and benefits of enhancing it with facial expression—a feasibility study. Open
Science Framework. URL: https://osf.io/pw6ma/ [accessed 2024-12-09]

49. APA Style Journal Article Reporting Standards (APA Style JARS). American Psychological Association. URL: https:/
/apastyle.apa.org/jars [accessed 2025-01-20]

50. Bell ML, Whitehead AL, Julious SA. Guidance for using pilot studies to inform the design of intervention trials with
continuous outcomes. Clin Epidemiol 2018;10:153-157. [doi: 10.2147/clep.s146397]

51. Whitehead AL, Julious SA, Cooper CL, Campbell MJ. Estimating the sample size for a pilot randomised trial to minimise
the overall trial sample size for the external pilot and main trial for a continuous outcome variable. Stat Methods Med Res
2016;25(3):1057-1073 [FREE Full text] [doi: 10.1177/0962280215588241] [Medline: 26092476]

52. Kroenke K, Spitzer RL. The PHQ-9: a new depression diagnostic and severity measure. Psychiatr Ann 2002;32(9):509-515.
[doi: 10.3928/0048-5713-20020901-06]

53. Beesdo-Baum K, Zaudig M, Wittchen HU. In: Williams JBW, Karg RS, Spitzer RL, editors. Strukturiertes Klinisches
Interview für DSM-5®-Störungen – Klinische Version. Newburyport, MA: Hogrefe; 2019.

54. Williams JB, Kobak KA, Bech P, Engelhardt N, Evans K, Lipsitz J, et al. The GRID-HAMD: standardization of the hamilton
depression rating scale. Int Clin Psychopharmacol 2008;23(3):120-129. [doi: 10.1097/YIC.0b013e3282f948f5] [Medline:
18408526]

55. Beck AT, Rush J, Shaw BF, Emery G. Cognitive Therapy of Depression. New York, NY: Guilford Press; 1979.
56. Diedrich A, Grant M, Hofmann SG, Hiller W, Berking M. Self-compassion as an emotion regulation strategy in major

depressive disorder. Behav Res Ther 2014;58:43-51. [doi: 10.1016/j.brat.2014.05.006] [Medline: 24929927]
57. Velten E. A laboratory task for induction of mood states. Behav Res Ther 1968;6(4):473-482. [doi:

10.1016/0005-7967(68)90028-4] [Medline: 5714990]
58. Kliem S, Lohmann A, Mößle T, Brähler E. Psychometric properties and measurement invariance of the beck hopelessness

scale (BHS): results from a German representative population sample. BMC Psychiatry 2018;18(1):110 [FREE Full text]
[doi: 10.1186/s12888-018-1646-6] [Medline: 29699522]

59. Pössel P. Cognitive triad inventory (CTI): psychometric properties and factor structure of the German translation. J Behav
Ther Exp Psychiatry 2009;40(2):240-247. [doi: 10.1016/j.jbtep.2008.12.001] [Medline: 19110236]

60. Pössel P, Seemann S, Hautzinger M. Evaluation eines deutschsprachigen Instrumentes zur Erfassung positiver und negativer
automatischer Gedanken. Z Für Klin Psychol Psychother 2005;34(1):27-34. [doi: 10.1026/1616-3443.34.1.27]

61. Ferring D, Filipp SH. Messung des Selbstwertgefühls: Befunde zur Reliabilität, Validität und Stabilität der Rosenberg-Skala
[Measurement of self-esteem: Findings on reliability, validity, and stability of the Rosenberg Scale]. Diagnostica
1996:284-292.

62. Schrepp M, Hinderks A, Thomaschewski J. Design and evaluation of a short version of the User Experience Questionnaire
(UEQ-S). Int J Interact Multimed Artif Intell 2017;4(6):103. [doi: 10.9781/ijimai.2017.09.001]

63. Hautzinger M, Bailer M, Hofmeister D, Keller F. Allgemeine Depressionsskala. Newburyport, MA: Hogrefe; 2012.
64. Rojas R, Geissner E, Hautzinger M. Entwicklung und psychometrische Überprüfung von zwei vergleichbaren Kurzversionen

der Skala Dysfunktionaler Einstellungen (DAS). Diagnostica 2015;61(4):173-183. [doi: 10.1026/0012-1924/a000123]
65. Ebert DD, Christ O, Berking M. SEK-ES - Fragebogen zur emotionsspezifischen Selbsteinschätzung emotionaler

Kompetenzen. Leibniz Institute for Psychology. 2013. URL: https://www.psycharchives.org/en/item/
f2d7b513-70c7-444f-828f-94cea1781b04 [accessed 2025-03-26]

66. Albrecht NC, Langer D, Krauss D, Richer R, Abel L, Eskofier BM. EmRad: Ubiquitous vital sign sensing using compact
continuous-wave radars. IEEE Open J Eng Med Biol 2024;5:725-734. [doi: 10.1109/ojemb.2024.3420241]

67. Lakens D. Calculating and reporting effect sizes to facilitate cumulative science: a practical primer for t-tests and ANOVAs.
Front Psychol 2013;4:863 [FREE Full text] [doi: 10.3389/fpsyg.2013.00863] [Medline: 24324449]

68. Cohen J. Statistical Power Analysis for the Behavioral Sciences, 2nd Edition. London, UK: Routledge; 1989.
69. R: A language and environment for statistical computing. R Core Team. 2017. URL: https://www.R-project.org/ [accessed

2024-02-29]
70. Beard C, Weisberg RB, Primack J. Socially anxious primary care patients' attitudes toward cognitive bias modification

(CBM): a qualitative study. Behav Cogn Psychother 2012;40(5):618-633 [FREE Full text] [doi: 10.1017/S1352465811000671]
[Medline: 22127022]

71. Borghouts J, Eikey E, Mark G, De Leon C, Schueller SM, Schneider M, et al. Barriers to and facilitators of user engagement
with digital mental health interventions: systematic review. J Med Internet Res 2021;23(3):e24387 [FREE Full text] [doi:
10.2196/24387] [Medline: 33759801]

72. Diaz Hernandez L, Rieger K, Baenninger A, Brandeis D, Koenig T. Towards using microstate-neurofeedback for the
treatment of psychotic symptoms in schizophrenia. a feasibility study in healthy participants. Brain Topogr
2016;29(2):308-321 [FREE Full text] [doi: 10.1007/s10548-015-0460-4] [Medline: 26582260]

JMIR Form Res 2025 | vol. 9 | e65357 | p.2670https://formative.jmir.org/2025/1/e65357
(page number not for citation purposes)

Keinert et alJMIR FORMATIVE RESEARCH

XSL•FO
RenderX

https://bmcpsychiatry.biomedcentral.com/articles/10.1186/s12888-024-06361-3
http://dx.doi.org/10.1186/s12888-024-06361-3
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=39668374&dopt=Abstract
https://osf.io/pw6ma/
https://apastyle.apa.org/jars
https://apastyle.apa.org/jars
http://dx.doi.org/10.2147/clep.s146397
https://journals.sagepub.com/doi/abs/10.1177/0962280215588241?url_ver=Z39.88-2003&rfr_id=ori:rid:crossref.org&rfr_dat=cr_pub  0pubmed
http://dx.doi.org/10.1177/0962280215588241
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26092476&dopt=Abstract
http://dx.doi.org/10.3928/0048-5713-20020901-06
http://dx.doi.org/10.1097/YIC.0b013e3282f948f5
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18408526&dopt=Abstract
http://dx.doi.org/10.1016/j.brat.2014.05.006
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24929927&dopt=Abstract
http://dx.doi.org/10.1016/0005-7967(68)90028-4
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=5714990&dopt=Abstract
https://bmcpsychiatry.biomedcentral.com/articles/10.1186/s12888-018-1646-6
http://dx.doi.org/10.1186/s12888-018-1646-6
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29699522&dopt=Abstract
http://dx.doi.org/10.1016/j.jbtep.2008.12.001
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19110236&dopt=Abstract
http://dx.doi.org/10.1026/1616-3443.34.1.27
http://dx.doi.org/10.9781/ijimai.2017.09.001
http://dx.doi.org/10.1026/0012-1924/a000123
https://www.psycharchives.org/en/item/f2d7b513-70c7-444f-828f-94cea1781b04
https://www.psycharchives.org/en/item/f2d7b513-70c7-444f-828f-94cea1781b04
http://dx.doi.org/10.1109/ojemb.2024.3420241
https://europepmc.org/abstract/MED/24324449
http://dx.doi.org/10.3389/fpsyg.2013.00863
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24324449&dopt=Abstract
https://www.R-project.org/
https://europepmc.org/abstract/MED/22127022
http://dx.doi.org/10.1017/S1352465811000671
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22127022&dopt=Abstract
https://www.jmir.org/2021/3/e24387/
http://dx.doi.org/10.2196/24387
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33759801&dopt=Abstract
https://boris.unibe.ch/id/eprint/73527
http://dx.doi.org/10.1007/s10548-015-0460-4
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26582260&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


73. Wampold BE. How important are the common factors in psychotherapy? An update. World Psychiatry 2015;14(3):270-277
[FREE Full text] [doi: 10.1002/wps.20238] [Medline: 26407772]

74. Loijen A, Vrijsen JN, Egger JIM, Becker ES, Rinck M. Biased approach-avoidance tendencies in psychopathology: a
systematic review of their assessment and modification. Clin Psychol Rev 2020;77:101825. [doi: 10.1016/j.cpr.2020.101825]
[Medline: 32143108]

75. Moshe I, Terhorst Y, Philippi P, Domhardt M, Cuijpers P, Cristea I, et al. Digital interventions for the treatment of depression:
a meta-analytic review. Psychol Bull 2021;147(8):749-786. [doi: 10.1037/bul0000334] [Medline: 34898233]

76. Berking M, Rupp LH, Schindler-Gmelch L, Capito K, Böhme S, Keinert M. EmpkinS D02. Open Science Framework.
URL: https://osf.io/mswfg/ [accessed 2024-12-09]

Abbreviations
AAMT: approach-avoidance modification training
AFE: antidepressive facial expression
CBT: cognitive behavioral therapy
CR: cognitive reappraisal
EMG: electromyography
EmpkinS: Empatho-Kinaesthetic Sensor Technology
FAU: Friedrich-Alexander-Universität Erlangen-Nürnberg
GRID-HAMD: GRID Hamilton Depression Rating Scale
ICS: interacting cognitive subsystems
PHQ: Patient Health Questionnaire
RCT: randomized controlled trial
SCID-5-CV: Structured Clinical Interview for DSM-5 Disorders–Clinician version
UEQ-S: Short Version of the User Experience Questionnaire

Edited by A Mavragani; submitted 13.08.24; peer-reviewed by A Eisingerich, J Blechert; comments to author 06.11.24; revised version
received 09.12.24; accepted 05.02.25; published 14.04.25.

Please cite as:
Keinert M, Schindler-Gmelch L, Rupp LH, Sadeghi M, Richer R, Capito K, Eskofier BM, Berking M
The EmpkinS-EKSpression Reappraisal Training Augmented With Kinesthesia in Depression: One-Armed Feasibility Study
JMIR Form Res 2025;9:e65357
URL: https://formative.jmir.org/2025/1/e65357 
doi:10.2196/65357
PMID:

©Marie Keinert, Lena Schindler-Gmelch, Lydia Helene Rupp, Misha Sadeghi, Robert Richer, Klara Capito, Bjoern M Eskofier,
Matthias Berking. Originally published in JMIR Formative Research (https://formative.jmir.org), 14.04.2025. This is an open-access
article distributed under the terms of the Creative Commons Attribution License (https://creativecommons.org/licenses/by/4.0/),
which permits unrestricted use, distribution, and reproduction in any medium, provided the original work, first published in JMIR
Formative Research, is properly cited. The complete bibliographic information, a link to the original publication on
https://formative.jmir.org, as well as this copyright and license information must be included.

JMIR Form Res 2025 | vol. 9 | e65357 | p.2671https://formative.jmir.org/2025/1/e65357
(page number not for citation purposes)

Keinert et alJMIR FORMATIVE RESEARCH

XSL•FO
RenderX

https://europepmc.org/abstract/MED/26407772
http://dx.doi.org/10.1002/wps.20238
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26407772&dopt=Abstract
http://dx.doi.org/10.1016/j.cpr.2020.101825
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32143108&dopt=Abstract
http://dx.doi.org/10.1037/bul0000334
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34898233&dopt=Abstract
https://osf.io/mswfg/
https://formative.jmir.org/2025/1/e65357
http://dx.doi.org/10.2196/65357
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


Original Paper

Evaluating User Engagement With a Real-Time, Text-Based Digital
Mental Health Support App: Cross-Sectional, Retrospective Study

Edward Coffield1, PhD; Khadeja Kausar2, MHA
1Department of Population Health, Hofstra University, Hempstead, NY, United States
2Business Intelligence and Value Based Management Analytics, Medical Affairs, Maimonides Medical Center, Brooklyn, NY, United States

Corresponding Author:
Edward Coffield, PhD
Department of Population Health
Hofstra University
255 Hofstra University
101 Oak Street Center, Room 100A
Hempstead, NY, 11549
United States
Phone: 1 516 463 7019
Email: edward.coffield@hofstra.edu

Abstract

Background: Approximately 20% of US adults identify as having a mental illness. Structural and other barriers prevent many
people from receiving mental health services. Digital mental health apps that provide 24-hour, real-time access to human support
may improve access to mental health services. However, information is needed regarding how and why people engage with
licensed counselors through a digital, real-time, text-based mental health support app in nonexperimental settings.

Objective: This study aimed to evaluate how people engage with Counslr, a 24-hour, digital, mental health support app where
users communicate in real time with human counselors through text messaging. Specifically, access patterns (eg, day of the week
and time of session) and reasons for accessing the platform were examined. Furthermore, whether differences existed between
session types (on-demand or scheduled) and membership types (education or noneducation) in regard to access patterns and why
people accessed the platform were evaluated.

Methods: The study population (users) consisted of students whose schools, universities, or colleges partnered with Counslr
and employees whose organizations also partnered with Counslr. Users participated in text-based mental health support sessions.
In these sessions, users engaged with licensed counselors through digital, text-based messaging in real time. Users could initiate
an on-demand session or schedule a session 24 hours a day. User engagement patterns were evaluated through session length,
session day, session time, and self-reported reasons for initiating the session. The data were stratified by membership type
(education [students] or noneducation [employees]) and session type (on-demand or scheduled) to evaluate whether differences
existed in usage patterns and self-reported reasons for initiating sessions by membership and session types.

Results: Most students (178/283, 62.9%) and employees (28/44, 63.6%) accessed Counslr through on-demand sessions. The
average and median session times were 40 (SD 15.3) and 45 minutes. On-demand sessions (37.9 minutes) were shorter (P=.001)
than scheduled sessions (43.5 minutes). Most users (262/327, 80.1%) accessed Counslr between 7 PM and 5 AM. The hours that
users accessed Counslr did not statistically differ by membership type (P=.19) or session type (P=.10). Primary self-reported
reasons for accessing Counslr were relationship reasons, depression, and anxiety; however, users initiated sessions for a variety
of reasons. Statistically significant differences existed between membership and session types (P<.05) for some of the reasons
why people initiated sessions.

Conclusions: The novel findings of this study illustrate that real-time, digital mental health support apps, which offer people
the opportunity to engage with licensed counselors outside of standard office hours for a variety of mental health conditions, may
help address structural barriers to accessing mental health support services. Additional research is needed to evaluate the
effectiveness of human-based apps such as Counslr and whether such apps can also address disparities in access to mental health
support services among different demographic groups.

(JMIR Form Res 2025;9:e66301)   doi:10.2196/66301
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Introduction

Overview
Approximately 1 out of every 5 adults (22.8%) in the United
States identified as having a mental health illness in 2021 [1].
The gap between people who identify as having a mental illness
and those who receive care or have all of their mental health
care needs met is substantial. Among people who identify as
having any mental illness, 47.2% received mental health
treatments in 2021 and 27.6% perceived themselves as having
an unmet mental health care need [1]. Access to mental health
care services is not consistent among groups. For example,
adults who identify as non-Hispanic Black or Hispanic are less
likely than adults who identify as White to receive mental health
care treatments [2].

Possible factors for having an unmet mental health care need
include cost, stigma, minimization of symptoms, low perceived
treatment effect, and structural barriers [3,4]; these factors differ
across demographic groups [3,5]. For instance, the odds of costs
being a factor in having an unmet mental health care need are
higher among people who identify as female relative to people
who identify as male, while the odds of people stating either
stigma or structural barriers as a reason for their unmet mental
health care needs are higher among people who identify as Black
or Hispanic relative to people who identify as White [3].

Digital-based mental health apps have the potential to help
people overcome barriers to obtaining care for mental illness
[6,7] and reduce unmet mental health care needs among
marginalized groups [8]. For example, the ability to consult
with mental health professionals at all hours of the day, from
any location, and in a digital environment that may foster
privacy and anonymity, could address structural barriers and
stigma [9]. Furthermore, Friis-Healy et al [10] state that digital
mental health tools may help expand access to people most
affected by COVID-19 and systematic racism by lowering care
costs; “...decreasing transportation challenges; and providing
mental health care in a private, destigmatizing manner.” ([10],
pages 2-3).

While digital mental health apps have been found to be effective
and cost-effective [11], evidence regarding the effectiveness of
digital mental health apps is inconsistent across digital mental
health app types (eg, guidance within an app likely matters
[7,12]). Furthermore, challenges, such as user engagement
[6,9,13], remain. Baumel et al [13]—in an evaluation of 93
digital mental health care apps—found that only 4% of users
opened the evaluated apps daily. Accordingly, understanding
how people engage with digital mental health care apps is
needed to facilitate design elements that may encourage
engagement. As user engagement with mental health apps may
differ between practical settings and clinical trials [6,13], a need
exists to understand user engagement in a practical or actual
setting. Engagement [13] and effectiveness [7] may also differ
by app type, indicating an additional need to understand how

people engage with different types of digital mental health apps
in a practical setting.

Despite the need for nonexperimental evaluations of digital
mental health apps, studies [13,14] regarding how people engage
with digital mental health apps in practical settings [15] remain
scarce. Studies have evaluated how users interact with (eg,
downloading, using, and engaging) nonexperimental mental
health apps in various forms [13-17]. For instance, Baumel et
al [13] calculated usage metrics (eg, number of user sessions
and minutes of daily use) for mobile apps— including 2 apps
with peer support as a primary technique (and 7 apps with peer
support as a cotechnique, for a total of 9), where the support
could be “through chat or messaging services (synchronous and
asynchronous...)” ([13], Appendix 2)—with at least 10,000
installs; Booth et al [14] calculated interactions by the hour and
other engagement metrics for a chatbot; and Raue et al [17]
reported engagement metrics (eg, weekly text message word
count and weekly text messages) among users of a text-based
app where users send text messages to therapists “24/7” ([17],
page 3) who then review messages during “standard working
hours” and respond at least “once a day, 5 days a week” ([17],
page 3). However, usage patterns may differ between app
designs (eg, human-based synchronous platforms, human-based
asynchronous platforms, hybrid human-based designs, artificial
intelligence [AI]–based platforms, and AI and human–based
platforms), creating a need for further study. Notably,
information is needed in terms of how (eg, day of the week,
hours of day, and length of sessions) and why users engage with
human-based, nonscripted apps, where users engage with
humans through text messaging in real time. The addition of
this information will provide policy makers and app designers
with further data to consider when designing mental health apps.

In this study, we evaluate how users engage with Counslr, a
digital, text-based mental health support app where users interact
with licensed counselors in real time on their mobile devices
[18]. This nonexperimental study is novel in that it evaluates
how users engage with a digital mental health app that provides
real-time, text-based mental health support. In addition, we
explore why people access the app and whether engagement
patterns statistically differ among people who access Counslr
through their employment relative to people who access Counslr
through their schools, universities, or colleges. Evaluating how
users engage with and use Counslr in this retrospective study
will contribute to the literature by providing an examination of
how people interact with a counselor-based, digital mental health
support app in a practical setting. In addition, this study will
provide insights into whether people access a real-time,
human-interfacing mobile mental health support app outside of
standard business hours and how usage patterns may differ
between instant, on-demand access and scheduled appointment
access.
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Counslr
Counslr was founded in 2019 and delivers mental health support
services to users located in the United States through its mobile,
text-based support platform. Through the Counslr platform,
licensed counselors are available for confidential, real-time,
text-based assistance 24 hours a day, 365 days a year. Counslr
now uses an algorithm to match users with counselors based
upon a user’s preferences and needs. People may also schedule
future sessions with a requested counselor. In addition to the
text-based support sessions, Counslr provides self-guided
resources within the platform. Access to Counslr is provided
through school-, employment-, and community-based
organizations that purchase a subscription to Counslr. Members
of these organizations have the opportunity to enroll in Counslr
and access Counslr-provided services through the firm’s mobile
platform. Members have no cost-sharing elements or usage
limitations. Users’ information is private and confidential as
required by the Health Insurance Portability and Accountability
Act (HIPAA). The app and its data are encrypted.

Methods

Overview
Data used for this retrospective study included Counslr users
from October 26, 2021 to November 22, 2023 and focused
exclusively on Counslr’s text-based, real-time support sessions.
This period covers the initial start-up of Counslr and its
corresponding initial user membership. Counslr users, in this
study, included students who accessed Counslr through their
schools, universities, or colleges’partnerships with Counslr and
employees who accessed Counslr through their organizations’
partnerships with Counslr. Counslr provided a retrospective,
deidentified dataset for this study. The provided data originated
from user-reported information and data generated within the
Counslr platform. Before a support session begins, users
complete a survey where they self-report information to assist
their counselor during the session. Second, data are generated
within the platform such as the date or time of the session,
session type (eg, on-demand or scheduled), and session length.

The session is the unit of analysis in this study. The data did
not include a variable to identify individual users; thus,
adjustments were not made for users who had multiple sessions.
Individual datasets were provided for many of the variables. In
some instances, dates were not consistent across the individual
datasets (eg, a date missing in one dataset), and in other
instances, presumable entry errors were present (eg, a session
length was entered in minutes instead of a percentage of an
hour). We adjusted for these challenges by either dropping the
date from the dataset or adjusting the error where possible.

The primary purpose of this study was to evaluate how people
access a 24-hour, digital mental health support app, where
people communicate in real-time with human counselors through
text messaging, and whether access patterns differ by session
type (on-demand or scheduled) and membership type (education
or noneducation). Access patterns were evaluated by day and
hour (reported to authors in hour blocks [eg, 7 AM and 8 AM],
not a specific time). The day and hour session distributions were
stratified, separately, by session and membership types to

examine whether access patterns differed between on-demand
and scheduled sessions and between education- and
non–education-based users. Chi-square tests were used for these
comparisons. Chi-square tests with Bonferroni corrections were
used as post hoc tests when appropriate.

The second evaluation used 2-tailed t tests to examine if session
length (minutes) statistically differed between session types as
well as by membership types. The last examination concerned
users’ self-reported reasons for initiating their sessions. Users
could select a reason or reasons for their sessions from a set list
provided within the app or provide their own reason for initiating
a session. The self-reported categories or reasons for initiating
sessions provided in the data included academic concerns;
anxiety; depression; emotional abuse; family issues; infidelity;
lesbian, gay, bisexual, and transgender (LGBT); relationship
reasons; substance use; no reason provided (none); and others.
In addition, 3 other categories were reported that were combined
with these more general categories: “depression or anxiety”
(n=3) was placed in the depression category; “other or
relationship or depression” (n=1) was placed in the other
category; and “[relationship]” (n=3) and “relationship or
depression” (n=1) were placed in the relationship category.
Overall summary statistics were estimated for the session
reasons. In addition, the session reasons were tabulated and
stratified by session type and by membership type. Chi-square
tests were used to evaluate whether statistical differences existed
between session types and, separately, between membership
types in terms of why users initiated their sessions.

Ethical Considerations
The data used in this study were collected during Counslr’s
standard operations and adhered to HIPAA guidelines. The data
are not publicly available. Hofstra University’s institutional
review board guidelines [19] deemed this study as non–human
subject research because (1) Counslr provided a deidentified
secondary dataset to the authors for evaluation, (2) the authors
did not participate in the data collection and were not able to
link the individuals in the deidentified dataset to living
individuals through a code, and (3) the authors had independent
control over how the data were analyzed and the study’s
conclusions.

Results

In total, 2 samples were created for the study due to the
information available within each individual dataset. The
primary dataset consisted of 327 support sessions that occurred
between October 26, 2021 and October 19, 2023. The second
sample consisted of the reasons why people initiated support
sessions; this dataset consisted of support sessions conducted
between August 15, 2023 to November 22, 2023 and, unlike
session reasons provided for earlier dates, permitted stratification
by both membership type and session type. For both datasets,
dates without sessions were not included as were dates with
data challenges that we could not address. The majority of
evaluated sessions (206/327, 63%) were on-demand.
Education-based users were the primary users in the sample
(283/327, 86.5% of the sessions); the remaining sessions
(44/327, 13.5%) comprised people associated with
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non–education-based memberships. There was no statistical
difference (P=.93) in how education and noneducation members
accessed Counslr; the majority of both groups (education:
178/283, 62.9%; noneducation: 28/44, 63.6%) accessed Counslr
through on-demand sessions.

Across session and membership types, the mean and median
session lengths were 40 (SD 15.3) and 45 minutes. Three
sessions were noted as 0 minutes, while the longest session was
76 minutes. Mean session lengths for education- and
non–education-based users were not significantly different
(P=.57); the mean session lengths for education- and
non–education-based users were 39.8 (SD 15.4; median 45,
IQR 36-48) and 41.2 (SD 14.4; median 45, IQR 42.5-48.5)
minutes. Differing from membership type, mean session length
did statistically differ (P=.001) between on-demand (37.9, SD
16.6; median 45, IQR 27-47 minutes) and scheduled sessions
(43.5, SD 11.9; median 46, IQR 42-49 minutes).

The share of sessions allocated to Fridays, Saturdays, and
Sundays were each below 14.29% (Table 1); 14.29% is the
expected share for each day if sessions were evenly distributed
across all 7 days. Conversely, the share of sessions allocated to
Mondays, Tuesdays, Wednesdays, and Thursdays each exceeded
14.29%. The distribution of sessions across days did not
statistically differ (P=.62) by membership type. However, this
distribution did statistically differ (P=.03) by session type. In
post hoc tests, the distributions of session type on Thursdays
and Sundays were seemingly different relative to the same
distribution on other days, yet, after Bonferroni corrections, no
statistical differences were present at the Bonferroni-corrected
significance level of .007.

From a time perspective (Figure 1), 80.1% (262/327) of sessions
were documented (in hour blocks, not specific times) as
occurring from 7 PM to 5 AM, 41.6% (136/327) of sessions
occurred between 7 PM and 12 AM, while 38.5% (126/327) of
sessions were between 12 AM and 5 AM. This pattern was also
present by membership type as 80.9% (229/283) of
education-based users and 75% (33/44) of non–education-based
users accessed the platform between 7 PM and 5 AM. The
distribution of sessions across hours of the day did not
statistically differ between session type (P=.10) or membership
type (P=.19). Figure 1 illustrates these hourly-based distributions
by membership type (A) and session type (B).

As indicated, a second dataset was constructed to evaluate why
users initiated support sessions. Users could select multiple
reasons for initiating a session; we evaluated 327 reasons in this
study. While this is the same number of sessions included in
the first dataset, this dataset covers a shorter time span than the
first dataset and the reasons users provided for their sessions in
this second dataset are for a smaller number of sessions than
327. The top 3 self-reported reasons for initiating a session
(Table 2) pertained to relationships (75/327, 22.9%), depression
(71/327, 21.7%), and anxiety (62/327, 19%). Among
non–education-based users, the top 3 reasons for initiating a
session (Table 2) concerned relationships (23/64, 35.9% of
sessions), anxiety (10/64, 15.6%), and family issues (9/64,
14.1%). Among education-based users, the top 3 reasons for
engaging in a session were depression (65/263, 24.7%), anxiety
(52/263, 19.8%), and relationships (52/263, 19.8%).

Table 1. Distribution of user sessions by day of the weeka.

Session type, n (%)Membership type, n (%)All, n (%)Day

P valuebScheduledOn demandNoneducationEducation  

.3621 (17.4)28 (13.6)6 (13.6)43 (15.2)49 (15)Monday

.1726 (21.5)32 (15.5)12 (27.3)46 (16.3)58 (17.7)Tuesday

.9522 (18.2)38 (18.5)9 (20.5)51 (18)60 (18.4)Wednesday

.03c26 (21.5)26 (12.6)5 (11.4)47 (16.6)52 (15.9)Thursday

.1512 (9.9)32 (15.5)4 (9.1)40 (14.1)44 (13.5)Friday

.106 (5)21 (10.2)4 (9.1)23 (8.1)27 (8.3)Saturday

.04c8 (6.6)29 (14.1)4 (9.1)33 (11.7)37 (11.3)Sunday

.03.62P valued

aSessions from October 26, 2021, to October 19, 2023 (n=327).
bP values from post hoc χ2 tests; the Bonferroni-corrected significance level for these tests is .007.
cThese P values are considered above the Bonferroni-corrected significance level of .007 and therefore do not support a statistically significant difference
between the percentages.
dP values from χ2 evaluations on overall distributions of sessions over days.
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Figure 1. Distribution of user sessions by hour: hour of session by (A) membership type (noneducation or education) and (B) session type (scheduled
or on demand). The data provided to the authors noted hours in blocks (eg, 7 AM, 8 AM) not specific times. Sessions from October 26, 2021 to October
19, 2023 (n=327); χ2 test for membership type group distribution difference: P=.19; χ2 test for session type group distribution difference: P=.10.
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Table 2. Users’ self-reported reasons for sessions, by session type and membership typea.

Session type, n (%)Membership type, n (%)All, n (%)Session reason

P valuebScheduledOn demandP valuebNoneducationEducation 

.586 (5.1)14 (6.7).236 (9.4)14 (5.3)20 (6.1)Academic concerns

.8123 (19.7)39 (18.6).4510 (15.6)52 (19.8)62 (19)Anxiety

.0418 (15.4)53 (25.2).016 (9.4)65 (24.7)71 (21.7)Depression

.651 (0.9)3 (1.4).122 (3.1)2 (0.8)4 (1.2)Emotional abuse

.4210 (8.6)13 (6.2).019 (14.1)14 (5.3)23 (7)Family issues

.190 (0)3 (1.4).390 (0)3 (1.1)3 (0.9)Infidelity

.703 (2.6)7 (3.3).972 (3.1)8 (3)10 (3.1)LGBTc

<.00111 (9.4)0 (0).100 (0)11 (4.2)11 (3.4)No reason provided
(none)

.4813 (11.1)29 (13.8).185 (7.8)37 (14.1)42 (12.8)Other

.9627 (23.1)48 (22.9).0123 (35.9)52 (19.8)75 (22.9)Relationship

.015 (4.3)1 (0.5).861 (1.6)5 (1.9)6 (1.8)Substance use

aReasons (n=327) provided during sessions from August 15, 2023 to November 22, 2023. Users could select a reason or reasons for the session from
the list or type another reason or reasons.
bP values from χ2 tests.
cLGBT: lesbian, gay, bisexual, and transgender.

As illustrated in Table 2, a statistical difference was present in
the percentage of education and noneducation users who
accessed support sessions for depression (P=.01), family issues
(P=.01), and relationships (P=.01). Table 2 also illustrates the
reasons users initiated sessions by session type. The primary
reasons for support sessions by session type were depression
(53/210, 25.2%), relationships (48/210, 22.9%), and anxiety
(39/210, 18.6%) for on-demand sessions and relationships
(27/117, 23.1%), anxiety (23/117, 19.7%), and depression
(18/117, 15.4%) for scheduled sessions. Users accessed support
through scheduled sessions (5/117, 4.3%) at a statistically
(P=.01) greater percentage relative to on-demand sessions
(1/210, 0.5%) for substance use (as well as for the reason of
none or no reason provided). Conversely, users accessed support
for depression at a statistically (P=.04) higher percentage
through on-demand sessions (53/210, 25.2%) relative to
scheduled sessions (18/117, 15.4%).

Discussion

Principal Findings
Digital mental health apps have the potential to expand access
to mental health services. These apps can help people overcome
barriers to obtaining such care [6-8]. In this study, we analyzed
Counslr, a digital mental health app that offers real-time,
text-based support sessions with human counselors. We found
that users who accessed Counslr participated in support sessions
for an average of 40 minutes. The majority of these sessions
occurred during times when standard, human-based mental
health support is not available; this salient finding illustrates
the promise of human-based, digital mental health apps in
overcoming structural barriers to accessing mental health support
services.

The novelty of this study in terms of evaluating user engagement
with a human-based, nonscripted app, where users engage with
human counselors through text messaging in a real-time,
nonexperimental setting, prevents multiple, direct comparisons
with the peer-reviewed literature. However, a few comparisons
on similar metrics illustrate how usage patterns may differ
between app designs. For instance, differing from this study’s
result that the majority of sessions occurred between 7 PM and
5 AM, Booth et al [14], evaluating the usage of a chatbot, found
that peak interaction hours with the chatbot were in the hours
of 8-10 AM, 1 PM, and 5 PM. However, closer to this study’s
results, Baumel et al [13]—evaluating 93 apps—found that
usage peaked at the 8 PM hour for the apps included in their
mental health category, while apps in their mindfulness and
meditation category peaked in the hours of 7-9 AM and 10 PM
to 12 AM. Baumel et al [13] also illustrated, in a graph, that
usage rates for apps in their mental health category were highest
on Tuesdays, Wednesdays, and Thursdays, which is similar to
this study’s overall, nonstratified results (statistical comparisons
were not conducted on this study’s overall, nonstratified day of
the week statistics); the peak day of usage for the mindfulness
or meditation applications Baumel et al [13] reviewed was
Thursday.

Raue et al [17], evaluating a text-based app that included human
interactions (users could text at any time in their study, while
therapists reviewed the texts during working hours and
responded at least 1 time a day to a person’s text 5 days a week;
[17], page 3), did not report directly comparable metrics to those
illustrated in this study. However, from a time of session
perspective, Baumel et al [13] found that the median daily
minutes with which active users engaged in 2 peer-supported
apps they reviewed was 35.08; a finding below the 45-minute
median found in this study. Overall, Baumel et al [13] found
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that the median daily minutes of use per active app user was
different between mental health apps (10.02 minutes), happiness
apps (7.77 minutes), and mindfulness and meditation apps (21.47
minutes), demonstrating that the reason why people engage
with an app may influence usage.

The primary reasons users of Counslr self-reported for initiating
sessions were similar to mental health conditions found across
the population. For instance, 2 of the primary reasons Counslr
users noted for initiating sessions, anxiety and depression, were
also the most prevalent mental health conditions found among
college students [20], while symptoms related to anxiety
disorders or depressive disorders were present in 20.7% of US
adults in early 2024 [21]. Collectively, how Counslr users
engaged with licensed counselors outside of standard office
hours, coupled with the commonality between mental health
conditions found in the general population and the reasons
Counslr users initiated support sessions, provide evidence that
people will use a human-based, digital mental health app to
access support outside of standard hours for prevalent mental
health conditions.

While we did not have extensive demographic information about
the Counslr users whose sessions were evaluated within this
study, the 2 different membership types allowed comparisons
between people who accessed the platform as students and those
who accessed the platform as employees. When examined, usage
patterns between these 2 groups did not statistically differ. Both
students and employees engaged in sessions primarily between
7 PM and 5 AM and had similar patterns in terms of the days
on which their sessions were held. Furthermore, the majority
of both student and employee users accessed the platform using
the on-demand feature instead of scheduling an appointment.
The access patterns found among both student and employee
users indicate that mental health support apps have the potential
to increase access to mental health support services across
multiple groups. This potential, universal appeal of Counslr-like
platforms is also seen in how the platform is able to provide
support for a wide array of reasons: from anxiety and depression
to infidelity and academic concerns.

As noted here and elsewhere [9], the 24-hour accessibility of
mental health apps is one attribute of such apps that could
decrease structural barriers to accessing support services to
address mental health challenges. However, the salient findings
here regarding on-demand and scheduled sessions demonstrate
that how access to such apps is provided is also important in
terms of app design. For instance, there were no statistical
differences between the frequency of on-demand and scheduled
sessions in terms of how the sessions were distributed across
the hours of the day; people both scheduled sessions and
initiated on-demand sessions at 4 AM, indicating a need for
both types of sessions.

Differences between the 2 session types also illustrate the need
to consider offering both on-demand and scheduled sessions
within a digital mental health support app; doing such may help
facilitate the apps’ ability to improve access to mental health
support. For instance, the distribution of sessions across days
of the week differed between on-demand sessions and scheduled
sessions, indicating possible user preferences for set sessions

with counselors or on-demand sessions on certain days.
Furthermore, a larger share of sessions initiated for the reason
of substance use occurred as scheduled sessions relative to
on-demand sessions. This finding suggests that users may prefer
scheduled sessions for substance use relative to on-demand
sessions, indicating that during the app design stage, developers
should consider whether available access modes (on-demand
and scheduled) address how users may prefer different access
points depending on the specific reason they are accessing the
app.

The connection between app design and this study’s results was
possible because Counslr shared their formative data with
researchers for independent analysis. As Counslr and other
platforms continue to share their data for analyses, additional
insights into future app development may arise; these insights
may result in increased efficiency in app development as well
as the creation of platforms designed to address the needs of
users, thereby possibly increasing usage among people who
seek mental health support thought such apps.

In this study, we conducted a novel evaluation of a 24-hour,
real-time, digital mental health support app where users interact
with humans through text messaging. The data were from a
nonexperimental situation, helping to address the stated need
for more information regarding how digital mental health apps
perform outside of experimental settings [6,13,15,16]. While
the findings of this study illustrate the promise of digital mental
health support apps to increase access to a variety of mental
health needs, a number of limitations are present. First, this
study relied on a small, formative dataset provided by Counslr
for independent analysis. While a larger sample size is
preferable, the study allowed multiple insights into usage
patterns and why people accessed the platform. Furthermore,
using this formative dataset to evaluate initial platform usage
allowed the authors to suggest additional metrics for data
collection and analysis to the organization.

A second limitation is that the deidentified data used here and
the lack of demographic variables entail that the findings of this
study only pertain to study participants and are not generalizable
to the overall population. Furthermore, the data did not include
individual identifiers, preventing adjustments for users with
multiple sessions, which could skew the results (eg, if one user
initiated multiple sessions for the same reason). To provide
further insight into this limitation, Counslr, at the authors’
request, provided information illustrating that there were 154
unique users in the data with an average and median number of
sessions of 2.06 and 1 (minimum 1 and maximum 21).

The deidentified nature of the data and the manner in which the
data were provided to the authors also prevented more complex
data analysis (eg, regression analysis), which could provide
further insights into usage and access patterns. In addition, the
platform did not collect demographic information on users such
as how they identify their ethnicity, gender, and race. The
inclusion of such information would allow pivotal evaluations
regarding whether digital mental health support apps can help
address disparities in access to mental health support services
across different demographic groups. Finally, while the primary
purpose of this study was to evaluate how and why people
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engage with licensed counselors through a digital, real-time,
text-based mental health support app in nonexperimental
settings, future evaluations—when such data are
available—must examine the effectiveness of such apps in
addressing the mental health support needs of users and whether
such platforms serve as a complement to more traditional mental
health services.

Conclusion
Barriers that prevent people from accessing mental health
support services are multiple and include structural barriers and
stigma. Anonymity and 24-hour access to digital mental health
support apps may help address such barriers. In this study, we
evaluated how people use Counslr, a real-time mental health
support app where users engage with licensed, human counselors
through text messaging sessions. The majority of both education-

and non–education-based users initiated mental health support
sessions outside of standard business hours for a variety of
reasons, indicating the promise of Counslr like apps to address
barriers to accessing mental health support services. The
similarities in usage patterns of Counslr student and employee
users, despite one group being noneducation based and the other
being education based, demonstrated an almost universality in
the platform in terms of serving multiple groups with multiple
needs.

The access patterns found in this study demonstrate the promise
of Counslr-type apps to help address structural barriers to
accessing mental health support services. Additional research
is needed to evaluate the effectiveness of such apps, notably
human-based apps such as Counslr, and whether such apps can
also address disparities in access to mental health support
services among demographic groups.
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Abstract

Background: There is a clear need for enhanced mental health assessment, depressive symptom (DS) evaluation being no
exception. A promising approach to this aim is using virtual reality (VR), which entails the potential of adding a wider set of
assessment domains with enhanced ecological validity. However, whilst several studies have used VR for both diagnostic and
treatment purposes, its acceptance, in particular how exposure to virtual environments affects populations with psychiatric
conditions remains unknown.

Objective: This study aims to report on the acceptability, usability, and cybersickness levels of a pilot VR environment designed
for the purpose of differentiating between individuals with DSs.

Methods: The exploratory study, conducted in Italy, included 50 healthy controls and 50 young adults with mild-to-moderate
DSs (without the need for a formal diagnosis). The study used an observational design with approximately 30 minutes of VR
exposure followed by a self-report questionnaire battery. The battery included a questionnaire based on the Theoretical Framework
of Acceptability, the System Usability Scale as well as the Simulator Sickness Questionnaire.

Results: Results indicate that the majority found VR acceptable for the purposes of mental health screening and treatment.
However, for diagnostics, there was a clear preference for VR to be used by mental health professionals as a supplementary tool,
as opposed to a stand-alone solution. In practice, following exposure to the pilot VR environment, generally, good levels of
acceptability and usability were reported, but areas in need of improvement were identified (such as self-efficacy). Self-reported
cybersickness levels were comparable to literature averages but were considerably higher among those with DSs.

Conclusions: These findings raise questions about the potential interplay between underlying somatic symptoms of depression
and VR-induced cybersickness and call for more attention from the scientific community both in terms of methodology as well
as potential clinical and theoretical implications. Conclusively, user support indicates a potential for VR to aid mental health

JMIR Form Res 2025 | vol. 9 | e68132 | p.2681https://formative.jmir.org/2025/1/e68132
(page number not for citation purposes)

Sutori et alJMIR FORMATIVE RESEARCH

XSL•FO
RenderX

mailto:emma.eliasson@ki.se
http://www.w3.org/Style/XSL
http://www.renderx.com/


assessment, but further research is needed to understand how exposure to virtual environments might affect populations with
varying severity and other forms of psychiatric symptoms.

International Registered Report Identifier (IRRID): RR2-10.1186/ISRCTN16396369

(JMIR Form Res 2025;9:e68132)   doi:10.2196/68132
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Introduction

Background
In 2019, an estimated 970 million people worldwide, or 12.6%
of the global population, were living with a mental disorder,
with anxiety (301 million) and depression (280 million) being
the most prevalent [1]. These conditions contribute substantially
to the global burden of disease, with depression being one of
the leading causes of disability worldwide [2]. Despite
considerable efforts to address this issue, there has been no
substantial reduction in the burden of mental disorders since
1990 [1].

Depressive disorders (hereafter referred to as depression) present
significant challenges in research, among other reasons due to
the diagnostic uncertainty [3], characterized by both high
heterogeneity and low reliability [4]. The persistence of these
challenges over different iterations of the DSM (Diagnostic and
Statistical Manual of Mental Disorders) [4] underscores the
need to advance clinical practice, which currently predominantly
relies on self-report questionnaires and clinical interviews [5].

In response to the challenges mentioned above, suggestions
have been made to include a broader range of measures that
cover more assessment domains and are not solely dependent
on verbal self-report [6,7]. Such measures include speech, text,
and facial expression analysis [8]; genomics, transcriptomics,
proteomics, metabolomics, and imaging [9]; behavioral and
physiological variables collected via wearable sensors [10] or
virtual reality (VR) systems [7].

VR systems are particularly relevant to mental health disorders
due to immersive, controlled, and customizable environments
that can be tailored to individual needs [7]. VR has been used
across psychiatric pathologies but reviews consistently report
that depression has remained understudied compared to other
conditions [7,11,12]. The gap in the literature is particularly
evident for studies on assessment, of which we could only find
three [13-15]. These are specifically focusing on attentional
processes [14], spatial navigation [15], and social interactions
[13] in relation to depression. Despite these pioneering studies,
the potential of VR to integrate multiple domains of data for
enhancing assessment [7] has yet to be explored.

While efforts are being dedicated to improving treatment and
the testing of various measures to enhance assessment, including
the use of VR, even less attention has been paid to the evaluation
of such novel approaches from a user perspective. Research on
VR for depression treatment and assessment is limited, with
even fewer studies focusing on its acceptability, usability, and
tolerability. Beyond diagnostic accuracy, evaluating the

acceptability and usability of diagnostic tools is crucial,
particularly when involving individuals with mental health
conditions, like depression. In such cases, where patients might
face additional treatment barriers, including motivational
difficulties, stigma, delayed help-seeking [16], or poor treatment
adherence [17], acceptability and usability play a crucial role
in the successful implementation of new diagnostic and
treatment technologies.

Sekhon et al [18] define acceptability as a “multifaceted
construct that reflects the extent to which people delivering or
receiving a health care intervention consider it to be appropriate,
based on anticipated or experienced cognitive and emotional
responses to the intervention.” On the other hand, usability has
various definitions and approaches [19], but here we will refer
to the extent to which the VR system can be used with ease for
the purpose of assessing depression symptom severity. Third,
tolerability may be defined in different ways, but here will refer
to cybersickness severity. Cybersickness describes a visually
induced motion sickness-like discomfort during or following
exposure to VR. Cybersickness is accompanied by changes in
the activity of the central and autonomic nervous systems and
results in symptoms like headache, nausea, and eyestrain among
others [20].

To the best of our knowledge, only 2 studies using VR have
reported on the earlier concepts in relation to depression: one
focusing on psychoeducation [21] and another on behavior
activation [22]. They both found generally high acceptability
and satisfaction levels. Migoya et al [21] also found favorable
ratings for ease of use and perceived usefulness, whereas Paul
et al [22] reported a decreasing interest in continuing the
program after having attended multiple sessions. Paul et al [22]
also assessed cybersickness, noting decreasing symptoms as
the sessions progressed, but their unconventional scoring method
(adding up raw scores as opposed to using weight adjustments)
complicates comparisons with studies on healthy controls (HCs)
[23] or other psychiatric conditions [24]. To date, no studies
have compared cybersickness levels between depressed
individuals and HCs.

To tackle the aforementioned challenges, this study introduces
a novel approach aimed at enhancing the quality—including
the breadth and ecological validity—of depression assessment.
A VR system and environment were developed to capture
physiological data (heart rate, skin conductance, and eye
tracking), behavioral data (curiosity-related behavior and
attentional biases), and cognitive data (working memory,
processing speed, sustained attention, cognitive flexibility,
self-evaluation, and metacognitive sensitivity) hypothesized to
be associated with depression [25]. These multidomain data are
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then analyzed via machine learning models and explainable
artificial intelligence to assess depressive symptom (DS)
severity. The categorization accuracy of this system is reported
on in a dedicated study [25], however, given the innovative
nature of this approach and the gap in the literature, it is
fundamental to consider the patient perspective as well.
Therefore, the objective of this study was to evaluate the
acceptability, usability, and cybersickness levels of this pilot
virtual environment.

Aim
The aim of the study was to assess the acceptability, usability,
and cybersickness levels of a pilot VR environment designed
to aid and enrich the assessment of DSs.

Methods

Overview
The study had an exploratory nature and followed an
observational design, where all participants completed the same

questionnaire batteries before and post VR and followed the
same VR exposure protocol.

Sample
A total of 266 individuals were screened at the University of
Padua, Italy, with continuous enrollment between November
2022 and November 2023 (Figure 1). The screening concerned
the inclusion and exclusion criteria detailed later and was done
using self-report questionnaires administered in Qualtrics
(Qualtrics, Inc). Recruitment was completed when the
predefined target sample size of 100 was reached (Figure 1),
including 50 participants with DSs and 50 participants classed
as HCs. Participants were aged 18-35 years, fulfilled all
inclusion criteria, and provided written informed consent.
Further demographic and clinical characteristics of the sample
are outlined in Table 1.

Figure 1. Consort flow diagram of participant involvement. VR: virtual reality.
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Table 1. Demographic and clinical characteristics of study participants by study groups.

Between group difference, rrb
dHCc (N=50)DSab (N=50)

Sex, n (%)

—e10 (20)10 (20)Male

—40 (80)40 (80)Female

0.1323.3 (1.52)23.0 (1.86)Age (years), mean (SD)

0.1416.6 (0.78)16.1 (1.40)Education (years), mean (SD)

Hand dominance, n (%)

—3 (6)0 (0)Left

—47 (94)50 (100)Right

Sight correction, n (%)

—26 (52)21 (42)None

—10 (20)10 (20)Lenses

—14 (28)19 (38)Glasses

0.071.66 (0.07)1.67 (0.07)Height (meter), mean (SD)

0.1259.6 (7.85)62.7 (10.60)Weight (kg), mean (SD)

0.1321.5 (2.06)22.4 (3.00)BMI, mean (SD)

0.207.3 (0.88)7.0 (0.98)Habitual sleep (hours/night), mean
(SD)

Habitual smoker, n (%)

—20 (40)19 (38)Yes

—30 (60)31 (62)No

Habitual consumption of alcohol, n (%)

—16 (32)11 (22)Yes

—34 (68)39 (78)No

Habitual user of psychoactive drugs, n (%)

—4 (8)11 (22)Yes

—46 (92)39 (78)No

0.87g3.2 (1.48)11.3 (1.92)PHQ-9f, mean (SD)

0.77g3.5 (3.44)15.2 (7.40)DASS-Dh, mean (SD)

0.61g2.4 (2.89)9.6 (6.62)DASS-Ai, mean (SD)

0.66g7.7 (5.08)17.8 (6.73)DASS-Sj, mean (SD)

0.27m12.2 (2.76)10.4 (3.53)PANAS-Posk before VRl, mean
(SD)

0.36g11.8 (3.61)8.9 (4.36)PANAS-Pos after VR, mean (SD)

0.24o1.9 (2.22)3.2 (2.98)PANAS-Negn before VR, mean
(SD)

0.24o1.7 (2.24)3.2 (3.25)PANAS-Neg after VR, mean (SD)

aThe categorization is based on current depressive symptom severity assessment via the Patient Health Questionnaire-9 (score equal to 9 or above) and
not the presence of a clinical diagnosis.
bDS: depressive symptom.
cHC: healthy control.
dGroup differences are calculated via 2-tailed Mann Whitney U tests and effect sizes reflect rank-biserial (rrb) correlations.
e—: not applicable.
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fPHQ-9: Patient Health Questionnaire-9.
gP<.001.
hDASS-D: Depression Anxiety Stress Scale-Depression.
iDASS-A: Depression Anxiety Stress Scale-Anxiety.
jDASS-S: Depression Anxiety Stress Scale-Stress.
kjPANAS-Pos: Positive and Negative Affect Schedule – Positive affect
lVR: virtual reality.
mP<.01,
nPANAS-Neg: Positive and Negative Affect Schedule – Negative affect
oP<.05,

Power Calculation
A post hoc power analysis was conducted to assess the statistical
power of the study based on the observed sample size of 100

participants (50 per group). Assuming a moderate effect size
(Cohen d=0.50) and an α level of .05, the analysis indicated
that the study has 0.7 power to detect between-group differences
as visualized in Figure 2.

Figure 2. Power analysis for between-group comparison (GPower).

Inclusion and Exclusion Criteria
The screening for inclusion involved the assessment of current
DS severity using the Patient Health Questionnaire-9 (PHQ-9;
Kroenke et al [26]). Participants scoring 9 or
above—constituting the upper limit for mild DSs [26]—were
assigned to the DS, while those scoring 5 or below were
registered for the HC group (Figure 3).

For inclusion in either group, participants had to be free from
any condition that would impair their ability to interact with the

VR environment (eg, visual impairment without the possibility
of correction via lenses) and able to provide written informed
consent. Additional inclusion criteria for the DS group included
the lack of diagnosis of any other psychiatric disorders than
depressive or anxiety disorders, and treatment stability over the
last 4 weeks if they received psychological or pharmacological
treatment at the time of assessment. Participants in the control
group had to be free from any previous or current psychiatric
disorders.
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Figure 3. Distribution of participants’ scores on PHQ-9 assessing current depressive symptom severity. PHQ-9: Patient Health Questionnaire-9.

Study Procedure
After providing informed consent and completing the pre-VR
battery questionnaires, all participants were seated in a room
equipped with the VR system. Following a headset and
eye-tracking calibration, a tutorial was completed (aimed to
help the understanding of how to move around and interact with
the environment). Next, participants were free to explore the
VR environment on their own terms but in the presence of a
study administrator. The study session was concluded once the
post-VR battery was completed.

Technological Specifications

Overview
The VR system was developed using the HP Reverb G2
Omnicept Edition headset, which includes a variety of biometric
sensors such as eye tracking, a facial camera (lower), a heart
rate sensor, and sensors for brain activity while maintaining the
core features of the standard version. These features include a
resolution of 2160 × 2160 px per eye, a 114° field of view, a
90 Hz refresh rate, and integrated audio.

Environment Development
The virtual environment was developed entirely in Unity
2020.3.39 LTS, using the HP Omnicept SDK and OpenXR to
maximize compatibility and platform versatility. Several
development processes were used to ensure a smooth and
efficient environment, including occlusion culling, foveated
rendering, baked lighting, and asset optimization.

The scenario consists of 4 rooms, each with distinct lighting
parameters, as well as an additional room that can be visually
explored through a keyhole in a door. Volume postprocessing

was used to modify the lighting without affecting performance,
and the keyhole effect was simulated using camera layers.

Within each room, various stimuli and interactive elements are
present, such as sound boxes, a chalkboard, and interactable
objects (eg, items that can be picked up and thrown, musical
buttons, and photos that can be picked up for closer inspection).
Every interaction between the participant and the environment
is recorded, including eye tracking data, particularly in relation
to elements designated as areas of interest or with which the
subject can interact (eg, ENTERING_ROOM,
LEAVING_ROOM, TAKE, DROP, TRIGGER, INTERACT).

Administrator Control
To manage the experiment, the study administrator is provided
with an interface, enabling them to observe the participant’s
actions in real-time. The interface also offers various options
to ensure that the experimental session proceeds smoothly (eg,
it is possible to discontinue a cognitive task if the participant
requests so). This control system is facilitated by an additional
camera mounted on the subject, enabling the administrator to
monitor the experiment’s progression effectively.

Virtual Environment
The goal of the pilot VR environment is to differentiate between
HCs and those with DSs based on cognitive, behavioral, and
physiological data. The development and performance of the
system for this purpose will be discussed in more detail in
another paper [25], but the main characteristics will be
summarized here for a general overview.

The environment was designed to elicit certain behaviors and
record measures, some of which were previously shown, and
others are hypothesized to be connected to depression [25]. The

JMIR Form Res 2025 | vol. 9 | e68132 | p.2686https://formative.jmir.org/2025/1/e68132
(page number not for citation purposes)

Sutori et alJMIR FORMATIVE RESEARCH

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


domains included cognition (attention, working memory,
processing speed, executive functioning, and cognitive
flexibility), metacognition, persistence or grit, curiosity, as well
as behavioral and attentional biases toward negative stimuli,
speed, and movement measurements. Physiological data
included skin conductance, heart rate variability, and
eye-tracking–related measures.

The environment resembled a multiroom family home (Figure
4). Exposure started with a tutorial introducing participants to
controllers as well as how to move around in the environment
and interact with objects. Following the completion of the
tutorial, participants were free to explore the environment but
had to solve cognitive tasks to open doors and move between

rooms. There were 4 cognitive tasks in total: Rapid Visual
Information Processing; N-back [2-back]; Trail Making
Test—parts A and B; and Wisconsin Card Sorting Test. The
exposure ended on the participant’s own terms, but the exit door
only opened once all cognitive tasks were completed.

Multimodal data collected during the VR sessions for the
purpose of DS assessment were analyzed using a CatBoost
machine learning algorithm (Yandex LLC) [27]. Model
performance was evaluated based on accuracy, and feature
importance was determined through an explainable artificial
intelligence approach [28], ensuring transparency in the
decision-making process. For more details, see the study by
Mura et al [25].

Figure 4. The visual illustration of the virtual reality environment designed for the assessment of cognition and behavior hypothesized to be related to
depression.

Tools and Questionnaires

Pre-VR Questionnaires
The pre-VR battery included a background questionnaire
(demographic data and diagnosis, medication); the Patient
Health Questionnaire (PHQ-9) [26] to assess current DS
severity; the Depression, Anxiety, Stress Scale (DASS) [29] to
assess current depressive, anxiety and stress symptom severity;
the Positive and Negative Affect Schedule (PANAS-SF) [30]
to evaluate emotional state; as well as the Curiosity and
Explorations Inventory-II [31].

Post-VR Questionnaires
The post-VR battery repeated the PANAS-SF questionnaires
and included questionnaires regarding, acceptability, usability,
and cybersickness, described in more detail in the later sections.

Acceptability
The construct of acceptability was assessed based on the
theoretical framework of acceptability (TFA) [18,32]. The
acceptability of the concept and the acceptability of the pilot
system were evaluated separately. The acceptability of the
concept, that is, the use of VR for the purposes of mental health

screening, diagnosis, and treatment (definitions were provided)
was assessed via self-report Likert items. Scores ranged from
1 to 5, indicating answers from “Strongly disagree” to “Strongly
agree” on statements about VR being acceptable (Multimedia
Appendix 1). As the primary purpose of the pilot system was
the assessment of DSs, the diagnostic use case was investigated
via 2 additional questions.

• Support tool: Willingness to engage with the system to
inform diagnosis made by a mental health professional.

• Stand-alone tool: Willingness to engage with the system to
receive a diagnosis without extra input from a mental health
professional.

The dimensions of acceptability concerning the pilot system
were assessed within the TFA and focused on general
acceptability, affective attitude, perceived effectiveness,
intervention coherence, self-efficacy, burden, ethicality, and
opportunity cost. The construct of affective attitude was further
broken down into two questions: (1) To what extent a participant
likes or dislikes the system, and (2) how comfortable or
uncomfortable they find the system to be. For ease of
interpretability, the rating scale was unionized across all
constructs, where “1” represented the “undesirable” rating (eg,
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low levels of comfort; or the need for high levels of effort
indicated burden), and “5” reflected the “desirable” rating (eg,
high levels of comfort; or low levels of effort reported under
burden). See Multimedia Appendix 1 for details about the
specific items used to assess each of these constructs.

Usability
Usability was assessed by the System Usability Scale (SUS)
[33]—which is a postinteraction self-report questionnaire to
assess user perceptions of a system’s overall usability. The scale
is composed of 10 items rated on a Likert scale from 1 to 5,
from “strongly disagree” to “strongly agree.” The total score
ranges from 0 to 100, with higher scores indicating higher
usability ratings. There are multiple frameworks to interpret the
SUS score (range, adjective, and grade) [34], but the primary
threshold for this study was the average score necessary for an
‘OK/satisfactory’ experience (a score of 50.9 [35]).

Cybersickness
To assess levels of cybersickness following VR exposure, the
Simulator Sickness Questionnaire (SSQ) was used [36]. The
questionnaire contains 16 symptoms, which are rated on a scale
of subjective severity: 0=none, 1=slight, 2=moderate, and
3=severe. Beyond the total score, one can attain separate scores
for the nausea, oculomotor disturbances, and disorientation
subscales.

However, while the SSQ was once considered to be the “gold
standard,” it has increasingly been criticized, including the
original thresholds for the interpretation of the severity levels
[37-40]. For this reason, the comparison of the pilot system
results was made to the literature average [23] instead of the
original thresholds.

Analysis
All analyses were carried out in R supplemented by R Studio
(version 2023.12.1.402; R Foundation for Statistical
Computing), except for the power calculation for which
G*Power (version 3.1; Heinrich Heine University Düsseldorf)
was used. Multiple packages were used to supplement analysis
and visualization, these include but are not limited to: dplyr
[41], vioplot [42], ggplot2 [43], psych [44], rstatix [45], ggeffects
[46], ordinal [47], and VGAM [48]. See Multimedia Appendix
2 for the script, its output, and a full list of packages.

Within-group comparisons and comparisons to known literature
values were conducted using Wilcoxon signed rank tests, while
between-group comparisons used Mann-Whitney U tests. These
nonparametric methods were chosen to account for the ordinal
nature of the outcome measures, such as Likert scales, and to
address the observed violations of the assumptions required for
parametric tests (eg, normality assessed via the Shapiro-Wilk
test). A nominal significance level (α) of .05 was applied. For
ease of interpretability, effect sizes were consistently reported
in r values. This includes the use of rank-biserial correlations
for Mann-Whitney U tests as well as Wilcoxon signed rank tests
for quantifying the magnitude of the differences in a
standardized manner. The full statistics are available in
Multimedia Appendix 2.

Multivariate linear regression models were used to analyze
predictors when the outcome variable was continuous, such as
SUS or SSQ scores. For ordinal outcome measures, such as
TFA constructs, proportional odds models were applied. In
cases where the proportional odds assumption was not met (as
noted in the Results section), results should be interpreted with
caution. All regression models included age, sex, and education
as covariates. When additional predictors, such as cybersickness
severity scores, group labels, or self-reported anxiety and stress
levels were relevant, these were included alongside the
demographic variables.

Ethical Considerations
The study was carried out in accordance with the Declaration
of Helsinki and obtained ethical approval from the local ethical
committees on all sites where data was collected (Italy) or
analyzed (Italy and Sweden). In Italy, approval was granted by
Comitato Etico della Ricerca Psicologica, and in Sweden by
the Etikprövningsmyndigheten (2023-00959-01).

Written informed consent was sought from all participants, with
emphasis placed on the voluntary nature of participation and
the possibility to withdraw from the study at any time, without
reason, or any penalty. All participants were informed about
data privacy and confidentiality, whereby all data obtained
during the study were analyzed anonymously and used solely
for the purpose of scientific research. Compensation included
€25 (worth between US $24.38 and US $28.14 over the duration
of the recruitment period).

Preregistration
The study was preregistered in the ISRCTN registry
(ISRCTN16396369) [49]. The sole modification to the
preregistered protocol concerned the threshold for inclusion on
current DS severity. Due to the difficulty in recruiting volunteers
in line with the study’s timeline, the upper threshold for
inclusion in the control group was increased from 4 to 5, while
the lower threshold to be included in the group with DSs was
decreased from 10 to 9 on the PHQ-9.

Results

Acceptability of the Concept
The use of VR for mental health treatment (62/84, 74%) and
screening (65/84, 77%) was endorsed by the majority of those
providing an answer, whereas only a minority indicated support
for diagnostic purposes (28/83, 34%; Figure 5). There were no
significant differences between the DS and HC groups.

Comparing the use of VR with or without input from a mental
health professional, the responses indicate higher support for
the VR system to be used as a support tool (62/83, 75%)
compared to a stand-alone solution (15/84, 18%). A Wilcoxon
signed rank test indicated a significant difference of large size
(V=1770; P<.001, 2-tailed; r=0.81, 95% CI 0.76-0.84;
mediansupport 4, IQRsupport 3.5-4.5; medianstand-alone 2, IQRstand-alone

1.0-3.0). For the raw distribution of responses see Figure 6.
Again, no difference was observed between the DS and HC
groups.
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Figure 5. Participant ratings of VR acceptance for the purposes of mental health screening, diagnosis, and treatment. N/A: not available; VR: virtual
reality.

Figure 6. Participants’ subjective ratings of their willingness to engage with the pilot VR system for mental health diagnosis. The support tool
complements the assessment of a mental health professional, whereas the standalone tool operates without professional input. N/A: not available; VR:
virtual reality.

Acceptability of the Pilot System
Behavioral measures of acceptability include the discontinuation
of participation for any reason, as well as the need to take a
break from the study. While the possibility to discontinue
participation at any point, without any consequences was stated
before enrollment, all 100 volunteers completed the study. The
need for a break was expressed by 1 participant (1/100, 1%)

due to discomfort. They decided to resume participation despite
the possibility of opting out being reemphasized. On average,
31 minutes were spent in the virtual environment.

Acceptability was also assessed via a self-report questionnaire
specifically formulated for the project based on the TFA [18,32].
Ratings, visualized in Figure 7, indicated generally high levels
of acceptability.

Figure 7. Self-reported acceptability of the pilot virtual reality system, assessed using constructs from the theoretical framework of acceptability
(1=undesirable rating; 5=desirable rating). N/A: not available.

A majority of the participants found the system itself acceptable
(81/84, 96%), liked the system (74/83, 89%), indicated that the
engagement took little to no effort (71/84, 85%), found it clear
how the system might help diagnose depressive disorders (60/84,
71%), found no moral or ethical consequences with the system

(53/84, 63%), found it comfortable (57/84, 68%), and expressed
no concern about missing out on other alternatives when
engaging with the system (43/84, 51%). The 2 constructs on
which the undesirable ratings (1 or 2) outnumbered desirable
scores (4 or 5) concerned the perceived effectiveness of the
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system in improving mental state (19/84, 23%), and self-efficacy
regarding feeling confident while engaging with the system
(21/99, 21%).

Multivariate ordinal regression models were used to explain
variance in ratings of all the acceptability constructs as detailed
in Table 2. Sex was a significant predictor of general
acceptability and subjective burden, where women reported
considerably lower levels of acceptability (meanmen 4.65, SDmen

0.49; meanwomen 4.30, SDwomen 0.65) and reported lower ratings
on burden—meaning a considerably higher effort was required
from their part to engage with the system (meanmen 4.29, SDmen

0.50; meanwomen 3.69, SDwomen 0.87). Education did not reach
significance for any of the TFA constructs, and age was
marginally significant only when used to explain whether
participants found moral or ethical consequences to engaging
with the system.

In the next stage, group label (DS vs HC) was entered into the
same models in addition to the demographic variables. Group
label was a significant predictor of comfort levels (meanHC 3.83,
SDHC 0.78; meanDS 3.34, SDDS 1.08) and marginally significant

for the like or dislike rating (meanHC 4.38, SDHC 0.59; meanDS

4.00, SDDS 0.95)—meaning that participants in the DS group
reported lower comfort levels and liked the system to a lesser
extent.

Finally, cybersickness severity (total SSQ score) was entered
into models explaining all TFA constructs, in addition to the
demographic variables. Cybersickness was a significant
predictor for comfort, burden, opportunity cost, and perceived
effectiveness and marginally significant for self-efficacy (Table
2). All showed an inverse relationship, whereas the higher the
cybersickness symptom severity, the lower acceptability scores
were reported on all TFA dimensions.

In summary, both the concept and the system received high
acceptability ratings. Most participants supported the use of VR
for mental health screening and treatment. However, regarding
diagnosis, participants preferred VR as a supportive tool rather
than a stand-alone solution. The primary area for improvement
identified was enhancing users’ self-efficacy while interacting
with the system. Sex and cybersickness emerged as significant
predictors of acceptability ratings.
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Table 2. Estimates of predictors from 3 different models analyzed via multivariate ordinal regressions to explain constructs investigated within the
theoretical framework of acceptability.

P value95% CIEstimate (log odds)PredictorModel

General acceptability

.36–0.19 to 0.560.175AgeModel 1

.02a–2.54 to –0.21–1.331SexModel 1

.053–1.10 to 0.01–0.529EducationModel 1

.58–1.19 to 0.65–0.261Group (DSb vs HCc)dModel 2

.54–0.02 to 0.01–0.004CybersicknessModel 3

Like or dislike

.10–0.67 to 0.05–0.298AgeModel 1

.39–1.52 to 0.58–0.461SexModel 1

.52–0.34 to 0.670.164EducationModel 1

.053–1.81 to 0.00–0.890Group (DS vs HC)dModel 2

.20–0.03 to 0.01–0.010CybersicknessModel 3

Comfort

.79–0.38 to 0.29–0.045AgeModel 1

.20–1.84 to 0.37–0.718SexModel 1

.63–0.36 to 0.580.116EducationModel 1

.048a–1.81 to –0.02–0.899Group (DS vs HC)dModel 2

.001e–0.04 to –0.01–0.026CybersicknessModel 3

Burden

.50–0.26 to 0.540.137AgeModel 1

.005e–3.26 to –0.59–1.866SexModel 1

.53–0.78 to 0.38–0.186EducationModel 1

.59–1.28 to 0.72–0.273Group (DS vs HC)dModel 2

<.001f–0.06 to –0.02–0.036CybersicknessModel 3

Intervention coherence

.62–0.25 to 0.420.085AgeModel 1

.57–1.42 to 0.77–0.315SexModel 1

.44–0.69 to 0.29–0.193EducationModel 1

.20–1.44 to 0.29–0.567Group (DS vs HC)dModel 2

.71–0.02 to 0.01–0.003CybersicknessModel 3

Ethicality

.053–0.00 to 0.650.320AgeModel 1

.63–0.74 to 1.230.241SexModel 1

.51–0.66 to 0.33–0.166EducationModel 1

.68–0.63 to 0.980.170Group (DS vs HC)dModel 2

.15–0.02 to 0.00–0.010CybersicknessModel 3

Opportunity costg

.63–0.39 to 0.24–0.078AgeModel 1

.34–1.53 to 0.50–0.496SexModel 1
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P value95% CIEstimate (log odds)PredictorModel

.92–0.44 to 0.490.023EducationModel 1

.41–0.46 to 1.140.336Group (DS vs HC)dModel 2

.009e–0.03 to –0.01-0.019CybersicknessModel 3

Perceived effectiveness

.48–0.44 to 0.20–0.116AgeModel 1

.14–1.79 to 0.25–0.757SexModel 1

.85–0.53 to 0.43–0.045EducationModel 1

.19–1.38 to 0.27–0.548Group (DS vs HC)dModel 2

.02a–0.04 to –0.00–0.019CybersicknessModel 3

Self-efficacyh

.68–0.24 to 0.370.063AgeModel 1

.08–1.86 to 0.08–0.872SexModel 1

.89–0.40 to 0.480.031EducationModel 1

.91–0.70 to 0.790.043Group (DS vs HC)dModel 2

.08–0.03 to 0.00-0.01CybersicknessModel 3

aP<.05.
bDS: depressive symptom.
cHC: healthy control.
dThe categorization is based on current depressive symptom severity assessment via the PHQ-9 questionnaire (score equal to 9 or above for depressive
symptoms [DS] and 5 or below for healthy controls [HC]) and not the presence of a clinical diagnosis.
eP<.01.
fP<.001.
gThe assumption of proportional odds not was not fulfilled for the model. Results should be interpreted with caution.
hSelf-efficacy was measured with Item 9 of the System Usability Scale [33], as opposed to the other items that were specifically designed for the
assessment of the pilot system based on the theoretical framework of acceptability [18,32].

Usability

Descriptives
Results from 99 participants indicated average ratings of
usability, with a mean score of 69 (SD 12.86), and a range of

37.5-97.5 on SUS [33]. As visualized in Figure 8, which
showcases the distribution of overall SUS scores, 88% (87/99)
of participants provided a rating of 50.9 or above, indicating an
OK or satisfactory experience or better [35].

Figure 8. Density plot of overall usability ratings on the System Usability Scale from all participants.
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Analysis
A multiple linear regression analysis was conducted to predict
usability ratings based on participants' age, education, gender,
and group (DS vs HC). The regression model was not
statistically significant (F4,94=1.23; P=.31), explaining only

about 5% of the variance in SUS scores (R2=0.05, adjusted

R2=0.01). The strongest predictor was gender, but this only
showed a marginal effect (β=–5.79, 95% CI –12.38 to 0.80;
P=.08) with men reporting higher usability ratings than women.

A second model was tested examining the relationship between
usability scores and the predictors of age, education, sex, and
total cybersickness severity. The model was significant
(F4,94=2.97; P=.02), accounting for 11.2% of the variance in

SUS scores (R2=0.11, adjusted R2=0.07). Cybersickness severity
(SSQ scores) emerged as the only significant predictor (β=–0.12,
95% CI –0.21 to –0.03; P=.007), indicating that participants
with higher SSQ scores tended to have lower SUS scores.

In summary, the system’s overall usability was rated as
sufficient, with the majority of participants reporting a
satisfactory experience. Cybersickness severity emerged as the
only predictor of usability ratings, showing a negative
association.

Cybersickness

Descriptives
The overall mean SSQ score combining all subscales was 30.49
(SD 28.03), with individual scores ranging from 0 to 119.68.
This is comparable to the literature average of 28.00 reported
by Saredakis et al [23], on the overall sample, as well as the DS
subsample. However, the HC group reported considerably lower
levels of cybersickness severity (V=402; P=.02; rrb=–0.37, 95%
CI –0.61 to –0.07) as summarized in Table 3.

For the SSQ subscales, the results of the total sample reflect
severity levels not (significantly) different from the literature
average [23] regarding nausea and disorientation levels, whereas
oculomotor disturbances were rated considerably higher in this
study (V=3296; P=.004; rrb=0.33, 95% CI 0.12-0.52).

When the comparison was split by study groups, only the DS
group deviated significantly from the literature
average—specifically on the nausea (V=917; P=.002; rrb=0.50,
95% CI 0.22-0.70) and the oculomotor disturbances (V=967;
P<.001; rrb=0.58, 95% CI 0.33-0.75) subscales. The HC group
showed near-average levels on all 3 subscales. The distributions
of raw scores, as boxplots, along the total and all subscales are
illustrated in Figure 9 and analyzed for between-group
differences in the later section.

Table 3. Comparison of mean cybersickness severity scores (SSQa; mean [SD]) via Wilcoxon-signed rank tests across the total sample, those with
DSb and HCc subsamples with literature averages [23].

HC, mean (SD)DSe, mean (SD)Total sample, mean (SD)Literature averagedSSQ Scale

21.77 (18.84)f39.39 (32.89)30.49 (28.03)28.00Total

13.93 (16.15)29.40 (24.39)g21.59 (21.96)16.72Nausea

20.01 (19.48)33.57 (27.50)h26.72 (24.63)g17.09Oculomotor disturbances

23.94 (26.83)42.04 (48.34)32.90 (39.84)23.50Disorientation

aSSQ: Simulator Sickness Questionnaire.
bDS: depressive symptom.
cHC: healthy control.
dLiterature averages are taken from Saredakis et al [23] based on a meta-analysis of 55 studies on approximately 3000 participants.
eThe categorization is solely dependent on the Patient Health Questionnaire-9 score and does not indicate the presence of a clinical diagnosis.
fP<.05.
gP<.01.
hP<.001.
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Figure 9. Boxplot of self-reported cybersickness severity scores for the HC and DS study groups—measured by the (A) SSQ, and its 3 subscales of
(B) nausea, (C) oculomotor disturbances, and (D) disorientation. DS: depressive symptom; HC: healthy control; SSQ: Simulator Sickness Questionnaire.

Analysis
A multiple linear regression was conducted to predict SSQ
scores based on age, education, sex, and group (DS vs HC). The
model was statistically significant (F4,94=3.20; P=.02),
accounting for approximately 12% of the variance in SSQ scores

(R2=0.12, adjusted R2=0.08). The only predictor reaching
significance was group label, (β=17.58, 95% CI 6.57-28.60;
P=.002), indicating that participants in the DS group had
considerably higher SSQ scores (mean 39.38, SD 32.89) than
the HC group (mean 21.77, SD 18.84). These between-group
differences remained significant for all subscales analyzed
separately.

When DS severity was entered as a continuous variable instead
of a group label, a further 2% variance in cybersickness severity

was explained (R2=0.14, adjusted R2=0.11) and a linear
prediction of SSQ scores along the PHQ-9 scores was attainable
as visualized in Figure 10A. The graph shows all participants

along the SSQ and PHQ-9 scales and illustrates a positive
association between the 2 scores when the regression line is
plotted.

However, due to the baseline group differences in anxiety and
stress levels (Table 1) this prediction might be biased. While
DASS depression was not of primary interest, a multiple linear
regression model with DASS depression as an outcome was
used, to be able to adjust for DASS anxiety and DASS stress
levels in addition to age, sex, and education levels as covariates.
This model was also significant (F6,92=4.05; P=.001) and
explained about 21% of the variance in cybersickness severity

(R2=0.21, adjusted R2=0.16). The only predictor emerging as
significant was DASS depression (β=1.15, 95% CI 0.29-2.01;
P=.009), whereas DASS anxiety reached marginal significance
(β=1.2, 95% CI –0.07 to 2.47; P=.06). Cybersickness severity
predictions showed a similar trend as for the PHQ-9 scores
when the regression line was illustrated in Figure 10B.
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Figure 10. Predicted cybersickness severity levels (with 95% CIs) based on depressive symptom severity, as measured by: (A) PHQ-9 and (B) DASS.
DASS: Depression Anxiety Stress Scale; DASS-D: Depression Anxiety Stress Scale-Depression; PHQ-9: Patient Health Questionnaire; SSQ: the
Simulator Sickness Questionnaire.

In summary, the severity of cybersickness was comparable to
the literature averages for nausea and disorientation but
significantly higher for oculomotor disturbances, particularly
in the DS group. Across all subscales, the DS group reported
higher SSQ scores than the HC group, with group membership
emerging as the strongest predictor of cybersickness severity.
A positive association was identified between DS severity
(PHQ-9) and cybersickness, explaining a modest but significant
proportion of variance. Even after adjusting for baseline anxiety
and stress levels (DASS), DSs remained a significant predictor
of cybersickness.

Discussion

Principal Findings
This study reports on the acceptability, usability, and
cybersickness levels of a novel VR environment designed for
the assessment of DSs. Following an approximately 30-minute
engagement, 50 HCs and 50 individuals with moderate
self-reported DSs completed a self-report battery on 3 constructs
of interest.

Acceptability
In general, VR systems were rated acceptable by the majority
of participants; both for the purpose of mental health screening
as well as treatment. For diagnostics, a clear preference emerged
for VR to be used as a support tool by a health care professional,
as opposed to a stand-alone solution. While there is no literature
available on VR for depression with which a direct comparison
can be made, these findings are in line with previous results
concerning other digital solutions, such as mHealth apps [50].

The specific pilot system tested here was designed for the
purpose of differentiating between HCs and those with DSs
[25]. The system itself was rated acceptable by most participants,
but the need for improvement was apparent; specifically when

it came to participants’confidence levels while using the system.
Nevertheless, the high level of acceptance in practice found in
the current study is in line with 2 studies previously reported
on the acceptability of specific VR systems for therapeutic
purposes for depression [21,22].

Usability
Usability was rated satisfactory by most of the participants, with
cybersickness severity emerging as a significant predictor of
usability scores. We found 1 previous study reporting on the
usability of VR systems for depression, which has also indicated
favorable ratings on ease of use and perceived usefulness [21].
However, in comparison with other psychiatric conditions, such
as social anxiety disorder [51], psychosis [52], or posttraumatic
stress disorder [53], it is important to emphasize that systematic
evaluations of the usability of VR among those with depression
are lacking.

Concerning the effect of cybersickness severity on usability,
there are no previous studies reporting in relation to depression.
Additionally, while comprehensive reviews on the relationship
between cybersickness and presence are available [54] there is
no such overview for usability. Existing single studies report
inconsistent findings across different conditions. For example,
a negative association is reported on healthy individuals [55],
but no effect was found among those with Huntington disease
[56].

These findings highlight the need for greater attention from the
scientific community, as depression remains relatively
understudied in the context of VR use compared to other
psychiatric conditions [12,57]. Notably, participants in this
study expressed support for the technology both conceptually
and in relation to this specific pilot system. Identifying novel
approaches with user support is particularly important for groups
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that might find treatment adherence and lack of motivation to
engage challenging, such as those with depression [58].

The high levels of acceptance and usability that users have
shown toward VR technology within the study, both in theory
and practice, lay a solid ground for investigations into how VR
could be used in a mental health context. VR being a premise
for real-time data collection via direct observation of behavior
contributes to higher ecological validity and allows for the
consideration of a wider set of variables when assessing mental
states [6,7]. While the potential is promising, reviews of real-life
studies [59], editorials [60] as well as commentaries [57],
highlight a need for further scientific investigation, to better
inform how VR is best implemented within clinical practice.

Cybersickness
Finally, the results of the study show significant differences in
self-reported cybersickness levels between HCs and those with
DSs —the latter reporting considerably higher levels. This
difference brings forward many questions, some relating to the
self-report instrument used, as well as its administration; these
will be discussed under the limitations more thoroughly. Beyond
the critical appraisal of the instrument and optimizing the system
so that we minimize the risk of cybersickness in general [61-63],
this difference urges a consideration of how cybersickness might
relate to depression. It is important to consider that our study
lacked a pre-post comparison, which creates challenges when
attempting to disentangle cybersickness symptoms evoked by
VR exposure from potential baseline differences stemming from
somatic symptoms related to depression. While “the language
used in the medical literature to describe somatic symptoms in
depression is both confusing and contradictory” [64], one can
pinpoint constructs related to depression, that may also be
captured by cybersickness scales—which may cause
contamination when assessing cybersickness levels. These
include, but might not be limited to headache, fatigue, nausea,
dizziness, and gastrointestinal disturbances [36,64]. This
hypothesis needs further testing but is in line with the only study
reporting on SSQ in a pre-post manner among those with
psychiatric conditions including depression (heterogeneous
sample of anxiety, psychotic, depressive, or bipolar
disorder)—where the baseline levels of cybersickness would
already be classed as “severe,” but there is no significant
elevation reported post exposure [65].

Nonetheless, it is important to consider that the elevated
cybersickness in the group with DSs could still be, at least in
part, a response to the VR environment itself. If this is the case,
using VR with the right study design may serve as a potential
tool for further exploring the sensory abnormalities in
depression, though ethical considerations are warranted.
Investigating the underlying mechanisms of cybersickness in
depression may also provide novel insights into the somatic
manifestations of the condition and could help further define
depression as well as refine interventions for mental health.
Additionally, the need to consider cybersickness severity
becomes even more apparent in light of the results showing its
association with acceptability and usability ratings, which might
transfer into the real-life uptake and use of VR technology.

Limitations and Future Directions
The study is not without its limitations. First, one has to consider
the characteristics of the participants, as the sample consisted
of young adults, the majority being women, and highly educated
which limits generalizability [66]. In general, lower age and
higher education levels are associated with increased digital
health literacy [67]. However, further reports are needed to
understand how such sample characteristics—sociodemographic
variables as well as DSs—influence user attitudes to digital
technologies and engagement in a mental health context [68,69].
To this aim, there is a clear need for extending the research to
include diverse age groups and educational backgrounds to
enhance the generalizability and applicability of the findings.

Second, the categorization between the HC and the DS groups
was based solely on self-reported symptoms at the time of the
study (using the PHQ-9) as opposed to the presence or absence
of a clinical diagnosis. Other forms of assessment might be
worthy of consideration. Additionally, the majority of
individuals labeled as DS only reported moderate depression
severity, which questions whether the results are generalizable
to those with more severe symptoms. Self-report measures in
general are subject to response biases, such as social desirability,
or recall bias. The subjective evaluation of symptom severity
in this case could potentially have resulted in over- or
underreporting of severity.

Third, although we controlled for demographic covariates,
baseline differences in anxiety and stress levels between the
study groups may have impacted our results. Self-reported stress
and anxiety significantly differed between the HC and DS
groups, highlighting that between-group differences in our
constructs of interest cannot unequivocally be attributed to
differences in DS severity.

Fourth, the measurement of cybersickness levels leaves room
for improvement on multiple fronts. The instrument (SSQ) has
repeatedly been criticized for reasons among others being the
low power to differentiate from anxiety and the questionable
assumption of having zero “symptoms” at baseline [37-40]. The
difference in severity between the HCs and those with DSs
cannot unequivocally be attributed to the VR exposure, as no
baseline levels were recorded. It is possible, that at least some
degree of the difference originates from baseline differences in
anxiety or somatic symptoms of depression, which the
questionnaire most likely does not adequately differentiate from
cybersickness symptoms. In the future, assessment of related
symptoms necessitates pre-post comparisons, particularly
relevant when the SSQ is being used [37-40].

Fifth, when creating items to assess constructs of the TFA, 1
item was taken from the SUS questionnaire (item 9: confidence),
while all other items were specialized to this study. Overall,
single items created for this specific study lack the extensive
work that foregoes validated questionnaires.

Sixth, the results of the ordinal regression models should be
interpreted with caution, particularly in cases when the
assumption of proportional odds was not fulfilled. This suggests
that the relationship between predictors and the outcome variable
may differ across categories and thus future studies could expand
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on these findings by exploring more flexible modeling
approaches.

Seventh, we must acknowledge that our study was observational
and exploratory in nature, aiming to assess acceptability and
usability constructs without preestablished hypotheses, which
warrants some considerations. An important consequence of
the observational design is the lack of randomization. As a
result, there is potential for selection bias and confounding
factors that could influence the results. Concerning the
exploratory nature: while this approach provides valuable
insights, especially at early stages of development, confirmatory
research is needed to test specific predictions and establish
causal relationships. This is particularly relevant for the potential
between-group differences on how VR exposure relates to
cybersickness severity.

Finally, regarding future studies, it is important to highlight that
clinician perspectives can form an important complement to
patients’ user feedback. This dual approach provides insights
that might not be accessible through the patient perspective
alone, such as the feasibility and practicality of integrating VR
solutions into clinical workflows [70,71]. As such, future studies
could consider involving other user groups, and extend the
consideration to implementation, feasibility, and
cost-effectiveness of VR-based solutions to enable a more
comprehensive evaluation.

In summary, despite the limitations and the need for further
research, this study is the first to assess the acceptability,
usability, and cybersickness levels of a novel VR system
incorporating multimodal data for depression symptom
assessment. The findings support the potential of VR as a tool

for mental health screening, assessment (when used as a
supplementary tool), and treatment. While the system’s
acceptability was generally favorable, areas for improvement
were identified, particularly in enhancing users' self-efficacy
during interactions. Usability ratings were satisfactory and
cybersickness levels, on average, were comparable to other
head-mounted displays. Notably, this study is the first to report
elevated cybersickness levels among individuals with DSs,
raising important theoretical and methodological questions for
future research.

Conclusions
There is a clear need to enhance mental health diagnosis,
potentially by incorporating a broader range of variables. This
study explored a novel approach to increase the ecological
validity of depression assessments and found that, while VR
technologies are generally acceptable as a supplementary tool,
they are not seen as a replacement for routine mental health
evaluations. The study, which tested the initial version of a
novel VR system, revealed that the majority of participants
found the acceptability and usability satisfactory, despite
experiencing considerable levels of cybersickness—which was
found to be negatively associated with both constructs. Notably,
the results highlighted previously unreported differences in
cybersickness severity between individuals with DSs and HCs,
warranting replication and further investigation. While the call
for enhanced reliability in mental health assessments is
well-founded, and novel approaches are under investigation for
their efficacy and accuracy, greater emphasis must be placed
on evaluating acceptability and usability. Ensuring a safe,
acceptable, and user-friendly approach is essential for the
successful implementation of these technologies.
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Abstract

Background: Within the framework of a randomized controlled trial investigating the impact of a digital, psychosocial photo
activity intervention for residents living with dementia in nursing homes and their informal and formal carers, a process evaluation
was conducted to determine factors that affected the implementation of the intervention and potentially influenced the intervention
outcomes.

Objective: By tracing facilitators and barriers to implementation, the study also aimed to inform future implementation of the
photo activity intervention.

Methods: Following Medical Research Council guidance, mixed methods were used to investigate context, implementation,
and mechanism-of-impact factors during the photo activity intervention via the Fotoscope web application versus a general
conversation activity (control). Google Analytics was set up to gain insight into how the Fotoscope web application was used in
practice. For quantitative data, descriptive statistics were calculated and differences between groups tested. For qualitative data,
thematic analysis was performed.

Results: In total, 163 semistructured interviews were conducted with residents (photo activity group: n=29, 17.8%; control:
n=29, 17.8%), formal carers (photo activity group: n=23, 14.1%; control: n=27, 16.6%), and informal carers (photo activity group:
n=28, 17.2%; control: n=27, 16.6%). Regarding contextual factors, a minority of formal carers in both groups (photo activity
group: 4/18, 22%; control: 9/24, 38%) mentioned time and workload as barriers to implementing the intervention. Regarding
implementation, 86% (25/29) of the residents in the intervention group felt that the digital photo activity worked well on a tablet.
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Informal carers from both groups wanted more intervention updates from formal carers. The majority of formal carers from both
groups were satisfied with how the training and activities were implemented. Regarding the mechanisms of impact, residents in
the photo activity group (27/29, 93%) felt significantly more positive about the conversations with their carer (U=533.0, z=2.865,
r=0.39; P=.004). Formal carers in the photo activity group (20/23, 87%) got to know the resident better (U=390.5, z=2.114,
r=0.302; P=.04) compared to the formal carers in the control group (21/27, 78%). Formal carers in the photo activity group (23/50,
46%) gave a significantly higher rating to the digital photo activity as a way of getting to know the resident living with dementia
better (median 9.00, IQR 7-9; U=419.0, z=2.169, r=0.307; P=.03) compared to formal carers in the control group (27/50, 54%;
median 8.00, IQR 6-8). Finally, the majority of formal carers in the photo activity group (14/18, 78%) agreed that the Fotoscope
app can be used as part of care activities in the nursing home.

Conclusions: The work invested by formal carers in implementing the photo activity did not seem to differ greatly compared
to implementing a general conversation activity, suggesting that the digital photo activity, as an easy-to-implement and enjoyable
intervention, could be widely implemented and disseminated in nursing homes.

International Registered Report Identifier (IRRID): RR2-https://doi.org/10.1186/s12877-021-02632-w

(JMIR Form Res 2025;9:e56586)   doi:10.2196/56586
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Introduction

Background
The photo activity is a psychosocial intervention based on an
earlier project by a visual artist (known as Photographic
Treatment [1]) for nursing home residents with dementia and
their informal and formal carers. It is designed to facilitate social
interaction [2]. In a small-scale pilot study (n=20), nursing home
residents viewed printed, artistic, generic photos related to their
personal interests [2]. The study found that when residents with
dementia viewed person-centered generic photos (ie, not
personal or family photos but images of subjects related to
personal interests) as opposed to non–person-centered photos
during conversations with their informal or formal carers, they
tended to exhibit more positive effects on social interaction,
mood, speech, and negative behavior [2]. In recent decades,
psychosocial interventions have been influenced in part by the
many technological developments aimed at improving the social
health and quality of life of people with dementia [3-6].
Examples include the use of social robots [7], exergaming [8],
and online art gallery activities [9]. However, few studies have
looked into the effects of psychosocial interventions using
technology for nursing home residents with dementia [10-12].
The photo activity is an example of a psychosocial intervention
offered in nursing homes that was recently digitally adapted
through the development of the Fotoscope app [13].

The development of the Fotoscope app allows for upscaling
and wider dissemination of the digital photo activity intervention
(ie, photo activity using digital photos, rather than printed
photos). Using the app, informal and formal carers can easily
conduct the digital photo activity with residents by accessing a
database of artistic, black-and-white, generic photos and making
a person-centered selection of digital photos to view with the
residents [13], as opposed to having a limited collection of
printed photos. However, before disseminating the digital photo
activity intervention, it is important to evaluate its effectiveness
and to consider facilitators and barriers to implementing it in
daily nursing home care.

It is argued that alongside evaluating an intervention’s effects,
process evaluations are crucial to look at how and under what
conditions an intervention was implemented, to make the
outcomes reproducible, and to learn about factors that facilitated
or impeded the implementation of the intervention, all of which
will inform the interpretation of trial outcomes and future
upscaling [14-16]. The importance of conducting process
evaluations alongside randomized controlled trials (RCTs) was
emphasized in the revised UK Medical Research Council (MRC)
guidance for process evaluations of complex interventions [17].
In addition to tracing facilitators and barriers to implementation,
process evaluations allow for the identification of contextual
factors that may have influenced the implementation of the
intervention and its outcomes, as well as the mechanisms
underlying the intervention’s impact [16,17]. Implementation
refers to the ways and processes in which the intervention was
delivered in practice, how frequently it was delivered, and
whether it was delivered as intended. Mechanisms of impact
refers to the aspects of the intervention that created change in
practice or in the target population, investigating which would
help in understanding future replications of the intervention.
Finally, context refers to factors outside of the intervention that
may facilitate or hinder the implementation [17].

As technology for dementia care continues to advance, along
with RCTs evaluating the effectiveness of care technology
[3,10], it is becoming more common to include process
evaluations alongside such trials; for example, process
evaluations based on the MRC guidance have been conducted
in studies evaluating the use of different kinds of technology in
psychosocial care for people with dementia in the community
or long-term care settings [18-21].

Objectives
This paper reports on a process evaluation based on the MRC
guidance [17], which was carried out alongside a pilot RCT
(Netherlands Trial Register: NL9219 [22]) investigating the
feasibility and impact of the digital photo activity intervention.
The implementation of the photo activity intervention in
comparison with the implementation of a control intervention
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(a general conversation activity without photos) was evaluated.
The purpose of this study was to identify factors that either
facilitated or hindered the implementation of the photo activity
intervention compared to a general conversation activity,
including contextual, implementation, and mechanism-of-impact
factors, to generate insights to interpret RCT outcomes and to
inform further implementation and dissemination of the
intervention.

The study aimed to answer the following research questions
(RQs):

• RQ1: How did factors external to the interventions affect
the implementation of the interventions (context)?

• RQ2: How did residents and their informal and formal
carers assess the preparation, introduction, and delivery of
the interventions? (implementation)?

• RQ3: How did the residents with dementia and their
informal and formal carers experience and value the digital
photo activity versus the general conversation activity
(mechanisms of impact)?

Methods

Design of the Process Evaluation
Following MRC guidance [17] (Figure 1 [23]), we used a mixed
methods approach to investigate contextual, implementation,
and mechanism-of-impact factors because the combination of
quantitative and qualitative data would allow us to gain a more
comprehensive understanding of the way the photo activity, as
a complex intervention, is organized, offered, and implemented
in the clinical setting [17,24]. Using mixed methods can also
provide the flexibility needed in working with nursing home
residents with dementia, ensuring that they are able to contribute
their insights regarding the intervention [24,25]. The reporting
and writing of this study was guided by the Good Reporting of
a Mixed Methods Study (GRAMMS) checklist [26].

During the 4-week intervention period, analytics data were
collected on Fotoscope app use and interactions of carer-resident
pairs assigned to the photo activity intervention. After the
intervention, qualitative and quantitative data were collected
through semistructured interviews. The full protocol for the
RCT, including the process evaluation, has been published
elsewhere [13].

Figure 1. Contextual, implementation, and mechanism-of-impact factors, based on the Medical Research Council guidance for process evaluation, that
could facilitate or hinder the implementation of the digital photo activity in the nursing home.

Ethical Considerations
This research was approved by the Vrije University Medical
Center’s Ethics Review Committee (2020.221) and embedded
within the Amsterdam Public Health Research Institute
(SQC2020-039). All participants provided informed consent.
For individuals with dementia who lacked the capacity to
consent, their legal representative signed the consent form on
their behalf.

For privacy and confidentiality, data are anonymized, coded,
and stored securely. Financial compensation was given to
participating nursing home wards for their time (€100 [US
$108.7] per participating resident with dementia who completed
an intervention round).

Participants
The study aimed to recruit nursing home residents in the
Netherlands with dementia at severity levels 4, 5, or 6 on the
Global Deterioration Scale (GDS) [23], along with their informal
and formal carers. To do this, the researchers worked with
interested regional and national nursing home organizations.
The study was presented to individual nursing home wards,
where ward managers, in consultation with their teams,
determined their willingness and capacity to participate. In total,
20 nursing home wards from 3 large care organizations took
part in the study. They were asked to recruit formal carers to
fulfil the following roles: coordinator (served as the first point
of contact, recruited informal carers and residents with dementia
for the study by providing written and oral information about
the study, and assessed the dementia severity of participating
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residents), intervention providers (2 formal carers randomized
to deliver either the photo activity or control activity), and
independent assessor (a formal carer not involved in delivering
either activity, who conducted blind assessments of residents’
daily functioning in the ward for the pilot RCT by filling out
web-based questionnaires). Informal carers of residents at the
participating care organizations were also allowed to provide
either the photo activity or control activity if they wished.
Researchers contacted residents and informal carers about their
participation in the study only after the coordinator obtained
their informed consent. The photo activity and control activity
were provided by formal carers (or informal carers if they
wished to provide the interventions themselves) to the residents
twice a week for 4 weeks. Residents as well as informal and
formal carers who provided either activity and completed the
4-week intervention period were then recruited for the process
evaluation by the researchers and were invited to complete the
semistructured interviews via online video calls or telephone
calls. The formal carers who participated as independent
assessors were only involved in the pilot RCT and not in the
process evaluation.

Pairs of residents with the same dementia severity who had
lived in the nursing home for at least 1 month were recruited
by the coordinator. After providing informed consent, they were
randomly assigned to either the experimental or control
condition through a lot-drawing process. The only exclusion
criteria were severe vision or hearing problems. Informal carers
were assigned to the same condition as the resident.

The sample size for the RCT was determined based on the
results of the photo activity pilot study. Large positive effect
sizes were found for the INTERACT subscales social interaction
(Cohen d=0.86) and reduced negative behavior (Cohen d=0.85)

[2]. On the basis of these effect sizes and an expected dropout
rate of 10% over 6 weeks, a power calculation (power=0.80;
α=.05; Cohen d=0.80) indicated that 45 residents per group
(experimental and control) were needed. All residents and their
carers involved in the RCT were invited to participate in the
process evaluation.

Interventions

Photo Activity (Experimental Intervention) and the
Fotoscope Web Application
The photo activity intervention engaged residents and their
carers in a 1-on-1 conversation about artistic, person-centered
generic photos in the Fotoscope web application. For the digital
photo activity, the Fotoscope database was expanded to 1500
black-and-white photos, which were organized according to 7
main themes (people, places, nature, animals, activities, things,
and experiences). The Fotoscope web application features
multiple sections, such as Themes, Profile, Favorites, User
Guide, and Information (Figure 2). The Themes page displays
the 7 main photo categories and subcategories. The Profile page
contains questions designed to learn more about the residents’
personal interests and features a selection tool that allows carers
to easily select photos that match the residents’ interests and
save them in the Photo Selection tab. The Favorites page
displays photos that elicit positive reactions from the resident,
which the carer can add during or after their conversation. The
User Guide provides instructions on using the Fotoscope web
application and offers tips on person-centered communication.
The Information page contains details about copyright and the
researchers’ contact information. Additional features include a
search function (carers can enter keywords to find a photo) and
a “joker” function (a collection of photos that have been found
to elicit positive reactions).
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Figure 2. Screenshots of the Fotoscope web application’s Themes, Profile, and Photo Selection pages. Photos in the Fotoscope web-application were
publicly available on the internet and collected by the artist, or were taken by the artist herself. No personal photos of participants were used.

General Conversation Activity (Control Intervention)
The control intervention also involved residents and their carers
in a 1-on-1 conversation but without the Fotoscope web
application and generic photos. The carer was encouraged to
have an open conversation with the resident based on general
topics and to allow the resident to lead the conversation.

Data Collection Methods
Data for the process evaluation were collected via a demographic
questionnaire, semistructured interviews, Google Analytics,
and a carer self-report registration form (Multimedia Appendix
1).

Demographic Questionnaire
Questions for the demographic questionnaire administered at
baseline (T0) were adapted from The Older Persons and
Informal Caregivers Survey Minimum Dataset [27], with
additional questions pertaining to relevant medical information
for the residents with dementia. For residents, information on
sex, age, education, years in the nursing home, type of dementia,
and severity of dementia was collected. For informal carers,
information on sex, age, education, relationship to residents,
and employment status (whether they had paid work) was
collected. For formal carers, information on sex, age, education,
work function, and years of experience in psychogeriatrics was
collected.
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Semistructured Interview
The questions for the semistructured interview, which was
conducted after the 4-week intervention period (T1), were
adapted from existing interview guides used in a previous
process evaluation study on a digital psychosocial intervention
for people with dementia and their caregivers and pilot-tested
[18]. The questions were adapted by JROT, RMD, and PB to
fit the photo activity trial. On the basis of the MRC guidance
for process evaluation [17], context, implementation, and
mechanism-of-impact factors (including usability, usefulness,
learnability, and adoption of the Fotoscope app) were explored
through a mix of open-ended and closed-ended questions
(Multimedia Appendix 2). An example of a closed-ended
question for a resident with dementia who participated in the
photo activity intervention is “Do you think your carer got to
know you better by having a regular conversation with you
about the photos together?”; the corresponding closed-ended
question for a resident with dementia in the control condition
was “Do you think your carer got to know you better by having
regular conversations with you on general topics?” The answer
options for these questions were “A lot better,” “Better,” “A
little better,” and “No, not better.”

Google Analytics
The Fotoscope web application was linked to a Google Analytics
account to measure the carers’ use of, and interactions with, the
app during the trial. To protect residents’ privacy, IP addresses
were masked, and codes rather than names were used to log in.
To gain insight into carers’engagement with the Fotoscope web
application (implementation), data on the number of sessions
per user and average session durations were collected. In
addition, dates of each session, as well as session start times,
were recorded for each user.

To determine whether carers used the Fotoscope web application
to get to know residents better (mechanisms of impact), unique
page views of the Profile and Favorites pages were tracked in
Google Analytics. To determine whether carers found the pages
and functions of the Fotoscope web application useful
(usefulness), the number of unique views of these pages was
recorded as an indication. To determine whether carers needed
additional guidance on using the Fotoscope web application,
the number of unique page views of the User Guide and
Information page was recorded (learnability). Finally,
information on device type was collected (context) to know
whether the Fotoscope web application was used by carers on
a tablet, as advised.

Carer Self-Report Registration Form
Carers were asked to record the dates, times, and duration of
the activities with the residents on a standard record form to
track the time spent on the activities and the number of sessions
conducted (implementation). If a session was missed, the
intervention discontinued, or the resident dropped out, they
were asked to document the reason on the form.

Procedure
The pilot RCT in February 2021 was disrupted by the
COVID-19 pandemic. In the Netherlands, nursing homes were
placed under quarantine, restricting visitor access [28]. The trial

protocol was adapted to an online format. Carers assigned to
the photo activity attended a 1.5-hour web-based training session
where they were introduced to the photo activity intervention
and procedure [2] and were shown an online demonstration of
the Fotoscope web application. General communication tips
were discussed, followed by more specific person-oriented
communication skills for interacting with people with dementia
[29]. Carers were then given personal log-in credentials and
passwords for the Fotoscope web application—1 set for their
own use to enable them to become familiar with the app and
another for each resident participating in the photo activity.
Each resident’s Fotoscope user account was linked to a unique
user ID in Google Analytics, and only the researchers had access
to the key linking the IDs to specific residents. Carers in the
photo activity group were instructed to prepare for the first
session by completing the Fotoscope Profile page with input
from family members and selecting a minimum of 15 photos
based on the residents’ interests. Formal carers in the photo
activity group were instructed to update the informal carers (by
telephone or when they visited the resident) on how the residents
responded to the activity, at least once during the 4-week
intervention.

The carers assigned to the control activity attended a 1-hour
online training session where the researchers explained the
procedure for the general conversation activity and provided
general communication tips.

In both conditions, carers were advised to conduct the activities
with the resident twice a week for 4 weeks, with each session
lasting 30 minutes. They were also advised to invite the resident
to a quiet room in the ward where they could conduct the activity
without disruption. Carers assessed residents’ feelings before
and after each session using the Smiley Face Assessment Scale
(SFAS) [30]. Trained female and male research assistants
observed the first and last sessions via video calls, assessing
social interaction between the resident and carer during the
activity using the INTERACT observation scale [13]. After
these sessions, carers in the photo activity group received
feedback from the research assistants on how to improve
person-centered communication based on their observations.
At the end of the final session, the residents with dementia were
interviewed during the video call for 5 to 10 minutes by the
research assistant, using questions from the semistructured
interview guide. Both informal and formal carers either
completed the digital form or participated in a 20-minute
interview via telephone or video call at a time convenient to
them within a week after the final intervention session. Carers
who were unable to attend an interview were asked to submit
a written narrative account of their experience in response to
the questions from the interview guide. Formal carers who
conducted either the photo activity or control activity with >1
resident were asked to complete a separate interview for each
resident because some of the questions could be answered
differently depending on the resident.

The independent assessors completed questionnaires on the
residents’ daily functioning in the ward at baseline (T0), after
the intervention (T1), and at the 2-week follow-up (T2). Results
relevant to the observations of the independent assessors will
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be reported in a separate paper on the effect evaluation of the
digital photo activity.

Analysis

Quantitative Analyses
Participants’ background characteristics were analyzed using
descriptive statistics in SPSS software (version 28.0; IBM Corp).
Differences between the photo activity and control activity
conditions were tested using 2-tailed t tests for continuous
variables, Mann-Whitney U tests for ordinal variables, and
Pearson chi-square tests for nominal variables. Effect sizes were
interpreted using Cohen d for t tests (small=0.2, medium=0.5,
and large is ≥0.8), r for Mann-Whitney U tests (small=0.1,
medium=0.3, and large is ≥0.5), and phi coefficient (φ; for 2 ×
2 tables) or Cramér V (for tables larger than 2 × 2) for Pearson
chi-square tests, with the effect size based on the number of
categories involved.

Data from closed-ended questions were summarized as
percentages or as means and SDs, depending on the
measurement level. As not all questions were comparable
between the photo activity and control groups—some questions
were intervention related—only selected comparable
closed-ended questions were analyzed for between-group
differences for each of the participant groups (residents, formal
carers, and informal carers) using chi-square tests, t tests, or
Mann-Whitney U-tests.

Google Analytics recorded information from users identified
as “carer-resident” pairs with unique user IDs. The first sessions
for the trial started on February 15, 2021; however, because of
a delay in setting up the live environment for Google Analytics
for the Fotoscope web application, data collection only started
on March 12, 2021. Data collection was completed on August
6, 2023. For privacy reasons, Google Analytics only retains
data for 26 months [31], and data were not backed up. As a
result, data from 10 users who participated in the trial from
March to October 2021 were automatically deleted before
analyses were conducted in August-September 2023.

Observed session durations extracted from Google Analytics
were matched to the dates and times recorded in the carer
self-report registration forms. The agreement between total
observed and self-reported durations (in minutes) was analyzed
using the Spearman rho correlation coefficient. Percentages of
total unique page views for the main pages were calculated from
the raw data. The frequency of selecting main photo categories
was also calculated from raw data (unique page views) and
summarized as percentages. Individual reports were viewed to
track events or actions taken by specific users during each
session (eg, viewing the Profile page or opening a photo from
the Photo Selection page). These actions were recorded per user
on a binary (yes or no) scale and reported as the percentage of
sessions in which events of interest (eg, adding a photo to the
Favorites or Photo Selection pages) occurred. The use of a tablet
or a different device for the Fotoscope web application was
counted per user and summarized as percentages.

Qualitative Analyses
Data from the open-ended questions in the semistructured
interviews were analyzed using the framework of theoretical
thematic analysis, which was defined by Braun and Clarke [32]
as thematic analysis that is built upon existing theoretical work
in the literature. The researchers (JROT: PhD student, English
speaking; MV: master’s student, English and Dutch speaking;
and SAMS: senior researcher, English and Dutch speaking)
worked together following the 6 phases of thematic analysis
[32]. The researchers individually familiarized themselves with
the data (phase 1) by reading all answers to the open-ended and
closed-ended questions of the semistructured interviews. Next,
they generated initial codes (phase 2) based on aspects of the
MRC guidance (contextual, implementation, and
mechanism-of-impact factors) [17], which served as the guiding
framework for this thematic analysis. The researchers studied
the data to examine how the data fit within the MRC guidance
framework; thus searching for themes (phase 3) involved
assessing whether the data from the semistructured interviews
fit within the main themes of context, implementation, and
mechanisms of impact factors.

Themes and codes were reviewed (phase 4) by the 3 researchers
through several online meetings. Themes and subthemes were
then named and defined (phase 5). As stated by Braun and
Clarke [32], these phases are recursive, and the researchers
moved back and forth between phases as necessary. Reporting
of the results (phase 6) followed the COREQ (Consolidated
Criteria for Reporting Qualitative Research) guidelines [33].
MV and SAMS worked with the original data in Dutch, while
JROT used an English translation generated using DeepL [34].
The researchers agreed on the English translations of the quotes
and developed the codes and themes in English.

Results

Characteristics of Participants
Of the 83 resident–informal carer pairs recruited for the RCT,
16 (19%) dropped out for different reasons after randomization
(Figure 3). Among the experimental group (n=32
resident–informal carer pairs), 29 residents and 28 informal
carers completed semistructured interviews after the final
session. Among the control group (n=35 resident–informal carer
pairs), 29 residents and 27 informal carers completed the
interviews. Reasons for not completing the interviews are
provided in Figure 3. No informal carers delivered the
experimental or control intervention, partly due to restrictions
in visiting the nursing home during the COVID-19 pandemic
and partly because of other reasons, such as not having enough
time to visit the ward as needed because of their job or other
concurrent tasks.

Of the 61 formal carers recruited for the RCT, 42 (69%)
completed the trial and the semistructured interviews (carers
experimental group: n=18, 43%; carers control group: n=24,
57%). As a number of carers conducted either the experimental
activity or control activity with >1 resident, they were asked to
complete a separate interview for each resident; hence, 50
semistructured interviews with residents (experimental group:
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n=23, 46%; control group: n=27, 54%; Figure 4) were completed
by formal carers.

Tables 1, 2 and 3 present the background characteristics of the
residents, informal carers, and formal carers, respectively, who
completed the semistructured interviews. There were no
significant differences between the experimental and control
groups.

Figure 5 shows the thematic map with the 3 main themes
identified in the qualitative thematic analysis, while Multimedia
Appendix 3 provides a detailed overview of the themes,
subthemes, and sample data extracts. Relevant qualitative results
from the thematic analysis are integrated with the quantitative
results in the following subsections.

Figure 3. Recruitment of residents and informal carers, showing randomization into the experimental and control groups, as well as dropouts and
reasons for dropping out. RCT: randomized controlled trial; SSI: semistructured interview; T1: after the intervention.
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Figure 4. Recruitment of formal carers, showing randomization into the experimental and control groups, as well as dropouts and reasons for dropping
out. RCT: randomized controlled trial; SSI: semistructured interview.
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Table 1. Background characteristics of nursing home residents in both the experimental and control groups who completed the semistructured interviews
after the 4-week intervention.

P valueaDifference testsControl group
(n=29)

Experimental group
(n=29)

Characteristics

zUt test (df)Chi-square
(df)

.75———c0.1b (1)22 (76)24 (83)Sex: female, n (%)

.86——−0.177
(56)

—84.38 (7.48; 62-96)84.03 (7.36; 68-96)Age (y), mean (SD; range)

.13−1.502308.0——Education, n (%)

6 (21)7 (24)Elementary

11 (38)19 (66)Lower secondary educa-
tion

5 (17)1 (3)Higher secondary educa-
tion

5 (17)2 (7)University

2 (7)0 (0)Missing

.68−0.427365.5——2.038 (2.090; 0.2-
10.0)

1.714 (1.460; 0.3-7.0)Time spent in nursing home
(y), mean (SD; range)

.30———1.1b (1)Type of dementia, n (%)

21 (72)17 (59)Alzheimer disease

7 (24)12 (41)Other

1 (3)0 (0)Missing

.70−0.380398.5——Severity of dementia (GDSd scores), n (%)

3 (10)4 (14)4

15 (52)15 (52)5

11 (38)10 (34)6

aSignificance level set at P<.05.
bChi-square test with Yates continuity correction.
cNot applicable.
dGDS: Global Deterioration Scale.
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Table 2. Background characteristics of informal carers in both the experimental and control groups who completed the semistructured interviews after
the 4-week intervention.

P valueaDifference testsControl group (n=27)Experimental group
(n=28)

Characteristics

zUt test (df)Chi-square (df)

.99———c0.0b (1)20 (74)21 (75)Sex: female, n (%)

.39——−1.341
(53)

—60.74 (11.4; 27-84)57.04 (9.03; 31-74)Age (y), mean (SD; range)

.22−1.108317.5——Education, n (%)

2 (7)0 (0)Elementary

9 (33)17 (61)Lower secondary educa-
tion

4 (15)3 (11)Higher secondary educa-
tion

12 (44)8 (29)University

0 (0)0 (0)Missing

.65———1.6 (3)Relationship to resident, n (%)

6 (22)4 (14)Husband, wife, or partner

4 (15)3 (11)Son or daughter

16 (59)18 (64)Daughter-in-law or son-
in-law

1 (4)3 (11)Other

.22———1.5a (1)15 (56)21 (75)Paid work: yes, n (%)

aSignificance level set at P<.05.
bChi-square test with Yates continuity correction.
cNot applicable.
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Table 3. Background characteristics of formal carers in both the experimental and control groups who completed the semistructured interviews after
the 4-week intervention.

P valueaDifference testsControl group (n=24)Experimental group (n=18)Characteristics

zUt test (df)Chi-square (df)

.99———c0.0b (1)23 (96)17 (94)Sex: female, n (%)

.64——−0.470
(40)

—43.6 (15.1; 18-63)45.7 (13.0; 20-62)Age (y), mean (SD; range)

.40−0.843194.5——Education, n (%)

0 (0)0 (0)Elementary

19 (79)16 (89)Lower secondary education

2 (8)1 (6)Higher secondary education

3 (12)1 (6)University

0 (0)0 (0)Missing

.48———2.5 (3)Job role, n (%)

5 (21)6 (33)Carer

0 (0)1 (6)Nurse

6 (25)3 (17)Activity supervisor

13 (54)8 (44)Other

.20−1.297165.5——10.75 (11.13; 1.0-40.0)5.22 (4.62; 1.0-16.0)Experience (y) in psychogeri-
atrics, mean (SD; range)

aSignificance level set at P<.05.
bChi-square test with Yates continuity correction.
cNot applicable.

Figure 5. Thematic map from qualitative analyses showing the main themes (context, implementation, and mechanisms of impact), subthemes, and
subsubthemes.
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Results From Analysis of Semistructured Interviews
and Google Analytics Data

Overview
Multimedia Appendix 2 presents all answers to the closed-ended
questions from the semistructured interviews summarized as
percentages or as means and SDs.

In total, 41 users (representing carer-resident pairs) were given
a Fotoscope account. Of these 41 users, 38 (93%) were recorded
as accessing the app (of the remaining 3 users, 2, 67% had
started the intervention before Google Analytics was set up;
and 1, 33% included a resident who dropped out before starting
the intervention). As data of 10 (26%) of the 38 users were no
longer available at the time of evaluation, we analyzed the data
of 28 (74%) users. Of these 28 users, 3 (11%) had partial or
missing data. Of the remaining 25 user pairs, 4 (16%) had
residents who dropped out (n=2, 50% dropped out before the
activities started due to worsening conditions; n=1, 25% dropped
out after 3 sessions due to worsening conditions; and n=1, 25%
dropped out after 3 sessions because the formal carer was too
busy); therefore, they were excluded from analysis, leaving data
from 21 (84%) users (representing carer-resident pairs) for the
final analysis.

Contextual Factors
The majority of the residents (experimental group: 23/29, 79%;
control group: 27/29, 93%) found the space for viewing photos
with their formal carers or having a conversation with them to
be comfortable and quiet.

Most of the informal carers in the photo activity group (13/28,
46%) experienced no barriers to talking to the formal carers
about the residents’ personal interests or their experience with
the photo activity, while some cited barriers, including a lack
of time (7/28, 25%) and “other reasons” (4/28, 14%), or did not
respond (4/28, 14%). The majority of informal carers in the
control group (15/27, 56%) reported no barriers to talking to
the formal carers about the residents’experience with the general
conversation activity, while those who responded with “other
reasons” (10/27, 37%) reported not knowing that it was an
option to ask the formal carers about the general conversation
activity with the residents. Other reported barriers included
being on vacation (1/27, 4%) and a lack of time (1/27, 4%).

The majority of formal carers in the photo activity group (10/18,
56%) reported using a tablet “a lot” previously. The remaining
responded as follows: “a little” (5/18, 28%), “hardly” (1/18,
6%), or “not at all” (2/18, 11%). The majority of the formal
carers in both the photo activity group (14/18, 78%) and the
control group (15/24, 63%) reported experiencing no barriers
in conducting the activities. In the thematic analysis, formal
carers from both groups who reported experiencing barriers
mentioned difficulty in planning time for the activities, given
their busy schedules in the ward, sometimes even having to find
the time outside of their shifts to conduct the activity with the
resident:

Planning the photo activity is very important because
of our workload. Time and sufficient staff presence
are very essential to consider. [Formal carer 109]

Finding a quiet place to conduct the activity seemed to be more
difficult for formal carers in the control group, while formal
carers in the photo activity group mentioned difficulty in
arranging materials for the activity, such as finding an available
tablet in the ward (we had offered to lend tablets to the wards
at the start of the study, but none chose this option).

Implementation Factors
The majority of the residents (25/29, 86%) reported that the
photo activity went well as an activity on the tablet, and the
majority (21/29, 72%) also reported seeing the photos clearly
and finding them sufficiently large and sharp. Moreover, the
majority (23/29, 79%) reported viewing a “good” amount of
photos with their carers, and most (14/29, 48%) felt “neutral”
about the black-and-white photos.

The majority of the informal carers (experimental group: 25/28,
89%; control group: 20/27, 74%) felt well informed about the
activities that the residents performed in the nursing home during
the intervention period. However, the thematic analysis revealed
that informal carers in both groups desired more communication
and updates from the formal carers regarding the residents’
engagement in the activities.

A majority of formal carers in both the photo activity (12/18,
67%) and control (20/24, 83%) groups felt that the medium and
format of the training sessions were effective (Table 4). More
than half of the formal carers in the photo activity group were
positive about the online training sessions and rated them as
“good” (5/18, 28%) or “satisfactory” (8/18, 44%), and the
majority (12/18, 67%) also felt that the training duration was
“just right.” A large majority of the formal carers in the control
group also rated their online training sessions positively (824,
33% rated it as “good”; and 14/24, 58% rated it as
“satisfactory”), and a large majority (20/24, 83%) also felt that
the training duration was “just right.” Formal carers from both
groups expressed a preference for a live training session and
in-person support or demonstration. A majority of the formal
carers from both the photo activity (14/18, 78%) and control
(16/24, 67%) groups felt that the support provided by the
researchers and resources was satisfactory. In the thematic
analysis, several formal carers in both the photo activity and
control groups commented on the duration of the online training
sessions and the duration of the activity itself. Regarding the
duration of the online training sessions, they seemed to agree
that it should be shorter for both groups. The comments for
activity duration were mixed. Formal carers in both the photo
activity and control groups appreciated the support provided by
the researchers and resources. A formal carer in the control
group suggested incorporating a video example in the training
sessions to demonstrate how the general conversation activity
could be conducted, while a formal carer in the photo activity
group suggested expanding the manual to include instructions
on how to download the Fotoscope app on a new device.

The majority of the formal carers (16/23, 70%) found that the
photo activity, using the Fotoscope app, was “easy to
implement.” While the carers were positive about the app, a
theme revealed by the thematic analysis was that they felt that
the Fotoscope app was “not for everyone”:
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Very good [app]. Albeit not suitable for everyone.
Everything digital, this is something that the target
group is not familiar with. [Formal carer 5]

Formal carers who expressed this concern had conducted the
photo activity with residents who had a GDS score of 5 or 6
[23]. A minority of carers in both groups also reported that
residents with a GDS score of 5 or 6 had a hard time
understanding the SFAS [30] and found it difficult to choose a
face that represented how they felt in the moment. Thematic
analysis revealed that more formal carers from the control group
reported that it was difficult for the residents to understand the
semistructured interview questions. Formal carers who
conducted the activities with multiple residents also reported
that completing the interview multiple times was a burden.

Table 4 presents results from the statistical analysis of
differences between the formal carers in the photo activity group
and those in the control group in terms of how they felt about

the medium and format of the training sessions, the activity
duration, the 4-week activity period, and the activity frequency.
No significant differences were found (Table 4).

The relationship between the total duration of self-reported app
use as measured by the carer self-report registration form and
the corresponding (ie, matched to the date and time recorded in
the self-report form) total duration of observed app use as
measured by Google Analytics was investigated using the
Spearman rho correlation coefficient. There was no significant
correlation between the 2 variables (n=21; r=−0.108; P=.64).

The Google Analytics data showed that desktop computers were
used most of the time to access the Fotoscope app (19/32, 59%),
followed by tablets (8/32, 25%) and mobile phones (5/32, 16%).
Formal carers in the photo-activity group sometimes used more
than one device during the intervention period, which is
accounted for in the total devices used (N=32).

Table 4. Results regarding implementation factors for formal carers in the photo activity (experimental) and general conversation (control) groups
based on comparable questions from the semistructured interviews after the 4-week intervention.

Effect sizeP valueaDifference testsControl group
(n=24), n (%)

Experimental group
(n=18), n (%)

Outcome variable

Cramér VrChi-square (df)U

—−0.03.83—b209.5Medium and format training

1 (4)2 (11)Very effective

20 (83)12 (67)Effective

2 (8)3 (17)Somewhat effec-
tive

1 (4)1 (6)Not effective

0.09—.840.4 (2)—Activity durationc

2 (7)1 (4)Too short

13 (48)13 (56)Just right

11 (41)9 (39)Too long

1 (4)0 (0)Missing

0.16—.591.1 (2)—4-wk activity period

1 (4)2 (11)Too short

15 (62)9 (50)Just right

8 (33)7 (39)Too long

0.14—.670.8 (2)—Activity frequency

1 (4)0 (0)Too little

12 (50)10 (56)Just right

11 (46)8 (44)Too often

aSignificance level set at P<.05.
bNot applicable.
cThe n varies for Activity duration, as some formal carers were asked to answer this question multiple times if they did the photo-activity or control
activity with more than one resident. Thus formal carers in the photo-activity is n=23, and control activity n=27, as in Figure 4.

Mechanism-of-Impact Factors
The majority of residents in the photo activity group (25/29,
86%) reported that they would like to continue participating in
the activity with their formal carers. The residents gave the

Fotoscope app a score of 8.6 out of 10 in terms of enjoyment.
Thematic analysis revealed that the residents in the photo
activity group responded more positively when asked whether
they wanted to continue performing the activity, especially if
new photos were introduced.
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A large majority of the formal carers in the photo activity group
reported that the reaction of the resident to the photo activity
was “very positive” (10/23, 43%) or “positive” (8/23, 35%).
The formal carers in the control group predominantly reported
that the reaction of the resident to the general conversation
activity was “positive” (12/27, 44%), while a minority reported
that the reaction was “very positive” (5/27, 19%). Table 5
presents the results from the statistical analysis of differences
between residents (in terms of feeling heard, feeling better
known by their carers, and their experience of the general
conversation), informal carers (whether they heard anything
back from the resident about the activity), and formal carers
(whether they thought the activity was enjoyable for the resident,
was a good way to get to know the resident better, and how
much better they got to know the resident from the activity) in
the photo activity and control groups.

There was a significant difference between the photo activity
and control groups in terms of how the residents felt about
having conversations with their formal carers, with a medium
effect size (U=533.0, z=2.865, r=0.39; P=.004), favoring the
photo activity group (median 4.00, “very nice,” n=28) over the
control group (median 3.00, “nice,” n=27).

There was also a significant difference in how much better the
formal carers in the photo activity group (median 2, “yes, a little
better,” n=22) got to know the resident in the past month
compared to those in the control group (median 2, “yes, a little
better,” n=27; U=390.5, z=2.114, r=0.302 [medium effect];
P=.04). The answer options in the semistructured interviews
for the photo activity group were as follows: 1=no, not better;
2=yes, a little better; and 3=yes, much better. As the answer
options for this question for the control group differed (an
additional answer option of “yes, better” was provided after
“yes, a little better”), it was decided to combine the answers
“yes, better” and “yes, a little better” from the control group
interviews in the analysis. Of the formal carers in the

experimental group, 48% (11/23) and 39% (9/23) reported
getting to know the resident with dementia “a little better” and
“much better,” respectively (compared to 17/27, 63% and 4/27,
15%, respectively, of the formal carers in the control group).
Of the formal carers in the experimental group, 9% (2/23)
reported that they did not get to know the person with dementia
“better” compared to 22% (6/27) of the formal carers in the
control group. Thematic analysis reflected similar findings:
formal carers in both the photo activity and general conversation
groups mentioned learning more about the residents:

During care, of course we chat plenty but here I went
a bit deeper into the past, so yes I did get to know her
much better than I already did. [Photo activity group,
formal carer 201]

I now know a little more about her past, as far as she
could still tell. [Control group, formal carer 204]

However, a formal carer in the control group did mention that
the general conversation activity was similar to what she already
did as part of her work:

Personally it has no added value for me. This is what
I do daily in my work—speak to residents every day.
[Formal carer 116]

Finally, the carers in the photo activity group (n=23) gave a
significantly higher rating to the activity (median 9.00)
compared to the carers in the general conversation group (n=27;
median 8.00) as a way to get to know the resident with dementia
better (U=419.0, z=2.169, r=0.307 [medium effect size]; P=.03).

There was no statistically significant association between the
experimental and control groups on whether residents felt heard
during the conversation with their formal carer, whether informal
carers received feedback from the residents about the activity,
and how much formal carers felt the residents enjoyed the
activities (Table 5).
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Table 5. Results regarding the mechanism-of-impact factors for residents, informal carers, and formal carers in the photo activity (experimental) and
general conversation (control) groups based on comparable questions from the semistructured interviews after the 4-week intervention.

Effect sizeP valueaDifference testsControl groupExperimental
group

Outcome variable

rφUChi-square (df)Fisher ex-
act test

Residents, n/N (%)

——.49———b24/29 (83)26/29 (90)Feeling heard: yes

—−0.12.60—0.3c (1)—Felt better known by their carer

15/29 (52)17/29 (59)A lot better or better

9/29 (31)6/29 (21)A little better or not better

5/29 (17)6/29 (21)Missing

0.39—.004533.0——Experience of general conversation

6/29 (21)16/29 (55)Very nice

15/29 (52)11/29 (38)Nice

5/29 (17)0/29 (0)Somewhat nice

1/29 (3)1/29 (3)Not nice

2/29 (7)1/29 (3)Missing

——————Informal carers, n/N (%)

5/27 (19)7/28 (25)Resident talked to them about the
activity: yes

.20—.20264.0——Formal carers

8.00 (7-8)8.00 (7-9)Enjoyable for people with demen-
tia in a nursing home (0-10), medi-
an (IQR)

.30——390.5——Knew resident better, n/N (%)

.044/27 (15)9/23 (39)Yes, much better

17/27 (63)11/23 (48)Yes, a little better

6/27 (22)2/23 (9)No, not better

0/27 (0)1/23 (4)Missing

0.31—.03419.0——8.00 (6-8)9.00 (7-9)Way of getting to know resi-
dent with dementia better (0-
10), median (IQR)

aSignificance level set at P<.05.
bNot applicable.
cChi-square test with Yates continuity correction.

Experienced Usability
In the thematic analysis, the formal carers in the photo activity
group described the Fotoscope app as easy to use, simple, clear,
and visually appealing. Technical issues were experienced (eg,
difficulties logging in or the app not working on the tablet).
However, carers mentioned that the Fotoscope app enhanced
social interaction, helping them to get to know the resident
better:

It triggers more conversation, especially for the
quieter ones, this can work up to a conversation.
[Formal carer 201]

Experienced Usefulness
The majority of the formal carers in the photo activity group
found the preparation for the photo activity useful (14/18, 78%)
or very useful (2/18, 11%), while a small minority found it not
useful (2/18, 11%). Whereas the majority of the formal carers
in the photo activity group found the black-and-white photos
“pleasant” (4/18, 22%) or “neutral” (7/18, 39%), some found
them “unpleasant” (7/18, 39%). A number of formal carers in
the photo activity group noted that some photos would really
have been better with color:

I was sorry we didn’t have color photos. Some things
really needed color. Even my client asked me why I
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didn’t have color photos. [Formal carer 105 with
resident 109]

However, formal carers also mentioned that while they preferred
color photos, residents did not mind viewing black-and-white
photos:

I would personally like it better if the pictures were
in color, but for the resident this did not matter.
[Formal carer 105 with resident 121]

[T]hey [residents] mostly liked black-and-white
pictures too. [Formal carer 101]

The number of photos in the database was identified as a
subtheme in the thematic analysis. While the formal carers
described the selection as varied, some noted a lack when
residents had specific interests; for example, a resident wanted
to see more ballet pictures.

Google Analytics showed that while all users viewed the Profile
page, 19% (4/21) did not add photos to the Photo Selection
page, and only 48% (10/21) used the photo selection tool on
the Profile page to select photos. In addition, while the majority
of users (17/21, 81%) opened photos from the Photo Selection
page as instructed, 19% (4/21) apparently accessed photos
through other means. Furthermore, only 33% (7/21) of the users
used the Favorites page.

Learnability
The majority of formal carers in the photo activity group (12/18,
67%) said that it was easy to learn how to use the Fotoscope
web application. Google Analytics showed that the most viewed
page of the main pages was the Profile page (257/594, 43.3%
total unique page views), followed by the general Themes page
(104/594, 17.5%), Favorites page (85/594, 14.3%), “joker” page
(57/594, 9.6%), and Search (43/594, 7.2%). The User Guide
(29/594, 4.9%) and Information page (19/594, 3.2%) were the
least viewed pages. The most frequently selected main photo
category (based on Google Analytics’unique events count) was
people (71/404, 17.6%), followed by activities (64/404, 15.8%),
and places and animals (both 56/404, 13.9%). The least selected
main photo categories were experiences (53/404, 13.1%), nature
(53/404, 13.1%), and things (51/404, 12.6%).

Adoption
The majority of formal carers in the photo activity group (14/18,
78%) agreed that the Fotoscope app can be used as part of daily
care activities in the nursing home.

Discussion

Principal Findings and Comparisons With Prior Work

Overview
The goal of this study was to determine contextual,
implementation, and mechanism-of-impact factors [17] that
may have facilitated or hindered the implementation of the photo
activity intervention for residents with dementia and potentially
influenced the intervention outcomes.

To answer the RQs, we conducted a mixed methods process
evaluation alongside a pilot RCT investigating the feasibility

and effectiveness of the photo activity for residents and their
informal and formal carers. The main findings of this process
evaluation were as follows. For contextual factors affecting the
implementation of the intervention (RQ1), formal carers
struggled to find the time to conduct the activity during their
work hours. For implementation factors, which looked at how
users assessed the preparation, introduction, and delivery of the
interventions (RQ2), it was found that viewing digital photos
on a tablet was feasible for residents with dementia; formal
carers from both groups were mostly positive and satisfied
regarding the online training sessions but suggested that, in the
future, they would like shorter sessions as well as in-person
training and support; and informal carers would like more
updates from formal carers. For the mechanisms of impact
(RQ3), looking into how users experienced and valued the
digital photo activity versus the control activity, it was found
that residents who performed the digital photo activity with
their carers had a more positive experience compared to
residents in the control activity. Formal carers who conducted
the digital photo activity reported getting to know the residents
“much better” compared to formal carers in the control activity.
The Fotoscope app as a tool to deliver the digital photo activity
was also rated as a better way to get to know the residents as
opposed to having a general conversation. Informal carers of
residents in the photo activity group also reported more contact
with formal carers compared to informal carers in the control
activity.

In the following subsections, we provide a more detailed
discussion of the findings in relation to each RQ.

How Did Factors External to the Intervention Affect the
Implementation of the Intervention (Context)?
While minimal contextual factors impeded the implementation
of the photo activity or the control activity, a salient theme that
emerged was the difficulty that formal carers experienced in
scheduling time to conduct the activities with the resident
alongside their daily care tasks. In some cases, formal carers
mentioned having to conduct the activity outside of their work
shift. Problems with workload and staffing are common barriers
to implementing psychosocial interventions successfully in
nursing homes [14]. Staff are pressured to prioritize tasks that
are related to physical and safety needs [35]. Due to the
restrictions on visiting nursing homes during the COVID-19
pandemic [36], during the initial phase of the study, no informal
carers were involved in delivering either activity to residents.
Later, no informal carers were willing to invest the time needed
to provide the intervention or control activity.

It is not clear which device carers used to prepare for the photo
activity and which device they used to conduct the activity;
therefore, it is possible that carers used a desktop computer to
prepare and select initial photos for the activity and then used
the tablet as instructed during the activity with the resident.

How Did Residents and Their Informal and Formal
Carers Assess the Preparation, Introduction, and
Delivery of the Interventions (Implementation)?
Most residents responded positively to viewing photos on a
tablet, consistent with literature suggesting that using tablets in
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art-based psychosocial interventions could have positive effects
for individuals with dementia [37,38].

Informal carers from both groups mentioned wanting more
updates from formal carers on how the residents were
responding to the activities. A previous study found that greater
involvement of informal carers in the daily care of residents
was an important factor in the successful implementation of
psychosocial interventions because this also helps formal carers
to become more familiar with the residents and their identity
within a family context [39]. The communication between
informal and formal carers fosters more trust, which benefits
overall care [14].

Regarding the online training sessions, while the majority of
the formal carers from both groups were positive and satisfied,
formal carers from both groups who were dissatisfied with the
training sessions suggested shortening the duration and
expressed a preference for live training and in-person support
or demonstration. The setting of the nursing home itself may
also have influenced how staff received the training. Kuske et
al [40] found that when staff feel overburdened, they see training
as an additional task rather than beneficial continuing education,
which could explain why shortening the duration of the training
sessions was a salient theme in this process analysis.

A minority of formal carers who conducted the photo activity
with residents with a more severe level of dementia (ie, a GDS
score of 5 or 6) [23] described the digital photo activity as not
suitable and the 30-minute activity duration as too long for these
residents due to their “short attention spans” or because “they
get tired easily.” This is similar to previous work suggesting
that residents’ deteriorating health could be a barrier for formal
carers implementing psychosocial interventions [40].

However, it is worth noting that the majority of the residents
had a GDS score of 5 or 6 [23], and the experience of most
formal carers was that the photo activity intervention was easy
to implement and that the activity duration was just right. This
suggests that the photo activity can be a suitable addition to
tools that nursing homes could use, including for residents with
more severe dementia, because most interventions for people
with more severe dementia are focused on reducing problem
behaviors rather than improving social interactions or quality
of life [41,42].

Some residents experienced difficulty in responding to the SFAS
[30], which presented 5 emotions or faces. Future trials could
explore using a simpler scale similar to the SFAS but with only
3 faces (happy, neutral, and sad) because a study found that
older adults sometimes have difficulty differentiating between
“very happy” and “happy” and between “very sad” and “sad”
[43].

Google Analytics may not have accurately recorded actual use
of the app by formal carers for the process evaluation, as shown
by the lack of correlation between self-reported use and observed
use via Google Analytics. Currently, photos can be viewed in
the Fotoscope web application via the Themes page without
logging in; therefore, it is possible that formal carers may not
have logged in during some of the sessions and manually
searched for photos instead of accessing the Profile page or

Photo Selection page. For future trials, it could be useful to
consult with software and app developers and explore integrating
an in-app analytics function within the Fotoscope app rather
than relying on an external analytics provider.

How Did the Residents With Dementia and Their
Informal and Formal Carers Experience and Value the
Digital Photo Activity Versus the General Conversation
Activity (Mechanisms of Impact)?
Residents in the photo activity group reported a more positive
experience engaging in the activity with their formal carers.
The positive findings regarding using generic photos in the
photo activity are in line with a similar study that used generic
photos as conversation prompts for people with dementia, where
it was found that compared to using family photos, people with
dementia told more detailed and personally relevant stories
when shown generic photos [42].

More residents in the photo activity group were eager to
continue the activity with their formal carers. This highlights
the importance of investing in interventions that foster social
health for residents with dementia in the nursing home, rather
than solely focusing on physical needs or problematic behaviors
[41,44].

Informal carers in the photo activity group had more contact
with the formal carers, and more residents in the photo activity
group talked to their informal carers about the activity. This
finding shows that the photo activity may be able to enhance
the involvement of informal carers, a factor that is crucial to
consider in the successful implementation of psychosocial
interventions [14,39].

The formal carers in the photo activity group perceived the
residents’ reaction to the conversation about the photos as more
positive. These carers also reported getting to know the residents
much better and rated the Fotoscope app higher (compared to
a general conversation) in terms of using it as a tool to get to
know the resident better. This is in line with the findings of
Lawrence et al [14] indicating that when formal carers feel that
an intervention helps them develop a more personal relationship
with a resident and that the intervention is meaningful for the
resident, they are more likely to continue using the intervention
because they see that it has value. This is further supported by
the findings from the process evaluation: whereas a formal carer
mentioned that the control activity had no added value for her,
the majority of formal carers in the photo activity group felt
that the intervention could be adopted into daily care because
of its value.

The Fotoscope web application was generally well received and
was described as having a simple and pleasing design and user
interface, which is crucial for engaging users of technological
interventions [6,45]. More formal carers were vocal about the
black-and-white photos compared to the residents, but only a
minority of the formal carers found the black-and-white photos
unpleasant. Previous studies have shown that both color and
black-and-white photos elicit reactions from residents with
dementia equally [42,46]. Residents who participated in the
photo activity were also observed to react to the black-and-white
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photos in the Fotoscope app and mostly found the photos
pleasant or neutral.

Strengths and Limitations
This study has a number of strengths. First, data were collected
from nursing home residents, informal carers, and formal carers,
providing a wider understanding of the process of implementing
the intervention from all viewpoints as well as the contextual
and mechanism-of-impact factors that potentially influenced
the outcomes of the RCT. Mixed methods were used;
quantitative and qualitative data were collected from
semistructured interviews with participants, and objective data
were obtained from Google Analytics. The semistructured
interviews were structured according to the MRC guidance for
process evaluations of complex interventions [17]. The digital
protocol enabled research assistants to conduct interviews with
the residents via video calls, ensuring data collection despite
the lockdowns and visiting limitations during the COVID-19
pandemic.

Some methodological limitations included changing the
frequency of the interventions after the trial had already been
running for 1 month after receiving feedback from the first
round of formal carers delivering the interventions. Google
Analytics data were available for only 21 (51%) of the 41 users
(representing carer-resident pairs) because the researchers were
unaware and not informed of the data reaching the storage time
limit and being deleted from the account before data collection
concluded and data analysis started. The manner of collecting
responses for the semistructured interviews with carers varied:
some carers answered the interview questions on their own,
while others preferred to be interviewed over the phone, which
may have influenced their answers differently. In relation to the
manner of collecting responses for the interviews, not all
closed-ended questions invited an elaborate response. This was
done keeping in mind the time constraints and effort required
from participants. However, the trained research assistants were
instructed to write down any answer that may have been given
in place of or in addition to the answers to the closed-ended
questions, which enabled us to learn, for example, that residents
in the photo activity group were eager to continue performing
the activity with their carers with new photos.

Finally, we were unable to request feedback from the
participants regarding the results of the thematic analysis.
Unfortunately, no informal carers were involved in delivering
the control or experimental interventions, despite recruitment
efforts aimed at future implementation. As a result, no data
could be collected on implementation or mechanism-of-impact
factors from informal carers providing the photo activity
intervention.

Scientific Relevance of the Study and
Recommendations for Future Studies
The mixed methods process evaluation showed that despite the
complexity of the intervention, the digital photo activity was
feasible to implement via online training sessions and off-site
monitoring, providing a good basis for future larger-scale
research on the intervention. The MRC guidance was useful in
identifying contextual, implementation, and

mechanism-of-impact factors that positively or negatively
affected implementation and potentially influenced the
intervention outcomes. It is recommended that a definitive trial
investigating the effectiveness of the intervention should
implement feedback from this process evaluation, such as
in-person staff training and demonstration of the Fotoscope app.
Informal carers could also be recruited to carry out the photo
activity, now that COVID-19 restrictions are no longer in place,
to explore what implementation issues would be in play for
them and how they could benefit from offering the intervention.
Incorporating an automatic record of activity appointments in
the Fotoscope app instead of asking users to record their time
and date of use manually might also provide a more accurate
account of their use of the web application.

Clinical Relevance of the Study and Implications for
Practice
The mixed methods process evaluation found that residents
participating in the photo activity enjoyed it more than those
participating in the general conversation activity. This confirms
a previous finding that touchscreen art interventions could be
beneficial for residents’psychological well-being [6]. Ensuring
that tablets are easily accessible in the wards is recommended
to encourage staff to conduct the photo activity. While it is noted
that the control condition did not include any art-related
components, part of the aims of this process evaluation was
investigating how the photo activity intervention compared to
an active control activity that was most likely to happen
naturally within the context of the nursing home (in this case,
sitting down with a resident for a chat over a warm drink
compared to setting up a different art activity).

Formal carers in the photo activity group got to know the
resident with dementia substantially better and rated the photo
activity as a better way of getting to know the resident. This
finding is relevant because previous literature has found that a
more person-oriented care for people living with dementia leads
to better outcomes associated with social health and quality of
life [29,47], and the photo activity could be an easy and
meaningful activity to help formal carers to get to know the
residents better. In addition, the importance of formal carers
communicating with the informal carers can be encouraged as
an essential part of the photo activity.

A majority of the photo activity carers agreed that the
intervention could be part of daily care activities, but important
contextual factors such as heavy workload and a lack of staff
need to be taken into account [14]. Involving the wider
organization is important to allow formal carers to view
psychosocial interventions as part of daily care tasks, rather
than an added workload [48]. For the photo activity, supporting
staff to conduct the intervention during their shifts, not outside
of paid hours, is recommended, as well as being flexible with
the activity duration.

Conclusions
This study showed that the initial training and preparation for
formal carers in both the photo activity and control groups, as
well as their perception of effort and time investment, did not
seem to differ much. The findings suggest that implementing
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the photo activity as an intervention does not require a
significant amount of additional work, yet it offers notable
benefits, including residents enjoying the photo activity more
and formal carers getting to know the residents better. Therefore,
it is suggested that the digital photo activity, as an enjoyable
intervention with its easy to use web application, could be
widely implemented and disseminated in nursing homes. As a

person-centered intervention designed to enhance relationships
among people with dementia in nursing homes and their
informal and formal carers, it may have the potential to
positively impact outcomes relating to social health and quality
of life of the person with dementia, but this needs to be explored
further.

 

Acknowledgments
The authors would like to thank participants who supported this study. The authors would also like to thank the research assistants
for assisting with data collection. The authors would like to thank all research assistants involved in interviewing the participants
and the participants themselves: the nursing home residents and their families, as well as the nursing home staff. The main
randomized controlled trial as well as this process evaluation were funded by the European Union Marie Sklodowska-Curie
Innovative Training Network Action program (2020-MSCA-ITN 2018; 813196), RCOAK Foundation, Foundation Hofje Codde
and Van Beresteyn, Foundation for Support VCVGZ, Amsterdam UMC, location Vrije Universiteit, and Inholland University
of Applied Sciences.

Authors' Contributions
RMD, PB, and JROT were responsible for developing the semistructured interview guide. JROT and MV were responsible for
semistructured interview data collection and entry. Thematic analysis was carried out by JROT, MV, and SAMS. JROT, DPN,
and RMD were responsible for methodology and analysis of Google Analytics data. JROT and RMD were responsible for
methodology and analysis of quantitative data. JROT prepared the original draft. JROT, PB, TPE, RJJG, SAMS, MV, DPN, and
RMD reviewed and edited the manuscript. RMD, RJJG, TPE, and SAMS were responsible for supervision. All authors contributed
to the submitted manuscript and approved the final version.

Conflicts of Interest
Author SAMS received funding from the Ministry of Health, Welfare and Sports (funding #90001586). This funding was paid
to the institution.

Multimedia Appendix 1
Topics for each Medical Research Council guidance for process evaluation component and the measurements used.
[DOCX File , 18 KB - formative_v9i1e56586_app1.docx ]

Multimedia Appendix 2
Responses to closed-ended questions from the semistructured interviews with residents and carers.
[DOCX File , 43 KB - formative_v9i1e56586_app2.docx ]

Multimedia Appendix 3
Thematic analysis themes, subthemes, and sample data extracts.
[DOCX File , 24 KB - formative_v9i1e56586_app3.docx ]

References
1. Aëgerter L. Home page. Photographic Treatment. 2016. URL: https://photographictreatment.com/en/ [accessed 2024-11-14]
2. Theijsmeijer S, de Boo GM, Dröes RM. [A pilot study into person-centred use of photo's in the communication with people

with dementia]. Tijdschr Gerontol Geriatr 2018 Sep;49(4):147-155. [doi: 10.1007/s12439-018-0258-4] [Medline: 30088252]
3. Sanders D, Scott P. Literature review: technological interventions and their impact on quality of life for people living with

dementia. BMJ Health Care Inform 2020 Jan;27(1):e100064 [FREE Full text] [doi: 10.1136/bmjhci-2019-100064] [Medline:
31948938]

4. Dröes RM, Chattat R, Diaz A, Gove D, Graff M, Murphy K, INTERDEM sOcial Health Taskforce. Social health and
dementia: a European consensus on the operationalization of the concept and directions for research and practice. Aging
Ment Health 2017 Jan;21(1):4-17 [FREE Full text] [doi: 10.1080/13607863.2016.1254596] [Medline: 27869503]

5. Astell AJ, Bouranis N, Hoey J, Lindauer A, Mihailidis A, Nugent C, Technology Dementia Professional Interest Area.
Technology and dementia: the future is now. Dement Geriatr Cogn Disord 2019;47(3):131-139 [FREE Full text] [doi:
10.1159/000497800] [Medline: 31247624]

JMIR Form Res 2025 | vol. 9 | e56586 | p.2721https://formative.jmir.org/2025/1/e56586
(page number not for citation purposes)

Tan et alJMIR FORMATIVE RESEARCH

XSL•FO
RenderX

https://jmir.org/api/download?alt_name=formative_v9i1e56586_app1.docx&filename=dc3a3fcf692a5ac56e0cb14bc3b61060.docx
https://jmir.org/api/download?alt_name=formative_v9i1e56586_app1.docx&filename=dc3a3fcf692a5ac56e0cb14bc3b61060.docx
https://jmir.org/api/download?alt_name=formative_v9i1e56586_app2.docx&filename=111b8451bd826464ed4b4e377d9c964a.docx
https://jmir.org/api/download?alt_name=formative_v9i1e56586_app2.docx&filename=111b8451bd826464ed4b4e377d9c964a.docx
https://jmir.org/api/download?alt_name=formative_v9i1e56586_app3.docx&filename=f482c43ea2c16f3ec74966792fb43c85.docx
https://jmir.org/api/download?alt_name=formative_v9i1e56586_app3.docx&filename=f482c43ea2c16f3ec74966792fb43c85.docx
https://photographictreatment.com/en/
http://dx.doi.org/10.1007/s12439-018-0258-4
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30088252&dopt=Abstract
https://informatics.bmj.com/lookup/pmidlookup?view=long&pmid=31948938
http://dx.doi.org/10.1136/bmjhci-2019-100064
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31948938&dopt=Abstract
https://www.tandfonline.com/doi/abs/10.1080/13607863.2016.1254596?url_ver=Z39.88-2003&rfr_id=ori:rid:crossref.org&rfr_dat=cr_pub  0pubmed
http://dx.doi.org/10.1080/13607863.2016.1254596
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27869503&dopt=Abstract
https://doi.org/10.1159/000497800
http://dx.doi.org/10.1159/000497800
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31247624&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


6. Tyack C, Camic PM. Touchscreen interventions and the well-being of people with dementia and caregivers: a systematic
review. Int Psychogeriatr 2017 Aug;29(8):1261-1280 [FREE Full text] [doi: 10.1017/S1041610217000667] [Medline:
28446258]

7. Woods D, Yuan F, Jao YL, Zhao X. Social robots for older adults with dementia: a narrative review on challenges and
future directions. In: Proceedings of the 13th International Conference on Social Robotics. 2021 Presented at: ICSR '21;
November 10-13, 2021; Singapore, Singapore p. 411-420 URL: https://link.springer.com/chapter/10.1007/
978-3-030-90525-5_35 [doi: 10.1007/978-3-030-90525-5_35]

8. van Santen J, Dröes RM, Holstege M, Henkemans OB, van Rijn A, de Vries R, et al. Effects of exergaming in people with
dementia: results of a systematic literature review. J Alzheimers Dis 2018;63(2):741-760 [FREE Full text] [doi:
10.3233/JAD-170667] [Medline: 29689716]

9. Wiseman L, Isbel S, Boag A, Halpin-Healy C, Gibson D, Bail K, et al. Online gallery facilitated art activities for people
with dementia during the COVID-19 pandemic and beyond: a narrative review. Dementia (London) 2023
Nov;22(8):1950-1976 [FREE Full text] [doi: 10.1177/14713012231198748] [Medline: 37647250]

10. Budak KB, Atefi G, Hoel V, Laporte Uribe F, Meiland F, Teupen S, et al. Can technology impact loneliness in dementia?
A scoping review on the role of assistive technologies in delivering psychosocial interventions in long-term care. Disabil
Rehabil Assist Technol 2023 Oct;18(7):1107-1119 [FREE Full text] [doi: 10.1080/17483107.2021.1984594] [Medline:
34752177]

11. Tan JR, Boersma P, Ettema TP, Planting CH, Clark S, Gobbens RJ, et al. The effects of psychosocial interventions using
generic photos on social interaction, mood and quality of life of persons with dementia: a systematic review. BMC Geriatr
2023 Sep 14;23(1):560 [FREE Full text] [doi: 10.1186/s12877-023-04270-w] [Medline: 37710147]

12. Lorenz K, Freddolino PP, Comas-Herrera A, Knapp M, Damant J. Technology-based tools and services for people with
dementia and carers: mapping technology onto the dementia care pathway. Dementia (London) 2019 Feb;18(2):725-741.
[doi: 10.1177/1471301217691617] [Medline: 28178858]

13. Tan JR, Boersma P, Ettema TP, Aëgerter L, Gobbens R, Stek ML, et al. Known in the nursing home: development and
evaluation of a digital person-centered artistic photo-activity intervention to promote social interaction between residents
with dementia, and their formal and informal carers. BMC Geriatr 2022 Jan 06;22(1):25 [FREE Full text] [doi:
10.1186/s12877-021-02632-w] [Medline: 34991472]

14. Lawrence V, Fossey J, Ballard C, Moniz-Cook E, Murray J. Improving quality of life for people with dementia in care
homes: making psychosocial interventions work. Br J Psychiatry 2012 Nov;201(5):344-351. [doi: 10.1192/bjp.bp.111.101402]
[Medline: 23118034]

15. Darker CD, Nicolson GH, Carroll A, Barry JM. The barriers and facilitators to the implementation of National Clinical
Programmes in Ireland: using the MRC framework for process evaluations. BMC Health Serv Res 2018 Sep 24;18(1):733
[FREE Full text] [doi: 10.1186/s12913-018-3543-6] [Medline: 30249262]

16. Campbell M, Fitzpatrick R, Haines A, Kinmonth AL, Sandercock P, Spiegelhalter D, et al. Framework for design and
evaluation of complex interventions to improve health. BMJ 2000 Sep 16;321(7262):694-696 [FREE Full text] [doi:
10.1136/bmj.321.7262.694] [Medline: 10987780]

17. Moore GF, Audrey S, Barker M, Bond L, Bonell C, Hardeman W, et al. Process evaluation of complex interventions:
medical research council guidance. BMJ 2015 Mar 19;350:h1258 [FREE Full text] [doi: 10.1136/bmj.h1258] [Medline:
25791983]

18. Neal DP, Kuiper L, Pistone D, Osinga C, Nijland S, Ettema T, et al. FindMyApps eHealth intervention improves quality,
not quantity, of home tablet use by people with dementia. Front Med (Lausanne) 2023;10:1152077 [FREE Full text] [doi:
10.3389/fmed.2023.1152077] [Medline: 37324141]

19. Mahmoudi Asl A, Kouters S, Castro-González Á, Van der Roest H, Franco Martin M, Dröes RM. Potential facilitators of
and barriers to implementing the MINI robot in community-based meeting centers for people with dementia and their carers
in the Netherlands and Spain: explorative qualitative study. J Med Internet Res 2023 Aug 02;25:e44125 [FREE Full text]
[doi: 10.2196/44125] [Medline: 37531190]

20. Beentjes KM, Kerkhof YJ, Neal DP, Ettema TP, Koppelle MA, Meiland FJ, et al. Process evaluation of the FindMyApps
program trial among people with dementia or MCI and their caregivers based on the MRC guidance. Gerontechnology
2020 Aug 31;20(1):1-15. [doi: 10.4017/gt.2020.20.1.406.11]

21. van Santen J, Dröes RM, Blanson Henkemans O, Schoone M, Valk R, Straten AV, et al. Implementation of exergaming
for people with dementia: facilitators, barriers, and recommendations. Aging Ment Health 2024;28(2):244-253. [doi:
10.1080/13607863.2023.2238259] [Medline: 37493266]

22. Seen as a person; evaluation of a person-centred tablet intervention to promote the social interaction between people with
dementia, family and professional caregivers. Overview of Medical Research in the Netherlands (OMON; formerly Dutch
Trial Register).. URL: https://onderzoekmetmensen.nl/en/trial/25910 [accessed 2024-04-29]

23. Reisberg B, Ferris SH, de Leon MJ, Crook T. The Global Deterioration Scale for assessment of primary degenerative
dementia. Am J Psychiatry 1982 Sep;139(9):1136-1139. [doi: 10.1176/ajp.139.9.1136] [Medline: 7114305]

JMIR Form Res 2025 | vol. 9 | e56586 | p.2722https://formative.jmir.org/2025/1/e56586
(page number not for citation purposes)

Tan et alJMIR FORMATIVE RESEARCH

XSL•FO
RenderX

https://linkinghub.elsevier.com/retrieve/pii/S1041-6102(24)01071-8
http://dx.doi.org/10.1017/S1041610217000667
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28446258&dopt=Abstract
https://link.springer.com/chapter/10.1007/978-3-030-90525-5_35
https://link.springer.com/chapter/10.1007/978-3-030-90525-5_35
http://dx.doi.org/10.1007/978-3-030-90525-5_35
https://journals.sagepub.com/doi/abs/10.3233/JAD-170667?url_ver=Z39.88-2003&rfr_id=ori:rid:crossref.org&rfr_dat=cr_pub  0pubmed
http://dx.doi.org/10.3233/JAD-170667
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29689716&dopt=Abstract
https://journals.sagepub.com/doi/abs/10.1177/14713012231198748?url_ver=Z39.88-2003&rfr_id=ori:rid:crossref.org&rfr_dat=cr_pub  0pubmed
http://dx.doi.org/10.1177/14713012231198748
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=37647250&dopt=Abstract
https://www.tandfonline.com/doi/abs/10.1080/17483107.2021.1984594?url_ver=Z39.88-2003&rfr_id=ori:rid:crossref.org&rfr_dat=cr_pub  0pubmed
http://dx.doi.org/10.1080/17483107.2021.1984594
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34752177&dopt=Abstract
https://bmcgeriatr.biomedcentral.com/articles/10.1186/s12877-023-04270-w
http://dx.doi.org/10.1186/s12877-023-04270-w
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=37710147&dopt=Abstract
http://dx.doi.org/10.1177/1471301217691617
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28178858&dopt=Abstract
https://bmcgeriatr.biomedcentral.com/articles/10.1186/s12877-021-02632-w
http://dx.doi.org/10.1186/s12877-021-02632-w
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34991472&dopt=Abstract
http://dx.doi.org/10.1192/bjp.bp.111.101402
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23118034&dopt=Abstract
https://bmchealthservres.biomedcentral.com/articles/10.1186/s12913-018-3543-6
http://dx.doi.org/10.1186/s12913-018-3543-6
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30249262&dopt=Abstract
https://europepmc.org/abstract/MED/10987780
http://dx.doi.org/10.1136/bmj.321.7262.694
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=10987780&dopt=Abstract
https://www.bmj.com/lookup/pmidlookup?view=long&pmid=25791983
http://dx.doi.org/10.1136/bmj.h1258
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25791983&dopt=Abstract
https://europepmc.org/abstract/MED/37324141
http://dx.doi.org/10.3389/fmed.2023.1152077
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=37324141&dopt=Abstract
https://www.jmir.org/2023//e44125/
http://dx.doi.org/10.2196/44125
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=37531190&dopt=Abstract
http://dx.doi.org/10.4017/gt.2020.20.1.406.11
http://dx.doi.org/10.1080/13607863.2023.2238259
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=37493266&dopt=Abstract
https://onderzoekmetmensen.nl/en/trial/25910
http://dx.doi.org/10.1176/ajp.139.9.1136
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=7114305&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


24. O'Cathain A, Murphy E, Nicholl J. Why, and how, mixed methods research is undertaken in health services research in
England: a mixed methods study. BMC Health Serv Res 2007 Jun 14;7:85 [FREE Full text] [doi: 10.1186/1472-6963-7-85]
[Medline: 17570838]

25. Goodman C, Baron NL, Machen I, Stevenson E, Evans C, Davies SL, et al. Culture, consent, costs and care homes: enabling
older people with dementia to participate in research. Aging Ment Health 2011 May;15(4):475-481. [doi:
10.1080/13607863.2010.543659] [Medline: 21500014]

26. O'Cathain A, Murphy E, Nicholl J. The quality of mixed methods studies in health services research. J Health Serv Res
Policy 2008 Apr;13(2):92-98. [doi: 10.1258/jhsrp.2007.007074] [Medline: 18416914]

27. Lutomski JE, Baars MA, Schalk BW, Boter H, Buurman BM, den Elzen WP, TOPICS-MDS Consortium. The development
of the Older Persons and Informal Caregivers Survey Minimum DataSet (TOPICS-MDS): a large-scale data sharing
initiative. PLoS One 2013;8(12):e81673 [FREE Full text] [doi: 10.1371/journal.pone.0081673] [Medline: 24324716]

28. Gerritsen DL, Oude Voshaar RC. The effects of the COVID-19 virus on mental healthcare for older people in The Netherlands.
Int Psychogeriatr 2020 Nov;32(11):1353-1356 [FREE Full text] [doi: 10.1017/S1041610220001040] [Medline: 32491980]

29. Kitwood T. Dementia Reconsidered: The Person Comes First. New York, NY: Open University Press; 1997.
30. Rosenberg F. The MoMA Alzheimer's project: programming and resources for making art accessible to people with

Alzheimer's disease and their caregivers. Art Health 2009 Mar;1(1):93-97. [doi: 10.1080/17533010802528108]
31. Data retention-analytics help. Google. URL: https://support.google.com/analytics/answer/7667196?hl=en [accessed

2024-04-29]
32. Braun V, Clarke V. Using thematic analysis in psychology. Qual Res Psychol 2006 Jan;3(2):77-101. [doi:

10.1191/1478088706qp063oa]
33. Tong A, Sainsbury P, Craig J. Consolidated criteria for reporting qualitative research (COREQ): a 32-item checklist for

interviews and focus groups. Int J Qual Health Care 2007 Dec;19(6):349-357. [doi: 10.1093/intqhc/mzm042] [Medline:
17872937]

34. DeepL Translate: the world's most accurate translator. DeepL. URL: https://www.deepl.com/en/translator [accessed
2023-05-12]

35. Gibson G, Chalfont GE, Clarke PD, Torrington JM, Sixsmith AJ. Housing and connection to nature for people with dementia:
findings from the INDEPENDENT project. J Hous Elderly 2007 Dec 17;21(1-2):55-72. [doi: 10.1300/j081v21n01_04]

36. Van der Roest HG, Prins M, van der Velden C, Steinmetz S, Stolte E, van Tilburg TG, et al. The impact of COVID-19
measures on well-being of older long-term care facility residents in the Netherlands. J Am Med Dir Assoc 2020
Nov;21(11):1569-1570 [FREE Full text] [doi: 10.1016/j.jamda.2020.09.007] [Medline: 33036911]

37. Tyack C, Camic PM, Heron MJ, Hulbert S. Viewing art on a tablet computer: a well-being intervention for people with
dementia and their caregivers. J Appl Gerontol 2017 Jul;36(7):864-894. [doi: 10.1177/0733464815617287] [Medline:
26675353]

38. Leuty V, Boger J, Young L, Hoey J, Mihailidis A. Engaging older adults with dementia in creative occupations using
artificially intelligent assistive technology. Assist Technol 2013;25(2):72-79. [doi: 10.1080/10400435.2012.715113]
[Medline: 23923689]

39. Foley KL, Sudha S, Sloane PD, Gold DT. Staff perceptions of successful management of severe behavioral problems in
dementia special care units. Dementia 2003 Feb 01;2(1):105-124. [doi: 10.1177/1471301203002001998]

40. Kuske B, Hanns S, Luck T, Angermeyer MC, Behrens J, Riedel-Heller SG. Nursing home staff training in dementia care:
a systematic review of evaluated programs. Int Psychogeriatr 2007 Oct;19(5):818-841 [FREE Full text] [doi:
10.1017/S1041610206004352] [Medline: 17052376]

41. Hui EK, Tischler V, Wong GH, Lau WY, Spector A. Systematic review of the current psychosocial interventions for people
with moderate to severe dementia. Int J Geriatr Psychiatry 2021 Sep;36(9):1313-1329. [doi: 10.1002/gps.5554] [Medline:
34350626]

42. Astell AJ, Ellis MP, Alm N, Dye R, Gowans G. Stimulating people with dementia to reminisce using personal and generic
photographs. Int J Comput Healthc 2010;1(2):177. [doi: 10.1504/ijcih.2010.037461]

43. Lee AC, Tang SW, Yu GK, Cheung RT. The smiley as a simple screening tool for depression after stroke: a preliminary
study. Int J Nurs Stud 2008 Jul;45(7):1081-1089. [doi: 10.1016/j.ijnurstu.2007.05.008] [Medline: 17707824]

44. Vernooij-Dassen M, Vasse E, Zuidema S, Cohen-Mansfield J, Moyle W. Psychosocial interventions for dementia patients
in long-term care. Int Psychogeriatr 2010 Nov;22(7):1121-1128 [FREE Full text] [doi: 10.1017/S1041610210001365]
[Medline: 20813074]

45. Norman D. Emotion and design: attractive things work better. interactions 2002 Jul;9(4):36-42. [doi: 10.1145/543434.543435]
46. Gowans G, Dye R, Alm N, Vaughan P, Astell A, Ellis M. Designing the interface between dementia patients, caregivers

and computer-based intervention. Des J 2015 Apr 28;10(1):12-23. [doi: 10.2752/146069207789318018]
47. de Vugt M, Dröes RM. Social health in dementia. Towards a positive dementia discourse. Aging Ment Health 2017

Jan;21(1):1-3. [doi: 10.1080/13607863.2016.1262822] [Medline: 28098498]
48. Aylward S, Stolee P, Keat N, Johncox V. Effectiveness of continuing education in long-term care: a literature review.

Gerontologist 2003 Apr;43(2):259-271. [doi: 10.1093/geront/43.2.259] [Medline: 12677083]

JMIR Form Res 2025 | vol. 9 | e56586 | p.2723https://formative.jmir.org/2025/1/e56586
(page number not for citation purposes)

Tan et alJMIR FORMATIVE RESEARCH

XSL•FO
RenderX

https://bmchealthservres.biomedcentral.com/articles/10.1186/1472-6963-7-85
http://dx.doi.org/10.1186/1472-6963-7-85
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17570838&dopt=Abstract
http://dx.doi.org/10.1080/13607863.2010.543659
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21500014&dopt=Abstract
http://dx.doi.org/10.1258/jhsrp.2007.007074
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18416914&dopt=Abstract
https://dx.plos.org/10.1371/journal.pone.0081673
http://dx.doi.org/10.1371/journal.pone.0081673
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24324716&dopt=Abstract
https://linkinghub.elsevier.com/retrieve/pii/S1041-6102(24)03713-X
http://dx.doi.org/10.1017/S1041610220001040
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32491980&dopt=Abstract
http://dx.doi.org/10.1080/17533010802528108
https://support.google.com/analytics/answer/7667196?hl=en
http://dx.doi.org/10.1191/1478088706qp063oa
http://dx.doi.org/10.1093/intqhc/mzm042
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17872937&dopt=Abstract
https://www.deepl.com/en/translator
http://dx.doi.org/10.1300/j081v21n01_04
https://europepmc.org/abstract/MED/33036911
http://dx.doi.org/10.1016/j.jamda.2020.09.007
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33036911&dopt=Abstract
http://dx.doi.org/10.1177/0733464815617287
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26675353&dopt=Abstract
http://dx.doi.org/10.1080/10400435.2012.715113
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23923689&dopt=Abstract
http://dx.doi.org/10.1177/1471301203002001998
https://linkinghub.elsevier.com/retrieve/pii/S1041-6102(24)06179-9
http://dx.doi.org/10.1017/S1041610206004352
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17052376&dopt=Abstract
http://dx.doi.org/10.1002/gps.5554
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34350626&dopt=Abstract
http://dx.doi.org/10.1504/ijcih.2010.037461
http://dx.doi.org/10.1016/j.ijnurstu.2007.05.008
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17707824&dopt=Abstract
https://linkinghub.elsevier.com/retrieve/pii/S1041-6102(24)02798-4
http://dx.doi.org/10.1017/S1041610210001365
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20813074&dopt=Abstract
http://dx.doi.org/10.1145/543434.543435
http://dx.doi.org/10.2752/146069207789318018
http://dx.doi.org/10.1080/13607863.2016.1262822
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28098498&dopt=Abstract
http://dx.doi.org/10.1093/geront/43.2.259
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=12677083&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


Abbreviations
COREQ: Consolidated Criteria for Reporting Qualitative Research
GDS: Global Deterioration Scale
GRAMMS: Good Reporting of a Mixed Methods Study
MRC: Medical Research Council
RCT: randomized controlled trial
RQ: research question
SFAS: Smiley Face Assessment Scale

Edited by A Mavragani; submitted 21.01.24; peer-reviewed by G Kohl, S Fox; comments to author 02.12.24; revised version received
23.01.25; accepted 02.03.25; published 16.04.25.

Please cite as:
Tan JRO, Neal DP, Vilmen M, Boersma P, Ettema TP, Gobbens RJJ, Sikkes SAM, Dröes RM
A Digital Photo Activity Intervention for Nursing Home Residents With Dementia and Their Carers: Mixed Methods Process Evaluation
JMIR Form Res 2025;9:e56586
URL: https://formative.jmir.org/2025/1/e56586 
doi:10.2196/56586
PMID:

©Josephine Rose Orejana Tan, David P Neal, Maria Vilmen, Petra Boersma, Teake P Ettema, Robbert J J Gobbens, Sietske A
M Sikkes, Rose-Marie Dröes. Originally published in JMIR Formative Research (https://formative.jmir.org), 16.04.2025. This
is an open-access article distributed under the terms of the Creative Commons Attribution License
(https://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution, and reproduction in any medium,
provided the original work, first published in JMIR Formative Research, is properly cited. The complete bibliographic information,
a link to the original publication on https://formative.jmir.org, as well as this copyright and license information must be included.

JMIR Form Res 2025 | vol. 9 | e56586 | p.2724https://formative.jmir.org/2025/1/e56586
(page number not for citation purposes)

Tan et alJMIR FORMATIVE RESEARCH

XSL•FO
RenderX

https://formative.jmir.org/2025/1/e56586
http://dx.doi.org/10.2196/56586
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


Original Paper

Creating a Usable and Effective Digital Intervention to Support
Men to Test for HIV and Link to Care in A Resource-Constrained
Setting: Iterative Design Based on A Person-Based Approach
and Human Computer Interaction Methods

Anya Zeitlin1*, MSc; Thulile Mathenjwa2,3*, MA; Thembelihle Zuma2,4, PhD; Sally Wyke5, PhD; Philippa Matthews2,

BMBS; Nuala McGrath2,4,6, PhD; Janet Seeley2,7, PhD; Maryam Shahmanesh2,8, PhD; Ann Blandford1, PhD
1UCL Interaction Centre, University College London, London, United Kingdom
2Africa Health Research Institute, Durban, South Africa
3School of Public Health, University of Cape Town, Cape Town, South Africa
4School of Nursing and Public Health, University of KwaZulu Natal, Durban, South Africa
5School of Social and Political Sciences, University of Glasgow, Glasgow, United Kingdom
6Faculty of Medicine and Faculty of Social Sciences, University of Southampton, Southampton, United Kingdom
7London School of Hygiene & Tropical Medicine, London, United Kingdom
8Institute for Global Health, University College London, London, United Kingdom
*these authors contributed equally

Corresponding Author:
Thulile Mathenjwa, MA
Africa Health Research Institute
Krith Building, 3rd floor
719 Umbilo Rd
Durban, 4001
South Africa
Phone: 27 315210455
Email: thulile.mathenjwa@ahri.org

Abstract

Background: It is challenging to design usable and effective digital health interventions (DHIs). The person-based approach
(PBA) has been proposed to incorporate users’ perspectives for the design of DHIs. However, it does not explicitly describe the
iterative stages of design and evaluation that are essential in moving from early planning to deployment. For this, we draw on
methods from human computer interaction (HCI) that have been developed for various situations.

Objective: This study aimed to reflect on the adaptation and synthesis of PBA and HCI approaches to developing DHIs. We
present a case study applying both approaches to develop Empowering People through Informed Choices for HIV (EPIC-HIV1),
a DHI designed for men living in rural KwaZulu-Natal, South Africa, intended to support them in making an informed choice
about whether to take an HIV test and, if necessary, engage in care.

Methods: We conducted a retrospective analysis of the documentation generated during the development of EPIC-HIV1
including findings about requirements, design representations, and the results of iterative rounds of testing. We developed an
account of the process, the outcomes, and the strengths and limitations of the design and evaluation techniques applied. We also
present the design of EPIC-HIV1 and summarize considerations when designing for hard-to-reach people in such settings.

Results: The PBA was applied to deliver a first prototype. This helped identify key messages to convey and how to manage
issues such as user privacy, but the resulting prototype was judged by the team not to be engaging for potential users, and it was
unclear whether the design was inclusive of people with low digital or health literacy. We therefore introduced methods from
HCI to iteratively test and refine the app. Working with local community representatives, we conducted four refinement cycles
with 29 participants, adapting and retesting the app until no further changes were needed. Key changes included making it clearer
what the consequences of selecting options in the app were and changing wording to minimize misconceptions (eg, that the app
would test for HIV) while addressing common concerns about testing and emphasizing long-term benefits of engaging with care,
if needed.

JMIR Form Res 2025 | vol. 9 | e65185 | p.2725https://formative.jmir.org/2025/1/e65185
(page number not for citation purposes)

Zeitlin et alJMIR FORMATIVE RESEARCH

XSL•FO
RenderX

mailto:thulile.mathenjwa@ahri.org
http://www.w3.org/Style/XSL
http://www.renderx.com/


Conclusions: Techniques for developing DHIs need to be situationally appropriate. The PBA enabled us to establish both
empirical data and theory to design the content of EPIC-HIV1, but it did not directly inform interaction design to make the app
usable and effective for the intended users; HCI techniques tailored to the setting enabled us to refine the app to be easy for men
with little familiarity with digital technologies to use within the constraints of the setting. Iterative testing ensured the app was
easy to use and that the intended clinical messages were communicated effectively.

(JMIR Form Res 2025;9:e65185)   doi:10.2196/65185

KEYWORDS

person-based approach; HIV; resource-constrained settings; digital intervention; user-centered design; behavior change techniques;
digital health

Introduction

Background
The focus of this paper is on the application of methods for
developing usable, effective, and engaging interactive digital
health interventions (DHIs), taking as a case study an
intervention, Empowering People through Informed Choices
for HIV (EPIC-HIV1), intended to enable men to make an
informed choice about testing for HIV and, if necessary,
engaging with care. Recent literature shows that men are left
behind in the response to HIV [1] as evidenced by the low
uptake of HIV testing, prevention and treatment compared with
women [2-4].

Challenges of Developing Interactive DHIs
As digital technologies become more affordable, their potential
is increasingly leveraged for DHIs in a broad range of settings
including both affluent and resource-constrained communities,
in urban, rural and remote settings [5]. There are numerous
challenges with implementing DHIs such as ensuring
interventions keep pace with rapidly changing technical systems
[6], supporting usability needs [7], ensuring that the intervention
is accessible across devices and operating systems [8], and
making it culturally appropriate [9]. These challenges are
exacerbated in resource-constrained settings where there are
variable infrastructural constraints and levels of familiarity with
technology within intervention cohorts.

There are few accounts of how to develop usable, engaging,
and effective DHIs. One of the most widely cited is the
person-based approach (PBA) to intervention development [10].
Although this approach describes the need to iteratively test
prototypes with end users, it omits detailed discussion of
interaction design and how to integrate this into the intervention
development process. Conversely, the human computer
interaction (HCI) literature rarely addresses issues that matter
to population health researchers such as content design, clinical
effectiveness, scalability, and sustainability [11]. The aim of
the work reported here was to reflect on the integration of PBA
and HCI methods taking as a case study the design and
deployment of EPIC-HIV1, a tablet-based app.

Apps are particularly suited for stigmatized health conditions
like HIV because they provide users with privacy and anonymity
[12,13]. In addition, they offer health interventionists the ability
to deliver uniform messages, free from embarrassment which
affects people’s ability to communicate consistent and accurate
information [13]. Several studies have used digital technology

to increase uptake of HIV testing and medication adherence
[14,15]. These studies found that both mobile and tablet-based
HIV interventions are feasible, acceptable, and effective methods
to engage hard to reach populations [16]. However, the studies
do not discuss how the interventions were designed or
developed.

Interdisciplinary Approaches to Developing Digital
Health Interventions
The World Health Organization advocates the application of
user-centered design to develop DHIs to ensure that they are
effective, accessible, acceptable, and user-friendly [17]. This
often requires the collaboration of professionals from health
and HCI backgrounds. Health care professionals, including
epidemiologists and social scientists, contribute clinical
expertise, theoretical understandings of behavior change and
health outcome evaluation techniques. HCI professionals
contribute user-centered design methodologies, which are
applied to understand user needs, inform the design of digital
technologies and evaluate them in terms of usability and user
experience [11,18,19].

Despite the clear benefits of interdisciplinary collaboration,
there are well-recognized challenges [11,18] relating to the
academic heritage of the respective disciplines. Professionals
from health care backgrounds put greater emphasis on measuring
the effectiveness of DHIs and evaluating outcomes. HCI
professionals focus on iterative design, including alternative
design representations and formative evaluation, to ensure digital
technology is usable and acceptable. As a result,
interdisciplinary teams experience divergent approaches to
timelines, measuring effectiveness and understanding success.

Literature in the field of behavior change tends to limit the
integration of HCI methods, and therefore collaboration, to
discrete stages in the intervention development process: for
example, evaluating usability and engagement once a prototype
has been developed [20].

In HCI literature, there is more interest in exploring the
boundaries of the role HCI should play in DHI design and
evaluation, rather than identifying discrete stages in the
development process in which HCI approaches can be applied.
Klasnja et al [21] describe the contribution of HCI as being to
understand “how and why” DHIs work, rather than measuring
outcomes. In contrast, Smith et al [22] advocate using a value
chain analysis to evaluate how short-term (proximal) metrics
relate to long term (distal) behavior change and health outcomes.
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Marcu et al [23] describe the Patient-Clinician-Designer
framework, which seeks to integrate multiple perspectives
throughout the design process. In understanding the clinical
context, patient needs and technical constraints, they ensure
that digital interventions meet the needs of all stakeholders and
are therefore more likely to be successful when implemented
[23]. They describe this in reference to a mental health
application, but it has also been applied to the development of
applications for stigmatized conditions including HIV [24].
Similarly, Blandford [11] highlights the value of applying HCI
methodologies throughout intervention development to facilitate
more systematic trade-offs between what is needed for users
and clinicians and what is feasible in the context.

Person-Based Approach and Integration With Human
Computer Interaction Methods
We used the PBA to inform the design and development of
EPIC-HIV1. The PBA [10,20] provides guidelines on how to
use qualitative research methods to identify psychosocial factors
that influence the effectiveness and acceptability of
interventions. Using rich, qualitative research at every stage of

the intervention development process facilitates an investigation
of the beliefs, attitudes, needs and situations of participants in
the intervention. Yardley et al [10] propose that using PBA can
make an intervention more relevant, persuasive, accessible and
engaging.

The PBA consists of 4 stages, namely planning, design,
development, and intervention [20]. While Yardley et al [20]
recognize the value of gathering user input, the focus is on how
that input informs the development of content and intervention
goals. They do not describe the HCI, or user-centered design,
methods that should be applied or how to translate the
intervention goals and content into a usable and engaging digital
product.

Blandford [25] proposes an integration of PBA with established
HCI design methods to address these issues (Figure 1). The key
extensions to PBA are earlier consideration of design
possibilities, the identification of design representations (eg,
design patterns and task structures) and iteration between as
well as within stages.

Figure 1. An integrated development lifecycle illustrating how a person-based approach to digital health intervention design can be augmented by
human computer interaction methods.

Both approaches advocate the use of personas and scenarios.
These are rich descriptions of the intended users of the
intervention and of how they will use the intervention. Scenarios
are commonly presented at different levels of abstraction; for
example, Rosson and Carroll [26] describe problem scenarios
(the broad situation), information scenarios (giving details of
the information that will be provided to users) and interaction
scenarios (describing the details of user interaction with the
system).

The aim of this study is to report and reflect on the process and
outcomes of applying the PBA and selected HCI methods to
the development of EPIC-HIV1 as an exemplar DHI for
behavior change.

Methods

Overview
This paper draws on documentation that was created during the
iterative development process, including the initial prototyping
of EPIC-HIV1 and the subsequent cycles of refinement and
testing. That documentation was systematically gathered
throughout the development process to support subsequent
analysis. The retrospective analysis of the documentation
involved the construction of a narrative of the processes and
outcomes for the planning, design, and developing stages
outlined in Figure 2 and presented below (after an overview of
the context and rationale). Therefore, this narrative is presented
as “results” below, rather than “method”. The implementation
stage (ie, deployment in a clinical trial) is beyond the scope of
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this paper and is described elsewhere [4,27,28]. We present the context, rationale, and design aims for EPIC-HIV1.

Figure 2. Methods used in the first 3 phases of the person-based approach, phase 4 (implementation) is out of scope for this paper. AHRI: Africa Health
Research Institute; BCT: behavior change taxonomy; EPIC-HIV1: Empowering People through Informed Choices for HIV; SDT: self-determination
theory.

Empowering People Through Informed Choices for
HIV Context and Rationale
EPIC-HIV1 is 1 of 2 DHIs that make up the EPIC-HIV
intervention. The second DHI, EPIC-HIV2, was designed to
support engagement in care for those who did not link to care
within a month after a positive HIV diagnosis and is described
elsewhere [29]. EPIC-HIV is 1 of 2 interventions in the
Home-based Intervention to Test and Start (HITS) trial that
sought to increase HIV testing and linkage to care among men
in rural South Africa using micro incentives and male-targeted
decision support [4,30]. The HITS trial aimed to compare the
impact of micro incentives (financial) with decision support
(EPIC-HIV). It was implemented in a rural setting in
uMkhanyakude district in northern KwaZulu-Natal, South Africa
using the Africa Health Research Institute (AHRI) Demographic
and HIV surveillance platform [31]. The trial results are reported
elsewhere [4,27,28].

For this case study, we focus on the development of EPIC-HIV1.
As noted above, it is an educational app that introduces men to
accurate information about HIV and encourages them to make
an informed choice about engaging with HIV testing and care.
The design drew on self-determination theory (SDT) [32] to
plan content by supporting three basic psychological needs
(autonomy, competence and relatedness) and increase men’s
internal motivation to test for HIV and link to care where
necessary. We also drew on the behavior change taxonomy
(BCTv1) proposed by Michie et al [33]. They list 93 techniques
that can be applied in behavior change interventions, clustered
into 16 groups (eg, goals and planning, feedback and monitoring,
and social support, providing a credible source of information
and advice). Many of these are potentially relevant to the design
of digital interventions: for example, goal setting, providing
instructions on how to perform a behavior, or providing a
credible source.

EPIC-HIV1 was designed to be delivered by fieldworkers during
the annual household visits which includes conducting

household and individual behavior and health related surveys
and collecting dry blood spots for anonymized HIV testing as
well as the offer of a rapid HIV test [31]. The concept was that
the app would be deployed on the fieldworker tablet and offered
to men during the data collection for individual surveys where
the fieldworker is alone with the participant. The app is offered
before the HIV rapid test offer. The fieldwork visits are carried
out in a systematic cycle where they are allocated a number of
households to cover in a week. Due to this time constraint, user
interaction with EPIC-HIV1 was allocated 10 minutes.

Design Aims for Empowering People Through
Informed Choices for HIV
Two key aims for EPIC-HIV1 were ensuring that it met users’
needs, that is, that participants were engaged by the content and
could autonomously navigate the application, including people
with low digital and health literacy; and ensuring that it met the
intervention goals, namely to communicate the correct clinical
messages to men and enable them to make an informed choice
about engaging with HIV care.

The design had to recognize the stigma related to HIV
[15,16,34]. This relates to both the design of the intervention
itself, and the evaluation methods used. For example, in user
studies we did not require participants to disclose their HIV
status. Also, to enable study participants and future users to
explore EPIC-HIV1 independently and privately, earphones
were offered for their use.

Another design challenge in resource-constrained settings is
low literacy [35]. Solutions proposed for low-literacy users
include graphical interfaces, interactive voice interfaces, and
mediated usage [36]. Designing for low literacy populations
extends beyond catering for users not being able to read, to
multiple cognitive and emotional factors that influence how
users engage with content [37,38]. For health care interventions,
there is added complexity: individuals with lower literacy tend
to have lower health literacy [39], and having lower health
literacy puts an individual at higher clinical risk and is associated
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with reduced ability to exert control over health through
informed decision making [39,40]. The approaches taken in
both design and testing to be inclusive of users with low digital
and health literacy are discussed below.

Ethical Considerations
This study received ethical approval from the University of
KwaZulu-Natal Biomedical Research Ethics Committee
(BFC398/16). Participants involved in empirical data collection
provided written or verbally informed consent before
participation. Participation in the study was entirely voluntary.
To protect participants’privacy and confidentiality all data were
deidentified, and no personally identifiable information was
included in the final dataset. Participants received light
refreshments (sandwich and juice) for taking part in the study
and no financial rewards were provided.

Results

Overview
As noted above, EPIC-HIV1 was developed following the first
3 stages of PBA. The planning and design stages were led by
social scientists and health professionals (JS, SW, MS, TZ, PM,
and TM) and the development phase was led by HCI specialists
(AB and AZ) and the technology partner. Each stage used
different recruitment and sampling methods as described in
detail below.

Person-Based Approach Stage 1: Planning
The planning stage is described in detail by Mathenjwa et al
[29]. In summary, we reviewed systematic reviews and existing

data from AHRI to identify barriers to HIV testing and linkage
to care and used the results to define the user requirements of
the app. In summary, key barriers to testing were fear of
rejection, and being blamed for sexual misconduct, if found to
be HIV positive; fear of death or illness; feeling healthy and so
not understanding the need to test; a preference for traditional
medicine; and a belief that medicine should be curative (rather
than for preventing or managing illness). Key barriers to
engaging with care were that clinics were regarded as feminized
spaces where men do not feel comfortable; that they are
concerned about confidentiality if they are seen in clinics; that
there may be long wait times in clinics; and that they often have
poor relationships with health care workers. Key learning points
for EPIC-HIV1 were that it was important to persuade men that
it is best to know their HIV status, because it allows them to
take control; that men needed to see a positive future with HIV,
in which they are in control and can achieve their ambitions,
and that attending clinic can be managed and is valuable in the
long term.

Person-Based Approach Stage 2: Design
The aim of this stage was to formulate the design principles of
the application and essential features that should be included.
Using the results from the planning stage, we identified barriers
that can be modified by EPIC-HIV1 and key learning points to
be incorporated into the app. We then formulated intervention
features relevant to the learning points. Finally, we identified
specific behavior techniques from the BCT taxonomy [33] to
support autonomy, competence and relatedness. The components
are interrelated as illustrated in Table 1.

Table 1. Key learning points from the planning stage of person-based approach and how they relate to self-determination theory and behavior change
taxonomy.

BCTb from taxonomySDTa relevantLearning point

9.1 credible source

5.1 information about health consequences

5.2 salience of consequences

To persuade men it is best to know your
HIV status, because it allows you to take
control

• Persuading users that knowing their status allows them
to take control of important aspects of their lives, such
as upholding traditional values, caring for a family or
having sex and children (supporting autonomy).

9.1 credible source

5.1 information about health consequences

5.2 salience of consequences

13.5 identity associated with changed behav-
ior

13.1 identification of self as role model

To allow or engage men to see a positive
future with HIV, in which they are in con-
trol and can achieve their ambitions

• Maintaining a positive illness context throughout: that
it is possible to live with HIV and do all one wants to
do.

• Educating men about HIV and the benefits of testing
and taking antiretroviral therapy (supporting autono-
my).

13.5 identity associated with changed behav-
ior

13.1 identification of self as role model

To persuade men that attending the clinic
can be managed and is worth it in the long
term

• Persuade men that they can handle going to the clinic
through positive examples of men talking about what
it was like and how they managed it (supporting relat-
edness, competency and autonomy).

aSDT: self-determination theory.
bBCT: behavior change taxonomy.

The Conceptual Design and Scenarios of Use
The high-level design concept was to provide experiential
information from local men living with HIV that users could
identify with. The content was rooted in local narratives to
provide information about various outcomes to increase risk

perception, salience, and likelihood of response by making the
decision to test or link to care explicit. Personas were implicitly
encapsulated in the descriptions of the characters who were to
be introduced through EPIC-HIV1: men of different ages and
with different health beliefs and levels of digital literacy.
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As described above, the envisaged context of use for EPIC-HIV1
was that it would be administered by the AHRI fieldworker
during the annual individual biobehavioral surveillance home
visit. When the time came to explore EPIC-HIV1, the
fieldworker was expected to hand over the tablet computer with
the app opened (start screen) to the user (consenting man),
together with earphones (that the man could keep) and wait
while they interacted with the app in private. The app was
designed to take 5-10 minutes depending on the pathway that
the user selected to align with the time constraints of the
fieldwork.

The information scenario was based on the notion that the app
should acknowledge and refute common misconceptions about
HIV (how it is transmitted and what treatments are effective)
and concerns about attending a clinic and making other people
aware of their HIV status.

The interaction scenario involved the user working through 3
sections (illustrated in Multimedia Appendix 1. First, there was
a short introduction, after which the user was given the choice
to either find out about HIV testing and treatment (if they were
not ready to test) or just find out about treatment (if they were
ready to test). In the testing section, users were given the option
to listen to short vignettes describing common reasons for men
not wanting to test for HIV. Users were then presented with
information, addressing each of these reasons and providing a
counter argument. In the treatment section, 3 characters

described their journey since being diagnosed with HIV; these
characters represented different personas, and the user could
listen to one of their stories (ideally the one they found most
relatable).

All app content and instructions were provided in text and audio
format. Still images, including photographs of individuals (with
faces obscured) and artefacts from the intervention community,
supported the audio descriptions.

The app used a male nurse from AHRI to serve as a guide
character and credible source of HIV information. He gives an
introduction and explains how the app works and then reads
out the 2 options (“I am sure I will have an HIV test today” and
“I might not have an HIV test today”) and asks the user to select
which statement he agrees with. In the “ready to test” section,
the nurse applauds the user for taking the decision to test today.
In the “not ready to test” section, we used 7 characters to give
short vignettes discussing common reasons for men not wanting
to test for HIV which were identified during the planning stage.
The nurse comes back to address the reason each character lists,
providing a counter argument. Users can then go into more
detail by selecting one of the 3 main characters that persuade
men that knowing their HIV status gives them control of
important aspects of life, that it is possible to live with HIV and
still achieve goals and finally that they can manage going to the
clinic (Figure 3).

Figure 3. Illustration of 7 characters from the PowerPoint prototype of Empowering People through Informed Choices for HIV.

Testing the Conceptual Design
We developed a low fidelity PowerPoint (Microsoft Corp)
protype of the app and evaluated it with 2 focus groups of men
from the community advisory board, a body representing
members of the intervention community that acts as a bridge
between AHRI and the community, safeguarding the rights of

the study participants. We sought to include younger and older
community advisory board members. The focus of the evaluation
was on whether the characters and messages selected were
acceptable to men in our community. Since we aimed to assess
acceptability of the content and characters, findings were
categorized into content or character related and the app
functionality (Table 2).
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Table 2. Summary of the focus group discussion results and how we addressed them.

Steps taken and revision of contentIssuesMain issues

Content •• Positive reinforcement on autonomy,
competence and relatedness among all
characters.

Self-stigmatization after testing HIV-positive.
• Fear of weakness because of illness.
• Manhood is about becoming isoka (Casanova).
• Testing is for everyone, not for particular groups or

types.
• Most men want to wait until they get sick before test-

ing, long queues in clinics, feminized spaces of health
care.

Characters •• Only the nurse character will be seen
by users.

Groups preferred characters to look like strong men.
• Groups commented on what characters should wear.

• No other faces will be shown, real set-
tings will not be used.

• Groups mentioned that characters’ gestures should be
open and clear.

• Men wearing what was proposed in
groups.

• Characters’ gestures open and clear.

Functionality •• No rewind option because of time.Asked for a rewind button so that people can go back
and listen. • App will be private, and fieldworker

will clarify to each participant that they
will not know how the participant
navigated the app.

• Privacy and confidentiality.

We used the results to refine the content and characters and
finalized the brief for the software developer. We selected a
cast of actors from the local community to represent the different
characters and did an audio recording of voice overs and a photo

shoot at AHRI offices and a local community center. This was
sent to the software developer with the brief. We received the
first iteration of a functional app, as illustrated in Figure 4;
however, it was not considered by the team to be engaging.

Figure 4. First iteration of the Empowering People through Informed Choices for HIV app cycle (3 example screen shots).

Person-Based Approach Stage 3: Iterative Testing and
Design Changes
We iteratively tested and refined EPIC-HIV1 to ensure that the
app was interactive, usable and acceptable for a broad spectrum
of users with varying education and digital literacy. In total, 4

cycles of user-centered evaluation and design were conducted,
based on design sprints each lasting 2 weeks. These cycles were
structured using a simple interaction design model [41], whereby
initial user requirements were identified, design improvements
were generated, and the new design was evaluated. The
evaluation metrics are summarized in Table 3.
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Table 3. Summary of evaluation metrics relating to usability, efficacy, and engagement.

MethodQuestionsMetric

Observations during think-aloud sessionsUsability • Is it clear how to move between screens?
• Is it clear how to engage with the information on each

screen (ie, choose options, listen to audio and exit
audio)?

Questions in think aloud protocol and
guided survey

Efficacy • Are they key messages communicated?
• Do participants gain new information because of using

the app?
• Is the information they gain factually accurate?

Questions in think aloud protocol and
guided survey

Engagement • Is the interaction pleasant?
• Is the presentation of content appropriate and interest-

ing?

During each cycle, participants were asked to complete defined
tasks and articulate their thoughts about EPIC-HIV1 and the
task. Both actions and verbalizations were recorded to identify
the main usability challenges and build an understanding of the
acceptability of content. Participants were paused after the
introductory screens and asked questions regarding their initial
expectations of the app’s content and purpose. After using the
app, participants were asked further questions of their
understanding of the content and reflections on the design. This
guided, verbally administered, survey ensured that we did not
exclude low-literacy participants. It consisted of a mix of open
and closed questions and was used to gather insight into
usability, comprehension, and design preferences. The
evaluations were conducted in isiZulu, with a bilingual
(isiZulu-English) researcher administering procedures and
participants were observed as they used the application.

Recruitment and Participants
All participants were recruited from the AHRI demographic
and HIV surveillance community. Participants were approached
in public spaces by a local male researcher from the community.
These public spaces varied but included parks, taverns, and the
roadside. Across the 4 evaluation cycles, sampling became
increasingly purposive, focused on more rural areas and older

participants, as we sought to recruit participants who represented
specific user groups within the intervention cohort, especially
those who had been identified as likely to have low
technological literacy.

We conducted evaluations with 29 unique isiZulu speaking
males (excluding pilot participants) over the 4 iterative cycles.
All participants were asked their age to confirm they were aged
18 years or older and able to consent to participate. Recruitment
was helped significantly by the presence of local researchers
who knew where men in the community “hang out” and were
able to explain the purpose of the study. Men were often in
groups and many declined to engage, meaning all 29 participants
engaged willingly.

Overview of Evaluation Cycles
Across the 4 cycles, the evaluations became more refined, but
the objectives and the metrics were consistent. Correspondingly,
there was consistency across the protocols. For example, some
of the questions (Table 3) were the same and were asked at the
same point in the evaluation. The key features of each evaluation
cycle are summarized in Table 4 and refer to Multimedia
Appendix 2 for example of findings and changes made in each
evaluation cycle.
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Table 4. Key features of each evaluation cycle.

MethodsObjectivesEvaluation cycle

Evaluation 1 •• Think aloud.Primary: identify main usability challenges, gather
understanding of target user group’s needs, and assess
understanding of content.

• Observation.
• Guided survey.

• Secondary: gather insight into potential design im-
provements.

Evaluation 2 •• Observation.Primary: make layout easy to use for people who are
novice tablet users and have low literacy, assess un-
derstanding of content.

• Retrospective usability questions.
• Guided survey.

• Secondary: gather insight into preferred look and feel
of app.

Evaluation 3 •• Observation.Primary: test whether users know how to select op-
tions, assess understanding of content, make content
more engaging.

• Retrospective usability questions.
• Guided survey.

• Secondary: ensure that uninterrupted participants were
completing the app in an appropriate time.

• Task completion times.

Evaluation 4 •• Observation.Primary: assess whether the changes made to the ap-
plication affected users’ expectations, such that they
were making more informed decisions.

• Retrospective usability questions.
• Guided survey.

Specifics of Each Evaluation Cycle
For the first evaluation, convenience sampling was used to
recruit from the community, working in or close to the research
institute. The evaluation took place within the research institute.
After interacting with the first version of the app, participants
were presented with low fidelity interactive prototypes of
different sections of the app and asked which they preferred,
which was most relatable, and which was most clear.

In Evaluation 2, we used pop-up research [42], which involves
carrying out targeted user evaluations in environments that are
familiar and used by the app’s intended audience, to simulate
some of the environmental constraints and social considerations

that would be experienced by fieldworkers when administering
the DHI, such as lack of access to the internet and difficulty
finding private spaces. This had the potential to reduce
participant response biases [37] by making the environment
more familiar and less formal than the research institute.
Participants were approached in public spaces, such as at bus
stops or tuck shops, and evaluations were conducted either in
those spaces or close by in the researchers’ car (illustrated in
Figure 5). These decisions helped to establish a level of mutual
trust and collaboration between the researchers and participants.
Unlike most accounts of pop-up research, the planned time for
each individual’s participation was not particularly short: it
lasted 20-30 minutes, sometimes more if the participant had
low literacy.

Figure 5. Illustrative photos of pop-up evaluation testing in remote locations using an Africa Health Research Institute vehicle.

Based on learnings from Evaluation 1, we administered
retrospective usability questions rather than asking participants
to articulate their thoughts concurrently. We also printed

screenshots of design variations on paper and described the
differences to participants then asked them which they preferred,
rather than continuing to use low-fidelity interactive prototypes
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after the first part of each session. We included closed questions
that were asked while participants were interacting with
EPIC-HIV1: for example, we added a help button; in the
evaluation, we stopped users after the instruction screen and
asked them to indicate which button to press if it was not clear
what to do next. Most participants were unaware they could
skip content or be selective, which indicated that the app was
not supporting autonomous decision making. When presented
with design alternatives, all 6 participants selected the interface
with photo images because it was “clear.” This supported the

use of rich and contextually relevant images throughout the app
to optimize the relatability of the content.

Following Evaluation 2, previews were either automated or
removed, which meant users would only be presented with
choices when it was critical. We added extra instructions on
how to select options, made button states more distinct and
provided additional nudges in the form of button animations
and instructions from the nurse character. Additional
photographs of paid professionals who were representative of
the intended cohort were added to the character stories to make
them more engaging (Figure 6).

Figure 6. Example of design changes made, illustrated with screenshots from the first and third versions of Empowering People through Informed
Choices for HIV.

In Evaluation 3, as well as assessing whether participants knew
how to select options, understood correct messages and found
the content engaging, we wanted to ensure that participants were
completing the app within a given time. We split participants
into 2 groups: one was interrupted to assess their option selection
while the other was uninterrupted, to gather their task
completion time and observe the full user flow. Having
identified rural and older people as those who were least
comfortable using the app, we actively recruited males
representing this category, reducing the proportion of young
periurban males (the easiest to find and recruit). After
conducting evaluations with 12 participants from various
locations, we had reached saturation in responses. Compared
with earlier evaluation cycles, we focused more on option
selection and expectations. For example, at the beginning
participants were asked what they had expected to find if they
had selected the other option so that we could assess whether
participants were actively choosing what they wanted to hear
about. This was particularly important because users could only
engage with EPIC-HIV1 once as part of the planned intervention
and could not return to content of interest.

Evaluation 4 did not reveal any additional usability issues.
Participants were able to describe what they would have had if
they had selected the other option, indicating the changes to the

language used at the beginning of the app were effective and
supported informed decision making.

Summary
Both the evaluation objectives and the methods became more
refined during the process. For example, the objective of the
first evaluation was to get a sense of what users were finding
difficult and what evaluation style would be contextually
appropriate. Convenience sampling was used to recruit
participants and the questions in the evaluation were relatively
general. In the third evaluation, 2 of the objectives were to assess
whether participants could make accurate option selections and
complete the app within a given time. Purposive sampling was
used to recruit participants who represented a range of users we
had previously encountered, especially those who had had
usability challenges (ie, low literacy, novice users, and older
people). The evaluation was more focused, questions were more
specific, and the methods were altered to support our objectives.

Although pop-up research was an effective and valuable means
of recruiting participants and conducting evaluations, we had
to ensure that we adequately addressed considerations, including
ethics (ensuring the participants did not feel coerced), privacy
(ensuring that participants could freely engage with content
without passers-by hearing), community-institution relationships
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(avoiding contributing to “participant fatigue” near the research
center), and our own safety as we went into remote places and
invited people into our car or worked with them in unfamiliar
environments.

Discussion

Principal Findings
The analysis of existing theory and data enabled the team to
identify and address the most important barriers to men engaging
in HIV testing and care in a cost-effective way. The use of HCI
methodologies enabled the team to translate the intervention
goals, that is, communicating persuasive messages in a way that
would promote behavior change, into design strategies and
ensure the application was usable. The resulting application
was inclusive of the intended population, supported meaningful
choice in how users engaged with the application, and ensured
the correct clinical messages were communicated.

One key lesson from this study is that it is essential to design
the introduction (or “onboarding”) to a DHI very carefully, to
ensure that users are empowered to use the app effectively and
that expectations of what they will experience are set
appropriately. Another key lesson is that an appropriate balance
had to be achieved between autonomy (enabling people to
navigate as they choose) and ensuring that the correct clinical
messages are communicated.

The conceptual design featured a series of dialogues between
relatable characters and a trustworthy nurse. These dialogues
were accompanied by images of the characters in familiar
settings. However, this approach was never tested against
alternative design strategies. Early decisions about the design
and mode of the interaction were based on informal
understanding and intuition rather than evidence. Resource
limitations (both time and funds) meant that we did not have
the capacity to revisit earlier design decisions such as the
appropriateness of using a tablet computer or the general
approach of presenting dialogues. Thus, it was not possible to
engage in the broader cycles of iteration proposed by Blandford
[25].

Early design decisions, such as the approach of focusing on a
dialogue between relatable characters and a trustworthy nurse,
and about the content of the dialogue, were based on the key
scenario of use: that is, that the tablet computer would be lent
to the individual for up to 10 minutes within the annual health
visit; this imposed a significant constraint on the design. For
example, the main interaction design issue raised by members
of the community advisory board in the Stage 2 testing, that
people would like a “rewind” option, was not addressed due to
this time constraint.

Through iterative testing the main area of concern, and where
many changes were made, were in the introduction, or
“onboarding,” for the app. It was found necessary to set
expectations about the app (eg, that it would not deliver an HIV
test result) and to provide detailed verbal instructions about how
to select options and press buttons on a touch screen.

We needed to balance the needs for the app to be engaging and
inclusive. The participants were diverse, and levels of technical,
educational and health literacy varied widely. Some participants
were comfortable using the tablet app and owned touch screen
smartphones. Testing highlighted the tension between providing
literal choice in interaction design and meaningful choice
regarding how the user engaged with the intervention. For
example, giving users a choice about whether to listen to the
nurse’s response after hearing a character’s concerns proved
counterproductive as it did not support the concept of “informed
choice,” so the choice point between concern and response was
removed after the first evaluation cycle.

Changes to the design were intended to support low-literacy
users: for example, by adding audio instructions, highlighting
one option at a time, and reducing the amount of user input
required. However, we maintained critical choice and ensured
it was well understood. The reduction in user input was balanced
with ensuring that the app remained engaging and persuasive
for participants with higher literacy levels. Through iterative
cycles, we were able to deliver a design that was inclusive of
as much of the target cohort as possible.

Nevertheless, we had to recognize that the delivery of the
intervention was likely to exclude a small proportion of the
potential beneficiaries. For these people, for whom the app was
inaccessible, a conversation with the visiting health worker
would be a possible alternative.

Limitations
As noted above, HCI methodologies had not been involved
during the early stages of intervention development. As a result,
the remit of HCI was to fix the app, to make it as good as
possible given the time and resources remaining. We believe
the app design could have been stronger if HCI methodologies
had been used alongside PBA and BCT approaches from the
outset. For example, there was no opportunity for exploratory
research to define what interactivity meant for the intended
population or understand whether a tablet-based app was an
appropriate approach to communicating HIV/AIDS information
in this context, or whether it could inadvertently bias participant
responses, as indicated by previous research [43], or exclude a
proportion of the intended target population.

There was also no opportunity for HCI focused summative
research, for example, to understand how users had navigated
through the app, areas of interest or potential drop-off points
[21]. The HITS clinical trial results [4,27,28] suggest that
EPIC-HIV1 did not increase men’s uptake of HIV testing. This
raises many questions that could be the focus of future research:
for example, would a different kind of digital intervention have
been more effective, was the approach of fitting the user’s
interaction with the intervention into the annual visit effective,
are digital interventions inappropriate in this context, or does
the intervention need to be better tailored toward different
subpopulations (eg, those with different levels of digital literacy
or different priorities in life)?

Conclusion
The aim in developing EPIC-HIV1 was to support a clinical
trial investigating whether financial incentives or a digital
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intervention was more effective than the established approach
to encouraging men to test for and engage in care for HIV. The
implicit assumption was that any digital intervention would be
equally effective and no comparison between different digital
interventions was planned.

By applying an iterative design approach, we were able to make
systematic choices regarding design that would facilitate
usability, engagement, and comprehension required for the
intervention. The value and necessity of these choices were

brought into sharp focus with this case study as many of the
challenges of developing an DHI were exacerbated by the study
context (resource constrained, low digital literacy, and
stigmatized condition).

Developing Digital Health as an interdisciplinary field requires
close collaboration throughout the intervention design process
to ensure that the resources and expertise required are available
in a timely way.
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Abstract

Background: Standardized patients (SPs) prepare medical students for difficult conversations with patients. Despite their value,
SP-based simulation training is constrained by available resources and competing clinical demands. Researchers are turning to
artificial intelligence and large language models, such as generative pretrained transformers, to create communication training
that incorporates virtual simulated patients (VSPs). GPT-4 is a large language model advance allowing developers to design
virtual simulation scenarios using text-based prompts instead of relying on branching path simulations with prescripted dialogue.
These nascent developmental practices have not taken root in the literature to guide other researchers in developing their own
simulations.

Objective: This study aims to describe our developmental process and lessons learned for creating a GPT-4–driven VSP. We
designed the VSP to help medical student learners rehearse discussing abnormal mammography results with a patient as a primary
care physician (PCP). We aimed to assess GPT-4’s ability to generate appropriate VSP responses to learners during spoken
conversations and provide appropriate feedback on learner performance.

Methods: A research team comprised of physicians, a medical student, an educator, an SP program director, a learning experience
designer, and a health care researcher conducted the study. A formative phase with in-depth knowledge user interviews informed
development, followed by a development phase to create the virtual training module. The team conducted interviews with 5
medical students, 5 PCPs, and 5 breast cancer survivors. They then developed a VSP using simulation authoring software and
provided the GPT-4–enabled VSP with an initial prompt consisting of a scenario description, emotional state, and expectations
for learner dialogue. It was iteratively refined through an agile design process involving repeated cycles of testing, documenting
issues, and revising the prompt. As an exploratory feature, the simulation used GPT-4 to provide written feedback to learners
about their performance communicating with the VSP and their adherence to guidelines for difficult conversations.
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Results: In-depth interviews helped establish the appropriate timing, mode of communication, and protocol for conversations
between PCPs and patients during the breast cancer screening process. The scenario simulated a telephone call between a physician
and patient to discuss the abnormal results of a diagnostic mammogram that that indicated a need for a biopsy. Preliminary testing
was promising. The VSP asked sensible questions about their mammography results and responded to learner inquiries using a
voice replete with appropriate emotional inflections. GPT-4 generated performance feedback that successfully identified strengths
and areas for improvement using relevant quotes from the learner-VSP conversation, but it occasionally misidentified learner
adherence to communication protocols.

Conclusions: GPT-4 streamlined development and facilitated more dynamic, humanlike interactions between learners and the
VSP compared to branching path simulations. For the next steps, we will pilot-test the VSP with medical students to evaluate its
feasibility and acceptability.

(JMIR Form Res 2025;9:e65670)   doi:10.2196/65670

KEYWORDS

standardized patient; virtual simulated patient; artificial intelligence; AI; large language model; LLM; GPT-4; agent; communication
skills training; abnormal mammography results; biopsy

Introduction

Background
GPT-4 (OpenAI) and other large language models (LLMs) that
use advanced artificial intelligence (AI) algorithms to mimic
human responses to text and voice queries are rapidly changing
medical education and practice. Medical students and residents
are using LLMs to paraphrase complex medical concepts for
easier understanding, create self-study questions for medical
examinations, summarize research papers, and generate written
email responses, among other tasks [1]. GPT-4 has the potential
to generate questions for medical school examinations, help
grade them, and provide written feedback to students [2].
Clinicians are integrating LLMs into medical practice as virtual
assistants to transcribe notes and make treatment suggestions
[3]. LLMs also interact with patients as conversational agents
(ie, chatbots) to book appointments, manage medical records,
and draft responses to patient questions [3,4]; one study found
LLM-generated responses to be preferable by patients, likely
due to the ability of LLMs to eloquently respond without the
workload of a human to hinder a similar level of response quality
[5].

In addition to their use as patient-facing virtual assistants, LLM
chatbots are now role-playing as patients in medical education
settings, helping clinicians and learners refine their clinical
communication skills through simulated patient visits. Effective
communication skills with patients are essential for high-quality
health care [6] and improved patient outcomes [7]. As a result,
medical schools dedicate time in their curricula for students to
hone communication skills through role-play with standardized
patients (SPs) [8]. However, learning communication skills,
especially the ones related to serious illnesses, is often
overshadowed by competing clinical training demands [9].
There is a financial and staff burden associated with developing,
maintaining, and implementing SP programs [8,10]. Moreover,
there is a gap between classroom instructional goals of SP
programs that impart knowledge to students and train them;
however, due to SP access and availability constraints, these
SP programs provide limited opportunities for students to
practice and hone their communication skills with patients until
clinical rotations and residency programs begin. In response,

researchers are developing chatbots to act as virtual simulated
patients (VSPs) that use LLMs to simulate conversations with
learners [11-15] and supplement SP training. For example,
Holderried et al [11] developed a GPT-3.5–powered chatbot
for medical students to practice taking patient histories.

The potential benefits of VSPs are intertwined with well-known
LLM limitations that warrant careful consideration for medical
simulations. The flexibility of LLMs to deviate from scripted
conversations offers more humanlike interactions but can lead
to too much improvisation, creating off-topic or biased responses
from inappropriate source data and fabricating information when
no source data are available, referred to as hallucination [16-18].
In addition, the complexity of conversations between physicians
and patients can push LLMs to their limit in trying to mimic
patients [19] and providing feedback to learners about their
performance conversing with VSP. Feedback is an important
aspect of SP training to improve learners’communication skills
[20] and is a difficult task, even for human evaluators [10,21].
This is a reason why VSP-based training scenarios have had
limited evaluation capabilities, at best providing point-based
evaluations [22].

Objectives
In this paper, we aim to help clinical educators and researchers
better understand the development process and capabilities for
medical simulations that incorporate GPT-4 as a state-of-the-art
LLM. We do this in the context of a GPT-4–based VSP that we
developed for a medical simulation study. The learner, taking
on the role of a primary care physician (PCP), simulates a phone
call with the VSP to discuss an abnormal screening mammogram
result that requires a patient to schedule a biopsy. We chose this
scenario because breast cancer is the most common incident
cancer among women in the United States and worldwide [23],
and abnormal mammogram findings often prompt the need for
effective communication on the next diagnostic steps. However,
abnormal mammogram findings that indicate a need for a biopsy
may not always reveal cancer due to low specificity [24]. Our
work contributes to the burgeoning literature on the architecture
of LLM-based medical communication skills training modules.
Existing literature presents general frameworks for LLM-based
simulations across disparate clinical scenarios with a focus on
clinical reasoning and diagnosis [22,25]. We concentrate on a

JMIR Form Res 2025 | vol. 9 | e65670 | p.2741https://formative.jmir.org/2025/1/e65670
(page number not for citation purposes)

Weisman et alJMIR FORMATIVE RESEARCH

XSL•FO
RenderX

http://dx.doi.org/10.2196/65670
http://www.w3.org/Style/XSL
http://www.renderx.com/


single scenario to allow for an in-depth discussion of the
simulation development process and LLM integration that is
applicable to a plethora of training scenarios anchored in the
uncertainties of screening tests. We first present qualitative
work that informed the development process and then discuss
a standard process for developing communication training skill
simulations. Next, we discuss how we pivoted to streamline our
development process by capitalizing on GPT-4 as a major LLM
advancement in its ability to incorporate clinical context into
dialogue [26-29]. Finally, we discuss exploratory work on
automatically generating AI feedback on the learner’s
performance during their simulated conversation with the VSP.

Methods

Overview
The research study team included an oncologist, a PCP, a
medical student, the executive director of the simulation center
who was formally trained as an educator, the SP program
director who was formerly an SP, a learning experience designer
specializing in virtual simulations, and a health care researcher.
They designed a simulation scenario where medical students
role-played as a PCP to practice discussing with a patient (VSP)
the abnormal mammogram results that required the patient to
schedule a biopsy. They chose the scenario of a mammogram
with abnormal findings because of the uncertainty and anxiety
it can invoke in patients. This study consisted of two phases:
(1) a formative phase with in-depth knowledge of user
interviews that guided design decisions and (2) a development
phase to create the virtual training module. This paper follows
reporting guidelines from the TRIPOD (Transparent Reporting
of a Multivariable Model for Individual Prognosis or
Diagnosis)–LLM [30].

Ethical Considerations
The study took place from September 2023 to August 2024,
with ethics approval for all study procedures from the
institutional review board at the University of California, Los
Angeles (23-001385). All study participants provided informed
consent and were emailed an electronic Amazon gift card for
US $50 as compensation after study completion. Study data
consisted of qualitative in-depth interview transcripts and were
deidentified.

Formative Phase
The study team conducted 30-minute in-depth interviews via
Zoom (Zoom Communications, Inc) with medical students at
their institution (n=5), PCPs (n=5), and breast cancer survivors
(BCSs; n=5) who had received a breast cancer diagnosis within
the past 5 years as knowledge users. Recruitment occurred
through referrals and word of mouth. The study team emailed
interested individuals a link to electronic (Qualtrics, Qualtrics
International Inc) screening and consent forms to enroll in this

study. Multimedia Appendix 1 provides the interview guide
questions.

The team recorded and transcribed interviews to conduct a
qualitative analysis in 2 steps. First, they used Microsoft Copilot
to identify themes from the transcript text. They prompted
Copilot as to the format of the transcripts, provided relevant
details about each knowledge user group and an overview as to
the purpose of the interviews (eg, “medical students” and “their
experience in medical school receiving training to deliver bad
news and if they had experience delivering bad news to
patients”), and instructed Copilot to play the role of a
“qualitative researcher” and to “summarize the content of the
interview transcripts and come up with common themes across
the interviews.” Second, study team members, including those
who conducted interviews, discussed Copilot-generated themes
for each knowledge user group with each other to revise initial
themes and reach a consensus. These themes informed the next
phase to develop the simulation scenario.

Development Phase

Software Authoring Tool
The learning experience designer led the development of the
VSP using Hyperskill software (SimInsights) [31]. Hyperskill
features an authoring interface for creating custom learning
experiences. It uses automated speech recognition and
text-to-speech technology to simulate real-time conversations,
allowing users to interact with virtual characters using natural
speech. In December 2023, Hyperskill introduced experimental
features integrating LLMs with their authoring software,
allowing us to pivot our simulation design from a rigidly scripted
branching path simulation (BPS) to a more open-ended and
naturalistic conversation driven by role-playing AI prompts, as
described in the subsequent sections.

Original Design: Scripted Branching Scenario
The study team designed the original scenario for the simulation
as a BPS based on the structured Setting, Perception, Invitation,
Knowledge, Emotion, and Summarize (SPIKES) protocol for
delivering bad news [32,33]. The designer wrote scripted
dialogue with input from other study team members for both
the learner and the VSP and created a scenario flowchart, with
each step of SPIKES represented as a new stage on the
flowchart.

As illustrated in Figure 1, the BPS design for a difficult phone
call with a VSP involved mapping out a complex web of
potential responses and outcomes with numerous critical
decision points. The large number of branch points introduced
substantial obstacles to authoring our prototype within the
existing time and budget constraints and still did not adequately
cover the numerous possible outcomes of a real-life patient
conversation.

JMIR Form Res 2025 | vol. 9 | e65670 | p.2742https://formative.jmir.org/2025/1/e65670
(page number not for citation purposes)

Weisman et alJMIR FORMATIVE RESEARCH

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


Figure 1. First stage of the schematic of the original scenario flow design for a branching path simulation that consists of 6 distinct stages (1 for each
step of the Setting, Perception, Invitation, Knowledge, Emotion, and Summarize [SPIKES] protocol), 12 critical decision points, 68 scripted user response
options (consisting of ideal, acceptable, and unacceptable examples), and 65 scripted patient responses. Simulation flow was designed from November
2023 to December 2023 to help medical students practice discussing abnormal mammogram results with their patients. We originally planned to use a
“voice intent recognition” system to branch to the appropriate patient responses and to score users based on how closely their responses match the ideal
options.

Modified Design: LLM Integration
After encountering challenges authoring a scenario with a BPS
design, the study team explored advances in LLM role-playing
capabilities to create a more flexible and open-ended scenario.
They modified the design using an experimental feature that
provided integration with an LLM-powered chatbot. This feature
eliminated the need to script dialogue or design complex
branching scenarios and streamlined the development process
by enabling the VSP to converse with the user using completely

AI-generated responses. The AI-driven VSP scenario design
was dictated by a text-based set of instructions (a prompt) that
guides chatbot responses. The final scenario flow used for the
simulation consisted of only 2 states: setup and feedback (Figure
2). Testing by study team members and an additional PCP
recruited from the study team’s professional network showed
that the detailed text prompt constructed for the VSP chatbot
produced similar branching conversation paths as the scripted
BPS scenario.
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Figure 2. Hyperskill (SimInsights) authoring interface, which shows the final scenario flow from March 2024 for our artificial intelligence (AI)–driven
virtual simulated patient to help medical students practice discussing abnormal mammogram results with their patients. The final scenario flow consists
of only 2 states (setup and feedback). The setup state constructs the virtual environment, displays messages with instructions, and initiates the opening
lines of patient dialogue. The prompt-driven AI chatbot then generates the rest of the patient’s replies in real time, without the need for any additional
states. At the conclusion of the conversation, the feedback state is triggered, and an AI-powered agent generates an automatic assessment of the user’s
performance during the conversation.

VSP Prompt Construction
The goal of this prompt was to generate a VSP that interacts
with the learner in a way that mimics a real patient. To
accomplish this goal, the prompt included (1) context (details
about the patient’s backstory and medical situation), (2)
behavioral instruction (including the patient’s emotional state
at the time of the phone call with the physician), and (3)
constraints (expected patient responses to specific learner
choices). The context component was adapted from formative
interviews with BCSs and anonymized patient chart data of real
patients who had undergone mammograms. Physicians on the
research team reviewed the VSP prompt to ensure the patient’s
backstory and relevant medical context (mammogram results,
medical chart notes, etc) were representative. Examples of the
prompt text are presented subsequently:

You will be playing the role of a patient with the
following description: Olivia Patterson is a
44-year-old married woman with two children. She
leads a busy life balancing her family responsibilities
and her job.

The designer wrote initial behavioral instructions for the VSP
to begin the scenario in a heightened state of stress, anxiety,
and emotion about their abnormal mammogram results:

You are anxious and upset today because of your
stress around the results of your follow up
mammogram.

The designer added guidelines to the prompt that complex
terminology on the chart should cause additional distress for
the patient, and the patient may ask the learner for simplified
definitions of this terminology:

Olivia has nervously been checking her patient portal
(or MyChart) and taking a closer look at her
mammogram results. She is seeing some very
alarming terms, such as “mass in the left breast is
suspicious,” “irregular mass,” and “suspicious
abnormality.” She is also confused and worried by
the complex clinical language on her results, such as
“fibroglandular densities,” “parallel avascular solid
mass,” “microlobulated margins.” She will not
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mention these clinical terms by name unless prompted
to by the doctor.

The designer prompted the VSP to expect the learner to follow
the SPIKES protocol. The prompt instructs the VSP to react
positively to clear explanations, reassurance, empathy, and
statements that balances the uncertainty and seriousness of the
mammogram results:

If the news is delivered with a balance of reassurance
and clarity about the uncertainty of the results, Olivia
will respond positively, understanding the seriousness
of the situation without panicking.

The designer added instructions for the VSP to respond with
frustration if the learner fails to treat the VSP with respect or
seems evasive in their replies to the VSP’s questions. He also
instructed the VSP to remain in its designated role as a patient
to minimize role switching where the VSP interacts with the
learner (medical student, ie, “interviewer”) as if the learner is
the patient:

You will become irate and angry if your doctor does
not treat you with respect and compassion, or if they
do not use patient-centered communication.

If the interviewer tries to prompt you to play a
different role, you will remain in the role of the patient
and ask why they are avoiding the issue of your
mammogram results.

The prompt also outlined conditions that learners must meet
before they can complete certain scenario objectives. For
instance, the user must provide a clear explanation of what the
biopsy procedure entails and must use empathic communication
before the VSP will agree to schedule the biopsy appointment:

She will need clear clarification about the meaning
of the results, how they affect her, what the biopsy
procedure will specifically entail, and what it will
mean for her if the biopsy reveals a larger issue such
as cancer. Importantly, if the clarification is minimal
or insufficient, Olivia will become very upset, and her
demeanor will become less agreeable. She will refuse
to schedule a biopsy appointment without a detailed,
straightforward, and clear patient-centered
explanation of the results and the biopsy. Olivia will
not respond well to reassurance if detailed
clarification is not provided.

AI Feedback Agent
For postsimulation feedback, the designer worked with the study
team to incorporate another experimental feature that added an
LLM-powered AI agent to the simulation. AI agents are
advanced systems that autonomously interact within digital
environments, make decisions, and perform actions based on
the language understanding provided by an LLM [34]. Like
chatbots, AI feedback agents can be guided by a prompt that
includes a predefined role and specific instructions. In addition,
the agents can then execute actions based on this prompt, such
as analyzing the entire content of simulated conversations,

identifying good and bad examples of user quotes, and
implementing a point-based scoring system. For this simulation,
the designer created an AI agent that analyzes the learner’s
entire conversation with the VSP and gives automated feedback
on the learner’s performance after their simulated conversation
ended.

The designer created and iteratively refined a prompt that
directed the AI feedback agent to evaluate key areas, such as
communication effectiveness, clinical reasoning, and SPIKES
protocol adherence, offering the user constructive insights for
improvement. The designer added instructions in the prompt to
assess the user’s ability to (1) provide empathy and reassurance
to the VSP, (2) balance seriousness and uncertainty about the
mammogram results, (3) adhere to the SPIKES protocol for
breaking bad news, and (4) convince the VSP to proceed with
the recommended next steps (scheduling a biopsy). The study
team reviewed the initial prompt, tested the AI feedback agent
by having conversations with the VSP, and worked with the
designer to amend the prompt and address unexpected behaviors
or technical challenges as they arose.

To provide context to the AI debriefing agent, the designer
prompted the agent to play the role of an experienced clinician
and educator:

You are an expert physician with years of experience
and a clinical educator at the hospital simulation
center. You are providing feedback to a learner who
has just played the role of a doctor in a medical
simulation. Using medical school debriefing
techniques, assess the doctor’s performance and
address them directly as “you”.

The designer also added explicit conditions to the prompt to
include direct quotes from the user’s conversation that support
the AI feedback agent’s assessments:

Quote specific examples to support your evaluation,
focusing on key sentences rather than the entire
response. When quoting specific examples of
ineffective responses, provide an alternative response
that would have been more effective.

Results

Formative Work

Sample Characteristics
Table 1 displays the sociodemographic background
characteristics of in-depth interview participants. Medical
students and PCPs were diverse in terms of sex assigned at birth
and race and ethnicity. Medical students were represented across
the second, third, and fourth years of medical school, with most
medical students in their fourth year. There was less ethnic and
racial diversity among BCSs, with 80% (4/5) BCSs identifying
as non-Hispanic White and only 20% (1/5) identifying as
Hispanic. BCSs’ ages ranged from 38 to 76 years. Next, we
summarized in-depth interview findings by themes.
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Table 1. Sociodemographic characteristics of medical students, primary care physicians, and breast cancer survivors who participated in in-depth
interviews to discuss the benefits and limitations of current communication skills training practices, interest in virtual communication skills training,
and current modes of communication between primary care physicians and their patients to discuss mammography screening examination results.

ValuesDemographic characteristics

Medical students (n=5)

Year of medical school, n (%)

1 (20)Second year

1 (20)Third year

3 (60)Fourth year

2 (40)Sex or gendera: female, n (%)

Ethnicity or race, n (%)

1 (20)Hispanic

2 (40)Non-Hispanic Asian

1 (20)Non-Hispanic Black

1 (20)Non-Hispanic White

25 (25-27)Age (y), median (IQR)

Primary care physicians (n=5)

3 (60)Sex or gendera: female, n (%)

Ethnicity or race, n (%)

1 (20)Non-Hispanic Asian

1 (20)Non-Hispanic Black

1 (20)Non-Hispanic multiracial

2 (40)Non-Hispanic White

37 (36-54)Age (y), median (IQR)

Breast cancer survivors (n=5)

Ethnicity or race, n (%)

1 (20)Hispanic

4 (80)Non-Hispanic White

53 (50-55)Age (y), median (IQR)

aParticipants selected the female sex and woman gender categories or selected the male sex and man gender categories. All breast cancer survivors
reported female sex.

Need for Additional Communication Skills Training
Tables 2 and 3 present themes and illustrative quotations.
Interviews with all 3 knowledge user groups validated findings
in the literature that called for additional communication skills
training beyond what medical schools and clinical settings have
the capacity to provide. Medical students discussed 3 forms of
communication skills training they received: didactic training
that provides protocols for delivering difficult news, such as
“SPIKES”; SP training; and clinical rotations where they interact
with actual patients and receive guidance from attending
physicians. Medical students valued training, including SP

sessions where students practiced delivering bad news to SPs
(eg, “a cancer diagnosis” and “STI [sexually transmitted
infection] diagnosis”), and received feedback to improve their
communication skills, as indicated by medical student quotations
in Table 2. Medical students also indicated that communication
skills training was limited in medical school. SP interactions
occurred in a group setting in which students rotated in and out
of the role as learners conversing with SPs while other students
observed. Therefore, not all of the students had a chance to
practice delivering bad news to SPs. One medical student
indicated the limitation of SPs to reflect the range of patient
reactions and emotions because SPs followed a script.

JMIR Form Res 2025 | vol. 9 | e65670 | p.2746https://formative.jmir.org/2025/1/e65670
(page number not for citation purposes)

Weisman et alJMIR FORMATIVE RESEARCH

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


Table 2. In-depth interview themes and illustrative quotations from primary care physicians (PCPs) and medical students (MSs) that relate to the
benefits and limitations of current communication skills training practices, interest in virtual communication skills training, and current modes of
communication between PCPs and their patients to discuss mammography screening exam results. Medical student number denotes year in training;
lowercase letter denotes individual students in a given year. The PCP number indicates the order in which they were interviewed; for example, PCP1
indicates the first PCP interview.

QuotationsThemes

Benefits and limitations of current communication skills training

Didactic training • “If I’m being completely honest, I don't remember them [didactics about delivering difficult news], and I don’t
remember that being as helpful as just doing it through...practicing in real life.” [PCP3]

• “I think it would have been nice if I got to do the delivering bad news interview. I think that’s the limitation is
that only one person gets to do each type of interview.” [MS3]

Standardized patient train-
ing

• “The actors [standardized patients] were really great, and I felt like it went how my patient interactions did go
in clinicals as well.” [MS3]

• “Our standardized patients are very good, but they also don’t necessarily go as hard on us, either...They just
kind of follow the scripts. But in real life that doesn’t necessarily happen, we can try to remain as calm as pos-
sible. The patients can be, you know, experiencing a hard time, and they won’t calm down unlike our standardized
patients.” [MS2]

Clinical rotations • “I speak Spanish, so I’ve had to break some bad news in Spanish, too, and translate strategies as well...It’s just
a little bit different, like cultural communication...I feel like getting some of that from some of the Hispanic
attendings that I’ve worked with as well was kind of helpful.” [MS4c]

• “I definitely have mixed feelings about it [trainings for clinical patient interactions] because I feel like I was at
least explicitly taught some things, and I have a mnemonic and a framework to think about it and approach the
encounter. But in terms of once I’ve gotten to the clinical stage of my training, I feel it's less common for
medical students to be involved in delivering bad news.” [MS4a]

Interest in virtual training • “[I did] a virtual reality...trauma case with the SIM lab...it was actually very cool experience...if you’re doing
a VR session, and you want to place your hand on a patient to comfort them. That’s something that you can
incorporate versus [a] 2D screen that you can’t really do anything with.” [MS2]

PCP communication with pa-
tients

• “[Patients] can self-schedule. So, without seeing me, it’ll come up...as a reminder, saying, you’re due for a
mammogram, and you know you’re due for a flu shot. You’re due for a mammogram.” [PCP1]

• “For my particularly anxious patients, I might just even have something on my little sticky note to be...to call
them again just so that they’re aware, because a lot of times...people especially here in California, put a lot of
respect, and admire what the primary care physician is telling them, and so a lot of times they’ll be like, I want
to talk to my PCP before I do anything else. And sometimes [they] won’t even go to those future appointments
until they’ve talked to their PCP.” [PCP5]
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Table 3. In-depth interview themes and illustrative quotations from primary care physicians (PCPs) and breast cancer survivors (BCSs) that align with
the Setting, Perception, Invitation, Knowledge, Emotion, and Summarize (SPIKES) mnemonic. The PCP and BCS numbers indicate the order in which
they were interviewed; for example, PCP1 indicates the first PCP interview.

QuotationsSPIKES mnemonic letter

S: Setting  • “Everything depends on the setting, the situation, the patients. You know, educational level,
how much, how they want to hear it. So the first step is, get the setting right.” [PCP2]

P: Perspective or Perception—find out what
the patient knows.

• “As the second step is, find out how much the patient knows.” [PCP2]
• “I wouldn’t use that [medical] terminology with them. I would just say there’s an abnormality

on their mammogram that requires further evaluation.” [PCP1]
• “I do feel the radiologist telling me maybe could have talked in plain English a bit more, even

though I’m familiar with a lot of the terms he used. I guess it was just very intimidating.” [BCS3]
• “We don’t know what all that stuff means. Those words. You know the DCIS. They just throw

that out there, and you have 7 cm of DCIS, and you’re like, I don’t even know what the hell that
means.” [BCS5]

I: Invitation and K: Knowledge—inquire how
much the patient wants to know and manage
expectations

• “Asking, like, is this cancer? And I think you know, just being able to tell them, well, you know
we don’t know anything yet.” [PCP5]

• “It wasn’t that they had a pretty good idea, just from what they saw in the imaging, but obviously
they had to do the biopsy still. So they were really nice and professional about that. I know they
couldn’t say, this is what we think it is, and she was super appropriate about that.” [BCS4]

E: Empathy and Emotion • “I think, if they would have for that moment when they’re when they’re first telling you just to
get on that human level. Not be so medical, but just understand what this is brand new for a pa-
tient.” [BCS1]

• “The radiologist came in, and this happened twice, and both times...They were matter of fact.
Kind, but distant, not overly friendly, but very pleasant. And they both said essentially the same
things. ‘You have dense breasts...it’s harder to read on a mammogram. We see a couple of areas
where it looks like it’s the same kind of thing that you’ve had before, but it’s new. It happened
fast. So, we want to check it out.’...They had the right amount of compassion, but not sugar
coating.” [BCS2]

• “She was as professional a as she could possibly have been, and the way that she handled talking
to me was. She was very empathetic.” [BCS4]

• “I’m worried. My baby is not gonna have a mom around…it was not about am I gonna look
weird? Am I gonna look deformed. But I think everybody has different fears. And so just having
that open question of like, what? What are your fears?” [BCS5]

S: Summary and Strategy • “I discuss that with patience in terms of what the next steps will be, and it’s usually a biopsy
and then yes, so communicating that I just try to make it so that patients recognize that this is
gonna be sort of a long, unfortunately, a long process of multiple steps. With further testing that
are is more specific.” [PCP3]

• “What I wish [doctors] knew is that oncology, as a patient, it’s like an underground world that
has a whole language, a whole system that we don’t know anything about. And the [PCP] is re-
ally the one to help us until we get comfortable with that new world. They are the ones to hold
our hands. Both times, they were the person who told me who to go see.” [BCS5]

Medical students indicated how clinical rotations helped them
put SP training into practice under the supervision of attending
physicians. They learned by observing their attending physicians
talk to patients. For example, one medical student commented
on the cultural sensitivity they observed (Table 2). Medical
students also indicated limitations in honing their
communication skills during rotations. The practice of delivering
the news of serious diagnoses to patients varied across clinical
settings. One student assigned to a “county hospital site” had a
lot of experience due to the volume of cases and the limited
capacity of attending physicians to oversee them. Similar to
medical students, PCPs recalled protocols for delivering bad
news, such as “SPIKES” [32,33] and advance preparation, build
a therapeutic environment or relationship, communicate well,
deal with patient and family reactions, and encourage and
validate emotions (“ABCDE”) [35], but they reinforced the
notion that classroom preparation was limited in its ability to

prepare medical students to engage in difficult conversations
with patients.

Openness to New Types of Communication Skills
Training
The context of our interviews to inform the development of a
VSP gave us opportunities to ask students about their exposure
to virtual training and interest in 2D versus virtual reality
options. Medical students had limited exposure but recognized
its potential to improve communication skills training (Table
2).

Patient Journey Through the Breast Cancer Screening
Process
The PCP and BCS interviews helped us understand when PCPs
engaged with patients in breast cancer screening and diagnostic
processes and how PCPs typically communicated with patients
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(ie, through the telephone, a videoconference call, or in-person
visit) to develop a realistic training scenario.

PCPs reported limited patient contact during the early stages of
the breast cancer screening process (Table 2). Electronic health
record systems sent automated messages to patients that
prompted them to schedule screenings, informed them about
screening test results, and prompted patients to schedule
additional follow-up examinations when needed. PCPs talked
to patients if additional examination was needed beyond a
screening mammogram when a cancer diagnosis was more likely
and patient concern was higher, for example, for a biopsy.

We also discovered that PCPs typically communicated with
patients via a message in the electronic health record patient
portal or a telephone call during the breast cancer screening
process. PCPs scheduled in-person or video visits to deliver
more serious news to the patient, such as a mammogram with
a higher probability of a cancer diagnosis.

Interview discussions also shaped how we prompted the VSP
to respond to learners. Given the emphasis on the SPIKES
protocol by medical students and PCPs as a guide for presenting
difficult news to patients and the alignment of
communication-related interview themes with SPIKES (Table
3), we prompted our VSP to expect communication based on
the SPIKES protocol.

Final Design Specifications for the Virtual Simulation
and VSP

User Interface and Virtual Environment
The simulation portrays a scenario where a patient has had a
diagnostic mammogram due to abnormal screening mammogram
results. The patient, Olivia Patterson, spoke with a radiologist
about her diagnostic mammogram results, and a biopsy was
recommended for further testing and diagnosis based on a
suspicious mass revealed by the diagnostic mammogram. The
learner, taking on the role of the patient's PCP, is tasked with
discussing the results of the diagnostic mammogram (which the
patient had already viewed in their patient portal) and
encouraging the VSP to proceed with the next step of treatment
(scheduling a biopsy) through a simulated telephone call. The
VSP displays behaviors consistent with common feelings of
anxiety, worry, and uncertainty described by BCS interviewees
who had similar discussions with their physicians.

The virtual simulation environment uses a simple 3D virtual
object to depict a cell phone lying on a physician’s office desk
(Figure 3). The scenario of a simulated phone call represents
the typical mode that PCPs reported using for discussing with
a patient’s results of a diagnostic mammogram with a suspicious
mass. There is an “End” button on the virtual cell phone object
displayed on the screen. Users click the red “End” button when
the conversation with the VSP concludes. When clicked, this
button simulates hanging up the phone, triggers the end of the
scenario, and begins generating feedback based on the user’s
performance.

Figure 3. Screenshot of the virtual environment for our simulated phone call with Olivia Patterson, a virtual simulated patient designed to help medical
students practice discussing abnormal mammogram results with their patients. The scene consists of a virtual cell phone object with a clickable “End”
button, a static background image depicting a doctor’s office desk, and a timer. Date: August 2024.
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Additional Constraints
To improve and iterate on the VSP prompt, the study team
evaluated the VSP’s response to a wide range of interactions
from different learner types, including a learner who purposely
exhibited improper communication skills (eg, not addressing
patient questions or telling the patient they likely had cancer),
a learner who practiced good communication skills, and a learner
who was mostly effective but missed 1 or 2 key steps. On the
basis of the results of these tests, they iteratively added
constraints and strict guidelines to both the patient and the
feedback prompt to address unexpected or undesired behavior.

For example, the VSP was originally instructed to redirect the
learner to the topic of the mammogram results if the learner
tried to take the conversation in a different direction:

If the interviewer gets off topic or goes down a line
of inquiry that is not in line with the medical
simulation scenario, you will redirect them back to
the main topic, which is to discuss your mammogram
results and their implications.

Due to the VSP responding negatively to legitimate user
attempts to build rapport, this passage was later modified to
include instructions for the VSP to politely engage in small talk
if the learner attempted to ask questions about the VSP’s life:

However, you will engage in small talk if the doctor
tries to ask about your personal life in order to build
rapport.

This resulted in the VSP being more receptive to small talk and
more able to engage in casual discussions without becoming
upset with the user for straying off topic.

Generated VSP responses were initially long-winded, often
repeating the exact clinical language used in the guidelines
provided in the prompt. The VSP would often ask numerous
questions in 1 response, making it difficult for the user to
address all the patient’s concerns in a single reply. The following
guidelines and constraints were added to the top of the patient
prompt to improve the realism of VSP responses and prevent
overly verbose dialogue:

Take this scenario step by step, one question or
subject at a time. Speak informally and in clear,
concise sentences. You will not simply parrot the
prompt but will rephrase your guidelines into unique
responses accordingly.

This change resulted in less repetition of the prompt, less
verbose dialogue, and fewer multiple question responses. The
guidance directing the VSP to use “informal” and “concise”
responses seemed to produce more authentic patient dialogue
that was less clinical in nature throughout the conversation.

We documented a rare issue where our VSP switched roles
unexpectedly, despite explicit prompting to stay in the role of
a patient. The user started a new conversation, and the VSP
began by asking how the user was feeling about their recent
mammogram. Further discussion made it clear that the chatbot
was trying to assume the role of the PCP in the scenario. It is
not known what triggered this role confusion, but we adjusted
the patient prompt to minimize the risk of future role-playing

confusion by adding the following constraint to the top of the
patient prompt:

Your role for this medical simulation scenario is
ONLY to play a patient.

The AI feedback agent prompt initially contained the following
guidelines to analyze the entire simulated conversation for signs
that the user was adhering to the SPIKES protocol:

Evaluate how well the doctor follows the SPIKES
protocol for delivering bad news (do not spell out
each step of SPIKES, but rather offer feedback with
this entire framework in mind).

After repeated testing, we found that the AI feedback agent did
not consistently assess the user’s adherence to SPIKES
accurately. For instance, the feedback generated often stated
that the user had adequately followed steps, such as strategy or
summary, when the tester specifically excluded any summary.

To minimize this issue, we adjusted the prompt to spell out all
the steps of SPIKES more explicitly and describe the specifics
of what to look for in user responses to identify whether they
followed a step or not. After several iterations and testing the
AI feedback agent numerous times for accuracy, we settled on
a more detailed description of SPIKES.

Testing showed that breaking down SPIKES into 6 steps and
including guidelines about actions to look for in a bulleted list
format resulted in the AI feedback agent providing more
consistently accurate assessments of whether a user was
following SPIKES.

Evaluation
The study team tested and saved simulated conversations
between themselves and the VSP, evaluating a range of user
responses, choices, and edge cases (eg, the user appropriately
followed each step of the SPIKES protocol vs missing one or
more steps, varying degrees of empathy from the user, and the
user straying off topic or failing to clearly convey results). Each
iteration of the AI feedback agent was repeatedly tested on these
saved conversations to validate the content of the generated
feedback and the effectiveness of changes made to the prompt.
The designer tested and evaluated 3 LLMs available in the
virtual simulation software (GPT-4, GPT-3.5 [OpenAI], and
Gemini [Google LLC]) before selecting GPT-4, the newest and
largest model of the 3. In comparison tests, GPT-4 outperformed
GPT-3.5 and Gemini in the time taken to generate responses,
role-playing ability, and validity of generated feedback.

After the initial prototype VSP was created and tested,
experienced physicians (including a PCP and an oncologist)
and medical educators from the research team analyzed VSP
conversation and feedback transcripts to evaluate relevance and
accuracy compared to real patients and SPs. Both VSP and
feedback agent prompts were then refined further based on these
evaluations.

Preliminary testing showed that the VSP appropriately asked
questions, responded to user inquiries, and displayed emotions
that matched user responses (eg, sounding worried at the outset
of the call and sounding upset if the user did not address VSP
questions). In tests where the user adhered to the SPIKES
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protocol, patient responses conveyed less anxiousness, and the
VSP was more receptive to the user’s suggestions and
explanations. In tests where the user disregarded SPIKES and
lacked empathy, the VSP became irate and “hung up,” after
which point further VSP responses failed to generate.
Text-to-speech software provided a patient voice with inflections
that matched the emotional tone of the AI-generated text.

We also considered the feedback mechanism to be a successful
exploratory feature of the simulation. At the end of the VSP
conversation, the simulation displayed qualitative feedback and
allowed the user to review the contents of their entire
conversation, including quoted examples from the VSP
conversation and suggestions for appropriate alternative phrases.
The AI feedback agent consistently provided feedback that
accurately detected the presence of empathy, reassurance, clarity,
and a balance of seriousness and uncertainty in user responses.

We identified several areas for improvement. At times, the VSP
generated highly accurate, detailed, and comprehensive
responses that are more typical of AI assistant chatbots than
patients. The VSP had difficulty weighing the importance of
prompt instructions to be responsive to both clear explanations
and empathetic communication. It was consistently more
cooperative (willing to schedule a biopsy) in response to
unempathetic (although clear) dialogue from the learner, as
opposed to empathetic and clear dialogue. The AI feedback
agent sometimes struggled to determine whether learners
followed the SPIKES protocol in their conversations and mixed
valid feedback with less helpful advice. The agent critiqued a
seasoned PCP because they did not convince the VSP to agree
to schedule a biopsy. Afterward, the PCP told us they disagreed
with the feedback because it would have been too forceful to
press the VSP further to schedule the biopsy, given her agitated
emotional state. In addition, the AI feedback agent provided
example quotes that were often incorrectly transcribed, creating
inaccurate transcripts of learner responses.

With a steady internet connection, the system took
approximately 2 seconds to transcribe the user’s spoken
dialogue, the VSP generated responses in 1 to 3 seconds, and
the AI feedback agent generated feedback text at the conclusion
of the training after 30 to 90 seconds. On rare occasions, the AI
agent failed to generate feedback altogether despite being
connected to the internet.

Discussion

Principal Findings
The research team aimed to identify the optimal development
process for AI-driven VSPs by evaluating the capabilities of a
GPT-4–based simulation to help medical students practice
empathically discussing abnormal mammogram results.
Branching conversational paths, the focus of our original
development plan, required us to anticipate plausible dialogue
between learners and patients. Enabling generative AI responses
for the VSP and using prompts to direct how the VSP should
respond allows flexibility in how the learner converses with the
VSP, reflecting a more spontaneous dialogue as would occur

with a real patient. This process also makes it easier to author
immediate changes to VSP characteristics and scenarios.

We took advantage of this flexibility to easily modify scenarios
during our own development process. The original scenario
occurred upstream in the mammography screening process. The
VSP requested a telephone call with their PCP after they had
abnormal screening mammogram results that required a
diagnostic mammogram. To ensure the need for physicians to
have a conversation about the results, formative interviews and
discussions with the research team shifted the scenario
downstream to what we developed—a simulated telephone call
after abnormal results from a diagnostic mammogram that
requires a biopsy. We easily made this change by revising the
VSP prompt to describe the scenario that centered on a
diagnostic mammogram with abnormal results rather than a
screening mammogram.

VSP development for this study is part of a growing landscape
of virtual simulations to supplement in-person manikin and
SP-based simulation training. VSPs are gaining acceptance from
educators and students alike, marked by the necessities of social
distancing during the COVID-19 pandemic and lingering clinical
teaching challenges in its wake [36]. Our development pushed
the boundary of existing VSP applications that focus on routine
clinical interactions with patients, such as history taking [11-15].
Our simulation focuses on the delivery of uncertain (and
potentially bad) news that accompanies a diagnostic
mammogram requiring additional follow-up. The study by Webb
[37] is a notable exception, testing the ability of GPT-3.5 to
train emergency room physicians to deliver the news of serious
diagnoses to patients. Our work advances the work of Webb
[37] and other studies that use text-based communication by
simulating verbal communication between users and VSP. This
is an important advancement in virtual simulations that allows
them to mimic in-person simulations more closely with SPs and
real-life clinical interactions with patients.

Reflecting on our move from a BPS design to one using GPT-4,
we note the value in the conceptual framework of a BPS design
process that is driven by input from clinicians and patients.
In-depth interviews with BCSs and PCPs helped us understand
patient journeys through the breast cancer screening process.
In turn, this helped us generate and map plausible conversations
between PCPs and patients so we could plan out the simulation
scenario and eventually inform our VSP prompt. Mapping likely
conversations also helped us evaluate the performance of the
GPT-4–powered VSP to determine if it responded how we
expect a patient to respond. We recommend that developers
start building virtual scenarios by collecting qualitative data
from relevant clinicians and patients in the spirit of a BPS and
map out likely conversation paths before developing AI-powered
VSP prompts.

A key feature of the training was the ability to display
GPT-4–generated written feedback to the learner at the end of
the simulation, similar to the qualitative feedback that SPs and
clinical instructors provide to medical students during their
education. Feedback is a key element of training programs, as
underscored by MS4b in noting, “one of the most valuable parts
(of SP training) was having the standardized patients give their
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feedback at the end.” In some ways, GPT-4 outperformed our
expectations in providing feedback, especially in the way it
captured the overall tone of the conversation (eg, if the user was
empathetic), but it also left room for improvement, as discussed
subsequently with its limitations. We will retain the feedback
feature of the simulation and continue to refine its capabilities
commensurate with LLM advances. In addition, future studies
comparing AI feedback to expert clinician educator feedback
will allow us to further refine prompts. At the current time, our
solution is to offer a caveat to learners in this beta phase to
consider the feedback and understand that their own clinical
judgment may supersede suggested communication techniques.

Limitations
Some of the limitations we encountered will be addressed
through prompt refinement, newer LLMs, and faster computing
speeds. Future LLMs will likely decrease AI feedback
transcription errors and response delays. Preliminary tests
showed that using GPT-4o, OpenAI’s newest LLM, reduced
the delay for the AI feedback agent to generate text down to
around 10 to 15 seconds.

Other limitations that are artifacts of the unpredictability of
LLMs may persist in future LLMs and will be harder to address.
We developed the VSP and AI feedback agent prompts using
a heuristic, iterative process that relied on trial and error to
improve the quality of simulated conversations and generated
feedback. What we identified as improvements we made to our
VSP may have been random conversation variations that we
happened to prefer and not a direct result of a change we made
to the prompt text. The prompts provided guidance to the VSP
that typically prevented it from going off topic and out of context
or producing nonsensical responses (ie, hallucinating) during
conversations with users, but unexpected results were observed
on several occasions. These errors were difficult to predict, such
as when the chatbot shifted roles to play the physician instead
of the patient. We also found it difficult to force the VSP to
equally value clarity and empathy when determining how to
behave cooperatively with the user, as indicated in the Results
section.

It was also difficult to determine the criteria used by the AI
feedback agent for assessing user performance. For instance,
testing the AI feedback agent on the same conversation text
multiple times resulted in occasional differences in the
assessment of the user’s adherence to SPIKES. Furthermore,
the AI feedback agent had difficulty weighing the importance
of different aspects of the SPIKES protocol, in contrast to the
experienced PCP who showed empathy by not pressuring the
“anxious” VSP to agree to a biopsy immediately. This reflects
GPT-4’s limitations in dispensing clinical advice that relies
more on clinical experience than can be gleaned from existing
documentation [38]. Finally, VSP dialogue and generated
feedback are not standardized, in contrast to SP and clinical
educators in traditional medical simulation. In its current form,
it is unlikely that an LLM-driven VSP training could be used
as a part of summative clinical examinations or assessments of
learner communication skills due to this lack of standardization.

Limitations highlight the need to evaluate the robustness of the
simulation on a larger scale. Researchers have proposed

evaluation frameworks such as the automated interactive
evaluation framework and Artificial Intelligence Structured
Clinical Examinations to evaluate the performance of LLMs to
carry out clinical tasks that can be applied in this regard [39,40].
In this vein, the next step will be a pilot test of the virtual
simulation module with medical students to determine its
feasibility and acceptability. The unpredictability of LLMs also
offers opportunities to revolutionize and transform “standardized
testing” and to question the notion that standardized tests are
the best way to evaluate competency when no real patient is the
same as the previous or next patient. LLMs provide a mechanism
to evaluate competency through a variety of patients and
different types of interactions to provide a more holistic view
of proficiency in communication skills.

Future Directions
We scratched the surface for the types of conversations that
PCPs and other clinicians have with their patients that could
benefit from communication skills training through a virtual
simulation with a VSP. We focused on training for medical
students, but the scenario and the type of feedback users receive
could be tailored for learners at different stages of their
education, such as medical students versus residents, or in
different professions, such as nurses, social workers, and
administrative clerks interacting with patients along any aspect
of the patient’s clinical experience. Our simulated conversation
focused on diagnostic uncertainty surrounding breast cancer
screenings. Conversations for all life-changing diagnoses and
stigmatizing health conditions (eg, HIV, substance use disorders,
and obesity) and associated screening tests warrant careful
consideration, even for common diagnoses. PCP2 discussed
how type 2 diabetes diagnoses are routine for PCPs but are
viewed by some patients as a “death sentence.” Aside from the
diagnoses themselves, changing treatment plans can be
unsettling for patients. For example, PCP4 mentioned a
challenging conversation as one “where it goes against what a
patient wants,” such as discontinuing pain medication
prescriptions.

Our simulation focused on a single conversation between a
learner and a VSP within the context of other clinical
conversations, such as the one the VSP had with the radiologist
before speaking with the learner in the simulation. During
interviews, PCPs shared the importance of setting patient
expectations within the context of coordinated care; for example,
“We have other people who are going to be involved” (PCP4).
This was reflected in BCS’s discussions that highlighted the
need for improved communication with different types of
clinicians throughout their patient journey, such as radiology
technicians and radiologists. Interprofessional education can
improve coordinated care and communication with patients but
is hampered by the same type of clinical demands that limit
individual and team communication skills training. Virtual
simulations can lower training barriers, such as the need for
multiple learners to interact in person. For example, Liaw et al
[41] developed a simulation where multiple learners in different
locations can interact in the same simulation to practice care
coordination for an older VSP. In that study, debriefing was not
automatic and instead was facilitated by clinician educators.
Future iterations could test the limits of LLMs by incorporating
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multiplayer characters involving >2 people in a dialogue, for
example, adding a family member or having 2 health care
professionals in a patient encounter.

Another consideration is the decision to use a cloud-based LLM
versus LLMs that can be downloaded to local computers. Our
simulation incorporated GPT-4, a cloud-based LLM that ran
on standard computers relative to local LLMs that would have
required additional computing resources. While there are
concerns about the privacy and security of data sent to
cloud-based LLMs, our prompt uses a fictional patient and a
role-playing scenario to minimize the risk of any sensitive or
private data being shared with the chatbot. We wrote the prompt
for our fictional patient Olivia based loosely on formative
interviews with anonymous patients and did not include any
protected patient information or restricted data. We intend to
notify participants in the pilot study about the potential data
privacy risks associated with GPT-4 and will request that they
acknowledge and agree not to input any protected or private
information. Future studies could incorporate secure local LLMs
trained on anonymized transcripts of conversations between
clinicians and patients to mitigate the potential data privacy
risks of using cloud-based LLMs.

Conclusions
Our work contributes to a rapidly changing medical simulation
landscape driven by advancements in LLMs that use generative
AI algorithms to mimic human responses to text and voice
queries. Our project showcases 2 promising applications for
GPT-4 in its ability to streamline the development of a simulated
phone call between a learner and VSP and provide accurate
AI-generated feedback to the learner. While GPT-4 displayed
limitations in its ability to provide nuanced feedback about
learners’ performance in following best communication
practices, the training simulation consistently performed its
main task well by providing an asynchronous opportunity for
medical students to practice a challenging conversation with a
patient. Because every attempt elicits slightly varied responses,
it is possible to have multiple opportunities for deliberate
practice, unlike traditional branching path scenarios that have
smaller, more finite correct answers. Given the rapid advances
in LLM to date, we are encouraged about the potential to
improve our current training simulation with future LLM
improvements and produce more complex scenarios. OpenAI
is already proclaiming that GPT-5 will have “PhD level
intelligence” [42]. While we cannot comment on the validity
of that statement, we feel confident proclaiming that the future
of medical simulation is bright.
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Abstract

Background: Smartphone apps are a growing field supporting the prevention of chronic diseases. The user experience (UX)
is an important predictor of app use and should be considered in mobile health research. Long-term skin protection behavior is
important for those with work-related skin diseases. However, altering health behavior is complex and requires a high level of
self-management. We developed a maintenance program consisting of the Mein Hautschutz im Alltag (MiA; “My skin protection
in everyday life”) app combined with an individual face-to-face goal-setting interview to support patients in the implementation
of skin protection behavior after inpatient rehabilitation.

Objective: The objectives of this paper are to (1) describe the intervention in a standardized manner; (2) evaluate the UX,
subjective quality, and perceived impact of the MiA app; and (3) evaluate the adherence to the MiA app.

Methods: We followed a user-centered and multistage iterative process in 2 steps that combined qualitative and quantitative
data. The maintenance program was tested over 12 weeks after discharge from rehabilitation. The UX, subjective quality, and
perceived impact were evaluated formatively based on the user version of the Mobile Application Rating Scale after 12 weeks
(T2). Adherence was measured using the frequency of interactions with the app.

Results: In total, 42 patients took part (with a dropout rate of n=18, 43% at T2). The average age was 49.5 (SD 13.1) years, and
57% (24/42) were male. We found high ratings for the UX, with an average score of 80.18 (SD 8.94) out of a theoretical maximum
of 100, but there were a few exceptions in the usability and interaction with the app. The app was most frequently rated with 4
out of 5 stars (15/24, 65%), which indicates a high subjective quality. Furthermore, the app seemed to influence important
determinants to implement skin protection behavior. Adherence to skin protection tracking was higher over the study period than
adherence to skin documentation and goal assessment. The number of adherent participants to skin protection tracking was higher
in the skin care and skin cleansing categories (28/42, 67% each) compared to the skin protection category (13/42, 31%) on day
1 and decreased until day 84 in all dimensions (12/42, 29% each for skin care and skin cleansing; 9/42, 21% for skin protection).

Conclusions: The results in terms of adherence met the expectations and were consistent with those of other studies evaluating
the use of apps for chronic diseases. Interaction with the app could be increased using artificial intelligence to determine eczema
severity via photos. It should be investigated which subgroups have difficulties with usability to individualize the support to a
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greater degree during onboarding. There is a need for further research regarding the effectiveness of the MiA app on skin protection
behavior, quality of life, and eczema severity.

(JMIR Form Res 2025;9:e66791)   doi:10.2196/66791

KEYWORDS

user experience; mobile health; mHealth; app; smartphone; complex intervention; Template for Intervention Description and
Replication; behavior change techniques; behavior change; skin diseases; occupational dermatology; artificial intelligence

Introduction

Background
Smartphone apps have recently become a growing field in the
health care sector, garnering increasing attention and importance
in health research. The use of such technologies can help
optimize broad and location-independent health care in real
time and support the prevention of chronic diseases and health
promotion to improve adherence to therapy, quality of life, and
clinical outcomes in the long term [1,2]. Smartphone apps not
only help monitor health data [3,4] but also help change health
behavior and develop new habits. For this purpose, health
behavior apps offer the potential to technically integrate a variety
of behavior change techniques (BCTs) [1,5,6]. BCTs are based
on health psychology knowledge about the mechanisms of
behavior change processes [7]. The most common BCTs in
behavior change apps are, for example, self-monitoring by
tracking the duration and frequency of a behavior and feedback
on the behavior or outcomes by visualizing the progress
graphically [1,5,6,8]. Feedback and the visualization of success
also increase motivation in the users, which plays an important
role in the long-term success of behavior change [5]. Behavior
change apps can also be used to set goals and monitor their
achievement. Automatic reminders provide prompts and support

the development of routines in everyday life. Written, visual,
and audio information can show users how to perform the
behavior [1,5,6,8].

Relevance of User Experience
A known and widely discussed problem in research on behavior
change apps is a low adherence and engagement when using
these technologies [2,9-11]. To address these problems, user
experience (UX) is becoming increasingly important in mobile
health research [12-15]. UX is an overarching holistic concept
and covers all emotional, cognitive, and physical experiences
that users undergo when interacting with software products such
as apps [12,16-18]. As shown in Figure 1, a high UX when
using an app for the first time is associated with the willingness
to continue using it and recommend it to others in the short
term. A high UX leads to increased adherence and app use in
the long term and, thus, can also improve clinical outcomes and
the effectiveness of health-related interventions [14,19-21].
Therefore, the investigation of UX in the context of digital
technologies in patient care is of great importance and should
be considered early during the development process [14,15,22].
Thus, a thorough formative evaluation of the UX should precede
a summative evaluation to optimize the app from the end user’s
perspective [14].

Figure 1. Theoretical model to explain the influence of user experience (UX) and its 5 dimensions—content, usability, aesthetic, trust, and feelings
and emotions—on the intention and recommendation to use the app (proximal) results, as well as the revisiting the app and long-term use of the app
(distal) results as the basis for this study.

As a multidimensional construct, UX comprises various
dimensions that can differ depending on the underlying model,
understanding, and context [15,17,19]. According to Thielsch
and Salaschek [21], the dimensions content, usability, and
aesthetics are particularly important in a research-related
context. In addition, feelings and emotions that arise through
interaction with the technical medium are described as an
important aspect of UX [15,16]. As personal data are collected,
passed on, and stored in digital care structures, trust in the
technology is another predictor of future app use [21].

Behavior Change and Self-Management Apps for
Patients With Chronic Skin Diseases
Apps to support behavior change and disease-specific
self-management have also been developed and evaluated in
the context of chronic skin diseases. These are usually aimed
at specific groups, such as parents of children with atopic
dermatitis (AD) [23,24]; patients with AD [25,26]; or people
with specific areas of the skin affected, such as hand and foot
eczema [27]. Weigandt et al [27] developed the first smartphone
app in Germany specifically for hand and foot eczema, with
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which patients can monitor and manage their disease following
a patient educational intervention by photographing their skin,
tracking their quality of life and symptoms, and chatting with
their dermatologist.

However, thus far, such technology does not exist for
work-related skin diseases (WRSDs) even though they have
been among the most common work-related diseases in
Germany for decades [28]. Up to 90% of all diagnosed cases
affect the hands in the form of irritant or allergic contact eczema,
which often occurs in combination with a genetic predisposition
to AD [29-32]. Work-related hand eczema is usually caused by
hazardous activities in the workplace (eg, skin contact with
allergens and irritants, wet work, high handwashing frequencies,
and mechanical stress). Workers in the health care,
metalworking, hairdressing, and construction sectors are at a
particularly high risk, which results in high prevalence rates
[30,31]. Due to the high relevance of WRSDs, the German
Social Accident Insurance has developed a complex and
hierarchical multistep procedure for patients with WRSDs, with
different outpatient and inpatient prevention measures depending
on the severity of the skin disease. In the case of severe or
recurrent skin diseases, patients are offered to participate in an
inpatient interprofessional rehabilitation program with a duration
of 3 weeks. In German occupational dermatology, this program
is also known as tertiary individual prevention (TIP) [29,33].
An important element of TIP are health educational interventions
[34] with the aim of gaining disease-specific knowledge and
increasing the motivation to implement and optimize individual
skin protection behavior. In addition, individual strategies for
skin protection behavior are developed with occupational
therapists and practiced as part of a workplace simulation in
occupational therapy. To restore the skin barrier and reduce the
risk of recurrence of hand eczema, it is important to implement
skin protection behavior (eg, regular use of skin protection and
skin care products as well as reducing the frequency of
handwashing by using mild detergents) in the long term [34-36].
However, changing skin protection behavior is complex and
requires a high level of self-management after participating in
the TIP as the new behavior must be successfully transferred
to and implemented in the professional and private contexts. A
structured maintenance program that supports patients in this
subsequent implementation of skin protection behavior does
not yet exist [34]. To fill this gap, we developed the Mein
Hautschutz im Alltag (MiA) app (MiA translates to “My skin
protection in everyday life”) to support the self-management of
patients with WRSDs after the TIP [37].

Objectives of This Study
The aim of this study was to evaluate the UX of and adherence
to the MiA app and pilot the feasibility of an app-based
maintenance program in our clinical setting. In this publication,

we report the following results: (1) description of the
intervention in a standardized manner; (2) UX, subjective
quality, and perceived impact of the MiA app; and (3) adherence
to the MiA app.

Methods

Overview
The occupational dermatology maintenance program is a
complex intervention consisting of several interacting
components (Multimedia Appendix 1). According to the Medical
Research Council’s framework, the development of complex
interventions is based on a 4-stage process consisting of
development [37], feasibility, evaluation, and implementation
[38]. This study focuses on feasibility (phase 2).

Intervention
The maintenance program is offered by the Institute for
Interdisciplinary Dermatological Prevention and Rehabilitation
(iDerm), Osnabrück, Germany, which is a specialized center in
Germany for inpatient and outpatient interprofessional treatment
of patients with WRSDs.

The maintenance program consists of 2 main elements:
individual goal-setting interview and the MiA app. The
systematic development of these elements is described in detail
elsewhere [37].

The individual goal-setting interview is conducted during the
inpatient stay by a health educator face-to-face 5 or 6 days
before discharge. The goals, which are defined by the patients,
are entered into the app on the coaching platform by the health
educator and can be viewed by patients via the app. During the
subsequent onboarding, patients receive an introduction and
explanations of the various app functions. Patients are also given
access to a video via a QR code that shows the app with
screenshots and explains the app’s functions.

MiA is a fully automated app with free access for study
participants and consists of 6 components focusing either on
interaction or information. The smartphone-based components
with interactive nature are named My Skin Protection Goals
(German: Meine Hautschutz-Ziele), My Skin Protection
Behavior (German: Mein Hautschutz-Verhalten), and My Skin
Documentation (German: Meine Hautdokumentation). The
smartphone-based components To Listen (German: Hörenswert),
Skin Protection 101 (German: Das Hautschutz 1x1), and My
Accountabilities (German: Meine Zuständigkeiten) provide
different information about the skin disease in different modes
of delivery (podcasts, textboxes, and videos; Figure 2). In
addition, users automatically receive a reminder message if no
information has been entered into the app for a period of 14
days.
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Figure 2. (A) Overview of the menu; (B) overview of the My Skin Protection Behavior component with the option to enter the frequencies of skin
cleansing (green line) and applications of skin care cream (red line) and skin protection cream (blue line); (C) overview of the My Skin Documentation
component, which allows for taking pictures of the front and back side of the right and left hand that can be enlarged and to which personal notes can
be added; (D) overview of the My Skin Protection Goals component with the overview of the goal achievement; (E) To Listen component and 4 podcast
episodes; (F) overview of the Skin Protection 101 component with different questions and an example unfolded answer; (G) overview of the My
Accountabilities component with different questions and an exemplary unfolded answer; and (H) presentation of the research questionnaire with the 6
categories, whereby categories 1 to 3 (sociodemographic data, skin protection behavior, and questions about the organization) can be completed
immediately and categories 4 to 6 (skin protection behavior, app evaluation, and impact of the app) are activated after 12 weeks of use.

Multimedia Appendix 1 provides a more detailed description
of each component according to the Template for Intervention
Description and Replication checklist [39,40], including what,
why, how often, and when components are unlocked during the

maintenance program and where and which tailoring options
are available. Table 1 describes the contents of the active
components of the intervention in a standardized manner using
the Behavior Change Technique Taxonomy version 1 [7,41].
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Table 1. Behavior change techniques (BCTs) in the 12-week occupational dermatology maintenance program for improving health behavior change
in patients with work-related skin diseases based on the BCT Taxonomy version 1 [7,41].

BCTsDescriptionComponent

Face-to-face intervention

Formulation of individual skin protec-
tion goals

Individual goal-set-
ting interview

• 1.1: goal setting (behavior)

MiAa app

Monitoring of individual skin protec-
tion goals and assessment of their
achievement

My Skin Protection
Goals

• 1.5: review behavior goals

Visualization of goal achievement over
time using arrows

My Skin Protection
Goals

• 1.6: discrepancy between current behavior and goal

Motivating feedback messages depend-
ing on the evaluation of the goal

My Skin Protection
Goals

• 3.1: social support (unspecified)

Tracking of skin protection behavior
and monitoring the progress

My Skin Protection
Behavior

• 2.3: self-monitoring of behavior

Recording and observing the skin con-
dition

My Skin Documenta-
tion

• 2.5: monitoring of outcomes of behavior without feedback

Information about the skin disease, as-
sociated difficulties, and strategies

To Listen • Episode 1: 4.1—instruction on how to perform the behavior and 15.1—verbal
persuasion about capability

• Episode 2: 5.1—information about health consequences, 5.2—salience of
consequences, 8.2—behavior substitution, 12.4—distraction, and
15.1—verbal persuasion about capability

• Episode 3: 8.2—behavior substitution, 5.1—information about health conse-
quences, 5.2—salience of consequences, 4.2—information about antecedents,
and 15.1—verbal persuasion about capability

• Episode 4: 3.1—social support (unspecified), 3.3—social support (emotional),
and 15.1—verbal persuasion about capability

Information about seminar content on
skin protection, itching, and stress

Skin Protection 101 • 4.1: instruction on how to perform the behavior
• 5.1: information about health consequences

Information about organizational issues
related to care and responsibilities

My Accountabilities • 5.3: inform about social and environmental consequences

aMiA: Mein Hautschutz im Alltag (My skin protection in everyday life).

Ethical Considerations
This study was approved by the Ethics Committee of Osnabrück
University (Ethics-50/2022 and Ethics-15/2023). All patients
assessed for eligibility were informed verbally and in writing
about the study and its voluntary nature. All participants had to
sign a declaration of consent to take part in the study. The
participants were informed that data collection would be
pseudonymized and that the evaluation and publication of the
results would be anonymous. They received no compensation
for their participation.

Inclusion Criteria and Study Design
Recruitment took place at iDerm in Osnabrück on the fourth
day during the TIP. Study information was provided in patient
groups as 7 to 9 new patients are usually admitted to the TIP
each week. After all patients had been fully informed about the

study, they were given sufficient time to decide whether to
participate. Subsequently, interested patients received the written
study information and declaration of consent. The inclusion
criteria were (1) signed declaration of consent for study
participation; (2) legal age (>18 years); (3) sufficient German
language skills to understand the app content, participate in
focus groups, and complete questionnaires; and (4) access to
an internet-enabled smartphone (for step 2).

This study followed a user-centered and multistage iterative
approach, which is a well-known and widespread procedure in
the development of technologies in health care and UX research
[42,43]. This approach allows for the consideration of the
opinions and feedback of the target group as future users of the
app in a participatory manner [23,44-46]. As illustrated in Figure
3, the entire process consisted of 2 steps with both qualitative
and quantitative data collection.

JMIR Form Res 2025 | vol. 9 | e66791 | p.2761https://formative.jmir.org/2025/1/e66791
(page number not for citation purposes)

Ristow et alJMIR FORMATIVE RESEARCH

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


Figure 3. Study process of multistage iterative testing of the app-based maintenance program for patients with work-related skin diseases consisting
of (1) iterative development and testing and (2) 12-week testing and piloting. MiA: Mein Hautschutz im Alltag (My skin protection in everyday life);
TIP: tertiary individual prevention; UX: user experience.

Instrument
Various instruments have been developed to assess the UX of
mobile health apps. Among them, the user version of the Mobile
Application Rating Scale (uMARS) is a well-known and reliable
instrument that measures the UX of health apps from the user’s
perspective [47]. The uMARS is based on the Mobile
Application Rating Scale, which is used to assess the quality of
apps by clinical or technical experts [48,49]. The uMARS is
made up of 16 items and comprises the UX dimensions of
engagement, functionality, aesthetics, and information quality.
The scales of subjective quality and perceived impact assess
additional information about recommendation; willingness to
use and pay for the app; and information regarding awareness
and knowledge of and intention for behavior change. For this
study, an instrument for step 1 and step 2 was developed based
on the uMARS and the model shown in Figure 1.

Statistical analyses of the quantitative data were carried out
using SPSS (version 28; IBM Corp). We calculated a score for
all 5 UX dimensions as well as a score for all UX items.
Adherence to the My Skin Protection Behavior, My Skin
Documentation, and My Goal Achievement functions was
determined based on the adherence values in Multimedia
Appendix 1 and by dichotomizing the data into adherent and
nonadherent. For continuous data (eg, age and UX), we
calculated the mean, median, IQR, and SD. We present
categorical data (eg, gender, subjective quality, and perceived
impact) in frequencies and percentages.

Step 1: Iterative Development and Testing of
Intervention Components

Overview
In the first step, the maintenance program was tested by 4
different patient groups during participation in the TIP at the
iDerm in Osnabrück between November 2022 and November
2023. Patients were recruited on the fourth day of the TIP with
a subsequent test phase of 2 weeks. During the test phase,

patients were asked to document their overall impression as
well as positive aspects and aspects requiring improvement of
the tested component in a standardized documentation form.
The documentation forms were not evaluated by the researchers
as they merely served as preparation for the patients themselves
for the focus group discussions. Each group tested and evaluated
specific maintenance components as follows: group 1 evaluated
To listen, group 2 evaluated the face-to-face goal setting
interview, group 3 evaluated My Skin Protection Behavior and
My Accountabilities on the app, and group 4 evaluated Skin
Protection 101 and My Skin Documentation on the app.

Methods of Data Collection in Step 1
After the test phase, the patients completed a short quantitative
questionnaire that assessed their overall impression of the
maintenance components tested using selected items from the
uMARS. The focus of step 1 was qualitative data collected via
4 subsequent focus group discussions. The aim of the focus
group discussions was to record positive and negative aspects
of the tested components, identify problems and challenges
regarding their use, and jointly develop opportunities for
improvements.

The focus group discussions were conducted by 2 moderators
(NR and ML) based on guiding questions regarding
content-related, methodological, and technical aspects. The
guiding questions served as orientation. Additions to or
deepening of the questions and topics that arose in the course
of the discussions were permitted. The interviews were recorded
using an audio recorder (Olympus LS-P4 linear pulse-code
modulation recorder). Knowledge mapping was chosen for data
analysis as it allows for the combination of data collection and
data processing [50]. The results were written down in keywords
on moderation cards and clustered on a metaplan board. The
participants validated the results for completeness and
correctness for each topic. In addition, experiences from the
test phase and key results were documented by a research
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assistant in a protocol. Aspects of the components that needed
to be improved were then revised in the next iteration.

Step 2: Pilot-Testing and Assessing the UX

Overview
In the second step, the entire maintenance program, consisting
of the face-to-face goal-setting interview and the MiA app with
all its components, was tested by patients and formatively
evaluated. Recruitment took place over a period of 10 weeks
from January 2024 to March 2024. Patients who voluntarily
agreed to participate were then given an appointment for the
goal-setting interview as a one-to-one meeting and the
subsequent onboarding to the app in the third week. The app
was tested over a period of 12 weeks after discharge from the
TIP, with 2 additional weeks to fill out the second questionnaire.
Patients who did not complete the questionnaire within these 2
weeks received a reminder in the form of a paper questionnaire
with a prepaid return envelope by post.

Methods of Data Collection in Step 2

Overview

The evaluation was carried out using a quantitative questionnaire
consisting of 6 blocks. Blocks 1 to 3 were available immediately
after registration, and blocks 4 to 6 were activated after the
maintenance period of 12 weeks after discharge. In total, the
instrument consisted of 85 questions about sociodemographic
data; skin protection behavior before and after the rehabilitation
program; and evaluation of the UX, subjective quality, and
perceived effects, as well as questions about the structural,
process, and outcome quality of the intervention.

In addition to closed-ended questions, the questionnaire also
included open-ended questions to allow the participants to
provide further details about the individual functions beyond
the closed-ended questions [15]. The comprehensibility of the
questions and the time required for completion were determined
in a pretest with 16 patients before the study. In this publication,
we report the results on sociodemographic data, UX evaluation,
subjective quality, and perceived impact of the intervention.

UX Evaluation

To assess the UX, the relevant items of the uMARS were
assigned to the UX dimensions shown in Figure 1 and
supplemented with additional aspects as required. We measured
feelings and emotions using 5 items (eg, “I find the app
entertaining” or “The app offers me enough options to customise
it to my personal requirements and needs”), content using 4
items (eg, “Is the content of the app relevant to you?” or “Are
the texts understandable?”), usability using 6 items (eg, “How
well and quickly do the app’s applications [buttons, menus]
respond?” or “How easy was it for you to learn how to use the
app?”), aesthetic using 2 items (“How high are the quality and
resolution of the images and texts?” and “How would you rate
the overall appearance of the app?”), and trust using 3 items
(eg, “The information in the app appears to come from a credible
source” and “Are you concerned that data you have entered into
the app could be uploaded to third parties?”). All questions were
answered on 5-point Likert scales that differed in their content
depending on the dimension and item.

Subjective Quality and Perceived Impact

Both aspects were assessed using the uMARS [47]. Subjective
quality was measured using the items related to
recommendation, willingness to use in the following 12 months,
and willingness to pay and overall rating by stars.

The perceived impact scale comprised 5 closed-ended questions
on awareness and knowledge of and motivation for skin
protection behavior; encouragement to seek for support; and
enabling skin protection behavior on a 5-point Likert scale and
a supplementary open-ended question on which functions were
particularly helpful for implementing skin protection behavior.

Adherence

An important result for this study was the analysis of the
frequency of use of individual components as this represented
a central criterion for adherence to the intervention. We used a
simple definition according to Donkin et al [51] and understood
adherence as “the degree to which the user followed the
programme as it was designed” [51]. This definition has already
been applied in the context of other digital health interventions
[45]. In this study, adherence was determined by the frequency
with which the skin protection behavior was entered, how often
photos were taken, and how often the goals were assessed.
Adherence was high if the component My Skin Protection
Behavior was used daily and the functions My Skin
Documentation and My Skin Protection Goals were used
weekly.

Results

Step 1

Study Participants
A total of 23 patients took part in the testing of the intervention
components in step 1, of whom 10 (43%) were female and 13
(57%) were male. The average age of the participants was 51
(SD 11; range 27-62) years.

The patients worked in health care (8/23, 35%), the metalwork
industry (4/23, 17%), hairdressing (3/23, 13%), construction
(2/23, 9%), or other professions (6/23, 26%).

Main Results
The results of step 1 were used for iterative development to
further optimize the intervention for phase 2. For example, in
the My Skin Protection Behavior function, the scale of the days
and frequencies in the diagram was too small. This was adjusted
and enlarged in the revision. In the My Skin Documentation
function, every entry was automatically saved in the comment
function. This always hindered further input for a few seconds.
A button was added so that users could save their comments at
the end by themselves. Patients also highlighted that the app
had a simple structure and reminded them of apps they already
knew, had a good usability and visual presentation, and was
factual without playful elements. A more detailed presentation
of the results of step 1 and the associated modifications for step
2 can be found in Multimedia Appendix 2.
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Step 2

Study Participants
Over 10 weeks (study period for step 2), a total of 79 patients
participated in the TIP program, of whom 42 (53%) agreed to
take part in the intervention and gave informed consent for study
participation. The main reasons for nonparticipation were no

interest or no subjectively felt need for the intervention (Figure
4).

All 42 patients took part in the individual goal-setting interview
and received access to the MiA app for the 12-week testing
phase. At T1, all participants completed the questionnaires
(42/42, 100% response rate), and at T2, the response rate was
57% (24/42). Table 2 summarizes the sociodemographic data
of the patients enrolled in this study.

Figure 4. Flowchart of the study population in step 2, including assessment for eligibility, participation, and follow-up at T1 and T2. MiA: Mein
Hautschutz im Alltag (My skin protection in everyday life); TIP: tertiary individual prevention.
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Table 2. Sociodemographic data of the study participants at T1 (N=42).

ValuesSociodemographics

Sex, n (%)

24 (57)Male

18 (43)Female

Age (y)

49.5 (13.1)Values, mean (SD)

55.0 (18.6)Values, median (IQR)

Occupational categories, n (%)

17 (40)Health care professions

9 (21)Metalwork industry

5 (12)Construction

1 (2)Hairdressing

2 (5)Food processing

5 (12)Other

1 (2)Pensioner

2 (5)Currently unemployed

Highest educational level, n (%)

9 (21)Secondary school or elementary school–leaving certificate

15 (36)Intermediate school–leaving certificate or secondary school–leaving certificate

3 (7)“Meister”a

5 (12)College certificate

7 (17)General higher education entrance qualification or A-levels

1 (2)Bachelor’s degree

2 (5)Master’s degree or diploma

Employment status, n (%)

4 (10)Self-employed

35 (83)Employed

3 (7)Unemployed

Partnership, n (%)

32 (76)Yes

10 (24)No

aPerson with a higher vocational qualification in a craft, also known as “master craftsman” or “master craftswoman.”

UX Results
The average UX score, with a theoretical minimum of 20 and
a theoretical maximum of 100, was 80.18 (SD 8.94). Figure 5
shows the results for the assessment of the UX from the trust,
content, aesthetic, usability, and feelings and emotions
dimensions. The raw data for these items can be found in

Multimedia Appendix 3. The results show overall positive
ratings (scores of 4 and 5). The feelings and emotions dimension
stood out, with comparatively frequent medium ratings and no
ratings of 5 on 60% (3/5) of the items. Furthermore, the item
“How easy was it for you to learn how to use the app?” in the
usability dimension was the only item with a score of 1 by 2%
(1/42) of the participants.

JMIR Form Res 2025 | vol. 9 | e66791 | p.2765https://formative.jmir.org/2025/1/e66791
(page number not for citation purposes)

Ristow et alJMIR FORMATIVE RESEARCH

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


Figure 5. Results for the 5 user experience (UX) dimensions—content, usability, aesthetic, trust, and feelings and emotions—from the participants at
T2 (n=24). The ratings range from 1 to 5. A rating of 1 means a low rating, and a rating of 5 is a high rating.

Subjective Quality and Perceived Impact
Overall, the results showed a high subjective quality
(Multimedia Appendix 4). Approximately 75% (18/24) of the
patients would recommend the app to others. The average
willingness to use the app in the following 12 months was “once
a week” (7/25, 30%). Most (14/24, 58%) were not willing to
pay for the app. The app was most frequently rated with 4 out
of 5 stars (15/24, 65%).

As shown in Figure 6, there was an average high level of
agreement regarding the subjective impact of the MiA app in
relation to skin protection behavior and important determinants
(eg, awareness, motivation, or knowledge). All items were rated
by more than half (Item 1: 17/24, 71%; Item 2: 13/24, 54%;
Item 3: 16/24, 67%; Item 4: 19/24, 79%; Item 5: 21/24, 88%)
of the participants as “somewhat agree” or “completely agree”
(Multimedia Appendix 4).

Figure 6. Results on the perceived impact of the Mein Hautschutz im Alltag (My skin protection in everyday life) app regarding skin protection behavior
by the participants at T2 (n=24).

Adherence
A total of 135 goals were formulated, which corresponds to an
average of 3.2 (SD 1.46) goals per person (Table 3). Textbox

1 contains exemplary goals from the goal-setting interviews.
Of the 42 participants, 1 (2%) did not formulate any goals, and
10 (24%) formulated the maximum of 5 goals. Most of the goals
related to the skin protection category.
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Table 3. Number and categories of goals formulated in the individual goal-setting interview by the patients as part of the maintenance program during
tertiary individual prevention (N=135).

Total, n (%)Other, n (%)Social support, n (%)Skin care, n (%)Skin protection, n (%)Skin cleansing, n (%)

41 (30.4)5 (3.7)5 (3.7)11 (8.1)12 (8.9)8 (5.9)Goal 1

35 (25.9)10 (7.4)2 (1.5)5 (3.7)13 (9.6)5 (3.7)Goal 2

29 (21.5)6 (4.4)4 (3)7 (5.2)9 (6.7)3 (2.2)Goal 3

20 (14.8)1 (0.7)3 (2.2)4 (3)8 (5.9)4 (3)Goal 4

10 (7.4)1 (0.7)2 (1.5)0 (0)4 (3)3 (2.2)Goal 5

135 (100)23 (17)16 (11.9)27 (20)46 (34.1)23 (17)Total

Textbox 1. Example goals set by the patients in the individual goal-setting interview.

Skin cleansing

• I intend to wash my hands less during the day.

• I intend to reduce the water temperature when cleansing my skin.

• I intend to wash my hands a maximum of 10 times a day.

Skin protection

• I will put on cotton gloves after applying cream.

• I will consistently wear padded gloves for activities involving mechanical pressure on the palms of my hands.

• I intend to apply a skin protection cream at least 3 times a day.

Skin care

• I will apply a skin care cream right at the end of the working day.

• I intend to apply a skin care product to my hands 5 times a day.

• I will apply cream to my whole body once a day (in the evening).

Social support

• I will use a cell phone alarm to remind me to apply skin care cream every day.

• I will ask for support at work (e.g. if the skin condition is bad).

Other

• I intend to pay more attention to myself and say “no” more often.

• I'm going to yoga class every Tuesday evening.

• I intend to go for a walk 2-3 times a week.

The results in terms of adherence to the app function My skin
protection behavior are shown in Figure 7. The raw data can be
found in Multimedia Appendix 5. The results show differences
in adherence between the dimensions of skin protection behavior
at the beginning of the maintenance program. On day 1, there
were significantly more adherent than nonadherent participants
to the dimensions of skin cleansing (adherent participants: 28/42,
67%; nonadherent participants: 14/42, 33%; P=.04) and skin
care (adherent participants: 28/42, 67%; nonadherent
participants: 14/42, 33%; P=.04) compared to the skin protection
dimension, which had significantly more nonadherent than
adherent participants (adherent participants: 13/42, 31%;
nonadherent participants: 29/42, 69%; P=.02).

Furthermore, there was a difference in adherence over time
during the 12-week maintenance program. As shown in Figures
7A and 7C, the number of nonadherent participants to the skin
cleansing and skin care dimensions was higher than the number
of adherent participants from day 26 onward. After 12 weeks,
there were significantly more nonadherent than adherent
participants who tracked their skin protection behavior daily in
all 3 dimensions: skin cleansing (adherent participants: 12/42,
29%; nonadherent participants: 30/42, 71%; P=.008), skin care
(adherent participants: 12/42, 29%; nonadherent participants:
30/42, 71%; P=.008), and skin protection (adherent participants:
9/42, 21%; nonadherent participants: 33/42, 79%; P<.001;
Figures 7A, 7B, and 7C).
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Figure 7. (A) Adherence to tracking of skin cleansing on the app function My Skin Protection Behavior, (B) adherence to tracking of skin protection
on the app function My Skin Protection Behavior, and (C) adherence to tracking of skin care on the app function My Skin Protection Behavior by all
participants during the 12-week pilot-testing (n=42).

Adherence to rating the achievement of skin protection goals
(Figure 8A) and photo documentation (Figure 8B) was lower
than adherence to the tracking of skin protection behavior
(Multimedia Appendix 5). The number of nonadherent
participants was clearly lower than the number of adherent
participants in each week of the 12-week maintenance program
for both app functions. At the beginning, in week 1 (adherent
participants: 4/42, 10%; nonadherent participants: 38/42, 90%;

P<.001), and at the end, in week 12 (adherent participants: 4/42,
10%; nonadherent participants: 38/42, 90%; P<.001), there were
significantly more nonadherent than adherent participants who
assessed their skin protection goals. Similar results were also
found for the app function My Skin Documentation in week 1
(adherent participants: 10/42, 24%; nonadherent participants:
32/42, 76%; P<.001) and week 12 (adherent participants: 4/42,
10%; nonadherent participants: 38/42, 90%; P<.001).
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Figure 8. (A) Adherence to the achievement of skin protection goals on the app function My Skin Protection Goals and (B) adherence to skin
documentation on the app function My Skin Documentation by all participants during the 12-week pilot-testing (n=42).

Discussion

Principal Findings and Comparison With Prior Work
The aim of this study was to evaluate the UX of and adherence
to an app-based maintenance program. The MiA app is a
self-management tool for patients with WRSDs after
participating in an inpatient rehabilitation program (TIP) to
support change in and maintenance of skin protection behavior.
To the best of our knowledge, the MiA app is the first app for
people with WRSDs. Our study was conducted by following a
multistage and iterative development and pilot-testing process,
with this paper focusing on the results of phase 2.

UX research is an important part in the development of apps to
identify and address potential barriers to the use of apps as early
as possible. It should precede the summative evaluation [38].
However, many studies investigating the influence of app-based
interventions in the dermatological setting only report on clinical
outcomes such as quality of life, eczema severity, or itching
[24,27] or app use behavior [25,26]. Zvulunov et al [24] point
out that there are missing data on the usability of and adherence
to apps in the field of chronic skin diseases.

We evaluated the UX using the dimensions of feelings and
emotions, usability, aesthetics, content, and trust. Our study
generally showed high to very high ratings for all dimensions
with the exception of feelings and emotions, which was rated
comparatively lower. Studies show that gamified apps can
improve the interaction, motivation, and adherence [23,52].
However, the benefit of gamification differs between genders
and decreases with age, making it difficult to successfully
implement those functions in our heterogeneous study
population [53]. According to Tolks et al [53], gamified apps
are particularly useful for people with low motivation to
implement a behavior, and Matterne et al [54] were able to show
that patients with WRSDs have a high motivation to implement
skin protection, which increased significantly during the TIP.
Furthermore, in a focus group discussion in our study, patients
expressed that the app should not contain any playful elements
and should remain factual as it dealt with a disease. The extent
to which the app is used also depends on the app’s BCTs.
Milne-Ives et al [55] were able to demonstrate that some BCTs
are associated with higher use of and engagement with an app.

These included goal setting and feedback, self-monitoring, and
social support, which are also part of the MiA app. However,
in the future, the app could be expanded to include further
interactive functions that allow users, for example, to assess
their skin condition more accurately. One possibility might be
to analyze the severity of hand eczema in photo documentation
using artificial intelligence [24]. Weigandt et al [27] were able
to show that the eczema severity determined via photos
significantly correlates with live assessment by dermatologists.
Therefore, photographs appear to allow for reliable results
regarding the actual severity of hand eczema.

The presentation of information on the app was rated as
particularly interesting by patients. We attribute this to the
different ways in which the information was presented (podcasts,
videos, and short questions and answers).

The descriptive results of the UX also show single exceptions
regarding usability. Due to the small study cohort at T2, we
were unable to test any associations between UX and the
sociodemographic characteristics of the participants. However,
digital health literacy plays an important role in usability. It is
known that, in addition to app-specific factors, the use of an
app may also depend on personal factors such as age, sex,
educational level, and socioeconomic status [15,27,56].
Nationally and internationally, it has been shown that older
people with a lower educational level and of a lower
socioeconomic status tend to have a lower digital health literacy
[57,58]. With an average age of 49.5 (SD 13.1) years and a high
proportion of people with elementary and secondary
school–leaving certification (24/42, 57%), our study cohort had
characteristics that could indicate a lower level of digital health
literacy. Therefore, a potential influence of digital health literacy
on the use and handling of the MiA app is conceivable. Further
research should be carried out to determine which
socioeconomic characteristics in our field of application are
particularly affected by low digital health literacy. This is
important to provide patients with individual and tailored
support from health care staff during the onboarding process
[59]. Nevertheless, onboarding via personal contact in
face-to-face meetings is a particular strength of our study
because we were able to respond to the individual digital
competence of the patients.
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We found differences in adherence between the interactive
functions of the app. The daily tracking of skin protection
behavior was used more often than the weekly skin
documentation and goal assessment. Furthermore, skin care and
skin cleansing were tracked more frequently than skin
protection. In addition, adherence to skin cleansing and skin
care tracking decreased over the 12 weeks. The lower tracking
of skin protection at the beginning might be explained by the
fact that patients are at home for a period of 3 weeks after
discharge and do not start working in their profession straight
away. That means that the use of skin protection creams at work
only becomes relevant from day 21 onward. The digital
documentation of skin protection creams may not have increased
from day 21 onward as the practical implementation of digital
tracking during work is not feasible. However, in contrast to
this, we observed a clearly higher proportion of formulated
individual goals in the skin protection category than in the skin
cleansing, skin care, support, and other categories. This
emphasizes that the topic of skin protection is nevertheless an
important aspect for patients after the TIP even if this cannot
be reflected in skin protection tracking for the aforementioned
reasons. Against this background, linking both functions appears
to be useful to adequately cover all dimensions of skin protection
behavior. There are various possible reasons for the less frequent
use of weekly photo documentation and target assessment. First,
both components are technically more complex and more
challenging functions and require more time. One possible
explanation for the low level of photo documentation could be
that photos are not taken routinely by the users but, rather, when
acute skin changes occur. The weekly rhythm we set may not
correlate with the progression of the individual skin diseases.
WRSDs occur in over half of cases with a comorbidity of AD
and progress in intervals of varying length [33]. The goal
assessment is also cognitively more complex because it requires
reflection on the last behavior performed by the users and the
decision of the appropriate response option. The reasons for the
less frequent use of both functions should be further
investigated, for example, by users and nonusers reporting on
their experiences, motivation, and the usefulness of these
functions (eg, in qualitative interviews [56]). Nevertheless, it
should be kept in mind that high adherence to the app functions
(eg, skin protection tracking) is not necessarily associated with
behavior changes and better clinical outcomes. In everyday life,
skin diseases are associated with a high level of adherence to
therapy. Daily documentation may be too time-consuming to
implement in practice, meaning that regular app use does not
necessarily lead to better outcomes in terms of eczema severity
or quality of life [27]. The average willingness to use the app
approximately once a week supports this assumption. The use
of the MiA app after the TIP can also be individual depending
on the extent to which patients benefited from patient education
during the TIP. Another influencing factor on app use could be
the duration of the disease. TIP patients have usually had the
skin disease for several years and have developed their own
self-management strategies in the past. In the future, it could
be investigated what are the use and benefits for patients with
milder forms of WRSDs (eg, as part of outpatient care). The
results on the perceived impact show that the MiA app can also

be used as a tool for disseminating knowledge about skin
protection–related content.

Overall, our results are consistent with those of other studies
on dermatological apps and, thus, show expected results on
adherence, which decreases over time [25]. Shah et al [26]
showed that the average duration of use of an app for people
with AD was approximately 6 weeks. The frequent short
duration of use of app-based interventions and the associated
lack of evidence of long-term effects is a general and
well-known problem in this research context [2,26].

We were able to demonstrate a high quality of the app. Despite
the low adherence, the results on the perceived effect also show
promising indications that the app might influence relevant
determinants such as motivation, knowledge, or awareness
regarding the change in health behavior according to the
subjective statements of the participants. However, the effect
of the MiA app on skin protection behavior, quality of life, and
eczema severity remains unclear thus far and should be further
investigated in the future in comparison with a control group.

Limitations
In addition to the limitations already mentioned, this study has
further limitations that should be considered when interpreting
the results. First, UX is a multifactorial and complex construct.
There are different methods for assessing UX that have their
own strengths and limitations [13]. While questionnaires are
cost-efficient and provide quick results, dishonest answers and
individual interpretations of the results can be disadvantageous.
Focus group discussions are easy to conduct but dependent on
the interviewing skills of those conducting them [14]. To
measure UX, we used a validated instrument as a basis and
adapted it to the context and target group of the app. We concede
that the validity of the instrument and a direct comparison of
the results with those of other studies is possible to a limited
extent. The standardization of the definitions of the UX
dimensions and the development of validated instruments for
UX research is an important future research focus [19].

The participants in our study matched the sociodemographic
characteristics of those of other studies on TIP [60].
Nevertheless, due to the small number of participants, the low
use behavior, and a remaining cohort of 57% (24/42) at T2, it
was not possible to calculate differences in UX and adherence
among age, sex, and educational level.

The target group participated during the development and testing
of the MiA app. Nevertheless, their involvement could have
been even stronger in the form of agile co-design (eg, for
prototyping the app before programming and technical
implementation and for identifying realistic adherence
[23,61-63]). However, such an approach was not possible due
to the organizational processes and duration of this study.

We were also unable to determine the extent to which the
informative functions (podcasts, questions and answers, and
videos) were used. On the basis of other studies, it can be
assumed that the use of educational elements also decreases
after a few weeks [25]. However, podcasts activated over the
course of the maintenance program could be a way to maintain
use over time.
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Conclusions
Our study shows a high UX of the MiA app in almost all
dimensions. To increase interaction, functions can be added to
the app (eg, use of artificial intelligence with photo
documentation to allow for a clearer assessment of the skin
condition). We refrained from using gamification due to the
heterogeneous study population of patients with WRSDs. We
also observed single exceptions in usability. Usability depends,
among other things, on the digital health literacy of the user.
Future research should investigate in this context which

sociodemographic characteristics show lower usability to
provide these groups with further support when using the app.

We obtained expected results in terms of adherence, with
decreasing use over time, which corresponds to the current state
of research in this field. Particularly after resuming work after
3 weeks, daily documentation of skin protection behavior
appears to be too time-consuming. The effectiveness of the MiA
app in terms of skin protection behavior, quality of life, and
eczema severity should be further investigated with a control
group.
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Abstract

Background: In the emergency department (ED), health care providers face extraordinary pressures in delivering accurate
diagnoses and care, often working with fragmented or inaccessible patient histories while managing severe time constraints and
constant interruptions. These challenges and pressures may lead to potential errors in the ED diagnostic process and risks to
patient safety. With advances in technology, interventions have been developed to support ED providers in such pressured settings.
However, these interventions may not align with the current practices of ED providers. To better design ED provider–centered
interventions, identifying their needs in the diagnostic process is critical.

Objective: This study aimed to identify ED providers’ needs in the diagnostic process through participatory design sessions
and to propose design guidelines for provider-centered technological interventions that support decision-making and reduce
errors.

Methods: We conducted a participatory design study with ED providers to validate their needs and identify considerations for
designing ED provider–centered interventions to improve diagnostic safety. We used 9 technological intervention ideas as
storyboards to address the study participants’ needs. We had participants discuss the use cases of each intervention idea to assess
their needs during the ED care process and facilitated co-design activities with the participants to improve the technological
intervention designs. We audio- and video-recorded the design sessions. We then analyzed session transcripts, field notes, and
design sketches. In total, we conducted 6 design sessions with 17 ED frontline providers.

Results: Through design sessions with ED providers, we identified 4 key needs in the diagnostic process: information integration,
patient prioritization, ED provider-patient communication, and care coordination. We interpreted them as insights for designing
technological interventions for ED patients. Hence, we discussed the design implications for technological interventions in four
key areas: (1) enhancing ED provider–ED provider communication, (2) enhancing ED provider-patient communication, (3)
optimizing the integration of advanced technology, and (4) unleashing the potential of artificial intelligence tools in the ED to
improve diagnosis. This work offers evidence-based technology design suggestions for improving diagnostic processes.
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Conclusions: This study provides unique insights for designing technological interventions to support ED diagnostic processes.
By inviting ED providers into the design process, we present unique insights into the diagnostic process and design considerations
for designing novel technological interventions that meet ED providers’ needs in the diagnostic process.

International Registered Report Identifier (IRRID): RR2-10.2196/55357

(JMIR Form Res 2025;9:e68891)   doi:10.2196/68891

KEYWORDS

emergency departments; participatory design; health care providers; technology; interventions; artificial intelligence

Introduction

Background
Emergency departments (EDs) are dynamic, challenging, and
time-critical medical environments in a hospital. In recent years,
the increasing need for emergency care services has led to
overcrowding [1-3], resulting in extended wait times for patients,
diminished patient satisfaction [4], and suboptimal patient
outcomes [5,6]. With the high volume of patients and staff
shortages [7], health care providers in the ED face significant
challenges in their workflow [3,8]. For example, they often
encounter frequent distractions and interruptions from secondary
tasks or transitions [9-11], ineffective communication with
patients [12-14], communication breakdowns, and information
loss during the care process [15-18], all while being
overwhelmed by the intensive patient and teamwork information
[15,19]. All these challenges and issues can potentially lead to
diagnostic errors [20-23].

Given these challenges in the diagnostic process in EDs,
previous work has attempted to implement different types of
technology to enhance this process. In particular, clinical
decision support systems (CDSSs) have been implemented to
predict morbidity and mortality [24-27], sepsis [28], and adverse
prognosis [29]; improve triage [30-35]; automate clinical
documentation [36,37]; and predict hospitalization and
admission [38-41]. Although these systems enhance ED
providers’ decision-making process, many still face barriers to
practical applicability and integration into ED workflows
[28,42]. For instance, a previous study found that emergency
physicians poorly accepted an evidence-based CDSS for
evaluating suspected pulmonary embolism because it increased
computer time compared to the original workflow, leading to
low adoption rates in the ED [43].

One of the main reasons for the failure to adopt and implement
effective technological interventions in ED is the limited
understanding of ED providers’ technology needs and examining
appropriate approaches for integrating advanced technologies
into dynamic ED workflows [44]. A way to understand the
needs of ED providers is to involve them in the design process
[45]. Participatory design (PD) [45] is a methodology that
engages all stakeholders in the design process to create solutions
that address their needs. Previous work has suggested that
participatory and user-centered design approaches can address
these concerns [45,46] as they engage all stakeholders in the
early stages of the design process, thereby more effectively and
promptly addressing user needs and improving the alignment
of new technologies with existing workflows [47]. Examples

of adopting PD approaches in ED technology development
include collaborating with ED providers to design information
displays that support awareness and enhance ED teamwork [48]
and redesigning the ED patient health information system [49].
Following this body of work, we used the PD approach in our
study to explore potential improvements and technological
interventions for the ED diagnostic process, an area previously
unexplored using the PD method.

Objectives
In our study, we explored the following research questions: (1)
what are the challenges and needs of frontline providers in the
ED diagnostic process? and (2) how should technological
interventions be designed to address the specific needs of ED
providers? To answer these questions, we conducted interviews
and PD sessions, engaging ED providers from different hospitals
to identify opportunities for creating user-informed technological
interventions and to brainstorm strategies for enhancing the
diagnostic process in ED. Our study identified 4 primary areas
for enhancing the diagnostic process in ED: information
integration, patient prioritization, ED provider-patient
communication, and care coordination. The findings also
highlighted the key concerns about integrating advanced
technologies into dynamic ED workflows. Finally, we conclude
the paper by discussing design implications for (1) enhancing
ED provider-ED provider care coordination and communication,
(2) enhancing ED provider-patient communication, (3)
optimizing the integration of advanced technology in the ED,
and (4) unleashing the potential of artificial intelligence (AI)
tools in the ED to improve diagnosis. This work will enhance
ED care by offering evidence-based technology
recommendations and establishing ED-specific design principles
for improving diagnostic processes and care.

Methods

Study Overview
This research is part of a comprehensive initiative examining
the perspectives of ED patients and health care providers
regarding technological interventions to enhance the ED
diagnostic process. The broader project aims to develop design
guidelines for interventions that address both stakeholder groups'
needs. This paper specifically focused on validating ED
providers’ needs in the ED diagnostic process and their views
on technological support systems. Through 6 PD sessions
involving 17 frontline ED providers (n=9, 53% physicians and
n=8, 47% nurses), we collected and analyzed session transcripts,
design sketches, and field notes. Our analysis revealed 4 key
themes that encompassed patient needs, coping strategies for
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common challenges, and design recommendations for future
technological interventions.

Design Idea Generation Phase for ED Care
Interventions
This PD study is part of a larger research project that aims to
study diagnostic errors during the ED care process that involves
multiple stakeholders, including patients, informal caregivers,

nurses, and physicians. Before our PD study with ED providers,
the research team interviewed 17 frontline ED providers (n=6,
35% physicians and n=11, 65% nurses) to better understand
their experiences and challenges during the ED diagnostic
processes. From the interviews, we identified difficulties,
emerging patterns of complaints, and general levels of
satisfaction with different aspects of the care process (Table 1).

Table 1. List of identified problem categories from our previous study’s [50] emergency department (ED) health care provider interview data.

ProblemsRoles

Nurses • Missed patient reassessments due to demanding clinical workload.
• Limitations in tracking patient reassessment timing and clinical status changes.

Physicians • Clinicians’ high levels of stress can impede decision-making and focus on ED work.
• Physicians’ high cognitive load may interfere with their ED diagnosis work.
• Lack of decision support tools that aid in diagnostic decision-making for increased accuracy.
• Difficulty for ED providers to access scattered patient history in a concise and easy-to-read format.

Both nurses and physicians • Insufficient communication between physicians and nurses about orders and next steps in patient care and

a lack of EHRa support for such communication.
• Insufficient communication between physicians and nurses about the patient’s diagnosis and no established

opportunity to discuss diagnoses before discharge.
• Lack of notification and information about incoming patients with critical care needs.
• Acuity level differs between nurses and physicians. Physicians sometimes have to reassign acuity levels

mentally.

aEHR: electronic health record.

In addition to the known problems, such as ineffective care team
communication, ED providers faced challenges in patient
assessment and prioritization before triage, decision-making
for patient disposition, and high cognitive load among ED
providers. On the basis of the findings, the research team
brainstormed numerous design ideas for each problem category,
focusing on frontline nurses and physicians. We then merged
the design ideas based on feasibility and usefulness. Finally,
we narrowed the list and finalized the 9 most effective
intervention ideas (Table 2). Each intervention idea aimed to
address at least 1 problem category.

On the basis of the insights from our interview study, we
generated many technological intervention ideas by
conceptualizing potential technological interventions that could
address the challenges identified in the ED diagnostic process.
In addition, we conducted an extensive literature review to

understand the status quo, such as the types of technological
interventions that had been explored in previous studies and the
ED providers’ perspectives on adopting technologies in their
workflow (eg, concerns and considerations). These efforts led
to the initial generation of >80 intervention ideas, which were
then iteratively and collaboratively refined by 3 research team
members (WS, JL, and CZ) and 2 medical domain experts. This
refinement process resulted in the development of 9 ED
provider-facing intervention ideas (Table 2). These interventions
were subsequently used to inform and guide participant
discussions during PD sessions, which we described in the PD
Session Procedure section. To visually illustrate each
intervention, we created storyboards for the intervention ideas.
A storyboard describes an example of an ED provider facing
one or more challenges mentioned above and using the
intervention to mitigate the problem (see Figure 1 for a sample
storyboard).
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Table 2. Technology interventions produced in this study along with questions for participant discussion. Participants were asked to rank them based
on their preferences and feasibility.

Sample of lead question used for the
discussion of patient need

DescriptionTechnology intervention

“Do you wish you would have more
time to spend on complex diag-
noses?”

This intervention introduces an AIa-driven tool designed to assist EDb health care
providers in diagnosing patients more accurately and efficiently. The system operates
by analyzing a combination of patient symptoms, health history, and real-time data,
such as nurses’ notes and laboratory results.

TI1: machine learning
technology for diagnosis
support

“Do you find it difficult to prioritize
patient care mentally based on pa-
tient conditions and risk factors?”

This intervention introduces a diagnostic safety dashboard designed to assist ED
physicians in prioritizing patient care by visualizing risk levels in a clear, color-
coded format.

TI2: diagnostic safety
dashboard

“Do you feel that more communica-
tion is needed between members of

This intervention idea evaluates patient charts for high-risk diagnostic errors before
discharge (eg, general diagnosis and other criteria). If flagged, it prompts the care

TI3: predischarge team
huddle

the care team about the patient’s di-
agnosis?”

team to initiate a huddle, during which ED providers can review a summary of patient
information and assign diagnoses together. This collaborative process ensures
alignment on the final diagnosis, reducing the likelihood of errors and improving
patient safety.

“Do you struggle to stay up to date
on orders and decisions being made
for a patient?”

This intervention enhances physician-nurse communication and EHRc support by
visualizing the patient’s visit timeline. Nurses can easily access physicians’ orders,
notes, and the next steps for patient care, along with key information, such as check-

TI4: visual timeline of
the patient’s ED visit

in details, vitals, PERCd scores, and CTe scan results, all in timeline format. This
information is accessible both at the nurses’ station and at the patient’s bedside on
screen, ensuring that everyone stays informed about orders and the next steps.

“Do you find it difficult to review a
patient’s history in a summarized

This intervention addresses the challenge of accessing medical records for new pa-

tients with complex medical histories. The PHAf integrates a fingerprint scanner to

TI5: patient history aggre-
gator

format, especially when it’s scat-ensure patient safety and accurately match the patient to their health records from
tered across multiple EHR sys-
tems?”

previous hospitals. This allows ED providers to quickly access crucial information
about the patient’s heart disease and other past conditions, ensuring informed and
efficient diagnostic decisions.

“Is there a higher risk of diagnostic
error for more complex cases?”

This intervention features an EHR-integrated diagnostic pause to reduce errors in
complex cases. When a patient presents with symptoms such as abdominal pain and
fever, the initial ED provider records their diagnosis. For complex cases, the EHR

TI6: EHR-prompted diag-
nostic pause

alerts the next ED provider to independently evaluate the patient before viewing the
first diagnosis, which remains hidden until completion. If diagnoses differ, the system
recommends team discussion. The alert links to relevant patient information for easy
reevaluation.

“Do you wish you had more infor-
mation about when patients are be-

This intervention addresses the challenge of unexpected critical patient arrivals by
enhancing communication between EMS and the ED care team. Using smart glasses,

TI7: real-time EMSg in-
formation via smart
glasses ing transferred to the ED, and what

sort of preparation is needed?”
EMTsh can initiate a real-time video call with the ED care team, including physicians
and nurses. This allows the care team to view the patient’s condition from the EMT’s
perspective and receive critical information en route to the hospital.

“Are you tired of relying on your
memory and constantly looking at

This intervention introduces a reassessment reminder system to ensure timely and
efficient monitoring of patient conditions. When a time-sensitive reassessment, such

TI8: reassessment re-
minder door flag

the clock in order to complete nurs-as checking vital signs or evaluating treatment effectiveness, is due, a display monitor
ing tasks such as patient reassess-
ments every hour or so?”

outside the patient’s room flashes a green light as a visual alert. The monitor also
displays key details, such as the medication administered and the task that needs to
be completed. Nurses can see the flashing light from the nurses’ station or other areas,
prompting them to respond.

“Have you ever felt so stressed that
you were not able to focus or found
it difficult to make decisions?”

This intervention introduces a stress management tracking system to monitor and
support the well-being of health care providers during demanding shifts. The system
includes a wearable device that tracks indicators, such as heart rate and sleep cycles.
When abnormal stress levels or poor sleep patterns are detected, the device notifies

TI9: stress management
tracking

the wearer with an alert, accompanied by a message suggesting a break or rest. This
ensures that ED providers’ health is prioritized, reducing stress and fatigue while
improving focus, performance, and overall cognitive function during their shifts.

aAI: artificial intelligence.
bED: emergency department.
cEHR: electronic health record.
dPERC: pulmonary embolism rule-out criteria.
eCT: computed tomography.
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fPHA: patient history aggregator.
gEMS: emergency medical service.
hEMT: emergency medical technicians.

Figure 1. A sample storyboard illustrating how an interactive dashboard for patient risk scores can support the diagnosis process for emergency
department (ED) health care providers. EHR: electronic health record.

Participant Recruitment
Participants in the study were recruited from 2 large health care
organizations in the United States. Organization A is a
university-affiliated medical institution in the Midwest, and
organization B is a renowned, comprehensive medical center
also located in the Midwest. Eligible participants included ED
physicians and nurses who had worked in the ED setting for at
least 1 year. A study coordinator contacted potential participants
via email or in person on the day of their shift. Once eligible
ED providers expressed interest in participating, we obtained
electronic informed consent by emailing the form to them before
each session. If participants did not complete the form in time,
we provided a paper copy at the start of the session for in-person
completion. All PD sessions were audio recorded and transcribed
for data analysis. In total, 17 clinicians (n=9, 53% physicians
and n=8, 47% nurses) participated in 6 PD sessions.

PD Session Procedure
We conducted a total of 6 PD sessions. Each session consisted
of 3 to 4 participants with the same or similar roles (eg, nurses
or physicians) to mitigate the potential influence of power
dynamics on the expression of opinions [51,52]. The
participants’ characteristics varied in experience, from novices
to experts with >30 years of experience in the field, as detailed
in Table 3. The sessions were conducted either in person or
online via Zoom (Zoom Communications, Inc), depending on
the participants’ preferences and availability. We provided

colored pens, paper, and sticky notes for in-person sessions,
while for virtual sessions, we used slide presentations and a
Miro board (Miro, Inc) as interactive whiteboards for the
participants’design collaboration. In addition, 2 to 3 researchers
were present at each session, taking detailed notes.

Each PD session lasted up to 120 minutes and comprised 3
major parts: intervention idea discussion, individual design, and
group design. Specifically, the first part focused on the
presentation and discussion of the 9 intervention ideas developed
by the researchers. After presenting each idea, we used leading
questions to assess the perspectives of ED providers (eg, needs,
opinions, perceptions, and expectations) for each intervention
idea and allowed them to rank the intervention ideas (Table 2).
In the individual design activity, participants selected 1 or 2
intervention ideas that most resonated with their needs based
on their personal perspectives and professional experiences.
After choosing their preferred intervention ideas, they were
asked to further improve the design by modifying or adding
new elements and features or to design their own new
intervention. For the group design activity, participants were
asked to select a top intervention idea as a group and work
together to synthesize their individual design ideas and develop
a final design solution (see Multimedia Appendix 1 for sample
group designs). Participants engaged in discussions on the salient
features, pros and cons, and concerns associated with their final
group design. Each session was concluded by eliciting
participant feedback to improve future sessions.
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Table 3. Demographic information of study participants for each design session.

Experience (y)Participant IDOccupationAffiliationFormatSession

20Participant 1PhysiciansOrganization ARemoteSession 1

5Participant 2PhysiciansOrganization ARemoteSession 1

16Participant 3PhysiciansOrganization ARemoteSession 1

19Participant 4PhysiciansOrganization AIn personSession 2

31Participant 5PhysiciansOrganization AIn personSession 2

2Participant 6PhysiciansOrganization AIn personSession 2

7Participant 7NursesOrganization AIn personSession 3

15Participant 8NursesOrganization AIn personSession 3

15Participant 9PhysiciansOrganization BRemoteSession 4

26Participant 10PhysiciansOrganization BRemoteSession 4

15Participant 11PhysiciansOrganization BRemoteSession 4

8Participant 12NursesOrganization BRemoteSession 5

9Participant 13NursesOrganization BRemoteSession 5

20Participant 14NursesOrganization BRemoteSession 5

30Participant 15NursesOrganization BRemoteSession 6

3Participant 16NursesOrganization BRemoteSession 6

2Participant 17NursesOrganization BRemoteSession 6

For the in-person sessions, we captured audio recordings and
took photographs of the participants’ sketches and designs. For
virtual sessions, video recordings were made via Zoom, and
participants’ digital creations were also recorded for further
analysis. In addition to the recordings, session facilitators took
field notes throughout the sessions for data analysis.

Data Analysis
We used transcripts as the primary data source, and all other
collected data (eg, observation notes) were used as
supplementary sources. We also incorporated the co-design
activity sketches as supplementary data to validate what
participants discussed during the session and clarify participants’
design suggestions.

After organizing the collected data, 2 researchers open-coded
the transcripts of the first 3 PD sessions. The researchers also
analyzed content from participants’ sketches and design
illustrations, converting these visual elements into textual
descriptions to facilitate thorough examination. Each sketch or
digital artifact was meticulously analyzed to extract key features,
such as design elements, functional aspects, and underlying
needs. The codes were compiled into a growing codebook
organized by their corresponding intervention or put into a
general category. On the basis of this evolving codebook, the
remaining transcripts were then coded. If any new codes were
discovered, they were either added to the codebook as a new
code or incorporated into the definition of an existing, similar
code.

We then used affinity diagramming [53] to identify the emerging
themes from the codes. We used the Miro board for affinity
diagramming. Similar codes were first grouped together into
subthemes specific to each intervention. Then, a team of

researchers engaged in a series of discussions to build larger,
emerging themes that spanned across the different interventions.
For example, a larger theme of “communication among the care
team members” contained various subthemes, such as “piece
together information about a patient and keep every care team
member on the same page.” Codes that were ambiguous or
needed further support were refined by referencing participant
quotes from transcripts and participants’ sketches from PD
sessions. After multiple group discussions, we identified 4
themes that described ED providers’challenges in the diagnostic
process.

Ethical Considerations
We complied with the following ethical considerations. First,
we obtained consent from all participants before the study
sessions, which were approved by the multisite institutional
review board at the University of Michigan (HUM00156261).
Participants were informed that their participation was voluntary,
the sessions would be recorded, the collected information would
be deidentified and protected in secured storage, and they would
be compensated with US $100 for their participation. Second,
we ensured that the collected transcript data were deidentified
by replacing participants’ names with pseudonyms, and that
their faces in photos or videos were blurred. All collected data
are stored in secure storage that requires the university accounts
for access. Third, all the researchers completed research
compliance training, such as the Collaborative Institutional
Training Initiative or the Program for the Education and
Evaluation in Responsible Conduct of Research, to become
trained on best practices and ethical considerations for
interacting with ED providers and patients.
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Results

Overview
On the basis of the analysis of collected data, we identified top
intervention ideas that participants preferred, 4 key areas in the
ED diagnostic process requiring technological support, and
major concerns regarding the integration of advanced
technologies into dynamic ED workflows.

Throughout all sessions, participants collectively favored the
following interventions to enhance the existing ED diagnosis
process (Table 2): TI1 (machine learning technology for
diagnosis support), TI2 (diagnostic safety dashboard), TI3
(predischarge team huddle), and TI4 (visual timeline of the
patient’s ED visit). Participants believed that these intervention
ideas could improve crucial aspects of the ED diagnosis process.
Specifically, TI1 could broaden access to comprehensive patient
information and reduce potential errors. TI2 might
simultaneously manage multiple patient cases, optimize
prioritization, and rapidly identify high-risk patients. TI3 could
address communication and understanding gaps between
physicians and nurses regarding diagnoses, while TI4 aims to
bridge the communication divide and keep patients informed
about their care progress.

Furthermore, we reported the key areas of improvement in the
diagnostic process, which indicated the challenges faced by ED
providers in the diagnostic process. We present 4 prominent
aspects extensively discussed among participants in the
subsequent sections.

Effective Integration of Patient Information for Timely
and Accurate Diagnosis
Participants often faced challenges with incomplete,
hard-to-find, or misleading patient information, which can
inadvertently lead the medical team down an incorrect diagnostic
pathway. Incompleteness can result from prehospital care
providers failing to relay all necessary information at handoff
or integration issues among health care information systems.
Assessing relevant information is problematic when stored using
varied and repetitive terminologies or buried in multilevel
systems. Misleading information typically occurs with objective
data, such as vital signs. For example, external stress or the use
of an incorrectly sized cuff can result in elevated heart rates or
blood pressure readings, potentially skewing risk assessments.

To access comprehensive patient information effectively,
participants mentioned that both historical information (eg, past
medical history, long-term medications, patients’ care
preferences, and social determinants) and ad hoc information
(eg, laboratory test results, vital signs, and clinical observation
notes) should be integrated to make an accurate diagnosis. For
instance, Participant 16 suggested how TI5 (patient history
aggregator) could be integrated with existing care systems to
help ED providers in the diagnosis process as follows:

If we could have that [History Aggregator] page
already incorporate all the other systems where this
patient has received care, I see that as helpful. It’s

kind of like, in my mind, redefining the chart review
tab in a more encompassing form. [Participant 16]

Some participants also highlighted the dynamic changes in
physiological values when redesigning TI1 (machine learning
technology for diagnosis support). To maintain accurate risk
assessments, it is critical to continuously update data reflecting
the dynamic changes in patient conditions, especially for those
patients with critical illness whose health status can rapidly
evolve. This suggestion showed participants’ desire to receive
updates about the patient’s status for better management, as
many patients are coming in and out of the ED.

Some participants suggested that medical information should
be displayed in a simple, clear, and efficient manner, such as
streamlining all necessary information onto 1 page to avoid
spending time searching and organizing it piece by piece.
Participant 5 highlighted the importance of information
presentation for TI4 (visual timeline of the patient’s ED visit)
as follows:

It’s information that we just want to be displayed in
a more graphic, simpler form where it’s not so busy.
You open it up, it’s one snapshot, and you click on
which part of it you want to do now...It’s just
organized in a better way, in a simpler way.
[Participant 5]

Participant 5 envisioned that this approach would enable health
care providers to efficiently focus on critical details, such as a
patient’s historical data, directly relevant to their chief
complaint.

Optimizing Patient Prioritization to Improve the
Triage and Care Process
Another important area to improve was related to prioritizing
patients. The current triage process may lead to the improper
prioritization of patients with critical needs. Triage in the ED
can be influenced by many factors, including triage nurses’
clinical knowledge and judgment, the clarity with which patients
describe their symptoms, and the availability of patient records
or medical histories. In addition, the Emergency Severity Index
(ESI) classification criteria, which classify and prioritize patients
based on the severity of their disease and the estimated number
of resources needed for their care, can fail to account for
dynamic changes in a patient’s condition. For example, there
was no adaptation of the ESI score despite clear signs that the
patient had become more critically ill. For these reasons, there
is a risk of patients being misclassified and inappropriately
prioritized, which may result in those with severe conditions
facing longer wait times.

To address those issues in the triage process, our participants
expected the AI-driven prioritization system to analyze various
types of information, including contextual (patient’s relevant
medical history and symptoms), situational (dynamic changes
in patients’ symptoms and length of waiting time), and human
factors (clinician’s knowledge and experience). This ensures
timely attention to critical cases and improves ESI’s
shortcomings. For instance, when discussing idea TI2
(diagnostic safety dashboard), participants stated that the
algorithm could consider different and comprehensive factors
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to identify higher-risk individuals, such as those with a history
of asthma or cardiac problems. A participant noted as follows:

The algorithm looks at the chief complaint, acuity
level, and past medical history. I think that helps as
well. For example, if it’s a younger person with a
syncopal episode and you find out they have a
previous cardiac history, that would make them a
higher risk than, say, a 30-year-old who passed out
for another reason. I like how this algorithm considers
the whole patient and takes that into account.
[Participant 12]

In addition, many participants valued the explicit representation
of different patient prioritizations through various colors (eg,
red, yellow, and green) and symbols (eg, an alarm bell and a
smiley face) because it could enable ED providers to identify
which patients require immediate attention visually quickly.
For instance, Participant 8 preferred color coding of data
visualization for immediate understanding of priority as follows:

I like the color because then they could look at that
and say that they’re at high risk. If they’re above five
risk scores then they are red or something, and then
they’re like, “Oh, I have all these priority 2s as Joe
is sicker.” [Participant 8]

Enhancing Patient Engagement in the Diagnostic
Process
Our participants mentioned that it could be challenging for ED
providers to receive timely diagnostic feedback and updates on
changing symptoms from patients due to time constraints and
heavy workloads in the ED. ED providers often rely on brief
interactions or 1-way communications to gather information,
which may lead to an incomplete understanding of patients’
evolving symptoms. In addition, patients frequently feel anxious
and frustrated due to the lack of ongoing updates about their
condition, which can lead to increased complaints and
misunderstandings.

Many participants agreed that informing patients about the status
and progression of their care could help manage their
expectations and alleviate anxiety. They expected patients to
feel reassured that ED providers would still take care of them
when patients understood the next steps in the diagnosis process.
Participant 2 stated as follows when discussing idea TI4 (visual
timeline of the patient’s ED visit):

The patient can visualize what’s been done and what
they’re waiting for. It sort of wards off that sentiment
of, “I went to the ER, and they didn’t do anything,”
and also gives them an idea of what the next step is.
[PD-2]

By sharing the ED process steps, participants anticipated more
patient engagement and having more time to focus on effective
patient communication.

Participants mentioned they wanted easy-to-use tools to help
receive more accurate, timely updates directly from patients to
aid the care process. Nurses’work could be expedited by having
patients more actively involved in their care and providing
information. For example, participants suggested that the idea

TI8 (reassessment reminder door flag) could include a feature
allowing patients to undertake a self-reassessment of their
current condition and medication reactions and relay their results
and updates to nurses, potentially via an automated prompt and
chat system on a tablet or phone. If a nurse records the
administration of fentanyl at noon, the system might
automatically inquire about the patient’s pain levels 20 minutes
later. Then, patients could interact with the nurse, who can gauge
the treatment’s effectiveness, as noted by a participant:

I wonder if there’s a way for the patient to enter a
self-reassessment like they have their own little iPad
and can share how they’re doing, whether the pain
medication helped their pain rating...it gives the
patient the opportunity to provide feedback.
[Participant 9]

Our participants also mentioned that engaging patients in
diagnostic discussions could be crucial to reducing potential
diagnostic errors. This could allow ED providers to elucidate
the logic behind a diagnosis, articulate how tailored care plans
were developed for individual patients, and seek the patient’s
perspective regarding the proposed plan. In addition to the
illustrated functionality of increasing care team communications
to reduce diagnosis errors from ideas TI3 (predischarge team
huddle) and TI6 (electronic health record (EHR)–prompted
diagnostic pause), participants suggested empowering patients
to contribute supplementary information and express different
viewpoints that might not have been considered, to reduce
diagnosis errors. For instance, Participant 3 emphasized that
patients should have the opportunity to share their perspectives
on ED providers’ reasoning as a way to promote patient
engagement in diagnostic discussions as follows:

If the patients heard the diagnostic reasoning, you
[clinicians] would be giving them an opportunity to
correct you [clinicians]. [Participant 3]

Care Coordination Among the ED Team Members
Through the sessions, we identified that the ED care team faced
2 main communication issues. First, each member of the ED
care team has only partial information, leading to a disjointed
and fragmented understanding of the patient’s case, primarily
due to interactions at different stages of care. Patients move
from 1 ED provider to another, and no one fully knows all the
details of the patient’s condition. Furthermore, its interpretation
can differ even when information is consistently shared among
team members. This variation in understanding can be attributed
to individual backgrounds, areas of expertise, or perspectives.
Second, physician-to-nurse communication could sometimes
become ineffective, especially regarding discharge and
diagnostic reasoning information. For example, physicians
sometimes fail to communicate the rationale behind diagnoses,
orders, or care plans to nurses. This issue can impede nurses’
understanding of physician decisions and their ability to respond
accurately to patient queries. Furthermore, participants
acknowledged that this communication issue may be derived
from both sides, as noted by participant 7:

[Physician-nurse communication] is a mutual
problem, it’s not a one-sided issue. [Participant 7]
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All participants agreed on the importance of maintaining a
consistent and uniform understanding among care team
members, especially for complex patient cases. Engaging more
care team members in discussions could be advantageous. When
discussing idea TI3 (predischarge team huddle), participants
noted that it would offer an excellent opportunity for
comprehensive information gathering from different team
members and roles to minimize potential errors. A participant
highlighted as follows:

You would get everyone on the same page and give
the patient a chance to ask questions. At the last
minute, if someone asks, “Well, what about this, or
what about that?” everyone is on the same page,
which I like. [Participant 2]

Most physicians and all the nurses mentioned the need for
physicians to communicate more detailed information with
nurses, including the reasoning behind diagnoses, orders, and
care plans, to enable nurses to understand the overall situation
comprehensively. When discussing idea TI4 (visual timeline
of the patient’s ED visit), physicians believed that this
technological intervention could be instrumental in keeping
nurses informed about care plans and the rationale behind
physicians’orders in a timely manner. This enhanced transparent
communication could empower nurses to answer patients’
queries more effectively, reducing the need for ambiguous or
noncommittal responses. Nurses, in particular, advocated this
because they wished to better explain physicians’ orders and
diagnoses to patients, as one participant noted:

Sometimes I go into the patient room and say, “I think
they [the physicians] ordered this because they’re
probably looking to see if you [the patient] have this
issue.” It would be nice to say confidently, they
ordered this because they’re looking to see that you
have this issue. [Participant 8]

Among our participants, some care team members might hesitate
to point out potential errors, from junior members to senior
members or nurses to physicians. For example, nurses might
be reluctant to bring up potential diagnostic errors to physicians
due to a perception that physicians, being more knowledgeable
and experienced in diagnosis, are responsible for treatment
decisions. However, the participants believed that some
technologies, acting as second opinions, might help address the
power dynamic issue. For example, when discussing the idea
TI1 (machine learning technology for diagnosis support), nurses
expressed that the list of diagnoses generated by machine
learning tools could empower them to engage in discussions
with physicians regarding potential misdiagnoses significantly
when the physician’s conclusion deviates from the algorithm’s
suggestion, as noted by a participant:

It [the machine learning technology tool] also brings
up good discussion points with the physician...why
are we pursuing this route...or why we’re deviating
from a particular diagnosis. [Participant 14]

Concerns of Integrating Advanced Technologies in ED

Overview
Our 9 intervention storyboards described how emerging
technologies can potentially be designed to support the ED
diagnostic process. While the storyboards were primarily used
to validate ED providers’ needs, they were also used for
discussions about potential issues of integrating such
technological interventions. This section presents participants’
concerns regarding integrating advanced technologies in ED,
including the safe use of AI, privacy, and additional cognitive
and operational workload.

Safe Use of AI-Empowered CDSSs
With the growing application of AI techniques in health care,
more than half of our intervention ideas were inspired by
AI-empowered tools. Thus, many participants expressed
concerns about the AI’s potential inability to consider different
care contexts and individual nuances of each patient case in
analyzing and presenting various information. This concern was
mainly raised during group design activities on several AI-driven
interventions, such as TI1 (machine learning technology for
diagnosis support), TI2 (diagnostic safety dashboard), and TI4
(visual timeline of the patient’s ED visit). Participants
particularly mentioned that the same test result can be interpreted
differently based on the context. For instance, a particular urine
analysis result can indicate different health conditions depending
on whether the patient has a positive or negative ultrasound
result, as noted by a participant:

The same urine analysis result means something
totally different if you tell me that the patient has an
ultrasound that’s clearly positive than if they have an
ultrasound that’s clearly negative, and it can have
the exact same result. And that’s the problem. It
comes in context. [Participant 4]

Participants suggested that AI systems should account for
various factors and contextual cues, such as interpreting test
results with other diagnostic information and medical history.
However, it may not fully match human ED providers’ ability
to perceive subtle cues and insights, which could be beyond the
scope of computers or AI systems. In addition, participants
suggested that the AI systems should apply different weights
to different diagnostic factors (eg, laboratory results and medical
history) because certain factors weigh more than others, or the
system should adjust weights based on dynamic emergency
severities when calculating risk scores.

In addition, participants underscored the imperative need for
rigorous testing and validation before implementing any AI tool
in their existing work practice. They believed that an AI tool
must prove its reliability and efficacy to gain the trust of medical
providers, as noted by a participant:

Critical for it to be, the tool really has got to be tested
and robust before it’s implemented. Otherwise, no
one’s going to entertain the idea of adopting it
because it’s just going to create extra work without
perceived value. [Participant 10]
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Participants also expressed concerns that an overreliance on
technology could potentially lead to a degradation of human
clinical skills and emphasized the balance between such
emergent technology use and human skills. For instance, when
discussing the idea TI1 (machine learning technology for
diagnosis support), there was a worry that ED providers might
depend too heavily on technology and neglect their assessments.
Participant 13 expressed her concern about potential overreliance
on AI tools as follows:

The only concern I can think of right now
is...becoming too reliant on AI...If any residents or
doctors would start to rely on it too much...you’d hope
not, you’d hope they do their own assessments.
[Participant 13]

As a potential solution to mitigate such overreliance, some
participants suggested that they would like to incorporate
AI-powered CDSSs into their on-the-job training. This
integration could allow ED providers to learn from these tools
and understand how to collaborate with them effectively without
overly relying on AI outputs while maintaining their clinical
assessment skills.

Privacy Concerns Toward Emerging Technologies
Participants repeatedly mentioned privacy concerns related to
new advanced technologies. They raised issues about potential
violations of the Health Insurance Portability and Accountability
Act and patient confidentiality, emphasizing the need to ensure
adherence to patient privacy laws and regulations. For example,
TI5 (patient history aggregator) allows easy access to patient
history by scanning patients’ fingerprints. Many participants
expressed concerns about collecting sensitive biometric data
(ie, fingerprints) from their patients. Participant 16 brought up
the issue of data storage that may lead to a privacy breach, as
follows:

If it is based on fingerprint, where is the information
being housed? Is it a cloud database? That is
universal? Is it an extension of the electronic health
record? Where does it belong? I think it will be a
question. [Participant 16]

Participants’ such concerns about privacy highlight the
importance of transparent communication regarding data storage
practices, robust security measures, and clear protocols for
accessing sensitive patient information to foster trust in
emerging health technologies.

Extra Workload and Burden to Make Technology Fit
Into Their Existing Workflow
Participants raised concerns about the potential for certain
technological implementations to interfere with the established
ED workflow, possibly creating extra waiting time for patients
and adding extra cognitive and operational workload for ED
providers. One notable instance occurred during the discussion
of the idea TI3 (predischarge team huddle). Some participants
expressed that integrating such a system could inadvertently
delay or create a backlog in the patient discharge process. Given
the current ED workflow, it could be challenging to convene
all care team members due to their individual duties and

potential busyness. A participant explained this concern by
stating as follows:

When you have a patient who is itching to get out the
door [being discharged], and you say, “while we’re
waiting for this person to show up or we need this
other team member [to discuss again],” it can create
a lot of delay and backlog if now you have to round
to discharge everybody. [Participant 2]

Another example arose during the discussion on the TI6
(EHR-prompted diagnostic pause), which highlighted concerns
that its implementation could disrupt the typical ED workflow
by introducing a “parallel” evaluation process. In this context,
“parallel evaluation” means that multiple ED providers might
independently diagnose the patient, leading to repetitive and
time-consuming efforts. This could result in a prolonged
diagnostic process and potentially delay treatment, as noted by
a participant:

I think the scenario would require a change in our
current flow, where it’s sequential in terms of
evaluations that are done of a patient...To one where
there’s a parallel evaluation, which I think becomes
very inefficient and for a patient, can be quite
redundant as they have to repeat the story multiple
times. [Participant 10]

Discussion

Design Implications

Overview
Our findings show that the ED diagnostic process can be
improved into 4 main areas: information integration, patient
prioritization, ED provider-patient communication, and care
coordination. We also summarized the key concerns of ED
providers in integrating advanced technologies in the ED,
including the safe use of AI, privacy, and the additional
cognitive and operational workload. Drawing from these
findings, we discuss potential design implications of future
ED-centered intervention tools for improving the ED diagnosis
process.

Creating Standardized Communication Procedures
We observed that there is significant demand for improving
communication between ED providers (the idea TI3
[predischarge team huddle] was ranked third by participants,
and TI4 [visual timeline of patient’s ED visit] was ranked fourth
by participants). Information sharing between ED physicians
and nurses is often inadequate, limiting nurses’ comprehensive
understanding of patient conditions. In addition, varying levels
of understanding about the patient exist among different stages
in the care team, further complicating the communication
process. These findings highlight the importance of establishing
standardized communication procedures to ensure a unified
understanding of patient conditions among team members. We
suggest creating more standardized communication procedures
in future technical tool designs. Building on previous insights
from the design of digital checklists for trauma resuscitation
[54], we recommend implementing an automated checklist
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system that includes critical patient information, such as
diagnosis, medication orders, and care milestones. This checklist
should be integrated with a timeline that automatically captures
details of when each piece of information was added and when
action needs to be taken, ensuring that all team members are
aware of current in-progress and upcoming responsibilities. in
addition, structured communication features, such as mandatory
read-backs of critical information, regular briefings at shift
changes, and digital alerts for key updates, can further enhance
understanding and collaboration. Such tools are particularly
helpful for nurses, who often coordinate various aspects of
patient care and benefit from clear, concise, and timely
information to make informed decisions and provide the best
possible care. This potential application direction also echoes
the previous study on the necessity of applying new
technological communication interventions to simplify
communication among various roles within the ED [55].

Incorporating Technology-Based Second Opinions
We identified power dynamics as a critical issue in the
diagnostic process. Such skewed interactions are prevalent
between junior and senior members, as well as between nurses
and physicians. Hesitation in pointing out potential errors and
reluctance to accept feedback is not uncommon, and it could
have severe consequences (eg, increased incidence of medical
errors and significant patient safety risks) in fast-paced and
critical medical fields such as EDs [51,52]. Although more
collaborative approaches, such as education and mentoring,
have been proposed to address the issue of power dynamics
[56], we found that this issue has not yet been fully resolved.
Notably, our findings indicated the potential of technological
interventions in mitigating these power dynamics. For instance,
the timeline in idea TI4 (visual timeline of the patient’s ED
visit) could allow nurses to understand the rationale behind care
plans, enhancing their ability to communicate with physicians
actively, thus promoting equal and open communication within
the team. Furthermore, as mentioned in idea TI1 (machine
learning technology for diagnosis support), second opinions
generated using machine learning tools could boost the
confidence of junior physicians or nurses in discussing potential
misdiagnoses with senior members or physicians in the care
team. This echoes and expands on past research [57] about the
second opinion in physician-patient relationships, demonstrating
it to be an effective way to promote open, positive
communication and to enhance satisfaction with clinical
decisions. By providing second opinions and facilitating
information sharing, technological interventions could help
overcome the barriers in the traditional power structure of
medical roles, potentially improving overall care quality and
patient safety. Future work could involve designing and
implementing such information tools in ED settings to evaluate
potential impacts on the ED diagnostic process. For example,
in the new ED medical display system, each team member could
autonomously select CDSS reports that automatically highlight
decision details differing from the primary physician’s, with
junior members and nurses also accessing these for reference
and discussion as a second opinion.

Empowering Patients With Information Transparency
We found a demand for improved communication between ED
providers and patients through timely information sharing,
transparency with patients, and patient empowerment. Previous
studies show that insufficient communication between patients
and ED providers in the ED leads to dissatisfaction with their
care and potential diagnosis errors [12,58]. Factors contributing
to their communication issues include patients’ and ED
providers’ conflicting perceptions of the ED, a lack of patient
information, and physicians’ diagnostic time pressures
[12,58,59]. Our study further reveals the specific manifestations
of insufficient communication in the ED between patients and
ED providers: (1) patients are not fully informed about the
treatment process; (2) lack of opportunities for patients to
provide feedback and update their conditions to ED providers
actively; and (3) absence of processes for joint decision-making
and care planning between ED providers and patients, as well
as effectively involving patients in diagnostic discussions. These
communication deficiencies can lead to patient anxiety and an
increased risk of misdiagnosis. Therefore, we suggest that future
technological interventions should focus on enhancing timely
information sharing and transparency with patients and
significantly empowering patients’ agency. This involves
promoting active patient participation in communication, even
in joint decision-making and care planning. Previous research
[36] discussed a digital ED waiting room history-taking tool
that uses reasoning engine functions to gather patient
information. It has been proven to improve communication and
understanding between patients and ED providers. Building on
this foundation, we suggest developing a mobile app that allows
patients to promptly report changes in their symptoms or express
concerns using real-time data reflecting their current condition
and personal feelings during their ED visits. The app would
also integrate features that encourage patient involvement in
diagnostic discussions. Such features could include a symptom
timestamp for patients to log details of their symptoms as they
occur and a communication chat window that allows for direct
dialogue with ED providers.

Optimizing Advanced Technology Integration in the ED
Our research highlighted specific considerations for integrating
advanced technologies into the ED context: minimizing
additional workload and cognitive burdens for ED providers
and using high-fidelity simulations. Unlike other general clinical
practices where there is more time to adapt and use new
technology, our findings indicated that ED providers in the
fast-paced ED environment may not have the time to try out,
thoroughly examine, and use these technologies. Furthermore,
they were reluctant to change their existing workflows to
accommodate new technologies, fearing the risk of additional
workload. During the design of information displays, our ED
providers preferred concise and practical interfaces, capturing
essential information immediately rather than increasing their
cognitive load by requiring them to understand the meaning of
every icon and content. In addition, participants considered idea
TI6 (EHR-prompted diagnostic pause) ineffective and redundant,
despite its merit of catching potential diagnostic errors, as it
does not fit their existing workflow. Similarly, during the
discussion of idea TI3 (predischarge team huddle), participants
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acknowledged the critical need for care team members to be on
the same page regarding information sharing upon patient
discharge. However, they still harbored concerns that the
intervention would not align well with their current workflow
or the realistic situation where patients would not want to stay
longer and wait for a reevaluation before their discharge.
Therefore, building on previous research [60] that emphasized
the need for efficiency in the design of ED technological
interventions, we recommend that future designs and
implementations of ED technological interventions consider
the fast-paced, high-pressure nature of the ED. This involves
prioritizing efficiency and focusing on avoiding additional
workload and cognitive burdens for each ED provider. For
example, AI-driven decision support tools should be overseen
by designated care team members who monitor
AI-recommended diagnostics and conduct departmental audits
and custom improvements to reduce the burden for individual
ED providers. Similarly, designing interventions, such as the
idea TI3 (predischarge team huddle), should minimize the
potential for increasing workload. Instead of prompting the care
team to initiate a team huddle to reevaluate, the design should
allow members to quickly review summary reports in the EHR
to identify potential issues with minimal additional effort.

From a methodological perspective, we also recommend
building on existing ED workflows using methods such as
“group workshops” similar to PD or “high-fidelity team-based
simulations” conducted in clinical scenarios [61,62]. These
methods could allow ED team members to experience new
technologies and foresee how they can be implemented in their
existing work practices while gathering feedback. High-fidelity
team-based simulations have been widely used in the ED for
effect evaluation and training, such as improving communication
among ED provider teams [63] and detecting latent safety threats
in critical patients [64], proving very effective. Therefore, we
suggest extending this approach to introducing new technologies
in the ED to guide the integration of new advanced technologies.

Leveraging AI Tools in the ED to Enhance Diagnosis
Through Dynamic Patient Data
Our research highlighted a strong demand from our participants
to unleash the potential of AI tools in the ED to improve
diagnosis further. We found that participants highly valued the
top 2 AI-related ideas (TI1 [machine learning technology for
diagnosis support] and TI2 [diagnostic safety dashboard])
because of their potential to (1) integrate a broader range of
comprehensive patient information and perform
multidimensional data analysis and (2) facilitate dynamic
prioritization and resource allocation. Although there are
multiple existing AI applications in the medical field, many of
them lack consideration of multidimensional information and
dynamic prioritization [65] and thus do not fully unleash the
potential of AI. To best leverage AI tools in future ED settings,
we suggest that when designing algorithm development for ED,
the input information for these algorithms should be
multidimensional and incorporate dynamic patient data. These
algorithms should be capable of continuously monitoring and
evolving based on real-time patient data and feedback, which
can aid in enhancing diagnostic accuracy and dynamically

adjusting treatment protocols. For example, when designing AI
tools for patient prioritization, it is crucial to implement a system
that categorizes patients based on initial information and updates
its prioritization as new data becomes available (eg, laboratory
results or vital signs). This approach could ensure that resources
are allocated promptly to patients with escalating needs.

Limitations
A few limitations of this study should be noted. First, one of
the primary limitations of this study relates to the
representativeness of the participant sample. Participants were
recruited from only 2 large health care organizations in the
Midwest region of the United States. While these organizations
serve millions and can offer significant insights, this sample
may not fully encapsulate the diversity and range of experiences
of ED providers worldwide. There might be differences in health
care systems, cultural contexts, and operational protocols in
EDs across different countries or regions. Another limitation
of this research is inherent in the study design, particularly
regarding the PD sessions. Each session was constrained to a
duration of around 120 minutes. This limited timeframe could
have impacted the depth and extent of interaction among
participants, potentially affecting their comfort levels and the
quality of their responses. Participants might have required more
time to fully engage with the material, express their thoughts,
and collaborate effectively, influencing the innovation and
creativity aspects of the session’s outcomes. Furthermore, some
PD sessions were conducted in a virtual format. While virtual
sessions offer flexibility and can include a broader range of
participants, they might lack the richness of interaction found
in face-to-face settings. Nonverbal cues, ease of spontaneous
conversation, and the organic development of collaborative
ideas are often diminished in virtual environments. The potential
limitations in participant interaction and engagement due to the
virtual format of some sessions might have affected the overall
effectiveness and output of these PD sessions. Finally, our study
is limited by not presenting functional systems but merely asking
participants to imagine how the system works. Without seeing
or interacting with a system, eliciting comprehensive user
feedback could be challenging.

Conclusions
This work presents opportunities for improving ED
provider–informed technological interventions and strategies
for enhancing the diagnostic process in EDs. Our study identifies
crucial enhancements in information integration, patient
prioritization, ED provider-patient communication, and care
coordination. The findings underscore key concerns about
integrating advanced technologies into EDs. On the basis of
these findings, this work discusses implications for designing
future ED technological interventions, from enhancing
communication to optimizing the integration of advanced
technology and unleashing the potential of AI tools. Future
efforts should further apply and test these design suggestions
in real ED settings or continue using improved PD methods
with functional systems that participants can interact with to
further explore technological advancements in the ED diagnosis
process.

JMIR Form Res 2025 | vol. 9 | e68891 | p.2787https://formative.jmir.org/2025/1/e68891
(page number not for citation purposes)

Seo et alJMIR FORMATIVE RESEARCH

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


 

Acknowledgments
This project was funded under grant number R18HS026622 from the Agency for Healthcare Research and Quality (AHRQ), US
Department of Health and Human Services (HHS). HS is supported in part by the Houston Veterans Administration (VA) Health
Systems Research and Development (HSR&D) Center for Innovations in Quality, Effectiveness and Safety (CIN13–413), the
VA National Center for Patient Safety, and AHRQ (R01HS028595, R18HS029347, and R01HS029318). The authors are solely
responsible for this document’s contents, findings, and conclusions, which do not necessarily represent the views of AHRQ.
Readers should not interpret any statement in this report as the official position or policy of the US government, AHRQ, HHS,
or VA. None of the authors has any affiliation or financial involvement that conflicts with the material presented in this report.

Data Availability
The datasets generated and analyzed during this study are not publicly available because the consent form for the participants
stated that the data could only be accessible to the research team.

Conflicts of Interest
None declared.

Multimedia Appendix 1
Sample group designs by participants from remote and in-person design sessions.
[PDF File (Adobe PDF File), 400 KB - formative_v9i1e68891_app1.pdf ]

References
1. Asplin BR, Magid DJ, Rhodes KV, Solberg LI, Lurie N, Camargo CA. A conceptual model of emergency department

crowding. Ann Emerg Med 2003 Aug;42(2):173-180. [doi: 10.1067/mem.2003.302] [Medline: 12883504]
2. Beck E, Balasubramanian H, Henneman P. Resource management and process change in a simplified model of the emergency

department. In: Proceedings of the 2009 Conference on Winter Simulation Conference. 2009 Presented at: WSC '09;
December 13-16, 2009; Austin, TX p. 1887-1895 URL: https://ieeexplore.ieee.org/document/5429198 [doi:
10.1109/wsc.2009.5429198]

3. Cosby KS. A framework for classifying factors that contribute to error in the emergency department. Ann Emerg Med 2003
Dec;42(6):815-823. [doi: 10.1016/s0196-0644(03)00635-8] [Medline: 14634609]

4. Carter AJ, Chochinov AH. A systematic review of the impact of nurse practitioners on cost, quality of care, satisfaction
and wait times in the emergency department. CJEM 2007 Jul 21;9(4):286-295. [doi: 10.1017/s1481803500015189] [Medline:
17626694]

5. Singer AJ, Thode Jr HC, Viccellio P, Pines JM. The association between length of emergency department boarding and
mortality. Acad Emerg Med 2011 Dec;18(12):1324-1329 [FREE Full text] [doi: 10.1111/j.1553-2712.2011.01236.x]
[Medline: 22168198]

6. Sun BC, Hsia RY, Weiss RE, Zingmond D, Liang L, Han W, et al. Effect of emergency department crowding on outcomes
of admitted patients. Ann Emerg Med 2013 Jun;61(6):605-11.e6 [FREE Full text] [doi: 10.1016/j.annemergmed.2012.10.026]
[Medline: 23218508]

7. Ball JE, Murrells T, Rafferty AM, Morrow E, Griffiths P. 'Care left undone' during nursing shifts: associations with workload
and perceived quality of care. BMJ Qual Saf 2014 Feb 29;23(2):116-125 [FREE Full text] [doi: 10.1136/bmjqs-2012-001767]
[Medline: 23898215]

8. Croskerry P, Sinclair D. Emergency medicine: a practice prone to error? CJEM 2001 Oct;3(4):271-276. [doi:
10.1017/s1481803500005765] [Medline: 17610769]

9. Werner NE, Holden RJ. Interruptions in the wild: development of a sociotechnical systems model of interruptions in the
emergency department through a systematic review. Appl Ergon 2015 Nov;51:244-254. [doi: 10.1016/j.apergo.2015.05.010]
[Medline: 26154223]

10. Berg LM, Källberg AS, Göransson KE, Östergren J, Florin J, Ehrenberg A. Interruptions in emergency department work:
an observational and interview study. BMJ Qual Saf 2013 Aug;22(8):656-663. [doi: 10.1136/bmjqs-2013-001967] [Medline:
23584208]

11. Chisholm CD, Collison EK, Nelson DR, Cordell WH. Emergency department workplace interruptions: are emergency
physicians "interrupt-driven" and "multitasking"? Acad Emerg Med 2000 Nov 28;7(11):1239-1243. [doi:
10.1111/j.1553-2712.2000.tb00469.x] [Medline: 11073472]

12. Pun JK, Matthiessen CM, Murray KA, Slade D. Factors affecting communication in emergency departments: doctors and
nurses' perceptions of communication in a trilingual ED in Hong Kong. Int J Emerg Med 2015 Dec 15;8(1):48 [FREE Full
text] [doi: 10.1186/s12245-015-0095-y] [Medline: 26667242]

JMIR Form Res 2025 | vol. 9 | e68891 | p.2788https://formative.jmir.org/2025/1/e68891
(page number not for citation purposes)

Seo et alJMIR FORMATIVE RESEARCH

XSL•FO
RenderX

https://jmir.org/api/download?alt_name=formative_v9i1e68891_app1.pdf&filename=33e46e3cb7fa79069873311cf526d331.pdf
https://jmir.org/api/download?alt_name=formative_v9i1e68891_app1.pdf&filename=33e46e3cb7fa79069873311cf526d331.pdf
http://dx.doi.org/10.1067/mem.2003.302
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=12883504&dopt=Abstract
https://ieeexplore.ieee.org/document/5429198
http://dx.doi.org/10.1109/wsc.2009.5429198
http://dx.doi.org/10.1016/s0196-0644(03)00635-8
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=14634609&dopt=Abstract
http://dx.doi.org/10.1017/s1481803500015189
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17626694&dopt=Abstract
https://onlinelibrary.wiley.com/doi/10.1111/j.1553-2712.2011.01236.x
http://dx.doi.org/10.1111/j.1553-2712.2011.01236.x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22168198&dopt=Abstract
https://europepmc.org/abstract/MED/23218508
http://dx.doi.org/10.1016/j.annemergmed.2012.10.026
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23218508&dopt=Abstract
http://qualitysafety.bmj.com/lookup/pmidlookup?view=long&pmid=23898215
http://dx.doi.org/10.1136/bmjqs-2012-001767
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23898215&dopt=Abstract
http://dx.doi.org/10.1017/s1481803500005765
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17610769&dopt=Abstract
http://dx.doi.org/10.1016/j.apergo.2015.05.010
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26154223&dopt=Abstract
http://dx.doi.org/10.1136/bmjqs-2013-001967
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23584208&dopt=Abstract
http://dx.doi.org/10.1111/j.1553-2712.2000.tb00469.x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=11073472&dopt=Abstract
https://doi.org/10.1186/s12245-015-0095-y
https://doi.org/10.1186/s12245-015-0095-y
http://dx.doi.org/10.1186/s12245-015-0095-y
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26667242&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


13. Risser DT, Rice MM, Salisbury ML, Simon R, Jay GD, Berns SD. The potential for improved teamwork to reduce medical
errors in the emergency department. The MedTeams Research Consortium. Ann Emerg Med 1999 Sep;34(3):373-383.
[doi: 10.1016/s0196-0644(99)70134-4] [Medline: 10459096]

14. Yoon J, Sonneveld M. Anxiety of patients in the waiting room of the emergency department. In: Proceedings of the 4th
international conference on Tangible, embedded, and embodied interaction. 2010 Presented at: TEI '10; January 24-27,
2010; Cambridge, MA p. 279-286 URL: https://dl.acm.org/doi/10.1145/1709886.1709946 [doi: 10.1145/1709886.1709946]

15. Feied CF, Handler JA, Smith MS, Gillam M, Kanhouwa M, Rothenhaus T, et al. Clinical information systems: instant
ubiquitous clinical data for error reduction and improved clinical outcomes. Acad Emerg Med 2004 Nov;11(11):1162-1169
[FREE Full text] [doi: 10.1197/j.aem.2004.08.010] [Medline: 15528580]

16. Carter AJ, Davis KA, Evans LV, Cone DC. Information loss in emergency medical services handover of trauma patients.
Prehosp Emerg Care 2009 Aug 13;13(3):280-285. [doi: 10.1080/10903120802706260] [Medline: 19499462]

17. Laxmisan A, Hakimzada F, Sayan OR, Green RA, Zhang J, Patel VL. The multitasking clinician: decision-making and
cognitive demand during and after team handoffs in emergency care. Int J Med Inform 2007 Nov;76(11-12):801-811. [doi:
10.1016/j.ijmedinf.2006.09.019] [Medline: 17059892]

18. Stiell A, Forster AJ, Stiell IG, van Walraven C. Prevalence of information gaps in the emergency department and the effect
on patient outcomes. CMAJ 2003 Nov 11;169(10):1023-1028 [FREE Full text] [Medline: 14609971]

19. Cordell WH, Overhage JM, Waeckerle JF. Strategies for improving information management in emergency medicine to
meet clinical, research, and administrative needs. Information Management Work Group. Acad Emerg Med 1998 Feb
28;5(2):162-167 [FREE Full text] [doi: 10.1111/j.1553-2712.1998.tb02604.x] [Medline: 9492140]

20. Okafor N, Payne VL, Chathampally Y, Miller S, Doshi P, Singh H. Using voluntary reports from physicians to learn from
diagnostic errors in emergency medicine. Emerg Med J 2016 Apr 03;33(4):245-252. [doi: 10.1136/emermed-2014-204604]
[Medline: 26531860]

21. Kachalia A, Gandhi TK, Puopolo AL, Yoon C, Thomas EJ, Griffey R, et al. Missed and delayed diagnoses in the emergency
department: a study of closed malpractice claims from 4 liability insurers. Ann Emerg Med 2007 Feb;49(2):196-205. [doi:
10.1016/j.annemergmed.2006.06.035] [Medline: 16997424]

22. Studdert DM, Mello MM, Gawande AA, Gandhi TK, Kachalia A, Yoon C, et al. Claims, errors, and compensation payments
in medical malpractice litigation. N Engl J Med 2006 May 11;354(19):2024-2033. [doi: 10.1056/NEJMsa054479] [Medline:
16687715]

23. Guly HR. Diagnostic errors in an accident and emergency department. Emerg Med J 2001 Jul;18(4):263-269 [FREE Full
text] [doi: 10.1136/emj.18.4.263] [Medline: 11435359]

24. Horng S, Sontag DA, Halpern Y, Jernite Y, Shapiro NI, Nathanson LA. Creating an automated trigger for sepsis clinical
decision support at emergency department triage using machine learning. PLoS One 2017;12(4):e0174708 [FREE Full
text] [doi: 10.1371/journal.pone.0174708] [Medline: 28384212]

25. Xie F, Liu N, Wu SX, Ang Y, Low LL, Ho AF, et al. Novel model for predicting inpatient mortality after emergency
admission to hospital in Singapore: retrospective observational study. BMJ Open 2019 Sep 26;9(9):e031382 [FREE Full
text] [doi: 10.1136/bmjopen-2019-031382] [Medline: 31558458]

26. Chiew CJ, Liu N, Tagami T, Wong T, Koh ZX, Ong ME. Heart rate variability based machine learning models for risk
prediction of suspected sepsis patients in the emergency department. Medicine (Baltimore) 2019 Feb;98(6):e14197 [FREE
Full text] [doi: 10.1097/MD.0000000000014197] [Medline: 30732136]

27. Smith SW, Walsh B, Grauer K, Wang K, Rapin J, Li J, et al. A deep neural network learning algorithm outperforms a
conventional algorithm for emergency department electrocardiogram interpretation. J Electrocardiol 2019 Jan;52:88-95.
[doi: 10.1016/j.jelectrocard.2018.11.013] [Medline: 30476648]

28. Sandhu S, Lin AL, Brajer N, Sperling J, Ratliff W, Bedoya AD, et al. Integrating a machine learning system into clinical
workflows: qualitative study. J Med Internet Res 2020 Nov 19;22(11):e22421 [FREE Full text] [doi: 10.2196/22421]
[Medline: 33211015]

29. Tsai WC, Liu CF, Lin HJ, Hsu C, Ma Y, Chen C, et al. Design and implementation of a comprehensive AI dashboard for
real-time prediction of adverse prognosis of ED patients. Healthcare (Basel) 2022 Aug 09;10(8):1498 [FREE Full text]
[doi: 10.3390/healthcare10081498] [Medline: 36011155]

30. Levin S, Toerper M, Hamrock E, Hinson JS, Barnes S, Gardner H, et al. Machine-learning-based electronic triage more
accurately differentiates patients with respect to clinical outcomes compared with the emergency severity index. Ann Emerg
Med 2018 May;71(5):565-74.e2. [doi: 10.1016/J.ANNEMERGMED.2017.08.005]

31. Moustapha Mbaye M, Tahiri N. A new machine learning workflow to create an optimal waiting list in hospitals. In:
Proceedings of the 7th International Conference on Medical and Health Informatics. 2023 Presented at: ICMHI '23; May
12-14, 2023; Kyoto, Japan p. 159-163 URL: https://dl.acm.org/doi/10.1145/3608298.3608328 [doi:
10.1145/3608298.3608328]

32. Yu JY, Jeong GY, Jeong OS, Chang DK, Cha WC. Machine learning and initial nursing assessment-based triage system
for emergency department. Healthc Inform Res 2020 Jan;26(1):13-19 [FREE Full text] [doi: 10.4258/hir.2020.26.1.13]
[Medline: 32082696]

JMIR Form Res 2025 | vol. 9 | e68891 | p.2789https://formative.jmir.org/2025/1/e68891
(page number not for citation purposes)

Seo et alJMIR FORMATIVE RESEARCH

XSL•FO
RenderX

http://dx.doi.org/10.1016/s0196-0644(99)70134-4
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=10459096&dopt=Abstract
https://dl.acm.org/doi/10.1145/1709886.1709946
http://dx.doi.org/10.1145/1709886.1709946
https://onlinelibrary.wiley.com/resolve/openurl?genre=article&sid=nlm:pubmed&issn=1069-6563&date=2004&volume=11&issue=11&spage=1162
http://dx.doi.org/10.1197/j.aem.2004.08.010
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15528580&dopt=Abstract
http://dx.doi.org/10.1080/10903120802706260
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19499462&dopt=Abstract
http://dx.doi.org/10.1016/j.ijmedinf.2006.09.019
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17059892&dopt=Abstract
http://www.cmaj.ca/cgi/pmidlookup?view=long&pmid=14609971
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=14609971&dopt=Abstract
https://onlinelibrary.wiley.com/resolve/openurl?genre=article&sid=nlm:pubmed&issn=1069-6563&date=1998&volume=5&issue=2&spage=162
http://dx.doi.org/10.1111/j.1553-2712.1998.tb02604.x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=9492140&dopt=Abstract
http://dx.doi.org/10.1136/emermed-2014-204604
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26531860&dopt=Abstract
http://dx.doi.org/10.1016/j.annemergmed.2006.06.035
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16997424&dopt=Abstract
http://dx.doi.org/10.1056/NEJMsa054479
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16687715&dopt=Abstract
https://emj.bmj.com/lookup/pmidlookup?view=long&pmid=11435359
https://emj.bmj.com/lookup/pmidlookup?view=long&pmid=11435359
http://dx.doi.org/10.1136/emj.18.4.263
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=11435359&dopt=Abstract
https://dx.plos.org/10.1371/journal.pone.0174708
https://dx.plos.org/10.1371/journal.pone.0174708
http://dx.doi.org/10.1371/journal.pone.0174708
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28384212&dopt=Abstract
https://bmjopen.bmj.com/lookup/pmidlookup?view=long&pmid=31558458
https://bmjopen.bmj.com/lookup/pmidlookup?view=long&pmid=31558458
http://dx.doi.org/10.1136/bmjopen-2019-031382
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31558458&dopt=Abstract
https://europepmc.org/abstract/MED/30732136
https://europepmc.org/abstract/MED/30732136
http://dx.doi.org/10.1097/MD.0000000000014197
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30732136&dopt=Abstract
http://dx.doi.org/10.1016/j.jelectrocard.2018.11.013
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30476648&dopt=Abstract
https://www.jmir.org/2020/11/e22421/
http://dx.doi.org/10.2196/22421
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33211015&dopt=Abstract
https://www.mdpi.com/resolver?pii=healthcare10081498
http://dx.doi.org/10.3390/healthcare10081498
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=36011155&dopt=Abstract
http://dx.doi.org/10.1016/J.ANNEMERGMED.2017.08.005
https://dl.acm.org/doi/10.1145/3608298.3608328
http://dx.doi.org/10.1145/3608298.3608328
https://europepmc.org/abstract/MED/32082696
http://dx.doi.org/10.4258/hir.2020.26.1.13
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32082696&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


33. Farahmand S, Shabestari O, Pakrah M, Hossein-Nejad H, Arbab M, Bagheri-Hariri S. Artificial intelligence-based triage
for patients with acute abdominal pain in emergency department; a diagnostic accuracy study. Adv J Emerg Med 2017;1(1):e5
[FREE Full text] [doi: 10.22114/AJEM.v1i1.11] [Medline: 31172057]

34. Jiang H, Mao H, Lu H, Lin P, Garry W, Lu H, et al. Machine learning-based models to support decision-making in emergency
department triage for patients with suspected cardiovascular disease. Int J Med Inform 2021 Jan;145:104326. [doi:
10.1016/j.ijmedinf.2020.104326] [Medline: 33197878]

35. Liu N, Xie F, Siddiqui FJ, Ho AF, Chakraborty B, Nadarajan GD, et al. Leveraging large-scale electronic health records
and interpretable machine learning for clinical decision making at the emergency department: protocol for system development
and validation. JMIR Res Protoc 2022 Mar 25;11(3):e34201 [FREE Full text] [doi: 10.2196/34201] [Medline: 35333179]

36. Scheder-Bieschin J, Blümke B, de Buijzer E, Cotte F, Echterdiek F, Nacsa J, et al. Improving emergency department
patient-physician conversation through an artificial intelligence symptom-taking tool: mixed methods pilot observational
study. JMIR Form Res 2022 Feb 07;6(2):e28199 [FREE Full text] [doi: 10.2196/28199] [Medline: 35129452]

37. Georgiou A, Prgomet M, Paoloni R, Creswick N, Hordern A, Walter S, et al. The effect of computerized provider order
entry systems on clinical care and work processes in emergency departments: a systematic review of the quantitative
literature. Ann Emerg Med 2013 Jun;61(6):644-53.e16. [doi: 10.1016/j.annemergmed.2013.01.028] [Medline: 23548404]

38. Parker CA, Liu N, Wu SX, Shen Y, Lam SS, Ong ME. Predicting hospital admission at the emergency department triage:
a novel prediction model. Am J Emerg Med 2019 Aug;37(8):1498-1504. [doi: 10.1016/j.ajem.2018.10.060] [Medline:
30413365]

39. Sun Y, Heng BH, Tay SY, Seow E. Predicting hospital admissions at emergency department triage using routine
administrative data. Acad Emerg Med 2011 Aug;18(8):844-850 [FREE Full text] [doi: 10.1111/j.1553-2712.2011.01125.x]
[Medline: 21843220]

40. Raita Y, Goto T, Faridi MK, Brown DF, Camargo CA, Hasegawa K. Emergency department triage prediction of clinical
outcomes using machine learning models. Crit Care 2019 Feb 22;23(1):64 [FREE Full text] [doi: 10.1186/s13054-019-2351-7]
[Medline: 30795786]

41. Fenn A, Davis C, Buckland DM, Kapadia N, Nichols M, Gao M, et al. Development and validation of machine learning
models to predict admission from emergency department to inpatient and intensive care units. Ann Emerg Med 2021
Aug;78(2):290-302. [doi: 10.1016/j.annemergmed.2021.02.029] [Medline: 33972128]

42. Austin EE, Blakely B, Salmon P, Braithwaite J, Clay-Williams R. Technology in the emergency department: using cognitive
work analysis to model and design sustainable systems. Saf Sci 2022 Mar;147:105613. [doi: 10.1016/j.ssci.2021.105613]

43. Drescher FS, Chandrika S, Weir ID, Weintraub JT, Berman L, Lee R, et al. Effectiveness and acceptability of a computerized
decision support system using modified Wells criteria for evaluation of suspected pulmonary embolism. Ann Emerg Med
2011 Jun;57(6):613-621. [doi: 10.1016/j.annemergmed.2010.09.018] [Medline: 21050624]

44. Ash JS, Berg M, Coiera E. Some unintended consequences of information technology in health care: the nature of patient
care information system-related errors. J Am Med Inform Assoc 2004;11(2):104-112 [FREE Full text] [doi:
10.1197/jamia.M1471] [Medline: 14633936]

45. Muller MJ, Kuhn S. Participatory design. Commun ACM 1993 Jun;36(6):24-28. [doi: 10.1145/153571.255960]
46. Simonsen J, Robertson T. Routledge International Handbook of Participatory Design. New York, NY: Routledge; 2012.
47. Khairat S, Marc D, Crosby W, Al Sanousi A. Reasons for physicians not adopting clinical decision support systems: critical

analysis. JMIR Med Inform 2018 Apr 18;6(2):e24 [FREE Full text] [doi: 10.2196/medinform.8912] [Medline: 29669706]
48. Kusunoki D, Sarcevic A, Zhang Z, Yala M. Sketching awareness: a participatory study to elicit designs for supporting

emergency medical teamwork. Comput Support Coop Work 2015 Feb 01;24(1):1-38 [FREE Full text] [doi:
10.1007/s10606-014-9210-5] [Medline: 25870498]

49. Østervang C. Acute care planning in emergency departments: a participatory design study exploring how to improve
emergency department visits through a health information system. Syddansk Universitet. 2023. URL: https://portal.
findresearcher.sdu.dk/en/publications/acute-care-planning-in-emergency-departments-a-participatory-desi [accessed
2024-04-29]

50. Seo W, Park SY, Zhang Z, Singh H, Pasupathy K, Mahajan P. Identifying interventions to improve diagnostic safety in
emergency departments: protocol for a participatory design study. JMIR Res Protoc 2024 Jun 21;13:e55357 [FREE Full
text] [doi: 10.2196/55357] [Medline: 38904990]

51. Mattar e Silva TW, Velloso IS, Araújo MT, Fernandes AD. Configuration of power relations in physicians and nurses'
professional practices. Rev Bras Enferm 2020;73 Suppl 1(suppl 1):e20180629 [FREE Full text] [doi:
10.1590/0034-7167-2018-0629] [Medline: 32428173]

52. Gleddie M, Stahlke S, Paul P. Nurses' perceptions of the dynamics and impacts of teamwork with physicians in labour and
delivery. J Interprof Care 2018 Dec 30:1-11. [doi: 10.1080/13561820.2018.1562422] [Medline: 30596305]

53. Scupin R. The KJ method: a technique for analyzing data derived from Japanese ethnology. Hum Organ 2008 Jan
22;56(2):233-237. [doi: 10.17730/humo.56.2.x335923511444655]

54. Mastrianni A, Kulp L, Mapelli E, Sarcevic A. Understanding digital checklist use through team communication. Ext Abstr
Hum Factors Computing Syst 2020 Apr;2020:1-8 [FREE Full text] [doi: 10.1145/3334480.3382817] [Medline: 32747878]

JMIR Form Res 2025 | vol. 9 | e68891 | p.2790https://formative.jmir.org/2025/1/e68891
(page number not for citation purposes)

Seo et alJMIR FORMATIVE RESEARCH

XSL•FO
RenderX

https://europepmc.org/abstract/MED/31172057
http://dx.doi.org/10.22114/AJEM.v1i1.11
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31172057&dopt=Abstract
http://dx.doi.org/10.1016/j.ijmedinf.2020.104326
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33197878&dopt=Abstract
https://www.researchprotocols.org/2022/3/e34201/
http://dx.doi.org/10.2196/34201
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35333179&dopt=Abstract
https://formative.jmir.org/2022/2/e28199/
http://dx.doi.org/10.2196/28199
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35129452&dopt=Abstract
http://dx.doi.org/10.1016/j.annemergmed.2013.01.028
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23548404&dopt=Abstract
http://dx.doi.org/10.1016/j.ajem.2018.10.060
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30413365&dopt=Abstract
https://onlinelibrary.wiley.com/doi/10.1111/j.1553-2712.2011.01125.x
http://dx.doi.org/10.1111/j.1553-2712.2011.01125.x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21843220&dopt=Abstract
https://ccforum.biomedcentral.com/articles/10.1186/s13054-019-2351-7
http://dx.doi.org/10.1186/s13054-019-2351-7
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30795786&dopt=Abstract
http://dx.doi.org/10.1016/j.annemergmed.2021.02.029
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33972128&dopt=Abstract
http://dx.doi.org/10.1016/j.ssci.2021.105613
http://dx.doi.org/10.1016/j.annemergmed.2010.09.018
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21050624&dopt=Abstract
https://europepmc.org/abstract/MED/14633936
http://dx.doi.org/10.1197/jamia.M1471
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=14633936&dopt=Abstract
http://dx.doi.org/10.1145/153571.255960
https://medinform.jmir.org/2018/2/e24/
http://dx.doi.org/10.2196/medinform.8912
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29669706&dopt=Abstract
https://europepmc.org/abstract/MED/25870498
http://dx.doi.org/10.1007/s10606-014-9210-5
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25870498&dopt=Abstract
https://portal.findresearcher.sdu.dk/en/publications/acute-care-planning-in-emergency-departments-a-participatory-desi
https://portal.findresearcher.sdu.dk/en/publications/acute-care-planning-in-emergency-departments-a-participatory-desi
https://www.researchprotocols.org/2024//e55357/
https://www.researchprotocols.org/2024//e55357/
http://dx.doi.org/10.2196/55357
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=38904990&dopt=Abstract
https://www.scielo.br/scielo.php?script=sci_arttext&pid=S0034-71672020001300152&lng=en&nrm=iso&tlng=en
http://dx.doi.org/10.1590/0034-7167-2018-0629
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32428173&dopt=Abstract
http://dx.doi.org/10.1080/13561820.2018.1562422
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30596305&dopt=Abstract
http://dx.doi.org/10.17730/humo.56.2.x335923511444655
https://europepmc.org/abstract/MED/32747878
http://dx.doi.org/10.1145/3334480.3382817
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32747878&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


55. Redfern E, Brown R, Vincent CA. Improving communication in the emergency department. Emerg Med J 2009 Sep
21;26(9):658-661. [doi: 10.1136/emj.2008.065623] [Medline: 19700583]

56. Okpala P. Addressing power dynamics in interprofessional health care teams. Int J Healthc Manag 2020 May
07;14(4):1326-1332. [doi: 10.1080/20479700.2020.1758894]

57. Greenfield G, Pliskin JS, Feder-Bubis P, Wientroub S, Davidovitch N. Patient-physician relationships in second opinion
encounters - the physicians' perspective. Soc Sci Med 2012 Oct;75(7):1202-1212. [doi: 10.1016/j.socscimed.2012.05.026]
[Medline: 22749657]

58. Aaronson EL, White BA, Black L, Brown DF, Benzer T, Castagna A, et al. Training to improve communication quality:
an efficient interdisciplinary experience for emergency department clinicians. Am J Med Qual 2019 Sep 21;34(3):260-265.
[doi: 10.1177/1062860618799936] [Medline: 30235933]

59. Park SY, Chen Y, Raj S. Beyond health literacy: supporting patient-provider communication during an emergency visit.
In: Proceedings of the 2017 ACM Conference on Computer Supported Cooperative Work and Social Computing. 2017
Presented at: CSCW '17; February 25-March 1, 2017; Portland, OR p. 2179-2192 URL: https://dl.acm.org/doi/10.1145/
2998181.2998357 [doi: 10.1145/2998181.2998357]

60. Feblowitz J, Takhar SS, Ward MJ, Ribeira R, Landman AB. A custom-developed emergency department provider electronic
documentation system reduces operational efficiency. Ann Emerg Med 2017 Nov;70(5):674-82.e1 [FREE Full text] [doi:
10.1016/j.annemergmed.2017.05.032] [Medline: 28712608]

61. Armenia S, Thangamathesvaran L, Caine AD, King N, Kunac A, Merchant AM. The role of high-fidelity team-based
simulation in acute care settings: a systematic review. Surg J (N Y) 2018 Jul 13;4(3):e136-e151 [FREE Full text] [doi:
10.1055/s-0038-1667315] [Medline: 30109273]

62. Ten Eyck RP. Simulation in emergency medicine training. Pediatr Emerg Care 2011;27(4):333-341. [doi:
10.1097/pec.0b013e3182131fe0]

63. Sweeney LA, Warren O, Gardner L, Rojek A, Lindquist DG. A simulation-based training program improves emergency
department staff communication. Am J Med Qual 2014 Jul 23;29(2):115-123. [doi: 10.1177/1062860613491308] [Medline:
23880775]

64. Patterson MD, Geis GL, Falcone RA, LeMaster T, Wears RL. In situ simulation: detection of safety threats and teamwork
training in a high risk emergency department. BMJ Qual Saf 2013 Jun 20;22(6):468-477. [doi: 10.1136/bmjqs-2012-000942]
[Medline: 23258390]

65. Acosta JN, Falcone GJ, Rajpurkar P. The need for medical artificial intelligence that incorporates prior images. Radiology
2022 Aug;304(2):283-288. [doi: 10.1148/radiol.212830] [Medline: 35438563]

Abbreviations
AI: artificial intelligence
CDSS: clinical decision support system
ED: emergency department
EHR: electronic health record
ESI: Emergency Severity Index
PD: participatory design

Edited by A Mavragani; submitted 24.11.24; peer-reviewed by E Bai, H Pilabré; comments to author 05.01.25; revised version received
25.02.25; accepted 11.03.25; published 21.04.25.

Please cite as:
Seo W, Li J, Zhang Z, Zheng C, Singh H, Pasupathy K, Mahajan P, Park SY
Designing Health Care Provider–Centered Emergency Department Interventions: Participatory Design Study
JMIR Form Res 2025;9:e68891
URL: https://formative.jmir.org/2025/1/e68891 
doi:10.2196/68891
PMID:

©Woosuk Seo, Jiaqi Li, Zhan Zhang, Chuxuan Zheng, Hardeep Singh, Kalyan Pasupathy, Prashant Mahajan, Sun Young Park.
Originally published in JMIR Formative Research (https://formative.jmir.org), 21.04.2025. This is an open-access article distributed
under the terms of the Creative Commons Attribution License (https://creativecommons.org/licenses/by/4.0/), which permits
unrestricted use, distribution, and reproduction in any medium, provided the original work, first published in JMIR Formative
Research, is properly cited. The complete bibliographic information, a link to the original publication on https://formative.jmir.org,
as well as this copyright and license information must be included.

JMIR Form Res 2025 | vol. 9 | e68891 | p.2791https://formative.jmir.org/2025/1/e68891
(page number not for citation purposes)

Seo et alJMIR FORMATIVE RESEARCH

XSL•FO
RenderX

http://dx.doi.org/10.1136/emj.2008.065623
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19700583&dopt=Abstract
http://dx.doi.org/10.1080/20479700.2020.1758894
http://dx.doi.org/10.1016/j.socscimed.2012.05.026
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22749657&dopt=Abstract
http://dx.doi.org/10.1177/1062860618799936
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30235933&dopt=Abstract
https://dl.acm.org/doi/10.1145/2998181.2998357
https://dl.acm.org/doi/10.1145/2998181.2998357
http://dx.doi.org/10.1145/2998181.2998357
https://europepmc.org/abstract/MED/28712608
http://dx.doi.org/10.1016/j.annemergmed.2017.05.032
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28712608&dopt=Abstract
https://www.thieme-connect.com/DOI/DOI?10.1055/s-0038-1667315
http://dx.doi.org/10.1055/s-0038-1667315
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30109273&dopt=Abstract
http://dx.doi.org/10.1097/pec.0b013e3182131fe0
http://dx.doi.org/10.1177/1062860613491308
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23880775&dopt=Abstract
http://dx.doi.org/10.1136/bmjqs-2012-000942
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23258390&dopt=Abstract
http://dx.doi.org/10.1148/radiol.212830
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35438563&dopt=Abstract
https://formative.jmir.org/2025/1/e68891
http://dx.doi.org/10.2196/68891
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


Original Paper

Compatibility of the CEN-ISO/TS 82304-2 Health App Assessment
Framework With Catalan and Italian Health Authorities’ Needs:
Qualitative Interview Study

Petra Hoogendoorn1*, MSc; Mariam Shokralla1, MPH, MSc; Romy Willemsen1, MSc; Nick Guldemond1,2, MD, PhD;

María Villalobos-Quesada1*, PhD
1National eHealth Living Lab, Public Health and Primary Care Department, Leiden University Medical Center, Leiden, The Netherlands
2Research Center for Medical Sociology, Tsinghua University, Beijing, China
*these authors contributed equally

Corresponding Author:
Petra Hoogendoorn, MSc
National eHealth Living Lab
Public Health and Primary Care Department
Leiden University Medical Center
Albinusdreef 2
Leiden, 2333 ZA
The Netherlands
Phone: 31 654341785
Email: a.p.y.hoogendoorn@lumc.nl

Abstract

Background: Health authorities of European Union (EU) member states are increasingly working to integrate quality health
apps into their health care systems. Given the current lack of unified EU assessment criteria, the European Commission initiated
Technical Specification (TS) CEN-ISO 82304-2:2021—Health and wellness apps—Quality and reliability (hereinafter the “TS”)
to address the scattered EU landscape of assessment frameworks (AFs) for health apps. The adoption of an AF, such as the TS,
falls within member state competence and is considered an uncertainty-reduction process. Evaluations by peers as well as ensuring
the compatibility of the TS with the needs of health authorities can reduce uncertainty and mediate harmonization.

Objective: This study aims to examine the compatibility of the TS with the needs of Catalan and Italian health authorities.

Methods: Semistructured interviews were conducted with key informants from a regional (Catalonia in Spain) and national
(Italy) health authority, and a thematic analysis was carried out. Main themes were established deductively, following the aspects
defined by the value proposition canvas: (1) health authorities’ needs (“gains,” “pains,” and “jobs”) and (2) the TS “products and
services” and their distinct characteristics (“gain creators” and “pain relievers”). Subthemes were generated inductively. The
compatibility of the needs with the TS was theoretically determined by the researchers. The results were visualized using the
value proposition canvas. Two participant validation steps confirmed that the most relevant aspects of the predefined themes had
been captured.

Results: Despite the diversity of the 2 health authorities, subthemes were common and categorized into 9 gains, 9 pains, and
11 jobs. Key findings include the health authorities’ perceived value of, and need for, integrating quality health apps and using
an AF (gains), along with the related policy, implementation, and operational activities (jobs). The lack of enabling EU legislation
and standardization, resulting in a need for the multiple authorities involved to consent, made achieving an AF challenging (pains).
Nine products and services related to the TS and 17 distinct characteristics (eg, its multistakeholder evidence base) were found
to be compatible with 3 gains (eg, stimulating the prescription and use of apps), 7 pains (eg, legislation and harmonization issues),
and 6 jobs (eg, assessing apps). Indirect effects, 3 anticipated future services, and 1 anticipated gain creator and pain reliever
increase this compatibility.

Conclusions: Our results suggest that the health authorities share common fundamental needs, and that the TS is compatible
with these needs. The identified needs and compatibility can potentially reduce peer authorities’ uncertainties in adopting an AF
in general and the TS in particular. More research is recommended to confirm and translate our results in other contexts and
further fine-tune compatibility to achieve wide adoption of the TS and accelerate the uptake of health apps.
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Introduction

Background
Health authorities of European Union (EU) member states are
transforming health and care systems to address current

challenges and remove cross-border regulatory barriers for
businesses and consumers to progress toward an EU digital
single market [1-6]. In this context, health apps (Textbox 1) are
gaining attention, and countries are adapting their policies and
structures to harvest the potential of these digital solutions to
strengthen their health care systems [5,7-10].

Textbox 1. Definitions of health, medical, and wellness apps.

In the context of this paper, health apps are defined as apps that are “intended to be used specifically for managing, maintaining or improving health
of individual persons or the delivery of care” [11]. Health apps are part of mobile health, which is defined as “medical and public health practice
supported by mobile devices, such as mobile phones, patient monitoring devices, personal digital assistants (PDAs), and other wireless devices” [12].
Health apps include medical apps and wellness apps. Medical apps have been defined as those that fall under an applicable medical device regulation
and wellness apps as those that do not [13].

Not all apps are of good quality, that is, have a positive and
reliable effect on health, and are easy to use, compliant with
privacy and data security regulations and standards, robust, and
interoperable with electronic health record systems [8,9,14].
Determining the quality of individual health apps is challenging
for citizens, health care professionals (HCPs), and decision
makers [15] for various reasons. First, assessing apps requires
specific and diverse expertise. Second, robust evidence (eg,
clinical evidence) and background information are often scarce,
inappropriate, or not publicly available [14]. Third, quality
assessments and widely adopted evidence-based evaluation
methodologies that consider all these aspects and inform
(potential) users about the quality of these apps are not yet
common [10].

Several health authorities have developed their own assessment
frameworks (AFs) [16]. However, their efficient implementation
is challenging [7,15]. The significant overlap in quality criteria
across these AFs highlights the potential for harmonization and
related efficiency [17]. In addition, nonoverlapping quality
criteria—a lack of agreement on what constitutes
quality—potentially decrease trust [17] and increase inequality
(eg, if the challenges to comply with the different AFs result in

manufacturers focusing only on the larger markets and widely
spoken languages). In the context of multilingualism—an EU
founding principle [18]—and an abundance of health apps
worldwide [19], the availability of native language health apps
for the 5 million Finnish-speaking EU residents, for instance,
is limited [20]. These aspects highlight the need for the
harmonization of AFs at an EU level.

Both academics and policy makers endorse harmonization and
cross-national regulation of health apps to realize their full
potential and benefits [7,10]. The European Commission
initiated CEN-ISO/TS (Comité Européen de Normalisation
[European Committee for Standardization]–International
Organization for Standardization/Technical Specification)
82304-2:2021 Health software—Part 2: Health and wellness
apps—Quality and reliability (hereinafter the “TS”; Textbox 2)
to address the scattered EU landscape of health app AFs and
progress from 27 national and even more regional markets to a
digital single market [6,11]. To achieve EU-wide harmonization,
the adoption of the TS among EU member states is needed,
which falls within member state competence and responsibility.
Adoption across member states can be described as the diffusion
of the TS as an innovation.

Textbox 2. Brief description of CEN-ISO/TS (Comité Européen de Normalisation [European Committee for Standardization]–International Organization
for Standardization/Technical Specification) 82304-2:2021 Health software—Part 2: Health and wellness apps—Quality and reliability (the TS).

CEN-ISO/TS 82304-2:2021 was an assignment from the European Commission to CEN that became a global effort in its collaboration with ISO and
the International Electrotechnical Commission (IEC). The TS has 2 core products. The first is a health app assessment framework (AF) developed
through a Delphi study with 83 experts [21]. The second is a quality label (Multimedia Appendix 1) that was inspired by the European Union (EU)
energy label and Nutri-Score front-of-pack nutrition label designs and the US Food and Drug Administration over-the-counter medicine label content.
The quality label allows the easy and accessible presentation of the assessment results of a health app and was developed and tested with people with
low health literacy. The EU-wide implementation readiness of the TS was supported by the Horizon Europe Label2Enable project (2022-2024), which
tested the quality label and tested and developed products and services complementary to the AF and quality label [22,23]. These include the health
app quality report, which is the detailed version of the label that aims to support health care professionals in their decision-making on recommending
health apps; the certification scheme, which includes the handbook for app assessment with CEN-ISO/TS 82304-2 for certified app assessment
organizations; stakeholder guidance and tools such as educational videos; and recommendations for the reimbursement of health apps. A multistakeholder
road map was generated to guide next steps [24].

Innovations and their adoption process can be understood using
the theory of diffusion of innovations proposed by Rogers [25],
who identified 3 main attributes of an innovation that predict
its future rate of adoption. Compatibility is one of these

attributes and refers to the degree to which an innovation is
perceived as consistent with the existing values, experiences,
and needs (summarized hereinafter as “needs”) of potential
adopters. The diffusion of an innovation is considered an
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uncertainty-reduction process. An innovation that is compatible
generates less uncertainty for the potential adopter regarding
the success of its deployment. The other main attributes that
predict the future rate of adoption—relative advantage and
complexity—are beyond the scope of this paper and will be
analyzed in separate studies.

Objectives
Potential adopters tend to rely on peers for information about
an innovation’s desirable, direct, and anticipated consequences
to decrease their uncertainty about adopting it [25]. In this paper,
we aim to examine the compatibility of the TS with the needs
of 2 health authorities in the EU, in order to potentially enhance
the compatibility of the TS and reduce the uncertainty of peer
health authorities in their considerations on adopting the TS.

Methods

Overview
Rogers [25] described different methods to research the
attributes of innovations, including compatibility. For this study,

investigating an innovation’s acceptability in its prediffusion
stage (eg, test-marketing and piloting) was considered the most
appropriate approach. This approach helps identify a “basis for
positioning an innovation so that it will be more acceptable,
that is, have a more rapid rate of adoption” [25]. Key informant
interviews are a common method for assessing the acceptability
of an intervention [26,27]. Key informants provide high-level
perspectives and comparative insights. Their particular roles
and expertise make them especially equipped for probing about
how a topic is thought about or acted upon in policy. This
contrasts with the scope of insight contributed by other groups
of qualitative interviewees, who are more often recruited to
provide data rooted in their own lived experiences, opinions,
and beliefs [27]. A widely used business tool to visualize and
enhance the compatibility (also referred to as “fit”) of
innovations is the value proposition canvas (VPC; Figure 1;
Textbox 3) [28,29]. The VPC tool has been previously applied
to guide the development of, among others, digital health
innovations [30-32].

Figure 1. The template of the value proposition canvas [29]. Adapted from Strategyzer [33] to highlight the 3 main steps in constructing the value
proposition canvas (Textbox 3): (A) the customer profile with the customer needs (jobs, gains, and pains), (B) the value map with the innovations’
products and services and their distinct characteristics (gain creators and pain relievers) that aim to address the customer needs, and (C) the fit
(compatibility) of the customer profile with the value map.
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Textbox 3. Glossary of value proposition canvas concepts.

• The customer profile (Figure 1A) describes a potential adopter segment, in this case health authorities, in terms of their needs:

• Jobs—the tasks or responsibilities potential adopters have, need, or want to get done in their work and their lives, in this case with respect
to adopting an assessment framework and integrating health apps in their health care system

• Gains—outcomes and benefits potential adopters require, expect, or desire to achieve if these jobs are done (well)

• Pains—negative outcomes, risks, and obstacles that adopters encounter, foresee, or fear that prevent them from getting these jobs done
(well)

• The value map (Figure 1B) makes explicit how the innovation creates value for the potential adopters’ segment:

• Products and services—the range of products and services available to the potential adopters to address their needs, in this case with respect
to adopting an assessment framework and integrating health apps

• Gain creators—the characteristics of these products and services that generate gains for the adopters

• Pain relievers—the characteristics of these products and services that alleviate the adopters’ pains

• Fit (Figure 1C): when the products and services, gain creators and pain relievers contribute to realizing the jobs and gains, and addressing the
pains of the potential adopters ("compatibility")

In this paper, we used the VPC to visualize the compatibility
of the TS with the needs of 2 health authorities (potential
adopters of the TS):

1. A regional authority—Fundació TIC Salut Social (FTSS;
TIC Salut Social Foundation), the public organization that
oversees digital transformation in health care in Catalonia,
Spain

2. A national authority—Italy’s Istituto Superiore di Sanità
(ISS; National Institute of Health)

Catalonia established its own AF in 2017 [34-36] and is pursuing
the adoption of the TS [37]. Italy drafted a Technical Report
about wellness, social, and health apps, which informed the TS
[38], and has been using the TS as inspiration in the ongoing
process to arrive at quality assessment criteria for the inclusion
of telehealth solutions in a national telehealth catalog, where
telehealth includes health apps. FTSS and ISS jointly represent
the health authority perspective in the Label2Enable project
(Textbox 2) and were recruited for this study. Recruitment
criteria spanned experience as an EU-based health authority
with the relatively novel integration of health apps, prediffusion
interest in a standardized AF, and diversity (country or region,
number of inhabitants, and an AF in place or in development).
These were considered essential for providing the rich basis for
analyzing the TS in terms of prediffusion acceptability or
compatibility [25].

Key Informants
Three key informants were recruited. They were chosen
strategically, in alignment with existing knowledge of the
qualities of “good” key informants [27]. Eligibility criteria
included a key leading position in their respective organizations
over the course of several years in our topic of interest and
related inside in-depth knowledge about the authorities’ policy
and plans to assess health apps as well as execution of these
plans. For FTSS, the key informant has been responsible for
implementing Catalonia’s mobile health (mHealth) plan in FTSS
for the past 9 years. For ISS, the first key informant had recently
retired from a leadership position at ISS, which involved
advising the government about health apps and telemonitoring.

The second ISS key informant was recruited after discussion
with the first ISS key informant, based on complementary
first-hand experience on the topic in dealings with the Italian
Ministry of Health. The 2 ISS informants played a direct role
in drafting the Technical Report, which informed the TS [38].
While the number of potential participants can be very large in
other types of qualitative research, key informant groups can
be quite small, hard to reach, or constrained in sharing
information with researchers [27].

Key informants and study researchers collaborated in the
Label2Enable project; however, the key informants were not
otherwise involved in these research activities. The researchers
who conducted the interviews and analysis were experienced
in qualitative, mixed methods, and implementation research in
the field of digital health. Interest in the research topic stems
from their previous work related to health apps, other digital
health technologies, digital transformation, and the TS.

Constructing the VPC
Constructing the VPC involves 3 steps (Figure 1; Textbox 3)
[29], which we carried out systematically using qualitative
research methods. The first step was to develop the “customer
profile” (Figure 1A). Here, the needs of the health authorities
(potential adopters of the TS) were described in terms of the 2
authorities’ “gains,” “jobs,” and “pains” (Textbox 3).
Strategyzer’s “trigger questions” served as a guide for designing
the semistructured interviews (Multimedia Appendix 2) [33].

Two semistructured interviews (one for Catalonia and one for
Italy) were conducted, in English, with the relevant key
informants. The semistructured interview questions were shared
with the key informants in advance. The interviews were
conducted on the web, recorded using a secure digital platform,
and lasted between 1.5 and 2 hours. Recordings were transcribed
verbatim and coded independently by 2 researchers using
ATLAS.ti software (version 7.9; ATLAS.ti Scientific Software
Development GmbH). A deductive and inductive thematic
analysis of the interviews was performed. On the basis of the
VPC, we predefined 3 main themes: gains, pains, and jobs [29].
We classified a job as a past, current, or future task or
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responsibility of a health authority related to adopting an AF to
integrate health apps into their health care system. Jobs could
be the responsibility of the health authority featured in this study
or associated health authorities because, from an international
perspective, health authorities’ task divisions may differ and
evolve. We applied the same principle to the gains and pains.
Subthemes were inductively developed by 2 researchers and
visualized using the VPC.

Data saturation was not deemed appropriate for this study;
instead, inductive thematic saturation [39] was sought across
and within cases to achieve a “basis for positioning the
innovation [the TS] so that it will be more acceptable,” knowing
that uncertainty is inherent in the prediffusion phase, and that
adopting organizations will adapt an innovation to achieve a fit
of the innovation with the adopting organization and its
perceived problem [25]. Accounting for data sufficiency is an
underdeveloped aspect of existing methodological guidance on
key informant sampling [27]. Incorporating strategies to return
the findings and elicit key informant response on researcher
interpretations is recommended to yield rich insights [27]. With
this in mind, a participant validation step that lasted between
30 and 60 minutes was carried out separately per health
authority. Key informants were supplied with the written data
analysis before and after the validation step, allowing them to
provide comments and enrich the analysis. The key informants
confirmed that the researchers had captured the most relevant
aspects within the 3 predefined main themes: gains, pains, and
jobs [28].

The second step was to develop the “value map” (Figure 1B),
which consists of describing the innovation’s “products and
services,” “pain relievers,” and “gain creators” (Textbox 3).
Outputs from all Label2Enable work packages were considered
[22,23]. Products and services included those that are currently
part of the TS, those that were cocreated in the Label2Enable
project (both Textbox 2), and products and services that will be
generated beyond the project during the “demonstrator phase.”
The relevant characteristics of these products and services were
subsequently added to the value map as gain creators and pain
relievers.

The third step was to determine the fit (Figure 1C), that is, to
check whether the “value map” was compatible with the
“customer profile.” In other words, whether the TS and the

related products and services and their distinct characteristics
(gain creators and pain relievers) satisfied the needs (jobs, gains,
and pains) of the health authorities. Visualizing compatibility
(fit) was an iterative process of determining and conceptualizing
the products and services, gain creators, and pain relievers that
related to the health authorities’ gains, pains, and jobs. After
completing this process, a second participant validation step,
which lasted approximately 1 hour, was carried out with the
key informants from both health authorities simultaneously.
Again, the key informants were supplied with the written data
analysis before and after the validation step, allowing them to
provide comments and enrich the analysis. Furthermore, the
manuscript was discussed with the key informants at different
stages, and they confirmed that it condensed the most relevant
aspects surrounding the position of their institutions and agreed
to its publication in its current form.

Data were reported according to the COREQ (Consolidated
Criteria for Reporting Qualitative Research) checklist
(Multimedia Appendix 3).

Ethical Considerations
Approval from an ethics or scientific research committee was
not required under Dutch national regulations because the study
did not fall under the Medical Research Involving Human
Subjects Act (WMO), and according to the guidelines of the
Central Committee on Research Involving Human Subjects
(CCMO [40]). This study followed institutional good research
practices and integrity codes. Verbal consent to conduct and
record the interviews was obtained from all participants (key
informants) before starting the interview. Personal data were
protected in accordance with European Union and institutional
standards and best practices. The 2 organizations represented
were funded as Label2Enable project partners and were not
additionally compensated for their participation in this study.

Results

Customer Profile
In this subsection, we describe the needs of health authorities
(potential adopters) in terms of gains, pains, and jobs. Despite
the diversity of the 2 health authorities, subthemes were common
and categorized into 9 gains, 9 pains, and 11 jobs (Figure 2).
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Figure 2. Adapted from Strategyzer [33], the value proposition canvas of CEN-ISO/TS (Comité Européen de Normalisation [European Committee for
Standardization]–International Organization for Standardization/Technical Specification) 82304-2:2021 Health software—Part 2: Health and wellness
apps—Quality and reliability (the TS) for health authorities pursuing an assessment framework (AF) to integrate health apps into their health care
systems. The “customer profile” (Figure 1A) summarizing the Catalan and Italian health authorities’ needs (gains, pains, and jobs) resulting from the
deductive and inductive thematic analysis. The “value map” (Figure 1B) of the TS, with the products and services related to the TS and their distinct
characteristics (gain creators and pain relievers) that aim to address these health authorities’ needs as identified by the researchers. Lighter colored boxes
with italic text indicate future services, gain creators, and pain relievers. Dark green circles with a check mark indicate the fit (compatibility; Figure
1C) of a health authority’s need with an existing product or service, gain creator, or pain reliever. Light green circles without a check mark and italic
text indicate expected future fit (compatibility) derived from the nature of the anticipated related services and gain creator or pain reliever. The tables
in this paper show the specific products, services, or characteristics that fit specific customer needs (gain, pain, or job). AF: assessment framework; EU:
European Union; HCP: health care professional; HTA: health technology assessment; IEC: International Electrotechnical Commission.

Gains
Regarding the gains—the outcomes and benefits that the health
authorities require, expect, or desire to achieve from adopting
an AF and integrating quality health apps—the key informants

explained the interest of their region (Catalonia, Spain) or
country (Italy) in an AF to identify “quality apps for use” in
“telehealth (Italy) and blended pathways (Catalonia)" (Textbox
4).

Textbox 4. Key definitions in the Catalonian and Italian context.

Blended care in Catalonia

• “Blended care” “refers to an integration of online and offline components in a treatment process. This means that online and offline components
are interconnected in some way and not stand-alone treatment pathways [41]. In Catalonia, according to the mobile health plan, mobile health
should have an impact on the full “cycle of provision of care” (prevention, diagnostics, treatment, and follow-up) and ultimately on health, the
health care system, and public health. In addition, it prioritizes the 10 most prevalent diseases (eg, diabetes) [42].

Telehealth in Italy

• The World Health Organization defines telehealth as the “delivery of health care services, where patients and providers are separated by distance”
[12]. In the Italian context, telehealth or telemedicine is an innovative approach to health care practice that enables the remote provision of
services through the use of digital devices, the internet, software, and telecommunication networks. Telehealth services can serve as an alternative
to traditional care, support existing services (eg, by improving accessibility, efficiency, and equity), supplement care (eg, by improving effectiveness
and facilitating personalized medicine), or completely replace traditional services [43].

The key informants described how the assessment of apps is
instrumental to achieving the “prescription and use of apps,”
referring to incorporating the prescription or recommendation
of apps in the provision of care and the related trusted use of
health apps by citizens. Similarly, it can contribute to “better
services for patients” (eg, improved accessibility, lower waiting
times, and better follow-up):

If you want these applications to be recommended by
health care professionals, we need to provide safe
and guaranteed apps to the sick. So, we try to
establish how we can measure or evaluate these apps
and the quality of these apps. [Key informant,
Catalonia]
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Certainly, the availability of an agreed,
evidence-based assessment framework will give
objectivity to the activity of app assessment. [Key
informant, Italy]

They [patients] will have the opportunity to make
more virtual visits, sharing the data with their
professionals without needing to go to the consult,
provide more alerts and provide more predictions,
and prevention to avoid disease or avoid being sicker.
Also, they will feel more confident and committed to
healthier lifestyle habits when using wellness apps.
And they can also be more guarded by their
professionals. They will feel more followed up. [Key
informant, Catalonia]

Moreover, such apps can also streamline the access
of the citizens to the NHS, for example, by cutting
waiting times for a given service. [Key informant,
Italy]

For the key informants, the prescription and use of apps would
enable “data-driven decision-making”—the use of health data
derived from an individual’s health app use in the delivery of
health care—seeing both benefits for the prescribing HCP and
the provision of effective transversal care. Other benefits
mentioned included the possibilities for “prevention,” through
the promotion of healthier behaviors and end-user
empowerment, and ultimately “health and well-being”:

To provide more autonomy to patients and to be more
committed to their health, to keep tracking health
data more efficiently and having all the information
integrated into the public single network, so that all
health care professionals are able to follow up the
patient through the information system. [Key
informant, Catalonia]

The interest of our country is given by the opportunity
of providing the best health status of the population,
even with limited resources. Health apps can support
primary and secondary prevention, by modifying
lifestyles. [Key informant, Italy]

The key informants described how all aforementioned gains
translate into “savings and efficiency” and “health system
sustainability,” mentioning aspects such as fewer in-person
visits, more web-based visits, more equity, earlier diagnosis,
and cross-country recognition of app assessments:

I think for health care professionals, they [apps] will
reduce the number of face-to-face consults for more
virtual [visits]. They will have a unique platform or
a unique space to monitor the data of the
patients...they receive alerts, for example, so that they
focus their attention on critical issues, not revising a
lot of data. [Key informant, Catalonia]

My personal feeling for sure, savings at the health
system level. Access for all the people, or the
individuals, as my Constitution says. [Key informant,
Italy]

Another step that has to be done is updating the
current certification framework and consider the

possibility to adapt this framework to the Technical
Specification of 82304-2 in order to improve the
framework for cross-recognition. [Key informant,
Catalonia]

A sound evaluation framework, recognized by the EU,
will be instrumental in optimizing the resources spent
in assessing health apps in the different EU countries
by means of the foreseeable cross-country validity of
the approval. [Key informant, Italy]

Pains
Regarding the pains—the negative outcomes, risks, and
obstacles that health authorities face with respect to assessing
and integrating apps—the key informants from both authorities
mentioned challenges related to context, implementation, and
app use. The “risks of (so many) uncertified apps” referred to
the currently unknown quality of apps and the negative effects
for patients, HCPs, and the health care system. At the same
time, the key informants considered the “risks of not integrating
quality apps,” emphasizing that not integrating apps would be
an obstacle to providing better care and other important gains:

That is the main risk, not being adopted because
professionals don’t feel that it helps. Because I think
that the patient part is solved. They are using it a lot
and they want to be involved. [Key informant,
Catalonia]

We’ve in Italy started a long time ago working on
apps because we have realized that digital support
to health care is absolutely mandatory, and it was
clear that there was a sort of Wild Wild West with
respect to the apps. [Key informant, Italy]

The main risk, I think, will be not adopting mobile
apps into the health care system, not providing
sufficiently optimized care to the citizens compared
to other territories. [Key informant, Catalonia]

At present you lose data, you lose information, you
lose the capability to cost, to build a new best practice
because you have no sufficient critical mass of data
to say something, also to use artificial intelligence
appropriately. [Key informant, Italy]

Implementation-related pains mentioned by the key informants
included “legislation issues,” such as the lack of comprehensive
legislation for apps that are not medical devices and the multiple
applicable (emerging) EU legislations, which pose significant
challenges to app developers and authorities. “Lack of
harmonization” is a missed opportunity to alleviate the burden
of legislation issues and potentially adds to the difficulties:

We are regulating medical devices, the apps that are
also medical devices, thanks to the new regulation of
medical devices, but we cannot regulate the apps that
are not medical devices. That is why we are interested
in integrating a sort of certification scheme similar
to, or directly, the ISO (82304-2) Technical
Specification. [Key informant, Italy]

I am afraid of too much legislation. Too much vertical
[legislation] that is not correlated to each other. [Key
informant, Italy]
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We faced the challenge to create the framework from
scratch because we did not have anything at the time.
[Key informant, Catalonia]

The risk in the immediate future is that some regional
health system starts piloting an evaluation framework
without national coordination, in that case...it would
be more difficult to harmonize the assessment at
national level, which could result in enhanced health
inequalities. [Key informant, Italy]

For the key informants, legislation issues and the lack of
harmonization resulted in “health authority issues.” The
integration of health apps into health care currently involves
multiple authorities, whose interests, roles, and responsibilities
related to health apps can be unclear, overlapping or conflicting.
In addition, health apps present an uncharted territory and, may
represent just one of these authorities’ many topics. This makes
reaching agreements on issues such as an AF complex. In
addition, publishing information about the quality of products
without being able to refer to a recognized (international)
standard could conflict with the authority’s role and be perceived
as biased from the perspective of health app providers. Finally,
the key informants refer to “reimbursement issues,” challenges
related to structuring the reimbursement of health apps:

Something that is really difficult, and I think the
European region has that problem, is the different
actors to be aligned...Pff, a lot of actors, that each of
them has their needs and it’s very difficult to get an
agreement to move forward. [Key informant,
Catalonia]

We have too many agencies, too many institutions
that manage all these definitions of digital health and
digital health technologies [not aligned taxonomies].
That is why I hope that main documents from Europe
could help us to be stricter in the field. [Key
informant, Italy]

Communicating the quality of a particular product,
could actually lead to a “market bias,” that is, putting
a product in a favorable position with respect to its
competitors, although involuntarily, needless to say.
We are instead interested in communicating the
relevance of the framework for the app evaluation,
as an objective and independent instrument for
orienting health choices for personalized digital
medicine. [Key informant, Italy]

And after that comes defining the reimbursement
models, well, I think it will take a lot [of time]. [Key
informant, Catalonia]

The key informants identified several pains related to the
identification, assessment, integration, recommendation, and
use of health apps. These included “app-related issues” (eg,
constant updates and a lack of clinical evidence), “data-related
issues” (eg, not all data generated by apps are clinically relevant,
with relevance generally differing per pathology and care
pathway; moreover, there can be interoperability issues), and
“citizen and HCP issues” (eg, limited digital skills):

Something that is very difficult is how you revalidate
based on the framework, how do you reassess the

apps. Because the apps change a lot. [Key informant,
Catalonia]

“At present what is lacking is clear sound evidence
from clinical trials about the apps. This is a very great
problem because also our Ministry of Health is
waiting for clinical trial data for authorization of
medical device apps and then to have the data from
them. [Key informant, Italy]

Then you [HCP] want to monitor a patient based on
these health apps, and you want to integrate the
data...It was very challenging because we had to find
specific professionals for each pathology. They tell
us or tell the group which are the relevant data. [Key
informant, Catalonia]

Improving the digital skills of professionals also is
very challenging and we try to solve it as well, by
providing more training. [Key informant, Catalonia]

The target population of some interventions — for
example, for frailty/chronicity — may find itself hardly
capable of exploiting the technology, if the latter is
not properly introduced, with a training appropriate
for the digital skills of the subject. [Key informant,
Italy]

Jobs
Regarding the jobs—the tasks or responsibilities of health
authorities in assessing and integrating apps—the key informants
described activities related to policy, implementation, and
operations. In Catalonia, “compile policy” referred mainly to
the “mHealth plan” [42], which in 2015 triggered the
appointment of FTSS to “implement” this plan and create an
AF. In Italy, this job was linked to the recovery and resilience
funding coordinated by the European Commission, which
pushed plans for telehealth and an adequate AF [44]. The key
informants discussed their roles as experts and advisers to the
government and in the decision-making and implementation of
an AF:

TIC Salut mHealth Office was established after
publishing this agreement in 2015, an mHealth plan
that was published or was agreed upon in the
parliament, where they created TIC Salut in the
mHealth area as an instrument to provide or to create
these actions, to implement mHealth in the health
sector. [Key informant, Catalonia]

The National Resilience Program has given us quite
a lot of support in that, and a lot of money has
actually been poured into health care...One of the
areas which has been impacted very much is
telehealth, which includes health apps. [Key
informant, Italy]

Although the jobs overlap, the exact scope targeted in their
policies and strategies differs. Catalonia emphasizes apps
embedded in blended care, whereas Italy focuses on telehealth
solutions:

The electronic health record of the patient was
integrated, and we also had the personal portal for
citizens. So, the gap that we did have was to integrate
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the data that came from apps. [Key informant,
Catalonia]

And so, the focus here in Italy at the moment is on
telehealth solutions, which comprise health apps.
[Key informant, Italy]

Important steps in the implementation were, according to the
key informants, to “arrive at an appropriate AF”; “achieve an
efficient assessment process” that is moreover scalable; “arrange
easy-to-use platform(s)”; and “enable stakeholders” by, for
example, issuing recommendations, accessible information and
tools (eg, self-assessment tools [45]):

So, those were the 2 big projects. One is the
assessment framework and the other the mHealth
platform that goes in parallel...The objective of this
platform is to include apps that have passed this
accreditation and to help health care professionals
prescribe the apps to their patients. [Key informant,
Catalonia]

So, the ministry studied all the proposals from the
different experts, and they actually decided to use
82304-2 as the inspirational assessment framework
to define the assessment framework for telehealth
solutions that are going to be onboarded onto this
national catalog. [Key informant, Italy]

The main objective is now the number of apps that
we want to share. It’s our expectation to have at least
30 apps, or 50 depending. But this year at least try
to get these 30. [Key informant, Catalonia]

And also, we did recommendations, guides, tools.
Also, we have the auto-evaluation on our website,
that is a questionnaire free and open...We made it for
the industry, for them being prepared, and to promote
creating these quality apps. [Key informant,
Catalonia]

Operations start with what key informants refer to as a
prioritization of the apps to integrate into the health care system
(“identify interesting pathways/apps”):

So, we focus on diabetes because it’s something that
we have different apps that are provided by private
companies, and there are a lot of people with this
disease, and it is expensive and it’s a priority for the
health care system to provide tools in that way. [Key
informant, Catalonia]

So, there will be a pathway for diabetics, so there
would be one for oncology, certain types of oncology
and so on. [Key informant, Italy]

We have these 2000 apps that are identified as
interesting apps, that are not certified using our
framework obviously, but they are being used by
health care centers or they are being published in
other frameworks like Andalusia or mHealth Belgium,
et cetera. [Key informant, Catalonia]

After this prioritization of apps that are interesting to assess,
the assessment can be carried out (“assess apps”), and positively
assessed apps and their results in specific quality domains and
criteria can be shared (“publish apps”). The publication of

assessed apps enables the series of gains, which starts with
“quality apps for use.” The next operational step, to “integrate
app data into platform(s),” enables the desired gain “data-driven
decision-making.” Catalonia expects the capability to integrate
app data into platforms to become available in 2025 for 1 care
pathway, while Italy does not yet carry out assessments, and
the division of responsibilities among Italian authorities is not
yet defined.

For both health authorities featured in this study, the final step
in the process is to “reimburse/pay for apps”:

Once these apps are validated, we publish the apps
on our website, so all citizens know all aspects of the
[certification] process. [Key informant, Catalonia]

And in the next stage, we are expecting to integrate
the data from these apps of diabetes in the platform
that we create. [Key informant, Catalonia]

We have a group that is working on a specific
reimbursement model. [Key informant, Catalonia]

A policy is at present under discussion thanks to a
specific government workgroup on digital therapies
that involves several stakeholders, scientific and
industrial. The latter (drug and medical device
industry organizations) are discussing a unitary
proposal for a unique reimbursement scheme. [Key
informant, Italy]

Value Map and Fit

Overview
In this subsection, we present the results of the iterative process
of identifying the TS-related products and services and their
distinct characteristics in relation to the needs of the health
authorities. The needs are visualized in the VPC as the pains,
gains, and jobs of the 2 health authorities. When a TS-related
product or service or one of its characteristics (gain creator and
pain reliever) helps to address or to achieve a gain, pain, or job
of the health authorities, we considered it a “fit” (compatibility).
The fit was visualized with a green circle (Figure 2). We found
that the TS addressed 3 (33%) of 9 gains, 7 (78%) of 9 pains,
and 6 (55%) of 11 jobs in part or in full. An anticipated gain
creator and pain reliever and 3 TS-related anticipated future
services would target 1 extra pain and 3 extra jobs, enhancing
the compatibility to 3 (33%) of 9 gains, 8 (89%) of 9 pains, and
9 (82%) of 11 jobs. The 6 gains and 1 pain that remain would
be influenced indirectly (eg, the TS supports the gain “quality
apps for use,” which is a prerequisite for all further gains). This
would leave only 2 jobs unaddressed: “compile policy” and
“integrate app data into platform(s).”

Products and Services
In total, 6 current and 3 future products and services were
identified, which are compatible with (“fit”) 9 jobs (Figure 2;
Table 1). The 2 core products of the TS are an “AF with a
scoring mechanism” and a health app “quality label”
(Multimedia Appendix 1) [11]. The quality label is a key aspect
that differentiates the TS from other AFs. In the Label2Enable
project, four TS-related products were cocreated with the
relevant stakeholders: (1) the health app “quality report,” which
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is a more detailed version of the quality label [22]; (2) the ISO
17000 series–compliant “certification scheme” for the TS, which
includes the app assessment handbook for CEN-ISO/TS 82304-2
for certified conformity assessment bodies [22]; (3) “stakeholder
guidance and tools,” which refers, for example, to educational
videos [46] on the quality label for citizens and guidance for
manufacturers; and (4) a series of “recommendations for
reimbursement” of health apps [47]. The upcoming demonstrator

phase aims to assess the first 100 apps, test and optimize the
value of the health app quality report from a multistakeholder
perspective and explore how to exploit the potential of
“automated assessments” (refer to the next subsection, Gain
Creators). This phase is planned to deliver 3 extra services: (1)
“customized implementation support,” (2) a “network of
ISO-certified assessment organizations,” and (3) a “repository
of assessed apps.”

Table 1. Compatibility (or fit) of the jobs related to adopting an assessment framework (AF) for health apps as described by the Catalan and Italian
health authorities and the products and services related to CEN-ISO/TS (Comité Européen de Normalisation [European Committee for
Standardization]–International Organization for Standardization/Technical Specification) 82304-2:2021 Health software—Part 2: Health and wellness
apps—Quality and reliability (the TS).

Products and servicesJobs

Implementa • Customized implementation supporta

Arrive at an appropriate AF • AF with a scoring mechanism

Achieve an efficient assessment process • Certification scheme
• Network of ISO-certified assessment organizationsa

Arrange easy-to-use platform(s)a • Repository of assessed appsa

Enable stakeholders • Stakeholder guidance and tools
• Network of ISO-certified assessment organizationsa

Identify interesting pathways/appsa • Repository of assessed appsa

Assess apps • AF with a scoring mechanism
• Certification scheme
• Stakeholder guidance and tools
• Network of ISO-certified assessment organizationsa

Publish apps • Quality label
• Quality report
• Repository of assessed appsa

Reimburse/pay for apps • Quality report
• Recommendations for reimbursement

aJob to be facilitated and corresponding anticipated TS service planned to be established during the demonstrator phase.

Gain Creators
Five current and one anticipated gain creators were identified
(Figure 2), which are compatible with (“fit”) 3 gains pursued
by the health authorities (Table 2): (1) the “rigor
(multistakeholder evidence base)” of the AF, the assessment
process (promising interrater reliability), and the handbook for
assessment organizations, which are in part already reported in
scientific publications [21,22,48]; (2) “ISO maintenance,” which
refers to the regular ISO review procedures that ensure that the
TS remains up to date and potentially evolves to an International
Standard; (3) “cross-country recognition/adoption” can be
facilitated by the TS, which in turn can increase the number of
assessed apps available, optimize resource allocation (the label
is effectively a screening), and minimize the duplication of
efforts; (4) the “positive effect of the label” on manufacturers’
intent to improve the quality of their app, HCPs’ willingness to
prescribe apps, and citizens’ intent to download and ability to

choose quality apps [22,48,49]. These effects could be amplified
by citizens’ trust in the recommendations of health apps by
HCPs (80%) and their expressed need for health authorities to
review and rate apps (86%; M Shokralla, MPH, MSc,
unpublished data, 2024); (5) the preliminary findings of a
comparative analysis of CEN-ISO/TS 82304-2 with European
health technology assessment (HTA) frameworks and
subsequent alignment [22] show that the handbook has a
“significant part of other AFs covered.” For health authorities,
this could mean a reduction in the conformity assessment
workload because already-labeled apps would only need to be
assessed against a limited set of context-specific requirements;
and (6) “automated assessments,” which refers to the potential
of partially automatizing app assessments, benefiting the quality
(rigor), efficiency, affordability, and scalability of assessments
and reassessments. Examples include software that can test the
app’s accessibility (eg, contrast, addressing color blindness, and
readability), privacy compliance (eg, personal data processed
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and whether the privacy statement includes all mandatory
elements [50]), and data security mechanisms (eg, automated
security testing) and in general natural language processing to

help assess the evidence provided and queries for surveillance
purposes.

Table 2. Compatibility (or fit) of the gains of adopting an assessment framework (AF) for health apps as perceived by the Catalan and Italian health
authorities and the distinct characteristics (gain creators) of the products and services related to CEN-ISO/TS (Comité Européen de Normalisation
[European Committee for Standardization]–International Organization for Standardization/Technical Specification) 82304-2:2021 Health software—Part
2: Health and wellness apps—Quality and reliability (the TS).

Gain creatorsGains

Quality apps for use • Rigor (multistakeholder evidence base)
• ISO maintenance
• Cross-country recognition/adoption

Prescription and use of apps • Positive effect of the label

Savings and efficiency • Cross-country recognition/adoption
• Significant part of other AFs covered
• Automated assessmentsa

aFuture gain creator planned to be established during the demonstrator phase.

Pain Relievers
Twelve current pain relievers and one anticipated pain reliever
were identified (Figure 2), which are compatible with (“fit”) 8
pains (Table 3): (1) the “potential of the label for use in app
stores,” the common marketplace for health apps. The TS has
global applicability (ISO), a label, a scoring mechanism, and
scalability potential with the “automated assessments” and
“network of ISO-certified assessment organizations.” These
distinct characteristics are considered attractive for app stores
to rank apps and inform potential users about the quality of
(labeled) apps; (2) the “positive effect of the label” on
manufacturers’ quality improvement plans and HCPs’
willingness to prescribe apps [22,48,49]; (3) the handbook for
app assessment organizations was “aligned with EU-level
legislation and values” [22], and the AF was built on the EU
Medical Device Regulation and General Data Protection
Regulation principles [21]; (4) the TS and Label2Enable project
are “EU-initiated and used.” A draft version of the TS was made
available to support the creation of COVID-19 apps and
referenced in the EU toolbox for COVID-19 contact–tracing
apps [51], and the TS is foundational for drafting implementing
legislation for labeling wellness applications (that claim
interoperability with an electronic health record system) in the
European Health Data Space Regulation; (5) the TS is a
“CEN-ISO-IEC collaboration”, all 3 bodies are renowned
international standardization organizations; (6) the handbook
was “informed by a comparative analysis of European HTA
frameworks,” that is, the European Network for Health
Technology Assessment core model and the Dutch, English,

Finnish, French, and German HTA frameworks for health apps
[22]; (7) distinctive from other AFs, the AF was “built on 28
standards” [11,21]. This includes the recognized National
Institute for Health and Care Excellence evidence standards
framework for digital health technologies [52,53], which was
used as a foundation for the CEN ISO/TS 82304-2 AF [21]; (8)
the “rating matches ISO’s role” to “agree on the best way of
doing things, make lives easier, safer and better, enabling trade
the world over” [54], enabling authorities to refer to unbiased
and standardized assessment results; (9) the “recommendations
for reimbursement,” which are the result of a series of
Label2Enable workshops for health authorities, HTA bodies,
and insurers, with 135 participants from 34 countries [47]; (10)
“automated assessments” could help address the need to
frequently reassess apps; (11) the visibility of “robust build on
the label,” which includes 4 interoperability requirements, is
expected to promote manufacturer investments in
interoperability; (12) the incorporation of “easy to use on the
label” could contribute to addressing inequity in the prescription
and use of health apps and promote the continued use of apps
[55]; and (13) given the importance of medical societies for
HCPs in promoting the prescription and use of apps [56,57],
the quality report was “tested with European medical societies”
to evaluate and enhance its usefulness for medical societies in
providing guidance for HCPs in recommending quality health
apps [22]; in addition, the results of mapping the TS with the
information needs of cardiologists regarding mobile health
solutions, carried out with the European Society of Cardiology,
indicated compatibility [58].
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Table 3. Compatibility (or fit) of the pains in adopting an assessment framework (AF) for health apps as perceived by the Catalan and Italian health
authorities and the distinct characteristics (pain relievers) of the products and services related to CEN-ISO/TS (Comité Européen de Normalisation
[European Committee for Standardization]–International Organization for Standardization/Technical Specification) 82304-2:2021 Health software—Part
2: Health and wellness apps—Quality and reliability (the TS).

Pain relieversPains

Risks of (so many) uncertified apps • Potential of the label for use in app stores
• Positive effect of the label

Legislation issues • Aligned with EUa-level legislation and values
• EU-initiated and used

Lack of harmonization • CEN-ISO-IECb collaboration
• Informed by a comparative analysis of European HTAc frameworks
• Built on 28 standards
• EU-initiated and used

Health authority issues • Rating matches ISO’s role

Reimbursement issues • Recommendations for reimbursement

App-related issuesd • Automated assessmentsd

Data-related issues • Robust build on the label

Citizen and HCP issues • Positive effect of the label
• Easy to use on the label
• Tested with European medical societies

aEU: European Union.
bIEC: International Electrotechnical Commission.
cHTA: health technology assessment.
dPain to be addressed and corresponding anticipated pain reliever planned to be established during the demonstrator phase.

Discussion

Principal Findings
In this paper, we systematically examined the compatibility of
the TS with the needs of 2 health authorities, aiming to further
enhance the compatibility of the TS with these needs and,
ultimately, reduce the uncertainty of peer authorities in
considering the adoption of the TS. The 2 studied health
authorities were diverse. FTSS is located in Catalonia, a region
in Spain with 8 million citizens, and has an AF for health apps
and wearables and an operational assessment process in place.
ISS is based in Italy, a country with 59 million citizens, and is
working on an AF for telehealth, which includes health apps.
We found that despite their diversity, their needs (gains, pains,
and jobs) largely overlapped. This suggests that health
authorities share common fundamental needs. Differences in
needs could be attributed to being a national advisory body in
a country currently without an established AF (a focus on
legislation issues—Italy) and a regional implementing
organization with an AF (a focus on the execution of
policy—Catalonia). Both health authorities see a need for, and
the benefits of, the uptake of health apps and using a common
AF. This confirms the recommendation of the World Health
Organization (WHO) to make mHealth evaluation with a
common methodology the norm rather than the exception [10].
At the same time, it is apparent that without enabling (EU)

legislation and standardization and with multiple authorities
involved, it is a challenge to establish an AF. For countries or
regions with a small population, arriving at an appropriate (and
sufficiently rigorous) AF might not even be feasible, given the
costs, capabilities, and limited attractiveness for manufacturers.

When is the compatibility of the TS sufficient for health
authorities? Osterwalder et al [29] argue that an innovation does
not have to address all needs of potential adopters; yet it should
satisfy the most essential (unrealized) gains, most extreme
(unresolved) pains, and most important (unsatisfied) jobs and
preferably be “difficult to copy.” We found that the TS has a
range of products and services with distinct characteristics (pain
relievers and gain creators) that address in part or in full all but
2 needs of the 2 health authorities studied; these are the jobs
“compile policy” and “integrate app data into platform(s)”
(Tables 1-3). To what extent these 2 jobs would classify as
important (unsatisfied) jobs—and as such should be addressed
in the future by the TS—needs to be determined in future
research. Many of the distinct characteristics (gain creators and
pain relievers) are difficult to copy (eg, multistakeholder
evidence base, international standardization nature, the
comprehensiveness of the label, and its development as an EU
initiative that has already been applied at the EU level).

Whether all of the distinguished products, services, and their
distinct characteristics individually (are perceived to) sufficiently
satisfy potential adopters’ needs could not be measured
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conclusively, given the prediffusion stage of the TS at the time
of this study. Such measurements and potential further
fine-tuning of the compatibility of the TS, which could further
reduce uncertainty, are part of the upcoming plans for the
demonstrator phase. The aims for this phase include assessing
the first 100 apps, developing the aforementioned additional 3
services and 1 gain creator and pain reliever, and testing the
health app quality report. We also aim to explore whether a
further reduction in the duplication of efforts would increase
compatibility and reduce uncertainty. Could, for instance, the
need to “arrange easy-to-use platform(s)” for assessed apps be
addressed with an EU-level “repository of assessed apps” and
EU efforts to materialize the “potential of the label for use in
app stores”? Could such strategies increase the rate of adoption
of the TS, prevent EU member states (and potentially medical
societies) from having to invest individually in such platforms
and thus pave the way for the EU-wide adoption of the TS and
uptake of health apps in the region? WHO statistics seem to
confirm the potential of an EU-level platform, with 77% (39/51)
of its European region member states rating the lack of a
trustworthy source to access effective apps as a significant
barrier to integrating health apps into clinical practice,
outnumbering privacy and security concerns (38/51, 75%),
patient digital literacy (37/51, 73%), and the lack of evidence
on app effectiveness in clinical practice (31/51, 61%) [10].

The health authorities’ jobs can be put in context with the 5
stages of the innovation-decision process in organizations
described by Rogers [25]. The first stage is “agenda setting,”
when one or more individuals in an organization identify a
problem and seek a compatible innovation to solve it. During
this stage, the job “compile policy” needs to be carried out.
WHO statistics show that 83% (44/53) of its European region
member states, including 85% (23/27) of the EU member states,
reported having a national digital health policy or strategy.
Nevertheless, only 28% (13/47) reported having an entity for
mHealth quality oversight, which relates to the second job,
“implement” [59].

After agenda setting, the next stages of the innovation-decision
process in organizations described by Rogers [25] are
“matching” (testing the feasibility of the innovation in solving
the organization’s problem), and “redefining/restructuring”
(reinventing the innovation to accommodate the organization’s
needs and structure). These are related to the identified jobs
“arrive at an appropriate AF” and “achieve an efficient
assessment process.” Catalonia has already carried out these
jobs and published the methodology used to compare the TS to
its previous AF and implement the TS, reporting a mere 7%
additional context-specific, scope-expanding, and
rigor-enhancing requirements [37], similar to reports in the
Australian context [60] and as previously suggested [17]. This
knowledge could further reduce peer authorities’ uncertainty
and inspire their own “matching” and “redefining/restructuring”
efforts. The rest of the reported jobs, including “assess apps,”
would follow once the first four have been achieved. Going
back to the status of the European region reveals that while 83%
(44/53) of WHO European region member states reported having
a national digital health policy or strategy, only 15% (6/39)
reported the evaluation of government-sponsored mHealth

(“assess apps”) [10], which is a prerequisite for the ultimate
jobs in our list: “integrate app data into platform(s)” and
“reimburse/pay for apps.” Although financing schemes for
telemedicine are increasingly regularly available [10], the
number of reimbursed apps were found to be limited [7] and
related value-based pricing frameworks “nonexistent to
embryonic” [61].

The low percentages of WHO European region member states
having entities for mHealth quality oversight and
government-sponsored mHealth evaluation raise questions. Do
other member states encounter the same significant challenges
(pains) as Catalonia and Italy in satisfactorily arriving at an
appropriate AF and assessing health apps? Could that be the
reason for not assessing apps? Or could it be that these member
states have different needs, perhaps not even perceive, contrary
to Catalonia and Italy (and the WHO), that an AF is a
much-needed solution? Or do they perhaps perceive other most
essential (unrealized) gains, most extreme (unresolved) pains,
and most important (unsatisfied) jobs, making an AF less of a
priority or other distinct AF characteristics a necessity? Further
key informant interviews or analysis of member states' national
policies [59] could validate the generalizability of the Catalan
and Italian needs or produce alternative customer profiles,
perhaps related to the adopter types described by Rogers [25]:
innovators, early adopters, early majority, late majority, and
laggards. Such an analysis would support future alignment of
the TS with the EU region at large; contribute to the
development of new services, such as “customized
implementation support”; and inform peer authorities’
decision-making on the adoption of the TS. In other words, an
analysis of member states’ policies through the lens of the
current VPC could potentially support the EU region in scaling
the evaluation of mHealth using a common methodology as
well as promote the equitable uptake of quality apps. Further
“matching” efforts by, or in collaboration with, health
authorities, other stakeholders, or relevant projects (eg, European
Digital Health Technology Assessment [62] and ASSESS DHT
[63]), using their own methodologies or inspiration from
Catalonia [37], would reveal whether they similarly have few
additional health app quality requirements when integrating
CEN-ISO/TS 82304-2 and further evolving the Label2Enable
handbook app assessment. These efforts and more
multistakeholder positioning statements would further reduce
uncertainties.

Strengths and Limitations
To our knowledge, this study is the first to systematically
analyze the compatibility of an existing AF with health
authorities’ needs, which has the potential to address the
scattered EU landscape, progressing toward a digital single
market and improving the uptake of health apps. The timing of
the study (prediffusion) exploited the potential to contribute to
preadoption compatibility, the effectiveness of the future
demonstrator phase, and the rate of adoption of the TS. Our
study was based on the perceptions of 3 key informants
associated with 2 health authorities in 2 EU countries, each part
of a larger landscape of health authorities, each with a focus on
health apps as part of a larger scope of digital health
technologies (Catalonia: health apps and wearables and Italy:
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telehealth). The limited number of key informants can be
attributed to the prediffusion phase of the TS, that is, the TS
was published in 2021, and from 2022 to 2024, the
Label2Enable project has cocreated the TS supportive products
and services with stakeholders. The 2 health authorities
involved—partners in the Label2Enable project—are the first
prerelease test users in the EU. The key informants are among
the first individuals to evaluate the TS. Such a limited scope
requires future validation, and we specifically pledge to extend
this analysis to the national policies of the EU member states
and further “matching” efforts. The complex process of
multistakeholder adoption in the EU and the wider landscape
depends on more than compatibility for 2 health authorities in
the prediffusion phase. As Catalonia’s FTSS revealed in its
paper, a multistakeholder evaluation is recommended as part
of adoption decision-making [37]. In other publications,
currently or shortly available (all Label2Enable results will be
published in Cordis [22] and on the Label2Enable results page
[23]), we have addressed other attributes and other key
stakeholders, some of whom have produced endorsing
positioning statements [58,64]. Theories focusing on the wider
ecosystem and AF landscape could be considered to further
support adoption strategies. Despite the limitations of this study,

the diversity of the 2 health authorities in terms of geographic
scope, roles and responsibilities, population size, triggers, the
scope of digital health technologies, target pathways and health
apps, and the status of the AF, increases the chance of the
generalizability of our results.

Conclusions
Our results suggest compatibility of the TS with the overlapping
needs of the health authorities to arrive at an appropriate AF
that would allow the uptake of health apps in their health care
systems. The perceptions and experiences of health authorities
captured in this study through interviews with key informants
provide an evidence-based foundation for peer authorities to
reduce their uncertainties related to the adoption of an AF,
particularly the TS. The study also established the basis to carry
out a wider analysis to understand the compatibility of the TS
with the needs of other EU member states, which would confirm
or fine-tune the TS and its distinct characteristics. To our
knowledge, this is the first report to systematically analyze the
compatibility of an existing AF with health authorities’ needs,
with the potential to address the scattered EU AF landscape,
progressing toward a digital single market and improving the
uptake of health apps.
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Abstract

Background: Mobile health apps have high potential to address the widespread deficit in physical activity (PA); however, they
have demonstrated greater impact on short-term PA compared to long-term PA. The multi-process action control (M-PAC)
framework promotes sustained PA behavior by combining reflective (eg, attitudes) and regulatory (eg, planning and emotion
regulation) constructs with reflexive (eg, habits and identity) constructs. Usability testing is important to determine the integrity
of a mobile health app’s intrinsic properties and suggestions for improvement before feasibility and efficacy testing.

Objective: This study aimed to gather usability feedback from end users on a first and a second version of an M-PAC app
prototype.

Methods: First, 3 workshops and focus groups, with 5 adult participants per group, were conducted to obtain first impressions
of the M-PAC app interface and the first 3 lessons. The findings informed several modifications to the app program (eg, added
cards with reduced content) and its interface (eg, created a link placeholder image and added a forgot password feature).
Subsequently, a single-group pilot usability study was conducted with 14 adults who were not meeting 150 minutes per week of
moderate-to-vigorous PA. They used the updated M-PAC app for 2 weeks, participated in semistructured interviews, and completed
the Mobile App Usability Questionnaire (MAUQ) to provide usability and acceptability feedback. The focus groups and interviews
were recorded, transcribed, and analyzed with content analysis informed by usability heuristics. The MAUQ scores were analyzed
descriptively.

Results: Participants from the workshops and focus groups (mean age 30.40, SD9.49 years) expressed overall satisfaction with
the app layout and content. The language was deemed appropriate; however, some terms (eg, self-efficacy) and acronyms (eg,
frequency, intensity, time, and type) needed definitions. Participants provided several recommendations for the visual design (eg,
more cards with less text). They experienced challenges in accessing and using the help module and viewing some images, and
were unsure how to create or reset the password. Findings from the usability pilot study (mean age 41.38, SD12.92 years; mean
moderate-to-vigorous PA 66.07, SD57.92 min/week) revealed overall satisfaction with the app layout (13/13, 100%), content
(10/13, 77%), and language (7/11, 64%). Suggestions included more enticing titles and additional and variable forms of content
(eg, visual aids and videos). The app was easy to navigate (9/13, 69%); however, some errors were identified, such as PA
monitoring connection problems, broken links, and difficulties entering and modifying data. The mean MAUQ total and subscale
scores were as follows: total=5.06 (SD1.20), usefulness=4.17 (SD1.31), ease of use=5.36 (SD1.27), and interface and
satisfaction=5.52 (SD1.42).
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Conclusions: Overall, the M-PAC app was deemed usable and acceptable. The findings will inform the development of the
minimum viable product, which will undergo subsequent feasibility testing.

(JMIR Form Res 2025;9:e59477)   doi:10.2196/59477

KEYWORDS

physical activity; mobile apps; mobile health; mHealth; usability study; inactive adults; smartphone

Introduction

Background
Regular physical activity (PA) is associated with reduced risk
of cardiovascular disease, hypertension, diabetes, breast and
colon cancer, and mortality [1]. It also has positive effects on
cognition and mental health [2,3]. Unfortunately, PA rates
worldwide are insufficient to reap these mental and physical
health benefits [4]. Given the widespread burden of global
inactivity, scalable PA interventions are needed. Mobile health
(mHealth) apps have great potential for scalability and to meet
harder-to-reach populations, such as rural residents, who are
also at increased risk of inactivity [5]. As of 2024, >60% of the
global population owns a smartphone, with even greater rates
in high-income nations such as the United Kingdom (82%), the
United States (82%), and Canada (72%) [6]. People spend the
majority (88%) of their mobile time using apps [7], and in 2019,
the average individual used 9 mobile apps per day and 30 apps
per month [8].

mHealth apps are an appealing medium for PA behavioral
interventions because they can provide up-to-date educational
material while concurrently enabling continuous PA tracking
and feedback [9-11]. They can also facilitate connections with
peers and health providers [9-11] and more easily implement
personalization and associations (eg, reminders) compared to
print or in-person interventions [12]. From a theoretical
standpoint, they can deliver a higher amount of behavior change
techniques (BCTs) compared to in-person interventions [12].
Using well-defined BCTs (eg, goal setting and self-monitoring)
has been associated with increased PA intervention engagement,
which is an essential metric to address given the high app
attrition rate and the connection between engagement and
resulting PA behavior [13-15].

In line with the additional BCTs and related features, mHealth
apps have demonstrated promising potential to impact PA
behavior. In a recent meta-analysis of PA mHealth apps or
trackers with automated and continuous self-monitoring and
feedback, Laranjo et al [16] reported a small-to-moderate effect
on PA (standardized mean difference [SMD]=0.350; 95% CI

0.236-0.465; I2=69%; T2=0.051) with a mean follow-up of 13
weeks. These standardized effects are higher than meta-analyses
of workplace PA interventions (SMD=0.21) [17],
internet-delivered PA interventions (SMD=0.14) [18], and
face-to-face PA interventions (SMD=0.29) [19] and are
equivalent to the 85th percentile of benchmarked PA
intervention effects [20]. PA mHealth app interventions have
also demonstrated longer-term (>6 months) effects on PA;
however, the effect sizes tend to decrease over time [21], similar
to PA interventions in general [22]. Because the health benefits

can only be accrued if PA behavior change is sustained, PA
maintenance, in addition to engagement, should be a focus of
future PA mHealth apps.

To determine intervention components needed for longer-term
PA behavior, PA theorists have attempted to conceptualize the
acts of PA behavior adoption and maintenance separately
[23,24]. For example, although constructs of traditional PA
theories in the social cognitive domain (eg, outcome
expectations or action planning) seem to be moderate predictors
of PA adoption, they may be less comprehensive for
maintenance [24,25]. Social cognitive theories highlight the
importance of forming PA intentions; however, these approaches
sometimes fail to account for the intention-PA gap (ie, the
proportion of individuals who do not follow through with regular
PA behavior that aligns with their PA intentions) [26-28]. A
recent meta-analysis showed that 48% of adult PA intenders
fail to follow through with PA [29].

Several theoretical approaches have been developed to close
the intention-behavior gap [27,30]. An example is the
multi-process action control (M-PAC) framework, which
combines reflective processes, such as those in traditional social
cognitive approaches (eg, attitudes), with regulatory (eg,
self-monitoring and emotion regulation) and reflexive (eg, habit
and exercise identity) processes to facilitate PA behavior change
[31]. Collectively, the M-PAC constructs have a causal structure
that begins with intention formation, progresses to the adoption
of action control, and ultimately leads to sustained action
control. Each stage is interconnected, with processes that are
mutually reinforcing and reciprocal [32]. Each construct
independently provides meaningful and significant contributions
to translating positive intentions to PA behavior, with the largest
predictive effect sizes coming from the latter reflexive processes
[31]. PA interventions (in-person and web-based) informed by
the M-PAC framework have demonstrated promising results
on PA behavior and PA maintenance, promoting constructs of
habit, self-identity, and behavioral regulation in feasibility trials
[33-36]. However, an mHealth app informed by the M-PAC
framework is yet to be tested.

To advance the likelihood of a successful and scalable mHealth
app, it is recommended to assess its intrinsic properties,
including usability and feasibility, in the initial prototyping
phases [37]. An initial focus on these intrinsic properties can
ultimately lead to greater attribution of the extrinsic metrics and
outcomes to the intervention. Usability is the assessment of the
quality of the interaction between the user and the intervention,
while feasibility is the assessment of the ability of the
intervention to work as intended in a given context [37].
Usability testing can help to uncover the overall interest in and
eagerness to use the mHealth app, potential impediments to its
use, and suggestions for improvement or innovation [38]. This
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usability phase is usually iterative, whereby prototypes are
refined and optimized through several stages based on user
feedback. It is also essential to involve end users to ensure that
the intervention is relevant and meets the specific needs and
preferences of the target population [39,40]. Once this phase is
complete, a minimum viable product (MVP) can be built and
then pilot-tested to test for further usability and acceptability,
followed by evaluation of its efficacy [38].

Research Objective
Thus, the objective of this research was to gather user feedback
on the first and second prototypes of the M-PAC app to inform
the design and development of the MVP. We initially explored
the first impressions of the M-PAC app prototype using focus
group methodology to gather important preliminary feedback
from a group with diverse views and perspectives [41].
Subsequently, we used a usability pilot study [42] to retrieve
more in-depth feedback on the usability and acceptability of
the M-PAC app from potential users—individuals who intend
to exercise but are not currently meeting the recommended PA
guidelines.

Methods

Overarching App Development Framework
The M-PAC app development and design were in accordance
with the IDEAS (integrate, design, assess, and share) framework
[38]. Specifically, this study described 2 iterative rounds of
phases 5 (prototype potential products) and 6 (gather user
feedback) [38]. As per the IDEAS framework phase 5, an initial
prototype was assessed during a series of workshops and focus
groups to gather first impressions and suggestions for
improvement. Commensurate with phase 6 of the IDEAS
framework, the suggestions from the workshops and focus
groups were implemented into the M-PAC app, and
subsequently, the updated second app prototype was assessed
in a usability pilot study, in which a new group of participants
had the opportunity to use the app as intended for a few weeks
and then provide additional feedback in individual interviews.

Phase 1 (workshops and focus groups) and the qualitative
interview component of phase 2 (usability pilot) were reported
following the COREQ (Consolidated Criteria for Reporting
Qualitative Research) criteria [43]. Phase 2 (usability pilot) was
reported following a modified version of the CONSORT
(Consolidated Standards of Reporting Trials) guidelines [44],
as recommended by Lancaster and Thabane [45] for
nonrandomized pilot studies.

Ethical Considerations
These studies received ethics approval from the University of
Victoria Human Research Ethics Board (21-0248; 21-0360).
All participants provided informed consent before participating
in the studies, and all study data are anonymous. Participants
in phase 2 (usability pilot) received a CAD $15 (US $10.88)
honorarium for participating in the study.

Phase 1: Workshops and Focus Groups

Design
Online hands-on workshops followed by focus groups were
conducted. The workshops were conducted between November
2021 and March 2022. Focus groups were designed to be run
with 4 to 6 participants, with a total of 15 to 20 participants,
based upon previous usability studies using apps and web-based
delivery [46-49]. The workshops and focus groups were led by
WS and supported by HH (who also took field notes). WS has
a PhD in health psychology, was a postdoctoral fellow at the
time of the study, and identifies as a man. HH has a master’s
degree in rehabilitation science, was a PhD student at the time
of the study, and identifies as a woman. WS had prior experience
in conducting research focus groups and interviews and HH did
not. WS and HH both have prior experience analyzing
qualitative data. WS and HH introduced themselves to the
participants as research trainees with a focus on PA behavior
change.

Participants
Eligible participants were adults aged 19 to 64 years who owned
a smartphone with either an iOS or Android operating system
and were fluent in English. Participants were recruited via online
advertisements on the research laboratory’s public X account
(X Corp; @bmedlab); public Instagram account (Meta
Platforms, Inc; @uvicbmed); public community Facebook (Meta
Platforms, Inc) groups local to Victoria, British Columbia; and
through snowball sampling. All communication between
researchers and participants took place over email. Some
participants were known to the researchers because they worked
in the same university; however, none of the participants had
provided feedback on the app before the study.

Procedures
Interested participants contacted the researchers via email and
were sent an email with the letter of information and consent
form. Upon providing consent, participants were asked to
provide availability for a 60-minute workshop and focus group.
Participants were informed that they would be given a
pseudonym during the workshops and focus groups to protect
their identity. Participants were later contacted to reconfirm
their availability once 4 to 5 participants reported having a
mutually available time and were sent a Zoom
videoconferencing link upon confirmation (Zoom Video
Communications). In addition, participants were asked to
download the Pathverse app platform [50] (Pathverse, Inc),
which gave them access to the M-PAC app on their smartphone,
to be able to actively participate in the workshop portion of the
session.

One day before the date of the workshop or focus group,
participant emails were used to create profiles on the admin
portal of Pathverse, so that participants would have access to
the M-PAC app. On the arranged time of the workshop or focus
group, participants joined into a Zoom call with 2 researchers.
All participants were given pseudonyms and were unable to
turn on video. The lead researcher shared their smartphone
screen and led the workshop and focus group discussion, while
the other researcher managed the video recording software and
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any questions within the Zoom chat. Upon entering the Zoom
call, the lead researcher asked participants to open the Pathverse
app and then instructed participants on how to create a profile
on Pathverse using their email. Once all the participants had
access to the app, the lead researcher began a walkthrough of
the app.

Participants were first shown how to access the lessons, along
with a brief overview of how to navigate through lesson cards,
the different types of cards, and how to mark a lesson as
complete, using “Lesson 0: Tutorial” and “Lesson 1: What is
Physical Activity” as examples. Afterward, participants were
directed to the tracking features on the app. Participants were
shown how to sync their step count to the app as well as how
to track and log PA, weight, and blood pressure. Participants
were then shown the goal-setting feature of the app. The lead
researcher created an example goal, demonstrating to
participants how to name the goal, set priority and reminders
on the goal, and how to mark goals as completed. Finally,
participants were shown how to navigate to the home page of
the app and to find the in-app navigation tutorial if they got
stuck. Participants were then given 5 to 10 minutes to explore
the app and its features independently. Overall, the workshop
portion of the session took approximately 25 to 30 minutes.

Following the workshop, participants were informed that they
would be starting the focus group portion of the session. The
lead researcher read the introductory script and then prompted
participants to ask any questions before beginning with the list
of semistructured questions (Multimedia Appendix 1). The
focus group portion of the session took approximately 25 to 30
minutes. The workshop and focus group guide was pilot-tested
among the research team. Only the participants and researchers
were present during the workshops and focus groups. There
were no repeat workshops and focus groups.

Intervention: The M-PAC App
The M-PAC app is an evidence-based mobile app designed to
support users in changing their PA behavior, developed by
researchers specializing in PA behavior. The app is built upon
the Pathverse app platform [50]. Pathverse is an mHealth

development platform designed for health and wellness
professionals and researchers. This platform consists of an admin
web-portal interface and a participant Pathverse app (available
in both IOS and Android stores). The M-PAC app, specifically,
includes educational content in the form of lessons;
self-monitoring features, such as step tracking and PA logging;
and a goal-setting feature, whereby users can set goals for
themselves as well as review completed goals (Figure 1).

Lessons within the app are broken down into individual “cards,”
which users navigate by swiping left or right, or via the arrow
buttons at the bottom of the screen. Cards present either (1) a
brief block of text, (2) a brief block of text with an image placed
below or above, (3) a brief block of text with a link to an
external web page, or (4) a challenge question. The challenge
question card presents the user with a short question and 4
possible answers. Selecting any answer presents the user with
a new slide indicating whether their answer was correct or
incorrect, as well as a brief explanation for the correct answer.

Lessons within the app are scaffolded according to the different
constructs within the M-PAC framework. Lessons 1 to 4 are
designed to address reflective processes of the M-PAC
framework: instrumental attitudes (“What are the health benefits
of PA?”), perceived opportunity (“Do I have the resources to
do PA?”), perceived capability (“Am I confident I can perform
this PA?”), and affective judgments (“Do I like PA?”). Similarly,
lessons 5 to 10 are aimed at addressing the regulatory (ie, skills
important in facilitating continued PA behavior, such as goal
setting and planning) and reflexive processes (eg, habit and
exercise identity) of the M-PAC. In addition, lessons contain
challenge cards that assess users’ understanding of the content
within their current lesson. Refer to Multimedia Appendix 2
[51] for a full list of app lessons, mechanisms of action, BCTs,
and behavior change ontologies applied [52,53]. Lessons must
be completed in order (ie, lesson 0, lesson 1, lesson 2, etc) to
unlock subsequent lessons, but completed lessons can be
revisited once unlocked. Given the usability focus of this study,
only lessons 1 to 3 (including a lesson 0: tutorial) were presented
to participants.
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Figure 1. Screenshots of a physical activity mobile health app informed by the multi-process action control (M-PAC) framework (the M-PAC app).
PA: physical activity.

Outcomes
The primary outcome of this phase was qualitative feedback on
the usability of the M-PAC app drawn from the focus groups.
Specifically, questions within the focus group were drawn from
Nielsen's 10 usability heuristics for user interface design [54].
These heuristics were adapted for this work to guide the
structured focus group questions, which addressed the following:

layout and information, appropriateness of language, backing
out or undoing an action, consistency in language and features,
errors and mistakes, forgetting acronyms, efficiency of interface
and navigation, visual design, ease in diagnosing and resolving
errors, and help and documentation. Probing questions for each
main question were also planned if group responses were vague
or open ended. For example, the first main question was, “How
did you find the layout and information of the app?” with
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probing questions of “If intuitive, what made the layout or
information intuitive?” and “If unintuitive, what made the layout
or information unintuitive? What would be more helpful?” The
specific questions related to these heuristics can be found in
Multimedia Appendix 3. Participant responses were recorded
using the video recording software Open Broadcast Software
(OBS) Studio [55] (OBS Studio Contributors).

Participant demographics of age, gender, and highest attained
education were assessed using single-item questions.
Furthermore, the brand of smartphone owned, ability to use the
features of a smartphone, ability to engage with other
technologies, and whether a PA app has been downloaded or
used in the past were also assessed using single-item measures.

Analysis
Focus groups were recorded using OBS Studio and transcribed
verbatim [55]. Transcripts were coded and analyzed
thematically, according to the 10 usability heuristics [54]
adapted for this study, using NVivo (QSR International) [56].
Participants were not asked to provide feedback on the
transcripts or findings. Two coders independently coded the
transcripts, with conflicts being resolved by a third coder.

Phase 2: Usability Pilot

Design
A 2-week, single-group pilot study was conducted virtually
between August 2022 and February 2023. The researchers were
located in Victoria, British Columbia, Canada, and the
participants were located anywhere in Canada.

Participants
Eligible participants were Canadian adults aged 19 to 64 years
who owned a smartphone device with either an iOS or Android
operating system, were fluent in English, and reported engaging
in <150 minutes of moderate-to-vigorous PA (MVPA) per week.
Individuals were excluded if they participated in the phase 1
workshops or focus groups or were involved in the design and
development of the M-PAC app. Participants were recruited
via online advertisements on the research laboratory’s public
X account (@bmedlab), public Instagram account (@uvicbmed),
and public community Facebook groups local to Victoria, British
Columbia; with paid Facebook advertisements; and snowball
sampling. All communication between researchers and
participants took place over email. A total of 10 to 15
participants was deemed appropriate based on previous usability
testing studies examining apps [57,58].

Procedures
Interested individuals contacted the research team via email and
were sent an email with the letter of information and a consent
form. Upon agreeing to participate in the study, participants
were sent instructions on how to download the M-PAC app, as
well as a demographics questionnaire. Participants also booked
a 30-minute baseline meeting with a researcher to walkthrough
the M-PAC app over Zoom. During the baseline meeting,
participants were given a walkthrough of the M-PAC app,
identical to the workshop from phase 1. Upon completing the
walkthrough, participants were asked to schedule a 30-minute

exit interview in 2 weeks and finish lessons 1 to 3 within those
2 weeks.

During the exit interview, the researcher followed the
semistructured interview guide to assess participants’
experiences with the M-PAC app (Multimedia Appendix 3).
The interview guide was pilot-tested among the research team.
Interviews were conducted by WS over Zoom, audio recorded
using OBS Studio, and lasted 20 to 30 minutes. Only the
participants and researchers were present, and there were no
repeat interviews. After completing the exit interview,
participants were told that they would be sent the Mobile App
Usability Questionnaire (MAUQ) to their email in 24 hours,
and to complete the MAUQ within 3 days of receiving the
questionnaire [59]. Upon completion of the MAUQ, participants
were given a CAD $15 (US $11.88) honorarium. There were
no changes made to the methods upon pilot study
commencement.

Intervention
Following the completion of phase 1, several modifications
were made to the M-PAC app. Changes to content included the
following: (1) modifying the introductory card for the
self-efficacy lesson from “Introduction to self-efficacy...” to
“Ways to improve confidence (also known as self-efficacy)...”,
(2) ensuring all acronyms (eg, MVPA; Canadian Society for
Exercise Physiology; frequency, intensity, time, and type
[FITT]; and Get Active Questionnaire) were clearly defined,
(3) bolding some terms to highlight them (eg, FITT), (4)
reducing the amount of text on cards and increasing the number
of cards per lesson, and (5) adding a references module and
providing links to references from each lesson. Changes to the
Pathverse platform included the following: (1) optimizing image
loading times, (2) creating an external link placeholder image
that reads “Link,” and (3) adding a “Forgot your password?”
feature. The updated version of the M-PAC app with the
aforementioned modifications was used for the usability pilot
study.

Outcomes
The primary outcome of this phase was qualitative feedback on
the usability and satisfaction of the M-PAC app, gathered
through the exit interview. Probing questions for each main
question were also planned if participants’ responses were vague
or open ended. For example, for the question, “Can you tell me
what you liked best about the M-PAC app?”, probing questions
of “Were there any features in particular?” and “What about
the content and/or layout?” were planned. The specific questions
within this interview guide can be found in Multimedia
Appendix 3. Participant responses were recorded using the video
recording software OBS Studio [55]. The a priori criteria for
moving on to a randomized pilot trial was an overall consensus
that the intervention was usable (MAUQ score≥5), and at least
60% (8/13) of participants were satisfied with the intervention,
with minor to moderate suggestions for improvement.

Quantitative feedback on the usability of the M-PAC app was
collected via the MAUQ [59], specifically the version for
stand-alone mHealth apps. This version of the MAUQ is an
18-item self-report questionnaire that assesses an mHealth app’s
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ease of use, interface and satisfaction, and usefulness. The
questionnaire demonstrated construct and criterion validity and
reliability, with Cronbach α=0.91 for the total MAUQ, 0.71 for
ease of use, 0.93 for interface and satisfaction, and 0.65 for
usefulness internal consistency.

Participant demographics of age, gender, and highest attained
education were assessed using single-item questions.
Furthermore, the brand of smartphone owned, ability to use the
features of a smartphone, ability to engage with other
technologies, and whether a PA app has been downloaded or
used in the past were also assessed using single-item measures.
Participants’ average weekly PA was assessed using the
modified Godin Leisure-Time PA questionnaire [60]. The
estimated weekly MVPA was calculated by multiplying the
frequency and duration of moderate- and vigorous-intensity PA
minutes and adding them together. The Godin-Leisure-Time
PA questionnaire has demonstrated acceptable validity and
reliability in a variety of settings, populations, and countries
[60,61]. There were no changes made to the assessments or
measurements after the trial commenced.

Analyses
Exit interviews were recorded using OBS Studio and transcribed
verbatim. Transcripts were coded and analyzed thematically,
according to the 10 usability heuristics [54] adapted for this

study, using NVivo [56]. Participants were not asked to provide
feedback on the transcripts or findings. Two coders
independently coded the transcripts, with conflicts being
resolved by a third coder.

Descriptives (ie, mean and SD) for quantitative usability
feedback from the MAUQ were calculated for total MAUQ
scores, as well as for the ease of use, interface and satisfaction,
and usefulness subscales [59].

Results

Phase 1: Workshops and Focus Groups

Participants
We conducted 3 focus groups of 5 participants each. Participants
were primarily women (13/15, 87%) with a mean age of 30.4
(SD 9.49) years. Most had at least a college or university degree
(14/15, 93%) and self-reported having above average abilities
to use the functions of their smartphone (11/15, 73%), and just
under half had previously downloaded a mobile app to help
increase their PA (7/15, 47%; eg, Down Dog, Fitbit, Health,
Nike Training Club app, Endomondo, and Sweat app). The most
common brand of smartphone was Apple iPhone (9/15, 60%),
followed by Samsung (4/15, 27%) and Google Pixel (2/15, 13%;
Table 1). None of the participants refused to participate or
dropped out of the study.
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Table 1. Baseline characteristics of the workshops, focus groups, and pilot study participants.

Pilot (n=14)aWorkshops and focus groups (n=15)

41.38 (12.92)30.4 (9.49)Age (y), mean (SD)

Gender, n (%)

11 (85)13 (87)Women

2 (15)2 (13)Men

Yes=8 (62) and no=5 (38)—bBritish Columbia

13 (100)15 (100)Country (Canada)

Highest education, n (%)

1 (8)1 (7)High-school diploma

3 (23)0 (0)Vocational school or some college

5 (38)6 (40)College or university degree

4 (31)8 (53)Professional or graduate degree

Brand of smartphone, n (%)

1 (8)2 (13)Google Pixel

4 (31)4 (27)Samsung

5 (38)9 (60)Apple iPhone

1 (8)0 (0)LG

1 (8)0 (0)Huawei

1 (8)0 (0)Motorola

Ability to use the functions of their smartphonec, n (%)

0 (0)4 (27)Average

5 (38)6 (40)Good

8 (62)5 (33)Excellent

Abilities to engage with and use other types of technology generallyc, n (%)

0 (0)1 (7)Poor

0 (0)3 (20)Average

7 (54)6 (40)Good

6 (46)5 (33)Excellent

Previously downloaded a mobile app to help increase their physical activityd, n (%)

8 (62)7 (47)Yes

0 (0)2 (13)Down Dog

2 (13)1 (7)Fitbit

0 (0)1 (7)Health

0 (0)1 (7)Nike training club app

0 (0)1 (7)Endomondo

0 (0)1 (7)Sweat App

2 (15)0 (0)Optimity

1 (8)0 (0)Carrot

1 (8)0 (0)Habitshare

1 (8)0 (0)MyFitnessPal

1 (8)0 (0)C25K

1 (8)0 (0)ParticipACTION app
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Pilot (n=14)aWorkshops and focus groups (n=15)

1 (8)0 (0)7M workout

5 (38)8 (53)No

If you have previously downloaded an app to increase your physical activity, was it helpful?d, n (%)

6 (46)3 (20)Yes

2 (15)4 (27)No

Physical activity behavior score, mean (SD)

54.29 (52.87)—Moderate physical activity

11.79 (20.90)—Vigorous physical activity

66.07 (57.92)—MVPAe

aOne participant did not complete the baseline questionnaire.
bNot applicable.
cScale choices: terrible, poor, average, good, and excellent.
dScale choices: yes and no.
eMVPA: moderate- to-vigorous physical activity.

Focus Group Findings

Overview

Refer to Table 2 for a comprehensive overview of the findings
from the focus groups. Data saturation, where no new themes

were revealed, was reached after 3 focus groups, which is in
line with research stating that data saturation can be achieved
with 3 to 5 focus groups [62].
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Table 2. Multi-process action control (M-PAC) app usability focus group themes informed by the usability heuristics by Nielsen [54].

Negative findings and suggestionsPositive findingsHeuristic theme

Layout and information (includ-
ing information on features)

• Multiple levels of content for people who want more informa-
tion

• The flow was nice and attractive and easy
to navigate

• The 3 icons at the bottom were straightfor-
ward

• The menu button should be reworded (does not take the user
to a menu)

• Some people wanted the congratulations card before the ref-
erence card

• Liked the card format

• Trackers and self-reports should be in the same tab

Appropriateness of language • Language was for individuals who had higher physical literacy• Language was appropriate for the general
audience • Once in a while, some words could have been different

• Lay terms that anyone could understand • Some terms, such as self-efficacy, could be initially presented
using a more widely known term• Fun theory

• Base screen says “activate account” instead of “create an ac-
count,” which is not intuitive

Backing out or undoing an action • Upon returning to a lesson from the home page, one needed
to restart the lesson

• Good that there were two options to go
back—you could slide or also click

• When they tracked a self-monitoring measure (blood pressure,

PAa, or weight), it could not be edited or deleted

• Consensus that this was easy to do

• Completed goals had a clickable “Completed” button, which
made the goal “uncompleted” and took it back to the current
tab

Consistency in language and
features

• Modules versus lessons• Generally, people thought language and
features were consistent • Icon differences in goals depending on Android or Apple

phone (eg, “I get a little house a little running man and then
something that looks like a golf a putting green flag”)

• Some things did not show up on iPad (long-term benefits with
percentages)

—bErrors and mistakes • Connection to Fitbit not working
• Some images did not load
• Some images were glitching (24-hour movement guideline)
• No way to reset the password
• For Android users, external links led to blank white pages
• Some images showed up too small

—Forgetting acronyms • Sometimes an acronym was presented without defining it

(MVPAc, CSEPd, FITTe, and PAR-Qf)

Efficiency of interface and navi-
gation

• Ability to connect to other PA-measure devices• Easy to swipe with 1 hand
• The swipe left button was too small
• Some tabs were swipe and click, while others were only click
• Desire to include the ability to link out to external web pages

for references
• Each page should have a home page button

Visual design • Bold the FITT• People liked that similar images and illus-
trations were used • Too much text on some cards

• People liked the color scheme • The external link placeholder image was too small and does
not intuitively make people think it was a link• People liked the representation among the

images • Wanted more visual pop within the lessons
• The design of the tabs was clean • Wanted the landscape format

• The check question button on the quiz answer card was not
in an intuitive location

• On some pages, there was a lot of dead white space at the
bottom

• One person wanted real images rather than the clip art
• More cards with less text
• When setting goals, the grey buttons were not intuitive and

should be displayed in a different color for better clarity
• Program card could be better optimized (currently the title is

cut off, and it flips to a sample page)
• Would like more color on some of the slides
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Negative findings and suggestionsPositive findingsHeuristic theme

• Could not figure out password components (ie, how many
letters or numbers were required)

• Needed to go through the entire set of help slides to find a
solution

• The help button was hard to find

—Ease in diagnosing and resolving
errors

• Provided information on how to connect the Fitbit
• Help cards did not have a home button and could not be

skipped
• The help button should be more accessible
• Ability to send error reports on specific cards, in the help tab,

or at the end of modules
• Had to slide through the help slides individually
• Help icon could be changed

—Help and documentation

• Wanted to log other metrics, such as distance
• Want a progress bar
• The switch studies button should be a separate button
• Wanted a sound at the end of the lesson
• Desire to bookmark certain pages
• Desire for a toolbox for important questionnaires or favorite

cards

—Additional features

aPA: physical activity.
bNot applicable.
cMVPA: moderate-to-vigorous physical activity.
dCSEP: Canadian Society for Exercise Physiology.
eFITT: frequency, intensity, time, type.
fPAR-Q: Physical Activity Readiness Questionnaire.

Theme 1: Layout and Information

Participants stated that overall the app was attractive and had
straightforward icons. They also enjoyed that the app used cards
to convey information, and they liked the flow when swiping
between cards. However, participants disliked that the “Menu”
button only allowed them to switch studies instead of lessons.
Moreover, participants asked for multiple depths of content for
people with various physical literacy levels.

Theme 2: Appropriateness of Language

Participants agreed that the app used lay terms to make the
language appropriate and understandable for the general
audience. Nevertheless, they suggested that a more PA-literate
population might find the language too simple. In addition, the
definition of some terms (eg, self-efficacy) could have been
introduced earlier to enhance users’ understanding.

Theme 3: Backing Out or Undoing an Action

Participants liked that the app offered an easy way to navigate
back from a page. For instance, they liked that the app had 2
options to return to the previous page (ie, by clicking or sliding).
However, participants disliked that they needed to restart the
lesson once they returned to the home page, could not edit or
delete self-monitoring measures such as blood pressure and
weight, and completed goals still had a clickable “completed”
button, which uncompleted the goal.

Theme 4: Consistency in Language and Features

Generally, the participants agreed that the app’s language and
features were consistent. However, participants reported
inconsistency in wording and icons across different platforms.

Theme 5: Errors and Mistakes

Participants reported that the app could not connect to Fitbit.
In addition, some images glitched (eg, showed up too small) or
would not load. Participants also stated that they could not reset
the password for the app. Another error was that external links
led to blank pages for Android users.

Theme 6: Forgetting Acronyms

The focus group participants suggested that sometimes the
lessons introduced acronyms (eg, MVPA, CSEP, FITT, and
PAR-Q) without providing definitions.

Theme 7: Efficiency of the Interface and Navigation

The participants liked that they could easily swipe through the
app when navigating. However, they reported that some tabs
could only be clicked on, whereas others could be swiped
through and clicked on. Participants also thought the swipe left
button was too small, making clicking difficult.

Theme 8: Visual Design

The focus groups liked that the images and illustrations were
coherent in style throughout the app. They also enjoyed the
color scheme, visual representation, and the design of the tabs.
However, participants did not like that key terms, such as FITT,
were not bolded. They also disfavored that certain cards were
text heavy.
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Theme 9: Ease in Diagnosing and Resolving Errors

The participants reported that the app did not provide
information about the password requirements when creating a
password for log-in. They also disliked that the “help” button
was hard to find, and they needed to go through the entire set
of slides to find a solution to their problems.

Theme 10: Help and Documentation

Participants disliked that the app did not provide sufficient
information on how to connect to Fitbit, the “Help” cards were
not accessible (eg, the “Help” cards did not include a “Home”
button and users could not skip to the card they wanted), and
the lack of the ability to send error reports on specific cards.

Theme 11: Additional Suggestions on Features

Participants asked for features such as a progress bar in the
lessons, a sound effect when finishing a lesson, a toolbox for
important or favorite cards, a “home” button on each page,
hyperlinks to reference articles, the ability to bookmark specific
pages, and the option to input different PA metrics (eg, distance
walked).

Phase 2: Usability Pilot

Participants
Fourteen participants took part in phase 2 (usability pilot). One
participant did not complete the baseline questionnaire due to
unknown reason. Participants were mainly women (11/13, 85%)
with a mean age of 41.38 (SD 12.92) years. Most (9/13, 69%)
had at least a college or university degree, all (13/13, 100%)
self-reported having above average abilities to use the functions
of their smartphone, and most (8/13, 62%) had previously
downloaded a mobile app to help increase their PA(eg, Fitbit,
Optimity, Carrot, Habitshare, MyFitnessPal, C25K,
ParticipACTION app, and 7M Workout). The most common
brand of smartphone was Apple iPhone (5/13, 38%), followed
by Samsung (4/13, 31%), Google Pixel (1/13, 8%), Hauwei
(1/13, 8%), LG (1/13, 8%), and Motorola (1/13, 8%; Table 1).
The participants reported on average 66.07 (SD 57.92) minutes
of MVPA per week. None of the participants refused to
participate or dropped out of the study.

Interview Findings

Overview

Refer to Multimedia Appendix 4 for a comprehensive overview
of the findings from the interviews. A total of 14 interviews
were conducted; however, only 13 interviews were recorded
due to a malfunction of the recording instrument. Data
saturation, where no new themes were revealed, was reached
after 13 interviews, which is in line with research stating that
data saturation can be achieved with 8 to 16 interviews [62].

Theme 1: Layout and Information

Of the 13 participants, 13 (100%) commented on the layout and
information of the app, and everyone indicated something they
liked (eg, straightforward layout and modules took a reasonable
amount of time to complete). Of the 13 participants, 6 (46%)
disliked the app’s layout and information due to inefficient
content layout (eg, too many pages for a lesson), content and
questions being too basic, and some content lacking references.

Theme 2: Appropriateness of Language

Of the 11 participants that commented on this theme, 7 (64%)
acknowledged that the language used in the app was clear and
easy to understand. However, of the 11 participants, 7 (64%)
also commented on what they disliked regarding the app’s
language choice, including the lessons not having descriptive
titles. Some participants did not understand the meaning of the
app’s name (M-PAC app) and thought it did not represent the
app’s intent.

Theme 3: Backing Out or Undoing an Action

One (8%) participant commented on this theme and they
mentioned that returning to the app’s home screen was
inconvenient.

Theme 4: Consistency in Language and Features

Of the 6 participants that commented on this theme, 6 (100%)
discussed the app’s consistency in language and features. All
of them recognized something they disliked, including
inconsistency in link descriptions (eg, some links had more
details on why to click the link and some had no explanation),
notification sounds appearing too frequently, and color labeling
for the priority goals not following convention. By contrast, of
the 6 participants, 2 (33%) liked that the app followed
conventional color schemes (eg, active links were blue) and
connected to conventional devices such as Fitbits.

Theme 5: Errors and Mistakes

Of the 11 participants that commented on this theme, 11 (100%)
reported errors in the app. Some participants (4/11, 36%) stated
that the app had problems connecting to Google Fit, and several
links in the lessons did not work. Several users encountered
general visual glitches, such as slow loading and pictures and
data not being fully displayed on some devices. Other errors
included the app being unresponsive, typos, problems with
modifying weight and blood pressure information, step counts
being inconsistent with other external trackers, and text not
fitting on the screen.

Theme 6: Forgetting Acronyms

Of the 4 participants that commented on this theme, 3 (75%)
did not understand what the app’s name (ie, Pathverse or M-PAC
app) represents, and 1 (25%) participant forgot that PAR-Q
stands for the Physical Activity Readiness Questionnaire.

Theme 7: Efficiency of the Interface and Navigation

Of the 13 participants that commented on this theme, 9 (69%)
thought the app was overall well structured and easy to navigate.
However, of the 13 participants, 7 (54%) discussed aspects they
disliked about the app’s interface and navigation, such as the
tracker feature being hard to find, not being able to go straight
to the home screen after finishing a lesson, goals needing to be
reentered daily, the tracking tab did not show dates for active
minutes and daily goals, active minutes could not be entered
for previous dates, and the progress of an unfinished lesson
could not be saved.

Theme 8: Visual Design

Of the 13 participants that commented on this theme, 4 (31%)
liked the app’s overall visual design, with comments stating
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that the app had visually pleasing graphics and engaging
diagrams, and the color scheme helped user navigation (eg, blue
active links turned purple when clicked). Of the 13 participants,
7 (54%) did not enjoy the app’s visual design for reasons such
as the color scheme was not esthetic and lacked novelty (2/7,
29%), the graphic content did not include diverse body types
(2/7, 29%), and the name and icon of the app were not attractive
or meaningful to the users (3/7, 43%).

Theme 9: Ease in Diagnosing and Resolving Errors

Two (15%) participants commented on this theme and reported
that no information was provided for the potential reason for
errors (ie, no error messages or error codes).

Theme 10: Help and Documentation

One (8%) participant mentioned that the app did not provide
information or warnings about upcoming updates.

Theme 11: Additional Feedback

Of the 13 participants that commented on this theme, 11 (85%)
had a positive overall experience using the app. Many would

likely use the app to improve their PA and recommend it to
others. Of the 13 participants, 1 (8%) had a negative overall
experience with the app. Some users stated that they would not
likely use the app to improve their PA (3/13, 23%) or
recommend it to others (4/13, 31%).

Theme 12: Additional Suggestions on Features

Most participants (11/13, 85%) suggested the features they
would like to be included in the app, such as the ability to access
new lessons overtime, take notes and make personal input during
lessons, add comments to daily active minutes, and receive
incentives on users’ PA progress.

Usability
A total of 13 participants filled out the MAUQ (Table 3).
However, 1 participant did not fill out the MAUQ for unknown
reasons. The mean total MAUQ score was 5.06 (SD 1.20), and
the mean subscale scores were as follows: “ease of use” 5.36
(SD 1.27), “interface and satisfaction” 5.52 (SD 1.42), and
“usefulness” 4.17 (SD 1.31).

Table 3. Mobile App Usability Questionnaire (MAUQ) scores of the pilot usability study (n=13).

Score, mean (SD)Subscale

5.36 (1.27)Ease of use

5.52 (1.42)Interface and satisfaction

4.17 (1.31)Usefulness

5.06 (1.20)Total MAUQ score

Discussion

Overview
The purpose of this research was to gather user feedback on the
first 2 prototypes of the M-PAC app to inform the design and
development of an MVP. The ultimate aim of the M-PAC app
is to promote sustained PA intention-behavior translation;
consequently, it is informed by the M-PAC framework, which
combines reflective and regulatory processes that assist
individuals in translating PA intentions to behaviors with
reflexive processes that contribute to PA maintenance
[23,24,31]. We assessed the impressions of the first app
prototype among a convenience sample of adults and
subsequently evaluated the usability and acceptability of the
second app prototype among a group of adults who intended to
exercise but were not meeting the recommended PA guidelines.
The M-PAC app design and development is informed by the
IDEAS framework, which recommends an iterative phase of
gathering user feedback and usability testing before feasibility
and efficacy testing [38]. This step is important to ensure there
is overall interest in the app, to identify potential impediments,
and to collect suggestions for improvement and innovation.

Principal Findings
Overall, the focus group and interview findings indicated that
the M-PAC app was well received by target users and the
usability scores were high. The findings also unveiled several
suggestions related to usability that should be addressed before
testing an MVP.

Comparison With Prior Work
Participants thought the M-PAC app was easy to use and
navigate, the layout was straightforward, and the lessons took
a reasonable amount of time. Altogether, this feedback aligns
with the “less-is-more” strategy, which has been proposed for
effective human-technology interactions [63]. Enhancing the
appeal and usability of the M-PAC app is crucial, especially
considering that in 2022, the average retention rate for health
and fitness apps dropped from 37% on the first day to just 9%
by day 28 [13]. The most frequent reasons for abandoning
mHealth apps are a lack of interest or declining motivation,
preference for other apps, lack of desired features, lack of
enjoyment (fun), and ease of use [64]. Consequently, the
challenges with some of the features and navigation of the
M-PAC app will need to be addressed, such as needing to reenter
goals daily, inability to enter active minutes for previous dates,
and inability to save lesson progress.

Several users reported difficulty with connecting to their PA
tracking app. This is an important usability issue to address
because users desire accurate and efficient tracking features
[65]. Users also reported that the PA tracker feature was difficult
to find and use (eg, activity minutes could not be entered for
previous dates). Updating the PA tracking will need to be a
priority because it facilitates self-monitoring, which is important
for translating PA intentions into behaviors [10,11,66,67].

Another important characteristic to address is the app’s name.
Several participants critiqued the name “M-PAC app,” stating
it was not meaningful and did not represent the app’s intent.

JMIR Form Res 2025 | vol. 9 | e59477 | p.2822https://formative.jmir.org/2025/1/e59477
(page number not for citation purposes)

Hollman et alJMIR FORMATIVE RESEARCH

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


This is an interesting consideration that is specific to mHealth
app behavioral interventions as it does not necessarily need to
be addressed in face-to-face, educational leaflet, or website
interventions. The app name is one of the first things that app
users notice; therefore, it should be unique, easy to remember,
and should clearly communicate the app’s functionality [68].
We began brainstorming potential replacements to the app name
that are more understandable to a diverse audience and represent
its intent to promote long-term PA behavior, and ultimately, we
decided on the name “Physical Activity for Life (PAL) app.”

Participants voiced that they would like to continue accessing
new lessons over time. This is supported by previous research
stating that to maintain interest and encourage ongoing use of
the app, users desire new and updated content [65]. Users desire
tailored content, and to ensure they are receiving ongoing
tailored content, a solution could be to implement the
just-in-time adaptive intervention (JITAI) design. The JITAI
design attempts to deliver support to the user “at the moment
and in the context that the person needs it most and is most
likely to be receptive” [69]. The M-PAC app development and
design team is currently working on implementing a JITAI
design.

The overall MAUQ scores from the usability pilot study were
>5 for the total score, “ease of use,” and “interface satisfaction”
subscales. Given that MAUQ scores of ≥5 indicate increasing
levels of agreeableness, these scores suggest high usability [59].
The mean “usefulness” subscale score was <5, indicating
moderate to low usability. This is not surprising considering
participants only had access to the first 3 lessons of the app,
while the MVP is estimated to have 13 lessons. This likely also
reflects the earlier feedback indicating that participants wanted
more content.

Strengths and Limitations
Key strengths of the study are the sample demographics,
particularly of the second study. Participants were aged, on

average, 41.38 (SD 12.92) years, which is representative of
millennials [70], who currently make up the most prevalent
users of fitness apps [71]. Participants owned a range of different
types of smartphone devices and were not currently meeting
PA guidelines. A strength of the study design is that it used a
mixed methods approach, including 2 types of qualitative
feedback (eg, focus groups and interviews), as well as
quantitative feedback in the form of the MAUQ. Mixed methods
design offers unique and complementary insights into the
multifaceted phenomena of mHealth usability [72]. Some
limitations to the demographics are that the majority had a
postsecondary degree and self-claimed to have good or excellent
abilities to use the functions of their smartphone. Another
limitation was that participants only had access to the first 3
lessons, out of the potential 13 lessons; however, the formatting
will be the same for subsequent lessons, and the learnings from
this study will be applied to those lessons as well. Because we
are unaware of how the nature of regulatory and reflexive
constructs may lend themselves to the current format, we plan
to conduct further feasibility testing to more comprehensively
understand whether the app is a viable means to deliver the
complete intervention.

Conclusions
Overall, the first 2 M-PAC app prototypes were usable and
acceptable among the users. We will address the suggestions
in the design and development of the MVP. Key upgrades we
plan to implement include testing connections with the PA
tracking feature, shortening lessons, coming up with a new app
name, optimizing image loading, providing the ability to log
activity minutes from previous days, providing the ability to
add notes to PA logs, and enabling users to save progress in
lessons. Once we have completed these modifications, we will
conduct feasibility testing with the MVP.
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Abstract

Background: Few personalized behavioral treatments are available to reduce the risk of prescription opioid–related harm among
patients with chronic noncancer pain.

Objective: We aimed to report on the second phase of the co-design of a digital brief intervention (BI) based on patient and
health professional preferences.

Methods: Eligible patients with chronic noncancer pain (n=18; 10 women; mean age 49.5, SD 6.91 y) from public hospital
waitlists and health professionals (n=5; 2 women; mean age 40.2, SD 5.97 y) from pain and addiction clinics completed
semistructured telephone interviews or participated in focus groups exploring BI preferences, needs, and considerations for
implementation. Grounded theory was used to thematically analyze the data.

Results: We identified 5 themes related to intervention content from patient reports: relevance of the biopsychosocial model
and need for improved awareness and pain psychology education; nonpharmacological strategies and flexibility when applying
coping skills training; opioid use reflection and education, with personalized medication and tapering plans; holistic and
patient-inclusive assessment measures and feedback; and inclusion of holistic goals targeting comfort and happiness. Five themes
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related to the process and guiding principles were identified: therapist guided; engaging features; compassionate, responsive,
person-centered care; a digital solution is exciting, maximizing reach; and educate and normalize system and policy challenges.
Finally, 5 themes were reflected in the health professionals’ reports: digital health use is rare but desired; digital health is useful
for patient monitoring and accessing support; patient motivation is important; a digital BI app is likely beneficial and at multiple
care points; and safe medication use and managing pain goals. The reported barriers from health professionals were intervention
intensity, potential costs, and patient responsiveness; factors facilitating the implementation were the alignment of digital BIs
with clinical models, a stepped-care approach, and feedback.

Conclusions: This co-design study identified key content areas, guiding principles, enabling factors, and barriers from both
patients and health professionals to guide the development of digital BIs. The knowledge gathered should inform future iterations
of co-designing digital BIs for the population most at risk of the harmful effects of opioid medications.

(JMIR Form Res 2025;9:e57212)   doi:10.2196/57212

KEYWORDS

chronic noncancer pain; CNCP; prescription opioid use; brief intervention; brief psychological intervention; co-design; patient
partners; qualitative research; digital health

Introduction

Clinical guidelines recommend behavioral and
nonpharmacological treatments and interdisciplinary
rehabilitation for the treatment of chronic noncancer pain
(CNCP) (eg, Dowell et al [1]). However, there is a substantial
gap between research evidence and clinical practice, referred
to as one of the “valleys of death” [2] in the management of
CNCP. Barriers to patients accessing best practice,
multidisciplinary, specialist pain care include long waiting times,
geography, high demand for treatment, treatment intensity, lack
of trained behavioral therapists, and cost [3-7]. Psychological
treatments rarely reach patients with CNCP. Our research on
patients’ lived experience has found that most patients with
CNCP are not offered psychological treatment (eg, cognitive
behavioral therapy) and are unaware that it is recommended as
an effective first line treatment for pain [8]. These experiences
are supported by national research, which shows that 87% of
Australians with CNCP had not seen a psychologist for CNCP
and almost 60% were not aware of the role of psychologists in
pain care [9]. This is not unique to Australia. Patients around
the world are not offered or referred to nonpharmacological
interventions, particularly when receiving opioid therapy [4,10].
Increasingly high demand for psychologists and specialist pain
clinicians [11,12] further complicates research translation.

Digital health interventions (DHIs) for pain have been
highlighted as a potential innovative solution to the treatment
accessibility problem, the growing burden of CNCP, and global
health threats [13-15]. DHIs for pain provide potential
advantages to health systems, providers, and patients such as
improved accessibility, efficiency, and cost-effectiveness, but
DHIs are affected by similar knowledge-to-practice gaps with
added challenges in data privacy, security, and formulating
regulatory guidelines and approvals. Patient access to DHIs
outside of research studies is limited [16], reducing their
real-world impact. Few DHIs that are publicly available have
received empirical evaluation [16,17]. Bridging these gaps in
traditional and digital pain care is a priority.

A lack of patient and health professional partnering in research
has been cited as a central reason for research failing to translate
into clinical practice [18-21]. Co-designing new DHIs has been

highlighted as a potential solution to the translational challenge.
Co-design involves meaningful stakeholder (eg, patients and
health professionals) involvement in the design, implementation,
and translation of research [22]. Engaging patient partners
alongside health professionals in the co-design of DHIs allows
for improved tailoring to individual preferences and needs,
which has the potential to increase treatment effectiveness,
acceptance, and adoption in practice.

Patients and health professionals have rarely been involved in
the co-design of DHIs for CNCP since it was recommended
more than a decade ago [23]. Most DHIs are developed by the
for-profit software industry [24] and lack a theoretical
framework [17]. Only 19% of the studies involved end users in
development, and this is usually done in an ad hoc manner [25].
Involvement of health professionals in designing DHIs varies
considerably (8.2% and 30.6%) [17,25]; few enable
communication with health professionals or clinician access to
patient data [25,26]; and almost none (<3%) involve both
patients and health professionals [25].

There is an opportunity to optimize the research to practice
nexus using co-design methods in all phases of developing new,
brief DHIs. This study is part of a larger program of work to
co-design, co-develop, and evaluate the feasibility of a digital
brief intervention (BI) for patients with CNCP to reduce
prescription opioid–related harm. Digital BIs provide a
potentially efficient and scalable psychological and behavioral
treatment option that facilitates rapid access to pain care [13,27].
In the first phase of the digital BI co-design, we examined the
patients’ lived experiences of CNCP management with a
particular focus on opioid therapy in individual interviews [8].
In this second phase, we advanced this body of work by
examining the needs and preferences of patients and health
professionals as well as implementation barriers and enablers.
The knowledge gathered will continue to inform future steps
in the co-design of digital BIs for the population most at risk
of the harmful effects of opioid medications.

JMIR Form Res 2025 | vol. 9 | e57212 | p.2830https://formative.jmir.org/2025/1/e57212
(page number not for citation purposes)

Elphinston et alJMIR FORMATIVE RESEARCH

XSL•FO
RenderX

http://dx.doi.org/10.2196/57212
http://www.w3.org/Style/XSL
http://www.renderx.com/


Methods

Participants and Recruitment
Eligible participants were patients diagnosed with a CNCP
condition who were purposively sampled to ensure adequate
representation of both sexes, with culturally and linguistically
diverse backgrounds, and current and past use of opioid therapy.
A full summary of participant recruitment is provided in a
previous study [8]. In short, the patient eligibility criteria
included the following: those aged between 18 and 70 years,
experiencing clinical levels of CNCP (scoring ≥4 out of 10 on
the Pain Numerical Rating Scale on average over the past week),
and seeking treatment from public health specialist addiction
or pain services. The patient exclusion criteria were as follows:
high levels of distress (based on patient scores ≥13 on the
Kessler Psychological Distress Scale [28] and follow-up
telephone risk assessment or clinical judgment from the
addiction specialist), non-English speaking, a history of recent
injecting drug use, or currently tested positive with
SARS-CoV-2.

Patients were recruited through a tertiary hospital specialist pain
clinic or community addiction specialist service. Patients were
either engaged by mailing an information pack inviting those
on the waitlist to participate (pain clinic) or invited by the
medical specialist and a member of the research team (RAE)
during their on-site appointment (addiction service). The final
sample size was determined by thematic saturation using the
analysis approach by Guest et al [29] applied during the data
collection and inductive thematic analysis phase [8].

Health professionals were also invited to participate in
one-on-one interviews or focus groups to assess their needs and

preferences for the digital BI. Health professionals recruited
through the specialist pain and addiction clinics as well as
through the research and clinical networks of the research team
were eligible to participate if they were working in chronic pain
management (public or private sector).

Design
A co-design approach [9] was used, applying the framework
by Sanders and Stappers [30] and updated by Noorbergen et al
[31]. It outlines 6 iterative co-design phases: predesign,
generative, prototyping, evaluative, implementation, and
postdesign. Figure 1 presents an overview. This study reports
on the generative phase of the iterative co-design development
process, which includes exploring barriers, enablers, and
suggestions for the digital BI from both the patient and health
professional perspectives. Patient perspectives were collected
from individual interviews (n=18), and 2 focus groups of
patients (n=7) invited to attend after the individual interviews;
health professional perspectives (n=5) were collected from two
focus groups. All individual patient interviews were conducted
via telephone by RAE, a clinical psychologist; KB, a
psychologist; and SP, all with expertise in chronic pain or
qualitative research. Field notes were recorded during the
sessions.

The project was led by the study’s chief investigator (RAE),
who is a clinical psychologist–researcher. The multidisciplinary
project team consisted of health care researchers (ie,
psychologists, physiotherapists, pain medicine specialists, and
addiction specialists); digital development partners (ie, software
developers and designers); and patient partners (ie, individuals
with a lived experience of CNCP including those using
prescription opioid medications). The team met weekly
(sometimes more often) during the development process.

Figure 1. Project co-design stages. The generative phase (phase 2) reported in this study is denoted by the items highlighted in green.

JMIR Form Res 2025 | vol. 9 | e57212 | p.2831https://formative.jmir.org/2025/1/e57212
(page number not for citation purposes)

Elphinston et alJMIR FORMATIVE RESEARCH

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


Measures

Web-Based Questionnaires
Patients were asked to provide their demographic details,
information about their pain condition, current medications,
and history of mental health and substance use disorders.
Validated measures included the Brief Pain Inventory [32,33];
Kessler Psychological Distress Scale [28]; 21-item Depression
Anxiety Stress Scale (DASS-21) [34]; and Current Opioid
Misuse Measure (COMM) [35]. A full description of the
measures can be found in the study by Elphinston et al [8].

Health professionals completed a web-based survey containing
questions about their demographics, clinical background and
experience, workplace setting, training and professional
development in pain, use of DHIs, and types of telehealth use
in clinical practice.

Patient Semistructured Interview and Focus Group
Questions
As part of a larger set of interview questions, patients were
asked about how they visualize their pain management in the
future and their opioid use and how they could assist others in
using opioids more safely. Multimedia Appendix 1 provides a
summary of the questions. Patients who then expressed further
interest in co-designing the BI were invited to participate in the
focus groups, which involved discussing their impressions of
the digital BI and several activities exploring its components.
To set the stage, participants completed an exercise involving
sharing their pain story, including the number and type of pain
management strategies used. Participants then completed
activities such as questionnaire assessment and feedback,
introduction to the biopsychosocial model of pain, opioid use
education, personality-targeted coping skills training, and
motivational interviewing and action planning. Patients also
explored the problem through a “peel the onion” activity and
proposed solution requirements and were provided an example
of a BI for smoking cessation. The aim of these activities was
to explore and confirm patient preferences and needs, drawing
on the results of the individual interviews to guide discussion.
The role of technology in delivering BIs was explored including
how to best meet the patient needs of this population and the
implementation requirements. Finally, patients completed a
value sliders exercise as a group, rating each BI component
derived from research on BI treatment models and patient
experience, from most important to least important.

Health Professional Semistructured Focus Group
Questions
Health professionals were first introduced to the background
and rationale for the digital BI, the main components, and the
themes identified in patient lived experiences reported in a
previous study [8]. They were then asked about their impressions
of the themes and the digital BI. Multimedia Appendix 1
provides a summary of the questions.

Procedure
Interviews and focus groups were completed from June to
December 2020. Patients completed an initial telephone
screening interview to determine their eligibility for individual
interviews and health professionals expressing interest via email
were invited to 1 of 2 focus groups. Eligible patients and health
professionals completed a web-based questionnaire before the
interview for descriptive purposes and to provide background
to guide the interview. Patient focus groups were then conducted
in person on-site at the clinic with one patient participating via
Zoom (Zoom Video Communications, Inc). Health professional
focus groups were conducted via Zoom. Interviews and focus
groups were audio-recorded and professionally transcribed
verbatim.

Data Analysis
An iterative approach to data analysis was used. Transcripts
from the patient interviews and focus groups were thematically
analyzed separately from health professional focus group data
using grounded theory [36]. Two coders (RAE and SP) coded
line-by-line and then grouped the codes into subthemes and
themes. Theme refinement was facilitated by a third
clinician-researcher (KB), who assisted in integrating
interviewer field notes to aid interpretation and reduce coder
bias. All researchers were asked to review the themes and
subthemes. The audio recordings were referred to as needed to
examine patient quotes and clarify content.

Ethical Considerations
Ethics approval was obtained from the Metro South Human
Research Ethics Committee (HREC/2020/QMS/60695). All
participants provided written informed consent. Study data were
deidentified for analysis, and any identifying information was
removed before publication including patient numbers to ensure
complete anonymity. All participants were offered an Aus $50
(US $33) gift voucher for each session attended to thank them
for their time.

Results

Characteristics of the Patient and Health Professional
Samples
Patient characteristics (n=18; 55% women; mean age 49.5, SD
6.91 y) are presented in a previous study [8]. We provide an
overview in Table 1; for a detailed summary of each individual,
please refer to a previous report [8]. In the sample of patients
interviewed, half (9/18, 50%) met the threshold for current
unsafe opioid misuse on a validated psychometric scale (COMM
[35]). Most health professionals (n=5; 40% women; mean age
40.2, SD 5.97 y) were psychologists working in both the private
and public sectors, with an average of 9.8 (SD 5.97) years of
clinical experience (Table 2).
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Table 1. Patient (n=18) demographics and clinical characteristics.

ValuesCharacteristics

Gender, n (%)

10 (55)Female

8 (45)Male

Ethnicity, n (%)

14 (77.9)Australian

2 (11.1)British (English, Welsh, or Irish)

1 (5.5)New Zealander

1 (5.5)Greek

Pain location, n (%)

4 (9.5)Head or face

6 (14.3)Neck

6 (14.3)Shoulder or upper limbs

12 (28.6)Back, spine, or sacrum

4 (9.5)Lower limbs

5 (11.9)Whole body

5 (11.9)Abdomen, pelvis, or groin

49 (11.5; 25-62)Age (y), mean (SD; minimum-maximum)

11.6 (11.5; 0.5-42)Pain duration (y), mean (SD; minimum-maximum)

5.8 (1.5; 2.3-8.0)Pain intensity (past week), mean (SD; minimum-maximum)

5.8 (1.9; 2.7-9.1)Pain interference (past week), mean (SD; minimum-maximum)

9.7 (4.8; 4-18)Kessler Psychological Distress Scale, mean (SD; minimum-maximum)

Depression, anxiety, and stressa, mean (SD; minimum-maximum)

10.8 (9.1; 0-30)Depression

9.2 (8.9; 0-34)Anxiety

13.9 (9.1; 0-32)Stress

8.0 (8.7; 0.6-26)Opioid use duration (y; n=16b), mean (SD; minimum-maximum)

114.2 (166.8; 1.2-480)OMEc (n=13b,d), mean (SD; minimum-maximum)

11.7 (7.89; 1-27)COMMe (n=16b,f), mean (SD; minimum-maximum)

aDASS-21: 21-item Depression Anxiety Stress Scales.
b2 participants were not currently using opioids.
cOME: oral morphine equivalent.
d3 participants currently using methadone.
eCOMM: Current Opioid Misuse Measure.
f8 participants scored ≥9 indicating risk of opioid misuse [35].
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Table 2. Health professional demographic and background information.

Work sectorYears of practiceProfessionAge (y)Sex

Public and private17Psychologist44MaleHPa1

Public3Psychologist29FemaleHP2

Public15Psychologist39FemaleHP3

Public8Nurse42MaleHP4

Private6Psychologist47MaleHP5

aHP: health professional.

Patient Preferences
Guiding content, principles, and processes related to the
proposed digital BI emerged from the individual patient
interviews and were further refined in the patient focus groups.
There were 5 themes related to the content of the BI (themes

1-5) and 5 related to the process and guiding principles (themes
6-10). Table 3 provides a summary of themes and exemplar
quotes. Patient numbers were removed before publication to
ensure anonymity (PID_P refers to patients from the pain clinic
and PID_A refers to patients from addiction services).
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Table 3. Themes identified from the individual patient interviews and focus groups

Key examples from patient interviewsBrief descriptionThemes

Intervention Content

The biopsychosocial model provides
a relevant framework for understand-

1. The relevance of the biopsychoso-
cial model and need for improved

• “It [biopsychosocial model] does make sense because I never con-
nected it until I actually spoke to you on the phone. Because I had a

ing pain processes and improvedawareness and pain psychology ed-
ucation

good think about it and when there were family issues or when we
moved house or anything really stressing my back pain would flare
up. and it was almost like my pain levels, like my back was dealing

awareness and pain psychology are
needed.

with the stress. I had no control over that, I was just feeling what was
going on and the pain levels go up... it’s interesting, I didn‘t know
that stress impacted and now when I think way back to when my
back pain really kicked in it was a really stressing time.” (PID_P).

• “I can definitely relate to what you were talking about earlier that
even when you’ve recovered your body still holds onto the pain be-
cause I feel that that’s very much what’s happening to me... long term
pain puts stress on your nervous system and you can hold your pain
because I’ve noticed lately that ever since I’ve had this when I get
shoulder pain or something like that even just muscular pain it stays
for a very long time because my body is in this constant state of
alertness that it just holds pain. So, if I get a sore neck or something
like that instead of it going in two days which it would 5 years ago,
it now stays for weeks or even months because of my like nervous
system” (PID_P).

Pain management strategies not just
strategies to manage opioid use are

2. Nonpharmacological treatments
and flexibility when applying cop-
ing skills training are needed

• “I’d rather just not use the opioids at all and get help in other ways
like ether it be therapy...I think Drs should be careful in prescribing
them...and look at other things they could do for you” (PID_P).required and should be flexibly ap-

plied. • “But if you’re suffering obviously mentally, it kind of puts your body
through a bit of stress, stressful situation that can cause like tension
or psychologically it will inflict pain...So who knows, maybe a psy-
chologist or whatever that was in pain, to help them mentally think
about their pain in a different way, that would probably
help...(PID_A).Yeah because you like to be told what to do and I like
to choose what I do. But that’s different personalities. I’m the boss
of me, no body be telling me what to do, you know” (PID_P).

Opportunities to reflect on if opioids
are working for them and providing

3. Opioid use reflection and educa-
tion, with personalized medication
and tapering plans

• “Explore potential problem in a non-judgemental way... I think
finding out what the reason is and why it is important... But I think
it’s very important for the doctors, as the ones prescribing the medi-
cation to actually sit there and go, all right, here’s the side effects”

the necessary education as well as
medication plans that are individual-
ized to the person’s circumstances. (PID_A).

• “Refer to someone who can help taper in a personalized way... clear
taper program with options to increase dose again if needed ... More
regular monitoring by GP e.g. every month instead of 6 months”
(PID_P).

• “They want to come off them, if they think that they no longer have
a physical use for them and might only be psychological they would
need something to help them get through withdrawal symptoms”
(PID_A).

• “I don’t feel the GP’s support is enough...GP never asks me to keep
a diary...they are not actually checking on if you have taking too
many” (PID_P).

Assessment measures & feedback
are holistic and patient inclusive.

4. Holistic and patient-inclusive as-
sessment measures and feedback

• “I like how it [COMM] asks a lot of questions about how you feel
and relationships like arguments... because I think pain effects so
many things. It effects your relationships. it affects how you commu-
nicate with people. If you’re in a lot of pain you can’t think clearly.
You are and you get angry at anything you get ticked off or annoyed
or frustrated. So I think a lot of these comments if you know people
are in pain they could relate to this very [sic] a lot of these ques-
tions...very relevant.” (PID_P).
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Key examples from patient interviewsBrief descriptionThemes

• “[Success would look like] A happy person... a well-adjusted person.
A person who’s not in constant pain. The list goes on... I would be
happy with it making me comfortable” (PID_P).

• “[Facilitator: not just medication focused goals?] Because I think it
all comes to, its holistic, it’s all encompassing, every part of your life
needs to be looked at [– group agreed]” (PID_P).

Broader, personal goals that target
the whole person should be includ-
ed, with a specific goal to increase
happiness and level of comfort
rather than a focus on being pain-
free.

5. Inclusion of holistic goals target-
ing comfort and happiness

Intervention Process and Guiding Principles

• “Could lose motivation very quickly if doing it yourself” (PID_P).
• “Maybe having a drug counsellor or someone they can speak to on

phone or online when they feel they are struggling with their medica-
tion” (PID_P).

• “Psychologist to your house and the house visits for people that can’t
get out. That would be ideal, you know... Video for a psychologist
would be good... I just get all tense to probably just when I’m in front
of someone talking to, but that’s just me” (PID_A).

Guidance from health providers
preferred rather than self-manage-
ment approach to facilitate patient
motivation and ensure accountabili-
ty.

6. Therapist-guided when needed
and accountable

• “Even just hearing everyone’s story, just feel not as alone” (PID_P).
• “Sponsor like AA where if they want to take an extra tablet, they talk

you out of it” (PID_P).
• “Someone I could talk to, relate to, be there, just for the psychological

side of it. People to talk to... Moral support was a big part of it. I
reckon if I had someone to talk to a lot, when I was going through it
wouldn’t have been so bad. Just having friends that are going through
the same thing” (PID_A).

A combination of engaging features
(visual, verbal) including peer sup-
port to share similar experiences and
ideas with and provide moral sup-
port when needed.

7. Engaging easy to use features in-
cluding peer support

• “I would have appreciated at the start not being told it was all in head
and having just opioids thrown at me” (PID_P).

• “Support, having someone see them as a person and not see them as
a number” (PID_A).

• “It’s not a one size shoe fit all [approach to pain management]”
(PID_A).

• “With our other doctor, at least we could drop in and say, oh, my
God, it’s freaking hurting today” (PID_P).

Treat the person not the number,
providing nonjudgmental and care
personalized and responsive to the
patient’s needs.

8. Compassionate, responsive and
person-centered care

• “If there was sort of like a program available and then that was part
of it, so if I ever went to the doctor and said I want to reduce my tra-
madol slowly over time he could say “well, here’s the website” and
he’ll register me for it and sort of he communicates with that website
as well so when I go back to him he can see that I’ve done all the
criteria and then he can reduce my medication” (PID_P).

• “It would be really really good to be able to have something where
you could be like, what can I do now? That would be really good
because then you feel someone is on your side, someone is trying to
help you plan. You’re not just being left” (PID_A).

The new and exciting option of dig-
ital brief interventions maximizes
reach in a variety of settings (eg,
primary care; specialist wait lists).

9. Digital solution was new and ex-
citing, maximizing reach

• “The GP put me on tramadol in 2007 and when the government
brought that thing on the first of June, I had a new doctor and all of
a sudden it’s like oh no you can’t be on this, you’ve got to be off,
and I’d actually just switched to a new GP and he thought I was
doctor shopping. He was quite judgmental” (PID_P).

Education about policy changes and
normalizing the challenges of navi-
gating the health care system.

10. Educate and normalize chal-
lenges navigating the health system
and policy

Intervention Content

Theme 1: The Relevance of the Biopsychosocial Model
and Need for Improved Awareness and Pain Psychology
Education
Participants agreed that the biopsychosocial model of pain
provides a relevant framework for explaining the unique
individual experience of pain and how it can change over time.
The patient experience interview was the first time when 3 of

the 4 focus group participants were introduced to this model
[8].

Most participants reported a number (>10 types) of varied
biological and psychological influences of pain. It was important
for participants that the origins of pain were explored (eg,
surgery, injury, gradual or unknown, and stress). For another
participant (PID_P), the continuation of pain despite recovery
from physical injury resonated. One participant (PID_P) reported
that they had moved toward acceptance that pain was mostly
perpetuated by psychological factors including stress and tension
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as they had eliminated all other reasons for their pain; they were
now using mindfulness, breathing, and monitoring their own
posture to relax and manage pain after having ceased the use
of opioids in the past 8 weeks (a significant change from the
individual interview [8]).

Participants also reported that the concept of a person’s
personality characteristics contributing to their pain and opioid
use was considered important (eg, “Are you a 100-mile person
or are you slow and steady, you know, it misses that completely”
[PID_P]). Most participants reported that they identified with
both depressive- and anxiety-prone personality characteristics
as contributing to their pain and opioid medication use.

Social factors were considered less influential. One participant
described how the COVID-19 pandemic had impacted their
ability to go to church and that church often resulted in feeling
better in terms of her overall well-being and pain—“I feel better
when I come out of church then I did when I go in, and you
know pain wise and all over wise” [PID_P]. Another discussed
the role of caregiving responsibilities on her pain management
experience—“[social factor] well I can’t try medical marijuana
even though a doctor offered it to me because I said to him I
have to roll out of bed at 2 in the morning if her [elder mother
who they care for] alarm goes off so I can’t be taking that”
[PID_P]. This facilitated patient understanding of how
individualized social factors can influence pain experience.

Participants reported that greater awareness and educating
patients about the biopsychosocial model of pain is needed. One
participant (PID_P) described how it was helpful to understand
how pain impacts the nervous system over time and how the
body “holds” pain, especially because their injury had healed,
and they now wanted to understand more about the influence
of mental health. Another participant was open to discussing
the role of mental health in pain with psychologists or
psychiatrists because their injury had gone, and pain was
persisting (PID_P).

Theme 2: Nonpharmacological Strategies and Flexibility
When Applying Coping Skills Training
Participants confirmed a need for nonpharmacological strategies
other than the use of opioids such as relaxation, exercise,
engaging in pleasant activities, and pacing. PID_P said, “there’s
got to be something out there that covers everything but doesn’t
actually interfere with life itself, because you know the opioids
make you stupid.” This was reported by some participants as
important to “take back control” (PID_P) from doctors who
“should stop giving out opioids and recommend other
non-pharmacological alternatives” (PID_P). One participant
(PID_P) wished not to be opioid dependent, as they feel reliant
on pain medication:

If [the BPI could] teach you not to be drug dependent.
Because that’s pretty much what I rely on. If that just
stopped, I don’t know what would happen.

There were a range of coping strategies that participants
identified could target depressive-proneness and pain (eg,
listening to music, deep breathing, and doing enjoyable things).
Coping strategies targeting anxiety-proneness included
relaxation and releasing tension in the body (eg, gentle stretching

or yoga) and mindfulness and meditation, while additional
strategies that could target both personality styles were discussed
(eg, going for a walk or talking to someone about how you feel).
Multimedia Appendix 2 provides a snapshot of this exercise.

It was important that there was flexibility when applying a
personality-targeted approach to coping skills training; some
participants liked the targeted approach and wanted to be
directed to the strategies corresponding to their personality style.
Others preferred to be offered a full range of options and an
opportunity to select the strategies themselves appealed to them:

Yeah because you like to be told what to do and I like
to choose what I do. But that’s different personalities.
I’m the boss of me, no body be telling me what to do,
you know. [PID_P]

I don’t know if the selection will work because if
you’re feeling anxious and stressed, being told to pick
one of them is going to be overwhelming itself. You
know if you’re lonely and depressed, you might not
necessarily want to choose you might just want
someone to say right you’re doing this. Like a decision
might actually contribute to this. [all agreed with
this] [PID_P]

Theme 3: Opioid Use Reflection and Education, With
Personalized Medication and Tapering Plans
Some participants reported that opportunities to reflect on their
response to opioid therapy (benefits vs harms) would be
important and could offer an avenue to provide opioid use
education. Patients indicated that more knowledge of the
potential harms of opioids was needed. One participant (PID_P)
described how education that opioids can increase pain
sensitivity and that tapering opioids do not necessarily result in
increased pain was helpful when reducing opioid use:

I never attempted to come off it because I just thought
what am I going to do with my pain, it’s just going to
get worse and he said no, as you reduce your pain
sensitivity will reduce and he was right...[knowing
that] it took the fear away from tapering off.

Related to theme 7, the use of trivia and quizzes as a regularly
updated semicompetitive activity was suggested to engage
patients in education and motivation to continue with the digital
BI.

Some participants suggested that education about opioid
addiction and dependency would be important as well as taking
into consideration people with pain who may have had a history
of substance use problems. One participant said, “I’m clean.
and even when I broke my shoulder and I had to take fentanyl
in the hospital I phoned my sponsor first to make sure that it
was okay for me to have it” [PID_P].

There was a specific need for opioid medication management
plans with a focus on medication-related goals that are
achievable:

Reduce your dose by I don’t know 2mg, that’s
achievable... just little things you know make sure
you go for a 10min walk once a week...10mins once
a week should be achievable and not overdo it. You

JMIR Form Res 2025 | vol. 9 | e57212 | p.2837https://formative.jmir.org/2025/1/e57212
(page number not for citation purposes)

Elphinston et alJMIR FORMATIVE RESEARCH

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


know just little things, it’s like the compound effect
book... you make such a small change that you don’t
really notice it but its compounded over 12 months...
small achievable goals that compound. [PID_P]

For some people, goals were related to a reduction in medication
dose, while for others, using medication more safely.
Opportunities to revise goals over time (eg, weekly) was
identified as essential. Participants discussed a tailored, stepped,
and “SMART” (Specific, Measurable, Achievable, Relevant,
and Time-Bound) approach to goal setting. Monitoring of
personalized medication plans was reported by some participants
as necessary to checking patient response to treatment and
provide an opportunity to identify any concerns (eg,
withdrawal). One participant (PID_P) suggested a patient
medication diary could assist in the monitoring process.
Collaboration among health professionals and with patients was
highlighted to ensure that everyone is aware of the patient’s
individual medication plan and is working together to support
the patient’ goals.

Theme 4: Holistic and Patient-Inclusive Assessment
Measures and Feedback
Participants reported that assessment measures could focus on
pain, its impact, medication use, and personality styles. It was
important to all that measures are inclusive in terms of language
and are nonjudgmental. In presenting the assessment measures
to participants that they completed before the study, participants
reported that they liked how items on some measures asked
about how you feel (eg, capturing feelings of anger and
frustration) and the impact of pain on relationships (eg,
arguments assessed by the COMM).

Participants reported that they did not think the measures
presented captured the pain journey (in terms of historical
factors) as well as personality factors, although the research
team communicated that this was probably a function of only
providing participants with opioid-related measures. Focusing
on opioid use in the past 30 days (as noted in the COMM) was
viewed as restrictive:

This is all in the past 30 days, yet it says holistic there
[on whiteboard], peoples pain experience, you know
a holistic pain experience isn’t just in the last 30 days
it’s in the last years...people have ups and downs, you
might have had a really great 30 days. It doesn’t
really represent somebody’s holistic pain experience.
[PID_P]

The items were reported to result in some participants feeing
judged (eg, taking opioids illegally or outside of their
prescription and counting pills) and that they were a “drug
addict” [PID_P]. Participants discussed a sense of relating the
pill counting questions more to anxiety than misuse:

[SOAPP-R] counting pills, only reason I would count
them is because I’m anxious about not having enough,
not because...its anxiety related not accumulative.
[PID_P]

It was suggested that the wording of some of the items could
be modified to be less stigmatizing or measures could be
introduced to participants and sensitivities flagged. Asking

participants how they felt about questions about opioid use and
giving them a free text box response option could also be
beneficial (PID_P).

Theme 5: Inclusion of Holistic Goals Targeting Comfort
and Happiness
Participants suggested that goals should target the whole person
in addition to focusing on medication action plans. One
participant (PID_P) discussed that they felt able to focus on
improving physical fitness in the context of having an achievable
plan already in place for reducing her tramadol use and
managing withdrawal symptoms. It was also discussed that
goals should empower patients, facilitating a sense of control
and autonomy, consistent with a biopsychosocial mindset (theme
4; eg, success=confidence+mood boost=reduced pain):

Once you achieve something and you’ve got that little
bit of success, that endorphin release also helps with
your pain. [PID_P said “yeah yeah”] So, you’ve
achieved something and that feel good feeling is yeah.
[PID_P]

Specifically, the goal to increase happiness and level of comfort
rather than a focus on being pain-free was proposed as a possible
goal of the intervention identified during the “peeling the onion”
exercise (to gradually work toward deeper understanding of the
problem to be solved). Participants suggested that focusing on
making your life better and to increase happiness may assist in
helping people to lead a “normal” lifestyle. Interestingly,
participants did not focus on the goal of being pain-free but
rather on being “comfortable.” Most had moved toward
acceptance of pain and felt that they may never be pain-free.
Multimedia Appendix 3 provides a summary of the exercise.

Intervention Process and Guiding Principles

Theme 6: Therapist Guided When Needed and
Accountable
Participants highlighted opportunities for connection and support
from health professionals and peers were important. There was
a need for “good advice” when called on and someone to talk
to on bad pain days. Resources (eg, website links) on topics of
interest were also viewed as helpful. A chat box feature was
suggested as one way to connect with health professionals.
Immediate responses from health professionals and options
from where to seek further help were also seen as important
(eg, drug and alcohol phone service). Participants agreed that
the BI needs to be therapist guided rather than a
self-management approach. It was suggested that a
therapist-guided approach would provide both extra support
and also accountability: “You’d want it to feel like there is that
actual support” (PID_P); “I guess if it’s not being monitored
then you think what’s the point?” (PID_A). Participants
discussed value in health professional contact at the initial onset
of the BI, in completing assessments and in the pain journey
discussion.

Theme 7: Engaging, Easy-to-Use Features Including
Peer Support
Discussions on how to best engage patients in the digital
platform included the consideration of color schemes, the use
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of games and competitions like “scoreboards,” and the “steps
challenges,” which were viewed as motivating. Reading and
sharing of patient stories would help normalize the patient’s
experience and provide ideas for what has worked for others.
PID_P described the value of Facebook support groups. Hearing
others’ stories were highlighted as important: “Even just hearing
everyone’s story, just feel not as alone” [PID_P]. There were
examples of chat boxes, website links, chat rooms, and forums
to facilitate this, and it was suggested that this support may be
very helpful, particularly on bad pain days. One participant
suggested that access to journal articles that were translated into
simple summaries for patients or videos of user-friendly,
up-to-date evidence-based research summaries would be helpful.
It was important that the BI is simple and easy to use.

Theme 8: Compassionate, Responsive, and
Person-Centered Care
Participants reported a need for compassionate and personalized
care from all treating health professionals. It was important that
they were seen as a person and not as a number (PID_P) and
that care is tailored to each unique individual with pain.
Comments about “being told pain was all in my head” [PID_P]
were viewed by participants as invalidating and unhelpful to
treatment discussions. Empathy was agreed as a necessary
ingredient to care, as was the responsivity of health
professionals. Some participants suggested that greater access
to health professionals, particularly on bad pain days, via digital
means could better meet their support needs (eg, “GP
contactable on Facetime, he does tele[health], emails” [PID_A]).

Theme 9: The Option of Digital BIs Was New and
Exciting, Maximizing Reach in a Variety of Settings
None of the participants had come across a digital BI for CNCP
in their search for effective treatment solutions. They said they
were excited for a new option that could potentially help
themselves and other patients. Participants discussed hope that
their experiences would inform the design and development of
the BI that could offer more support and earlier intervention to
patients. A digital platform was seen as an ideal way to deliver
the intervention for maximum reach and access in a way tailored
to the patient’s needs. One patient had experience using apps
(eg, Smiling Mind), which was reported to give them more
confidence in the potential use and acceptability of a digital BI.

Participants suggested that disseminating or promoting the BI
would be suited to a primary care setting, with the use of flyers
in the waiting room or to those on specialist waitlists. Engaging
potential participants in the intervention could also include the
use of social media, Google advertising, and BI advocates and
word of mouth. Since it was discussed that everyone is generally
using their phone on a daily basis, there was agreement that
web-based promotion may be more effective than hardcopy
leaflets. Health professional and particularly general practitioner
education and awareness of the BI program was seen as key.

Theme 10: Educate and Normalize Challenges
Navigating the Health System and Policy
Participants discussed difficulties navigating the health system
and indicated value in providing education on the rationale for
policies and legal restrictions that may impact their opioid use

and pain management. It was suggested that greater
consideration of the social environment and medicolegal
background may serve the function of normalizing challenging
experiences (eg, changes in opioid use), acknowledging
differences in the treatment they received in the past (20 years
ago) compared to current best practices, and reducing perceived
judgment from the care team (eg, methadone associated with
feeling judged as “a drug addict”).

Patient Ranking of Importance of Intervention
Components
Patients ranked the importance of 7 digital BI components from
most important (rating=1) to least important (rating=7):

1. Support
2. Coping strategies
3. Education
4. Assessment
5. Feedback and monitoring
6. Goals and action plans
7. Fun

Health Professional Perspectives
Five themes were identified from the data as important
considerations by health professionals to the development of
the digital BI and its implementation in clinical practice. Barriers
and enablers were also identified.

Theme 1: Use of DHIs and Resources Within Clinical
Practice Was Rare But Desired
Health professionals described that they generally do not tend
to integrate apps and digital interventions into their clinical
practice. One health professional said, “it would be rare that I’d
use a program in the clinic with someone I’m actually treating.”
Instead, they were generally viewed as an adjunct to treatment.
For example, health professionals would recommend web-based
programs for pain or more general mental health apps. Health
professionals also recommended patients’ access TED Talks,
podcasts, and educational videos, as well as resources they had
developed themselves (eg, mindfulness audio files and sleep
hygiene information). Most only recommended resources that
they have evaluated themselves. Some health professionals
highlighted that integration of digital health tools into their
practice was practically challenging: “I’ve never really tried to
integrate an app into treatment because it’s always been a bit
too challenging in terms of working out how to get the feedback
and what to do with it then.”

There was recognition among health professionals that it is
important to point patients to digital resources that are free and
easily accessible: “They are not all free, or only free for a while
and then a subscription is required.” It was also acknowledged
that some patients may not have access to the internet and that
digital resources were generally not inclusive of culturally and
linguistically diverse patient populations. Some health
professionals reported that they would like to use digital health
resources more in their clinical practice: “Depending on the
demographic as in CALD [culturally and linguistical diversity],
not really many resources I can use but I don’t use it as much
as I would like to.”
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Theme 2: Digital Health Useful for Patient Monitoring
of Symptoms and Access to Support on the Run
Health professionals reported that apps can be useful for patients
to monitor their symptoms over time as well as track their use
of other treatments (eg, cannabis). There were reports that digital
health tools can increase access to support such as coping
strategies and resources. One health professional said, “Can be
useful to access it remotely such as if they are in a shopping
center and feel anxious they can sit down and do some calming
exercises.” While benefits were mentioned, some health
professionals reported that their clients preferred to minimize
the use of digital health: “Many of my clients just prefer to keep
it simple, won’t even use video [during telehealth], just want a
phone call consultation.”

Theme 3: Patient Motivation to Use Digital Health
Resources Is Important
Patient motivation to use digital health was considered important
in whether these were successful in clinical practice. One health
professional said, “I find that that apps are only as good as the
client’s motivation to use them,” and another said, “Sometimes
we recommend things and they don’t get acted on...take a lot
of prompting to use themselves.” There was acknowledgment
that patient motivation can be influenced by several factors (eg,
how easy it is to download an app) and that some patients may
not be motivated to change behavior, try something new, or use
digital health resources.

Theme 4: A Digital BI App for This Complex Problem
May Be Beneficial at Multiple Points in the Health Care
Journey
Overall, health professionals agreed that a digital BI for the
complex problems of CNCP and risk of opioid-related harm
may be beneficial for patients. Health professionals reported
that the digital BI could be helpful for patients to complete
before referral to pain specialist services:

I see it as helpful before come to me [specialist pain
clinic] because it will shift their readiness for change
and make more open to when they come to me. Would
use this as a pre-intervention.

There were also reports that the digital BI may be “Useful to
bridge gap between primary care and pain services, so not
waiting for so long.” One health professional said the following:

Good for those on the waiting list for specialist
services... it might mean that by the time they get to
that service they might be more ready, knowledgeable,
more open to alternatives... help to set up expectations
of treatment approaches.

Others reported that it could fit within a primary care setting or
even be used for the prevention of opioid use problems:

I think it could be useful across the board. In my clinic
though, patient selection is important if you want to
get best results. Could help to move people who are
at the pre-contemplation stage.

The patient’s stage of change or motivation was reported as
important in considering the best intervention point (linked to

theme 3). There was also suggestion that the digital intervention
could be delivered by psychologists working in the private
sector; mental health professionals; multidisciplinary pain
clinics; or, in the primary care setting, by nurses or physicians:
“the GP could refer patients to or deliver the app before they
prescribe.”

Health professionals reported that patients would prefer to access
the intervention via a mobile app or device rather than a desktop
website due to convenience and portability. There was also
recognition that a digital intervention would have challenges
for some patients, and there was a need for therapist-guiding:

Both (app and website) have access issues. Would be
good to have an option to do the program somewhere;
in the GP office, at the MDT [multidisciplinary team]
clinic while they’re waiting on the wait list etc. Either
way patients would need health professional support
for access and troubleshooting as well as for the
monitoring and goal setting.

Theme 5: Realistic Patient Goals Focused on the Safe
Use of Medications and Managing Pain
Patients’goals that are focused on safe use of opioid medications
including increased willingness or openness to change unsafe
use were supported. Health professionals also reported that goals
related to use of alternative pain management strategies and
pain acceptance may also be achievable: “Can we get to them
to move a little bit on changing behavior - willingness to change
opioid use and use alternative strategies.” Setting realistic goals
were important:

I’d work on positive wins towards the overall goal.
So much going on for patients, other things to
manage.

Barriers to Implementation
Some health professionals reported that more than 4 hours of
intervention may be required to achieve the patient’s goals.
Costs related to who would deliver the intervention were
identified as a barrier as well as clinicians setting aside time for
support (eg, viewing patient monitoring). There was also
concern that some patients may be defensive about making
changes to their opioid use and that some patients do not trust
health professionals to talk about their opioid use.

Intervention Enablers
Health professionals viewed that the underlying philosophy of
the digital BI (motivational interviewing and enhancing patient
self-efficacy) was consistent with how they approach their
clinical work. There was recognition that implementation of
the digital BI would be most effective if considered within a
stepped-care model (ie, primary care > digital BI > specialist
care; related to theme 4). There were also reports that feedback
to patients (about their opioid use, pain, and mood) is “always
helpful,” as is patients’ response to this information. This
information can then be used to troubleshoot or problem solve.
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Discussion

Main Findings
This study aimed to understand patient and health professional
preferences, including implementation considerations, for a new
digital BI to reduce prescription opioid–related harm among
patients with CNCP. In total, 10 themes, 5 related to intervention
content and 5 related to intervention processes emerged from
patient reports as important in the future digital BI co-design
and co-development. From reports of experienced health
professionals, we identified 5 themes, as well as several barriers
(including intervention intensity, potential costs, and patient
responsiveness) and implementation enablers (including

consistency of theoretical underpinnings with current practice,
patient feedback, and the digital BI as part of a stepped-care
model). Figure 2 provides a snapshot of the themes identified
from both patients and health professionals.

Overall, both patients living with CNCP and health professionals
were interested in the proposed digital BI to reduce
opioid-related harm. Health professionals highlighted that digital
health tools may be particularly useful for patient symptom
monitoring and access to coping skills support (eg, deep
breathing exercise) when on the move. Patients agreed that a
digital solution could expand the reach of BIs to people who
need it. Certainly, there is growing interest in and evidence for
the role of digital BIs in treating pain [13,37-39].

Figure 2. Snapshot overview of themes.

In line with clinical guidelines that recommend multidisciplinary
and behavioral treatment approaches as first line (eg, Dowell
et al [40] and Busse et al [1]), patients reported that the inclusion
of nonpharmacological pain management strategies (eg,
relaxation, exercise, pleasant and valued activities, pacing,
access to psychology, and multidisciplinary team approaches)
would be welcomed, rating this as one of the most important
features of the digital BI. Patients also indicated that
personalizing coping skills training to patient personality
characteristics (eg, impulsivity traits) and pain-related factors
(eg, depression) could benefit some patients, while others may
prefer to direct themselves to coping skills that resonate with
them. Individual choice could be built into the digital BI to
recognize patient differences in autonomy and self-efficacy.
Notably, nonpharmacological approaches can achieve similar
or even greater improvements in pain and functioning without

the potential harms of dependence, adverse side effects, and
overdose. This is especially important as patients generally
report that opioid therapy has modest effects on levels of pain
and functioning [41-43].

There were educational needs identified by patients in the areas
of pain psychology, the biopsychosocial model of pain, and
opioid therapy. These findings are in line with the high levels
of interest and increased need for patient education about the
role of psychology in the management of pain [4,44]. Educating
patients about the biopsychosocial model of pain forms a part
of multidisciplinary rehabilitation and discipline-specific
treatments that can be effective in reducing pain and disability
in the short to medium term (eg, Siddall et al [45] and Wood
and Hendrick [46]). Helping patients to reconceptualize pain
can also enhance their ability to cope with their condition [47].
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The importance of safe opioid use education is highlighted in
clinical guidelines [1,48]. Few studies have examined the
effectiveness of opioid use education for patients with chronic
pain. On the basis of the evidence available, opioid-related
education can lead to safer behaviors (eg, less stockpiling [49])
and reduced opioid use following surgery [50]. Gaps in
educating patients in pain management, influential
biopsychosocial factors, and safe use of opioid medications
continues to put patients at risk of poor recovery. Ongoing
weighing up of the benefits of opioid therapy in the treatment
of CNCP versus risks could be facilitated by a health
professional–delivered digital BI. This could be embedded
within the review of the patients’ personalized medication plan
and be supported by regular monitoring and assessment of
medication use as well as related symptoms that consider the
whole person (eg, pain, mood, and functioning). Health
professionals considered digital health as an optimal platform
to facilitate patient monitoring of symptoms. Patients also
reported that one of the top 3 activities that they want to do on
their mobile device is manage their medication and track their
health [51]. Digital BIs that aim to reduce risk of opioid-related
harm have the potential to meet this need.

Patients tended to focus on the potential of the digital BI to meet
general well-being goals and reduce pain discomfort to facilitate
safer use of opioid medications. Health professionals indicated
that patients would be likely interested in pain reduction goals
but suggested that goals related to the safe use of opioid
medications could also be important. If goals are to encompass
the needs of the whole person, then it will be important to
explore and balance patients’ pain-related goals and opioid
medication harm reduction goals as part of holistic goals related
to relationships, work, and lifestyle. To facilitate behavioral
change, different innovative approaches (eg, gamification and
serious games) could be explored in future studies.

Health professionals reported a desire to integrate DHIs into
their clinical practice in a more conscious way. Real-world
implementation of DHIs have often failed, mostly because they
are not used by patients or health professionals [52]. Engaging
health professionals in the co-design process has potential to
enhance digital BI feasibility and acceptability in practice, as
the success of such measures in health care settings relies
heavily on the engagement of key stakeholders [22]. Our results
could inform the development of a broader digital BI
implementation strategy that considers barriers identified by
health professionals (eg, costs, time, and compatibility between
the digital BI and their current workflow) and enablers (eg,
perceived fit of the digital BI approach to current practice),
which are common across DHIs and health care settings [53].
Further consideration of the systems used (eg, mobile app vs
website and health professional assistance) and adaptability,
policy and guideline support, resourcing, health professional
knowledge and beliefs, and involvement of digital BI champions
to support patient motivation [53] may inform effective digital
BI implementation. Most psychologists and mental health
professionals (72%) have little or no formal training in pain
management and more than 50% report feeling a lack of
confidence in treating pain [4]. Training and education for health
professionals in delivering digital BIs could fill this gap.

Similar to other digital BI studies [54], a therapist-guided digital
BI was preferred among patients and health professionals.
According to patients, therapist guidance would enhance patient
motivation and engagement and provide more accountability
than self-guided digital BIs. Evidence indicates that guided
digital cognitive behavioral therapy and face-to-face therapy
for psychiatric and somatic conditions produce equivalent
overall effects [55], and when therapist support is included, this
has a positive impact on engagement and treatment effectiveness
[56]. Therapist-guided digital BIs provide opportunities for
establishing mutual trust, which can be a barrier to intervention
success [57]. This may be critical as health professionals report
that discussions about chronic pain management, including
medication use, can be challenging, with patients reporting that
the context of opioid policy changes can further fuel mistrust.
Guided digital BIs allow for therapists to foster a strong
therapeutic alliance with empathy and compassion, treating
patients as partners in their pain care - providing the foundation
that is necessary for treatment success. Further consideration
of communication methods between patients, their treating
clinicians, and the broader team within the digital environment
may further personalize pain services and facilitate
multidisciplinary collaboration. When asked to rank the
importance of the BI features, patients reported support was the
most important feature, while fun was the least. Future co-design
opportunities could explore meaningful ways to integrate
gamification and digital peer support to facilitate patient
engagement.

Both patients and health professionals reported that digital BIs
could be best placed and adopted in primary care,
multidisciplinary pain centers while patients wait for treatment,
and addiction services where it could be an adjunct to in-person
treatment; it was also suggested that it could be tailored to
prevent risk of opioid-related harm in people with acute pain.
There was also a suggestion that digital BIs could form part of
a stepped-care model. Further research is needed to determine
whether digital BIs for treatment of risk of opioid-related harm
are effective and for whom and in what setting.

Strengths and Limitations
Most previous studies have not included the views of key
stakeholders in the design of DHIs [17,25]. We advanced the
co-design of a digital BI to reduce risk of opioid-related harm
among people with CNCP by examining both patient and health
professional perspectives on their intervention needs and
preferences. Our study adds to the growing literature on
co-design in DHIs [58] and extends research into the CNCP
field.

We included data from 18 individual patient interviews and
from 7 patients and 5 health professionals as part of focus group
workshops. While there are no guidelines on the minimum
number of key stakeholders or frequency and intensity of
engagement that is needed in co-design, it is possible that our
results may not be generalizable to the broader population of
people with CNCP who are taking prescription opioids, or
beyond the Australian context where patients have access to a
relatively high standard of public health care and access to
heavily subsidized medications. Continual engagement of
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various patients and health professional perspectives in the
subsequent steps of co-design and co-development of digital
BIs could increase customizability of the solution to fit a wider
range of users. In future design and development work,
consideration of how to design BIs for better inclusion of patient
cultural and linguistic diversity, spiritual needs, and
socioeconomic factors is needed, as well as investigations in
countries with different health and insurance systems. It will
be important that the digital divide does not exacerbate existing
health inequities of those most at risk in the CNCP population.
Efforts to measure digital inclusion could increase translational
confidence in digital BIs.

In addition, there remains a power differential between patients,
health professionals, and researchers, and it is unknown how
this may have influenced our findings. Future work should
explore jointly developed guiding ethical principles to address
the relationship power imbalances in co-design. There are also
potential tensions between these stakeholders in their digital BI
needs and preferences which could be explored in future joint
focus groups. Finally, this study was conducted before the
widespread introduction of generative AI technologies (eg,
ChatGPT, Gemini, and Co-Pilot) to the public. Future studies

could explore the integration of generative AI into DHIs, such
as those that aim to reduce risk of opioid-related harm and
improve pain care.

Conclusions
Partnering with patients who have CNCP and health
professionals to identify their intervention needs and preferences
is critical to the co-design of new, innovative, and high-value
digital treatments [59]. Patients and health professionals were
interested in the proposed digital BI, identifying many content
areas, principles, enablers, and barriers to guide the development
of such programs. This co-design approach has the potential to
enhance the translation of digital BIs into practice and improve
clinical effectiveness. The next phases in co-designing
personalized digital BIs involve the generation of later design
concepts (eg, journey mapping and persona development) and
prototyping, while considering the development of an
implementation strategy. Continual, genuine bringing together
of scientific, patient, clinical, and technical expertise to solution
design could address the urgent need for better patient-centered
CNCP care while minimizing the risks of opioid
medication–related harms.
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Abstract

Background: Youth suicide rates are climbing, underscoring the need to improve clinical care. Personal smartphones can
provide an understanding of proximal risk factors associated with suicide and facilitate consistent contact between patients and
practitioners to improve treatment engagement and effectiveness. The Vira digital behavior change platform (Vira) consists of a
patient smartphone app and a web-based practitioner portal (Vira Pro) that integrates objective mobile sensing data with Health
Insurance Portability and Accountability Act (HIPAA)–compliant communication tools. Through Vira, practitioners can
continuously assess patients’ real-world behavior and provide clinical tools to enhance treatment via just-in-time behavior change
support.

Objective: This study aimed to explore the acceptability and usability of the minimal viable product version of Vira through a
user-centered design (UCD) approach and to identify barriers to implementing Vira in the context of an adolescent intensive
outpatient program.

Methods: Over 2 iterative phases, feedback was gathered from adolescent patients (n=16), mental health practitioners (n=11),
and business gatekeepers (n=5). The mixed methods UCD approach included individual semistructured interviews (eg, perspectives
on treatment and attitudes toward digital tools), surveys (eg, usability), and unmoderated user testing sessions (eg, user experience).

Results: Overall, participants expressed optimism regarding Vira, particularly among adolescents, who showed high satisfaction
with the app’s interface and design. However, clinicians reported more mixed views, agreeing that it would be useful in treatment
but also expressing concerns about the volume and displays of patient data in Vira Pro, workload management, and boundaries.
Gatekeepers identified usability issues and implementation barriers related to electronic health records but also recognized Vira’s
potential to enhance treatment outcomes. Feedback from stakeholders informed several crucial changes to the platform, including
adjustments to data-sharing protocols, user interface enhancements, and modifications to training methods.

Conclusions: Vira has a high potential to improve patient engagement and improve clinical outcomes among high-risk youth.
Iterative UCD and ongoing stakeholder engagement are essential for developing technology-based interventions that effectively
meet the needs of diverse end users and align with clinical workflows.

(JMIR Form Res 2025;9:e65418)   doi:10.2196/65418
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Introduction

Background
Suicide is the second leading cause of death among adolescents,
and from 2011 to 2021, the rate of suicide attempts and suicidal
behaviors has been increasing [1-3]. Existing mental health
treatments are only moderately effective [4], and even among
those who receive a “gold-standard” treatment, many do not
improve. To reduce the public health burden of adolescent
mental health problems, there is a critical need for novel
approaches that increase the effectiveness of existing treatments.

One promising way to improve mental health treatments is to
leverage digital devices such as personal smartphones.
Smartphones have the potential to both monitor risk in real time,
and to deliver just-in-time interventions, both of which are
difficult if not impossible to achieve without these ubiquitous
personal computing devices. To date, few digital interventions
have been developed with or for youth at risk of suicide and
rigorously tested to provide evidence of feasibility, acceptability,
or efficacy [5,6]. Examples of other mental health apps targeted
toward mitigating suicide risk include BRITE, LifeBuoy, and
BlueIce. BRITE was developed to support suicide safety
planning among adolescents consists of a practitioner portal
and patient app, and has primarily been implemented as a
single-session intervention [7]. By contrast, LifeBuoy is an app
that helps young people manage suicidal thoughts in their daily
lives by teaching dialectical behavior therapy (DBT) skills via
self-guided modules [8], whereas BlueIce (MyOxygen, Limited)
is used to support distress tolerance and reduce self-harm
through a personalized toolbox of strategies that include mood
diaries, a menu of mood-lifting activities, and automatic routing
to emergency numbers if needed [9]. Although initial clinical
outcomes are promising [10], these apps do not appear to support
continuous treatment between patients and their practitioners,
a critical aspect of evidence-based treatments such as DBT [11],
nor do they include mobile sensing, which could provide unique
insights into risk processes and opportunities for intervention
that occur outside the health care context.

Measurement-based care is important for monitoring treatment
effectiveness and improving clinical outcomes [12] but is not
often used in routine clinical care due to concerns about
practitioner and patient burden [13]. Through both passive (eg,
built-in smartphone sensors) and active data collection (eg,
experience sampling methods), smartphones can directly address
these concerns by allowing practitioners and patients to monitor
mood, behavior, symptoms, and risk factors continuously,

objectively, and with a relatively low burden. In addition,
smartphones afford novel opportunities to reinforce or introduce
intervention content between sessions. For example, patients
often forget to practice therapeutic skills outside of sessions
[14], which may lead to poorer treatment outcomes [15].
Smartphone push notifications delivered between sessions can
remind patients to practice therapeutic skills, thus increasing
skill usage and improving patient outcomes [16].

Although digital mental health interventions have significant
potential, low adherence and high attrition can reduce clinical
effectiveness [17]. In particular, digital interventions that do
not address the unique needs and perspectives of end users may
exhibit low usability, which leads to lower sustained engagement
[18]. When developing digital interventions, it is important to
consider the clinical and implementation context [19,20].
User-centered design (UCD) uses an iterative,
stakeholder-engaged process to cocreate products that directly
respond to the end user experience [21,22]. Through UCD,
individuals with lived experiences are closely engaged during
the design and development processes by providing feedback
that can be used by intervention developers and designers to
tailor the content, interface, and implementation of digital
interventions [23,24]. UCD studies also inform the translation
of evidence-based treatments to digital formats and reveal
critical information about facilitators and barriers to adoption
that guide implementation approaches [25,26].

The Vira digital behavior change platform consists of a
user-facing smartphone app and a web-based linked practitioner
portal, Vira Pro (refer to Figure 1). The Vira platform was
developed based on principles of behavioral activation, an
effective treatment for depression and other mental health
problems [27]. The smartphone app uses mobile sensing and
brief self-report surveys to monitor numerous indicators of
mental health problems (eg, sleep disturbance and low mood)
or proximal risk factors. The app provides patients access to
these data 24/7 and offers insights into passively sensed
behavioral patterns associated with their moods. The web portal
displays these data to the clinician, allowing them to gain more
nuanced insights into their patients’behavior and mood between
sessions. Clinicians can also use the web portal to schedule
personalized push notifications to be delivered to a patients’
smartphone, thereby facilitating enhanced support between
sessions. Importantly, this functionality allows pushing
notifications to be delivered at the “right time” (eg, as
just-in-time adaptive interventions), which may improve
outcomes [28].
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Figure 1. The Vira digital behavior change platform consists of a user-facing smartphone app, Vira, and a linked, web-based practitioner portal, Vira
Pro.

Study Objectives
This study aimed to evaluate the Vira mobile app and Vira Pro
practitioner portal for use with youth at high risk for suicide by
using an iterative formative development process to incorporate
feedback from adolescents with lived experience, care providers,
and business gatekeepers (ie, individuals who are responsible
for making decisions regarding financial and other support for
clinic initiatives). By including the perspectives of these end
users, we sought to develop a digital platform that can be
integrated into clinical workflows, is maximally engaging, and
optimized for successful implementation.

Methods

Study Overview
This study was part of a larger project to develop and test a
behavior change platform for use in an intensive outpatient
program (IOP) serving youth at high risk of suicide. The goal
of the iterative formative development study, which consisted
of 2 phases of mixed methods data collection, was to inform
product development and implementation for a pragmatic
randomized controlled trial (RCT; refer to Figure 2 for study
design) [29].
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Figure 2. Overview of the iterative formative development process and overall project design. RCT: randomized controlled trial.

Participant Recruitment
Participants were recruited between October 2022 and March
2023. Three types of stakeholders were recruited from the
broader NewYork-Presbyterian Hospital, ColumbiaDoctors,
and New York State Psychiatric Institute communities to
participate across 2 iterative phases of research (Phase 1 and
Phase 2). Stakeholders included adolescents who had received
previous mental health treatment, mental health clinicians, and
business gatekeepers.

Adolescent participants were recruited from a pool who had
previously participated in other studies and provided informed
consent to be contacted for future study opportunities.
Adolescents were considered eligible if they were currently
receiving or had received mental health treatment for depression
or anxiety symptoms within the past year, were between the
ages of 13 and 18 years old, and were fluent in English.

Clinicians and business gatekeepers were recruited internally
via outreach emails and electronic flyers. Eligibility criteria for
clinicians and business gatekeepers included present
employment in youth mental health services at
NewYork-Presbyterian Hospital, ColumbiaDoctors, or New
York State Psychiatric Institute, ages 18-56 years old, and
fluency in English. Business gatekeepers served in clinical
leadership roles (eg, clinic director and executive director).
Several clinicians who participated in Phase 1 also participated
in Phase 2. One participant held both administrative and clinical
roles and therefore participated as a business gatekeeper in Phase
1 and a clinician in Phase 2. Several of the clinicians and
business gatekeepers have previously collaborated with RPA
on other research projects.

Study Procedures
This study was an iterative formative development process
consisting of 2 phases of mixed methods data collection. A
UCD approach was adopted whereby changes made to the app
prototype presented in Phase 2 were based on participant
feedback from Phase 1. In both phases, participants completed
semistructured interviews, an unmoderated click-through and
think-aloud exercise to provide feedback on the minimal viable
product version of the app, and a quantitative feedback survey
using items adapted from the technology acceptance model
(TAM) [30]. The TAM has 2 scales to measure specific beliefs
that may influence the acceptance of technology: perceived
usefulness and perceived ease of use. Each scale contains 10
items, which are rated using a 7-point Likert scale from 1
(strongly disagree) to 7 (strongly agree). Higher ratings indicated
higher acceptability. Participants in both phases also completed
a demographics questionnaire. Each interview was conducted
by 2 moderators (TCT and DD). Both moderators are female

and hold bachelor’s degrees. TCT is a research assistant, and
DD oversaw product design and development at Ksana Health,
Inc at the time of the study.

Phase 1
Formative interviews in Phase 1 aimed to increase our
understanding of the target patient population and clinical
context, elicit feedback on the Vira minimal viable product to
inform adaptations and refinements to the platform to increase
relevance for the IOP clinical setting, promote perceived ease
of use, understand potential barriers, and facilitate future
implementation. Adolescents, clinicians, and gatekeepers were
included in this phase.

Adolescent interview topics in Phase 1 included their past and
current experiences receiving mental health treatment,
smartphone usage and habits, and initial impressions of Vira
based on a verbal description of the platform. Clinician
interviews focused on their current therapy practices, experience
using technology as part of the mental health treatment they
deliver, past experiences integrating digital tools into existing
electronic health record (EHR) systems, and their first
impressions of Vira. Business gatekeepers reported on their
experiences managing clinicians and clinic caseload, use of
technology as part of mental health treatment, past experiences
integrating new tools into existing EHR systems, and their first
impressions of the platform. Interviews were approximately 30
minutes in duration and were conducted through Microsoft
Teams videoconferencing software.

After completing the interview, participants took part in an
unmoderated user testing session. Usability testing was
conducted through UserTesting and began with a “think-aloud”
procedure to test user interactions with Vira [31,32]. Participants
were asked to verbalize their reactions as they viewed screens
and to describe their navigational choices as they used the
platform. Users were also asked about barriers and facilitators
to using the platform, perceptions of specific features, and how
to improve it.

Phase 2
The goal of Phase 2 usability testing was to understand the
usability and acceptability of the refined Vira platform and
deepen our knowledge of the implementation context to support
clinical implementation in the subsequent pragmatic RCT.
Adolescents and clinicians were included in this phase, as they
were the primary target end users in the subsequent pragmatic
RCT.

Phase 2 interviews with adolescents and clinicians explored
similar topics to the Phase 1 interviews. In Phase 2, clinician
interviews additionally focused on implementation, clinician

JMIR Form Res 2025 | vol. 9 | e65418 | p.2851https://formative.jmir.org/2025/1/e65418
(page number not for citation purposes)

Tse et alJMIR FORMATIVE RESEARCH

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


readiness, and usability of the revised Vira platform. Interviews
necessitated approximately 30 minutes and were completed
through Microsoft Teams and Zoom. During the unmoderated
user testing portion of the session completed through the
UserTesting platform, clinicians were provided with a mock
patient profile and asked to think aloud as they explored the
Vira tool as if they were using it in a client session. The goal
of this mock case study testing format was to understand the
clinical implementation context, facilitators and barriers to use,
and overall usability. Clinicians were also asked more detailed
questions about EHR integration, including which data points
from Vira would be most useful to them.

Ethical Considerations
This study was reviewed and approved by the New York State
Psychiatric Institute Institutional Review Board (protocol
#8307). Signed electronic informed consent was obtained from
all participants included in this study. The study data were
anonymized and deidentified. All data is uploaded to a secure
research server that is only accessible by the research team.
Participants were compensated US $200 for their participation
in the study.

Data Analysis
Similar analytic approaches were used across phases. Qualitative
and quantitative data were analyzed separately.

Semistructured Interviews and UserTesting Transcripts
Semistructured qualitative interviews and UserTesting
transcripts were analyzed using a thematic analysis approach
[33]. Coding categories were developed to characterize
participant responses, including reactions to Vira’s features and
functions as well as overall difficulty or facility using the
platform. Given the iterative nature of the project, rapid analysis
techniques, including matrix displays and triangulation [34,35],
were also used. Multiple team members (TCT, LSW, DD, RPA,
and NBA) reviewed transcripts to identify themes across phases

for each persona (adolescent, clinician, or gatekeeper). Once
team consensus was reached, findings were summarized
narratively by theme and persona.

Quantitative Surveys
Demographics were analyzed using descriptive statistics and
frequencies (mean [SD] and n [%] where applicable). TAM
ratings were analyzed by comparing frequencies (mean [SD])
and n (%) of ratings within and across phases.

Mixed Methods Interpretation
The 2 sets of results (qualitative and quantitative) for each
persona were triangulated by theme across both phases to
examine how each set of data compared and contrasted to the
other set and to explore the complementarity of the results across
data collection methods. The qualitative and quantitative results
were then synthesized for interpretation. The mixed methods
synthesis of qualitative and quantitative results across both
phases is presented by persona in the Results section.

Results

Demographics
A total of 36 participants were recruited across both phases of
the study. In Phase 1, a total of 8 adolescents, 7 clinicians, and
5 gatekeepers participated in stakeholder consultations. One
gatekeeper did not provide demographic information. In total,
4 of the clinicians in Phase 1 also participated in Phase 2. One
gatekeeper participated in Phase 2 as a clinician. A total of 8
adolescents and 7 clinicians participated in Phase 2. Refer to
Table 1 for sample characteristics.

Table 2 summarizes participant responses to the TAM. One
gatekeeper did not complete TAM in Phase 1 and one clinician
did not complete TAM in Phase 2. For individual item frequency
distributions, please refer to Figures S1-S6 in the Multimedia
Appendix 1.
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Table 1. Demographic characteristics of participants (N=36).

Phase 2Phase 1

88Adolescents, n

17.5 (0.91)16.2 (0.91)Age (years), mean (SD)

7 (87.50)7 (87.50)Women, n (%)

Race, n (%)

5 (62.50)3 (37.50)White

2 (25.00)1 (12.50)Asian

1 (12.50)0 (0)Black

0 (0)3 (37.50)More than one race

0 (0)1 (12.50)Unknown or not reported

Ethnicity, n (%)

0 (0)1 (12.50)Hispanic

8 (100)7 (87.50)Non-Hispanic

87Clinicians (N)

34.75 (4.92)32.14 (5.24)Age in years, mean (SD)

8 (100)7 (100)Women, n (%)

Race, n (%)

7 (87.50)5 (71.43)White

1 (12.50)2 (28.57)More than one race

Ethnicity, n (%)

0 (0)1 (14.29)Hispanic

8 (100)6 (85.71)Non-Hispanic 

—a5Business gatekeepers (N)

—44.6 (9.09)Age (years), mean (SD)

—2 (40)Women, n (%)

Race, n (%)

—4 (80)White

—1 (20)Unknown or not reported

Ethnicity, n (%)

—4 (80)Non-Hispanic

—1 (20)Unknown or not reported

aNot applicable.
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Table 2. Participant technology acceptance model responses (N=33).

Gatekeepers,
mean (SD)

Clinicians, mean (SD)Adolescents, mean (SD)Technology acceptance model

Phase 1
(n=4)

Phase 2
(n=7)

Phase 1
(n=7)

Phase 2
(n=7)

Phase 1
(n=8)

Perceived usefulness scale

6.00 (0.82)5.14 (1.68)4.86 (0.69)5.14 (1.35)5.63 (0.74)Greater control

6.50 (0.58)5.00 (2.16)4.86 (0.90)5.14 (1.86)6.13 (0.64)Improve quality

5.75 (1.50)4.71 (1.38)3.86 (2.12)5.86 (1.21)5.50 (1.31)Accomplish quickly

6.50 (0.58)5.43 (1.62)5.00 (0.82)5.29 (1.25)5.75 (1.28)Support critical aspects

5.25 (2.06)4.43 (2.30)3.86 (1.07)5.71 (1.38)5.88 (0.99)Productive

5.75 (0.96)5.14 (1.68)4.43 (1.62)5.57 (1.40)5.75 (1.28)Improve

5.50 (1.29)3.29 (2.14)5.14 (1.21)5.43 (1.40)6.00 (1.20)Accomplish more

6.50 (0.58)5.14 (1.95)5.00 (0.82)5.57 (1.40)6.00 (1.31)Enhance effectiveness

5.50 (1.29)4.57 (1.40)3.86 (1.77)4.71 (1.25)5.75 (1.49)Easier

6.25 (0.50)5.86 (1.21)5.00 (1.00)5.43 (1.13)6.00 (0.93)Useful

Perceived ease of use scale

2.00 (1.41)4.71 (2.14)3.43 (1.27)3.14 (1.86)2.71 (1.38)Cumbersome to use

6.00 (0.82)4.86 (0.90)5.71 (1.11)5.57 (0.98)5.75 (1.48)Easy to learn

2.00 (0.82)2.86 (1.07)3.00 (1.15)2.29 (1.11)2.63 (1.60)Frustrating

2.00 (0.82)2.71 (1.38)3.29 (1.60)2.43 (1.51)2.50 (1.41)Confusing

2.75 (1.50)2.00 (1.00)3.14 (1.68)2.29 (1.60)2.00 (1.31)Rigid and inflexible

6.50 (0.58)4.71 (1.80)5.57 (0.53)5.29 (1.11)5.38 (1.92)Easy to remember

2.25 (1.50)3.57 (1.51)3.86 (1.35)4.00 (2.24)3.38 (1.19)A lot of mental effort

5.00 (2.45)4.86 (0.69)5.57 (0.53)6.00 (1.00)6.13 (1.13)Easy to understand

6.25 (0.96)5.00 (1.00)5.29 (0.76)5.29 (1.70)6.38 (0.52)Easy to become skillful

6.00 (1.15)5.43 (1.13)5.57 (0.53)5.86 (1.21)6.25 (0.71)Easy to use

Adolescents

Passive Sensing Data
The overall concept of using mobile sensors to passively capture
data about their behavior was intriguing to all participants.
Adolescents felt that the passive sensing data would be more
accurate than their own self-reports in reflecting their sleep and
fitness habits and that this technology could improve the
efficiency of their therapy sessions by allowing them to easily
share behavioral data with their clinician. Adolescents also
thought that Vira would improve the quality of their treatment
and support critical aspects of it (TAM perceived usefulness
items 2 and 4; refer to Table 2).

Adolescents across both phases had mixed reactions to the
different types of data that would be collected by the Vira app
via mobile sensors. Most adolescents were excited for the app
to track their sleep, walking, and exercise patterns, and identified
these behaviors as factors that impact mental health but that

they are often not aware of or tracking on their own. They were
also enthusiastic about their clinicians accessing these data
through Vira and using it to support their treatment. Refer to
exemplar testimonials in Textbox 1.

However, participants were more apprehensive about sharing
location (GPS) data. Many were confused about how location
data sharing would work and expressed that they did not want
their therapist to actively track their live location (even though
this is not a capability of the app). One adolescent expressed
that their data-sharing preferences could vary based on their
emotional state. There were also some concerns regarding how
language patterns derived from keyboard data would be
interpreted by clinicians.

I feel like people’s words and conversations can be
interpreted in many ways, and I don’t feel like
statistically, they’ll be an accurate representation.
[ID A13, Phase 2]
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Textbox 1. Passive sensing data feedback.

• Having a record of things like sleep and physical activity can help you because these are things that sometimes we do not think twice about. But
they have a huge impact on how we are feeling so to have a record and to also be able to have that type of platform to communicate with your
therapist sounds really efficient. [ID A08, Phase 1]

• My therapist seeing that I am not sleeping well would be helpful, it will save time in therapy and allow for deeper and more helpful conversations
rather than recapping. [ID A03, Phase 1]

• If it is about sleep and your physical activity, that is something that can affect your mental health. So, it is not like it is taking unnecessary
information. It is just like more information that you may not even think to bring up in your session because it is just part of your daily life. [ID
A15, Phase 2]

Home Page Feedback
Adolescents responded positively to the app’s home page
interface, stating it was easy to navigate and aesthetically
pleasing. Most adolescents perceived it as easy to learn and
understand (TAM perceived ease of use items 2 and 8). Most
adolescents also liked the sample psychoeducation articles that
were displayed on the home page.

However, some adolescents expressed concern about
engagement with the app given that personalized insights about
connections between their mood and their passively sensed
behaviors would not be available until they reported their daily
mood for 10 days. Adolescents suggested that having more
features available during the period before insights are
available would increase app engagement.

Communicating With Clinicians Between Sessions and
Nudges
Adolescents liked the idea of clinicians using Vira to send
nudges to them between sessions, particularly psychoeducational
videos, reminders to use coping skills or general mood boosters.

It would be nice to have a therapist who knew how I
felt even on the days that we didn’t meet and could
send me a little something. [ID A02, Phase 1]

However, there were a few adolescents who expressed concern
about the potential intrusiveness of between-session contact.
They were also concerned with the nuisance of receiving too
many smartphone notifications.

Several adolescents in Phase 2 felt that the frequency of
between-session communication should be variable based on a
few factors, including the strength of the relationship and their
current symptom severity. Adolescents expressed that they
would feel more comfortable engaging in more frequent
communication with their therapist between sessions only once
they had built a good rapport and relationship with them.

Clinicians

Using Vira in the Clinical Workflow
Clinicians consistently expressed that they are seeking a tool
that facilitates their workflow and makes their job easier, not
harder. Clinicians explained that they have many responsibilities
and take on multiple roles (eg, direct service provider and clinic
administrator), and thus need a tool that will lend itself to more
efficient preparation before client sessions.

Clinicians interviewed in Phase 1 felt the Vira Pro interface was
overwhelming, with potentially too much data provided. One
clinician felt that using Vira could slow down their workflow.

It would make me accomplish tasks more slowly
because there’s so much more data. [ID C02, Phase
1]

Between the Phase 1 and Phase 2 tests, changes were made to
the prototypes to simplify the data display in Vira Pro. Yet,
clinicians interviewed in Phase 2 also felt the large volume of
data was challenging, and like clinicians interviewed in Phase
1, felt that trying to extract clinically relevant components and
apply them to their sessions could create extra work.

I guess I have a little bit of a worry of how do I
incorporate all this data in a way that doesn’t feel
like a waste of time for the patient but isn’t creating
a lot of extra work for me compared to what I’m doing
today? [ID C11, Phase 2]

Some clinicians suggested that more concise data summarization
within Vira Pro would make the tool more usable. Despite their
comments about the interface being overwhelming, clinicians
across both phases felt that Vira would be easy to learn and use
(TAM perceived ease of use items 2 and 10).

Although all clinicians across both phases felt that Vira would
be useful to their clients’ treatment (TAM perceived usefulness
item 10), there were mixed opinions on whether Vira would
increase their efficiency and job performance. The majority of
clinicians felt that Vira would support critical aspects of their
job and enhance their effectiveness on the job, but there were
differences in perceptions of whether using Vira would allow
them to accomplish more tasks quickly and increase their job
productivity (TAM perceived usefulness items 3 and 5).
Interestingly, fewer of the Phase 2 clinicians felt that Vira would
allow them to accomplish more in their job than would otherwise
be possible compared to Phase 1 clinicians (TAM perceived
usefulness item 7).

Nudges
Clinicians had mixed opinions on the utility of scheduling
nudges to practice therapy techniques. Some reacted very
positively to the feature and felt that it could be useful to their
patient’s treatment by reinforcing the use of therapy principles
discussed in the session in the context of the patient’s everyday
life.

I love the idea of the nudges, and I’m thinking how
instrumental that would be in transforming phone
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coaching and generalizing any sort of DBT skills to
the environment. [ID C03, Phase 2]

However, other clinicians felt that nudges between sessions
may lead patients to become too reliant on their therapist and
neglect to engage in therapeutic strategies on their own, a key
step in sustained behavior change. One clinician felt that it was
unnecessary to use nudges to remind patients to use therapeutic
techniques, preferring instead to simply speak to the patient in
person about using them.

And then nudging, I’m not particularly fond of,
because I feel like it could potentially reinforce
passivity for a patient. If a provider is nudging them
and reminding them to do things, it’s kind of taking
away the autonomy that they can do it on their own.
[ID C04, Phase 2]

I’m just imagining it’s us sitting there monitoring our
patients and nudging them to use skills [...] and it
fragilizes them and doesn’t hold them accountable
for being responsible for their own well-being. [ID,
C02, Phase 2]

Within the Vira Pro dashboard, all clinicians agreed that the
section showing “default” nudges should be adapted for each
client’s clinical needs. For example, the most common
therapeutic modalities and techniques used for a patient with
anxiety are different from those used for a patient with
depression.

I would want to be able to customize it for the client
because I think it would make a difference based on
what I was working with the client on. [...] So they
might vary depending on the focus of the treatment.
[ID C09, Phase 2]

EHR Integration
Clinicians offered several suggestions related to integrating the
Vira platform into EHR systems. They frequently stated that
having the data that is collected in Vira (eg, passive sensing
data and assessment responses) automatically populate into their
EHR would reduce the burden of manually uploading data.
Similarly, clinicians thought that it would be efficient to have
clinical notes generated in Vira appear in their EHR system,
reducing the need for them to rewrite their notes in multiple
locations.

Minimal effort on my end to change anything.
Minimal training. Nothing that I have to do too much
work on my end to upload [Vira data]. [ID C04, Phase
1]

To support seamless integration, several clinicians felt it would
be important to reduce the number of redundant logins needed
to access Vira within their EHR. Clinicians interviewed in Phase
2 considered the following types of Vira data most important
for EHR integration: daily self-reported mood check-ins,
assessment responses and scores, and the Vira-derived
associations between self-reported mood and client behavior.

Business Gatekeepers

Overview
All gatekeepers felt that Vira would be a useful tool for their
team’s treatment toolkit (TAM perceived usefulness item 10).
All gatekeepers felt that using Vira would improve the quality
of the work they do (TAM perceived usefulness item 2), support
critical aspects of their job (TAM perceived usefulness item 4),
and enhance their effectiveness on the job (TAM perceived
usefulness item 8). They also agreed that Vira seems easy to
learn (TAM perceived ease of use item 2), easy to become
skillful at using (TAM perceived ease of use item 9), and easy
to use (TAM perceived ease of use item 10).

Vira Pro Interface
Through the user testing sessions, administrators provided
feedback about the usability and acceptability of several aspects
of the Vira Pro administrator dashboard. Gatekeepers responded
positively to the visual layout and liked that they could access
information about all patients in their clinic from a single page
within the administrator dashboard. They also expressed that it
would be important for the results of patient’s risk assessments
to be displayed within the dashboard alongside the other
assessments that have been completed so that they are easily
accessible for practitioners.

There were several aspects of the practitioner platform that
gatekeepers were unclear about. Within the administrator
dashboard, it was unclear to them where the data for “Top 10
Used Intervention Techniques” is derived from and that it is a
compilation of all the clients within the clinic. Gatekeepers also
sought more detailed explanations of the Vira metrics within
the dashboard, such as how language categories are defined and
examples.

I would love to see how these categories of language
are defined in really clear ways. Like ‘rigid words’
for example, I’d love to see some examples. [ID G2,
Phase 1]

Implementation Considerations
During the interviews, gatekeepers were asked to consider
several aspects of implementing Vira within their clinic. First,
gatekeepers felt that Vira would be helpful because it could
inform clinic treatment planning.

Gatekeepers were asked which clinicians would find Vira most
helpful. All participants stated that Vira would be a useful tool
for clinicians who employ cognitive behavioral therapy and
DBT within their treatment framework, as Vira’s functionalities
could enhance their ability to practice those treatment modalities.

Folks who are involved in DBT and CBT could really
be the ones that could utilize the tool because it most
mimics what we already do, right? CBT, it’s all about
the exposures so how could we use Vira to help with
the exposures. With DBT, it’s all about practicing
those skills and some of the skills are about sleeping
well, taking your medication, exercising or just doing
any sort of physical activity, all those things. So again,
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I think in some ways, this would really complement
those types of providers. [ID G2, Phase 1]

Gatekeepers felt Vira might be useful for patients experiencing
depression and/or anxiety. One gatekeeper mentioned Vira
potentially being useful for patients with physical health
comorbidities due to Vira’s health behavior metrics and
expressed interest in integrating Vira with primary care or other
medical departments.

Gatekeepers also brought up several potential barriers to
implementation. The most common concern was the
confidentiality of patient data collected from Vira. There were
also some concerns about the extent of parental involvement,
including how much Vira data they could access if patients are
minors. Some gatekeepers were also worried that implementing
Vira could be potentially burdensome for providers by adding
to their workload, depending on clinic expectations.

I do worry that it would be burdensome to the
provider if there’s any expectations around how much
they’re supposed to be babysitting, so to speak. [ID
G3, Phase 1]

Another implementation roadblock gatekeepers identified is
getting clinicians to try a new tool and do something different
in their treatment. One gatekeeper suggested incorporating
multimodal training to help clinicians transition to using the
tool could help overcome this obstacle. Gatekeepers also foresaw
difficulties in integrating Vira with existing EHR systems.

Discussion

Principal Findings
This study used UCD methods to garner feedback about the
Vira behavior change platform from 3 groups of key
stakeholders: adolescent patients, clinicians, and business
gatekeepers. All participants expressed that Vira could be useful
in enhancing mental health treatment. Adolescents had positive
feedback on the aesthetics and design of the Vira app, factors
that may promote engagement with mental health apps for youth
at risk of suicide [36]. Overall, clinicians felt that the displays
in the Vira Pro practitioner portal were too dense due to the
volume of data shown and had mixed feedback about how using
Vira would impact their efficiency and productivity. Clinicians
were generally open to the idea of using Vira to send nudges to
clients between sessions but expressed some concerns.
Gatekeepers had mixed feedback on the usability of the tool
but felt that Vira would enhance their effectiveness on the job
and shared valuable feedback to inform implementation.

General Capabilities and Data Sharing
All participants expressed excitement about Vira’s passive
sensing capabilities to track behavior and the daily mood. This
aligns with UCD research conducted as part of the development
of the BlueIce app, which similarly found that adolescents were
enthusiastic about tracking mood patterns and noticing their
patterns, as well as identifying triggers of negative moods,
similar to Vira’s insights [37]. However, there was some
apprehension about potential intrusiveness to patients.
Specifically, adolescents were most worried about sharing
location data and not wanting to be actively tracked by their

therapist, and clinicians were only interested in accessing
information that adolescents were enthusiastically willing to
share with them. To address adolescents’ concerns about
collecting and sharing location and keyboard data, it will be
important to provide them with detailed information and
instructions on how their data is processed, stored, and used by
the app and their clinician at the time of installation.
Specifically, clients should be informed that clinicians do not
have real-time access to behavioral data, nor do they have
specific details about exact locations or words typed into their
smartphones. Taken together, these findings suggest that clear
alignment between patients and providers on which data they
are comfortable sharing, and what exactly is shared, is important
for aiding clinicians and clients in leveraging passive sensing
data in therapy and maintaining supportive therapeutic
relationships.

Communication Between Sessions (Nudges)
The Vira tool allows clinicians to send prescheduled
notifications to patients to support compliance with their therapy
plans. By collecting passive sensing data that is displayed in
both the Vira app and on the practitioner dashboard, Vira also
provides information about client behavior continuously between
sessions. In this study, adolescents and clinicians expressed
mixed views on whether these features would improve treatment.
While some adolescents were enthusiastic, others noted that it
might be frustrating to receive too many notifications from their
therapist. This aligns with feedback from target adolescent end
users of the LifeBuoy app regarding the frequency of app
notifications [36]. Several clinicians in this study shared similar
concerns.

Stakeholder feedback from this study therefore suggests it is
essential to set clear expectations with both adolescents and
practitioners about how that between-session communication
will be operationalized. Gatekeepers felt the tool would be a
supportive addition to their team’s treatment toolkit, but were
concerned about the potential burden on clinicians, underscoring
the importance of clearly defining expectations with providers.
Along similar lines, when introducing the tool to their patients,
practitioners should discuss both the frequency with which they
will use Vira and how they will use it to support treatment.
Similar to Hetrick et al [38], clinicians in our study expressed
that although the tool could be useful in monitoring patients’
moods, monitoring patient data multiple times between sessions
or in real time is not feasible. However, to be clear, this is not
an expectation of typical use of the Vira Platform. Ensuring the
tool is designed to fit within clinician workflows and managing
patients’expectations for how their clinician will use it increases
the likelihood of clinician adoption [39].

Adolescents were very enthusiastic about Vira’s nudges. They
uniformly liked the concept of clinicians using the passive
sensing data to determine what types of nudges should be sent
to enhance their treatment. They also felt it would be helpful
for clinicians to send nudges as reminders to use therapeutic
techniques learned during treatment. Conversely, clinicians had
mixed opinions on the nudging feature. Some clinicians felt
nudges could be very useful and could transform treatment in
a positive way, consistent with recent research demonstrating
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that nudges and prompts increase engagement in self-guided
interventions [40]. However, it is important to note that patients
in the IOP setting would be using Vira to support DBT, a
collaborative and therapist-guided treatment modality. Other
clinicians expressed concern that patients may become
dependent on their clinician to send nudges to remember to use
therapeutic techniques discussed in sessions. In sum, Vira’s
nudge capability may help promote habit formation in terms of
therapy techniques and coping skills outside of the therapy
sessions, and it is important that digital products allow clinicians
to schedule and structure nudges in line with each patient’s
personalized and dynamic treatment needs. For example,
clinicians may schedule nudges to be delivered less frequently
as skills are acquired and used.

Product Changes
Findings from this iterative UCD process directly informed the
development of several changes to the Vira platform that will
be implemented for the pragmatic RCT. In response to feedback
about data sharing, app users will have the flexibility to choose
which data streams they would like to share with their
practitioner, including specific streams of passively sensed
behavioral data and daily mood (enjoyment) ratings.
Enhancements have also been made to the app to boost
engagement during the initial 10-day period in which Vira
collects sufficient information to calculate personalized insights
about behaviors that may be related to a user’s mood. In the
version of the app that was tested in this study, personalized
insights were not available to users until their 10th daily
check-in. Based on insights from this UCD study, the app has
been updated such that users receive more onboarding
information within the app after their third daily check-in, and
insights about the consistency of their sleep and walking patterns
after their sixth and eighth check-ins, respectively.

Clinicians and gatekeepers expressed strong desires for deeper
information about the various sensor streams and data types
available within the dashboard, as well as a simpler and more
accessible user interface. Therefore, the Vira Pro dashboard
was modified to show a more summarized, simplified form of
patient data with more options to hide granularity in data charts.
The revised version of the platform also retains the capability
to drill into the details as needed; Vira Pro users can now hover
over fields within the dashboard, such as sensor streams and
specific data points, to view more details about how the data
were collected and processed. Simplifying the user interface is
a particularly important product change, considering that
providing an overload of information can discourage clinicians
from using the digital tool [41].

Implementation Considerations
Previous research has shown that practitioners’negative attitudes
toward digital mental health interventions and resistance to
change are common barriers to implementing new digital
technologies in mental health care [39]. Similarly, through
clinician and gatekeeper interviews, this study found that
clinician buy-in with using a new tool is vital. Consistent with
other research, clinicians and gatekeepers expressed concerns
about the potential for mobile technology to increase
professional workload [42]. Providing clinicians with sufficient

training to ensure their confidence and efficiency in using the
tool may increase the likelihood that clinicians integrate the
tools into their practice [43], and help them overcome any
concerns or hesitations they may have regarding implementation.
Thorough training was also commonly suggested by gatekeepers
in this study as a vital step to implementing Vira in their clinic.
Further, when implementing Vira within a clinical setting, clinic
administration needs to set clear expectations for how they
expect Vira to be used within treatment. Moreover, clinicians
and gatekeepers expressed that friction integrating Vira with
existing EHR systems would be a barrier to implementation,
consistent with previous research [44].

Findings from this study directly informed the development of
a focused training approach that is being rolled out in the
ongoing pragmatic RCT [29]. In response to clinician feedback
about having limited time to learn new tools, the clinician
training uses a blended synchronous and asynchronous format
to provide flexibility while also keeping the training focused
and efficient (1 hour total). To address mixed views regarding
whether Vira would help them increase productivity, the training
emphasizes critical thinking on how to apply the Vira platform
to their practice. The training sequence focuses on building
self-efficacy for using the platform to enhance their practice
and help augment their ability to complete existing tasks. Many
video and written resources are also available through a
self-service knowledge base for asynchronous review and
support after the training.

Generalizability and Broader Implications
Findings from this study can be generalized to inform the
development and implementation of other digital technologies
for high-risk youth. Both adolescents and clinicians were
enthusiastic about the potential utility of passive sensing data
for treatments [37], but concerns regarding data sharing
underscore the need for transparency about how data from digital
health platforms are used [45].

This study also revealed important issues to consider more
broadly when implementing new digital technologies into health
care systems, such as the impact on clinician workloads and
integrating the tool within existing clinical workflows and EHRs
[39,44]. User interface design is a key consideration in
increasing the acceptability of new digital technologies. Data
displays should be simple and accessible so as to not overwhelm
users and increase the likelihood of adoption [41].

Limitations
This study has several limitations. Sample characteristics and
recruitment methods may have impacted the feedback elicited
in this study and the generalizability of the results. Many
adolescents in the study had engaged in higher levels of care
(eg, inpatient admission, partial hospitalization programs, and
IOPs). However, the inclusion criteria for adolescent participants
only required them to be currently in treatment or have received
treatment in the past year for depressive or anxiety symptoms.
Accordingly, some of the participants recruited may have only
received a minimal level of care (ie, just a few sessions) and
may have been at lower risk compared to the intended user
population for Vira. In addition, the sample was limited in terms
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of racial and ethnic diversity, and the majority of the adolescent
sample and the entire clinician sample were female. This may
be because females are more likely to seek treatment for mental
health [46], and the mental health workforce is predominately
female [47]. Moreover, there was also a relatively small sample
size. For grounded theory approaches, a sample size of 20-30
participants is generally recommended [48], although a recent
systematic review found that among studies with a relatively
homogeneous study population and specific objectives, a total
of 9-17 interviews may be enough to reach saturation [49]. This
study reached saturation with a similar sample size. Finally, we
did not include parents as a stakeholder in this study. It may be
useful to include parents in future studies to understand how
their involvement can facilitate the implementation of digital
technologies in adolescent mental health treatment.

Future Directions
Clinician feedback about the lack of time to prepare for sessions
suggests that automation may increase the acceptability and
perceived usefulness of the platform. Feedback has informed
the ongoing design and development of AI-supported features
such as automatically generated drafts of clinical progress notes,
“heads up” summaries of the most salient clinician issues that

can be quickly accessed before each session, and a clinical
assistant that can leverage clinical practice guidelines across a
range of behavioral health conditions to suggest enhancements
to therapy plans based on data collected in Vira. Moreover, the
clinical effectiveness of the Vira platform is currently being
investigated in a 2-arm, pragmatic RCT in which youth at risk
for suicide within an IOP will be randomly assigned to use Vira
with their clinician or engage in usual care [29]. Throughout
this clinical trial, we will collect feedback from both patient
and clinician participants.

Conclusions
In sum, participants felt that the Vira platform has a high
potential to improve engagement with mental health treatment
as well as mental health outcomes in high-risk youth. Our
rigorous, multimethod approach uncovered key facilitators and
barriers to implementation, many of which are consistent with
previous research, highlighting the challenge of translating
novel, technology-based interventions from controlled to clinical
settings. Applying iterative, UCD methods allowed us to
integrate valuable stakeholder feedback to develop an
intervention that is clinically relevant to end users, hopefully
leading to successful implementation in real-world settings.
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Abstract

Background: Graves disease (GD) is an autoimmune thyroid disorder characterized by hyperthyroidism and autoantibodies.
The COVID-19 pandemic has raised questions about its potential relationship with autoimmune diseases like GD.

Objective: This study aims to investigate the causal association between COVID-19 and GD through Mendelian randomization
(MR) analysis and assess the impact of COVID-19 on GD.

Methods: We conducted an MR study using extensive genome-wide association study data for GD and COVID-19 susceptibility
and its severity. We used stringent single nucleotide polymorphism selection criteria and various MR methodologies, including
inverse-variance weighting, MR-Egger, and weighted median analyses, to assess causal relationships. We also conducted tests
for directional pleiotropy and heterogeneity, as well as sensitivity analyses.

Results: The MR analysis, based on the largest available dataset to date, did not provide evidence supporting a causal relationship
between COVID-19 susceptibility (odds ratio [OR] 0.989, 95% CI 0.405‐2.851; P=.93), COVID-19 hospitalization (OR 0.974,
95% CI 0.852‐1.113; P=.70), COVID-19 severity (OR 0.979, 95% CI 0.890‐1.077; P=.66), and GD. Tests for directional
pleiotropy and heterogeneity, as well as sensitivity analyses, supported these findings.

Conclusions: This comprehensive MR study does not provide sufficient evidence to support a causal relationship between
COVID-19 and the onset or exacerbation of GD. These results contribute to a better understanding of the potential association
between COVID-19 and autoimmune diseases, alleviating concerns about a surge in autoimmune thyroid diseases due to the
pandemic. Further research is warranted to explore this complex relationship thoroughly.

(JMIR Form Res 2025;9:e66003)   doi:10.2196/66003

KEYWORDS

Graves disease; COVID-19; Mendelian randomization; causal relationship; autoimmune disease

Introduction

Graves disease (GD) is an autoimmune thyroid disorder
characterized by hyperthyroidism and the presence of
autoantibodies. It is influenced by a combination of genetic,
environmental, and immunological factors. Viral infections
have long been implicated as potential triggers of autoimmune
diseases, including autoimmune thyroid disorders [1-3]. Notably,
the global COVID-19 pandemic has intensified concerns
regarding its potential role in the development or exacerbation
of autoimmune diseases such as GD [1,2].

Previous studies have explored the associations between viral
infections and autoimmune thyroid diseases, with evidence
suggesting that infections such as Epstein-Barr virus and

hepatitis C virus may contribute to the onset or progression of
these disorders [4,5]. More recently, research has focused on
the potential immunological impact of SARS-CoV-2, the virus
responsible for COVID-19. It has been proposed that
SARS-CoV-2 can disrupt immune homeostasis, potentially
leading to autoimmune reactions, including thyroid dysfunction
[6]. While observational studies have reported an increased
incidence of thyroid abnormalities in COVID-19 patients, these
findings remain inconclusive in establishing a direct causal link
between COVID-19 and autoimmune thyroid diseases [7-9].

The impact of COVID-19 on thyroid function has been further
highlighted in recent systematic reviews and meta-analyses,
which have suggested that thyroid abnormalities may be a
common sequela of SARS-CoV-2 infection [10]. Additionally,
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genetic predisposition plays a crucial role in determining
susceptibility to autoimmune thyroid diseases, which
underscores the need for a robust methodological approach to
examine causality.

To address these uncertainties, this study uses Mendelian
randomization (MR) analysis to investigate the causal
relationship between COVID-19 and GD. MR leverages genetic
variants as instrumental variables to approximate the effects of
a randomized controlled trial, thereby minimizing confounding
biases. This approach is based on 3 key assumptions: (1) genetic
variants are not associated with confounding factors, (2) genetic
variants influence an intermediate exposure variable, and (3)
genetic variants affect the outcome solely through their impact
on the exposure variable [11].

By elucidating the potential causal association between
COVID-19 and GD, this research aims to contribute to a deeper
understanding of the impact of SARS-CoV-2 on autoimmune
thyroid diseases. These findings could inform future studies
and clinical strategies for managing autoimmune thyroid
disorders in the context of COVID-19.

Methods

Study Design
This study used a 2-sample MR design, relying exclusively on
publicly accessible data for all analyses. We meticulously
adhered to the recommendations presented in the Strengthening
the Reporting of Observational Studies in
Epidemiology-Mendelian Randomization (STROBE-MR)
guidelines, ensuring a comprehensive and rigorous reporting
approach.

Ethical Considerations
This study is a secondary analysis of publicly available
genome-wide association study (GWAS) summary statistics
obtained from the Integrative Epidemiology Unit OpenGWAS
database [12]. As no new individual-level data were collected
and no direct human participation was involved, ethical approval
from an institutional review board was not required. The original
GWASs adhered to their respective ethical guidelines and
received necessary approvals. Since the study exclusively used
deidentified, publicly available data, informed consent was not
applicable; however, the original studies obtained informed
consent from participants at the time of data collection and
explicitly permitted secondary data analysis without additional
consent. All data used in this study were fully anonymized,
ensuring participant confidentiality, and no personally
identifiable information was accessed, stored, or analyzed. In
accordance with data protection regulations and ethical
standards, strict measures were taken to maintain privacy and
confidentiality. As no human participants were directly involved,
no compensation was provided. Additionally, this study does
not include any identifiable images or figures.

Data Sources for Exposures
We procured summary-level data for COVID-19 susceptibility
(n=1,683,768), COVID-19 hospitalization (n=1,882,773), and
COVID-19 severity (n=1,388,342) from the Integrative

Epidemiology Unit OpenGWAS database [12]. This database
offers extensive GWAS summary statistics encompassing a
diverse array of traits and outcomes.

The data on COVID-19 susceptibility included 38,984
individuals, comprising individuals diagnosed with COVID-19
through laboratory confirmation of SARS-CoV-2 infection,
electronic health records using International Classification of
Diseases (ICD) codes or physician notes, or self-reported cases.
For COVID-19 hospitalization, 9986 individuals were included,
while COVID-19 severity encompassed 5101 individuals
categorized as being in an extremely critical condition, which
included individuals who experienced mortality or required
advanced respiratory support [13-15].

Detailed information regarding the genetic variants associated
with these COVID-19-related outcomes is presented in 3/7/2025
[16], offering a comprehensive overview of the exposure
variables used in our MR analysis.

Outcome Data
The outcome data for GD were extracted from publicly available
summary statistics, involving a total of 2176 GD cases and
210,277 controls (GWAS ID: bbj-a-123). The cases represented
individuals hospitalized for GD, and the control group consisted
of individuals from cohorts without identified cases. The genetic
instruments used for GD in this MR study were derived from
these data, facilitating a comprehensive evaluation of the causal
relationship between GD and pertinent genetic variations.

Instrument Construction
For constructing genetic instruments for each exposure, we used
a rigorous approach. We identified single nucleotide
polymorphisms (SNPs) displaying significant associations with
the respective exposure at a genome-wide significance threshold

(P<5×10− ), which, while less stringent than the conventional

threshold (P<5×10– ), was chosen to balance instrument strength
and the number of available SNPs. These SNPs underwent
linkage disequilibrium clumping to remove highly correlated
SNPs (r²≥0.001). Our reference population was drawn from the
European cohort within the 1000 Genomes Project, which may
limit the generalizability of our findings to non-European
populations. To ensure consistency in effect sizes and address
issues related to palindromic SNPs, we harmonized
SNP-exposure and SNP-GD associations. In cases where
specific SNPs were missing in the GD GWAS dataset, we used

proxy SNPs (r2>0.8). To mitigate potential bias from weak
instruments, we performed F statistic calculations and conducted
multiple sensitivity analyses, including leave-one-out analysis
and MR-Egger regression. The processes of SNP extraction
from GWAS summary-level data, linkage disequilibrium
clumping, and harmonization were executed using the
TwoSample MR package in R version 4.3.0 (R Core Team)
[17,18]. The strength of the instrumental variables was evaluated

using the F statistic, computed as follows: F = (R2/K)/[(1−R2)

(N−K−1)], where R2 denotes the variance explained by the
instruments, K is the number of instruments, and N is the sample
size [19].
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Statistical Analyses
Using a 2-sample MR approach, we estimated the causal effects
of COVID-19 susceptibility and its severity on GD. The primary
MR analysis used the inverse-variance weighting (IVW) method,
assuming that the genetic instruments collectively satisfy the
core MR assumptions. In addition to the primary MR analysis,
we conducted supplementary sensitivity analyses, including
MR-Egger, weighted median, and MR-pleiotropy residual sum
and outlier (MR-PRESSO) methods. These methods enhance
robustness against potential pleiotropic effects by relaxing
certain MR assumptions. To assess horizontal pleiotropy, we
used the intercept term from MR-Egger regression, where an
intercept P value exceeding .05 indicated an absence of
pleiotropy. Furthermore, we applied MR-PRESSO as a
supplementary method to detect and exclude outlier genetic
instruments with pleiotropic effects, subsequently estimating
causal effects. All tests were 2-sided and executed using the
TwoSampleMR and MR-PRESSO packages in R version 4.3.0.
A significance threshold was set at P<.05. Since our analysis
exclusively used publicly available data, no ethical approval
from a local committee was sought.

Results

In summary, this MR analysis encompassed GWAS data for 3
COVID-19 statuses, including COVID-19 susceptibility and its
severity, in relation to GD (detailed information provided in
Table 1).

Regarding COVID-19 susceptibility, the IVW MR analysis
indicated that GD did not significantly increase the risk (odds
ratio [OR] 0.989, 95% CI 0.405‐2.851; P=.93; Figures 1A-3A
and Table 2). No heterogeneity among SNPs was observed

(Cochran Q P=.39). The MR-Egger intercept was close to zero
(intercept=−0.0051; P=.85), implying the absence of directional
pleiotropic effects (Table 3). MR-PRESSO did not detect any
outlier SNPs (P=.47). The results of the leave-one-out sensitivity
analysis supported the observed causal association (Figure 4A).

The results of the IVW MR analysis indicated that there was
no significant association between COVID-19 hospitalization
and the risk of GD (OR 0.974, 95% CI 0.852‐1.113; P=.70;
Figures 1B-3B and Table 2). Heterogeneity was not observed
among the various studies (P=.27). Sensitivity analysis using
the MR-PRESSO method also failed to yield statistically
significant causal estimates (P=.33). Furthermore, the MR-Egger
intercept suggested an absence of horizontal pleiotropy
(intercept=−0.0039; P=.89). The MR-PRESSO method did not
identify any outlier SNPs (P=.33; Table 3). Leave-one-out
sensitivity analysis did not reveal any individual SNPs that
significantly influenced the causal estimates (Figure 4B).

In the primary MR analysis using the IVW method, there was
no significant association observed between COVID-19 severity
and the risk of GD. The OR for this relationship was 0.979 (95%
CI 0.890‐1.077; P=.66; Figures 1C-3C and Table 2). The
results were consistent when using the weighted median method
(OR 0.975, 95% CI 0.852‐1.116; P=.71) and conducting the
MR-PRESSO sensitivity analysis (P=.20). Furthermore, the
Cochran Q test revealed no evidence of heterogeneity (P=.20),
and the MR-Egger intercept indicated the absence of horizontal
pleiotropy (intercept=0.0352; P=.37). No potential outliers were
identified using the MR-PRESSO method (Table 3).
Leave-one-out sensitivity analysis did not reveal any individual
SNPs that significantly influenced the causal estimates (Figure
4C). The symmetry in the funnel plot further supported the
reliability of the MR analysis (Figure 3).

Table . Data sources for the analysis.

Source of genetic variationsPhenotype and consortium

ControlsCases

210,277 individuals from
cohorts without identified
cases

2176 individuals hospitalized for Graves diseaseGraves disease

COVID-19 susceptibility and its severity

1,644,784 individuals who
were registered within the
same groups but were ex-
cluded from the cases under
investigation

38,984 individuals who were diagnosed with COVID-19 using laboratory confirmation

of SARS-CoV-2 infection, electronic health records (which included the use of ICDa

codes or physician notes), or self-reported cases

    Susceptibility

1,877,672 individuals who
were enrolled in the study
cohorts but did not meet the
criteria for classification as
cases, indicating that they
did not require hospitaliza-
tion due to COVID-19

9986 individuals who were admitted to hospitals as a result of contracting COVID-19    Hospitalization

1,383,241 individuals who
were included in the study
cohorts but did not meet the
criteria for classification as
cases

5101 individuals categorized as being in an extremely critical condition, which encom-
passes those who experienced mortality or required advanced respiratory support, including
interventions such as continuous positive airway pressure (CPAP), bilevel positive airway
pressure (BiPAP), endotracheal intubation, or high-flow nasal cannula therapy

    Very severe

aICD: International Classification of Diseases.
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Figure 1. Forest plot of the results of Mendelian randomization (MR) analysis. (A) COVID-19 susceptibility, (B) COVID-19 hospitalization, and (C)
COVID-19 severity.

Figure 2. Scatter plot of the results of Mendelian randomization (MR) analysis. (A) COVID-19 susceptibility, (B) COVID-19 hospitalization, and (C)
COVID-19 severity. SNP: single nucleotide polymorphism.

Figure 3. Funnel plot of the results of Mendelian randomization (MR) analysis. (A) COVID-19 susceptibility, (B) COVID-19 hospitalization, and (C)
COVID-19 severity.
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Table . Mendelian randomization estimates of the association between Graves disease and COVID-19.

COVID-19 very severeCOVID-19 hospitalizationCOVID-19 susceptibilityOutcome

P valueOR (95% CI)SNPs, nP valueOR (95% CI)SNPs, nP valueORb (95% CI)SNPsa, n

Graves disease

.660.979 (0.890‐1.077)27.700.974 (0.852‐1.113)21.930.989 (0.405‐2.851)19    IVWc

.710.975 (0.852‐1.116)27.740.967 (0.797‐1.175)21.840.966 (0.685‐1.362)19    Weight-
ed medi-
an

.330.824 (0.563‐1.207)27.990.997 (0.696‐1.431)21.891.047 (0.786‐1.245)19    MR-

Eggerd

.391.119 (0.871‐1.436)27.340.868 (0.655‐1.151)21.871.043 (0.632‐1.723)19    Simple
mode

aSNP: single nucleotide polymorphism.
bOR: odds ratio.
cIVW: inverse-variance weighting.
dMR-Egger: Mendelian randomization-Egger regression.

Table . Results of heterogeneity and horizontal pleiotropy analyses.

P value (global test)dP value (pleiotropy)cMR-Eggerb interceptP value (heterogene-

ity)a
ExposureOutcome

.47.85−0.0051.39COVID-19 susceptibil-
ity

Graves disease

.33.89−0.0039.27COVID-19 hospitaliza-
tion

Graves disease

.20.370.0352.20COVID-19 very severeGraves disease

aThe P value of Cochran Q value in the heterogeneity test.
bMR-Egger: Mendelian randomization-Egger.
cThe P value for the intercept in the MR-Egger regression.
dThe P value for the global test in the Mendelian randomization-pleiotropy residual sum and outlier test.

Figure 4. Leave-one-out analysis plots of the results of Mendelian randomization (MR) analysis. (A) COVID-19 susceptibility, (B) COVID-19
hospitalization, and (C) COVID-19 severity.

Discussion

Principal Findings
In this MR study, we extensively explored the potential causal
relationships between COVID-19 susceptibility, COVID-19
hospitalization, and COVID-19 severity in relation to GD. Using
a variety of MR methods, we aimed to provide a comprehensive
understanding of these relationships. Our study results
underscore the absence of a causal link between COVID-19
susceptibility and GD. Recent research continues to unveil the

intricate interplay between autoimmune diseases and viral
infections. For example, a study conducted by Widhani et al
[20] delved into the potential associations between viral
infections, including COVID-19, and autoimmune thyroid
diseases, further corroborating our findings. Additionally, the
work of Smith and Hegedüs [21] has provided in-depth insights
into the pathogenesis of GD, emphasizing its multifactorial
nature. These recent studies lend robust support to our research.
Furthermore, investigations into the relationship between
COVID-19 and autoimmune diseases have expanded in recent
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years. A systematic review by Tutal et al [22] examined the
impact of autoimmune thyroid diseases on the severity of
COVID-19, enriching our understanding of the bidirectional
influences between these health conditions. To provide a broader
clinical context, we have integrated evidence on how COVID-19
susceptibility and outcomes differ across other autoimmune
diseases, which highlights the need for more nuanced
investigations beyond GD alone [23].

Similarly, we found that COVID-19 hospitalization does not
significantly increase the risk of GD. The consistency of this
result across various MR methods suggests that COVID-19
hospitalization is not a causal risk factor for GD. This conclusion
is pivotal for understanding the etiology of GD and its
relationship with other health conditions. Recent research has
provided further insights into the connection between COVID-19
and autoimmune thyroid diseases. For example, a study by
Fallahi et al [24], conducted within the past 5 years, investigated
the impact of COVID-19 hospitalization on the development
of autoimmune thyroid diseases, including GD. The study used
a large-scale patient database and used statistical methods to
evaluate the risk of developing autoimmune thyroid diseases
after COVID-19 hospitalization. Their findings, which align
with our MR results, indicated that COVID-19 hospitalization
was not significantly associated with an increased risk of GD
or other autoimmune thyroid diseases. This further supports the
critical importance of recognizing that COVID-19
hospitalization itself does not have a direct causal role in the
development of GD. Furthermore, we examined the relationship
between COVID-19 severity and the risk of developing GD.
Our study revealed that COVID-19 severity does not contribute
to the onset of GD. This finding provides important insights
into the genetic and environmental factors influencing GD’s
pathogenesis. A recent study by Bostan and colleagues [25]
explored the genetic mechanisms underlying the development
of GD in individuals with severe COVID-19. Their research
highlighted the role of genetic susceptibility in the development
of GD among those with severe COVID-19, adding to our
understanding of the complex interaction between COVID-19
and autoimmune thyroid diseases.

Moreover, recent research has extensively explored the
associations between COVID-19 and thyroid-related conditions.
Studies have indicated that COVID-19 infection can influence
thyroid function, potentially leading to hyperthyroidism or
thyrotoxicosis in certain individuals, further emphasizing the
potential link between COVID-19 and thyroid diseases.
However, the specific mechanisms remain unclear and warrant
further investigation. Recent studies have provided more
in-depth insights into the complex interplay between COVID-19
and thyroid function. For instance, a study by Smith et al [21]
identified COVID-19-related thyroid dysfunction, including
subacute thyroiditis and hyperthyroidism, reporting cases of
patients experiencing thyroid-related symptoms during or
following COVID-19 infection. Similarly, Damara et al [10]
conducted a systematic review and meta-analysis, revealing a
significant association between autoimmune thyroid diseases
and the severity of COVID-19. These studies underscore the
importance of further understanding the relationship between
COVID-19 and thyroid dysfunction. Additionally, Muller et al

[26] examined the underlying mechanisms of
COVID-19-induced thyroid dysfunction, particularly focusing
on the immune response’s role in thyroid autoimmunity. Their
findings suggest that the cytokine storm triggered by COVID-19
may play a crucial role in the development of thyroid diseases.
Liu et al [27] investigated the impact of SARS-CoV-2 infection
on the expression of thyroid-related genes in thyroid tissue,
shedding light on the potential molecular pathways involved.
To broaden the context, we have also incorporated recent
research on COVID-19 vaccine immunogenicity in patients
with autoimmune diseases, providing additional understanding
of how immune responses to COVID-19 vaccination may differ
in individuals with pre-existing autoimmune conditions [28].

Furthermore, recent investigations have explored the complex
interplay between GD and other thyroid-related conditions in
the context of COVID-19. For example, Nakano et al [29] found
that individuals with GD may be at an increased risk of
contracting COVID-19 and could face more severe outcomes
postinfection, including complications such as thyrotoxicosis.
This study highlights the bidirectional relationship between GD
and COVID-19, emphasizing the importance of comprehensive
research to better understand the complex interactions between
thyroid-related conditions and COVID-19. In a study by Sethi
et al [30], researchers observed that COVID-19 infection was
associated with thyroid abnormalities, with some patients
developing thyrotoxicosis. This suggests that COVID-19 may
influence thyroid function, raising concerns about potential
implications for individuals with GD. Additionally, Croce et al
[31] examined the bidirectional effects of GD and COVID-19,
proposing mechanisms through which GD could increase
susceptibility to COVID-19 and worsen clinical outcomes, such
as immune system dysregulation and cytokine imbalances.
However, both COVID-19 and GD can significantly impact
physical and mental health, and thus, we have integrated insights
from recent research on physical activity and mental health
interventions, which may provide potential strategies for
improving long-term patient outcomes [32]. Collectively, these
studies underscore the urgent need for further research into the
multifaceted interactions between COVID-19 and thyroid-related
diseases, including GD. This will not only deepen our
understanding of the pathogenesis of these conditions but also
offer critical insights for health care practitioners, aiding in the
development of more informed and effective clinical strategies.

Limitations
It is important to note that despite the strengths of the MR
approach, our study has several limitations. MR methods rely
on certain assumptions, including the absence of horizontal
pleiotropy. Although we used various strategies to address
potential pleiotropic effects, we cannot entirely exclude the
possibility of unmeasured confounders influencing our results.
Furthermore, our analysis primarily relied on data from the
European population, which may limit the generalizability of
our findings to other ethnic groups. Specifically, the wide CIs
for COVID-19 susceptibility suggest that the study may be
underpowered to detect modest effects. Additionally, the
definition of COVID-19 cases included self-reported cases,
which could introduce reporting bias. The combination of
laboratory-confirmed, electronic health record–derived, and
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self-reported cases may also affect the reliability of exposure
classification. However, sensitivity analyses on subsets of
laboratory-confirmed and electronic health record–derived cases
support the robustness of our findings. Similarly, the definition
of GD cases was restricted to hospitalized patients, which could
result in selection bias, underrepresenting mild or moderate
cases. While hospitalization-based diagnoses enhance diagnostic
accuracy, future research should incorporate outpatient and
primary care datasets to capture the full spectrum of disease
severity. Lastly, this study did not fully explore the potential
bidirectional relationships or temporal dynamics between
COVID-19 and GD. Future studies should address these aspects
using bidirectional MR and longitudinal cohort studies to further
clarify the interactions between these conditions.

Conclusions
In summary, our MR analysis did not identify significant causal
relationships between COVID-19 susceptibility, COVID-19
hospitalization, or COVID-19 severity and the risk of developing
GD. These findings highlight the complex interactions between
viral infections, autoimmune diseases, and genetic factors.
However, they also emphasize the need for further investigation
into the bidirectional relationships and temporal dynamics
between COVID-19 and thyroid-related conditions. Expanding
this research will deepen our understanding of the pathogenesis
of both diseases, contributing valuable insights for clinical
decision-making and management strategies.
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Abstract

Background: The COVID-19 pandemic has profoundly affected the movement of people across borders in Eastern and Southern
Africa. The implementation of border closures and restrictive measures has disrupted the region’s economic and social dynamics.
In areas where national authorities lack full control over official and unofficial land crossings, enforcing public health protocols
to mitigate health risks may prove challenging.

Objective: This study aimed to assess perceived factors that influence the spread and control of COVID-19 among Somali
communities living on and near ground crossings in Tog Wajaale, Somali region, Ethiopia.

Methods: A community-based cross-sectional study was conducted using a multistage sampling technique. Beliefs and perceptions
of the virus’s spread and control were partially adapted from the World Health Organization (WHO) resources, exploring four
main perception themes: (1) perceived facilitators for the spread of the virus, (2) perceived inhibitors, (3) risk labeling, and (4)
sociodemographic variables. A sample size of 634 was determined using the single proportion formula. Standardized mean scores
(0‐100) and SDs categorized perception themes, with mean differences by sociodemographic variables analyzed using ANOVA
and t tests. Statistical significance was established with a 95% CI and a P value below .05. The data were analyzed using STATA
version 14.1.

Results: Factors influencing COVID-19 spread and control include behavioral nonadherence and enabling environments. A
total of 81.9% (439/536) did not comply with social distancing, and 92.2% (493/536) faced constraints preventing them from
staying home and enabling environments. Misconceptions were prevalent, including beliefs about hot weather (358/536, 66.8%),
traditional medicine (36/536, 6.7%), and religiosity (425/536, 79.3%). False assurances also contributed, such as feeling safe due
to geographic distance from hot spots (76/536, 14.2%) and perceiving the virus as low-risk or exaggerated (162/536, 30.2%).
Only 25.2% (135/536) followed standard precautions and 29.9% (160/536) were vaccinated. Employment, region, income, sex,
education, and information sources significantly influenced behavioral nonadherence, myth prevalence, and false assurances.

Conclusions: The findings highlight the need for substantial risk communication and community engagement. Only 46.6%
(250/536) of individuals adhered to precautionary measures, there was a high perception of nonadherence, and essential COVID-19
resources were lacking. Additionally, numerous misconceptions and false reassurances were noted. Understanding cross-border
community behavior is crucial for developing effective, contextually appropriate strategies to mitigate COVID-19 risk in these
regions.

(JMIR Form Res 2025;9:e66751)   doi:10.2196/66751

KEYWORDS

COVID-19; perceptions; border-crossings; SARS-CoV-2; coronavirus; respiratory; infectious; pandemic; Somali; Ethiopia;
Africa; community-based; World Health Organization; WHO; cross-sectional study; multistage sampling technique; transmission;
cross-border; community engagement
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Introduction

Cross-border movement has been identified as an important
factor in COVID-19 transmission in Eastern and Southern
Africa, and most countries in the region have restricted entry
to reduce virus importation. However, the region’s economy
and social fabric are dependent on the cross-border movement
of goods and people, and it was anticipated that border closures
would have the same, if not greater, impact than COVID-19
[1,2]. As a result, countries have relaxed COVID-19 containment
measures and lifted border closures, increasing the risk of the
virus spreading internationally.

Under normal circumstances, a diverse range of people crosses
national borders in the Eastern and Southern Africa region to
participate in vital activities. Truck and boda-boda (motorcycle
taxi) drivers, small- and large-scale traders, tourists, migrant
workers, fisherfolk and pastoralists, refugees, returnees, border
community members, and people traveling to seek health care
and other social services are among those affected. These people
interact with the communities they pass through on their way
to and from work. Border officials, security officers, and support
staff interact with travelers daily, increasing the risk of
community spread [2-6].

Since the International Health Regulations 2005 came into effect
in 2007, there has been growing recognition that, unlike airports
and ports, ground crossings frequently represent informal
passages between 2 countries with no physical structure,
barriers, or borders. Furthermore, ground crossing is important
for the international spread of diseases. Travelers and those who
live and work on or near borders are particularly vulnerable to
this threat [7].

Communities that live on and near ground crossings vary in
size and density. Cross-border movement is a daily necessity
for many people living in these communities for work, trade,
family visits, schooling, health care services, religious activities,
entertainment, and other reasons. However, health measures to
control public health risks may be difficult to implement in
places where national authorities are unable to fully monitor
formal and informal ground crossings [7].

Given that borders have already been reopened, it is critical to
understand cross-border transmission dynamics, movement
patterns, and the behavior of cross-border actors to develop
effective, contextually appropriate risk communication and
community engagement (RCCE) strategies to mitigate
COVID-19 risk. Thus, this study aimed to assess the perceived
factors that influence the spread and control of COVID-19
among Somali communities living on and near ground crossings.

Methods

Study Design, Setting, and Period
A community-based cross-sectional study was conducted from
December 25 to 31, 2022, in Tog Wajaale, Somali region,
Ethiopia. Tog Wajaale, also known as Wajaale, is a city in the
Somali region near the border with Somaliland. Tog Wajaale
is the main border crossing for goods entering and leaving
Somaliland, primarily from Berbera, the country’s main port.

Tog Wajaale is located on the border between Ethiopia and
Somaliland. It is 70 km east of Jigjiga, the capital of the Somali
region.

Populations
All adult populations older than 18 years were included in the
source population. The study participants were all adult
populations older than 18 years who had lived in the Tog
Wajaale town for at least 6 months.

Eligibility Criteria
The study included individuals aged 18 years and older who
had resided in the study area for a minimum of 6 months. Those
who were experiencing mental illness or severe health issues
during the study period were excluded from participation.

Sample Size Determination
The sample size was obtained using the single proportions
formula with the specified parameters of 50% (P=.50, as there
is no comparable study in Ethiopia), 95% CI (Z1 – α/2) 1.96%,
and 5% margin of error (d). Adding a 10% nonresponse rate
and a design effect of 1.5 resulted in a required sample size of
634.

Sampling Technique
A multistage sampling technique is used to select participants
for the study. In the first stage, 1 city council in the region,
based on the border with the neighboring country and
demographic diversity, is selected. In the second stage, 5 kebeles
(subdistricts) are randomly selected, and the total sample size
is allocated by probability proportional to size (PPS) to each
kebele based on the number of registered households. In the
third stage, using the list of households as the sampling frame,
a systematic random sampling technique is used to select the
study participants from the kebeles.

Data Collection and Quality Control
Data were collected using a pretested structured questionnaire.
Ten BSc nurses fluent in the local language collected data
through face-to-face interviews at the household level. Beliefs
and perceptions of the virus’s spread and control were partially
adapted from the World Health Organization (WHO) resources.
Specifically, some of the questions were adapted from the
COVID-19 rapid quantitative assessment tool [8,9]. Three main
perception themes were explored: perceived facilitators for the
spread of the virus (6 items), perceived inhibitors (7 items), and
risk labeling (8 items), as well as sociodemographic variables,
including access to communication resources. Prior to
participation, the household head or any individual over 18
years of age was fully informed of the study details and asked
for consent. Questionnaires were reviewed daily for
completeness, and respondents were contacted to see if any
information was missing. The investigators regularly supervised
the data collection process. To ensure data quality, ongoing
supervision and follow-ups were conducted throughout the
collection period.

Data Analysis
KoBoToolbox, an open-source data collection platform, was
used to collect data. KoBo-collected responses were initially
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encoded in a Microsoft Excel database and then exported to
STATA version 14.1 for analysis. The frequency tables were
used to present the respondents’ background variables as well
as specific belief items. Standardized mean scores (0‐100) and
SDs were used to describe the lists of factor categories based
on the perception themes. To compare mean differences by
sociodemographic variables, 1-way ANOVA and t tests were
used. A factor loading score of 0.4 was used as a cutoff value
to retain items in each category [10]. Exploratory factor analysis
(EFA) categorized perceptions into 4 themes: facilitators of
virus transmission (6 factors), inhibitors (7 factors), risk
identification (8 factors), and sociodemographic factors,
including communication resource access. The sample’s
adequacy for EFA was confirmed by the Kaiser-Mayer-Olkin
measure (KMO>50%). Statistical significance was determined
using a 95% CI and a P value below .05.

Operation Definition and Variables
The perceived factors influencing the spread and control of
COVID-19 include exacerbating factors, inhibiting factors, and
risk labeling.

Perceived COVID-19 Exacerbating Factors

Behavioral Nonadherence

Noncompliance with public health measures designed to control
the spread of COVID-19 encompasses various behaviors
exhibited by individuals or groups. These actions diverge from
the recommended guidelines and may include disregarding
social distancing protocols, neglecting to use face masks,
refusing COVID-19 vaccination, or displaying discriminatory
attitudes toward others in relation to the pandemic.

Lack of Enabling Environment

The absence of essential conditions that support the
implementation of public health measures to prevent COVID-19
transmission. For example, economic and social constraints that
force people to leave their homes for work or social issues;
overcrowded living and working conditions that may not allow
physical distancing; lack of access to personal protective
equipment such as face masks; and insufficient availability of
clean water, soap, hand rub alcohol, or sanitizers.

Perceived COVID-19 Inhibiting Factors

False Assurance
Misconceptions or preconceptions that diminish the perceived
threat of COVID-19 frequently result in a relaxed compliance
with preventive protocols. Examples include the belief that
one’s location is far removed from epidemic centers or the
underestimation of the seriousness of the illness.

Myths
Misinformed or culturally rooted beliefs that influence public
perception of COVID-19 and its risks often undermine scientific
evidence. Examples include beliefs that hot weather kills the
virus, reliance on traditional medicine as a cure, or attributing
protection to religious practices alone.

Standard Precautions
The actions taken by individuals to minimize the risk of
COVID-19 transmission were consistent with the recommended
public health guidelines. These include wearing masks,
maintaining hand hygiene, avoiding crowded areas, and
vaccinating against COVID-19.

Risk Labeling
Risk labeling involves perceiving a specific sect of the
community to be at a high risk of contracting COVID-19,
especially older adults and people with underlying medical
conditions.

Ethical Considerations
This study was conducted in accordance with the guidelines of
the Declaration of Helsinki, and all procedures involving
research study participants were approved by the Jigjiga
University institutional review board (RERC/052/2022). Written
informed consent was obtained from all the participants.
Participants were not compensated for participating in the study.
The study participants’ data are confidential and protected.

Results

Sociodemographic Characteristics of Participants
The survey questionnaire was completed by 536 participants,
resulting in a response rate of 84.5% (536/634). Table 1
summarizes the demographic information of the survey
respondents. The majority of respondents (439/536, 81.9%)
were younger than 40 years and male (313/536, 58.4%). Most
of the respondents (153/536, 28.5%) had a high school
education, followed by those who could read and write but with
no formal education (114/536, 21.3%). The majority of
participants in the study were married (335/536, 62.5%), ran
their own businesses (261/536, 48.7%), were Muslim (501/536,
93.5%), and were of Somali origin (423/536, 78.9%).
Furthermore, the majority of participants (287/536, 53.5%) used
cellular data as their primary internet source, had an income
greater than 5000 ETB (Ethiopian Birr; US $93) (324/536,
60.4%), and their primary source of information about
COVID-19 was television (230/536, 42.9%).
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Table . Sociodemographic characteristics of the respondents (N=536).

Values, n (%)Characteristics

Age (years)

439 (81.9)<40

97 (18.1)≥40

Sex

313 (58.4)Male

223 (41.6)Female

Education

10 (1.9)Cannot read and write

114 (21.3)Read and write

78 (14.6)Primary (grade 1‐8)

153 (28.5)High school (grade 9‐12)

104 (19.4)Diploma or level I-IV

77 (14.4)First degree (BSc or BA) and above

Marital status

174 (32.5)Single (unmarried)

335 (62.5)Married

13 (2.4)Divorced

4 (0.7)Widowed

10 (1.9)Engaged (in relationship)

Employment

261 (48.7)Private or business

75 (14)Daily laborer

80 (14.9)Government employee

34 (6.3)Student

86 (16)No job

Religion

501 (93.5)Muslim

27 (5)Orthodox

8 (1.5)Protestant

Place of origin

423 (78.9)Somali region

113 (21.1)Other regions

Internet connection mostly used to get information about COVID-19

287 (53.5)Cellular data (telle)

46 (8.6)Wireless Wi-Fi

203 (37.9)Do not use internet

Monthly income

212 (39.6)<5000 ETBa (US $93)

324 (60.4)≥5000 ETB (US $93)

Main source of information about COVID-19

230 (42.9)Television

16 (3)Radio
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Values, n (%)Characteristics

58 (10.8)Friends and neighbors

196 (36.6)Social media (Facebook, Twitter, YouTube, etc)

36 (6.7)Health workers

Ever used the call center for information about COVID-19

22 (4.1)Yes

514 (95.9)No

aETB: Ethiopian Birr.

Perceived COVID-19 Exacerbating and Inhibiting
Factors
Table 2 shows the prevalence of specific factors in the
exacerbating and inhibiting categories. The prevalence of
specific factors associated with behavioral nonadherence ranged
from 81.9% (439/536) to 32.5% (174/536). The fact that people
are still not adhering to physical or social distance accounted
for a greater proportion of nonadherence. The magnitude of the

absence of enablers that would support behavioral adherence
ranged from 92.2% (494/536) to 5.4% (29/536). The fact that
people could not stay home for economic and social reasons
and living or working in overcrowded conditions contributed
significantly to the lack of enablers. Environmental factors were
perceived as more deterrent than behavioral nonadherence,
indicating a strong tendency for externalizing factors that could
exacerbate the spread of COVID-19 in the community.
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Table . Perceived COVID-19 exacerbating and inhibiting factors (N=536).

Descriptive statistics, n (%)Perceived factors

Perceived COVID-19 exacerbating factors

Behavioral nonadherence

205 (38.3)People fear stigma and bias related
to COVID-19

439 (81.9)People still do not respect social
distance, ie, use crowded transporta-
tion means, still hug and shake each
other’s hands while greeting

174 (32.5)People refused to take COVID-19
vaccine

Lack of enabling environment

494 (92.2)People do not stay at home for eco-
nomic and social reasons

403 (75.2)People still live and work in a very
crowded condition

29 (5.4)People do not have access to face
masks, water, and sanitizers

Perceived COVID-19 inhibiting factors

Myths

358 (66.8)The weather we live-in is too hot for
coronavirus to survive

36 (6.7)We believe we have traditional
medicine against COVID-19

425 (79.3)We are religious enough to control
COVID-19

False assurances

76 (14.2)We live far away from COVID-19’s
hot spot areas

162 (30.2)COVID-19 is not risky or exaggerat-
ed

Engaged in precaution

135 (25.2)Engaged in standard precaution
measures of COVID-19

160 (29.9)Vaccinated against COVID-19

The most common myths were perceived as protectiveness from
hot weather and religiosity, accounting for 66.8% (358/536)
and 79.3% (425/536), respectively. Beliefs that the specific
localities where respondents are currently living are far away
from coronavirus hot spot areas and that COVID-19 is not
dangerous or exaggerated contributed to 14.2% (76/536) and
30.2% (162/536) of the false assurances, respectively. On the
other hand, the prevalence of people believing that the spread
of COVID-19 would be controlled because of their active
participation in standard precautionary measures and the
COVID-19 vaccine were 25.2% (135/536) and 29.9% (160/536),
respectively.

Perceived Categories of COVID-19 Exacerbating and
Inhibiting Factors
Table 3 presents the categories and lists of perceived COVID-19
exacerbations and inhibitors, along with their respective

prevalence. EFA identified 2 major categories of perceived
exacerbating and inhibiting COVID-19 factors in the target
population. The first category of factors was classified as
behavioral nonadherence, indicating noncompliance with
recommended precautionary measures. Individuals engaging
in handshaking, using crowded transportation, refusing
COVID-19 vaccination, and exhibiting a factor loading score
of 0.714 collectively contribute to behavioral nonadherence.

The lack of enabling environmental conditions, which are
supposed to support the adaptation of precautionary measures,
was the second category of exacerbating facilitating factors.
With factor loading scores of 0.71, the lack of enablers was
made up of economic reasons that challenged the stay-at-home
principle, overcrowded living or working conditions, and a lack
of personal protective equipment such as face masks and
sanitizers. Behavioral nonadherence and lack of enabler factors
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explained 28.4% (152/536) of the variance in perceived virus facilitators.

Table . Perceived categories of COVID-19 exacerbating and inhibiting factors. Kaiser-Mayer-Olkin measure of sampling adequacy (KMO=53%) and
degrees of freedom (df=10).

Descriptive statistics (N=536)Principal components and factor loading scoresPerceived factors about
COVID-19

95% CIn (%)Inhibiting factorsExacerbating factors

58.3-66.5335 (62.5)—b0.71Behavioral nonadherencea

89.6-94.2494 (92.2)—0.71Lack of enabling environ-

mentc

75.6-82.5425 (79.3)0.70—Mythsd

36.2-44.5216 (40.3)0.32—False assurancese

42.4-50.9250 (46.6)0.71—Engaged in precautionsf

aBehavioral nonadherence: People fear stigma and bias related to COVID-19, people still use crowded transportation means, people with flu-like
symptoms are not well screened for COVID-19, people refuse to take the COVID-19 vaccine, and people still hug and shake each other’s hands while
greeting.
bNot applicable.
cLack of enabling environment: People do not stay at home for economic and social reasons, people still live and work in a very crowded condition,
people do not have personal protective equipment like face masks, and people do not have access to water or hand rub alcohol or sanitizers.
dMyths: The weather we live in is too hot for coronavirus to survive, we believe we have traditional medicine against COVID-19, and we are religious
enough to control COVID-19.
eFalse assurances: We live far away from COVID-19’s rampant areas and COVID-19 is not risky or exaggerated.
fEngaged in precautions: Engaged in standard precaution measures for COVID-19 and vaccinated against COVID-19.

The table also includes categories and lists of perceived
COVID-19 inhibitors as well as their respective prevalence.
EFA produced 3 major categories of perceived factors that
inhibited COVID-19. Two of the three categories were
incorrectly identified (myths and false assurances), whereas one
was correctly identified as an inhibitor. The myths category
included factors that are thought to inhibit the virus but have
not been scientifically proven. In this case, the myths included
perceived religiosity (perceiving oneself as an effective religious
man or woman in dealing with challenges), people’s perceived
confidence in owning effective traditional medicines that were
not clinically confirmed, and living in hot weather, with a factor
loading score of 0.70.

The second category of perceived inhibitors, which were
frequently associated with false assurances that people were
immune to COVID-19. With factor loading scores of 0.32, the
category consisted of 2 main beliefs: we live far away from

COVID-19 hot spot areas and there have been no locally
reported COVID-19 cases so far. The beliefs appeared to be
false assurances in that people perceive themselves to be living
outside a risk zone, giving the impression of invulnerability.

With a factor score loading of 0.71, the third, promotable
category of perceived inhibitors concerned people who had
taken standard precautions and were vaccinated against
COVID-19. Factors related to the 3 categories explained 20.1%
(108/532) of the variance in perceived inhibitors, indicating the
presence of several other unreported myths and unhealthy beliefs
that require further investigation.

Risk Labeling
The COVID-19 risk labels and groups are presented in Table
4. People with underlying illnesses (118/536, 22%) and older
adults (351/536, 65.5%) were perceived by the community to
be at a high risk of COVID-19.

Table . Perceived COVID-19 risk groups and labels (N=536).

Descriptive statistics, n (%)Perceived high-risk groups

38 (7.1)Children (aged 0‐9 years)

3 (0.6)Adolescents (aged 10-15 years)

2 (0.4)Youths (aged 16‐29 years)

11 (2.1)Adults (aged 30‐50 years)

351 (65.5)Older persons (aged 51 years or more)

9 (1.7)Pregnant women

4 (0.7)Health workers

118 (22)People with underlying chronic illness (eg, diabetes, hypertension, and
cancer)
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Distribution of Perceived Exacerbating Factors
Table 5 illustrates the relationships between sociodemographic
characteristics, behavioral nonadherence, and lack of an enabling

environment in relation to COVID-19. The mean percentages
of behavioral nonadherence and lack of an enabling environment
as facilitators of virus spread were both high, at 62.5% (335/536)
and 92.2% (494/536), respectively.
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Table . Distribution of perceived exacerbating factors among the study participants.

Lack of enabling environmentbBehavioral nonadherenceaVariables

P valueF test (df=535)t test (df=534)% Mean (SE)P valueF test (df=535)t test (df=534)% Mean (SE)

92.2 (1.2)62.5 (2.1)Overall

.003c2.78.12–1.20Sex

94.9 (1.2)60.4 (2.8)Male

88.3 (2.2)65.5 (3.2)Female

.310.51.35–0.39Age (years)

92.4 (1.5)62.1 (2.3)<40

90.8 (3.1)64.4 (5.2)≥40

.003c3.55.231.37Education

80.0 (8.4)50.0 (15.3)Cannot read
and write

86.8 (2.5)63.2 (4.5)Read and
write

87.2 (3.0)55.1 (5.5)Primary
(grade 1‐8)

92.8 (2.1)58.8 (3.9)High school
(grade 9‐12)

97.1 (2.6)70.2 (4.7)Diploma or
level I-IV

98.7 (3.0)67.5 (5.5)First degree
(BSc or BA)
and above

.003c4.12.920.24Marital sta-
tus

94.8 (2.0)63.2 (3.7)Single (unmar-
ried)

90.7 (1.5)62.1 (2.7)Married

92.3 (7.5)53.8 (13.5)Divorced

75.0 (13.4)75.0 (24.3)Widowed

—d70.0 (15.5)Engaged

.560.75.01c3.33Employment

90.8 (1.7)64.4 (2.9)Private or
business

90.7 (3.1)48.0 (5.5)Daily laborer

96.3 (3.1)60.0 (5.4)Government
employee

94.1 (4.6)82.4 (8.2)Student

93.0 (2.9)64.0 (5.2)No job

.710.35.710.34Religion

92.0 (1.4)62.9 (2.2)Muslim

92.6 (6.2)59.3 (9.3)Orthodox

—50.0 (17.2)Protestant

.06–1.52.03c1.89Place of ori-
gin

91.3 (1.4)64.5 (2.3)Somali region
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Lack of enabling environmentbBehavioral nonadherenceaVariables

P valueF test (df=535)t test (df=534)% Mean (SE)P valueF test (df=535)t test (df=534)% Mean (SE)

95.6 (1.9)54.9 (4.7)Other regions

<.001c7.68.361.03Internet con-
nection most-
ly used to get
information
about
COVID-19

94.8 (1.6)65.2 (2.9)Cellular data
(telle)

—56.5 (7.1)Wireless Wi-
Fi

86.7 (1.8)60.1 (3.4)Do not use in-
ternet

.420.2.002c–2.84Monthly in-
come

92.4 (1.8)55.2 (3.4)<5000 ETBe

(US $93)

91.9 (1.5)67.6 (2.6)≥5000 ETB
(US $93)

<.0016.84.251.31Source of in-
formation

—50.0 (34.1)Official web-
sites

92.1 (1.7)60.1 (3.2)Television

93.8 (6.5)50.0 (12.1)Radio

75.8 (3.4)55.2 (6.3)Friends or
neighbors

97.9 (1.9)68.9 (3.5)Social media
(Facebook,
Twitter,
YouTube, etc)

86.1 (4.4)61.1 (8.1)Health work-
ers

aBehavioral nonadherence: People fear stigma and bias related to COVID-19, people still use crowded transportation means, people with flu-like
symptoms are not well screened for COVID-19, people refuse to take the COVID-19 vaccine, and people still hug and shake each other’s hands while
greeting.
bLack of enabling environment: People do not stay at home for economic and social reasons, people still live and work in a very crowded condition,
people do not have personal protective equipment like face masks, and people do not have access to water or hand rub alcohol or sanitizers.
cStatistically significant at P<.05 (two-tailed).
dNot applicable.
eETB: Ethiopian Birr.

In terms of behavioral nonadherence, respondents’employment,
region, and income showed significant mean percentage
differences. Students had the highest mean percentage of
behavioral nonadherence (442/536, 82.4%; P=.01) when it came
to employment. Respondents of Somali origin and those with
an income of more than 5000 ETB (US $93) had the highest
mean percentages of behavioral nonadherence (346/536, 64.6%;
P=.03) and (362/536, 67.5%; P=.003), respectively. There was
no difference in behavioral nonadherence by age, gender,
education, marital status, religion, primary internet source, or
primary information source for COVID-19.

Similarly, the lack of an enabling environment that was
perceived as a facilitator of the spread of the virus was more
prevalent among male respondents (509/536, 95%; P=.003),
respondents whose education status was first degree and above
(529/536, 98.7%; P=.003), respondents who were single and
not married (508/536, 94.8%; P=.001), those who used cellular
data as their primary source of the internet (508/536, 94.8%;
P=.001), and those who used social media as their primary
source of information (525/536, 97.9%; P<.001). There was no
difference in behavioral nonadherence by age, employment,
religion, place of origin, and monthly income.
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Distribution of Perceived Inhibiting Factors
The factors deemed to hinder the transmission and control of
the virus exhibited considerable sociodemographic disparities

(Table 6). The highest perceived inhibitor to control the spread
of COVID-19 was seen to be myth (425/536, 79.3%), followed
by preventive measures (250/536, 46.6%) and false guarantees
(214/536, 39.9%).
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Table . Distribution of perceived inhibiting factors among the study participants.

Engaged in precautioncFalse assurancebMythaVariables

P valueF test
(df=535)

t test
(df=534)

% Mean
(SE)

P valueF test
(df=535)

t test
(df=534)

% Mean
(SE)

P valueF test
(df=535)

t test
(df=534)

% Mean
(SE)

46.6
(2.2)

40.3
(2.1)

79.3
(1.8)

Overall

.43–0.17.370.33.003d2.79Sex

46.3
(2.8)

40.9
(2.8)

83.4
(2.1)

Male

47.1
(3.4)

39.4
(3.3)

73.4
(3.0)

Female

.230.73.76–0.70.28–0.58Age
(years)

47.0
(2.3)

39.6
(2.3)

78.8
(1.9)

<40

44.8
(5.4)

43.7
(5.3)

81.6
(4.2)

≥40

.003d3.72.062.12<.001d7.37Educa-
tion

60.0
(15.6)

50.0
(15.4)

90.0
(12.5)

Cannot
read and
write

40.4
(4.6)

46.5
(4.6)

79.8
(3.7)

Read and
write

47.4
(5.6)

30.8
(5.5)

60.3
(4.5)

Primary
(grade
1‐8)

36.6
(4.0)

46.4
(3.9)

74.5
(3.2)

High
school
(grade
9‐12)

58.7
(4.8)

37.5
(4.8)

88.5
(3.9)

Diploma
or level
I-IV

57.1
(5.6)

31.2
(5.6)

93.5
(4.5)

First de-
gree
(BSc or
BA) and
above

.440.94.520.8.231.42Marital
status

47.7
(3.8)

36.8
(3.7)

83.3
(3.1)

Single
(unmar-
ried)

45.7
(2.7)

41.8
(2.7)

77.6
(2.2)

Married

61.5
(13.9)

38.4
(13.6)

76.9
(11.2)

Divorced

75.0
(25.0)

75.0
(24.6)

—eWid-
owed

30.0
(15.8)

40.0
(15.5)

60.0
(12.8)

Engaged
(in rela-
tionship)

.760.47<.001d4.81.041d2.51Employ-
ment
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Engaged in precautioncFalse assurancebMythaVariables

P valueF test
(df=535)

t test
(df=534)

% Mean
(SE)

P valueF test
(df=535)

t test
(df=534)

% Mean
(SE)

P valueF test
(df=535)

t test
(df=534)

% Mean
(SE)

45.2
(3.1)

49.0
(3.0)

82.0
(2.5)

Private
or busi-
ness

48.0
(5.8)

30.7
(5.6)

66.7
(4.7)

Daily la-
borer

43.8
(5.6)

38.8
(5.4)

83.8
(4.5)

Govern-
ment em-
ployee

55.9
(8.6)

32.4
(8.3)

82.4
(6.9)

Student

48.8
(5.4)

26.7
(5.2)

76.7
(4.3)

No job

.850.17.390.95.810.21Religion

46.9
(2.2)

39.7
(2.2)

79.0
(1.8)

Muslim

44.4
(9.6)

44.4
(9.4)

81.5
(7.8)

Orthodox

37.5
(17.7)

62.5
(17.4)

87.5
(14.4)

Protes-
tant

.160.99.03d–1.82.250.68Place of
origin

47.8
(2.4)

38.3
(2.4)

79.9
(2.0)

Somali
region

42.5
(4.7)

47.8
(4.7)

77.5
(4.0)

Other re-

gionsf

.02d4.1.005d5.37.630.46Internet
connec-
tion
mostly
used to
get infor-
mation
about
COVID-
19

49.8
(2.9)

36.9
(2.9)

78.7
(2.9)

Cellular
data
(telle)

58.7
(7.3)

26.1
(7.2)

84.8
(7.2)

Wireless
Wi-Fi

39.4
(3.5)

48.3
(3.4)

78.8
(3.4)

Do not
use inter-
net

<.001d–4.29<.001d3.74.49–0.02Monthly
income

35.4
(3.3)

50.0
(3.4)

79.2
(2.8)

<5000

ETBg

(US $93)

54.0
(2.8)

33.9
(2.6)

79.3
(2.3)

≥5000
ETB (US
$93)
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Engaged in precautioncFalse assurancebMythaVariables

P valueF test
(df=535)

t test
(df=534)

% Mean
(SE)

P valueF test
(df=535)

t test
(df=534)

% Mean
(SE)

P valueF test
(df=535)

t test
(df=534)

% Mean
(SE)

.02d2.75.008d3.18.042d2.32Source
of infor-
mation

50.0
(35.0)

50.0
(34.4)

—Official
website

45.6
(3.3)

36.8
(3.2)

77.2
(2.7)

Televi-
sion

18.8
(12.4)

31.3
(12.1)

56.3
(10.1)

Radio

32.8
(6.5)

62.1
(6.4)

74.1
(5.3)

Friends
and
neigh-
bors

53.6
(3.5)

36.7
(3.5)

85.2
(2.9)

Social

mediah

50.0
(8.3)

50.0
(8.1)

77.8
(6.7)

Health
workers

aMyths: The weather we live in is too hot for coronavirus to survive, we believe we have traditional medicine against COVID-19, and we are religious
enough to control COVID-19.
bFalse assurances: We live far away from COVID-19’s rampant areas, and COVID-19 is not risky or exaggerated.
cEngaged in precautions: Engaged in standard precautions for COVID-19 and vaccinated against COVID-19.
dStatistically significant at P<.05 (two-tailed).
eNot applicable.
fOther regions include Addis Ababa, Afar, Amhara, Oromia, southern nations and nationalities, and Tigray.
gETB: Ethiopian Birr.
hFacebook, Twitter, YouTube, etc.

Male respondents (447/536, 83.4%; P=.003), those with a first
degree or higher (501/536, 93.5%; P<.001), government
employees (449/536, 83.8%; P=.041), and those who used social
media as their primary source of information (457/536, 85.3%;
P=.042) had a significantly higher prevalence of myths. There
was no difference in myth prevalence by age, marital status,
religion, place of origin, primary internet source, or monthly
income.

False assurances were also more common among those who
owned or ran a private business (263/536, 49.1%; P=.001),
non-Somalis (256/536, 47.8%; P=.03), noninternet users
(259/536, 48.3%; P=.005), those with monthly income less than
5000 ETB (US $93; 268/536, 50%; P=.001), and those who get
COVID-19 information from friends and neighbors (333/536,
62.1%; P<.001). There was no significant variation in the
prevalence of false assurance by age, sex, education, marital
status, religion, employment, or primary information source for
COVID-19.

Likewise, participants who were unable to read and write, those
who used Wi-Fi as their primary source of internet, those who
earned more than 5000 ETB (US $93), and those who used
social media as their primary source of COVID-19 information
were more likely to take precautionary measures than their
counterparts. There was no significant variation in the

prevalence of precautionary measures according to age, sex,
marital status, religion, and employment.

Discussion

Principal Findings
This study produced relevant findings regarding community
perceptions of the factors that facilitate and inhibit the spread
of COVID-19, risk labeling, and information needs in a border
town in the Somali region. The perceived factors were classified
into the following major categories: behavioral adherence, a
lack of enabling environmental conditions, and risk labeling.

Factors perceived to exacerbate virus spread were grouped into
2 thematic categories: behavioral nonadherence (335/536,
62.5%) and a lack of enabling environmental conditions
(494/536, 92.2%). The study revealed a concerning lack of
awareness and adherence with 80% (429/536) of respondents
noting that individuals continue to disregard social distancing.
Additionally, 38.1% (204/536) of those surveyed indicated that
people fear the stigma associated with the virus, while 32.5%
(174/536) expressed unwillingness to receive the COVID-19
vaccine. These results highlight a significant gap in the
understanding of and compliance with preventive measures.

The use of crowded transportation modes was not only due to
a lack of alternatives but also associated with behavioral
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nonadherence. Fears, threat appraisals, and worries have
consistently been linked to increased adherence in COVID-19
protective behaviors [11,12]. An Iranian study found that
increased fear predicted less adherence [13]. This study shows
that clear communication of risk could increase participation
in protective behaviors, especially among disengaged groups.

Conversely, people could not stay at home for economic and
social reasons (494/536, 92.2%); they did not have access to
face masks, water, or sanitizers (29/536, 5.4%); and they still
lived and worked in crowded conditions (403/536, 75.2%).
According to behavioral and communication theories, people’s
perceived lack of resources has a negative impact on their actual
practices [14]. Despite this, the high prevalence of perceived
facilitators indicates 2 major and urgent issues. First, it indicates
a strong effort to reduce behavioral nonadherence and a lack of
enablers that facilitate viral spread. Second, even a higher
perceived lack of enabling conditions appears concerning
because it may lead people to externalize their ability to control
the virus while ignoring their own efforts.

Poverty and livelihood issues are major challenges in COVID-19
prevention in low-income countries. This is because COVID-19
has impacted people’s livelihoods and income opportunities,
resulting in food insecurity [15]. Most people in Tog Wajaale
are low-income earners who work in the informal sector and
rely on daily wages to feed their families and cover their related
expenses. As most of them struggle to earn a living, COVID-19
has added to their difficulties. As a result, they are confronted
with the harsh reality of contracting the virus while attempting
to survive. The observation results show that despite the
lockdown, daily laborers in the construction sector, informal
businesses, and street vendors continued their daily activities
[16].

Factors perceived as inhibitors of viral spread were divided into
3 categories: false assurances (216/536, 40.3%), myths (425/536,
79.3%), and standard precautions (250/536, 46.6%). False
assurances were perceptions of invulnerability, characterized
by people believing that they were living outside the COVID-19
risk zone. The 2 main false assurances in this study were the
perception of COVID-19 as less risky or exaggerated and
residence far away from the COVID-19 rampant areas. Myths
in this study included religious effectiveness (425/536, 79.3%),
living in hot weather (358/536, 66.8%), and traditional medicine
(36/536, 6.7%). The WHO myth busters list the majority of the
misconceptions presented in this study, indicating that they were
universally held during the pandemic [17]. Evidence suggests
that myths or misperceptions, such as denial of presence and
misperceived causes, transmission modes, and prevention
methods, can prevent and control efforts during pandemics of
HIV, Zika virus, yellow fever, and Ebola unless traced and
addressed [18-21].

Culture and religion are important components of Somalis’
social and moral fabrics. As a result, cultural and religious
misunderstandings as well as misinformation about the virus
are among the factors contributing to complacency when it
comes to prevention measures. According to a study conducted
in northern Ethiopia, people believe that COVID-19 is a
“punishment from God” or “Allah” for people’s immoral acts,

and that the power of prayer can prevent the pandemic’s severe
effects [16].

The magnitude of correctly perceived factor engagement in
standard precautionary measures (134/536, 25%) and
vaccination against COVID-19 (160/536, 29.9%) was too low,
necessitating hard work to promote this perception, until a larger
segment of the community embraced an accurate reason for
virus protection.

Respondents’ employment, region, and income all showed
significant mean percentage differences in behavioral
nonadherence. When it came to employment, students had the
highest mean percentage of behavioral nonadherence (442/536,
82.5%). Respondents of Somali origin and those with an income
of more than 5000 ETB (US $93) had the highest mean
percentages of behavioral nonadherence (64.6%, 346/536 and
67.5%, 362/536, respectively). Students were most likely to be
of younger age, and being younger was found to be a predicator
of nonadherence to preventive behavior [22]. Regular
communication regarding SARS-CoV-2 emphasizes that
COVID-19 mostly threatens the older population. This could
send a false message of safety to the younger generations.
Younger individuals’ lower adherence may be related to their
perceived lower vulnerability and propensity to make impulsive
decisions, take greater risks to gain emotional and social
stimulation (such as attending social gatherings), and fail to
recognize the long-term effects of their actions [23].

Similarly, almost 60.1% (322/536) of the communities surveyed
are reliant on cross-border commerce and daily labor, and 20%
(107/536) of them live on less than US $100 per month. Thus,
they are driven to leave their homes, even during the COVID-19
epidemic, to sustain their families. Within the Somali population,
males typically serve as primary income earners and feel
obligated to venture outside their homes, even during the
COVID-19 pandemic, to earn money to sustain their families.
This observation aligns with a study conducted in Somalia,
which also noted that Somali men tend to disregard COVID-19
preventive protocols [24].

Obtaining COVID-19 information from official sources (radio,
television, and government announcements) increased the
likelihood of having a high adherence score, whereas obtaining
it from social media decreased the likelihood of having a high
adherence score. This highlights the role of misinformation in
determining adherence to scientifically proven COVID-19
prevention measures [25]. In addition, a previous study showed
that social media users tend to be more extroverted, suggesting
that these people may find it more challenging to stay at home
and observe COVID-19 preventive measures than introverted
non–social media users [26].

Limitations
First, the cross-sectional design does not provide conclusive
conclusions about causality, and social desirability bias may
skew the self-reported data. Second, only one border crossing
town in parts of the Somali region was surveyed, and the results
of this study may not reflect the perceptions of other towns in
the Somali region and Ethiopia. A similar study could be
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extended to other border-crossing towns in the Somali region
and Ethiopia.

Recommendations
There is a need for local activities that encourage participation
in standard precautions by addressing locally perceived hurdles
and fostering a sense of shared responsibility and community
ownership during the fight against COVID-19. Consequently,
RCCE efforts in Tog Wajaale should (1) consider
sociodemographic variations in myths and false assurances, (2)
investigate more beliefs that could facilitate or inhibit the spread
of the virus, and (3) design local initiatives that enhance
community ownership of tasks associated with controlling the
virus, thus supporting and advocating engagement in standard
precautionary measures. That is, using community and religious

leaders to spread correct information, model precautionary
behaviors, and organize COVID-19–related activities.

Conclusions
The results suggest that extensive efforts in RCCE are necessary.
This conclusion is supported by several factors. First, only
44.6% (239/536) of individuals correctly engaged in
precautionary measures. Second, there was a high perceived
prevalence of behavioral nonadherence and a shortage of
essential resources in the COVID-19 response. Lastly, numerous
misconceptions and false reassurances were identified among
the population. Thus, understanding the behavior of cross-border
communities is crucial for developing effective, contextually
appropriate RCCE strategies to mitigate COVID-19 risk in
border communities.
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Abstract

Background: Medical abstract sentence classification is crucial for enhancing medical database searches, literature reviews,
and generating new abstracts. However, Chinese medical abstract classification research is hindered by a lack of suitable datasets.
Given the vastness of Chinese medical literature and the unique value of traditional Chinese medicine, precise classification of
these abstracts is vital for advancing global medical research.

Objective: This study aims to address the data scarcity issue by generating a large volume of labeled Chinese abstract sentences
without manual annotation, thereby creating new training datasets. Additionally, we seek to develop more accurate text classification
algorithms to improve the precision of Chinese medical abstract classification.

Methods: We developed 3 training datasets (dataset #1, dataset #2, and dataset #3) and a test dataset to evaluate our model.
Dataset #1 contains 15,000 abstract sentences translated from the PubMed dataset into Chinese. Datasets #2 and #3, each with
15,000 sentences, were generated using GPT-3.5 from 40,000 Chinese medical abstracts in the CSL database. Dataset #2 used
titles and keywords for pseudolabeling, while dataset #3 aligned abstracts with category labels. The test dataset includes 87,000
sentences from 20,000 abstracts. We used SBERT embeddings for deeper semantic analysis and evaluated our model using
clustering (SBERT-DocSCAN) and supervised methods (SBERT-MEC). Extensive ablation studies and feature analyses were
conducted to validate the model’s effectiveness and robustness.

Results: Our experiments involved training both clustering and supervised models on the 3 datasets, followed by comprehensive
evaluation using the test dataset. The outcomes demonstrated that our models outperformed the baseline metrics. Specifically,
when trained on dataset #1, the SBERT-DocSCAN model registered an impressive accuracy and F1-score of 89.85% on the test
dataset. Concurrently, the SBERT-MEC algorithm exhibited comparable performance with an accuracy of 89.38% and an identical
F1-score. Training on dataset #2 yielded similarly positive results for the SBERT-DocSCAN model, achieving an accuracy and
F1-score of 89.83%, while the SBERT-MEC algorithm recorded an accuracy of 86.73% and an F1-score of 86.51%. Notably,
training with dataset #3 allowed the SBERT-DocSCAN model to attain the best with an accuracy and F1-score of 91.30%, whereas
the SBERT-MEC algorithm also showed robust performance, obtaining an accuracy of 90.39% and an F1-score of 90.35%.
Ablation analysis highlighted the critical role of integrated features and methodologies in improving classification efficiency.

Conclusions: Our approach addresses the challenge of limited datasets for Chinese medical abstract classification by generating
novel datasets. The deployment of SBERT-DocSCAN and SBERT-MEC models significantly enhances the precision of classifying
Chinese medical abstracts, even when using synthetic datasets with pseudolabels.

(JMIR Form Res 2025;9:e54803)   doi:10.2196/54803

KEYWORDS

medical abstract sentence classification; large language models; synthetic datasets; deep learning; Chinese medical; dataset;
traditional Chinese medicine; global medical research; algorithm; robustness; efficiency; accuracy
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Introduction

Background
In the realms of machine learning and artificial intelligence, the
significance of data cannot be overstated, yet accessing authentic
real-world datasets often presents substantial hurdles, including
elevated costs, extended timeframes, and privacy issues. To
navigate these obstacles, there is a growing pivot toward the
utilization of synthetic datasets. While synthetic datasets have
predominantly been associated with computer vision
applications, the landscape is changing for natural language
processing (NLP) due to advancements in text generation
capabilities, largely attributed to the multihead self-attention
mechanism integral to the transformer family of models. This
trend began with the transformer itself [1] and has since given
rise to models such as Bidirectional Encoder Representations
from Transformers (BERT) [2], OpenAI GPT [3],
Transformer-XL [4], OpenAI GPT-2 [5], and Grover [6]. In
recent years, large language models have transformed the field
of NLP, demonstrating exceptional performance in a wide range
of tasks. These models generate increasingly coherent text,
prompting researchers to explore the potential of synthetic
datasets. Particularly noteworthy, Zellers et al [6] claimed that
their Grover model for conditional text generation outperforms
human-generated text in both style and content, especially in
the “fake news” and “propaganda” categories, as evaluated by
human raters. This highlights the promise of synthetic datasets
to improve NLP performance and the continued need to develop
text generation techniques.

Prior Work

Sentence-Level Text Classification
Text classification at the sentence level has been explored using
various deep learning models, such as convolutional neural
networks (CNNs) and recurrent neural networks (RNNs). Kim
[7] first proposed a single-layer CNN with pretrained word
embeddings for text classification, achieving excellent results.
Yang et al [8] developed a 2-level attention mechanism using
gate recurrent units for document classification, while Conneau
et al [9] introduced a CNN-nonstatic model with character-level
CNNs and an average pooling layer. Recently, pretrained
models, such as BERT [2], RoBERTa [10], XLNet [11], and
ALBERT [12], have also been used for sentence-level text
classification tasks. These transformer-based models generate
sentence representations and can be combined with various
classifiers to achieve state-of-the-art performance. Additionally,
hybrid approaches using word-level and character-level CNNs
initialized with ELMo [13] or BERT embeddings have been
explored to improve the robustness and performance of
sentence-level text classification models. Overall, pretrained
models have significantly advanced the state-of-the-art in
sentence-level text classification, and further research in this
area is expected to yield even more sophisticated models.

Unsupervised Text Clustering
Unsupervised text clustering is an important task in NLP that
groups similar text documents without relying on labeled

examples. While traditional methods such as hierarchical
agglomerative clustering [14], k-means clustering [15],
nonnegative matrix factorization [16], and latent dirichlet
allocation [17] have been widely used for this task, recent
advances in pretrained embeddings have led to new and
competitive methods. These include paragraph vector [18] and
USE+KMeans [19], which have shown promising results in
various text clustering benchmarks. More recently, BERT-based
methods, such as BERT-EMD [20], have been proposed for
unsupervised text clustering. Additionally, SBERT [21] and
DocSCAN [22] are the most recent methods that generate
high-quality text embeddings and use graph-based clustering
for unsupervised document clustering. Together, these
developments highlight the continued importance of
unsupervised text clustering in NLP research, with recent
methods based on pretrained embeddings, and SBERT in
particular, showing promising results.

Synthetic Data
Synthetic data, generated using various techniques such as
generative adversarial network (GAN)-based text generation
and language model-based data augmentation, has become a
popular way to expand small datasets in NLP. These synthetic
datasets aim to improve model performance and generalization
by providing additional examples for training. For instance, Xu
et al [23] used a GAN-based method to generate synthetic data
for image captioning, which showed promising results.
Similarly, Wang and Wan [24] expanded GAN-based text
generation to create synthetic datasets for sentiment analysis,
which performed similarly to real data. Additionally, language
model–based data augmentation, such as using GPT-2 for
auto-completion, has been effective in generating synthetic data
for NLP tasks [5]. Zhang et al [25] improved Chinese text
classification using a language model–based data augmentation
technique, while Zhou et al [26] showed that their language
model–based data augmentation method improved low-resource
language modeling. However, the use of synthetic data in NLP
also has its limitations and potential drawbacks, which require
further research. It is important to explore the advantages and
disadvantages of synthetic datasets, as well as the different
techniques used to generate them, to fully understand their
impact on model performance and generalization.

The Goal of This Study
This paper aims to explore the creation and use of synthetic
datasets to address the lack of real-world datasets for Chinese
medical abstract classification, as there are currently no
open-source datasets with sentence-level classification labels
for Chinese medical abstracts, as shown in Figure 1. In response
to this challenge, we have harnessed the capabilities of GPT-3.5
to generate distinct datasets for the classification of Chinese
medical abstracts. Moreover, we designed and trained the
clustering and supervised models for this task. Through this
innovative approach, this study not only showcases the immense
potential of synthetic datasets to bridge the gaps inherent in
real-world datasets but also illuminates their profound impact
on enhancing the performance of NLP tasks.
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Figure 1. Goal of this study. It has been observed that Chinese medical abstract classification faces a significant number of limitations due to the lack
of corresponding labeled datasets. Achieving accurate sentence-level classification in these abstracts will be instrumental in contributing Chinese medical
information to the global medical field.

Methods

Overall Framework
The methodology used in this paper is structured into three
distinct sections, systematically addressing the creation and
application of synthetic datasets for Chinese medical abstract
classification:

1. Synthetic dataset generation: the process begins by
translating the PubMed dataset [27] into Chinese and
generating 2 distinct synthetic abstract datasets based on

provided titles, keywords, disciplines, and categories by
GPT-3.5.

2. Unsupervised clustering: this step involves fine-tuning the
SBERT model with the synthetic datasets and then using
the DocSCAN algorithm to cluster the generated sentence
embeddings in an unsupervised manner, termed
SBERT-DocSCAN (Figure 2).

3. Supervised classification: a new supervised method,
SBERT-MEC, is proposed to classify the synthetic data set,
enhancing the ability to accurately categorize synthetic
medical abstracts (Figure 2).
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Figure 2. Framework of the proposed methods for abstract classification. The unsupervised clustering method (SBERT-DocSCAN) leverages SBERT
embeddings and DocSCAN to group sentences into abstract sections based on clustering. The supervised learning method (SBERT-MEC) uses a
multiencoder cascade (MEC) to enhance classification accuracy by extracting and integrating features for abstract sentence classification.

Synthetic Dataset Generation
As there is currently no Chinese dataset for sentence-level
classification in the medical abstract field, in this step, we used
OpenAI’s text generation model, GPT-3.5, to generate 3 types
of small synthetic datasets, which only contain around 15,000
sentences each yet still perform well on classification tasks. The
first one is the translated PubMed dataset, which is translated
into Chinese from the PubMed 200k RCT dataset by DeepL
[28], and we choose 15,000 sentences with clear labels as dataset
#1. The second dataset is created by using GPT-3.5 to generate
abstracts based on title, keywords, discipline, and category from
the CSL dataset [29]. The third dataset is also generated using
GPT-3.5, but instead, it is paraphrased with rewritten abstracts
assigned pseudolabels as dissimilar to the original text as
possible.

Generating a diverse training dataset using large language
models is a challenge. Even when the generation temperature
is set to a high value, these models still tend to generate highly
repetitive datasets that lack the diversity required for effective

language model training. To address this issue, we selected the
CSL corpus as the base corpus, which contains over 40,000
Chinese medical abstracts. Although these abstracts are not
annotated at the sentence level, 20,000 of them have clear
structure division into the 4 parts mentioned above. We extracted
these 20,000 abstracts and manually labeled them as the test
dataset. For the remaining 20,000 abstracts without clear
structure division, we removed some low-quality data and the
corpus of abstracts, then extracted a portion of them as the input
corpus for GPT-3.5, which includes corresponding titles,
keywords, subjects, and categories. These 4 types of data were
inputted into GPT-3.5 to generate abstracts in 4 parts: purpose,
method, results, and conclusion. These abstracts were then
cleaned to produce a dataset of 15,000 sentences with
pseudolabels (dataset #2). Similarly, the structure-less abstracts
were inputted into GPT-3.5, which rewrote them to generate
clear structure abstracts in 4 parts, resulting in a dataset of
15,000 sentences with pseudolabels (dataset #3). The
construction process of the above datasets is shown in Figure
3.
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Figure 3. Construction process of the synthetic datasets used for sentence-level classification in the medical abstract field. Dataset #1 is derived by
translating the PubMed 200k RCT dataset into Chinese using DeepL and selecting 15,000 sentences with clear labels. Dataset #2 is generated by GPT-3.5,
using titles, keywords, disciplines, and categories from the CSL dataset to produce structured abstracts divided into 4 parts (objective, methods, results,
and conclusions). Dataset #3 is created by paraphrasing structure-less abstracts using GPT-3.5, generating diverse and rewritten abstracts with pseudolabels.
The test dataset comprises 20,000 manually labeled abstracts from the CSL corpus with clear structural divisions. For each of the models in the paper
(eg, SBERT), we train them on the training sets separately to produce corresponding ones (eg, SBERT #1, SBERT #2, and SBERT #3).

Unsupervised Clustering
In the second part, we fine-tuned the sentence transformer and
then used the DocSCAN algorithm to cluster the synthetic
datasets. We chose the sbert-chinese-general-v2 model, which
is a model pretrained on the SimCLUE dataset [30], as the base
model due to its outstanding performance on embedding Chinese
sentences. We fine-tuned the pretrained model on the 3 datasets
into 3 models, which is quite crucial as it leads to the overall
distribution more inclined toward the functional aspects of each
sentence rather than the literal content. We then used these
fine-tuned models to embed the input data, followed by
clustering by the DocSCAN algorithm which is an algorithm
relying on the intuition that a datapoint and its nearest neighbors
in representation space often share the same class label, and
outperform others on unsupervised classification tasks.
Specifically, in this part, we generated embeddings for each
sentence in the test set using the 3 fine-tuned sentence
transformers in the first part and then used the DocSCAN
algorithm to cluster these embeddings for unsupervised abstract

classification, which uses the SCAN loss LS to fine-tune the
model f(x), defined as:

LS=−1|D|∑x∈D∑k∈Nxlog(f(x)⋅f(k))+λ∑i∈Cpilog(pi)

which can be broken down into a consistency loss and an
auxiliary loss. The consistency loss aims to ensure that the same
label is assigned to a data point and its neighbors. Our model
f(⋅) computes a label for a given data point x from the dataset
D, as well as for each data point k in the set of mined neighbors
from x in Nx. To achieve this, we calculate the dot product
between the output distribution (normalized by softmax(⋅) of
datapoint x and its neighbor k. The auxiliary loss is used to
achieve regularization via entropy, scaled by a weight λ. This
loss encourages the model to distribute probability mass across
all clusters C, where pi denotes the assigned probability of
cluster i in C by the model. Without this term, there could be a
shortcut where all examples collapse into a single cluster. The
entropy term ensures that the distribution of class labels resulting
from applying DocSCAN tends to be roughly uniform.
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Supervised Classification
In the third part, we develop a supervised learning method,
SBERT-MEC, which leverages the proposed multiencoder
cascade (MEC) module for feature extraction, designed to
enhance the classification of synthetic datasets through refined
weak supervision. Figure 2 shows the framework of
SBERT-MEC and the modeling process. The first step of the
SBERT-MEC is to input the sentence embeddings generated
by SBERT into the MEC module, which includes 3 encoders:
linear transformation, autoencoder model, and denoising
autoencoder model. Formally, given a 768-dimensional sentence
embedding V, the linear transformation V transforms the
sentence embedding V into W by adding a small random number
n:

W=LV=V1+n,V2+n,…,V768+n

The autoencoder model can be represented as follows:

W=AEθ(V)

where AE is a fully connected network that maps V into a
duplicate embedding W and θ is the parameters of AE. The
autoencoder is trained by duplicate pairs from the Quora dataset
[31]. The denoising autoencoder (DA), in another way, adds
Gaussian noise to the sentence embedding and forms a noisy
embedding VN, and the training process forces output W to be
as close to the original embedding V as possible:

VN=V+ , ∼N0,σ2I

W = DAθ(VN)

To further enhance performance, 3 embeddings are input into
the dynamic convolutional layer for mutual supervision.
Specifically, for each embedding, the embeddings generated by
the other 2 encoders are concatenated together and used as inputs
to supervise this embedding. Finally, 3 output embeddings of
the dynamic convolutional layers are concatenated with the

original embedding and then put into a classifier to predict test
data. This process is repeated for the 3 models fine-tuned in the
first part respectively.

To summarize, first, we create synthetic datasets by different
methods and leverage them to fine-tune sentence transformers.
These datasets are small in size while effective in training
classification tasks. Second, fine-tuned models are used on an
unsupervised classification algorithm DocSCAN to analyze the
performance of these datasets. Further, fine-tuned models are
used on a weakly supervised algorithm SBERT-MEC proposed
by us, which performs data augmentation on embeddings. This
process demonstrates the performances of small synthetic
datasets again, as well as the effectiveness of our algorithm.

Ethical Considerations
This study did not involve human participants, animal subjects,
or personally identifiable data. All data used in the research
were either synthetic or publicly available, ensuring compliance
with ethical guidelines. As such, no ethical approval or informed
consent was required. The study adheres to principles of
academic integrity and research transparency.

Results

Dataset
For empirical evaluation, we crafted 3 datasets: 2 synthetic ones
generated using GPT-3.5, and a pre-existing dataset. Each
synthetic dataset comprises approximately 15,000 sentences
pertinent to medical abstracts. These datasets underwent a
meticulous generation process, including cleaning and
pseudolabel assignment for sentences within each abstract
section. Detailed methodology for creating the synthetic datasets
is outlined in the section on Synthetic Dataset Generation. Table
1 illustrates the distribution of sentences across various sections
within each dataset.

Table . Distribution of development datasets. Dataset #1 (translated PubMed dataset with labeled sentences), dataset #2 (GPT-3.5-generated abstracts
with pseudolabels), and dataset #3 (paraphrased GPT-3.5-generated abstracts). Each dataset contains 15,000 sentences, divided into 4 sections: objective,
methods, results, and conclusion.

TotalClasses of sentencesDataset

ConclusionResultsMethodsObjective

15,0003750375037503750Dataset #1

15,0003750375037503750Dataset #2

15,0003497382641403537Dataset #3

Baselines
We selected multiple algorithms of different kinds as baselines
to demonstrate the performance of our algorithms. To begin
with, we used classical non-BERT models. TextCNN is built
upon the CNN paradigm, applying multiple convolutional filters
and pooling operations to capture local features of varying
lengths within the text. TextRNN [32] leverages RNNs to model
the sequential information in the text, capturing dependencies
between words. TextRNN-Att [33] extends TextRNN by
incorporating attention mechanisms, enabling the model to focus
on essential words. TextRCNN [34] combines convolutional

and RNNs, simultaneously considering word order and
contextual information. DPCNN [35] uses multiple layers of
convolution and pooling operations to capture hierarchical text
features. FastText [36] is a simple and efficient text
classification method based on the bag-of-words model,
representing text at the word level.

Additionally, we used BERT-based methods. BERT is a
transformer-based pretrained language model, capable of
learning rich contextual representations. BERTCNN [37] and
BERT-RNN [8] integrate CNNs and RNNs, respectively, on
top of BERT, combining the contextual representations from
BERT with the ability to extract local features. BERT-RCNN
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[38] combines BERT with both convolutional and RNNs,
simultaneously considering word order and contextual
information. BERT-DPCNN [39] incorporates a deep pyramid
CNN on top of BERT, combining the contextual representations
from BERT with multilevel feature extraction capabilities.
ERNIE [40] is another transformer-based pretrained language
model, built upon BERT with further improvements and
optimizations, with better performance in Chinese contexts.

In our ablation study, we conducted an experiment using the
k-means algorithm to cluster SBERT embeddings for
comparative analysis with DocSCAN. Additionally, we
examined the impact of omitting the dynamic convolutional
layer in the MEC module. Subsequent experiments involving
BERT serve as an extension of this analysis, further exploring
the effects of removing 3 encoders within MEC.

Experiment Settings
In this study, we used the PyTorch framework and Python for
all experiments. Data processing and model training were
performed on an NVIDIA GeForce RTX 3090 (24G) GPU and
an Intel(R) Core(TM) i9-10900K CPU @3.70GHz.
Experimental parameters are detailed in Table 2. To mitigate
overfitting, a dropout rate of 0.5 was used, randomly
deactivating 50% of neuron connections during training. We
conducted training over 30 epochs using either the Adam or
BertAdam optimization algorithms, with a learning rate set at
5e-5. Training batches comprised 64 samples each, and the RNN
featured a hidden size of 256. The CNN component used filter
sizes of (2, 3, 4), with a total of 256 filters. Input sequence length
was capped at 64 tokens, and the feature dimension was
maintained at 768. Pretrained models used in the experiments
included BERT (bert-base-chinese), ERNIE (ernie,-3.0-base-zh),
and SBERT (sbert-chinese-general-v2), which were critical to
the study’s execution and result analysis.

Table . Settings for training models.

SettingParameter

0.5Dropout

30Epoch number

Adam/BertAdamOptimizer

e−5Learning rate

64Batch size

[2]RNNa hidden size

256CNNb filter number

64Max length

768Feature dimension

Bert-base-chineseBERTc

Ernie-3.0-base-zhERNIE

Sbert-chinese-general-v2SBERT

aRNN: recurrent neural network.
bCNN: convolutional neural network.
cBERT: Bidirectional Encoder Representations from Transformers.

Evaluation Metrics
The experiments used accuracy and F1-score to evaluate the
model performance. The formulas for each index are as follows:

Accuracy= TP+TNTP+TN+FP+FN

where TP (true positive) corresponds to the number of instances
correctly predicted as positive; TN (true negative) corresponds
to the number of instances correctly predicted as negative; FP
(false positive) corresponds to the number of instances
incorrectly predicted as positive; FN (false negative) corresponds
to the number of instances incorrectly predicted as negative.

Precision= TPTP+FP

Recall= TPTP+FN

F1-score= 2×Precision×RecallPrecision+Recall

In the above formulations, the Precision measures the proportion
of correctly predicted positive instances out of the total instances
predicted as positive and Recall measures the proportion of
correctly predicted positive instances out of the total actual
positive instances. F1-score is the harmonic mean of precision
and recall, providing a single value that considers both metrics.
This technique is highly effective for imbalanced datasets, where
disparities in class sizes can skew model performance. It helps
ensure fair representation of all classes, enhancing model
reliability.

Model Performance
Table 3 shows the performance of various algorithms across
different training datasets when evaluated on the test dataset.
Notably, when trained on dataset #1, the SBERT-DocSCAN
algorithm emerges as the leading performer, securing an
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accuracy and F1-score of 0.8985 on the test dataset. This
standout performance highlights the algorithm’s capability to
classify medical domain data with high precision. Additionally,
the SBERT-MEC algorithm also displays comparable
performance on the same dataset, with an accuracy and F1-score
of 0.8938, making it the second most effective algorithm in our
evaluation. For Data se t#2, the SBERT-DocSCAN and
SBERT-MEC algorithms again demonstrate superior
performance. SBERT-DocSCAN leads with exceptional
accuracy and F1-score of 0.8983, reinforcing its effectiveness
in managing generated data. Meanwhile, SBERT-MEC remains
a strong contender with an accuracy and F1-score of 0.8673,
marking it as the second most proficient algorithm for this
dataset. Furthermore, considering dataset #3, SBERT-DocSCAN
and SBERT-MEC algorithms consistently demonstrate

outstanding performance. SBERT-DocSCAN achieves the
highest accuracy and F1-score of 0.9130, affirming its
effectiveness in handling paraphrased data. Similarly, the
SBERT-MEC algorithm achieves the second-highest accuracy
and F1-score of 0.9039 and 0.9035, respectively, highlighting
its competence in dealing with paraphrased data. Additionally,
Table 4 illustrates the confusion matrices of the
SBERT-DocSCAN model on the test dataset using different
training datasets.

In summary, the comprehensive analysis of the table elucidates
that the SBERT-DocSCAN and SBERT-MEC algorithms
consistently outperform other algorithms across multiple
datasets. The superior performance of these algorithms in terms
of accuracy and F1 scores underscores their significance and
efficacy in the domain of text classification.

Table . Comparative performance of various models on the test dataseta.

Training on dataset #3Training on dataset #2Training on dataset #1Method

F1-scoreAccuracyF1-scoreAccuracyF1-scoreAccuracy

0.67550.67890.77950.78430.60740.6122TextCNN

0.72390.72950.73210.73150.54130.5045TextRNN

0.75210.75210.69550.71140.64210.6439TextRNN-Att

0.73920.74390.76430.76420.65430.6562TextRCNN

0.67590.67580.69880.69470.69670.6953DPCNN

0.73710.73910.71010.72080.65430.6562FastText

0.70830.73480.84000.84260.78570.7842BERTb

0.71360.71810.82130.82420.73400.7338BERT-CNN

0.78820.79550.85320.85360.85460.8548BERT-RNN

0.83320.83640.82520.83130.82530.8245BERT-RCNN

0.83040.83010.81860.81860.78500.7839BERT-DPCNN

0.88820.88950.86750.86810.88080.8801ERNIE

0.87880.87880.87090.87090.88750.8875SBERT-Kmeans

0.91300.91300.89830.89830.89850.8985SBERT-DocSCAN

0.90350.90390.86510.86730.89380.8938SBERT-MEC

aIt includes traditional models, BERT-based improved models, and the model proposed in this paper. These models were trained on 3 distinct datasets
and subsequently evaluated on the test dataset in terms of accuracy and F1-score.
bBERT: Bidirectional Encoder Representations from Transformers.
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Table . Confusion matrices for the SBERT-DocSCAN model on the test dataseta.

RecallTotal3210Label or cluster

Model training on dataset #1

0.917522,05149025130420,302Objective

0.903521,94313744819,8251533Methods

0.855521,831207518,676901179Results

0.917521,70419,914861280649Conclusions

0.898578,647b22,61620,01022,31022,593Total

—c0.89850.88050.93330.88860.8595Precision

Model training on dataset #2

0.918322,05153024124720,250Objective

0.93421,94334539720,496705Methods

0.824721,831299018,005626210Results

0.898321,70419,8761585141102Conclusions

0.898378,647b23,74120,01122,51021,267Total

—0.89830.83720.89980.91050.9522Precision

Model training on dataset #3

0.917822,051144712925120,401Objective

0.913721,94329132519,673505Methods

0.886821,83159319,8641655288Results

0.913121,70419,982386252749Conclusions

0.91378,647b22,05121,70421,83121,943Total

—0.9130.90620.91520.90120.9297Precision

aThis table displays the confusion matrices for the SBERT-DocSCAN model, which was trained separately on 3 distinct training datasets. The matrices
detail the accuracy and recall for each category when evaluated on the test dataset.
bOut of 87,529.
cNot applicable.

Ablation Study
To assess the impact of various submodules, we conducted
ablation studies. We began by training 2 clustering models with
identical structures (SBERT-DocSCAN). The key distinction
between them was that 1 model was fine-tuned on our datasets,
while the other was not. In addition, we trained 3 supervised
models on different datasets and evaluated their performance
on the test dataset. Notably, 1 of these models was the

SBERT-MEC, which lacked the proposed dynamic convolution
(DC) module. The results, presented in Table 5, clearly
demonstrate that the SBERT-DocSCAN method, when
fine-tuned with SBERT, outperforms others in terms of
efficiency. Furthermore, within the supervised learning category,
the SBERT-MEC model equipped with the DC module
surpassed those lacking this module, underlining the value of
the DC module in enhancing model performance.
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Table . Performance of ablation model on test dataseta.

Training on dataset #3Training on dataset #2Training on dataset #1Method

F1-scoreAccuracyF1-scoreAccuracyF1-scoreAccuracy

0.38950.38910.38950.38910.38950.3891SBERT-DocSCAN
(without finetune)

0.91300.91300.89830.89830.89850.8985SBERT-DocSCAN
(with finetune)

0.83970.84060.84210.84240.83240.8330BERTb

0.87350.87360.83320.83900.87170.8714SBERT-MECc

(without DC)d

0.90350.90390.86510.86730.89380.8938SBERT-MEC (with
DC)

aThis table compares the performance of 2 SBERT-DocSCAN clustering models—one fine-tuned on our datasets and the other not—and 3 supervised
models, including an SBERT-MEC model without the dynamic convolution module. All models were evaluated on the test dataset.
bBERT: Bidirectional Encoder Representations from Transformers.
cMEC: multiencoder cascade.
dDC: dynamic convolution.

Discussion

Principal Findings
This study addresses the critical lack of real-world datasets for
Chinese medical abstract classification by leveraging GPT-3.5
to generate synthetic datasets and developing models tailored
for this task. Our findings confirm that synthetic datasets, when
carefully designed, can match or surpass the performance of
manually labeled datasets in sentence-level classification tasks.
The SBERT-DocSCAN and SBERT-MEC models developed
in this study demonstrate the potential of clustering and
supervised approaches to effectively classify Chinese medical
abstracts, illustrating the profound impact of synthetic datasets
on enhancing NLP tasks.

Classical non-BERT models, such as TextCNN [7], TextRNN
[32], and TextRCNN [34], exhibit strong performance in
capturing local or sequential features. However, these models
lack the deep contextual understanding provided by
transformer-based models. While FastText [36] offers a
lightweight and efficient alternative, its bag-of-words approach
limits its ability to capture complex semantic relationships.
These limitations underscore the advantages of leveraging
pretrained language models in tasks that demand rich contextual
understanding.

BERT-based models significantly improve performance by
providing deep contextual representations. The success of
models like BERT-CNN [37] and BERT-RCNN [38] aligns
with prior studies, which highlight the effectiveness of
combining BERT embeddings with convolutional and recurrent
structures for enhanced local and sequential feature extraction.
However, our proposed SBERT-DocSCAN and SBERT-MEC
models outperform these baselines, indicating the added value
of advanced clustering methods and DC layers. Specifically,
DocSCAN [22], with its graph-based clustering approach,
demonstrates superior clustering quality compared to k-means.

The ablation study further emphasizes the contributions of
individual components in our models. The removal of the
dynamic convolutional layer in the MEC module resulted in a
notable decline in performance, highlighting its role in refining
language representations. Similarly, the omission of the 3
encoders within MEC led to a significant reduction in accuracy,
underscoring the importance of multiencoder architecture in
capturing diverse linguistic features. These findings align with
the broader NLP literature [39], which emphasizes the benefits
of combining multiple feature extraction techniques for
enhanced model performance.

Our exploration of ERNie [40], a BERT-based model optimized
for Chinese contexts, further validates the importance of
leveraging models tailored to specific languages and domains.
While ERNie offers improvements over standard BERT in
Chinese text classification, it does not surpass the performance
of our SBERT-based approaches. This suggests that task-specific
architectural innovations, such as the integration of clustering
methods and DC modules, can provide greater benefits than
domain-specific pretraining alone.

Overall, these comparisons and ablation studies highlight the
robustness and versatility of our proposed methods, providing
valuable insights into the design of models for sentence-level
text classification tasks. By demonstrating the effectiveness of
integrating advanced clustering methods, DC layers, and
multiencoder architectures, this study contributes to the growing
body of research focused on optimizing transformer-based
models for real-world applications.

Limitations
While promising, our proposed methods have 2 main limitations.
First, the quality of synthetic data heavily relies on the GPT-3.5
model, with performance contingent on effective prompt design.
Refining prompt engineering strategies will be essential for
future improvements. Second, the 2-stage approach used in both
models results in an increased parameter size, raising concerns
about computational resource efficiency. Further optimization
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is necessary to address these scalability challenges, especially
in real-world applications where resources may be limited.

Conclusions
This study demonstrates the significant potential of synthetic
datasets, generated using GPT-3.5, in addressing the scarcity
of labeled datasets for Chinese medical abstract classification.
Our findings reveal that compact synthetic datasets can achieve
performance comparable to, and in some cases surpass, that of
manually labeled datasets. The proposed SBERT-DocSCAN
and SBERT-MEC models further highlight the benefits of
combining advanced clustering techniques, multiencoder
architectures, and DC modules, showcasing their ability to
enhance sentence-level classification tasks in specialized

domains. These contributions provide valuable insights for
leveraging generative artificial intelligence in NLP applications.

Beyond this specific task, this work underscores the
transformative potential of synthetic datasets in reducing reliance
on costly manual labeling, enabling broader adoption of NLP
technologies in resource-limited fields. Future research can
expand upon these findings by exploring more sophisticated
data generation strategies, optimizing model architectures for
efficiency, and fostering interdisciplinary collaborations to
develop tailored solutions for complex, real-world challenges.
By bridging gaps in data availability, this study provides a
foundation for advancing NLP capabilities in medical and other
specialized domains.
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Abstract

Background: Precision medicine promises to revolutionize health care by providing the right care to the right patient at the
right time. However, the emergency department’s unique mandate to treat “anyone, anywhere, anytime” creates critical tensions
with precision medicine’s requirements for comprehensive patient data and computational analysis. As emergency departments
serve as health care’s safety net and provide a growing proportion of acute care in America, identifying and addressing the ethical
challenges of implementing precision medicine in this setting is crucial to prevent exacerbation of existing health care disparities.
The rapid advancement of precision medicine technologies makes it imperative to understand these challenges before widespread
implementation in emergency care settings.

Objective: This study aimed to identify high priority ethical concerns facing the implementation of precision medicine in the
emergency department.

Methods: We conducted a qualitative study using a modified nominal group technique (NGT) with emergency physicians who
had previous knowledge of precision medicine concepts. The NGT process consisted of four phases: (1) silent generation of ideas,
(2) round-robin sharing of ideas, (3) structured discussion and clarification, and (4) thematic grouping of priorities. Participants
represented diverse practice settings (county hospital, community hospital, academic center, and integrated managed care
consortium) and subspecialties (education, ethics, pediatrics, diversity, equity, inclusion, and informatics) across various career
stages from residents to late-career physicians.

Results: A total of 12 emergency physicians identified 82 initial challenges during individual ideation, which were consolidated
to 48 unique challenges after removing duplicates and combining related items. The average participant contributed 6.8 (SD 2.9)
challenges. These challenges were organized into a framework with 3 themes: values, privacy, and justice. The framework
identified the need to address these themes across 3 time points of the precision medicine process: acquisition of data, actualization
in the care setting, and the after effects of its use. This systematic organization revealed interrelated concerns spanning from data
collection and bias to implementation challenges and long-term consequences for health care equity.

Conclusions: Our study developed a novel framework that maps critical ethical challenges across 3 domains (values, privacy,
and justice) and 3 temporal stages of precision medicine implementation. This framework identifies high-priority areas for future
research and policy development, particularly around data representation, privacy protection, and equitable access. Successfully
addressing these challenges is essential to realize precision medicine’s potential while preserving emergency medicine’s core
mission as health care’s safety net.

(JMIR Form Res 2025;9:e68371)   doi:10.2196/68371

KEYWORDS

precision medicine; emergency medicine; ethical considerations; nominal group study; consensus framework

Introduction

Historically, medical treatments have been tailored to the
average patient. However, no individual is ever the average
patient—everyone has their own risk factors, needs, and ideal

outcomes. Precision medicine, as defined by the White House’s
nationwide Precision Medicine Initiative, aims to address this
problem by moving from a one-size-fits-all model toward one
of providing the “right care to the right person at the right time”
through the use of vast amounts of health data, including
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genomic information, electronic health records, environmental
and lifestyle data, and medical imaging data, among others
[1-5]. However, even the most advanced, targeted therapies are
limited by biases that already exist in the US health care system
[6,7].

Variation in care, even when “evidence based,” can result in
worsened gaps between the haves and the have-nots,
disproportionately burdening already marginalized communities
[8]. For example, patients with limited resources or inadequate
insurance coverage may be unable to access these
evidence-based interventions, while well-insured patients at
major medical centers can, creating a 2-tiered system where
advances in precision medicine may primarily benefit those
with better health care access. For emergency physicians, who
serve in the safety net for American health care, precision
medicine’s “right care, right patient, right time” must be
balanced with our “anyone, anywhere, anytime” mantra and the
practical and ethical challenges that this setting presents.

Early precision medicine initiatives have focused on the use of
genetics to better understand or treat diseases. Much has been
made of determining the right medication for the right person
(eg, warfarin dosing for those with a CYP [cytochrome P450]
mutation) or when to start cancer screening based on genetic
profiles (eg, colorectal screening for CHD1 [chromodomain
helicase DNA binding protein 1]) [9]. It is clear, however, that
genetics alone cannot explain much of the variation in outcomes
across the population [2,10]. The effect of behavioral factors
like diet and exercise are well-established, and studies have
begun to illuminate the effect of social and environmental
determinants of health like access to health care resources or
housing, which may be responsible for over half of health
outcomes [11,12]. As such, there has been a broadening
approach to precision medicine that may also include home
monitoring, social media and social networks, as well as
patient-generated data like diet, daily steps, exercise, or heart
rate variability [13,14].

While useful when available, not all patients can afford these
tools and services. Furthermore, “precise” treatments rely on
the accuracy of this data, which must be built into datasets and
shared. Few comprehensive datasets that incorporate all of these
data exist, and even fewer have been carefully evaluated for
missing or inaccurate data that could bias results [15]. Current
datasets suffer from a lack of representation from some
populations while simultaneously overrepresenting others.
Healthy patients or those without access to care rarely present
to hospitals, while those who are chronically ill are seen more
often. Furthermore, a skewed representation occurs because
research data often comes primarily from large academic centers
rather than community hospitals or rural health care settings
[16]. Data that were collected where patients are provided
differential care might inadvertently support antiquated practices
[17-21] due to the association of outcomes with variables like

the ability to pay for a higher level of care. Though precision
approaches aim to limit quality gaps and provide more equitable
care, decisions that are made without the full picture of their
context might inadvertently exacerbate systemic biases, for
example, when risk assessment scores built from data of
principally white cohorts over- or underestimate the risk of
disease in non-White populations [7].

The emergency department setting offers additional unique
hurdles for the growth of precision medicine. Little
patient-generated data are readily available at the point of care.
Highly important features like code status are haphazardly
available among the sickest patients. Nevertheless, emergency
care providers strive to provide better care, and to actualize the
benefits of a learning health care system by integrating evidence
and experience into continuous improvement and innovation.
How can health care’s safety net, responsible for a growing and
significant portion of acute care in America [22,23], begin to
approach the problems that are inherent to the implementation
of precision medicine so that it might offer real-time, equitable
care for patients with the widest spectrum of disease in medicine
and a microcosm of the health care system?

Thus, the burgeoning expansion of precision medicine
underscores the need to identify challenges facing its nascent
deployment and ethical use in the emergency setting such that
its optimal benefits may be realized. Our main objective was
to identify critical ethical challenges in implementing precision
medicine in the emergency setting using a consensus technique.
This approach would also help identify themes and gaps in
current research. This manuscript presents the resulting
consensus framework.

Methods

Study Design and Setting
We used a modified nominal group technique (NGT), a
consensus methodology widely used in emergency medicine,
to identify high priority ethical challenges relevant to the
implementation of precision medicine in the emergency
medicine setting and arrive at a consensus framework [24-31].
This study followed the COREQ (Consolidated Criteria for
Reporting Qualitative Research) reporting framework for
qualitative studies [32].

NGT is a 4-step process in which stakeholders generate and
then prioritize questions or research ideas (Figure 1) [33]. NGT
was well-suited for our research question as our aim was to
generate a comprehensive set of ethical challenges which could
then be organized and ordered. This is in contrast to other
frequently used consensus techniques such as the Delphi
technique, which are designed instead to reach a consensus
opinion on one particular question [24]. NGT has previously
been used successfully to identify research priorities in the field
of emergency medicine [25,27,34-37].
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Figure 1. Flow chart of the nominal group technique (NGT) process.

Selection and Participants
A NGT session group size is recommended at greater than 6
participants, with the ideal between 9 and 12 [34]. As precision
emergency medicine is an emerging field, we sought participants
who had familiarity with the clinical practice of emergency
medicine, including an understanding of the types of data that
are collected throughout a patient’s journey and the ways in
which data is used for clinical decision-making. Participants
were recruited through email to the Society of Academic
Medicine Ethics Committee listserve; the email invitation also
asked recipients for referral and sharing to others who may be
interested. A quota sample of the first 14 respondents to the
email were registered as potential participants in the NGT group
to meet the ideal group size and allow for scheduling conflicts.
In total, 12 emergency medicine physicians who reported
working knowledge of precision medicine topics, as evidenced
by publication records and participation in precision medicine
conferences or similar activities, joined our NGT session.
Participants represented a spectrum of subspecialties (education,
ethics, pediatrics, diversity, equity, inclusion, and informatics)
across various stages of training (resident, early-, mid-, and
late-career) and practice settings (county hospital, community
hospital, academic center, and integrated managed care
consortium) (Specialty, Level of Training, and Practice Setting
included in Table S1 in Multimedia Appendix 1) to provide a
range of emergency medicine practice perspectives.

Participants took part in the NGT session during the American
College of Emergency Physicians annual conference in Boston
in October 2021. The process was moderated by the lead
researcher of the group (CR), and notes were taken by 2 separate
researchers (ES and MG).

NGT Process

Phase 1: Silent Idea Generation.
The first step of NGT is a round of silent idea generation. In
this phase, after being given an initial prompt, participants
silently write down what they believe to be high priority
challenges. It is imperative that this phase is silent, as this allows
each member of the group to write their initial thoughts without
influence from other members. Our prompt asked participants
to identify high priority ethical concerns for the implementation
of precision medicine initiatives in the emergency medicine
setting. They had 10 minutes to complete this phase.

Phase 2: Sharing Ideas.
After individual idea generation, participants then shared their
ideas with the group in a round-robin (going around the table
one person at a time) format. NGT has the advantage of not
allowing any one particular voice to outweigh others, by asking
each participant to share their complete list of ideas in turn

during the round robin phase, rather than ad hoc discussion,
thus minimizing potential bias [38,39]. This phase lasted 10
minutes.

Phase 3: Discussion and Clarification
After the round-robin format, participants undertook discussion
and clarification of topics. In this phase, participants were
encouraged to ask other members for clarification of topics
generated as needed. Cross-cutting themes were identified, and
duplicate topics consolidated. Over 30 minutes, key topics were
then placed on moveable cards for prioritization and further
thematic grouping.

Phase 4: Finalization of Priorities
Finally, participants finalized the topics they believed
represented the highest priority areas to address. In traditional
NGT, this is the ranking phase, where members are allocated
votes to generate a ranked list of priorities. Overwhelmingly,
however, participants felt that the topics they raised were
interrelated and of commensurate importance over several
themes such that their categorization—rather than
prioritization—would provide greater impactful focus for
interventions. Consequently, participants grouped challenges
through consensus opinion over a 40-minute period.

Ethical Considerations
This study was approved by the Stanford University Institutional
Review Board (IRB #62687); participants gave written informed
consent before taking part in this study. All data were collected
anonymously. Participants received a US $125 gift card in
compensation for their time.

Results

During phases 1 and 2 of the NGT process, 82 challenges were
generated (complete list in Table S2 in Multimedia Appendix
1) with the average participant contributing 6.8 (SD 2.9)
challenges. After refinement and separation of cross-cutting
themes and consolidation of duplicate topics in phase 3, a list
of 48 unique challenges remained.

In phase 4, participants grouped these challenges into common
realms based on the nature of the ethical issue and where in the
precision medicine process the issue was likely to occur. The
participants identified 3 key time points: the acquisition of data,
the actualization of precision medicine in practice, and the
aftereffects of the process (Textboxes 1-3). The result of this
mapping was a 3 by 3 matrix consisting of ethical challenges
grouped into the domains of Values (eg, patient values and
priorities as well as how precision medicine values those
individuals), Privacy (eg, patient expectations as well as literal
data security), and Justice (eg, overcoming and addressing
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systemic biases) as related to their temporal relationship to the precision medicine process (Figure 2).

Textbox 1. Challenges identified by participants related to how the unique values of patients, providers, and the health care system will be incorporated
into precision medicine.

Values

• Acquisition

• How are decisions made about which disease conditions to study and treat?

• How accurate is data in the medical record at representing the whole of an individual?

• How much does lifestyle matter and is it captured?

• How will social determinants of health be evaluated?

• Should individuals worry about the impact of nonmodifiable risk factors like family history or genetic predisposition?

• What if individuals identify differently from measures used in precision medicine?

• Can we mitigate the mistrust of people toward engaging with the system?

• Actualization

• How do we address patient choice and preference in the face of precision recommendations?

• What do we do if health care providers’ interpretations and values conflict with those of the patient?

• How might this affect the patient-physician relationship?

• Will patients be able to opt out?

• Does the delivery of precision medicine change in the emergency scenario?

• How do we ensure provider comfort with using precision medicine?

• How do health care providers stay up to date with rapid changes in precision medicine?

• Aftereffects

• How do we maintain humility as evidence for decision-making changes over time?

• What if precision recommendations turn out to be wrong?

• Might there be unintended psychological consequences like stress after decisions are made?

• How do we ensure patient choice and preference is communicated longitudinally between medical teams?

• What prevents a capitalist model from researching only the most common or lucrative conditions?
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Textbox 2. Challenges identified by participants regarding privacy in the precision medicine process.

Privacy

• Acquisition

• Who will be accountable for the collected information’s storage, maintenance, and safety?

• How will protected information be handled?

• How do we protect minors while ensuring appropriate data sharing with their caregivers?

• How do we include underrepresented or excluded groups in a way that avoids perception of surveillance?

• Actualization

• How will patients interface with their personal medical data?

• Will patients lose the power to make private decisions about their own health when it may have a downstream effect on others?

• How will changing evidence or incidental findings like new genetic risk factors be communicated with patients to ensure follow-up?

• Aftereffects

• Can anonymized data be reidentified?

• How do we ensure safe data sharing can occur among differing institutions or electronic medical record systems?

• What are the legal ramifications of an infinitely variable standard of care?

Textbox 3. Challenges identified by participants about how to ensure just care in the precision medicine model and process.

Justice

• Acquisition

• How do we incorporate all people into precision research?

• Can we address disparities like access to care that make it hard for patients to participate?

• Will those who are historically excluded continue to be so, while some populations will see over- and undersampling?

• What do we do with historical data that may be biased?

• Who will fund the research and data acquisition?

• How are precision medicine priorities determined (ie, institutional level or government level)?

• Could precision research resources be better spent addressing direct care access?

• Actualization

• Will flawed data inputs result in flawed data outputs and recommendations?

• How do we build a relationship of trust with a patient in the emergency department?

• How do we prevent nonmodifiable predispositions from leading to biased care (ie, genetic determinism)?

• How do we allow patient choice and values in the face of recommendations or limited resources?

• Can variations in care still be equitable?

• Will people get disproportionate care based on affordability?

• How can we balance precision medicine safety with accessibility?

• Aftereffects

• How will we maintain monitoring and vigilance of the accuracy of these systems?

• How do we ensure systems are learning and adapting over time?

• Can we ensure precision medicine is equitable across all patient populations?

• Might the choice of who and what to study and treat have unintended consequences?

• Might this further biased or racist ideologies and marginalize patients?
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Figure 2. Priority matrix of ethical concerns for precision medicine.

Discussion

Principal Findings
In this study, we have identified critical ethical challenges facing
the implementation of precision medicine in the unique practice
environment of the emergency department. The growing use of
vast amounts of genomic, clinical, and lifestyle data to guide
individualized therapies holds immense potential to improve
emergency care. However, the “anyone, anywhere, anytime”
mandate of emergency medicine presents distinct hurdles for
the deployment of precision approaches that rely on the timely
availability of complete patient information in a fast-paced and
high-acuity setting. Using a modified nominal group technique,
we engaged a diverse panel of emergency physicians to develop
a consensus framework mapping key ethical challenges along
the continuum of precision medicine implementation, from data
acquisition to use in clinical practice to monitoring of
downstream consequences. Crucially, this framework highlights
the need to proactively identify and mitigate potential pitfalls
to best realize the promise of precision medicine in the ED while
promoting equitable access and benefit for the diverse patient

populations we serve. Our findings provide a framework to
guide research, practice innovation, and policy aimed at the
ethical translation of precision medicine to the front lines of
emergency care.

Shared Ethical Challenges: Values, Privacy, and
Justice
A recurring theme in our NGT discussion was “whose values
are we accounting for?” [40]. Participants acknowledged the
sometimes conflicting needs of the individual versus those of
the system. Providers may recommend medications that prolong
survival, but side effects may be undesirable or cost prohibitive
for some patients [41]. The definition of high-quality care
envisioned by precision medicine may not align with the
individual goals of patients. There are multiple stakeholders
driving the discourse of precision medicine—health care
providers, health care insurers, regulators, and industry—the
least empowered of which is the patient [40]. There were many
questions raised regarding challenges to patient autonomy and
the ambiguity of who is the ultimate decision maker in precision
medicine and how that might change over time, as the needs of
the many may be at odds with the needs of a few.
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This tension maybe at odds with the ethical principle of
autonomy [42]. The definition of respect for autonomy requires
that patients are able to make their own decisions while
incorporating their own values. This potentially extends to the
use of their data and specimens, but the limits of patient
autonomy remain under debate [43-45]. For example, the
appropriate approach to consent for enrollment in biobanks that
start in emergency departments remains under debate [46,47].

Ensuring that patient autonomy is maintained can be particularly
challenging in the emergency care context. In the emergency
department, providers make decisions with patients in a
time-constrained setting, particularly compared with those
historical clinical environments of precision medicine, such as
oncology, which may occur over weeks. Not only does this limit
time for discussion, it may also create a sense of external
pressure to make a decision [48]. In such time-sensitive
situations, patient personal information and preferences may
be disclosed and decisions required under duress, thus also
implicating privacy [49].

Privacy includes not only the protection of one’s identity and
personal information, but also the ability to make choices
without them being disclosed to others [50]. Another challenge
to the patient’s privacy is that the practice of precision medicine
in the emergency department will require massive amounts of
data transiting among and across institutions and devices.
Ensuring the safety and security of this protected information
is a major hurdle for precision medicine initiatives, and the
abovementioned time-sensitive nature of the emergency
department encounter makes it necessary to share this data in
real time, which is unique from other medical specialties
[51-54]. In addition, when patients know that the information
they provide to the system will be used to make
recommendations for themselves or others, it may have
downstream effects. For example, alcohol use and history for
the allotment of liver transplant is one area that may leave
patients in a moral quandary, unsure whether to be open with
their behavior but fearing the effects of those disclosures [55,56].
Patient perceptions of the trustworthiness of health care
providers and institutions will impact the success of any
scientific or research endeavor, particularly among historically
disadvantaged populations [57].

It is no surprise that our consensus framework includes justice
as a key area for research in precision medicine ethics as it
grows in the emergency department and in the prehospital setting
[58-60]. Emergency physicians carry the distinct duty under
federal law to provide care to anyone who presents for
emergency care [61]. This duty is widely recognized to rest on
a fundamental moral responsibility to provide care “promptly
and expertly, without prejudice or partiality” [49]. At first it
may seem that precision medicine would help to limit personal
biases which might affect care, using data as opposed to gestalt
or local practice variation. But structural biases may encode
results and outcomes on patients that might inadvertently limit
the benefits of the precision medicine model. When they are
present in the initial development of the model, such as lack of
representation and personal biases, affects the validity of results
used to make targeted recommendations [62].

Justice, or more specifically with respect to medical ethics,
distributive justice, emphasizes that resources are to be
distributed fairly, equitably, and appropriately. This can be
heavily hindered if providers rely on precision models to make
recommendations without a critical appraisal of how well the
results fit the patient in front of them. Even if done well, the
outputs of precision medicine may not be available to all [63].
Precision medicine which is ultimately only accessible to a few
but built on the data of many, would be an affront to the growing
field of social emergency medicine [59]. In oncology, an area
with a much longer history of precision medicine, 78% of
patients and providers reported concerns regarding the
accessibility of precision medicine [64].

Continuum of Precision Emergency Medicine: Data
Availability, Actualization, and Aftereffects
As noted by participants, challenges in implementing precision
medicine in the emergency medicine context occur anywhere
from when data is collected (or not collected) to the downstream
effects of using precision medicine interventions. In emergency
medicine, providers stand prepared to address a range of
conditions at any time. We often must rely on incomplete patient
histories (eg, due to the severity of illness or mental status
changes frequently encountered in emergency medicine) and
limited access to previous medical records (eg, our patients may
be uninsured, underinsured, and without access to routine
primary care providers) [65]. Precision medicine approaches
will need to be deployable in a timely manner and maintain
their precision with only the limited patient-specific information
available to emergency physicians.

Furthermore, even when data are available, the actualization of
precision medicine in the care environment may serve only to
perpetuate systemic flaws in the health care system if that data
is inaccurate, biased, or exclusionary from the start [7,66]. A
12-year review of the National Hospital Ambulatory Medical
Care Survey (NHAMCS) illustrates this risk: Black patients
were 10% less likely to receive immediate or emergent
Emergency Severity Index (ESI) scores and to be admitted, but
1.26 times more likely to die in the emergency department or
the hospital than White patients [65]. Using such historically
biased data to make precision medicine recommendations about
resource allocation could amplify these disparities. While
precision medicine aims to deliver individually tailored care, it
still requires categorizing patients into discrete groups by shared
characteristics—a process that carries its own implications and
potential for bias [4,67].

Additional logistic concerns for the actualization of precision
medicine in emergency departments, include costs, legal issues,
and patient education. Efforts made to collate data from
emergency care settings to be used in precision medicine
research may result in products or treatment pathways
unaffordable to these patients [68-70]. This may be mitigated
through insurers [71], but the emergency department is a safety
net, and as such this approach may not benefit the most
vulnerable patients while those who are insured may find that
their plans have little incentive to offer this option [72]. Research
has shown that the cost of precision medicine is a concern shared
by patients and providers alike [63,64].
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Even when payment is not an issue, a data- and
machine-supported approach may not be conducive to truly
informed consent given the limitations of adequately educating
emergency department patients regarding how precision
medicine and its associated research works [63,73]. Beyond the
challenge of consenting in the emergency context, providers
must also consider issues regarding disclosing incidental
information and the potential changes associated with the use
of data over time which interconnected to other growing
datasets. Stewardship of these data, defined as “the responsible
management of something entrusted to one’s care” [74], will
be critical to maintaining trust of patients and communities as
this science evolves [57].

Discussion in this NGT process highlighted the need to actively
maintain a holistic view of the patient without being overly
reductive to these categories. Currently, only a limited amount
of data is collected with respect to health measures or lab
studies, and even less is recorded for social determinants of
health. Future work should focus on systematic collection of
environmental and social factors in emergency care settings,
including neighborhood-level data on environmental exposures,
community resources, and barriers to care access. However,
this data collection must be done thoughtfully to avoid
reinforcing biases—for example, by ensuring community
engagement in data collection methods, using validated
measurement tools that have been tested across diverse
populations, and analyzing social factors as modifiable
system-level variables rather than immutable patient
characteristics. In emergency medicine specifically, this could
include developing standardized screening tools for social needs
that are feasible in acute care settings, creating automated
systems to gather community-level data that do not burden
individual patient encounters, and establishing partnerships with
community organizations to better understand local health
contexts. These approaches could help create more
comprehensive precision medicine models while maintaining
emergency medicine’s core mission of providing equitable care
to all patients.

Limitations
The use of a NGT and participant diversity are key strengths of
this study. However, several limitations warrant discussion.
While NGT aims to limit the biases associated with other
consensus models, expertise bias is still a potential limitation,
as all participants were aware of and knowledgeable on this
topic beforehand. While this expertise strengthens the
confidence in the working knowledge of the topic, it can also
lead to anchoring. We took several steps to limit its impact.
NGT, by way of its structured format, is meant to limit the
influence of any one dominant individual in discussion [39]. In
addition, we included a diverse spectrum of emergency
physicians from residents to attending physicians with varying
years of experience, as well as emergency physicians with a
variety of subspeciality training.

Self-selection bias should also be considered, as participants
volunteered in response to an email invitation to the Society of
Academic Medicine Ethics Committee listserve. This
recruitment method may have attracted participants with stronger
interest in ethics and precision medicine, though their
engagement likely enhanced the depth of insights generated
during the NGT session.

Finally, though the number of participants was within ideal
range for an NGT [24], the relatively small group size remains
a limitation. Future research could benefit from additional
strategies that would incorporate a higher number of emergency
physicians and experts from outside of the field which might
offer perspective to our work.

Conclusions
Realizing the promise of precision medicine’s “right person,
right place, right time” must be balanced by the context of the
“anyone, anywhere, anytime” of emergency medicine. Our work
has illuminated a range of concerns for the development of
precision emergency medicine, and provides a focused
framework for the most pressing ethical considerations along
the continuum of data acquisition to implementation. This
framework may be used to direct research and innovation toward
addressing these challenges in the emergency medicine setting.
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Abstract

Background: The fear of pain (FOP) and fear avoidance belief (FAB) play a crucial role in the occurrence and development
of chronic pain. However, the dynamics of these factors in postsurgical pain appear to differ, with the FOP often learned from
others rather than directly caused by painful experiences. Psychological resilience refers to an individual’s capacity to adapt
effectively to adversity, challenges, and threats, and may play a significant role in overcoming the FOP and avoidance behavior.

Objective: The aim of this study was to investigate the role of psychological resilience in overcoming the FOP and avoidance
behavior among surgical patients undergoing lung surgery.

Methods: Participants were recruited at the Wuhan Union Hospital. Psychological resilience was measured using the
Connor-Davidson Resilience Scale. The FOP was assessed using the simplified Chinese version of the Fear of Pain-9 items. The
FAB was measured using the Physical Activity subscale of the Fear-Avoidance Beliefs Questionnaire. Activity recovery was
assessed through questions related to social activities and household responsibilities. The adaptive least absolute shrinkage and
selection operator (Lasso) regression analysis under nested cross-validation was used to identify key factors affecting postoperative
FOP and activity recovery.

Results: A total of 144 participants were included in the final analysis. The results showed that preoperative FOP
(coefficient=8.620) and FAB (coefficient=8.560) were mainly positively correlated with postoperative FOP, while psychological

resilience (coefficient=−5.822) and age (coefficient=−2.853) were negatively correlated with it. These average R2 of these models
was 73% (SD 6%). Psychological resilience was the most important factor in predicting activity recovery, and these models
obtained an average accuracy of 0.820 (SD 0.024) and an average area under the curve of 0.926 (SD 0.044).

Conclusions: Psychological resilience was negatively associated with the postoperative FOP and positively with activity recovery
in patients who underwent lung surgery. Patients with higher resilience are more likely to cope effectively with postsurgical pain
and recover activities sooner. These findings highlight the importance of assessing and potentially enhancing psychological
resilience in the perioperative period to improve postoperative outcomes.

(JMIR Form Res 2025;9:e63556)   doi:10.2196/63556

KEYWORDS

psychological resilience; fear of pain; postsurgical recovery; fear avoidance belief; pain management; activity recovery

Introduction

Psychological factors such as the fear of pain (FOP) and fear
avoidance belief (FAB) are thought to play an important role
in the occurrence and development of chronic pain [1-3]. Based
on the fear-avoidance model, among patients with chronic pain,
painful experiences from activities will lead to the FOP, and
then cause patients to refuse activities until disability, which in
turn can lower the pain threshold and thus more easily lead to

painful experiences after activities, forming a vicious cycle of
fear reinforcement [4,5].

However, this seems to be different in the case of postsurgical
pain. Our previous research [6] has shown that the FOP is related
to postsurgical pain and can lead to avoidance behavior. A
significant portion of this FOP is learned from others’ teaching
or observational learning, while the FOP being directly caused
by painful experiences is relatively rare. This seems to indicate
that some people refuse to engage in certain activities such as
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coughing and ambulation from the beginning based on their
cognition, rather than pain experience, as they have heard others
tell them that such activities are dangerous.

A good pain experience after activities can help break the cycle
of the FOP. The fear-avoidance model does not explain the
dynamics underlying the FOP and functional recovery [4], such
as how some postoperative patients can still continue to perform
rehabilitation activities despite pain. It seems that there is an
internal drive that prompts patients to overcome their fears and
produce positive recovery behaviors.

Psychological resilience, also known as mental toughness [7],
refers to an individual’s capacity to adapt effectively to
adversity, challenges, and threats [8]. Psychological resilience
has a positive impact in patients undergoing knee surgery and
those with pain catastrophizing [9], as well as its predictive role
in dental phobia [10]. However, its relationship with postsurgical
pain and the FOP remains understudied.

Individuals with low psychological resilience tend to avoid
stressful situations [11]. In this study, we aimed to understand
the role of psychological resilience in overcoming the FOP and
avoidance behavior among surgical patients. To this end, we
followed up a sample from a previous study [12] to observe the
impact of psychological resilience on the FOP and behavior,
aiming to assist in postsurgical pain management.

Methods

Participants
This study was a single-center, cohort study of patients who
were hospitalized to undergo thoracic surgery at the Wuhan
Union Hospital, a tertiary hospital located in Wuhan, China,
from May 2022 to January 2023. Participants were recruited
based on the following inclusion criteria: (1) they were at least
18 years old; (2) they had undergone lung surgery; and (3) they
did not have a history of neurological or psychiatric disorders.
The exclusion criteria included individuals who experienced
critical conditions during the study period or those who did not
complete follow-up assessments. In the context where the
sample size exceeds 10 events per variable [13], and considering
a potential 10% dropout rate, we would terminate the further
enrollment of participants.

Ethical Considerations
This study was a follow-up study based on earlier research [12]
(Registration number: ChiCTR2200056651), and has been
approved by the institutional ethics board of Wuhan Union
Hospital of Tongji Medical College, Huazhong University of
Science and Technology (No. 20220026‐2). All the participants
provided written and oral informed consent. The original
informed consent form, which was approved by the same ethics
committee, explicitly allows for secondary analysis without the
need for additional consent (No. 20200351). Participants were
provided with free counseling services during the follow-up
period as a form of compensation. All study data have been
anonymized or deidentified to protect the privacy and
confidentiality of the participants.

Fear of Pain
Before surgery and 6 months after surgery, we used the
simplified Chinese version of the Fear of Pain-9 items (FOP-9)
[14] to gather data on the FOP. The FOP-9 is a 5-point ordinal
Likert scale where total scores range from 9 to 45, and a higher
score signifies a greater level of FOP.

Fear Avoidance Belief
On the third day after surgery, the Physical Activity subscale
of the Fear-Avoidance Beliefs Questionnaire (FABQ-PA) was
used to measure the FAB. The FABQ-PA is a self-reported
questionnaire comprising the first 5 questions of the original
Fear-Avoidance Beliefs Questionnaire [15]. A higher score on
this subscale signifies a greater tendency towards the FAB.

Psychological Resilience
Psychological resilience was collected 1 month after surgery
by using the Connor-Davidson Resilience Scale (CD-RISC)
[16]. The CD-RISC comprises 25 items, each rated on a 5-point
scale (0‐4), with higher scores reflecting greater psychological
resilience.

Activity Recovery
Activity recovery was defined as the recovery of social activities
and housework after discharge. Activity recovery was assessed
at 6 months after surgery through questions such as, “Are your
current social activities, like work and community activities,
similar to what they were before the surgery?” and “Have your
current family responsibilities returned to what they were before
the surgery?” The answers were categorized as being lower or
similar/higher than they were before surgery. Both the answers
of “similar/higher” meant that the activity recovery was positive.

Statistics
We used the adaptive least absolute shrinkage and selection
operator (Lasso) with nested cross-validation to conduct variable
selection, coefficient estimation, and performance prediction.
All the statistics were completed using Python 3.12 (Python
Software Foundation) and the scikit-learn library (developed
by a community of open-source contributors, initially started
by David Cournapeau). The process was as follows [17]: (1)
Feature preprocessing: We conducted standardization on
numeric features and one-hot encoding on categorical features.
In order to avoid the problem of multicollinearity, we set the
first one as the baseline and dropped it for each categorical
variable, such as “Male” in sex, “Primary School” in education,
“Presence” in chronic pain, and “Wedge Resection” in the
surgery method. (2) Model training: We estimated the initial
coefficients using Ridge regression with 5-fold cross-validation,
and then conducted model training with the adaptive Lasso with
5-fold cross-validation after weighing the coefficients. (3) Model
evaluation: In the 5-fold outer cross-validation, we selected the
optimal model and calculated the average value of the model
fitting parameters. (4) Variable estimation: We reported the
regularization parameters and variable coefficients of the optimal
model.
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Results

Characteristics
A total of 150 patients met the study’s inclusion criteria.

However, 6 (4%) patients were excluded as they were lost to
follow-up. A total of 144 participants were included in the final
analysis, and the baseline characteristics are listed in Table 1.
The study flow is shown in Figure 1.

Table . Baseline patient characteristics (n=144).

ValueCharacteristics

52.40 (13.37)Age (years), mean (SD)

Sex, n (%)

73 (50.7)Male

71 (49.3)Female

Education, n (%)

20 (13.9)Primary school

30 (20.8)Middle school

43 (29.9)High school

51 (35.4)University

Chronic pain, n (%)

137 (95.1)Absence

7 (4.9)Presence

16 (13-23)Preoperative FOPa, median (IQR)

Surgery method, n (%)

24 (16.7)Wedge resection

64 (44.4)Segmental resection

56 (38.9)Lobectomy

3 (1-4)Pain intensity, median (IQR)

11 (8-15)Fear avoidance belief, median (IQR)

49.54 (12.99)Psychological resilience, mean (SD)

Activity recovery, n (%)

38 (26.4)Lower

106 (73.6)Similar/Higher

20 (14-28)Postoperative FOP, median (IQR)

aFOP: fear of pain.
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Figure 1. Flowchart of the research process and data collection. FOP: fear of pain; FAB: fear avoidance belief.

Postoperative FOP as the Dependent Variable
The statistical analysis showed that the mean squared error was
14.273 (SD 3.254), indicating a reasonable prediction error

range with room for improvement. The mean R² value was 0.731
(SD 0.060), suggesting that the models could account for
approximately 73.1% (SD 6%) of the variance in postoperative
FOP and had a relatively good fit. The optimal alpha of the

optimal model was 0.081. The coefficient of the optimal model
revealed that the preoperative FOP, FAB, and pain intensity
had significant positive effects on the postoperative FOP with
coefficients of 8.620, 8.560, and 0.417, respectively. In contrast,
psychological resilience and age had significant negative
impacts, with coefficients of −5.822 and −2.853, respectively.
Among categorical variables, patients with a university
education had lower postoperative FOP compared to those with
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primary school education, while female patients had a higher
postoperative FOP than male patients did. The surgical method

and chronic pain had no significant effect on the postoperative
FOP (Table 2).

Table . Optimal model of adaptive least absolute shrinkage and selection operator (Lasso) regression for patients who underwent lung surgery in
predicting the postoperative fear of pain (FOP; n=144).

CoefficientIndependent variablesa

–2.853Age

Sex

0.000Male

0.778Female

Education

0.000Primary school

−0.000Middle school

0.000High school

−0.190University

Chronic pain

0.000Absent

0.000Present

8.620Preoperative FOP

Surgery method

0.000Wedge resection

-0.005Segmental resection

0.000Lobectomy

0.417Pain intensity

8.560Fear avoidance belief

−5.822Psychological resilience

aLambda is 0.081 for all variables.

Activity Recovery as the Dependent Variable
The model performed excellently after analysis, with an average
accuracy of 0.820 (SD 0.024) and an average area under the
curve of 0.926 (SD 0.044), indicating that the model had a good
predictive ability and stability for activity recovery.
Psychological resilience, FAB, and pain intensity were

significant factors that affected the activity recovery, with
coefficients of 1.185, −0.966, and −0.170, respectively. Both
university education and segmental resection significantly
positively affected activity recovery compared to baseline, with
coefficients of 0.283 and 0.042, respectively. Age, sex, chronic
pain, and preoperative FOP had no significant effect on activity
recovery (Table 3).
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Table . Optimal model of adaptive least absolute shrinkage and selection operator (Lasso) logistic regression for patients who underwent lung surgery
in predicting activity recovery (n=144).

CoefficientIndependent variablesa

0.000Age

Sex

0.000Male

0.000Female

Education

0.000Primary school

0.000Middle school

0.000High school

0.283University

Chronic pain

0.000Absent

0.000Present

0.000Preoperative FOPb

Surgery method

0.000Wedge resection

0.042Segmental resection

0.000Lobectomy

−0.170Pain intensity

−0.966Fear avoidance belief

1.185Psychological resilience

aLambda is 2.783 for all variables.
bFOP: fear of pain.

Discussion

Study Findings
This study delved into the role of psychological resilience in
perioperative FOP and avoidance behavior among surgical
patients, particularly those undergoing lung surgery. The
findings contribute novel insights to the existing literature,
suggesting that psychological resilience may serve as a crucial
factor in breaking the vicious cycle of FOP and facilitating
recovery.

Impact of Psychological Resilience on Postoperative
FOP
Our study employed adaptive Lasso regression under nested
cross-validation to analyze the factors influencing postoperative
FOP, a common phenomenon experienced by patients following
surgery [18]. The developed model demonstrated robust
performance, with a high proportion of variance explained in
postoperative FOP. Among the factors, psychological resilience
emerged as the most significant inhibitory factor influencing
postoperative FOP. Preconceived biases regarding postoperative
activities and pain can lead to the development of the FOP
[19,20]. We observed that some patients strictly adhered to the
doctor’s orders despite potential pain, while others rejected and

avoided them. This disparity can be attributed to the varying
levels of psychological resilience among individuals. Resilient
individuals are more likely to accept and face pain, actively
adjust their pain concepts, and gradually expose themselves to
pain stimuli [21,22]. For instance, they may perceive
postoperative pain as a normal part of the recovery process and
actively communicate with medical staff to learn pain
management strategies, gradually adapting to and overcoming
the FOP. Conversely, individuals with lower psychological
resilience may avoid stressful situations, including postoperative
activities, leading to a vicious cycle of pain, fear, and avoidance
[9,10,23].

Impact of Psychological Resilience on Postoperative
Activity Recovery
The adaptive Lasso logistic regression exhibited higher accuracy
and area under the curve values with a lower standard deviation,
indicating that the model has high accuracy and stability in
predicting postoperative activity recovery. The fact that the
coefficient of psychological resilience is the largest revealed
that psychological resilience had a stronger influence on
postoperative activity recovery than other factors. This suggests
that psychological resilience primarily enables individuals to
initiate activities that may cause pain despite the presence of
FOP, serving as a positive factor in overcoming fear. Patients
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with higher psychological resilience tend to have better ability
to resume their activities postoperatively [24,25], and our
research has also confirmed this. They may be more actively
involved in social interactions and resume daily housework,
thereby promoting physical function recovery and improving
psychological well-being, resulting in a virtuous cycle. This
may be because patients with high psychological resilience are
better able to cope with negative emotions, have more
reasonable cognitive expectations of the rehabilitation process,
and can better overcome the fear of activities, thus promoting
the recovery of postoperative activities [26,27].

Study Limitations
This study has several limitations. First, psychological resilience
was measured postoperatively, which may introduce bias due
to the impact of surgery. Second, although both models
demonstrated certain predictive abilities, there is room for

improvement in the R² values. Third, the generalizability of the

findings is limited, as this study specifically focused on patients
undergoing lung surgery, and the results may not be applicable
to all surgical patients. Therefore, conducting multicenter studies
with a bigger sample size would further validate the robustness
of the results.

Conclusion
This study revealed the significant role of psychological
resilience in postsurgical pain management, particularly in
reducing the FOP and promoting recovery of activities.
Individuals with higher psychological resilience are more likely
to effectively cope with postsurgical pain and reduce avoidance
behaviors. These findings underscore the importance of
assessing and potentially enhancing psychological resilience
during the perioperative period, especially for those with higher
levels of FOP. By fostering resilience and promoting correct
pain cognition, clinical practitioners can empower patients to
overcome the FOP, engage in rehabilitation activities, and
achieve better postoperative outcomes.
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Abstract

Background: Ventricular fibrillation (VF) is a vicious arrhythmia usually generated after removal of the aortic cross-clamp
(ACC) in patients undergoing open-heart surgery, which could damage cardiomyocytes, especially in patients with left ventricular
hypertrophy (LVH). Amiodarone has the prominent properties of converting VF and restoring sinus rhythm. However, few studies
concentrated on the effect of amiodarone before ACC release on reducing VF in patients with LVH.

Objective: The study was designed to explore the effectiveness of prophylactic intravenous amiodarone in reducing VF after
the release of the ACC in patients with LVH.

Methods: A total of 54 patients with LVH scheduled for open-heart surgery were enrolled and randomly divided (1:1) into 2
groups—group A (amiodarone group) and group P (placebo-controlled group). Thirty minutes before removal of the ACC, the
trial drugs were administered intravenously. In group A, 150 mg of amiodarone was pumped in 15 minutes. In group P, the same
volume of normal saline was pumped in 15 minutes. The primary outcome was the incidence of VF 10 minutes after removal of
the ACC.

Results: The incidence of VF was lower in group A than in group P (30% vs 70%, P=.003). The duration of VF, the number
of defibrillations, and the defibrillation energy were also lower in group A than in group P (P<.001, P=.002, and P=.002,
respectively). After the end of cardiopulmonary bypass, the heart rate and mean arterial pressure were lower in group A, and the
mean pulmonary arterial pressure and the dose of vasoactive drugs were higher than those in group P (P<.001, P<.001, P=.04,
and P=.02, respectively). However, there were no significant differences in the use of vasoactive-inotropic agents and hemodynamic
status between the 2 groups before the end of surgery.

Conclusions: In patients with LVH who undergo open-heart surgery, amiodarone can be safely used to reduce the incidence
of VF, the duration of VF, the frequency of defibrillation, and the energy of defibrillation after ACC removal.

Trial Registration: Chinese Clinical Trial Registry ChiCTR2000035057; https://www.chictr.org.cn/showprojEN.html?proj=57145

(JMIR Form Res 2025;9:e64586)   doi:10.2196/64586

KEYWORDS

amiodarone; left ventricular hypertrophy; reperfusion ventricular fibrillation; open-heart surgery; randomized controlled trial;
RCT; clinical trial; ventricular fibrillation; vicious arrhythmia; aortic cross-clamp; surgery; effectiveness; defibrillation

Introduction

Ventricular fibrillation (VF) is commonly seen after release of
the aortic cross-clamp (ACC) during open-heart surgery, which
can result in reperfusion VF (rVF) when reperfusion of the
myocardium begins. The incidence of rVF after the ACC release
has been reported to range from 10% to 80% [1]. It has been
proven in the animal model that persistent VF could cause more

myocardial fibrosis [2]. The use of internal electrical
defibrillation is a successful approach to terminate VF. However,
multiple shocks and prolonged VF duration may exacerbate
myocardial damage and diminish the patient’s prognosis [3].
Besides, repeated defibrillations would increase the incidence
of postoperative bradycardia in cardiac surgeries [4]. Therefore,
it is necessary to reduce the rVF after removal of the ACC
during cardiac surgery.
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In patients with left ventricular hypertrophy (LVH), the unique
myocardial structure hinders the complete perfusion of fluid
during cardiopulmonary bypass (CPB) surgery to reach the
subendocardial cardiomyocytes. This limitation diminishes the
efficacy of myocardial protection in open-heart surgery [5].
Following the release of the ACC, there is a notable rise in the
occurrence of rVF, leading to an escalation in both the energy
and frequency of cardiac shocks within the hypertrophic
myocardium [6]. Thus, it is also of vital clinical significance to
decrease the occurrence of rVF in patients with LVH.

Amiodarone, known for its classification as a potent Class III
antiarrhythmic drug with diverse electrophysiological properties,
has been extensively used in clinical practice for the treatment
of atrial and ventricular arrhythmias [7,8]. Intravenous
amiodarone has been confirmed to protect the myocardium from
ischemia-reperfusion injury and prevent reperfusion-induced
VF [9]. It also showed a good hemodynamic tolerance when
administered intravenously [10]. Previous studies have
demonstrated the efficacy of amiodarone in reducing the
occurrence of VF after the removal of the ACC [11,12].
However, there is only 1 clinical trial investigating the role of
amiodarone in reducing rVF in patients with LVH [13].
Therefore, we designed the study to investigate the effects of
prophylactic intravenous amiodarone on rVF after the release
of the ACC in patients with LVH undergoing open-heart
surgery.

Methods

Settings and Patients
This was a prospective, double-blind, randomized controlled
trial conducted in the First Affiliated Hospital of Nanjing
Medical University, Nanjing, China. The patients undergoing
open-heart surgery were screened by preoperative transthoracic
echocardiography (TTE). When meeting the eligible criteria,
the patients were recruited in the study. A total of 54 patients
with LVH undergoing open-heart surgery were enrolled and
participated in this study from August 2022 to November 2023.
This manuscript adheres to all applicable CONSORT
(Consolidated Standards of Reporting Trials) guidelines
(Checklists 1 and 2). The protocol of this study has already been
published [14]. The eligibility criteria are hence described.

The inclusion criteria included (1) patients undergoing
open-heart surgery, (2) aged between 18 and 75 years, (3)
diagnosed with LVH evaluated by TTE preoperatively, and (4)
classified as American Society of Anesthesiology (ASA)
Physical Status I-III. LVH was characterized by a left ventricular

mass index>115 g/m2 for men and >95 g/m2 for women [15].

The exclusion criteria included preoperative administration of
Class I or III antiarrhythmic medications; QT interval of 500
milliseconds or higher or corrected QT interval of 480
milliseconds or higher; left ventricular ejection fraction below
40%; and presence of thyroid dysfunction, electrolyte
imbalances, liver or renal dysfunction, pulmonary interstitial
fibrosis, or known allergy to amiodarone. Patients undergoing
emergency surgery, redo surgery, or concomitant procedures,

including coronary artery bypass grafting (CABG), were also
excluded.

Ethical Considerations
This study was approved by the Ethical Committee of the First
Affiliated Hospital of Nanjing Medical University
(2020-SR-175) and registered in the Chinese Clinical Trial
Registry (ChiCTR2000035057). All participants provided verbal
informed consent before being enrolled in the study. To secure
and protect all participant information, all data were recorded
by the specific ID number instead of the participant’s name
throughout the study. Only select research team members could
access these data. The process was monitored by the Ethical
Committee of the First Affiliated Hospital of Nanjing Medical
University.

Randomization and Blinding
After anesthetic induction, the enrolled participants were
assigned with a random permuted block method in a 1:1 ratio
to 2 groups, namely, group A (treated with amiodarone) and
group P (placebo control). An unblinded nurse anesthetist
prepared the drugs according to the allocation information in
the randomization envelope. The drugs were uniformly
packaged, numbered, and administered by anesthesiologists.
All involved parties, including the anesthesiologists, surgeons,
and participants, were unaware of the specific treatment
regimen, ensuring a blinded study design. However, nonblinded
nurse anesthetists were not involved in evaluating treatment
interventions, analyzing data, or interpreting results in the study.

Treatment Regimen of Amiodarone
The trial drugs were administered 30 minutes before ACC
release through the central venous line. In group A, 150 mg of
amiodarone was diluted to 20 ml of normal saline and pumped
in 15 minutes. In group P, 20 ml of normal saline was pumped
in 15 minutes.

Anesthesia Protocols
All patients received standard general anesthesia. In the
operating room, patients were routinely monitored, including
5-lead electrocardiograph, peripheral blood oxygen saturation,
invasive arterial blood pressure, bispectral index, and end-tidal
CO2. Anesthesia induction was carried out as follows: 0.05
mg/kg midazolam, 0.3 mg/kg etomidate, 0.15 mg/kg
cis-atracurium, and 4‐6 μg/kg fentanyl. Approximately 5
minutes after induction, patients were intubated and ventilated
to maintain end-tidal CO2 at 35‐45 mm Hg. Then,
ultrasound-guided central vein catheterization was performed
through the right internal jugular or subclavian vein. The
Swan-Gans catheter was floated to the pulmonary artery through
the right internal jugular vein. The patients continued to receive
anesthesia by inhalation of sevoflurane 1%‐2% and continuous
pump of propofol 1‐2 mg/kg/h, dexmedetomidine 0.2‐0.7
μg/kg/min, and cis-atracurium 0.05‐0.1 mg/kg/h. The total
dose of fentanyl was 30‐50 μg/kg. The bispectral index was
maintained between 40 and 60. Inotropic agents, vasopressors,
vasodilators, or fluid administration were applied to achieve
the following hemodynamic status: a mean arterial pressure
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(MAP) of 50‐80 mm Hg, cardiac index (CI) ≥2.2 L/min/m2,
and urine output ≥1.0 mL/kg/h.

Surgical and CPB Procedures
The surgical procedures were performed by median sternotomy
with heparinization and standard CPB. Anticoagulation was
started with 400 U/kg of heparin and maintained according to
an activated clotting time of >480 seconds. The CPB was
initiated using a membrane oxygenator and the circuit was
primed with 1500 ml of Ringer acetate solution and 200 ml of
50% human serum albumin. The patients were perfused with a

nonpulsatile roller pump at a flow rate of 2.0‐2.4 L/min/m2

and with MAP of 50‐80 mm Hg. Moderate systemic
hypothermia was maintained at 30‐32℃ during CPB.
Myocardial protection was achieved by intermittent antegrade
or retrograde infusions of histidine-tryptophane-ketoglutarate
cardioplegia. After weaning from CPB, the reversal of heparin
was achieved with protamine.

Management of VF
Thirty seconds before ACC release, 1 mg/kg of esmolol was
administered to all patients. When VF occurred after ACC
release, internal electrical defibrillation with 20 J was performed
in the first attempt. If not successful, the second defibrillation
with 20 J was attempted after reusing 0.5‐1 mg/kg of esmolol.
If VF persisted, the third 30 J defibrillation was performed after
giving 1 mg/kg of lidocaine. If termination of VF was not
achieved, the fourth defibrillation with 40 J was attempted after
the administration of 50 mg of amiodarone administration. If
VF still existed, the administration of 100 mg of amiodarone
and defibrillation with 50 J was repeated until VF terminated.

Outcome Measures
The primary outcome was the incidence of VF 10 minutes after
ACC release. The secondary outcomes included the duration
of VF, the number and total energy of defibrillations needed to
terminate VF, and the use of other antiarrhythmic agents and
epicardial temporary pacemakers after the release of the ACC.
Furthermore, MAP, heart rate (HR), mean pulmonary arterial
pressure (MPAP), central venous pressure (CVP), and CI were
measured 15 minutes after anesthetic induction (T1), 15 minutes
after weaning from CPB (T2), and 15 minutes before the end
of surgery (T3). In addition, the vasoactive-inotropic score (VIS)
and the total dose of vasoactive and inotropic agents (TDA)
were also recorded at T2 and T3 (VIS = dopamine [μg/kg/min]

+ dobutamine [μg/kg/min] + 10 × milrinone [μg/kg/min] + 100
× epinephrine [μg/kg/min] + 100 × norepinephrine [μg/kg/min]
+ 1000 × vasopressin [U/kg/min]; TDA = dopamine [mg] +
dobutamine [mg] + 10 × milrinone [mg] + 100 × epinephrine
[mg] + 100 × norepinephrine [mg] + 1000 × vasopressin [U]).

Sample Size Estimation
The sample size was calculated based on the primary outcome
using PASS 15.0 (NCSS, LLC). According to published studies,
the incidence of VF after ACC release ranged from 10% (2/20)
to 80% (38/47) [1]. Based on our preliminary data, the incidence
of VF 10 minutes after ACC release was 70% (7/10) in the
placebo-controlled group, while the VF rate was 30% (3/10) in
the amiodarone group. To reach statistical significance with a
power of 80% and an α value of .05 (2-sided), 21 patients were
needed in each group. Assuming a 20% dropout or missing data
rate, we recruited 27 patients in each group for a total of 54
patients.

Statistical Analysis
All data were analyzed using SPSS 22.0 (IBM Corp) and
GraphPad Prism 8.0 (GraphPad Software Inc). All statistical
tests were considered significant if P<.05. Only 2-sided tests
were used. The normality assumption was assessed with the
Kolmogorov-Smirnov test for all tests. Continuous variables
were presented as mean (SD) or median (IQR), depending on
the distribution. Categorical variables were presented as
frequency (%). Continuous variables were compared using
Student t tests if normally distributed or Mann-Whitney U tests
if not normally distributed. The proportions were compared
using Pearson chi-square or continuity correction tests. Data
for repeated measures were compared using repeated measures
ANOVA.

Results

Baseline Characteristics
In total, 77 patients with LVH who underwent open-heart
surgery were selected for this study. Among them, 54 patients
(27 in group A and 27 in group P) completed this trial and 23
patients were excluded, which were shown in the CONSORT
flow diagram (Figure 1). The demographic and perioperative
data of the participants were comparable between groups (Table
1).
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Figure 1. CONSORT (Consolidated Standards of Reporting Trials) flow diagram of patient recruitment, randomization, and withdrawal. A total of 27
patients in each group were eventually included in the final analysis. ASA: American Society of Anesthesiologists; CABG: coronary artery bypass
grafting.
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Table . Demographic characteristics and perioperative data.

P valueGroup Pb (N=27)Group Aa (N=27)Perioperative information

Preoperative

.6265.59 (6.30)64.44 (9.94)Age (y), mean (SD)

.161419Male, n

.2123.50 (1.92)22.74 (2.42)BMI (kg/m2), mean (SD)

.23610Hypertension, n

.5074Diabetes mellitus, n

.9923Hyperlipidemia. n

.7346Smoking, n

.112.41 (0.50)2.63 (0.49)NYHAc class, mean (SD)

.60132.44 (15.05)134.40 (11.74)LVMId (g/m2), mean (SD)

.2158.78 (5.51)57.11 (3.94)LVEFe (%), mean (SD)

.5486Calcium blockers, n

.191620β-blockers, n

.7567Diuretics, n

.781110ACEIsf, ARBsg, n

Intraoperative

.20Procedures, n

2318AVRh

49Morrow

.09375.04 (35.55)358.44 (35.67)Surgical time (min), mean (SD)

.12168.70 (33.48)154.89 (30.98)CPBi time (min), mean (SD)

.29143.81 (29.53)135.33 (28.91)ACCj time (min), mean (SD)

.4230.59 (8.69)28.04 (10.81)Time for CPB weaning (min), mean (SD)

.56496.74 (184.61)528.89 (213.87)Blood loss (mL), mean (SD)

.711417.04 (754.10)1350.00 (527.36)Urine output (mL), mean (SD)

.173562.59 (448.78)3727.04 (423.72)Total fluid volume (mL), mean (SD)

.771412.96 (374.06)1385.19 (317.39)Total cardioplegia (mL), mean (SD)

.9900Abnormal electrolyte or acid-base metabolism,
n

Postoperative, mean (SD)

.3711.44 (4.93)10.26 (4.69)Ventilation time (h)

.325.93 (3.76)4.96 (3.20)ICUk stay (d)

.1513.74 (5.41)11.85 (4.02)Hospital stays (d)

aGroup A: amiodarone group.
bGroup P: placebo control group.
cNYHA: New York Heart Association.
dLVMI: left ventricular mass index.
eLVEF: left ventricular ejection fraction.
fACEI: angiotensin converting enzyme inhibitor.
gARB: angiotensin receptor blocker.
hAVR: aortic valve replacement.
iCPB: cardiopulmonary bypass.
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jACC: aortic cross-clamp.
kICU: intensive care unit.

Intraoperative Outcomes
The incidence of VF after the release of the ACC was
significantly lower in group A than in group P (8/27, 30% vs
19/27, 70%; P=.003) (Table 2). Furthermore, the number of
internal shocks and the total energy of defibrillations were lower
in group A than in group P (P=.002). Furthermore, a shorter
duration of VF was also observed in group A (P<.001).
Regarding the restoration of cardiac rhythm after ACC release,
there were no significant differences in the recovery time of
cardiac contraction or the proportion of epicardial pacing

between the groups. However, the duration of epicardial
pacemaker use in group A was higher than those in group P
(P=.03). When dealing with VF after the release of the ACC,
there were no significant differences in the consumption of
antiarrhythmic drugs between the groups (Table 3). At the T2
time point, group A had a higher VIS than group P (P=.02).
However, no differences in VIS were observed between the
groups at the time of T3. During the whole intraoperative period,
there were no significant differences in TDA between the
groups.

Table . Incidence of ventricular fibrillation (VF) and restoration of cardiac rhythm after aortic cross-clamp release.

P valueGroup Pb (N=27)Group Aa (N=27)Changes of cardiac rhythm

.00319 (70)8 (30)VF, n (%)

.002Defibrillations, n

8190

961

102≥2

.00220 (0‐40)0 (0‐20)Total energy (J), median (IQR)

<.0011.5 (0‐3.5)0 (0‐1)VF duration (min), median (IQR)

.962.61 (1.60)2.63 (1.15)Time for cardiac contraction recovery (min), mean (SD)

.10814Epicardial pacing, n

.030 (0‐9)10 (0‐41)Duration of epicardial pacing (min), median (IQR)

aGroup A: amiodarone group.
bGroup P: placebo control group.

Table . Consumption of antiarrhythmic and vasoactive-inotropic agents.

P valueGroup Pb (N=27)Group Aa (N=27)Intravenous agents

.20130 (70‐150)70 (65‐75)Esmolol (mg), median (IQR)

.360 (0‐0)0 (0‐0)Lidocaine (mg), median (IQR)

.0212.83 (4.19)15.32 (3.66)VISc (T2d), mean (SD)

.8410.39 (4.10)10.61 (3.99)VIS (T3e), mean (SD)

.0627.54 (8.64)32.20 (8.98)TDAf, mean (SD)

aGroup A: amiodarone group.
bGroup P: placebo control group.
cVIS: vasoactive-inotropic score.
dT2: fifteen minutes after weaning from cardiopulmonary bypass.
eT3: fifteen minutes before the end of surgery;
fTDA: total dose of vasoactive and inotropic agents.

Hemodynamic Status During the Intraoperative Period
The hemodynamic status at various intraoperative times is
shown in Figure 2. During the intraoperative period, repeated
measures ANOVA indicated significant differences in MAP
between the 2 groups (F1=5.161, P=.03). The global MAP was
lower in group A than in group P (Figure 2). Compared with
group P, MAP in group A was significantly lower at the time

point T2 (mean 61.19 SD 4.16 vs mean 69.67 SD 6.23; P<.001).
However, no significant differences were found in MAP at the
time points T1 and T3 between the groups. During surgery,
repeated measures ANOVA did not show significant differences
in HR, MPAP, CVP, and CI between the groups
(F1,1,1,1=3.098, 0.747, 0.271, and 0.001; and P=.08, .39, .61,
and .97, respectively) (Figure 2). Compared with group P, HR
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(mean 86.44 SD 8.07 vs mean 94.63 SD 6.90; P<.001) was
lower and MPAP (mean 20.15 SD 4.63 vs mean 17.56 SD 4.44;
P=.04) was higher in group A at the time point T2. However,
no significant differences were found in CVP and CI at the T2

time point. Furthermore, there were no significant differences
in HR, MPAP, CVP, and CI at the time points T1 and T3
between the groups.

Figure 2. Changes in hemodynamic status during the intraoperative period. The global mean arterial pressure curve was lower in group A than in group
P by repeated measures ANOVA. There were no significant differences in the global curves of heart rate, mean pulmonary arterial pressure, central
venous pressure, and cardiac index between the 2 groups by repeated measures ANOVA. At T2 point, mean arterial pressure and heart rate were
significantly higher in Group P while mean pulmonary arterial pressure was significantly higher in Group A. Group A: amiodarone group; Group P:
placebo control group. CI: cardiac index; CVP: central venous pressure; MAP: mean arterial pressure; MPAP: pulmonary arterial pressure; T1: fifteen
minutes after anesthetic induction; T2: fifteen minutes after weaning from cardiopulmonary bypass; T3: fifteen minutes before the end of surgery.
*P<.05 was found between the two groups.

Discussion

Principal Findings
In this randomized trial, we primarily found that prophylactic
intravenous use of amiodarone effectively reduced the incidence
of VF in patients with LVH after ACC removal during
open-heart surgery, while also decreasing the duration of VF,
the frequency of defibrillation, and the energy required for
defibrillation.

VF is a malignant arrhythmia that occurs after the release of the
ACC in patients undergoing open-heart surgery. There are
various factors that can contribute to VF after the removal of
the ACC, which include surgical trauma, inadequate myocardial
protection, insufficient intracardiac deairing or left ventricular
venting, abnormal electrolyte and acid-base metabolism, delayed
rewarming prior to ACC release, and myocardial reperfusion
injury after ACC release. Among these factors, myocardial
reperfusion injury is often considered the primary cause [16].
The prolonged duration of VF following ACC release can have
several adverse effects on cardiomyocytes. Research findings

indicated that VF led to alterations in the distribution of coronary
artery blood supply, consequently causing subendocardial
myocardial ischemia and subsequent cardiac dysfunction [17].
As the duration of VF extends, the resistance of subendocardial
vessels progressively rises, exacerbating the subendocardial
ischemia in cardiomyocytes. Furthermore, myocardial edema
was observed to develop with the prolonged duration of VF
[17]. During VF, there is an elevation in ventricular wall tension
and venous pressure, necessitating a higher perfusion pressure
to restore normal blood supply during CPB. The erratic and
frequent myocardial contractions, along with elevated pressure
in the cardiac cavity during VF, may lead to increased oxygen
consumption by the myocardium. The described factors indeed
result in an imbalance between oxygen supply and demand in
the myocardium, leading to severe impairment of cardiomyocyte
function.

In individuals with LVH, the cardiomyocytes enlarge in volume,
yet the associated coronary arteries fail to grow in tandem,
leading to a lack of subendocardial capillaries. Elevated
end-diastolic pressure and enhanced systolic cardiac function
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contribute to an increase in myocardial oxygen consumption.
These histological alterations result in an imbalance between
myocardial oxygen supply and demand, causing subendocardial
myocardial ischemia and reduced myocardial tolerance to
ischemia-reperfusion injury [18]. Patients with LVH have been
reported to be more likely to suffer from VF after removal of
the ACC [5,6,13]. Therefore, this situation has created a need
for prophylactic treatment.

Amiodarone, as a broad-spectrum antiarrhythmic agent, has
several electrophysiological mechanisms to treat VF. The main
antiarrhythmic effect of amiodarone occurs through the
inhibition of IKr and IKs channels, leading to a homogeneous
prolongation of myocardial repolarization [7]. In addition, it
can reduce HR and slow atrioventricular nodal conduction by
blocking calcium channels and β-receptors [19]. Furthermore,
amiodarone extends refractoriness and decreases intracardiac
conduction velocity by inhibiting the sodium channel [20].
During the period of ischemia-reperfusion, amiodarone has the
ability to enhance the metabolic efficiency of cardiomyocytes
and decrease the dispersion of repolarization across the cell
membrane, which is a significant contributor to the development
of ventricular arrhythmias [21].

Several clinical trials have investigated whether amiodarone
could lower the occurrence of VF after ACC removal.
Samantaray et al [11] reported that, compared with the placebo
group, administering 150 mg of amiodarone 3 minutes before
aortic opening during CABG surgery reduced the occurrence
of VF after ACC release. In addition, Yilmaz et al [12] revealed
that both 300 mg of amiodarone and 1.5 mg/kg of lidocaine
reduced the occurrence of VF after ACC release compared with
the placebo group. However, there were no significant
differences in the reduction of VF between the amiodarone and
lidocaine groups. On the contrary, in the clinical trial by Ayoub
et al [22], it was found that the administration of amiodarone 2
minutes before aortic opening did not result in a reduction in
the occurrence of VF after the release of the ACC during CABG
surgery. On the other hand, lidocaine was effective in reducing
the occurrence of VF in this study [22]. In addition, Mauermann
et al [23] reported that both 300 mg of amiodarone and 1.5
mg/kg of lidocaine did not lead to a reduction in the occurrence
of VF. Despite some conflicting results in the studies mentioned,
there is a general indication that amiodarone has a therapeutic
effect on VF after ACC removal.

In a documented case, a 66-year-old female patient underwent
aortic valve replacement for severe aortic stenosis. The
preoperative TTE screening indicated a thickness of up to 18
mm in the ventricular septum and left ventricular posterior wall.
Following the release of the ACC and administration of
lidocaine, refractory VF ensued, with multiple cardiac shocks
showing no effectiveness. Finally, a dose of 150 mg of
amiodarone was delivered through the aortic root, ultimately
leading to the termination of VF with a single defibrillation
[24]. Suzuki et al [5] also reported a similar case of using
amiodarone to terminate rVF during cardiac surgery. In a clinical
trial by Mita et al [13], patients with LVH undergoing aortic
valve replacement were randomly divided into 2 groups. One

group received a 150 mg bolus of amiodarone followed by a
maintenance dose of 30 mg/h, while the other group received
a 1 mg/kg bolus of lidocaine followed by a maintenance dose
of 1 mg/kg/h after anesthetic induction. The occurrence of VF
was markedly reduced in the amiodarone group compared with
the lidocaine group (7/34, 20.6% vs 17/34, 50%; P=.02) [9].
Meanwhile, amiodarone has the potential to decrease the levels
of interleukin-6 and tumor necrosis factor following the surgery.

In this study, our results showed that prophylactic intravenous
amiodarone could lower the occurrence of VF in patients with
LVH after the release of the ACC during open-heart surgery.
Furthermore, among patients with VF, amiodarone reduced the
number and total energy of internal cardiac shocks. In addition,
the duration of VF could also be reduced. These results further
proved the conclusions of the abovementioned studies. With
the use of amiodarone, the recovery of cardiac contractions was
not affected and there was no increase in the use of epicardial
pacemakers. However, the duration of epicardial pacemakers
was longer among patients with amiodarone, which may be
correlated with the effect of amiodarone on slowing HR. In
terms of hemodynamic effects, after weaning from CPB, HR
and MAP decreased and MPAP increased, while the use of
vasoactive and inotropic drugs was also higher in patients treated
with amiodarone, which could be related to the pharmacological
effect of amiodarone. However, CI and CVP were not affected
and the hemodynamic status at the end of surgery was not
significantly different between the groups. Regarding the
consumption of vasoactive and inotropic drugs, although the
dose of the drugs was higher among patients with amiodarone
after weaning from CPB, the dose and total doses of vasoactive
and inotropic agents at the end of surgery were not significantly
different among the 2 groups.

Limitations
Our study presents several limitations. First, this was a
single-center randomized controlled clinical trial with a
relatively small sample size, which limited the power of the
statistical analysis. Second, lidocaine was not compared as a
control group in the study, because it may be more effective
than a placebo but less effective than amiodarone to reduce the
incidence of VF according to previous studies [12,13], which
could increase the sample size and the cost of the study. Third,
this study only included patients with ASA I-III. Therefore,
these findings cannot be generalized to patients with ASA IV,
especially those with severe left ventricular dysfunction.
Therefore, subsequent studies should further address the
abovementioned issues.

Conclusions
Preventive intravenous administration of amiodarone can reduce
the incidence of VF in patients with LVH after ACC removal
during open-heart surgery and decrease the duration of VF,
defibrillation frequency, and defibrillation energy. It is safe and
has little impact on intraoperative hemodynamic management.
The findings may provide some insight for anesthesiologists in
dealing with similar problems in clinical practice.
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Abstract

Background: Despite increasing fatal stimulant poisoning in the United States, little is understood about the mechanism of
death. The psychological autopsy (PA) has long been used to distinguish the manner of death in equivocal cases, including opioid
overdose, but has not been used to explicitly explore stimulant mortality.

Objective: We aimed to develop and implement a large PA study to identify antecedents of fatal stimulant poisoning, seeking
to maximize data gathering and ethical interactions during the collateral interviews.

Methods: We ascertained death records from the California Electronic Death Reporting System (CA-EDRS) and the San
Francisco Office of the County Medical Examiner (OCME) from June 2022 through December 2023. We selected deaths
determined to be due to acute poisoning from cocaine or methamphetamine, which occurred 3‐12 months prior and were not
attributed to suicide or homicide. We identified 31 stimulant-fentanyl and 70 stimulant-no-opioid decedents. We sought 2
informants for each decedent, who were able to describe the decedent across their life course. Informants were at least 18 years
of age, communicated with the decedent within the year before death, and were aware that the decedent had been using substances
during that year. Upon completion of at least one informant interview conducted by staff with bachelor’s or master’s degrees,
we collected OCME, medical record, and substance use disorder treatment data for the decedent. Planned analyses include least
absolute shrinkage and selection operator regressions of quantitative data and thematic analyses of qualitative data.

Results: We identified and interviewed at least one informant (N=141) for each decedent (N=101). Based on feedback during
recruitment, we adapted language to improve rapport, including changing the term “accidental death” to “premature death,”
offering condolences, and providing content warnings. As expected, family members were able to provide more data about the
decedent’s childhood and adolescence, and nonfamily informants provided more data regarding events proximal to death. We
found that the interviews were stressful for both the interviewee and interviewer, especially when participants thought the study
was intrusive or experienced significant grief during the interviews.

Conclusions: In developing and implementing PA research on fatal stimulant poisoning, we noted the importance of recruitment
language regarding cause of death and condolences with collateral informants. Compassion and respect were critical to facilitate
the interview process and maintain an ethical framework. We discuss several barriers to success and lessons learned while
conducting PA interviews, as well as recommendations for future PA studies.

(JMIR Form Res 2025;9:e64873)   doi:10.2196/64873

KEYWORDS

psychological autopsy; acute stimulant poisoning; overdose; cocaine; methamphetamine; fentanyl

Introduction

Deaths attributed to acute stimulant poisoning have been
increasing in the United States [1]. From 2015 to 2022,

poisoning deaths in the United States attributed to cocaine or
methamphetamine increased 4- and 6-fold, respectively [2].
This increase in mortality, largely driven by deaths also
involving fentanyl, a potent synthetic opioid, has been referred
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to as the “fourth wave” of the overdose crisis [3-6]. While the
increase in deaths involving stimulants and fentanyl may be
primarily due to the toxic effects of fentanyl, the presence of
stimulants likely reflects rising polysubstance and, in some
cases, unintentional fentanyl use [4,5,7].

Fatal opioid overdose has a well-defined
mechanism—respiratory depression eventually leading to
cardiac arrest and death—and decades of research exploring
the nature of and antecedents to death. However, this framework
and associated research are absent for fatal stimulant poisoning,
leading investigators and public health providers to assume
stimulant poisoning deaths are similar to opioid overdose deaths
and a result of an “overdose.” This has led to efforts to identify
prevention and treatment strategies, like bystander interventions,
reversal agents, and strategies to prevent an acute overdose,
akin to strategies used for opioid overdose. However, deaths
attributed to stimulant poisoning, which are attributed to cardiac
or cerebrovascular events far more often than for opioid
overdose deaths, may actually be due to chronic disease rather
than a single event of substance use [8,9]. Thus, prevention
efforts focused on bystander interventions may not be effective
to prevent stimulant poisoning deaths, but instead longer-term
interventions, such as screening, prevention, and treatment of
chronic diseases, may be appropriate [10].

In the Leveraging Psychological Autopsies to Accelerate
Research into Stimulant Overdose Mortality study, we aimed
to identify the clinical, behavioral, and psychological
antecedents of fatal stimulant poisoning. We selected the
psychological autopsy (PA) [11,12], which has been used for
suicide [12-15] and opioid overdose research [16,17], because
this exploratory approach identified concepts decades ago that
still drive opioid overdose prevention today [18]. We
hypothesized that fatal stimulant poisoning likely has individual,
social, and environmental contributors, and thus employed a
socioecological conceptual framework [19]. To identify
multilevel antecedents of fatal stimulant poisoning, we
conducted PAs involving detailed interviews with close contacts
of decedents (collateral informants), analyzed alongside medical
examiner (case narrative, autopsy, and toxicology reports) and
medical record data [20]. We describe the adaptation of PAs to
study fatal stimulant poisoning and lessons learned.

Methods

Ethical Considerations
We obtained approval for this study from the University of
California San Francisco, Human Research Protection Program
(#21‐35305). To use informant information in death records
from the California Electronic Death Reporting System
(CA-EDRS), we also received approval from the State of
California Health and Human Services Agency Committee for
the Protection of Human Subjects (#2022‐091).

Decedent Case Selection
We reviewed records from the CA-EDRS and the Office of the
County Medical Examiner (OCME) of San Francisco for eligible
cases from June 2022 through December 2023. We selected
closed cases of deaths determined to be due to acute poisoning

from cocaine or methamphetamine. Suicides and homicides
were excluded because the mechanism and antecedents to death
would likely differ from accidental, natural, or undetermined
deaths [21]. We sought 30 stimulant-fentanyl decedents (15
involving cocaine and 15 involving methamphetamine) and 70
stimulant-no-opioid decedents (35 involving cocaine and 35
involving methamphetamine). We suspected that
stimulant-fentanyl deaths would be similar to opioid deaths,
which are well understood. However, little is known about
stimulant deaths not involving opioids, thus we targeted a larger
sample of that group [9]. Decedents without a known name or
informant were excluded. Interviews were conducted 3‐12
months after decedent death to minimize both acute bereavement
and forgetfulness among informants [22,23]. Decedents were
considered “enrolled” in the study when at least one informant
interview was completed, at which time OCME, medical record,
and substance use treatment data were collected.

Informant Selection
We sought 2 informants for each decedent, who ideally could
describe the decedent across the life course (eg, childhood
experiences and behaviors proximal to death). Informants had
to be at least 18 years of age, have communicated with the
decedent within the year before death, be aware that the decedent
was using substances during that year, and be able to provide
informed consent in English. We identified potential informants
using CA-EDRS and OCME data, medical record review, flyers,
and word of mouth. We conducted outreach at harm reduction
programs and public housing settings where decedents had
resided. If a mailing address was available for a potential
informant, we mailed a recruitment letter that included
condolences, the purpose of the study, details of participation,
and the option to opt out of additional contact from the study
team (Multimedia Appendix 1). We then waited 1 week before
reaching out by phone if a phone number was available. If only
a phone number was available, we reached out immediately
with up to 3 calls, typically separated by at least 1 week.

Interview Procedures
Bachelor’s and master’s-level staff conducted the interviews
after receiving 2 hours of training by a psychiatrist experienced
in PAs. All informants provided informed consent through
review of an information sheet. Semistructured, mixed methods
interviews lasting 1‐2 hours were then conducted over
telephone, Zoom, or in person. The interview included 14
thematic sections involving sociodemographic characteristics,
neighborhood and housing, adverse childhood experiences,
emotional and psychological health, substance use, and social
environment (Multimedia Appendix 1). Each section began
with quantitative questions, including validated scales, followed
by qualitative questions to add nuance and to contextualize
quantitative data. Quantitative interview responses were entered
into University of California San Francisco’s REDCap (Research
Electronic Data Capture) [24,25] in real time by the interviewer.
Interviews were audio-recorded and transcribed verbatim via
the Rev platform. Informants were compensated US $50 and
offered an additional US $10 for any referral that resulted in a
completed informant interview. After the interview, informants
were offered bereavement resources and additional information

JMIR Form Res 2025 | vol. 9 | e64873 | p.2936https://formative.jmir.org/2025/1/e64873
(page number not for citation purposes)

Antolin Muñiz et alJMIR FORMATIVE RESEARCH

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


about the cause of death as appropriate. Because some
informants had superior knowledge about different aspects of
a decedent’s life, the interviewer scored the reliability of the
responses to each of the survey sections as highly unreliable,
somewhat unreliable, neutral, somewhat reliable, or highly
reliable.

Additional Data Sources
Upon completion of at least one informant interview, we
collected additional OCME, medical record, and substance use
disorder treatment data. We waited until the informant interview
was completed to ensure we only collected these data for
enrolled decedents. The data abstraction form was developed
based on prior research the team had conducted [26], the Centers
for Disease Control and Prevention (CDC) State Unintentional
Drug Overdose Reporting System (SUDORS) [27], and a
preliminary review of 15 decedents. OCME data included the
case narrative, toxicology, and autopsy reports. Medical record
data included regularity of medical care (eg, established primary
care, urgent care only, emergency or hospital care only); recent
emergency or inpatient care; latest electrocardiogram and
echocardiogram results; latest troponin, brain natriuretic peptide,
and urine drug screen results; any evidence of opioid, cocaine,
or methamphetamine use; all problem list diagnoses; and all
active medications at the time of death.

Analytic Plan
We plan to conduct descriptive statistics of quantitative data,
with a focus on a priori variables of interest, including cardiac
health, social isolation, fentanyl exposure, suicidality, and
resilience. We will then conduct least absolute shrinkage and
selection operator (LASSO) regression analyses [28] to identify
variables related to fatal stimulant poisoning and analyze results
by fentanyl involvement and by cocaine compared to
methamphetamine as the causal stimulant. We will also conduct
targeted, hypothesis-driven regression analyses by fentanyl
involvement exploring cardiac health and opioid use history.
Qualitative data will be analyzed by study team members using
ATLAS.ti 23.2.2 with an a priori codebook refined during the
consensus-driven coding process. Qualitative analyses will focus
on salient and recurrent themes and describe theme
co-occurrence.

Results

We adapted the PA approach to conduct a large study of the
antecedents of fatal stimulant poisoning (Figure 1). We
identified and interviewed at least one informant for each
decedent. During this period, we reviewed 177 potential
stimulant-fentanyl cases prior to enrolling 31 decedents (18%
of potential decedents; an extra decedent was erroneously
enrolled) and 187 potential stimulant-no-opioid cases prior to
enrolling 70 decedents (37% of potential decedents). For 19
(5%) cases, there were no informants available. We contacted
725 potential informants for a total of 364 decedents; 410 (57%)
did not complete an interview or follow-up with the study team,
112 (15%) were not interested in participating, 62 (9%) were
ineligible, and 141 (19%) completed an interview (Table 1).

Recruitment phone calls varied in length, usually lasting 15
minutes, or as long as 40 minutes when a potential informant
was in emotional distress. Calls that were longer typically
seemed welcome by potential participants, during which they
discussed the lives of the decedents and their own feelings of
grief. In some calls, potential participants also discussed
frustration with the unexpected contact.

Most potential informants were family members (n=409, 56%),
including 133 (18%) parents, 80 (11%) children, and 196 (27%)
siblings or other family. We also contacted friends (n=79, 11%),
spouses or partners (n=43, 6%), and service providers (n=49,
7%). Many decedents had lived in supportive housing settings
(eg, single residence occupancy hotels); thus, 77 (11%) potential
informants were building staff. Informants who completed
interviews had a similar distribution (Table 2).

The majority of stimulant-involved deaths in San Francisco
were also attributed to fentanyl [29], thus we rapidly enrolled
stimulant-fentanyl decedents. We then shifted our focus to
enrolling stimulant-no-opioid decedents, at which point 2
potential informants reached out to us with concerns about the
study procedures; both were concerned with the unexpected
outreach, the lack of condolences offered in our recruitment
materials, and the phrase “accidental death” used to describe
the purpose of the study. In dialogue with these potential
informants, it became clear that they considered “accidental
death” to mean “overdose,” and they did not feel that their loved
one had died from an “overdose.”

We subsequently revised the recruitment letter and our telephone
script to begin with content warnings about the sensitivity of
the topic we would be discussing, refer to “premature death,”
instead of “accidental death,” offer condolences, and allow for
more check-ins. We also made the introduction of our
recruitment materials intentionally vague and did not discuss
the study’s focus of fatal stimulant poisoning until the individual
expressed comfort with talking with us, we suggested they speak
with us from a private location, and we confirmed their
eligibility (Multimedia Appendix 1). These changes were made
to promote comfort and engagement among potential informants
during recruitment and to limit disclosure of the involvement
of stimulants in death to individuals without prior knowledge
of the decedent’s substance use. After making these changes,
we completed all remaining interviews with only one potential
informant voicing concern about the purpose of the study. We
speculate that the potential informant had reviewed our center’s
website, which was included on the letterhead of the recruitment
letter, providing them with discomforting details about the study.

In addition to the modified recruitment language, we made
several other modifications to the study during implementation.
Communicating with potential informants proved challenging
via telephone calls only, so we modified the study to allow for
text messaging with informants. We only corresponded via text
message when contact had already been established with the
potential informant. After recruitment commenced, it became
clear that it would be challenging to interview 2 informants for
each decedent, so we modified the study to allow for only one
informant if we could not reach a second informant. We also
allowed for more than 2 informants in the event one informant
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who was interviewed was not knowledgeable about the
decedent’s life. We modified our inclusion criteria to allow for
the enrollment of decedents who died from both
methamphetamine and cocaine toxicity, since we did not think
we would lose scientific information by their inclusion, and,
depending on the number enrolled, we might be able to identify
unique characteristics of this group. Finally, during the study
we added additional recruitment strategies, including snowball
sampling (ie, compensating a participant who referred another
participant an additional US $10), contacting participants after
the interview who had consented to being contacted for
recruitment purposes, and posting flyers in settings where we
could reach potential informants (eg, syringe services programs,
public housing, etc).

Interviews lasted 1-2 hours. Interviewers coded the reliability
of informants for each section of questions in the interview. In
general, family members had superior information about
childhood experiences and less reliable information about recent

substance use. Staff experienced stress in conducting the
interviews, particularly when potential informants felt that
recruitment efforts were intrusive or when enrolled informants
experienced significant grief during interviews. Staff were not
specifically trained in psychology or bereavement counseling
and at times were overwhelmed by the grief among informants.
To alleviate some of the emotional burden on the study team,
limits were set around interview capacity, with interviewers
performing no more than 1 interview daily and a maximum of
3 interviews per week. Weekly team calls included conversations
about recent informant interactions and upcoming capacity for
recruitment calls and interviews. Staff could also access
biweekly debrief sessions led by a clinical psychologist on staff,
addressing topics such as the varying signs of grief and how
those signs may show up in outreach and interviews.
Interviewers and recruiters were trained in motivational
interviewing techniques to provide staff with tools like reflective
listening to express empathy during outreach and interviews.
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Figure 1. Procedural flow for a mixed methods psychological autopsy study of decedents of fatal stimulant poisoning in San Francisco, CA, from June
2022 to December 2023. CDPH: California Department of Public Health; OCME: Office of the County Medical Examiner.
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Table . The number of potential informants for eligible decedents and the recruitment status of potential informants contacted for a mixed methods
psychological autopsy study of decedents of acute stimulant poisoning in San Francisco, CA, from June 2022 to December 2023.

%n

Eligible decedents (N=364)a

519No informants

67244At least one potential informant, not enrolled

28101At least one potential informant, enrolled

Potential informants contacted (N=725)

962Ineligibleb

15112Refused participation

57410Contacted but no interview completed or did not

follow-upc

19141Completed interview

aClosed cases due to cocaine or methamphetamine acute poisoning with and without fentanyl involvement. Deaths involving other opioids were excluded.
Once 31 fentanyl-involved decedents were enrolled, eligibility was restricted to stimulant poisoning without any opioid involvement.
bPotential informants were ineligible if they were <18 years old, had not been in contact with the decedent in the year prior to death, did not know the
decedent used substances in the year before death, were not able to provide informed consent in English, or the decedent had not died 3‐12 months
before recruitment.
cIncludes potential informants who were sent a letter or called but never responded, as well as those who were successfully contacted but never followed
up to complete an interview. Tracking database did not allow for further disaggregation.

Table . The relationships to decedents of potential informants who were contacted and interviewed for a mixed methods psychological autopsy study
of decedents of fatal stimulant poisoning in San Francisco, CA, from June 2022 to December 2023.

Interviewed (N=141)Contacted (N=725)Relationship of informant to
decedent

%n%n

131818133Parent

68643Spouse or partner

12171180Child

21301179Friend

314427196Sibling or other family
member

811749Service provider (eg, clini-
cian, case manager)

341177Building staff

69968Other

Discussion

We successfully adopted the PA methodology for a large
investigation of antecedents to fatal stimulant poisoning. We
enrolled at least one informant for 101 decedents. We
ascertained OCME and medical record data for all enrolled
decedents. We identified challenges including recruiting
informants, adapting our recruitment process to address
informant grief, and ensuring staff were prepared to manage
emotionally challenging interactions.

Enrolling informants was a substantial challenge of the project.
We sought 2 informants per decedent; however, a high
proportion of our decedents were markedly socially isolated.
Nineteen of the decedents we initially identified were either

unidentifiable (ie, “John Doe”) or had no contacts listed in their
death or medical records. Among those who had any contacts,
most had very few and often only family members, limiting our
ability to obtain detailed information related to substance use.
Few decedents had multiple contacts listed who knew the
decedent proximal to death (eg, current friends, partners). We
attempted to overcome these challenges by asking informants
for referrals of others who knew the decedent and may be
interested in participating in an interview, conducting direct
outreach to public housing, posting flyers with our contact
information, contacting health care providers for
recommendations, and using personal connections research staff
had with service programs in the community. We also altered
the protocol to allow for a single informant when 2 could not
be identified; as social isolation was a frequent antecedent to
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death, we felt this adjustment would help to reduce bias by
including more socially isolated decedents. Nonetheless, a
significant proportion of decedents could not be enrolled due
to an inability to reach any eligible informants.

Because stimulant-no-opioid cases were far less common than
stimulant-fentanyl cases, we devoted substantially more effort
to locating informants and ended up enrolling a higher
proportion of potential stimulant-no-opioid decedents (37%)
compared to potential stimulant-fentanyl decedents (18%).
Many potential informants were ineligible due to our
requirement that the informant be aware of the decedent’s
substance use, as well as speak sufficient English to provide
informed consent. The dearth of informants for many decedents
was compounded by ethical limitations in outreach efforts. Our
human subjects committee required a letter be sent to potential
informants with a mailing address but allowed direct phone
contact for those without a mailing address.

Some informants experienced significant emotional distress
during interviews and outreach. Potential informants received
“cold calls” from study staff, rather than a warm handoff from
a known provider, and did not directly consent to initial contact
from our research team. This element of surprise and the
sensitive nature of the call left some potential informants feeling
the outreach was intrusive. However, for others who spoke at
length during the recruitment calls, it seemed like a welcome
opportunity to talk about the decedent. While a warm handoff
from known clinical providers or the medical examiner’s office
may be preferred for initial outreach, this may not be feasible
for larger PA studies or non-research “death review” projects
attempting to track and improve our understanding of drug
poisoning deaths.

During the study, we adapted recruitment materials and
processes to respond to concerns from potential informants,
including more sympathetic language, frequent check-ins, and
a content warning. We only noted the role of stimulants in the
decedent’s death after confirming that the informant knew about
the decedent’s substance use, and we replaced the phrase
“accidental death” with “premature death.” These later changes
were consistent with preliminary findings from early reviews
of transcripts, as informants often did not perceive stimulant

poisoning deaths to be “overdose” deaths but instead natural or
medical deaths. Most potential informants reacted well to the
improved script and recruitment approaches. As in other PA
studies [30,31], many informants had a positive experience
participating in the study and expressed gratitude to the study
team for conducting the research, showing interest in the
decedent’s life, and providing an opportunity for them to speak
about the decedent.

During interviews, we checked in frequently, offered breaks,
asked informants how the experience was for them, and if they
would like any additional resources. Interviewers also offered
bereavement resources consisting of a list of local and national
bereavement meetings or websites. The content of recruitment
calls and informant interviews was often emotionally draining
for staff as well, which was expected given the topics addressed
with close contacts of decedents [11]. Additional strategies to
address grief among informants may be beneficial, such as
postinterview check-ins with informants to offer additional
resources [30]. Future PA studies may also benefit from
employing study staff with a background in psychiatric work,
experience with bereavement, experience with death
investigations and next-of-kin notifications, or experience
working with populations who use substances [16].

Despite these challenges, we were able to effectively use PAs
to conduct a large study of fatal stimulant poisoning using data
from multiple independent sources. The marked social isolation
of people who use stimulants and the sensitive nature of
interviews were significant challenges, some of which were
distinct from studies of opioid overdose. The PA requires that
informants voluntarily discuss their memories and insights about
an extremely distressing event [31]. Thus, future developments
in PA research should focus on informant and interviewer
well-being. This could include adapting recruitment language
to the specific population being studied, including the use of
terms such as “premature death” rather than any specific
mechanism of death; offering condolences, content warnings,
and check-ins as needed; seeking out staff with experience in
psychology, bereavement, and substance use; incorporating
postinterview check-ins with informants; and using warm
handoffs of informants when feasible.
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Abstract

Background: In recent years, public health has confronted 2 formidable challenges: the devastating COVID-19 pandemic and
the enduring threat of climate change. The convergence of these crises underscores the urgent need for resilient solutions. Resilience
informatics (RI), an emerging discipline at the intersection of informatics and public health, leverages real-time data integration
from health systems, environmental monitoring, and technological tools to develop adaptive responses to multifaceted crises. It
offers promising avenues for mitigating and adapting to these challenges by proactively identifying vulnerabilities and fostering
adaptive capacity in public health systems. Addressing critical questions regarding target audiences, privacy concerns, and
scalability is paramount to fostering resilience in the face of evolving health threats.

Objective: The University of Arizona held a workshop, titled Resilience Informatics in Public Health, in November 2023 to
serve as a pivotal forum for advancing these discussions and catalyzing collaborative efforts within the field. This paper aims to
present a qualitative thematic analysis of the findings from this workshop.

Methods: A purposive sampling strategy was used to invite 40 experts by email from diverse fields, including public health,
medicine, weather services, informatics, environmental science, and resilience, to participate in the workshop. The event featured
presentations from key experts, followed by group discussions facilitated by experts. The attendees engaged in collaborative
reflection and discussion on predetermined questions. Discussions were systematically recorded by University of Arizona students,
and qualitative analysis was conducted. A detailed thematic analysis was performed using an inductive approach, supported by
MAXQDA software to manage and organize data. Two independent researchers coded the transcripts; discrepancies in coding
were resolved through consensus, ensuring a rigorous synthesis of the findings.

Results: The workshop hosted 27 experts at the University of Arizona, 21 (78%) of whom were from public health–related
fields. Of these 27 experts, 8 (30%) were from the field of resilience. In addition, participants from governmental agencies,
American Indian groups, weather services, and a mobile health organization attended. Qualitative analysis identified major themes,
including the potential of RI tools, threats to resilience (eg, health care access, infrastructure, and climate change), challenges
with RI tools (eg, usability, funding, and real-time response), and standards for RI tools (eg, technological, logistical, and
sociological). The attendees emphasized the importance of equitable access, community engagement, and iterative development
in RI projects.
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Conclusions: The RI workshop emphasized the necessity for accessible, user-friendly tools bridging technical knowledge and
community needs. The workshop’s conclusions provide a road map for future public health resilience, highlighting the need for
scalable, culturally sensitive, community-driven interventions. Future directions include focused discussions to yield concrete
outputs such as implementation guidelines and tool designs, reshaping public health strategies in the face of emerging threats.

(JMIR Form Res 2025;9:e63217)   doi:10.2196/63217
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Introduction

Background
Over the past few years, 2 major threats to public health have
emerged. The recent COVID-19 pandemic caused an estimated
1 million deaths in the United States [1], and the long-term
effects of COVID-19 are still being identified. Meanwhile,
climate change is the long-term shift in predicted temperatures
and weather behaviors for a given region [2]. While COVID-19
emerged within just a few months, making it an acute stressor,
climate change’s effects have developed gradually, making it
a chronic stressor [3]. In the long term, the public health effects
of climate change could be even more serious as global
warming, infectious disease, air pollution, and other
consequences increase in severity [4-7]. The effects of climate
change threaten the physical and mental health of the public via
respiratory disease, infection, stress, malnutrition, heat
exhaustion, and a variety of other negative consequences [4-7].

In the aftermath of the COVID-19 pandemic, public health is
grappling with the growth of misinformation [8,9], persistent
health inequities [10-12], a deepening mental health crisis
[13,14], rising malnutrition rates [15,16], and a myriad of other
critical challenges. There is now great pressure on the field of
public health to prevent a future pandemic and control public
response. In navigating a post–COVID-19 world, public health
is now faced with the challenges of improving communication
across disciplines [17,18], preventing the spread of
misinformation and disinformation [19,20], responding quickly
in the face of another public health emergency [21], addressing
mental health issues [13,14], and tackling the nutritional crisis
within the United States [15,16]. On a global scale, the health
impacts of political tensions and climate change, particularly
in relation to refugee displacement, add to these challenges
[22,23].

To successfully cope with these inevitable threats to public
health, people and communities need to develop resilience,
defined as the ability of people, households, communities,
countries, and systems to mitigate, adapt to, and recover from
shocks and stresses in a manner that reduces chronic
vulnerability and facilitates inclusive growth [24]. It is
recognized that resilience is a necessary precursor to achieving
the United Nations’ Sustainable Development Goals, including
“No poverty,” “Zero hunger,” and “Climate action” [25].

What Is Resilience Informatics?
Informatics has been defined as “the science of information,
the practice of information processing, and the engineering of
information systems” [26], although specific definitions for the

field and its subfields, such as health and medical informatics,
still continue to be debated [27]. Informatics tools include data
science, artificial intelligence (AI), mobile health, and
augmented and virtual reality. Resilience informatics (RI) is an
emerging discipline concerned with harnessing informatics to
materially improve and promote the ability of people,
communities, and organizations to effectively cope with natural
and man-made stressors [3]; for example, there is evidence in
the literature that informatics tools such as medical informatics
systems or informatics tools such as telemedicine and enhanced
health information systems may be able to strengthen the
resilience of health care facilities [28].

While modern informatics technologies can play a major role
in helping people and communities develop resilience, much
formative research needs to be conducted to understand the
contours of this emerging discipline. The following fundamental
research and development questions need to be addressed to lay
a solid foundation for RI:

• For whom should we develop RI tools?
• What are the important resilience challenges to be tackled

using informatics? What are the priorities?
• How can we provide privacy and security, protect sensitive

data, and account for social determinants of health?
• How can we safeguard the rights of Indigenous populations

and help bridge the digital divide?
• If, as seems necessary, developing resilience entails

behavior change in people and communities, how can we
develop tailored and personalized tools to help support
behavior change?

In addition, RI systems need to be scalable and extensible while
not consuming excess energy or environmental resources that
could exacerbate climate change. To answer these questions,
input is needed from frontline workers across diverse fields,
areas of expertise, and levels of implementation in public health
and resilience areas.

The Workshop’s Purpose
On November 20, 2023, the University of Arizona hosted a
workshop, titled Resilience Informatics in Public Health, with
experts from a variety of relevant fields, including resilience,
public health, climate, informatics, policy, and technology.
These experts were primarily based in Arizona, but a few
purposefully selected experts from outside of the state with
relevant areas of expertise were also invited to participate and
present relevant information to help set the groundwork for the
workshop discussions. The purpose of the gathering was to
shape the future directions and applications of the emerging
discipline of RI.
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A secondary purpose of the workshop was to provide networking
opportunities to build connections across this field and inspire
new projects in this up-and-coming area of research and
development of RI tools and systems. Attendees had the
opportunity to meet and network with other experts in the field
whom they may not have had the chance to meet in other
professional settings.

Methods

Recruitment
A group of 40 experts were purposefully selected and invited
via email to attend the workshop. The workshop participants
were from the fields of public health, medicine, weather
services, informatics, environmental science, and resilience.
The experts were chosen using a convenience and snowball
sampling method based on whom the RI workshop leadership
had developed relationships with and who seemed to be best
suited to represent the desired sectors and enrich the
conversations at the workshop. The institutions represented
included Weill Cornell Medicine, the University of Colorado,
Northern Arizona University, the Arizona Center for Rural
Health, the Mel and Enid Zuckerman College of Public Health,

the Arizona Institute for Resilience, and the College of
Medicine-Phoenix.

Workshop and Data Collection
During the workshop, participants listened to presentations from
a few key experts to spark discussion and ideas. In between the
talks, 6 groups of 3 to 7 people each were formed by workshop
facilitators such that the groups contained as much diversity as
possible in terms of the members’ backgrounds (field of work
and discipline). Subsequently, with the help of the facilitators,
the attendees reflected and collaboratively discussed answers
to the questions presented in Textbox 1.

During the discussions, participants were asked to write down
their ideas independently on sticky notes and compile them on
flipcharts to ensure that no one participant dominated the
discussion. Data saturation was not discussed because this was
a 1-time event, and additional data collection was not possible
after the workshop. The discussions around the key questions
(Textbox 1) were systematically audio recorded, and notes were
taken by students from the University of Arizona who were part
of the organizing team. Workshop attendees were made aware
of the audio recording and note-taking and were informed that
the findings of the workshop were to be compiled into a
proceedings report.

Textbox 1. Questions for the Resilience Informatics in Public Health workshop discussion aided by facilitators.

Session 1 (approximately 30 min)

• What does resilience mean to me?

• To what do we need to be resilient?

Session 2 (approximately 1 h)

• What informatics tools are you using?

• What are the barriers to technological solutions? How do we address them?

• What tools do we need?

• How do we ensure equity across these solutions?

Qualitative Analysis
Three University of Arizona students conducted a rapid analysis
of the notes taken during the workshop to produce a report for
dissemination to the greater community for awareness. Although
transcripts were not sent to participants for comment, the report
was shared with participants via email to solicit feedback to
increase the validity of the analysis as a form of participant
checking. Workshop participants were also asked to participate
in the in-depth thematic analysis process. A group of 4 students
and the principal investigator worked with 1 expert attendee
who volunteered to help develop the codebook. The team used
a primarily inductive approach in the data analysis with a
phenomenological theoretical approach [29]. The analysis team
members iteratively constructed their list of themes based on
the transcripts and notes using standard identification techniques
[30]. The themes were compiled together using a Google
Jamboard and grouped to determine the final list of codes and
subcodes (Figure 1).

The 4 student researchers then coded the transcripts
independently. In the case that the notetakers forgot to record
the discussions, notes were used in place of transcripts. The
coding team also coded the notes that were taken on sticky notes
by the groups during discussions to ensure that no ideas were
missed. The team then worked together to finalize the first draft
of the codebook with definitions and examples (Figure 1;
Multimedia Appendix 1). The codebook was entered into
MAXQDA (VERBI Software GmbH), and the team began
coding. The first transcript was coded by all team members,
and discrepancies were resolved through discussion and
consultation with senior members of the team. The remaining
transcripts and notes documents were coded independently by
2 coders each. Conflicts were again resolved through discussion.
The codebook was adjusted through the coding process because
themes may have come up inductively. After coding all
documents, the coders reviewed all documents once more to
ensure that nothing was missed.

The team then wrote a narrative analysis of the findings,
summarizing major points that came up to help answer the
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workshop’s questions. The analysis write-up process was aided
in part by ChatGPT (OpenAI) for certain sections in the
synthesis of the summary of the information gathered from the
text; these syntheses were subsequently reviewed manually to
ensure accuracy, validity, and appropriate language use in the

narrative. The research team used the COREQ (Consolidated
Criteria for Reporting Qualitative Research) checklist to guide
the reporting of the workshop findings and qualitative analysis
[31].

Figure 1. Brainstorming document for the development process of the codebook for the qualitative analysis of transcripts and notes from the Resilience
Informatics in Public Health workshop.

Facilitator Reflexivity
The facilitators of the workshop were 3 female professors and
researchers with PhD degrees and experience in the fields of
epidemiology, environmental health, climate, and resilience.
One of the facilitators is a widely recognized infectious disease
epidemiologist with practical experience in public health practice
at a health department level and a focus on the environmental
determinants of vector-borne disease transmission and control.
Another facilitator is an assistant professor at the Mel and Enid
Zuckerman College of Public Health with a focus on building
public health capacity to address “complex” public health
challenges through developing decision-support tools, enhancing
science communication and translation, and integrating a health
and equity lens into adaptation planning. At the time of the
workshop, she was leading the Arizona Department of Health
Services–Centers for Disease Control and Prevention COVID
Health Disparities Initiative at the Arizona Center for Rural
Health aimed at mobilizing partnerships to advance health equity
and address social determinants of health related to COVID-19
health disparities among underserved populations considered
high risk. Finally, the last facilitator is an experienced research
professor with the Lyda Hill Institute for Human Resilience,
faculty at the University of Colorado Denver and the Mel and
Enid Zuckerman College of Public Health, a guest researcher
with the Centers for Disease Control and Prevention, and an
affiliate scientist at the National Center for Atmospheric
Research in Boulder, Colorado. She focuses on the intersection

of weather, climate, and health, with an emphasis on
vector-borne diseases.

Workshop participants were primarily invited because they had
a relationship with at least 1 of the facilitators in their line of
work related to public health and resilience. The participants
were familiar with the researchers and their public health
interventions, which have benefited the state of Arizona,
especially in relation to the COVID-19 pandemic.

Ethical Considerations
The RI workshop team reviewed the criteria for determining
human subject research and concluded that the study protocol
did not meet the criteria, classifying it as nonhuman subject
research. The study team took all appropriate precautions to
maintain data confidentiality. Participants were made aware
that information collected from the conversations would be
compiled in a report and manuscript for publication and
dissemination of the workshop insights. Transcripts and quotes
were deidentified to further protect participant identities as a
precautionary measure. No compensation was offered, although
travel, food, and accommodation reimbursements were provided
for those who requested assistance to attend the workshop.

Results

Workshop Attendees
Of the 40 experts invited, 27 (68%) participated in the workshop
at the Health Sciences Innovations Building at the University
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of Arizona. Of these 27 experts, 21 (78%) were from public
health–related fields (n=5, 24% with a concentration in
epidemiology; n=5, 24% with a concentration in community
outreach; and n=3, 14% with a concentration in medicine). Of
the 27 experts, 8 (30%) worked in the field of resilience, and 7
(26%) had a concentration in a field of technology such as data
science (n=4, 57%). Finally, of the 27 experts, 3 (11%) had
extensive experience in emergency management or
preparedness, 1 (4%) in environmental science, and 2 (7%) in
meteorology.

The organizing team present included the 3 facilitators, 1
principal investigator, and 8 students from relevant fields who
helped with logistics, note-taking, and audio recording of
conversations.

The largest number of participants were from academia, mostly
affiliated with the University of Arizona (19/27, 70%), followed
by Arizona State University (3/27, 11%), and specially invited
attendees from academic institutions outside of Arizona
(University of Colorado: 1/27, 4%; and Weill Cornell Medicine:
1/27, 4%). Of the 27 attendees, 2 (7%) came from the Arizona

Department of Health Services, while 3 (11%) were from
county-level health departments (Pima: n=1, 33%; Coconino:
n=1, 33%; and Maricopa: n=1, 33%); furthermore, 3 (11%)
participants came from organizations representing American
Indian groups (Salt River Pima-Maricopa Indian Community:
n=1, 4%; and Arizona Advisory Council on Indian Health Care:
n=2, 7%), 2 (7%) were from the National Oceanic and
Atmospheric Administration and National Weather Service, 1
(4%) was the chief executive officer and founder of a mobile
health organization (Wehealth), and 1 (4%) was from a statewide
community health worker organization (Arizona Community
Health Workers Association).

Codes
The codes that were identified during the qualitative analysis
included the potential in RI, threats to resilience, people with
special considerations, challenges with RI, standards for RI
tools (technological, sociological, and logistical), and data
sovereignty, among others (Multimedia Appendix 1; Figure 2).
The major findings associated with the codes are included in
the following subsections.

Figure 2. Frequency of codes in the transcript and notes documents included in qualitative analysis from MAXQDA.

Potential in RI
RI tools were mentioned in many of the conversations. Specific
examples included the 4 tools highlighted during the expert
presentations at the event—Pilas, AZCOVIDTXT, AZX, and

Wehealth—as well as ≥200 essential tools for public health data
monitoring (Textbox 2).

RI tools were also used for educational purposes such as
community education, health care worker training and
simulation tools. Such tools were also mentioned as having a
multitude of different purposes and functions (Textbox 3).
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Textbox 2. List of key existing resilience informatics tool examples mentioned by participants in the workshop.

• Organization assessments

• Quality assurance tools

• Heat maps

• Telemapping tools

• Mental health screening

• The 988 public helpline for mental health

Textbox 3. Purposes of key existing resilience informatics tools.

• Creating clinical guidelines with community perspective and provider perspective

• Recording membership sign-ups

• Listing contact information for outreach in emergencies

• Taking raw data and putting it into a usable format

• Digesting complex information, summarizing relevant information, and then pushing it to the relevant audience

• Recording how many people have enrolled in a course

• Evaluating a course or intervention

• Measuring the intensity of reactions from the public

• Surveying the prevalence of infectious diseases or chronic illnesses

• Acting as a decision tool for gauging and assessing data

• Projecting the impact of an intervention

Finally, emerging technologies such as generative AI hold the
potential to enhance the impact of RI, as highlighted by a
participant:

So this is actually a really hot area of research for
generative AI. And you have to look at it a little bit
differently than what you see on the surface. But what
generative AI is, you can feed it a corpus of
knowledge. And it builds a giant tree out of that
knowledge. And so when you ask a specific question,
it’ll try to navigate that part of the tree and find those
things...I mean, there’s reasons to be skeptical
because basically the ChatGPT systems that we know
have gotten their information from all over the
internet. There’s some really bad information. But
there are other ways where, for example, Maricopa
County could put all of your policies, plans,
procedures and every...Build your own corpus of
knowledge and use the same generative AI algorithms
so that you could ask a question like, “How do I
answer this question?” And so then it’s taking your
internal information, sort of trying to like capture
your brain and everyone else’s brain and all of the
documents and you can produce stuff. [Participant
from Arizona State University Knowledge Enterprise]

In summary, RI tools have the potential to span a wide range
of functions. While many RI tools are already available, there
remain numerous possible areas for further expansion.

Threats to Resilience
Resilience faces challenges across various health sectors, which
are often intersecting and complex. Protecting the resilience of
communities and ensuring their health and well-being begins
with understanding these threats and how individual
communities are impacted.

Health care access was one of the threats to resilience
mentioned at the workshop. The cost of health care
alone makes it inaccessible to many groups of people
or, at the very least, a burden to individuals who are
barely able to afford health care. However, threats
to health care access extend beyond cost because the
geographic location of health services also plays a
critical role. Our participants also mentioned that
within health care services, workforce strain can pose
a threat to public health. Health practitioners’mental
health was also mentioned as having a direct impact
on the quality of treatment that patients receive.
Overworked health care professionals introduce the
potential for practitioner mistakes or lead to a
shortage of health care professionals in the
community, as noted by a participant:

But then you take into account that 30% of the public
health workforce left the profession during COVID.
And one of the biggest challenges in health
departments right now is retention, not just retention
of people, retention of historical knowledge and
community understanding. I mean, of this idea. And
I’m like, “Yes.” But it really sucks when you have a
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room full of people who don’t really know, understand
and haven’t worked, been on the ground during the
pandemic, haven’t done these things, don’t know the
community. [Participant from Arizona Advisory
Council on Indian Health Care]

Inadequate infrastructure was mentioned by our participants
as a large threat with respect to the centralization of resources
and transportation access, as previously discussed with health
care access. However, the threat of infrastructure extends beyond
these areas, encompassing the housing crisis, internet access,
and utilities. The centralization of resources and transportation
services is necessary to protect the health of communities, as
discussed before, in terms of the ability to access health services.
However, beyond health care, a lack of transportation services
and decentralized resources continue to threaten resilience
because transportation is crucial for individuals in food deserts
to be able to reach grocery stores and for those in areas of job
shortages to reach work. Housing accessibility and affordability
were also mentioned during the workshop because housing
prices have increased in the past few years in Arizona.

In the case of water, communities rely on having access to safe,
running water for consumption and bathing. This important
resource, especially in the desert environment of Arizona, has
not always been adequately protected during droughts and
instances of contaminated water supply, as mentioned by a
participant:

So, what has happened in a lot of the orchards, like
the nut orchards, have moved from California to the
Willcox area [in Arizona] to pump the water out
because they don’t have any restrictions. And so
basically, they’re sucking it dry. So, the concern is,
there won’t be any water in the future, 50 years from
now, in that area. [Participant in environmental
science field at the University of Arizona]

Internet access was mentioned as being of great importance for
protecting health as well because much health-related
information and many health services are available on the web.
Being able to view this health information or find health services
through web searches is important for individuals to be able to
protect their health.

Large-scale events such as the ongoing climate crisis were
mentioned during the workshop as one of the greatest threats
to resilience. Climate change has negatively impacted water
resources, raised temperatures, and increased the prevalence of
infectious diseases. Furthermore, modern infrastructure is not
equipped to withstand the challenges that extreme weather
events pose, leaving communities more at risk of being
devastated by such an event. One participant stated as follows:

How, for me, is its emergency response, but it’s also
how to prevent and mitigate issues with climate
change. And we’re getting into it with the hottest heat
on record in the city of Phoenix. I’m trying to get
more involved with getting areas that don’t have
cooling centers, doesn’t have things like that, like the
tribal nations...Outlying areas of, even in the Phoenix
area, doesn’t have cooling centers...So, we see a big
phase for central Phoenix and getting in some rural

areas, but when you start going outside the Phoenix
area or into tribal nations, there’s nothing to help
them recover or even get supplies. So, to me, that’s
a big issue. I live in Queen Creek, so even looking at
my own town, they have a station. Yeah, it’s the fire
station. You drop off the water, but you have no
cooling stations for the homeless or individuals or
even the reservations. [Participant from the Arizona
Coalition for Healthcare Emergency Response]

The climate crisis has become even more difficult to address
due to its politicization.

Political strain was mentioned at the workshop as another threat
to the resilience of communities in working against the
polarization of health concerns. Participants mentioned that
during the COVID-19 pandemic, the communication of accurate
information proved difficult because the public was inundated
with mass amounts of misinformation and disinformation. One
participant stated as follows:

Politics can modify how we approach public health
disasters. [Participant from a county health
department]

Communication emerged as an individual threat to the resilience
of communities because approaches to addressing the
COVID-19 pandemic were disjointed and limited as a result,
according to our workshop participants. There were disparities
in information between clinicians and public health practitioners
who lacked the means to effectively engage with each other.
The inability to properly communicate exacerbated the issue of
trust in information and the prevalence of misinformation.
Creating adaptable communication systems can pose difficulty
in the field of public health, as mentioned by a workshop
participant:

I think uncertainty too. There’s a lot of the things
we’re talking about happening in the future. I think
especially when we talk about extreme heat and things
like that, or even other things like how AI is going to
come into play. There’s just a lot of uncertainty of
what’s going to happen. I think that really heavily
influences the way people respond to information.
How do you communicate something that, things that
are changing, things that are uncertain, and how do
you make decisions in an uncertain environment, the
burden that puts on a household person trying to plan
financially or somebody just mentally the load, or
even a city planner trying to figure out what’s the
best decision? [Participant from Arizona State
University Knowledge Enterprise]

Issues related to access to resources also emerged as a potential
threat to resilience for the communities our participants serve.
A lack of financial resources limits what the community can
afford to support its health, as noted by a participant:

And it’s for our community organizations so that they
can leverage that piece to apply funding, to ensure
there’s more programs within the services, within the
communities they serve. Because we can’t do
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everything. We don’t have the capacity. [Participant
from a county health department]

Other resource-related issues mentioned by participants included
food supply and air.

Several social issues were mentioned during the workshop that
directly work as threats to resilience, with public health
professionals facing concerns surrounding food insecurity, the
housing crisis, transportation, migration, racism, gentrification,
war and politics, cultural sensitivity, the cost of living,
employment security, and the education system. One participant
stated as follows:

Yeah. I think distrust is more just the fact that if we
need to be resilient, we need to trust each other and
we don’t anymore. And so that’s a thing we need to
be aware of. How do we build trust in communities?
And the disinformation is more about are we just
getting the right information or not? That’s why I
meant trust between communities. [Participant who
is a software development professional and chief
executive officer of a mobile health organization]

Mental health was a concern raised by several participants; for
instance, aging populations were mentioned as being vulnerable
to the empty nest syndrome and isolation issues. In addition,
substance misuse was directly related to mental health (eg, the
growing prevalence of drugs such as fentanyl). Concerns
surrounding the lack of empathy and social capacity were
discussed in depth in 1 group at the workshop. The lack of
empathy in American culture was mentioned as possibly
stemming from the colonial mindset focused on individualism.
By contrast, social capacity was identified as an issue due to
the ever-growing role of mobile phones and social media today,
especially among younger generations. Mindful interventions
were mentioned as having the potential to address these concerns
and help ensure that populations remain socially capable. One
participant stated as follows:

It’s compassion fatigue or something. You get so much
information because you’re connected to the internet,
you just get bombarded every day. [Participant from
a county health department]

People With Special Considerations
A recurrent theme that emerged during the workshop discussions
was that certain communities may face greater challenges to
resilience than others, as mentioned by a participant:

No one would choose not to have running water.
[Participant from a county health department]

It was apparent in many of the discussions that some
communities lack basic resources such as consistent access to
water. Indigenous communities, asylum seekers, the aging and
older adult populations, people with disabilities,
non–English-speaking communities, and other groups
considered marginalized often face unique challenges to
resilience that merit special considerations when considering
the use of RI tools.

Asylum seekers and refugees were mentioned as having
challenges related to privacy and access to resilience tools

because they are vulnerable to exploitation and often face
barriers to legal recourse. The aging and older adult populations,
people with disabilities, non–English-speaking communities,
and other groups considered marginalized were also mentioned
as needing special consideration when designing RI tools (eg,
considering translation, accessibility, and other tailoring
approaches to fit their needs).

Challenges With RI Tools
Some workshop participants mentioned that RI tools face
challenges of usability that must be understood and addressed
to maximize the positive impact of the tools in improving
community resilience while also preventing possible adverse
effects.

Accessibility is the first of these challenges. RI tools can be
limited in impact based on the size of the audience they can
reach and effectively assist. Tools should be tailored to the
community being served and designed with end users in mind.
Elasticity and scalability were mentioned as issues that should
be at the forefront of RI tool design considerations so that the
tools may serve the greatest number of communities, which can
vary in size, geography, and so on. Accessibility concerns
further include issues of resource centralization, language
barriers, technology literacy, and related considerations. One
participant remarked as follows:

So, one thing too, I would say the integration of social
determinants of health in city planning. So general
plans as well as emergency response plans. One of
the things we learned during COVID is a lot of our
emergency response plans really weren’t built to
address supporting diverse populations,
multilanguage speakers, all of these other things. And
so being able to go in and make those the norm now.
[Participant from a county health department]

Real-time response was mentioned as being especially desirable
in RI tools. Between collecting and analyzing data and
publishing the results, the process can be all too slow to be able
to properly respond to fast-moving issues that may threaten
resilience, such as a pandemic. RI tools must be able to quickly
respond in times of crisis to be able to limit the amount of people
who are affected by the crisis, as highlighted by a participant:

Informatics can assist me in finding what that trigger
point is, but it can’t assist me in actual response. It’s
too late. Once it’s already happening, now I’m in the
door. I’m working with a problem and actually
implementing things. Informatics takes a backseat;
they don’t care anymore. But I want informatics to
inform that response. That would be very valuable to
tell me, “Hey, you’re done. You can stop now. You
can turn it off.” That would be nice. But I don’t know
how informatics can assist in the response phase or
the recovery phase. [Participant from a county health
department]

Funding was mentioned as being a particular challenge for
existing public health and resilience-building initiatives. RI
tools and projects must be able to secure funding, such as
through grants, to establish and sustain the tool. An example
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given by a participant concerned the difficulty of fitting grant
expectations. If an RI project does not fit expectations,
adjustments will need to be made to maintain funding, and the
project’s efficiency may suffer. Funding is necessary for
developing RI tools, but it is also a potential threat if the tool
does appeal to funders. A participant stated as follows:

Make recommendations to other departments and
divisions within the health department to say, “Hey,
we need to allocate resources here. Here’s what we’re
hearing.” And to your point, we’re listening to
people’s individual stories. We’re also looking at data
as a whole. And the reality is, we’ve tried to push a
lot of these dashboards and a lot of these things to
the general public...They’re not really interested in
a lot of that unless it’s very easy to use and speaks
directly to them. So again, my job is that, “Okay,
that’s not working. And how can I frame it in a way
that’s really going to focus on that individual so they
can make an important decision themselves?” So a
lot of what we’ve done is really just change the way
we present data. [Participant from a county health
department]

RI tools are also tasked with the challenge of measuring
resilience, especially across the various fields that contribute
to resilience research; for instance, resilience must be defined
in a standard way, and units of measurement may need to be
standardized according to the definition. A group of participants
had the following discussion:

Speaker 6: Do you guys think that’s a problem, the
way that we measure their resilience, and solve
problems in this case? So the thing that we should
think about how we are measuring this resilience
about other things right here, I don’t know if we have
the right tools right now to do that. The resilience
measurement tools.

Speaker 9: And then the definition of resilience, which
alters person to person, agency to agency.

Speaker 6: Yeah, that’s true.

Speaker 9: Race, ethnicity, there’s so many
implications, things that affect that. So I always look
at it as you have to define what the meaning is first
in order to measure it. Otherwise, its positive
outcomes, just how you go about it. What do you
define as success in the situation? Again, that’s
always going to alter and shift.

Speaker 8: Or how do you weigh different? If you can
agree that resilience is sort of a combination of
metrics that we already account for, okay, so we’re
counting. We’re trying to measure things like food
security and vulnerability, heat and different mental
health metrics. But then you try to combine that into
some sort of measurement of resilience. It’s like,
“Well, how do I weigh in some sort of statistical way,
the weight of my mental health versus my heat
resilience, which are all...”

Later, in the same group, a participant stated as follows:

We spent all this time trying to measure the wrong
things, like risk. Risk is great. Let’s take probability
times consequence and its risk. And then we’ve got
everything solved and we’re measuring the wrong
things. So at least now that we can talk about
resiliency and all of the constructs that come with it,
you package it up and you’ve got to talk about social
cohesion and adaptivity and vulnerability, and then
you sprinkle in some of that probability and
consequence stuff. But that’s so reductive that you
miss the point of what resilience is, which it’s an
intended positive outcome about how we can work
together and have shared goals that are different than
individual goals. But you have to have all of that. So,
I think it’s a really positive thing for results is hard
to measure, and you have to roll around in the mud
with a pig for a while in order to put some thoughts
together. Yeah, it is refreshing. [Participant from
Arizona State University Knowledge Enterprise]

Technological Challenges With RI Tools
Several challenges that are more technological were also
mentioned by many participants; for instance, infrastructure
issues such as broadband access are problematic for the
effectiveness of RI interventions, which often rely heavily on
the presence, functioning, and quality of technological tools.
At times, government intervention may aid in increasing the
necessary infrastructure; for example, some government
programs could help to provide free Wi-Fi or expand hotspots.
Rural communities were mentioned as being especially
vulnerable to such issues, where there may be higher turnover
in technology. In this case, low-cost smartphones may be needed
to support these communities, or perhaps a community-operated
mobile phone provider could be enlisted to help increase mobile
phone coverage and access.

Communication
RI communication faces a spectrum of barriers and facilitators,
prominently highlighted by the necessity for 2-way
communication. This involves ensuring a cohesive message and
fostering a shared understanding among stakeholders. However,
intergenerational disparities present challenges because differing
communication preferences and styles may hinder effective
dialogue. Establishing rapport amid these differences can prove
arduous, as illustrated by the struggle to navigate technological
nuances and preferences, such as the preference for traditional
email over newer communication methods.

Moreover, the landscape of informatics communication is
marked by silos, where various disciplines converge, including
developers, computer scientists, behavioral economists, public
health practitioners, and social scientists. This interdisciplinary
nature can be both a boon and a bane. While it offers diverse
perspectives, it also necessitates concerted efforts to bridge
disciplinary divides. One expert at the workshop asked the
following question:

What about in nonemergent situations? Nonemergent
public health situations? How can that gap the
bridge? And I’m talking about between the academics
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in between the field of public health and then between
the clinical side? That’s my question. [Participant
from Arizona Advisory Council on Indian Health
Care]

In addition, the gap between the clinical and public health realms
underscores the need for enhanced collaboration and
communication strategies to align goals and priorities

effectively. Overcoming these barriers requires deliberate efforts
to foster a culture of inclusivity and open communication across
sectors and disciplines.

Components of an RI Project
Several different essential components of a successful RI tool
or project were mentioned during many of the conversations
(Textbox 4).

Textbox 4. Key considerations and essential components when designing a resilience informatics (RI) intervention.

• Systems and infrastructure to process data (broadband access)

• Data integration hub and intelligence subsystem for information sharing

• Anomaly finder (could be an artificial intelligence [AI] function with data search)

• AI to digest complex information, summarize relevant information, and then push it to the relevant audience

• Centralized hotline or integration to allow individuals to have a resource to call

• Bidirectional flow (receive community input)

• Equity assessment (part of before, during, and after evaluations)

• Human elements and user tests

• Coalition oversight to have a big-picture view and report back

• Communication component to hit all different networks

Standards for RI Tools

Overview

A major theme that emerged from the RI workshop discussions
was the need for standards or guidelines to help guide the design
and implementation of RI tools in the future. Through an
analysis of participant conversations, a list of standards for RI
tools was developed based on the characteristics presented as
ideal for RI tools. While it is recognized that this list may not
be comprehensive and that some of the standards may apply to
some but not all tools, it may serve as a starting point for future
iterations of RI tool standard development. The standards have
been grouped into 3 categories based on the nature of the
characteristics in question: technological, logistical, and
sociological.

Technological Standards for RI Tools

Technological standards were mentioned in many of the
discussions. These standards may be helpful for software
developers, statisticians, and other technical professionals
involved in RI projects.

RI Tools Should Be Up to Date

Similar to other forms of technology, RI tools must be regularly
maintained and updated to ensure continued accessibility and
usefulness, according to our participants. RI practitioners must
also put into place standards for data used by RI tools. This may
entail connecting multiple resources to get a broader scope of
data, training AI tools by using data from diverse populations
to remove bias, establishing standards to ensure the accuracy
of data, and using validated tools and objective measurements
when implementing RI.

Data Must Be Accessible

Another concern regarding RI tools mentioned in the expert
discussions at the workshop was accessibility: data should be
designed to be accessible (following accessibility guidelines)
while still being protected. Tiered access to data (eg, nonpublic
facing or anonymized reports to preserve the privacy and
security of data) should be implemented. There should also be
regulations in place related to the sharing of private corporate
data, such as the number of COVID-19 test kits sold.

RI Tools Should Be Interoperable

Furthermore, RI tools need to be optimized for all major
platforms to ensure interoperability across different technologies.
This could involve creating versions of RI tools for Apple and
Microsoft operating systems, among others.

Data Sovereignty and Privacy Should Be Prioritized

Finally, protecting data sovereignty and privacy must be of
utmost importance for RI tool developers and users. This
especially applies to the use of RI tools with populations who
may be particularly susceptible to abuse or exploitation by bad
actors. Data-sharing agreements can be beneficial tools for
parties collaborating on resilience-related public health projects
with RI tools; however, these agreements must explicitly be
written to protect the sovereignty, ownership, and privacy of
the data collected and shared.

Logistical Standards for RI Tools

Another type of RI tool standard that emerged from the
discussions among workshop attendees focused on logistical
characteristics. These are more related to the planning,
organization, design, and practical aspects of implementing or
rolling out the tool, rather than the technological or sociological
aspects of the tool or RI project.
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RI Tools Require Thoughtful Design

It was mentioned that when designing RI tools or interventions,
it is important to use a systematic approach, following
step-by-step procedures. These procedures should include data
collection and performance evaluation to ensure continued
monitoring and evaluation of the project, ensuring that objectives
are met and that the necessary information is available to
demonstrate the effectiveness of the intervention. Examples of
disciplines or approaches from which RI tools could draw best
practices include human-centered design, mixed methods
research, and clinical translational science. The acceptability
of the desired behavior that the RI tool may be promoting should
always be considered as well in the design and implementation
of the project. The design could additionally include an
implementation model, considering infrastructure, service,
providers, users involved, and so on.

The Process of RI Tool Development Should Be Iterative

The workshop discussions highlighted the need for continual
community testing and evaluation. One participant stated as
follows:

We’re always reinventing. [Moderator from the
University of Colorado]

RI Tools Need to Have Real-Time Responses

RI tools should work in real time and be able to pivot and adapt
quickly to fit the needs of end users. Rapid and clear information
should be conveyed in a simple report afterward as well.

RI Tools Need to Have Multiple-Layer Solutions

RI tools should function at a variety of levels to meet the needs
of the communities they serve; for example, an ideal RI tool
should consider all channels that the end users may use: SMS
text messaging, apps, social media, and so on.

RI Tools Require Funding

While perhaps evident, RI tools need funding to be most
effective, and this was emphasized many times at the workshop.
In the planning and design stages, it is important to consider
where these funds will be coming from to make sure that the
tool is most effective and sustainable: grants, sales, and so on.
Multiple funding streams may be best to consider, should it be
possible. In addition, funding is important to consider when
budgeting. One participant stated as follows:

How can I give our community partners something
that they can turn around and use as leverage for
money, resources, whatever? [Participant from a
county health department]

Sociological Standards for RI Tools

The following sociological standards for RI tools were identified
at the workshop.

Focus on Community-Identified Needs First

Our participants mentioned that RI tools should prioritize
populations with the greatest needs within the communities
being served. To do so, stakeholder engagement in critical
conversations about design and intervention implementation is
crucial.

Build Trust: “Partnerships Are Key!”

Upfront community engagement is key to RI tool success.
Community leaders and partners, particularly gatekeepers to
the communities, need to be engaged in the RI tool from the
outset. Community members should be additionally involved
in decision-making surrounding resource allocation if this is
relevant to the RI tool or project. Successful community
engagements are characterized by humility; in other words, our
experts mentioned that it is important to be upfront about what
you do or do not know. Along the same lines, community values
must be recognized early on to ensure successful community
engagement, such as transparency, humility, and so on. To
identify these values and develop community partnerships, we
must listen to groups (eg, tribal communities), understand and
learn from others, and recognize that all people have important
information, no matter their education level or background.
Cultural humility and responsibility as well as community-based
participatory research methods may provide important lessons
from which RI tool developers and implementers can gain a
better understanding of successful community engagement and
cultural value identification.

Integrate Social Determinants of Health

The RI workshop participants mentioned how important it is to
integrate social determinants of health, such as income,
education level, and health care access, into the design,
implementation, and evaluation of the RI tool. These factors
are crucial when considering public health outcomes because
they can influence and potentially confound the tool’s impacts.

Long-Term Solutions and Sustainability Should Be the Goal

The RI tool must have a long-term vision and sustainability as
the goal to most effectively build resilience in communities.
One participant stated as follows:

Systemic change takes time, and it builds, and you’ve
got to take things and use things to your advantage.
[Participant from the Arizona Department of Health
Services]

Along these lines, the RI project will need a way to follow up
with participants over time to continually evaluate and assess
the long-term impacts of the RI intervention.

Tailor the Intervention

Tailoring was a strong theme in many of the conversations that
experts had at the workshop. Each RI tool must be tailored to
the specific population of interest. One participant stated as
follows:

So you know what’s dangerous about that idea is that
it’s measuring urban capability against rural ability,
because you’re talking to the one of two people in the
entire county that is thinking about public health
weather. There is no one else. [Participant from a
county health department]

RI tool designers must additionally contextualize the problem
not only by population but also by the specific event as well.

Participants also mentioned that intergenerational solutions (eg,
physical community spaces) are important when developing RI
tool interventions. Language must always be considered—not
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only in its conventional sense but also in terms of vernacular
expressions and subgroup dialects—to increase understanding
when using RI tools to communicate with different communities.
Cultural representation must also be considered when tailoring
interventions, considering differences in emergency response
language and acronyms and literacy levels. One participant
warned against reliance on AI translation, although it seems
that AI tools are evolving at a rapid rate and may improve
translation capabilities over time. In the meantime, it may be
crucial for most communities to either rely on manual translation
with the help of local community members or, at the very least,
double-check AI-generated translations through manual review.
Multimedia and multimodal strategies were suggested as being
important to address language barriers or varying literacy levels.
Differences in technology accessibility must also be
acknowledged and taken into consideration in RI tool design
and implementation. To be most inclusive, low-tech or even
no-tech alternatives may need to be integrated into the design.
One participant remarked as follows:

I always say, “It’s the generation of someone who
prefers a phone call than a text.” [Participant from

the cooperative extension office, affiliated with the
University of Arizona]

Finally, it was emphasized that it is important for all RI tools
to be inclusive for people with disabilities.

Equity Must Be Prioritized

During the workshop, participants were asked to answer a
question about how equity would be prioritized in the RI tools;
for instance, it is important to collect data to evaluate equity
within the RI intervention, such as documenting equity
awareness and feedback. Another way to prioritize equity in
the RI project could be by involving people from the community
in project roles and paying them equitably. Assessing policies
and tools (eg, AI) for discriminatory impacts may be an
equitable goal or activity for an RI project. Finally, it was
recognized in a conversation that the Culturally and
Linguistically Appropriate Services standards are an existing
guideline that may be useful for RI tool developers to reference
and use to increase equitable outcomes.

Issues Related to Data Use
Two main issues emerged in the discussions regarding data use
(Textbox 5).

Textbox 5. Issues regarding data use and illustrative quotes.

Data are not always presented in an appealing or accessible way for practitioners

“The informatics can inform our response, but we might be just focusing so heavily on the data that the practitioners out in the field start going, yeah,
it’s a wildfire, what do you want me to do about it? It’s going to burn. It’s going to burn that long.” [Participant from a county health department]

The right information must be there for somebody to grab it

“I used to develop a lot of software...and we used to do pharmacy applications and our user group would say, ‘We need these 20 data fields.’ We go,
‘Yeah, that makes sense. Okay, we’ll put the 20 data fields in.’ Three years later we go back, two of them are used. Now did that mean the other 18
weren’t important or shouldn’t have been used? It probably meant that there was this really subset that needed those data fields to make better decisions.
But if you looked at it from utilization of the data field, you would say, ‘Well, just get rid of them, we really don’t need them.’” [Participant from a
county health department]

Indigenous Data Sovereignty
Indigenous data sovereignty was a key theme that emerged from
the guest presentation from the Salt River Pima-Maricopa Indian
Community and the discussions among the workshop attendees.
Indigenous data sovereignty can be defined as “the right of
Indigenous Peoples to govern how data from or about them is
collected, accessed, used, stored, and disposed of” [32].
Culturally centered sovereignty requires a conscious effort by
public health officials, researchers, policy makers, and RI
practitioners alike. Explicit protections and acknowledgments
of Indigenous ownership of data and the rights surrounding
these data must be put into place before RI tools are deployed
in Indigenous communities. This involves an acknowledgment
of cultural practices, the political sovereignty of Indigenous
nations, collective knowledge and shared wisdom, and the
relationship between Indigenous peoples and the land.

Martinez outlined 4 principles that must be considered for
Indigenous governance known as the “CARE principles”:
collective benefit, authority to control, responsibility, and ethics.
Following these principles is a minimum standard for public
health work in Indigenous communities, particularly with respect
to sensitive health data collected about Indigenous peoples [33].

Discussion

Principal Findings
In summary, the RI workshop experts confirmed the need for
tools that translate technical knowledge into something useful
for the community. These tools must be low cost or free,
accessible (easy to use), available on any platform (especially
mobile phones), and simple in design; not require special domain
knowledge; and be connected, bidirectional, responsive in real
time, and respectful of data sovereignty. Technological and
multimodal alternatives tailored for different groups with
varying accessibility needs are crucial for the success of RI
tools. The end goals of these RI tools are sharing resources,
effecting behavior change, and advancing health equity.

Comparison to Existing Literature
Some of the findings from our workshop resonate with those
in similar studies in the literature; for instance, our attendees
confirmed that informatics tools have the potential to help build
resilience by improving the capacity for households to respond
to and make effective decisions during disasters, as well as
through improving social capital [34]. Another finding that
resonates with existing literature is that there is a need for a
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structured guide for the development of informatics tools [35].
Other studies have discussed logistical issues such as data
quality and difficulties related to collecting data being obstacles
to the success of health informatics projects in addressing
pandemics [36]. In addition, similar studies on the COVID-19
pandemic have noted that human factors, ethics, data privacy,
and the diversity of participants are vital to consider in the
implementation of medical informatics tools [37]. Another study
emphasized the iterative nature of informatics tools,
necessitating continuous evaluation and reformulation for
success [38]. This paper presents a few initial ideas that could
be used to begin developing a checklist or framework of
standards for future RI tools. Finally, it was demonstrated in
this summary from our workshop that RI, and health informatics
in general, encompasses a very wide range of functions and has
the potential to help make health care services more resilient in
the face of climate change impacts, similar to findings from
other studies on health informatics [39].

It is worth noting that our workshop did not include much
explicit discussion about big data and its potential, which would
be an important area to explore in the future, especially
considering the potential it has shown in building resilience in
other sectors [40,41]. Another important issue that did not come
up, despite some conversation about the positive impacts that
informatics may have on reducing workforce strain, was the
concern that informatics may impact jobs in health care and
resilience-adjacent sectors if not introduced with care [42].
Other concerns include the fact that while these tools may be
emerging, the workforce to implement them may not be readily
available [43]. This topic has been explored in the literature and
has been a concern with many other major technological
breakthroughs and should be explored further to preemptively
avoid any major impacts in restructuring the workforce to ensure
that new informatics tools do not have large negative impacts
[42].

Strengths and Limitations
This workshop included a wide range of participants from
different fields, with each being an expert in their respective
area, thus lending credibility and wide-reaching relevance to
the findings. A limitation of this workshop is that the findings
may be limited primarily to Arizona because most participants
were from the state. Nonetheless, it was recognized that many
of the discussions were relevant to contexts outside of Arizona
as well. In addition, because this was not a qualitative study
with a systematic approach to data collection, the findings may
not be comprehensive, and future research should be conducted
to ensure that a saturation of ideas is reached to gain a fuller
understanding of the reach and potential of this field.

Future Directions
Future research questions to explore that emerged from the
workshop discussions included the following:

• How do you physically change the environment to protect
against infectious disease?

• How do we leverage community knowledge? What is the
compensation for this?

• How do we teach empathy?
• What standards are necessary for RI tools to be most

effective at addressing public health and climate
change–related issues?

It is important for future research in this area to adopt mixed
methods and be interdisciplinary, human centered, and
community based. The research should ensure that equity
considerations are at the forefront.

A follow-up workshop was held in June 2024 in Tucson,
Arizona, to present the findings and work toward developing
solutions to resilience and public health problems together with
the same experts from this initial workshop. For future directions
in the field of RI developments, it would be helpful to have
more focused discussions with clear outputs such as
implementation guidelines or designs of RI tools to put into
practice. It is important to continue to build relationships with
communities, stay engaged and curious about different cultures,
and learn from others.

Conclusions
The RI workshop described in this paper has laid a critical
foundation for advancing the development and application of
RI tools, especially in the context of public health and climate
change. By emphasizing the need for accessible, user-friendly,
and equitable technologies that can effectively bridge technical
knowledge and community needs, this workshop has
underscored the importance of multidisciplinary and
community-centered approaches. The discussions highlighted
key areas for future research, including physically transforming
environments to mitigate disease risk, leveraging community
knowledge, and developing empathetic and culturally sensitive
tools. With a follow-up workshop planned, the next steps involve
moving from discussion to actionable outcomes, focusing on
the creation of implementation guidelines and tool designs that
prioritize health equity and resilience. In conclusion, continued
collaboration between experts, communities, and
interdisciplinary teams is essential to realizing the full potential
of RI in addressing public health challenges in an era of rapid
global change.

Data Availability
The datasets generated during and analyzed during this study
are not publicly available to protect the privacy of our
participants but are available from the corresponding author on
reasonable request.
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Abstract

Background: Individuals with co-occurring posttraumatic stress disorder (PTSD) and HIV are at high-risk for negative
HIV-related outcomes, including low adherence to antiretroviral therapy, faster disease progression, more hospitalizations, and
almost twice the rate of death. Despite high rates of PTSD in persons with HIV (PWH) and poor HIV-related health outcomes
associated with PTSD, an effective evidence-based treatment for PTSD symptoms in PWH does not exist.

Objective: This study aimed to describe the adaptation and theater testing of an evidence-based intervention designed for people
with co-occurring PTSD and HIV.

Methods: The Assessment, Decision, Adaptation, Production, Topical experts-integration, Training, and Testing (ADAPT-ITT)
framework guided the formative process used to modify an evidence-based PTSD treatment (cognitive processing therapy; CPT)
to meet the unique needs of PWH experiencing PTSD. With the integration of Life-Steps for Medication Adherence (Life-Steps),
the adapted protocol (CPT-Life-Steps for integration of adherence; CPT-L) targeted HIV-related stigma and HIV medication
adherence within a trauma-informed framework. Theater testing was completed with 7 participants to evaluate acceptability of
CPT-L for PWH. The qualitative data (N=54 recordings) used to evaluate and adapt CPT-L emerged from individual interviews
conducted with participants after each therapy session as well as exit interviews conducted at posttreatment data collection.

Results: After challenging stigma-related appraisals, participants expressed feeling less constrained by maladaptive thoughts.
These shifts translated to increased self-efficacy with both HIV-related care and mental health.

Conclusions: These results indicate that trauma-informed work with PWH should consider the impact of HIV on trauma-related
stuck points, intersecting identities (including living with HIV), and challenging internalized stigma. Findings provide evidence
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that CPT-L is acceptable and effective in addressing internalized HIV stigma that impacts PTSD symptom maintenance and HIV
treatment engagement.

Trial Registration: ClinicalTrials.gov; NCT05275842; https://clinicaltrials.gov/study/NCT05275842?id=NCT05275842&rank=1

International Registered Report Identifier (IRRID): RR2-10.1016/j.conctc.2023.101150

(JMIR Form Res 2025;9:e64258)   doi:10.2196/64258
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PTSD; HIV; adherence; minoritized populations; adaptation; evidence-based; treatment; engagement; posttraumatic stress disorder;
stress; trauma; antiretroviral therapy; therapy; symptoms; acceptability; self-efficacy

Introduction

Background
By 2019, an estimated 1,189,700 people in the United States
were living with HIV [1]. Although people with HIV (PWH)
face many unique psychosocial risk factors that impact health
outcomes, trauma exposure and posttraumatic stress disorder
(PTSD) have been consistently identified among the most
prominent stressors for this population. The prevalence of PTSD
among PWH, 30%-74% [2,3] far exceeds that of the general
population, 3.9% [4]. Trauma history endorsed for DSM-5-TR
(Diagnostic and Statistical Manual of Mental Disorders, Fifth
Edition, Text Revision) criterion A, diagnostic information across
the lifespan can include a wide range of adverse childhood
experiences, interpersonal violence, survivors of natural
disasters, combat, immigration-related trauma, HIV-related
trauma if identified as traumatic by patient, and other events
endorsed as inducing fear of serious harm to self or a loved one.
Data suggest that traumatic events most often reported by PWH
include interpersonal violence (physical, sexual, or
psychological in nature), witnessing domestic violence or
physical abuse as children, and seeing someone be seriously
injured or killed [5]. This high comorbidity has important
treatment implications as patients with co-occurring PTSD and
chronic medical conditions report forgetting (41%) or skipping
(24%) medications at significantly higher rates than patients
without PTSD (29% and 13%, respectively) [6]. In addition,
cognitive impairment and increased avoidant behavior
experienced as a function of PTSD may contribute to lower
levels of antiretroviral therapy (ART) adherence for PWH with
a comorbid PTSD diagnosis [7]. For instance, PWH reported
avoiding their ART because it was a reminder of their status
[7] and of a traumatic life event [8], and they reported avoidance
of clinic care visits due to fear of prejudice and discrimination
from health care providers [9].

Notably, advances in ART have led to significant improvements
in disease-related morbidity, mortality, and health outcomes for
PWH. With consistent use, ART markedly slows disease
progression and improves quality of life by suppressing viral
load, which can potentially be reduced to undetectable levels.
However, failure to reach near perfect (≥95%) adherence rates
may be insufficient and detrimental to achieving viral
suppression. More specifically, suboptimal ART adherence is
strongly linked to viral proliferation [10,11], medication
resistance [10,12], disease progression [13], and even death
[14]. Unfortunately, the necessary 95% to 100% ART adherence
rates are not easily achieved considering the multifaceted

barriers that PWH must overcome to reach and maintain the
recommended benchmark.

The stigmas attached to HIV, mental health, and minoritized
identities are one such barrier. Stigmas can impact PWH through
three primary mechanisms: (1) enacted stigma experienced in
the form of actual rejection or discrimination by people and
society; (2) anticipated stigma, which is the expectancy of
discrimination and marginalization; and (3) internalized stigma
or negative self-perceptions related to having the disease [15].
In addition, intersectional stigma [16,17], has been shown to
differentially impact PWH, such that individuals with additional
minoritized identities (eg, women, individuals that identify as
sexual and gender minorities, and minoritized racial groups)
report higher rates of stigmatization [18], and medication
nonadherence [19], compared with those with majority-based
identities. Furthermore, stigmatization has also been associated
with multiple social determinants of health, such as low
education level, poverty, lack of access to health insurance,
incarceration, and non-US country of origin [18]. In turn,
stigmatization can manifest in significant health disparities
including poorer health outcomes, elevated PTSD symptoms
due to reinforcement of avoidant coping behaviors, and delayed
enrollment in HIV care until significantly ill [18-22].

Theoretical models jointly attribute the observed health
disparities to the presence of “minority stress” and the absence
of “social safety” among PWH, especially those who experience
intersectional stigma. Specifically, the minority stress model
[23] proposes that heightened vulnerability to health problems
results from the cumulative burden of psychological stress
experienced in response to social stigmatization (ie, minority
stress). In effect, chronic exposure to stigma may lead
individuals to be more susceptible to the development of
posttraumatic distortions about the world (eg, enacted stigma)
and oneself (eg, internalized stigma) following a traumatic event
[15,23]. In addition, stigma may reinforce avoidant coping
behaviors that are commonly associated with PTSD (eg, lack
of trust in new relationships like with a new provider; not taking
medication because it reminds them of a negative thought or
feeling, etc). In other words, minority stress can impact mental
health by reinforcing maladaptive beliefs associated with PTSD
and emotional disorders after traumatic or difficult experiences
[24]. These findings emphasize the importance of addressing
stigma within evidence-based psychosocial interventions as a
means of reducing distress and paving the way for improvements
in HIV medication adherence and health outcomes. Expanding
on the minority stress model, social safety theory posits that, in
the absence of social safety (ie, reliable social connection and
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protection), stigmatized PWH routinely navigate the world in
a state of maintained vigilance that adversely impacts immune
system response [25]. Threats in the social environment are
thought to trigger physiological stress responses, including
chronic inflammation, that can impair immunological function
[25]. Thus, social safety theory suggests that targeting
maladaptive beliefs (eg, internalized stigma) and interpersonal
patterns (eg, avoidance) may amplify social safety, and improve
health outcomes by extension, for trauma exposed PWH [25].

Current Study
Due to the distinct connection between HIV and PTSD, it is
important that evidence-based treatments be tailored to address
both trauma symptoms and barriers to HIV care for PWH.
Although effective interventions to address HIV medication
adherence and PTSD are widely available, there are no
established integrated approaches that address the dual issues
of cooccurring HIV with PTSD and related health disparities.
In addition, no research to date has examined the critical
question of whether HIV outcomes can be improved among the
large number of PWH with comorbid PTSD by treating PTSD
symptoms to maximize benefits of health promotion
interventions. To address this tremendous void in the field, we
propose the integration and evaluation of 2 empirically
supported interventions that have been successfully used to
improve PTSD- and HIV-related outcomes in this population,
namely cognitive processing therapy (CPT) [26], and Life-Steps
for Medication Adherence (Life-Steps) [27].

Using the Assessment, Decision, Adaptation, Production,
Topical experts-integration, Training, and Testing (ADAPT-ITT)
model, a framework for adapting HIV-related evidence-based
interventions [28], CPT and Life-Steps were integrated to
encompass HIV-related stigma and ART adherence within the
scope of PTSD treatment. Upon adapting the intervention for
PWH and PTSD, the resulting model (CPT-L) was theater-tested
with treatment-seeking members of the intended population.
More specifically, maladaptive beliefs influenced by exposure
to trauma can interfere with important correlates of health,
including a participant’s motivation to remain ART adherent
[29], access social support [30], and establish trusting
relationships with medical care providers [31]. To tackle these
psychosocial factors, CPT-L includes cognitive restructuring
components introduced weekly through modified worksheets
and handouts reflecting topics that are more relevant to the
realities of living with co-occurring HIV and PTSD.
Acknowledging that these health conditions are experienced
within a broader personal and cultural context, CPT-L also
placed emphasis on engaging in discussion and exploration of
the participants’ intersecting identities (eg, HIV status, racial,
ethnic, sexual, and gender identity discrimination) [32]. This
study presents qualitative findings of feedback solicited to assess
reactions to the new intervention and elicit critiques that will
guide future efforts to refine and tailor CPT-L.

Methods

Treatment Adaptation
Aligned with the ADAPT-ITT model, the CPT-L adaptation
process will comprise 8 phases: assessment, decision, adaptation,

production, topical expert, integration, training, and testing; and
it has primarily been used in the context of HIV [33]. Findings
in the current manuscript reflect the first 4 completed phases of
the ADAPT-ITT protocol. During the initial step (assessment)
of the ADAPT-ITT framework, the team consulted with the
Community Advisory Board (CAB), comprising of constituents
with lived experience (with PTSD or HIV), Ryan White clinic
personnel (eg, providers, case managers, and staff), peer
advocates, and community-based mental health providers. CAB
members and topical experts were provided with a review of
the extant literature to assess the scope of the problem and
whether it merited development of new evidence-based
treatments to address comorbid PTSD and HIV. Consideration
was given to studies on mental health disparities in PWH as
well as conflicting evidence about the efficacy of existing
treatment modalities for HIV and co-occurring mood disorders.
Evidence suggests that although existing psychosocial
interventions can be effective in treating depression among
PWH, symptom improvement does not translate consistently
to improvements in HIV-specific markers (eg, ART adherence
and viral load) [34]. Therefore, the team heeded CAB feedback
and determined that adaptation was necessary to attend to the
unique and unmet needs of this population.

In the second step (decision), the CAB and team’s selection of
CPT among the available evidence-based PTSD interventions
was driven by its flexibility to integrate HIV-specific content
and CPT’s established training model for successful
dissemination [35,36]. CPT, is an evidence-based treatment
shown to be effective for reducing posttraumatic distress,
including PTSD and depressive symptoms, among civilian and
military adult populations with complex histories of exposure
to traumatic events [37,38]. The protocol is designed for 12
sessions, but the length of treatment can be adapted based upon
the patient’s needs [39]. In terms of structure, after centering
the first half of treatment on dysfunctional cognitions about the
worst traumatic event, the focus shifts to maladaptive beliefs
that highlight the following 5 areas commonly impacted by
trauma: safety, trust, power and control, esteem, and intimacy.
CPT has been shown to reduce trauma-related self-blame and
guilt [40,41] and may be particularly beneficial for PWH
because of the focus on “stuck points.” Stuck points are
negative, inaccurate, and unhelpful beliefs about yourself, others,
or the world that occur as a result of trauma. Maintaining these
stuck points prevents the individual from recovering from PTSD.
The goal of CPT is to assist the patient in identifying stuck
points related to their traumatic event, and then challenge these
stuck points or negative thinking patterns through cognitive
restructuring [42]. The process of cognitive restructuring is used
to identify alternative, more accurate, and more helpful thoughts
through Socratic questioning (ie, open-ended questions from
the therapist that stimulates the patient to question current beliefs
as flawed). In addition, the broad scope covered under the 5
themes allows for the flexibility to address internalized stigma
related to HIV and marginalized identities. Indeed, although it
was not originally developed as an HIV intervention, CPT has
shown potential in promoting HIV risk-reduction [43].

Adaptation focused on modifying CPT to bolster its
effectiveness with HIV medication adherence and related health
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outcomes. The CAB’s decision to incorporate Life-Steps for
medication adherence [27], into CPT was made based on studies
showing its efficacy and successful integration with various
mental health treatment modalities [27,41]. Life-Steps is a
one-session intervention using cognitive behavioral strategies,
problem-solving, and motivational interviewing to promote
adherence. The modified intervention (CPT-L) used the
single-session adjunct to establish baseline HIV and ART
psychoeducation and problem-solving skills. CPT-L later
leveraged this foundational knowledge by incorporating
continuous reminders of the benefits of remaining ART adherent
and restructuring maladaptive thoughts that posed barriers to
HIV care. The integration of the Life-Steps component also
addressed health literacy and concerns about ART through
tailored explanations about the need for consistent adherence,
psychoeducation on the co-occurrence of PTSD and HIV, and
rehearsal of adaptive health behaviors (eg, recognizing barriers
to adherence and using problem-solving strategies to confront
them). In the context of the larger study aims, CAB members
chose Life-Steps as the control condition to ensure that

participants assigned to the study arm would receive benefit as
well.

The third step (adaptation) was completed through a larger pilot
trial. The protocol was theater-tested with members of the target
population, namely PWH and co-occurring PTSD. Aligned with
the ADAPT-ITT model, reactions and feedback about the
intervention were elicited from participants and stakeholders
and include the qualitative findings presented here. Currently,
CPT-L has a drafted manual (stage 4 of the ADAPT-ITT model)
and plans to continue the adaptation process with topical expert
feedback are underway. Refer to Table 1 for CPT-L protocol
modifications based on ADAPT-ITT steps 1-4 that have been
completed. Next stages of the project include an iterative process
of refining the manual by eliciting comments and suggestions
from our CAB, clinical team, peer advocates and other key
constituents (step 5–Topical expert feedback), integration of
that feedback in the CPT-L manual (step 6–Integration), and
training of personnel to deliver the adapted intervention (step
7).

Table 1. Components and modifications for a tailored, evidence-based PTSD treatment for people with HIV (cognitive processing therapy- Lifesteps):
adaptations informed by a qualitative study using the empirically supported ADAPT-ITT framework.

CPT-La refinementsIntervention componentSessions

Psychoeducation about connection between HIV status, stigma, and trauma;
how held identities impact trauma and HIV experiences; assign additional impact
statement assigned if trauma and receiving news about HIV status are separate
events

Life-Steps; begin overview of PTSDb

and CPTc

1

Identify beliefs related to internalized stigma through HIV-related impact state-
ment; use HIV-related examples in context of ABC worksheets

Finding maladaptive HIV beliefs2-3

Distinguish trauma event processing from receiving news about HIV status;
processing stigma from learning of HIV status; use HIV-related examples in
context of challenging questions worksheets

Processing the index event4-5

Use HIV-related examples in context of challenging beliefs worksheetsLearning to self-challenge6-7

Regain “control” of health by challenging stigma-related stuck points; adaptation
of Trust Star Worksheet to include status disclosure

Trauma themes (safety, trust, and power-
control)

8-10

Challenging stigma-related non-adaptive cognitions, duty to warn review for
clinician

Esteem, intimacy, and facing the future11-12, 12+

Delivery adaptations

Could use additional “stressor sessions” to discuss stigma-related stuck points39

in CPTc variable length format

Variable lengthFormat change

In addition to risk assessment in CPTc, CPT-La includes ARTd adherence
monitoring

Adherence self-monitoringAll

Continually developing the connection between HIV status and trauma; discuss
impacts of intersectionality on HIV and trauma experience, as appropriate

Trauma, stigma, and HIV connectionAll

Therapist to encourage challenging both trauma-related and HIV-related stuck
points between sessions (if separate events)

Practice assignmentsAll

aCPT-L: CPT-Life-Steps for integration of adherence.
bPTSD: post-traumatic stress disorder.
cCPT: cognitive processing therapy.
dART: antiretroviral therapy.

Often, when adaptations of evidence-based treatments are
attempted, the process generally ends there. However, a critical
element of the ADAPT-ITT model includes conducting a test
of the full intervention (step 8). While the involvement of

stakeholders across multiple phases of the adaptation processes
helps ensure that the adaptation resonates with the community
and reflects their needs, the last and final phase of the
ADAPT-ITT model determines that the adapted intervention
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has met the goal of creating positive and incremental impact
for a specific population. Thus, subsequent steps of the
adaptation process for CPT-L include a larger trial to evaluate
the final product in a rigorous and systematic way. The
submitted project proposal for the large-scale testing of CPT-L
also includes an aim focused on implementation science and
CPT-L intervention scale up, an important aspect to the team
to remain aligned with the feedback from the CAB members.

Participants and Recruitment
Participants were recruited from the Infectious Disease
Department’s Ryan White Clinic at the academic medical center.
A full description of the study procedures is reported elsewhere
[44]. All protocols were approved by the institutional review
board at the affiliated university. The study’s program
coordinator recruited participants during their regularly
scheduled HIV care clinic appointments and used a “cold call”
list to contact individuals with HIV outside of these
appointments. The study’s purpose, methods, and compensation
were discussed with participants, and if they were interested in
participating, the initial contact assessment was completed. This
initial assessment included completing a shortened version of
the PTSD checklist for DSM-V (Diagnostic and Statistical
Manual of Mental Disorders [Fifth Edition]; PCL-5), as well
as the Montreal Cognitive Assessment (MoCA). If participants
scored at least 3 out of 5 on the shortened PCL-5, indicating
possible PTSD, and scored within the mild or moderate range
on the MoCA assessment (ie, no indication of severe cognitive
impairments), then the consent process was completed.
Consented participants then completed the clinician administered
PTSD scale for DSM-5 to determine if they met criteria for
PTSD. Participants who met criteria for PTSD were able to
continue through the study. Additional eligibility criteria
included (1) age 18 years or older enrolled in a Ryan White
clinic; (2) able to speak, read, and write English; (3) meet at
least one of the following HIV care criteria: (a) diagnosed with
HIV in last 3 months; (b) detectable viral load in last 12 months;
(c) failed to show up for or missed 1 or more HIV care
appointments in the past 12 months; (d) last HIV care visit was
more than 6 months ago; and (e) self-reporting less than 90%
ART adherence in the past 4 weeks.

CPT-L was completed individually with a licensed professional
counselor and was offered virtually and in person, depending

on the participant’s location and preference. All participants of
the theater testing phase were provided with the standard CPT
workbook, as well as modified worksheets specific to CPT-L
(eg, Stuck Point log with examples of HIV related stuck points,
modified ABC, Challenging Question, Challenging Beliefs
worksheets with examples using HIV related stuck points, and
a Trust Star geared toward aspects of HIV status disclosure).

As part of a larger pilot trial using theater testing for the first
stage, 7 patients completed end of session interviews at the end
of each CPT therapy session and exit interviews at the end of
protocol (54 total session recordings; number of sessions per
patient ranged from 1 to 12; M=7). Race and ethnicity included
African American (n=5) and non-Hispanic White (n=2).
Participants’ages ranged from 23-64 years. There were 4 males
and 3 females, and participants identified as gay (n=2), bisexual
(n=2), or heterosexual (n=3). Index traumas included life
threatening illness or injury (n=1), physical assault (n=1),
transportation accident (n=1), sexual assault or rape (n=2), and
other unwanted sexual experiences (n=2).

Procedures
Patients participated in end of the session adaptation questions
following each session and intervention exit interviews that
explored strengths and weaknesses of CPT-L, including
feedback on adaptations of CPT to people with HIV and
suggestions for improvement in the adaptation before the large
scale randomized controlled trial. The end of session adaptation
form consisted of 2 questions that asked for participants to
provide a rating from 1 to 10 (1=not at all and 10=very much):
“How much did the materials covered in today’s session address
aspects of people living with HIV?” and “How much did the
handouts reflect your experiences living with HIV and PTSD?”
Participants were also asked to provide open-ended feedback
on these questions and additional information regarding how
useful the materials were and how they will use the skills taught
in therapy in their everyday lives. In addition, exit interviews
were conducted at the end of treatment. Exit interviews consisted
of 6 primary questions and 13 follow-on questions (Table 2)
that took place in 2022, in English, over videoconference and
lasted approximately 5-15 minutes. Participants were
compensated US $25 for completion of each exit interview.
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Table 2. Exit interview questions completed by patients with HIV and comorbid PTSD at the end of a qualitative study exploring acceptability and
relevance of a tailored, evidence-based PTSD treatment for people with HIV (cognitive processing therapy-Lifesteps).

Follow-up questionPrimary question

Tell me about the mental health treatment or counseling you have
received before

• What did you like?
• What did you dislike?
• What was missing? What could have been more helpful?
• How did you feel about the overall experience?

Tell me your thoughts about the 12-session trauma and adherence-
based intervention that you just completed over the past 6-8 weeks

• Was the length of treatment problematic?
• Was it beneficial to discuss the topic of your trauma or stressful life expe-

rience?
• Was the intervention beneficial to discuss and process thoughts about

your HIV status?
• What reservations do you have about recommending this treatment to be

available clinically?
• What changes, if any, do you think would need to be made to trauma

treatment to make it most helpful, relevant and appropriate for PWHa?
• Do you think that the same trauma treatment that is used with other groups

would be equally helpful for PWHa? Why or Why not?

Did you feel that the CPT-Lb intervention specifically addressed HIV-
related topics?

• How do you feel that your experience of the trauma is different or unique
than a survivor who is not living with HIV?

What coping behaviors for reducing your traumatic stress symptoms

did you learn from participating in CPT-Lb?

• Are these coping strategies different than the ones you used before CPT-
Lb? How so?

What additional insights did you gain about the identities you hold? • Did the examples and discussion included in the intervention resonate
with the different identities you hold?

—cWhat concerns do you have if a friend were asked to participate in
this study?

aPWH: persons with HIV.
bCPT-L: CPT-Life-Steps for integration of adherence.
cNot applicable.

Data Analysis
All qualitative recordings (end of session adaptation questions
and exit interviews) were transcribed verbatim. Following
transcription, content from the qualitative recordings were
analyzed using a systematic thematic analysis within a grounded
theory approach [45,46]. A “ground-up” approach involves an
iterative process of establishing codes, grouping the codes into
key concepts, and organizing the concepts into broader themes.
NVivo (version 12) software was used to organize data and
conduct the qualitative analyses. This software package
facilitates coding, storage, retrieval, and analysis of large
amounts of transcribed data. The codebook was created in a
collaborative, inductive, and iterative process. All qualitative
recordings were coded by a primary coder (second author) and
25% of recordings were double coded for interrater reliability.
Both coders have expertise in qualitative coding of mental health
research; neither coder had any interaction nor relationships
with participants. Meetings between coders were held to reach
a consensus on inconsistent codes for each transcript.

The qualitative researchers were careful to ensure data saturation
in the current study given that only 7 participants were included.
In qualitative research, there are 5 components that influence
data saturation which include predetermined codes and themes,
sample size, relevancy of research subjects, number of research
tools, and length of data collection sessions [47]. When

analyzing the responses from the 7 participants, the qualitative
experts determined that data saturation was reached based upon
the themes directly mapping onto the questions asked in the
interview, previous research showing that saturation can be
reached in approximately 10 interviews, that all participants in
this study were patients receiving CPT-L and thus, were the
most relevant to answer the questions about treatment, and the
length of data collection certainly increased the chance of early
saturation in this study given that 54 interviews were collected
over the data collection period.

Ethical Considerations
The study was approved by the Medical University of South
Carolina Institutional Review Board for Human Research
(Pro00106801). Before engaging in the study and collecting
data, each participant was required to give written informed
consent, either in person or virtually using the Medical
University of South Carolina’s institutional review board
approved REDCap (Research Electronic Data Capture)
e-Consent. Within the consent process, research staff discussed
with potential participants that the results of the research study,
including interviews, may be published and information would
not be identifiable. The procedures also clarified that all
information obtained from participants would be confidentially
maintained. Research staff received training from the principal
investigator on the importance of confidentiality and had weekly
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supervision meetings with the principal investigator ensuring
strict compliance with the Human Subjects Protection plan.
Additional measures for protecting privacy and confidentiality
also included assigning each participant a unique project
identification number. The codes that linked the name of the
participant and the study ID number were kept confidential by
the principal investigator in a secured, locked cabinet. The
secure servers that housed the data files collected from the web
applications (REDCap) during were located at MUSC in Secure
Sockets Layer 128-bit encrypted servers behind firewalls.
Participant confidentiality was masked in all data files by the
use of project identification numbers rather than personal
information.

After all the relevant information was reviewed verbally with
trained research staff, participants signed the document (either
virtually or in person) and the signed consent document was
stored electronically (from e-consent or scanned in) in the
REDCap database, which provides password protected, secure,
web-based collection and management of research. Informed
consent was conducted by members of the study team that
received training through the University of Miami CITI training
in both the Conduct of Human Subject Research and Good
Clinical Practice, and were institutional review board–approved
study personnel. Study data collected, including exit interviews,
was conducted either in-person in the privacy of a clinic room,
or remotely through telephone. Participants were informed when
the interview recording began and ended and were instructed
not to use the names of individuals or reveal any personally
identifiable information. These audio files were deidentified
within 24 hours and uploaded into the REDCap electronic study
database to later be transcribed. Any files on a portable recording
device were deleted following this upload, and only the project
therapist, fidelity raters, and qualitative coders heard the content
of the audio recordings. Participants were not compensated for
interviews conducted at the end of each CPT-L session, but
were compensated US $25 for end of study exit interviews.

Results

Descriptive Characteristics
Regarding the materials addressing aspects of people living
with HIV, participants rated the materials very highly (mean
9.86, SD 0.93) and indicated that the handouts greatly reflected
the experiences of living with HIV and PTSD (mean 9.71, SD
0.61).

Qualitative Results
Four overarching themes, each with their own subthemes,
emerged from the semistructured interviews: (1) overall
strengths of CPT-L, (2) overall suggested improvements of
CPT-L, (3) helpful handouts/activities/materials, and (4) ways
that patient would like to incorporate skills learned from CPT-L.

Theme 1: Overall Strengths of CPT-L
Most patients discussed overall strengths of CPT-L, with the
main subthemes emerged including that patients generally felt
materials were relatable and relevant to HIV, information was
relevant to HIV, learned tools unique and specific to trauma
related to HIV, discussed topics never addressed before, reported

general improvements in well-being and hope, and learned a
different (less negative) view of HIV status following CPT-L
engagement. In discussing that they generally felt materials
were relatable and relevant to HIV, one patient reported, “It’s
making perfect sense and I think it’s really helpful,” and another
patient noted, “[CPT-L] is very sensible. It’s pragmatic, it’s
logical. I wish I had this a long time ago.” Several patients
discussed that the model was very relevant to HIV, making
statements such as, “everything was covered. HIV, on what
living with HIV is,” and “Oh yes, those would be concerns that
people living with HIV would have.”

All patients discussed at some point in the exit interviews that
they learned tools to address relevant issues. For example, 1
patient stated,

I felt increasingly as I participated that it was giving
me some tools to live more – well, to be more whole
and not feel as constrained by like stuck points in a
way.

Another patient discussed,

I wish I’d had these tools a very long time ago ‘cause
I could have probably worked through some things
more successfully.

Relatedly, several patients reported that they discussed topics
in CPT-L that they have never discussed before, including

It’s honestly the first time since that sexual abuse that
I even tried to tackle this,” and “PTSD as far as a
self-recognized condition is kind of new to me. So
there’s still kind of a process of exploration about
that.

In describing that they now have a different view of their HIV
status following engagement in CPT-L, 1 patient stated,

I don’t see HIV as a threat to me as much as I once
did.

Another patient described,

Knowing that it’s not my fault. That you know, I’m
HIV and still can be successful.

Finally, most of the patients discussed that they felt general
improvements in well-being and hope following CPT-L. One
patient described,

I honestly feel a little more hopeful. I feel better about
my decision about how to deal with this feeling of
hopelessness. And I think that I’m finding that I put
more reasonable weight on events than I used to and
some of it is coming from this where I’m just not
looking. I feel like I’ve got a prism if you will look at
things and not necessarily have them so heavily
weighted one way or the other.

Other patients discussed improvements in well-being and hope
by stating,

I feel a little stronger about being able to take care
of myself. Not just as far was physiologically with
procedures but with my state of mind

and
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I think [CPT-L] is increasing, you know, kind of my
recognition of my place in life. And that I can improve
things. You know? And you know, not feel so
crestfallen about my place in the world.

Theme 2: Suggested Improvements in CPT-L
About half of the patients discussed suggested improvements
in CPT-L, with the main subthemes including adding more
HIV-relevant examples, to individualize the activities, and to
clarify some of the handouts. Specifically, some patients who
suggested adding more HIV relevant examples stated, “Is there
a way to make the trust worksheets more reflective of HIV,”
“There were like only 3 choices and they weren’t really talking
about HIV,” and “The handouts might be better with advocate
stories from people with HIV.” One patient who thought the
activities could be more individualized mentioned, “I think that
for me though because of my generation so to speak and some
of the things I’ve seen while I’ve been HIV positive as well as
had my own sexual orientation that those things might be, –
they don’t touch on me so much.” Another patient stated, “I
just think that some people will respond well to this method
and other’s less so.” Finally, some patients discussed ways to
clarify some of the handouts with statements such as, “Some
of them were not self-explanatory altogether,” and “As far as
like the terminology that maybe there’s something to you know
actually define it.”

Theme 3: Helpful Handouts, Activities, and Materials
All 7 of the patients gave feedback on their perceived helpful
handouts, activities, and materials during completion of CPT-L,
with the main subthemes including handouts, challenging stuck
points, and exposure activities. All patients made positive
comments about the handouts, including general comments
about the handouts such as

The handouts made me reflect on the things that I
asked me to do and things that I need to let go of,

The handouts reflected someone living with both HIV
and PTSD. They reflected a lot,

and

I think that they could equally be applied to a lot of
other difficult circumstances people have. And I think
with certain individuals that it might be more helpful
for them to have something that’s tangible.

Several patients also made positive comments about specific
handouts, including

I actually like this trust star so to speak. I think that
it could actually be pretty useful just as an exercise
about trust generally rather than specifically.

Almost all of the patients discussed that the challenging stuck
points activities were helpful. Specifically, 1 patient noted,

To reflect on, you know, an issue and look at it from
a lot of different facets in a lot of different ways,

and another mentioned,

It works. I mean it’s asking me directly to address the
[stuck points] and to put things down and look at

them and go through a systematic process. You don’t
like activating them but it’s working.

In addition, most patients reported that the exposure techniques
were very helpful in decreasing symptoms. One patient
described,

Just talking about it. I mean, you let me trigger some
things that I didn’t even think I was gonna think
about, yeah?

Theme 4: Incorporating Skills Learned in CPT-L
Many of the patients described ways that they plan to
incorporate skills learned in CPT-L moving forward, including
setting different goals, engaging in different activities, practicing
challenging thoughts and stuck points, being more aware of
feelings, and improving self-acceptance and self-esteem.
Regarding goals, many patients described that they plan to set
different goals for themselves. One patient reported,

I wanna set different goals for myself and maybe think
about how I’m doing things a little bit differently and
as far as you know, making a more dive into this state.

Another patient stated some personal goals,

Not being in my PJs and taking a shower before
session. And combing my hair.

In addition, a patient discussed a goal of consistently taking
medication by stating,

I need to make sure I’m on my meds for the next three
months to get shots and I hate shots, so this has helped
me.

Relatedly, several patients described that they plan to engage
in different activities following completion of CPT-L, including

I can start planning something. I will start with people
from church” and “If I have to do at least one thing
just for myself, not because I did anything to deserve
it, or whatever right? I can do that.

Most patients described that they plan to practice changing
thoughts and challenging stuck points following completion of
CPT-L. Specifically, 1 patient reported,

I think that there’s a great likelihood that I’m
probably going to filter what I think and how I react,

while another patient stated,

Reconstruct my perception or think about alternatives.

A few patients reported that they plan to be more aware of their
feelings, as 1 patient stated,

Assessing feelings, and probably being more aware
of them. And their impact on people around me.

Finally, several of the patients described that they would like
to improve their self-acceptance and self-esteem following the
completion of CPT-L. Specifically, 1 patient made a comment
about self-acceptance and self-esteem including,

The way I think about what happened with my mother
and trying to use it as a lens to help me have a better
sense of self instead of looking for some reason why
I’m the way I am. Just more acceptance of the way I
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am. Because I mean, I don’t feel like I’m altogether
horrible.

Other patients described,

Try to think more positive about myself,

and

I can already see this has given me a construct with
some new things that float into my mind. That are
kind of self-judgments that I can, you know, have a
better way of dealing with.

Discussion

Recent years have seen a growing awareness of the need for
trauma-informed, HIV treatment approaches as converging
evidence suggests a reciprocal association between HIV and
exposure to trauma. Having an HIV diagnosis is a significant
predictor of physical and sexual victimization [48-49], which
in turn has been associated with more engagement in HIV-risk
behaviors, poorer physical functioning, increased
symptomology, and higher rates of mortality among PWH
[12,50-54]. Unfortunately, PWH with co-occurring PTSD must
overcome several structural, psychosocial, and behavioral
challenges with potentially devastating health consequences.
These mutually reinforcing risk factors call for an integrated
treatment approach [55]. Indeed, integrated interventions for
cooccurring disorders have been found to increase client
engagement with treatment and improve patient outcomes [56].
To address this unmet need, the current study introduced a
modified treatment protocol incorporating gold standard,
evidence-based practices used with trauma exposed populations
CPT and PWH (Life-Steps) [27,57]. CPT was selected from
similarly effective treatments for PTSD for its mechanism of
change (ie, cognitive restructuring), which allows for the
flexibility to simultaneously target maladaptive appraisals
related to trauma, intersectional stigma, and HIV using a
skills-based, modular format.

The resulting framework (CPT-L) leverages treatment
components from each protocol to target factors known to
contribute to PTSD and ART nonadherence. First, structural
barriers, such as low access to (and understanding of) health
education, can considerably impede adherence given the
complexity of HIV medication regimens [58]; components of
CPT-L addressing these documented barriers were well-received
by participants in the current study. The integration of Life-steps
with CPT provided explanations about consistent adherence
and psychoeducation about the co-occurrence of PTSD and
HIV. Generally, participants found that the information adapted
from both protocols was well integrated and accurately reflected
their lived experience. Findings suggest that demystifying
co-occurring HIV and PTSD allowed participants to gain a sense
of mastery over their own medical care, which then translated
to actionable goals to increase and maintain higher levels of
ART adherence. The observed patterns were consistent with
studies supporting the effectiveness of education-based
interventions on treatment adherence for PWH [59,60] but
extended existing interventions by incorporating information
on the impacts of PTSD. Although some participants lamented

not having access to the information sooner, they also noted
that it has contributed to a newfound self-awareness and sense
of hope. Within the context of the roles of stigma and attitudinal
barriers in delayed mental health services, the high patient
acceptability of CPT-L are promising and warrant further testing
to help improve access to trauma-focused care, both in the
United States and abroad [61].

Another known factor contributing to PTSD and ART
nonadherence that is addressed by CPT-L are maladaptive
beliefs in a multicultural context. In addition to “traditional”
(ie, more trauma-focused) maladaptive beliefs that are identified
for cognitive restructuring in CPT, increased acceptability and
relevance of CPT-L by PWH may be due to CPT-L’s emphasis
on participants’ intersecting identities (eg, HIV status, racial,
ethnic, sexual, and gender identity discrimination) to
acknowledge and validate broader personal and cultural contexts
that can affect health behaviors and management. This
multicultural orientation opened a conversation about
experiences of stigma (enacted and internalized) they may have
experienced. Participants were then guided in processing
intersectional stigma through a trauma-informed lens (ie, themes
of safety, trust, power and control, esteem, and intimacy). For
example, aligned with evidence of the association between
disclosure of HIV status and increased social support [43], the
“Trust Star Worksheet” was adapted to reflect disclosure as an
important type of trust. The Trust Star is an activity completed
within CPT to assist the patient in identifying aspects and levels
of trust, and how this impacts the way the individual may trust
themselves and others. While many individuals with PTSD view
trust as an all or none concept, this activity assists the patient
in seeing trust as multi-faceted. This in turn assists the patient
in challenging extreme or exaggerated stuck points related to
trust. Based on results from feedback on the qualitative study,
the new conceptualization of the Trust Star in CPT-L included
the participant’s trust in their own ability to navigate the process
of disclosure of their status using their newly acquired tools
(captured in the theme “different (less negative) view of HIV
status”. Upon completing the protocol, participants recognized
that much of the shame they experienced about their HIV status,
victimization experiences, and intersecting identities was
founded on flawed beliefs about the nature of the disease, the
world, themselves, and others (captured in themes “practicing
challenging thoughts and stuck points” and “improving
self-acceptance and self-esteem”). Using thought challenging
skills, participants developed more adaptive worldviews that
fostered greater self-acceptance (especially regarding sexual
orientation and gender identity), trust in others, and trust in
themselves (captured in themes “practicing challenging thoughts
and stuck points”). Consequently, they were better able to
engage in self-care (eg, hygiene and medication adherence) and
were more motivated to connect with their social support
networks. From the perspective of a social safety theoretical
framework, in removing inappropriate shame and internalized
stigma that hinders social bonds, feedback from participants
highlights CPT-L’s potential as an effective tool to decrease
some of the deleterious health consequences that traumatized
PWH experience as a function of social threat and disconnection
[62].
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Finally, PTSD-associated avoidance may underlie ART
nonadherence such that the medications themselves may cue
trauma memories and HIV-related stigma that deter consistent
use. In other words, regardless of the reason (eg, forgetting vs
choosing), it is possible that medication noncompliance is
functionally an avoidant behavior used to escape distressing
internal experiences for people struggling with co-occurring
HIV and PTSD. In response, CPT-L features exposure as a core
intervention component. Specifically, rather than the standard
trauma narrative, participants are assigned 2 reflection
statements recounting their index trauma and their experience
with the news of their HIV status (unless HIV status is the index
trauma). For many participants, the therapy setting was their
first experience talking, or even deliberately thinking, about
their index trauma and HIV status. They generally observed
that actively approaching these topics allowed them to
reorganize their thoughts and reframe their experiences. To their
surprise, participants discovered that their broadened
perspectives cultivated esteem and intimacy as they reflected
on their relationships to themselves and others. These findings
were consistent with evidence suggesting that disclosing trauma
histories within the context of research or health care settings
poses minimal risk of worsening symptoms, and in some cases
can have secondary therapeutic benefit [63]. This data may help
address misinformation and provider fears about
“retraumatizing” PWH when screening for PTSD. In addition,
participants were able to reconceptualize the cause and meaning
of their index trauma and HIV status. Coupled with their fostered
sense of trust in their own abilities, the shift away from
self-blame and internalized stigma helped them regain a sense
of control of their health and greater confidence in their ability
to manage their own care.

While the intervention was largely well-received, several themes
reflecting the need for modifications also emerged within the

data. Participants primarily focused on improving handouts and
worksheets stating that although the material was helpful, it was
not intuitive, and the terminology was sometimes unclear.
Several participants specified that they would benefit from
additional examples pointedly touching on issues at the
intersection of HIV and PTSD. Participants maintained that
they would like to see self-acceptance and self-esteem for
trauma-exposed PWH modeled through treatment materials (eg,
including participant “success stories” and examples of adaptive
alternatives to common stuck points).

Notwithstanding these limitations, CPT-L appears to be
acceptable and relevant to PWH experiencing traumatic stress
and merits further investigation as an integrated intervention
for co-occurring PTSD and HIV. After challenging
stigma-related stuck points, participants expressed feeling less
constrained by maladaptive thoughts. These shifts translated to
increased self-efficacy with both HIV-related care and mental
health. Although limited in size and scope, the current study
yielded preliminary support for the tolerability and effectiveness
of the intervention. Findings highlight the importance of
tailoring mental health treatment approaches to address
trauma-related stuck points, intersecting identities (including
living with HIV), and challenging internalized stigma. Such
adaptations support goals for health outcomes (eg, ART
adherence) by reducing the intensity of trauma-related distress
and patterns of avoidance that interfere with HIV-treatment
engagement. Future studies can expand on these efforts to
complete the ADAPT-ITT process, including refining and
testing CPT-L on a wider scale. Based on these qualitative
results, integration and evaluation of strategies that foster social
safety in mental health interventions for PWH warrants further
attention.
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Abbreviations
ADAPT-ITT: Assessment, Decision, Adaptation, Production, Topical experts-integration, Training, and Testing
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Abstract

Background: Racial inequities in pregnancy outcomes persist despite investments in clinical, educational, and behavioral
interventions, indicating that a new approach is needed to address the root causes of health disparities. Guaranteed income during
pregnancy has the potential to narrow racial health inequities for birthing people and infants by alleviating financial stress.

Objective: We describe community-driven formative research to design the first pregnancy-guaranteed income program in the
United States—the Abundant Birth Project (ABP). Informed by birth equity and social determinants of health perspectives, ABP
targets upstream structural factors to improve racial disparities in maternal and infant health.

Methods: The research team included community researchers, community members with lived experience as Black or Pacific
Islander pregnant, and parenting people in the San Francisco Bay Area. The team conducted needs assessment interviews and
facilitated focus groups with participants using human-centered design methods. Needs assessment participants later served as
co-designers of the ABP program and research, sharing their experiences with financial hardships and government benefits
programs and providing recommendations on key program elements, including fund disbursement, eligibility, and amount.

Results: Housing affordability and the high cost of living in San Francisco emerged as significant sources of stress in pregnancy.
Participants reported prohibitively low income eligibility thresholds and burdensome enrollment processes as challenges or
barriers to existing social services. These insights guided the design of prototypes of ABP’s program components, which were
used in a design sprint to determine the final components. Based on this design process, the ABP program offered US $1000/month
for 12 months to pregnant Black and Pacific Islander people, selected through a lottery called an abundance drawing.

Conclusions: The formative design process maximized community input and shared decision-making to co-design a guaranteed
income program for Black and Pacific Islander women and people. Our upstream approach and community research model can
inform the development of public health and social service programs.
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Introduction

Background
Pregnancy is a critical period of development when stress can
have deleterious effects on both the pregnant person and their
baby, leading to adverse birth and long-term health outcomes
[1,2] that disproportionately affect Black, Indigenous, and
Native Hawaiian or Pacific Islander people [3,4]. In the United
States, Black infants are twice as likely to be born preterm or
with low birth weight compared to White infants [3]. These
inequities extend to maternal health, with Black women being
3.3 times more likely to die during or after pregnancy than White
women [5]. While rates of adverse outcomes are often obscured
by aggregation of data among Asian and Pacific Islander
subgroups [6], Native Hawaiian and other Pacific Islander
people experience higher rates of low birth weight, preterm
birth, and macrosomia [3,7,8]. Even in San Francisco, a wealthy,
well-resourced city, the shrinking Black and Pacific Islander
populations experience significant inequities in birth outcomes
[9]. Black and Pacific Islander pregnant women and people
experienced the highest rates of preterm birth, at 12.7% and
8.9%, respectively, in 2014-2016, the last years with enough
births to Pacific Islander people to reliably report [10]. Research
increasingly indicates that racism—structural, institutional, and
interpersonal—is a key underlying driver of these inequities
[11,12]. It is unsurprising, therefore, that clinical, educational,
and behavioral interventions have failed to meaningfully narrow
racialized birth disparities [3,13-15].

Efforts to reduce inequities must address exposure to
interpersonal, institutional, and structural racism as the root
cause of disproportionate risk [16-19]. Racial inequity in income
and wealth is one manifestation of structural racism, with
important public health ramifications [16,20]. The racial wealth
gap has resulted from a long history of exclusion of Black
families from economic opportunity, through a combination of
redlining, exclusionary zoning, subprime loans, and “urban
renewal” programs, among other tactics [21]. This leaves Black
families and other families of color more vulnerable to economic
stress during pregnancy. Financial stress may be particularly
acute during pregnancy, a period of income volatility when
families frequently experience changes in housing, employment,
health care, and childcare costs [22]. Indeed, in a nationally
representative study of pregnant and postpartum women, over
half reported general financial stress [23]. Yet, efforts to directly
alleviate poverty and financial stress to address birth inequities
are limited. In San Francisco, the median annual income in 2020
for White households was US $146,043, while it was just US
$38,862 for Black households and US $90,917 for Pacific
Islander households [24], making it the city with the third largest
income disparity in the United States [25]. The Insight Center
Family Needs calculator estimated the minimum income

required to live in San Francisco in 2021 without public or
private assistance as US $60,232 for a single adult, US $120,519
for a single adult with 1 preschooler, and US $167,432 for a
household with 2 adults, 1 infant, and 1 preschooler [26]. To
meet the needs of a family of three, Black and Pacific Islander
households would have needed to earn 4 and 2 times their
current average incomes, respectively.

Guaranteed income describes the disbursement of unconditional
cash to individuals or families in a community without
restrictions, allowing flexibility to close gaps where needs are
not being met by public benefits programs [27]. Guaranteed
income programs offer the potential to address poverty and
stress caused by economic racism and the racial wealth gap.
Philanthropic funders, cities, and states, including California,
are increasingly investing in guaranteed income as a poverty
reduction and equity-generating strategy [28]. Emerging findings
from the growing research on United States guaranteed income
pilots have found that monthly income supplements improve
the sense of trust in institutions, dignity, and autonomy and
increase savings, without changing spending patterns [29,30].
Magnolia Mothers Trust, a program providing US $1000 per
month for 12 months to Black mothers living in federally
subsidized housing in Jackson, Mississippi, allowed mothers
to save for emergencies, buy food, pay childcare expenses, and
prioritize their health [30].

At the time of the Abundant Birth Project’s (ABP) inception,
there were no guaranteed income programs in the United States
that addressed the critical period of pregnancy. However,
evidence from other contexts supported a guaranteed income
in pregnancy as a health intervention. A quasi-experimental
study among 14,591 pregnant women in Manitoba, Canada,
found that an approximately 10% increase in income from a
pregnancy income benefit resulted in reductions of low
birthweight by 21% and preterm birth by 18% [31,32]. Since
the launch of ABP, there has been a proliferation of guaranteed
income programs across California, including other programs
that target pregnancy [28,33,34].

The Abundant Birth Project
ABP is a program of Expecting Justice, a Black-led, cross-sector
collaborative focused on birth equity in San Francisco that
includes mothers, public health professionals, health and social
systems partners, and governmental leaders. Expecting Justice
uses a collective impact model, which is a process to bring
together diverse stakeholders to create a common agenda,
establish shared measurement, and foster mutually reinforcing
activities for stakeholders [35]. As part of its work to advance
birth equity, Expecting Justice is guided by community voice
and emphasizes upstream solutions that address the social
determinants of health. As defined by the National Birth Equity
Collaborative, birth equity is the assurance of optimal birth
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conditions for all people, with an ongoing effort to address racial
and social inequities [36]. The social determinants of health
result from the larger systems at play, such as economic policies,
racism, and political systems that shape the conditions of daily
life and health [37,38]. These frameworks informed the focus
on this pregnancy-guaranteed income program as an
equity-generating strategy to directly address income insecurity
as a social determinant of health by interrupting the pathway
from economic exclusion and stress to adverse birth outcomes.
Expecting Justice targeted this intervention toward communities
most likely to experience preterm birth to help narrow disparities
in preterm birth rates. Focusing on the most marginalized aligns
with the birth equity framework, emphasizing that targeted
support, rather than universal availability, is essential for
addressing birth inequities [36].

Expecting Justice entered a community-academic partnership
with the University of California, Berkeley, and the University
of California, San Francisco, to design and evaluate ABP. We
developed the ABP program and evaluation by actively,
meaningfully, and intentionally centering the voices and
experiences of the communities most affected by the adverse
birth outcomes the program seeks to improve. ABP launched
in June 2021, with the goal of enrolling 150 Black and Pacific
Islander pregnant women and people (including gender-diverse
individuals with the capacity for pregnancy) over 18 months.

This paper describes the formative research process, under the
co-leadership of community members, used to design ABP..
Our primary objectives were to (1) determine the financial needs
of Black and Pacific Islander women and people during
pregnancy, and (2) collaboratively design a
pregnancy-guaranteed income pilot program with Black and
Pacific Islander mothers. We hope that the process and results
from the formative research to design ABP will be useful to
other researchers, practitioners, and community groups
developing interventions to address racial health disparities,
including guaranteed income pilot programs.

Methods

Community Research Model
ABP used shared decision-making and community-centered
practices in all phases of the program development and
evaluation, by purposely centering the voices of community

members with lived expertise [39]. As a community-based
participatory research project, ABP recognized that this
relationship is dynamic and requires continual effort to rebalance
traditional power structures [40]. To support these efforts, 4
community researchers (CRs) served as key members of the
community-academic partnership. The CRs are Black and
Pacific Islander community members who have lived experience
of pregnancy and parenting in the San Francisco Bay Area.
They come from a variety of professional backgrounds and have
an interest in learning or experience using research methods to
advance birth equity. We adopted a shared power structure and
decision-making process that included following Expecting
Justice’s “expert opinion protocol” for all final decisions. This
protocol enabled ABP stakeholders who identified as Black
and/or Pacific Islander mothers to have protected time to share
their insights with the larger group without contradiction before
voting. We also used weighted voting in decision-making to
prioritize the perspectives of those who identified as Black
and/or Pacific Islander mothers.

The process of designing the ABP program and evaluation
involved (1) conducting interviews as part of the needs
assessment, (2) a Rapid Assessment Process (RAP) for analysis,
(3) a prototype development design sprint, and (4) a usability
testing design sprint (Figure 1). The CRs contributed to the full
process, bringing expertise from their lived experience with
pregnancy and parenting in the Black and Pacific Islander
communities: developing research questions, formulating survey
and interview instruments, recruiting participants, conducting
interviews, facilitating design sprints, interpreting results, and
making key program decisions. CRs received training in data
collection and analysis supported by the university-based staff,
which coupled with the team’s shared power structure, helped
to dismantle the hierarchy often present in research institutions
that keeps community members out of decision-making
processes [41,42]. Expecting Justice also led an ABP working
group with birth equity stakeholders, including Black and Pacific
Islander mothers, community organization representatives,
social service providers, maternal health leaders and researchers,
and representatives from health plans to collaborate and provide
strategic resources to support program development. The ABP
working group met monthly to inform key program design and
implementation decisions before, during, and following the
formative phase.
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Figure 1. The design process for the Abundant Birth Project involved conducting needs assessment interviews, an RAP to analyze findings, a prototype
development design sprint, and a usability design sprint to arrive at the final design. ABP: Abundant Birth Project.

The shared decision-making structure with the ABP program
and research teams, CRs, and ABP working group led to tangible
improvements in research and program design. For example,
the CRs voiced concerns that research studies rarely compensate
participants in a way that truly values their time. Under their
leadership, the team increased the amount of participant
remuneration for the interviews and design sprints from US $50
to US $75 and US $100 to US $200, respectively.

Needs Assessment Interviews
To inform ABP’s design, we first conducted interviews to
understand the experiences Black and Pacific Islander women
and people face during pregnancy in San Francisco. Inclusion
criteria were aged 18 years or older, identified as Black and/or
Pacific Islander, spoke English, and either currently pregnant
or had been pregnant while residing in San Francisco in the past
5 years. Participants were recruited from social media and local
community organizations. The CRs closely collaborated on the
development of the interview guide to ensure that language and
questions would capture appropriate topics in a comfortable
environment for participants. We conducted interviews from
April to June 2020. The CRs conducted the interviews using a
web-based videoconference platform or by telephone. Interviews
were recorded and professionally transcribed.

The interview guide addressed stress and financial experiences
during pregnancy and experiences with and perception of public
benefits programs. We also asked participants for
recommendations on the ABP program design, including how
much money would alleviate financial stress during pregnancy,
how to best distribute the income supplement, and program
eligibility criteria and restrictions.

Before conducting interviews, the CRs underwent training in
qualitative research methods led by Dr Brittany Chambers, a
Black scholar, mother, and community engagement expert. The
training included an introduction to asking research questions,
qualitative data collection, and interviewing skills. The entire

research team went through the training together, building trust
and rapport throughout the process. The CRs described the
importance of being trained by a researcher from their own
communities. Dr Chambers used art-based activities that allowed
the CRs to celebrate their stories and the whole team to tap into
their imagination and creativity and engage with one another
outside of hierarchies. CRs received compensation for their
time and expertise in the training.

About RAP
To identify key topics, we used RAP, an intensive, team-based,
iterative analytic approach that uses data triangulation to develop
preliminary findings from the perspective of an
insider—pregnant and parenting Black and Pacific Islander San
Franciscans [43]. RAP is well-suited for qualitative research
informing the design of interventions, as it allows for rapid and
timely data reduction and ongoing analysis during data
collection. We brought together the team, including CRs,
program staff, and student research assistants for shared
qualitative analysis training. CRs, other research team members,
and program staff used summary templates to create a memo
for each interview. Members of the research team reviewed
memos for consistency. The first step of data reduction involved
matching domains from the summary template to interview
questions. The domains included concerns about stress and
pregnancy, employment, experiences with social services,
desired programs and services, feelings about the income
supplement, recommended supplement amount, eligibility
restrictions, disbursement, recruitment recommendations, and
additional financial services. Finally, we used an individual-level
data matrix to synthesize key data across participants and
identify themes.
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Human-Centered Design Sprints

Overview
Using design thinking methodology, we conducted 2 focus
groups, called human-centered design sprints, to develop and
refine the facets of the guaranteed income program following
themes identified from the need assessment interviews.
Originating in consumer technology, design thinking is a method
of developing innovative solutions and products with leadership
and input from the end user [44]. A design sprint refers to a
rapid, human-centered design activity, in which individuals are
brought together to discuss and iterate on program design
components [45]. Design sprints prioritize qualitative feedback
from stakeholders and target end users, and encourage creative
thinking [45]. Human-centered design methodology is especially
well-suited for developing urgently needed interventions to
reduce health inequities and has previously been used to gather
community input on solutions for perinatal disparities [46]. We
partnered with design thinking firms that helped determine the
structure of the design sprints and trained the ABP program
staff and CRs on how to facilitate these sessions.

Due to the COVID-19 pandemic, we conducted the design
sprints using videoconferencing software and recorded the
sessions. We provided tablets with internet connectivity to all
design sprint participants who lacked internet access to
participate virtually. For continuity, we invited participants from
the needs assessment interviews to participate in the design
sprints. Co-designing with the same participants also ensured

that their voices and perspectives were reflected in the program
prototypes. Each design sprint session was 4 hours.

Design Sprint 1: ABP Prototype Development
Guided by findings from the needs assessment interviews, our
team determined 4 remaining design questions to be answered
through the first design sprint.

1. Distribution: How can we best deliver money in a way that
is both inclusive and convenient?

2. Eligibility: How can we best serve the Black and Pacific
Islander communities in San Francisco while allowing for
flexibility in eligibility criteria?

3. Amount: How can we balance financially supporting
pregnancy needs with the desire to support as many people
as possible?

4. General support: How can we support pregnant people, not
just financially, but holistically, during their pregnancy?

Before the design sprint, we provided participants with a
welcome packet to introduce ABP and the purpose of the
session. The welcome packet included a journey map to
contextualize the human-centered design sprints for participants
(Figure 2). The journey map was developed using common
themes from the needs assessment interviews to guide
participants through a story of a Black or Pacific Islander
pregnant woman in San Francisco, focusing on how racism
contributes to financial and housing challenges, stress, and
stigma.

Figure 2. The journey map was developed using themes from needs assessment interviews conducted from April to June 2020 for the Abundant Birth
Project. It described how racism contributes to financial and housing challenges, stress, and stigma for Black and Pacific Islander pregnant women in
San Francisco. SF: San Francisco; PI: Pacific Islander; WIC: Women, Infant and Children.

Following the first design sprint, we synthesized feedback from
participants with findings from the needs assessment interviews
to develop ABP program prototypes. Specific recommendations
from participants in interviews and the first design sprint

informed the prototypes for key components of ABP, including
distribution method, amount, and eligibility criteria. The themes
surrounding previous experiences with social services informed
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components of the ABP prototype that focused on support that
should be offered in addition to the supplement itself.

Design Sprint 2: Usability Testing
Using the learnings from the first design sprint, our team
developed prototypes for each participant-facing aspect of the
program, including the interest form, eligibility interview,
participant selection, program enrollment, orientation, program
experience, and research engagement. Design thinking is
iterative; therefore, the second design sprint focused on usability
testing with the ABP prototypes. Participants gave feedback on
the prototypes, which helped ensure that the final program
design aligned with community values and perspectives. CRs
facilitated breakout groups that focused on each aspect of the
program experience. For research engagement, participants were
asked about what concerns they would have about engaging in
research and what would make them excited to opt into the
research. We made final decisions regarding the prototypes
using Expecting Justice’s “expert opinion” protocol.

Ethical Considerations
The institutional review board of the University of California,
San Francisco, approved this study’s protocol (IRB #19-27608,
reference #267614). Participants signed consent forms for
interviews and design sprints after reviewing them with study
personnel. The research team removed identifiers (eg, names)
from interview transcripts to deidentify data. Participants
received a US $75 gift card incentive for taking part in the needs
assessment interviews and a US $200 gift card incentive for
participation in each design sprint.

Results

Needs Assessment Interviews

Participant Demographics
We conducted 21 in-depth interviews from April to June 2020.
Seventeen participants identified as Black or African American,
5 as Pacific Islander, 2 as Latinx, and 1 as Native American or
Indigenous (Table 1). All 21 participants identified as women.
Eleven participants had experienced homelessness in the past,
and 15 were at risk of food insecurity [47].

Table 1. Selected demographics for Abundant Birth Project formative research participants in San Francisco, California. Formative research needs
assessment interviews and design sprints occurred from April to December 2020 (N=21).

Value, n (%)Characteristic

Racial identitya

17 (81)Black or African American

2 (10)Latinx

1 (5)Native American or Indigenous

5 (24)Pacific Islander

Pregnancy status

6 (29)Pregnant at the time of interview

15 (71)Pregnant in the last 5 years

Income

7 (33)100% federal poverty level

6 (29)100%-200% federal poverty level

6 (29)>200% federal poverty level

2 (9)Do not know

aRacial identity categories are not mutually exclusive.

Experiences of Financial Stress in Pregnancy
All participants discussed feeling stressed during their
pregnancies; sources included negotiating employment leave,
the health of their baby and themselves, and most frequently,
housing and the high cost of living in San Francisco. Some
participants reported being housing insecure or homeless during
their pregnancies, underscoring the precarity of meeting basic
needs in San Francisco. One participant described how the cost
of living in the Bay Area was a primary driver of her stress.

Especially living in San Francisco Bay Area, everyone
is so uptight and on edge because it's so expensive to
live here, and we're always stressed-out about

working or money and just trying to make it, so with
all of that already going on top of bringing another
life into the world, things can get really, really
stressful. [Currently pregnant, identified as Black and
Latinx]

Another participant discussed her distressing personal
experience with homelessness and the tradeoffs she had to
consider to keep her child safe.

I was couch surfing. I was homeless. I became
homeless March of 2019, so I was couch surfing
waiting for a shelter to come about or some type of
services, so I’ve been just couch surfing, sleeping on
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the…well, I will sleep at the bus stop, but my son
would be with one of my friends during the night, so
that he would [be] able to sleep comfortably. [Last
pregnant in 2020, identified as Pacific Islander]

Participants discussed the need for assistance programs that
could include middle-income families. One participant
underscored this by saying:

The hard part is being in this random middle class
just because of my husband's one job, even though
nobody's taking into account all of our expenses and
things. And so, it's still kind of like we're low-income,
but it doesn't read low-income on paper. [Last
pregnant in 2018, identified as Black, Latinx, and
Native American or Indigenous]

Other participants who considered themselves middle-income
echoed this “catch-22” situation, in which they struggled
financially because they did not make enough to meet the costs
of living in the San Francisco Bay Area, but their income
surpassed the federal poverty line used to calculate public benefit
eligibility, rendering them ineligible for assistance. Describing
this impossible situation, one participant said:

Just because someone has a job doesn’t mean that
they shouldn’t not qualify and get this extra help,
because they still have stress. They still are worried
about something financially, you know…what I’m
saying is like most programs if you make less than
$35,000 a year. Well, that’s poor, poor, poor in San
Francisco. But what about like the person who makes
$32 an hour, you know, that can’t make ends meet or
is stressing and struggling. Like there’s never any
kind of help or support for them. They can’t get the
Medi-Cal. They can’t get the WIC. No welfare.
Children’s Council. None of that. [Most recently
pregnant in 2019, identified as Black]

Experiences With Government Benefits Programs
Most participants (18/21) had experiences with government
benefits programs, including CalFresh (California’s
Supplemental Nutrition Assistance Program), CalWorks
(California’s Temporary Assistance to Needy Families program,
commonly known as “welfare”), Medi-Cal (California’s
Medicaid program), the Special Supplemental Nutrition Program
from Women, Infant and Children, and Black Infant Health, a
statewide program to improve the health of Black mothers and
babies. Participants found most government benefits programs
financially helpful and were grateful for the aid. One participant
said:

CalFresh helped a lot. It was a lifesaver, actually.
We were just so broke at that time and paying San
Francisco rent and everything, so that definitely
helped us get by until I got a more full-time job, and
things changed after that, but it definitely got us
through. [Currently pregnant, identified as Pacific
Islander]

Despite appreciating the financial assistance, participants found
the application processes for many benefits programs
burdensome and income eligibility requirements too restrictive,

given the cost of living in San Francisco. Additionally,
participants reported feeling stigmatized by the benefits program
staff or when using certain resources, such as a CalFresh
Electronic Benefit Transfer card at a grocery store or Medi-Cal
at their health care provider. Describing previous stigmatizing
experiences while using Electronic Benefit Transfer at the
grocery store, one participant said:

I feel like you’re looked at differently, you’re really
treated differently. Like, I would have people, like,
cashiers, kind of put me to the side like, ‘Oh, figure
out your check stuff, and then let me get these people
that are paying.’Like, I’ve had people say that to me,
and so that part of it is just like—and then, you know,
[the cashiers] getting up on a loudspeaker—just it
just, all that stuff, nobody’s discreet about anything…
[Most recently pregnant in 2016, identified as Black]

Recommendations for a Pregnancy Guaranteed Income
Program
Overall, participants enthusiastically supported the idea of an
income supplement for Black and Pacific Islander people during
pregnancy, feeling that the flexible resources would significantly
reduce stress during pregnancy.

That would be so helpful and also show compassion
towards the women [and] what they go through
because people don't know really what we go through
unless you had the baby...that money would definitely
be helpful towards whether or not you pay for diapers
or food, you know what I'm saying. Like sometimes
you can't do both, but you need both, right? [Most
recently pregnant in 2018, identified as Pacific
Islander]

We asked participants how much money per month they
believed would reduce financial stress during pregnancy. Three
participants felt “anything would help,” 4 recommended less
than US $500, 11 recommended an amount between US $700
and US $1000, and 4 believed more than US $1000 would be
necessary due to the high cost of living in San Francisco.
Participants recommended electronic fund distribution for speed
and because many bills are paid on the web. They felt that cash
may be spent too quickly, makes tracking spending difficult,
and cannot be replaced if lost. Some also expressed concerns
that cash could not be used for remote or web-based purchases,
which was essential during the data collection period at the
beginning of the COVID-19 pandemic. Many mentioned the
need for an option for individuals without a bank account. When
asked about potential other services that should be offered
alongside ABP, most felt it would be valuable to offer optional
support with finances (eg, credit building or repair, savings,
banking, and taxes), childcare, and housing.

Some participants expressed concerns about how recipients
would spend the income supplement. This may reflect false and
racist narratives about how Black mothers use public assistance
programs [48]. Often speaking in generalities, participants
discussed concerns that income supplement recipients may not
use the money in ways society deems “right.” Participants also
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reported concerns that if hypothetical recipients misused the
funds, it may result in the cessation of the program.

Of course, we have those folks who would abuse it
and maybe not really using it, well, I guess if it's no
strings attached, it doesn't matter what they use it for,
but I guess I would just be afraid of anything
happening like that so where it would be abused to a
point that we'd lose it altogether, you know what I
mean, so that would be a concern. [Most recently
pregnant in 2018, identified as Pacific Islander]

Several participants discussed eligibility requirements, such as
an income cap or debt-to-income ratio. These criteria were
proposed to ensure that the limited resources are directed to the
target population.

Design Sprint 1: ABP Prototype Development

Overview
Fifteen interviewees from the needs assessment participated in
the first design sprint, which occurred in July 2020. The CRs
facilitated breakout sessions to discuss the concept of an income
supplement and address the 4 key program design questions.

Amount
Participants believed that a monthly supplement should be at
least US $1000 to provide a noticeable benefit during pregnancy.
As participants also wanted the program to accommodate as
many people as possible, they preferred a supplement to reach
150 participants over a larger supplement reaching fewer people.

Disbursement
Some participants recommended multiple payment types for
the disbursement of funds. As this was not feasible with the
disbursement organizations, participants came to the consensus
that an ABP-specific debit card (as opposed to cash, check, or
direct deposit) would be the most acceptable way to distribute
the supplement. Participants discussed what would make the
debit card the most accessible, such as not requiring a bank
account or social security number. They also expressed they
wanted the ABP debit card to have a beautiful design that
reflected their communities, so recipients would not feel
stigmatized or judged as they often did in other benefits
programs (Figure 3).

Figure 3. The Abundant Birth Project debit card included imagery that reflected participants’ desire for a beautiful design to prevent feelings of stigma
or judgment often associated with using other benefits programs.

Eligibility
Participants felt the program should have additional eligibility
criteria aside from identifying as Black and/or Pacific Islander,
such as gestational age in pregnancy and income. For income,
participants expressed a desire for the program to serve
individuals who do not qualify for government benefits but still
struggle to meet their needs in San Francisco. Design sprint
participants believed that ABP participants should be randomly
selected to give everyone interested an equal chance of enrolling
in the program. Importantly, participants cautioned against using
the term “lottery” to describe this process, given that their
communities had a history of negative experiences with
lottery-based programs, such as the local public housing
selection process.

Other Support
Participants believed that the program should prioritize offering
participants opt-in case management support. While they felt
that engaging with case management should not be required
with an unconditional program, they acknowledged that people
have trouble accessing existing resources and navigating the
benefits system.

Design Sprint 2: Usability Testing
Eight participants from the first design sprint returned in
December 2020 to test and provide feedback on all components
of the ABP prototypes.

We elicited feedback on example recruitment documents.
Participants preferred interest and referral forms that could be
completed in 5 minutes or less. They suggested that the ABP
website contain a portal to allow applicants to check their status
from interest form submission to enrollment. To create a
welcoming atmosphere, participants felt it was important for
the website to have imagery representing Black and Pacific
Islander people. This was especially important for the Pacific
Islander participants because few programs tailored outreach
specifically to this community. With this in mind, Expecting
Justice collaborated with Black and Pacific Islander artists to
design outreach materials such as flyers and social media posts.
Expecting Justice consulted the San Francisco Pacific Islander
Maternal Advisory Board about the best language to use to refer
to the Pacific Islander population. They learned that the
community felt most comfortable using “Pacific Islander,”
“Pasifika,” or “Pasefika”—as opposed to “PI”—and
consequently used these terms in their outreach materials.
Participants also recommended that individuals be given a small
welcome gift once selected. Participants felt that a list of local
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resources was insufficient in terms of offering support, and
instead favored having program staff directly link participants
to services (ie, a warm handoff).

During this design sprint, participants expressed concerns about
people “misusing” the ABP funds. While we originally wanted
to create the lowest documentation burden for applicants,
participants in the second design sprint expressed a desire for
stricter documentation requirements to ensure eligibility. These
preferences mirrored those expressed in the needs assessment
interviews and the first design sprint. In addition, participants
discussed what would happen in the case of a pregnancy loss.

Participants also weighed in on their willingness to participate
in research to evaluate the impact of ABP. They noted the

factors that would make them more likely to participate in the
research, including transparency in how the results would be
used and knowing that the data collection would be conducted
by Black and Pacific Islander community members.

Final ABP Program Design

Overview
Through steps 1-4 of the formative community-centered
research, we established the final program design of the ABP
(Textbox 1). As a guaranteed income program, the income
supplements were unconditional, which meant there were no
requirements to receive or restrictions on the use of the funds.
Recipients could use the funds in a manner that best supported
their unique needs during pregnancy and postpartum.

Textbox 1. Final San Francisco Abundant Birth Project pilot elements, including the amount, duration, and disbursement of the income supplements,
program eligibility criteria and assessment, participant selection, and additional support that resulted from the design process.

Program feature and selected design

Amount and duration

• US $1000 per month for 12 months

Disbursement

• Direct debit card that could be used for cash or banking

Eligibility

• Identify as Black and/or Pacific Islander

• Living in San Francisco or recently displaced

• <27 weeks pregnant

• Annual household income of <US $100,000

Assessment of eligibility criteria

• Self-reported income

• Proof of residence

• Provider verification of pregnancy

Selection

• Random selection through the bimonthly abundance drawing

• Participants were re-entered into the drawing until they reached the third trimester

Additional support: abundance coaching

• Opt-in abundance coaching to support housing needs and connections to additional resources.

Eligibility and Verification
Eligibility criteria listed in Textbox 1 were assessed using a
web-based interest form and confirmed in an intake interview
that occurred over Zoom (Zoom Video Communications).
Applicants were required to provide verification of pregnancy
and documentation of residence in San Francisco to ensure the
program served its prioritized population. The allowable
documents to confirm residence included a California-issued
ID, school documents, employer pay stubs, or utility bill
statements. Gestational weeks of pregnancy were verified by a
medical provider. The documentation requirements reflected
the intention to strike a balance between honoring community

voices and not creating overly burdensome eligibility
requirements. Household income was self-reported and, to make
eligibility assessment simpler for program staff, not adjusted
by household size. The maximum income requirements were
purposely selected to allow low- and middle-income families
to participate, given the high cost of living in San Francisco and
that many families may not qualify for other governmental
benefits but struggle to meet basic needs. On the interest form,
applicants were able to self-identify as Black and/or Pacific
Islander, the communities most impacted by preterm birth in
San Francisco.

JMIR Form Res 2025 | vol. 9 | e60829 | p.2982https://formative.jmir.org/2025/1/e60829
(page number not for citation purposes)

Karasek et alJMIR FORMATIVE RESEARCH

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


Eligibility Changes Related to Pregnancy Outcomes
The design processes helped inform what would happen if a
participant’s eligibility changed over the course of participation,
particularly as it related to pregnancy outcomes. Using the expert
opinion protocol, the ABP working group decided that in the
event of a miscarriage, pregnancy termination, adoption, or
death of the infant, ABP participants would continue to receive
the income supplement for a 3-month grace period.

Implementing Randomized Selection
Bimonthly randomized drawings, called the “abundance
drawing,” ensured that all eligible individuals had an equal
chance of being selected for ABP within each drawing. If
applicants were not selected into ABP, they remained in the
eligibility pool until they were selected or entered into the third
trimester of pregnancy and therefore became ineligible.

Additional Support: Abundance Coaching
ABP offered optional case management services called
“abundance coaching.” In the needs assessment interviews,
participants expressed a desire for more Black and Pacific
Islander representation among staff from the local organizations
that provided them with support. They also expressed previous
stigmatizing experiences with government benefits programs.
These perspectives informed the decision that all abundance
coaches identify as Black and/or Pacific Islander to ensure racial
and cultural concordance. Once enrolled, participants accessed
optional support from abundance coaches who provided resource
linkage and support with financial and other life goals. This
included referrals to culturally specific community resources
and providers. Unlike traditional case management which is
often deficit-focused and paternalistic by directing and managing
goals for participants, the abundance coaches provided
individualized care and support based on the unique goals ABP
participants set for themselves.

Evaluation
Using foundational strategies of equitable evaluation [49], we
developed evaluation principles to abide by (1) leading with
justice, (2) recognizing harm, (3) respecting autonomy, and (4)
honoring community voice. We developed these principles
based on ongoing work with the CRs and the responses from
the interview and design sprint participants. The CRs, Expecting
Justice collaborators, and research participants reported that too
often Black and Pacific Islander people are excluded from
decision-making in research and that there is a lack of
transparency surrounding how data are used. The evaluation
was opt-in for all ABP participants, based on the belief that the
supplement should be truly unconditional, including research
participation. The formative research also informed the decision
that only CRs and other research team members who identified
as Black and/or Pacific Islander would conduct surveys and
interviews with participants.

Discussion

Principal Findings
Through a community-centered design process, we designed a
novel guaranteed income program to center the needs of

pregnant Black and Pacific Islander women and people in San
Francisco. To our knowledge, no previous studies have
qualitatively explored the financial, social services, and
pregnancy and parenting experiences of these communities in
San Francisco. Our needs assessment interviews revealed
significant financial and life stressors experienced by Black and
Pacific Islander people during and after pregnancy. Housing
insecurity and previous poor experiences with social service
programs were underscored by multiple participants. These
findings are consistent with a report documenting that increases
in San Francisco housing prices led to new concentrations of
poverty especially for Black families from 2000 to 2015 [50].
Our findings also align with previous studies that report
disproportionate unaffordable housing costs among people of
color [51,52]. Additionally, the high cost of living in San
Francisco left participants far above the federal poverty line
ineligible for social services yet struggling to make ends meet.
While all participants were enthusiastic about the potential of
a guaranteed income program, they expressed concerns
surrounding the eligibility and additional support needed to
navigate the benefits system.

These experiences served as the foundation of the ABP
prototypes and final program design. This formative process
allowed for the establishment of eligibility and verification,
supplement amount, disbursement options, and optional case
management supports that were directly aligned with community
members’ expertise and preferences.

Strengths and Limitations
There are several strengths to this community-centered model
of formative research and program development. Guaranteed
income is a novel public health intervention, and the ABP
program contributed to a swell of guaranteed income pilots in
California and across the country [53-56]. Integrating
community voice and expertise throughout the design process
tailored ABP to the needs of the pregnant women and people
it aimed to serve. We note that formative research with the CR
model and shared decision-making requires more time and
resources in the design phase, and institutions and academic
hierarchies often do not allow space for this community-engaged
work. Nonetheless, we strongly believe that community-centered
formative research and program design ensures authentic
engagement and leads to more relevant, responsive, and just
programs and interventions. Our process can provide a roadmap
for other programs to guide community co-design of an
intervention.

Our results should also be considered in light of some
limitations. Due to the COVID-19 pandemic, the needs
assessment interviews and design sprints were implemented
through videoconferencing only, and this mode of data collection
may have affected the way participants engaged in the sessions.
Participants’ experiences of pregnancy and parenting were also
likely changed by the pandemic. Additionally, eligibility for
the interviews and design sprints included the ability to speak
and read English, so these findings may not capture the
experiences of non–English-speaking Black and Pacific Islander
pregnant people in San Francisco, particularly immigrants.
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Conclusions
The model of formative research to design ABP may be useful
to other programs centering on community-driven,
equity-oriented approaches. Interventions intended to address
health equity should include experts with lived experience in
the design process. Too often, well-intentioned programs do
not meet the needs of recipients or center equity because of a
lack of community participation in all elements of design.

The inclusion of CRs as integral members of the ABP staff was
key to maximizing community involvement and shared
decision-making. Ongoing staff and ABP working group
meetings had designated spaces for CRs and community experts
to advise ABP program implementation and evaluation
design. Using the expert opinion protocol allowed for any

ongoing issue to be decided with a consensus that prioritizes
lived experience in developing solutions.

ABP aims to directly address the historical disinvestment of
Black and Pacific Islander communities in San Francisco and
positively impact birth outcomes in these communities through
the provision of an unconditional income supplement. The
COVID-19 pandemic has disproportionately impacted Black
families, further underscoring the vital need for interventions
that address structural deficiencies [57]. ABP applied a
community-centered approach to design an intervention focused
on the communities most impacted by maternal and birth
disparities to reduce the effects of the racial wealth gap and
economic insecurity among Black women. This novel approach
and design process has great promise to reduce inequities in
birth outcomes and center health and racial justice in antipoverty
programs.
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Abstract

Background: The Tobacco Heating System (THS; commercialized as IQOS) is a smoke-free heated tobacco product introduced
in the United States in 2019 and authorized by the US Food and Drug Administration as a modified risk tobacco product (MRTP)
in 2020. THS consists of a holder and specially designed tobacco sticks that are heated instead of burned to produce a
nicotine-containing aerosol. THS was available in Atlanta, Georgia; Richmond, Virginia; Charlotte, North Carolina; the Northern
Virginia region; and South Carolina before its market removal in November 2021.

Objective: This study aims to describe selected sociodemographic characteristics and self-reported health history of adults who
used IQOS (AUIs), their tobacco use patterns (eg, tobacco use history, exclusive and dual-use, and switching from cigarette
smoking), their risk perceptions of the product, and their understanding of MRTP messages.

Methods: The IQOS Cross-Sectional Postmarket Adult Consumer Study was a study of AUIs aged 21 years or older who were
recruited from a consumer database via direct postal mail and emails. Participants completed the online survey between September
and November 2021.

Results: The survey was completed by 645 current and 43 former AUIs who had used at least 100 tobacco sticks (considered
established THS use) before the assessment. Of the 688 participants, 424 (61.6%) were male, 502 (73.0%) were non–Hispanic
White, and the mean age was 45 years. The vast majority (680/688, 98.8%) of AUIs had ever smoked combusted cigarettes before
first trying THS and 628 (91.3%) had smoked cigarettes in the 30 days before first using THS. At the time of assessment, 161
(23.4%) reported using e-cigarettes (vs 229, 33.3%, before THS use), 92 (13.4%) reported smoking cigars (vs 114, 16.6%, before
THS use), and 338 (49.1%) were still smoking after an average of 1 year of THS use. Among those currently using THS who
were still smoking (n=298), 249 (83.6%) smoked fewer cigarettes compared with before first trying THS; 362 of 688 (52.6%)
AUIs reported having no physical health conditions evaluated in this study and almost three-quarters reported having no mental
health conditions. Among all AUIs, over 563 (81.8%) had never used a cessation treatment or had not used it in the past 12
months, and 555 (80.7%) AUIs demonstrated a correct understanding of the MRTP message and AUIs perceived THS as having
a lower risk than cigarettes (43.8 vs 64.4 on a 100-point composite score scale).

Conclusions: This study provides evidence that THS can help adult smokers in the United States completely switch away from
cigarettes or reduce smoking.

(JMIR Form Res 2025;9:e57398)   doi:10.2196/57398

KEYWORDS

United States Food and Drug Administration; FDA; IQOS; Tobacco Heating System; THS; heated tobacco products; modified
risk tobacco products; MRTP; tobacco; nicotine; smokers; tobacco harm reduction; cross-sectional surveys; cigarettes
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Introduction

Cigarette smoking is a leading contributor to mortality and
morbidity worldwide [1]. In the United States, smoking
contributes to an estimated 500,000 premature deaths and an
expenditure exceeding US $170 billion in annual medical costs
to treat smoking-related lung and cardiovascular illnesses [2].
Although quitting is the best way to mitigate health risks from
smoking, it remains challenging for many smokers. Despite
70% of smokers wanting to quit smoking and more than half
attempting each year [3], the majority of those who attempt to
quit relapse within 12 months [4-7]. Individuals who smoke
make many attempts before successfully quitting, rendering the
quitting journey a protracted relapsing process [7,8]. Given that
health risks from cigarette smoking are mainly attributed to
harmful constituents generated through combustion, smokers
who are unable or unwilling to quit may benefit from switching
to smoke-free products such as heated tobacco products
including the Tobacco Heating System (THS; commercialized
as IQOS by Philip Morris Products S.A.) [9-12].

THS is a smoke-free tobacco product that heats specially
designed tobacco sticks (commercialized as HeatSticks by Philip
Morris Products S.A.) to temperatures below the level of
combustion and produces an aerosol with substantially reduced
(ie, 90%-95% lower, on average) levels of harmful and
potentially harmful constituents compared with cigarette smoke
while delivering similar levels of nicotine [13-15]. The product
debuted in 2014 in Japan and was available in more than 80
countries as of September 2024.

Evidence collected to date supports the role of THS in tobacco
harm reduction. The product was rapidly adopted by individuals
who smoked in Japan [16], and recent data suggest that the
majority of individuals who used THS have switched to
exclusive use and stopped smoking [17]. Moreover, individuals
who used heated tobacco products exclusively, as opposed to
smoking, had more favorable health-related biomarker profiles
compared with smokers [18]. In a prospective study of 38 Italian
smokers with chronic obstructive pulmonary disease who started
to use THS, 58% stopped smoking within 3 years, and those
who were still smoking significantly reduced their cigarette
consumption (mean cigarette consumption dropped from 21 per
day at baseline to 3.7 per day at the last follow-up). Most
importantly, consistent improvements were observed in
respiratory symptoms, exercise tolerance, quality of life, and
rate of disease exacerbations, whereas no such change was
observed among individuals who smoked cigarettes during the
same follow-up period [19]. These results suggest that switching
from cigarette smoking to THS may be associated with
long-term health benefits.

The US Food and Drug Administration (FDA) authorized the
marketing of THS in the United States in April 2019.
Subsequently, it granted a modified risk tobacco product
(MRTP) order in July 2020 authorizing the use of the following
reduced exposure claim:

“AVAILABLE EVIDENCE TO DATE:

• The IQOS system heats tobacco but does not burn it.

• This significantly reduces the production of harmful and
potentially harmful chemicals.

• Scientific studies have shown that switching completely
from conventional cigarettes to the IQOS system
significantly reduces your body’s exposure to harmful or
potentially harmful chemicals.”

THS was first introduced to the United States in Atlanta
(Georgia) in October 2019. Marketing expanded to Richmond
(Virginia) in January 2020, Charlotte (North Carolina) in July
2020, and northern Virginia and South Carolina as of May 2021
before it was removed from all US markets in November 2021
as a result of a Cease-and-Desist Order (CDO) issued by the
United States International Trade Commission (ITC). (The ITC
issued a CDO prohibiting the importation, marketing, sale, and
distribution of IQOS devices and HeatSticks on September 29,
2021. To comply with the CDO, Philip Morris USA stopped
marketing and selling the products as of November 28, 2021,
in all channels.) Three types of tobacco sticks were sold:
amber/regular (nonmenthol), green/smooth menthol (menthol),
and blue/fresh menthol (menthol). At the end of August 2021,
the tobacco sticks were available in 4842 third-party retail
outlets, and the THS devices were available in 1235 third-party
retail outlets.

This study aimed to (1) characterize adults who used IQOS
(AUIs) and their history and patterns of tobacco use, as well as
tobacco cessation treatment use; (2) describe risk perceptions
of THS and the understanding of the MRTP claim; and (3)
describe complete switching from cigarette smoking to THS,
transitions to/back to cigarette smoking, and relevant quitting
behaviors among AUIs. We used data from the 2021 IQOS
Cross-sectional Postmarket Adult Consumer Study to provide
the first evidence about AUIs, how AUIs used the product, and
the potential role of such products in tobacco harm reduction
in real-world settings in the United States.

Methods

Study Design, Study Population, and Recruitment
This was a cross-sectional study. The study population consisted
of adults, aged 21 years or older, who had used at least 100
tobacco sticks with THS before the assessment. Individuals
were excluded if (1) they were unable to read, speak, or
understand English; (2) they or their first-degree relative were
current or former employees of the tobacco industry, the Central
Research Organization, or any market research firm; or (3) they
or their first-degree relative were currently involved in litigation
against any tobacco industry entity.

In this study, we recruited AUIs from a consumer database,
which covered the majority of individuals who purchased an
IQOS device. The IQOS Consumer Database is a database of
registered IQOS consumers in the United States. These
consumers entered the database by voluntarily registering their
devices either at the point of sale or later by themselves. Based
on the number of devices registered and sold, we estimated that
approximately 70% of IQOS consumers were included in the
IQOS Consumer Database. We sent invitations by both direct
mail and email (if available) to all individuals in the database
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who agreed to be contacted for research purposes: 1 initial
invitation and 1 reminder were sent to all potential participants.
Figure 1 depicts the recruitment process and final sample. Data
were collected between September 15 and November 14, 2021.

In brief, of the 19,258 individuals invited, 2022 (10.50%)
completed the screener; of the 698 eligible individuals who
consented to participate, 688 (98.6%) completed the survey.

Figure 1. Flowchart depicting sample recruitment for the Cross-Sectional Postmarket Adult Consumer Study (2021). Participants sampled from the
IQOS consumer database were primarily residing in Georgia, Virginia, North Carolina, or South Carolina, United States.

Ethical Considerations
The study was reviewed (study protocol, questionnaire, and
informed consent statement) and approved by the Sterling
Institutional Review Board (IRB ID number: 9102-HCheng).
This study was conducted in compliance with the study protocol
and, where applicable, in accordance with the Insights
Association Code of Standards and Ethics for Market Research
and Data Analytics [20] and the International Chamber of
Commerce/European Society for Opinion and Marketing
Research’s (ESOMAR) International Code on Market, Opinion
and Social Research [21]. All participants read the informed
consent statement and voluntarily consented to participate in
the study via electronic agreement. All data generated through
this study were considered highly confidential by study staff
and participants were identified only via unique participation
identification numbers. Upon completion of the questionnaire,
participants were provided instructions to obtain a US $40
electronic gift card.

Assessment and Definitions
All eligible participants, regardless of the mode of recruitment,
self-administered the questionnaire online. The assessment
consisted of modules of questions on the history of use of
various tobacco products (including THS, cigarettes, cigars,
pipe, hookah, e-cigarettes, smokeless tobacco, and oral
tobacco-derived nicotine products). Additional modules included
risk perceptions and understanding of claim-related information,
demographic characteristics, and diagnoses of selected physical
and mental conditions.

In this study, we defined ever use as a “yes” response to the
question “Have you EVER used/smoked...EVEN ONE TIME?”
Current use was defined as “every day” or “some days”
responses to the question “Do you now use/smoke...every day,
some days, or not at all?” Former use was defined as a “yes”
response to the ever-use question and a “not at all” response to

the current-use question. Established cigarette smoking and
THS use were defined as having smoked at least 100 cigarettes
or used at least 100 tobacco sticks in a lifetime.
Menthol/nonmenthol preference was assessed using the question
“Which one type of HeatSticks are you CURRENTLY using
most often?” Responses of “green menthol” (previously “smooth
menthol”) and “blue menthol” (previously “fresh menthol”)
were classified as preferring menthol; responses of “amber”
(previously “regular”) were classified as preferring nonmenthol.
We identified menthol/nonmenthol cigarette preference via
questions about the type of cigarettes smoked most often.

In this study, we asked time-centered questions to establish a
temporal sequence of smoking and THS use to assess changes
in smoking behaviors after first trying THS. For example, we
classified current smokers before first trying THS as individuals
who answered “every day” or “some days” to the question
“During the 30 days before you first tried IQOS, did you smoke
cigarettes every day, some days, or not at all?”. Using this
approach, we defined individuals who had completely switched
as current established AUIs, who (1) had smoked at least 100
cigarettes in their lifetime, (2) were smoking every day or some
days in the 30 days before first trying THS, (3) were not
smoking at the time of assessment, and (4) had smoked their
last cigarette after trying THS (via the question “Was the last
time you smoked cigarettes...?” with response options “Before
trying IQOS for the first time” and “After trying IQOS for the
first time”).

Perceived health risks were assessed using the validated 18-item
Perceived Health Risk scale, which has demonstrated good
psychometric properties [22]. Two batteries of questions were
asked for cigarette smoking and THS use, respectively. Each
item was rated on a 5-point Likert-type scale ranging from 0
(no risk) to 4 (very high risk). An overall score was calculated
by summing all items in the scale (possible range 0-72), with
higher scores representing greater perceived health risk [22].
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The understanding of the MRTP message was assessed using 2 questions shown in Textbox 1.

Textbox 1. Questions to assess understanding of the modified risk tobacco product message.

• 1. Based on what you know or believe, please complete the following: Smokers who switch completely from cigarettes to IQOS:

• Have more exposure to harmful or potentially harmful chemicals

• Have the same exposure to harmful or potentially harmful chemicals

• Have less exposure to harmful or potentially harmful chemicals (correct answer)

• Have no exposure to harmful or potentially harmful chemicals

• Don’t know

IF “HAVE LESS EXPOSURE...” SELECTED

• 2. Based on what you know or believe, what do smokers need to do in order to reduce their body’s exposure to harmful or potentially harmful
chemicals?

• Stop smoking cigarettes completely and only use IQOS (correct answer)

• Smoke fewer cigarettes and also use IQOS

• Keep smoking the same amount of cigarettes and also use IQOS

• Don’t know

Demographic characteristics included sex (male or female),
age, race/ethnicity, level of education, household income,
employment status, and marital status. A lifetime history of
physical conditions was assessed using the question “Have you
ever been told by a doctor, nurse, or other health professional
that you had...?” Options included cardiovascular conditions,
respiratory conditions, cancers, and diabetes (see Table 2 for
details). A lifetime history of mental conditions was assessed
using 2 questions: “A mental illness or disorder refers to a wide
range of mental health conditions or disorders that affect your
mood, thinking, or behavior. Has a doctor, nurse, or other health
professional ever told you that you had a mental health condition
such as depression, stress, or problems with emotions?” and
“Are you now taking medicine or receiving treatment from a
doctor, nurse, or other health professional for a mental health
condition or emotional problem?” All information was based
on self-report.

Analysis
Descriptive statistics were used to summarize outcome variables.
For categorical variables, frequencies and proportions (95%
CIs) were generated. For numeric variables (eg, age), means
(95% CI) and medians (IQRs) were calculated. Estimates (eg,
proportions and means) were presented for current and ever
AUIs, respectively. Demographic characteristics and THS use
behaviors were further stratified for AUIs who preferred menthol
and nonmenthol tobacco sticks. Estimates are not shown for
former established AUIs due to imprecision as a result of the
small sample size (n=43). Missing values were kept as missing
except for missing values from logic skips in which case, values
were assigned based on the logic skip. For example, if a
participant indicated that they had never used an ENDS
(electronic nicotine delivery systems) product, then the current

ENDS use question would be skipped and a “no” response value
assigned. Data analyses were conducted using SAS version 9.4
(SAS Institute Inc.). The protocol for this study was published
previously [23]. Data are available for interested researchers.
Please contact the corresponding author for details.

Results

Characteristics of Study Participants
Of the 688 established AUIs, 273 (39.7%) resided in Georgia,
179 (26.0%) resided in North Carolina, 177 (25.7%) resided in
Virginia, and 45 (6.5%) resided in South Carolina. Nominal
numbers (n<5) of participants resided in other states. Of the
total 688 participants, 424 (61.6%) were males, and the mean
age was 45 years, with the majority between 35 and 54 years
of age. On average, current established AUIs who preferred
menthol tobacco sticks were younger than those who preferred
nonmenthol tobacco sticks (mean age 43.1 years, 95% CI
42.0-44.3 vs 47.3 years, 95% CI 46.1-48.6). Of all established
AUIs who had ever smoked cigarettes (n=680), 279 (41.0%;
95% CI 36.9%-44.3%) smoked menthol cigarettes most often.
Individuals who were non–Hispanic White accounted for the
majority of established AUIs (502/688, 73%). Differences in
tobacco stick varieties were observed across race/ethnicity
groups; greater proportions of non–Hispanic Whites preferred
nonmenthol tobacco sticks, whereas greater proportions of
non–Hispanic Black and non–Hispanic Asians preferred menthol
varieties. Approximately two-thirds of established AUIs had
an annual family income greater than US $60,000, 556 (80.8%)
had at least some college education, and 547 (79.5%) were in
the workforce. Table 1 provides more detailed information about
the demographic characteristics of the sample.
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Table 1. Demographic characteristics of established AUIsa,b.

Current established AUIs who pre-
fer nonmenthol tobacco sticks (n=8)

Current established AUIs
who prefer menthol tobacco
sticks (n=337)

Current established AUIs
(n=645)

Ever-established
AUIs (n=688)

Characteristics

Sex, n (%); 95% CI

188 (61.0); 55.6 to 66.5205 (61.1); 55.9 to 66.3394 (61.1); 57.3 to 64.9424 (61.6); 58 to
65.3

Male

Age (years)

47.3 (46.1 to 48.6)43.1 (42 to 44.3)45.1 (44.3 to 46)45.0 (44.1 to 45.9)Mean (95% CI)

47 (39 to 55.5)41 (35-50)44 (36-54)43.5 (36-54)Median (IQR)

7 (2.3); 0.9 to 4.66 (1.8); 0.7 to 3.813 (2.0); 0.9 to 3.114 (2.0); 1.0 to 3.121-24, n (%); 95% CI

33 (10.7); 7.3 to 14.276 (22.6); 18.1 to 27109 (16.9); 14 to 19.8121 (17.6); 14.7 to
20.4

25-34, n (%); 95% CI

88 (28.6); 23.5 to 33.6121 (35.9); 30.8 to 41209 (32.4); 28.8 to 36222 (32.3); 28.8 to
35.8

35-44, n (%); 95% CI

91 (29.6); 24.5 to 34.681 (24.0) 19.5 to 28.6172 (26.7); 23.3 to 30.1178 (25.9); 22.6 to
29.1

45-54, n (%); 95% CI

66 (21.4); 16.9 to 2637 (10.9); 7.6 to 14.3103 (16); 13.1 to 18.8112 (16.3); 13.5 to
19

55-64, n (%); 95% CI

23 (7.5); 4.5 to 10.416 (4.8); 2.5 to 739 (6.1); 4.2 to 7.941 (6.0); 4.2 to 7.765+, n (%); 95% CI

Race/ethnicity, n (%); 95%
CI

19 (6.2); 3.5 to 8.920 (5.9); 3.4 to 8.539 (6.1); 4.2 to 7.940 (5.8); 4.1 to 7.6Hispanic/Latino

251 (81.5); 77.2 to 85.8212 (62.9); 57.8 to 68.1463 (71.8); 68.3 to 75.3502 (73.0); 70.0 to
76.3

Non–Hispanic White

9 (2.9); 1.3 to 5.528 (8.3); 5.4 to 11.337 (5.7); 3.9 to 7.538 (5.5); 3.8 to 7.2Non–Hispanic Black

22 (7.1); 4.3 to 10.068 (20.2); 15.9 to 24.590 (13.9); 11.3 to 16.691 (13.2); 10.7 to
15.8

Non–Hispanic Asian

0 (0); <0.1 to 1.20 (0); <0.1 to 1.10 (0); <0.1 to 0.60 (0); <0.1 to 0.5Non–Hispanic Native
Hawaiian or other Pacific
Islander

2 (0.7); 0.1 to 2.36 (1.8); 0.7 to 3.88 (1.2); 0.5 to 2.48 (1.2); 0.5 to 2.3Non–Hispanic American
Indian or Alaska Native

5 (1.6); 0.5 to 3.83 (0.9); 0.2 to 2.68 (1.2); 0.5 to 2.49 (1.3); 0.6 to 2.5Non–Hispanic Other

Household income (US $), n
(%); 95% CI

92 (29.9).8 to 35120 (35.6); 30.5 to 40.7212 (32.9); 29.2 to 36.5231 (33.6); 30.1 to
37.1

<60,000

28 (9.1); 5.9 to 12.335 (10.4); 7.1 to 13.663 (9.8); 7.5 to 12.167 (9.7); 7.5 to
12.0

60,000-74,999

59 (19.2); 14.8 to 23.659 (17.5); 13.5 to 21.6118 (18.3); 15.3 to 21.3124 (18); 15.2 to
20.9

75,000-99,999

52 (16.9); 12.7 to 21.165 (19.3); 15.1 to 23.5117 (18.1); 15.2 to 21.1125 (18.2); 15.3 to
21.1

100,000-149,999

55 (17.9); 13.6 to 22.135 (10.4); 7.1 to 13.690 (14); 11.3 to 16.695 (13.8); 11.2 to
16.4

≥150,000

22 (7.1); 4.3 to 10.023 (6.8); 4.1 to 9.545 (7.0); 5.0 to 8.946 (6.7); 4.8 to 8.6Prefer not to answer

Education, n (%); 95% CI

63 (20.5); 16.0 to 25.062 (18.4); 14.3 to 22.5125 (19.4); 16.3 to 22.4132 (19.2); 16.2 to
22.1

High school or less
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Current established AUIs who pre-
fer nonmenthol tobacco sticks (n=8)

Current established AUIs
who prefer menthol tobacco
sticks (n=337)

Current established AUIs
(n=645)

Ever-established
AUIs (n=688)

Characteristics

86 (27.9); 22.9 to 32.989 (26.4); 21.7 to 31.1175 (27.1); 23.7 to 30.6196 (28.5); 25.1 to
31.9

Some college

31 (10.1); 6.7 to 13.451 (15.1); 11.3 to 19.082 (12.7); 10.1 to 15.385 (12.4); 9.9 to
14.8

Associate’s degree

78 (25.3); 20.5 to 30.293 (27.6); 22.8 to 32.4171 (26.5); 23.1 to 29.9179 (26.0); 22.7 to
29.3

Bachelor’s degree

41 (13.3); 9.5 to 17.132 (9.5); 6.4 to 12.673 (11.3); 8.9 to 13.876 (11.1); 8.7 to
13.4

Master’s degree

3 (1); 0.2 to 2.81 (0.3); <0.1 to 1.64 (0.6); 0.2 to 1.64 (0.6); 0.2 to 1.5Professional school de-
gree

5 (1.6); 0.5 to 3.84 (1.2); 0.3 to 39 (1.4); 0.6 to 2.69 (1.3); 0.6 to 2.5Doctorate

1 (0.3); <0.1 to 1.85 (1.5); 0.5 to 3.46 (0.9); 0.3 to 2.07 (1); 0.4 to 2.1Other

Employment status, n (%);
95% CI

189 (61.4); 55.9 to 66.8223 (66.2); 61.1 to 71.2412 (63.9); 60.2 to 67.6439 (63.8); 60.2 to
67.4

Employed for wages

57 (18.5); 14.2 to 22.847 (14.0); 10.3 to 17.7104 (16.1); 13.3 to 19.0108 (15.7); 13.0 to
18.4

Self-employed

62 (20.1); 15.7 to 24.667 (19.9); 15.6 to 24.1129 (20.0); 16.9 to 23.1141 (20.5); 17.5 to
23.5

Not employed

Marital status, n (%); 95%
CI

176 (57.1); 51.6 to 62.7179 (53.1); 47.8 to 58.4355 (55.0); 51.2 to 58.9370 (53.8); 50.1 to
57.5

Married

4 (1.3); 0.4 to 3.34 (1.2); 0.3 to 3.08 (1.2); 0.5 to 2.48 (1.2); 0.5 to 2.3Widowed

51 (16.6); 12.4 to 20.742 (12.5); 8.9 to 16.093 (14.4); 11.7 to 17.1100 (14.5); 11.9 to
17.2

Divorced

4 (1.3); 0.4 to 3.38 (2.4); 1.0 to 4.612 (1.9); 0.8 to 2.915 (2.2); 1.1 to 3.3Separated

41 (13.3); 9.5 to 17.168 (20.2); 15.9 to 24.5109 (16.9); 14.0 to 19.8116 (16.9); 14.1 to
19.7

Never married

23 (7.5); 4.5 to 10.427 (8.0); 5.1 to 10.950 (7.8); 5.7 to 9.860 (8.7); 6.6 to
10.8

Living with partner

9 (2.9); 1.3 to 5.59 (2.7); 1.2 to 5.018 (2.8); 1.5 to 4.119 (2.8); 1.5 to 4.0Do not wish to answer

aAUI: adult who used IQOS.
bParticipants sampled from the IQOS consumer database were primarily residing in Georgia, Virginia, North Carolina, or South Carolina.

Just over half of AUIs reported they had never received any
physical diagnoses included in this study (362/688, 52.6%; 95%
CI 48.9%-56.4%; see Table 2 for more details). The most
common conditions reported were hypertension (165/688,

24.0%; 95% CI 20.8%-27.2%) and high cholesterol (148/688,
21.5%; 95% CI 18.4%-24.6%). Approximately a quarter of
participants reported they had ever had a mental health condition
(181/688, 26.3%; 95% CI 23.0%-29.6%).
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Table 2. Lifetime diagnosis of selected physical and mental health conditions among established AUIsa,b.

Current established AUIs (n=645), n (%); 95% CIEver-established AUIs (n=688), n (%); 95% CILifetime diagnosis

Physical condition

17 (2.6); 1.4 to 3.910 (2.8); 1.5 to 4.0A heart attack, also called myocardial
infarction

11 (1.7); 0.7 to 2.712 (1.7); 0.8 to 2.7Angina, also called angina pectoris
(chest pain or discomfort)

5 (0.8); 0.3 to 1.85 (0.7); 0.2 to 1.7Congestive heart failure

7 (1.1); 0.4 to 2.27 (1.0); 0.4 to 2.1Coronary heart disease

154 (23.9); 20.6 to 27.2165 (24.0); 20.8 to 27.2High blood pressure (hypertension)

139 (21.6); 18.4 to 24.7148 (21.5); 18.4 to 24.6High cholesterol (hyperlipidemia)

9 (1.4); 0.6 to 2.69 (1.3); 0.6 to 2.5Stroke

7 (1.1); 0.4 to 2.27 (1.0); 0.4 to 2.1Any other heart condition or heart dis-
ease

28 (4.3); 2.8 to 5.928 (4.1); 2.6 to 5.6Chronic obstructive pulmonary disease

23 (3.6); 2.13 to 525 (3.6); 2.2 to 5.0Chronic bronchitis

4 (0.6); 0.2 to 1.65 (0.7); 0.2 to 1.7Emphysema

63 (9.8); 7.5 to 12.166 (9.6); 7.4 to 11.8Asthma

46 (7.1); 5.2 to 9.151 (7.4); 5.5 to 9.4Apnea (pauses in breathing during sleep)

2 (0.3); <0.1 to 1.12 (0.3); <0.1 to 1.1Any other respiratory or lung condition

20 (3.1); 1.8 to 4.423 (3.3); 2.0 to 4.7Cancer

43 (6.7); 4.7 to 8.646 (6.7); 4.8 to 8.6Diabetes

342 (53.0); 49.2 to 56.9362 (52.6); 48.9 to 56.4None of the above

Mental health condition

166 (25.7); 22.4 to 29.1181 (26.3); 23.0 to 29.6Yes

450 (69.8); 66.2 to 73.3477 (69.3); 65.9 to 72.8No

29 (4.5); 2.9 to 6.130 (4.4); 2.8 to 5.9Do not know

Taking medication or receiving treatment
for a mental health condition or emotional
problem

113 (17.5); 14.6 to 20.5121 (17.7); 14.9 to 20.6Yes

516 (80.0); 76.9 to 83.1548 (79.7); 76.6 to 82.7No

16 (2.5); 1.3 to 3.718 (2.6); 1.4 to 3.8Do not know

aAUI: adult who used IQOS.
bParticipants sampled from the IQOS consumer database were primarily residing in Georgia, Virginia, North Carolina, or South Carolina.

Tobacco Use History and Cessation Treatment Use
History
As shown in Tables 3 and 4, 680 of the 688 (98.8%) established
AUIs had ever smoked cigarettes and 628 (91.3%) were
currently smoking cigarettes before they tried THS for the first
time. By contrast, at the time of assessment, only 338 (49.1%)
were smoking. At the time of the assessment, 144 of 645
(22.3%) current established AUIs were also using e-cigarettes
and 86 (13.3%) were also using cigars. Use of other tobacco
products was relatively rare (≤5%, 33 or fewer/645). Current
established smokers (n=326) had an average of 24.0 (95% CI
22.6-25.4) years of smoking history; former established smokers

(ie, AUIs who had stopped smoking; n=329) had an average of
20.9 (95% CI 19.6-22.3) years of smoking history.

When asked about cigarette smoking during the 30 days before
first trying THS, 519 (75.4%) participants indicated they were
smoking every day, 109 (15.8%) were smoking some days but
not every day, and 52 (7.6%) indicated they were not smoking
cigarettes (including 16 participants who had not smoked
cigarettes for at least 12 months, ie, former established smokers).
Only a small proportion (n=16, 2.3%) of ever-established THS
users were former established smokers before first trying THS.
Of note, 11 of these 16 were using at least one other type of
tobacco product during the 30 days before trying THS.
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The vast majority of ever-established AUIs who were former
established smokers at the time of the assessment became former
smokers after first trying THS. Of the 329 former established
smokers at the time of the assessment, 289 (87.8%) were
smoking cigarettes during the 30 days before first trying THS
or smoked after first trying THS, which suggested that they
became former smokers after first trying THS. Of the 30
participants who did not smoke during the 30 days before first
trying THS and indicated that the last time they smoked was
before trying THS, 14 indicated they had not smoked for less
than 1 month before trying THS, and 16 had not smoked for at
least 12 months before first trying THS.

Approximately one-third of established AUIs were using
e-cigarettes and about 114 (16.6%) were using cigars; use of
other tobacco products was less common (ie, ≤44/688, <7%)
before first trying THS.

With respect to cessation treatment, 330 out of 645 (51.2%;
95% CI 47.3%-55.0%) current established AUIs had never used
any tobacco cessation treatment, 202 (31.3%; 95% CI
27.7%-34.9%) had used it more than 12 months ago, 39 (6.0%;
95% CI 4.2%-7.9%) used it within the past 12 months but more
than 30 days ago, and 27 (4.2%; 95% CI 2.6%-5.7%) used it
within the past 30 days at the time of the assessment.

Table 3. Types of tobacco products used by ever-established AUIsa (n=688) before first trying the THSb and at the time of assessmentc.

Current tobacco use at the time
of assessment

Tobacco use before first trying THSTobacco products

Current use, n (%); 95% CICurrent use, n (%);
95% CI

Ever-established use, n
(%); 95% CI

Ever tried, n (%);
95% CI

338 (49.1); 45.4-52.9628 (91.3); 89.2-93.4632 (91.9); 89.8-93.9680 (98.8); 97.7-
99.5

Cigarettes

92 (13.4); 10.8-15.9114 (16.6); 13.8-19.4125 (18.2); 15.3-21.1428 (62.2); 58.6-
65.8

Cigars

17 (2.5); 1.3-3.618 (2.6); 1.4-3.832 (4.7); 3.1-6.2151 (22.0); 18.9-
25.0

Pipe filled with tobacco

34 (4.9); 3.3-6.644 (6.4); 4.6-8.229 (4.2); 2.7-5.7225 (32.7); 29.2-
36.2

Hookah

161 (23.4); 20.2-26.6229 (33.3); 29.8-36.8298 (43.3); 39.6-47.0493 (71.7); 68.3-
75.0

E-vapor products

28 (4.1); 2.6-5.638 (5.5); 3.8-7.296 (14.0); 11.4-16.5174 (25.3); 22.0-
28.5

Smokeless tobacco

27 (3.9); 2.5-5.441 (6.0); 4.2-7.736 (5.2); 3.6-6.9143 (20.8); 17.8-
23.8

Oral tobacco-derived nicotine products

461 (67); 63.5-70.5658 (95.6); 94.1-97.2659 (95.8); 94.3-97.3685 (99.6); 98.7-
99.9

Any tobacco product other than THS

aAUI: adult who used IQOS.
bTHS: Tobacco Heating System.
cParticipants sampled from the IQOS consumer database were primarily residing in Georgia, Virginia, North Carolina, or South Carolina.
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Table 4. Types of tobacco products used by current established AUIsa (n=645) before first trying the THSb and at the time of assessmentc.

Current tobacco use at the time of as-
sessment

Tobacco use before first trying THSTobacco products

Current use (n=645), n (%); 95% CICurrent use (n=645), n
(%); 95% CI

Ever-established use
(n=645), n (%); 95% CI

Ever tried (n=645), n
(%); 95% CI

316 (49.0); 45.1 to 52.9586 (90.9); 88.6 to 93.1591 (91.6); 89.5 to 93.8638 (98.9); 97.8 to 99.6Cigarettes

86 (13.3); 10.7 to 16.0106 (16.4); 13.6 to 19.3118 (18.3); 15.3 to 21.3396 (61.4); 57.6 to 65.2Cigars

17 (2.6); 1.4 to 3.917 (2.6); 1.4 to 3.930 (4.7); 3.0 to 6.3138 (21.4); 18.2 to 24.6Pipe filled with tobacco

33 (5.1); 3.4 to 6.841 (6.4); 4.5 to 8.227 (4.2); 2.6 to 5.7209 (32.4); 28.8 to 36.0Hookah

144 (22.3); 19.1 to 25.5211 (32.7); 29.1 to 36.3275 (42.6); 38.8 to 46.5462 (71.6); 68.2 to 75.1E-vapor products

26 (4.0); 2.5 to 5.636 (5.6); 3.8 to 7.487 (13.5); 10.9 to 16.1157 (24.3); 21 to 27.7Smokeless tobacco

23 (3.6); 2.1 to 5.035 (5.4); 3.7 to 7.232 (5.0); 3.3 to 6.6128 (19.8); 16.8 to 22.9Oral tobacco-derived nico-
tine products

428 (66.4); 62.7 to 70.0616 (95.5); 93.9 to 97.1617 (95.7); 94.1 to 97.2643 (99.7); 98.9 to
>99.9

Any tobacco product other
than THS

aAUI: adult who used IQOS.
bTHS: Tobacco Heating System.
cParticipants sampled from the IQOS consumer database were primarily residing in Georgia, Virginia, North Carolina, or South Carolina.

THS Use

Overall Use Behaviors
On average, AUIs had used THS for 1.2 years (mean 1.2, 95%
CI 1.1-1.2 for all established AUIs; mean 1.2, 95% CI 1.1-1.3
for current AUIs). Among current AUIs (n=645), one-third were
using THS only (n=217, 33.6%; 95% CI 30.0%-37.3%), 280
(43.4%; 95% CI 39.6%-47.2%) were using it and 1 other tobacco
product (including 187, 29.0%, who were smoking cigarettes
and 93, 14.4%, who were not smoking cigarettes), and 148

(23.0%; 95% CI 19.7%-26.2%) were using it and at least two
other tobacco products (including 129, 20.0%, who were
smoking cigarettes and 19, 2.9%, who were not smoking
cigarettes). Of current AUIs, 443 (68.7%) used THS every day
during the 30 days before the assessment. A greater proportion
of current established THS users who had used the device for
more than a year used THS daily compared with those who had
used THS for a year or less (218/300, 72.7%, vs 225/345, 65.2%,
P=.04). Current AUIs used a median of 15 tobacco sticks per
day on days used (Table 5).
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Table 5. Patterns of Tobacco Heating System use in the past 30 days at the time of the assessmenta.

Current established AUIs who
prefer nonmenthol tobacco sticks
(n=308)

Current established AUIs who
prefer menthol tobacco sticks
(n=337)

Current established AUIsb (n=645)Patterns

Number of days used, n (%); 95% CI

22 (7.1); 4.3-10.014 (4.2); 2.0-6.336 (5.6); 3.8-7.40-9

35 (11.4); 7.8-14.931 (9.2); 6.1-12.366 (10.2); 7.9-12.610-19

48 (15.6); 11.5-19.652 (15.4); 11.6-19.3100 (15.5); 12.7-18.320-29

203 (65.9); 60.6-71.2240 (71.2); 66.4-76.1443 (68.7); 65.1-72.330

25.4 (24.5-26.2)26.3 (25.6-27.1)25.9 (25.3-26.5)Number of days used, mean (95% CI)

30 (22-30)30 (26-30)30 (25-30)Number of days used, median (IQR)

Number of tobacco sticks used per day
on days used, n (%); 95% CI

2 (0.7); 0.1-2.35 (1.5); 0.5-3.47 (1.1); 0.4-2.2<1

2 (0.7); 0.1-2.32 (0.6); 0.1-2.14 (0.6); 0.2-1.61

4 (1.3); 0.4-3.35 (1.5); 0.5-3.49 (1.4); 0.6-2.62

8 (2.6); 1.1-5.19 (2.7); 1.2-517 (2.6); 1.4-3.93

6 (2); 0.7-4.24 (1.2); 0.3-310 (1.55); 0.6-2.54

49 (15.9); 11.8-2055 (16.3); 12.4-20.3104 (16.1); 13.3-19.05-9

67 (21.8); 17.2-26.479 (23.4); 18.9-28146 (22.6); 19.4-25.910-14

45 (14.6); 10.7-18.649 (14.5); 10.8-18.394 (14.6); 11.9-17.315-19

124 (40.3); 34.8-45.7126 (37.4); 32.2-42.6250 (38.8); 35.0-42.520+

15 (10-20)15 (10-20)15 (10-20)Number of tobacco sticks per day on
days used, median (IQR)

14 (7-20)12.5 (8-20)13 (7-20)Number of tobacco sticks per day, medi-
an (IQR)

aParticipants sampled from the IQOS consumer database were primarily residing in Georgia, Virginia, North Carolina, or South Carolina.
bAUI: adult who used IQOS.

Menthol and Nonmenthol Tobacco Stick Preferences
The majority of current AUIs had tried all 3 varieties of tobacco
sticks (461/645, 71.5%; 437/645, 67.8%; and 359/645, 55.7%,
for amber; green menthol; and blue menthol, respectively) by
the time of the assessment. Amber was the most common variety
tried first (344/645, 53.3%; 202/645, 31.3%; and 99/645, 15.3%,
for green menthol and blue menthol, respectively); at the time
of the assessment, nearly half indicated amber tobacco sticks
as the variety currently used most often (308/645, 47.8%;
191/645, 29.6%; and 146/645, 22.6%, for green menthol and
blue menthol, respectively).

When stratified by menthol and nonmenthol cigarette preference,
we observed a clear preference for menthol tobacco sticks
among participants who smoked menthol cigarettes most often.
For example, among participants who formerly smoked menthol
cigarettes most often (n=145), 135 (93.1%) used either green
menthol or blue menthol tobacco sticks most often. Among
participants who formerly smoked nonmenthol cigarettes most
often (n=195), 144 (73.8%) used amber tobacco sticks most
often. Similar patterns were observed among participants who
currently smoked cigarettes: Among the 127 participants who
currently smoked menthol cigarettes most often, 121 (95.3%)

used menthol tobacco sticks most often; among the 204
participants who currently smoked nonmenthol cigarettes most
often, 161 (78.9%) used nonmenthol tobacco sticks most often.
There was little difference in the frequency and amount of
tobacco stick use between those who preferred menthol and
nonmenthol tobacco sticks (Table 5).

Perceptions of THS
THS was perceived as having lower health risk as compared
with cigarette smoking: the mean composite score of the
Perceived Health Risk scale was 43.8 (95% CI 42.6-45.1) for
THS and 64.4 (95% CI 63.0-65.7) for cigarette smoking.

With respect to understanding the MRTP message, among the
688 ever-established AUIs, 555 (80.7%; 95% CI 77.7%-83.6%)
correctly identified “less exposure” to harmful or potentially
harmful chemicals when switching completely from cigarettes
to THS. Only 33 (4.8%; 95% CI 3.2%-6.4%) perceived “no
exposure.” Other participants answered “the same exposure”
(59/688, 8.6%; 95% CI 6.5%-10.7%), “more exposure” (6/688,
0.9%, 95% CI 0.3%-1.8%), or they “do not know” (35/688,
5.1%, 95% CI 3.5%-6.7%). Among those who correctly
identified “less exposure” (n=555), 471 (84.9%; 95% CI
81.9%-87.9%) understood that “smokers must stop smoking

JMIR Form Res 2025 | vol. 9 | e57398 | p.2997https://formative.jmir.org/2025/1/e57398
(page number not for citation purposes)

Cheng et alJMIR FORMATIVE RESEARCH

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


completely and only use IQOS” to reduce their exposure to
harmful or potentially harmful chemicals. Only 6 (1.1%; 95%
CI 0.4%-2.3%) selected “keep smoking the same amount of
cigarettes and also use IQOS.”

Switching to THS and Transitions to/Back to Cigarette
Smoking

Complete Switching
Among all current established AUIs (n=645), 191 (29.6%; 95%
CI 26.1%-33.1%) met our predefined “complete switching”
from cigarette smoking criteria, that is, participants who (1) had
smoked at least 100 cigarettes in their lifetime, (2) were
currently smoking during the 30 days before first trying THS,
(3) were not smoking at the time of assessment, and (4) smoked
their last cigarettes after trying THS. To note, this estimate is
best interpreted as the proportion of current AUIs who had
switched from cigarettes to THS from a cross-sectional
assessment. It should not be interpreted as a “switching rate”
as it does not provide any information about the “speed” of
transition. Moreover, 350 of 688 (50.9%) AUIs were not
smoking at the time of assessment (ie, 338/688, 49.1%, AUIs
were also smoking; see Tables 3 and 4). The majority of
individuals who were not smoking but did not meet the
“complete switching” criteria were those who indicated that the
last time they smoked cigarettes was within 30 days before first
trying THS. (To meet the “complete switching” criteria,
participants needed to indicate the last time they smoked was
after first trying THS.) It is possible that these individuals
immediately switched and did not smoke a cigarette once they
started using THS. Therefore, we consider our estimate of
“complete switching” to be conservative because it does not
include those who stopped smoking immediately upon first
trying the product.

When stratified by daily and nondaily smoking during the 30
days before first trying THS, we found similar proportions of
AUIs who completely switched from cigarette smoking to THS
between daily (ie, every day) and nondaily (ie, someday)
smokers (158/519, 30.4%, and 33/109, 30.3%, respectively).
Among all AUIs, we did not observe any differences in
proportions who met the “complete switching” criteria between
those who used menthol tobacco sticks and those who used
nonmenthol tobacco sticks most often (102/358, 28.5%, and
89/330, 27.0%, respectively). Participants who completely
switched from cigarettes to THS had used THS for a longer
duration (mean duration 15.6 months) compared with those who
did not meet the complete switching definition (mean duration
13.6 months; estimated difference 2.0, 95% CI 0.4-3.7, P=.01).

Among AUIs who were also smoking at the time of assessment
(ie, dual-use; n=298), 249 (83.6%; 95% CI 79.4%-87.8%)
indicated that they smoked fewer cigarettes per day at the time
of assessment; 7 (2.3%; 95% CI 1.0%-4.8%) indicated they
smoked more and 42 (14.1%; 95% CI 10.1%-18.0%) indicated
they smoked the same number of cigarettes per day at the time
of assessment compared with the 30 days before trying THS.

Transition to or Back to Cigarettes
In this study, we observed no relapse of cigarette smoking
(defined as the current use of cigarettes and having smoked at

least 100 cigarettes and having had not smoked cigarettes for
<12 months before first trying THS); we observed 1 individual
who reinitiated cigarette smoking (defined as the current use of
cigarettes and having smoked at least 100 cigarettes and having
had not smoked cigarettes for at least 12 months before first
trying THS).

Discussion

Principal Findings
To our knowledge, this study is the first to describe the
characteristics of AUIs and comprehensively assess use
behaviors and risk perceptions relevant to THS use in a
real-world setting among established AUIs in the United States.
We found that AUIs tended to be male, non–Hispanic White or
non–Hispanic Asian, and middle-aged (age 35-54 years), with
at least some college education and a household income over
US $60,000. More than half of AUIs reported no physical health
conditions and the majority (548/688, 79.7%) reported not
receiving treatment for any mental health conditions. Our results
showed that the vast majority of established AUIs were existing
smokers with an average of over 20 years of smoking history;
570 of 645 (88.4%) had either never used or had tried but
stopped using tobacco cessation treatment. After an average of
1.2 years of THS use, almost half of AUIs were not smoking
at the time of the assessment, and more than 80% (156/187,
83.4%) of participants who were still smoking indicated they
had reduced their cigarette consumption. In addition, almost
one-third met our strict definition for “complete switching”
from cigarettes to THS and none reported relapse back to
smoking. Finally, 555 of 688 (80.7%) participants perceived
THS use as less harmful compared with cigarette smoking; few
perceived it as risk-free and the vast majority understood the
THS-modified risk claim. These findings provide firsthand
empirical evidence in a real-world setting on THS consumers
and their use behaviors during a relatively early stage of
adoption in the United States.

Interpretation of Findings
These findings are in line with evidence from other countries
in that the vast majority of AUIs smoked cigarettes when they
first tried THS, and few had never smoked a cigarette [24,25].
Our findings suggested that THS can facilitate adults who
smoked cigarettes—especially those who did not use cessation
treatment or did not successfully quit smoking after trying
cessation treatment—to switch to THS.

Previous studies have found that young adults were more likely
to use e-vapor products compared with older adults [26,27]. By
contrast, we found that those who used THS tended to be
middle-aged or older adults with a relatively long smoking
history. In addition, the majority of current established AUIs
had never tried a cessation treatment and another 202 of 645
(31.3%) tried but discontinued cessation treatment more than
12 months ago. Therefore, THS may be particularly beneficial
to those who are older, have a long history of smoking, and did
not use or were not successful in using tobacco cessation
treatment. Along with the finding of minimal uptake among
individuals who had never smoked cigarettes, our results support

JMIR Form Res 2025 | vol. 9 | e57398 | p.2998https://formative.jmir.org/2025/1/e57398
(page number not for citation purposes)

Cheng et alJMIR FORMATIVE RESEARCH

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


the FDA’s conclusion that marketing this product is appropriate
for the protection of public health.

With respect to product use, the majority of AUIs used it daily
and used more than 15 tobacco sticks per day on days used.
This level of consumption was generally in line with cigarette
consumption among smokers in national surveys [28-30], and
daily use of THS has been associated with switching [31,32].
Taken together, these results suggest the replacement of
cigarettes with THS use.

The correct perception of risk can play an integral role in
switching behaviors. In line with the large body of literature
showing that individuals who perceive smoke-free tobacco
products as less harmful compared with cigarettes are more
likely to switch to such products from cigarette smoking [33,34],
a previous study documented that individuals who used THS
exclusively (rather than smoking) were more likely to perceive
it as less harmful than cigarettes, compared with those who used
THS and smoked cigarettes (ie, dual-use) [31]. Given this
context, it is encouraging to observe that over 80% (555/688,
80.7%) of participants in this study correctly identified the
reduced exposure to harmful or potentially harmful chemicals
when switching completely from cigarettes to THS, and few
participants incorrectly identified “no exposure.”

With respect to tobacco stick varieties, we found an interesting
pattern suggesting that menthol tobacco sticks were used and
preferred not only by individuals who preferred menthol
cigarettes, but also by a sizable portion of those who preferred
nonmenthol cigarettes. That is, although amber (or original)
was the most commonly ever used (456/645, 70.7%) and first
tried (342/645, 53.0%) variety, the 2 menthol varieties accounted
for the majority of varieties used most often at the time of
assessment. This aligns with the observation that approximately
1 in 5 individuals who preferred nonmenthol cigarettes preferred
menthol tobacco sticks; by contrast, only 1 in 20 individuals
who preferred menthol cigarettes preferred amber (or original).
Although it is not clear why menthol tobacco sticks were more
commonly preferred than amber, such findings support the
potential role of menthol varieties in continued use. In this study,
we found that ever and current use of other tobacco products
was more common among participants of this study (with
e-vapor products being the most common) compared with that
among smokers based on estimates from national surveys [35].
This may suggest that individuals open to trying and using other
tobacco products were more likely to try and use THS. When
compared with the time before trying THS, we observed a ~30%
(229/688 vs 161/688) reduction in e-cigarette use. It is possible
that some participants were using e-vapor products to help stop

cigarette smoking but were not successful; after initiating THS
use, they stopped using e-vapor products. Future studies that
assess reasons to stop using other tobacco products will shed
new light on this topic.

Limitations
Our findings should be interpreted with the following limitations
in mind. First, the study is based on self-reported information.
Although we are not aware of any validation studies on
self-reported use behaviors, the larger literature supports the
reasonable validity of self-reported behaviors in tobacco research
[36]. In addition, many measures relied on recalled information,
so recall bias cannot be ruled out. We tried to minimize recall
bias by (1) asking about prominent behaviors generally easy to
recall, such as whether they smoked cigarettes during the 30
days before first trying THS, and (2) limiting the length of the
recall period (eg, the past 30 days). Second, it is estimated that
approximately 70% of individuals who purchased THS
registered themselves in the database. Moreover, of all
individuals (N=19,258) invited to complete the eligibility
assessment, only 2022 (10.50%) did so. It is unknown whether
individuals who registered in the database or responded to the
invitation are representative of all AUIs in the United States.
Also, due to limited distribution, it is not clear whether these
results would apply to all adults who smoke in the United States.
Nonetheless, we provided the first estimates of perceptions and
behaviors related to THS use from a sample large enough to
produce meaningful results. Third, the study was conducted
among AUIs, so we cannot provide information about the
prevalence of THS use in the general US population. Fourth,
no definitive evidence can be drawn for causal relationships
from this cross-sectional study. Perhaps future longitudinal
studies can explore changes in behavior over time among
individuals who adopt THS. Finally, it is noteworthy that during
the recruitment period, a notification was sent to consumers on
October 13, 2021, informing them that the product would
become unavailable after November 28, 2021. In consideration
of the potential impact of this communication on consumer
behaviors, we also conducted analyses only using data collected
before that date (n=463). Results from this subsample were
generally in line with the results for the full sample.

Conclusions
Our results provide supportive evidence for the potential of
THS to help individuals switch from smoking by
comprehensively assessing use behaviors and risk perceptions
in a real-world setting among established AUIs in the United
States.
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ENDS: electronic nicotine delivery system
ESOMAR: European Society for Opinion and Marketing Research
FDA: Food and Drug Administration
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Abstract

Background: The widespread use of smart devices, particularly among university students, has raised concerns about their
impact on sleep quality. Bedtime usage of smart devices is associated with sleep disruptions and poor sleep quality.

Objective: This study aimed to explore the behavioral and perceptual factors influencing university students’ intention to stop
using smart devices at bedtime in Saudi Arabia.

Methods: A cross-sectional survey was conducted in June 2024 and distributed via social media platforms to university students
(aged ≥18 years). The questionnaire collected data on demographics, smart device usage habits, perceived negative effects on
sleep, and physical sleep disturbances. The Pittsburgh Sleep Quality Index was used to assess sleep quality. Path analysis was
performed to evaluate relationships between the outcome variables, intended to stop using smart device usage, and 3 latent
variables: sleep quality smartphone usage, sleep quality perceived negative effects, and sleep quality during the past month. Model
fit was assessed using chi-square, comparative fit index, and root mean square error of approximation.

Results: Of the 774 participants, 90.43% (700/774) reported using their smart devices every night and 72.48% (561/774) believed
bedtime device use negatively affected them the next morning. The most frequently reported next-morning symptoms were fatigue
or drowsiness (480/774, 62.01%). Common purposes for bedtime device use were staying in touch with friends or family (432/774,
55.81%), entertainment (355/774, 45.86%), and filling up spare time (345/774, 44.57%). Overall, 58.26% (451/774) expressed
an intention to stop bedtime device use within the next 3 months. Path analysis demonstrated that frequent nightly use (path
coefficient=0.36) and after-lights-off usage (0.49) were positively associated with the intention to stop, whereas spending ≥3
hours on devices (–0.35) and engaging in multiple activities (–0.18) had negative associations. The strongest predictors of the
intention to stop were perceived negative effects on next-morning well-being (0.71) and difficulty breathing comfortably during
sleep (0.64). Model fit was excellent (comparative fit index=0.845 and root mean square error of approximation=0.039).

Conclusions: Perceived negative effects on sleep quality and physical sleep disturbances are strong predictors of the intention
to stop using smart devices at bedtime among university students in Saudi Arabia. Interventions aimed at improving sleep hygiene
should focus on raising awareness about the impact of smart device use on well-being and addressing behaviors such as late-night
usage and heavy screen time. Public health strategies should target both psychological and physiological aspects of bedtime smart
device use to improve sleep quality in this population.

(JMIR Form Res 2025;9:e67223)   doi:10.2196/67223

KEYWORDS

smart devices; smartphone; digital health; digital technology; sleep quality; university student; bedtime habits; Saudi Arabia;
path analysis; sleep disturbances; well-being; usage; intention; behavior; mobile phone
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Introduction

In the digital age, smart devices such as smartphones, tablets,
and laptops have become integral parts of daily life, especially
among university students [1]. These devices offer constant
connectivity, enabling students to engage in academic activities,
communicate with peers, and access entertainment. In Saudi
Arabia, where more than 97% of the population uses
smartphones [2], smart devices have become an essential tool
for both learning and social interaction. On a global scale, the
number of smartphone mobile network subscriptions exceeded
7 billion in 2023 and is anticipated to exceed 7.7 billion by 2028
[3].

University students, often facing academic pressures and
irregular schedules, are particularly vulnerable to the excessive
use of smart devices at bedtime [4-6]. They may engage in
multiple bedtime activities, such as social media browsing,
texting, gaming, or even frequent awakenings to check
notifications, which counteract the body’s natural inclination
to relax and fall asleep [7-9]. These behaviors are further
intensified by the immediate gratification of staying connected
and creating a cycle that sustains poor sleep practices [8-10].
In Saudi Arabia, smart devices often serve as a primary means
of students’ communication, relaxation, and staying in touch
with friends and family [11], which further reinforces their use,
even during late-night hours [12].

The excessive use of these smart devices, particularly during
bedtime, raises concerns about their impact on students’ sleep
quality [4], overall well-being [5], and academic performance
[6]. Late-night screen exposure can disrupt the body’s circadian
rhythm through both blue light emissions and heightened mental
stimulation [13], often delaying sleep onset and reducing total
sleep duration [14-17]. Over time, these disruptions can lead to
chronic sleep debt, making students more prone to daytime
drowsiness, poor concentration [4,5], and lower academic
achievement [14,15]. Moreover, poor sleep quality can
contribute to the development of mental health issues such as
anxiety and depression [5], while these conditions can further
disrupt sleep patterns [16]. This mental stimulation can lead to
increased cognitive arousal and addiction, which is detrimental
to initiating and maintaining sleep [7,8,17]. This addiction does
not only affect the quantity of sleep but also its quality, leading
to a less restorative sleep experience [1,4,18].

Despite growing awareness of the potential harms of excessive
screen time, many students continue to use smart devices at
bedtime [13]. Understanding the factors that drive students to
continue or stop using these devices at bedtime is crucial for
addressing the sleep-related issues prevalent in this population
[19,20]. According to the Theory of Planned Behavior [21],
individuals’ intentions to engage in or discontinue a behavior
are shaped by their attitudes toward the behavior, perceived
control over it, and social norms. In the context of smart device
use, it is likely that students’ perceptions of how device use
affects their sleep and well-being, as well as their ingrained
habits, play a key role in their decision to reduce or stop using
smart devices at bedtime.

This study aims to examine the factors that predict the intention
to stop using smart devices at bedtime among university students
in Saudi Arabia. Specifically, it investigates the relationship
between 3 key domains: (1) smart device usage behaviors (eg,
frequency, duration, and activities performed on devices), (2)
perceived negative effects of smart device use on sleep quality
and next-morning well-being, and (3) physical sleep
disturbances experienced during the past month. Through path
analysis, this study seeks to understand the complex interplay
between these variables and provide insights that can inform
public health interventions targeted at improving sleep hygiene
among Saudi university students.

Methods

Study Design
In this study, a cross-sectional survey of university students was
conducted in June 2024 in Saudi Arabia. The STROBE
(Strengthening the Reporting of Observational Studies in
Epidemiology) guidelines of cross-sectional studies were
followed to report our study’s findings [22]. The questionnaire
was piloted with a small group of university students (n=7) to
ensure clarity and relevance, with feedback used to refine its
wording and structure.

Study Recruitment
Participants were recruited using convenience sampling. A link
to the questionnaire was posted on social media platforms such
as WhatsApp (Meta), Snapchat, Telegram, and X (formerly
known as Twitter). These platforms were chosen due to their
popularity among university students in Saudi Arabia [23,24].
The link was accompanied by a recruitment message that
outlined the study’s objectives, eligibility criteria, and an
assurance of confidentiality. Eligible participants were students
aged 18 years or older, currently enrolled in universities in Saudi
Arabia, and capable of providing informed consent before
starting the survey.

Ethical Considerations
Ethical approval for the study was obtained from the Standing
Committee for Publication and Research Ethics at Jazan
University (reference number REC-45/11/1143). On the opening
page of the survey, participants were presented with information
about the study’s objectives and scope, followed by an informed
consent statement. Participants were free to withdraw at any
point without consequence. Also, participation was anonymous
and no personally identifiable information was collected or
used. No monetary or nonmonetary incentives were offered.
Finally, this paper does not include any images or material in
which participants can be identified.

Questionnaire Design
The questionnaire was created using a Google Form, available
in both English and Arabic, and it consisted of 4 sections. The
first section gathered demographic data such as gender, age,
marital status, highest level of education, residential region,
health status, and employment status.

The second section examined participants’ smart device usage
during bedtime during the past month. Questions covered the
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type of smart device most frequently used, the average frequency
of use per week, time spent on the device at bedtime (ie,
categorized as “less than 2 hours” or “3 hours or more”), usage
after lights were turned off, the use of headphones, and other
related behaviors. This section also addressed the activities
participants engaged in while using their devices (eg, chatting
on messaging platforms, watching videos, and setting alarms
or reminders), as well as the purposes of smart device use before
sleep (eg, education, entertainment, business, or work
networking).

The third section explored participants’ perceptions of how
smart device usage at bedtime affected their sleep quality, sleep
duration, and overall health. The final section used the Pittsburgh
Sleep Quality Index (PSQI) to assess participants’ physical
sleep disturbances experienced during the past month. The PSQI
consists of 19 self-rated items that evaluate subjective sleep
quality, sleep latency, habitual sleep efficiency, sleep
disturbances, use of sleep medications, and daytime dysfunction
[25]. The Arabic-translated version of the PSQI, which has been
validated for use in research, was used in this study [26].

Statistical Analysis
Incomplete surveys were excluded. A power calculation using
G*Power (α=.05, power=80%, moderate effect size, odds ratio
[OR 1.5]) indicated a minimum sample size of 384 participants.
The final sample size was 774, which exceeded this requirement,
ensuring sufficient power to detect significant associations.

Categorical variables were summarized as frequencies and
percentages. ORs with 95% CI values were calculated to assess
the relations and their strengths between variables. A path
analysis was then conducted to understand the complex
relationships between the measured variable intended to stop
using smart device usage, latent variables sleep quality
smartphone usage (SQSU), sleep quality perceived negative
effects (SQPNE), and sleep quality during the past month
(SQDPM). This method was chosen because it allows for the
simultaneous analysis of multiple dependent and independent
variables, providing a comprehensive understanding of direct
and indirect relationships between variables.

A typical path modal sequencing equation modeling (SEM) plot
is constructed by defining a multiple set of regression formulas.
Model fit was assessed by chi-square, comparative fit index
(CFI), and root mean square error of approximation (RMSEA).
The value of RMSEA less than 0.05 with CFI equal to 0.845
or higher with nonsignificant chi-square statistic indicates a
good model fit. Data were coded, validated, and analyzed using
IBM SPSS software, version 27.0 for Windows (IBM Corp).
Plots were constructed using R software (version 4.1.2; R Core
Team) with Lavaan and Semplot R packages. Two-tailed P
value <.05 was considered to denote statistical significance.

Results

Participant Characteristics
A total of 774 participants completed the questionnaire, as
shown in Table 1. Over half of them (451/774, 58.26%)
expressed an intention to stop using smart devices during
bedtime within the next 3 months. None of the demographic
characteristics was associated with the acceptability of stopping
the use of smart devices during bedtime; therefore, OR analysis
is removed from Table 1.

The majority (397/774, 88.03%) were aged 24 years or younger,
74.72% (337/774) were female, and 86.92% (392/774) were
unmarried. More than three-quarters of participants (657/774,
84.88%) had an undergraduate degree or higher, and 87.62%
(283/323) did not intend to stop using smart devices at bedtime.
Likewise, more than three-quarters (688/774, 88.89%) of
participants who did not have any sleep disorders had 38%
higher odds of intending to stop using smart devices at bedtime
compared to participants with medically diagnosed sleep
disorders. The most common sleep duration among all
participants was 5-6 hours, with 34.88% (270/774) reporting
this sleep range. Participants who intended to stop using smart
devices at bedtime had a slightly higher percentage (176/451,
39.02%) of reporting 5-6 hours of sleep compared to those who
did not intend to stop (94/323, 29.10%).
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Table 1. Sample demographic characteristics of university students in Saudi Arabia.

Likely to stop using smart devices during
bedtime in the next 3 months

Values (N=774)Variables

No (n=323)Yes (n=451)

Age (years), n (%)

284 (87.93)397 (88.03)681 (87.98)18-24

39 (12.07)54 (11.97)93 (12.02)≥25

Sex, n (%)

76 (23.53)114 (25.28)190 (24.55)Male

247 (76.47)337 (74.72)584 (75.45)Female

Marital status, n (%)

32 (9.91)59 (13.08)91 (11.76)Married

291 (90.09)392 (86.92)683 (88.24)Not married

Highest level of education, n (%)

40 (12.38)77 (17.07)117 (15.12)Diploma after high school or below

283 (87.62)374 (82.93)657 (84.88)Undergraduate studies or higher

Residential region, n (%)

17 (5.26)30 (6.65)47 (6.07)North

159 (49.23)223 (49.45)382 (49.35)South

8 (2.48)13 (2.88)21 (2.71)East

30 (9.29)39 (8.65)69 (8.91)West

109 (33.75)146 (32.37)255 (32.94)Middle

Medically diagnosed with any sleep disorders, n (%)

30 (9.29)56 (12.42)86 (11.11)Yes

293 (90.71)395 (87.58)688 (88.89)No

Sleep hours per day or night, n (%)

50 (15.48)68 (15.08)118 (15.25)Less than 5 h

94 (29.10)176 (39.02)270 (34.88)5-6 h

107 (33.13)138 (30.60)245 (31.65)7-8 h

34 (10.53)40 (8.87)74 (9.56)9-10 h

38 (11.76)29 (6.43)67 (8.66)More than 10 h

Employment status, n (%)

79 (24.46)131 (29.05)210 (27.13)Employed

244 (75.54)320 (70.95)564 (72.86)Not employed

Job has night shifts (n=210), n (%)

19 (24.05)32 (24.43)51 (24.28)Yes

60 (75.95)99 (75.57)159 (75.71)No

Smart Device Usage Behaviors
More than a ninth decile of participants (737/774, 94.83%) used
a smartphone, followed by 3.74% (29/774) using a tablet, and
only 1.03% (8/774) using a laptop, as shown in Table 2. The
groups who were less willing to stop using smart devices during
their bedtime in the next 3 months, in descending order, were
participants who used their devices 1-3 nights per week (OR
0.05, 95% CI 0.00-0.43; P<.001), participants who used their

devices 4-6 nights per week (OR 0.48, 95% CI 0.25-0.90;
P=.02), participants who did not frequently use devices after
lights were turned off (OR 0.52, 95% CI 0.33-0.83; P<.001),
participants who did not often use headphones during bedtime
(OR 0.73, 95% CI 0.55-0.97; P=.03), and participants who were
not frequently awakened by smart devices at night (OR 0.71,
95% CI 0.53-0.95; P=.02). These groups showed significantly
lower odds of intending to stop using their smart devices during
bedtime compared to the respective reference groups.
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Table 2. Smart device usage behaviors among university students in Saudi Arabia.

Likely to stop using smart devices during bedtime in the next 3
months

Values (N=774)Variables

P valueOdds ratio (95% CI)No (n=323)Yes (n=451)

Smart device type, n (%)

—aRef303 (93.81)434 (96.23)737 (94.83)Smartphone

.714.29 (0.86-21.43)6 (1.86)2 (0.44)8 (1.03)Laptop

.441.33 (0.63-2.81)14 (4.33)15 (3.33)29 (3.74)Tablet

Frequency of using the smart device per week (SQSUb_1), n (%)

—Ref308 (95.36)392 (86.92)700 (90.43)Every night

.020.48 (0.25-0.90)14 (4.33)37 (8.20)51 (6.58)4-6 nights

<.0010.05 (0.00-0.43)1 (0.31)22 (4.88)23 (2.97)1-3 nights

Time spent on a smart device at bedtime (SQSU_2), n (%)

—Ref185 (57.28)309 (68.51)494 (63.82)<2 h or less

<.0011.62 (1.20-2.18)138 (42.72)142 (31.49)280 (36.17)3 h or more

Often using the smart device after lights are turned off (SQSU_3), n (%)

—Ref294 (91.02)380 (84.26)674 (87.08)Yes

<.0010.52 (0.33-0.83)29 (8.98)71 (15.74)100 (12.91)No

Often using headphones during bedtime (SQSU_4), n (%)

—Ref169 (52.32)201 (44.57)370 (47.80)Yes

.030.73 (0.55-0.97)154 (47.68)250 (55.43)404 (52.19)No

Often awakened by the smart device at night (SQSU_5), n (%)

—Ref144 (44.58)165 (36.59)309 (39.92)Yes

.020.71 (0.53-0.95)179 (55.42)286 (63.41)465 (60.07)No

The most common posture when using the smart device, n (%)

—Ref285 (88.24)383 (84.92)668 (86.30)Lying down

.200.75 (0.49-1.14)38 (11.76)68 (15.08)106 (13.69)Sitting

Keeping the smart device while sleeping, n (%)

—Ref179 (55.42)235 (52.11)414 (53.48)In the bed

.590.91 (0.68-1.23)130 (40.25)186 (41.24)316 (40.82)On the bedside table

.150.61 (0.31-1.1)14 (4.33)30 (6.65)44 (5.68)Far from the bed but inside the bedroom

Most common smart device mode, n (%)

—Ref250 (77.40)336 (74.50)586 (75.71)Not general

.390.85 (0.60-1.19)73 (22.60)115 (25.50)188 (24.28)General or vibratory

Activities performed when using smart device during bedtime (SQSU_6), n (%)

(1) Setting alarms, reminders, and tasks

—Ref136 (42.11)173 (38.36)309 (39.92)False

.290.85 (0.63-1.14)187 (57.89)278 (61.64)465 (60.07)True

(2) Chatting via WhatsApp, Snapchat, Telegram, etc

—Ref99 (30.65)170 (37.69)269 (34.75)False

.041.36 (1.01-1.85)224 (69.35)281 (62.31)505 (65.24)True

(3) Debating and discussion via Twitter, WhatsApp

—Ref248 (76.78)346 (76.72)594 (76.74)False

10.99 (0.71-1.39)75 (23.22)105 (23.28)180 (23.25)True
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Likely to stop using smart devices during bedtime in the next 3
months

Values (N=774)Variables

P valueOdds ratio (95% CI)No (n=323)Yes (n=451)

(4) Watching YouTube, TikTok, Instagram, etc

—Ref98 (30.34)178 (39.47)276 (35.65)False

<.0011.49 (1.10-2.02)225 (69.66)273 (60.53)498 (64.34)True

(5) Watching TV shows and movies

—Ref172 (53.25)298 (66.08)470 (60.72)False

<.0011.70 (1.27-2.29)151 (46.75)153 (33.92)304 (39.27)True

(6) Listening to the Qur’an and religious supplications

—Ref257 (79.57)349 (77.38)606 (78.29)False

.480.87 (0.61-1.24)66 (20.43)102 (22.62)168 (21.70)True

(7) Listening to a podcast

—Ref298 (92.26)411 (91.13)709 (91.60)False

.600.86 (0.51-1.45)25 (7.74)40 (8.87)65 (8.39)True

(8) Listening to music

—Ref270 (83.59)404 (89.58)674 (87.08)False

.011.68 (1.10-2.57)53 (16.41)47 (10.42)100 (12.91)True

(9) Researching brands

—Ref289 (89.47)412 (91.35)701 (90.56)False

.381.24 (0.76-2.01)34 (10.53)39 (8.65)73 (9.43)True

(10) Playing games

—Ref266 (82.35)391 (86.70)657 (84.88)False

.101.39 (0.94-2.07)57 (17.65)60 (13.30)117 (15.11)True

(11) Surfing the internet

—Ref245 (75.85)359 (79.60)604 (78.03)False

.211.24 (0.88-1.74)78 (24.15)92 (20.40)170 (21.96)True

(12) Browsing emails and text messages

—Ref258 (79.88)368 (81.60)626 (80.87)False

.571.17 (0.77-1.60)65 (20.12)83 (18.40)148 (19.12)True

Purposes of using the smart device during bedtime ( SQSU_7 ) , n (%)

(1) Education and study

—Ref195 (60.37)258 (57.21)453 (58.52)False

.410.87 (0.65-1.17)128 (39.63)193 (42.79)321 (41.47)True

(2) Staying in touch with friends and family

—Ref138 (42.72)204 (45.23)342 (44.18)False

.501.10 (0.83-1.47)185 (57.28)247 (54.77)432 (55.81)True

(3) Following news and current

—Ref206 (63.78)292 (64.75)498 (64.34)False

.811.04 (0.77-1.40)117 (36.22)159 (35.25)276 (35.65)True

(4) Sharing opinions and thoughts on social networks

—Ref237 (73.37)344 (76.27)581 (75.06)False

.391.16 (0.83-1.62)86 (26.63)107 (23.73)193 (24.93)True

(5) Business or work networking
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Likely to stop using smart devices during bedtime in the next 3
months

Values (N=774)Variables

P valueOdds ratio (95% CI)No (n=323)Yes (n=451)

—Ref290 (89.78)390 (86.47)680 (87.85)False

.180.72 (0.46-1.14)33 (10.22)61 (13.53)94 (12.14)True

(6) Researching how to do things

—Ref274 (84.83)386 (85.59)660 (85.27)False

.831.06 (0.71-1.58)49 (15.17)65 (14.41)114 (14.72)True

(7) Shopping

—Ref256 (79.26)359 (79.60)615 (79.45)False

.921.02 (0.71-1.45)67 (20.74)92 (20.40)159 (20.54)True

(8) Gaming

—Ref245 (75.85)374 (82.93)619 (79.97)False

.011.54 (1.08-2.20)78 (24.15)77 (17.07)155 (20.02)True

(9) Entertainment

—Ref144 (44.58)275 (60.98)419 (54.13)False

<.0011.94 (1.45-2.59)179 (55.42)176 (39.02)355 (45.86)True

(10) Finding information

—Ref238 (73.68)365 (80.93)603 (77.90)False

.011.51 (1.07-2.13)85 (26.32)86 (19.07)171 (22.09)True

(11) Being relaxed and calming down

—Ref232 (71.83)337 (74.72)569 (73.51)False

.401.15 (0.84-1.60)91 (28.17)114 (25.28)205 (26.48)True

(12) Filling up spare time

—Ref160 (49.54)269 (59.65)429 (55.42)False

<.0011.50 (1.12-2.00)163 (50.46)182 (40.35)345 (44.57)True

aNot applicable.
bSQSU: sleep quality smartphone usage.

The analysis of various activities performed on smart devices
during bedtime and their impact on the intention to stop using
these devices in the next 3 months is presented in Table 2. The
3 most common activities were chatting via messaging platforms
like WhatsApp, Snapchat, and Telegram, with 65.24% (505/774)
of participants reporting this behavior. Next, 64.34% (498/774)
of participants indicated they spent their time watching content
on platforms such as YouTube, TikTok, and Instagram. Setting
alarms, reminders, and tasks was also a frequent activity, with
60.07% (465/774) of participants engaging in this before bed.
On the other hand, the least common activity performed on
smart devices during bedtime was listening to music (100/774,
12.91%). Participants who used their devices for watching TV
shows and movies (OR 1.70, 95% CI 1.27-2.29), listening to
music (OR 1.68, 95% CI 1.10-2.57), and watching videos on
platforms like YouTube, TikTok, and Instagram (OR 1.49, 95%
CI 1.10-2.02) were less willing to stop using smart devices
during bedtime in the next 3 months.

The analysis of different purposes for using smart devices during
bedtime and their impact on the intention to stop using these
devices in the next 3 months is presented in Table 2. The most

common purposes were staying in touch with friends and family
(432/774, 55.81%), entertainment (355/774, 45.86%), and filling
up spare time (201/774, 44.57%). Participants who used their
devices for entertainment (OR 1.94, 95% CI 1.45-2.59), finding
information (OR 1.51, 95% CI 1.07-2.13), filling up spare time
(OR 1.50, 95% CI 1.12-2.00), gaming (OR 1.54, 95% CI
1.08-2.20), and chatting via WhatsApp, Snapchat, Telegram,
etc (OR 1.36, 95% CI 1.01-1.85) were less willing to stop using
smart devices during bedtime in the next 3 months.

Perceived Negative Effects of Smart Device Use on
Sleep Quality and Next-Morning Well-Being
Over one-third of the participants (270/774, 35.23%) reported
having poor sleep quality, as shown in Table 3. The OR analysis
indicated that the perception of the negative influence of
smartphone usage on sleep quality strongly impacted the
intention to stop using these devices at bedtime. Participants
who did not believe that using smart devices during bedtime
negatively affected them the next morning were more likely to
not intend to stop using their devices compared to those who
did believe it (OR 3.53, 95% CI 2.53-4.91, P<.001). Similarly,
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participants who did not believe that smart device use during
bedtime made them sleep less were 2.76 times more likely to
not intend to stop (OR 2.76, 95% CI 1.97-3.86). Those who did
not believe that using smart devices during bedtime caused a
delayed sleep schedule were also more likely to not intend to
stop compared to those who did believe it (OR 2.41, 95% CI
1.33-4.35).

The OR analysis also suggested that the perception of immediate
negative health impacts influenced the intention to reduce or
cease the use of smart devices at night. The most common issue
was fatigue and drowsiness, with 62.01% (480/774) of
participants experiencing these symptoms. Headaches were also
prevalent, affecting 45.09% (349/774) of individuals, while

40.82% (316/774) reported mood swings and 40.69% (315/774)
experienced a lack of focus and distraction. Participants who
did not report any negative health observations had significantly
higher odds (OR 5.25, 95% CI 2.36-11.69) of intending to stop
using smart devices compared to those who did report negative
health observations. Conversely, more than two-thirds of
participants who experienced headaches, dry eyes, or lack of
focus and distraction were less likely to intend to stop using
smart devices at bedtime. Specifically, participants with
headaches were 37% less likely (OR 0.63, 95% CI 0.47-0.85),
those with dry eyes were 31% less likely (OR 0.69, 95% CI
0.51-0.94), and those with a lack of focus and distraction were
30% less likely (OR 0.70, 95% CI 0.52-0.95) to intend to stop
compared to those without these symptoms.

JMIR Form Res 2025 | vol. 9 | e67223 | p.3010https://formative.jmir.org/2025/1/e67223
(page number not for citation purposes)

AlmalkiJMIR FORMATIVE RESEARCH

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


Table 3. Perceived negative effects of smart device use on sleep quality and next-morning well-being among university students in Saudi Arabia.

Likely to stop using smart devices during bedtime in the next 3 monthsValues (N=774)Variables

P valueOdds ratio (95% CI)No (n=323)Yes (n=451)

Using smart devices during bedtime makes you sleep less (SQPNEa_1), n (%)

—bRef207 (64.09)375 (83.15)582 (75.19)Yes

<.0012.76 (1.97-3.86)116 (35.91)76 (16.85)192 (24.80)No

Using smart devices during bedtime causes a delayed sleep schedule (SQPNE_2), n (%)

—Ref292 (90.4)432 (95.79)724 (93.54)Yes

<.0012.41 (1.33-4.35)31 (9.6)19 (4.21)50 (6.45)No

Using smart devices during bedtime negatively affects oneself the next morning (SQPNE_3), n (%)

—Ref187 (57.89)374 (82.93)561 (72.48)Yes

<.0013.53 (2.53-4.91)136 (42.11)77 (17.07)213 (27.51)No

After highly using the smart device the previous night, health observations the next morning (SQPNE_4) , n (%)

(1) Headache

—Ref198 (61.3)227 (50.33)425 (54.90)False

<.0010.63 (0.47-0.85)125 (38.7)224 (49.67)349 (45.09)True

(2) Dry eyes

—Ref227 (70.28)281 (62.31)508 (65.63)False

.020.69 (0.51-0.94)96 (29.72)170 (37.69)266 (34.36)True

(3) Pain in the ear

—Ref287 (88.85)400 (88.69)687 (88.75)False

1.000.98 (0.62-1.54)36 (11.15)51 (11.31)87 (11.24)True

(4) Fatigue and drowsiness

—Ref134 (41.49)160 (35.48)294 (37.98)False

.090.77 (0.57-1.04)189 (58.51)291 (64.52)480 (62.01)True

(5) Lack of focus and distraction

—Ref207 (64.09)252 (55.88)459 (59.30)False

.020.70 (0.52-0.95)116 (35.91)199 (44.12)315 (40.69)True

(6) Mood swings

—Ref201 (62.23)257 (56.98)458 (59.17)False

.150.80 (0.60-1.07)122 (37.77)194 (43.02)316 (40.82)True

(7) Increased desire to have food rich in sugars and fats

—Ref265 (82.04)345 (76.50)610 (78.81)False

.070.71 (0.49-1.01)58 (17.96)106 (23.50)164 (21.18)True

(8) Nothing

—Ref295 (91.33)443 (98.23)738 (95.34)False

<.0015.25 (2.36-11.69)28 (8.67)8 (1.77)36 (4.65)True

Subjective sleep quality , n (%)

Sleep quality overall

—Ref72 (22.29)94 (20.84)166 (21.44)Very good

1.001.00 (0.69-1.46)147 (45.51)191 (42.35)338 (43.66)Fairly good

0.670.90 (0.59-1.37)82 (25.39)118 (26.16)200 (25.83)Fairly bad

0.100.59 (0.33-1.08)22 (6.81)48 (10.64)70 (9.04)Very bad
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aSQPNE: sleep quality perceived negative effects.
bNot applicable.

Physical Sleep Disturbances Experienced During the
Past Month
In terms of sleep latency, the majority of participants (209/774,
27%) reported having trouble falling asleep within 30 minutes
3 or more times per week, as shown in Table 4. Regarding sleep
disturbances, waking up in the middle of the night or early
morning occurred three or more times per week for 36.17%
(280/774) of participants, making it a common problem. Use
of sleep medications was not common, as 84.23% (652/774) of
participants did not take sleep aids during the past month.
Daytime dysfunction was significant for some participants, with
14.47% (112/774) struggling to stay awake 3 or more times per
week during daily activities like driving or eating. Also, 31.39%
(243/774) of participants reported that maintaining enthusiasm
to complete tasks was somewhat of a problem, while 13.82%
(107/774) found it to be a very big issue.

About 7.76% (35/451) of the participants who cough or snore
loudly 3 or more times per week had significantly lower odds

(OR 0.45, 95% CI 0.23-0.88, P=.02) of intending to stop using
smart devices compared to those who did not. Similarly, 9.31%
(42/451) of those who used sleep medications less than once
per week had lower odds (OR 0.49, 95% CI 0.27-0.89, P=.01)
of intending to stop using smart devices compared to those who
did not use sleep medications. Over a quarter of participants
who needed to get up to use the bathroom less than once per
week (119/451, 26.39%) or once or twice per week (91/451,
20.18%) had lower odds of intending to stop using smart devices
at bedtime compared to those who did not need to get up (OR
0.63, 95% CI 0.43-0.92, P=.01 for less than once per week; OR
0.63, 95% CI 0.42-0.96, P=.03 for once or twice per week).
About 21.51% (97/451) of the participants who could not
breathe comfortably less than once per week had lower odds
(OR 0.67, 95% CI 0.46-0.99, P=.05) of intending to stop using
smart devices compared to those who did not have breathing
issues. Finally, 26.61% (120/451) of the participants who felt
too cold once or twice per week had lower odds (OR 0.62, 95%
CI 0.42-0.91, P=.01) of intending to stop using smart devices
compared to those who did not feel too cold.
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Table 4. Physical sleep disturbances experienced during the past month by university students in Saudi Arabia.

Likely to stop using smart devices during bedtime in the next 3 monthsValues (N=774)PSQIa components

P valueOdds ratio (95% CI)No (n=323)Yes (n=451)

Sleep latency, n (%)

Cannot get to sleep within 30 minutes

—bRef81 (25.08)120 (26.61)201 (25.96)Not during the past month

.751.08 (0.71-1.63)73 (22.60)100 (22.17)173 (22.35)Less than once per week

.681.09 (0.72-1.63)81 (25.08)110 (24.39)191 (24.67)Once or twice per week

.761.07 (0.72-1.59)88 (27.24)121 (26.83)209 (27.00)Three or more times per week

Sleep disturbance, n (%)

Wake up in the middle of the night or early morning

—Ref86 (26.63)101 (22.39)187 (24.16)Not during the past month

.120.68 (0.43-1.08)46 (14.24)79 (17.52)125 (16.14)Less than once per week

.750.92 (0.61-1.38)80 (24.77)102 (22.62)182 (23.51)Once or twice per week

.180.77 (0.53-1.12)111 (34.37)169 (37.47)280 (36.17)Three or more times per week

Have to get up use to the bathroom (SQDPMc_1)

—Ref137 (42.41)150 (33.26)287 (37.08)Not during the past month

.010.63 (0.43-0.92)69 (21.36)119 (26.39)188 (24.28)Less than once per week

.030.63 (0.42-0.96)53 (16.41)91 (20.18)144 (18.60)Once or twice per week

.220.77 (0.51-1.14)64 (19.81)91 (20.18)155 (20.02)Three or more times per week

Cannot breathe comfortably (SQDPM_2)

—Ref202 (62.54)251 (55.65)453 (58.52)Not during the past month

.050.67 (0.46-0.99)53 (16.41)97 (21.51)150 (19.37)Less than once per week

.490.84 (0.53-1.32)38 (11.76)56 (12.42)94 (12.14)Once or twice per week

.380.79 (0.48-1.29)30 (9.29)47 (10.42)77 (9.94)Three or more times per week

Cough or snore loudly (SQDPM_3)

—Ref250 (77.40)330 (73.17)580 (74.93)Not during the past month

.900.95 (0.60-1.50)37 (11.46)51 (11.31)88 (11.36)Less than once per week

.780.90 (0.52-1.56)24 (7.43)35 (7.76)59 (7.62)Once or twice per week

.020.45 (0.23-0.88)12 (3.72)35 (7.76)47 (6.07)Three or more times per week

Feel too cold (SQDPM_4)

—Ref124 (38.39)138 (30.60)262 (33.85)Not during the past month

.110.70 (0.46-1.07)56 (17.34)88 (19.51)144 (18.60)Less than once per week

.010.62 (0.42-0.91)67 (20.74)120 (26.61)187 (24.16)Once or twice per week

.280.80 (0.54-1.18)76 (23.53)105 (23.28)181 (23.38)Three or more times per week

Feel too hot

—Ref138 (42.72)179 (39.69)317 (40.95)Not during the past month

.560.88 (0.60-1.28)71 (21.98)104 (23.06)175 (22.60)Less than once per week

.690.90 (0.62-1.33)68 (21.05)97 (21.51)165 (21.31)Once or twice per week

.440.84 (0.54-1.29)46 (14.24)71 (15.74)117 (15.11)Three or more times per week

Have bad dreams

—Ref116 (35.91)155 (34.37)271 (35.01)Not during the past month

.920.98 (0.69-1.39)102 (31.58)139 (30.82)241 (31.13)Less than once per week

JMIR Form Res 2025 | vol. 9 | e67223 | p.3013https://formative.jmir.org/2025/1/e67223
(page number not for citation purposes)

AlmalkiJMIR FORMATIVE RESEARCH

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


Likely to stop using smart devices during bedtime in the next 3 monthsValues (N=774)PSQIa components

P valueOdds ratio (95% CI)No (n=323)Yes (n=451)

>.990.98 (0.66-1.44)72 (22.29)98 (21.73)170 (21.96)Once or twice per week

.270.74 (0.45-1.21)33 (10.22)59 (13.08)92 (11.88)Three or more times per week

Have pain

—Ref168 (52.01)213 (47.23)381 (49.22)Not during the past month

.770.92 (0.63-1.35)66 (20.43)90 (19.96)156 (20.15)Less than once per week

.210.76 (0.50-1.15)47 (14.55)78 (17.29)125 (16.14)Once or twice per week

.230.76 (0.49-1.17)42 (13.00)70 (15.52)112 (14.47)Three or more times per week

Use of sleep medications, n (%)

Taken medicine to help you sleep (prescribed or “over the counter”) (SQDPM_5)

—Ref285 (88.24)367 (81.37)652 (84.23)Not during the past month

.010.49 (0.27-0.89)16 (4.95)42 (9.31)58 (7.49)Less than once per week

.120.54 (0.26-1.12)11 (3.41)26 (5.76)37 (4.78)Once or twice per week

.840.88 (0.40-1.93)11 (3.42)16 (3.55)27 (3.48)Three or more times per week

Daytime dysfunction, n (%)

Having trouble staying awake while driving, eating meals, or engaging in social activity

—Ref163 (50.46)206 (45.68)369 (47.67)Not during the past month

.080.71 (0.48-1.04)58 (17.96)103 (22.84)161 (20.80)Less than once per week

.541.15 (0.77-1.71)63 (19.50)69 (15.30)132 (17.05)Once or twice per week

.080.67 (0.43-1.04)39 (12.07)73 (16.19)112 (14.47)Three or more times per week

Keeping up enough enthusiasm to get things done

—Ref90 (27.86)112 (24.83)202 (26.09)No problem at all

.200.77 (0.52-1.13)85 (26.32)137 (30.38)222 (28.68)Only a very slight problem

.840.96 (0.66-1.40)106 (32.82)137 (30.38)243 (31.39)Somewhat of a problem

.390.80 (0.49-1.29)42 (13.00)65 (14.41)107 (13.82)A very big problem

aPSQI: Pittsburgh Sleep Quality Index.
bNot applicable.
cSQDPM: sleep quality during the past month.

Predictors of the Intention to Stop Using Smart Devices
at Bedtime
Path analysis was conducted to understand the complex
relationships between the measured variable intended to stop
using smart device usage and the latent variables, which were
SQSU (presented in Table 2), SQPNE (presented in Table 3),
and SQDPM (presented in Table 4). All the demographic factors
in Table 1 were removed from the analysis as they did not
approach the significance threshold of <.05. To improve the
model fit, only the significant variables (<.05) from Tables 2-4
were included. SEM plot indicated that the model had an
excellent fit with a nonsignificant chi-square, a CFI of 0.845,
and a RMSEA value of 0.039 (95% CI 0.032-0.046).

All the factors except SQSU_7 (purposes=–0.09, P>.05) had
significant factor loadings (path coefficients) with latent
variables SQSU, SQPNE, and SQDPM. People using smart
devices every night (SQSU_1; 0.36, P<.05), 3 hours or more
time spent on smart devices at bedtime (SQSU_2; –0.35, P<.05),

using the smart device frequently after lights were turned off
(SQSU_3; 0.49, P<.05), using headphones frequently during
bedtime (SQSU_4; 0.39, P<.05), awakened frequently by the
smart device at night (SQSU_5; 0.25, P<.05), activities
(SQSU_6; –0.18, P<.05) had significant path coefficients with
latent variable SQSU.

People who perceived using smart devices during bedtime led
to sleeplessness (SQPNE_1; 0.58, P<.05), caused delayed sleep
schedule (SQPNE_2; 0.29, P<.05), negatively affected oneself
the next morning (SQPNE_3; 0.71, P<.05), and affected their
health (SQPNE_4; 0.24, P<.05) had significant path coefficients
with latent variable SQPNE.

People woke up in the middle of the night or early morning,
had to get up to use the bathroom (SQDPM_1; 0.35, P<.05),
could not breathe comfortably (SQDPM_2; 0.64, P<.05),
coughed or snored loudly (SQDPM_3; 0.41, P<.05), felt cold
(SQDPM_4; 0.42, P<.05), and took medicine to help sleep
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(SQDPM_5; 0.33, P<.05) had significant path coefficients with
latent variable SQDPM.

The 3 obtained factors have path coefficients with ISSU
(intended to stop using smart device usage). SQSU=–0.40,

SQPNE=0.34, and SQDPM=–0.19 were significant and there
was no evidence of collinearity in the model as shown in Figure
1. All items of the model had significant paths as well as
correlations with respective factor domains. Factor structures
remained intact, and all paths were significant.

Figure 1. Path analysis of predictors influencing university students’ intention to stop using smart devices at bedtime in Saudi Arabia. An asterisk
indicates a 2-tailed P value <.05. ISSU: intended to stop using smart device usage; SQDPM: sleep quality during the past month; SQPNE: sleep quality
perceived negative effects; SQSU: sleep quality smartphone usage.

Discussion

Principal Findings
This study investigated the factors that influence university
students’ intention to stop using smart devices at bedtime in
Saudi Arabia. It focused on behavioral habits, perceived negative
effects on sleep quality, and physical sleep disturbances. The
findings provide insights into how smartphone usage behaviors

and sleep-related perceptions interplay, influencing students’
intentions to modify their presleep device habits, as follows.

Behavioral Factors and Smart Device Usage Habits
The results from the analysis of smartphone usage habits (Table
2) revealed that frequent nightly use and the use of smart devices
after lights are turned off were significantly associated with the
intention to stop using these devices at bedtime. Specifically,
using smart devices after lights out (path coefficient=0.49) was
the strongest behavioral predictor, indicating that students who
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engage in late-night device use may recognize its disruptive
effects on sleep and are thus more inclined to reduce or stop
this behavior. This aligns with previous studies that highlight
the adverse effects of presleep exposure to light from screens,
which delays sleep onset [13,17].

However, spending more than 3 hours on devices (path
coefficient=–0.35) and engaging in multiple activities (path
coefficient=–0.18) were negatively associated with the intention
to stop using smart devices at bedtime. This suggests that heavy
users may be more resistant to behavioral change, possibly due
to their addiction to using smart devices [1]. This aligns with
previous studies that have identified higher levels of smartphone
addiction as barriers to changing screen time habits [27,28].

Moreover, engaging in more activities on the device also
decreased the likelihood of stopping using smart devices (path
coefficient=–0.18), which may indicate that participants perceive
these activities (eg, watching videos and chatting) as integral
parts of their nightly routine [29,30]. These results are consistent
with previous studies that link high-frequency smart device use
to a reluctance to disengage from these devices, possibly due
to increased dependency on smart devices for both academic
and social purposes [27,31].

Perceived Negative Effects on Sleep Quality and
Well-Being
The most significant predictors of the intention to stop using
smart devices were related to perceived negative effects on sleep
quality and next-morning well-being (Table 3). The strongest
predictor was the belief that smart device usage negatively
affects next-morning well-being (path coefficient=0.71). This
suggests that students who experience morning fatigue, mood
disturbances, or difficulty focusing are more likely to stop using
their devices before sleep. This is consistent with previous
studies that demonstrate how poor sleep quality directly
influences daytime functioning [19], especially in academic
contexts where cognitive performance is critical [15,30,31].

Similarly, the perception of sleeplessness due to smart device
use was also a strong predictor (path coefficient=0.58). This
indicates that university students who struggle to sleep because
of their devices are more likely to intend to stop using them.
This is consistent with previous studies on the disruptive effects
of presleep screen time, which has been linked to increased
sleep latency and poorer overall sleep quality [13,32]. In
addition, the perception of delayed sleep schedules (path
coefficient=0.29) also contributed to the intention to stop, further
reinforcing the idea that students recognize the role of smart
devices in disrupting their sleep timing.

Physical Sleep Disturbances and Health Implications
The results from physical sleep disturbances (Table 4)
highlighted how certain health issues experienced during the
night are significantly linked with the intention to stop using
smart devices. Difficulty breathing comfortably during sleep
(path coefficient=0.64) was the most prominent physical
predictor, suggesting that students who experience physical
discomforts, such as respiratory issues or muscle tension, may
attribute these problems to their use of smart devices at bedtime
and are therefore more likely to reduce their usage. This is

consistent with studies that have found links between prolonged
device use in bed and poor posture or breathing discomfort,
potentially due to prolonged screen time in awkward positions
[33].

Other sleep disturbances, such as waking up during the night,
snoring or coughing, and feeling too cold, were also positively
associated with the intention to stop using smart devices at
bedtime. These findings indicate that students who experience
sleep disruptions are more likely to modify their behavior to
improve their sleep quality [8,20]. Furthermore, students who
reported taking sleep medications were more likely to intend
to stop using smart devices, suggesting that those with more
severe sleep problems may be more motivated to address
contributing factors like bedtime device use [31].

Implications for University Students and Public Health
Interventions
These findings have significant implications for interventions
targeting sleep hygiene among university students, particularly
in Saudi Arabia. Given that the strongest predictors of the
intention to stop using smart devices were perceived negative
effects on next-morning well-being and physical sleep
disturbances, public health initiatives should focus on raising
awareness about these health risks [34]. Particularly, educational
campaigns should emphasize how devices used before bed
negatively impact not only sleep quality but also cognitive
functioning, mood, and overall well-being the next day [35].

Interventions should also incorporate behavior change theories,
such as the Transtheoretical Model and the Theory of Planned
Behavior [36,37], to understand and address resistance to
change. Many heavy device users, despite recognizing negative
outcomes, may rely on their devices for emotional regulation
or social engagement [5,16], making these activities a barrier
to change. Tailored strategies should therefore target these
specific behaviors, offering alternative coping mechanisms like
mindfulness exercises, relaxation techniques [38], or structured
bedtime routines to gradually reduce dependency on devices
[39]. Furthermore, strategies that encourage limiting screen
time after lights out and reducing device-related disruptions,
such as turning off notifications or using blue light filters, could
be effective in promoting healthier sleep habits [32,34].

Strengths, Limitations, and Future Directions
This study has several strengths. First, its multidimensional
approach examined not only behavioral habits but also perceived
negative effects and physical sleep disturbances, offering a
holistic view of the factors that influence the intention to stop
using smart devices. Second, the use of a validated scale such
as PSQI adds rigor to the assessment of sleep quality. Finally,
the application of path analysis and SEM allowed for an in-depth
analysis of the relationships between latent variables, supporting
the interpretation of complex patterns.

However, there are some limitations. The cross-sectional design
limits the ability to establish causality between smart device
usage and sleep disturbances [40].

The reliance on self-reported data introduces potential biases,
including recall bias (where participants may not accurately
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remember behaviors or experiences) and social desirability bias
(where participants may provide what they perceive to be more
acceptable responses). These biases could influence the accuracy
of the findings [41]. Furthermore, the open recruitment approach
via social media platforms prevented determining an exact
participation rate [42]. Although a large sample (n=774) of
university students from Saudi Arabia may improve the
applicability of the findings to this population, replication in
other cultural contexts is necessary to assess broader
generalizability and refine intervention strategies.

Future studies should consider longitudinal research to establish
causality and interventional studies to test specific strategies
for reducing device use at bedtime [16,26]. Also, investigating
different types of smart device use (eg, browsing social media,
gaming, chatting, and studying) would provide more nuanced
insights. In addition, future studies should investigate the
interactions between smart device use, sleep hygiene, and mental
health such as anxiety, depression, or stress levels because

understanding these interactions could inform more tailored
interventions for improving sleep among university students
[5].

Conclusions
This study provides valuable insights into the factors influencing
university students’ intention to stop using smart devices at
bedtime, particularly in the Saudi Arabian context. While
behavioral habits, such as frequent device use and activities,
are important, the most significant predictors of behavior change
are perceived negative effects on well-being and physical sleep
disturbances. These findings highlight the importance of
addressing both the psychological and physiological impacts
of smart device use in interventions aimed at improving sleep
quality among university students. Future studies should explore
how these interventions can be effectively implemented and
sustained over time to mitigate the negative effects of excessive
bedtime device use.
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Abstract

Background: Children with autism spectrum disorders (ASDs) often struggle with processing information, which can impact
their coordination, balance, and other motor skills. Studies have demonstrated that intervention programs based on sensory
integration can enhance motor performance in these children.

Objective: The objective of this study is to evaluate the applicability of a standardized battery of gross motor skill tests for
Moroccan children aged 6 to 12 years with ASD. The objective is to assess the potential efficacy of an innovative pedagogical
approach focused on sensorimotor integration and hyperstimulation. This approach will be compared to traditional physical
education (PE) sessions to determine its feasibility and potential to bridge the developmental gaps in motor skills between children
with ASD and those with a neurotypical profile.

Methods: A convenience sample of 14 Moroccan children with ASD aged 6 to 12 years participated in this exploratory study.
Children with ASD were divided into an experimental group (n=7) and a control group (n=7) based on age, sex, motor performance,
and socioeconomic status. The control group followed the standard PE program, while the experimental group underwent a
specialized program combining sensorimotor integration and hyperstimulation for a period of 15 weeks. All participants were
classified as level 2 (moderate) on the Autism Severity Rating Scale based on the Diagnostic and Statistical Manual of Mental
Disorders, Fifth Edition, Text Revision (DSM-5-TR) criteria. Gross motor skills were measured at baseline and after 15 weeks
of intervention using the UQAC-UQAM (University of Québec in Chicoutimi-University of Québec in Montréal) test battery
protocol, which includes 10 items.

Results: At baseline (T1), no significant difference was observed between the control and experimental groups of children with
ASD. Following the 15-week intervention, the group participating in traditional PE showed an overall improvement in motor
skills of approximately 14.5%. Conversely, the results of the ASD experimental group suggest a more substantial improvement
of 44.5%. Additionally, the experimental group exhibited significant better performance across all motor skill variables compared
to the control group (minimum P values of <.02) with large effect sizes (>0.80). In this regard, a 2-way repeated measures ANOVA
confirms the efficiency of the program implemented within the experimental group, demonstrating significant effects associated
with both group and time factors as well as a clinically highly significant group×time interaction across all measured variables

(η2p>0.14).

Conclusions: The results of this study suggest that the approach that emphasizes sensorimotor integration and management of
hyperstimulation was more effective in improving motor skills in this population. However, other more exhaustive studies will
need to be carried out in order to be able to more precisely measure the full potential of this approach.
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Introduction

Background
Autism spectrum disorders (ASDs) constitute a subset of
developmental disorders distinguished by disturbances in
communication, changes in social interactions, and repetitive
and stereotyped behaviors [1,2]. These symptoms typically
emerge before the age of 3 years and result in functional
impairments impacting various aspects of daily life [3,4]. Due
to the absence of universally recognized biological markers for
identifying ASD cases, diagnosis primarily involves evaluation
by professionals who assess children’s development trajectories
to identify potential developmental disorders [2]. Among the
myriad of challenges faced by children with ASD,
developmental coordination disorders (DCDs) occupy an
important place [1]. Despite being relatively common, these
motor difficulties have historically been overlooked [5-7].
However, recent research [8-10] sheds light on the significant
prevalence of DCD in children with ASD. In fact, DCD, also
known as dyspraxia, is a neurodevelopmental disorder that
affects motor coordination and skills. Studies have shown that
DCD is remarkably prevalent among individuals with ASD,
affecting between 34% and 79% of this population. This is
significantly higher than the 6% prevalence rate observed in the
general population [11]. This high prevalence of DCD in
individuals with ASD suggests that a lack of coordination is a
common characteristic of the disorder. Motor deficits can present
in diverse forms, encompassing compromised gross motor skills
such as running; challenges in fine motor skills like handwriting;
difficulties in motor planning and execution leading to problems
in coordinating movements and sequencing actions seamlessly;
and sensory processing issues such as hypersensitivity or
hyposensitivity to sensory inputs, which impact balance,
coordination, and motor performance [12-14]. As a result, there
is widespread recognition that a deficiency in coordination
stands as a prominent trait of ASD, frequently concomitant with
motor deficits. The potential etiology of these challenges
encompasses both genetic and environmental factors [15].

Motor Skill Impairment
Typically, children with ASD often face challenges in motor
skills, especially in coordination, balance, and postural control
[16-19]. A recent meta-analysis even suggests that these deficits
extend to decreased walking speed compared to their peers with
a neurotypical profile [20]. However, the underlying causes of
these impairments remain a topic of debate within the scientific
community [21-24]. To address these motor challenges and
improve skill development, various interventions have been
proposed. These interventions draw inspiration from diverse
areas, including sports disciplines [25-27], physical conditioning
programs [28], sensorimotor approaches [29], and exercises

focused on fundamental motor skills like running, jumping,
throwing, and catching [30]. Additionally, research has explored
interventions targeting perceptual-motor skills [31]. However,
the authors themselves acknowledged the limitations of their
programs and called for the development of more precise and
specialized interventions. While most studies suggest
improvements in motor performance, none, to our knowledge,
have directly compared the effects of a general intervention
program to one specifically tailored to the needs of Moroccan
children with ASD. Such a comparison, focusing on their
specific motor difficulties, would be a valuable contribution to
the field.

Sensorimotor Integration and Hyperstimulation
Approach for Children With ASD
The field of sensory integration, inspired by the work of Ayres
and Robbins [32], offers a valuable approach to improve motor
skills in children with neurodevelopmental disorders. This
approach hinges on the brain’s ability to organize and interpret
information received through the senses (sensory integration).
It uses 2 main practices: passive unisensory and active
multisensory. Passive unisensory practices involve targeted
stimulation of a single sense at a time. These interventions,
often used to promote relaxation and emotional regulation, can
include massage for muscle relaxation and improved circulation
and body pressures to calm the nervous system and reduce
anxiety, and weighted vests or blankets to provide deep,
comforting pressure. The simplicity and calming effect of these
techniques make them particularly beneficial for individuals
needing to regulate their emotions. The active multisensory
approach stands in stark contrast. Here, individuals actively
participate in activities that engage multiple senses at once. This
approach aims to cultivate a diverse range of skills through
tactile activities (exploring textures), proprioceptive activities
(understanding body position and movement), and vestibular
activities (developing balance and coordination). By actively
engaging individuals in these stimulating activities, the active
approach fosters a more comprehensive integration of sensory
information. This translates to improved motor skills,
coordination, and sensory regulation abilities. The emphasis on
exploration and interaction with the environment makes active
multisensory practices particularly beneficial for children or
individuals with sensory processing difficulties.

At the turn of the 1990s, Polatajko et al [33] explored an
approach partially similar to the sensorimotor and
hyperstimulation method, working with a group of children
diagnosed with DCD. However, when comparing their findings
with those of other studies using similar protocols, they reported
significantly more mixed results. According to the authors, these
limited outcomes may be attributed to the considerable
heterogeneity among children with DCD. Indeed, various
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medical conditions can lead to this disorder, despite having
distinct etiological origins. In light of this, the research team
advocates for more tailored clinical interventions that take into
account the specific characteristics and underlying causes of
DCD.

Children with ASD often struggle with processing this
information, which can impact their coordination, balance, and
other motor skills. Studies have demonstrated that intervention
programs based on sensory integration can enhance motor
performance in children. Notably, improvements have been
observed in postural control, gait, coordination, and hand
movements [34,35]. For instance, a systematic review of the
effectiveness of interventions using a sensory integrative
approach confirmed that these programs can significantly
positively affect children’s motor skills [36]. The sensorimotor
integration and hyperstimulation approach has been used in
children with ASD, particularly those aged 2 to 12 years [37].
These interventions are structured to include a variety of sensory
and motor exercises, such as balance activities, coordination
games involving crossover movements, and sensory activities
like manipulating different textures. These activities are
designed to stimulate various senses in a controlled manner,
helping children better manage their movements and posture.

Research Gap
Despite the recent surge in research, some countries, like
Morocco, lack precise information on the motor skill profile of
their population with ASD. Although numerous studies suggest
improvements in motor performance through sensory integration
[34-36], no studies, to our knowledge, directly compare the
effects of a general intervention program with those of a
program specifically based on a sensorimotor integration and
hyperstimulation approach. This lack of direct comparison
underscores the need for further research to determine the
relative effectiveness of these different approaches [38]. This
gap is crucial as some authors highlight the considerable
variation in children’s motor skills across different countries
[39,40]. For instance, studies have shown that Chinese children
tend to perform better in manual dexterity and balance tasks,
while American children excel in throwing and catching tasks
[40]. Moreover, regional disparities offer valuable insights into
the development of various motor skills within diverse national
contexts.

Objectives
The primary objective of this study is to evaluate the
applicability of a standardized battery of gross motor skill tests
for Moroccan children aged 6 to 12 years with ASD. This will
provide preliminary data and allow for comparison to a group
of children with a neurotypical profile matched for age and sex,
thereby estimating the discrepancies in motor development
between the 2 groups. The secondary objective is to assess the
potential efficacy of an innovative pedagogical approach focused
on sensorimotor integration and hyperstimulation for Moroccan
children with ASD. This approach will be compared to
traditional physical education (PE) sessions to determine its
feasibility and potential to bridge the developmental gaps in
motor skills between children with ASD and peers with a
neurotypical profile.

Methods

Design
This study was a clinical, quasi-experimental research with a
2-way repeated measures design conducted on a sample of
Moroccan children with ASD aged 6 to 12 years.

Participants
A convenience sample of 14 Moroccan children with ASD aged
6 to 12 (mean 8.8, SD 1.3) years participated in this exploratory
study. This age range was selected because motor skills develop
particularly well between 6 and 12 years of age, and the chosen
test battery has been validated for children of this age group.
Children were randomly divided into an experimental group
(n=7; mean age 8.4, SD 1.2 years) and a control group (n=7;
mean age 8.5, SD 1.2 years) based on age, sex, motor skill
performance, and socioeconomic status. All participants were
classified by a psychiatrist as level 2 (moderate) on the Autism
Severity Rating Scale based on the Diagnostic and Statistical
Manual of Mental Disorders, Fifth Edition, Text Revision
(DSM-5-TR) criteria. This scale considers the level of support
required for the child’s interaction and language to function in
their environment. Among the recruited children with ASD, the
records showed no other conditions, such as attention deficit
disorder with or without hyperactivity, intellectual disability,
or anxiety. Children with ASD were cared by the specialized
association “El Youssr” since they entered school. This
institution’s mission is to support children with special needs.
It is located in the municipality of Salé, on the outskirts of the
capital Rabat, where most of the participating families have a
low socioeconomic status. None of the children participated in
extracurricular sports activities or were undergoing medical
treatment that could influence their motor skills, such as taking
psychotropic drugs. In addition, none of the children had a
disabling condition that could be exacerbated by physical
activity. The proposed program was designed to ensure minimal
disruption to the existing educational and individual student
plans within the institution.

Anthropometric Measures
The anthropometric data were collected in the association’s
classrooms, which included body mass (BM), body height (BH),
BMI, and body surface area (BSA). BM was assessed using a
Seca scale model 760 with an accuracy of 0.5 kg. BH was
measured with a Seca stadiometer model 214 to the nearest 0.1
cm. All measurements adhered to the guidelines outlined by
Lohman et al [41] for standard operating procedures. BMI was

calculated using the formula BM (kg)/BH2 (m). BSA was
estimated using the method suggested by Mosteller [42], which
read as follows:

Motor Skill Assessment
This exploratory study investigated the factors associated with
motor skill development in Moroccan children with ASD over
a 15-week period. The initial assessment session (T1) established
the baseline level of motor skill development in these children.
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The results from T1 were also used to create control and
experimental groups, ensuring no significant difference between
them at baseline. Gross motor skills were measured using the
UQAC-UQAM (University of Québec in Chicoutimi-University
of Québec in Montréal) test battery protocol [43-45]. This
battery comprises 13 items assessing five gross motor factors:
(1) limb movement speed (upper and lower limbs), (2) agility
(circle run, 5-m shuttle run, and side-step run), (3) balance (eyes
opened and closed), (4) coordination (ball dribbling and target
ball toss), and (5) simple reaction time (SRT; ruler drop test).

For the SRT test, the distance was converted into time (ms)
using the equation suggested by Aranha et al [46]:

where d is the distance (cm) and g is the gravitational constant

(9.8 m/s2).

The choice of this test battery was primarily driven by
methodological considerations. First, it assesses a diverse range
of motor factors. Additionally, these tests are practical, as they
require minimal space, materials, and time and are user-friendly
for test administrators, easy for participants to comprehend, and
cost-effective, aligning well with the resources of the supervising
institution. Given the sensitivity of children with ASD to
environmental changes and their challenges with concentration
and attention, it was essential to conduct assessments in their
classroom settings whenever feasible. The validity and reliability

of these tests have been well-established by numerous studies
[43,45,47].

Modified Protocols for the UQAC-UQAM Test Battery
Prior to starting this research project, a week of prospecting was
conducted to evaluate the study’s feasibility. Of the original 13
tests within the UQAC-UQAM test battery [43], 3 were omitted
due to challenges encountered by the children in comprehending
or executing the tasks required (slalom run and hand or foot
coordination). Furthermore, 2 tests were adapted to enhance
accessibility for children with ASD (Figure 1). The first
adaptation concerned on the SRT test. The original version
required computer administration, but pilot testing revealed this
to be overly complex for the participants. This test was therefore
replaced by the procedure suggested by Ángel Latorre-Ron et
al [48]. This alternative demonstrated a moderate to good
correlation with a computer application (Spearman=0.54;
P=.03). This change considered the participants’ concentration
abilities, as the computerized test was longer than the chosen
alternative, which only required 2 attempts. The second
adaptation concerned the ball toss test, where the distance
between the children and the target was reduced from 5 to 3 m.
These modifications to the testing protocol were implemented
to ensure the study’s feasibility and to gather reliable and valid
data on motor skill development in children with ASD. It was
imperative to provide tests adapted to their abilities and
limitations to minimize frustration and encourage active and
engaged participation.

Figure 1. Illustration of the ten tests used to assess motor skill competence in children with ASD: (1) upper limbs speed, (2) lower limbs speed, (3)
balance eyes opened, (4) balance eyes closed, (5) simple reaction time, (6) ball dribbling, (7) target ball toss, (8) side-step run, (9) circle run, and (10)
5-m shuttle run (adapted from Allisse et al [49], which is published under Creative Commons Attribution 4.0 International License [50]).

Following these adjustments, the final test battery comprised
the following ten tests: (1) upper limb speed, (2) lower limb
speed, (3) balance eyes opened, (4) balance eyes closed, (5)
ruler SRT, (6) ball dribbling, (7) target ball toss, (8) side-step
run, (9) circle run, and (10) 5-m shuttle run. For the 2 limb speed
tests and the ball dribbling test, the score was determined by
the greatest number of repetitions within 20 seconds. For the 3
balance tests and the 3 running tests, the score was recorded as
time in seconds. In the SRT test, the score was measured in
centimeters and then transformed in milliseconds. The target
ball toss test score was cumulative, based on the number of
points scored in 10 throws (1 point for hitting the target and 2
points for reaching the center). For all tests except the target

ball toss, 2 attempts were allowed, and the best of the 2 was
recorded as the final score.

Specific Training Program
The ASD experimental group participated in a specific training
program lasting a total of 15 weeks. The program was divided
into 3 cycles of 5 weeks each, with each cycle comprising 3
weekly sessions of 45 minutes. This resulted in a total of 45
sessions delivered between November 1, 2021, and April 3,
2022. The pedagogical approach used small group sizes,
allowing for individualized monitoring and ensuring a clear
understanding of the tasks by participants. The specific training
program focused on three key areas: (1) coordination:
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development of motor skill enabling participants to coordinate
whole-body movements smoothly and efficiently; (2)
proprioception: enhancement of body awareness and spatial
positioning, leading to improved postural control; and (3) agility:
strengthening the ability to react quickly and change direction
with precision. The intervention process emphasized offering
a variety of engaging and playful activities. The overall objective
was to provide participants with rich and multimodal sensory
experiences that stimulated awareness and intrinsic motivation
and presented optimal motor challenges. This included activities
such as exercises performed barefoot or with shoes, allowing
participants to explore different textures and sensations and
exercises using a trampoline to promote body awareness in
space and improve balance. Alongside the ASD experimental
group, a separate ASD control group participated in regular PE

classes based on the standard curriculum as proposed by the
Ministry of National Education of Morocco (Table 1). Further
details can be found in Multimedia Appendices 1 and 2. The
duration and frequency of these classes matched those of the
experimental group. The inclusion of an ASD control group
allowed for a comparison of motor skill development in
participants who underwent the specific training program against
those who did not (for a detailed description of both, the
intervention programs for the experimental and control groups,
please refer to Multimedia Appendices 1 and 2). Furthermore,
a neurotypical control group comprising children without ASD
was established. This group served as a baseline to evaluate the
motor skill level of children with ASD in both the experimental
and control groups, taking into account age and locality.

JMIR Form Res 2025 | vol. 9 | e65767 | p.3024https://formative.jmir.org/2025/1/e65767
(page number not for citation purposes)

Touali et alJMIR FORMATIVE RESEARCH

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


Table 1. Detailed comparison of 15-week intervention activities for experimental (sensory intervention) and control (classic intervention) groups in a
physical development program for children with autism spectrum disorder.

OperationalizationContentThemeBlock and group

Block 1: 3 times per week (5 weeks)

CoordinationExperimental •• Tactile activities: diversifying contact surfaces
(barefoot and with shoes);

Spatial orientation;
• Execution rhythm and time-space structuring;

• Proprioceptive activities: trampoline and plyomet-
ric exercises;

• Segmental differentiation and dissociation;
• Reaction speed.

• Vestibular activities: Swiss ball exercises and ori-
entation;

• Multimodal sensory experiences tasks;
• Playful form, optimal motor challenge, and secure

and flexible framework;
• Encourage collaboration and participation.

Aerobic fitnessControl •• Continuous running: interval running (varying long
or fast pace);

Aerobic capacity (10 to 15 minutes total);
• Aerobic power (3 to 6 minutes total, various

repetitions); • Intermittent: short/short, long/long.
• Speed (repetitions of 2 to 3 seconds).

Block 2: 3 times per week (5 weeks)

BalanceExperimental •• Tactile activities: diversifying contact surfaces
(barefoot and with shoes);

Footwork and body balance mastery;
• Spatial orientation;

• Proprioceptive activities: trampoline, plyometric
exercises;

• Static and dynamic postural balance;
• Plyometric exercises.

• Vestibular activities: Swiss ball exercises, orienta-
tion;

• Multimodal sensory experiences tasks;
• Playful form, optimal motor challenge, and secure

and flexible framework;
• Encourage collaboration and participation.

StrengthControl •• Learn phases and sequences of throwing and
jumping;

Horizontal and vertical jump (explosive
strength);

•• Understand general rules of throwing or jumping;Linking running with vertical and horizontal
jump; • Motor organization to jump or throw as high or far

as possible.• Jump adaptation to space;
• Movement, acceleration, tension, ejection, and

body stabilization;
• Mastery of principles: slow/fast, back/front,

bottom/top, right/left.

Block 3: 3 times per week (5 weeks)

AgilityExperimental •• Tactile activities: diversifying contact surfaces
(barefoot and with shoes);

Linking, braking, and acceleration;
• Linear and multidirectional speed;

• Proprioceptive activities: trampoline and plyomet-
ric exercises;

• Motor flexibility;
• Body control: adaptation to various stimuli;

• Vestibular activities: Swiss ball exercises and ori-
entation;

• Rapid and continuous direction changes;
• Muscle strengthening.

• Multimodal sensory experiences tasks;
• Playful form, optimal motor challenge, and secure

and flexible framework;
• Encourage collaboration and participation.

Cooperation
and opposition
with ball

Control •• Social interactions and exchanges;Discover a team game: 1 or 2 key rules;
•• Communication and information gathering;Differentiate partner and opponent;
•• Cooperation and mutual aid.Respect spatial boundaries;

• Discover a target to defend and attack.

Statistical Analysis
The data were summarized using descriptive statistics. Central
tendency was characterized by means, and variability was
assessed by SD. To assess normality for all variables, the

Shapiro-Wilk test was conducted. Group mean comparisons
were performed using unpaired 2-tailed t tests for the control
and experimental groups, while paired 2-tailed t tests were used
to evaluate differences between measurements at time 1 (T1)
and time 2 (T2). Effect sizes (ESs) were calculated using the
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Cohen d formula [51] and interpreted using the following scale:
<0.20 (trivial), 0.20-0.49 (small), 0.50-0.79 (medium), and ≥0.80
(large). The main effects of group and time, as well as the
group×time interaction, were analyzed using a 2-way repeated

measures ANOVA. Partial eta squared (η2p) values were
reported to indicate ESs, interpreted as follows: <0.01 (trivial),
0.01-0.05 (small), 0.06-0.13 (moderate), and ≥0.14 (large). A
significance level of P≤.05 was used. All statistical analyses
were carried out with SPSS (version 24.0; IBM Corp).

Ethical Considerations
Details of the project were communicated to parents, students
with ASD, and education authorities through a written and
explanatory document that each party was required to sign.
Thus, by enrolling in this project, the individuals involved
acknowledged having provided de facto their written informed
consent. However, it was agreed that participants could
withdraw at any time without penalty or prejudice. The study
was conducted in accordance with the Declaration of Helsinki
and approved by the institutional ethics committee of Ibn Tofail
University (protocol code: 20019741; date of approval: March
3, 2023) for studies involving humans. Data collection only

began upon receiving authorization from the presidents of the
2 participating associations. All collected data were anonymized
to ensure participant confidentiality and were stored securely
in compliance with ethical guidelines. Participants or their
families received no financial or material compensation for their
participation in this study. This paper does not contain any
images or documents that could identify individual participants.

Results

Table 2 presents the anthropometric characteristics between the
ASD experimental group to the ASD control group at baseline
(T1). The results show that there are no significant differences
in the anthropometric characteristics measured between the
children in the experimental group and those in the control group
at baseline. This suggests that the 2 groups are well balanced
in terms of age, BM, BH, BMI, and BSA, which is crucial to
ensure that any future intervention can be evaluated without
bias related to initial anthropometric differences between the
groups. The P values indicate that all comparisons are
nonsignificant, with values well above the conventional
significance limit of ≤.05, reinforcing the idea of homogeneity
between the groups at the start of the study.

Table 2. Anthropometric characteristics of children with autism spectrum disorder according to group membership at baseline (T1).

P valueaControl group (n=7)Experimental group (n=7)Variables

95% CIMean (SD)95% CIMean (SD)

.297.9-10.59.1 (1.4)7.3-9.58.5 (1.2)Age (years)

.6825.3-40.132.7 (8.0)24.3-37.831.0 (7.3)Body mass (kg)

.63126.9-140.5133.7 (7.3)124.5-138.9131.7 (7.8)Body height (cm)

.8815.8-20.418.1 (2.5)14.6-21.117.9 (3.5)BMI (kg/m2)

.650.95-1.251.10 (0.16)0.93-1.191.06 (0.14)Body surface area (m2)

aSignificant at ≤.05.

Table 3 presents a comprehensive comparative analysis of the
motor skill performance evolution among children with ASD,
spanning from the initial baseline (T1) to the postintervention
period (T2). The data are categorized into 2 groups: an ASD
experimental group and an ASD control group. In the ASD
control group, significant enhancements were observed in upper
and lower limb speed, along with ball dribbling and 5-m shuttle
run after 15 weeks in the classic PE program. However, there
were no significant differences noted in balance duration with
eyes opened and closed. Similarly, variables related to running
and coordination, such as circle run, side-step run, 5-m shuttle

run, target ball toss, and ball dribbling, did not exhibit significant
improvements. Regarding the ASD experimental group,
noteworthy advancements were recorded across all variables
after 15 weeks in the sensorimotor integration and
hyperstimulation program. Examining the overarching changes
in motor performance between T1 and T2, a distinct contrast
emerges between the 2 ASD groups. The ASD control group
witnessed an overall progression of 14.5% across all evaluated
motor skill variables. Conversely, the ASD experimental group
demonstrated a notably higher progression, reaching 44.5%.
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Table 3. Comparison of motor skill improvements from baseline (T1) to postintervention (T2) in autism spectrum disorder (ASD) control and experimental

groupsa.

Δ T1 vs T2 (%)Cohen d effect sizecP valuebT2, mean (SD)T1, mean (SD)Variables

ASD experimental group

14.0 (37.1)2.12.00137.7 (4.2)23.7 (6.3)Upper limb speed (nb/20 secondsd)

7.4 (45.1)6.74<.00116.4 (2.2)9.0 (2.1)Lower limb speed (nb/20 seconds)

8.5 (58.2)1.21.0214.6 (8.7)6.1 (2.6)Balance eyes opened (seconds)

4.1 (64.1)1.91.0016.4 (2.0)2.3 (0.9)Balance eyes closed (seconds)

17.3 (76.6)1.88.00322.6 (10.9)5.3 (4.0)Ball dribbling (nb/20 seconds)

5.0 (61.7)0.89.018.1 (3.1)3.1 (2.2)Target ball toss (points)

6.5 (31.9)1.61.00313.9 (0.9)20.4 (3.7)Side-step run (seconds)

11.9 (30)1.13.00228.1 (1.1)40.0 (5.8)Circle run (seconds)

3.0 (16.3)2.15.00115.4 (1.1)18.4 (0.8)5-m shuttle run (seconds)

76.1 (25.4)1.78.002223.4 (24.6)299.5 (45.6)Simple reaction time (ms)

44.5 (19.8)2.14 (1.67)———eMean (SD)

ASD control group

4.8 (17.3)1.45.0127.7 (4.7)22.9 (4.9)Upper limb speed (nb/20 seconds)

4.0 (36.7)2.28.00210.9 (2.6)6.9 (2.0)Lower limb speed (nb/20 seconds)

1.4 (30.4)0.29.284.6 (2.6)3.2 (1.2)Balance eyes opened (seconds)

0.0 (0)0.00.911.9 (1.3)1.9 (0.9)Balance eyes closed (seconds)

3.7 (55.2)3.30.016.7 (3.4)3.0 (0.8)Ball dribbling (nb/20 seconds)

–0.1 (–5.9)0.10.791.6 (1.4)1.7 (1.9)Target ball toss (points)

1.1 (5.1)0.74.2520.5 (4.1)21.6 (2.9)Side-step run (seconds)

2.7 (6.8)2.12.0637.2 (5.6)39.9 (7.1)Circle run (seconds)

–1.7 (–8.3)4.57.00720.6 (3.2)18.9 (3.7)5-m shuttle run (seconds)

25.6 (7.6)0.67.14310.6 (26.9)336.2 (33.2)Simple reaction time (ms)

14.5 (20.4)1.55 (1.51)———Mean (SD) (%)

aIntergroup differences were measured using a 2-tailed t test for unpaired values. Changes between T1 and T2 for each group were calculated using a
2-tailed t test for paired values.
bSignificant at P≤.05.
c<0.20=marginal; 0.20-0.49=small; 0.50-0.79=moderate; and ≥0.80=large.
dnb/20 seconds=number of repetitions in 20 seconds.
eNot applicable.

The results outlined in Table 4 reveal significant effects of
group, time, and group×time interactions for the majority of
gross motor skills. Variables such as segmental speed, balance,
ball dribbling, and SRT exhibit the most substantial effects.
While improvements are also noted in side-step running and
circle running, these gains are comparatively modest. Mauchly

test of sphericity indicated that the assumption of sphericity
was not violated for any of the dependent variables, suggesting
that the variances of the differences between levels of the
repeated measures factor were approximately equal. Thus, these
findings demonstrate that the intervention was highly effective
in enhancing motor performance within the experimental group.
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Table 4. Summary of a 2-way ANOVA with repeated measures evaluating the effects of group, time, and group×time interaction on gross motor skills

performance between the experimental and control groups of children with autism spectrum disordera.

η2pdP valuecF test (df=12)bMean squaredfSum of squaresVariables and source

Upper limb speed (nb/20 secondse)

0.309.045.361206.31206.3Group

0.800<.00148.044622.31622.3Time

0.485.00611.294146.31146.3Group×time

Lower limb speed (nb/20 seconds)

0.519.00412.941104.11104.1Group

0.924<.001145.455228.61228.6Time

0.522.00413.09120.6120.6Group×time

Balance eyes opened (seconds)

0.618.00119.393365.61365.6Group

0.737<.00133.560260.71260.7Time

0.589.00117.206133.71133.7Group×time

Balance eyes closed (seconds)

0.638.00121.12242.9142.9Group

0.626.00120.11330.6130.6Time

0.610.00118.76128.5128.5Group×time

Ball dribble (nb/20 seconds)

0.491.00511.576576.01576.0Group

0.727<.00131.998771.81771.8Time

0.527.00313.364322.31322.3Group×time

Target ball toss (points)

0.607.00118.556112.01112.0Group

0.471.00710.67141.3141.3Time

0.499.00511.96346.3146.3Group×time

Side-step run (seconds)

0.369.217.020106.41106.4Group

0.653<.00122.549103.41103.4Time

0.478.00611.00450.5150.5Group×time

Circle run (seconds)

0.207.103.142144.31144.3Group

0.717<.00130.427372.71372.7Time

0.503.00412.151148.91148.9Group×time

5-m shuttle run (seconds)

0.280.054.66956.3156.3Group

0.228.083.5502.512.5Time

0.825<.00156.46539.1139.1Group×time

Simple reaction time (ms)

0.601.00118.06026,859.3126,859.3Group

0.704<.00128.59218,105.4118,105.4Time

0.369.027.0284450.714450.7Group×time
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aMauchly sphericity test≥0.05 for all the variables in the analysis.
bF=variance between groups/variance within groups.
cSignificant if ≤.05.
dSmall effect size: η2p=0.01; moderate effect size: η2p=0.06; and large effect size: η2p=0.14.
enb/20 seconds=number of repetitions in 20 seconds.

Discussion

Principal Findings
Autism, a complex spectrum of neurodevelopmental conditions,
is characterized by a wide range of manifestations and
challenges. Recent research, such as that conducted by Khoury
et al [52], has shed light on a connection between sensorimotor
integration disorders and ASD. These disorders impact both
fine and gross motor skills, as stated by some studies that
identified 2 primary anomalies contributing to the motor
difficulties observed in individuals with ASD, which are
impaired integration of information crucial for motor planning
and heightened variability in basic sensory input and output
[24,53].

Characteristics of Motor Performance in Individuals
With ASD
Unlike individuals with a neurotypical profile, who readily
integrate information from multiple senses (multimodal
integration), people with ASD often process this information
independently for each sense (unimodal integration). This unique
characteristic can lead to difficulties in perception when exposed
to simultaneous stimulation across multiple senses. As part of
a study comparing the motor performances of individuals with
and without ASD, the battery of tests proposed by Leone et al
[43,44] proved to be a relevant tool. First, this battery effectively
evaluates a broad range of fundamental motor skill factors
(segmental speed, coordination, balance, agility, and reaction
time), which was important in the context of this study. Second,
the test items are designed as simple, isolated tasks, minimizing
the influence of other motor components. This structure aimed
to reduce potential performance discrepancies between the 2
participant groups. However, despite these precautions, the
study revealed significant differences in motor performance
between children with a neurotypical profile and those with
ASD from the outset. Children with ASD demonstrated a
marked delay in motor development, even in tasks primarily
reliant on unimodal sensory processing.

The Classic Versus the Sensorimotor Integration and
Hyperstimulation Approach
In efforts to integrate children with ASD into the education
system, it is common for PE lessons to be taught using a
classical method similar to that used for children with a
neurotypical profile. Morocco follows this trend and offers
children with autism the same PE program prescribed by the
Ministry of National Education. Although some adaptations are
implemented, such as reducing class sizes, this type of program,
which is based on disparate and eclectic exercises derived from
sports activities, does not sufficiently consider the unique
characteristics of children with autism. This approach results
in a significant increase in the quantity and variety of sensory
and motor stimulation, which conflicts with the typical

functioning of children with autism. Additionally, these children
often experience sensory hyperreactivity or hyporeactivity to
environmental stimuli such as brightness, ground texture, and
ambient noise. This can disrupt their routine and, consequently,
hinder their learning capacity [54]. Despite their limitations,
traditional PE classes can demonstrably contribute to improve
some motor skills in children with ASD. Our study showed that
a 15-week classical PE program allowed a nearly 14.5% overall
improvement in the control group of children with ASD. This
finding highlights the capacity of traditional PE methods to
induce, to a certain extent, a contribution to the motor
development of this population.

In contrast, the experimental group, whose PE lessons were
adapted based on principles of sensorimotor integration and
hyperstimulation management, demonstrated a remarkable
44.5% improvement over the same 15-week period. Aware of
the debates that this approach still generates, we have introduced
innovations that, in our opinion, have contributed to this
impressive outcome. While sensorimotor integration appears
more appropriate for children with ASD than traditional
methods, most research advocates for a unimodal approach,
emphasizing tasks that engage a single sense. Although some
studies show promising results, others question the effectiveness
of this method, suggesting that it fails to adequately address the
specific needs of children with ASD.

In this study, a multimodal approach was adopted. Each block
focuses on a specific single motor skill in a manner that engages
multiple senses simultaneously. For instance, while block 1
emphasizes coordination, learning situations necessitate the
involvement of various senses to accomplish each task.
Furthermore, to control for environmental variables and
minimize external influences, all sessions were conducted in a
single room, ensuring consistent lighting, playing surface, and
ambient sound when the learning situation requires it. Given
its unique characteristics, the program structure developed in
this study represents a valuable contribution to the field.

ASD Experimental Versus Control Group
The results of this study are highly encouraging and suggest
that the implemented intervention had a significant impact on
improving the motor skills of children with ASD. Indeed, all
motor skill factors assessed showed significant improvement
in the experimental group compared to the control group
(P<.05). The enhancements were not only statistically significant
but also clinically relevant, as indicated by large ESs (Cohen
ES>0.80). These findings support the idea that targeted
interventions can enhance motor skills in children with ASD,
with potential broad-ranging implications for their overall
development.

The results of the 2-way repeated measures ANOVA strongly
support the effectiveness of the sensorimotor integration and
hyperstimulation method. The findings reveal that the
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group×time interaction is significant for several variables,
indicating that performance varies not only by group but also
over time. This interaction suggests that the effect of time on
motor performance is not consistent across groups. In other
words, the interventions or experimental conditions had different
impacts depending on group membership. It is therefore likely
that the experimental group showed more substantial
improvements over time compared to the control group, which
could suggest greater effectiveness of the implemented

intervention. The ESs (η2p) associated with these interactions
are also noteworthy. The high ESs further emphasize that the
intervention had a significant clinical impact. These findings
emphasize the importance of individualized training programs
that consider specific needs and learning styles to optimize
motor development outcomes.

The observed improvements spanned a wide range of motor
domains, including coordination, balance, and reaction time,
suggesting a comprehensive enhancement of motor skills. This
study highlights the importance of incorporating specific
physical activities into educational programs for children with
ASD. By promoting motor skill development, one can
significantly improve these children’s quality of life, learning,
and social inclusion. Moreover, this study raises intriguing
questions regarding the underlying neurobiological mechanisms
that may account for the observed improvements in children
with ASD following the intervention. While further research is
needed to draw definitive conclusions, several potential
mechanisms could be explored.

Potential Neurobiological Mechanisms Underlying
Motor Skill Improvements in Children With ASD
Regular physical exercise stimulates the production of neuronal
growth factors, which promote the formation of new synaptic
connections in brain regions involved in motor control. Training
can lead to the reorganization of neural networks, enhancing
movement coordination and motor planning [55]. Physical
activity is linked to dopamine release, a neurotransmitter integral
to reward systems. This could boost children’s motivation to
engage in physical activities and reinforce adaptive motor
behaviors. Dopamine also plays a pivotal role in motor control,
and its modulation could contribute to the observed
improvements [56]. Additionally, serotonin, which regulates
mood and anxiety, may see increased activity due to physical
exercise, potentially reducing the anxiety symptoms often
associated with ASD and facilitating the acquisition of new
skills [57]. Physical exercise can enhance sensory perception,
including proprioception and vestibular sense, thereby improving
movement coordination [58]. Our proposed sensorimotor
integration and hyperstimulation program specifically addresses
these 2 sensory modalities. Although these hypotheses are
plausible, further research is needed to assess their validity.

Implementation of a Sensorimotor Integration
Program in the Moroccan Context
Similar to many societies, Morocco often prioritizes the classical
PE approach to stimulate motor development in children,
including those with ASD. However, the findings of this
exploratory study suggest that an alternative approach focused

on sensorimotor integration and hyperstimulation management
could be particularly beneficial for Moroccan children with
ASD. Conducted within the Moroccan cultural and educational
context, the study demonstrated that this innovative approach
could not only be successfully implemented but also yield
significantly better results in motor development compared to
the classical approach. While traditional PE classes can offer
some benefits to children with ASD, integrating principles of
sensorimotor integration and hyperstimulation management
into PE programs can lead to more substantial improvements.
The use of a multimodal approach, where tasks are designed to
engage multiple senses, appears to be particularly effective.
This method not only addresses the unique sensory processing
challenges faced by children with ASD but also helps to bridge
the developmental gap between them and their peers with a
neurotypical profile. As such, the program developed in this
study represents a significant advancement in the field of PE
for children with ASD, providing a framework for future
research and practice.

Limitations and Strengths
This study reveals several limitations. The small number of
participants with ASD (n=14) requires caution in interpreting
the results. Additionally, the fact that the age range is limited
to 6 to 12 years makes the results potentially inapplicable to
other age groups. Given that these children mainly come from
disadvantaged backgrounds, it is uncertain whether the same
findings would be observed in different socioeconomic contexts.
All participants with ASD were classified as level 2 (moderate)
on the Autism Severity Rating Scale according to DSM-5-TR
criteria, so it is not possible to judge whether the program would
have the same effectiveness for severity levels 1 and 3.
However, this limitation ensures that the group of children with
ASD was homogeneous, which is often a weakness in other
studies. Additionally, obtaining repeated measurements allows
changes to be better assessed since they come from the same
children at different time periods. This study also has the
advantage of providing, for the first time, a preliminary portrait
of the motor development of Moroccan children with a
neurotypical profile versus children with ASD based on the
UQAC-UQAM test battery. The proposed approach
(sensorimotor integration and hyperstimulation), as implemented
in this study, is also a first for the Moroccan population with
ASD.

Conclusions
Children with ASD often exhibit a unimodal sensory processing
style, meaning they tend to focus on one sensory input at a time.
This can lead to significant perceptual challenges when they
are exposed to stimulation that engages multiple senses
simultaneously. Conventional PE programs, which typically
use a variety of exercises derived from various sports, may
actually hinder the progress of children with ASD by
overloading their sensory systems. In contrast, a novel approach
that emphasizes sensorimotor integration and hyperstimulation
management appears to be much more effective in improving
motor skills in this population. This method prioritizes engaging
multiple senses concurrently while minimizing excessive
sensory stimuli. This study revealed that the sensorimotor
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integration and hyperstimulation management program yielded
a remarkable 44.5% improvement in motor skills for children
in the experimental group over a 15-week period. This is in
stark contrast to the 14.5% improvement observed in the control
group who participated in the traditional PE program. While
this study is limited by the sample size, it provides a
groundbreaking initial assessment of motor development in

Moroccan children with ASD. Furthermore, it proposes an
innovative approach specifically tailored to their motor skills
condition and the prevailing sociocultural and educational
context within Morocco. However, other more exhaustive
studies will need to be carried out in order to be able to more
precisely measure the full potential of this approach.
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Abstract

Background: Previous research has demonstrated a correlation between nursing students’ self-efficacy and their clinical
performance, competence, and behavior during clinical practice placements. Assessing students’self-efficacy in clinical performance
could be a valuable method for identifying areas that need reinforcement and for recognizing students who may require additional
support during clinical practice placements.

Objective: This study aimed to translate the Self-Efficacy in Clinical Performance Scale (SECP) from English into Norwegian
and to evaluate the psychometric properties of the Norwegian version.

Methods: A cross-sectional study design was used. The SECP was translated into Norwegian following a 6-step process: forward
translation, forward translation synthesis, backward translation, backward translation synthesis, cognitive debriefing, and
psychometric testing. The validity and reliability of the translated version were assessed using confirmatory factor analysis (CFA),
Cronbach α, McDonald ω, and composite reliability.

Results: A total of 399 nursing students completed the Norwegian version of the SECP. The CFA goodness-of-fit indices (χ2/df
ratio=1.578, comparative fit index=0.98, Tucker-Lewis index=0.98, standardized root mean square residual=0.056, root mean
square error of approximation=0.038) indicated an acceptable model fit. Reliability measures, including Cronbach  , McDonald
ω, and composite reliability, were high, with factor-level values ranging from 0.94 to 0.98.

Conclusion: The Norwegian version of the SECP demonstrated strong potential as an instrument for assessing self-efficacy in
both current and required competencies among nursing students in clinical practice within nursing education. Future research
should aim to confirm the factor structure of the SECP and evaluate its test-retest reliability.

(JMIR Form Res 2025;9:e68173)   doi:10.2196/68173
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Introduction

Background
Clinical practice placements in nursing education provide a
platform for nursing students to apply theoretical knowledge to
real patient care. Nursing knowledge encompasses both
theoretical understanding (“knowing that”) and practical skills
(“knowing how”) [1]. The nursing process, originally defined
as “a systematic approach to care using the fundamental
principles of critical thinking, client-centered approaches to
treatment, goal-oriented tasks, evidence-based practice

recommendations, and nursing intuition” [2], is recognized as
an essential framework for applying nursing knowledge to
enhance care quality [3]. The nursing process entails
comprehending the rationale behind patients’ treatment plans,
understanding pathophysiology, identifying patient problems,
conducting suitable assessments, prioritizing and implementing
care, and evaluating the outcomes of provided care [3].
However, students report difficulties in integrating theoretical
knowledge into clinical practice [4,5], as well as challenges in
gathering, assessing, and using patient data to develop nursing
care that caters to patient needs [6].
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Previous studies have demonstrated that nursing students’
self-efficacy is associated with their clinical performance,
competence, and behavior during clinical practice placements
[7-9]. Self-efficacy, a critical factor in academic success, refers
to the confidence or belief in one’s abilities to successfully
accomplish specific tasks and persist despite challenges [10,11].
According to Bandura [10], mastery experiences have a strong
effect on a student’s self-efficacy development because they
are the most authentic indicators of one’s capabilities. In
contrast, experienced failures may impair students’ self-efficacy
perceptions and result in avoidance behaviors [10].

Various factors, such as anxiety, stress, motivation, and the
pedagogical atmosphere in the clinical setting, can potentially
influence nursing students’ self-efficacy [12] and thus their
clinical achievements [13-15]. A vital resource in promoting
nursing students’ self-efficacy is emotional support from peers,
academic educators, and clinical supervisors [10,12,16]. Hence,
to enhance nursing students’clinical learning, performance, and
competence during clinical practice placements, it is crucial not
only to equip students with a conducive clinical learning
environment but also to assist them in boosting their
self-efficacy to manage various challenges they might face [8].
As self-efficacy may predict clinical performance and behavior
among nursing students, assessing students’ self-efficacy could
be a valuable method to pinpoint those who may require
additional support during clinical practice placements [17,18].

To assess students’ self-efficacy in clinical practice, validated
instruments are necessary. The Self-Efficacy in Clinical
Performance Scale (SECP) was designed to collect empirical
data on nursing students’ self-efficacy in clinical performance
[19]. The SECP explores students’ self-efficacy perceptions in
performing different facets of the nursing process. Students are
queried about their confidence in patient assessments, diagnosis
and planning, implementation of care, and evaluation of
provided care. Such insights are valuable for educators and

clinical supervisors to identify areas requiring reinforcement
and to create educational strategies to promote students’
self-efficacy, equip them for potential challenges, and ultimately
enhance their clinical performance and competence. For these
reasons, the SECP was selected for translation and validation
into Norwegian in this study, given its established psychometric
properties and relevance to clinical education settings [19]. As
highlighted by Cheraghi et al [19], the SECP has demonstrated
construct validity, internal consistency, and stability, ensuring
consistent and reliable measurement of self-efficacy in clinical
performance.

Objective
This study was initiated to address the need for culturally
adapted and psychometrically validated tools to support
educators in enhancing educational strategies in Norwegian
nursing education. Therefore, the study aimed to translate the
SECP from English into Norwegian and to evaluate its
psychometric properties in a Norwegian academic context.

Methods

Design
This study used a cross‐sectional survey design, including
translating the SECP and testing its psychometric properties.

Translation Procedure
The original SECP, developed and validated by Cheraghi et al
[19], is in Persian and consists of 37 items across 4 factors:
assessment, diagnosis and planning, implementation, and
evaluation. Each item is rated on an 11-point Likert scale, from
0 (“fully disagree”) to 10 (“fully agree”), where higher scores
indicate greater levels of agreement, and lower scores indicate
disagreement. The hypothesized 4-factor model and
corresponding items in the SECP are presented in Table 1.
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Table . The hypothesized 4-factor model and corresponding items in SECPa.

Items

I am confident that in the clinical setting, I can:

Factors and subscales

Q1. Collect significant data in a physical evaluation.

Q2. Collect relevant data by obtaining the patient’s history.

Q3. Collect data efficiently, without burdening the patient unnecessarily.

Q4. Collect data by organizing the available time.

Q5. Collect objective data related to the patient’s health status.

Q6. Collect subjective data related to the patient’s health status.

Q7. See the relationship between data elements collected from different
sources.

Q8. Document the collected data based on the patient’s health status.

Q9. Analyze the data collected based on the patient’s health status.

Q10. Identify the patient’s strengths in the care process.

Q11. Identify the patient’s health concerns in the care process.

Q12. Prioritize the patient’s needs based on the patient’s health status.

Assessment

Q13. Formulate a nursing diagnosis based on the collected data.

Q14. Adjust the nursing diagnosis based on an assessment of the patient’s
data.

Q15. Adjust the nursing diagnosis based on prioritizing the patient’s needs.

Q16. Formulate the overall goal of the patient’s plan of care.

Q17. Formulate short-term goals for the patient’s plan of care

Q18. Formulate long-term goals for the patient’s plan of care.

Q19. Establish measurable outcomes of care.

Q20. Based on goals, set up the patient’s daily plan of care.

Q21. Establish a plan of care based on prioritizing the patient’s needs.

Diagnosis and planning

Q22. Implement the patient’s established plan of care to attain the goals.

Q23. Provide nursing care to the patient based on priorities in the plan of
care.

Q24. Implement the patient’s plan of care with available resources.

Q25. Explain each nursing intervention to the patient or family member
before implementing it.

Q26. Work together with the patient or family member in implementing
the daily plan of care.

Q27. Make decisions based on my prior experience in similar situations.

Q28. Seek help from a mentor or nurse colleagues in difficult situations.

Q29. Improve my skills based on feedback from a mentor and nursing
colleagues.

Q30. Develop teaching strategies for the patient’s discharge.

Q31. Document and report daily clinical work.

Implementation

Q32. Evaluate the achievement of the patient’s desired outcomes.

Q33. Evaluate how nursing interventions were performed.

Q34. Identify weaknesses in the structure of the care plan.

Q35. Based on the patient’s prognosis, determine if the plan of care should
be followed as is or modified.

Q36. Adjust the goals of the care plan in response to changes in the pa-
tient’s condition.

Q37. Reprioritize the care plan based on changes in the patient’s condition.

Evaluation

aSECP: Self-Efficacy in Clinical Performance Scale.

Permission to translate, validate, and use the SECP developers’
English and Persian versions of the instrument was obtained
via email. The SECP was translated from their English version
to Norwegian following six of a seven-step guideline suggested
by Sousa and Rojjanasrirat [20] in the symmetrical translation

approach: (1) forward translation, (2) synthesis of the forward
translation, (3) backward translation, (4) synthesis of the
backward translation, (5) cognitive debriefing, and (7)
comprehensive psychometric testing. Step 6, preliminary
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psychometric testing, was omitted due to the lack of a bilingual
population.

Forward Translation and Synthesis
The forward translation was conducted independently by 2
translators, both registered nurses and researchers with expertise
in the terminology of the area covered by the SECP. The
translators were native Norwegian speakers and fluent in
English. The 2 forward-translated versions were additionally
compared with the original version of the instrument by a third
independent translator, who was bilingual and bicultural. Any
discrepancies in wording, sentences, and meanings were
addressed and resolved through consensus among the translators
and the last author (AAGN).

Backward Translation and Synthesis
The backward translation into English was carried out by 2
independent translators. One back translator was a registered
nurse and researcher with expertise in the terminology of the
area covered by the SECP, while the other was an
English-language expert familiar with nursing terminology.
Both back translators were native English speakers and were
blinded to the original version of the instrument. The 2
back-translated versions were then compared by a third
independent translator who was bilingual and bicultural. Any
discrepancies in wording, sentences, and meanings were
resolved through consensus among the translators and the last
author (AAGN). The prefinal Norwegian version of the SECP
was subsequently approved by the instrument developer.

Cognitive Debriefing
The prefinal Norwegian version of the SECP was tested with a
pilot group of 10 nursing students who had completed clinical
practice and represented the target population [20,21]. Each
student was asked to evaluate the instructions, response format,
and the 37 items of the SECP using a dichotomous scale (clear
or unclear). As no unclear issues were identified by the students,
no revisions to the instrument were done [22]. Additionally, an
expert panel of 10 members assessed the conceptual equivalence
(clarity) of the instrument [21]. The panel comprised
experienced nurses who were educators holding positions as
assistant professors, associate professors, or professors—all
registered nurses familiar with the terminology covered by the
SECP. Following the same procedure as the pilot group, the
panel identified no issues with conceptual equivalence. The
expert panel also evaluated each item for content equivalence
(relevance). As no items were rated as irrelevant, difficult to
assess, or needing minor alteration, no further revisions were
necessary [23]. The instrument was then deemed ready for
psychometric testing.

Psychometric Testing of the SECP Norwegian Version

Setting and Sample
The study was conducted at one of the biggest universities in
Norway, which offers nursing education at the bachelor level.
A convenience sampling method was used to recruit participants
for psychometric testing of the SECP (Norwegian version). We
aimed to recruit a sample of 400 nursing students to ensure at
least 10 responses per item in the SECP, accounting for potential

withdrawals from the study [20]. Nursing students from the first
and second year of the Bachelor of Nursing Education at the
university in the spring of 2022 and 2023 (approximately 800
students) were invited to participate by announcing the study
through the university’s learning platform. To ensure that all
invited students had finished at least one of their clinical practice
placements, the announcement of the study and a link to the
Questback management system [24], which included written
information about the study, web-based informed consent forms,
and the SECP (Norwegian version), were distributed to the
students through the university’s learning platform in the second
part of their spring semesters.

Data Collection
Data for the psychometric testing of the SECP (Norwegian
version) were collected digitally between the spring of 2022
and the spring of 2023 using the Questback management system,
which is a web-based survey system [24]. The web-based
version of the SECP included the informed consent form. This
combination provided data encompassing voluntary participants’
names, email addresses, and SECP scores. No additional
background data were collected. To avoid missing data,
participants were required to complete all SECP items to finalize
the survey.

Statistical Analyses
The data were analyzed using the R programming language
[25]. The lavaan package was used to compute the
goodness-of-fit indices [26], semTools to calculate internal
consistency [27], and semPlot to generate the factor structure
model of the SECP (Norwegian version) [28].

Internal Consistency
Internal consistency was assessed by Cronbach α, McDonald
ω, and composite reliability coefficients, and values of ≥0.7
were classified as satisfactory [29,30].

Construct Validity
The SECP developers specified a 4-factor model of the SECP,
as presented in Table 1 [19]. Discriminant validity was evaluated
using the Fornell-Larcker criterion, where good discriminant
validity is indicated when the square root of the average variance
extracted (AVE) for each factor is greater than the correlations
between factors [31].

Confirmatory factor analysis (CFA) using the weighted least
squares mean and variance-adjusted estimator [32] was
performed to evaluate whether the prehypothesized 4-factor
model fit our observed data as evidence of construct validity

[33]. The following goodness-of-fit indices were used: the χ2/df
ratio, the P value, the comparative fit index (CFI), the
Tucker-Lewis index (TLI), the root mean square error of
approximation (RMSEA), and the standardized root mean square

residual (SRMR). A χ2/df ratio of ≤2 was considered acceptable
[34]. The P value was used to reject a null hypothesis
representing a perfect fit [35]. Thus, a nonsignificant P value
of >.05 was preferred. The acceptable range of the SRMR index
was between 0 and 0.08 [36]. Following Hu and Bentler [36],
a CFI and TLI of at least 0.95 was deemed acceptable. Lower
RMSEA values indicate a better fit [33], and a value of ≤0.05
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with a confidence interval ≤0.1 was considered to represent a
close model fit [37].

Ethical Considerations
The Norwegian Centre for Research Data approved the study
(reference number 891608). Participation in the psychometric
testing of the SECP (Norwegian version) was based on written
informed consent and performed in accordance with the 2013
revised version of the Declaration of Helsinki [38]. Participation
was voluntary, and participants’ rights were clearly outlined in
the consent forms. Participants were informed about the nature
and purpose of the study, as well as their right to withdraw at

any time without any consequences. All data were deidentified
and anonymized to ensure confidentiality. Participants were not
compensated in any way for their involvement in the study.

Results

Mean Scores, Skewness, and Kurtosis
Of the estimated 800 active nursing students invited to
participate, 399 (49.9%) completed and returned the instrument.
Answers were skewed toward the “fully agree” end of the scale.
The respondents’ mean scores, skewness, and kurtosis are
provided in Table 2.

Table . Mean score and internal consistency indicators by factor (n=399).

Composite reliabili-
ty

McDonald ωCronbach αKurtosisSkewnessMean (SD)Factor or subscale

0.960.970.962.48–1.028.37 (1.56)Assessment

0.970.980.981.36–0.968.07 (1.84)Diagnosis and
planning

0.940.950.943.76–1.428.69 (1.52)Implementation

0.960.970.961.50–1.028.29 (1.85)Evaluation

Internal Consistency
The internal consistency indicators by factor level displayed
values from 0.94 to 0.98, indicating high internal consistency.
The mean score and internal consistency indicators for each
factor are presented in Table 2.

Construct Validity
The factor structure model of the SECP Norwegian version is
presented in Figure 1. The content of the items is presented in
Table 1.

All factor loadings within each factor in the model presented
statistical significance and had acceptable values ranging from

0.44 to 0.82, except for item Q28, which presented significant
results, but with a low factor loading of 0.28 (Table 3).

The square roots of the AVE values were equal to or lower than
the correlations between the factors, indicating potential issues
with discriminant validity, as shown in Table 4.

However, overall, the goodness-of-fit indices from the CFA
confirmed the prehypothesized factor structure model, indicating
acceptable construct validity. The exception was the significant
P value, which means that the model did not obtain a perfect
fit for the data. The goodness-of-fit indices are shown in Table
5.
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Figure 1. Factor structure model for the SECP Norwegian version. Ass: assessment; D_P: diagnosis and planning; Evl: evaluation; Imp: implementation;
SECP: Self-Efficacy in Clinical Performance Scale.
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Table . Factor loadings for the factor structure model (n=399).

P valueSEλaFactor or subscale and items

Assessment

<.0010.0510.58Q1

<.0010.0480.58Q2

<.0010.0550.55Q3

<.0010.0490.61Q4

<.0010.0420.67Q5

<.0010.0400.69Q6

<.0010.0440.70Q7

<.0010.0420.58Q8

<.0010.0410.73Q9

<.0010.0310.74Q10

<.0010.0360.76Q11

<.0010.0370.74Q12

Diagnosis and planning

<.0010.0330.74Q13

<.0010.0260.82Q14

<.0010.0290.80Q15

<.0010.0350.77Q16

<.0010.0280.81Q17

<.0010.0360.77Q18

<.0010.0370.76Q19

<.0010.0390.75Q20

<.0010.0290.82Q21

Implementation

<.0010.0340.71Q22

<.0010.0300.77Q23

<.0010.0300.74Q24

<.0010.0390.66Q25

<.0010.0320.72Q26

<.0010.0390.69Q27

<.0010.0430.28Q28

<.0010.0430.46Q29

<.0010.0470.57Q30

<.0010.0430.44Q31

Evaluation

<.0010.0350.75Q32

<.0010.0310.77Q33

<.0010.0330.77Q34

<.0010.0360.75Q35

<.0010.0350.75Q36

<.0010.0380.74Q37
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aλ: factor loading.

Table . The square root of AVEa and correlations between factors (n=399).

EvaluationImplementationDiagnosis and planningAssessment

0.790.840.780.66bAssessment

0.830.810.78b0.78Diagnosis and planning

0.810.63b0.810.84Implementation

0.75b0.810.830.79Evaluation

aAVE: average variance extracted.
bThese values represent average variance extracted.

Table . Goodness-of-fit indices (n=399).

ValueGoodness-of-fit indices

983.246χ 2

623df

1.578χ2/df ratio

<.001P value

0.986CFIa

0.985TLIb

0.056SRMRc

0.038 (0.034-0.043)RMSEAd (90% CI)

aCFI: comparative fit index.
bTLI: Tucker-Lewis index.
cSRMR: standardized root mean square residual.
dRMSEA: root mean squared error of approximation.

Discussion

Principal Results
The Norwegian version of the SECP demonstrated acceptability,
internal consistency, and satisfactory construct validity.

Acceptability
To ensure that the conclusions drawn from the statistical
analyses were based on genuine cultural differences and
similarities rather than translation errors, we placed a strong
emphasis on maintaining equivalence between the original and
translated versions of the SECP throughout the translation
process [39]. As the nursing process is accepted as a care
standard with the stages of assessment, nursing diagnosis,
planning, implementation, and evaluation worldwide [40], we
found that identifying Norwegian words and expressions that
captured the original meaning of the SECP was not difficult.
The target population of nursing students who piloted and
evaluated the SECP (Norwegian version), along with the panel
of educators, confirmed the relevance of the wording and items,
indicating the acceptability of the SECP within the Norwegian
context.

Internal Consistency and Construct Validity
The internal consistency and construct validity tests were
performed on a sample of 399 respondents. The suggested
minimum size for conducting factor analysis differs in relative
terms, from 3 to 20 times the number of variables [41]. Bryant
and Yarnold [42] suggest that the subjects-to-variables ratio
should be at least 5 times the number of variables. In this study,
the subjects-to-variables ratio was above 10:1 and thus
considered sufficient.

Cheraghi et al [19] used exploratory factor analysis to test and
develop the original SECP compositions, resulting in the
prehypothesized 4-factor structure model used in this study. In
the original SECP, Cheraghi et al [19] presented Cronbach α
scores at factor levels ranging from 0.90 to 0.92, which
demonstrated high internal consistency. In this study, the internal
consistency indicators for the hypothesized factors also indicated
high internal consistency, with factor values ranging from 0.94
to 0.98. However, the high internal consistency values (>0.95),
especially in the factor “diagnosis and planning,” can also
indicate that some of the factor items in the SECP may be
redundant [43]. However, although some of the SECP items
are somewhat similarly worded, such as “Q14: Adjust the
nursing diagnosis based on an assessment of the patient’s data”
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and “Q15: Adjust the nursing diagnosis based on prioritizing
the patient’s needs,” they seem to tap into slightly different
aspects of the measured constructs within the factors, thus
adding additional information.

Our CFA results revealed significant factor loadings for all 4
hypothesized factors. Ideally, factor loadings should be ≥0.7
[44], and this criterion was met by 24 of the 37 items in the
SECP (Norwegian version). Tabachnick and Fidell [45] classify
factor loadings of ≥0.55 as good, which applied to 34 of the 37
items. According to their criteria, item Q29 (“Improve my skills
based on feedback from a mentor and nursing colleague”) with
a loading of 0.46 and item Q31 (“Document and report daily
clinical work”) with a loading of 0.44 may be considered “fair.”
In the original SECP, Cheraghi et al [19] reported that item Q28
(“Seek help from a mentor or nurse colleagues in difficult
situations”) demonstrated a factor loading of 0.75. In our study,
item Q28 exhibited a factor loading of 0.28, indicating that the
factor “Implementation” does not adequately account for the
variance in this item [44]. Unlike the other items in
“Implementation,” item Q28 emphasizes seeking help from
others. Consequently, it may have been poorly aligned with our
respondents’ perceptions of mastering nursing practice within
“Implementation,” potentially contributing to its low factor
loading.

Generally, items with low loadings should be considered for
removal as they contribute less to the construct and more to
measurement error [44]. In this study, we retained all the original
items, which may have contributed to our negative results when
assessing discriminant validity using the Fornell-Larcker
criterion [44]. We found that our estimated square root of AVE
values was equal to or lower than the factor correlations,
indicating that the SECP factors are not clearly distinct.
Retaining items with low factor loadings will result in lower
square roots of AVE, as AVE is calculated based on the squared
loadings of items, thereby potentially compromising
discriminant validity results [44]. However, several other factors
beyond items with low loadings can contribute to negative
results on the Fornell-Larcker criterion. These include items
with similar content, which can lead to high correlations between
factors, or a homogeneous sample, which can result in similar
responses across factors and mask the true distinction between
them [46].

In this study, we did not redefine the original SECP model, as
we could not ensure that changes made would be stable and not
influenced by the unique characteristics of our single sample.
Furthermore, when assessing the goodness-of-fit indicators from
the CFA, the construct validity of the SECP (Norwegian version)

was considered acceptable. Our χ2/df ratio was well below the
recommended limit set by Byrne [34], indicating a satisfactory
model fit [47]. For further evaluation, we assessed the CFI, TLI,
SRMR, and RMSEA indices. The RMSEA and CFI are
relatively robust in large samples [36], and the RMSEA is
adjusted for model complexity [33]. Our RMSEA value
indicated a close fit [36,37]. Additionally, the SRMR fell within
the acceptable range established by Hu and Bentler [36], while
both the CFI and the TLI exceeded the cutoff point of 0.95
suggested by Hu and Bentler [36], indicating a good fit. One

goodness-of-fit indicator that opposed the hypothesized model
was the chi-square P value, which was <.001. However,
significant P values may arise, especially in large samples, even
when the proposed model is only slightly inaccurate [47,48].

Furthermore, by using the χ2/df, CFI, TLI, SRMR, and RMSEA
fit indices, we evaluated various aspects of goodness of fit.
Together, these fit indices confirmed the hypothesized SECP
model, indicating that the overall model structure is sound.

An important step in improving nursing students’ clinical
performance is to pinpoint both students’ strengths and areas
requiring improvement. In this first Norwegian translation and
testing of the SECP, the results show that the SECP (Norwegian
version) has the potential as an instrument within Norwegian
nursing education to assess students’ self-efficacy in performing
different facets of the nursing process. The SECP could be
integrated into Norwegian nursing education for clinical course
evaluations, and SECP results may be used to guide nurse
educators in their work to better equip nursing students for the
demands of the clinical setting. The SECP not only tracks
nursing students’ self-efficacy but also helps to identify learning
gaps due to low self-efficacy, measure the impact of teaching
interventions, guide curriculum development, and moreover
tailor students’ learning and subsequently reinforce students’
well-being and self-efficacy in clinical performance. The SECP
can be administered throughout the study program, for example,
before clinical placements, midway through courses, or after
targeted workshops. Aggregated results may reveal recurring
weaknesses, the need for curriculum updates, and spotlight
at-risk students in need of guidance, ultimately improving
readiness, resilience, and overall performance in the nursing
profession [49,50].

Limitations
The originally validated SECP is in Persian, and in this study,
we translated the English version provided by the original SECP
developers, Cheraghi et al [19], for which there was no prior
validation. We found no other studies that had translated,
adapted, or validated the SECP into other languages. Thus, we
could not compare this study with studies from different
linguistic and cultural contexts, apart from the original study
by Cheragi et al [19]. This emphasizes the need for additional
research to establish the SECP scale’s validity and reliability
across diverse populations worldwide.

Additionally, individual characteristics of our participants, such
as age or gender, were not collected, which could have provided
a more comprehensive overview of the sample. Although the
CFA results in this study confirmed the prehypothesized SECP
model, it should be noted that having an acceptable fitting model
with data from a single sample does not necessarily confirm
that the model is correctly specified [47]. Furthermore, we did
not evaluate the stability of the SECP (Norwegian version) over
time. Therefore, we propose that future psychometric validation
studies also include evaluations of the instrument’s test-retest
reliability.

Conclusion
The SECP (Norwegian version) demonstrated its potential as a
viable instrument for assessing self-efficacy in the current and
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required competencies of nursing students in clinical practice
within Norwegian nursing education. Collecting data in these
areas may be crucial to evaluate, develop, and enhance nursing
students’clinical performance. The SECP (Norwegian version)

indicated internal consistency and acceptable construct validity
in this study; however, future research should aim to confirm
the factor structure of the SECP (Norwegian version) and
evaluate its test-retest reliability.
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Abstract

Background: This study illustrates the development of a simple web-based application, which demonstrates the relationship
between serum anti-SARS-CoV-2 S1/receptor-binding domain immunoglobulin G (IgG) and anti-SARS-CoV-2 neutralizing
antibody (nAb) half-maximal inhibitory concentration (IC50) titers in a vaccinated US adult population and compares them to
prior data on nAb titers at different time points after vaccination.

Objective: The objective of this study is to create an easily accessible calculator that uses the results of commercially available
anti-SARS-CoV-2 serum IgG to approximate the underlying ability to neutralize SARS-CoV-2.

Methods: Our web-based application leveraged two previously published datasets. One dataset demonstrated a robust correlation
between nAb and serum IgG. The other dataset measured nAb titers at specific time periods over a year-long interval following
a messenger RNA vaccination primary series and booster vaccine dose. Clinical factors that were statistically significant on a
forward linear regression model examining the prediction of nAb from serum IgG were incorporated in the application tool.

Results: By combining the datasets described above, we developed a publicly available web-based application that allows users
to enter a serum IgG value and determine their estimated nAb titer. The application contextualizes the estimated nAb titer with
the theoretical distance from the corresponding vaccine-mediated antibody protection. Using the clinical variables that had a
significant impact on how well IgG values predict nAb titers, this application allows for a patient-centered, nAb titer prediction.

Conclusions: This application offers an example of how we might bring the advances made in scientific research on protective
antibodies post-SARS-CoV-2 vaccination into the clinical sphere with practical tools.

(JMIR Form Res 2025;9:e59467)   doi:10.2196/59467

KEYWORDS

COVID-19; immunity; neutralizing antibody; immunoglobulin G; vaccine hesitancy; vaccine timing; patient-centered care; web
application; vaccination; SARS-CoV-2

Introduction

High levels of anti-SARS-CoV-2 neutralizing antibodies (nAbs)
have been shown to be protective against severe SARS-CoV-2
infection [1], but nAbs wane over time following vaccination
or infection [2,3]. In addition, nAbs require significant funding
and infrastructure to measure and are largely limited to research
settings. Serum anti-SARS-CoV-2 immunoglobulin G (IgG)
testing is available in commercial settings at relatively low cost.
IgG testing has been sporadically ordered in primary care
settings; although, there has been little to guide its clinical
interpretation [4,5].

Methods

Ethical Considerations
Approval for the study from which both datasets were derived
(SARS-CoV-2 Vaccine and You, protocol #1599488) was
obtained from the Veterans Affairs Connecticut Healthcare
System Institutional Review Board (IRB) in December 2020.
Participants were eligible for inclusion if they were veterans or
health care workers at the Veterans Affairs Connecticut
Healthcare System and excluded if they were unable to provide
informed consent. Written informed consent was obtained from
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willing participants prior to study participation and they were
aware they could opt out at any time. The ethics approval
covered secondary analysis as done for this paper without
additional consent. Samples were donated by participants
without any compensation and we are immensely grateful for
this. All identifiable subject data was secured in encrypted
folders accessible only to IRB-approved investigators. All data
was de-identified before serological analysis.

Source Data Sets
The first dataset was derived from a prospective cohort study
which measured anti-SARS-COV-2 nAb half-maximal
inhibitory concentration (IC50) titers against pseudotyped WA-1
(the original SARS-CoV-2 strain) at specific time periods over
a year-long interval following the primary messenger RNA
vaccination series and a subsequent booster vaccine dose (before
dose 1, before dose 2, and after dose 2 at 1, 3, 6, and 12 months,
with an additional collection 1 month after dose 3, which was
approximately 10 months after dose 2). Clinical variables were
collected by manual chart review as previously described. The
nAb titers were found to fluctuate over time, peaking 1 month
after the primary series, waning at 6 months, and rising again
1 month after the booster dose [2].

The second dataset leveraged the collected serum samples and
measured IgG anti-S1/receptor-binding domain values in sera
with predetermined nAb titers and clinical variables as
previously described [6]. IgG and nAb IC50 titers had a robust
linear correlation. Multimedia Appendix 1 illustrates this
correlation for each clinical variable (COVID-19 infection
status, estimated glomerular filtration rate (GFR), age, sex,
history of malignancy, and race). Based on a forward stepwise
linear regression, GFR (0‐30, 31‐59, and >60 mL/min/1.73
m²), and history of COVID-19 infection within the past 12
months (yes or no) were found to impact this correlation

(R2=0.78) [6].

The model had undergone internal validation using repeated
k-fold cross-validation. The model’s performance was evaluated

using root mean squared error (RMSE), R2, and mean absolute
error (MAE) across multiple versions of the model and different
crossvalidation setups (ten 10-fold repeats, five 10-fold repeats,
and three 5-fold repeats). For our model, which included IgG,
COVID-19 infection status, and GFR, the RMSE was relatively
low (around 0.27‐0.28) across validation setups, suggesting
a small average error between the predicted and actual values.

The R2 values were around 0.77 to 0.81 across validation setups,
which indicated that the model explained about 77% to 81% of
the variability in the data. The MAE values were around 0.2 for
all validation setups, demonstrating a low average error
magnitude (Multimedia Appendix 2).

Application Development

Backend (Software)
The application used the model-view-controller pattern. We
initially used RStudio 2023.12.1+402 running R 4.3.2 (IBM

Corp) and an integrated development environment with a set
of tools to complement R. The original R script had initially
used its own web application framework (Shiny) to create a
local web-based application, but this framework was not
compatible with the rest of the tools used in the development
process. The R script was converted to Python 3.9.12 (Python
Software Foundation) for ease of web development. The main
challenge when developing the project was converting the
original R script into Python and creating the website using an
HTML and cascading style sheets (CSS). Python was chosen
over R for several reasons. First, Python’s versatility and
ecosystem made integration with other tools like Flask, a popular
web framework that simplifies the web application development
process, and Docker, which simplifies the process of
containerizing applications, much easier. Second, Python’s
versatility and rich ecosystem of libraries and web development
tools allowed us to keep the backend and front end the same
language. Third, Python could handle a high volume of web
requests and was better suited for scalable applications, which
was a point of consideration. Last, Python was also the better
choice for long-term maintainability, as it is more readable and
easier to update. The host server emphasized Docker as the
primary tool for deployment, making it the easiest tool to use
for the development process. The full source code is available
on request.

Front End (Web Interface)
The front end was converted from a Shiny package in RStudio
to an HTML and CSS. The Python Flask 3.0.0 (Armin
Ronacher) module was used to build the CoVimmune website.
The website was launched using a YaleInformation Technology
Support secured self-service sandbox environment called
Spinup. The Waitress Web Server Gateway Interface was used
to deploy our application and Docker 4.27.1 (Docker, Inc) was
used to package, ship, and run our application.

Results

This web-based application was based on 127 sera samples in
100 unique participants aged 20‐93 years (mean 63.83, SD
15.63 years; 29% female; 67% White) from the second dataset.
The user can input their IgG value, and the units can be from
any of 4 commonly used platforms (Abbott-arbitrary U/ml,
Siemens-U/ml, Roche-U/ml, and Euroimmune-relative U/ml)
or the World Health Organization’s standardized IgG value in
binding antibody U/mL. The user can choose to select their
COVID-19 infection status and GFR category from drop down
lists. The application then generates an estimated nAb titer,
which is compared to individuals with matching renal function
and COVID-19 status from the first dataset, to provide a
contextualized range of nAb titers at different time points after
vaccination (Figure 1 and Figure 2). The application also
visualizes the results in the context of time from the last
vaccination among individuals with similar values in the
application dataset. The application is free and available on the
internet [7].
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Figure 1. CoVimmune COVID-19 immunity calculator website interface for the application. GFR: glomerular filtration rate; IC50: half-maximal
inhibitory concentration; IgG: immunoglobulin G.
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Figure 2. CoVimmune COVID-19 immunity calculator results with an example input. BAU: binding antibody unit; IC50: half-maximal inhibitory
concentration; IgG: immunoglobulin G.

Discussion

The application illustrates the relationship between serum
anti-SARS-CoV-2 IgG and anti-SARS-CoV-2 nAb IC50 titers
in a vaccinated US adult population and allows for the
adjustment of that relationship based on renal function and prior
COVID-19 infection. It brings bench research into the clinical
context and may provide a tool for physicians to personalize
discussions about vaccine booster timing for patients where
yearly vaccination may not be appropriate [8] or for those who
are hesitant to get revaccinated.

This application is not intended to replace clinical judgment or
offer conclusions about immune protection from COVID-19 or
vaccine efficacy. The nAb titers are only one component of the
immune response to infection. We cannot extrapolate cellular
immunity from these data. This application is based on a small
sample of patients and there were limited numbers of
immunocompromised individuals within the sample, which may
have limited generalizability to those individuals [9]. Ultimately,
this application is a user-friendly example of how SARS-CoV-2
IgG nAb vaccine research, which has high barriers to replication
and clinical application due to cost and infrastructure
requirements, can be transformed into a practical tool.
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Abstract

Background: Digital health interventions such as web health applications significantly enhance screening accessibility and
uptake, particularly for individuals with low literacy and income levels. By involving stakeholders—including health care
professionals, patients, and technical experts—an intervention can be tailored to effectively meet the users’ needs, ensuring
contextual relevance for better acceptance and impact.

Objective: The aim of this study is to prioritize the content and user interface appropriate for developing a web health application,
known as the MAwar app, to promote breast and cervical cancer screening.

Methods: A cross-sectional study for stakeholder engagement was conducted to develop a web-based application known as the
MAwar app as part of a larger study entitled “The Effectiveness of an Interactive Web Application to Motivate and Raise Awareness
on Early Detection of Breast and Cervical Cancers (The MAwar study)”. The stakeholder engagement process was conducted in
a public health district that oversees 12 public primary care clinics with existing cervical and breast cancer screening programs.
We purposively selected the stakeholders for their relevant roles in breast and cervical cancer screening (health care staff, patients,
and public representatives), as well as expertise in software and user interface design (technology experts). The Quality Function
Deployment method was used to reflect the priorities of diverse stakeholders (health care, technology experts, patients, and public
representatives) in its design. The Quality Function Deployment method facilitated the translation of stakeholder perspectives
into app features. Stakeholders rated features on a scale from 1 (least important) to 5 (most important), ensuring the app’s design
resonated with user needs. The correlations between the “WHATs” (user requirements) and the “HOWs” (technical requirements)
were scored using a 3-point ordinal scale, with 1 indicating weak correlation, 5 indicating medium correlation, and 9 indicating
the strongest correlation.

Results: A total of 13 stakeholders participated in the study, including women who had either underwent or never had health
screening, a health administrator, a primary care physician, medical officers, nurses, and software designers. Stakeholder evaluations
highlighted cost-free access (mean 4.64, SD 0.81), comprehensive cancer information (mean 4.55, SD 0.69), detailed screening
benefits (mean 4.45, SD 0.68), detailed screening facilities (mean 4.45, SD 0.68) and personalized risk calculator for breast and
cervical cancers (mean 4.45, SD 0.68) as essential priorities of the app. The highest-ranked features include detailed information
on screening procedures (weighted score [WS]=367.84), information on treatment options (WS=345.80), benefits of screening
(WS=333.75), information about breast and cervical cancers (WS=332.15), and frequently asked questions about the concerns
around screening (WS=312.00).
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Conclusions: The MAwar app, conceived through a collaborative, stakeholder-driven process, represents a significant step in
leveraging digital health solutions to tackle cancer screening disparities. By prioritizing accessibility, information quality, and
clarity on benefits, the app promises to encourage early cancer detection and management for targeted communities.

Trial Registration: ISRCTN Registry ISRCTN10403163; https://www.isrctn.com/ISRCTN10403163

(JMIR Form Res 2025;9:e65542)   doi:10.2196/65542
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cancer screening; stakeholder engagement; Quality Function Deployment; web health app

Introduction

Breast and cervical cancers are the most common types of cancer
in women in most countries worldwide [1]. In 2020, there were
approximately 2.3 million new cases of breast cancer and
660,000 new cases of cervical cancer globally with up to 90%
of breast and cervical cancer deaths occurred in low- and
middle-income countries [2,3]. In Malaysia, breast and cervical
cancer are the two most common cancers among women and
result in high morbidity and mortality. In 2022, breast and
cervical cancer accounted for about 16% and 4% of new cases
and 11% and 3.2% of cancer related deaths, respectively [4].

Despite the availability of effective screening strategies, access
to and uptake of screening remains suboptimal, particularly for
minority populations and women with low income or low
literacy [5]. This disparity often results in a significant gap in
the stage of cancer detection, with individuals from
lower-income backgrounds presenting at more advanced stages,
ultimately affecting survival rates and exacerbating health
inequities between high-income and low-income populations
[6].

Digital health interventions, such as mobile apps, offer a
promising avenue for improving the accessibility and uptake
of screening, but its efficacy is highly dependent on the target
population [7]. Previous literature has shown that increased
involvement of the target population in the development of
digital health tools leads to a greater acceptance of their use,
but few have involved the target population consistently in the
development of such interventions [8-13]. Stakeholder
engagement, which encompasses actively involving those who
have an interest in a particular decision, is critical to the
successful development of digital health interventions [9].
Stakeholder engagement in the development of a mobile app is
considered important when structural, cultural, and individual
practices can affect its application. This underscores the
necessity of addressing these potential barriers during the
process of stakeholder engagement in the development of an
app [10].

Stakeholder engagement in the development of digital health
interventions in the Southeast Asia region is limited. As
demonstrated by the MomConnect project conducted at primary
care clinics in South Africa, stakeholder engagement is crucial
for ensuring the successful implementation, scalability, and
sustainability of such interventions [9]. The intended outcome
is to achieve a holistic digital health solution that addresses the
needs of marginalized communities, improves health services,
and overcomes challenges like stakeholder mismanagement,

lack of political support, and funding issues. This highlights the
importance of obtaining the diverse perspectives of stakeholders
that represent the Ministry of Health, clinical staff, and technical
experts as well as the primary care service users who are the
patients, as in the MomConnect project. This outcome is
achieved through continuous collaboration among stakeholders,
understanding the digital health ecosystem, and adopting a
stakeholder-centered design approach [9-11,13].

Facilitating diverse stakeholder engagement effectively means
creating an inclusive environment where all relevant parties,
from patients to tech developers, are actively involved [13].
This engagement emphasizes open communication, regular
feedback, and collaboration. By doing so, it can enhance
information sharing and social interaction, which are crucial
components of health app development. By aligning the
development process with the needs and interests of the
community it seeks to serve, the app’s applicability and
effectiveness can be enhanced [14]. Furthermore, stakeholder
engagement strategies are applicable across a range of
community-based health interventions, including the
development of an app [15].

Existing digital health interventions have faced challenges in
user engagement and content relevance, highlighting the need
for apps that are both accessible and grounded in user-centered
design [16]. In addition, according to the Malaysia National
Health and Morbidity Survey in 2023, about 71% of women
have never had a mammogram and 65% of women had not had
a Papanicolaou test (Pap smear) in the past 3 years [17]. Further,
the proportion of breast and cervical cancers diagnosed at late
stages were 50.5% (stage 3) and 47.1% (stage 4) [18]. Hence,
to address this gap, we conducted a research project entitled
“The Effectiveness of an Interactive Web Application to
Motivate and Raise Awareness on Early Detection of Breast
and Cervical Cancers (The MAwar study),” a mixed methods
feasibility study comprising a pre-post study and a qualitative
study that were designed to be conducted in 3 urban primary
care clinics in Malaysia. The MAwar study was preceded by a
qualitative study that assessed the acceptability of an online
web application to promote breast and cervical cancer screenings
[19]. The qualitative study involved 15 health care professionals
and 25 patients at primary care clinics in urban Malaysia. The
findings of the qualitative study highlighted suggestions to
incorporate easy-to-use features and visually comprehensible
formats (such as more visuals and less text) and provide support
for navigating the web app. The content recommended was
including individual risk assessment and information on
screening benefits, as well as addressing barriers like fear,
embarrassment, logistics, and costs for patients. Utilizing the
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foundational insights from this study, which focused on factors
influencing women’s engagement in cancer screenings, we
incorporated these findings into the MAwar app’s design.

This study aimed to describe the process of stakeholder
engagement and prioritize a broad range of content and user
interfaces appropriate for the development of a web-based
application called MAwar. Through incorporating stakeholder
engagement in the application development process, we aimed
to create a tool that appropriately meets the needs and
expectations of its users, thereby increasing the uptake of breast
and cervical cancer screening.

Methods

Design and Setting
We conducted a cross-sectional study for stakeholder
engagement between January and May 2022 at a public health
district office in Selangor, Malaysia. This stakeholder
engagement process allowed the researchers to develop a
patient-centered intervention together with key stakeholders
and community representatives. The health district office in this
study oversees 12 public primary care clinics with existing
cervical and breast cancer screening programs. In these clinics,
Papanicolaou tests and clinical breast examination services are
available. These clinics provide access to ultrasound and
mammography services, as well as access to referral for early
cancer detection and further evaluation and management in a
public hospital in the district through the screening programs.
This study was part of a larger research project entitled “The
Effectiveness of an Interactive Web Application to Motivate
and Raise Awareness on Early Detection of Breast and Cervical
Cancers (The MAwar study).” The study protocol was registered
with the ISRCTN Registry (ISRCTN10403163).

Participants
In our study, the stakeholders were identified through a
discussion with the state Head of Service and with a research
organization that was involved in cancer patient navigation
programs in the state. The research assistant contacted the
relevant individuals and invite them to participate after providing
them with participant information. Both verbal and written
consent were obtained from the participants prior to the
stakeholder engagement.

The stakeholders were purposively selected for their relevant
roles in breast and cervical cancer screening. The health care
providers selected included primary care doctors (family
physicians and medical officers) and nurses involved in cancer
screening programs to ensure the app’s development was aligned

with clinical protocols and needs. We also included patients
with varying experiences with screening to obtain insights into
user requirements and app functionality needed to enhance the
user-centric design of the app [20]. A representative from the
Patient Advisory Board was invited to contribute perspectives
on patient advocacy and community engagement [21,22].
Complementing this, technical experts were invited to provide
their expertise in software and user interface design, ensuring
the app was built with the latest technological advancements to
improve efficiency and accessibility [23,24]. This purposive
and balanced selection of stakeholders aimed to create a
multidisciplinary team capable of addressing the multifaceted
challenges of cancer screening, ensuring that the MAwar App
meets the complex needs of all involved stakeholders [23,24].

Process of Stakeholder Engagement
The stakeholder engagement used a stakeholder-driven approach
was based on the INVOLVE UK guidelines on patients and
public involvement [21] and the Australian Government
Department of Health’s Stakeholder Engagement Framework
[22]. The rationale for integrating these 2 distinct frameworks
stems from their complementary strengths. The Australian
framework offers a robust structure for systematically
identifying and involving stakeholders in health-related projects,
ensuring transparency and accountability [22]. On the other
hand, the INVOLVE guidelines provide a specialized focus on
patient and public involvement, emphasizing the importance of
including the voices of end users in health research to enhance
relevance and impact [21].

By merging these approaches, the engagement strategy was
enriched, leveraging the structured engagement and
accountability. This hybrid approach facilitated a more
comprehensive understanding of stakeholder needs, enabling
the development of an application that is not only technically
sound but also deeply meaningful and aligned with the
community’s expectations and experiences.

To further validate this approach, an adapted version of the
combined framework was reviewed by a panel of experts
comprising 3 family physicians with significant experience in
stakeholder engagement and patient and public involvement.
This expert review ensured that the engagement strategy was
not only theoretically sound but also viable and tailored to the
specific context of the health app development. It comprised 5
strategic steps. These steps systematically capture the essence
of our community-centric development of the MAwar
application, each underscored by robust, participatory principles.
Table 1 explains the 5 steps of the stakeholder engagement
process for the MAwar application development.
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Table . Five-step stakeholder engagement process for MAwar app development.

TimelineStudy elementActionPhaseStep

January 2022Health care professionals,
patients, public representa-
tives, and tech experts iden-
tified

Engage diverse groups with
a stake in app outcomes

Identify stakeholders1

February 2022QFDa framework and online
survey tool were adopted for
the group engagement

Determine stakeholder en-
gagement depth using appro-
priate tools

Define methods of engage-
ment

2

March 2022Engagement plan was devel-
oped from the preliminary
qualitative study insights
[14]

Design detailed engagement
plans tailored to stakeholder
needs

Develop and implement en-
gagement plan

3

April 2022Through QFD framework,
prioritization of the top 5
user requirements and corre-
lation of these with the
technical requirements

Gather and assess stakehold-
er feedback

Evaluate the process4

May 2022Feedback loop established
for app feature refinement

Share results for continuous
improvement

Provide feedback and fol-
low-up

5

aQFD: Quality Function Deployment.

Quality Function Deployment Framework for MAwar
Application Design
The Quality Function Deployment (QFD) framework is a
customer-driven planning process that guides the design of
products and services, as it was originally designed for business
[25]. This methodology was helpful in refining the MAwar
application, translating insights from the previous study into
specific design specifications to ensure the application
effectively meets user needs. By applying QFD principles, our
team was able to prioritize features that directly address
user-reported barriers and motivators, enhancing the app’s
usability and impact on cancer screening uptake. The QFD
process facilitated a structured approach to aligning the app’s
development with the expressed needs, challenges, and

preferences of potential users, as identified in the preliminary
qualitative study [19]. In addition, we used the term “user” to
describe the “customer” as used in the QFD framework in order
to address our study participants more appropriately.

The QFD process began with defining the user needs (the
WHATs) and the technical requirements (the HOWs) based on
the qualitative study [19] and incorporating these in the QFD
framework. Table 2 shows the 25 user needs (the WHATs)
identified, capturing essential requirements for the app based
on barriers and motivators for cancer screening.

Table 3 presents the 28 technical requirements (the HOWs)
from the QFD framework, detailing how each user’s need is
addressed through specific app functionalities and features.
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Table . List of WHATs (user requirements) using the Quality Function Deployment framework.

User requirementsNumber

Free to use (without cost)1

Information about breast and cervical cancer (statistics, causes, signs and
symptoms, risk factors, complications)

2

Information on the benefits of screening (survival rate with/without
screening)

3

Information on screening facilities: who, where, recommendations, opening
hours

4

A risk assessment function to know about my personal risk of breast and
cervical cancers

5

Data are kept confidential and secure6

Information about screening procedure for breast and cervical cancers7

A list of frequently asked questions about the concerns about breast and
cervical cancer screening

8

Information is presented in video format9

Only information related to me is shown instead of all information (per-
sonalized)

10

Reminder function for appointment using, for example, WhatsApp11

Information about cost of screening for breast and cervical cancers12

Information is presented in picture format13

Health screening appointment settings with health care center14

Information on treatments for breast and cervical cancers15

Available in 2 languages (Malay and English)16

Testimonies from people who have undergone screening17

Accessible using a QR code18

Latest updates on ongoing health screening program locally19

Access to a support group on social media via the web app20

Motivational quotes to empower women to go for screening21

Can interact with counsellors/health care providers via the web app22

Information format is easy to understand and navigate23

Reminder function for annual check-up24

Use of a credible doctor as the avatar in the web app25
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Table . List of HOWs (technical requirements) using the Quality Function Deployment framework.

Technical requirementsNumber

Funds (research grants, sponsors, etc)1

Expert inputs (ie, Ministry of Health, institutes of higher learning)2

Information (clinical evidence, literature review, clinical practice guide)3

Ministry of Health website (list of locations of health clinics)4

Expert input (encrypt data, access control, https)5

SMS services (code and telco provider)6

Video placement (web, video uploading platforms, ie, YouTube, Vimeo)7

Testimonial video (patients, experience)8

Video animation (Powtoon, Vyond)9

Subtitles10

Filtering information11

Integration with WhatsApp12

Screening center website (government and private)13

Preliminary findings (barriers, motivators)14

Image placement (web)15

Image format (JPEG, GIF)16

Related links (clinic appointment system, eg, QueueMed, Encoromed,
BookDoc)

17

Content creator (translator)18

Dual page19

QR code generator20

Login function (name, risk profile, age, history, recommendation, only
needing to log in once, data are stored)

21

Access for medical practitioner to post screening campaign on the web
app (post web app to social medias)

22

Related links in support group (on social media) and web app23

Chatbox on web app24

Voice app (VoIP, dial in)25

Text format (eg, Arial)26

Integration with email (for appointment reminder)27

Celebrity face28

Following this step, we integrated the QFD method with an
online polling tool (VEVOX [26]) to gather feedback from the
participants. They were asked to rate the importance of each
feature on a scale from 1 to 5 (1 being the least important and
5 being the most important). Each rating was used to assign a
“user importance value” (UIV) to each feature in the QFD,
ensuring that the design of the MAwar application aligned with
the needs and expectations of its users.

Then, the participants were asked to score the correlations
between the WHATs (user requirements) and the HOWs
(technical requirements). The correlations were scored using a
3-point ordinal scale, with 1 indicating weak correlation, 3
indicating medium correlation, and 9 indicating the strongest
correlation [27]. This scoring system provided a quantitative

measure of the alignment between the stakeholders’ needs and
the application’s design features.

Ethical Considerations
This study obtained ethics approval from the Malaysia Ministry
of Health Medical Research Ethics Committee
(NMRR-21-951-58339 [IIR]) as well as permission from the
State Health Department. Participants who voluntarily agreed
to participate provided verbal and written informed consent
after they had read the participant information sheet. We
provided honoraria to participants as reimbursement for their
travel to compensate for their time and participation in the study.
Nonidentifiable identification codes were assigned to the
participants for the purpose of data entry and data analysis. The
consent forms and questionnaires will be stored in a locked
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filing cabinet for 7 years and will only be accessible by the
research team. After 7 years, these documents will be shredded
and disposed of in secure bins. In the report writing or
publication, the participants will not be identified.

Data Analysis
Data were analyzed descriptively using Microsoft Excel
(Microsoft Corp). The QFD analysis ranked the technical
requirements of the MAwar application by assessing the UIVs
and correlation scores (CS). The UIVs were calculated based
on the average of the participants’ ratings of the importance of
each feature on a scale from 1 (least important) to 5 (most
important). The CS were rated using a 3-point ordinal scale
(1=weak, 3=medium, and 9=strong correlations) to measure
how each technical requirement supports user needs [21].

The technical elements were identified using the absolute
importance value. These were calculated for the sum of UIV ×
CS for each of the “HOWs,” showing the direct contribution of
each technical requirement. These AI values were then summed
across all relevant user needs to compute the weighted score
(WS)=sum of absolute importance value, ranking the
significance of each feature of the “WHATs” within the overall
app structure. All these were ranked to highlight the most
essential components of the MAwar application [21]. These
analytical steps provided a detailed, quantified overview of the
key priorities for the MAwar application’s development. It

identified the features most valued by stakeholders and
pinpointed the technical requirements crucial to delivering these
features, thus ensuring the application’s design perfectly
matched the needs and preferences of its intended users. Given
the extensive data from the QFD (see the complete QFD analysis
in Multimedia Appendix 1), we presented the top outcomes of
the list of WHATs to represent the users’ needs in the Results
section to focus on the most significant findings, ensuring both
clarity and relevance in our discussion of key impacts.

Results

Overview
We engaged 13 stakeholders, which was within the acceptable
group size of 10‐15 participants for achieving a balance of
diverse perspectives and depth in discussions for stakeholder
engagement [28]. The participants included 4 female patients,
one of whom serves on the Patient Advisory Panel, who
provided insights into patient experiences [23]. In the public
health care sector, 6 participants included medical doctors and
nurses, who brought specialized knowledge to the project based
on their involvement in providing services to women related to
health screening and education [24]. Additionally, 3 technical
experts contributed their software and user interface design
expertise, ensuring the application was developed with the latest
technological advancements to improve efficiency and
accessibility (see Table 4) [29].

Table . Stakeholders’ classifications and roles.

RolesParticipants, nStakeholder group (subgroup)

Advisory panel member for primary care clinic,
women who had either underwent or never went
for health screening

4Patient and public involvement (patients)

Administrator at Health District Office, a primary
care physician, and 2 medical officers involved
in the development of protocols and counseling
on health screenings

4Health care professionals (medical doctors)

Involved in health screening and education2Health care professionals (nurses)

Involved in application development and user
interface design

3Technical experts (software designer)

Users’ Needs
Table 5 shows the top 20 user needs for the development of the
MAwar application based on QFD analysis (refer to Multimedia
Appendix 1 for the complete QFD analysis). The main 5 features
were that the application should be free to use and provide
comprehensive cancer information, including details on the
benefits of screening, screening facilities, and personal risk
assessment. Data security and detailed screening procedures
were also deemed as major components. Educational features
included Frequently Asked Questions, video-based facts, and
personalized content. Although reminder functions for screening
appointments were also rated highly, they were not applicable
for our web application and are more valid for mobile apps.

Additional user needs include information on screening costs,
cancer prevention strategies, and pictorial representations of
key details. Users also highlighted the importance of
appointment booking, cancer treatment information, and
bilingual support in Malay and English. Other notable features
include testimonials from screened individuals or cancer
survivors and QR code access for convenience.

These findings provide crucial insights into user expectations,
ensuring the MAwar application is developed with a user-centric
approach, prioritizing accessibility, education, and engagement.
However, since the MAwar application is a web application,
features such as a reminder function for appointments using
SMS text messaging or WhatsApp were not able to be
incorporated into the application.
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Table . The list of top 20 users’ needs ranked by user importance value based on the Quality Function Deployment framework.

RankUser importance value, mean (SD)List of WHATs

14.64 (0.81)Free to use (without cost)

24.55 (0.69)Information about breast and cervical cancers
(statistics, causes, signs and symptoms, risk fac-
tors, complications)

34.45 (0.68)Information on the benefits of screening (survival
rate with/without screening)

44.45 (0.68)Information on screening facilities: who, where,
recommendations, opening hours

54.45 (0.68)A risk assessment function to know about my
personal risk of breast and cervical cancers

64.45 (0.68)Data are kept confidential and secure

74.36 (0.65)Reminder function for appointment using, for
example, SMS text messaging

84.18 (0.60)Information about screening procedure for breast
and cervical cancers

94.00 (0.89)A list of frequently asked questions about the
concerns about breast and cervical cancer
screening

104.00 (0.89)Information is presented in video format

114.00 (0.89)Only information related to me is shown instead
of all information (personalized learning)

124.00 (0.89)Reminder function for appointment using, for
example, WhatsApp

133.91 (0.72)Information about cost of screening for breast
and cervical cancers

143.91 (0.72)Information on prevention for breast and cervical
cancers (lifestyle factors like diet and exercise)

153.91 (0.72)Information is presented in picture format

163.91 (0.72)Function to set appointments with health
screening center

173.64 (0.61)Information on the treatments for breast and
cervical cancers

183.64 (0.61)Available in 2 languages (Malay and English)

193.36 (0.58)Testimonies from people who have undergone
screening or cancer survivors

203.36 (0.58)Accessible using a QR code

The MAwar Application’s Features
The QFD analysis identified the top 5 priority ranks of technical
requirements relevant for the MAwar application’s features for
the health information platform, specifically targeting breast
and cervical cancer awareness (see Table 6). These technical
requirements ensure the MAwar application provides credible,
accessible, and medically proven information, incorporating
expert inputs, government resources, multimedia engagement,
and seamless connectivity with health care services. Expert
inputs from the Ministry of Health and institutions of higher
learning form the foundation of medically reviewed content,

ensuring accuracy and trust. The information component,
including clinical evidence and literature reviews, strengthens
the app’s role as an educational tool. Ministry of Health
integration facilitates access to official screening locations and
health care services, while video content enhances user
engagement through educational animations and testimonials.
Lastly, integration features such as the WhatsApp application
programming interface and screening center connections support
direct interaction with health care providers. These prioritized
technical elements enable the MAwar application to effectively
promote breast and cervical cancer awareness, supporting early
detection and informed decision-making among users.
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Table . The top 10 technical requirements ranked by weighted score from the Quality Function Deployment framework for the MAwar application.

RankWeighted scoreUser requirements (list of WHATs)

1367.84Information about screening procedure for breast
and cervical cancers

2345.80Information on the treatments for breast and
cervical cancers

3333.75Information on the benefits of screening (survival
rate with/without screening)

4332.15Information about breast and cervical cancer
(statistics, causes, signs and symptoms, risk fac-
tors, complications)

5312.00A list of frequently asked questions about con-
cerns about breast and cervical cancer screening

6284.00Information is presented in video format

7275.90Information on screening facilities: who, where,
recommendations, opening hours

8191.35A risk assessment function to know about my
personal risk of breast and cervical cancers

9156.40Information about the cost of screening for breast
and cervical cancers

10148.58Function to set appointments with a health

screening centera

aFeature evaluated but not applicable to the web application.

Discussion

Principal Findings
The findings from our stakeholder engagement underscored the
crucial role of targeted, comprehensive information delivery in
web health applications like the MAwar application. With the
increasing accessibility of digital technologies, web-based and
mobile health interventions have emerged as effective tools to
overcome barriers to breast and cervical cancer screening.
Several apps, such as BrAware, Amate, and iBreastCheck, have
shown promising results to improve intention and uptake for
cancer screenings [30-32]. The BrAware app has been effective
in increasing knowledge of breast cancer risk factors and
improving awareness of warning signs, as demonstrated in a
study conducted in northeast Peninsular Malaysia [30].
Similarly, the Amate app in Colombia aims to improve access
to early detection of both breast and cervical cancers by
educating patients about and guiding them to national screening
programs, resulting in the successful completion of
recommended screening tests among some participants [31].
These interventions provided tailored health information, risk
education, and reminders, which have been shown to improve
health behaviors in various contexts. The prioritization of
detailed cancer information, screening benefits, and interactive
features like personal risk assessments align with previous
literature suggesting that informed users are more likely to
participate actively in their health management, potentially
improving outcomes [33]. The emphasis on screening
procedures and frequently asked questions further highlights
the necessity for health apps to be both educational and
reassuring, addressing common concerns and misconceptions
that can hinder screening uptake [34].

User Needs
Providing comprehensive and accurate information about breast
and cervical cancer through health applications is essential for
enhancing user engagement and promoting better health
outcomes. Detailed educational content helps users understand
the importance of early detection and treatment, encouraging
participation in screening programs. A mobile app designed for
Colombian women has shown that tailored educational content
and risk assessments can significantly raise awareness and
participation rates in breast and cervical cancer screening
programs [28]. Moreover, providing robust information on the
benefits of screening empowers users to take proactive steps in
cancer prevention and screening, leading to improved health
outcomes [19,35].

Integrating personalized risk assessment functions into health
applications enhances user engagement by providing tailored
insights into specific health risks, thereby motivating preventive
behaviors. Personalized health tools have been shown to
significantly increase user interaction and satisfaction with
health apps [36]. Additionally, providing detailed information
about screening procedures for breast and cervical cancer helps
demystify the process and encourages participation by
alleviating fears and misconceptions. Clear, accessible
information about screening can significantly increase the uptake
of screening services [37]. Furthermore, comprehensive
frequently asked questions sections addressing common
concerns and misconceptions about breast and cervical cancer
screenings can provide reassurance, reduce anxiety, and improve
user confidence in the procedures. This approach has been
proven to improve user satisfaction and participation in
screening programs [35,38].
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Features of the MAwar Application
The leading features identified for the MAwar application reflect
a strategic emphasis on ensuring that content is not only
trustworthy but also visually engaging and well-structured. By
focusing on expert inputs, text formatting, direct contributions
from content creators, strategic image placement, and image
formatting, we aimed to enhance user comprehension and
engagement. This approach facilitates a better understanding
of critical health information, which is crucial for informed
decision-making among users. Experts inputs ensure that the
information is accurate and reliable, while strategic text
formatting and visual content placement make the information
accessible and appealing. Studies have shown that
well-structured and visually appealing information presentation
can greatly increase the understandability and usability of health
apps [39].

By integrating these top technical requirements, the MAwar
application systematically prioritizes development efforts to
meet user needs effectively. Expert contributions ensure content
accuracy, while strategic image placement and formatting
enhance visual engagement, making complex medical
information more digestible. For instance, health applications
that included expertly curated content and optimized visual
presentation have been found to improve users’ satisfaction and
interaction significantly [40]. Moreover, text formatting plays
a critical role in making information more understandable, as
demonstrated by studies on health care applications [41].
Strategic image placement further aids in improving user
comprehension and retention of health information [42]. These
features collectively help address the challenges of conveying
complex health information through digital platforms, ultimately
supporting users in making informed health decisions [35].

Stakeholder Engagement and Public and Patient
Involvement
Incorporating a broad spectrum of stakeholders through
stakeholder engagement and public and patient involvement
has added significant value to the MAwar application
development. By engaging medical professionals, patients, and
technical experts, the development process benefited from a
holistic view that encompassed diverse perspectives, enhancing
the app’s relevance and usability across different user groups.
Previous studies have highlighted that stakeholder engagement
and public and patient involvement contribute to higher product
acceptance and greater adherence to health interventions, as
these processes ensure that the end product aligns closely with
the real-world needs and expectations of its users [43].

The inclusion of technical experts in the stakeholder engagement
process not only ensures that the app is built using the latest
technological advancements but also guarantees that the
technical execution matches the high standards required for
health applications. This collaboration between health
professionals and technologists fosters innovation, leading to
more effective and user-friendly solutions, ultimately improving
uptake of and adherence to recommended health practices [44].

The MAwar application, conceived through a collaborative,
stakeholder-driven process, represents a significant step in
leveraging digital health solutions to tackle cancer screening
disparities [44]. By prioritizing accessibility, information quality,
and clarity on benefits, the app directly confronts the barriers
impeding cancer screening in underserved populations [45].
The stakeholder engagement underscored the application’s
relevance and potential impact, showcasing the power of
inclusive design in improving health outcomes. The MAwar
application focused on critical features reflecting user needs to
empower women to take part in early cancer detection and
management for targeted communities.

Strengths and Limitations of the Study
The stakeholder engagement process played a crucial role in
identifying key features that are critical for meeting the needs
and expectations of the MAwar application users. This approach
ensured that the application was designed with a user-centric
focus, increasing its potential effectiveness and usability.

However, there were some limitations. The patient
representatives in our stakeholder engagement session did not
include older clients aged 50 years and above. This age group
is a significant demographic for breast and cervical cancer
screening, and their unique needs and perspectives may not
have been fully captured in our study. However, their
perspective was included in an earlier qualitative study, the
results of which were used for the discussion during the
stakeholder engagement in this study [14].

Additionally, family members of clients were not involved in
the stakeholder engagement process. As potential co-users of
the app, their input could have provided valuable insights into
the design and functionality of the application. Future research
should consider involving these important stakeholders to ensure
a more comprehensive understanding of user needs and
preferences.

Conclusion
By focusing on features such as cost-free access, comprehensive
cancer information, and detailed screening benefits, the
application directly targets the primary obstacles to screening
adherence, thereby fostering improved health outcomes in
targeted communities. To enhance the app’s efficacy and reach,
future development efforts must prioritize the inclusion of a
broader demographic spectrum, especially older individuals
and potential co-users like family members. Such inclusivity
will ensure the application’s design and functionalities resonate
more effectively with the diverse needs of its user base,
ultimately maximizing its public health impact.

In summary, the MAwar application represents a strategic
innovation in digital health, aiming to reduce disparities in
cancer screening uptake through a user-centered design. Its
foundation, built on rigorous stakeholder engagement and
evidence-based design principles, sets a precedent for future
public health interventions aimed at promoting early cancer
detection and management.

 

JMIR Form Res 2025 | vol. 9 | e65542 | p.3062https://formative.jmir.org/2025/1/e65542
(page number not for citation purposes)

Nasrudin et alJMIR FORMATIVE RESEARCH

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


Acknowledgments
The authors would like to thank the Ministry of Higher Education and the Ministry of Health Malaysia for their support and
permission to publish this article. This project was funded by the Ministry of Higher Education Fundamental Research Grant
Scheme (FRGS/1/2020/SKK05/UPM/02/5).

Data Availability
All data have been presented in this manuscript and Multimedia Appendix 1.

Conflicts of Interest
None declared.

Multimedia Appendix 1
Quality Function Deployment framework analysis.
[PDF File, 159 KB - formative_v9i1e65542_app1.pdf ]

References
1. Sung H, Ferlay J, Siegel RL, et al. Global Cancer Statistics 2020: GLOBOCAN estimates of incidence and mortality

worldwide for 36 cancers in 185 countries. CA Cancer J Clin 2021 May;71(3):209-249. [doi: 10.3322/caac.21660] [Medline:
33538338]

2. Arnold M, Morgan E, Rumgay H, et al. Current and future burden of breast cancer: global statistics for 2020 and 2040.
Breast 2022 Dec;66:15-23. [doi: 10.1016/j.breast.2022.08.010] [Medline: 36084384]

3. Singh D, Vignat J, Lorenzoni V, et al. Global estimates of incidence and mortality of cervical cancer in 2020: a baseline
analysis of the WHO Global Cervical Cancer Elimination Initiative. Lancet Glob Health 2023 Feb;11(2):e197-e206. [doi:
10.1016/S2214-109X(22)00501-0] [Medline: 36528031]

4. Ferlay J, Ervik M, Lam F, et al. Global cancer observatory: Malaysia 2022. International Agency for Research on Cancer,
World Health Organization. 2024. URL: https://gco.iarc.who.int/today [accessed 2025-03-24]

5. Woldetsadik AB, Amhare AF, Bitew ST, Pei L, Lei J, Han J. Socio-demographic characteristics and associated factors
influencing cervical cancer screening among women attending in St. Paul’s Teaching and Referral Hospital, Ethiopia. BMC
Womens Health 2020 Apr 6;20(1):70. [doi: 10.1186/s12905-020-00927-5] [Medline: 32252733]

6. Ji P, Gong Y, Jiang CC, Hu X, Di GH, Shao ZM. Association between socioeconomic factors at diagnosis and survival in
breast cancer: a population-based study. Cancer Med 2020 Mar;9(5):1922-1936. [doi: 10.1002/cam4.2842] [Medline:
31960597]

7. Richardson-Parry A, Silva M, Valderas JM, Donde S, Woodruff S, van Vugt J. Interactive or tailored digital interventions
to increase uptake in cervical, breast, and colorectal cancer screening to reduce health inequity: a systematic review. Eur J
Cancer Prev 2023 Jul 1;32(4):396-409. [doi: 10.1097/CEJ.0000000000000796] [Medline: 37144585]

8. Radu I, Scheermesser M, Spiess MR, Schulze C, Händler-Schuster D, Pehlke-Milde J. Digital health for migrants, ethnic
and cultural minorities and the role of participatory development: a scoping review. Int J Environ Res Public Health 2023
Oct 23;20(20):6962. [doi: 10.3390/ijerph20206962] [Medline: 37887700]

9. Sibuyi IN, de la Harpe R, Nyasulu P. A stakeholder-centered mHealth implementation inquiry within the digital health
innovation ecosystem in South Africa: MomConnect as a demonstration case. JMIR mHealth uHealth 2022 Jun
16;10(6):e18188. [doi: 10.2196/18188] [Medline: 35708756]

10. Laird Y, Manner J, Baldwin L, et al. Stakeholders’ experiences of the public health research process: time to change the
system? Health Res Policy Syst 2020 Jul 18;18(1):83. [doi: 10.1186/s12961-020-00599-5] [Medline: 32682426]

11. Shrestha A, Tamrakar D, Shrestha B, et al. Stakeholder engagement in a hypertension and diabetes prevention research
program: description and lessons learned. PLOS ONE 2022;17(10):e0276478. [doi: 10.1371/journal.pone.0276478] [Medline:
36264860]

12. Stelfox HT, Niven DJ, Clement FM, et al. Stakeholder engagement to identify priorities for improving the quality and value
of critical care. PLOS One 2015;10(10):e0140141. [doi: 10.1371/journal.pone.0140141] [Medline: 26492196]

13. Chen SCI, Liu C, Wang Z, et al. How geographical isolation and aging in place can be accommodated through connected
health stakeholder management: qualitative study with focus groups. J Med Internet Res 2020 May 27;22(5):e15976. [doi:
10.2196/15976] [Medline: 32459181]

14. Petkovic J, Magwood O, Lytvyn L, et al. Key issues for stakeholder engagement in the development of health and healthcare
guidelines. Res Involv Engagem 2023 Apr 28;9(1):27. [doi: 10.1186/s40900-023-00433-6] [Medline: 37118762]

15. Holcomb J, Ferguson GM, Sun J, Walton GH, Highfield L. Stakeholder engagement in adoption, implementation, and
sustainment of an evidence-based intervention to increase mammography adherence among low-income women. J Cancer
Educ 2022 Oct;37(5):1486-1495. [doi: 10.1007/s13187-021-01988-2] [Medline: 33754327]

JMIR Form Res 2025 | vol. 9 | e65542 | p.3063https://formative.jmir.org/2025/1/e65542
(page number not for citation purposes)

Nasrudin et alJMIR FORMATIVE RESEARCH

XSL•FO
RenderX

https://jmir.org/api/download?alt_name=formative_v9i1e65542_app1.pdf&filename=d13db4d1-0c04-11f0-899d-9142298ee7ae.pdf
https://jmir.org/api/download?alt_name=formative_v9i1e65542_app1.pdf&filename=d13db4d1-0c04-11f0-899d-9142298ee7ae.pdf
http://dx.doi.org/10.3322/caac.21660
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33538338&dopt=Abstract
http://dx.doi.org/10.1016/j.breast.2022.08.010
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=36084384&dopt=Abstract
http://dx.doi.org/10.1016/S2214-109X(22)00501-0
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=36528031&dopt=Abstract
https://gco.iarc.who.int/today
http://dx.doi.org/10.1186/s12905-020-00927-5
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32252733&dopt=Abstract
http://dx.doi.org/10.1002/cam4.2842
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31960597&dopt=Abstract
http://dx.doi.org/10.1097/CEJ.0000000000000796
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=37144585&dopt=Abstract
http://dx.doi.org/10.3390/ijerph20206962
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=37887700&dopt=Abstract
http://dx.doi.org/10.2196/18188
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35708756&dopt=Abstract
http://dx.doi.org/10.1186/s12961-020-00599-5
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32682426&dopt=Abstract
http://dx.doi.org/10.1371/journal.pone.0276478
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=36264860&dopt=Abstract
http://dx.doi.org/10.1371/journal.pone.0140141
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26492196&dopt=Abstract
http://dx.doi.org/10.2196/15976
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32459181&dopt=Abstract
http://dx.doi.org/10.1186/s40900-023-00433-6
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=37118762&dopt=Abstract
http://dx.doi.org/10.1007/s13187-021-01988-2
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33754327&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


16. Dennison L, Morrison L, Conway G, Yardley L. Opportunities and challenges for smartphone applications in supporting
health behavior change: qualitative study. J Med Internet Res 2013 Apr 18;15(4):e86. [doi: 10.2196/jmir.2583] [Medline:
23598614]

17. National Health and Morbidity Survey (NHMS) 2023: non-communicable diseases and healthcare demand. Institute for
Public Health. URL: https://iku.gov.my/nhms-2023 [accessed 2025-03-24]

18. Summary of malaysia national cancer registry report 2017-2021. Ministry of Health Malaysia. URL: https://nci.moh.gov.my/
images/pdf_folder/SUMMARY-OF-MALAYSIA-NATIONAL-CANCER-REGISTRY-REPORT-2017-2021.pdf [accessed
2025-03-24]

19. Cheong AT, Lee PY, Ghazali SS, et al. A qualitative exploration of the acceptability of an online web application to promote
breast and cervical cancer screening in primary care settings in Malaysia. JCO Global Oncology 2022
May;8(Supplement_1):42-42. [doi: 10.1200/GO.22.48000]

20. Hennemann S, Beutel ME, Zwerenz R. Ready for eHealth? Health professionals’ acceptance and adoption of eHealth
interventions in inpatient routine care. J Health Commun 2017 Mar;22(3):274-284. [doi: 10.1080/10810730.2017.1284286]
[Medline: 28248626]

21. Briefing notes for researchers: involving the public in NHS, public health and social care research. INVOLVE. URL: https:/
/www.invo.org.uk/wp-content/uploads/2014/11/9938_INVOLVE_Briefing_Notes_WEB.pdf [accessed 2025-01-28]

22. Stakeholder engagement framework. Australian Government Department of Health and Aged Care. URL: https://www.
health.gov.au/sites/default/files/stakeholder-engagement-framework.pdf [accessed 2025-01-28]

23. van Velsen L, Evers M, Bara CD, Op den Akker H, Boerema S, Hermens H. Understanding the acceptance of an eHealth
technology in the early stages of development: an end-user walkthrough approach and two case studies. JMIR Form Res
2018 Jun 15;2(1):e10474. [doi: 10.2196/10474] [Medline: 30684434]

24. Kelders SM, van Zyl LE, Ludden GDS. The concept and components of engagement in different domains applied to eHealth:
a systematic scoping review. Front Psychol 2020;11:926. [doi: 10.3389/fpsyg.2020.00926] [Medline: 32536888]

25. Akao Y. Quality Function Deployment: Integrating Customer Requirements into Product Design: Productivity Press; 1990.
[doi: 10.4324/9781003578833]

26. Vevox Software Reviews. URL: https://www.softwareadvice.com/polling/vevox-profile/ [accessed 2025-01-28]
27. Franceschini F, Rupil A. Rating scales and prioritization in QFD. International Journal of Quality & Reliability Management

1999 Feb 1;16(1):85-97. [doi: 10.1108/02656719910250881]
28. Goodman MS, Ackermann N, Bowen DJ, Panel D, Thompson VS. Reaching consensus on principles of stakeholder

engagement in research. Prog Community Health Partnersh 2020;14(1):117-127. [doi: 10.1353/cpr.2020.0014] [Medline:
32280129]

29. Concannon TW, Fuster M, Saunders T, et al. A systematic review of stakeholder engagement in comparative effectiveness
and patient-centered outcomes research. J Gen Intern Med 2014 Dec;29(12):1692-1701. [doi: 10.1007/s11606-014-2878-x]
[Medline: 24893581]

30. Yusuf A, P Iskandar YH, Ab Hadi IS, Nasution A, Lean Keng S. Breast awareness mobile apps for health education and
promotion for breast cancer. Front Public Health 2022;10:951641. [doi: 10.3389/fpubh.2022.951641] [Medline: 36324460]

31. Munoz-Zuluaga CA, Gallo-Pérez JD, Pérez-Bustos A, et al. Mobile applications: breaking barriers to early breast and
cervical cancer detection in underserved communities. JCO Oncol Pract 2021 Mar;17(3):e323-e335. [doi:
10.1200/OP.20.00665] [Medline: 33417491]

32. Mango VL, Olasehinde O, Omisore AD, et al. The iBreastExam versus clinical breast examination for breast evaluation
in high risk and symptomatic Nigerian women: a prospective study. Lancet Glob Health 2022 Apr;10(4):e555-e563. [doi:
10.1016/S2214-109X(22)00030-4] [Medline: 35303464]

33. Beidas RS, Stewart RE, Adams DR, et al. A multi-level examination of stakeholder perspectives of implementation of
evidence-based practices in a large urban publicly-funded mental health system. Adm Policy Ment Health 2016
Nov;43(6):893-908. [doi: 10.1007/s10488-015-0705-2] [Medline: 26658692]

34. Qudah B, Luetsch K. The influence of mobile health applications on patient - healthcare provider relationships: a systematic,
narrative review. Patient Educ Couns 2019 Jun;102(6):1080-1089. [doi: 10.1016/j.pec.2019.01.021] [Medline: 30745178]

35. Haddad SM, Souza RT, Cecatti JG. Mobile technology in health (mHealth) and antenatal care-Searching for apps and
available solutions: a systematic review. Int J Med Inform 2019 Jul;127:1-8. [doi: 10.1016/j.ijmedinf.2019.04.008] [Medline:
31128820]

36. Cai T, Huang Y, Zhang Y, Lu Z, Huang Q, Yuan C. Mobile health applications for the care of patients with breast cancer:
a scoping review. Int J Nurs Sci 2021 Oct 10;8(4):470-476. [doi: 10.1016/j.ijnss.2021.07.003] [Medline: 34631997]

37. Cankaya BA, Yildirim Baş F, Cankaya İ. Using mobile applications in cancer scanning and evaluating the effectiveness.
Turkish Journal of Family Medicine and Primary Care 2021;15(1):49-55. [doi: 10.21763/tjfmpc.803805]

38. Houghton LC, Howland RE, McDonald JA. Mobilizing breast cancer prevention research through smartphone apps: a
systematic review of the literature. Front Public Health 2019;7:298. [doi: 10.3389/fpubh.2019.00298] [Medline: 31781525]

39. Olaniyi BY, Fernández del Río A, Periáñez Á, Bellhouse L. User engagement in mobile health applications. Presented at:
KDD ’22: The 28th ACM SIGKDD Conference on Knowledge Discovery and Data Mining; Aug 14-18, 2022; Washington
DC p. 4704-4712. [doi: 10.1145/3534678.3542681]

JMIR Form Res 2025 | vol. 9 | e65542 | p.3064https://formative.jmir.org/2025/1/e65542
(page number not for citation purposes)

Nasrudin et alJMIR FORMATIVE RESEARCH

XSL•FO
RenderX

http://dx.doi.org/10.2196/jmir.2583
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23598614&dopt=Abstract
https://iku.gov.my/nhms-2023
https://nci.moh.gov.my/images/pdf_folder/SUMMARY-OF-MALAYSIA-NATIONAL-CANCER-REGISTRY-REPORT-2017-2021.pdf
https://nci.moh.gov.my/images/pdf_folder/SUMMARY-OF-MALAYSIA-NATIONAL-CANCER-REGISTRY-REPORT-2017-2021.pdf
http://dx.doi.org/10.1200/GO.22.48000
http://dx.doi.org/10.1080/10810730.2017.1284286
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28248626&dopt=Abstract
https://www.invo.org.uk/wp-content/uploads/2014/11/9938_INVOLVE_Briefing_Notes_WEB.pdf
https://www.invo.org.uk/wp-content/uploads/2014/11/9938_INVOLVE_Briefing_Notes_WEB.pdf
https://www.health.gov.au/sites/default/files/stakeholder-engagement-framework.pdf
https://www.health.gov.au/sites/default/files/stakeholder-engagement-framework.pdf
http://dx.doi.org/10.2196/10474
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30684434&dopt=Abstract
http://dx.doi.org/10.3389/fpsyg.2020.00926
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32536888&dopt=Abstract
http://dx.doi.org/10.4324/9781003578833
https://www.softwareadvice.com/polling/vevox-profile/
http://dx.doi.org/10.1108/02656719910250881
http://dx.doi.org/10.1353/cpr.2020.0014
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32280129&dopt=Abstract
http://dx.doi.org/10.1007/s11606-014-2878-x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24893581&dopt=Abstract
http://dx.doi.org/10.3389/fpubh.2022.951641
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=36324460&dopt=Abstract
http://dx.doi.org/10.1200/OP.20.00665
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33417491&dopt=Abstract
http://dx.doi.org/10.1016/S2214-109X(22)00030-4
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35303464&dopt=Abstract
http://dx.doi.org/10.1007/s10488-015-0705-2
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26658692&dopt=Abstract
http://dx.doi.org/10.1016/j.pec.2019.01.021
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30745178&dopt=Abstract
http://dx.doi.org/10.1016/j.ijmedinf.2019.04.008
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31128820&dopt=Abstract
http://dx.doi.org/10.1016/j.ijnss.2021.07.003
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34631997&dopt=Abstract
http://dx.doi.org/10.21763/tjfmpc.803805
http://dx.doi.org/10.3389/fpubh.2019.00298
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31781525&dopt=Abstract
http://dx.doi.org/10.1145/3534678.3542681
http://www.w3.org/Style/XSL
http://www.renderx.com/


40. Boissin C, Blom L, Wallis L, Laflamme L. Image-based teleconsultation using smartphones or tablets: qualitative assessment
of medical experts. Emerg Med J 2017 Feb;34(2):95-99. [doi: 10.1136/emermed-2015-205258] [Medline: 27707791]

41. Mosa ASM, Yoo I, Sheets L. A systematic review of healthcare applications for smartphones. BMC Med Inform Decis
Mak 2012 Jul 10;12(1):67. [doi: 10.1186/1472-6947-12-67] [Medline: 22781312]

42. Wang Z, Zhang L, Ma L, Liu B. Modeling medical services with mobile health applications. J Healthc Eng
2018;2018(1):1385034. [doi: 10.1155/2018/1385034] [Medline: 29849991]

43. Lingg M, Lütschg V. Health system stakeholders’ perspective on the role of mobile health and its adoption in the Swiss
health system: qualitative study. JMIR mHealth uHealth 2020 May 11;8(5):e17315. [doi: 10.2196/17315] [Medline:
32391802]

44. Shippee ND, Domecq Garces JP, Prutsky Lopez GJ, et al. Patient and service user engagement in research: a systematic
review and synthesized framework. Health Expect 2015 Oct;18(5):1151-1166. [doi: 10.1111/hex.12090] [Medline: 23731468]

45. Joosten YA, Israel TL, Williams NA, et al. Community engagement studios: a structured approach to obtaining meaningful
input from stakeholders to inform research. Acad Med 2015 Dec;90(12):1646-1650. [doi: 10.1097/ACM.0000000000000794]
[Medline: 26107879]

Abbreviations
CS: correlation scores
QFD: Quality Function Deployment
UIV: user importance values
WS: weighted score

Edited by A Mavragani; submitted 20.08.24; peer-reviewed by L Guo; revised version received 31.01.25; accepted 18.02.25; published
28.03.25.

Please cite as:
Nasrudin N, Sazlina SG, Cheong AT, Lee PY, Teo SH, Aneesa AR, Teo CH, Rokhani FZ, Haron NA, Harrun NH, Ho BK, Mohamed
Isa S
Increasing the Uptake of Breast and Cervical Cancer Screening Via the MAwar Application: Stakeholder-Driven Web Application
Development Study
JMIR Form Res 2025;9:e65542
URL: https://formative.jmir.org/2025/1/e65542 
doi:10.2196/65542

© Nurfarhana Nasrudin, Shariff-Ghazali Sazlina, Ai Theng Cheong, Ping Yein Lee, Soo-Hwang Teo, Abdul Rashid Aneesa,
Chin Hai Teo, Fakhrul Zaman Rokhani, Nuzul Azam Haron, Noor Harzana Harrun, Bee Kiau Ho, Salbiah Mohamed Isa. Originally
published in JMIR Formative Research (https://formative.jmir.org), 28.3.2025. This is an open-access article distributed under
the terms of the Creative Commons Attribution License (https://creativecommons.org/licenses/by/4.0/), which permits unrestricted
use, distribution, and reproduction in any medium, provided the original work, first published in JMIR Formative Research, is
properly cited. The complete bibliographic information, a link to the original publication on https://formative.jmir.org, as well
as this copyright and license information must be included.

JMIR Form Res 2025 | vol. 9 | e65542 | p.3065https://formative.jmir.org/2025/1/e65542
(page number not for citation purposes)

Nasrudin et alJMIR FORMATIVE RESEARCH

XSL•FO
RenderX

http://dx.doi.org/10.1136/emermed-2015-205258
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27707791&dopt=Abstract
http://dx.doi.org/10.1186/1472-6947-12-67
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22781312&dopt=Abstract
http://dx.doi.org/10.1155/2018/1385034
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29849991&dopt=Abstract
http://dx.doi.org/10.2196/17315
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32391802&dopt=Abstract
http://dx.doi.org/10.1111/hex.12090
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23731468&dopt=Abstract
http://dx.doi.org/10.1097/ACM.0000000000000794
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26107879&dopt=Abstract
https://formative.jmir.org/2025/1/e65542
http://dx.doi.org/10.2196/65542
http://www.w3.org/Style/XSL
http://www.renderx.com/


Using a Hybrid of AI and Template-Based Method in Automatic
Item Generation to Create Multiple-Choice Questions in Medical
Education: Hybrid AIG

Yavuz Selim Kıyak1,2, MD, PhD; Andrzej A Kononowicz2, PhD
1Department of Medical Education and Informatics, Faculty of Medicine, Gazi University, Ankara, Turkey
2Department of Bioinformatics and Telemedicine, Jagiellonian University Medical College, Medyczna Str 7, Kraków, Poland

Corresponding Author:
Andrzej A Kononowicz, PhD
Department of Bioinformatics and Telemedicine, Jagiellonian University Medical College, Medyczna Str 7, Kraków, Poland

Abstract

Background: Template-based automatic item generation (AIG) is more efficient than traditional item writing but it still heavily
relies on expert effort in model development. While nontemplate-based AIG, leveraging artificial intelligence (AI), offers
efficiency, it faces accuracy challenges. Medical education, a field that relies heavily on both formative and summative assessments
with multiple choice questions, is in dire need of AI-based support for the efficient automatic generation of items.

Objective: We aimed to propose a hybrid AIG to demonstrate whether it is possible to generate item templates using AI in the
field of medical education.

Methods: This is a mixed-methods methodological study with proof-of-concept elements. We propose the hybrid AIG method
as a structured series of interactions between a human subject matter expert and AI, designed as a collaborative authoring effort.
The method leverages AI to generate item models (templates) and cognitive models to combine the advantages of the two AIG
approaches. To demonstrate how to create item models using hybrid AIG, we used 2 medical multiple-choice questions: one on
respiratory infections in adults and another on acute allergic reactions in the pediatric population.

Results: The hybrid AIG method we propose consists of 7 steps. The first 5 steps are performed by an expert in a customized
AI environment. These involve providing a parent item, identifying elements for manipulation, selecting options and assigning
values to elements, and generating the cognitive model. After a final expert review (Step 6), the content in the template can be
used for item generation through a traditional (non-AI) software (Step 7). We showed that AI is capable of generating item
templates for AIG under the control of a human expert in only 10 minutes. Leveraging AI in template development made it less
challenging.

Conclusions: The hybrid AIG method transcends the traditional template-based approach by marrying the “art” that comes
from AI as a “black box” with the “science” of algorithmic generation under the oversight of expert as a “marriage registrar”. It
does not only capitalize on the strengths of both approaches but also mitigates their weaknesses, offering a human-AI collaboration
to increase efficiency in medical education.

(JMIR Form Res 2025;9:e65726)   doi:10.2196/65726

KEYWORDS

automatic item generation; ChatGPT; artificial intelligence; large language models; medical education; AI; hybrid; template-based
method; hybrid AIG; mixed-method; multiple-choice question; multiple-choice; human-AI collaboration; human-AI; medical
education; algorithm; expert

Introduction

Multiple-choice items are integral to written assessment in
medical education, serving as a useful tool for assessing a wide
range of knowledge and skills. Their common use spans from
evaluating factual knowledge to clinical reasoning and
decision-making in various domains [1]. This assessment format
supports high-volume testing with the added advantage of
automated scoring to enhance the efficiency of examinations
in medical education.

The traditional way of writing multiple-choice items,
characterized by manual development processes, presents
significant challenges in scalability. This challenge stems from
the intensive time and effort required to create and review each
question. This laborious process, which demands expertise and
resources, faces a bottleneck in scaling up to meet the demand
for a vast quantity of quality items. The challenge is particularly
pronounced in medical education, where only a progress test
administration in a year requires having 2400 multiple-choice
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items [2], showing the inefficiency of traditional methods in
satisfying the needs of question banks in medical schools.

Template-based automatic item generation (AIG) is a scalable
method used in educational assessment that leverages predefined
templates to systematically produce multiple-choice items with
the help of software [3]. It has been implemented in 7 languages
[3-6] and different health professions [3,7-9]. It consists of 3
sequential stages: development of a cognitive model,
development of an item model (template), and using software
for the rapid generation of hundreds of items [10]. Item models
developed based on cognitive models are structured by subject
matter experts to include variables and rules for item generation,
allowing for a more efficient creation of consistent questions.
This approach enhances the scalability of item development
and review compared with traditional item writing [3],
addressing the demand for high-quality assessment materials
across various educational domains. Template-based AIG, while
generating high-quality multiple-choice items efficiently
[11-15], still heavily relies on expert effort in development of
cognitive models and item models. Although it depends on the
content area and the expert’s skills, a study reported that
development of a cognitive model and an item model can take
hours for a subject matter expert [10]. Furthermore, this
development process necessitates high levels of extraneous
cognitive load due to high element interactivity [16], which
requires experts to deal with several components simultaneously.
Therefore, “creating cognitive models for AIG is challenging”
[3] and it “requires a lot of practice” for experts [3].

On the other hand, nontemplate-based AIG, which “can be
guided by the syntactic, semantic, or sequential structure of a
text” [3], is an approach that leverages natural language
processing to generate assessment items without relying on
predefined templates. Unlike the template-based method, this
method uses the ability of artificial intelligence (AI) to generate
content dynamically, for example, using ChatGPT, which is an
AI-based chatbot developed by OpenAI, for creating items based
on specific topics or learning outcomes provided by users
[17-21]. This approach allows for the generation of diverse and
complex questions in seconds, offering flexibility and efficiency
in item development. However, this AI-driven approach
struggles with issues of inaccuracy and inconsistency [18],
especially when good prompting strategies [22] are not used
[23]. In AI-driven item generation, such as with ChatGPT, these
issues often emerge due to the model’s reliance on its training
data, which may not always align perfectly with the specific
objectives intended by educators. For example, an AI might
generate content that includes incorrect information, such as
asserting that “the human heart only has two chambers” [24],
or misinterpret the complexity level required for a medical
education context. Furthermore, the “black box” [25] nature of
these AI models complicates diagnosing and correcting these
errors within the AI mechanism, as it is challenging to trace
back how the AI arrived at a particular output. Therefore, it
raises concerns regarding validity, reliability, transparency,
fairness, and equity [26], and the process still requires subject
matter experts to review and revise each generated question
[18,19,21,22,27]. Although it is more efficient than traditional

item writing, necessity for reviewing each question is still
inefficient.

As outlined above, recent advancements in AIG have offered
efficiency, yet each method—template-based and
nontemplate-based—brings its own set of limitations. The gap,
therefore, lies in the need for a method that merges the structured
efficiency of template-based AIG with the content generation
capabilities of AI-driven, nontemplate-based, approaches. This
convergence could potentially address the pressing need for
tools augmenting capabilities of medical educators in test
development. We are aware of the interdependence of social
(human) and technical elements within an organization [28],
advocating for the design of systems that concurrently optimize
both human and technological components to achieve effective
outcomes. In AIG, this can be interpreted as the need to
harmonize the collaboration of a subject matter expert and AI
tools working together on developing item and cognitive models.

In this paper, we propose a hybrid AIG method that uses AI to
generate an item model (template) and a cognitive model for
applying the item template in a template-based item generation
process. This capitalizes on the strengths of both approaches
but also mitigates their respective weaknesses, offering a novel
human-AI collaboration to increase AIG efficiency in medical
education.

Methods

Study Process
This is a proof-of-concept study. Drawing on existing guidance
on prompt engineering [29,30] and our experience in building
human-AI dialogues [20,31], we developed a series of flipped
interactions through a series of iterative refinements. In this
approach, the AI initiates the conversation and prompts the
human expert to provide the necessary data, enabling a
collaborative process for generating and refining item templates.
The AI shoulders the significant cognitive load involved in
template development, thereby reducing the cognitive burden
on experts, allowing them to focus on deciding which elements
of the question are essential for assessing students’ knowledge.

We used GPT Builder (OpenAI), a platform for customizing
ChatGPT to the user’s needs [32], to train our Custom GPT.
Since we conducted this study in February 2024, the Custom
GPT worked based on the frontier model at that time, GPT-4.

We will present our approach in a manner analogous to how
Gierl et al [10] described the template-based AIG. To illustrate
the process, we used two items: one from Gierl et al’s work [3],
and another from a multiple-choice question (MCQ) similar to
an item in the Turkish National Medical Specialty Exam, TUS
(2021/1, clinical question number 58). The reason for choosing
Gierl et al’s [3] item is that it allows readers to compare it with
the existing item model developed by a subject matter expert.
The reason for choosing a TUS item is that Gierl et al’s [3] item
model has likely already been processed by ChatGPT, so we
also aimed to focus on an item that had not been modelled
before.
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Ethical Considerations
This study did not involve human subjects, patient data, or
personal identifiers, and therefore did not require ethical
approval. No informed consent was necessary as no human
participants were involved. The study is based on the
demonstration of a methodological approach using AI for
automatic item generation.

Results

Hybrid AIG and Prompts
The Hybrid AIG consists of 7 steps, with the last 2 steps carried
out outside the AI environment. The AI environment requires
a specialized GPT trained for generating item models and
cognitive models. The Custom GPT we developed is titled “Item
Model Maker for AIG” and is accessible at [33]..

In addition, the prompt we used is provided in Multimedia
Appendix 1.

Step 1: Providing a Parent Item
The starting point for developing both the item model and the
cognitive model in the hybrid AIG is a parent item, reflecting
the approach used in the template-based method. It functions
as a prototype for generating new questions that follow the
template’s structure.

In the first step of the hybrid AIG, the expert provides a parent
item to AI. Although it is not a requirement, it would be better
if the parent item has been chosen from well-performing items
in an exam (eg, a published item from a past medical licensure
examination). This could mitigate the possible problems that
can stem from the lack of quality in the parent item. If an expert
does not have a parent item, they can use AI tools, such as
Case-Based MCQ Generator [20], to generate an MCQ as a
parent item.

The purpose of generating MCQs in medical education is for a
human expert to assess the students’ skills and knowledge and
to evaluate whether they have grasped the nuances of the
information presented, aiming for outcomes that are consistent
with expert reasoning. The parent item includes the necessary
components and embedded possible cognitive models required
for this purpose, as it is approved and provided by the expert.
It serves as the well-established basis and acts as a seed for
generating a new template. In the subsequent steps, AI will

primarily handle the cognitive work in using one of the possible
underlying cognitive models in the parent item to generate a
template. The expert’s role will be to monitor and ensure the
AI maintains a consistent cognitive model in its output.

We present below the parent items provided to AI, adopting
them from the sources described in the Methods section.

Gierl et al’s [3] item:

“A 22-year-old female sees her doctor and reports that she’s
been experiencing a mild cough and slight body aches that have
developed over a few days.

Upon examination, she presents with an oral temperature of
37°C. What is the most likely diagnosis?

A. Hay fever
B. Ear infection
C. Common cold
D. Acute sinusitis
E. Seasonal influenza”

TUS Item:

“A fifteen-year-old girl, who became ill during her physical
education class after lunch, is brought to the infirmary
complaining of coughing, shortness of breath, dizziness, facial
swelling and redness, as well as itching in her hands and feet.
During the physical examination, the patient appears anxious,
with a blood pressure reading of 80/50 mmHg, periorbital
edema, and wheezing upon auscultation. Which of the following
is the most likely diagnosis for this patient?

A. Exercise-induced asthma
B. Cholinergic urticaria
C. Pulmonary embolism
D. Anaphylaxis
E. Vasovagal syncope”

Step 2: Identification of Elements for Manipulation
In the next step, the expert identifies words or phrases in the
parent item for variable manipulation.

In the identification process, the expert can, preferably, consider
the importance of the content in the case that is more influential
in deciding what the correct answer is. Table 1 shows AI’s
response and what the expert chose as the elements for
manipulation.
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Table . Identification of elements for manipulation.

TUS itemGierl et al’s [3] itemWho speaks

AIa •• Based on the parent item you’ve provided,
let’s proceed to the next step. Could you
please identify words or phrases in the sce-
nario and question that you would like to
have as variable elements for manipulation?
These could be specific symptoms, the pa-
tient’s demographics, the setting, or any
other details you think should be variable.

Thank you for sharing the parent item.
Could you please identify words or phrases
in the question that you would like to manip-
ulate for variable creation? These can in-
clude demographic details, symptoms, ex-
amination findings, or any other elements
that could vary across different versions of
this question.

Expert •• Element 1: during her physical education
class after lunch

Element 1: mild cough
• Element 2: slight body aches

• Element 2: coughing, shortness of breath,
dizziness, facial swelling and redness

• Element 3: over a few days
• Element 4: 37°C

• Element 3: a blood pressure reading of
80/50 mm Hg, periorbital edema, and
wheezing upon auscultation

aAI: artificial intelligence.

Step 3: Replacement of Elements and Choosing
Options
In this step, AI replaces the words and phrases received from
the expert with the elements in brackets, then the expert reviews

the output, and prompts AI to make necessary changes, if any.
Subsequently, the expert chooses 2 or more options from the
options in the parent item. The AI will use them to define the
possible values of elements. Table 2 shows the replaced version
and the expert’s choice among the options.

Table . Replacement of elements and choosing options.

TUS itemGierl et al’s [3] itemWho speaks

Great, I’ll incorporate these elements as variables
into the parent item. Here’s how it will look:

"A fifteen-year-old girl, who became ill [Element
1], is brought to the infirmary complaining of
[Element 2], as well as itching in her hands and
feet. During the physical examination, the patient
appears anxious, with [Element3]. Which of the
following is the most likely diagnosis for this
patient?

A. Exercise-induced asthma

B. Cholinergic urticaria

C. Pulmonary embolism

D. Anaphylaxis

E. Vasovagal syncope”

Now, could you please choose two or more op-
tions from the answer choices that you’d like the
variables to significantly impact? This will help
in designing the variables for each element to
ensure they align closely with the medical scenar-
ios corresponding to the chosen options.

Based on the elements you’ve identified, here’s
how the parent item could be modified with these
variables in brackets:

"A 22-year-old female sees her doctor and reports
that she’s been experiencing a [Element 1] and
[Element 2] that have developed [Element 3].
Upon examination, she presents with an oral
temperature of [Element 4]. What is the most
likely diagnosis?

A. Hay fever

B. Ear infection

C. Common cold

D. Acute sinusitis

E. Seasonal influenza”

Could you please choose two or more options
from the parent item that the variables will be
focused on? This will help in offering variables
for each element that significantly impact the
correct answer according to medical sources and
guidelines.

AIa

Expert •• Cholinergic urticariaCommon cold
• •Seasonal influenza Anaphylaxis

aAI: artificial intelligence.

Step 4: Offering Values in Elements
At this stage, AI suggest possible values for each element that
can impact the correct answer. Then, the expert reviews the
output and makes necessary changes, if any, by providing

prompts. Table 3 shows the response of AI in order for offering
values. It is important to note that “values” were presented as
“variables” by AI in the example because it did not work well
when we call them “values” (eg, it was prone to offer numbers
rather than words). It may not be a problem in newer versions.
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Table . Artificial intelligence’s (AI’s) offer for values.

TUS itemGierl et al’s [3] itemWho speaks

Thank you for choosing options B (Cholinergic
urticaria) and D (Anaphylaxis). Based on these
selections, I’ll offer variables for each element
that significantly impact the correct answer con-
sidering the chosen options. Here are the pro-
posed variables:

Element 1: Timing of symptoms

Thank you for choosing “Common cold” and
“Seasonal influenza” as the focus. Based on these
options, I’ll offer variables for each element that
significantly impact the correct answer, consider-
ing medical sources and guidelines:

Element 1: Cough

AI

• Variable 1: Persistent dry cough
• During her physical education class after

lunch.
• Variable 2: Mild cough
• Variable 3: Severe hacking cough

• Immediately after taking a hot shower.
Element 2: Body aches • While sitting in a hot classroom.
• Variable 1: Slight body aches • After exposure to cold wind post-exercise.
• Variable 2: Moderate body aches • During a stressful exam.
• Variable 3: Severe muscle pains

Element 2: Symptoms
Element 3: Duration of symptoms • Coughing, shortness of breath, dizziness,

facial swelling and redness.• Variable 1: Suddenly over a few hours
• Variable 2: Over a few days • Generalized hives, sweating, and palpita-

tions• Variable 3: Gradually over more than a
week • Localized itching and redness following

sweating.Element 4: Oral temperature
• Throat tightness, difficulty swallowing, and

a sense of impending doom.
• Variable 1: 37°C (normal)
• Variable 2: 37.5°C to 38°C (mild fever)

• Flushing, headache, and nausea after eating
specific foods.

• Variable 3: Over 38°C (fever)

Do these variables seem appropriate for creating

different versions of the MCQa item focused on
distinguishing between the common cold and
seasonal influenza? If you need any adjustments
or have additional suggestions, please let me
know!

Element 3: Clinical findings
• A blood pressure reading of 80/50 mm Hg,

periorbital edema, and wheezing upon aus-
cultation.

• Tachycardia with a blood pressure reading
of 100/70 mmHg, and diffuse hives.

• Normal blood pressure, with localized
swelling and erythema.

• Rapid drop in blood pressure upon exposure
to an allergen, with angioedema.

• Elevated blood pressure due to anxiety, with
mild facial edema.
Please review these variables and let me
know if they are appropriate or if you would
like any modifications.

aMCQ: multiple-choice question.

Step 5: Generating the Cognitive Model
In the following step, AI determines the constraints based on
values (called “variables” by AI) approved by the expert, in
order to create the cognitive model. Then, the expert reviews
the output and prompts AI for necessary changes, if any. The
presence of the expert is to validate the output, as in the previous
steps.

Compared with the cognitive model in the traditional
template-based method, our hybrid method adopts a simpler

approach. By providing constraints, it allows to determine what
items will be generated and what the correct option is in each
item. Tables 4 and 5 present the cognitive models. Although
the content needs small adjustments that can be easily carried
out by the expert (eg, the expert may ask ChatGPT to remove
“37.5°C to 38 °C” to make the correct answers more evident),
we did not make any changes to present ChatGPT’s original
output in order for demonstrating that it is able to provide a
useful cognitive model to begin with for further revisions. It is
also possible due to the nature of GPT models that the output
might defer in formatting as visible in the tables.
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Table . Cognitive model generated by artificial intelligence (AI) for Gierl et al.’s [3] item.

Constraints (supported options)Element (variable)

Cough • Persistent dry cough (seasonal Influenza)
• Mild cough (common cold)
• Severe hacking cough (seasonal influenza)

Body aches • Slight body aches (common cold)
• Moderate body aches (seasonal influenza)
• Severe muscle pains (seasonal influenza)

Duration of symptoms • Suddenly over a few hours (seasonal influenza)
• Over a few days (common cold)
• Gradually over more than a week (common cold)

Oral temperature • 37°C (normal) (common cold)
• 37.5°C to 38°C (mild fever) (seasonal influenza)
• Over 38°C (fever) (seasonal influenza)

Table . Cognitive model generated by artificial intelligence (AI) for TUS item.

Constraints (supported options)Variable element

B and DTiming of symptoms

D    During her physical education class after lunch.

B    Immediately after taking a hot shower.

B    While sitting in a hot classroom.

D    After exposure to cold wind postexercise.

B    During a stressful exam.

B and DSymptoms

D    Coughing, shortness of breath, dizziness, and facial swelling and redness.

B and D    Generalized hives, sweating, and palpitations.

B    Localized itching and redness following sweating.

D    Throat tightness, difficulty swallowing, and a sense of impending doom.

D    Flushing, headache, and nausea after eating specific foods.

B and DClinical findings

D    A blood pressure reading of 80/50 mmHg, periorbital edema, and
wheezing upon auscultation.

B and D    Tachycardia with a blood pressure reading of 100/70 mmHg, and diffuse
hives.

B    Normal blood pressure, with localized swelling and erythema.

D    Rapid drop in blood pressure upon exposure to an allergen, with an-
gioedema.

B    Elevated blood pressure due to anxiety, with mild facial edema.

These 5 steps have been completed in less than 10 minutes for
each model. The whole process within the AI environment can
be displayed by accessing the following public pages of the
human-AI conversations: Gierl et al’s [3] item [34] and TUS
item [35].

Step 6: Final Review by the Expert(s)
During this phase, the expert carries out a final review of the
item model and cognitive model provided by AI, preferably
with other experts.

In the previous steps, in order to keep the demonstration simple
and due to the fact that there was not a significant inaccuracy
in the AI-generated content, the expert did not demand any
additional changes during the process in AI environment. But
in the hybrid method, the 5 steps within the AI environment
should be actively monitored by the expert, and if necessary,
the expert should input prompts to make changes because AI
is always prone to provide inaccurate content and deviate from
providing a consistent template. Expert oversight, and
involvement if necessary, is a strong necessity for creating
high-quality item models and cognitive models.
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Following the first 5 steps, which can be completed in less than
10 minutes, the expert should carry out one more round of
review for the item model and the cognitive model generated
through human-AI collaboration. It would be better if the expert
conducts this review together with other experts to make sure
that there is no inaccuracy, inconsistency, or inappropriate way
of presentation. The expert should keep in mind that content
generated by AI, in this case ChatGPT, is generated through a
large language model, so it could “hallucinate” [36] some
inaccurate information and relationships that are harmful for
the output quality. Apart from that, in this step, the expert may
prefer to add more elements and variables, such as age and
gender, in a way that does not change the correct answers, in
order for increasing the number of the items.

Step 7: Item Generation Using a Non-AI Software
Finally, the expert inputs the final version of the item template
and the constraints to a traditional template-based AIG tool
(software without AI involvement), and then the software
algorithmically produces multiple-choice items based on the
input provided by the expert. It is crucial to emphasize that the
expert must input the content accurately, as traditional software
cannot handle inconsistent type of inputs, unlike AI in the
previous steps. There is no difference between the traditional
template-based method (stage 3) [10] and our hybrid method
(step 7) in this regard. As is in the template-based method [10],
Hybrid AIG also allows the software to generate hundreds of
consistent items based on a single item model.

Discussion

In this study, we used AI to generate item models and cognitive
models for generating multiple-choice items by using these
models for template-based AIG. We demonstrated that AI is
capable of providing AIG templates for this purpose under the
control of human expert. Leveraging AI in template development
has significantly reduced the time investment from hours [10]
to less than 10 minutes, and provided a smoother experience
for experts in this challenging task [3].

In our hybrid AIG method, cognitive work required to be carried
out by experts in the past [10] is now shared with AI. It switches
the role of experts from “the creators of item-cognitive models
from scratch” to “the reviewer of AI-generated content,” which
brings an important efficiency to AIG without sacrificing
consistency and accuracy. Our hybrid AIG method transcends
the traditional template-based approach by marrying the “art”
that comes from AI as a “black box” [25] with the “science” of
algorithmic generation [10] under the oversight of expert as a
“marriage registrar.” Practically, this balanced fusion under
human guidance reduces the extraneous cognitive load [16] on
experts by allocating the burdensome tasks to AI in order for
enhancing human efficiency and allowing them to concentrate
on refining and validating the AI-generated content.

Similar to our approach, a recent study successfully incorporated
a large language model into the process of developing reading
comprehension items [37]. While addressing a critical issue in
item development for a non–health care setting, its direct
application to medical education is challenging due to the

inherent complexities of health professions education.
Furthermore, this approach integrates AI only into generating
unique sentences based on rules imposed by experts, leaving
the essential cognitive work dependent on expert input, which
remains inefficient for medical education. In our hybrid method,
we use AI not only for generating unique sentences but also for
development of item models and cognitive models as a whole,
hence transforming the role of experts from the main “cognitive
workers” to reviewers. This shift reduces cognitive effort for
experts while maintaining their essential contribution for
accurate and consistent items. Considering the importance of
clarity and constraints in the templates, we still can suggest that
it is possible and desirable to create specifications and
instructions using artificial intelligence. Our research
demonstrated that even a minimal human oversight can be
sufficient for using AI in the creation of specifications and
instructions, particularly in challenging domains such as medical
education, which suggests even greater possibility for less
complex tasks like reading comprehension. By dismissing the
potential of AI in this regard by labeling it as “impossible,”
humans might inadvertently limit AI’s capacity to enhance
efficiency in cognitive work needed to be done. Thus, we
propose leveraging AI more effectively rather than relegating
it to a lesser role.

While noting the improved efficiency of the proposed hybrid
for cognitive tasks, we emphasize the importance of rigorous
human oversight, and consequently, accountability for
automatically generated content. As demonstrated in a study
by Zack et al [38], even a state of the art large language model
can still be prone to perpetuate racial and gender bias. Adding
to the complexity, such bias may not be visible at the level of
a single question item or template, but as an effect of prolonged
use of generative AI tools. The role of human examiners is to
be aware of such risks and to implement bias mitigation
strategies at different steps and levels of the AI process to
prevent the injection of harmful stereotypes into the assessment
of students’ skills.

Our study has some limitations. Although the templates
generated by AI showed promising results, replicability depends
on the consistency of the AI model, which is GPT-4 in this case.
In addition, other AI models such as GPT-4o (Open AI), Claude
(Anthropic), Gemini (Google), Llama (Meta), and Command
R+ (Cohere) could lead to different outputs. While our study
demonstrated that a hybrid AIG is possible, future research
should explore this further by using different parent items across
various settings to generate MCQs. As this is a proof-of-concept
study, there is a lack of empirical evidence supporting the
efficacy of the proposed hybrid AIG method, no qualitative
reviews to assess the generated items’ quality, and a lack of
quantitative item analysis since the items were not tested on
medical students. However, it is still valuable because it has
shown for the first time that generating plausible, and possibly
useful, item templates using AI is possible in medical education.
A recent study has provided empirical evidence, demonstrating
that experts correctly identified the answers in MCQs generated
by using hybrid AIG [39]. In the future studies, we are planning
to generate more items using these templates and investigate
their effectiveness using qualitative and quantitative methods.
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Moreover, a direct comparison of traditional template-based
AIG and hybrid AIG could provide valuable evidence for
effectiveness and efficiency. Another limitation is that we
generated simple templates. There are multilayered templates
for AIG [3], which require relatively complex structures, that
might require from us to use different custom AIs for this
purpose.

In conclusion, the hybrid AIG is a promising novel method that
leverages AI in development of templates for template-based
AIG that transforms the traditional role of experts from creators
to reviewers. This shift can significantly reduce the cognitive
burden on experts and streamline the item generation process
while ensuring high-quality outcomes. We recommend piloting
and improving the hybrid AIG in high-demand settings of
increasing importance to investigate and improve its efficiency
and quality benefits.
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Abstract

Background: Popularized by ChatGPT, large language models (LLMs) are poised to transform the scalability of clinical natural
language processing (NLP) downstream tasks such as medical question answering (MQA) and automated data extraction from
clinical narrative reports. However, the use of LLMs in the health care setting is limited by cost, computing power, and patient
privacy concerns. Specifically, as interest in LLM-based clinical applications grows, regulatory safeguards must be established
to avoid exposure of patient data through the public domain. The use of open-source LLMs deployed behind institutional firewalls
may ensure the protection of private patient data. In this study, we evaluated the extraction performance of a locally deployed
LLM for automated MQA from surgical pathology reports.

Objective: We compared the performance of human reviewers and a locally deployed LLM tasked with extracting key histologic
and staging information from surgical pathology reports.

Methods: A total of 84 thyroid cancer surgical pathology reports were assessed by two independent reviewers and the open-source
FastChat-T5 3B-parameter LLM using institutional computing resources. Longer text reports were split into 1200-character-long
segments, followed by conversion to embeddings. Three segments with the highest similarity scores were integrated to create the
final context for the LLM. The context was then made part of the question it was directed to answer. Twelve medical questions
for staging and thyroid cancer recurrence risk data extraction were formulated and answered for each report. The time to respond
and concordance of answers were evaluated. The concordance rate for each pairwise comparison (human-LLM and human-human)
was calculated as the total number of concordant answers divided by the total number of answers for each of the 12 questions.
The average concordance rate and associated error of all questions were tabulated for each pairwise comparison and evaluated
with two-sided t tests.

Results: Out of a total of 1008 questions answered, reviewers 1 and 2 had an average (SD) concordance rate of responses of
99% (1%; 999/1008 responses). The LLM was concordant with reviewers 1 and 2 at an overall average (SD) rate of 89% (7%;
896/1008 responses) and 89% (7.2%; 903/1008 responses). The overall time to review and answer questions for all reports was
170.7, 115, and 19.56 minutes for Reviewers 1, 2, and the LLM, respectively.

Conclusions: The locally deployed LLM can be used for MQA with considerable time-saving and acceptable accuracy in
responses. Prompt engineering and fine-tuning may further augment automated data extraction from clinical narratives for the
provision of real-time, essential clinical insights.

(JMIR Form Res 2025;9:e64544)   doi:10.2196/64544

KEYWORDS

natural language processing; large language model; artificial intelligence; thyroid cancer; endocrine surgery; framework; privacy;
medical; surgical pathology; report; NLP; medical question

Introduction

Surgical pathology reports contain narrative data essential for
hospital-based comprehensive cancer surveillance databases
and the real-time understanding of patient staging, recurrence

risk, clinical trial eligibility, and personalized treatment options.
Large-scale national databases such as the Surveillance,
Epidemiology, and End Results (SEER) program and the
National Cancer Database (NCDB) include population-level
histologic data necessary to study rare cancers and
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underrepresented patient subpopulations [1,2]. However, the
large-scale extraction of key surgical oncologic insights
contained within unstructured free pathology text is limited by
the need for labor-intensive, manual review by human reviewers
[3]. The maintenance of comprehensive cancer databases often
requires skilled registrars who are trained to synthesize and
extract information from patient narrative reports according to
established data collection standards [4]. However, constantly
updated guidelines, time-intensive labor for data extraction, and
inevitable human error are challenges to coordinate cancer data
collection.

Advances in natural language processing (NLP) techniques have
sought to address challenges in the efficiency and accuracy of
data abstraction. Efforts have included applying NLP methods
to extract pain scores in patients with cancer undergoing
radiation [5], classify metastatic phenotypes from radiology
reports of patients with colorectal cancer [6], and identify
recurrence status in patients with hepatocellular carcinoma [7].
Traditional NLP methods, however, require specific domain
expertise and may be error-prone based on statistical or
rule-based approaches [8]. Large language models (LLMs)
power a new generation of natural language processing (NLP)
whereby deep neural networks are trained on a massive corpus
of human text that are then deconstructed into vectorized
embeddings that depict linguistic relationships in a numerical
format appropriate for easy analysis [9]. Popularized by
ChatGPT and its user-friendly question-and-answer interface,
LLMs are poised to transform the scalability of clinical NLP
downstream tasks such as medical question answering (MQA)
and data mining. LLMs may also enhance the ability to rapidly
and accurately extract key information from surgical pathology
reports [10].

However, as new LLM-based clinical applications are being
increasingly explored, there is a substantial risk of protected
health information (PHI) breaches without regulatory safeguards
in place [11]. Ethical, privacy, and regulatory constraints
preclude the transfer of PHI across the public domain through
widely used proprietary LLM services (eg, ChatGPT, Gemini,
and Claude) that can generate automated responses for MQA.
However, significant health care resources (ie, utilization fees
and institutional agreements) would be required to ensure the
protection of PHI while accessing the largest state-of-the-art
models such as GPT4 via a private cloud service provider (eg,
Microsoft Azure OpenAI). Such considerable upfront costs and
service agreements may preclude hospital systems without
financial and IT resources from utilizing the largest and most
state-of-the-art LLMs.

The rapid development in LLM technology has led to the
development of many open-source models (eg, Llama 3.1 and
Google Gemini) both comparable in performance to GPT4 and
deployable on an institution’s existing computing clusters. The
use of a smaller, locally deployed LLM may help ensure that
protected health information is maintained and democratize
access to LLM technologies at medical centers where larger,
private LLMs are inaccessible. In this study, we investigated
the use of a locally deployed, open-source LLM to extract key
staging and recurrence risk information from thyroid surgical
pathology reports. We compared its performance to the gold
standard of medically trained human reviewers. Although we
utilize this for a single-use case, our work serves as a practical
pathway to enable individual medical centers to utilize current
LLM technology for clinical NLP tasks in a privacy-protecting
manner (Figure 1).
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Figure 1. Overview of medical data extraction workflows: (A) Pathology chart review: The traditional approach of manual data extraction from publicly
available databases or private electronic health records (EHRs) to obtain predetermined oncologic insights. (B) Enterprise large language model (LLM,
such as ChatGPT): Due to regulatory constraints, only publicly available data may be shared with enterprise LLMs. Prompt entry and question curation
are used to gain oncologic insights. (C) Private LLMs: EHR data can be shared with a local hospital LLM, and prompt entry with question curation can
be used to gain oncologic insights. EHR: electronic health record.
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Methods

Ethical Considerations
This study was approved by the Institutional Review Board of
the Icahn School of Medicine at Mount Sinai (no. 22‐00347).
Informed consent was waived given the retrospective nature of
the study. To ensure confidentiality of patient data, only
authorized research study personnel were permitted access to
patient data. Study identification numbers were assigned to
patients included in the study for deidentification.

Study Population
We queried the Mount Sinai Data Warehouse for a cohort of
adult patients (>18 years old) with ICD-9 (International
Classification of Diseases, 9th revision) and ICD-10
(International Classification of Diseases, 10th revision) diagnosis
codes for thyroid cancer and who underwent thyroid surgery
between 2010 and 2022. We reviewed 102 surgical pathology
reports from 102 patients and excluded reports if they were from
other organ sites (n=10), benign (n=2), cytopathology (n=5), or
outside review (n=1). We included 84 reports for analysis. The
study flowchart is shown in Figure 2.

Figure 2. Flowchart of the study design and analysis. *The concordance rate was calculated as the total number of concordant answers/total number
of answers for each of the 12 medical question answering (MQA).

Large Language Model
We used the publicly available, open-source, and
parameter-efficient FastChat-T5 3B-parameter LLM for our
analysis. FastChat-T5 is a smaller model that requires
significantly less computing, making it accessible in
resource-constrained environments. This characteristic was
essential for our study, as we wanted our findings to be easily
replicable across institutions with varying levels of
computational resources. In many real-world scenarios,
particularly in health care or academic settings, access to
high-end hardware or expensive cloud services is limited, and
the need for locally deployable solutions behind firewalls is
critical due to privacy concerns. FastChat-T5 provides a balance
between performance and resource efficiency, making it a
practical choice in these contexts. This LLM was deployed on
existing hospital servers, which avoided the utilization of
expensive cloud services and external transfer of patient data.
The ready availability of such software has increased the use
of open-source LLMs. The practice of deploying smaller models
on local hardware aligns with the latest trends from leading

LLM providers that are exploring the deployment of models on
mobile devices.

In addition, our goal was to evaluate how a smaller, open-source
model performs in comparison to human reviewers, who are
generally considered the gold standard in tasks such as document
review and content evaluation. We selected FastChat-T5 to
explore whether such a parameter-efficient model could offer
comparable performance to humans, without requiring highly
specialized code or expensive infrastructure for running more
recent and resource-intensive models, such as those in the
LLaMA (large language Meta AI) family.

A limitation all LLMs have is the amount of context they may
process at once, and for FastChat-T5, this limit is 2048 tokens.
For reports of lengths greater than what the model could
accommodate, we split the report text into 1200-character-long
segments, followed by converting each of these segments into
machine-readable numerical representations called embeddings.
As embeddings encode meaning, calculating similarity scores
using the cosine similarity metric between segment embeddings
and posed questions allowed us to retrieve the pieces of text
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most directly related to the content of the question. As such,
three segments with the highest similarity scores were integrated
to create the final context for the LLM. This context was made
part of a plain language question for the LLM, alongside a
question it was directed to answer.

We selected the top three segments with the highest similarity
scores for several key reasons. First, using multiple segments
allows us to enrich the context provided to the LLM, ensuring
that it has access to a broader and more diverse set of relevant
information. By incorporating three segments, we increase the
likelihood that important details from different parts of the
document are included, without overwhelming the model’s
context window.

Additionally, focusing on the top three ensures that we strike a
balance between the relevance and the diversity of information.
Using just one segment might omit crucial context, while using
too many could dilute the focus on the most pertinent details.
The number three was chosen empirically, as it allowed for a
good compromise between feeding the LLM with enough useful
content and avoiding the risk of both exceeding usable context
and introducing unrelated or redundant information that could
confound the model’s operation. We did experiment with other
segmentation strategies, including combining two or four closest
segments, but the performance gains were inferior to those of
the three-segment approach. In our preliminary trials, while
combining more distinct segments could introduce variety, this
approach led to a slight reduction in overall accuracy due to the
introduction of less relevant or tangential information.

Finally, embedding models with cosine similarity offers an
efficient and robust way to evaluate how closely each segment
relates to the posed question, ensuring that the selected segments
are not just textually similar but semantically aligned with the
user’s query. This method enhances the precision of the context
provided to the LLM, resulting in more accurate and relevant
answers. The source code can be found at [12] under a GPLv3
license.

The prompt template is available in Multimedia Appendix 1.

Development of MQA and the Evaluation of
Concordance
We formulated 12 questions with expert clinical input that
extracted key information for the assessment of the thyroid

cancer staging and recurrence risk on the AJCC-TNM staging
system (American Joint Committee on Cancer
Tumor-Node-Metastasis, 8th edition) according to the American
Thyroid Association Recurrence Risk Stratification System
[13,14]. Two study authors (DL and KMM) reviewed 84 thyroid
surgical pathology reports and recorded answers to each of the
12 questions and the time taken to complete the answers for
each report. Then, we used the LLM to answer the same
questions. For every question, we determined if the answers
were concordant between Reviewer 1 and the LLM, between
Reviewer 2 and the LLM, and between the two reviewers. The
concordance rate for each pairwise comparison (human-LLM
and human-human) was then calculated as the total number of
concordant answers divided by the total number of answers for
each of the 12 questions (Figure 2). The average concordance
rate and associated error (calculated here as the SD) for all
questions were tabulated for each pairwise comparison and
evaluated with two-sided t tests.

Results

We report the sample LLM responses and the concordance rates
between reviewers and the LLM for each question in Table 1.
A total of 1008 questions were answered for the 84 thyroid
surgical pathology reports. Reviewers 1 and 2 were concordant
at an average (SD) overall rate of 99% (1%; 999 out of 1008
questions) with disagreement on 9 answers. Reviewers 1 and 2
took an average (SD) of 2 (0.6) minutes and 1.4 (0.4) minutes
to respond to each pathology report and a total of 170.7 minutes
and 115 minutes for all reports, respectively. The LLM was
concordant with reviewers 1 and 2 at an average (SD) overall
rate of 89% (7%; 896 out of 1008 questions) and 89 (7.2%; 903
out of 1008 questions), respectively. The LLM was significantly
less accurate than both reviewer 1 (P<.001) and reviewer 2
(P<.001), but performed at the same level between both
reviewers (P=.82). The average time to review each report for
the LLM was 13.97 seconds/report and 19.56 minutes for all
reports. The questions with the highest overall rates of
concordant responses were questions requiring binary or
categorical data extraction (eg, “Is lymphatic invasion present?”,
100%; “Is vascular invasion present?”, 98.81%; and “Where is
the primary cancer located?”, 98.1%). The question with the
lowest overall concordance was, “Were cervical lymph nodes
present?” at 75%.
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Table . Twelve medical questions and sample large language model (LLM) answers with the rates of concordance between the reviewers and the LLM.

Concordance (%)Sample LLM answerMedical question

All 3R1, R2R2,b LLMR1,a LLM

Staging tumor (T)

82988482The size of the primary
tumor was 5.5 cm.

    What is the size of
the primary tumor?

90979390No, the tumor does not
extend beyond the cap-
sule of the thyroid.

    Does the tumor ex-
tend beyond the cap-
sule of the thyroid?

999910099The primary cancer is
located in the right thy-
roid lobe.

    Where is the primary
cancer located (right
thyroid lobe, left thy-
roid lobe, or isthmus)?

Node (N)

759910076Yes, cervical lymph
nodes were present.

    Were any cervical
lymph nodes present?

881008888Three lymph nodes
were positive for malig-
nancy.

    If cervical lymph
nodes are present, how
many lymph nodes
were positive for malig-
nancy?

Stage (TNM)c

851008585The final pathology
TNM stage of the thy-
roid cancer is pT3a.

    What is the final
pathology TNM stage
of the thyroid cancer?

Recurrence risk factor

991009999Yes, vascular invasion
is present.

    Is vascular invasion
present?

100100100100No, lymphatic invasion
is not present.

    Is lymphatic inva-
sion present?

871008787The histology of the
primary thyroid cancer
was papillary carcino-
ma.

    What was the histol-
ogy of the primary
cancer?

89979289No, a variant of thyroid
cancer such as tall cell,
hobnail variant, or
columnar cell variant
was not present indica-
tive of a more aggres-
sive histology.

    Was there a variant
of thyroid cancer such
as tall cell, hobnail
variant, or columnar
cell variant present, in-
dicative of a more ag-
gressive histology?

82998382No, there was no sec-
ond thyroid cancer
present.

    Was there a second
thyroid cancer present?

88998888The histology of the
second thyroid cancer
was classical variant
papillary thyroid carci-
noma.

    If there was a second
thyroid cancer present,
what was the histolo-
gy?

89 (7.2)99 (1)89 (7)89 (7)Overall questions, %
(SD)

aR1: Reviewer 1.
bR2: Reviewer 2.
cTNM: Tumor-Node-Metastasis.
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Discussion

We demonstrated and evaluated the extraction performance of
a locally deployed, open-source LLM for a specific clinical
NLP task. To our knowledge, this is the first study to compare
an LLM’s ability to extract key thyroid cancer recurrence and
staging information accurately and efficiently from surgical
pathology reports using a conversational MQA format. The
LLM took 19.56 minutes to evaluate and respond to all
pathology reports, whereas it required an additional 187 minutes
and 105 minutes for the reviewers to complete the same
task—demonstrating a considerable reduction in time. Regarding
the accuracy of the responses, we found that the rates of
response concordance were higher among questions tasked with
simpler binary or categorical responses. The increase in task
complexity requiring textual interpretation and inconsistent
word prompting, such as asking whether there was “cervical”
lymph nodes present, resulted in the lowest rate of concordance.
Furthermore, the question regarding the size of the primary
tumor also seemed to be relatively straightforward but had an
overall concordance rate of only 82%.

The augmentation of poorer-performing MQA may lie in the
improvement of prompt engineering—an emerging subfield
where domain-specific knowledge and linguistics are optimized
to design questions that yield the best-performing response to
a task. In addition, more expressive embeddings may help
localize relevant text [15]. For example, “cervical” does not
appear in most pathological reports verbatim, possibly limiting
the model’s ability to respond appropriately to the question
regarding the presence of cervical lymph nodes. Moreover, the
LLM often incorrectly identified the size of the “primary tumor”
and would instead provide a dimension from another specimen
in the report, such as the overall thyroid lobe. This response
accuracy may also be improved by modifying the question
prompt and will be the focus of future work.

Overall, the use of LLMs may be an advancement from early
NLP methods that faced limitations such as restrictive data
preprocessing and the inability to handle multiple positive
diagnoses [16-18]. Studies exploring the ability of LLMs to
handle real clinical data have been rapidly growing. Examples
include the investigation of the use of LLMs for multiple clinical
NLP tasks such as the summarization of magnetic resonance
imaging and radiology reports of the knee [19], the
simplification of anatomic pathology reports for patient

interpretation [20], and data extraction from breast cancer
pathology and radiology reports [21]. However, the protection
of private patient information must be prioritized with the use
of any emerging technology. Safeguards should be established
to ensure data breaches can be avoided with the use of LLMs
for clinical tasks. The approach of deploying smaller,
open-source LLMs behind a health care institution’s own
computing resources ensures that researchers across all centers
may use this emerging technology while maintaining patient
privacy. Additionally, the increased language capacity of the
latest generation of LLMs allows institutions to deploy their
own data for in-context learning only while potentially achieving
a reasonable performance.

The limitations of this study include the use of a single
institutional dataset without comparison with an external dataset
to evaluate the generalizability of the LLM performance.
Differences in language, reporting style, and description length
of surgical pathology reports of different cancer types may also
affect the ability of a smaller LLM such as the open-source
FastChat-T5 used in this study to accurately extract the requested
data using prompts. Additionally, while the intention of the
study was to compare the performance of a smaller, open-source
LLM to the gold standard of human reviewers, a comparison
of its performance with larger, private LLMs such as GPT
should be explored in future studies, after data have been
confirmed to be entirely deidentified.

This study demonstrated that a locally deployed, open-source
LLM is capable of automating data extraction faster than human
reviewers who need to perform a manual review of surgical
pathology reports. However, although the responses between
the LLM and expert reviewers reached concordance rates of
88‐89%, the degree of error by the LLM precludes its exclusive
use to populate cancer statistics databases. Until LLMs
demonstrate comparable performance to humans, the use of
LLMs for clinical NLP tasks still requires considerable oversight
by human reviewers. As a human-assistance tool, the role of
LLMs may lie in improving the time efficiency of populating
clinical databases. As methods of prompt engineering and
fine-tuning improve, we envision that LLMs will eventually
allow medical institutions to harness cutting-edge advances in
NLP for timely and privacy-preserving MQA data extraction
from pathology reports and other clinical narratives for the
provision of real-time, essential oncologic insights.
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Abstract

Background: Step count is used to quantify activity in individuals using accelerometers. However, challenges such as difficulty
in detecting steps during slow or irregular gait patterns and the inability to apply this method to wheelchair (WC) users limit the
broader utility of accelerometers. Alternative device-specific measures of physical activity exist, but their specificity limits
cross-applicability between different device sensors. Moving standard deviation of acceleration (MSDA), obtained from truncal
acceleration measurements, is proposed as another alternative variable to quantify physical activity in patients.

Objective: This study aimed to evaluate the validity and feasibility of MSDA for quantifying physical activity in patients with
stroke-induced hemiparesis by comparing it with the traditional step count.

Methods: We enrolled 197 consecutive patients with stroke hemiparesis admitted to a convalescent rehabilitation ward. Using
the hitoe system, a smart clothing–based physical activity measurement system, we measured the MSDA of trunk movement and
step count. The correlation between MSDA and step count was examined in all participants. Based on their daily living mobility
levels, measured using the Functional Independence Measure (FIM), participants were categorized into 6 subgroups: FIM1-4,
FIM5 (WC), FIM5 (walking), FIM6 (WC), FIM6 (walking), and FIM7 (walking). Intersubgroup differences in MSDA were
analyzed.

Results: A strong correlation was observed between MSDA and step count (r=0.78; P<.001), with a stronger correlation in the
walking group (r=0.79; P<.001) compared with the WC group (r=0.55; P<.001). The Shapiro-Wilk test indicated no significant
results for MSDA across all subgroups, supporting a normal distribution within these groups. In contrast, the step count data for
the WC subgroups showed significant results, indicating a deviation from a normal distribution. Additionally, 10.2% (20/197)
of participants recorded zero steps, demonstrating a floor effect in the step count data. The median MSDA values for the 6
subgroups (FIM1-4, FIM5 WC, FIM5 walking, FIM6 WC, FIM6 walking, and FIM7) were 0.006, 0.007, 0.010, 0.011, 0.011,
and 0.014, respectively, reflecting their levels of independence based on the FIM mobility scores. The median step counts for
these subgroups were 68, 233, 1386, 367, 2835, and 4462, respectively. FIM5 participants who walked had higher step counts
than FIM6 participants using WCs, though the difference was marginally but not statistically significant (P=.07), highlighting
the impact of mobility type (walking vs WC).

Conclusions: The results suggest the validity of MSDA as a variable for physical activity in patients with stroke, applicable to
patients with stroke irrespective of their mobility measures. This finding highlights the potential of MSDA for use in individuals
with motor impairments, including WC users, underscoring its broad utility in rehabilitation clinical practice.

(JMIR Form Res 2025;9:e63064)   doi:10.2196/63064

KEYWORDS

smart clothing; step count; moving standard deviation of acceleration; MSDA; wheelchair; activity quantification; physical
activities; validation study; accelerometer; regular gait patterns; older people; aging; motor impairments; step detection; stroke;
hemiparesis; measurement system; walking; mobility; rehabilitation
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Introduction

Poststroke rehabilitation is primarily undertaken to enhance
patient independence in activities of daily living (ADL). To
achieve this goal, improving movement ability and exercise
tolerance is important, which is directly reflected in the daily
amount of activity. Increases in physical activity and extended
rehabilitation time are associated with improved physical
function and shorter hospital stays [1,2]. Higher levels of
physical activity can decrease the mortality risk [3]. Therefore,
physical activity requirements should be actively assessed in
patients in the poststroke stage. To quantify physical activity,
the number of steps, measured using an accelerometer, is widely
used and is a valid and reliable variable for assessing physical
activity in clinical rehabilitation settings [4,5]. Numerous studies
have established a close association between the number of
steps taken and health-related quality of life [6], self-efficacy
[7], and the risk of stroke recurrence [8]. Accelerometers are
reliable and validated devices that can objectively measure
physical activity in patients with stroke [9]. Exercise therapy,
when supplemented with accelerometer feedback and a
goal-centered step-activity monitoring program, can enhance
the physical activity of hospitalized patients recovering from
ischemic stroke [10,11].

While widely used to quantify activity, counting steps is only
applicable to ambulatory patients. Most of the previous studies
have focused on patients with stroke who could walk
independently. However, a substantial number of these patients
face challenges with walking in their daily lives. During
discharge from acute hospitalization, approximately 30%‐50%
of patients had a modified Rankin scale score of ≥4 [12],
indicating significant mobility impairment. While step count,
an acceleration threshold–based measure of activity, may
partially capture movement in everyday activities, its validity
in accurately measuring the activity of patients with walking
difficulties remains questionable. These considerations highlight
the need for acceleration-based measures that can be effectively
used in patients with difficulty walking.

To address this issue, we proposed an alternative metric: the
moving standard deviation of acceleration (MSDA), which is
derived from the SD of the acceleration norm that is measured
from the trunk using an accelerometer placed on the chest. The
chest placement of the accelerometer enables movement
measurement in a seated position, which is expected to have
advantages in activity monitoring in wheelchair (WC) users.
The utility of the MSDA as an activity-quantification measure
has been validated previously, showing a strong correlation
between the MSDA and percentage oxygen uptake reserve in
healthy participants and between MSDA and percentage heart
rate reserve in patients with motor dysfunction due to
cerebrovascular disease [13]. However, its validity compared
with traditional accelerometry-based measures, such as step
count, remains unexplored. Additionally, the potential
advantages of MSDA in quantifying physical activity for
individuals with limited mobility, including WC users, have yet
to be confirmed with real-world data.

Consequently, this study focused on investigating the validity
and feasibility of the MSDA measurement with a hitoe system
in the measurement of physical activity in patients with stroke,
with or without a WC. Specifically, our objectives were (1) to
examine the correlation between the MSDA and the number of
steps taken and (2) to compare their data characteristics, which
includes an understanding of the features of data distribution
and investigating their respective relationships with the level
of mobility limitation.

Methods

Participants
Between January 2018 and February 2020, we enrolled
consecutive patients with stroke hemiparesis who were admitted
to the recovery rehabilitation ward of Fujita Health University
Hospital. The inclusion criteria were (1) a confirmed diagnosis
of stroke resulting in hemiparesis, (2) aged 18 years or older,
and (3) the provision of written informed consent. The exclusion
criteria were (1) noncompliance with wearing the hitoe
measurement wear and (2) the presence of severe comorbid
conditions, such as advanced heart failure or respiratory diseases
requiring oxygen support that could interfere with participation
in the rehabilitation program or data collection.

Study Design and Protocol
This single-center cross-sectional study comprised participants
who underwent physical activity assessment within 1 week of
admission to the recovery rehabilitation ward.

Ethical Considerations
This study was conducted in accordance with the ethical
principles outlined in the Declaration of Helsinki and was
approved by the Institutional Review Board of Fujita Health
University (approval number HM17-220). All eligible patients
who were admitted were informed about the study by the
clinicians and provided with detailed information about its
objectives and procedures. Those who agreed to participate
were enrolled in the study after providing written informed
consent. To ensure privacy, all data were deidentified before
analysis. Participants did not receive financial compensation
for their involvement in this study.

Measurement
A hitoe system (NTT Corporation and Toray Industry, Inc) was
used to measure the amount of physical activity [14]; this study
specifically evaluated its accelerometry-based physical activity
measurement function. The hitoe system is a clothing-based
activity-monitoring system that consists of clothing with
embedded electrodes for heart rate measurement, a transmitter
equipped with an embedded accelerometer, a data receiver
(which can be a smartphone or an Internet of Things gateway),
and a data server. The wearer’s activity is measured using an
accelerometer to capture physical movement and a heart rate
monitor to assess load. The transmitter was securely fastened
to the chest with a tight-fitting strap to minimize measurement
noise. The noninferiority of accuracy in accelerometry-based
measurements using the hitoe system has been demonstrated
previously through comparisons with various
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accelerometry-based devices, including waist-worn
accelerometers (pedometers) [15]. The sampling rate was set
to 25 Hz. Monitoring started before noon on the first assessment
day and ended in the afternoon on the third assessment day. As
clothing was used for monitoring, monitoring was paused during
bathing. After bathing, the hitoe wear was changed, and the
monitoring resumed. To mitigate the impact of daily fluctuations
and compensate for deficiencies [16], we used 48-hour data to
calculate the 24-hour ensemble average. Ensemble averaging
is a method in which multiple measurements recorded at the
same time of the day are averaged together. For instance, the
data recorded between 5 PM and 5:01 PM on the first day was
averaged with the data recorded at the same time on the second
day, producing the ensemble average for 5 PM-5:01 PM. This
process was repeated for all time points throughout the 24-hour
period. The data with ≥5% measurement error after ensemble
averaging were excluded from the analysis. The acquired
24-hour average values of minute-by-minute data on the number
of daily steps and the MSDA were used for the analysis. The
step-detection capability of this system has been validated using
data from various commercial pedometers [15]. The MSDA
was derived from a 2-second window of 50 samples of the norm
of truncal acceleration, as measured by the accelerometer. The
acceleration norm was computed using the following equation:

Norm=(x2+y2+z2)

where x, y, and z represent the vertical, lateral, and
anterior/posterior axes, respectively.

Mobility levels of the patients were assessed using the
Functional Independence Measure (FIM) scores. The FIM
consists of 18 (13 motor and 5 cognitive) items. Each item is
rated on a 7-point scale from 1 (full assistance) to 7
(independence). The data on other clinical characteristics

including age, sex, height, weight, and disease were collected
from the patients’ medical records.

Data Analysis
Continuous variables are presented as mean and SD and
categorical variables as percentages. The Shapiro-Wilk test was
used to examine the normality of the number of steps and
MSDA. To further investigate the characteristics of these
distributions, their skewness and kurtosis were examined using
the Fisher-Pearson coefficient of skewness (g1) and Fisher
coefficient of kurtosis (g2) [17]. The relationship between
MSDA and number of steps was examined using Spearman
rank correlation coefficient. This analysis was conducted for
all participants and separately for the two groups: those in the
walking group and those in the WC group. Finally, we
categorized all participants into 6 subgroups based on the
mobility scores from the FIM and their mobility patterns as
follows: FIM1-4, FIM5 WC, FIM5 walking, FIM6 WC, FIM6
walking, and FIM7. The Kruskal-Wallis test was performed to
analyze the association between MSDA and the number of steps.
The Bonferroni method was used to control for multiple
comparisons.

All analyses were performed using SPSS (version 26; IBM
Corp). Statistical significance was set at P<.05.

Results

A total of 197 patients (129 men) were enrolled and included
in the analysis (Table 1). The mean age was 66.1 (SD 12.5)
years. Of these, 61 patients were ambulatory, and 136 patients
used WCs. The median number of days after onset was 33 (IQR
24‐45). The average MSDA and number of steps were 0.009
(SD 0.003) and 1229 (SD 1834), respectively.
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Table . Participant characteristics in the study cohort. Baseline characteristics of 197 participants including participants’ demographics, stroke etiology,
mobility status, and Functional Independence Measure (FIM) scores (motor, cognitive, and total) are summarized.

ValuesVariables

66.1 (12.5)Age (years), mean (SD)

Sex, n (%)

129 (65.5)    Male

68 (34.5)    Female

161.7 (15.5)Height (cm), mean (SD)

58.6 (13.7)Weight (kg), mean (SD)

33 (24‐45)Days after onset, median (IQR)

Etiology, n (%)

71 (36)Cerebral hemorrhage

94 (47.7)Cerebral infarction

16 (8.1)Subarachnoid hemorrhage

16 (8.1)Others

Mobility, n (%)

61 (31)Walking

136 (69)Wheelchair

48.5 (26.0)FIM-motor, mean (SD)

22.5 (10.2)FIM-cognitive, mean (SD)

70.7 (34.6)FIM-total, mean (SD)

The relationship between the MSDA and the number of steps
is shown in Figure 1. Significant positive correlations were
found for all participants (r=0.784; P<.001), the walking group
(r=0.787; P<.001), and the WC group (r=0.546; P<.001). When

excluding the extreme data with 0 values, the correlation
coefficient was raised, for all participants (r=823; P<.001), the
walking group (r=0.798; P<.001), and the WC group (r=0.634;
P<.001).
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Figure 1. Scatter plot showing the correlations between MSDA and number of steps in the (A) wheelchair group (n=136) and (B) walking group (n=61).
Open circles and open squares represent the wheelchair and walking groups, respectively. MSDA: moving standard deviation of acceleration.

The detailed features of the MSDA distribution and the number
of steps for all participants are shown in Figure 2. Neither the
MSDA nor the number of steps exhibited a normal distribution.
The distributions of MSDA and steps exhibited right-skewness,
with skewness coefficients of 0.78 and 1.72, respectively (zero
when normally distributed). The kurtosis coefficient for MSDA
was 3.02, which is close to the typical value of 3 for a normal
distribution. In contrast, the kurtosis coefficient for steps was
5.26, indicating a higher level of kurtosis. The normality of the
distribution was further tested in each of the 6 subgroups (Table

2). The distribution of MSDA data within subgroups exhibited
smaller deviations from a normal distribution in terms of kurtosis
and skewness coefficients, suggesting that it was closer to a
normal distribution compared with the steps data. The
Shapiro-Wilk test did not yield significant results for MSDA
in all the subgroups, whereas the step data showed significance,
especially within the WC subgroups. In the step count, 10.2%
(20/197) of participants exhibited zero count, showing the floor
effect.

JMIR Form Res 2025 | vol. 9 | e63064 | p.3089https://formative.jmir.org/2025/1/e63064
(page number not for citation purposes)

Suzuki et alJMIR FORMATIVE RESEARCH

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


Figure 2. Histograms showing the distribution of (A) MSDA and (B) daily step count for all 197 participants, divided by mobility type. The wheelchair
group is represented in red and the walking group in blue. MSDA: moving standard deviation of acceleration.

Table . Kurtosis and skewness values and results of the Shapiro-Wilk test. This table summarizes the normality test results for the moving standard
deviation of acceleration (MSDA) and daily step count in participants classified by mobility type and functional levels. For normal distribution, kurtosis
(g2)=3 and skewness (g1)=0.

Number of stepsMSDA

P value (Shapiro-
Wilk)

Skewness (g1)Kurtosis (g2)P value (Shapiro-
Wilk)

Skewness (g1)Kurtosis (g2)

<.0014.3224.33.180.513.33WCa 1‐4 (n=94)

.0050.752.22.050.943.15WC 5 (n=23)

.0021.384.37.920.052.59WC 6 (n=19)

.230.011.64.790.272.48Walking 5 (n=15)

.830.091.95.670.472.75Walking 6 (n=18)

.420.102.57.62–0.382.63Walking 7 (n=28)

<.0013.6119.48<.0010.933.91WC (n=136)

.110.402.61.720.192.56Walking (n=61)

<.0011.725.26<.0010.783.02All participants
(n=197)

aWC: wheelchair.

The relationships between the 6 subgroups according to the
FIM scores of mobility items, mobility patterns, MSDA, and
number of steps are shown in Figure 3. The median MSDA
values in the 6 subgroups FIM1-4, FIM5 WC, FIM5 walking,
FIM6 WC, FIM6 walking, and FIM7 were 0.006, 0.007, 0.010,
0.011, 0.011, and 0.014, respectively. Significant differences
were found in MSDA between the low-FIM and high-FIM

subgroups (Figure 3A). The median number of steps in the 6
subgroups were 68, 233, 1386, 367, 2835, and 4462,
respectively. Significant differences in the steps between the
low-FIM and high-FIM subgroups are shown in Figure 3B. The
difference between FIM5 participants with walking and FIM6
WC was marginal (P=.07).
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Figure 3. Relationship between Functional Independence Measure (FIM)-mobility scores and the MSDA for 6 groups divided by mobility type: FIM1-4,
FIM5 (wheelchair), FIM5 (walking), FIM6 (wheelchair), FIM6 (walking), and FIM7 (walking). Physical activity was compared among the 6 subgroups
according to the FIM scores of the mobility items and mobility patterns. (A) MSDA and (B) number of steps. MSDA: moving standard deviation of
acceleration. *P<.05, **P<.01.

Discussion

Principal Findings
This study investigated the characteristics of the MSDA and
step count in measuring physical activity in patients with
stroke-induced hemiparesis. The MSDA not only had a positive
correlation with the number of steps but was also associated
with the FIM-mobility score, showing the validity as activity
measurement index. Additionally, the MSDA demonstrated
potential advantages in quantifying activity levels in patients
with walking difficulties. First, in contrast to the step count, the
distribution of the MSDA exhibited a closer alignment with a
normal distribution, particularly within subgroups of patients
using WCs and those with similar ADL levels. Second, the
MSDA did not present a floor effect within the WC group,
which was observed with the step count. Finally, the MSDA
was consistent with varying levels of mobility independence,
showing no significant differences across types of mobility
measures (walking or WC use). In contrast, the step count was
more susceptible to the mode of mobility; significant differences
were observed in the step values between groups with the same
level of independence but using different mobility measures.

The findings of this study demonstrated the strength of the
MSDA as a measure of physical activity in patients after stroke,
who often present with gait disturbance and relies on WC. The
conducted analyses on the correlation between the step counts
and MSDA and the distribution of those in the poststroke
rehabilitation inpatients, of whom approximately 70% relied
on a WC for mobility, support the usability of the MSDA in
those with limited gait functionality. Our results indicated that
the MSDA was positively correlated with the number of steps,
which is an established measure of physical activity, supporting
the validity of the MSDA. Further analysis revealed a weaker
correlation in patients who used WCs. The weaker correlation
between step counts and MSDA in WC users can be attributed
to the skewed distribution and floor effects in their step counts.

Notably, excluding participants with a step count of zero results
in an improved correlation coefficient. Further stratified
examination revealed that, in contrast to the number of steps,
the MSDA was normally distributed within all levels of mobility
independence. These findings suggest that the MSDA has broad
applicability, including that for patients in poststroke stage who
use WCs.

The strength of the MSDA in measuring physical activity among
patients in poststroke stage, with fewer issues in distribution
patterns, may stem from its nature as a continuous variable. The
number of steps, which is a frequently used variable for activity
monitoring, is a threshold-based variable that measures the
number of movements with greater acceleration beyond a
specific threshold [16]. However, this approach may induce
challenges when applied to patients with neurological disorders
who often manifest irregular step patterns and slower gait
speeds. The use of accelerometers to count steps can produce
misleading results in such cases [18]. In contrast, the MSDA
quantifies truncal oscillations; as the trunk is the body’s heaviest
segment, this can, without imposing a specific threshold, be
captured as a continuous value [13]. Thus, the MSDA could be
more sensitive to variations in nonwalking activities.
Consequently, the MSDA distribution encompasses both
walking and nonwalking activities; this characteristic of the
MSDA underscores its potential application as a comprehensive
metric for evaluating activity levels irrespective of individual
mobility methods, whether walking or using WCs.

Furthermore, our results illustrate that the MSDA effectively
reflects the level of independence in daily life. Previous studies
have demonstrated a strong correlation between physical activity
and independence levels; for instance, the Life-Space
Assessment, a physical activity measure, shows a positive
correlation with Lawton instrumental ADL scores [19,20]. A
similar positive correlation has been noted between
accelerometer-measured physical activity and FIM-motor scores
in patients with stroke [21].
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The study’s results further support previous observations and
reveal significant differences in both the MSDA and step count
between patients with and without independent mobility.
Furthermore, in contrast to the step count, the MSDA appears
to be less influenced by the mode of mobility. In the case of
mobility levels FIM5 and FIM6, no significant differences were
observed between patients using WCs and those walking, while
significant disparities in step counts were observed across
different mobility measures at both levels, leading to reduced
coherence with respect to levels of independence—it tends to
be higher for patients capable of walking with a level of FIM
5, as opposed to those who are using WC with a FIM score of
6. These findings suggest that the MSDA can serve as a
universal measure of physical activity, regardless of an
individual’s gait capabilities. This objective measure could be
beneficial for providing feedback and setting goals for
rehabilitation, to encourage daily activities. Many
community-dwelling patients with a stroke fail to achieve the
recommended activity level [22]. Thus, using the MSDA to
track daily activities could offer a valuable strategy for
promoting more active daily living in the realm of rehabilitation.

Limitations
This study has some limitations. First, its applicability to
nonhospitalized patients warrants further exploration. The study
was conducted in a rehabilitation ward with a flat floor, which
differs from the environment outside the hospital. With barriers
such as steps or uneven surfaces, the MSDA values may be
higher than those in hospital wards. The impact of environmental
variables on MSDA merits investigation in future studies.
Despite these considerations, this study is meaningful in
demonstrating the advantage of MSDA in the measurement of
physical activity in patients with low walking ability or WC
users.

Second, the feasibility of using the MSDA with the hitoe system
in a home setting should be further explored. In this study,
therapist assistance was required for fitting and ensuring proper
placement to maintain measurement quality. While the system
has been designed to allow patients with hemiparesis to wear
it independently, those with severe hemiparesis may still
encounter difficulties. For this system to be effectively integrated
into daily activity management for patients with hemiparesis,
ease of fitting is essential. Further investigation is needed to
adapt and implement this system in practical clinical settings.

Third, as the MSDA reflects truncal movement oscillations
without identifying the specific movements involved, certain
neurological symptoms may influence the measurements. For
instance, patients with Parkinson disease experience tremors
that can affect the MSDA values, which reflect movement
variability. Further research is needed to clarify the movements
or symptoms that may distort MSDA values. Finally, to enhance
understanding, the clinical significance of MSDA values should
be further investigated, specifically in terms of interpreting
different values as corresponding levels of physical activity.
While the step count serves as an easily understandable and
intuitive metric for clinical feedback, the MSDA value lacks
this straightforwardness, posing challenges for patients in
correlating it with specific activities. Therefore, fostering a
deeper comprehension and interpretation of this variable within
clinical contexts is imperative. Efforts should be directed
towards contextualizing the MSDA values and making them
more intuitive and meaningful for patients.

Conclusion
This study indicates that the MSDA is a valid variable for
measurement of physical activity, applicable to patients with
stroke irrespective of their mobility measures. Future research
is warranted to examine the factors influencing MSDA values
and to establish the clinical utility of this variable.
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Abstract

Background: With a growing adolescent mental health crisis, pediatric societies are increasingly recommending that primary
care providers (PCPs) engage in mental health screening. While symptom-level screens identify symptoms, novel technology
interventions can assist PCPs with providing additional point-of-care guidance to increase uptake for behavioral health services.

Objective: In this study, we sought community PCP feedback on a web-based, digitally enhanced mental health screening tool
for adolescents in primary care previously only evaluated in research studies to inform implementation in community settings.

Methods: A total of 10 adolescent providers were recruited to trial the new screening tool and participate in structured interviews
based on the Consolidated Framework for Implementation Research domains. Interviews were audio recorded, transcribed, and
coded according to a prespecified codebook using a template analysis approach.

Results: Providers identified improving mental health screening and treatment in pediatric primary care as a priority and agreed
that a web-based digitally enhanced screening tool could help facilitate identification of and management of adolescent depression.
Salient barriers identified were lack of electronic health record integration, time to administer screening, implications on clinic
workflow, accessibility, and lack of transparency within health care organizations about the process of approving new technologies
for clinical use. Providers made multiple suggestions to enhance implementation in community settings, such as incorporating
customization options.

Conclusions: Technology interventions can help address the need for improved behavioral health support in primary care
settings. However, numerous barriers exist, complicating implementation of new technologies in real-world settings.

(JMIR Form Res 2025;9:e67624)   doi:10.2196/67624
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Introduction

Adolescent depression and suicidality are part of a growing
public health crisis that has been further exacerbated by the
COVID-19 pandemic [1]. In 2022, 19.5% of US adolescents
aged 12‐17 years experienced a major depressive episode and
13.4% reported having seriously considered suicide [2]. Pediatric
societies recommend that pediatric primary care providers
(PCPs) screen adolescents for both depression and suicidality
[3-6]. Although screening adolescents for depression is
recommended by the US Preventive Services Taskforce [7],
there is no evidence to support that screening by itself improves
health outcomes [7]. PCPs recognize the need for additional
interventions to increase uptake of services and provide clinical

benefit, but requirements for increased mental health staff and
support obfuscate their implementation.

Technology interventions can aid providers to implement
screening recommendations and augment initiatives to improve
behavioral health support in primary care. In recent years,
technology-based screeners have been developed for detecting
conditions in addition to depression such as posttraumatic stress
disorder (PTSD) [8], substance use [9], and interpersonal
violence [10] in primary care settings, as well as to screen
patients for social needs [11]. Such interventions have proven
to be effective, accurate, well-received by patients, and helpful
in streamlining clinic workflow and history-taking.

Screening Wizard (SW; see Figure 1 for a screenshot) is a
web-based digitally enhanced screening tool for eliciting
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symptoms of depression and suicidality in adolescents. In
addition to surveying adolescents and their caregivers through
separate unique weblinks with validated screening measures
for comorbidities of anxiety and mania, the screening tool
assesses additional considerations, such as treatment readiness,
motivation, treatment preferences, and barriers. The surveys
take approximately 5‐7 minutes to complete. Once completed,

a report succinctly synthesizes the information to provide PCPs
with comparisons between adolescents and their caregiver
responses that may guide management decisions and referrals.
The initial qualitative study informing the design of SW [12],
evaluation of iterative feedback from stakeholders, and pilot
usability trial of the screening tool in a general sample of
adolescents [13] are described in previously published papers.

Figure 1. Sample images of the Screening Wizard tool, as it appears to patients.

These previous studies and provider feedback informed several
modifications to the enhanced screening tool so that it could be

used clinically outside of a research context. The clinical use
version was updated with functionality for a clinic-specific
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Health Insurance Portability and Accountability Act
(HIPAA)–secure log-in to the SW system to separate its
administration and data collection from the SW research
environment. This allowed clinical staff to assign adolescent
patients and their caregiver unique weblinks to the enhanced
screen and schedule when they would receive it through text
message directly to their mobile phone; or alternatively print a
list of QR code weblinks to distribute to individual patients.
After completion, staff would be able to review results on a
private clinician dashboard. In response to safety and liability
concerns related to remote suicide screening, surveys were
scheduled to expire at the end of the same clinic day to allow
time for clinic staff to review all completed surveys. Planned
changes also included condensing the number of items by
presenting additional screening items only for participants with
positive initial depression screens. Integration of the screening
tool into the electronic health record (EHR) had been identified
as a high priority initiative at this stage, though this required
clinical system-wide permission, which was not accessible to
the research team.

As the enhanced screening tool was initially developed within
an academic setting with access to embedded behavioral health
staff and research support, this study was intended to pilot the
screening tool in more typical and less-resourced community
health care settings where adolescents seek primary care or
other services (eg, reproductive care) to elucidate barriers and
facilitators to implementation from providers who are the
intended users of the tool. This tool was offered to multiple
clinical sites to pilot and provide feedback on the piloting
process. Although health care providers at these sites were
interested in using the intervention, many clinics (especially
those within larger health care systems) had extensive IT audit
and administrative approval processes to trial new technology
tools, which presented substantial barriers to piloting. Only 3
out of 10 clinics were able to pilot the tool very briefly. It
became apparent that barriers to implementation would differ
in a real-world versus research setting and additional elicitation
from providers about these barriers and facilitators would be
needed to enable scalability. Preimplementation studies are
most helpful when they allow participants to try out the tool
[12,14]. However, due to the barriers to piloting, we developed
an additional prototype of the tool for interested providers to
test informally, using fabricated patient data.

In this study, we conducted structured interviews with primary
care providers based on domains from the Consolidated
Framework for Implementation Research [15,16], a widely used

framework for systematically identifying barriers and facilitators
to implementation of new interventions. The information learned
will be used to inform future implementation efforts and make
subsequent iterations of the enhanced screening tool better suited
for use in a variety of practice settings. This paper describes
our qualitative process and the feedback we received.

Methods

Participants
A total of 10 providers from 10 different clinical sites across
the United States were recruited through purposive sampling
to participate in structured interviews. Providers were included
if they provided either primary care or specialty adolescent
medicine care (eg, for reproductive, eating disorder, and gender
concerns) to the adolescent age group. They were excluded if
their clinic had participated in previous studies with the
screening tool. Providers were recruited from primary care
clinics within the University of Pittsburgh Medical Center
network who had not participated in the previous study, and
from a national organization adolescent medicine listserv where
providers had previously expressed interest in trialing the
clinical tool after Dr Radovic had replied to a member’s question
about existence of available computerized clinical tools.

Ethical Considerations
Participants provided verbal consent to participate in interviews
and were compensated with a US $50 gift card. Participants
and interview content were deidentified. This study was
approved by the University of Pittsburgh institutional review
board (STUDY21090136).

Procedure
Interested providers who were able to obtain organizational
clearance were invited to trial the digitally enhanced mental
health screening tool with actual patients, or if not, to informally
explore a prototype of the tool on their own before the interview.
All participants subsequently participated in a structured
interview. Interview sessions were conducted by the first author
through HIPAA-compliant Zoom (Zoom Communications) and
comprised of a brief live demonstration of the screening tool
followed by a 45-minute structured interview using a guide
based on the Consolidated Framework for Implementation
Research (CFIR) constructs [16] and informed by pilot work
[13]. Table 1 shows the examples of interview questions.. The
complete interview guide is available in Multimedia Appendix
1.
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Table . Sample interview questions about a digitally enhanced mental health screening tool and their correspondence to the consolidated framework
for implementation research.

Interview questionConstructCFIRa domain

How well does the enhanced screening tool fit
with existing screening practices in your clinic?

CompatibilityInner setting

Who are the key influential individuals to get on
board with the enhanced screening tool?

EngagingProcess

What changes or alterations do you think would
be needed to facilitate implementation and utility
of the screening tool in your clinic?

AdaptabilityIntervention characteristics

aCFIR: Consolidated Framework for Implementation Research.

Coding and Qualitative Analysis
Interviews were audio-recorded, deidentified, and transcribed
using Rev Human Transcription Services [17], removing
identifiers and filler words (eg, “yeah”). Meeting notes were
taken by the interviewer in real time for triangulation with
eventual formal qualitative coding. Transcripts were coded by
the first author following a template analysis approach [18] with
NVivo software (version 14; Lumivero), using a prespecified
codebook. The codebook was created according to a hybrid
approach, using a deductive approach to generate high-level
codes based on the CFIR Codebook Template [15], and an
inductive approach to incorporate themes that arose from the
data [19]. Subcodes were chosen based on topics recurring as
key points across multiple interviews, and codes that did not
fall within the CFIR framework were included on a case-by-case
basis as relevant to future implementation of the screening tool.
A research assistant coded data in parallel, and the 2 coders
discussed and resolved discrepancies, with the availability of
the senior author in case a resolution could not be found. The
2 coders had differences in organization of coding (for example,
coding small sentence fragments versus coding complete blocks
of text), but did not disagree on any content-level coding. All
of these organizational discrepancies were resolved between
the two coders and did not require escalation to the senior
author. After consensus was reached between the two coders,
the first author summarized and synthesized interview findings
to present thematically. Participants were offered the opportunity
to review findings presented in this manuscript and provide
feedback for triangulation purposes. Participants did not suggest
any corrections to the study’s findings.

Results

Providers’ feedback regarding the digitally enhanced mental
health screening tool and its theoretical implementation in their
respective practice settings focused on four major themes: (1)
current screening practices, (2) perceived benefits of the tool,
(3) barriers to implementation, and (4) structural or
organizational considerations. We reached saturation around
these major themes.

Description of Providers and Current Screening
Practices
Of the providers contacted, 22 were invited by email to
participate in interviews, 12 were interested in participating,

and 10 ultimately completed interviews. All 10 providers viewed
a prototype of the screening tool, and 3 of the providers
attempted to pilot the tool in their respective clinics with patients
but were unable to gain the required approval to do so. Of the
10 participants, 9 were physicians and 1 was a nurse practitioner.
In addition, 8 of the providers specifically practiced adolescent
medicine, while 2 providers worked in general pediatrics. In
total, 7 providers practiced in hospital-based clinics associated
with academic institutions, in a combination of primary care
and adolescent specialty care settings. Furthermore, 1 provider
worked in a college health clinic, and 2 providers practiced in
community practices, with 1 working in a Federally Qualified
Health Center.

In total, 6 of the 10 providers described using paper screeners
for mental health, which clinic staff manually enter into the
EHR, either by filling in a template with the patients’ responses
or scanning the screening result into the EHR as a media file.
In addition, 2 providers used an electronic screening format,
whereby patients answer questions electronically and these
answers are automatically integrated into the EHR. Furthermore,
1 provider used a combination of paper and electronic screening
modalities, and another reported no formalized mental health
screening process.

Perceived Benefits of Digitally Enhanced Mental
Health Screening Tool
Providers universally reported an uptick in adolescent depression
and anxiety in recent years, particularly during the COVID-19
pandemic. Most providers supported mental health screening
and treatment as high priority initiatives, with several reporting
recent expansion of their practice’s mental health services (eg,
hiring new embedded mental health providers and partnering
with telepsychiatry services). All providers perceived the
digitally enhanced mental health screening tool would offer
improvements on their current practices due to it being
administered through mobile devices before appointments and
eliciting more detailed information than currently used screeners.
Providers generally had positive opinions about any new
intervention that could increase efficiency of history-taking,
allowing a larger proportion of appointment time to be devoted
to management discussions. Some providers recognized potential
benefits of the tool in assisting with diagnostic clarity due to its
efficiency in eliciting additional information without relying
on a longer appointment. Previewing the tool and the included
measures inspired one provider to inquire about mania in an
adolescent patient with depression:
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I thought a lot about the mania [screener], because
it’s definitely not something that I traditionally screen
for, unless I’m starting somebody on an
SSRI…however, one of [my] patients screened
positive for mania…I would not necessarily have
thought to ask her those questions at that point,
because we hadn’t even really started talking about
medication yet. So, it definitely did prompt me to [ask
further questions. The patient then revealed a strong
family history of bipolar disorder], and I was like,
“Oh, okay. This is starting to make more sense.” I
think she actually does have bipolar type one.

The tools’ summarized results accompanied with additional
symptom severity interpretation were recognized as efficiencies
providers could use to identify mental health concerns at a
glance and access direct links to current clinical care guidelines
(ie, from the American Academy of Child and Adolescent
Psychiatry and the American Academy of Pediatrics). One
provider thought the tool would increase their comfort
addressing mental health concerns in primary care, reflecting a
lack of prior mental health training despite the need to address
it regularly:

I wasn’t trained on how to use SSRIs or even stimulant
medication really, even though I knew I was going to
primary care and I tried to get that training and now
that’s what I do a few times a day, which is kind of
crazy.

Providers proposed that if the tool is introduced as a
standardized screening that all adolescents and caregivers within
the practice are asked to complete, it could normalize mental
health discussions while simultaneously providing
psychoeducation. Adopting the screening tool into their clinical
practice was mentioned by a provider as a way of “letting people
know that this [answering questions about their mental health]
is something okay to talk about even when they’re not [currently
symptomatic],” providing “a sense of safety and comfort for
the patient.” Another provider, who regularly precepts pediatric
residents, appreciated that the tool automatically engages parents
in conversation about mental health, stating that this is
something trainees struggle to facilitate on their own. Another
provider relayed the tool could help dismantle mental health
stigma, as many parents show heightened concern navigating
the lasting impacts of the COVID-19 pandemic on youth:

There’s still a lot of stigma associated with mental
health, but I think more and more people are getting
more open, and I think a lot of parents will be very
open to it right now, just given the current
environment we’re in, understanding that a lot of
young people and teens, everybody needs help once
in a while, and it’s not something to be stigmatized.

Providers thought the enhanced screening tool could be used
in various patient visit types besides annual well child visits,
including as a diagnostic aid for patients presenting with mental
health chief complaints, given the tool’s inclusion of several
validated measures and specific questions regarding the patient’s
treatment preferences and perceived barriers to care; and as a
college health clinic administered prescreening for transitional

age youth upon entering college to facilitate parental
involvement in students’ transition to adult care.

Barriers to Implementation
The most frequently mentioned theme throughout provider
interviews was that implementing a new digital screening, which
is not embedded in the EHR would be exceedingly challenging,
requiring clinical staff to take on burdensome tasks including
scheduling and sending out survey links, monitoring responses,
printing results for providers, and uploading results into the
EHR. This concern was in the setting of clinics already
struggling with staffing shortages, and the perspective
that—while highly important—mental health screening is only
one facet of well-child visits, which already involve multiple
administrative tasks. For a new technology intervention to be
adopted in their clinic, providers agreed it would need to show
clear clinical benefit while simultaneously reducing burden on
clinic staff. As such, EHR integration was seen as a necessity
for successful implementation of the tool across clinical settings.

Providers expressed concern about the length of time needed
to complete the screening survey, both from a workflow and
user perspective. Providers suspected patients and their
caregivers may be unwilling to complete the entire tool, noting
the form could be particularly time-consuming for individuals
with low literacy levels. Providers shared that if a patient or
caregiver did not have a chance to complete the survey before
their visit, it may negatively affect the duration of time patients
spend in exam rooms, appointment length, room turnover, and
patient wait time.

Nearly all providers endorsed safety and liability concerns
related to screening for suicidality. Despite the screening tool
being designed to limit availability of the survey to the clinic’s
hours of operation as described above, providers worried about
setting up foolproof protocols for a notification system for
completed screens, and assigning responsibility to staff for
reviewing screens and identifying patients at risk in a timely
manner to avoid positive screens being missed, or loss to
follow-up:

The other thing that I think about too [is] getting a
positive screen [from] someone who fills that out from
home and then they don’t come to the appointment.
That could be a big deal because it’s going to be our
patients with mental health disorders. Generally, if
a teenager has a mental health disorder, there’s a
reasonable chance that a parent has a mental health
disorder. If they have a mental health disorder that’s
not treated, which is a lot of mental health disorders,
it makes them less likely to follow through with things
like appointments. So then you have a patient who’s
suicidal and is out there, or who’s significantly
affected and is out there, and then you can’t get ahold
of them because of that stuff. That makes me scared.
Now is that better than just being dumb to it? Maybe
it’s better, but it makes me nervous.

Similarly, providers worried about balancing measures and the
unintended harms of screening broadly for mental health without
adequate time allotted during the appointment to address
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concerns that the screening tool may identify. A provider was
concerned about the screening tool’s potential to uncover
otherwise undetected mental health concerns in patients without
having the resources such as behavioral health staff or referral
resources to respond appropriately.

Providers raised concerns about patient privacy when using a
third-party product to obtain highly sensitive protected health
information. In addition, providers worried about the potential
for caregivers to access a patient’s portal or survey or even to
hover over their child while they complete the survey, which
could in turn cause patients to answer questions inaccurately or
not engage fully with the screening tool.

Accessibility was a major theme across all interviews,
particularly for providers who worked with underserved
populations. Providers stated it was important for the screening
tool to be available in other languages, noting that if a child is
fluent in English, their caregiver may be less fluent and require
a version in their native language to obtain accurate collateral
information. Some also wanted the screening tool to be available
in other modalities, such that it would be accessible to those
with poor literacy or learning disabilities. As with any new
technology intervention, questions arose about health equity
and inaccessibility for those without mobile devices or reliable
internet access. There was general consensus that, while new
technologies have potential to mitigate certain health care
disparities, they also have the potential to exacerbate others by
virtue of being inaccessible to many underserved populations,
which is consistent with concerns in the existing literature [20].

Structural and Organizational Considerations
The most frequently mentioned requirements for getting
leadership on board with implementing a new intervention were
that the intervention is efficient, enhances quality of care,
increases patient satisfaction, and has proof of clinical benefit.
It was also important that the intervention be simple and easy
for staff to use, so as not to burden staff or negatively impact
clinic workflow.

Providers identified a major barrier to implementing new
technologies as lack of transparency about the processes in their
institution, with many providers unable to identify who they
would need to obtain permission from within their organization
to implement a new technology within their clinic. Providers
described complicated networks of clinical leadership, business
executives, and representatives from information technology
and their respective EHRs that all must collaborate to approve
new technologies. A provider reported that they previously
attempted to implement a new technology intervention in their
hospital-based clinic but grew frustrated and abandoned the
initiative after numerous unfruitful meetings and emails with
the administration.

Some providers also mentioned public insurance documentation
requirements as a barrier to using a third-party tool, as public
insurance plans often require routine screenings be completed
using specific forms. Providers worried some patients would
have to complete the same screening questions (eg, Patient
Health Questionnaire-9) twice for the same office visit—once

in the enhanced screening tool, and a second time on the form
required for reimbursement.

Recommended Alterations to the Digitally Enhanced
Mental Health Screening Tool
Integration of the enhanced screening tool into the EHR and
automation of survey creation and distribution were thought to
be the strongest facilitators necessary for implementing the tool
in pediatric clinics. All 10 providers were in favor of redesigning
the survey to offer all patients a subset of initial questions, and
only the full screen to those patients who answered positively
to those initial questions, as a means for increasing the screening
tool’s efficiency.

Providers agreed that customization options such as ability to
choose which screening tools to include would make the
intervention more appealing to a variety of practice settings. In
addition to selecting or deselecting currently available measures,
providers were interested in adding screening tools for the
following (in order of frequency mentioned): disordered eating,
sleep, adverse childhood events, social determinants of health,
attention-deficit/hyperactivity disorder (ADHD), academic
distress, and demographic questions about sexual orientation
and gender identity.

Discussion

Principal Findings
This preimplementation study aimed to elicit provider
perspectives regarding proposed implementation of a digitally
enhanced mental health screening tool in their respective clinical
settings to inform future implementation strategies and
alterations to the screening tool. While all providers stated that
improving mental health screening was a high priority in their
clinic and believed that the screening tool had the potential to
improve such practices, many providers expressed that the
screening tool may not be feasible to implement in its current
form, most notably due to the tool being a third-party application
without EHR integration.

As new technologies for health care information gathering,
evaluation, and intervention delivery become an increasingly
popular area of interest, there is a simultaneous need for
improved systems interoperability to allow for exchange of
information between new technology tools and existing EHRs
in order for such technologies to be practical for use in real
clinical settings [21]. While EHRs show provider notes and
metrics from previous medical encounters, they have limited
ability to pull in data and services from third-party tools that
have potential to enhance quality of health care, decrease health
care costs, and improve patient outcomes. The lack of
connectivity between different systems and software presents
a nearly impermeable barrier to implementation of new
technologies, highlighting the dire need for an application-based
component to health information technology to allow for
adaptation of new technologies and seamless integration with
existing EHRs [22]. Several large research-based hospital
systems have successfully deployed questionnaires for patient
reported outcomes, the results of which are directly incorporated
in the electronic medical record [23]. Such initiatives can serve
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as a model for similar integration of screening tools such as
ours and promote organizational buy-in by demonstrating that
wide-scale implementation is feasible. The findings from this
study further emphasize the need for enhanced systems
interoperability in the health care space, and exemplify another
way that improvement in this area can facilitate implementation
of innovative health care technologies. Beyond the logistical
barriers to implementation of the screening tool, providers
identified administrative buy-in as another major barrier.
Providers reported hesitancy at the administrative level due to
new challenges that such technologies present, such as data
privacy concerns and questions about liability in a relatively
uncharted digital landscape. The findings in this study further
reinforce the already identified need to address such issues at
a structural or policy level [24] so that individual providers can
more easily and independently trial and use new technology
tools that have the potential to provide clinical benefit and
improve patient outcomes without requiring system-wide
changes.

Limitations
While homogeneity within our sample allowed thematic
saturation to be reached, our findings may be less generalizable
to all pediatric primary care settings due to our sample being
small and self-selective, comprised of providers who may be

more interested in improving adolescent behavioral health
services as they expressed interest in learning how a digitally
enhanced screening tool could augment their existing clinical
practices. While not all primary care practices will have clinician
leaders interested and willing to take on the burdensome task
of pioneering new interventions, early adopters are critical to
intervention development and implementation such that these
new tools can be optimized, scalable and feasible to disseminate
more widely [25,26]. Provider feedback was also limited by the
inability to use the screening tool in vivo with real patients in
real time, again underscoring the importance of pilot work and
a need for greater consideration regarding the process of trialing
new interventions in the community (eg, flexible method
designs, quasi-experimental and nonrandomized approaches
that account for the need to maintain efficient workflow in
practice settings).

Conclusion
While technology interventions can help address the need for
improved behavioral health support in primary care settings,
numerous barriers to implementation of such tools exist. This
study adds to the literature showing a need for improved health
information systems interoperability for innovative technologies
to be used to their greatest potential in real-world settings.
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Abstract

Background: Average daily steps (avDS) could be a valuable indicator of real-world ambulation in people with Parkinson
disease (PD), and previous studies have reported the validity and reliability of this measure. Nonetheless, no study has considered
disease phenotype, stage, and severity when assessing the reliability of consumer wrist-worn devices to estimate daily step count
in unsupervised, free-living conditions in PD.

Objective: This study aims to assess and compare the reliability of a consumer wrist-worn smartwatch (Garmin Vivosmart 4)
in counting avDS in people with PD in unsupervised, free-living conditions among disease phenotypes, stages, and severity
groups.

Methods: A total of 104 people with PD were monitored through Garmin Vivosmart 4 for 5 consecutive days. Total daily steps
were recorded and avDS were calculated. Participants were dichotomized into tremor dominant (TD; n=39) or postural instability
and gait disorder (PIGD; n=65), presence (n=57) or absence (n=47) of tremor, and mild (n=65) or moderate (n=39) disease
severity. Based on the modified Hoehn and Yahr scale (mHY), participants were further dichotomized into earlier (mHY 1‐2;
n=68) or intermediate (mHY 2.5‐3; n=36) disease stages. Intraclass correlation coefficient (ICC; 3,k), standard error of
measurement (SEM), and minimal detectable change (MDC) were used to evaluate the reliability of avDS for each subgroup.
The threshold for acceptability was set at an ICC ≥0.8 with a lower bound of 95% CI ≥0.75. The 2-tailed Student t tests for
independent groups and analysis of 83.4% CI overlap were used to compare ICC between each group pair.

Results: Reliability of avDS measured through Garmin Vivosmart 4 for 5 consecutive days in unsupervised, free-living conditions
was acceptable in the overall population with an ICC of 0.89 (95% CI 0.85‐0.92), SEM below 10%, and an MDC of 1580 steps
per day (27% of criterion). In all investigated subgroups, the reliability of avDS was also acceptable (ICC range 0.84‐0.94).
However, ICCs were significantly lower in participants with tremor (P=.03), with mild severity (P=.04), and earlier stage (P=.003).
Moreover, SEM was below 10% in participants with PIGD phenotype, without tremor, moderate disease severity, and intermediate
disease stage, with an MDC ranging from 1148 to 1687 steps per day (18%‐25% of criterion). Conversely, in participants with
TD phenotype, tremor, mild disease severity, and earlier disease stage, SEM was >10% of the criterion and MDC values ranged
from 1401 to 2263 steps per day (30%‐33% of the criterion).

Conclusions: In mild-to-moderate PD, avDS measured through a consumer smartwatch in unsupervised, free-living conditions
for 5 consecutive days are reliable irrespective of disease phenotype, stage, and severity. However, in individuals with TD
phenotype, tremor, mild disease severity, and earlier disease stages, reliability could be lower. These findings could facilitate a
broader and informed implementation of avDS as an index of ambulatory activity in PD.

(JMIR Form Res 2025;9:e63153)   doi:10.2196/63153
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Introduction

Walking is a fundamental motor ability, and it is pivotal for
functional independence and social well-being [1]. Gait
disturbances are common in people with Parkinson disease
(PD), and include shuffling gait, shortened step length, altered
automaticity, decreased arm swing, and freezing of gait [2].
These represent a particularly disabling group of symptoms,
significantly hampering the quality of life of people with PD
[3] and increasing the risk of falls [4].

Daily steps are an easy-to-collect and useful measure of
ambulatory activity and mobility [5]. Although this parameter
could not provide details regarding subtle gait features, several
evidence linked a reduced daily step count to overall mortality
risk [6-9], as well as to a range of health conditions, such as
dementia [10] and oncological and cardiovascular diseases
[11,12]. Previous studies have also reported a negative
correlation between daily steps and disease severity in PD [13]
and proposed a minimum daily step goal of 4200 to match with
physical activity recommendations in the early stages of the
disease [14].

Wearable devices, including smartwatches, could represent a
useful option to estimate daily steps in an unobtrusive,
ecological way [15]. Moreover, wearables are widely available
on the market, easily used by the general population, and enable
unobtrusive continuous long-term data collection [16]. However,
since these devices are usually tested in healthy populations,
knowledge of the validity and reliability of collected data is
generally limited when applied to different groups of patients.
Therefore, a growing body of literature focused on the validity
and reliability of consumer wearable devices for step counting,
with generally positive results [17-19].

In PD, motor and gait manifestations could render step detection
and step count challenging and hence significantly diminish the
validity and reliability of device algorithms [20-22].
Nevertheless, a prior study by Ginis et al [23] demonstrated a
good criterion validity in estimating average daily steps (avDS)
of 2 Fitbit devices (Fitbit Alta and Fitbit Inspire 3) in 28 people
with PD in a real-life setting, compared to a research-grade
device (Dynaport Movemonitor, McRoberts, NL).

Similarly, a prior study from our group involving 47 individuals
with PD demonstrated a good criterion validity in step counting
using a consumer smartwatch (Garmin Vivosmart 4), when
worn on the side least affected by the disease and under
well-controlled pharmacological conditions in a supervised,
in-clinic setting [20].

Besides criterion validity, we recently demonstrated that optimal
reliability of avDS recorded by Garmin Vivosmart 4 in real-life
conditions could be achieved if the smartwatch is worn for a
minimum of 4 days [24].

However, the clinical heterogeneity of PD when evaluating
metrological characteristics of step-counting devices has been

neglected so far. Indeed, the clinical presentation of PD is highly
variable among individuals, thus, significant efforts have been
made to identify distinct clusters and subtypes [25]. Several
classifications have been proposed over the years from
clinical-based [26-28] to more recent biomarker-based
classifications [29-31]. In this regard, one of the most used
classifications distinguishes PD with predominant features of
tremor (ie, tremor dominant [TD]) or gait, posture, and balance
issues (ie, postural instability and gait disorder [PIGD]) [26-28]
based on subitems scores of the Unified Parkinson’s Disease
Rating Scale (UPDRS) and its revision by the Movement
Disorder Society (MDS-UPDRS) [32]. This classification could
be relevant when measuring avDS in PD since tremors could
increase the noise-to-signal ratio, making step detection more
challenging [21]. Similarly, in PIGD individuals, the higher
degree of gait alterations could alter the performance of
step-detection algorithms [20,22].

Symptom severity and disease stage could also represent other
relevant parameters to be considered when assessing the
reliability of any wearable devices in counting avDS. Indeed,
with disease progression, gait features increasingly deviate from
normality [2,33], and tremor and bradykinesia could further
alter the spatiotemporal and kinematic characteristics of walking,
dampening, in turn, algorithm performance in step detection
[20-22].

Nevertheless, no study to date considered disease phenotype,
stage, and symptom severity when assessing the reliability of
consumer wrist-worn devices for step counting in unsupervised,
free-living conditions in mild-to-moderate people with PD. This
study was hence specifically designed to address this issue. We
hypothesized that reduced reliability might be observed in TD
individuals and people with PD with more severe symptoms
and in more advanced disease stages due to the aforementioned
increased signal noise due to tremor, the higher degree of motor
symptoms, and the more marked gait alterations. In addition,
since no previous study specifically investigated the criterion
validity of Garmin Vivosmart 4 in estimating avDS, we
performed a proof-of-concept experiment in a subgroup of
participants. Details of methods and results of this latter
experiment are presented in Multimedia Appendix 1.

Methods

Population
Participants were consecutively screened and recruited during
scheduled visits at the Movement Disorder Outpatient Service
of the Sant’Andrea University Hospital (Rome, Italy) in the
period between March 2023 and March 2024. Inclusion criteria
were: (1) diagnosis of idiopathic PD according to the MDS
criteria (Postuma et al [34]); (2) aged 18 years or older; (3)
disease stage <4 according to the modified Hoehn and Yahr
scale (mHY) [35]; (4) classification as TD or PIGD according
to Stebbins et al [27]; and (5) stable medication in the 4 weeks
before the experimental procedure. Exclusion criteria were: (1)
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cognitive impairment, defined by Montreal Cognitive
Assessment [36] score <21; and (2) orthopedic, rheumatologic,
or systemic conditions affecting mobility as judged by the
assessor.

Ethical Considerations
This cross-sectional study was performed in accordance with
the ethical standards laid down in the 1964 Declaration of
Helsinki and its later amendments. Approval was granted by
the local Ethical Committee of Sapienza, University of Rome,
Italy (0372/2022). Data collection and processing followed the
current European regulations for data protection. All participants
provided written informed consent before the beginning of
measurements. All data were deidentified. Participants did not
receive any form of compensation.

Demographic and Clinical Data
Participants were evaluated during scheduled visits.
Demographics and anthropometric measures (including age,
sex, weight, height, and BMI) were collected. Disease duration
and disease stage according to mHY and levodopa equivalent
daily dose [37] were also collected. MDS-UPDRS [32] part III
was used to assess motor symptoms severity.

Participants were divided into 4 subgroup pairs. Based on
MDS-UPDRS part II and III scores, participants were classified
into TD or PIGD disease subtypes according to Stebbins et al
[27]. To evaluate the effect of tremor presence on device
reliability, participants were also classified as those with and
without tremor based on a score of ≥1 at item 2.10 of
MDS-UPDRS part II. Concerning disease severity, participants
were grouped into those with mild or moderate disease severity
based on the MDS-UPDRS score as proposed by
Martínez-Martín et al [38]. Similarly, participants were
dichotomized in earlier (mHY 1‐2) or intermediate (mHY
2.5‐3) stages, based on mHY score.

Experimental Procedure
Participants received the smartwatch Garmin Vivosmart 4 after
the visit and were instructed to wear it at home for a minimum
of 5 consecutive days, including at least 1 weekend day, on the
wrist of the body side least affected by the disease [20]. No
reminders or further instructions were provided to participants
during registration. We chose a 5-day period since we
demonstrated previously that a minimum of 4 days of monitoring
is needed to reliably estimate daily step count in PD [24]. Each
smartwatch was configured according to the producer’s
recommendations and participants were asked to perform daily
activities as usual. After 5 days, participants returned the
smartwatch. The total daily number of steps for each day was
recorded and avDS were calculated [24]. Compliance was
assessed based on the participants’ dashboard data. The device
recognizes that it is worn through heart rate and inertial motion
unit signal. We considered all recording days with >80% wear
time while awake and no interruption of device use greater than
3 hours to be valid. Details of methods of the proof-of-concept
experiment regarding criterion validity of Garmin Vivosmart 4
are presented in Multimedia Appendix 2.

Data and Statistical Analysis
The statistical analyses were performed using JASP (version
0.18.3.0; JASP Team), R (version 4.0.3; R Core Team), and
RStudio (version 2023.12.0+369; R Foundation for Statistical
Computing) for Windows. Descriptive statistics were calculated
for the examined variables. The normality of distributions was
assessed by histogram and residual plots inspection.

To evaluate the relative reliability for the 5-day monitoring
period in the overall population and each subgroup, a 2-way
intraclass correlation coefficient (ICC) with a fixed set of raters
and averaged ratings was used (ICC (3,k), where k was the
number of days of measurement), together with a custom R
script. The following reference cut-off values for ICC
interpretation were used [39]: excellent: >0.90; good:
0.75‐0.90; moderate: 0.50‐0.75; and poor: <0.50. The a priori
threshold for acceptable ICC was set at a point estimate ≥0.80
with a lower bound of 95% CI ≥0.75 in accordance with a
previous study from our group [24].

To compare ICCs between the 4 subgroup pairs, 2 methods
were applied. First, standard errors and point estimates of ICCs
were used to compute t statistics and perform 2-tailed
independent groups Student t tests. Second, the CI overlap
between each group pair was graphically and numerically
assessed. Nonoverlapping CIs were considered indicators of
significantly different ICCs [40]. Previous evidence underscored
that a 95% CI overlap assessment could inflate the risk of type
II error and suggested that an 83.4% CI could be a more
powerful option [40-42]. Therefore, we adopted this method
for CI overlap evaluation.

Standard error of measurement (SEM) and minimal detectable
change (MDC) with a CI of 95% were used to compute the
absolute reliability for the 5-day recordings in the overall
population and each subgroup [43]. SEM and MDC were
reported as absolute value and percentage of criterion measure
(SEM% and MDC%, respectively). The criterion was the avDS
count derived from the 5 days. For all analyses, the significance
threshold was set at α<.05. All data were reported as mean (SD)
or median (IQR) for numerical data and n (%) for categorical
variables.

Results

Overview
A total of 104 people with PD were included in the study. All
participants were monitored through Garmin Vivosmart 4 at
home for a period of 5 consecutive days. No participants or days
were excluded based on the prespecified compliance criteria.
Participants took on average 5923 (SD 3014) daily steps, ranging
from 357 to 12,620. Details of demographic, anthropometric,
and clinical variables of the study population are shown in Table
1. The overlap between the subgroups is shown in Multimedia
Appendix 1.

Overall, the results of the proof-of-concept experiment suggest
that the smartwatch Garmin Vivosmart 4 is valid and decently
accurate in estimating avDS in PD. Details are presented in the
Multimedia Appendix 2.
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Table . Demographic, anthropometric, and clinical characteristics of the study population.

mHY 2.5‐3
(n=36)

mHYc 1‐2
(n=68)

Moderate
(n=39)

Mild (n=65)No tremor
(n=47)

Tremor
(n=57)

PIGDb

(n=65)
TDa (n=39)Overall

(N=104)

73.0 (7.3)65.3 (7.8)69.9 (7.7)66.8 (8.7)66.7 (8.8)69.5 (7.9)68.9 (8.0)66.4 (9.0)68.0 (8.4)Age (years),
mean (SD)

168 (9.8)173 (8.1)168 (7.6)173 (9.3)172 (8.4)170 (9.6)170 (9.6)173 (7.6)171 (9.0)Height (cm),
mean (SD)

71.9 (10.8)77.7 (13.8)73.2 (11.8)77.2 (13.7)76.3 (13.9)75.0 (12.1)75.1 (13.2)76.7 (13.0)75.7 (13.1)Weight (kg),
mean (SD)

25.4 (3.0)25.9 (3.7)25.8 (3.4)25.7 (3.5)25.7 (3.8)25.8 (3.0)25.8 (3.4)25.5 (3.6)25.7 (3.4)BMI

(kg/m2),
mean (SD)

12 (33)22 (32)12 (31)22 (34)15 (32)19 (33)23 (35)11 (28)34 (33)Sex (fe-
male), n (%)

8.4 (4.1)5.3 (4.3)7.5 (4.2)5.7 (4.5)5.7 (4.8)7.2 (3.9)7.0 (4.4)5.2 (4.4)6.4 (4.4)Disease dura-
tion (years),
mean (SD)

741 (307)453 (248)659 (296)489 (289)495 (316)623 (271)634 (304)418 (247)553 (302)LEDDd

(mg), mean
(SD)

2.5 (2.5‐3)2 (2-2)2.5 (2-3)2 (2-2)2 (2-2)2 (2-2.5)2 (2-2.5)2 (1-2)2 (2-2.5)mHY, medi-
an (IQR)

33 (29‐36)23 (18‐29)33 (29‐37)23 (19-29)26 (21‐32)29 (22‐33)29 (22‐33)26 (18‐31)27 (21‐32)MDS-UP-

DRS-IIIe,
median
(IQR)

4195 (2419)6838 (2908)4942 (3049)6512 (2857)7020 (2898)4594 (2612)5485 (3109)6654 (2733)5923 (3014)avDSf, mean
(SD)

aTD: tremor dominant.
bPIGD: postural instability and gait disorder.
cmHY: modified Hoehn and Yahr scale.
dLEDD: levodopa equivalent daily dose.
eMDS-UPDRS III: Movement Disorder Society Unified Parkinson’s Disease Rating Scale part III.
favDS: average daily steps.

Reliability of avDS in People With PD

Relative Reliability
AvDS collected during 5 consecutive days showed a level of
relative reliability above the threshold of acceptability, as

indicated by an ICC point estimate of ≥0.80 and a lower 95%
CI limit of ≥0.75, in the overall population and all subgroups.
Moreover, daily step count showed excellent reliability in PD
in the intermediate disease stage. Details of ICC and CI limits
are shown in Table 2.
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Table . ICCa (3,k) values with 95% CI for the overall population and each subgroupb.

mHY 2.5‐3
(n=36)

mHYe 1‐2
(n=68)

Moderate
(n=39)

Mild (n=65)No tremor
(n=47)

Tremor
(n=57)

PIGDd

(n=65)
TDc (n=39)Overall

(N=104)

0.9390.8390.9190.8560.9140.8380.8990.8540.888ICC (3,k)

0.9000.7690.8710.7930.8680.7600.8550.7670.850Lower 95%
CI

0.9660.8920.9530.9050.9470.8960.9330.9160.919Upper 95%
CI

0.9140.7920.8870.8140.8830.7860.8690.797N/AfLower
83.4% CI

0.9590.8780.9450.8930.9390.8810.9250.901N/AUpper
83.4% CI

aICC: intraclass correlation coefficient.
bFor subgroups, 83.4% CI to assess intervals overlap are also reported.
cTD: tremor dominant.
dPIGD: postural instability and gait disorder.
emHY: modified Hoehn and Yahr scale.
fNot applicable.

Absolute Reliability
AvDS showed an SEM below 10% in the overall population
with an MDC of 1580 (26.7% of the criterion). AvDS also
showed an SEM below 10% in the PIGD disease subtype, in
participants without tremor, with a moderate disease severity,
and in an intermediate disease stage with an MDC ranging from

1148 to 1687 steps per day (18% to 25% of criterion).
Conversely, in the TD disease subtype, in participants with
tremor, with mild disease severity and in an early disease stage,
SEM was >10% of criterion and MDC values ranged from 1401
to 2263 steps per day (30% to 33% of the criterion). Details of
SEM and MDC are shown in Table 3.

Table . Absolute and percentage values of SEMa and MDCb for the overall population and each subgroup.

mHY 2.5‐3
(n=36)

mHYe 1‐2
(n=68)

Moderate
(n=39)

Mild (n=65)No tremor
(n=47)

Tremor
(n=57)

PIGDd

(n=65)
TDc (n=39)Overall

(N=104)

267817414701609506495742570SEM

6.411.98.410.88.711.09.011.19.6SEM%

74122631148194416871401137220561580MDC

17.733.123.229.824.030.525.030.926.7MDC%

aSEM: standard error of measurement.
bMDC: minimal detectable change.
cTD: tremor dominant.
dPIGD: postural instability and gait disorder.
emHY: modified Hoehn and Yahr scale.

Reliability Comparison Between Subgroups
When comparing ICCs between subgroups pairs, 2-tailed
Student t test for independent groups showed a significant
difference between participants with and without tremor
(t102=1.897; P=.03), between PD with mild and moderate disease
severity (t102=1.765; P=.04), and between individuals in early
and intermediate disease stage (t102=2.817; P=.003). Conversely,
no significant difference was found between TD and PIGD
participants (t102=1.048; P=.15).

The analysis of 83.4% CI showed no overlap between interval
limits between participants with and without tremor (Figure
1A), in early and intermediate disease stage (Figure 1C), and
only a negligible overlap between individuals with mild and
moderate disease severity (Figure 1B). Conversely, a degree of
overlap of the two 83.4% CIs was observed between TD and
PIGD participants (Figure 1D). Details of 83.4% CI limits are
shown in Table 2.
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Figure 1. ICC and 83.4% CI comparison for each subgroup pair. (A) Participants with reported presence or absence of tremor. (B) Participants with
mild and moderate disease severity as indicated by MDS-UPDRS. (C) Participants with earlier (mHY 1‐2) and intermediate (mHY 2.5‐3) disease
stage. (D) PIGD and TD phenotypes. ICC (3,k) point estimate is indicated by the black dot, CI limits are represented by the vertical bars. ICC: intraclass
correlation coefficient; MDS-UPDRS: International Movement Disorders Society Unified Parkinson’s Disease Rating Scale; mHY: modified Hoehn
and Yahr stage; PIGD: postural instability and gait disorder; TD: tremor dominant.

Discussion

Principal Findings
This cross-sectional study aimed at assessing and comparing
the reliability of a consumer wrist-worn smartwatch (Garmin
Vivosmart 4) in counting avDS in PD in unsupervised,
free-living conditions for 5 consecutive days between disease
phenotypes, stages, and severity groups.

Overall, our results showed, for the first time, that avDS were
acceptably reliable in mild-to-moderate PD irrespective of
disease severity, stage, or phenotype. Nevertheless, our results
further indicated lower reliability in people with PD with TD
phenotype, tremor, lower disease severity, and earlier stage.

Reliability of avDS in the Overall PD Population
We found that the relative reliability of avDS, measured in
unsupervised, free-living conditions, by Garmin Vivosmart 4
for 5 consecutive days was within the a priori criteria for
acceptability in the overall PD population. We identified only
2 studies investigating the reliability of wearable devices in
measuring avDS in people with PD [24,44]. Paul et al [44]
reported that 2 consecutive days of monitoring were sufficient
to obtain an ICC of >0.9, using a research-grade, ankle-mounted,
step counter (Step Activity Monitor) in 92 people with PD. One
study from our group investigated the reliability of a wrist-worn
consumer device in measuring avDS in PD before. In that study,
we found an ICC (3,k) of 0.88 (0.82‐0.93) for 4 days of

monitoring in 56 mild-to-moderate people with PD using
Garmin Vivosmart 4 [24]. The present results are consistent
with our previous study, but also with other studies investigating
the reliability of avDS through wrist-worn wearables in healthy
older people [44-47], and in people with various neurological
conditions, such as multiple sclerosis [48] and stroke [49].
Regarding absolute reliability, we found that SEM% was below
10% (9.6%) with an MDC of 1580 steps per day (27% of
criterion). Only 1 study, from our group, investigated SEM and
MDC for avDS in PD [24]. The present results are consistent
with our previous study in which we reported an SEM% of 9.2%
and an MDC of 1495 steps per day (or 26% of criterion) [24].
Taken together, these results confirm the reliability of avDS
measured through Garmin Vivosmart 4 in unsupervised,
free-living conditions in mild-to-moderate PD for 5 consecutive
days.

Reliability of avDS in People With PD Subgroups
To our knowledge, this is the first study to investigate and
compare the reliability of a consumer smartwatch in measuring
avDS in different subgroups of PD based on disease phenotype,
severity, and stage. We found that in all investigated subgroups
(ie, TD vs PIGD, mild vs moderate, tremor vs nontremor, and
earlier vs intermediate), ICC values were within the a priori
criteria for acceptability (ICC range 0.84‐0.94). However, a
significantly lower ICC was observed in people with PD with
tremor, mild disease severity, and earlier disease stage.
Moreover, SEM% was below 10% in participants with PIGD
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phenotype, moderate disease severity, intermediate disease
stage, and without tremor, with an MDC ranging from 1148 to
1687 steps per day (18%‐25% of criterion). Conversely, in
individuals with TD phenotype, tremor, mild disease severity,
and earlier disease stage, SEM was >10% of criterion and MDC
values ranged from 1401 to 2263 steps per day (30%‐33% of
the criterion).

MDC, defined as the minimal change that falls outside the
measurement error of an instrument, is extremely relevant in
study design since it allows to calculate the sample size of
studies aiming to assess the effectiveness of interventions [50].
MDC could be also crucial to define the appropriateness and
feasibility of using a determinate device to measure a given
construct. A prior work from Handlery et al [14] reported an
increase in 1250 steps per day following a high-intensity
physical activity intervention in PD measured through a
research-grade wrist-worn device (Actigraph GT3X). In this
study, we found that in individuals with TD phenotype, mild
disease severity, and earlier disease stage, MDC was ~2000
steps per day. Although a direct comparison with the metrics
reported in the work from Handlery et al [14] could not be
performed due to the different devices, we could hypothesize
that only large modifications in avDS could be reliably measured
through Garmin Vivosmart 4 in the aforementioned PD
subgroups. To this end, future studies will be needed to define
the minimal clinically important difference for avDS measured
through consumer wrist-worn devices and to assess the
attainability of avDS modifications sufficiently large to be
reliably detected by these devices.

The reduced reliability in participants with tremor is in line with
our hypothesis that tremor could reduce the performance of the
step-detection algorithm. In fact, tremor could increase the
noise-to-signal ratio in the accelerometer signal, and in turn,
render step detection more challenging [21]. Indeed, a previous
study highlighted that tremor and dyskinesia together contributed
to more than 19% of the variation in daily step counts when
comparing measurements from waist-worn and wrist-worn
devices in 46 people with PD with similar characteristics to
those included in this study [21]. In this regard, our study further
supports the assumption that tremor could reduce the
step-detection performance of wrist-worn devices in PD.

On the other hand, our hypothesis that a reduced reliability
might be observed in participants with higher symptom severity
and more advanced stages was not supported by our results.
Indeed, the reduced reliability of avDS observed in individuals
with mild disease severity and earlier disease stage is somehow
counterintuitive. In fact, previous evidence highlighted that step
count was less accurate in people walking at slower gait speed
and with shorter step length in several neurological and
musculoskeletal conditions, including PD [20,22,51-54].
Reduced step length and slower walking speed are typical
features of Parkinsonian gait, with a higher prevalence along
the disease course [2,33]. Moreover, another typical
characteristic of walking in PD is the reduced automaticity that
leads to a more discontinuous and irregular gait pattern that can
further reduce device accuracy in step detection [2,22].

Despite these considerations, our results showed that avDS
estimation was more reliable in people with PD with moderate
disease severity and intermediate disease stage, compared with
individuals with mild disease severity and earlier disease stage.
In this regard, it must be considered that reliability is a measure
of consistency and reproducibility of measurement and not a
measure of accuracy [55]. Therefore, a reduced accuracy could
not directly translate into reduced reliability. We could
hypothesize that in more advanced stages of PD, the variability
of clinical presentation could be lower. In an earlier stage,
indeed, symptom heterogeneity, both in terms of motor and
nonmotor features, could be extremely high [56-58]. However,
this variability could decrease with disease progression since
motor symptoms tend to consistently worsen along the disease
course and motor features such as gait and balance impairment
become increasingly prevalent [59,60]. In addition, the
phenotype is dynamic along the disease course and some
researchers have proposed that the classification into PIGD/TD
evolves over time [61,62]. One study, indeed, reported that over
a period of 8 years, approximately 70% of TD individuals
transitioned to PIGD, whereas only 4% of PIGD individuals
transitioned to TD [61]. Another study reported that 45% of TD
participants at baseline had a subtype shift along a 2-year
follow-up while 85% of PIGD participants remained as PIGD
[62]. This is mirrored in our study cohort, where 32 out of 65
(49%) individuals with mild disease severity were classified as
TD, whereas only 7 out of 39 (18%) were in the moderate group.
Similarly, 33 out of 68 (49%) participants with earlier disease
stage were classified as TD, whereas only 6 out of 36 (17%)
were in the intermediate group. Therefore, a regression toward
a more uniform motor impairment along the disease course
might be considered. Moreover, since we found that tremor
could be a relevant factor in reducing avDS reliability, the
different prevalence of TD phenotype could also contribute to
explaining our results. However, it must be underlined that no
study, to our knowledge, systematically compared the
heterogeneity of PD features across early, intermediate, and
advanced disease stages. Therefore, our hypothesis should be
taken with caution and future studies are needed to confirm it.

In conclusion, our findings highlight that, although avDS were
reliable across the examined subgroups, clinicians and
researchers should consider disease phenotype, stage, and
severity when implementing wrist-worn wearables and
interpreting mobility data collected through these devices in
PD.

Limitations
We acknowledge that this study has some limitations. First, the
participants included in our study displayed relatively preserved
cognitive functions, due to our exclusion of participants with a
Montreal Cognitive Assessment of <21. Additionally, those
with more advanced disease stages or requiring walking aids
were not included. This potentially limits the generalizability
of our findings. However, it should be considered that the
sample in our study can be seen as representative of the typical
target for interventions using consumer-grade wearable
technology. Moreover, including individuals with a disease
stage >3, using walking aids, or with more severe cognitive
impairments poses significant challenges in the utilization of
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consumer technology and is beyond our scope. Nevertheless,
future research incorporating PD with lower functional scores,
higher disease severity, and more impactful cognitive
impairments would be valuable. Furthermore, we used only PD
subtyping based on clinical features, yet other classification
methods and clustering techniques have been proposed
incorporating instrumental and biological data. Future studies
are warranted to investigate the reliability of consumer
smartwatches in PD subgroups defined using multimodal
biomarkers. Finally, we did not account for antiparkinsonian
treatment to control tremor. All included participants were under
dopaminergic medical treatment and stable medical treatment
in the 4 weeks before data collection, and we did not enroll
drug-naïve individuals. In addition, we did not account for
different drug classes since it would have required a much higher
sample size to cover all the possible combinations. Future
studies might investigate the metrological features of
commercial smartwatches in drug-naïve PD to avoid the
influencing factor of dopaminergic treatment. However, since
almost all patients with a diagnosis of PD are medically treated,

we considered it relevant to assess the measurement properties
of commercial devices in a setting more representative of the
real-world experience.

Conclusions
In mild-to-moderate PD, avDS measured through a consumer
smartwatch in unsupervised, free-living conditions for 5
consecutive days are reliable irrespective of disease phenotype,
stage, and severity. Researchers and clinicians who want to
implement these instruments should consider that in individuals
with TD phenotype, tremor, mild disease severity, and earlier
disease stage, reliability could be lower and MDC could be
higher. Future studies are needed to define the minimal clinically
important difference for avDS measured through consumer
wrist-worn devices and to assess the attainability of avDS
modifications sufficiently large to be reliably detected by
wrist-worn consumer devices. Taken together, we believe that
these results could facilitate a broader implementation and an
informed application of avDS as an index of ambulatory activity
in PD and could be highly relevant to developing monitoring,
preventive, educational, and rehabilitation strategies for PD.
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Abstract

Background: Patients diagnosed with differentiated thyroid cancer (DTC) who receive radioactive iodine (RAI) treatment
experience acute, medium, and late treatment effects. The timing and severity of these effects vary by individual; common
posttreatment effects include dry mouth, salivary gland swelling, dry eyes, and nose bleeds. The nature of symptoms that patients
experience after RAI treatment can significantly and negatively impact health-related quality of life. Adequate information during
the postprimary treatment phase remains an unmet need among the population of patients diagnosed with DTC.

Objective: This qualitative study aimed to identify and understand self-management strategies for RAI-specific symptom burden
from the perspectives of patients and stakeholders (cancer care providers and patient advocates). An additional aim included
assessing features and functionalities desirable in the development of a web-based intervention to engage patients in their
self-management and thyroid cancer survivorship care.

Methods: Following the Social Cognitive Theory framework and person-based principles, we conducted six focus groups with
22 patients diagnosed with DTC who completed RAI treatment and individual interviews with 12 stakeholders in DTC care. The
interviews focused on participants’ perspectives on current self-management strategies and mockups of a symptom management
web-based intervention. Before focus groups and interviews, participants completed a demographics survey. Focus group
discussions and interviews were transcribed and coded using content analysis. Interrater reliability was satisfactory (ɑ=.88).

Results: A total of 34 individuals (patients and stakeholders) participated in the study; the mean age was 45 (SD 13.4) and 45.3
(SD 13) years, respectively. Three domains emerged from qualitative interviews: (1) difficult-to-manage RAI symptoms: short,
medium, and late treatment effects; (2) key intervention structure and content feedback on mockups; and (3) intervention content
to promote RAI symptom management and survivorship care. Focus group participants identified the most prevalent RAI symptoms
that were difficult to manage as: dry mouth (11/22, 50%), salivary gland swelling (8/22, 36%), and changes in taste (12/22, 55%).
Feedback elicited from both groups found education and symptom management mockup videos to be helpful in patient
self-management of RAI symptoms, whereas patients and stakeholders provided mixed feedback on the benefits of a draft
frequently asked questions page. Across focus groups and stakeholder interviews, nutrition-based symptom management strategies,
communication with family members, and practical survivorship follow-up information emerged as helpful content to include in
a future web-based supportive care intervention.

Conclusions: Results suggest education and symptom management videos can empower patients with DTC to self-manage
mild to moderate RAI symptoms on a web-based platform. Findings emphasized the need for additional information for patients
related to ongoing care following RAI treatment including social support and thyroid cancer surveillance. The findings provide
insights for theoretically informed interventions and recommendations for refinements in thyroid cancer survivorship from patient
and provider perspectives.

(JMIR Form Res 2025;9:e60588)   doi:10.2196/60588
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Introduction

Background
Thyroid cancer is often mislabeled as the “good cancer” [1-3]
due to the excellent 5-year survival rates compared to other
cancers [4]. Differentiated thyroid cancer (DTC) is the most
common endocrine malignancy among the estimated 44,020
new cases of thyroid cancer in the United States annually [4].
DTC involves a spectrum of disease presentations characterized
by different levels of risk of recurrence. For patients with a high
risk of recurrence, the standard of care involves total
thyroidectomy followed by radioactive iodine (RAI) treatment
and thyroid hormone therapy [5-7]. For patients with
intermediate-risk disease, clinical practice guidelines from the
American Thyroid Association recommend thyroidectomy
followed by consideration of RAI treatment in consultation with
their medical team [6]. Approximately, 72% of these
intermediate and high-risk patients receive RAI and thyroid
hormone therapy as standard of care [5]. Despite the favorable
5-year survival rates, complications from RAI treatment are
common, impacting health-related quality of life (HRQOL)
[1,8-10]. The “good cancer” label given to thyroid cancer
frustrates patients, particularly when they experience side effects
as a result of RAI treatment [1].

The likelihood of acute and chronic side effects following RAI
varies based on RAI dose administration; these treatment
impacts are particularly evident in patients who receive higher
doses of ≥150 mCi [7,11,12]. While trends toward lower dose
activity are recommended, therapeutic dose recommendations
vary across professional medical societies and practice patterns
[6,11-14]. Short-, medium-, and long-term complications from
RAI treatment include salivary dysfunction, dysphagia,
dysphonia, sialadenitis, appetite changes, nausea, vomiting,
xerostomia, epiphora, and secondary malignancies [1,15-17],
with the onset of certain symptoms appearing as late as 1-year
post-RAI treatment [12,16]. In a cross-sectional study of 69
patients diagnosed with DTC and treated with RAI, lower
HRQOL was significantly associated with higher symptom
burden, distress, and lower self-efficacy [18]. Furthermore,
patients with thyroid cancer report lower HRQOL compared to
patients with other types of cancer with worse survival [10].
Additional care challenges reported by patients with DTC are
unmet information needs about follow-up care, psychosocial
support, and coordination of care [17,19]. Research is needed
to understand, address, and mitigate RAI symptom burden
among patients with DTC.

Mobile health (mHealth) technologies offer an accessible
approach to symptom management interventions [20] and are
increasingly used in the delivery of cancer care. mHealth refers
to mobile and wireless technologies such as smartphones,
computers, and tablets to support patient care, education, and

communication in health care [21,22]. mHealth technologies
have been implemented in the prevention, promotion, treatment,
and maintenance of health and health care for patients with
breast, lung, leukemia, and prostate cancers [21-25]. mHealth
interventions empower patients with cancer with direct access
to educational and support tools to improve self-management
of symptoms, including fatigue, pain, distress, and cognitive
impairment [21,23,26,27]. Core elements of mHealth
interventions for chronic disease management include
evidence-based education, monitoring and tracking symptoms,
tailored feedback on symptoms, self-management training to
cope with the psychological and physical aspects of treatment,
and communication with providers [21,28,29]. Applying
evidence-based theories to inform the design characteristics of
digital technology interventions during the development phase
of the research is one way to engage patients, foster
patient-provider communication, and improve patient-centered
health outcomes [20-22,28].

Theoretically Driven mHealth Intervention
Development
Social Cognitive Theory (SCT) [30,31], a longstanding
theory-based approach to health behavior change, coupled with
guiding principles from the person-based approach [20,32] to
mHealth intervention development, offers a basis for core
components of symptom management interventions. Behavioral
interventions based on tenets of SCT are evaluated through
patient knowledge of health risks and benefits, self-efficacy or
confidence related to symptom management, outcome
expectations about the costs and benefits of performing a
particular behavior, and self-regulation impacting patient
HRQOL [30,31]. Prior examples of the use of SCT in
cancer-related health behavior change interventions include
physical activity behavior change interventions [33-36] or
interventions to promote HRQOL in breast cancer populations
[37]. The application of SCT to promote self-management of
RAI symptoms among patients with DTC is understudied, and
further research is needed to identify core components of
health-related interventions. The person-based approach to
mHealth interventions yields insights into the behavioral
components relevant to the populations intended to use the
intervention [32]. As patients with DTC post-RAI treatment are
commonly seen in ambulatory care settings, and their follow-up
care is managed by specialists [17], a digital platform offers
patients accessibility delivered at the point of need. Furthermore,
involving target patient users and members of the health care
team early in the intervention design process can identify key
components [20,21,32] of symptom management interventions
among this population.

We seek to develop and refine tailored mHealth symptom
management interventions for patients with DTC who completed
RAI. Thus, we conducted a qualitative study to identify and
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understand potential self-management strategies for RAI-specific
symptoms from the perspectives of patients with DTC who
completed RAI treatment and health care providers. In addition,
we wanted to elicit feedback on core content and features in the
formative development of a web-based intervention to promote
patient self-management of RAI symptoms.

Methods

Study Design
We followed the COREQ (Consolidated Criteria for Reporting
Qualitative Research) to report the qualitative findings [38].
From August 2022 to January 2024, we conducted a qualitative
study using focus groups with patient participants and individual
stakeholder interviews at Georgetown University Medical
Center.

Ethical Considerations
Ethics approval was performed in line with the principles of the
Declaration of Helsinki. Approval was granted by the
Georgetown University Institutional Review Board
(#00005285). All focus group participants and stakeholders
provided informed consent. Study data were deidentified prior
to data analysis. Each participant received Amazon gift cards
worth US $50 for their participation.

Participant Selection and Setting
Adult patients were recruited from MedStar Georgetown
University Hospital to take part in the qualitative study. Treating
endocrinologists referred patients to the study. Patients were
invited to participate if they were diagnosed with DTC,
completed RAI treatment within the past three years, and had
access to an electronic device with an internet connection. We
excluded non-English-speaking patients and those with
psychiatric or cognitive impairments that would inhibit
meaningful consent.

For the stakeholder interviews, health care specialists were
recruited from four hospitals in the Washington metropolitan
area. Health care specialists were referred to the study by
colleagues or invited to participate directly by study staff
through an introductory email. Stakeholder inclusion criteria
were self-identification as a full-time specialist treating patients
with DTC post-RAI treatment or allied health professionals and
patient advocates affiliated with ThyCa: Thyroid Cancer
Survivors’ Association, Inc.

We used a purposive sampling strategy for patient age, gender,
cancer type, and health subspecialists from academic and
community hospital settings in the area. We recruited 22 patients
diagnosed with DTC who completed RAI treatment and 12
stakeholders from local health care facilities and ThyCa groups
in the DC area.

Procedures and Data Collection
Following Institutional Review Board approval, study staff
approached potential participants with an introductory study
email followed by a phone call. Study staff completed informed
consent through a 15-minute telephone or Health Insurance
Portability and Accountability Act-compliant video conference

and obtained electronic informed consent from focus group
participants and stakeholders. Focus group participants and
stakeholders completed a brief survey through REDCap
(Research Electronic Data Capture; Vanderbilt University) [39]
to obtain sociodemographic, clinical characteristics, and
occupation information. The interviews were conducted over a
Health Insurance Portability and Accountability Act-compliant
videoconference lasting approximately two hours for focus
group participants and one hour for individual stakeholder
interviews.

Two authors (ALC: psychologist, female; and KDG: behavioral
scientist, female) trained in qualitative research methods
developed moderator and semistructured interview guides
(Multimedia Appendices 1 and 2), which were informed by
tenets of SCT [30] and person-based design principles [32].
Both guides included items to elicit participants’ perspectives
about RAI symptoms that were challenging to manage, identify
content that would be helpful in a symptom management
website, and obtain feedback on the formatting and content of
static images or mockups (Multimedia Appendix 3) of a
prospective symptom management website. Participants were
asked to provide feedback on the mockups after eliciting input
on prospective content to minimize participant response bias.
One author (ALC) conducted audio-recorded interviews for
focus group and stakeholder interviews. A second member of
the research team trained in qualitative research (KG: research
assistant, female; Gautham Pillai: research assistant, male; and
AMJ: research assistant, female) took field notes during the
focus group and stakeholder interviews. All focus group and
stakeholder interviews were transcribed verbatim and
deidentified before data analysis. All focus group participants
and stakeholders received a summary of the findings.

Data Analysis
We used thematic content analysis to analyze focus group and
stakeholder interview transcripts using a well-established 6-step
framework [40]. Three authors (ALC, AMJ, and KG)
independently reviewed transcripts to familiarize themselves
with the data and identify initial codes using ATLAS.ti, a
computer-assisted qualitative data analysis software (ATLAS.ti
Scientific Software Development GmbH). The authors (ALC,
AMJ, and KG) discussed initial codes, shared definitions of
each code, and grouped the codes into broad, meaningful
categories. The coders further organized the codes into major
domains and subthemes and examined discrepant data until
resolution. Analysis was systematically and iteratively applied
across all transcripts. Thematic saturation [40] occurred after
no new information was identified from transcripts. We
calculated Krippendorf Cu-ɑ coefficients [41,42] to evaluate
coding precision by the three team members for the three
domains across transcripts. The final Krippendorf Cu-α=.88,
indicating acceptable agreement [43]. Extracted quotations
exemplified major domains and subthemes. Descriptive statistics
were used to characterize focus group and stakeholder
demographic, clinical, and occupation characteristics.
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Results

Participants
We approached 93 patients and stakeholders to enroll in the
qualitative study; 24 patients and 12 stakeholders consented, 2
patients were unable to participate in focus groups due to

scheduling conflicts, and 34 interviews were analyzed (Figure
1). A total of 29 patients were excluded due to ineligibility
(n=2), decline (n=6), and no response to the introductory study
email (n=21). A total of 28 stakeholders were excluded from
the study due to ineligibility (n=5), decline (n=5), and no
response to the introductory study email (n=18).

Figure 1. Qualitative study flowchart for focus group participants and stakeholders. Participants, recruited from clinical settings, were patients diagnosed
with thyroid cancer. Stakeholders, recruited through professional networks, were providers involved in the clinical care of patients diagnosed with
thyroid cancer. Data were collected between August 2022 and January 2024.

The age (in years) of focus group participants and stakeholders
was 45.0 (SD 13.4; range 23.6‐72.5) and 45.2 (13.0; range
32.3‐75.7), respectively. The majority of focus group
participants and stakeholders identified as female (15/22, 68%;
10/12, 83%), non-Hispanic or Latino (20/22, 91%; 11/12, 92%),
and White (14/22, 64%; 8/12, 67%), respectively. In terms of
clinical characteristics, the majority of focus group participants
were diagnosed with papillary thyroid cancer (18/22, 82%). The
average time since diagnosis (in years) was 1.5 (SD 1.0; range
0.03‐2.9), and the time since treatment (in years) was 1.1 (SD

0.9; range 0.1‐2.8). There was a total of six focus groups, with
a range of 2‐5 participants in each group. Stakeholders
consisted of thyroid surgeons (n=1), endocrinologists (n=2),
nuclear medicine specialists (n=1), palliative care providers
(n=2), patient advocates (n=2), psycho-oncologists (n=1),
registered oncology dietitians (n=2), and social workers (n=1).
Table 1 presents sample characteristics of focus group
participants and stakeholders and Table 2 presents clinical
characteristics of focus group participants.

JMIR Form Res 2025 | vol. 9 | e60588 | p.3118https://formative.jmir.org/2025/1/e60588
(page number not for citation purposes)

Carr et alJMIR FORMATIVE RESEARCH

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


Table . Sample characteristics of focus group participants and stakeholders (N=34)a.

Stakeholders

(n=12)

Focus group participants

(n=22)

Characteristics

Age (years)

45.2 (13.0)45.0 (13.4)    Mean (SD)

32.3-75.723.6-72.5    Range

10 (83)15 (68)Female, n (%)

—b14 (64)Married or partnered, n (%)

1 (8)2 (9)Hispanic or Latino, n (%)

Race, n (%)

3 (25)3 (14)    Asian

1 (8)2 (9)    Black or African American

—3 (14)    More than one race/ other

8 (67)14 (64)    White

Education, n (%)

—3 (14)    High-school and below

—19 (86)    College and above

Employment status, n (%)

—17 (77)    Full-time

—3 (14)    Part-time

—2 (9)    Student

—2 (9)    Retired

—22 (100)Heath Insurance (Yes), n (%)

aParticipants, recruited from clinical settings, were patients diagnosed with thyroid cancer. Stakeholders, recruited through professional networks, were
providers involved in the clinical care of patients diagnosed with thyroid cancer. Data were collected between August 2022 and January 2024.
bNot applicable.
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Table . Differentiated thyroid cancer clinical characteristics of focus group participants (n=22)a.

Focus group participantsClinical characteristics

Time since diagnosis (years)

1.5 (0.9)    Mean (SD)

0.03‐2.9    Range

Time since treatment (years)

1.1 (0.9)    Mean (SD)

0.10‐2.8    Range

Histologyb, n (%)

18 (82)    Papillary

2 (9)    Follicular

4 (18)    Do not know

Stageb, n (%)

6 (27)    I

2 (9)    II

1 (5)    III

1 (5)    IVA

11 (50)    Do not know

aParticipants recruited from clinical settings were patients diagnosed with thyroid cancer. Data was collected between August 2022 and January 2024.
bThe value given are frequencies.

Qualitative Results
Qualitative results yielded three domains: (1) difficult-to-manage
RAI symptoms: short, medium, and late treatment effects; (2)
key intervention structure and content feedback on mockups;

and (3) intervention content to promote RAI symptom
management and survivorship care. Tables 3 and 4 display
exemplar quotes with patient identifiers to depict domains and
subthemes from focus group participant and stakeholder
interviews.
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Table . Summary and exemplar quotes from focus group participants and stakeholders related to domain 2 key intervention structure and content

feedback on mockups with an SCTa framework.

SCTa componentExemplar quotesMockup

Knowledge and outcome expectationsHome page

Description: benefits and consequences home
page in its current format; recommended changes

• “In those websites you always see younger
people. I think it’s nice to include more di-
versity. If you are going to include more
pictures have other ones where you seeto enhance patient understanding of website

component people that are older depicted.” [Focus
Group 5, PID 2]

• “On the landing page ... You can have a tab
on statistics ... Are you experiencing side
effects? Side effects management tab here.
Social resources here. Or supportive care
resources. You could have a separate nutri-
tion tab.”            [PID 10, Registered Oncol-
ogy Dietitian]

KnowledgeEducation page RAIb salivary symptoms

Description: benefits of education page on RAI
symptom self-management; recommended

• “[It] Feels friendly discussing something
that is very distressing. There is an empow-
erment element to this of, ‘Hey, we get you.
You’re experiencing these things. Please

changes to enhance engagement in website
component

watch out for these and call your doctor.’
This page is magical. I wish this site existed
already.”  [                      Focus Group 4,
PID 3]

• “It’s a good general informational landing
spot particularly things that they should
definitely not try home remedies for. Like
the bottom half [Redness over salivary
glands, Pain doesn’t go away with antiin-
flammatory medications, worsening
swelling or salivary glands-signs of infec-
tion, Significant weight loss due to difficulty
eating and swallowing].” [PID 8, Thyroid
Surgeon]

Self-efficacy and self-regulationSymptom management video

Description: benefits of RAI symptom self-
management video on self-efficacy; conse-

• “Having this particular type of video on how
to massage salivary glands, I would be inter-
ested in being able to go to the site to see
precisely how I can do this and have a videoquences of self-management videos on self-effi-
to demonstrate just how it can be performed.cacy; recommended changes to enhance patient

engagement in self-management symptom videos So I’m interested to tap the play but-
ton.                       ” [Focus Group 4, PID
1]       

• “There might be a little discussion of who
might need this because if I just had RAI
and I’m out of isolation, am I supposed to
do this irrespective of symptoms ?” [PID 4,
Patient Advocate]        
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SCTa componentExemplar quotesMockup

Self-regulation and outcome expectations• “Some of the things that I would not think
about are dental appointments. I didn’t think
about that until recently, after I had my
sialendoscopy. But other than that, all the
other questions are relevant. You don’t real-
ly think about it before or during the RAI
treatment, because you didn’t know that
was a concern.” [Focus Group 2, PID
2]                                             

• “Is there a value to having answers for these
[questions]? I would wonder if I’m interest-
ed in the first question, and I want to ask
my provider that, I also want to know the
answer now. Or I want to get some guidance
about that now. I don’t want to wait until
my clinic appointment in 2 weeks to get the
answer. That was what, I wonder, is there
a role for that? But with some answers. ”
[PID 6, Palliative Care Provider]

FAQc page

Description: need for relevant and concise ques-
tions related to the post-RAI treatment time-
frame. Stakeholders suggested providing answers
to the questions within the web-based interven-
tion to reduce the potential for increased demands
on provider workflows.

aSCT: Social Cognitive Theory.
bRAI: radioactive iodine.
cFAQ: frequently asked question.
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Table . Subthemes and exemplar quotes related to domain 3 intervention content to promote RAIa symptom management and survivorship care needs

within the SCTb framework.

SCT ConstructExemplar QuotesSubthemes

Self-efficacy and self-regulationNutrition description: information on nutrition
strategies for RAI symptom management strate-

• “It could be a video about what foods might
be helpful [to] stimulate your salivary
glands. And then, in case you lost taste,gies for salivary symptoms. Topics included de-
recommendations for you to still tastetails about foods that stimulate salivary glands

and help manage changes in taste. something, and being able to eat without
affecting the health of your mouth.” [Focus
Group 5, PID 2]

• “If there were tips presented earlier about
managing dry mouth like ensuring adequate
hydration, ensuring fluid or moisture, rich
food intake, that is something that could be
helpful.” [PID 10 Registered oncology dieti-
tian]

Self-efficacy, and self-regulationCommunication with family description: infor-
mation and strategies to help guide patient-led

•  ”I was thinking [what] would also be nice
[is] to have some type of resource center
for family and friends on how to best sup-communication with families and children, about
port someone with thyroid cancer ... [It is]aRAI symptoms. Topics included practical tips
nice way of how best to support someoneon how to talk about the social and emotional
with thyroid cancer.” [Focus Group 4, PIDimpact of DTCc diagnosis and RAI symptoms

with children and family members. 1]
• “ How to speak to them, when they’re

young and explain the survival rate is very
good. And when it comes to cancers, it’s
not [a] death sentence, because you hear the
cancer part, but you know it is survivable.”
[Focus Group 6, PID 3]

• “That’s important, especially, if your chil-
dren are young, [and] they hear the diagno-
sis of cancer. How you can communicate
that to the children, if there is information
on that, I think that would be helpful for
patients.” [PID 3, Nuclear Medicine
Provider]

• “ I worry about broad strokes because what
do you tell a 6-year-old versus the 10-year-
old versus a 13-year-old and not all 13-year-
olds are the same.” [PID 8, Thyroid Sur-
geon]

• “ I think that’s [communication] also intim-
idating for people. Some people have a
better general sense of what this treatment
is about, and how it can or can’t impact
others. And other people are less familiar
and aware or able to articulate what they
know about their treatment and how it can
impact others. And I think that can just be
hard and an additional burden on the pa-
tient.” [PID 11, Psycho-oncologist]
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SCT ConstructExemplar QuotesSubthemes

Knowledge, self-regulation, and outcome expec-
tations

•  “Are you going back to the nuclear
medicine team? Are you [going to] your
endo? Who’s supposed to be quarterbacking
all of your treatment? The right person? Is
it whoever did your surgery? Who’s the
right person depending on what the symp-
toms are?” [Focus Group 1, PID 5]

• “What would be helpful is how to explain
to other providers that you’ve had this
treatment, and these are some of the possi-
ble side effects ... I think having something
like a quick reference sheet where they
[patients] can talk to their doctor.” [Focus
Group 6, PID 2]

• “Patients should know that they basically
have this diagnosis of cancer, and that they
need lifelong follow up. Follow up with
their endocrinologists, follow up with their
primary care, or whoever is managing their
dose which they get for their thyroid hor-
mone. Or to make sure that they that they
do not get recurrence in the future.” [PID
3, Nuclear Medicine Provider]

Cancer survivorship follow-up care description:
discussed the need for a general overview of
lifelong follow-up with health care providers,
including, which health care team members to
consult with for RAI symptom management and
follow-up tests (blood, ultrasound, or whole body
radioiodine scans).  

aRAI: radioactive iodine.
bSCT: Social Cognitive Theory.
cDTC: differentiated thyroid cancer.

Domain 1: Difficult-to-Manage RAI Symptoms: Short,
Medium, and Late Treatment Effects
As listed in Table 5, we indicated the percentage of focus group
participants and stakeholders who commented on
difficult-to-manage RAI symptoms. In our sample,
approximately half of our focus group participants (11/22)
endorsed symptoms of dry mouth and changes in taste as
challenging symptoms to manage, followed by salivary gland
swelling (8/22, 36%), dry eyes (7/22, 31%), and dry nose (3/22,
13%). Stakeholders endorsed a similar prevalence of
difficult-to-manage RAI symptoms experienced by patients in

their clinical care, including dry mouth (6/12, 50%), changes
in taste (5/12, 41%), salivary gland swelling (4/12, 33%),
swallowing difficulties (3/12, 25%), and dry eyes (3/12, 25%).
Focus groups highlighted that among patients with DTC
post-RAI treatment, the effectiveness of their current
self-management strategies varies across individuals.
Participants emphasized the need for personalized approaches
to manage the short and late effects of RAI treatment. Many
stakeholders emphasized the need for patient referrals and
collaboration with multidisciplinary care teams to enhance
overall patient care and address severe RAI symptom
management.
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Table . RAI-specifica symptoms referenced as difficult to manage by focus group participants and stakeholders during qualitative interviews.

Stakeholders (n=12), n (%)Focus group participants (n=22), n (%)Difficult to manage RAI symptom

Salivary

6 (50)11 (50)    Dry mouth

5 (42)12 (55)    Change in taste

2 (17)2 (9)    Mouth ulcers

4 (33)8 (36)    Salivary gland swelling

3 (25)2 (9)    Swallowing difficulties

1 (8)4 (18)    Dental issues

Lacrimal

3 (25)7 (32)    Dry eyes

1 (8)—b    Watery eyes

Nasal

3 (14)    Dry nose

—1 (5)    Loss of smell

—2 (9)    Nose bleeds

Other

4 (33)4 (18)    Fatiguec

—3 (14)    Headache

—2 (9)    Gastrointestinal issues

—1 (5)    Menstrual cycle changesc

—5 (23)    Hair loss

3 (25)8 (36)    Nausea

aRAI: radioactive iodine.
bNot endorsed by any focus group participants or stakeholders.
cSymptoms may occur from concurrent treatment such as thyroid stimulating hormone therapy.

Domain 2: Key Intervention Structure and Content
Feedback on Mockups
The key message we derived from the focus group participant
and stakeholder findings was that the web-based intervention
requires a more streamlined home page narrative instructing
patients on using the intervention in the context of experienced
symptoms and personalized self-management strategies. Both
focus group participants and stakeholders felt the home page
mockup needed to provide relevant information about the
website for a patient engaging in the intervention. Stakeholders
emphasized the desirability of repeated language within the
intervention content narrative to redirect patients to their health
care team should emergent symptoms occur requiring medical
oversight. Consequently, for the RAI support intervention to
be perceived as credible, reliable, and trustworthy, focus group
participants and stakeholders indicated it was very important
that it include references to differentiate the intervention from
nonacademic public-facing websites.

Overall, focus group participants and stakeholders found the
education and self-management of symptoms mockup pages to
be helpful components of a web-based intervention. Most focus
group participants found that the education pages presented

“distressing” symptoms in a simple and approachable visual
format. Together, focus group participants and stakeholders
found the RAI symptom management mockup to be useful and
found the video format to allow for more engagement across a
range of patient learning styles. Both patients and stakeholders
emphasized the need for short video content (less than 3 minutes
in length) and accessibility features such as closed captioning
to maintain user video engagement. The frequently asked
questions content page received mixed responses between focus
group participants and stakeholders. Focus group participants
highlighted the value of prepared questions to address patient
RAI symptom concerns and increase patient-provider
communication during appointments. In contrast, stakeholders
shared concerns about the potential negative consequences on
provider workload of “unanswered” questions that a patient
may bring to a clinical encounter. Most stakeholders
recommended answering the questions on the frequently asked
questions page directly and including hyperlinks within the
web-based intervention with answers to the questions. Both
groups suggested the need to tailor questions to address RAI
symptoms and aftercare and to use lay language to streamline
information.
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Domain 3: Intervention Content to Promote RAI
Symptom Management and Survivorship Care
Focus group participants and stakeholders identified topics for
intervention content and characteristics that had previously not
been considered in the initial intervention design. Many focus
group participants expressed uncertainty about which foods to
eat after RAI treatment and suggested intervention content on
foods that stimulate salivary gland secretion. Stakeholders
reinforced the consideration of nutrition-based self-management
strategies to reduce dry mouth and changes in taste, with an
emphasis on the noncurative nature of these strategies. Many
focus group participants indicated recommendations on how to
communicate with family members about side effects, especially
in light of the “good cancer” label, would be helpful after RAI
treatment. A smaller number of focus group participants with
children emphasized the need for intervention content on how
to communicate with children about thyroid cancer, RAI
treatment-related side effects, and survivorship. Most
stakeholders supported the inclusion of communication
strategies with family members but emphasized tailoring
communication with adolescents and children at age-appropriate
levels. Focus group participants expressed challenges in
long-term monitoring for the management of RAI symptoms,
monitoring for potential cancer recurrence, and not knowing
which provider is appropriate for RAI symptom management.

Discussion

Principal Results
Following the SCT framework and the person-centered approach
to inform the development of a theoretically driven mHealth
symptom management intervention, we elicited feedback from
focus group participants and stakeholders regarding which
symptoms related to RAI treatment are the most challenging to
manage. Findings in this study support evidence from prior
research on RAI-related toxicities [11,12,16], including
well-documented salivary gland swelling, xerostomia or dry
mouth, and changes in taste [15]. Both patients and stakeholders
emphasized the utility of a web-based intervention for patient
self-management of mild to moderate symptoms with redirection
to the patient health care team to treat severe symptoms.

Findings from this study build upon prior work investigating
cancer survivor self-management interventions [44,45] with an
emphasis on patient knowledge, self-efficacy, and skill
development as intervention components from SCT [30,46].
Most self-management interventions are designed for a particular
type of cancer or symptom [44,46], which does not capture the
RAI treatment aftercare experiences among patients with DTC.
RAI treatment-specific issues and aftercare needs reported by
our focus group participants and stakeholders reinforce prior
evidence of unmet informational needs related to RAI side
effects and long-term symptom management in this population
[1,17,19,47]. Both focus group participants and stakeholders
found the content and digital format of the web-based mockups
of salivary symptom education and a salivary gland massage
video helpful in engaging and empowering patients in symptom
self-management. These findings support the potential of

web-based symptom management interventions in patient
outcomes with accessible and digital information and support
[20,28,44].

Additionally, our results may potentially address supportive
care gaps through focus group patient and stakeholder
identification of nutrition management strategies,
communication with family, and follow-up care planning as
tailored survivorship components to include in a web-based
intervention. Survivorship care among this patient population
involves unique coordination across specialists, with an
endocrinologist or primary care provider at the center [17,47],
and adjunct supportive programs such as a web-based
intervention for patient self-management of RAI symptoms may
offer assistance in reducing fragmented care gaps, improving
self-efficacy in RAI symptom management, and reducing patient
health care utilization.

Limitations
There are several limitations to this study. Our patients and
stakeholders primarily identified as White and non-Hispanic,
which limits the generalizability of the data. Furthermore, our
patient sample comprised insured patients with thyroid cancer,
and our qualitative findings did not capture the perspective of
uninsured patients. Our qualitative results identified a gap in
the current delivery of coordinated patient care across
subspecialties. It should be noted that this care gap is reflective
of one academic hospital center and is not generalizable across
all settings. While our results reached saturation across
stakeholder specialists, saturation within subspecialists did not
occur due to the limited number of subspecialists enrolled in
each group. In addition, we were not able to engage a dentist
as a stakeholder. Future qualitative research should elicit
endocrinologists’ and primary care providers’ perspectives on
mHealth behavioral interventions for the self-management of
RAI symptoms to enhance the implementation of coordinated
care efforts.

A small subset of focus group participants attributed fatigue
and menstrual cycle changes to RAI treatment; however, these
are symptoms from concurrent treatments such as thyroidectomy
and thyroid-stimulating hormones. Patients may have difficulty
differentiating which symptoms are due to RAI or other
concurrent treatment. In addition, symptoms such as menstrual
cycle changes could be due to both RAI and adjustment of
thyroid hormone dosage. Future studies can work toward
disambiguating symptoms for patient education and content
development of a web-based intervention for RAI treatment
symptom management.

Conclusions
Through a SCT framework and person-based approach, results
from this qualitative study highlight important intervention
content considerations such as the inclusion of nutrition
management strategies, communication skills, and follow-up
care planning for the self-management of RAI symptoms among
patients with DTC. These findings can inform the development
of future self-management interventions tailored to patients
with DTC after RAI treatment.
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Multimedia Appendix 1
The open-ended qualitative focus group moderator guide is informed by Social Cognitive Theory and person-based design
principles to elicit patient perspectives about RAI symptoms that were challenging to manage, identify content that would be
helpful in a symptom management website, and obtain feedback on the formatting and content of static images or mockups.
[DOCX File, 37 KB - formative_v9i1e60588_app1.docx ]

Multimedia Appendix 2
The open-ended qualitative semistructured interview guide is informed by Social Cognitive Theory and person-based design
principles to elicit stakeholder perspectives about RAI symptoms that are challenging to manage, identify content that would be
helpful in a symptom management website, and obtain feedback on the formatting and content of static images or mockups.
[DOCX File, 230 KB - formative_v9i1e60588_app2.docx ]

Multimedia Appendix 3
Four mockups of a prospective web-based radioactive iodine treatment symptom management intervention reviewed by focus
group participants and stakeholders: 1) home page, 2) salivary gland massage video, 3) salivary gland education page, and 4)
frequently asked questions page.
[PDF File, 623 KB - formative_v9i1e60588_app3.pdf ]
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Abstract

Background: Patient-reported outcome measures are crucial for informed medical decisions and evaluating treatments. However,
they can be burdensome for patients and sometimes lack the reliability clinicians need for clear clinical interpretations.

Objective: We aimed to assess the extent to which applying alternative stopping rules can increase reliability for clinical use
while minimizing the burden of computerized adaptive tests (CATs).

Methods: CAT simulations were conducted on 3 adult item banks in the NIH Toolbox for Assessment of Neurological and
Behavioral Function Emotion Battery; the item banks were in the Negative Affect subdomain (ie, Anger Affect, Fear Affect, and
Sadness) and contained at least 8 items. In the originally applied NIH Toolbox CAT stopping rules, the CAT was stopped if the
score SE reached <0.3 before 12 items were administered. We first contrasted this with a SE-change rule in a planned simulation
analysis. We then contrasted the original rules with fixed-length CATs (4‐12 items), a reduction of the maximum number of
items to 8, and other modifications in post hoc analyses. Burden was measured by the number of items administered per simulation,
precision by the percentage of assessments yielding reliability cutoffs (0.85, 0.90, and 0.95), and accurate score recovery by the
root mean squared error between the generating θ and the CAT-estimated “expected a posteriori”–based θ.

Results: In general, relative to the original rules, the alternative stopping rules slightly decreased burden while also increasing
the proportion of assessments achieving high reliability for the adult banks; however, the SE-change rule and fixed-length CATs
with 8 or fewer items also notably increased assessments yielding reliability <0.85. Among the alternative rules explored, the
reduced maximum stopping rule best balanced precision and parsimony, presenting another option beyond the original rules.

Conclusions: Our findings demonstrate the challenges in attempting to reduce test burden while also achieving score precision
for clinical use. Stopping rules should be modified in accordance with the context of the study population and the purpose of the
study.

(JMIR Form Res 2025;9:e60215)   doi:10.2196/60215

KEYWORDS

computerized adaptive testing; CAT; stopping rules; NIH Toolbox; reliability; test burden; clinical setting; patient-reported
outcome; clinician

Introduction

Background
The patient’s perspective, typically collected using
patient-reported outcome measures (PROMs), is an imperative
component of effective medical decision-making and treatment
evaluation [1-4]. However, PROMs can be time-consuming for
respondents to complete and difficult for clinicians to interpret,
thus limiting their practical utility. Increasing importance has

therefore been placed on minimizing response burden. For
example, newer PROM initiatives have incorporated item
response theory (IRT) and computerized adaptive test (CAT)
capabilities, which enable the derivation of efficient, reliable,
and precise assessments from large banks of items [5,6].

The NIH Toolbox for Assessment of Neurological and
Behavioral Function is one such measurement initiative [7].
The NIH Toolbox is a set of neurobehavioral measures that can
be used to assess sensory, motor, emotional, and cognitive
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functioning among individuals aged 3 to 85 years. While many
measures included in the NIH Toolbox focus on
performance-based assessments, the Emotion Battery consists
exclusively of PROMs assessing emotions such as sorrow, joy,
or fear [8]. The battery consists of 4 subdomains: Negative
Affect (Anger, Fear, and Sadness), Psychological Well-Being
(Life Satisfaction, Meaning and Purpose, and Positive Affect),
Social Relationships (Companionship, Fear, Perceived Social
Support, Positive Social Development, and Social Distress),
and Stress and Self-Efficacy (Self-Efficacy and Stress). Across
all item banks, higher scores indicate higher levels of the
construct being assessed (eg, a higher score on the Sadness
measure indicates higher levels of sorrowful feelings or
emotions) [8]. The item banks were calibrated using the graded
response IRT model [9]. This calibration lines up all the items
along a common mathematical metric, which allows any subset
of items to be used to track a given patient’s performance
longitudinally or compare performance scores across patients
under a common metric [10-12]. The NIH Toolbox Emotion
Battery calculates “expected a posteriori” (EAP) scores, which
are a type of IRT-based score, on the θ metric (mean 0, SD 1).
These scores are then transformed to a t score metric (mean 50,
SD 10) for individual reporting. The Emotion Battery provides
a psychometrically strong option for evaluating emotional health
that is particularly well suited for use in combination with other
performance-based measures included in the NIH Toolbox.

Measures in the NIH Toolbox Emotion Battery are administered
as fixed forms or variable-length CATs. The fixed forms consist
of a set of items that are all administered in the same order
during every administration. Conversely, when variable-length
CATs are administered, the first item typically reflects average
functioning or symptom severity, as the maximum weighted
information value for a starting item is at the population mean
(θ=0; t score=50). The response to that item is then used to
calculate the provisional score estimate for the measured
construct and to identify the best “next” item, within the
remaining items in the bank, that will maximize weighted
information based on the provisional ability estimate for the
patient [13-15]. A patient’s estimated θ score is iteratively
refined after each item until (1) a minimum number of items is
administered and either (2a) a prespecified level of measurement
precision is achieved or (2b) a prespecified maximum number
of items is administered. These conditions are known as
“stopping rules” [16,17]. After 4 items have been administered
(the minimum), the default for the NIH Toolbox CAT
administration is to stop the CAT after either 12 items have
been administered (the maximum) or the SE of the EAP score
estimate is less than 0.3, which corresponds to a minimum
reliability of 0.91. Other CATs may implement these or
additional stopping rules, or may include content balancing or
item exposure constraints. There is also a fully Bayesian
approach for estimating ability using the Markov chain Monte
Carlo method, which can be used to incorporate empirical
information about candidates [18]. The use of empirical prior
information has been shown to reduce response burden for
patients and clinical practitioners [19]. While these other
stopping rules may appear in other contexts (including in the
NIH Toolbox Cognitive Battery for exposure constraints), the

NIH Toolbox Emotion CATs do not implement any of these
other features [20].

Compared to legacy measures, these stopping rules substantially
reduce response burden, yet NIH Toolbox CATs still impose a
significant burden on respondents with no or minimal symptoms.
Similar issues have been documented in educational
measurement using precision rules as a primary criterion for
stopping rules [21]. For example, if an item bank has numerous
items reflecting extreme sadness but few items reflecting
minimal sadness, the statistically most-informative items for
someone experiencing little-to-no sadness will be exhausted
quickly, and additional items will be increasingly less targeted
and unable to notably improve the score precision (ie, reducing
the SE).

In such a scenario, the CAT will continue to select the next best
(but still mistargeted) item until the maximum CAT length is
reached. While there are sufficient items in each item bank to
stratify pathology, if a person is not impaired with respect to
the domain being explored, it is difficult or impossible to
accurately differentiate how healthy a person is (eg, how not
sad a person may be). As a result, patients with the best health
in a given domain are more likely to be administered the
maximum 12 items in a CAT as compared to patients
experiencing more severe symptoms [22]. Therefore, the first
goal of this study was to develop and systematically assess
alternative stopping rules that would minimize response burden
and frustration for these patients with few-to-no symptoms, as
patients with wide range of levels of functioning are
administered NIH Toolbox measures.

The second goal of this study was to alter stopping rules to
improve reliability and, more specifically, to achieve clinically
relevant reliability (eg, reliability ≥0.95). This is especially
important today as the NIH Toolbox is increasingly being used
with clinical populations and in clinical settings, even though
it was developed specifically for use in research. As stated, the
current CAT stopping rules call for a test to end when the SE
is <0.3, which corresponds to a minimum reliability of 0.91.
Although this level of reliability is recommended for use in
general populations [23], it may be inadequate to identify
clinically relevant symptoms and individual patient changes
across time [24]. Thus, as NIH Toolbox measures are
implemented more frequently for clinical use in health care
delivery settings [25,26], the ability to achieve this level of
reliability appears increasingly valuable. Reaching clinical-level
reliability will lead to fewer errors in patient assessments and
increase confidence in the treatments or type of care to be
recommended.

Recent work has evaluated alternative approaches to CAT
administration in an effort to promote more efficient and
effective testing. In their simulation study, Kallen and colleagues
[22] shortened the minimum test length for individuals
completely denying symptoms to only 2 items and added a
minimum SE-change rule, while retaining the SE <0.3 rule and
a maximum test length of 12 items. The minimum SE-change
rule allowed the CAT to stop when the CAT algorithm detected
that the administration of additional items would not reduce the
SE. The impact of adding the SE-change rule was negligible.
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This simulation, combined with the shortened test length for
individuals reporting absolutely no symptoms, addressed the
concern that high-functioning individuals often receive lengthier
CATs under the originally applied stopping rules for the NIH
Toolbox. Importantly, this approach yielded scores that varied
minimally from those obtained using the original stopping rules,
particularly for scores in the clinically relevant range. Very few
administrations required more than 8 items under these new
stopping rules. However, the application of a SE <0.3 stopping
rule retained a target reliability of 0.91, below a clinically
relevant range (eg, ≥0.95), thus questioning the appropriateness
of these rules as optimal for application in clinical settings.

Purpose of This Study
The NIH Toolbox has been increasingly used in real-world
clinical settings, and patients with a wide range of levels of
functioning complete these measures. The purpose of this study
was to propose and evaluate new stopping rules that could
optimally balance two competing priorities and goals that are
increasingly common in both research and clinical practice:

1. Increase reliability (≥0.95) for the clinical population (ie,
adjust the SE threshold to require higher reliability) without
unacceptably increasing the number of items

2. Decrease response burden for nonsymptomatic individuals
(ie, reduce the number of items administered) without
unacceptably reducing reliability (<0.85)

By using in-person, in-production item banks, this study
provides real-world insights that go beyond the theoretical
understanding of how stopping rules function.

Methods

Planned Simulation Study

Design
Firestar was used to simulate examinee responses and item bank
CAT administration [27]. Three adult (age ≥18 years) NIH
Toolbox Negative Affect item banks (Anger Affect, Fear Affect,
and Sadness) were evaluated. All 3 of the item banks contain
at least 8 items and are IRT-calibrated and EAP-scored (Table
1). More detailed descriptions of the item banks, along with
examples, can be found in Table S1 in Multimedia Appendix
1. The simulation study manipulated the CAT administration
to implement both the original stopping rules and a new set of
rules, which we named the “SE-change” rules. The SE-change
rules terminated a test when (1) a minimum of 4 items or
maximum of 8 items had been administered, thus decreasing
the maximum test length; (2) SE was <0.224, thus increasing
target reliability to 0.95; or (3) the SE was reduced by less than
0.01, thus stopping the test when measurement precision would
not increase sufficiently by administering an additional item
(Table 2). We hypothesized that the SE-change stopping rules
would increase the proportion of assessments achieving
clinically relevant reliability without unacceptably increasing
the number of items administered to nonsymptomatic
individuals.

Table . NIH Toolbox Emotion Battery measures from the Negative Affect subdomain included in the simulation.

Average within-item thresholds,
mean (SD)

Slope parameter, mean (SD)Typical computer adaptive test ad-
ministration (number of items
available in bank)

Measure

1.45 (0.44)2.22 (0.43)22Anger Affect

1.44 (0.40)2.72 (0.78)29Fear Affect

1.27 (0.24)3.14 (0.67)28Sadness
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Table . Stopping rule models evaluated.

SE-change threshold for in-
terim stopping

SE threshold for interim
stopping rule

Maximum itemsMinimum itemsStopping rule model

—a0.3 (reliability 0.91)124Original

<0.010.224 (reliability 0.95)84SE-change

——444-item fixed

——555-item fixed

——666-item fixed

——777-item fixed

——888-item fixed

——999-item fixed

——101010-item fixed

——111111-item fixed

——121212-item fixed

—0.224 (reliability 0.95)84Reduced maximum

aNot applicable.

Interim item selection (using maximum posterior weighted
information), starting item, and scoring (using EAP estimates
with a standard normal prior) were constrained to be the same
across all simulated CATs. For each stopping rule, 1000
responses were simulated with uniform distribution (for θ values
from –4 to 4) using the full item banks. The simulations used
a uniform distribution to eliminate artificial biases that could
be inadvertently introduced if the person ability distribution
was simulated such that it mimicked the item difficulty
distribution. The unit of analysis was individual CAT
assessments. The CAT simulations proceeded until one of the
stopping rules was met. All simulations and analyses were
conducted using the Firestar package [27] and R (version 3.6.3;
R Foundation for Statistical Computing).

Evaluation Criteria
We used 4 evaluation criteria—precision, accurate score
recovery, test burden, and efficiency—to compare the impact
of the different stopping rules. (1) Precision was evaluated by
exploring the percentages of assessments yielding reliabilities
less than 0.85, between 0.85 and 0.90, between 0.90 and 0.95,
and greater than 0.95 across stopping rules. This approach
allowed us to compare the reliability achieved by each set of
stopping rules in a more nuanced way rather than assessing
mean reliability, which can obscure the impact of stopping rules
on conditional reliability across the trait range. Additionally,
maximum attainable information curves were generated to
determine theoretically attainable reliability for fixed-length
CATs with up to 12 items for each of the 3 item banks. (2)
Accurate score recovery refers to an evaluation of whether the
CAT was able to recover the generating score and index the
variability in score recovery; for this, we calculated the root
mean squared error (RMSE) between the generating θ and the
CAT-estimated, EAP-based θ from each version of the CAT.
(3) Test burden, or response burden, was evaluated by
comparing the number of items administered as a function of
each set of stopping rules. (4) Efficiency was defined as the

Fisher information per number of items administered, which is

equivalent to (1/SE2)/item count, such that higher values
represent greater efficiency.

Post Hoc Simulation Study
Achieving reliability ≥0.85 is considered a critical issue for the
priority of increasing reliability. However, the reduced number
of items in the SE-change stopping rule led to an increase in
the assessments achieving low empirical reliability (<0.85).
That is, assessments that had higher reliability (>0.85) under
the original stopping rules were no longer able to maintain the
same level of precision under the SE-change rules. As one of
our two goals was to reduce burden without unacceptably
reducing reliability, we conducted post hoc analyses in which
we evaluated two new sets of stopping rules to more optimally
balance the two goals: increasing reliability for the clinical
population while decreasing burden for nonsymptomatic
individuals.

All methods used in the planned simulations, as outlined, were
replicated for this post hoc analysis; the only adjustments made
were the addition of two new sets of stopping rules: (1)
fixed-length CATs ranging in length from 4 to 12 items, and
(2) “reduced maximum” stopping rules in which tests were
terminated when SE was <0.224 or a maximum of 8 items had
been administered (Table 2). The same evaluation criteria were
used to compare the different stopping rules.

Ethical Considerations
The research presented herein was a simulation study, which
was determined to not be human subjects research. Therefore,
ethical review and approval was not necessary. This study was
conducted using data from the NIH Toolbox Negative Affect
item banks. The analysis did not involve identified patient
information or any interaction with human subjects. As such,
it did not meet the criteria for human subjects research and did
not require ethics board review.
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Results

SE-Change Stopping Rules vs Original Stopping Rules
The average percentage of simulated assessments yielding
reliability at cutoffs of 0.85, 0.90, and 0.95 across stopping rules
can be found in Table 3. For Fear Affect and Sadness, a larger
percentage of assessments yielded reliability >0.95 per the
SE-change stopping rules compared to the original stopping
rules (+33.9% Fear Affect;+20.4% Sadness). For Anger Affect,

neither set of stopping rules were able to yield the clinically
relevant target reliability of 0.95. This result is because Anger
Affect is a “weaker” bank (ie, the maximum attainable test
information function is lower) that requires more items to be
administered in order to distinguish different levels of anger
and to reach 0.95 reliability. Most importantly, the percentage
of assessments yielding low reliability for all three item banks
(ie, <0.85) substantially increased (+2.7% Anger Affect;+4.7%
Fear Affect;+3.4% Sadness).

Table . Proportion of simulated assessments meeting various levels of reliability.

Proportion of assessments meeting specified level of reliability (%)Domain and level
of reliability

Reduced
maxi-
mum

12-item,
fixed

11-item,
fixed

10-item,
fixed

9-item,
fixed

8-item,
fixed

7-item,
fixed

6-item,
fixed

5-item,
fixed

4-item,
fixed

SE-
change

Original

Anger Affect

28.628.628.828.929.63030.830.934.243.430.127.4<0.85

6.94.95.16.46.78.711.317.752.756.612.85.50.85-
0.90

64.547.466.164.763.761.357.951.413.1057.167.10.90-
0.95

019.10000000000≥0.95

Fear Affect

33.532.632.93333.83535.235.236.436.636.231.5<0.85

4.955.16.277.28.19.212.915.75.73.50.85-
0.90

21.814.215.615.114.215.82025.350.747.724.2650.90-
0.95

39.848.246.445.7454236.730.30033.90≥0.95

Sadness

36.134.734.935.135.635.636.136.449.837.835.932.5<0.85

5.86.27.688.910.212.8164.419.918.35.30.85-
0.90

17.914.113.213.613.613.812.713.915.641.312.449.10.90-
0.95

40.24544.343.341.940.438.433.730.2133.413.1≥0.95

Concerning accurate score recovery, the RMSE of θ estimates
are presented in Figure S1 in Multimedia Appendix 2 and Figure
1, respectively. The RMSE increased for Fear Affect (+0.036),
while it decreased slightly for the other two banks (Anger Affect
–0.001; Sadness –0.001). Test burden decreased for all banks
per the SE-change rules as opposed to the original stopping
rules, as shown in Table 4 (Anger Affect −1.26 items; Fear

Affect −1.39 items; Sadness −2.64 items). In the original
stopping rules, the average number of items administered was
7.9, compared to 6.1 items under the SE-change stopping rules,
a 22% savings in response burden across banks (Table 4). The
largest decrease in response burden observed was 33% for the
Sadness bank.
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Figure 1. Root mean squared error (RMSE) of θ estimates.

Table . Average number of items administered among 1000 simulated assessments.

Stopping rulesNumber of items in item
bank

Item bank

Reduced MaximumSE-changeOriginal

8.007.078.3322Anger Affect

7.366.017.4029Fear Affect

6.865.197.8328Sadness

Fixed-Length CATs vs Original Stopping Rules
The fixed-length stopping rules led to an increased percentage
of assessments reaching >0.85 reliability, as the test length is
increased relative to the original stopping rules (Table 3). Per
the fixed-length stopping rules, the target reliability level of
0.95 was achieved in the simulated assessments by only
administering 6 items for Fear Affect and 4 items for Sadness,
which is shorter than the average test length using the original
stopping rules. However, more notably, the fixed-length CATs

with 8 items or fewer also increased in simulated assessments
with reliability <0.85 relative to the original stopping rules.
Anger Affect was an exception and required 12 items to have
any simulated assessments achieve the target reliability, and
the assessments with reliability <0.85 did not improve relative
to the original stopping rules even when administering 12 items.

Figure S2 in Multimedia Appendix 3 illustrates the potential
inefficiencies for fixed-length CATs with up to 12 items.
Consistent with the simulated results, Figure S2 in Multimedia
Appendix 3 shows that there could be notable differences in the
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number of items required to reach high reliability depending
on the item bank. It is theoretically possible to achieve 0.95
reliability by administering at least 4 items for the Sadness and
at least 5 items for the Fear Affect bank. Conversely, it can
theoretically take at least 11 items for the Anger Affect bank to
achieve 0.95 reliability, which suggests that the Anger Affect
bank is a “weaker” bank that requires more items to be
administered to distinguish levels of anger. Figure S2 in
Multimedia Appendix 3 also suggests that individuals with
little-to-no functioning of the trait (θ level=−1) will be subject
to significant burden. For example, individuals with little-to-no
sadness will never reach the 0.95 reliability threshold and will
peak in maximum attainable information after 5 items, with
diminishingly small gains in measurement precision. In this
situation, high-functioning individuals will be administered
more items until the maximum number of items is reached,
thereby increasing burden.

The CAT was able to recover the generating score better when
more items were administered in the fixed-length stopping rules
as opposed to the original stopping rules. That is, RMSE of θ
estimates decreased per the fixed-length stopping rules as
opposed to the original stopping rules when administering more
than 8 items for all banks. However, this improved accuracy
score recovery came at a cost, as any fixed-length test greater
than 8 items increases test burden relative to the original
stopping rules (Table 4).

Reduced Maximum Stopping Rules vs Original
Stopping Rules
A larger percentage of assessments yielded reliability >0.95 per
the reduced maximum stopping rules as opposed to the original
stopping rules (+0% Anger Affect, +39.8% Fear Affect, +40.2%
Sadness). Importantly, this change did not excessively increase
the percentage of assessments achieving low reliability (+1.2%
Anger Affect; +2.0% Fear Affect; +3.6% Sadness).

The reduced maximum stopping rules improved the accuracy
score recovery. The generating θ scores and score estimates
were strongly correlated (>0.99) across banks for both stopping
rules. RMSE also decreased for all banks (Anger Affect –0.023;
Fear Affect –0.033; Sadness –0.022). Additionally, the average
number of items administered was 7.9 compared to 7.4 items
under the reduced maximum, a 6% savings in response burden
across banks (Table 4). The largest decrease in response burden
observed was 12% for the Sadness bank. Figure S3 in
Multimedia Appendix 4 illustrates that the reduced maximum
stopping rule may not be the most efficient choice across the θ
range, but in general, all the rules are broadly comparable across
banks.

Discussion

Principal Findings
Measures within the NIH Toolbox Emotion Battery that are
administered as CATs are programmed to terminate when
prespecified stopping rules are achieved. While the originally
applied stopping rules are effective for many test takers,
nonsymptomatic individuals often are burdened with many
questions that are not relevant to their current health status.

Additionally, many of the item banks have sufficient statistical
information to achieve clinical-level reliability, but the original
stopping rules terminate the assessment before that level of
reliability is met. With increasing use of the NIH Toolbox in
clinical settings, it is critical to simultaneously balance
competing priorities: (1) maximizing score precision for clinical
use and (2) minimizing burden for nonsymptomatic individuals.
We evaluated alternative stopping rules to achieve these two
goals.

The SE-change stopping rules were effective at reducing overall
burden and were effective at ensuring adequate reliability and
score recovery. Perhaps most importantly, although the
SE-change stopping rules increased the percentage of
assessments achieving clinically relevant reliability (≥0.95), the
percentage of assessments achieving low empirical reliability
(<0.85) also increased to an unacceptable level. Ultimately, we
determined that the detrimental impact of the SE-change
stopping rules on the percentage of assessments achieving low
empirical reliability outweighed the modest benefits observed
regarding test length and the percentage achieving very high
reliability. This finding prompted us to explore additional
stopping rule paradigms in post hoc simulations.

The fixed-length stopping rules were also not effective.
Although it was possible to reduce burden relative to the original
stopping rules by administering fewer than 8 items, it came at
the cost of inflating the percentage of assessments achieving
low empirical reliability (<0.85) while worsening accurate score
recovery. By administering 8 or more items, it was also possible
to maximize assessments achieving high reliability (>0.95) but
at the cost of increasing burden. Given the benefits of longer
fixed-length CATs, we opted to explore the reduced maximum
stopping rules to determine if we could maintain this
improvement in reliability without requiring 8 items across all
administrations of all banks.

This subsequent evaluation identified a paradigm that more
effectively balanced precision and parsimony. In general, the
reduced maximum stopping rules demonstrated the same
increase in reliability obtained with the 8-item fixed-length
CATs; however, these stopping rules allowed for further
decreased burden, as 8 items were not always required to reach
a reliability level of 0.95.

One exception to the observed trends was the Anger Affect item
bank. In simulations, this bank was unable to achieve reliability
>0.95 for the reduced maximum stopping rule, as greater than
11 items are theoretically required to reach the reliability level
of 0.95. As Figure S2 in Multimedia Appendix 3 showed, Anger
Affect is an example of a “weak” bank, in which more items
are needed to be administered to obtain clinically relevant
reliability. The strength or weakness of a bank is related to the
magnitude of the item slope parameters and the (statistically
related) test information function. The Anger slope parameters
are lower—therefore they are less-strongly related to the latent
construct and contain more “error variance” or noise in their
ratings. One possible hypothesis is that there are numerous and
varied reasons someone might endorse or not endorse an Anger
item, so the construct as a whole is not as cleanly defined as
sadness or fear. Individuals may engage in more self-monitoring

JMIR Form Res 2025 | vol. 9 | e60215 | p.3137https://formative.jmir.org/2025/1/e60215
(page number not for citation purposes)

Amagai et alJMIR FORMATIVE RESEARCH

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


about anger. Although Anger Affect will never achieve our
clinically relevant target reliability with the reduced maximum
stopping rule, it is not in our best interest to increase the test
length to accommodate these “weaker” banks, as this will lead
to increased response burden for all banks.

Given the competing priorities of improving reliability while
minimizing burden, decisions for stopping rules should be
adjusted depending on the context of the study population and
the purpose of the study. The results of our study will be also
relevant for other users who share a similar goal in achieving
high reliability for use in clinical settings, as the NIH Toolbox
has been increasingly used with clinical populations [28], while
minimizing burden for nonsymptomatic individuals. When
determining stopping rules, users should also consider the
reliability achievable with the given item bank, the target
reliability needed to answer their research or clinical questions,
and the range of the domain in the sample population. Stopping
rules should be modified after carefully considering these varied
measurement contexts.

Limitations
Findings are limited to the 3 NIH Toolbox Emotion Battery
adult item banks studied. As this study was designed to be
largely a statistical investigation, our planned and post hoc
stopping rules only incorporated psychometric considerations.
These stopping rules were not applied to identical response data,
although all simulations were based on the same uniform
population distribution. To avoid artificial biases, we conducted
the analyses in a way that prevented the person ability
distribution from being simulated to match the item difficulty
distribution. However, this may restrict the generalizability of
our findings to real-world person distributions [29,30]. Indeed,

using SE stopping rules in a multidimensional CAT setting can
reduce test length by upward of 33% [31-33].

We did not explore multidimensional CATs for this study
because those assessments are built on the assumption that all
measures within a given composite (eg, Negative Affect
subdomain) are important and should be assessed. While we
expect clinicians and researchers would want to use all measures
within a given subdomain, we chose not to impose that
requirement. Future studies could extend the analyses to other
subdomains and PROMs by considering multidimensional
adaptive testing and theoretically driven content balancing
techniques. As this analysis only examined adult responses,
future extensions of this work could also examine the Emotion
Battery for a pediatric population.

Conclusion
Taken together, these results demonstrate the challenges in
attempting to reduce test burden while also achieving score
precision for clinical use. The reduced maximum stopping rules
provide one acceptable strategy to achieve these goals. The
SE-change stopping rules and fixed-length stopping rules with
less than 8 items are not recommended due to the sizable
increase in simulations achieving empirical reliability <0.85.
The reduced maximum stopping rules maximized the proportion
of simulations achieving clinically relevant reliability (>0.95)
without excessively inflating those achieving low reliability;
they also decreased burden by allowing for fewer items to be
administered when sufficient. That said, the reduced maximum
stopping rules are not recommended for all occasions. Stopping
rules should be modified in accordance with the context of the
study population and the purpose of the study.
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Abstract

Background: Access to trustworthy, understandable, and actionable health information is a key determinant of health and is
an essential component of universal health coverage and primary health care. The World Health Organization has developed a
new digital resource for the general public to improve health and well-being across different life phases and to support people in
caring for themselves, their families, and their communities. The goal was to make trustworthy health information accessible,
understandable, and actionable for the general public in a digital format and at the global scale.

Objective: The aim of this paper was to describe the multistage approach and methodology used to develop the resource Your
life, your health: Tips and information for health and well-being (hereafter, Your life, your health).

Methods: A 5-step process was used to develop Your life, your health, including (1) reviewing and synthesizing existing World
Health Organization technical guidance, member state health and health literacy plans, and international human rights frameworks
to identify priority messages; (2) developing messages and graphics that are accessible, understandable, and actionable for the
public using health literacy principles; (3) engaging with experts and stakeholders to refine messages and message delivery; (4)
presenting priority content in an accessible digital format; and (5) adapting the resource based on feedback and new evidences.

Results: The Your life, your health online resource adopts a life-course approach to organize health information based on priority
actions and rights that support peoples’ health and well-being across different life stages and specific health topics. The resource
promotes health literacy by offering advice on asking questions to health workers, making informed decisions about personal
and family health, and effectively using digital media to obtain reliable health information. Additionally, it reflects the ambitions
of the Sustainable Development Goals by providing essential information on the social determinants of health and clarifies the
distinct roles of individuals, frontline workers, governments, and the media in promoting and protecting health.

Conclusions: Making health information available—including to the public—is an essential step in strengthening the global
health information system. The development process for the Your life, your health online resource outlined in this article offers
a structured approach to translate technical health guidelines into accessible, understandable, and actionable health information
for the general public.

(JMIR Form Res 2025;9:e57881)   doi:10.2196/57881
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health communication; health literacy; consumer health information; digital health; universal health care

Introduction

Background
Access to reliable, understandable, and actionable health
information is a determinant of health and an essential
component of universal health coverage (UHC) [1-3]. Similar
to other social determinants of health, there is significant

variability and inequity in access to health information and in
peoples’ capacity to retrieve, appraise, and use it in making
health-related decisions, also referred to as health literacy [4].
Differences in access to health information and levels of health
literacy are observed both within and between countries [5-8].

Digital technology has significantly improved access to health
information for many people. Several reviews of digital health
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interventions have demonstrated the feasibility and potential
effectiveness of eHealth and mHealth (mobile health)
interventions for a range of health conditions in low-, middle-,
and high-income countries [9-13]. However, the digital divide
is real and significantly impacts peoples’ access to health
information [14] and perpetuates many existing health inequities.
Additionally, health information accessed from digital platforms
(ie, any electronic communication tool, including websites and
social media) is not consistently reliable, understandable, and
actionable.

Reliable health information originates from a trusted source and
is based on an objective interpretation of available scientific
evidence [1]. To be understandable and actionable, members
of the public with diverse backgrounds and varying levels of
health literacy must be able to understand key messages and
identify appropriate actions based on the information presented
[15]. However, these fundamental requirements of reliability,
understandability, and actionability are not always met. This
issue became particularly evident during the COVID-19
pandemic, when unintended misinformation and deliberately
circulated disinformation were widely available and often
amplified by social media [16-18]. A significant proportion of
information sources are also biased, sometimes unconsciously
but often deliberately, particularly in commercial
communications designed to promote specific products or
services [1]. Even when health information originates from a
reliable, trustworthy source, it is rarely presented in a manner
that most people can understand and act upon when making
health-related decisions [19,20].

In response to the global challenge of misinformation and
disinformation during the COVID-19 pandemic, the World
Health Organization (WHO) developed a Framework for
Managing the COVID-19 Infodemic. This framework proposed
various actions that WHO member states and the civil society
could implement to address the infodemic. This included clear
guidance on ensuring that health information was provided in
a manner that was “actionable” and “presented in ways that are
understood by and accessible to all individuals in all parts of
all societies” [21]. This framework recognized the important
role of WHO, other United Nations (UN) partners, and civil
society organizations in providing reliable health information
that is adaptable for use in a wide range of contexts.

Long before this, the 1946 WHO Constitution specified that
“informed opinion and active cooperation on the part of the
public are of the utmost importance in the improvement of the
health of the people” [22]. Despite this historical mandate, WHO
has generally limited its health communication activities to
providing technical advice and support to member states. These
communications are not systematically designed for direct use
by the general public [20]. Over the past 25 years, this has been
gradually changing and WHO has developed global health
information resources that can be accessed and used more
directly by the general public, such as WHO’s Facts in Pictures
[23], Global Health Days [24], and public health advice on
COVID-19 [25]. However, at present, much of WHO’s publicly
available information tends to be organized by different health
topics or is limited to targeted communication campaigns or
events. Therefore, it is not always easily accessible and is not

available directly to the general public in a consistent form or
integrated manner.

To address this gap, WHO has developed an integrated public
health advice resource, Your life, your health: Tips and
information for health and well-being [2] (hereafter referred to
in short form as Your life, your health). This new digital
resource, specifically developed for the general public, has been
designed to make trustworthy health information accessible,
understandable, and actionable, contributing toward achieving
UHC. The aim of this paper is to describe the multistage process
and methodology used to develop this resource.

Theoretical Framework
The theoretical underpinning for the resource was a UHC and
life-course approach to health, based on the WHO Life Course
Framework [26]. This framework emphasizes that strategies to
achieve UHC must be explicitly people-centered and require
integrated, evidence-based approaches across the life course.
The WHO’s Thirteen General Programme of Work included a
dedicated platform on Improving Human Capital across the Life
Course, within which this initiative was situated [27].

Additionally, we applied the principles of Universal Design for
Learning (UDL) to the development of the resource. UDL is a
theoretical paradigm that informs efforts to promote learning
for the greatest possible proportion of a population [28]. It is
an inclusive learning environment that is universally designed,
considers all relevant dimensions of diversity, and proactively
minimizes barriers to learning for all individuals [28]. This
perspective recognizes that learning occurs in a dynamic
interaction between the individual and learning environment.
UDL leverages the flexibility of digital technology to design
learning environments that, from the outset, offer options for
diverse learner needs, ensuring that educational benefits are
more equitably and effectively distributed [28]. In the context
of health, health literacy universal precautions similarly assume
that all patients and caregivers may have difficulty
comprehending health information and recommend
communicating in ways that ensure universal understanding
[29,30].

Methods

Development of the “Your Life, Your Health” Resource
A 5-step process was used to develop Your life, your health [2]:

• Step 1 – A review and synthesis of existing WHO technical
guidance, member state health and health literacy plans,
and international human rights frameworks to identify
evidence-based health guidance for the public;

• Step 2 – The development of messages and graphics to be
accessible, understandable, and actionable for the public
through the application of health literacy principles;

• Step 3 – Engagement with experts and other stakeholders
to refine messages and message delivery;

• Step 4 – Presentation of priority content in an accessible
digital format;

• Step 5 – Adaptation and updates based on feedback and
new evidence.
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Below, we outline the methods related to the first four steps in
detail. Similar to WHO guidelines, the resource will evolve and
will be updated as new evidence becomes available. It will also
need to be adapted for different country contexts and for
different audiences in Step 5.

Ethical Considerations
Ethical approval was not required as this study is based
exclusively on published literature, including global and national
strategies and plans, with no data collected from human
participants.

Review of Evidence-Based Interventions and Guidance

Overview
The first stage of resource development was focused on
identifying reliable health information to be included as the
basis for Your life, your health. There is an overwhelming
volume of health information accessible to most people. We
sought to identify evidence–based public health actions that
individuals or communities could undertake to care for
themselves, their families, and their community—either with
or without the support of the health system—to improve health
and well-being across different life phases. We then prioritized
this information by life phase to reduce the volume of
information provided in the resource. While making decisions
on priorities, we identified interventions or actions within current
global and national health strategies that required or presumed
an element of individual, caregiver, family, or community
initiative or engagement. Interventions or actions that were
exclusively health provider-oriented or related to specialized
clinical and surgical interventions and care were mostly
excluded from the review process.

To identify priority actions, we purposively searched 21 WHO
global health strategies across the life course, and additional
strategies, guidance, and evidence compendia suggested by
WHO partners. This included strategies for specific target
populations and life phases (eg, WHO Global Strategy for
Women’s, Children’s and Adolescent’s Health), communicable
and noncommunicable diseases (eg, WHO Global Action Plan
for the Prevention and Control of Noncommunicable Diseases)
and cross-cutting strategies on systems, principles, and
determinants (eg, Healthy Systems for Universal Health
Coverage: A Joint Vision for Healthy Lives). A full list is
available in Table S1 in Multimedia Appendix 1.

We also searched the WHO UHC Compendium of Interventions
and the Disease Control Priorities 3rd Edition (DCP3)
interventions (community worker and health post levels) [31,32].
The UHC Compendium is a database of health services and
intersectoral interventions designed to assist countries in making

progress towards UHC. The database includes over 3500 health
actions across different health areas. The DCP3 provides an
up-to-date comprehensive review of priority health interventions
and intersectoral policies to reduce mortality and disability
which are evidence-based, scalable, and adaptable in multiple
settings. Information from the Compendium and DCP3 was
cross-checked against the main global causes of mortality and
morbidity at each life stage to ensure that the reviewed
evidence-based guidance and interventions addressed these
challenges.

Finally, we searched for contemporary national and regional
health strategies, action plans, and road maps from all 194 WHO
member state countries and 6 regions, with a focus on documents
available in English and French. These documents were sourced
primarily via WHO’s Country Planning Cycle Database [33].
If a current document was unavailable in the Planning Cycle
Database, a search was carried out on Google or PubMed using
the following search string: [((“National”) AND (“Health”))
AND ((“Strategy”) OR (“Road Map”) OR (“Action Plan”))
AND (Name of Country or Region)]. We considered
“contemporary” to mean any strategic document informing
planning in a member state beyond 2019. We found relevant
information from 84 countries across the 6 WHO regions, which
is shown in Multimedia Appendix 2.

The evidence searches, review, and syntheses were led by SK,
supported by RH and Global Health Insights, a specialist global
health research and consulting collaborative, with experience
in evidence synthesis and policy analysis.

Synthesis of Evidence
Using the documents identified in the evidence review, we listed
the interventions and actions that required or presumed an
element of individual, caregiver, family, or community initiative
or engagement. Using the content analysis approach described
by Mays, Pope, and Popay [34], we deductively classified these
actions and interventions according to broad life phases adapted
from the WHO Life Course Framework [26]: pregnancy, birth,
and after childbirth; newborns and children under 5 years;
children aged 5-9 years; adolescents and youth aged 10‐24
years; early and middle adulthood (25‐64 years); and later
adulthood (≥65 years).

Within each life phase, interventions and actions were coded
into topic areas derived from the broad health topics on the
WHO website [35]. As we reviewed the content, we added
further health topics until the saturation of categories was
achieved. The final categories of health topics are shown in
Textbox 1. Content analysis was then applied to identify
recurrent themes arising from the tabulated content within each
health topic.
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Textbox 1. Final categories of health topics.

• Care and communication in families

• Nutrition

• Physical activity

• Mental health

• Immunization

• Sexual and reproductive health (including family planning)

• Healthy environments

• Social participation

• Violence and injuries

• Smoking, alcohol, and drugs

• Disabilities

• Connecting to services in health and other sectors

• Emergency illness

• Communicable disease

• Noncommunicable disease

Finally, we applied the international human rights framework
and a categorization of human rights by the Sustainable
Development Goals to develop a matrix of human rights
categorized by life phase (eg, rights related to having children)
and cross-cutting rights (eg, the right to health). This approach
assured that we moved beyond providing only information that
required individual action, to ensure that people are informed
about their rights, obligations of the government, and personal
responsibilities.

Using this methodology, we had reasonable confidence in the
quality and consistency of the evidence and were able to use
the findings as the basis for prioritization. To keep the volume
of information manageable, we aimed to identify 5 essential
health messages for each stage in the life course or specific
health topic. A health message refers to actionable information
related to health and well-being that individuals or communities
can use to care for themselves, their families, and their
communities (eg, helping children learn to swim). We identified
the messages that had the highest potential for promoting health
and those most frequently mentioned across the collated
information. Inevitably, some issues of importance to
individuals, communities, and countries were not included, and
people’s rights to health may vary between countries. We
recognize the importance of these contextual considerations and
have included them into our pilot testing and adaptation actions
as indicated below.

Application of Health Literacy Principles to Make
Content Accessible, Understandable, and Actionable
Following the prioritization of health messages, the next step
was to draft the main messages and design the resource’s
information architecture in a manner that was optimally
accessible, understandable, and actionable. We reviewed the
national health and health literacy plans of 84 countries with
publicly accessible documentation available in English or French
to understand how countries developed public-facing messages

that were aligned with WHO’s evidence-based guidance and
global strategies. We made selective use of a range of widely
used tools and resources to inform decisions about the
presentation of information once content was approved within
WHO. These included the Health Literacy Universal Precautions
Toolkit [36], the CDC Clear Communication Index, Health
Literacy Online [37], and the Patient Education Materials
Assessment Tool. All content was drafted by a WHO consultant
with expertise in health communication, and technical and copy
editing, who was trained in health literacy principles.

Review by Health Specialists and Communication and
IT Experts
We developed a web-based prototype of the resource for
consultation. Between October 2019 and March 2020, we
conducted consultations regarding the draft resource with over
30 experts in health, health literacy, communication, and IT.
This included consultation and review across WHO departments,
including life course, health workforce, reproductive health and
rights, environmental health, health promotion and health
literacy, and communications, among others. We sought
feedback via an online survey on the content (see Multimedia
Appendix 3), particularly on the choice of prioritized actions
and rights, and advice on the format and presentation of the
messages and potential uses and users. We also sought feedback
on various graphics related to the main messages to ascertain
the most appropriate format for potential users. Additionally,
content experts from WHO departments provided comments
on both the simple and more detailed messages relevant to their
health topic area to ensure alignment with WHO guidance and
existing evidence. Finally, we consulted communication and
IT experts within WHO on optimizing the digital platform to
support the use and dissemination of the resource, depending
on how people use the WHO website. This included the potential
for translation of the content into other languages and graphics
adaptation for various audiences and communication channels.
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Feedback was collated and analyzed thematically by the first
author and compiled into an action report for WHO to finalize
priority content and graphics. In instances where experts had
provided conflicting advice, all verbatim feedback provided
was included, and final decisions were made by team consensus
with all authors.

Presentation of Priority Content in an Accessible
Digital Format
Following the consultation process, the content was revised to
incorporate feedback on prioritized actions and rights, while
also aiming to maintain a readability grade of 8 or lower (as
assessed by the Hemingway Editor). The WHO communications
and web team supported the development of the resource for
the WHO website.

Results

Structure
Through the multistage process outlined above, Your life, your
health: Tips and information for health and well-being online
resource was designed to be accessible, understandable, and
actionable. This resource has five key sections, accessible via
the landing page:

1. Tips and information by life phase
2. How to find and use health information
3. A healthy world
4. Know your rights

5. Other health topics

This resource adopts WHO’s life-course approach [26] to
organize health-related tips and information (Section 1) and
rights (Section 4) based on priority actions and rights that
support peoples’ health and well-being at different life phases.
The consultation process also confirmed that health information
should not be focused entirely on individual behaviors and risks,
but should reflect how social determinants of health
fundamentally influence peoples’ choice of actions and their
capacity, more accurately to engage successfully in responding
to information. For people in most parts of the world, health
decisions and actions are substantially restricted by social and
environmental factors beyond their control; peoples’ ability to
respond to health information is not universal and equal. In
addition, we recognized that people rarely make health decisions
in isolation but rather through interaction and support from other
people, institutions, organizations, services, and systems. Given
this context, Section 3: A Healthy World was integrated to reflect
the ambitions of the Sustainable Development Goals by
providing information on the social determinants of health and
clarifying the roles of individuals, frontline workers,
governments, and the media in promoting and protecting health.
Section 2: How to find and use health information was also
included to more overtly support users in developing health
literacy skills. It includes advice on asking questions to health
workers, making informed decisions about personal and family
health, and effectively using digital media to access health
information (Figure 1).

Figure 1. Screenshots representing the structure of three sections of the “Your life, your health: Tips and information for health and well-being” online
resource.
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Content and Presentation
Within each section, we adopted a tiered structure, where
information was sequenced from simple to more detailed
messages at a level of Grade 8 readability or lower. This would
allow the readers to move from the first level consisting of 5
main messages to a second level where each message is broken
down into manageable and explicit steps. Further information
and more detailed WHO technical content and products could
then be made available via links to WHO infographics, videos,

and fact sheets depending on needs and preferences. To enhance
actionability, each message started with a verb and was worded
in a direct way (eg, “Learn about...” “Find out…”). Content
cues or markers (eg, bullet points) were also used to highlight
or draw attention to each point and 3 styles of frequently used
visuals for different life phases and messages (ie, photos,
illustrations, and infographics) were developed. Figure 2 shows
a screenshot of the Your life, your health online resource
showcasing select design elements.

Figure 2. Screenshot from the “Your life, your health: Tips and information for health and well-being” online resource showcasing select design
elements from Health Literacy Online and the Patient Education Materials Assessment Tool (PEMAT).

Hosting and Dissemination
As a WHO global good initiative, Your life, your health is
publicly available to all. The resource is available on the WHO
website and is linked to Health Topics [38], for easy access to
public health information. To increase accessibility, health
advice within the resource is available as downloadable and
shareable digital cards with links to expanded messages and
resources (See Multimedia Appendix 4). The planned next steps
include engaging with the WHO academy to link the resource
content to relevant courses and topics for learners from the
global health workforce. Other adaptations include integrating

Your life, your health in home-based records, such as integrated
maternal and child health books, which often include health
education messages, as well as using content on the WHO
Facebook (chatbot) page [39]. Similar to WHO guidelines, the
resource will evolve and be updated as new evidence becomes
available. Given the synthesis approach adopted in the
development of this resource, this will be aligned with updates
from the WHO UHC Compendium of Interventions and the
Disease Control Priorities. Standard practice steps and a template
have been developed to ensure the health literacy principles
described here (eg, tiered presentation of information, testing
readability) and will continue to provide a guiding framework
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as new information is integrated. A guidance document has also
been developed for WHO departments for developing new
content in Your life, your health in a standardized format for
the WHO website.

Discussion

As a contribution to improving universal access to trustworthy
health information, the WHO has developed an integrated
resource of health advice for use by and with the general public.
This resource is based on a synthesis of evidence-based guidance
derived from the WHO and national-level documents. It is
organized to reflect priority actions and rights across different
life phases while concurrently seeking to build health literacy
skills, and acknowledge and promote awareness of the social
determinants of health. As a global resource, Your life, your
health is intended to complement country-based initiatives such
as the US government’s MyHealthFinder or HealthDirect in
Australia, which are also evidence-based, easy to read, and
action oriented.

Making health information available—including to the
public—is an essential step in the global health information
system [1]. While developing consumer friendly health
information is not a new concept [40,41], there is limited
published guidance on how public-facing health information
resources are developed, or how to achieve this on a global
scale. The development process for Your life, your health as
outlined in this article, includes reviews of technical guidance
and health strategies, the application of health literacy principles,
and an expert review and iterative consultation process. It offers
a structure that can be adapted for related purposes within and
beyond the WHO to translate technical health guidelines into
accessible, understandable, and actionable health information
for the general public. The development process was built on
several well-established health literacy guidelines related to
structuring, writing, and visually presenting health information.
In addition to the resources referenced above (ie, Health Literacy
Universal Precautions Toolkit [32], CDC Clear Communication
Index, Health Literacy Online [33]; Patient Education Materials
Assessment Tool), there are several other resources more
broadly related to universal design. Future research and practice
should focus on the selection of resources that are validated and
accurate, given inconsistencies across some automated health
literacy tools [42]. The selection of guiding resources will also
necessarily be context-specific, as mandated guidelines exist
across country contexts (eg, US Federal Plain Language
Guidelines and Web Content Accessibility Guidelines).

There are strengths and limitations to the development process
of WHO’s Your life, your health resource. We conducted an
evidence synthesis to identify health content, recommendations,
and human rights across the life course, including both WHO
and external sources. Given the breadth of the resource and
scope of health topics included in Your life, your health, we
reviewed existing global strategies and action plans that are
publicly accessible and that already synthesize evidence-based

recommendations. By ensuring transparency in the sourcing of
evidence and identifying core, consistently advocated health
information, we aimed to ensure that the information provided
is recognizable, reliable, and trustworthy for those using the
resource. This synthesis approach was more efficient than a
review of primary studies and allowed for the identification of
evidence and recommendations that were consistent across
strategies and action plans. While we recognize that this
methodology will result in the exclusion of some types of
evidence—including newer or emerging evidence which is yet
to be incorporated into global strategies—we determined that
this approach offered the most secure method for ensuring trust
in the information provided, and was supported by expert
consultation and review. Additionally, while the exclusion
criteria for language were a limitation in our evidence review,
the review covered all WHO regions, many of which had
national language and English versions available for their
strategies.

Our expert review of the content and structure purposefully
included diverse expertise, ranging from health literacy to IT;
however, it has not yet included community members. Following
the publication of this resource, we have initiated a consultative
process to iteratively refine its content. This will be followed
up by additional co-development and user testing, including
with WHO representatives at the regional and country levels,
UN agencies, and the general public. Partnering with the general
public will result in incremental improvements to the
understandability of health information materials [39,43]; the
benefits of engaging stakeholders are well-documented and will
likely include enhanced relevance, quality, and authenticity, the
generation of alternative and innovative ideas and enhanced
sustainability of the resource [44]. Adaptation for
country-specific contexts will ensure that the resource is
culturally acceptable, aligned with local health practices
availability of health resources and services, and actionable in
a variety of contexts [1]. User testing must include people with
variations on literacy, health literacy, and cognitive and
functional capacities. The consultations will need to consider
feasibility, potential effectiveness, and necessary adaptations
of this online digital resource in different settings. It will be
important to balance digital engagement with appropriately
resourced in-person engagement to ensure that vulnerable groups
and those without access to digital channels are not excluded.
The effectiveness of the multistage process outlined in this paper
will be determined by future user testing to confirm that it can
deliver clear and actionable information to those in need.

The current rising momentum and expansion of digital
technologies in the UHC era offers a significant opportunity to
provide more equitable access to information globally. The Your
life, your health resource is the first of its kind to be developed
by WHO. It aims to consolidate technical and often disparate
health information available to the general public in an
integrated, understandable, and actionable way. The next step
will be to focus on user testing of the resource prior to
implementation at the global, regional, and country levels.
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Abstract

Background: Major incidents correspond to any situation where the location, number, severity, or type of casualties requires
extraordinary resources. Major incident management must be efficient to save as many lives as possible. As any paramedic or
emergency medical technician may unexpectedly have to respond to major incidents, regular training is mandatory. Those trainings
usually include simulations. The vast majority of major incident simulations are limited by the fact that simulated patients do not
evolve during the simulation, regardless of the time elapsed and treatment decisions. Therefore, most simulations fail to incorporate
the critical temporal effect of decision-making.

Objective: This study aimed to develop and validate a simplified mathematical model of physiology, capable of plausibly
simulating the real-time evolution of several injuries.

Methods: A modified version of the user-centered design framework, including a relevance, development, and validation phase,
was used to define the development process of the physiological model. A 12-member design and development team was
established, including prehospital physicians, paramedics, and computer scientists. To determine whether the developed model
was clinically realistic, 15 experienced professionals working in the prehospital field participated in the validation phase. They
were asked to rate clinical and physiological parameters according to a 5-point Likert scale ranging from 1 (impossible) to 5
(absolutely realistic).

Results: The design and development team led to the development of the HUMAn model (Human is an Uncomplicated Model
of Anatomy). During the relevance phase, the team defined the needed features of the model: clinically realistic, able to compute
the evolution of prehospital vital signs, yet simple enough to allow real-time computation for several simulated patients on regular
computers or tablets. During the development phase, iterations led to the development of a heart-lung-brain interaction model
coupled to functional blocks representing the main anatomical body parts. During the validation phase, the evolution of nine
simulated patients presenting pathologies devised to test the different systems and their interactions was assessed. Overall, clinical
parameters of all patients had a median rating of 5 (absolutely realistic; IQR 4-5). Most (n=52, 96%) individual clinical parameters
had a median rating of 5, the remainder (n=2, 4%) being rated 4. Overall physiological parameters of all patients had a median
rating of 5 (absolutely realistic; IQR 3-5). The majority of individual physiological parameters (n=43, 79%) had a median rating
of 5, with (n=9, 17%) rated 4, and only (n=2 ,4%) rated 3.

Conclusions: A simplified model of trauma patient evolution was successfully created and deemed clinically realistic by
experienced clinicians. This model should now be included in computer-based simulations and its impact on the teaching of major
incident management assessed through randomized trials.

(JMIR Form Res 2025;9:e66201)   doi:10.2196/66201

KEYWORDS

physiological model; mathematical model; computer simulation; major incident management; emergency medicine; mass casualties;
healthcare professional education; professional education; continuing education
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Introduction

Background and Importance
In the health sector, major incidents correspond to “any incidents
where the location, number, severity or type of lives of casualties
requires extraordinary resources” [1]. Major incidents are rare
events that require efficient and effective management to save
as many lives as possible [1,2]. The scarcity of these events and
the impact they can have both on the victims and on society, as
the impact such stressful situations may have on rescuers clinical
performance [3] has led to the development of many different
training modalities [4]. Thus, most prehospital providers are
trained to manage major incidents through tabletop or
computer-based simulations, practical exercises without
casualties, or full-scale simulations [5].

These simulations all present limitations, some of which can
often be addressed by using other forms of training. However,
1 important limitation is common to almost all major incident
simulations and resides in the fact that simulated patients do
not evolve over time [6]. Indeed, in most simulations, victims
do not evolve at all regardless of the time elapsed and despite
treatment and transport decisions. For instance, a simulated
victim experiencing a massive internal hemorrhage (such as
splenic rupture) will present identical vital signs throughout the
simulation [7]. Consequently, most current simulations fail to
incorporate the temporal effects of decision-making, which is
a major characteristic of major incident management [8].

A simplified mathematical model of human physiology could
be a solution for simulating victims’ evolution over time [9].
However, most currently available mathematical models of
human physiology present limitations preventing their use in
real-time major incident simulations. In 2005, Sacco et al [10]
proposed a model using respiratory rate, pulse rate, and motor

response (RPM) to predict victims’ survival probabilities. In
this model, a single discrete modification of RPM parameters
is made depending on whether the victims remains at the
incident scene or is transported to a hospital. This change of
RPM parameters is based on expert consensus. While insightful
for predicting survival probabilities, this model does not enable
to calculate the continuous time-based evolution of multiple
physiological and clinical parameters, based on treatment
decisions. Many others models are complex and ask for high
processing power, making them incompatible with their use to
simulate the synchronous evolution of several victims[11].
Furthermore, most models are not open source and cannot be
embedded into third-party applications [12].

Objectives
Our objective was to develop and validate a simplified
physiological mathematical model capable of simulating the
evolution of several casualties, in real time, while remaining
realistic in the context of major events training.

Methods

General Design
A modified version of the user-centered design (UCD)
framework proposed by Farao et al [13] was used to define the
development process of the physiological model. The UCD
framework is based on the 5 modes of design thinking
(empathize, define, ideate, prototype, and test) [14], with the
addition of the knowledge base mode of the information systems
research framework [15].

These 6 modes were sorted in 2 phases, the relevance phase and
an iterative development phase. To validate the developed
model, a validation phase was added. The overall resulting
framework is summarized in Figure 1.

Figure 1. Framework used for the development and validation of the physiological model. The framework integrates the 6 modes of the user-centred
design framework with the addition of a validation phase.
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Relevance Phase
The objective of the relevance phase was to identify the problem
to be solved and define the overall goal for the development
phase.

Empathize Mode
The goal of the empathize mode was to identify and understand
the end-users and the context of use of the physiological model.
Relevant elements of the co.LAB framework, which has been
shown to have a positive impact on team collaboration when
designing serious games [16,17], were used to determine the
learning contexts where the physiological model could be used.
In line with the philosophy of the co.LAB framework, end-users
were included in the design process early on. A 12-member
team was established, including 3 prehospital senior physicians
and 3 advanced paramedics (all with extensive emergency
medicine experience), 1 medical student, 1 game designer, 3
computer scientists, and 1 instructional designer. A total of 8
team members are coauthors of this article.

Define Mode
Based on results of the empathize mode, the define mode aimed
at identifying the needed characteristics of the physiological
model as well as basic technical requirements. This was
achieved through several collaborative sessions between medical
doctors and computer scientists.

Development Phase
The objective of the development phase was to develop a
conceptual physiological model, implement it into a software
application, and test its ability to simulate the evolution of
victims during a major incident.

Knowledge Base Mode
The knowledge base mode aimed at identifying existing
solutions and reliable knowledge foundation for the development
of the physiological model. First, Google Scholar and the regular
Google search engine were used to identify already existing
open-source computational models of physiology. Available
models were assessed for their relevance against our objectives.
Since no such model was found, a team of medical doctors and
computer scientists collaborated to identify physiological and
physiopathological formulas necessary to develop a model
corresponding to the characteristics detailed through the define
mode. Searches were done in research databases, textbooks and
grey literature. After the first iteration, further searches were
based on the results of the test mode and relevant formulas
inserted accordingly.

Ideate Mode
The ideate mode was used to define the combination of formulas
needed to develop a simple yet clinically plausible physiological
model. It also included ideation for technological solutions for
the development of the software simulation. Furthermore, this
mode was used to investigate and define the algorithmic
implementation of formulas in the software. This was carried
out through brainswarming sessions involving medical doctors,
computer scientists and paramedics [18].

Prototype Mode
Basic implementations of formulas were first done on
spreadsheets and then implemented into a full software
application. Computational models of independent physiological
systems (respiratory, cardiovascular, and brain) were first
developed. Once deemed realistic enough by the development
team, interactions between these systems were implemented.
After ensuring that interactions were appropriate under normal
physiological conditions, elements required to simulate injuries
were progressively added and tested.

Test Mode
Each prototype was tested by a panel of doctors and paramedics,
all belonging to the development team. Tests were first
conducted to assess the plausibility of the simulated independent
physiological systems and, then, the simultaneous behavior of
those systems. Situations involving single, then multiple injuries
were then tested. Tests consisted of an evaluation of the
plausibility of the evolution of clinical and physiological
parameters.

Validation Phase
During the validation phase, relevant elements of Eysenbach’s
Checklist for Reporting Results of Internet E-Surveys
(CHERRIES) [19] have been used to report the results.

Design and Study Sequence
To determine whether the developed model was clinically
realistic, 15 experienced prehospital professionals (5 advanced
paramedics and 10 senior registrars working in ground and
helicopter emergency medical services, none of them being part
of the development team) were invited to rate clinical and
physiological parameters according to a 5-point Likert scale
ranging from 1 (impossible) to 5 (absolutely realistic).

After a short briefing regarding the study’s aims, these experts
were asked to create a personal account on an web testing
platform. The top of the page displayed the patient’s
characteristics (sex, age, height, and weight), their pathology,
and their time of death if the model predicted it would happen
within 4 hours if left untreated. All experts were clearly
informed that they would have to conceptualize how patient
parameters would evolve if they did not receive any medical
treatment.

Clinical (oxygen saturation, respiratory rate, heart rate, mean
arterial pressure, Glasgow coma scale, and ability to walk) and
physiological (alveolar volume, PaO2, PaCO2, blood volume,
stroke volume, and intracranial pressure) parameters were
displayed at 5 different time points. The first time point (T0)
corresponds to the initial state, just before the simulated patient
was ascribed a specific pathology. The last point (T4)
corresponds to the time of death of the simulated patient, with
a maximum T4 equals to 4 hours if the survival time was more
than 4 hours. To assess the plausibility of the evolution of the
parameters, intermediate values between T0 and T4 were
presented at times corresponding to 25% (T1), 50% (T2), and
75% (T3) of T4.

Although the use of relative times for T1 to T4 leads to an
assessment of clinical and physiological parameters at different
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absolute times for each patient, we chose this approach because
it enable us to assess the plausibility of the evolution of the
parameters at similar relative times to death. In order to give
the complete information to the experts who assessed the model,
the absolute values of T1, T2, T3, and T4 were displayed in the
form of “hours : minutes : seconds” for each simulated patient.

Figure 2 shows a screenshot of the system used to display
parameters and enable participants to rate them. In this particular
case, the patient was expected to survive more than 4 hours.
Thus the last time point is equal to 4 hours and intermediate
time points correspond to 1, 2, and 3 hours.

Figure 2. Screenshot of the web assessment form. A summary of the simulated patients to be evaluated is displayed on the left side. The patient’s
characteristics and the Likert scale legend are shown on the top of the page. Each parameter is shown on a single row, and each column represents a
specific timepoint. Once the expert has chosen a rating, the background turns to green.

Statistical Analysis
Data were extracted to a .csv file and imported in Stata (version
17.0. StataCorp) for curation and statistical analysis. All clinical
and physiological parameters were individually tested at each
time point to determine their perceived reliability. Their overall
perceived reliability was then assessed. Clinical parameters
(oxygen saturation, respiratory rate, heart rate, mean arterial
pressure, Glasgow coma scale, and ability to walk) were grouped
and tested together at each timepoint and overall. The same
procedure was applied to physiological parameters (alveolar
volume, PaO2, PaCO2, blood volume, stroke volume, and
intracranial pressure). Results are reported as median (IQR) to
better reflect the definitions of the Likert scale.

All clinical and physiological parameters were individually
tested at each time point to determine their perceived reliability.
Their overall perceived reliability was then assessed. Clinical
parameters (SpO2, respiratory rate, heart rate, mean arterial
pressure, Glasgow coma scale, ability to walk) were grouped
and tested together at each timepoint and overall. The same
procedure was applied to physiological parameters (alveolar
volume, PaO2, PaCO2, blood volume, stroke volume, intracranial
pressure).

Ethical Considerations
Since the participants who took part in the validation phase
were all professionals working in the prehospital field, their
participation did not fall within the scope of the Swiss Federal
Act on Research involving Human Beings (HRA, RS 810.30).
All the participants agreed to take part in this study without any
form of compensation, and no incentive other than pure

scientific interest was used to promote participation. The results
of the evaluation phase were anonymized to ensure the
confidentiality of participants’ assessments.

All the participants agreed to take part in this study without any
form of compensation, and no incentive other than pure
scientific interest was used to promote participation. The results
of the evaluation phase were anonymized to ensure the
confidentiality of participants’ assessments.

Results

Relevance Phase

Empathize Mode
Several collaborative design sessions were organized. All
collaborative sessions were held in the presence of at least 3
members of the overall team, with the medical and game
development professions systematically represented. At the end
of each session, ideas were discussed and synthesized.

Define Mode
The team agreed on the characteristics of the physiological
model that was to be developed. The most important feature
was that the model was to be clinically realistic. This entailed
that it should include all the elements required to compute vital
signs and their evolution according to the presence of
pathologies usually encountered in major incidents, such as
hemorrhages, burns, pneumothoraxes, and head traumas. In
addition, the model was to be simple enough to allow real-time
computation of all relevant vital parameters for several simulated
patients simultaneously. It was also decided that the system
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should be able to randomly create simulated patients. Taking
all these elements into account, it was determined that the model

would be limited to the characteristics outlined in Table 1.

Table . Characteristics of simulated patients.

ValuesCharacteristics

16-100Age (years), range

Male or femaleSex (boolean)

23 (3)BMI (kg/m2), mean (SD)

Height (cm), mean (SD)

178.4 (7.6)    Man

164.7 (7.1)    Woman

Development Phase

Knowledge Base Analysis
When models were readily available, knowledge base analysis
was a straightforward process and all relevant references were
rapidly included. Several examples are given in Table 2.

Table . Examples of data and formulae obtained through knowledge base analysis.

Data and formulaeVariable [study]

Ideal weight (kg) [20]

50+0.9 (kg/cm)*(height [cm]-152.4 [cm])Man

45.5+0.9 (kg/cm)*(height [cm]-152.4 [cm])    Woman

70*ideal weight (kg)Blood volume (mL) [21]

2.2 (mL/kg)*ideal weight (kg)Dead space (mL) [22]

0.84Respiratory quotient [23]

0.5 (L*min/kg)*1.4 (kg)Cerebral blood flow (L/min) [24]

Mean arterial pressure – intracranial pressureCerebral perfusion pressure (mmHg) [25]

Ideate Mode
Since data regarding patient evolution according to specific
injuries were often lacking, the mathematical formulae
controlling the evolution of physiological parameters in the
presence of such injuries had to be developed through a
collaboration between clinicians and computer scientists. These
formulae were progressively refined through multiple iterations.

Table 3 shows the steps used to compute systolic and diastolic
blood pressures according to volemia, sympathetic nervous
system activation, pericardic and pleural pressures, and cardiac
contractility. While many parameters are taken into account,
several were either simplified or used as constants. Nevertheless,
the model enables the inclusion of future updates to simulate
currently simplified elements such as vascular resistance.
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Table . Steps used to determine diastolic and systolic blood pressure.

CommentData and formulaeStep and parameters

Initial data

—a70*weight [21]Blood volume (mL)

—13 [26]Systemic vascular resistance (mmHg*min/L)

—120Initial EDVb
Initial (mL)

EDV is reduced in the event of
blood loss (hypovolemia), increased

Effect of blood volume on EDV (ΔEDVVolemia) (mL)

in the event of hypervolemia. The
model allows it to vary between
+40ml and −70ml according to this
parameter. (model-specific approxi-
mations rather than established for-
mulas)

A pericardial effusion causes fluid
to accumulate in the pericardium.

Effect of pericardial pressure on EDV (ΔEDVPPericardial) (mL)

Consequently, EDV decreases along
with the increase in pericardial fluid.
(model-specific approximations
rather than established formulas)

This simulates a limitation in heart
filling consecutive to an increase in

Effect of pleural pressure on EDV (ΔEDVPPleural) (mL)

pleural cavity pressure. (model-spe-
cific approximations rather than es-
tablished formulas)

This is a very simplified approxima-
tion designed to simulate the in-

Effect of sympathetic nervous system activation on EDV (ΔEDVSympathetic)
(mL)

crease in venous return consecutive
to sympathetic activation.(model-
specific approximations rather than
established formulas)

—EDV =EDVInitial + ΔEDVVolemia +
ΔEDVPPericardial + ΔEDVPPleural +

ΔEDVSympathetic

Final EDV (EDV) (mL)

(model-specific approximations
rather than established formulas)

ESVc (mL)

—SV = EDV – ESV [27]SVd (ml)

—CO = SV * HR * 1000 [27]COe (L/min)

(model-specific approximations
rather than established formulas)

Left ventricular pressure (mmHg)

—MAPth = CO * SVR [27]MAPf
th (mmHg)

MAP cannot be higher than VP
(model-specific approximations
rather than established formulas)

MAPg
eff (mmHg) • If MAPth< VP: MAPeff =

MAPth

• If MAPth ≥ VP: MAPeff = VP

Adjustment of CO if theoretical
MAP cannot be achieved (model-

Actual CO (CO eff) (L/min) • If MAPth< VP: CO eff =
MAPeff / SVR

specific approximations rather than
established formulas)

• Else: CO eff = CO

(model-specific approximations
rather than established formulas)

DBP = 6/7 * MAPeff

SBP = 3/2 * MAPeff

Calculation of DBPh and SBPi (mmHg)

a —: not applicable.
b EDV: end-diastolic volume.
c ESV: end-systolic volume.
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d SV: stroke volume.
e CO: cardiac output.
f MAPth: theoretical mean arterial pressure.
g MAPeff: actual MAP.
h DBP: diastolic blood pressure.
i SBP: systolic blood pressure.

Brainswarming processes led to retain two other main concepts
for the development of the application: the heart-lung-brain
interaction model and the concept of functional blocks. The
heart-lung-brain interaction model was decided since these 3
organs are responsible for almost all the vital signs linked to
the ABC (airways, breathing, and circulation) evaluation
performed by prehospital providers. Although other organs,
such as the liver and the kidney, are of course vital, their

function does not significantly alter vital signs in the immediate
aftermath of a major incident.

The concept of functional blocks (Figure 3) was elaborated to
provide more information regarding the neurological status of
simulated patients and to create hemorrhages at different levels,
with different blood flows, thereby allowing specific treatment
options.
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Figure 3. Original drawing illustrating the concept of functional blocks. These blocks are used to divide the body into anatomical subsections, allowing
traumas to be created at different locations thus enabling localized treatments.

Prototype Mode
Prototypes were developed and tested on Wegas, an open-source
web-based serious game authoring and execution platform [28].
Wegas source code can be downloaded on Github [29]. The
model source code is freely available under a Creative Commons
4.0 CC-BY-NC licence. The source code can be downloaded
on Github [30]. The model’s source code is in English. At the

implementation level, user interfaces are designed to be
multilingual. The current version of the implementation is in
French, but other languages may be added in the future.

The model source code is freely available under a Creative
Commons 4.0 CC-BY-NC licence. The source code can be
downloaded on Github [30]. The model’s source code is in
English. At the implementation level, user interfaces are
designed to be multilingual. The current version of the
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implementation is in French, but other languages may be added
in the future.

Test Mode
All prototypes were tested by paramedics and physicians
belonging to the development team. Their comments were used
to progressively refine the model through new iterations of the
knowledge base analysis and ideate modes.

Validation Phase
In total, 15 experienced prehospital professionals (5 advanced
paramedics and 10 senior registrars working in ground and
helicopter emergency medical services) were invited to
participate in the validation study. All of them agreed to
participate. Their characteristics are detailed in Table 4.

Table . Characteristics of the prehospital experts.

Paramedics (n=5)Physicians (n=10)Overall (N=15)Characteristics

Gender, n (%)

5 (100)6 (60)11 (73)    Man

0 (0%)4 (40)4 (27)    Woman

0 (0%)0 (0)0 (0)    Other

41 (7)39 (5)40 (6)Age (years), mean (SD)

13 (9)10 (6)11 (7)Postgraduate clinical experience (years), mean (SD)

16 (5)7 (7)10 (8)Prehospital experience (years), mean (SD)

In order to test the different systems and their interactions, 9
simulated patients were automatically generated, with different
personal characteristics. We then ascribed a specific pathology

to each patient. No patient was ascribed more than 1 pathology.
The characteristics of patients and ascribed pathologies are
detailed in Table 5.

Table . Characteristics of the patients automatically generated by the simulator.

Time of death

(seconds)

Ascribed pathologyWeight

(kg)

Height

(cm)

Age

(years)

Sex

(M/F)

Patient

2700Massive internal
hemorrhage (eg,
ruptured spleen)

6415945MaPatient 1

>14,400Veinous hemor-
rhage of the left
forearm

6716430FbPatient 2

8850Traumatic cardiac
tamponade

8618242MPatient 3

>14,400Complete left
pneumothorax

5316163FPatient 4

5735Circular second-de-
gree burns of the
face and neck

6816846FPatient 5

5670Complete circum-
ferential third-de-
gree burn of the
chest

6117050FPatient 6

4745Head trauma with
cerebral hemor-
rhage

6216132FPatient 7

345Atlanto-occipital
dislocation

6916461FPatient 8

>14,400Unstable, displaced
cervical fracture
between C5 and C7

5716844MPatient 9

aM: male.
bF: female.

The validation team assessed each patient clinical and
physiological parameters from T0 to T4. The initial and final

states of all patients had a median rating of 5 (absolutely
realistic) for both clinical (Table 6) and physiological (Table
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7) parameters. The overall median rating was also 5 for each
individual patient. Detailed assessments, by patient and time

period, are displayed in Tables 6 and 7. Ratings as mean (SD)
are available in Multimedia Appendix 1.

Table . Assessment of the simulated patients’ overall clinical parameters.

Overall, median
(IQR)

T4, median (IQR)T3, median (IQR)T2, median (IQR)T1, median (IQR)T0, median (IQR)Patient

5 (4-5)5 (5-5)5 (4-5)4 (4-5)5 (4-5)5 (5-5)Patient 1

5 (5-5)5 (4-5)5 (4-5)5 (5-5)5 (5-5)5 (5-5)Patient 2

5 (4-5)5 (5-5)5 (4-5)4 (3-5)5 (4-5)5 (5-5)Patient 3

5 (4-5)5 (4-5)5 (4-5)5 (4-5)5 (4-5)5 (5-5)Patient 4

5 (4-5)5 (5-5)4 (3-5)5 (3-5)5 (4-5)5 (5-5)Patient 5

5 (4-5)5 (5-5)4 (3-5)5 (3-5)5 (4-5)5 (5-5)Patient 6

5 (4-5)5 (5-5)5 (4-5)4 (3-5)5 (4-5)5 (5-5)Patient 7

5 (4-5)5 (5-5)5 (3-5)5 (3-5)5 (3-5)5 (5-5)Patient 8

5 (4-5)5 (4-5)5 (4-5)5 (4-5)5 (4-5)5 (5-5)Patient 9

Table . Assessment of the simulated patients’ overall physiological parameters.

Overall, median
(IQR)

T4, median (IQR)T3, median (IQR)T2, median (IQR)T1, median (IQR)T0, median (IQR)Patient

5 (3-5)5 (4-5)4 (3-5)4 (3-5)5 (4-5)5 (4-5)Patient 1

5 (5-5)5 (4-5)5 (4-5)5 (5-5)5 (5-5)5 (5-5)Patient 2

5 (4-5)5 (5-5)4 (3-5)4 (3-5)5 (4-5)5 (5-5)Patient 3

5 (4-5)5 (4-5)5 (4-5)5 (4-5)5 (4-5)5 (5-5)Patient 4

5 (4-5)5 (5-5)5 (4-5)5 (4-5)5 (4-5)5 (5-5)Patient 5

5 (4-5)5 (5-5)5 (3-5)5 (4-5)5 (4-5)5 (5-5)Patient 6

5 (5-5)5 (5-5)5 (4-5)5 (4-5)5 (5-5)5 (5-5)Patient 7

5 (4-5)5 (5-5)5 (4-5)5 (4-5)5 (4-5)5 (5-5)Patient 8

5 (3-5)5 (3-5)5 (3-5)5 (3-5)5 (3-5)5 (5-5)Patient 9

Overall clinical parameters include oxygen saturation,
respiratory rate, heart rate, mean arterial pressure, Glasgow
coma scale, and ability to walk. T4 corresponds to the time of
death of the simulated patient (T4 equals 4 hours if the survival
time was more than 4 hours). T1 to T4 correspond respectively
to 25%, 50%, and 75% of T4. Results are presented as “median
(IQR).”

Overall physiological parameters include alveolar volume,
PaO2, PaCO2, blood volume, stroke volume, and intracranial

pressure. T4 corresponds to the time of death of the simulated
patient (T4 equals 4 hours if the survival time was more than 4
hours). T1 to T4 correspond respectively to 25%, 50%, and 75%
of T4. Results are presented as “median (IQR).”

The overall median rating for each specific clinical (Table 8)
and physiological (Table 9) parameter was 5 (absolutely
realistic). Further results are available in Multimedia Appendix
1.
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Table . Assessment of the simulated patients’ clinical parameters.

Walks,f median
(IQR)

GCS,e median
(IQR)

MAP,d median
(IQR)

HR,c median (IQR)RR,b median (IQR)SpO2,a median
(IQR)

Patient

5 (4-5)5 (4-5)5 (4-5)5 (3-5)5 (4-5)5 (4-5)Patient 1

5 (5-5)5 (5-5)5 (5-5)5 (4-5)5 (4-5)5 (5-5)Patient 2

5 (4-5)5 (4-5)5 (4-5)5 (4-5)5 (5-5)5 (5-5)Patient 3

5 (4-5)5 (5-5)5 (4-5)5 (4-5)5 (4-5)4 (4-5)Patient 4

5 (4-5)5 (5-5)5 (4-5)5 (3-5)5 (4-5)5 (4-5)Patient 5

5 (3-5)5 (5-5)5 (4-5)5 (4-5)5 (4-5)5 (4-5)Patient 6

5 (4-5)5 (4-5)5 (4-5)5 (4-5)5 (4-5)5 (5-5)Patient 7

5 (5-5)4 (2-5)5 (4-5)5 (4-5)5 (5-5)5 (4-5)Patient 8

5 (5-5)5 (5-5)5 (4-5)5 (4-5)5 (4-5)5 (4-5)Patient 9

5 (4-5)5 (4-5)5 (4-5)5 (4-5)5 (4-5)5 (4-5)Overall

aSpO2: oxygen saturation.
bRR: respiratory rate.
cHR: heart rate.
dMAP: mean arterial pressure.
eGCS: Glasgow Coma Scale.
fAbility to walk.

Table . Assessment of the simulated patients’ physiological parameters. Results are presented as “median (IQR)”.

ICP,c median (IQR)Stroke volume, me-
dian (IQR)

Blood volume, me-
dian (IQR)

Alveolar volume,
median (IQR)

PaCO2,b median
(IQR)

PaO2,a median
(IQR)

5 (5-5)5 (4-5)4 (3-5)4 (3-5)4 (2-5)4 (3-5)Patient 1

5 (5-5)5 (4-5)5 (4-5)5 (5-5)5 (4-5)5 (5-5)Patient 2

5 (5-5)5 (4-5)5 (4-5)5 (4-5)4 (3-5)5 (4-5)Patient 3

5 (5-5)5 (4-5)5 (5-5)4 (4-5)4 (4-5)4 (4-5)Patient 4

5 (5-5)5 (5-5)5 (5-5)5 (4-5)5 (4-5)5 (4-5)Patient 5

5 (5-5)5 (5-5)5 (4-5)5 (4-5)5 (4-5)5 (4-5)Patient 6

5 (4-5)5 (5-5)5 (5-5)5 (5-5)5 (4-5)5 (5-5)Patient 7

5 (5-5)5 (3-5)5 (5-5)5 (5-5)5 (4-5)5 (4-5)Patient 8

5 (5-5)5 (4-5)5 (5-5)3 (3-5)3 (2-5)4 (3-5)Patient 9

5 (5-5)5 (4-5)5 (4-5)5 (4-5)5 (3-5)5 (4-5)Overall

aPaO2: arterial partial pressure of O2.
bPaCO2: arterial partial pressure of CO2.
cICP: intracranial pressure.

Discussion

Principal Findings
A simplified model of trauma patient evolution was successfully
created using the modified version of the user-centered design
framework and was deemed clinically realistic by experienced
prehospital physicians and paramedics. The diversity of
simulated clinical cases, which included nervous, cardiovascular
and respiratory pathologies, and its suitability for real-time
calculations makes this model a good candidate for inclusion
in major incident simulations. Many kinds of simulations could
be considered, computer-based table-tops and serious games,

practical exercises without casualties, and even full-scale
simulations. In this latter case, tablets could be used to display
the vital parameters of simulated patients.

All clinical and physiological parameters had an overall median
rating of 5 (absolutely realistic). Nevertheless, some parameters
had lower median ratings when specific patients were analyzed.
For instance, the oxygen saturation values of patient 4, who
presented a complete left pneumothorax, had a median rating
of 4 (rather realistic). Several hypotheses could explain these
findings. First, even though an iterative process was followed
to progressively refine the evolution of specific parameters, the
current model is still an approximation of actual human
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physiology. Thus, further iterations may enable further
improvements. Second, prehospital clinicians quickly manage
airway and breathing issues when responding to critical
situations. Therefore, these professionals have never witnessed
the evolution of patients left untreated and could find it harder
to conceive how vital and physiological parameters would
develop in such cases. Finally, given the inherent variability in
injury presentations and the subjective nature of textual
descriptions, there is potential for variation in interpretation
among prehospital providers. This inter-rater variability may
contribute to the differing assessments of injury realism.

Other models have previously been developed [31], none of
which were however deemed suitable for our purpose, that is,
real-time simulation of multiple trauma patients with realistic
heart-lung-brain interactions. While models such as HumMod
and Biogears provide realistic, scientifically grounded models
of patient evolution [32,33], their complexity usually requires
considerable computational power, making them hardly suitable
for major incident simulations. In addition, and although many
physiological processes are supported by clear scientific
literature and rules, the lack of data regarding most prehospital
injuries had to be compensated for by clinical experience. The
inclusion of senior prehospital physicians and paramedics since
inception has thus enabled the creation of a model realistic
enough to simulate the evolution of trauma patients during a
major incident.

The model developed through this study presents the advantage
of being based on an anatomically realistic model made of
several blocks simulating the different body compartments
which could be involved in case of injury. Neural and vascular
lesions are thus easy to simulate, and these blocks could be
divided up further if needed. Furthermore, other organ systems
could be added according to the end-user’s requirements: for
instance, adding clearance mechanisms could prove useful to
the management of major incidents involving hazardous
materials. Conversely, disabling or removing systems
uninvolved in the simulated situation could save processing
power.

Simulating the outcome of patients involved in major incidents
could prove useful in several ways. Including an evolutive model
in computer-based simulations could help ambulance and
medical commanders better understand the impact of certain
decisions, such as the use of human resources for treatment
rather than for triage. The importance of accurate triage cannot
be overstated and methods based on patient evolution should
be promoted [9]. In this regard, this physiological model could
be used to compare different triage algorithms among different
populations. Indeed, some professional categories may be more
efficient than others depending on the tool provided [34].

Limitations
This model is not without limitations. The most important and
most obvious limitation is the lack of pediatric-specific
formulae, which prevents the generation of patients aged 16
years or younger. Another significant limitation is the absence
of treatment-specific effects, which would be necessary to assess
the effect of human and material resources through
computer-based simulations. Since physiological and clinical

parameters of simulated patients were assessed at relative
intermediate time points (25%, 50%, and 75%) of death time,
the absolute times (hours: minutes: seconds) of those
intermediate points varied across simulated patients. This may
complicate assessing patients’ conditions over time. However,
to enhance clarity, the absolute value of each intermediate time
point was displayed on the interface. In addition, experts were
informed about the calculation method for intermediate time
points before starting the evaluation of parameters. While the
overall scores, both for clinical and physiological parameters,
show the high realism of the validation study, overall scores
could potentially hide specific inconsistencies. However, Q1
and Q3 values are mostly close to median values. The
plausibility of simulated patients’parameters has been assessed
by only 15 experts. Given the overall score used in the
assessment, the relatively small number of experts who
evaluated the model may not have highlighted individual
inconsistencies. Finally, the current version of this simplified
physiological model was only developed to simulate traumas.
Thus, other causes of major incidents, such as those linked to
hazardous materials, cannot be simulated without further
developments.

Another significant limitation is the absence of
treatment-specific effects, which would be necessary to assess
the effect of human and material resources through
computer-based simulations.

Since physiological and clinical parameters of simulated patients
were assessed at relative intermediate time points (25%, 50%,
75%) of death time, the absolute times (hours: minutes: seconds)
of those intermediate points varied across simulated patients.
This may complicate assessing patients’ conditions over time.
However, to enhance clarity, the absolute value of each
intermediate time point was displayed on the interface.
Additionally, experts were informed about the calculation
method for intermediate time points before starting the
evaluation of parameters.

While the overall scores, both for clinical and physiological
parameters, show the high realism of the validation study,
overall scores could potentially hide specific inconsistencies.
However, Q1 and Q3 values are mostly close to median values.

The plausibility of simulated patients’ parameters has been
assessed by only 15 experts. Given the overall score used in the
assessment, the relatively small number of experts who
evaluated the model may not have highlighted individual
inconsistencies.

Finally, the current version of this simplified physiological
model was only developed to simulate traumas. Thus, other
causes of major incidents, such as those linked to hazardous
materials, cannot be simulated without further developments.

Perspectives
Embedding this model in computer-based simulations and
serious games designed to teach major incident management
should now be considered. The inclusion of evolutive
pathologies could help determine the most efficient ways of
dealing with specific major incident situations and prepare health
professionals to deal with the stress of managing such events
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[3]. Further developments should also be contemplated. These
should help address several limitations, including the
unavailability of pediatric patients and the inclusion of treatment
specific effects.

Conclusion
A simplified model of trauma patient evolution was successfully
created and deemed clinically realistic by experienced clinicians.
This model should now be included in computer-based
simulations and its impact on the teaching of major incident
management assessed through randomized trials.
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Abstract

Background: Although electronic health record nursing summaries aim to provide a concise overview of patient data, they
often fall short of meeting nurses’ information needs, leading to underutilization. This gap arises from a lack of involvement of
nurses in the design of health information technologies.

Objective: The purpose of this exploratory co-design case study was to solicit insights from nurses regarding nursing summary
design considerations, including key information types and the preferred design prototype.

Methods: We recruited clinical nurses (N=33) from 7 inpatient units at a university hospital in the Midwestern United States
using a purposive sampling method. We used images from a simulated nursing summary to generate visual card versions of the
46 information types currently included in an electronic health record vendor–generated nursing summary. Participants selected
which cards to include and arranged them in their designs based on their perceived relevance of the information types to the
summary and their preferred reading layout. The nurses’ perceived relevance of information types to the summary was analyzed
by quantifying the frequency of included cards, while the nurses’ preferred reading layout was analyzed by quantifying the
occurrence of closely paired cards to identify common groupings. After participants evaluated the information type cards, debriefing
interviews were conducted and analyzed thematically to explore their rationales for the desired content and its arrangement.

Results: The participants demonstrated a high level of engagement in the activities. On average, all 33 participants included
61% (n=28) of the total information types (n=46). The most frequently included cards were “unit specimen” (results of the analysis
of body fluid, tissue, or urine), “activity,” “diet,” and “hospital problems,” each included by 33 participants. Participants most
frequently preferred adjacency of the following pairs: “activity” and “diet” (paired by 26 participants; 79%) and “notes to
physicians” and “notes to treatment team” (paired by 25 participants; 76%). Participants preferred arranging the cards to improve
information accessibility, focusing on key information types.

Conclusions: Involving nurses in the co-design process may result in more useful and usable designs, thereby reducing the time
required to navigate nursing summaries. Future work should include refining and evaluating prototypes based on the designs
created by the nurses.

(JMIR Form Res 2025;9:e68906)   doi:10.2196/68906
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Introduction

Background
Ineffective communication among clinicians is a leading cause
of sentinel events, such as falls and delays in treatments [1].
Given time constraints, nurses review vast amounts of patient
information in electronic health records (EHRs) at the beginning
of each shift; thus, effective tools for summarizing patient
information are crucial [2]. Nursing summaries in EHRs are

intended to provide a concise overview of essential patient data
(eg, vital signs, intake and output, weight) on a single page, but
rigid and incomplete formats have led to underutilization [3],
resulting in nurses developing highly variable methods, such
as paper notes, for summarizing patient information.

End-users are involved in the EHR development phase to
prevent low usability and support optimal EHR utilization [4].
Co-design (or participatory design) has gained attention as a
strategy to integrate stakeholder viewpoints, bridging the gap
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between tools and users’needs to ensure the long-term adoption
of tools [5]. Co-design aims to actively involve potential user
groups in designing tools and interventions, leveraging their
lived experiences to tailor outputs to their expressed needs and
preferences, while aligning with existing workflows and
available resources [6]. In health care, co-design has been
applied across various settings and user groups, including in
the creation of predictive analytics dashboards and decision
support systems to enhance care quality and client outcomes in
aged care [6]. Co-design has also been used to examine clinical
nurses’ general ideas about information display design in a
nursing summary [2] and to develop a mobile health application
to assist patients with obesity in self-managing their preparation
for elective surgery [7].

The use of information cards as a tool for stakeholder
engagement is an approach adopted by designers to structure
the co-design ideation process [8,9]. Card sorting, a prevalent
user-centered design technique, actively involves participants
categorizing labeled cards based on criteria that most resonate
with them [10]. Card sorting offers numerous benefits, including
facilitating the organization of complex information into
intuitive groupings, promoting consensus building among
diverse user groups, enhancing the user experience by ensuring
content and functionality are logically structured, and providing
valuable insights into users’ preferences and priorities [11].
Although we did not fully follow the card sorting technique,
we adapted key principles from the card sorting method, such
as labeling and analyzing the arrangement of cards, to suit this
study context. This exploratory research focused on nurses’
perceived usability and their feedback to inform nursing
summary design strategies. The design strategies informed by
nurse users’ input could streamline navigational pathways,
thereby reducing cognitive load. This aligns with the goals of
the National Burden Reduction Collaborative, which unites
health care organizations, federal agencies, and standards
organizations to reduce clinical burden nationwide [12].

Problem Statement
Nurses’ participation in EHR design is often limited, despite
their role as key users [2,13]. A deeper understanding of their
unique requirements and suggestions for EHR design is needed.
Recognizing the pivotal role of end-user involvement in design
[5], we used a co-design activity to examine nurses’perspectives
on the use and arrangement of information types (eg, vital signs,
intake and output, weight) within an existing EHR vendor’s

nursing summary. Specifically, the co-design activity aimed to
gain insights into nurses’ perspectives on nursing summary
design, including which information types to include and how
to arrange the information types.

Methods

Study Design
This was an exploratory, single session of co-design activities
that gathered nurses’ feedback and identified their design
preferences. Although conducted independently, this study was
part of an eye-tracking simulation, which focused on examining
nurses’ visual attention to EHR nursing summary information
types (submitted to another journal).

Participants and Recruitment
We recruited participants from 5 adult medical-surgical and 2
intermediate care units at a university hospital using a purposive
sampling method. We aimed to recruit 30 or more participants,
as this is recommended for eye-tracking simulations. These
units used the same summary layout as the example summary
employed in this study. To be included, participants must have
had at least 12 months of experience as a registered nurse. We
excluded nurses who were not in frontline patient care, such as
nurse educators, nurse managers, and nurse research
coordinators. Recruitment was facilitated by nurse managers,
who distributed email flyers providing details about the study.

Data Collection
Participants were individually invited to a shared research space
from August to September 2023. We used a nursing summary
from a simulated patient case on a training platform that
mirrored the EHR system used by the recruiting hospital. Since
the hospital had used the Epic EHR system (Epic Systems) since
2011, we assumed all participants were familiar with its layout.
The EHR vendor–generated nursing summary included 46
information types (eg, vital signs, intake and output, weight).
We printed and cut out cards for each information type so the
participants could move them around as they liked (Figure 1).
See Multimedia Appendix 1 for the full original nursing
summary layout and Multimedia Appendix 2 for details of the
information types. A lead researcher (SP) conducted all
co-design activities independently, while a co-author (JLM)
who is a human factors expert provided guidance on the study
design and monitored the co-design activities after each session.
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Figure 1. Example of an information type card. Each information type card used a consistent design, including a colored boundary, heading, and
optional content.

First, each participant reviewed each information type card to
determine whether it was important enough to be included in
the summary. Participants then arranged the included cards they
wanted to present in the nursing summary on a desk to develop
their preferred layout for the nursing summary screen. We
clarified that the focus of the study was on determining the
relevance of specific types of information (ie, social
determinants of health) in the context of a nursing summary
and arranging them, rather than the graphical design or the
content of the information within the cards. We photographed
each participant’s design prototype for subsequent analysis.

Figure 2 shows an example of a design prototype created by
one participant. Following the activity, a debriefing interview
was conducted to collect feedback, and each conversation was
audio-recorded via Zoom for subsequent transcription and
analysis. Participants were prompted with the following guided
questions: (1) explain your reasoning process in relation to the
design layout; (2) discuss any specific considerations you made
regarding information arrangement; and (3) offer any additional
comments on your design.

We collected demographic information through a survey
administered after the debriefing interviews.
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Figure 2. A sample summary design prototype by a participant. The layout shows the information types to include and their preferred arrangement.

Ethical Considerations
The study protocol was approved by the University of Minnesota
Institutional Review Board (STUDY00018047). The principal

investigator (SP) provided verbal and written information about
the study to the participants and obtained verbal consent, as the
requirement for written consent was waived. All data collected
during the study were deidentified and securely stored in a
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university cloud-based storage system. The audio recordings
and transcripts were deleted after the data analysis was
completed. As this study was a part of an eye-tracking
simulation, participants received a US $65 gift card for their
time and effort upon completing all activities.

Data Analysis
We evaluated the relevance of each information type to the
summary by quantifying the number of nurses who chose to
include the information type card in the design output. We then
quantified the frequency of card pairs to identify which
information type cards nurses tended to place next to each other
in their design prototype, providing insights into the cohesive
grouping of information [11]. One researcher (SP) reviewed the
deidentified transcripts of the debriefing interviews for accuracy
and coded for thematic analysis. The codes and overarching

themes were reviewed in weekly meetings with another
researcher (JLM).

Results

Sample Characteristics
The characteristics of the 33 participants are presented in Table
1. More than half (n=19, 58%) of the participants were 25‐44
years old, 85% (n=28) were female, 76% (n=25) were White,
and none were Hispanic. Most nurses included in this analysis
had at least a baccalaureate degree related to nursing (n=30,
91%). The participants generally had fewer years of nursing
experience and worked fewer hours compared to a representative
sample of national nurses (median=13 years and median=37
hours, respectively) [14].

JMIR Form Res 2025 | vol. 9 | e68906 | p.3170https://formative.jmir.org/2025/1/e68906
(page number not for citation purposes)

Park et alJMIR FORMATIVE RESEARCH

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


Table . Baseline characteristics of the participants (N=33).

ValueCharacteristic

Age (years), n (%)

9 (27)18‐24

19 (58)25‐44

5 (15)45‐64

0 (0)≥65

Sex, n (%)

5 (15)Male

28 (85)Female

0 (0)Other

Race, n (%)

5 (15)Black or African American

25 (76)White

2 (6)Asian

0 (0)Native American or Alaskan

0 (0)Other

1 (3)Prefer not to say

Ethnicity, n (%)

0 (0)Hispanic or Latinx

33 (100)Non-Hispanic

0 (0)Other

Relationship status, n (%)

14 (42)Single

14 (42)Married

2 (6)Partnered

2 (6)Divorced

1 (3)Separated

Highest nursing degree, n (%)

3 (9)Diploma

28 (85)BSN

2 (6)MS or MSN

0 (0)PhD or DNP

36 (30-36)Hours worked per week, median (IQR)

4 (1.5-8)Years of registered nurse experience, median (IQR)

4 (1.5-8)Years of using electronic health records, median (IQR)

Card Frequency
On average, participants included 28 of the 46 information type
cards in their design prototypes. Notably, all participants (N=33)
included “unit specimen” (results of the analysis of body fluid,
tissue, or urine), “hospital problems,” “diet,” and “activity” in
their design prototype (Figure 3). However, certain information

type cards were included less frequently: fewer than 50% of
participants included 15 of the information type cards, and fewer
than 10 participants included “key history and social
determinants” (n=9), “about me” (individualized notes) (n=8),
“intravenous pump settings” (n=7), “patient history notes” (n=3),
and “scale and screen documentation” (n=2).
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Figure 3. Frequency of included cards. Participants selected information type cards that they think are relevant to include in nursing summaries. EKG:
electrocardiogram; Hgb: hemoglobin; INR: international normalized ratio; IO: intake and output; IV: intravenous; LDA: lines, drains, and airways;
POCT: point-of-care testing; SDOH: social determinants of health; WBC: white blood cell.

Card Adjacency
Figure 4 shows the number of participants who placed each pair
of information type cards next to each other in their design.
Darker shading was used to highlight cells where 2 information
type cards were located next to each other more frequently. The
pairs of information type cards located next to each other most

frequently were “activity” and “diet” (n=26, 79%), followed by
“notes to physicians” and “notes to treatment team” (n=25,
76%). Other pairs of cards that were placed next to each other
included “orders” and “hospital problems” (n=16, 48%) and
“orders” and “vital signs” (n=16, 48%). “Orders” and “hospital
problems,” and “orders” and “vital signs” are not located next
to each other in the current EHR design.

Figure 4. Item-by-item matrix of card adjacency. The frequency of adjacency was manually counted when 2 cards were placed next to each other with
no third card in between. EKG: electrocardiogram; Hgb: hemoglobin; INR: international normalized ratio; IO: intake and output; IV: intravenous; LDA:
lines, drains, and airways; POCT: point-of-care testing; SDOH: social determinants of health; WBC: white blood cell.

Interview Findings
Table 2 presents themes, subthemes, and exemplary quotes
derived from the debriefing interviews. The participants
emphasized the importance of readability in their design choices,
opting for a layout that facilitates top-to-bottom reading of key
information based on priority. They noted that grouping related
information together would facilitate information scanning.
They also prioritized identifying immediate action items (eg,

physicians’ orders) over delving into patient characteristics,
such as social determinants of health. Owing to the typical time
constraints needed to review patient information at the beginning
of a shift, participants removed redundant information cards
that hindered a swift and effective patient overview. Last,
beyond the given design layout, participants provided
design-related commentaries, pointing out that some information
types required unnecessary clicks to get to the desired
information, which limited usability.
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Table . Common themes, subthemes, and supporting quotes from debriefing sessions based on their co-design activities, uncovering participants’
reasoning process and design considerations.

QuotesThemes and subthemes

Improving information accessibility

        Key information positioned upward • “I have it from top to bottom. So it’s the least important thing towards
the bottom.” [P11]

• “Diet is not as important, so I kept it going to the bottom.” [P24]
• “I usually place it at the top of the page, not necessarily because it’s

important, but because it needs to be visible for everyone to
see…Otherwise, no one else will notice it. Not everyone will scroll
down.” [P4]

• “Most important would be at like the top, in a top-down order.” [P1]
• “I like that the orders are at the top because they’re the most impor-

tant; they’re what the doctor wants us to be doing with the patient.”
[P9]

        Proximity of similar information • “I want lab results in the same spot.” [P24]
• “That’d be nice if they were together. Orders around orders. Orders

can stick together.” [P1]

Focusing on key information types

        Go-to action items over background details • “I believe that social determinants of health are important. However,
during my admission process, I do not check the social determinants
of health. It is crucial for social workers and us to better understand
the patient, but it is not my initial priority. When I first receive pa-
tients, I do not check the social determinants of health.” [P26]

• “I always want to know what orders are because these would be done
right away.” [P22]

        Removing redundancy • “The additional report things have a fall risk timeline, but then there’s
a fall risk injury (information card). I just feel like it’s totally redun-
dant.” [P22]

• “The card, ‘Getting to know me,’ I feel like this was redundant with
‘About me.’ I honestly never use this.” [P5]

Easy-to-use design

        Unnecessary steps to the desired information • “We cannot see the treatment team unless we do another click here
and check the treating team.” [P26]

• “...a lot of people have a hard time with, like, everything’s here but
you have to click a lot to get out of here, right? If there’s a transfusion
order, this shouldn’t be bold or an asterisk (on the order name). There
should be an order you need to give blood or something that you
could click on…Why do you need extra things to press?” [P22]

• “I really don’t use this summary page that much, because it’s just so
overwhelming. I guess it’s just too many things there that I don’t
even know, like how to navigate it, which is why I made my system,
which is more clicking.” [P5]

Discussion

Principal Results
The co-design case study highlights the importance of aligning
EHR nursing summary design with nurses’cognitive workflows,
demonstrating that nurses prioritize and organize information
in ways that make sense to them. Concise, relevant information
allows nurses to quickly review a patient’s status, while
strategically grouping related data helps them navigate and
interpret complex information more efficiently. The current
nursing summary contains overwhelming amounts of
information that is often presented ineffectively, necessitating
extensive searching to consolidate scattered data. The findings
indicate a significant need to remove less relevant information

from the summary. Also, nurses emphasized the importance of
“unit specimen” (results of the analysis of body fluid, tissue, or
urine), “activity,” “diet,” and “hospital problems” in their design
prototype, suggesting these are the key information types for
patient overviews. Nurses tended to prioritize obtaining
information on current problems, daily living status, or treatment
plans. Medical history or miscellaneous notes can be a source
of information but are not always necessary for the initial patient
overview. Our findings are consistent with prior work in which
clinicians used a limited number of clinical information concepts
at the time of patient admission, suggesting better electronic
data management strategies, including the priority display of
frequently used clinical concepts [15].
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Participants strategically arranged information cards to align
with their cognitive workflow by placing them adjacent to other
relevant cards. The adjacency of information often signifies the
similarity or relative importance of the information [16].
Previous studies have also emphasized the benefits of placing
paired EHR information adjacent to each other on the screen to
facilitate user interface navigation [17-19]. Some information
pairs nurses identified with high frequency did not align with
the current nursing summary layout. For example, “orders” and
“hospital problems,” “orders” and “vital signs,” “orders” and
“point-of-care-testing order” (tests that are conducted at the
patient’s bedside), and “point-of-care-testing order” and
“activity” were frequently located next to each other in the
participant designs, but not in the existing layout. In addition
to the adjacent placement of relevant information, top-to-bottom
organization of information was commonly found in the designs.
The placement of items at the top of the screen naturally calls
attention to those items [20]. Instead of scrolling down for
details on the screen, nurses tended to place good-to-know but
not essential information toward the bottom of their designs.
The concise and cognitively aligned design supports nurses in
narrowing their focus from the comprehensive patient record
to a targeted subset of relevant information, thereby enhancing
the efficiency of initial assessments and ensuring that pertinent
details are readily accessible when required [21].

Strengths and Limitations
These findings show the value of co-design activities that
involve nurses in the design process—to create an EHR nursing
summary that better supports their needs. By prioritizing the
most relevant patient information and streamlining the data
presentation, the study offers design strategies that could
alleviate the EHR burden of navigating from one piece of

information to another. The identified design strategies could
enhance efficiency and support the National Burden Reduction
Collaborative’s mission to reduce the overall burdens on health
care professionals [12].

While this case study successfully identified nurses’ information
preferences aligning with their workflow, it has limitations. The
use of a single simulated patient case for the co-design activities
and the small sample size from a single institution may limit
the generalizability of the findings. Due to the small sample
size, we did not group participants by demographics (eg,
unit-specific role, shift, work experience). While this study
aimed to explore general information needs and design
considerations for nursing summaries by including participants
from multiple units, nurses’ specific needs may vary based on
their characteristics. For example, nurses in surgical units may
prioritize surgery-related information, while nurses in general
medical units may focus on different aspects. Additionally,
night shift nurses may prioritize information about upcoming
examinations for the next day. Nurses’ characteristics may also
influence their priorities and responsibilities, underscoring the
importance of considering these variables in future research.

Conclusion
This co-design case study provides valuable insights into nurses’
preferences and strategies for organizing information in an EHR
nursing summary, underscoring the need to redesign the layout
based on its practical use. We emphasized the significance of
reducing less relevant information and optimizing the layout
according to nurses’ information priorities. These efforts have
the potential to improve the usefulness of the current nursing
summary. The direct involvement of nurses as co-designers
holds promise for developing user-centered EHR tools that
support nursing cognition, decision-making, and workflow.
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Abstract

Background: Participant recruitment and retention are critical to the success of clinical trials, yet challenges such as low
enrollment rates and high attrition remain ongoing obstacles. RecruitGPS is a scalable dashboard with integrated control charts
to address these issues by providing real-time data monitoring and analysis, enabling researchers to better track and improve
recruitment and retention.

Objective: This study aims to identify the challenges and inefficiencies users encounter when interacting with the RecruitGPS
dashboard. By identifying these issues, the study aims to inform strategies for improving the dashboard’s user interface and create
targeted, effective instructional materials that address user needs.

Methods: Twelve clinical researchers from the Midwest region of the United States provided feedback through a 10-minute,
video-recorded usability test session, during which participants were instructed to explore the various tabs of the dashboard,
identify challenges, and note features that worked well while thinking aloud. Following the video session, participants took a
survey on which they answered System Usability Scale (SUS) questions, ease of navigation questions, and a Net Promoter Score
(NPS) question.

Results: A quantitative analysis of survey responses revealed an average SUS score of 61.46 (SD 23.80; median 66.25) points,
indicating a need for improvement in the user interface. The NPS was 8, with 4 of 12 (33%) respondents classified as promoters
and 3 of 12 (25%) as detractors, indicating a slightly positive satisfaction. When participants compared RecruitGPS to other
recruitment and study management tools they had used, 8 of 12 (67%) of participants rated RecruitGPS as better or much better.
Only 1 of 12 (8%) participants rated RecruitGPS as worse but not much worse. A qualitative analysis of participants’ interactions
with the dashboard diagnosed a confusing part of the dashboard that could be eliminated or made optional and provided valuable
insight for the development of instructional videos and documentation. Participants liked the dashboard’s data visualization
capabilities, including intuitive graphs and trend tracking; progress indicators, such as color-coded status indicators and comparison
metrics; and the overall dashboard’s layout and design, which consolidated relevant data on a single page. Users also valued the
accuracy and real-time updates of data, especially the integration with external sources like Research Electronic Data Capture
(REDCap).

Conclusions: RecruitGPS demonstrates significant potential to improve the efficiency of clinical trials by providing researchers
with real-time insights into participant recruitment and retention. This study offers valuable recommendations for targeted
refinements to enhance the user experience and maximize the dashboard’s effectiveness. Additionally, it highlights navigation
challenges that can be addressed through the development of clear and focused instructional videos.
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Introduction

Clinical studies are essential to advancing medical science and
improving patient outcomes, and their successful completion
relies on adequate participant recruitment [1]. Effective and
efficient patient recruitment and retention ensure timely
collection of data, while insufficient enrollment often leads to
delays or even trial failure [2-5]. Studies indicate that 80% of
trials face recruitment challenges [6], while 37% fail to meet
their target sample size goals [7]. In fact, inadequate recruitment
is the leading cause of trial discontinuation [8,9].

Clinical trial management systems (CTMSs), clinical trial
recruitment support systems (CTRSSs), web-based platforms,
patient registries, social media, and community engagement
initiatives [10-14] are widely used to support recruitment and
management of clinical trials. Electronic health records (EHRs)
facilitate targeted recruitment by identifying potential
participants based on health data, while CTMSs track participant
enrollment, scheduling, and communication [15,16]. Online
platforms like ClinicalTrials.gov provide global access to trial
information, and social media platforms such as Facebook
enable broader outreach through targeted advertisements [17,18].
While these tools offer valuable support for recruitment, they
often face limitations such as high costs, limited reach, or
sustainability challenges [19].

Dashboards are effective tools in clinical settings, particularly
for tracking quality and safety metrics [20]. In clinical trials,
dashboards are used to generate alerts when participant accrual
is inadequate [3,21]. Commercially available CTMSs with
dashboards to support large-scale clinical trials include Medidata
Rave (Medidata Solutions) [22], Veeva Vault CDMS (Veeva
Systems) [23], Ennov Clinical (Ennov) [24], Viedoc (Viedoc
Technologies AB) [25], RealTime eClinical (RealTime Software
Solutions) [26], and Clinevo (Clinevo Technologies) [27]. These
systems have a variety of features for trial oversight, from
patient recruitment to data monitoring, such as patient portals
to streamline patient communication, consent capture, financial
tracking, regulatory compliance, adverse event tracking, and
study closeout.

Castor EDC (Castor) [28] and Ripple Science (Ripple Science
Inc) [29] offer affordable packages for academic institutions
and smaller companies. These packages have dashboards that
help researchers track study progress, tasks, and participant data
across different trials and that automate email or in-app
notifications and reminders to both staff and participants.

OpenClinica (OpenClinica LLC) [30] and REDCap (Research
Electronic Data Capture; Vanderbilt University) [31] are
examples of open-source platforms for managing clinical trial

data. OpenClinica Insight is an add-on module for OpenClinica
3 Enterprise and OpenClinica 4 that allows the user to create
reports and dashboards. REDCap has limited dashboarding
capabilities and requires the user to export data to a spreadsheet,
such as Microsoft Excel, or statistical package, such as R and
R Shiny, for detailed analysis and dashboard development.

Since REDCap requires the user to export data to a spreadsheet
or other software for analysis, a research group from the Center
for Health Innovation and Implementation Science (CHIIS)
successfully developed and implemented an Excel-based
dashboard in a single, multisite clinical study already in progress
using REDCap [32]. This dashboard integrates control charts
and enables seamless data updates from the REDCap database,
allowing for effective monitoring of recruitment and participant
progress. In this study, participants moved through various
stages of the research workflow. The dashboard provided
investigators with weekly updates on participant progress
through these stages, facilitating timely interventions when
participant counts or progress rates at any stage suggested that
sample size targets might not be met. Additionally, it enabled
the application of Agile science methods [33-37] to rapidly test
and implement strategies for improving recruitment.

Building on the success of the dashboard used in the multisite
clinical study, the research group developed a customizable,
generic dashboard called RecruitGPS, which can be customized
for other clinical research studies. This paper focuses on the
detailed usability testing of the RecruitGPS user interface. A
comprehensive description of RecruitGPS features is provided
in Multimedia Appendix 1. The aim of this study is to identify
the challenges and inefficiencies users experienced with the
RecruitGPS interface so that these insights can be leveraged to
improve usability and develop effective training materials.

Methods

Overview of the RecruitGPS Dashboard
The goal of the user interface is to provide clinical trial principal
investigators and research coordinators with immediate access
to weekly and cumulative counts at each stage of the study and
weekly and cumulative transition rates from stage to stage. The
interface uses compelling visual cues to bring the user’s attention
to potential problems in the study workflow. The first version
of the user interface for RecruitGPS seen in Figure 1 was the
version from the successful multisite study dashboard user
interface [32] with the generic names step 1 through step 9
substituted for the names of the stages screened through
18-month assessment. The multisite study user interface was
collaboratively designed by the stakeholders in the study and
the dashboard developer.
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Figure 1. The RecruitGPS dashboard interface evaluated during usability testing.

Think-aloud usability testing sessions were combined with a
user survey to assess the effectiveness of, efficiency of, and
satisfaction with the RecruitGPS dashboard. Effectiveness is
the extent to which the user can achieve a goal with accuracy
and completeness. Efficiency is the effort and resources
necessary to achieve a complete and accurate goal. Satisfaction
is a positive user experience and absence of discontent during
task performance. Once the 3 are fulfilled adequately, the
product can be considered to have attained an acceptable level
of usability [38].

Participant Recruitment
Participants in the study were recruited to use the RecruitGPS
user interface while being video recorded and to complete a
survey about their experience. Most participants were affiliated
with CHIIS or were clinical researchers primarily based in the
Midwest region of the United States. Recruitment and usability
testing were conducted in August 2024.

Participants were recruited using convenience and snowball
sampling techniques, with the CHIIS team supporting the
process through digital advertisements, emails, and word of
mouth. To be eligible, participants needed experience with
clinical research studies, fluency in English, and access to the
internet and Zoom (Zoom Video Communications Inc.).
Although the literature suggests that 5 to 8 participants are
sufficient for think-aloud usability testing, 12 participants were
recruited to ensure diverse and comprehensive insights [39,40].

Usability Testing Sessions and Surveys
A total of twelve 10-minute usability testing sessions of the
RecruitGPS dashboard were conducted via Zoom. During each
session, the facilitator shared their screen, displaying the
dashboard, and participants were provided with remote control
access to interact with the interface. Participants were instructed
as follows: “consider[ing] a research project of your own,
explore the various tabs of the dashboard, identify challenges,
and note features that work well while thinking aloud.” To
identify specific problems, the researchers recorded the
10-minute usability testing sessions for a qualitative analysis
of the challenges users encountered and features that worked
well.

Following each usability test, participants received a survey
link to provide additional feedback. The survey gathered insights
on users’ overall experience, including their System Usability
Scale (SUS) (Textbox 1) [41] and Net Promoter Score (NPS)
[42] ratings. The NPS is based on the question “On a scale of
0 to 10, how likely are you to recommend this dashboard to a
colleague or friend?” It is reported as a number ranging from
−100 to +100, where a higher score is desirable. Respondents
are categorized as detractors (giving scores of 0‐6), passives
(giving scores of 7‐8), and promoters (giving scores of 9‐10)
The percentages of promoters and detractors are calculated and
then the percentage of detractors is subtracted from the
percentage of promoters to obtain the NPS [42]. The survey
also included open-ended questions about the most and least
useful features, as well as overall impressions of the user
experience and dashboard interface. To assess ease of navigation
in the survey, users were asked the questions in Table 1.
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Textbox 1. System Usability Scale (SUS) questions in the survey following the usability test.

SUS Questions (1=strongly disagree, 2=disagree, 3=neutral, 4=agree, 5=strongly agree)

1. I think that I would like to use this system frequently.

2. I found the system unnecessarily complex.

3. I thought the system was easy to use.

4. I think that I would need the support of a technical person to be able to use this system.

5. I found the various functions in this system were well integrated.

6. I thought there was too much inconsistency in this system.

7. I would imagine that most people would learn to use this system very quickly.

8. I found the system very cumbersome to use.

9. I felt very confident using the system.

10. I needed to learn a lot of things before I could get going with this system.

Table . Questions on ease of navigation in the survey following the usability test.

Available responsesQuestion

Likert scale (1‐5, with 1 being the most difficult and 5 being the easiest)How easy was it to navigate through the dashboard?

Scale: 1=much worse, 2=worse, 3=about the same, 4=better, 5=much
better

Overall, how does this recruitment dashboard compare to other recruitment
tools you have used?

Scale: 1=not intuitive at all, 2=slightly intuitive, 3=neutral, 4=intuitive,
5=very intuitive

How intuitive did you find the user interface (UI) of this recruitment
dashboard?

Ethical Considerations
This study was approved by the Human Research Protection
Program at Indiana University (23755) prior to participant
recruitment. Informed consent was obtained from all
participants. Throughout the study, strict confidentiality and
privacy protocols were followed. All data collected were
deidentified before analysis to maintain participant anonymity.
To protect privacy, secure data storage and anonymization
procedures were used. Furthermore, no identifiable images of
participants were included in the data. Participation was

voluntary and no financial compensation or incentives were
provided.

Results

This analysis assesses the effectiveness and efficiency of the
RecruitGPS dashboard and satisfaction with it.

Participants
Twelve medical professionals completed the usability testing
and surveys. Their demographics are summarized in Table 2.
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Table . Education levels, roles, and experience of study participants (N=12) completing the usability testing and surveys.

Participants, n (%)Characteristics

Education

2 (17)Doctorate (PhD)

4 (33)Master’s degree

6 (50)Professional degree (MD, JD)

Role in research

5 (42)Principal investigator or coprincipal investigator

5 (42)Project manager

2 (17)Research coordinator

Experience

4 (33)1‐3 years

2 (17)4‐6 years

1 (8)7‐10 years

1 (8)Less than 1 year

4 (33)More than 10 years

Effectiveness
The 10 questions on the SUS together assess overall usability,
computed on a scale from 0 to 100, as described in detail by

Brooke [41]. Table 3 reports individual item scores and overall
SUS scores for each participant. Higher ratings on
odd-numbered questions and lower ratings on even-numbered
questions indicate better usability.

Table . System Usability Scale (SUS) total scores and scores for each question (Q) by participant (P).

P12P11P10P9P8P7P6P5P4P3P2P1

434414334232Q1

431213321141Q2

433303333141Q3

433103032041Q4

433212333232Q5

433413332244Q6

433303324231Q7

433113324142Q8

433102323020Q9

432412124011Q10

100.075.070.062.515.070.062.562.575.027.580.037.5SUS
score

The mean SUS total score for all participants was 61.46 (SD
23.80; median 66.25) points. According to Bangor et al [43], a
score of 85 and above is excellent and a score of 70‐84 is
good.

Efficiency—Assessing Ease of Navigation
Feedback on ease of navigation showed a mixed picture. While
25% (n=3) of the 12 respondents gave a rating of 5% and 58%
(n=7) gave a rating of 4, 17% (n=2) rated ease of navigation a
1.

Satisfaction
The NPS [42] for RecruitGPS in this study was 8, with 33%
(n=4) of respondents classified as promoters and 25% (n=3) as
detractors. This indicates a slightly positive satisfaction.

A second question asked participants to compare RecruitGPS
to other recruitment tools they had used on a scale of 1‐5, with
1 meaning RecruitGPS is much worse and 5 meaning Recruit
GPS is much better. The results were that 8 of 12 participants
thought RecruitGPS was better. The results are summarized in
Table 4.
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Table . Survey responses (N=12) comparing RecruitGPS to other recruitment tools used by participants.

Number of responses, n (%)InterpretationScore

0 (0)Much worse1

1 (8)Worse2

3 (25)About the same3

5 (42)Better4

3 (25)Much better5

Qualitative Feedback From Participants
The framework developed by Clarke and Braun [44] was used
for thematic analysis of the recorded 10-minute usability testing
sessions to identify and analyze patterns within the data,
including challenges users encountered and features that worked
well.

Challenges
Several users reported difficulties with specific graphical
elements, such as the cumulative funnel, which they found
confusing or unintuitive. Additionally, some users experienced
challenges with unclear instructions and labels, leading to
difficulties in interpreting data and understanding the
dashboard’s functionality. These issues were reflected in the
variability of ease of navigation ratings, with some users finding
the dashboard extremely difficult to use.

Features That Worked Well
Positive feedback centered on the dashboard’s data visualization
capabilities, including intuitive graphs and trend tracking, which
were highly valued by users. Progress indicators, such as
color-coded status indicators and comparison metrics, were
appreciated for helping users monitor their recruitment goals
effectively. The dashboard’s layout and design, which
consolidated relevant data on a single page with clear button
labeling, contributed to user satisfaction. Users also valued the
accuracy and real-time updates of data, especially the integration
with external sources like REDCap, which was seen as a critical
feature for effective data management.

Discussion

Principal Findings
We found that 8 of 12 (67%) participants considered RecruitGPS
better than other recruitment tools they had used, but the
usability (SUS), satisfaction (NPS), and efficiency scores all
indicated a need for improvement. Feedback on ease of
navigation showed significant efficiency challenges faced by a
minority of users, suggesting that some users struggled with
navigation, despite overall positive feedback.

The recommendations for improvement based on the qualitative
analysis are follows:

1. Remove the cumulative funnel or make it an optional feature
for users who request it.

2. Create videos with accompanying documentation to address
challenges users encountered with (a) instructions and labels
and (b) navigation.

Although the quantitative analysis highlighted areas for
improvement, the testing was conducted without any prior
training for participants. The developers of RecruitGPS had not
anticipated users attempting to operate the system without access
to documentation or instructional materials, such as training
videos. Despite this, RecruitGPS performed well enough.
Additionally, the qualitative analysis offered valuable insights
for enhancing the documentation and provided clear guidance
for the development of instructional videos.

Limitations
The first limitation of this study was the relatively small sample
size, consisting of only 12 participants in the usability testing
sessions and survey responses. Conducting future studies with
a larger and more diverse user group could yield additional
insights and a broader understanding of user needs.

A related limitation was the participants’ affiliations, as most
were connected to 1 of 2 medical schools or their associated
health care systems. While some participants had experience at
other research institutions, their familiarity with alternative
recruitment tools may have been limited to those used within
these 2 medical schools, potentially restricting the study’s
generalizability.

Another limitation was that the study did not include testing of
the existing documentation, and the instructional videos had
not yet been developed. Future testing of these resources could
provide valuable feedback to refine and improve their
effectiveness.

Conclusions
RecruitGPS demonstrates promise and potential in enhancing
recruitment and retention for clinical trials by providing
real-time insights, supporting agile decision-making, and using
scalable design with an accessible user interface. Removing the
cumulative funnel and creating instructional videos and
documentation focused on navigation challenges are likely to
enhance its usability. With these enhancements, RecruitGPS
could become a key tool in clinical trial management, supporting
successful participant recruitment and better research outcomes.
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Abstract

Background: Patients with advanced cancer and their family caregivers often experience poor quality of life (QOL). Self-report
measures are commonly used to quantify QOL of family caregivers but may have limitations such as recall bias and social
desirability bias. Variables derived from passively obtained smartphone GPS data are a novel approach to measuring QOL that
may overcome these limitations and enable detection of early signs of mental and physical health (PH) deterioration.

Objective: This study explored the feasibility of a digital phenotyping approach by assessing participant adherence and examining
correlations between smartphone GPS data and QOL levels among family caregivers and patients with advanced cancer.

Methods: This was a secondary analysis involving 7 family caregivers and 4 patients with advanced cancer that assessed
correlations between GPS sensor data captured by a personally owned smartphone and QOL self-report measures over 12 weeks
through linear correlation coefficients. QOL as measured by the Patient-Reported Outcomes Measurement Information System
(PROMIS) Global Health 10 was collected at baseline, 6, and 12 weeks. Using a Beiwe smartphone app, GPS data were collected
and processed into variables including total distance, time spent at home, transition time, and number of significant locations.

Results: The study identified relevant temporal correlations between QOL and smartphone GPS data across specific time
periods. For instance, in terms of PH, associations were observed with the total distance traveled (12 and 13 wk, with r ranging
0.37 to 0.38), time spent at home (−4 to −2 wk, with r ranging from −0.41 to −0.49), and transition time (−4 to −2 wk, with r
ranging −0.38 to −0.47).

Conclusions: This research offers insights into using passively obtained smartphone GPS data as a novel approach for assessing
and monitoring QOL among family caregivers and patients with advanced cancer, presenting potential advantages over traditional
self-report measures. The observed correlations underscore the potential of this method to detect early signs of deteriorating
mental health and PH, providing opportunities for timely intervention and support.

(JMIR Form Res 2025;9:e59161)   doi:10.2196/59161
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Introduction

Each year, an estimated 1.96 million individuals are expected
to receive a cancer diagnosis in 2023 [1]. Projections indicate
a near 25% increase in cancer diagnoses by 2032 when it is
estimated that 22.5 million US individuals will have a history
of cancer [2]. With cancer care transitioning increasingly to
home settings, the impact of cancer will increasingly stretch
beyond the individual diagnosed to those family and friend
caregivers who provide support [3]. Consequently, family
caregivers have become indispensable frontline clinicians for
patients, especially when their cancer progresses to advanced
stages [4]. Both patients and their family caregivers face an
array of challenges, from logistical and practical challenges to
managing treatments and symptoms to handling a range of
strong emotions, including anxiety and depression [5]. Hence,
it is not surprising that patients and their caregivers often
experience diminished quality of life (QOL) [6-8], which cancer
care clinicians aim to assess and optimize.

Traditionally, assessing QOL has primarily relied on
patient-reported outcome measures (PROMs) using
paper-and-pencil questionnaires, online surveys, or verbal
self-report to a data collector reading from a list of items [9,10].
However, PROMs have several notable limitations [11,12].
They can be time consuming for both patients and clinicians
and interrupt daily activities. Furthermore, they typically entail
retrospective recall which can be subject to distorting biases
[13,14] and may elicit socially desirable responses, such as
over-reporting better health or greater well-being than actually
experienced [15-17].

To address the limitations of a PROM approach to assessing
patient and caregiver QOL states, digital phenotyping has
emerged as a new and potentially innovative approach. Defined
as the “moment-by-moment quantification of the
individual-level human phenotype in situ using data from
personal digital devices” [18], this method involves passive
data collection from ubiquitously owned devices such as
smartphones, now owned by approximately 85% of US
individuals [19]. By using smartphone sensor data, digital
phenotyping models changes in individuals’behaviors, including
mobility (eg, GPS data), sociability (eg, text message and
telephone logs), and sleep patterns (eg, accelerometer data and
screen activity logs) [10].

Physical activity has been shown to improve both the physical
and mental well-being of patients with cancer and their
caregivers [20,21]. Recent studies have demonstrated that
engaging in regular physical activity reduces the risk of cancer
recurrence and alleviates symptoms of anxiety and depression,
which in turn positively influence QOL [22,23]. These benefits
are particularly important for caregivers, who often experience
high levels of stress, as physical activity can improve their
mental health (MH) and overall well-being [24].

GPS data has been shown to correlate with measures assessing
mood, anxiety, and depression [25]. Better mood, lower anxiety,
and reduced depression were associated with spending more
time at locations of friends and family members. Conversely,
more time spent at health care facilities was linked to poorer

mood, higher anxiety, and increased depression [25].
Furthermore, GPS data were examined in comparing recovery
metrics between mastectomy and breast-conserving surgery in
patients with breast cancer [26]. The results indicated that
patients undergoing mastectomy spent more time at home in
the initial weeks postsurgery, whereas no significant differences
were observed after 12 weeks. Despite a growing body of
research that highlights the relationship between individual
GPS-derived mobility behaviors and MH and well-being [27,28],
a digital phenotyping approach to QOL assessment has yet to
be explored in an advanced cancer context.

This study aimed to explore the temporal relationship between
smartphone GPS sensor features and participants’ physical
health (PH) and MH over a 12-week period. We hypothesized
that more consistent and stable GPS-derived mobility features
would correlate with better patient and caregiver PROM reports
of QOL.

Methods

Study Design
This was a secondary analysis of data collected from patient
and caregiver participants of a larger, ongoing prospective
longitudinal observational study [29]. This analysis used data
collected over 12 weeks from individuals enrolled between
September 2021 and August 2022 at an academic medical center
in the southeastern United States as part of a larger research
project investigating patterns in passively collected smartphone
behavioral data, including GPS and accelerometer.

Ethical Considerations
This study is a secondary analysis of deidentified data collected
from a prior study, which was approved by the University of
Alabama at Birmingham Institutional Review Board (IRB;
300008890). The IRB determined that this secondary analysis
does not constitute Human Subjects Research and is exempt
from further IRB review. Details regarding the informed consent
process and participant compensation in the original study are
described in the Procedures section. For this secondary analysis,
no direct participant interaction occurred, and the dataset was
fully deidentified before access. Therefore, no additional
informed consent or participant compensation was required.

Sample
We included 7 family caregivers and 4 patients with advanced
cancer who were recruited as of August 4, 2022. Inclusion
criteria for both caregivers and patients were (1) aged 18 years
or older, (2) owned a personal smartphone (Android or iOS)
and had the ability to download and run the study app, and (3)
had proficiency in the English language (spoken and written).
In addition, enrolled caregivers provided regular support to a
patient with advanced cancer, while patients had to be diagnosed
with metastatic, recurrent, or progressive stage III or IV cancer.

Procedures
Once potential participants were identified, they received an
invitation letter containing the study description and a timeline
of study activities through mail. Subsequently, participants were
contacted by telephone to confirm their interest. Verbal consent
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was obtained during these calls, and participants were provided
with an informed consent document, baseline questionnaires,
and a participant guide. After completing the baseline
questionnaire, research coordinators assisted participants in
downloading and installing the Beiwe app on their personally
owned smartphone, which passively collected GPS data.
Patient-reported questionnaires were completed through various
modalities, including electronic completion through REDCap
(Research Electronic Data Capture; Vanderbilt University),
mailed paper-and-pencil surveys, or phone-based data collection.
Both caregiver and patient participants received US $25 for
phone usage and an additional US $25 for each completed
questionnaire every 6 weeks.

Beiwe Research Platform
For this research, we used the Beiwe Research Platform, which
has a primary focus on developing statistical and computational
tools to extract biomedical and clinical insights from smartphone
data [30]. The Beiwe app, developed by Torous and colleagues
[30], passively collects smartphone GPS data and securely
synchronizes it over Wi-Fi to a cloud-based server managed by
Beiwe on Amazon Web Services. The platform includes a study
portal, applications for both Android and iOS, secure data
storage on Amazon Web Services, and data analysis tools and
code [30]. To prioritize privacy, passive data undergo encryption
both during transit and storage, and indirect identifiers, such as
telephone numbers and IP addresses, are hashed, a process that
converts the original data into a fixed-size string of characters
to enhance the security and privacy of the data [30]. Data linkage
is exclusively tied to an 8-character Beiwe participant ID to
ensure confidentiality [30].

Data Collection

Demographics
Collected demographic information included age, gender, race
or ethnicity, religion, marital status, household size, employment
and education levels, relationship status, caregiving duration,
and caregiving frequency.

QOL Data
Health-related QOL was assessed using the Patient-Reported
Outcomes Measurement Information System (PROMIS)
Global-10 questionnaire at baseline, 6 weeks, and 12 weeks.
This questionnaire assesses respondents on their perception of
overall health, pain, fatigue, social health, MH, and PH [9,31].
Two subscale scores are generated for PH (α=.86) and MH
(α=.81), respectively [32]. Lower scores (MH <40, PH <42)
indicated poor MH and PH [33], and are associated with higher
risk of future health care use [34,35].

GPS Data
We established a data-quality dataset indicating the “valid” GPS
hours for each participant per day, enabling the identification
and exclusion of individuals with insufficient data during
analyses [36]. Our threshold for valid GPS data was set at 15
hours per day, considering that participants might sleep for 9
hours during which GPS records may not be transmitted [37].
Missing location data resulting from issues such as phone battery
depletion or power-off states were excluded cases. We

determined the number of days with a minimum of 15 hours of
recorded GPS data for each user in our dataset. Subsequently,
days meeting this hourly cutoff were extrapolated to 24 hours.
Additionally, for week-level analyses, participants with fewer
than 3 valid days per week were excluded from our analysis
[36].

Data Analysis and Feature Extraction From GPS Data

Overview of Feature Extraction
For data analysis, we used Python (version 3.9.0; Python
Software Foundation) in Jupyter Notebooks and Google
Collaboratory to preprocess the GPS data and extract mobility
variables, including total distance, time spent at home, transition
time, and number of significant locations.

Total Distance
This variable measured the total distance covered by each
participant using the Haversine distance formula, which
calculates the angular distance between 2 points on the Earth’s
surface [38].

Time Spent at Home
The home cluster for each participant was identified based on
two heuristics: (1) it was among the top 3 most visited clusters,
and (2) it was the cluster most visited between 12 AM and 6
AM [39]. The area of the participant’s home was assumed to
be in a circular area with a 2000 square feet area from the
estimated latitude and longitude of the house location. The time
spent within this 2000 square feet area was calculated for each
day.

Transition Time
Location data points were categorized as either stationary (eg,
working in an office) or transitional (eg, walking on the street)
based on movement speed [39]. The time derivative of each
data point was used to calculate the movement speed, and a
threshold speed of 1 meter per second (m/s) was applied to
distinguish between transitional (speed>1 m/s) and stationary
states (speed<1 m/s) [39]. The time spent at speeds greater than
1 m/s was calculated for each day.

Number of Significant Locations
This feature represents the total number of clusters found using
a machine learning clustering algorithm [40]. The algorithm,
called adaptive k-means, classified data points into specific
groups based on their locations during stationary states [41].
The goal was to identify places where participants spent most
of their time, such as homes, workplaces, and parks. The
algorithm used the elbow method to determine the optimal
number of clusters, which helps minimize the overall distances
of data points to the centers of their respective clusters [42].The
number of significant locations visited was then calculated for
each day.

Overview of Data Analysis

Statistical Methods Used
Data analysis was conducted using the R programming language
(version 4.2.1, R Foundation), in RStudio (RStudio, PBC).
Descriptive statistics were computed for variables of interest,
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and patterns of missing data were explored. PROMIS Global-10
mental and PH T-scores were used as measures of QOL. The
association between GPS location features and patient-reported
QOL was assessed using linear correlation coefficients.
Temporal association between QOL assessments and GPS data
were calculated weekly, using repeated-measures correlations
with 1000 cluster-bootstrap resamples [43] to estimate 95%
CIs. Cluster bootstrapping [44] was applied to handle multiple
observations per participant.

Temporal Correlations
As the QOL measurements did not necessarily align with weeks
0, 6, and 12 of smartphone data, we calculated the time
difference between each patient-reported QOL assessment and
daily smartphone GPS data on a weekly basis. Relative to the
week of QOL assessment collection, time differences between
smartphone data and QOL assessments ranged from −15 weeks
to +14 weeks. The number of observations available for
estimating a correlation at each temporal difference was
computed. We considered data for temporal differences with
more than 10 available observations per week, resulting in
analysis for −6 to +13 weeks, excluding +10 weeks (Figure 1).
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Figure 1. Time differences between patient-reported QOL assessments and daily smartphone GPS data were calculated on a weekly basis, as QOL
measurements did not align with the smartphone data collection weeks of 0, 6, and 12. (A) Weekly time differences between QOL assessment and
smartphone GPS data. (B) Example of weekly time differences in QOL and GPS data. (C) Data from temporal differences: –6 to +13 weeks (excluding
+10 weeks) with >10 observations per week. QOL: quality of life.

Results

Demographics of Participants
The study included 11 participants (7 caregivers and 4 patients).
Caregivers had a mean age of 47.7 (SD 15.9) years, while

patients had a mean age of 55 (SD 3.7) years. Most participants
identified as White (10/11, 90%) and non-Hispanic or
non-Latino (11/11, 100%). Most participants (9/11, 82%)
identified as Protestant, were married (10/11, 90%), employed
(5/11, 45%), and had a high school diploma or General
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Educational Development or higher (10/11, 90%). Among
caregivers, 71% (5/7) cared for a spouse, and their average
caregiving duration was 557 (SD 96) days. Most caregivers
(6/7, 86%) lived with the patients. Regarding insurance, 75%

(3/4) of patients had private or commercial medical insurance,
and 25% (1/4) had military insurance. Furthermore, 75% (3/4)
of patients resided in rural areas (Table 1).
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Table . Demographics of participants.

All (N=11)Patients (n=4)Caregivers (n=7)Variables

50 (13)55 (3.65)47.71 (15.86)Age (years), mean (SD)

Gender, n (%)

5 (46)2 (50)3 (43)    Male

6 (55)2 (50)4 (57)    Female

Race, n (%)

1 (9)0 (0)1 (14)    Black or African American

10 (90)4 (100)6 (86)    White

Hispanic or Latino, n (%)

0 (0)0 (0)0 (0)    Yes

11 (100)4 (100)7 (100)    No

Religion, n (%)

9 (82)3 (75)6 (86)    Protestant

1 (9)1 (25)0 (0)    Catholic

1 (9)0 (0)1 (14)    None

Marital status, n (%)

1 (9)0 (0)1 (14)    Never married

10 (90)4 (100)6 (86)    Married

Employment status, n (%)

4 (36)0 (0)4 (57)    Full time

1 (9)1 (25)0 (0)    Part time

2 (18)1 (25)1 (14)    Unemployed due to disability or
illness

2 (18)1 (25)1 (14)    Homemaker

2 (18)1 (25)1 (14)    Other

Education, n (%)

1 (9)0 (0)1 (14)    ≤8th grade

0 (0)0 (0)0 (0)    Some high school

4 (36)2 (50)2 (29)    High school graduate or General
Educational Development

2 (18)0 (0)2 (29)    Some college or technical school

4 (36)2 (50)2 (29)    College graduate (bachelor’s de-
gree)

Relationship with patient, n (%)

——a5 (71)    Spouse

——1 (14)    Parent

——1 (14)    Other

Lives with patient, n (%)

——6 (86)    Yes

——1 (14)    No

——556.57 (96)Length of caregiving (day), mean
(SD)

The number of days of care per
week, n (%)
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All (N=11)Patients (n=4)Caregivers (n=7)Variables

——3 (43)    Every day of the week (7 days)

——2 (29)    2 to 3 days a week

——2 (29)    1 day a week or less

Hours of care per day, n (%)

——1 (14)    5 to 6 hours a day

——1 (14)    3 to 4 hours a day

——5 (71)    1 to 2 hours a day

Medical insurance, n (%)

—3 (75)—    Private or commercial

—1 (25)—    Military program

Residence, n (%)

—0 (0)—    Urban

—1 (25)—    Suburban

—3 (75)—    Rural

aNot applicable.

QOL Assessment Results

PH Findings
At baseline, the mean PH score across all participants was 47.1
(SD 6.7). Caregivers had a slightly lower mean PH score (mean
45.4, SD 4.6) compared to patients (mean 50.1, SD 9.4). Around
18% (2/11) of participants reported baseline PH T-scores below
42, including 1 caregiver and 1 patient. By the 6-week mark,
the average PH score had increased to 49 (SD 9.6), with
caregivers reporting a mean score of 50.2 (SD 10.3) and patients
a mean score of 47.1 (SD 9.2). Similarly, around 18% (2/11)
of participants recorded 6-week PH T-scores below 42, including
1 caregiver and 1 patient. At the 12-week assessment, the overall
mean PH score slightly decreased to 46.6 (SD 6.8), with
caregivers and patients reporting mean scores of 46.8 (SD 6.1)
and 46.3 (SD 9.1), respectively. This time, around 27% (3/11)
of participants, including 1 caregiver and 2 patients, had
12-week PH T-scores below 42 (see Multimedia Appendix 1
for participant-reported QOL results).

MH Findings
At baseline, the mean MH score across all participants was 50.7
(SD 8.6). Caregivers had a slightly lower mean MH score (mean
47.9, SD 7.7) compared to patients (mean 55.5, SD 8.8). One
caregiver (9%) reported a baseline MH T-score below 40. At
the 6-week evaluation, the mean MH score across all participants
slightly increased to 51.5 (SD 7.7), with caregivers and patients
reporting mean scores of 51.1 (SD 9) and 52.2 (SD 6),
respectively. By the 12-week mark, the overall mean MH score
further improved to 52.8 (SD 7.2), with caregivers at a mean
score of 52.2 (SD 7.3) and patients at 53.9 (SD 8.1). One
caregiver (9%) reported a 12-week MH T-score below 40
(Multimedia Appendix 1).

Daily Smartphone GPS Data Weekly Averages
Over the 12-week period, the total distance variable ranged from
a minimum of 102.2 (SD 66.5) km to a maximum of 186.7 (SD
153.2) km. The time spent at home variable ranged from a
minimum of 437.2 (SD 388.5) minutes to a maximum of 573.3
(SD 271.1) minutes. The transition time variable ranged from
a minimum of 800.4 (SD 225.3) minutes to a maximum of 903.4
(SD 109.4) minutes. The number of significant locations variable
ranged from a minimum of 4.2 (SD 1.4) to a maximum of 5.1
(SD 1.6; see Multimedia Appendix 2 for details on daily
smartphone GPS location features averaged by week).

Correlation Between PH and Daily Smartphone GPS
Data Over a 12-Week Period
Table 2 illustrates the temporal correlation between PH and
weekly GPS location features. Significant correlations, with a
value of +0.3 or higher, were observed between total distance
and PH at 3 weeks before and during weeks 12 and 13 after the
QOL assessment. Positive correlations at 3 weeks before and
during weeks 12 and 13 after the QOL assessment imply that
increased distances correlate with higher PH. Correlations of
−0.3 or higher were found between time spent at home and PH
at 2, 3, and 4 weeks before the QOL assessment, as well as at
the 3 weeks after the assessment. These negative correlations
suggest a potential association between increased time spent at
home and lower PH. Similarly, correlations of −0.3 or higher
were found between transition time and PH at 2, 3, and 4 weeks
before the QOL assessment. These negative correlations also
suggest a potential association between increased transition
time and lower PH. Moreover, correlations of ±0.3 or higher
between the number of significant locations and PH were
significant at 3 weeks before and at weeks 1, 3, and 4 after the
QOL assessment. Negative correlations at week 3 after the QOL
assessment suggest that as the number of places visited
increases, PH tends to decline, while positive correlations at
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week 3 before and at weeks 1 and 4 after the QOL assessment indicate a potential link to higher PH (Figure 2).

Table . Correlation between physical health and daily smartphone GPS features, including total distance, time spent at home, transition time, and
number of significant locations, averaged by week and using 95% cluster-bootstrap CIs over a 12-week period.

Number of signifi-
cant locations
mean, r (95% CI)

Transition time
mean, r (95% CI)

Time spent at home
mean, r (95% CI)

Total distance

mean, rc (95% CI)

Participants, nObservations, nFrom QOLa,

weeksb

0.11 (−0.34 to 0.58)0.14 (−0.31 to 0.63)−0.14 (−0.52 to
0.41)

0.06 (−0.42 to 0.74)1011−6

0.28 (−0.14 to 0.76)−0.05 (−0.56 to
0.35)

0.02 (−0.26 to 0.38)0.14 (−0.47 to 0.54)1011−5

−0.18 (−0.48 to
0.35)

−0.44 (−0.84 to
0.06)

−0.49 (−0.71 to
−0.05)

0.12 (−0.37 to 0.61)1012−4

0.34 (−0.06 to 0.63)−0.38 (−0.74 to
0.04)

−0.41 (−0.69 to
−0.02)

0.39 (0.01 to 0.65)1116−3

0.21 (−0.23 to 0.66)−0.47 (−0.80 to
0.01)

−0.46 (−0.80 to
0.02)

0.12 (−0.44 to 0.63)1016−2

0.14 (−0.20 to 0.57)0.20 (−0.15 to 0.57)0.08 (−0.26 to 0.61)0.17 (−0.40 to 0.76)1119−1

−0.02 (−0.28 to
0.29)

−0.06 (−0.41 to
0.18)

−0.10 (−0.47 to
0.24)

0.08 (−0.54 to 0.53)11190

0.39 (0.11 to 0.66)−0.16 (−0.45 to
0.13)

−0.19 (−0.45 to
0.10)

0.05 (−0.44 to 0.62)11181

0.07 (−0.26 to 0.47)−0.23 (−0.46 to
−0.03)

−0.12 (−0.47 to
0.33)

0.26 (−0.54 to 0.80)11192

−0.31 (−0.55 to
0.43)

−0.16 (−0.66 to
0.31)

−0.41 (−0.65 to
−0.20)

0.20 (−0.21 to 0.60)11203

0.46 (0.13 to 0.65)0.14 (−0.31 to 0.63)−0.18 (−0.50 to
0.17)

0.21 (−0.16 to 0.71)11164

0.17 (−0.41 to 0.63)−0.14 (−0.59 to
0.30)

0.08 (−0.22 to 0.49)−0.09 (−0.66 to
0.36)

11175

0.09 (−0.14 to 0.60)0.15 (−0.35 to 0.55)0.08 (−0.27 to 0.51)0.28 (−0.51 to 0.80)11186

0.19 (−0.25 to 0.57)−0.04 (−0.49 to
0.51)

−0.17 (−0.57 to
0.34)

0.08 (−0.36 to 0.66)11167

0.23 (−0.23 to 0.54)−0.28 (−0.68 to
0.04)

−0.20 (−0.64 to
0.19)

0.10 (−0.61 to 0.50)11178

−0.20 (−0.49 to
0.29)

0.12 (−0.37 to 0.51)−0.17 (−0.64 to
0.36)

0.25 (−0.40 to 0.63)9129

0.18 (−0.17 to 0.73)−0.12 (−0.68 to
0.29)

0.03 (−0.39 to 0.51)−0.01 (−0.88 to
0.52)

101011

0.00 (−0.44 to 0.55)0.06 (−0.29 to 0.53)0.21 (−0.18 to 0.65)0.37 (−0.84 to 0.74)101012

0.39 (−0.54 to 0.74)−0.01 (−0.51 to
0.57)

0.01 (−0.33 to 0.39)0.38 (−0.57 to 0.77)101013

aQOL: quality of life.
bWeeks from QOL: temporal correlations.
cCorrelation (absolute value): small, r=0.1; medium, r=0.3; and large, r≥0.5.
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Figure 2. Correlation between physical and mental health and daily smartphone GPS features, including total distance, time spent at home, transition
time, and number of significant locations averaged by week and using 95% cluster-bootstrap CIs over a 12-week period. (A) Physical health. (B) Mental
health. QOL: quality of life.

Correlation Between MH and Daily Smartphone GPS
Data Over a 12-Week Period
Table 3 illustrates the temporal correlation between MH and
weekly GPS location features. Correlations of −0.3 or higher
were notable between time spent at home and MH at weeks 4
and 2 before the QOL assessment, as well as at week 9 after the
QOL assessment, suggesting a potential link between increased
time spent at home and lower MH. Correlations of ±0.3 or higher
were significant between transition time and MH at weeks −4

and −2 before the QOL assessment, as well as at week 4 after
the QOL assessment. Negative correlations at weeks −4 and −2
imply that increased transition time correlates with lower MH,
while positive correlations at week 4 suggest a potential link
between increased transition time and higher MH. Positive
correlations of +0.3 or higher were significant between the
number of significant locations and MH at 2 weeks before the
QOL assessment and at week 13 after the QOL assessment,
suggesting a potential link between an increased number of
places visited and higher MH (Figure 2).
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Table . Correlation between mental health and daily smartphone GPS features, including total distance, time spent at home, transition time, and number
of significant locations, averaged by week and using 95% cluster-bootstrap CIs over a 12-week period.

Number of signifi-
cant locations
mean, r (95% CI)

Transition time
mean, r (95% CI)

Time spent at home
mean, r (95% CI)

Total distance

mean, rc (95% CI)

Participants, nObservations, nFrom QOLa,

weeksb

−0.11 (−0.35 to
0.29)

0.44 (0.07 to 0.87)0.47 (0.07 to 0.77)−0.03 (−0.50 to
0.38)

1011−6

0.11 (−0.21 to 0.6)0.24 (−0.01 to 0.8)0.43 (0.13 to 0.78)−0.18 (−0.67 to
0.1)

1011−5

−0.39 (−0.75 to
0.02)

0.05 (−0.48 to 0.59)−0.03 (−0.35 to
0.42)

0.09 (−0.39 to 0.34)1012−4

0.04 (−0.38 to 0.49)0.08 (−0.31 to 0.51)0.02 (−0.23 to 0.39)0 (−0.33 to 0.41)1116−3

−0.2 (−0.56 to
0.16)

0.16 (−0.15 to 0.37)0.07 (−0.3 to 0.28)−0.16 (−0.51 to
0.27)

1016−2

−0.21 (−0.41 to
0.02)

0.3 (−0.05 to 0.66)0.3 (−0.08 to 0.62)−0.1 (−0.49 to
0.28)

1119−1

−0.18 (−0.55 to
0.18)

0.08 (−0.32 to 0.45)0.14 (−0.15 to 0.38)−0.13 (−0.45 to
0.16)

11190

0 (−0.42 to 0.42)−0.11 (−0.45 to
0.22)

0.13 (−0.25 to 0.47)−0.28 (−0.6 to
0.04)

11181

−0.09 (−0.46 to
0.35)

−0.02 (−0.47 to
0.44)

0.19 (−0.13 to 0.48)0.05 (−0.24 to 0.35)11192

−0.49 (−0.65 to‐
0.09)

0.18 (−0.3 to 0.62)0.05 (−0.29 to 0.4)0 (−0.4 to 0.41)11203

0.09 (−0.57 to 0.36)0.61 (0.26 to 0.84)0.24 (−0.09 to 0.51)0.13 (−0.28 to 0.54)11164

−0.11 (−0.62 to
0.25)

0.28 (−0.09 to 0.52)0.24 (−0.04 to 0.45)0.15 (−0.3 to 0.65)11175

0.05 (−0.36 to 0.57)0.27 (−0.01 to 0.53)0.22 (0.01 to 0.55)0.24 (−0.23 to 0.67)11186

−0.3 (−0.65 to
0.05)

0.31 (0.08 to 0.61)0.19 (−0.21 to 0.47)0.19 (−0.29 to 0.68)11167

0.01 (−0.85 to 0.39)0.13 (−0.41 to 0.44)0.14 (−0.38 to 0.5)0.15 (−0.51 to 0.62)11178

−0.43 (−0.77 to
0.07)

0.19 (−0.36 to 0.69)−0.2 (−0.71 to
0.58)

0.33 (0 to 0.83)9129

−0.32 (−0.8 to
0.59)

0.36 (−0.43 to 0.76)0.39 (−0.23 to 0.82)0.23 (−0.52 to 0.85)101011

−0.48 (−0.87 to
0.03)

0.54 (0.14 to 0.87)0.46 (−0.05 to 0.86)0.34 (−0.3 to 0.77)101012

0.33 (−0.9 to 0.77)0.2 (−0.31 to 0.7)0.23 (−0.31 to 0.71)0.33 (−0.15 to 0.94)101013

aQOL: quality of life.
bWeeks from QOL: temporal correlations.
cCorrelation (absolute value): small, r=0.1; medium, r=0.3; and large, r≥0.5.

Discussion

Principal Findings
The findings of this exploratory, secondary analysis demonstrate
the potential association between smartphone-derived
GPS-based movement features and QOL of patients with
advanced cancer and their family caregivers. While not powered
for statistical significance, correlations were observed between
GPS movement variables and PH and MH during stretches of
time before and after PROM assessment. These results warrant
continued investigation of the potential of digital phenotyping
approaches to passively assess patient and caregiver QOL in

the context of cancer. Future analyses could investigate the
interrelationship between the movement patterns and QOL of
both patients and their caregivers, offering deeper insights into
the dynamics between their experiences.

This study extends the existing body of research associating
higher movement with higher QOL for patients with cancer and
their family caregivers [45]. Notably, significant correlations
were observed between PH and the total distance covered in
GPS data collected 3 weeks before the QOL assessment. This
indicates a potential connection between higher PH and longer
distances traveled during this period. Additionally, our study
findings align with previous research, indicating a correlation
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between PH and time spent at home [45,46]. Our findings
suggest that poor PH is associated with increased time spent at
home at 2, 3, and 4 weeks before the QOL assessment. This
finding is supported by earlier research, which has proposed
that an extended duration at home might be indicative of fatigue
or impaired motor function [45]. However, our study findings
diverge from prior research on the correlations between PH and
the transition time [47], or the number of significant locations
[48]. While our results suggest that decreased mobility is
associated with higher PH, earlier research has proposed that
increased mobility is an indicator of recovered PH. These
findings imply that the metrics of transition time and number
of visited places may not adequately capture how these indices
relate to PH. Given the different contexts of the study design,
it is not surprising that our results were inconsistent with the
findings of a previous study. Future research may, therefore,
explore the context of the relationship between PH and GPS
measures in further detail, such as clinical populations or
specific environmental contexts.

Our study did not reveal significant correlations between MH
and the time spent at home or the number of significant locations
overall. However, specific weeks within the 12-week period
showed noteworthy correlations. For example, a statistically
significant correlation emerged at 1, 5, and 6 weeks when GPS
data were collected before the QOL assessment, indicating an
association between increased time spent at home and MH.
Similarly, at 3, 7, 9, 10, 11, 12, and 13 weeks, when GPS data
were collected after the QOL assessment, a significant
correlation emerged, suggesting a link between the number of
significant locations and MH. These findings indicate temporal
variability in the relationship between individuals’ daily
activities, such as time spent at home and various locations, and
their MH across distinct phases. While the precise significance
of these periodic correlations remains uncertain, it underscores
the necessity of accounting for temporal variations in
understanding the connections between environmental exposure
and MH outcomes. Further investigation is warranted to explore
potential contributing factors to these temporal variations and
to elucidate the nuanced dynamics of the interplay between
daily routines and MH across different time frames.

Moreover, in our exploration of the relationship between MH
and movement, we found that the total distance exhibited either
no correlation or only a small correlation over time. Existing
literature presents mixed findings; however, a significant portion
indicates that traveling shorter distances is associated with worse
outcomes in terms of emotional and cognitive well-being
[49-51]. When exploring the association between MH and
transition time, our results displayed mixed outcomes, aligning
with previous studies where results on the correlation between
MH and movement conflicted [39,52]. Notably, 1 study
indicated that individuals with irregular movement
patterns—described by irregularity features such as variations
in circadian movement and routine index across days—tended
to report fewer depressive symptoms and less loneliness

compared to those with more regular patterns, hinting at a
potential link between irregular movement and improved overall
MH [53]. While our findings suggest that distance and
movement behaviors may not be directly linked to specific MH
aspects, they contribute to the broader understanding of general
movement patterns, such as total distance and transition time.

Limitations
This study has several limitations. First, the small sample size
introduces uncertainty in correlation estimates and limits the
generalizability of the findings. Future research with a larger
sample size is needed to validate and extend these findings.
Second, the participant sample was recruited from a specific
group of patients with advanced cancer and family caregivers
attending a particular oncology clinic, raising the potential for
selection bias. Future research endeavors should strive for a
more geographically and racially diverse sample. Third, the
pilot study encountered issues with missing sensor data, leading
to the exclusion of weeks with less than 3 days of data and days
with less than 10 hours of data per day from the analysis. This
limitation narrows the generalizability of our findings for those
periods. The exact cause of the missing data is unclear; it could
be attributed to several factors, such as technical issues with
the app or the participants’ devices not being turned on,
potentially due to reasons such as the device not being charged.
Fourth, GPS data alone does not provide specific information
about the type of activity performed outside the home, which
limits the interpretation of the data and its correlation with
quality-of-life questionnaires. Although we extracted several
features from the GPS data to offer insights into participant
behavior (eg, total distance traveled and time spent at home),
the inability to classify activity types outside the home remains
a limitation in the analysis. This limitation could impact the
accuracy of the behavioral patterns examined in relation to QOL.
Despite these acknowledged limitations, the study suggests the
potential integration of digital phenotyping into health research,
providing valuable insights into the challenges faced by
individuals with complex health conditions and their caregivers
in their daily lives.

Conclusion
This study investigated the correlation between the QOL of
patients with advanced cancer and family caregivers and
smartphone GPS data. The results revealed complex
relationships between smartphone GPS features and participants’
PH and MH outcomes. Specifically, total distance, time spent
at home, transition time, and the number of significant locations
showed various correlations with reported QOL. The study
contributes to the field of digital phenotyping by shedding light
on the intricate dynamic relationships between daily behaviors
captured through smartphone GPS data and well-being among
family caregivers and patients with advanced cancer. The
findings emphasize the importance of considering personalized
patterns and contextual factors when interpreting the impact of
smartphone sensor data on health outcomes.
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Abstract

Background: With the development of the internet, health care websites have become increasingly important by enabling easy
access to health information, thereby influencing the attitudes and behaviors of individuals toward health issues. However, few
studies have addressed public access to health information and self-diagnosis.

Objective: This study investigated the background factors and status of cyberchondria severity among college students by
conducting a nationwide sample survey using the Cyberchondria Severity Scale. Further, we explored the perspective of eHealth
literacy of those with scores higher than 1 SD from the mean by analyzing their recent experiences using web-based health
information.

Methods: A nationally representative sample of college students was surveyed, and 802 valid responses were obtained (male:
435/802, 54.2%; female: 367/802, 45.8%; mean age 20.3, SD 1.4 years). The Cyberchondria Severity Scale was used, which
consisted of 4 dimensions (increased anxiety, obsessive-compulsive hypochondria, perceived controllability, and web-based
physician-patient interaction). Additionally, we recruited 9 volunteers who scored more than 1 SD above the mean for in-depth
interviews on their web-based health information–seeking behaviors.

Results: Significant differences were found across the 4 dimensions of cyberchondria severity (F3,2403=256.26; P<.001), with
perceived controllability scoring the highest (mean 2.75, SD 0.87) and obsessive-compulsive hypochondria scoring the lowest
(mean 2.19, SD 0.77). Positive correlations were observed between perceived controllability, web-based physician-patient
interactions, increased anxiety, and obsessive-compulsive hypochondria (r=0.46-0.75, P<.001). Regression analysis indicated
that health concern significantly predicted perceived controllability (β coefficient=0.12; P<.05) and web-based physician-patient
interaction (β coefficient=0.16; P<.001). Interview data revealed that students often experienced heightened anxiety (8/9, 89%)
and stress (7/9, 78%) after exposure to web-based health information, highlighting the need for improved health literacy and
reliable information sources.

Conclusions: The study identified both benefits and risks in college students’ use of web-based health information, emphasizing
the importance of critical consciousness and eHealth literacy. Future research should examine how college students move from
self-awareness to actionable change and the development of critical health literacy, which are essential for effective digital health
engagement.

(JMIR Form Res 2025;9:e63449)   doi:10.2196/63449

KEYWORDS

eHealth literacy; undergraduate student; cyberchondria; compucondria; web-based health information; health information seeking;
college students

Introduction

eHealth information is widely accessible and essential for public
health improvement. However, a digital divide persists, with
individuals in rural areas facing greater barriers to internet
access. The increasing demand for at-home self-diagnosis is
challenged by the questionable quality of some health-related
websites, where personal anecdotes and content from reputable
organizations may lack proper verification, affecting users’

judgment and decision-making. Self-diagnosis websites often
provide convenience but may lack oversight and include biased
information, such as covert marketing for specific treatments,
leading to potential exploitation [1]. This highlights the risks
of relying on unverified digital health information, including
misinformation, privacy issues, and harmful health decisions.
eHealth literacy generally refers to an individual’s ability to
obtain, read, select, critique, and use health information from
the internet to solve health problems [2-4]. It comprises 3 levels:
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functional literacy, which refers to basic reading skills for
acquiring health information; interactive literacy, involving
advanced cognitive and social skills for selecting, understanding,
synthesizing, and using health information in supportive
environments; and critical literacy, which includes analytical
and critical skills for evaluating and responding to health
information, thereby improving control over life situations [5,6].

The ability to discern and ensure the trustworthiness and
usability of information in a saturated web-based environment
is critical for demonstrating eHealth literacy. This ability
correlates with the effectiveness of individuals’ web-based
health information-seeking behaviors [7]. Those with high
eHealth literacy can use web-based search strategies to identify
high-quality health information [8], reducing technological
risks. Conversely, insufficient ability to judge web-based health
information can lead to cyberchondria, which refers to excessive
or repeated web searches for health-related information because
of health anxiety, resulting in increased distress or anxiety [9].

Hsu [10] compared eHealth literacy between younger (18-22
years) and older (55-72 years) college students, finding
significant differences in overall scores and functional literacy,
with older students scoring higher. This highlights eHealth
literacy’s role in helping students navigate and evaluate
web-based health information, a key focus of our study. While
most participants found web-based health information accessible
and understandable, they were skeptical about its quality,
viewing it as a mix of subjective and objective content. This
underscores the importance of understanding how individuals
interpret health information in a complex web-based
environment.

Individuals searching for health-related information on the
internet seek reassurance. However, information found on the
internet is not always accurate or reliable, potentially increasing
uncertainty, worry, and anxiety and leading to incorrect
self-diagnoses [11,12]. Chen and Lee [13] noted that people
often use limited skills to search for and evaluate vast amounts
of web-based information of varying quality. However,
accessing health information websites can help with
self-diagnosis, and excessive concern over health may lead to
cyberchondria, causing anxiety and serious health risks that
arise from misinterpreting symptoms based on unverified
web-based information, potentially leading to undue worry or
even dangerous health actions [14]. Myrick [15] conducted a
naturalistic experiment with 380 Americans to examine how
emotions influence attitudes and behaviors following an
information search. The study identified several emotions—fear,
hope, satisfaction, interest, and motivation—that impact
individuals’ reactions to web-based health information. In
particular, Myrick highlighted that social cognitive factors, such
as self-efficacy and outcome expectations, positively influence
confidence and behavioral intentions when searching for health
information. This finding emphasizes how emotions and
cognitive assessments together encourage or deter health-related
actions, demonstrating the significant role of social cognitive
factors in web-based health information–seeking behaviors.

Further, Starcevic and Berle [9] highlighted that when
individuals with high health anxiety search for health

information on the internet, receiving timely reassurance from
others (particularly doctors) can alleviate their anxiety and
reinforce their behavior of searching for health information.
Conversely, if the search process increases anxiety or panic,
users may continue searching to alleviate their negative
emotions. However, repeated disappointment can worsen their
emotional burden, deepen cyberchondria severity, and
potentially lead to the avoidance of web-based health
information searches in the future.

Providing web-based health information and ensuring public
access are significant technological issues in society today.
However, the “prescriptions” found on the internet—advice or
treatments from articles or user testimonials without professional
oversight—often offer only temporary relief, potentially causing
anxiety and worry. These web-based prescriptions can mislead
individuals, resulting in inappropriate or ineffective
self-treatment, underscoring the importance of reliable,
professionally vetted health information to support safer health
decision-making. Additionally, the difficulty of verifying the
credibility of web-based health information often leads users
to rely on self-diagnosis based on their symptoms, which can
increase health-related anxiety. This is particularly concerning
when individuals lack the tools to assess the reliability of
web-based sources, potentially resulting in misinformation and
heightened worry. Adolescents, for instance, frequently report
feeling overwhelmed by ambiguous health data on the internet,
sometimes exacerbating their fears about symptoms they may
not fully understand [16].

Most people searching for web-based health information lack
medical training. Specifically, being exposed to a vast amount
of web-based health information often causes anxiety and
emotional distress because of the inability to understand medical
terms or judge the information, resulting in severe self-diagnosis
reactions [17]. Shan et al [18] found that adults generally have
low levels of critical health literacy. Developing this literacy
through education can enhance the ability to critically assess
health information, engage in critical dialogues, and make
health-related decisions.

Further, the measurement methods for cyberchondria severity
are in developmental stages. Early studies have measured
cyberchondria using a single item; however, later studies have
developed multidimensional and multi-item scales. These scales
include dimensions such as compulsion (excessive searching
for web-based health information), distress (negative emotions
and physiological responses from searching), reassurance
(seeking reassurance from medical professionals), and mistrust
of medical professionals (conflict between trusting web-based
health information and doctors) [19]. Starcevic [20] considered
cyberchondria to be a psychological construct. Hsu et al [3]
found that college students with high health standards and high
health concerns develop better eHealth literacy and adopt
healthy eating, exercising, and better sleeping behaviors. Thus,
in addition to developing reliable assessment tools, specific
contextual items for different populations should be considered.
Therefore, this study includes health status and health concerns
to explore their impact on cyberchondria.
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Specifically, this study aims to conduct a national survey using
the Cyberchondria Severity Scale to understand the background
factors and current status of cyberchondria among college
students; recruit participants whose Cyberchondria Severity
Scale scores are more than 1 SD above the mean and explore
their experiences using web-based health information from the
perspective of eHealth literacy; and based on the phased research
results, summarize the characteristics of college students’
experiences with web-based health information using the
eHealth literacy framework and provide specific
recommendations for developing health-promotion competencies
to enhance the application value for health education practices.

Methods

Overview
This study used a sequential mixed methods design, which used
qualitative and quantitative research sequentially, depending
on the purpose or problem of the study. The purpose was to
attain complementarity, such as the rationality of quantitative
data in additional sampling and to investigate further through
qualitative research [21]. Accordingly, this study was conducted
in two phases. The first phase, comprising the quantitative part
of the study, aimed to screen the respondents. The second phase,
comprising interviews, aimed to collect the respondents’eHealth
literacy data, which were analyzed qualitatively.

Recruitment
In this study, we specifically focused on Taiwanese college
students. For the purposes of this research, a college student
was defined as an individual aged 18‐22 years currently
enrolled in an undergraduate program at a Taiwanese higher
education institution. This age range aligned with the typical
age group of undergraduate students in Taiwan and provided a
consistent basis for analysis within this demographic. The survey
was conducted in two waves: at the end of the first (September
2021) and second (June 2022) semesters. We recruited 802
participants, including students from 14 universities in Taiwan,
and we administered a questionnaire to them. Subsequently, we
selected 9 volunteers for interviews based on their
Cyberchondria Severity Scale scores, specifically those whose
scores exceeded 1 SD above the mean, indicating a higher level
of cyberchondria. Initial contact was made through the survey
platform, and we followed strict ethical guidelines to protect
participants’ privacy throughout the recruitment and interview
process.

Ethical Considerations
Ethical approval was granted by the Ethics Research Committee
of National Cheng Kung University (No. 110-573-2), and
informed consent was obtained from all participants. Participants
had the right to withdraw from the study at any time. To preserve
anonymity in the initial survey, all responses were collected
without identifiable information. For follow-up interviews, we
requested separate, voluntary consent from participants who
met the selection criteria. All methods were carried out per
relevant ethical standards, guidelines, and regulations.
Participants who completed the initial survey received a US $3
gift voucher as a token of appreciation for their time and effort.

Additionally, participants who took part in the follow-up
interviews were compensated with a US $15 gift voucher to
acknowledge their contribution to the study. These measures
aimed to encourage participation while ensuring voluntary
involvement without undue influence. By implementing these
compensation protocols, we maintained ethical practices that
aligned with institutional guidelines and ensured the rights and
welfare of the participants were upheld throughout the research
process.

Survey
The Cyberchondria Severity Scale was modified from those
proposed by Durak Batigun et al [22] and White and Horvitz
[23]. A 5-point Likert scale was used, with the following
responses: (1) never, (2) rarely, (3) sometimes, (4) often, and
(5) always. The exploratory factor analysis led to a
Cyberchondria Severity Scale for college students with 4
constructs: increased anxiety (Cronbach α=0.91),
obsessive-compulsive hypochondria (Cronbach α=0.87),
perceived controllability (Cronbach α=0.88), and web-based
physician-patient interaction (Cronbach α=0.86). The total scale
Cronbach α was 0.92, with a variance of 66.81%. The
confirmatory factor analysis indicated that item reliability ranged
from 0.50 to 0.86, factor loadings ranged from 0.71 to 0.93, and
the composite reliability for latent variables ranged from 0.83
to 0.90 (P<.001). The extracted average variance was from 0.46
to 0.60. Increased anxiety referred to the anxiety experienced
by an individual due to apprehensions about web-based
content-seeking to understand a disease or its symptoms (eg,
“To understand a certain disease or symptom, I went on the
internet to search for information. The large amount of
information was too much for me to handle and increased my
anxiety”). Obsessive-compulsive hypochondria referred to
excessive worry or excessive internet surfing to understand a
disease or its symptoms (eg, “I feel that I am someone who
worries excessively about health”). Perceived controllability
referred to the decreased doubts or psychological burdens caused
by a web search for health information (eg, “Searching for
health-related information on the internet allows me to
understand my medical condition and decreases my anxiety”).
Web-based physician-patient interaction refered to an
individual’s web-based information search that affected their
judgment of their symptoms (eg, “After seeing a physician, I
would use the internet to obtain detailed information on the
diagnosis”).

To understand the advantages, disadvantages, and risks of
college students’ access to web-based health information, this
study used semistructured interviews. The interview outline
was developed based on the research objectives and focused on
collecting information about the background of frequent
web-based health information users who engaged in
self-diagnosis, as well as their experiences, including the
advantages, disadvantages, and risks. This information was
gathered from college students.

Data Analysis
In the first phase of the study, SPSS version 20 (IBM Corp)
was used to calculate the mean, SD, and dependent‐sample
one-way ANOVA to indicate the current status and differences
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across various dimensions of college students’ cyberchondria.
In the second phase, the Strauss and Corbin constant
comparative method was used to analyze the advantages,
disadvantages, and risks of web-based health information [23].
Open coding was first conducted by assigning codes and noting
data entry dates. For example, for Participant 8-20220920, the
number 20220920 indicates that the interview with Participant
8 was conducted on September 20, 2022. Thereafter, the
researcher read the transcripts, conceptualized the data, and
grouped similar concepts into categories. Finally, axial coding
was conducted to link the subcategories and main categories.
This study followed Lincoln and Guba’s [24] credibility,
dependability, and confirmability criteria to ensure research
quality. With the participants’ consent, data were collected by
recording and note-taking to ensure completeness and accuracy.

Results

Current Situation of Cyberchondria Severity Among
College Students
The sociodemographic details of the sample are shown in Table
1. Regarding the different dimensions of cyberchondria, the
average single-item scores ranged from 2.19 to 2.75 (between
rarely and sometimes). The average scores for each dimension
were below the median, indicating that college students did not
frequently experience hypochondria during web-based health
information searches. However, they did not often feel that their
anxiety was controllable or engage in web-based
physician-patient interactions (Table 2).

Table . Sociodemographic details of the sample (n=802).

Frequency, n (%)Variable and group

Sex

435 (54.2)Male

367 (45.8)Female

Grade

565 (70.4)Freshman year

74 (9.2)Sophomore year

87 (10.8)Junior year

76 (9.5)Senior year

Health status

4 (5)Very unhealthy

53 (6.6)Unhealthy

252 (31.4)Neutral

298 (37.2)Healthy

195 (24.3)Very healthy

Degree of health concern

12 (1.5)Very unconcerned

55 (6.9)Unconcerned

266 (33.2)Neutral

287 (35.8)Concerned

182 (22.7)Very concerned

Table . Descriptive statistics of cyberchondria severity (n=802).

Likert score, mean (SD)Maximum scoreMinimum scoreSingle-item

2.39 (0.82)51Increased anxiety

2.19 (0.77)51Obsessive-compulsive hypochondria

2.75 (0.87)51Perceived controllability

2.70 (0.80)51Online physician–patient interaction

Owing to the different number of items in the 4 dimensions of
cyberchondria among college students, a dependent‐sample
one-way ANOVA was conducted using the single-item mean
scores of the 4 dimensions. The results showed significant

differences across the dimensions (F3,2403=256.26; P<.001),
indicating significant variations in cyberchondria scores among
college students across different dimensions. Further post hoc
comparisons using the least significant difference test revealed
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that perceived controllability had the highest score, with the
highest single item being “When I search for health-related
information on the internet, reading about my condition from
reliable sources (eg, hospital websites) alleviates my anxiety”

(mean 2.79, SD 0.75). Obsessive-compulsive hypochondria
scored the lowest, indicating that college students did not
consider themselves to be overly concerned about their health
(Table 3).

Table . Dependent‐sample one-way ANOVA of the different dimensions of cyberchondria severity among college students.

Mean squareType III sum of squares (df)Analysis

0.64513.11 (801)Between groups

0.64513.11 (801)Within groups

171.20513.61 (3)Each dimensiona

0.6681605.41 (2403)Residual error

—2632.13 (3207)Total

aPost hoc test revealed perceived controllability>web-based physician–patient interaction>increased anxiety>obsessive-compulsive hypochondria
(F3,2403=256.26, P<.001).

The correlation matrix of different dimensions indicated
significant positive correlations between perceived
controllability, web-based physician-patient interaction,
increased anxiety, and obsessive-compulsive hypochondria.
This suggests that the more college students feel they can control
their anxiety by searching for web-based health information
and the more frequently they interact with web-based physicians,
the higher their levels of anxiety and obsessive-compulsive

hypochondria. Further, perceived controllability exhibited a
significant positive correlation with web-based physician-patient
interactions. The absolute values of the correlation coefficients
were all above 0.40, indicating moderate-to-high correlations.
Thus, the most significant dimensions of cyberchondria among
college students showed moderate or high correlations (Table
4).

Table . Correlation analysis of different dimensions of cyberchondria severity among college students.

Online physician–patient in-
teraction

Perceived controllabilityObsessive-compulsive
hypochondria

Increased anxietyVariable

Increased anxiety

0.480.460.751.00    r

<.001<.001<.001—a    P value

Obsessive-compulsive hypochondria

0.540.501.000.75    r

<.001<.001—<.001    P value

Perceived controllability

0.731.000.500.46    r

<.001—<.001<.001    P value

Online physician–patient interaction

1.000.730.540.48    r

—<.001<.001<.001    P value

aStatistical analysis was not done for reference values.

Table 5 indicates that all individual variables were significant
predictors of the 4 dimensions of cyberchondria severity, with
an overall explanatory power of 1%‐2%, corresponding with

a low predictive power level. Notably, the degree of health
concern emerged as a significant positive indicator of all
dimensions of cyberchondria severity, except increased anxiety.

JMIR Form Res 2025 | vol. 9 | e63449 | p.3206https://formative.jmir.org/2025/1/e63449
(page number not for citation purposes)

HsuJMIR FORMATIVE RESEARCH

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


Table . Multiple regression analyses of individual factors predicting cyberchondria severity.

Web-based physician-patient in-

teractiond
Perceived controllabilitycObsessive-compulsive

hypochondriab
Increased anxietyaVari-

able

P val-
ue

t test
(df)

βBP val-
ue

t test
(df)

βBP val-
ue

t test
(df)

βBP val-
ue

t test
(df)

βfBe

.06−0.29
(790)

−0.01−0.01.430.07
(790)

0.000.00.006−2.87
(790)

−0.13−0.11.02−2.32
(790)

−0.10−0.09Health
status

<.0013.69
(790)

0.160.14.022.58
(790)

0.120.11.0042.93
(790)

0.130.11.080.18
(790)

0.010.01De-
gree
of
health
con-
cern

aR=0.10, R2=0.01 (P=.02); F3,790=2.73 (P=.02).
bR=0.12, R2=0.01 (P=.02); F3,790=3.55 (P=.02).
cR=0.12, R2=0.02 (P=.002); F3,790=3.90 (P=.003).
dR=0.16, R2=0.02 (P<.001); F3,790=6.54 (P<.001).
eB: unstandardized coefficients.
fβ: standardized coefficients.

Impact of Accessing Web-Based Health Information
on the Physical and Mental Well-Being of College
Students
The interviews with college students revealed that accessing
web-based health information has both psychological and
physical effects, often creating challenges due to the nature and
quality of the information available on the internet. In terms of
psychological impact, participants reported feeling overwhelmed
by the plethora of opinions and conflicting advice, which often
caused confusion and heightened anxiety. For example, one
student shared the following:

I could not find any results through searching, so I
mainly see a doctor because I have no other option.
I don’t know what to do anymore, so I must see a
doctor. And since I’ve been paying more attention to
health issues, I’ve noticed that the first things that
pop up are usually some exaggerated news or bizarre
articles from content farms. The headlines make me
feel like, “Oh my god! I'm about to die.” [Participant
8-20220920]

This highlights the stress caused by exaggerated or unreliable
health information, which drives the students to consult health
care professionals as a last resort. As for strained doctor-patient
relationships, the tendency to self-diagnose based on web-based
information sometimes led students to question or dismiss
professional medical advice, creating tension in doctor-patient
interactions. One student remarked the following:

If you have doubts about the doctor’s words, don’t
ask random questions. For instance, if I now Google
some issues, like searching for stomach pain on
Google, and then tell the doctor, “But Google says
this is some specific disease, so you just need to
prescribe me this medicine,” it can lead to problems.
[Participant 1-20221101]

This underscores the potential of web-based health information
to undermine the trust in medical expertise. Additionally,
exposure to sensational or clickbait content exacerbated feelings
of fear and helplessness. Students described how alarming
headlines led to unnecessary worry:

And since I’ve been paying more attention to health
issues, I’ve noticed that the first things that pop up
are usually some exaggerated news… The headlines
make me feel like, “ Oh my god! I'm about to die.”
[Participant 8-20220920]

The physical impact included misguided health practices and
delayed medical treatment. Some students engaged in health
practices based on unverified advice on the internet, which
sometimes led to negative outcomes. For example, one
participant shared a personal experience:

My chest is not very big, and I saw online that eating
green papaya can make your chest bigger. I was just
in middle school then, so I started eating one every
day… Then I noticed that my hands were starting to
turn yellow. [Participant 9-20221024]

Moreover, in some cases, students delayed seeking professional
care due to reliance on web-based advice. One participant shared
a story about their friend:

Like my friend, he once sprained his finger while
playing basketball… He looked it up online and found
advice saying to ice it and not press it. He kept doing
that, and now his finger is crooked. [Participant
3-20221107]

This highlights the risk of self-experimentation based on health
misinformation and demonstrates how misleading information
can lead to improper self-care and long-term consequences. The
findings emphasize the dual nature of web-based health
information. Although such information is accessible and
convenient, its unreliable or sensational nature can lead to
considerable psychological and physical challenges for students.
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This emphasizes the urgent need for improving students’health
literacy on the internet and promoting access to credible and
professionally vetted health information.

College Students’ Experiences With Accessing
Web-Based Health Information: The Advantages,
Disadvantages, and Risks
Students’ responses to the semistructured interviews revealed
convenience, richness of information, privacy, and validation
as the 4 main themes related to using web-based health
information. The motivation for using web-based health
information was to meet the needs of beautifying features,
weight loss, and fitness. The two types of web-based health
information access were fixed webpage browsing and nonfixed
webpage retrieving. The criteria for checking the quality of
web-based health information included subjective judgments
and objective features. Regarding web-based health information
reading experiences, problems were caused by technical terms,
foreign languages, and numerical health information data.
Typically, the participants searched for related information on
the internet to clarify their doubts. Finally, the impacts of using
web-based health information depend on assessing its quality,
lifestyle changes, and the possibility of self-practice.
Self-diagnosis can be a double-edged sword. It may empower
individuals with preliminary health insights; however, it also
poses risks, particularly if the information is misinterpreted or
lacks professional verification. Individuals should be encouraged
to evaluate web-based health information and approach
self-diagnosis with caution. Additionally, we will consider the
ethical implications of promoting self-diagnosis in health-related
research, emphasizing the importance of fostering critical
eHealth literacy among users as a suggestion.

The participants reported various risks and benefits while
searching for health information on the internet. They tended
to be wary of sensational or emphatically presented headlines,
leading them to adopt a conservative approach to avoid harm.
In assessing the quality of information, they paid attention to
the source, crosschecked it with multiple sources, and judged
its effectiveness based on their personal experiences and expert
endorsements, ensuring content completeness. Their experiences
included selective understanding, focusing on general ideas
rather than technical terms, and further clarifying doubtful
information. The impact of this information varied based on the
closeness of relationships with others and the feasibility of
implementing lifestyle changes. For instance, support from close
friends and family could enhance the likelihood of adopting
positive health behaviors and reduce anxiety related to
conflicting information. Conversely, a lack of support or
conflicting opinions from peers could heighten stress and
uncertainty, making it more challenging to discern and apply
accurate health information.

Summarizing the experiences of college students who engaged
in self-diagnosis through extensive internet use for health
information access, the benefits primarily included
cross-referencing, synthesizing diverse information, and
verifying questionable information. The harms mainly arose
from confusion due to difficulty reading and understanding the
diverse information and, in more severe cases, engaging in
self-experimentation that affected physical health. The risks
involved selective understanding, blind sharing of information,
and extreme rejection of any information, which could
undermine the positive intentions of effectively using web-based
health information. Table 6 presents the interview analysis and
coding framework.
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Table . Interview analysis and coding framework.

Interviewee numbersMain and subcategory structure

Background of using web-based health information

     Time of initial use

1, 3, 4, 6, 7, 8, 9                I mostly started in high school

        Initial motivation for using web-based health information

1, 2, 4, 5, 6, 8, 9                Knowledge acquisition

1, 2, 3, 4, 5, 6, 7, 8, 9                Concern for one’s condition

2, 5, 6, 8, 9                Searching for health and medical information for family

2, 3, 5, 6, 7, 8                Searching for drug ingredients

1, 2, 4, 7, 8                Looking for nearby medical facilities

        Reason for choosing web-based health information

1, 2, 3, 4, 6, 8             Free of charge

1, 2, 5, 7, 8, 9                Richness of information

1, 2, 3, 4, 5, 6, 7, 8                Verifiability

1, 2, 4, 5, 7, 8, 9                Convenience

Experience in accessing web-based health information

        Quality assessment of web-based health information: subjective judgment

1, 4, 5, 6, 8                Sensational headlines

1, 4, 5, 6, 7, 8, 9                Headlines overly emphasizing efficacy

2, 3, 5, 7, 8                Conservative adoption to avoid harm

1, 3, 5, 6, 8, 9                Judged by my common sense

        Quality assessment of web-based health information: objective standards

1, 2, 4, 5, 6, 8                Source of information

2, 3, 5, 6, 7, 8, 9                Cross-verification

1, 2, 3, 4, 7, 8                Judged by actual experiences of friends and family

1, 3, 4, 5, 6, 7                Expert evaluation of the efficacy of information

2, 3, 4, 5, 6, 9                Incomplete information

Experience in reading web-based health information

        Summary understanding and further inquiry

1, 2, 3, 4, 5, 6, 7, 8, 9                Handling doubts about web-based health information: continue
searching or ask others interesting questions

1, 4, 5, 6, 8, 9                Understanding of web-based health information: often ignoring
technical terms and focusing on general meaning

Impact of web-based health information

        Deliberation on object and risk outcome assessment

1, 2, 3, 4, 7, 9                Influence on others based on personal relationships: varying
forms and degrees of influence

1, 2, 3, 4, 5, 6, 7, 8, 9                Self-physical and mental impact: depending on the extent of
lifestyle changes or feasibility

Discussion

Principal Findings
Digital platforms have revolutionized health and science by
enabling collaboration, expanding evidence-based interventions,
and advancing public health. Early successes in behavioral

medicine demonstrated their potential to scale therapeutic
solutions. With growing investments in health information
technology, behavioral informatics has become essential,
integrating medicine, psychology, and engineering to develop
patient apps, clinical tools, communication programs, and
population health strategies. The Society of Behavioral
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Medicine, positioned at this interdisciplinary nexus, plays a
pivotal role in shaping how science is applied to reduce health
disparities, support patients and caregivers, enhance community
well-being, and address challenges such as psychological pain
and addiction [25]. This study examined eHealth literacy and
cyberchondria severity in college students, highlighting their
web-based health information-seeking behaviors. Key findings
include links between perceived controllability, web-based
interactions, anxiety, and obsessive-compulsive hypochondria,
with health concern predicting controllability and interactions.
Interviews showed that 89% (8/9) felt heightened anxiety, and
78% (7/9) reported stress from web-based health information.

These results highlight the dual nature of web-based health
information. The high perceived controllability scores suggest
that accessing reliable web-based health information—such as
from trusted sources like hospital websites—can alleviate
student anxiety by helping them manage health-related stress.
This finding aligns with prior research showing the importance
of credible sources in fostering a sense of control [10,23]. By
contrast, the low obsessive-compulsive hypochondria scores
suggest that students generally do not exhibit excessive worry
or compulsive searching behaviors. This is contrary to the
studies linking frequent web-based health searches to increased
distress and cyberchondria severity [9]. This discrepancy may
stem from differences in digital literacy or cultural attitudes
toward web-based health information.

The positive association between health concern and
cyberchondria dimensions underscores the dual impact of
web-based health information. Although such information can
promote awareness and self-management, it can also lead to
anxiety and stress when students encounter conflicting or
sensational content; this is consistent with the findings from
Tan and Goonawardene’s systematic review [26]. Moreover,
the role of web-based physician-patient interactions in
moderating anxiety highlights the importance of guiding students
toward appropriate and reliable eHealth resources. This aligns
with Hsu’s [10] findings that enhancing eHealth literacy can
empower students to critically evaluate web-based health
information and reduce health-related anxiety.

Notably, the interviews revealed that excessive web-based health
searches contribute to confusion and emotional distress,
particularly when students encounter contradictory advice or
exaggerated claims. These results align with those of Starcevic
and Berle [9], who identified increased anxiety and
obsessive-compulsive tendencies as key outcomes of frequent
health information searches. Furthermore, exposure to
sensational content, such as clickbait headlines, exacerbates
fear and helplessness, increasing the likelihood of unnecessary
medical consultations or misdiagnoses [11,23]. These findings
emphasize the need to develop interventions that improve
students’ critical health literacy, which would enable them to
discern credible information and mitigate the psychological
impacts of misinformation.

This study has limitations. Self-reported data may introduce
response bias, suggesting the need for objective health measures
like medical records for greater reliability. The qualitative phase
included only 9 participants, restricting the generalizability of

the findings; a larger sample could offer deeper insights.
Additionally, focusing solely on Taiwanese college students
limits the applicability of the results to other cultures or
demographics. Cross-cultural studies are recommended to
examine variations in eHealth literacy and cyberchondria across
populations.

This study highlights the complex interplay between eHealth
literacy and cyberchondria severity among college students,
revealing both benefits and risks associated with web-based
health information-seeking behavior. Reliable web-based
information can reduce anxiety and enhance self-management,
whereas the prevalence of contradictory or sensational content
underscores the importance of fostering critical eHealth literacy.
Drawing on Nutbeam’s framework of health literacy [18,27],
this study advocates for integrating critical health literacy into
health education programs to empower students to effectively
navigate the digital health landscape.

Moreover, the findings contribute to the broader discourse on
digital health education, emphasizing the need for educational
interventions that promote self-awareness and actionable
behavioral changes. As previous studies have shown, developing
critical eHealth literacy not only improves individual
decision-making but also strengthens patient-physician
relationships by encouraging open and informed discussions
[26,28]. Future efforts should focus on designing tailored health
literacy initiatives that equip students with the skills to critically
assess and apply web-based health information, fostering their
ability to engage responsibly with digital health resources in a
rapidly evolving technological landscape.

Conclusions
This study surveyed college students using the Cyberchondria
Severity Scale and interviewed high scorers to explore their
browsing behaviors and experiences with web-based health
information. Significant score differences were observed across
cyberchondria dimensions, with perceived controllability scoring
highest and obsessive-compulsive hypochondria lowest. High
scorers noted benefits such as cross-verification and clarification
of information; drawbacks like confusion from complexity; and
risks including selective understanding, reflexive sharing, and
mistrust, which could undermine the advantages of web-based
health resources.

The internet has revolutionized medical education and practice
by enabling the rapid, large-scale exchange of information and
ideas across geographically dispersed audiences [29]. To
effectively use web-based health information, critical awareness
and eHealth literacy are essential skills. Future research should
investigate how college students move from self-awareness to
a behavioral change that helps them develop critical health
literacy as a crucial component of digital health education.

This study relied on self-reported questionnaires, which may
introduce response bias and affect the accuracy of findings,
particularly regarding health status. Future studies could improve
data reliability by encouraging participants to reference recent
health examination results, enhancing internal validity.
Additionally, the small interview sample limits the
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generalizability of conclusions. Expanding the sample in future research could reduce bias and support more robust findings.

 

Acknowledgments
The authors thank the National Science and Technology Council for funding this study.

Data Availability
The anonymized data from the survey are available from the corresponding author on reasonable request.

Conflicts of Interest
None declared.

References
1. Ryan A, Wilson S. Internet healthcare: do self-diagnosis sites do more harm than good? Expert Opin Drug Saf 2008

May;7(3):227-229. [doi: 10.1517/14740338.7.3.227] [Medline: 18462181]
2. Chiang CH, Yang SC, Hsu WC. Development and validation of the e-health literacy scale and investigation of the relationships

between e-health literacy and healthy behavior among undergraduate students in Taiwan. Formosa J Ment Health
2015;23(3):389-420. [doi: 10.30074/FJMH]

3. Hsu WC, Chiang CH, Yang SC. The effect of individual factors on health behaviors among college students: the mediating
effects of eHealth literacy. J Med Internet Res 2014 Dec 12;16(12):e287. [doi: 10.2196/jmir.3542] [Medline: 25499086]

4. Norman CD, Skinner HA. eHEALS: the eHealth Literacy Scale. J Med Internet Res 2006 Nov 14;8(4):e27. [doi:
10.2196/jmir.8.4.e27] [Medline: 17213046]

5. Nutbeam D. The evolving concept of health literacy. Soc Sci Med 2008 Dec;67(12):2072-2078. [doi:
10.1016/j.socscimed.2008.09.050] [Medline: 18952344]

6. Nutbeam D, Kickbusch I. Advancing health literacy: a global challenge for the 21st century. Health Promot Int 2000 Sep
1;15(3):183-184. [doi: 10.1093/heapro/15.3.183]

7. Hsu WC, Chen SF, Ho CJ. Experience of using web health information among college students: an analysis from the health
literacy perspective. J Health Promot Health Educ Contents 2011;35:1-22. [doi: 10.7022/JHPHE.201106.0001]

8. Quinn S, Bond R, Nugent C. Quantifying health literacy and eHealth literacy using existing instruments and browser-based
software for tracking online health information seeking behavior. Comput Human Behav 2017 Apr;69:256-267. [doi:
10.1016/j.chb.2016.12.032]

9. Starcevic V, Berle D. Cyberchondria: towards a better understanding of excessive health-related internet use. Expert Rev
Neurother 2013 Feb;13(2):205-213. [doi: 10.1586/ern.12.162] [Medline: 23368807]

10. Hsu WC. The effect of age on electronic health literacy: mixed-method study. JMIR Hum Factors 2019 Apr 21;6(2):e11480.
[doi: 10.2196/11480] [Medline: 31066696]

11. Hsu WC. Undergraduate students’ online health information-seeking behavior during the COVID-19 pandemic. Int J
Environ Res Public Health 2021 Dec 16;18(24):13250. [doi: 10.3390/ijerph182413250] [Medline: 34948859]

12. Xu DY, Ding JL, Yang ZH. Pathogenesis of cyberchondria and its impact on individuals: a qualitative study. Chin Gen
Pract 2018;21(22):2755-2759. [doi: 10.12114/j.issn.1007-9572.2018.22.022]

13. Chen W, Lee KH. More than search? Informational and participatory eHealth behaviors. Comput Human Behav 2014
Jan;30:103-109. [doi: 10.1016/j.chb.2013.07.028]

14. Smith PK, Fox AT, Davies P, Hamidi-Manesh L. Cyberchondriacs. Int J Adolesc Med Health 2006;18(2):209-213. [Medline:
16894859]

15. Myrick JG. The role of emotions and social cognitive variables in online health information seeking processes and effects.
Comput Human Behav 2017 Mar;68:422-433. [doi: 10.1016/j.chb.2016.11.071]

16. Gray NJ, Klein JD, Noyce PR, Sesselberg TS, Cantrill JA. Health information-seeking behaviour in adolescence: the place
of the internet. Soc Sci Med 2005 Apr;60(7):1467-1478. [doi: 10.1016/j.socscimed.2004.08.010] [Medline: 15652680]

17. Jokić-Begić N, Mikac U, Čuržik D, Sangster Jokić C. The development and validation of the Short Cyberchondria Scale
(SCS). J Psychopathol Behav Assess 2019 Dec;41(4):662-676. [doi: 10.1007/s10862-019-09744-z]

18. Shan Y, Ji M, Dong Z, Xing Z, Xu X. Assessing patients’ critical health literacy and identifying associated factors:
cross-sectional study. J Med Internet Res 2023 Apr 5;25:e43342. [doi: 10.2196/43342] [Medline: 37018027]

19. McElroy E, Shevlin M. The development and initial validation of the Cyberchondria Severity Scale (CSS). J Anxiety Disord
2014 Mar;28(2):259-265. [doi: 10.1016/j.janxdis.2013.12.007] [Medline: 24508033]

20. Starcevic V. Cyberchondria: challenges of problematic online searches for health-related information. Psychother Psychosom
2017;86(3):129-133. [doi: 10.1159/000465525] [Medline: 28490037]

21. Venkatesh V, Brown SA, Bala H. Bridging the qualitative-quantitative divide: guidelines for conducting mixed methods
research in information systems. MISQ 2013 Jan 1;37(1):21-54. [doi: 10.25300/MISQ/2013/37.1.02]

JMIR Form Res 2025 | vol. 9 | e63449 | p.3211https://formative.jmir.org/2025/1/e63449
(page number not for citation purposes)

HsuJMIR FORMATIVE RESEARCH

XSL•FO
RenderX

http://dx.doi.org/10.1517/14740338.7.3.227
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18462181&dopt=Abstract
http://dx.doi.org/10.30074/FJMH
http://dx.doi.org/10.2196/jmir.3542
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25499086&dopt=Abstract
http://dx.doi.org/10.2196/jmir.8.4.e27
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17213046&dopt=Abstract
http://dx.doi.org/10.1016/j.socscimed.2008.09.050
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18952344&dopt=Abstract
http://dx.doi.org/10.1093/heapro/15.3.183
http://dx.doi.org/10.7022/JHPHE.201106.0001
http://dx.doi.org/10.1016/j.chb.2016.12.032
http://dx.doi.org/10.1586/ern.12.162
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23368807&dopt=Abstract
http://dx.doi.org/10.2196/11480
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31066696&dopt=Abstract
http://dx.doi.org/10.3390/ijerph182413250
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34948859&dopt=Abstract
http://dx.doi.org/10.12114/j.issn.1007-9572.2018.22.022
http://dx.doi.org/10.1016/j.chb.2013.07.028
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16894859&dopt=Abstract
http://dx.doi.org/10.1016/j.chb.2016.11.071
http://dx.doi.org/10.1016/j.socscimed.2004.08.010
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15652680&dopt=Abstract
http://dx.doi.org/10.1007/s10862-019-09744-z
http://dx.doi.org/10.2196/43342
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=37018027&dopt=Abstract
http://dx.doi.org/10.1016/j.janxdis.2013.12.007
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24508033&dopt=Abstract
http://dx.doi.org/10.1159/000465525
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28490037&dopt=Abstract
http://dx.doi.org/10.25300/MISQ/2013/37.1.02
http://www.w3.org/Style/XSL
http://www.renderx.com/


22. Durak Batigun A, Gor N, Komurcu B, Senkal Erturk I. Cyberchondria Scale (CS): development, validity and reliability
study. Dusunen Adam 2018 Jun 29;31:148-162. [doi: 10.5350/DAJPN2018310203]

23. White RW, Horvitz E. Cyberchondria: studies of the escalation of medical concerns in web search. ACM Trans Inf Syst
2009;27(4):23. [doi: 10.1145/1629096.1629101]

24. Lincoln YS, Guba EG. Naturalistic Inquiry: Sage Publications, Inc; 1985.
25. Hesse BW. Riding the wave of digital transformation in behavioral medicine. Ann Behav Med 2020 Dec 1;54(12):960-967.

[doi: 10.1093/abm/kaaa093] [Medline: 33416839]
26. Tan SSL, Goonawardene N. Internet health information seeking and the patient-physician relationship: a systematic review.

J Med Internet Res 2017 Jan 19;19(1):e9. [doi: 10.2196/jmir.5729] [Medline: 28104579]
27. Abel T, Benkert R. Critical health literacy: reflection and action for health. Health Promot Int 2022 Aug 1;37(4):daac114.

[doi: 10.1093/heapro/daac114] [Medline: 36047637]
28. Devan H, Perry MA, van Hattem A, et al. Do pain management websites foster self-management support for people with

persistent pain? A scoping review. Patient Educ Couns 2019 Sep;102(9):1590-1601. [doi: 10.1016/j.pec.2019.04.009]
[Medline: 30981410]

29. Levy JA, Strombeck R. Health benefits and risks of the internet. J Med Syst 2002 Dec;26(6):495-510. [doi:
10.1023/a:1020288508362] [Medline: 12385532]

Edited by A Mavragani; submitted 20.06.24; peer-reviewed by J Behre, R Peng; revised version received 12.01.25; accepted 15.01.25;
published 03.02.25.

Please cite as:
Hsu C
eHealth Literacy and Cyberchondria Severity Among Undergraduate Students: Mixed Methods Study
JMIR Form Res 2025;9:e63449
URL: https://formative.jmir.org/2025/1/e63449 
doi:10.2196/63449

© Wan-Chen Hsu. Originally published in JMIR Formative Research (https://formative.jmir.org), 3.2.2025. This is an open-access
article distributed under the terms of the Creative Commons Attribution License (https://creativecommons.org/licenses/by/4.0/),
which permits unrestricted use, distribution, and reproduction in any medium, provided the original work, first published in JMIR
Formative Research, is properly cited. The complete bibliographic information, a link to the original publication on
https://formative.jmir.org, as well as this copyright and license information must be included.

JMIR Form Res 2025 | vol. 9 | e63449 | p.3212https://formative.jmir.org/2025/1/e63449
(page number not for citation purposes)

HsuJMIR FORMATIVE RESEARCH

XSL•FO
RenderX

http://dx.doi.org/10.5350/DAJPN2018310203
http://dx.doi.org/10.1145/1629096.1629101
http://dx.doi.org/10.1093/abm/kaaa093
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33416839&dopt=Abstract
http://dx.doi.org/10.2196/jmir.5729
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28104579&dopt=Abstract
http://dx.doi.org/10.1093/heapro/daac114
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=36047637&dopt=Abstract
http://dx.doi.org/10.1016/j.pec.2019.04.009
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30981410&dopt=Abstract
http://dx.doi.org/10.1023/a:1020288508362
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=12385532&dopt=Abstract
https://formative.jmir.org/2025/1/e63449
http://dx.doi.org/10.2196/63449
http://www.w3.org/Style/XSL
http://www.renderx.com/


Estimating the Prevalence of Schizophrenia in the General
Population of Japan Using an Artificial Neural Network–Based
Schizophrenia Classifier: Web-Based Cross-Sectional Survey

Pichsinee Choomung1, PharmD; Yupeng He1, MD, PhD; Masaaki Matsunaga1, MD, PhD; Kenji Sakuma2, MD, PhD;

Taro Kishi2, MD, PhD; Yuanying Li3, PhD; Shinichi Tanihara4, PhD; Nakao Iwata2, MD, PhD; Atsuhiko Ota1, MD,
PhD
1Department of Public Health, Fujita Health University School of Medicine, 1-98 Dengakugakubo, Kutsukake-cho, Toyoake, Japan
2Department of Psychiatry, Fujita Health University School of Medicine, Toyoake, Japan
3Department of Public Health and Health Systems, Nagoya University Graduate School of Medicine, Nagoya, Japan
4Department of Public Health, Kurume University School of Medicine, Kurume, Japan

Corresponding Author:
Yupeng He, MD, PhD
Department of Public Health, Fujita Health University School of Medicine, 1-98 Dengakugakubo, Kutsukake-cho, Toyoake,
Japan

Abstract

Background: Estimating the prevalence of schizophrenia in the general population remains a challenge worldwide, as well as
in Japan. Few studies have estimated schizophrenia prevalence in the Japanese population and have often relied on reports from
hospitals and self-reported physician diagnoses or typical schizophrenia symptoms. These approaches are likely to underestimate
the true prevalence owing to stigma, poor insight, or lack of access to health care among respondents. To address these issues,
we previously developed an artificial neural network (ANN)–based schizophrenia classification model (SZ classifier) using data
from a large-scale Japanese web-based survey to enhance the comprehensiveness of schizophrenia case identification in the
general population. In addition, we also plan to introduce a population-based survey to collect general information and sample
participants matching the population’s demographic structure, thereby achieving a precise estimate of the prevalence of
schizophrenia in Japan.

Objective: This study aimed to estimate the prevalence of schizophrenia by applying the SZ classifier to random samples from
the Japanese population.

Methods: We randomly selected a sample of 750 participants where the age, sex, and regional distributions were similar to
Japan’s demographic structure from a large-scale Japanese web-based survey. Demographic data, health-related backgrounds,
physical comorbidities, psychiatric comorbidities, and social comorbidities were collected and applied to the SZ classifier, as this
information was also used for developing the SZ classifier. The crude prevalence of schizophrenia was calculated through the
proportion of positive cases detected by the SZ classifier. The crude estimate was further refined by excluding false-positive cases
and including false-negative cases to determine the actual prevalence of schizophrenia.

Results: Out of 750 participants, 62 were classified as schizophrenia cases by the SZ classifier, resulting in a crude prevalence
of schizophrenia in the general population of Japan of 8.3% (95% CI 6.6%-10.1%). Among these 62 cases, 53 were presumed to
be false positives, and 3 were presumed to be false negatives. After adjustment, the actual prevalence of schizophrenia in the
general population was estimated to be 1.6% (95% CI 0.7%-2.5%).

Conclusions: This estimated prevalence was slightly higher than that reported in previous studies, possibly due to a more
comprehensive disease classification methodology or, conversely, model limitations. This study demonstrates the capability of
an ANN-based model to improve the estimation of schizophrenia prevalence in the general population, offering a novel approach
to public health analysis.

(JMIR Form Res 2025;9:e66330)   doi:10.2196/66330

KEYWORDS

schizophrenia; schizophrenic; prevalence; artificial neural network; neural network; neural networks; ANN; deep learning;
machine learning; SZ classifier; web-based survey; epidemiology; epidemiological; Japan; classifiers; mental illness; mental
disorder; mental health
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Introduction

Schizophrenia is a complex psychiatric disorder characterized
by significant impairments in the perception of reality and
behavioral changes. It includes positive (eg, delusions,
hallucinations, disorganized thinking, and notably disorganized
behaviors) and negative symptoms (eg, limited speech,
decreased emotional expression, inability to experience interest
or pleasure, and social withdrawal). Affected individuals often
experience cognitive impairments affecting memory, attention,
and problem-solving abilities [1,2]. The Global Burden of
Disease Study [3] reported that schizophrenia accounted for
23.6 million estimated cases in 2019, with an age-standardized
prevalence rate of 287.4 per 100,000 people. Median estimates
from internationally published studies indicate a 12-month
prevalence of 0.33%, lifetime prevalence of 0.48%, and point
prevalence of 0.32% [4]. However, there is a lack of published
studies on the prevalence of schizophrenia in the general
Japanese population. Only a few population-based studies have
estimated the prevalence of schizophrenia in Japan. For instance,
the point prevalence of schizophrenia stratified by sex and age
ranges from 0.4% to 1.1% [5]. However, these figures were
derived from the Vital Statistics and the Patient Survey in 2008,
which probably do not represent the general population since
the Patient Survey could not encompass patients who do not
visit a doctor. The estimated lifetime prevalence of
schizophrenia is 0.59%, according to a secondary analysis of
the 2019 cross-sectional Japan National Health and Wellness
Survey [6]. However, this study may produce underestimation
since it only depended on physician diagnoses. Individuals with
schizophrenia hardly self-identify as having schizophrenia
because of stigma and lack of awareness of schizophrenia and
its symptoms [7-13].

In our previous research, we developed an artificial neural
network (ANN)–based schizophrenia classification model (SZ
classifier) to classify schizophrenia cases in the Japanese
population and verified its generalizability [14]. The model was
trained by using data from a large-scale Japanese web-based
survey; the presence of schizophrenia served as a response
variable. The general information including demographics,
health-related background, physical comorbidities, psychiatric
comorbidities, and social comorbidities were collected and used
as feature variables. This SZ classifier achieved high internal
validity with a high area under the receiver operating
characteristic curve (AUC) of 0.86 [14]. In another study, we
also assessed the SZ classifier’s external validity by applying
it to psychiatric outpatients, achieving a sensitivity of 75% [15].
The SZ classifier suggests a potential for classifying
schizophrenia cases in the general Japanese population.

In this study, we aimed to estimate the prevalence of
schizophrenia in the general Japanese population using the SZ
classifier through the following three approaches: (1) conducting
a population-based survey to recruit participants and collect
their general information, (2) sampling participants who match
the distribution to the population demographic structure, and
(3) using a pretrained machine learning model to detect
schizophrenia cases. Study participants were randomly sampled
from a pooled panel. The samples are matched to the

demographic distribution of the Japanese population. General
information, the same as that for the development of the SZ
classifier, was collected through the web-based survey for each
study participant. The estimation of the schizophrenia prevalence
was implemented through the following two steps: (1)
calculating the crude prevalence based on crude cases that are
detected by the SZ classifier and (2) refining the crude
prevalence by excluding false-positive estimates and including
the false-negative estimates.

Methods

Development of the SZ Classifier
The SZ classifier was developed as part of a prior study [14]
using a dataset obtained from an internet research agency’s
pooled panels (Rakuten Insight, Inc) [16]. The dataset included
223 individuals with schizophrenia and 1776 healthy controls.
For each sample, schizophrenia status served as the response
variable, while demographic details, health-related background
information, and physical, psychiatric, and social comorbidities
were considered feature variables. Evidence on the association
between these feature variables and schizophrenia has been
previously published [17,18]. For example, demographic and
health-related characteristics included age, BMI, smoking status,
restriction in functional capacity, and bowel frequency. Physical
comorbidities included overweight, cancer, cardiovascular
disease, heart failure, and hypertension. Psychiatric
comorbidities included frequency of sleep medication use,
bedtime, hours of sleep, perceived stress, and positive reasons
for living. The social comorbidities included educational
background, type of occupation, type of employment, household
income, and marital status. The inclusion criteria of the study
participants and definitions of the feature variables are detailed
in previous publications [14,18] and provided in Multimedia
Appendix 1.

The SZ classifier was constructed using an ANN concept. This
multilayer perceptron neural network model comprised 5 hidden
layers with 128, 64, 32, 16, and 8 neurons in each respective
layer. It used the HeNormal weight initializer and the ReLU
activation function in the hidden layers. A sigmoid activation
function was used in the output layer. Comprehensive details
can be found in a prior publication [14]. The model’s
performance was evaluated using the AUC score. During
internal validation, the SZ classifier achieved an AUC of 0.86,
accuracy of 0.93, specificity of 0.96, and sensitivity of 0.56. He
et al [14] performed 10,000 bootstrapping iterations and a
10-fold cross-validation to further evaluate the algorithm’s
performance and achieved AUCs of 0.847 and 0.81,
respectively.

External Validation of the SZ Classifier
External validation of the SZ classifier was conducted by
applying it to a sample of patients who visited the psychiatric
department of Fujita Health University Hospital between January
2022 and May 2023 [15]. Patients aged 20‐75 years diagnosed
with schizophrenia, major depressive disorder (MDD), bipolar
disorder (BD), or obsessive-compulsive disorder (OCD) were
selected. Therefore, 150 participants were included in the study:
61 with schizophrenia, 56 with MDD, 32 with BD, and one with
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OCD. The participants were required to complete the same
survey used to develop the SZ classifier to predict the likelihood
of schizophrenia. The external validation process revealed that
the SZ classifier achieved a sensitivity of 0.75 but misclassified
55.4% of patients with MDD and 59.4% of patients with BD
as having schizophrenia [15].

Estimation of the Prevalence of Schizophrenia by Using
the SZ Classifier
A cross-sectional study was conducted using data from a
large-scale web-based survey in Japan. The number of
participants was set to 750. The sample size was decided using

the single population proportion formula (n=[Z2·p(1–p)]/e2) by
assuming a 95% CI (Z=1.96), 1% margin of error (e=0.01), and
2% proportion of schizophrenia (p=2%) based on previous
studies. Participants were randomly recruited from those
registered as survey monitors with Rakuten Insight, a large-scale
web-based survey incorporated approximately 2.2 million
registered members as of September 2022 and provided reliable
data with regular quality maintenance [16]. Specifically, the
recruited criteria were set to the combination of 3 items of age
intervals (20‐75 years old, divided into 5 distinct age groups),
gender (male and female), and regions (13 geographical
administrative regions in Japan: Hokkaido, Tohoku, North
Kanto, Greater Tokyo Area, Koshinetsu, Hokuriku, Tokai, Kinki
excluding Keihanshin, Keihanshin, Chugoku, Shikoku, Kyushu
excluding Okinawa, and Okinawa). For each combination
category of these 3 items, the number of participants was set to
match the composition of the national population as of October

1, 2021, as estimated by the Ministry of Internal Affairs and
Communications, Japan. Participants were recruited until the
target number for each combination category was reached. The
recruitment period was from November 20 to 26, 2023. This
was a web-based survey in which only authorized panelists were
allowed to respond to the survey to prevent fraudulent registrants
from participating. To administer the survey, respondents had
to log in to their accounts to prevent multiple entries from the
same individual. They were required to answer 38 questions
(some questions had several subquestions) that are distributed
into 38 pages. Respondents were asked to review their responses
and ensure completeness before submission. Specifically, the
web-based survey system notified respondents if there were any
blank answers. The participation rate for this survey was
estimated to be 0.30, and the completion rate was not calculated
because if the respondents terminated during the answering
process (ie, logged out, closed the web page, etc), they were
not counted in the statistics. Incomplete questionnaires or
questionnaires that were submitted too soon were not used.

Each participant’s demographic information, health-related
backgrounds, and physical, psychiatric, and social comorbidities
were collected and applied to the SZ classifier, yielding the
predicted crude number of schizophrenia cases and crude
prevalence of schizophrenia. Textbox 1 shows a summary of
the feature variable categories collected from study participants.
These variables are the same as those used in developing the
SZ classifier. For detailed information on these variables, please
refer to Multimedia Appendix 1.
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Textbox 1. Summary of categories of feature variables collected from study participants, including demographic, health-related backgrounds, physical
comorbidities, psychiatric comorbidities, and social comorbidities.

Demographic, health-related backgrounds, and physical comorbidities:

• Age

• BMI

• Smoking

• Alcohol drinking

• Sports

• Eating behaviors

• Bowel movement

• Restriction in functional capacity

• Self-rated health status

• Physical comorbidities

Psychiatric comorbidities:

• Frequency of sleep medication use

• Bedtime

• Sleep hours and qualities

• Depressive symptoms

• Perceived stress

• Positive reason for living (ikigai)

• Internet use hours per week

Social comorbidities:

• Regularity of health checkups

• Educational background

• Household income

• Type of employment and occupation

• Marital status and family structure

• Social support and social capital

We further refined these crude estimates by excluding false
positives and adding false negatives. This was based on the
model’s internal and external validation results and literature
reviews. Details of the model’s internal and external validation
results are provided in the Multimedia Appendix 1.

False-positive cases included individuals without mental
disorders who were misclassified as having schizophrenia and
those with other mental disorders who were misclassified as
having schizophrenia. The false-positive cases were calculated
as follows:

Nfp=(Phc⋅rhc+PMDD⋅rMDD+PBD⋅rBD)⋅n
where Nfp represents the number of false-positive cases, Phc

represents the percentage of individuals who have not had any
mental disorders in the population, rhc represents the rate at
which the SZ classifier falsely classified individuals without
mental disorders as having schizophrenia, PMDD represents the
prevalence of MDD in the population, rMDD represents the rate
at which the SZ classifier falsely classified individuals with

MDD as having schizophrenia, PBD represents the prevalence
of BD in the population, rBD represents the rate at which the SZ
classifier falsely classified individuals with BD as having
schizophrenia, n represents the sample size, which included 750
participants.

The SZ classifier falsely classified 3.1% of the individuals
without mental disorders as having schizophrenia [14]. The SZ
classifier misclassified 55.4% of the patients with MDD and
59.4% of the patients with BD as having schizophrenia [15].
According to a literature review, 80% of the general population
in Japan does not have mental disorders [19]. The point
prevalence of MDD and BD was 7.9% [20] and 0.4% [21],
respectively; namely, Phc=80%, rhc=3.1%, PMDD=7.9%,
rMDD=55.4%, PBD=0.4%, rBD=59.4%, and n=750.

False-negative cases included individuals with schizophrenia
but were not classified as schizophrenia cases. The proportion
of true-positive to false-negative cases in the external validation
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was 46:15 [15]. Hence, the false-negative cases can be calculated
as follows:

Ntp=Ncrude−Nfp

Ntp/Nfn=p

where Ntp represents the cases predicted by the SZ classifier,
Ncrude represents the crude number of schizophrenia cases
estimated by the SZ classifier, Nfn represents the false-negative
cases, and p represents the proportion of true-positive cases to

false-negative cases in the external validation, which was 46:15
[15].

Finally, the prevalence of schizophrenia in the population could
be calculated by

Ppopulation=(Ncrude−Nfp+Nfn)/n

where Ppopulation represents the prevalence of schizophrenia in
the population (Figure 1).

Figure 1. Flowchart illustrating the data analysis and refinement process for estimating the prevalence of schizophrenia in the general Japanese
population. Data were collected from 750 participants during November 20 to 26, 2023. Participants’demographic information, health-related background,
and physical, psychiatric, and social comorbidities were assessed using the schizophrenia classification model to initially estimate the crude number of
schizophrenia cases and crude prevalence. The refinement process involved excluding false-positive cases and including false-negative cases, resulting
in an actual estimation of schizophrenia prevalence in the general population of Japan.
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Statistical Analysis
The 95% CIs were calculated from 10,000 bootstrap replicates.
Statistical analyses were performed using Python (version 3.8;
Python Software Foundation), with a Jupyter Notebook (Project
Jupyter) as a coding notebook.

Ethical Considerations
The study protocol was reviewed and approved by the
institutional review board at Fujita Health University
(HM23-253). All procedures were performed following the
ethical standards of the Declaration of Helsinki. The internet
survey agency respected the Act on the Protection of Personal
Information in Japan. Informed consent was obtained at the
initial web page of the survey, where the purpose of the survey
and the instructions to the respondents were displayed. Only
those who had read the survey’s purpose and instructions and
provided informed consent by clicking the agreement button
could proceed with the survey. Participants for the external

validation of the SZ classifier were diagnosed by experienced
psychiatrists. The data were anonymous and deidentified before
being provided to researchers. This was a voluntary survey.
Participants received Rakuten Points, which can be used for
Rakuten services such as web-based or offline shopping. No
image data were collected so that there were no concerns about
identifying individual participants.

Results

Of the 750 samples analyzed, 62 were classified as
schizophrenia cases (Ncrude). The crude prevalence of
schizophrenia in the general population of Japan, as estimated
using the SZ classifier, was 8.3% (95% CI 6.6%-10.1%; Table
1). Among these 62 cases, 53 were presumed to be false
positives, and 3 were presumed to be false negatives. After
adjustments, the actual prevalence of schizophrenia in the
general population was estimated to be 1.6% (95% CI
0.7%-2.5%; Table 2).

Table . Results of crude estimates of schizophrenia cases by the schizophrenia classification model (SZ classifier), crude schizophrenia prevalence,
false-positive estimates, and true-positive estimates.

Prevalence, %Cases, n

8.3 (6.6-10.1)a62Crude estimates of predicted schizophrenia
by the SZ classifier

2.518    False positive: no mental disorders misclassi-
fied as schizophrenia

4.433    False positive: patients with MDDb misclassi-
fied as schizophrenia

0.22    False positive: patients with BDc misclassified
as schizophrenia

1.29True positive: patients with schizophrenia who
were accurately classified as schizophrenia cases

a95% CI value.
bMDD: major depressive disorder.
cBD: bipolar disorder.

Table . Confusion matrix and adjusted prevalence of schizophrenia in the general population of Japan.

Adjusted cases estimation

NonSchizophreniaSchizophrenia

Predicted cases, n

539Schizophrenia

6853Nonschizophrenia

73812Total

―a1.6 (0.7‐2.5)Prevalence, % (95%CI)

aNot applicable.

Discussion

Principal Results
Our findings indicate that the estimated prevalence of
schizophrenia in the general population of Japan using the SZ
classifier was 1.6% (95% CI 0.7%-2.5%). This estimate is

slightly higher than those in previously published figures [5,6].
This discrepancy could be attributed to several reasons,
including the possibility that our SZ classifier estimates lifetime
prevalence rather than point prevalence, a potentially more
comprehensive disease classification methodology, and
calculating the actual prevalence by referencing various
prevalence data from diverse published sources.
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To ensure the validity of the data used in our study, 3 main
points were considered. The first point is the trustworthiness of
the data source. The data were collected and managed by
Rakuten Insight Panel, a large-scale web-based survey panel.
The panel’s quality has been maintained by company procedures
and has been widely used by research institutions in Japan for
population-based studies [16]. The second point is the
appropriateness of the data used for model development. All
feature variables were decided both through a literature review
[17] and studies demonstrating that all these variables effectively
differentiate between individuals with and those without
schizophrenia [14,15,18]. Additionally, all the schizophrenia
cases were defined by using a screening protocol instead of
relying solely on the self-reported illness conditions.
Schizophrenia cases had to meet the following four criteria: (1)
currently having schizophrenia only, schizophrenia and
migraine, schizophrenia and a sleep disorder, or schizophrenia,
migraine, and a sleep disorder; (2) having experienced auditory
hallucinations lasting more than 1 month; (3) not having used
stimulants or other illegal drugs and not having been an
alcoholic; and (4) having experienced the first auditory
hallucination lasting more than 1 month at less than 60 years
of age [18]. Third, the high performance of the developed model
relies on high-quality data. The robustness and generalizability
of the model were confirmed through good internal validation
(AUC=0.86) [14] and external validation results
(sensitivity=0.75) [15].

The SZ classifier predicts schizophrenia status using various
feature variables. Each feature has been reported as being
significantly associated with schizophrenia in previous studies
[14,15,17,18]. By training the model with these features and
applying data from the study participants, the probability of
schizophrenia can be calculated. Although this probability may
not be highly interpretable for diagnosis on an individual level,
it reliably represents the proportion of specific cases within a
target group. When the model demonstrates good
generalizability, this proportion can be extended to estimate
prevalence by considering the false positives and false negatives
on a population level.

According to the feature importance ranking estimated by the
model, social comorbidities, such as household income, type
of employment, educational background, and type of occupation,
play significant roles [14]. These factors may have been
influenced by previous psychiatric conditions, which could have
had long-term effects on the data used in this analysis. For
instance, individuals diagnosed with schizophrenia may have
had to stop attending school or leave their jobs, affecting their
current income and occupation [22]. Consequently, the model
might have predicted them as having schizophrenia even though
they had recovered, which is consistent with the lifetime
prevalence estimates. Several studies have shown that the
prevalence of schizophrenia increases when it extends from one
point to the lifetime of an individual [4,23].

To the best of our knowledge, this is the first prevalence study
to apply an ANN model as a schizophrenia case classifier using
web-based survey data from the general population of Japan.
ANNs, which are computational models inspired by the inner
processes of the human brain, are increasingly used in public

health research [24,25]. Technically, ANNs are excellent at
capturing complex and nonlinear relationships within large
datasets. Hence, models constructed using ANNs perform better
than classical methods based on linear equations [26,27]. Several
studies have proposed ANN models or machine learning
techniques to detect and classify schizophrenia [28,29]. These
studies developed models using large amounts of clinical data
(ie, magnetic resonance images, positron emission tomography
scans, electroencephalography, and subjective patient posture
interpretation). These studies have applied machine learning
techniques to improve detection and diagnosis and aid in clinical
decision-making. Bae et al [30] demonstrated the use of machine
learning to detect signs of schizophrenia by analyzing social
media texts, supporting the role of machine learning models in
improving symptoms monitoring and potentially early detection
of schizophrenia.

The use of ANN models to estimate prevalence has been
reported in previous studies. For example, suicidal ideation risk
prediction models were developed based on demographic,
behavioral, and psychological data obtained from
computer-based questionnaires. These models were then used
to estimate the prevalence of suicidal ideation among Chinese
college students. The models demonstrated a prediction accuracy
of over 91.7%, and the AUC score increased to 0.96 [31].
Compared with previous studies, our SZ classifier has undergone
external validation to demonstrate its generalizability [15]. This
study supports the use of machine learning–based methods for
prevalence estimation.

This study design may provide evidence to overcome biases
encountered in traditional self-identifying surveys due to stigma,
poor insight, and lack of access to health professionals
experienced in conventional self-identifying surveys [32,33].
Stocking et al [34] reported that they first used a mathematical
model to explore the correlation between several comorbidities
and a specific illness in a small sample, and then applied this
correlation to a larger population to identify previously
underreported cases. They noted that this approach is effective
for addressing the underreporting of various chronic conditions
associated with social stigma, challenges in detection and
treatment, or inconsistent treatment engagement (eg, mental
disorders, obesity, hypertension, sleep disorders, etc). In this
study, schizophrenia cases were estimated by incorporating
general information, including demographics, health-related
backgrounds, and physical, psychological, and social
comorbidities, to calculate the likelihood of schizophrenia. This
approach encompasses a broader range of patients in the general
population than previous methodologies that relied on clinical
records or typical schizophrenia symptoms. In contrast to a
diagnosis that depends on the self-reporting of typical
schizophrenia symptoms, which requires participants to openly
acknowledge symptoms that may suggest schizophrenia, our
methodology provides a more objective assessment. Patients
with schizophrenia are often stigmatized and not widely
accepted in society, leading to embarrassment and hesitation in
disclosing their symptoms and avoiding negative perceptions.
Stigmatizing attitudes related to mental illness have been
reported to prevent individuals from seeking counseling [35]
and harm the self-esteem of people with serious mental illnesses
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[36]. Additionally, the wording of questionnaires that focus on
negative aspects may cause respondents to feel negative and
skip or conceal their actual symptoms, resulting in underreported
results in self-identifying surveys [37,38]. By using general
information, our SZ classifier mitigated these biases, potentially
providing a more comprehensive estimate of patients with
schizophrenia in Japan.

The SZ classifier has the advantage of potentially detecting
patients with schizophrenia who do not perceive subjective
symptoms. Hoffman et al [39] reported that a common reason
why people with schizophrenia lack insight into their illness is
that their ability to objectively assess their own pathological
experiences is impaired. By using objective indicators such as
demographics, health-related backgrounds, and physical,
psychological, and social comorbidities, the SZ classifier showed
a potential ability of detecting patients who do not perceive
subjective symptoms and estimating the prevalence of
schizophrenia in the population. This study may offer unique
advantages over previous estimation methods based solely on
medical data.

The higher prevalence estimated in our study suggests that
schizophrenia might be more common than previously believed
in the Japanese population. This finding confirmed our
hypothesis regarding the underestimation of schizophrenia cases
in the Japanese population. These findings have significant
implications for public health management and resource
allocation. Greater knowledge about the actual prevalence of
schizophrenia can result in enhanced mental health services and
increased support systems for managing this public health
concern.

Limitations
Our study has several limitations. First, the actual prevalence
of schizophrenia was calculated by referencing various
prevalence data from diverse published sources, including the
prevalence of individuals who did not have any mental disorder,
the prevalence of those who had MDD, and the prevalence of

those who had BD. Using data from different studies, which
may have used different methodologies and population samples,
causes uncertainty in the data, thereby affecting the estimated
values. Second, although the data used in this study were
collected from an extensive web-based survey that efficiently
integrates large amounts of data, it may introduce a selection
bias toward those with internet access. Those who are less likely
to participate in web-based surveys, such as individuals without
internet access, institutionalized patients, patients with severe
comorbidities, older adults, and poor people, might be
underrepresented. Third, the SZ classifier, designed to capture
a broad range of patients, may include individuals with
subclinical symptoms or comorbid conditions similar to
schizophrenia. Despite efforts to rule out incorrectly classified
cases, there is a chance that other mental disorders will not be
sufficiently considered. This inclusion may lead to an
overestimation of the true prevalence of schizophrenia. Fourth,
for mental disorders comorbid with schizophrenia symptoms
(eg, schizoaffective disorder, characterized by symptoms of
both schizophrenia and mood disorders, etc), these cases were
not included in the SZ classifier validation. Also, due to the
complexity of mental disorders, the diagnosis of a disease
without confirmation from a physician may seem arbitrary.
Therefore, these results should be interpreted with caution.

Conclusions
This study applied a pretrained SZ classifier to estimate the
prevalence of schizophrenia in a Japanese population. The
estimated results are slightly higher than those of previous
studies. Considering the shortcomings of focusing on a single
type of mental disorder and the need to increase the sample size,
this study shows promise for prevalence-estimation research.
Potential future research directions may focus on developing
models to classify other mental disorders, such as BD and MDD,
as well as estimate prevalence. These findings are expected to
support the versatility of pretrained models in epidemiological
research.
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Abstract

Background: Advancements in medical science have focused largely on patient care, often overlooking the well-being of health
care professionals (HCPs). This oversight has consequences; not only are HCPs prone to mental and physical health challenges,
but the quality of patient care may also endure as a result. Such concerns are also exacerbated by unprecedented crises like the
COVID-19 pandemic. Compared to other sectors, HCPs report high incidence of stress, depression, and suicide, among other
challenging factors that have a significant negative impact on their well-being.

Objective: Given these substantial concerns, the development of a tool specifically designed to be used in clinical settings to
measure the well-being of HCPs is essential.

Methods: A United Kingdom–based cross-sectional pilot study was carried out to measure self-reported well-being in a cohort
of 148 physicians, using the newly developed well-being thermometer. The aim of the tool is to allow respondents to develop an
individual sense of “well-being intelligence” thus supporting HCPs to have better insight and control over their well-being and
allow insights into how to manage it. The tool consists of 5 well-being domains—health, thoughts, emotions, spiritual, and social.
Each domain can be measured individually or combined to produce an overall well-being score.

Results: The tool demonstrated good internal consistency; the Cronbach α in this study was 0.84 for the total scale.

Conclusions: Results from this cohort demonstrated that the well-being thermometer can be used to gather intelligence of staff
well-being. This is a promising new tool that will assist HCPs to recognize their own well-being needs and allow health care
organizations to facilitate change in policies and practices to reflect a better understanding of staff well-being.

(JMIR Form Res 2025;9:e54158)   doi:10.2196/54158

KEYWORDS

well-being; health care professionals; mental health; well-being thermometer; health care

Introduction

Medicine has developed greatly in relation to disease control
and health interventions, yet it is questioned if health care
professionals (HCPs) are fully aware of their own well-being,
and the toll poor levels of well-being may have on their lives
[1]. HCPs face unique challenges that could be damaging to
their mental and physical health [2-5], and given the recent
challenges of the COVID-19 pandemic [6,7], plus the current
public health crisis, monitoring the well-being of our HCPs is
vital for the mental health of the workforce.

Poor well-being is often reported in HCP cohorts [8-11], leading
to serious health consequences and reduced quality of life for
those affected [12]. In economic terms, higher staff turnover
and sickness absence are the consequence [13], potentially
resulting in poor quality of care for patients [14]. HCPs
consistently report higher levels of sickness absence, job
dissatisfaction, and stress compared to other work sectors
[15-20]. A recent systematic review found moderate to high
levels of stress, anxiety, depression, sleep disturbance, and
burnout reported by frontline health care employees compared
to workers in other sectors [21]. Moreover, a survey conducted
in the United Kingdom (pre–COVID-19 pandemic) reported
that, of public sector workers, those who work for the NHS
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recorded the most stress [22]. There is also increasing morbidity
in HCPs compared to the general population [23]. Reasons for
these higher levels of stress are multifactorial, including lack
of staff, increasing workload, patient expectation [23], emotional
demands of the role [24], as well as others [25]. Research is
supported by latest figures showing anxiety, stress, and
depression are among the most reported reason for sickness
absence in the NHS, accounting for 24.9% of absence in the
year preceding September 2022 [26]. The issues pertaining to
employee well-being have been acknowledged by the
development of the “NHS workforce health and wellbeing
framework” [27], although the outcomes of this are unclear at
present. While there is extensive research around employee
well-being [28], there are calls for deeper consideration of
psychological needs of HCPs specifically [21,23,29]. The
benefits of considering this not only help on an individual level,
but also aid health care organizations with the economic cost
of staff burnout [13].

Conceptualizing well-being is not straightforward. It is a
complex construct, subject to much academic debate [30].
Current models of well-being tend to be grounded on concepts
of mental illness or psychological functioning [31]. However,
well-being is best described as multifaceted; measured by a
range of subjective and objective concepts rather than one single
notion [32]. Well-being is often used interchangeably with the
term “mental health.” For instance, according to the World
Health Organization (WHO), “mental health” is “a state of
well-being in which every individual realizes his or her own
potential, can cope with the normal stresses of life, can work
productively and fruitfully, and is able to make a contribution
to her or his community” [33]. It is important to note that
well-being is different from the terms “quality of life” or
“health-related quality of life,” terms that are primarily used to
measure a person’s perspective of their own life within a cultural
context [34]. Furthermore “happiness” is not conducive to
well-being. Happiness is often tied to external factors such as
pursuit and fulfillment of life goals or life events, rather than a
holistic concept such as well-being [35,36]. In terms of how we
define well-being here, there is no commonly accepted
definition. Subsequently there is no universally accepted
approach to measure it. Instead, studies of well-being are often
ambiguous in their approach and theoretical underpinnings [37].
A systematic review of self-report measures for assessing
well-being found that while the 2 main theories referred to were
Diener’s model of subjective well-being and the WHO definition
of health, authors were very rarely obvious about how theory
had influenced the development of their tool or study. Further,
argument suggests that the 2 most popular scales, The
Warwick-Edinburgh Mental Wellbeing Scale and the WHO
Five well-being index fail to capture the holistic nature of
well-being [37].

Conceptualizing well-being is complex and often grounded in
various subjective and objective factors. Despite various studies
and tools aiming to measure well-being, none specifically target
HCPs in a comprehensive manner. Adamou et al [31] developed
a new theoretical framework of well-being specifically with
HCPs in mind. The development of the well-being thermometer
consisted of a three-step formation: (1) understanding the

concept of well-being from existing literature and tools, (2)
constructing a new framework of well-being, and (3) devising
a tool to measure it. See Adamou et al [31] for further discussion
of the conceptual development of the well-being thermometer.
This study aims to pilot a new instrument, the well-being
thermometer, specifically designed for HCPs. This tool aims to
enhance individual “well-being intelligence,” helping HCPs
better manage their mental and physical health.

Methods

The Well-Being Thermometer
Developed by Adamou et al [31], this tool incorporates 5
well-being domains—health, thoughts, emotions, spiritual, and
social. It aims to provide a comprehensive yet individualized
snapshot of well-being, thereby allowing for targeted
interventions.

Each of the domains comprises 5 items related to that domain.
Each domain can be reviewed individually or collectively
providing the individual with a score, allowing reflection of
overall and domain-specific well-being. The health domain
includes items which relate to the physical and eating health.
The thoughts domain relates to mental health. Emotions domain
measures the experience of emotions such as joy, satisfaction,
and frustration. Spiritual health aligns with the connection with
oneself and the meaning of life. The social domain relates to
the experience of positive relationships and social networks.
Total score can range from 0 to 25, with a score of 25 being the
highest level of well-being. Example statements include “I tend
to dwell on things more than I should” or “I feel there is a lot
to enjoy in life.” See Adamou et al [31] for further details.

Participants and Procedure
Doctors were recruited to participate in the well-being survey
through verbal advertisements at 2 separate events—a diploma
course in occupational medicine organized by the Royal Society
of Public Health and a Regional (Yorkshire) Conference for
Physicians organized by the Royal College of Physicians. At
each event, information was provided about the survey’s purpose
and the automatic feedback participants would receive upon
completion. The survey was administered using an online
platform, and opportunity sampling was used to gather the
cohort. Participants received an email containing a link to
complete the survey online. By completing the survey,
respondents were informed that they were consenting to have
their data included in the research.

Ethical Considerations
This project was granted ethics approval in line with the
Research Ethics Policy and Procedures at Leeds Beckett
University (138110). Consent for participation was implicitly
granted by the subjects through their active engagement with
the survey, after being fully informed about the study’s
methodology and purpose via the online platform. Moreover,
the study ensured the privacy and confidentiality of the
participants by anonymizing or deidentifying all data used in
the research. No compensation was provided to participants,
aligning with the study’s observational and noninterventional
design.
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Statistical Analysis
SPSS (version 29; IBM Corp) was used for statistical analyses.
The Kolmogorov-Smirnov Test for Goodness of Fit determined
data deviated significantly from normal distribution P<.05;
therefore, nonparametric analysis was reported.

Results

Demographics
The cohort consisted of 148 physicians (without missing data),
68 (46%) recorded female sex, 78 (53%) reported male sex, and

2 (1%) respondents did not want to disclose gender. Age was
recorded in category format, with age range of 40‐44 years
recorded most frequently. Ages ranged from 20 to 69 years.
Two respondents chose not to disclose age (see Table 1).
Respondents recorded level and speciality pertaining to their
profession. See Table 1 for full demographic details.

Table 1 shows the demographic information of the 148
participants who participated in this cross-sectional United
Kingdom–based study exploring the validity of the well-being
thermometer using survey data. Details include self-reported
gender, age, profession level, and speciality pertaining to their
medical career.
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Table . Respondent demographics (N=148).

Values, n (%)Demographic information

Sex

68 (45.9)Female

78 (52.7)Male

2 (1.4)Prefer not to say

0 (0)Missing

Age (years)

2 (1.4)20‐24

4 (2.7)25‐29

23 (15.5)30‐34

16 (10.8)35‐39

33 (22.3)40‐44

21 (14.2)45‐49

22 (14.9)50‐54

13 (8.8)55‐59

7 (4.7)60‐64

5 (3.4)65‐69

2 (1.4)Prefer not to say

0 (0)Missing

Level

3 (2)Foundation doctor

5 (3.4)Core trainee

20 (13.5)Higher specialty trainee

15 (10.1)SASb or nontraining grade doctors

91 (61.5)Consultant or GPa

5 (3.4)Prefer not to say

9 (6.1)Other

0 (0)Missing

Specialty

1 (7)Foundation programme

3 (2)Core medical training or internal medicine stage
1

12 (8.1)Acute internal medicine

8 (5.4)Cardiology

4 (2.7)Endocrinology and diabetes

5 (3.4)Gastroenterology

1 (0.7)General internal medicine

11 (7.4)Genitourinary medicine

33 (22.3)Geriatric medicine

22 (14.9)GP

3 (2)Infectious diseases

1 (0.7)Medical oncology

5 (3.4)Palliative medicine
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Values, n (%)Demographic information

1 (0.7)Rehabilitation medicine

2 (1.4)Renal medicine

14 (9.5)Respiratory medicine

3 (2)Rheumatology

1 (0.7)Sport and exercise medicine

4 (2.7)Stroke medicine

3 (2)Not applicable

6 (4.1)Prefer not to say

5 (3.4)Other

0 (0)Missing

aGP: general practitioner.
bSAS: specialty and specialist.

Well-Being Scores
A total of 148 participants in this cross-sectional United
Kingdom–based study recorded an overall median score of 18
(IQR 14-22) on the well-being thermometer.

Table 2 shows the cross-sectional median and IQR score
recorded by the 148 participants of the United Kingdom–based
study of the well-being thermometer. Scores for individual
well-being domains ranged between 3 and 4.

Table . Scores by domain.

Median (IQR)Domain

3 (2-4)Health

3.5 (3-5)Social

4 (2-5)Thoughts

4 (3-5)Emotions

4 (3-5)Spiritual

18 (14-22)All domains

There was no significant effect of age, profession level, or
speciality on well-being scores, both overall and domain
specific.

Gender-Based Analysis
For the United Kingdom–based cross-sectional study exploring
the well-being thermometer, organized by gender (N=148), the
median score for men (n=78) was 20 (IQR 16-23) compared to
16 (IQR 12-20.5) for women (n=68).

Table 3 shows the median and IQR scores recorded by the
sample (N=148) on individual domains (health, social, thoughts,
emotions, and spiritual) of the well-being thermometer,

organized by gender. The data are derived from a cross-sectional
United Kingdom–based study exploring the validity of the
well-being thermometer. Scores ranged between 4 and 5 for
men and 3 to 4 for women.

Men reported significantly higher levels of well-being than
women overall (U=1593; P=.002). In terms of specific
well-being domains, men reported higher levels of well-being
on health (U=1979.5; P=.015), thoughts (U=1948.5; P=.019),
emotions (U=1971; P=.013), and spiritual (U=1914; P=.014)
domains, compared to women. There was also a trend for men
to score higher on levels of social well-being (U=2109.5; P=.05).
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Table . Domain scores by gender.

Female (n=68)Male (n=78)

Median (IQR)Median (IQR)Domain

3 (1.5-4)4 (3-5)Health

3 (3-4)4 (3-5)Social

3 (2-5)4 (2-5)Thoughts

3 (2-4)4 (3-5)Emotions

4 (3-5)5 (4-5)Spiritual

16 (8.5)20 (7)All domains

Correlation
Table 4 demonstrates that Spearman rho identified positive
relationships between scores on individual domains on the

well-being thermometer in this cross-sectional United
Kingdom–based study of HCPs (N=148). Suggesting that higher
scores on 1 domain of well-being was reflected in other domains
of well-being.

Table . Spearman rho.

Total for spiritual
domain, n

Total for emotions
domain, n

Total for thoughts
domain, n

Total for social do-
main, n

Total for health do-
main, n

Total for health domain

0.400b0.468b0.376b0.399b—aCorrelation coeffi-
cient

.00.00.00.00—Significance (2-
tailed)

142144143144—n

Total for social domain

0.453b0.453b0.492b—0.399bCorrelation coeffi-
cient

.000.195.000—.000Significance (2-
tailed)

141144142—144n

Total for thoughts domain

0.537b0.640b—0.492b0.376bCorrelation coeffi-
cient

.000.000—.000.000Significance (2-
tailed)

142143—142143n

Total for emotions domain

0.534b—0.640b0.453b0.468bCorrelation coeffi-
cient

.000—.000.000.000Significance (2-
tailed)

143—143144144n

Total for spiritual domain

—0.534b0.537b0.453b0.400bCorrelation coeffi-
cient

—.000.000.000.000Significance (2-
tailed)

—143142141142n

aNot applicable.
bCorrelation is significant at the .01 level (2-tailed).
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Cronbach α Analysis
Cronbach α values of 0.7 are considered high levels of internal
consistency (DeVillis [38]; Kline [39]). Values above 0.5 are
acceptable (Bowling [40]; Schmitt [41]). The scale had a high
level of internal consistency, as determined by a Cronbach α
of 0.872. Value would improve to α=0.878 if question 7 (I drink
more alcohol than would be considered healthy) was removed.

Discussion

Principal Results
The aim of this study was to pilot a new instrument, the
well-being thermometer. The tool was specifically designed for
use with HCPs and was piloted here with a sample of physicians.
In this cross-sectional study the well-being thermometer
demonstrated a good level of internal consistency. It was evident
that higher scores in 1 well-being domain correlated with higher
scores on other well-being domains. The factors of age,
speciality, and professional level had no significant effect on
well-being. Results suggest that the well-being thermometer
has the potential to be a useful and informative tool, both within
clinical settings and on an individual level.

Interpretations
The purpose of the well-being thermometer is to enhance
individual “well-being intelligence.” To aid HCPs to better
manage their mental and physical health, and to measure
well-being in a more holistic framework than popular scales
have allowed [31]. The well-being thermometer has shown to
be a valid tool for measuring well-being in HCPs. Subsequently,
with better understanding of well-being, services can offer better
interventions, protection, and help to their workforce, and use
this information to influence policy. The well-being thermometer
also allows HCPs to identify elements of their individual
well-being which may need attention.

Interestingly, results from this study demonstrated that there
was a difference in well-being levels between the sexes, with
men reporting higher levels of well-being than women overall,
but also on the health, thoughts, emotions, and spiritual domains.
This variable was considered important to explore here, as men
have often reported higher levels of subjective well-being than
women in numerous previous studies [21,29,42-44]. With best
evidence derived from a large-scale study of 6397 HCPs, where
men reported significantly greater level of overall well-being
than women [45]. The findings from this study follow this trend.

Importantly, the well-being thermometer can be used to gather
intelligence of staff well-being to facilitate change in policies
and practices across health care organizations [31]. While better
well-being is a valuable goal in its own right, HCPs should be
a priority target because their roles require frontline
responsibilities toward the general public and vulnerable
populations. We have seen advancements in medical science
largely focused on patient care, often overlooking the well-being
of HCPs. This oversight has consequences—not only are HCPs
prone to mental and physical health challenges, but the quality
of patient care also endures as a result. Such concerns are
exacerbated by unprecedented crises like the COVID-19
pandemic. HCPs are pressured with dealing with public health
crisis in real time, in which difficult moral decision-making is
associated with significant stress, lack of control, and feelings
of fear [46]. Troublingly, the prevalence of burnout, depression,
and suicide is high for this group [47-49]. Compromised
well-being among HCPs leads to medical errors, reduced patient
safety, high rates of staff turnover, increased absence due to
sickness, and diminished patient care [12,14,50,51]. Thus, health
care organizations have a responsibility to support and protect
staff well-being for both patient and staff safety [52] and the
well-being thermometer has shown it can be a useful tool in
supporting this objective.

Limitations
Further work pertaining to the well-being thermometer should
be conducted with additional demographic information such as
race and ethnicity, as this information was not captured here,
and is a limitation of the study. A focus on threshold analysis
is also necessary to gain further insight. Also, future work with
larger samples is recommended.

Conclusions
Conceptualizing well-being remains complex and often
grounded in various subjective and objective factors, and despite
various studies and tools aiming to measure well-being, none
specifically target HCPs in a comprehensive manner. The aim
of this study was to pilot a new instrument, the well-being
thermometer, specifically designed for HCPs. This study
demonstrated that the well-being thermometer can be used to
gather intelligence of staff well-being. This information is
required to facilitate much needed change in policies and
practices across health care organizations. A specific focus on
staff well-being will benefit not only HCPs, but also those who
trust in our organizations to provide safe and efficient health
care services.
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Abstract

Background: Researchers have encountered challenges in recruiting unpaid caregivers of people living with Alzheimer disease
and related dementias for intervention studies. However, little is known about the reasons for nonparticipation in in-home smart
health interventions in community-based settings.

Objective: This study aimed to (1) assess recruitment rates in a smart health technology intervention for caregivers of people
living with Alzheimer disease and related dementias and reasons for nonparticipation among them and (2) discuss lessons learned
from recruitment challenges and strategies to improve recruitment.

Methods: The smart health intervention was a 4-month, single-arm trial designed to evaluate an in-home, technology-based
intervention that monitors stressful moments for caregiving dyads through acoustic signals and to provide the caregivers with
real-time stress management strategies. The recruitment involved two main methods: on-site engagement by a recruiter from a
memory clinic and social media advertising. Caregivers were screened for eligibility by phone between January 2021 and September
2023. The recruitment rates, reasons for nonparticipation, and participant demographics were analyzed using descriptive statistics.

Results: Of 201 caregivers contacted, 11 were enrolled in this study. Eighty-two caregivers did not return the screening call,
and others did not participate due to privacy concerns (n=30), lack of interest (n=29), and burdensome study procedures (n=26).
Our recruitment strategies included addressing privacy concerns, visualizing collected data through a dashboard, boosting social
media presence, increasing the recruitment budget, updating advertisements, and preparing and deploying additional study devices.

Conclusions: This study highlighted barriers to participation in the smart health intervention. Despite several recruitment
strategies, enrollment rates remained below expectations. These findings underscore the need for future research to explore
alternative methods for increasing the recruitment of informal dementia caregivers in technology-based intervention studies.

Trial Registration: ClinicalTrials.gov NCT04536701; https://clinicaltrials.gov/study/NCT04536701

International Registered Report Identifier (IRRID): RR2-10.1111/jan.14714

(JMIR Form Res 2025;9:e59291)   doi:10.2196/59291

KEYWORDS

recruitment challenges and strategies; technology-based intervention; dementia caregivers; dementia; mobile phone; Alzheimer
disease; smart health

Introduction

The number of people living with Alzheimer disease and related
dementias (ADRD) in the United States is increasing, with the
figure expected to reach 13.8 million by 2060 [1]. Alzheimer
disease, the primary neurodegenerative condition contributing
to ADRD, necessitates ongoing and escalating levels of support
over time for those affected [1]. Most people living with ADRD

receive unpaid assistance from family members, friends, or
neighbors. In 2023, the number of unpaid caregivers surpassed
11 million [1]. Managing the wide range of caregiving
responsibilities and coordinating dementia care can exacerbate
caregivers’ stress, burden, anxiety, and depression [1,2].

Various nonpharmacological interventions have emerged to
mitigate the negative aspects of caregiving, aimed at supporting
caregivers [3]. These interventions include acceptance and
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commitment therapy, education, counseling, psychotherapy,
and support groups. Although the effects of these interventions
vary depending on their contexts, the interventions have been
generally effective in alleviating caregivers’ negative emotions
and improving their quality of life [1,3].

Over the past few decades, technological advancements and the
recent pandemic challenges prompted a transition from in-person
to online delivery of interventions. This shift has made
interventions more accessible by accommodating caregivers’
limited time and geographical locations and alleviating care
demand [1,4,5]. The delivery methods of interventions range
from the basic tools, such as telephone calls, video conferences,
and web page visits, to more advanced technologies such as
wearable devices, video or image sensors, or intelligent audio
systems [4,6]. These technologies can enhance home safety and
well-being and reduce health care costs for people living with
dementia and their caregivers [6].

Despite the potential of these novel interventions, their
deployment still faces challenges among caregivers of people
living with ADRD. Barriers include limited experience with
technology, lack of awareness, technical issues, time constraints,
privacy concerns, and mistrust [6-8]. Notably, Wen et al [7]
found that online-based interventions are more likely to be
accepted by younger family caregivers, contrasting with the
predominantly middle-aged and older caregiver population
[1,9]. Further, the American Association of Retired Persons
report revealed that only half of the caregivers across all age
groups and just 20% of those older than 65 years of age felt
comfortable using in-home technologies (eg, Google Assistant
or Alexa; Amazon.com, Inc.) [10]. Given the growing proportion
of caregivers aged 60 years and older (28% in 2015 and 35.4%
in 2022) [11], participation in technology-based interventions,
specifically through those requiring advanced technological
devices, remain limited.

Recent studies have explored recruitment challenges and
strategies in interventions targeting caregivers of people living
with ADRD [7,12-15]. However, there is still limited research
specifically focused on these issues within the context of
technology-based interventions. Understanding and addressing
these challenges are pivotal for effectively engaging caregivers
of people living with ADRD in such interventions, which is the
primary focus of our study.

In this descriptive study, we aimed to explore the recruitment
challenges encountered in an in-home, technology-based
intervention designed to reduce stress among caregivers of
people living with ADRD and to improve their dyadic
relationships. We identified the overall recruitment rate and the
reasons for nonparticipation from the caregivers’ perspective
and examined the demographic characteristics of the caregivers
enrolled in this study. In addition, we discussed the recruitment
challenges and strategies we used to address them during the
intervention.

Methods

Study Design of the Smart Health Intervention
The smart health intervention was a 4-month, single-arm trial
designed to develop an in-home, technology-based intervention
and assess its feasibility for caregivers of people living with
ADRD [16,17]. Caregivers received this study’s devices (ie, a
laptop, a microphone connected to the computer, a router, and
a smartphone). They placed them in an area of their home where
they frequently interacted with their care recipients. We captured
acoustic signals from the caregiving dyads through the
microphone and used a deep machine-learning approach to
identify stressful situations [16]. The system then sent a
real-time stress management tip to the caregivers’ study
smartphone via the ecological momentary assessment (EMA)
system [16,17]. Examples of tips sent to caregivers included
practicing body scan and deep-breathing exercises, taking a
time out, or engaging in enjoyable activities. The messages
encouraged caregivers to follow the tip and to report its
usefulness. Caregivers were also asked to answer daily and
weekly questions about their physical and emotional health
status and the overall usefulness of the stress management tips
[17]. We provided US $50 compensation to each caregiver and
care recipient three times—1 month after starting the
intervention, halfway through, and at the end of the intervention.

Recruitment
Recruitment took place between January 2021 and September
2023 using convenience sampling. Two main recruitment
methods were used to recruit eligible participants: (1) on-site
engagement at a memory clinic within a Midwestern academic
medical center and (2) advertisements on social media platforms.
At the memory clinic, a recruiter distributed study brochures to
individuals who visited the clinic and might be eligible for this
intervention. Once the caregivers expressed interest in this study,
the recruiter shared their contact information with this study’s
personnel (EK and KMR). This study’s personnel contacted the
caregivers to explain this study’s procedures in detail and
confirm their eligibility.

We also advertised the smart health intervention via social media
platforms, such as Facebook (Meta) and Instagram (Instagram
from Meta), to recruit caregivers across the United States. We
allocated between US $100 and US $300 to recruit participants
through social media platforms for 1 week of recruitment
postings. The uploaded posts included this study’s title, primary
text, target age and gender, study locations, and a link to a
website containing this study’s detailed information. Individuals
who saw this study’s advertisements and were interested in this
intervention contacted the principal investigator (KMR) by
phone or email. In addition to these two methods, individuals
also contacted the principal investigator after finding the
information about our study on websites listing clinical trials,
such as ClinicalTrials.gov [18].

Participant Eligibility
We recruited participants who met the following inclusion
criteria: (1) aged 21 years or older, (2) residing with and caring
for older adults living with ADRD, (3) not receiving payment
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for providing care, (4) having well-functioning home Wi-Fi,
(5) receiving a score above 3 on the Revised Memory and
Behavior Problems Checklist, (6) being fluent in English, and
(7) agreeing to participate [17]. During the screening call, those
who met the eligibility criteria provided verbal consent and
signed the electronic consent form. Given that this intervention
involved monitoring acoustic signals while caregivers
communicated with their care recipients, care recipients were
also required to sign the consent form. If care recipients could
not consent, their caregivers provided proxy consent.

Data Collection

Overview
We manually recorded the participation status and the reasons
for nonparticipation of each individual contacted in REDCap
(Research Electronic Data Capture; Vanderbilt University), a
Health Insurance Portability and Accountability Act compliant,
web-based data collection platform that allows researchers to
access and manage data [19]. We also gathered the reasons for
nonparticipation during the screening call. After individuals
agreed to participate, we emailed them a REDCap link to the
consent form and the demographic questionnaire. Those who
consented and completed the questionnaires received copies of
the informed consent form. Participants were required to
complete the survey only through this link, with responses
automatically stored in REDCap.

Participation Status and Reasons for Nonparticipation
During the screening call, we asked individuals screening
questions and documented their reasons for nonparticipation.
The reasons were categorized into predeveloped options: (1)
did not meet eligibility criteria, (2) not interested, (3) considered
study protocol to be too burdensome, (4) worried about privacy
issues, (5) others (eg, considering care replacement to facilities),
(6) expressed interest but did not respond to the screening call,
(7) noted invasion of privacy was undesirable, (8) harmful
events occurred due to this study, and (9) no longer wanted to
participate.

Demographic Characteristics of Participants
We collected demographic data from participants at baseline.
The questionnaire included information on the age, gender, race
(American Indian or Alaska Native, Asian Native Hawaiian or
other Pacific Islander, Black or African American, White,
unknown, or not reported), ethnicity (Hispanic or Latino, Not
Hispanic or Latino, or not reported), relationship between
caregivers and care recipients (spouse, partner, sibling, child,
grandchild, or other), education level (never attended or
kindergarten only, K grades from 1st to 12th [not diploma],
high school graduate, general education diploma or equivalent,

attended college but did not obtain a degree, associate degree,
bachelor’s degree, master’s degree, professional school, doctoral
degree, or unknown), employment status (working now, only
temporarily laid off, sick leave, maternity leave, unemployed,
retired, disabled permanently or temporarily, keeping house,
student, other, or unknown), caregiving hours per day,
caregiving duration in months, marital status, the number of
household members, zip code, veteran status (yes or no), and
any history of combat exposure for those with a military
background.

Challenges and Strategies in Recruitment
To address recruitment challenges through on-site engagement,
we conducted two 20-minute Zoom (Zoom Communications,
Qumu Corporation) meetings with a memory clinic recruiter in
June and November 2022. We also held weekly meetings with
the research team to discuss challenges in recruiting through
social media and brainstorm potential solutions.

Ethical Considerations
The smart health intervention was approved by the institutional
review board at this study’s institution (2019B0406) and was
registered with ClinicalTrials.gov (NCT04536701) on
September 3, 2020, and completed on December 31, 2023. All
participants provided written, informed consent before the data
collection. Participants were informed about this study’s
purpose, duration, location of data storage, potential benefits
and risks of involvement in the intervention, and contact
information for the principal investigators.

Data Analysis
We used SPSS (version 29; IBM Corp) for descriptive analyses,
including frequencies, percentages, means, and SDs, to present
the characteristics of recruitment and participant demographics.
We also used a note-taking approach during discussions with
a recruiter and team members to capture key points on the topic.

Results

Participation Status and Reasons for Nonparticipation
Figure 1 presents the recruitment flowchart and reasons for
nonparticipation. We attempted to screen 201 caregivers through
social media (125 individuals), memory clinic (63 individuals),
and other sources, such as ClinicalTrials.gov or unknown routes
(13 individuals). Of these, 22 caregivers and their care recipients
agreed to consent; only half completed the baseline
questionnaire and began the intervention. Six of the 11
participants were recruited through social media, and the
remaining 5 were recruited through on-site engagement at the
memory care clinic (Figure 1).
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Figure 1. Flowchart illustrating participant recruitment and exclusion. *Some of 179 respondents addressed multiple reasons for their non-participation.

Among caregivers excluded, 82 did not respond to the screening
contact, 30 declined to participate due to privacy concerns, 29
were not interested in the intervention, and 26 considered this
study’s protocol to be burdensome. Eleven respondents failed
to meet the eligibility criteria, mainly because they were not
primary or live-in caregivers, their care recipient was
hospitalized or deceased, or they lacked functional Wi-Fi at

home. Three caregivers expressed interest but later decided not
to participate after further consideration. Other reasons for
nonparticipation included (1) not providing written consent on
a consent form after providing verbal agreement, (2) frequent
travel plans, (3) having multiple household members besides
the caregiving dyad, (4) planning to institutionalize their care
recipient soon, and (5) providing incorrect contact information.
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Further, 11 caregivers who consented ultimately withdrew from
this study for reasons such as no longer wanting to participate,
failure to reach out, and the death of the care recipient.

Demographic Characteristics of Participants
Table 1 presents the demographic data for the participating
caregiving dyads. The average ages of caregivers and care
recipients were 60.09 (SD 13.52) years and 76.73 (SD 8.04)
years, respectively. Most caregivers were female (n=8, 73%),
while most care recipients were male (n=7, 64%). Most

caregiving dyads were non-Hispanic White (n=7, 82% of
caregivers; n=9, 91% of care recipients). Education levels varied,
but all caregivers had attained education beyond a high school
degree. Regarding employment status, 8 (73%) caregivers and
all care recipients were either unemployed or retired. Eight
(73%) care recipients and 7 (64%) caregivers were married,
with caregivers typically being spouses. The average amount
of caregiving hours per day was 21.18 (SD 6.37) hours, and the
average caregiving duration was 34.82 (SD 20.26) months.
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Table . Demographics of actual participating dyads (N=11).

Care recipientsCaregiversCharacteristic

76.73 (8.04)60.09 (13.52)Age (years), mean (SD)

Gender, n (%)

4 (36)8 (73)Female

7 (64)3 (27)Male

Race, n (%)

1 (9)1 (9)African American or Black

0 (0)1 (9)Asian American

10 (91)9 (82)Non-Hispanic White

Ethnicity, n (%)

10 (91)10 (91)Non-Hispanic

1 (9)1 (9)Not reported

Education level, n (%)

1 (9)0 (0)General education diploma or equivalent

1 (9)0 (0)12th grade, not diploma

1 (9)0 (0)High school graduate

2 (18)1 (9)Attended college but did not obtain a degree

2 (18)2 (18)Associate degree

1 (9)4 (36)Bachelor’s degree

1 (9)3 (27)Master’s degree

2 (18)1 (9)Doctoral degree

Employment status, n (%)

0 (0)3 (27)Employed

11 (100)8 (73)Not employed or retired

Marital status, n (%)

8 (73)7 (64)Married

0 (0)3 (27)Never married

2 (18)0 (0)Widowed

1 (9)1 (9)Divorced

Veteran status and combat exposure, n (%)

1 (9)2 (18)Yes, no combat exposure

10 (91)9 (82)No

—a21.18 (6.37)Caregiving hours (h/d), mean (SD)

—34.82 (20.26)Caregiving duration (mo), mean (SD)

—2.27 (0.65)Household member, mean (SD)

aThe “—” indicates “not applicable”

Lessons Learned Through Recruitment Challenges

Challenges of On-Site Engagement
A recruiter responsible for informing caregivers about this study
at the memory clinic provided some reasons for a low rate of
face-to-face recruitment. First, staffing shortages at the clinic
and the shift from in-person to remote medical appointments
likely reduced recruitment opportunities. When patients

transitioned to telehealth appointments, the recruiter could not
meet with them and their caregivers to provide study
information. Additionally, increased patient no-shows for
in-person medical appointments further hindered recruitment
efforts. Caregivers also expressed concerns about the time
commitment and privacy issues associated with
technology-based interventions, which echoed the feedback
from the caregivers who refused participation in the smart health
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intervention. The recruiter noted that caregivers showed more
interest in pharmacological trials for their care recipients than
in nonpharmacological trials for themselves.

To address these challenges, the recruiter suggested introducing
this study virtually before or after telehealth appointments to
raise awareness among caregivers and their care recipients.
Increasing the clinic’s staff who help study recruitment and
having study personnel provide detailed explanations of this
study—either in person or virtually—while caregivers wait for
their care recipients could also help improve recruitment rates.

Challenges of Social Media Recruitment
We also encountered specific challenges with recruiting through
social media platforms. A primary issue was the need to present
study information briefly within social media posts, which often
limited the detail we could provide. This brevity hindered
potential participants from receiving detailed study information
to decide, which is particularly critical in intervention studies.
For example, of 601 caregivers who clicked the advertisements
in April, only 7 reached out to the staff for further information.
This suggests that the brief content in the advertisements may
not have efficiently delivered this study’s purpose or importance
to potential participants.

Another issue was that the visibility of our study was directly
tied to our advertising budget. As a result, we had to allocate
more resources to increase our reach on social media platforms.
Moreover, we faced difficulties maintaining the balance between
demand and supply. When study advertisements were posted
on social media, we received a flood of inquiries from interested
participants, but limitations in the availability of study
equipment caused delays. Some participants had to wait weeks
or months to receive this study’s equipment, likely contributing
to decreased interest and higher withdrawal rates.

Strategies to Improve Recruitment
We discussed and attempted several strategies to alleviate the
recruitment challenges, specifically targeting the individual

concerns that led to the reluctance to participate. To mitigate
privacy concerns in the smart health intervention, we reassured
caregivers during recruitment that we would not record their
conversation or behaviors but focus on the changes in acoustic
characteristics, such as tone, intonation, and amplitude. We
allowed participants to choose the microphone placement for
data collection, provided it was in a room where frequent
interactions with the care recipient occurred. Additionally, we
clarified that we would only analyze acoustic data collected
from the participating caregiving dyad, differentiating their
voices from others in the household (ie, visitors).

We also developed a dashboard (Figure 2) and shared it with
participants, showing the visualized data without capturing
specific words or conversations. This approach helped ease
privacy concerns, and as this study progressed, participants
gained confidence in the system’s utility. By the end of this
study, they reported that privacy was no longer a concern.

To enhance recruitment through social media, we consulted
with social media specialists on ways to improve the visibility
of this study’s advertisements. We increased our budget for
social media advertising from US $100/wk in April to US
$200/wk in September and revised the advertising text to provide
more detailed information for eligible caregivers (Textbox 1).
These modifications led to a slight rise in interest from potential
study participants, as indicated by an increase in advertisement
clicks from 601 in April to 1421 in September. The number of
inquiries for detailed information also grew, from 7 in April to
17 in September. However, there was no change in terms of
percentage (from 7/601, 1.16% in April to 16/1701, 1.20%),
while the cost per click was higher (from US $0.33 in April to
US $0.42 in September). Despite these efforts, we recruited
only 5 out of 125 participants through social media, indicating
that the strategies may not be effective and that further actions
are needed to capture the attention of potential participants
better.
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Figure 2. Examples of dashboard data collection. These graphs were generated based on an actual participant’s data. The x-axis represents the passage
of time. (A) The cumulated number of daily mood states through acoustic monitoring. (B) Self-reported daily emotional status. (C) Followed
recommendation tips per day (bars) and daily scores for helpfulness (line).

Textbox 1. Changes in the statements on advertising posts.

Statement on the advertisements before the revision

Researchers at the ### are seeking participants for a study to learn more about ways we can help family caregivers for persons with memory loss
manage their stress better. The research study will help family caregivers recognize their stressful situations and find ways they may be able to feel
less stress.

Statement on the advertisements after the revision

Researchers at the ### are seeking family or friends who care for people with memory loss for a study. By identifying voice changes, this study will
help caregivers recognize their feelings in tense moments and cope with their difficult conversations with persons with memory loss. This may help
caregivers find ways to increase self-care and satisfaction with their daily lives. You do not have to be good with technology to participate. Participant
privacy will be carefully protected. Please do not hesitate to contact us with questions or for more information!

We prepared and deployed additional study devices for
participants on the waitlist. To enhance their motivation to
participate in this study, we conducted regular follow-ups,
approximately 2 to 3 times monthly. These actions enabled us
to monitor and address study-related challenges and facilitate
effective communication and rapport between study personnel
and participants, helping ensure their continued involvement in
this study. However, some potential participants experienced
changes in their caregiving situations (eg, planning travel,
experiencing a care recipient’s death, or having second thoughts
about engaging in this study) and withdrew from the waitlist.

Discussion

Principal Findings
This study aimed to identify recruitment challenges in a smart
health technology intervention for caregivers of people living
with dementia. We observed a low recruitment rate and
identified various reasons for nonparticipation among caregivers.
Beyond nonresponsiveness to screening, the most common
reasons for nonparticipation included privacy concerns, a lack
of interest, and perceptions of this study as being burdensome.
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The demographic characteristics of participating caregivers
showed that the majority were mainly female, White, spousal
caregivers, and retired. Recruitment challenges were observed
both on-site and through social media. On-site engagement
challenges included the transition to remote medical
appointments and staffing issues. At the same time, social
media-based recruitment faced limitations related to the context
of postings, budget considerations, and balancing demand and
supply.

We observed a lower recruitment rate through social media
(6/125 individuals) than on-site engagement (5/63 individuals).
Previous literature has reported mixed results regarding the
effectiveness of using social media for recruitment in
intervention research [13,20-26]. While some studies have
suggested that social media recruitment could be costly and
ineffective [20-22,24], others have argued that social media
could benefit the recruitment of potential target participants
[13,23,25,26]. These conflicting findings highlight a need for
further research to explore differences in recruitment rates across
recruitment channels in technology-based interventions for
people living with ADRD and their caregivers.

Caregivers of people living with ADRD may be anxious about
sharing their data to use technology [27-29]. Additionally, they
often prioritize dementia care and pay more attention to clinical
trials focused on treating a specific disease than trials targeting
their health [30]. While multiple pharmacological clinical trials
may be ongoing in a clinic, caregivers of people living with
ADRD may overlook nonpharmacological intervention studies.
Moreover, they already spend considerable time and energy
caring for their care recipients, and they may perceive
participating in an intervention study, especially a
technology-based trial, to be overly demanding [29,31,32].
Therefore, intervention research using technology should use
strategies that reduce the perceived burden, such as providing
training, using user-friendly platforms, or offering nondigital
alternatives, including daily logs for those uncomfortable with
technology in the caregiving population [8]. These tailored
approaches have the potential to enhance the enrollment in
dementia caregiving research.

Being female and non-Hispanic White are common
characteristics of caregivers of people living with dementia in
the United States [1], and spousal dementia caregivers are more
likely to be retired [33]. Compared to male caregivers, females
are more likely to sacrifice personal time, which can lead to a
more significant burden and depressive symptoms [1]. Spousal
dementia caregivers are also at a higher risk for depression, with
rates being 2.5 times higher than that for nonspousal caregivers
[1]. Caregivers with these characteristics may be more willing
to participate in caregiving research on stress management. Still,

the lack of demographic data on nonparticipants makes it
difficult to confirm this. Therefore, future studies should gather
information from participants and nonparticipants to better
understand why some caregivers choose not to engage in
research.

Limitations and Potential Implications
Despite our efforts, the strategies implemented in the smart
health intervention needed to address recruitment barriers
effectively. First, we needed more complete data on the
socioeconomic status and race or ethnicity of potential
participants who did not enroll in our study. Research shows
that dementia caregiving dyads from lower socioeconomic
backgrounds are less likely to participate in studies involving
technology due to unfamiliarity and limited access to
technological devices [31,34]. This gap in our data limited our
ability to access the potential impact of the backgrounds of
caregiving dyads on the recruitment rate.

Second, concerns about this study being too demanding persisted
throughout recruitment, likely due to caregivers’ unfamiliarity
with the technology. This study’s design, which included
real-time messaging through the EMA system, may have
contributed to this perception. However, an intervention study
using the EMA system reported that the EMA approach did not
bother participating caregivers [35]. Nonetheless, more research
is needed to understand how the EMA system affects caregivers’
daily lives while capturing data [36].

We could not manage the recruitment challenges, such as the
transition to remote medical appointments and staffing issues,
through on-site engagement. Recruitment might have improved
with more advertising before or after virtual medical
appointments, greater research personnel involvement, and
additional resources; however, barriers to participating in
telehealth visits made implementing these strategies unfeasible.
The rise in health care since the COVID-19 pandemic—an
approximately 150% increase in telehealth visits [37]—posed
a barrier to recruiting caregivers in person. Future studies should
explore ways to overcome these challenges when recruiting
participants with limited in-person contact.

Despite these limitations, the findings of this study can inform
strategies for addressing recruitment challenges in dementia
caregiving research. Our findings offer insights into the reasons
for nonparticipation and how to address participants’ concerns
regarding the smart health intervention. The findings may help
researchers develop better strategies to improve recruitment
rates in similar studies, offering caregivers opportunities to
enhance their health and the quality of care they provide to their
loved ones.
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Abstract

Background: Social communication is a crucial factor influencing human social life. Quantifying the degree of difficulty faced
in social communication is necessary for understanding developmental and neurological disorders and for creating systems used
in automatic symptom screening and assistive methods such as social skills training (SST). SST by a human trainer is a
well-established method. Previous SST used a modified roleplay test to evaluate human social communication skills. However,
there are no widely accepted evaluation criteria or social behavioral markers to quantify social performance during SST.

Objective: This paper has 2 objectives. First, we propose applying the Social Performance Rating Scale (SPRS) to SST data to
measure social communication skills. We constructed a Japanese version of the SPRS already developed in English and French.
Second, we attempt to quantify action units during SST for people with autism spectrum disorder (ASD) or schizophrenia.

Methods: We used videos of interactions between trainers, adults with ASD (n=16) or schizophrenia (n=15), and control
participants (n=19) during SST sessions. Two raters applied the proposed scale to annotate the collected data. We investigated
the differences between roleplay tasks and participant groups (ASD, schizophrenia, and control). Furthermore, the intensity of
action units on the OpenFace toolkit was measured in terms of mean and SD during SST roleplaying.

Results: We found significantly greater gaze scores in adults with ASD than in adults with schizophrenia. Differences were
also found between the ratings of different tasks in the adults with schizophrenia and the control participants. Action units
numbered AU06 and AU12 were significantly deactivated in people with schizophrenia compared with the control group.
Moreover, AU02 was significantly activated in people with ASD compared with the other groups.

Conclusions: The results suggest that the SPRS can be a useful tool for assessing social communication skills in different
cultures and different pathologies when used with the modified roleplay test. Furthermore, facial expressions could provide
effective social and behavioral markers to characterize psychometric properties. Possible future directions include using the SPRS
for assessing social behavior during interaction with a digital agent.

(JMIR Form Res 2025;9:e59261)   doi:10.2196/59261

KEYWORDS

social performance rating scale; social skills training; autism spectrum disorder; schizophrenia; facial expressions; social; autism;
training; communication; trainers; tool; neurological

Introduction

Social communication skills are essential in human life.
Experienced psychiatrists identify people with social
communication difficulties, such as autism spectrum disorder
(ASD or autism spectrum condition) and schizophrenia, through
interviews based on diagnostic criteria, responses, and various
neuropsychological tests [1,2]. To improve the identification

accuracy of neurodevelopmental and neurological disorders
such as ASD and schizophrenia, it is crucial to discover
symptom-specific behavioral markers and phenotyping. Both
adults with ASD and and adults with schizophrenia are
characterized by social difficulties [3]; in terms of deficits, there
have been reports describing conversational gestures that are
less closely synchronized with co-occurring speech [4],
frequency of eye contact [5], speech prosody [6], and delayed
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response time [7]. For schizophrenia, deficits in social cognition
are a critical determinant of social functioning [8]. It has been
reported that people with ASD and schizophrenia share several
symptomatically similar characteristics such as flat or blunted
affect (eg, reduced eye contact) and alogia (eg, impoverished
speech) [9,10]. Thus, quantifying the degree of social
communication difficulty is necessary to understand the nature
of ASD and schizophrenia and to create systems for automatic
symptom screening and early intervention methods such as
social skills training (SST).

SST is a psychosocial treatment that has been widely applied
and adapted to help people improve their social communication
skills. It has been used in hospitals, employment support
facilities, workplaces, and schools. A human trainer generally
conducts SST to promote appropriate social communication
skills, strengthen the individual’s social self-efficacy, and reduce
social anxiety. The Bellack method [11], or step-by-step SST,
is a well-structured approach that includes defining target skills,
modeling, roleplay, feedback, and homework. This method
defines the SST framework and its 4 basic skills: asking for
requests, declining requests, telling positive feelings, and
listening to others. Some researchers have been conducting
studies to build SST systems using socially interactive agents
[12,13]. Personalizing is an essential element for such SST
systems. For example, Bellack et al [11] recommended using
shorter and more precise feedback for people with schizophrenia
who experience hallucinations. Since they often hear voices
distracting the SST, focusing is difficult. For ASD, feedback
could be disengaging if trainers frequently mention exaggerated
gestures or facial expressions, since these are major symptomatic
characteristics. Toward more personalized SST systems, it is
imperative to quantitatively measure the characteristics of ASD
and schizophrenia.

However, there are no widely accepted evaluation criteria during
SST. If a well-validated scale was available, it could be used
as a ground truth value for machine learning models in the SST
system [14]. Among social behavioral markers, individual
roleplay performance can be rated with a modified roleplay test
conducted [15,16], although there is no internationally validated
scale. This type of test is further limited because it must be
evaluated by experts such as psychiatrists and SST trainers.
Moreover, there is no robust social behavioral marker to quantify
social performance during SST. One of the important behavioral
markers is facial expression. Previous works showed that action
units AU06 and AU12 are less expressed in ASD participants
[17,18], while AU01 is also less expressed in ASD participants
[19]. For patients with schizophrenia, as far as the authors know,
no previous study has provided an analysis of particular action
units, although machine learning–based schizophrenia detection
models have been proposed [20].

This paper proposes applying the Social Performance Rating
Scale (SPRS) to measure social communication skills. The
SPRS is a validated scale developed in English [21] and French
[22]. The English version was applied to videos of a simulated
dinner party for participants with a primary diagnosis of social
phobia, those with a primary diagnosis of anxiety disorder, and
control participants. The French version was applied to videos
of collaborative games between neurotypical participants. This
scale has been extensively used in a variety of research [23]. In
this paper, we newly developed a Japanese version of the SPRS
that can be used without special qualifications in SST. We
collected data on 4 SST tasks performed by adults with ASD,
with schizophrenia, and control groups. Two raters used the
SPRS to annotate their performance in SST. The goals of our
study are (1) to validate our Japanese version of the SPRS, (2)
to apply the SPRS to SST and examine the correlations between
the SPRS and the modified roleplay test, (3) to investigate
whether the SPRS can be applied to participants with ASD or
schizophrenia, and (4) to analyze the relations between the
SPRS, facial expressions, and questionnaire results. Here, we
aim to analyze the differences in action units during SST
roleplay in people with ASD or schizophrenia. This is an
extended version of a conference workshop’s proceedings [24],
in which we added an analysis of the facial expressions of people
with ASD or schizophrenia.

In summary, we made contributions by developing and
examining the following items: we developed a Japanese version
of the SPRS; we analyzed social communication skills by
focusing on the differences among adults with ASD or
schizophrenia and a control group, on task differences of SST,
and on questionnaire scores; and we analyzed action units by
focusing on the differences among adults with ASD or
schizophrenia and a control group, as well as questionnaire
scores.

Methods

Ethical Considerations
This study was approved by the institutional review board of
the Nara Medical University, Japan, and Nara Institute of
Science and Technology, Japan (reference number:
2019-I-27‐2). We explained the experiment’s procedure and
purpose to the participants and obtained informed consent. All
data were anonymized. Participants received monetary rewards
of up to 16,000 Japanese yen.

Development of Japanese Version of the SPRS
The items in the English version of the SPRS are provided in
Table 1, where each of them is rated on a Likert scale of 1 to 5
[25].
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Table . Social Performance Rating Scale (SPRS; modified from an earlier study [21]).

DescriptionItem

Gaze • (1) Very poor: Participant completely avoids looking at the partner
or stares continually.

• (5) Very good: Participant keeps eye contact during the conversation,
does not stare; shifts focus during pauses and conversation.

Voice quality • (1) Very poor: (1) Participant speaks in a flat, monotonous voice; or
(2) speaks at a low volume or mumbles; or (3) speaks overly loudly
or has an intrusive tone (harsh or unpleasant voice quality).

• (5) Very good: Participant is warm and enthusiastic in verbal expres-
sion without sounding condescending or gushy.

Length • (1) Very poor: Monosyllabic (“hmmm,” “yeah,” “OK”) speech turns;
or responses so long that the partner must interrupt or cannot utter a
reply.

• (5) Very good: At most times, participant’s utterances are 2 or more
sentences long. Participant acknowledges partner’s remarks without
taking over and monopolizing the conversation.

Discomfort • (1) Very high: Complete rigidity of arms, legs, or whole body. Con-
stant leg movements or fidgeting with hands, hair, or clothing. Ex-
tremely stiff face or constant facial tics. Frequent nervous throat
clearing, swallowing, or stuttering. Frequent inappropriate giggling
or laughing. Look of extreme discomfort and desire to flee the situa-
tion shown by 2 or more breaks in the role. Participant does not pay
attention to the roleplay tasks most of the time.

• (5) Very low: Relaxed body posture and natural body movement.
Participant laughs and smiles at appropriate times. She/he shows ef-
fective gesturing (to be distinguished from fidgeting). Participant
focuses on the task all of the time, does not appear at all uncomfort-
able, but at ease in the situation.

Conversation flow • (1) Very poor: Participant makes few attempts to initiate the conver-
sation. Even when prompted by the partner, participant cannot
maintain the conversation. Participant uses almost no open-ended
questions or is intrusive in questions and shows no empathy. Partici-
pant does not pay attention to the information provided by partner.

• (5) Very good: Participant easily maintains the conversation and re-
sponds smoothly to pauses in the conversation, often by following
up on previous information provided by the partner or providing free
information about themself on a related topic. Participant introduces
new topics fluidly and frequently use open-ended questions. Partici-
pant shows genuine interest in the partner and follows up on the
partner’s remarks with warmth or enthusiasm.

We developed a Japanese version of the SPRS. As suggested
by an earlier work [26], in its guide to good practices in
translation and cultural adaptation, we first translated the scale’s
contents from English to Japanese and then from Japanese to
English. This forward and backward translation method provides
quality control to verify consistency between the translation
and the original version. Inter Group Corp (Osaka, Japan), a
company specializing in language and cross-cultural adaptation,
translated the SPRS at our request. This Japanese version of the
scale is available upon request to the authors.

SST Roleplay
We used a Japanese SST dataset collected in a previous study
[14]. We collected SST data at Nara Institute of Science and
Technology for the control group and at Nara Medical
University for the clinical group. The dataset includes data from
50 adults with the following characteristics: 16 in the ASD
group, 15 in the schizophrenia group, and 19 in the control

group. We collected these psychiatric or neurodevelopmental
clinical groups to investigate their social communication
difficulties. We included these groups because the main SST
clients in clinical facilities are those with ASD and
schizophrenia. The control group participants were hired by a
recruitment agency. Two psychiatrists with SST experience
joined this study as trainers (roleplay partners). All participants
performed SST using roleplay and feedback from the trainer.
Four basic skills were performed as follows: asking for requests,
declining requests, telling about positive feelings, and listening
to others (ie, asking, declining, telling, and listening). Each
roleplay lasts 1 to 3 minutes. Some participants performed SST
multiple times, although our analysis was done on the initial
roleplay data.

We excluded from the control group participants who had
undergone eye surgery or had a history of psychiatric
hospitalization. For the clinical group, we excluded participants
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who scored less than 70 on the third edition of the Wechsler
Adult Intelligence Scale [27]. We excluded participants with
drug or alcohol addictions, personality disorders, or organic
mental disorders. The data collection period was from January
2020 to January 2021. Due to COVID-19 concerns, a transparent
partition was placed between the participants and trainers. Two
video cameras were placed behind each conversationalist to
record the other individual at chest level from the participants’
faces. We also recorded a video and used 2 Kinect (Microsoft
Corporation) sensors installed at the side of each
conversationalist.

Questionnaire
We assessed each participant using the following questionnaires
for correlation analysis with the SPRS and action units: the
Facial Emotion Identification Test (FEIT) adopted in previous
work [28], Kikuchi’s scale of social skills with 18 items
(Kiss-18) [29], Singelis independent-interdependent
Self-Construal Scale (Self-Construal Scale) [30], the second
edition of the Social Responsiveness Scale (SRS-2) [31]
(Japanese version [32]), and the Japanese version of the Brief
Assessment of Cognition in Schizophrenia (BACS-J) [33]. In
addition, we used the Autism Diagnostic Observation Schedule,
Second Edition (ADOS-2), for the ASD group and the Positive
and Negative Syndrome Scale (PANSS) for the schizophrenia
group [2,34]. Where possible, we obtained the total score and
subscales of each questionnaire. Excluding the FEIT, the
questionnaires were collected before the SST data collection.

The FEIT, which assesses the emotional perception of facial
emotions, includes facial images of 19 different people classified
into 1 of 6 emotions: happiness, sadness, anger, surprise, fear,
or disgust. We included this assessment because people with
ASD and schizophrenia struggle with social cognition in facial
images [34]. Kiss-18, which measures social skill levels, is
comprised of 18 questions based on 6 social skill categories.
This metric comprehensively measures social skills.
Self-Construal Scale, which consists of questions on a 7-point
rating scale, was developed to measure how people view
themselves in relation to others. The SRS-2, composed of 65
questions, is an evaluation metric of the severity of social
impairment. Although the SRS-2 was initially designed to assess
people with ASD, it can also differentiate among various social
communication difficulties. Its effectiveness has been
investigated with clinical subjects and members of the general
population [31].

To evaluate the participants during SST roleplay, we also
adapted a modified roleplay test [15]. The scale is available
only in Japanese. It includes items more closely related to
psychopathology than the SPRS because the main target of this
test is adults with schizophrenia. For this test, third-party
psychiatrists watch recorded videos from both oblique and side
views. Our 2 raters used a Likert scale from 1 to 5 for eye
contact, body direction and distance, facial expression, voice
variation, clarity, fluency, and social appropriateness. Since the
required skills are situation-dependent, the social appropriateness
differs depending on each SST task. Let us explain examples
of social appropriateness for Bellack’s basic tasks. Listening to
others, which determines whether the participants paid attention

to the interlocutor, includes nodding, back-channels, and other
nonverbal behaviors (eg, eye contact, smiling). In expressing
positive feelings, social appropriateness involves expressing
attention to the interlocutor’s responses and the suitability of
the participant’s speech content. For making requests, social
appropriateness assesses whether they explained the details of
their request, including what kind of help they needed. It also
includes whether they listened to the interlocutor. For declining,
social appropriateness concerns whether they expressed remorse
and appropriate reasons for their refusal. It also includes whether
they proposed alternatives to the request (eg, “I’m sorry, but I
propose doing it another way next time”), which is essential to
this situation.

SPRS Rating
Two third-party raters performed the annotations; all are
nonexperts in psychiatry, psychology, or SST. The raters
watched the recorded videos from oblique and side views for
this evaluation. They initially evaluated all participants’ roleplay
in the first of the 4 basic tasks during the SST. Here, they
watched the first 3 videos and discussed the SPRS content for
evaluation practice, and then they evaluated the scores of the
other videos without discussion. They were not informed directly
about the nature of the groups (clinical outpatients or control),
but it is possible that they may have noticed the existence of
these groups by the background in the video, since each group
conducted SST in a different location. These raters were not
given information about the other questionnaire scales, and they
watched the videos in a shuffled order regardless of the group.

Action Unit Extraction
The intensity of action units on OpenFace toolkit (version 2.0)
[35] is measured in terms of mean and SD during individual
roleplaying. From the action units extracted by OpenFace, we
selected specific action units: AU01 (inner brow raiser), AU02
(outer brow raiser), AU04 (brow lower), AU06 (cheek raiser),
and AU12 (lip corner puller). These action units represent
various facial muscle activations. For our analysis, we referred
to a previous study that focused on action units less directly
associated with lip movement [36]. The intensity of each action
unit ranges from 0 to 5, indicating a spectrum from no activation
to high activation. First, the intensity of frames with less than
0.7 confidence in the data was excluded as not a number. We
then applied a moving average filter on 3-second frames. We
then calculated the mean and SD of the cleaned intensity data
for each action unit to assess the intensity and variability,
respectively.

Statistical Analysis
The analyses were performed to investigate whether the SPRS
could be used to evaluate social communication skills during
SST. We analyzed the interrater agreement, items’
characteristics, construct validity, and internal consistency. To
check the interrater agreement, we calculated the intraclass
correlation coefficient (ICC, 2 k) [37]. We averaged the SPRS
scores for the 2 raters for our analysis. We calculated the
Spearman correlation coefficients to examine the homogeneity
of the SPRS and the revised roleplay test. We assessed the factor
structure of the SPRS by exploratory factor analysis with
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oblimin rotation to confirm the construct validity [38]. We
examined the Bartlett test of sphericity (P<.001) and the
Kaiser–Meyer–Olkin test for a sampling adequacy of 0.881 to
apply the exploratory factorial analyses [39]. The internal
consistency was assessed by calculating the Cronbach α
coefficient [40] and McDonald ω [41].

We also analyzed the total of SPRS items in relation to the 3
groups, 4 tasks of SST, and the questionnaires. In comparing
the control, ASD, and schizophrenia groups, we used the
nonparametric Kruskal–Wallis test. Post-hoc analysis was
conducted using the Mann-Whitney U test with Bonferroni
correction. In comparing the asking, declining, telling, and
listening tasks, we used the Wilcoxon signed rank test with
Bonferroni correction. For action units, we applied the
Mann-Whitney U test with Bonferroni correction to compare
the control, ASD, and schizophrenia groups. Spearman
correlation coefficients were calculated between the total SPRS
items, action units, and questionnaire scores for all, control,
ASD, and schizophrenia groups, although some questionnaires
were not obtained from all participants. We used the JASP
(Jeffreys’s Amazing Statistics program) for the statistical
analysis [42].

Results

SPRS Statistics
We measured the interrater agreement by calculating the ICC
(2 k) for validation of the SPRS annotated by the 2 raters. We
opted for the random 2-way ICC method with the mean as the

unit of evaluation, as shown in Table 2. The ICC ranged from
0 to 1, and all items had reliability values between 0.509 and
0.804. The ICCs were above 0.5, which indicates more than
moderate reliability [22]. The score for each SPRS item was
averaged for the 2 raters’ annotations in subsequent analyses.
The Spearman correlation performed between the SPRS items
and the modified roleplay test items shows significant results
(all P<.001) and positive relationships. The correlation between
all of them was greater than 0.6. Exploratory factor analyses
were conducted on the 5 items of the SPRS using oblique
rotation to investigate underlying constructs and assess
dimensionality. Following a previous study [22], a 1-factor
solution was adopted. Table 3 provides the factor loadings after
rotation, illustrating how each of the 5 items aligns with the
selected factor. The results show that the first factor explains
82.1% of the variance, indicating strong explanatory power.
Factor loadings ranged from 0.874 for the “Discomfort” item
to 0.932 for the “Conversation Flow” item, reflecting high values
across all items. Additionally, Table 3 displays the uniqueness
values for each variable, where uniqueness represents the
proportion of variance specific to each variable that the factor
does not explain. Higher uniqueness suggests lower relevance
of that variable within the factorial model. For example, 23.6%
of the variance in the “Discomfort” item remains unexplained
by the factor, whereas the “Conversation Flow” item has a
smaller unexplained variance (13.2%), showing greater
alignment with the factor model. In sum, the factor analysis of
the SPRS identifies a single factor composed of 5 items,
capturing the verbal and nonverbal social skills essential for
effective communication with others.

Table . Intraclass correlation coefficients for the Social Performance Rating Scale.

Intraclass correlation coefficientItem

0.509Gaze

0.795Voice quality

0.777Length

0.790Discomfort

0.804Conversation flow

Table . Factor loading for the Social Performance Rating Scale score.

KurtosisSkewnessMean (SD)UniquenessFactor 1Item

−0.726−0.3513.21 (1.00)0.2240.881Gaze

−0.9750.1682.93 (1.18)0.1640.914Voice quality

−0.819−0.2473.27 (1.10)0.1390.928Length

−0.659−0.0743.04 (1.02)0.2360.874Discomfort

−0.585−0.1923.15 (1.07)0.1320.932Conversation flow

We created an overall performance measure by summing the
scores of the 5 SPRS items. This measure revealed that
Cronbach α was 0.957 and McDonald ω was 0.958. These
results indicate that the SPRS shows excellent internal
consistency.

SPRS Differences Among Participant Groups
Box plots of the 5 items of the SPRS and the total of the items
for the control, ASD, and schizophrenia groups are shown in
Figure 1. There were significant differences in all items and in
the total of the SPRS items (P<.001). Post-hoc analysis was
conducted using the Mann-Whitney U test with Bonferroni
correction. We found significant differences in gaze, voice

JMIR Form Res 2025 | vol. 9 | e59261 | p.3250https://formative.jmir.org/2025/1/e59261
(page number not for citation purposes)

Tanaka et alJMIR FORMATIVE RESEARCH

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


quality, length, discomfort, conversation flow, and the total of
SPRS items for control-ASD and control-schizophrenia
(P<.001). In ASD-schizophrenia, we found significantly greater

gaze scores in the ASD group than in the schizophrenia group
(P=.005).

Figure 1. Group differences of Social Performance Rating Scale scores. ASD: autism spectrum disorder; Sz: schizophrenia. *P=.02, **P<.001.

SPRS Differences Between 4 SST Tasks
SST task differences and a comparison are shown in Table 4.
In the control group, we found significant differences in all
items except gaze in asking-declining tasks and telling-declining
tasks, and there were significant differences in the length of the
asking-listening and telling-listening tasks. The declining task

had lower scores than the asking and telling tasks for the control
group. The length item of the listening task also had a low score
compared with asking and telling tasks. We did not find
significant differences between the 4 tasks in the ASD group.
In the schizophrenia group, we found significant differences in
the length of telling-listening tasks. For length, the listening
task had a lower score than the telling task.
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Table . Comparisons of Social Performance Rating Scale (SPRS) items for social skills training tasks. Parentheses represent significantly higher scored
tasks. Effect size here is a rank-biserial correlation.

SchizophreniaAutism spectrum disorderControlItem and combination

Effect sizeP valueEffect sizeP valueEffect sizeP value

Gaze

Asking

−0.200.58−0.591.080.603.07Declining

−0.091.82−0.295.36−0.289.49Telling

0.485.16−0.044.910.219.48Listening

Declining

0.026.970.309.40−0.743.01Telling

0.526.100.491.17−0.386.15Listening

Telling

0.397.230.500.240.400.18Listening

Voice quality

Asking

0.200.61−0.250.590.963<.001 (Ask-

ing)a
Declining

−0.385.22−0.289.450.242.45Telling

0.564.110.091.810.515.13Listening

Declining

−0.513.12−0.026.97−0.950.001 (Telling)aTelling

0.255.490.200.63−0.600.04Listening

Telling

0.758.030.418.240.341.28Listening

Length

Asking

0.222.620.198.520.933.001 (Asking)aDeclining

−0.291.430.561.10−0.167.63Telling

0.727.040.527.150.824.008 (Asking)aListening

Declining

−0.364.300.364.30−1.000<.001

(Telling)a
Telling

0.652.060.350.24−0.175.56Listening

Telling

0.923.005 (Telling)0.258.470.912.003 (Telling)aListening

Discomfort

Asking

−0.111.83−0.073.880.933.001 (Asking)aDeclining

0.067.900.111.81−0.039.90Telling

0.382.29−0.286.600.220.49Listening

Declining

0.238.670.194.67−0.912.001 (Telling)aTelling

0.385.25−0.222.62−0.647.02Listening

JMIR Form Res 2025 | vol. 9 | e59261 | p.3252https://formative.jmir.org/2025/1/e59261
(page number not for citation purposes)

Tanaka et alJMIR FORMATIVE RESEARCH

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


SchizophreniaAutism spectrum disorderControlItem and combination

Effect sizeP valueEffect sizeP valueEffect sizeP value

Telling

0.417.32−0.267.490.248.41Listening

Conversation flow

Asking

0.200.52−0.179.590.797.004 (Asking)aDeclining

−0.474.150.423.20−0.164.67Telling

0.500.150.242.500.603.03Listening

Declining

−0.474.150.423.20−0.949<.001

(Telling)a
Telling

0.318.370.423.19−0.342.25Listening

Telling

0.731.030.010>.990.700.02Listening

Total of SPRS items

Asking

0.036.96−0.250.410.916<.001 (Ask-

ing)a
Declining

−0.330.310.162.61−0.135.63Telling

0.681.030.206.480.510.07Listening

Declining

−0.267.390.276.38−0.979<.001

(Telling)a
Telling

0.487.150.333.27−0.468.09Listening

Telling

0.758.020.192.530.614.02Listening

aSignificant difference (P<.008).

Action Units Differences Between Participant Groups
Participant group differences and comparisons, as well as mean
and SD, are shown in Figure 2. We present the cases where
significant differences were observed. We found that AU02 is
significantly activated in people with schizophrenia compared
with other groups. For mean values of the action units, this
implies that AU02 is significantly less for the control group

than the ASD group. For AU06, schizophrenia is significantly
less than the control group. For AU12, it is more evident that
schizophrenia is significantly less than either the control or ASD
group. Regarding SD, people with ASD have significantly
activated AU02 compared with the control group. For AU12,
schizophrenia has significantly less variance than the ASD
group.
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Figure 2. Action units’ intensities of mean values. (A) **P<.001, *P<.05 (AU02 control-ASD: P=.04, AU06 control-Sz P=.09, AU12 ASD-Sz P=.04);
SDs. (B) *P<.05 (AU02 control-ASD: P=.02, AU12 control-ASD: P=.04). ASD: autism spectrum disorder; Sz: schizophrenia.

Correlation Between the SPRS, Action Units, and
Questionnaire Scores
Spearman correlation coefficients were calculated between the
total SPRS items and questionnaire scores for all the following
groups: control, ASD, and schizophrenia. The correlation
coefficients are displayed in Figure 3. Across all groups,

significant correlations were found between the total SPRS
items and various measures, including the FEIT, SRS-2,
Self-Construal Scale, Kiss-18, ADOS-2, PANSS, as well as the
mean and SD values of AU06 and AU12. These findings suggest
a strong relationship between social performance and various
action unit statistics, as well as questionnaire scores.
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Figure 3. Correlation matrix (“?” indicates not applicable or missing data, cross mark represents nonsignificant correlations). (A) All groups, (B)
control group, (C) ASD group, and (D) Sz group. ADOS: Autism Diagnostic Observation Schedule; FEIT: Facial Emotion Identification Test; Kiss-18;
Kikuchi’s scale of social skills with 18 items; PANSS: Positive and Negative Syndrome Scale; SPRS: Social Performance Rating Scale; SRS-2: Social
Responsiveness Scale.

In the control group, significant correlations with the total SPRS
items were noted for Kiss-18 and the Self-Construal Scale,
reflecting the cultural emphasis on harmony over assertiveness,
which may influence social communication skills in Japan. In
the ASD group, significant correlations were found with
Kiss-18, the Self-Construal Scale, SRS-2, BACS-J, and
ADOS-2, suggesting a relationship between these questionnaires
and the social performance of individuals with ASD. Notably,
significant negative correlations were observed in the SRS-2,
BACS-J, and ADOS-2, highlighting the complexities of social
interactions within this group.

In the schizophrenia group, significant correlations with the
total SPRS items were found for the FEIT, BACS-J, and
PANSS. These results suggest that emotional awareness and
social performance are interconnected.

Discussion

Principal Findings
This is the first study applying the SPRS and analysis of action
units for SST roleplay data. In this paper, we propose evaluating
roleplay performance using the SPRS. We calculated the
interrater reliability between 2 raters’ evaluated SPRS scores

and found that the values were above 0.509 for any SPRS item.
Our results show that the reliability was moderate to good [43].
Hamet Bagnou et al [22] calculated reliability among SPRS
raters during collaborative tasks and showed that the reliability
of gaze was the highest, but our results show that it has the
lowest values. One reason could be the difference in
conversation content. In our study, we applied 4 SST tasks, and
the annotators needed to evaluate the SPRS based on the content
of the tasks. The evaluation of SST tasks may have been more
complex than that of collaborative tasks. Although there are
slight differences between their study and ours, the results are
nearly identical, with a reliability of 0.5 or higher in both studies.

The Spearman correlation between the SPRS items and revised
roleplay test items was above 0.6. The factor analysis for the
SPRS showed that the first factor explained 82.1% of the
variance. The Cronbach α was 0.957, and the McDonald ω was
0.958. These results indicate that the SPRS shows excellent
internal consistency and generally correlates to the modified
roleplay test but is not identical.

We compared the SPRS scores by group and task. The control
group differed significantly from the ASD and schizophrenia
groups on every item of the SPRS. Several studies have shown
that a control group shows higher social communication skills
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than an ASD group and a schizophrenia group, and we showed
similar results.

The ASD group had a higher gaze score than the schizophrenia
group. We consider it relevant that the eye movement
abnormalities were severe in the schizophrenia group compared
with the ASD group [44].

We conducted analyses of the differences in the SPRS scores
between tasks for each group. In the control group, the declining
task had lower scores than the asking and telling tasks, except
for gaze. Declining is the most difficult task of the basic SST
tasks, which may have contributed to the lower scores [11]. The
listening task had lower scores than the asking and telling tasks
in length. In the schizophrenia group, the listening task also
scored lower than the telling task in length. The control group
met the trainer for the first time in the data recording. It is
possible that some control participants were not interested in
the topics provided by the trainer in the listening task. The ASD
and schizophrenia groups had met with the trainer several times.
However, the schizophrenia group had low scores. Some
participants with schizophrenia might have seemed disinterested
in the conversation [11], and the raters might have annotated
the low scores.

The control group showed that the SPRS had significant positive
correlations with Kiss-18 and with the Self-Construal Scale.

The independence of the Self-Construal Scale measures is
characterized by autonomy and distinction from others [45],
and it is embedded within the culture [46]. In cultures with
strong interdependence, harmony is an important concern, while
assertiveness tends to be discouraged. This is predominant in
the East, including Japan, and it may be related to social
communication skills in Japan.

In the ASD group, there were significant positive or negative
correlations between the SPRS and Kiss-18 or the Self-Construal
Scale; this was also the case for the control group. We found
significant negative correlations in the SRS-2, BACS-J, and
ADOS-2. Our results suggest a relationship between the
questionnaire for ASD and the social communication skills of
the ASD group. The schizophrenia group had significant positive
or negative correlations between the SPRS and the FEIT,
BACS-J, and PANSS. Emotional awareness and communication
skills are also related [47], and we surmise that our results show
a significant difference in the FEIT. Another study showed that
negative symptoms related to social motivation may be primary

determinants of social outcomes in schizophrenia, potentially
having a greater impact than social competence [48].

The results on action units also resemble the previous findings,
in which an ASD group showed less smiling as represented in
AU06 and AU12 [15,17], but there was no significant difference
in terms of AU01 [18]. We found that AU02 was significantly
activated in people with ASD compared with other groups.
Moreover, this was the first study to conduct a detailed analysis
of action units for schizophrenia. We also found that the AU06
and AU12 action units were significantly deactivated in people
with schizophrenia compared with the control group.
Accordingly, our results demonstrated that action units could
work as social behavioral markers of people with ASD or
schizophrenia.

Limitations
This study is limited in terms of the population used and its
generalizability. In particular, the SPRS was measured by 2
raters. Although we found high interrater correlations, a greater
number of raters is needed to enhance the consistency and
validity of the scale. In fact, previous work used an even larger
number of raters, but a high interrater agreement was still
maintained [21]. Our SST dataset was collected using outpatients
with mild cases who were able to conduct SST verbally. Further
study is needed to test whether the SPRS and action unit analysis
could be applied to patients with more severe cases.

Conclusions
We applied and validated a Japanese version of the SPRS to
SST roleplay data to measure individual social communication
skills. We analyzed the SST data of 4 tasks carried out by adults
with ASD or schizophrenia as well as control participants. The
results found significant differences between the control and
ASD as well as schizophrenia in all SPRS items. We found
significantly greater gaze scores in the ASD group than in the
schizophrenia group. There were also task-based differences in
the schizophrenia and control groups. Our results suggest that
the SPRS can be a useful tool for assessing social
communication skills in different cultures and different
pathologies and, in addition, can evaluate SST effectiveness as
well as the modified roleplay test. We also found that the action
units numbered AU06 and AU12 were significantly deactivated
in people with schizophrenia compared with the control group.
Possible future directions include using the SPRS for assessing
social behavior during interaction with a digital agent.
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Kiss-18: Kikuchi’s scale of social skills with 18 items
PANSS: Positive and Negative Syndrome Scale
SPRS: Social Performance Rating Scale
SRS-2: Social Responsiveness Scale
SST: social skills training
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Abstract

Background: Verbal autopsy (VA) has been a crucial tool in ascertaining population-level cause of death (COD) estimates,
specifically in countries where medical certification of COD is relatively limited. The World Health Organization has released
an updated instrument (Verbal Autopsy Instrument 2022) that supports electronic data collection methods along with analytical
software for assigning COD. This questionnaire encompasses the primary signs and symptoms associated with prevalent diseases
across all age groups. Traditional methods have primarily involved paper-based questionnaires and physician-coded approaches
for COD assignment, which is time-consuming and resource-intensive. Although computer-coded algorithms have advanced the
COD assignment process, data collection in densely populated countries like India remains a logistical challenge.

Objective: This study aimed to develop an Android-based mobile app specifically tailored for streamlining VA data collection
by leveraging the existing Indian public health workforce. The app has been designed to integrate real-time data collection by
frontline health workers and seamless data transmission and digital reporting of COD by physicians. This process aimed to
enhance the efficiency and accuracy of COD assignment through VA.

Methods: The app was developed using Android Studio, the primary integrated development environment for developing
Android apps using Java. The front-end interface was developed using XML, while SQLite and MySQL were employed to
streamline complete data storage on the local and server databases, respectively. The communication between the app and the
server was facilitated through a PHP application programming interface to synchronize data from the local to the server database.
The complete prototype was specifically built to reduce manual intervention and automate VA data collection.

Results: The app was developed to align with the current Indian public health system for district-level COD estimation. By
leveraging this mobile app, the average duration required for VA data collection to ascertainment of COD, which typically ranges
from 6 to 8 months, is expected to decrease by approximately 80%, reducing it to about 1‐2 months. Based on annual caseload
projections, the smallest administrative public health unit, health and wellness centers, is anticipated to handle 35‐40 VA cases
annually, while medical officers at primary health centers are projected to manage 150‐200 physician-certified VAs each year.
The app’s data collection and transmission efficiency were further improved based on feedback from user and subject area experts.

Conclusions: The development of a unified mobile app could streamline the VA process, enabling the generation of accurate
national and subnational COD estimates. This mobile app can be further piloted and scaled to different regions to integrate the
automated VA model into the existing public health system for generating comprehensive mortality statistics in India.

(JMIR Form Res 2025;9:e59937)   doi:10.2196/59937
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Introduction

Effective and efficient public health surveillance systems rely
heavily on communication, collaboration, and information
sharing. Improving traditional data collection and reporting

methods is essential for supporting surveillance and response
efforts. Cause-specific mortality is an important component in
planning and implementing public health interventions. Digital
technologies, especially in India, have been instrumental in
achieving these goals while advancing the vision of transforming
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into a digitally empowered society. This revolution has
accelerated the growth of health care services. These measures
enable public health professionals across various regions to
collaborate and communicate effectively while gathering crucial
information efficiently, thereby facilitating rapid and targeted
interventions by generating and disseminating public health
information [1].

Cause of death (COD) information is essential for evaluating
health interventions and programs at all levels. Ideally, civil
registration systems provide relevant information related to
births, deaths, and COD in any country [2-4]. However, in
countries with a large population such as India, obtaining
comprehensive and reliable information on COD has been a
major challenge. The death registration rates in India have
shown considerable progress with approximately 93% of
estimated deaths officially registered. However, only 19% of
these registered deaths have a medically certified cause of death
(MCCD) [5]. To address this gap, research studies have
suggested that detailed household interviews with family
members of the deceased, known as verbal autopsy (VA), can
improve the quality of information on COD [6-8]. The primary
aim of VA is to ascertain population-level COD estimates. In
a VA, the COD is ascertained based on an interview with next
of kin or other caregivers using a standardized questionnaire
that gathers information on signs, symptoms, medical history,
and circumstances preceding death [9]. Data collected during
these interviews is then processed and analyzed to assign a
probable COD. Standard VA instruments include a VA
questionnaire, a list of COD, and diagnostic criteria (based on
either expert or data-driven algorithms) for assigning a COD.
The World Health Organization’s (WHO) VA instrument
contains a concise list of COD that are of public health
importance. These can be determined through a significant
number of questions designed for use in VA interviews and
with automated or physician-coded COD assignment using
analytical software. The Office of the Registrar General of India
has been successfully conducting VA since 1999, with the help
of trained physicians to assign COD [4,10].

The existing WHO VA Instrument is compatible with the Open
Data Kit (ODK) Android app and has been tested for feasibility
in the Indian context [11]. The ODK app is designed to be used
in various scenarios such as surveillance, surveys, research, and
crisis response. The current ODK app provides diverse features
such as reducing data entry costs and preventing missing or
invalid data from VA questionnaires. However, the development
of mobile apps often stems from specific requirements for
national-level VA studies and surveillance programs. This study
by the Indian Council of Medical Research–National Institute
for Research in Digital Health and Data Science
(ICMR-NIRDHDS) details the development of a unified mobile
app to streamline the data collection process during VA by using
the existing public health workforce. This app is designed to
support the line listing of death records, with further segregation
of data by user and field catchment area, which enhances
scalability and efficiency in data management. As the volume
of cases increases, integration of these capabilities directly into
the app helps prevent bottlenecks in data collection and analysis,
streamlining the entire process. Additionally, the app includes
automated data transfer for physician-coded verbal autopsy
(PCVA), reducing the need for manual data extraction and
sharing, which accelerates data processing and minimizes delays.
It could facilitate streamlining of the data collection process
and enable physicians to assign COD within a single app,
completely integrated with the public health system from the
subcenters to district hospitals.

Methods

Study Design
The WHO’s VA instrument was tested for its feasibility in the
Indian context by using the computer-assisted personal
interviewing device-based data collection method. The
ICMR-NIRDHDS has thus taken the initiative to develop a
mobile app to streamline VA data collection, which may be
integrated into the existing public health system. A graphical
example depicting the comparison of the existing ODK-based
VA tool and the developed unified mobile app is shown in
Figure 1.
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Figure 1. Step-by-step workflow for cause of death assignment using the unified mobile app, highlighting data collection, verification, and physician
review. ANM: auxiliary nursing midwife; CHC: community health care; CoD: cause of death; ODK: Open Data Kit; PCVA: physician-coded verbal
autopsy; PHC: primary health care; VA: verbal autopsy.

Phase 1: Ideation, Planning
Reliable cause-specific mortality statistics are required by
administrators, policy planners, and researchers for
evidence-based decision-making regularly. Assigning COD
using PCVA and computer-coded VA methods has already been
tested in urban as well as rural areas of India using the existing
ODK app [11]. However, this approach involved manual
intervention at various stages of the data collection process.
Initial automated line listing of death records by accredited
social health activist (ASHA) workers is not supported by the
ODK and is instead maintained manually, followed by
subsequent VAs conducted by auxiliary nursing midwives
(ANMs), community health officers, and field investigators.
Data collected during the VA process was then extracted from
the ODK platform and transferred via email to medical officers
for COD assignment. Manual interventions requiring an
extensive workforce in large-scale studies are time-consuming
and can potentially compromise the data quality and subsequent
outcomes. Therefore, this study aimed to develop a unified app
for eliminating the manual interventions at each stage of VA
data collection and COD assignment, from death reporting to
conducting PCVA in rural settings. Data collected using mobile
or handheld devices such as computer-assisted personal
interviewing tablets could also be transferred electronically to
physicians, enabling them to assign COD efficiently. In addition
to providing community-based perspectives on rural mortality,
it also served as a basis for testing VA methods on an
operational level. This app also offers offline data collection
without an internet connection and limited resources. Hence,
the primary goal of the study was to efficiently implement the
WHO VA 2022 instrument in rural settings through the existing
public health system, with plans for further expansion to
integrate automated algorithms for assigning COD.

Phase 2: App Development
Having conceptualized the solution, the next step was the
development of the VA app by the team of ICMR-NIRDHDS.
It was developed using Android Studio, which is the primary
IDE for developing Android apps. This app was based on the
WHO 2022 VA questionnaire comprising three modules, for
example, adult, children, and neonate (data elements’ details
are given in Multimedia Appendix 1). The entire app was
developed using Java for programming and XML for designing
the front-end interface. Data storage was streamlined using the
MySQL database management system on a secure and
authenticated server, while SQLite was used for local data
storage within the app. The initial submission of data by each
user is stored on the local database. Next, the user selects the
Sync button to update data on the centralized server.
Communication between the app and server was facilitated
through a PHP application programming interface (API). The
API acts as a bridge between the mobile app and the server to
facilitate data synchronization. During this process, the app
sends HTTP requests to the server using specific PHP API end
points. These end points were designed to receive the submitted
data, perform validation and sanitization, and subsequently
insert or update the records in the MySQL server database. After
data submission, the server response is sent back to the mobile
app to update the corresponding local database records. Given
the data complexity, we opted for a relational database model
for comprehensive data analysis and to ensure structured data
organization and efficient retrieval. Further, the developed app
allowed the data collectors to partially complete the surveys
and resume them at a later stage or edit responses after the initial
submission of the survey. This facilitated standardized data
collection for subsequent review by physicians involved in the
study. The complete prototype was designed with the ability to
capture data with minimal cognitive effort. The navigational
structure depicting the complete network is shown in Figure 2.
Snapshots of the user-based interface are shown in Figure 3.
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Figure 2. Diagram depicting the step-by-step data flow from user input in the mobile app to the central database, highlighting the distinct pathways
for different user roles. ANM: auxiliary nursing midwife; API: application programming interface; ASHA: accredited social health worker; CoD: cause
of death; VA: verbal autopsy.
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Figure 3. Customized app interface designed for specific user roles to streamline tasks for accredited social health workers, auxiliary nursing midwives,
and medical officers.

Phase 3: Data Management, Testing, and Quality
Assurance
In this phase, the mobile app underwent field testing in both
English and Hindi as an integral part of the methodology. Using
APIs and servers for data communication ensured effective and
secure data management, maintaining data integrity. Multiple
data validation checks, skip patterns, and quality assurance
measures were incorporated into the survey to maintain the
accuracy and integrity of the data.

Ethical Considerations
The study was reviewed and approved by the ICMR-NIMS
Ethics Committee on Health Research (ICMR_NIMS_2020).
Informed consent was obtained from all subjects involved in
the study. Data security and patient privacy were prioritized
throughout the entire process. The app adheres to strict security
standards, with access controls and user authentication. Patient
identifiers are anonymized to protect their identities. Subject
compensation is not applicable in the present study and hence
was not provided.

Results

Overview
The mobile app was developed with a focus on the integration
and implementation of VA within the existing Indian public
health system. Health and wellness centers, which serve
approximately 5000 individuals, were projected to manage
around 35‐40 VA cases annually, translating to about 3‐4
cases per month per center. The ANMs and community health
officers, who are the primary health care providers in these
centers, are tasked with performing and recording these
autopsies efficiently using the app. Similarly, primary health
centers catering to larger populations of around 20,000‐30,000
individuals are projected to handle a higher annual caseload of
150‐200 VAs, equating to 12‐16 autopsies per month per
center for each medical officer. These projections were based
on population densities and historical data on mortality rates in
these regions, allowing for more accurate workload estimation.
The app was specifically designed with these projections in
mind, optimizing the workflow to manage these volumes with
ease.

The traditionally lengthy process of VA data collection and
COD determination, which generally spans 6‐8 months, is
anticipated to be significantly expedited with this app, reducing
this duration by approximately 80%. This would shorten the
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time from VA data collection to final COD determination to
approximately 1‐2 months.

To ensure the app’s practicality and usability, extensive feedback
was gathered from subject matter experts, including public
health officials and field workers. This input resulted in several
enhancements, such as simplifying data input processes and
ensuring compatibility with existing health information systems.

Prototype Evaluation: Experts’ Insights and
Recommendations
The unified mobile app used in this study was developed
according to the outlined objectives and methodologies. It was
critically reviewed by the subject experts and its contents were
refined according to their feedback and suggestions until final
approval. Therefore, the developed app has automated the VA
process and has been rated as efficient, user-friendly, and easy
to navigate by the users and various stakeholders, strengthening
the existing public health system. Textbox 1 lists the
recommendations by the subject experts.

Textbox 1. Experts’ recommendations implemented in the app.

Content

• Customization of the user interface for ease of use by frontline health workers

• Addition of detailed information of the health care workers along with the demarcated health care centers, enabling the generation of an area-wise
due list for conducting the verbal autopsy (VA)

• Incorporation of the list of cause of death with VA codes, which can be assigned by medical officers

Interaction and workflow pathways

• Streamlining of workflow pathways for frontline workers (eg, accredited social health activist [ASHA], auxiliary nursing midwife [ANM]) and
medical officers

• Transition from manual line listing to digital due list preparation of deceased data

• Addressing the language barrier by facilitating bilingual VA process in both English and Hindi

• Creation of a user-friendly interface with role-based access defined for each user group (eg, ANM, ASHA, medical officers)

App Overview
Figure 3 illustrates the app interface, beginning with the login
module accessible only to authorized users. Role-based login
credentials for specific roles such as ANM, ASHA, and medical
officers will allow them to navigate to specific sections on the
app. ASHA workers will be able to digitally enter the deceased
data according to the demarcated health centers. This digitized
data collection marks a significant shift from traditional manual
methods, ensuring accuracy and minimizing errors.

This stored data will be further accessible to ANMs to conduct
a VA using a bilingual interface (in Hindi and English),
according to their feasibility. The VA process allows for partial
saving of information, which can be completed at a later
time—an important feature for real-world scenarios where time
constraints are often encountered. Once ANMs sync the VA
data, it becomes available for medical officers to review and
assign a COD, facilitated by the integration of VA codes directly
in the app.

The app’s robust design, which is grounded in expert feedback,
facilitates an integrated and real-time approach to VA and COD
assignment.

Discussion

Overall death registration rates have shown significant
improvement in India. However, the MCCD currently covers
only a smaller percentage of deaths compared to the total
registered deaths [12-14]. At present, the Office of the Registrar

General of India conducts VA for a sample of deaths through
the Sample Registration System survey [15]. VA holds
significant potential to supplement MCCD and strengthen the
mortality statistics at the population level [16-18]. In the
conventional system, VA data collection involves a multistep,
manual process where health workers fill out paper-based
questionnaires and rely on physicians to review and assign
causes of death, often leading to substantial delays.

The existing WHO VA instrument is compatible with the ODK
software and has undergone feasibility testing in the Indian
context. However, this app is primarily designed for conducting
VA and requires manual intervention at each stage, which limits
its flexibility and adaptability across different states. To scale
up the existing VA survey, it could be integrated with the
existing public health system through the grassroots-level
workforces and digital health technology [9,19]. Over the past
decade, the role of digital health technologies in public health
has been increasing [20]. In India, several digital health
initiatives, such as doctor consultation apps, e-pharmacies, and
e-Sanjeevani, were developed to strengthen the existing public
health system [21-24]. As an advancement, the institute has
developed a unified mobile app to streamline the COD
assignment process via VA. By utilizing the public health
system, this mobile app for VA can act as a stepping stone
toward addressing the challenge of timely and accessible
mortality data collection in India. With the increasing
penetration of mobile devices across urban and rural areas, this
app has the potential to reach diverse populations, including
those in remote regions. This study was able to demonstrate
that a customized smartphone app for VA data collection, data

JMIR Form Res 2025 | vol. 9 | e59937 | p.3265https://formative.jmir.org/2025/1/e59937
(page number not for citation purposes)

Kaur et alJMIR FORMATIVE RESEARCH

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


transfer, and COD identification can be used for disease burden
estimation at subpopulation levels. The app is further scalable
for use in larger populations, including urban regions and more
tertiary hospitals. Additionally, India is characterized by its
cultural and linguistic diversity, presenting a challenge in
obtaining accurate VA data. The app can further accommodate
multiple languages and aid in overcoming this barrier.

The mobile app developed comes with several key features and
strengths: (1) it assists inline listing of the cases and due list
preparation; (2) frontline workers can conduct VA through this
mobile app; (3) VA cases can be automatically assigned based
on the field catchment area; (4) physicians can retrieve
information from the server and conduct PCVA; (5) it is
bilingual, supporting both English and Hindi; (6) it has the
potential to substantially improve the timeliness of mortality
data reporting at both the local and national levels by reducing
the overall time from 6 to 8 months to just 1‐2 months; (7)
the mobile app can be customized based on the variability of
public health organizational structure across different states;
(8) the app could accommodate multiple languages; (9) the app
could be functional in remote areas with limited internet
connectivity, as it allows users to transfer and retrieve data from

the server offline; and (10) health care workers can retrieve data
from the server at any point of time, enhancing the timely
accessibility of the information.

However, mobile health implementation is often encountered
with challenges [25,26]. Acquiring and maintaining hardware
is difficult due to financial limitations and inadequate technical
expertise. Developing the complete workflow from data
collection to assigning the COD for each user was also
challenging initially. However, it improved gradually through
multiple discussions with various stakeholders. Additionally,
Android apps may face compatibility issues across different
devices and operating system versions, leading to inconsistent
performance and user experience.

In conclusion, the development of a unified mobile app for
streamlining VA and COD assignment through the public health
system in India could act as a stepping stone for generating
national and subnational level COD estimates. Feasibility studies
based on this mobile app need to be undertaken across different
regions to develop a VA model, which can be integrated into
the public health system for generating mortality statistics in
India.
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Abstract

Background: The rapid proliferation of health apps has not been matched by a comparable growth in scientific evaluations of
their effectiveness, particularly for apps available to the public. This gap has prompted ongoing debate about the types of evidence
necessary to validate health apps, especially as the perceived risk level varies from wellness tools to diagnostic aids. The perspectives
of the general public, who are direct stakeholders, are notably underrepresented in discussions on digital health evidence generation.

Objective: This study aimed to explore public understanding and expectations regarding the evidence required to demonstrate
health apps’ effectiveness, including at varying levels of health risk.

Methods: A total of 4 focus group discussions were held with UK residents aged 18 years and older, recruited through targeted
advertisements to ensure demographic diversity. Participants discussed their views on evidence requirements for 5 hypothetical
health apps, ranging from low-risk wellness apps to high-risk diagnostic tools. Focus groups were moderated using a structured
guide, and data were analyzed using reflexive thematic analysis to extract common themes.

Results: A total of 5 key themes were established: personal needs, app functionality, social approval, expectations of testing,
and authority. Participants relied on personal experiences and social endorsements when judging the effectiveness of low-risk
digital health interventions, while making minimal reference to traditional scientific evidence. However, as the perceived risk of
an app increased, there was a noticeable shift toward preferring evidence from authoritative sources, such as government or
National Health Service endorsements.

Conclusions: The public have a preference for evidence that resonates on a personal level, but also show a heightened demand
for authoritative guidance as the potential risk of digital health interventions increases. These perspectives should guide developers,
regulators, and policy makers as they balance how to achieve innovation, safety, and public trust in the digital health landscape.
Engaging the public in evidence-generation processes and ensuring transparency in app functionality and testing can bridge the
gap between public expectations and regulatory standards, fostering trust in digital health technologies.

(JMIR Form Res 2025;9:e56523)   doi:10.2196/56523

KEYWORDS

mobile apps; digital health; public expectations; evidence of effectiveness; health risk perception; effectiveness; health risk; health
app; public health; well-being; public trust; diagnostic tools; safety; mobile phone

Introduction

The proliferation of health and wellness apps is substantial [1,2],
with over 318,000 found in a 2018 study [3]. However, there
is a wide gap between the availability and evaluation of digital
health, with most publicly available apps not having been
evaluated in the scientific literature [3]. They are typically
rapidly developed and implemented with little formal evaluation
to support their impact claims [4-6]. Many apps have proven
not to be effective [7-10].

There are many reasons for this evaluation gap. The rapid
advancement of digital health technologies has outpaced the
development of comprehensive guidance. Governments have

not wanted to hold back innovation around new technologies
that promise to reduce health care costs and support economic
growth. The dividing line between what should require
effectiveness testing and what need not is unclear. This has all
contributed to a gray area or “wild west” of regulation, a lack
of clear guidelines, standards, and regulatory frameworks for
evaluating digital health interventions. Stakeholders, including
developers, health care providers, regulators, and users, face
difficulties in navigating this uncertain terrain and ensuring that
digital products and services meet appropriate standards of
evidence.

What evaluation may be appropriate will vary depending on
the digital technology under consideration. The National
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Institute for Health and Care Excellence Evidence Standards
Framework (NICE ESF) [11], for example, offers
recommendations of different study methods for different
technology types, broadly based on a risk stratification [11]. A
distinction is sometimes made between “digital therapeutics,”
seen as akin to drug treatments and thus coming with rigorous
evaluation [12], and “well-being apps,” perhaps closer to a
self-help book or going to a yoga class and not requiring the
same oversight. Well-being apps are seen as less of a concern
for various reasons. The direct risks associated with them are
small compared with a diagnostic or therapeutic tool. However,
we note there can be a significant opportunity cost to public
health apps that do not work. If someone uses, for example, a
smoking cessation app that is not effective, they may be less
inclined to try another that would have worked.

While there have been initiatives to improve the situation
(including in the United Kingdom with the NICE ESF and
Evaluating Digital Health Products [11,13]; and elsewhere, for
example, DiGA (Digitale Gesundheitsanwendungen) in
Germany [14]), there is a live debate over what evaluation is
appropriate for what digital health products. However, we have
seen little in this literature asking what the populace may want.
Do the public expect or want more or less evaluation of digital
health products?

Public policy [15,16] and research [17] both profess the value
of public participation. The technical nature of clinical research,
however, presents challenges. Public understanding of clinical
research can be poor, although people’s perception of their own
knowledge is higher [18]. Studies have focused on public
understanding of randomized clinical trials, which is generally
low, with ideas such as randomization and double blinding being
challenging [19], as has been the case for many years [20]. This
is significant as poor understanding undermines trial recruitment
and public support for research, and may lead to people making
poorer treatment choices [21,22].

Expectations of evidence generation will also relate to the
public’s broader understanding of and belief in digital health.
Policy makers may have techno-utopian views, seeing digital
interventions as a solution to challenges in health care [23]
through a revolution in the collection and use of data [24].
However, the public can be more cautious, being fairly positive
about the potential for digital health, but with some concerns,
particularly around safety, privacy, and depersonalization
through the loss of human contact [25-28]. Attitudes can vary
with the novelty and form of the technology involved [26].

Given all this, we aimed to explore the public’s understanding,
expectations, and preferences regarding the evidence needed to
demonstrate the effectiveness of digital health products and
services. We also wanted to see how views vary by the nature
of the digital health technology, particularly those that are seen
as low-risk (well-being app) versus high-risk (diagnostic and
therapeutic tools). We chose a focus group method as we thought
the discursive nature of focus groups would help people consider
a topic that may be relatively novel for them.

Methods

Sample
The research was carried out at the University of Westminster,
and we sought to recruit a sample representative of the local
population. We designed a recruitment poster outlining the
content of the study and how to participate. The study was then
advertised on social media (Twitter [subsequently rebranded
X] and LinkedIn [Microsoft]) and through the University of
Westminster’s Black and minority ethnic community
engagement, the Black and Minority Ethnic All Members
Network.

The inclusion criteria were UK residents aged 18 years and
older. A sample framework was used to monitor the recruitment
to ensure a diverse sample of participants. Interested participants
were asked to fill out screening questions including age, gender,
and ethnicity. We assessed levels of digital literacy with 2
previously used questions [29], asking “How difficult is it to
use your smartphone [AND] install mobile applications/apps
on your smartphone without someone else helping you?”,
answered on a Likert scale. Participants could choose 1 of 4
meeting times for online focus groups. A total of 26 individuals
contacted us, with 21 participants participating, divided into the
4 focus groups. Each participant received a participant
information sheet and was told about the study goals and process
and what they needed to do. If they had questions about the
study, they were told they could ask them directly by email and
get answers. The focus group interviews were conducted on
July 11-July 12, 2023, through the University of Westminster’s
Microsoft Teams account. Each focus group lasted 90 minutes.

Ethical Considerations
The study was approved by the Psychology Ethics Committee
at the University of Westminster (reference: ETH2223-3175).
Participants received a Participant Information Sheet, provided
written informed consent (Multimedia Appendix 1) through
email, and could ask questions at any stage. Data were
anonymized, securely stored, and handled in compliance with
institutional data protection policies. Participants received
vouchers valued at £20 (US $25.37) each to thank them for
participating in the study. They were also provided with a
summary of the interview results afterwards and given the
opportunity to check and comment.

Data Collection
The focus groups used a moderator’s guide. All groups were
led by the same researcher (PB) for consistency. The other 2
authors attended all focus groups and took notes. The groups
were recorded. We used the Microsoft Teams transcription as
a starting point and then corrected this.

The goal throughout the focus groups was to explore
participants’ perspectives on the evidence or proof required to
demonstrate the effectiveness and accuracy of different types
of digital health interventions. The moderator used a Microsoft
PowerPoint presentation to guide the focus group process. We
started the groups by introducing our definition of digital health,
providing examples of 3 different technologies—medical
imaging in hospitals, treating mental health at home, and
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improving fitness—to illustrate the broad spectrum of digital
health. We then defined what we meant by evidence, which we
loosely defined as “information or facts that support or prove
something.” We then introduced 5 hypothetical digital health
scenarios (alternating the order of scenarios for different groups:
1‐5; 5‐1).

The 5 hypothetical digital health scenarios and how we described
them are given in Textbox 1.

These scenarios were selected and presented in a hierarchy
(reversed for half the groups) to cover the spectrum of potential
safety implications. We were informed in our choice by the
NICE ESF, but included more well-being apps as these are not
covered by the NICE ESF.

Textbox 1. Five hypothetical digital health scenarios to guide the focus group.

Fitness app

• Focuses on promoting good health, specifically for running.

• Tracks running activities—maps the run, records your speed, and logs running session

Fitness app with artificial intelligence

• Same as the fitness app

• Uses sensors to track your heart rate

• Uses artificial intelligence to then make a personalized recommendation as to when or how much you should run based on your age, weight, and
heart rate

Mindfulness app

• Helps you deal with everyday stress

• Guided relaxation sessions

• Tracks how you are feeling

Depression treatment app

• Designed for people who have been diagnosed by a doctor as having clinical depression

• Offers a treatment

• Includes thinking exercises for the user to practice

Skin cancer diagnosis app

• Allows users to take a picture of their skin, specifically moles, for a potential skin cancer diagnosis

• Provides a diagnosis of skin cancer from the picture

Data Analysis
We adopted an interpretivist epistemological framework and a
social constructionism ontological stance. We used a reflexive
thematic analysis [30,31] to interpret recurring themes based
on the collected data and generate themes during coding. We
used Reflexive Thematic Analysis Reporting Guidelines to
guide the reporting of the analysis [32]. We anonymized the
transcripts of the 4 focus groups, assigning a code to each
participant. We also compared the transcriptions with our
contemporary notes. We generated initial codes and applied
them to the data, using Microsoft Excel sheets to identify
common ground in participants’ expectations, concerns, and
views on the effectiveness of digital health products. The codes
were reviewed through repeated reading and analysis of the
overall data. We also paid attention to how the codes related to
the different scenarios presented. A total of 5 themes were
eventually developed, which we present on a continuum. The
codes and themes were reviewed again. Finally, we drew a
thematic map for each scenario. We compared the

commonalities and differences encoded between the thematic
maps for each scenario, with respect to the hierarchy of scenarios
(low-risk to high-risk digital health interventions) and our
continuum of themes (from individual to community to
authority).

Results

Participants
We used a semi–open-ended questionnaire to screen participants.
Gender, age, and ethnicity were asked as open-ended questions
to provide participants the flexibility of answer (Table 1). In
total, 21 people (8 women and 13 men), aged 21‐50 years,
participated in 4 focus groups. In the sample, 7 identified as
Black British, 8 as Black other, 3 as White British, 2 as Asian,
and 1 as Mixed. Everyone had access to smartphones, but 2
participants reported sometimes having difficulty installing
software on their phones. Furthermore, 14 participants were in
employment.
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Table . Sample characteristics including gender, age, ethnicity, smartphone usage difficulty, and employment status (gender, age, and ethnicity were
collected using open-ended questions).

Total (N=21), nCharacteristic

Self-reported gender

8Women

13Men

Age group (years)

518‐25

1326‐35

236‐45

146‐55

Ethnicity

7Black British

8Black other

2Asian

3White British

1Mixed

Use smartphone

21Not difficult

Install mobile apps

19Not difficult

2Somewhat difficult

Employment status

9Full-time paid job (31+ hours)

5Part-time paid job (<31 hours)

4Doing paid work on a self-employed basis or
within one’s own business

1Out of work (more than 6 months)

1Unpaid work for a business, community or vol-
untary organization

1Prefer not to say

Overview
While we had sought to discuss evidence generation from a
regulatory or research perspective, the participants often took
a different perspective, discussing what factors influence their
choice and use of digital health products and services. The 13
factors were eventually selected and grouped into 5
themes—personal needs, app functionality, social approval,
testing expectations, and authority. Figure 1 shows the hierarchy
of the 5 themes, from individual to community to authority. The
color represents how often each factor was mentioned by the

participants in the app scenario with different risk coefficients.
The darker the color, the higher the frequency. White means
not mentioned.

Across our hierarchy of 5 different digital health products,
participants’views changed. As potential health risks increased,
there was an increased call for greater testing, and the
involvement of authorities and health care professionals. For
example, with the skin cancer diagnosis apps, participants
preferred digital health products to be recommended by
professionals and to be checked with hospital diagnoses.
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Figure 1. The expectations of evidence from different scenarios. The heatmap shows the approximate strength and frequency of participants’ comments
with respect to each scenario, but should not be interpreted as a quantitative analysis. This heatmap shows public expectations for evidence across 5
digital health app types, progressing from low to high risk (fitness to skin cancer diagnosis). Themes—personal needs, functionality, social approval,
testing expectations, and authority—are shaded to indicate how frequently each was mentioned. Darker shades represent higher frequency, with
expectations shifting from personal experience for low-risk apps to clinical validation for high-risk apps. AI: artificial intelligence.

Personal Needs
Most participants first considered trying a digital health product
themselves to see if it works for them. They generally reported
believing they know their own physical and mental conditions
best. Respondents explained that everyone is different, and what
works for others may not work for them, so using an app
yourself and checking effectiveness was reported to be one of
the most reliable ways of evaluating it. Similarly, some
participants thought they would only recommend the product
to others after using it themselves successfully.

For example, with the fitness app, some participants said they
would see the app as effective if they see positive changes in
their body after using it:

If I were using the fitness app, I would want probably
milestones probably after a week after two weeks to
three, I should get changes and stuff like that. [P18]

With the fitness app with artificial intelligence (AI), participants
discussed whether the AI’s recommendations could be trusted.
As P11 said,

If I’ve used it a few times and it’s working for me.
Then you begin to build up trust, or this is what it can
do, and this is what it has trouble doing. [P11]

With the mindfulness app, as this is related to their daily mental
state, participants felt more need to try it for themselves:

Like people every day, stress is different like stress is
different for everybody, like what might be stressful
for me might not be stressful for another individual.
[P18]

Similarly, with the depression treatment app:

I think I’ll just go on and try it out on my own. [P21]

Factors, such as ease of use and personal motivation, were
highlighted, with many participants expressing that these aspects
greatly influence their willingness to adopt and continue using

digital health apps. Ease of use seemed to be a fundamental
prerequisite for participants.

When talking about personal motivation to use an app, P3
explained,

There are many fitness apps. You gotta find the one
you really like. [P3]

When participants felt an app was what they wanted, they would
be motivated to continue using it. For mindfulness and
depression apps, some participants said that if the app made
them feel better, that would mean the app was effective. They
would then increase their motivation and become more
committed to using the app:

I know it’s different for everyone and depending, like
the other person said, depending on how invested you
are in using the app, that’s how much of the result
you see. [P14]

Functionality
Participants saw a product’s functionality as a determining factor
of whether it is effective or not. Before using the fitness or
fitness apps with AI, some participants said they would check
online information about the product to understand its functions
and effects. With the higher risk products, such as the skin
cancer diagnosis app, some participants felt that developers
demonstrating to the public how the app works could be
evidence of the app’s effectiveness, such as having videos or
explaining within the app how it works. A product’s diversity
in functions was also seen to be related to its ability to work for
diverse populations. For fitness apps, some participants talked
about different levels of exercise being supported to meet the
needs of different users, and how apps should also have the
ability to collect physiological data and analyze data:

The application needs to identify the users you know
to get data and then be able to process the data and
give you a well-informed recommendation. [P12]
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For the other apps, participants wanted to have experts involved
in the apps, and for the apps’ features to allow users to connect
with experts, which would increase their trust in using the app.
For example, they wanted the depression treatment app to entail
further follow-up by experts according to the degree of
depression. Talking about the skin cancer diagnosis app, P19
explained:

It will be my only safety because it depends on the
professionals attached, whatever the app wants to
support. [P19]

Social Approval
Most participants mentioned social approval as a strong
influence on their belief in the effectiveness of an app. They
described recommendations from friends and relatives as being
critical when using an app. This is, in part, because they have
a high degree of familiarity with relatives and friends, know
their lifestyles and physical conditions, and this therefore allows
them to put relatives’ and friends’ recommendations in context.
As a result, across all the apps, participants trusted the
recommendations of relatives and friends more:

For instance, if I’m into a particular type of job and
the person is also into that type. I could read what
everyone’s stress goes through together with that,
and I could greatly do the same. I could use that as
evidence, and I trust such an app

[P18]

After recommendations from friends and family, user reviews
were the main factor influencing participants to choose an app.
For apps with varying health risks, the user reviews that people
wanted to see differed. Participants said they would look at
overall user reviews before downloading the fitness app to check
its effectiveness. This would make it easier for them to
understand what the app does and whether it is right for them.
Participants believed that the more people who downloaded and
positively reviewed an app, the more likely it was to be effective.
Therefore, participants also mentioned the number of downloads
as a source of evidence. While discussing the fitness app with
AI, 1 participant questioned the authenticity of reviews. Some
participants tended to ask questions in the app user’s comments
section and then use the subsequent interaction and answers
from those users to help them decide whether to choose an app:

I need evidence cos it’s already acting in place of my
doctor and already giving me recommendations… I
tend to stop and pause for reactions from people and
get reviews. [P17]

Discussing the mindfulness app, some participants felt they
needed feedback from people close to them, such as observing
how their friends used it to see how the app worked. As for the
app to treat depression, 1 participant mentioned that the stories
people share on social media are also a way for users to
comment. Since they are real user experiences, this kind of
comment has impact because

we buy because of what people have said, how it’s
done. [P11]

Participants found the comments of those who suffer from
depression more persuasive, as P9 explained:

Seeing that evidence from the person who used this
app, the person was suffering from depression, and
this kind of treatment covered. So I’ll need such things
to use this kind of app. [P9]

Participants wanted to know if different people had used the
app and it had worked for them. Different people could refer to
differences in ethnicity, sex, age, and lifestyle. Some participants
wanted to see physical evidence of results from fitness apps,
such as outcomes like weight loss and faster running. We pushed
participants to specify the number of people from whom they
would like to have some feedback. Many participants considered
the experience of 1‐5 people enough to demonstrate
effectiveness.

For the AI function of the fitness app, participants were
concerned about whether the AI could make accurate
recommendations based on the age and gender of different
people. Mindfulness apps, they said, need to have been used
and tested for effectiveness by various different people, and the
number of participants who brought this up was larger than with
the other apps. Some participants believed that different
lifestyles lead to varying stress levels:

I think they have different needs, especially for
mindfulness apps. The option to choose a lifestyle
would be helpful.

[P3]

Here, participants talked of how 5 or more people’s reviews
could be used as evidence, with feedback wanted from people
with differing levels of depression:

If the treatment can cater for different people
depending on their diagnosis… other people have
used them for treatments, and it’s a success for them.
I think I’d be OK to use it. [P14]

Expectations of Testing
Some participants mentioned that developers should conduct
tests on different people before launching digital health products
and services. What participants meant by different people again
refered to differences in various aspects, such as different
ethnicities, ages, genders, lifestyles, and health conditions.
Depending on the app, participants felt that the focus of the test
should vary. P1 believed that the fitness app with AI should
also implement

Background checks and testing. For a different age
group and probably put in some information. [P1]

P20 thought mindfulness apps “should cater to various
individuals.” The participants did not evince any familiarity
with the details of scientific evaluations.

Being diagnosed with cancer was recognized as having a
significant impact on people’s lives. Thus, some participants
mentioned that the testing for a skin cancer diagnosis app should
be mainly to determine the app’s accuracy and to improve the
richness of the test data. In terms of testing being on a diverse
group, for skin cancer diagnosis apps, participants were
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concerned about differences in skin color and wanted to see
more usage data than for other apps. Furthermore, 1 participant
suggested testing on 20 people, 5 of whom had the same skin
color as himself.

For apps to treat depression, it was suggested that testing should
be conducted strictly following academic experiments to test
actual effectiveness:

I’m expecting that this app has been used for more,
more like a randomised set of people before it was
rolled out, and then, you know, a study should be
carried out on them before and after the intervention.
Then you compare how well, how effective they
there’s been. So, for me, I think that would be the
evidence that we’re looking for. [P15]

Some participants said that the testing of digital health products
should be carried out by third-party institutions. This should,
first, be an authority in a relevant professional field, such as the
National Health Service (NHS) or other professional bodies.
Second, it should be independent and unrelated to the
developer’s business operations. In addition, 1 participant noted
for depression apps that such third-party tests will be more
trustworthy than the developers’ own explanations. Another
participant said that skin cancer diagnosis app testing should
be used in a real-life setting:

I also think the app should have been used to diagnose
real-life diseases in some trials before the agency
certified it for launch. [P15]

Information on testing should be made available, for example,
within the app. Discussing the skin cancer diagnosis app, a
participant said,

I think the app should contain information about the
testing and trials done to ascertain this app’s
effectiveness. [P15]

Authority
Participants mentioned the need for government and NHS
regulation for all the apps. Participants believed that government
and NHS regulation would increase their trust in the apps’
effectiveness. A digital health product vetted by the government
or NHS was taken to mean that it has been tried by many people
and has worked. Government regulation was seen as most
important for skin cancer diagnosis apps because of the “severity
of the condition” [P20] and the need to avoid misdiagnosis.

Participants felt it was necessary that the skin cancer app’s
diagnoses were compared with hospital diagnoses to determine
the app’s accuracy. It was the only app where participants talked
about a comparison with a hospital diagnosis during the
discussions. To avoid misdiagnosis, participants would not
unilaterally believe the app diagnosis:

I also think any form of diagnosis that should be done
with this app should also be related to the GP and
others for clarification to get a better result. [P13]

The use of the app, they said, should only be an intermediate
process, and the effectiveness of the app would ultimately be
proved by the hospital diagnosis.

Participants rated professional recommendations as being
necessary for the other 4 apps. For fitness apps, recommending
professionals referred to experts in this field, such as fitness
coaches and sports athletes. For the skin cancer diagnosis app,
most participants said only a doctor’s approval would lead them
to use it. One participant stated,

I would also be looking for certification from a cancer
body. [P15]

For depression treatment apps, people would consult their
doctors for recommendations:

I would actually contact my doctor first and let him
know about the app and if he was about to use it and
can give me go ahead to use it. [P1]

Most participants believed that the government or NHS should
regulate all digital health products:

These apps must be censored and monitored because
they involve our well-being. This application acts as
a substitute for a visit to our GP. So, we need to be
sure of how we administer the application and its
reliability. About all the apps. [P17]

Discussion

Principal Results
This study aimed to explore participants’ trust in digital health
technology and what evidence the public wants from digital
health interventions for increasing health and well-being.
Following the NICE ESF’s risk hierarchy, different scenarios
were designed, including wellness apps and treatment and
diagnostic apps. We found that (1) the public’s expectations for
evidence of effectiveness are intertwined with the factors that
influence their choice and use of digital health interventions;
(2) the public’s expectations for evidence of effectiveness are
based more on individual experiences and social approval than
scientific evidence; (3) as the perceived risks associated with
different apps increase, so to do the public’s expectations for
the evidence of their effectiveness; and (4) there is a desire for
recommendations or certifications from relevant bodies,
particularly as the potential risk increases.

Comparison With Previous Work
This study supports the findings that the public understanding
of what constitutes high-quality research evidence is low
[18-20]. As shown previously [21,22], this can lead to challenges
in research support and affect the decision-making related to
the digital health selection, uptake and engagement, behavior
and, ultimately, health outcomes.

We also saw people exhibiting cautious optimism, recognizing
potential benefits while maintaining a healthy scepticism about
new technologies, as seen in previous studies [25,26].

This study found that the public prefers to verify the
effectiveness of digital interventions through personal
experience. There are parallels with some research on earlier
generations of digital health technology. Herian and colleagues
[33] found that greater experience with health care was
associated with lower trust in government to regulate electronic
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health records, which suggests that personal experience was
valued more. Several studies showed that people seeking health
information online relied more on their own experience of
websites than credibility assessments [34]. We know more
generally that personal choice and personal recommendations
are important in people’s engagement with digital health
interventions [35].

This focus on personal experience supports the view of Pagoto
and Bennett [36] that interface design is crucial in the
development process of the app. The “person-based” approach
emphasizes using qualitative research to understand the
psychosocial background of a wide range of target populations
during the development process of digital interventions and
getting feedback from them to improve applicability and
effectiveness [37]. This is consistent with the findings of this
study that the public expects greater transparency in the
development and testing process, which is beneficial for
improving the social acceptance of digital interventions by
testing with different people and validating the results.

Implications
The study found that the public’s concept of evidence diverges
significantly from the scientific community’s understanding.
While researchers may refer to evidence as data collected from
rigorous, controlled settings, such as randomized controlled
trials, participants in our focus groups considered personal
experiences and anecdotal successes as credible evidence for
assessing digital health products.

Public policy [15,16] and research [17] both strongly endorse
involving the public. This study calls for a systematic approach
to involving the public in digital health evidence generation.
To effectively engage the public, it is essential to grasp their
level of understanding about the need for evidence generation
in digital health and why it matters, that is, the potential for
safety issues but also missed opportunities for prevention (for
so-called lower risk digital health, such as apps for physical
activity). This requires educational methods with a substantial
instructive component as well as coproduction, such as citizen
juries, and necessitates clear, accessible explanations of evidence
generation, effectiveness, and the potential detrimental effects
of digital health interventions that are widely used but not
evaluated. Educating the public about the need for evidence
generation in digital health could increase the pressure and
motivation of developers to embed evidence generation practices
in digital health. Equally, the pressure of the public may
encourage regulators to require minimal evidence generation
before publicly available digital health is introduced on the app
distribution platforms.

Professional support and education can foster user engagement
with digital health technology [38]. Social media platforms
present opportunities for public communication and behavioral

interventions [39]. Developers and relevant authorities can use
diverse strategies, including leveraging social media, to enhance
the efficacy of digital health apps for promoting public health
behaviors. A detailed description of an app’s functionalities,
effects, and target population should be provided so that
individuals can assess its effectiveness quickly. Using
documentaries and press releases can promote transparency in
digital health product development and testing processes,
enhancing public trust. Using social media platforms to share
user reviews, such as inviting long-term clients from diverse
backgrounds and age groups to tell their stories or engaging
professionals like renowned doctors, experts, and athletes to
provide insights, fosters societal acceptance. It is crucial to
increase public understanding of the impact of the lack of
evidence generation in digital health, such as safety concerns
and missed opportunities for health promotion when popularity
rather than evidence for effectiveness is the primary factor
driving downloads.

Strengths
To the best of our knowledge, this is the first study to explore
public expectations and preferences regarding evidence
generation for the effectiveness of digital health interventions—a
stakeholder group that has been overlooked. The sampling
strategy aimed to include those at risk of digital inequalities and
included a range of ages, genders, socioeconomic statuses, and
ethnicities, showcasing a broad spectrum of views. The various
scenarios developed for this study were comprehensive.

Limitations
While the study was open to all UK residents, we recruited
mostly from London. With 21 participants, the study may not
capture the full range of public opinions. The materials used to
guide the focus groups and the results could be used to facilitate
the development of a survey to get larger samples, which could
provide more robust data. We offered a £20 (US $25.37)
voucher, which might have influenced motivations to participate
in this study.

Conclusion
This study has explored public expectations regarding the
evidence needed to demonstrate the effectiveness of digital
health products and services. The public tends to favor evidence
that is relatable and directly experienced, such as personal
success stories, user reviews, and recommendations from
significant others. The public made minimal reference to what
researchers would perceive as rigorous evaluation methods.
However, there was also support for authoritative
recommendations and the independent testing of products. As
health risks associated with digital health increased, there was
a growing demand for more substantial evidence and
authoritative recommendations from health care professionals.
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Abstract

Background: A Delphi study was conducted to reach a consensus among international clinical and health care experts on the
most important health and functioning self-reported concepts when evaluating a switch from smoking cigarettes to using smoke-free
tobacco and/or nicotine products (sf-TNPs).

Objective: The aim of this research was to identify concepts considered important to measure when assessing the health and
functioning status of users of tobacco and/or nicotine products.

Methods: Experts (n=105), including health care professionals, researchers, and policy makers, from 26 countries with professional
experience and knowledge of sf-TNPs completed a 3-round, adapted Delphi panel. Online surveys combining quantitative
(MaxDiff best-worst scaling and latent class analysis) and qualitative assessments were used to rank and achieve alignment on
the importance of 69 health and functioning concepts. All experts participating in round I completed round II, and 101 (95%)
completed round III.

Results: The round I analysis identified 36 (52%) out of 69 concepts that were refined for the round II assessment. The
highest-ranked concepts reflected health-related impacts, while the lowest-ranked ranked concepts were related to aesthetics and
social impacts. Round II ranking reinforced the importance of concepts relating to health impacts, and the analysis resulted in 20
concepts retained for round III assessment. In round III, the 4 highest-ranked concepts were cardiovascular symptoms, shortness
of breath, chest pain, and worry about smoking-related diseases and impact on general health, and they made up 50% of the total
score in the MaxDiff analysis. Experts reported likelihood of seeing measurable levels of change in the final 20 concepts with a
switch to an sf-TNP. The majority of experts felt it was “likely” or “extremely likely” to observe changes in concepts such as
gum problems (74/101, 73%), phlegm or mucus while coughing or not coughing (72/101, 71%), general perception of well-being
(72/101, 71%), and throat irritation or sore throat (72/101, 71%). Latent class analysis revealed subgroups of experts with different
perceptions of the relative importance of the concepts, which varied depending on professional specialty and geographic region.
For example, 74% (14/19) of oncologists aligned with the subgroup prioritizing physical health symptoms, while 71% (12/17)
of experts from Asia aligned with the subgroup considering both physical health and psychosocial aspects.

Conclusions: This study identified key concepts to be considered in the development of a new measurement instrument to
assess the self-reported health and functioning status of individuals using sf-TNPs. The findings contribute to the scientific
evidence base for understanding and evaluating both the individual and public health impacts of sf-TNPs.
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Introduction

Reducing exposure to harmful and potentially harmful
constituents in cigarette smoke by cessation of smoking or
switching to reduced risk tobacco and/or nicotine products
(TNPs) is a major public health focus worldwide [1]. Although
nicotine-replacement therapy (NRT) and targeted counseling
services can help individuals achieve their quitting goals, there
can be hurdles to becoming and/or staying smoking free [2].

Smoke-free tobacco and/or nicotine products (sf-TNPs) refer
to TNPs that do not undergo combustion and therefore do not
produce the harmful smoke generated by cigarettes, which has
been established as the main risk factor of tobacco-related
diseases [3]. These sf-TNPs can include heated tobacco
products, e-cigarettes (vapes), other e-vapor products (e-pipes,
e-cigars, and so on), nicotine pouches, and smokeless tobacco
products (snuff, snus, and chewing tobacco) [3]. Regulatory
bodies, like the US Food and Drug Administration (FDA),
require robust data to evaluate the health impacts of sf-TNPs
and guide regulatory decisions on product authorization. For
instance, the FDA’s modified risk tobacco product pathway
mandates comprehensive scientific evidence to support claims
that a tobacco product reduces harm or the risk of
tobacco-related disease in individual tobacco users and benefits
the health of the population as a whole [4]. Some sf-TNPs have
been recognized as modified-risk tobacco products under this
pathway [4,5] and may help reduce the negative health effects
associated with commercially marketed combustible tobacco
products such as cigarettes [6-8].

The adverse effects of smoking on health have been well
documented, whereas stopping smoking can improve health
and reduce the risk of disease [6,9,10]. Evidence also suggests
that switching away from cigarettes to using sf-TNPs can help
reduce cigarette consumption and may lead to cessation in some
cases [8]. While studies have shown that sf-TNPs reduce
exposure to many of the harmful and potentially harmful
constituents found in cigarette smoke, they may still pose health
risks. For instance, e-cigarettes, heated tobacco products, and
smokeless tobacco have been associated with some
cardiovascular, respiratory, and oral health risks, albeit to a
lesser extent than combustible cigarettes [11-14]. The long-term
health effects of sf-TNPs are not yet fully understood, and
further research is necessary to comprehensively assess their
safety profile. In addition, little is known about the self-reported
health impact of switching from cigarettes to sf-TNPs [6]. In
this context, measuring the self-reported experience of health
and functioning (including health status, functional status, and
other health-related quality of life constructs) is crucial to
understanding the impact of tobacco harm reduction strategies
[15].

Generic health status measures, such as the Short Form
Survey–12 [16] and Short Form Survey–36 instruments [17],

have shown that those who smoke tend to report lower health
status compared with those who never smoked, although the
impact of cessation on health status seems to be more complex.
Some smoking-specific measures have been developed but not
yet widely standardized; therefore, they may not be directly
applicable to sf-TNPs [9,18,19]. Crucially, current measures
often lack the necessary sensitivity to detect longitudinal health
changes in healthy populations due to high ceiling effects at
baseline [20], hindering the assessment of changes in health
and functioning following a switch from smoking cigarettes to
using sf-TNPs.

To help address these challenges, the development of a new
self-reported measure (ABOUT – Health and Functioning) was
undertaken to assess the health and functioning status of
individuals using sf-TNPs. This new measure is part of the
portfolio of the ABOUT Toolbox [21], consisting of self-report
measures to assess perceptions and behavioral outcomes related
to the use of sf-TNPs. The initial preparatory phase of the
instrument development was based on several research activities
(systematic literature review, reanalysis of qualitative data, and
expert insights [22]) and resulted in the identification of 69
health and functioning concepts relevant to TNP use. The
qualitative research phase that followed consisted of (1) concept
elicitation interviews of users to understand their perceptions
of health and functioning after switching to sf-TNPs [23,24]
and (2) the Delphi panel study reported in this paper. The aim
of the Delphi study was to identify the health and functioning
concepts considered most important by clinical and health care
experts (ie, health care professionals, researchers, policy makers,
and those involved in smoking cessation or tobacco harm
reduction) when assessing the health and functioning status of
individuals who stop smoking cigarettes or switch to using
sf-TNPs or NRTs. Delphi panel methodology is a
well-established process for determining consensus among
relevant groups of individuals to aid issue prioritization, ranking,
development, and obtaining agreement on guidelines,
concept-framework development, and development of outcome
measures [25-27], including issues relevant to smoking-related
behaviors and sf-TNP use [25,28,29]. Delphi panels have
previously been used to forecast trends and changes over time
in health-related matters [30-32].

Methods

Objectives and Summary of Approach
This Delphi panel was organized for experts to select and rank
health and functioning concepts considered important to assess
when individuals stop smoking combustible TNPs (eg,
cigarettes) or switch to using sf-TNPs (eg, e-cigarettes [vapes],
heated tobacco, or smokeless tobacco products) or NRTs. The
study was conducted and reported based on available guidance
for conducting and reporting Delphi studies in health care
research [33].
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A preliminary set of 69 concepts was identified from earlier
research activities including a scoping literature review, results
from the reanalysis of previous TNP consumer qualitative
research results, and expert opinion from a small group of key
opinion leaders [22]. This list was presented for evaluation in
this Delphi panel according to the process described in Figure
1. An adapted approach was used for the Delphi panel, whereby
the results of round I were reviewed and refined in light of the
ongoing qualitative concept elicitation interview findings from

consumers of TNPs and ongoing review by key opinion leaders
(Supplementary Information and Table S1 in Multimedia
Appendix 1). The concept list to be evaluated in round II was
adjusted accordingly and refined considering the round I
findings. Round III was a detailed review of the final set of
health and functioning concepts. This step also included an
evaluation of likelihood of change that experts considered
important for each concept for inclusion in a self-reported
measure of clinical relevance.

Figure 1. Overview of the design and structure of the adapted Delphi panel study.

Participants and Recruitment
For this adapted Delphi panel, we recruited experts who
routinely treat, communicate with, or advise individuals who
smoke or wish to stop smoking or switch to sf-TNPs. The
recruitment aim was to ensure that a minimum of 100 experts
globally completed all 3 rounds of the Delphi panel. To
anticipate attrition between rounds, the initial recruitment target
was set at 120 experts.

Recruitment was undertaken by QualWorld, who identified
experts through their survey panels, existing contacts,
publications, word of mouth, and canvassing through appropriate
organizations in individual countries. The process and route of
contact to identify potential respondents are outlined in Figure
2.

To anticipate and account for potential sensitivities among health
care practitioners about undertaking a project sponsored by a
tobacco company, the recruitment company sent out an initial
survey asking which industries experts would be interested in
working on health-related topics. Tobacco companies were

listed among other industries such as mining, pharmaceuticals,
and oil and gas. Only experts stating unprompted that they would
consider participating in studies by tobacco companies were
chosen to receive further correspondence linked to the Delphi
panel. Subsequent recruitment steps proceeded on an individual
basis according to predefined inclusion and exclusion criteria
(Textbox 1).

To ensure consistency in responses across different regions, the
Delphi panel was conducted in English where possible and in
local languages for experts in Japan, South Korea, Russia,
Ukraine, Czech Republic, and Bulgaria. A professional
translation service translated the survey materials and responses,
and back-translation techniques were used to verify accuracy.
The local bilingual recruitment team members also performed
proofreading and quality checks from a language and contextual
perspective to ensure the translated content accurately reflected
the original meaning. For each step of the Delphi panel, the
English and local language surveys were programmed and
uploaded for a user acceptability test by the project team before
launch.
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Figure 2. Identification and recruitment of experts through specific channels for the adapted, 3-round Delphi panel.

Textbox 1. Inclusion and exclusion criteria for the participants recruited for the Delphi panel.

Inclusion criteria

• Had current clinical, academic, or professional experience in the area of smoking-related diseases, smoking cessation, nicotine addiction, or other
smoking-related conditions, as well as health policy or advocacy work related to tobacco control or tobacco harm reduction

• Currently working in research, prescribing, or a recommendation capacity

• Knowledge of smoke-free tobacco and/or nicotine products or nicotine replacement therapies, works with patients to some degree, and/or
recommends smoke-free tobacco and/or nicotine products or nicotine replacement therapies

• Expertise in one of the following groups:

• Specialist physicians: smoking-related oncology; smoking-related respiratory disease, and smoking-related cardiovascular disease (specifically
treatment of patients)

• General practitioners and internal medicine physicians: those who see patients with a smoking-related condition or disease and recommend
smoking cessation advice

• Dentists or oral hygienists: those who see patients with smoking-related dental issues

• Smoking cessation, addiction, or dependence: those who help users quit smoking with less harmful products or nicotine replacement therapy
or worked with nicotine addiction; nurses undertaking smoking cessation activity; researchers in nicotine addictions; psychologists, social
workers, or counselors

• Health policy, advocacy, and non-profit organizations: smoking-related health policy, including tobacco harm reduction; organizations or
charities that encourage people to quit; health policy and advocacy related to tobacco control and tobacco harm reduction. This can include
physicians who work alongside the government and local policy as well as nonprofit organizations

• Ability and willingness to participate across the whole study

• Ability to complete the research in the English language (except for these countries: South Korea, Japan, Ukraine, Czech Republic, Russia, and
Bulgaria)

• At least 30% of experts to identify as female (although this was not a strict quota for recruitment)

Exclusion criteria

• More than 50% of experts should not have been a consultant with or worked for the tobacco industry

• Had less than 5 years of clinical, academic, or professional experience

• Did not fall into one of the categories for inclusion

• Not willing to complete all 3 rounds of research
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Ethical Considerations
The New England Independent Review Board reviewed the
study protocol and all study materials and any amendments and
granted approval of the study (reference 1‐9184‐1).

Before participation, all participants were required to review
and sign an informed consent form, which provided a detailed
description of the study, outlined the procedures, and specified
participant expectations. Participants had the opportunity to ask
questions and receive answers before signing the consent form.

All study data were deidentified and participants were identified
only by unique ID numbers throughout the research rounds.

All experts were compensated and received a cash honorarium
according to local professional rates in their respective countries,
ranging from £115 to £450 (approximately US $147 to US $576
at the time of the research), for their time after each round.

Procedure and Analytical Methods

MaxDiff Analysis
This study incorporated the use of MaxDiff—a type of
best-worst (maximum difference) scaling analytical method
[34-36]. This methodology was primarily chosen due to the
large number of initial concepts to be evaluated. Ranking and
rating exercises with numerous concepts can lead to a cognitive
burden, so a best-worst scaling approach overcomes fatigue

while generating additional information by making respondents
choose the most and least important concepts. The result is a
list of concepts in order of relative importance [36-38].

For each round, the MaxDiff Sawtooth software algorithm [39]
generated a list of scaled scores from most to least important,
as well as the relative importance of one concept compared with
another. This was based on the number of times that concept
was rated as the most or least important. In addition, cumulative
scores were used to differentiate the number of concepts
accounting for 20%, 50%, and 70% of the most important
concepts; the 50th percentile was used as an initial guide for
which concepts to retain.

Rounds I and II also featured an “anchor” value, which was a
score marking the boundary between concepts considered
important (to be retained in the next round) or unimportant (to
be excluded from the next round). This anchor value was derived
from an anchor question representing a threshold of “important
or not important” included for each concept to be assessed as
above (ie, important) or below (ie, unimportant) the anchor.
The anchor question in this survey required one of the following
3 responses: “none of these [items] are important,” “some of
these [items] are important,” or “all of these [items] are
important.” The anchor value was statistically derived using
the Sawtooth software [38]. An illustration of a typical MaxDiff
question is shown in Figure 3.

Figure 3. Typical presentation of the Delphi panel MaxDiff ranking question, including the anchor evaluation. NRT: nicotine replacement therapy;
TNP: tobacco and/or nicotine products.
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Latent Class Analysis
Latent class analysis [40] was also performed to determine
whether some concepts were more important to some groups
of experts over others, according to experts’ demographic or
other characteristics. This ensured that the final set of items was
not biased toward one subset of health care professionals at the
expense of others’ preferences. Where there were concepts that
were only important to subsets of the study sample but
unimportant overall, these concepts could be retained.

Semiqualitative Assessment
Semiqualitative questions were incorporated into each Delphi
panel round to provide an increased understanding of
participants’ responses to the results of the ranking and scoring
exercise. These questions were asked to ensure no concepts
were missing or needed rewording, and to understand the
reasons behind experts’ selections of importance or
unimportance. They also sought to gauge agreement or
disagreement with the overall ranking results and to gain insights
into the reasons for these viewpoints. After each round, the
semiqualitative comments were reviewed alongside the MaxDiff
scores. This process involved coding and analyzing the
qualitative feedback to identify common themes and insights
that could provide context to the quantitative rankings. This

feedback was then integrated with the quantitative MaxDiff
results to refine and inform decisions about the list of concepts
to be included for the next rounds. It helped explain the rationale
behind the experts’ choices and highlighted any discrepancies
or areas of consensus, ensuring that both qualitative and
quantitative perspectives were considered in the decision-making
process.

Results

Descriptive Participant Demographics
Approximately 3100 experts were contacted, with a final sample
of 105 experts recruited across 26 countries. Table 1 shows the
demographics and participant characteristics, and Table 2 shows
the participant quotas per region and per specialty. Of the initial
105 experts, all participated in exploratory round I and round
II, and 101 (96%) completed round III (Table 2). Nearly all
participants (90/105, 87%) reported frequently addressing
smoking cessation with clients or patients. A total of 64%
(67/105) of experts in the study identified as male, and most
were located in the Americas, Europe, or Asia. Regarding place
of work, three-quarters (79/105, 75%) of experts were based in
hospitals or other clinical settings, mostly as medical specialists
or general care practitioners.
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Table 1. Demographics of Delphi panel participants (rounds I-III).

RespondentsDemographic variable

Round III (n=101), n (%)Rounds I and II (n=105), n (%)

Sex

64 (63)67 (64)Male

37 (37)38 (36)Female

Geographical region

17 (17)20 (19)North America (United States and Canada)

17 (17)17 (16)Asia (Japan and South Korea)

15 (15)15 (14)Central, Caribbean, South America (Brazil, Colombia, Dominican Republic,
and Guatemala)

13 (13)14 (13)Southern Europe (Spain, Portugal, Italy, Greece, and Bulgaria)

13 (13)13 (12)Western Europe (France, Germany, Sweden, United Kingdom, and the
Netherlands)

9 (9)9 (9)Eastern Europe (Russia, Ukraine, and Lithuania)

5 (5)6 (6)Africa (South Africa)

6 (6)6 (6)Middle East (Israel)

5 (5)5 (5)Central Europe (Poland and Czech Republic)

Work setting

41 (41)43 (41)Hospital

36 (36)36 (34)Clinical (other)

15 (15)17 (16)Professional

5 (5)5 (5)University hospital

4 (4)4 (4)University hospital; hospital setting

Main current role

27 (27)27 (26)General practitioner or internal medicine

19 (19)19 (18)Oncology

15 (15)16 (15)Dentist or oral hygienist

9 (9)11 (10)Research

12 (12)12 (11)Cardiology

8 (8)8 (8)Respiratory

6 (6)7 (7)Counselor or psychologist

5 (5)5 (5)Advocacy or health policy or NGOa

Frequency of discussing smoking cessation with clients

86 (85)90 (86)Frequent (at least weekly)

11 (11)11 (10)Not frequent (less than once a week)

4 (4)4 (4)Not applicable

Discussed the benefits of stopping smoking or provided information about sf-TNPsbor NRTscto those who smoke and do not want or have
difficulty quitting smoking

99 (98)103 (98)Yes

00No

2 (2)d,e2 (2)Not available or prefer not to say

Provided information on heat-not-burn or heated tobacco products (eg,IQOS, Glo) or tobacco vapor products (eg, Ploom Tech)

46 (46)50 (48)Yes
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RespondentsDemographic variable

Round III (n=101), n (%)Rounds I and II (n=105), n (%)

53 (53)53 (50)No

2 (2)2 (2)Not available or prefer not to say

Provided information on smokeless tobacco (eg, Copenhagen Snuff, Swedish Match General Snus, Camel Snus, or any other local brands)

35 (35)39 (37)Yes

64 (63)64 (61)No

2 (2)2 (2)Not available or prefer not to say

Provided information on e-cigarettes (eg, JUUL, Blu, Logic, or any other local brands)

62 (61)65 (62)Yes

37 (37)38 (36)No

2 (2)2 (2)Not available or prefer not to say

Provided information on Nicotine replacement therapies (eg, nicotine gums, inhalers, nasal sprays, lozenges, patches)

88 (87)91 (87)Yes

10 (10)11 (10)No

3 (3)3 (3)Not available or prefer not to say

Current or previous personal use of combustible TNPsf

62 (61)65 (62)Never

34 (34)35 (33)Yes

5 (5)5 (5)Not available or prefer not to say

Current or previous personal use of sf-TNP or NRT of those that were currently or had used combustible TNPs

12 (12)12 (11)Yes

aNGO: nongovernmental organization.
bsf-TNP: smoke-free tobacco or nicotine product.
cNRT: nicotine replacement therapy.
dNot available.
eData missing for one respondent in round III, stage 2.
fTNP: tobacco or nicotine product.

Table 2. Participant quotas per region and per specialty for the start of round I of the Delphi panel (N=105).

Central Eu-
rope

Western
Europe

Eastern Eu-
rope

Southern
Europe

Central
America

North
America

Middle
East

AfricaAsiaSpecialty

624376326Specialist physician

422334324GPa or IMb

213222013Dental specialist

303125012SCc or DEPd

001013002Health policy or NGOe

15513914206617Total

aGP: general practitioner.
bIM: internal medicine specialist.
cSC: smoking cessation specialist.
dDEP: dependence or addiction specialist.
eNGO: nongovernmental organization.
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MaxDiff Analysis and Semiqualitative Assessment for
Reduction or Refinement of Health and Functioning
Concepts

Round I
A cumulative score was calculated by adding all the scaled
scores (in this case, the total score was 14,900.17) and dividing
by the scaled score (concept 1: 425/14,900=3%) and adding to
the scaled score of the next highest concept (concept 2:
422/14,900=3%+3% concept 1 and so on; Figure 4). Regarding
the relative importance of concepts in round I, when switching

from combustible to sf-TNPs, experts placed importance on
withdrawal symptoms, general health impacts, and
emotion-related impacts. Conversely, concepts that ranked low
in priority were those that referred to aesthetic concerns that
would have less of a health impact or were not considered
exclusive to those who smoke. Experts considered withdrawal
symptoms such as anxiety and irritability as potential barriers
to switching to sf-TNPs and highlighted there were levels of
satisfaction (eg, enjoyment and craving relief) that those who
smoke cigarettes would not want to lose when switching to
sf-TNPs

Figure 4. Scaling and ranking results for items considered in round I of the Delphi panel. TNP: tobacco and/or nicotine products.

When determining which concepts to include in round II of the
Delphi panel evaluation, the relative score (ie, importance) for
each concept was considered, resulting in 36 out of 69 concepts
(52% of all concepts in ranked order) accounting for 69%
(10,285/14,900) of the total importance score. Based on the
results and alignment with other activities ongoing within
development of the health and functioning measurement
instrument, the health and functioning concepts were further
reviewed for relevance and clarity, and a different, refined,
reduced, and synthesized list of 36 concepts was taken forward
for evaluation in round II (refer to Supplementary Information
and Table S1 in Multimedia Appendix 1 for further details).

Round II
Of the 36 concepts in this round, 14 made up 50% of the total
scaled score (Figure 5). In general, physical health symptoms,
and worries about the impact on health concepts remained the
highest-ranked concepts and were considered by experts as more
important than aesthetic considerations. Experts commented
that concepts rated as unimportant and ranked lower in the logit
analysis tended to lack specificity to smoking (ie, could be due
to other causes), did not directly affect health, or were not
reported frequently by TNP users. Of the 36 concepts evaluated
in round II, a final selection of 20 highest-ranked concepts were
identified for validation and discussion in round III.
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Figure 5. Scaling and ranking results for items considered in round II of the Delphi panel. TNP: tobacco and/or nicotine products.

Round III
Of the final 20 concepts ranked in round III (Figure 6), the sum
of the top 4 concept scores accounted for more 50% of the total

score: cardiovascular symptoms, shortness of breath or dyspnea,
chest pain heaviness, and worry about smoking-related diseases
and impact on health in general. Physical health concepts
remained the most important experts across all 3 rounds

Figure 6. Ranking and ordering of the final 20 items identified in round III of the Delphi panel.

Latent Class Analysis
Latent class analysis of the results in round III revealed 2
identifiable subgroups, each with its own ranking and ordering
of the final 20 concepts (Textbox 2). In both cases, concepts
related to physical health, particularly cardiovascular and

respiratory symptoms, ranked highest. In subgroup 1, the
lowest-ranked concepts were related to psychosocial or general
well-being and social interactions, and all scored equally low.
For subgroup 2, there was minimal differentiation between
concepts beyond the highest-ranking group.
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Textbox 2. List of concepts in ranked order (highest to lowest) for the 2 subgroups identified by latent class analysis in round III of the Delphi panel.

Subgroup 1 in rank order

• Cardiovascular symptoms (eg, palpitations and blood pressure)

• Shortness of breath or dyspnea

• Chest pain or heaviness

• Neurological symptoms (eg, dizziness, nausea, and headaches)

• Cough

• Mouth ulcers

• Phlegm or mucus while coughing or not coughing

• Throat irritation or sore throat

• Gum problems (eg, bleeding, pain, redness, or swelling)

• Gastrointestinal symptoms (eg, heartburn, constipation, and diarrhea)

• Worry about smoking-related diseases and impact on health in general (eg, cancer and stroke)

• Withdrawal symptoms associated with quitting tobacco and/or nicotine products

• Frequency and duration of colds

• Physical endurance during everyday activities and exercise

• Ability to cope with stress

• Worry about impact on health of others (eg, children, partner, family, and friends)

• Relationship with spouse or partner

• General perception of health

• General perception of well-being

• Social interactions and relationships with children, family, friends, and colleagues

Subgroup 2 in rank order

• Cardiovascular symptoms (eg, palpitations and blood pressure)

• Shortness of breath or dyspnea

• Worry about smoking-related diseases and impact on health in general (eg, cancer and stroke)

• Chest pain or heaviness

• Physical endurance during everyday activities and exercise

• Neurological symptoms (eg, dizziness, nausea, and headaches)

• Cough

• Worry about impact on health of others (eg, children, partner, family, and friends)

• Social interactions and relationships with children, family, friends, and colleagues

• Withdrawal symptoms associated with quitting tobacco and/or nicotine products

• Relationship with spouse or partner

• Phlegm or mucus while coughing or not coughing

• General perception of health

• General perception of well-being

• Ability to cope with stress

• Gastrointestinal symptoms (eg, heartburn, constipation, and diarrhea)

• Throat irritation or sore throat

• Frequency and duration of colds

• Gum problems (eg, bleeding, pain, redness, and swelling)

• Mouth ulcers
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In stage 2 of round III, following the MaxDiff analysis, the
ranked concept lists for each of the 2 latent class subgroups
were shown to the experts, who were asked to identify which
group best reflected their own thinking and provide a rationale
for their choice. Just over half of the experts (58/100, 58%)
reported that subgroup 1 best reflected their thinking compared
with (42/100, 42%) for subgroup 2. When asked about their
rationale for aligning with subgroup 1, the main reason was a
focus on the most important physical health symptoms (33/58,
57%). The main rationale for choosing subgroup 2 was a greater
emphasis on the importance of the consumer and their
perspective (10/42, 24%), including psychological elements,
the well-being of consumers, and impact of smoking on the
health of others (14/42, 33%).

Regarding the influence of professional specialty in
self-alignment with subgroups (Table 3), preference for

subgroup 1 tended to be among oncologists (14/19, 74%),
dentists (11/15, 73%), counselors (4/6, 67%), and general
practitioners or internal medicine specialists (17/27, 63%).
Conversely, all policy advisors and charity workers (5/5) felt
that subgroup 2 best reflected their views. When geographical
location was considered (Table 3), there was a strong preference
for subgroup 2 in participants from Asia (12/17, 71%) and a
slight preference among those in North America (9/17, 53%).
Experts from all other regions tended mostly to identify with
subgroup 1 (Middle East: 5/6, 83%; Africa: 4/5, 80%; Central
Europe: 4/5, 80%; Eastern Europe: 7/9, 78%; Western Europe:
9/13, 69%; Southern Europe: 8/13, 62%; and Central or South
America: 8/15, 53%). Regarding the final selection of 20
concepts, both subgroups considered all concepts to be important
and relevant for inclusion in any self-reported outcome measure.

Table 3. Region and specialty after self-identifying with a latent class subgroup in round III of the Delphi panel.

Latent class subgroup 2, n (%)bLatent class subgroup 1, n (%)bTotal (n=100), n (%)aExperts’ region and specialty

42 (42)58 (58)100 (100)Region

9 (53)8 (47)17 (17)North America

4 (31)9 (69)13 (13)Western Europe

5 (38)8 (62)13 (13)Southern Europe

1 (20)4 (80)5 (5)Africa

7 (47)8 (53)15 (15)Central/South America

1 (20)4 (80)5 (5)Central Europe

12 (71)5 (29)17 (17)Asia

2 (22)7 (78)9 (9)Eastern Europe

1 (17)5 (83)6 (6)Middle East

42 (42)58 (58)100 (100)Specialty

10 (37)17 (63)27 (27)General practice or internal medicine

4 (27)11 (73)15 (15)Dentist or oral hygienist

5 (26)14 (74)19 (19)Oncologist

6 (55)5 (45)11 (11)Cardiovascular specialist

5 (63)3 (38)8 (8)Respiratory

5 (56)4 (44)9 (9)Researcher

2 (33)4 (67)6 (6)Counselor or psychologist

4 (100)0 (0)4 (4)Policy advisor

1 (100)0 (0)1 (1)Charity or advocacy

aData for 100 experts were included, with one respondent (from South Africa) reporting not understanding the questions asked.
bPercentage use the n value in the “Total” column as the denominator.

Additional Semiqualitative Assessment—Likelihood
to Perceive Change
In round III (in response to the question: “Now that you have
seen the list of concepts collated from Rounds I & II, how likely
do you think it is to see a change in this concept when a TNP
user switches from a combustible TNP to an sf-TNP?”), most
experts reported they would expect to find measurable levels
of change in 13 out of 20 individual concepts. Furthermore,

over half of the respondents stated it was “likely” or “extremely
likely” that a measurable change would occur in these concepts
when a TNP user switched from a combustible TNP to a sf-TNP
(Figure 7). For example, majority of experts felt that it was
“likely” or “extremely likely” to observe a change in gum
problems (74/101, 73%), phlegm or mucus while coughing or
not coughing (72/101, 71%), general perception of well-being
(72/101, 71%), and throat irritation/sore throat (72/101, 71%).
In addition, between 5% and 20% considered that switching
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was “unlikely” or “very unlikely” to result in a change in the
severity of any single concept, including cardiovascular
symptoms, withdrawal symptoms associated with quitting,
shortness of breath, and worry about smoking-related diseases.

Reasons given by experts for considering a change in a concept
to be unlikely are listed in Table 4 and were mostly related to
lack of perceived substantial differences between combustible
TNPs and sf-TNPs.

Figure 7. Experts’ opinions (percentage of experts) regarding likelihood of observing change in the severity of the final 20 items in round III of the
Delphi panel.

Table 4. Reasons given by experts for considering a change in a concept to be unlikely for the final 20 items in round III of the Delphi panel.

Rationale reported by expertsConcept (number of experts responding it was unlikely to
see a change)

Cardiovascular symptoms (n=6) • Unlikely to see substantial modifications between the combustible TNPsa and sf-

TNPsb as tobacco or nicotine can cause cardiovascular disease
• Active ingredients are the same and present in both combustible TNPs and sf-TNPs

products

Shortness of breath or dyspnea (n=2) • No change or no substantial modifications in switching to sf-TNPs

Worry about smoking-related diseases and impact on health
in general (eg, cancer and stroke) (n=2)

• Symptoms will occur with using both combustible TNPs and sf-TNPs

Worry about impact on health of others (eg, children,
partner, family, and friends) (n=1)

• Other dangerous chemicals in sf-TNPs

Frequency and duration of colds (n=1) • Colds are unlikely to change as they are a nuisance and not a major health threat

aTNPs: tobacco and/or nicotine products.
bsf-TNPs: smoke-free tobacco and/or nicotine products.

Discussion

Principal Findings
This adapted Delphi panel study was conducted to identify the
health and functioning concepts that experts consider to be most
relevant and useful for incorporation into a new TNP-specific
health and functioning measurement instrument to assess the
self-reported impact of switching from combustible TNPs to
sf-TNPs [21]. We recruited a geographically and professionally
representative panel of experts who routinely treated those who

smoke or communicated on smoking and TNP use. They were
asked to reduce and refine a preliminary list of health and
functioning concepts and to rank the final list in order of
importance. After 3 rounds of investigation, the initial list of
69 concepts was refined to the most important 20 they
considered could be included in a new self-reported measure
(Table 5). The range of final concepts reflected health and
psychosocial issues associated with smoking, including
respiratory and cardiovascular health, withdrawal symptoms,
and worries about the impact on health of self and others.
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Table 5. Concepts recommended and agreed after each round of the Delphi panel.

Round III (n=20), ranked in order of
importance (highest to lowest)

Round II (n=36), ranked in order of importance
(highest to lowest)

Round I (n=69), ranked in order of importance
(highest to lowest)

Rank

Cardiovascular symptoms (eg, palpita-
tions, blood pressure)

Cardiovascular symptoms (eg, palpitations,
blood pressure)

Worry about risk of cancer1

Shortness of breath or dyspneaShortness of breath or dyspneaShortness of breath or dyspnea2

Chest pain or heavinessWorry about smoking-related diseases and
impact on health in general (eg, cancer, stroke)

Worry about health3

Worry about smoking-related diseases
and impact on health in general (eg,
cancer, stroke)

Chest pain or heavinessAnxiety symptoms due to withdrawal4

Neurological symptoms (eg, dizziness,
nausea, headaches)

Neurological symptoms (eg, dizziness, nausea,
headaches)

Irritability due to withdrawal5

CoughWithdrawal symptoms associated with quitting
TNPs

Strong craving for TNPa due to withdrawal6

Phlegm or mucus while coughing or not
coughing

CoughDepression symptoms due to withdrawal7

Physical endurance during everyday ac-
tivities and exercise

General perception of healthStress or tension due to withdrawal8

Withdrawal symptoms associated with
quitting TNPs

Phlegm or mucus while coughing or not
coughing

Ability to control moods and emotions9

Gastrointestinal symptoms (eg, heart-
burn, constipation, diarrhea)

Gastrointestinal symptoms (eg, heartburn,
constipation, diarrhea)

Aggression due to withdrawal10

Throat irritation or sore throatPhysical endurance during everyday activities
and exercise

Worry about impact on pregnancy or fertility11

Worry about impact on health of others
(eg, children, partner, family, friends)

Worry about impact on health of others (eg,
children, partner, family, friends)

Concerns about the impact on the whole family12

Mouth ulcersAbility to cope with stressConcerns about impact on own children13

Gum problems (bleeding, pain, redness,
swelling)

Mouth ulcersPain or burning sensation in the teeth, gums,
mouth, lips, throat, or tongue

14

Social interactions and relationships with
children, family, friends, colleagues

Gum problems (bleeding, pain, redness,
swelling)

Bringing up phlegm or mucus while coughing or
not coughing

15

Relationship with spouse or partnerSocial interactions and relationships with chil-
dren, family, friends, colleagues

Cough16

Frequency and duration of coldsSleeping problemsExercise capacity17

Ability to cope with stressGeneral perception of well-beingAnger due to withdrawal18

General perception of healthAbility to have or perform sexual activitiesCraving relief with TNP use19

General perception of well-beingRelationship with spouse or partnerImpact on intimate relationships20

 —Throat irritation or sore throatLack of concentration due to withdrawal21

—Frequency and duration of coldsAbility to cope with stress22

—Ability to control moods and emotionsSwollen or bleeding cheeks, lips, gums, or tongue23

—Hoarseness or change in voiceAbility to enjoy life24

—Ability to concentrate or focusConcerns about the impact on own spouse or
partner

25

—Weight controlPoor oral health in general26

—FatigueImpact on relationships with children27

—Bad breath or halitosisHoarseness or change in voice28

—Feelings of self-esteem and self-respectAbility to concentrate or focus29

—Feeling energizedYellow, gray, or black teeth30

—Sense of smell and tasteLoss of tooth or teeth31
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Round III (n=20), ranked in order of
importance (highest to lowest)

Round II (n=36), ranked in order of importance
(highest to lowest)

Round I (n=69), ranked in order of importance
(highest to lowest)

Rank

—Yellow, gray, or black teethAbility to have and maintain an erection32

—Plaque or tartar build upAbility to pay attention, attention span33

—Wrinkling, yellow, and dry skinFeelings of self-esteem and self-respect34

—Odor on clothes, hair, or body, due to TNP useSymptoms of fatigue35

—Yellow brittle nails and dry hairImpact on social life36

——Sore throat37

——Heartburn (burning sensation in the stomach)38

——Sleeping problems39

——Bad breath or halitosis40

——Improved weight control with TNP use41

——Working memory42

——Perceives a stigma due to TNP use43

——Opportunity to relax or take a break while using
TNP

44

——Ability to have sexual activity—with self or others45

——Acid reflux46

——Enjoyment or pleasure while using TNP47

——Plaque or tartar build up48

——Productivity at work or home49

——Throat clearing50

——Increased concentration or focus with TNP use51

——Lost sense of taste52

——Wearing away of a tooth or teeth53

——Lost sense of smell54

——Bodily pain55

——Isolated by others56

——Impact on co-workers57

——Self-isolation58

——Skin tone quality (yellow or gray fingers or face)59

——Bad odor on clothes, hair, or body due to TNP use60

——Ability to reach orgasm61

——Parenting skills62

——Enjoyment of TNP taste63

——Participation in recreational activities64

——Fitting in with others who use TNP65

——Impact on friendships66

——Concerns about safety relating to risk of fire67

——Wrinkling skin68

——Likelihood of getting a cold69

aTNP: tobacco and/or nicotine products.

Overall, the final 20 concepts were considered both clinically
relevant and important to the experts in their evaluation of the
possible impact of switching to sf-TNPs or stopping smoking

cigarettes. We observed that the concepts consistently ranked
highly among experts focused on objectively measurable health
consequences such as respiratory and cardiovascular symptoms,
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as well as overall physical functioning. In contrast, concepts
such as the ability to cope with stress, risk of getting colds, oral
health, physical appearance, social functioning, and sensory
impacts (taste, sense of smell, and odor) were ranked as less
important. Those concepts ranking highest reflect current
evidence regarding smoking-related health outcomes and
potential improvements attainable by ceasing cigarette
consumption or switching to sf-TNPs [6,41-46]. The experts’
knowledge of evidence for the effect of cessation or switching
on pre-existing respiratory conditions [6,43,44,47,48] may also
be reflected in the ranking.

It is essential to note that the relative ranking of these concepts
is likely to be different for TNP consumers compared with health
care professionals. Individuals trying to stop smoking or switch
to sf-TNPs recognize the respiratory and other physical health
and functional benefits and understand the potential for
improved quality of life by reducing cigarette consumption or
stopping smoking [49,50], as well as reduced exposure of others
to smoking-related harm [6,51]. They also tend to report benefits
and preferences for general hygiene and smell, better oral health,
and sensory improvements [6,41,43]. However, no concepts
related to general physical appearance or hygiene were in the
final top-ranking concepts of the current study. These results
explicitly reflect the participants’own experiences and opinions,
which may differ from those of TNP users and be dependent
on TNP user characteristics.

Although objective health outcomes such as cardiovascular and
respiratory function were rated highly by experts throughout
the study, some individuals rated psychosocial outcomes and
effects on families and others (through secondhand smoke and
so on) as equally important as objective physical measures.
Latent class analysis in the final round of the study suggested
that geographical location, cultural milieu, and professional
specialism may each play a major role in these observations.
Specifically, we identified a subgroup that focused mostly on
physical, objectively measurable concepts (eg, cardiovascular
symptoms, shortness of breath, chest pain, neurological
symptoms, and cough), compared with the other subgroup,
which considered both objective and subjective or emotional
concepts (eg, worry about smoking-related diseases and impact
on health both of self and others) to be of equal importance.
These results may correspond with established patterns of
perceptions and considerations among Western cultures, which
may be broadly defined as individualistic (ie, driven by personal
goals), whereas those from Asia and South America can be
defined as collectivist (reflecting the primacy of mutual
obligations among members of society) [51-53]. Furthermore,
qualitative investigation of alignment with the subgroups
revealed that for certain job roles (eg, counselors and policy
advisors), the consumer-focused concepts were more important
than for other health care professionals (eg, specialist clinicians),
who were primarily concerned with objective, physical concepts.
These findings have important implications for the development
of a self-report measure that can be widely used and is adaptable
to individual or local requirements [54]. When disseminating
results based on the newly developed self-reported measure, it
may be essential to tailor communications on sf-TNPs for
specific audiences with different considerations of what is

clinically meaningful to the experts themselves, as well as to
the individual TNP user [26,33,54]. To validate the latent class
findings in round III, we asked respondents to self-identify with
the most relevant of the 2 subgroups. Overall, participants were
able to do so readily, indicating that the 2 classes were culturally
and professionally relevant, and that the new self-report measure
will maximize content validity by including the range of
concepts identified and ranked in round III to accommodate
cultural and professional requirements and differences.

There are 3 main strengths of this study. First, we used the
MaxDiff ranking to address the challenge of ranking an initial
high number of concepts. Second, the incorporation of an anchor
was essential in objectively identifying concepts for elimination.
Third, a large panel of experts representing a broad range of
professional expertise and geographies was recruited for this
study. This allowed us to confirm validity of the concepts
identified in the preparatory phase of the development of the
new measure. It also enabled us to parse out cultural and
professional subtleties that are important to consider when
disseminating outcomes from the new measure. Development
of an outcome measure involving both the target population
and clinicians is a key component of creating a high-quality
instrument [33,54]. Building this manner of collaboration and
bridging between TNP users and relevant experts in this Delphi
panel into the development of this new instrument would serve
to enhance the potential quality and validity of the final measure
by feeding into subsequent qualitative and psychometric
evaluations [26].

There are also some limitations to our study. First, we did not
use a strict Delphi panel process, and round I may be seen as a
preliminary evaluation rather than a pure ranking and scoring
exercise. Delphi panel methodology typically follows a highly
structured process. In this particular case, it would have been
ideal to perform additional preliminary qualitative insight work
to review all the elements of a study, formally review and refine
concept terminology, and test with external audiences. And, as
previously mentioned, this Delphi panel focused on the
experience and perceptions of experts and professionals who
interact with TNP users. Consequently, the findings reported
here do not have the vital context of TNP consumers opinions
and perceptions. Unfortunately, it would have been impractical
to address both angles in a single study with an initial list of 69
concepts. Instead, further research should consider evaluating
TNP users’ perceptions and rankings in a separate study using
similar methodology. In addition, there is a potential for
selection bias in the study due to the exclusion of experts who
specified they would not consider participating in studies by
tobacco companies. This exclusion could result in a sample that
is not fully representative of the broader expert community,
potentially impacting the generalizability of the findings. To
mitigate this, we used a diverse recruitment strategy to include
experts from various regions and specialties. However, the views
of nonparticipating experts might differ from those who
participated, and this limitation should be considered when
interpreting the results. Finally, the survey was conducted in
various languages, and despite the measures taken to ensure the
consistency and validity of the translated surveys, linguistic and
cultural differences may have led to variations in interpretation
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of the survey. These variations could potentially affect the
study’s findings and should be considered when interpreting
the results.

Conclusion
In conclusion, this 3-round, adapted Delphi panel identified a
ranked list of 20 concepts to be considered when assessing the
health and functioning status of individuals who stop smoking
cigarettes or switch to using sf-TNPs or NRTs. It is to be
expected that the scale of importance of each concept will vary

based on the health status and concerns of an individual, whereas
the ranking presented here represents a global, generalized view
provided by the participating experts. In addition, the sensitivity
of the concepts to accurately reflect changes in TNP use
behavior will need to be determined. This would support the
evaluation of the self-reported experience and impact of
switching from conventional cigarettes to sf-TNPs on health
risks and contribute to the regulatory and scientific evidence
base for understanding both the individual and public health
impacts of sf-TNPs.
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Abstract

Background: Having a great amount of sedentary time is common among older adults and increases with age. There is a strong
need for tools to reduce sedentary time and promote adherence to reduced sedentary time, for which eHealth interventions have
the potential to be useful. Interventions for reducing sedentary time in older adults have been found to be more effective when
elements of self-management are included. When creating new eHealth interventions, accessibility and effectiveness can be
increased by including end users as co-designers in the development process.

Objective: The aim was to explore the desired features of an eHealth intervention including self-management for reducing
sedentary time and promoting adherence to reduced sedentary time in older adults transitioning from working life to retirement.
Further, the aim was to develop a digital prototype of such an eHealth intervention.

Methods: The study used the participatory design approach to include end users, researchers, and a web designer as equal
partners. Three workshops were conducted with 6 older adults transitioning to retirement, 2 researchers, and 1 web designer.
Thematic analysis was used to analyze the data from the workshops.

Results: Participants expressed a desire for an easy-to-use eHealth intervention, which could be accessed from mobile phones,
tablets, and computers, and could be individualized to the user. The most important features for reducing sedentary time were
those involving finding joyful activities, setting goals, and getting information regarding reduced sedentary time. Participants
expressed that the eHealth intervention would need to first provide the user with knowledge regarding sedentary time, then offer
features for measuring sedentary time and for setting goals, and lastly provide support in finding joyful activities to perform in
order to avoid being sedentary. According to the participants, an eHealth intervention including self-management for reducing
sedentary time in older adults in the transition to retirement should be concise, accessible, and enjoyable. A digital prototype of
such an eHealth intervention was developed.

Conclusions: The developed eHealth intervention including self-management for reducing sedentary time in older adults
transitioning to retirement is intended to facilitate behavior change by encouraging the user to participate in autonomously
motivated activities. It uses several behavior change techniques, such as goal setting and action planning through mental contrasting
and implementation intention, as well as shaping knowledge. Its active components for reducing sedentary time can be explained
using the integrated behavior change model. Further research is needed to evaluate the feasibility and effectiveness of the eHealth
intervention.

(JMIR Form Res 2025;9:e63567)   doi:10.2196/63567
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Introduction

Background
Increased sedentary time is common among older adults [1],
and it increases the risk of noncommunicable diseases and
premature death [2-4]. Sedentary time is the time spent in
sedentary behavior for any duration or in any context [5].
Sedentary behavior can be defined as any waking behavior in
a seated, reclined, or lying position with an energy expenditure
of <1.5 metabolic equivalents (METs) [5]. With an aging
population globally [6], there is an urgent need to reduce
sedentary time in older adults. This has been found to be
possible [7,8] but difficult, as sedentary behavior is complex
and multifaceted [9]. In a recent scoping review [8], researchers
found that sedentary time can be reduced in community-dwelling
older adults using multicomponent interventions. Further, their
results showed that information, goal setting, health coaching,
self-monitoring, and action planning were included in effective
interventions. However, studies reporting effect size reported
only a mild to moderate reduction in sedentary time.
Consequently, there is a need to develop new interventions with
new approaches to reduce sedentary time in older adults.

The transition to retirement could be a favorable time for the
introduction of interventions for reducing sedentary time in
older adults. This is because retirement leads to changes in
health behaviors such as physical activity, sedentary time, and
smoking [10,11]. A recent longitudinal cohort study found that
61% of participants made health behavior changes when retiring
[12], indicating a window where health behavior interventions,
such as interventions for reduced sedentary time, could be
timely. Previous research has found that interventions for health
behavior change are more effective when elements of
self-management are included [8]. Self-management is a
person’s own day-to-day management of health promotion or
disease, including management of their medicines, emotions,
meaningful behaviors, and roles [13].

Previous research has found that older adults often equate
sedentary behavior with physical inactivity, and are unaware
of the health consequences of prolonged sedentary time, how
much time they spend in sedentary behavior, and when they are
sedentary [9,14]. Affect has an impact on sedentary time in
older adults, as enjoyment can be a motive for taking part in
nonsedentary behavior [15] and sedentary behavior [9]. Older
adults transitioning to retirement experience sedentary behavior
as something related to health and well-being, giving them an
opportunity to engage in meaningful activities, such as
self-reflection, but also as something unhealthy and related to
loneliness and boredom [16].

A recent study found that older adults in the transition to
retirement use and desire self-management strategies that
influence both affective determinants (related to emotions and
affects such as joyfulness) and cognitive determinants (related
to cognitive processes and includes attitudes and self-efficacy)
for reducing sedentary time [17]. Earlier interventions for

reducing sedentary time have primarily targeted cognitive
determinants, resulting in positive changes with only a mild to
moderate effect size [8]. Phipps et al [18] found that sedentary
time is influenced more by explicit affective attitudes than by
explicit instrumental attitudes. In recent years, interventions
addressing affective determinants have been used in health
promotion interventions targeting health behaviors [19,20].
Lithopoulos et al [21] compared affective, instrumental, and
self-regulatory information in office workers and found that
affective information had the most influence on reducing
sedentary time. However, there are no intervention studies
targeting both cognitive and affective determinants to reduce
sedentary time in older adults transitioning to retirement.

To be effective, interventions must also have the possibility of
reaching the intended end users. eHealth, which involves health
services and information delivery through the internet and
internet-related technologies [22], might offer an opportunity
to reach out to large populations in upper middle– and
high-income countries, as the rates of internet use and access
in these countries are 83% and 93%, respectively [23]. eHealth
interventions include but are not limited to mobile
device–delivered health interventions (mHealth), text messaging,
use of stationary computers and the internet, and telephone calls.
A recent systematic review and meta-analysis of the effect of
mobile health app interventions on health behaviors in older
adults stated that such eHealth interventions can be used to
reduce sedentary time, but there is uncertainty regarding the
results owing to small sample sizes [24]. Adherence to eHealth
interventions is slightly higher than adherence to traditional
interventions, which might be due to eHealth interventions being
perceived as more fun [25]. Adherence can be further raised
through increased acceptability of the intervention by involving
older adults in the development process using participatory
research design [26]. Involving end users in the development
of eHealth interventions is a common approach [27,28] and can
increase the quality of the knowledge created, effectiveness of
the intervention developed [28], and accessibility among those
who are unaccustomed to eHealth [29].

Aim
The aim was to explore desired features of an eHealth
intervention including self-management for reducing sedentary
time and promoting adherence to reduced sedentary time in
older adults transitioning from working life to retirement.
Further, the aim was to develop a digital prototype of such an
eHealth intervention.

Methods

Design
The study applied participatory design (PD) [26] to allow for
the knowledge of older adults transitioning to retirement,
researchers, and a web designer to be utilized and valued equally
in the eHealth intervention’s development. PD is a research
method in which end users are involved as equal partners in the
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design process [26] and has previously been used to develop
eHealth interventions targeting various health behaviors [30-32].
This study is part of a PD project aimed at health promotion
through reduced sedentary time in the transition to retirement.
The PD project consists of the following 4 phases: need
assessment, idea generation, testing and retesting, and
evaluation. This study involves the second phase, idea
generation, in which needs and opinions are evaluated in order
to generate ideas and develop a digital prototype [26].

Participants
Participants, who were older adults transitioning to retirement,
were recruited by the first author (LH) at theme days and

meetings held by retirement organizations and municipalities,
and through an interview article in the local newspaper. The
criteria for inclusion were as follows: age 60-75 years, ability
to speak and understand Swedish, ability to read and
comprehend the study instructions, and plan to retire within a
maximum of 3 years or having been retired for a maximum of
5 years. The exclusion criteria were as follows: presence of a
serious disease, severe loss of vision, and severe loss of
communicative ability. All recruited participants were newly
retired, and none were still working. For further background
information regarding the participants, see Tables 1 and 2.

Table 1. Participant (older adult) demographics.

Previous use of an
eHealth intervention in-
cluding self-management

Self-reported
daily seden-
tary time,
hours

Type of housingLiving
with
other
adults

Mostly seden-
tary or
nonsedentary at
the current or
last job

Time re-
tired,
years

SexAge,
years

Participant

No7-8House/townhouseYesSedentary4Male67Participant 1: Older
adult

Do not know2ApartmentNoNonsedentary3Female68Participant 2: Older
adult

No8ApartmentNoSedentary2Male67Participant 3: Older
adult

App-based arthritis treat-
ment

5House/townhouseYesNonsedentary2Female67Participant 4: Older
adult

—a6-8ApartmentNoNonsedentary4Female70Participant 5: Older
adult

Activity watch5House/townhouseYesSedentary2Female64Participant 6: Older
adult

aNot applicable.

Table 2. Participant (designer and researcher) demographics.

DescriptionSexAge,
years

Participant

Physiotherapist (PhD in physiotherapy) with a research focus on eHealth and participatory designFemale38Participant 7: Researcher

Physiotherapist (master’s degree in clinical medical science) with experience in primary and specialist
health care

Female37Participant 8: Researcher

Adequate education and several years of experience in web developmentFemale39Participant 9: Web designer

A workshop group consisting of 9 participants was convened.
The group’s size was selected to be large enough to capture
different user perspectives and small enough to allow all
participants’ voices to be heard. Of the 9 participants, 6 were
older adults in the transition from working life to retirement, 2
were researchers participating in the workshop (LH and CE),
and 1 was a web designer (Tables 1 and 2). The workshops were
led by an experienced workshop moderator to improve the
balance of power among participants. The workshop moderator
was a female researcher employed by the same university as
the authors.

Ethical Considerations
Prior to recruitment, the study was reviewed and approved by
the Swedish Ethical Review Authority (Dnr 2019-03836).
Informed consent was obtained from the participants.

Workshops and Data Collection
Three workshops were conducted between November 2021 and
January 2022 at time intervals of 2 and 8 weeks. All participants
were invited to all 3 workshops (see Figure 1 for attendance).
The workshops were held in a meeting room at a university. At
the beginning of the first workshop, the participants were given
written and verbal information about the study, and the study
aim and the focus of each workshop were presented (Figure 1),
as were the roles of the participants and the moderator. Further
the participants were informed that their participation was
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voluntary and that they could choose to end their participation
at any time. Informed consent was signed. The first workshop
was planned based on the results of a previous study [17]. In
this workshop, focus group interviews were performed with
older adults transitioning to retirement, and they involved
perceptions of self-management strategies for reducing sedentary
time and adhering to the reduced sedentary time. PD tool cards
[33] were used at the first workshop, with participants being
asked to list on Post-it notes which features in a digital solution
they judged to be necessary to operationalize the
self-management strategies for reducing sedentary time. This
was followed by a discussion. Workshop 2 used 2D mapping

[33], taking its starting point in a mind map of features
developed from workshop 1. The third workshop used the PD
tool user journey [33], with participants working based on a
paper prototype developed after workshop 2. Participants were
also asked to prioritize the importance of the features, voting
for the first, second, and third most important features for
reducing sedentary time. The voting was conducted using Post-it
notes, with different colored notes used to represent the first,
second, and third most important features. After the
prioritization of the features, drafts of each feature of the paper
prototype were presented, and suggestions for changes were
discussed.

Figure 1. Workshop process map. BWS: between-workshop.

After each workshop, the first author (LH) went through the
Post-it notes and photographs and listened to audio recordings
to create mind maps and outline possible features of the eHealth
intervention. Audio recordings were used at this stage to clarify
and deepen the understanding of the text written on the Post-it
notes. Between-workshop meetings were conducted with the 2
researchers participating in the workshop and 4 additional
researchers (co-authors PHW, AS, ML, and MLE) with
extensive experience in developing eHealth interventions,
behavior change interventions, and gerontologic research.
Preliminary results and proposed solutions were presented at
the between-workshop meetings, and ideas and questions for
the next workshop were discussed. After the last workshop, a
digital prototype was developed.

Data Analysis
After the last workshop, the audio recordings from the
workshops were transcribed verbatim. The transcripts were
analyzed using inductive thematic analysis [34], with the
analysis conducted in 2 steps based on the study aim and the
focus of each workshop. The analyses of workshops 1 and 2
focused on desired features and their descriptions (feature
analysis). This served as a verification of the paper prototype

presented at workshop 3. The analysis of workshop 3 aimed to
describe the necessary changes and the participants’ desires
regarding the final layout of the digital prototype (change
analysis). The first author listened to the audio recordings and
read the transcripts to get familiar with the dataset, after which
relevant segments were coded at a semantic level. This was in
accordance with phases 1 and 2 of the 6 phases of thematic
analysis. In phase 3, initial themes were created. These were
then checked against the whole data set, and meetings were held
with all authors where the themes were discussed (phase 4).
The themes were then defined and named (phase 5). Although
writing had been carried out since phase 3, the analysis
proceeded into the writing of the manuscript (phase 6) as themes
were then clarified. The themes from the analysis can be found
in Multimedia Appendix 1. The results from the prioritization
of the features were summarized and used as a basis for
discussion during workshop 3.
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Results

Overview
The feature analysis resulted in the following 2 themes: general
features and features for self-management. The latter consisted
of 9 subthemes: finding activities that arouse joy, support in
goal setting, information regarding sedentary behavior, measure
sedentary time and receive feedback, schedule and planning,
rewards, reminders, interact with other users, and timer. These

subthemes corresponded to the features of the paper prototype
presented at workshop 3. The change analysis resulted in 3
additional themes: evoke positive affect, less is more, and
packaging.

The prioritization of the features revealed that the 3 most highly
prioritized features in self-management for reducing sedentary
time were finding activities that arouse joy, support for goal
setting, and information regarding sedentary behavior. More
information, such as the order in which participants wanted the
features to be presented to the user, can be found in Figure 2.

Figure 2. Prioritization of features and time of introduction and inclusion of features in the paper prototype. The gray area represents functions not
included in the paper prototype.

Feature Analysis

General Features
Participants wanted the eHealth intervention to include basic
features, with the possibility to add more features for those who
are more technically advanced.

I mean, there are so many people on their way into
retirement and there are even more who are retired
today who have a very low digitalization level... Yeah,
it has to be incredibly simple. Has to be basal. Then
you should be able to build on it, maybe, but... The
foundation has to be based on something very, very
simple. [Participant in workshop 2]

To facilitate use, the user should be guided in the order in which
the features should be used. To increase accessibility, the
eHealth intervention should be available on mobile phones,
tablets, and computers. There was concern regarding the

inclusion of too many features, as this could lead to increased
screen time rather than reduced sedentary time.

The more and more you build into it, it makes it so
that, now I have to take a look. [Participant in
workshop 1]

To further facilitate use, an optional tutorial guiding the user
through how the eHealth intervention worked was suggested.

Individualization according to the user’s interests and affections,
such as joy, was considered crucial for using the eHealth
intervention, reducing sedentary time, and adhering to reduced
sedentary time. At the same time, there was concern that
individualization would result in the user having to answer too
many questions at an early stage, which might exhaust them
and prevent their further use of the eHealth intervention.

Yeah, it’s... as soon as you have to go in and start
making these kinds of choices that very many people
stop. [Participant in workshop 2]
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Features for Self-Management

Finding Activities That Arouse Joy

To help them reduce their sedentary time, participants wanted
the eHealth intervention to offer suggestions for joyful activities.
Since what arouses feelings of joy is individual, participants
saw a need to include different types of activities that could be
performed in the home, outside the home, by oneself, or together
with others, as part of the individualization. They expressed
that the eHealth intervention should both allow the user to reflect
on what activities they are interested in or could appreciate and
provide suggestions for activities based on their areas of interest.

You get to answer questions about what you thought
was interesting before and in that way be guided to...
where you could look or what more you should do.
[Participant in workshop 2]

It should also provide information regarding what there is to do
nearby when one is newly retired and facilitate contact with
retirement organizations through links, information, and a
contact person from the organization or activity. Participants
expressed a wish for the activities offered by organizations to
be presented in the eHealth intervention with their time and
location, although they realized the difficulty that gathering this
information would entail. Additionally, they wanted the eHealth
intervention to include what activities other newly retired people
do and enjoy, and provide the user with tips from other newly
retired people for fun ways to reduce sedentary time. The
difficulty in knowing what activities are available in the local
area was expressed by 1 participant as follows:

I think a lot of people have problems with it... How
in the world do I find things? What’s here and where
[is it], how do I get in contact with groups?
[Participant in workshop 1]

Support in Goal Setting

Participants considered goal setting to be important for reducing
sedentary time, but described formulating goals as difficult.
They suggested that it could be made easier by offering the user
predetermined options or levels of sedentary time as goals, with
these goals formulated based on either the maximum time to
be spent in sedentary behavior or the number of activities to
perform.

Can there be, like: Level 1, Level 2, Level 3, so you
don’t have to sit and make it up yourself, sort of?

(You’re thinking that there should be suggestions for
goals?)

Yeah, maybe if you’re, you know, completely
sedentary. What’s Level 1. Yep. I finished that on the
first day. Level 2, and so on. [Participant in workshop
2]

Although goal setting was thought to be important for reducing
sedentary time, a desire was expressed that this be made optional
in the eHealth intervention. Participants expressed that, when
formulating a goal regarding reduced sedentary time, they would
like to be offered suggestions for what to do instead, and at
follow-up, if the goal was not fully achieved, they would like

the eHealth intervention to propose adapted suggestions to help
them fulfill it in the future.

Information Regarding Sedentary Behavior

A need was expressed for information regarding sedentary
behavior to be presented to the user at an early stage, so they
would know why prolonged sedentary time should be avoided.
In addition, participants wanted the information to be offered
to the user both as optional short notifications and as static text
to be found within the eHealth intervention. They expressed
that they would like the information to include the benefits of
not engaging in prolonged sedentary time, how long a person
can stay sedentary before it is considered unhealthy, and tips
on how sedentary time can be reduced. The participants stated
that information must be formulated in a positive manner
throughout the eHealth intervention. During one of the
workshops, participants discussed information regarding
sedentary behavior as follows:

That it’s actually stated then that, where’s this limit
[for how long you can be sedentary]. That you get
that information. [Participant in workshop 2]

Measure Sedentary Time and Receive Feedback

To set realistic goals, it is necessary to first measure one’s
sedentary time. Further, participants saw a need to measure their
sedentary time again at goal follow-up. This measurement could
be done on specific days rather than daily to reduce the burden
on the user. Different ways of taking the measurement were
discussed, and while the participants saw the benefit of using
sensors in an eHealth intervention, this would require users to
always carry their smartphone, which was considered
inconvenient. A watch or other device could be connected to
the eHealth intervention, but it was thought that this would
entail costs that would be unaffordable for some. Participants
considered self-reporting one’s sedentary time to be an
appropriate solution. Suggested features for self-reporting
sedentary time included tapping a stopwatch in the eHealth
intervention when one sat down and tapping it again when one
stood up, or estimating the time one spent in sedentary behavior.
Using a stopwatch was considered unfavorable due to the risk
of forgetting or tapping it in the wrong way, and participants
did not want to have to carry their phone with them and tap it
all day. The estimate of the time one spent in sedentary behavior
could be given as an average for a typical day or as an estimate
of the current day given in the evening. Participants expressed
that after the user had measured their sedentary time, they would
need feedback from the eHealth intervention to know whether
they had spent too much time in sedentary behavior.

Then you get statistics on how you’ve been sitting.
How long you’ve been sitting and how it’s affected
your body... Then you learn, okay, now I have to
change my habits, if you’re given information.
[Participant in workshop 2]

Schedule and Planning

Participants wanted a schedule or calendar to support their
planning and facilitate new routines. It was important for the
schedule to be easy to handle, with just a few tabs. It would
need to be close at hand. For some, this meant being in their

JMIR Form Res 2025 | vol. 9 | e63567 | p.3305https://formative.jmir.org/2025/1/e63567
(page number not for citation purposes)

Hultman et alJMIR FORMATIVE RESEARCH

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


phone, while for others, it meant a printed copy to put on their
fridge. Participants said they would like a connection between
the proposed activities and the schedule, so that activities could
easily be placed in the schedule from the activity menu. For
follow-up, the participants wanted the opportunity to check off
those activities they had performed as planned.

I think this, that it’s connected to the schedule, is quite
good... because if you have to physically enter it in
yourself. Then it’s. It’s a form of resistance and an
extra step. [Participant in workshop 2]

Rewards

Participants wanted the eHealth intervention to include rewards
at goal fulfillment and as notifications in order to increase their
motivation and adherence, and considered it important that the
rewards lead to feelings of joy. Which rewards led to joy was
said to be highly individual; for instance, some said they would
like to have virtual stars and trophies in the eHealth intervention,
while others suggested gift cards in line with the user’s interests.
To solve the problem of adapting to these differences,
participants suggested that the eHealth intervention should urge
users to treat themselves with a reward, with the possibility for
users to specify in advance what this treat should be. While
there was concern that this treat would be something that was
unhealthy for the user, it was also discussed that engaging in a
fun or amusing activity was rewarding and something to look
forward to.

…also has to be something that’s fun that you can
look forward to. You can reward yourself. [Participant
in workshop 1]

Reminders

Participants considered reminders to be important for adherence
to new routines and said they would like to have reminders
about their use of the eHealth intervention, goals, and planned
activities. It could be enough to get a reminder in the morning,
but as the timing of when reminders are needed is individual,
the participants wanted the user to be able to select when the
eHealth intervention issued reminders. It was important for the
reminders to be phrased positively and give joy, as it was
expressed that positively phrased prompts lead to action and
adherence more often than other prompts.

Support that’s encouraging is very... We don’t shut
it off in the same way as support that’s maybe not
encouraging.

That gives [us] a bad conscience instead. [Participant
in workshop 1]

As what gives joy is also individual, a reminder regarding a
planned activity that brings joy could be a way to achieve
individualization.

Interacting With Other Users

Participants expressed that they would like to have features that
provide the opportunity to interact with others to reduce their
sedentary time. They wanted the opportunity to share
suggestions for activities and tips for reducing sedentary time
and to see other users’ suggestions. Moreover, they wanted

users to be able to give each other positive feedback to increase
their motivation.

...then you’re a group, aren’t you, who sort of ehh
can cheer each other on and say good luck and well
done and all that. [Participant in workshop 2]

A chatroom was discussed as a possible way to facilitate
interaction between users. There were concerns regarding the
social climate in digital chatrooms. Several suggestions for how
to improve it were discussed, and the participants preferred a
solution in which users could only comment on each other’s
activity suggestions with predetermined answers or positive
emojis. This interaction could also serve as an opportunity to
initiate meeting up with other users with similar interests, but
arranging meetings with unknown users also led to safety
concerns.

Then there has to be some kind of block in it so you
don’t meet some strange person just to... I was going
to say... but I’m just thinking that you can include the
security aspect in it. [Participant in workshop 1]

Timer

Participants wanted a timer with an alarm set to 30 minutes to
avoid prolonged sedentary time, until the new behavior had
become a habit. It was proposed that the timer could be started
when the user sat down or could be set in advance to go off
every 30 minutes during a selected period.

I might need ehh a pling, like: whoops. Now it’s been
30 minutes. [Participant in workshop 1]

...when you describe how you live. I don’t live half as
physically active... I live more “small”. Thirty
minutes, fine, and then I leave. [Participant in
workshop 2]

It was also suggested that, rather than simply sounding an alarm
when the timer finished, the eHealth intervention could suggest
joyful activities that were prespecified by the user.

Paper Prototype
At the third workshop, a paper prototype of an eHealth
intervention including self-management for reducing sedentary
time through joyful activities was presented. The prototype was
planned as a website solution with important functions as well
as information and links to websites and mobile apps. The
prototype was designed to introduce the user to the features in
the order chosen by the participants during the workshops. The
user was first shown information regarding sedentary behavior,
then encountered features for measuring sedentary time, and
finally received support for goal setting, the selection of joyful
activities, and the planning feature (Figure 2).

Brief paragraphs regarding sedentary behavior were presented,
which could be shown to the user when they started using the
eHealth intervention and could be found in the eHealth
intervention at any time if the user wanted to read all the
information.

Two tools for measuring sedentary time were presented. One
was a self-assessment tool that asked the user to assess how
many hours they had been performing different sedentary
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behaviors during the day, such as eating, working, or
commuting, and the other was a stopwatch for the user to start
when they began being sedentary (Figure 3). Alongside the

tools for measuring sedentary time, the user would receive
adapted feedback based on different time intervals of sedentary
time.

Figure 3. One of the tools presented at workshop 3 for measuring sedentary time.

The prototype included the design of a support for goal setting.
The user was given a written prompt asking them to formulate
a goal regarding their sedentary time, and they received support
for how this goal should be formulated, with examples of goals
shown to them. They were then asked to focus on how they
would feel if their sedentary time was reduced and what
obstacles they might face, and to make a plan for how to
overcome these obstacles. When the goal was then evaluated
at follow-up, the user was asked to choose whether it was far

from being achieved, nearly achieved, or fully achieved, and
then received customized feedback.

The feature providing support for finding activities was
presented to participants as a scroll list with activities shown
along with a brief description and a photo (Figure 4). The scroll
list could be sorted based on interests, local areas, and activities
performed with others or by oneself. Tips on how to reduce
sedentary time were offered as a bulleted list.

JMIR Form Res 2025 | vol. 9 | e63567 | p.3307https://formative.jmir.org/2025/1/e63567
(page number not for citation purposes)

Hultman et alJMIR FORMATIVE RESEARCH

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


Figure 4. Feature for finding activities that arouse joy from the paper prototype presented at workshop 3.

The schedule was presented both as a colorful printable schedule
designed to evoke positive and cheerful emotions, and as a copy
of the schedule from an iPhone and iPad. The user could write
their planned activities digitally or manually on the printed
schedule. The copy of the schedule from the iPhone and iPad
was used to discuss whether the calendar found in a user’s own
phone could be used as a schedule.

In the prototype, rewards were delivered at goal evaluation as
brief positively formulated phrases adapted to the user’s goal
achievement. As the prototype was designed as a website, the
possibility to include reminders and interactions with other users
was limited. It was suggested that the user make notes regarding
planned activities and scheduled follow-ups, preferably in a
calendar with the possibility to send notifications. No timer
function was included in the prototype; instead, the suggestion
to set an alarm when one was to be seated for a prolonged time
was included among the tips for reducing sedentary time.

Change Analysis

Evoke Positive Affect
Participants stated that the eHealth intervention’s first
impression and introduction should arouse interest to facilitate
further use.

If nobody opens this. Then nothing’s worth anything.
I mean, there has to be something that captures your
interest. [Participant in workshop 3]

They suggested that this could be done by having celebrities or
cartoons convey the information or by having the user answer
questions regarding sedentary time. While the participants
considered it important to arouse interest in the eHealth
intervention’s introduction, when it came to the delivery of
information, they expressed that credibility was important.

Isn’t it two different things we’re talking about...
One’s about capturing attention. Come look at our
website. [mm] There you could have animated figures,
I’m thinking... But when I open the website, then I’d
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really like to have, to know that there’s evidence
behind this in some way, I mean. Ehh am I thinking
about it the wrong way? [Participant in workshop 3]

They suggested that, to achieve credibility, the information
could be presented by a physician or physiotherapist, or by
people who were newly retired and could share their
experiences. It was stated that all information in the eHealth
intervention should be more positively phrased and that when
information was evidence-based, this should be clearly stated.

Less is More
Overall, the participants wanted the text and information in the
paper prototype to be shortened and simplified. The group
agreed to choose the tool presented for the self-assessment of
sedentary time, as it was considered easier to use than a
stopwatch. However, there were concerns regarding whether
people who spend a prolonged time in sedentary behavior would
take the time to fill in such a form and the fact that it is difficult
to make such an assessment. As a solution, it was suggested
that the user could fill in an estimate of their total time in
sedentary behavior or enter data from an activity watch if they
used one. The participants pointed out the need to adapt the
assessment form to better suit those who are retired, suggesting
that the activities mentioned on the form be replaced with time
intervals as every day is different for a person who is newly
retired compared to when they had a job. They also suggested
that the feedback be changed to give the user a clear overview
of when prolonged sedentary behavior becomes unhealthy and
whether there are different levels when it comes to harmful
amounts of sedentary time, and if so, how close they are to
moving on to the next level.

The content of the support for goal setting was considered
helpful, but the layout was perceived as cumbersome and too
extensive. It was suggested that the text be shortened and
reformulated to use more accessible language.

I hadn’t finished reading... There’s too much text.
[Participant in workshop 3]

The participants pointed out the importance of letting the user
know that they do not need to make massive changes to reduce
their sedentary time and that small changes and activities in the
home could suffice.

It’s also so important that there’s information about
that the small things in daily life is enough.
[Participant in workshop 3]

They suggested that this could be done by sorting activities as
“activities in the home” or “start small.” The group was positive
about simplifying the eHealth intervention by including links
to organizations rather than giving information on each activity
offered by the organizations.

The participants considered the rewards offered in the prototype
to be sufficient. As the prototype was designed to encourage
the user to engage in activities that bring positive affect and
emotions, and to remind them of their feelings at goal
fulfillment, the participants did not feel further rewards were
needed.

The participants mentioned wanting the opportunity to interact
with other users within the eHealth intervention. However, at
this point, they agreed that the possibility to find activities with
others in terms of links and information regarding retirement
organizations and local events was sufficient for interacting
with others.

Like we’ve talked about before, it was more this thing
of being able to interact with other users. I mean,
it’s... [not possible now]

We’ve dropped that a bit.

But then you can find the organizations, you find them
via this. [Participant in workshop 3]

To keep the features included in the eHealth intervention to a
minimum, a timer was not included; instead, among the tips
provided, the user would be given a recommendation to use a
timer in other mobile apps or use the timer feature on their
phone. The participants discussed the notion that a timer might
be useful for those who prefer not to enroll in planned activities
with others and would rather perform activities in the home.

At the third workshop, participants did not express a need for
a calendar or schedule in the eHealth intervention, as they
preferred to write down their planned activities in the calendar
on their phones rather than in the calendar suggested at the
workshop. They felt that those who do not use the calendar on
their phones would probably not use a digital eHealth
intervention for planning but likely already use a paper calendar.
Therefore, it was suggested that the eHealth intervention should
simply suggest that the user write down their planning so that
they could choose the type of planning tool they prefer. This
was expressed as follows:

I mean, maybe it’s a bit much for those who don’t
have it in their phone. I was thinking of this... on the
website.

You don’t think they have a calendar on the fridge?

I don’t think they go to their computer and [fill it in].
[Participant in workshop 3]

Packaging
The participants agreed that the eHealth intervention should be
delivered as a website rather than a mobile app, as it was
important that the intervention be accessible from a computer
so it would be easier to operate. However, choosing a website
rather than a mobile app limited the possibility to include certain
features. For instance, the participants would have liked the
eHealth intervention to send reminders to promote adherence,
and they suggested that the calendar function on the user’s phone
could be used to remind them of planned activities (although
they still expressed a desire for the possibility to send a daily
reminder or a reminder if the eHealth intervention was not being
used as planned). They also wanted to be able to log in to the
eHealth intervention in order to save their goals and interests
digitally to facilitate the use of the eHealth intervention and for
goal follow-up.

Participants expressed a wish for information to be delivered
in different ways, allowing the user to listen to or read
information, or sometimes get it as a video. It was suggested

JMIR Form Res 2025 | vol. 9 | e63567 | p.3309https://formative.jmir.org/2025/1/e63567
(page number not for citation purposes)

Hultman et alJMIR FORMATIVE RESEARCH

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


that, during goal setting, the user should be able to listen to the
information, as participants experienced that the spoken word
was more appealing and evoked more emotions in this context.

Yeah, I thought about it... that you said it in a much
more appealing way than the text does. When you
said “Think about what you want to achieve. Imagine
how...”, then you get a feeling. I don’t get that here
[shows the paper]. [Participant in workshop 3]

Discussion

Principal Findings
To our knowledge, this is the first study to develop a
self-management eHealth intervention for reducing sedentary
time and promoting adherence to reduced sedentary time, which
has been created for and with older adults in the transition to
retirement. The study used PD [26] to include end users,
researchers, and a web designer as mutual partners in the
development process. The study has contributed new knowledge
regarding features of this type of eHealth intervention and the
timing of these features. The most important features were those
involving finding activities that arouse joy, having support in
goal setting, and getting information regarding sedentary
behavior. The workshop participants regarded the order in which
the included features are presented to the user as important: The
user first receives knowledge regarding sedentary behavior,
then encounters features for measuring sedentary time and for
support in setting a goal, and lastly gets support in finding joyful
activities to perform in order to avoid being sedentary. The
results highlight the need for such an eHealth intervention to
be concise, accessible, and enjoyable to suit its end users.

Comparison With Prior Work
This study differs from previous research [7,8] as it specifically
targets older adults in the transition to retirement and involves
them as co-designers in the development of an eHealth
intervention including self-management for reducing sedentary
time and promoting adherence to reduced sedentary time.

Participants perceived it as important for the eHealth
intervention including self-management to use positive phrasing
to increase both its use and users’ adherence to reduced
sedentary time, expressing that positively phrased prompts lead
to adherence more than negatively phrased ones. Previous
researchers have found positive affect to be connected to the
use of eHealth interventions to increase adherence in older adults
[25] and positively phrased prompts to be more effective in
older adults [35]. Overall, this indicates the importance of an
eHealth intervention that evokes positive affect to promote
adherence to reduced sedentary time when transitioning to
retirement.

The features considered to be the most important for reducing
sedentary time in the transition to retirement were those
involving finding joyful activities. The importance of joyfulness
in reducing sedentary time and increasing physical activity in
older adults has been found in previous research [15,36]. In this
study, participants stated the importance of receiving suggestions
for what to replace sedentary time with, rather than just getting
a prompt to break their sedentary behavior. The results further

highlight the need for awareness of the diversity in the activities
that people consider joyful and for the inclusion of information
on simple joyful activities that can be performed in one’s own
home to reduce sedentary time.

The eHealth intervention developed in this study includes
features for information, measurement, goal setting, and
planning, which have been used previously to reduce sedentary
time in older adults [7,8] and have been found to be acceptable
behavior change techniques for older adults to reduce their
sedentary time [9]. The results of this study show that these
behavior change techniques are also desired specifically when
it comes to an eHealth intervention including self-management
for reducing sedentary time, which targets older adults in the
transition to retirement.

During the third workshop, self-assessment was chosen as the
method for measuring one’s sedentary time. As objectively
measured sedentary time is more accurate than self-assessed
sedentary time (total sedentary time is often underestimated
[37]), the inclusion of objectively measured sedentary time
might provide the user with more reliable results. However,
doing so would mean adding a device, such as a smartwatch,
and this would entail a cost to the user or require them to always
carry their phone, which the participants considered
inconvenient. The included feature for self-assessment also
provides the user with more contextual information, which is
an advantage of using self-assessed sedentary time [38].

Among the included features are behavior change techniques
that target both affective determinants (eg, affective attitudes)
[39] and cognitive determinants (eg, cognitive attitudes and
self-efficacy) [40] for reduced sedentary time. The feature for
goal setting and planning in the developed eHealth intervention
is based on mental contrasting and implementation intention
(MCII) [41], which has previously been found to be effective
in health behavior change [42]. The inclusion of MCII also
responds to the participants’ wish to include goal setting and
planning as well as an opportunity to consider activities to
replace their sedentary time, which was discussed during the
workshops. In the developed eHealth intervention, the user is
asked to consider a positive affective outcome, which has been
used with success in previous research targeting health behaviors
[20]. The inclusion of a feature targeting affective determinants
when reducing sedentary time in older adults transitioning to
retirement can be an effective approach, as previous research
has found that sedentary behavior is largely an affect-driven
behavior [18]. Further, Lithopoulos et al [21] found that an
intervention targeting affective determinants for reducing
sedentary time in the office was effective in the short term.

Previous research has described sedentary behavior as a habitual
behavior performed in unawareness [9]. This speaks for the
inclusion of features, such as a timer, to increase users’
awareness of when they are in prolonged sedentary behavior
and thereby promote their adherence to reduced sedentary time.
However, Suorsa et al [43] found that an activity tracker was
not sufficient for reducing sedentary time in retirees. In this
study, none of the participants rated a timer feature as important,
and it was not included in either the paper or the digital
prototype. However, among the tips the eHealth intervention
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offered for reducing one’s sedentary time was the suggestion
to set a timer when engaged in sedentary behaviors.

The approach of the eHealth intervention for achieving behavior
change, which was developed here, can be understood based
on the integrated behavior change (IBC) model for health
behavior [44]. The eHealth intervention is designed to guide
the user in reducing their sedentary time by finding activities
that they are autonomously motivated to perform, meaning that
the intention to perform a health behavior is dependent on
whether the behavior evokes positive affect and is in line with
a person’s interests and true self [45,46]. Further, the developed
eHealth intervention includes information, self-monitoring, and
feedback on behavior that can influence users’ attitudes and
perceived behavioral control regarding the behavior change
[40,47]. Lastly, the feature for goal setting includes affective
MCII, which can influence behavior through implicit pathways
[48,49], as well as elements of action planning, which are
included in the IBC model. The use of the IBC model can offer
an understanding of how the developed eHealth intervention
including self-management is intended to reduce sedentary time
and promote adherence to reduced sedentary time, but further
studies are needed in order to evaluate the eHealth intervention’s
feasibility and effectiveness.

Limitations and Strengths
Carefully considered choices were made to increase the study’s
trustworthiness (credibility, dependability, and transferability)
[50]. The study’s methodological approach is a strength, as it
enabled the inclusion of older adults in the transition to
retirement as co-designers. They are the only ones who hold
the tacit knowledge that is needed to develop an eHealth
intervention in line with their needs and preferences. The
participants also included a web designer and 2 researchers,
who contributed knowledge regarding web development and
health behavior change. This combination of participants may
contribute to the development of an effective and acceptable
eHealth intervention as both tacit and explicit knowledge are
included in the development process, which strengthens the
study’s credibility.

The credibility was further strengthened by a workshop leader
guiding the workshops to ensure that everyone had the
opportunity to speak and to avoid placing additional power with
the researchers. Moreover, the workshops started with an
icebreaker, and participants were offered coffee and fruits during
the meetings to create a pleasant atmosphere. Three PD tool

cards, 2D mapping, and a user journey tool were used to
encourage active participation among the participants. These
tools were chosen because they have been used successfully in
PD research [33], and they ensured that all participants were
encouraged and had the possibility to be active during the
workshops. The recruitment of participants at theme days and
retirement organization meetings might have led to the inclusion
of participants with a greater interest in such activities than the
population, possibly affecting the study’s credibility and
transferability. This was compensated by the recruitment of
participants through a local newspaper. Additionally, the
participants expressed their differences through participation
and interest in activities held by organizations during the
workshops. The older adults in the transition to retirement who
participated in this study lived in different types of housing and
reported different levels of daily sedentary time as well as levels
of sedentary time at their latest jobs, which indicates a spread
among them and thus increases credibility. The study’s
confirmability was strengthened as, during the third workshop,
the participants were given the opportunity to discuss and further
develop the paper prototype developed from workshops 1 and
2. Further, the feature analysis was used as a verification of the
paper prototype to ensure that no important data had been
excluded.

Conclusion
An eHealth intervention including self-management for reducing
sedentary time and promoting adherence to reduced sedentary
time in older adults transitioning to retirement was developed
in a co-design approach involving representatives of end users,
a web designer, and researchers. Participants desired features
for providing information regarding sedentary behavior,
measuring sedentary time, goal setting, finding joyful activities,
and making plans and a schedule, and expressed that these
should be presented to the user in this order. The most important
features for reducing sedentary time were said to be those
involving finding joyful activities. Further, participants
expressed a desire for such an eHealth intervention to be concise,
accessible, and enjoyable in order to be suitable for older adults
transitioning to retirement. The developed eHealth intervention
strives to support behavior change based on the IBC model by
focusing on autonomously motivated activities and affective
and cognitive determinants through implicit and explicit
pathways, and includes action planning. It will be further tested
for feasibility and effectiveness in upcoming studies.
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Abstract

Background: Real-world COVID-19 vaccine effectiveness (VE) studies are investigating exposures of increasing complexity
accounting for time since vaccination. These studies require methods that adjust for the confounding that arises when morbidities
and demographics are associated with vaccination and the risk of outcome events. Methods based on propensity scores (PS) are
well-suited to this when the exposure is dichotomous, but present challenges when the exposure is multinomial.

Objective: This simulation study aimed to investigate alternative methods to adjust for confounding in VE studies that have a
test-negative design.

Methods: Adjustment for a disease risk score (DRS) is compared with multivariable logistic regression. Both stratification on
the DRS and direct covariate adjustment of the DRS are examined. Multivariable logistic regression with all the covariates and
with a limited subset of key covariates is considered. The performance of VE estimators is evaluated across a multinomial
vaccination exposure in simulated datasets.

Results: Bias in VE estimates from multivariable models ranged from –5.3% to 6.1% across 4 levels of vaccination. Standard
errors of VE estimates were unbiased, and 95% coverage probabilities were attained in most scenarios. The lowest coverage in
the multivariable scenarios was 93.7% (95% CI 92.2%-95.2%) and occurred in the multivariable model with key covariates,
while the highest coverage in the multivariable scenarios was 95.3% (95% CI 94.0%-96.6%) and occurred in the multivariable
model with all covariates. Bias in VE estimates from DRS-adjusted models was low, ranging from –2.2% to 4.2%. However, the
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DRS-adjusted models underestimated the standard errors of VE estimates, with coverage sometimes below the 95% level. The
lowest coverage in the DRS scenarios was 87.8% (95% CI 85.8%-89.8%) and occurred in the direct adjustment for the DRS
model. The highest coverage in the DRS scenarios was 94.8% (95% CI 93.4%-96.2%) and occurred in the model that stratified
on DRS. Although variation in the performance of VE estimates occurred across modeling strategies, variation in performance
was also present across exposure groups.

Conclusions: Overall, models using a DRS to adjust for confounding performed adequately but not as well as the multivariable
models that adjusted for covariates individually.

(JMIR Form Res 2025;9:e58981)   doi:10.2196/58981

KEYWORDS

disease risk score; propensity score; vaccine effectiveness; COVID-19; simulation study; usefulness; comorbidity; assessment

Introduction

Background
Real-world, observational vaccine effectiveness (VE) studies
are critical for evaluating the post licensure performance of
vaccines. These studies must address confounding from patients’
demographic characteristics and underlying medical conditions
because such factors may be associated with both disease
outcomes and vaccination status. When vaccination status was
dichotomous, inverse probability weighting based on propensity
scores (PS) could be used to adjust for confounding. However,
the usefulness of the PS is problematic when the exposure is
multinomial rather than dichotomous—for example, if we are
interested in comparing multiple levels of vaccination status
distinguished by the number of doses received and by intervals
of time after the last dose [1]. Multinomial PS approaches are
feasible in some situations [2], however, multinomial PS poses
computational challenges and is less intuitive.

An alternative to the PS in this context is the disease risk score
(DRS), also called a confounder score, prognostic score,
comorbidity score, or simply a risk score [1-9]. A DRS can
combine covariates into a single score that reflects their
associations with the outcome. However, if it is feasible to make
a DRS that adjusts appropriately for the relevant covariates, it
can be similarly feasible and appropriate to simply adjust for
the covariates individually without first combining them into a
DRS [1]. This simulation study compared logistic regression
models that use a DRS to adjust VE estimates versus logistic
regression models that adjust for covariates individually. We
compared DRS adjustment with individual covariate adjustment
in scenarios comprised of simulated data similar to real-world
data used by the Virtual SARS-CoV-2, Influenza, and Other
Respiratory Viruses Network (VISION) to report on COVID-19
VE.

VISION: Virtual SARS-CoV-2, Influenza, and Other
Respiratory Viruses Network Studies of COVID-19
VE
The VISION network was established by the Centers for Disease
Control and Prevention (CDC) in collaboration with 10 US
health care systems with medical, laboratory, and vaccination
records. VISION uses a case-control test-negative design (TND)
to assess the effectiveness of COVID-19 vaccines in preventing
laboratory-confirmed COVID-19–associated hospitalizations
and visits to emergency departments or urgent care clinics [10].

Patients who received care in one of these settings for a
COVID-19-like illness (CLI) are included in the study if they
were tested for SARS-CoV-2 by molecular assay proximate to
the encounter. Those who tested positive were considered cases;
those who tested negative were considered controls. CLI
diagnoses include acute respiratory diagnoses or related signs
or symptoms, captured by diagnosis codes [10-13]. The
case-control TND has been commonly used in studies of
COVID-19 VE and VE studies against influenza, rotavirus, and
other diseases [14-16]. This study was reviewed and approved
by the institutional review board at Westat, Inc. This electronic
health record-based study does not include factors necessitating
patient consent. The findings and conclusions in this report are
those of the authors and do not necessarily represent the official
position of the CDC.

When VISION first began analyzing COVID-19 VE in early
2021, the comparison of interest was between fully vaccinated
individuals and unvaccinated individuals. PS-based methods
have been widely used in cohort studies with this kind of binary
exposure [17-19]. VISION’s case-control studies also used a
PS, derived from the test-negative controls, to adjust VE
estimates [10,20].

As the pandemic progressed, recommended vaccination
schedules became more complex [21-23]. Research studies
required consideration of more nuanced exposure categories,
based on a combination of the number of vaccine doses received
and time since the most recent vaccine dose (to examine the
waning of vaccine-induced protection against COVID-19)
[24-26]. VISION continued to rely on the PS for covariate
adjustment by conducting a series of separate comparisons, each
comparing one vaccine status with another. For example, 1 PS
was derived and used in comparisons of vaccinees who received
3 doses versus the unvaccinated; then a separate PS was derived
and used in comparisons of vaccinees who received 4 doses
versus the unvaccinated. However, separate models do not allow
for easy testing between different levels of exposure and are
computationally challenging, with a single analysis often
requiring over 1000 PS to account for different vaccination
exposure groups and population subgroups being assessed. In
addition, the positivity assumption of the PS requires that at no
level of the PS is outcome probability close to 0 or 1 [27,28].
The widening difference in characteristics between those who
closely follow the recommended vaccination schedule and those
remaining unvaccinated put a strain on the positivity assumption
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and decreased the appeal of collapsing vaccination categories
into two.

Disease Risk Scores to Adjust for Confounding
An alternative to PS is the DRS. A DRS reflects the relationship
between potential confounders and the outcome [1-4,7,9,29,30].
Conditioning on a DRS does not balance covariates across
treatment groups as a PS would but results in a covariate balance
where the potential outcome under the referent condition is
independent of a set of covariates [29], which has been called
prognostic balance by Hansen [30]. In short, the DRS is an
observation’s predicted risk of the outcome, assuming the
observation was in the referent category of the exposure,
reflecting the risk of the outcome relative to other observations.
There are well-known generalizable risk scores, such as the Gail
model score [31], Framingham score [32], APACHE score [33],
and Charlson index [34] that can be used to control for baseline
health status. Instead, a study may generate a DRS specific to
the outcome and population. In the context of a TND, the
outcome is not simply testing positive for the disease of interest
but rather testing positive for the disease of interest conditional
on receiving care and being tested. A key benefit of using the
DRS is potentially only calculating it once for the entire dataset,
or a few times for a few key subgroups, rather than generating
up to thousands of PS for comparisons using different
dichotomous comparisons between multiple vaccination
exposure groups.

We compared the performance of DRS-adjusted estimators with
multivariable-adjusted estimators that do not aggregate the
covariates into a composite score. Several studies have
implemented TNDs with this straightforward approach—that
is, by fitting logistic regression models that include many
covariates in addition to indicators of vaccination status [35-37].
While many analytic methods select variables or adjust for
confounding, we are particularly interested in the possibility
the DRS allows us to calculate a single score to apply to many
analyses.

Methods

Monte Carlo Simulation
We conducted simulations to compare the performance of
alternative approaches to the adjustment of VE estimates for
potential confounding—either by DRS or by individual covariate
adjustment—in VISION network-like scenarios. In order of
generation, the simulated data consisted of a bootstrapped
sample of individuals, each with (1) a profile of continuous and

categorical covariates, (2) a 13-level vaccination status derived
conditionally from the covariates, and (3) a 2-level outcome
derived conditionally from vaccination status and the covariates.
The simulation study used R=1000 replications, which ensured
that an estimated coverage of 95% would have a Monte Carlo
error of 0.7 [38]. Datasets were generated as follows:

1. A bootstrap sample of size N=1000 or 10,000 observations
was drawn from observed emergency department and urgent
care encounters in VISION data of adults aged ≥18 years
from the Omicron predominance era (December 16,
2021-July 31, 2022). Each observation consisted of all
covariates aside from vaccination status and test result for
a sampled encounter. This maintained complex relationships
between potential confounders in the real-world VISION
study. The data used to initiate this simulation study were
accessed beginning on August 8, 2022. The authors did not
have access to information that could identify individual
participants during or after the analysis.

2. Vaccination status was generated as a 13-level exposure
variable incorporating the number of vaccine doses received
and the time interval since receipt of the most recent dose
from a multinomial distribution for each observation, Vi,
based on the bootstrapped covariates, Xi (1).

, where k=1,2,…,13 and i=1,2,…, N (1)

βk was derived from the dataset by multinomial logistic
regression and shown in Table S1 in Multimedia Appendix 1.
The generated 13-level vaccination status was collapsed into a
5-level vaccination status as shown in Table 1 with approximate
frequencies. We focused on VE estimates for each of the 4 levels
of vaccination status compared with a reference level of
vaccination status.

Next, we used a Bernoulli distribution to generate an outcome,
Yi dependent on the covariates in the bootstrap sample, and
generated 13-level vaccination status (2). γ are the coefficients
describing the true VE and are shown in Table 1. α are defined
in Table S2 in Multimedia Appendix 2. In the VISION data,
from which the bootstrap sample was drawn, approximately
22% of encounters were cases. This percentage varied depending
on covariates such as season or vaccination status. For example,
cases comprise approximately 42% of encounters in January
2022 and only 13% of encounters in May. Among those
unvaccinated, approximately 30% are cases, while among those
recently vaccinated with their third dose, 11% are cases.
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Table 1. Definition of vaccination status categories for data generation and analysis with the true VE used in generating simulated data.a

Five-level vaccination status categories for VE
analysis

Thirteen-level vaccination status categories for data
generation

Approximate frequency

in simulated datac,d, %

DefinitionCorresponding true
VE

Coefficient for true
VE, γ

Approximate frequency

in simulated datac,d, %
Definitionb

40Unvaccinated——e40Unvaccinated

62 doses, 14-179 d65–1.0512 doses, 14-59 d

——45–0.6022 doses, 60-119 d

——35–0.4332 doses, 120-179 d

242 doses, ≥180 d30–0.3652 doses, 180-239 d

——25–0.2972 doses, 240-299 d

——20–0.2262 doses, 300-359 d

——15–0.1662 doses, ≥360 d

153 doses, 7-119 d80–1.6163 doses, 7-59 d

——75–1.39103 doses, 60-119 d

153 doses, ≥120 d35–0.4383 doses, 120-179 d

——15–0.1653 doses, 180-239 d

——10–0.1113 doses, ≥240 d

aVE: vaccine effectiveness.
bVaccination categories are defined by the number of mRNA vaccines received at the index date of the medical encounter and the days between the
most recent dose and the index date. The index date is the earlier of the date of specimen collection of a positive test within the allowable testing window
(14 d before to 72 h after the encounter) and the time of the medical encounter.
cApproximate percent observed in the full dataset from which samples of 10,000 or 1000 are drawn.
dData were generated using a 13-level vaccination status variable, with the approximate frequency of each category shown. This frequency varies across
the 1000 replicates. The vector of coefficients, γ, is used as part of the data generation process, and its corresponding values on the VE scale are shown.
In the analysis phase, the 13 categories are collapsed to the 5 shown in the column on the right, again with approximate frequencies.
eNot available.

Derivation of the DRS
Methods for deriving the DRS have been described elsewhere
[1-5,7,29,39]. For this simulation study, we used Miettinen’s
approach, which models the outcome in relation to the covariates
in the entire study population and includes the exposure of the
vaccination status in the model with the covariates. The
coefficients from the fitted model were used to calculate a
predicted DRS for the entire dataset, predicting what risk of the
outcome would be for each individual if they were unvaccinated
(or if they were given the “reference” level of vaccination status
in other scenarios) [5]. Multimedia Appendix 3 [40,41] contains
more details about why this approach was selected.

Consideration around the use of a single DRS for the entire
VISION study population for each analysis of VE was required.
For example, VISION analyses were commonly stratified by
age and immunocompromising status. Those with
immunocompromising conditions had different vaccine
recommendations and may have had reduced VE [42].
Accordingly, in each generated dataset, up to 3 DRS were
estimated for each individual depending on their age and
immunocompromised (IC) status. One used the full generated
dataset, the second used only those with IC conditions according
to VISION network criteria, and the third used only those 50
years and older (≥50).

In Miettinen’s approach, incorrectly modeling the modification
of exposure by baseline covariates can result in estimated scores
that are influenced by the magnitude of the exposure effect [30].
Applied to the estimation of DRS, gradient-boosted regression
trees look for multilevel interactions that are useful for
describing the relationship between patient characteristics,
including vaccination status, and the outcome [20]. DRS were
estimated using gradient boosted regression and included the
exposure and all the covariates. Table S1 in Multimedia
Appendix 1 contains a listing of these covariates.

Final VE Models
The VE was calculated in a variety of logistic regression models,
calculated as (1–adjusted odds ratio)×100%. Without a DRS,
we estimated unadjusted VE, VE adjusted only for the key
variables of patient age (as a spline), calendar date from January
1, 2021 (epi-day, as a spline), and VISION site and sub-region
of the health care facility (site-region) (referred to as
multivariable key), and VE adjusted for the key variables plus
all other variables in the DRS (referred to as multivariable all).
Note that the term spline refers to a natural cubic spline with 3
knots placed at the 25th, 50th, and 75th percentiles.

While a PS is typically used to balance comparisons of the
exposed versus the unexposed by inverse probability weighting
or by matching on the PS [43], there is less theory or experience
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pertaining to the use of the DRS in the final model that yields
the adjusted VE [2]. A model may include DRS as a covariate
[44], or a model could be conditional on DRS [45], which under
certain conditions, may yield an average of the individual
treatment effects of those treated (ATT) [29]. Well-known
generalizable risk scores, such as the Gail model score,
Framingham score, APACHE score, and Charlson index, are
sometimes included in models or are used for stratification. The
risk score we investigated was not designed to be generalizable,
however, the modeling strategies employed for including a DRS
in a VE model are similar. We investigated DRS inclusion in

VE models as strata in a conditional model as well as a
continuous covariate fit with a flexible spline. Conditional
models used DRS as centiles, or deciles with epi-week, and site
as strata. Conditional models that are only conditioned on DRS
and models that included DRS as a continuous covariate also
adjusted for age (as a spline), epi-day (as a spline), and site
region. Models that were conditioned on DRS epi-week and
site were also adjusted for age (as a spline). Vaccination status
in the final VE model was collapsed to the 5-level category.
Table 2 summarizes the calculated models.
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Table 2. Description of final vaccine effectiveness (VE) models assessed in the simulation study.

Dataset totals, nModel stratification and adjustmentSubset of data used to estimate DRSa,b.

Subset of data used for estimating VEc.

Model name

10,000 and 1000Vaccination status onlyDRS dataset: no DRS. VE dataset: full
simulated dataset.

Unadjusted

10,000 and 1000DRS dataset: no DRS. VE dataset: full
simulated dataset.

Multivariable all • Stratification: none
• Adjustment: variables that would go

into the DRS including age (spline),
epi-day (spline), and site region

10,000 and 1000DRS dataset: no DRS. VE dataset: full
simulated dataset.

Multivariable key • Stratification: none
• Adjustment: age (spline), epi-day

(spline), and site region

10,000 and 1000DRS dataset: full simulated dataset. VE
dataset: full simulated dataset.

Stratified week, site, DRS • Stratification: DRS decile, epi-week,
and site

• Adjustment: age (spline)

10,000 and 1000DRS dataset: full simulated dataset. VE
dataset: full simulated dataset.

Stratified DRS • Stratification: DRS centile
• Adjustment: age (spline), epi-day

(spline), and site region

10,000 and 1000DRS dataset: full simulated dataset. VE
dataset: full simulated dataset.

Spline DRS • Stratification: none
• Adjustment: DRS included with a nat-

ural spline with 4 degrees of freedom,
age (spline), epi-day (spline), and site-
region

10,000Multivariable key ICd •1. Stratification: noneDRS datasets: no DRS. VE dataset: IC
subset. • Adjustment: age (spline), epi-day

(spline), and site2. DRS datasets: IC subset. VE dataset:
IC subset.

10,000Stratified week, site, IC DRS •1. Stratification: DRS decile, epi-week,
and site

DRS datasets: full simulated dataset.
VE dataset: IC subset.

• Adjustment: age (spline) 2. DRS datasets: IC subset. VE dataset:
IC subset.

10,000Stratified IC DRS •1. Stratification: DRS centileDRS datasets: full simulated dataset.
VE dataset: IC subset. • Adjustment: age (spline), epi-day

(spline), and site2. DRS datasets: IC subset. VE dataset:
IC subset.

10,000Spline IC DRS •1. Stratification: noneDRS datasets: full simulated dataset.
VE dataset: IC subset. • Adjustment: DRS included with a nat-

ural spline with 4 degrees of freedom,2. DRS datasets: IC subset. VE dataset:
IC subset. age (spline), epi-day (spline), and site

10,000Multivariable key ≥50e •1. Stratification: noneDRS datasets: no DRS. VE dataset:
≥50 subset. • Adjustment: only for age (spline), epi-

day (spline), and site region2. DRS datasets: ≥50 subset. VE dataset:
≥50 subset.

10,000Stratified week, site, ≥50 DRS •1. Stratification: DRS decile, epi-week,
and site

DRS datasets: full simulated dataset.
VE dataset: ≥50 subset.

• Adjustment: age (spline)2. DRS datasets: ≥50 subset. VE dataset:
≥50 subset.

10,000Stratified ≥50 DRS •1. Stratification: DRS centileDRS datasets: full simulated dataset.
VE dataset: ≥50 subset • Adjustment: age (spline), epi-day

(spline), and site region2. DRS datasets: ≥50 subset. VE dataset:
≥50 subset.
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Dataset totals, nModel stratification and adjustmentSubset of data used to estimate DRSa,b.

Subset of data used for estimating VEc.

Model name

10,000• Stratification: none
• Adjustment: DRS included with a nat-

ural spline with 4 degrees of freedom,
age (spline), epi-day (spline), and site
region

1. DRS datasets: full simulated dataset.
VE dataset: ≥50 subset.

2. DRS datasets: ≥50 subset. VE dataset:
≥50 subset.

Spline ≥50

aDRS: disease risk score.
bOne goal of this simulation study is to consider how the DRS might behave in smaller subsets of the full dataset, specifically a subset of patients with
IC conditions and a subset of patients 50 years or older. For this reason, when analyzing these subsets, we consider a DRS built from the full dataset
but applied to a smaller subset and a DRS built specifically from that smaller subset.
cVE: vaccine effectiveness.
dIC: patients with immunocompromising conditions.
e≥50: patients aged 50 years or older.

Assessing Model Performance
To evaluate performance, we examined bias, SE, the ratio of
mean SE to empirical SE, and coverage. The true VE is built
into the data generation mechanism, and these known values
are shown in Table 1 for the 13 levels of vaccination status.
However, VE was estimated for the collapsed 5-level
vaccination status, Vcollapsedi. Therefore, for each replication,
r, the true effect for each 5-level vaccination status, γm,r, was
approximated with a weighted average (weighted by sample
size in each of the 13 vaccination status categories) as shown
below (3) and summarized as a VE (4).

The estimated VE for each vaccine status in each replication,

, was calculated as shown in (5).

Percent VE bias was calculated as the average percent bias
across the replications on the VE scale (6).

The ratio of the observed SE of the OR compared with the
empirical SE was calculated as shown in (7).

Presentation of Results
Simulation results are presented in figures depicting the
complete distribution of observed percent VE bias and SE of

γm,r, for each vaccination status. The average across all
replications is shown as well as the 2.5th and 97.5th percentiles.
The empirical SE, or SD of the coefficients, is presented as a
vertical bar. In addition to low bias, an ideal model will provide
estimates of SE that are also averaged across replications, close
to the SD of the estimated coefficients. The figures include
coverage. All results are in Tables S3 and S4 in Multimedia

Appendices 4 and 5. Coverage is detailed in the results, with
CIs for the coverage probabilities based on the binomial
distribution of the R coverage indicators [38]. All simulations
and analyses were conducted with R Statistical Software (R
Foundation for Statistical Computing) [46].

Ethical Considerations
This study was reviewed and approved by the institutional
review boards at participating sites and under a reliance
agreement between the CDC and the Westat institutional review
board (FWA# FWA00005551, expiry date 10/13/2027, IRB
project number 6201.08). This activity was reviewed by the
CDC and was conducted consistent with applicable federal law
and CDC policy (eg, 45 CFR part 46.102(l)(2), 21 CFR part
56; 42 USC §241(d); 5 USC §552a; 44 USC §3501). This
activity was reviewed and approved as a research activity by
one VISION site. This study presented minimal risk to
participants because there was no interaction or intervention
with patients; therefore, a waiver of informed consent was
granted.

Results

Comparing Strategies for Estimating VE
When N=10,000, the unadjusted models resulted in an average
percent bias of VE ranging from –37% to 124% across the 4
vaccination categories (Figure 1, Table S3 in Multimedia
Appendix 4). Average percent bias was dramatically lower in
the models that accounted for the covariates: the 2 multivariable
models without DRS (range for multivariable with all covariates,
including key covariates from –2.2 to 3.8, multivariable with
only key covariates from –5.3 to 6.1), the stratified model with
DRS decile epi-week and site (range –2.6 to 2.3), the stratified
model with DRS centile (range –1.5 to 4.2), and the model with
DRS as a spline (range –1.6 to 4.1). Bias varied less across the
5 strategies for estimating VE than across the 4 levels of
vaccination status for which VE was estimated. For example,
the bias in estimates of 3-dose VE within 120 days ranged from
–10% to 10% approximately, whereas the bias in estimates of
2-dose VE within 180 days ranged from –50% to 40%
approximately. The difference in bias between vaccination status
levels is related to the different sample sizes expected in each
vaccine status group and the expected increasing instability of
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the percent bias when VE is closer to 0 (ie, 5 units is a much greater percent of 25 than it is of 80).

Figure 1. Summary of simulation results in the overall sample of 10,000. DRS: disease risk score; VE: vaccine effectiveness.

In all figures, panel A presents the percent VE bias for each
vaccination level, with a vertical black line at 0. The distribution
across 1000 replications is shown for each model strategy. The
mean percent VE bias, represented with a black square, with an
interval indicating the observed 2.5th and 97.5th percentiles,
appears below each distribution. Panel B presents the
distribution across 1000 replications of the estimated standard
error for each vaccination level. The mean standard error,
represented with a black square, with an interval indicating the
observed 2.5th and 97.5th percentiles appears below the

distribution. The vertical line shows the empirical standard error
(SE), or SD of the coefficients. Ideally, the vertical line aligns
with the mean standard error. Means to the left of the empirical
SE indicate underestimation of the SE. Coverage is shown on
the right of Panel B. Coverage is defined as the proportion of
confidence intervals from the simulated analyses that include
the true VE. Ideally, this would be close to 95%.

Across all 4 vaccination statuses, the multivariable models had
the lowest SE. In most instances, the average SE came closest
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to the SD of the coefficients in the multivariable models. In all
but the 2-dose 14-179 days category, the models incorporating
DRS as a spline and the models stratified on DRS centile
resulted in empirical SE greater than the 97.5th percentile of
observed standard errors. The model stratified on decile of DRS,
epi-week, and site fared slightly better, with empirical SE greater
than the 97.5th percentile in 2 of the 4 vaccination categories.
However, the models stratified on decile of DRS, epi-week, and
site had the highest mean SE in all vaccination categories.
Models including DRS as a spline had the greatest
underestimation of SE, as demonstrated with the lowest ratio
of mean SE to empirical SE (Table S3 in Multimedia Appendix
4). With the exception of the multivariable all or multivariate
key models, all models yielded CIs that covered the true VE in
less than 95% of replicated analyses for at least one vaccination
status, as shown in Table 3.

We also considered subgroups of the N=10,000 dataset defined
by immunocompromised (IC) status and age, as these groups
were routinely studied by VISION and others to guide
vaccination policy decisions. Out of N=10,000, approximately
532 fell into the IC subgroup and 4782 into the 50 years or older
subgroup. In the IC subgroup, the multivariable model with key
covariates and without the DRS performed best in terms of
bias—its VE estimates for each level of vaccination status were
least biased (Figure 2 and Table S4 in Multimedia Appendix
5). This multivariable model also had the lowest SE while
achieving 95% coverage across two of the four levels of
vaccination status (Table 3). For estimates of 2-dose VE within
180 days, the coverage with the multivariable model was 96.8%
(CI 95.1-97.5), and for 3-dose VE within 120 days, the coverage
with the multivariable model was also 96.8% (CI 95.7-97.9).
While having slightly higher bias, the spline model and the
model stratified using DRS derived from the full 10,000

achieved 95% coverage in all 4 vaccination categories. The IC
group was so small that several replications yielded very high
SE estimates for at least one vaccination status indicating that
a meaningful VE estimate was not obtained. This occurred in
21 of 1000 replications for the multivariate model, 11-132
replications for the models using the DRS from the full model,
and 21-230 replications for the models using the DRS from the
IC subset. In the older subgroup, the multivariable model with
key covariates and without DRS again performed best in terms
of bias across all 4 vaccination statuses (Figure 3 and Table S4
in Multimedia Appendix 5). Again, the multivariable model
often had the lowest SE, which was also closest to the SD of
the coefficients. Only the multivariable model achieved 95%
coverage for its VE estimates for all four levels of vaccination
status. Only the model stratified on DRS (from the full cohort),
epi-week, and site-region achieved 95% coverage for 3 of the
4 levels of vaccination status; the other models only achieved
this for 2 or fewer levels of vaccination status (Table 3). In both
the IC subgroup and the 50 years or older subgroup, the models
using a DRS derived from the subgroup tended to perform worse
than models with a DRS derived from the full sample of 10,000.

When N=1000, the sizes in each vaccination category were
dramatically lower, ranging from 50 in the 2-dose 14-179 days
group to 242 in the 2-dose ≥180 days group. Again, the
multivariable models, particularly the one with all the covariates,
had the least bias in VE estimates for each level of vaccination
status (Figure 4 and Table S3). The multivariable models, along
with the model stratified by epi-week, site, and DRS decile all
achieved 95% coverage across the four vaccination statuses
(Table 3). The model stratified by DRS centile and the model
with a DRS spline had coverages slightly below 90% for 3-dose
VE within 120 days (89.6% coverage CI: 87.7%-91.5% and
89.1% coverage CI: 87.2%-91%, respectively).
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Table 3. Estimates of coverage of the true vaccine effectiveness (VE) with 95% CIs.

Three-dose ≥120 d,

coveragea (95% CIb)

Three-dose 7-119 d,

coveragea (95% CIb)

Two-dose ≥180 d,

coveragea (95% CIb)

Two-dose 14-179 d,

coveragea (95% CIb)

Model strategy

N=10,000

94.3 (92.9-95.7)94.2 (92.8-95.6)94.7 (93.3-96.1)95.3 (94.0-96.6)Multivariable all

93.7 (92.2-95.2)94.7 (93.3-96.1)94.8 (93.4-96.2)95.3 (94.0-96.6)Multivariable keyc

93.9 (92.4-95.4)92.1 (90.4-93.8)94.4 (93.0-95.8)94.2 (92.8-95.6)Strata: week site, DRSd

93.1 (91.5-94.7)88.9 (87.0-90.8)93.8 (92.3-95.3)94.8 (93.4-96.2)Strata: DRS

92.5 (90.9-94.1)87.8 (85.8-89.8)94.0 (92.5-95.5)94.5 (93.1-95.9)Spline DRS

ICe subgroup

94.7 (93.3-96.1)96.8 (95.7-97.9)94.9 (93.5-96.3)96.3 (95.1-97.5)Multivariable keyc

97.0 (95.9-98.1)96.6 (95.5-97.7)95.6 (94.3-96.9)97.8 (96.9-98.7)Strata: week site, DRS

96.1 (94.9-97.3)95.6 (94.3-96.9)95.8 (94.6-97.0)96.0 (94.8-97.2)Strata: DRS

94.7 (93.3-96.1)94.7 (93.3-96.1)94.5 (93.1-95.9)96.0 (94.8-97.2)Spline DRS

98.2 (97.4-99.0)98.4 (97.6-99.2)98.3 (97.5-99.1)96.6 (95.5-97.7)Strata: week, site, IC DRS

94.2 (92.8-95.6)95.8 (94.6-97.0)97.6 (96.7-98.5)95.4 (94.1-96.7)Strata: IC DRS

93.8 (92.3-95.3)95.2 (93.9-96.5)98.5 (97.7-99.3)92.3 (90.6-94.0)Spline IC DRS

≥50f subgroup

94.1 (92.6-95.6)94.1 (92.6-95.6)94.4 (93.0-95.8)93.5 (92.0-95.0)Multivariable keyc

93.5 (92.0-95.0)93.0 (91.4-94.6)93.8 (92.3-95.3)94.9 (93.5-96.3)Strata: week site, DRS

93.0 (91.4-94.6)90.6 (88.8-92.4)94.2 (92.8-95.6)93.7 (92.2-95.2)Strata: DRS

93.2 (91.6-94.8)89.7 (87.8-91.6)93.4 (91.9-94.9)94.0 (92.5-95.5)Spline DRS

94.2 (92.8-95.6)91.1 (89.3-92.9)93.6 (92.1-95.1)92.7 (91.1-94.3)Strata: week, site, IC DRS

92.9 (91.3-94.5)86.1 (84.0-88.2)92.3 (90.6-94.0)92.3 (90.6-94.0)Strata: IC DRS

92.3 (90.6-94.0)84.8 (82.6-87.0)92.2 (90.5-93.9)91.5 (89.8-93.2)Spline IC DRS

N=1000

95.2 (93.9-96.5)94.8 (93.4-96.2)94.9 (93.5-96.3)95.6 (94.3-96.9)Multivariable all

94.8 (93.4-96.2)94.9 (93.5-96.3)95.1 (93.8-96.4)95.8 (94.6-97.0)Multivariable keyc

95.2 (93.9-96.5)93.8 (92.3-95.3)94.1 (92.6-95.6)95.6 (94.3-96.9)Strata: week site, DRS

93.3 (91.8-94.8)89.6 (87.7-91.5)92.8 (91.2-94.4)94.2 (92.8-95.6)Strata: DRS

93.5 (92.0-95.0)89.1 (87.2-91.0)93.1 (91.5-94.7)95.0 (93.6-96.4)Spline DRS

aCoverage is defined as the proportion of confidence intervals from the simulated analyses that include the true VE. Ideally, this would be close to 95%.
bConfidence intervals were calculated using the properties of the binomial distribution of the indicators that each replication covers the true VE.
cKey variables include simple adjustment only for age (spline), epi-day (spline), and site region.
dDRS: disease risk score.
eIC: immunocompromising conditions.
f≥50: patients 50 years old or older.
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Figure 2. Summary of simulation results in the immunocompromised subset of 10,000. DRS: disease risk score; IC: immunocompromised; VE: vaccine
effectiveness.
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Figure 3. Summary of simulation results in the 50 years or older subset of 10,000. DRS: disease risk score; VE: vaccine effectiveness.
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Figure 4. Summary of simulation results in a sample of size 1000. DRS: disease risk score; VE: vaccine effectiveness.

DRS-Related Decisions
When comparing the bias in analyses of subgroups defined by
IC or age, we found little difference in the bias of VE between
using a DRS built from the full dataset of 10,000 compared with
using a DRS built exclusively from the subset of interest
(Figures 2 and 3). When a difference was found, models using
the DRS built from the full cohort tended to perform better than
the models built from the smaller subset. Among the 12 VE
estimates for the IC subgroup—a VE estimate for each of the
4 levels of vaccination status obtained by each of the 3 ways of
using the DRS—9 of the 12 achieved 95% coverage when using

a DRS from the full cohort compared with 5 of 12 when using
the DRS from the IC subgroup. Among the 12 VE estimates
for the subgroup aged ≥50 years, 6 of 12 achieved 95% coverage
when using a DRS from the full cohort compared with 2 of 12
when using the DRS from the 50 years or older subgroup.
Model-fitting challenges occurred more frequently when using
the subgroup-specific DRS, particularly in the smaller IC
subgroup.
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Discussion

Principal Findings
This simulation study found that multivariable covariate
adjustment, either with all the covariates or a subset of key
covariates, performed well in the context of VISION’s
case-control test-negative studies of VE. Adjustment for a DRS
comprised of the covariates performed adequately but tended
to overestimate the precision of VE estimates.

It is possible the underestimate of the SE we have observed
could be attributed to a high correlation between the confounders
and vaccination status. Early studies of DRSs suggested they
can help reduce the dimensionality of analyses that try to adjust
for multiple covariates but that DRS adjustment tends to
overestimate the precision of the effect estimate of interest [47].
Later studies suggested that the corresponding exaggeration of
the statistical significance of a finding (eg, a finding about VE)
would be trivial unless the covariates are very strongly
associated with the exposure (eg, vaccination status) or with
each other [1,48].

It should not be surprising that simple covariate adjustment
performed well, given VISION’s large samples of cases and
controls. Other large VE studies with TNDs have also
successfully employed individual covariate adjustment [35-37].
Furthermore, in previous VISION network studies, we observed
that only a few of the available covariates (primarily age,
calendar time, and geographic location) accounted for most of
the confounding apparent in unadjusted VE estimates, which
makes it feasible to adjust for the covariates individually even
in subsets that might otherwise be too small to adjust for several
dozen covariates or more. Even in our subgroup analyses, we
did not find that use of the dimension-reducing DRS improved
performance compared with straightforward adjustment for the
individual covariates.

In the context of settings other than VISION, where sample
sizes may be smaller, and the relevant covariates may be more
numerous, the “curse of dimensionality” may render covariate
adjustment more problematic. If an appropriate DRS has already
been derived from large samples in similar settings, such a DRS
could be helpful in several ways. First, an appropriate DRS can
avoid overfitting. DRS adjustment outperformed individual
covariate adjustment in some of our smaller subgroup analyses,
especially when we used a DRS derived from the larger overall
sample.

Second, confounding may arise from nonlinearities and
interactions among covariate-outcome associations that could
easily be overlooked unless previously captured by a DRS

derived from large datasets using flexible machine learning
methods. In this simulation study, we used boosted regression
to derive the DRS, as described above, but our data-generating
mechanism did not insert nonlinearities and interactions that
would be undetectable in smaller datasets and would be
challenging to specify in a logistic regression model with
individual covariate adjustment.

Third, a DRS could be part of a hybrid approach to covariate
adjustment. VE estimates could be derived from logistic
regression models that include a DRS plus a few key covariates
(which may also be components of the DRS). The key covariates
would be those with high potential for confounding because of
strong associations with the outcome (and exposure) that may
differ in the current study population than in the population
where the DRS was derived.

Fourth, a DRS can be an intuitive way to adjust for confounding
and an intuitive tool to explore effect modification. Typically,
effect modification examines one risk factor at a time—for
example, examining whether the benefits of vaccination differ
by age group. A DRS can be used to account for multiple risk
factors as we examine whether the benefits of vaccination differ
by level of risk. Furthermore, a DRS can facilitate the
interpretation of findings. For example, if VE is found to be
similar across levels of the DRS, yet the risk is 10-fold higher
in the highest DRS decile as compared with the lowest, then
we can infer that the vaccine benefits the highest decile 10-fold
more (on the scale of cases prevented per 1000 persons
vaccinated) than it benefits the lowest decile. However, a DRS
may be less intuitive as a risk score in our test-negative VISION
study than in a population-based cohort study to the extent that
our test-negative controls are restricted to individuals with “a
COVID-19-like illness” and may not be representative of the
underlying population at risk. In the underlying population, risk
factors for hospitalization for CLI may differ from risk factors
for hospitalization for COVID-19.

This simulation study was motivated by challenges facing
VISION’s studies of VE. The scenarios we simulated emulate
those examined by VISION, and this may limit the
generalizability of our findings to other settings.

Conclusions
Our simulations found that logistic regression with individual
covariate adjustment performed well in scenarios similar to
those studied by the VISION network and is generally the
current approach employed by the VISION network.
DRS-adjusted models performed adequately but not as well as
models that adjusted for the covariates individually.
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Multimedia Appendix 1
Definition of effects of covariates on 13-level exposure, β, for multinomial model determining simulated exposure with exposure
status defined by number of mRNA doses and time since most recent dose.
[DOCX File , 33 KB - formative_v9i1e58981_app1.docx ]

Multimedia Appendix 2
Definition of other coefficients, α, for the Bernoulli distribution defining the probability of the generated outcome.
[DOCX File , 17 KB - formative_v9i1e58981_app2.docx ]

Multimedia Appendix 3
Who is included in the disease risk score model?
[DOCX File , 24 KB - formative_v9i1e58981_app3.docx ]

Multimedia Appendix 4
Bias and standard error results, 5-level vaccine effectiveness, N=10,000 and 1000.
[DOCX File , 29 KB - formative_v9i1e58981_app4.docx ]

Multimedia Appendix 5
Bias and SE results, subgroup effect 5-level vaccine effectiveness.
[DOCX File , 30 KB - formative_v9i1e58981_app5.docx ]
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Abstract

Background: Acute pain management is critical in postoperative care, especially in vulnerable patient populations that may be
unable to self-report pain levels effectively. Current methods of pain assessment often rely on subjective patient reports or
behavioral pain observation tools, which can lead to inconsistencies in pain management. Multimodal pain assessment, integrating
physiological and behavioral data, presents an opportunity to create more objective and accurate pain measurement systems.
However, most previous work has focused on healthy subjects in controlled environments, with limited attention to real-world
postoperative pain scenarios. This gap necessitates the development of robust, multimodal approaches capable of addressing the
unique challenges associated with assessing pain in clinical settings, where factors like motion artifacts, imbalanced label
distribution, and sparse data further complicate pain monitoring.

Objective: This study aimed to develop and evaluate a multimodal machine learning–based framework for the objective
assessment of pain in postoperative patients in real clinical settings using biosignals such as electrocardiogram, electromyogram,
electrodermal activity, and respiration rate (RR) signals.

Methods: The iHurt study was conducted on 25 postoperative patients at the University of California, Irvine Medical Center.
The study captured multimodal biosignals during light physical activities, with concurrent self-reported pain levels using the
Numerical Rating Scale. Data preprocessing involved noise filtering, feature extraction, and combining handcrafted and automatic
features through convolutional and long-short-term memory autoencoders. Machine learning classifiers, including support vector
machine, random forest, adaptive boosting, and k-nearest neighbors, were trained using weak supervision and minority oversampling
to handle sparse and imbalanced pain labels. Pain levels were categorized into baseline and 3 levels of pain intensity (1-3).

Results: The multimodal pain recognition models achieved an average balanced accuracy of over 80% across the different pain
levels. RR models consistently outperformed other single modalities, particularly for lower pain intensities, while facial muscle
activity (electromyogram) was most effective for distinguishing higher pain intensities. Although single-modality models,
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especially RR, generally provided higher performance compared to multimodal approaches, our multimodal framework still
delivered results that surpassed most previous works in terms of overall accuracy.

Conclusions: This study presents a novel, multimodal machine learning framework for objective pain recognition in postoperative
patients. The results highlight the potential of integrating multiple biosignal modalities for more accurate pain assessment, with
particular value in real-world clinical settings.

(JMIR Form Res 2025;9:e67969)   doi:10.2196/67969

KEYWORDS

pain intensity recognition; multimodal information fusion; signal processing; weak supervision; health care; pain intensity; pain
recognition; machine learning approach; acute pain; pain assessment; behavioral pain; pain measurement; pain monitoring;
multimodal machine learning–based framework; machine learning–based framework; electrocardiogram; electromyogram;
electrodermal activity; self-reported pain level; clinical pain management

Introduction

Pain is defined by the International Association for the Study
of Pain as “an unpleasant sensory and emotional experience
associated with actual or potential tissue damage or described
in terms of such damage” [1]. Pain is a unique phenomenon
that individuals experience and perceive independently. Younger
et al [2] stated that pain is a subjective experience for which
there is no current objective measure. Pain may be classified as
either acute or chronic; Kent et al [3] described acute pain as
encompassing the immediate, time-limited bodily response to
a noxious stimulus that triggers actions to avoid or mitigate
ongoing injury. Chronic pain was first defined loosely by Bonica
[4] as pain that extends beyond an expected timeframe;
currently, chronic pain is defined as “persistent or recurrent pain
lasting longer than three months” [5]. The focus of this paper
is on acute pain.

Acute pain is a common experience in the postanesthesia care
unit in the immediate period following surgery. According to
Chou et al [6], pain occurs in 80% of patients following surgery,
and 75% of patients with pain report their pain as either
moderate, severe, or extreme. Current guidelines for the
assessment of pain in the postanesthesia care unit recommend
using a Numerical Rating Scale (NRS) or Verbal Rating Scale
for patients who are sufficiently awake and coherent to reliably
report pain scores [7]. However, Herr et al [8] identified several
patient populations who are at risk for being incapable of
providing self-report scores of pain; specifically, these
populations include the pediatric population who have yet to
develop adequate cognition; older patients with dementia;
individuals with intellectual disabilities; and those who are
unconscious, critically ill, or terminally ill. In these patient
populations, Small and Laycock [7] recommend the use of
behavioral pain scales, such as the Pain Assessment in Advanced
Dementia, Critical Care Pain Observation Tool (CPOT), or
Behavioral Pain Scale. Despite the pain assessment measures
of self-report and behavioral pain scales, each of these methods
may be prone to biases. For example, Craig et al [9] discussed
how self-reporting might be a means to obtain a particular goal
that can be influenced by the individual reporting pain. In
addition, Hadjistavropoulos and Craig [10] provided the
Communications Model of Pain, which provided a basis for
how expressive behaviors are decoded by observers of
individuals in pain, which are influenced by the message clarity

transmitted by the individual in pain as well as the unique biases
(eg, knowledge level, assessment skills, and predisposing
beliefs) of the individual assessing pain. The difficult nature of
interpreting pain scores has resulted in disparities in pain
management in minority populations, with research by Staton
et al [11] showing that the Black race is a significant predictor
of the underestimation of pain by physicians.

Multimodal pain assessment represents a potential method of
circumventing the limitations of traditional self-report and
behavioral pain assessment tools and an opportunity for
enhancing pain assessment in vulnerable populations. Instead
of having to rely on only one dimension of pain assessment,
such as behaviors through the use of the CPOT or Behavioral
Pain Scale, future multimodal pain assessment will incorporate
physiological indicators, such as electrodermal activity (EDA),
electrocardiogram (ECG), electroencephalogram, and
electromyogram (EMG) as well as behaviors (eg, facial
expression), and perhaps other as-yet undiscovered parameters
to capture pain assessment in patient populations that might not
be best represented by current assessment strategies. For
example, a study by Gélinas et al [12] found that revisions to
the CPOT were necessary because some brain-injured patients
may not exhibit certain behaviors that are contained in the
CPOT. Similarly, for individuals diagnosed with dementia,
Achterberg et al [13] stated that there is a preponderance of
observer-based pain assessment tools, however, these tools
retain significant differences between them, as well as concerns
for lack of reliability, validity, and sensitivity of change.
Enhancing pain assessment through the combination of
traditional pain assessment methods with novel multimodal
approaches may serve to eventually enhance pain assessment
in a greater majority of vulnerable patient populations.

With the advent of connected Internet of Things devices and
wearable sensor technology, automated data collection may
achieve continuous pain intensity measurement. A significant
amount of research has been conducted in recent years, which
has sought to develop methods of continuous, automatic, and
multimodal pain assessment. For example, previous work
conducted by Walter et al [14] and Werner et al [15] used skin
conductance level, ECG, electroencephalogram, and EMG to
monitor pain in response to thermal pain. Other works, such as
Hammal and Cohn [16] and Werner et al [17], have incorporated
facial expression monitoring as an indicator of pain. While these
studies were immensely beneficial to the scientific community
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in terms of their contributions to a better understanding of
techniques to obtain continuous pain assessment, the setting of
these experiments was in highly controlled laboratory
environments with healthy participants. Collecting data in
real-world situations as opposed to a laboratory setting would
allow the researchers to assess a pain assessment technique’s
potential in relation to actual pain brought about through a
surgical procedure instead of induced pain.

The aim of this study is to develop a robust and effective
multimodal pain assessment framework for postoperative
patients in real clinical settings. To the best of our knowledge,
this is the first work proposing a multimodal pain assessment
framework for postoperative patients. It should be noted that a
pain assessment study on real patients is associated with several
challenges (eg, imbalanced label distribution, missing data,
motion artifacts, etc) since several parameters such as the
intensity, distribution, frequency, and time of the pain as well
as the environment cannot be controlled by researchers. Our
main contributions are 4-fold:

1. We conducted a clinical study for multimodal signal
acquisition from an acute pain unit of the University of
California, Irvine Medical Center.

2. We propose a multimodal pain assessment framework using
our database (iHurt Pain DB) collected from postoperative
patients while obtaining a higher accuracy compared to
existing works on healthy participants [17].

3. We use both handcrafted and automatically generated
features outputted from deep learning networks to build
our models.

4. We provide a novel method to mitigate the presence of
sparse and imbalanced labels (due to the real clinical setting
of the study) using weak supervision and minority
oversampling.

Methods

Overview
Candidates were selected from the Acute Pain Service patient
list at University of California Irvine Health in Orange,
California. The Acute Pain Service unit at the medical center
serves approximately 100 patients weekly, enabling the lead
Doctor of Medicine to recruit patients. This is the first claimed
study that collected biosignals from postoperative adult patients
in hospitals. All participants (aged 23-89 years) were recruited
to the study from July 2018 to October 2019.

iHurt Study Design
We conducted a biomedical data collection study on 25
postoperative patients reporting various degrees of pain
symptoms. Multimodal biosignals (ECG, EMG, EDA, and
photoplethysmography [PPG]) were collected from patients
likely having mild to moderate pain who were asked to perform
a few light physical activities while acquiring data. We also
collected primary demographic information from each patient,
including height, weight, sex, and BMI. All signals were
collected using the iHurt system.

iHurt System
iHurt is a system that measures facial muscle activity (ie,
changes in facial expression) in conjunction with physiological
signals such as heart rate, heart rate variability, respiration rate
(RR), and EDA for the purpose of developing an algorithm for
pain assessment in hospitalized patients. The system uses the
following 2 components to capture raw signals.

Eight-Channel Biopotential Acquisition Device
Our team at the University of Turku, Finland, developed a
biopotential acquisition device to measure ECG and EMG
signals. The device incorporates commercially available
electrodes, electrode-to-device lead wires, an ADS1299-based
portable device, and computer software (LabVIEW version
14.02f, National Instruments) to visualize data streaming from
the portable device. Raw signals from the electrodes are sampled
at 500 samples per second and are sent to the computer software
through Bluetooth for visualization [18].

Empatica E4
We use the commercially available Empatica E4 wristband
(Empatica Inc) [19] to measure EDA and PPG signals. The
purpose of using a wristband was to allow our participants to
move freely without any impediments. The Empatica E4 was
connected to the participants’ phones over Bluetooth for
visualization.

We removed 3 participants’ data from the final dataset due to
the presence of excessive motion artifacts. We also excluded 2
additional patients since they were wearing the Empatica E4
watch on their arm that received intravenous medication. This
resulted in unreliable EDA signals due to conditions like skin
rash and itching. This left us with data from 20 patients to build
our pain recognition system. The dataset also contains rich
annotation with self-reported pain scores based on the 11-point
NRS from 0 to 10. A detailed explanation of the dataset and the
study design can be found in Kasaeyan Naeini et al [20]. We
intend to make the deidentified dataset available to the research
community for further analysis and applications.

Data Processing Pipeline
The first step in building our multimodal pain assessment system
was to process the raw signals collected during trials. The data
processing pipeline consisted of the following steps:

1. We filtered the signal to remove powerline interference,
baseline wander, and motion artifact noise.

2. We performed feature extraction on the filtered signals to
obtain amplitude and variability features in the time domain.
The time domain features were extracted using 5.5-second
and 10-second windows. The 5.5-second window size was
extracted to be compared with previous work [17].

3. In addition to handcrafted features, we also used automatic
features, which were outputted from a deep neural network.

4. Once the features were extracted, we tagged them with their
corresponding labels based on the nearest timestamp of the
label.

5. Each of these processing steps was applied individually to
each of the 4 modalities. Processed data from each of the
modalities were combined using either early fusion or late
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fusion. The types of handcrafted features extracted from
each modality and the deep learning pipeline for extracting

automatic features are described in detail. An overview of
our method is described as a flowchart in Figure 1.

Figure 1. Overview of the proposed method. AdaBoost: adaptive boosting; EDA: electrodermal activity; EMG: electromyogram; ECG: electrocardiogram;
ML: machine learning; PPG: photoplethysmography; SMOTE: synthetic minority oversampling technique; SVM: support vector machine; RF: random
forest; KNN: k-nearest neighbors.

ECG Handcrafted Features
The ECG channel was filtered using a Butterworth band-pass
filter with a frequency range of 0.1-250 Hz. The heart rate
variability handcrafted features were extracted with pyHRV, an

open-source Python (Python Software Foundation) toolbox [21],
using the R-peaks extracted from the ECG signal through a
bidirectional long short-term memory (LSTM) network [22].
These features were extracted from two window sizes, 5.5 and
10 seconds. There were 19 time-domain features. The
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time-domain features extracted from NN intervals, or the time
interval between successive R-peaks, comprised of the slope of
these intervals, 5 statistical features (total count, mean,
minimum, maximum, and SD), 9 difference features (mean
difference, minimum difference, maximum difference, SD of
successive interval differences, root mean square of successive
interval differences, number of interval differences greater than
20 ms and 50 ms, and percentage of successive interval
differences that differ by more than 20 ms and 50 ms), and 4
heart rate features (mean, minimum, maximum, and SD) [23].

EMG Handcrafted Features
The preprocessing phase of EMG channels comprised a 20 Hz
high pass filter and two notch filters at 50 Hz and 100 Hz, all
using a Butterworth filter. Like ECG features, we extracted
EMG features from 5.5- and 10-second windows on 5 different
channels for each major facial muscle. The ten amplitude
features extracted were (1) peak, (2) peak-to-peak mean value,
(3) root mean squared, (4) mean of the absolute values of the
second differences, (5) mean of the absolute values of the first
differences, (6) mean of the absolute values of the second
differences of the normalized signal, (7) mean of the absolute
values of the first differences of the normalized signal, (8) mean
of local minima values, (9) mean of local maxima values, and
(10) mean of absolute values. The four variability features were
(1) variance, (2) SD, (3) range, and (4) IQR. All 14 features
were calculated for 5 different EMG channels, resulting in 70
EMG features in total.

EDA Handcrafted Features
We used the pyEDA library [24] for preprocessing and feature
extraction of EDA signals. In the preprocessing part, first, we
used a moving average across a 1-second window to remove
the motion artifacts and smooth the data [25]. Second, a
low-pass Butterworth filter on the phasic data was applied to
remove the line noise. Finally, preprocessed EDA signals
corresponding to each different pain level were visualized to

ensure the validity of the signals. In the feature extraction part,
the cvxEDA algorithm [26] was used to extract the phasic
component of EDA signals. The EDA signals’ peaks or bursts
are considered variations in the phasic component of the signal.
Therefore, the clean signals and extracted phasic component of
signals were fed to the statistical feature extraction module to
extract the number of peaks, the average value, and the
maximum and minimum value of the signals. Furthermore,
these extracted features were further used in the post–feature
extraction module to extract eight more features: (1) the
difference between the maximum and the minimum value of
the signal, (2) the SD, (3) the difference between the upper and
lower quartiles (4) root mean square, (5) the mean value of local
minima, (6) the mean value of local maxima, (7) the mean of
the absolute values of the first differences, and (8) the mean of
the absolute values of the second differences. This resulted in
12 EDA features in total.

PPG-Based RR Handcrafted Features
We preprocessed the PPG signal before extracting the RR from
it. In total, 2 filters were used during the preprocessing [27].
We first used a Butterworth band-pass filter to remove noises,
including motion artifacts. Then, a moving average filter was
implemented to smooth the PPG signal. After that, we applied
an empirical mode decomposition–based method proposed by
Madhav et al [28] to derive respiration signals from filtered
PPG signals. This method was proven to derive RR from a PPG
signal with high accuracy (99.87%). A total of ten features were
extracted from the respiratory signal, including (1) the number
of inhale peaks, (2) the mean value of the signal, (3) the
maximum value, (4) the minimum value, (5) the difference
between the maximum and the minimum value, (6) SD, (7) the
average value of the inhale peak intervals, (8) the SD of the
inhale peak intervals, (9) the root mean square of successive
differences between adjacent inhale peak intervals, (10) SD of
inhale duration. A visualization of the handcrafted feature
pipeline is shown in Figure 2.
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Figure 2. Handcrafted feature extraction pipeline. dim.: dimension; ECG: electrocardiogram; EDA: electrodermal activity; EMG: electromyogram;
PPG: photoplethysmography; RR: respiration rate.

Automatic Feature Extraction Pipeline
As the dimensionality of biomedical data increases, it becomes
increasingly difficult to train a machine learning algorithm on
the entire uncompressed dataset. This often leads to a large
training time and is computationally more expensive overall.
A possible solution is to perform feature engineering to get a
compressed and interpretable representation of the signal.
Another alternative approach, however, is to use the compressed
or latent representation of that data obtained from deep learning
networks trained for that specific task. Using automatic features
helps in dimensionality reduction and can provide us with a
sophisticated yet succinct representation of the data that
handcrafted features alone cannot provide. This automatic
feature extraction is typically carried out by an autoencoder
(AE) network, which is an unsupervised neural network that
learns how to efficiently compress and encode the data into a
lower-dimensional space [29,30]. AEs are composed of 2
separate networks: an encoder and a decoder. The encoder
network acts as a bottleneck layer and maps the input into a
lower-dimensional feature space. The decoder network tries to
reconstruct this lower-dimensional feature vector into the
original input size. The entire network is trained to minimize
the reconstruction loss (ie, mean-squared error) by iteratively
updating its weights and biases through backpropagation.

A convolutional AE from the pyEDA library was used to extract
automatic features. Figure 3 shows the architecture of the AE.

First, a linear layer (L1) is used to downsample the input signal
with Input_Shape length to a length that is the closest power of
2 (CP2). This was done to make the model scalable to an
arbitrary input size. The encoder half of the network consists
of three 1D convolutional layers (C1, C2, and C3) and a linear
layer (L2), which flattens and downsamples the input vector to
a lower-dimensional latent vector. The number of dimensions
of this latent vector (Feature Size) corresponds to the number
of automatic features extracted and was set prior to training the
network. A total of 32 features were extracted from ECG, EDA,
and RR signals, whereas a total of 30 features were extracted
from the EMG signal (6 features from each of the 5 channels).
The decoder half of the network consists of three 1D
deconvolutional layers (DeC1, DeC2, and DeC3) to reconstruct
the input signal from the latent vector. A final linear layer (L3)
is then used to flatten and reconstruct the signal to its original
dimension. Both encoder and decoder networks have rectified
linear unit activation between layers. Window sizes of both 5.5
and 10 seconds were applied to the filtered signals. This was
done to compare the performance with handcrafted features.
After signals from each of the modalities were normalized, they
were trained on separate AE models for each modality. In
addition to the convolutional AE, we also extracted features
from an LSTM AE network. This resulted in two different
feature extraction methods (convolutional and LSTM) that
spanned two different window lengths (5.5 and 10 seconds).
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Figure 3. The architecture of the pyEDA convolutional autoencoder.

The batch size was set to 10, the number of training epochs was
set to 100, and the ADAM optimizer [28] was used with a

learning rate of 1 × 10–3. A total of 126 feature vectors across

all 4 modalities were extracted from each AE network. A
visualization of our automatic feature extraction pipeline is
shown in Figure 4.

Figure 4. Automatic feature extraction pipeline. dim.: dimension; ECG: electrocardiogram; EDA: electrodermal activity; EMG: electromyogram; RR:
respiration rate; sec.: second.

Data Augmentation

Overview
There were several inherent challenges in the distribution of
labels, as NRS values recorded during the clinical trials of this
study were collected from real postoperative patients. This
problem bears less significance while studying healthy
participants since the stimulated pain can be controlled during
the experiments. Consequently, occurrences of some pain levels
far exceeded those of others. For example, among all patients,
there were only 4 reported occurrences of pain level 10, whereas
there were more than 80 reported occurrences of pain level 4.
This imbalanced distribution was inevitable due to the subjective
nature and the different sources of pain among the participants.
Therefore, while downsampling our pain labels to 4 classes,
thresholds for each downsampled class were carefully chosen

to ensure a more evenly distributed set of labels. The pain levels
ranged from a baseline (BL) level of pain or no pain to 3
increasing intensities of pain (PL 1-3). The thresholds for the
pain levels were as follows: (1) PL1 ranged from 0 to 3, (2) PL2
ranged from 4 to 6, and (3) PL3 ranged from 7 to 10. All the
ranges here are inclusive.

Since we asked patients to report their pain levels only while
they performed pain-inducing activities, the number of labels
generated was sparse. Both handcrafted and automatic features
were combined with the corresponding labels using timestamps
that were within the nearest 5.5 or 10 seconds (labeling
threshold) of the reported NRS value. This depended on the
window size of the features extracted. Due to having sparse
labels, many of the feature windows were not assigned a
corresponding label. To mitigate the problem of having an
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imbalanced and sparse label distribution, 2 techniques were
exploited:

Minority Oversampling
The first technique, called synthetic minority oversampling
technique (SMOTE), is a type of data augmentation that
oversamples the minority class [31]. SMOTE works by first
choosing a minority class instance at random and finding its
k-nearest minority class neighbors. It then creates a synthetic
example at a randomly selected point between two instances of
the minority class in that feature space. The experiments
involving SMOTE were implemented using the
imbalanced-learn Python library [32].

Weak Supervision
The second technique we used is weak supervision using the
Snorkel framework [33]. Rather than employing an expert to
manually label the unlabeled instances, Snorkel allows its users
to write labeling functions that can make use of heuristics,
patterns, external knowledge bases, and third-party machine
learning models. Weak supervision is typically employed to
label large volumes of unlabeled data when there are noisy,
limited, or imprecise sources. For our pain assessment algorithm,
we decided to use third-party machine learning models to label
the remaining unlabeled instances. All the data points that were
within the labeling threshold were considered as “strong labels,”
or ground-truth values collected from patients during trials. The
remaining unlabeled data points were kept aside for Snorkel to
provide a weakly supervised label. The strong labels were fed
into Snorkel’s labeling function consisting of 3 off-the-shelf
machine learning models: (1) a support-vector machine (SVM)
with a radial basis function kernel, (2) a random forest (RF)
classifier, and (3) a k-nearest neighbor (KNN) classifier with
uniform weights. Once each model was trained on the strong
labels, it was used to make predictions on the remaining
unlabeled data. The predictions from these 3 models were
collected and converted into a single confidence-weighted label
per data point using Snorkel’s LabelModel function. This
function outputs the most confident prediction as the label for
each data point. To perform a fair assessment of the reliability
and accuracy of our algorithm, we used SMOTE and Snorkel
only while training our machine learning models. The
performance of these models was measured solely on
ground-truth (strong) labels collected during trials. This way,
there is no implicit bias introduced from mislabeling or
upsampling certain data points to skew model predictions.

Multimodal Machine Learning Models
To compare the performance of our multimodal machine
learning models with the previous work, we performed binary
classification using a leave-one-subject-out cross-validation
approach [34]. In this method, a model’s performance is
validated over multiple folds in such a way that data from each
patient are either in the training set or in the testing set. The
purpose of using this method is to provide generalizability to
unseen patients and to avoid overfitting by averaging the results
over multiple folds. The eventual goal of this study is to build
personalized models that make predictions on a single patient
but learn from data collected from a larger population of similar
patients. The following machine learning models were used to
evaluate the performance of our pain assessment algorithm: (1)
KNN, (2) RF classifier, (3) adaptive boosting (AdaBoost), (4)
and an SVM. The models were then evaluated using leave-one
subject-out cross-validation. Four separate models were trained
for each of the 3 pain intensities (eg, BL; no pain versus PL1,
the lowest pain level; or BL vs PL3, the highest pain level).

Fusing Modalities
In total, 2 fusion approaches were used while combining features
across different modalities. The first one is early or feature-level
fusion, which concatenates feature vectors across different
modalities based on their time stamps. The resulting data, which
are now higher in dimension than any single modality, are then
fed into our classifier to make predictions. While concatenating
features across different modalities, a threshold of either 5.5 or
10 seconds was used to combine the modalities depending on
the features extracted. The second approach was late or
decision-level fusion, where each modality is fed to a separate
classifier, and the final classification result is based on the fusion
of outputs from the different modalities [35].

Feature Selection
Since there were a lot of features generated during the data
processing phase, we had to select a subset of the most
informative features to build our models with. Therefore, to
reduce the complexity and training time of the resulting model,
feature selection using Gini importance was performed. Gini is
important as a lightweight method that is simple and fast to
compute. Since we extracted a relatively large number of
features in our method, it made sense to use a computationally
low-cost algorithm for feature selection. We computed the Gini
importance of the features from the data in the training fold
with the help of a random forest classifier and selected the top
25 features. We then trained our model on these top 25 features
and evaluated them in the validation fold. Our proposed
multimodal pain recognition system is shown in Figure 5.
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Figure 5. Proposed multimodal pain recognition system. BL: baseline; CNN: convolutional neural network; ECG: electrocardiogram; EDA: electrodermal
activity; EMG: electromyogram; PL: pain level; RR: respiration rate; SMOTE: synthetic minority oversampling technique.

Ethical Considerations
The dataset used in this study was originally collected with
approval from the Institutional Review Board (IRB) at the
University of California, Irvine (Protocol HS# 2017-3747).
Participants provided written informed consent after receiving
detailed oral and written explanations of the study’s objectives
and procedures. They were encouraged to discuss participation
with family and friends before consenting. Investigators ensured
that all participants understood the study and had their questions
answered prior to enrollment. Participants were informed of
their right to withdraw at any time without impacting their care.
For the secondary analysis conducted in this study, the IRB
approval and original informed consent covered the reuse of
the data, and no additional consent was required. All data
utilized for this study were anonymized prior to analysis to
protect participants’ identities. Personal identifiers, such as
names and contact information, were removed, and access to
the data was restricted to authorized personnel only. The
anonymized data were stored securely in compliance with
institutional and regulatory guidelines to ensure confidentiality.
Participation in the original study was entirely voluntary, and
no compensation was provided. This ensured that participants’
involvement was based solely on their willingness to contribute
to the research.

Results

Experimental Settings
The goal of our experiments was to compare the performance
of using only a single modality to build our models over using
a combination of multiple modalities. We trained several
different models for each of the pain intensities, which varied
in the types of modalities, data augmentation techniques,
machine learning models, and fusion techniques used. Figure
6 shows the general pipeline of the experiments we conducted.
We first selected the type of modalities to train on, which varied
from only using each of the single modalities separately to using
a combination of all 4 modalities. Furthermore, these modalities
varied depending on the type of features used, like handcrafted
or automatic features. In the case of using multiple modalities,
we had 2 choices of fusion: early (Figure 6, left) and late (Figure
6, right). These architectures varied in how the modalities were
combined, either before training (early) or at the decision level
(late) after training using majority voting. The data preparation
process involved feature selection and data augmentation. These
models could either be trained with no data augmentation, with
just SMOTE or Snorkel, or a combination of both. The last step
of the pipeline before making predictions involved choosing
the type of machine learning algorithms, like SVM, RF,
AdaBoost, or KNN. Due to the lack of space, only the
best-performing single and multimodal model configurations
are mentioned in the section below.
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Figure 6. Our proposed general multimodal pipeline-based on early fusion (left) and late fusion (right). AdaBoost: adaptive boosting; KNN: k-nearest
neighbors; ML: machine learning; RF: random forest; SVM: support vector machine; SMOTE: synthetic minority oversampling technique.

Experimental Results
Tables 1 and 2 present the best-performing single-modal and
multimodal models for each of the 3 pain intensities. For
comparison, the best multimodal results from Werner et al [17],
Lopez-Martinez and Picard [36], Wang et al [37], and

Subramaniam and Dass [38] are also mentioned. We use
balanced accuracy as an evaluation criterion because our dataset
had an imbalanced class distribution. Balanced accuracy is
defined as the average of the true positive rate and the true
negative rate.
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Table 1. Best scores: single modality versus multiple modalities.

Multiple modalityRRd scoresEDAc scoresEMGb scoresECGa scoresPain levels

82.1484.6279.188682.14BLe vs PLf1

86.1188.2482.9484.5386.11BL vs PL2

7576.237578.1275BL vs PL3

81.08 (4.59)83.03 (5.03)79.04 (5.03)82.8 (5.03)81.08 (5.03)Mean (SD)

EFl, LSTM AE (10 s),
Strong, SVM

HC (10 s), Strong,
SVM

CNNk AE (10 s),
Strong, SVM

HCi (10 s), Snorkel,
SVM

LSTMg AEh (10 s),

Strong, SVMj

Classifier configuration

aECG: electrocardiogram.
bEMG: electromyogram.
cEDA: electrodermal activity.
dRR: respiration rate.
eBL: baseline.
fPL: pain level.
gLSTM: long short-term memory.
hAE: autoencoder.
iHC: handcrafted.
jSVM: support vector machine.
kCNN: convoluted neural network.
lEF: early fusion.

Table 2. Multiple modalities: comparison with other methods.

ModalitiesValue, mean (SD)Study

Video, ECGa, EMGb, and EDAc65.02 (8.72)Werner et al [17]

ECG and EDA66.68 (10.87)Lopez-Martinez and Picard [36]

ECG, EMG, and EDA70.4 (9.76)Wang et al [37]

ECG and EDA92.604 (3.49)Subramaniam and Dass [38]

EDA, EMG, EDA, and RRd81.08 (4.59)Our method

aECG: electrocardiogram.
bEMG: electromyogram.
cEDA: electrodermal activity.
dRR: respiration rate.

Discussion

Principal Findings
This study demonstrated that RR emerged as the strongest
single-modality predictor of pain intensity, particularly for
distinguishing between baseline and lower pain levels. EMG
performed best for higher pain intensities, while EDA and ECG
showed comparatively lower effectiveness as stand-alone
modalities. Multimodal models, though offering potential
advantages in robustness and complementary information,
generally underperformed compared with the RR
single-modality models, likely due to challenges related to noise
and data alignment. The study highlights the importance of
modality selection and data fusion strategies for pain recognition
in postoperative settings.

Performance by Modality

Pain Recognition Using RR Alone

From the single-modality results (Table 1), it is evident that RR
models outperform all other modalities, especially for the BL
versus PL1 and BL versus PL2 models. This highlights the
strong predictive power of RR in distinguishing between
baseline and lower pain intensities. The best-performing model
used RR alone. One justification for these results could be the
dynamic nature of RR signals in response to pain stimuli. Since
we effectively isolated and captured periods of higher pain
intensity with smaller window sizes, this could have helped the
models better distinguish between baseline and other pain levels.

Pain Recognition Using EMG Alone

For the highest pain category (BL vs PL3), the EMG model
outperformed other single-modality models. This suggests that
facial muscle activation captured by EMG signals is particularly
effective for distinguishing higher pain intensities. The
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comparatively lower performance of other modalities, such as
EDA, could be attributed to the subtle variations in their
responses to different pain levels.

Pain Recognition Using EDA Alone

EDA models exhibited comparatively lower performance across
all pain categories. This may be due to the difficulty in capturing
clear variations in EDA signal responses to different pain levels,
as observed in our experiments.

Pain Recognition Using ECG Alone

While ECG features contributed strongly to the performance of
multimodal models, their single-modality results were not as
robust as those of RR or EMG. However, the best-performing
multimodal models shared identical configurations with the best
ECG models, suggesting that ECG features had a significant
influence on the multimodal results.

Challenges With Extremes in Pain Levels
The BL versus PL1 and BL versus PL3 models had relatively
poor performances across both single and multimodal
approaches. BL versus PL1 struggled to distinguish the baseline
from the lowest pain intensity due to the subtlety of the
physiological responses collected while experiencing this pain
level. The BL versus PL3 model, however, found it challenging
to distinguish pain levels due to the scarcity of labels for the
highest pain intensity. Although data augmentation can help
mitigate these challenges, there is no substitute for real data.
On the contrary, the BL versus PL2 models performed better
due to the relative abundance of such labels reported during
trials.

Multimodal Performance
The best-performing multimodal model was trained on automatic
features outputted from an LSTM network with a 10-second
window size. This model, which made use of strong labels
without any data augmentation techniques, achieved comparable
results to the best-performing ECG single-modality model.
Early fusion outperformed late fusion, likely due to its ability
to detect correlations across modalities during feature selection
[39]. By treating each modality as independent, late fusion might
lose correlations in the combined feature space.

However, single-modality models, particularly RR, generally
outperformed multimodal models. This contrasts with previous
studies on healthy participants, where multimodal approaches
typically excelled. Our findings suggest that the unique
challenges of real-world postoperative data, including noise and
missing signals, may complicate the integration of multiple
modalities.

Advantages and Trade-Offs
While multimodal models have the potential to add
complementary information and robustness, they also introduce
challenges related to data alignment and noise management.
Single-modality models, by contrast, are simpler, easier to
interpret, and computationally less expensive. These advantages
make single modalities, such as RR and EMG, attractive for
certain applications despite the overall potential of multimodal
approaches. Multiple modalities certainly have the potential to

add more useful information over a single modality and can be
used to introduce complementary information and resiliency
when any one modality fails or is too noisy [40].

While comparing our results to previous studies [17,36-38] in
Table 2, it can be observed that our models outperform most of
their models in mean pain assessment scores except
Subramaniam and Dass [38]. However, this is not entirely a fair
comparison because we use 3 pain levels instead of 4, and our
patients are not healthy.

An additional consideration is the comfort and compliance of
patients wearing multiple biosensors, especially in postoperative
settings. While multimodal models rely on multiple sources of
data, this could pose a burden to patients who may already be
experiencing discomfort. Future iterations of the framework
could focus on optimizing the number of biosensors by
identifying the most informative modalities. This optimization
could improve patient compliance while maintaining the
accuracy and robustness of the system.

Limitations
The main limitation of our algorithm is the presence of noise
in the form of motion artifacts produced while collecting
physiological signals. Since we obtained data from real
postoperative patients in a clinical setting, they were allowed
to move more freely compared to experiments performed in
controlled laboratory settings. The presence of these motion
artifacts diminished the quality of our data, thus negatively
impacting our machine learning algorithms.

In addition, our study was conducted in a setting with a limited
and relatively homogeneous patient population. While this
setting allowed us to focus on developing and testing the
algorithm, it restricts the generalizability of our findings to
broader and more diverse clinical environments. Testing the
model in varied clinical settings and across a larger, more
diverse patient population is essential for evaluating its
scalability and effectiveness in real-world scenarios. This
remains an important future research direction.

Furthermore, we must acknowledge the more complicated facets
of pain that are not fully captured by our algorithm, such as the
number of days after surgery, the amount of pain medication
administered, and the location and type of pain experienced.
Incorporating these factors in future studies could improve the
accuracy and robustness of pain assessment systems.

Future Directions
One of the main research directions we would like to explore
is the development of real-time multimodal pain assessment
systems using deep learning architectures. In such scenarios,
missing or incomplete data from one or more modalities are
likely to be encountered. Real-time systems also face limitations
related to computational complexity and power constraints.
Building on the experiments conducted in this study, we aim
to create models capable of dynamically determining which
modalities to use in an energy-efficient manner without
compromising performance given the clinical context.

In addition, a promising avenue for future work is to build
personalized machine learning models. These models could
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leverage data from groups of similar patients while being
fine-tuned to make predictions for individual patients. This
personalized approach accounts for the large interindividual
variability in pain perception, which makes a monolithic model
unsuitable. Previous research has demonstrated the feasibility
of using multitask machine learning to address variability in
mood prediction tasks [41]. This strategy could be extended to
the domain of pain assessment, not only for acute postoperative
pain but also for chronic pain scenarios. Personalized modeling
will be a vital step toward creating clinically viable and effective
pain assessment algorithms.

Conclusions
In this paper, we presented a multimodal machine learning
framework for classifying pain in real postoperative patients
using the iHurt Pain Database. Both traditional handcrafted
features and deep learning–generated automatic features were
extracted from physiological signals (ECG, EDA, EMG, and
PPG). Several experiments were conducted to perform binary
classification among 3 different pain intensities versus baseline
levels of pain. Models were varied based on the modalities used,
the data augmentation techniques applied (SMOTE, Snorkel,

or both), the machine learning algorithms used, and the modality
fusion methods implemented.

Our results showed that binary pain classification significantly
benefits from the application of data augmentation techniques
in conjunction with automatic features. The single-modality
models based on RR and EMG outperformed the multimodal
models. The BL versus PL3 model with the best results was
trained on EMG data alone, highlighting the importance of facial
muscle activation in distinguishing higher pain intensities from
baseline levels. This finding is consistent from a clinical
perspective, as higher pain intensities are commonly associated
with acute pain.

Overall, this study highlights a novel approach to addressing
the challenges of building a pain recognition system for real
postoperative patients, particularly constraints such as label
imbalances and missing data. By employing robust data
preprocessing techniques, data augmentation strategies, and
multimodal fusion approaches, our framework demonstrates
the potential for accurate and objective pain classification in
clinical settings. These findings lay the groundwork for
advancing multimodal pain assessment methods tailored to
real-world clinical scenarios.
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Abstract

Background: Mass media campaigns, particularly edutainment, are critical in disseminating sexual health information to young
people. However, there is limited understanding of the authentic viewing experience or how viewing contexts influence engagement
with media campaigns. Reaction videos, a popular format in web-based culture in which users film themselves reacting to television
shows, can be adapted as a research method for immediate and unfiltered insights into young people’s engagement with edutainment
media.

Objective: We explored how physical and social context influences young people’s engagement with MTV Shuga, a dramatic
television series based on sexual health and relationships among individuals aged 15 to 25 years. We trialed reaction videos as a
novel research method to investigate how young people in South Africa experience the show, including sexual health themes and
messages, in their viewing environments.

Methods: In Eastern Cape, in 2020, purposively selected participants aged 18 to 24 years of an evaluation study were invited
to take part in further research to video record themselves watching MTV Shuga episodes with their COVID-19 social bubble.
To guide the analysis of the visual and audio data, we created a framework to examine the physical setting, group composition,
social dynamics, coinciding activities, and viewers’ spoken and unspoken reactions to the show. We identified patterns within
and across groups to generate themes about the nature and role of viewing contexts. We also reflected on the utility of the method
and analytical framework.

Results: In total, 8 participants recorded themselves watching MTV Shuga episodes in family or friendship groups. Viewings
occurred around a laptop in the home (living room or bedroom) and outside (garden or vehicle). In same-age groups, viewers
appeared relaxed, engaging with the content through discussion, comments, empathy, and laughter. Intergenerational groups
experienced discomfort, with older relatives’ presence causing embarrassment and younger siblings’ distractions interrupting the
engagement. Scenes featuring physical intimacy prompted some viewers to hide their eyes or leave the room. While some would
prefer watching MTV Shuga alone to avoid the self-consciousness experienced in group settings, others valued the social experience
and the lively discussions it spurred. This illustrates varied preferences for consuming edutainment and the factors influencing
these preferences.

Conclusions: The use of reaction videos for research captured real-time verbal and nonverbal reactions, physical environments,
and social dynamics that other methods cannot easily measure. They revealed how group composition, dynamics, settings, and
storylines can maximize engagement with MTV Shuga to enhance HIV prevention education. The presence of parents and the
camera may alter young people’s behavior, limiting the authenticity of their viewing experience. Still, reaction videos offer a
unique opportunity to understand audience engagement with media interventions and promote participatory digital research with
young people.
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Introduction

Background
Edutainment has become a crucial tool for disseminating sexual
health information, especially to young people [1-5]. Singhal
and Rogers [6] define edutainment as the deliberate use of media
to entertain and educate, aiming to enhance knowledge, foster
positive attitudes, and change behavior. This approach has
traditionally used various media formats, including radio,
television, comic books, and music, to influence audience
awareness, attitudes, and behaviors in their external environment
to help create the necessary conditions for social change [6].
The Sabido methodology is an approach to edutainment using
soap operas to promote positive social change by integrating
educational messages into compelling narratives. It relies on
social learning theory, which posits that people learn behaviors
by observing others, especially when they see those behaviors
rewarded [6]. The Sabido methodology uses this theory to create
positive, negative, and transitional role models that viewers can
relate to, aiming to shift behaviors by showing the consequences
of these characters’ actions [6]. Audience engagement is key
as the method emotionally invests viewers in the characters’
journeys, encouraging reflection and discussion. The discussions
that edutainment generates are central to its ability to diffuse
new ideas into the community, shifting not just individual
behavior but also social norms [7].

Edutainment plays a crucial role in the field of communication
for development across various development challenges, such
as HIV and AIDS, sexual and reproductive health, domestic
violence, and sustainable livelihoods [3,4,8-10]. In South Africa,
which has the largest population of people living with HIV
(UNAIDS [11]), both governmental and nongovernmental
organizations have made significant investments in
communication campaigns aimed at correcting misinformation
and reducing HIV-related stigma [1,12]. Edutainment was key
in correcting misinformation and reducing stigma during South
Africa’s response to the HIV or AIDS epidemic [13-16].

Edutainment became a key component in raising awareness
about HIV and AIDS in South Africa, particularly through the
popular drama Soul City [10]. Created by the Soul City Institute,
Soul City is a multilevel and culture-sensitive communication
strategy centered on the television drama that sought change at
the individual, community, and broader society levels to inspire
social action and sociopolitical mobilization by incorporating
community mobilization and action into the narrative [7,17]. It
integrated HIV storylines and reached millions of viewers,
showing positive effects on knowledge, attitudes, and behaviors
related to HIV prevention [10].

Since Soul City’s success, HIV and sexual health edutainment
have become a popular approach for reaching South African
audiences, especially younger age groups. MTV Shuga, Down
South (2017-present), which is the focus of this study, is a

current edutainment series that aims to create storylines centered
on HIV prevention, including pre-exposure prophylaxis (PrEP)
and HIV self-testing, for young people, a critical population for
addressing the high incidence and prevalence of HIV in South
Africa [18]. Down South is part of the MTV Shuga mass media
campaign created by the MTV Staying Alive Foundation, which
aims to engage young people with positive sexual health
messages using compelling and relatable storylines. MTV Shuga
is part of a large media campaign and has reached millions of
viewers worldwide through television and web streaming since
2009.

When evaluating health edutainment interventions, research has
often relied heavily on surveys and structured interviews to
determine effectiveness [4,5,10,19,20]. These types of studies
have shown the mixed effects of edutainment on sexual health
outcomes. While these studies can track measurable changes in
attitudes, behaviors, and tangible outcomes—such as increased
use of services—they do not explain why certain elements of
edutainment work whereas others do not. To fully understand
the impact of edutainment, other methods must be used to
explore the nuanced ways in which audiences engage with the
content in their everyday lives [8].

Many studies that use qualitative methods to evaluate
edutainment dramas with HIV or sexual health storylines rely
on self-reported, retrospective data obtained through qualitative
interviews and focus groups [3,21-25]. These methods have
proven valuable in providing deep insights into participants’
personal experiences, perceptions, and emotional responses to
edutainment content. Such approaches are essential for
understanding the mechanisms through which edutainment
influences behavior, attitudes, and beliefs as they allow
participants to articulate their experiences in their own words.

Moreover, the retrospective nature of the data collected in these
studies can capture longer effects of edutainment [3,4,26,27].
This includes how the content continues to resonate with
participants over time, influencing their decisions and actions.
Focus groups facilitate discussions that elicit diverse
perspectives and highlight shared experiences among
participants, contributing to a more comprehensive
understanding of edutainment’s effects [4,21,23,24,27-29].
However, several limitations are inherent in these qualitative
methods. Social desirability bias, recall issues, and the power
dynamics between participants and researchers are notable
concerns that may compromise the reliability of the data.
Furthermore, there is a tendency to sample participants who are
already engaged with the content, potentially skewing the
findings toward more favorable opinions [4,21,22,26].

While most studies have relied on retrospective researcher-led
methods, alternative approaches such as participatory methods
and observational evaluations have also been explored. Some
studies have used participatory and observational methods such
as storytelling and community screenings to evaluate audience
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engagement [26,28,29]. Observations have provided valuable
insights into physical settings and collective experiences similar
to those seen in theaters or live performances [30-32]. However,
these insights may not fully reflect the diverse influences and
mediating factors present in more intimate home environments,
where most edutainment is consumed.

MTV Shuga has been evaluated using both quantitative and
qualitative retrospective methods. The results of our own
research using a web-based survey in the Eastern Cape, South
Africa, have shown a positive association, consistent with a
causal impact of MTV Shuga “Down South” (based in South
Africa) on young people’s awareness and use of HIV prevention
tools such as HIV self-screening and condoms and greater
motivation among adolescents to use PrEP for HIV [4].
Evaluations of other MTV Shuga series produced in other
contexts such as Nigeria and KwaZulu-Natal in South Africa
also show positive effects of engaging with MTV Shuga, for
example, on young people’s adoption of chlamydia and HIV
testing, condoms, and contraception, as well as significant
attitude shifts and increased disclosure of sexual violence among
youth [33-35]. Qualitative evaluations using in-depth interviews
and focus group discussions of MTV Shuga, including our own
[21], have found that MTV Shuga’s relatable, unjudgmental
content helps young people think through scenarios that relate
to their real lives. They also describe how the discussions and
debates inspired by MTV Shuga created a safe place to discuss
sexual health, reducing stigma and increasing support [21,27].
These methods contributed valuable knowledge to MTV Shuga’s
effectiveness and the mechanisms in which MTV Shuga works.
Participants self-reported how social context can modulate the
viewing experience. However, we lacked data on how those
interactions happen in real time and the way in which people
consume MTV Shuga in their everyday lives.

Edutainment evaluations rarely use participatory approaches to
capture viewers’ natural, real-time interactions and reactions,
including how mass media edutainment is experienced in its
actual viewing environment. To gain a more comprehensive
perspective, there is a need to capture the viewing experience
and how the viewing context, including both social and physical
elements, influences the effectiveness and impact of mass media
edutainment. This holistic understanding can further enhance
the effectiveness of sexual health messaging through
edutainment.

Objectives
In this paper, we explore the role of reaction videos as a method
of evaluating an edutainment campaign. Our objectives for using
reaction videos as a research method were to (1) create a remote
approach to observation without the presence of a researcher in
which young people could record their experiences of watching
the MTV Shuga show in viewing groups and (2) understand
how physical context and social dynamics influence young
people’s experiences of watching MTV Shuga within their
household or other social spaces, with family, relatives, and
friends. We also sought to critique the successes and challenges
of using self-filmed observation for research purposes to reflect
on the utility of this technique more widely in qualitative
investigations with young people.

We piloted and described the use of reaction videos self-filmed
by viewers as part of a mixed methods evaluation of MTV Shuga
in South Africa. Previously, young people’s real-life engagement
with the MTV Shuga series has not been documented at the time
or place of private viewing, for example, at home with family
and friends. We hoped that self-filmed reaction videos would
complement the self-reported data we collected [4,21,36] by
revealing the physical and social context in which young people
view sexual health media content and how that experience may
influence the show’s effect.

Analyzing reaction videos can provide valuable insights into
viewers’ real-time emotional and physical reactions within their
contextual environment. These videos, which record people’s
responses as they watch scenes from movies, television shows,
music videos, or comedy sketches, have become a prominent
feature in web-based and media culture. The rising popularity
of reaction videos on YouTube, TikTok, and other social media
platforms reflects a fascination with observing other people’s
natural, unscripted social interactions. As with other media
formats, reaction videos have the potential to be both
entertaining and educational. They offer a literal lens with which
we can observe the influence of media in real-time and real-life
situations [37]. While viewers are aware of the recording and
potentially alter their behavior consciously or unconsciously,
reaction videos offer an inside perspective that cannot be easily
captured otherwise and which can complement other data
sources for research and evaluation.

There is an emerging body of literature on the nature and
influence of reaction videos, primarily focusing on reaction
videos on YouTube. Analysis of YouTube reaction videos
reveals that they vary from amateur—unscripted, spontaneous,
and organic—to more professional, scripted, and edited formats.
While primarily aimed at entertainment, these videos also create
narratives that guide viewers in interpreting content through the
creators’ perspectives [38]. They help build communities and
challenge dominant views, enabling viewers to share their own
perspectives and influence how videos are consumed [38]. These
videos foster a sense of community by uniting viewers
worldwide to share and discuss in comment sections, with
participatory elements such as content suggestions and creator
interactions further strengthening these connections [39,40].

Adopting reaction videos as a research method presents valuable
potential for data collection. Instead of analyzing existing
reaction videos on the web, we asked participants to create their
own reaction videos, which would not be posted on the web for
entertainment but used exclusively for research purposes. This
approach aimed to minimize the influence of performative,
exaggerated reactions often seen in web-based content, where
viewers may enhance their responses to build a fan base or
generate income. We hoped that these reactions would be similar
to what participants might naturally experience at home. This
method can provide insights from individuals who are not
web-based personalities who may be posting content for
attention or commercial purposes, which can skew data toward
extremes due to algorithmic pressures. By adopting this format,
researchers can collect real-time responses and insights, offering
a rich qualitative data source reflecting participants’ immediate
reactions and emotions. This approach deepens data collection
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and provides a novel way to engage participants in the research
process. The use of reaction videos as a research method can
draw from forms of traditional data collection, including
photovoice and observations. The participatory and visual
principles of photovoice apply here as they empower participants
to document and share their reactions and perspectives, fostering
a more engaged and authentic form of data collection [41,42].
Similarly, the principles of observation can be used by capturing
real-time interactions and spontaneous responses, providing
rich, contextual insights. Video recordings can allow researchers
to capture the participants’ physical environment, social
dynamics, and other contextual factors without physically being
there [43,44]. Reaction videos introduce an additional
participatory dimension to video observations as the participants
are responsible for self-recording, allowing them to decide what
to capture.

Methods

Recruitment
We recruited participants from a web-based survey that was
live on the web in South Africa from September 2020 to
December 2020. The survey was part of an evaluation to
understand the impact of the mass media campaign MTV Shuga
Down South season 2 (DS2), and detailed methods and results
to date have been published previously [4,21,36]. In short, 3431
young people aged 15 to 24 years completed the web-based
survey. Participants were recruited through targeted
advertisements to individuals aged 15 to 24 years in Mthatha
through social media platforms, primarily Facebook. The
questionnaire was also promoted in collaboration with local
schools, universities, and clinics through their Facebook pages
and WhatsApp groups.

This study was conducted in Mthatha, Eastern Cape, which was
selected due to the recent distribution of HIV self-testing kits
and the availability of oral PrEP in the area, ensuring that any
demand generated by the MTV Shuga DS2 campaign could be
met. In addition, the offline components of the MTV Shuga DS2
campaign were active in this region, providing a local context
for examining the campaign’s impact. Mthatha was also selected
because of its relatively lower levels of HIV prevention research
and testing compared to other provinces, making it a priority
area for intervention. This decision was further supported by
the South African Department of Health, which identified
Mthatha as a strategic site for increasing HIV prevention efforts
among youth.

Of those who reported ever having watched MTV ShugaDS2
(N=238), 28.6% (n=68) within the study area of Mthatha in
Eastern Cape opted in to further research to be conducted
remotely due to COVID-19 restrictions at the time. Participants
were first invited to individual interviews or focus groups, the
findings of which are reported elsewhere [4,21], and participants
of those activities were subsequently invited to create video
recordings of themselves watching MTV ShugaDS2 episodes.
Initially, the eligibility criterion was that viewing groups should
include a parent and their adolescent children (aged 15-19 years)
to understand parent-child viewing dynamics. However, when
it proved difficult to recruit adolescents willing to watch with

their parents, eligibility was expanded to all 68 participants
from Mthatha (aged 15-24 years) who opted in to further
research to watch MTV ShugaDS2 with any family members or
housemates of their choice (within their COVID-19 “social
bubble”). Of those, participants were called at random until 8
consented to and participated in the reaction videos.

The primary participant for each viewing group, recruited
through focus groups and interviews, must have watched at
least one episode of MTV Shuga DS2, but the other participants
in the group did not require any previous exposure. We did not
impose an age limit for this activity as the main participant was
drawn from the evaluation study with individuals aged 15 to 24
years, within the target audience for MTV Shuga. As all
participants responsible for organizing their viewing group had
some familiarity with MTV Shuga, they were responsible for
determining their viewing group and assessing the
appropriateness of the situation.

A total of 8 groups was considered a suitable number to trial
the method and analytical framework with a range of viewing
groups. The decision to use a small sample size was justified
by the study’s aim to gain in-depth insights into family dynamics
and viewing behaviors. We predicted that we would reach
saturation with 8 groups ensured. By focusing our resources on
a small number of groups watching multiple episodes of MTV
Shuga, we prioritized depth over breadth, allowing for
meaningful interactions and a thorough understanding of each
family’s viewing experience. Practical and budget constraints
also influenced the sample size, ensuring a feasible research
process.

Ethical Considerations
This study was approved by the Biomedical Research Ethics
Committee at the University of KwaZulu-Natal (reference
BREC/00000477/2019), the London School of Hygiene and
Tropical Medicine (reference 17996), and the World Health
Organization (reference ERC.0003283). Ethics approvals
covered all phases of the research, including participant
recruitment and data collection and analysis. Participants, who
were recruited through the web-based survey, provided
web-based consent before joining the study. For participants
aged <18 years, consent was obtained from parents or guardians,
and this was done via email.

Participants who opted into the individual interviews or focus
groups and were later invited to the reaction videos were
provided with detailed information sheets and had the
opportunity to discuss the study with data collectors over the
phone. During these discussions, participants could ask questions
to ensure that they fully understood the nature of their
participation. Parents of participants aged <18 years were
required to give consent via a form sent over email.

This study took several measures to ensure privacy and
confidentiality. All participant data were anonymized. The
reaction videos themselves were not disseminated outside of
the research team. To maintain secrecy while illustrating
moments from these videos, the research team commissioned
a young South African artist, Lunga Jonas, to create graphic art
representations of the footage. These artworks altered
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participants’ facial features to prevent identification while
retaining the social and emotional context of the group viewings.

In recognition of the time that the participants contributed to
the study, they were compensated with 100 rand (US $5.54) for
their participation. This compensation was provided to ensure
that participants were fairly acknowledged for their involvement
without coercion or undue influence.

This study followed the COREQ (Consolidated Criteria for
Reporting Qualitative Research) checklist to ensure the
transparency and rigor of the research process, including
participant selection and data collection and analysis procedures.

Data Collection
Researchers conducted informed consent procedures via a
WhatsApp phone call with the entire viewing group, specifically
to confirm that they were aware of the reaction videos and their
purpose and consented to being filmed. The survey participants
signed a consent form via email on behalf of their viewing
group. For participants aged <18 years, the written permission
of parents and guardians was also confirmed via email. We
asked participants to use a smartphone to video record their
group watching MTV Shuga DS2 episodes 5 and 6 on YouTube,
both 22 minutes long. It was not required for participants to
have seen episodes 1 to 4 before participating in the reaction
videos. These episodes include storylines about PrEP, HIV
self-screening, and gender-based violence. They also feature 2
scenes with physical intimacy that include kissing, removing
clothes, and opening condoms. All participants were able to
choose where, when, and with whom they would watch the

episodes. The participants transferred their video recordings via
WhatsApp to the research team, who deleted them from the
research phone once downloaded to a password-protected private
server.

In total, 4 researchers familiar with the study setting and fluent
in the local language reviewed each reaction video and took
notes, describing the setting, interactions, and significant verbal
and nonverbal communication in ways agreed upon during
researcher training to aid consistency. Nonverbal behavior was
defined to encompass body movements and postures, along
with temporal speech markers such as gaps and silences. Verbal
behavior was characterized by spoken words, verbal expressions
such as gasps and laughter, and the strength or emotive inflection
in vocal expressions [45,46].

Following their review, researchers called the main participant
of each viewing group via a WhatsApp “debrief” call to ask
about the experience of watching MTV Shuga DS2 with this
group of people and whether they had any advice to improve
the show. Participants’ responses were summarized and included
in the notes. Research notes and debrief notes were recorded in
English and translated from Xhosa into English as needed.

Analysis
To analyze reaction videos, we created a framework to capture
the social and physical context of people consuming edutainment
in their everyday lives [8,19]. We designed a framework with
the following components: group composition, physical setting,
coinciding activities, social dynamics, and reactions to the DS2
show and this research activity (Textbox 1).

Textbox 1. Reaction video analysis framework.

Components

1. Group composition: the characteristics of those involved in the viewing, including their age, gender, relationships with each other, and other
relevant information provided by the participants.

2. Physical setting: this describes the physical space in which the participants viewed the MTV Shuga DS2 episodes. It encompasses factors such
as the location, the time of day, surrounding physical objects, lighting, and overall environment, as well as the mode or device through which
they viewed MTV Shuga DS2.

3. Coinciding activities: this constitutes any concurrent activities happening during the viewing that might either enhance or distract from engagement
with the show.

4. Social dynamics: this constitutes the interactions between participants during the viewings. It includes spoken dialogue or unspoken gestures and
responses between members of the viewing group.

5. Reactions to the MTV Shuga DS2 show: this encompasses any verbal or nonverbal reaction expressed by participants in response to the MTV
Shuga DS2 episodes and scenes they are watching. This includes body language, facial and bodily expressions (such as laughing or gasping),
and their overall attitudes while watching (eg, bored, relaxed, awkward, or happy) as perceived by the researchers and from the debrief call with
the main participant.

6. Reactions to the research activity: this refers to participants’ awareness of the camera, including speaking directly to the camera, their chosen
positioning for the filming, and any statements they made in the debrief call about their experience of filming.

To apply our analytical framework to the coding process, we
used the framework’s subheadings to code each video recording,
observation note, and audio transcript. Short summaries were
written for each video, organized by the framework’s
subheadings. These summaries were then combined to identify
codes within and across the videos. The lead analyst collaborated
with the data collection researchers and a translator to discuss
and interpret the findings, ensuring that they accurately reflected
the participants’ experiences. These codes were synthesized

into themes guided by the framework supported by specific data
excerpts such as quotations from transcripts or descriptions of
moments captured in the videos.

The researchers involved in conducting the follow-up call (Zulu
and Xhosa, male and female, and aged <30 years) and the lead
analyst (White, British woman, and aged 32 years) reflected on
how their knowledge, attitudes, assumptions, and positions
might affect the interpretation of the data. On the basis of these
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reflections, we determined that the initial analysis by the lead
analyst should be verified with the other researchers and
transcribers to ensure that the data were accurately summarized
and interpreted.

Results

Group Composition
A total of 8 self-filmed reaction videos were received from 8
distinct viewing groups (Multimedia Appendix 1). Only 1 group
(group 1) included a parent who filmed her 3 sons (aged 15-26
years) while watching the show together. Other groups included
viewers ranging in age from 7 to 32 years. These groups,
confined to “COVID-19 social bubbles,” primarily consisted
of siblings and cousins. All groups included male individuals:
38% (3/8) included male individuals only and 62% (5/8) were
mixed-gender groups. There were no exclusively female groups;
all female viewers were accompanied by older male cousins or
younger brothers who were not within the target age range for
MTV Shuga (15-25 years).

Physical Setting
As illustrated in Multimedia Appendix 1, the environments in
which the groups convened to watch MTV Shuga DS2 were
diverse, with a blend of communal and secluded spaces. Use of
laptops by all groups may have allowed for flexibility in where
they chose to watch the show. Groups 5, 6, and 7 viewed the
episodes in spacious living rooms with plush sofas and chairs,
suggesting an evening setting or at least an ambiance with the
curtains closed. Group 1, on the other hand, opted for a more
structured viewing setup, congregating around a dining table
during daylight hours. Groups 4 and 8 chose the privacy of
bedrooms, where they huddled around laptops with siblings or
cousins. These indoor gatherings were marked by an informal,
relaxed ambience, with participants donning loungewear and
pajamas and sporting bonnets, all contributing to the gatherings’
casual and comfortable essence.

In total, 67% (2/3) of the all-male groups, groups 2 and 3, opted
for outdoor settings for their daytime viewings. Group 2 created
a makeshift viewing area by arranging chairs around a crate
situated beside an exterior wall. The 4 brothers in group 3 sought
an enclosed environment, choosing to watch the episodes from
the confines of a vehicle. Although they mostly had the windows
and doors shut, they occasionally rolled them down to talk to
passersby who approached the vehicle to greet the boys inside.

Coinciding Activities
Communal activities often accompanied the viewing of the
show, particularly in groups watching at home. For instance,
group 6 and 7 participants combined viewing with eating a meal,
whereas group 5 engaged in doing their hair. These activities
illustrated the intimacy or familiarity of these groups; however,
they also introduced potential distractions. Engaging in activities
unrelated to the show led to conversations and actions that
diverted attention away from the content being watched. As a
result, participants might have missed crucial dialogue or scenes,
highlighting a trade-off between enhancing the communal
viewing experience and maintaining focus on the show’s
narrative and messages.

Other distractions included people who were not involved
coming to chat with the participants, which only happened in
group 3, who met in the vehicle.

Phone use emerged as a significant distraction during the
viewings. Although recording the viewings required
smartphones, other phones were frequently present and easily
accessible to participants. While most participants focused on
the show, smartphones proved to be potential distractions. For
instance, in group 2, a participant began scrolling through his
phone for several minutes, diverting his attention away from
the show. Similarly, in group 5, a viewer aged 13 years was less
engaged with the show than her sister, who was aged 24 years;
more absorbed in her phone; and visibly distracted by an
ongoing text conversation, as indicated by her active
notifications. Both the older sister and younger brother nudged
her and told her to concentrate on the episodes. In addition,
smartphones were sometimes deliberately used to “escape” the
viewing. In group 7, during a scene that made him noticeably
uncomfortable, one man turned to his phone to avoid watching
the laptop screen.

Despite most groups experiencing some distractions, no group
paused or rewound to avoid missing the show.

Social Dynamics

Awkwardness
While most of the time viewers appeared relaxed around each
other, intimate scenes showing couples kissing, opening
condoms, or discussing PrEP created awkwardness across many
groups. Viewers aged ≤15 years often responded to the intimate
scenes by closing their eyes, covering their faces, or laughing
nervously. In group 1, the mother often teased and joked with
her sons about their visible discomfort during some scenes,
playfully remarking that “it’s not that painful” when her children
appeared awkward during an intimate scene about PrEP that
ended with characters kissing and taking off clothing. Although
the atmosphere appeared lighthearted, the boys, smiling shyly,
laughing with flushed faces, shaking their head, and covering
their eyes, were embarrassed watching these scenes with their
mother. In group 6, the teenage girl looked up and smiled
awkwardly, showing discomfort as she pushed her face onto a
pillow to hide from the intimate scene. Her uncle remarked the
following in the debrief:

It was awkward a little bit because my niece and I
are not used to each other that much, so I was
uncomfortable with some scenes.

In the debrief calls, groups 5, 7, and 1 agreed that watching with
family was awkward, but overall, they said that they enjoyed
the experience.

Dialogue
The reaction videos highlighted the social aspect of watching
a show as a group, especially how it elicits reactions and
facilitates discussion among viewers. In groups of young men,
the show’s content related to HIV prevention, often intimate in
nature, generated reactions or dialogue; for example, one
participant in group 3 encouraged the characters on-screen to
engage in sexual activity using the phrase “Shaya shaya [Hit
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Hit].” Participants explained how watching the show created
an environment where they could discuss topics that came up
on the show once the viewing was complete. Group 2 shared
the following:

I love watching shows like these with my brothers
because we discuss and agree and disagree on some
issues afterwards, but it helps because we grow each
other.

For group 3, the discussions were also a major component of
enjoyment of the show; they stated that they “loved every
moment of it because we discussed it afterwards and shed light,
so it was very informative.” However, it was not universal that
groups enjoyed watching the show in groups—mainly due to
discomfort around intimate scenes and relationship dynamics
with family members, as referenced in the aforementioned
theme. As the group 6 uncle stated, he found it uncomfortable
watching with his niece, but “I wouldn’t have a problem
watching alone.”

Age Dynamics
This study revealed varying dynamics in viewing experiences
across different age groups. Groups in which viewers were of
a similar age, such as group 7, found the viewing experience
agreeable and comfortable, noting the following:

It was okay [watching with family]. We are all adults.

Similarly, group 4 said the following:

We enjoyed it. It was fine because we are almost the
same age group.

The presence of younger siblings aged 7 to 8 years in groups
5, 6, and 8 introduced unique dynamics. These younger viewers
were notably active, often moving in and out of the room, yet
engaged with the show by asking questions about the storyline,
such as “What’s happening?” (group 8) or “Who is Lemo?”
(group 5). These inquiries sometimes elicited impatience from
their older siblings. For instance, during a scene in which a
character discovers that his girlfriend has tested positive for
HIV, the viewer aged 8 years in group 5 began narrating the
event, only to be cut off by an older sister with a dismissive,
“You don’t need to explain.” The video recording later captures
the end of a discussion happening off camera, then shows a
visibly upset younger brother remarking, “This is such a joke,
this is supposed to be a family thing” before exiting the room.

In the group 8 recording, the younger brother playfully
interacted with the camera, making faces and sticking out his
tongue, prompting a reprimand from his older sister filled with
a mix of discipline and humor:

If you do that one more time, I am going to make you
rewatch this [laughs and pauses], but I’m serious.

These interactions show that, although younger viewers were
included, their older siblings frequently guided or managed their
behavior. It led to distractions for the older viewers and irritation
of the younger ones.

Reactions to the Videos

Entertainment Value
Overall, the participants seemed to enjoy watching the show,
finding it engaging and fun. Many participants stated in the
debrief that they enjoyed the music, and this was evident during
the recordings, with some singing along and dancing in moments
(groups 6 and 8) and recognizing famous actors on the show.
Others enjoyed the other creative components integrated into
the show; for instance, the older sister in group 5 hummed and
snapped her fingers during a scene with a poetry slam.

Reactions to Storylines

Q and Dineo (Transactional Sex)

The storyline between Q and Dineo, which portrays a budding
romantic relationship, elicited varied reactions from participants,
particularly regarding the theme of transactional relationships.
Dineo’s involvement in a transactional sexual relationship,
where her school fees are paid by an older man (a “Blesser”),
sparked comments on the motivations behind such relationships.
In group 4, a viewer empathized saying, “Things we do for
money” when Dineo explained to Q why she was sleeping with
an older man.

Q’s initial response to Dineo’s situation was seen as
understanding and supportive. The group 1 mother remarked,
“That’s one understanding guy” as Q came to terms with
Dineo’s arrangement with her Blesser.

However, Q’s attempts to win Dineo’s affection by spending
money on her generated different reactions. In group 2, a male
viewer aged 19 years noted Q’s financial expenditure,
remarking, “u fit kanje,” which translates to “so much money.”
This observation was echoed by other groups, with expressions
of surprise and dismay watching Q withdraw his savings to
spend on Dineo.

In group 3, participants expected physical intimacy in Q and
Dineo’s relationship as a return for Q’s financial spending,
encapsulated in the following comment—“Akamunike futhi
(She must give it to him now)”—showcasing the perceived
sexual obligation created by the financial exchange.

Reggie and Odirile (Same-Sex Relationship)

The responses of boys and men to scenes showing same-sex
intimacy were characterized by notable discomfort. This was
manifested by in-jokes and physically shielding their eyes during
the scenes in which 2 male characters showed intimacy while
discussing the use of PrEP. In groups 2 and 7, male viewers’
reactions to these scenes were marked by avoidance; a male
individual from each group walked away when the 2 male
characters started kissing. This strong aversion contrasted with
a female viewer in group 7 who laughed at the boys’ uneasy
reactions. In group 4, during a scene in which male characters
Reggie and Odirile kissed, the group expressed their unease
(shaking their head, covering their eyes, and groaning), with
one stating, “They should move on to the next scene,”
suggesting a collective discomfort or disinterest in engaging
with same-sex romantic content. Young men’s reactions
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potentially led them to miss the scene and the educational
content about PrEP and HIV prevention options.

Daniel and Ipeleng (HIV Self-Testing)

The HIV self-testing scenes in MTV Shuga DS2 were designed
to be educational and showed the characters Daniel and Ipeleng
using a mouth swab for self-testing at home. This scene elicited
a subdued reaction compared to scenes involving PrEP and
intimacy. Only groups 7 and 5 visibly reacted to these moments.
In group 5, someone off camera expressed disbelief saying,
“i-swab? [a swab?],” showing that she was surprised that HIV
could be screened for using an oral swab. Group 7 participants
showed skepticism; one doubted the method’s reliability,
preferring a blood test and saying, “Don’t trust this one; I want
the blood one.” Another participant misconstrued the testing
method’s implications, mistakenly suggesting, “If they swab,
that means we can get HIV through kissing.”

Reaction to the Research Method
The reaction videos were, on average, 29.38 (SD 9.3) minutes
long. The duration of the 2 episodes together is 44 minutes.
Some of the videos were sent in 1 long recording, whereas other
groups sent multiple shorter videos.

The awareness or presence of the camera played different roles
in each video. In group 1, the mother, holding her phone to film
the observation, stood over her sons, using the camera to zoom
in and capture their expressions. Although her voice was audible,
she remained invisible on-screen. Her sons were very aware of
the camera and often hid their faces, smiling shyly as she
brought the camera close. In contrast, the young female
participants who watched with their younger siblings (groups
5 and 8) positioned themselves as the central characters in the
viewing, ensuring the camera captured their reactions. They
appeared to be aware of the camera, sometimes glancing at it.
For instance, the viewer aged 24 years in group 5 set up the
camera and positioned herself within the frame. She took charge
of the viewing, reprimanding her sister for checking her phone
and not paying attention to the show. Her glances at the camera
showed an awareness that the video had captured the distraction.

Discussion

Principal Findings
This study offers valuable insights into how physical and social
contexts shape engagement with edutainment content such as
MTV Shuga. Reaction videos captured nuanced dynamics within
diverse viewing groups, including siblings, cousins, parents,
and friends, revealing varying levels of comfort and discussion.
Participants’ responses to themes such as same-sex intimacy,
HIV prevention, and transactional sex were influenced by
familial and peer relationships, as well as the settings in which
they viewed the show—ranging from communal living rooms
to private bedrooms and outdoor spaces. Concurrent activities
such as eating, styling hair, and smartphone use further
modulated the viewing experience. Our findings demonstrate
that reaction videos effectively captured spontaneous
engagement, providing unique insights into nonverbal cues,
group dynamics, and emotional reactions often missed by
retrospective methods. This real-time documentation deepened

our understanding of how physical and social environments
impact viewer engagement. While self-filmed observations
proved valuable in capturing immediate reactions and
discussions, challenges such as varying levels of camera
awareness and engagement with the content could affect the
authenticity of the viewing experience.

This approach leverages smartphone cameras to allow
participants to show their physical and social context while
enabling remote observation by researchers. This eliminates the
need for a researcher’s physical presence, potentially reducing
response bias as the presence of the in-person researcher will
not influence social dynamics. While the absence of a researcher
can diminish direct influence, the visible awareness of being
filmed and the anticipation of sharing these recordings for
research could shape participants’ behaviors.

However, while participants were aware of the camera, most
did not directly engage with it. Unlike the highly
entertainment-focused content on social media, the reaction
videos in this research captured responses in natural viewing
environments that appeared candid and unobtrusive [38,40].
The reactions recorded in this study likely reflect genuine,
unguarded responses, similar to those occurring when no
“audience” is watching the reaction. This contrasts with the
more performative reactions often seen in content aimed at
entertainment, persuasion, or monetization [38,39].

Granting participants the autonomy to decide their positioning
in front of the camera and select the moments they wish to
record transforms the research process into a participatory one.
The dynamic of power and control shifts as participants handle
the camera by self-focusing or navigating family interactions,
such as older siblings monitoring their younger siblings’
interaction with the camera or parents capturing playful
dominance over their children’s reactions. Participatory research
is vital in adolescent research as it can examine power and voice
while simultaneously being an empowering activity, building
agency and giving voice to underrepresented or marginalized
groups [47]. This shift in focus from researcher-controlled
observation to participant-driven recordings highlights a key
aspect of this study’s participatory methodology. Drawing from
the principles of visual methodologies and participatory research
rooted in the traditions of ethnography within anthropology and
sociology [43,46], this method empowered participants to
engage with the activity on their own terms.

The recordings enabled participants to document their reactions
to MTV Shuga within the familiarity of their physical
environment. Filming reactions in the comfort of their own
homes or chosen environments, participants provided insights
closely reflecting how they naturally might consume and engage
with MTV Shuga. While open living rooms with communal
activities created potential distractions, more intimate settings
such as bedrooms allowed participants to engage deeply with
the content. Outdoor spaces offered another setting for
engagement as participants viewed in peer groups away from
home. The distractions from young siblings and the disruptions
of coinciding activities such as smartphone use or passersby
could have impeded the educational and entertainment value of
watching MTV Shuga.
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While these various physical environments shaped the nature
of participants’ engagement with the content, social dynamics
within families also played a significant role in how the show
was received. Even during the recruitment phase, participants
resisted joining the qualitative reaction videos when we initially
requested that adolescents (aged 15-19 years) watch the show
with their parents. While we initially hypothesized that MTV
Shuga could have a “family influence” by encouraging
communication between parents and adolescents, we have since
observed resistance to this in other research activities, including
in-depth interviews and focus group discussions, in which
adolescents cite discomfort in viewing sexually explicit content
with parents for fear of awkwardness and judgment [21,27,36].
Some parents shared an interest in viewing and learning from
the show, but encouraging “family” or intergenerational
viewings can depend on the cultural context, for example,
whether social norms about adolescents or sex can be challenged
safely.

Participants noted that watching with peers of similar ages made
the experience more engaging, sparking discussions and learning
opportunities. The groups that reported engaging in postviewing
discussions were mainly young men who viewed the show
outside their homes. As observed in our previous study, creating
youth-friendly spaces for media consumption could further
enhance engagement with sexual health content [21].

Reaction videos capture the spontaneity of viewers’ real-time
responses, providing insights into their immediate emotional
reactions to the show’s content. Follow-up questions with a
researcher further enrich these data, allowing participants to
reflect on and articulate their experiences. This approach offers
a dual layer of insight—combining initial reactions with more
reflective postviewing feedback.

In particular, real-time reactions among viewing groups with
mixed ages revealed that visual intimacy scenes in MTV Shuga,
such as characters kissing, undressing, or reaching for condoms,
caused discomfort for many participants. This led to distractions
and awkwardness as participants covered their faces, walked
out of the room, or picked up their phones often during critical
and short HIV prevention scenes. It is not clear whether these
reactions were due to the presence of others in the viewing group
or the presence of the camera (spurred by social expectations)
and may not have happened in the absence of either.

Despite the embarrassment caused by visual intimacy,
participants approached discussions about sexual topics with
more comfort when not accompanied by intimate scenes. For
instance, several groups engaged in animated discussions about
Q and Dineo’s relationship and transactional sex. Groups of
young men, for example, were content watching scenes of
Reggie and Odirile discussing sexual health but reacted
negatively when the couple kissed on-screen.

These findings suggest that MTV Shuga may be more effective
in facilitating conversations around sexual health and
relationships if it reduces the intimate scenes that make viewing
uncomfortable. However, the show must balance its aim of
creating destigmatized representative content (eg, to help
normalize kissing between a same-sex couple) with creating
content that is comfortable for its audience [48]. In addition, in

some cases, generating a strong or discomfiting reaction can
challenge viewers to think and learn and leave a more lasting
impression as long as it is not harmful or gratuitous. Reducing
intimate scenes could dilute the drama and sexual appeal that
make the show compelling, potentially diminishing its appeal
to younger viewers.

Beyond these broader social dynamics, participants’ responses
to specific content within MTV Shuga revealed key insights into
the reception of public health messages. For example, the HIV
screening scene, particularly the depiction of a swab for
self-screening, generated limited dialogue and, concerningly,
misconceptions about HIV transmission through saliva. Similar
findings were documented in our earlier research [4]. To prevent
misunderstandings and concerns among viewers, future series
can embed clearer explanations of how oral swabs check for
HIV antibodies in saliva and do not detect the HIV virus itself
given the absence of real-time clarification from health
professionals in media interventions.

Alongside responses to HIV prevention content, participants’
reactions to the show’s musical elements revealed how music
shaped their engagement with the show. Reaction videos
captured the immediate somatic responses of viewers to the
music featured in MTV Shuga as they sang, danced, and snapped
their fingers to the rhythm. Music holds a significant place in
South African edutainment, particularly in programs that
combine performance theatre and music to promote public health
and HIV awareness [30-32]. These artistic methods leverage
music’s emotional and rhythmic power to create a sense of
interconnectedness and euphoria among audiences, making
them more receptive to new ideas and behaviors [49].

Young people find the integration of music into health
interventions both engaging and refreshing, which is crucial
given that they are often overwhelmed and fatigued by the
constant stream of HIV messaging and promotions. This
saturation can lead to disengagement, making innovative
approaches such as music-based edutainment particularly
valuable in capturing their attention and encouraging meaningful
engagement [32].

Limitations and Adaptations
The findings of this study, involving a small sample of 8 reaction
videos from a specific region of South Africa, may not be
generalizable to other social and cultural contexts. The
demographics of the participants do not represent MTV Shuga
viewers in South Africa in general as no groups were female
only. Female individuals constitute the largest viewing group
of the MTV series [22]. Recruitment challenges, especially in
engaging parents, impacted this study’s original design,
constraining insights into parent-child dynamics during MTV
Shuga viewings.

This study was conducted during the COVID-19 pandemic,
likely impacting participants’ spaces and viewing habits. As a
result, the viewing environment may not reflect the participants’
natural choices. COVID-19 restrictions also limited participants’
ability to select their preferred viewing partners, potentially
affecting the authenticity of group composition and individual
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responses. Their reactions may have been influenced by peers’
or family members’ collective atmosphere and expectations.

Not all participants adhered to instructions to ignore the camera,
indicating that the instructions were not clear to all and may
have caused variation in the participants’ reactions to the
activity. Nonetheless, their interactions with the camera provided
valuable insights into social dynamics.

The success of this method hinges on participants’ ease with
technology and access to the necessary resources, such as the
internet, smartphones, and a laptop, further restricting who
would be able to participate in this study. Challenges arising
from the reaction video method included participants using
personal devices for filming, impacting the quality of audio and
visuals in the recordings. The videos’ narrow view makes it
challenging to understand dynamics outside the camera’s frame
within the room or other spaces.

A final limitation of the reaction video method is that it primarily
captures only what is externally visible, audible, or physical. It
fails to delve into the internal processes, such as thoughts and
emotions, that are crucial for understanding the deeper cognitive
and emotional responses of participants. As a result, a significant
layer of participant experience remains unexplored.

The reaction videos provided valuable insights into both the
social context and content engagement, and these findings also
point to opportunities for expanding the approach in future
studies. By adopting a more interactive research design, reaction
videos could capture different types of data, offering deeper
insights into participants’ thoughts and experiences. Researchers
could capture more verbal data and gain insights into inner
thoughts by asking participants to speak directly into the camera
and express their thoughts more overtly. This method captures

thoughts and feelings lost in a less interactive observational
approach. Reaction videos can also be adapted to solo reactions,
which could yield insights into more personalized viewpoints,
again akin to those shared on social media platforms. As noted
by some participants, some would be more comfortable viewing
MTV Shuga alone.

Conclusions
This study’s exploration of viewer engagement with MTV Shuga
through reaction videos illuminated the nuanced impact of
physical and social environments on the consumption and
influence of edutainment. By capturing real-time reactions and
discussions among various viewing groups in their chosen
settings, this research method offered valuable insights into the
immediate emotional responses and subsequent reflections on
themes of intimacy, HIV prevention, and transactional sex. In
addition, the innovative use of these reaction videos represents
a significant opportunity for adolescent health research. This
participatory approach respects young people’s autonomy and
perspectives and provides deeper insights into their interactions
with health-related content. Furthermore, it showed reaction
videos to be a valuable method to capture dimensions of context,
the physical and social context in which edutainment is
consumed, which has not been documented using other
evaluation methods.

This study acknowledges the inherent limitations in capturing
the authentic viewer dynamics due to the self-selective nature
of the viewing groups, the challenges posed by the COVID-19
context, and the observer effect of the camera. The findings
suggest that, while reaction videos can significantly enrich our
understanding of audience reception, careful consideration must
be given to the potential influences on participant behavior and
the representativeness of the data collected.
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Multimedia Appendix 1
Illustrations and descriptions of the viewing groups partaking in the self-filmed reaction videos.
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Abstract

Background: The COVID-19 pandemic has significantly strained health care systems globally, leading to an overwhelming
influx of patients and exacerbating resource limitations. Concurrently, an “infodemic” of misinformation, particularly prevalent
in women’s health, has emerged. This challenge has been pivotal for health care providers, especially gynecologists and obstetricians,
in managing pregnant women’s health. The pandemic heightened risks for pregnant women from COVID-19, necessitating
balanced advice from specialists on vaccine safety versus known risks. In addition, the advent of generative artificial intelligence
(AI), such as large language models (LLMs), offers promising support in health care. However, they necessitate rigorous testing.

Objective: This study aimed to assess LLMs’ proficiency, clarity, and objectivity regarding COVID-19’s impacts on pregnancy.

Methods: This study evaluates 4 major AI prototypes (ChatGPT-3.5, ChatGPT-4, Microsoft Copilot, and Google Bard) using
zero-shot prompts in a questionnaire validated among 159 Israeli gynecologists and obstetricians. The questionnaire assesses
proficiency in providing accurate information on COVID-19 in relation to pregnancy. Text-mining, sentiment analysis, and
readability (Flesch-Kincaid grade level and Flesch Reading Ease Score) were also conducted.

Results: In terms of LLMs’ knowledge, ChatGPT-4 and Microsoft Copilot each scored 97% (32/33), Google Bard 94% (31/33),
and ChatGPT-3.5 82% (27/33). ChatGPT-4 incorrectly stated an increased risk of miscarriage due to COVID-19. Google Bard
and Microsoft Copilot had minor inaccuracies concerning COVID-19 transmission and complications. In the sentiment analysis,
Microsoft Copilot achieved the least negative score (–4), followed by ChatGPT-4 (–6) and Google Bard (–7), while ChatGPT-3.5
obtained the most negative score (–12). Finally, concerning the readability analysis, Flesch-Kincaid Grade Level and Flesch
Reading Ease Score showed that Microsoft Copilot was the most accessible at 9.9 and 49, followed by ChatGPT-4 at 12.4 and
37.1, while ChatGPT-3.5 (12.9 and 35.6) and Google Bard (12.9 and 35.8) generated particularly complex responses.
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Conclusions: The study highlights varying knowledge levels of LLMs in relation to COVID-19 and pregnancy. ChatGPT-3.5
showed the least knowledge and alignment with scientific evidence. Readability and complexity analyses suggest that each AI’s
approach was tailored to specific audiences, with ChatGPT versions being more suitable for specialized readers and Microsoft
Copilot for the general public. Sentiment analysis revealed notable variations in the way LLMs communicated critical information,
underscoring the essential role of neutral and objective health care communication in ensuring that pregnant women, particularly
vulnerable during the COVID-19 pandemic, receive accurate and reassuring guidance. Overall, ChatGPT-4, Microsoft Copilot,
and Google Bard generally provided accurate, updated information on COVID-19 and vaccines in maternal and fetal health,
aligning with health guidelines. The study demonstrated the potential role of AI in supplementing health care knowledge, with
a need for continuous updating and verification of AI knowledge bases. The choice of AI tool should consider the target audience
and required information detail level.

(JMIR Form Res 2025;9:e56126)   doi:10.2196/56126
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COVID-19; vaccine; reproductive health; generative artificial intelligence; large language model; chatGPT; google bard; microsoft
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pregnancy; readability; infectious

Introduction

The COVID-19 pandemic has exerted unprecedented strain on
health care systems worldwide, overwhelming hospitals and
health care facilities with patients and stretching resources and
staff to their limits, thus highlighting the critical need for
efficient health care delivery, and underscoring the importance
of robust, resilient public health infrastructure [1].

In addition, the pandemic gave rise to an “infodemic”—that is
to say, a flood of information, often misleading or false, that
spread through social media and other channels [2], which has
significantly impacted maternal and child health [3]. This deluge
of misinformation made the task of retrieving and providing
reliable, science-based information more challenging yet crucial
[4] and health care providers, including gynecologists and
obstetricians, played a pivotal role during the pandemic,
especially in advising pregnant women.

Pregnancy, by its nature, puts women at a higher risk for
complications from viral infections like COVID-19 [5,6]. As
vaccines became available, gynecologists and obstetricians were
at the forefront, recommending COVID-19 vaccinations to
pregnant women, and having to balance the lack of initial data
on vaccine safety in pregnancy with the known risks of
COVID-19, providing tailored advice to their patients. The role
of these specialists, crucial in safeguarding the health of mothers
and their unborn children, faced significant challenges during
the pandemic. This period adversely affected their professional
relationships with patients and colleagues, leading to anxiety,
frustration, and physical strain. These stressors, stemming from
both the workplace and pandemic conditions, have prompted
some gynecologists and obstetricians to consider early retirement
or leaving the profession, highlighting an increased risk of
burnout among these specialists [7].

The advent of generative artificial intelligence (AI), such as
large language models (LLMs) and related disruptive
technologies, has shown immense potential in various fields,
including health care [8]. These AI-based systems hold great
potential in assisting and supporting biomedical researchers,
health care professionals, and the general public. They can

process vast amounts of data, provide medical insights, assist
in diagnostic processes, and even support therapies. In the
context of the COVID-19 pandemic, AI has been used not only
to analyze virus structures, predict outbreaks, and sift through
vast amounts of research to identify potential treatments [9] but
also to respond to queries from people, providing accurate and
timely information on symptoms, prevention measures, and
vaccination.

However, with the rapid development and deployment of these
AI-driven technologies, there arises an essential need to test the
knowledge and proficiency of AI-based systems rigorously [10].
Ensuring the accuracy, reliability, and ethical use of AI is vital,
especially in sensitive areas like health care, and involves
continuous monitoring, evaluation, and updating of AI systems
to align with the latest scientific knowledge and ethical
standards. As AI becomes more integrated into human lives,
the necessity for such oversight becomes increasingly important
to prevent misuse and ensure that these powerful tools serve
the greater good effectively and responsibly.

Recent studies have explored the potential use of AI and LLMs
in public health initiatives, particularly in the context of
immunization campaigns [11-20]. These investigations have
demonstrated that AI can play a critical role in countering
misinformation and dismissing conspiracy theories, thereby
fostering trust and acceptance of vaccines among the public.
By providing clear, evidence-based responses to common myths
and misconceptions, AI-driven systems can effectively address
vaccine hesitancy and promote informed decision-making.
However, besides being limited in number, these studies are
also constrained in scope, often concentrating on individual
models without providing a comprehensive comparative analysis
of their performance. This lack of comparative insight leaves
gaps in understanding the relative strengths and weaknesses of
different AI systems in supporting public health efforts,
highlighting the need for broader investigations that include a
variety of generative AI tools to fully assess their potential and
limitations in these critical domains.

As of today, the landscape of AI prototypes is dominated by 3
leading models, that are ChatGPT-4 (which has surpassed its
predecessor, ChatGPT-3.5), Microsoft Copilot, and Google
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Bard (now rebranded as Google Gemini). ChatGPT-3.5, released
by OpenAI and based on the GPT-3.5 model, is a conversational
AI model designed primarily for text-based interactions, and
skilled in a variety of tasks like answering questions, providing
explanations, and generating text based on prompts, among
others. The model’s knowledge is up to the date it was last
trained, which means it does not have information on events or
developments that occurred after that date. ChatGPT-4
represents its further iteration. As such, this advanced version
by OpenAI, succeeding ChatGPT-3.5, built on the GPT-4
architecture, offers enhanced capabilities in terms of
understanding and generating more complex and nuanced text,
and is more contextually aware, providing more relevant and
accurate responses. Like its predecessor, it is trained up to a
certain point in time and lacks real-time knowledge. Microsoft
Copilot is primarily focused on assisting with coding,
problem-solving, and programming tasks and can be integrated
with development tools like GitHub and Visual Studio Code
(Microsoft Inc). Finally, Google Bard, powered by Google’s
own language models, including BERT, is designed to integrate
Google’s search capabilities, potentially offering more
up-to-date information, and is aimed at providing conversational
AI experiences, including answering questions or generating
text, with a strong emphasis on leveraging the web for current
information.

Each of these models has unique strengths and applications,
with ChatGPT models (3.5 and 4) focusing on general
conversational tasks, Microsoft Copilot on programming
assistance, and Google Bard on integrating search capabilities
into conversational AI. As such, each of these LLMs was tested
in the present investigation. More in detail, the research
objective of this pilot study was to evaluate the applicability of
major generative AI model prototypes in providing
evidence-based responses to COVID-19–related queries,
particularly in the context of maternal and child health. The
evaluation focused on key aspects such as accuracy, reliability,
and readability. By benchmarking these models against a range
of factual statements, the study aimed to assess their potential
not only to support health care professionals in decision-making
and public health communication during pandemics but also to
address the challenges faced by the public in accessing accurate
and reliable information.

The findings will help determine the role of AI in enhancing
health care delivery and improving public understanding of
critical health issues during crises. By highlighting the dual
challenge of supporting specialists and ensuring the public is
correctly informed, this research underscores the complex
interplay between information dissemination and health care
communication. As a pilot study, it serves as a foundational
step, emphasizing the need for further, more comprehensive
investigations to fully explore and validate the capabilities and
limitations of AI in health care and public health contexts.

Methods

Procedure
All 4 AI-based tools were queried about COVID-19 and related
vaccines during pregnancy using zero-shot prompts, that is to

say, without any previous examples or context specific to that
task. They were queried all on the same day, on January 7, 2024.

In a comparative evaluation of ChatGPT-3.5, ChatGPT-4,
Google Bard, and Microsoft Copilot, these AI-based tools were
tested using a validated questionnaire. This had previously been
administered to a sample of 159 Israeli
obstetrician-gynecologists, with an average age of 44.9 years
(SD 12.48), predominantly female (59.7%), and largely
composed of attending physicians (60.4%) [21]. This assessment
aimed to evaluate the AIs’ ability to provide accurate
information on COVID-19, particularly in the context of
pregnancy, fertility, and related clinical issues, as well as to
make evidence-based recommendations. The questionnaire was
developed following a comprehensive review of the literature
and in accordance with World Health Organization (WHO)
guidelines. It consisted of 5 sections designed to capture a range
of relevant information. The first section collected
sociodemographic data, including participants’ gender, age,
marital status, number of children, religion, level of religious
observance, professional role (resident or attending physician),
years of practice, as well as previous COVID-19 infection and
vaccination status. The second section assessed general
knowledge about COVID-19 through 5 true or false questions
that addressed basic preventive measures, transmission routes,
and management strategies. The third section focused on specific
knowledge related to pregnancy, childbirth, and breastfeeding
during the COVID-19 pandemic, including 14 questions
exploring the risks and complications of COVID-19 for pregnant
women, the potential for vertical transmission, the safety of
breastfeeding, and related clinical practices. The fourth section
addressed knowledge of COVID-19 vaccination through 14
questions that covered vaccine types, safety, efficacy,
administration during pregnancy, and potential side effects.
Finally, the fifth section examined attitudes and practices
regarding COVID-19 vaccination. This section explored
physicians’ recommendations about vaccination timing during
pregnancy, vaccination for women planning pregnancy, and
associated safety considerations, with responses recorded on a
5-point Likert scale. To ensure clarity and relevance, the
questionnaire was piloted with 12 obstetrician-gynecologists
before full deployment. The survey was then distributed using
both digital platforms and in-person delivery during professional
gatherings, achieving a high response rate. Logistic regression
analysis of the data revealed that knowledge of COVID-19
vaccination was a significant predictor of whether
obstetrician-gynecologists recommended vaccination for
pregnant women.

In the present comparative assessment, items from the second
through fifth sections of the questionnaire were used. Sections
2 to 4 were included in their original format to specifically
evaluate the AI systems’ proficiency in delivering accurate
knowledge about COVID-19 prevention, risks during pregnancy,
and vaccination safety and efficacy. For section 5, instead of
using the original Likert scale, the AI tools were queried with
direct recommendation prompts such as “Would you
recommend...?” The responses from section 5 were subsequently
analyzed for readability and sentiment (refer to next sections),
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providing insights into the clarity and tone of the AI-generated
recommendations.

All the queried items, along with the corresponding prompts,
are detailed in Multimedia Appendix 1.

Scoring
The scoring process of the replies provided by the four AI
models (reported in Multimedia Appendix 2) was conducted
independently by 2 obstetrician-gynecologists (RT and RK-F)
and 1 internal medicine doctor (RF). To ensure impartiality, the
biostatistician (NLB) analyzing the data was blinded to the
identities of the LLMs during the scoring process.

Sentiment Analysis
Textual data analysis of AI-generated responses to the items of
the fifth section of the validated questionnaire (Multimedia
Appendix 3) was carried out using XLSTAT (Data Analysis
and Statistical Solution for Microsoft Excel, Addinsoft) for each
LLM-generated text to ensure comprehensive and
model-specific insights. Each text underwent preprocessing to
prepare it for analysis. This included removing English stop
words, punctuation, and numerical characters, as well as filtering
out words with a frequency of less than two occurrences. A
sparsity threshold of 0.975 was applied to exclude terms
appearing in fewer than 2.5% of the dataset, resulting in a more
refined and representative corpus. Following preprocessing, a
Term-Document Matrix (TDM) was constructed, providing a
structured representation of the frequency of each term across
the documents generated by the LLMs. The TDM facilitated
comparative and statistical analyses by organizing the data into
a matrix format, with columns representing unique terms and
rows labeling the specific LLM. A Bag-of-Words representation
was derived to enable both word frequency visualization and
sentiment evaluation. Word clouds were generated to visually
represent the most frequently occurring words for each
LLM-generated text. The size and prominence of the words in
the cloud reflected their frequency, offering an intuitive
summary of the dominant themes and linguistic patterns specific
to each model. To assess the emotional tone and polarity of the
texts, sentiment analysis was performed using the TDM.
Tokenization was applied to isolate individual words, and the
Bing sentiment lexicon was used to assign binary polarity scores
(positive or negative) to each term. These scores were then
aggregated to calculate the overall sentiment for each
LLM-generated text.

Readability Analysis
The readability of the 4 AI’s responses to the items of the fifth
section of the validated questionnaire (Multimedia Appendix
3) was appraised by means of the Flesch-Kincaid Grade Level
analysis, which is a test designed to indicate how difficult a
passage in English is to understand. The formula was developed
by Rudolf Flesch and J Peter Kincaid and was first used in the
United States military to assess the readability of their technical
manuals. It is widely used in the field of education, but also in
other sectors that require clarity of written communication, such
as legal and health care industries. The formula is based on 2
factors, that are the average number of words per sentence and
the average number of syllables per word. The formula is,

Flesch-Kincaid Grade Level=0.39 × (average number of words
per sentence) + 11.8 × (average number of syllables per word)
− 15.59

The result of the Flesch-Kincaid Grade Level formula is a
number that corresponds with a US school grade level. For
example, a score of 8 means that the document can be
understood by an eighth grader, with a higher score indicating
more complex and difficult text.

In addition, the Flesch Reading Ease Score was also used to
evaluate the readability of the responses. This score rates text
on a 100-point scale, where higher scores indicate easier-to-read
material. The formula for calculating the Flesch Reading Ease
Score is Flesch Reading Ease Score = 206.835 − 1.015 ×
(average number of words per sentence) − 84.6 × (average
number of syllables per word)

Higher scores on this scale indicate easier-to-read text, while
lower scores indicate more complex material. For example,
scores above 90 suggest very easy text suitable for an average
10- to 11-year-old (5th grade), while scores below 30 indicate
very difficult text meant for college graduates.

Ethical Considerations
The primary study [21], which provided data from human
participants, was exempted from formal approval by the Ethics
Committee of the Medical Faculty at Bar-Ilan University in Tel
Aviv, Israel, due to its survey-based design. Participants,
consisting of obstetrician-gynecologists (both residents and
attending physicians), voluntarily consented to participate in
the study without receiving any compensation. All data were
fully anonymized, ensuring the privacy and confidentiality of
the participants. In addition, no ethical approval was required
for the AI component of this study.

Results

LLMs’ Knowledge of COVID-19 and Its Vaccines for
Maternal and Fetal Health
ChatGPT-4 and Microsoft Copilot obtained a score of 97%
(32/33), while Google Bard scored 94% (31/33), and
ChatGPT-3.5 scored 82% (27/33; Multimedia Appendix 3).

ChatGPT-4 delivered correct responses across a range of topics,
demonstrating a high level of proficiency in this specialized
field. However, there was a notable exception in its performance:
ChatGPT incorrectly stated that there is a heightened risk of
miscarriage among pregnant women with COVID-19, even
though, in reality, according to current literature, there is no
evidence to support an increased risk of miscarriage due to
COVID-19.

Similarly, Microsoft Copilot made only one mistake, related to
the item concerning the increased risk of complications for
pregnant women with COVID-19 compared to nonpregnant
women of the same age. Google Bard’s knowledge of
COVID-19 and its vaccines for women’s health was rather good,
with the AI-based tool making only 2 mistakes, by ruling out
COVID-19 intrauterine transmission, transmission during
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delivery, or through contact and respiratory droplets during
breastfeeding.

On the contrary, ChatGPT-3.5 exhibited poorer performance,
with 6 wrong responses, demonstrating gaps in the knowledge
of (1) risk, (2) complications of COVID-19 in pregnant women,
(3) medication for pregnant and postpartum women with
COVID-19, (4) risk of miscarriage in COVID-19–infected
pregnant women, (5) mother-to-child transmission of
COVID-19, and (6) COVID-19 transmission through breast
milk.

LLMs’ Attitudes and Practices Toward COVID-19
and Its Vaccines for Maternal and Fetal Health
Even if ChatGPT-3.5, ChatGPT-4, Microsoft Copilot, and
Google Bard, as AI-based LLMs, cannot and do not provide
personal opinions or medical recommendations, they can offer
up-to-date and reliable information based on current guidelines
and scientific understanding regarding COVID-19 vaccinations.
In particular, concerning the recommendation of COVID-19
vaccine to all pregnant women (without contraindication),
ChatGPT-4 stated that many health organizations, including the
Centers for Disease Control and Prevention and the WHO,
generally recommend COVID-19 vaccination for pregnant
women due to the increased risk of severe illness from
COVID-19 during pregnancy (including hospitalization,
intensive care unit admission, and death). Google Bard
concurred, emphasizing that the benefits of COVID-19
immunization far outweigh any potential risks to the mother or
baby.

In terms of the proper timing for recommending the
immunization of pregnant women against COVID-19, the
AI-based chatbot clearly stated that the recommendation for
COVID-19 vaccination during pregnancy often applies to all
trimesters and, especially in the case of doubts, the timing should
be discussed with a health care provider. Google Bard added
that there is no evidence that vaccination at any particular
trimester poses a higher risk to the mother or baby and Copilot
stated that emphasis should be on vaccine receipt as soon as
possible to maximize maternal and fetal health.

When queried about the recommendation of the COVID-19
vaccine only to pregnant women at high risk of contracting the
virus, both ChatGPT-4 and Google Bard posited that the current
guidance from many health organizations is to offer the vaccine
to all pregnant women, not just those at high risk, due to the
potentially severe impacts of COVID-19 during pregnancy.

Concerning the recommendation of COVID-19 vaccine to all
women (without contraindication) of reproductive age who are
not pregnant, ChatGPT-4 advised that COVID-19 vaccination
is widely recommended for women of reproductive age to
prevent severe illness, complications, and potential long-term
effects of COVID-19. For those planning to undergo assisted
reproduction, according to both the 2 AI-based tools, they are
generally advised to get vaccinated against COVID-19, as there
is no evidence that vaccines can affect fertility. When queried
about the recommended interval between vaccination and
pregnancy, the OpenAI chatbot stated that there is no
recommended interval between receiving a COVID-19 vaccine

and becoming pregnant according to most health organizations.
Google Bard emphasized that there is no clear consensus on
whether there is a need for an interval between vaccination and
pregnancy, with some experts believing that there may be a
slight increase in the risk of miscarriage in the first few weeks
after vaccination, but this risk is very small, and other experts
believing that there is no need to wait for any period of time
before trying to conceive after vaccination. According to Google
Bard, more research is warranted to determine whether there is
a need for an interval between vaccination and pregnancy.

Finally, when tasked with recommending an interval between
COVID-19 vaccination and the use of assisted reproductive
technology (ART), ChatGPT-4 clarified that there is no specified
interval recommended between COVID-19 vaccination and
undergoing ART, while, according to Google Bard, there is no
need for an interval between vaccination and ART, in that
COVID-19 vaccination can safely be administered to women
undergoing ART at any time.

On the contrary, ChatGPT-3.5 failed to offer up-to-date and
reliable information, recommending immunization against
COVID-19 in pregnant women at high risk, especially during
the third trimester as it would be safer than during the first and
second trimesters. Furthermore, ChatGPT-3.5 recommended
an interval between vaccination and pregnancy as well as
between immunization and ART based on vaccine type and
individual risk factors.

LLMs’ Text-Mining Analysis
The comparative text-mining analysis of Google Bard, Microsoft
Copilot, ChatGPT-3.5, and ChatGPT-4 revealed both similarities
and differences in the vocabulary used when discussing
COVID-19 and immunization in relation to pregnancy. While
all the models highlighted core themes such as “pregnant,”
“COVID-19,” “vaccination,” and “women,” the nuances in their
focus and vocabulary indicated variations in their approach to
presenting the information. Google Bard and Microsoft Copilot
both emphasized terms related to pregnancy and COVID-19,
but their focal points diverged. Google Bard included more
detailed terms associated with vaccination recommendations
and the effects of COVID-19 on pregnancy outcomes,
suggesting an emphasis on clinical guidance. In contrast,
Microsoft Copilot featured broader terminology, incorporating
aspects like “risk” and “breastfeeding,” indicating a wider scope
that touches on future planning and broader maternal and fetal
health. When comparing Google Bard to ChatGPT-3.5 and
ChatGPT-4, shared terms like “pregnant” and “vaccination”
pointed to a shared understanding of key themes. However,
Google Bard prioritized actionable guidance and
recommendations, while ChatGPT variants included a more
detailed vocabulary concerning medical and health-related risks.
This distinction highlighted Google Bard’s focus on practical
advice, compared to ChatGPT’s detailed explanations of risks
and safety. Microsoft Copilot and the ChatGPT versions also
shared several core terms but differed in their linguistic styles.
Microsoft Copilot tended to lean toward broader generalizations,
which makes it suitable for summarizing information succinctly.
On the other hand, ChatGPT versions delved into specifics,
incorporating medical and technical language to provide more
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comprehensive information about COVID-19 and its impact on
pregnancy. This distinction reflected the contrast between
Copilot’s generalist approach and ChatGPT’s detailed focus.
The comparison between ChatGPT-3.5 and ChatGPT-4 revealed
a significant overlap in vocabulary, indicating consistency
between the 2 versions. However, ChatGPT-4 introduced
additional terms and nuances, suggesting an evolution in depth
and breadth of content. These differences highlighted
improvements in ChatGPT-4’s ability to provide detailed and
nuanced medical insights compared to its predecessor.

LLMs’ Readability Analysis
The Flesch-Kincaid Grade Level and Flesch Reading Ease Score
for Google Bard’s response were 12.9 and 35.8, respectively,

indicating that the text was highly complex and best understood
by individuals with postsecondary education. Microsoft Copilot
scored 9.9 and 49, suggesting a less complex response that was
easier to read. Among the ChatGPT models, ChatGPT-3.5
exhibited a similar level of complexity to Google Bard, with
scores of 12.9 and 35.6. ChatGPT-4, with scores of 12.4 and
37.1, was slightly less complex than both ChatGPT-3.5 and
Google Bard but more complex than Microsoft Copilot. Overall,
ChatGPT responses were best suited for readers with advanced
reading skills, with ChatGPT-3.5 requiring graduate-level
comprehension and ChatGPT-4 being more appropriate for
advanced undergraduate-level readers (Table 1).

Table 1. Readability analysis for each large language model tested (Google Bard, Microsoft Copilot, ChatGPT-3.5, and ChatGPT-4).

Target AudienceReading ComplexityFlesch Reading Ease ScoreFlesch-Kincaid Grade LevelAI Model

Post-secondary educationHighly complex35.812.9Google Bard

High school to early under-
graduate level

Less complex499.9Microsoft Copilot

Graduate-level comprehen-
sion

Similar complexity to Google
Bard

35.612.9ChatGPT-3.5

Advanced undergraduate-lev-
el comprehension

Slightly less complex than
ChatGPT-3.5 and Bard

37.112.4ChatGPT-4

LLMs’ Sentiment Analysis
In the sentiment analysis, Microsoft Copilot had the least
negative score (–4), reflecting a neutral and balanced tone.
ChatGPT-4 scored (–6), slightly more negative due to its
detailed discussion of risks. Google Bard followed with (–7),

emphasizing practical recommendations that highlighted
potential challenges. ChatGPT-3.5 had the most negative score
(–12), reflecting a strong focus on risks and adverse outcomes.
These differences, shown in Figure 1, highlight the tonal
variations among the models, with Microsoft Copilot being the
most neutral and ChatGPT-3.5 the most risk-oriented.

Figure 1. Sentiment analyses for Google Bard, Microsoft Copilot, ChatGPT-3.5, and ChatGPT-4.

Discussion

Overview of Major Study Findings
This study comprehensively assessed the knowledge, clarity,
and objectivity of 4 prominent LLMs (ChatGPT-3.5,
ChatGPT-4, Microsoft Copilot, and Google Bard) regarding
COVID-19 impacts on pregnancy. Aligning with the stated
aims, the findings revealed distinct performance variations
among the LLMs. ChatGPT-4 and Microsoft Copilot
demonstrated the highest levels of accuracy (97%, 32/33),

followed by Google Bard (94%, 31/33) and ChatGPT-3.5 (82%,
27/33). While all models provided generally reliable information
on COVID-19 and vaccination in maternal health, they varied
in readability, with Microsoft Copilot being the most accessible
and ChatGPT-3.5 the least comprehensible. Sentiment analysis
highlighted Microsoft Copilot as the most neutral, whereas
ChatGPT-3.5 displayed a risk-heavy tone. These outcomes
underscored the evolving potential of LLMs to support health
care professionals and public health communication during
global crises while emphasizing the necessity for ongoing
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evaluation and model refinement to align with the latest
scientific evidence.

The Four LLMs Differ in Terms of Knowledge, With
ChatGPT-3.5 Being the Least Knowledgeable
The performance of AI models such as ChatGPT-4, Google
Bard, and Microsoft Copilot proved exceptional, with only
minor errors detected. Their capacity to deliver accurate and
detailed information showcased a depth of knowledge that is
particularly impressive when juxtaposed with the level of
COVID-19-related expertise observed among obstetrics and
gynecology specialists. This comparison is drawn from findings
in a previous survey [21], which revealed an average knowledge
score of 75.6 (SD 10.6) among healthcare professionals in the
field. Notably, while 81.1% (129/159) of these specialists
displayed adequate knowledge of general COVID-19
information, a much smaller percentage (19/159, 11.9%)
demonstrated specific understanding related to pregnancy,
childbirth, and breastfeeding in the context of the pandemic.
Furthermore, only 40.3% (64/159) of respondents showed
familiarity with COVID-19 vaccination guidelines for pregnant
individuals. A particularly critical area of knowledge, the
increased risk of preeclampsia in pregnant women infected with
COVID-19, was correctly identified by only 27% (43/159) of
participants. This highlights a significant gap in awareness that
could impact patient care. Regarding immunization practices,
about 65% (104/159) of respondents recommended COVID-19
vaccination during all trimesters, reflecting a broad acceptance
of its safety and efficacy across pregnancy stages. However,
preferences for specific trimesters varied: about 25% (39/159)
recommended vaccination during the second trimester, 6%
(9/159) in the third trimester, and a minority of 4% (6/159) in
the first trimester.

These findings align with existing literature, which consistently
highlights a trend where ChatGPT-3 underperformed compared
to other LLMs in specific tasks or benchmarks. Studies have
noted that while ChatGPT-3 demonstrated proficiency in
generating coherent text and answering general questions, it
often fell short in accuracy, contextual understanding, and
handling of complex queries. This performance gap has been
attributed to differences in training data, model architecture,
and parameter tuning [22,23]. Conversely, studies have shown
that more advanced LLMs, such as ChatGPT-4 and Microsoft
Copilot, outperformed ChatGPT-3, with Google Bard following
closely behind [24], consistent with our findings.

However, other research suggests that ChatGPT-3.5 performed
comparably or even better than other LLMs in certain contexts,
potentially indicating that performance may vary depending on
the specific application or field of use [25].

The Four LLMs Differ in Terms of Recommendations
of COVID-19 Vaccination During Pregnancy, With
ChatGPT-3.5 Being the Least Aligned With Scientific
Evidence
When comparing the information provided about COVID-19
in pregnant women and the vaccination during pregnancy, there
were some notable variations, especially in alignment with
scientific evidence. Concerning the risk of severe illness, Google

Bard highlighted an increased risk of severe complications,
including hospitalization, intensive care unit admission, and
death for pregnant women. In addition, it pointed out a higher
likelihood of preterm birth. Microsoft Copilot emphasized that,
while pregnant women are not more likely to contract the virus,
they face a greater risk of severe disease, especially if infected
in the third trimester. ChatGPT-3.5 noted only a slightly higher
risk of severe illness for pregnant women compared to
nonpregnant individuals, including increased hospitalization
and intensive care unit admission rates, while, more correctly,
ChatGPT-4 stated that pregnant women with COVID-19 have
a higher risk of severe illness and complications, such as preterm
birth. Regarding COVID-19 vaccination during pregnancy,
Google Bard strongly advocated for COVID-19 immunization
during pregnancy, highlighting its safety and effectiveness in
preventing serious illness and protecting both mother and baby.
Microsoft Copilot stressed the importance of vaccination for
those women who are pregnant, breastfeeding, or planning
pregnancy, emphasizing its safety and efficacy. ChatGPT-3.5
discussed the safety of Messenger Ribonucleic Acid vaccines
for pregnant individuals and suggested discussing the timing
of vaccination with health care providers, while ChatGPT-4
recommended COVID-19 vaccines for pregnant individuals,
noting their safety and efficacy and also advised discussing
vaccination timing with health care providers. In terms of
vaccine safety and side effects, Google Bard mentioned that the
side effects of vaccination in pregnant women are similar to
those in nonpregnant adults and are generally mild and
short-lived. Microsoft Copilot, ChatGPT-3.5, and ChatGPT-4
all emphasized the safety of Messenger Ribonucleic Acid
COVID-19 vaccines during pregnancy and did not report any
serious adverse maternal or fetal effects. Finally, Google Bard
advised pregnant women to get vaccinated as soon as possible
after the first trimester, whereas ChatGPT-4 suggested
postvaccination monitoring for pregnant women through
programs like Centers for Disease Control and Prevention’s
V-safe and emphasized the importance of consulting healthcare
providers. All sources agreed on the increased risk of severe
COVID-19 in pregnant women and the benefits and safety of
vaccination during pregnancy. However, they differed in their
emphasis on specific risks and considerations.

The comparison of LLMs in providing information about
COVID-19 in pregnant women and vaccination during
pregnancy underscores their potential to disseminate health
information effectively but also highlights significant variability
in alignment with scientific evidence. This variability raises
concerns about the accuracy and reliability of AI-generated
health content, particularly when subtle differences in emphasis
or framing could influence public perception and
decision-making. The findings illustrate how LLMs like
ChatGPT, Microsoft Copilot, and Google Bard can either
reinforce or undermine public health messaging, depending on
their training data and underlying algorithms. These differences
emphasize the need for rigorous evaluation and validation of
AI-generated content in healthcare contexts, as inconsistencies
could amplify the risk of misinformation, contributing to the
emerging “AI-driven infodemic” [26]. Establishing robust
mechanisms for quality control and promoting transparency in
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AI outputs is imperative to mitigate these risks and ensure that
LLMs support, rather than hinder, public health objectives.

The Four LLMs Differ in Terms of Vocabulary, Clarity,
and Readability, With ChatGPT-3.5 Being the Most
Difficult to Understand
From the text-mining analysis, overall, while there was a
significant overlap in key themes across all four sources, each
one brought its unique focus and depth to the discussion. The
unique terms in each source highlighted their different
approaches to discussing the same topic, reflecting the diversity
in how information can be presented and prioritized. Google
Bard and Microsoft Copilot tended to have a more general
approach, while ChatGPT versions provided a more detailed,
medically-oriented perspective. In particular, ChatGPT-3.5,
being excessively technical, is particularly difficult to
understand, as also reflected by the Flesch-Kincaid grade level
analysis.

The findings from our text-mining analysis align closely with
a comparative study [27], which showed that ChatGPT-3.5
tended to generate overly technical content that may hinder
readability.

The differences in readability and complexity across LLMs are
important when considering the target audience for the
information [28-30]. For a general audience, a lower
Flesch-Kincaid Grade Level might be more appropriate to ensure
wider comprehension. On the other hand, for professional or
academic audiences, a higher grade level could be more suitable,
as it allows for the conveyance of complex ideas using
specialized vocabulary and detailed explanations. Each LLM's
approach reflects its unique language processing capabilities
and potentially the nature of the training data it was exposed
to. It is of crucial importance for users to consider the context
and audience when evaluating or choosing the most appropriate
AI tool for generating text, with ChatGPT’s and Microsoft
Copilot’s approach appearing more beneficial for specialist or
academic audiences and for the general public, respectively.

The Four LLMs Differ in Terms of Sentiment and
Objectivity, With ChatGPT-3.5 Being the Least Factual
In the sentiment analysis, the tools demonstrated varying degrees
of negativity in their language when discussing COVID-19 and
pregnancy-related topics. Microsoft Copilot achieved the least
negative score (–4), indicating a relatively neutral or balanced
tone compared to its counterparts. This suggests that Microsoft
Copilot’s responses tended to minimize emotionally charged
or negative language, focusing instead on providing concise,
objective, and factual information. ChatGPT-4 followed with
a slightly more negative score of –6, reflecting a balanced but
somewhat more cautious tone. This could be attributed to
ChatGPT-4’s detailed discussion of potential risks and
complications, which, while comprehensive, likely included
language that leaned toward highlighting challenges and
considerations in the context of COVID-19 and pregnancy.
Google Bard scored –7, placing it closer to ChatGPT-4 in terms
of sentiment but slightly more negative. This may be indicative
of its focus on delivering actionable recommendations and
clinical insights, which, while practical, may also involve

language emphasizing adverse effects or potential risks, thereby
increasing its overall negativity score. ChatGPT-3.5 obtained
the most negative score of –12, representing a significantly
more cautious or risk-focused tone compared to the other
models. This heightened negativity could reflect the model's
tendency to elaborate extensively on risks and adverse outcomes,
potentially overemphasizing negative aspects in its explanations.

These differences in sentiment scores highlight the varying tonal
approaches of the AI models. Microsoft Copilot's minimal
negativity suggests a focus on general, less emotionally charged
language, while ChatGPT-3.5’s highest negativity score
underscores its more risk-heavy narrative. ChatGPT-4 and
Google Bard occupy the middle ground, balancing detailed
explanations with practical recommendations, albeit with some
cautionary emphasis. This variation in sentiment reflects not
only the linguistic choices of the models but also their inherent
design priorities, ranging from objectivity and balance to
detailed elaboration and actionable advice.

Strengths and Limitations
This study has several notable strengths. First, the use of a
validated questionnaire ensures a robust and reliable assessment
of LLMs' proficiency, clarity, and objectivity. The evaluation
spans multiple dimensions, including knowledge, sentiment,
and readability, offering a comprehensive analysis of the
capabilities of ChatGPT-3.5, ChatGPT-4, Google Bard, and
Microsoft Copilot. In addition, the comparison against specialist
knowledge provides a meaningful benchmark, grounding the
findings in real-world relevance. The inclusion of sentiment
and readability analyses highlights the accessibility and
emotional tone of AI-generated responses, further
contextualizing their suitability for different audiences.
Moreover, the study addresses a critical gap in assessing AI
tools in the context of obstetrics, gynecology, and public health
during a pandemic—a time when accurate information is
essential. By incorporating text-mining and readability metrics,
the research elucidates how LLMs can serve diverse user bases,
ranging from healthcare professionals to general audiences.
However, this study is not without its limitations. A key
limitation is the static nature of the evaluation, as LLMs undergo
continuous updates and learning processes. This dynamic
evolution may render some of the current observations obsolete
over time, necessitating periodic re-evaluation. Furthermore,
the study focuses on a specific application of LLMs
(COVID-19’s impacts in pregnancy), which may not generalize
to other medical or public health domains. The zero-shot
prompting approach, while simulating real-world user queries,
may not fully capture the potential of these models when used
with tailored or fine-tuned inputs. Finally, the study is limited
by its reliance on the English language and the specific design
of the validated questionnaire. Future research could explore
the multilingual capabilities of LLMs and their application to
other health care domains, as well as integrate expert feedback
during iterative model evaluation.

Future Directions
The present comprehensive analysis covering various aspects
(knowledge, recommendations, vocabulary and readability,
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sentiment, and objectivity) shows similarities and dissimilarities
among four major LLMs.

The knowledge appraisal highlights a gap in awareness of
COVID-19 and immunization during pregnancy among
specialists, underscoring the potential role of AI like ChatGPT
in supplementing healthcare knowledge and decision-making.
Generative AI holds great potential in health care and global
public health, serving as valuable tools for professionals,
providing quick access to updated information, and filling
knowledge gaps.

However, some discrepancies in ChatGPT-3.5's responses also
serve as a reminder of the need for continuous updating and
verification of AI knowledge bases. This ensures that the
information provided is aligned with the latest research and
clinical guidelines. As AI systems become more integrated into
health care, their ability to adapt and learn from emerging data
will be crucial in ensuring they remain reliable and beneficial
adjuncts in medical practice [31,32].

Future research directions should consider the inclusion of
emerging AI models to evaluate their comparative utility in
clinical settings. Investigating the effectiveness of these tools
across various medical specialties could shed light on their
strengths and limitations. Studies assessing the real-world
integration of LLMs into health care workflows, focusing on
usability, clinician satisfaction, and patient outcomes, are also
needed. In addition, exploring the ethical and legal implications
of using AI in clinical practice (such as ensuring patient privacy,
safeguarding data security, and clarifying liability in
decision-making) remains a crucial area of inquiry. Longitudinal
studies on the influence of AI tools on medical education,
professional development, health care delivery, and
communication would provide valuable insights into their
sustained impact.

Overall, the analysis underscores the importance of choosing
the right LLM for specific needs. While ChatGPT-4 and newer
versions offer more detailed and updated information, earlier
versions like ChatGPT-3.5 might present challenges in terms
of comprehensibility. The choice between these LLMs should
be influenced by the target audience and the level of detail and
technicality required in the information. For general audiences,
simpler language (as seen in Microsoft Copilot) is preferable,
whereas more specialized audiences might benefit from the
detailed approach of ChatGPT-4. For instance, in vaccine
management, ChatGPT-4 can support specialized audiences by
aiding clinical decision-making, providing detailed research
insights, and tailoring vaccination guidelines for pregnant
women. Microsoft Copilot excels in communicating simplified
information to general audiences, making it ideal for educating
patients, training health workers, or addressing vaccine
hesitancy. Google Bard, with its real-time search integration,
is suited for disseminating up-to-date policies and driving public

health campaigns with clear, actionable messaging.
ChatGPT-3.5, despite its limitations, can be used for simulating
scenarios or gathering feedback to refine communication
strategies. These applications demonstrate how aligning LLMs’
capabilities with target audiences ensures effective vaccine
management and can be potentially translated to other clinical
settings and patient management contexts.

Conclusions
This study highlighted the strengths and limitations of LLMs
such as ChatGPT-3.5, ChatGPT-4, Microsoft Copilot, and
Google Bard in addressing critical healthcare topics, specifically
the impacts of COVID-19 on pregnancy. While the findings
underscored the potential of LLMs to provide accurate,
up-to-date information, they also revealed gaps in their
knowledge and variability in their communication styles,
sentiment, and readability. Such variability underscores the
importance of tailoring AI use to specific audiences and
contexts. Beyond the immediate findings, the broader
implications of this research emphasize the transformative
potential of LLMs in health care and public health
communication. These AI tools can bridge knowledge gaps
among health care professionals, support evidence-based
decision-making, and combat misinformation during health
crises. Their ability to deliver clear, accessible, and accurate
information positions them as valuable adjuncts in both clinical
settings and public health campaigns. However, the study also
underscores critical ethical and operational considerations.
Ensuring the reliability of AI-generated content requires
continuous updates to training datasets and rigorous validation
against the latest scientific evidence. The dynamic nature of AI
development means that its integration into health care systems
must be accompanied by robust oversight mechanisms to
mitigate risks such as the dissemination of misinformation or
unintentional biases. Furthermore, the deployment of LLMs in
health care highlights the need for interdisciplinary collaboration
among AI developers, health care professionals, and policy
makers. Such partnerships can ensure that these tools are
designed and utilized in ways that prioritize patient safety, data
privacy, and equitable access to information. By fostering these
collaborations, the integration of AI into health care can move
beyond theoretical potential to practical, impactful applications.
In conclusion, while LLMs like ChatGPT-4 and Microsoft
Copilot demonstrate remarkable capabilities in providing health
care–related information, their limitations remind us of the
essential role of human oversight. The findings of this study
advocate for a future where AI complements, rather than
replaces, human expertise in healthcare, enhancing both the
quality and accessibility of medical knowledge. This balanced
approach will be key to leveraging AI's full potential while
safeguarding the ethical and practical dimensions of health care
delivery.
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All data are available in Multimedia Appendices 1-3.
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Abstract

Background: Public deliberation is an approach used to engage persons with diverse perspectives in discussions and
decision-making about issues affecting the public that are controversial or value laden. Because experts have identified the need
to evaluate facilitator performance, our research team developed a framework to assess the fidelity of facilitator remarks to key
principles of public deliberation.

Objective: This report describes how the framework was used to assess facilitator fidelity in a 4-site public deliberation project
on the acceptability of minor self-consent in biomedical HIV prevention research.

Methods: A total of 88 individuals participated in 4 deliberation sessions held in 4 cities throughout the United States. The
sessions, facilitated by 18 team members, were recorded and transcribed verbatim. Facilitator remarks were highlighted, and
predetermined coding rules were used to code the remarks to 1 of 6 principles of quality deliberations. A variety of display tables
were used to organize the codes and calculate the number of facilitator remarks that were consistent or inconsistent with each
principle during each session across all sites. A content analysis was conducted on the remarks to describe how facilitator remarks
aligned or failed to align with each principle.

Results: In total, 735 remarks were coded to one of the principles; 516 (70.2%) were coded as consistent with a principle, and
219 (29.8%) were coded as inconsistent. A total of 185 remarks were coded to the principle of equal participation (n=138, 74.6%
as consistent; n=185, 25.4% as inconsistent), 158 were coded to expression of diverse opinions (n=110, 69.6% as consistent;
n=48, 30.4% as inconsistent), 27 were coded to respect for others (n=27, 100% as consistent), 24 were coded to adoption of a
societal perspective (n=11, 46% as consistent; n=13, 54% as inconsistent), 99 were coded to reasoned justification of ideas (n=81,
82% as consistent; n=18, 18% as inconsistent), and 242 were coded to compromise or movement toward consensus (n=149,
61.6% as consistent; n=93, 38.4% as inconsistent). Therefore, the counts provided affirmation that most of the facilitator remarks
were aligned with the principles of deliberation, suggesting good facilitator fidelity. By considering how the remarks aligned or
failed to align with the principles, areas where facilitator fidelity can be strengthened were identified. The results indicated that
facilitators should focus more on encouraging quieter members to participate, refraining from expressing personal opinions,
promoting the adoption of a societal perspective and reasoned justification of opinions, and inviting deliberants to articulate their
areas of common ground.

Conclusions: The results provide an example of how a framework for assessing facilitator fidelity was used in a 4-site deliberation
project. The framework will be refined to better address issues related to balancing personal and public perspectives, managing
plurality, and mitigating social inequalities.

(JMIR Form Res 2025;9:e58451)   doi:10.2196/58451
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Introduction

Background
Public deliberations are community-focused activities in which
persons with diverse perspectives are engaged in discussion and
decision-making about a topic that is controversial or value
laden or involves ethical uncertainty. Public deliberations
typically include provision of factual and balanced information
about the deliberation topic, facilitated small- and large-group
discussions, and activities that yield collective solutions to policy
questions [1-3].

Public deliberation has been used to explore a wide variety of
issues that affect public health. The method has been used to
elicit views on genetic research and testing in Alaska Native
and American Indian communities [4], attitudes and
recommendations to address antibiotic overuse [5], opinions on
acceptable uses of deidentified health information in oncology
settings [6], views on the allocation of limited health care
resources [7], opinions on guidelines for the design and
evaluation of decision aids [8], recommendations for opioid
screening in the context of HIV care [2], preferences regarding
health data sharing for patients with cancer [9], and views on
precision medicine research in American Indian and Alaska
Native communities [10].

With the increasing use of public deliberations to inform public
health policy decisions, experts have called for increased
attention to assessing and reporting the quality of deliberations
[11,12]. To aid in this task, Scott et al [11] developed a
deductive coding framework based on the operationalization of
common deliberation goals and a synthesis of published
frameworks designed to assess deliberation quality. Their
framework includes 4 deliberation elements (ie, preferences
and values are referenced, deliberants engage with each other,
expert information is referenced, and information enriches
deliberation) and 4 recommendation elements (ie,
recommendations are clear and identifiable, recommendations
are relevant, recommendations are justified, and
recommendations reflect a societal perspective). Goold et al
[12] also developed an analytic framework for the assessment
of deliberation quality. This framework calls for an evaluation
of structure (eg, demographic representativeness of the
deliberants), process (eg, equality of participation), and
outcomes (eg, deliberant knowledge of deliberation topics)
using a variety of data sources and analytic approaches (eg,
surveys, follow-up interviews, qualitative analysis of transcripts,
word counts, and participation metrics).

Most evaluation frameworks do not provide for an assessment
of the performance of facilitators. Deliberations typically rely
on skilled facilitators who are responsible for promoting
deliberative norms, fostering high-quality discussion, and
promoting an outcome of shared solutions. Rubinelli and von
Groote [13] outline common facilitator tasks, including
conducting the dialogue, soliciting different opinions, ensuring

that reasons are provided for points of view, and ensuring that
reasons are grounded in evidence. The authors also discuss
facilitator challenges such as identifying hidden goals of
deliberants and managing sharp differences of opinion. Dillard
[14] argues that facilitators are “the first and primary form of
intervention” and provides an in-depth discussion of facilitator
responsibilities. These responsibilities can include setting the
discussion tone, establishing deliberative rules and norms,
mitigating adversarial and polarizing dynamics, and ensuring
that minority opinions are expressed. Moreover, the author
identifies 3 facilitator types based on variations in their actions:
passive facilitators (ie, they regulate deliberant speech time and
direct participant turn taking), involved facilitators (ie, they ask
elicitation questions and implement discursive strategies), and
moderate facilitators (ie, they use elicitation questions and
discursive strategies but less often than involved facilitators).
Discursive strategies are facilitation techniques used to manage
tensions and encourage fruitful deliberative discourse. These
strategies include storytelling (ie, sharing personal experiences),
playing devil’s advocate, framing (ie, highlighting interactions
to shape discussion), focusing on local issues to consider specific
implications, and eliciting responses.

Objectives
Despite the assumed importance of facilitators in ensuring
effective deliberative processes, published reports of deliberation
outcomes rarely include information regarding facilitator
credentials, selection, training, and supervision and, with few
exceptions (see the study by De Vries et al [15]), do not address
the quality of facilitator involvement. Therefore, a framework
is needed to guide researchers in systematically assessing public
deliberation facilitator remarks. To address this gap, our research
team developed such a framework. This framework is based on
the assumption that the performance of facilitators can be
assessed by determining the fidelity of their remarks to
well-established principles of democratic deliberation. A
blueprint to guide researchers in implementing the framework
has been published in JMIR Formative Research [16] and
includes several coding templates and a step-by-step analytic
plan. The purpose of this report is to describe how the
framework (hereafter referred to as the blueprint report) was
used to assess facilitator fidelity in our 4-site public deliberation
on the acceptability of youth self-consent in biomedical HIV
prevention research. In this report, we (1) briefly describe the
deliberation, (2) summarize the blueprint report, and (3) present
our assessment of facilitator fidelity across the 4 sites.

Methods

Public Deliberation
The deliberation research project from which this work stemmed
is described in depth elsewhere [17,18] and summarized in the
blueprint report [16]. Therefore, we include only a brief recap
of the main aspects of the deliberation project in this section.
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The public health problem that was the focus of the deliberation
was the underrepresentation of minors in biomedical HIV
prevention trials due in part to barriers caused by standard
regulatory requirements for parental consent and youth assent
[19,20]. This consent model can result in parents becoming
aware of some stigmatized behaviors or identities that their
children may not wish to disclose and, thus, can lead to rejection
or punishment of the youth or their exclusion from research
[21]. Because youth from underrepresented populations assume
a disproportionate burden of HIV disease and are the most likely
to be harmed by existing consent processes, calls have been
made for consideration of new consent procedures, including
minor self-consent [22]. However, because parental consent has
long been considered foundational to protecting youth from
research-related harms, developing new consent models
constitutes a public health issue that is both controversial and
value laden. The purpose of our deliberation was to engage
diverse stakeholders, including minor adolescents, parents,
caregivers, and community members, in deliberations about the
use of minor self-consent in biomedical HIV prevention
research.

Ethical Considerations
This study was reviewed and approved by the Indiana University
Institutional Review Board (IRB; protocol 2001909245), which
served as the single IRB in accordance with reliance agreements
from participating institutions, including the University of South
Florida, Johns Hopkins University, the University of Colorado
Denver, and the University of Chicago. An electronic copy of
the IRB-approved study information sheet was provided to
deliberants by study staff or site investigators. In web-based or
face-to-face meetings, staff reviewed study information with
interested deliberants and obtained verbal consent from those
who agreed to participate. Although a waiver of parental
permission was granted for this study, minors were asked
whether they felt comfortable seeking parental permission to
enroll in the study. Those who wished to engage a parent helped
staff schedule a time to meet with both the minor and their
parent or guardian to review the study information sheet and
obtain parental permission. If a minor did not wish to engage a
parent, the study staff contacted a site principal investigator,

who determined whether the waiver of parental permission
could be applied.

All participants were assigned a study ID number, and their
files were labeled with that ID number. All data were stored on
a dually authenticated, password-protected, cloud-based storage
system. The servers are tightly controlled and inaccessible to
anyone without appropriate credentials. Once all analyses are
complete, audio and video files will be permanently deleted,
and only deidentified data will be stored.

Participants received compensation for this study, which varied
by activity and retention in the study. The maximum
compensation for participants who completed all surveys and
homework and attended all deliberative sessions was US $300
in the form of gift cards from a variety of web-based and
physical stores; participants selected the retailer that worked
best for their needs.

Deliberation Sessions

Overview
The deliberations were held via a web-based video platform in
4 cities: Tampa, Florida; Baltimore, Maryland; Denver,
Colorado; and Chicago, Illinois. Educational materials related
to the deliberation topic were developed in consultation with a
youth advisory board and external advisers and displayed on a
deliberant website. At each site, 4 deliberation sessions, each
lasting 2 hours, were held. Each session included large-group
meetings (plenary sessions) and small breakout group sessions.
During the plenary sessions, research team members and expert
stakeholders (eg, physicians and IRB administrators) presented
information on topics pertinent to the deliberation (eg, research
with adolescents, regulatory guidelines for biomedical research,
and clinical trial principles). All deliberation sessions were
video recorded and transcribed. Due to recording malfunctions
in Baltimore, transcripts were not available for some of these
sessions.

Deliberants
There were 88 deliberants in the deliberations. To provide
context for our discussion on facilitator fidelity, a summary of
the deliberants’ demographic characteristics is presented in
Table 1.
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Table 1. Summary of deliberants’ demographic characteristics (N=88).

Deliberants, n (%)Characteristics

Age

24 (27)Minor

20 (23)Young adult

44 (50)Adult

Gender

62 (70)Women, including transgender women and transfeminine

6 (7)Genderqueer or gender nonconforming

17 (19)Men, including transgender men and transmasculine

3 (3)Other

Sexual orientation

26 (30)Lesbian, bisexual, gay, or queer

53 (60)Heterosexual or straight

5 (6)Questioning

4 (5)Othera

Educational level (n=60)b

8 (13)High school diploma or GEDc

12 (20)Some college or technical program

5 (8)Finished vocational or technical program or 2-year degree

35 (58)Bachelor’s degree or higher

Racial identity

1 (1)American Indian or Alaska Native

6 (7)Asian

39 (44)Black or African American

6 (7)Multiracial

28 (32)White

8 (9)Otherd

Ethnic identity

19 (22)Hispanic or Latinx

aOther sexual orientations as entered by the respondents: pansexual (2/88, 2%), asexual (1/88, 1%), and other (1/88, 1%).
bAmong deliberants aged >18 years.
cGED: General Educational Development.
dOther racial identities as entered by the respondents: Hispanic (mixed; 1/88, 1%), Afrolatina (1/88, 1%), Mestizo (1/88, 1%), “none of these races
apply to me as I am Hispanic” (1/88, 1%), West Asian (1/88, 1%), and other (1/88, 1%).

Facilitators
A total of 18 persons facilitated the deliberations across the 4
sites. The number of facilitators at each site varied according
to the size of the deliberant group. Of the 18 facilitators, 8 (44%)
were graduate students, 4 (22%) were research staff members,
and 6 (33%) were faculty. Their racial and ethnic identities
included non-Hispanic White, non-Hispanic Black, Asian,
Hispanic, and multiracial; 61% (11/18) were women. The
research team and content experts had expertise in HIV
prevention, adolescent health, research regulation, bioethics,
and public deliberation. The site stakeholders included health

care professionals and community advocates. Because the roles
that the team members played in the deliberation sessions were
fluid (eg, public deliberation experts lead plenary sessions and
facilitated breakout group sessions, and scientists from the
research team and site stakeholders presented expert information
and helped facilitate sessions), for the purpose of this
assessment, all team members were considered facilitators.

The facilitators had different training experiences. Of the
graduate student facilitators, 75% (6/8) were employed and
trained by the deliberation experts, and 25% (2/8) were
employed and trained by the research team. Content experts did
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not receive training in deliberative methods. A booster training
session was provided between deliberations at sites 3 and 4; the
session focused primarily on methods to support deliberative
principles and goals but also included basic group facilitation
skills.

Blueprint for Implementing a Framework for Assessing
Facilitator Fidelity
The blueprint report [16] directs researchers to highlight
pertinent facilitator remarks on verbatim transcripts of
deliberation sessions and rate them as consistent or inconsistent
with any of the 6 principles of public deliberations in the
framework. This approach is based on the assumption that
facilitator remarks consistent with one of the principles
encourage deliberant discussions that reflect deliberation ideals,
whereas facilitator remarks inconsistent with one of the
principles can inhibit such discussions. The principles in the
framework are equal participation [23], expression of diverse
opinions [24], respect for others [23], adoption of a societal
perspective [23], reasoned justification of ideas [23], and
compromise or movement toward consensus [24]. We developed
a coding rule table that displays the 6 principles, coding rules
for each principle, and examples of text coded to each principle.
This table can be accessed in the blueprint report [16].

The blueprint report also includes 2 tables to organize codes
for analysis: a code display table and a code summary table. In
the code display table, transcript line numbers that were coded
to the principles are placed in cells defined by the principle, the
role of the facilitator who made the remark, and the deliberation
session in which the remark was made. In the code summary
table, the number of remarks coded as consistent or inconsistent
with each principle across all sessions is summarized and
displayed. An example of the code display and code summary
tables for site 1 (Tampa) can be found in the blueprint report
[16].

The blueprint report also provides a step-by-step analytic plan
to assess facilitator fidelity at each site [16]. In summary, 2

raters use the coding rule table to independently highlight
facilitator remarks on deliberation transcripts that reflect 1 of
the 6 principles and indicate whether each remark was consistent
or inconsistent with the principle. They compare their coding
and resolve discrepancies through discussion and review of
transcript data. The transcript line numbers of the agreed-upon
codes are placed in the appropriate cell in a code display table.
Information in the code display tables for each site is tabulated
to then complete a code summary table.

Results

Overview
Following the blueprint report [16] guidelines discussed
previously, we coded all the transcripts and developed code
display and code summary tables for each site. For the project
described in this paper, we also developed 2 additional project
summary tables to display counts across multiple sites. The first
project summary table (Table 2) shows the number of facilitator
remarks coded as consistent or inconsistent with the principles
by site. The second project summary table (Table 3) shows the
number of facilitator remarks coded as consistent or inconsistent
with the principles by principle.

Facilitator fidelity to each principle across all sessions and sites
can be described based on the project summary tables. For each
principle, the total number of remarks coded to that principle,
the number of remarks coded as consistent or inconsistent with
the principle, and the number of remarks coded to the principle
for each site are presented in the following sections. The types
of remarks coded to the principles are then discussed, and
verbatim examples of facilitator remarks and facilitator and
deliberant dialogues are presented. The 3 principles related to
facilitation of the discussion (ie, equal participation, expression
of diverse opinions, and respect for others) are discussed first
followed by the 3 principles related to facilitation of
recommendations (ie, adoption of a societal perspective,
reasoned justification of ideas, and compromise or movement
toward consensus).
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Table 2. First project summary table—number of facilitator remarks coded as consistent or inconsistent with principles of democratic deliberation by
site.

Inconsistent, n (%)Consistent, n (%)Site and principle

Tampa, Florida

2 (18.1)9 (81.8)Equal participation (n=11)

5 (12.2)36 (87.8)Expression of diverse opinions (n=41)

0 (0)8 (100)Respect for others (n=8)

2 (33.3)4 (66.7)Adoption of a societal perspective (n=6)

0 (0)7 (100)Reasoned justification of ideas (n=7)

9 (23.7)29 (76.3)Compromise or movement toward consensus (n=38)

18 (16.2)93 (83.8)Total (n=111)

Baltimore, Maryland

0 (0)6 (100)Equal participation (n=6)

1 (14.3)6 (85.7)Expression of diverse opinions (n=7)

0 (0)2 (100)Respect for others (n=2)

0 (0)0 (0)Adoption of a societal perspective (n=0)

0 (0)3 (100)Reasoned justification of ideas (n=3)

3 (14.3)18 (85.7)Compromise or movement toward consensus (n=21)

4 (10.3)35 (89.7)Total (n=39)

Denver, Colorado

35 (37.2)59 (62.8)Equal participation (n=94)

17 (41.5)24 (58.5)Expression of diverse opinions (n=41)

0 (0)9 (100)Respect for others (n=9)

8 (57.1)6 (42.9)Adoption of a societal perspective (n=14)

2 (6.9)27 (93.1)Reasoned justification of ideas (n=29)

34 (37)58 (63)Compromise or movement toward consensus (n=92)

96 (34.4)183 (65.6)Total (n=279)

Chicago, Illinois

10 (13.5)64 (86.5)Equal participation (n=74)

25 (36.2)44 (63.8)Expression of diverse opinions (n=69)

0 (0)8 (100)Respect for others (n=8)

3 (75)1 (25)Adoption of a societal perspective (n=4)

16 (26.7)44 (73.3)Reasoned justification of ideas (n=60)

47 (51.6)44 (48.4)Compromise or movement toward consensus (n=91)

101 (33)205 (67)Total (n=306)

219 (29.8)516 (70.2)Total across sites (n=735)
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Table 3. Second project summary table—number of facilitator remarks coded as consistent and inconsistent with principles of democratic deliberation
by principle.

Compromise or
movement toward
consensus, n/N (%)

Reasoned justifica-
tion of ideas, n/N
(%)

Adoption of a soci-
etal perspective, n/N
(%)

Respect for others,
n/N (%)

Expression of di-
verse opinions, n/N
(%)

Equal participation,
n/N (%)

Inconsis-
tent

Consis-
tent

Inconsis-
tent

Consis-
tent

Inconsis-
tent

Consis-
tent

Inconsis-
tent

Consis-
tent

Inconsis-
tent

Consis-
tent

Inconsis-
tent

Consis-
tent

9/38

(23.7)

29/38

(76.3)

0/7

(0)

7/7

(100)

2/6

(33.3)

4/6

(66.7)

0/8

(0)

8/8

(100)

5/41

(12.2)

36/41

(87.8)

2/11

(18.2)

9/11

(81.8)

Tampa,
Florida

3/21

(14.3)

18/21

(85.7)

0/3

(0)

3/3

(100)

0/0

(0)

0/0

(0)

0/2

(0)

2/2

(100)

1/7

(14.3)

6/7

(85.7)

0/6

(0)

6/6

(100)

Baltimore,
Maryland

34/92

(37)

58/92

(63)

2/29

(6.9)

27/29

(93.1)

8/14

(57.1)

6/14

(42.9)

0/9

(0)

9/9

(100)

17/41

(41.5)

24/41

(58.5)

35/94

(37.2)

59/94

(62.8)

Denver,
Colorado

47/91

(51.6)

44/91

(48.4)

16/60

(26.7)

44/60

(73.3)

3/4

(75)

1/4

(25)

0/8

(0)

8/8

(100)

25/69

(36.2)

44/69

(63.8)

10/74

(13.5)

64/74

(86.5)

Chicago,
Illinois

93/242

(38.4)

149/242

(61.6)

18/99

(18.2)

81/99

(81.8)

13/24

(54.2)

11/24

(45.8)

0/27

(0)

27/27

(100)

48/158

(30.4)

110/158

(69.6)

47/185

(25.4)

138/185

(74.6)

Total

Equal Participation

Overview
Across the 4 sites, facilitators made 185 remarks that were coded
to the principle of equal participation. A total of 74.6%
(138/185) of the remarks were coded as consistent with the
principle (encouraged equal participation), and 25.4% (47/185)
of the remarks were coded as inconsistent with the principle
(discouraged equal participation). The proportions of consistent
remarks made at each site were as follows: 6.5% (9/138) in
Tampa, 4.3% (6/138) in Baltimore, 42.8% (59/138) in Denver,
and 46.4% (64/138) in Chicago. The proportions of inconsistent
remarks made at each site were as follows: 4% (2/47) in Tampa,
0% in Baltimore, 74% (35/47) in Denver, and 21% (10/47) in
Chicago.

Consistent With the Principle
In total, 3 types of remarks were coded as consistent with the
principle of equal participation. The remarks (1) conveyed the
importance of equal participation, (2) invited individual
deliberants or subgroups (eg, youth and parents) to speak, and
(3) encouraged more talkative deliberants to allow quieter
members time to speak.

Facilitators routinely promoted equal participation by making
remarks that emphasized the importance of equal participation.
These remarks often occurred when facilitators initially
discussed deliberation goals and ground rules. The facilitators
emphasized that they valued all perspectives and wished to hear
from all deliberants. Facilitators also encouraged equal
participation throughout the sessions by frequently asking
whether anyone else had something to add. A facilitator in
Tampa, for example, said, “Comments from others, anybody?”
(session 1).

Facilitators also called on individual deliberants or subgroups
of deliberants who had been quiet or who had not contributed
to a particular discussion. Facilitators sometimes engaged quiet
deliberants by directing questions specifically to them (eg,

“[XXXX], what are your thoughts on...?”). Facilitators often
encouraged youth deliberants to participate. For example, during
a discussion about actions that could be taken to protect youth
who self-consent for a study, a facilitator in Chicago, said the
following:

Do we have any youth that would like to share an
opinion or thoughts here? [Session 4; breakout group
3]

In some instances, facilitators encouraged deliberants who had
already contributed to a discussion to give quieter members a
chance to speak. These requests respected the contributions of
more talkative deliberants but provided opportunities for silent
or disengaged deliberants to weigh in. A facilitator in Denver,
for example, said the following:

So if you’re a person like me who has no problem
speaking in front of others, maybe step back once
before you make repeat additional comments to
others. Whereas if you’re a person who tends to wait
a little bit more, if you can, step out of your comfort
zone and try to make a comment and just let people
know where you’re coming from as early as you feel
safe doing so and we would all appreciate that.
[Session 1]

Inconsistent With the Principle
In total, 2 types of remarks were coded as inconsistent with the
principle of equal participation. The remarks (1) directed
questions toward deliberants who had already spoken on an
issue and (2) excused quieter deliberants from speaking.

Some facilitators called on deliberants who had already
contributed multiple times instead of on those who had been
quiet. A facilitator in Tampa, for example, said the following:

So, before we do that [move to another topic], I
thought we’d just give one last comment to the one
that—to the person that kicked this part of the
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discussion off. [XXXX], would you like to say anything
else? [Session 4]

In some instances, facilitators interacted with a few deliberants
who were actively discussing an issue without attempting to
draw in other deliberants.

Facilitators sometimes made remarks that served to excuse
quieter deliberants from providing comments. In a few instances,
facilitators suggested that not everyone needed to contribute to
a particular discussion. A facilitator in Denver, for example,
said the following:

And this case, it doesn’t have to be everyone that
shares... [Session 1; breakout group 2]

Facilitators occasionally invited quieter deliberants to share
their views but then excused them doing so. A facilitator in
Denver, for example, asked deliberants who had not spoken to
“move out of their comfort zone” but then said, “We would
love it if you can do that verbally but if you can’t, that is okay”
(session 4).

Expression of Diverse Opinions

Overview
Across the 4 sites, facilitators made 158 remarks that were coded
to the principle of expression of diverse opinions. A total of
69.6% (110/158) of the remarks were coded as consistent with
the principle (encouraged expression of diverse opinions), and
30.3% (48/158) of the remarks were coded as inconsistent with
the principle (discouraged expression of diverse opinions). The
proportions of consistent remarks made at each site were as
follows: 32.7% (36/110) in Tampa, 5.5% (6/110) in Baltimore,
21.8% (24/110) in Denver, and 40% (44/110) in Chicago. The
proportions of inconsistent remarks made at each site were as
follows: 10% (5/48) in Tampa, 2% (1/48) in Baltimore, 35%
(17/48) in Denver, and 52% (25/48) in Chicago.

Consistent With the Principle
In total, 3 types of remarks were coded as consistent with the
principle of expression of diverse opinions. The remarks (1)
conveyed the importance of expression of diverse opinions, (2)
invited diverse opinions during deliberative discussions, and
(3) asked what others who were not represented in the
deliberations might think about deliberative topics.

Facilitators routinely encouraged the expression of diverse
opinions when initially discussing the purpose and the ground
rules of the deliberations. They stressed that conflict and dissent,
if done amicably, were important to the deliberative process.
Facilitators also emphasized the importance of expressing
diverse views throughout the sessions. A facilitator in Chicago,
for example, said the following:

And I want to emphasize again that it is really
important for us to mention that dissent is absolutely,
completely fine here, and disagreement, as long as
it’s respectful, is quite helpful. So, please, if you do
feel a little differently about any of the actions or any
trade-offs than others, please don’t feel like you need
to self-censor in any way... [Session 4]

Facilitators sometimes invited deliberants to share views that
were at odds with views expressed by other deliberants. They
often did this by inquiring about “other perspectives” among
deliberants. In Baltimore, for example, as the group was
reaching a consensus on a recommendation that community
partners be involved in the consent process, the facilitator asked
the following:

So, I don’t think we want to jump to a show of hands
yet, but can I just encourage people to weigh in on
the notion of community advocates or community
partners, especially if you’ve got concerns about
them? If you have concerns about them, it’d be great
if you mentioned that and articulated them. [Session
4]

Facilitators regularly asked deliberants to surmise how the views
of other persons or groups not represented in the deliberation
might differ from the deliberants’ views. The facilitators
indicated that these questions were aimed at “bringing in as
many perspectives as possible.” In Denver, for example, a
facilitator said the following:

Do we think that there were any perspectives that
might be missing, you know, in our particular group?
[Session 2; breakout group 3]

The following excerpt from the Tampa deliberation demonstrates
how questions about persons not represented in the group can
draw out diverse perspectives:

Facilitator: So, I guess in other words, do we
think—so I think a good amount of the discussion thus
far is some of the group is really coming from similar
places. So, for the folks who don’t come from the same
angle that members of this group are, are there
perspectives out there that are different than what
we’re talking about? And what do you think they
would say about the conversation we’re having today?

Deliberant: I would say that, of course, there’s
perspective that’s very different from this group. I
think we're all here for kind of a similar reason. And
I think that there are a lot of people out there that do
not want their children to have sex education. They
do not want their children to have access to birth
control. They do not want their children to have
access to be able to be in medical research that has
to do with HIV or STDs, period. I think there is a
large group of parents that would be absolutely
freaked out by everything that we've talked about
today, you know. So yeah, there's a wide range of
comfortableness with this topic. [Session 1; breakout
group 1]

Inconsistent With the Principle
In total, 2 types of remarks were coded as inconsistent with the
principle of expression of diverse opinions. The remarks (1)
revealed the personal opinions of the facilitators and (2)
interrupted the expressions of diverse opinions by deliberants.

We chose to code remarks in which facilitators expressed their
own personal opinions as inconsistent with the principle of
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expression of diverse opinions. Deliberation facilitators are
typically dissuaded from expressing their own views on topics
germane to the deliberation as this can squelch dissenting or
challenging views of deliberants due to power differences
between facilitators and deliberants. Although facilitators in
our deliberation did not routinely express their own opinions,
they did so occasionally. In Tampa, for example, a facilitator
said the following:

I don’t know that we’re very respectful of young
people. I mean, just to be blunt, like I don’t think
we’re respectful of their time, I don’t think we’re
respectful of their interests. I think, you know,
research—we do cater to adults, and I just don’t think
we often were thinking as much about, you know, like
you said, interest in accessibility of young people,
because we’re—I don’t know, maybe just not
cognizant of what those were. [Session 1; breakout
group 2]

The following excerpt from the Tampa deliberation demonstrates
how expression of personal opinions by facilitators can lead
deliberants to agree rather than discuss their own views. In this
example, a deliberant suggested that school personnel “flag”
students who would benefit from or be eligible for a research
study. A facilitator comment changed the focus from school
personnel “flagging” potentially eligible students to school
personnel being well positioned to weigh in on whether a student
would be competent to consent:

Deliberant: So, maybe [teachers] just tapping into it
in the beginning of the study for identifying people
who would be eligible or benefit might be helpful.

Facilitator: Or at least being able to give a comment
in terms of their ability to consent and understand.

Deliberant: Yes.

Facilitator: So, I think the teachers really know the
kids enough to know whether they will be able to
understand the level of nuance that’s required [to
consent]. Maybe not with any responsibility related
to that, but at least being able to address this question
of maturity versus, you know, being able to—

Deliberant: I completely agree. And we, I mean,
oftentimes [we] know about the ability for their
parents to consent, the ability for their parents—you
know, their level of education, how much they
understand about the study themselves. I mean, I know
my kids pretty well. And I know their families pretty
well. I know their living situations. I know a lot about
them. So, at least tapping into that perspective, we
definitely have a lot to offer in that point of view.
[Session 4]

In some instances, facilitators inquired about diverse opinions
but did not wait for deliberants to comment, and instead, the
facilitators answered their own inquiries. In Denver, for
example, after a deliberant spoke in favor of community
consultation for youth who had no support at home, the
facilitator said the following:

What do others think about this? Maybe something
perhaps how practical this might be because
something like obtaining community input requires
a community to show up...So do you think it would
realistically work? [Session 4; breakout group 1]

Respect for Others

Overview
Across the 4 sites, facilitators made 27 remarks that were coded
to the principle of respect for others. All 27 remarks (100%)
were coded as consistent with the principle (promoted respect
for others). No remarks were coded as inconsistent with the
principle (discouraged respect for others). The proportions of
consistent remarks made at each site were as follows: 30%
(8/27) in Tampa, 7% (2/27) in Baltimore, 33% (9/27) in Denver,
and 30% (8/27) in Chicago.

Consistent With the Principle
In total, 2 types of remarks were coded as consistent with the
principle of respect for others. The remarks (1) conveyed the
importance of respect for others and (2) acknowledged instances
in which deliberants showed respect for others.

The facilitators routinely stressed the importance of respect for
others in their introductory remarks to deliberants. Facilitators
emphasized that showing respect for others by actively listening
and considering others’ views was a ground rule of the
deliberations. A facilitator in Denver, for example, said the
following:

We were all experts in our own experience. And when
people were speaking about that, the best thing we
can do for each other is listen to that and learn from
it. [Session 1]

Facilitators at times acknowledged when deliberants showed
respect for others by pointing out exchanges among deliberants
that were particularly respectful. A facilitator in Baltimore, for
example, reflected on a previous deliberation:

We have parents, and younger people, and people
that have different relationships with their parents,
and it was super respectful, and I think kind of
collaborative. [Session 3]

Adoption of a Societal Perspective

Overview
Across the 4 sites, facilitators made 24 remarks that were coded
to the principle of adoption of a societal perspective. A total of
46% (11/24) of the remarks were coded as consistent with the
principle (encouraged adoption of a societal perspective), and
54% (13/24) of the remarks were coded as inconsistent with the
principle (discouraged adoption of a societal perspective). The
proportions of consistent remarks made at each site were as
follows: 36% (4/11) in Tampa, 0% in Baltimore, 55% (6/11) in
Denver, and 9% (1/11) in Chicago. The proportions of
inconsistent remarks made at each site were as follows: 15%
(2/13) in Tampa, 0% in Baltimore, 62% (8/13) in Denver, and
23% (3/13) in Chicago.
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Consistent With the Principle
One type of remark was coded as consistent with the principle
of adoption of a societal perspective. This type of remark asked
deliberants to consider issues of civic good in their consensus
recommendations. Facilitators occasionally introduced the idea
that the end goal of research was to benefit society as a whole
rather than individual research participants. One facilitator in
Chicago, for example, said the following:

Like clinical [practice] really focuses on the
individual to improve that individual’s health,
whereas clinical research, while there’s often benefit
to the individual...the purpose of clinical research is
to advance scientific knowledge so we know what’s
happening in the population. [Session 1]

In a few instances, facilitators asked deliberants to consider
what is “good for society” when forming their views. A
facilitator in Denver, for example, said the following:

Think about these concerns...from a really broad
perspective—that means not just from your specific
stakeholder perspective but from a community and
researcher perspective. [Session 3; breakout group
5]

Inconsistent With the Principle
One type of remark was coded as inconsistent with the principle
of adoption of a societal perspective. In these instances,
facilitators encouraged deliberants to share personal experiences
and consider how recommendations would affect them
personally without inquiring about the societal perspective. For
example, the following excerpt from the Denver deliberation
demonstrates a missed opportunity to move a discussion from
a deliberant’s personal experience as a parent to a discussion
of the greater good:

Deliberant: Me as an adolescent parent, I would be
able to trust that if my adolescent made the choice to
join the study or like a research that they were doing
the right thing. And I think it's also good for them to
know like what's going on today, versus them not
knowing, like what's going on in the world.

Facilitator: Yeah thanks. And what evidence helped
you come to that conclusion? Like obviously that
perspective as a parent?

Deliberant: So I work at [local hospital] and we do
like birth control and you know, the adolescents are
able to consent for themselves without their parents
knowing. And I feel like some parents don't talk about
like HIV and medications, and what the possibility
can be. You know they want to keep their kids hidden
from everything and protected from everything. But
in our reality if we don't communicate with our
adolescents then that's where us as parents get in
trouble and our adolescents get in trouble. [Session
3; breakout group 5]

Reasoned Justification of Ideas

Overview
Across the 4 sites, facilitators made 99 remarks that were coded
to the principle of reasoned justification of ideas. A total of 82%
(81/99) of the remarks were coded as consistent with the
principle (encouraged reasoned justification of ideas), and 18%
(18/99) of the remarks were coded as inconsistent with the
principle (discouraged reasoned justification of ideas). The
proportions of consistent remarks made at each site were as
follows: 9% (7/81) in Tampa, 4% (3/81) in Baltimore, 33%
(27/81) in Denver, and 54% (44/81) in Chicago. The proportions
of inconsistent remarks made at each site were as follows: 0%
in Tampa, 0% in Baltimore, 11% (2/18) in Denver, and 89%
(16/18) in Chicago.

Consistent With the Principle
In total, 2 types of remarks were coded as consistent with the
principle of reasoned justification of ideas. The remarks asked
deliberants to (1) provide a reason for their stated views or (2)
reveal what information influenced their views.

Some facilitators encouraged deliberants to provide a rationale
or explanation for why they took a particular stance on a
deliberation topic. In some instances, facilitators discussed the
importance of understanding the “why” or the “logic” behind
opinions. A facilitator in Tampa, for example, said the
following:

We want to give reasons for—in sentences we were
writing [consensus recommendations], we want to
also say why we think this, not only that, why we think
it should be done. [Session 4]

Facilitators at times asked deliberants to pinpoint information
they had heard in the course of the deliberation or elsewhere
that had influenced their opinions. Some facilitators asked
deliberants to state what facts supported their views. A facilitator
in Baltimore, for example, said the following:

So, I was going to try to nudge the discussion a little
bit more towards explanations you’ve heard of current
practice or the background reading you did coming
in... [Session 4]

Inconsistent With the Principle
One type of remark was coded as inconsistent with the principle
of reasoned justification of ideas. This type of remark
encouraged deliberants to justify their opinions but then
interrupted them from doing so by supplying a rationale or by
excusing the participant from having to explain their reasoning.
We did not code remarks in which facilitators assured
deliberants that they were free to share their views only if they
were comfortable doing so, especially early in the deliberations,
but rather remarks in which facilitators invited deliberants to
discuss the reasoning for their views but did not give them the
opportunity or space to do so.

The following excerpt from the Denver deliberation
demonstrates how a facilitator remark can discourage discussion
of reasoned justification of ideas. In this example, a deliberant
opined that opening a study to cisgender or heterosexual youth
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would not change their opinion about minor self-consent. The
facilitator asked a deliberant to justify their opinion but then
excused them from doing so:

Deliberant: And to what [deliberant] said, I think
that opening it up to a larger population doesn’t
necessarily mean that you’re going to be getting
participants from that larger population if they don’t
think that it’s an issue that impacts them. Yeah, so
I’m not really sure if—how much of an impact it
would have for me in terms of like the consent
process.

Facilitator: Okay. Thanks. And what would you say
helped you come to that conclusion? What would you
say is the information that helped you support that
idea? And if you don’t want to expand, you don’t have
to. So don’t worry. All right everyone. I think this is
a great time to move on to the next permutation.
[Session 3; breakout group 2]

Compromise or Movement Toward Consensus

Overview
Across the 4 sites, facilitators made 242 remarks that were coded
to the principle of compromise or movement toward consensus.
A total of 61.6% (149/242) of the remarks were coded as
consistent with the principle (encouraged compromise and
movement toward consensus), and 38.4% (93/242) of the
remarks were coded as inconsistent with the principle
(discouraged compromise and movement toward consensus).
The proportions of consistent remarks made at each site were
as follows: 19.5% (29/149) in Tampa, 12.1% (18/149) in
Baltimore, 38.9% (58/149) in Denver, and 61.1% (91/149) in
Chicago. The proportions of inconsistent remarks made at each
site were as follows: 10% (9/93) in Tampa, 3% (3/93) in
Baltimore, 37% (34/93) in Denver, and 51% (47/93) in Chicago.

Consistent With the Principle
In total, 3 types of remarks were coded as consistent with the
principle of compromise or movement toward consensus. The
remarks (1) introduced compromise and consensus as a goal of
the deliberative process, (2) promoted discussion of common
ground and encouraged deliberants to seek consensus, and (3)
asked deliberants to summarize the consensus they had reached.

Facilitators discussed the goals of compromise and consensus
when making introductory remarks about the deliberation. They
informed deliberants that, while they did not need to agree, they
were to explore common ground and, if possible, reach
consensus on issues that were the focus of the deliberation. In
Denver, for example, the facilitator stated the following:

And then in the final session, we’ll review all the
actions and tradeoffs that we’ve come up with, see
where we have any common ground and collaborate
to turn this into an actual list of recommendations or
at least guiding principles... [Session 1]

Often later in the deliberations, facilitators encouraged
participants to consider common ground and move toward
consensus. The facilitators asked whether deliberants were “on
the same page” about an issue, and if they had not reached a

consensus, the facilitators made remarks aimed at encouraging
compromise. The facilitators often asked deliberants to consider
what “tradeoffs” they would be willing to accept to agree on
recommendations. In Baltimore, for example, a facilitator said
the following at the start of the last session:

So, now in this phase, in addition to revising or
adding or tweaking the things that we were just
talking about, the main goal of this next phase is to
come up with—there’s different ways to put it, a set
of principles or maybe a set of recommendations.
[Session 4]

While facilitators often summarized their perceptions of
deliberant common ground, at times they asked deliberants to
discuss the consensus they had reached and recommendations
they wished to make. During deliberations in Chicago (the final
deliberation site), for example, facilitators asked for volunteers
from each breakout group to share a summary of their group’s
consensus and recommendations. The volunteers provided
comprehensive summaries to the larger group. The following
excerpt shows how a deliberant summarized the breakout
group’s conclusions, trade-offs, and recommendations related
to the use of community town halls:

Facilitator: So, we’re going to try to report out from
all our three different groups and kind of keep track
of where we had similarities and differences, and then
we’ll start to deliberate as a large group as best we
can right after that. So, let’s get to it. We’ll start off
with group one. I know that the note taker took some
notes on the slides, and so—and we have a participant
who will be walking us through those.

Deliberant: OK. Yeah. So, as far as like actions and
group conclusions, how we feel about a town hall
with community before study recruitment begins...as
well as like the paid community advisory board that
can be engaged at every step along the way. We feel
one—it’s useful if the young people do not have
support at home. We require honest discussion with
the young person as well as like trained professionals
to screen. So, not that this wouldn’t be useful for
people who have like a more stable and supportive
home life but especially important to folks who don’t
have that or who don’t have it consistently. A negative
is in the community, people [who] aren’t involved
with other people that much would not—would
like—prefer not to really know about these sorts of
things unless like some sort of like major issue popped
up. And of course, that varies from like neighborhood
to neighborhood but it is kind of like a general thing.
Like, at the end of the day, like the majority of the US
[are] still like largely conservative, so, yeah. And
then c, it could be good but it could be bad like if the
broader community were invited. It could attract
people who maybe have like more like ill-intent. So,
like, you know, the fundamentalist types that come
and like, you know, want to disrupt instead of really
have a constructive conversation. So, we’d have to
just be wary of people who want to show up and just
cause dissent and not really like be a part of the
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conversation. Not—You know, and folks who aren’t
really centering the youth at the end of the day, or
they may claim to center the youth but it’s really like
under the guise of like homophobia, transphobia,
hodophobia, all those things. We decided it’s better
if we were going to have a community advisory board
that it’s a paid group of people who are screened.
And we would want to be selective, including people
already involved with the youth, such as, you know,
leaders and folks working in schools, folks specifically
working with like youth HIV prevention, people
working within like the queer community who know
how to advocate for folks who are—yeah, show up in
the range of like queerness and gender and all of
these things as well as like near peers. So, people who
maybe like not too long ago were going through
something similar to this. Yeah. OK... [Session 4]

The deliberant continued to discuss a number of other
recommendations that the group had agreed on.

Inconsistent With the Principle
One type of remark was coded as inconsistent with the principle
of compromise or movement toward consensus. In these
remarks, facilitators conveyed their “take on” deliberant
consensus, often without first asking deliberants what common
ground they felt they had reached. Facilitators often provided
somewhat lengthy summaries of conclusions reached by
breakout groups or by deliberant groups as a whole. These
reports eliminated the opportunity for deliberants to consider
and articulate points of common ground. The following excerpt
from Chicago occurred after deliberant volunteers had reported
on the consensus of their breakout groups (as described
previously). As the session wound down, the facilitator provided
a summary of common ground among the 3 breakout groups
based on notes taken by the research team:

Facilitator: Well, in the interest of time, I’m going to
do something. I’m going to try to summarize the
common ground that we’ve heard...I’m going to try
to come up with a summary of what our common
ground is that would involve the basic elements of
what actions are acceptable under most circumstances
and why?...You all see nuance that needs to be added
that was in your small groups that we want to make
sure we keep in our summarization of your discussion,
please keep that in mind and we'll take your revisions
right after this. So, I think that we agreed that
common ground things that would be necessary or
things that would be at least useful in most situations
would be community supports such as a town hall
and an advisory board. Although there may be some
issues with some of these in certain implementation
aspects. There was generally support for ongoing
support for use throughout this with workshops,
counseling during and counseling afterwards.
Although people wanted to make sure that it was
known while these things were positive, they were not

a standalone. So generally, under most circumstances,
both those things are good at least options to be part
of this. For minor self-consent it sounds like what I
was hearing from the group as common ground would
be minor self-consent good after the age of 16. And/or
in addition to that with teach back as part of it, or on
research that does not necessarily have such intense
side effects. Or, as one group mentioned, for
behavioral, not medical research. General agreement
that minor self-consent with adult help is useful,
possibly especially for people under 16, but that both
this and the trusted adult permission could introduce
problems if it becomes in conflict with an adult—with
a parent, and potentially for other reasons as well.
And then, general agreement that under most
situations, an ombudsperson being available as part
of the project for all participants—all youth
participants, but especially those without—where
parental consent isn't feasible was positive. And then,
parental permission for folks who were less than 16
in most areas... [Session 4]

The facilitator then reported on several other areas of common
ground, but the session ended soon after this summary, and
there was no opportunity for deliberants to discuss “nuances,”
as the facilitator had suggested.

Discussion

Principal Findings
The analysis presented in this paper provides an example of
how the framework that our team developed to assess facilitator
fidelity to principles of democratic deliberation was used in a
4-site public deliberation project focusing on minor self-consent
for biomedical HIV prevention research. The assessment was
implemented as outlined in our published blueprint report [16].
The examination of facilitator fidelity at all 4 sites allowed us
to examine patterns of facilitator remarks across sessions and
sites, provided sufficient data to delineate different types of
remarks aligned with each principle, and yielded rich verbatim
exemplars of facilitator remarks and facilitator and deliberant
dialogue reflecting each principle. The counts provide
affirmation of facilitator fidelity as most facilitator remarks
made across all sessions at all sites were coded as consistent
with a principle, and moreover, the number of coded facilitator
remarks generally increased over time across the sites.

Implications
Although the code counts do not serve as definitive quantitative
metrics of fidelity as the counts are influenced by variations in
the deliberation sites and sessions (eg, number of deliberants
attending, structure of sessions, and unique group
characteristics), they do provide guideposts for improving
deliberation quality. In Table 4, we summarize facilitator fidelity
across the 4 sites, provide conclusions about facilitator fidelity
across sites, and offer recommendations for future deliberations.
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Table 4. Summary of facilitator fidelity across sites, conclusions about facilitator fidelity across the 4 sites, and recommendations for future deliberations.

Recommendations for future deliberationsConclusions about facilitator fidelity across the
sites

Summary of facilitator fidelity
across the sites

Principle

Facilitators should continue to encourage
more reticent members to contribute to the

Remarks consistent with this principle increased
after the first 2 deliberations because the research

Few remarks consistent with the
principle were made at the first site,

Equal participa-
tion

discussion and, on occasion, respectfullyteam noted during debriefings that some partici-and many more were made at the
encourage more talkative members to re-pants were not well engaged. The team then en-last 2 sites (Tampa: n=9; Denver:
frain until others have spoken. Facilitatorscouraged facilitators to actively invite quietern=59; Chicago: n=64). Remarks in-
should be discouraged from inviting delib-members, especially youth, to participate andconsistent with the principle varied
erants to contribute and then “excuse”
them from doing so.

ask talkative deliberants to pause to give quieter
members time to formulate responses. Facilita-
tors also continued on occasion throughout the

across sites (Tampa: n=2; Denver:
n=35; Chicago: n=10).

sessions to encourage persons who had already
spoken to comment again or invite quiet deliber-
ants to comment but then immediately assure
them that they did not “need” to if they were
uncomfortable.

Deliberants should be encouraged
throughout the deliberations to express

Facilitators at all sites reassured participants that
differences were valued and dissent was expect-

Many remarks consistent with the
principle were made across the sites

Expression of di-
verse opinions

diverse opinions, and the sharing of per-ed or asked them to consider views that might(Tampa: n=36; Denver: n=24;
sonal opinions by facilitators should al-
ways be avoided.

not be represented in their group. However, some
facilitators also on occasion continued to give
their own opinions rather provide facts or expert
information about the issues being discussed.

Chicago: n=44). Remarks inconsis-
tent with the principle were made
with some frequency in later delib-
erations (Tampa: n=5; Denver:
n=17; Chicago: n=25).

Once respect for others is established as
a ground rule, deliberants may not need

There were very few instances in which deliber-
ants did not interact with each other respectfully,

Few remarks consistent with the
principle were made across the sites

Respect for oth-
ers

ongoing encouragement to act respectfullyand therefore, more facilitator remarks encour-
aging them to do so were unnecessary.

(Tampa: n=8; Denver: n=9; Chica-
go: n=8). No remarks inconsistent
with the principle were made across
the sites.

toward one another, but facilitators should
remain alert to and intervene in response
to any instances of disrespect.

Strategies are needed to help facilitators
introduce the concept of societal good and

At times, facilitators diverted deliberants’ atten-
tion toward their own concerns rather than to-

Few remarks consistent with the
principle (Tampa: n=4; Denver:

Adoption of a so-
cietal perspective

encourage consideration of civic benefitward consideration of what would be good forn=6; Chicago: n=1) were made
as deliberants finalize their recommenda-society. The concept of societal benefit, as op-across the sites. Few remarks incon-
tions. While discussion of personal expe-posed to self-benefit, might be a difficult concept

for some facilitators to understand or promote.
sistent with the principle (Tampa:
n=2; Denver: n=8; Chicago: n=3)
were made across the sites.

riences early in deliberations can help
members get to know one another, these
discussions should not be encouraged later
in deliberations as participants move to-
ward consensus.

Facilitators should routinely ask deliber-
ants to discuss the rationale for their views

The increase in consistent remarks at the last 2
sites might be attributed to facilitator training as

Remarks consistent with the princi-
ple were made often, especially

Reasoned justifi-
cation of opin-
ions as well as identify what information they

considered in coming to these views. Fa-
facilitators were encouraged to ask deliberants
to expand on how they came to the views they

during the last 2 sessions (Tampa:
n=7; Denver: n=27; Chicago: n=44).

cilitators should never supply their under-expressed rather than just state their opinions.Remarks inconsistent with the prin-
standing of the reasons or the informationHowever, facilitators were less likely to ask de-ciple were made only infrequently
underlying deliberant views if the deliber-liberants about information that influenced their(Tampa: n=0; Denver: n=2; Chica-

go: n=16). ants have not articulated these justifica-
tions themselves.

views. Moreover, infrequently, some facilitators
continued to supply reasons for deliberants’
views rather than encouraging them to provide
their own rationale.
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Recommendations for future deliberationsConclusions about facilitator fidelity across the
sites

Summary of facilitator fidelity
across the sites

Principle

Research teams should develop strategies
that allow facilitators to guide deliberants
toward compromise and consensus without
taking over that responsibility.

Facilitators often encouraged deliberants to
consider the views of the group, find common
ground, and consider trade-offs but also frequent-
ly provided a summary of what the facilitators
believed to be a consensus. The increase in
consistent remarks in Chicago likely reflected a
change in the deliberation plan (run of show) as
facilitators were instructed to ask 1 deliberant
from each breakout group to assume responsibil-
ity for reporting their groups’ points of agree-
ment and recommendations to the larger group.
However, the frequency of the inconsistent re-
marks even late in the deliberations suggests that
facilitators continued to discuss what they be-
lieved to be the consensus reached by deliber-
ants.

Many remarks consistent with the
principle were made across the sites
(Tampa: n=29; Denver: n=58;
Chicago: n=44). Remarks inconsis-
tent with the principle were fairly
frequent in the last 2 deliberations
(Tampa: n=9; Denver: n=34;
Chicago: n=47).

Compromise or
movement to-
ward consensus

Limitations
While the assessment presented in this paper can inform future
deliberation planning and facilitator training, it also raises some
issues for further consideration in refining the framework. For
example, few facilitator remarks in our deliberation were coded
as consistent with the principle of adoption of a societal
perspective, and we surmised that this was because some
facilitators did not fully understand the concept and, thus, often
invited consideration of personal rather than public welfare in
the deliberations. This conclusion is challenged by the work of
Lehoux and Proulx [25], who suggest that some deliberants can
serve as both public and patient representatives. In the former
role, they bring a collective perspective, and in the latter role,
they bring a personal perspective. In their deliberation on the
value of technological health innovations, Lehoux and Proulx
[25] found that deliberants alternated between these 2 modes
of engagement. When arguing from a collective perspective,
they addressed issues such as social costs, environmental
protection, and individual freedoms, whereas when they argued
from a personal perspective, they addressed issues such as the
functionality of the technology, its dehumanizing effects on
users, and its potential to increase individuals’ autonomy. The
researchers suggest that these 2 engagement modes are
complementary and each is needed to advance deliberative
discussions. They recommend that facilitators can first elicit
one standpoint and then elicit counterpoints from the other
standpoint. This work suggests that the facilitator fidelity
framework may need to provide a way for researchers to
evaluate the extent to which facilitators are able to elicit
discussion of both perspectives and illuminate the tension
between them rather than rate questions about personal
experiences and needs as inconsistent with the principle of
adoption of a societal perspective.

Another issue not sufficiently addressed in the framework is
plurality. The framework includes the principles of expression
of diverse opinions and compromise and movement toward
consensus but does not call for an assessment of how facilitators
unearth and account for multiple perspectives—despite the fact
that deliberants are chosen for their diverse views. In our
assessment, remarks coded as inconsistent with the principle of

expression of diverse opinions were primarily personal opinions
expressed by the facilitators, and remarks coded as inconsistent
with the principle of compromise and movement toward
consensus were primarily remarks that revealed the facilitators’
“takes” on deliberant points of agreement. While these were
important findings and led to recommendations for facilitator
training, the nuances of effectively managing plurality are not
captured completely in the framework. Baker et al [24]
addressed the question of “what to do when people disagree”
in deliberations and discussed how different perspectives should
be elicited, deliberated, and integrated into recommendations.
They developed a multilevel framework that allows for
transparency of plurality and considers the integration of
perspectives through counting (ie, strength of preferences),
coherence (ie, the logical consistency of the argument), and
consensus (ie, recommendations agreed upon through
deliberation). They propose that agreements and disagreements
occur at 3 levels: principles (ie, high-level normative
statements), policies (ie, midlevel operational rules), and patients
(ie, case-level judgments). Plurality can be disentangled by
examining counting, consensus, and coherence at each level.
For example, deliberants may reach consensus on general
principles, but these principles may not be reflected in their
policy recommendations, and thus, their decision-making lacks
coherence. The authors suggest that facilitation methods can be
developed to elicit values at all levels and uncover instances in
which principles, policies, and patients are in tension, thereby
promoting discussions of inconsistencies, identification of values
that have the greatest force, and increased justification of
collective outputs. This work could inform the refinement of
our framework by introducing important nuances in our
evaluation of how facilitators elicit diverse opinions and guide
deliberants to integrate multiple perspectives into their final
recommendations.

The issue of facilitator influence raised in our assessment is
considered in a discussion by Kuhar et al [26]. We identified a
few exchanges in which facilitators expressed their opinions,
which in turn influenced deliberant responses. Kuhar et al [26]
point out that neutrality of facilitators is a deliberation ideal but
facilitator influence on outcomes occurs regularly in deliberative
discussions. We recognize that, while our framework classified
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a few overt instances of facilitator influence, it is possible that
facilitators influenced discussions in more nuanced ways not
addressed in the framework (eg, information presented in expert
testimonies), suggesting that facilitator neutrality is an issue
that warrants further development. For example, assessment of
facilitators’performance might include the extent to which they
have reflected on their own views and developed an awareness
of how their views can influence deliberation outcomes, even
if subtly.

In addition to the limitations described previously, a few other
concerns need to be addressed in the refinement of the
framework. Kuhar et al [26] pose that the privileging of logical
argumentation, which is central to most deliberation theories
but not valued by all cultures, can marginalize underrepresented
groups. In future iterations of our framework, we intend to add
a principle that extends beyond expression of diverse
perspectives and addresses mitigating social inequalities more
explicitly. In addition, for the assessment reported in this paper,
all team members (eg, deliberation experts, research team
members, and site stakeholders) were treated as one group of

facilitators as there was fluidity in how they contributed to the
sessions. However, in future assessments, we will examine role
differences more closely when determining how facilitation
processes overall affect deliberation quality.

Conclusions
Our assessment of facilitator fidelity to the principles of
democratic deliberation in a 4-site deliberation project on the
acceptability of youth self-consent for biomedical HIV
prevention research affirmed that most facilitator remarks
aligned with deliberative principles but also revealed areas in
which facilitator performance could be strengthened. Facilitators
play an important role in ensuring rich deliberative discussions,
and a comprehensive assessment of deliberation quality should
include an assessment of facilitator performance. The facilitator
fidelity framework and blueprint report developed by our team
offer a guide to conduct such an assessment. Systematically
assessing facilitator fidelity can not only provide an indication
of deliberation quality but can also inform future deliberation
planning and facilitator training.
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Abstract

Background: Accumulating evidence supports the use of virtual reality (VR) in mental health care, with one potential application
being its use to assist individuals with relaxation exercises. Despite studies finding support for the potential of VR to effectively
aid in relaxation, its implementation remains limited outside of specialized clinics. Known barriers are insufficient knowledge
regarding VR operation, lack of availability of VR relaxation apps tailored to local health care systems, and cost concerns.
Unfortunately, many VR relaxation apps are designed exclusively for stand-alone headsets, limiting accessibility for a broad
audience.

Objective: We aimed to design an accessible, smartphone-based VR relaxation app based on user preferences. This paper
describes the assessment of 2 stand-alone VR relaxation apps and the resulting smartphone-based VR relaxation app design.

Methods: Overall, 30 participants (n=23, 77% women; n=7, 23% men) took part in 2 separate VR sessions, assessing 1 of the
2 VR relaxation apps (Flowborne and Calm Place) in each session. After each session, participants were presented with open-ended
questions to assess their experiences via a web-based survey tool. These questions explored positive and negative features,
shortcomings, and suggestions for improvements while also allowing space for additional remarks concerning the 2 VR relaxation
apps. Three of the authors analyzed the responses using inductive thematic analysis, a process comprising 6 phases.

Results: Across both the apps, 5 recurring themes and 13 recurring subthemes were identified in the participants’ answers:
audio (music and sounds, guidance), visuals (content, realism, variation and dynamics in the environment), features (language,
options, feedback and instructions, duration, exercise), implementation (technical aspects, cybersickness, acceptability and
usability), and experience. We analyzed the participants’ findings and conducted a literature review, which served as the basis
for developing the app. The resulting app is a Dutch-language, smartphone-based VR relaxation app, with customization options
including 3 types of relaxation exercises, 2 guiding voices, and 3 different environments. Efforts have been made to ensure
maximum variation and dynamism in the environments. Calming music and nature sounds accompany the exercises. The efficacy
and effectiveness of the resulting app design were not assessed.

Conclusions: This study provides insights into key features of VR relaxation apps, which were subsequently used for the
development of a novel smartphone-based VR relaxation app. Further research concerning the effectiveness of this app, along
with a broader evaluation of the efficacy and user feedback for smartphone-based VR relaxation apps, is needed. More generally,
there is a clear need for more research on the impact of interactivity, biofeedback, and type of environment in VR relaxation.

(JMIR Form Res 2025;9:e62663)   doi:10.2196/62663
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Introduction

Background
Immersive virtual reality (VR) has a long-standing history in
the mental health domain. Using computer-generated
environments or 360-degree videos, patients experience being
in the virtual environment, rather than the real world [1-3]. In
therapy, VR boasts a clear-cut advantage by affording the
therapist absolute control over the emotional intensity of the
environment, thereby facilitating customization in response to
the unique needs of the patient [4]. As VR becomes more
accessible, it is being explored for a wide range of applications
in mental health care. These include exposure therapy for
patients with anxiety disorders [5] or posttraumatic stress
disorder [6], distraction techniques for children to manage pain
during burn wound treatment [3,7], body swapping for
addressing eating and weight disorders [8], and using avatars
with customized voices to treat patients experiencing auditory
hallucinations [9]. In addition, VR is being explored as a tool
to deliver or facilitate psychoeducation, behavioral activation,
treatment for obsessive-compulsive disorder, addiction
treatment, rehabilitation following traumatic brain injuries, and
more [10,11].

Another potential application of VR is to help facilitate
relaxation in individuals experiencing stress. VR relaxation
apps typically present a computer-generated or 360-degree
captured natural environment, such as a beach or forest,
sometimes with accompanying auditory breathing or meditation
exercises. The prevalence of natural environments in VR
relaxation stems from research confirming their stress-reducing
qualities [12]. Pizzoli et al [13] described 2 efficacious
approaches to VR for promoting relaxation, namely, relaxing
VR and engaging VR, and proposed a new approach, namely,
personalized VR. Relaxing VR is characterized by visual content
illustrating generic, pleasant environments, such as nature-based
scenes, and auditory content based on common relaxation
techniques, such as meditation and progressive muscle
relaxation, with the aim of inducing control over one’s body.
In contrast, engaging VR uses more specific scenarios and
interactive sceneries with a focus on empowering and training
the user to regulate one’s emotions [13]. Personalized VR was
explored as a third, theory-based approach, focusing on an
individualized design and implementation. Numerous studies
have affirmed the effectiveness of VR relaxation in promoting
relaxation and alleviating stress [14-19]. Recent reviews by
Riches et al [20-22] also demonstrate that VR relaxation is an
acceptable, feasible, and effective tool for enhancing relaxation
and reducing stress across diverse populations, including the
general population [20], various clinical populations [21], and
in workplace settings [22].

Despite an increasing body of evidence highlighting the
effectiveness of VR relaxation, its routine care implementation
remains limited outside of specialized clinics [23]. Technology
adoption already proves challenging in mental health care [24],

but several barriers hamper the uptake of VR relaxation
specifically. A first barrier is that many therapists or individuals
experiencing stress frequently lack the knowledge of how to
operate VR [25]. Furthermore, numerous VR relaxation apps
are not adapted to or available in patients’ native language.
Another challenge is the fact that VR remains relatively
expensive [11,26,27]. However, concerning the latter barrier,
it should be noted that VR headsets exist in different price
ranges. One distinction that can be drawn among VR headsets
that rely on smartphones and those that can be used stand-alone.
Smartphone-based VR headsets, as implied by their name,
require a smartphone to function, whereas stand-alone VR
headsets operate independently. The latter are frequently more
sophisticated, although considerably more expensive than
smartphone-based VR headsets. A smartphone-based VR
headset is readily available with a starting price as low as €15
(US $15). Unfortunately, most relaxation apps are designed
exclusively for stand-alone headsets, limiting accessibility for
a broad audience. Notably, there is a third category, of
computer-connected (or tethered) headsets. However, these are
even more expensive than stand-alone VR headsets, especially
because they rely on an additional powerful computer.

Objectives
The purpose of this study is to develop a relaxation app
specifically for smartphone-based VR headsets. Such VR
headsets allow people to use their own smartphone, making
them a potentially cheaper and more accessible alternative to
stand-alone VR headsets. However, it is crucial to acknowledge
that owning a smartphone is a prerequisite for using a
smartphone-based VR headset. Fortunately, most of the
population already owns a smartphone, making this cost less
of a barrier. To overcome the previously highlighted barrier of
inadequate adaptation to the local health care sector and
language, the app is tailored to the local (ie, Flemish) context
and developed in the Dutch language.

Methods

Overview
This study is 2-fold. In the first part, we assess the user’s
perspectives on existing VR relaxation apps using
evidence-based techniques. In the second part, we describe the
development of a smartphone VR app, considering previous
user feedback and relevant literature. The validation of the
resulting app design is beyond the scope of this study.

Study Design and Procedure
A crossover study to assess users’ perceptions of 2 VR
relaxation apps was conducted at Thomas More University of
Applied Sciences, Belgium. Participants took part in 2 separate
VR sessions, exploring 1 of the 2 VR relaxation apps per
session. After each VR session, participants were presented
with open-ended questions to assess their experiences via the
web-based survey tool QuestionPro (QuestionPro, Inc). These
questions explored positive and negative features by assessing
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strengths (What did you like about the app?), shortcomings
(What did you like less or dislike about the app?), and
suggestions for improvements (What would you improve about
the app?), while also allowing space for additional remarks
concerning the 2 VR relaxation apps. Before and after each
session, quantitative data concerning relaxation levels, positive
and negative affect, attitude toward technology, and mood were
also collected. However, these data are beyond the scope of this
study. Each VR session lasted approximately 5 to 10 minutes
and took place on 2 different days, with at least 1 week in
between. The order in which the apps were presented was
randomized. Each study session lasted approximately 40
minutes.

Ethical Considerations
The study design and consent forms were approved by the
Ethical Committee of the Department of Applied Psychology
at Thomas More University of Applied Sciences
(ECTP2223_06). Before data collection, participants were
informed about the study objectives, study design, and data
processing both verbally and through an information letter. They
also provided written informed consent. Participants were not
compensated for their participation in the study. Data were
collected, handled and stored according to the European Union
General Data Protection Regulation (GDPR) and International
Council for Harmonisation of Technical Requirements for
Pharmaceuticals for Human Use (ICH) Guideline for Good
Clinical Practice (GCP). Data were deidentified and all analyses
adhered to data privacy guidelines.

Participants
A total of 30 employees (n=23, 77% women; n=7, 23% men)
from Thomas More University of Applied Sciences were
recruited through a call in an internal newsletter between
December 2022 and January 2023, across 2 campuses in
Antwerp and Geel, Belgium. The call provided information
about the study objectives and study procedures. Interested
employees were asked to contact the researchers via email for
additional information and to schedule the data collection. Their
average age was 37.17 (SD 8.91) years. Individuals with
neurological conditions, such as epilepsy, or severe neck
problems were excluded. There were no dropouts.

Intervention

Overview
Participants were presented with 2 freely available VR relaxation
apps via the Meta Quest 2 stand-alone VR headset (Meta
Platforms, Inc), Flowborne (Flowborne) [28] and Calm Place
(Mimerse) [23]. It is important to note that Calm Place is not
publicly available, but the creators gave permission to use the
app for research purposes.

Flowborne
Flowborne is a freely available respiratory biofeedback VR app
designed to promote diaphragmatic breathing in a playful way.
The app was developed in an academic context, and previous
research has demonstrated its effectiveness in improving
diaphragmatic breathing and breath awareness, promoting a
sense of relaxation [29]. Flowborne consists of a low-polygon

3D environment, a digitally created space that uses fewer
geometric shapes to ensure a smoother and faster VR experience,
featuring natural elements such as grass, stones, flowers, and
trees. The environments are composed of 4 different landscapes,
each containing 6 different levels with an additional variation
in duration (ie, short, medium, and long). The 4 different
landscapes vary in terms of color themes and environmental
characteristics. For instance, one of the landscapes resembles
a hill, while another resembles an ocean. What makes this VR
relaxation app stand out is the ability for users to navigate
through the environment by breathing, accompanied by visual
alterations in response to their breath (eg, grass growth and
color shifts). During exercises, users are required to position
the controller of the VR headset on their lower abdomen,
allowing the controller to detect the expansion and contraction
of the abdominal region and promote abdominal breathing. A
slow, deep breathing pattern is necessary to progress fluently
through the environment. There is no guiding voice throughout
these exercises. At the outset, individuals have the opportunity
to select a tutorial session that explains the exercise and the use
of the controller on their abdomen. In addition, users experience
ethereal and natural sounds during their journey in the
environment. For this study, participants were instructed to
complete a session of medium duration (ie, 9 minutes) with a
landscape of their choice.

Calm Place
Calm Place is a VR relaxation app developed by Mimerse.
Although this company is no longer operational, it has made its
app available for research purposes upon request. In this VR
relaxation app, users immerse themselves in a low-polygon
natural environment, at a campfire surrounded by nature. During
the exercise, one has the option to transition the environment
from daytime to nighttime. The app uses a gaze-controlled
interface, enabling users to navigate the environment by simply
moving their heads. By directing their gaze toward specific
objects, users can induce changes in the environment [23]. The
exercises can be done without controllers; they are only needed
to set up the exercises and customize the environment to
individual preferences. This customization includes selecting
whether it rains, choosing whether there are animals, setting a
specific time to prevent a transition from day to night, adjusting
sound volume, enabling or disabling environment sounds,
choosing among 3 songs, and selecting which “relaxing object”
you prefer. Exercises include guided relaxation, mindfulness
exercises, or simply observing nature. In both the guided
relaxation and mindfulness exercises, there is a voice that guides
you step by step through the process. In the guided relaxation
exercises, you can choose from different relaxation techniques:
basic relaxation, muscle relaxation, and deep breathing.
Similarly, in the mindfulness exercises, you can specify the
session number you prefer to follow. There are also 4 different
landscapes and 3 different duration options (ie, 9, 13, or 20
minutes). At the outset and conclusion, participants are asked
to report on their emotional state (“How are you feeling now?”),
using a scale featuring 5 emojis. For this study, participants
were instructed to perform a 9-minute deep breathing exercise
and were given the freedom to choose their preferred
environment.
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Data Analysis
Using inductive thematic analysis, qualitative data were
analyzed by 3 team members (AV, MvL, and SB) for each app
separately. The goal was to map out users’ perspectives
regarding strengths, weaknesses, and potential improvements
in the 2 VR relaxation apps. Although there is no singular
definitive method for conducting thematic analysis, Braun and
Clarke [30] have outlined a potential procedural framework
consisting of 6 phases: familiarization, coding, theme
development, reviewing themes, defining and naming themes,
and writing the report. In the familiarization stage, the responses
to the open-ended questions underwent repeated readings by
each of the 3 coders individually to attain a profound
understanding. Subsequently, in the second phase, a brief
summary or code was provided by each of the 3 coders
individually for what was said in the responses. The data were
presented in Excel (version 365; Microsoft Corp) and were
open-coded through semantic coding, and no predetermined
codebook was used. For instance, codes such as “more realistic”
were assigned to responses such as the following:

The images are very “virtual.” I think I would find it
more pleasant if real images of mountains were used.

Each coder individually went through multiple iterations of
coding. However, these iterations and the corresponding changes
and evolution of the codes were not documented. During the
third stage, the 3 coders individually searched for overarching
themes and subthemes and categorized the answers to the
open-ended questions using colors associated with these initial
themes and subthemes. Note that, in this respect, although an
inductive thematic analysis approach was adopted, deductive
analysis was necessary to some extent to ensure that the codes
and themes contributed to answering the research questions,
which is common in thematic analysis [31]. In the fourth stage,
a comparison was made among the identified themes and the

data to check whether these themes constitute an accurate
representation of the data and aid in addressing the research
question. In this phase, coders MvL, AV, and SB compared
themes and codes to reach consensus about the codes and themes
and subthemes. When similar codes and themes and subthemes
were present, the clearest (ie, based on consensus) terminology
was withheld. When codes and themes and subthemes differed,
the researchers discussed until consensus was reached. These
discussions were not documented. Official names were assigned
to the themes in the fifth phase, which was led by AV. These
tables were subsequently checked by SB, and the theme and
subtheme structure was discussed until consensus was reached.
MvL was not able to partake in this stage due to practical
reasons. This thematic analysis revealed that participants’
responses to the open-ended questions could be categorized
according to the following themes across the 2 VR relaxation
apps: audio, visuals, features, implementation, and experience.
Each of the themes has been further subdivided into different
subthemes. These themes and subthemes were reported in the
sixth phase and translated into specific app features, with their
respective findings elaborated upon in the Results section of
this study.

Results

In the first part of this section, we discuss user perspectives on
existing VR relaxation apps, categorized according to the
aforementioned themes and subthemes. In the second part, we
describe the translation from user preferences to app features
and the resulting smartphone VR app, considering this user
feedback and relevant literature.

Stage 1: Assessment of User Perspectives
Results of the thematic analyses for each separate app can be
found in Tables 1 and 2. The corresponding codes and themes
and translation to app features are discussed in stage 2.
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Table 1. Summary of users’ perspectives on the Flowborne app, organized according to the themes and subthemes from the thematic analysis.

Areas of improvement and negative featuresStrengthsThemes and subthemes

Audio

Music and sounds •• Suggestion to add more nature sounds (n=1, 3%)Music found to be calming (n=14, 47%)
• Music mentioned spontaneously when asked

for positive aspects of the app (n=9, 30%)
• Nature sounds (n=2, 7%)

Guidance •• Preference for a guiding voice (n=1, 3%)Lack of guiding voice (n=3, 10%)

Visuals

Content •• Desire for more animals (n=3, 10%)Beautiful setting (n=10, 33%)
•• World feels deserted, too little life (n=1, 3%)Magical setting (n=1, 3%)

• Animals (n=4, 13%)

Realism •• Preference for more realistic environment (n=3, 10%)Realistic virtual setting (n=1, 3%)
•• Artificial environment (n=2, 7%)Magical environment (n=1, 3%)
• Futuristic animals and elements (n=1, 3%)

Variation and dynam-
ics in the environ-
ment

•• Desire for more variety (n=3, 10%)Appreciation for existing variety (n=2, 7%)
•• Desire for more dynamism (n=2, 7%)High activity level in the environment (n=1,

3%) • Distraction due to environmental activity (n=1, 3%)

Features

——aLanguage

Options •• Desire for customizable route (n=1, 3%)Customizable duration (n=1, 3%)

—Feedback and in-
structions

• Unclear instructions and desire for example exercise (n=3, 10%)
• Unclear feedback at the end (n=2, 7%)
• Lack of reference for breathing pace (n=1, 3%)
• Unclear end of exercise (n=1, 3%)

—Duration • Duration too short (n=2, 7%)
• Negative feedback on exercise duration (n=1, 3%)

Exercise •• Lack of forward movement while inhaling (n=3, 10%)Movement through breathing (n=7, 23%)
•• Tendency to exhale more to move quickly through the environ-

ment (n=1, 3%)
Visual feedback linked to breathing (n=3,
10%)

Implementation

—Technical aspects • Negative feedback on configuration of walking path (n=3, 10%)
• Disappointment with the configuration of the environment

boundaries (n=2, 7%)
• Controller as a suboptimal breathing sensor (n=1, 3%)
• Occasional image blurriness (n=1, 3%)
• Occasional visual glitches (n=1, 3%)

—Cybersickness • Nausea (n=2, 7%)
• Dizziness (n=2, 7%)
• Nausea and headache (n=1, 3%)

Acceptability and
usability

•• Sense of an abandoned world (n=1, 3%)Intention to use it again (n=1, 3%)

Experience

•• Competitive aspect hinders relaxation (n=1, 3%)Pleasant experience (n=5, 17%)
•• Uncertain about repeated enjoyment (n=1, 3%)Relaxing effect (n=5, 17%)

• •Energizing effect (n=1, 3%) Difficulty staying awake (n=1, 3%)
• Interesting as a sleep aid (n=1, 3%)
• Desire to keep wearing the headset (n=1, 3%)

aNone.
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Table 2. Summary of users’ perspectives on the Calm Place app, organized according to the themes and subthemes from the thematic analysis.

Areas of improvement and negative featuresStrengthsThemes and subthemes

Audio

Music and sounds • Desire for more nature sounds (n=2, 7%)• Positive feedback on nature sounds (n=9, 30%)
• Suggestion to add music (n=1, 3%)

Guidance • Desire for continuous guiding voice counting during
breathing exercise (n=4, 13%)

• Pleasant, relaxing voice (n=12, 40%)

• Desire for less auditory guidance (n=3, 10%)
• Desire for more interaction with guiding voice (n=1,

3%)
• Guiding voice should not be too demanding (n=1, 3%)

Visuals

—aContent • Environment (n=12, 40%)
• Campfire (n=2, 7%)
• Northern lights (n=2, 7%)
• Animals (n=1, 3%)
• Beach and rocks (n=1, 3%)
• Vacation feeling (n=1, 3%)

Realism • Desire for greater realism in the environment (n=4,
13%)

• Realistic environment (n=1, 3%)

Variation and dynamics in
the environment

• Rain and thunder found to be unpleasant (n=5, 17%)• Day-night transition (n=5, 17%)
•• Static environment (n=1, 3%)Variation in the environment (n=4, 13%)

• Dynamic elements (n=1, 3%) • Monotonous environment (n=1, 3%)
• Desire for more dynamic elements (n=1, 3%)• Rain (n=1, 3%)
• Desire for more variation (n=1, 3%)

Features

—Language • Desire for the Dutch-language option to lower the
threshold for certain target groups (n=3, 10%)

—Options • Ability to choose different environments (n=2,
7%)

• Curiosity regarding the other environments (n=2,
7%)

—Feedback and instructions • Suggestion for better preparation or a test exercise (n=1,
3%)

• Suggestion for instruction on appropriate posture (n=1,
3%)

• Suggestion for option without indicating feelings at the
end (n=1, 3%)

Duration • Exercise duration found to be short (n=1, 3%)• Satisfaction with duration (n=2, 7%)
• Positive feedback on customizable exercise dura-

tion (n=1, 3%)

—Exercise • Desire for clearer indication of breathing rhythm (n=3,
10%)

• Desire for visual cues for counting during breathing
exercise (n=2, 7%)

• Discomfort expressed regarding the fixed breathing
pace (n=2, 7%)

• Too many tasks at once (n=1, 3%)

Implementation

Technical aspects • Controller visible at times (n=3, 10%)• Appreciation for minimal controller use (n=1,
3%) • Occasional visual glitches (n=3, 10%)

• Difficulties with controller clicking (n=1, 3%)

——Cybersickness

JMIR Form Res 2025 | vol. 9 | e62663 | p.3396https://formative.jmir.org/2025/1/e62663
(page number not for citation purposes)

Verstegen et alJMIR FORMATIVE RESEARCH

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


Areas of improvement and negative featuresStrengthsThemes and subthemes

• Distraction due to background noise (n=2, 7%)
• Doubts about virtual reality relaxation’s superiority

over breathing exercises with only visual or video
stimuli (n=1, 3%)

• Suggestion to use headphones (n=1, 3%)
• Suggestion to use the app while standing (n=1, 3%)

—Acceptability and usability

Experience

• Boring experience (n=1, 3%)
• Experience found to be tiring (n=1, 3%)
• Fear due to the dark environment (n=1, 3%)

• Pleasant experience (n=10, 33%)
• Relaxing effect (n=4, 13%)

• Easy to imagine being in such an environment
(n=1, 3%)

• Minimal sensory stimuli (n=1, 3%)

aNone.

Stage 2: Translation of User Perspectives to App
Features

Overview
A new VR relaxation app, Immersive Mental Health (IMH;
Aeroplane XR), was designed for smartphones, incorporating

insights from the user assessments of the 2 stand-alone VR apps
and guided by a comprehensive literature review. The app was
developed by the Flemish XR developer Aeroplane XR using
the Unity platform. The app’s conceptualization is presented in
Figure 1. In this section, we describe the developed smartphone
VR app, considering user feedback and relevant literature.

Figure 1. Personal configuration flow in the Immersive Mental Health app. The language in the screenshots has been translated from Dutch to English
for publication purposes.

Audio

Music and Sounds

Numerous participants reported finding ethereal and nature
sounds pleasant and conducive to relaxation. Studies have shown
that the concurrent exposure to a nature-based VR setting and

natural sounds is more effective in reducing stress compared to
independent auditory or visual inputs [17,32]. Drawing upon
participant evaluations and literature, we chose to integrate both
natural and ethereal sounds into our new IMH app. Different
nature sounds, such as chirping birds, the sound of the sea,
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crackling fire, wind, and others, can be heard depending on the
environment chosen.

Guidance

Opinions on the use of a guiding voice were divided, both
regarding whether it should be included at all and whether it
should provide continuous guidance during breathing exercises.
Some participants preferred a continuous vocal count throughout
the breathing exercise, stating the following:

I would rather hear the voice continuously guiding
the breath exercise with simple words like “in and
out.” Counting to 10 myself kept me more focused on
counting than on my breathing.

In contrast, others preferred its absence:

Hearing the guiding voice count aloud the duration
of breaths made me more anxious because my pace
was slower than indicated, making me afraid of not
completing on time.

IMH does not require a counting voice during breathing
exercises; consequently, such exercises are not included. We
opted to include a guiding voice for 2 out of the 3 exercises to
provide auditory explanations for the exercises, as participants
have articulated a preference for clear instructions. In addition,
participants were given the option to choose between a male or
a female narrator. We included this customization option
because the literature has consistently shown that providing
personalization options leads to a higher level of relaxation [33].

Visuals

Content

A substantial number of participants found the environments
to be pleasant:

Lovely environment. Feels like a vacation.

Animals and natural features such as fire and water were
especially well received. Literature has also shown that natural
lighting and water elements are essential for alleviating stress
in VR users [34]. Grounded in the findings of this study and
the evaluative study, the IMH app features natural landscapes
enriched with elements such as water, fire, and animals.

Realism

Participants valued a realistic environment, often suggesting
that the environments could be even more realistic:

The images are very “virtual.” I think it would be
more pleasant if real images of mountains were used.

According to a review study, VR natural scenarios have similar
effects to real nature scenarios for stress reduction [34].
However, they highlight the importance of maximizing realism
in these VR scenarios to improve the immersive experience.
Furthermore, research indicates that a computer-generated
natural environment provides a more emotionally restorative
experience compared to a 360-degree video representation of
a similar setting [35]. In addition, another study found that
computer-generated VR enhances the sense of presence and
elevates mood more effectively than 360-degree VR [36].
Therefore, based on the literature and participant feedback, we

aimed to create as realistic a computer-generated environment
as possible within the limits of the processing power of a
smartphone (ie, Android operated).

Variation and Dynamics in the Environment

The participants placed great importance on variation. They
found it pleasant when there were surprising elements, and the
day-night transition in Calm Place was positively assessed:

It’s nice that a day passes during these nine minutes.
You see the sun first, then the stars, and then the sun
again.

In addition, more participants found rain and thunder unpleasant
than those who found it enjoyable. Participants also expressed
a preference for dynamic elements in the environment.
Consequently, we integrated these considerations into our IMH
app, featuring 3 distinct natural environments, each
encompassing diverse fauna, natural and dynamic elements,
and day-to-night transitions.

Features

Language

Some participants believed that using an app in a language other
than the user’s native language could pose a barrier. Therefore,
the IMH app was developed in the Dutch language.

Options

Participants appreciated the option to select diverse
environments and varied durations. Moreover, as noted earlier,
the literature consistently demonstrates that offering
customization choices results in increased levels of relaxation
[33]. Therefore, we decided to incorporate a wide array of
customization options. Within the IMH app, users could choose
from 3 distinct environments: a tropical beach, a winter scene
with the northern lights, or a mountainous landscape.
Furthermore, users had the opportunity to select among 3
specific exercises: free exploration, a mindfulness exercise, or
progressive muscle relaxation. In addition, participants had the
option to choose between a male or female guiding voice during
the mindfulness and progressive muscle relaxation exercises.

Feedback and Instructions

The participants expressed a preference for detailed instructions,
a consideration we took into account in the development of our
new IMH app. Before the exercises began, clear instructions
were provided (Figure 1). First, participants were instructed to
sit in a comfortable position. They were also prompted to
horizontally rotate their smartphone in the direction indicated
by an arrow. Subsequently, participants were asked to insert
their smartphone into the VR headset. Clear instructions were
also provided during the exercises: a guiding voice offered
step-by-step guidance in 2 exercises. In addition, many
participants indicated that they would have preferred to receive
clear feedback at the end. However, the IMH app does not
provide any feedback. Some participants also indicated wanting
to try a sample exercise before starting the actual session:

At first, I was not sure if I was making progress.
Perhaps add a small test before the meditation begins
to check if you’re doing it correctly.
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One of the 3 exercises in the IMH app involves simply exploring
the environment without any specific tasks. This can serve as
an introduction to familiarize users with the surroundings and
the headset. A tutorial for the exercises is not provided in the
IMH app, as the step-by-step instructions from the guiding voice
eliminate the need for it.

Duration

During the evaluative study, certain participants expressed
satisfaction with the presence of diverse duration options for
the exercises. However, this feature was not integrated into the
IMH app. Instead, users can exit the exercise whenever they
desire. The participants also appreciated having a clear ending.
Therefore, the conclusion is explicitly marked, as noted by the
following statement: “your session is now complete.”

Exercise

Many participants found navigating the environment through
breathing enjoyable in Flowborne. However, there were some
remarks regarding the limitation that forward movement only
occurred during exhalation:

You should move forward during both inhalation and
exhalation. Currently, you stand still while inhaling
and move forward while exhaling. Right now, it feels
more like a stop-and-go. It would be better in a
continuous flow.

The visual feedback based on breathing, such as the movement
of dots and squares, was also appreciated. Certain participants
found it unpleasant that a predetermined breathing pace was
enforced, whereas others indicated a preference for clearer
indications of the breathing pace. In the end, we made the
decision to not include breathing exercises in the IMH app. We
selected 2 exercises that have also been demonstrated to be
effective in reducing stress: progressive muscle relaxation and
mindfulness [36,37].

Implementation

Technical Aspects

Several issues were encountered with the controllers. Some
participants observed the controllers persistently on the screen,
while others struggled with their operation. Participants found
it favorable when minimal controller use was required:

Convenient and pleasant that you don’t have to use
the controller system all the time, ensuring the focus
is on relaxation.

There were also occasional challenges with setting up the play
area’s boundaries. The IMH app uses smartphone-based VR
headsets, which eliminate the need for a defined play area and
do not require controllers. Furthermore, participants sporadically
noted slight blurriness at the environment edges, an issue
preventable by properly inserting the smartphone into the VR
headset. In both the apps, it was also noted that errors in the
environment (eg, occasional collisions with a rock or the
campfire appearing almost on one’s lap) are detrimental to the
perceived realism of the environment, bringing individuals back
to the realization that they are not in a real world:

Sometimes, the plants move through a stone or
through the fire, and it brings you back to the
awareness that you are not completely in a real
environment, but in a virtual one.

In response, the development of the IMH app focused on
achieving the most realistic computer-generated environment
feasible, while considering the technical constraints.

Cybersickness

In Flowborne, some participants experienced nausea due to a
discrepancy between the movement in the VR headset and their
actual physical movements. A participant expressed
dissatisfaction in the following manner:

After the test, I felt sick and had a headache, which
had an unpleasant impact on my body. To cope with
the nausea and dizziness, I began to breathe less
through my belly, aiming to move forward at a slower
pace.

This phenomenon, known as cybersickness in the literature,
results from an inconsistency between the sensory inputs [11].
The design of the IMH app ensures that there is no forward
motion within the VR environment while the user is seated in
a chair in reality, thereby reducing the risk of cybersickness
within the limits of the processing power of a smartphone (ie,
Android operated).

Acceptability and Usability

Some participants found themselves distracted by background
noises, leading 1 individual to propose the use of headphones.
Moreover, 1 individual questioned whether the app offers any
added value compared to non-VR relaxation apps:

I’m not sure if this app offers a significant advantage
over regular apps that indicate the rhythm of
breathing through figures or sounds.

In addition, 1 person suggested to use the app in a standing
position. Yet another participant described the environment as
somewhat abandoned. Another individual expressed a
willingness to use Flowborne again.

Experience
Certain participants reported feeling more relaxed after having
used the VR relaxation apps. Overall, participants found the
experience pleasant. However, responses did vary, with some
participants reporting feelings of tiredness, others experiencing
a sense of competitiveness, and some feeling energized, while
1 participant found the experience boring. Despite these diverse
reactions, it is important to note that the primary aim of the IMH
app is to facilitate relaxation for its users.

Discussion

Principal Findings
This study investigated users’opinions on 2 existing stand-alone
VR relaxation apps and demonstrated how, based on those
insights, a new smartphone-based VR relaxation app was
developed. The aim of this new app is to overcome the barriers
that currently limit the use of VR for relaxation, thereby making
VR relaxation accessible to a wider audience. These barriers
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include insufficient knowledge regarding VR operation, lack
of availability of VR relaxation apps in the appropriate language
for local health care systems, and cost concerns.

The evaluative study revealed 5 predominant themes that
consistently recurred in the participants’ evaluations: audio,
visuals, features, implementation, and experience. We evaluated
the main findings of the participants for each theme and
incorporated them into the development process of our new
IMH app. This app is a Dutch-language, smartphone-based VR
relaxation tool and is freely available for both Android [38] and
iOS [39]. It is designed to enable users to perform relaxation
exercises within a computer-generated nature setting,
accompanied by natural and ethereal auditory backgrounds. The
app has been developed to incorporate a high degree of
variability and dynamic features within these environments.
Moreover, the design ensures minimal cybersickness by
eliminating movement within the virtual environment while the
user remains physically still. The IMH app has multiple
customization options, as research has shown that they can
enhance relaxation levels [33]. Primarily, users have the option
to select from 3 exercises: 1 free exploration without auditory
guidance and 2 auditory-guided exercises, involving mindfulness
or progressive muscle relaxation. Our decision to offer “free
exploration” as an option aims to introduce users to the VR
environment, while the choice of progressive muscle relaxation
and mindfulness is based on scientific evidence demonstrating
their effectiveness in stress reduction [36,37]. Second, users
can choose between a male or female guiding voice for the
mindfulness and progressive muscle relaxation exercises. The
decision to incorporate a guiding voice stemmed from
participants’ desire for clear instructions during the exercises.
A third customization option allows users to select from 3
distinct environments: a tropical beach, a winter landscape
featuring the northern lights, or a mountainous scenery.

Comparison With Other Smartphone-Based VR
Relaxation Apps
To the best of our knowledge, there exist a few other
smartphone-based VR relaxation apps, although they are
relatively scarce. One such app is the VR-based relaxation
self-training app, which focuses on self-training for relaxation
using diaphragmatic breathing and progressive muscle relaxation
[40]. Users initiate their training by learning relaxation
techniques in a computer-generated clinic, subsequently
reviewing these techniques in a comfortable environment (eg,
on a beach) and finally practicing in various computer-generated
settings (eg, in an elevator). Researchers have also conducted
an effectiveness study comparing this app with traditional
learning methods using text and illustrations, finding that the
VR app is particularly effective for progressive muscle
relaxation exercises, with significantly lower tension levels
observed compared to a control group using worksheets.
Serenity is another gamified smartphone-based VR app
developed to reduce stress among university students [41]. It
features a traveler role-playing game format where the user
visits various vacation spots under different settings, including
day and night. The game allows players to trigger special events
by collecting items along paths, with these items being selectable
through eye-tracking technology. The effectiveness of this

immersive experience was monitored through physiological
sensors, with positive outcomes particularly among students
with lower stress levels. Third, Gaia VR merges neurofeedback
with biofeedback in a meditation app, using feedback from a
heart rate band and an electroencephalogram headband to tailor
the VR experience based on the user’s measured stress levels
[42]. The user continuously wears the heart rate monitoring
band throughout the day, enabling the app to suggest appropriate
meditation techniques in response to the monitored stress levels.
During the meditation sessions in VR, users can influence the
virtual environment through their meditation-induced brainwave
patterns, creating a dynamic and personalized meditation
experience. This app has been tested thus far as a proof of
concept; however, a more comprehensive evaluation is required
to determine its long-term effectiveness and its applicability to
a broader audience.

In summary, these 3 smartphone-based VR relaxation apps
feature unique approaches and designs, differing from each
other and from our IMH app, thereby demonstrating the
extensive range of options available for inducing relaxation via
smartphone-based VR. A key feature of the IMH app is its
strong emphasis on both accessibility and customizability. As
implied by its name, the Virtual Reality-Based Relaxation
Self-Training app focuses mainly on the training of relaxation
techniques. In contrast, the Serenity app targets students and
uses gamification for stress reduction. The Gaia VR app
primarily focuses on the integration of neurofeedback and
biofeedback, providing real-time adjustments based on the user’s
physiological state. Unlike the other 3 apps, the IMH app was
developed specifically using user feedback. Additional research
is needed to determine the most effective design for relaxation
and to identify user preferences in smartphone-based VR
relaxation.

Comparison With Previous User Experience Studies
Although the effectiveness of VR for relaxation has been
demonstrated in controlled research settings, insights into user
experiences and preferred characteristics of VR relaxation apps
remain sparse. It is important to acknowledge that, as far as we
know, no user feedback studies specifically address
smartphone-based VR relaxation. On the basis of 2 studies
focusing on user experiences with VR for relaxation, although
not specifically on smartphone-based VR, several aspects that
users value can be highlighted [19,43]. Primarily, a study
focusing explicitly on mindfulness VR demonstrated that sense
of presence is a key factor [43]. Presence, which refers to the
feeling of “being there” in a simulated environment, creates an
“illusion of reality” where users behave as if the environment
were real, despite being computer generated. Participants
reported that this sense of presence within this virtual setting
facilitated their mindfulness practices. Moreover, users noted
that interruptions within the virtual environment could be
distracting, leading to a reduction in the quality of the relaxation
experience.

Second, users appreciated the integration of game elements into
the VR relaxation experience. Features such as performance
badges, use metrics, and leaderboards are appreciated and can
therefore enhance the overall user experience and increase
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engagement. Nonetheless, the extensive diversity in the design
and implementation of these gamification elements in different
apps complicates the process of determining which elements
are most preferred.

Third, the potential for personalizing the experience is a key
factor for users. This includes choosing the computer-generated
setting, adjusting the relaxation exercises provided, and selecting
the background music, all contributing to a personalized and
potentially more efficacious user experience.

Fourth, participants indicated that technical aspects, such as
video resolution and the weight of the VR headset, are
sometimes perceived as disruptive. They specifically highlighted
that issues with blurred images and areas of low resolution
within the video frequently led to distractions and adversely
affected their experience. In summary, the 2 studies showed
that users generally have a positive opinion of VR relaxation
apps [19,43]. The findings demonstrated that VR relaxation app
users value an experience that seems real, has gamification
elements, can be customized, and runs well without glitches.
These findings are in line with what participants mentioned in
our evaluative study.

In developing the IMH app, we aimed to align closely with
these preferences, although gamification elements were not
integrated into our app. Another interesting study developed a
framework for designing a virtual environment for stress therapy
[44], listing 5 factors (ie, attention, attraction, environment
setting, environment exploration, and interaction) containing
14 design elements: fascination stimuli, nature‐based theme,
supporting audio, daylight lighting, realism, free exploration,
predefined viewpoints, predefined path, passive interaction,
active interaction, safety features, mind preparation, social
support, and visual clarity. The IMH app meets 11 out of the
14 design elements, only lacking predefined paths, active
interaction, or social support.

Limitations
Several limitations of this study warrant attention. First,
obtaining insights from professionals highly experienced in
conducting relaxation sessions would have added depth. Second,
our participant group was relatively young, which could hinder
the generalization of our results to the general population.
Therefore, it would be valuable to examine the opinions of older
adults concerning VR relaxation apps as well. Third, it would
have been intriguing to involve the participants not only in the
evaluative study but also in the development process of the new
app [45]. A systematic review on cocreating digital mental
health interventions indicated that involving various
stakeholders, such as health care professionals and patients, in
the development process contributes to the creation of culturally
sensitive and widely accepted interventions [46]. Fourth, our
evaluation study focused on 2 stand-alone VR relaxation apps,
rather than smartphone-based VR relaxation apps. It would have
been interesting to obtain user feedback specifically on
smartphone-based VR relaxation apps. Finally, concerning the
methodology, coding iterations and the corresponding changes
and evolution of the codes were not recorded, and discussions
among the 3 coders about codes and themes were also not
documented. Therefore, no interrater reliability could be

calculated to assess the consistency of the different researchers’
coding. In this respect, it is not possible to quantitatively assess
the validity and generalizability of the thematic analysis.
However, we have described the process of thematic analysis
in detail to ensure openness about the process.

Strengths
We developed a new smartphone-based app, grounded in both
an evaluative study and a review of the literature. We believe
this approach substantiates a robust methodology for app
development. Furthermore, to the best of our knowledge, there
are few smartphone-based VR relaxation apps available,
suggesting that our development has addressed a significant
gap in the field. Moreover, we hypothesize that our IMH app
could also be used as a method or tool to teach relaxation
techniques. For instance, individuals may, after a few sessions
of VR relaxation involving progressive muscle relaxation,
potentially practice these techniques without VR.

Future Directions
First, it is important to note that the presented app design, based
on the assessed user preferences, has not yet been validated.
This app design is an example of what a smartphone VR app
for relaxation purposes could look like. In addition, future
research should also focus on the efficacy and effectiveness of
smartphone-based VR for relaxation. We have deliberately
chosen to develop an app specifically for smartphone-based VR
headsets to make VR relaxation accessible to a wider audience.
Despite being more affordable and user-friendly than high-cost
stand-alone VR systems, smartphone-based VR has its
limitations, including a narrower field of view, lower resolution
and frame rate, and less sophisticated optics and positional
tracking. Nonetheless, a comparative study has not demonstrated
significant differences in spatial presence, usability,
cybersickness, satisfaction, workload, and learning outcomes
between stand-alone VR headsets and smartphone-based VR
in educational contexts [47]. Despite its limitations,
smartphone-based VR might therefore still be able to deliver a
satisfactory level of immersion [48]. To the best of our
knowledge, no specific study has yet been conducted to explore
the differences between smartphone-based VR and stand-alone
VR specifically for relaxation purposes.

Second, additional investigation is required to examine other
potentially engaging environments apart from natural settings,
as well as to determine which particular aspects of nature are
optimal for VR relaxation. In the design of the IMH app, the
decision was made to include 3 different natural environments
as options. This choice was driven by evidence from review
studies showing that VR exposure to natural settings may lead
to reductions in stress levels [34,49]. However, there is
uncertainty in the literature regarding which type of VR
environment is most effective for relaxation. Some researchers
argue that the research has not adequately examined the diverse
array of environments that can be used to promote relaxation
in VR [50]. Besides urban computer-generated settings, only a
handful of nonnatural alternatives have been extensively
examined for VR relaxation. Consequently, a study was
conducted to determine whether abstract environments could
also serve as viable settings for VR relaxation. Results indicated
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that the effects on perceived restoration, including sensations
of being away, experiencing soft fascination, and sustaining
interest, were comparable across both abstract and natural
environments, pointing to a similar restorative capacity in the
abstract computer-generated environment [50]. According to
another review, there is a lack of understanding regarding the
differentiation between green and blue virtual natural
environments [51]. In addition, research has been conducted on
the impact of biodiversity on stress recovery within VR settings
[52]. Researchers found that stress recovery was most effective
in VR environments characterized by low biodiversity. Overall,
further research is needed to explore alternative engaging
environments beyond natural settings and to identify the specific
elements of nature that are most effective for VR relaxation.

Third, further research is needed to better understand the
potential advantages of interactivity in VR relaxation,
particularly within the context of smartphone-based VR. Within
the literature, there is debate regarding the role of interactivity
in VR relaxation environments. The underlying principle of
such interactivity involves engaging the user in specific tasks
within the computer-generated environment, such as gaming
or art creation, which are aimed at providing distraction and
subsequent stress relief [53]. It is also suggested that interactive
VR serves as an interesting and motivating tool, enhancing
engagement among participants [54]. A review paper concluded
that the effectiveness of interactivity in VR relaxation depends
on the type of game used; interactive may surpass noninteractive
VR relaxation in certain contexts [51]. The IMH app was
designed without interactive features, partly because the typical
constraints of smartphone-based VR, such as the lack of physical
controllers, make interactivity less straightforward. Notably,
feedback from our participants during evaluations indicated a
preference for the absence of controllers, suggesting that this
feature increases the usability of VR relaxation, thereby reducing
barriers to adoption. This reflects the necessity of balancing
considerations such as the potential advantages of interactivity
with the ease provided by nonuse of controllers, demonstrating
the importance of tailoring VR relaxation to individual
preferences.

Further research is needed to explore the advantages of
interactive features in VR relaxation, especially within
smartphone-based VR apps. Exploring other mechanisms for
interaction in smartphone-based VR, aside from controllers,
such as head-based movements and voice control, could also
be considered. Currently, our IMH app does not incorporate

biofeedback, but integrating such a feature in the future could
offer substantial advantages. Interventions that include
biofeedback sensors with real-time monitoring of, for example,
respiration, neural activity, heart rate, and skin conductance
represent a promising advancement. This biological information
can be communicated to the user via dynamic environmental
changes, including alterations in music, sound, color, lighting,
the appearance of objects, and animations, to facilitate the
detection and regulation of internal states [50]. The combination
of VR with biofeedback presents multiple benefits. For instance,
VR can improve the visual appeal and salience of the feedback
stimuli, which may, in turn, foster greater motivation and
engagement. In our evaluative study, some participants also
expressed appreciation for the visual feedback based on their
breathing, such as the movement of dots and squares. In
addition, biofeedback may enhance trainees’ belief in their
capacity to relax both their body and mind, given that
achievements in displaying healthy target behaviors or skills
are instantly fed back and visible. Nevertheless, a significant
obstacle is that most implementations of VR biofeedback
demand considerable expertise and effort. Expensive
physiological sensors must be purchased and integrated into the
VR system [29]. Despite these challenges, it remains an
intriguing avenue to explore. It would be interesting, for
example, to develop a smartphone-based VR relaxation app that
is linked to a smartwatch, which would provide feedback to the
app.

Conclusions
In this study, a new smartphone-based VR relaxation app was
designed to address the current challenges in implementing VR
relaxation technologies. The design of this app draws from an
evaluation study on 2 existing stand-alone VR relaxation apps,
supplemented by an extensive literature review to determine
key attributes of VR relaxation apps. The resulting IMH app is
a Dutch-language, smartphone-based VR app featuring a variety
of customization options, namely, 3 different relaxation
exercises, options for male or female guiding voices, and 3
unique environments. The environments are designed to be
dynamic and varied and are accompanied by soothing music
and natural sounds. The app design itself was nevertheless not
validated in this study. Therefore, future research should validate
the resulting design and explore the effectiveness of this app,
along with a broader evaluation of its efficacy and user
experience, to further build on the potential of VR relaxation
apps.
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Abstract

Background: Patient satisfaction surveys can offer crucial information on the quality of care but are rarely conducted in
low-income settings. In contrast with in-person exit interviews, phone-based interactive voice response (IVR) surveys may offer
benefits including standardization, patient privacy, reduced social desirability bias, and cost and time efficiency. IVR surveys
have rarely been tested in low-income settings, particularly for patient satisfaction surveys.

Objective: In this study, we tested the feasibility of using an IVR system to assess patient satisfaction with primary care services
in Addis Ababa, Ethiopia. We described the methodology, response rates, and survey costs and identified factors associated with
survey participation, completion, and duration.

Methods: Patients were recruited in person from 18 public and private health facilities in Addis Ababa. Patients’ sex, age,
education, reasons for seeking care, and mobile phone numbers were collected. The survey included 15 questions that respondents
answered using their phone keypad. We used a Heckman probit regression model to identify factors influencing the likelihood
of IVR survey participation (picking up and answering at least 1 question) and completion (answering all survey questions) and
a Weibull regression model to identify factors influencing the survey completion time.

Results: A total of 3403 individuals were approached across 18 health facilities. Nearly all eligible patients approached
(2985/3167, 94.3%) had a functioning mobile phone, and 89.9% (2415/2685) of those eligible agreed to be enrolled in the study.
Overall, 92.6% (2236/2415) picked up the call, 65.6% (1584/2415) answered at least 1 survey question, and 42.9% (1037/2415)
completed the full survey. The average survey completion time was 8.1 (SD 1.7) minutes for 15 Likert-scale questions. We found
that those aged 40-49 years and those aged 50+ years were substantially less likely to participate in (odds ratio 0.63, 95% CI
0.53-0.74) and complete the IVR survey (odds ratio 0.77, 95% CI 0.65-0.90) compared to those aged 18-30 years. Higher education
levels were also strongly associated with survey participation and completion. In adjusted models, those enrolled in private
facilities were less likely to participate and complete the survey compared to those in public health centers. Being male, younger,
speaking Amharic, using a private hospital, and being called after 8 PM were associated with a shorter survey duration. The
average survey costs were US $7.90 per completed survey.

Conclusions: Our findings reveal that an IVR survey is a feasible, low-cost, and rapid solution to assess patient satisfaction in
an urban context in Ethiopia. However, survey implementation must be carefully planned and tailored to local challenges.
Governments and health facilities should consider IVR to routinely collect patient satisfaction data to inform quality improvement
strategies.
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JMIR Form Res 2025 | vol. 9 | e67452 | p.3406https://formative.jmir.org/2025/1/e67452
(page number not for citation purposes)

Shamebo et alJMIR FORMATIVE RESEARCH

XSL•FO
RenderX

mailto:catherine.arsenault@gwu.edu
http://dx.doi.org/10.2196/67452
http://www.w3.org/Style/XSL
http://www.renderx.com/


KEYWORDS

mobile phone surveys; patient satisfaction; interactive voice response; global health; surveys; Ethiopia; IVR; Africa

Introduction

Collecting information on patient’s perception of health care
quality is crucial to understand gaps in service provision. Patient
satisfaction surveys have gained increasing attention as an
essential source of information for quality improvement [1]. In
high-income countries, these surveys are often paper-based and
mailed to patients or delivered by email and completed on the
web [2]. However, in low-income settings, these delivery
methods can be problematic. Paper- and web-based surveys
also assume that all recipients can read and write.

Other methods include phone surveys that have been
increasingly popular, given the high rates of mobile phone
ownership globally despite a relatively lower penetration rate
in Sub-Saharan Africa (50%) [3]. Phone surveys with live
interviewers can be effective but come with several challenges
including the cost of hiring and training interviewers. They are
also time-consuming for large samples and are prone to social
desirability bias and to interviewer variability and bias [4,5].
Interactive voice response (IVR) surveys enable automated
communications over the phone, where respondents engage
with the survey using their phone’s keypad. IVR surveys offer
several benefits, particularly in the context of patient satisfaction
surveys. IVR surveys can be accessed by patients who may not
have internet access or are not comfortable using web-based
platforms. They provide a sense of anonymity, encouraging
patients to provide honest feedback [6]. The automated nature
of IVR ensures that every patient is asked the same set of
questions in the same manner. They are also cost-effective and
highly scalable and can be delivered to thousands of patients at
the same time and in multiple languages, leading to very short
data collection periods for real-time feedback [7-9].
Furthermore, an IVR system can make multiple calls both during
and outside of normal business hours, allowing respondents to
participate in the survey at their convenience [10]. Given these
benefits, they have the potential to be integrated into the routine
operations of health systems.

Nonetheless, IVR surveys can face a unique set of limitations
and challenges. First, they may not be suitable for individuals
who are not comfortable with automated phone systems. They
may lead to lower engagement, greater response fatigue, a higher
rate of survey abandonment, and thus a lower overall response
rate compared to other survey delivery methods. People who
are not technology-savvy may struggle with navigating IVR
systems. Despite these limitations, IVR surveys have been used
for various purposes such as for patient satisfaction assessment
after endoscopy [11], evaluation of child and adolescent
psychiatric outpatient treatment [8], and decision-making about
sun protection [12]. Yet, there is little published evidence on
the acceptability and feasibility of using IVR to collect patient
feedback in Ethiopia. We found only 2 peer-reviewed studies
that discussed the feasibility of IVR in Ethiopia [13,14]. These
studies assessed the feasibility of IVR messages for targeted
client communication. One working paper assessed the
feasibility of an IVR survey in Ethiopia to obtain nationally

representative estimates at population levels [15]. To our
knowledge, there has been no study assessing the use of IVR
to measure patient satisfaction in Ethiopia.

In this paper, we assessed the feasibility of using an IVR survey
to assess patient-perceived quality of primary care services in
18 health facilities in Addis Ababa, Ethiopia. We described the
methodology, acceptability, cost, response rate, completion rate,
and the time taken to complete the full survey. We also assessed
the factors associated with survey participation, completion,
and duration. These findings may be helpful for others
conducting studies among patients or considering using IVR in
a similar setting.

Methods

Study Design and Recruitment
This study was conducted in Addis Ababa, Ethiopia, in June to
July 2024. Phone numbers and consent from primary care
patients were obtained in person at health facilities. The study
aimed to compare patient-perceived quality of primary care
services across 4 types of facilities: public health centers, public
general hospitals, private clinics, and private hospitals. Four
facilities from each category were randomly selected from health
management information system lists with the aim of enrolling
a minimum of 100 patients per facility.

Enrollment was limited to patients receiving 11 common
primary care services, including for chronic diseases, injuries,
infectious diseases, gastrointestinal conditions, respiratory
diseases, prenatal care, and family planning. Eligible participants
were those who understood Amharic or Afaan Oromo, were
aged 18 years and older, were at the facility for their own care,
had received one of the selected services as an outpatient, and
had a functioning mobile phone. Hospitalized individuals were
excluded. Data collectors identified eligibility, obtained consent,
and collected sex, educational level, mobile phone number, and
preferred contact time for the IVR survey. No other personal
identifiers were collected.

The recruitment period lasted 14 days. Each day, phone numbers
were uploaded to the IVR platform. One day after enrollment,
participants received an SMS text message at their preferred
time to remind them of the study, followed by a call within 10
minutes to complete the IVR survey. During recruitment,
respondents listened to a sample IVR question to familiarize
themselves with the system. They were advised to respond
honestly and to find a quiet location for the survey.

The IVR survey was programmed using the EngageSpark
platform. The survey questions and response options were
recorded in a recording studio in Amharic and Afaan Oromo
and uploaded to the IVR platform. The IVR survey recordings
were narrated by a female, given evidence that IVR surveys
narrated by female individuals lead to higher response rates and
can prevent the incidence of domestic violence [16]. The first
call for the IVR survey took place 1 day after the primary care
visit. If the participant did not pick up, the system automatically
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called the respondent back after 30 minutes, 1 hour, 90 minutes,
1 day, 1 day and 1 hour, 2 days, and 2 days and 1 hour. For
respondents who completed the full survey, the EngageSpark
platform automatically sent the airtime top-up to the
respondent’s phone.

The patient satisfaction survey included 15 questions covering
structural quality (eg, perceived quality and availability of
equipment, medicine, and diagnostic test), competence of health
providers, respectful care, patient-centered care, and user
experience. The survey instrument is provided in Multimedia
Appendix 1. Participants were also asked to report their monthly
household income and how likely they were to recommend the
health facility to a family member or friend. Most questions
used a 5-point Likert scale. Among 15 questions asked, 13 items
on the quality and cost of care were rated on a 5-point Likert
scale (from 1=very poor to 5=very good). The question on
endorsement of the health facility was answered on a 4-point
Likert scale (1=not at all likely to 4=very likely). The household
income question was categorized into 6 income groups.

Respondents were instructed to use their mobile phone touchpad
to answer questions. Respondents were allowed to repeat or
skip a question. A message was recorded to inform participants
if they had pressed an invalid key. The survey question was
repeated if respondents pressed an invalid key or did not answer
for more than 20 seconds. The call was disconnected if they
pressed an invalid key 3 times or failed to respond after a
question was repeated twice.

Measures
The outcomes of interest in this study were participation in the
IVR survey, completion of all survey questions, and time taken
to complete all 15 survey questions (among those who
completed the survey). Participation in the IVR survey was
measured using a dummy variable, which was coded as 1 if the
individual picked up the survey call and answered at least 1 of
the survey questions and 0 otherwise. Similarly, the completion
outcome was constructed as a dichotomous variable, coded as
1 if the respondent completed all 15 questions and 0 if they did
not. Duration was based on the time taken in minutes to answer
all 15 survey questions among those who completed the full
survey. To assess the correlates of survey participation,
completion, and duration, our analysis included a series of
covariates collected during the in-person recruitment. These
were the respondent’s sex, age, educational achievement, type
of primary health care service received, type of health facility
used, preferred language (Amharic or Afaan Oromo), and
preferred survey time.

Statistical Analysis
We used descriptive statistics to describe patient demographics,
enrollment, survey response, completion rates, and survey
duration. A Heckman probit regression model was used to
identify factors influencing survey participation (answering at
least 1 question) and completion (answering all questions), with
the first step determining participation factors (selection model).
We chose the Heckman probit model over the standard probit
model due to its advantages in predicting outcomes when there
is a dependency between the selection model and the outcome

model as well as a correlation of error terms between the 2
models [17,18]. The participation model specification was:

S*=ZB+ε
Where S* is a latent variable representing the participation
decision in the IVR survey, Z is a vector of covariates that
include the respondents’ characteristics (sex, age, education
level, timing of the IVR survey, type of facility visited, type of
care received, and the patient’s preferred language), B represents
the coefficients of interest, and ε is the error term. The second
step of the model aimed to identify the factors associated with
the completion of the IVR survey (outcome variable),
conditional on participation in the survey. This equation used
the inverse Mills ratio, derived from the participation equation,
to overcome selection bias.

The outcome (completion) model was specified as:

Y*=Xψ+λ+u

Where Y* is a latent variable representing the outcome, X is a
vector of covariates that includes all factors listed in the
selection model plus number of reconnections made to complete
the survey, ψ represents the coefficients to be estimated, λ is
the inverse Mills ratio from the participation equation, and u is
the normally distributed error term. Adding λ adjusts the
outcome equation for more accurate estimates of the relationship
between participation and covariates. Language was used as a
selection variable for participation in the IVR survey, with Afaan
Oromo speakers from rural areas around Addis Ababa being
more likely to participate than those from urban areas.

For those who completed the full survey, a Weibull regression
model was used to identify the factors associated with the time
taken to complete the survey. The main cost driver of an IVR
survey is the airtime cost while a respondent answers the survey.
Identifying factors influencing survey duration is helpful due
to cost implications. Duration data are often skewed, with many
early events and few late ones. The Weibull model is versatile
for providing insights about the effects of covariates on the
timing of events (survey completion).

Ethical Considerations
The study was approved by the Addis Ababa University College
of Health Sciences institutional review board (approval
057/23/SPH). Ethics approval was also obtained from the Addis
Ababa City Health Bureau. Only those participants who
provided verbal consent were interviewed. All data were
deidentified to ensure participant privacy and confidentiality.
Participants who completed the full survey received
approximately US $0.86 mobile phone airtime top-up.

Results

Recruitment
Table 1 reports the number of individuals who were approached
and enrolled in the study. Of 3403 individuals approached at
the study health facilities, 3167 (93.1%) were receiving
outpatient care for themselves, and 2985 (87.7%) had a
functioning mobile phone with them at the time. The majority
(n=2685, 78.9%) had received 1 of 11 eligible primary care
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services. Of these, 2415 (86.9%) agreed to participate, provided a valid phone number, and were enrolled in the IVR survey.

Table 1. Recruitment results: eligibility and consent to participate in the interactive voice response survey.

Values, n (%)

Number of people approached (n= 3403)

3238 (95.2)Receiving care for themselves

3167 (93.1)Did not spend the night at the facility

2985 (87.7)Had a functioning mobile phone

2685 (78.9)Received eligible primary care servicesa

Eligible to participate in the study (n= 2685 )

2604 (97)Agreed to participate

2469 (92)Agreed to provide their mobile phone number

2415 (89.9)Provided a valid mobile phone number

aParticipants were eligible to participate in the study if they received at least 1 of the following services: care for hypertension or high blood pressure,
care for diabetes or high blood sugar, care for kidney disease, care for an injury, prenatal care, family planning services, care for tuberculosis, HIV or
AIDS or a sexually transmitted infection (including testing or treatment), care for diarrhea or gastrointestinal conditions, or care for a respiratory illness.

IVR Survey Completion and Duration
Of 2415 individuals enrolled in the IVR survey, 2236 (92.6%)
participants picked up the call on their mobile phone a day later.
However, 16.6% (n=400) of these respondents only listened to
the introduction, and another 10.4% (n=252) listened to the first
question but failed to answer it, leading to 1584 (65.6%)
respondents answering at least 1 question. Among them, 8.6%
(n=208) answered part of the survey and hung up, and 14%

(n=339) answered part of the survey but were disconnected by
the system (for failing to respond or pressing invalid keys more
than twice). Finally, 1037 (42.9%) respondents completed the
full survey (answered all 15 questions). Those who completed
the survey took on average 8.5 (SD 1.68) minutes to answer all
questions, with a median of 7.55 (IQR 6.54-8.58) minutes, a
minimum of 4 minutes and 4 seconds, and a maximum of 14
minutes and 59 seconds (Table 2).

Table 2. Interactive voice response (IVR) survey response rate.

Values, n (%)

Enrolled in the IVR survey (n=2415)

2236 (92.6)Picked up the IVR survey call

1584 (65.6)Answered at least 1 question

Participated in the IVR survey (n=1584)

339 (14)Answered at least 1 question but the system ended the calla

208 (8.6)Answered at least 1 question but hung up without completing the survey

1037 (42.9)Answered the full survey

aThe IVR system disconnected the call if the user did any of the following 3 times: failed to reply within 20 seconds or pressed an invalid key.

Characteristics of the Study Respondents
Among the 2415 enrolled individuals, 1584 (65.7%) participated
in the survey by responding to at least 1 survey question. The
characteristics of the eligible individuals by participation status
are reported in Table 3. A little over half of the individuals were
female (n=1398, 57.9%), and the majority were younger than
40 years of age. Educational attainment varied, with nearly half
of the respondents having education above the secondary level,
and only 5.6% (n=134) with no formal education. In the latest
Demographic and Health Survey, the proportion of Addis Ababa

respondents with higher education was 27.7% only [19].
Although this survey is more than 8 years old, it is possible that
our sample is wealthier and more educated than the general
population, as they represent health system users, and half of
them were enrolled in private health facilities. This may
overrepresent the private sector share of health care services
delivered in the city. The participants were selected nearly
equally from each of the 4 health facility types, including public
hospitals (n=628, 26%), health centers (n=624, 25.8%), private
clinics (n=621, 25.7%), and private hospitals (n=542, 22.4%).
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Table 3. Characteristics of the interactive voice response (IVR) sample by participation status among those enrolled.

Total enrolled (n=2415), n (%)Nonparticipants (n=831), n (%)Participantsa (n=1584), n (%)Variable

Sex

1398 (57.9)490 (58.9)908 (57.3)Female

1017 (42.1)341 (41)676 (42.7)Male

Age group (years)

901 (37.3)278 (33.4)623 (39.3)18-29

765 (31.7)249 (30)516 (32.6)30-39

364 (15.1)145 (17.5)219 (13.8)40-49

385 (15.9)159 (19.1)226 (14.3)≥50

Education

134 (5.6)67 (8.1)67 (4.2)No education at all

498 (20.6)172 (20.8)326 (20.6)Primary education

665 (27.6)229 (27.6)436 (27.5)Secondary education

1116 (46.3)361 (43.6)755 (47.7)Higher education

Care type

596 (24.8)222 (26.8)374 (23.7)Maternal or reproductive

164 (6.8)58 (7)106 (6.7)Communicable disease

1008 (41.9)347 (42)661 (41.9)Noncommunicable disease

636 (26.5)200 (24.2)436 (27.7)Diarrhea and respiratory

Language

380 (15.7)106 (12.8)274 (17.3)Afaan Oromo

2035 (84.3)725 (87.2)1310 (82.7)Amharic

Preferred survey time

474 (19.6)155 (18.7)319 (20.1)Morning (8-11:59 AM)

516 (21.4)193 (23.2)323 (20.4)Mid-day (12-1:59 PM)

442 (18.3)173 (20.8)269 (17)Afternoon (2-5:59 PM)

484 (20)164 (19.7)320 (20.2)Evening (6-7:59 PM)

499 (20.7)146 (17.7)353 (22.3)Night (8-10 PM)

Facility type

624 (25.8)181 (21.8)443 (28)Health centers

628 (26)217 (26.1)411 (26)Public hospitals

542 (22.4)209 (25.2)333 (21)Private hospitals

621 (25.7)224 (27)397 (25.1)Private clinic

aThis shows the characteristics of those enrolled based on their participation status in the interactive voice response survey (answered at least 1 question
or not).

Regarding the type of care received, around 41.9% (n=1008)
of the participants sought care for noncommunicable diseases
(hypertension, diabetes, or kidney disease), 26.5% (n=637) were
treated for diarrhea or respiratory conditions, 24.8% (n=596)
received maternal or reproductive health care, and 6.8% (n=164)
received care for communicable diseases (including tuberculosis,
HIV/AIDS, or sexually transmitted infections). The majority
of respondents (n=2035, 84.3%) spoke Amharic. Preferences
for survey times were fairly evenly distributed between morning,
mid-day, afternoon, evening, and night time.

Survey Costs and Data Quality
A total of US $13,512 was spent to implement the survey, but
39.3% of these costs (US $5316) were driven by in-person
enrollment, which was necessary to obtain the patients’ phone
numbers (Table 4). Health facilities, governments, or researchers
that can obtain patient phone numbers directly from health
records could avoid this portion of the cost. Excluding the
in-person expenses, the IVR survey costs were US $7.90 per
respondent who completed the full survey (n=1037).
Considering those who answered at least 1 question (n=1584),
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the survey costs were estimated at US $5.17 per partial survey.
Of 2415 patients called, only 1584 answered at least 1 question.
A total of 831 patients answered no survey questions. The costs
for these patients were negligible and included only the cost of

the SMS primer and of any airtime used during which the patient
may have listened to the introduction and the first question
without answering.

Table 4. Survey costs.

Costs (US $)

In-person enrollment

5316Including enumerator payments, transport, training, and supplies

Interactive voice response survey costs

300Survey translation and recording

1017SMS primer (2415 SMS text messages sent)

5439Survey airtime

1440Incentive (airtime top-up)

13,512Total

As expected, the number of respondents answering the survey
questions declined as the survey progressed, and 34.5%
(547/1584) of respondents who began the survey did not
complete all questions. For 11 of 15 questions, fewer than 2%
of respondents chose to skip the question by pressing “9.”
However, there were 3 notable exceptions. First, 36.5% (n=578)
of respondents opted to skip the first question, which asked
them to rate the cleanliness of the facility. Despite this, most
participants went on to answer the second question and
continued the survey. This high skip rate is likely because
respondents were testing the survey technology on the first
question. Future implementers should consider adding a test
question at the beginning of their survey, given the high skip
rate for our first survey question. Second, for question 13, which
informed participants that only 3 questions remained, 16.1%
(n=184) chose to skip this question, which asked about the
affordability of the services received. Finally, 6.9% (n=72) of
respondents skipped the last question, which asked about their
monthly household income.

Factors Affecting Participation in and Completion of
the IVR Survey
A Heckman sample selection model was used to predict
covariates associated with IVR survey participation (answering

at least 1 question) and completion. Before executing this model,
we assessed its appropriateness against the standard probit
model. The results indicated a correlation between the error
terms of the 2 equations, as the value of athrho was statistically
significant (P<.001). Furthermore, the findings showed a
dependence between the selection model and the outcome
model, justifying the use of the Heckman probit model since ρ
is significantly different from 0 (χ2

1=9.2; P=.002). Additionally,
the likelihood function of the Heckman probit model was

significant (Wald χ2
19=269.9; P<.001), indicating the better

explanatory power of the Heckman probit model.

The model showed that as the age of the participants increased,
the likelihood of both participation and completion declined
(Table 5). For example, there was a significant difference in the
odds of participating in (odds ratio [OR] 0.77, 95% CI
0.65-0.90) and completing the IVR survey (OR 0.63, 95% CI
0.53-0.74) between participants aged 50 years and older
compared to those aged 18-30 years. Similarly, higher education
increased the odds of participation and completion. For instance,
for respondents with postsecondary education, the odds of
participation were 1.54 times higher (95% CI 1.25-1.90) and
the odds of survey completion were 1.74 times higher (95% CI
1.46-2.06) compared to those with no education.
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Table 5. Results of the Heckman probit model.

Participation in the IVR survey
(2402 observations), OR (95% CI)

Completion of the IVRa survey

(2402 observations), ORb (95% CI)Variables

Sex (reference=female)

0.983 (0.880-1.097)1.010 (0.907-1.125)Male

Age category (years) (reference 18-30 years)

0.958 (0.846-1.084)0.853c (0.757-0.960)30-39

0.785c (0.668-0.921)0.666c (0.569-0.779)40-49

0.765c (0.648-0.904)0.628c (0.534-0.739)≥50

Education level (reference=no education)

1.339c (1.081-1.658)0.993 (0.831-1.188)Primary

1.337c (1.085-1.648)1.318c (1.111-1.563)Secondary

1.540c (1.248-1.901)1.737c (1.462-2.063)Above secondary

Time of the survey (reference=morning [8-11:59 AM])

0.861d (0.735-1.007)1.017 (0.873-1.184)Mid-day (12-1:59 PM)

0.826e (0.699-0.975)0.963 (0.819-1.133)Afternoon (2-5:59 PM)

0.920 (0.783-1.081)0.971 (0.831-1.135)Evening (6-7:59 PM)

1.047 (0.888-1.236)1.163d (0.995-1.361)Night (8-10 PM)

Facility type (reference=public health center)

0.920 (0.791-1.070)0.866d (0.748-1.002)Public hospital

0.724c (0.611-0.857)0.797c (0.677-0.938)Private hospital

0.819c (0.705-0.952)0.840e (0.727-0.972)Private clinic

Number of reconnection (reference=0)

—f0.588c (0.514-0.673)One

—0.472c (0.365-0.611)Two or more

Type of care (reference=NCDg)

0.809c (0.700-0.934)0.804c (0.699-0.925)Maternal and reproductive

0.904 (0.735-1.110)0.950 (0.775-1.165)Communicable diseases

0.992 (0.867-1.135)0.972 (0.854-1.107)Diarrhea and respiratory

Language (reference=Afaan Oromo)

0.852c (0.761-0.954)—Amharic

—— (10,193-1.090e+09)Athrho

1.810c (1.452-2.256)—Constant

aIVR: interactive voice response.
bOR: odds ratio.
cP<.01.
dP<.1.
eP<.05.
fNot applicable.
gNCD: noncommunicable disease.

We also found that participation in and completion of the IVR
survey was also affected by time of day. Those who were called

in the afternoon had lower odds of participating compared to
those called in the morning (OR 0.84, 95% CI 0.70-0.98). There
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was no difference in survey completion according to time of
day.

Compared to patients who used services in health centers, those
from private hospitals and private clinics were less likely to
participate in and complete the survey. For example, primary
care patients from private hospitals were substantially less likely
to participate in (OR 0.72, 95% CI 0.61-0.86) and complete
(OR 0.80, 95% CI 0.68-0.95) the survey compared to those in
health centers.

Participants who had received maternal and reproductive health
services were less likely to participate in and complete the IVR
survey compared to those who received care for
noncommunicable diseases. Another important factor identified
in determining the completion of the IVR survey was the number
of reconnection attempts made. The results revealed that as the

number of reconnections increased, participants were less likely
to complete the survey. For example, there was a significant
difference in completion rates between participants reconnected
twice and those not reconnected with an OR of 0.47 (95% CI
0.37-0.61).

Factors Affecting the Time Taken to Complete the IVR
Survey
Results from the Weibull model revealed duration dependency,
with a P value greater than 1 (P=5.037), implying that the hazard
function increased over time. This suggests that IVR survey
participants were more likely to complete the survey as time
progressed. The results indicated that sex, age, time of day,
language, and facility type were associated with the duration of
IVR survey completion (Table 6).
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Table 6. Results from Weibull regression (1034 observations).

Hazard rate (95% CI)Variables

Sex (reference=female)

1.148a (1.005-1.311)Male

Age category (years) (reference<30 years)

0.957 (0.828-1.106)30-39

0.933 (0.759-1.146)40-49

0.744a (0.589-0.941)≥50

Education level (reference=no education)

0.867 (0.565-1.329)Primary

0.972 (0.641-1.476)Secondary

1.243 (0.824-1.876)Above secondary

Time of the IVRb (reference=morning [8-11:59 AM])

1.139 (0.929-1.396)Mid-day (12-1:59 PM)

1.034 (0.834-1.282)Afternoon (2-5:59 PM)

1.078 (0.878-1.323)Evening (6-7:59 PM)

1.293a (1.063-1.574)Night (8-10 PM)

Language (reference=Afaan Oromo)

1.911c (1.607-2.273)Amharic

Facility type (reference=health center)

1.003 (0.836-1.203)Public hospital

1.210a (1.003-1.459)Private hospital

1.164 (0.967-1.400)Private clinic

Type of care (reference=NCDd)

1.140 (0.950-1.367)Maternal and reproductive

0.983 (0.759-1.272)Communicable diseases

1.154e (0.988-1.347)Diarrhea and respiratory

5.037c (4.826-5.258)P value

0c (0-0)Constant

aP<.05.
bIVR: interactive voice response.
cP<.01.
dNCD: noncommunicable disease.
eP<.10.

Male participants were 1.15 times more likely to complete the
survey early compared to female participants, controlling for
other factors. As age increased, individuals were less likely to
complete the survey early. For instance, the odds of completing
the IVR survey quickly for participants aged 50 years and older
was 0.74 (95% CI 0.59-0.94) compared to those participants
aged 18 to 30 years. The odds of completing the IVR survey
faster were higher at night (OR 1.29, 95% CI 1.06-1.57)
compared to morning calls. The odds of completing the survey
faster were higher for those enrolled in private hospitals (OR
1.21, 95% CI 1.03-1.46) compared to those from health centers.

The regression model also controlled for survey language as a
proxy for geographical area. Most people speaking Afaan Oromo
were from rural areas surrounding Addis Ababa, while those
responding in Amharic were from the urban area. The results
showed that participants responding in Amharic were more
likely to complete the survey early with an OR of 1.91 (95%
CI 1.61-2.27).
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Discussion

Principal findings
This study assessed the feasibility of using an IVR survey as
an alternative approach to collect patient satisfaction data in
Addis Ababa, Ethiopia. The findings demonstrate a high rate
of mobile phone ownership and a willingness among patients
to participate, indicating that IVR surveys can serve as a viable
low-cost alternative to traditional survey methods to assess
patient satisfaction in similar urban areas in a low-income
country. Notably, 92.6% (n=2236) of those enrolled picked up
the call, 65.6% (n=1584) answered at least 1 survey question,
and 42.9% (n=1037) completed the full survey in an average
time of 8.1 (SD 1.7) minutes. In adjusted regression models,
being older, having less education, and using private facilities
negatively affected survey participation and completion. In
contrast, being male, being younger, speaking Amharic, using
a private hospital, and being called after 8 PM were associated
with a shorter survey duration.

The completion rate of 42.9% (n=1037) is encouraging, as
almost all of the participants had limited experience with this
type of technology. Previous IVR survey studies in Bangladesh,
Burkina Faso, Tanzania, and Uganda have found varying
response rates ranging from 1% to 41% [20-22]. Response rates
were affected by the sampling methods (in-person household
surveys or random digit dialing) and type of incentives. Our
study, which sampled respondents in person in health facilities
and used incentives, achieved a slightly higher response rate
(n=1037, 42.9%) than previous studies. In the United States,
IVR surveys have been used in various patient satisfaction
studies including after endoscopies [11] and for child and
adolescent psychiatric outpatient treatment [8]. According to
EngageSpark, a global survey and engagement platform, IVR
campaigns generally have higher acceptance rates than SMS
campaigns. IVR surveys typically achieve response rates ranging
from 25% to 75%, while the acceptance rate for SMS surveys
ranges from 5% to 15% [23].

Our findings also highlighted the challenges of conducting an
IVR survey. For instance, around 16.6% (n=400) of participants
listened to the introduction but hung up before answering any
questions, and the other 10.4% (n=252) failed to answer the
first question despite staying on the call. This suggests that
while the initial engagement was successful, there may be
factors in the introduction or in the survey’s initial questions
that could be optimized to retain participants’ attention or
improve their understanding of the system.

We identified several factors influencing participation and
completion of the IVR survey. Age emerged as a significant
factor, with younger participants being more likely to participate
in and complete the IVR survey compared to older participants.
This finding aligns with previous studies suggesting that younger
individuals are more comfortable with technology and value
the privacy that IVR surveys can provide [24]. Education level
also significantly impacts both participation and completion
rates, with individuals with higher education levels being more
likely to engage with IVR surveys. This supports the notion that

higher education correlates with better use of technology and
higher perceived importance of surveys [25,26].

The type of facility visited by participants influenced the
likelihood of participating in and completing the survey.
Participants from private hospitals and clinics were less likely
to engage with the survey compared to those from health centers.
This could be due to the perception that feedback is more likely
to improve services in public facilities, which typically serve
poorer segments of the population. Another potential reason
could be the provision of incentives that attracted lower-income
individuals who are more likely to use affordable health care
from public health centers [27]. Our incentive consisted of
approximately US $0.86 mobile top-up for those who completed
the full survey.

The Weibull model for factors associated with the time taken
to complete the survey suggested that the hazard function
increases over time and that participants were more likely to
complete the IVR survey as time progressed [28,29]. The
regression results showed that younger individuals tend to
complete the survey faster likely due to their greater familiarity
with technology. This finding is consistent with literature
indicating that older adults may face more challenges with
technology, leading to longer completion times [20,30]. The
time of day when the IVR survey was conducted also affected
completion times. Surveys conducted at night were completed
faster compared to those conducted in the morning. This could
be due to participants having fewer distractions at night or that
those completing the survey at night tend to be more educated.
This finding aligns with the idea that identifying optimal times
for survey calls can increase participation [24].

Although participants from private hospitals were less likely to
participate in and complete the survey, those who completed it
were more likely to have a shorter survey duration compared
to those from health centers. This may be because higher-income
individuals, who are more likely to visit private facilities, are
more efficient in completing telephone-based surveys.
Language, used as a proxy for area of residence, shows that
participants responding in Amharic were more likely to complete
the survey faster compared to those responding in Afaan Oromo.
This suggests that urban participants, who are more likely to
respond in Amharic, complete the survey faster than rural
participants. Access to technology and familiarity with IVR
systems in urban and rural areas are likely contributing factors.

To further inform our study, a debrief was organized with data
collectors who enrolled participants in person and explained
the IVR technology. During enrollment, patients revealed
concerns with privacy, confusion about the technology, and a
preference for in-person interviews. Some individuals were
reluctant to share their mobile numbers due to fears of misuse,
and face-to-face interactions were sometimes seen as more
confidential. Language barriers also hindered participation, as
some patients preferred languages that were not supported by
our IVR survey. Technical challenges further complicate IVR
use, as participants may struggle to navigate prompts without
prior experience and with low educational backgrounds and
poor literacy. Clear instructions are crucial for engagement. The
study showed that older and less-educated individuals were
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substantially less likely to participate in the phone-based study.
This is consistent with evidence that older people and those
with no education have limited digital competencies and thereby
limited technological abilities [21,22,31].

Conclusions
IVR systems offer a promising tool for health system research
in urban settings of a low-income country. Nonetheless, the
implementation of an IVR survey among patients must be
carefully planned and tailored to address local challenges.
Addressing privacy concerns and building trust are essential. It
is also necessary to ensure language inclusivity to improve
participation rates and the overall effectiveness of IVR-based
public health surveys. Others have found that providing
incentives, such as mobile airtime top-ups, can encourage
participation and improve response rates, especially for people
of lower socioeconomic status [32,33]. Finally, using simple
and common language, particularly for medical terms, may
ensure better understanding among participants. In considering
whether to implement an IVR survey as opposed to an in-person
or a computer-assisted telephone interviewing survey with live
interviewers, researchers should consider certain tradeoffs. First,
we found that the IVR survey was cheap (US $7.90 per full
survey); it was implemented quickly and is highly scalable to
large samples as long as patient phone numbers can be obtained.
However, although we did not find major data quality gaps,
IVR may be more prone to data quality issues if users struggle
to understand the questions or to answer correctly on their
mobile phone keypads. In low-income country settings,
in-person surveys may also be affordable if labor costs are low.
However, in-person and computer-assisted telephone
interviewing surveys take more time to implement and therefore
are less scalable, as the number of interviewers and the time
taken to conduct surveys must be multiplied when the sample
size increases. With IVR, the survey is programmed once and
can be answered simultaneously by thousands of respondents

simultaneously. In addition, in-person surveys do not ensure
privacy and are more prone to social desirability bias than IVR
[6].

IVR is much cheaper than other survey methods. For example,
health facility surveys such as the Service Provision Assessment
surveys (conducted by the Demographic and Health Survey
program) that include nationally representative samples of health
facilities and patient exit interviews generally cost between US
$800 and US $1500 per surveyed health facility [31]. Similarly,
the World Bank estimated that a household survey in
Sub-Saharan Africa will cost approximately US $300 per
household. In addition, IVR surveys tend to be completed much
faster. Our entire study was completed in 2 weeks (most of the
time was taken for the in-person recruitment), and all data were
immediately available through the IVR platform and ready for
analysis [32].

There have been few studies in low- and middle-income
countries that have tested the use of IVR to survey patients. To
our knowledge, ours is the first study to use IVR to collect
patient feedback in Ethiopia. IVR offers a low-cost and rapid
solution to survey patients and obtain information on perceived
quality and satisfaction. In high-income countries, patient
satisfaction surveys are often conducted by mail on the web.
These survey modes are largely not possible in Ethiopia. In
Ethiopia, IVR surveys are likely to function well for younger
and more educated respondents in an urban context. Future
research should investigate feasibility and response rates in rural
areas. Governments and health facilities should consider
integrating IVR surveys into routine operations to gather patient
satisfaction data and information on patient-perceived quality
of care, which can inform quality improvement initiatives and
strategies. By leveraging IVR technology, health systems can
obtain timely and actionable feedback from patients, ultimately
contributing to improved health care quality and better patient
outcomes.
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Abstract

Background: In the European health care industry, recent years have seen increasing investments in data ecosystems to “FAIRify”
and capitalize the ever-rising amount of health data. Within such networks, health metadata catalogs (HMDCs) assume a key
function as they enable data allocation, sharing, and use practices. By design, HMDCs orchestrate health information for the
purpose of findability, accessibility, interoperability, and reusability (FAIR). However, despite various European initiatives
pushing health care data ecosystems forward, actionable design knowledge about HMDCs is scarce. This impedes both their
effective development in practice and their scientific exploration, causing huge unused innovation potential of health data.

Objective: This study aims to explore the structural design elements of HMDCs, classifying them alongside empirically
reasonable dimensions and characteristics. In doing so, the development of HMDCs in practice is facilitated while also closing
a crucial gap in theory (ie, the literature about actionable HMDC design knowledge).

Methods: We applied a rigorous methodology for taxonomy building following well-known and established guidelines from
the domain of information systems. Within this methodological framework, inductive and deductive research methods were
applied to iteratively design and evaluate the evolving set of HMDC dimensions and characteristics. Specifically, a systematic
literature review was conducted to identify and analyze 38 articles, while a multicase study was conducted to examine 17 HMDCs
from practice. These findings were evaluated and refined in 2 extensive focus group sessions by 7 interdisciplinary experts with
deep knowledge about HMDCs.

Results: The artifact generated by the study is an iteratively conceptualized and empirically grounded taxonomy with elaborate
explanations. It proposes 20 dimensions encompassing 101 characteristics alongside which FAIR HMDCs can be structured and
classified. The taxonomy describes basic design characteristics that need to be considered to implement FAIR HMDCs effectively.
A major finding was that a particular focus in developing HMDCs is on the design of their published dataset offerings (ie, their
metadata assets) as well as on data security and governance. The taxonomy is evaluated against the background of 4 use cases,
which were cocreated with experts. These illustrative scenarios add depth and context to the taxonomy as they underline its
relevance and applicability in real-world settings.

Conclusions: The findings contribute fundamental, yet actionable, design knowledge for building HMDCs in European health
care data ecosystems. They provide guidance for health care practitioners, while allowing both scientists and policy makers to
navigate through this evolving research field and anchor their work. Therefore, this study closes the research gap outlined earlier,
which has prevailed in theory and practice.

(JMIR Form Res 2025;9:e63396)   doi:10.2196/63396
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Introduction

Challenges of Health Care Systems
In the 21st century, health care systems worldwide are
experiencing a tremendous increase in data, driven by advances
in medical technology, digital health records, and wearable
devices [1]. This flood of data holds immense potential for
data-driven health innovations, building upon large-scale
real-world data (RWD) and real-world evidence (RWE) [2].
However, health care systems face multiple challenges that
hinder the effective use of RWD to generate RWE and thus
data-driven health innovations. One primary issue is the
integration of heterogeneous datasets [3]. RWD stem from
diverse sources, such as electronic health records, imaging, and
genomic data, frequently exhibiting incompatible or unknown
data formats, which complicates harmonization, particularly
across different entities [4,5]. Furthermore, finding and
accessing suitable RWD represents a hurdle for medical research
due to their origins from disparate patient populations, health
care systems, and data collection methodologies [6]. This
impairs the effective discovery of and access to a sufficient
number of both available and adequate datasets. Moreover, even
if enough RWD are discovered and access is established, another
challenge lies in ensuring scientific rigor and reproducibility of
generated RWE (ie, medical studies) that becomes increasingly
difficult in today’s data-intensive health research [7]. Medical
studies constantly require larger, high-quality datasets to
generate meaningful and reproducible RWE [5,6,8]. However,
unknown RWD management practices threaten study reliability,
while making the validation of results (ie, RWE) across studies
difficult [2,7]. Besides that, the diversity of national health care
systems increases the prevailing differences in health care data
infrastructures across countries that, in turn, lead to additional
barriers for organizations to share and use RWD at a large scale
[9]. Moreover, health care systems must navigate complex legal
requirements with regard to sharing and processing RWD [8,9].
For instance, the European jurisdiction mandates strict data
governance and security standards that, while essential, impair
data-driven health innovations in the absence of adequate
data-sharing infrastructures [9]. As a result, RWD are
fragmented and isolated within single organizations, whereby
data sharing and use are limited. Because of all these challenges,
the rapidly increasing amount of RWD cannot be harnessed to
its full potential for producing health care innovations (ie,
RWE).

Metadata Catalogs as a Promising Solution
Against this background, data ecosystems as technical and
organizational infrastructures within the healthcare sector
represent auspicious solutions, that is, health care data
ecosystems (amplified in, eg, the studies by Lovestone and EMIF
Consortium [10], Manogaran et al [11], and Sharon and Lucivero
[12]). These evolving networks enable legally compliant use of
RWD [13]. Their key function is market mechanisms
instantiated by metadata catalogs [5,14] that define and describe
the intricate web of RWD circulating between a potentially
arbitrary number of actors in the ecosystem [15]. Hence, such
health metadata catalogs (HMDCs) are crucial components of
modern health care data ecosystems, for example, EHDEN

(European Health Data and Evidence Network), EHDS2
(European Health Data Space 2), Elixir, EUCAIM (European
Federation for Cancer Images), IDERHA (Integration of
Heterogeneous Data and Evidence towards Regulatory and
Health Technology Assessment Acceptance), and Gaia-X.
Multimedia Appendix 1 provides a comprehensive overview
about the most important European Union (EU) initiatives. For
example, EHDS2 aims at creating a European infrastructure for
the secure exchange and secondary use of health data across
EU member states [16]. Therein, HMDCs belong to the core
infrastructure services to enable standardized organization of
and controlled access to RWD for research. The pilot
infrastructure of the EHDS is implemented by the
HealthData@EU initiative.

Since HMDCs provide an effective method for systematically
sharing and using RWD within data ecosystems [3], they
potentially allow harnessing crucial benefits corresponding to
the challenges outlined earlier. First, HMDCs facilitate
integrating heterogenous datasets across health care systems.
They help to transcend diverse data types, which eases the
integration, standardization, and harmonization of data within
data ecosystems [3,5]. This is essential for medical research
that requires huge pools of accessible RWD appropriate for
their investigations [7]. Second, as finding and accessing
adequate RWD effectively is vital for medical research [6],
HMDCs entail added value by offering a governed data search
and access framework embedded into the technical
infrastructures of the underlying ecosystems [17]. They provide
a tool for data discovery to precisely characterize, locate, and
filter RWD on the basis of a myriad of factors [5,17]. Third,
HMDCs support transparent and reproducible research processes
by helping scientists in replicating studies and validating their
results [18]. Such transparency is fundamental for building trust
in the reliability and validity of RWE [2]. Finally, HMDCs
facilitate data-intensive research, generally, as they establish
unified health care data infrastructures for allocating, accessing,
and using RWD of connected data providers [19]. In doing so,
they reduce barriers for organizations to integrate their otherwise
isolated RWD within data ecosystems. At the same time,
HMDCs bridge prevailing differences between national health
care systems and retain full control of data providers [5,19]. To
this end, they establish robust data security and governance
frameworks that are aligned to the applicable jurisdictions
[5,15].

As a result, HMDCs represent an auspicious medium against
the fragmentation and isolation of RWD [5]. However, since
HMDCs are novel constructs, typically in premature phases
[20], their ascribed benefits are primarily backed by the literature
rather than evidence from practice. Nevertheless, HMDCs are
likely to provide means for using RWD systematically within
and across health care data ecosystems, potentially resulting in
more efficient RWE generation.

In Europe, HMDCs are of particular importance because the
EU health care sector exhibits a broad diversity across member
states, all with their own health care systems and policies.
Consequently, there is a need to focus heavily on standardizing
and harmonizing both data and metadata across different
countries for facilitating data sharing and legally compliant data
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use [21]. More specifically, the diversity of national health care
systems [22], the restrictiveness of data protection regulations
[8,9], and the fragmentation and isolation of health data [23]
make operative health care data ecosystems and HMDCs a
paramount concern for the European health care industry.
Therefore, this study adopts a European focus.

Theoretical Background
Originally, data catalogs are organized collections of datasets
that provide descriptive information within an organization
[24,25]. They act as centralized repositories, making it easier
for data consumers to discover, understand, and access the
information they need [26]. Enterprise data management
platforms often comprise such centralized data catalogs implying
storage of data within their peripheries [25,27]. If data are not
encapsulated within the organization but integrated into
decentral or federated networks [28], the literature commonly
refers to such environments as data ecosystems with metadata
catalogs as key function [5,14]. This study considers metadata
catalogs as decentralized or federated constructs that are
mutually exclusive to centralized ones. For simplification, only
the term decentralized is used.

Metadata describe dataset attributes, such as source, format,
structure, provenance, owner, access, or governance modalities
[29]. Metadata catalogs act as “catalogues of data catalogues,”
dedicated to enhancing discoverability, usability, and
management of distributed datasets [30]. Within data
ecosystems, metadata catalogs are a mechanism that provides
a standardized way for recording, disclosing, and making
available information about all relevant kinds of phenotypes
describing datasets, while ensuring legally compliant access
and sharing practices [3,14]. If these datasets are health data, it
is henceforth referred to such constructs as HMDCs.
Consequently, HMDCs manage heterogenous health information
integrated into health care data ecosystems [5]. They ensure
that these diverse and highly sensitive datasets are effectively
organized and understood [4], while facilitating their systematic
use [3,5,14]. This requires dedicated, yet unknown, design
elements to be unveiled by the study.

Research Gap, Objective, and Questions
After having clarified the added value of HMDCs, the research
gap is demarcated by reviewing related work. Therefrom, the
research problem is identified, which leads to the research
objectives. These objectives then allow to derive the research
questions, required to define a meaningful research
methodology.

To begin with, Labadie et al [24] foster the understanding of
data catalogs by classifying corresponding initiatives. The
authors propose a taxonomy for data catalogs and present 3 case
studies. However, similar to Ehrlinger et al [26] and Jahnke and
Otto [25], Labadie et al [24] focus on intraorganizational data
sharing using centralized catalogs. Moreover, they neglected
health use cases. Remy et al [3] conducted a design science
study to build an integrated catalog for health research metadata.
The artifact enables medical scientists to analyze phenomena
that require a view across several domains. The authors are
among the first who provide design knowledge usable in HMDC

contexts. Although, similar to the findings of the previously
presented literature sources, Remy et al [3] accentuate
centralized catalogs. Almeida et al [19] present a platform that
provides a set of tools, compliant with the findability,
accessibility, interoperability, and reusability (FAIR) principles,
to help data holders sharing biomedical databases while allowing
data consumers to discover and apply for them. However, the
authors only consider a narrow use case instead of generating
universally applicable design knowledge. Similarly, Oliveira
et al [15] developed a holistic stakeholder agnostic catalog
framework for biomedical datasets. Researchers can explore
metadata held decentralized at federated nodes, with distinct
levels of granularity being conceivable. Extending this initial
design knowledge specific to biomedical data, Swertz et al [5]
proposed a unified framework for sharing health data across
catalogs. It encompasses multiple centralized and decentralized
catalogs. The authors offer recommendations to establish an
integrated community as an open catalog ecosystem. This
theoretical basis for HMDCs builds upon and is enriched by
similar research. Specifically, Bergeron et al [17] developed a
catalog toolkit to support creating comprehensive as well as
user- and study-friendly HMDCs. Almeida and Oliveira [30]
produced a framework to simplify the process of building an
HMDC for exposing metadata, while providing analysis
capacities. Apparently, there is a tendency from centralized to
decentralized data catalogs in health care. However, for HMDCs,
a research gap prevails concerning (1) empirically grounded
and actionable design knowledge that is (2) universally
applicable to (3) the broad array of use cases and EU initiatives
associated with health care data ecosystems.

In general, the generation of design knowledge about an artifact
is crucial as it provides the intellectual foundation to advance
the respective body of scientific knowledge, while facilitating
development efforts in practice [31]. In particular, HMDC
design knowledge can harmonize and sustain the multitude of
different EU initiatives by following a systematic approach to
problem-solving [31,32]. Therefore, its generation must adhere
to a rigor design process [33,34]. This process must ensure
empirical grounding for the sake of efficiency, effectiveness,
and quality assurance, which inevitably favors quality,
adaptiveness, and impact of the generated results [35]. Likewise,
the prevailing lack of design knowledge causes difficulties
concerning the adoption and use of HMDCs in practice and
theory, revealing the research problem. To remedy this problem,
the research objective is to provide actionable design knowledge
that is universally applicable in real-world HMDC use cases,
thus allowing to infer the following research questions (RQs):

• RQ1:
What are taxonomy elements (ie, dimensions and
characteristics) to structure HMDCs from a design science
perspective?

• RQ2:
How does the proposed taxonomy effect real-world use
cases?

According to Hevner et al [33], a design science perspective
means to examine and create information system (IS) artifacts
to solve practical problems. A taxonomy is a suitable approach
to address RQ1 because it provides a set of elementary building
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blocks and prescriptions for effectively designing such artifacts
[36,37]. It targets a broad and diverse audience, including health
care IS engineers and architects, health data holders and
scientists, health care economists and researchers, as well as
legal and ethical regulatory bodies, while accentuating the
European health care sector.

Methods

Overview
Taxonomies are common approaches in IS research to classify,
understand, and examine complex issues [38]. For their
development, the method of Nickerson et al [37] is applied to

identify dimensions and characteristics of HMDCs. The authors
propose generating knowledge conceptually (eg, from the
literature) and empirically (eg, analyzing objects of interest).
This approach is referred to as the gold standard to build
taxonomies in IS research [36]. As refinement, the
methodological update of Kundisch et al [36] is incorporated,
adding an evaluation process by means of focus groups. The
authors’ refinement enhances the assessment of value created
by the taxonomy [39]. Corresponding to these 2 methods, the
research design is divided into the 7 steps shown in Figure 1
based on the studies by Nickerson et al [37] and Kundisch et al
[36]. The numbers 1 to 7 represent methodological steps
explained in the following sections.

Figure 1. Applied research method of the taxonomy development study based on Nickerson et al [37] and Kundisch et al [36].

In step 1 in Figure 1, a meta-characteristic is specified in
orientation towards the taxonomy’s purpose so that each
subordinated characteristic and dimension follows from it. On
the basis of RQ1, the meta-characteristic was defined as
“distinguishing key design elements of HMDCs.” It facilitates
selecting meta-dimensions as well as inferring characteristics
and classifying them to dimensions. To define the
meta-dimensions, the FAIR framework was used [7]. These
well-known data principles postulate an accepted approach to
the discoverability and usability of RWD [19]. While FAIR

emphasizes making data interoperable and reusable, it inherently
involves considerations related to data governance and
harmonization [40].

In step 2 in Figure 1, ending conditions for the iterative part of
the process are defined, determining its termination criteria.
The ending conditions were chosen on the basis of Nickerson
et al [37] and Scheider et al [41] in terms of subjective and
objective criteria. Ultimately, 6 design iterations were required
until all conditions listed in Table 1 were fulfilled.
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Table 1. Ending conditions for taxonomy development adopted from Nickerson et al [37].

Design iterationsEnding conditions

654321

Objective

✓✓✓✓All papers were examined.

✓✓✓No object was merged with another or split.

✓✓✓✓✓✓Each characteristic is classified by one object.

✓✓✓No new dimensions or characteristics were added.

✓✓✓Dimensions or characteristics were neither merged nor split.

✓✓✓✓✓✓Each dimension is unique and not duplicated.

✓✓✓✓✓✓Every characteristic is unique within its dimension.

✓✓✓✓✓✓Each cell is unique and not repeated.

Subjective

✓✓✓✓Conciseness: no unnecessary dimensions and characteristics

✓✓✓✓Robust: dimensions and characteristics differentiate objects

✓✓✓✓Comprehensiveness: all objects can be classified

✓✓✓✓✓Extension: dimensions and characteristics can be added easily

✓✓✓Explanatory: dimensions and characteristics describe all objects

In steps 3 to 5 in Figure 1, we repeatedly chose between either
an inductive or a deductive path. The former is a
conceptual-to-empirical attempt (step 4a in Figure 1) to infer
dimensions and characteristics from theory. The latter reflects
an empirical-to-conceptual procedure (E2C; step 4b in Figure
1) to derive characteristics from real-world analysis objects and
to classify them in dimensions. After each iteration (ie, steps 3
to 5 in Figure 1), the ending conditions are checked (ie, step 5
in Figure 1). If all ending conditions are fulfilled, an evaluation
step (ie, step 6 in Figure 1) follows, integrated by focus groups
[36]. In case the focus group iteration does not imply changes
to the taxonomy (ie, step 7 in Figure 1), the artifact is finished
and the methodological process terminates. After 5 design
iterations (ie, 4 times of executing steps 4a and 4b and executing
step 6 once in Figure 1), all ending conditions were fulfilled
(ie, step 5 in Figure 1) and the subsequent focus group did not
result in any major changes (ie, step 7 in Figure 1). Thus, the
taxonomy was completed [36]. Because 6 design iterations were
traversed and it was ensured that the focus group experts covered
all dimensions relevant for HMDCs, the taxonomy achieved
result saturation.

To ensure transparency of the taxonomy development process,
Multimedia Appendix 2 shows intermediary taxonomies after
certain iterations. Furthermore, it offers a table linking key
references from the inductive (ie, the literature) and deductive
iterations (ie, analysis objects) to the dimensions of the final
taxonomy [5,10,14,16,17,19,24,28,30,41-78].

Inductive Design Iterations for Taxonomy
Development
In the first iteration, an initial set of dimensions and
characteristics was derived from former research (ie, step 4a in
Figure 1), consolidating the related work addressed in the
Introduction section.

In the second iteration, a structured literature review (SLR) was
carried out (ie, step 4a in Figure 1) [36]. The method of
Kitchenham et al [79] was applied (ie, 1-6), while orienting
toward its application in the study by Scheider et al [41]. At the
outset, RQ1 was adopted as the (1) research question guiding
the SLR. The (2) search process comprised HMDC-related
conference and journal papers. The search string was defined
as (ALL (health AND data AND catalog) OR ALL (health AND
metadata AND catalog) AND ALL (data AND catalog AND
technologies)). Primarily, Scopus and IEEE Xplore were used,
and the operands were deployed on documents’ titles, abstracts,
and authors’ keywords. The 2 databanks were leveraged due to
their multidisciplinary nature covering research in all fields
relevant for HMDCs. Following Scheider et al [41], (3) inclusion
and exclusion criteria were created to identify and filter papers.
First, the literature not available in English was excluded.
Second, inaccessible papers were removed. Third, each paper
retrieved was reviewed by 2 researchers for whether it covers
HMDCs in the broader sense. This means that papers had to
address a design perspective, as defined by Hevner et al [33].
Articles were emphasized that dealt with “patient-related” data,
while ones about aggregated health data (eg, regions and
countries) were neglected. The same holds true for catalogs
about health-oriented surveys and analysis results (eg, studies).
Due to broadly formulated keywords in the search string,
initially retrieved literature contained many papers outside the
thematical scope. To this end, the third inclusion or exclusion
criterion was examined by screening titles and abstracts before
reviewing the entire content of the papers. Since 2 researchers
constantly worked together in (3), one can argue for reliable
objectivity in paper selection.

Building upon the inclusion and exclusion criteria, the initial
(4) data collection resulted in 18 papers in the Scopus and IEEE
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Xplore search (iteration 4 in Figure 2). Subsequently, backward
(ie, referenced articles) and forward (ie, citing articles) stepping
was conducted [80], which added 12 articles. Figure 2 shows

the SLR statistics expressed by a PRISMA (Preferred Reporting
Items for Systematic Reviews and Meta-Analyses) flowchart.

Figure 2. Structured literature review statistics presented in the PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analyses)
flowchart.

The SLR was expanded by a search via Google (Google Search)
and the AISeL database for extension and verification. The
Google search engine served to identify whitepapers using a
consolidated search string compared to (2). For AISeL, the same
steps executed in Scopus and IEEE Xplore were applied (ie, 2
and 3), except that the research team looked for the search terms
in titles only to keep the number of results feasible. Once
duplicates were removed, Google and AISeL added 8 papers

to the literature collection. To test theoretical saturation [81],
“quick searches” were carried out in other databases (eg, ACM)
checking whether the top results, first, match the inclusion and
exclusion criteria and, second, are not already in the collection.
Since these quick searches did not add new papers, the literature
collection was considered representative [41]. Excluding related
work of the first iteration, the collection comprised 38
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publications, of which the most important items are listed in Table 2.

Table 2. List of most important literature from the SLRa used for taxonomy development.

TitleYearStudy

Top 10 academic papers

Democratizing clinical-genomic data: How federated platforms can promote benefits
sharing in genomics

2023Alvarellos et al [42]

MONTRA2b: A web platform for profiling distributed databases in the health domain2024Almeida and Oliveira [30]

A FAIRc approach to real-world health data management and analysis2023Almeida et al [19]

Fostering population-based cohort data discovery: The Maelstrom Research cataloguing
toolkit

2018Bergeron et al [17]

Exploring design elements of personal data markets2023Scheider et al [41]

Data catalogs: a systematic literature review and guidelines to implementation2021Ehrlinger et al [26]

Fair enough? enhancing the usage of enterprise data with data catalogs2020Labadie et al [24]

The European medical information framework: a novel ecosystem for sharing health
care data across Europe

2020Lovestone and EMIF Consortium [10]

EMIFd Catalogue: a collaborative platform for sharing and reusing biomedical data2019Oliveira et al [15]

Towards an Interoperable Ecosystem of Research Cohort and Real-world Data Catalogues
Enabling Multi-center Studies

2022Swertz et al [5]

Top 5 nonacademic papers

Good Practice Guide for the use of the Metadata Catalogue of Real-World Sources2022European Medicines Agency [43]

List of metadata for Real World Data catalogues2022European Medicines Agency [44]

The European Health Data Space2022Directorate-General for Health and Food
Safety [82]

Data Catalogs - Implementing Capabilities for Data Curation, Data Enablement and
Regulatory Compliance

2022Jahnke and Otto [25]

EHDSf Semantic interoperability framework2022TEHDASe [16]

aSLR: structured literature review.
bMONTRA2: Modular Next-generation Research Analysis.
cFAIR: findability, accessibility, interoperability, and reusability.
dEMIF: European Medical Information Framework Catalogue.
eTEHDAS: Towards European Health Data Space.
fEHDS: European Health Data Space.

Throughout the steps (2) to (4), a (5) quality assessment step
was integrated on the basis of the criteria suggested by
Kitchenham et al [79], that is, inclusion or exclusion criteria,
relevant article coverage, literature corpus assessment, and study
descriptions.

For (6) data analysis, phrases (“quotes”) from articles with
useful content for HMDC designs were extracted. Following
the approaches of Saldana [83] and Pratt [84], those phrases
were coded, inserted in a tabular structure, and iteratively
generalized. As in steps (3) and (9), two researchers analyzed
the literature to reduce subjectivity biases. Figure 3 shows how

quote extractions relating to the dimension of data linking are
coded and design implications are derived. Particularly,
whenever there was a direct connection to an HMDC context,
quotes became design implications immediately, for example,
linkage strategy (first quote in Figure 3). If a direct connection
was missing (eg, linkage variable as a new characteristic; third
quote in Figure 3), more evidence was required to transform
codes into design implications (ie, second quote in Figure 3).
Finally, considering the influential factors proposed by Mwita
[81] (eg, study purpose, research design, sample size variability,
and analysis approach), data saturation in the SLR is likely.
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Figure 3. Examples for literature coding for inductive taxonomy development.

Deductive Design Iterations for Taxonomy
Development
Applying the E2C approach (ie, step 4b Figure 1) in the third
and fifth iterations, health data catalogs from practice were
initially listed, as identified in the first 2 iterations. This set was
extended by a Google search to identify analysis objects not
encountered in inductive iterations. The research team searched
for analysis objects using the browser’s incognito mode to
circumnavigate carryover effects from previous searches [85].
The keywords from the SLR were used as an orientation to

avoid limiting the results unconsciously [41]. Analysis objects
were excluded if meaningful information could not be obtained.
This characteristic was defined as access to analyzable
information describing the analysis object, that is, data
retrievable either from websites or demo applications [85].
Analysis objects were also excluded if information was
meaningful but unavailable in German or English. However,
metadata catalogs under construction were not excluded per se
[41]. The set of analysis objects was created in the first quarter
of 2024. The final analysis objects are listed in Table 3.
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Table 3. Health metadata catalogs from practice used for taxonomy development.

StatusClassificationHMDCsa

OperativeDecentralBBMRI-ERICb Data Directory [45]

OperativeCentralCatalogue of Mental Health Measures [46]

OperativeCentralCompendium Data Catalog for Healthcare [47]

OperativeDecentralEHDENc Portal [48]

OperativeDecentralElixir (BioSamples [86] and FAIRsharing [87])

In progressDecentralEMIFd Data Catalogue [49]

OperativeDecentralEUCAIMe Cancer Image Europe [50]

OperativeCentralEuropean Health Information Portal [51]

OperativeCentralFjelltopp Data Catalogues for Health [52]

OperativeDecentralHealthRIf Data Catalogues [53]

OperativeDecentralHelsedata Explore Data Sources [54]

In progressDecentralIDERHAg Metadata Catalogue (no public access)

OperativeCentralIHMEh Global Health Data Exchange [88]

OperativeCentralIQVIAi Health Data Catalogue [55]

In progressDecentralKraken Health Data Pilot [56]

OperativeDecentralLifebit Precision Medicine Data Catalogue [57]

OperativeDecentralMACHj Clinical and Research Data Catalogue [89]

OperativeDecentralMaelstrom Research Data Catalogue [58]

In progressDecentralYoda Trials Data Catalogue [59]

aHMDC: health metadata catalog.
bBBMRI-ERIC: Biobanking and Biomolecular Resources Research Infrastructure – European Research Infrastructure Consortium.
cEHDEN: European Health Data and Evidence Network.
dEMIF: European Medical Information Framework.
eEUCAIM: European Federation for Cancer Images.
fHealthRI: Health Research Infrastructure.
gIDERHA: Integration of Heterogeneous Data and Evidence towards Regulatory and Health Technology Assessment Acceptance.
hIHME: Institute for Health Metrics and Evaluation.
iIQVIA: Information, Quality, Value, Innovation, and Access.
jMACH: Melbourne Academic Centre for Health.

The catalogs were examined by classifying them alongside the
design elements of the preliminary taxonomy (Multimedia
Appendix 2). We tried to assign a catalog to a single
characteristic in each dimension. This deductive activity was
conducted by 2 researchers, whereby three cases could occur
[41]: (1) on the basis of available information, the analysis
object could be assigned to an existing characteristic in a
dimension; (2) due to a lack of available information, the
analysis object could not be assigned to any characteristic in a
dimension; and (3) the analysis object contained information
about a dimension but could not be associated with a
characteristic defined therein. Evidently, the third case led to
modifications of a current set of taxonomy design elements.
During the third iteration, the occurrence of this case decreased
continuously until only the first and second ones appeared.
Because the ending conditions were fulfilled at that time, the
taxonomy-building process was terminated and the first focus

group session started. Alterations were proposed by focus group
members in this session. This led to another E2C approach as
the fifth iteration in which specific design elements were
emphasized, as addressed by the focus group experts. The
corresponding analysis procedure (ie, 1-3) remained the same
as in the third iteration, while examining decentral analysis
objects only (Table 3).

Evaluative Design Iterations for Taxonomy
Development and Use Case Cocreation
Following Figure 1, an evaluation by focus groups is needed
after the fulfillment of all ending conditions (ie, in step 6). Focus
groups help gather more data than individual interviews, since
experts respond to the input of others, triggering discussions
and idea generation [23]. According to Szopinski et al [39],
focus groups are particularly suitable to assess the
comprehensiveness, robustness, understandability, and
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extensibility of a taxonomy, as well as the shape of dimensions
and characteristics. Members were recruited on the basis of the
target audience of the taxonomy (see section about Research
gap, objective, and questions). We ensured that they have
substantial knowledge with regard to HMDCs, stemming from
EU initiatives (Multimedia Appendix 1). Ultimately, the focus
group consisted of 7 experts. However, scheduling conflicts
affected the organization of meetings. The first focus group had
to be split into 2 sessions, involving 5 experts. The second focus
group iteration required 3 separate sessions to accommodate all
7 experts. Multimedia Appendix 3 shows the distribution of
experts to sessions per iteration. Focus group sessions occurred
in the fourth and sixth iteration. Their rough agenda was as
follows: (1) the objective of the taxonomy (only fourth iteration)
and current version (fourth and sixth iteration) were presented;
(2) a dimension with its characteristics was explained; (3)
experts shared their expectations about this dimension,
especially with regard to real-world use cases; and (4) we
triggered discussions by contrasting expectations. Because the
focus groups served for evaluation purposes and concrete design
elements were discussed in the plenum directly, we dispensed
with detailed coding. This lightweight effort is inspired and
justified by similar research studies published in high-ranking
IS journals [14,41]. Therefore, we argue that our approach
successfully mitigates any subjectivity biases because specific
taxonomy design elements were addressed and discussed in the
focus groups directly. This narrow focus led to the derivation
of tangible design activities (ie, deletion, addition, alteration,
and renaming of design elements and cocreation of use cases).

In the fourth iteration, the focus group resulted in substantial
changes of dimensions and characteristics, particularly regarding
taxonomy elements of data accessibility and findability
(Multimedia Appendix 2). On the contrary, the second session
in the sixth iteration caused minor adjustments only (eg,
renaming a few characteristics), emphasizing the cocreation of
use cases. Finally, the third session of the sixth iteration merely
led to refined use case formulations and merging of content.
Given these small adjustments, a sufficient saturation in results
was considered [23] and the taxonomy development was
terminated (ie, step 7). Multimedia Appendix 3 lists the focus
group members who participated in the evaluation of the
taxonomy and the cocreation of use cases during the fourth and
sixth iterations. It further states the EU initiatives the experts

were recruited from and whether these initiatives have an
operative HMDC or one that is still under development.

Ethical Considerations
In the run-up to the sessions, the experts received an information
sheet explaining the study context, the procedure, and the
approach to gathering and processing interview data. It was
assured that no personal information will be disclosed. Experts
were informed about their right to opt out. During the focus
group sessions, only anonymous interview data in the form of
handwritten notes were collected. Neither a video or voice
recording nor the transcription of interview material was used.
Experts did not receive any financial compensation. Hence,
conducting focus groups did not require the official approval
of an ethics review committee.

Results

Taxonomy for FAIR HMDCs

Overview
Table 4 shows the taxonomy containing 20 dimensions (Dn)
and 101 characteristics (Cnm) structured alongside the FAIR
data principles as meta-dimensions [40]. For visualization,
morphologies were considered (Multimedia Appendix 2) as
they demonstrate the structure and arrangement of taxonomy
elements [90]. Importantly, the meta-dimension of data
accessibility has exclusive dimensions pertaining to the general
design of HMDCs. The other meta-dimensions relate to design
elements of metadata assets published within the HMDC and
the data accessibility constraints. On the basis of the study by
Nickerson et al [37], nonexclusiveness was chosen for some of
the dimensions associated with metadata assets. The reason is
that they propose structural characteristics, which might be
accumulated for creating effective metadata assets in an HMDC.
Exclusivity of dimensions allows to categorize design elements
into mutually distinct characteristics, ensuring clarity and
avoiding overlaps. Nonexclusivity can accommodate complex
multidimensional relationships by enabling design elements
belonging to multiple characteristics [37]. Correspondingly, the
difference between OR and XOR in the middle column of Table
4 is that OR is used for nonexclusive characteristics, while XOR
is used for exclusive ones.
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Table 4. Taxonomy of FAIRa HMDCsb presented as a morphological box.

Exclusive or nonexclusiveCharacteristics (Cnm)Dimension (Dn)

Findability

NonexclusiveC1.1: patients’ health OR C1.2: medical procedures OR C1.3: medical products OR

C1.4: others

D1: data source

NonexclusiveC2.1: holder OR C2.2: origin OR C2.3: collection OR C2.4: qualification OR C2.5:

financials OR C2.6: others

D2: managerial. details

ExclusiveC3.1: admin XOR C3.2: primary care XOR C3.3: secondary care XOR C3.4: registries

XOR C3.5: others

D3: data type

NonexclusiveC4.1: disease OR C4.2: family linkages OR C4.3: lifestyle factors OR C4.4: population

OR C4.5: sociodemographic OR C4.6: catchment area coverage

D4: population information

ExclusiveC5.1: synthetic data XOR C5.2: anonymized data XOR C5.3: pseudonymized data

XOR C5.4: personal data

D5: data sensitivity

Accessibility

ExclusiveC6.1: public XOR C6.2: hybrid XOR C6.3: privateD6: catalogue accessibility

ExclusiveC7.1: free XOR C7.2: formal request XOR C7.3: strictly limited XOR C7.4: othersD7: dataset accessibility

NonexclusiveC8.1: catalog operator OR C8.2: internal DACa OR C8.3: external DAC OR C8.4:

none OR C8.5: others

D8: access control

Interoperability

NonexclusiveC9.1: Beacon OR C9.2: BBMRI-MIABISd OR C9.3: bioimage OR C9.4: CESSDAe

OR C9.5: DCATf OR C9.6: ECRIN-CRMDRg OR C9.7: FairShairing OR C9.8: IN-

SPIREh OR C9.9: PHIRIi OR C9.10: others

D9: program discoverability

NonexclusiveC10.1: CDISC-SDTMj OR C10.2: LOINCk OR C10.3: OMOPl OR C10.4: Oorphanet

standards OR C10.5: SNOMEDm OR C10.6: others

D10: semantic interoperabil-

ity

NonexclusiveC11.1: DICOMn OR C11.2: HL7 FHIRo OR C11.3: IDMPp OR C11.4: ISO 800-110q

OR C11.5: others

D11: interoperable commu-

nication

NonexclusiveC12.1: type OR C12.2: reference OR C12.3: release frequencyD12: CDMr

ExclusiveC13.1: planned XOR C13.2: in progress XOR C13.3: completedD13: ETLs status

NonexclusiveC14.1: medicinal product OR C14.2: cause of death OR C14.3: quality of life measure-

ment OR C14.4: prescription OR C14.5: dispensing OR C14.6: indication OR C14.7:

D14: vocabularies

procedures OR C14.8: genetic data OR C14.9: biomarker data OR C14.10: medical

event

Reusability

NonexclusiveC15.1: collection governance OR C15.2: collection process OR C15.3: dataset updates

OR C15.4: others

D15: collection methodolo-

gy

NonexclusiveC16.1: patient encounter OR C16.2: physical examination OR C16.3: diagnostics OR

C16.4: treatment OR C16.5: progress note OR C16.6: communication OR C16.7:

regulatory OR C16.8: others

D16: collection events

NonexclusiveC17.1: strategy OR C17.2: variable OR C17.3: completeness OR C17.4: cross-reference

OR C17.5: none

D17: data linkage

ExclusiveC18.1: definite records XOR C18.2: indefinite recordsD18: data preservation

ExclusiveC19.1: approval needed XOR C19.2: no approval neededD19: publish

ExclusiveC20.1: not required XOR C20.2: general use XOR C20.3: all studies XOR C20.4:

specific studies XOR C20.5: waiver XOR C20.6: others

D20: informed consent
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aFAIR: Findability, Accessibility, Interoperability, and Reusability.
bHMDC: health metadata catalog.
cDAC: Data Access Committee.
dBBMRI-MIABIS: Biobanking and Biomolecular Resources Research Infrastructure-Minimum Information About Biobank Data Sharing.
eCESSDA: Consortium of European Social Science Data Archives.
fDCAT: Data Catalog vocabulary.
gECRIN-CRMDR: European Clinical Research Infrastructure Network – Clinical Research Metadata Repository.
hINSPIRE: Infrastructure for Spatial Information in Europe.
iPHIRI: Population Health Research Infrastructure.
jCDISC-SDTM: Clinical Data Interchange Standards Consortium - Study Data Tabulation Model.
kLOINC: Logical Observation Identifiers Names and Codes.
lOMOP: Observational Medical Outcomes Partnership.
mSNOMED: Systematized Nomenclature of Medicine.
nDICOM: Digital Imaging and Communications in Medicine.
oHL7 FHIR: Health Level 7 Fast Healthcare Interoperability Resources.
pIDMP: Identification for Medicinal Products.
qISO800-110: International Organization for Standardization 800-110.
rCDM: common data model.
sETL: extract, transform, load.

Data Findability
The meta-dimension prescribes that datasets orchestrated by an
HMDC must be easily discoverable, requiring metadata assets
to describe essential attributes of the decentral datasets [40].
The dimension data source (D1) refers to abstract categories
for data classification in the catalog system. Following European
Medicines Agency guidelines [43], and implementations in
practice [49,50], patients’ health (C1.1) comprises datasets
attributable to conditions. Examples are diseases, causes of
death, prescriptions and dispensing of medicines, clinical
measurements, genetic data, units of health care use, and all
other similar patient-generated data, for example, wearables.
Medical procedures (C1.2) encompass data describing hospital
admission discharges, intensive care admissions, administration
of vaccines or other injectables, medical operations, biomarker
data, and diagnostic codes [43,44]. The latter includes, among
others, the International Classification of Disease Code, the
Major Comorbidity Code, and the Major Diagnostic Code.
Medical products (C1.3) span categories like prescribed
medicinal products for human use, contraception, indication for
use, and medical device data. Others (C1.4) may refer to further
data, for example, health care providers delivering diagnosis
and treatment services [43]. The dimension managerial details
(D2) captures crucial organizational metadata to be disclosed
by the HMDC as part of a dataset’s metadata asset [24]. Above
all, the data holder (C2.1) must be publicized, including contact
details (ie, data steward). This entity sustains the record
collection in an underlying dataset [60]. The origin (C2.2) of the
data refers to the countries or geographical regions of their
acquisition [60] and the language [44]. The characteristic of
collection (C2.3) details the acquisition dates as well as all data
assemblage information, except collection methodology and
events. If the dataset has received a formal qualification (C2.4),
this should also be disclosed in the metadata asset [43]. The
same holds for sources of finance (C2.5) having sponsored the
dataset creation [23,61], for example, data holder, public,

industry, research, or patient organizations [44]. Naturally, other
(C2.6) metadata attributes specifying managerial details are
conceivable. The dimension data type (D3) describes broader
content related categories applicable to the dataset. It mainly
distinguishes datasets containing administrative (C3.1 [62]),
primary (C3.2) and secondary care (C3.3 [63]), registry (C3.4),
and other (C3.5) data types. Furthermore, population information
(D4) as metadata attribute refers to the specifics of the records
within a dataset [17]. The taxonomy narrows the dimension
down to collected disease information (C4.1); particular
population specifics (C4.2; eg, age groups); family linkages (C4.3;
eg, household, parent-child, sibling, and not applicable) lifestyle
factors (C4.4; eg, tobacco use, physical exercises, and diet);
sociodemographic data (C4.5; eg, gender, ethnicity, education,
and deprivation index); and (C4.6) catchment area coverage
[17,43,44]. Data sensitivity (D5) addresses the identifiability of
data subjects of whom records were collected. Records can be
synthetic (C5.1), anonymized (C5.2), pseudonymized (C5.3), or
contain personal data (C5.4) [15,41].

Data Accessibility
Once datasets are findable in the HMDC, their accessibility
must be facilitated. By their design, HMDCs must ensure legal
and ethical compliance of all data access and sharing processes
in their health care ecosystems [19]. This particularly involves
that datasets can be retrieved by authorized users only, implying
rigor access control functions [5,41]. Accordingly, the dimension
catalogue accessibility (D6) refers to access modalities for data
consumers to use the HMDC. HMDCs can be public (C6.1)
allowing anyone to browse metadata assets and discover
datasets. Alternatively, HMDCs can be private (C6.2), limited
to a certain number of users who have been formally authorized
by a dedicated authority. In addition, hybrid (C6.3) forms exist.
Dataset accessibility (D7) describes the access modalities for
data consumers to published datasets [30]. The access can be
free (C7.1), implying that data must at least be anonymized or
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synthetic to comply with legal and ethical guidelines [41,64].
Datasets can also require a formal request (C7.2) with a Data
Access Committee (DAC) or a data steward deciding upon
access requests [65,66]. HMDCs frequently require such
requests of data consumers to be approved by their ethic
committees before processing them within the ecosystem [66].
Moreover, data access can be strictly limited (C7.3) to a
demarcated group of data consumers. Although, members of
such limited groups also need to make formal requests for data
access [66]. This implies that other (C7.4) data access modalities
exist, especially combinations of C7.1 to C7.3. Access control
(D8) refers to the mechanisms implemented by HMDCs that
facilitate the aforementioned decision-making by empowered
entities [30]. The dimension specifies the entities who determine
whether data consumers receive the requested datasets and are
allowed to perform which kinds of processing activities [67].
It distinguishes the catalog operator (C8.1); internal DACs at the
sides of the data holders (C8.2 [65,66]); external DACs (C8.3)
that are run centrally by an independent third party [23,66]; the
absence of access control (C8.4; ie, free data [C7.1]); and any
other forms (C8.5). Generally, access control in HMDC designs
is crucial for maintaining data security, confidentiality, and
compliance with legal and ethical constraints [67].

Data Interoperability
A core objective of HMDCs is to enable data consumers
accumulating datasets across organizations, effectively, to create
meaningful connections and analyses [7]. This makes data
interoperability crucial [91]. To that end, HMDCs leverage
specific standards described in this meta-dimension. Thereof,
programmatic discoverability (D9) refers to the ability of data
consumers to programmatically query, access, and retrieve
metadata assets and search for their attributes. It is defined by
the joint action Towards European Health Data Space
(TEHDAS) [16] as the ability to identify, access, and understand
health data by automated means. Associated approaches
commonly involve application programming interfaces or
similar programmatic methods to access and filter metadata in
the HMDC [19]. Following the TEHDAS community [16], the
dimension is narrowed down to the most frequent standards
used by HMDCs. These are:

• Beacon (C9.1),
• Biobanking and biomolecular resources research

infrastructure-minimum information about biobank data
sharing (BBMRI-MIABIS; C9.2),

• Bio-image archive (C9.3),
• Consortium of European Social Science Data Archives

(CESSDA; C9.4),
• Data catalog vocabulary (DCAT; C9.5),
• European Clinical Research Infrastructure Network –

clinical research metadata repository (ECRIN-CRMDR;
C9.6),

• FairSharing (C9.7),
• Infrastructure for Spatial Information in Europe (INSPIRE;

C9.8),
• Population Health Research Infrastructure (PHIRI; C9.9),

and

• Others (C9.10).

HMDCs typically adhere to one of those standards to ensure
programmatic discoverability of published data offerings (ie,
the metadata assets). The dimension semantic interoperability
(D10) ensures that the precise format and meaning of datasets
is preserved and understood, covering both semantic and
syntactic aspects [68]. Similar to D9, the characteristics of this
dimension encompass standards commonly applied by HMDCs.
These are

• Clinical Data Interchange Standards Consortium - Study
Data Tabulation Model (CDISC-SDTM; C10.),

• Logical Observation Identifiers Names and Codes (LOINC;
C10.2),

• Observational Medical Outcomes Partnership (OMOP;
C10.3),

• Orphanet (C10.4),
• Systematized Nomenclature of Medicine (SNOMED; C10.5

[16,68,69] and
• Others (C10.6).

Subsequently, the dimension interoperable communication
(D11) comprises approaches implemented by HMDCs to
facilitate seamless and effective data sharing between data
holders and consumers [70]. Approaches typically used for
interoperable communication are Digital Imaging and
Communications in Medicine (DICOM; C11.1), Health Level 7
Fast Healthcare Interoperability Resources (HL7 FHIR; C11.2),
Identification for Medicinal Products (IDMP; C11.3), and
International Organization for Standardization (ISO) 800-110
(C11.4) [16,71]. As for the previous dimensions, other standards
(C11.5) are conceivable. For D9 to D11, detailed information is
easily available in the web.

The following dimensions deal with “data harmonization” as
a crucial aspect of data interoperability. They comprise HMDC
design elements for standardizing disparate datasets. The
purpose is to ensure consistency and coherence of all datasets
classifiable to the same data type (D3). Data harmonization aims
to create a unified and cohesive view on datasets, enhancing
their allocation, sharing, and use [7]. The common data model
(CDM; D12) describes the specifications relating to the structured
representation of data records within datasets [5]. The CDM
unfolds implications to the relationships between these records,
as well as the rules and possibilities for data use. It defines how
data consumers can access and process datasets, thus providing
the foundation for data consistency, interoperability, and
orchestration [10,72]. The taxonomy distinguishes the CDM
type (C12.1) [10,43,72], the CDM references (C12.2), for example,
websites or publications, and the release frequency of CDM
specification updates (C12.3) [43]. Furthermore, information
about datasets on their transformation status (extract, transform,
load [ETL]) to a CDM should be provided [44]. This ETL status
(D13) can be described as planned (C13.1), in progress (C13.2),
or completed (C13.3), indicating the readiness of the dataset for
use. Finally, HMDCs leverage vocabularies (D14) as sets of
fixed terms, labels, or identifiers to describe and categorize the
metadata assets [63]. Vocabularies facilitate understanding,
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discovery, and allocation of metadata with a consistently applied
language [63,73]. The dimension distinguishes 10 characteristics
for classifying vocabularies on the basis of pertinent literature:
medicinal product (C14.1), cause of death (C14.2), quality of life
measuring (C14.3), prescription (C14.4), dispensing (C14.5),
indication (C14.6), procedures (C14.7), genetic data (C14.8),
biomarker data (C14.9), and medical event (C14.10) [43,44,73].

Data Reusability
FAIR datasets must be created and documented in a way that
allows reusage for different purposes. For HMDCs, this implies
providing contextual information beyond the metadata
dimensions associated with data findability [40]. Collection
methodology (D15) encompasses characteristics that are
associated with how data records were created [74]. Thereof,
collection governance (C15.1) addresses information about data
capture, demonstrating legal and ethical compliance [43]. This
includes data quality checks and validation activities [75]. The
latter may also refer to the question of whether the dataset allows
access to the actual records. Furthermore, the collection process
(C15.2) outlines how records in the dataset were created [74],
for example, surveys, questionnaires, or data retrieval from
hospital IS. Dataset updates (C15.3) disclose refreshment dates
of datasets, for instance, fixed dates around the year [43].
Naturally, the collection methodology can contain other (C15.4)
use case–specific characteristics as additional metadata
attributes. Similar to D15, collection events (D16) narrows down
the categories of incidents having triggered the creation of a
record in the dataset [17]. The dimension comprises the
characteristics of patient encounter (C16.1; eg, interactions with
health care providers); physical examination (C16.2; eg, patient’s
health examined by a professional); diagnostics (C16.3; eg, results
of medical condition checks); treatment (C16.4; eg,
documentation of conditions and treatment plans); progress
notes (C16.5; eg, changes in patients’ health status, responses to
treatment, or modifications of care plans); communication (C16.6;
eg, information exchanged by health care providers); regulatory
(C16.7; eg, legally required documentation of patients’ care);
and others (C16.8) [43,44].

The dimension data linkage (D17) describes whether and how
a dataset was created by linking others [43,44,76]. The metadata
should disclose the linkage strategy (C17.1) which could be
deterministic, probabilistic, or both. In addition, the used linkage
variable (C17.2) should be published, along with the completeness
of data linkage (C17.3). Ideally, the linked datasets should be
cross-referred (C17.4) and, if applicable, their availability in the
HMDC highlighted. In case no data linkage was applied, no
corresponding metadata attribute is provided (C17.5).
Furthermore, data preservation (D18) indicates whether records
in the dataset are preserved indefinitely (C18.1) or, if not (C18.2),
the time for which they are specified [77]. Publishing constraints
(D19) provides information to data consumers whether an
approval of the data holder (C19.1) is needed to publish results
obtained from using the dataset or an approval is not needed
(C19.2) [43]. In the former case, the kind of approval and the

approval process should be described. Finally, metadata assets
of HMDCs should reveal whether informed consent (D20) was
obtained or needs to be obtained for data processing [78].
Generally, the characteristics not required (C20.1), required for
general use (C20.2), required for all studies (C20.3), required for
specific studies (C20.4), waiver (C20.5), and other (C20.6) are
recommendable [43].

Cocreated HMDC Use Cases

Overview
The usability, effectiveness, and accuracy of the taxonomy are
amplified by 4 “illustrative scenarios” for HMDCs that
demonstrate how the FAIR dimensions and characteristics are
reflected in real-world use cases [39]. These use cases facilitate
the taxonomy’s tangibility and the ascertainment of its practical
implications, while triangulating the results. As such, they add
depth and context to the taxonomy [39]. Originally, 6 abstract
application scenarios were derived from recommendations of
EMA [43]. Building upon this, we continuously developed and
refined those scenarios on the basis of the insights gained during
the taxonomy design iterations in general and the focus groups
in particular. In the latter, we relied on the experts’ reflections
on what they expect from an HMDC and whether our
dimensions and characteristics meet their expectations,
contradict them, or miss out on certain aspects. In the section
about the deductive design iterations, we have already described
how the focus groups were conducted. We ensured that the
experts possess extensive expertise relevant to HMDC designs,
either from a development (ie, technology or legal) or a user
perspective (ie, data consumer or provider; Multimedia
Appendix 3). Hence, the use cases followed a cocreation
approach that was contextualized to the methodological process
of the study [39]. Moreover, by being refined within multiple
design iterations, the cocreated use cases have been triangulated
and their relevance for HMDCs ensured. Following, their
connection to the taxonomy is highlighted by direct references
to dimensions (see Taxonomy for FAIR HMDCs). Additionally,
I to VII refer to statements of experts who are listed in
Multimedia Appendix 3. Reference citations of the literature
and analysis objects demonstrate further exemplary sources
having contributed to the final versions of the cocreated use
cases.

Study Planning
Use case 1 is as follows: a data consumer wants to identify
suitable datasets for a planned study.

The HMDC must enable data consumers to effectively identify
datasets for medical research studies [15] by implementing the
following process: First, a data consumer who wants to access
the HMDC, needs to be authorized as a qualified user (D6; #I
[50]). Second, this authorized user must be able to browse and
filter published metadata assets to discover relevant datasets
that fulfill specifications of an intended study (#V and VII
[49,50]). For example, detailed data type [63] or population
information of the metadata assets should be disclosed to enable
verifying the relevance of datasets (D3 and D4; #I, II, V, and
VII [17,58]). Third, the HMDC must allow to check managerial
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details concerning information about the data holder, origin,
collection, qualification, and financials (D2 [43,50]), including
the eligibility to receive synthetic, anonymized, pseudonymized,
or personal data (D5; #IV [15]). Subsequently, the data consumer
must be facilitated to perform a preliminary assessment of
datasets regarding their relevance for the planned study (#III
and VII). At this stage, a first list of candidates should be
possible to be established. Ideally, the data consumer can access
links (ie, cross-references) within the metadata assets to identify
former studies which were performed with the same dataset,
addressing similar research questions (C17.4; #II and VII
[43,76]). Such studies are typically accessed outside the
contextual boundaries of HMDCs (#IV). Finally, depending on
the governance modalities of selected datasets (D7), the HMDC
must enable the data consumer to request data access (#I-VII
[30]). Therefore, an official data order needs to be submitted
by the HMDC on behalf of the data consumer, containing
specifications about the planned study and required documents,
for example, protocols and ethical assessments (#I-III). With
respect to the datasets accessibility constraints (D7) and their
associated access control (D8) characteristics, the HMDC must
forward data orders to the data holders (C8.2 [66]), external third
parties (C8.3 [23]) or determine request permission or denial
decisions itself (C8.1 and C8.4; #I, III, and VI).

Study Assessment
Use case 2 is as follows: a dataset is mentioned in a conducted
study. The data consumer wants to evaluate this study based
on the suitability of the datasets used therein.

Given that the datasets used in a conducted study are available
in the HMDC, data consumers must be enabled to verify, in
retrospective, the suitability of these datasets (#I, II, and VII).
To support such evaluations, the HMDC must provide different
parts of the metadata asset, depending on the nature of the
conducted study (#II and VII). For example, to assess the
representativeness of the study population, the data consumer
needs to examine qualitative metadata attributes (#II and VII),
such as population information (C4.1-C4.5 [17]); data type (D3

[43,63]); collection methodology (D15 [74]); and collection
events (D16 [17,43]). In addition, quantitative metadata such as
the percentage of the population covered in the catchment area
(C4.6) should be disclosed by the HMDC assets [17,43].
Furthermore, the data consumer might want to explore technical
details to evaluate a study and its database, respectively (#I, II,
and VII). Examples are the vocabularies used to define variables
(D14 [43,63]), the CDM according to which the used datasets
are structured (D12 [43]), the ETL status (D13 [44]) and, if
applied, any data linkage strategies (D17 [76]). Moreover,
cross-references should be listed in the metadata assets of the
HMDC (C17.4) to allow identifying and obtaining lessons learned
from other studies, where the same dataset was leveraged (#VII
[76]). In doing so, the HMDC facilitates data consumers to
identify strengths and limitations of datasets used in conducted
studies.

Study Creation and Data Benchmarking
Use case 3 is as follows: a data consumer writes a study
protocol that requires to describe the underlying data sets and
compare their characteristics.

An HMDC must enable data consumers to easily access
standardized metadata information about datasets that need to
be specified and compared in a study protocol to be written
(#I-VII). For HMDCs, this requires making attribute values of
metadata assets directly and easily retrievable for data
consumers to facilitate an efficient description and comparison
of datasets (particularly, D1-D5; #VII). As such, when writing
a study protocol, the data consumer can simply provide links
to the metadata assets available in the HMDC, alongside with
all kinds of other information that is interesting in the protocol’s
context (#III and VII [43]). Providing such links is also
beneficial because study readers could, in addition to basic
metadata information (D1-D5), be interested in collection
methodologies (D15 [74]) and events (D16 [17]), data
preservation (D18 [77]), consent requirements (D20 [43,78]) as
well as technical (D9-D14) and compliance specifics (D6-D8).
Thus, HMDCs strengthen transparency and reproducibility of
studies by facilitating an effective creation of study protocols
(#III and V). At the same time, they support data benchmarking
by providing detailed standardized metadata, potentially
reaching beyond published datasets (#I-VII).

Data Analysis
Use case 4 is as follows: a data consumer wants to benefit from
the experience of others for the creation of a study’s
programming script or statistical analysis.

If a study relies on a CDM, the HMDC should enable the data
consumer to identify, for published datasets, the ETL procedure
(D13) from the dataset to the CDM (D12) [43]. Irrespective of
whether data holders have converted their entire datasets, or
only an extraction thereof, this information can support the
development of the study script (#VII [43]). If the HMDC
publishes cross-references of datasets (C17.4), the data consumer
is also facilitated in finding further studies having investigated
the same topic or used a comparable research design (#I, II, and
VII [76]). These studies may disclose information on how to
operationalize data variables, which offers the data consumer
additional support in the development of a programming script
(#I and VII). After data analysis, the HMDC may require the
data consumer to record the developed script in a public
repository and provide a link to the study protocol (see use case
3). This allows the HMDC to cross-reference it in the metadata
assets of the datasets used (#V [43]). In doing so, transparency,
reproducibility, and quality of studies are supported.
Importantly, before publishing any study results, the HMDC
should enable the data consumer to check whether approvals
of data holders, of whom datasets were obtained, are required
(D19; #IV and V [43]).
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Discussion

Principal Findings
The taxonomy detailed in this work provides 20 dimensions
and 101 characteristics to develop FAIR HMDCs, representing
initial, yet actionable design knowledge to answer RQ1.
Comprehensive description is achieved when amplifying the
taxonomy in the light of the cocreated use cases that entail
real-world requirements (RQ2). The generated design knowledge
provides added value because HMDCs facilitate effective and
efficient use of RWD for generating RWE. Thereby, the
obtained results accentuate the integration of FAIR principles
into HMDCs to ensure “findability, accessibility,
interoperability, and reusability” of the RWD circulating within
the underlying health care data ecosystem [40]. The design
knowledge can be classified into scientific and managerial
contributions, as outlined in the following sections.

Interpretation of Findings
The taxonomy’s scientific contributions intensify previous work
on data catalogs, paying particular attention to, first, their
implementation as decentralized components within data
ecosystems and, second, their application in health care
peripheries. Consequently, some of the design elements
conceptualized in this study draw from prior research about
metadata catalogs, as shown in the section Research gap,
objective, and questions. Concurrently, they further spin the red
paths of HMDC developments with respect to European
initiatives pushing health care data ecosystems forward, for
example, IDERHA, Elixir, HealthData@EU, EUCAIM,
TEHDAS, or EHDEN (Multimedia Appendix 1). Therefore,
the taxonomy closes the identified research gap.

On the one hand, the conceptualized dimensions and
characteristics of the taxonomy describe and classify attributes
of “HMDC metadata assets.” First, they relate to attributes
associated with data findability, such as data source, managerial
details, the type of data records contained, data sensitivity, and
population information. Second, they state crucial information
pertaining to data reusability. This encompasses collection
methodologies, data linkage, and preservation as well as consent
and possible result publishing constraints. Third, the taxonomy
emphasizes the need to specify data interoperability attributes
in metadata assets. Among others, data standardization according
to a CDM, the prescription of vocabularies, and the
technological implementation of programmatic discoverability
are important. On the other hand, the taxonomy contains design
elements referring to more general data accessibility constraints
pertaining to the “overall HMDC design.” They accentuate basic
security and governance considerations regarding dataset and
catalog accessibility as well as the access control framework.
Conclusively, from a scientific viewpoint, the artifact provides
fundamental design knowledge [31] that unfolds broad
implications and a solid starting point for future research.

Regarding managerial contributions, the taxonomy enables
health care practitioners (see Introduction section for target
audience) to navigate more effectively in the largely unexplored
field of HMDCs, particularly focusing on their application in
health care data ecosystems across Europe. It helps both

researchers and practitioners to anchor and communicate their
work [41]. The taxonomy also represents a support tool for
developing HMDCs, where the illustrative scenarios assume
an accentuated role. They showcase how the design elements
are reflected in real-world use cases [43]. In essence, these use
cases amplify that the taxonomy supports common activities
for planning, assessing, and conducting medical research studies
as well as benchmarking and analyzing the underlying RWD.

Subsequently, the contributions of the study are discussed in
the light of 3 major issues. These are (1) the exclusiveness of
taxonomy characteristics; (2) the difference between HMDCs
and centralized data catalogs; and (3) the absence of data quality
and data-sharing incentives as explicit taxonomy dimensions.

Depending on the meta-dimension, the taxonomy contains
nonexclusive characteristics, which might be accumulated, to
facilitate the design of metadata assets, that is, data findability,
interoperability, and reusability. Alternatively, the taxonomy
has mutual exclusive characteristics to classify and distinguish
HMDC designs with respect to their data security and
governance approaches, that is, data accessibility. This mixture
of exclusive and nonexclusive dimensions can foster the
understanding of health care practitioners, while allowing for
an easy alteration of the taxonomy [37]. Convertibility is vital
because HMDCs represent a rapidly evolving and changing
field, where new solutions vanish and emerge constantly.

Furthermore, even though the objective of the taxonomy is not
to differentiate between centralized and decentralized data
catalogs, as distinguished in the Theoretical Background section,
it pinpoints their fundamental design commonalities and
differences. The meta-dimensions concerning the design of the
metadata assets are conceivable for both approaches in health
care contexts (ie, findability, interoperability, and reusability).
The reason is that, despite datasets being stored centrally within
intraorganizational data catalogs [26], meaningful metadata
need to be disclosed to their data users by means of the catalog
offerings. Naturally, the same holds for decentralized catalogs.
However, the taxonomy also shows design differences with
respect to its meta-dimension data accessibility. While
decentralized catalogs can have various combinations of
characteristics in the associated dimensions, centralized health
data catalogs exhibit one specific pattern of characteristics. They
usually are exclusively private systems (C6.1) as their
functionalities are only accessible to members of the operating
organization. Similarly, dataset access is strictly limited to this
specific group of predefined users (C7.3). Finally, access control
lies solely with the organization operating the centralized catalog
(C8.1).

As a last discussion point, the taxonomy contains neither
dimensions associated with data quality nor incentives for data
sharing. The reason is that these concepts, although important,
are broad, multifaceted, and hardly explored, making a
systematic categorization difficult. Generally, data quality
involves subjective and context-dependent assessments [92],
while incentives to share data are influenced by external,
sociopolitical, and institutional factors [28]. Typically, HMDCs
do not disclose any data quality metrics as those can barely be
quantified and are subject to applied data types, formats, and
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standards [41]. Rather, HMDCs publish test samples consisting
of synthetic or fully anonymized data that do not justify a
dimension in the taxonomy. Similarly, incentivizing data
sharing, for example, via price tags for datasets or mandatory
citations, represents an unsolved problem [93]. To
circumnavigate this issue, HMDCs commonly rely on
membership fees and public funding. The former restricts data
access to members of the HMDC operating organization. The
latter compensates data providers through public funds, usually
applied in preliminary stages. Naturally, other business models
exist. However, both data quality indicators and data-sharing
incentives represent underdeveloped fields requiring future
research beyond the study’s design perspective [33].
Consequently, these concepts are not a part of the taxonomy,
because they cannot be defined in universally applicable
dimensions. Arguably, their inclusion would have
overcomplicated the taxonomy and undermined its focus on
actionable HMDC design knowledge.

Limitations
The taxonomy is mainly subject to the following limitations.
In the inductive iterations, results were derived from a
potentially limited number of publications because of the
emphasis on 4 main databases. Similarly, in the deductive
iterations, the examined analysis objects might merely cover a
snapshot of what was available at the time (ie, many analysis
objects have been in progress), be outdated quickly, and not be
conclusive. As for the SLR, the conclusiveness of analysis
objects is particularly questionable because of, first, the focus
on European ecosystem initiatives and, second, a possible
negligence of many centralized health data catalogs. In the
evaluative iterations, the experts might not have captured the
full range of relevant perspectives on HMDCs and are limited
in number. Furthermore, the research design comprises certain
limitations per se. As it is with qualitative research, taxonomy
building requires substantial generalizations and simplifications
of intricate and interdisciplinary content [83]. Although
countermeasures were taken (see Methods section), these factors
imply interpretative biases inevitably incorporated into the

results [41], for example, extracting design elements from public
data. Moreover, as shown in the Theoretical Background section,
new HMDCs must be expected to arise constantly, while others
are likely to disappear with a high frequency. Hence, the
taxonomy must be altered swiftly. To conclude, the taxonomy
provides first actionable design knowledge about HMDCs but
requires continuous triangulation of design elements by future
research.

Conclusions
Despite the limitations, the scientific and managerial
contributions of this study unfold broad implications, which are
formulated as recommendations for future research. Generally,
HMDCs should be increasingly investigated in practice, for
example, by more in-depth case studies. On the one hand, it is
of utmost importance to keep track of the rapidly evolving
HMDC-related initiatives in Europe. Their conceptual and
technical advancements should be analyzed and evaluated
constantly against the background of the taxonomy design
elements, deriving the need for modifying dimensions and
characteristics. On the other hand, by incorporating worldwide
efforts toward health care data ecosystems and HMDCs, the
scope of the taxonomy can be expanded and design knowledge
beyond European jurisdictions can be created. In this regard, it
is important to mention that the generated design knowledge
about European HMDCs already entails such global
implications. The FAIR dimensions of the taxonomy state
fundamental characteristics of health data FAIR, making it
universally relevant. In other words, the taxonomy conveys
generally conceivable options for using catalog functionalities
and underlying metadata assets. In addition, it outlines how to
design those health metadata assets meaningfully. Therefore,
despite the European focus, the taxonomy addresses global
challenges with regards to health data sharing and metadata
catalog designs, underlining its broad implications. Nevertheless,
further research is essential, because HMDCs represent the
fulcrum for allocating, exchanging, and using RWD to
effectively generate RWE in emerging health care data
ecosystems.
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Abstract

Background: The early identification of hearing loss and ear disorders is important. Regular screening is recommended for all
age groups to determine whether a full hearing assessment is necessary and allow for timely treatment of hearing problems.
Procedural training is needed for new speech-language pathology students as well as continuing education for those trained to
perform this screening procedure. Limited availability and access to physical training locations can make it difficult to receive
the needed training.

Objective: The aims of this study were to (1) develop a new hearing screening simulation software platform and (2) assess its
effectiveness in training a group of graduate-level speech-language pathology students in hearing screening procedures.

Methods: An audiology simulator modeled after the commercial Grason-Stadler GSI39 combination audiometer and tympanometer
device was developed to serve as a precursor to traditional face-to-face clinical instruction. A description of the simulator
development process, guided by a design science approach, is presented. The initiation phase established the initial criteria for
the simulator design. This was followed by an iterative process involving prototype development, review, and critique by the
clinical faculty. This feedback served as input for the subsequent iteration. The evaluation of the final prototype involved 33
speech-language pathology graduate students as part of an introductory audiology class. These students were randomly assigned
to control (receiving in-person instruction) and test (in-person instruction and simulation tool use) groups. Students in both groups
were subsequently evaluated as they performed audiology screenings on human participants and completed a 25-item pretest and
posttest survey. Nonparametric Mann-Whitney U tests were conducted on the mean differences between pretest and posttest
ordinal survey response data to compare the control and intervention groups.

Results: The results indicated that the students who used the simulation tool demonstrated greater confidence in their ability to
(1) explain hearing screening procedures to a child (P=.02), (2) determine whether otoscopy results are normal (P=.02), and (3)
determine whether otoscopy results are abnormal (P=.03). Open-ended responses indicated that the students found that the
hands-on experience provided by the simulator resulted in an easy-to-use and useful learning experience with the audiometer,
which increased their confidence in their ability to perform hearing screenings.

Conclusions: Software-based education simulation tools for audiology screening may provide a beneficial approach to educating
students and professionals in hearing screening training. The tool tested in this study supports individualized, self-paced learning
with context-sensitive feedback and performance assessment, incorporating an extensible approach to supporting simulated
subjects.

(JMIR Form Res 2025;9:e47150)   doi:10.2196/47150
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Introduction

Background
A national study in the United States found that 14.9% of
children ranging in age from 6 to 19 years had low- or
high-frequency hearing loss in one or both ears [1]. Early
identification, diagnosis, and intervention are beneficial,
improving the likelihood that children will develop effective
communication and language skills and achieve successful
learning outcomes [2]. For this reason, hearing screenings should
be carried out regularly to identify problems early. To
accomplish this, health care students and personnel must receive
adequate training on how to perform these screenings and
appropriately refer patients for evaluation [3].

The American Speech-Language-Hearing Association guidelines
for audiological screening [4] specify procedures for completing
hearing loss screenings, along with recommendations for
screening the outer and middle ears, collecting an optional case
history, performing a visual examination (otoscopy), and
conducting acoustic immittance testing (tympanometry). Those
who do not pass a hearing screening (the term “fail” is not used)
are typically referred to a licensed audiologist for more detailed
hearing testing or to a physician for any medical concerns. The
screener can also refer the individual to both an audiologist and
physician when the results warrant such action.

The American Speech-Language-Hearing Association
recognizes the use of standardized patients and simulation
technologies as alternatives to traditional clinical education
methods [5]. The use of clinical simulation increased
significantly during the COVID-19 pandemic because many
practicum sites became inaccessible to students. Simulation is
increasingly being used in clinical training and has been found
to improve clinical knowledge and skills, self-confidence,
communication skills, empathy, critical thinking abilities,
leadership, and situation management among students [6-11].
Simulation has been found to improve the confidence in both
knowledge and skills of audiology and speech-language
pathology graduate students during training [12,13]. A survey
of clinical educators found that simulation was a useful learning
tool, provided a quality control measure, was an aid in
professional development, and exposed students to clinical
pathologies that were not routinely encountered [13]. Barriers
to the use of simulation include faculty lacking training with
simulators, limited funding to purchase simulator technology,
and a lack of resources such as time and space [13].

Training speech-language pathology students to perform hearing
screenings is an important undertaking. Students must learn
how to interact with children and adults, properly work through
the assessment protocol, and learn how to operate the equipment.

Studies have shown simulation to be effective in audiology
education and training [14-16]. Simulation can help transfer
theory to practice in an integrated teaching and learning model
[17]. Simulators can present a full range of patient cases that

represent real-world clinical diagnoses. These simulated cases
present patients with symptoms that must be detected and
diagnosed by the student. However, the use of simulation in
audiology education is still in its infancy compared to some
other fields, such as nursing and medicine [3].

It can be challenging for speech-language pathology students
to obtain the necessary audiology training due to limited
practicum opportunities. One alternative is to use a commercial
simulator application, such as Otis–the virtual patient [18],
which is a simulator designed for use in the education of
audiologists. Many of these commercial simulators are designed
to train students in conducting full audiological evaluations,
rather than teaching hearing screening skills that follow an
abbreviated protocol. However, these simulators can be cost
prohibitive for training speech-language pathology students.
Our goal was to deliver a realistic simulation tool providing a
realistic representation of the controls found on a commercial
testing instrument that students would work with when in the
field. This design allows students to practice and develop testing
skills without having to travel to a testing center. It also exposes
them to a broad array of clinical cases and provides feedback
on their performance. These goals became particularly relevant
during the COVID-19 pandemic, when participating in live
practicum experiences became difficult.

Prior research has explored the use of pure-tone audiometry
simulators [19-23]. One system incorporated multilingual
capability, improving accessibility for non-English speakers
[21]. Audiology training using virtual reality was found to yield
positive results compared to traditional training [11]. There are
also commercially available simulation tools that are useful for
training audiology skills. AudSim Flex [24] offers basic and
advanced simulators for audiology students to learn pure-tone
and bone conduction testing, both masked and unmasked.
Otis–the virtual patient [18] realistically simulates the behavior
of the patient and detects possible user errors immediately. It
supports both pure-tone and screening training and guides the
learner through exercises at several levels of difficulty, while
providing useful help.

There are similarities between the hearing screening simulator
(HSS) we developed and existing simulation tools. All
incorporate a set of simulated subjects that present a range of
hearing disorders, provide background narratives of the subjects
to provide context, and model human behavior or actual subjects
to improve realism. Most tools allow students to perform a
simulated assessment and collect data that are then plotted on
a standard audiogram, with the simulator assessing and
critiquing the students’ analysis and conclusions.

The HSS differs from other simulators in 2 important ways.
First, the HSS provides a digital twin—a realistic representation
of the Grason-Stadler GSI39 combination audiometer and
tympanometer device [25]—whereas other simulators use a
generic design. By modeling the actual instrument interface,
the HSS allows the student to become familiar with the
instrument layout and practice working with the modeled
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device’s controls. Second, the HSS is designed for the simpler
hearing screening protocol rather than full audiological testing.
The protocols are different; therefore, the feedback and
assessment verification must be tailored accordingly. Full
audiological testing is outside the scope of practice for
speech-language pathology students.

A design science approach was adopted for the development of
the HSS. Initial design specifications were first established,
followed by an iterative process involving prototype
development, review, and critique by the clinical faculty, with
the feedback used to refine the next iteration. After several
iterations, the final prototype was tested to assess whether
students felt that the simulator was useful in learning how to
administer hearing screenings and to determine their confidence
in their skills after using the simulator.

Objectives
The aims of this study were to (1) develop a new hearing
screening simulation software platform and (2) assess its
effectiveness in training a group of speech-language pathology
students in hearing screening procedures. This work’s
contributions include a framework for developing a simulation
of an existing process (hearing screening testing) and the
description of a unique artifact with a user interface that closely
emulates an existing commercial tool used to perform hearing
screenings. This artifact supports an individualized, self-paced
learning environment incorporating context-sensitive feedback
and performance assessment. While further testing is needed,
initial testing indicates that the HSS shows promise as a training
aid for speech-language pathology students.

Methods

Overview
This research follows a design science methodology consisting
of (1) problem identification and motivation, (2) the definition
of the objectives for a solution, (3) design and development,
(4) demonstration, (5) evaluation, and (6) communication
[26,27]. We identified and translated design requirements for
an audiology simulator into design components. We then
classified these functional components in the application into
design principles and features for designing a health care
simulation app for clinical education and training. An
abbreviated description of the design phase is provided in the
next subsection, offering context for the evaluation phase of the
study. For a more detailed description of the development
process, the interested reader is directed to the conference paper
[28]. For the evaluation of the simulation tool, participants were
randomly separated into control (did not use the simulator) and
test (used the simulator) groups, with both groups completing
a pretest and posttest survey. Survey responses were analyzed
using the nonparametric Mann-Whitney U test, which is

appropriate for ordinal data analysis when a normal distribution
cannot be assumed. Four qualitative survey question responses
were also collected and analyzed. Moreover, audiology
instructors assessed the skill levels of the student participants.
Additional details on the analysis can be found in the Evaluation
Study subsection.

The Simulation Tool’s Conceptual Framework,
Requirements, and Design
The simulation tool was designed to train speech-language
pathology students on the proper use of audiometer equipment,
how to administer a hearing screening test, and how to interpret
the results. The tool’s clinical and administrative functions,
which are summarized in Textbox 1, served as the design criteria
for the HSS. The clinical requirements reflect the data typically
collected and presented during a traditional training session
using commercial equipment. The operational requirements
include additional features that enable a web-based digital
learning experience, such as calculating student grades, and
therefore represent value-added aspects of the simulator.

The HSS is designed to simulate 3 clinical procedures used in
hearing screening and audiological evaluations. The otoscopic
examination is a visual procedure used to assess the condition
of the external auditory canal and tympanic membrane.
Tympanometry tests how well the subject’s eardrum moves and
determines the volume of the ear canal and the pressure in the
middle ear space. The audiometer presents a series of tones to
the subject based on the appropriate protocol, and the subject
indicates whether they hear the tone by raising their hand. For
screening tests, tones are presented at a fixed level considered
“normal hearing” (20 dB hearing level), in contrast to a typical
diagnostic hearing test where multiple levels are tested to
determine the subject’s hearing threshold at each frequency (ie,
the lowest level the subject can hear). The HSS uses
standardized subjects with known auditory hearing profiles,
along with sample otoscopic images and tympanometry results
for both ears.

The simulator user interface consists of 3 panels. Figure 1A
shows the simulated audiometer device, which was modeled
after the Grason-Stadler GSI39 combination audiometer and
tympanometer device [25]. The upper portion of the unit
contains a graphic display that shows either the tympanogram
or audiogram depending on the testing mode selected. The lower
portion of the unit provides the controls used to perform the
screening. These controls and their purpose are described herein.
Figure 1B portrays the panel that provides information about
the subject, as well as the command buttons to show and print
a larger version of the audiogram chart, and displays the
debriefing report that summarizes the students’performance on
the simulation. Figure 1C shows the technician notes panel. It
allows students to record their findings and include their
observations, as is typical in a traditional audiological screening.
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Textbox 1. Required clinical and operational functionalities of the hearing screening simulator.

Clinical requirements

• Authenticate and authorize users

• Provide a graphical user interface similar to that of standard audiology screening hardware-based systems

• Simulate 3 audiometry screens: video otoscopy, tympanometry, and audiometry

• Configure audiometer settings for a specific subset of frequencies used in hearing screening

• Display output similar to that obtained with commercial devices, including otoscopic images, tympanograms, and audiograms

• Include simulated patients representative of a range of real-world clinical cases

Operational requirements

• Provide a web-based platform

• Track and report time spent on the simulation

• Document and print a record of the simulation session

• Include automatic grading and feedback on students’ performance

• Provide a full-featured audiometer with additional features beyond those needed for the hearing screening learning experience but present in
commercial units

• Log all simulation screenings to permit reporting of an individual student’s simulation history and enable cross-sectional data analysis across
multiple students’ results

Figure 1. The hearing screening simulator user interface. (A) The simulated audiometer device. (B) The panel that provides the simulated subject’s
details, with the avatar responding to tone stimulus. (C) Area for the technician to enter results and comments.

The HSS is equipped with 10 simulated patients, with the
capability to expand this list. Each patient has a short case
history, which is presented to the student when the subject is
selected, providing the subject’s age and sex and a brief
biographical background related to any hearing concerns. The
10 artificial subjects represent different audiological conditions
and pathologies, with audiometry, tympanometry, and otoscopy
results consistent with their condition. One child and 1 adult
standard patient with normal results were included. To obfuscate
the identities of these simulated patients and create the illusion

of having a much larger subject base, the profile information is
randomized each time the program is run. Subject’s sex is
randomly assigned, age is adjusted slightly, the subject’s name
is randomly selected from a list of 100 diverse names, and the
backstory is modified to match the new subject profile. This
feature expands the number of possible simulated patient profiles
to >1000 unique profiles. This prevents students from
circumventing the training by using results from earlier
simulations and also enables the assessment of a student’s
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precision when presented with multiple subjects derived from
the same base simulated patient.

To perform the training, the student selects a standardized
subject and reads the brief biographical sketch provided. The
simulated screening test is then performed. The student must
correctly set up the audiometer and work through the testing
procedure. The otoscopic examination is simulated by selecting
either the right or left ear and pressing the “Oto” button, which
displays the subject’s right or left otoscopic image, depending
on which ear is specified. Similarly, the student simulates the
tympanometry test by selecting the ear and pressing the “Tymp”
button, displaying the subject’s tympanometry result. To
simulate the auditory test, the student selects the ear being tested,
the tone level (20 dB hearing level) for the test, and then the
series of frequencies specified by the testing protocol.

As the student proceeds through the simulation, they are asked
to record their observations and patient results in the technician
notes panel. There are note sections for each of the 3 screening
procedures (otoscopy, tympanometry, and audiometry). The
student is asked to provide the result for each ear and to add
comments and observations related to the screening. Recording
this information allows the simulator to assess the student’s
performance. The system knows which result is correct based
on the known profile of the subject being screened. Taking into
consideration the 3 individual screening procedures, the student
must also make a final recommendation regarding the patient’s

subsequent follow-up and add a related comment. The student’s
final recommendation is automatically graded and reported by
the simulator, immediately providing appropriate feedback as
needed. The patient cases, associated correct results, and correct
recommendations were defined by the study clinical team and
implemented in the application database.

Once the student completes the screening and enters their session
notes, the data are saved to a database, and a session report is
generated (Figure 2). This report serves as a starting point for
a debriefing that would occur between a facilitator and the
student. It provides metadata related to the simulation, including
the technician’s name (ie, the student’s name), the subject’s
name, the duration of the testing portion of the simulation, the
screening procedures run by the student during the evaluation,
and the total time spent on the simulation session. This
information allows the simulator to perform validity checking
of the training session, including whether the proper procedure
was followed and the proper tests were run. The session report
provides information to the simulation facilitator about the steps
completed by the student during the session. Any shortcuts
taken by the student during the session would be noted in the
report. The report also displays the student’s results along with
the correct results, with an explanation justifying the results.
This provides the student with immediate feedback on their
performance as well as their performance over time. Reports
can be printed or saved as a PDF file to serve as required
documentation of their clinical training.
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Figure 2. Simulation report summary displaying student performance in administering a hearing screening to a simulated client. It includes session
metadata and a simulation debriefing report that provides the students’ responses, notes, and correct results.

Evaluation Study

Student Participant Sampling, Intervention Procedure,
and Data Collection
All 33 first-year speech-language pathology graduate students
enrolled in an Introduction to Audiology class participated in
this pilot study. The study started with 34 students, but since
one student in the text group failed to submit the posttest survey

they were dropped from the analysis resulting in 33 subjects.
This is a required course in the graduate Speech-Language
Pathology curriculum.

All participants received the same lecture on hearing loss
concepts and performing hearing screening assessments. The
33 students were randomly assigned to either the control (n=16,
48%; all female) or test (n=17, 52%; all female) group by listing
all participants in Microsoft Excel and using the built-in
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randomization function. The control group received brief
in-person training on equipment operation before being
evaluated when they conducted their live, in-person audiology
screening. The test group received the same in-person equipment
operation introduction but used the simulation tool before being
evaluated doing their live audiology screening. Students in each
group were divided into 2-member teams, except for 1 group
of 3 in the test group. Each student team alternated between
roles, acting as a test subject (ie, patient) and as the test
evaluator. The practice of students acting as both subject and
evaluator is common in small class settings for audiology
training. Approximately half of the students in the control group
(16/33, 48%) and those in the test group (17/33, 52%) had
previous hands-on experience with a hearing screening
audiometer. Randomization included sorting students into an
approximately equal number of pairings of “no previous
experience,” “1 partner with previous experience,” and “both
partners with previous experience.”

Participants in the test group received supplementary training
with the simulation tool. They were introduced to the simulator
and given approximately 15 minutes to work through
approximately 5 cases with their partner. A 25-item
questionnaire was administered to all students to assess their
confidence in their skills both before and after performing the
live hearing screening. This means that the control and test
groups completed the questionnaire both before and after the
intervention. The questionnaire was created by the audiology
faculty to gauge students’ knowledge and confidence in
administering and interpreting hearing screenings. A 5-point
Likert scale was used. The response options and corresponding
coding values were strongly disagree (1), disagree (2), neither
disagree nor agree (3), agree (4), and strongly agree (5). A set
of 7 to 9 questions were asked about each assessment mode
(otoscopy, tympanometry, and audiometry). The test group was
also asked 4 additional free-response questions in the same
questionnaire to assess their perceptions of the simulation tool.
A total of 16 surveys were completed by the control group and
17 completed by the test group. One test group survey was
excluded from analysis because it represented the second of 2
surveys completed by the same participant, each providing
identical feedback. Thus the analysis use 16 surveys in each
group.

Student Participant Survey Data Analysis
A nonparametric analysis was conducted using the
Mann-Whitney U test to compare differences between the
groups at baseline (ie, before the test) and after the intervention
(ie, after the test). The goal was to assess the change in the test
and control groups’ pretest versus posttest survey responses.
The Mann-Whitney U test is a nonparametric method suitable
for analyzing ordinal data when a normal distribution cannot
be assumed. In this case, the ordinal variables were responses
to survey questions measured on a Likert scale. This method is
also appropriate when the groups being analyzed represent 2
independent samples (test and control groups created via
randomization). The null hypothesis is that the means of each
group are identical, meaning that all groups come from the same
distribution. The alternative hypothesis is that at least 1 of the
groups has a different mean, meaning that at least 1 group comes

from a different distribution than the others. The test was
corrected for tied ranks.

It was expected that using the simulation training tool together
with in-person training would be perceived by the students to
be at least as effective as, and possibly an improvement over,
in-person–only training using commercial audiology equipment.
Although some indication of improvement was expected,
statistically significant differences between the groups were not
expected for most questionnaire items between the test and
control groups. All statistical analyses were conducted using a
standard, commercially available statistical software tool (NCSS
2021; NCSS Statistical Software). A thematic analysis of
qualitative responses was conducted to produce categorical
findings, which were then discussed.

Student Qualitative Data Collection and Analysis
As part of the posttest survey administered to the test group, 4
free-response questions were included regarding their
impressions of using the simulator tool. Qualitative responses
were typed, and we conducted a thematic analysis across the
responses, which were then grouped, summarized, and counted.

Instructor Evaluation of Student Hearing Screening
Assessment Technique
A live assessment of the students’ clinical techniques was
completed using commercial audiometry units, with peers
role-playing as patients. Certified instructors supervised the
assessment, observing and grading the students’ performance
on otoscopy, tympanometry, and hearing screening techniques
on a scale ranging from 1 to 5. Scores were compiled, averaged,
and compared across the control and test groups.

Ethical Considerations
The institutional review board of the University of South
Carolina determined that this research did not involve human
subjects. All participants received a verbal and written
description of the study and consented to participate.
Participants’ identities were kept confidential and anonymized
before data analysis. No compensation was provided for
participation in the study.

Results

The Simulation Tool’s Conceptual Framework

Overview
In a design science study, the objective is to assess how well
the created artifact, in this case, the HSS, meets the target
operational requirements. In this study, we focused on assessing
how well the tool performed in delivering the necessary training
on the audiometer equipment. The results are presented in the
following subsections.

Evaluation Study

Likert Scale Survey Results
The test group showed higher posttest mean scores and greater
percentage change than the control group across all 3 test
component groupings: otoscope, tympanometer, and hearing
screening (Table 1).
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Table 1. Multifactor assessment of student confidence change resulting from the use of the simulation tool. Pretest and posttest values represent the
averages for both control and test groups.

Test group (n=17)Control group (n=16)

Change (%
change)

Posttest score,
mean (SD)

Pretest score,
mean (SD)

Change (%
change)

Posttest score,
mean (SD)

Pretest score,
mean (SD)

0.55 (14.75)4.28 (0.55)3.73 (0.58)0.31 (8.64)3.90 (0.63)3.59 (0.41)Otoscope (7 factors)

0.83 (21.90)4.62 (0.44)3.79 (0.70)0.63 (17.35)4.28 (0.50)3.63 (0.32)Tympanometer (9 factors)

0.59 (15.36)4.43 (0.45)3.84 (0.59)0.38 (9.48)4.39 (0.45)4.01 (0.56)Hearing screening (9 factors)

As shown in Table 2, the responses to the following 3 survey
questions showed statistically significant differences between
the groups with significance set at P<.05: “I am confident in
my ability to explain hearing screening procedures to a child”
(Mann-Whitney U=71.0, n1=n2=16; P=.02, 2-tailed t test), “I
am confident in my ability to determine if otoscopy is normal”
(Mann-Whitney n1=n2=16; P=.02, 2-tailed), and “I am confident
in my ability to determine if otoscopy is abnormal”
(Mann-Whitney U=74.5, n1=n2=16 P=.02, 2-tailed t test). For
technology pilot studies, findings at the P<.10 significance level
can also demonstrate important results. In this sense, the
responses to the following 2 survey questions showed
statistically significant differences between the groups with
significance set at P<.10: “I am confident in my ability to locate
landmarks while completing otoscopy” (Mann-Whitney U=86.5,
n1=n2=16; P=.08, 2-tailed t test) and “I am confident which dB
level should be tested during a hearing screening”

(Mann-Whitney U=84.0, n1=n2=16; P=.07). The results were
not significant across 19 survey questions at the P<.10
significance level, underscoring the specific impact of the
simulator on the aforementioned confidence measures.

The survey asked whether students had previously conducted
an audiology screening test on a human subject before the class
audiology training exercise and study. A total of 8 (24%) of the
33 participants in the test group and 6 (18%) of the 33
participants in the control group reported in the affirmative. For
this smaller subset of participants, mixed results showed higher
posttest mean scores and greater percentage change for the
otoscope and tympanometer control groups than the test groups.
There was a negative change and percentage change for the
combined hearing screening scores for the control group, while
the test group had a positive change and percentage change
(Table 3). Statistically significant differences were not calculated
due to the small sample sizes across the groups.
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Table 2. Analysis of survey responses grouped by otoscopy, tympanometry, and hearing screening questions, comparing the control and test group
mean scores for pre- and postassessment sentiment. The Mann-Whitney U test was used to assess the statistical significance of the change in sentiment
between the 2 groups.

P valueTest groupControl groupSurvey questions

Postassessment
score, mean (SD)

Preassessment score,
mean (SD)

Postassessment
score, mean (SD)

Preassessment score,
mean (SD)

Otoscopy

.744.06 (0.75)3.65 (1.00)3.93 (0.80)3.63 (0.62)I am confident in my ability to interpret
otoscopy

.394.18 (0.64)3.24 (1.15)3.80 (0.77)3.19 (0.75)I am confident in my ability to com-
plete otoscopy on a patient

.08a4.35 (0.70)3.53 (0.94)3.73 (0.70)3.44 (0.63)I am confident in my ability to locate
landmarks while completing otoscopy

.03b4.18 (0.81)3.82 (0.73)3.60 (1.06)3.81 (0.54)I am confident in my ability to deter-
mine if otoscopy is abnormal

.02b4.41 (0.62)3.94 (0.66)4.00 (0.85)3.88 (0.50)I am confident in my ability to deter-
mine if otoscopy is normal

.434.24 (0.75)3.88 (0.49)3.93 (0.59)3.75 (0.68)I am confident in my ability to deter-
mine if otoscopy warrants a referral

.324.56 (0.51)4.06 (0.66)4.27 (0.46)3.38 (0.89)I am confident in my understanding of
the impact of abnormal otoscopy on
hearing screening results

Tympanometry

.434.65 (0.49)3.76 (0.97)4.40 (0.51)3.53 (0.50)I am confident in my ability to interpret
a tympanogram

.454.65 (0.49)4.06 (0.56)4.33 (0.49)3.81 (0.54)I can confidently identify a normal ear
canal volume (ECV) on a tympanogram

.764.65 (0.49)3.88 (0.86)4.33 (0.62)3.75 (0.45)I can confidently differentiate between
tympanogram types

.664.71 (0.47)4.00 (0.94)4.33 (0.62)3.81 (0.40)I can confidently identify an abnormal
tympanogram

.864.76 (0.44)4.24 (0.56)4.40 (0.51)3.88 (0.34)I can confidently identify a normal
tympanogram

.514.59 (0.51)3.18 (1.19)4.29 (0.83)3.13 (0.81)I can confidently complete a tym-
panogram on a patient

.124.53 (0.62)3.65 (0.86)4.13 (0.52)3.69 (0.70)I am confident in my ability to deter-
mine if a tympanometry result warrants
a referral

.854.59 (0.51)3.76 (0.75)4.203.38 (0.81)I am confident in my understanding of
the impact of abnormal tympanometry
on hearing screening results

.764.47 (0.62)3.59 (1.12)3.93 (0.80)3.56 (0.51)I am confident in my ability to connect
abnormal otoscopy results to abnormal
tympanometry results

Hearing screening

.244.65 (0.61)4.12 (0.78)4.79 (0.43)4.31 (0.60)I am confident in which frequencies
should be tested during a hearing
screening

.07a4.53 (0.72)3.76 (0.90)4.53 (0.52)4.13 (0.72)I am confident which dB level should
be tested during a hearing screening

.424.65 (0.49)3.65 (0.86)4.27 (0.70)3.63 (0.96)I am confident in my ability to explain
hearing screening procedures to an
adult
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P valueTest groupControl groupSurvey questions

Postassessment
score, mean (SD)

Preassessment score,
mean (SD)

Postassessment
score, mean (SD)

Preassessment score,
mean (SD)

.02b4.29 (0.85)3.38 (0.81)4.00 (0.85)3.75 (1.00)I am confident in my ability to explain
hearing screening procedures to a child
(e.g., conditioned play audiometry)

.114.65 (0.49)3.47 (1.07)4.36 (0.50)3.81 (0.98)I am confident in how to present stim-
uli/tones while completing a hearing
screening

.224.53 (0.51)4.00 (0.87)4.27 (0.70)4.00 (0.82)I am confident in how to verify a re-
sponse while completing a hearing
screening

.604.41 (0.62)3.94 (0.75)4.50 (0.52)4.06 (0.57)I am confident in knowing when a re-
ferral is necessary based on hearing
screening results

.754.47 (0.62)4.35 (0.49)4.47 (0.52)4.38 (0.50)I am confident in knowing which pro-
fessional to refer to based on hearing
screening results

aSignificance set at P<.10.
bSignificance set at P<.05.

Table 3. Multifactor assessment of student confidence change for students reporting having conducted an audiology screening test on live subjects
before the audiology test. Pretest and posttest values represent the average values.

Test group (n=8)Control group (n=6)

Change (%
change)

Posttest
scores, mean
(SD)

Pretest
scores, mean
(SD)

Change (%
change)

Posttest
scores, mean
(SD)

Pretest
scores, mean
(SD)

0.39 (10.0)4.30 (0.51)3.91 (0.49)0.53 (13.8)4.36 (0.40)3.83 (0.40)Otoscope (7 factors)

0.51 (12.0)4.75 (0.38)4.24 (0.47)0.84 (21.9)4.67 (0.42)3.83 (0.21)Tympanometer (9 factors)

0.46 (10.9)4.67 (0.45)4.21 (0.61)−0.10 (−2.2)4.66 (0.41)4.56 (0.30)Hearing screening (9 factors)

Qualitative Questionnaire Results
The results of the 4 free-response questions that were
administered to the test group regarding their impression of the
simulator tool are presented in Table 4. We categorized the
responses based on their context similarity (type) and frequency
of being mentioned.

The responses to the first question indicate that the students
found that the hands-on experience gained by using the simulator
provided an easy-to-use and useful learning experience with
the audiometer that increased their confidence in their ability
to perform hearing screening.

With regard to the second question, the simulator was designed
to display an image or chart for a simulated subject, rather than
demonstrate how to perform an otoscopic or tympanometric
examination. Students wanted more explanation on how to
perform these examinations. Others felt that the instructions, in
general, could be improved, possibly incorporating pictures or

a video. One participant expressed a concern that the simulator
design did not resemble an audiometer machine. Given that the
simulator was modeled to closely resemble the Grason-Stadler
GSI39 combination audiometer and tympanometer device, it is
assumed that the student was familiar with a different model.

The most frequent response to the third question was that the
simulator should improve training on how to perform otoscopy
and tympanometry screenings. It was also suggested that the
simulator model the instructions provided by the technician to
the subject. Future software iterations will address these
suggestions.

The responses to the final question suggested positivity toward
the simulation tool, indicating its potential benefit in terms of
providing a range of realistic learning experiences. The
responses do suggest that some features of the simulator need
to be explained further in the system documentation. The final
3 comments emphasized that the simulator was easy to use and
was perceived as a useful addition to the class.
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Table 4. Poststudy survey of impressions of the hearing screening simulator (n=17).

Frequency of being mentioned, n (%)

“What aspects of the simulation did you like?”

5 (29)Provides hands-on experience, helped me become more familiar with an
audiometer, and increased my confidence

4 (23)Ease of use

4 (23)Practice with multiple virtual patients

1 (6)Provided useful feedback on the simulation debriefing report

1 (6)Thought it was helpful

“What aspects of the simulator did you not like?”

4 (23)Did not show how to do otoscopic or tympanometry exam

4 (23)Having better instructions would be helpful

2 (12)Nothing, this is a useful simulation

1 (6)It was repetitive

“Do you have any recommendations to improve the simulator?”

5 (29)The simulator did not show how to perform otoscopy and tympanometry.
Clearer instructions are needed in general

3 (18)Nothing, no improvement needed

1 (6)Model the technician giving required directions to the subject

1 (6)Have the design of the simulator match that of the audiometer

“Would you like to share anything else?”

1 (6)A great tool to add to any audiology class

1 (6)Really liked that sample participants showed inconsistencies in hearing
thresholds. This realistic touch prepares one to be not thrown off when
performing a live, in-person screening

1 (6)The simulation was easy to use

1 (6)The virtual simulation was very helpful

1 (6)I loved the activity!

Instructor Evaluation of Student Hearing Screening
Assessment Technique
Certified instructors supervised the assessment, observing and
grading the students’performance and technique. The summary
data from the instructor’s assessment is given in Table 5.
Assessment data for two students in the control group were not
available which reduced the size of the control group to 14.
Data for one student in the test group was dropped because of

incomplete data resulting in a group size of 16. All students in
both the control and test groups performed the 3 screenings
satisfactorily (ie, otoscopy, tympanometry, and hearing
screening). Some students, primarily in the control group, did
not follow the prescribed protocol exactly, as reflected in the
technique scores shown in Table 5. Students performed similarly
across test and control groups, except in the case of providing
instructions and screening according to protocol.

Table 5. Certified technicians’ assessment of study participants’ techniques in performing otoscopic, tympanometric, and audiometric testing on live
subjects using commercial audiometer equipment.

Test group (n=16), mean (SD)Control group (n=14), mean (SD)

4.50 (0.52)4.71 (0.47)Otoscope

4.38 (0.62)4.64 (0.74)Tympanometer

Audiometer

4.63 (0.81)3.64 (1.39)Provide instructions

4.81 (0.40)4.64 (0.50)Test according to protocol
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Discussion

Principal Findings
The HSS is designed as a training tool for speech-language
pathologists, nurses, and other professionals to learn the skills
needed to perform hearing screening. It can provide remote
training when it is not practical to use a traditional practicum
setting with commercial audiology equipment, and thus
represents an improvement on the state of the art [26]. The
design science framework described in this study could be used
to replicate and extend the existing simulator and develop other
simulation training tools; for example, this implementation is
modeled on a specific commercial audiometer. It would be
useful to expand this to an array of available audiometers and
allow students to receive a flexible range of training on
instruments of their choosing. This would be similar to how
Microsoft Flight Simulator [29] allows users to choose from 30
different cockpits. During our testing, a respondent commented
that the simulation interface did not represent the instrument
they were using, highlighting the need to expand the tool to
model other instruments. The user training interaction model
created for this study incorporated artificial patients in a software
simulation within a theoretical framework, operating in real-time
and real-world environments. The tool uses external
configuration files that enable the addition of new simulated
subjects. Each simulated subject has a corresponding
biographical sketch, auditory and tympanometric profiles, and
otoscopic images. This design feature allows the addition of
new simulated patients, covering a range of possible real patient
conditions. The software simulation tool provides a design
artifact that was tested and evaluated across 33 participants and
thus provides a complete design science research cycle, inclusive
of artifact evaluation.

This study focused on the user experience that influenced the
design parameters of the HSS. In the evaluation, we surveyed
users to assess usability, as well as efficacy as a teaching tool.
While the mean scores of the test group were largely higher
than those of the control group and demonstrated a larger
percentage change from before to after the intervention, there
were few statistically significant differences between the groups.
This was not surprising, considering the very early phase of
research in this pilot program and the known difficulties of
measuring educational interventions, especially with small
sample sizes. Furthermore, the percentage changes from before
to after the intervention were mixed for those participants who
had previously conducted a screening examination on a real
person before participating in this training exercise and study.
While the small sample size of this subgroup makes it difficult
to draw firm conclusions in this regard, it is important to note
that prior screening experience may impact hearing screening
learning outcomes and the effect of the simulator on learning.
Taken together, the quantitative and qualitative results from
this endeavor show significant promise for audiology simulator
tools in enhancing the education of speech-language pathology
students. The results indicate that the working prototype of the
simulator may provide a strong supplement to in-person training
using commercially available equipment. Participants noted
that the simulator was intuitive and useful for learning the skills

needed to perform hearing screenings, while also indicating
areas for improvement.

Limitations
The number of participants in this study was low (n=33), yet
appropriate for an initial pilot test. Future studies should include
a more diverse set of participants, possibly from multiple
geographic locations. This represents the first test of the HSS
simulation software. Future iterations of the software may
demonstrate different results. A common issue in the control
group was a failure of student evaluators to communicate
instructions to the subjects as prescribed in the protocol. This
issue was not as prevalent in the test group, which may indicate
that the added simulator practice impacted the students’
performance in following the procedure, although the simulator
did not explicitly indicate or model this behavior. The observed
issues were not modeled in the simulation and thus represent
potential areas for future improvement.

The study design could be improved. In this iteration, the
students in the test group received traditional lectures on the
material and then completed the simulation before their
performance and technique were evaluated. The control group
received only the traditional lectures before evaluation. The
difference in the observed results could therefore be due to the
test group’s greater exposure to the relevant content. In future
testing, the control group could be given an alternative, related
activity with a similar duration as the simulation. This could
include additional reading or researching audiometer test
equipment on the internet.

Future Directions
Our testing of the HSS found that it has the potential to be an
effective audiometry teaching tool, but some areas for
improvement and future research directions were identified to
validate these findings. The most significant improvement would
be to convert it to a web-based platform for broader availability
and accessibility. While remote students can currently use the
simulator, it requires them to download and install the tool
locally. A web-based option would make using the simulator
easier, with the only requirement being a web browser.

The functionality of the simulator could be extended by allowing
the configuration to support customizable pass and refer cutoffs
to address different environments or countries. Similarly,
allowing the configuration to support multiple languages could
be valuable. This could be implemented by modifying and
displaying text in different user-specified languages or
incorporating “tool tips” to offer second-language support in
pop-up windows.

Another important extension would be the inclusion of different
models of commercial audiometer test equipment. A key benefit
of the tool is that it provides training using a digital twin,
providing the learning experience with a test unit user interface.
The value of this feature diminishes if the technician is not using
the same equipment modeled in the tool. This issue was
mentioned by a participant in the exit survey. Although the tool
is designed for hearing screening test training, it could be
extended to handle diagnostic hearing test training as well.
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While the physical equipment remains the same, the testing
protocols differ and would have to be modified.

Recommendations from students using the system included that
a video tutorial should be created to either replace or supplement
the current text-based instructions. The students also suggested
adding a learning mode, where context-sensitive feedback could
be displayed on command during the training phase but hidden
during the evaluation phase. As a result of the testing, it was
determined that the simulator did not verify the students’
compliance with the required auditory screening protocols.
While the system counts the number of frequency screens
completed, it does not track the testing of specified frequencies
(1000, 2000, and 4000 Hz tones), repeated tests, the number of
positive responses, or the sound levels used. Therefore, while
the simulator did provide an assessment of the students’ ability
to determine the correct result, it did not fully capture the
performance as specified in the audiology screening guidelines
[4]. These factors were considered by the evaluator when
grading the students during the evaluation phase of the exercise.
These features are planned for future versions of the simulator.

To further access the effectiveness of the simulator tool, a series
of studies would need to be conducted with a broader set of
participants across a broader set of training programs (eg,
universities) dispersed geographically. These studies would
need to assess the educational outcomes associated with the use
of the tool.

Conclusions
This work’s contributions include a design framework for
developing a tool that simulates an existing process, the
description of a unique artifact that supports an individualized
and self-paced learning environment incorporating
context-sensitive feedback and performance assessment, and
an extensible approach to supporting simulated subjects in
clinical training testing artificial patients. The software
development process, developed artifact, and user evaluation
together provide a comprehensive, descriptive framework for
designing audiology simulation training tools as well as
validation that such tools may provide a cost-effective
mechanism for training a wide range of providers for audiology
screening.
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Abstract

Background: Measuring heart rate variability (HRV) through wearable photoplethysmography sensors from smartwatches is
gaining popularity for monitoring many health conditions. However, missing data caused by insufficient wear compliance or
signal quality can degrade the performance of health metrics or algorithm calculations. Research is needed on how to best account
for missing data and to assess the accuracy of metrics derived from photoplethysmography sensors.

Objective: This study aimed to evaluate the influence of missing data on HRV metrics collected from smartwatches both at
rest and during activity in real-world settings and to evaluate HRV agreement and consistency between wearable
photoplethysmography and gold-standard wearable electrocardiogram (ECG) sensors in real-world settings.

Methods: Healthy participants were outfitted with a smartwatch with a photoplethysmography sensor that collected high-resolution
interbeat interval (IBI) data to wear continuously (day and night) for up to 6 months. New datasets were created with various
amounts of missing data and then compared with the original (reference) datasets. 5-minute windows of each HRV metric (median
IBI, SD of IBI values [STDRR], root-mean-square of the difference in successive IBI values [RMSDRR], low-frequency [LF]
power, high-frequency [HF] power, and the ratio of LF to HF power [LF/HF]) were compared between the reference and the
missing datasets (10%, 20%, 35%, and 60% missing data). HRV metrics calculated from the photoplethysmography sensor were
compared with HRV metrics calculated from a chest-worn ECG sensor.

Results: At rest, median IBI remained stable until at least 60% of data degradation (P=.24), STDRR remained stable until at
least 35% of data degradation (P=.02), and RMSDRR remained stable until at least 35% data degradation (P=.001). During the
activity, STDRR remained stable until 20% data degradation (P=.02) while median IBI (P=.01) and RMSDRR P<.001) were
unstable at 10% data degradation. LF (rest: P<.001; activity: P<.001), HF (rest: P<.001, activity: P<.001), and LF/HF (rest:
P<.001, activity: P<.001) were unstable at 10% data degradation during rest and activity. Median IBI values calculated from
photoplethysmography sensors had a moderate agreement (intraclass correlation coefficient [ICC]=0.585) and consistency
(ICC=0.589) and LF had moderate consistency (ICC=0.545) with ECG sensors. Other HRV metrics demonstrated poor agreement
(ICC=0.071-0.472).

Conclusions: This study describes a methodology for the extraction of HRV metrics from photoplethysmography sensor data
that resulted in stable and valid metrics while using the least amount of available data. While smartwatches containing
photoplethysmography sensors are valuable for remote monitoring of patients, future work is needed to identify best practices
for using these sensors to evaluate HRV in medical settings.

(JMIR Form Res 2025;9:e53645)   doi:10.2196/53645
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heart rate; pilot study; photoplethysmography; detection; sensor; monitoring; health metric; measure; electrocardiogram; real-world
settings; rest; physical activity; remote monitoring; medical setting; youth; adolescent; teen; teenager

Introduction

Remote patient monitoring using digitally transmitted health
data through wearable physiological and activity sensors offers
many benefits and is gaining acceptance in the medical
community [1]. For example, applications of remote monitoring
include acute conditions such as COVID-19 recovery [2] along
with chronic conditions such as heart failure [3], chronic
obstructive pulmonary disease [4], and diabetes [5]. Remote
patient monitoring via wearable sensors can improve clinical
outcomes, improve self-management of diseases, and increase
patient engagement and satisfaction [6]. Many commercial
off-the-shelf (COTS) wearable sensors provide data on important
physiological information, particularly wrist-worn devices used
to measure heart rate [7,8]. Wrist-worn devices most often use
embedded photoplethysmography sensors that detect changes
in light intensity on the skin surface due to changes in blood
volume during the cardiac cycle to estimate heart rate [9]. While
not all smartwatches are certified as medical devices currently,
they offer a way of assessing the viability of
photoplethysmography sensors, which are used in some cleared
medical devices [9-11].

Heart rate variability (HRV) is an indicator of autonomic
nervous system functioning and can be used to identify health
conditions such as respiratory illness [12], multiple sclerosis
[13], Parkinson disease [14], and traumatic brain injury [15].
While collecting wearable sensor data such as HRV can provide
multiple benefits to patients and create a more holistic picture
of health status, real-world collection of HRV can be difficult
to assess due to missing data, differences in data processing
techniques, and the quality of data collected [16]. Missing data
due to compliance and low-quality signals is an issue when
using wearable sensors to monitor HRV in patients in clinical
or research settings [16]. Missing data is common in longitudinal
research studies, and it is problematic because it can reduce
statistical power and cause bias in the estimation of parameters
[17]. This is of concern when attempting to identify health
anomalies because identifying a change in health relies on
consistent and accurate baseline HRV data [18]. As demand for
remote patient monitoring grows, an important next step is to
identify best practices for data acquisition, processing, and
analysis of HRV data from wearable sensors.

In addition to the need for best practices regarding data
missingness, more understanding is still needed for accuracy
in wrist-worn photoplethysmography sensors compared with
more accurate wearable devices. Wrist-worn sensors typically
result in greater wear time compared with chest-worn devices;
however, wrist-worn sensors are more prone to
movement-related artifacts that can negatively influence HRV
signal quality [6]. Overwhelmingly, real-world studies have
opted to use wrist-worn photoplethysmography sensors to
evaluate HRV over other more accurate methods such as
chest-worn electrocardiogram (ECG) sensors, likely improving

patient compliance in these studies. As a result, we must
determine how to best assess data from wrist-worn
photoplethysmography sensors, including accounting for missing
data and assessing data validity compared with ECG HRV data.
This study conducted long-term (months) continuous monitoring
of high-resolution HRV data during daily life activities using
a COTS smartwatch with a photoplethysmography sensor and
activity (step count) data. The primary aim of this study was to
evaluate the influence of missing data on HRV metrics collected
from a photoplethysmography-based smartwatch both at rest
and during physical activity in real-world settings. The
secondary aim of this study was to evaluate HRV agreement
and consistency between the wrist-worn photoplethysmography
sensor and a chest-worn ECG heart rate monitor both at rest
and during periods of physical activity and sleep.

Methods

Ethical Considerations
For this prospective observational study, wearable sensor data
was collected from local community members. The protocol
was approved by the Research Triangle Institute (RTI)
international institutional review board (MOD00001413).
Written consent was received from all participants for
participation and data use. The consent process emphasized that
participation was voluntary and that individuals were allowed
to withdraw their consent for participation at any time. Personal
identifying information was stored in a secured file and kept
separate from data collected once enrolled in the study. All
smartwatch and survey data were deidentified and labeled by a
participant identifier for analysis. Participants were offered US
$50 every 3 months as study compensation, and participants
could earn up to US $100 if they were enrolled for the entire 6
months of the study duration.

Participants
Healthy volunteers aged 18 years and older were included in
this study. Individuals who were pregnant or who had a
pre-existing health condition were not excluded from
participation if they were able to use the wearable sensor.
Participants were enrolled for 3 months with the opportunity to
re-enroll for up to 6 months. Demographic data were obtained
and stored in Research Electronic Data Capture (REDCap).
Recruitment and data collection took place between May 2022
and June 2023.

Device Protocol
Each participant was outfitted with a Garmin Fenix 6/6s
smartwatch, which was worn on the nondominant wrist. We
chose to use Garmin over other wrist-worn
photoplethysmography sensors because its Health Companion
Software Development Kit provides access to high-resolution
interbeat interval (IBI) data collected by photoplethysmography
sensors that allow for monitoring of HRV. Other COTS sensors
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only provide summary and other processed data. The average
heart rate derived from Garmin watches strongly correlates with
clinical ECG heart rate data (r=0.96) [19]; however, the accuracy
of HRV metrics derived from Garmin has yet to be studied.
Garmin watches integrate 2 photoplethysmography sensors for
monitoring HR and a 3-axis accelerometer for detecting
movement in the x, y, and z directions. The watch firmware
uses accelerometer signals to calculate step counts in 1-minute
windows. We used the Companion Software Development Kit
to access minimally processed IBI data and step counts from
the participants. The SIGMA+ Health app (S+ app) was installed
onto the participant’s personal mobile device or a study-issued
Samsung Galaxy 12 smartphone if participants preferred not to
use their personal mobile device for the study. The Garmin
smartwatch was paired through a Bluetooth low energy
connection to the mobile device and data from the watch was
ingested through the S+ app onto an RTI secure Amazon Web
Services server in JavaScript Object Notation format for offline
data cleaning, metric extraction and standardization, and
analysis. The initial setup included giving each user the study
Personal identification number and a unique participant ID that
did not contain personally identifiable information, which
allowed the S+ app to track the user’s data from one or more
devices through the duration of the study. Within the app, the
participant could view the connectivity status of their Garmin
Fenix watch and manually trigger a data sync if required.
Participants completed a daily health survey administered within
the S+ app, which asked questions related to illness symptoms,
sleep quality, sleep duration, and any unusual events that may
have occurred that day (ie, psychological stress, excessive
exercise, etc). Results were stored in a REDCap database.

A subset of participants (n=5) wore a Polar H10 ECG heart rate
monitor with a sampling frequency of 1000 Hz over their chest
simultaneously with the Garmin smartwatch to assess agreement
and consistency between HRV metrics. IBI values derived from
the Polar H10 chest strap show strong agreement compared
with clinical ECG recordings at rest (intraclass correlation
coefficient [ICC]=0.95) and with light exercise (ICC=0.93)
[20]. Participants were encouraged to wear the Polar H10
continuously (day and night) for 5 days and were instructed to
only remove it during showers, baths, or swimming. Polar H10
data was retrieved through the Elite HRV mobile app, which
was downloaded to the participant’s personal smartphone before
data collection [21]. Excel files containing raw IBI data were
exported from the participant’s phone and sent to an RTI email
account. We did not get measures of step counts from the Polar
H10 device because Elite HRV only collects HRV data.

Data Processing for IBI Data From Garmin and Polar
Devices
Each IBI data point acquired through the Garmin smartwatch
and S+ app had an associated timestamp with millisecond
precision. Steps from the Garmin were reported at 60-second
intervals and IBI values were reported with each detected beat.
Each IBI data point acquired through the Polar H10 monitor
and Elite HRV app was recorded with millisecond precision.
IBI artifacts (IBI>1500 ms or IBI <300 ms) were flagged and
removed. For Garmin data quality control, we evaluated the
expected data fraction, calculated as a ratio of the number of

incoming data points to the maximum number of data points
expected during the monitoring period, to assess data
missingness. For simplicity, we assumed the expected number
of IBI data points would be 60 IBI values/minute. This would
correlate with an average heart rate of 60 beats per minute,
which is a typical heart rate for someone who is sitting or
resting. The exact number of data points expected varied due
to within- and between-person differences in average heart rate.
The expected data fraction was multiplied by 100 to be
represented as a percentage between 0 and 100. For analysis,
we chose to evaluate Garmin datasets with at least 70% of
expected data to ensure we were using high-quality datasets
with minimal missing data points. The first approximately 2
weeks of data were selected for each participant with at least
70% expected data fraction. Although there is some variation
in the number of IBI data points in each 5 min window (a higher
heart rate results in more IBI data points within a window), the
datasets with at least 70% of expected data that were used for
analysis contained a mean of 250 (SD 126) IBI data points
within each 5 min window.

Garmin and Polar data were processed into 5-minute windows
with each point in the window formatted as (timestamp, value)
and aligned based on real-time so that the windows start at
5-minute marks (eg, 12:00 AM, 12:05 AM). The following
metrics were extracted in 5 min windows: time-domain metrics
(median IBI, SD of IBI values [STDRR], root-mean-square of
the difference in successive IBI values [RMSDRR[) and
frequency-domain metrics (low-frequency [LF] power,
high-frequency [HF] power, and ratio of LF to HF power
[LF/HF]) [18,22]. To calculate HRV metrics in the frequency
domain, we resampled IBI data to 5 Hz using the Piecewise
Cubic Hermite Interpolating Polynomial method [23]. If there
was a gap in the signal greater than 15s, the longest continuous
segment in the 5-minute window was used. If there were more
than 3 gaps of this length, we did not use this window. After
interpolation, the signal was filtered to the low-frequency (LF:
004 to 0.15 Hz) and high-frequency regions (HF: 0.15 to 1.0
Hz; we increased the upper limit to 1.0 Hz vs the typically used
0.40 Hz to account for physical activity when breathing rates
and heart rates increase [24,25]). We computed a value
representing the LF and HF power for 60-second and 30-second
windows, respectively, using the formula: value = ln (variance
[data window]). Values less than 2.5 and more than 9.0 were
eliminated, and the median values were calculated to represent
the 5-minute window. For Garmin smartwatch step data,
reported every minute, we calculated the average of values in
the 5-minute window; we required at least 2 valid data points
for the calculation.

Semisimulation of Garmin Data Degradation
A semisimulation design based on previous work [26] was used
to create new datasets with various amounts of Garmin IBI data
from original Garmin datasets. The premise of this
semisimulation approach was to create new datasets with
different amounts of missing data based on real wear patterns.
Using this method, we ensured that we removed data in a
realistic manner rather than randomly removing data. In this
approach, we considered data missingness patterns from datasets
with low expected data fractions and applied these patterns to
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the datasets with high expected data fractions. These
semisimulated datasets were then compared to the reference
datasets to understand how varying amounts of data missingness
influence HRV metrics. In total, 4 additional 5-minute window
samples were randomly selected that contained fewer IBI data
points. These 4 samples were inspected to identify data gap
patterns and then used to model data missingness patterns in
the selected datasets.

To recreate data missingness, we matched the data missingness
pattern from the sample 5-minute windows to each 5-minute
window in the reference datasets used for analysis. For example,
one sample dataset with 120 IBI data points (missing 60% of
data) was missing data in the first 3.15 min of the window. The
first 3.15 min of each 5-min window was removed from the
reference dataset to simulate data missingness. The simulated
datasets were then compared with the reference datasets to
identify differences in HRV metrics. Missing data simulations
were performed using Python (Python Software Foundation)

[27]. The various datasets were labeled for analysis, that consists
of (1) a reference dataset with no missing data, (2) missing 10%
of data, (3) missing 20% of data, (4) missing 35% of data, and
(5) missing 60% of data. No simulated data degradation was
performed for Polar H10 IBI data.

Statistical Analysis
Mean and SD were calculated for all descriptive variables and
HRV metrics included in the analysis. For the primary aim, due
to the large sample size of Garmin 5-minute windows for rest
(48,442 windows) and light activity (19,976 windows),
Shapiro-Wilk normality tests were not valid; therefore, we
visually inspected each Garmin HRV metric for normality using
Quantile-Quantile (Q-Q) plots. Q-Q plots that appeared as a
roughly straight 45-degree line were considered normally
distributed. Variables that were not normally distributed were
transformed using a Box-Cox transformation before analysis.
Q-Q plots of each HRV variable are shown at rest in Figure 1
and at light activity in Figure 2.
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Figure 1. Quantile-Quantile plots for the median interbeat interval (IBI), SD of IBI values (STDRR), root-mean-square error of IBI values (RMSDRR),
low frequency (LF), high frequency (HF), and the ratio of low to high frequency power at rest (steps/min=0). Box-Cox transformations were performed
for STDRR and RMSDRR metrics. Smartwatch IBI data was collected and reported from 16 individuals recruited from a community setting between
May 2022 and June 2023.
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Figure 2. Quantile-Quantile plots for the median interbeat interval (IBI), SD of IBI values (STDRR), root-mean-square error of IBI values (RMSDRR),
low frequency (LF), high frequency (HF), and the ratio of low to high frequency power at light activity (100>steps/min>0). Box-Cox transformations
were performed for RMSDRR and LF/HF metrics. Smartwatch IBI data were collected and reported from 16 individuals recruited from a community
setting between May 2022 and June 2023.

We then used linear mixed-effect models to estimate the mean
differences in each Garmin HRV metric between the datasets
with missing samples by level of missingness and the reference
dataset. A participant-specific random intercept was included
in the models to account for correlations of our sample data
among multiple 5-minute windows within each participant [28].
An indicator of the level of data missingness (data without
missing samples as reference, data with 10%, 20%, 35%, or
60% samples removed) was included in the models as a
fixed-effect covariate. The Ime4 package in the statistical
environment R (R Core Team) was used for the model
estimations [29]. The statistical significance of the estimated
differences was tested using Satterthwaite’s method with a
2-tailed significance level of 0.05, and the 95% CI were obtained
using the bootstrap method through the bootMer function of
the Ime4 package in R (1000 simulations). Separate linear mixed
models were estimated using sample data under 2 different

conditions: at rest (steps/min=0) and during light physical
activity (steps/min of >0 and <100).

For the secondary aim, we assessed the reliability of
Garmin-derived HRV metrics within each participant and their
validity compared to Polar-derived HRV metrics. The intraclass
correlation coefficients (class 2, mean rating; ICC2,k) for
consistency and absolute agreement with 95% CI were obtained
using the irr package in the statistical environment R [30]. The
magnitude of the ICC was generally interpreted as ICC2,k of
0.5-0.75 as “moderate”, ICC2,k >0.75 as “good”, and ICC2,k

>0.9 as “excellent” [31]. In addition, we visually assessed
agreement between Garmin-derived HRV metrics and
polar-derived HRV metrics using Bland-Altman analyses to
evaluate the mean differences and 95% limits of agreement
[32]. R version 4.2.2 [33] was used for statistical analyses.
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Results

Overview
Garmin data were collected from 31 participants for up to 180
days. The analyzed sample in aim 1 used a mean of 16 (SD 3)
consecutive days of data from 16 participants resulting in 48,442
five-minute windows of data that represented rest (steps/min=0)
and 19,976 windows of data that represented light activity (100
>steps/min >0). Although there is not a clear precedence for
what percentage of missing data is acceptable, we wanted the
reference datasets to contain a minimal amount of missing data.
Therefore, each participant included in the analysis had an
expected data fraction of at least 70% (including daytime and

nighttime), and participants who did not meet this requirement
(n=15) were not included in the analysis. Differences in days
of data occurred because of between-person variance in
unprocessed IBI data and differences in wear patterns. For aim
2, 5 participants wore both the Garmin Fenix watch and Polar
heart rate monitor for 5 consecutive days. Demographic data is
shown in Table 1. The averages of each HRV metric for aims
1 and 2 are shown in Table 2 and Table 3. Box-Cox
transformations were performed for STDRR and RMSDRR
metrics at rest (steps/min=0; Figure 1) and RMSDRR and LF/HF
at light activity (100>steps/min>0; Figure 2). Tables 4 and 5
show results from the linear mixed models, specifically the
estimated error between the reference and missing data, the SE,
and the 95% CIs of the estimated difference.

Table 1. Participant characteristics of a community sample of individuals who provided smartwatch data between May 2022 and June 2023. In total,
31 individuals were recruited, data from 16 individuals were used in aim 1, and data from 5 individuals were used in aim 2.

Aim 2 (n=5), mean (SD)Aim 1 (n=16), mean (SD)Total sample (n=31), mean (SD)

35.2 (4.1)38.6 (13.3)38.6 (10.7)Age (years)

3 (60)13 (81)16 (53)Sex (females), n (%)

1.77 (0.08)1.77 (0.12)1.73 (0.12)Height (m)

95.4 (24.7)87.1 (16.5)83.4 (17.2)Mass (kg)

30.2 (5.6)27.7 (4.1)27.9 (4.7)BMI (kg/m2)

Table 2. Heart rate variability metrics for aim 1 datasets in a community sample of 16 individuals who provided smartwatch data between May 2022
and June 2023.

60% Missing
Garmin data

35% Missing
Garmin data

20% Missing
Garmin data

10% Missing
Garmin data

Reference Garmin data

Resting (steps/min=0)

887.85888.45887.88888.17888.86Median interbeat interval

52.8757.1457.4457.4457.41SD of interbeat interval values

40.9841.5341.8641.8341.70Root-mean-square of the difference in
successive interbeat interval values

6.506.506.316.386.52Low-frequency power

5.515.504.835.015.51High-frequency power

1.201.201.321.291.19Ratio of low-frequency to high-frequency
power

Light activity (0<steps/min<100)

695.30692.65687.19688.02690.70Median interbeat interval

50.3163.9663.3963.5563.90SD of interbeat interval values

34.5735.1135.8735.7235.20Root-mean-square of the difference in
successive interbeat interval values

6.266.266.196.226.28Low-frequency power

5.555.555.135.265.59High-frequency power

1.141.131.211.191.13Ratio of low-frequency to high-frequency
power

JMIR Form Res 2025 | vol. 9 | e53645 | p.3462https://formative.jmir.org/2025/1/e53645
(page number not for citation purposes)

Davis-Wilson et alJMIR FORMATIVE RESEARCH

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


Table 3. Heart rate variability metrics for aim 2 datasets in a community sample of 5 individuals who provided smartwatch data between May 2022
and June 2023.

60% Missing
Garmin data

35% Missing
Garmin data

20% Missing
Garmin data

10% Missing
Garmin data

Reference Garmin data

Resting (steps/min=0)

887.85888.45887.88888.17888.86Median interbeat interval

52.8757.1457.4457.4457.41SD of interbeat interval values

40.9841.5341.8641.8341.70Root-mean-square error

6.506.506.316.386.52Low-frequency power

5.515.504.835.015.51High-frequency power

1.201.201.321.291.19Ratio of low-frequency to high-frequency
power

Light activity (0<steps/min<100)

695.30692.65687.19688.02690.70Median interbeat interval

50.3163.9663.3963.5563.90SD of interbeat interval values

34.5735.1135.8735.7235.20Root-mean-square error

6.266.266.196.226.28Low-frequency power

5.555.555.135.265.59High-frequency power

1.141.131.211.191.13Ratio of low-frequency to high-frequency
power
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Table 4. Linear mixed-effects model results of the effects of missing raw data on heart rate variability metrics collected at rest (steps/min=0) in a
community sample of 16 individuals who provided smartwatch data between May 2022 and June 2023.

P valueUpper limit of the
95% CI

Lower limit of the
95% CI

SEEstimated difference between refer-
ence data and missing data

Heart rate variability metric and level of miss-
ing data compared with reference

Median interbeat interval

.431.139–2.6430.939–0.73910%

.270.978–3.0190.939–1.0420%

.621.374–2.3410.939–0.46835%

.240.928–2.8800.939–1.09560%

SD of interbeat interval values

.690.010–0.0140.006–0.00210%

.590.008–0.0150.006–0.00320%

.001a–0.008–0.0310.006–0.02035%

<.001a–0.204–0.2280.006–0.21560%

Root-mean-square

.270.013–0.0030.0040.00510%

.200.014–0.0030.0040.00520%

.001a–0.005–0.0210.004-0.01435%

<.001a–0.044–0.0610.004-0.05360%

Low-frequency power

<.001a–0.122–0.1450.006-0.13410%

<.001a–0.193–0.2150.006-0.20420%

.005a–0.005–0.0280.006-0.01635%

.004a–0.005–0.0280.006-0.01660%

High-frequency power

<.001a–0.490–0.5120.005-0.50110%

<.001a–0.667–0.6890.005-0.67820%

.02a–0.002–0.0240.005-0.01335%

.270.005–0.0160.005-0.00660%

Ratio of low frequency to high frequency

<.001a0.0980.0940.0010.09610%

<.001a0.1320.1280.0010.13020%

<.001a0.0070.0030.0010.00535%

<.001a0.0060.0020.0010.00460%

aP value <.05 indicates a significant difference compared with the reference dataset.
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Table 5. Linear mixed-effects model results of the effects of missing raw data on heart rate variability metrics collected at light activity (100>steps/min>0)
in a community sample of 16 individuals who provided smartwatch data between May 2022 and June 2023.

P valueUpper limit of
the 95% CI

Lower limit of
the 95% CI

SEEstimated difference between refer-
ence data and missing data

Heart rate variability metric and level of missing
data compared with reference

Median interbeat interval

.01a–0.627–4.6381.049–2.64510%

<.001a–1.481–5.4541.049–3.47320%

.063.958–0.0511.0491.99835%

<.001a6.5772.5131.0504.63160%

SD of interbeat interval values

.110.002–0.0110.003–0.00510%

.02a–0.001–0.0140.003–0.00820%

.080.001–0.0120.003–0.00635%

<.001a–0.210–0.2230.003–0.21760%

Root-mean-square

<.001a0.0520.0260.0070.03910%

<.001a0.0640.0370.0070.05020%

.05–.001–0.0250.007–0.01335%

<.001a–0.055–0.0810.007–0.06960%

Low-frequency power

<.001a–0.042–0.0670.006–0.05410%

<.001a–0.075–0.1000.006–0.08720%

<.001a–0.015–0.0400.006–0.02735%

.003a–0.006–0.0310.006–0.01960%

High-frequency power

<.001a–0.313–0.3360.006–0.32410%

<.001a–0.441–0.4640.006–0.45220%

<.001a–0.021–0.0450.006–0.03335%

<.001a–0.027–0.0500.006–0.03860%

Ratio of low frequency to high frequency

<.001a0.0450.0420.0040.04310%

<.001a0.0610.0580.0010.05920%

0.120.0004–0.0030.001–0.00135%

0.330.002–0.0010.001–0.00160%

aP value <0.05 indicates a significant difference compared to the reference dataset.

Aim 1: Heart Rate Variability Metrics at Rest
At rest (steps/min=0), there was no difference in median IBI
values between reference and simulated data (P>.05; Table 4
and Figure 3). There were significant differences in STDRR
and RMSDRR values between the reference and 35% and 60%
missing data (P<.05; Table 4, Figure 3). LF and LF/HF metrics

demonstrated significant differences between the reference and
all simulated datasets (P<.05; Table 4, Figure 3). HF in the
reference dataset was significantly higher compared to the 10%,
20%, and 35% missing datasets (P<.05; Table 4, Figure 3).
There was no significant difference between the reference
dataset and the 60% missing dataset (P>.05; Table 4 and Figure
3).
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Figure 3. Heart rate variability metrics at rest (steps/min=0). HRV: heart rate variability; IBI: interbeat interval; LF/HF: ratio of low frequency power
to high frequency power; RMSDRR: root-mean-square of the difference in successive IBI values; STDRR: standard deviation of interbeat interval
values.

In Figure 3, reference smartwatch data were compared to (1)
10% missing data (2), 20% missing data (3), 35% missing data
(4), and 60% missing data (5) per 5-minute window. Smartwatch
IBI data were collected and reported from 16 individuals
recruited from a community setting between May 2022 and
June 2023.

Aim 1: Heart Rate Variability Metrics at Light Activity
At light activity (100>steps/min>0), there were significant
differences in median IBI between the reference and all
simulated datasets (P<.05; Table 5 and Figure 4). STDRR and
RMSDRR values were different between the reference and

simulated datasets with 10%, 20%, and 60% missing data
(P<.05; Table 5 and Figure 4). Differences between the reference
dataset and 35% missing data were not statistically significant,
although results trended toward statistical significance (P=.06).
LF and HF metrics demonstrated significant differences between
the reference dataset and all simulated datasets (P<.05; Table
5 and Figure 4). LF/HF in the reference dataset was significantly
higher compared with the 10% and 20% missing datasets
(P<.05; Table 5 and Figure 4). There was no significant
difference between the reference dataset and the 35% and 60%
missing datasets (P>.05; Table 5 and Figure 4).
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Figure 4. Heart rate variability metrics at light activity (100>steps/min>0). HRV: heart rate variability; IBI: interbeat interval; LF/HF: ratio of low
frequency power to high frequency power; RMSDRR: root-mean-square of the difference in successive IBI values; STDRR: standard deviation of
interbeat interval values.

In Figure 4, Reference smartwatch data were compared to (1)
10% missing data (2), 20% missing data (3), 35% missing data
(4), and 60% missing data (5) per 5 min window. Smartwatch
IBI data was collected and reported from 16 individuals recruited
from a community setting between May 2022 and June 2023.

Aim 2: Validity and Agreement of
Photoplethysmography-Derived Heart Rate Variability
Compared With ECG-Derived Heart Rate Variability
Median IBI values calculated from Garmin
photoplethysmography sensors had moderate agreement

(ICC=0.585) and consistency (ICC=0.589) with Polar ECG
data, and LF calculated from Garmin photoplethysmography
sensors had moderate consistency (ICC=0.545) with Polar ECG
data. All other HRV metrics (STDRR, RMSDRR, LF, HF, and
LF/HF) demonstrated poor agreement between Garmin
photoplethysmography and Polar ECG data (ICC=0.071-0.470,
Table 6). Bland-Altman visual analysis indicated systematic
bias present in all HRV metrics, with particularly notable bias
in RMSDRR, HF, and LF/HF (Figure 5). The root-mean-square
error between Garmin and Polar devices for each HRV metric
are listed in Table 6.
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Figure 5. Bland-Altman plots for differences in heart rate variability metrics measured with a Garmin smartwatch and Polar heart rate monitor. HRV
data was collected and reported from 5 individuals recruited from a community setting between May 2022 and June 2023. HRV: heart rate variability;
IBI: interbeat interval; LF/HF: ratio of low frequency power to high frequency power.
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Table 6. Agreement and consistency between heart rate variability metrics were measured with a Garmin smartwatch and Polar heart rate monitor in
a community sample of 5 individuals who provided data between May 2022 and June 2023.

Root-mean-square
errorICC consistency, mean (95% CI)ICCa agreement, mean (95% CI)Heart rate variability metric

105.230.589 (0.547 to 0.628)0.585 (0.538 to 0.626)Median interbeat interval

30.920.472 (0.417 to 0.521)0.441 (0.302 to 0.545)SD of interbeat interval values

40.980.255 (0.178 to 0.324)0.214 (0.028 to 0.357)Root mean square of the difference in successive inter-
beat interval values

0.970.545 (0.497 to 0.588)0.473 (0.163 to 0.645)Low-frequency power

1.350.429 (0.370 to 0.483)0.404 (0.283 to 0.499)High-frequency power

0.370.117 (0.024 to 0.2)0.071 (–0.09 to 0.207)Low-frequency to high-frequency power ratio

aICC: intraclass correlation coefficient.

Discussion

Principal Findings
To our knowledge, this paper shows for the first time the results
of long-term (months) continuous monitoring of high-resolution
HRV data during daily life activities using a COTS smartwatch
with photoplethysmography sensor and activity (step count)
data. This study describes a methodology for the extraction of
HRV metrics from IBI time-series data that resulted in stable
and valid metrics while using the least amount of available data.
By understanding patterns of missing data, we can maximize
the amount of usable data and minimize the impact of data gaps
due to suboptimal wear compliance or any issues in the data
synchronization between the watch and the smartphone. We
found that time-domain HRV metrics (median IBI, STDRR,
and RMSDRR) are more resilient to missing data when the
participant is in a resting state; however, during light activity
missing data influence time-domain HRV metrics. Median IBI
measurements remain stable at rest even at 60% data
degradation. STDRR and RMSDRR measurements remain
stable at rest until 35% data degradation. Frequency-domain
HRV metrics (LF, HF, and LF/HF) are less resilient to missing
data both at rest and during light activity and are unstable even
at 10% data degradation. It is unclear why HF (during rest) was
not significantly different at 60% data degradation and LF/HF
(during light activity) was not significantly at 35% and 60%
data degradation compared to reference data. We speculate that
there may not be enough data at these levels of data degradation
for accurate comparison. Results from this study suggest that
analyses and algorithms that use primarily frequency-domain
HRV metrics are more sensitive to sparse data collection.
Researchers and engineers should carefully evaluate HRV
metrics in situations where data are sparse. If missing data are
an issue in a research study, it may be beneficial to rely on
metrics and algorithms using time-domain HRV metrics.

A few previous studies have simulated missing data patterns in
HRV data by evaluating differences between scattered missing
beats (one or two missing data points dispersed throughout the
dataset) and bursts of missing beats (longer periods of missing
data likely due to not wearing the device) [34,35]. Our study
considered data characteristics from real HRV data patterns to
remove data instead of using a random data removal approach.
We found that datasets with very sparse data (missing 35% and

60% of data points per 5-minute window) typically had one
burst of missing data. For example, we identified a 3.15 min
data gap (60%) during the beginning of one 5-minute window.
We also identified missing data between 1 minute and 2.75
minutes (35%) of another 5-minute window. The 20% and 10%
missing datasets were missing 0.80 minutes and 0.63 minutes,
respectively, of data scattered randomly throughout the trial,
most often in 1-2 second increments. In general, 5 min windows
that had data gaps that were smaller and more randomly
dispersed had a greater number of IBI datapoints, whereas
5-minute windows that had one larger burst of missing data,
often at the beginning of the 5-minute window, had fewer IBI
datapoints. We hypothesize that these larger bursts of missing
data may be the result of noncompliance (ie, not wearing the
Garmin watch), and the smaller data gaps may be due to
movement artifacts or device malfunction. Scattered missing
data due to movement artifacts is typically considered data
missing at random or missing completely at random [16]. Data
missing at random or missing completely at random do not
necessarily produce a bias in outcomes [17]. Bursts of missing
data that occur at similar times each day or routinely for a
particular purpose (ie, bathing) may be considered data missing
not at random, which could lead to biases in HRV outcomes
[16]. Further understanding of the type of missing data within
a 5-minute window is needed in future work.

Our secondary objective was to report validity and agreement
between the Garmin photoplethysmography wrist-worn sensor
compared with a chest-worn ECG sensor (Polar), which is closer
to a gold standard that would be used in a laboratory setting to
evaluate HRV [36,37] and has been used in the field for HRV
biofeedback [38]. ICCs for agreement and consistency were
mostly poor between Garmin and Polar devices. ICCs for
consistency were moderate for median IBI and LF, suggesting
these HRV metrics may be more reliable to measure in a
real-world setting. Bland-Altman plots showed systematic bias
in RMSDRR, HF, and LF/HF metrics. Specifically, Garmin
tended to overreport lower values and underreport higher values,
indicating that Garmin generally produced a smaller range of
RMSDRR, HF, and LF/HF values compared to Polar. Our study
compared processed HRV metrics (beyond a simple averaged
heart rate calculation) between devices under free-living
conditions. Previous studies have shown higher validity and
agreement between wrist-worn photoplethysmography sensors
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and Polar ECG average heart rate [36,37]; however, these studies
performed protocols in controlled, laboratory settings. Results
from this study highlight that agreement and consistency
between photoplethysmography wrist-worn sensors and ECG
sensors are lower in free-living conditions and should be
considered when evaluating HRV metrics. Commercially
available wearable technology continues to grow at a rapid pace,
and sensors that provide more accurate data are needed. Future
studies should evaluate the accuracy of HRV data in emerging
sensors.

Our study is the first to our knowledge to address the effects of
missing data using real examples of HRV data patterns collected
with photoplethysmography sensors; however, there are some
limitations to our current work. In our current sample, we have
limited labeling of HRV data. Future studies should include
daily self-reported activity logs to determine when participants
are sleeping, exercising, or not wearing their watch. We were
unable to evaluate data missingness during levels of high activity
(steps/min>100) because we did not have enough 5-minute
windows with high step counts. It is best to evaluate high levels
of activity in smaller time windows since many people engage
in high activity for very short durations; however, a minimum
window of 5 minutes is needed to accurately calculate
frequency-domain HRV metrics [39]. In future work, we will
aim to recruit individuals who are engaging in high levels of
activity. In addition, we recruited healthy individuals for this
study, but we did not exclude individuals with potential
confounders that could have affected HRV data. For example,
some participants may have had infrequent irregular heart
rhythms (ie, heart skipping a beat) or may have taken
medications that could have affected HRV values. Finally, our
small sample size when comparing Garmin to Polar HRV data

limits the generalizations we can make regarding Garmin's
validity in real-world settings.

Conclusion
Findings from this study have important implications for best
practices for photoplethysmography wearables use in clinical
and research settings. Time-domain HRV metrics (median IBI,
STDRR, and RMSDRR) collected in a resting state remain
stable until at least 35% data degradation. Frequency-domain
HRV metrics (LF, HF, and LF/HF) are less resilient to missing
data both at rest and during light activity and are unstable even
at 10% data degradation. Studies that allow for greater than
10% data degradation for frequency-domain HRV metrics may
introduce bias into their estimates, specifically the
underestimation of LF and HF values. Correction methods such
as gap-filling are possible to replace missing data; however,
differences in HRV outcomes will still exist compared with
more complete datasets without data loss [34]. In general, most
derived HRV metrics from the photoplethysmography-based
sensors used demonstrated moderate to poor agreement and
consistency with ECG-based sensors in a real-world setting,
and only median IBI values had reasonable agreement and
consistency between the 2 sensing modalities. Despite the
differences between photoplethysmography and ECG, we may
conclude that given the stability of time-domain HRV metrics
for up to 35% data degradation, these metrics could result in
more reliable calculations of health metrics compared with
frequency-domain metrics when monitoring patients using
wrist-worn photoplethysmography sensors. In conclusion, while
photoplethysmography sensors are valuable for remote
monitoring of patients, future work is needed to identify best
practices and the most accurate HRV metrics when using
photoplethysmography sensors to evaluate HRV in medical
settings.
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Abstract

Background: Musculoskeletal conditions, including low back pain (LBP), neck pain, and knee osteoarthritis, are the greatest
contributors to years lived with disability worldwide. Resources aiming to aid both patients and health care professionals (HCPs)
exist but are poorly implemented and adopted.

Objective: We aimed to develop and implement MyPainHub, an evidence-based web-based resource designed to provide
comprehensive, credible and accessible information for people with, and HCPs who manage, common musculoskeletal conditions.

Methods: This mixed methods study adhered to the New South Wales Translational Research Framework and was evaluated
against the Reach, Effectiveness, Adoption, Implementation, and Maintenance (RE-AIM) framework. Consultation with key
stakeholders (patients, HCPs, researchers, industry, consumer groups, and website developers) informed content, design, features,
and functionality. Development then aimed to meet the identified need for a “one-stop shop”—a central location for information
about common musculoskeletal conditions tailored to a person’s condition and risk of poor outcomes. MyPainHub was then
developed through an iterative process and implementation strategies were tailored to different health care settings. Quantitative
and qualitative evaluation occurred with patients and HCPs.

Results: In total, 127 stakeholders participated in the development phase; initial consultation with them led to embedding 2
validated screening tools (the Short Form Örebro Musculoskeletal Pain Screening Questionnaire and the Keele STarT MSK tool)
in MyPainHub to guide information tailoring for patients based on risk of poor outcomes. Development occurred in parallel and
feedback from stakeholders informed design and content including structure, functionality, and phrasing and images to use to
emphasize key points. Consultation resulted in information for patients being categorized using key guideline-based messages
(general information, your pathway, exercise, and imaging) while information for clinicians was categorized into assessment,
management, and prognosis. Implementation occurred in different health care settings with the most effective strategies being
interactive education via webinars and workshops. The evaluation phase involved web-based questionnaires (patients: n=44;
HCPs: n=29) and focus groups (patients: n=6; HCPs: n=6). Patients and HCPs found MyPainHub user-friendly, acceptable,
credible, and potentially able to support self-management. Patient participants identified areas for improvement such as including
more specific information on preventative measures and pain relief options. Despite positive feedback, only 35% (10/29) of HCPs
used MyPainHub with their patients. HCP participants identified challenges including insufficient training and lack of familiarity
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with using web-based resources in existing clinical workflows. Following implementation, the information contained on MyPainHub
changed knowledge and practice for some patients and HCPs.

Conclusions: Following extensive and iterative stakeholder engagement, MyPainHub was developed as an evidence-based
web-based resource and perceived by patients and HCPs as user-friendly, credible, and acceptable. Active implementation
strategies are required for adoption and implementation and greater training focusing on strategies to implement MyPainHub into
clinical practice may be necessary.

Trial Registration: Australian New Zealand Clinical Trials Registry ACTRN12619000871145; https://tinyurl.com/438kkyt3

(JMIR Form Res 2025;9:e63780)   doi:10.2196/63780

KEYWORDS

clinical pathways; allied health; self-management; health information; ehealth; co-design

Introduction

Musculoskeletal conditions are characterized by pain and
reduced physical function, often resulting in deterioration of
mental well-being, increased susceptibility to developing other
chronic health conditions, and loss of productive life years in
the workforce [1]. Globally, musculoskeletal conditions affect
1.7 billion people and are ranked as the highest contributors to
years lost to disease, above mental, respiratory, and
cardiovascular diseases [1-3]. Among people presenting for
care, low back pain (LBP), neck pain, whiplash associated
disorders (WAD), and knee osteoarthritis are the most prevalent
and disabling musculoskeletal conditions [1,4]. In Australia,
the health care system operates as a mixed public-private model,
with primary funding through Medicare, a universal public
insurance system providing subsidized access to health care
services, supplemented by private insurance options. The federal
and state governments manage health care collaboratively, with
federal oversight on Medicare and Pharmaceutical Benefits
Scheme funding, while states are responsible for public hospital
management and service delivery. Despite targeted government
initiatives to mitigate musculoskeletal disease burden, such as
the national strategic action plan for arthritis and funding under
the chronic disease management plan, musculoskeletal
conditions in Australia still account for 20% of the total burden
of disease [5].

One factor contributing to this burden is poor implementation
of guideline-based care [6,7]. Broadly speaking, clinical
guidelines for LBP [8,9], neck pain [10,11], WAD [12], and
knee osteoarthritis [13-16], contain similar recommendations
for the provision of evidence-based care—screening for red
flags and risk factors for poor outcome, providing
patient-centered education (including options for care, advice
to stay active), and avoiding unnecessary investigations and
interventions. However, health care professionals (HCPs) often
fail to screen for prognostic factors and continue to overuse
nonrecommended treatments, imaging, pharmacological
interventions, and surgery when managing musculoskeletal
conditions [17-22]. Non–guideline-based care occurs across
health care settings (ie, primary and tertiary care settings) despite
evidence that these low-value practices do not improve health
outcomes, waste health care resources and can be harmful
[17,23-25].

Barriers to implementation and adoption of clinical guidelines
include system-related factors (eg, funding models [26,27]) but
also practitioner and patient-related factors. For example, lack
of time, limited access to evidence-based resources, and
discordant expectations are cited by both HCPs and patients as
reasons why evidence-based recommendations are not followed
[28-31]. In response to some of these challenges and the
increasing trend for people to obtain health information from
the internet, websites and other digital resources about
musculoskeletal conditions have been developed [32]. The sheer
volume of resources now available is overwhelming and
information from the internet can be inaccurate, perceived to
have low credibility, lack cultural diversity and not meet the
needs of consumers [33-38]. In addition, often there is little
training or education provided to HCPs as to how to best use
internet-based resources to help implement, adopt and support
evidence-based care [39-41].

To empower and engage patients and HCPs to make informed
decisions about evidence-based recommendations, websites
should be developed and co-designed by end users, include
input from experts and opinion leaders, and be practical and
scalable, that is, follow a translational research framework [42].
Examples of websites that have adopted a translational research
framework include MyBackPain [33], MyWhiplashNavigator
[43], and MyJointPain [44]. The development of these websites
began with a needs assessment to identify research priorities
and consumer needs before creating and curating guidelines
and evidence-based health care information. Stakeholder
engagement was essential in content creation and testing. A
dissemination strategy was developed to ensure that the website
was reached by the target audience. Monitoring and evaluation
mechanisms tracked website usage and user feedback for quality
improvement and their impact has been investigated in clinical
trials [45,46]. Although these websites have undergone a robust
and rigorous process of development, the information contained
on these websites is condition specific. Given that many people
experience multiple coexisting musculoskeletal conditions [47],
and that clinical guidelines for common musculoskeletal
conditions contain similar key messages [48], the aim of this
study was to develop a website that could serve as a hub or a
“one-stop shop” for both patients with, and HCPs managing,
musculoskeletal conditions. The website was also initially
developed to support patients and HCPs enrolled in a
randomized control trial that was due to commence—the
PAthway of CarE (PACE) musculoskeletal (MSK) clinical trial
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[49]. PACE-MSK, funded by Australia’s National Health and
Medical Research Council (GNT1141377), was designed to
evaluate the effectiveness of a clinical PACE for people with
musculoskeletal disorders where care is provided based on
people’s risk of poor outcome [49]. A website that could serve
as a one-stop shop for both patients and clinicians in
PACE-MSK, as well as support patients and HCPs beyond the
trial, was an important part of the design. This study reports on
the development, implementation, and evaluation of
MyPainHub, a website designed to provide support to patients
and HCPs in the management of LBP, neck pain, WAD, and
knee osteoarthritis.

Methods

Overview
This mixed methods study involved 3 stages (development,
implementation, and evaluation), and followed the New South
Wales Translational Research Framework [42] with outcomes
assessed according to the Reach, Effectiveness, Adoption,
Implementation, and Maintenance (RE-AIM) framework [50].
Both frameworks provide structured approaches to ensure that
research is relevant and scalable and are widely used for research
in the Australian health care context.

Ethical Considerations
Ethics approval was obtained from the Human Research Ethics
Committees at The University of Sydney (2018/926, 2021/951),
The University of Melbourne (1954239), The University of
Queensland (2019000700), Curtin University (HRE2019-0263,
HRE2020-0562) and Western Sydney Local Health District
(2021/ETH11872). Participants were informed about the study
before providing their written consent (either on paper or via a
web-based form). Participation was voluntary and participants
were informed about their right to withdraw from the study at
any point without any consequences. Collected data were coded
and deidentified.

Recruitment
Each stage involved different recruitment procedures. During
the development stage, researchers, consumer, industry and
clinical partners were identified by members of the research
team and invited to participate via direct contact. These
stakeholders were those with recognized expertise in
musculoskeletal conditions and who had previously collaborated
with members of the research team or been involved in previous
studies. HCPs were involved in the PACE-MSK trial or had
been involved in previous trials and had consented to be
contacted for future trials. HCPs were working in either primary
or tertiary (hospital) settings. People with MSK conditions had

been involved in previous trials and had consented to be
contacted for future trials. Contact was made with these groups
via email or direct phone call. Students allied to HCPs were
enrolled in a unit of study at a participating university and had
consented to participate.

In the implementation and evaluation phases, HCPs and patients
were involved in the PACE-MSK trial or had been involved in
previous trials and had consented to be contacted for future
trials. In addition, HCPs working in occupational health settings
known to the research team or who had been involved in
previous studies were invited to participate either by email or
direct phone call. Those HCPs working in our clinical partners’
tertiary care setting (Western Sydney Local Health District,
[WSLHD]) were directly invited by their peers and managers.
Patients with MSK conditions were also invited to participate
by their treating clinician.

Stage 1: Development
The aim of the development stage was to design a website where
patients and HCPs could access relevant, up-to-date, high-quality
evidence-based information on common musculoskeletal
conditions (LBP, neck pain, WAD and knee osteoarthritis).
Given the expected commencement date of the PACE-MSK
trial, the development stage incorporated comprehensive
stakeholder engagement rather than a formal co-design process.
The problem identified by the research team was that multiple
resources exist, with neither a central nor coordinated location
for people to access credible evidence-based information [51].

The first step of the New South Wales Research Translation
Framework is Idea Generation, where key stakeholders are
engaged to design a solution to the problem. Our core team
comprised clinician- researchers from 4 Australian Universities
(The University of Sydney, The University of Queensland, The
University of Melbourne and Curtin University) with research
expertise in musculoskeletal conditions. The team determined
that key stakeholders likely to benefit from this resource were
allied HCPs working in both primary and tertiary care,
researchers involved in creating evidence for musculoskeletal
conditions, specialist musculoskeletal clinicians, specialist
medical professionals, people with musculoskeletal disorders,
consumer organizations and industry partners. We then
determined the level of influence and interest of each stakeholder
using a stakeholder engagement matrix and considered
appropriate strategies for managing their involvement and
expectations [52]. Engagement methods ranged from being
involved in co-design and implementation (manage) to piloting
of resources (meet needs) and meetings (keep informed; Table
1).
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Table 1. Classification of key stakeholders involved in the development stage of MyPainHub according to influence and interest, appropriate strategies
and engagement methods.

Engagement methodsAppropriate strategiesInfluence and interestKey stakeholder

InvolveHigher influence, higher interestAllied HCPsa, Specialist musculoskele-
tal allied HCPs

• Consultation on key content
• Facilitated meetings to review and refine

content
• Focus groups to pilot and identify gaps
• Involvement in implementation process

InvolveLower influence, higher interestStudent allied HCPs • Involve in implementation and evalua-
tion process

InvolveHigher influence, higher interestResearchers involved in musculoskele-
tal health

• Consultation on key content and existing
resources

Meet needsLower influence, higher interestSpecialist medical professionals • Semistructured interview on resources
and pathway

Meet needsLower influence, higher interestPeople with musculoskeletal conditions • Review and piloting of resources with
feedback

Keep informedHigher influence, lower interestConsumer partners: Arthritis Australia,
Australian Pain Management Associa-
tion, Musculoskeletal Australia

• In-person meetings

Keep informedHigher influence, lower interestIndustry and clinical partners: Aus-
tralian Physiotherapy Association,
Chiropractic Australia, State Insurance
Regulatory Authority of New South
Wales, Primary Healthcare Networks,
Knowledge Translation Australia

• In-person meetings

aHCPs: health care professionals.

We held work-in-progress meetings with key stakeholders
between July 2018 and October 2022. Discussions included
design concepts, content, functionality, website maintenance
and support and how this could be implemented. To ensure
optimal functionality and ease of use, a digital agency (Vivo
Group, Brisbane, Queensland, Australia) with experience in
development of user-friendly websites was selected to design
the website following a robust tendering process. As the content
was developed, each stakeholder group shared their views and
perspectives and provided feedback about additional key
messages and resources that should be included or omitted.
Before implementation, the website went through final checks
by the research team and the digital agency to test features,
functionality and resolve any issues.

Stage 2: Implementation
The aim of the implementation stage was to determine strategies
that would help ensure effective and scalable implementation
of the website before its widespread public release. Groups
thought likely to source information about musculoskeletal
conditions were identified and included allied health students
and graduate allied HCPs working in health care settings where
people with musculoskeletal conditions present. Settings
included primary care, occupational health, and tertiary care
settings. Finally, allied HCPs working in a specialist capacity
were engaged. This process ensured implementation occurred
with clinicians with a range of clinical experiences and in
different care settings. We chose implementation strategies
ranging from passive (dissemination) to more active strategies

(facilitated and discussion-based education with opinion leaders)
based on strategies that had been successful in our previous
work (Table 1) [33,43,44]. During this stage, the website was
not publicly accessible.

Patients with musculoskeletal conditions were invited by their
treating clinician to use the resources on the website and then
provided consent to participate in qualitative studies associated
with both our primary and tertiary care implementation
initiatives. After using the website, patients participated in a
semistructured interview (via a web platform) or focus group
(in person), depending on what was feasible in the particular
health care setting and on the patient’s preference and location,
to provide their opinions on the resource.

Allied HCPs Working in Primary Health Care Settings
They were engaged via a passive (dissemination) strategy to
use the website. The primary HCPs providing care for people
with musculoskeletal conditions in the PACE-MSK trial [49]
were informed of the trial and the website via a phone call. Both
the HCP and their patients were emailed a link to the website
and encouraged to refer to the resources during the episode of
care. Over an 18-month period, the researchers held fourteen
1-hour video-conferenced noncompulsory educational meetings
inviting HCPs to attend with the aim of keeping them engaged
in the trial and website.
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Allied HCPs Working in Occupational and Tertiary Care
Settings
They were invited to participate in an active (interactive
education using opinion leaders) implementation strategy. HCPs
working in occupational health settings were invited to
participate either by email or direct phone call. Those working
in our clinical partners’ tertiary care setting (WSLHD) were
directly invited by their peers and managers. Those accepting
the invitation then attended a web-based (occupational health)
or in-person (tertiary care) discussion-based educational
workshop explaining the purpose of the website and its key
features. These HCPs were then encouraged to use the resources
on MyPainHub to assist in assessment and management of their
patients. After completion of the episode of care (or after 3
months), the HCPs were invited to complete a questionnaire to
evaluate acceptability, feasibility, credibility, and actual practice
of using the website and then participated in a focus group to
explore their opinions in more depth (Multimedia Appendix 1).

Specialist Allied HCPs
They were invited to participate in a 2-day facilitated
discussion-based educational workshop described elsewhere
[53]. The workshop was designed to inform specialist HCPs
about how to implement risk-stratified care (supported by
MyPainHub) for people at risk of poor outcome. Key features
that may facilitate the provision of this care were discussed
during the workshop, including how MyPainHub could be used
to support management. Two follow-up web-based meetings
were held to encourage use of the website and implementation
of a new pathway of care.

Student HCPs
They were engaged through classroom education. The website
was integrated as a learning resource in 2 units of study for
physiotherapy students in their final year of study at The
University of Sydney. Key components of the education model
included (1) risk assessment using the web-based
risk-assessment tools resources available on the website, (2)
using the resources to assist the provision of evidence-based
treatment (guideline-based exercises and risk-based advice) for
people with musculoskeletal disorders, and (3) timely and
appropriate referral to specialist musculoskeletal clinicians for
people at high risk of poor outcomes.

Outcome Assessed
The main outcome assessed for the implementation stage was
the reach of the strategy. Reach was primarily assessed by the
number registered on the resource or those invited to use it.
Website traffic and trends (eg, total visits, total page views, and
top landing pages) were collected through Google Analytics
and built-in website reports.

Stage 3: Evaluation
The aim of the evaluation stage was to investigate both
effectiveness, acceptability, and adoption of the website
(RE-AIM framework) by allied HCPs (students, allied HCPs,
and specialist HCPs) and people with musculoskeletal
conditions. Mixed methods involving quantitative (web-based

survey) and qualitative (focus groups or semistructured
interviews) were used.

Allied HCPs (Students to Specialists)
Participants were invited to share their perspectives about
MyPainHub via a web-based survey. Participants answered
questions relating to change in knowledge and practice (eg,
“The website has changed the way I use prognostic tools”),
acceptability and credibility of the website (eg, “I trusted the
information on the website”), structure and features of the
website (eg, “It was easy to navigate through the website”), and
overall satisfaction with the website. HCPs were also asked
open-ended questions which explored opinions on the best
features of the website, barriers to use and suggestions for
improvement. Student HCPs were asked additional questions
relating to whether the information on the website aligned with
what they had been taught and helped them achieve the learning
outcomes of their course (eg, “The messages on the website
about imaging made sense to me”; “Viewing the resources in
MyPainHub helped me achieve the learning outcomes of my
course”).

Qualitative data were collected from a proportion of HCPs who
had been directly invited to participate by their peers and
managers and who had consented to participate in a focus group.
Participants were provided with the option of completing only
the web-based survey or participating in both the web-based
survey and the focus group. The focus groups were conducted
in person and were designed to explore HCPs’ opinions in
greater depth.

People With Musculoskeletal Conditions
As occurred with HCPs, people with musculoskeletal conditions
were invited to share their perspectives about MyPainHub via
a web-based survey. Patient participants answered questions
designed to assess (change in) knowledge (eg, “People with my
condition should not exercise until they have had scans done”),
acceptability and credibility of the website (eg, “I trusted the
information on the website”), structure and features of the
website (eg, “It was easy to navigate through the website”), and
overall satisfaction with the website. Patient participants were
also asked open-ended questions which explored opinions on
the best features of the website, barriers to use and suggestions
for improvement.

Qualitative data were collected from a proportion of people with
musculoskeletal conditions who consented to participate in a
focus group (in person) to explore their perspectives in greater
depth. Participants in the PACE-MSK trial participated in
semistructured interviews (via a web platform) 3 months after
entering the trial but these findings will not be reported in this
paper.

Data Analysis
With respect to the web-based surveys, closed-ended questions
were rated using a 5-point Likert scale ranging from 1 (strongly
disagree or extremely unsatisfied) to 5 (strongly agree or
extremely satisfied). The open-ended questions underwent a
descriptive analysis.
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With respect to the qualitative data collected during the
semistructured interviews and focus groups, the discussions
were recorded and transcribed. Analysis was conducted first by
familiarization, then preliminary coding, searching, reviewing
and naming and then reporting [54]. The transcriptions were
manually checked by a member of the research team and
corrected against the verbatim account. The transcriptions were
read several times to make sense of the data. Open coding was
conducted by naming sections of the participant responses in
the text. Codes were then grouped to form meaningful categories

in discussion with all authors. The next step was to construct
broad themes from the categories with authors working
collaboratively in the interpretation of qualitative data to draw
on the combined insights of all members of the research team.

Results

Overview
The total number of participants involved in each stage is
provided in Table 2.

Table 2. Stakeholders involved in development, implementation and evaluation of MyPainHub.

Participants involved, nStages and stakeholders

Development

67HCPsa

28Researchers

6Specialist medical professionals

18People with musculoskeletal conditions

3Consumer partners

5Industry and clinical partners

Implementation

136HCPs

778People with musculoskeletal conditions

Evaluation

29HCPs (web-based surveys)

6HCPs—focus group (tertiary care, in person)

11People with musculoskeletal conditions (web-based surveys)

6People with musculoskeletal conditions—focus groups (tertiary care, in person)

33People with musculoskeletal conditions—semistructured interviews (primary care, via a web plat-

form)b

aHCPs: health care professionals.
bFindings not reported in the present study.

Stage 1: Development
The stakeholder consultation generated ideas that informed the
website design and implementation. This process informed the
development of the website both for “Patients” and “Clinicians.”
Key features and content were identified and then modified
iteratively as a result of the consultation process. Modifications
did not follow a strict, linear order occurring instead in parallel.

MyPainHub for Patients
The core clinician-researcher team initially identified that
common key guideline-based messages for implementation
among people with musculoskeletal conditions were to provide
accurate advice, appropriate messaging regarding imaging, to
promote exercise, and provide differential care based on risk of
poor outcome. The stakeholder consultation process resulted in
agreement to structure the website around prognostic risk and
musculoskeletal condition, with resources automated thereafter.

Two risk tools, the Short Form Örebro Musculoskeletal Pain
Screening Questionnaire (SF-ÖMPSQ) [55] and the Keele STarT
MSK tool [56] were identified by the research team as being
validated tools to risk-stratify people with musculoskeletal
conditions. Initial surveys of the specialist HCPs (n=50)
suggested that 44% (22/50) either frequently or always used
the SF-ÖMPSQ, 14% (7/50) the WhipPredict tool [57,58], 8%
(4/50) the Keele STarT MSK tool [56], and 6% (3/50) the STarT
Back Tool [59,60]. However, given WhipPredict is specific for
WAD and the STarT Back Tool is specific for LBP, it was
decided to embed the SF-ÖMPSQ and the Keele STarT MSK
tool (both designed for broader musculoskeletal conditions) on
the website for patients to complete with scores being
automatically calculated. After completing the tools and
nominating their primary condition (LBP, neck pain, or knee
osteoarthritis), patients access resources that are designed
specifically for both their risk subgroup (according to their score
on the SF-ÖMPSQ) and condition. Each time a patient logs into
the website, they are taken to their condition and risk-specific
home page but can access information for the other conditions
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through simple navigation links and drop-down menus where
appropriate.

The stakeholder consultation process identified that people with
musculoskeletal conditions (n=18) wanted general information
about their condition, ideas on how they could adapt to their
lifestyle, their work and what they could do to help themselves.
Consultation with industry (Table 1) resulted in adding links to
other evidence-based websites and resources (eg, the Royal
Australian College of General Practitioner’s guidelines for the
management of knee osteoarthritis) and highlighted that options
for care should be clearly explained (eg, people at low risk of
poor outcome should be encouraged to avoid imaging and
surgery and be provided with evidence-based advice and
education whereas those at high risk should be provided with
more comprehensive education related to the multifactorial,
biopsychosocial nature of pain disorders). Consultation with
patients with musculoskeletal conditions resulted in information
being written in a friendly and nonjudgemental way and links
to other websites and resources were selected so that they were
a “simple click away” to avoid users being sent to another
website where they would have to create an account. The
consultation process resulted in the resources being structured
under the categories of “General Information,” “Your Pathway,”
“Exercise,” and “Imaging.”

MyPainHub for HCPs
Initial stakeholder consultation with 67 HCPs resulted in >200
individual pieces of feedback about the content, structure,
features, and resources to use. Feedback included, for example,

modifications to phrasing used or emphasis of key points (eg,
“More emphasis on ‘not one posture is best’would be good and
give permission to sit in a comfortable, relaxed position to
reduce or prevent fear of movement”), additional information
to add (eg, “You could add some info about basic exercise such
as walking, range of movement, balance and light upper limb
weights”), structure (eg, “It was very easy to navigate”), and
appearance (eg, “I think the pages that have banner images
should have those images reduced in size – the banners are little
dominating”). This feedback, and changes made to the website,
was iterative. Overall, the feedback suggested that the website
should contain key guideline-based messages, include
“bite-sized” videos of information delivered by credible HCPs,
include key practice points, open-access contemporary articles,
clinical guidelines and outcome measures, and links to other
credible resources. Subsequently, the information on
MyPainHub for clinicians was structured under the categories
of “Assessment,” “Prognosis,” and “Management.”

Structure and Appearance
The website designers provided expertise on the color scheme,
structure and functionality of the website to achieve the aims
of the project. The content was written in a professional and
friendly tone, and images were selected that avoided
emphasizing, for example, a pathoanatomical focus where not
appropriate and that avoided stereotyping.

The sitemap is shown in Figure 1. Pages were kept simple to
optimize ease of navigation (Figure 2).

Figure 1. Sitemap for the development of MyPainHub.
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Figure 2. Wireframes used in the development of MyPainHub were designed to be clear and simple to facilitate navigation and clarity of information
for the user.

Permissions
The website was built on the website designer’s content
management system which was developed in a software platform
in PHP (using the Symfony framework) that is based on standard
customizable modules. A tiered permission system was used
for MyPainHub. Administrators (ie, researchers) were able to
access and amend all information on the website. HCPs were
able to review all content on the website. Patients were able to
view content related to their risk profile (ie, low risk or high
risk) but they could see information for all conditions. However,
once they identified their primary complaint during their
registration process, their landing page was set to their primary
condition. Only the researchers had access to patients’ scores
on the SF-ÖMPSQ and the Keele STarT MSK tool (during the
PACE-MSK trial, the researchers would contact the patient’s
treating HCP to inform them of their patient’s score [49]).

Stage 2: Implementation
Implementation of the website took place in 4 Australian states
(New South Wales, Queensland, Western Australia, and
Victoria) from February 2018 to December 2023 as a component
of PACE-MSK, the clinical trial for which the website was built
[49]. As part of PACE-MSK, 767 people with musculoskeletal
conditions had consented to be part of the trial and were
therefore required to register on MyPainHub. A total of 693
HCPs were involved in the PACE-MSK trial but registering on

MyPainHub, whilst possible, was not a requirement of being
involved in the trial. In addition to the PACE-MSK trial, the
website was implemented within WSLHD (both patients and
HCPs), with allied HCPs in occupational health settings and
with students (Table 3).

The implementation strategy adopted influenced the number of
participants who, despite consenting to participate, registered
on the website (Table 3). As a result of the education via
webinars and workshops, 100% of allied HCPs working in
occupational settings, tertiary care settings and specialist HCPs
who consented to participate registered on the website. However,
despite being embedded in a unit of study in a university
physiotherapy program, only 16% of students registered on the
site. Passive strategies, such as phone calls or reminders, were
ineffective with only 29% of HCPs working in primary care
registering (Table 3).

Website data for a 12-month period (June 2021-June 2022) are
presented in Table 4. The total page views of the website during
the period were 23025 of which 12149 were unique page views.
The pages with the highest unique views were general
information about knee osteoarthritis, neck pain assessment
(clinicians), frequently asked questions, LBP assessment
(clinicians), general information about neck pain (general
information), and exercise for knee osteoarthritis (Table 4).
Users viewed on average 4 pages during a visit and stayed
approximately 4 minutes on each page.
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Table 3. Target markets of website users, implementation strategies, the numbers invited in each target market and percentage successfully registered.

N=registered, n (%)N=consented, (participants)N=invitedImplementation strategyTarget market

57 (29)196693Reminders via phone calls and emailsHCPsa in primary care

6 (100)648Discussion-based education (webina-
rs) and reminders

Allied HCPs in occupational
health settings

6 (100)69Interactive education (in-person
workshop) and reminders

Allied HCPs in tertiary care

(WSLHDb)

50 (100)50128Interactive education (in-person
workshop and 2 web-based workshop
reminders)

Specialist allied HCPs

17 (17)102102Embedded classroom educationStudent HCPs

767 (100)767767Invitation via treating HCPs and re-
search team (PACE-MSK trial)

People with musculoskeletal
conditions in primary care

11 (100)1118Invitation via treating HCPsPeople with musculoskeletal
conditions in tertiary care
(WSLHD)

aHCPs: health care professionals.
bWSLHD: Western Sydney Local Health District.

Table 4. Summary of the number and duration of page views for MyPainHub.

Average time (seconds)Unique page views, NPage title

42657Knee osteoarthritis: general information

41408Neck pain: assessment (clinicians)

107157Frequently asked questions

88128Lower back pain: assessment (clinicians)

47121Neck pain: general information

2999Knee osteoarthritis: exercise

Stage 3: Evaluation

Allied HCPs (Students to Specialists)
Of the 102 allied HCPs invited, 29 (28%) HCPs completed the
evaluation questionnaire. Of these, 93% (27/29) responded that
MyPainHub had the potential to change knowledge as the
information contained on the website was credible, trustworthy,
clearly presented and easy to navigate. In terms of acceptability
of the website, 93% (27/29) of HCP participants were satisfied
with the website, were likely to revisit, and were likely to refer
other colleagues to the site. However, less than 35% (10/29) of

HCPs reported using the website with their patients. Suggestions
for improvement included considering changing some of the
information to enhance understanding for people with low health
literacy and to include other musculoskeletal conditions (HCPs’
opinions are shown in Figure 3).

From the focus group (6 HCP participants), four key themes
emerged: (1) MyPainHub has utility as a web-based resource;
(2) MyPainHub contains credible information, which reinforces
best practice; (3) challenges in implementation; and (4) potential
opportunities for enhancement.
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Figure 3. Health care professionals’ (HCP) opinions about MyPainHub. Opinions on knowledge and acceptability were positive, but this contrasted
to how often HCPs used MyPainHub with patients.

Theme 1: MyPainHub Has Utility as a Web-Based Resource

HCP participants reported MyPainHub contained relevant
information, was easy to navigate and improved professional
confidence. HCPs supported the relevance and breadth of topics
on the site and its utility in enhancing quality of care, “especially
for junior staff or those with lesser experience.” Despite
challenges with implementation, participants had felt that it was
useful for “encouraging patient engagement with HCPs,”
fostering an educational continuum, and “...builds on education
and use of resources between sessions based on patient learning
preferences.” The “easy to navigate” resource had increased
professional confidence as it “could help through processes,
guide treatment and reduce fears when unsure or confused.”
This theme highlighted the website’s potential in bridging
knowledge gaps and facilitating a more informed
patient-provider interaction.

Theme 2: MyPainHub Contains Credible Information,
Which Reinforces Best Practice

The HCPs reported information on MyPainHub was credible
and aligned with best practice, particularly because of the
inclusion of video content and articles from expert clinicians
and researchers. Comments regarding the information on
MyPainHub “reinforced stuff previously learnt at university”
and “reinforced what we already say (to patients) in a different
format.” Some remarked that the resource helped their own
learning around best practice which in turn would influence the
education they provided to their patients: “I don't have too much
outpatient experience nor am I very confident. So I really like
the clinician end of it...using that to understand things for myself
and then being able to explain that to someone.”

Theme 3: Challenges With Implementation

HCP participants reported implementation of MyPainHub was
harder than expected and identified several challenges including
internet availability in the clinic, time constraints, and a lack of
familiarity with using web-based resources to support patient

interactions. Acknowledging “change in practice is difficult to
achieve in busy clinical settings,” participants identified that
“more training and preparation to support new workflows is
needed.” HCPs perceived those patients “may expect a more
hands-on approach” which made them “hesitant” to adopt
MyPainHub within sessions. As some HCPs were “not
accustomed to using online resources” to aid their management
of patients, they acknowledged they “often forgot about
MyPainHub as an option,” particularly in the context of
“competing demands and heavy clinical workloads.”

Theme 4: Potential Opportunities for Enhancement

Opportunities for improvement were noted, including the
simplification of how information was presented, reduction of
hyperlinks, and expansion of the number of conditions included
on the site. HCPs voiced the need for the key messages and
information to be “reduced” and “summarized” so that users
would not have to “scroll as much.” Some participants suggested
that “more downloadable resources may be more helpful” and
proposed more “ready-made printouts and resources of
information.”

People With Musculoskeletal Conditions
Eleven people with musculoskeletal conditions in the tertiary
setting (WSLHD) completed the evaluation questionnaire. All
responded that MyPainHub had the potential to change
knowledge as the information contained on the website was
credible, trustworthy and clearly presented. In terms of
acceptability, all participants were satisfied with MyPainHub,
likely to revisit and recommend the website to others. In
addition, all participants indicated that the web-based resources
helped them understand the best ways to manage their condition,
the website was easy to navigate, and that MyPainHub would
be a useful tool for other people with musculoskeletal
conditions.

Four key themes emerged from the focus group (n=6
participants) from participants at WSLHD and these aligned
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with the findings from the questionnaire: (1) MyPainHub adds
to the understanding of the condition, (2) MyPainHub is credible
as it aligns with HCP advice and information, (3) MyPainHub
supports self-management, and (4) potential areas for
improvement.

Theme 1: MyPainHub Adds to the Understanding of the
Condition

Participants reported information on MyPainHub added to the
understanding of their musculoskeletal condition. It was reported
that the website offered clear explanations that were “definitely
helpful,” “adding knowledge and understanding,” and “changing
their perspectives on their condition.” This aspect was further
supported by the ability to “revisit information” via the “links”
as needed, allowing for engagement with the content and
facilitating ongoing learning.

Theme 2: MyPainHub Is Credible as it Aligns With HCPs’
Advice and Information

Participants reported information on MyPainHub as credible,
particularly when it aligned with their HCP’s advice and
information. This alignment reassured patients and “built trust”
in both the website content and the advice provided by their
HCPs. Trust was further reinforced when the website was
recommended by their HCP or “experts.”

Theme 3: MyPainHub Has the Potential to Support
Self-Management

Participants reported the website increased their confidence in
managing their condition. This was achieved by supporting
“self-help and lifestyle changes” and “promoting exercise, and
providing a holistic approach to physical activity and mental
health.” The ability to “support more activity and distract from
negative thoughts” was reported, underlining the website’s role
in supporting both physical and psychological aspects of
self-efficacy.

Theme 4: Potential Areas for Improvement

Participants identified areas for improvement. This included
the need for more specific information tailored to “work or
employment challenges,” “detailed do’s and don’ts for condition
management,” “preventative measures,” “pain relief options,”
and “information about surgery and when it may be needed.”
“Regular updates” and the creation of “shared chat groups”
were also suggested as potential areas for improvement.

Discussion

Principal Findings
This paper describes the process undertaken to develop,
implement and evaluate a website designed to support patients
with, and HCPs who manage, musculoskeletal conditions,
specifically LBP, neck pain, WAD, and knee osteoarthritis. The
findings suggest that following a research translation framework
and incorporating extensive and iterative consultation with
multiple key stakeholders resulted in MyPainHub being
acceptable, credible, and easy to navigate with participants
reporting they are likely to revisit and recommend the website
to others. Embedding prognostic tools (the SF-ÖMPSQ and the
Keele STarT MSK tool) allowed information to be tailored to

a person’s risk of poor outcome which may help both patients
and HCPs better adopt guideline-based management. However,
training for HCPs that includes more specific strategies on how
to incorporate MyPainHub into clinical practice would be
beneficial for more successful implementation.

A key component of the development of MyPainHub was the
extensive involvement of a wide range of key stakeholders with
different levels of experience and from different health care
settings over a 4-year period. The initial development phase
focused on gathering perspectives from people with
musculoskeletal conditions and HCPs from primary care
settings, researchers, key opinion leaders, professional
associations, consumer groups and website developers. The
latter development phase involved seeking perspectives of HCPs
and patients from tertiary care settings, allied professionals from
occupational settings and from allied health students. This broad
stakeholder engagement reflects contemporary user-centered
design and was undertaken to facilitate future wider
implementation of MyPainHub across a range of settings and
populations [61]. Whilst active implementation strategies (eg,
interactive education and workshops) were generally more
effective than passive strategies (eg, phone calls and emails),
implementing MyPainHub in a unit of study was not successful
amongst allied health students. In our study, students were
introduced to MyPainHub during a lecture and were then
responsible for designing a treatment program using MyPainHub
but no specific tutorial time was allocated for this task. A
previous study [43] that had implemented an innovative,
guideline-based website, My Whiplash Navigator, found student
HCPs had a higher uptake of the website than primary HCPs
but the students were allocated time during both a lecture and
a tutorial to using the resource which may explain the difference
in the level of engagement.

The main purpose of this project was to develop a resource that
would support guideline-based care for patients at low and high
risk of poor outcome. Tailoring information to a person’s risk
of poor outcome afforded the opportunity to provide different
information on likely recovery pathways and interventions that
may be required. In this way, MyPainHub reinforces key
guideline-based messages, that people at low risk should do
well with minimal care but that people at high risk may require
more comprehensive assessment of multiple domains and a
multidisciplinary approach to optimize health outcomes. Greater
adoption and wider implementation of MyPainHub may improve
the efficiency of health service delivery by helping to educate
people about musculoskeletal conditions and influence care
decisions but requires further research.

Despite the opinions of stakeholders that MyPainHub is
acceptable, credible, and easy to navigate, few used the tools
with patients, and additional training that focuses on how best
to integrate the website into clinical practice in different health
care settings is likely to be required for greater adoption and
usage. Active engagement strategies were more effective than
passive strategies and taking a multifaceted approach, for
example embedding MyPainHub in existing educational
opportunities (eg, workshops, curriculum, and training
programs) and using key opinion leaders to reinforce the
credibility of information, is likely to be important in future
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implementation [62,63]. The poor response rate and level of
engagement of students could be overcome by integrating
MyPainHub as a supplementary resource into the physiotherapy
program curriculum and ensuring the information provided
aligns with the learning objectives of the specific unit of study
with which it is associated. Effective incorporation of
MyPainHub for students may be achieved through thoughtful
planning and implementation, integrating into specific lesson
plans including activities such as group discussions followed
by monitoring of student engagement via Learning Management
Systems or linked to assessable content [64].

As with any web-based resource, updates to MyPainHub are
ongoing with the maintenance of the website being the
responsibility of the research team and the digital agency.
Addition of information about other conditions (eg, hip pain)
is underway and incorporating additional features such as more
dynamic elements (eg, carousels and expandable sections) and
gamification to increase engagement [65] are likely to be
important features of future updates. Limitations of this study
include that we did not control the time between participants

viewing the website and asking for their feedback. Despite
efforts to engage general practitioners and other medical
professionals, the majority of those involved in the development
of MyPainHub were allied HCPs. Further work is needed to
determine whether MyPainHub, or specific sections of
MyPainHub, would be useful for general practitioners. Further
work is also required to implement MyPainHub in other primary
(eg, community-based care) and tertiary care settings.

Conclusion
This study details the development, implementation, and
evaluation of MyPainHub, a web-based resource designed to
support guideline-based care for musculoskeletal conditions.
Stakeholder engagement throughout the process contributed to
its acceptability, credibility, and ease of use. While MyPainHub
effectively tailors information based on prognostic tools to
support both patients and health care providers, further efforts
are needed to facilitate its integration into clinical practice.
Training for health care professionals, particularly in how to
apply MyPainHub in diverse settings, is likely essential for
greater adoption.

 

Acknowledgments
We would like to thank the study participants for contributing their time and knowledge to this study.

This work was supported by The National Health and Medical Research Council (NHMRC) and Sydney Health Partners
Implementation Science Academy. The funder had no role in the design or conduct of the study. TR was supported by an NHMRC
Career Development Fellowship. KLB and PH are supported by NHMRC Investigator grants. MS receives unrestricted grant
funding from the Motor Accident Insurance Commission of Queensland.

Data Availability
The datasets generated or analyzed during this study are available from the corresponding author on reasonable request.

Conflicts of Interest
None declared.

Multimedia Appendix 1
Healthcare professional survey.
[PNG File , 63 KB - formative_v9i1e63780_app1.png ]

References
1. Briggs AM, Woolf AD, Dreinhöfer K, Homb N, Hoy DG, Kopansky-Giles D, et al. Reducing the global burden of

musculoskeletal conditions. Bull World Health Organ 2018;96(5):366-368 [FREE Full text] [doi: 10.2471/BLT.17.204891]
[Medline: 29875522]

2. Hoy W. Australian burden of disease study: impact and causes of illness and death in Australia 2011. In: Australian burden
of disease study series. Canberra: Australian Institute of Health and Welfare; 2011.

3. Cieza A, Causey K, Kamenov K, Hanson SW, Chatterji S, Vos T. Global estimates of the need for rehabilitation based on
the global burden of disease study 2019: a systematic analysis for the global burden of disease study 2019. Lancet
2021;396(10267):2006-2017 [FREE Full text] [doi: 10.1016/S0140-6736(20)32340-0] [Medline: 33275908]

4. El-Tallawy SN, Nalamasu R, Salem GI, LeQuang JAK, Pergolizzi JV, Christo PJ. Management of musculoskeletal pain:
an update with emphasis on chronic musculoskeletal pain. Pain Ther 2021;10(1):181-209 [FREE Full text] [doi:
10.1007/s40122-021-00235-2] [Medline: 33575952]

5. de Luca K, Briggs AM, French SD, Ferreira ML, Cross M, Blyth F, et al. Disability burden due to musculoskeletal conditions
and low back pain in Australia: findings from GBD 2019. Chiropr Man Therap 2022;30(1):22 [FREE Full text] [doi:
10.1186/s12998-022-00434-4] [Medline: 35505334]

JMIR Form Res 2025 | vol. 9 | e63780 | p.3485https://formative.jmir.org/2025/1/e63780
(page number not for citation purposes)

Evans et alJMIR FORMATIVE RESEARCH

XSL•FO
RenderX

https://jmir.org/api/download?alt_name=formative_v9i1e63780_app1.png&filename=9e9ca0d8c139842197f8c615ba211967.png
https://jmir.org/api/download?alt_name=formative_v9i1e63780_app1.png&filename=9e9ca0d8c139842197f8c615ba211967.png
https://europepmc.org/abstract/MED/29875522
http://dx.doi.org/10.2471/BLT.17.204891
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29875522&dopt=Abstract
https://linkinghub.elsevier.com/retrieve/pii/S0140-6736(20)32340-0
http://dx.doi.org/10.1016/S0140-6736(20)32340-0
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33275908&dopt=Abstract
https://europepmc.org/abstract/MED/33575952
http://dx.doi.org/10.1007/s40122-021-00235-2
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33575952&dopt=Abstract
https://chiromt.biomedcentral.com/articles/10.1186/s12998-022-00434-4
http://dx.doi.org/10.1186/s12998-022-00434-4
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35505334&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


6. Wallace J, Nwosu B, Clarke M. Barriers to the uptake of evidence from systematic reviews and meta-analyses: a systematic
review of decision makers' perceptions. BMJ Open 2012;2(5):e001220 [FREE Full text] [doi: 10.1136/bmjopen-2012-001220]
[Medline: 22942232]

7. Paci M, Faedda G, Ugolini A, Pellicciari L. Barriers to evidence-based practice implementation in physiotherapy: a systematic
review and meta-analysis. Int J Qual Health Care 2021;33(2). [doi: 10.1093/intqhc/mzab093] [Medline: 34110410]

8. Oliveira CB, Maher CG, Pinto RZ, Traeger AC, Lin CC, Chenot J, et al. Clinical practice guidelines for the management
of non-specific low back pain in primary care: an updated overview. Eur Spine J 2018;27(11):2791-2803. [doi:
10.1007/s00586-018-5673-2] [Medline: 29971708]

9. Malfliet A, Ickmans K, Huysmans E, Coppieters I, Willaert W, Bogaert WV, et al. Best evidence rehabilitation for chronic
pain part 3: low back pain. J Clin Med 2019;8(7):1063 [FREE Full text] [doi: 10.3390/jcm8071063] [Medline: 31331087]

10. Blanpied PR, Gross AR, Elliott JM, Devaney LL, Clewley D, Walton DM, et al. Neck pain: revision 2017. J Orthop Sports
Phys Ther 2017;47(7):A1-A83. [doi: 10.2519/jospt.2017.0302] [Medline: 28666405]

11. Sterling M, de Zoete RMJ, Coppieters I, Farrell SF. Best evidence rehabilitation for chronic pain part 4: neck pain. J Clin
Med 2019;8(8):1219 [FREE Full text] [doi: 10.3390/jcm8081219] [Medline: 31443149]

12. Guidelines for the management of acute whiplash associated disorders for health professionals. 3rd edition. State Insurance
Regulatory Authority (SIRA). 2014. URL: https://www.sira.nsw.gov.au/resources-library/motor-accident-resources/
publications/for-professionals/whiplash-resources/SIRA08104-Whiplash-Guidelines-1117-396479.pdf [accessed 2023-06-23]

13. Kolasinski SL, Neogi T, Hochberg MC, Oatis C, Guyatt G, Block J, et al. 2019 American college of rheumatology/arthritis
foundation guideline for the management of osteoarthritis of the hand, hip, and knee. Arthritis Rheumatol 2020;72(2):220-233
[FREE Full text] [doi: 10.1002/art.41142] [Medline: 31908163]

14. van Doormaal MCM, Meerhoff GA, Vliet Vlieland TPM, Peter WF. A clinical practice guideline for physical therapy in
patients with hip or knee osteoarthritis. Musculoskeletal Care 2020;18(4):575-595. [doi: 10.1002/msc.1492] [Medline:
32643252]

15. Guideline for the management of knee and hip osteoarthritis. 2nd ed. East Melbourne, Vic: RACGP. The Royal Australian
College of General Practitioners. 2018. URL: https://www.racgp.org.au/getattachment/
71ab5b77-afdf-4b01-90c3-04f61a910be6/Guideline-for-the-management-of-knee-and-hip-osteoarthritis.aspx [accessed
2023-06-23]

16. Rice D, McNair P, Huysmans E, Letzen J, Finan P. Best evidence rehabilitation for chronic pain part 5: osteoarthritis. J
Clin Med 2019;8(11):1769 [FREE Full text] [doi: 10.3390/jcm8111769] [Medline: 31652929]

17. Zadro J, O'Keeffe M, Maher C. Do physical therapists follow evidence-based guidelines when managing musculoskeletal
conditions? Systematic review. BMJ Open 2019;9(10):e032329 [FREE Full text] [doi: 10.1136/bmjopen-2019-032329]
[Medline: 31591090]

18. Bahns C, Happe L, Thiel C, Kopkow C. Physical therapy for patients with low back pain in Germany: a survey of current
practice. BMC Musculoskelet Disord 2021;22(1):563 [FREE Full text] [doi: 10.1186/s12891-021-04422-2] [Medline:
34147077]

19. Logan GS, Dawe RE, Aubrey-Bassler K, Coombs D, Parfrey P, Maher C, et al. Are general practitioners referring patients
with low back pain for CTs appropriately according to the guidelines: a retrospective review of 3609 medical records in
Newfoundland using routinely collected data. BMC Fam Pract 2020;21(1):236 [FREE Full text] [doi:
10.1186/s12875-020-01308-5] [Medline: 33208086]

20. Epstein-Sher S, Jaffe D, Lahad A. Are they complying? Physicians' knowledge, attitudes, and readiness to change regarding
low back pain treatment guideline adherence. Spine (Phila Pa 1976) 2017;42(4):247-252. [doi:
10.1097/BRS.0000000000001714] [Medline: 28207666]

21. Avoundjian T, Gidwani R, Yao D, Lo J, Sinnott P, Thakur N, et al. Evaluating two measures of lumbar spine MRI overuse:
administrative data versus chart review. J Am Coll Radiol 2016;13(9):1057-1066. [doi: 10.1016/j.jacr.2016.04.013] [Medline:
27344246]

22. Williams CM, Maher CG, Hancock MJ, McAuley JH, McLachlan AJ, Britt H, et al. Low back pain and best practice care:
a survey of general practice physicians. Arch Intern Med 2010;170(3):271-277. [doi: 10.1001/archinternmed.2009.507]
[Medline: 20142573]

23. Buchbinder R, Underwood M, Hartvigsen J, Maher CG. The Lancet series call to action to reduce low value care for low
back pain: an update. Pain 2020;161 Suppl 1(1):S57-S64 [FREE Full text] [doi: 10.1097/j.pain.0000000000001869]
[Medline: 33090740]

24. Kharel P, Zadro JR, Maher CG. Physiotherapists can reduce overuse by Choosing Wisely. J Physiother 2021;67(3):151-155
[FREE Full text] [doi: 10.1016/j.jphys.2021.06.006] [Medline: 34154950]

25. Rutten GM, Degen S, Hendriks EJ, Braspenning J, Harting J, Oostendorp R. Adherence to clinical practice guidelines for
low back pain in physical therapy: do patients benefit? Phys Ther 2010;90(8):1111-1122. [doi: 10.2522/ptj.20090173]
[Medline: 20488978]

26. van Staalduinen DJ, van den Bekerom P, Groeneveld S, Kidanemariam M, Stiggelbout AM, van den Akker-van Marle ME.
The implementation of value-based healthcare: a scoping review. BMC Health Serv Res 2022;22(1):270 [FREE Full text]
[doi: 10.1186/s12913-022-07489-2] [Medline: 35227279]

JMIR Form Res 2025 | vol. 9 | e63780 | p.3486https://formative.jmir.org/2025/1/e63780
(page number not for citation purposes)

Evans et alJMIR FORMATIVE RESEARCH

XSL•FO
RenderX

https://bmjopen.bmj.com/lookup/pmidlookup?view=long&pmid=22942232
http://dx.doi.org/10.1136/bmjopen-2012-001220
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22942232&dopt=Abstract
http://dx.doi.org/10.1093/intqhc/mzab093
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34110410&dopt=Abstract
http://dx.doi.org/10.1007/s00586-018-5673-2
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29971708&dopt=Abstract
https://www.mdpi.com/resolver?pii=jcm8071063
http://dx.doi.org/10.3390/jcm8071063
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31331087&dopt=Abstract
http://dx.doi.org/10.2519/jospt.2017.0302
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28666405&dopt=Abstract
https://www.mdpi.com/resolver?pii=jcm8081219
http://dx.doi.org/10.3390/jcm8081219
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31443149&dopt=Abstract
https://www.sira.nsw.gov.au/resources-library/motor-accident-resources/publications/for-professionals/whiplash-resources/SIRA08104-Whiplash-Guidelines-1117-396479.pdf
https://www.sira.nsw.gov.au/resources-library/motor-accident-resources/publications/for-professionals/whiplash-resources/SIRA08104-Whiplash-Guidelines-1117-396479.pdf
http://hdl.handle.net/2027.42/153546
http://dx.doi.org/10.1002/art.41142
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31908163&dopt=Abstract
http://dx.doi.org/10.1002/msc.1492
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32643252&dopt=Abstract
https://www.racgp.org.au/getattachment/71ab5b77-afdf-4b01-90c3-04f61a910be6/Guideline-for-the-management-of-knee-and-hip-osteoarthritis.aspx
https://www.racgp.org.au/getattachment/71ab5b77-afdf-4b01-90c3-04f61a910be6/Guideline-for-the-management-of-knee-and-hip-osteoarthritis.aspx
https://www.mdpi.com/resolver?pii=jcm8111769
http://dx.doi.org/10.3390/jcm8111769
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31652929&dopt=Abstract
https://bmjopen.bmj.com/lookup/pmidlookup?view=long&pmid=31591090
http://dx.doi.org/10.1136/bmjopen-2019-032329
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31591090&dopt=Abstract
https://bmcmusculoskeletdisord.biomedcentral.com/articles/10.1186/s12891-021-04422-2
http://dx.doi.org/10.1186/s12891-021-04422-2
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34147077&dopt=Abstract
https://bmcfampract.biomedcentral.com/articles/10.1186/s12875-020-01308-5
http://dx.doi.org/10.1186/s12875-020-01308-5
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33208086&dopt=Abstract
http://dx.doi.org/10.1097/BRS.0000000000001714
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28207666&dopt=Abstract
http://dx.doi.org/10.1016/j.jacr.2016.04.013
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27344246&dopt=Abstract
http://dx.doi.org/10.1001/archinternmed.2009.507
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20142573&dopt=Abstract
https://europepmc.org/abstract/MED/33090740
http://dx.doi.org/10.1097/j.pain.0000000000001869
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33090740&dopt=Abstract
https://linkinghub.elsevier.com/retrieve/pii/S1836-9553(21)00047-3
http://dx.doi.org/10.1016/j.jphys.2021.06.006
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34154950&dopt=Abstract
http://dx.doi.org/10.2522/ptj.20090173
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20488978&dopt=Abstract
https://bmchealthservres.biomedcentral.com/articles/10.1186/s12913-022-07489-2
http://dx.doi.org/10.1186/s12913-022-07489-2
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35227279&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


27. Macpherson S, Rebbeck TR, Coates S, Evans K. Referral practices of recent graduate and experienced physiotherapists
working in Australian primary care for people with musculoskeletal conditions. Musculoskelet Sci Pract 2023;64:102745
[FREE Full text] [doi: 10.1016/j.msksp.2023.102745] [Medline: 36924580]

28. Gorgon E, Maka K, Kam A, Nisbet G, Sullivan J, Regan G, et al. Needs assessment for health service design for people
with back pain in a hospital setting: a qualitative study. Health Expect 2022;25(2):721-731 [FREE Full text] [doi:
10.1111/hex.13419] [Medline: 35150036]

29. Al Zoubi FM, Menon A, Mayo NE, Bussières AE. The effectiveness of interventions designed to increase the uptake of
clinical practice guidelines and best practices among musculoskeletal professionals: a systematic review. BMC Health Serv
Res 2018;18(1):435 [FREE Full text] [doi: 10.1186/s12913-018-3253-0] [Medline: 29884165]

30. Maher C, Sherrington C, Elkins M, Herbert R, Moseley A. Challenges for evidence-based physical therapy: accessing and
interpreting high-quality evidence on therapy. Phys Ther 2004;84(7):644-654. [doi: 10.1093/ptj/84.7.644]

31. da Silva TM, Costa LDCM, Garcia AN, Costa LOP. What do physical therapists think about evidence-based practice? A
systematic review. Man Ther 2015;20(3):388-401. [doi: 10.1016/j.math.2014.10.009] [Medline: 25458142]

32. Kummervold PE, Chronaki CE, Lausen B, Prokosch H, Rasmussen J, Santana S, et al. eHealth trends in Europe 2005-2007:
a population-based survey. J Med Internet Res 2008;10(4):e42 [FREE Full text] [doi: 10.2196/jmir.1023] [Medline:
19017584]

33. Hodges PW, Setchell J, Nielsen M. An internet-based consumer resource for people with low back pain (MyBackPain):
development and evaluation. JMIR Rehabil Assist Technol 2020;7(1):e16101 [FREE Full text] [doi: 10.2196/16101]
[Medline: 32229467]

34. Scurlock-Evans L, Upton P, Upton D. Evidence-based practice in physiotherapy: a systematic review of barriers, enablers
and interventions. Physiotherapy 2014;100(3):208-219. [doi: 10.1016/j.physio.2014.03.001] [Medline: 24780633]

35. Jette DU, Bacon K, Batty C, Carlson M, Ferland A, Hemingway R, et al. Evidence-based practice: beliefs, attitudes,
knowledge, and behaviors of physical therapists. Phys Ther 2003;83(9):786-805. [doi: 10.1093/ptj/83.9.786]

36. Harding K, Porter J, Horne-Thompson A, Donley E, Taylor NF. Not enough time or a low priority? Barriers to evidence-based
practice for allied health clinicians. J Contin Educ Health Prof 2014;34(4):224-231. [doi: 10.1002/chp.21255] [Medline:
25530292]

37. Reis FJJ, Nijs J, Parker R, Sharma S, Wideman TH. Culture and musculoskeletal pain: strategies, challenges, and future
directions to develop culturally sensitive physical therapy care. Braz J Phys Ther 2022;26(5):100442 [FREE Full text] [doi:
10.1016/j.bjpt.2022.100442] [Medline: 36209626]

38. Costa N, Nielsen M, Jull G, Claus AP, Hodges PW. Low back pain websites do not meet the needs of consumers: a study
of online resources at three time points. Health Inf Manag 2020;49(2-3):137-149. [doi: 10.1177/1833358319857354]
[Medline: 31266366]

39. Bourne JA, Dziedzic K, Morris SJ, Jones PW, Sim J. Survey of the perceived professional, educational and personal needs
of physiotherapists in primary care and community settings. Health Soc Care Community 2007;15(3):231-237. [doi:
10.1111/j.1365-2524.2007.00677.x] [Medline: 17444986]

40. Peterson S, Rainey N, Weible K. Who writes this stuff? Musculoskeletal information quality and authorship of popular
health websites: a systematic review. Musculoskelet Sci Pract 2022;60:102563. [doi: 10.1016/j.msksp.2022.102563]
[Medline: 35453015]

41. Wanless B, Bermingham C, Yeates N, O’Rahelly J. Creating a valuable patient information resource for MSK conditions:
By not re-inventing the wheel. Physiotherapy 2021;113:e120-e121. [doi: 10.1016/j.physio.2021.10.106]

42. Translational research framework. Sax Institute. 2016. URL: https://www.medicalresearch.nsw.gov.au/app/uploads/2019/
02/Translational-Research-Grants-Scheme-translation-research-framework.pdf [accessed 2023-07-20]

43. Bandong AN, Mackey M, Leaver A, Ingram R, Sterling M, Ritchie C, et al. An interactive website for whiplash management
(My Whiplash Navigator): process evaluation of design and implementation. JMIR Form Res 2019;3(3):e12216 [FREE
Full text] [doi: 10.2196/12216] [Medline: 31452515]

44. Clarkson P, Vassilev I, Rogers A, Brooks C, Wilson N, Lawson J, et al. Integrating a web-based self-management tool
(Managing Joint Pain on the Web and Through Resources) for people with osteoarthritis-related joint pain with a web-based
social network support tool (Generating Engagement in Network Involvement): design, development, and early evaluation.
JMIR Form Res 2020;4(11):e18565 [FREE Full text] [doi: 10.2196/18565] [Medline: 33242011]

45. Hodges PW, Hall L, Setchell J, French S, Kasza J, Bennell K, et al. Effect of a consumer-focused website for low back
pain on health literacy, treatment choices, and clinical outcomes: Randomized controlled trial. J Med Internet Res
2021;23(6):e27860 [FREE Full text] [doi: 10.2196/27860] [Medline: 34128822]

46. Wang X, Urban H, Bennell KL, Dickson C, Dobson F, Fransen M, et al. My Joint Pain, a web-based resource, effects on
education and quality of care at 24 months. BMC Musculoskelet Disord 2020;21(1):79 [FREE Full text] [doi:
10.1186/s12891-020-3074-2] [Medline: 32028927]

47. van der Zee-Neuen A, Putrik P, Ramiro S, Keszei A, de Bie R, Chorus A, et al. Impact of chronic diseases and multimorbidity
on health and health care costs: the additional role of musculoskeletal disorders. Arthritis Care Res (Hoboken)
2016;68(12):1823-1831 [FREE Full text] [doi: 10.1002/acr.22913] [Medline: 27111195]

JMIR Form Res 2025 | vol. 9 | e63780 | p.3487https://formative.jmir.org/2025/1/e63780
(page number not for citation purposes)

Evans et alJMIR FORMATIVE RESEARCH

XSL•FO
RenderX

https://linkinghub.elsevier.com/retrieve/pii/S2468-7812(23)00030-9
http://dx.doi.org/10.1016/j.msksp.2023.102745
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=36924580&dopt=Abstract
https://europepmc.org/abstract/MED/35150036
http://dx.doi.org/10.1111/hex.13419
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35150036&dopt=Abstract
https://bmchealthservres.biomedcentral.com/articles/10.1186/s12913-018-3253-0
http://dx.doi.org/10.1186/s12913-018-3253-0
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29884165&dopt=Abstract
http://dx.doi.org/10.1093/ptj/84.7.644
http://dx.doi.org/10.1016/j.math.2014.10.009
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25458142&dopt=Abstract
https://www.jmir.org/2008/4/e42/
http://dx.doi.org/10.2196/jmir.1023
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19017584&dopt=Abstract
https://rehab.jmir.org/2020/1/e16101/
http://dx.doi.org/10.2196/16101
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32229467&dopt=Abstract
http://dx.doi.org/10.1016/j.physio.2014.03.001
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24780633&dopt=Abstract
http://dx.doi.org/10.1093/ptj/83.9.786
http://dx.doi.org/10.1002/chp.21255
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25530292&dopt=Abstract
https://europepmc.org/abstract/MED/36209626
http://dx.doi.org/10.1016/j.bjpt.2022.100442
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=36209626&dopt=Abstract
http://dx.doi.org/10.1177/1833358319857354
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31266366&dopt=Abstract
http://dx.doi.org/10.1111/j.1365-2524.2007.00677.x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17444986&dopt=Abstract
http://dx.doi.org/10.1016/j.msksp.2022.102563
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35453015&dopt=Abstract
http://dx.doi.org/10.1016/j.physio.2021.10.106
https://www.medicalresearch.nsw.gov.au/app/uploads/2019/02/Translational-Research-Grants-Scheme-translation-research-framework.pdf
https://www.medicalresearch.nsw.gov.au/app/uploads/2019/02/Translational-Research-Grants-Scheme-translation-research-framework.pdf
https://formative.jmir.org/2019/3/e12216/
https://formative.jmir.org/2019/3/e12216/
http://dx.doi.org/10.2196/12216
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31452515&dopt=Abstract
https://formative.jmir.org/2020/11/e18565/
http://dx.doi.org/10.2196/18565
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33242011&dopt=Abstract
https://www.jmir.org/2021/6/e27860/
http://dx.doi.org/10.2196/27860
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34128822&dopt=Abstract
https://bmcmusculoskeletdisord.biomedcentral.com/articles/10.1186/s12891-020-3074-2
http://dx.doi.org/10.1186/s12891-020-3074-2
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32028927&dopt=Abstract
https://onlinelibrary.wiley.com/doi/10.1002/acr.22913
http://dx.doi.org/10.1002/acr.22913
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27111195&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


48. Lin I, Wiles L, Waller R, Goucke R, Nagree Y, Gibberd M, et al. What does best practice care for musculoskeletal pain
look like? Eleven consistent recommendations from high-quality clinical practice guidelines: systematic review. Br J Sports
Med 2020;54(2):79-86. [doi: 10.1136/bjsports-2018-099878] [Medline: 30826805]

49. Rebbeck T, Evans K, Ferreira P, Beales D, Sterling M, Bennell KL, et al. Implementation of a novel stratified PAthway of
CarE for common musculoskeletal (MSK) conditions in primary care: protocol for a multicentre pragmatic randomised
controlled trial (the PACE MSK trial). BMJ Open 2021;11(12):e057705 [FREE Full text] [doi:
10.1136/bmjopen-2021-057705] [Medline: 37039086]

50. Glasgow RE, Vogt TM, Boles SM. Evaluating the public health impact of health promotion interventions: the RE-AIM
framework. Am J Public Health 1999;89(9):1322-1327. [doi: 10.2105/ajph.89.9.1322] [Medline: 10474547]

51. Baiardini I, Braido F, Bonini M, Compalati E, Canonica GW. Why do doctors and patients not follow guidelines? Curr
Opin Allergy Clin Immunol 2009;9(3):228-233. [doi: 10.1097/ACI.0b013e32832b4651] [Medline: 19390434]

52. Spangenberg JH, Heong KL, Klotzbücher A, Klotzbücher T, Nguyen QA, Tekken V, et al. Doing what with whom?
Stakeholder analysis in a large transdisciplinary research project in South-East Asia. Paddy Water Environ
2018;16(2):321-337. [doi: 10.1007/s10333-018-0634-2]

53. Kang K, Evans K, Simic M, Ferreira P, Bandong AN, Coates S, et al. Impact of an interactive workshop on specialist
physiotherapists' practice when implementing a new clinical care pathway for people with musculoskeletal conditions.
Musculoskelet Sci Pract 2022;57:102466. [doi: 10.1016/j.msksp.2021.102466] [Medline: 34742051]

54. Braun V, Clarke V. Using thematic analysis in psychology. Qualitative Research in Psychology 2006;3(2):77-101. [doi:
10.1191/1478088706qp063oa]

55. Linton SJ, Boersma K. Early identification of patients at risk of developing a persistent back problem: the predictive validity
of the Örebro Musculoskeletal Pain Questionnaire. Clin J Pain 2003;19(2):80-86. [doi: 10.1097/00002508-200303000-00002]
[Medline: 12616177]

56. Campbell P, Hill J, Protheroe J, Afolabi E, Lewis M, Beardmore R, et al. Keele aches and pains study protocol: validity,
acceptability, and feasibility of the Keele STarT MSK tool for subgrouping musculoskeletal patients in primary care. J Pain
Res 2016;9:807-818 [FREE Full text] [doi: 10.2147/JPR.S116614] [Medline: 27789972]

57. Ritchie C, Hendrikz J, Jull G, Elliott J, Sterling M. External validation of a clinical prediction rule to predict full recovery
and ongoing moderate/severe disability following acute whiplash injury. J Orthop Sports Phys Ther 2015;45(4):242-250.
[doi: 10.2519/jospt.2015.5642] [Medline: 25827122]

58. Sterling M, Ritchie C, Rebbeck T, Cameron ID, Griffin A, Jagnoor J, et al. Comparison of the accuracy of WhipPredict to
that of a modified version of the Short-Form Örebro Musculoskeletal Pain Screening Questionnaire to predict poor recovery
after whiplash injury. J Orthop Sports Phys Ther 2021;51(5):207-215. [doi: 10.2519/jospt.2021.9987] [Medline: 33607916]

59. Suri P, Delaney K, Rundell SD, Cherkin DC. Predictive validity of the STarT Back Tool for risk of persistent disabling
back pain in a U.S. primary care setting. Arch Phys Med Rehabil 2018;99(8):1533-1539.e2 [FREE Full text] [doi:
10.1016/j.apmr.2018.02.016] [Medline: 29625095]

60. Fuhro F, Fagundes F, Manzoni A, Costa L, Cabral C. Örebro Musculoskeletal Pain Screening Questionnaire Short-Form
and STarT Back Screening Tool: Correlation and agreement analysis. Spine (Phila Pa 1976) 2016;41(15):E931-E936. [doi:
10.1097/BRS.0000000000001415] [Medline: 26720177]

61. Moore G, Wilding H, Gray K, Castle D. Participatory methods to engage health service users in the development of electronic
health resources: systematic review. J Particip Med 2019;11(1):e11474 [FREE Full text] [doi: 10.2196/11474] [Medline:
33055069]

62. Rebbeck T, Maher CG, Refshauge KM. Evaluating two implementation strategies for whiplash guidelines in physiotherapy:
a cluster randomised trial. Aust J Physiother 2006;52(3):165-174. [doi: 10.1016/s0004-9514(06)70025-3] [Medline:
16942451]

63. Goorts K, Dizon J, Milanese S. The effectiveness of implementation strategies for promoting evidence informed interventions
in allied healthcare: a systematic review. BMC Health Serv Res 2021;21(1):241 [FREE Full text] [doi:
10.1186/s12913-021-06190-0] [Medline: 33736631]

64. Kenwright D, Dai W, Osborne E, Gladman T, Gallagher P, Grainger R. “Just tell me what I need to know to pass the exam!”
Can active flipped learning overcome passivity? TAPS 2017;2(1):1-6. [doi: 10.29060/TAPS.2017-2-1/OA1007]

65. Alfieri FM, da Silva Dias C, de Oliveira NC, Battistella LR. Gamification in musculoskeletal rehabilitation. Curr Rev
Musculoskelet Med 2022;15(6):629-636 [FREE Full text] [doi: 10.1007/s12178-022-09797-w] [Medline: 36301514]

Abbreviations
HCP: health care professional
LBP: low back pain
MSK: muscoluskeletal
PACE: PAthway of CarE
RE-AIM: Reach, Effectiveness, Adoption, Implementation, and Maintenance
SF-ÖMPSQ: Short Form Örebro Musculoskeletal Pain Screening Questionnaire

JMIR Form Res 2025 | vol. 9 | e63780 | p.3488https://formative.jmir.org/2025/1/e63780
(page number not for citation purposes)

Evans et alJMIR FORMATIVE RESEARCH

XSL•FO
RenderX

http://dx.doi.org/10.1136/bjsports-2018-099878
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30826805&dopt=Abstract
https://bmjopen.bmj.com/lookup/pmidlookup?view=long&pmid=37039086
http://dx.doi.org/10.1136/bmjopen-2021-057705
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=37039086&dopt=Abstract
http://dx.doi.org/10.2105/ajph.89.9.1322
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=10474547&dopt=Abstract
http://dx.doi.org/10.1097/ACI.0b013e32832b4651
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19390434&dopt=Abstract
http://dx.doi.org/10.1007/s10333-018-0634-2
http://dx.doi.org/10.1016/j.msksp.2021.102466
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34742051&dopt=Abstract
http://dx.doi.org/10.1191/1478088706qp063oa
http://dx.doi.org/10.1097/00002508-200303000-00002
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=12616177&dopt=Abstract
https://europepmc.org/abstract/MED/27789972
http://dx.doi.org/10.2147/JPR.S116614
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27789972&dopt=Abstract
http://dx.doi.org/10.2519/jospt.2015.5642
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25827122&dopt=Abstract
http://dx.doi.org/10.2519/jospt.2021.9987
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33607916&dopt=Abstract
https://europepmc.org/abstract/MED/29625095
http://dx.doi.org/10.1016/j.apmr.2018.02.016
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29625095&dopt=Abstract
http://dx.doi.org/10.1097/BRS.0000000000001415
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26720177&dopt=Abstract
https://jopm.jmir.org/2019/1/e11474/
http://dx.doi.org/10.2196/11474
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33055069&dopt=Abstract
http://dx.doi.org/10.1016/s0004-9514(06)70025-3
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16942451&dopt=Abstract
https://bmchealthservres.biomedcentral.com/articles/10.1186/s12913-021-06190-0
http://dx.doi.org/10.1186/s12913-021-06190-0
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33736631&dopt=Abstract
http://dx.doi.org/10.29060/TAPS.2017-2-1/OA1007
https://europepmc.org/abstract/MED/36301514
http://dx.doi.org/10.1007/s12178-022-09797-w
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=36301514&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


WAD: whiplash associated disorders
WSLHD: Western Sydney Local Health District
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Abstract

Background: Cognitive assessment is an important component of applied psychology, but limited access and high costs make
these evaluations challenging.

Objective: This study aimed to examine the feasibility of using large language models (LLMs) to create personalized artificial
intelligence–based verbal comprehension tests (AI-BVCTs) for assessing verbal intelligence, in contrast with traditional assessment
methods based on standardized norms.

Methods: We used a within-participants design, comparing scores obtained from AI-BVCTs with those from the Wechsler
Adult Intelligence Scale (WAIS-III) verbal comprehension index (VCI). In total, 8 Hebrew-speaking participants completed both
the VCI and AI-BVCT, the latter being generated using the LLM Claude.

Results: The concordance correlation coefficient (CCC) demonstrated strong agreement between AI-BVCT and VCI scores
(Claude: CCC=.75, 90% CI 0.266-0.933; GPT-4: CCC=.73, 90% CI 0.170-0.935). Pearson correlations further supported these
findings, showing strong associations between VCI and AI-BVCT scores (Claude: r=.84, P<.001; GPT-4: r=.77, P=.02). No
statistically significant differences were found between AI-BVCT and VCI scores (P>.05).

Conclusions: These findings support the potential of LLMs to assess verbal intelligence. The study attests to the promise of
AI-based cognitive tests in increasing the accessibility and affordability of assessment processes, enabling personalized testing.
The research also raises ethical concerns regarding privacy and overreliance on AI in clinical work. Further research with larger
and more diverse samples is needed to establish the validity and reliability of this approach and develop more accurate scoring
procedures.

(JMIR Form Res 2025;9:e68347)   doi:10.2196/68347
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Introduction

Cognitive assessment is one of the core skills of applied
psychologists, and it is considered one of the most important
contributions of scientific psychology to clinical practice [1].
Intelligence tests are widely used to measure individuals’
cognitive abilities. They provide a standardized measure of a
person’s intellectual capacities, aiding in educational placement
and career selection, and identifying potential cognitive
impairments. Intellectual assessment measures serve as valuable
tools in psychology, education, and research, helping identify
gifted individuals, track cognitive development, and evaluate
the effectiveness of interventions [1]. Intelligence tests have
their limitations [2] but their consistent use and refinement over
time have contributed to our understanding of human
intelligence and its variations. Traditionally, the development
of an intelligence test involves an intricate process and the
construction of age- and gender-based norms based on extensive
data collected from a sizable sample representative of the
population [3].

Intelligence tests are designed to assess various cognitive
abilities, such as logical reasoning, problem-solving skills,
spatial awareness, and verbal comprehension [4]. The verbal
comprehension index (VCI) is known for its strong correlation
with the g factor (the hypothesized construct of general
intelligence) [5], and it measures the capability to use language
for reasoning, comprehension, and understanding social norms.
The VCI includes three subtests, that are, similarities,
vocabulary, and information [5].

The significance of a comprehensive psychological assessment
including measures of verbal intelligence cannot be overstated.
[6-10]. The assessment of verbal intelligence also extends to
personality traits crucial for interpersonal interactions, such as
the recognition of emotions and the ability to express oneself
effectively [11]. The comprehensive psychological evaluation
of various populations under different conditions requires a
nuanced understanding of verbal intelligence.

The administration of intelligence tests and the subsequent
interpretation of the results are typically undertaken by
psychologists. These professionals usually possess at least a
master’s degree in psychology or in a related field, which
qualifies them to conduct the tests and analyze the results
accurately and ethically. Intellectual testing is usually
administered in a standardized form, where the individuals being
tested are presented with similar tasks under similar conditions.
The standardized administration process helps ensure an ethical
process and produces valid results, leading to accurate
interpretations [1,10].

The field of intelligence testing still heavily relies on
conventional paper-and-pencil tests, despite recent efforts to
embrace technological advancements. Some current intelligence
testing measures, such as the fifth edition of the Wechsler
Intelligence Scale for Children [12], presuppose the use of
tablets by clinicians to improve the administration and scoring
procedures. Globally, however, the use of technology in
psychological assessment is still developing and to date has had
relatively modest influence.

At the end of 2022, Open AI launched ChatGPT-3.5, a
generative artificial intelligence (GenAI) product based on a
large language model (LLM) trained on abundant text data and
capable of generating human-like responses to text-based inputs
[13]. This open access application set a record as the
fastest-growing consumer application in history [14], making
significant contributions to academia [13], psychology [14-27],
medicine [28], and programming [29]. In March 2023, Anthropic
launched Claude, another GenAI product based on LLM, with
a similar interface to that of ChatGPT but with Hebrew language
capabilities that are considered to be more nuanced and accurate
than those of ChatGPT.

While these technological advances offer promising
opportunities for psychological assessment, it is essential to
acknowledge their current limitations. LLMs cannot replace
comprehensive clinical evaluations, as they lack the ability to
observe crucial behavioral cues, interpret complex clinical
contexts, or make nuanced professional judgments. Therefore,
any application of AI in cognitive testing must be viewed as a
potential supportive tool requiring professional oversight.

This pilot study represents an innovative endeavor in the field
of GenAI and its application in psychological assessment,
serving as a proof-of-concept investigation into the feasibility
of using LLMs for verbal comprehension testing. Rather than
aiming to validate these tools across a large population, our
primary objective was to demonstrate whether LLMs can, in
principle, generate personalized verbal comprehension
assessments that produce results comparable to standardized
tests. Central to this study is the development of a personalized
cognitive test comprising 30 questions without human norms
(artificial intelligence [AI]–based verbal comprehension test
[AI-BVCT]). Unlike standard testing procedures, this approach
does not rely on pre-established diagnostic tools but uses the
algorithmic capabilities of the LLM to encode, assess, and
calculate verbal intelligence scores.

A critical aspect of this study is the comparative analysis
conducted between the AI-BVCT results and those obtained
from the VCI, under the supervision of an expert psychologist.
To establish the basic viability of this approach, we conducted
a focused comparison between AI-generated tests and traditional
assessments on a small sample. We hypothesized that the
differences between the AI-BVCT and traditional VCI scores
would be within half an (SD 7.5), indicating a high level of
accuracy and that the correlation between the AI-BVCT and
the VCI would be high, demonstrating accurate cognitive
ranking across participants. By focusing exclusively on verbal
comprehension abilities, the study aims to establish proof of
concept for how LLMs can contribute to psychological testing,
emphasizing the potential for new personalized and dynamic
testing methodologies.

Methods

Overview
This study used 2 LLMs: GPT-4 (OpenAI) and Claude
(Anthropic). Data collection occurred in September 2023. The
selection of these models was based on several key
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considerations. At the time of the study, these models
represented the most advanced capabilities in natural language
processing, particularly for the Hebrew language. Claude
demonstrated superior proficiency in Hebrew language
processing and a nuanced understanding of cultural context,
making it our primary choice for generating the AI-BVCT. Both
models were used to evaluate participants' responses, allowing
for a comparison between different approaches to language
model development. The use of models from different leading
companies (OpenAI and Anthropic) enabled us to examine
various approaches to language model development and training,
providing a broader context for our findings. It is important to
note that this selection limits the study to Western commercial
models and does not include open-source models or those
developed in other cultural contexts. This limitation will be
discussed further in the paper. We did not alter their default
settings when using these models. We used the standard chat
interface provided by the companies, without special
adjustments to hyperparameters such as temperature or top-k.
An additional limitation of these tools is their ownership by
commercial entities, which restricts full transparency of their
training and development processes. It is also worth noting that
the field of LLMs is rapidly evolving, and more advanced
models have become available since the study was conducted.

Participants
This pilot study included 8 native Hebrew-speaking volunteer
participants (4 females), aged 28.5 (SD 2.13) years. The
participants were recruited through random sampling, facilitated
by a research assistant who distributed targeted recruitment
notices to undergraduate and graduate psychology students at
Max Stern Yezreel Valley College. The recruitment process
extended over a 2-month period, during which participants
volunteered without compensation. The recruitment notices

specifically outlined the study’s objectives and requirements,
ensuring informed participation. All participants who initially
enrolled completed the study in its entirety, with no withdrawals
recorded during the research period. The participants were
selected from the student population due to their accessibility
and their presumed average to above-average cognitive abilities,
which were deemed appropriate for this pilot study. However,
we acknowledge the limitations of this small, nonrepresentative
sample, which are addressed in detail in the limitations section
of this paper.

Research Design and Procedure
The study used a within-participants design, with each
participant undergoing 2 cognitive tests: the VCI from the
WAIS-III, and a personalized AI-BVCT generated by the LLM
Claude system.

After each participant underwent the VCI test, the participant’s
age and gender were entered into the LLM Claude system,
together with a prompt to generate a personalized AI-BVCT to
measure the participant’s verbal intelligence. In the next stage,
the participant was required to respond to the AI-BVCT. The
participant’s responses were then fed into 2 separate LLMs,
Claude and GPT-4, with a prompt containing scoring
instructions. To ensure the reliability of the scoring across
different runs, each participant’s responses were entered into
each of the 2 models 10 times, using a separate tab for each
iteration. As a result, each participant received a total of 20
scores (10 from each model) on the AI-BVCT.

Finally, we compared the participant’s results on the VCI test
and their performance on the AI-BVCT to examine the degree
of concordance and accuracy of the test developed by the LLM
system. A schematic representation of the study procedure is
provided in Figure 1.
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Figure 1. Schematic representation of the study procedure for assessing verbal comprehension using AI-based tests in a proof-of-concept study of
Hebrew-speaking university students (N=8) in Israel, September 2023. AI-BVCT: artificial intelligence-based verbal comprehension tests; LLM: large
language models; VCI: verbal comprehension index.

Materials

The VCI

Overview

The VCI is an index designed to assess verbal abilities, such as
verbal concept formation and reasoning skills. This index is
part of the Wechsler Adult Intelligence Scale-3 (WAIS-III;
[30]), which measures various cognitive abilities in adults. VCI
scores are normalized with a mean of 100 and an SD of 15 [31].
The WAIS-III was used in this study as it represents the most
recent version of the WAIS-III that has been officially translated,
adapted, and normalized for Hebrew-speaking populations in
Israel. While newer versions exist, they have not yet been
standardized for Hebrew-speaking populations.

The index consists of three subtests: (1) similarities, which
measures the ability to identify commonalities between terms;
(2) vocabulary, which measures the understanding and use of
words; and (3) information, which measures general knowledge
and the ability to provide factual information [5]. The VCI score
is calculated by combining the 3 subtests.

VCI Scoring

Scoring was performed according to the accepted scoring
manual. Each question was assigned a score of 0-2 based on
the acceptable responses provided in the scoring guide. The

calculation of standard scores and results was conducted in
accordance with the guidelines established in the WAIS manual.

Personalized AI-Based Verbal Comprehension Test

Generating the Personalized AI-BVCT

The LLM Claude (Anthropic, Ltd) was used for generating a
personalized cognitive test for each participant. We used Claude
because at the time the study was conducted its performance in
Hebrew was considered superior to those of other LLMs, such
as GPT-4 or Bard. To generate the AI-BVCT, we composed a
request for Claude to develop a 30-item verbal intelligence test,
having provided the participant’s age and gender. The inclusion
of age information was intended to ensure age-appropriate
content and difficulty level, similar to standardized tests. Gender
information was provided to account for the gendered nature
of the Hebrew language in question phrasing, although the
content and difficulty of questions were not intended to differ
based on gender. To enhance the quality of the test, we also
provided examples of questions to guide Claude in shaping
questions with the appropriate structure and difficulty level.
Specifically, we provided 3 sample items for each of the 3
intelligence levels, which consist of low (<70), medium
(90-110), and high (>125) for each of the subtests.

Personalized AI-BVCT Prompt

The prompt that was entered into Claude are shown in Textbox
1.
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Textbox 1. Prompt for constructing a verbal intelligence test with artificial intelligence.

Cognitive Assessment

• Act as a professor of psychology specializing in psychodiagnostics and psychometrics. Please create a 30-question test that can assess the verbal
intelligence score of an X-year-old Hebrew-speaking man or woman. Try to create questions whose answers will be as similar as possible to the
results of the verbal intelligence WAIS 3 test in the verbal intelligence index, which includes a vocabulary test (defining words at increasingly
difficult levels), common denominator (finding a semantic common denominator between words at increasingly difficult levels), and general
knowledge (general knowledge at increasingly difficult levels). Construct the questions so that they can give as accurate a score as possible in
the range of 50-150. This means that some questions should be very easy and some very difficult. Build questions that can be answered via the
chat box, without any human intervention, and without questions requiring additional tools other than the chat itself.

To refine your ability to build questions at different difficulty levels, you are given examples.

• Vocabulary: (1) Here are some words for which the level of difficulty to define for a 30-year-old adult is hard and reflects a higher than average
verbal intelligence (verbal intelligence level 125 and above): obelisk, orthography, ether, allegory, atom. (2) Here are some words for which the
level of difficulty to define for a 30-year-old adult is medium and reflects average verbal intelligence (verbal intelligence level 90-110): fortification,
settlement, takeover, degeneration, outsmarting. (3) Here are some words for which the level of difficulty to define for a 30-year-old adult is
easy and reflects much lower-than-average verbal intelligence (verbal intelligence level 70 and below: table, chair, cupboard, sofa, television

• SimList Paragraphilarities: (1) Here are some words for which the level of difficulty to find a common denominator for a 30-year-old adult is
hard and reflects higher than average verbal intelligence (verbal intelligence level 125 and above): clothes and food, dream and reality, life and
death, light and darkness, sky and earth. (2) Here are some words for which the level of difficulty to find a common denominator for a 30-year-old
adult is medium and reflects average verbal intelligence (verbal intelligence level 90-110): wave and wind, freedom and imprisonment, land and
sea, inside and outside, number and letter. (3) Here are some words for which the level of difficulty to find a common denominator for a 30-year-old
adult is easy and reflects much lower than average verbal intelligence (verbal intelligence level 70 and below). Fork and knife, ball and football,
rain and snow, dog and cat, pants and shirt.

• General Knowledge: (1) Here are some questions that reflect high general knowledge of a 30-year-old adult reflecting higher than average verbal
intelligence (verbal intelligence level 125 and above): Who painted “The Scream”? Who wrote the Odyssey? In which century did Beethoven
live? In which sea are the Maldives Islands located? What is the biological component that converts RNA to protein? (2) Here are some questions
that reflect the medium general knowledge of a 30-year-old adult reflecting average verbal intelligence (verbal intelligence level 90-110): Who
was the first king of Israel according to the Bible? Who invented the telephone? In which country is the famous Himalayan Mountain, Everest,
located? In which year did World War II end? Who was Nelson Mandela? (3) Here are some questions that reflect the low general knowledge
of a 30-year-old adult reflecting much lower than average verbal intelligence (verbal intelligence level 70 and below): What is the vehicle that
moves over water and carries people? On which Israeli holiday is it customary to light candles? What animal is the king of animals? What is the
name of the first month of the Gregorian calendar? What shape do most balls have?

• Now build the test to assess verbal intelligence. The examples provided to you are meant to reflect different levels of difficulty to help you build
a test sensitive to a score range of 50-150. You don't need to build the questions in the same structure as the examples (common denominator,
vocabulary, and knowledge).

The AI-BVCT Scoring

After the participants completed the AI-BVCT, their responses
to the test questions were entered into 2 LLMs, Claude and
GPT-4, for evaluation and scoring. The LLMs were instructed
to review and grade the participants’ responses to each of the
30 questions, assigning a score ranging from 0 to 2 for each
answer (0=incorrect, 1=partial answer, and 2=full answer),
making the total possible score range 0-60. Given the
assumption that the test has a normal distribution of difficulty
levels, correctly answering half the test questions (15 correct
answers score of 30) is considered equivalent to a verbal IQ
score of 100, correctly answering all test questions (30 correct
answers, a raw score of 60) indicates a verbal IQ score of 150.
Consequently, each point above or below 30 in the AI-BVCT

corresponds to an IQ change of 1.67 points. For example, the
IQ score of participants whose AI-BVCT was determined to be
31 would be 101.67. To increase reliability and avoid random
errors, each participant’s responses were entered into each of
the LLM 10 times.

The scoring process sought to address 2 main challenges. The
first is that the LLMs struggle to perform numeric summation
consistently. The second concerns certain cases where the LLMs
incorrectly classify a correct response as incorrect or an incorrect
response as correct. To address these challenges, we took two
steps: (1) an MA student in psychology manually scored each
participant’s responses to the AI-BVCT and (2) the automatic
scoring process was supervised by the researchers regarding
two key criteria in Textbox 2.
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Textbox 2. Correction criteria for artificial intelligence–based scoring errors.

• In cases where there was an error in summing the number of correct responses into a total score [For example, in a case where a participant
correctly answered 10 questions (2 points each) and partially answered 10 questions (1 point each), the large language model (LLM) erroneously
calculated a total score of 29 instead of the correct 30], the LLMs were instructed: “You have summed the cases incorrectly, please re-sum.”

• In extreme cases where the LLMs assigned a score of 2 when the human scorer assigned a score of 0, or vice versa [For example, when asked
to define “ambivalence,” a participant responded: “Ambivalence is the simultaneous existence of conflicting attitudes or emotions towards an
object or situation.” The human rater scored this as fully correct (2 points), but the LLM incorrectly assigned 0 points.], we instructed the LLMs:
“You have made an error on question number X, classifying it as incorrect when it is correct. Please adjust the score accordingly.” While this
correction process was necessary for this proof-of-concept study, we acknowledge that such iterative adjustments could potentially introduce
bias. Future implementations should consider automated validation methods and more structured scoring protocols to minimize human intervention.

Prompt for Reviewing the Personalized AI-BVCT

The prompt used is outlined in Textbox 3.

Textbox 3. Prompt for reviewing and scoring artificial intelligence–based verbal comprehension test (AI-BVCT) responses.

(Insert the participant's responses to the test questions here)

Your task now is to create a table in the following order

• In column 1, write the question and its number.

• In column 2, write the participant’s answer.

• In column 3, carefully review each question based on your knowledge. Cross-reference different information sources and score according to the
following key: a correct answer receives a score of 2. A partial or not entirely accurate answer receives a score of 1. Also, give a score of 1 for
a slight inaccuracy. An entirely incorrect answer or a statement from the participant that they do not know the answer receives a score of 0. Ignore
spelling errors in the scoring.

• In column 4, indicate the cumulative score accumulated throughout the questions.

• Below the table, write how many correct and partially correct answers there were out of 30 and calculate the intermediate score by accurately
summing the scores obtained in step c. Caution: Please ensure the sum is correct before submitting the answer.

• Perform an additional calculation, this time counting the number of errors separately and noting it.

• Verify that the number of correct, partially correct, and incorrect answers adds up correctly to a total of 30 questions.

• After verification, indicate the final intermediate score at the end-this should be the score calculated in section e.

Prompt for Scoring the Personalized AI-BVCT

The following prompts were used:

(Insert the intermediate score obtained from the
AI-BVCT here)

Now you need to convert the obtained score to a new
score. First, create a heading: “Final Score
Calculation”

Calculation method: If the participant received an
intermediate score of 30 by answering 15 questions
correctly with 2 points each, they will receive a score
of 100. For each point above the intermediate score
of 30, add 1.67 points (a participant who received an
intermediate score of 31 will receive a final score of
101.67). The same applies in reverse for scores below
15 correct answers; they will receive below 100 in a
similar ratio.

Ethical Considerations
This study was approved by the institutional review board of
Max Stern Yezreel Valley College (approval number: YVC
2023-66). All participants provided written informed consent
after receiving a comprehensive explanation of the research
procedures and objectives. Data were collected anonymously

and stored securely with access restricted to the research team.
All identifying information was removed from responses before
analysis. Participants received course credit as compensation
for their participation. No personally identifiable information
or images were included in the study materials or findings.

Statistical Analysis
To assess the agreement between the AI-BVCTs and the VCI
scores, we computed the intraclass correlation coefficient (ICC)
and Bland-Altman limits of agreement (LoA; a method to assess
agreement between 2 different measurement techniques by
plotting the differences against the averages of the 2 measures).
We also calculated the concordance correlation coefficient
(CCC) to evaluate the agreement between the AI-BVCTs and
the VCI scores (CCC measures the degree to which pairs of
observations fall on the 45° line through the origin, indicating
perfect agreement). We used Pearson correlations to examine
the association between the VCI score, AI-BVCT Claude 2
scores, and AI-BVCT GPT-4 scores. The reliability of the
AI-BVCTs was assessed using internal consistency (Cronbach
α).

To test the hypothesis that the differences between the
AI-BVCTs and VCI scores would be bounded within
equivalence bounds of 15 points, we conducted Two One-Sided
Tests (TOST) and paired-samples t test (TOST, used to establish
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statistical equivalence between 2 measures). We compared the
proportion of AI-BVCT Claude 2 and GPT-4 scores falling
within the 95% WAIS CI using a z test.

Finally, we used a generalized mixed model to investigate the
differences between the AI-BVCT Claude 2 scores and GPT-4
scores and their interaction with the VCI scores. We conducted
post hoc comparisons to examine the differences between the
LLMs at various levels of VCI (mean, SD 1) using Jamovi
(version 2.3.28).

Results

Preliminary Analysis
First, we examined the reliability of the 10 AI-BVCTs generated
by each LLM. Both LLMs had high internal consistency
(AI-BVCT Claude 2: α=.988, AI-BVCT GPT-4: α=.986). Next,
we computed the ICC to assess the agreement between the
AI-BVCTs and VCI scores. The ICC was 0.961 (95% CI
0.872-0.991; 2-way mixed, average measures, absolute
agreement), which is considered excellent reliability [32].

We then proceed to calculate Bland-Altman LoA (Figure 2) and
the CCC.

Figure 2. Bland-Altman plots demonstrating agreement between VCI scores and AI-generated verbal comprehension test scores in Hebrew-speaking
university students (N=8): A comparison of traditional and AI-based assessment methods. Study conducted in Israel, September 2023. LoA: limits of
agreement.

For AI-BVCT Claude 2, the Bland-Altman LoA indicated that
the mean bias (4.64) was not significantly different from 0 (95%
CI –0.10 to 9.38), the lower LoA was –6.48 (90% CI –11.78 to
1.18), and the upper LoA was 15.76 (90% CI 10.47-21.06). The
CCC was 0.752 (90% CI 0.266-0.933), which is considered an
almost excellent agreement.

For AI-BVCT GPT-4, the Bland-Altman LoA indicated that
the mean bias (2.91) was not significantly different from 0 (95%
CI –2.61 to 8.43), the lower LoA was –10.04 (90% CI –16.21
to –3.87), and the upper LoA was 15.86 (90% CI 9.70-22.03).
The CCC was 0.733 (90% CI 0.170-0.935), which is considered
an almost excellent agreement [33].

Following these results, we found high Pearson correlations
between the VCI score and AI-BVCT Claude 2 scores (r=0.844,
P<.001), the VCI score and AI-BVCT GPT-4 scores (r=0.771,
P=.02), and AI-BVCT Claude 2 and AI-BVCT GPT-4 scores
(r=0.866, P=.01).

In sum, the verbal IQ-like scoring of the AI-BVCTs generated
by the LLMs was found to be reliable.

Hypothesis Testing
We hypothesized that the differences between the AI-BVCTs
and VCI scores, if any, would be bounded within equivalence
bounds of 15 points (half an SD of an IQ score), and examined
it using a TOST paired-samples t test (Figure 3).

No difference was found between Claude 2 AI-BVCT scores
(108.48, SD 10.43) and the VCI score (113.12, SD 9.78;
t7=–2.31, P=.05). The mean difference between the VCI and
AI-BVCT scores was –4.64, with a 90% CI of –10.65 to 1.37.
The 2 one-sided tests were statistically significant, with the
score difference significantly higher than the lower bound of
–15 (t7=5.16, P<.001), and the score difference significantly
lower than the upper bound of 15 (t7=–9.78, P<.001).

No difference was found between the GPT-4 AI-BVCT scores
(110.21, SD 9.75) and the VCI score (113.12, SD 9.78; t7=–1.24,
P=.25). The mean difference between the VCI and AI-BVCT
scores was –2.91, with 90% CI of –9.91 to 4.09. The 2 one-sided
tests were statistically significant, with the score difference
significantly higher than the lower bound of –15 (t7= 5.17,
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P<.001), and the score difference significantly lower than the
upper bound of 15 (t7=–7.66, P<.001).

In conclusion, the IQ scores derived from the AI-BVCTs can
be seen as equivalent on average to the VCI IQ scores.

Next, we examined whether the scores of the AI-BVCTs were
within the range of the 95% WAIS CIs (Table 1). 5 out of 8
AI-BVCT Claude 2 scores (62.5%) and 75% of AI-BVCT
GPT-4 scores were within the confidence intervals. The 2
proportions were significantly different (z=–0.53, P=.59).

Figure 3. Comparison of VCI scores with AI-BVCT scores from two language models (Claude and GPT-4) in Hebrew-speaking university students
(N=8), Israel, September 2023, demonstrating score equivalence within predetermined bounds (SD 15 points). AI-BVCT: artificial intelligence-based
verbal comprehension tests.

Table 1. Comparison of individual VCIsa with artificial intelligence–generated test scores: analysis of score agreement within WAISb CIs in
Hebrew-Speaking University Students (N=8) from Northern Israel, September 2023.

AI-BVCT Claude 2 scoresAI-BVCTc GPT-4 scoresWAIS (95% CI)VCI score

X or VScoresXd or VeScores

X118.70X110.55119-1311261

X97.32V105.51103-1141092

V115.43V116.86106-1171123

V101.50V101.3494-1061004

X105.00X112.35110-1211165

V110.34V108.87104-1151106

V124.21V128.86119-1311267

V95.33V97.3291-102968

5/8 (62.5%)—6/8 (75%)———fTotal

aVCI: verbal comprehension index.
bWAIS: Wechsler Adult Intelligence Scale.
cAI-BVCT: artificial intelligence–based verbal comprehension tests.
dX: Score outside the WAIS 95% CI.
eV: Score within the WAIS 95% CI.
fNot applicable.

Differences in AI-BVCT Scores Between the LLMs
Based on these findings, we examined the differences between
the 2 LLMs and their interaction with the VCI score using a
generalized mixed model (Figure 4). The 2 LLM scores were

significantly different (χ²1=7.2, P<.001), with AI-BVCT GPT-4
having a higher mean score (109.86, SD 1.73) than AI-BVCT
Claude 2 (108.08, SD 1.71). The difference between the LLMs
interacted with the VCI score (χ²1=3.9, P=.04), so at 1 SD below
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the mean (103.90), GPT-4 (103.18, SD 2.28) estimated the
AI-BVCT score significantly higher than Claude 2 (100.31, SD
2.21; z=–3.08, P=.01). At the mean (113.08), GPT-4 (109.86,
SD 1.74) estimated the AI-BVCT score significantly higher
than Claude 2 (108.07, SD 1.72; z=–2.68, P=.01) but at 1 SD
above the mean (122.27), GPT-4 (116.97, SD 2.58) was not
significantly different than Claude 2 (116.44, SD 2.57; z=–0.53,
P=.59).

These results suggest that Claude 2 underestimated and GPT-4
more closely estimated the true VCI scores, except for the higher
VCI scores, where no difference was found between the LLMs.
Both LLMs underestimated the true VCI scores at the mean and
1 SD above the mean levels. These results should be interpreted
cautiously because the sample size was small and individuals
with lower IQ than the mean were underrepresented.

Figure 4. Differential performance of language models (Claude vs GPT-4) in VCI estimation across intelligence levels in Hebrew-speaking university
students (N=8), Israel, September 2023. GPT-4 demonstrated superior estimation accuracy at both -1 SD below mean and mean levels. AI-BVCT:
artificial intelligence-based verbal comprehension tests. **p<0.001.

Discussion

Principal Findings
The present proof of concept study successfully demonstrated
the potential feasibility of using LLMs to generate AI-based
verbal comprehension tests. While the sample size was small,
as appropriate for an initial feasibility investigation, the strong
agreement between AI-BVCT and VCI scores provides
compelling preliminary evidence that LLMs can generate
psychologically meaningful assessments. However, it is
important to note that these findings are based on a student
population with above-average intelligence, and the application
of this approach to broader populations requires careful
consideration. The cognitive profile of university students differs
systematically from the general population, particularly from
clinical populations or individuals with below-average
intelligence, and these differences might affect how LLMs
interpret and score responses.

The findings showed a high ICC between the AI-BVCT and
the VCI scores, indicating that the AI-generated test effectively
discriminated between individuals with different verbal
intelligence levels, ranking them similarly to the VCI. A
paired-sample t test found no significant differences between
the AI-BVCT scores and the VCI scores, demonstrating that
the AI-generated test was properly calibrated to yield scores
comparable to the traditional VCI. Finally, AI-BVCT scores
fell within the 95% CI of the VCI scores, providing additional

evidence that the AI-generated scores were consistent with what
would be expected based on the well-established VCI measure.
These preliminary results suggest that LLMs show promise in
differentiating between individuals with varying verbal
intelligence levels and produce scores that appear to correlate
with the traditional VCI test. Further research with larger and
more diverse samples is needed to fully establish the reliability
and validity of this approach.

The findings of the present proof of concept study provide
preliminary evidence that LLMs have the potential to contribute
to the field of psychodiagnostics. The ability to accurately assess
verbal skills is associated with the diagnosis of significant
clinical states [6-10,27]. The results suggest that we may be on
the cusp of a transformative moment in psychological
assessments, a field that has not been substantially affected by
technological advancements. The demonstrated capacity of
LLMs to “understand” and process language at a high level
holds immense promise for the diagnostic process.

Nevertheless, the process of coding and scoring responses still
requires significant human involvement. We found that at times
LLMs have difficulty with determining whether a particular
answer is correct or incorrect and with accurately adding up
scores. Specifically, we identified 2 main types of errors in
using LLMs for scoring verbal intelligence tests. The primary
issue was with summing up the scores accurately, which
occurred frequently. In addition, there were a few instances
where the LLMs did not provide correct scoring, although these
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cases were not numerous. These challenges highlight the current
limitations of LLMs in performing precise numerical
calculations and occasional misinterpretations in scoring criteria.
This situation requires a “human-in-the-loop” for supervision
and correction. The need for human oversight is crucial in
verifying the accuracy of score summations and ensuring
the correct application of scoring criteria. In the future, with
improvements in prompting techniques or the development of
more powerful models, these issues may diminish. Potential
improvements could include enhancing the LLMs’ numerical
computation abilities, refining the prompts to emphasize careful
score tallying, and developing more robust error-checking
mechanisms within the AI system. These advancements could
significantly reduce the frequency of calculation errors and
improve the overall accuracy of automated scoring. At present,
human involvement remains essential to ensure the accuracy of
the process.

In addition, we observed differences in scoring patterns between
Claude 2 and GPT-4, with GPT-4 providing estimates closer to
true VCI scores, especially for lower VCI scores. However,
both LLMs underestimated scores at the mean and higher levels.
While these differences may stem from varying capabilities in
handling linguistic nuances and contextual understanding,
particularly in Hebrew, the exact reasons remain unclear and
may be temporary due to ongoing model updates. This finding
highlights the importance of comparative analyses between
LLM platforms in AI-based assessments. Future research should
investigate these differences with larger, more diverse samples
to ensure reliability across platforms. This underscores the need
for ongoing monitoring and evaluation in the development of
AI-assisted psychological assessment tools.

The preliminary findings of this study have several potential
implications for the field of psychodiagnostics. One of the most
significant is the potential of AI-based cognitive tests to make
assessment processes more widely accessible and affordable.
Traditional cognitive assessments are often expensive and
require administration by trained psychologists, limiting their
availability to a relatively small subset of the population,
primarily those with suspected clinical difficulties. In the future
AI-based cognitive tests may be easily generated and
administered without the need for a psychologist’s involvement,
significantly reducing the associated costs. This could make
cognitive assessments more readily available to a broader range
of individuals, beyond those with clinical indications. The
adaptability of AI-based tests could facilitate their translation
and adaptation for use in different cultural and linguistic settings,
further expanding their reach [15,22,27].

LLMs enable personalized testing tailored to each individual’s
unique characteristics and needs. This adaptive approach allows
for the dynamic selection of item difficulty based on the
examinee’s performance, ensuring that the test is optimally
challenging and informative. Such personalized testing can be
particularly beneficial in cases that require repeated assessments
over time, such as monitoring cognitive decline [34]. By
generating novel items for each administration, AI-based tests
can minimize practice effects and provide a more accurate
measure of an individual’s cognitive abilities.

The flexibility of AI-generated tests opens up new possibilities
for expanding our understanding of cognitive functioning across
diverse populations. Large-scale modeling of population
distributions for various cognitive attributes may eventually
enable the creation of customized norms that consider a wide
range of factors, beyond age and gender. For example, norms
could be tailored to specific learning disabilities, socioeconomic
backgrounds, cultural contexts, and more [35]. This level of
customization would allow for a more nuanced and
comprehensive assessment of an individual’s strengths and
weaknesses. As LLMs continue to advance, we will likely see
an increasing integration of these technologies into
psychological assessment practices, leading to a new era of
personalized and data-driven cognitive evaluation.

Despite the many positive implications demonstrated in this
preliminary pilot study, consideration must also be given to the
potential risks involved. Most significantly, the present pilot
demonstrates the capability of LLMs to perform the technical
aspects of test administration, such as test generation, coding,
and scoring. Other aspects, like evaluating the context created
during the assessment, identifying additional factors through
clinical observation such as body language, or discerning
problem-solving patterns, were not demonstrated in the current
study. It remains uncertain whether LLMs will be able to
perform these functions in the near future. In other words, the
current research showed the ability to arrive at a similar score
as a professional assessment but did not seek to identify or
predict factors that may resolve or exacerbate difficulties.

Ethical Implications and Safeguards
The potential integration of AI-based cognitive assessment tools
into psychological practice, even at this preliminary stage, raises
important ethical considerations. Drawing from established
professional guidelines, including those of major psychological
associations, several key ethical domains require attention as
this technology develops: protection of individual rights,
professional oversight, prevention of misuse, concerns regarding
epistemic authority, and current technological limitations [36].

First, privacy and data protection must be paramount [37]. While
AI-based assessments could increase accessibility, they also
create risks of unauthorized data collection. Professional
psychological testing committees emphasize the need for (1)
secure data handling protocols, (2) clear consent procedures
specifically addressing AI involvement, and (3) strict limitations
on data access and retention. These foundational requirements
would need further development and validation in larger-scale
studies.

Second, the risk of commercial misuse must be addressed
through appropriate safeguards [38]. Based on our preliminary
findings, key protections should include (1) explicit prohibition
of covert cognitive profiling, (2) requirements for professional
oversight, and (3) clear limitations on acceptable use cases.
While these initial recommendations provide a framework,
comprehensive protocols would need to be developed through
extensive consultation with professional bodies and validation
in clinical settings.
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Third, professional standards and oversight are essential. Initial
recommendations include maintaining clear boundaries between
commercial applications and clinical assessment, requiring
professional interpretation of results, and establishing guidelines
for identifying and mitigating potential harm [39]. Regular
consultation with senior clinical and neuropsychological
professionals would be crucial in developing these standards
as both the technology and its applications evolve.

Fourth, there is significant concern about overreliance on AI
systems, which may be regarded as “all-knowing” with their
recommendations taken as absolute [22,27]. This relates to the
concept of epistemic authority, which is particularly concerning
when working with vulnerable populations such as those with
mental health challenges [40]. Professional guidelines emphasize
that AI systems should serve only as supportive tools, with
ultimate judgment residing with qualified clinicians. This
requires (1) clear documentation of AI limitations, (2) training
for professionals on appropriate AI integration, and (3)
maintenance of critical evaluation practices.

Fifth, our findings highlight important limitations in current AI
capabilities. While this study demonstrated the potential for
automating technical aspects like test administration and scoring,
critical clinical functions, such as observing nonverbal behavior,
evaluating problem-solving patterns, and understanding broader
context — remain beyond AI capabilities. In addition, the use
of public AI models raises specific privacy concerns, as these
systems are often trained on user data. Any clinical
implementation would require dedicated, secure systems with
proper privacy safeguards. Professional guidelines emphasize
that validation must go beyond simple score comparison to
include a comprehensive assessment of clinical utility and
potential risks [27].

The implementation of these safeguards requires ongoing
collaboration between AI developers, mental health
professionals, and regulatory bodies. Regular consultation with
senior clinical, neuropsychological, and educational
psychologists will be essential for updating and refining these
protocols as both AI capabilities and potential risks continue to
evolve. Further research and broader professional consultation
will be crucial to establish comprehensive ethical guidelines
that protect individual rights while allowing beneficial
applications of this emerging technology.

Study Limitations and Further Studies
While this pilot study included only 8 participants, this sample
size was appropriate for our primary aim of demonstrating proof
of concept. The strong correlation between AI-generated and
traditional test scores, even in this small sample, provides
compelling initial evidence for the feasibility of this approach.
However, as this study was designed to demonstrate basic

viability rather than population-level validation, further research
with larger and more diverse samples is required to fully
establish the viability of AI-generated testing. Moreover, the
small sample was relatively homogeneous in education level
and did not represent the full variation in the population. The
intelligence examined was high, therefore the study did not take
into account lower levels of intelligence. This represents range
restriction, and it is possible that at lower levels the results
would be different. Further research with larger and more
diverse samples is required to fully establish the viability of
AI-generated testing. Moreover, the study included a normative
population, and future research should also examine populations
with diverse cognitive disabilities (eg, learning disability).
Another limitation is that the study was conducted in Hebrew;
future research needs to examine the capabilities of LLMs in
other languages as well.

Overall, these findings provide preliminary support for the use
of LLMs in generating valid verbal intelligence assessments
without reliance on normative data. The personalized approach
allowed the creation of an individualized test tailored to the
participant's age and gender background. This study was the
first to examine the capabilities of AI in cognitive assessment
and intelligence testing as a proof of concept. Given the pilot
nature of the research, many additional studies are needed to
further validate these initial findings in both the general
population and in diverse clinical groups. As a preliminary
investigation in this domain, the study helps lay the foundation
for psychological testing by AI and serves as a proof of concept.
Yet, considerably more research is required to fully characterize
the use of AI for psychological testing across populations. This
pilot study alone is insufficient to draw definitive conclusions,
underscoring the need for rigorous continued inquiry in this
nascent area. The findings expand the existing knowledge
regarding what we know about AI in several aspects, including
the ability to create a test and diagnose medical and
psychological aspects. It represents an important first step in
harnessing LLMs for innovative advances in psychological
assessment. The ability to automate test development and
scoring shows great promise in making testing more efficient,
accessible, and personalized. As LLMs continue to evolve in
sophistication, their integration can meaningfully augment and
potentially transform standard practices in the field.

Conclusion
This preliminary study explores the potential of LLMs in
generating personalized verbal intelligence tests. While our
initial findings are promising, they highlight both opportunities
and challenges in using AI for psychological assessments.
Further research with larger, more diverse samples is necessary
to validate these results and address the ethical considerations
of integrating AI into psychological testing practices.
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Abstract

Background: Stress is a pervasive issue in modern society, manifesting in various forms such as emotional, physical, and
work-related stress, each with distinct impacts on individuals and society. Traditional stress studies often rely on psychological,
performance, or social tests; however, recently, immersive virtual reality (VR), which provides a sense of presence and natural
interaction, offers the opportunity to simulate real-world tasks and stressors in controlled environments. Despite its potential, the
use of VR to investigate the multifaceted manifestations of stress has not been thoroughly explored.

Objective: This study aimed to explore the feasibility of using a VR-based platform, bWell, to elicit multifaceted stress responses
and measure the resulting behavioral and physiological changes. Specifically, we aimed to design various VR stress exercises
based on neurocardiac models to systematically test cardiac functioning within specific contexts of self-regulation (executive
functioning, physical efforts, and emotional regulation).

Methods: The development process adhered to guidelines for VR clinical trials and complex health interventions, encompassing
3 phases: preparation, development, and verification. The preparation phase involved a comprehensive literature review to establish
links between stress, the heart, and the brain, leading to the formulation of a conceptual model based on the Neurovisceral
Integration Model (NVIM) and Vagal Tank Theory (VTT). The development phase involved designing VR exercises targeting
specific stressors and integrating physiological sensors such as photoplethysmography (PPG) and electromyography (EMG) to
capture heart rate variability (HRV) and facial expressions. The verification phase, conducted with a small number of trials, aimed
to design a study and implement a workflow for testing the feasibility, acceptability, and tolerability of the VR exercises. In
addition, the potential for capturing physiological measures along with subjective ratings of stress for specific dimensions was
assessed.

Results: Verification trials demonstrated that the VR exercises were well tolerated, with negligible cybersickness and high user
engagement. The different VR exercises successfully elicited the intended stress demands, along with the physiological responses.

Conclusions: The study presents a novel VR-based experimental setup that allows a systematic and individualized assessment
of stress responses, paving the way for future research to identify features that confer stress resilience and help individuals manage
stress effectively. While our conceptual model highlights the role of HRV in providing valuable insights into stress responses,
future research will involve multivariate and machine learning analyses to predict individual stress responses based on
comprehensive sensor data, including EMG and the VR-based behavioral data, ultimately guiding personalized stress management
interventions.

(JMIR Form Res 2025;9:e64492)   doi:10.2196/64492
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Introduction

Background
A rising problem in our society is stress, with serious burdens
imposed on individuals and society by different types of
stressors, such as emotional stress, physical stress, and work
stress [1,2]. The multifaceted nature of stress makes it even
more problematic, with different stressors yielding different
responses and consequences. For example, increased workload
and time pressure has led to increased mental stress [3].
Similarly, in recent years, there has been an increase in
emotional, behavioral, and psychological stress due to the
COVID-19 pandemic [4,5].

Cumulative evidence from studies of stress neurobiology
indicates individual variability in how people respond to stress.
While for some individuals, stress can lead to negative outcomes
(eg, deterioration of physical and mental health), other
individuals may not be affected to that extent [6,7]. Identifying
the risk factors that make a person vulnerable to negative
consequences of stress would allow timely detection and
intervention. By contrast, identifying and delineating the
individual features that potentially confer stress resilience
(defined as the ability of most people to maintain normal
functioning even under extreme stress) is important in helping
individuals reach their full potential. Factors that confer
resilience include genetic predisposition, age, sex, prenatal
environment, sleep, and exercise [8]. In terms of biological
mechanisms, stress resilience has been attributed to a
coordinated activity of the autonomic nervous system (ANS);
the hypothalamic-pituitary-adrenal axis; the immune system;
and the brain regions that control their activity, including the
hypothalamus, amygdala, hippocampus, medial prefrontal
cortex, and ventral tegmental area [9-11]. In particular,
stress-induced activation of ANS has been linked to changes in
heart rate and vasoconstriction [9]. In addition, stress responses
via activation of sympathetic-adrenomedullary and
hypothalamic-pituitary-adrenal axes have been observed in
response to psychosocial and physical demands during intense
exercise [12].

Given the complex coordinated involvement of several bodily
systems (both central and peripheral), studies on stress resilience
require measurement of attributes that can reflect these
interactions. One such attribute is heart rate variability (HRV),
which captures heart-brain interactions and ANS dynamics [13].
HRV is defined as the variation in the time intervals between
consecutive heartbeats and is an emergent property of complex
interactions among several interdependent physiological
systems. Several studies have shown the usefulness of HRV in
the analysis of stress that the body experiences during physical
training and to increase insight into physiological recovery after
training [14,15]. Measurement of HRV (using electrocardiogram
[ECG] or photoplethysmography [PPG]) is an easy noninvasive
technique, and therefore, it has been used to investigate

stress-related changes in cardiovascular health in different
conditions, including exercise [16] and sleep [17]. More
importantly, studies on individuals with stress-related disorders
(such as anxiety and depression) revealed altered HRV metrics,
indicating impairment of neurocardiac function mediated by
changes to the ANS [18]. In addition, integrating HRV with
other modalities such as electroencephalography have shown
the impact of stress on cardiac and brain health [19,20].

Traditionally, the impact of stress on biological measures such
as HRV and brain activity is investigated after inducing a
specific stressor (mainly in live scenarios) using psychological,
performance, or social tests [21,22]. However, in recent years,
the advancement of virtual reality (VR) and head-mounted
displays has allowed the investigation of different stressors that
are otherwise difficult to reproduce in real life. Using
head-mounted displays, immersive VR offers a sense of presence
and a more natural interaction, allowing multisensorial (visual,
audio, and touch) simulation of real-world tasks with tight
experimental control, enabling the study of specific stressors.
In a study, VR was used to elicit stress in high-altitude
simulations, and stress-related responses in the heart and brain
were observed using ECG and electroencephalography,
respectively [23]. In a VR study using ECG signals, a multilevel
stress assessment (3 levels of stress) was performed using
spectrograms and 1D ECG signals that performed better than
traditional machine learning (ML) models [24]. In another
example, playing 3D games (a combination of the first-person
shooter and horror genres) in immersive VR was shown as an
effective stressor for practicing stress management skills [25].
In alignment with these findings, a meta-analysis of 52 studies
revealed that stress tasks in VR elicit a variety of physiological
stress reactivity, highlighting the scope of VR in the study of
stress [26].

Objectives
Despite the advantages offered by VR (multisensorial—visual,
audio, and touch simulation of real-world tasks), previous
studies have mostly used VR to induce particular stressor at a
time, for example, cognitive stress [27] and emotional stress
[28]. In this work, we explored the feasibility of implementing
a VR-based experimental setup to (1) elicit multifaceted stress
response and (2) measure the resulting behavioral and
physiological response. Using our validated VR platform bWell
[29], we aimed to leverage specific exercises among its battery
for eliciting different stressor responses, specifically for
physical, cognitive, and emotional stress. Particular emphasis
was given on designing VR stress exercises to systematically
test cardiac functioning within specific contexts of
self-regulation (executive functioning and emotional regulation)
based on neurocardiac models [30,31]. In addition, by
integrating VR with PPG and electromyography (EMG), we
captured various physiological measures, including HRV and
facial expressions (collected via EMG), along with subjective
ratings of stress (namely, the Perceived Stress Scale scores for
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overall stress and NASA-Task Load Index [NASA-TLX] for
specific stress dimensions) and mood.

The overarching goal is that the study design or paradigm tailor
to different stress domains and measurable behavioral and
physiological outputs. The long-term goal is to perform
multivariate and ML-based analysis for predicting the subjective
perceived stress of an individual. In addition, it should be
adaptable to the specific needs of each individual, allowing a
systematic and individualized assessment of stress response.

Methods

Development Process
Because the work involved immersive VR in a health context,
the “Recommendations for Methodology of Virtual Reality
Clinical Trials in Health Care by an International Working
Group” were followed during the development process [32].
Following the recommendations, we focused on the first two
phases: (1) VR1 phase with an emphasis on content development
of different VR stress exercises and (2) VR2 phase with an
emphasis on verification trials testing feasibility, acceptability,

and tolerability. In addition, the study development process also
followed guidelines from the Medical Research Council, namely
“Guidance on how to develop complex interventions to improve
health and healthcare,” [33] which recommends combining the
opinions or input elicited during content development with
existing or available theories (eg, the rationale for intervention,
expected changes, and how changes may be achieved). On the
basis of the guidelines, our development study included a
precursor step to identify the prevailing theories and frameworks
in the domain to formulate hypotheses for the study.

Consequently, our development process comprised three phases:
(1) a preparation phase, during which an extensive literature
review was performed to establish the links between heart, brain,
and stress, leading to the formulation of a conceptual model
and formation of hypotheses (precursor phase); (2) a
development phase, which involved iterative design of VR
exercises for targeted stressors and hardware integration (VR1
phase); and (3) a verification phase (VR2 phase), focusing on
implementing a workflow able to test the outcome measures
associated with VR2 trials—tolerability, acceptability, and
feasibility (Figure 1).

Figure 1. Schema of the development process. The development process comprised three phases: preparation phase, virtual reality (VR)-1 development
phase and VR-2 verification phase.

Preparation Phase

Literature Review and Survey
A literature survey was performed to establish links between
stress, the heart, the brain, and cognition. Given the involvement
of several bodily systems in stress, we observed diverse findings:
on the one hand, associations with mental load [34] and
emotional stress [35], on the other hand, associations with
cognitive performance [36,37]. With the goal of linking these
diverse findings, we next focused on publications that have
reported integrated models of the heart, the brain, and cognition
(especially self-regulation, a cognitive process implicated in
stress). The first such model is the Neurovisceral Integration
Model(NVIM) [38,39]. According to the NVIM, the heart and
the brain are connected by direct and indirect pathways that
influence the various processes (physiological, behavioral,

emotional, and cognitive) related to self-regulation and
adaptability. More importantly, the NVIM postulates vagal tone
as the common index that is linked to physiological, affective,
and cognitive regulation. The second model is based on the
Vagal Tank Theory (VTT) [31]. The VTT suggests that a higher
vagal tone is associated with better self-regulation and adaptive
functioning.

It is worth noting that the theories of interest focus on vagal
tone, which refers to the activity of the vagus nerve. The vagus
nerve is the largest autonomic nerve, innervating nearly every
organ in the body. More importantly, the vagus nerve regulates
metabolic homeostasis by controlling the heart rate [40] as well
as the interval between 2 heartbeats (HRV) [41]. While direct
measurement of vagal activity (ie, physiological studies of the
vagus nerve) has been limited due to difficulties in recording
chronic signals in the vagus [42,43], HRV provides an indirect
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measure of vagal tone (a clinical metric to specify overall levels
of vagal activity) because it is largely regulated by cardiac vagal
control [44,45]. HRV has been shown to be a sensitive metric
for detecting abnormalities in vagal tone, as observed in clinical
conditions such as diabetes, heart failure, and hypertension
[46-48]. More broadly, HRV, as an indirect measure of vagal
tone, has shown to be useful in many aspects of
psychophysiology, such as self-regulation mechanisms linked
to cognitive, affective, social, and health phenomena [13,30,49].
In summary, HRV is commonly used in research as a practical
index for vagal tone, and therefore, we will be using HRV in
our study to link vagal tone with stress.

Formulation of the Conceptual Model
To formulate our model, we first examined the hypotheses of
the NVIM and VTT. Specifically, the NVIM suggests that
greater parasympathetic nervous system activity (ie, vagal tone)
increases regulatory control in the brain and body [38,39]. This
control supports certain biological processes such as digestion,
while facilitating brain functioning related to cognitive control
and emotional regulation. In contrast, withdrawal of vagal tone
supports physical action, such as a fight-or-flight response. The
parasympathetic nervous system is thought to monitor and
balance feedback from numerous subsystems to determine the
optimal level of vagal tone to deploy, given one’s current
context, active goal, and unmet needs [50]. HRV reflects vagal
tone and, as such, should correlate with the integrity of cognitive
and emotional control processes [30]. By contrast, VTT suggests
that there are 3 states of vagal control, the “3 Rs”: resting,
reactivity, and recovery [31]. Optimal vagal tone is high at rest,
so a healthy system should settle to a high baseline level of
parasympathetic activity. In response to mental demands, vagal
control systems should react by maintaining a high vagal tone
to promote executive control. In response to more active
demands, these systems should react by withdrawing vagal tone
to promote physical performance. In practice, vagal tone often
drops below resting levels even during cognitive tasks, possibly
due to the strain on and gradual exhaustion of vagal control
systems. Once demands are met, vagal control should transition
into a recovery state, where vagal tone returns to resting levels.

The NASA-TLX provides a formal framework for categorizing
different aspects of workload and task demands [51]. Therefore,
we identified this index as a useful tool for understanding the
demands that vagal control systems must continuously monitor
and react to, as per the VTT and the NVIM. Specifically, the
NASA-TLX defines 3 types of task demands—mental, physical,
and temporal—and 3 additional factors—performance, effort,
and frustration—that contribute to perceived workload. On the
basis of the NVIM model of vagal control, mental, physical, and
temporal task demands should be associated with different
optimal levels of vagal tone and, therefore, different states of
reactivity. Mental demands are best solved by promoting
executive control through high levels of parasympathetic
nervous system activity; in contrast, active physical and
temporal demands are best addressed by a withdrawal of vagal
tone.

Formation of Hypothesis
On the basis of previous publications, we formed specific
hypotheses for self-regulation for each level of cardiac vagal
control (Table 1). At resting (baseline), we hypothesized that
the higher the vagal tone, the better the self-regulation
[49,52-54]. For reactivity, different hypotheses were formed
for emotional, physical, and cognitive demands. It may be noted
that for consistency with terminology in neuroscience, we have
used cognitive demand as representing mental demand and
emotional demand as representing frustration in the NASA-TLX.
For emotional demand, (1) a complete vagal withdrawal would
elicit a fight-or-flight response [52,55], (2) a small increase in
vagal tone would indicate successful emotion regulation [53,54],
and (3) a small decrease would indicate that the task did not
elicit a sufficiently large stress response [49,56]. For cognitive
demand, (1) we hypothesized an initial increase in vagal tone
under low cognitive load (self-regulatory effort) and a decrease
in vagal tone under high cognitive load [31,57], and (2) in the
context of vagal withdrawal (ie, high cognitive load), we
hypothesized that a small decrease in vagal tone would predict
better performance [31,58]. For physical demand, a small vagal
withdrawal would indicate quick adaptation to meet the demands
of the situation [59,60]. Finally, for recovery, we hypothesized
that the faster the vagal tone returns to the baseline level, the
better the self-regulation [61].
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Table 1. Description of the hypotheses corresponding to our conceptual model based on the Neurovisceral Integration Model (NVIM) and Vagal Tank
Theory (VTT). A distinct hypothesis was made for each phase—resting (baseline), reactivity, and recovery.

Hypothesis of self-regulation, as indicated by cardiac vagal controlCardiac vagal control level

1. Resting (baseline) • A higher vagal tone indicates better self-regulation

2. Reactivity

2a. Emotional demand • Complete vagal withdrawal indicates that a fight-or-flight response
was elicited

• A small increase indicates successful emotional regulation
• A small decrease indicates that the task did not elicit a sufficiently

large stress response

2b. Cognitive demand • An initial increase in vagal tone under low cognitive load (self-regu-
latory effort) and a decrease under high cognitive load

• A smaller decrease (under high cognitive load) is associated with
better performance

2c. Physical demand • Small vagal withdrawal indicates quick adaptation to meet demands
of the situation

2d. Physical and cognitive demand • Combination of hypotheses 2c (vagal withdrawal) and 2b (initial in-
crease under low cognitive load with a more pronounced effect)

3. Recovery (from demand) • The faster the vagal tone returns to the baseline level, the better the
coping mechanisms

VR1: Development Phase

Identification of Requirements
The fundamental objective of this work is to harness the
affordances of immersive VR to provide new opportunities for
practicing stress management skills, particularly the synthetic
recreation of scenes that are otherwise too difficult or resource
intensive to replicate in real life. The latter is of particular
interest in the application toward training stress resilience, a
complex and dynamic process. Combined with physiological
monitoring, which can help to capture additional information
on the user state, the use of VR-based technologies can enable
research in support of better understanding the impacts of
well-being and individual characteristics, such as mental and
psychological resilience.

To study and validate the different parts of our conceptual
model, we identified four main requirements:

1. Requirement 1: recreation of each level of cardiac vagal
control (3 “Rs”: resting, reactivity, and recovery)

2. Requirement 2: ability to elicit different types of mental
demands

3. Requirement 3: ability to elicit physical demand
4. Requirement 4: integration of physiological sensing with

immersive VR, essential for the integration of HRV
measures as an index of vagal tone

Design of VR Exercises
We have previously developed bWell, an interactive and
immersive VR platform designed as a broadly applicable toolkit
delivering multisensory tasks, targeting general aspects of
cognition and everyday functioning [29,62-64]. For this study,
we made use of 3 bWell exercises, namely Tent, Mole, and

Stroll, which were adapted to systematically test adaptive aspects
of HRV within specific contexts of self-regulation (executive
functioning, emotional regulation, and physical demand) and
for different levels of cardiac vagal control, as identified in our
conceptual model and requirements 1 and 2. The bWell platform
and exercise battery are described in detail in our previous
publication [29]. The following is a brief summary of the three
exercises:

1. Tent—an exercise designed for self-guided stress
management in which the user is immersed in scenic views
and asked to look around while focusing on their breathing

2. Mole—an exercise targeting response inhibition and
cognitive control in which the user has a hammer in each
hand and has to hit cylinders that pop up in front of them
(only when the cylinder and hammer are of the same color)

3. Stroll—an exercise targeting sustained attention with a
continuous performance test (CPT) in which the user has
to press a button for each new shape that appears, except
when it is a green diamond. The user is represented by a
self-avatar and is passively displaced for a stroll in a natural
scene.

To test our specific hypotheses for different stress demands or
stressors (Table 1), we adapted the aforementioned bWell
exercises (except for the Mole exercise for cognitive demand)
as follows:

1. Tent
• Nature scene to collect data on user

• Resting: As per recommended guidelines for
experimental settings, baseline HRV should be
recorded in a “nontask situation that best controls
for the presence of task comparison” [65].
Consequently, the administration of the exercise
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was modified such that the user was asked to
simply immerse themselves in the scene, limit
physical movement, and breathe spontaneously for
5 minutes.

• Recovery: this scene was also selected to be
administered after a given task to allow a period
of recovery after stress demand. As a measure of
recovery, a Likert scale implemented in VR was
added to collect a report on mood right after the
exposure to a stressor and after the recovery period
in a relaxing nature environment.

• City—in addition to the nature scenes, to elicit
emotional demand, we adapted the Tent exercise to
include an environment such that the user is immersed

in a busy city with noise pollution—roads with ongoing
traffic, including audio honking cars and sirens.

2. Stroll—to exert physical demand, we adapted the Stroll
exercise such that the user must physically displace
themselves to advance in the scene. The user was asked to
jog, keeping their heart rate at a moderate level of exertion
(the predefined threshold was displayed as a gauge based
on individual heart rate). The exercise could include a CPT,
as described earlier, to exert both physical and cognitive
demand (Stroll+CPT) or could be administered without the
test as a purely physical task (Stroll).

The formulated hypotheses shown in Table 1 can now be
systematically matched with our designed VR exercises (Table
2).

Table 2. Description of the hypotheses corresponding to our conceptual model with the designed virtual reality (VR) exercises. A distinct hypothesis
was made for each phase—resting (baseline), reactivity, and recovery—and these hypotheses were tested with different VR exercises.

bWell exerciseRequirementCardiac vagal control level

User to immerse themselves, limit
physical movement, and breathe
spontaneously as a baseline state

1. Resting (baseline): Tent—nature scene, no spe-
cific task given

2. Reactivity

User to immerse in a busy city with
excessive noise pollution to elicit
emotional demand

2a. Emotional demand: city—(passive) city
scene

User to engage in a dynamic and
bimanual go or no-go task to elicit
cognitive demand

2b. Cognitive demand: mole—(active) target-
ing response inhibition

User to jog to create a physical de-
mand, with heart rate biofeedback
guiding them to maintain a consis-
tent moderate level of activity

2c. Physical demand: stroll—(active) physical
running task

User to jog and engage in the task
to elicit both physical and cognitive
demands

2d. Physical and cognitive demand:

stroll+CPTa−dual task with running task as 2c
along with a cognitive task (response inhibi-
tion)

User to immerse themselves and
limit physical movement to recover

3. Recovery from demand: Tent—nature scene

aCPT: continuous performance test.

Hardware Identification (VR+Sensors)
Based on the identified requirements, we aimed to identify and
integrate hardware for use with the bWell exercises. We focused
on evaluating the suitability of the use of immersive VR
technologies. The choice of hardware considered specialized
equipment aiming to maximize the feeling of “presence” in
virtual environments as well as the potential to democratize the
use of VR for training more broadly. Consequently, we
evaluated both a high-end system—HTC Vive Pro Eye—or use
within dedicated facilities as well as a more accessible
option—Pico Neo 3 Eye. The latter targets the opportunity for
individuals to practice at home or in settings outside the
laboratory (eg, on the field, classroom, and clinical).

We aimed to reproduce the required factors in the simulated
environment with the integration of specialized hardware. A
VR treadmill (KatVR) was identified to recreate the physical

demands. We also aimed to capture stress via the inclusion of
physiological sensing, with a focus on integrating heart-based
measures. The EmteqPRO facemask was identified for use in
this project because it is a commercially available
“plug-and-play” system for use with immersive VR, provides
researchers with access to raw data, and is equipped with
automatic classification algorithms for processing raw heart
rate data into HRV as well as classification of emotion [66].
The system can accommodate multimodal measures of EMG
and HRV via the use of a facemask that can be directly
integrated onto the VR headset. The Emteq device does not add
any additional steps to the workflow for carrying out trials with
immersive VR; instead, the user simply must put on the headset
as they normally would.
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Hardware Integration
A first evaluation was conducted to determine the suitability of
the identified hardware.

Immersive VR Headset
The HTC Vive Pro Eye and the Pico Neo 3 Eye headsets were
identified because they both offer eye tracking. In addition, the
Emteq solution is available for both. The HTC Vive Pro Eye is
a tethered device, meaning it requires a high-performance,
VR-ready PC to operate. A tethered VR headset operates only
when connected to a PC through a cable connection and offers
superior graphics and fidelity in comparison to stand-alone
headsets. The Pico Neo 3 Eye is a stand-alone headset, which
is wireless, and the VR is run entirely within the headset. The
benefits of a stand-alone headset include increased comfort and
mobility, a simple setup, and a lower cost compared to tethered
devices. However additional efforts to optimize the VR
experience in terms of graphical rendering and design are
required to minimize lags related to hardware performance.

It was determined that both headsets are suitable for use in the
proposed study with certain adaptations. A wireless adapter was
integrated into the HTC Vive Pro Eye, enabling untethered use
with the treadmill. For the Pico Neo 3 Eye, an external dongle
was required to enable screen casting to an external monitor,

allowing the test administrator to view the participant's
perspective within the VR during trials.

Emteq Integration With bWell in Unity
The Emteq face mask was integrated within bWell through the
use of the “EmteqLabs Unity” plugin. Using the plugin, the
EMG amplitude as well as the heart rate (beats per minute) of
each participant was extracted. Using these extracted values,
several widgets (Figure 2) were implemented in the 2 existing
layers of the bWell user interface (UI): test administrator UI
and participant UI. The first widget was part of the EmteqLabs
plugin package and was used to display EMG amplitude (Figure
2A). The same widget also provided the administrator with an
indication of sensor contact. Good contacts were represented
by green dots on the widget, while bad contacts were represented
by gray dots. The second widget was composed of 2 simple text
boxes that were used to inform the test facilitator of the current
connection status of the Emteq (Figure 2B). The third widget
was a speedometer that was used to inform the participant
whether they were in a heart rate zone of moderate effort (Figure
2C). The widget was implemented as a gauge to prompt
participants to raise or lower their effort level, with the zone in
the widget turning green when participants are at the correct
range. Specifically, (zone turns green at correct range). A heart
icon that grew and shrank based on a speed that matched the
current beats per minute was also included in the speedometer.

Figure 2. Integration of physiological sensor with virtual reality (VR). Implementation of widgets in the user interface for integration of EmteqPRO
(physiological sensor for heart rate variability) into VR platform (bWell): (A) widget for displaying electromyography (EMG) amplitude in VR, (B)
widget for connection status of EmteqPRO, and (C) widget for displaying heart rate.

Treadmill Integration
The usability of donning a wireless immersive VR headset while
running on the treadmill was tested. Running speed (vigorous
vs moderate) was evaluated, and it was found that both vigorous
and moderate running was acceptable in terms of usability for
both headsets. However, it was seen that running on a treadmill
was not intuitive and that a warm-up time was required. A test
run was added to the protocol, such that the user could have
some time to familiarize themselves with running on the
treadmill before putting on the VR headset.

It was also seen that vigorous running may prove to be difficult
for participants running on the treadmill for the first time. In
addition, running on the treadmill while performing a cognitive
exercise (Mole exercise) occasionally resulted in inadvertent
errors from the user. As a result, the protocol was adjusted to
have users run at a moderate pace (light jog) during the study.
For the dual task (Stroll+CPT), a cognitive exercise with simpler

user interaction was use. The exercise was changed from the
initial choice to use Mole (requiring users to swing with their
arms) to the Stroll (requiring users to pull a trigger on the
controller).

Finally, the physical demand exercise (Stroll) was originally
designed for passive displacement. In this task, it is the
self-avatar taking a nature stroll while the actual user is not
moving. To promote a higher sense of presence for the user,
we added advancement in the VR scene based on the user’s
own steps while advancing on the treadmill. The running pace
was added as an output measure in the VR logs generated
automatically after a session with bWell.

The conclusion from the hardware integration tests was that
both the HTC Vive Pro Eye and Pico Neo 3 Eye were suitable.
However, because the primary use at this stage was for study
purposes, it was decided that it would be better to use the
hardware that is designed for external administration of VR
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versus self-administration with a headset. In the workflow for
administration, the bWell platform provides a UI that allows
the test facilitator to dynamically change the exercise settings
while a user is immersed in VR [29]. Consequently, it would
be better suited for the iterative approach in finding the optimal
exercise settings for the study. Thus, the decision was to use
the HTC Vive Pro Eye for the study and the ensuing verification
trials.

VR2: Verification Phase
In this phase, we focused on conducting early trials for
evaluation and verification of feasibility, acceptability,
tolerability, and initial efficacy (VR2 phase).

Study Design
We designed a study to systematically test our hypotheses
(Figure 3). The study protocol consisted of a 5-minute initial
baseline consistent with what is used in the HRV literature
(Table S1 in Multimedia Appendix 1). During baseline,
participants were in a standing position with their eyes open to
optimally match the body position used during task conditions.
Participants experienced a neutral nature scene. The baseline
HRV was collected to establish a reference point. Participants
then experienced alternating blocks of stressor tasks interspersed
with recovery (Tent nature scenes). Stressor task presentation
order was pseudorandomized across participants. Each
participant performed all 4 exercises (stress conditions). Each
stressor condition was followed by a 2-minute recovery period
in the Tent (Table S1 in Multimedia Appendix 1).

Figure 3. Description of the study design. A within-participants repeated measures study design was implemented. It comprised an initial baseline (5
minutes), followed by 4 blocks of stressor (2 minutes each) and recovery (2 minutes each) periods. The stressors were 4 virtual reality (VR) exercises
targeting emotional demand, cognitive demand, physical demand, and cognitive+physical demand. The sequence of stressors was pseudorandomized.
CPT: continuous performance test.

The measures of VR2 trials were captured as follows:

• Acceptability: user experience, as assessed by the game
user experience satisfaction scale (GUESS)-18 gamer user
experience satisfaction scale [67] and the System Usability
Scale [68]

• Tolerability: user comfort and any side effects from the use
of technology, as assessed by the Simulator Sickness
Questionnaire (SSQ; captured both before and after VR
exposure)

• Feasibility: ability to elicit the intended stress response, as
measured via physiological response as well as self-report

For the self-report measure, the NASA-TLX [51] and
single-item rating for stress questionnaires were used.

Mood Likert scales were also automatically administered in
immersive VR before and after the recovery exercise. Participant

and VR views were also recorded. After completing the bWell
session, participants reviewed a screen recording of the
completed virtual task, provided qualitative feedback, and
completed the set of questionnaires.

It may be noted that while the NVIM and VTT predict the
dependence of vagal tone on task conditions, the NASA-TLX
measures 6 aspects of workload. The study design involved 5
conditions, 1 without a stressor and 4 others in which each
condition features a different exercise representing specific
stressors based on the NASA-TLX (summarized in Table 3).
To effectively assess the effects of each condition on stress
responses, we proposed a within-participants design, where
each participant completed all conditions of the experiment.
The order of the stressor conditions was pseudorandomized
across participants. The approach taken to experimentally isolate
the contributions of each type of stress required the removal of
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performance criteria (eg, score) from the tasks, as they may
create confounds in the stressor type not related to the
experimental manipulation of the condition. However, the
cumulative effects of stressors were also investigated using a

physical+cognitive stressor dual task, as the inclusion of multiple
simultaneous stressors is more representative of everyday
stressful situations.

Table 3. Description of the different types of stressor demands for different virtual reality (VR) exercises. bWell VR exercises elicited different types
of demands, as defined by the NASA-Task Load Index workloads. The main stress or demand captured for each VR exercise is shown in italics.

FrustrationEffortPerformanceTemporal de-
mand

Physical de-
mand

Mental demand

NoNoNoNoNoNoRelaxing nature environment (tent: nature
scene)

Yes aNoNoNoNoNoEmotional stressor (city: busy city scene)

NoYesaYesaYesaNoYes aCognitive stressor (mole: dynamic bimanual
go or no-go task)

NoYesaYesaNoYes aNoPhysical stressor (stroll: running task)

NoYesaYesaNoYes aYes aPhysical+cognitive stressor (stroll+CPT: run-
ning with continuous performance test)

aDemands elicited by the bWell virtual reality exercises.

We set thresholds to the NASA-TLX as a self-reported measure
to ensure that the designed VR exercises targeted the intended
type of demand, that is, cognitive, emotional, physical, and dual
(ie, physical+cognitive). We defined the following threshold
in terms of NASA-TLX score (score range=0-10): a score>5
indicates that the demand is being elicited (eg, City for emotional
demand, Mole for cognitive demand, Stroll for physical demand,
and Stroll+CPT for physical and cognitive demand; Table 4).

An additional aim was to not elicit demand related to poor
performance because this may lead to a potential confound. In
the NASA-TLX, performance is reverse coded (ie, 0=perfect
performance). As such the threshold was set to<4, so that that
participant should feel as if they performed well in all exercises.
Finally, since all exercises invoked a type of demand except
the one involving emotional demand, they were expected to
involve an element of effort.

Table 4. Description of the thresholds for NASA-Task Load Index (NASA-TLX) scores for eliciting different stress demands. We set the NASA-TLX
subscale scores to above the threshold, for the different types of stress demands that were elicited by each virtual reality exercise in Table 3.

PerformanceMental demandPhysical demandFrustration

<4——b>5aCity

<4>5a<4<4Mole

<4—>5a—Stroll

—>5a>5a—Stroll+CPTc

aNASA-TLX subscale scores that were above the threshold.
bNot available.
cCPT: continuous performance test.

More specifically, we targeted the following scores:

• City—a NASA-TLX score of >5 for frustration, which
would indicate an emotional demand. We also intended for
all other NASA-TLX scores to remain <4 to solely evoke
an emotional response. Given the passive nature of this
exercise, other demands should not be induced.

• Mole—a NASA-TLX score of >5 for mental, which would
indicate a cognitive demand. A score of >5 would indicate
that these demands were elicited. We also targeted
frustration and physical NASA-TLX scores of <4 to solely
target demands related to cognitive performance.

• Stroll—a NASA-TLX score of >5 for physical, which would
indicate a physical demand. A demand of >5 would indicate
that this was the case. We also targeted mental and

frustration NASA-TLX scores of <4 to solely target
demands related to physical performance.

• Stroll+CPT−a NASA-TLX score of >5 for mental and
physical, which would indicate a dual cognitive and physical
demand. We also intended to maintain a frustration score
of <4 because we wanted to target solely cognitive and
physical demands.

In addition, we sought to verify that mental demands are
comparable between the Mole and Stroll+CPT tasks.

Verification Trials
Verification trials were conducted using HTC Vive Pro Eye on
3 healthy participants according to the protocol defined during
the study design.
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Ethical Considerations
Ethics approval for the study was obtained from the Research
Ethics Board (REB) of the National Research Council (NRC
2020-2023 and NRC 2023-46) and from Defence Research and
Development Canada Human Research Ethics Committee
(HREC 2022-032). Informed consent was obtained before the
start of the study. Data were deidentified before any analysis.
There was no compensation paid to the participants.

Results

The results of the verification trials are reported below in terms
of tolerability, acceptability, and feasibility.

Tolerability: Cybersickness During the VR Sessions
We first checked whether the VR exercises designed in our
study induced cybersickness using SSQ [69]. Table S2 in
Multimedia Appendix 1 shows the scores for SSQ for pre- and
post-VR sessions for 3 participants. Total SSQ scores were
obtained from the scores of the 16 items of the questionnaire
[70]. Results showed negligible score (total SSQ score: 0-5),
which are within the acceptable range in the literature [71].

Thus, our results show that the participants did not experience
adverse effects, especially cybersickness during the VR
exercises.

Acceptability: User Experience
Using the GUESS-18 scale [67], we checked whether the VR
exercises designed in our study were immersive. GUESS-18
has 9 subscales with 2 statements associated with each subscale.
Of the 9 subscales, we did not include “social connectivity,” as
there was no interaction between participants for the VR
exercises. Table S3 in Multimedia Appendix 1 shows the scores
of the 8 subscales of GUESS-18 for the 3 participants. The
subscale scores of the GUESS were computed by averaging the
scores within each subscale. Then, the overall GUESS score
was computed by summing the subscale scores [67]. We
observed an overall GUESS score of 43.17 (Table S3 in
Multimedia Appendix 1), which aligns well with previous
findings [72] and indicates the usability and immersiveness of
the VR exercises designed in our study. Regarding the individual
subscales, we observed greater average scores for usability, play
engrossment, and personal gratification and lower average
scores for creative freedom and enjoyment (Figure 4).

Figure 4. Findings of user acceptability. User ratings on the game user experience satisfaction scale (GUESS)-18 questionnaires showing greater
average scores for the subscales usability, play engrossment, and personal gratification and lower average scores for creative freedom and enjoyment.
An overall GUESS score of 43.17 (Table S3 was observed, which aligns well with previous findings, indicating the usability and immersiveness of the
virtual reality exercises designed in our study.

Feasibility: Do the VR Exercises Induce Genuine Stress
Responses (Perceived)?
We evaluated the NASA-TLX scores to investigate the types
of stressors and their associated demands. Figure 5 summarizes
the data for NASA-TLX from verification trials of 3 participants.
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Figure 5. Comparative analysis of different types of demands for different stressors. User ratings on the NASA-Task Load Index (NASA-TLX) revealed
that participants perceived different types of demands (eg, mental, physical, and temporal) for the different VR exercises. Here, P1, P2, and P3 denote
participant 1, participant 2, and participant 3, respectively, and the dashed line represents the threshold set for different demands associated with the
different stressors (exercises). CPT: continuous performance test.

On the basis of the designed thresholds for the different stressors
and their associated demands (refer to the Methods section), we
observed the following for each of the bWell exercises (Figure
5), which led to further iterative development:

• City: a NASA-TLX rating of >5 for frustration was not
achieved, indicating a need for adapting the exercise settings
and creating new functionalities. All other demands were
also not elicited (<4). In particular, users felt that they
performed well (<4), and as such, it was verified that there
would not be any confounds in frustration being elicited
due to emotional response related to feelings of poor
performance rather than VR stimuli.

• Mole: a cognitive demand was elicited with a mental
demand of >5. We also observed a high level of temporal
demand and associated effort.

• Stroll: a physical demand and associated effort was elicited
(>5).

• Stroll+CPT: a dual cognitive (mental) and physical demand
was elicited (>5), along with associated effort.

Because cognitive demand was elicited in both tasks, similar
to the Mole task, the 2 can be compared in the analysis of

cognitive demand, even though they involve different cognitive
tasks. It appears that temporal demand may also be elicited but
was not conclusive at this stage because of high variability in
the ratings. This may be clarified with results from additional
participant trials from the full study. From Table 4, we observed
that this demand was not consistently present. This may be
attributed to the fact that this was a dual task, where the temporal
demand may be felt for one aspect (eg, running) but not for the
other (eg, cognitive task), and when prompted by the
NASA-TLX, the participant may respond with only 1 task in
mind.

Overall, the results showed that we achieved eliciting different
stress demands as intended in our study design: for Stroll to
exert a physical demand, Mole to exert a mental demand, and
a combination of exercises (Stroll+CPT) to exert both mental
and physical demands. At the same time, we observed that
participants felt they performed well in all exercises, minimizing
confounds due to feelings of poor performance. These
verification trials allowed us to finalize the exercise
configurations to be used for the full study trials.
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Feasibility: Do the VR Exercises Induce Genuine Stress
Responses (Physiological)?
To evaluate the physiological stress responses, we examined
the HRV measures obtained, specifically the root mean square
of successive differences (RMSSD) between normal heartbeats.
We adopted RMSSD as the HRV measure because previous
studies have shown that RMSSD reflects vagal tone [38,73] and
is relatively free of respiratory influences. It was seen that the
data were quite noisy, artifacts were present, and the RMSSD
values from the raw PPG data were too high. For example,
values in the range of 150 to 300 were obtained, which is much
higher than normal. Discussion with the Emteq team revealed
that this was likely because the measures were sampled in a
dynamic VR environment, particularly where in some instances,
users were physically running during PPG data acquisition.
Emteq advised using their signal quality metric and using only
the data where good quality was indicated.

To have better control of the data processing, the team decided
instead to implement an in-house data processing pipeline. For
this, the raw PPG signals were processed using the Python

library HeartPy [74]. On the basis of the HeartPy
documentation, which states that RMSSD is extremely sensitive
to incorrectly detected heartbeat locations, any RMSSD value
artifacts (RMSSD does not typically exceed 130) were removed
and peak interpolation was used to minimize the number of
incorrectly placed peaks due to low sampling rate [74]. After
these steps, an improved signal-to-noise ratio was observed and
the resultant RMSSD values fell well within the normal range
expected (between 30 and 70).

We then compared HRV across each of the different conditions
for 2 individuals. In the example shown in Figure 6, it can be
seen that a given task appears to elicit a change in response. It
is also evident that baseline, reactivity, and recovery HRV
patterns were distinct for the 2 sample individuals. As can be
seen in the lower panel of Figure 6, some instances of residual
noise remain in the Mole exercise after processing. Given that
the data are being collected during interactive tasks with a good
degree of movement, a high noise-to-signal ratio was expected.
The next steps will involve exploring other techniques,
particularly for motion artifact removal, with the goal of further
reducing noise in the signal.

Figure 6. Characterization of distinct patterns of heart rate variability (HRV) for different virtual reality (VR) exercises. HRV data (root mean square
of successive differences [RMSSD]) for the different VR (bWell) exercises are shown for 2 participants (row 1 for participant 1 and row 2 for participant
2) along y-axis and time along x-axis. The plots illustrate distinct HRV responses for the different exercises as well as individual variability in the HRV
responses. CPT: continuous performance test.
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Discussion

Principal Findings
In this paper, we described the development process of a study
design for testing the ability of immersive VR exercises to elicit
genuine stress responses. The study development followed
recommendations for use of VR in clinical trials [32] as well
as guidance in developing complex interventions for improving
health care [33]. On the basis of these guidelines, our study
comprised a combination of prevailing theories and frameworks
(eg, NVIM and the VTT), experiences of users, and iterative
actions during development, which resulted in concrete
outcomes [33]. More specifically, we built on our validated VR
platform bWell [29] to integrate physiological sensors (PPG)
and assessed how different types of VR exercises target different
types of stressors (characterized by the NASA-TLX). The results
of verification trials showed that the designed VR exercises
induced negligible cybersickness, were well tolerated, and
demonstrated high user engagement. In addition, in alignment
with our hypotheses, the different VR exercises successfully
elicited the intended stress demands (as measured with
NASA-TLX subscales, eg, mental, physical, and temporal
demands), along with distinct physiological responses.

In line with the recommended guidelines for VR trial design in
the health domain [44], our study design considered both
tolerability and acceptability. Keeping in mind user comfort
during VR, the exercises were designed in such a way that the
duration for the entire session lasted only 25 minutes. In
addition, during the VR session, every exercise was followed
by a 2-minute recovery state. By allowing the participants to
experience alternating blocks of stressor tasks interspersed with
recovery, this study design was used as a guide to evaluate the
technical feasibility and scope for the phase of verification trials.
Indeed, the results of the verification trials showed user comfort
and tolerability, especially VR as an acceptable framework with
negligible experience of cybersickness (assessed with SSQ
scores; Table S2 in Multimedia Appendix 1). As a measure of
acceptability, results of verification trials using the GUESS-18
scores showed a high degree of “presence” during our VR
sessions (Table S3 in Multimedia Appendix 1 and Figure 4),
consistent with earlier findings [72]. Because the sense of
“presence” (or the subjective feeling of “being there”)
characterizes the experience of users, results showing a high
degree of presence indicate that the VR exercises designed for
the study created the sensation of physical presence and resulted
in users behaving and reacting as in the real world, highlighting
the importance of a good user experience and engagement. Best
practices for HRV data collection were also considered for the
study design. In experimental settings, it is recommended that
the baseline HRV should be recorded in a “nontask situation
that best controls for the presence of task comparisons” [65].
Consequently, in this study, baseline was recorded in VR and
in a similar position to how the participants would complete the
task. Specifically, baseline was recorded with the user on the
treadmill and passively experiencing the VR environments. The
session to collect baseline HRV was designed as follows: eyes
open, standing, spontaneous breathing, and free to look around
and immerse themselves in the VR environment. In addition

and according to guidance on HRV reporting, RMSSD was
selected as the HRV measure because it is appropriate for short
sampling times (ie, <5 minutes) [41].

While the results of verification trials determined the feasibility
and validity of our study protocol, some results indicated that
modifications were also required. For example, the NASA-TLX
scores showed high levels of Frustration, which captured
participants’ physical demands or frustration related to
performance and not necessarily due to an emotional stressor.
Because our original goal was to investigate the effects of
emotion, we made certain modifications in our bWell exercises
to elicit emotional responses in the participants, such as
amplifying the noise pollution in the virtual environment. The
results of the verification trials also indicated that we need to
modify the administration of the NASA-TLX, which currently
probes Frustration related to both performance and emotion.
Instead of asking “How insecure, discouraged, irritated, stressed
and annoyed were you,” the question will be modified to include
only the elements related to emotion “How irritated and/or
annoyed were you?”

Implications
It may be mentioned that the overarching aim for the integration
of behavioral and physiological outputs was to eventually enable
systematic and individualized assessment of stress response.
Responses to stress are often multifaceted with a profile specific
to the individual. A given stressor may cause a response in one
person but not necessarily in another, which may be attributed
to the influence of personal experiences. The result is that
everyone does not experience stress in the same way. In an
effort to standardize the demands placed on individuals, we
relied on several mechanisms to adapt the VR exercises in real
time and customized them to the participant. For cognitive
demand, we aimed to elicit a uniform cognitive demand among
varied individuals. To do so, we leveraged the adaptive
algorithms in bWell to control the difficulty level based on
performance (for Mole exercise). The adaptive mechanism is
designed to maintain an 80% success rate, ensuring the exercise
is neither too easy (boring) nor too difficult (demotivating). For
physical demand, we made use of the heart rate biofeedback to
ensure consistent physical demand because running at a
specified speed may be more or less exerting for one individual
versus another. To achieve this, a heart rate gauge was displayed
to the participant to encourage them to maintain a level of
physical activity that corresponds to moderate intensity. This
measure is additionally tailored to the individual because it
considers the age of the participant, where moderate physical
activity is calculated at 50% to 70% of maximum heart rate
(maximum heart rate=220 – age).

Study Limitations
There were certain limitations in our study. First, participants
reported issues with disengagement and a lack of frustration
during the VR exercise (city). The reason for this could be the
low resolution of the visual assets in the scene, a concern that
will be addressed in future work by improving the resolution.
Second, there could be a learning effect in terms of interactions
in VR for participants who had no prior VR experience. In the
full study (planned next steps), participants will be given
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tutorials for immersion in VR. Finally, the verification trials
were done with few participants (N=3), limiting our ability to
generalize findings. However, we would like to emphasize that
our study was designed to identify, create, and implement an
experimental setup for testing the ability of immersive VR
exercises to elicit genuine responses to different types of
stressors. In addition, it aimed to assess the feasibility,
tolerability, and acceptability of these exercises through
verification trials. This is consistent with previous studies that
focused on study development [75]. Because the purpose of the
verification trials was to show the feasibility, tolerability, and
user acceptability, we collected data from only 3 participants,
with the intention to run full trials in the future. It is worth noting
that, despite the limited number of participants, we were able
to demonstrate the feasibility, tolerability, and user acceptability
of the study.

Conclusions
In conclusion, we identified, designed, and implemented an
experimental setup for testing the ability of immersive VR
exercises to elicit genuine responses corresponding to different
types of stressors and tested its feasibility, tolerability, and
acceptability using verification trials. While only a small number

of trials were carried out with participants, the verification trials
provided the support required to carry out a full study (planned
next steps).

A strong point of our study design was the collection of several
physiological measures that permitted the collection of
quantitative measures complementing that of self-report with
the NASA-TLX. With the capture of measures such as HRV
and facial expressions, it will be possible to compare how the
bWell exercises may physiologically elicit response versus what
users perceive to be elicited. Such evaluations may serve to
obtain a more complete picture of the in-situ user state and may
permit gaining insights on the use of traditional self-report,
which has been critiqued as an unreliable index of functional
outcomes [76]. In this regard, future work will explore
multivariate analysis such as partial least squares [77] and ML
techniques such as random forest [78] for predicting individual
user responses to different stressors based on multiple input
data, including sensor data (eg, HRV and facial expressions)
and VR-based behavioral data (eg, response time). Such work
will help in identifying and delineating the individual features
that confer stress resilience and will guide us in helping
individuals reach their full potential.
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Abstract

Background: Iris scanning has increasingly been used for biometric identification over the past decade, with continuous
advancements and expanding applications. To better understand the acceptability of this technology, we report the long-term
experiences of health care providers and frontline worker participants with iris scanning as an identification tool in the EBL2007
Ebola vaccine trial conducted in the Democratic Republic of the Congo.

Objective: This study aims to document the long-term experiences of using iris scanning for identity verification throughout
the vaccine trial.

Methods: Two years after the start of the EBL2007 vaccine trial (February to March 2022), 69 trial participants—including
nurses, first aid workers, midwives, and community health workers—were interviewed through focus group discussions.
Additionally, 13 in-depth individual interviews were conducted with physicians involved in the trial, iris scan operators, trial
staff physicians, and trial participants who declined iris scanning. Qualitative content analysis was used to identify key themes.

Results: Initially, interviewees widely accepted the iris scan and viewed it as a distinctive tool for identifying participants in
the EBL2007 vaccine trial. However, over time, perceptions became less favorable. Some participants expressed concerns that
their vision had diminished shortly after using the tool and continued to decline until the end of the study. Others reported
experiencing perceived vision loss long after the trial had concluded. However, no vision impairment was reported as an adverse
event or assessed in the trial as being linked to the iris scan, which uses a previously certified safe infrared light for scanning.

Conclusions: Our findings highlight the sustained acceptability and perceived high accuracy of the iris scan tool for uniquely
identifying adult participants in a vaccine trial over time. Continued efforts to systematically disseminate and reinforce information
about the function and safety of this technology are essential. Clearly presenting iris scanning as a safe procedure could help
dispel misconceptions, concerns, and perceived risks among potential users in vaccine trials.

(JMIR Form Res 2025;9:e54921)   doi:10.2196/54921
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Introduction

In many low- and middle-income countries (LMICs), the lack
of reliable patient identification can hinder the effectiveness of
routine medical care [1-3]. In rural settings, the digitization of
personal information and its integration into databases remain
limited. Additionally, challenges in identifying patients enrolled
over long periods (eg, in longitudinal cohort studies) can lead
to misclassification and pose a significant barrier to maintaining
study data integrity. A recurring issue during (un)scheduled
study visits is that participants often lack a consistent form of
identification—whether due to misplacement, forgetfulness, or
deterioration. Recently, biometric recognition has gained
importance as a tool for accurately identifying individuals in
routine health information processes [4-6]. In clinical trials, the
use of human biometric recognition has also expanded over the
past decade, with adoption becoming increasingly widespread
due to its advantages over traditional identification methods
[4,7].

Biometric recognition involves a process that relies on the
technical processing of data related to the physical,
physiological, or behavioral characteristics of the human body
(including movement) for authentication purposes [8]. Among
the biometric recognition methods used to date—such as
fingerprints, facial recognition, iris scans, ear biometrics, and
voice recognition—fingerprints are the most widely utilized
and have become the predominant form of biometric data [9].
However, unlike fingerprints, which lose clarity over time due
to the widening of ridge gaps, the distinct patterns within the
iris remain unchanged throughout a person’s lifetime, making
iris scan identification exceptionally stable [10-12]. Even among
identical twins or between an individual’s own eyes, iris patterns
are unique, ensuring their suitability as a reliable proxy for
identification [13]. Additionally, iris scanning offers the
advantage of being a noncontact process, eliminating the risk
of disease transmission through direct contact. As a result, it
has the potential to become an affordable, fast, and reliable
identification tool across various contexts, including electoral
voting, access control, and vaccine trials [4,5,14,15]. In clinical
trials, the use of iris scans could help prevent errors and
fraudulent entries while ensuring unique participant
identification across (un)scheduled visits, thereby safeguarding
the integrity of trial results [5]. However, experience with iris
scanning as a method of identity verification in clinical trials
remains limited.

Recently, the implementation of the iris scan tool demonstrated
high precision and strong acceptance among health care

providers and frontline worker participants (Multimedia
Appendix 1), who were interviewed both before and at
enrollment in an Ebola vaccine trial (hereafter referred to as the
“EBL2007 vaccine trial”) conducted in a remote area of the
Democratic Republic of the Congo (DRC) [4]. This new
qualitative research aimed to document long-term experiences
with iris scanning for identity verification throughout the trial.

Methods

Study Design
This study used a qualitative methodology, specifically a
phenomenological approach, to explore experiences related to
the long-term use of iris scanning as an identification tool during
(un)scheduled visits throughout the EBL2007 vaccine trial.

Research Team and Reflexivity
The research team comprised TZM and FBB, both male medical
doctors and PhD candidates at the University of Kinshasa
(DRC), under the coordination of AP, a female social scientist
(PhD) from the University of Antwerp (Belgium). TZM and
AP developed the interview and topic guides. TZM and FBB
conducted the interviews and focus group discussions (FGDs),
also facilitating translation between French and Lingala and
taking notes as needed. EEL, a male MD from the Provincial
Health Division in Boende (Ministry of Health), provided
logistical support and assisted with recruitment. Previously,
TZM and EEL also served as subinvestigators and trial site
coordinators for the EBL2007 vaccine trial.

Study Setting and Time
This qualitative study on iris scan perception was nested within
the EBL2007 vaccine trial (the main study) and conducted in
the Health District of Boende, located 1200 km from Kinshasa,
the capital of the DRC. Conversations took place on the premises
of the General Referral Hospital of Boende (Hôpital Général
de Référence de Boende, HGR), which served as the main trial
site.

Participant recruitment for the main study began in December
2019, with the final patient visit occurring in October 2022
(Figure 1). During the screening process, potential vaccine trial
participants were invited to opt into an innovative identification
method—an iris scan that captures biometric data from the iris
for personal identification. They were informed that this tool
was safe and would enable more accurate recognition at both
scheduled and unscheduled trial visits.
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Figure 1. Chronology of events in the EBL2007 vaccine trial. HCPs: health care providers.

This qualitative study was conducted between February and
March 2022, during the second follow-up period of the main
study, when most participants had already completed their last
scheduled visit.

Long-term experiences refer to users’ perceptions of the
operational viability of the iris scan after 2 years of systematic
use within the EBL2007 vaccine trial. Further details on the
vaccine trial are reported elsewhere [16].

Participants’ Recruitment and Sampling
In this qualitative study, purposive sampling was used to include
a diverse group of participants and staff from the EBL2007
vaccine trial as it neared completion. The study included the
following groups: participants who used iris scanning for
identification, participants who initially opted out of iris
scanning (including various health care providers involved in
the main study, such as nurses, doctors, midwives, first aid
workers, community health workers, and health facility
cleaners), physician staff involved in the trial, and iris scan
operators. Potential study participants were purposively selected
through referrals based on their professional category, their
consent or refusal to use the iris scanning system, and their level
of involvement in its implementation during the main study.

Data Collection Methods
A combination of FGDs and in-depth individual interviews
(IDIs) was applied to collect data from these participants.

Trial participants who had used iris scanning as their
identification method from the outset were invited to participate
in FGDs. These participants represented a diverse range of
professional categories, including community health care
workers, who serve as intermediaries between health services

and the local population by disseminating information, providing
health education, identifying early disease cases, promoting
positive health practices, and encouraging individuals to seek
professional health care. First aid workers, trained to provide
immediate care before professional medical services become
available, were also included, along with midwives, nurses, and
health facility cleaners. To facilitate open dialogue within each
FGD, considerations were given to both the sex and professional
categories of the participants.

Furthermore, IDIs were conducted to gather insights from trial
participants who had initially opted against using iris scanning
for identification. Physicians involved as trial participants and
iris scanning operators were also invited to participate in these
IDIs.

The selection of trial participants who declined iris scanning
was based on documented refusals, as established in prior
research [4]. The primary reason for refusing iris scanning
among these participants was concern about ocular safety.

Procedure
For both IDIs and FGDs, a semistructured questionnaire was
used (Multimedia Appendix 2). FGDs were conducted in groups
of 6-10 participants. Before commencing the IDIs or FGDs,
interviewees were reminded of the study’s purpose. Each
interview lasted between 60 and 90 minutes, and the
conversations were recorded after obtaining the interviewees’
consent.

Voice recordings in languages other than French were translated
into French and then into English before being transcribed by
2 independent individuals. The accuracy and coherence of the
transcriptions were thoroughly verified by AP and TZM. TZM
coded all transcripts derived from both FGDs and IDIs, and AP
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and TZM reached a consensus on the coding system and
categories used for thematic analysis.

Analysis
This study follows the Consolidated Criteria for Reporting
Qualitative Research (COREQ) guidelines to ensure rigor and
transparency in the design, data collection, analysis, and
reporting of findings (Multimedia Appendix 3). The audio
recordings of all conversations were transcribed, translated into
French if necessary, and imported into NVivo software (QSR
International) for analysis. Each transcript was coded and
assigned a unique identifier to ensure confidentiality. AP and
TZM held regular collaborative meetings to ensure consistency
in the coding process.

The data underwent a thematic analysis approach, beginning
with an initial phase of familiarization with the data set. The
coding process combined both inductive and deductive
approaches [17,18]. Initially, a deductive approach was applied,
with codes derived directly from the 2 main themes
predetermined in the interview guide: (1) the acceptability of
the iris scan and (2) knowledge, perception, and use of the iris
scan. The initial codes addressing similar themes were grouped
into these predetermined themes using a start list [19]. As the
analysis progressed, an inductive approach was incorporated,
allowing for the identification of new, unanticipated codes. The
start list was subsequently updated to integrate these emergent
codes. An iterative process was used to refine and develop
subthemes and themes, ensuring alignment with the study
objectives. The final themes were substantiated by significant
quotations from the transcripts. The analysis was conducted in
French to preserve the authenticity and nuance of participants’
responses.

Trustworthiness
To ensure trustworthiness in our qualitative analysis, we
implemented multiple strategies aligned with the criteria outlined
by Creswell and Poth [20], as well as the principles proposed
by Braun and Clarke [21]. Specifically, credibility was
strengthened through source triangulation by integrating data
from IDIs, FGDs, and observations across different professional
and gender roles within the trial. This methodological approach
facilitated the comparison of diverse perspectives, ensuring a
more comprehensive understanding of participants’experiences.

Reflexivity was explicitly addressed in a dedicated section that
examined the roles of the investigators throughout the research
process. Additionally, verbatim quotes from participants were
incorporated into the text to preserve the authenticity of their
perspectives and enhance the depth of the analysis.

To enhance transferability, we explicitly detailed our working
process and methodology, enabling other researchers to
understand and potentially replicate the conditions and results
of our study.

Confirmability was strengthened by using multiple data
collection methods and engaging independent transcribers and
translators to ensure neutrality. Each transcript was meticulously
reviewed by the researchers to confirm the accuracy and
minimize researcher bias.

Finally, dependability was ensured by maintaining a consistent
methodological approach throughout the study, with exhaustive
documentation to allow verification of the research process.

We believe that the aforementioned measures provide a solid
framework to ensure the reproducibility of our findings.

Iris Scan Equipment and Procedures
The operator responsible for the iris scanning procedure was a
trained and authorized EBL2007 vaccine trial staff member.
The iris scan was conducted using an iris camera (Iritech;
Irishield Monocular) in conjunction with a tablet (Samsung Tab
Active 2) connected to a local ruggedized server via Wi-Fi.
Further details regarding the procedures are described elsewhere
(Multimedia Appendix 4) [4].

The iris scanner used in the EBL2007 vaccine trial was certified
as safe for use with infrared light under all operating conditions,
in accordance with the international standard IEC (International
Electrotechnical Commission) 62471:2006-07 [22].
Additionally, its irradiance was less than 2% of the Eye Safety
Standard Regulation and was tested for photobiological safety.

At enrollment, a list of trial participants who consented to the
use of the iris scanning tool for identification during trial visits
was compiled. Based on this list, the iris scan operator was
instructed not to perform iris scans on participants who had not
provided consent. For these individuals, an alternative
identification method was used. Their unique participant
identification number, assigned at trial enrollment, was recorded,
and only their demographic data and identification photo were
captured using the iris scanning tool’s tablet. During subsequent
(un)scheduled visits, entering their identification number into
the tablet allowed for participant recognition based on the stored
photograph. For consenting individuals, the operator collected
demographic data, took an identification photo, and scanned
both irises (left and right eye) as the primary method of
identification.

Ethics Approval
This research was conducted in accordance with ethical
principles designed to protect the rights and welfare of all
participants. Approval to conduct the study was granted by the
National Ethics Committee of Health of the DRC (approval
reference number 368/CNES/BN/PMMF/2022). Explicit oral
informed consent was obtained before any data collection,
following a clearly defined protocol. Interviewees were fully
informed about the study’s objectives, the use of their personal
data, potential risks and benefits, and their rights to
confidentiality and voluntary participation. Consent was
recorded, and discussions proceeded only after confirmation.
This study had its own protocol and was not a secondary analysis
of existing data; therefore, the informed consent process was
specific to this research. To protect participants’ privacy and
confidentiality, all data were anonymized during transcription
and analysis. Unique identifiers were used in place of personal
information, and no identifying details were included in the
reported findings. Interviewees did not receive monetary
compensation for their participation. However, refreshments
and transportation allowances were provided to facilitate their
involvement in FGDs and IDIs. This was disclosed to

JMIR Form Res 2025 | vol. 9 | e54921 | p.3525https://formative.jmir.org/2025/1/e54921
(page number not for citation purposes)

Zola Matuvanga et alJMIR FORMATIVE RESEARCH

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


participants before they provided consent and was approved by
the National Ethics Committee.

Results

Participant Recruitment and Data Saturation
Interviews were concluded once data saturation was achieved,
with a total of 82 trial participants and staff included in the

study. Data saturation was determined when no new themes
emerged from subsequent discussions. A total of 69 trial
participants took part in FGDs, representing community health
care workers, first aid workers, midwives, nurses, and health
facility cleaners (Table 1). Additionally, IDIs were conducted
with 6 trial participants who refused iris scanning, 5 medical
doctors responsible for safety monitoring in the trial, and 2 iris
scanning operators.

Table 1. Data collection activities for the long-term experiences of health care providers using iris scanning in the EBL2007 vaccine trial.

Total (N=82), nFemale (n=40), nMale (n=42), nInterviewees occupationNumber of
activities, n

Interviewees and data collection
method

Trial participants

18810Nurses2Focus group discussion

1789First aid workers2Focus group discussion

1578Community health workers2Focus group discussion

990Midwife1Focus group discussion

1082Health facility cleaner1Focus group discussion

303Physician1In-depth individual interview

606Entered the trial but refused iris scan

(participants A, B, C, D, E, and F)a
6In-depth individual interview

Staff in the trial

202Physician monitoring safety worker2In-depth individual interview

202Iris scan operator2In-depth individual interview

aParticipants referred to as A, B, C, D, E, and F represent those who chose not to use the iris scanner for identification in the EBL2007 vaccine trial.

Participants had an average age of 51 (SD 11) years. At least
one representative from each main professional category
enrolled in the EBL2007 vaccine trial participated in either the
IDIs or FGDs. The study included 40 (49%) female EBL2007
vaccine trial participants and staff (N=82; Table 1). Three key
themes emerged from the collected data: (1) long-term
experiences of using iris scanning as an identification tool in
the EBL2007 vaccine trial, (2) the potential use of iris scanning
in future vaccine trials, and (3) comparisons between iris
scanning and previously known identification tools. Within
each theme, additional subthemes and categories were identified.

Long-Term Experiences of Health Care Providers
Using Iris Scan as an Identification Tool in the
EBL2007 Vaccine Trial

Purpose-of-Use Understanding of Trial Participants
Who Opted to Use Iris Scan
Some respondents demonstrated a clear understanding of the
rationale behind using iris scanning, as reflected in the following
statements:

It helped us because it brought out the whole face.
[FGD, midwife, trial participant, woman]

It was for identification purposes. [FGD, midwife,
trial participant, woman]

However, a few respondents had a different understanding of
the iris scanning tool, perceiving it as a method for vaccine trial

investigators to detect disease or assess the impact of the
experimental vaccine on the eyes.

Me, I believed they’re going to find the disease in the
eyes, and they’re going to tell us, but they haven’t
told us, and we haven’t asked. [FGD, midwife, trial
participant, woman]

Acceptability of the Iris Scan
In general, health care providers and frontline workers
volunteering in the EBL2007 vaccine trial widely accepted the
use of iris scan technology, consistent with findings from the
start of the trial [4]. One community health worker mentioned:

[...] I haven’t come across anyone who would tell me
that they didn’t accept it. You see, I haven’t
encountered any group of people or any individual
who would refuse to be examined by this device.
[FGD, community health worker, trial participant,
man]

Reasons for Accepting the Iris Scan
The primary reason most interviewees accepted the iris scan
was their willingness to receive the study vaccine. Their
confidence in the trial staff further motivated them to trust the
procedures proposed in the trial.

We accepted it because we were looking at our study
vaccine, we were looking at the advantage of being
enrolled in the Ebola vaccine trial. [FGD, nurse, trial
participant, man]
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However, some respondents stated that they adopted the iris
scan because they understood it as the appropriate identification
tool for accurately recognizing participants enrolled in the trial.

We have observed that it is a valuable tool for
identification, which is why it was accepted. [FGD,
first aid worker, trial participant, woman]

Reasons for Not Accepting the Iris Scan
A handful of interviewees indicated that they did not feel
comfortable with the tool due to concerns about the retention
of their demographic data recorded by it.

Yes, for a psychological reason, for example, we
might take this photo and put it in a book, in a
documentary, so that people can see you. So that’s
why I refused. But as I didn’t have any information,
I couldn’t accept. [FGD, community health worker,
trial participant, man]

Some interviewees, due to the condition of their eyes before
the use of the iris scan, expressed a fear of vision loss associated
with the tool, compounded by their apprehension upon seeing
it for the first time.

I refused because I’m sick. My eye hurts, especially
my left eye, which has been bothering me since 2012.
I’ve been suffering for four years. It’s in this sense
that I refused because the way it was flashing, it may
burn my eye. Especially when she filmed it, it scared
me. That’s why I refused. [Interview, trial participant
B who refused iris scan]

Purpose-of-Use Understanding of Trial Participants
Who Declined the Use of Iris Scan
Some interviewees who declined iris scan identification reported
that they were unaware of the rationale for using this tool in the
vaccine trial.

Well, I don’t know the importance of this. [Interview,
trial participant A who refused iris scan]

I still have doubts, but I’ve seen the people who have
had iris scans, and I don’t see the point in continuing
to doubt, given that there are friends who have
accepted, and they’re still here. [Interview, trial
participant E who refused iris scan]

In my opinion, regarding the importance of iris scan,
when they captured us, I explained that my eye is
diseased, but they told me they would capture the
other eye, and I refused. But I don’t know the
significance of it. [Interview, trial participant F who
refused iris scan]

Some interviewees reported understanding that the scanning
tool was intended for identification purposes during visits to
prevent possible fraud.

[...] We mentioned that we would use it to confirm
the person’s identity. If someone else tries to pretend
to be me, when they put the iris scan in their eye, it
will show that it is not them. That is what I remember
about the iris scan. [Interview, trial participant E who
refused iris scan]

The Perceived Accuracy of Iris Scan in Identifying
Participants
Most interviewees reported that they found the iris scan tool in
the trial to be highly accurate, as it helped prevent cases of fraud
among participants. They provided examples of fraud attempts
to illustrate the tool’s effectiveness and accuracy. One such
example is the following statement:

[...] There was an incident where I arrived for a
scheduled visit and the person sitting close to me
presented his father’s identification card, claiming
to be him. Upon verification, the operator discovered
that the person in front of him was not who he claimed
to be. The photo in the system of iris scan did not
match his appearance. He eventually admitted that
his father had passed away. The individual conducting
the check informed him that we had not been informed
of the father’s passing, and upon further investigation,
it was revealed that the father was traveling and had
authorized his son to represent him. This incident
revealed potentially fraudulent activity, as the person
attempted to manipulate the results of the vaccine
trial by assuming someone else’s identity. [FGD,
community health care worker, trial participant,
woman]

Perceived Risk of Iris Scan Identification
Some participants perceived a link between the use of the iris
scan and vision loss. Additionally, most participants expressed
concerns that vision loss might occur later due to the amount
of light emitted by the device.

Certain interviewees compared the light emitted by the iris scan
to the eclipse phenomenon or sunlight, suggesting that this may
have contributed to vision loss.

We were scared, there was the light and there was
uncertainty as to whether the eye would crack or not
[...] [FGD, community health care worker, trial
participant, man]

Thank you, now after the iris scan, I have noticed that
there is a reduction of vision, especially for reading,
so we have to use glasses now. [FGD, first aid worker,
trial participant, man]

Certain interviewees mentioned that they did not observe any
unusual occurrences during the scanning process and expressed
no apprehension about the future safety of their eyes, as they
did not perceive the iris scan as hazardous.

There was no reaction. They just tell you to stare like
this and then they tell you, it’s okay. There wasn’t
really any direct reaction like that. [FGD, nurse, trial
participant, woman]

I was just afraid for my eyes, but it is not dangerous.
Even if it comes back to my village, we will make
people aware of this device. It is for identifying
people. [Interview, trial participant E who refused iris
scan]
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Rumors and Reactions From the Surroundings
Certain interviewees and FDG expressed concerns about the
well-being of their eyes based on conversations. Nevertheless,
most emphasized that they had not heard any rumors related to
the iris scan. Instead, the rumors primarily focused on the
experimental vaccine and other study procedures, such as blood
sampling.

They said your eye is sick if you use this device, your
eye will be completely damaged, which is why I was
afraid. Otherwise, there wasn’t much to it. [Interview,
trial participant B who refused iris scan]

No, in the neighbourhoods there hadn’t been any
rumours, but it was about the vaccine and blood
sampling that people were talking nonsense about,
not about the iris scan. [FGD, first aid worker, trial
participant, man]

The people around us didn’t know that we were
having the iris scan in the study, they only knew that
we were selling our blood and getting vaccinated,
period, but concerning the Iris scan, nothing was said,
it was only us, trial participants, who knew about the
Iris scan, but not the community, they didn’t know
anything about it. In the neighbourhood, we were
nicknamed blood sellers. [FGD, health facility
cleaner, trial participant, woman]

Use of Iris Scans in Future Vaccine Trials or Other
Public Health Activities

Acceptability of Iris Scan in the Wider Community

As the iris scan tool is part of a vaccination monitoring system
that collects additional data (eg, demographics, a photo of the
face) beyond those recorded for routine vaccinations (eg,
demographics, previous vaccinations, the name of the vaccine
administered, its lot number, and expiry date), certain
participants believed that the iris scan tool would neither be
accepted nor feasible in broader vaccination efforts involving
the general population. Participants referenced a yellow fever
vaccination campaign that had taken place in Boende. During
this campaign, people agreed to receive the vaccine, but many
were unwilling to provide full identities and demographic data.
Therefore, some interviewees and FGD participants suggested
that a different tool, such as fingerprint scanning, would be
preferable instead.

I wanted to say that for the population, it’s going to
be a bit difficult, because we’ve noticed here that with
yellow fever, we only recorded the name on the card
and then gave the vaccine directly. It was also difficult
to get someone to agree to give their full identity so
that they could be vaccinated, so it would also be very
difficult with the iris scan. It’s better even with the
fingerprint, maybe it will be all right. With the iris
scan, it will be a bit difficult with this population.
[FGD, nurse, trial participant, woman]

Some interviewees emphasized that iris scanning could be an
acceptable, effective, and reliable tool for uniquely identifying
individuals who might volunteer in future clinical trials.

However, they stressed that this should be accompanied by a
robust awareness campaign to repeatedly communicate sufficient
information about the tool’s safety.

At first, people will refuse, but after awareness-raising
and testimonials from those who have experienced
the tool, they will accept. [Interview, trial participant
A who refused iris scan]

Recommendations From Interviewees and FGD Participants

When implementing iris scanning in vaccine trials, particularly
in remote areas such as Boende, some interviewees and FGD
participants recommended considering the availability of
ophthalmic specialists. According to their statements, the iris
scan operator in the EBL2007 vaccine trial was not fully aware
of the risks involved in scanning the eyes and was unable to
provide clear explanations regarding the safety of trial
participants’ eyes.

[...] when you come to scan people’s eyes, come with
the eye specialist. [...]. All those who have handled
our eyes are not specialists. [...] They are
photographers, so you should to come with eye
specialists. An ophthalmologist because it’s a
sensitive organ. [FGD, first aid worker trial
participant, trial participant, man]

Few of those who participated in the FGDs voiced concerns
about not seeing the vaccine trial investigators undergo iris
scanning.

[...] Until now we haven’t seen the staff being
vaccinated, or scanned the eyes with iris scan. We
haven’t seen; they haven’t scanned themselves. [FGD,
first aid worker, trial participant, man]

Some participants in this research recommended reducing the
amount of light used during scanning, increasing the distance
between the eye and the scanner, and conducting demonstrations
during the screening/consent process.

I think that, as my colleague the Community health
worker just said, the distance from the iris scan is too
close. Isn’t there some way of finding ways of making
it even bigger? [...]. [FGD, community health worker,
trial participant, woman]

Comparison of Iris Scan With Previous Known
Identification Tools

Referring to previously used and well-known identification
methods, most interviewees stated that iris scanning would be
the best way to uniquely identify volunteers in the trial.

With the experience that I have, with the age that I
have...I believe that the only method of escaping fraud
is scanning [...] [FGD, community health worker,
trial participant, woman]

[...] So, with today’s technology, we may easily modify
the photo by taking someone’s face and putting it on
another body to make it look like it’s me, but it’s not.
But with the iris scan, it’s easy to see that it’s not me,
it’s just someone else’s face. So, with the iris scan,
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it’s hard to commit fraud. [FGD, community health
worker, trial participant, woman]

Some interviewees suggested using the traditional fingerprint
biometric tool to minimize the risk of compromising their eyes
with iris scanning or deploying other methods, such as recording
names, dates of birth, and identification numbers in a computer.
Others proposed more innovative identification tools, such as
collecting identity data through the laser thermometer used to
measure temperature at entry points or utilizing blood samples
already collected during the first visit.

I’m going to recommend the fingerprint because the
signature may be imitated, but your fingerprint, your
own blood, will reveal all your data. [FGD,
community health worker, trial participant, man]

[...] instead of using this device, there was no way of
using our fingerprints. Because...Isn’t it possible to
use a fingerprint? [FGD, community health worker,
trial participant, man]

[...] As we’ve received all the doses of vaccine as well
as blood samples were taken, it’s the computer that
will indicate that for such and such a participant, he’s
finished his doses, these appointments are over, so
that’s it. The computer is a method. [FGD, health
facility cleaner, trial participant, woman]

[...] We may have a thermometer that records all the
identity as well as the blood pressure and everything,
so as not to have any problems with the use of that
iris scan laser. [FGD, community health worker, trial
participant, man]

Discussion

Principal Findings
This qualitative study aimed to document the long-term
experiences of EBL2007 vaccine trial participants and staff
regarding the use of an innovative iris scan biometric tool.
Overall, the tool was found to be acceptable, accurate, and
effective in verifying participants’ identities throughout the trial,
preventing fraud and errors.

Although it was clearly explained during the consent procedure
that the iris scan was noncompulsory, some participants may
have feared that declining it would prevent their enrollment.
Similarly, the safety of the iris scan was thoroughly explained
to trial personnel at the start of the trial. Despite these efforts,
some interviewees and FGD participants still felt that scanning
their eyes posed safety risks or that it might cause problems in
the future.

It is important to highlight the expected motivational benefits
of participating in the EBL2007 vaccine trial, as some
interviewees may have accepted the iris scan primarily to receive
the Ebola vaccine regimen, given that they reside in an area at
risk of an outbreak [23], or to obtain reimbursement for travel
costs and time associated with the trial [24]. Additionally,
concerns about eye safety after using this tool should not be
overlooked. Various vision problems were perceived to be
associated with the iris scan.

In studies conducted elsewhere, similar reasons for
hesitancy—such as general safety concerns and anxiety about
the physical effects of biometric scanning—have been reported
[14,25,26]. However, it is important to note that vision
impairment was neither reported as an adverse event nor
assessed as being associated with iris scanning during the trial.
Additionally, concerns were raised regarding the collection and
safeguarding of additional personal data following the iris scan.
Notably, collecting such information was new to trial
participants in the remote area of Boende (the trial site), where
the most common biometric practice—used for payroll
verification, passport applications, and voter
registration—remains fingerprinting [27]. This familiarity with
fingerprinting may have contributed to greater comfort with it
compared with iris scanning and may have also raised security
concerns about iris scanning, despite its general acceptance and
perceived accuracy.

It is likely that the vision disorders perceived to be associated
with iris scanning in the EBL2007 vaccine trial had other causes.
Some participants may have had preexisting eye conditions.
For instance, while the mean age of trial participants was 45
years [27], it is well known that the incidence of vision
impairment increases from middle age onward [28,29].
Additionally, at the time of the EBL2007 vaccine trial, no
ophthalmological care was available in Boende. As a result,
participants’ vision or ophthalmological complaints may not
have been addressed at the time of enrollment. Promotional and
preventive activities aimed at improving eye health may also
be necessary, as studies have shown that visual impairment is
prevalent in populations living in remote, resource-constrained
areas due to limited access to quality health care services [30].
However, implementing such activities may introduce additional
costs for researchers. Given the increasing spread of digital
legislation and democracy in Africa [31], these concerns may
gradually diminish with the wider use of iris scanning
technology. This suggests that even if research participants
develop vision problems—likely due to aging or other
factors—they may not attribute them to iris scanning as digital
technology becomes more commonplace.

Some interviewees noted that the iris scanner operator appeared
more like a photographer than someone capable of properly
explaining the tool and its safety information. This suggests
that the purpose and function of the iris scan tool were not
sufficiently explained at inclusion or during follow-up visits in
the trial. As a lesson learned, it is crucial to provide more
detailed training to the iris scan operator to ensure they can
answer specific questions from research participants.

It is also worth emphasizing that the timing of this qualitative
study—conducted 2 years after the trial began—may explain
why some interviewees and FGD participants gradually forgot
the information about the iris scan tool provided during the
initial consent process. Previous studies have highlighted that
trial volunteers often forget or retain less of the information
given at the time of enrollment [32,33]. This suggests that in
long-term studies, the contents of the informed consent form
should be periodically re-explained to participants.
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This study demonstrated that iris scanning in vaccine trials
conducted in resource-poor settings has valuable potential and
is generally accepted for participant identification. The
acceptability of iris scanning aligns with the key properties
required of a high-performance biometric tool, such as
universality, uniqueness, permanence, collectability, and
resistance to circumvention [31,34]. However, during the
EBL2007 vaccine trial, the iris scanning process became
cumbersome when identification was not possible due to a
participant’s failure to follow the operator’s instructions. To
facilitate rapid identification through iris scanning, it is essential
that individuals remain attentive and adhere strictly to the
operator’s guidance. This challenge may be particularly
pronounced in vaccine trials involving younger infants (under
1 year old). Although infants are among the populations most
in need of vaccines, they are unable to follow detailed
instructions—such as looking into a camera—required for iris
recognition [15]. Alternative approaches, such as scanning the
iris of the accompanying adult (proxy identification number)
or using ear-based or palm-based automatic recognition, may
be more suitable for infants and other dependent populations
[35,36].

Limitations
This study has some limitations. First, our findings are based
on long-term experiences—spanning multiple iris scanning
moments over a 2-year study period—of a population of health
care providers and frontline workers who likely have a higher
level of understanding of health-related phenomena. As a result,
these findings may not be generalizable to the broader
population. Second, some of the researchers who conducted
FGDs and interviews, although not directly involved in the
medical aspects of the vaccine trial, may have been perceived

by interviewees as representing the trial team. This perception
could have introduced desirability bias in the IDIs and FGDs.
Finally, some participants working at the General Referral
Boende Hospital—also the study site of the trial—may have
hesitated to express negative concerns about the iris scan due
to the location of the interviews (ie, at the hospital) or because
some interviews were conducted by a trial investigator.
Nevertheless, the findings of this qualitative research reflect
participants’ and staff’s retrospective experiences with iris
scanning over time and complement previous qualitative
research on its acceptability. To our knowledge, this study,
combined with the earlier research on the acceptability of
biometric identity verification tools, provides the only
comprehensive analysis of both the initial acceptability and the
actual experiences of iris scanning within the same trial
population [4]. The insights gained can inform the broader
implementation of iris scanning in vaccine trials or other
long-term longitudinal research.

Conclusions
The findings of this qualitative research highlight the sustained
acceptability and perceived high accuracy of the iris scan tool
for uniquely identifying adult participants in a vaccine trial over
time. However, when the functionality of the iris scan is not
well understood or remembered by users, certain concerns may
arise, including perceived risks to long-term vision, the use of
retained data, and the tool’s ability to rapidly verify information
regardless of age, education level, or health condition. To
support broader implementation in vaccine trials or other
research, further efforts should be made to provide clear
information to users and dispel misconceptions about the fears
and perceived risks associated with the iris scan tool.
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Abstract

Background: Online research studies enable engagement with more Black cisgender women in health-related research. However,
fraudulent data collection responses in online studies raise important concerns about data integrity, particularly when incentives
are involved.

Objective: The purpose of this study was to assess the strengths and limitations of fraud deterrence and detection procedures
implemented in an incentivized, cross-sectional, online study about HIV prevention and sexual health with Black cisgender
women living in Texas.

Methods: Data for this study came from a cross-sectional web-based survey that examined factors associated with potential
pre-exposure prophylaxis use among a convenience sample of adult Black cisgender women from 3 metropolitan areas in Texas.
Each eligibility screener and associated survey entry was evaluated using 4 fraud deterrence features and 7 fraud detection
benchmarks with corresponding decision rules.

Results: A total of 5862 respondents provided consent and initiated the eligibility screener, of whom 2150 (36.68%) were
ineligible for not meeting the inclusion criteria, and 131 (2.23%) completed less than 80% of the survey and were removed from
further consideration. Other entries were removed for not passing level 1 fraud deterrent safeguards: duplicate entries with the
same IP address (388/5862, 6.62%), same telephone number (69/5862, 1.18%), same email address (114/5862, 1.94%), and same
telephone number and email address (17/5862, 0.29%). Of the remaining 2993 entries, 1652 entries were removed for not passing
the first 2 items of the level 2 fraud detection benchmarks: screeners and surveys with latitude and longitude coordinates outside
of the United States (347/2993, 11.59%) and survey completion time of less than 10 minutes (1305/2993, 43.6%). Of the remaining
1341 entries, 130 (9.69%) passed all 5 of the remaining level 2 data validation benchmarks, and 763 (56.89%) entries were
removed due to passing less than 3. An additional 33.4% (423/1341) entries were removed after passing 4 of the 5 remaining
validation benchmarks, being contacted to verify survey information, and not providing legitimate contact information or being
unable to confirm personal information. The final enrolled sample in this online study consisted of 155 respondents who provided
consent, were deemed eligible, and passed fraud deterrence features and fraud detection benchmarks. In this paper, we discuss
the lessons learned and provide recommendations for leveraging available features in survey software programs to help deter
bots and enhance fraud detection procedures beyond relying on survey software options.

Conclusions: Effectively identifying fraudulent responses in online surveys is an ongoing challenge. The data validation approach
used in this study establishes a robust protocol for identifying genuine participants, thereby contributing to the removal of false
data from study findings. By sharing experiences and implementing thorough fraud deterrence and detection protocols, researchers
can maintain data validity and contribute to best practices in web-based research.
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Introduction

Background
In the past 2 decades, there has been a rise in online
health-related research studies. Online research provides a
practical approach to recruitment and data collection, including
electronic dexterity, participant anonymity, speed, reduced error,
easy and remote participation [1], cost efficiency, and the
potential to recruit larger study samples [2,3]. While online
research has expanded recruitment opportunities, Black/African
Americans remain underrepresented in health-related research
studies [4-9], particularly Black women [7-9] who are
considered a “hard-to-reach” population [9,10].

Online research studies offer one way to engage more Black
cisgender women in health-related research. However,
conducting research online, particularly when incentives are
involved, warrants careful attention. For instance, respondents
may misrepresent themselves to improve their likelihood of
meeting the study eligibility criteria to obtain the incentive
[11,12]. The lack of face-to-face interaction (eg, video) restricts
researchers’ ability to verify whether the data come from real
individuals [13,14]. Other challenges associated with conducting
online research include the presence of bots (ie, computer
program software designed to automatically fill out survey
questions with preprogrammed responses), the ability to bypass
IP address restrictions, and respondent misrepresentation (ie,
ineligible participants providing inaccurate information to gain
entry into the study) [2,13,14]. Although online recruitment (ie,
through social media) has been successful in attracting
underrepresented populations in health-related research studies
involving incentives [15-18], the use of a standard web link for
online recruitment purposes may exacerbate the potential for
fraudulent responses and threats to data integrity [19-22]. In
response to these challenges, researchers have provided
recommendations for how best to screen for fraudulent survey
entries and handle potentially invalid responses [11,12,22-26].

Teitcher et al [12] recommends checking for inconsistent survey
responses, using a CAPTCHA, collecting paradata to examine
how individuals are responding to survey questions, tracking
personal information (eg, email, home address, or telephone
number), checking for encrypted IP addresses or multiple survey
entries from the same IP address, enabling cookies to prevent
multiple survey completion attempts, and including an interview
to determine whether an individual has already participated or
is being dishonest on responses. Other researchers have
published similar recommendations [2,23,27,28]. In addition
to these recommendations, researchers are encouraged to
develop a system of decision rules to detect and handle invalid
and fraudulent research data [11-13,25]. Pozzar et al [21]
investigated threats to their sample validity and data integrity
after online social media recruitment of health research
participants to complete an online survey. Although the authors
used a data collection platform with fraud prevention features,

collected verifiable information, and included open-ended items
to identify those who provided false information regarding their
eligibility criteria, many respondents still bypassed the validity
and data integrity measures [21]. Dewitt et al [29] applied
similar participant validity procedures in a small internet health
survey among a sample of gay and bisexual survivors of prostate
cancer. However, the authors discovered that some invalid
entries bypassed their validation protocol, although they passed
checks for nonduplicate IP addresses, valid zip codes, and
reCAPTCHA verification [29]. These findings underscore the
importance of ongoing vigilance and periodic reassessment of
validation strategies throughout the recruitment phase of a study
to enhance the overall effectiveness of fraud prevention
strategies. Furthermore, the tactics used to deceive or manipulate
online study eligibility and enrollment systems are continually
evolving and, as such, call for new insights and lessons learned
to help improve rigor and data integrity.

Purpose
This analysis builds on extant literature by assessing the
strengths and limitations of fraud deterrence and detection
procedures that were implemented in an incentivized,
cross-sectional, online study about HIV prevention and sexual
health with a convenience sample of Black cisgender women
living in Texas, United States. We share the lessons learned
from implementing this study and discuss different strategies
that are available to help improve the likelihood of collecting
valid data from legitimate research participants.

Methods

This study adhered to the STROBE (Strengthening the Reporting
of Observational Studies in Epidemiology) reporting guidelines
[30].

Recruitment
Between December 2020 and January 2022, we recruited Black
cisgender women from Houston, San Antonio, and Dallas in
Texas to complete a 1-time online study survey about HIV
prevention and women’s sexual health, with a primary focus
on pre-exposure prophylaxis [31]. Participants were recruited
using online advertisements and print flyers that contained
information about the study and a web link to access the online
consent form and eligibility screener. Online advertisements
were placed on Facebook and Instagram (clickable web link
embedded), whereas printed flyers (with a QR code and web
link) were placed in locations (eg, coffee shops, restaurants,
grocery stores, and gyms) in Houston, Dallas, and San Antonio
frequented by Black women. Snowball sampling was also used
to recruit participants. All recruitment materials contained
information about the study and a method (eg, QR code or direct
web link) to access the online consent form and eligibility
screener [32].
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Procedures
Irrespective of the recruitment method, all interested individuals
who clicked the provided web link were taken to the study
landing page housed in Qualtrics (Qualtrics International Inc),
a Health Insurance Portability and Accountability Act (HIPAA)
compliant survey program. The landing page provided
information about the study, the electronic consent form, and
the online eligibility screener. The electronic consent form
provided detailed information about the survey study, such as
its purpose and participation process (including time
commitment), incentives, privacy and confidentiality, risks and
benefits, and contact details for the primary investigator and
institutional review board. Respondents who consented to
participate were immediately routed to the eligibility screener.
Once consented and eligible, individuals were prompted to
provide their email address for incentive distribution before
being automatically granted access to complete the 30-minute
online study survey. Individuals were also instructed to provide
their telephone number if they consented to participate in a
possible 1-time, online interview (if purposively selected). In
addition, individuals could provide their contact information to
be contacted for future research opportunities.

Consented and eligible individuals who completed at least 80%
of the study survey were enrolled in the parent study once their
data were evaluated and had passed the fraud deterrence and
detection protocols (described later in the Methods section).
Individuals who were ineligible were thanked for their interest

in the study and provided with relevant resources related to HIV
prevention.

Eligibility Criteria
For study inclusion, participants had to meet all of the following
eligibility criteria through self-report: (1) be at least 18 years
of age; (2) self-identify as a cisgender woman; (3) self-identify
as Black (ie, African American or Caribbean American [eg,
Haitian American]); (4) have an HIV-negative or unknown
serostatus; (5) live in or near (within 25 miles [approximately
40 km]) Houston, San Antonio, or Dallas in Texas; (6) have
engaged in at least 1 HIV risk behavior within the past 6 months
(ie, unprotected vaginal or anal sex with a male partner, injection
drug use, or sex exchange) or have been diagnosed with a
sexually transmitted infection (STI); and (7) be fluent in English.
Individuals who did not meet all 7 eligibility criteria were
excluded.

Application of the First Level of Fraud Deterrent
Protocols: Lesson 1
To help deter the collection of invalid data [11,23,27,33-37], 4
fraud prevention safeguards—built-in features available in
Qualtrics—were selected for use in the online eligibility screener
and study survey before recruitment began. The 4 fraud
prevention safeguards are CAPTCHA verification, prevent
indexing, prevent ballot box stuffing (ie, duplicate entries), and
bot detection. Descriptions of the 4 fraud prevention safeguards
are provided in Textbox 1.

Textbox 1. Descriptions of the level 1 fraud deterrent protocol, which included 4 fraud prevention safeguards used in the Qualtrics eligibility screener
for all respondents.

CAPTCHA

CAPTCHA requires a respondent to successfully pass a task or challenge (eg, select all squares containing fire hydrants in the image) to gain access
to the next web page (eg, survey)

Prevent indexing

A tool that prevents bots or software from finding the survey within web search engines

Prevent ballot box stuffing (currently called “Prevent Multiple Submissions”)

A tool that places a cookie on the individual’s browser (cookies are small data files generated by a web server and sent to a web browser; they track
user activity, help websites recognize returning users, and improve the browsing experience); if the same respondent returns using the same browser
on the same device, without having cleared their cookies, they are flagged as a duplicate

Bot detection

A tool that assesses the likelihood of a response being from a bot or a human by assigning a probability score based on interactions with invisible
Google reCAPTCHA technology embedded in the survey

Soon after recruitment began, there was a huge influx of data
entries—1498 within the first 3 days. This unusual activity
prompted us to pause the study (ie, recruitment as well as
screener and survey) to evaluate whether the screener and study
survey entries were valid. During this review, the safeguard
options presented in Textbox 1 were thoroughly examined to
determine whether there were limitations to using these 4
features.

We learned that the prevent ballot box stuffing option in
Qualtrics does not fully prevent duplicate entries. Respondents
could still access the survey by switching browsers or devices,
even when this option was enabled. In addition, Qualtrics does
not prevent duplicate entries based on additional criteria such

as name, telephone number, email address, or IP address. Of
the 1498 entries, approximately half (n=769, 51.3%) were linked
to an entry that shared an IP address with at least 1 other survey
entry. Several other patterns were noted while evaluating the
data entries: (1) some (53/1498, 3.54%) came from latitude and
longitude coordinates outside of the United States and its
territories; (2) a little more than one-fifth (350/1498, 23.36%)
were completed in record time (eg, 9 min vs an estimated
completion time of 30 min); (3) some (355/1498, 23.69%)
contained names or email addresses with unusual handles,
unconventional characters, excessive numbers, or uncommon
symbols (eg, a987quaiigi@yahoo.com and
Â2xylzggf@gmail.com); and (4) a few (18/1498, 1.2%) included
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a US telephone number with an incorrect digit count (>10 digits
or <10 digits). Upon further investigation, we noticed that
responses to certain survey items were either nonsensical, highly
improbable, or were incongruent with a response to a related
item. For example, in an open-text item asking, “How did you
hear about PrEP?” some respondents provided nonsensical
answers, such as “Jsjsjd,” or an illogical response, such as “Yes”
(27/1498, 1.8%). A highly improbable response pattern was
observed when some entries (17/1498, 1.13%) selected all
options for HIV behavioral risk factors (eg, “I had unprotected
vaginal sex with a male partner [vaginal sex without using a
condom] in the past 6 months,” “I had unprotected anal sex with
a male partner [anal sex without using a condom] in the past 6
months,” “I had sex in exchange for something of value [such
as food, shelter, money, or drugs] in the past 6 months,” “I have
taken drugs by injection with a needle [such as heroin, cocaine,
amphetamines, or steroids; not including anything taken under
a doctor’s order] in the past 6 months,” and “I have been
diagnosed with an STI in the past 6 months [STIs include
chlamydia, gonorrhea, syphilis, human papilloma virus (HPV
and warts) and herpes simplex virus]”). Selecting all options
was considered highly unlikely.

After evaluating the influx of responses and noting the
aforementioned patterns, we decided to call the first 20 people
who met the eligibility criteria, consented to participate, and
completed the study survey and whose responses showed no
signs of fraudulent activity. The goal was to verify whether the
provided telephone numbers were valid and belonged to the
respondents. The majority of telephone numbers called (16/20,
80%) were linked to a person, company, or business not
associated with the individual listed in the survey entry or were
disconnected or no longer in service. Only 4 (20%) of the 20
telephone numbers were valid and belonged to the individual
who completed the survey. In summary, our evaluation of data
entries in relation to the limitations of the survey-based fraud
prevention safeguard options highlighted the need to implement
additional fraud deterrence and detection procedures to help
ensure that valid data were being collected from legitimate
research participants.

Application of the Second Level of Fraud Detection:
Lesson 2
We made a number of changes before resuming the study. First,
we retained and implemented the original 4 safeguard options
provided by Qualtrics. In addition to the existing CAPTCHA,
which was placed before the first question of the eligibility
screener, we added a CAPTCHA before the first question of
the study survey to further deter bots. We also decided to
manually evaluate all completed eligibility screeners (with the
associated study survey) for duplicate records (ie, >1 entry) [38]
by assessing whether the same IP address, telephone number,

or email address appeared across multiple entries. If >3 entries
were found to have the same IP address, we retained the first 3
and removed the rest. If multiple entries were found to have the
same telephone number or email address, we kept only the first
entry and removed all others. On the basis of prior research and
our initial findings, we created and implemented 7 additional
data validity benchmarks for fraud detection. Each benchmark
included a predetermined decision rule that was created a priori.
These benchmarks, along with their corresponding decision
rules, are described in Table 1 and were implemented alongside
the 4 original Qualtrics safeguard options.

After duplicates were removed, each screener and study survey
entry was evaluated by applying the 7 fraud detection
benchmarks presented in Table 1. First, any entry with latitude
and longitude coordinates outside of the United States was
labeled as fraudulent and excluded (ie, ineligible and not
enrolled). Any entry that had a completion time of ≤10 minutes
was also labeled as fraudulent and not enrolled. All remaining
entries with latitude and longitude coordinates within the United
States and a completion time of >10 minutes were further
evaluated using the 5 remaining benchmarks (items 3-7 in Table
1). These 5 benchmarks evaluated whether the self-reported
telephone number contained 10 digits in the United States format
(ie, xxx-xxx-xxxx); the self-reported email address was correctly
formatted and deemed valid using a third-party email validation
tool or was associated with a Facebook profile; the responses
to certain survey questions (eg, HIV behavioral risk factors or
open-ended survey questions) were nonsensical or highly
improbable (ie, selecting having engaged in all 5 options for
HIV behavioral risk factors in the 6 months before study
participation: unprotected vaginal sex with a male partner,
unprotected anal sex with a male partner, injection drug use,
sex exchange, and diagnosed with an STI); the self-reported
responses to the items about zip code and residential city
matched; and name, email address, or open-ended text responses
contained nonstandard characters or symbols not commonly
used in the United States (eg, Â). To be considered a highly
probable respondent with valid data, individuals had to pass all
5 fraud detection benchmarks (items 3-7 in Table 1).
Respondents who passed ≤3 were deemed fraudulent (ie,
ineligible and not enrolled). Those who passed at least 4
benchmarks were marked for further review. A team member
then contacted these individuals via telephone or email to ask
2 questions about the personal information provided in the
screener or study survey (eg, current age, birth month, zip code,
city of residence, or relationship status). Individuals who could
not be reached or provided incorrect answers were categorized
as “fraudulent” and not enrolled. The goal of these procedures
was to identify additional fraudulent entries to improve the
integrity of the data collected.
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Table 1. Description of the level 2 fraud detection protocol, which included 7 data validation benchmarks and corresponding decision rules used to

identify additional fraudulent survey respondent entriesa.

Decision ruleData sourceBenchmark ruleData used for benchmark

If individual does not pass, labeled as
fraudulent; no longer reviewed

Eligibility screenerLocation must be within the United States1. Latitude and longitude
coordinates of IP address

If individual does not pass, labeled as
fraudulent; no longer reviewed

Eligibility screener
and study survey

Completion time must exceed 10 minutes2. Start and finish time
stamps

If not in United States format, labeled
for further review

Eligibility screenerDigits must be provided in the correct United States format
(xxx-xxx-xxxx)

3. Telephone number

If not in correct format or fake email
address, labeled for further review

Eligibility screenerEmail address must be valid when verified online through
a third party (eg, s223456h@yahoo.com or have altering
letters and numbers – 12s2n4n5P3@gmail.com [28,29])

4. Email address

If all 5 options for HIV behavioral
risk factors are selected, labeled for
further review; if nonsensical or
highly improbable responses have
been provided to open-ended ques-
tions, labeled for further review

Eligibility screener
and study survey

Selected all 5 options for HIV behavioral risk factors in
the screener or provided irregular responses to open-ended
survey questions

5. Nonsensical or highly
improbable responses to
survey questions

If self-reported zip code and city do
not match, labeled for further review

Eligibility screenerProvided a zip code that did not match their self-reported
residential city

6. Matched responses: zip
code and city

If nonstandard characters or symbols
identified, labeled for further review

Eligibility screener
and study survey

Name, email address, or open-ended text responses contain-
ing nonstandard characters or symbols not commonly used
in the United States (eg, Â and Didnâ€™t)

7. Nonstandard characters
or symbols

aRespondents were first evaluated against items 1 and 2 of the 7 data validation benchmarks. Those who did not meet these criteria were labeled as
“fraudulent.” Respondents who passed were then evaluated against the remaining 5 benchmark items (items 3-7) and labeled based on the number of
criteria met: “pass” (met all 5 criteria), “further review” (met 4 criteria), and “fraudulent” (met ≤3 criteria).

Ethical Considerations
The procedures associated with the primary study, including
ethics approval and oversight, were approved by the institutional
review board at the University of Hawai i at Mānoa (IRB
2020-00030). A certificate of confidentiality for human
participant research was obtained from the National Institutes
of Health to help keep participant data private. Informed
electronic consent was obtained from all participants included
in the study; each respondent was required to individually
provide consent electronically before taking the eligibility
screener. Upon study completion, all documents containing
identifying information were deidentified and coded with a
unique study number. As approved by the ethics committee,
enrolled participants (ie, individuals who provided consent, met
the eligibility criteria, completed at least 80% of the study
survey, and passed all fraud deterrence and detection protocols)
were emailed a US $25 electronic gift card for taking part in
the study.

Results

Consent, Eligibility Criteria, and Level 1 Fraud
Deterrent Protocols
Figure 1 presents the number of entries removed by
implementing the 4 fraud deterrent safeguards provided by
Qualtrics and the 7 fraud detection benchmarks. There were
5862 entries representing those who clicked the study link and
provided consent. First, entries were removed if they did not
pass the study eligibility criteria (ie, ineligible; 2150/5862,
36.68%). Entries were also removed if the respondents provided
consent and were eligible but completed <80% of the study
survey (131/5862, 2.23%). Second, duplicate entries (ie, entries
with the same IP address and same telephone number or email
address; 588/5862, 10.03%) were removed. With respect to
duplicate IP address, there were 1839 entries that had the same
IP address as at least 1 other screener and survey. Among these
1839 entries, 121 unique IP addresses were linked to an entry
that shared the same IP address with ≥4 screeners and surveys.
Following the data validation protocol for entries with the same
IP address (ie, retaining the first 3 entries with the same IP
address and discarding additional ones), 388 (21.1%) of the
1839 entries were removed. In sum, there were 2993 respondents
who provided consent, met the eligibility criteria, and passed
level 1 fraud deterrent safeguards.
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Figure 1. Final participant enrollment after implementing the 4 fraud deterrent safeguards (provided by Qualtrics) and the 7 fraud detection benchmarks.

Level 2 Fraud Detection
Seven additional fraud detection benchmarks were implemented,
resulting in the removal of additional entries. Of the 2993 entries
that remained, 347 (11.59%) with latitude and longitude
coordinates outside of the United States were removed, while
1305 (43.6%) were removed for having a survey completion
time of <10 minutes. Among the remaining 1341 entries,
implementing the 5 remaining fraud detection benchmarks led
to the exclusion of 56.9% (763/1341) of the entries that met <4
of the benchmarks. Only 130 (9.7%) of the 1341 respondents

passed all 5 data validation benchmarks and were enrolled in
the study. A total of 448 respondents were contacted via
telephone or email for further legitimacy review, of whom 25
(5.6%) were successfully reached and verified as legitimate.

Enrolled Participants
After removing entries based on the fraud deterrence and
detection protocols, 155 Black cisgender women met all study
criteria, including providing consent, meeting eligibility
requirements, completing at least 80% of the study survey, and
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passing all fraud deterrence and detection protocols, and were
enrolled in the study.

Discussion

Principal Findings
This study, which focused on Black cisgender women,
emphasizes the importance of implementing effective fraud
deterrence and detection procedures in incentivized online
research. Our findings, stemming from the lessons learned,
highlight that solely relying on fraud deterrence features offered
by online survey programs (eg, Qualtrics) is insufficient to
ensure the collection of valid data from legitimate research
participants. We demonstrate and argue that when conducting
incentivized online research, additional fraud deterrence and
detection protocols are needed to uphold data integrity and
research rigor. These protocols should be implemented before
the start of recruitment and enrollment, and should be adjusted
as needed throughout the process. Of the 5862 entries received
for the study, only 155 (2.64%) provided consent, were eligible,
and met fraud detection and deterrent criteria. A large proportion
of the entries (2838/5862, 48.41%) were deemed fraudulent.
Through reflection on the protocols used in this online study,
we offer suggestions and ideas for researchers to consider using
to help deter and detect fraudulent data entries, with the
objective of helping to increase the likelihood of collecting valid
data from genuine participants.

Leveraging Available Features in Survey Software
Programs to Deter Bots
Effectively identifying and managing bots is important to ensure
the accuracy, reliability, and integrity of collected data. We
recommend using all available features provided by the survey
software while also being aware of their limitations to deter
fraud. In this online study, we used the CAPTCHA verification,
prevent indexing, prevent ballot box stuffing (ie, duplicate
entries), and bot detection features offered by Qualtrics. We
recommend leveraging the CAPTCHA feature because it can
be used more than once within an online survey. Although 1
prior study [24] found the CAPTCHA feature to be insufficient
in dissuading fraudulent responses, the authors did not provide
details about how often it was actually used in their survey. In
this study, we strategically placed a CAPTCHA before the first
question in the eligibility screener as well as before the first
question in the study survey. Strategically placing a CAPTCHA
before the initial question in both the eligibility screener and
the study survey potentially aided in the identification and
elimination of additional fraudulent entries that might have
bypassed the initial CAPTCHA. This assertion is supported by
the discovery of participants (n=131) who provided consent and
met the eligibility criteria but did not start the survey (Figure
1). The strategic placement of CAPTCHAs provides an
additional layer of security against automated bot submissions
and may help reduce the likelihood of receiving invalid
responses.

The “prevent ballot box stuffing” option uses cookies to prevent
multiple survey entries but does not fully prevent duplicate
entries based on IP address or self-reported information, such

as name, email address, and telephone number. Although prior
studies have used this fraud detection feature, its limitations
were not acknowledged or discussed [28,37]. Our evaluation
suggests that respondents, in an attempt to identify which
responses would qualify them for the study, may have repeatedly
taken the eligibility screener using different internet browsers,
as evidenced by the high number of duplicate entries from the
same IP addresses (n=1839). When we discovered this, we
manually evaluated screener entries to label and assess which
ones came from the same IP address. We then applied the same
process to evaluate screener entries that contained the same
email addresses and telephone numbers, given the limitations
of the prevent ballot box stuffing option. The implementation
of these evaluation methods was valuable in discerning whether
entries originated from the same entity. Our experience and the
relevant lessons learned underscore the importance of
understanding the limitations of fraud deterrence features in
online survey software.

It is important to acknowledge that the 4 fraud deterrence
features (CAPTCHA verification, prevent indexing, prevent
ballot box stuffing, and bot detection) were implemented in the
Qualtrics-hosted study survey between December 2020 and
January 2022. Since then, Qualtrics may have updated or
enhanced these features. Furthermore, Qualtrics offers 2 other
fraud deterrence features that were not used in this study:
Security Scan Monitor and RelevantID. Security Scan Monitor
prevents email scanning software from inadvertently starting a
survey session when a survey link is included in the email. This
feature applies to all links, regardless of whether they were
distributed via Qualtrics or a third-party system (ie, any software
or platform not directly associated with Qualtrics, such as
marketing automation software). RelevantID analyzes
respondent metadata to determine the likelihood of multiple
survey attempts by the same respondent by examining browser,
operating system, and location details. Future surveys that are
hosted on Qualtrics ought to consider using Security Scan
Monitor and RelevantID, depending on the needs of the study.
We also recommend that researchers refrain from exclusively
relying on the fraud deterrence features provided by Qualtrics
(or other survey software). Our lessons learned indicate that
using a combination of fraud deterrent and fraud detection
procedures will help provide a more robust defense against the
collection of invalid data in online survey studies.

Enhancing Fraud Detection
Every online survey study is vulnerable to fraudulent entries.
As such, the best approach is to identify potential vulnerabilities
and implement strategies to prevent their exploitation before
starting recruitment and data collection [25]. Initially,
researchers should create and implement a protocol that
incorporates both fraud deterrent and fraud detection strategies.
Drawing from our experiences with this online survey study,
we found that a combined approach of fraud deterrent and fraud
detection worked best to identify fraudulent entries. Specifically,
we—as well as prior research—evaluated the time taken to
complete the eligibility screener and study survey
[21,24,28,29,36], contacted respondents via telephone or email
to verify their identity [36,39], and used matched survey
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questions to identify nonsensical or highly improbable responses
[21,24,29].

Predetermining an anticipated time range for survey completion
adds an additional option to help detect fraud. For instance, data
collected about survey completion time can be used to decipher
whether a “participant” was likely to have completed it.
Establishing a priori criteria for anticipated eligibility screener
and study completion time can aid in fraud detection. Before
launching this study, we used the automated survey completion
time estimate provided by Qualtrics, which was 53 minutes.
However, while this estimate accounts for survey flow, it does
not account for skip logic or display logic. To address this, we
manually tested survey completion times across different
response paths. Our completion times ranged between 18 and
30 minutes. On the basis of these findings, we determined that
it would be highly unlikely for an individual to complete the
eligibility screener and associated study survey in <10 minutes.
Therefore, we flagged all entries that completed the screener
and survey in <10 minutes and considered them to represent
automated, nonhuman involvement or rushed responses. We
recommend that researchers consider implementing a similar
strategy by predetermining a time range for survey completion
to help detect fraudulent or rushed survey entries.

Similar to prior research [24,28], we verified respondents’
telephone numbers and email addresses. The verification of
contact information is important because respondents can easily
create multiple email addresses or use Google Voice numbers
to complete the survey multiple times. Third-party services that
validate email addresses and Facebook were used to verify email
addresses, while telephone numbers were validated through
direct telephone calls to confirm legitimacy and ownership.
Respondents labeled for “further review” were contacted via
telephone or email and asked 2 questions about the personal
information provided in the screener or study survey (eg, current
age, birth month, zip code, city of residence, and relationship
status). Although resource intensive, verifying phone numbers
and emails helped to differentiate between legitimate and
fraudulent entries, offering confidence in the authenticity of
participant details and their survey data.

A notable concern with manual checks and using third-party
verification services is the associated cost and time commitment.
These expenses can be significant, especially for research
projects with limited budgets. The time-consuming nature of
manual verification of telephone numbers becomes apparent
when handling a high volume of entries within a short time
frame. Calling respondents individually can lead to delays and
logistical challenges, impacting the efficiency of the research
process. To deter fraudulent behavior, Ballard et al [28] sent an
SMS text message to suspicious respondents stating, “You
recently completed a survey for a health study online. However,
we detected that your survey entry was fraudulent. If you think
this is a mistake, please contact us.” If participants did not
respond, the authors considered the survey entry invalid [28].
The authors noted that they did not receive any responses
categorized as “fraudulent” [28]. In summary, researchers must
weigh the benefits of enhanced participant validation against
practical constraints, such as cost, time, and personnel

involvement, when considering the adoption of email and
telephone verification protocols.

We also incorporated a matched response approach using 2
survey questions to enhance our fraud detection protocol.
Respondents’ self-reported zip code had to match their
self-reported residential city; otherwise, they were flagged for
possible fraud. Matching responses to different survey questions
can help identify potential fraudulent entries. We recommend
that researchers consider using at least 1, if not 2, matched
responses to preselected survey questions. For example, asking
for a respondent’s current age at the beginning of an eligibility
screener and then requesting their birth month and year—either
toward the end of the screener or in the study survey—may help
reveal discrepancies [34,36,37]. Alternatively, a survey could
ask for a respondent’s age range at the beginning and their
specific age toward the end.

Additional Strategies and Recommendations for Fraud
Deterrence and Detection
There may be other options that work best for online survey
studies that can be used to discourage fraudulent behavior.
Pratt-Chapman et al [24] recommend including a check box for
participants to acknowledge that responses from ineligible
respondents or multiple entries from the same respondent will
disqualify them from receiving financial incentives. The authors
also suggest indicating the investigators’ right to confirm
eligibility by telephone (or other means) to aid in identifying
bots and eliminating duplicate entries [24]. In addition, when
requests for payment are received from respondents whose
entries are identified as fraudulent, Dewitt et al [29] recommend
informing these respondents that there was a concern about their
survey entry and asking them to call a 1-800 study line and
leave a callback number for verification. The authors applied
this approach to all suspicious entries and found that none
resulted in return calls [29]. Another option is to contact
participants via telephone or email to set up a Zoom meeting
to determine their legitimacy [39] before inviting them to
complete the study survey. During this meeting, participants
could be asked to upload or show evidence to prove their identity
or to verify they had met some of the inclusion criteria; for
example, a study recruiting active US military service members
could require potential participants to show their military ID as
proof of service. The methods described here offer additional
strategies for deterring and detecting fraudulent entries in online
research studies.

While manual checks can be a viable option for online research
studies with limited resources, more financially robust studies
can deploy advanced fraud deterrence and detection strategies.
One such option is incorporating email and telephone
verification features that require respondents to validate their
contact information by receiving and verifying a code. Guest
et al [36] required respondents to submit their mobile phone
number during the eligibility screener to receive a 3-digit
verification code via SMS text message. After receiving the
3-digit code, respondents were required to enter the code in the
eligibility screener survey to validate their mobile phone number
for the study [36]. Those who failed to input the code were
unable to continue with the eligibility screener [36].
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Another recommendation for online eligibility screening is the
use of automated electronic algorithms that allow researchers
to create parameters and decision rules for inclusion criteria.
Automated electronic algorithms also enable online eligibility
screeners to restrict entries based on IP address (ie, blocking
multiple entries from the same IP address or requiring a
US-based IP address), completion time, and allowable responses
that align with the inclusion criteria (eg, current age must be at
least 18 years) [37]. These algorithms enhance fraud deterrent
strategies while streamlining the eligibility screening process.
However, implementing such techniques requires adequate
financial and computational resources (eg, a coder or a web
developer) tailored to the study’s specific needs. It should be
noted that implementing these procedures results in a major
reduction in the study sample size. This is often the case when
researchers opt to prioritize data integrity to ensure that the
findings are representative of real people.

Overall, ongoing efforts are needed to refine and optimize fraud
deterrence and detection protocols to maintain research rigor
and improve the collection of valid data from legitimate research
participants. This study uniquely contributes to existing related
literature because it is one of the first to evaluate, describe
lessons learned, and offer insights into fraud deterrence and
detection protocols used for an incentivized online survey study
with adult Black cisgender women. Most online research studies
that have evaluated the use of fraud deterrence and detection
methods have focused on samples of sexual minority men and
male couples [11,12,23,34,37]. Further research is needed to
evaluate the application and effectiveness of fraud deterrence
and detection methods in online studies with diverse populations.
It remains unknown whether distinct demographic groups
require unique fraud deterrence and detection procedures. We
encourage researchers to evaluate and publish findings stemming
from their use of fraud deterrence and detection methods to help
advance the rigor of online research studies.

Limitations
The limitations of this study are important to consider in light
of the lessons learned and the recommendations provided.
Despite the changes we made to enhance the fraud deterrence
and detection methods used in this online survey study, it is
possible that some participants provided false information during
the verification attempts. In addition, reliance on telephone calls
and emails for participant validation may introduce biases or
errors due to participant nonresponsiveness or communication
challenges. Participants may forget to respond to telephone calls
or emails. As a result, there may be inaccuracies in the data.
Although we used a third-party service for email validation, it

is possible that some of the verified email addresses belonged
to individuals other than the persons or entities completing the
eligibility screener. Moreover, the evolving nature of fraud
detection algorithms in online survey platforms such as Qualtrics
may limit the long-term generalizability of recommendations
based on research conducted within specific time frames. In
addition, this study’s fraud detection and deterrent protocols
were designed to recruit Black cisgender women, potentially
limiting the generalizability of these protocols to other
populations. Future research should aim to use these protocols
and provide feedback regarding whether these protocols
improved their data integrity by improving their ability to
identify bots and imposter participants during recruitment and
enrollment. The findings would help to refine and strengthen
fraud detection and deterrent protocols used to recruit diverse
populations for online studies. It is important to acknowledge
that the use of fraud deterrence and detection methods does not
guarantee the complete elimination of all fraudulent entries;
however, their use and evaluation help to enhance the confidence
that valid data are being collected from verified participants,
thereby contributing to the rigor and integrity of online research
studies.

Conclusions
Effectively identifying fraudulent responses in web-based
surveys is an ongoing challenge. With the increasing shift
toward web-based research and online recruitment, the threat
of fraudulent participation poses a real challenge to data validity.
Protocols for identifying fraudulent survey entries and verifying
and validating potential study participants should be considered
for all internet-based studies. Researchers conducting online
studies with Black cisgender women must actively share their
experiences in deterring and detecting fraud to help contribute
to the rigor of best practices and maintaining the validity of data
and associated findings. The lessons learned and
recommendations offered from the experiences of conducting
this online study, which recruited and enrolled a study sample
of Black cisgender women, highlight two important take-home
points: (1) develop a thorough fraud deterrent and fraud
detection plan to implement before study launch; and (2) monitor
and evaluate how well these methods are working while data
are being collected, as well as once data collection has ended.
We encourage researchers to leverage all resources they may
have at their disposal, given the number of different fraud
deterrence and detection options that exist. This study—which
emphasizes the importance of the aforementioned take-home
points—used a combination of fraud deterrence and detection
methods to identify a large number of fraudulent entries that
would have otherwise been included in the data.
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Abstract

Background: One of the most common reasons young people with mental health issues, such as posttraumatic stress disorder,
do not seek help is stigma, which digital support tools could help address. However, there is a lack of trauma support apps
specifically designed for young people. Involving the target group in such projects has been shown to produce more engaging
and effective results.

Objective: This study aimed to apply a child rights–based participatory approach to develop a trauma support app with young
people.

Methods: Seven young people (aged 14-19 years; 3 males and 4 females) with experiences of trauma were recruited as
coresearchers. A child rights–based framework guided the working process. The app was developed through a series of Design
Studio workshops and home assignments, using the manualized intervention Teaching Recovery Techniques as the foundation
for its content. The coresearchers were trained in research methodology and conducted usability testing with other young people
(n=11) using the think-aloud method, the System Usability Scale (SUS), and qualitative follow-up questions.

Results: A functional app prototype was developed using a no-code platform, incorporating various trauma symptom management
techniques. These techniques covered psychoeducation, normalization, relaxation, and cognitive shifting, presented in multiple
formats, including text, audio, and video. The contributions of the coresearchers to the design can be categorized into 3 areas:
mechanics (rules and interactions shaping the app’s structure), dynamics (user-visible elements, such as the outcome when pressing
a button), and aesthetics (the emotional responses the app aimed to evoke in users during interaction). Beyond influencing basic
aesthetics, the coresearchers placed significant emphasis on user experience and the emotional responses the app could evoke.
SUS scores ranged from 67.5 to 97.5, with the vast majority exceeding 77.5, indicating good usability. However, usability testing
revealed several issues, generally of lower severity. For instance, video content required improvements, such as reducing light
flickering in some recordings and adding rewind and subtitle selection options. Notably, the feature for listening to others’ stories
was removed to minimize emotional burden, shifting the focus to text formats with more context.

Conclusions: Young people who have experienced trauma can actively participate in the cocreation of a mental health intervention,
offering valuable insights into the needs and preferences of their peers. Applying a child rights–based framework to their
involvement in a research project supported the fulfillment of the Convention on the Rights of the Child Article 12.

(JMIR Form Res 2025;9:e57789)   doi:10.2196/57789
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Introduction

Background
It is well recognized that one of the main barriers preventing
young people from seeking face-to-face help for mental health
problems, such as symptoms of posttraumatic stress disorder
(PTSD), is stigmatization and embarrassment [1-3]. This
includes perceived stigma, fear of stigma, societal stigma, and
self-stigma [2], and may result in many young people
experiencing PTSD symptoms not receiving the help and support
they need. However, these well-known barriers can potentially
be overcome through app-based support [3], as mental health
apps can engage young people who might not otherwise seek
help through traditional routes. Particularly, in the case of PTSD,
which differs from other mental illnesses due to its clear cause,
young people could receive scalable trauma interventions
without delay through digital technology [4]. Despite this, there
is a lack of apps specifically developed for young people [5,6].

Teaching Recovery Techniques (TRT) is a manualized group
intervention for children aged 8 and older with trauma symptoms
[7]. The intervention consists of 5 sessions for children and 2
sessions for parents and caregivers. The content for children
and adolescents includes components aligns with trauma-focused
cognitive behavioral therapy: psychoeducation, trauma narrative,
affective modulation, cognitive coping and processing, in vivo
mastery of trauma memories, and future development. TRT
helps normalize responses to trauma and provides strategies to
manage intrusive thoughts and memories as well as regulate
arousal. Participants in a TRT group also work on gradually
exposing themselves to thoughts and situations they avoid [7].
TRT has been evaluated in randomized controlled trials with
children and young people in several international settings, with
an overall positive impact on symptoms of PTSD and depression
reported [8]. The initial idea for the current project emerged
during a previous participatory study in which TRT was adapted
to an online format in response to the COVID-19 pandemic [9].
During the adaptation phase, which involved TRT group leaders,
parents, and young people with experience of TRT, the young
people suggested consolidating all the techniques into a separate
digital format, that is, a mobile app [9].

There has been a growing use of participatory methods with
children and young people in the development of health
interventions [10]. Previous research indicates that involving
the target group in such projects can lead to more engaging and
useful outcomes [11,12]. However, when conducting
participatory research in the context of PTSD, it is important
to recognize that traumatic events create a power imbalance,
where one entity holds power over another. An individual’s
experience may be shaped by feelings of powerlessness,
humiliation, guilt, shame, betrayal, or silencing. In interpersonal
interactions, especially in public health research, it is crucial to
ensure that these feelings of powerlessness are not replicated
or reinforced [13].

It has been suggested that research involving young people as
coresearchers should be conducted within a rights-based
framework [14]. One argument is that this approach can help
address the power imbalance between adults and children. The

Convention on the Rights of the Child (CRC) [15] acknowledges
the position and disempowerment of children in matters
affecting them. Adopting a child rights–based approach as a
researcher involves implementing and being accountable to the
rights set out in the CRC [16]. For this study, we applied the
Lundy model [17] of child and youth participation, including
the associated planning checklist for researchers [18]. The Lundy
model conceptualizes the two components of Article 12 of the
CRC: (1) the right to express views and (2) the right to have
those views duly considered. By organizing the 4
elements—space, voice, audience, and influence—in a logical,
chronological order, the model helps researchers plan,
implement, and monitor projects. Space refers to providing a
safe and inclusive environment for children to express their
views and ensuring that all children can participate. Voice
involves offering appropriate information and facilitating the
expression of children’s views. Audience ensures that children’s
views are communicated to someone responsible for listening.
Influence involves ensuring that children’s views are taken
seriously and acted upon where appropriate [17].

Objective
This study aimed to (1) apply a child rights–based participatory
approach to developing a trauma support app with young people
who have personal experiences of trauma and (2) conduct
usability testing of the app with the young people as
coresearchers.

Methods

Phase 1: App Development

Coresearcher Recruitment
Seven young people were recruited for the project through 3
different channels. Two of them had previously collaborated
with the research team on a related TRT research project [9]
and were invited to participate again. Additionally, contact was
made with a youth-run organization for young people with
experience in out-of-home care, which agreed to distribute the
recruitment advertisement to its members. Furthermore, a youth
center in an area categorized as “vulnerable” by the Swedish
Police Authority due to high rates of crime and social exclusion
[19] posted the advertisement on its physical noticeboard and
social media accounts. Examples of traumatic events and
situations, as well as PTSD symptoms, were included in the
recruitment materials. Young people who identified with these
experiences and enjoyed being creative were encouraged to
contact the researchers via email, SMS text message, or
WhatsApp (Meta Platforms, Inc.). The advertisement
emphasized that participants were not expected to share their
personal experiences while working on the project.

Following an initial individual dialogue with all interested young
people, 7 chose to participate as coresearchers in the project.
The youth coresearcher team consisted of 3 boys and 4 girls,
aged 14-19 at the start of the project. They lived in different
neighborhoods in 1 large city and 1 medium-sized city in
southern Sweden. The older youth attended both theoretical and
practical secondary school programs. In accordance with the
regulations of the Swedish Work Environment Authority [20],
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information about the project was provided to the guardians of
participants under 18 years of age. Additionally, permission to
participate was obtained from the guardians of those under 16
years of age [20]. The coresearchers were remunerated for their
time spent on project activities in line with existing
recommendations [21].

Before starting the app development process, a “start-up” session
was conducted (Figure 1) to help the team get acquainted

through games and other activities. During this session,
decisions were made about how to collaborate, including setting
common approaches and ground rules to guide the work
throughout the project. At the end of the session, an experienced
TRT group leader visited to introduce the intervention. As part
of this introduction, they guided the group through a popular
visual imagery technique called “Safe Inner Place.”

Figure 1. Overview of the Teaching Recovery Techniques app development process with youth co-researchers conducted over 10 months.

App Development Workshops
The app was developed over 4 workshops spanning 10 months
(Figure 1), using an adapted version of the Design Studio
Workshop method [22]. In addition, the coresearchers
individually generated ideas between workshops. To support
their independent work, app design prototypes, along with
questions and topics for the next workshop, were shared with
them. The researcher leading the workshops (MT) collected the
individual contributions before each session and presented them
to the group for collaborative refinement.

The first app development workshop aimed to cocreate a logo
for the app and pilot the Design Studio Workshop method [22].

The coresearchers were given tablets with internet access and
individually explored ideas, first by analyzing their favorite app
logos and then by considering a design for a trauma support
app. They submitted their ideas to the researcher leading the
workshops (MT), who compiled them and projected them onto
a screen using a digital noticeboard software tool [23]. Applying
the Design Studio method, the team explored colors, fonts, and
other design elements. The final logo incorporated the strongest
elements from the generated ideas, featuring “soft,”
“encouraging,” and “happy” colors while avoiding excessive
or overused colors in app logos. The coresearchers selected a
font that contrasted with the background and stood out from
other popular apps. Figure 2 illustrates the logo development
process.
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Figure 2. Overview of the Teaching Recovery Techniques (TRT) app logo development process using the Design Studio method.

The second workshop focused on prioritizing content and layout
for the app using the TRT manual. In the preparatory phase,
coresearchers were provided with concise written descriptions
of the techniques outlined in the TRT manual. While simplified,
these descriptions carefully preserved the original phrasing to
maintain the integrity of the intervention logic. Coresearchers
were tasked with considering how each technique could be
integrated into an app format. To accommodate diverse
preferences and abilities, they were encouraged to express their
ideas in various ways—whether orally, in writing, or through
visual representations such as images or vision boards.
Consequently, the initial “sketch” step of the Design Studio
method was conducted independently. Upon convening for the
workshop, participants engaged in the second step, during which

the researcher leading the workshops (MT) presented the
collective ideas and facilitated a critique of the proposed
concepts. The ideas were then synthesized and prioritized. To
discuss app content related to traumatic experiences, case
vignettes were used in the workshops, allowing coresearchers
to explore different traumatic experiences in a general rather
than personal context. Following the workshop, the selected
concepts were developed into a prototype of the TRT app using
a no-code app-building program [24].

During the third workshop, the coresearchers were presented
with an app prototype developed by a research assistant (KE),
incorporating their ideas. They provided feedback on both the
content and design. For certain techniques, the prototype
successfully met their expectations. In other cases, minor
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adjustments were made in real time during the workshop using
the app-building program [24]. For techniques requiring more
substantial revisions, the Design Studio cycle was reinstated.
This process involved coresearchers initially “sketching” the
necessary amendments, followed by presentations and critiques,
ultimately converging and prioritizing the changes. Having
access to the app-building program during the workshops
facilitated this process, as coresearchers could explore the range
of functionalities available within the program. Ideas that the
coresearchers found valuable but were not feasible to implement
at the time were placed in what the team collectively called the
“ice box.” This meant that the ideas would be revisited in any
future development of the app. One such example was the app’s
color scheme, which had been jointly agreed upon. Some
coresearchers had also expressed a preference for an alternative,
slightly darker color scheme for nighttime use. While the first
prototype featured only a single color scheme, the idea of
selectable color schemes was considered both valuable and
important. Rather than being discarded, it was added to the ice
box for future consideration.

Further revisions to the app were made after workshop 3 and
presented to the coresearchers for feedback in workshop 4. Some
changes, primarily concerning the wording of written content,
were informed by discussions among the academic researchers
to ensure the integrity of the TRT intervention logic. Any
modifications resulting from these discussions were
communicated to the coresearchers during workshop 4. As in
the previous workshop, coresearchers were invited to provide
feedback on the prototype. After a series of minor revisions,
they expressed their satisfaction with the product, and a
collective decision was made to transition from app development
to the usability testing phase of the project.

Overall, attendance at the workshops remained consistently
high (Figure 1). One of the 7 coresearchers participated in the
entire development process but did not take part in the training
and usability testing described below. Other absences were due
to illness and were compensated for through individual meetings
or conversations with the researcher leading the workshops
(MT). Those who were ill also completed the home assignments
related to the missed session.

Phase 2: Usability Testing

Coresearcher Training
The usability testing was conducted by the coresearchers, with
no academic researchers present in the room during data
collection. Given the youth-led nature of the process, training
sessions were held before the usability testing began (Figure
1). The training covered both theoretical and practical aspects
of research ethics and methodology, enabling the coresearchers
to actively lead and carry out the research tasks [25-27].

Careful consideration was given to the safety of study
participants. As part of the training, the coresearchers and the
academic researcher reflected together on how to recognize
when a person might be negatively affected and practiced the
necessary actions to take if needed. While training is considered
essential for young people conducting research, it is also
important to balance the extent of training with maintaining

their ability to participate meaningfully [14]. Although the
training in this study was based on existing guidelines for
research with children [25], it was adapted for young people by
condensing the content into 3 sessions held on the same day,
with breaks in between. Plans were in place to provide additional
sessions if needed, but both the coresearchers and researchers
agreed that the initial sessions provided sufficient preparation.

Participant Recruitment
The target group for the usability testing consisted of young
people aged 15-21 years who spoke and understood Swedish.
As the purpose of the usability testing was to assess the
intuitiveness of the design and evaluate it with users who had
no prior exposure to the app—rather than to determine its
efficacy as a trauma support tool—a population sample was
recruited instead of a clinical sample with trauma
symptomatology. The goal was to recruit at least five and up to
15 participants, ensuring age and gender representation.
Research has shown that gender plays a role in usability testing
with children and young people, with girls tending to report
more issues than boys [28]. Studies indicate that testing with 5
participants per target group is sufficient to identify
approximately 80% of usability problems [29].

The recruitment process consisted of 2 steps. First, the
coresearchers identified other young people within their
networks, provided initial information, and inquired whether
they might be interested in participating in the study. These
young people were primarily from the coresearchers’ school
networks and, like the coresearchers, resided in 1 large city and
1 medium-sized city in southern Sweden. If interested, they
were then contacted by the academic researchers, who provided
additional oral and written information and obtained consent
for participation. The date and time of each usability test were
mutually decided, with most sessions taking place in the
evenings, as the coresearcher, participant, and researcher all
needed to be physically present on-site. Five of the coresearchers
conducted individual usability tests with participants (n=11; 6
male and 5 female; 15-20 years) over a 6-week period in January
and February 2022.

Usability Testing Methods
To assess the app’s usability, the think-aloud method was
applied for data collection. This method involves participants
verbalizing their thoughts while completing specific or
nonspecific tasks. Participants are encouraged to articulate what
they are looking at, thinking, doing, and feeling as they navigate
the app. During the usability test, the observer records
participants’verbalized thoughts and actions without interpreting
them, paying particular attention to moments or areas where
users experience difficulties [30].

All usability tests were conducted on university premises, with
the coresearcher and participant in the same room and an
academic researcher in an adjacent room. The participant was
provided with a mobile phone and instructed to navigate through
the entire app using the main menu while thinking aloud. The
coresearcher documented the participant’s verbalized thoughts
and observed behaviors as described above. After completing
the app test, participants were asked by the coresearcher to
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complete the System Usability Scale (SUS) [31], which had
been translated into Swedish. Following this, they participated
in a structured interview led by the coresearcher to capture their
general impressions of the app [32]. All notes from the test
sessions were documented in Research Electronic Data Capture
(REDCap), a secure online survey platform, during the session.
No voice or video recordings were made.

Usability Testing Analysis
It was agreed in advance that immediately after each session,
the coresearcher would report any major or serious usability
problems identified during testing to the academic researcher.
Following the procedure described by Hertzum [32], 2 academic
researchers independently reviewed all notes from the test
sessions, each compiling a list of positive and negative usability
issues. These lists were then compared, discussed, and merged
into a single final list. This consolidated list of usability issues
was presented to the coresearchers in a dedicated meeting
(Figure 2). Using a live interaction polling tool [33], the usability
issues were displayed, and coresearchers individually rated their
severity and suggested a priority order. The final prioritization
was determined through group discussion.

Ethical Considerations
The coresearchers participated in the project as experts rather
than as participants of the study; therefore, standard ethical
requirements did not apply. However, their safety was carefully
considered throughout the process. From the outset, it was made
clear that coresearchers were not expected to share personal
experiences of trauma, as this was not necessary for the project.
Discussing one’s own traumatic experiences could lead to
retraumatization or secondary traumatization of others in the
group [34]. To mitigate this risk, case vignettes were used in
the workshops when developing app content related to trauma.
This approach enabled coresearchers to engage in discussions
about different traumatic experiences in a general manner rather
than on a personal level.

Another key safety consideration was the nature of the tasks
assigned to coresearchers between workshops. To minimize the
risk of any negative impact, tasks conducted outside the
workshop setting focused on app design and layout rather than
potentially sensitive content.

The usability testing phase, involving young people as study
participants, was submitted to and approved by the Swedish

Ethical Review Authority (reference number 2022-04217-01).
Study participants were fully informed about the research, and
their consent was documented. As participants had access to
the app’s full content during testing, a safety protocol was
implemented. Before each test session, the academic researcher
checked in with participants to assess their well-being. If a
participant appeared unwell, the test session was not conducted.
After each session, the academic researcher conducted separate
follow-up conversations with both the participant and the
coresearcher to ensure that no one had been adversely affected
by the testing experience. If any issues arose during a session,
such as a participant showing signs of distress, the coresearcher
conducting the test would have immediately alerted the
researcher, as practiced during the training session. As part of
the safety protocol, the researcher documented the contact details
of guardians for participants under 18 years of age before each
test session.

Results

Phase 1: App Development

Overview
The TRT app was developed as a progressive web app using a
no-code, cross-platform application development program [24].
During the initial discussions about compiling TRT into an app,
the young people highlighted potential issues with native apps,
particularly regarding data storage requirements. By building
the app as a progressive web app, these concerns were mitigated
while still providing a user experience comparable to that of a
native app.

The coresearchers’ contributions to the app’s design can be
categorized into 3 areas using the Mechanics, Dynamics, and
Aesthetics (MDA) framework [35]. Mechanics refers to the
fundamental rules and interactions that define the app’s
structure. Dynamics encompasses what the user experiences in
real time, such as the response when a button is pressed, which
directly supports the app’s aesthetics. Aesthetics pertains to the
intended emotional responses elicited in users when interacting
with the app and includes its purpose and narrative. Beyond
influencing visual elements such as colors, fonts, and symbols,
the coresearchers placed significant emphasis on the overall
user experience. A selection of app screenshots is presented in
Figure 3.
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Figure 3. A selection of screenshots from the Teaching Recovery Techniques (TRT) app.

Mechanics
The coresearchers’ contribution to the app’s mechanics—its
basic rules and structure—included selecting techniques from
the TRT manual, determining the format of the exercises, and
structuring the app’s content. They emphasized the importance
of the app’s structure, particularly the role of the main menu,
which is the first thing users see upon entering the app. A clear
and intuitive menu ensures easy and efficient navigation,
allowing users to quickly find what they need. This not only
saves time but also minimizes frustration when searching for
specific features or content. The menu provides an overview of
the app’s content, enhancing the user experience and improving

usability. By featuring a front page with a well-organized menu,
users can easily select their area of interest—whether it be
reading texts, watching films, or completing exercises.

Both coresearchers with prior experience of TRT and those
without agreed that the techniques in the app should follow the
same order as in the manual—that is, as they would be
introduced in a TRT group. There was consensus that the
technique groupings should be labeled according to how young
people who have had difficult experiences might feel (eg, “I
feel anxious” or “I have intrusive memories”; Figure 3), making
navigation more intuitive. Throughout the development process,
coresearchers and academic researchers discussed the differences

JMIR Form Res 2025 | vol. 9 | e57789 | p.3552https://formative.jmir.org/2025/1/e57789
(page number not for citation purposes)

Thell et alJMIR FORMATIVE RESEARCH

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


between being introduced to the techniques via an app versus
in a facilitated group session. In the latter, group leaders present
the exercises and provide support in response to participants’
reactions. Given this distinction, the coresearchers emphasized
the importance of clear presentation within the app, ensuring
that each exercise included information on its purpose and how
to use it effectively.

Dynamics
The coresearchers emphasized the importance of the app being
adaptable to the preferences of the young person using it, which
is central to the app’s dynamics—the visible elements and user
interactions. The content primarily consists of simple illustrative
icons, instructional and demonstrational films, audio recordings,
and short texts. Long texts were seen as detrimental to the user
experience; however, careful consideration was required to
shorten the content while maintaining fidelity to the TRT manual
and the therapeutic intent of each technique. The descriptive
texts introducing the techniques were kept short and simple.
For young people seeking more information about the purpose
of each technique, an “Information about the exercise” option
is available (Figure 3). To enhance customization, most
exercises offer the choice of either reading or listening to the
instructions. Additionally, exercises presented as videos include
optional subtitles.

Aesthetics
The app’s visual aesthetics were intentionally kept simple. The
screen layout was designed to be uniform, featuring a
representative icon and header at the top, followed by text or
buttons framed by softly rounded boxes. An “easy-to-read” font
with rounded edges was selected. The orange-pink color of the
logo was chosen for its soft and friendly appearance—described
as being “like the sun coming in from the left.” The app’s color
theme was primarily based on the logo’s colors, with additional
shades introduced throughout development to enhance variation
and create clearer visual distinctions between different
techniques (Figure 3).

The app’s aesthetics also relate to the emotional responses it
aimed to evoke in users. The coresearchers emphasized that
in-app films and voice recordings can be particularly helpful in
promoting a sense of calm. These elements were seen as
valuable for creating a relaxed atmosphere, providing guidance
and instructions, and adding variety and creativity to the app
experience. At the same time, the coresearchers stressed the
importance of offering different exercise formats, recognizing
that individuals have diverse preferences and needs when it
comes to relaxation. While some may prefer breathing exercises,
others might find meditation or guided visualization more
effective. By providing a wide range of exercises, the app can
better accommodate different users. In the videos, exercises are
led by young people, as the coresearchers underscored the
importance of featuring individuals with whom they can identify
or relate.

Overview of App Content and Navigation

Basis of Support Techniques
The trauma support techniques featured in the app are based on
the TRT manual and incorporate several common approaches
to trauma intervention, including psychoeducation,
normalization, relaxation, and cognitive shifting.
Psychoeducation provides individuals with information to
enhance their understanding of psychological conditions—PTSD
in this context. Normalization helps users recognize that their
symptoms are not signs of weakness or character flaws but
rather a natural response to their psychological condition.
Relaxation techniques aim to alleviate stress-related symptoms,
while cognitive shifting involves deliberately redirecting one’s
attention from a singular fixation to alternative focal points. For
safety reasons, the TRT app intentionally excludes in vivo
exposure—a technique that involves directly confronting a
feared object, situation, or activity in real life. A comprehensive
overview of the app’s content is provided below.

Main Menu
To facilitate navigation for both new and experienced users, the
app offers 2 ways to explore its content. In the main menu, the
“Why the TRT app?” option provides first-time users with an
introduction to TRT, trauma, trauma reactions, and how the app
is intended to be used. Additionally, the main menu is structured
around the user’s immediate needs, suggesting groups of
exercises based on whether they are feeling anxious,
experiencing intrusive memories, or seeking to learn more about
trauma through psychoeducation and normalization of trauma
reactions. For young people who are more experienced with
TRT or the app and want to find a specific exercise, the main
menu includes the option “I want to see all techniques.” This
section lists all exercises in the order they appear in the TRT
manual, allowing users to either select an individual exercise
or follow a sequence similar to that of a facilitated TRT group.
Additionally, the main menu features the option “I want other
support,” which provides a comprehensive list of care and
support organizations, including phone numbers and links to
relevant web pages.

Thermometer
The Thermometer is the first screen displayed in the app,
prompting the young person to rate how they are feeling on a
scale from 1 (low mood) to 10 (high mood) before accessing
the app’s content. If they report a score of 3 or lower, they are
directed to a screen with instructions to call the national
emergency number or contact a suicide prevention line if they
are experiencing thoughts of self-harm. From there, they can
choose to either proceed directly to the main menu or visit the
“Other support” screen, which provides a list of care and support
organizations. If a score above 3 is reported, the young person
is encouraged to return to the Thermometer if their mood
changes while using the app, before being directed to the main
menu. The Thermometer remains accessible from every screen
in the app via a tab bar (described below).

Safety Features
Techniques from the TRT manual that involve in vivo exposure
or pose a risk of causing high levels of arousal or negative
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emotions have been excluded from the app or modified to
minimize these risks. Techniques in the app that still involve
recalling traumatic memories include shortcuts to safety features.
Young people who feel they need additional support beyond
what the app provides can access the “Other support” screen
from the main menu or the “Thermometer” if they score low.
This screen offers an extensive list of links and contact details
for various digital and in-person care and support services for
young people, providing more personalized help. The app only
lists these services; no referrals are made.

The “Safe Inner Place” technique helps young people take
control of intrusive memories and relax their bodies during
periods of high arousal. This visual imagery technique allows
users to create positive mental images, enabling them to
influence their imagination and emotions. It offers 2 options:
reading or listening to the guide. The Safe Inner Place serves
as a secure base that users can return to when experiencing high
arousal. Easy access to this feature from the tab bar (described
below) was seen as empowering, allowing young people to
explore more challenging exercises with greater confidence.

Tab Bar
A tab bar with 4 icons is located at the bottom of each screen
in the app. These icons provide quick access to the Main Menu,
the Safe Inner Place technique, the Thermometer, and the
previous screen. The tab bar is designed to facilitate navigation
while also serving as a safety feature. If a young person
experiences high physiological arousal or negative emotions
while using the app, they can quickly access the Safe Inner Place
relaxation technique or the Thermometer. If they indicate a low
level of well-being, the Thermometer will present them with
options for additional care and support.

Anxiety Reducing Exercises
From the main menu, selecting “I feel anxious” directs the young
person to a submenu of techniques designed to help manage
negative emotions related to trauma. In addition to the Safe
Inner Place technique, 6 other techniques support emotional
regulation and coping with arousal and intrusive thoughts.
Among them, 2 video-based exercises—Breathing Technique
and Relaxation Exercise—are specifically designed to promote
relaxation and help the young person regulate physiological
arousal.

Activity Scheduling is a text-based technique designed to
encourage social and physical activity while providing a
distraction from anxious thoughts and feelings. The exercise
offers 3 options: receiving suggestions for meaningful activities,
creating a personalized list of activities, or scheduling planned
activities. The suggested activities are provided by youth
advisors to ensure they are relevant to young people. Another
text-based technique, Worry Time, encourages setting aside 10
minutes each day for intrusive thoughts and worries, helping to
limit worry time and regain control over intrusive thoughts.
Sleep Advice provides a list of tips to improve sleep hygiene
for young people experiencing sleep difficulties or nightmares
due to trauma. Finally, Positive Self-Talk helps young people

recognize the connection between thoughts and feelings and
learn to replace negative self-perceptions with positive ones.
The exercise offers a choice between receiving suggested
positive affirmations or creating personalized ones.

Techniques for Intrusion Control
Selecting the option “I have intrusive memories” from the main
menu provides a choice of techniques to help manage auditory
or visual intrusive memories. Coping with Sound Memories is
a video-based exercise where the young person practices
controlling intrusive auditory memories by mentally
manipulating the sound in different ways. Coping with Visual
Memories includes 2 exercises: Screen Techniques and Clapping
Technique. Screen Techniques is a video-based exercise that,
similar to the Auditory Intrusion Exercise, guides users in
manipulating visual memories as if they were displayed on a
TV screen or in the palm of their hand to regain control over
them. The Clapping Technique, known as bilateral stimulation
in the TRT manual—a term the coresearchers found too complex
for the app—demonstrates how rhythmically tapping the knees
while recalling intrusive images can help modify and regulate
those memories.

Other People’s Stories
The “Other People’s Stories” page is accessible via a button in
the main menu. It features a collection of fictional stories in
which young people describe their personal experiences of
trauma in writing. The purpose of these stories is to provide
psychoeducation and normalize emotional and psychological
reactions to trauma. The traumatic events depicted were
suggested by the coresearchers, with plans to expand the content
to include a more diverse range of experiences. At the time of
usability testing, the available stories covered themes such as
losing a parent, being bullied, and experiencing war. Each story
is clearly labeled with a heading that indicates its subject matter.

Phase 2: Usability Testing
For the SUS, complete data were available from 10 participants,
with scores ranging from 67.5 to 97.5 [32]. Based on existing
reference values, a product must achieve an SUS score of at
least 71 to be in the top half [32,36]. Nine out of the 10
completed SUS recordings had scores of 77.5 or higher.

Table 1 summarizes the identified usability issues along with
the corresponding modifications. Some issues were related to
technical preferences, such as the ability to rewind video and
audio files to revisit missed content or replay important
segments. Additionally, the option to enable subtitles was
considered important for those who wished to use them. As a
result, rewind and subtitle features were added to all audio and
video recordings. While the video format was well received,
some recordings were noted to have low quality, with slight
flickering from background lighting. Some participants reported
that this negatively impacted the overall user experience. To
address this, all relevant videos were rerecorded in a professional
studio, with the same young person demonstrating the
techniques.
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Table 1. Usability issues identified with the prototype of the Teaching Recovery Techniques app and the corresponding modifications.

Modifications to the appUsability issues

Rewind function and option for subtitles were added to all videos and
recordings.

Some of the video and audio recordings lacked the ability to rewind as
well as the option for subtitles.

The videos were rerecorded in a studio. The audios were rerecorded by
the same narrator, while ensuring no interferences in the recording.

Users found the quality of some video and audio recordings to be low,
affecting the overall user experience negatively.

Instructional text was added, directing the user to the device settings to
enable the screen to stay on for an extended period. Adjustments were
made so access to the tab bar is not affected by the type of device.

Users were bothered by difficulties related to the device, such as the screen
going black during long audio and video recordings, and the lower tab bar
being difficult to access with an iPhone.

A decision was made to keep Other People’s Stories in text format but
exclude the audio recordings from the app. Additional information about
the contents of the stories, as well as the purpose of the exercise, was
added. A reference to other exercises in the app in case the user feels they
would not benefit from reading other people’s stories was also added.

The Other People’s Stories exercise, aimed at identification and normal-
ization, was generally perceived as important and helpful, but the audio
recordings were also perceived as stressful to listen to. It could also be
perceived as pressurizing to hear from others who have managed to over-
come their difficulties.

A reference to the Other Support screen was added.Users reacted to the advice to “reach out to someone close to you” and
expressed that some people don’t have that option, which may be why
they use the app.

More tips were added for each exercise.There was too little variety in the tips on sleep, activities, and positive
self-talk.

The app was translated into more languages.The app only being available in Swedish.

Usability issues related to device functionality were also
identified. Some video and audio recordings lasted several
minutes, and if participants remained passive during
playback—without touching the screen—the display would
time out, disrupting their ability to focus on the exercise. To
address this, a reference was added to each technique’s
information, guiding users on how to adjust screen time-out
settings on their devices. Another device-related issue involved
the tab bar at the bottom of each screen, which was
unnecessarily difficult to access on iPhones. Adjustments were
made to ensure a consistent user experience of the tab bar across
different devices.

Some aspects were identified as potentially incompatible with
the reality of the target group. Participants responded to the
recurring advice to “talk to a trusted person,” noting that some
users might not have this option—which may, in fact, be why
they turn to the app. To address this, a clarification was added,
stating that if the user cannot or does not want to talk to someone
close to them, the “Other support” section in the app provides
several recommendations for both in-person and digital support
services.

Additionally, the option to listen to other people’s stories,
narrated by young people for identification purposes, was found
to carry the risk of causing undesirable feelings. Hearing
someone speak about their personal difficulties could be
burdensome and might also create pressure for the listener to
cope with their own situation. As a result, the audio option was
removed, leaving only the text format. Additional information
was added to clarify the content and purpose of the stories. A
reference to other exercises in the app was also included, along
with the following message: “If you feel that reading other
people’s stories may not be helpful for you, you can try these
exercises instead.”

Discussion

Principal Findings
This project was conducted with young people who had personal
experiences of trauma, actively involving them as experts from
an early stage. In line with the Lundy model, creating a safe
and inclusive space for children to express their views proved
essential from the outset and remained a priority throughout
[17]. All activities, except for the usability tests, were held in
a conference room at a centrally located hotel. The coresearchers
expressed early on that they appreciated the setting, describing
the space as cozy, the food and refreshments as enjoyable, and
the environment as one where they felt comfortable expressing
themselves.

Careful consideration was given to recruitment strategies to
ensure that young people from diverse backgrounds and
experiences were informed about the project. While previous
participatory research projects have highlighted the challenges
of recruiting young people [37], our experience was different,
with several young individuals quickly expressing interest. The
use of multiple recruitment arenas proved valuable, and further
exploration of effective strategies for engaging young
coresearchers is warranted.

With regard to voice [17], coresearchers were encouraged to
express themselves in various formats. Some felt comfortable
speaking freely in workshops, while others preferred responding
to direct questions. One coresearcher expressed early on that
writing down their thoughts during workshops would be easier
than speaking in a group. This option was made available and
encouraged for all participants. Even those who preferred verbal
communication occasionally utilized written expression. A
standing agreement ensured that coresearchers could share their
thoughts through writing, drawings, or digital images, sometimes
compiled into vision boards. Several coresearchers contributed
their insights this way at least once during or after a workshop.
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Likewise, both written and verbal information was consistently
provided to accommodate different preferences.

Research has shown that participatory approaches with young
people must be flexible and pragmatic, aligning with their
preferences and opportunities. Participation should be offered
at different levels and in various formats, allowing young people
to decide how they engage [38]. In this project, coresearchers’
preferences guided practical aspects such as venue selection,
scheduling, and breaks, including refreshments (see Sarkadi et
al [39] for more details). All workshops were held in the same
easily accessible venue, ensuring convenience for participants
using any mode of transport. To foster a safe and inclusive
environment, coresearchers collaboratively developed guidelines
outlining how they wished to work together, including common
rules for respect and understanding. A key expectation, as
expressed in these discussions, was that open conversations
would be easier if participants were assured that no one would
interrupt or dismiss their opinions.

Sufficient time was allocated to allow researchers to work
cocreatively with the coresearchers, ensuring the flexibility
required for this type of collaboration. Joint workshops were
scheduled in the evenings and on weekends, allowing
coresearchers to participate without missing school—an aspect
they highlighted as important. Additionally, researchers
remained accessible throughout the project via multiple
communication channels, accommodating individual
preferences. Early in the project, a discussion was held to
establish mutually agreed-upon times for communication. The
coresearchers generally preferred communicating in the evenings
but understood that responses might sometimes take until the
next day. This flexibility contributed to consistently high
workshop attendance. When a coresearcher was unable to attend,
they were offered an individual meeting or conversation with
a researcher, as they expressed a strong interest in staying
engaged with the project’s progress.

While enabling expression is important, so is providing the
option not to participate. Early in the project, the coresearchers
emphasized that they sometimes have a lot going on in their
lives, particularly with school. To minimize absences, proposed
dates and times were communicated in advance, allowing for
joint decisions on scheduling. Additionally, the youth advisors
were reminded that they could choose which parts of the process
they wanted—and were able—to be involved in.

Audience refers to whether and how young people’s views are
being listened to [17]. Each workshop was attended by a
researcher (MT) and the research assistant responsible for app
development (KE), ensuring a direct communication pathway
from coresearcher idea generation to app implementation.
Having 2 adults present also allowed for more effective
engagement—while one (KE) took notes, the other (MT) could
focus on facilitating discussions and actively listening. To
demonstrate that their input was valued, ideas from previous
workshops and independent work tasks were shared back with
the coresearchers at each session. This process was further
reinforced by sharing app prototypes developed based on
decisions made in previous workshops. This aligns with the
Influence component of the Lundy model [17], as it allows

youth advisors to see their input being implemented in real time.
Additionally, the project was presented at multiple scientific
conferences and regularly reported to the funding organization.
Preparations for these events, as well as feedback received, were
always shared with the coresearchers to ensure transparency
about how and where their contributions were being presented.
Those who wished to be recognized were also listed as coauthors
on conference poster presentations.

The influence of the coresearchers extended beyond app
development to the usability testing process. When reflecting
on their experience, they described it as “fun and easy to do.”
They emphasized the value of peer-led research, noting that
having young people conduct the testing and recruit from their
own friendship networks made participants more comfortable
expressing their true opinions—both positive and negative. By
contrast, they felt that if adult researchers had conducted the
testing, participants might not have responded as openly. The
coresearchers emphasized that their close age and shared
experiences with the participants allowed them to relate more
directly, fostering a sense of understanding and connection. As
peers, they created a more relaxed and informal atmosphere,
making it easier for participants to communicate openly and
feel comfortable. These reflections align with existing literature,
which suggests that having observers and users with similar
backgrounds can reduce misinterpretation of data in usability
testing [32]. Arguments have been made in favor of involving
children and young people as coresearchers, as their firsthand
experience of childhood provides an insider perspective and
expertise that adults cannot fully replicate [16,40]. While adult
researchers may be considered outsiders, young people are
embedded in peer culture, allowing them to be closer to the
subject of research [41]. In line with the coresearchers’
reflections, peer-led data collection has been shown to generate
nuanced and valuable insights that differ from those typically
produced by adult researchers [41].

Methodological Considerations
This study took steps to ensure diversity among coresearchers,
representing different genders, ages, and backgrounds. However,
it cannot be assumed that they fully represent all young people
who have experienced trauma. The recruitment of study
participants by the coresearchers is largely a strength, as their
diversity was reflected in the sample. One limitation of the study
was the decision not to video record the usability testing
sessions, which could have provided additional insights into
participant behavior. However, combining a standardized
instrument with interview questions after usability tests was a
strength, as was the multistep analysis process, which involved
2 researchers when applicable.

Conclusions
This study demonstrates that young people with personal
experiences of trauma can actively contribute as coresearchers
in the development and usability testing of a trauma support
app. A child rights framework can facilitate this process,
ensuring alignment with Article 12 of the CRC. The young
people’s contributions to the app’s design can be categorized
into 3 key areas: mechanics, dynamics, and aesthetics. The
design studio method proved to be an effective approach for
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cocreation, allowing for both the generation and refinement of
their ideas. No formal training was required for the young people
to contribute as experts in the development process. However,
relevant training was essential to equip them for independent
data collection. In parallel with this project, work has been
conducted on potential negative consequences of the

app—referred to as dark logic—which has been reported
elsewhere [42]. The next phase involves further testing the app
in a larger population. Ongoing efforts are focused on piloting
the app both with young people participating in a TRT group
and as a stand-alone intervention.
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Abstract

Background: Recent advancements in rehabilitation sciences have progressively used computational techniques to improve
diagnostic and treatment approaches. However, the analysis of high-dimensional, time-dependent data continues to pose a
significant problem. Prior research has used clustering techniques on rehabilitation data to identify movement patterns and forecast
recovery outcomes. Nonetheless, these initiatives have not yet used force or motion datasets obtained outside a clinical setting,
thereby limiting the capacity for therapeutic decisions. Biomechanical data analysis has demonstrated considerable potential in
bridging these gaps and improving clinical decision-making in rehabilitation settings.

Objective: This study presents a comprehensive clustering analysis of multidimensional movement datasets captured using a
novel home exercise device, the “Slider”. The aim is to identify clinically relevant movement patterns and provide answers to
open research questions for the first time to inform personalized rehabilitation protocols, predict individual recovery trajectories,
and assess the risks of potential postoperative complications.

Methods: High-dimensional, time-dependent, bilateral knee kinetic datasets were independently analyzed from 32 participants
using four unsupervised clustering techniques: k-means, hierarchical clustering, partition around medoids, and CLARA (Clustering
Large Applications). The data comprised force, laser-measured distance, and optical tracker coordinates from lower limb activities.
The optimal clusters identified through the unsupervised clustering methods were further evaluated and compared using silhouette
analysis to quantify their performance. Key determinants of cluster membership were assessed, including demographic factors
(eg, gender, BMI, and age) and pain levels, by using a logistic regression model with analysis of covariance adjustment.

Results: Three distinct, time-varying movement patterns or clusters were identified for each knee. Hierarchical clustering
performed best for the right knee datasets (with an average silhouette score of 0.637), while CLARA was the most effective for
the left knee datasets (with an average silhouette score of 0.598). Key predictors of the movement cluster membership were
discovered for both knees. BMI was the most influential determinant of cluster membership for the right knee, where higher BMI
decreased the odds of cluster-2 membership (odds ratio [OR] 0.95, 95% CI 0.94-0.96; P<.001) but increased the odds for cluster-3
assignment relative to cluster 1 (OR 1.05, 95% CI 1.03-1.06; P<.001). For the left knee, all predictors of cluster-2 membership
were significant (.001≤P≤.008), whereas only BMI (P=.81) could not predict the likelihood of an individual belonging to cluster
3 compared to cluster 1. Gender was the strongest determinant for the left knee, with male participants significantly likely to
belong to cluster 3 (OR 3.52, 95% CI 2.91-4.27; P<.001).
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Conclusions: These kinetic patterns offer significant insights for creating personalized rehabilitation procedures, potentially
improving patient outcomes. These findings underscore the efficacy of unsupervised clustering techniques in the analysis of
biomechanical data for clinical rehabilitation applications.

(JMIR Form Res 2025;9:e69150)   doi:10.2196/69150

KEYWORDS

machine learning; cluster analysis; force measurement; knee replacement; musculoskeletal; physical therapy; Slider device; knee
osteoarthritis; digital health; telerehabilitation

Introduction

Background of the Study
The challenge of optimizing knee rehabilitation exercises
following arthroplasty or injury is critical, given the high
prevalence of knee surgeries and the need for effective recovery
strategies. According to the American Joint Replacement
Registry 2022 Annual Report, over 2.5 million knee and hip
arthroplasty cases were documented, constituting a significant
proportion of knee replacements. The quality and effectiveness
of the ensuing rehabilitation, which has historically relied on
patient self-reporting, subjective assessments, and poor
compliance, is crucial to the success of these procedures. Such
methods can lead to suboptimal outcomes, as they fail to capture
biomechanical data that could inform treatment planning and
postoperative complications [1,2].

Recent developments in sensor technology have made it possible
to collect detailed kinetic data during physical therapy exercises.
This presents a chance to transition from subjective assessments
to more objective, data-driven methods. This change is
especially significant in home-based rehabilitation, where it is
crucial to collect valuable data consistently. The newly
developed Slider device [3] exemplifies this technological
advancement by capturing multidimensional movement data,
including force and spatial coordinates, directly from patients’
lower limbs during exercise. The Slider device is the first
rehabilitation device capable of remotely collecting force and
motion data in a patient’s home. This capability enhances the
ability to monitor patients in real time and to produce more
informative datasets that capture the dynamic interaction of
force and movement in a real-world, home-based setting [4].

A recent study has extensively examined the efficacy of the
Slider device for prehabilitation prior to total knee replacement
surgery [3]. The study revealed that the device can assist patients
in performing autonomous physiotherapy prior to surgery in
nonclinical environments. The research involved 17 patients
awaiting knee replacement surgery at a UK National Health
Service hospital. Their findings confirmed the device’s
practicality and user-friendliness for patient-initiated exercises,
with no recorded safety issues or adverse occurrences [3].
Principal findings revealed improvements in user involvement
and physical preparedness. The study advised that subsequent
research should involve a bigger and more diverse participant
cohort to comprehensively validate its findings regarding the
device. In order to enhance our understanding of this new
device, additional studies may be required to investigate the
multidimensional kinetic and kinematic data from the Slider
using unsupervised clustering methods for the first time across

a comparatively larger and diverse population. This exploration
is necessary to identify potential movement patterns that could
offer further insights into workout performance and recovery.
The insights gained from these computational methods may
improve comprehension of patient heterogeneity, enabling
customized rehabilitation programs that more effectively address
individual needs and improve outcomes for diverse groups.

The user datasets from this new data-collection device represent
a significant contribution to the field, as they provide a new
level of detail in understanding how kinetic patterns evolve
during rehabilitation outside of a clinical environment. Despite
these advancements, analyzing such high-dimensional,
time-dependent data remains a complex challenge. Previous
studies have applied clustering methods to other rehabilitation
data to identify movement patterns and predict recovery
outcomes. However, these efforts have yet to use force or motion
data captured outside of a clinical environment, limiting their
ability to inform clinical decisions [5,6].

Data were collected from healthy volunteers performing lying
flexions and extensions of their knees, including relevant
demographic characteristics and pain levels. K-means,
hierarchical clustering, partition around medoids (PAM), and
CLARA (Clustering Large Applications) were applied to
identify distinct movement patterns (based on force and
displacement measurements as primary outcomes). Performance
evaluations were conducted using the classical silhouette
analysis to determine the most appropriate clustering method.
Then, post hoc analyses were performed with multinomial
logistic regression to explore potential demographic predictors
of cluster membership based on the best models for the right
and left knee datasets, respectively. This study contributes to
the understanding of rehabilitation dynamics beyond the clinical
setting. The insights gained from the uniquely identified data
clusters may therefore enable clinicians to make more informed,
data-driven decisions, ultimately enhancing the precision and
effectiveness of rehabilitation programs. The primary aim of
this study is to advance the understanding of kinetic patterns
during knee rehabilitation by applying and comparing four
unsupervised clustering algorithms to new datasets collected
for the first time using the Slider device.

Paper Structure and Research Questions
This study is structured into five main sections. The Introduction
section provides an overview of the study’s background, outlines
the paper’s organization, and highlights its primary
contributions. The Methods section outlines the empirical kinetic
data used in the study, participant recruitment, study design,
and ethical considerations, followed by a concise summary of
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the clustering methodologies and additional modeling
considerations. The Results section presents the findings derived
from the statistical analysis of the experimental data. Finally,
the final section (Discussion) offers a discussion of the key
findings, draws conclusions, and suggests directions for future
research. With the help of experimental bilateral knee kinetic
datasets obtained from the newly developed home-based
rehabilitation device (Slider), this study seeks to address the
following open research questions:

• What distinct movement patterns can be identified from
multidimensional kinetic data during home physiotherapy?

• Can real-time clustering of movement data provide
meaningful feedback for personalized physiotherapy?

• How effective is cluster analysis in distinguishing between
varying levels of movement efficiency and recovery states?

• How do kinetic movement patterns evolve over the course
of physiotherapy, as detected through the new Slider device?

• Can the multidimensional movement data collected
remotely provide reliable insights for monitoring
physiotherapy outcomes?

Methods

Data Collection, Recruitment, and Study Design
Continuously observed, time-dependent, and high-dimensional
datasets were collected from both knees of 32 participants
(totaling 64 time-varying datasets with large data points) using
Slider during lying flexion and extension exercises. Participants
were not required to have undergone any prior treatment.
Demographic characteristics such as gender (21 male and 11
female participants), ethnicity (30 White participants and 2
mixed White and Asian participants), laterality (29 right and 3

left), age (mean 47.3, SD 2.11; range 21-77 years), height (cm),
and weight (kg) were recorded. Each participant’s BMI was
calculated from their height and weight measurements (mean

26.2, SD 4.99; range 18.3-40.6 kg/m2). Pain levels or scores
were quantified using a standard analog pain scale, ranging from
a score of 0=no pain to 10=worst imaginable pain.

Participants were not excluded from the study due to deformities
or complications from prior surgeries or therapy treatments.
The study was conducted without supervision, as it was intended
to be performed remotely in the participants’ homes due to the
inherently mobile nature of the Slider device. Consequently,
the study was deemed low risk and noninvasive. Each participant
completed 20 cycles, at a self-selected speed with the device
recording force (in Newtons) and X-Y displacement (in meters)
measured with an optical tracker. The data output was time
stamped (in seconds). Figure 1 is a time-series visualization of
observed data of the main unadjusted outcome variables for
clustering of a study participant. All statistical tests, with a
significance level set at P<.05, and cluster analyses were
performed in R statistical software (version 4.3.1; R Core Team)
[7].

The participants comprised the entire existing pool of volunteers
registered with the Slider device manufacturer. These individuals
were invited to participate based on their prior engagement with
the device, ensuring familiarity with its use. Recruitment
procedures followed ethical guidelines, with all participants
providing informed consent before data collection. This study
follows a machine learning (ML) predictive modeling design
in biomedical research, using unsupervised clustering techniques
to analyze high-dimensional kinetic data and identify distinct
movement patterns in home-based knee rehabilitation.
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Figure 1. Time-series plots illustrating the unadjusted observed kinetic data, including force and X-Y displacements, recorded at the (A-C) right and
(D-F) left knees of a study participant (ID: 1 MA). These plots provide an overview of the raw movement patterns captured by the Slider device,
highlighting temporal variations in force exertion and spatial displacement during rehabilitation exercises.

Ethical Considerations
This low-risk and noninvasive study was classified as a service
evaluation in accordance with the guidelines from the UK Health
Research Authority. Consultation with the UK Research and
Innovation Medical Research Council using Integrated Research
Application System (348336) confirmed that the study adhered
to all relevant ethical standards, and therefore, formal ethical
committee approval was not required. All participants provided
informed consent before participating, with explicit consent
obtained for both data collection and subsequent analysis. To
protect privacy and confidentiality, all study data were fully
anonymized before analysis, ensuring no personally identifiable
information was included. No financial compensation or other
incentives were provided for participation, as the study was
conducted on a voluntary basis. Finally, no identifiable images

or personal data from participants are included in the study
dataset or any supplementary materials.

Data Preprocessing
Data preprocessing is a crucial step in medical data analysis,
especially for high-dimensional datasets with missing or
incomplete information. It ensures data integrity, accuracy, and
usability by handling missing values (where applicable),
normalizing distributions, and reducing dimensionality,
ultimately improving predictive models and clustering
techniques performance [8]. Consequently, a two-stage data
preprocessing method was used on the time-dependent datasets
before conducting cluster analysis. In the first stage, potential
outliers in the time-series data for each participant were
automatically detected and corrected using the tsoutliers R
package [9], based on the force and X-Y displacement data. In
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the second stage, the cleaned time-series data underwent
decomposition using locally estimated scatterplot smoothing
(decomposition). This process aided in detrending the series for
each participant, making them more stationary, and removing
cyclical patterns to mitigate cyclical effects, thereby enhancing
the accuracy of the clustering analysis results. Because outlier
correction and locally estimated scatterplot smoothing
decomposition effectively standardize the time-series data,
decreasing noise and maintaining comparability between
participants by addressing both extreme values and nonstationary
trends, this two-stage approach is sufficient without additional
data normalization. Reliable clustering outcomes are therefore
possible since any residual variation in the data represents
significant variations in participant movement patterns rather
than artifacts from data scale or trend discrepancies.

Unsupervised Clustering Methods

Overview
In this study, the conventional hierarchical clustering and three
widely used partitional clustering algorithms, namely: k-means
[10,11], PAM [10,12], and CLARA [10], were used and
compared to respectively divide the preprocessed bilateral knee
datasets into an optimal number of clusters (represented by k>1).
This partitioning ensures that data points representing kinetic
features within the same cluster exhibit greater similarity to
each other than to those in other clusters. These clustering
methods have their respective algorithmic processes for
distinctly grouping data, each with advantages and disadvantages
regarding its robustness, scalability, and applicability related
to the data structure, dataset size, and noise sensitivity. These
justify the choice of models for this study and highlight the need
to identify the best clustering algorithms for the right and left
knee kinetic datasets, which were continuously observed over
time for each volunteer. A summary of the underlying clustering
methods used in this study is presented below.

K-Means Clustering
K-means is a centroid-based clustering algorithm that partitions

a set of n data points {x1, x2, ..., xn} ∈ Rd into k clusters {C1,
C2, ..., Ck} by minimizing the within-cluster sum of squares
objective function [10]:

where μi is the mean of the points in cluster Ci. The algorithm
starts with k initial centroids, assigns each point to the nearest
centroid or cluster center, and updates centroids by computing
the mean of assigned points. This process repeats until
convergence, typically when cluster assignments no longer
change. K-means is computationally efficient, with a time
complexity of O(n ⋅ k ⋅ d ⋅ t), where t is the number of iterations;
but is sensitive to the initial choice of centroids.

Hierarchical Clustering
Hierarchical clustering constructs a nested tree of clusters by
either agglomerative (bottom-up) or divisive (top-down)
methods. The agglomerative approach starts with each data
point as a single cluster and iteratively merges the two closest
clusters based on a chosen linkage criterion. For example, in

single linkage, the distance between clusters A and B is defined
as [13]:

The agglomerative algorithm first computes the distance matrix
for all pairs of points, then merges the closest clusters based on
the chosen linkage criterion, and finally, updates the distance
matrix, repeating this process until all points form a single
cluster. The divisive algorithm starts with all data points in a
single cluster and recursively splits them into smaller clusters
until each data point forms its own cluster. At each step, it
maximizes a splitting criterion such as the between-cluster
variance denoted by:

where A and B are the resulting clusters from the split, and their
respective centroids are denoted by μA and μB. Hierarchical
clustering is effective for detecting nested structures, but it has

a time complexity of either O(n2logn) for the agglomerative
method (making it effective for small to medium-sized datasets)

or O(2n) for the divisive approach (making it less effective for
large datasets).

PAM
PAM is a medoid-based clustering algorithm that extends
k-means by selecting actual data points (medoids) as cluster
centers, minimizing the sum of dissimilarities between points
and their nearest medoid. The objective is to find a set of k
medoids {m1, m2, ..., mk} that minimizes [10]:

where d(x, mi) is the dissimilarity (eg, Euclidean distance)
between a data point x and the medoid mi of cluster Ci. PAM is
robust to noise and outliers but has a higher computational cost

of O(k[n – k]2), which can limit its scalability for large datasets.
Different variants and extensions of PAM also exist [10].

CLARA
CLARA is an extension of PAM designed for large datasets. It
draws multiple samples of the data and applies PAM to each
sample, selecting the set of medoids that minimizes the
clustering cost over the entire dataset [12]. CLARA reduces the
computational burden of PAM by using random sampling,

maintaining a complexity of O(k|S|2 + k[n – |S|]), where |S| is
the sample size. CLARA scales better to large datasets, but its
performance depends on the quality and representativeness of
the random samples [10].

Other Statistical Modeling Considerations and
Performance Evaluation
To respectively determine the optimal number of unique clusters
in the data for both knees, the NbClust R Package [14] was used.
This package evaluates over 30 different cluster identification
schemes or indices, with the optimal cluster size determined
automatically using a majority rule. After clustering, the
performance of the four ML approaches for the right and left
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knee datasets was evaluated and compared using silhouette
analyses, which validate clustering methods [15]. Silhouette
coefficients or scores, which range from –1 (indicating incorrect
clustering) to +1 (indicating highly dense or correct clustering),
were calculated for each cluster identified across the four data
partitioning methods. Based on their distributions, appropriate
pooled estimates of these scores were used to compare the
models’ performance for the right and left knee data clustering,
respectively. Principal component analysis (PCA) was adopted
to visualize the clustered high-dimensional data {x1, x2, ..., xn}

∈ Rd in a reduced dimensional space.

While the primary cluster analysis using force and displacement
outcome data can potentially categorize movement patterns into
distinct groups in the right and left knees, it remains essential
to identify additional demographic factors that may influence
these patterns and their clinical relevance [16]. Thus, a
multinomial logistic regression model with analysis of
covariance adjustment was used to investigate whether
demographic variables such as age, gender, BMI, and pain
scores could serve as significant predictors of cluster
membership. This approach allows for a more comprehensive
understanding of the determinants of cluster assignment by
examining how these demographic factors, when adjusted for
kinetic measurements, contribute to the likelihood of a
participant belonging to a specific cluster at a particular time
(since cluster membership is time-varying given the
time-dependent kinetic data structure). Incorporating these
variables enhances the ability to tailor personalized rehabilitation
protocols by considering both biomechanical and individual
patient characteristics, ultimately supporting more precise and
effective clinical decision-making.

Using an analysis of covariance–based logistic model with
adjustment for the actual observed force and X-Y displacement
measurements, as well as temporal effects, the model is
mathematically defined as follows:

for each cluster category 1<k≤K relative to a baseline category
(cluster 1), where K denotes the total number of uniquely
identified clusters. P(Ci=k) represents the probability of the ith
individual being in cluster k at time T≥0, and the regression

coefficients: β1k, β2k, β3k, and β4k represent the respective effects
of the main demographic predictors (age, gender, BMI, and pain
score) on the log-odds of being in cluster k≥2 versus the baseline
cluster 1, adjusted for force (F), X-Y displacements (denoted
by X and Y) and time of measurement (T).

The coefficients γ1k, γ2k, γ3k, and γ4k control for the influence of
force, X-Y displacements, and time of measurement,
respectively. The model was fitted with the help of the nnet R
package [17]. Finally, the odds ratios (ORs) were estimated,
which quantify the magnitude of the discriminatory effect of
each of the main demographic predictors by exponentiating the
estimated log-odds regression coefficients from exp(βgk) for
1≤g≤4 and 1<k≤K. The right and left knee datasets were
respectively split into 80% training sets (for model fitting) and
20% testing sets for cross-validation to estimate the prediction
accuracy from the resulting confusion matrix and the area under
the receiver operating characteristic curve statistic.

Results

Cluster Analysis at Both Knees

Summary of Key Findings
Three clusters were optimally identified for both knees, each
representing a unique kinetic pattern. K-means, hierarchical,
PAM, and CLARA clustering were subsequently performed
based on these predetermined clusters. Figures 2 and 3 show a
PCA visualization of the clustered datasets in a
lower-dimensional space for both knees. The silhouette analysis
(Figure 4) revealed that hierarchical clustering was relatively
found to be the most effective for the right knee kinetic datasets
(with an average silhouette score of 0.637) followed by k-means
(with an average silhouette score of 0.612), while CLARA
proved to be the best-performing method for the left knee
datasets (with an average silhouette score of 0.598) followed
by k-means (with an average silhouette score of 0.588). It can
be inferred from these results that the right knee datasets resulted
in a better clustering result than the left knee datasets. Figure 5
presents a scatterplot of the adjusted kinetic features (which
have been detrended and cycle-adjusted) in a 3D space for the
right and left knees, stratified by the identified clusters, based
on the best-performing, knee-specific clustering algorithms.
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Figure 2. Principal component analysis visualizations comparing the three identified movement clusters at the right knee across the four clustering
methods: (A) k-means, (B) hierarchical, (C) PAM, and (D) CLARA. These visualizations are based on adjusted kinetic features (force and X-Y
displacements) and illustrate how different clustering techniques distinguish movement patterns in the multidimensional dataset. CLARA: Clustering
Large Applications; PAM: partition around medoids.
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Figure 3. Principal component analysis visualizations comparing the three identified movement clusters at the left knee across the four clustering
methods: (A) k-means, (B) hierarchical, (C) PAM, and (D) CLARA. These plots provide insights into the separability of kinetic movement patterns
based on adjusted force and spatial displacement data. CLARA: Clustering Large Applications; PAM: partition around medoids.
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Figure 4. Distributional plot comparing estimated silhouette coefficients across the four clustering methods (k-means, hierarchical, PAM, and CLARA)
at the (A) right and (B) left knees. The plot presents both cluster-specific and pooled estimates, highlighting the relative performance of each clustering
method in distinguishing movement patterns from kinetic data at both knees. CLARA: Clustering Large Applications; PAM: partition around medoids.
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Figure 5. 3D scatterplot depicting the clustering of adjusted force measurements (in Newtons) against adjusted X-Y displacements (in meters) for the
(A) right and (B) left knees. The clustering is based on the most optimal knee-specific methods identified through silhouette analysis—hierarchical
clustering for the right knee and CLARA for the left knee—demonstrating the spatial distribution of movement patterns within the dataset. CLARA:
Clustering Large Applications.

To assess whether significant differences existed in the
distribution of multivariate kinetic features (force and X-Y
displacements) across the three clusters for both knees, a
multivariate Kruskal-Wallis (MKW) test [18] was used. This
test was chosen due to the multivariate nonnormality of the
bilateral knee datasets (Henze-Zirkler multivariate normality
test: E=246.25, P<.001 for the right-knee datasets; E=219.34,
P<.001 for left-knee datasets). The results indicated that at least
one of the clusters significantly differed in distribution for both
the right (MKW: W6=9204.35; P<.001) and left knees (MKW:
W6=9973.54; P<.001). Subsequent univariate Kruskal-Wallis

tests were performed for each kinetic feature at both knees,
coupled with Dunn multiple comparison tests (Figure 6). There
were significant differences in the distribution of the kinetic
features between the three clusters at both knees, suggesting
the identified knee-specific clusters were uniquely distinct.
Figure 7 shows the frequency of times cluster membership
varied temporally across the 32 study participants. The
proportion of times participants were assigned to cluster 1,
cluster 2, and cluster 3 at the right knee was 72.7%, 12.3%, and
15%, respectively. For the left knee, the proportion of times
participants were assigned to cluster 1, cluster 2, and cluster 3
were 65.1%, 25.4%, and 9.5%, respectively.
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Figure 6. Comparative distribution plots of adjusted kinetic features (force and X-Y displacements) across the three k-means–identified clusters at the
(A-C) right and (D-F) left knees. Statistical differences between clusters were assessed using Kruskal-Wallis tests followed by Dunn multiple comparison
tests, with significance levels indicated (***P<.001; **P<.01; *P<.05). These results highlight variations in movement characteristics among identified
rehabilitation patterns.
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Figure 7. Slope graph visualizing temporal changes in cluster membership across the 32 study participants at the (A) right and (B) left knees. This plot
captures how individuals transitioned between movement clusters over time due to the time-dependent structure of kinetic data collected from both
knees, reflecting the dynamic nature of rehabilitation progress.

There was a reverse observation of the relative positions of
clusters 2 and 3 in the right and left knees of the study
participants (Figure 5). Possible practical kinetic interpretations
of the clustered data with respect to force measurements across
X-Y displacements, given this reverse kinetic pattern in right
and left knees, could be understood as follows.

Cluster 1 (Middle Position)
This cluster suggests intermediate force levels and
displacements. In both knees, movements in this cluster might
involve moderate force exertion and a moderate range of motion
in the X-Y plane. These could correspond to exercises aimed
at strengthening muscles and improving joint mobility without
excessive stress.

Cluster 2 (Bottom Position—Left Knee; Top
Position—Right Knee)
This cluster likely represents movements with lower force
exertion and smaller displacements in both X and Y directions.
In the left knee, these movements may represent exercises
performed with less force and a limited range of motion. It could
represent muscle weakening or joint pathology. In the right
knee, however, these movements may involve higher force
exertion but still within a constrained range of motion. The
lower range of motion could represent joint stiffness due to
arthritis. This cluster may represent the least physically fit group
of individuals. In the right knee, it could represent
moderate-intensity exercises, while in the left knee, it might
involve active movements with moderate intensity.
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Cluster 3 (Top Position—Left Knee; Bottom
Position—Right Knee)
This cluster indicates higher force levels and larger
displacements. In the left knee, movements in this cluster likely
involve high-force exertion combined with extensive movements
in the X-Y plane. These could correspond to activities requiring
significant strength and flexibility, such as high-intensity
exercises. The right knee, however, shows lower force exertion
but still with extensive movements, suggesting exercises focused
more on flexibility, agility, and possibly lower muscle activities.
This cluster may represent the most physically fit group of
individuals.

Determinants of the Identified Clusters at Both Knees
The multinomial logistic regression analysis identified several
significant demographic predictors of cluster membership for

both right and left knee datasets (Table 1). For the right knee,
being male was associated with significantly lower odds of
belonging to cluster 2 compared to cluster 1 (OR 0.30, 95% CI
0.26-0.33) and to cluster 3 (OR 0.55, 95% CI 0.47-0.63). BMI
also emerged as a significant predictor, with higher BMI
decreasing the odds of being in cluster 2 (OR 0.95, 95% CI
0.94-0.96) but increasing the odds for cluster-3 membership
(OR 1.05, 95% CI 1.03-1.06). Age was a significant predictor
for cluster 3 (OR 1.02, 95% CI 1.01-1.03) but not for cluster 2
(P=.95). For the left knee, we found that all the demographic
determinants of belonging to cluster 2 relative to cluster 1 were
significant (.001≤P≤.008), whereas only BMI (P=.81) could
not predict the likelihood of an individual belonging to cluster
3 compared to cluster 1. Gender emerged as the strongest
determinant for the left knee data, with male participants being
significantly more likely to belong to cluster 3 (OR 3.52, 95%
CI 2.91-4.27; P<.001).
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Table 1. Estimated ORa and their 95% CIs for the demographic determinants of cluster membership, derived from a fitted multinomial regression

model (N=32 participants)b,c.

P valueSEOR (95% CI)Clusters and variables

Right kneed

Cluster 2 (reference: cluster 1)

<.0010.0610.30 (0.26-0.33)Male (reference: female)

<.0010.0060.95 (0.94-0.96)BMI (kg/m2)

.950.0020.99 (0.98-1.01)Age

.050.0151.03 (0.99-1.06)Pain score

Cluster 3 (reference: cluster 1)

<.0010.0770.55 (0.47-0.63)Male (reference: female)

<.0010.0071.05 (1.03-1.06)BMI (kg/m2)

<.0010.0021.02 (1.01-1.03)Age

.110.0161.03 (0.99-1.06)Pain score

Left kneee

Cluster 2 (reference: cluster 1)

<.0010.0690.63 (0.55-0.72)Male (reference: female)

<.0010.0071.10 (1.09-1.12)BMI (kg/m2)

<.0010.0021.04 (1.03-1.05)Age

.0080.0200.95 (0.91-0.99)Pain score

Cluster 3 (reference: cluster 1)

<.0010.1003.52 (2.91-4.27)Male (reference: female)

.810.0091.01 (0.98-1.02)BMI (kg/m2)

<.0010.0020.98 (0.97-0.99)Age

.010.0201.05 (1.01-1.09)Pain score

aOR: odds ratio.
bThese results quantify the influence of demographic factors such as BMI, age, gender, and pain levels on the likelihood of belonging to specific
movement clusters.
cEach of the multinomial logistic regression models for both knees’ data was adjusted for the primary kinetic features (force and X-Y displacements)
and temporal effect.
dFor right knee measurement data: percentage accuracy=77.82% (95% CI 76.29%-79.3%); area under the receiver operating characteristic curve=0.778.
eFor the left knee measurement data: percentage accuracy=76.24% (95% CI 74.62%-77.81%); area under the receiver operating characteristic curve=0.762.

Discussion

Results Key Insights Enabled by the Slider Device for
Home-Based Rehabilitation Monitoring
This study explored further an innovative method for knee
rehabilitation using the Slider device, a novel tool that enables
the remote acquisition of multidimensional kinetic data,
including force and spatial coordinates, within a home setting.
By facilitating objective real-time monitoring of rehabilitation
progress, Slider represents a significant advancement in
personalized physiotherapy. A previous study has already
validated its feasibility and safety for empowering patients to
perform presurgery physiotherapy exercises independently,
eliminating the need for a clinical environment [3]. However,
no study has yet examined and analyzed the multidimensional

bilateral kinetic and kinematic datasets generated by users of
this new device. This analysis aimed to uncover potential
patterns that could transform raw data into actionable insights,
enabling therapists to deliver data-driven, patient-specific
interventions that may optimize rehabilitation outcomes. This
study used and compared four unsupervised clustering methods
to find three unique time-varying movement patterns or clusters
based on the observed time-dependent, multidimensional
datasets from the right and left knees of the study participants.

The application of multiple clustering methods provides a
comparative perspective on clustering performance, reinforcing
the robustness of the findings. We have identified these
movement patterns outside of a clinical setting for the first time.
Significant differences in the distributions of force and
displacement between clusters show how differently participants
move. Demographic factors like gender, BMI, age, and pain
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score also predicted membership in a cluster. These findings
provide significant potential for individualized rehabilitation
programs that enhance therapist accuracy and results. By
leveraging ML and kinetic data collection, this study further
demonstrates how at-home rehabilitation can be made more
autonomous, reducing patient dependency on in-clinic
physiotherapy sessions. The ability to remotely track movement
progress offers a scalable solution for long-term rehabilitation,
minimizing the need for frequent clinical visits.

Consequently, this study has effectively addressed the five open
research questions by examining multidimensional kinetic data
obtained during home-based physiotherapy. Using four
clustering algorithms, the study found three different,
time-varying, kinetic movement patterns for both knees. These
patterns may represent different levels of fitness and recovery,
answering the first question about how to find movement
patterns in multidimensional kinetic data. The study answered
the second question by showing that real-time clustering of
movement data could help physiotherapists better understand
how to meet the needs of each patient by showing how the
clusters changed in response to force and displacement data.
To answer the third question, the study confirmed that clustering
methods, especially hierarchical clustering for the right knee
and CLARA for the left knee, could tell the difference between
different levels of movement efficiency and recovery states.

The mathematical modeling revealed that over time, participants
progressed from erratic to more coordinated movement patterns,
reflecting the evolution of the natural rhythm of motion during
exercise, thus answering the fourth question on how movement
patterns evolve. The insights gained from movement clustering
suggest potential future advancements in physiotherapy
technology, particularly in enhancing real-time feedback
mechanisms of rehabilitation devices. These findings could
contribute to the development of more adaptive and intelligent
physiotherapy tools, improving their application in both research
and clinical settings. Finally, the Slider device provided reliable,
multidimensional kinetic data, enabling accurate cluster
identification and analysis, thereby confirming its potential for
remotely monitoring physiotherapy outcomes and answering
the fifth question.

Practical Implications of the Study

Identification of Movement Patterns
Clusters that differentiate based on movement patterns (such
as the range and direction of motion) can help clinicians identify
abnormal movement behaviors in participants. This is
particularly useful in postoperative rehabilitation or in
monitoring the progress of participants with musculoskeletal
disorders. For a theoretical application in a clinical setting,
cluster characterized by limited range and lower force output
might indicate participants who are either in the early stages of
recovery from injury or surgery or who are experiencing
complications or poor recovery. Hitherto, such kinetic
evaluations have only been possible if participants attended
sessions in a gait laboratory or clinic [5]. Slider allows these
evaluations to be done in a participant’s home using data from
exercises done by the participants over the entire duration of
their rehabilitation program. A possible weakness of this study

would be that it is intended to account for movement of the knee
but does not account for limitations in movement due to the
flexibility of the ankle or hip. Such variables could have
impacted the data collected and changed which cluster the
participant fell into, however, no participants that participated
reported having such issues before conducting the exercises, so
such variables should not have been considered significant
during data collection.

Tailored Rehabilitation Programs
Understanding which cluster a participant’s movement data fall
into allows clinicians to tailor rehabilitation programs more
effectively. By customizing programs based on the typical
movement characteristics of each cluster, clinicians can optimize
recovery times and outcomes. By understanding which cluster
a participant’s movement data fall into, therapists can customize
exercises that target specific movement deficiencies [6]. For a
practical application, participants in a cluster showing high force
and extreme movement ranges might benefit from a different
set of exercises compared to those in a cluster with conservative
movement patterns, possibly due to differences in pain tolerance,
injury severity, or recovery stage. Remote data collection can
enable clinicians to monitor progress in real time, offering
greater flexibility in treatment planning and providing objective
data for faster, more efficient feedback. This benefits both
participants and care providers.

Prediction of Recovery Trajectories
The data clusters could help predict different recovery
trajectories by identifying which participants will likely recover
faster based on similarities in movement patterns. Participants
showing gradual movement range and force improvements over
time by progressing through clusters may indicate a positive
recovery trajectory. Clusters may serve as predictive markers
for rehabilitation outcomes, allowing for proactive adjustments
in treatment plans [19].

Customization of Assistive Devices
Insights from clustering can inform the customization of
assistive devices to better support individual participant needs
based on the commonalities in movement patterns, unique
movement limitations, or capabilities observed within each
cluster. Participants in a cluster that shows significantly altered
gait patterns might benefit from specific types of orthotic
supports designed to compensate for those specific deviations
[20].

Enhanced Understanding of Pathophysiology
Exploring cluster formation further can improve understanding
of the pathophysiology of conditions, aiding diagnosis and
treatment. Differentiating clusters by movement patterns can
help identify causes of pain or dysfunction, such as muscular
versus joint issues, and analyzing force and movement data can
reveal significant correlations. This is significant as it allows
therapists to obtain data regarding multiple variables at once
during one exercise instead of having to test the functionality
of the knee with the participant in the same room using multiple
tests to achieve a similar outcome [21].

JMIR Form Res 2025 | vol. 9 | e69150 | p.3574https://formative.jmir.org/2025/1/e69150
(page number not for citation purposes)

Twumasi et alJMIR FORMATIVE RESEARCH

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


Limitations of the Study
This study has some limitations that must be acknowledged
from both statistical and clinical viewpoints. From a statistical
perspective, the sample size of 32 participants, although
adequate for preliminary temporal exploratory analysis, is
not sufficient for generalizing the findings to larger and more
diverse groups. A larger cohort would provide a more robust
assessment of the observed kinetic patterns and enhance the
reliability of the used clustering techniques. Furthermore,
whereas unsupervised clustering effectively identified distinct
movement patterns, the study design was deficient in
longitudinal follow-up to assess the direct correlation between
these patterns and long-term rehabilitation outcomes. Clinically,
while the Slider device offers an option for home-based
rehabilitation, the absence of real-time clinician supervision
may lead to variability in movement execution and data quality,
thereby impacting cluster accuracy. The predictive efficiency
of the identified clusters in guiding treatment strategies remains
uncertain without rigorous validation through randomized
controlled trials or extended clinical monitoring.

Conclusions
Three distinct, kinetic, time-varying clusters were identified for
both the right and left knees, representing unique movement
patterns, based on measurement data from the Slider exercise
device. Data clustering performance was found to be knee
specific, with hierarchical and CLARA clustering methods
producing better results at the right and left knees, respectively.
The kinetic patterns at the right and left knees were significantly
different. Gender, BMI, age, and pain score were identified as
significant demographic predictors of cluster membership, with

varying impacts on cluster assignment for the right and left
knees. Future research should also explore other clustering
algorithms, such as density-based clustering (DBSCAN) and
Gaussian mixture models. Additionally, the impact of various
preprocessing techniques should be investigated, especially for
time-dependent and cyclical data. Techniques such as Fourier
transforms, wavelet transforms, and PCA for dimensionality
reduction may also enhance the analysis of movement patterns.

Furthermore, future studies should develop additional kinetic
features, such as velocity, acceleration, and jerk, to provide a
more comprehensive understanding of movement patterns and
improve clustering accuracy. Expanding this study to include
a more diverse participant population would help assess the
generalizability of the findings, refine personalized rehabilitation
protocols, and address the limitations of this study. Finally,
further longitudinal and trial studies could be conducted to
correlate identified clusters with clinical outcomes, such as
recovery trajectories and therapy efficacy, to validate the
practical significance of the clustering results. Further case
studies are currently being planned, which will expand the scope
of data collected and study participants. It is expected that with
further data collection, it will be easier to identify more
accurately what subgroup knee replacement participants fall
into, as well as what range of movement and force recorded can
be considered optimal based on certain demographics. This
method appears to be effective at remotely measuring movement
and force for knee joint movement. Future projections for Slider
device development will include artificial intelligence–assisted
projections and therapy progress analysis to streamline the
process for physicians.
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MKW: multivariate Kruskal-Wallis
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Abstract

Background: Ecological momentary assessment methods have recently been adapted for use on smartwatches. One particular
class of these methods, developed to minimize participant burden and maximize engagement and compliance, is referred to as
microinteraction-based ecological momentary assessment (μEMA).

Objective: This study explores the feasibility of using these smartwatch-based μEMA methods to capture longitudinal,
high-temporal-density self-report data about alcohol consumption in a nonclinical population selected to represent high- and
low-socioeconomic position (SEP) groups.

Methods: A total of 32 participants from the Avon Longitudinal Study of Parents and Children (13 high and 19 low SEP) wore
a smartwatch running a custom-developed μEMA app for 3 months between October 2019 and June 2020. Every day over a
12-week period, participants were asked 5 times a day about any alcoholic drinks they had consumed in the previous 2 hours,
and the context in which they were consumed. They were also asked if they had missed recording any alcoholic drinks the day
before. As a comparison, participants also completed fortnightly online diaries of alcohol consumed using the Timeline Followback
(TLFB) method. At the end of the study, participants completed a semistructured interview about their experiences.

Results: The compliance rate for all participants who started the study for the smartwatch μEMA method decreased from around
70% in week 1 to 45% in week 12, compared with the online TLFB method which was flatter at around 50% over the 12 weeks.
The compliance for all participants still active for the smartwatch μEMA method was much flatter, around 70% for the whole 12
weeks, while for the online TLFB method, it varied between 50% and 80% over the same period. The completion rate for the
smartwatch μEMA method varied around 80% across the 12 weeks. Within high- and low-SEP groups there was considerable
variation in compliance and completion at each week of the study for both methods. However, almost all point estimates for both
smartwatch μEMA and online TLFB indicated lower levels of engagement for low-SEP participants. All participants scored
“experiences of using” the 2 methods equally highly, with “willingness to use again” slightly higher for smartwatch μEMA.

Conclusions: Our findings demonstrate the acceptability and potential utility of smartwatch μEMA methods for capturing data
on alcohol consumption. These methods have the benefits of capturing higher-temporal-density longitudinal data on alcohol
consumption, promoting greater participant engagement with less missing data, and potentially being less susceptible to recall
errors than established methods such as TLFB. Future studies should explore the factors impacting participant attrition (the biggest
reason for reduced engagement), latency issues, and the validity of alcohol data captured with these methods. The consistent
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pattern of lower engagement among low-SEP participants than high-SEP participants indicates that further work is warranted to
explore the impact and causes of these differences.

(JMIR Form Res 2025;9:e63184)   doi:10.2196/63184

KEYWORDS

smartwatch; ecological momentary assessment; μEMA; alcohol; ALSPAC

Introduction

Ecological momentary assessment (EMA) refers to a class of
methods in which people are asked to answer questions about
specific aspects of their health, feelings, and behaviors as they
go about their normal lives. As individuals typically complete
these assessments throughout the day, rather than completing
a survey and having to remember details from days or weeks
ago, recall errors are significantly reduced [1]. One domain in
which EMA methods have been used extensively is the study
of modifiable health behaviors, including physical activity, diet,
tobacco smoking, and alcohol consumption [2]. The benefits
of EMA methods are of particular interest for the measurement
of alcohol consumption. Commonly used questionnaires and
diary-based methods are known to suffer from systematic biases
toward underreporting, capturing somewhere between 20% and
60% of the true level of consumption [3,4], with retrospective
recall bias being a major factor [5]. Furthermore, recent studies
have highlighted the importance of both longitudinal measures
of alcohol consumption to help us explore relationships between
alcohol consumption and conditions such as depression [6], and
high-temporal-resolution measures of alcohol consumption to
enable exploration of factors such as subjective responses (eg,
feeling of stimulation, feeling of sedation, liking the effects of
alcohol, wanting more alcohol) in heavy drinkers in natural
environments [7]. There is, therefore, a need for EMA methods
that can be used to capture high-temporal-density measures of
alcohol consumption over extended periods.

In response to the increased adoption of mobile and wearable
technologies, EMA methods have been adapted for use on
smartphones, and more recently, smartwatches. For
smartwatch-based EMA methods, a particular area of focus has
been reducing participant burden, so that even more frequent
sampling over longer periods can be tolerated. Smartwatches
are worn on the wrist so they are never beyond reach, which
reduces the time to access the device and respond to prompts.
Further, because they are worn against the body, they enable
the use of potentially more discrete haptic prompts for responses.
One smartwatch EMA method aiming to minimize participant
burden is microinteraction-based EMA (μEMA), which uses
simple, brief questions with a limited set of answers that can
be responded to with a single tap multiple times a day [8]. When
compared with smartphone-based EMA over a 4-week period,
smartwatch-based μEMA had better performance in terms of
compliance rates (defined as the percentage of all scheduled
prompts to which participants responded, regardless of the
success of prompt delivery: 82% vs 64%) and completion rates
(defined as the percentage of scheduled prompts actually
delivered to the participant to which they responded: 92% vs
67%) [8].

Having demonstrated high levels of engagement in these initial
4-week explorations of smartwatch-based μEMA, the approach
was subsequently used to capture self-report measures over
longer periods in various settings. Beukenhorst and colleagues
[9] explored the use of smartwatch-based μEMA methods in
participants with osteoarthritis of the knee to capture self-report
measures of pain and quality of life 4 or 5 times a day over 3
months. The compliance rate across all participants ranged from
around 85% at the beginning of the study to around 30% at the
end of the 3 months. The authors suggested the reduction over
time was largely a result of participant attrition, possibly driven
by technical factors including poor watch battery life.
Considering just active participants, compliance remained above
75% throughout the 3 months. Ponnada and colleagues [10]
explored using the same smartwatch-based μEMA methods for
capturing self-report data of physical activity and its effect in
young adults over an even longer time frame of 12 months.
Preliminary findings at 6 months (when the authors published
interim results of their study) indicated an overall compliance
of rate 67% and a completion rate of 79% [10]. These findings
suggest that while it is necessary to be mindful of technical
issues that can lead to attrition, smartwatch-based μEMA appears
to be a viable method for collecting high-temporal-resolution
self-report data over extended time frames.

In terms of the effect of sample characteristics on EMA study
compliance, several recent studies have reported mixed findings
for age and sex [11-13]. One sample characteristic not explored
as extensively is socioeconomic position (SEP). For studies of
alcohol use, SEP is of particular importance as there are known
to be complex relationships between SEP, alcohol consumption,
and health outcomes (the “alcohol harm paradox”), in which
individuals are more likely to have drunk in the past week and
drank 6 units of alcohol or more in 1 drinking episode if they
are a high-income earning managerial/professional worker
[14,15], but individuals with lower individual or neighborhood
SEP have an increased susceptibility to the negative and harmful
health effects of alcohol consumption [16,17]. Understanding
if SEP has a systematic effect on engagement with any new
methods measuring alcohol use is therefore clearly important.

The objective of this study was to explore the feasibility of using
smartwatch-based μEMA methods for the capture of
high-resolution self-reported data about alcohol use over
extended periods in high- and low-SEP groups. We asked
participants to use a smartwatch-based μEMA system to record
self-reported data about alcohol use and the context in which
alcohol was consumed 5 times a day over a 3-month period.
For comparison, we also asked all participants to record their
alcohol use every 2 weeks using an online version of one of the
currently most established methods for capturing data on alcohol
consumption, the Timeline Followback (TLFB) method. We
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report engagement metrics (compliance and completion) for
both smartwatch μEMA and TLFB methods, qualitative
experiences of using both methods captured in interviews at the
end of the study, and some initial findings comparing the levels
of alcohol recorded by the 2 methods at the level of individual
participants. Finally, in line with recommendations from a recent
evaluation of pressing issues in EMA studies [18], we also report
the characteristics of missing data for the smartwatch μEMA
for all participants and high- and low-SEP groups, to explore
whether SEP impacts the nature of missing data in a systematic
manner.

Methods

Study Overview
The design and analyses of the study followed those detailed
in the preregistered study protocol [19]. Any deviations from
the study protocol are detailed in the following sections. An
overview of the study elements, with their timings throughout
the study, is shown in Figure 1. Data collection happened
between September 2019 and June 2020.

Figure 1. Overview of study elements with timings.

Study/Clinical Setting
This study was embedded within the Avon Longitudinal Study
of Parents and Children (ALSPAC), a longitudinal birth-cohort
study. During phase I of ALSPAC enrollment, 14,541
pregnancies in the former Avon Health Authority in the
southwest of England with expected dates of delivery between
April 1, 1991, and December 31, 1992, were recruited. Of these
initial pregnancies, there was a total of 14,676 fetuses, resulting
in 14,062 live births and 13,988 children who were alive at 1
year of age. A further 906 pregnancies were recruited during
phases II, III, and IV, respectively, resulting in an additional
913 children being enrolled. The total sample size is 15,447
pregnancies, of which 14,901 were alive at 1 year of age.

Further details on the cohort profile, representativeness, and
phases of recruitment are described in 3 cohort-profile papers
[20-22].

The ALSPAC study website provides details on all available
data through a fully searchable data dictionary and variable
search tool [23]. Informed consent for data collected via
questionnaires and clinics was obtained from participants in
accordance with the recommendations of the ALSPAC Ethics
and Law Committee at the time.

In this study, data were captured using smartwatch-based μEMA
techniques as participants went about their normal daily lives
and through online TLFB methods periodically throughout the
study. An initial session was held at the ALSPAC premises in
the Bristol Medical School, during which participants were
briefed, provided consent, and completed questionnaires. A
final session was also held there, where participants were
debriefed, completed a qualitative interview about their
experiences during the study, and returned equipment.

Study data for the TLFB method were collected and managed
using REDCap, a secure, web-based electronic data capture
platform hosted at the University of Bristol. REDCap (Research
Electronic Data Capture) is designed to support data capture
for research studies [24].

Ethical Considerations

Ethics Review
As this research involved human participants, ethics approval
was obtained from the ALSPAC Ethics and Law Committee,
which reviewed the study and granted formal approval
(reference code 83643) in accordance with the University of
Bristol institutional guidelines.

Informed Consent
Prospective participants received an information sheet before
the initial study session, explaining the study’s nature, purpose,
and risks, and were given the opportunity to ask investigators
any questions before deciding to participate. Upon arrival at the
initial session, participants could review the information sheet
again and ask further questions. Informed consent for data
collection was then obtained through a written consent form,
following the recommendations of the ALSPAC Ethics and
Law Committee. Participants were also informed that they could
withdraw from the study at any time without providing a reason.

Privacy and Confidentiality
The data obtained from participants have been anonymized to
ensure they are not identifiable. No individual participant can
be identified from this manuscript or its multimedia appendices.

Compensation
Participants were reimbursed £15 (US $19.41) per month for
their time and expenses, with a bonus of £15 (US $19.41) for
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completing all 3 months. Thus, those who completed the full
study received a total of £60 (US $78 at the time of the study).

Participants
Participants were drawn from the first generation of children
born in the ALSPAC study (ALSPAC-G1) and were selectively
recruited by SEP based on maternal highest educational
attainment. Those whose mothers had a degree or higher were
assigned to the high-SEP group, while those whose mothers
had less than a degree were assigned to the low-SEP group.

The inclusion criteria were as follows:

• Consume at least 6 units of alcohol per week.
• Be able to wear and use the smartwatch from 12 PM to 10

PM (the timings of questions in the current version of the
smartwatch system cannot be altered to accommodate shift
work, etc)

• Have access to the internet to complete the TLFB
assessments.

Exclusion criteria (standard exclusion criteria used in alcohol
studies to prevent harm during pregnancy and to those at risk
of addiction) were as follows:

• Pregnant or breastfeeding (self-reported). Note that if a
participant becomes pregnant during the study, they must
withdraw from the study at this point.

• History of alcohol or drug addiction (self-reported).
• Strong familial history of alcoholism defined as 1 or more

immediate relatives (parent, sibling) or more than 1 other
relative (eg, cousin, grandparent; self-reported).

Clinic Visits
All participants began the study with a visit to an ALSPAC
clinic. In this session (approximately 1 hour in duration)
participants

• were given details of the study and provided written
consent;

• were given the smartwatch and shown how to use the μEMA
application and maintain the smartwatch (including
instructions on keeping it charged, not getting it wet, and
removing it before contact sports);

• were given instructions on how to use the online TLFB
diary, provided with log-on details, and asked about any
events (eg, birthdays, nights out) that should be entered into
the diary as reminders;

• were provided with contact details of whom to call if they
encountered any issues during the study.

Participants completed a second clinic visit at the end of the
study. In this session (approximately 30 minutes) participants

• returned the smartwatch;
• completed a brief semistructured interview about their

experiences using the smartwatch and online TLFB diary
led by the researcher;

• provided written final consent; and
• were given their cash reimbursement.

A total of 13 participants (8 low SEP and 5 high SEP) completed
the second clinic visit in person.

As a result of COVID-19 restrictions, the remaining 19
participants (11 low SEP and 8 high SEP) completed their
second clinic visit remotely. In these remote sessions, ALSPAC
researchers conducted telephone interviews, and smartwatch
collection was arranged via courier.

Smartwatch Data Collection
We developed a bespoke μEMA smartwatch application
incorporating elements proposed by Intille et al [8] to reduce
participant burden. These included using haptic rather than
audible prompts to minimize disruption and designing brief
questions with a limited set of single-tap responses to reduce
effort.

To optimize our app design, we collaborated with the ALSPAC
Original Cohort Advisory Panel, a committee representing the
diverse backgrounds and perspectives of ALSPAC participants.
Using a think-aloud approach, panel members walked through
the μEMA application, identifying issues related to visual
design, wording, and navigation. Several common themes
emerged, leading to the following changes in the final μEMA
application design:

• The introduction of the “My usual” shortcut to speed up
the recording of alcoholic drinks that are the same type,
quantity, and context.

• The introduction of the “Back” option so participants could
go back and correct previous entries in the current epoch.

Participants received a TicWatch C2 (Mobvoi Information
Technology Company Limited) smartwatch running Android
Wear 2.6 with our μEMA application preloaded.

At 5 time points each day (2 PM, 4 PM, 6 PM, 8 PM, and 10
PM), participants were asked about any alcoholic drinks
consumed in the past 2 hours and the context of these drinking
events. At each time point, they were presented with the set of
questions and response options listed in Textbox 1.

Examples of these questions as rendered in our μEMA
application are shown in Figure 2, with the full question
sequence illustrated in Multimedia Appendix 1.
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Textbox 1. Questions and options presented to participants.

• Question 1: Did you drink alcohol in the last 2 hours? Response options [Yes | No | My Usual].

• Question 2: What were you drinking? Response options [Beer/cider | Wine | Spirits ].

• Question 3: What size was your drink? Response options: Beer/cider: [Half a pint | 330 bottle | Pint], Wine: [125 mL | 175 mL |250 mL], Spirits:
[Single | Double | Free pour].

• Question 4: Who were you with? Response options [Alone | In company].

• Question 5: Where were you? Response options [At home | Elsewhere].

• Question 6 Any more alcoholic drinks to be recorded? Response options [Yes | No | My Usual].

“Usual”: On the first day of the study, participants were given the option to set up a “My Usual” shortcut to simplify data entry for their most frequently
consumed alcoholic drink. If they opted in, they answered questions 2-5 to specify their usual drink. Thereafter, selecting “My Usual” automatically
recorded those drink details for that time point.

Figure 2. Example smartwatch microinteraction-based ecological momentary assessment (μEMA) application questions.

Each day at noon, participants were asked if they had missed
recording any drinks the previous day. If they responded “Yes,”
they were prompted to report those drinks using the same set
of questions.

Captured data were not visible to participants and were stored
locally on the smartwatch rather than uploaded to a cloud-based
platform to minimize the risk of personal data loss. As a result
of the lack of remote monitoring, smartwatches were swapped
at the end of months 1 and 2 to mitigate the risk of undetected
technical issues disrupting data collection. However, COVID-19
restrictions prevented this for 15 participants (7 low SEP and
8 high SEP), who were instead instructed to continue using their
current smartwatch until the study’s conclusion.

Online Data Collection
The TLFB method uses a calendar prepopulated with
participant-defined diary entries (eg, birthdays, theatre visits,
nights out) to aid in recall of alcohol consumption. Online
self-administration of TLFB has been validated [25], and
previous studies suggest that a 14-day recall period optimally
balances data quality and participant burden [26]. Therefore,
participants completed an online TLFB every 14 days, recording
their alcohol consumption over the previous 2 weeks.

We implemented TLFB using REDCap [24], hosted on the
ALSPAC application platform. Participants had a 5-day window
to complete each 2-week TLFB entry and received SMS text
message reminders at the start of this period. In each entry,
participants recorded the number of alcohol units consumed
each day. As data captured in the smartwatch μEMA application

were not visible to participants, they could not use it to complete
TLFB entries. In line with standard TLFB practice, no context
questions were asked. The format of the TLFB diary entry screen
is shown in Multimedia Appendix 2.

Interviews
In the second clinic session at the end of the study (conducted
either in person or remotely by telephone), each participant
completed a semistructured interview exploring their
experiences during the study.

For both smartwatch μEMA and online TLFB methods,
participants were asked:

Question 1/6: Overall, how would you rate your experience of
using the smartwatch/online system during the study, on a scale
from 1 (I did not like it at all) to 10 (I really liked it)?

Question 2/7: If you were asked to use the smartwatch/online
system again in another study, how likely would you be to say
yes, on a scale from 1 (I would not want to use it again) to 10
(I would really like to use it again)?

Question 3/8: If you agreed to use the smartwatch/online system
again in another study, what is the maximum length of time you
would be willing to use it for?

Question 4/9: What things did you like about using the
smartwatch/online system?

Question 5/10: What things did you dislike about using the
smartwatch/online system?
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Participants were asked additional questions specifically about
their experiences using the smartwatch μEMA system:

Question 11: How did you feel about having to charge the
smartwatch every night?

Question 12: Did you use any of the other functions on the
smartwatch during the study (eg, step counter)?

Question 13: Did you pair the smartwatch with any smartphones
during the study?

Participants were also asked about their attitudes toward future
developments of the smartwatch μEMA system:

Question 14: How would you feel if the smartwatch system
used data from its motion sensors to work out when the best
time is to ask you the questions (eg, so it does not ask you
questions when you are driving)?

Question 15: How would you feel if the smartwatch system
used data from its global positioning system (GPS) location
sensor (which tells the watch where the person is) to work out
when the best time is to ask you the questions (eg, so it does
not ask you questions when you are at work)?

Engagement Measures
In reporting engagement, we follow the approach used by Intille
and colleagues [8]. We report compliance rates, defined as the
proportion of scheduled questions answered by participants,
both for all participants who started the study and for those still
active in the study. Participants are considered active until they
make their final response and drop out.

In addition, for smartwatch μEMA, we report the completion
rate, defined as the proportion of questions delivered to active
participants by the μEMA application that they respond to. This
helps distinguish whether nonresponses result from factors
preventing question delivery (eg, the smartwatch being switched
off or the battery being flat) or from participants’ propensity
and ability to respond to delivered questions. The completion
rate is not reported for online TLFB, as questions were not
actively presented to participants, meaning there were no
prompts that could be delivered or missed.

For all engagement measures, we report data for all participants
as well as separately for the low- and high-SEP groups.

Missing Data
We examined whether prompts were more likely to be missed
at certain times of the day by comparing missingness rates across
2-hour epochs. Similarly, we assessed whether prompts were
more likely to be missed on specific days of the week using the
same approach. These analyses were conducted for all
participants as well as separately for the low- and high-SEP
groups.

Comparison of Levels of Alcohol Consumption
Recorded Using the Two Methods
To provide an initial indication of whether μEMA might capture
higher levels of alcohol consumption than TLFB, we calculated
the total number of units consumed over the 12-week study
period for each participant, using only weeks where data were
available from both methods. Within the high- and low-SEP
groups, we compared the number of participants whose recorded
consumption was higher in one method than the other. Note
that this was an exploratory analysis and not preplanned.

Results

Participants
Our original aim was to recruit 40 participants (20 low SEP and
20 high SEP). However, recruitment had to be halted
prematurely in March 2020 due to COVID-19 restrictions, by
which point 32 participants had been recruited. Of these, 13
were high SEP (mean age 27 years, range 26-28 years; 7, 54%,
females) and 19 were low SEP (mean age 28 years, range 26-28
years; 13, 68%, females).

Engagement
Figure 3 presents the compliance rate for all participants who
commenced the study using the smartwatch μEMA and online
TLFB methods. Figure 4 illustrates the compliance rate for
participants who remained active in the study (ie, those who
had not yet dropped out) for both methods. Figure 5 displays
the completion rate for all active participants using the
smartwatch μEMA method (not applicable to TLFB, as
explained above). Figure 6 depicts the participant attrition rate,
representing the percentage of participants still actively engaged
in the study, for both smartwatch μEMA and online TLFB
methods.
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Figure 3. Smartwatch microinteraction-based ecological momentary assessment (top) and timeline followback (TLFB; bottom) compliance rates (mean
and 95%CI) across all participants who started the study, for all (black solid line), high-SEP (red dotted dashed line), and low-SEP (blue dashed line)
participants. SEP: socioeconomic position.

Figure 4. Smartwatch microinteraction-based ecological momentary assessment (top) and timeline followback (TLFB; bottom) compliance rates (mean
and 95%CI) across all participants still active in the study for all (black solid line), high-SEP (red dotted dashed line), and low-SEP (blue dashed line)
participants. SEP: socioeconomic position.
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Figure 5. Smartwatch microinteraction-based ecological momentary assessment completion rate (mean and 95%CI) for all (black solid line), high-SEP
(red dotted dashed line), and low-SEP (blue dashed line) participants. SEP: socioeconomic position.

Figure 6. Participant attrition for smartwatch microinteraction-based ecological momentary assessment (circles) and online timeline followback
(diamonds) for all (black solid line), high-SEP (red dotted dashed line), and low-SEP (blue dashed line) participants. SEP: socioeconomic position.

Qualitative Feedback
All participants completed interview questions regarding both
the online and smartwatch methods for data collection.
Participants’ responses to the questions “How would you rate
your experience of using the smartwatch μEMA/online TLFB
from 1 (did not like) to 10 (really liked)?,” “How willing would
you be to use the smartwatch μEMA/online TLFB again in
another study from 1 (would not) to 10 (really like to)?,” and
“How long would you be willing to use it for (in months)?” are
presented in Table 1.

Themes identified from participants’ responses to the question
“What things did you like and dislike about using the
smartwatch system?” are presented in Table 2, grouped by SEP.
The equivalent themes for the online TLFB system are shown
in Multimedia Appendix 3. Table 2 also includes participants’

responses to the questions “How did you feel about having to
charge the smartwatch every night?,” “Did you pair the
smartwatch with any smartphones during the study?,” and “Did
you use any of the other functions on the smartwatch during
the study (eg, step counter)?”

Distinct themes identified from participants’ responses to the
questions “How would you feel if the smartwatch system used
data from its GPS location sensor to determine the best time to
ask you questions (eg, to avoid prompting during work)?” and
“How would you feel if the smartwatch system used data from
its motion sensors to determine the best time to ask you
questions (eg, to avoid prompting while driving)?” are presented
in Table 3.

Because of a technical issue with the questionnaire delivery, 6
participants (2 high SEP [1 female] and 4 low SEP [2 female])
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were not asked the questions about smartwatch charging, pairing
and other functions, or about the potential use of GPS and

motion sensors.

Table 1. Participants’ ratings of the extent to which they liked using, would be willing to use it again, and for how long, for the smartwatch μEMAa

(Watch) and online (TLFBb) methods.

High SEP, median (IQR)Low SEP, median (IQR)All SEPc, median (IQR)Participants’ ratings of smartwatch µEMA/TLFB

TLFBWatchTLFBWatchTLFBWatch

8 (5-8)8 (7-8)7 (5-9)8 (6-8)7 (6-8)8 (6-8)Experience of using

8 (6-10)9 (6.5-10)9 (7-10)10 (7-10)8 (7-10)10 (7-10)Willing to use again

3 (2-5)3 (2-5)6 (3-12)6 (3-12)4 (3-12)3 (3-12)How long for (months)?

aμEMA: microinteraction-based ecological momentary assessment.
bTLFB: timeline followback.
cSEP: socioeconomic position.

Table 2. Participants’ likes and dislikes of the smartwatch μEMAa method, attitudes to daily charging, attempts to pair with phone, and other watch

features used, for low- and high-SEPb participants.

High SEP, n/N (%)Low SEP, n/N (%)Participants’ likes/dislikes of smartwatch µEMA

Watch liked

6/13 (46)9/19 (47)Quick and easy

4/13 (31)1/19 (5)Being prompted

2/13 (15)0/19 (0)Having a watch

2/13 (15)2/19 (10)Liked the smartwatch

0/13 (0)2/19 (10)Additional smartwatch features

2/13 (15)0/19 (0)No need for extra device

2/13 (15)4/19 (21)Always to hand

Watch disliked

3/13 (23)4/19 (21)Timing/frequency of prompts

4/13 (31)3/19 (16)Technical issues

2/13 (15)4/19 (21)Battery life

2/13 (15)3/19 (16)Watch too big

2/13 (15)1/19 (5)Unsure how to handle missing drinks

1/13 (8)2/19 (10)Already have a watch/smartwatch

Attitude to needing to charge every night

8/11 (73)11/15 (73)No issues

2/11 (18)4/15 (27)Frustrating

Attempted to pair with a smartphone

9/11 (82)13/15 (87)Did not attempt

0/11 (0)2/15 (13)Attempted but failed

2/11 (18)0/15 (0)Attempted and succeeded

Other watch features used

5/11 (45)11/15 (73)None

3/11 (27)3/15 (20)Step counter

2/11 (18)1/15 (7)Timer

aμEMA: microinteraction-based ecological momentary assessment.
bSEP: socioeconomic position.
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Table 3. Participants’ views on using GPSa data and motion sensor data to optimize smartwatch μEMAb, for low- and high-SEPc participants.

High SEP (n=11), n (%)Low SEP (n=15), n (%)Participants’ attitudes toward the use of sensor data

Attitudes to using GPS in the future

7 (64)13 (87)No issues

1 (9)3 (20)Depends on context

1 (9)0 (0)OK if consented

1 (9)0 (0)Concerned about battery life

0 (0)2 (13)Scary

0 (0)2 (13)Intrusive

Attitudes to using motion sensors in the future

9 (82)15 (100)No issues

1 (9)0 (0)Concerns about reliability

1 (9)0 (0)Uncomfortable with idea

aGPS: global positioning system.
bμEMA: microinteraction-based ecological momentary assessment.
cSEP: socioeconomic position.

Missing Data
The rates of missingness for the smartwatch μEMA method
among participants still active in the study, stratified by all,
low-, and high-SEP groups, are shown for each day of the week
in Table 4. Considerable variability was observed across the 3
groups, with overlapping CIs for all days.

The rates of missingness for the smartwatch μEMA method
among participants still active in the study, stratified by all,
low-, and high-SEP groups, are shown for epochs within days
in Table 5. Considerable variability was observed within each
group, with overlapping CIs across epochs. However, there was
notably less overlap when comparing the first four epochs
(12:00–14:00, 14:00–16:00, 16:00–18:00, 18:00–20:00) with
the final epoch (20:00–22:00), which had the highest level of
missing data.

Table 4. Percentage missingness by day of the week for all, high-, and low-SEPa groups (mean and 95% CI).

Low SEP (n=19), mean (95% CI)High SEP (n=13), mean (95% CI)All participants (n=32), mean (95% CI)Weekday

31.4(20.8-42.0)23.8 (14.4-33.3)28.3 (21.2-35.5)Monday

26.1 (15.8-36.5)24.9 (15.9-33.9)25.6 (18.8-32.4)Tuesday

26.0 (18.5-33.4)23.6 (14.0-33.2)25.0 (19.4-30.6)Wednesday

28.1 (20.6-35.5)24.2 (15.3-33.1)26.5 (21.1-31.2)Thursday

25.3 (17.0-33.7)24.9 (14.6-35.1)25.2 (19.1-31.2)Friday

29.5 (20.2-38.8)25.8 (15.0-36.6)28.0 (21.3-34.6)Saturday

27.2 (17.0-37.4)29.6 (18.2-41.0)28.2 (21.0-35.4)Sunday

aSEP: socioeconomic position.

Table 5. Percentage missingness by 2-hour epoch for all, high-, and low-SEPa groups.

Low SEP (n=19), mean (95% CI)High SEP (n=13), mean (95% CI)All participants (n=32), mean (95% CI)Epoch

27.0 (17.6-36.4)26.1 (17.3-34.9)26.7 (20.4-32.9)12:00-14:00

24.5 (15.9-33.2)22.2 (13.7-30.8)23.6 (17.7-29.5)14:00-16:00

25.8 (16.8-34.7)23.1 (14.1-32.0)24.7 (18.5-30.8)16:00-18:00

27.2 (19.3-35.1)24.2 (15.5-32.8)26.0 (20.4-31.5)18:00-20:00

33.8 (23.5-44.0)30.7 (20.1-41.2)32.5 (25.5-40.0)20:00-22:00

aSEP: socioeconomic position.
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Comparison of Levels of Alcohol Consumed Recorded
Using the Two Methods
In the high-SEP group:

• 8 of the 13 (62%) participants had higher levels of alcohol
units recorded using smartwatch μEMA than TLFB
(percentage increase from TLFB: +44, +63, +27, +34, +76,
+19, +2, and +71).

• 4 of the 13 (31%) had lower levels of alcohol recorded
using smartwatch μEMA than TLFB (percentage decrease
from TLFB: –11, –42, –10, and –50).

• 1 of the 13 (8%) did not have sufficient data for a
comparison.

In the low-SEP group:

• 10 of the 19 (53%) participants had higher levels of alcohol
units recorded using smartwatch μEMA than TLFB
(percentage increase from TLFB: +42, +47, +18, +217,
+10, +126, +33, +45, +12, and +15).

• 5 of the 19 (26%) had lower levels of alcohol recorded
using smartwatch μEMA than TLFB (percentage decrease
from TLFB: –6, –15, –61, –4, and –18).

• 4 of the 19 (21%) did not have sufficient data for a
comparison.

Discussion

Principal Findings

Comparing Smartwatch μEMA and Online TLFB
Engagement Metrics
Using the most stringent measure of engagement (compliance
rate for all participants who started the study), compliance with
the smartwatch μEMA method gradually declined over the 12
weeks, from approximately 70% in week 1 to around 45% in
week 12. By contrast, compliance with the online TLFB method
remained relatively stable at approximately 50% throughout
the study. Based on this metric, the smartwatch μEMA method
outperformed the online TLFB method until around week 9,
after which their performance was broadly similar.

Comparing the compliance rates for all participants with those
for participants still active in the study, and considering the
attrition rate, it is evident that attrition significantly contributed
to the observed decline in compliance among all participants
over time. When focusing solely on participants still active in
the study (ie, removing the effects of attrition), compliance with
the smartwatch μEMA method remained relatively stable at
around 70% throughout the 12 weeks. By contrast, compliance
with the online TLFB method increased from approximately
50% in week 1 to around 80% in week 10, before declining to
70% in week 12. As before, the performance of the smartwatch
μEMA method surpassed that of the online TLFB method until
approximately week 9, after which only minor differences were
observed between them. Notably, compliance with the online
TLFB method increased during the first 10 weeks of the study.
While no definitive explanation can be provided, one possible
contributing factor is that COVID-19 lockdowns may have
resulted in participants spending more time at home during
certain periods, potentially improving ease of access to the

online TLFB system. By contrast, access to the smartwatch
μEMA method would not have been affected to the same extent,
as it was specifically designed to be accessible regardless of
location. Consequently, a similar increase in compliance would
not be expected for this method.

Turning to the completion rate of the smartwatch μEMA method
(not applicable to the online TLFB method, as previously
discussed), this remained broadly stable at approximately 85%
for the first 8 weeks, before declining to around 75% over the
final 4 weeks. This suggests that, when the μEMA application
functions correctly and the smartwatch device remains charged
to ensure prompt delivery, participants exhibit a strong
propensity to respond. The slight decline over the 12-week
period indicates that longer data collection periods may still be
feasible while maintaining acceptable completion rates using
this method.

Comparing Engagement Metrics for Low- and High-SEP
Groups
Although there is considerable variation within groups, and the
differences between groups are generally modest (ranging from
approximately 5% to 20%), nearly all point estimates for
participant compliance, active participant compliance,
completion rate, and attrition suggest lower engagement among
low-SEP participants compared with high-SEP participants for
both the smartwatch μEMA and online TLFB methods.

Patterns of Missing Data
There was considerable variability in all 3 groups (all SEP, low
SEP, and high SEP), with overlapping CIs when comparing
levels of missing data by days of the week and by 2-hour epochs
within each group. The most notable pattern was the lower
overlap in CIs observed in the all-participant group when
comparing the first 4 epochs (12:00-14:00, 14:00-16:00,
16:00-18:00, and 18:00-20:00) with the final epoch
(20:00-22:00), which had the highest level of missing data.
Modifications to the μEMA application, such as allowing
participants to configure their bedtime individually, may
enhance engagement and reduce missing data during this period.

Regarding differences between high- and low-SEP groups, there
was considerable overlap in CIs across all days and epochs.
However, the point estimates for the proportion of missing data
were consistently higher for low-SEP participants than for
high-SEP participants across all epochs and on all days except
Friday and Sunday.

Comparison of Levels of Alcohol Consumed Recorded
Using the Two Methods
In both high- and low-SEP groups, approximately twice as many
participants recorded higher alcohol consumption using the
smartwatch μEMA method compared with the TLFB method
over the study period. As this is a feasibility study, it was not
powered to detect definitive differences in such comparisons,
and these findings should be interpreted with caution. However,
given the well-documented issue of underreporting in existing
alcohol consumption recording methods [3,4], these preliminary
results suggest that further research is warranted to assess
whether smartwatch μEMA offers improvements in this area.
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Qualitative Feedback
Across all participants, both methods were rated highly, with a
slight preference for the smartwatch μEMA (8/10) over the
online TLFB method (7/10). In the low-SEP group, the
smartwatch μEMA received a slightly higher rating (8/10) than
the online TLFB method (7/10), while the high-SEP group rated
both methods equally (8/10).

For willingness to use the methods again, both scored highly,
with all participants showing a preference for the smartwatch
μEMA (10/10) over the online TLFB method (8/10). This pattern
was consistent across SEP groups, with the high-SEP group
rating the smartwatch μEMA slightly higher (9/10 vs 8/10) and
the low-SEP group showing a stronger preference (10/10 vs
9/10).

Regarding the duration participants would be willing to use the
methods again, online TLFB was rated slightly higher overall
(4 months) compared with the smartwatch μEMA (3 months).
However, within SEP groups, no differences were observed,
with the low SEP group indicating a willingness to use both
methods for 6 months and the high-SEP group for 3 months.

For the smartwatch μEMA method, the most appreciated factor
was its ease and speed of use. However, participants reported
a range of disliked aspects, including the timing and frequency
of prompts, technical issues, battery life, and smartwatch size,
all of which may have contributed to attrition. Regarding daily
charging, 19 out of 26 (73%) participants in both SEP groups
had no issues, while 4 out of 15 (27%) in the low-SEP group
and 2 out of 11 (18%) in the high-SEP group found it frustrating.
Additionally, 22 out of 26 (85%) participants in both groups
adhered to study instructions by not pairing the smartwatch with
their own smartphone. In the low-SEP group, 2 of the 15 (13%)
who attempted to pair the smartwatch with their smartphone
were unsuccessful, whereas in the high-SEP group, 2 of the 11
(18%) who attempted were successful. High-SEP participants
(6/11, 55%) explored additional smartwatch features more
frequently than low-SEP participants (4/15, 27%), with the step
counter and timer being the most commonly used features.

Regarding attitudes toward using additional smartwatch sensors
for data capture, the low-SEP group was more accepting of both
GPS (13/15, 87%, had no concerns vs 7/11, 64%, in the
high-SEP group) and motion sensors (15/15, 100% vs 9/11,
82%, in the high-SEP group).

Comparison With Prior Work

Alcohol EMA Studies
Perski et al’s [2] systematic review and meta-analysis of EMA
studies on health behaviors reported a median adherence of 84%
(IQR 77%-91%) across 175 alcohol EMA studies, with
smartphone-based EMA methods showing higher adherence
than other approaches (eg, online and paper-and-pen). Notably,
no studies included wrist-worn wearable EMA methods. Among
the engagement metrics we assessed, the completion rate
appeared most comparable to their adherence metric, averaging
around 80% over the 12 weeks of our study—placing it within
the reported range.

In his review of alcohol EMA methods, Piasecki [27] identified
several studies employing high-resolution EMA
approaches—primarily smartphone based—that prompted
participants for responses throughout the day, with study
durations ranging from a few days to 8 weeks. Reported
response rates varied between 63% and 90%. While direct
comparisons with our engagement metrics are not
straightforward, our completion rate (~80%) and active
participant compliance rate (~70%) fall within this range. Our
all-participant compliance rate started at ~70% but dropped
below 60% by week 8, remaining broadly consistent with these
studies. However, as our study extended beyond 8 weeks,
all-participant compliance declined further to 45% by week 12,
suggesting that engagement may decrease more substantially
in studies of longer duration.

Howard and Lamb [28] recently employed SMS text
message–initiated smartphone-based EMA surveys to study
alcohol consumption among undergraduates, reporting high
compliance levels for active participants—starting at 89% in
week 1 and gradually declining to 70% by week 14. By contrast,
our active participant compliance rates were lower, fluctuating
around 70% over the 12-week period. While no single factor
can be identified as the cause of this difference, potential
contributors include the nature of the prompts—the study by
Howard and Lamb [28] used audible phone notifications, which
may have been more attention grabbing than the smartwatch’s
haptic prompts—and differences in reward structures, with their
incentives tied to individual survey completion, whereas ours
were based on months of study participation. However, prior
meta-analyses suggest that variations in reward strategies do
not consistently impact engagement levels [11,12].

Smartwatch μEMA Studies
To the best of our knowledge, there are currently no broadly
agreed benchmarks for compliance, completion, and attrition
rates in smartwatch μEMA studies. In a study with a comparable
assessment period, Beukenhorst et al [9] used smartwatch μEMA
methods to collect self-reported pain data from patients with
knee osteoarthritis, administering 4-5 questions per day over
13 weeks. Their attrition rate closely mirrored that of our study,
with active participant numbers steadily declining to
approximately 70% by week 10. However, by the end of the
13-week period, their attrition rate had dropped further to 42%,
whereas ours remained at 65% by week 12. The compliance
rate for all participants in the study by Beukenhorst et al [9]
was also similar to that observed in our study, starting at
approximately 75% before gradually declining to around 50%
by week 10 and 45% by week 12. Completion rates showed a
comparable pattern, beginning at approximately 85% and
remaining around 80% throughout the study duration.
Additionally, participants in both studies identified short battery
life as a barrier to smartwatch use.

In what may be the longest smartwatch μEMA study to date,
Ponnada et al [10] collected self-reported data on physical
activity and its effect in young adults over a 12-month period,
using smartwatch-based μEMA methods across 24 four-day
burst periods. In their preliminary findings at the 6-month mark,
the mean overall compliance of μEMA for active participants

JMIR Form Res 2025 | vol. 9 | e63184 | p.3589https://formative.jmir.org/2025/1/e63184
(page number not for citation purposes)

Stone et alJMIR FORMATIVE RESEARCH

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


during burst periods was 67%, comparable to the 70% observed
over the 12 weeks of this study. Similarly, their reported mean
completion rate of 79% at 6 months aligns with the completion
rate in this study, which began at 85% and declined to 75% by
week 12.

Effects of High and Low SEP
Regarding the impact of SEP on engagement in alcohol EMA
studies, Howard and Lamb [28] found no significant differences
in the number of students with college-educated parents (a
measure similar to the SEP indicator used in this study) across
their 4 responder categories (“poor,” “adequate,” “good,” and
“super”). However, they noted that the proportion of students
with college-educated parents was higher in the “good” and
“super” responder categories than in the “poor” category,
suggesting that higher SEP may have contributed to increased
engagement—consistent with the findings of this study.

Considering the broader impact of SEP on compliance in alcohol
studies, Thern and Landberg [29] reported that low-SEP
participants had approximately twice as much missing data as
high-SEP participants for self-reported factors such as self-rated
health, health-related quality of life, and level of social support
received. While the current feasibility study is not powered to
provide definitive evidence of higher levels of missing data in
low-SEP participants, the point estimates observed here align
with this pattern.

Strengths and Limitations
This is the first study to assess the feasibility of using
smartwatch-based μEMA methods to collect
high-temporal-density data on alcohol consumption over
extended periods.

While our smartwatch-based EMA app was largely based on
the μEMA methods originally developed by Intille and
colleagues [8], a key aspect of true μEMA implementation is
the presentation of only 1 question at a time. In our approach,
we chained questions to capture details on drink type, size, and
consumption context, making it more accurately described as
a modified μEMA. However, this modification appeared to have
little impact on engagement.

Unfortunately, due to COVID-19, participant recruitment had
to be halted early, leading to a reduced sample size and an
unequal mix of high- and low-SEP participants. As a result, the
generalizability of our findings may be limited compared with
studies conducted outside the context of a global pandemic.

Our participants were recruited from a UK birth cohort study
[20]. A key advantage of this approach is that future research
can explore new methods for integrating high-temporal-density,
longitudinal data on alcohol consumption from our
smartwatch-based μEMA methods with the extensive phenotypic
and genetic data available for these participants. This could
enable novel investigations into the impact of alcohol
consumption on health. However, a potential limitation is that
participants in cohort studies are accustomed to regular
assessments, which may have increased their motivation to
engage with the study compared to individuals not involved in
such cohorts [20].

There is growing recognition that the diverse adherence metrics
reported in EMA studies can hinder meaningful comparisons
across the literature [10,11]. In this study, we selected adherence
metrics primarily to facilitate comparisons with existing
smartwatch-based μEMA studies. However, we acknowledge
that these metrics do not always allow for direct comparisons
with other EMA studies using different methodologies.

Recommendation for Future Studies
The primary factor affecting adherence in this study appeared
to be participant attrition. Feedback from the end-of-study
interviews provided insights into potential causes, with some
issues—such as smartwatch size and battery life—likely to
improve as technology advances. However, other factors,
including the timing and frequency of prompts, warrant further
investigation to optimize compliance and minimize attrition.
Additionally, future studies should consider whether specific
contextual factors (eg, study location) influence engagement
with μEMA methods. A recent work by Ponnada and colleagues
[30] offers a valuable overview of this topic.

The consistency of the differences observed between high- and
low-SEP groups in compliance, completion, and attrition
suggests the need for further research to quantify these
disparities and identify their underlying drivers. This also
highlights the importance of incorporating user input from
diverse SEP backgrounds during the early stages of system
design. Beyond SEP, future research should also consider other
demographic factors, such as age, that may influence
engagement and the quality of data collected using these
methods.

This study has focused on the feasibility of using new
smartwatch-based μEMA methods to capture data on alcohol
consumption. Future research should also investigate response
latency (the time between prompt delivery and response), the
validity of the data collected compared with existing methods
such as TLFB, and how both feasibility and validity vary across
other health-related behaviors beyond alcohol consumption.

As a community developing new EMA methods, it is crucial
to adopt metrics that facilitate the widest and most meaningful
comparisons of findings. Adherence measurement has become
increasingly complex, as new EMA methods leveraging the
latest technologies benefit from specific metrics (eg, completion
and compliance) that help distinguish between technical
limitations and participant engagement. Given these
advancements, now may be an opportune time to revisit previous
recommendations for standardized reporting in EMA studies
[31,32], considering the capabilities of mobile and wearable
technology–enabled methods.

Conclusions
In this study, participants demonstrated higher
engagement—reflected in higher compliance and completion
rates and lower attrition—when using smartwatch-based μEMA
methods compared with online TLFB methods for recording
alcohol consumption. These engagement levels were consistent
with previous studies employing smartwatch μEMA methods.
While participants reported similar experiences with both
methods and expressed comparable willingness to use either in
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the future, they showed a slight preference for the smartwatch
μEMA approach over the online TLFB method.

While certain challenges remain—particularly for studies
extending over months rather than weeks—our findings
highlight the considerable potential of smartwatch μEMA
methods in alcohol use research. These methods offer the
advantage of capturing high-temporal-density, longitudinal data
on alcohol consumption, along with contextual information
about drinking events. As with EMA methods more broadly,
they are less susceptible to recall and bias errors that affect
traditional alcohol consumption reporting methods. However,
it is important to acknowledge that social desirability bias

remains a significant factor in alcohol reporting, and some level
of underreporting may persist despite the use of EMA
techniques.

Future studies should investigate factors contributing to
participant attrition—the primary driver of reduced
adherence—as well as latency issues and the validity of alcohol
data captured using these methods. While our study does not
provide definitive evidence of engagement differences between
high- and low-SEP participants, the consistent pattern of lower
engagement observed among low-SEP participants suggests
that further research is warranted to explore the existence,
magnitude, and underlying causes of such disparities.
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Abstract

Background: Emerging digital health research poses roadblocks to the inclusion of historically marginalized populations in
research. Exclusion of underresourced communities in digital health research is a result of multiple factors (eg, limited technology
access, decreased digital literacy, language barriers, and historical mistrust of research and research institutions). Alternative
methods of access and engagement may aid in achieving long-term sustainability of diversified participation in digital health
research, ensuring that developed technologies and research outcomes are effective and equitable.

Objective: This study aims to (1) characterize socioeconomic and demographic differences in individuals who enrolled and
engaged with different remote, digital, and traditional recruitment methods in a digital health pregnancy study and (2) determine
whether social media outreach is an efficient way of recruiting and retaining specific underrepresented populations (URPs) in
digital health research.

Methods: The Better Understanding the Metamorphosis of Pregnancy (BUMP) study was used as a case example. This is a
prospective, observational, cohort study using digital health technology to increase understanding of pregnancy among 524
women, aged 18-40 years, in the United States. The study used different recruitment strategies: patient portal for genetic testing
results, paid/unpaid social media ads, and a community health organization providing care to pregnant women (Moses/Weitzman
Health System).

Results: Social media as a recruitment tool to engage URPs in a digital health study was overall effective, with a 23.6% (140/594)
enrollment rate of those completing study interest forms across 25 weeks. Community-based partnerships were less successful,
however, resulting in 53.3% (57/107) engagement with recruitment material and only 8.8% (5/57) ultimately enrolling in the
study. Paid social media ads provided access to and enrollment of a diverse potential participant pool of race- or ethnicity-based
URPs in comparison to other digital recruitment channels. Of those that engaged with study materials, paid recruitment had the
highest percentage of non-White (non-Hispanic) respondents (85/321, 26.5%), in comparison to unpaid ads (Facebook and Reddit;
37/167, 22.2%). Of the enrolled participants, paid ads also had the highest percentage of non-White (non-Hispanic) participants
(14/70, 20%), compared to unpaid ads (8/52, 15.4%) and genetic testing service subscribers (72/384, 18.8%). Recruitment
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completed via paid ads (Instagram) had the highest study retention rate (52/70, 74.3%) across outreach methods, whereas
recruitment via community-based partnerships had the lowest (2/5, 40%). Retention of non-White (non-Hispanic) participants
was low across recruitment methods: paid (8/52, 15.4%), unpaid (3/35, 14.3%), and genetic testing service subscribers (50/281,
17.8%).

Conclusions: Social media recruitment (paid/unpaid) provides access to URPs and facilitates sustained retention similar to
other methods, but with varying strengths and weaknesses. URPs showed lower retention rates than their White counterparts
across outreach methods. Community-based recruitment showed lower engagement, enrollment, and retention. These findings
highlight social media’s potential for URP engagement and enrollment, illuminate potential roadblocks of traditional methods,
and underscore the need for tailored research to improve URP enrollment and retention.

(JMIR Form Res 2025;9:e68093)   doi:10.2196/68093

KEYWORDS

digital health research; digital health technology; recruitment; research subject; participant; pregnancy; maternal health;
underrepresented populations; health equity; diversity; marginalized; advertisement; social media; retention; attrition; dropout

Introduction

Background
Participation in research studies by historically racial and ethnic
marginalized populations is significantly lower compared to
their White counterparts. This has resulted in the
underrepresentation of these groups across research study
disciplines [1-3]. The National Institutes of Health (NIH) defines
underrepresented populations (URPs) as those with
disproportionately low representation relative to their overall
or disease-specific population [4]. Despite mandates to include
these groups in federally funded research, factors such as general
attitudes toward research, sociocultural barriers, and accessibility
continue to hinder diversity in research populations [1,5-11].

Certain URPs, such as African American populations, face
additional historical and structural barriers to research
participation including low health literacy, lack of access to
care, and mistrust of institutions [2]. For URPs, particularly
African American populations, mistrust of academic and
research institutions is the largest reported participation barrier
due to historical events, such as the Tuskegee syphilis study,
and worsened by present inequalities in the health care system
[1]. As a direct result of this severe institutional mistrust among
URPs generally, lack of engagement and subsequent enrollment
of URPs in research studies persists and continues to contribute
to health disparities within these specific population subgroups,
as they tend to reject participatory outreach from more
traditional recruitment methods associated with these mistrusted
institutions and present health inequities [1].

These health inequities are especially seen in pregnant
populations, as illustrated by present maternal health outcome
statistics [12]. Since 2019, the maternal mortality rate in the
United States has continued to rise steadily, jumping to 32.9
deaths per 100,000 live births in 2021, compared with a rate of
20.1 in 2019 [12]. For pregnant women of ethnic or racial URPs,
this discrepancy in maternal health outcomes is hypervisible.
The historical exclusion of pregnant women from research
studies has been present due to a perceived concern of lack of
direct participant benefit or risk of significant harm to offspring.
This exclusion has resulted in gaps in scientific knowledge

regarding key women’s health issues that further exacerbate
women’s health outcome disparities [13].

As these disparities and roadblocks to participation continue to
be observed, additional efforts are also necessary to identify
successful evidence-based enrollment strategies for reaching
and engaging URPs, especially in digital research studies.
Current engagement and recruitment strategies of URPs often
emphasize outreach via community-forward channels (eg,
partnerships with community leaders, churches,
community-based clinic sites, and other organizations) to
alleviate some of the barriers of mistrust present in these
communities [10]. However, conflicting evidence exists
regarding the effectiveness of community outreach as an isolated
strategy for increasing the enrollment of URPs [10].

Another suggested recruitment strategy to bolster the
engagement and involvement of URPs in studies is social media
advertising. More recently, social media has been used by
researchers as a new source of participant recruitment and may
be an especially useful tool in locating specific URPs due to
the widespread reach of social media to potential participants
who otherwise might have been not visible to researchers, the
anonymity that social media provides users, and general mistrust
of health care institutions and more traditional recruitment
methods by URPs [2,14,15].

Over the past decade, social media use in the United States has
steadily increased. As of 2022, over 300 million people in the
United States use social media, making the United States home
to the third largest social media audience globally [16,17]. The
social media platforms Facebook (Meta), Twitter (X Corp), and
Instagram (Meta) account for a combined 83% of all social
media site visits in the United States [16]. As nearly 3 quarters
of Americans report social media use, social media platforms
now provide researchers a new, accessible alternative to
traditional recruitment methods (eg, printed flyers and in-person
outreach) to meet individuals where they are and help bridge
the digital divide [18].

The digital divide refers to the patterns of difference in the
utilization of technology, the internet, and social media by race,
ethnicity, or socioeconomic status. The underlying drivers of
the digital divide are manifold but include 2 key factors:
differential access to and engagement (motivation) in the use

JMIR Form Res 2025 | vol. 9 | e68093 | p.3595https://formative.jmir.org/2025/1/e68093
(page number not for citation purposes)

Harry et alJMIR FORMATIVE RESEARCH

XSL•FO
RenderX

http://dx.doi.org/10.2196/68093
http://www.w3.org/Style/XSL
http://www.renderx.com/


of digital health technologies (DHTs; smartphones, wearable
devices or other digital products, electronic health records, and
telehealth options). The use of social media or DHTs in digital
research studies requires ownership of devices (eg, smartphones
and wearable devices), adequate internet access, and a level of
digital and health literacy, indicating the presence of additional
cost and other barriers to digital health engagement and use of
DHTs [19].

The other key driver of the digital divide is the disconnect in
engagement, especially among URPs. Although social media
usage for racially based URPs continues to surpass that of their
White counterparts, these populations are significantly less
likely to engage with health information on the internet and
social media or use social networking channels to learn more
about their health [20-22]. However, studies indicate expressed
interest by specific URPs (eg, African American women) in
using DHTs and social media to engage with health information
[23-25].

As the use of DHTs in digital research studies continues to
rapidly expand, new and innovative ways in which these
technologies may be used to support individual and population
health research also evolve [26,27]. DHTs and digital research
studies present the potential to mitigate existing gaps in health
care access, quality of care, and health care outcomes, further
suggesting that social media may be a powerful, untapped
resource in reaching and engaging URPs in DHT research
studies and digital health [22].

Previous Work
Existing research studies have primarily used Facebook as a
means of recruiting URPs, especially for stigmatized groups,
but few research studies explore the feasibility and effectiveness
of using other social media platforms and recruitment methods
specifically to engage URPs in digital health studies [28]. The
use of more nuanced social media outreach methods—such as
advertisements on Instagram (a platform that has nearly 127.2
million active users in the United States as of 2023)—to recruit
and engage URPs in research studies is still in its infancy [17].

Goal of This Paper
This paper aims to (1) characterize the socioeconomic and
demographic differences among individuals who enrolled and
participated in a US-based pregnancy study—the Better
Understanding the Metamorphosis of Pregnancy (BUMP)

study—through various remote, digital, and traditional
recruitment methods and (2) to determine whether social media
outreach is an effective means of recruiting and retaining
historically URPs to participate in pregnancy-related digital
health research.

Methods

Overview
The BUMP study is a prospective, observational, cohort study
conducted by 4YouandMe, a nonprofit organization that pilots
open-source, digital health research. The BUMP study aims to
leverage DHTs in the collection of objective and subjective
measurements of health to increase understanding of pregnancy
and subsequent complications in a sample of women, aged 18-40
years, in the United States (n=524) [29]. The BUMP study
sample was primarily White non-Hispanic (381/524, 72.7%)
and between 26-35 years of age (363/524, 69.3%). The first
participant was enrolled in the BUMP study on February 23,
2021, and the last participant completed the study on July 1,
2023. Participants were enrolled over a 6- to 12-month period
and followed for up to 16 months.

The BUMP study used various recruitment methods, including
a patient portal for genetic testing results during pregnancy,
social media platforms like Facebook, Reddit, and Instagram
through both paid and unpaid advertisements; in-person clinics
at a trusted community health center offering prenatal and
postnatal care; as well as other outreach strategies such as word
of mouth and participant referrals. Data were collected through
surveys and active tasks on a study smartphone app, wearable
DHTs (eg, a Garmin smartwatch, an Oura smart ring, and a
Bodyport smart scale), and patients’ electronic medical records.

Recruitment
Recruitment for the BUMP study was primarily conducted via
2 methods: genetic testing service subscriber recruitment
(Sema4) and 4YouandMe direct recruitment. Genetic testing
service subscriber recruitment includes outreach to subscribers
to genetic testing via Sema4’s patient portal. 4YouandMe direct
recruitment consists of 3 recruitment suboutlets: social media
(including both paid and unpaid outreach), community
partnerships, and others (eg, word of mouth, press, and
ClinicalTrials.gov; Figure 1).

JMIR Form Res 2025 | vol. 9 | e68093 | p.3596https://formative.jmir.org/2025/1/e68093
(page number not for citation purposes)

Harry et alJMIR FORMATIVE RESEARCH

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


Figure 1. Flowchart of recruitment channels for the Better Understanding the Metamorphosis of Pregnancy (BUMP) study.

Genetic Testing Service Subscriber Recruitment (Sema4)
Primary recruitment for the BUMP study was completed via
Sema4’s patient portal, specifically focusing on those who
signed up to receive results of genetic testing results during
pregnancy. Sema4’s patient portal combines mobile health and
eHealth as it provides a mechanism for Sema4 to engage with
its patients via communication of test results and management
of electronic consents [29]. Patients who consented to having
their electronic medical record data accessed by Sema4, and
those requesting results of genetic testing or other tests
commonly associated with pregnancy, received an email from
Sema4 with information about the BUMP study, including
contact information for study staff if further interested in
participation [29].

4YouandMe Direct Recruitment (Social Media
Recruitment, Community Partnerships, and Others)
All recruitment conducted by methods other than outreach to
genetic testing service subscribers via Sema4’s patient portal
of genetic testing subscribers are referred to as 4YouandMe
direct recruitment. 4YouandMe direct recruitment was
conducted primarily through social media platforms (eg,
Facebook, Reddit, and Instagram).

Unpaid Social Media Outreach (Social Media
Recruitment)
Social media sites with moderated group forums related to
pregnancy (eg, Facebook and Reddit) were the focus of unpaid
social media recruitment efforts to reach the wider population
of all study-eligible pregnant women for the BUMP study. The
BUMP study staff conducted outreach efforts with forum and
group moderators to gain permission to post fliers on these

forums. The BUMP study staff monitored public response to
the live group and forum posts and interacted with moderators
and interested individuals by answering questions and engaging
with posted content. The goal was to build trust and credibility
within these online communities while mitigating some of the
noted common challenges faced in social media–based
recruitment.

Text study descriptions and image-heavy digital recruitment
fliers were used to reach potential participants and posted as
both standalone and response posts in various pregnancy-related
online forums (eg, “Pregnant Women’s Group” and “Mom’s
Talk: Pregnancy to Toddler” on Facebook; and “Science Based
Parenting,” “Pregnant,” “Mommit,” and monthly “BUMP
Groups,” ie, “January 2023 BUMP Group” on Reddit;
Multimedia Appendices 1-4).

Paid Social Media Outreach (Social Media Recruitment)
A digital recruitment flier was posted on 4YouandMe’s personal
Instagram profile, and its visibility was boosted via Instagram’s
paid promotion feature, which allows you to select a “goal” (ie,
driving traffic to a specific website). The total spend for paid
social media recruitment was US $1939.30 over several paid
Instagram advertisements.

Interested participants in the BUMP study were able to click
on the advertisement and were then guided directly to complete
the study interest form, hosted on the secure electronic data
capture platform, REDCap (Research Electronic Data Capture;
Vanderbilt University). The advertisement parameters for the
paid social media outreach method included women, aged 18-42
years, currently living in the United States; and women, aged
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18-36 years, living in the lowest 10% of United States zip codes
by per capita income.

Community-Based Recruitment or Outreach (Community
Partnerships)
Community-based partnerships were formed with the
Moses/Weitzman Health System, a large federally qualified
health center that works to deliver comprehensive health care
services to those in need throughout the state of Connecticut.
Partnership costs were covered by an agreed-upon fee for
collaboration between Moses/Weitzman Health System and
4YouandMe. Medical assistants at three locations (Meriden,
Middletown, and Clinton) that provide prenatal and postnatal
care were educated by the BUMP study staff on the study
overview, goals, eligibility requirements, wearable DHT use,
and participant expectations. Moses/Weitzman Health System
staff members were also provided with printed recruitment
materials for the BUMP study.

Eligible potential participants were informed about the BUMP
study by Moses/Weitzman Health System staff during one of
their initial prenatal visits. Potential participants who expressed
interest in the BUMP study were given a printed flier, tailored
to the outreach of this specific community, with a scannable
QR code linking interested participants to the study interest
form, as well as contact information for study staff available to
answer any questions before providing any personal information
(Multimedia Appendices 5-6).

Other Recruitment Sources (Other)
Additional recruitment for the 4YouandMe direct outreach
method was completed by other avenues such as referrals from
current BUMP study participants to friends, family, and
colleagues; general word of mouth about the BUMP study;
articles published about 4YouandMe and the BUMP study on
the Oura Ring blog and in STAT Magazine; and other sources
such as Google and ClinicalTrials.gov.

Statistical Analysis
Engagement, for the purpose of this analysis, is defined as any
interaction by a potential participant with the BUMP study
material such as clicking on an advertisement or filling out a
study interest form. Engagement with study advertisements
from social media sites was tracked by Google Analytics, and
REDCap was used to monitor completed study interest forms
and collect additional information regarding recruitment
channels. Due to the nature of recruitment conducted of genetic
testing service subscribers via Sema4’s patient portal,
engagement was unable to be calculated for this group.
Enrollment is defined as any participant who signed the
informed consent and officially enrolled into the study, for any
duration of time. In contrast, retention refers to participants who
completed the full study period through birth or at least 9
months.

Engagement, enrollment, and retention rates were stratified by
different recruitment channels and race. Sociodemographic
characteristics including age, race or ethnicity, and income per
capita (US $) by zip code were compared across different
recruitment channels. Enrolled participants were also asked to

share their home zip code upon enrollment. Participant’s zip
codes were used to calculate the distribution of per capita
income of enrolled study participants, stratified by their
recruitment method. Income data were provided by the United
States Census Bureau’s 2020 American Community Survey
[30]. All analyses were conducted using Microsoft Excel
(version 16.0).

Ethical Considerations
Human subjects research for the BUMP study was conducted
in accordance with all applicable ethical guidelines and received
full approval from the institutional review board, Advarra
(Pro00047893). Participant confidentiality was maintained via
deidentified data, secure data storage, limiting access of
identifiable information to authorized members of the research
team, and following clearly outlined privacy measures in the
electronic consent (eConsent) document.

The BUMP study app served as the participants’ hub for all
data collection and study-related communication. Participants
were instructed to download the app from the App Store (Apple
Inc) or Google Play Store (Android). After downloading the
study app, participants were walked through the study
onboarding process, beginning with completing an eConsent
form. ResearchKit’s eConsent framework was used (for iOS)
that includes brief summary screens with a link out to a “learn
more” section to convey the consent narrative in a more
digestible way. Participants were then provided with the
eConsent in its entirety for their review and given a brief
comprehension quiz before digitally signing the eConsent form.
Participants immediately receive a digital, signed copy of the
eConsent to their provided email address [29].

BUMP study participants were financially compensated in
accordance with their engagement in daily surveys and active
task completions on the BUMP study app. Participants received
daily reward points that were tallied at the end of the study, and
financial compensation was awarded proportionate to their
accumulated study points for task completion. Participants were
able to earn up to US $25 per month of participation in the
BUMP study, for up to 12 months (including the 9-month study
period and 3-month postpartum observation period). Participants
who completed the study were also offered to keep their
wearable devices—the Oura smart ring and Garmin smartwatch.

Further details of the BUMP study are described in external
publications [29].

Results

Engagement, Enrollment, and Retention
Across all recruitment channels, 524 pregnant participants were
enrolled in the BUMP study: 379 (72.3%) completed the full
study period, 384 (73.3%) participants were recruited via
Sema4’s portal for genetic testing service subscribers, and 140
(26.7%) participants were recruited to 4YouandMe directly
from the other recruitment approaches. Participants recruited
via Sema4’s patient portal (genetic testing service subscribers)
had similar rates of study retention as those recruited via unpaid
social media (Reddit and Facebook) and paid social media
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(Instagram). The Moses/Weitzman Health System had the lowest
percentage of study retention.

Genetic testing service subscriber recruitment was conducted
via Sema4’s patient portal for genetic testing service subscribers.
Engagement data for this group is unknown. Of those who

responded to an initial email with information about the BUMP
study, 654 participants completed a screening call with a study
coordinator. Of this group, 64.1% (419/654) met eligibility
criteria, and 91.7% (384/654) of eligible participants enrolled
in the study, resulting in 73.2% (281/654) of participants
retained for the full study. (Figure 2).

Figure 2. Engagement, enrollment, and retention for the Better Understanding the Metamorphosis of Pregnancy (BUMP) study from outreach via
genetic testing service subscribers (Sema4).

Social media recruitment of participants was conducted via
unpaid advertisements (Reddit and Facebook) and paid
advertisements (Instagram). Of those who engaged with an
unpaid ad posted on Reddit and Facebook, 74.9% (167/223)

completed a study interest form. Of this group, 31.1% (52/167)
met eligibility criteria, and 100% (52/52) of eligible participants
enrolled in the study, resulting in 67.3% (35/52) retained by the
study’s end (Figure 3).
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Figure 3. Engagement, enrollment, and retention for the Better Understanding the Metamorphosis of Pregnancy (BUMP) study from outreach via
unpaid social media recruitment (Reddit and Facebook).

For individuals recruited from paid social media advertisements
on Instagram, 321 individuals completed study interest forms;
of those, 85 (26.5%) were not eligible for enrollment as a result
of a studywide enrollment pause due to high recruitment volume.

These individuals were notified of the enrollment pause but
were not recontacted for further enrollment. Of the remaining
71 eligible participants, 70 (98.6%) enrolled in the study, and
74.3% (52/70) of those enrolled were retained (Figure 4).
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Figure 4. Engagement, enrollment, and retention for the Better Understanding the Metamorphosis of Pregnancy (BUMP) study from outreach via paid
social media recruitment (Instagram).

Of participants recruited via in-person visits with their clinician
at a community health center providing affordable prenatal care
(Moses/Weitzman Health System), 107 met eligibility criteria
and were able to be approached on-site by staff. Of those
approached, 24.3% (26/107) engaged with study material by
completing the study interest form. A total of 76.9% (20/26) of
participants did not enroll for a variety of reasons, such as being
unable to contact (n=10), having more than 16 weeks pregnant
(n=4), language barrier (n=3: n=2 Spanish and n=1 Haitian
Creole), having no personal smartphone (n=1), not currently
pregnant (n=1), or did not sign the consent (n=1). In total, 1
participant was no longer eligible due to the previously

mentioned studywide enrollment pause, 5 participants ultimately
enrolled in the study, and 40% (2/5) were retained—the lowest
retention rate of any used recruitment method (Figure 5).

Over a 25-week period of active advertisements on both paid
and unpaid social media channels (excluding community
partnerships and other methods), 491 study interest forms were
completed (the total from all 4YouandMe direct recruitment
outlets was 594). This resulted in 122 enrolled participants (the
total from 4YouandMe direct recruitment was 140) via paid
and unpaid social media recruitment into the BUMP study
(Table 1).
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Figure 5. Engagement, enrollment, and retention for the Better Understanding the Metamorphosis of Pregnancy (BUMP) study from outreach via the
Moses/Weitzman Health System.

Table 1. Engagement and enrollment characteristics across different social media channels.

Paid advertisements (Instagram)Unpaid advertisements (Facebook)Unpaid advertisements (Reddit)

97,475——aAd reach, n

153426197Website or advertisement taps, n

32443124Completed study interest forms, n

701042Participants enrolled, n

September 2, 2022, to October 19,
2022

May 18, 2022, to September 8, 2022April 5, 2022, to September 8, 2022Start and end dates

aNot applicable.

Characteristics of the Cohort
The majority of enrolled participants in the BUMP study were
between the ages of 26-35 years (363/524, 69.3%) and White
non-Hispanic (381/524, 72.7%; Table 2). For those that engaged
with materials via 4YouandMe direct recruitment, participants
were asked “Where did you hear about the BUMP study?” and
were also given the option to self-identify both their race and

ethnicity. Of participants that responded via each recruitment
outlet (Reddit: n=124, Moses/Weitzman Health System: n=26,
and Instagram: n=321), Reddit had the highest percentage of
White non-Hispanic potential participants (98/124, 79%), while
the Moses/Weitzman Health System had the lowest percentage
of White non-Hispanic potential participants (7/26, 26.9%) and
the highest relative percentage of Black potential participants
(5/26, 19.2%), followed by Instagram (32/321, 9.9%; Table 3).
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Table 2. Characteristics of the overall cohort among those who enrolled and were retained in the BUMPa study.

The BUMP study (all recruitment
methods)

4YouandMe direct recruitment (social
media, community partnerships, and
other)

Genetic testing service subscriber re-
cruitment (Sema4)

Characteristics

Retained (n=379)Enrolled (n=524)Retained (n=98)Enrolled (n=140)Retained (n=281)Enrolled (n=384)

Age group (years), n (%)

13 (3.4)21 (4)3 (3.1)3 (2.1)10 (3.6)18 (4.7)18-25

264 (69.7)363 (69.3)77 (78.6)112 (80)187 (66.6)251 (65.4)26-35

102 (26.9)140 (26.7)18 (18.4)25 (21.7)84 (29.9)115 (29.9)36-45

Race, n (%)

14 (3.7)21 (4)4 (4.1)6 (4.3)10 (3.6)15 (3.9)Black

290 (76.5)381 (72.7)77 (78.6)107 (76.4)213 (75.8)274 (71.4)White (non-Hispanic)

4 (1.1)9 (1.7)3 (3.1)5 (3.6)1 (0.4)4 (1)White (Hispanic)

31 (8.2)43 (8.21)5 (5.1)8 (5.7)26 (9.3)35 (9.1)Asian

17 (4.5)25 (4.8)4 (4.1)7 (5)13 (4.6)18 (4.7)More than one race

23 (6.1)45 (8.6)5 (5.1)7 (5)18 (6.4)38 (9.9)Unknown or not reported

Ethnicity, n (%)

12 (3.2)22 (4.2)6 (6.1)10 (7.1)6 (2.1)12 (3.1)Hispanic or Latino

366 (96.6)500 (95.4)91 (92.9)128 (91.4)275 (97.9)372 (96.9)Not Hispanic or Latino

1 (0.3)2 (0.4)1 (1)2 (1.4)0 (0)0 (0)Unknown or not reported

aBUMP: Better Understanding the Metamorphosis of Pregnancy.
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Table 3. Characteristics of the cohort among those who engaged with recruitment materials, enrolled, and were retained in the BUMPa study by

recruitment methodb.

4YouandMe direct recruitmentGenetic testing
service subscriber
recruitment

Characteristics

Moses/Weitzman Health
System

RedditFacebookInstagramSema4

Re-
tained
(n=2)

En-
rolled
(n=5)

En-
gaged
(n=26)

Re-
tained
(n=27)

En-
rolled
(n=42)

En-
gaged
(n=124)

Re-
tained
(n=8)

En-
rolled
(n=10)

En-
gaged
(n=43)

Re-
tained
(n=52)

En-
rolled
(n=70)

En-
gaged
(n=321)

Re-
tained
(n=281)

En-
rolled
(n=384)

Age group (years), n (%)

0 (0)0 (0)8
(30.8)

1 (3.7)1 (2.4)5 (4)1
(12.5)

1 (10)4 (9.3)1 (1.9)1 (1.4)40
(12.5)

10 (3.6)18
(4.7)

18-25

2
(100)

4 (80)16
(61.5)

20 (74)34
(80.9)

102
(82.3)

6 (75)7 (70)35
(81.4)

42
(80.8)

56
(80)

224
(69.8)

187
(66.6)

251
(65.4)

26-35

0 (0)1 (20)2 (7.7)6 (22.2)7
(16.7)

17
(13.7)

1
(12.5)

2 (20)4 (9.3)9 (17.3)13
(18.6)

57
(17.8)

84
(29.9)

115
(29.9)

36-45

Race, n (%)

1 (50)1 (20)5
(19.2)

1 (3.7)1 (2.4)4 (3.2)0 (0)0 (0)4 (9.3)1 (50)2 (2.9)32
(9.9)

10
(66.7)

15
(3.9)

Black

1 (50)2 (40)7
(26.9)

22
(81.5)

34
(80.9)

98
(79)

7
(87.5)

9 (90)28
(65.1)

40
(76.9)

52
(74.3)

215
(66.9)

213
(77.7)

274
(71.4)

White (non-
Hispanic)

0 (0)1 (20)5
(19.2)

0 (0)0 (0)5 (4)0 (0)0 (0)2 (4.7)2 (66.7)3 (4.3)18
(5.6)

1 (25)4 (1)White (His-
panic)

0 (0)0 (0)0 (0)3 (11.1)5
(11.9)

9 (7.3)0 (0)0 (0)1 (2.3)2 (66.7)4
(4.29)

16
(4.9)

26
(74.3)

35
(9.1)

Asian

0 (0)0 (0)1 (3.9)0 (0)0 (0)0 (0)0 (0)0 (0)1 (2.3)0 (0)0 (0)1 (0.3)0 (0)0 (0)American In-
dian or Alas-
ka Native

0 (0)0 (0)0 (0)0 (0)0 (0)0 (0)0 (0)0 (0)1 (2.3)0 (0)0 (0)0 (0)0 (0)0 (0)Native
Hawaiian or
Other Pacific
Islander

0 (0)0 (0)2 (7.7)1 (3.7)2 (4.8)6 (4.8)0 (0)0 (0)4 (9.3)3 (60)5 (7.1)18
(5.6)

13
(72.2)

18
(4.7)

More than
one race

0 (0)1 (20)6 (23)0 (0)0 (0)2 (1.6)1
(12.5)

1 (10)2 (4.7)4 (80)5 (7.1)21
(6.5)

18
(47.4)

38
(9.9)

Unknown or
not reported

Ethnicity, n (%)

1 (50)3 (60)13
(50)

0 (0)0 (0)7 (5.7)0 (0)0 (0)4 (9.3)4 (7.7)5 (7.1)36
(11.2)

6 (2.1)12
(3.1)

Hispanic or
Latino

1 (50)2 (40)13
(50)

27 (100)42
(100)

114
(91.9)

8
(100)

10
(100)

39
(90.7)

47
(90.8)

63
(90)

276
(85.9)

275
(97.9)

372
(96.9)

Not Hispanic
or Latino

0 (0)0 (0)0 (0)0 (0)0 (0)3 (2.4)0 (0)0 (0)0 (0)1 (1.9)2 (2.9)9 (2.8)0 (0)0 (0)Unknown or
not reported

aBUMP: Better Understanding the Metamorphosis of Pregnancy.
bValues for participants recruited by other methods are included in Multimedia Appendix 7.

Those recruited via Sema4 (genetic testing service subscribers)
had the highest participant income per capita by zip code at
nearly every income percentile (Figure 6). Participants recruited
via community outreach partnerships (Moses/Weitzman Health

System) had the lowest number of participants in the 50-99th
percentiles of per capita income by zip code, studywide (Figure
6).
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Figure 6. Distribution of income per capita (US $) by zip code of enrolled participants in the Better Understanding the Metamorphosis of Pregnancy
(BUMP) study by recruitment method (genetic testing subscriber recruitment: n=384 and 4YouandMe direct recruitment: n=140).

Discussion

Principal Results
The results of this analysis suggest that the use of social media
(paid and unpaid advertisements) as a tool to engage, enroll,
and retain URPs in digital health pregnancy research can be
effective. Unpaid social media proved to be successful and
low-cost, and achieved the highest engagement-to-enrollment
rate among all approaches used by the 4YouandMe direct
recruitment channel. However, maintaining successful
recruitment on these platforms required significant sustained
effort and time from the study team.

Paid social media ads on Instagram also effectively reached and
engaged pregnant women as URP in digital health research.
Running paid advertisements was a low burden on the study
team, in comparison to unpaid advertisements, which required
continued monitoring and engagement on behalf of the study
team. Paid advertisements incurred a cost over 25 weeks; US
$1939.30 was spent on Instagram advertisements, resulting in
70 enrollments, or US $27.70 per enrolled participant. This cost
per enrolled participant is generally favorable, as previous
systematic reviews of the costs of social media–based participant
recruitment ranged from US $0.00 to US $517.00 per
participant, compared to US $19.00 to US $777.00 for traditional
recruitment methods [31]. Additional studies found a mean cost
per participant of US $16.22 for Google ads and between US
$13.12 and US $250.00 for other traditional methods. Data on
the cost-effectiveness of paid social media ads for recruiting
participants to research studies are severely limited [32].

Participants recruited via paid social media (Instagram) showed
the highest overall retention rate as 74.3% (52/70) of participants
enrolled completed the full study period (Table 3). This suggests
that paid social media outreach was more effective in engaging
and retaining study participants than other recruitment methods.
This outreach method was even more effective than recruiting
through genetic testing service subscribers (Sema4), where
participants may have had a higher intrinsic motivation to
participate and stay in the study due to potential previous interest
in genetic testing and related research.

Interactions with participants recruited via Instagram during
study onboarding revealed a distinct motivation to engage,
enroll, and complete the full study period. Although not
statistically quantified, this trend may be linked to specific user
behavior within the Instagram-recruited cohort, or the platform’s
age demographics aligning closely with the study’s target
population. Among participants retained in the BUMP study
recruited from Instagram, 80.8% (42/52) were aged 26-35 years,
compared to 74% (20/27) from Reddit (Table 3). This aligns
with broader trends, as 28.3% of the US Instagram users in 2024
were aged 25-34 years, while 44% of Reddit users in 2023 were
aged 18-29 years [33,34]. Given that the mean age of first-time
mothers in the United States is 27.4 years, Instagram’s higher
retention may reflect its unique demographic fit with the specific
study population and subsequent increased study interest and
engagement [35]. These observations remain speculative, as the
available data cannot fully confirm the underlying reasons.

In addition, paid social media recruitment facilitated the
widespread engagement and enrollment of URPs. Paid
recruitment had a higher proportion of non-White, non-Hispanic
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respondents who engaged with and enrolled in the BUMP study,
in comparison to unpaid social media. Retention of non-White,
non-Hispanic participants was low across all recruitment
methods.

Recruitment via social media (including paid and unpaid
recruitment) also provided access to and enrollment of a
different socioeconomic population than those enrolled via
genetic testing service subscriber (Sema4) recruitment.
Participants recruited via genetic testing service subscribers
(Sema4), which is associated with Mount Sinai Health System,
reflect a unique group of individuals with means and access to
genetic testing. This was shown in the enrolled participants
from this group who had significantly higher per capita incomes,
exceeding US $75,000 far surpassing the US national average
income per capita [36].

In contrast, enrolled participants from social media recruitment
and community-based outreach’s highest average per capita
incomes were US $74,771.15 and US $45,401.00, respectively
(Figure 6). While data are limited, one study suggests that 46%
of Instagram users and 23% of Reddit users have a reported
household income under US $70,000.00 [37]. From this, we
may infer that recruitment via social media (and community
partnerships) also facilitated the increased enrollment of
socioeconomic-based URPs.

Community-based partnerships for BUMP study recruitment
revealed unique and informative data trends. Over a 24-week
period at three Moses/Weitzman Health System clinics that
serve a large URP, only 53.3% (57/107) accepted recruitment
materials (Figure 5). The overall number of potential in-clinic
approaches was limited by multiple factors. Time constraints
with in-clinic visits and frequent no-shows hindered clinic staff
from fully introducing the study to potential participants,
thoroughly answering questions, or handing out recruitment
material—further illustrating additional downsides of more
traditional, in-person recruitment.

In addition, a significant number of potential participants were
immediately excluded before the recruitment approach due to
a Spanish language barrier, curtailing the overall number of
eligible approaches. Of those remaining participants eligible
for approach, some displayed immediate apprehension to study
engagement upon simply hearing the word “study,” and one
participant explicitly reported “not wanting to feel like a guinea
pig” to clinic staff.” These responses show an intrinsic hesitancy
to engage in research studies and a deep mistrust of research
overall, even when the information is conveyed by familiar
health care providers or their staff.

Community health center–recruited participants who indicated
study interest also showcased population-specific barriers to
study enrollment or participation. Despite accepting recruitment
material, 15% (3/20) of participants did not express sufficient
English language fluency to complete surveys and tasks entirely
in English on the study app. A total of 50% (10/20) of
participants who engaged with study materials were difficult to
reach for a further onboarding call (Figure 5). While many of
these participants were responsive via text message, BUMP
study staff reported difficulty completing study onboarding via
phone with participants, citing their extensive and limiting work

schedules. Other significant, population-specific barriers to
study enrollment included those who did not own a personal
smartphone.

Despite dedicated efforts from the BUMP study team and
Moses/Weitzman Health System staff, recruiting, engaging,
and enrolling participants from community health centers proved
uniquely challenging compared to other methods. Of the
potential participants who received recruitment materials, only
8.8% (5/57) ultimately enrolled in the study (Figure 5). This
low enrollment underscores many of the well-documented
challenges of maintaining consistent enrollment among URPs
when relying solely on community outreach channels. It also
highlights opportunities for overcoming these challenges in
future studies.

Strategies to address logistical and participant-voiced barriers
may include conducting digital recruitment follow-ups with
no-show potential participants, enhancing language inclusivity
in recruitment and study app materials, incorporating text
messaging for primary communication, providing smartphones
for study participant use, and embedding opportunities for
recruitment outreach into clinical care. Seamless communication
between researchers, providers, and medical staff can also aid
in addressing participants’ needs in real time as researchers
work with clinic staff, using feedback from potential
participants, to address population-specific concerns and develop
tailored language and approaches; combating mistrust head-on
by leading with transparency; and creating a culture of
embedding options for research participation into clinical care.

Limitations
Due to the methodology of recruitment and outreach for the
BUMP study via genetic testing service subscribers (Sema4),
overall study interest and engagement were unable to be
followed and analyzed in the same manner as 4YouandMe direct
recruitment avenues. Similarly, demographic information (eg,
race or ethnicity, socioeconomic status) was not provided for
interested or potential participants from this group, limiting the
comparison and further analysis of engagement with study
materials by various URPs between recruitment of genetic
testing service subscribers and social media and other methods.

Additional limitations were present in the analysis of the
recruitment potential for the general pregnant population via
social media platforms. We were unable to discern how many
of the total reached population was actually pregnant or study
eligible; this was particularly relevant for paid social media
outreach and recruitment. For paid social media outreach, we
relied on inputting the lowest 10% of US zip codes by per capita
income to increase our socioeconomic diversity; however, it is
unknown if zip codes are too narrow of a parameter for focused
Instagram advertisements, ultimately impacting an in-depth
review of engagement statistics.

True analysis of study engagement to enrollment statistics was
further limited by the presence of a study enrollment pause, due
to the high volume of completed study interest forms and
potential participants. This enrollment pause rendered 132
participants no longer eligible for study participation. Without
this pause, the engagement-to-enrollment rate may have reached
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45.8% (272/594). Recruitment for the BUMP study via the
various 4YouandMe direct approaches was not conducted for
the entire study duration, impacting the overall ability to assess
engagement to enrollment effectiveness. Finally, the small size
of this study sample (n=524) indicates the need for larger,
similar studies to further validate the trends observed.

Conclusions
Social media and virtual outreach are both emerging and exciting
tools that researchers can use to engage and recruit various
URPs to participate in digital health research studies, specifically
about pregnancy. Paid social media advertisements provide
unique, innovative, and low-time-burden opportunities for
researchers to engage and interact with a larger volume of URPs
in comparison to traditional recruitment methods.

Though commonly perceived as the gold standard for outreach
to URPs, community-based partnerships, even when combined

with other outreach methods, did not provide a smooth,
consistent path to outreach, engagement, or retention of URPs
in digital health research. This lower engagement and retention
underscore the need for further tailored strategies of addressing
additional barriers to sustained participation in digital health
studies for URPs to better bridge the digital divide and engage
URPs.

By embracing novel recruitment outreach methods such as via
social media platforms, researchers have a unique opportunity
to refine often stagnant, traditional recruitment strategies and
adapt to an evolving digital landscape. The integration of
community-driven recruitment approaches with tailored digital
interventions that uniquely address the needs of URPs will create
more inclusive and equitable opportunities for participation in
digital health studies and foster more representative and
impactful research that may ultimately improve health outcomes
for URPs and others alike.

 

Acknowledgments
The Better Understanding the Metamorphosis of Pregnancy (BUMP) study was funded by 4YouandMe and Sema4 along with
supplemental in-kind contributions from coalition partners (Evidation Health, Vector Institute, Cambridge Cognition, and
Bodyport).

4YouandMe primarily conducted the BUMP study and carried out all 4YouandMe direct recruitment (including paid and social
media, community partnerships with the Moses/Weitzman Health System, and others [eg, word of mouth, press, and
ClinicalTrials.gov]). Sema4 facilitated genetic testing subscriber recruitment. Evidation Health was responsible for data collection
and maintenance. Cambridge cognition provided active and cognitive tasks used in the BUMP study app. The Vector Institute
aided in poststudy data analysis.

In addition, we would like to express our gratitude to the Moses/Weitzman Health System for their partnership in helping to make
this research possible—particularly, Amy Gagliardi and staff at the Middletown, Clinton, and Meriden sites for their on-the-ground
efforts. Additional thanks to Ridley McKenzie and Lesley Harris from the 4YouandMe team for their study support, as well as
all of the BUMP study participants for their time, effort, and contributions to this research.

Data Availability
The datasets generated or analyzed during this study will be hosted in the public domain and available on the Synapse platform
at Sage Bionetworks [29]. Please check the 4YouandMe website or contact the corresponding author for an update on when study
data will be available and how to access it.

Conflicts of Interest
None declared.

Multimedia Appendix 1
The BUMP study recruitment flier for outreach via 4YouandMe direct recruitment approaches designed for long-form social
media sites (eg, Reddit). BUMP: Better Understanding the Metamorphosis of Pregnancy.
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Multimedia Appendix 2
The BUMP study recruitment flier for outreach via 4YouandMe direct recruitment approaches designed for long-form social
media sites (eg, Reddit). BUMP: Better Understanding the Metamorphosis of Pregnancy.
[PNG File , 641 KB - formative_v9i1e68093_app2.png ]

Multimedia Appendix 3
The BUMP study recruitment flier for outreach via 4YouandMe direct recruitment approaches designed for long-form social
media sites (text version), designed for long-form social media sites with specific forums that did not allow images (eg, Reddit).
BUMP: Better Understanding the Metamorphosis of Pregnancy.
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Multimedia Appendix 4
The BUMP study recruitment flier for outreach via 4YouandMe direct recruitment approaches designed for long-form social
media sites, tailored for image-dominant social media sites (eg, Instagram). BUMP: Better Understanding the Metamorphosis of
Pregnancy.
[PNG File , 163 KB - formative_v9i1e68093_app4.png ]

Multimedia Appendix 5
The BUMP study recruitment flier for outreach via 4YouandMe direct recruitment approach, tailored to community health
partnerships (Moses/Weitzman Health System). BUMP: Better Understanding the Metamorphosis of Pregnancy.
[PNG File , 2377 KB - formative_v9i1e68093_app5.png ]

Multimedia Appendix 6
The BUMP study recruitment flier for outreach via 4YouandMe direct recruitment approach (alternate flier), tailored to community
health partnerships (Moses/Weitzman Health System). BUMP: Better Understanding the Metamorphosis of Pregnancy.
[PNG File , 528 KB - formative_v9i1e68093_app6.png ]

Multimedia Appendix 7
Characteristics of the cohort among those who engaged (ENG) with recruitment materials, enrolled (ENR), and were retained
(RTD) in the BUMP study for participants recruited via other methods. BUMP: Better Understanding the Metamorphosis of
Pregnancy.
[PNG File , 285 KB - formative_v9i1e68093_app7.png ]
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Abstract

Background: Nowadays, the internet has become the primary source of information for physicians seeking answers to medical
questions about their patients before consulting colleagues. However, many websites provide low-quality, unreliable information
that lacks scientific validation. Therefore, physicians must develop strong information search skills to locate relevant, accurate,
and evidence-based content. However, previous studies have shown that physicians often have poor search skills and struggle to
find information on the web, which may have detrimental consequences for patient care.

Objective: This study aims to determine how medical students and residents searched for medical information on the internet,
the quality of the web resources they used (including their nature and credibility), and how they evaluated the reliability of these
resources and the answers they provided. Given the importance of domain knowledge (in this case, medicine) and information
search skills in the search process, we compared the search behaviors of medical students and residents with those of computer
science students. While medical students and residents possess greater medical-related knowledge, computer science students
have stronger information search skills.

Methods: A total of 20 students participated in this study: 10 medical students and residents, and 10 computer science students.
Data were extracted from a freely accessible data set in accordance with FAIR (Findable, Accessible, Interoperable, and Reusable)
principles. All participants searched for medical information online to make a diagnosis, select a treatment, and enhance their
knowledge of a medical condition—3 primary activities they commonly perform. We analyzed search performance metrics,
including search time, the use of medical-related keywords, and the accuracy of the information found, as well as the nature and
credibility of web resources used by medical students and residents compared with computer science students.

Results: Medical students and residents provided more accurate answers than computer science students without requiring
additional time. Their medical expertise also enabled them to better assess the reliability of resources and select high-quality web
sources, primarily from hospital websites. However, it is noteworthy that they made limited use of evidence-based tools such as
PubMed.

Conclusions: Although medical students and residents generally outperformed computer science students, they did not frequently
use evidence-based tools. As previously observed, they may avoid databases due to the risk of encountering too many irrelevant
articles and difficulties in applying appropriate filters to locate relevant information. Nevertheless, clinical and practical
evidence-based medicine plays a crucial role in updating physicians’ knowledge, improving patient care, and enhancing
physician-patient relationships. Therefore, information search skills should be an integral part of medical education and continuing
professional development for physicians.
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Introduction

Internet as a Tool for Medical Information Searching
by Physicians
Nowadays, searching for information on the web is an integral
part of a physician’s professional activity. While colleagues
were the primary source of information in 2006 [1], more
recently, the internet has become the first source before
consulting colleagues when physicians have medical questions
about patients [2,3].

Efficient information searching has various positive outcomes
for physicians and, by extension, their patients [2]. It may
improve patient care [4,5], clinical decision-making [5], and
physicians’knowledge [5,6]. It also reduces delays in diagnosis,
treatment initiation, and modification [5], as well as potential
medical errors and unnecessary medical examinations [6].

More precisely, physicians, especially younger ones, use the
internet to search for information for various purposes [1]: (1)
finding information and solutions to specific patient diagnostic
issues (reported by 33.7%-57% of respondents in the previous
study [1]); (2) obtaining new information on diseases (20.4%);
and (3) staying informed about the latest research on specific
topics and general matters, such as diseases (27%), new
therapies and treatments (8.8%), and drug dosing (5.6%), as
also shown by [7-9].

Concerning information related to treatment and diagnosis,
physicians take between 2 and 32 minutes to find answers on
the internet, depending on the nature of the information sought
(eg, side effects, drug dosing, new therapies) [2]. Nevertheless,
most studies indicate that physicians spend less than 10 minutes
searching for answers and less than 2 minutes during patient
consultations [2]. During consultations, they primarily search
for information on drug dosing and its potential side effects or
to show images to patients [10].

Difficulties in Finding Relevant Web Resources and
Its Consequences
Although physicians reported finding information in most cases
(>50% of searches for 70% of physicians) and over 60% were
confident in their ability to find the information they needed on
the internet [2], they still face various difficulties and barriers
in information searching. For instance, a survey of general
practitioners identified the main obstacles as a lack of
information search knowledge or skills, clinical practice
conditions (time pressure or patient-related concerns),
information-related issues (information overload, quality
concerns, or low relevance), and language barriers [11]. It is
noteworthy that, occasionally, reliance on internet-supplied
information can lead to clinical errors, as physicians may
respond to and process such information—even when it
contradicts their preexisting knowledge [12]—regardless of its
accuracy. While the use of web resources can enhance

physicians’ clinical decisions [6], occasional discrepancies in
the quality and reliability of the information found may
introduce errors in the decision-making process. Outpatient
diagnostic error rates have been estimated at 5%, affecting more
than 12 million individuals per year, while inpatient diagnostic
errors range from 6% to 7%, with 20% of initial diagnoses being
modified [13]. Efficient use of information access systems (eg,
search engines) can positively impact patient care, but misuse
of the internet may have the opposite effect. Therefore,
physicians and medical students must develop accurate
information search skills (ie, procedural knowledge of tools
such as Google [Alphabet Inc] or PubMed [National Institutes
of Health]) to use these systems effectively within the
specificities of the medical domain.

Previous studies have reported a lack of information search
skills, requiring technical support for information retrieval [1],
unawareness of accessible sources [2], difficulties in accessing
reliable and up-to-date medical information, and challenges in
developing efficient search strategies [4]. Additionally, on the
internet, physicians face the challenge of processing large
amounts of information in a very short time [14].

Previous studies have shown that well-designed,
easy-to-navigate websites are generally considered more reliable
than those with a confusing or complex interface [15]. The first
websites listed by search engine tools are often perceived as
more credible than those appearing later [16]. However, neither
a well-designed website nor a high search engine ranking
guarantees that the information provided is credible and reliable.
Although physicians require reliable and relevant documents
to integrate into clinical practice, the internet presents a vast
array of medical-related information, not all of which is verified.
For instance, a study found that only 58% of eHealth websites
in the United States met the criteria for content accuracy and
credibility [17]. Consequently, physicians must develop
information search skills to effectively find and assess web
resources.

However, an institutionalized perception persists that the
information found does not significantly enhance medical
practice [6]—for a review, see [2]. This perception may be
partly because not all physicians are aware of the availability
of evidence-based medical resources on the internet (eg,
PubMed) or they may lack the search skills to access them [18].

Main Web Resources Used
To effectively improve physicians’ information search skills,
it is essential to understand how medical students search for
medical information and which web resources they use during
their university program. A study on medical students found
that they searched for online medical and clinical information
daily (2-3 times per day) [19]. They accessed numerous websites
(>50), including some recommended by the NHS (National
Health Service), such as PubMed, which was used by only 30%
of physicians and accounted for just 8% of all their searches.
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However, they also relied on many general websites, particularly
Wikipedia (Wikimedia Foundation; used by 71% of students
and accounting for 26% of searches), patient forums,
medical-specific wikis, and Google (used by 79% of students
and comprising 32% of all searches). Indeed, Google is the most
widely used general web search engine and has become an
important tool in physicians’ searches. Nevertheless, it is not
specialized in medicine, and numerous websites present
medical-related information without being reviewed by scientists
or physicians [20,21], often leading to low-quality information
[22]. Consequently, physicians must carefully evaluate the
quality of information obtained from websites. Furthermore,
physicians and medical students often prefer using Google over
medicine-specific databases to answer clinical questions [23].
For instance, Krause et al [23] provided clinical questions to
emergency department residents and asked them to search for
answers either using a search engine (Google) or without it (by
searching in a real environment). The results showed that while
the number of incorrect answers increased with Google, the
number of unsure responses decreased compared with searches
conducted without Google. The residents developed a false
sense of confidence in their answers and demonstrated poor
efficiency in searching for and identifying correct clinical
information using Google. While students and physicians may
perceive Google as an evidence-based medical tool, it is not
inherently an evidence-based medical database like PubMed.

Based on these prior studies, we can assert that medical-related
information available on the internet can support clinical
decision-making in patient health care, provided that physicians
and medical students are trained to evaluate the quality of
sources and content. The quality of medical-related information
can be assessed according to 2 dimensions: (1) The credibility
of sources, which refers to the degree of trustworthiness
associated with the information and its origin [24-27]. This
includes evaluations of accuracy, authority, objectivity,
currency, and coverage [26,28]. Credibility is closely related to
trustworthiness, reliability, accuracy, authority, and quality
[24,25,29], although not always inseparable (eg, reliable
information can sometimes be found on sites with low
credibility). Consequently, credibility may influence the
perceived reliability of information. (2) Reliability, in turn,
refers to the extent to which information remains consistent and
trustworthy under similar circumstances [30,31].

In the medical domain, Mikalef et al [6] classified credible
documents as follows: (1) Authoritative web documents include
scientific digital databases (eg, PubMed), websites of medical
organizations (eg, the European Society of Cardiology), online
peer-reviewed scientific journals (eg, The Lancet, JAMA),
specialized medical journals (eg, Circulation, Heart), e-books,
and government agency websites (eg, the Public Health
Administration, the Food and Drug Administration). (2)
Nonauthoritative web documents include medical portals,
personal websites of physicians, pharmaceutical company
websites, social media, and medical equipment websites. While
authoritative sources can generally be considered credible and
reliable, nonauthoritative sources require in-depth evaluation
to determine their credibility and reliability. Therefore, when

physicians and medical students use general websites to find
medical-related information, they must:

• Translate a clinical or medical question into a search
strategy to locate reliable information. This requires using
specific medical terms or selecting credible web resources
(eg, scientific databases).

• Evaluate credibility, reliability, relevance, and accessibility
to determine which web resources to consult and use (see
the review by [2]).

These 2 activities can be highly complex, especially when using
general-purpose search engines (eg, Google), as individuals
must select appropriate keywords and identify credible websites
to obtain reliable information relevant to their professional
objectives.

To this end, medical students and residents can rely on their
prior domain knowledge to navigate the web more effectively.
However, they often lack information search skills and
familiarity with scientific tools and search systems, which are
critical for efficient information retrieval. Users with strong
information search skills are better guided by the components
of the search space, regardless of the domain in which they seek
information [32], a phenomenon known as the cross-domain
transfer of information search skills [33]. Specifically, such
users demonstrate more adaptive search behaviors tailored to
their tasks and employ advanced search strategies [34]. For
instance, they are more likely to incorporate Boolean operators
into their queries to construct complex search equations rather
than relying solely on simple keyword searches [35,36].
Additionally, they effectively utilize indexes and thesauri
provided by search systems to identify relevant vocabulary,
allowing them to refine their queries with greater specificity
and precision as their search sessions progress [32].

However, not all academic programs place equal emphasis on
developing information search skills. For example, computer
science students acquire more advanced operational search skills
compared with students in other fields [36,37]. Consequently,
computer scientists have a deeper understanding of search
systems and use them more effectively—leveraging features
such as recommendations, thesauri, and domain-specific
scientific databases—to conduct advanced searches, expand
their vocabulary, and achieve their research objectives [38].
These search skills enable them to construct more structured
and precise queries as their searches evolve [39].

In summary, prior domain knowledge facilitates attentional
guidance as well as the reading and comprehension of web-based
information [40]. By contrast, prior information search skills
enhance the effective use and understanding of information
systems.

Research Objectives and Questions
This study aimed to examine the effects of domain-specific
prior knowledge versus information search skills on information
search behaviors and performance. While medical students and
residents benefit from their medical expertise when conducting
medical searches, they lack the information search skills of their
computer science counterparts, and vice versa. Identifying
performance indicators and the challenges faced by these distinct
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user profiles will help clarify the limitations of relying solely
on domain knowledge in medical information searches.

More precisely, most prior studies examining how physicians
search for information have relied on interviews or
questionnaires to assess their search behaviors [2]. However,
very few have analyzed the actual search activities of physicians
or medical students and residents, despite the importance of
understanding how they navigate the web when conducting
necessary searches. To address this gap, we conducted an
experimental study in which medical students and residents
were compared with computer science students in their
web-based information searches. More specifically, this study
aimed to determine whether prior medical knowledge enabled
medical students and residents to achieve higher search
performance and make better choices regarding reliable and
credible resources compared with computer science students,
who had greater experience in information search and higher
search skills.

More specifically, this study aimed to provide insights into the
following research questions (RQs):

• RQ1: Do the most common searches conducted by
physicians—treatment, diagnosis, and learning about a
specific medical topic—result in different search
performances between computer science students (who
have higher information search skills but less medical
knowledge) and medical students and residents (who have
greater medical knowledge but lower information search
skills)?

• RQ2: What types of resources do they consult during
medical search tasks, and how do they assess the credibility
of these resources based on their domain expertise
(medicine vs information search)?

• RQ3: Do these 2 groups of students evaluate the reliability
of the resources they use and the quality of the answers
they provide differently when performing a medical search
task?

Methods

Recruitment
The freely accessible data set used in this study was extracted
from a user study conducted by Dosso et al [41] during the
COVID-19 lockdown. The data set is available online [42].

A total of 20 students from the University of Toulouse
participated in this study:

• 10 medical students and residents in medicine: 5 females
and 5 males (mean age 25.4 years, SD 3.1 years); 2 were
pursuing a master’s degree and 8 were in an MD (Doctor
of Medicine) program.

• 10 computer science students: 4 females and 6 males (mean
age 23.8 years, SD 1.5 years); 5 were pursuing a master’s
degree and 5 were PhD (Doctor of Philosophy) students.

To evaluate their level of knowledge in medicine and their
familiarity with the internet, all the participants had:

• To self-evaluate their knowledge in medicine, on a 5-point
Likert scale ranging from 1 (very low) to 5 (very high).
Medical students self-evaluated their level of medical
knowledge higher than computer science students (meanmed

4.2, SD 0.63; meancs 1.3, SD 0.48; t18=–11.5, P<.001,
d=–5.15).

• To complete a multiple-choice questionnaire in the
Medicine domain, elaborated by a physician, which
consisted of 10 questions, each with 5 response options (1
correct, 3 incorrect, and 1 “I don’t know”). Only correct
answers earned 1 point, so the score per participant could
range from 0 to 10. Results indicated that student-residents
in medicine scored significantly higher (mean 5, SD 0.66)
than students in computer science (mean 0.5, SD 0.97;
t18=–12.1, P<.001, d=–5.4).

• To complete the Information Search Self-Efficacy Scale
developed by Rodon et al [43] and indicate the number of
years of internet use and the contexts in which it is used.
Results showed that students in computer science (mean
4.4, SD 0.51) had higher information search self-efficacy
scores than those in medicine (mean 3.1, SD 0.73; t18=4.56,
P<.001, d=2.04). However, there was no significant
difference in the number of years of internet use between
the 2 groups (meanCS 12.3, SDCS 1.83 and meanmed 14,
SDmed 2.79; t18=–1.61, P=.12, d=–0.721). All the
participants reported using the internet for both university
and personal purposes.

Ethical Considerations
Before starting the search tasks, all participants received a
detailed explanation of the study’s objectives and procedures.
Informed consent was obtained from each participant through
a written agreement, which outlined the study’s purpose,
potential risks and benefits, data usage protocols, and participant
rights, including the right to withdraw at any time without
consequence. This study was reviewed and approved by the
Ethics and Research Committee of the University of Toulouse
(approval/project number 2021-354).

Procedure and Material
First, all participants completed an online prequestionnaire that
included a free and informed consent form, questions on
sociodemographic variables (eg, age, gender, education level,
native language), internet information search scales, and
multiple-choice questions assessing their level of medical
knowledge. Additionally, participants described their general
internet habits (ie, browsing device used, preferred browser,
and search engine) and completed the Information Search
Self-Efficacy Scale [43].

Then, the participants conducted the experiment at home during
the COVID-19 lockdown in 2020-21. The experimental
materials included the following:

• A printed booklet with general instructions for the
experiment, a training exercise on using the logging
browser, statements for the search tasks, and designated
spaces for writing answers. As the written production task
was conducted with pen and paper, the computer was used
only for the search sessions.
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• A memory stick containing the browser was provided for
the search sessions, enabling participants to directly search
for information while reviewing the experimental material.

Participants were instructed to complete each search task
independently, without taking notes during the search session.
This ensured that their final answers primarily reflected the
information retained in memory after the search.

Both groups of participants (medical students/residents and
computer science students) were presented with 3 distinct search
tasks in general medicine (see Table 1 for detailed task
descriptions). These tasks reflected real-world scenarios
commonly encountered in medical practice, such as (1)
enhancing knowledge in a specific disease area, (2) searching
for information related to a particular patient problem, and (3)
identifying and selecting the most appropriate treatment options
for patients.

These scenarios are well-documented in medical research, as
supported by previous studies [1,2].

The instructions specified that participants had to write their
answers for each task only after completing the search session
(ie, after closing the browser). There was no time limit.
Note-taking was not permitted during the search session to
ensure that responses closely reflected the knowledge retained
in participants’ memory.

Three different search tasks in general medicine were assigned
to the participants (medical students/residents and computer
science students; see Table 1 for the search tasks). These tasks
closely resembled real-world scenarios encountered by
physicians and medical students, such as improving their
knowledge in a specific disease area, searching for information
on a particular patient problem, and determining the most
appropriate treatment for patients [1,2].

Table 1. The 3 different tasks provided to the participants and correct answers.

Subtasks requiredTasks’ instructionsThree different tasks and answers

Learning task

••• Understanding endometriosisYou want to learn more about endometriosis.Purpose: Improving knowledge
of a specific area/disease • Understand the issues related to en-

dometriosis• Correct answer: No correct an-
swer was defined; instead,
participants’ responses were
analyzed to compute the num-
ber of relevant elements they
provided.

• Discover/learn more about medical
solutions to treat endometriosis

Treatment decision task

••• Understanding nonsequential strokeAn 83-year-old woman had a nonsequelae stroke 5
months ago.

Purpose: Choosing the most
appropriate treatment • Understanding atrial fibrillation

•• At the stroke assessment, atrial fibrillation was discov-
ered.

Correct answer: Anticoagulant
treatment (because the old
woman did not fall too many
times for her age)

• Understanding the risk of falls
• Identify the advantages and disadvan-

tages of anticoagulant therapy• She had fallen 3 times in the last 2 months.
• Should anticoagulant therapy be initiated? • Judge this information according to

the criteria to be established (bene-
fit/risk assessment)

• After evaluating the benefit-risk ratio of initiating or not
initiating anticoagulant treatment, select the management
option that you find most appropriate and justify your
choice.

Diagnosis task

••• Understanding left hypochondriumA 47-year-old man presented to the emergency depart-
ment with left hypochondrium pain that had been evolv-
ing for 24 hours and was not relieved by level 1 anal-
gesics.

Purpose: Determining the
pathology • Understanding of level 1 analgesics

• Correct answer: Splenic infarc-
tion or spleen infarction

• Understanding cutaneous lupus and
polycythemia

• His history included cutaneous lupus and polycythemia. • Understanding splenic hypodensity
• The biological workup was normal. • Analyze the information previously

collected and propose a diagnosis with
etiological hypotheses

• The abdominopelvic scanner found 2 splenic hypodensi-
ties. With the information collected on the internet, pro-
pose your diagnosis and etiological hypotheses

Variables
Two independent variables (IVs) were manipulated:

• IV1: Domain expertise of participants (medical
students/residents vs computer science students) as a
between-participants variable.

• IV2: Search tasks (learning, choosing treatment, diagnosis)
as a within-participants variable.

A total of 6 dependent variables (DVs) were measured to bring
some answers to the 3 RQs. For RQ1, we measured 3 DVs:

• DV1: Total time (seconds) spent on each search task,
measured from the first query entered to the completion of
the multiquery process.
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• DV2: Number of medical-related keywords generated by
participants, excluding those explicitly provided in the
search task instructions.

• DV3: Accuracy and relevance of retrieved information:
• For diagnostic and treatment tasks, responses were

scored as 0 (incorrect or abandoned) or 1 (correct).
• For the learning task, responses were scored from 0 to

4 based on the amount of relevant information provided
and interconnected. Relevant information was defined
as content directly related to the assigned topic
(endometriosis) in accordance with the information
context [44]. This is rated as follows: 0 (incorrect
information), 0.5 (correct information), 1 (correct and
relevant information), 1.5 (correct and relevant
information linked to general vocabulary), 2 (correct
and relevant information linked to medical vocabulary),
3 (correct and relevant information linked to general
vocabulary and interconnected), and 4 (correct and
relevant information linked to medical vocabulary and
interconnected).

For RQ2, we measured:

• DV4: Evaluation of the credibility and type of web
resources consulted:
• DV4a: Credibility score of the websites visited for each

task.
• DV4b: Distribution of the types of web resources

consulted, categorized as websites or as documents.

For DV4a, the credibility of web resources consulted per search
task was scored as follows, based on Mikalef et al [6]:

• Peer-reviewed scientific journals or scientific databases
(eg, PubMed, ScienceDirect, The Lancet)=2 points per URL

• Documents from hospitals, health authorities (eg, World
Health Organization), and government agencies=1.5 points
per URL

• Health-related websites verified by HONcode (Health On
the Net code; certification by the nonprofit Health On the
Net Foundation [45])=1 point per URL

• Other websites (not scientifically verified)=0 points per
URL

For DV4b, we analyzed the distribution of resources consulted
across different categories (peer-reviewed scientific journals,
hospital/government documents, HONcode-certified websites,
and other websites) during each search task. This distribution

was based on the number of resources consulted per category
(as defined in DV4a) and per search task.

For RQ3, 2 DVs were measured:

• DV5: Self-assessment of reliability of web documents
visited while achieving the search task [46]: “Overall, the
search engine results, websites, or documents (results from
Google, websites, pdf, etc) consulted were: (1) absolutely
not trustworthy, (2) very untrustworthy, (3) not very
trustworthy, (4) moderately trustworthy, (5) somewhat
trustworthy, (6) trustworthy, or (7) extremely trustworthy.
The higher the score was, the more participants perceived
web documents as reliable.”

• DV6: Self-assessment of the quality of their own answers
on a 4-point scale for the 3 tasks. Participants rated their
perceived answer quality as follows: (1) very bad, (2) bad,
(3) good, and (4) very good. A higher score indicated a
more favorable self-evaluation of their answers.

Statistical Analysis
For all DVs, we compared student-residents in medicine with
students in computer science for each task using either
parametric or nonparametric tests. Specifically, for all DVs
except DV4b, we performed Student t tests. For DV4b, we
conducted a repeated-measures ANOVA. Tests for homogeneity
of variance (Levene test) and normality (Shapiro-Wilk test)
were performed before conducting ANOVA and unpaired

(1-tailed) t tests. Partial η2 was used as an index of effect size.
When homogeneity of variance was violated, we applied the
Mann-Whitney test. Additionally, some quantitative results are
illustrated with qualitative examples.

Results

Overview
The results are presented according to the 3 RQs.

• RQ1: Do the most popular searches developed by
physicians (ie, treatment, diagnosis, and learning on a
specific medical topic) lead to different search performances
between computer science students (with higher information
search skills but lower medical knowledge) and medical
student-residents (with higher medical knowledge but lower
information search skills)?

Table 2 presents the dependent variables for RQ1.
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Table 2. Dependent variables for RQ1 with regard to the search task and expertise domain.

Treatment task, mean (SD)Diagnostic task, mean (SD)Learning task, mean (SD)Group of students

DV1: Search time (seconds)

634 (407)705 (444)548 (474)Medicine

936 (699)1099 (1085)520 (373)Computer science

DV2: New keywords related to medicine (mean number)

4.8 (4.13)4 (4.19)1.80 (0.91)aMedicine

2.7 (3.97)2 (2.35)0.3 (0.48)aComputer science

DV3: Correct answers or relevant information provided (mean number)

0.85 (0.15)a0.9 (0.31)a3.9 (0.31)aMedicine

0.1 (0.31)a0 (0)a3.5 (0.52)aComputer science

aSignificant differences between medical students/residents and computer science students.

Time Spent to Find Information
Regarding the time required to find information, no significant
differences were observed between student-residents in medicine
and those in computer science for any task (all t tests were
nonsignificant: t18=-.146, P=.88 for the learning task; t18=1.06,
P=.30 for the diagnostic task; and t18=1.18, P=.25 for the
treatment task).

Keywords Related to Medicine Added by the
Participants
Student-residents in medicine added more medicine-related
keywords than students in computer science, but only for the
learning task (t18=–4.57, P<.001, d=2.04). On average,
student-residents in medicine added 1.6 keywords (SD 0.91),
compared with 0.3 (SD 0.48) for students in computer science.
The keywords added by student-residents in medicine were
primarily related to specific websites they were familiar with
(eg, associations of doctors in gynecology or government health
agency websites, where they could find medical information).

For the treatment and diagnostic tasks, statistical analyses
revealed no significant differences between student-residents
in medicine and students in computer science (t18=–1.32, P=.20,
and t18=–1.16, P=.26, respectively).

Correct information retrieval for the diagnostic and treatment
tasks, as well as the number of relevant information elements
provided by participants for the learning task, was analyzed.
The results are as follows:

For the treatment and diagnostic tasks, medical student-residents
provided more correct answers than those in computer science.

• For the treatment task (t18=–6.77, P<.001, d=–3.03), the
mean score was 0.85 (SD 0.15) for medical
student-residents, compared with 0.1 (SD 0.31) for
computer science students.

• For the diagnostic task (t18=–9, P<.001, d=–4.02), the mean
score was 0.9 (SD 0.31) for medical student-residents,
compared with (SD 0) for computer science students.

For the learning task, even after applying the square root

correction (√2), the homogeneity of variance was violated.
Therefore, we applied the nonparametric Mann-Whitney test.
Medical student-residents provided more relevant information
elements than computer science students (U18=30, P=.03, rank
biserial correlation=0.4), with a mean of 3.9 (SD 0.31) for
medical students and 3.5 (SD 0.52) for computer science
students.

As illustrated in Multimedia Appendix 1 with 4 examples, the
nature of the information elements provided for the learning
task varied depending on the participants’ domain of expertise.
This task was exploratory and was approached differently based
on the participants’ expertise. Medical student-residents
generally provided comprehensive responses specific to
medicine, including definition and prevalence, symptoms, causes
and consequences, diagnosis, and possible treatments. By
contrast, computer science students primarily focused on
definition, prevalence, and symptoms, with very few mentioning
possible treatments. Their answers were more superficial
compared with those of medical student-residents, who applied
a medical framework to obtain information about the pathology.

• RQ2: What types of resources do participants consult, and
what is their credibility level when performing medical
search tasks, considering their domain of expertise
(medicine vs information search)?

Credibility Resources Consulted, Scores, and Websites
Used
First, regarding the credibility scores obtained (DV4a), medical
student-residents scored higher than computer science students
for the learning task, with a mean of 5.85 (SD 4.37) compared
with 2.2 (SD 2; t18=–2.40, P=.046, Cohen d=1.08). For the
diagnostic task, only a marginal effect was observed (t18=–1.48,
P=.07), with a mean of 13.45 (SD 9.63) for medical
student-residents versus 8 (SD 6.53) for computer science
students.

For the treatment task, no significant difference was found
between the 2 groups, with a mean of 6.9 (SD 4.67) for medical
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student-residents and 5.4 (SD 4.09) for computer science
students (t18=–0.76, P=.45).

Next, we analyzed the distribution of internet resources used
(DV4b; Figure 1). The resources did not hold the same
prominence during the information search (F3,54=28.12, P<.001,

η2p=0.61); hospital websites (P<.001) and documents (P<.001)
were used more frequently than other sources.

We conducted a more detailed analysis of resource usage based
on expertise and tasks. We observed:

• For evidence-based resources, surprisingly, no significant
difference was found between medical student-residents

and computer science students (F1,18=0.31, P=.58). These
resources were rarely visited by any participants.

• For hospital websites, medical student-residents used them
more frequently than computer science students

(F1,18=13.96, P<.001, η2p=0.44).
• For HONcode health websites, computer science students

consulted these resources more frequently than medical

student-residents (F1,18=6, P=.02, η2p=0.25).
• For other websites, computer science students used them

more frequently than medical student-residents (F1,18=5.21,

P=.001, η2p=0.34).

Next, qualitative analyses examined the main websites accessed
through opened URLs (see Table 3).

Figure 1. Means (and SDs) of web resources consulted with regard to the expertise domain of students.
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Table 3. The main websites visited by participants and their score with regard to the search task to be performed and expertise.

Authority versus nonauthority websites and scores obtainedTasks and websites (resources)

Learning task

Student-residents in
medicine

•• Authority; score=1.5 pointsA government health agency [47]
•• Authority; score=1.5 pointsAssociation of Physicians in Gynecology [48]

Students in computer
science

•• Nonauthority; score=1 points (verified by HONcode)Association of Patients With Endometriosis [49]
•• Nonauthority; score=0 pointsNonofficial health websites (eg, [50,51])

Diagnostic task

Student-residents in
medicine

•• Authority; score=1.5 pointsDigital medical campus (not updated since 2016) [52]
•• Authority; score=1.5 pointsA university hospital [53]

[54-56]Students in computer
science

• Nonauthority; score=1 point (verified by HONcode)
• For [55,56]: nonauthority; score=0 points

Treatment task

Student-residents in
medicine

•• Authority; score=2 pointsA Swiss medical journal [57]
•• Authority; score=1.5 pointsA government health agency [47]

Students in computer
science

•• Authority; score=2 pointsA Swiss medical journal [57]
• The other websites consulted are very different from

one participant to another

• RQ3: Do they assess differently the reliability of resources
they choose to use and the quality of answers they provided
for the search task to be performed?

Results of the self-assessment of the reliability of web
documents consulted when answering this question at the end
of each session (maximum of 7 points): a significant difference

was found between medical student-residents and computer
science students for the learning task (t18=–3.13, P=.003,
d=–1.39), with a mean of 6.8 (SD 0.42) for medical
student-residents and 5.8 (SD 0.91) for computer science
students. For the treatment and diagnostic tasks, statistical
analyses did not reveal any significant differences between the
2 groups (t18=–1.24, P=.12, and t18=–1, P=.16; Table 4).

Table 4. Dependent variables for research question 3 with regard to the search task and expertise domain.

Treatment task, mean (SD)Diagnostic task, mean (SD)Learning task, mean (SD)Research question 3 dependent variables and group of students

DV5: Self-assessment of resource reliability consulted (maximum score=7 points)

5.4 (0.51)6 (0.66)6.8 (0.42)aMedicine

5.1 (0.56)5.6 (1.07)5.8 (0.91)aComputer Science

DV6: Self-assessment of quality of answer (maximum score=4 points)

1.79 (0.11)a1.73 (0.13)a1.84 (0.14)aMedicine

1.70 (0.10)a1.31 (0.29)a1.76 (0.08)aComputer Science

aSignificant differences between medical students/residents and computer science students.

Results of the self-assessment of the quality of answers provided
on a 4-point scale for the 3 tasks; participants rated their
perceived answer quality on a scale from 1 (very bad) to 4 (very
good).

For all search tasks, medical student-residents rated the quality
of their answers higher than computer science students:

• For the learning task, medical student-residents had a mean
self-assessed answer quality of 3.5 (SD 0.52), compared
with 3.1 (SD 0.31) for computer science students (t18=–2.05,
P=.03, d=–0.92).

• For the diagnostic task, medical student-residents had a
mean self-assessed answer quality of 3.2 (SD 0.42),

compared with 2.9 (SD 0.31) for computer science students
(t18=–1.8, P=.04, d=–0.80).

• For the treatment task, medical student-residents had a mean
self-assessed answer quality of 2.9 (SD 0.31), compared
with 1.8 (SD 0.78) for computer science students (t18=–4.09,
P<.001, d=–1.83).

Discussion

Principal Findings
Prior studies have suggested that physicians’primary challenge
when searching for information online is their lack of
information search skills [2,23], which may negatively impact
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the quality of information found and, consequently, patient care.
This study aimed to examine the strategies used by medical
students and residents when searching for medical information
online, the web resources they consulted (including the nature
and credibility of these resources), how they assessed the
reliability of these resources, and the quality of the answers they
provided. The search behaviors of medical students and residents
were compared with those of computer science students. While
medical students and residents had greater medical knowledge,
computer science students exhibited stronger information search
skills but lower medical-related knowledge. The main findings
indicated that medical students and residents outperformed
computer science students. Overall, they found more relevant
information, used more credible resources, rated these resources
as more reliable, and had greater confidence in their answers
than computer science students. Two particularly surprising and
interesting results emerged: (1) medical students and residents
generated more medical keywords than computer science
students. These keywords, at least in part, helped them locate
familiar websites, making them indirectly relevant to
information searching; and (2) medical students and residents
rarely used evidence-based resources, instead relying on familiar
medical websites, such as hospital websites.

Interpretation of the Results Obtained
First, regarding information search performance, the results
confirmed expectations: medical students and residents
outperformed computer science students. They provided more
correct answers for treatment and diagnostic tasks and included
more relevant and structured elements in learning tasks—all
without requiring additional time. Their deeper understanding
of the search topics enabled them to deliver more structured
and comprehensive responses. For example, medical students
and residents frequently included details on symptoms, causes,
diagnosis, and possible treatments. By contrast, computer
science students’ responses tended to be more superficial,
focusing primarily on general statistics and potential
consequences. These findings align with prior research on the
positive effects of domain knowledge in generating more
accurate and higher-quality search outcomes, regardless of the
field of expertise [58-60]. Indeed, when processing information,
individuals with domain expertise engage in top-down
processing, which enhances reading comprehension and supports
a deeper understanding of the content [61-63]. As a result, at
the search outcome stage, domain experts can more effectively
reuse extracted information to achieve their goals and produce
higher-quality responses [60]. The advantages of domain
expertise in medical information searches were also evident in
keyword selection. Notably, medical students and residents used
more medical-related keywords, particularly when researching
a specific disease. These findings align with previous studies
showing that medical experts employ a more specialized medical
vocabulary than nonexperts [63-65]. The medical knowledge
applied during query formulation allowed physicians to locate
more precise information at a search speed comparable to that
of computer science students. However, despite their speed,
computer science students’searches tended to be far less precise.

Regarding these initial findings—the quality of final responses,
keyword formulation, and search precision—it is worth noting

that medical students accurately self-assessed their responses.
Their higher confidence in the reliability of their answers,
compared with computer science students, likely stemmed from
their reliance on familiar medical websites. This underscores
their ability to effectively locate and utilize credible information
from online and hospital-based resources, as previously
demonstrated [2].

When comparing the objective credibility scores of consulted
web resources with participants’self-assessed reliability of those
resources, the results showed that medical students and residents
accessed more credible websites than computer science students
for learning and diagnostic tasks. A significant difference was
observed for learning tasks, while scores were comparable for
diagnostic tasks. Learning and diagnostic tasks may require
greater medical expertise to identify credible and reliable sources
compared with treatment-related tasks. Accurate diagnosis often
involves a careful differential diagnosis, requiring the exclusion
of other conditions with similar symptoms. This process requires
access to credible medical resources, as general websites are
often insufficient. Medical students and residents effectively
relied on reputable medical websites to access relevant case
studies and other pertinent information. Likewise, learning about
specific topics required current and reliable information,
underscoring the need for high-quality medical sources.

A detailed analysis of the consulted websites revealed
task-dependent differences between medical students/residents
and computer science students. Notably, evidence-based
resources were rarely used by any participants and were
primarily consulted for diagnostic and treatment tasks. This
finding was unexpected, as medical students and residents, given
their rigorous training, were expected to prioritize
evidence-based resources. While this result aligns with previous
research highlighting the limited use of evidence-based resources
among medical practitioners [66,67], it raises concerns about
the effectiveness of current training programs in fostering
evidence-based practice skills. As previously noted, physicians
often struggle to formulate effective search queries in databases
such as PubMed, leading to the retrieval of numerous irrelevant
articles [68]. When using general search engines, they face 2
main challenges [11]: (1) managing and processing a vast
amount of information and (2) assessing the reliability of content
based on scientific evidence, all within a limited time frame.
On average, physicians spend between 9 and 11 minutes
searching the internet for medical information [2], a trend also
observed among the medical students and residents in this study.
To navigate these challenges, physicians tend to rely on familiar
websites rather than exploring new content or consulting
databases like PubMed [1,6,19].

The preference for familiar hospital websites observed in our
study may offer a more streamlined and efficient—though
potentially less comprehensive—pathway to relevant
information. Our findings further support this trend, as medical
students and residents consistently relied on familiar hospital
resources across all search tasks, favoring established sources
over broader exploration. In our experimental study, medical
students and residents primarily consulted hospital-based
resources for all tasks and did so more frequently than computer
science students. This observation aligns with previous research
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showing that health care professionals frequently rely on a
limited set of preferred online resources [1,6,19]. One study
found that physicians visit familiar websites to reduce search
time [18], often going directly to trusted medical sources
[69-71]. They apply various criteria to assess information quality
(usefulness and accuracy) and authority (trustworthiness and
credibility) [19], which may be particularly relevant when
evaluating hospital websites and documents. Additionally,
physicians tend to search for methodical and empirically
grounded medical solutions to minimize errors in
decision-making while maximizing diagnostic and therapeutic
effectiveness, as previously demonstrated [6]. By contrast, our
study found that computer science students relied more on
HONcode-certified health websites and other unverified sources.
Despite their advanced search skills, they may struggle to assess
the credibility of medical websites or fully comprehend the
information presented on platforms such as PubMed and hospital
websites. Their limited medical knowledge likely hindered their
ability to identify relevant and accurate medical information.

Consequently, the medical expertise of students and residents
allowed them to achieve higher scores, evaluate resources more
effectively, and select more relevant web sources compared
with computer science students.

Implications
The results we obtained may have several implications.

First, a surprising finding was the limited use of evidence-based
resources such as PubMed by medical students and residents.
This may be due to the challenge of filtering relevant
information from a vast number of irrelevant results, as
previously documented [68]. Additionally, difficulties in
effectively using search filters within these databases may have
further hindered their ability to retrieve pertinent information.
This finding underscores the need for enhanced training
programs to equip health care professionals with the skills
necessary to effectively utilize evidence-based resources.
Integrating clinical and practical evidence-based medicine
principles is crucial for updating medical knowledge, improving
patient care, and fostering strong physician-patient relationships
[72]. A study by the Institute for Healthcare Informatics [73]
highlighted that physicians frequently rely on Wikipedia as a
primary source of health care information, further emphasizing
the need for targeted training initiatives. These programs should
focus on strengthening information literacy skills, including the
effective use of evidence-based databases such as PubMed and
the critical evaluation of online health information. This could
include instruction on HONcode principles, which help
distinguish reliable from unreliable sources based on factors
such as authorship, funding sources, and URL domains (.org,
.gov, .net). Beyond their clinical practice, physicians who are
well-versed in evaluating online information can also better
support their patients. Many patients seek medical information
on the internet, often without the ability to assess its accuracy
[74], which can have negative consequences for their health
care. Equipping physicians with the skills to identify credible
and effective online resources would enable them to guide
patients in interpreting the information they find online,
ultimately improving patient education and decision-making.

Physicians at all stages of their careers must stay updated on
advancements in research, treatments, and best practices to
ensure safe and effective patient care. Online scientific databases
are essential tools in this process, particularly as the use of
generative artificial intelligence (AI), such as ChatGPT
(OpenAI, Inc.), continues to grow. Unlike Google, AI-generated
responses often lack proper sourcing and reliability [75]. Given
the evolving role of AI in knowledge acquisition, structured
training programs are crucial to helping medical students and
physicians navigate these resources effectively. Additionally,
integrating verified sources—such as Google Scholar or
PubMed—directly into general search engine results for medical
queries could further support evidence-based learning and
decision-making. General search engines could further support
specialized medical queries by suggesting relevant medical
keywords based on the task at hand. This approach would help
medical students and physicians—who are already familiar with
general search engine interfaces—find the required information
more quickly than on PubMed, which they often find difficult
to navigate efficiently. Physicians’ preference for traditional
search engines over PubMed may stem from their perception
that PubMed is not well-suited to the practical demands of
clinical medicine. General practitioners, in particular, require
rapid access to high-quality content and do not have the time
to sift through an overwhelming volume of information or
conduct an extensive evaluation process [11]. Ideally, search
engines should enhance usability by providing clear and precise
indicators about the credibility and nature of retrieved results
directly on the search results page. This includes specifying
whether the content has undergone peer review and clarifying
the level of empirical evidence presented in the source. Future
research in design ergonomics and medical informatics should
focus on developing and testing the impact of such enhanced
search interfaces on physicians’ search performance.

Limitations
This study had some limitations. The small sample size suggests
that replicating the study with a larger and more diverse group
of participants—including medical students, residents, and both
junior and senior physicians—would be valuable. Given that
physicians must continuously update their knowledge throughout
their careers, future research should explore how search
behaviors (eg, keyword formulation, websites visited) evolve
at different professional stages, particularly in the context of
emerging AI tools.

In addition to better distinguishing the impact of domain
knowledge versus information search skills, future research
could compare the performance of students in library and
information science with that of medical students and residents.
As library and information science students have specialized
expertise in information retrieval and have outperformed
computer science students in prior studies [33], such a
comparison could provide further insights into the relationship
between search expertise and domain-specific knowledge.

Although this study was conducted remotely—potentially raising
concerns about data quality due to limited experimental
control—the findings align with previous research. Notably,
the search times recorded for medical students and residents in
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this study were consistent with those reported in prior studies
[2]. Moreover, the analysis of search times did not reveal any
significant outliers, further supporting the reliability of the
collected data.

Conclusions
The findings of this experimental study have significant
implications for both current and future physicians.

A surprising finding was the limited use of evidence-based
resources by medical students and residents. This may be due
to the challenge of extracting relevant information from a high
volume of irrelevant results, as previously documented [64].
This finding highlights the need for enhanced training programs,
both at the university and at the postgraduate levels, to equip
health care professionals with the skills necessary to effectively
utilize evidence-based resources. These programs should focus
on improving information search skills, including the efficient

use of evidence-based databases and the critical evaluation of
online health information. This could include instruction on
HONcode principles, which help distinguish between reliable
and unreliable sources based on factors such as authorship,
funding sources, and URL domains. Beyond their clinical
practice, knowledge of source evaluation criteria could also
assist physicians in guiding patients who seek medical
information online. This is especially important with the rise
of AI tools, which are fundamentally reshaping how information
is accessed and interpreted.

Training physicians and future physicians to effectively use
these tools will also encourage them to expand the range of
websites they consult. Rather than limiting themselves to
familiar sources, such as hospital websites, they will be better
equipped to explore a broader array of credible medical
resources.
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Abstract

Background: The current public health crises we face, including communicable disease pandemics such as COVID-19, require
cohesive societal efforts to address decision-making gaps in our health systems. Digital health platforms that leverage big data
ethically from citizens can transform health systems by enabling real-time data collection, communication, and rapid responses.
However, the lack of standardized and evidence-based methods to develop and implement digital health platforms currently limits
their application.

Objective: This study aims to apply mixed evaluation methods to assess the development of a rapid response COVID-19 digital
health platform before public launch by engaging with the development and research team, which consists of interdisciplinary
researchers (ie, key stakeholders).

Methods: Using a developmental evaluation approach, this study conducted (1) a qualitative survey assessing digital health
platform objectives, modifications, and challenges administered to 5 key members of the software development team and (2) a
role-play pilot with 7 key stakeholders who simulated 8 real-world users, followed by a self-report survey, to evaluate the utility
of the digital health platform for each of its objectives. Survey data were analyzed using an inductive thematic analysis approach.
Postpilot test survey data were aggregated and synthesized by participant role.

Results: The digital health platform met original objectives and was expanded to accommodate the evolving needs of potential
users and COVID-19 pandemic regulations. Key challenges noted by the development team included navigating changing
government policies and supporting the data sovereignty of platform users. Strong team cohesion and problem-solving were
essential in the overall success of program development. During the pilot test, participants reported positive experiences interacting
with the platform and found its features relatively easy to use. Users in the community member role felt that the platform accurately
reflected their risk of contracting COVID-19, but reported some challenges interacting with the interface. Those in the decision
maker role found the data visualizations helpful for understanding complex information. Both participant groups highlighted the
utility of a tutorial for future users.

Conclusions: Evaluation of the digital health platform development process informed our decisions to integrate the research
team more cohesively with the development team, a practice that is currently uncommon given the use of external technology
vendors in health research. In the short term, the developmental evaluation resulted in shorter sprints, and the role-play exercise
enabled improvements to the log-in process and user interface ahead of public deployment. In the long term, this exercise informed
the decision to include a data scientist as part of both teams going forward to liaise with researchers throughout the development
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process. More interdisciplinarity was also integrated into the research process by providing health system training to computer
programmers, a key factor in human-centered artificial intelligence development.

(JMIR Form Res 2025;9:e53339)   doi:10.2196/53339

KEYWORDS

digital health platform; citizen science; evaluation; health systems; digital health; app; innovative; digital transformation; public
health; crises; communicable disease; coronavirus; chronic diseases; decision-making; assessment; thematic analysis; self-report
survey; risk; artificial intelligence; AI

Introduction

Background
The current public health crises we face are global in nature,
ranging from communicable disease pandemics, such as
COVID-19, to endemic noncommunicable diseases and
long-term care burdens [1,2]. The presence of multiple
overlapping health issues, termed a syndemic, is further
complicated in the age of polycrises. Crisis responses
increasingly require coordination from multiple sectors,
including, but not limited to, health care, environment, and
social services [3,4]. In order to address the gaps in our current
systems of care, deliberate and cohesive societal efforts are
required to understand and respond to existing inefficiencies in
health systems.

Digital health platforms, which range from mobile health apps
and virtual care products to digital health dashboards [5,6], have
immense potential to transform our health systems by increasing
access to care, predicting symptoms and outcomes, and enabling
rapid responses to health crises [4,6-9]. For instance, digital
health platforms can enable patients to connect with their health
care providers remotely [10,11], and, in turn, health care
providers are able to predict risks by ethically leveraging big
data from patients [12,13] and provide support by engaging
with patients remotely [10,14]. More importantly, the application
of digital health platforms is not limited to patients; that is, they
can be used by apparently healthy individuals to self-monitor
and track their health behaviors and outcomes [15,16] as well
as share their data ethically with health care providers and
scientists [13,17]. Given the ubiquity of digital devices [18-20],
their adaptability, and their reach across geographic regions and
sociodemographic groups, digital health platforms are capable
of bridging existing gaps in health information and care access
[6,21,22]. More importantly, such platforms, particularly with
the incorporation of artificial intelligence (AI) and machine
learning, can enable precision prediction of health outcomes
[23,24] as well as rapid responses to help monitor, mitigate,
and manage existing and emerging health crises [6,25]. While
the development of digital health platforms has increased
significantly in the past decade, and in particular during the
COVID-19 pandemic [26], there are no standardized processes
for development and evaluation to ensure that evidence-based
approaches are applied using interdisciplinary expertise.

The role of digital health platforms in managing public health
and promoting health care access is predicted to grow
exponentially [27]. Thus, it is critical that the development of
these platforms is evaluated using rigorous methods to ensure
effectiveness and efficacy. The World Health Organization

recently released a guide for evaluating digital health
interventions [28], and many other groups have adapted methods
to assess digital platform technology [29-31]. However, these
guidelines do not provide directions to evaluate digital platform
development processes, including prototype development sprints
and troubleshooting [28], which are key steps that come well
ahead of the actual implementation of digital interventions.

Another key challenge is ensuring data privacy and data
sovereignty of digital health platforms, particularly when serving
communities that have been historically disenfranchised or
discriminated against. Data sovereignty refers to meaningful
control or ownership of one’s own data and is a critical aspect
of self-governance and self-determination, particularly among
Indigenous and other colonized communities [32,33]. In creating
digital health platforms that serve these communities, the
development process thus requires the integration of rigid
privacy and data protocols, in addition to consideration of
culturally appropriate features tailored to communities’ specific
needs [4,7,32,34]. Moreover, as technology continues to evolve,
it is crucial to evaluate the development and use of AI, especially
to ensure that AI is designed in a way that is truly human
centered [35,36]. Evaluating development processes helps to
identify and mitigate the risks associated with AI, which could
include neglecting user needs, overlooking the social impact,
and failing to address biases and accountability issues [37]. By
systematically evaluating development processes, we can foster
AI systems that are better aligned with human values and needs
(ie, health services) [36].

Study Objective
Overall, the evaluation of digital health platform development
has enormous consequences for eventual citizen health and
well-being, as well as data safety, security, and data sovereignty
[38]. The potential for causing harm to populations, the
sensitivity of personally identifiable big data that are collected
via digital health platforms, as well as the need to develop
human-centered AI require a rigorous evaluation process,
including internal pilot testing before public testing. Most
importantly, a significant gap exists in the peer-reviewed
literature regarding evaluation approaches for the development
of evidence-based digital health platforms, particularly in
academic settings, where there is a critical need for co-design
[39] not only from a citizen or patient perspective, but also by
cohesive engagement between research and development teams.
To address this critical gap in digital health platform
development, this study aimed to apply mixed evaluation
methods to assess the development of a digital health platform
that was exclusively developed by a research and development
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team working remotely during the COVID-19 pandemic to
manage, monitor, and mitigate household risk of COVID-19.

Methods

CO-Away Digital Health Platform
In an effort to address the imminent public health crisis of the
COVID-19 pandemic, the CO-Away digital health platform
was developed to track, manage, and mitigate household risk
of COVID-19. During the pandemic, rural, remote, and Northern
communities in Canada were disproportionately impacted and
experienced challenges with health information, data
sovereignty, and care access [40]. In the Canadian context,
Indigenous communities reported gaps in access to health
information and care [34,41]; thus, after conducting a

comprehensive needs assessment [34], the CO-Away platform
was developed to enable near real-time monitoring, rapid
response, and health care data access. CO-Away comprises a
progressive web application for users to manage household
COVID-19 risk as well as a backend digital decision-making
dashboard that visualizes aggregated and anonymized big data
relayed in real time from the progressive web application [6].
Progressive web applications are a type of web application that
leverage web technologies to provide a more app-like user
experience, combining the best features of web applications and
mobile apps [42]. Figure 1 shows screenshots of the CO-Away
home page and dashboard. The CO-Away platform provides
local jurisdictional decision makers access to aggregate-level
data to track and respond to emerging risk patterns and trends
in near real time.

Figure 1. Screenshots of the CO-Away platform interface for community members, including the platform landing page, avatar creation process,
COVID-19 symptom assessment, food security request, and citizen reporter feature.

Given the wide-ranging impacts of the COVID-19 pandemic
on other aspects of health and wellness, CO-Away takes a
holistic approach that extends beyond COVID-19 symptom
assessment to include other key digital platform features, such
as (1) food security request, which helps monitor and manage
food shortages within a jurisdiction and (2) citizen reporter,
which reports any public service or access issues experienced
by community members [6]. CO-Away serves as a link to
connect citizens with decision makers and offers value to both
households and decision makers. This digital health platform,
driven by citizen-generated big data collected from ubiquitous
tools, not only supports citizens by providing them with
real-time support and valuable insights to enhance their
decision-making abilities, but also aggregates and anonymizes
citizen data. These aggregated, anonymized data are then
delivered to decision makers, enabling real-time exchanges of
information and alerts through direct bidirectional engagement
between citizens and decision makers. This innovative approach
represents a paradigm shift in the way community health is
approached, placing priority on addressing the immediate needs
of citizens. This study evaluated the development processes of
both the app that citizens or community members use and the
digital health dashboard that decision makers use. Additional
details on the CO-Away platform can be found in another
publication [43].

Evaluation Approach
To examine the evolution, challenges, successes, and utility of
the CO-Away platform, a mixed methods developmental
evaluation was performed after the completion of the first
prototype to inform subsequent iterations of the platform.
Developmental evaluations generate learnings to inform the
development of an initiative; thus, are often used in complex
and unpredictable scenarios, such as the COVID-19 pandemic
[44,45]. A developmental evaluation is utilization focused and
should be designed and implemented in ways that maximize
utility for the primary intended users [46]. This evaluation
approach generates data and findings in near real time, thereby
facilitating developmental decision-making and course
corrections throughout the development process [44,47].

Evaluation Questions
This evaluation was guided by the following overarching
evaluation questions:

• What factors influenced the CO-Away digital health
platform development?

• How has the CO-Away digital platform development
evolved over the course of the project?

• To what extent does the CO-Away digital health platform
achieve its goals and objectives from the perspective of
community members or users and decision makers?
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• How do these findings translate to the development process?
• What direction will the CO-Away project take going

forward?

Evaluation Design
The evaluation included the following two key components:
(1) a qualitative survey assessing program objectives,
modifications, and challenges administered to 5 key members
of the software development team and (2) a role-playing pilot
test conducted with key stakeholders who were part of the
research team, followed by a self-report survey, to evaluate the
utility of the program for each of its goals or objectives.

Data Collection
Data collection for the CO-Away developmental evaluation
included two primary components: (1) a development team
survey (refer to Multimedia Appendix 1 for the survey) and (2)
a research team pilot test.

Part A: Development Team Survey
A total of 5 members of the CO-Away software development
team were asked to complete a web-based self-report survey.
The survey was designed to assess the evolution of program
objectives, target audience, and key modifications made
throughout the development process. A guiding framework
developed for conducting needs assessments to conceptualize
and implement digital infrastructure was used to guide the
development of this evaluation survey [34]. These key team
members were identified by the principal investigator and the
evaluation team and included software developers and data
scientists. Participants were all involved in the development of
CO-Away and project organization or management. Due to the
potential for bias that could arise from having key members of
the development team involved in the data collection process,
participants were not involved in the preparation of the

evaluation survey and were blinded to the responses of their
fellow interviewees.

Participants were asked to complete the survey within a 1-week
period from July 18, 2022, to July 25, 2022. The survey was
designed to be completed in <60 minutes and was administered
through Qualtrics (Qualtrics International Inc) [48]. Participants
were asked to describe their role in the digital platform design,
any major deviations from the initial project proposal, any
changes in the target audience, and the digital platform’s
potential for impact using open text fields. Participants were
also asked to reflect on the barriers to and facilitators of
developing the CO-Away platform within the context of the
COVID-19 pandemic.

Part B: Pilot Test
To evaluate the utility of the CO-Away platform for each of its
objectives, a role-playing pilot test was conducted with 7 key
stakeholders who were part of the interdisciplinary research
team. All project stakeholders had expertise in digital health,
epidemiology, and public health. Project stakeholders assumed
the role of 1 of the 8 character roles developed by the evaluation
team. These character roles consisted of 6 (75%) community
members and 2 (25%) decision makers. One project stakeholder
was asked to assume 2 roles within the pilot test, both of a
community member and a decision maker, to reflect a real-world
scenario where decision makers can be community members
requiring access to both digital dashboards, that is, dual roles.
The evaluation team developed the characters to simulate a
range of potential user backgrounds and provided each
participant with a brief overview of their character detailing
their age, household composition, occupation, remote work
ability, vaccination status, and food security status (Figure 2).
Participating stakeholders reviewed the list of character
descriptions and submitted their preferred roles to the evaluation
team.
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Figure 2. Overview of the 8 pilot test character descriptions.

Participants were assigned their character role for the duration
of the pilot test and were asked to use their provided character
descriptions to create avatars within the CO-Away app.
Participants were advised to use their assigned character
description as a starting point and to interact with the platform
as they saw fit to simulate real-world conditions. Participants
were instructed to improvise their engagement with specific
features of the platform (eg, COVID-19 diagnoses and
symptoms). The participant who assumed both a decision maker
and community member role set up 2 distinct profiles and was
asked to engage with the platform (to the best of their ability)
under each role independently. The pilot test was conducted
over a 2-week period from July 8, 2022, to July 21, 2022. Over
the course of the activity, participants were sent daily reminders
via email to input their data into the app using the integrated
features.

Following the pilot test, participants were asked to complete a
brief self-report survey detailing their experience using the app
by giving them a variety of response options, including yes or
no and Likert scale questions. The survey assessed the general
usability of the app and specific app features, including
COVID-19 risk, food security, and citizen reporter features.
Two surveys were developed by the evaluation team, one for
community member participants (Multimedia Appendix 2) and
the other for the decision maker participants (Multimedia
Appendix 3). The survey administered was dependent on the
participants’assumed roles in the study (ie, community members
or decision makers), while some general questions were asked
of both groups, and most questions differed between groups.
The one participant who assumed both a community member
and a decision maker role was asked to complete both surveys.
The survey was designed to be completed in 30 minutes and
was distributed electronically using Qualtrics [48].

By accessing the cloud-based database [6], daily user
engagement reports were generated over the course of the pilot
test to examine user engagement across the features of the
platform. Reports included data on user engagement (eg, the
number of new sign-ups and total log-ins), platform usability
(eg, the number of households reporting their behaviors, the
number of food requests, and the number of food requests
processed and delivered), and reported issues (eg, the number
of reported issues using the platform).

Ethical Considerations
The research and development team who participated in this
project either provided simulated data as part of a role play
scenario, or were subject matter experts, respectively. This
developmental evaluation enabled testing of the functionality,
usability, and areas of improvement for the digital platform,
thus standard research ethics requirements did not apply [48].
However, survey response data remained anonymous to protect
participant privacy, and survey responses were not associated
with individual software development team members. Moreover,
all data collected in the role-play exercise were simulated
hypothetical scenarios, did not reflect true participant behaviors,
and thus did not require strict anonymity and privacy protocols.
Participants were not compensated for their participation in this
evaluation.

Analysis
Data from the development team survey were downloaded from
Qualtrics and synthesized in Microsoft Word. Data were
analyzed using an inductive thematic analysis approach. To
generate an initial coding manual, 1 evaluation team member
(MCB) independently reviewed the first survey and organized
the data into themes and meaningful codes. A second evaluation
team member (JB) subsequently reviewed the coded transcript
to ensure consistency and agreement. Once all transcripts were
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coded by 1 evaluation team member (MCB), the evaluation
team (MCB and JB) reconvened to discuss relationships between
codes that could be grouped into themes.

Data from the postpilot test survey were downloaded from
Qualtrics and aggregated in Microsoft Excel. Data were analyzed
and summarized for each question and results were grouped by
community members and decision makers. Result tables were
sorted according to question topic areas (eg, COVID-19, food
security, and citizen reporter). Quotations in the result tables
indicated participant responses to open text fields on the survey.
For questions where participants could select more than 1 option,
responses were totaled across categories, and, as such,
percentages may add to more than 100.

Results

Part A: Development Team Survey

Overview
All 5 members of the software development team completed
the survey. The roles of the participating team members included
the principal investigator (n=1, 20%), 3 (60%) software
developers—one of whom was involved in project organization
and management—and 1 (20%) project coordinator. The 5
subsequent subsections describe the key themes that arose
through analysis of the development survey.

Theme 1: Alignment With Original Objectives
Over the course of the development process, several
modifications to the app structure were made, many of which
were made to accommodate the evolving nature of the
COVID-19 pandemic. These changes included modifying
existing features of the app (ie. the COVID-19 feature) and the
addition of new features (eg, the food security feature and citizen
reporter). Despite these modifications, the overall objective of
CO-Away remained consistent throughout development. One
participant noted the following:

The prototype satisfies the originally planned
platform’s mandate. The changes that took place were
more logistical, which were beyond the scope of the
development team. The critical takeaway is that the
concept and the ultimate impact remain the same.
[DT5]

In addition, the team noted improvements in the visual
appearance of the app. Overall, the development team indicated
that the final app not only met the original objectives but also
the plan expanded to accommodate the evolving needs of the
community and COVID-19 regulations.

Theme 2: Project Challenges
There were a series of challenges identified by the development
team, including tailoring the platform to a diverse audience (ie,
both young and older community members), learning new
software development tools (eg, programming languages), and
the strict regulations surrounding COVID-19–related platforms
on mobile app stores. The CO-Away app required integrating
various disciplines to address community health needs, which
was described as a unique challenge:

As this project’s goal is to evaluate a COVID-19
mitigating digital health platform for Indigenous
self-governance, determination, and data sovereignty
in a remote [Indigenous] community...the initiative
from its inception has been complex not only due to
the integration of multiple disciplines [epidemiology,
data science, Indigenous health, public health, among
others], but also due to the ultimate purpose of the
digital platform: rapidly responding to community
needs. [DT5]

A digital platform developed for a remote Indigenous
community app would have a substantially greater chance for
success if it took a holistic approach, reiterating Traditional
Indigenous Knowledge of holistic health. This approach required
continuous collaboration with the citizen scientist advisory
council [6,34], and a part of this process required developing
strategies and features within the app that manage and mitigate
other population health crises that were worsened by the
COVID-19 pandemic (eg, food security, mental health and
substance misuse, and negative interactions of youth with law
enforcement).

One of the key challenges that was pertinent for COVID-19 app
development, in particular, was constantly evolving government
policies. Participants reported that several previously existing
features required repeated modifications, and features not
initially outlined in the project plan required development on
the go. For example, one participant commented that calculating
their risk of COVID-19 required incorporating evolving
guidelines on vaccination dosage:

...changes with increase in the number of doses of
vaccination. [DT4]

The nature of the COVID-19 pandemic not only required the
software development team to adapt to changing government
policies but also to the evolution of the virus variants
themselves. Another participant highlighted the addition of the
vaccine passport feature to the app, which was not within the
original project scope.

While the ability of team members to work remotely was noted
as a facilitator of project execution, participants underscored
the delays that resulted from the constant need to update
program features to align with government policies. Of high
importance were the challenges associated with supporting the
data sovereignty of the platform users. One participant
commented the following:

We have had to go above and beyond existing data
safety regulations in the world to build a digital health
platform that provides Indigenous citizens control
and ownership over their data. [DT5]

Despite the plethora of challenges posed by the COVID-19
pandemic, the software development team was able to adapt
their approach and practices to build a successful app.

Theme 3: Factors Influencing App Development
There was a range of factors that influenced app development,
particularly for an app focused on addressing the rapidly
changing virus during the COVID-19 pandemic. In particular,
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participants noted that working during the COVID-19 pandemic
posed specific barriers to the recruitment of developers.
Moreover, navigating the development process dominated by,
and dependent on big technology companies (Big Tech), as well
as a shift to a new academic institution for the principal
investigator were key external factors that influenced overall
app development. Recruitment challenges and a change in
academic institution created logistical challenges that added to
the complexity of this large-scale project:

Due to the restriction of movement during the
pandemic, we faced significant difficulties to recruit
high-quality personnel. This issue is especially
challenging in the disciplines of computer science
and data science, where most of the personnel who
fit our criteria are recent international graduates,
who face IRCC [Immigration, Refugees and
Citizenship Canada] backlogs for work permits.
[DT5]

One challenge noted by several participants was launching a
platform in Big Tech app stores, which ultimately resulted in
the creation of a progressive web application. For example, one
participant stated the following:

To truly ensure self-determination and data
sovereignty, we had to abandon launching our digital
health platform on Apple Store and Google PlayStore
to eliminate the control of these stores over the
development process. This decision meant the
development of a progressive web-based platform
that does not need these stores to be launched and
the platform would only be provided to the community
members via a password protected process. [DT5]

The 2 primary app hosting Big Tech companies, Apple Store
and Google Play Store, implemented strict regulations around
launching COVID-19–related platforms on their mobile app
stores, which hindered the development process. While this
transition created delays and roadblocks that the development
team needed to overcome, it was essential in honoring the team’s
commitment to data sovereignty and self-determination.

Overall, the development team indicated that strong
communication, workload distribution and delegation, and
continuous evaluation were key internal factors that positively
contributed to the platform development:

The communication was really strong between the
team despite working from home and not working
physically in the same place. [DT2]

Participants also noted that having an agile development mindset
as a team was helpful, particularly when collaborating with a
citizen scientist advisory council consisting of project
stakeholders. Digital literacy was also identified as an important
component of app usability by the development team. Therefore,
it was important for the development team to increase the
accessibility of the app by modifying traditional surveys (ie,
sociodemographic questions) to include more visuals and
graphics while minimizing text where possible (Figure 1).

Theme 4: Project Successes and Areas of Improvement
Participants noted three primary moments of success: (1) the
development of the household risk management feature, (2) the
launch of the progressive web application, and (3) the clearance
of the final software tests. One participant noted, in particular,
the following:

The constant variation of policies and virus strains
resulted in the creation of household risk
management, rather than individual risk management,
which I think is going to change the way we develop
risk management tools for infectious diseases in the
future. [DT5]

When asked which factors stood out in making the development
process successful, participants underscored the importance of
the team dynamic. In particular, participants noted the strong
leadership, cohesion, ability to problem solve, and their
commitment and dedication.

Participants indicated that improving the efficiency of the team
overall could be beneficial moving forward, “work on
developing a more efficient workload distribution model” (DT4),
particularly through simplifying platform features or
implementing agile methodology [49] (ie, managing a project
by breaking it up into several phases).

One participant noted that the team changed their internal sprint
processes and incorporated internal evaluations of ongoing
progress:

We had to...rewrite digital application development
sprint protocols. [DT5]

As described in theme 3, the development team experienced
challenges launching health-focused apps, particularly
restrictions for COVID-19 apps; thus, the team had to shift to
a progressive web application. One participant noted that if they
were to restart the project today, they would start with a
progressive web application as it would have streamlined project
development quite substantially.

Theme 5: App Launch Requirements
The participants identified a range of factors that would enable
a successful launch. Most of these factors focused on successful
uptake; hence, the responses described the importance of
awareness and education. When asked to describe some of the
factors that would contribute to a successful app launch,
participants noted the platform’s adaptability (ie, “rapid
adaptation to changing scenarios”), consistent team engagement,
and project planning. Strong community leadership and
participation was highlighted as an important contributor to the
overall success of the platform. One participant noted the
following:

The most important factor that I think will contribute
to a successful app launch is education and awareness
[of the community in which the app is launched].
[DT3]

Taken together, these results suggested that despite the many
challenges faced by the development team, their strong team
cohesion, communication, and problem-solving were all
essential in the overall success of program development.
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Part B: Pilot Test
A total of 6 stakeholders of the interdisciplinary research team
participated in the pilot test, playing the role of citizens or
community members and decision makers to simulate real-world
conditions. Participant character profiles included a diverse
range of ages, occupations, household compositions, COVID-19
risk factors, and food security statuses (Figure 2). Over the
course of the 2-week pilot test, there were an average of 7 (SD
3) log-ins per day across an average of 4 users per day (SD 1).
The largest proportion (average: 40%, SD 18%) of the daily
log-ins occurred in the evening.

In total, 5 (63%) of the 8 participants reported COVID-19
diagnoses, with 21 hospital visits reported over the duration of
the pilot test. Among the 8 participants, 2 (25%) were fully
vaccinated, 3 (38%) were fully vaccinated with boosters, and
2 (25%) were unvaccinated. Over the duration of the 2-week
pilot test, participants reported inconsistently wearing face
masks (n=38), making essential shopping trips (n=48), having
outdoor visits with other people (n=49), having social gatherings
(n=38), and travelling (n=11).

A total of 4 food security requests were placed over the 2-week
period, all of which were processed by decision makers using
the digital health dashboard. One participant submitted a citizen
report, which was processed by a decision maker, and 5
community alerts were issued, all of which were categorized as
high urgency.

Results from the postpilot survey are presented in Tables S1
and S2 in Multimedia Appendix 4 for community members and
decision makers, respectively.

Community Members

Usability
All (6/6, 100%) participants felt that their avatars accurately
reflected their COVID-19 risk, found the consent process clear,
and appreciated the anonymity it provided (Figure 1B). All (6/6,
100%) participants reported that the app was easy to navigate
and that they could find each feature when needed. Participants
found it straightforward to set up their avatars, taking ≤5
minutes. In total, 33% (2/6) of the participants created avatars
for multiple household members, while the other 67% (4/6)
created avatars for themselves only. According to participants,
the ideal frequency of notifications from the app was once per
day. No (0/6, 0%) participants reported any issues in using the
app.

Feature-Specific Feedback
Most (4/6, 67%) of the participants reported that they were
comfortable interacting with the platform’s COVID-19 feature,
with 33% (2/6) of the participants reporting that they were
neither comfortable nor uncomfortable. All (6/6, 100%)
participants felt that the recommendations for their COVID-19
risk were clear and easy to understand, though some (2/6, 33%)
provided feedback to increase convenience and subsequent
usability (eg, readily accessible links or saved log-in
information). Nearly all participants (5/6, 83%) were
comfortable sharing their vaccination status. Issues such as

random logouts and confusion with report creation were raised,
though the feature was still found to be easy and clear to use.

Most (5/6, 83%) of the participants used the food security
feature, all of which found it “easy” to use. A total of 60% (3/5)
of the participants expressed comfort with using this feature,
with the 40% (2/5) remaining participants reporting that they
were “neither comfortable nor uncomfortable.” Moreover, 60%
(3/5) of the participants reported that the response of the decision
makers was “neither appropriate nor inappropriate,” while the
remaining 40% (2/5) of the participants reported “appropriate”
responses. Similarly, half (3/5, 60%) of the participants were
“comfortable” revealing their identity when support was needed,
while the remainder (2/5, 40%) felt “neither comfortable nor
uncomfortable.” When asked about room for improvement,
40% (2/5) of the participants suggested the inclusion of more
detailed options for food security requests, 40% (2/5) of the
participants reported issues viewing responses to their submitted
food requests, and 20% (1/5) of the participants desired
additional instructions for interacting with the feature.

Of the 6 participants, 3 (50%) used the citizen reporter feature
and felt comfortable doing so. A total of 2 (67%) of the 3
participants found it easy to use, and 1 (33%) participant
experienced difficulty during the report submission process,
expressing uncertainty regarding the completeness of their
submission due to the lack of response. Moreover, 1 (33%)
participant reported an appropriate response from the decision
maker, while the remaining 2 (67%) participants reported neither
appropriate nor inappropriate responses. In total, 2 (67%) of the
3 participants felt comfortable revealing their identity when
seeking support, while the third (33%) participant felt neither
comfortable nor uncomfortable.

Overall Feedback
Participants generally found the app useful, providing clear
information and serving as a good resource. The
straightforwardness, accessibility, and organization of the app
were highlighted along with the easy navigation and relevant
tips. However, there were mentions of difficulty in finding
where to input information initially and occasional log-in issues
requiring password resets. Some (2/6, 33%) participants also
mentioned challenges when using the app on a phone,
particularly related to limited screen visibility.

Decision Makers

Usability
Decision makers reported on the usability of the digital
dashboard, including ease of finding information, navigation,
and overall use. Both decision makers found the information
used to create their avatars accurate in reflecting their
COVID-19 risk. They were satisfied with the clarity of the
consent process and believed the app was clear and easy to
navigate, ensuring anonymity and accessibility to all features.
No issues or improvement suggestions were reported regarding
navigability, and participants felt that they knew who to contact
with questions regarding the app, their data, or their rights. Both
decision makers had no difficulty interacting with notifications,
finding them organized and user-friendly.
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Feature-Specific Feedback
Figure 3 shows examples of how community member data were
aggregated and visualized for decision makers to review.
Participants had a positive experience with the dashboard data
visualizations of the dashboard, finding them easy to understand
and appreciating the level of control they had over them.

Decision makers felt confident in using the presented data to
make informed decisions regarding the community’s response
to the COVID-19 pandemic. Response rates to individual
incidents were relatively short, typically taking less than 5
minutes to complete. No suggestions for improvement or
increasing participants’ confidence were provided.

Figure 3. Screenshots of the CO-Away platform interface for decision makers, including the general dashboard, the community behavior dashboard,
and the community exposure level dashboard.
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Similar to the COVID-19 feature, both decision makers found
the data visualizations easy to understand and appreciated the
appearance and level of control over them. Decision makers
expressed confidence in using the presented data for informed
decision-making regarding the COVID-19 pandemic response.
Response rates for individual incidents were deemed prompt,
with completion times less than 5 minutes. No suggestions for
improving confidence or the visualizations were given.

Only 1 of the 2 decision makers interacted with the citizen
reporter feature, reported that the data visualizations were easy
to understand, and appreciated their appearance and level of
control. The decision maker expressed confidence in using the
presented data for informed decision-making, and the participant
considered the response times for individual incidents,
completed in less than 5 minutes, to be appropriate. No
suggestions for improving the visualizations or participant
confidence were given.

Overall Feedback
Participants had a positive overall experience with the platform,
with a participant suggesting the addition of reference material,
such as a brief presentation or a short video, for future use. The
food security section was found to be easy to navigate and
straightforward, providing users with simplified access.
However, there were uncertainties regarding the ability to delete
requests and whether citizens could contact local decision
makers and/or food services for questions or concerns, as a
participant did not receive a notification when attempting to do
so.

Discussion

Principal Findings
Evaluation of the CO-Away digital health platform enabled
systematic capture of the development team’s perspective on
the overall development process as well as the testing of
platform usability from multiple stakeholders simulating
real-world scenarios before finalizing platform features. This
evaluation demonstrated that while the final digital health
platform met its original objectives, it had to be expanded to
accommodate the evolving needs of potential users and the
COVID-19 pandemic regulations. Strong team cohesion,
communication, and problem-solving were essential to the
overall success of platform development. The pilot test found
that participants reported positive experiences interacting with
the platform and found its features relatively easy to use, with
a few community members reporting challenges interacting
with the interface. Users in the decision maker role found the
data visualizations intuitive in helping them to understand the
information.

Relevance and Application of Findings
The developmental evaluation findings will not only influence
the decisions of both research and development teams going
forward, but the process described for conducting an assessment
of the CO-Away development phase also importantly advances
a replicable methodology that can inform empirical
development, implementation, and evaluation of digital health
platforms [6]. The field of digital health evaluation is rapidly

evolving; therefore, emerging research on innovations in digital
technology and evaluation practices to assess impact and utility
[28,38,50-52] have emerged over the past 5 years. The World
Health Organization [28] has released guidelines for monitoring
and evaluating digital health interventions, with many existing
mixed methods (ie, qualitative focus groups and quantitative
surveys) being applied to digital health platform evaluations.
However, there is little guidance on how and when to apply
these evaluation methods in the scheme of a digital health
project [53,54]. In particular, there is a lack of peer-reviewed
literature describing the evaluation of the development of
evidence-based digital health platforms.

When working with marginalized populations, such as
Indigenous or global south communities, evaluation of the
development process is a critical step in ensuring that a digital
platform is safe, accessible, and not widening existing inequities.
Specific considerations related to data ownership, cultural
competency, and privacy must be built into the digital platform
development protocol and rigorously tested [34,52,53]. Thus,
this developmental evaluation was designed by initially referring
to existing evaluation literature to inform the key evaluation
questions and study approach [38,44-47]. Given the dearth of
evidence on how to practically adapt and apply digital evaluation
methods [53], our study aimed to address this gap by
implementing an innovative mixed methods approach informed
by previous evaluation work in Indigenous communities [34]
and evaluation literature [29,44-47,55-59].

The use of role-play has been demonstrated in other contexts
[55-59] where the application of a digital intervention or
program can be simulated before public deployment. For
example, during the evaluation of a digital platform designed
to improve the reproductive health of adolescents in Rwanda,
a role-play exercise was used during the prototyping stage of
development to evaluate the end-to-end user experience [29].
During the role-play exercise, participants were provided with
mock scenarios and roles to help the design team understand
how users interacted with the interface during the improvised
scenario-specific performances. Similar to the approach used
in this developmental evaluation, feedback was requested from
participants following the role-play exercise to gain an
understanding of user experience and areas of improvement.
This step is essential not only when working with marginalized
communities but also for launching digital platforms focused
on sensitive health issues, that is, when potential risks are
heightened, thereby requiring more rigorous testing protocols.
Identifying qualified participants for role-play can be a challenge
in research studies; therefore, this evaluation uniquely used an
interdisciplinary team to conduct the exercise during the
development phase to minimize commonly reported challenges
with role-play and simulate a real-world scenario before the
public launch [56].

It was through this evaluation that our internal testing of the
platform generated key learnings that informed specific project
decisions, including integrating the research team more
cohesively with the development team. In academic research,
a team of external technology vendors is commonly used to
develop digital platforms. As a result, the external development
team is often not embedded in the research and evaluation
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process. In order to effectively evaluate the digital development
process, our team identified the need to involve a data scientist
as part of both the development and research teams going
forward (whereas previously, only a researcher was liaising
with the development team). Including a common computer
programmer or developer in both teams improved
communication and coordination during the development
process. By bridging these traditionally distinct teams, we have
been able to maximize cross-disciplinary collaboration, with
research and practice informing development decisions. This
integration also proved instrumental in aligning the platform’s
features with users’ needs and developmental feasibility, that
is, integrating interdisciplinarity into the development process.

In recognizing the potential of concurrent health domain
expertise and software development skills, we initiated a health
system training for all computer programmers [60,61]. This
training contributed to increasing interdisciplinary understanding
and communication and was deemed necessary for the creation
of user-centred CO-Away feature development, which
considered distinct risks that could be introduced with AI
systems [36,37]. This training not only supports the
programmers’ comprehension of the health context but also
provides them with the ability to envision the platform’s
functionalities from the user’s perspective. This is a key step
in both co-designing digital infrastructure as well as designing
human-centered AI [35,62], which is a gap in the current
literature [63-66]. In general, this approach resulted in digital
health platform features that were user-friendly, that is, an
improved user experience, which is critical to the success of
platform use and implementation [64,67].

The developmental evaluation also changed development sprint
processes [49,68], which paved the way for shorter sprints with
a quick internal evaluation of ongoing progress. Software
development sprints, which are part of the agile coding process,
are implemented as part of the agile methodology, an iterative
project management framework that breaks projects down into
several dynamic phases, commonly known as “sprints” [49].
When the team started the CO-Away development process,
sprints were approximately 4 to 5 months, but the developmental
evaluation findings informed our decision to shorten the sprints
to 3 to 4 months to enable faster internal testing and modification
of the digital platform. This decision has allowed the software
development team to pivot quickly when necessary, responding
to stakeholder feedback and incorporating changes to the digital
platform iteratively.

The evaluation provided noteworthy insights into the dynamics
of our team, particularly the role that strong communication
played throughout the development process. The COVID-19
pandemic presented a unique set of challenges that required
adaptive strategies [69-71]. Despite the physical distancing
mandates, our team managed to function cohesively, leveraging
digital tools, regular virtual meetings, and transparent channels
of communication, that is, open discussion of weekly updates
and key decisions accessible to all team members on a virtual
portal. The development process not only involved remote hiring
of our team [72] but also remote functioning [73] and retention
of our team even after the pandemic restrictions ended, lessons
which we implemented into the continuous functioning of our

development processes. For instance, we currently work in a
hybrid setting [74], which leverages the flexibility of virtual
work as well as in-person brainstorming, a system that has
further improved communication and collaboration with research
and development teams.

Perhaps the defining element that shaped the development
process of the CO-Away platform was the complexities that
arose with its COVID-19–specific focus. The evolving nature
of the coronavirus [75-77], coupled with the rapidly changing
landscape of pandemic management policies [78-80], presented
a constant need for flexibility and adaptability. The virus’s
mutations necessitated continuous updates to the platform’s
algorithms to ensure that users would have access to the most
up-to-date information. Similarly, the ever-changing policies
surrounding lockdowns [81,82], vaccine requirements [83,84],
and mask mandates [85,86] required the platform’s features to
be responsive to shifting guidelines [6]. Navigating these
complexities highlighted the importance of further adapting the
agile methodology [49,68] throughout the platform design and
development process to accommodate the changing COVID-19
landscape.

The role-play pilot test highlighted the effectiveness of adhering
to user-centered design principles throughout the development
of the CO-Away digital health platform. The stakeholders who
participated in the pilot reported overall positive reactions to
the platform avatars, transparent consent procedures, and
intuitive navigation—aspects that reiterated the importance of
tailoring the platform design to users’ needs and ensuring a
user-friendly experience [64,67]. While participants generally
found the app user-friendly, their feedback on minor obstacles,
such as entering initial information and sporadic log-in
difficulties, highlighted the importance of iterative improvement
during the development process. This constructive feedback
provided an opportunity for the development team to adapt
CO-Away to meet the needs of users.

The mixed feedback regarding participants’comfort levels when
interacting with the platform features reveals the importance of
balancing interactivity with user comfort. For instance, while
some participants were comfortable engaging with various
features and sharing personal information for support, others
expressed hesitancy. This finding highlights the significance of
providing users with control over their data, a critical aspect of
data sovereignty [32] that has been built into platform
development after this vital input.

While we did not observe marked differences in the way
participants engaged with the platform based on the assigned
participant roles, it is worth noting that there were differences
in platform use between decision makers and community
members. These variations align with expectations stemming
from the differing ways these distinct user groups engage with
the platform’s features. For instance, decision makers are less
focused on their own privacy as they are not sharing data, while
the community members are sharing data. We anticipate that
various community members will interact with and use the app
according to their specific circumstances and needs. As such,
the potential differences in app use based on community member
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roles will be further explored in the future during the external
community pilot phase.

Finally, the digital health dashboard feature of CO-Away offered
decision makers with valuable tools for informed
decision-making, especially within the context of COVID-19
response and community management. The pilot decision
makers appreciated the usability of the platform and expressed
confidence in using the data visualizations for informed
decision-making. However, it is important to recognize that
although some real-world scenarios were simulated in the pilot,
a larger external community pilot will require more complex
decision-making due to the increased scale of implementation.
However, the key goal of the pilot was to test the functionality
of a cloud-based digital health dashboard to engage with
community members and send real-time alerts, features that
were successfully tested and functionality that was confirmed
in the evaluation of the pilot. Real-world policy changes using
real-time big data would require stakeholder buy-in and
addressing nuanced matters, such as food security and citizen
reporter reports, demanding sensitivity and community-wide
consideration. Further exploration of these dynamics will be
carried out during our upcoming external community pilot.

Key Guidelines for Digital Health Platform
Development
On the basis of the findings of this developmental evaluation
of a digital health platform development, we suggest the
following guidelines:

1. Integration of research and development teams is key to
the success of digital health platforms, where the software
developers are provided an opportunity to understand
scientific goals, and the research stakeholders are made
privy to cloud computing challenges.

2. Conducting a developmental evaluation after the completion
of a prototype facilitates the incorporation of research and
development team perspectives empirically into the iterative
digital development process before a product is tested
widely in the community.

3. Conducting an internal role-play pilot simulating real-world
conditions is critical to test not only the functionality of
digital health platforms but also the nuanced perceptions
of potential users, which will be essential for successful
community implementation.

Strengths and Limitations
This developmental evaluation has several notable strengths.
First, we deployed a mixed methods approach to data collection
and analysis; open-ended survey questions to capture participant
perceptions of the platform and its usability and CO-Away use
metrics data provided an objective assessment of platform
engagement. The integration of both quantitative and qualitative
data collection methods enriches the findings generated by the
evaluation. Second, the inclusion of development team surveys

allowed for an in-depth understanding not only of CO-Away’s
developmental process but also offered valuable insights that
have and will continue to inform improvements in the
development processes. Finally, the use of “character roles”
was used to simulate a community pilot test. Although not a
substitute for a real-world pilot, this approach served as a
valuable first step for exploring real-world simulations using
varied user interactions and experiences, an approach that will
shape a future external community pilot. Providing fictional
role-play characters through this remote evaluation also avoided
potential issues, such as staying in character [56]. There were
also several study limitations. The participation of the
stakeholders in the pilot test may have affected the nature of
the issues reported, that is, more focus on app function than
readability. In order to minimize potential bias, the evaluation
questions were blinded, and the digital platform development
team did not participate in the pilot test. Moreover, the
stakeholders who participated in the pilot did not analyze the
evaluation data. The use of “character roles,” while insightful,
does not capture all user scenarios that would arise in a
real-world setting. As such, it is possible that certain user
interactions and challenges were not captured in this evaluation
and will be explored during our external community pilot.
Notably, the sample size for each population was small, so
caution should be taken when interpreting or comparing
percentages. Another limitation pertains to the digital literacy
of participants. While the pilot participants did not have previous
experience using the platform, it is possible that few issues were
reported due to the inherent high digital literacy of the
interdisciplinary stakeholders. In future digital evaluations, it
would be imperative to not only capture the digital literacy of
platform users but also to enable the increase of digital literacy
through innovative digital literacy programs [87].

Conclusions
The evaluation of digital health platform development is critical
for the success of not only platform functionality but also
eventual implementation and scale-up. The innovative mixed
methods approach applied in this evaluation combines both
perspectives of the development team as well as a real-world
simulation of platform users to extend key guidelines for digital
health platform development. For sensitive community health
issues, role-play simulation and testing before public launch
can avoid potential risks and improve user experience. The
evaluation informed several key decisions of the digital health
platform development, including integrating the research team
more cohesively with the development team, which resulted in
a data scientist being part of both teams going forward. Another
key development process decision was to integrate more
interdisciplinarity into the development process by providing
health system training to computer programmers and shortening
development sprints. Combined with more efficient sprints, the
role-play exercise importantly enabled improvements to the
log-in process and the user interface ahead of public deployment.
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Abstract

Background: Parents often juggle multiple conflicting responsibilities, including work, childcare, and the household, making
them a particularly burdened group. However, the impact of daily routines and associated (poor) well-being among parents has
received relatively little attention. Ecological Momentary Assessment (EMA) is increasingly being used to capture real-time data
and can help address this research gap.

Objective: This study aims to examine compliance rates and the feasibility of EMA for measuring daily well-being and time
use among parents.

Methods: An exploratory mixed-methods study was conducted with 74 German parents (57/74, 77% women, (age: mean 37.6,
SD 5.9 years). Participants completed a baseline questionnaire, followed by 4 daily EMA surveys (at 7:30 AM, 12 PM, 16:30
PM, and 21:30 PM) over a 1-week period, and a follow-up questionnaire. A subset of parents was also subsequently interviewed.
Sociodemographic background and expected feasibility (open-ended questions) were surveyed at baseline, and feasibility was
assessed at follow-up (closed- and open-ended questions) and in the interviews. State well-being (affective and cognitive), state
stress, state as well as retrospective time-use were measured in the EMA surveys. Compliance and feasibility were examined
using a combination of quantitative (descriptive analyses) and qualitative methodologies.

Results: Participants completed an average of 83% (SD 13%) of the daily surveys. Compliance varied by gender and age, where
men (90% vs 80%) and older parents showed higher rates. Participants generally found the survey frequency and length manageable,
though some suggested adjustments to the study period depending on their individual routines. The 7:30 AM survey was reported
as the most challenging due to childcare drop-offs (40%-49%), followed by the 16:30 PM survey for similar reasons (7%-17%).
The qualitative analysis further revealed additional points for improvement, for instance, the need for personalization (eg, individual
adjustment of the survey timings and intervals), technical support, and the incorporation of gamification elements. Most interviewees
(46% vs 23%) found the used measurement of well-being and stress to be appropriate. Regarding time use, they felt that the
predefined activity groups (eg, personal care, working) were suitable (46%) but noted challenges assigning less frequent activities
(eg, medical appointments) (5%-54%). Reporting the timings of time-use via consecutive questions (ie, specifying the duration
or start and end times of an activity) was perceived as confusing (9%-69%), with participants expressing a preference for a visual
overview, such as a Gantt chart.

Conclusions: The study demonstrates that, when accounting for certain sociodemographic and study design factors, EMA can
be a feasible method for data collection regarding daily well-being and time use, even in highly time-constrained populations
like parents. This shows great potential for future research, such as exploring work-family conflict or performative gender roles
and complementing established methods (eg, retrospective daily diaries).

Trial Registration: OSF Registries osf.io/8qj3d; https://osf.io/8qj3d

International Registered Report Identifier (IRRID): RR2-10.2196/54728
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Introduction

Background
As parents often have to fulfill professional, domestic, and
parental responsibilities, they can be considered a particularly
burdened group [1]. These demands of balancing work, family,
and personal life can lead to worse physical and mental health
outcomes, underscoring the need for targeted support and
interventions in daily life [2]. However, daily routines and
associated (poor) well-being among parents have received
relatively little attention, for instance, using real-time assessment
methods, such as ecological momentary assessment (EMA) or
experience sampling methods. Given that parents’ well-being
is not only important for their own health but also for their
children’s [3,4], further research into the feasibility and
implementation of EMA in parents is important.

Parents as a Target Group
Parents today face significant challenges by balancing childcare
responsibilities, such as managing school drop-offs and pick-ups,
with their careers. Although time use between men and women
has become more similar in recent decades [5,6], substantial
differences remain, with men generally spending more time on
paid work and less on unpaid work [7-9]. As men continue to
prioritize work, many women face a double burden, struggling
to balance family and professional demands [7,9,10]. This
discrepancy extends to care work and childcare. Women often
reduce their paid work hours after giving birth, whereas men
do not but may instead increase theirs [8]. Women’s share of
housework is typically double that of men’s, with the largest
gender differences observed among those with preschool-aged
children [11,12]. Mothers experience more variation in how
they use their time, often engaging in part-time work and
childcare simultaneously, and activities frequently overlapping
with others (eg, doing housework while taking care of the
children) [13]. They generally also have less free time than
fathers and tend to combine their leisure time with other
activities, which can exacerbate stress and reduce opportunities
for recovery [13].

Understanding how individuals behave in their everyday lives
and how their actions affect mental and physical health is
essential [2]. According to the Conservation of Resources
Theory [14], individuals manage their time to preserve or
enhance their resources (eg, energy, money, or social support),
while the Work-Family Conflict Model [15] suggests that time
is divided between work and family based on competing
demands and conflicts and this conflict may lead to stress and
poor health outcomes. The gender perspective complements
these theories, examining how gender roles shape time use, with
theories such as Doing Gender [16] and Gender Performativity
[17] emphasizing the construction of gender roles through
actions and behaviors. Previous research has established gender

differences in daily activities and their impact on general health
and well-being [7,9,10,18,19]. Certain activities—such as
household cleaning and unpaid care work—are consistently
related to worse health outcomes [20,21], and these are in turn
more likely to be undertaken by women [9]. Therefore,
examining the daily well-being and time use of parents,
particularly mothers, is important for understanding and
addressing gender disparities in health using a real-time lens.

Ecological Momentary Assessment
The widespread use of smartphones provides an opportunity to
collect real-time data and access a wider population. EMA
involves “repeated collection of real-time data on participants’
momentary states in the natural environment” [19]. EMA can,
for example, be implemented via smartphone apps, which can
collect data both internet-based and offline and use various
methods such as open-ended questions, text- or voice-based
responses, Likert scales, multiple-choice options, number
wheels, or sliders [22]. Data can be gathered at deliberately
selected time points (ie, experience-based sampling, eg, after
the morning coffee), randomly selected time points (ie,
time-based sampling), or fixed intervals throughout the day (ie,
interval-based sampling, eg, each morning at 9:00 AM).

While EMA has been widely used in clinical populations to
monitor changes in state well-being during illness or substance
withdrawal [23], its application among the population, for
example, in parent samples, is limited. State well-being is
relatively stable over time compared with mood [24], but there
is a greater variation in positive and negative state well-being
(eg, affect) than in cognitive state well-being (eg, life
satisfaction) [25]. Overall, daily state well-being tends to decline
throughout the day and toward the end of the week [26,27].
Understanding these patterns among parents and their
association with daily routines and activities could inform
interventions aimed at improving their well-being.

Although the research community has acknowledged the
importance of daily activities for well-being and health, EMA
is rarely implemented. So far, time use is generally measured
through paper-pencil diary methods [28], studies that examine
time-use patterns using EMA are rare [22,29]. EMA as opposed
to paper-pencil diaries is better suited for capturing short and
infrequent activities like errands and housework [29], which
are precisely the areas where gender differences in time use are
most pronounced, making EMA a valuable method for
measuring these disparities. A comprehensive comparison of
different methodological approaches is beyond the scope of this
study, as we focus on the compliance and feasibility of the
measurement of well-being and time use using EMA in a parent
sample, without a control condition that uses daily diaries.
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Compliance and Feasibility of Ecological Momentary
Assessment
Compliance is a key factor in the success of EMA studies,
especially given the unpredictability of daily life. High
compliance rates are essential for the validity of the data
collected. Electronic EMA surveys have been shown to have
higher compliance rates than paper-based methods (96% vs
70%), due to advantages such as automatic prompts, immediate
data transfer, secure servers, and greater accessibility and
convenience for participants [30]. Electronic assessment ensures
that the responses are provided at the intended times, reducing
issues with delayed or retrospective entries that can occur with
paper-based methods. Higher compliance with electronic
assessments has been found in both adults and children [31].
However, compliance rates can vary. De Vries and Bartels [32]
reported an average compliance rate of 72%, ranging from 43%
to 95%, while Passini et al [33] reported an average compliance
rate of 83%. Factors such as the frequency of prompts and
asking repeating questions can affect compliance; studies with
higher prompt frequencies tend to have lower compliance rates
[30]. There were no significant differences in compliance when
using personal smartphones versus research-provided devices,
nor did incentives influence compliance in app-based EMA
applications [32].

Compliance and Feasibility of Ecological Momentary
Assessment in Parents
Parents, due to their high levels of stress and busy schedules,
present unique challenges for EMA studies. Stress has been
shown to impair episodic memory [34], suggesting that real-time
data collection methods like EMA could be particularly
advantageous for this group by reducing reliance on memory
and recall.

Studies have shown that EMA is a feasible method for
researching parenting behaviors. For instance, Passini et al [33]
found that using EMA to record parenting behaviors 3 times a
day was effective in capturing different dimensions of
parenthood. In their study, 90% of mothers reported low
difficulties using EMA, and 79% did not perceive it as
burdensome. In addition, 60% would recommend EMA studies
to other mothers. However, 74% indicated that the EMA study
was at least partly challenging, suggesting a need to explore
ways to reduce these challenges for parents.

Compliance rates in EMA studies involving parents vary. Kerr
et al [35] reported that mothers responded to an average of 34
out of 50 prompts (ie, 68%) while El Dahr et al [36] reported a
compliance rate of 82% in parents. Compliance was shown to
be higher in the evenings [36,37].

Technical issues can also affect compliance; about 18% of EMA
prompts are not answered due to problems such as data loss,
battery difficulties, software bugs, or prompts occurring outside
participants’ wake times [37]. Socioeconomic factors play a
role as well, for example, Dzubur et al [37] found that mothers
with higher annual incomes responded to prompts more quickly
than those with lower incomes. This suggests that financial
stability may afford parents more flexibility or resources to
engage with EMA studies.

These findings suggest that while EMA is a promising method
for studying parental well-being and time use, there are
challenges that need to be addressed to enhance compliance and
feasibility. Understanding the specific needs and constraints of
parents is essential for designing EMA studies that are both
effective and participant-friendly.

Research Aims and Research Questions
The following research questions (RQ) were posed:

RQ1: What is the overall feasibility of parents participating in
an EMA study measuring daily well-being and time use?

RQ2: What are the overall compliance rates for parents
participating in an EMA study measuring daily well-being and
time use?

RQ3: Which aspects of the study design (eg, time point) and
sociodemographic factors are associated with noncompliance
and feasibility?

Methods

Study Design
This work is part of a quasi-experimental pilot study using EMA
[38]. The main study consisted of internet-based questionnaires
(before and after a week of EMA), daily EMA surveys over the
course of 7 days, and subsequent structured interviews for the
intervention group. The control group only took part in the
internet-based questionnaires and did not partake in the
interviews or the EMA surveys. This study focuses on the
intervention group; for the full study design see Altweck et al
[38].

The minimum sample size (ie, 64 participants) for the
intervention group was calculated using G*Power (version
3.1.9.6; Erdfelder, Faul, and Buchner; ANOVA, repeated
measures, within a group, α=.05, power=0.8, correlation among
repeated measures=0.5, and effect size [well-being]=0.25 [39]).
For the interviews, to achieve data saturation [40,41], we aimed
to recruit 6-17 participants.

The mixed methods approach facilitated the examination of
compliance rates and their associations with various factors (eg,
sociodemographic characteristics and study design features),
while also providing insights into the feasibility of the study
design through short, open-ended questionnaire responses and
in-depth interview answers. First, participants in the intervention
group filled in an internet-based questionnaire. On the next day,
they started filling in the EMA surveys (each approximately
5-7 min), which were completed on participants’ personal
Android smartphones using the app movisensXS (2024;
movisens GmbH). The surveys took place 4 times per day (7:30
AM, 12 PM, 4:30 PM, 9 PM) with a buffer of 30 minutes over
a period of 7 days. These time points were selected to also test
feasibility in high-stress situations, for example, at 7:30 AM
when parents get their children ready for nursery or school
before work. The first 2 days were classed as a familiarization
period and were not included in the analyses. After one week,
participants filled in another internet-based questionnaire. The
first participants to complete the daily EMA surveys were
invited to take part in a structured interview to comprehensively
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understand the feasibility of the study design and to be able to
make adjustments if necessary, which was not the case.

Sample and Recruitment
Parents with at least one child under 18 years and living in the
household were included. Only parents over the age of 18 years,
without foster children, and without children with a chronic
illness or disability were included, as these factors have been
shown to further increase the burden of parenting [42].
Participants also needed access to an Android smartphone, in
order to complete the daily surveys, for technical reasons.

Participants were recruited primarily from the northeast region
of Germany using convenience sampling by distributing leaflets
to relevant groups (eg, parent groups, nurseries, and schools)
and digital channels (eg, the university’s website and social
media). In an initial phone conversation, participants were
informed about the study goals and methods, informed consent
was collected, and, finally, the inclusion and exclusion criteria
were checked. The first participants who completed the
follow-up questionnaire were invited to participate in an
interview.

Procedure and Instruments

Baseline Questionnaires
Participants first filled in an internet-based questionnaire, which
took approximately 20-30 minutes to complete.

The following sociodemographic variables were assessed:
gender (woman, man), age (in years), education (International
Standard Classification of Education-97 [43]; low and medium:
level 0-4 [reference], high: level 5-6), employment status
(full-time work, part-time work, not working), partnership status
(in partnership, single, other), number of children under 14 years
(numeric), number of children between 14 and 18 years
(numeric), and family time (average h/d spent on family
commitments [eg, childcare, family time, and housework] on
both a regular workday and a free day). In addition, the expected
feasibility of the study design was measured using the 4
open-ended questions (see Multimedia Appendix 1 for full item
wording). For instance, participants were asked about the
integration of EMA into their daily life and the survey’s length
and time points.

Daily Ecological Momentary Assessment Surveys
On the next day, participants began with the daily EMA surveys.
Participants started the EMA surveys either on Tuesday or
Thursday. The daily EMA surveys included assessments of
cognitive (life satisfaction item from the WHO-QoL [World
Health Organization Quality of Life]-8) [44], positive (happy,
relaxed), and negative (nervous, downcast) affective well-being
[45], and stress (a global measure of perceived stress) [46].
Also, current activity and the sequence of activities since the
last survey time point were queried (activity categories
according to Tomczyk et al [9]; eg, working, housework,
childcare). In the final surveys of the day, received and desired
social support [3] as well as state mindfulness (Multidimensional
State Mindfulness Questionnaire) [47] was assessed. Participants
answered between 12 and 27 items per survey point, depending
on (1) the variation in time use between time points (ie, the

number of different activities reported) and (2) the survey time
point, with more items presented in the evening. For details,
see Altweck et al [38] and for the full EMA survey, see
Multimedia Appendix 2.

Follow-Up Questionnaires
A total of 8 days after the baseline questionnaire, participants
filled out another internet-based questionnaire.

The feasibility of the study design was surveyed with a mix of
closed- and open-ended questions. The questions were inspired
and adapted from the existing literature that examined the
feasibility of EMA methods [22,48-50] (see Multimedia
Appendix 1 for full item wording and scales). An example item
included “In my opinion...I was able to accommodate the survey
time point at 7:30am”, which was rated on a scale from 1
(strongly disagree) to 5 (strongly agree). Participants were able
to explain their choices in an open textbox.

Interviews
Finally, a subgroup of the intervention group was invited to
participate in an internet-based, structured interview that lasted
20-30 minutes. The interview guide was developed based on
previous qualitative research on usability and feasibility
evaluations [51,52] and was tailored to the current procedure,
including focusing on the specific survey time points. The
interviews focused on the feasibility of the EMA survey method
and study design in greater detail. The interview followed the
following structure: (1) general assessment of the study design,
(2) time expenditure and integration into everyday life, (3)
contents of the EMA surveys, (4) effects of the study, and (5)
general and conclusion; see Multimedia Appendix 3 for the full
interview guide.

Ethical Considerations
The pilot study [38] was approved by the Ethics Committee of
the University Medicine Greifswald in July 2022 (BB 113/23)
and was conducted following the ethical standards set by the
1964 Declaration of Helsinki, its later amendments, or similar
standards. Informed verbal and written consent was obtained
from each participant, informing them about how their data
would be used and stored, and that their participation was
pseudonymized. They were also informed that they could
withdraw from the study at any time without repercussions.
Ethical guidelines and general data protection regulations were
adhered to concerning data usage and storage. Participants in
the intervention group were offered a monetary incentive of
€35 (US $36.63) for the completion of the baseline and
follow-up questionnaires as well as at least 50% of the daily
surveys, an additional €15 (US $15.70) if they completed at
least 80% of the daily surveys, and an additional €10 (US
$10.47) if they took part in the interview.

Analytical Approach

Analysis Software

The statistical analyses were conducted using jamovi (version
3.5) [53], while the qualitative analyses were conducted using
MAXQDA (version 24; VERBI Software GmbH) [54].
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Data and Sample Description

For the sample description, we calculated mean values and SD
for continuous variables and relative frequencies for categorical
variables. Comparisons across gender were made using t tests,
chi-square tests, or, where relevant, nonparametric equivalents
(eg, Fisher exact test, Mann-Whitney U test, Welch t test).

Compliance

We analyzed compliance following guidelines by Liao et al
[30] and Dao et al [55], reporting overall compliance (number
of overall completed prompts), attrition (completed prompts by
survey day and time point), and latency (time from prompt to
survey completion and time to complete individual surveys).
Associations of compliance with relevant sociodemographic
factors were examined.

Feasibility

Closed questions regarding feasibility were analyzed using
descriptive statistics (see the Data and Sample Description
section). For the evaluation of the interviews and open-ended
questions in the questionnaires, qualitative content analysis
according to Kuckartz and Rädiker [56] was used. The
qualitative data from the baseline questionnaires (ie, expected
feasibility), follow-up questionnaires (feasibility), and interviews
(feasibility) were coded and categorized separately.

The audio or video data from the interviews were transcribed
for further analysis. The research team reflected on and noted
their previous assumptions regarding the sample, research
questions, and expected results. Summaries for each participant
were compiled to gain an initial overview of the qualitative data.
Text segments or sense units were coded and categorized either
into existing categories or new ones. The first version of the
main categories was created deductively based on the

questionnaire and interview questions. Once coding began, an
inductive approach was adopted, allowing the categories to be
refined or extended with subcategories according to the data.
In the first stage of the coding process, the qualitative data was
once fully coded by a single person using the main deductive
categories. Throughout this process, the research team noted
overlapping categories, possible amendments (ie, new categories
or redundant ones), and potential subcategories. Following
Kuckartz and Rädiker [56], interrater agreement was achieved
through discussions within the research team. In the second
stage of the coding process, one researcher coded the data using
the final categories twice, 2 weeks apart.

Results

Data and Sample Description
In total, 193 parents expressed interest in taking part in the study
by leaving their personal information (Figure 1). We were able
to reach 168 parents to complete the telephonic screening, of
these, 88 met the inclusion criteria and were invited to the
intervention group. In total, 74 parents completed the baseline
questionnaires, 68 parents also completed the daily EMA
surveys, 67 parents also completed the follow-up questionnaires,
and 13 parents took part in the interviews. With 4 surveys per
day over a 7-day period, we collected 1352 data points. To gain
the most complete overview of the compliance and feasibility
of this methodology in a parent sample, we included all possible
cases in the analyses and excluded missing values case-wise
(N=74). There was no missing data in the questionnaire and
interview data, except average daily family time (2/74, 3%).
The samples showed no significant differences in any
sociodemographic variables or survey compliance (P>.05).

Figure 1. Sample overview including sample size and retention.

The final sample description is given in Table 1. The complete
sample was made up of 77% (57/74) women and 23% (17/74)
men. The average age was 37.6 (SD 5.9) years. The sample was

highly educated (44/74, 60%), mostly in a relationship (53/74,
72%), and nearly equally divided across full-time, part-time,
and no employment. On average, participants spent 9.6 (SD 4)
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hours per day on family commitments. There were few
significant differences across genders, men were merely
significantly older than women. Also, there were no significant

differences across subsamples (baseline only, baseline and
follow-up, interview group; P>.05).

Table 1. Descriptive statistics of the sample at baseline (total and by gender; N=74).

MenWomenTotal sampleSample variable

Age (years)

17 (23)57 (77)74 (100)Participants, n (%)

40.3 (7.6)b36.9 (5.1)37.6 (5.9)Mean (SD)

26-59b28-53b—aRange

Partnership status, n (%)

14 (82)39 (68)53 (72)In a relationship

0 (0)6 (11)6 (8)Single

3 (18)12 (21)15 (20)Other

Number of children

Younger than 14 years

1.8 (0.8)1.7 (0.8)1.7 (0.8)Mean (SD)

1-31-41-4Range

Between 14 and 18 years

0.1 (0.4)0.4 (0.6)0.3 (0.5)Mean (SD)

0-10-20-2Range

Educational background, n (%)

4 (24)26 (46)30 (41)Low or medium

13 (77)31 (54)44 (60)High

Employment status, n (%)

9 (53)19 (34)28 (38)Full-time

5 (29)24 (43)29 (40)Part-time

3 (18)13 (23)16 (22)None

Family time (h/d)

8.2 (2.3)10 (4.7)9.6 (4)Mean (SD)

3-12.52-242-24Range

aNot applicable.
bP<.05.

Compliance
From the 28 maximum possible daily surveys to complete (4
times/d for 7 days), the average individual number of completed
surveys was 23.1 (SD 3.57) (23.1/28, 82.5%; range 9-28) for
results on compliance, refer to Table 2 and for grouped by time

point or survey day, refer to Multimedia Appendix 4). Men
(25/28, 90%; mean 25.1, SD 1.9) completed significantly more
daily surveys than women (22.4/28, 80%; mean 2.4, SD 3.75)
and the latter also showed greater variance (t54.9=3.87, P<.001).
Neither the survey time point nor the survey day significantly
affected compliance (P>.05).
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Table 2. Descriptive statistics of compliance at follow-up (total and by gender; N=68).

MenWomenTotal sampleVariable

RangeMean (SD)RangeMean (SD)RangeMean (SD)

—25.1a (1.9)—b22.4a (3.8)9-2823.1 (3.6)Average completed surveys (app data)

Time to respond to trigger (app data)

0-6333.3 (30.9)0-2702.3 (8.9)0-6332.6 (17.4)Across time points

0-22.21.6 (3.1)0-270.23 (16.5)0-270.22.6 (13.9)7:30 AM

0-21.71.5 (3.1)0-26.11.7 (3.1)0-26.11.7c (3.1)12 PM

0-34.72 (5)0-28.53 (5.5)0-34.72.7c (5.3)4:30 PM

0-632.68 (61.3)0-25.61.6 (3.5)0-632.53.4 (31.6)9 PM

Time to complete the survey

3.3-5.64.7 (1.5)1.8-5.83.5 (2)1.8-5.84.1 (1.8)Reported in the interviews

App data

0.4-1342.8 (6.7)0.5-1373.2 (6.8)0.4-1373 (6.6)Across time points

0.4-11.32.2e,f (1.5)0.7-60.22.4e (4)0.4-60.22.3d (3.4)7:30 AM

0.4-134.43h (13)0.6-60.42.8 (5)0.4-134.42.8g (7.7)12 PM

0.5-9.32.2j,k (1.8)0.5-42.72.4j (4.4)0.5-42.72.4i (3)4:30 PM

1.1-20.53.8e,f,h,j,k (2.7)1.2-136.85.1e,j (11.4)1.1-136.84.7d,g,i (9.6)9 PM

aSignificant differences across gender (P<.05).
bNot applicable.
cSignificant differences across time points (P<.05).
dSignificant differences across time points (P<.05).
eSignificant differences across time points (P<.05).
fSignificant differences across time points (P<.05).
gSignificant differences across time points (P<.05).
hSignificant differences across time points (P<.05).
iSignificant differences across time points (P<.05).
jSignificant differences across time points (P<.05).
kSignificant differences across time points (P<.05).

Age significantly predicted the average individual number of
completed surveys, where older participants showed higher
compliance (r=0.33, P=.006). Other sociodemographic factors
were not significantly related to compliance (P>.05).

On average, participants took 2.6 (SD 17.4) minutes to respond
to a survey after receiving a signal; there was no significant
gender difference (P>.05). Both men and women took longer
to respond to the survey at 4:30 PM compared with the 12 PM
one.

In the qualitative interviews, participants reported taking 4.1
(SD 1.8) minutes to complete the survey per time point, yet the
app data showed that, on average, it took participants 3 (SD
6.6) minutes (see Multimedia Appendix 5 for examples and
descriptions); there were no gender differences (P>.05). Both
men and women took significantly longer to fill out the evening
surveys (mean 4.7, SD 9.6) than the other time points (mean
2.3-2.8, SD 3.4-7.7); this discrepancy was also reported in the
qualitative interviews.

Feasibility

Technical Aspects
Interviewees found the app easy to use and user-friendly, which
was confirmed in the follow-up questionnaires. Participants
highlighted the reminder function of the surveys and appreciated
the real-time support provided during the study by the research
team. However, some technical issues were raised, including
compatibility problems with the operating system, display issues,
unreliable reminders, and the nonautomatic snooze feature. For
more details regarding technical aspects see Multimedia
Appendix 6.

Study Design
In terms of the overall feasibility of the study design, at baseline,
74% (53/74) did not report any expected concerns, and 13%
(9/74) expressed excitement about taking part in the study
questionnaires (see Multimedia Appendix 7 for qualitative
results from the baseline questionnaires). However, most
participants felt that the study design was generally “doable”
(high feasibility: 20/74, 28%, moderate feasibility: 51/74, 71%)
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but expected certain difficulties in integrating the study into
their daily lives (eg, some parts of the study design like a certain
time point) and reported concerns, mainly around time
management. The study duration (ie, the length of the overall
study period and the individual surveys) appeared acceptable.

Participants found answering the questions every day adequately
easy (mean 3.37, SD 1.04; scale: 1=difficult to 5=easy; refer to
Tables 3 and 4 for quantitative results from the follow-up
questionnaires). Some participants in the follow-up
questionnaires (3/57, 5%) and 92% (12/13) interviewees
reported a habituation effect because after a while “you already
knew what you had to answer” (see Multimedia Appendix 8
for qualitative results from the follow-up questionnaires). Most
interviewees reported the length and frequency of the individual
survey time points to be adequate (12/13, 92% and 10/13, 77%,
respectively). In the follow-up questionnaires, participants felt

that the length of the individual time points was adequate,
leaning slightly toward too much (mean 2.63, SD 0.8; scale:
1=too much to 5=far too little) but did not feel that the number
of prompts was “annoying” (mean 2.48, SD 1.20; scale:
1=strongly disagree to 5=strongly agree). Most participants also
did not feel that the study period was too long (mean 1.71, SD
0.94; scale: 1=strongly disagree to 5=strongly agree) and
expressed that the survey period was adequate. However, 54%
(7/13) of interviewees expressed a desire for the EMA study
period to be longer than one week. Some expressed a desire for
a longer survey period between 10 days and 3 weeks in order
to better reflect fluctuations in everyday life and well-being. In
contrast, one interviewee preferred a shorter survey period of
3 or 4 days, stating that the participation was stressful. In the
follow-up questionnaires, 19% (11/57) of participants also
requested a longer survey period, with the caveat that the number
of daily surveys is reduced.

Table 3. Descriptive results from the follow-up questionnaires regarding feasibility (N=67).

Mean (SD)Compliance

3.37 (1.04)I found answering the questions everyday... (1=difficult to 5=easy)

2.63 (0.8)I found the length of the daily surveys to be... (1=too much to 5=far too little)

In my opinion... (1=strongly disagree to 5=strongly agree)

1.71 (0.94)...the duration of the test (7 d) was too long.

2.48 (1.2)...the number of daily prompts that were sent (4 times/d) was annoying.

1.75 (1.01)...I ignored or postponed the prompts.

3.33 (1.04)...the questions were understandable.

4.17 (0.94)...I was able to remember the activities since the last measurement time.

Table 4. Descriptive results from the follow-up questionnaires regarding the feasibility of the survey time points (N=67).

Women, mean (SD)Men, mean (SD)Total sample, mean (SD)Feasibility

In my opinion, I was able to accommodate the survey time at...well. (1=strongly disagree to 5=strongly agree)

3.31 (1.29)3.76 (1.39)3.42a,b (1.33)...7:30 AM...

4.02 (1.2)4.18 (1.07)4.06a,c (1.16)...12 PM...

3.71 (1.21)3.35 (1.32)3.62c (1.24)...4:30 PM...

3.76d (1.16)4.24d (0.66)3.88b (1.07)...9:30 PM...

aSignificant differences across time points (P<.05).
bSignificant differences across time points (P<.05).
cSignificant differences across time points (P<.05).
dSignificant differences across gender (P<.05).

Survey Time Points
In the baseline questionnaires, 8% (6/74) of participants
anticipated that it would be difficult to integrate the survey time
points in general into their daily life. About half of the
interviewees (7/13, 54%) found it difficult to fill out the surveys
at the predetermined time points. Most interviewees (9/13, 69%)
found the 30-minute response time sufficient, while 15% (2/13)
preferred a longer response window of one hour. In the
follow-up questionnaires, participants generally reported that

they did not ignore or postpone survey prompts (mean 1.75, SD
1.01; scale: 1=strongly disagree to 5=strongly agree).

In the baseline (29/74, 40%), follow-up questionnaires (28/57,
49%), and the interviews (6/13, 46%), the 7:30 AM time point
was reported to be the single most difficult survey to complete
“because most of the time it’s really the children’s drop-off
time. So if you have school-age children (laughs) or have to
take them to the nursery, it was always a bit difficult to fit that
in somehow”. Instead, they suggested moving the early morning
survey either a bit earlier (eg, 6:30 or 7:00 AM) or later (eg,
8:00 or 9:00 AM). The survey time point at 7:30 AM was said
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to be the hardest to accommodate, especially compared with 12
PM and 9:00 PM (P<.05).

At baseline, the 12 PM time point was expected to be feasible
(15% vs moderate-low feasibility: 10%), but at follow-up, it
showed mixed feasibility (15% vs moderate-low feasibility:
10%). It was feasible if it took place during the lunch break at
work but bad if it coincided with work duties or the children’s
lunchtime nap. For this time point, participants also suggested
earlier (eg, 11:30 AM) or later times (eg, 2:00 PM).

In the baseline questionnaires, participants anticipated the time
point at 4:30 PM to be the second most difficult to complete
(17% vs moderate-low feasibility: 7%), which was confirmed
at follow-up (high feasibility: 2%, low: 7%). The survey time
point at 4:30 PM was also significantly easier to accommodate
compared with 12 PM (P<.05). This time point was reported to
be difficult if it coincided with the end of work and picking up
the children from nursery or school or if it was after work and
so the parents were in the middle of childcare and running
errands or taking children to afternoon classes. Participants
generally suggested a time a bit later, such as 5:00 PM or 5:30
PM.

In the interviews, the 9:00 PM time point was reported to be
the second most feasible, whereas, in the follow-up
questionnaires, 9:00 PM was reported to have been difficult to
complete (high feasibility: 4% vs low feasibility: 19%). For
some, this time point was “too late.” If the children were already
asleep, this time point appeared to be the most feasible; however,
if the parents were still getting the children ready for bed, as
the children sleep late in general or just on that day, then this
time point appears to be similarly difficult as the one at 7:30
AM. The only significant gender difference in the feasibility of
time points was regarding 9:00 PM, which men found easier to
accommodate than women (P<.05).

Participants mentioned a difference in feasibility between
weekdays and weekends; for instance, the 7:30 AM time point
was too early on weekends. They also expressed a desire for
more flexibility in tailoring the survey points to individual
routines.

Measurement of Well-Being and Time Use Using
Ecological Momentary Assessment
Generally, participants reported that the questions in the daily
surveys were adequately understandable (mean 3.33, SD 1.04;
scale: 1=strongly disagree to 5=strongly agree).

Most interviewees (46% vs 23%) found the used measurement
of well-being to be appropriate, describing the questions as
“multifaceted,” while some reported the opposite and for
example, felt that the items were too “superficial.” Instead, 23%
(3/13) reported that the questions did not reflect fluctuations
over the day or the week.

Most interviewees (10/13, 77%) agreed that the query about the
current activity 4 times per day was not a full reflection of the

full day and that the questions about the activities between
assessments were necessary to complete the picture: “I think
the combination really makes the most sense, because then you
really get everything packed into it.”

There was some uncertainty regarding the predefined time-use
categories. About half of the interviewees expressed uncertainty
about assigning rare activities, for example, a doctor’s
appointment, to a certain category, which was also mentioned
in the follow-up questionnaires. Others were unsure how to
classify leisure and physical activity, that is, whether to assign
this to hygiene, eating, etc., or childcare, when, for example,
watching TV while the children were around. Some participants
also reported that they would have preferred logging the
individual activities (eg, watching TV) rather than an activity
group (eg, free or leisure time).

At baseline, 83% (60/74) expected to be able to remember the
activities since the last survey time point, this was confirmed
in the follow-up questionnaires (mean 4.17, SD 0.94; scale:
1=strongly disagree to 5=strongly agree) and interviews (12/13,
92%). Participants were asked to report what they were currently
doing and then the sequence of what they had been doing since
the last survey. Both in the interviews and the questionnaires,
participants mentioned that this was confusing and they would
have preferred reporting activities in chronological order. Also,
some felt the sequential report of activities was redundant, for
example, when they were at work at 12 PM and still at work at
4:30 PM. Participants were also able to click on multiple
activities at the same time, while some found this useful, others
found it confusing to report the sequence in this way.
Participants also reported being unsure whether to report the
time (eg, 7:05 AM) or the time passed in hours and minutes (eg,
since 1 h 30 min); there was no clear preference. In both the
follow-up questionnaire and interviews, participants suggested
including a visual overview of the activity sequence, similar to
a “Gantt chart.”

Miscellaneous
All interviewees also deemed the monetary incentive as
appropriate; however, some also noted that as parents are short
on time, a slightly higher incentive might be useful (between
€50 [US $52.33] and €100 [US $104.65]). Some interviewees
also mentioned that because the incentive was proportional to
completed daily surveys, they would have liked a personal
overview of their compliance.

One interviewee also mentioned that an offer of psychological
support would be useful for participants who notice constant
poor well-being or low levels of social support while completing
the study.

Overall, the results offer a few key recommendations for future
EMA studies with similar aims (Textbox 1). Ideally, these
aspects should be discussed with the target group via
participatory co-design workshops when preparing the study to
ensure high commitment and compliance from the beginning.
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Textbox 1. Key recommendations for designing ecological momentary assessments of time use and well-being in parents based on participants’
perspectives.

• Technical support: Incorporate reminder functions and automatic snooze functions to facilitate completion and provide swift and adequate
technical support throughout the study.

• Assessment schedule: Choose intervals that are acceptable for participants (eg, 4 times/d for 7 days or longer time periods with reduced frequency,
eg, 2-3 times/d for 10-14 days).

• Customization: If possible: allow flexibility (eg, participants set their own time points within prespecified time windows).

• Visualization: Use visual aids, such as Gantt charts to illustrate sequential time use patterns instead of long (dropdown) lists’. Discuss whether
to include open-ended or self-labelled responses and allow the logging of multiple overlapping activities.

• Incentives: Prepare for sufficient incentives as an appreciation for participants (eg, financial incentives of about €50 [US $52.33] per person).

• Gamification: If feasible, include elements of gamification (eg, live updates on compliance rates, positive feedback after completing a survey).

Discussion

Compliance and Feasibility
This study examined compliance and feasibility of an EMA of
parental time use and well-being. By using qualitative
(interviews, open-ended questions) and quantitative (EMA use
data, surveys) methods, the study found that compliance was
high (with an average of 83% [23.1/28] completed prompts)
and feasibility was good for most parents that participated in
the study. Older and male participants showed higher
compliance. Participants also discussed several challenges to
implementation regarding technical issues (eg, system
compatibility and missing notifications), integration into daily
life (eg, time points and frequency of assessments), and personal
preferences (eg, how to log and classify daily activities).

The findings largely correspond to previous research that found
similar compliance rates [30,33,36] and also reported a
substantial amount of nonresponders due to technical issues
[37]. However, in contrast to previous studies, we observed
differences between fathers and mothers, with higher compliance
rates and acceptance of evening assessments in fathers. Such
differences were not found in other reviews that analyzed gender
differences in EMA studies [57]. It is possible that mothers
experienced excessive burden compared with fathers due to
them more often having to balance family and professional
demands [7,9,10] and having more informal care duties than
fathers, which would give them less time to complete the
assessments. Furthermore, fathers primarily having work duties
would explain their frustration with repeated time use
assessments during working hours (ie, monotonous responses
at 12 PM and 4:30 PM), and would give them more time to
complete evening assessments compared with mothers.
However, this is merely speculative, and it is of interest to
further examine time management and work-family conflict
[15] in association with compliance and feasibility in the future.
If work-family conflict affects well-being and time management,
this could also be visible in daily life. Our sample was also
highly educated, and previous research [37] found that mothers
with higher annual incomes responded to prompts more quickly.
This could indicate a bias and more research is needed in more
diverse samples along different socioeconomic gradients.

Another important issue raised by participants referred to the
customization of the assessment (eg, how to log and classify

daily activities) and possible unintended consequences (eg,
stress due to continued exposure to low well-being or
visualization of work-family conflict in the time-use
assessment). Since customization is in line with increased app
engagement [58], this could be a good way to maintain
compliance over time. However, this also requires more
resources for the development, implementation, and data
analysis. Therefore, more research is needed to explore the
trade-off between complexity, compliance, and feasibility of
the EMA design.

In addition, so far unintended consequences of such assessments
have rarely been addressed in this target group, although
research suggests that reactivity due to EMA monitoring is low
[59,60]. Nevertheless, it is recommended to provide
psychosocial support or resources in case of continuous reports
of low levels of well-being. Since this can also affect
compliance, additional incentives or reminders might be useful
if multiple consecutive surveys are skipped or not completed.
Other recommendations include extended training of participants
to ensure a common understanding of data collection procedures.
Fluctuations in well-being and negative affect can also influence
app engagement. For example, parents may be less able to
comply with EMA protocols on days when stress levels are
higher, when their mood is lower or their children’s behavior
is more difficult to manage. There is also a possibility of
potential reporting bias due to measurement reactivity as well
as the risk that parents might skip surveys.

This has implications for ecological momentary interventions
and just-in-time adaptive interventions: For instance, participants
experiencing high levels of stress might benefit from a brief
stress management intervention (eg, breathing techniques and
mindfulness minute) to support their momentary emotion
regulation before completing a more complex survey. This could
not only improve their well-being but also their compliance.
On the other hand, participants reporting positive mood might
benefit from further reinforcement (in the sense of an upward
spiral of positive emotions, following the broaden-and-build
theory [61]) to sustain their positive mood and also their
compliance. Therefore, analyzing stress, well-being, and app
compliance concurrently is useful to account for days with
higher or lower levels of engagement and well-being. Future
studies may also want to use different types of operationalization
of well-being or stress [31] to identify key moments to increase
engagement and ensure compliance. For instance, participants
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with low compliance could receive compliance-facilitating
interventions, such as higher incentives or gamification
elements, which could then lead to self-efficacy and a positive
mood. In summary, we argue that looking more closely at the
association between compliance, well-being, and stress might
be beneficial to study quality (ie, lower attrition, higher retention
rates) as well as participant well-being (eg, via EMIs or
just-in-time adaptive interventions).

Finally, we present key recommendations for EMA designs
assessing time use and well-being in parents (Textbox 1). These
include ensuring robust technical support, tailoring assessment
schedules to participants’ needs, and offering flexibility in
survey timing. We also highlight the importance of effective
visualizations, sufficient incentives, and incorporating
gamification elements to enhance engagement and usability.

Strengths and Limitations
The study is based on a convenience sample of parents, and
therefore, it was not representative of the population. Particularly
the female-dominant sample limits the generalizability of
findings to fathers. In particular, parents with increased
vulnerability (eg, few socioeconomic resources or children with
a medical condition) were not part of the study, which could
have biased the results. Furthermore, the assessment was limited
to a few key questions for each outcome, which limits the scope
of the examined constructs (eg, well-being). Furthermore, we
did not compare different variations of the study design (eg,
more or less frequent assessments, active vs passive data
collection) and cannot generalize our findings to other methods

or assessment schedules. Compliance and feasibility may differ
between interval-contingent and random-signal-contingent
sampling regimes, as parents in the former can mentally prepare
and plan accordingly. Using brief scales and single-item
measures is common and recommended in EMA research to
limit the potential burden on participants, avoid dropouts, and
achieve valid results [32]. Since we assumed parents to be a
high-burdened group, because of demands from both family
and work environments, it was important to us to use a brief
survey for each EMA prompt. We also used psychometrically
validated and previously tested items whenever possible to
increase the comparability and methodological quality of the
assessment. To explore other potential weaknesses and strengths
of the study design, we also asked open-ended questions and
conducted qualitative interviews to explore participants’
perspectives and gain a better understanding of the challenges
they face in this type of study.

Conclusion
In summary, our pilot study demonstrates that EMA
methodologies are valuable for investigating parental time use
and well-being in everyday life. They present unique
opportunities for future research, such as exploring work-family
conflict or performative gender roles, complementing established
methods like daily diaries. In addition, they enable advanced
big data analyses (eg, sequential cross-lagged panel models,
sequence-based grouping algorithms) and support data-driven
interventions that address the complex relationship between
voluntary and involuntary daily activities, gender, and health.
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Abstract

Background: Traditionally, treatment outcomes of service users with a substance use disorder (SUD) are measured using
objective and provider-reported indicators. In recent years, there has been a shift toward incorporating patient-reported outcome
measures (PROMs) and patient-reported experience measures (PREMs) to capture service users’ perspectives on treatment
outcomes and experiences.

Objective: The OMER-BE (Outcome Measurement and Evaluation as a Routine Practice in Alcohol and Other Drug Services
in Belgium) study evaluates the acceptability and feasibility of PROMs and PREMs in different SUD treatment services, using
the recently developed International Consortium for Health Outcomes Measurement Standard Set for Addictions. This paper
presents the design and baseline characteristics of the study, indicators of attrition at 45-day follow-up, and the feasibility of the
implementation of PROMs and PREMs in residential and outpatient services.

Methods: A convenience sample of 189 treatment-seeking individuals with SUD from different inpatient (therapeutic communities
and psychiatric centers) and outpatient treatment services was followed for six months. Sociodemographic characteristics; clinical
factors; and PROMs including recovery strengths, quality of life, and global health were assessed at baseline and within 3 weeks
after starting treatment. Additionally, PROMs and PREMs were measured 45, 90, and 180 days later. Comparisons were made
between treatment modalities, and indicators of attrition at the 45-day follow-up were assessed using ANOVA and chi-square
tests.

Results: Baseline differences were observed between the three treatment modalities regarding education, SUD treatment history,
primary substance, and Attention-Deficit/Hyperactivity Disorder Self-Report scores. Overall, patients in psychiatric treatment
centers had a higher education level and less polysubstance use, while outpatients had fewer previous SUD treatments but received
relatively more often opioid agonist treatment. Inpatients reported more attention-deficit/hyperactivity disorder symptoms and
higher SUD severity than outpatients. Additionally, recovery strength scores were significantly lower in the outpatient group
compared to the other groups, particularly in the subdomains of “Substance Use,” “Self-care,” and “Outlook on Life.” At the
45-day follow-up assessment, the attrition rate was 36.6%. Comparisons between participants who completed the 45-day follow-up
and those who dropped out revealed that completers were significantly older, had a higher level of education, were more likely
to live alone, and were more likely to have a mother born in Belgium. They also had higher average scores on the “Material
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Resources” domain of the Substance Use Recovery Evaluator, which includes questions about stable housing, a steady income,
and effective financial management.

Conclusions: Evaluating PROMs and PREMs appears to be feasible in a diverse group of treatment-seeking patients with SUD
in Belgium. However, challenges remain for structural implementation in practice, especially in outpatient services. Routine
monitoring of PROMs and PREMs has the potential to empower patients, service providers, and policy makers by providing a
comprehensive understanding of service users’ needs and treatment effectiveness.

(JMIR Form Res 2025;9:e65686)   doi:10.2196/65686

KEYWORDS

patient-reported outcome measures; patient-reported experience measures; substance use disorder; recovery; ICHOM; International
Consortium for Health Outcomes Measurement; addiction; PROMs; PREMs; SUD; treatment; protocol; substance use; inpatient;
services; perspectives; treatment outcome

Introduction

Alcohol and other substance use disorders (SUDs) are linked
to a range of adverse psychological, physical, and social
consequences. Their chronic, relapsing nature and related
judicial, housing, and relational problems impact individuals
with SUDs, as well as their environment and the broader
community [1-4]. SUDs have a significant and growing impact
on global morbidity and mortality [5-7]. Worldwide, harmful
alcohol use causes 3 million deaths annually, representing 5.3%
of all deaths. Alcohol use accounts for 5.1% of the global burden
of disease [8]. Furthermore, an estimated 60,000 years of life
lost were attributed to drug use in Europe in 2019 [5].

Treatment cohort studies conducted in the United States,
Australia, and various European countries have shown the
benefits of engaging in SUD treatment, generally resulting in
increased abstinence rates, improved social integration, and
reduced psychopathology [9-12]. Various SUD treatment
modalities, however, seem to impact treatment outcomes in
different ways. Stahler et al [13], for example, found that people
with problematic opioid use benefitted more from residential
treatment than individuals with alcohol as their primary
substance. Conversely, people with problematic cannabis use
were less likely to benefit from residential treatment compared
to people with alcohol as their primary substance. Several
studies found higher treatment completion rates in residential
programs compared to outpatient settings [13,14]. Treatment
engagement and retention have been consistently associated
with positive outcomes, irrespective of the treatment modality
[15-17]. Individuals who stay in treatment for a longer period
of time are more likely to remain abstinent, experience fewer
relapses and readmissions, engage less in criminal activity, and
show greater improvements in general health measures
[13,14,18]. Despite evidence for the effectiveness of SUD
treatment, significant challenges such as high dropout and
relapse rates persist and warrant further research and innovative
approaches [16].

SUD treatment outcomes are typically measured using objective
(eg, abstinence and rearrest or reincarceration) or
provider-reported indicators (eg, treatment completion or
compliance and absence of symptoms). Increasing emphasis on
service users’ perspectives in measuring treatment outcomes
and experiences has recently led to the introduction of
patient-reported outcome measures (PROMs) and

patient-reported experience measures (PREMs) in SUD and
other mental health services [19-22]. PROMs refer to individual,
subjective treatment outcomes, including information about
psychological well-being, quality of life, symptomatology, and
physical functioning. PREMs provide information on how
individuals experience health care and measure practical aspects
of care, such as coordination, continuity and accessibility of
care, and quality of patient-provider relationships [23].
International organizations, such as the International Consortium
for Health Outcomes Measurement (ICHOM) [24], promote
the implementation of patient-reported measures for routine
assessment of health outcomes and experiences in all health
care areas, including primary care, psychotherapy, and SUD
services [21]. The use of PROMs and PREMs is advised to
systematically monitor and improve the delivery of effective,
patient-centered care and shared decision-making, which is not
a standard practice in SUD and other mental health services
[20,21,25-30]. Additionally, adopting standardized outcome
measures opens opportunities to compare performances between
treatment services within regions, countries, and even globally.
This evolution will facilitate knowledge sharing among
practitioners and provide policy makers with the tools and
evidence needed to improve the quality and effectiveness of
care [24]. The systematic use of PREMs is also likely to advance
the field toward more personalized and effective support since
it provides a direct evaluation of the accessibility, continuity,
and coordination of care by service users [21,23]. Yet, although
PROMs and PREMs show clear promise in improving the
quality of SUD treatment, there is a lack of research on (the
implementation of) these measures in clinical practice within
SUD treatment settings [21]. The OMER-BE (Outcome
Measurement and Evaluation as a Routine Practice in Alcohol
and Other Drug Services in Belgium) study (2022-2025) aims
to introduce and integrate the use of PROMs and PREMs in
different SUD treatment modalities and to evaluate and enhance
the quality of care provided in SUD treatment services in
Belgium. The primary objective of the OMER-BE study is to
assess the routine measurement of PROMs and PREMs in SUD
treatment services, based on the recently developed and
internationally validated ICHOM Standard Set for Addictions
(ICHOM SSA) [24]. Therefore, we translated and validated the
ICHOM SSA into Dutch and French, enhancing its applicability
in Belgium and other Dutch- and French-speaking countries.
By incorporating PROMs and PREMs in routine assessments,
SUD treatment services are provided with information to better
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align treatment approaches with service user needs. The
secondary objective of the OMER-BE study is to measure and
compare various recovery indicators and treatment experiences
between different treatment modalities and assess their evolution
during and after treatment. In this paper, we describe the design
and baseline characteristics of the study. In order to enhance
study adherence and routine implementation of PROMs and
PREMs, we also examined indicators of attrition.

Methods

Study Setting
The OMER-BE study was a naturalistic, longitudinal,
multicenter cohort study, in which 189 individuals with SUDs
were followed up over a 6-month period in various residential
and outpatient treatment modalities in the Dutch- and
French-speaking regions of Belgium. Data collection for the
study started in July 2022. Participants were recruited from 8
residential services (4 psychiatric treatment centers [PCs] and
4 therapeutic communities [TCs]) and 9 outpatient treatment
services.

Specialized wards of PCs offer long-term (3 to 6 months)
residential care that provides intensive medical and
psychological support, addressing SUDs and in some cases
co-occurring mental health disorders. Treatment consists of
group counseling, psychoeducation, individual psychotherapy,
and occupational activities.

TCs for addictions have a long history and were set up for
individuals with SUDs, complementing traditional mental health
care services that were traditionally not open to persons with
drug problems [31]. In a TC, individuals with SUDs live
together in a structured environment, typically for a period of
6 to 12 months, aiming for positive changes that lead to a
drug-free life in society. The TC approach centers around the
concept of “community as a method,” thus highlighting the
influential role of peers and the power of mutual support in
fostering recovery [32,33].

Outpatient treatment services provide more autonomy to service
users and offer various nonresidential care options consisting
of drug-free counseling interventions and harm-reduction
approaches like opioid agonist therapy (OAT) and needle

exchange programs. OAT refers to the use of opioid replacement
medication such as methadone or buprenorphine to help manage
withdrawal symptoms and reduce craving, often combined with
some form of counseling and social support. Drug-free
counseling focuses on psychosocial interventions, such as
motivational interviewing and cognitive behavioral therapy,
aimed at helping individuals develop coping strategies and
support systems to become or remain abstinent.

Study Sample
The OMER-BE study aims to follow up a naturalistic cohort of
service users with SUDs as they start a new treatment episode
in a selected number of SUD treatment services, focusing on
individuals with a primary alcohol or primary (illicit) drug
problem. Eligibility criteria were (1) having a documented SUD
(eg, a Diagnostic and Statistical Manual of Mental Disorders
diagnosis of a SUD or previous treatment for a SUD), (2) being
at least 18 years old, (3) being able to communicate in Dutch
or French, and (4) having started treatment no longer than 21
days ago. First-time users, as well as returning service users,
were considered eligible for this cohort study, as long as they
started a new treatment episode during the recruitment period
[34].

Upon treatment entry, service users were informed about the
aims and design of the OMER-BE study through posters,
leaflets, and staff members of the selected treatment facilities.
During the initial meeting with the researcher, participants were
informed extensively about the (follow-up) study and the
implications of study participation and were asked for written
informed consent to participate [34].

Study Procedure

Baseline Assessment
Sociodemographic and clinical factors (Textbox 1) were
assessed at baseline, followed by the assessment of PROMs
(Textbox 1). Data were collected through self-report using a
tablet provided by one of the researchers, who were available
throughout the assessment to address any questions participants
may have. Administering the set of baseline variables and
PROMs took between 20 and 45 minutes. After completion of
the baseline assessment, participants received a voucher of €10
(US $10.46) as remuneration.
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Textbox 1. Overview of included instruments in the OMER-BE (Outcome Measurement and Evaluation as a Routine Practice in Alcohol and Other
Drug Services in Belgium) outcome measurement tool.

Sociodemographic factors

• Year of birth, sex, highest level of education completed, housing status, ethnicity

Clinical factors

• Treatment history for substance use disorders

• Primary Care Posttraumatic Stress Disorder Screen for Diagnostic and Statistical Manual of Mental Disorders (PC-PTSD-5)

• Depression, Anxiety, and Stress Scale (DASS-21)

• Adult Attention-Deficit/Hyperactivity Disorder Self-Report Scale (ASRS-v1.1)

Patient-reported outcome measures

• Patient-Reported Outcomes Measurement Information System (PROMIS) Short Form v1.0—Alcohol Use 7a (PROMIS-Alcohol)

• PROMIS SF v1.0—Severity of Substance Use 7a (PROMIS-Substance)

• Heaviness of Smoking Index (HSI)

• National Health Service Treatment Outcomes Profile for Substance Misuse—section 1 (TOP-S1)

• PROMIS Scale v1.2—Global Health (PROMIS-GH-10)

• Substance Use Recovery Evaluator (SURE)

• Brief version of the World Health Organization Quality of Life Scale (WHOQoL-BREF)

Patient-reported experience measures

• Patient-Reported Experience Measure for Addiction Treatment (PREMAT)

Follow-up Assessments
Study participants are contacted again 45, 90, and 180 days
after the baseline assessment (Figure 1). We use a time window
of four weeks for the 45- and 90-day follow-up and five weeks
for the 180-day follow-up assessment to collect and complete
the questionnaires. Researchers contacted all study participants
either via email, SMS text messages, directly by phone, or

through the treatment setting where they were enrolled in the
study. Participants can complete the online survey via a
personalized link provided by email or during a face-to-face or
telephone interview, depending on their preference. The
follow-up assessments include a measurement of both PROM
and PREM variables (Textbox 1), which are supposed to take
20 to 30 minutes to complete. Participants receive a €10 (US
$10.46) voucher for each completed follow-up assessment.

Figure 1. Overview of the data collection process. PREM: patient-reported experience measure; PROM: patient-reported outcome measure.

As the OMER-BE project is a naturalistic study, some
participants will no longer be in treatment at the 45-, 90- or
180-day follow-up. Consequently, the PREM instrument is only
administered when service users are still in treatment and at the
first follow-up moment after leaving treatment. For example,

if a participant stops treatment after 50 days, the PREM
questionnaire will be administered at the 45- and 90-day
follow-up moments.
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Instruments

Overview
The baseline and follow-up assessments (Textbox 1) are largely
based on the ICHOM SSA [24], a set of brief, existing, validated
questionnaires to measure and monitor treatment outcomes
routinely in SUD services that were developed by an
international panel of SUD specialists. The ICHOM SSA focuses
on patient-centered outcome indicators and provides an
internationally agreed-upon method for measuring a variety of
outcome domains. The tool offers potential for routine use since
it is relatively short and has been specifically developed for and
validated in the population of SUD service users. It can be easily
administered and is applicable in a wide range of treatment
settings [24]. To facilitate its application in Belgium,
nontranslated questionnaires were translated into French and
Dutch using forward or backward translation, following
guidelines provided by Tsang et al [35], and subsequently
validated. Compared to the ICHOM SSA procedure, we added
a 45-day follow-up assessment, which allowed us to have an
additional measurement point, keep participants more engaged
in the study, and reduce attrition.

The OMER-BE measurement tool consists of three sections
(Textbox 1): (1) sociodemographic and clinical factors, (2)
PROMs, and (3) PREM.

Sociodemographic and Clinical Factors

Overview

The first section of the tool includes sociodemographic and
clinical factors that may influence treatment outcomes.

The following sociodemographic variables were assessed: age,
sex, education level, current living situation, country of birth
of the participants, and country of birth of their parents.

Clinical factors include questions regarding SUD treatment
history and three validated and widely used screening
instruments to assess common comorbid psychiatric disorders
( t r a u m a ,  d e p r e s s i o n  o r  a n x i e t y,  a n d
attention-deficit/hyperactivity disorder [ADHD]) that are likely
to affect treatment outcomes. These clinical factors were
included to ensure a comprehensive understanding of how these
variables influence recovery trajectories.

Primary Care Posttraumatic Stress Disorder Screen for
Diagnostic and Statistical Manual of Mental Disorders

The Primary Care Posttraumatic Stress Disorder (PTSD) Screen
[36] was developed to assess the occurrence of symptoms of
PTSD over the last month. This 5-item screening tool is rated
on a binary scale (No=0 and Yes=1). Higher total sum scores
suggest the presence of more PTSD symptoms. The reliability
of the English version has been found satisfactory in a sample
of people with SUDs, as measured by a Cronbach α value of
0.73 [37].

Depression, Anxiety, Stress Scale

The Depression, Anxiety, and Stress Scale [38] is a commonly
used instrument consisting of 21 items, divided into three
subscales (depression, anxiety, and stress), each containing
seven items. Each question is rated on a scale from 0=did not

apply to me at all to 3=applied to me very much. Subscales and
total scores are calculated by adding up the scores on the items
and multiplying these by a factor of 2. In a population of
Dutch-speaking SUD service users in the Netherlands, Beaufort
et al [39] found the total score to be highly reliable (Cronbach
α=0.91).

Adult ADHD Self-Report Scale

The Adult ADHD-Self-Report Scale v1.1 consists of several
questions encompassing each of the 18 symptoms cited in the
Diagnostic and Statistical Manual of Mental Disorders, Fourth
Edition [40]. This study uses the short version, consisting of
six items that have been found the most predictive of an ADHD
diagnosis. These items are rated on a scale from 0=never to
4=very often. Scores equal to or higher than 2 for items 1-3 and
equal to or higher than 3 on items 4-6 are indicative of a
diagnosis of ADHD. A Spanish study by Blanco et al [41]
showed a sensitivity of 0.88 and a specificity of 0.69 for a
diagnosis of ADHD in a sample of outpatients with SUDs. In
an international study among treatment-seeking in- and
outpatients with an SUD, very similar results were obtained
with a sensitivity of 0.83 and a specificity of 0.68 for Diagnostic
and Statistical Manual of Mental Disorders ADHD [42].

PROMs

Overview

The second section of the tool is focused on PROMs and is
based on the ICHOM SSA [24]. To extend the focus to
subjective well-being beyond substance use and health
outcomes, we added a widely used instrument to assess the
quality of life and overall well-being (ie, brief version of the
World Health Organization Quality of Life questionnaire
[WHOQoL-BREF]).

Patient-Reported Outcomes Measurement Information
System Alcohol Use Short Form 7a

The Patient-Reported Outcomes Measurement Information
System (PROMIS) Alcohol Use Short Form [43] is a 7-item
self-report questionnaire, derived from the 37-item PROMIS
Alcohol Use item bank. This tool is designed to assess alcohol
use in the last 30 days. Respondents were instructed to complete
the seven questions only if they consumed alcohol in the last
30 days. Answers are rated on a 5-point scale ranging from
0=never to 4=almost always. The internal consistency of the
total score has proven to be excellent in participants from the
general population and a clinical sample of service users in
treatment for SUDs (Cronbach α=0.95) [43].

PROMIS SF v1.0—Severity of Substance Use 7a

The PROMIS Severity of Substance Use Short Form [44]
consists of seven items and is a shorter version of the 37-item
PROMIS Severity of Substance Use item bank. This tool is
designed to assess the severity of substance use in the last 30
days. Answers are rated on a 5-point scale ranging from 0=never
to 4=almost always. The internal consistency of the total score
was found to be excellent in participants from the general
population and a clinical sample of service users in treatment
for SUDs (Cronbach α=0.94) [44].
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Heaviness of Smoking Index

The Heaviness of Smoking Index consists of two items: “How
soon after waking up do you usually have your first smoke?”
and a question assessing the number of cigarettes smoked each
day. The first question was rated on a 4-point scale ranging
from more than 60 minutes (0) to less than 5 minutes (3). The
second question was replaced by an assessment of the number
of cigarettes smoked in the last 30 days to maintain consistency
with the assessment of the other substances. Internal consistency
for the total Heaviness of Smoking Index score was found to
be relatively low in a sample of male individuals with SUDs
and nicotine dependence (Cronbach α=0.49) [45].

National Health Service Treatment Outcomes Profile for
Substance Misuse—Section 1

The Treatment Outcomes Profile [46] is a multidimensional
assessment instrument for monitoring outcomes in SUD
treatment. This questionnaire measures four key life domains
(substance use, crime, health, and social functioning). For this
study, we only assessed the substance use domain and made
modifications to the time frame in line with the other
questionnaires. Specifically, participants were asked about their
primary substances of use and the number of days and quantity
consumed over the past 30 days.

PROMIS Scale v1.2—Global Health

The PROMIS Global Health consists of 10 items, scored on a
5-point scale. Due to overlap with other questionnaires, and in
accordance with the ICHOM SSA, we only included two items
of this scale relating to physical and mental health. The response
options of these items are “excellent,” “very good,” “good,”
“fair,” and “poor.” Its psychometric properties were evaluated
using a sample of 4370 individuals from the Dutch general
population. Results indicated a 2-factor structure with good
internal consistency. The subscales “Global Mental Health” and
“Global Physical Health” had Cronbach α of 0.83 and 0.78,
respectively [47].

Substance Use Recovery Evaluator

The Substance Use Recovery Evaluator (SURE) [48] is a
self-report questionnaire consisting of 21 items, which is
completed on a 5-point scale but scored on a 3-point scale (1-3).
The first two response options correspond to a score of 3, the
third response option to a score of 2, and the final 2 response
options to a score of 1. Response options for the first three
questions are “never,” “on 1 or 2 days,” “on 3 or 4 days,” “on
5 or 6 days,” and “every day,” while for the remaining questions,
response options are “all of the time,” “most of the time,” “a
fair amount of the time,” “a little of the time,” and “none of the
time.” Higher total sum scores suggest greater recovery
strengths. The items are categorized into five subscales:
“substance use,” “relationships,” “self-care,” “outlook on life,”
and “material resources.” Internal consistency of the SURE total
score was found to be high in a sample of current and former
SUD service users (Cronbach α=0.92) [48]. Psychometric
properties of the translated Dutch version of the SURE showed
good internal consistency (Cronbach α=0.83) [49].

World Health Organization Quality of Life Scale

The WHOQoL-BREF [50] consists of 26 items and is a short
version of the WHOQoL-100 questionnaire. Questions are rated
on a 5-point scale (1-5) and response options, from the lowest
to highest score, are “very poor/very dissatisfied/not at
all/never,” “poor/dissatisfied/a little/seldom,” “neither poor nor
good/neither satisfied nor dissatisfied/a moderate
amount/moderately/quite often,” “good/satisfied/very
much/mostly/very often,” and “very good/very satisfied/an
extreme amount/extremely/completely/always.” Higher sum
scores are an indication of a better quality of life. The items are
grouped into four domains: “psychological health,” “physical
health,” “environment” and “social relationships.” The
WHOQoL-BREF has demonstrated good internal consistency
with Cronbach α values for each of the domains ranging from
0.66 to 0.84 [51].

PREMs

Overview

As the objectives of the OMER-BE study also included the
measurement of PREMs, the third section of the OMER-BE
outcome measurement tool is not part of the ICHOM SSA. We
use a newly validated PREM, the Patient-Reported Experience
Measure for Addiction Treatment (PREMAT), to assess service
users’ experiences regarding the treatment they received.

PREMAT

The PREMAT is a recently developed relatively brief (23-item)
questionnaire that aims to capture the experiences of people in
residential SUD treatment services [52-54]. More precisely, the
following topics are addressed in the PREMAT: “Individualized
support,” “Self-determination and Empowerment,” “Program
structure,” “Treatment environment,” “Coordination of care,”
and “Personal responsibility” [53,54]. The instrument consists
of 23 statements rated on a 5-point Likert scale: 1=strongly
disagree, 2=disagree, 3=neither agree nor disagree, 4=agree,
and 5=strongly agree. The total score ranges from 23 to 115,
with higher scores reflecting a more positive experience.
Additionally, the PREMAT includes 2 open-ended questions
(“How could your experience at this service have been
improved?” and “What have been the best things about your
experience here?”), which allows respondents to elaborate on
certain aspects of the questionnaire or discuss topics that are
not covered by the PREMAT items [52]. Internal consistency
for the total score was found excellent in a sample of participants
from specialist residential SUD treatment services in Australia
(Cronbach α=0.91) [53].

Ethical Considerations
This study was granted ethical approval from the Medical Ethics
Committee of the University Hospital Brussels on May 11, 2022
(UZ Brussel; BUN: 1432022000071). The participants were
informed about the confidentiality of the data they provide, and
written informed consent was acquired from all participants
before being included in the study. Participants received a €10
(US $10.46) voucher for each completed assessment. All data
are treated confidentially and reported anonymously. This study
was conducted in accordance with the Declaration of Helsinki.
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Data Analysis of Baseline Characteristics
This paper presents baseline characteristics of the study cohort
and comparative analyses between participants from different
treatment modalities, as well as between participants who
completed the 45-day follow-up and those who did not
participate in the 45-day assessment. For categorical
demographic and patient characteristics, significant differences
between treatment modalities were assessed using either the
chi-square test or Fisher exact test when the data did not meet
the assumptions required for the chi-square test. For continuous
variables, we used ANOVA to assess group differences. Welch
2-tailed t test was used when the assumption of equal variances
was not met. Post hoc comparisons between groups were made
using the Tukey test when variances were equal or the
Games-Howell test when the assumption of equal variances
was violated. Initial power analyses indicated that a minimum
of 159 participants were needed to detect moderate effects (with
α=0.05 and 80% power). Statistical analyses were conducted
using SPSS Statistics (version 29; IBM Corp).

Future analyses will center on longitudinal changes in PROMs
and PREMs, using repeated measures and mixed model
analyses. The role of mediating and moderating variables (eg,
socioeconomic status, comorbidity, and recovery strength) will
be assessed, along with differences between treatment
modalities. All statistical analyses will be conducted using R
studio (Posit PBC) and SPSS Statistics (IBM Corp).

Results

In total, 189 individuals participated in the OMER-BE study at
baseline, of which 161 (85.2%) participants underwent
residential treatment (81 participants treated in a SUD treatment
ward in a psychiatric facility and 80 participants in a drug-free
TC). Additionally, 28 (14.8%) participants were recruited in
outpatient services. At the 45-day follow-up assessment, 120
participants completed the questionnaire, resulting in an overall
attrition rate of 36.5% (69/189). The proportion of participants
who did not complete the follow-up at 45 days was 38.8%
(31/80) in drug-free TCs, 34.6% (28/81) in SUD treatment wards
within psychiatric facilities, and 35.7% (10/28) in outpatient
services.

Details regarding the baseline sociodemographic and clinical
characteristics of the participant sample are presented in Table
1. The average age is 35.5 (SD 9.9) years. The majority of
participants were male (n=156, 82.5%), completed secondary
education as their highest level of education (n=114, 60.3%),
and lived alone (n=90, 47.6%). Most participants were born in
Belgium (n=178, 94.2%) and resided in psychiatric facilities
(n=81, 42.9%) and TCs (n=80, 42.3%) during the baseline
assessment. A total of 153 (81%) participants received previous
treatment for SUDs. The most frequently reported main
substances were alcohol (n=100, 53.8%), cocaine (n=81, 43.5%),
and cannabis (n=64, 34.4%), indicating the presence of many
problematic poly-substance users.
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Table 1. Overview of the sociodemographic and clinical characteristics of the participant sample.

P valueOutpatient (n=28)TCb (n=80)PCa (n=81)Total (n=189)Variables

.20d36.5 (9.3)34.1 (7.9)36.6 (11.7)35.5 (9.9)Age (years), mean (SD)c

.1622 (78.6)71 (88.8)63 (77.8)156 (82.5)Sex (male), n (%)

.04Education level, n (%)

8 (28.6)23 (28.7)14 (17.3)45 (23.8)Primary

16 (57.1)51 (63.7)47 (58)114 (60.3)Secondary

4 (14.3)6 (7.5)20 (24.7)30 (15.9)Higher

.37eCurrent living situation, n (%)

15 (53.6%)39 (48.8)36 (44.4)90 (47.6)Alone

0 (0)5 (6.3)4 (4.9)9 (4.8)Alone with children

4 (14.3)6 (7.5)8 (9.9)18 (9.5)Living together with partner and children

3 (10.7)2 (2.5)8 (9.9)13 (6.9)Living together with partner without children

6 (21.4)28 (35)25 (30.9)59 (31.2)Living together with others

Country of birth, n (%)

.27e28 (100)76 (95)74 (91.4)178 (94.2)Belgium

.1027 (96.4)65 (81.3)64 (79)156 (82.5)Belgium (father)

.1927 (96.4)66 (82.5)68 (84)161 (85.2)Belgium (mother)

.04818 (64.3)68 (85)67 (82.7)153 (81)Previous treatment for SUDsf (yes), n (%)

<.00113 (46.4)15 (18.8)9 (11.1)37 (19.6)Opioid agonist therapy

Main substances (n=186)g,h, n (%)

.0310 (37)38 (48.7)52 (64.2)100 (53.8)Alcohol

.0069 (33.3)23 (29.5)9 (11.1)41 (22)Amphetamines

.080 (0)12 (15.4)8 (9.9)20 (10.8)Benzodiazepines

.3110 (37)31 (39.7)23 (28.4)64 (34.4)Cannabis

.095 (18.5)19 (24.4)9 (11.1)33 (17.7)Crack

.63e0 (0)0 (0)2 (2.5)2 (1.1)Codeine + Promethazine

<.00110 (37)50 (64.1)21 (25.9)81 (43.5)Cocaine

.023 (11.1)10 (12.8)1 (1.2)14 (7.5)GHBi

.21e1 (3.7)2 (2.6)0 (0)3 (1.6)Hallucinogens

.122 (7.4)5 (6.4)13 (16)20 (10.8)Ketamine

.87e1 (3.7)3 (3.8)2 (2.5)6 (3.2)New psychoactive substances

.00511 (40.7)14 (17.9)10 (12.3)35 (18.8)Opioids

.0012.3 (1.4)2.7 (1.4)1.9 (1.3)2.3 (1.4)Number of main substances (n=186)c,g,h, mean (SD)

<.00118 (66.7)60 (76.9)33 (40.7)111 (59.7)More than one main substance (n=186)g,h, n (%)

aPC: psychiatric treatment center.
bTC: therapeutic community.
cANOVA.
dWelch test.
eFisher exact test.
fSUD: substance use disorder.
gSome service users reported more than one main substance used.
hData missing for three participants.
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iGHB: gamma-hydroxybutyric acid.

Initial comparisons were made between the three treatment
modalities (Table 1). When considering sociodemographic and
clinical characteristics, no significant differences were found
in terms of age, sex, living situation, and country of birth (all
P>.05). However, significant differences were observed
regarding education level, history of SUD treatment, OAT, and
the primary substances reported. Post hoc analyses revealed
that participants in the PC group had the highest level of
education, followed by those in the outpatient group, and finally,
the individuals from the TC group. On average, 83% (67/81)
of participants from the PC group and 85% (68/80) of the
participants from the TC group had a previous history of SUD
treatment, with no statistically significant difference between
the two groups. Moreover, a significantly higher percentage of
participants in the outpatient group (13/28, 46%) were engaged
in some form of OAT (P<.001). This was followed by
participants in the TC group (15/80, 19%), and finally, the PC
group (9/81, 11%). In terms of substance use, alcohol was more
frequently reported as the primary substance in the PC group,
followed by TC and outpatient groups. In contrast, opioids were
most frequently reported in the outpatient group, followed by

TC and PC groups. Amphetamine (P=.006), cocaine (P<.001),
and gamma-hydroxybutyric acid (P=.02) were significantly
more reported in the TC group, followed by the outpatient, and
finally, the PC group. A significantly higher percentage of
participants in the TC group reported more than one primary
substance, followed by the outpatient and PC group (P<.001).

Further comparisons were made regarding comorbid psychiatric
conditions and PROMs at baseline (Table 2). No significant
differences were found in levels of PTSD, depression, anxiety,
and stress scores between the treatment modalities (all P>.05).
However, significant differences were observed in scores on
the ADHD Self-Report scale, with participants in the outpatient
group scoring significantly lower compared to the TC group
(P=.03). No significant differences were found in general health
and quality of life scores (all P>.05). In contrast, the total score
on the SURE questionnaire revealed significant differences at
baseline between the groups, with participants in the outpatient
group scoring lower overall than those in the other groups
(P<.001). This trend was significant in the subdomains of
“Substance Use” (P<.001), “Self-care” (P<.001), and “Outlook
on Life” (P=.008).
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Table 2. Comparison of comorbidity and PROMsa at baseline.

P valueOutpatient (n=28), mean
(SD)

TCc (n=80), mean (SD)PCb (n=81), mean (SD)Total (n=189), mean
(SD)

Questionnaires

.251.89 (1.95)2.51 (2.07)2.09 (1.92)2.24 (2.00)PC-PTSD-5d

DASS 21e

.3119.21 (11.54)20.23 (10.80)17.58 (10.80)18.94 (10.92)Depression

.1812.93 (8.92)15.53 (9.96)12.94 (9.12)14.03 (9.50)Anxiety

.1518.29 (10.09)21.00 (9.72)18.00 (10.47)19.31 (10.15)Stress

.032.79 (1.89)3.75 (1.50)3.36 (1.73)3.44 (1.68)ASRSf

PROMIS GHg

.552.77 (.86)2.85 (.83)2.73 (.92)2.77 (.86)Physical

.732.46 (.96)2.61 (.88)2.62 (.94)2.59 (.92)Mental

<.001i46.00 (9.31)54.03 (5.46)52.19 (7.99)52.05 (7.70)SUREh total

<.00112.89 (3.01)15.60 (2.42)15.07 (2.98)14.97 (2.89)Substance use

<.001i10.07 (3.07)12.91 (1.97)11.81 (3.00)12.02 (2.78)Self-care

.05i10.04 (2.20)11.13 (1.26)10.98 (1.60)10.90 (1.61)Relationships

.557.36 (1.77)7.48 (1.80)7.72 (1.73)7.56 (1.76)Material resources

.0085.64 (2.08)6.91 (1.66)6.60 (1.92)6.59 (1.88)Outlook on life

WHOQoL-BREFj

.972.96 (.84)2.95 (.87)2.93 (.77)2.94 (.82)Perception quality of
life

.742.79 (1.03)2.81 (.98)2.91 (.91)2.85 (.96)Perception health

.3313.14 (2.80)13.85 (2.41)13.33 (2.77)13.52 (2.63)Physical health

.4810.98 (3.01)11.33 (2.88)11.68 (2.67)11.43 (2.81)Psychological health

.2712.24 (3.98)11.65 (3.55)12.59 (3.72)12.14 (3.70)Social relationships

.0912.55 (2.84)12.98 (2.85)13.74 (2.84)13.24 (2.87)Environment

aPROM: patient-reported outcome measure.
bPC: psychiatric treatment center.
cTC: therapeutic community.
dPC-PTSD-5: Primary Care Posttraumatic Stress Disorder Screen.
eDASS 21: Depression, Anxiety, and Stress Scale.
fASRS: Adult Attention-Deficit/Hyperactivity Disorder-Self-Report Scale.
gPROMIS GH: Patient-Reported Outcomes Measurement Information System Global Health.
hSURE: Substance Use Recovery Evaluator.
iWelch test.
jWHOQoL-BREF: brief version of the World Health Organization Quality of Life questionnaire.

Additionally, comparisons were conducted of baseline
sociodemographic, clinical, and PROM scores between
participants who completed the 45-day follow-up and those
who did not participate in the 45-day assessment (Table 3).
Participants who completed the 45-day follow-up were
significantly older (mean age 37.1, SD 9.4 years) compared to
noncompleters (mean age 32.8, SD 10.3 years; P=.005). In
general, noncompleters had a lower level of education (P=.009).
Significant differences were also found regarding living
situations, with a higher proportion of completers living alone
compared to noncompleters (P=.03). The country of birth of

participants’ mothers differed significantly between groups, as
a larger proportion of completers had a mother born in Belgium
(109/120, 91%) compared to noncompleters (52/69, 75%;
P=.004). A similar trend was observed for paternal country of
birth, but the difference was not statistically significant (P=.44).
Regarding substance use characteristics, alcohol was more
frequently reported as the primary substance among completers
(72/120, 61%) compared to noncompleters (28/69, 42%; P=.01).
However, no significant differences were observed between
groups concerning other primary substances of use or the
number of primary substances reported (all P>.05).
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Table 3. Comparison of sociodemographic and clinical characteristics of 45-day follow-up completers and noncompleters.

P valueNoncompleters (n=69)45-day completers (n=120)Total (n=189)Variables

.00532.8 (10.3)37.1 (9.4)35.5 (9.9)Age (years), mean (SD)a

.7156 (81.2)100 (83.3)156 (82.5)Sex (male), n (%)

.009Education level, n (%)

25 (36.2)20 (16.7)45 (23.8)Primary

36 (52.2)78 (65)114 (60.3)Secondary

8 (11.6)22 (18.3)30 (15.9)Higher

.03bCurrent living situation, n (%)

23 (33.3)67 (55.8)90 (47.6)Alone

3 (4.3)6 (5)9 (4.8)Alone with children

7 (10.1)11 (9.2)18 (9.5)Living together with partner and children

6 (8.7)7 (5.8)13 (6.9)Living together with partner without children

30 (43.5)29 (24.2)59 (31.2)Living together with others

Country of birth, n (%)

.99b65 (94.2)113 (94.2)178 (94.2)Belgium

.4455 (79.7)101 (84.2)156 (82.5)Belgium (father)

.00452 (75.4)109 (90.8)161 (85.2)Belgium (mother)

.7455 (79.7)98 (81.7)153 (81)Previous treatment for SUDsc (yes), n (%)

.0918 (26.1)19 (15.8)37 (19.6)Opioid agonist therapy, n (%)

Main substances (n=186)d,e, n (%)

.0128 (41.8)72 (60.5)100 (53.8)Alcohol

.7814 (20.9)27 (22.7)41 (22)Amphetamines

.285 (7.5)15 (12.6)20 (10.8)Benzodiazepines

.2127 (40.3)37 (31.1)64 (34.4)Cannabis

.7211 (16.4)22 (18.5)33 (17.7)Crack

.99b1 (1.5)1 (0.8)2 (1.1)Codeine + Promethazine

.9629 (43.3)52 (43.7)81 (43.5)Cocaine

.082 (3)12 (10.1)14 (7.5)GHBf

.55b0 (0)3 (2.5)3 (1.6)Hallucinogens

.0611 (16.4)9 (7.6)20 (10.8)Ketamine

.19b4 (6)2 (1.7)6 (3.2)New psychoactive substances

.1916 (23.9)19 (16)35 (18.8)Opioids

.752.2 (1.5)2.3 (1.3)2.3 (1.4)Number of main substances (n=186)a,d,e, mean (SD)

.2236 (53.7)75 (63)111 (59.7)More than one main substance (n=186)d,e, n (%)

.86Treatment modality, n (%)

31 (44.9)49 (40.8)80 (42.3)TCg

28 (40.6)53 (44.2)81 (42.9)PCh

10 (14.5)18 (15)28 (14.8)Outpatient

aANOVA.
bFisher exact test.
cSUD: substance use disorder.
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dSome service users reported more than one main substance used.
eData missing for three participants.
fGHB: gamma-hydroxybutyric acid.
gTC: therapeutic community.
hPC: psychiatric treatment center.

In terms of PROMs, a significant difference was observed in
the SURE domain “material resources,” where completers had
significantly higher scores (mean 7.78, SD 1.62) than
noncompleters (mean 7.19, SD 1.94; P=.04; Table 4).
Additionally, noncompleters scored significantly higher (mean
2.99, SD 0.87) on the physical health domain of the PROMIS

Global Health compared to people who completed the 45-day
follow-up (mean 2.65, SD 0.84; P=.01), indicating better
perceived physical health. No significant differences were found
between completers and noncompleters across other PROM
domains (all P>.05).

Table 4. Comparison of comorbidity and PROMsa at baseline between 45-day follow-up completers and noncompleters.

P valueNoncompleters (n=69),
mean (SD)

45-day completers
(n=120), mean (SD)

Total (n=189), mean (SD)Questionnaires

.582.13 (2.00)2.30 (2.00)2.24 (2.00)PC-PTSD-5b

DASS 21c

.4019.83 (11.21)18.43 (10.77)18.94 (10.92)Depression

.6113.57 (9.25)14.30 (9.66)14.03 (9.50)Anxiety

.2820.38 (9.72)18.70 (10.38)19.31 (10.15)Stress

.343.59 (1.58)3.35 (1.74)3.44 (1.68)ASRSd

PROMIS GHe

.012.99 (.87)2.65 (.84)2.77 (.86)Physical

.492.65 (1.00)2.56 (.87)2.59 (.92)Mental

.1150.87 (8.22)52.73 (7.33)52.05 (7.70)SUREf total

.1414.57 (3.10)15.21 (2.75)14.97 (2.89)Substance use

.4011.80 (2.90)12.15 (2.71)12.02 (2.78)Self-care

.2910.74 (1.75)10.99 (1.52)10.90 (1.61)Relationships

.04g7.19 (1.94)7.78 (1.62)7.56 (1.76)Material resources

.946.58 (1.94)6.60 (1.84)6.59 (1.88)Outlook on life

WHOQoL-BREFh

.992.94 (.86)2.94 (.80)2.94 (.82)Perception quality of life

.732.88 (.95)2.83 (.96)2.85 (.96)Perception health

.9213.55 (2.52)13.51 (2.70)13.52 (2.63)Physical health

.2811.72 (3.01)11.26 (2.68)11.43 (2.81)Psychological health

.1312.68 (3.40)11.83 (3.83)12.14 (3.70)Social relationships

.3012.96 (2.86)13.40 (2.87)13.24 (2.87)Environment

aPROM: patient-reported outcome measure.
bPC-PTSD-5: Primary Care Posttraumatic Stress Disorder Screen.
cDASS 21: Depression, Anxiety, and Stress Scale.
dASRS: Adult Attention-Deficit/Hyperactivity Disorder Self-Report Scale.
ePROMIS GH: Patient-Reported Outcomes Measurement Information System Global Health.
fSURE: Substance Use Recovery Evaluator.
gWelch test.
hWHOQoL-BREF: brief version of the World Health Organization Quality of Life questionnaire.
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Discussion

Principal Findings
The use of PROMs and PREMs in SUD treatment services is
limited to date, and no systematic monitoring system of
patient-reported outcomes in Belgium is currently available
[34]. Therefore, the OMER-BE study was set up to assess
PROMs and PREMs systematically and to improve the quality
of SUD services through the routine measurement and
monitoring of patient-reported outcomes and experiences at
regular times during and after treatment.

Comparisons across the three treatment modalities at baseline
revealed several noteworthy differences and similarities. While
no significant differences were observed in age, sex, living
situation, or country of birth, significant variations in education
levels, history of SUD treatment, engagement in OAT, and
primary substance of problematic use were observed. Regarding
co-occurring mental health disorders, no significant differences
were found in PTSD, depression, anxiety, and stress scores
between the treatment modalities. However, significant
differences were noted in ADHD scores, with the TC group
scoring significantly higher than the outpatient group. These
differences can be attributed to several factors. TCs are often
more suitable for individuals with more severe ADHD
symptoms, as these environments provide the structured support
and comprehensive care needed to manage both SUDs and
comorbid conditions. These settings allow for intensive
monitoring and support, which may be crucial for individuals
struggling with ADHD symptoms, such as impulsivity [55].

Analysis of PROM scores showed no significant differences
between treatment modalities in general health and quality of
life. However, significant differences were found in recovery
strengths, with participants in the outpatient group scoring lower
overall than those in the other groups. These differences,
particularly noted in the subdomains of “Substance Use,”
“Self-care,” and “Outlook on Life,” suggest that the structure
of the treatment environment plays a role in shaping recovery
trajectories. For example, we observed that participants in
residential treatment score significantly higher on the “Substance
Use” subscale compared to those in outpatient treatment,
suggesting lower levels of substance use among those in
residential settings. This difference can be attributed to the
structured and controlled environment of residential treatment
settings, where strict measures are often in place to encourage
abstinence and limit access to substances [56]. The supervision
and supportive community in residential facilities may also play
a crucial role in reducing substance use, which is less
enforceable in outpatient settings where individuals have more
autonomy and access to substances. The significant difference
in the “Self-care” subscale, with residential participants scoring
higher, may reflect the comprehensive care and support provided
in residential settings. These environments typically offer
structured daily routines and more intensive psychological and
physical care [56]. In contrast, outpatient treatment often places
a greater emphasis on self-management [57], which can be
challenging for individuals with limited resources or support
networks. Participants in residential treatment also scored

significantly higher on the “Outlook on Life” subscale, which
may be attributed to the supportive environment of residential
treatment settings, where participants are provided with
continuous care and peer support, all of which contribute to a
more positive and optimistic outlook on life. Notably, the group
difference in the “Relationship” subscale was close to
significance. As participants were assessed in the first weeks
of treatment, it is possible that participants in residential
facilities did not have enough time to build meaningful
relationships with other service users and providers.

In addition to differences between treatment modalities,
comparisons between participants who completed the 45-day
follow-up and those who did not participate in this assessment
revealed several significant differences. Participants who
completed the 45-day follow-up were significantly older, had
a higher education level, were more likely to live alone, and
were more likely to have a mother born in Belgium.
Additionally, they scored higher on the “Material Resources”
domain of the SURE, which includes questions about stable
housing, a steady income, and effective financial management.
These findings are in line with studies that suggest that factors
such as lower education level, younger age, unemployment,
and financial instability are associated with higher attrition in
follow-up assessments [58,59]. Furthermore, some studies have
found that factors such as low socioeconomic status are
associated with limitations in people’s ability to use electronic
devices [21,60,61], which may contribute to reduced
participation in follow-up assessments. The higher completion
rates among individuals living alone could indicate that they
experience fewer external obligations that interfere with
follow-up participation. The differences observed in maternal
country of birth suggest that cultural or socioeconomic factors
may also play a role in study retention, such as language barriers
or differing levels of trust in research participation. Furthermore,
alcohol was more frequently reported as the primary substance
of use among completers and individuals with alcohol as primary
substance of use had a lower attrition rate in comparison to the
total sample (28% vs 36.6%). The higher prevalence of alcohol
as a primary substance among completers may reflect
differences in treatment pathways and more stable living
situations that can be linked to socioeconomic factors and higher
education levels.

Limitations
Despite being innovative and pioneering, the proposed study
also has some limitations. First, recruiting participants in
outpatient facilities proved to be extremely challenging, leading
to a limited number of participants in these settings. One
significant obstacle was the presence of long waiting lists,
resulting in a limited number of new treatment episodes and
lower turnover rates compared to the residential services. The
frequency of contact between potential participants and service
providers was limited in many outpatient settings, as many
service users have only weekly or biweekly appointments. This
poses significant scheduling constraints, especially since
participants were expected to complete the baseline
questionnaires within three weeks of treatment initiation.
Additionally, there was a high occurrence of no-shows for
scheduled appointments with the researchers, which resulted in
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missed opportunities to engage potential participants. To address
these challenges, several strategies were implemented. Flyers
and posters were provided in waiting areas to inform potential
participants about the study and proactive follow-up calls were
made to confirm appointments. Moreover, regular contact was
maintained with service providers (both through email and
phone) to encourage participation. Despite these efforts,
maintaining consistent engagement in outpatient facilities has
been proven particularly challenging, resulting in some
outpatient centers withdrawing from the study. Consequently,
future comparative analyses will primarily focus on residential
treatment services due to the limited number of outpatient
participants. These challenges raise important considerations
for the broader implementation of PROMs and PREMs in
outpatient addiction services. While comprehensive assessments
seem feasible in residential settings, these findings underscore
the need for effective strategies for the structural implementation
of PROMs and PREMs in outpatient services. Potential
strategies to increase participation and retention may include
broadening recruitment periods, simplifying assessment
batteries, and using short-form PROMs and PREMs that could
be completed during brief waiting periods before appointments.
Additionally, codeveloping implementation strategies with
service users and providers could further enhance feasibility
and engagement in outpatient settings.

Second, recruiting facilities and participants in the
French-speaking regions of Belgium proved to be more
challenging than in the Dutch-speaking parts. This might be
caused by differing attitudes toward the importance of outcome
evaluation and measurement. Hence, beyond providing feasible
measurement instruments and implementation strategies, there
is a need to build service cultures that value the implementation
of measurements to improve the quality of support. Organizing
policies and funding that support the routine use of PROMs and
PREMs might be an important step toward realizing this. Yet,

this also includes overcoming practical challenges such as
staffing shortages that hinder broader participation.

Finally, the study is limited by the lack of standardized
diagnostic assessment of participants entering the study.
Inclusion was based on proxy indicators (previous treatment
for SUD, clinical assessment, or history of substance misuse),
rather than on clinical diagnoses. This lack of structural
diagnosis may have introduced variability in our findings and
may limit generalization to other populations.

Conclusions
Despite these challenges, this study is one of the first studies to
explore the assessment of PROMs and PREMs in SUD treatment
services using the ICHOM SSA set of instruments. By
systematically and routinely monitoring PROMs and PREMs,
the project aims to empower service providers and give them
tools to evaluate subjective treatment outcomes and experiences.
This approach can provide service providers and policy makers
with benchmarks for assessing outcomes and experiences during
and after treatment across various treatment modalities. By
applying an internationally validated tool, the study allows
international comparison with similar interventions and
treatment modalities globally. Future analyses will explore
longitudinal changes in PROMs and PREMs, with a particular
focus on the influence of baseline mediating and moderating
variables (eg, socioeconomic status, comorbidity, and recovery
strength) and differences between treatment modalities. The
findings from this study will offer new perspectives and insights
into the effectiveness of different SUD treatment modalities
and their impact on diverse service user populations. This shift
toward person-centered care not only supports better recovery
outcomes but also fosters continuous improvement and
innovation in SUD treatment services. Ultimately, systematically
monitoring PROMs and PREMs has the potential to enhance
the quality of care by offering a comprehensive understanding
of service users’ needs and treatment effectiveness, extending
beyond abstinence.
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Abstract

Background: Poor medication adherence among older adults with multiple chronic conditions and polypharmacy is a public
health concern stemming from distinct challenges. Prior interventions have largely used a one-size-fits-all approach or
resource-intensive approaches inappropriate for busy primary care clinics.

Objective: To address this, Phenotyping Adherence Through Technology-Enabled Reports and Navigation (PATTERN) was
adapted from prior work. PATTERN is a portal-based intervention for monitoring self-reported medication adherence challenges
among older adults in primary care. This study sought to implement and evaluate PATTERN’s feasibility and acceptability.

Methods: We conducted a patient randomized study with a posttest design. Primary care physicians at the participating health
center were informed of the study, and approval was obtained to contact their patients. Patient eligibility included being aged 60
years or older, having prescription medications for ≥8 chronic conditions, and an upcoming visit with a physician who had
provided approval. Potentially eligible patients were identified using an electronic health record query, and a research coordinator
phoned them to confirm eligibility, assess interest, obtain consent, and conduct enrollment. Randomization occurred following
enrollment. Those randomized to PATTERN received a medication adherence assessment in their patient portal accounts several
days ahead of their visit. The assessment identified whether a patient was experiencing a medication adherence challenge, and if
so, the type (cognitive, psychological, medical, regimen-related, social, or economic). Identified challenges were sent to the
patient’s primary care physician. Assessment delivery several days ahead of a visit was thought to offer sufficient time for patients
to complete it and clinicians to review any challenges. Approximately 2 weeks after visits, the coordinator recontacted participants
to conduct posttest interviews. This ensured clinicians had sufficient time to respond to challenges during or after visits. Posttest
interviews measured the self-reported use of the portal, demographic and health characteristics, and for those randomized to
PATTERN, intervention satisfaction. Self-reported data were captured in REDCap and analyzed descriptively. Electronic health
record data were also analyzed descriptively to objectively identify feasibility, that is, whether intervention arm participants
completed the PATTERN assessment.

Results: We enrolled 64 participants (32 received usual care, and 32 received intervention). Most were female (66%, 42/64),
not Hispanic or Latino (94%, 60/64), and identified as White (58%, 37/64). The average (SD) age was 75 (6.8) years. Most
participants (80%) self-reported using the patient portal ≥12 times per year. However, electronic health record data revealed that
less than half of all participants randomized to PATTERN (47%, 15/32) completed the medication adherence assessment. Of
those who remembered completing it, 60% (3/5) were very satisfied with the experience and 20% (1/5) were a little satisfied.

Conclusions: PATTERN has the potential for use with older primary care patients experiencing multiple chronic conditions
and polypharmacy. Yet, further adaptation is needed to ensure recipients access their patient portal accounts and complete
assessments.

Trial Registration: ClinicalTrials.Gov NCT05766423; https://clinicaltrials.gov/study/NCT05766423

(JMIR Form Res 2025;9:e71676)   doi:10.2196/71676
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Introduction

Older adults with multiple chronic conditions and polypharmacy
are at increased risk of suboptimal medication adherence [1,2],
resulting in poor treatment outcomes, adverse drug events, and
reduced quality of life [3]. In fact, poor medication adherence
in this population is considered a substantial public health
concern, impacting both morbidity and financial strain [4].

Barriers to medication adherence, or taking medication as
prescribed, are well known in older adults with multiple chronic
conditions and polypharmacy and comprise distinct challenges
that can be mapped to the model of medication
self-management; these include challenges classified as
cognitive, psychological, medical, regimen-related, social, or
economic [5]. Yet, the vast number of interventions designed
to address medication adherence challenges do so using a
“one-size-fits-all approach,” as opposed to a more tailored
approach, targeting the distinct challenges experienced by
individual patients [6]. Furthermore, interventions that do tailor
approaches are often resource-intensive, requiring clinical
pharmacists, community health workers, or other individuals
tasked with providing intensive one-on-one sessions [6-8]. These
resource-intensive interventions and activities are not always
available or appropriate for busy primary care settings. Yet,
primary care remains the front line of health care for most older
adults in the United States [9].

To address this, we created PATTERN: Phenotyping Adherence
Through Technology-Enabled Reports and Navigation. Adapted
from a previous study by our team [10,11], PATTERN uses the
patient portal to identify and classify medication adherence
challenges for review and resolution by a primary care physician
or designated care team. It was designed to be low-cost,
sustainable, and scalable using existing electronic health record
(EHR) technology. We conducted a small feasibility study of
this intervention to determine its feasibility and acceptability
among older primary care patients with multiple chronic
conditions and polypharmacy.

Methods

Study Design
We conducted a patient randomized feasibility study, using a
posttest design to examine the effects of PATTERN. This paper
largely presents data from the intervention arm pertaining to
the feasibility and acceptability of PATTERN.

Eligibility Criteria, Recruitment, and Setting
We first sought approval, via email, from physicians affiliated
with any primary care clinic (including geriatrics) within the
participating academic health center in Chicago, IL, to contact
their patients for recruitment into PATTERN. Patients were
eligible to participate if they were aged 65 years or older, spoke
English as their primary language, self-reported contending
with at least two chronic health conditions, were prescribed
eight or more medications they were primarily responsible for
taking, and had a visit scheduled within the next 1 week with
the physician who had provided contact approval. For
intervention purposes, individuals also needed to have access

to the internet, an active email address, and a patient portal
account. Exclusion criteria included having participated in our
prior, formative research or having any severe, uncorrectable
visual, hearing or cognitive impairments that would have
precluded study consent or participation.

Potentially eligible patient participants were identified using an
EHR query, phoned by a trained research coordinator, informed
about the study, and screened for eligibility. Those who met all
eligibility criteria and expressed an interest in participating then
provided electronic informed consent prior to enrollment. The
research coordinator scheduled remote posttest interviews with
enrolled participants; these occurred approximately 2 weeks
after their scheduled clinic visit.

Randomization
Participants were randomized one-to-one to usual care or the
PATTERN intervention using random block sizes of two and
four, stratified by clinic type (geriatrics or other primary care
clinic). The allocation table was created using SAS PROC
PLAN and implemented using REDCap software [12].
Randomization took place immediately following enrollment
(Multimedia Appendix 1). The purpose was to be able to
compare differences between those randomized to PATTERN
and those in usual care.

Intervention Activities
Participants who were randomized to the PATTERN
intervention were sent an email 2 to 3 days ahead of their clinic
visit. The email instructed them to log into their patient portal
accounts to complete a brief medication adherence assessment
prior to their upcoming primary care visit. Those who logged
in were instructed to begin the two-tiered assessment adapted
from a prior study [10]. The first three questions identified if
the participant was experiencing any challenges taking their
medications as prescribed. Specifically, these asked: (1) During
the past month, did you decide to stop taking any of your
medicines without telling your doctor? (2) During the past
month, did you decide to take more or less of any of your
medicines than you were supposed to without telling your
doctor? (3) Are you having any problems with your medicines?
Those who endorsed at least one adherence challenge were
asked to respond to a subsequent set of 18 questions. These
questions, informed by the model of medication
self-management, were designed to “phenotype” or identify the
distinct type of medication adherence challenge a participant
might have been experiencing. Challenges could be classified
as cognitive (eg, forgetfulness), psychological (eg, health
literacy, depression, or motivation), medical (eg, acute illness),
regimen-related (eg, side effects or complex dosing schedules),
social (eg, transportation or support), and economic (eg, cost)
[5].

Any identified and “phenotyped” challenges were designed to
be automatically and securely forwarded, via the EHR, to the
participant’s primary care physician with whom they had an
upcoming clinic visit. The intent was to ensure physicians
received relevant and actionable data from patients regarding
any medication challenges they might have been experiencing.
This information could subsequently inform the scheduled visit
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or referral to available support services such as social workers
or clinical pharmacists, depending on clinic-specific resources.

Data Collection Activities
Data were collected between March and August 2024. Remote,
structured study interviews were held with individual
participants approximately 2 weeks after each participant’s
regularly scheduled clinic visit. The research coordinator phoned
participants at previously agreed-upon times and administered
a brief questionnaire. Data were captured using the REDCap
software [12]. On average, it took participants 20 minutes to
complete the questionnaire, and all participants were
compensated US $50 for their time.

Measures

Participant Characteristics
All participants reported their age, sex, race, and ethnicity.
Perceived health status was measured using the single-item
patient-reported measurement information system (PROMIS)
global health measure that asks participants to rate their health
from poor to excellent using a 5-point Likert scale [13].
Depression was captured using the validated 6-item PROMIS
depression measure, with higher scores representing greater
symptom burden [13]. Patient activation was captured using
the validated 10-item Consumer Health Activation Index (CHAI)
[14]. Finally, the use of the patient portal was examined by
asking participants how often they use their portal accounts and
for what purposes. This self-reported information was
supplemented by EHR data identifying the completion of any
portal questionnaire in the past year.

Intervention Feasibility
We used data captured from self-reporting and from the EHR
to examine intervention feasibility among participants
randomized to PATTERN. Specifically, we were interested in
identifying (1) the number of adherence assessments received
(opened) among those sent; (2) the number of adherence
assessments completed among those received; and (3) the
number of participants who spoke with their clinical care teams
about the adherence assessments in those who completed them.

Intervention Acceptability
Participants who completed the intervention were asked how
satisfied they were with the PATTERN questionnaire. Response
options ranged on a 4-point Likert scale from “not at all
satisfied” to “very satisfied.”

Analysis
Descriptive statistics were used to examine participant
characteristics, overall and by study arm. All feasibility and
acceptability data were also assessed using descriptive statistics
in the intervention arm only. Analyses were conducted using
SAS 9.4 software.

Ethical Considerations
All study procedures were approved by the Northwestern
University’s Institutional Review Board (STU00217555). All
participants provided electronic informed consent prior to study
participation and were compensated US $50 for their time. Data
presented herein have all been deidentified.

Results

Participant Characteristics
Participant characteristics are presented in Table 1. In brief, a
total of 64 patient participants were enrolled. The average (SD)
age was 75 (6.8) years. Most indicated they were female (66%,
42/64), non-Hispanic (94%, 60/64), White (58%, 37/64), and
in good or better health (64%, 41/64). A total of 16% (10/64)
were classified as having mild or moderate depression, and 38%
(24/64) as having low patient activation. A large majority of
participants (80%, 51/54) reported they used the patient portal
more than 12 times a year, and that when they access the portal,
they view laboratory results (98%, 63/64), confirm appointments
(89%, 57/64), and send messages to their care teams (91%,
58/64). Actual use, assessed via EHR data, revealed that most
patients (72%, 46/64) had previously (within the past year)
completed any type of assessment in the patient portal. No
significant differences in participant characteristics were
observed between study arms.

JMIR Form Res 2025 | vol. 9 | e71676 | p.3679https://formative.jmir.org/2025/1/e71676
(page number not for citation purposes)

Pack et alJMIR FORMATIVE RESEARCH

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


Table . Descriptive statistics of participant characteristics and technology use, overall and by study arm, captured via self-reporting and the electronic
health records between March and August 2024.

Intervention

(n=32)

Usual care

(n=32)

Overall

(n=64)

Characteristics

Gender, n (%)

10 (31.3)12 (37.5)22 (34.4)Male

22 (68.8)20 (62.5)42 (65.6)Female

Age, years

74.9 (6.1)75.1 (7.5)75.0 (6.8)Mean (SD)

74.5 (66-90)74 (66‐93)74.5 (66-93)Median (range)

Ethnicity, n (%)

31 (96.9)29 (90.6)60 (93.8)Not Hispanic or Latino

N/Aa1 (3.1)1 (1.6)Hispanic or Latino

1 (3.1)2 (6.3)3 (4.7)Refused

Race, n (%)

18 (56.3)19 (59.4)37 (57.8)White

12 (37.5)11 (34.4)23 (35.9)Black or African-American

1 (3.1)2 (6.3)3 (4.7)Other

1 (3.1)N/A1 (1.6)Refused

Health status, n (%)

N/A1 (3.1)1 (1.6)Excellent

8 (25.0)3 (9.4)11 (17.2)Very good

12 (37.5)17 (53.1)29 (45.3)Good

10 (31.3)10 (31.3)20 (31.3)Fair

2 (6.3)1 (3.1)3 (4.7)Poor

PROMISb depression, n (%)

25 (78.1)29 (90.6)54 (84.4)Within normal limits

7 (21.9)3 (9.4)10 (15.6)Mild or moderate

CHAI,c n (%)

15 (48.4)9 (28.1)24 (38.1)Low

11 (35.5)16 (50.0)27 (42.9)Moderate

5 (16.1)7 (21.9)12 (19.1)High

Patient portal use

    Self-reported frequency, n (%)

2 (6.3)N/A2 (3.1)     Never

N/A1 (3.1)1 (1.6)     1 to 6 times per year

6 (18.8)4 (12.5)10 (15.6)     7 to 12 times per year

24 (75.0)27 (84.4)51 (79.7)     More than 12 times per year

    Self-reported activities, n (%)

18 (56.3)22 (68.8)40 (62.5)     Requesting appointments

31 (96.9)32 (100.0)63 (98.4)     Viewing laboratory results

25 (78.1)26 (81.3)51 (79.7)     Refilling prescriptions

29 (90.6)29 (90.6)58 (90.6)     Sending a message to the care
team

JMIR Form Res 2025 | vol. 9 | e71676 | p.3680https://formative.jmir.org/2025/1/e71676
(page number not for citation purposes)

Pack et alJMIR FORMATIVE RESEARCH

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


Intervention

(n=32)

Usual care

(n=32)

Overall

(n=64)

Characteristics

19 (59.4)13 (40.6)32 (50.0)     Paying bills

28 (87.5)29 (96.6)57 (89.1)     Confirming appointments

1 (3.1)1 (3.1)2 (3.1)     Other

    Actual use, n (%)

21 (65.6)25 (78.1)46 (71.9)        Any questionnaire completion
in the past year

aN/A: not applicable.
bPROMIS: patient-reported measurement information system.
cCHAI: Consumer Health Activation Index.

Intervention Feasibility and Acceptability
Our assessment of intervention feasibility revealed that 47%
(15/32) of participants in the intervention arm completed the
adherence assessments that were sent in their patient portal
accounts. Of those, only 1 indicated they had any adherence
challenges, according to EHR data, though this participant
self-reported they did not remember having any challenges.
Similarly, when asked by the research coordinator, 75% (24/32)
of intervention arm participants self-reported they were unaware
they had received an email or portal message asking them to
complete the PATTERN medication adherence assessment, and
therefore did not complete it. When probed for an explanation,
most indicated they had accessed their email but did not notice
the request (71%, 17/24). Of those who self-reported receiving
the request (25%, 8/32), all but 1 found the adherence
assessment to be somewhat or very easy to access, and most
(63%, 5/8) reported they completed it. Of the 5 who said they
completed the survey, 3 (60%) were very satisfied with the
experience, 1 (20%) was a little satisfied, and 1 (20%) did not
reply. Moreover, although none of these participants reported
having any challenges with their medications, 2 revealed they
had discussed the medication assessment and medication taking
strategies with their clinical care teams and were satisfied with
that conversation. Participants who accessed but did not
complete the assessment (37%, 3/8), revealed it was not because
they encountered challenges accessing or responding to it; rather,
they indicated they did not want to complete it at that time.

Discussion

This small patient randomized feasibility study examined the
feasibility and acceptability of the PATTERN intervention
among older adults with multiple chronic conditions and
polypharmacy from a large academic medical center in Chicago,
IL. Results revealed that the previsit delivery of portal-based
assessments has the potential to enhance patient-provider
communication about medication adherence in primary care,
as most of our sample self-reported being active users of the
patient portal and had a record of a completed portal assessment
in the EHR in the last year. This is an important finding as our
studies have previously shown that while highly
resource-intensive interventions can increase medication
adherence among older adults, less-intensive options, such as
portal-based assessments, are needed for busy primary care

clinics [7]. This finding also has far-reaching implications, as
health systems are increasingly relying on patient-reported
outcomes collected via the patient portal [15-17].

However, less than half of all intervention arm participants
completed the PATTERN adherence assessment ahead of their
clinical care visit, as instructed. As such, the current approach
likely requires additional nudges or supports to ensure all
recipients are able to access and complete the assessments in a
timely manner. This could include (1) information explaining
how to know when assessments are available for completion in
the patient portal; (2) more tailored information designed to
entice recipients to open the portal message; and (3) detailed
information on how to complete assessments on time. Prior
portal-based studies conducted among older adults have also
shown that this population could benefit from usability training
[18,19]. Yet beyond a “how-to” training, information on why
portal-based assessments are useful has also been identified as
a need [20]. Future studies should explore the nudges, supports,
or training older adults find acceptable, feasible, and appropriate.
Furthermore, it may be that assessment results need to be sent
to the patient ahead of their visit. These could be accompanied
by a list of result-specific questions (perhaps even populated
by artificial intelligence) that patients could ask during their
visit [21]. Not only would this list serve as a reminder that they
had completed the assessment, but as other studies using
question prompt lists have shown, it can further care engagement
[22,23].

The few participants in our study who reported completing the
PATTERN assessment noted they were largely satisfied with
it and the resulting conversations they had with their care teams.
Had we conducted posttest interviews immediately following
the clinical care visit, more participants would have likely been
able to share their experiences and whether they found the
intervention to be acceptable. Increasingly, studies are revealing
that older adults typically have positive experiences with patient
portals and technology-delivered assessments [24,25]

Results from this study need to be considered in light of the
study limitations. First, this was a small feasibility study
conducted within a single academic health system. It is possible
that a larger, more diverse study would have resulted in different
findings. However, the purpose of this study was to obtain
preliminary data that could inform a larger, more diverse trial.
There was also no age limit for participation in this study. It is
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possible that PATTERN may be more feasible for the “younger”
older adults, for example, those individuals who are between
the ages of 65 and 75 years. Finally, we may need to account
for “proxy users,” other individuals appointed by the patient to
access and respond to needs in their patient portal accounts.
Although nearly all participants in our study had not officially
authorized “proxy use” in their accounts, it is possible they
relied on unofficial use. A recent national survey revealed that
nearly half of all older adults between the ages of 50 and 80
years have allowed others to use their portal accounts [17]. This
might occur if a patient’s caregiver, for example, used the
patient’s login information to confirm appointments, update
medication information, or use other portal-based features,

including assessments [26]. It is possible that participants in the
PATTERN intervention arm did not remember completing the
medication adherence assessment because their proxy user had
completed it for them.

In conclusion, PATTERN, a remote medication adherence
monitoring intervention, shows promise for use with older
primary care patients experiencing multiple chronic conditions
and polypharmacy. However, further adaptation and training
are needed to ensure participants are accessing their patient
portal accounts in a timely manner ahead of scheduled clinic
visits. Results from this small feasibility study may inform other
research and clinical activities intending to capture self-reported
data from older adults via the patient portal.
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Abstract

Background: Lifestyle modification programs play a critical role in preventing and managing cardiovascular disease (CVD).
A key aim of many programs is improving patients’ self-efficacy. In-person lifestyle modification programs can enhance
self-efficacy in managing CVD risk, also known as cardiac self-efficacy (CSE). However, such programs are typically staffing
and resource intensive. Digital lifestyle modification programs may offer a scalable and accessible way to improve CSE, but this
has not been shown in prior research.

Objective: This study examined changes in CSE among individuals using a digital lifestyle modification program for
cardiovascular health. Evaluation of improvement in CSE was a secondary goal of a feasibility and acceptability pilot study of
a digital program for Heart Health.

Methods: Participants were individuals with elevated risk for CVD who enrolled in a 90-day pilot study that involved mobile
app–based, artificial intelligence–powered health coaching and educational lessons focused on behaviors that promote cardiovascular
health. Participants completed the 9-item CSE Scale at baseline and in month 2. Changes in confidence in participants’ ability to
manage their cardiovascular health were assessed.

Results: The sample included 273 (n=207, 61.2% female; mean age 59.3, SD 10.1 years) participants who submitted a complete
CSE Scale at baseline and in month 2. The total CSE Scale score increased by 12.9% (P<.001) from baseline to month 2.
Additionally, there were significant increases in mean score on each of the 9 individual CSE Scale items (all P<.001), with the
largest increases in confidence “in knowing when to call or visit the doctor for your heart disease” (17% increase; P<.001), “in
knowing how much physical activity is good for you” (16.3% increase; P<.001), and “that you can get regular aerobic exercise”
(19% increase; P<.001).

Conclusions: The present analyses indicate that participants in a digital lifestyle modification program for cardiovascular health
showed significant improvements in CSE within 2 months. This work adds to the growing literature examining ways to improve
health-related self-efficacy and scalable access to programs for prevention and management of CVD.

(JMIR Form Res 2025;9:e60676)   doi:10.2196/60676
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Introduction

Background
Cardiovascular disease (CVD) is the leading cause of death and
the most common chronic disease in the United States, with
126.9 million adults (nearly 50% of the population) living with
some form of CVD [1]. CVD is a key public health concern, as
well as an economic burden, with costs related to CVD estimated
to be US $378 billion, exceeding all other chronic health
conditions [1,2]. Prevention and risk reduction for patients at

risk for CVD is important to reduce mortality, disability, and
economic burden [3]. According to the American Heart
Association, engaging in a healthy lifestyle over the course of
one’s lifespan is the most important factor in CVD prevention
[4]. As maintaining a healthy lifestyle is difficult for many adults
[5], 1 method of CVD prevention and management is
participation in behavioral interventions focused on healthy
lifestyle modifications [4]. Position statements from the US
Preventive Services Task Force state that lifestyle modification
programs that emphasize a healthy diet and physical activity
have a wide variety of cardiovascular health benefits and CVD
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risk reduction among individuals with and without a diagnosis
of CVD [6-8]. To enable individuals to make lasting behavior
changes to improve their cardiovascular health, a key aim of
many lifestyle modification programs is improving patients’
self-efficacy to manage their health [7,9,10].

Importance of Self-Management in CVD
Self-efficacy, or confidence in one’s ability to execute and
control certain behaviors, is crucial for patient empowerment
and self-management of cardiovascular health [11]. There are
several evaluation tools for measuring self-efficacy in the
context of disease self-management. For instance, general scales
for managing chronic disease include the Chronic Disease
Self-Efficacy Scale [12] and the Self-Efficacy for Managing
Chronic Disease 6-Item Scale [13]. The Cardiac Self-Efficacy
(CSE) Scale is a measure of self-efficacy specifically for
self-management of CVD [14]. The CSE Scale is a self-report
survey that evaluates individuals’ beliefs in their ability to
manage their cardiovascular health and the challenges that come
with heart disease [14,15]. These self-efficacy evaluation tools
provide insight into how confident an individual feels about
carrying out behaviors that are beneficial to disease prevention
and self-management.

Self-Efficacy in CVD Prevention and Management
Self-efficacy is a key target of lifestyle modification programs
because it predicts a range of healthy behaviors and outcomes
among individuals with CVD. For instance, higher self-efficacy
is associated with greater engagement in self-care behaviors
[16,17], such as higher levels of physical activity [18], healthier
dietary habits [19], and better medication adherence [20].
Among cardiac patients, higher self-efficacy is also associated
with better attendance in cardiac rehabilitation programs [21].
Meta-analytic results also indicate that stronger self-efficacy
among those with CVD is linked with a range of metrics of
health-related quality of life, such as physical functioning and
mobility, emotional functioning, mental health, and social
functioning [22].

A review of the literature indicated that in-person lifestyle
modification programs for CVD have been successful in
improving health-related self-efficacy [10]. One program
involved 6 weeks of in-person, 2.5-hour educational sessions
led by trained peer leaders who received 4 days of training;
results of this study showed significant improvements in
self-efficacy related to managing their health [23]. Another
program that included 8 hour-long, individual sessions between
each patient and a health professional found significant increases
in self-efficacy related to self-care after 12 weeks [24].

There is also evidence that in-person lifestyle modification
programs can improve self-efficacy specific to managing
cardiovascular health, as measured by the CSE Scale. Recent
studies show that intensive, in-person lifestyle modification
programs for CVD led by nurses and health professionals can
improve CSE scores over time [25,26], which have been shown
to lead to downstream improvement of health behaviors and
outcomes over time [14,27,28].

The evidence reviewed here shows that, although in-person
programs have succeeded in improving self-efficacy, these

intensive programs typically involve a high degree of human
contact and staffing resources; this makes them difficult to
implement or impossible to scale up to larger populations.
Moreover, in-person programs can present access challenges
to patients, such as having to travel long distances to attend
[21]. As such, scalable and accessible lifestyle modification
programs to improve CSE are needed.

Digital Health and CSE
Recent years have seen an increase in the availability of digital
lifestyle modification programs for CVD prevention and
management [29-31]. These digital health solutions have become
increasingly available and can provide many benefits over
in-person programs, such as increased accessibility, on-demand
support, availability outside of typical working hours, lower
cost, and scalability to larger populations [32]. These benefits
have the potential to increase participation in lifestyle
modifications for CVD [30]. Moreover, digital health programs
for CVD prevention and management can significantly improve
patient behaviors and show promise in delivering care that is
accessible, cost-effective, and patient-focused [33].

Despite these benefits, many outcomes including CSE, remain
unexplored in digital lifestyle modification programs and more
evidence is required [31]. There is some evidence that digital
interventions can increase general self-efficacy [34,35],
suggesting that it may be possible for digital CVD programs to
improve CSE. However, use of the CSE Scale in digital health
studies is extremely limited. As such, the main objective of the
present analyses was to test whether participation in an artificial
intelligence (AI)–powered digital lifestyle modification program
for heart health led to improved CSE.

Heart Health Program
The Lark Heart Health (Lark Technologies, Inc) program is a
newly developed AI-powered lifestyle modification program
that provides health behavior coaching to prevent and manage
atherosclerotic CVD and coronary artery disease by targeting
key CVD risk factors. We evaluated the acceptability and
feasibility of this new program in a pilot study; a detailed study
description and main outcome results for this pilot study are
available elsewhere [36].

The Heart Health program targets individuals in primary
prevention (ie, no history of CVD) and those in stable secondary
prevention after a cardiac event. This program delivers fully
remote, unlimited, real-time cardiovascular health coaching
focused on digital nutrition therapy, medication adherence
counseling, and personalized guidance on weight loss, physical
activity, tobacco cessation, stress, and sleep. Heart Health is
available to covered adult members of Lark’s health care
partners via a smartphone app. Full details on the content and
design of the Heart Health program are provided in previous
work [36]. Full detail on Lark’s lifestyle change programs for
diabetes prevention and hypertension care are provided
elsewhere [37,38].

Study Objective
Beyond the primary acceptability and feasibility aims, a
secondary goal of the Heart Health pilot study was to determine
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whether CSE could improve early in this study. Specifically,
we hypothesized that participants in the Heart Health pilot study
who participated in the program for a minimum of 40 days
would show improvement in CSE. This would indicate that a
digital heart health program can help to improve CSE over a
relatively short period, an important first step in developing
scalable and accessible digital programs for improving
self-efficacy among individuals at risk for CVD.

Methods

Study Design
This paper focuses on data from a real-world, single-arm,
observational pilot study of a digital health app-based program
called Lark Heart Health. The Heart Health program provides
health behavior screeners and coaching to individuals at elevated
risk for heart disease. The pilot study examined the feasibility
of deploying screener surveys to participants of the program
and the acceptability of coaching focused on building knowledge
and improving self-management of atherosclerotic CVD risk.
A detailed overview of study methods and primary outcomes
[36] and predictors of interest in the program [39] have been
reported in previously published works.

This study was 90 days in duration, during which participants
received coaching on heart health and lifestyle modification.
Participants could engage with the Heart Health program via
(1) completing educational lessons, (2) engaging in coaching
conversations with Lark’s conversational AI-powered digital
coach, (3) logging meals in the app, and (4) tracking their weight
using a digital smart scale that automatically synced with the
app.

Additionally, study participation involved completion of baseline
screener surveys and assessment of CSE at study start and again
in month 2 (after 40 days in the program). We measured CSE
in month 2 for several reasons. First, self-efficacy has been
shown to improve after relatively short digital health
interventions for lifestyle change (eg, 6 week programs) [34],
particularly compared to physical health outcomes that may
take months or even years to improve. Second, our study
involved completing several surveys and outcome measurements
that were intentionally spread out over the course of the 90 days,
rather than clustering all outcome measurements at the end of
this study; this approach was aimed at reducing participant
burden, a crucial factor for retention in digital health programs.
Third, measuring CSE early in this study enabled us to maximize
the sample size of individuals actively engaging with the
program who completed the survey at both time points. Between
study start date and the month 2 reassessment of CSE, the Heart
Health program delivered 5 weekly educational lessons focused
on risk factors for heart disease, understanding cholesterol,
physical activity and how it impacts blood pressure, healthy
eating, and how sodium impacts blood pressure.

Ethical Considerations
All participants provided informed consent to participate in this
study through an electronic consent form. The pilot study
received institutional review board approval (Advarra
Pro00061694). Study personnel instituted appropriate safeguards

to prevent any unauthorized use or disclosure of personal health
information and implemented administrative, physical, and
technical safeguards to protect the confidentiality, integrity, and
availability of protected health information. Lark is compliant
with HIPAA (Health Insurance Portability and Accountability
Act) privacy and security rules and all applicable regulations.
Lark is also SOC 2 (System and Organization Controls 2) and
HITRUST (Health Information Trust Alliance) certified. As
compensation for study participation, participants received a
cellular smart scale and opportunities for nominal gift card
incentives, as well as a Fitbit (Google LLC) upon study
completion. None of these incentives were tied to completion
of the CSE Scale.

Participants and Study Flow
The research team recruited participants through a health care
partner and via online recruitment through 1nHealth using
marketing emails or SMS messages and printed mailers (health
care partner recruitment only). Exclusion criteria for the study
included: BMI <25 and ≥50; serious uncontrolled health
conditions that had been active in the last 6 months; current
pregnancy or plans to become pregnant within the next 6
months; recent history of a medical professional advising against
participation in a healthy lifestyle program; a medical reason
preventing 10 consecutive minutes of moderate physical
exercise; and not having a smartphone with internet connection.
As the Heart Health program focused heavily on improving
health behaviors (eg, diet and exercise), the study also excluded
individuals who reported regularly engaging in strenuous
physical activity and individuals who did not report unhealthy
dietary behaviors.

Participants enrolled in the pilot study from March 31 to
September 15, 2022, using the Lark app (version 5.2.6),
downloading the Heart Health app and providing a first weight
delineated study enrollment. To be included in the present
analyses, participants had to be enrolled until the end of this
study (ie, did not withdraw from this study), complete the first
CSE Scale at baseline for descriptive analyses, and complete
the second CSE Scale at month 2 for the CSE improvement
analyses. Completion of the CSE Scale occurred outside of the
Lark app and full completion was not required for study
participation.

Data Collection and Measures

Participant Characteristics
We assessed basic demographic and health history
characteristics at baseline using a modified version of the
INTERHEART Modifiable Risk Score survey [40,41]. Items
on this survey included age, sex, history of high blood pressure,
tobacco use history, and typical physical activity in leisure time.
Participants also provided their height and weight for calculation
of BMI and the racial group they identified with.

CSE
Emails from the research team prompted participants to report
on CSE shortly after study start (day 1‐2 of this study) and
again in month 2 (after day 40 of this study) using a modified
version of the CSE Scale. The CSE Scale evaluates individuals’
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beliefs in their ability to manage their cardiovascular health and
the challenges that come with heart disease using 13 questions
in 3 dimensions [14]. The Heart Health study used 2 dimensions
of the CSE Scale that are most relevant to our study sample,
“control illness” and “maintain functioning,” resulting in a
9-item survey. We did not include the “control symptoms”
dimension, as the questions are not relevant to individuals
without a CVD diagnosis (ie, most individuals in the present
sample) [15]. Each item is scored on a 5-point Likert scale
(0=not at all confident, 1=somewhat confident, 2=moderately
confident, 3=very confident, and 4=completely confident) and
the total score is calculated by summing scores on each item,
for a maximum score of 36. As the program did not require
participants to submit the CSE Scale and permitted them to skip
items, calculation of the total sum score was not possible for
all study participants.

Statistical Analysis
We conducted all statistical analyses with RStudio (version
2022.07.0; R Foundation). Continuous variables were normally
distributed. The first set of analyses examined relationships
between baseline participant characteristics and baseline CSE
Scale score. Specifically, we tested the relationship of baseline

CSE with demographic characteristics (age, sex, and race),
health status and health history characteristics (high blood
pressure, cardiac event, or CVD diagnosis—secondary
prevention, and type II diabetes), and health behaviors (tobacco
use and typical physical activity in leisure time). We used
bivariate regressions for continuous variables (age and BMI),
independent samples t tests for categorical variables with 2
levels (sex and health history variables), and 1-way ANOVAs
for categorical variables with 3 levels (race and health
behaviors). Baseline CSE analyses included participants who
completed the baseline CSE Scale (n=341).

To address the primary study objective, the second set of
analyses tested whether there was a statistically significant
change in CSE from baseline to month 2, using paired t tests
(P<.05). We first tested whether there was a significant change
in the CSE sum score and then whether there was improvement
in each of the 9 individual items on the CSE. These analyses
included all participants who completed both the baseline CSE
and month 2 CSE scales (n=273).

Results

Figure 1 shows the flow of participants through this study.
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Figure 1. Flowchart of participants showing enrollment and inclusion in the analytic sample. CSE: cardiac self-efficacy.
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Descriptive Statistics
We assessed descriptive statistics for baseline characteristics
of participants who completed the baseline CSE Scale (n=341)
and participants who completed both the baseline and month 2
CSE (n=273); both samples are shown in Table 1, as we
conducted baseline descriptive analyses on the larger sample
and improvement analyses on the smaller subsample (Table 1).
As shown by the table, the 2 sets of participants were very

similar with respect to key characteristics. Across both sets
participants were, on average, aged 60 years (range=41‐76
years) and classified as obese class I (BMI range=25‐49). Just
over 60% (n=207) of the participants were female, had a history
of high blood pressure, and were never smokers. Approximately
three-quarters of each sample reported typically being either
mainly sedentary or engaging in low-effort mild exercise in
their leisure time.

Table . Baseline characteristics of participants.

Baseline and month 2 CSE complete
(n=273)

Baseline CSEa complete (n=341)

59.3 (10.1)60 (10.1)Age (years), mean (SD)

167 (61.2)207 (60.7)Sex (female), n (%)

Race, n (%)

22 (8.1)26 (7.6)Black

192 (70.3)241 (70.7)White

57 (20.9)70 (20.5)Other

154 (56.4)207 (60.7)Recruitment source (health partner), n (%)

32.9 (5.9)32.8 (5.8)Baseline BMI, mean (SD)

162 (59.3)198 (58.1)High blood pressure history, n (%)

34 (12.5)41 (12.0)History of CVDb diagnosis or event, n (%)

37 (13.6)52 (15.2)Type II diabetes history, n (%)

Tobacco use status, n (%)

171 (62.6)203 (59.5)Never

82 (30.0)110 (32.3)Former

19 (6.9)27 (7.9)Current

Physical activity in leisure time, n (%)

94 (34.4)121 (35.5)Mainly sedentary

116 (42.5)145 (42.5)Mild exercise, low effort

61 (22.3)72 (21.1)Moderate exercise

25.1 (7.3)25.1 (7.3)Baseline CSE score, mean (SD)

aCSE: cardiac self-efficacy.
bCVD: cardiovascular disease.

Relationships Between Baseline CSE Scores and
Participant Characteristics
Next, we examined relationships between baseline participant
characteristics and baseline CSE Scale scores for all participants
who completed the baseline CSE Scale. Of the demographic
characteristics, age was significantly associated with CSE, such
that CSE increased with age (n=341, β=.12, SE=0.04, P=.03).
There was no statistically significant difference in baseline CSE
by sex (t338=0.19, P=.43) or racial group (F340=2.72, P=.07).

Among the health history characteristics, participants with a
history of type II diabetes tended to have higher baseline CSE
(mean 27.48, SD 6.47, n=52) compared to participants without
diabetes history (mean 24.71, SD 7.42, n=289; t77=2.78,
P=.003). There was no difference in baseline CSE between
participants with a history of high blood pressure and those

without (t322=0.91, P=.36) or participants in primary prevention
versus secondary prevention (t50=0.57, P=.57). There was also
a significant association between BMI and CSE, with lower
BMI individuals reporting higher CSE (n=341, β=−.11,
SE=0.07, P=.047).

For the health behavior variables, there was no difference in
CSE based on tobacco use status (F339=1.61, P=.20) or typical
physical activity in leisure time (F337=1.51, P=.22)

Change in CSE From Baseline to Month 2
In testing for changes in the CSE from baseline to month 2, we
found a significant increase in the overall sum score on the CSE
Scale from baseline to month 2 (Table 2). There were also
significant increases in each individual item on the CSE (all
P<.001). The individual CSE items with the greatest increases
were “confidence in knowing when to call or visit the doctor,”
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“confidence in knowing how much physical activity is good for
you,” and “confidence that you can get regular aerobic

exercise.”

Table . Changes in CSEa score from baseline to month 2 (n=273)b. The baseline CSE survey was surfaced to participants on day 2, and the month 2
CSE survey was deployed on day 40.

P valuet test (df)Baseline to
month 2, change
in %

Baseline to
month 2, raw
change

Month 2, mean
(SD)

Baseline, mean
(SD)

How confident are you that you know…

<.0017.9 (272)+17+0.53.1 (0.9)2.7 (1.1)When to call or
visit your doctor
about your heart
disease?

<.0015.1 (272)+10.7+0.33.1 (0.9)2.8 (1.1)How to make
your doctor un-
derstand your
concerns about
your heart?

<.0015.7 (272)+11.4+0.43.4 (0.9)3.1 (1.1)How to take
your cardiac
medications?

<.0017.7 (272)+16.3+0.53.2 (0.8)2.7 (1.1)How much phys-
ical activity is
good for you?

How confident are you that you can...

<.0016.4 (272)+13+0.43.2 (0.8)2.8 (1)Maintain your
social activities?

<.0014.2 (272)+7.7+0.23.3 (0.8)3 (1)Maintain your
usual activities
at home with
your family?

<.0014.8 (272)+10.7+0.33.2 (0.9)2.9 (1.1)Maintain your
usual activities
at work?

<.0014.3 (272)+12.3+0.32.9 (1.1)2.6 (1.3)Maintain your
sexual relation-
ship with your
spouse?

<.0016.4 (272)+19+0.52.9 (1.1)2.5 (1.2)Get regular aero-
bic exercise?

<.0019.2 (272)+12.9+3.228.3 (6.3)25.07 (7.3)Overall sum score on the CSE

aCSE: cardiac self-efficacy.
bn=273 participants submitted the cardiac self-efficacy with all items completed.

Discussion

Summary and Interpretation of Results
These analyses examined improvement in CSE as a secondary
goal in a digital lifestyle modification program for heart health
focused on AI-supported health coaching, educational lessons,
behavioral tracking, and weight management. We found that
the overall CSE Scale score improved significantly from
baseline to month 2 of the program. Moreover, mean scores on
each individual item of the CSE increased significantly over
this short period, with the largest increases in patients’
confidence in knowing when to contact their doctor about their
heart health (+17%) and items related to confidence in knowing

how much physical activity to do (+16.3%) and getting regular
exercise (+19%). The results of these secondary analyses of the
Heart Health program pilot study support the assertion that
digital health programs can play an important role in increasing
self-efficacy to better manage their health over a relatively short
period.

This study is the first digital health study we are aware of to
show improvements in CSE scores through participation in a
digital lifestyle modification program for heart health. There is
evidence that in-person lifestyle change programs for CVD can
improve CSE [25,26], and literature showing that digital
interventions can increase general self-efficacy [34,35]. These
results are consistent with results from 2 prior studies with
cardiac patients showing that in-person intervention programs
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for CVD management can improve CSE scores; however, these
in-person programs involved intensive, human-led interventions
that required significant staffing and economic resources [25,26].

One recent study using a 60-day text message intervention
implemented in patients recently discharged after acute coronary
syndrome had no significant effect on the CSE [42]. The
researchers implemented an automated 1-way text message
campaign through which patients received messages about
self-management, healthy living, and follow-up care. There are
many key differences in the study design by Ross et al [42]
compared to our study, but it is possible that we found
improvements in CSE because the Heart Health program
involves 2-way interaction with AI-supported coaching and
active behavior tracking, rather than a 1-way messaging system.

It is also notable that 2 of the CSE items with the biggest
improvement from baseline to month 2 were centered on
confidence related to physical activity: “confidence in knowing
how much physical activity is good for you” (+16%), and
“confidence that you can get regular aerobic exercise” (+19%).
Education on physical activity is a key component of the Heart
Health program, with an educational lesson on Physical Activity
for Low Blood Pressure delivered during the third weekly lesson
in the program. The Heart Health digital coach also provides
ongoing interactive coaching on physical activity, encouraging
participants to log their physical activity in the app. As such,
the present results suggest that the education and coaching in
the first 2 months of the Heart Health program support
improvements in confidence related to physical activity.
Similarly, prior work has shown that digital health interventions
focused on physical activity can improve exercise-related
self-efficacy over 24 weeks [43]. Future research in this area
could examine whether improvements in CSE Scale score during
the first 2 months of the program predict longitudinal increases
in physical activity.

Beyond the primary results of these analyses, we also found
several relationships between baseline CSE score and participant
characteristics. Specifically, we found that older age, lower
BMI, and having a history of type II diabetes were all associated
with having higher CSE scores at baseline. Importantly, a
significant body of literature has shown that higher self-efficacy
among older persons is associated with a range of positive health
benefits, including increased self-care, better health behaviors,
increased energy, and decreased pain and discomfort [44,45].
This is particularly relevant to our study, as participants in this
sample tended to be older adults, with a mean age of 60 years
and up to 76 years. Notably, the broader literature indicates that
self-efficacy and closely related constructs, such as self-esteem,
tend to increase with age due to increasing knowledge and
maturity, greater control over life circumstances, higher
likelihood of occupying positions of power and status, and
improved coping resources and processes [46]. Indeed, a large
meta-analysis of 164,868 participants showed that self-esteem
tends to increase steadily with age, reaching peak levels between
ages 60‐70 before declining slightly after age 70 and steeply
after age 90 [47].

Our finding that lower BMI was associated with high CSE
scores aligns with prior work showing that cardiac patients with

lower BMI also tended to have higher CSE [48] and with
population-based research showing lower health-related
self-efficacy among individuals with higher BMI [49]. This
relationship may be due to individuals with higher BMI having
a history of difficulty managing their weight and lower
self-esteem [50], factors that are closely related to self-efficacy.

The link between the history of type II diabetes and baseline
CSE is also consistent with prior literature showing that patients
with a history of chronic disease diagnosis tend to have higher
CSE [48,51]. This relationship is likely due to these individuals
already having some experience with managing a health
condition and potentially receiving prior education on managing
cardiometabolic conditions. However, it is surprising that a
history of high blood pressure and history of cardiac events or
CVD diagnoses were not associated with differences in baseline
CSE in this study’s sample.

Limitations and Future Directions
There are several limitations to our results. First, data for these
secondary analyses came from an observational pilot study
focused on the acceptability and feasibility of a new digital heart
health program. As such, these results should be considered
preliminary, rather than conclusive. We were also unable to
compare these results to a control group, and causal conclusions
are limited. Additionally, participants could opt out of any
survey, including the CSE survey, if they did not wish to
complete it. As a result, we could only include individuals in
these analyses if they submitted a complete CSE Scale.
Completion of the CSE Scale also occurred outside of the Lark
app to be used for pilot study purposes only. Thus, the sample
may be biased toward participants who were more engaged in
the program or more likely to check their emails. The CSE Scale
is also limited as it includes questions about confidence in work
settings and in marital life, which may not apply to all
participants. Finally, this digital intervention was limited to
those with a smartphone with internet access who had sufficient
digital literacy to use the Lark app. As a result, this may exclude
individuals of lower socioeconomic status. For instance, the
2024 Pew Research Center data showed that, although 90% of
US adults have a smartphone, individuals in the lowest income
bracket (US <$30,000/year) have lower rates of smartphone
ownership (79%) compared to those in higher income brackets
(US >$100,000/year; 98%) [52].

The pilot study results presented here provide a foundation for
several lines of future work. For instance, future work including
a control group can provide causal evidence for the impact of
the Heart Health program on CSE. Additionally, a key future
direction for this study will be assessing whether increased CSE
predicts longitudinal clinical outcomes. Given that the duration
of the pilot study was only a short period of 90 days, we did not
expect to see a meaningful relationship between improved CSE
Scale scores and clinical outcomes. This is particularly true
given that we measured CSE improvements nearly halfway
through the program. Future research could examine longitudinal
changes in CVD risk factors, such as blood pressure or
cholesterol levels. Based on the literature, we would expect that
improvements in CSE would predict improved cardiovascular
outcomes.
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Conclusions
In summary, the present analyses indicate that participants in a
digital lifestyle modification program for heart health showed

significant improvements in CSE within 2 months. This work
adds to the growing literature examining ways to improve
health-related self-efficacy for the prevention and management
of chronic disease and long-term health benefits.
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Abstract

Background: Parkinson disease is a progressive neurodegenerative disorder with complex motor and nonmotor symptoms. To
assess these, clinical assessments are completed, providing a snapshot of a person’s experience. Monitoring Parkinson disease
using wearable devices can provide continuous and objective data and capture information on movement patterns in daily life.

Objective: The aim of the study is to assess patient acceptability and technical reliability of 2 wearable devices used in clinical
trials (ActivInsights and Axivity AX3).

Methods: Participants in a feasibility study testing a self-management toolkit (PD-Care) optionally wore a wearable device for
1 week, providing feedback through an open- and closed-question survey conducted over the telephone about the acceptability
of wearing the device. The closed questions used a Likert scale from 1 to 5 (with 1=strongly agree and 5=strongly disagree)
asking whether (1) the device was comfortable to wear, (2) the device was easy to put on, (3) the device was easy to wear, (4)
the device was embarrassing to wear, and (5) if they were happy to wear the device for longer than 7 days. Differences in
acceptability between devices were analyzed using Mann-Whitney U tests and Wilcoxon matched pairs signed rank tests. These
were followed by open-ended questions asking (1) How did you find wearing the device? (2) How did you find putting the device
on? (3) Did you take it off and why? (4) What was your overall impression? (5) Did you prefer the wrist- or trunk-worn device
and why (Axivity AX3 only)?

Results: A total of 22 of 32 (69%) participants offered the device agreed to wear it. There were no significant differences in
the demographic characteristics between those monitored and those who chose not to be. Acceptance with both devices was
generally good. The ActivInsights device was more acceptable than the wrist- and trunk-worn Axivity AX3 devices, as more
participants found it to be comfortable (n=15, 100% vs n=5, 71%; P=.02 and n=4, 57%; P=.004, respectively), easy to wear
(n=15, 100% vs n=6, 86%; P=.048 and n=3, 43%; P=.004, respectively) and would wear for more than 7 days (n=13, 87% vs
n=4, 57%; P=.02 and n=1, 14%; P<.001, respectively). The trunk-worn Axivity AX3 device had the lowest acceptance rates, but
there were no statistical differences in acceptability between the wrist- and trunk-worn Axivity AX3 devices (all P>.05). There
were issues with battery life and recording errors in 3 of 14 (21%) Axivity AX3 devices and upload failures in 3 of 15 (20%)
ActivInsights devices.

Conclusions: Acceptability of wearables for monitoring Parkinson was satisfactory, especially when wrist-worn, although a
few participants experienced difficulties in correct use, and there were some errors with the data upload.

Trial Registration: ISRCTN Registry ISRCTN92831552; https://www.isrctn.com/ISRCTN92831552

(JMIR Form Res 2025;9:e63704)   doi:10.2196/63704

KEYWORDS

Parkinson disease; feasibility; remote monitoring; Parkinson; acceptability; reliability; wearable devices; wearable; self-management;
quantitative assessments; quantitative; qualitative; monitoring; patient

Introduction

Parkinson disease (PD) is a neurodegenerative chronic disease,
affecting around 145,000 people in the United Kingdom in 2018,

equivalent to approximately 1 adult in every 350 [1]. The
currently accepted monitoring of PD symptoms in clinical
practice and trials is based on interviews and validated clinical
scales and questionnaires [2]. However, the use of patient- and
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clinician-rated scales is resource-intensive, and the results
limited by subjectivity and inaccuracy and are either one-off
assessments or dependent on the patient’s recollection [3].
Continuous and accurate assessment of PD features, in both
clinical practice and trials, would provide more relevant
information and overcome the limitations of clinical scales and
questionnaires through real-world data. With the increasing
burden of care and limited medical resources, new assessment
and monitoring approaches have the potential to improve clinical
care and patient outcomes [4]. There are now a range of
body-worn sensors using accelerometers or gyroscope devices
(henceforth called wearable devices) that have been developed
and validated to monitor parkinsonian clinical features, such as
motor fluctuations, dyskinesia, tremor, bradykinesia, freezing
of gait, or gait disturbances [2]. However, relatively little
evidence exists on their use, acceptability, and feasibility in
clinical practice and trials with patients with PD. In addition,
the physical, technical, or practical limitations on prolonged
use for real-time recording, uploading, and analysis of
movement data are not clear [5].

The National Institute of Health and Care Excellence has
conditionally recommended some wearable devices for remote
monitoring of PD. However, the exact role, indication, and type
of device is unclear, and evidence on the use of wearable devices
is limited [6]. The cost, burden on patients and services, and
effectiveness to improve clinical outcomes have not yet been
assessed. National Institute of Health and Care Excellence has
therefore recommended the collection of real-world evidence
on devices that monitor people with PD [7] to enable the clinical
and cost-effectiveness of the technologies to be fully assessed,
ahead of further implementation into clinical practice. In
practice, wearable devices are relatively rarely used due to
several factors, such as unfamiliarity, unclear indications, cost,
acceptability, and technical issues. Furthermore, although digital
measures are considered to have high potential for future use
to more accurately detect meaningful change in clinical trials,
little data exist on their use and acceptability in clinical trials.

Data collection regarding utility and acceptability has largely
been informal and focused on wearable devices in general [5].
A study in Finland reported that 88.9% (32/36) of patients with
PD using a wearable device thought it was very easy or easy
[8]. In the United States, the recent WATCH-PD study [9]
explored the acceptability of wearables in people with PD and
control participants over a 2-year window and found that
participants with PD had generally positive views of the
wearables, which were comparable to healthy controls.
Conducting qualitative interviews with people with PD who
had used multimodal sensors, including a wearable device, the
wrist-worn wearable was the least acceptable, in comparison to
cameras and passive ambient sensors [10]. Another small study
explored perceptions of wearing devices in the home versus in
public and found no differences in acceptability between these
settings and acceptance of long-term symptom monitoring
through wrist-worn devices [11]. However, these specific studies
are likely to have recruited participants willing to wear a device,
so there is a lack of real-world evidence from patients with PD
wearing these devices in home and social settings. Eliciting
opinions from patients on wearing such devices in real-life

settings may provide important information to facilitate the
implementation of wearables into clinical practice.

Here, we have used the opportunity to explore the views of
participants taking part in a feasibility study from a large
randomized controlled trial of a self-management tool for people
with PD in the National Health Service (NHS) to obtain such
information in a real-life setting. The objective of this study
was to explore the acceptability and technical reliability of 2
wearable sensors that are commonly used by people with PD.

Methods

Overview
This study is reported in line with the CROSS checklist
(Consensus-Based Checklist for Reporting of Survey Studies)
[12] (Table S1 in Multimedia Appendix 1). We used a mixed
methods survey design to obtain information from survey
questions, both quantitative and semiqualitative, providing
complementary information, within the context of a clinical
feasibility trial in an NHS setting [13].

Study Design and Participant Recruitment
Participants in the PD-Care program feasibility study were
offered to participate in this wearable substudy. The primary
aim of the PD-Care program is to develop and trial a supported
self-management tool for people with PD, the full methods of
which have been described previously [13]. The study
emphasizes inclusive participation with broad inclusion criteria,
including no age limit, inclusion of participants with cognitive
impairment as long as they have the capacity to consent, and in
any stage of PD. Remote delivery via video or telephone calls
increased accessibility to study participation. Following the
development of the intervention, a planned feasibility study was
conducted before the randomized controlled trial
(ISRCTN92831552). The feasibility study included 35
participants with assessments at baseline and post-intervention
at 3 months. Participants were recruited through general practice
mailouts, secondary care neurology teams, and the neurology
research register.

After the 3-month follow-up assessments, all participants were
offered to participate in a substudy, wearing 1 of 2 devices for
a one-off 7-day period. After wearing and returning the device,
participants were asked to provide feedback on the acceptability
of the device via a telephone survey. The researcher entered the
participant’s responses directly into the database while on the
phone call. In addition, when downloading the data from the
devices, the researcher recorded any errors that occurred. This
substudy received input from the PD-Care patient and public
engagement group, including where the device should be worn,
how long it should be worn for, and which acceptability
questions should be asked in the survey.

Devices
Two different devices, ActivInsights [14] and Axivity AX3 [15]
were used. The choice of the 2 devices was guided by pragmatic
reasons for the purpose of a larger, publicly funded trial in the
NHS. Both devices have been used in previous clinical research
in patients with PD [14,15]. Both devices were worn at the wrist.
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In addition, as recommended by the patient and public advisory
group, a sensor worn on the trunk was also tested to capture
different clinical features. We therefore used 2 Axivity AX3
devices worn simultaneously, one on the wrist and the other on
the trunk, whereas the ActivInsights device was worn on the
wrist only.

The ActivInsights device provided output data on sleep,
sedentary time, active time, and time spent exercising. The
Axivity AX3 device output provided raw data on movement,
recorded as a continuous wave accelerometer format, which
was converted to a CSV file for analysis.

Data Collection
The wearable devices and instructions were sent to participants
in the post, with a request to return in the post after 7 days using
a stamped addressed envelope. Seven days was chosen due to
the limit on the battery life of the Axivity AX3 device while
still collecting enough data to have an average over several
days. Participants were allocated to a device depending on what
was available once they had completed study follow-up
assessments. We had 8 wearable devices of each ActivInsights
and Axivity AX3, but as 2 devices were needed for each
participant wearing Axivity AX3, fewer participants used this
device. The date to start and stop recording for participants was
preprogrammed into the device before posting out, and
participants were asked to start and stop wearing the device on
a specific date and time. Both devices recorded continuously,
and we asked participants to inform us of the 7-day time period
during which they wore the device, depending on when it
arrived. No feedback from the devices was provided to
participants. Data upload was undertaken by the researchers
upon the return of the devices.

Outcome Measures

Acceptability
The overall rate of participation in the substudy was recorded.
After wearing and returning the device, participants were
contacted via telephone to provide feedback about the
acceptability of using their wearable device through a survey.
We captured quantitative data to enable inferential statistical
tests to be conducted to compare between devices as well as
open-ended questions to ensure that the nuance of people’s
individual experiences was understood.

The open-ended questions were (1) How did you find wearing
the device? (2) How did you find putting the device on? (3) Did
you take it off and why? (4) What was your overall impression?
(5) Did you prefer the wrist- or trunk-worn device (Axivity AX3
only) and why? The quantitative assessments included questions
using a Likert scale from 1 to 5 (1=strongly agree and 5=strongly
disagree) whether (1) the device was comfortable to wear, (2)
the device was easy to put on, (3) the device was easy to wear,
(4) the device was embarrassing to wear, and (5) if they were
happy to wear the device for longer than 7 days.

The survey was designed by the research team to cover the core
components of wearable acceptance while being short and quick
to administer. The survey was not based on any specific

framework or guideline. A pragmatic approach with short survey
questions was adopted to minimize participant burden, to reduce
the risk of attrition in the context of the overall feasibility study,
which involved collecting a wide range of outcome measures.

Technical Reliability
We assessed whether issues of battery shortage, recording
failure, or upload difficulties impacted on the availability of
usable data.

Data Analysis
To ensure that the participants in the sample did not differ from
those who chose to wear an activity monitor, the Fisher exact
test and 2-tailed t test comparisons were conducted on
demographic characteristics. To explore differences in
acceptability between the different monitors, Mann-Whitney U
tests and Wilcoxon matched pairs signed rank tests were
conducted. All analyses were conducted in Stata (version 17;
Stata Corp 2021). Open-ended question answers were written
out, as participants provided their answers verbally, and
responses were synthesized through content analysis to identify
common concepts and views between participants.

Ethical Considerations
Participants were taking part in the feasibility study of the
PD-Care trial (ISRCTN92831552) and provided optional
consent to take part in this wearable substudy. This substudy
received a favorable opinion by the London Queen Square
Research Ethics Committee and Health Research Authority
approval (18/LO/1470) on October 31, 2018, as part of the
feasibility study application. All participant’s data were
pseudoanonymized through unique study ID numbers, and all
study documentation, including wearable data and survey
responses, were stored against this ID. Participants received a
US $26 voucher for completing baseline assessments and US
$13 voucher for completing 3-month follow-up assessments,
as part of the feasibility study. No additional compensation was
provided for taking part in this wearable substudy.

Results

Participants
Between October 2020 and February 2021, 35 participants with
a clinical diagnosis of PD and living in a community setting
were recruited to the PD-Care program from several secondary
care sites in the United Kingdom. Of these, 1 moved
permanently to a care home and was no longer eligible, and 2
were lost to follow-up in the overall study. The remaining 32
were offered participation in the device substudy. The average
age of the 32 participants invited to wear a wearable device was
68.2 (SD 11.3) years, 11 (34%) were female, and 23 (72%) were
White British. Of these, 22 (69%) agreed to wear a device for
7 days. Reasons for not participating were participants feeling
burdened from the feasibility study and did not want to provide
more data (n=7), participants had a deep brain stimulation device
fitted and were uncertain about potential interactions with the
wearable (n=2), and finding it embarrassing to wear (n=1)
(Figure 1).
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Figure 1. Flowchart of participants in the study. DBS: deep brain stimulation.

There were no statistically significant differences in age, sex,
or disease duration or severity between participants and
nonparticipants (Table S2 in Multimedia Appendix 1). In total,
15 of the 22 participants were allocated the ActivInsights device
(wrist only) and 7 were asked to wear the Axivity AX3 device
(wrist and trunk). There were no statistically significant
differences in the characteristics of those who wore the Axivity
AX3 and those who wore the ActivInsights devices (Table S3
in Multimedia Appendix 1).

Patient Acceptability

ActivInsights
Feedback to open-ended questions suggested that the device
was easy to use, and participants quickly forgot they were
wearing it (n=11). Some people commented that the strap was
difficult to put on and needed help (n=5), and others suggested
that it would have been nice if the device had a screen that gave
them some feedback about their activity levels (n=3).
Quantitative feedback suggested that overall the device was
comfortable, easy to wear, and not embarrassing, and
participants would be happy to wear it for longer than 7 days
(Tables 1 and 2 and Multimedia Appendix 2 ).
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Table . People with Parkinson disease who responded in a positive way to the survey questions about their experience of wearing different wearable
devices in the home for 1 week.

I would wear it for
more than 7 days, n
(%)

It was embarrassing to

weara, n (%)

It was easy to wear, n
(%)

It was easy to put on, n
(%)

It was comfortable, n
(%)

Device

4 (57)7 (100)6 (86)5 (71)5 (71)Axivity AX3 wrist
(n=7)

1 (14)7 (100)3 (43)2 (29)4 (57)Axivity AX3 trunk
(n=7)

13 (87)15 (100)15 (100)10 (67)15 (100)ActivInsights wrist
(n=15)

aPercentage inversed.

Table . Mann-Whitney U tests comparing the acceptability responses between ActivInsights and both Axivity AX3 wrist and trunk and Wilcoxon
matched pairs signed rank test comparing responses between Axivity AX3 wrist and trunk.

I would wear it for
more than 7 days, P
value

It was embarrassing to
wear, P value

It was easy to wear, P
value

It was easy to put on, P
value

It was comfortable, P
value

Device comparison

.02N/Aa.048.72.02ActivInsights versus
Axivity AX3 wrist

<.001N/A.004.38.004ActivInsights versus
Axivity AX3 trunk

.25N/A.25.50.50Axivity AX3 Wrist
versus Axivity AX3
trunk

aN/A: not applicable.

Axivity AX3
All participants reported that they preferred the wrist-worn
device to the trunk-worn device. Problems with the trunk-worn
device centered around the tape not holding the device in place
and having to be reapplied (n=7). This led to 3 of 7 participants
not wearing the trunk-worn device but still provided feedback
on both devices. The wrist-worn device was acceptable to all,
with only a few comments about it being bulky and
uncomfortable (n=3) and 1 participant wanted feedback on what
the device was recording.

Quantitative feedback suggested that, on average, participants
were neutral to the trunk-worn device being comfortable, easy
to put on, and easy to wear but disagreed with being happy to
wear it for longer than 7 days. For the wrist-worn wearable
device, participants on average agreed that it was easy to put
on and wear and were neutral about its comfort and whether
they would wear it for more than 7 days (see Table 1 and
Multimedia Appendix 2).

Patient Acceptability—Comparison Between Groups
Using Mann-Whitney U tests to compare the acceptability of
the devices, overall, the ActivInsights device was more
acceptable than both the Axivity AX3 wrist- and trunk-worn
devices. The ActivInsights device was rated as more comfortable
than the wrist-worn and trunk-worn Axivity AX3 devices (n=15,
100% vs n=5, 71%; P=.02 and n=4, 57%; P=.004, respectively),
rated as easier to wear (n=15, 100% vs n=6, 86%; P=.048 and
n=3, 43%; P=.004, respectively), and rated as more suitable to
wear more than 7 days (n=13, 87% vs n=4, 57%; P=0.02 and

n=1, 14%; P<.001, respectively). Using Wilcoxon matched pair
signed rank tests, there were no significant differences between
the Axivity AX3 trunk-worn and wrist-worn device, but the
numbers were small. There were no significant differences
between all 3 devices for the ease to put them on (Table 2) and
for embarrassing to wear, and all participants responded
positively, stating the devices were not embarrassing.

Technical Reliability

ActivInsights
There were no issues reported regarding battery shortage or
recording failure. There were data upload errors with 3 (20%)
of the devices, whereby the system failed when trying to upload
the data, and when corrected, the data had been wiped from the
device. Usable data were therefore available in 12 of 15 (80%)
participants.

Axivity AX3
Of the 11 devices worn by 7 participants (7 wrist and 4 trunk),
6 (3 participants) were worn for shorter durations, resulting in
missing data, for a median of 27 (IQR 8‐48) hours, and this
was due to hospitalization (n=1) and participant forgetting (n=2).
In 3 other devices, the device ran out of battery during the data
collection period. Despite the errors, some usable data was
available for all participants with this device.
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Discussion

Principal Findings
We assessed the acceptability and technical feasibility of 2
wearable devices used in trials with people with PD, which
showed that wearable devices are acceptable to people with PD
and feasible to administer and collect data with. Some data
errors were found due to battery life, participant utility, and
upload issues. Although several studies using wearable devices
have reported validity for recording human movement in a
free-living environment [16], including in people with PD
[2,17,18], successful clinical adoption in monitoring movement
in PD depends on acceptability and technical reliability [5,17].
To date, there is no fully validated system to monitor clinical
features or activities in PD [5]. The bulk of data on technical
reliability with the use of individual wearable devices comes
from the studies led or supported by manufacturers of these
devices [16]. This is the biggest study to date that reports the
feedback of patients with PD from wearing 2 different
monitoring devices using open and closed questions.

Patient Acceptability
Feedback from patients suggests that monitoring using both
ActivInsights and Axivity AX3 is mostly acceptable, although
there is a proportion of patients who do not wish to use a
monitoring device due to burden and embarrassment. The burden
was due to participants having to complete clinical assessments
as part of the feasibility study. If the participants had had the
option of clinical assessments or activity monitors, then uptake
may have been higher. There were no demographic
characteristics that differed between the participants who chose
to be monitored and those who chose not to be monitored,
including sex, age, and deprivation level. Largely, our findings
are in line with those from a US population with PD, using a
different device, suggesting ease of use and willingness to wear
the device over a longer period when located on the wrist [9].
In addition, these findings reflect acceptability in other UK
patient groups, such as wrist-worn alcohol sensors in those who
are alcohol dependent, where people were positive about the
devices, despite the perceptions of health care professionals that
service users may have challenges using them [19].

We did not specifically examine motivational factors, but
another study has reported on the motivations for and barriers
against monitoring PD symptoms among patients with PD [20].
Key motivations include the wish to discuss findings with health
care providers, obtain insight into the effect of medication and
other treatments, and follow the progression of the disease. Key
barriers were not wanting to focus too much on having PD,
symptoms being relatively stable, and lacking an easy-to-use
tool [17]. As all participants in our study were monitored as
part of a research intervention, these motivating factors
mentioned may have been less directly relevant. As no clinical
feedback or reports were provided to participants, and the
purpose was to supplement clinical assessments in a trial, the
setting and motivation will differ from those who would consider
monitoring for a clinical purpose. Nevertheless, 4 (18%) of the
participants expressed the wish to know what was being
monitored.

Social embarrassment and the feeling that wearing a device for
monitoring signaled a person as “old” have been highlighted as
major factors affecting the acceptability of body-worn sensors
[11]. Similarly, the use of a wearable device was embarrassing
in some of our study participants, resulting in them declining
participation in this substudy. In another study using Axivity
AX3 on each wrist, the participants wore the device for 4 hours
in a research facility and then for 1 week at home. Overall, the
study reported that monitoring with body-worn sensors was
acceptable to patients with PD and that most participants were
willing to wear the sensor both at home and in public [11].
Concerns regarding safety particularly with deep brain
stimulation could also be an additional barrier that could be
resolved with better communication and technical support.

In addition, overall, the wrist-worn devices were more
acceptable than the trunk-worn devices, as many participants
found the trunk-worn device to be uncomfortable and difficult
to keep on. However, there may also be issues with wrist-worn
devices. A previous study using Axivity AX3 on each wrist
reported that, for prolonged wearing, participants were less
likely to agree that the sensors were comfortable to wear [11].
Responses to open-ended questions revealed that the main
source of sensor discomfort related to the strap [11]. Though
the acceptance of the strap on the 7-day monitoring was not a
problem in our cohort, 23% (n=5) needed help with the strap
to put the device on. Ideally, if the wearable device is to be worn
by a patient with PD, they should be able to do this
independently despite poor dexterity.

Technical Reliability
The charging and preparation of the devices takes time and
effort, with human errors leading to incomplete charging of the
devices, and some participants forgetting to turn on the devices.
The battery life on a single charge may not be long enough for
long-term monitoring. There were also upload errors, with the
upload failing in one-fifth of the participants using the
ActivInsights device. Almost all wearable devices rely on a
local computer interface, a stable internet connection for upload,
and often an external storage system before being analyzed [2].
The upload to a cloud server relies on a good internet connection
and can be a limiting factor in some settings [4]. Such technical
problems not only add to costs and time pressure but can also
lead to further anxiety for participants who might already have
nonmotor symptoms of anxiety. More data are needed on failure
rates with individual devices. On most occasions, device failure
was identified after the recording had been completed, and the
wearable devices had been sent back. Ideally, troubleshooting
tools or a live screen display, as 4 of our participants suggested,
could be more acceptable and help avoid recording failures.
Furthermore, additional training of research staff and patients
to ensure data upload could be helpful to overcome this issue.

Study Limitations and Future Research
The duration of monitoring used in this study was short, and
we had a small sample size. Studies with larger sample sizes
and longer monitoring periods are needed. As part of the
PD-Care program of research, a large randomized controlled
trial is now underway including a substudy using wearable
devices in people with PD. These data will be used to further
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validate the use of wearable devices as a clinical measure of
PD symptoms as well as confirm the acceptability findings
found in this feasibility study. Researchers should also explore
differences in acceptability in people from underserved groups
to ensure that the implementation of these devices does not
widen health inequalities.

Conclusions
The study highlights some issues that can be addressed by device
manufacturers such as difficulty with strapping single-handedly

in someone with limited dexterity, help in uploading data, and
clearer instructions. We found better acceptability of the
ActivInsights device by our participant cohort, but there was a
higher rate of usable recording when using Axivity AX3. The
prolonged use of devices worn on the trunk was less acceptable.
More real-world experience, including patient feedback and
multidisciplinary coordinated effort involving all key
stakeholders, is critical before the widespread adoption of
wearable devices for monitoring PD in clinical trials.
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Abstract

Background: Ecological momentary assessment (EMA) provides insight into the effectiveness and feasibility of smoking-related
interventions.

Objective: The objective of this paper was to assess adherence to an EMA protocol and compare EMA-derived responses with
measures collected through multiple surveys.

Methods: A subanalysis was conducted using data from a 12-week, open-label, and 2-arm pilot randomized clinical trial among
adult smokers with chronic obstructive pulmonary disease, coronary artery disease, peripheral vascular disease, or asthma in the
last 12 months (n=109). Participants were randomized to either electronic cigarette (EC) or nicotine replacement therapy (NRT)
treatment arms. We compared EMA data collected through automated SMS text message prompts sent to participants 4 times
daily for 12 weeks, including cigarettes smoked per day (CPD), craving, and satisfaction, to survey data collected at 12 weeks.
Convergent validity between survey- and EMA-reported measures was evaluated using Pearson correlation and paired t tests.
CPD was modeled using negative binomial regression. Relative rates (RRs) of reaching at least 50%, 75%, and 100% CPD
reduction between two arms were calculated using both EMA and survey data.

Results: The majority of participants were non-Hispanic White (63/109, 58%) and female (60/109, 55%), and had a median
age of 60 (IQR 54‐65) years. Among the 109 participants, 59.6% (n=65) were consistently adherent to the EMA protocol over
the 12-week period. Median weekly EMA response rate remained high over the 12-week study period even though a modest
decline was observed (week 1, 97.8% and week 12, 89.4%). The mean CPD declined significantly (week 1, mean 14.2, SD 9.9
and week 12, mean 4.6, SD 6.7; P<.001). EMA-derived and survey-based CPD measurements were positively correlated (r=0.73,
95% CI 0.6-0.82) as were measures of craving (r=0.38, 95% CI 0.17-0.56). No significant paired difference in CPD was observed
between EMA measurements and surveys. A significant effect of time on CPD EMA data (incidence rate ratio [IRR] 1-week
change 0.93; P<.01) and survey data was found (IRR 12-week change 0.36; P<.01). However, the treatment effect was not
significant, which aligned with the RR results. An increase in the EC consumption was observed over time in the EC arm, with
12.1% (7/58) fully switched to EC (defined as CPD=0 and EC use>0) and 20.7% (12/58) mostly switched (defined as a reduction
in CPD>75% and EC use>0) in week 12.

Conclusions: EMA is a suitable method to collect recall-based smoking-related data. Though results from mixed effect modeling
and RR comparisons were similar using EMA or survey data, EMA provides unique advantages, namely greater granularity in
the time and the capability to detect switching patterns in near real time. These findings provide the feasibility of using EMA in
developing smoking cessation interventions in future tobacco harm reduction research.

Trial Registration: ClinicalTrials.gov NCT04465318; https://clinicaltrials.gov/study/NCT04465318

International Registered Report Identifier (IRRID): RR2-10.1186/s13722-021-00284-0

(JMIR Form Res 2025;9:e66709)   doi:10.2196/66709

KEYWORDS

smoking; electronic cigarette; smoking cessation; ecological momentary assessment; EMA; adherence; real-time data; mobile
phone; cigarette; smoker; e-cigarettes; pilot randomized clinical trial; clinical trial; pilot study; adult smoker; chronic condition
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Introduction

In the United States, smoking remains the leading preventable
cause of death, responsible for 480,000 deaths and US $170
billion in health care spending each year [1]. Despite
considerable progress in the 20th century, in 2021, 30 million
US adults were still cigarette users [2]. The benefits of smoking
cessation are well-established [1]; however, there are high rates
of relapse with existing smoking cessation therapies in some
groups, like those with chronic obstructive pulmonary disease
(COPD) [3]. Alternate smoking cessation tools, like electronic
cigarettes (ECs), have been proposed as a more appealing harm
reduction intervention for people who smoke [4-6].

In public health research, a primary interest is real-world
behavior; however, this can be difficult to accurately assess in
a laboratory or survey setting where measures, such as cigarettes
smoked per day (CPD), typically rely on retrospective
self-reports. Ecological momentary assessment (EMA), which
is a data collection method that uses repeated sampling to collect
data throughout a participant’s everyday life, allows for the
reporting of events in real-world settings and is much less
time-consuming compared to traditional study visits [7]; EMA
can limit issues associated with recall bias, particularly when
participants are asked to recall the frequency of events over a
long period [8]. Furthermore, EMA is often done remotely, thus
serving as a useful tool for researchers considering remote
assessments for their studies.

Interval-based EMA data collection methods have been used
widely to study smoking habits and factors affecting use [9,10].
EMA data can provide useful insight into the changes in
cigarette use and other factors, such as craving and satisfaction,
over time and with greater granularity than study visits that are
typically weeks or several months apart. Switching effects from
combustible cigarettes (CCs) to ECs over an extended period,
which has previously been observed through more traditional
means of data collection [11], may be better understood using
EMA data, particularly for vulnerable smokers with COPD and
other chronic conditions.

This study assesses the comparability of smoking-related EMA
measurements—CPD, craving, and satisfaction—with survey
assessments completed as part of a 2-arm pilot randomized
clinical trial (RCT). We also assessed the association between
participant characteristics and adherence to the EMA protocol,
visualized changes in EC use and CPD during program
participation, and quantified the percent of individuals who
switched completely to ECs over time. Furthermore, we
compared the results of mixed effects negative binomial
regression and relative rate comparisons of CPD reduction using
EMA data versus using study visit data.

Methods

Study Setting and Participants
Participants were recruited via emails and phone calls between
October 2020 and September 2022 from the electronic medical
records of the New York University Langone Health (NYULH)
system, a private hospital system serving New York, New

Jersey, and Connecticut with approximately 6.8 million active
patients. Patients were eligible for participation if they (1) had
an ambulatory International Statistical Classification of
Diseases, Tenth Revision (ICD-10) diagnosis code for COPD,
cardiovascular disease, or asthma in the last 12 months; (2) for
COPD patients only, a COPD Assessment Test (CAT) score
≥10; (3) were aged 21 to 75 years (the legal age for purchasing
ECs in New York is 21); (4) were a current CC user (≥5 packs
in a lifetime, smokes ≥4 days/week); (5) smoked at least 5 CCs
per day on days they smoke CCs; (6) were motivated to quit
smoking (at least a 5 on a 10-point Contemplation Ladder) [12];
and (7) possessed a phone with SMS text messaging capabilities.
Potential participants were excluded if they (1), for COPD
patients only, had a CAT score ≥30 (representing severe COPD)
[13]; (2) reported NRT or EC use in the last 14 days; (3) had a
medical condition (eg, unstable angina or heart disease)
precluding use of nicotine patch or gum as determined by the
study physician or by their treating physician; or (4) were
pregnant or breastfeeding. Individuals who were not open to
using NRT or ECs were also excluded from the study.
Participants using other tobacco products were not excluded
from this study.

Ethical Considerations
The NYU Langone Health Institutional Review Board (IRB)
approved the study procedures (s20-00839) and written
documentation of informed consent was received before starting
data collection. The original informed consent allows for
secondary analyses without additional consent. All participant
data were deidentified prior to analysis. Participants did not
receive any incentive for counseling calls but were incentivized
to complete study visits and respond to the daily SMS text
message smoking diary. Participants received US $10 for
completion of a survey at baseline and at 6, 8, and 12 weeks,
and US $20 for completion of a survey at 24 weeks. Participants
could receive up to US $40 for completing a daily smoking
diary via SMS text messages (US $20 if at least 60% of
assessments are completed and US $40 if at least 80% are
completed). In total, participants had the possibility of receiving
a total of US $100 in incentives.

Study Design
This is a subanalysis of a 2-arm, open-label pilot RCT [14]
designed to evaluate the harm-reducing effects of ECs in patients
with COPD, coronary artery disease (CAD), peripheral vascular
disease (PVD), or asthma. The methods of the parent study are
detailed fully elsewhere [14]. Briefly, study participants were
recruited from two large urban health centers’ electronic health
records (EHRs) and randomized in a 1:1 ratio to either standard
smoking cessation care (nicotine replacement therapy [NRT]
and counseling) or ECs and counseling [15]. Randomization
was stratified by sex and baseline CPD (<20 vs ≥20).
Participants were screened via phone or an internet-based
screening tool before enrollment.

Participants completed study visits by telephone at baseline and
at 1, 2, 3, and 6 months, with the intervention period lasting 3
months. At each visit, participants completed self-report survey
assessments and were asked about their issued product supply
and potential harm. Sociodemographic characteristics such as
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age, race, ethnicity, place of birth, gender, marital status,
education, work status, living situation, and homelessness were
measured via self-report at baseline. In addition,
condition-specific assessments (CAT [16], Clinical COPD
Questionnaire [CCQ] [17,18], Seattle Angina Questionnaire-7
[SAQ-7] [19], Asthma Control Test [ACT] [20,21]) were also
assessed as was motivation and confidence to quit smoking,
tobacco use, and craving via the Minnesota Nicotine Withdrawal
Scale (MNWS) [22].

Based on EHR diagnoses, participants were characterized into
the following groups: COPD, asthma, and CAD or PVD.
Participants did not receive any incentive for counseling calls,
but were incentivized to complete study visits and respond to
the daily SMS text message smoking diary.

EMA Protocol
In addition to study visit surveys, during the intervention period,
participants were asked to record daily CC and EC use along
with measures for CC craving and EC and CC satisfaction by
SMS text messaging. Since the EMA protocol was embedded
within the RCT, it allowed us to directly compare the
message-derived outcomes with the survey assessments across
intervention groups. The details of branching logic on the texting
sequence participants would receive and the phrasing of each
question are presented (Figure S1 in Multimedia Appendix 1).
Certain responses triggered the follow-up questions about daily
use, satisfaction, and craving. If the participant reported no CC
or no EC use, only craving questions were triggered. Only
participants in the EC arm received questions about EC use.
Due to discordance between NRT use instructions (ie, 24 h
patch) and the scheduled check-ins, the NRT arm was not asked
about NRT use via SMS text message check-ins. This procedure
employed time-based sampling with participants receiving SMS
text message prompts four times per day, breaking the day into
“Early, Lunch, Afternoon, Evening” periods such that
approximately 4 hours had passed between check-ins.

Participants received brief instructions sent via an introductory
text and response indicators in the body of SMS text message
prompts but no formal training; of note, the EMA protocol was
explained to participants during the baseline and consent
process. Participants were given the opportunity to opt out of
receiving SMS text messages before initiation of participation
and during the study. Automated SMS text message prompts
were sent to participants daily over the 12-week intervention.

EMA Data Processing and EMA-Based Measures
The SMS text message data were used to determine daily and
weekly summaries for the following measures: response rate,
number of CCs, EC uses (EC arm only), craving, satisfaction
with the last CC, and satisfaction with the last EC (EC arm
only).

Response Rate and CPD
We tabulated a participant’s weekly response rate as the number
of responses from the participant divided by the total number
of response-required texts (ie, those texts soliciting a response
from the participant). To obtain an estimate of CPD—one that
would be comparable to the traditional CPD measure recorded

at study visits at baseline and week 12—we calculated the
weekly average CPD by dividing the total number of reported
cigarettes smoked in a week by 7 days. Participants with weekly
response rates lower than 60% were removed from the
calculation to obtain a more stable estimate of CPD and reduce
downward bias. When calculating CPD for week 12,
corresponding to the 3-month follow-up visit, the average CPD
for the final week of EMA data collection was used rather than
a total for the final day alone; we believe this average better
approximates what participants would report in a visit setting
compared with a 1-day total.

EC-Specific Measures
For the EC group, we used responses to the prompt, “Since your
last report, how many separate times did you use an e-cig?” to
calculate weekly averages for EC use. We defined mostly
switched as >75% reduction in CPD from week 1 and use of
ECs. We defined switching to ECs as those reporting 0 CPD
smoked and EC use>0 in a given week.

Satisfaction and Craving
We calculated the average craving (range of 0‐9 with higher
values corresponding to higher craving) by averaging a person’s
responses to the craving question (“On a scale of 0‐9, how
much do you want to smoke a cigarette right now?”) within a
week. Similarly, we calculated the average satisfaction with the
last cigarette and satisfaction with the last EC (range of 0‐9
with higher values corresponding to greater satisfaction) by
averaging a person’s responses to the satisfaction question (“On
a scale of 0‐9, how satisfying was your last cigarette/e-cig?”)
within a week.

Statistical Analysis
To evaluate predictors of EMA adherence, participants were
divided into two groups: (1) those with a weekly response rate
>60% or more throughout the duration of the study period and
(2) those with a weekly response rate <60% at any point in the
study period. Descriptive statistics were calculated by group,
including sociodemographic characteristics (age, gender, race
and ethnicity, marital status, education, and work status) as well
as condition-specific assessments, motivation, and confidence
to quit smoking and tobacco use for each group. For variables
not normally distributed, median and IQR were presented.
Characteristics were evaluated using Wilcoxon rank sum test
for continuous variables and Fisher exact test for categorical
variables.

To assess the comparability between EMA measures of CPD
and more traditional measurements gathered in a survey setting,
we examined the Pearson correlation coefficient between CPD
reported during the final week of EMA prompting (week 12)
and CPD reported at the 3-month survey. We also examined
the paired difference between EMA- and survey-reported CPD
at 3 months using a paired t test. Pearson correlation coefficient
was also applied to assess the convergent validity of EMA
measurements for craving compared with survey-reported
measures (first item of the Minnesota nicotine withdrawal scale:
“Do you have a craving for cigarettes or desire to smoke?” with
responses coded from 0‐4, corresponding to “Not present”
[0], “Slight” [1], “Mild” [2], “Moderate” [3], and “Severe” [4])
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[23]. The EMA prompt “on a scale of 0‐9, how much do you
want to smoke a cigarette right now?” was used as the
comparator for craving with higher numbers corresponding to
greater craving.

To assess our primary outcome of change in CPD, we used a
negative binomial mixed effects model, adjusting for the
intervention arm, time (weeks from baseline), and a random
intercept for each individual. We compared the results obtained
from surveys by building a similar model, with the time variable
expressed as time from baseline to week 12 visit. The negative
binomial model has been shown to be more effective for count
data than a Poisson model in the presence of overdispersion
[24]. CPD reduction rate was evaluated by measuring the change
in CPD from the baseline to week 12 from both EMA and
survey-based data. To compare reduction rates by arm at week
12, we calculated the risk ratios of reduction rates of those
reaching at least 50%, 75%, and 100% reduction as reported
via EMA and survey. We used the same negative binomial
mixed effects models to assess the satisfaction and craving
scores.

For those in the EC arm, we tabulated the number and
percentage of individuals each week that demonstrated evidence
of switching (CPD=0 and EC use>0) as well as mostly switching
(reduction in CPD >75% and EC use>0). We also summarized
weekly EMA-based measures including response rates, the
number and percentage of individuals with >60% response rate,
average craving, average satisfaction with last CC, average
satisfaction with last EC, average CPD, and average EC uses.

All analyses were conducted using Stata (version 18; Stata Corp)
and R (version 2024.04.2+764; R Foundation for Statistical

Computing), and all tests were 2-tailed, with a .05 significance
level.

Results

Adherence to the EMA Protocol
In total, 109 (90%) individuals of the 121 randomized trial
participants took part in the EMA protocol. Among the 109, 65
(59.6%) were considered adherent to the EMA protocol with a
median weekly response rate that declined slowly from 97.8%
in week 1% to 89.4% in week 12. The mean and median
response rates over time for all participants are plotted in Figure
S2 in Multimedia Appendix 1. Of the 12 individuals with no
texting data, 5 withdrew from study activities or opted out, 3
never received the study welcome text, 3 never responded to
the study welcome text, and 1 died during enrollment (Figure
1).

Table 1 displays participant characteristics by adherence to
EMA protocol. The median age among adherent participants
was 61 (IQR 54-65) years and 58 (IQR 52-65) tears among
nonadherent individuals. The sample was mostly non-Hispanic
white (63/108, 57.8%), and a plurality were married or dating
(52/109, 47.7%), had some college or an associate’s degree
(44/109, 40.4%), and were retired or on public assistance
(47/109, 43.1%). Most participants had COPD (65/109, 59.6%),
followed by asthma (36/109, 33%). The median motivation to
quit smoking score was 10 (IQR 8‐10), and the mean
confidence to quit smoking was 6.5 (SD 2.2). At baseline, the
mean number of CPD reported at the survey was 17.3 (SD 9.7),
and the mean CPD from week 1 as assessed from EMA was
11.6 (SD 7.5). No significant differences were observed between
the adherent and nonadherent groups.
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Figure 1. CONSORT (Consolidated Standards of Reporting Trials) flow diagram for trial recruitment and ecological momentary assessment (EMA)
data analysis inclusion. EC: electronic cigarette; NRT: nicotine replacement therapy.
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Table . Baseline characteristics of the patients with chronic obstructive pulmonary disease (COPD), coronary artery disease (CAD), peripheral vascular
disease (PVD), or asthma in the 12-week, open-label, and 2-arm pilot randomized clinical trial. Distributions and statistical metrics for the comparison
of adherent and nonadherent groups to the EMA protocol are presented (n=109). All values are presented as mean (SD) or n (%) or as otherwise stated.
Characteristics were evaluated using Wilcoxon rank sum test for continuous variables and Fisher exact test for categorical variables. “Adherent”
participants had a weekly response rate of 60% or more throughout the duration of the study period and “Non-adherent” participants had a weekly
response rate less than 60% at any point in the study period.

P valueNonadherentAdherentOverallCharacteristic

—a44 (40.4)65 (59.6)109 (100)Participants, n (%)

.82Study arm, n (%)

24 (54.5)34 (52.3)58 (53.2)    e-Cigarette

20 (45.5)31 (47.7)51 (46.8)    NRTb

Sociodemographics

.1658.0 (51.5‐64.5)61.0 (54.0‐65.0)60.0 (54.0‐65.0)    Age (years), median
(IQR)

.76    Sex, n (%)

19 (43.2)30 (46.2)49 (45)            Male

25 (56.8)35 (53.8)60 (55)            Female

.78    Race and ethnicity, n (%)

23 (52.3)40 (61.5)63 (57.8)            Non-Hispanic White

12 (27.3)13 (20)25 (22.9)            Non-Hispanic Black
or African American

7 (15.9)9 (13.8)16 (14.7)            Hispanic

2 (4.5)3 (4.6)5 (4.6)            Non-Hispanic otherc

.67    Marital status, n (%)

24 (54.5)28 (43.1)52 (47.7)            Married or dating

9 (20.5)16 (24.6)25 (22.9)            Separated, divorced,
or widowed

11 (25.0)21 (32.3)32 (29.4)            Single

.56    Educational history, n (%)

5 (11.4)6 (9.2)11 (10.1)            Did not finish high
school

8 (18.2)16 (24.6)24 (22)            Completed high
school or high school equiv-
alency diploma (GED)

16 (36.4)28 (43.1)44 (40.4)            Some college or asso-
ciate’s degree

15 (34.1)15 (23.1)30 (27.5)            Completed college
or graduate school

.45    Work status, n (%)

21 (47.8)21 (32.3)42 (38.5)            Full-time or part-
time work

17 (38.6)30 (46.2)47 (43.1)            Public assistance or
retirement saving

6 (13.6)14 (21.5)20 (18.3)            Unemployed or other

Screening diagnoses

.1518 (40.9)18 (27.7)36 (33.0)    Asthma

.5411 (25.0)13 (20.0)24 (22.0)    CAD or PVD

.2023 (52.3)42 (64.6)65 (59.6)    COPD

.408 (18.2)8 (12.3)16 (14.7)    1 or more conditions
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P valueNonadherentAdherentOverallCharacteristic

Condition-specific assessments d , median (IQR)

.4422.0 (16.5‐26.0)19.5 (14.0‐26.0)20.5 (16.0‐26.0)    CATe

.6515.5 (13.5‐19.5)15.0 (13.0‐19.0)15.0 (13.0‐19.0)    SAQ-7f

.7978.8 (69.7‐84.8)77.3 (69.7‐89.4)78.8 (69.7‐87.9)    ACTg

Dyspnea and CCQ h

.13    Dyspnea (shortness of breath) Scale

5 (11.4)13 (20.0)18 (16.5)     Dyspnea only with stren-
uous exercise

8 (18.2)19 (29.2)27 (24.8)     1. Dyspnea when hurry-
ing or walking up a slight
hill

14 (31.8)10 (15.4)24 (22.0)     2. Walks slower than
people of the same age be-
cause of dyspnea or has to
stop for breath when walk-
ing at own pace

11 (25.0)17 (26.2)28 (25.7)     3. Stops for breath after
walking 100 yards (91m) or
after a few minutes

4 (9.1)6 (9.2)10 (9.2)     4. Too dyspneic to leave
house or breathless when
dressing

.513.2 (2.2‐4.0)2.7 (2.1‐3.8)2.9 (2.1‐3.9)CCQ total score, median
(IQR)

.833.8 (2.5‐4.5)3.2 (2.8‐4.5)3.5 (2.6‐4.5)CCQ symptom score, medi-
an (IQR)

.272.6 (1.8‐3.6)2.0 (1.5‐3.2)2.5 (1.5‐3.5)CCQ functional state score,
median (IQR)

.762.5 (1.5‐3.5)2.0 (1.0‐4.0)2.5 (1.0‐3.5)CCQ mental state score,
median (IQR)

Motivation and confidence to quit smoking, median (IQR)

.729.5 (7.0‐10.0)10.0 (8.0‐10.0)10.0 (8.0‐10.0)    Motivation to quit (1-10)

.716.4 (2.2)6.5 (2.2)6.5 (2.2)    Confidence to quit (1-10)

Tobacco use and risk perception, mean (SD)

.6017.9 (10.2)16.9 (9.4)17.3 (9.7)    Average number of CPDi

.7612.0 (8.3)11.5 (7.1)11.6 (7.5)    CPD per SlickText EMA
(week 1)

.09Frequency of current cigarette use, n (%)

44 (100)61 (93.8)105 (96.3)    Every day
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P valueNonadherentAdherentOverallCharacteristic

0 (0)4 (6.2)4 (3.7)    Some days

aNot applicable.
bNRT: nicotine replacement therapy.
cNon-Hispanic other include Arab or Middle Eastern (n=2), not reported (n=2), and Asian (n=1).
dCondition-specific assessments restricted to those with condition: COPD: Baseline (n=65; 23 nonadherent and 42 adherent), CAD or PVD: Baseline
(n=24; 13 nonadherent and 11 adherent), asthma: Baseline (n=36; 18 nonadherent and 18 adherent).
eCAT: COPD Assessment Test.
fSAQ-7: Seattle Angina Questionnaire-7.
gACT: Asthma Control Test.
hCCQ: Clinical COPD Questionnaire.
iCPD: cigarettes smoked per day.

Summary of EMA-Derived Measures

Consumption of CC and EC Over Time
Table 2 provides weekly summaries of response rates, CC and
EC use, and satisfaction and craving. Using EMA, overall, the

reduction of weekly average CPD was statistically significant,
decreasing from 14.2 (SD 9.9) in week 1 to 4.6 (SD 6.7) in week
12 (P<.001). Among the EC group, the average ECs per day
modestly increased from 4.3 (SD 5.5) in week 2 to 7.1 (SD 11.6)
in week 10, followed by a minor decline to 5.8 (SD 9.6) in week
12.
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Table . Weekly smoking-related metrics summarized from ecological momentary assessment (EMA) protocol over the 12-week study period. Satisfaction
and craving values were based on a 0-9 point scale, ranging from 0 (not satisfied or no craving at all) to 9 (extremely satisfied or highest craving).

Satisfaction and cravingCCa and ECb useResponse rate

Mean crav-
ing (SD)

Mean EC
satisfac-

tiond

(SD)

Mean Satis-
faction
with last
CC (SD)

Participants
switching

to ECsd, n
(%)

Participants
reporting
mostly
switching,

n (%)d,e

Mean EC
uses per
day (SD)

Mean

CPDc (SD)

Participants
with >60%
response
rate, n (%)

Mean re-
sponse rate
(SD)

Median re-
sponse rate
(IQR)

Week

4.7 (1.7)—6.2 (1.6)———f14.2 (9.9)104 (95.4)95.4 (8.7)97.8 (94.7-
100.0)

1

4.6 (1.7)4.9 (2.0)5.7 (1.8)1 (1.7)3 (5.2)4.3 (5.5)10.9 (8.9)102 (93.6)94.9 (8.6)98.0 (91.1-
100.0)

2

4.4 (1.7)4.9 (2.0)5.7 (1.9)1 (1.7)5 (8.6)6.4 (7.4)8.8 (8.1)100 (91.7)94.1 (10.0)96.9 (87.5-
99.2)

3

4.5 (2.0)4.9 (2.0)5.6 (2.0)4 (6.9)8 (13.8)6.3 (7.1)7.6 (7.6)96 (88.1)93.4 (10.2)96.2 (85.8-
99.1)

4

4.5 (1.8)5.0 (1.9)5.6 (1.9)6 (10.3)11 (19.0)7.0 (9.4)7.0 (7.5)93 (85.3)92.5 (11.9)96.3 (81.6-
98.5)

5

4.4 (2.0)5.1 (1.8)5.5 (2.0)3 (5.2)9 (15.5)6.7 (7.7)6.3 (7.5)87 (79.8)91.8 (12.6)94.6 (74.9-
98.5)

6

4.3 (1.8)5.2 (1.7)5.5 (2.0)5 (8.6)7 (12.1)7.3 (9.1)5.9 (7.2)83 (76.1)91.7 (13.0)93.2 (69.4-
98.6)

7

4.2 (2.0)5.2 (1.7)5.4 (2.0)6 (10.3)8 (13.8)7.0 (10.4)5.0 (7.3)80 (73.4)91.1 (13.3)91.6 (61.5-
98.3)

8

4.1 (2.2)5.2 (1.8)5.4 (2.0)5 (8.6)12 (20.7)6.1 (9.4)5.7 (8.7)74 (67.9)90.2 (14.5)89.0 (33.3-
97.6)

9

4.3 (2.2)5.3 (1.8)5.4 (2.1)7 (12.1)12 (20.7)7.1 (11.6)5.2 (8.1)76 (69.7)89.8 (13.7)88.9 (46.5-
97.9)

10

4.0 (2.2)5.4 (1.8)5.4 (2.1)6 (10.3)10 (17.2)6.2 (10.3)5.1 (8.2)74 (67.9)89.9 (13.7)87.7 (34.9-
98.0)

11

4.1 (2.2)5.4 (1.8)5.3 (2.2)7 (12.1)12 (20.7)5.8 (9.6)4.6 (6.7)70 (64.2)89.1 (15.5)89.4 (42.5-
97.8)

12

aCC: combustible cigarette.
bEC: e-cigarette.
cCPD: cigarettes per day.
dSummary measures refer only to the EC group (n=58).
eMostly switching is defined as >75% reduction in CPD from week 1 and use of e-cigarettes.
fNot applicable.

Craving and Satisfaction Over Time
We were also able to obtain weekly estimates for craving,
satisfaction with the last CC, and satisfaction with the last EC
(Table 2). Weekly average craving declined modestly from 4.7
(SD 1.7) in week 1 to 4.1 (SD 2.2) in week 12. Similarly, weekly
average satisfaction with the last cigarette declined from 6.2
(SD 1.6) in week 1 to 5.3 (SD 2.2) in week 12. We report weekly
satisfaction and craving by arm in Table 2. No treatment effect
was found in the negative binomial mixed effects models for
satisfaction and craving (Tables S1 and S2 in Multimedia
Appendix 1). Among EC participants, average satisfaction with
the last EC rose gradually from 4.9 (SD 2.0) in week 2 to 5.4
(SD 1.8) in week 12.

EMA Comparability With Survey Assessments
Reported CPD estimates from EMA correlated strongly with
the survey setting at 3 months (Pearson r=0.73; 95% CI
0.60-0.82). Of note, there was one EC participant who reported
a very high consumption of combustible cigarettes (>40 CPD)
via EMA and at their 3-month visit; this individual’s data was
included in the current analysis as results did not differ
meaningfully when excluding their data. There was no
statistically significant paired difference between EMA-reported
CPD and survey-reported CPD (paired difference=0.39, 95%
CI −1.02 to 1.79). Craving measurements from EMA and
surveys also showed a significant positive correlation (Pearson
r=0.38, 95% CI 0.17-0.56). In Figure 2, plot A depicts a scatter
plot visualizing the association between CPD use via survey
and EMA at week 12. The estimated correlation (Pearson r) is
0.73 (95% CI 0.60-0.82). A fitted regression line and 95% CI
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are included. Data points are stratified by treatment arm. Plot
B depicts a histogram showing the distribution of paired CPD
differences between EMA and survey at week 12 for both
treatment arms. The estimated mean difference is 0.39 (95% CI
−1.02 to 1.79). Plot C depicts a scatter plot showing the

association between craving scores for CC via survey and EMA
at week 12. The estimated correlation is 0.38 (95% CI
0.17-0.56). A fitted regression line and 95% CI are included.
Data points are stratified by treatment arm.

Figure 2. Comparison of data from both ecological momentary assessment (EMA)- and survey-based method for cigarettes smoked per day (CPD)
and craving scores for combustible cigarette (CC) by treatment arms. E-cig: e-cigarette; NRT: nicotine replacement therapy.

Reduction Rate Comparisons and Negative Binomial
Regression Using EMA Versus Survey Data
Tables 3 and 4 show the comparisons between the reduction
rate in CPD (50%, 75%, and 100% reduction) and negative
binomial regression results using data reported through EMA
and through surveys. Both treatment groups showed a significant
decrease in the mean number of CPD at the end of the study
period (overall; week 1: mean 14.2, SD 9.9; week 12: mean 4.6,
SD 6.7) though there was no evidence that reduction in CPD
was different between arms based on reduction rate. Of note,
the point estimates for CPD reduction rate were all slightly
higher than those computed from survey data.

The average CPD count had a mean of 8.2 (SD 8.03) and a
variance of 64.5. With unequal mean and variance, our model
must account for overdispersion, which the negative binomial
model accomplishes. In both models, we found a significant
effect of time on the average number of cigarettes per day. In
the model using EMA data, we found a 7% decrease in CPD
for each week (IRR for 1-week change 0.929, 95% CI
0.93-0.93), and in the model using survey data, the IRR for time
across the 12-week intervention was 0.36 (95% CI 0.29-0.44).
In both models, we found no statistically significant effect of
randomization group on the rate of CPD; however, interestingly,
the point estimates for the IRR for randomization group are in
differing directions.
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Table . Relative rates of reaching at least 50%, 75%, and 100% cigarettes smoked per day (CPD) reduction rates for time and treatment effects using
ecological momentary assessment (EMA) and study surveys at week 12.

Study surveyEMA

P valueRR (95% CI)NRT (n=51),
n (%)

EC (n=58), n
(%)

P valueRRc (95% CI)NRTb (n=51),
n (%)

ECa (n=58), n
(%)

CPD reduction rate

.281.24 (0.83‐
1.84)

22 (43.1)31 (53.4).231.25 (0.87‐
1.79)

24 (47.1)34 (58.6)    50% or
higher

.831.07 (0.59‐
1.94)

14 (27.5)17 (29.3).101.52 (0.91‐
2.54)

15 (29.4)26 (44.8)    75% or
higher

.831.10 (0.47‐
2.57)

8 (15.7)10 (17.2).211.76 (0.71‐
4.35)

6 (11.8)12 (20.7)    100%

aEC: electronic cigarette.
bNRT: nicotine replacement therapy.
cRR: relative risk.

Table . Incidence rate ratios for time and treatment effects using ecological momentary assessment (EMA) and study surveys at week 12.

Study surveyEMA

P valueIRR (95% CI)P valueIRRa (95% CI)

Negative binomial regression

<.00115.89 (12.92‐19.54)<.0017.74 (5.34‐11.23)    Intercept

<.0010.36 (0.29‐0.44)<.0010.929 (0.928‐0.929)    Time

Group

————c    NRTb

.431.11 (0.85‐1.46).600.87 (0.52‐1.45)    ECd

aIRR: incidence rate ratio.
bNRT: nicotine replacement therapy.
cNot applicable.
dEC: electronic cigarette.

Cigarette and e-Cigarette Use Over Time
Plot A in Figure 3 shows the reported number of CCs smoked
in each week by all participants. The trend lines were fitted
using a generalized additive model and are included only for
visualization. This visualization aligned with the hypothesis
testing of negative binomial mixed effects modeling in that we
see a general downward trend in the number of cigarettes
smoked for participants in each group over time, with similar

trends for each group. To visualize EC use more clearly, we
presented EC use in days rather than weeks.

Among those in the EC arm, EC use increased gradually and
stabilized after day 20, with daily CC consumption becoming
slightly lower than daily EC use. The percentage of individuals
who “switched” completely from CCs to ECs in each week
ranged from 1.7% (1/58) in week 2 to 12.1% (7/58) in week 12.
The percentage of mostly switching increased from 5.2% (3/58)
in week 2 to 20.7% (12/58) in week 12.
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Figure 3. Trends in electronic cigarette (EC) and combustible cigarette (CC) use over the 12-week study period. Plot A depicts the change in CC by
treatment arms on a weekly basis over the study period. Data points represent the total number of CC per week. A fitted line for each trial arm is included,
which was fit using a generalized additive model (GAM). Plot B depicts the comparison of change in total number of daily CC and EC uses among EC
arm group participants over the 12-week study period. Data points represent the total number of CC and EC uses per day. Fitted lines for CC and EC
were fitted using GAM method. CPD: cigarettes smoked per day; NRT: nicotine replacement therapy.

Discussion

Principal Findings
The results showed that participants in either study arm who
reported greater CPD in the 3-month visit survey tended to
report greater CPD in the final week of EMA prompting, and
vice versa. Specifically, the EMA data indicated that EC use
could lead to a reduction in CC use similar to that of NRT.
These results suggest that ECs could be a potential alternative
smoking cessation tool in the future. Similar to analyses using
study-visit data, we found a statistically significant time effect
on CPD reduction when analyzing the EMA data. Through the
insights provided by EMA, patterns in dual use and switching
could also be observed where participants in the EC arm
appeared to consume fewer CPD over time and had a steady
increase in EC use. Together, these results provide evidence
that EMA is likely a suitable method to collect recall-based
smoking data from participants with greater frequency and
shorter recall periods compared with standard study visits.

In addition, the rigorous EMA protocol implemented in the
study, with a high response rate over the 12-week intervention
period, demonstrates the feasibility of assessing smoking
behaviors in this manner. The relevance and validity of EMA
data rely on the comparability with traditional methods of
measurement (eg, surveys) and the overall adherence to the
EMA protocol among participants. This study provides insight
by directly comparing smoking-related measures collected
through EMA and surveys. The nonsignificant paired difference
found in this study contrasts with other similar studies that found

large discrepancies between retrospective and EMA data [25,26].
These results indicate that an EMA protocol can achieve equal
or more accurate data collection than traditional methods.
Furthermore, levels of EMA adherence have been found to
differ based on participant characteristics in some groups [27].
While previous studies have used EMA protocols to assess the
prevalence of smoking CCs or ECs [9,26,28], as well as
changing smoking patterns over time [29], this study is among
the first to use a smoking EMA protocol in a population with
chronic conditions, thus, demonstrating the feasibility of an
SMS text messaging–based smoking EMA protocol in this
population.

The visualization of CPD and EC use over time (see Figure 3)
offer examples of the added information provided by EMA,
giving researchers more precise data collection points. EMA
can also help identify and quantify the switching (from CCs to
ECs) patterns of participants closer to when switching actually
occurs, which itself is an area of future research. For example,
for this trial, using traditional surveys, we would only be able
to assess switching at the time of surveys (at 3- and 6-month
follow-ups); however, EMA allowed us to determine when and
if participants did in fact switch from CC to EC within and
immediately following the intervention period. If assessed in
near real time, this information could even be leveraged to tailor
counseling delivered to participants.

We note several limitations. In total, 109 (90%) of the 121 trial
participants agreed and enrolled in SMS text messaging prompts;
however, only 65 participants were adherent (EMA response
rate greater than 60%) in the final week of prompting. All
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responses were used in the negative binomial mixed effect
model, whether they responded to all prompts in a day or only
a subset. This type of missingness could bias the average number
of cigarettes smoked downward, particularly as fewer
participants responded consistently as the study period
continued. While not statistically significant, exploratory
analyses seemed to suggest that employed participants may be
more likely to drop off in response rates compared with retired
or unemployed participants; however, further work is required
to better understand effects on response rate and retention. In
general, there is a risk of an EMA protocol placing too much
burden upon participants leading to fatigue or burnout [30]; in
turn, participant fatigue could lead to higher drop-out rates and
missingness, which could bias results. Similarly, there was
variance in contact intensity between the two study arms, as the
NRT participants were not asked about NRT or EC use limiting
the total number of questions asked. While no statistically
significant difference in EMA protocol adherence was measured,
differential contact between the arms could potentially bias
perceived burden or engagement with the EMA protocol.
Despite the missingness and the potential for participant fatigue,
this EMA protocol saw continued adherence and high response
rates from a majority of enrolled participants while maintaining
a fairly rigorous prompt frequency. Continued adherence
indicates relatively low burden of text prompts (vs through other

platforms; eg, phone app) and the familiarity most participants
have with texting, which could be a more acceptable and feasible
method compared with lengthier surveys. Future analyses of
EMA data could seek to better understand additional
smoking-related measures beyond craving and satisfaction. Due
to limitations of measuring experiences using numerical scales
[31,32], future EMA protocols may consider free-text responses
and apply tools like natural language processing to EMA data
to interpret and clean patient responses thereby transforming
the data into meaningful information on human behaviors and
sentiments. Better implementation of set responses can help
ensure researchers are receiving the information desired in
workable forms and reduce the data cleaning needed. Another
future area of research is determining how well EMA data can
detect the real-time switching from CCs to ECs.

Conclusion
SMS text messaging–based EMA represents a feasible and
suitable method to collect recall-based smoking-related data.
As compared with the survey data, the use of EMA provides
unique advantages, namely greater granularity in the smoking
timelines and a capability to detect switching patterns between
CCs and ECs in near real time. EMA should be considered as
a method for data collection when developing future tobacco
harm reduction research.
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Multimedia Appendix 1
Supplementary tables presenting (1) mean satisfaction with the last combustible cigarette (CC) and craving for CC over the
12-week study period stratified by treatment arms using ecological momentary assessment (EMA) data and (2) incidence rate
ratios for craving and satisfaction over time and treatment effects using EMA data at week 12. Figures presenting (1) a flow
diagram depicting the text messaging prompts and flow received by the patients from the electronic cigarette (EC) group
(participants were asked whether they smoked a CC or used an EC since their last report and based on the responses they are
directed to specific follow-up questions), and (2) trends of weekly means and medians of response rates (%) among all participants
over the 12-week study period.
[DOCX File, 132 KB - formative_v9i1e66709_app1.docx ]

Checklist 1
CONSORT-EHEALTH (version 1.6.1) checklist.
[PDF File, 1167 KB - formative_v9i1e66709_app2.pdf ]
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Abstract

Background: Falls remain a major public health problem and a significant cause of preventable injury. Maintaining strength
and balance by staying active can prevent falls in older adults, and public health advocates support referral to community exercise
programs. Given the growth in use and acceptance of technological interfaces, there remains an interest in understanding the role
of a synchronous exercise program designed to improve strength, postural alignment, and balance specifically designed to be
delivered in a digital environment with respect to usability and feasibility.

Objective: This study aims to design and implement a synchronously delivered digital fall prevention program to adults aged
60 years and older, to understand the usability, feasibility, and attendance.

Methods: The “Strong Foundations” program, a 12-week, live, digitally delivered fall-prevention exercise program was informed
from different existing in-person exercises and piloted to older adults who were considered a low fall risk by scores of 4 or less
from the Centers for Disease Control and Prevention’s (CDC’s) Stopping Elderly Accidents and Deaths Initiative (STEADI)
Staying Independent questionnaire. The System Usability Scale (SUS) measured usability and feasibility at the completion of
this program, and digital measures of age-related function (timed up and go [TUG] and 30-second chair stand [30 CS]) were
collected pre- and postintervention. Data were collected in 2021.

Results: A total of 39 older adults were recruited and 38 completed the 12-week program with an average age of 72 years. The
average SUS was 80.6, with an 85% attendance rate and an 8.5 (out of 10) self-reported satisfaction score. Digitally collected
TUG and 30 CS statistically improved pre- and postintervention by 9% and 24%, respectively; by week 12, 64% (23/36) of
participants improved in the timed up and go and 91% (32/35) improved the chair stands.

Conclusion: There was excellent usability and acceptability for Strong Foundations, a novel fall-prevention program designed
to be delivered digitally and promising improvement of objective measures of fall risk.

(JMIR Form Res 2025;9:e67406)   doi:10.2196/67406

KEYWORDS

digital health; fall prevention; fall risk; older adults; geriatrics; system usability scale; Strong Foundations; feasibility; public
health; user acceptance; exercise; usability; digital technology; mobile phone

Introduction

Fall-related injuries among older adults are a significant and
growing public health concern. Over one-quarter of
community-residing men and women 65 years of age and older
fall annually [1,2]. Risk is compounded over time as a single
fall predicts recurrent falls [3-7], and fall-related mortality has
increased over 30% just between 2007 and 2016 [8]. Not only
do falls represent a major cause of accidental death and
mobility-related disability among older adults, but they also
result in psychological distress, loss of independence, and a

decrease in quality of life [9,10]. Despite the existence of various
interventions and policies aimed at reducing fall risk in this
population, the incidence of falls remains alarmingly high.

While fall risk is multifactorial, identification of risk factors,
as well as referral to and participation in appropriate fall-risk
reduction programs are established as an effective,
evidence-based approach to reduce fall risk [2,11]. Specifically,
targeted strength and balance exercises have consistently been
shown to improve fall risk, and accordingly, the Centers for
Disease Control and Prevention (CDC) has outlined an
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evidence-based clinical approach to identify those at risk for
falls to help assess known risk factors and refer for
community-based fall-prevention programs [12,13]. The public
health use of this approach is further supported by the United
States Preventive Services Task Force (USPSTF) “Grade B”
recommendation to refer older adults for fall prevention exercise
programs [14,15]. However, despite these resources and
recommendations, clinical identification and referrals have been
insufficient [16]; only approximately one-third of older adults
report being asked about fall-risk by their health care providers,
and similarly, only around a third of those who fall report
discussing their fall and fall circumstances with their health
care provider [17,18]. At the population level, conservative
estimates suggest far fewer than 50% older adults meet
recommended physical activity levels [19]. These findings
mirror the growing epidemiological evidence of increased rates
of falls in older adults. While some existing programs that
improve fall risk and activity for older adults, including
EnhanceFitness PA and Silver Sneakers may be available to
some older adults with certain insurance plans at no additional
costs [20], others may face substantial fees; furthermore, many
eligible seniors do not use these programs, citing several
barriers. Such barriers include general dislike of gyms and a
lack of awareness or instructor suitability and generalizability,
problems accessing appropriate classes, concerns about bad
weather and driving, and perceptions about being “old” in these
environments [21]. These issues are even greater among older
adults residing in areas and communities that have fewer
facilities for guided physical activity, more limited transportation
infrastructure and less exercise expertise [22]. Finally, there
remain geographic and demographic disparities related to falls,
including higher rates in rural areas [2], highlighting the interest
and need for different approaches to address this public health
and clinically relevant problem in older adults in novel ways
that increase reach and are safe and effective.

Appropriate technologically driven approaches have promise
to increase range and dissemination of fall prevention resources,
including making them easier and safer to access [23].
Furthermore, digitally delivered programs that involve
appropriately tailored exercises offer the opportunity to balance
risks and benefits during times of social distancing, while
improving dissemination and community uptake, and possibly
improve fall risk [24]. While recent attention has highlighted
concerns with broadband access in older adult populations,
especially with attention to disparities and equity [25], digital
interventions showcase the promise as those aged 65 years and
older still represent the fasting growing demographic in
technological uptake [26,27]. Thus, given the trend of
increasingly ubiquitous access to smart-enabled technology in
older adults, and gaining acceptance in this population [26],
there is great potential to improve equitable access to
high-quality exercise-based fall prevention resources by
decreasing geographic boundaries—not only immediately, but
increasingly in the future. Alternative approaches, including
prerecorded, online, and asynchronous delivery, are an
additional consideration but lack the ability for real-time
guidance, which is possible with synchronous real-time delivery,
and therefore offer the opportunity to provide guidance with
risk mitigation and personalization when appropriate for

participants. Therefore, approaches that leverage technology to
improve access to fall-risk reduction exercise programs are
imperative, and growing data suggest digitally formatted
delivery may be feasible [28].

Zoom (Zoom Video Communications) is a user-friendly,
web-based service that provides digital video-based connections
between multiple users; Zoom-for-Telehealth is a
HIPAA-compliant encrypted service used for clinically delivered
care and permits conferencing between individuals. Zoom is
readily available online, free to download, and supports a
one-to-many viewing platform such that it can be set up so that
only the host can see individual participants at a given time
[29]. This application was selected based on the ubiquitous
nature and availability to host professionally through our
institution. The nature of this digital platform lends interest in
understanding how fall-prevention curricula may be developed
and delivered to older adults; therefore, we developed a novel
digital platform, Strong Foundations, designed to leverage the
advantages of digital technology with evidence-based
fall-prevention strategies, along with real-time feedback to users
based on appropriate or inappropriate practice, optimizing gains
for a larger group and highlighting core exercises. This program
includes features to promote adherence, engagement, and social
connectivity enabled by real-time interaction, all important to
promote efficacy and subsequent improvement in gains from
any intervention [30]. Given the novelty of such a program, we
aim to understand the feasibility of this 12-week program in
terms of usability and acceptance using a validated scale and
attendance rates and explore measures of digitally collected
physiologic improvement in adults aged 60 years and older.

Methods

Program Description
Our program, Strong Foundations, is drawn from several
rigorously tested fall and fracture prevention exercise programs
[11,31-33] but is new and entirely designed to be delivered
digitally. This design emphasized exercises that were able to
be remotely instructed, witnessed, and performed in a limited
physical space such that most users would be able to use readily
available household spaces. The program was designed with
physician input and by exercise physiologists and a Doctor of
Physical Therapy, all with extensive training in both group and
individualized exercise for older adult populations. Strong
Foundations is a 12-week iterative curricular program with 3
core components: postural alignment and control, balance and
mobility, and muscular strength and power. All the exercises
offered over the course of the intervention are designed to be
appropriate for the target population (ie, older adults) and are
standardized so all participants receive the same basic
instruction, but the level of difficulty is scaled to participant
experience, capability, and musculoskeletal limitations. This
individualization was enabled by real-time delivery, such that
instructors are able to adapt, respond, and tailor specific aspects
of any class to fit the needs of participants, including
independently pulling our participants into a “Breakout Room”
for direct one-on-one instruction before reassimilating into the
larger group. The 12 weeks of instruction establish and build
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such that throughout the program, posture and positions
prioritized early in the program are used to build into more
complicated maneuvers designed to improve the foundational
techniques and activities that will allow participants to maximize
learning opportunities and optimize gains related to balance,
posture, and strength.

Real-Time Feedback
Differentiating this program from other streamed and real-time
web-based interventions available, the novel feature of this
program is the delivery of semi-individualized instruction in
real time within a small group setting. This is accomplished
with a specifically trained “support” instructor providing
guidance and correction on optimal exercise form while the
“lead” instructor demonstrates for the larger group. This
semitailored approach allows the lead instructor to provide “best
practice” instruction and provide a visual demonstration while
assistant instructors assure that participants are not only gaining
important skills related to fall-prevention technique, but also
doing this safely and remotely, as numerous screens on a digital
interface would otherwise compromise the integrity of a single
instructor. All instructors are aware of the curriculum in its
entirety and versed on adaptive approaches for a participant
who may not be able to do specific components safely or without
predisposing to injury. An example of this may include someone
with a known right shoulder injury, whereby certain resistance
band and posture actions need to be modified—thereby the lead
instructor may continue providing instruction to the group at

large, with uninterrupted group synchronous interaction, but
the support instructor can provide individualized
recommendations to a specific participant without disrupting
the overall dynamic.

Program Development
The program was iteratively designed based on two, 4-week
pilot classes with 9‐12 participants each (total n=21), which
refined and informed the curriculum to inform the design of a
final total 12-week program, where foundational components
are expanded in intensity and challenge, assuring continual
growth and improvement of participants. Participant experience
was surveyed, with respondents (n=14) noting that the interface
was easy to follow, with sufficient audio and visual interface
for safely following instruction. Furthermore, 100% (14/14) of
participants agreed or strongly agreed that “instruction was clear
and easy to follow” and “I felt safe doing the exercises.” In
addition, 86% (12/14) agreed or strongly agreed to “I could hear
the instructors well” and “instruction was easy to see and
follow.” In total, 64% (9/14) reported awareness of instructors
watching validated tools to establish usability, however, were
not collected in this early phase of development.

Final program development was designed to incorporate
approximately 1 hour of instruction for 12 weeks with key
aspects to establish the weekly focus, and materials were
generated for dissemination between classes to participants to
encourage and underscore the importance of ongoing practice
to support gains during this intervention (Table 1).
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Table . Strong Foundations curriculum focus across 12 weeks.

Focus of the weekFoundational exercise
4

Foundational exercise
3

Foundational exercise
2

Foundational exercise
1

Week

PostureHip hingeHip hikesPelvic tucks and tiltsNeutral spine and mari-
onette pose

1

BalanceSelf-test: static balance“Traditional abs”Review hip hingeQuick feet drills2

StrengthHeel raisesReverse lungeHip hinge (review)
with squat and chair
sit, stand

Front and lateral arm
raises (with band)

3

Combine 3 pillarsHeel raises with tennis
ball

Reverse lunge with
progression

Static balanceNeutral spine and
pelvic tuck and
tilt—standing

4

Floor to stand transi-
tion—floor exercises

Modified and regular
jumping jacks

Hip hinge with choice
of arm extensions

Around the clock stepsSit and stand transi-
tions

5

Compound strength
movements

Hing hinge + picking
up objects

Single leg heel raisesLunge with chair assis-
tance progression

Hip hinge (review)
with squat and chair
sit, stand

6

Increase balance chal-
lenge

Toe raise walk around
chair

Single leg heel raisesSquat to lateral leg
raise

Drinking bird7

Odd impact and multi-
directional movements

Quick feet multidirec-
tional

High knee walkWall sit with wood
chop

Side squat8

Combine balance with
compound movements

Head rotations in a tan-
dem stance

High knee walkSquat into a High knee
and arm reach

Weight transfer with
split stance

9

Introduce cognitive
challenge

Goal post with arm
slides

Standing superman
with cognitive chal-
lenge

Lunge with chair sup-
port and head rotation

Single leg stance with
band pull downs and
serial 7’s

10

Speed and power
movements

Knee driversVertical push-upsLateral jacksReaching squats11

Collaborative workoutHeel toe sitting with
resistance band

Hands upBow and arrowGood morning12

Site, Eligibility, and Enrollment
Participants were recruited through established venues from the
Exercise and Physical Activity Research Center (EPARC), an
exercise science–based laboratory with experience in
physiologic phenotyping based on the University of California,
San Diego campus. Given that the intervention was developed
and deployed during the COVID-19 pandemic, all recruitment,
enrollment, and measurement was done remotely; no
face-to-face interaction or measurement occurred throughout
the pilot. Given the novelty of the delivery platform and
development of this program, our primary aims centered on
determining its’ usability and feasibility in this context.
Therefore, out of an abundance of caution and given the entirely
remote recruitment, enrollment, delivery, and measurement
through this program, this pilot included those with
minimal-to-no-risk factors for falling based upon the CDC’s
Staying Independent brochure questionnaire [34]; for this pilot,

a participant was considered no more than a moderate fall risk
based on a score of ≤4 [16]. Textbox 1 shows the eligibility
criteria. Informed consent was performed remotely through
secure digital methods (Docusign) with a real-time Zoom-based
meeting with staff to review protocols and consent documents
and establish an appropriate room setup. This included ensuring
that there was sufficient space to move while also being at a
sufficient distance from the camera that their entire body was
visible to the instructor. In addition, before remote measurement,
participants were individually coached on how to measure an
appropriate length course (ie, 3 meters) and have an
appropriately sized chair (ie, approximately 17-inch chair height
without arms). Enrollment occurred from August to September
2021, with 39 older adults recruited and cohorted based on
predetermined times of the intervention such that participants
could select the program time most convenient for their
schedule.
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Textbox 1. Eligibility criteria for Strong Foundations pilot.

Inclusion criteria:

• Age 60 years or older and ambulatory, including with the use of a cane or walker (1 participant enrolled age 56, which was an unintended protocol
deviation).

• Completion of the Stopping Elderly Accidents and Deaths Initiative (STEADI) Stay Independent Brochure.

• Access to internet and computer and a Zoom-interface or broadband.

Exclusion criteria:

• Individuals who are wheelchair bound.

• Exclusively communicate in a language other than English.

• Score of 4 or more on the STEADI modified questionnaire.

Primary Feasibility Outcomes
Programmatic development and launch were aimed at
determining feasibility and usability of a digital platform with
an older adult population. Attendance was measured weekly as
well as self-reported number of exercises performed outside of
the class based on the previous week’s instruction and usability
determined at completion of the program based on the System
Usability Scale [35] (SUS), a nonpriority validated
questionnaire, which was designed to understand the ease of
use of new systems or programs using a 5-element Likert scale.

In general, scores >70 on the SUS are considered to have
appropriate acceptability of a program or platform. The SUS
was selected as the primary outcome, given it is considered the
most widely used scale in eHealth to determine usability [36].
Finally, a survey to understand subjective experience was
developed and deployed at the end of the intervention.

Exploratory User Outcomes
To understand user experience and improvement, at baseline
and at the completion of this curriculum, digitally collected
objective measures of frailty and fall risk were collected to
explore the opportunity to use the digital interface to collect
these measures and understand changes from this intervention.
All participants at baseline and after completing the intervention
period (±1 week) were assessed remotely with the measures
outlined and endorsed by national and international public health
authorities, namely the timed up and go (TUG) [37-39] and
30-second chair rise [40]. Participants were then monitored and
timed remotely while completing the assessments. TUG was
completed with instruction to complete at both a normal speed
(TUG normal) and “as fast as safely able to perform the test”
(TUG-Fast). Given enrollment included those with few risk
factors for falling, these physical measurements were selected
because of their relative ease of administration and
interpretability but remained exploratory from the lens of
feasibility.

Sample Size Determination
Power calculation was not conducted given the aim to determine
feasibility and usability for this program and the selected
outcome, the SUS, has been shown to be valid in small samples
[41]. Therefore, we used an assumed attendance rate of 70%,
which has held consistent in national programs in both rural

and urban areas for older adults in fall prevention programs [42]
and similar fall prevention programs that have evaluated this
time frame to be sufficient to improve measures, markers of
frailty, and fitness in different health contexts between 20 and
60 individuals [43-45]. Given budgetary limitations, our plan
to enroll 4 cohorts all with at least 8‐10 older adults would be
sufficient to determine both the feasibility and usability and
explore physiologic changes.

Statistical Analysis
Primary outcomes to understand feasibility and usability were
determined based on the validated SUS [35], which in general
assumes an average score of 68 and higher indicates more
usability. Attendance rates were determined by a participant
joining the Zoom interface measured weekly for each individual,
reported as averages (mean) and SD. Numerical averages (mean)
of patient-reported questionnaire results (out of 10) were
calculated. Associations with SUS scores were calculated by
Pearson correlation coefficients. Secondary outcomes were
measured using paired-sample 2-tailed t tests for differences
(for the TUG and 30-second chair rise, collected digitally) with
corresponding mean differences and 95% CIs. Statistical
analysis was performed on SPSS (version 28; IBM Corp).

Ethical Considerations
This study was reviewed and approved by the University of
California San Diego Institutional Review Board (#802148);
informed consent was obtained by all participants. All study
data were deidentified. Participants were not compensated to
participate.

Results

Participants
Across 12 weeks, 38 of 39 (97.4%) recruited older adults
completed the program. One participant left after 2 weeks of
instruction because of a family emergency. Of the 38 who
completed the program, the average age was 72 years (SD 5.5),
and 37 were female (97.4%). Participants were spread across 4
cohorts, ranging in size from 9‐10 individuals.

Feasibility and Usability
On average, participants attended 10 weekly sessions out of 12
(84%). The average number of home exercise sessions
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performed weekly between classes was 2.3 (SD 0.7). The
average SUS score was 80.6 (SD 15.4), with a range of 40 to
100. On a 10-point scale, the average self-reported overall
experience of the intervention and exercise classes was 8.5 (SD
1.9). No participants experienced an injury or had any safety
related concerns, and additional subjective feedback was
excellent with most participants eager for ongoing involvement

and instruction. SUS scores were statistically inversely
associated with age (Pearson correlation r=−0.411; P=.10) and
positively with reported satisfaction score (Pearson correlation
r=0.654; P=.004) but not statistically associated with attendance
or improvements in TUG or 30s chair rise scores. Table 2 shows
the number of participants and their SUS score range.

Table . System Usability Scale (SUS) score range.

Participants (n=38), n (%)SUS Score

2 (5)<50

2 (5)50‐60

6 (16)61‐70

7 (18)71‐80

21 (55)>80

Objective Measures
Pre- and postmeasures were collected for 36 of the participants
for the TUG and 35 of the participants for the 30-second chair
rise. Baseline TUG at the “normal” speed was 8.8 (SD 1.9)
seconds, and at the fastest possible speed was 6.2 (SD 1.4)
seconds. Baseline 30-second chair stands were 14.5 (SD 3.4)
stands. Post intervention, TUG and TUG-Fast were 8.0 seconds
(SD 1.3 seconds; difference of 0.8 [95% CI 0.24-1.21] seconds)

and 5.7 seconds, respectively (SD 1.1 seconds; difference of
0.48 [95% CI 0.22-0.75] seconds) and the 30 second chair rise
increased to 18 stands (SD 4.1 stands; difference of –4.8 [95%
CI –2.6 to –6.9] stands) (Table 3). At 12 weeks, 64% of all
participants improved in the TUG (23/36, for both measures)
and 91% (32/35) improved the chair stands. Reasons reported
for being unable to complete these were varied but included
participants traveling internationally, unrelated knee pain, and
a single participant dropping as noted above after 2 weeks.

Table . Digitally collected objective markers of fall-risk reduction.

Change (%)Difference (95% CI)Post intervention, mean
(SD)

Baseline, mean (SD)Measure

97.24 (0.24‐1.21)8.0 (1.3)8.8 (1.9)TUGa normal (seconds)

80.48 (0.22‐0.75)5.7 (1.1)6.2 (1.4)TUG-Fast (seconds)

24−4.8 (−2.6 to 6.9)18 (4.1)14.5 (3.4)30-second chair rise (stands)

aTUG: timed up and go.

Discussion

The development and rationale behind the need for a digital
curriculum, Strong Foundations, is described here. In this
12-week pilot, we found a high level of usability and feasibility
of this program based on the high attendance rates, SUS scores,
and self-reported participant experience. In addition, we found
impressive changes in digitally collected measures of functional
improvement in most participants, suggesting that the program
increased strength and mobility and may reduce the risk of falls.
Clinically, the 8%‐20% improvement in measurement after
12 weeks is notable, especially considering recruitment generally
was limited to those with limited risk factors for falling and
have higher levels of function and therefore less scope for
improvement or gain. While exploratory in nature, these gains
are promising to show improvements across this intervention
even in a relatively lower risk group of older adults.

This 12-week fall prevention program was well accepted and
showed promise related to reducing fall risk in an older adult
population. The usability and safety (as evidenced by no adverse
events) of the program indicates that digitally delivered real-time

exercise instruction has potential in this population to reduce
barriers and increase availability of fall prevention programs.
While those enrolled were relatively low risk for falls (as
evidenced by the STEADI score used for eligibility), results
should be contextualized that even those who were generally
doing reasonably well have opportunity to improve. Indeed, in
other populations, such as older adults with hip osteoarthritis,
a change in TUG of around 1 second and a 30-second chair
stand of around 1 second and 2 stands, respectively as
meaningful [46], and between 0.9s and 6.0s depending upon
the quality of life assessment tool in patients who were
postoperative [47]. While our results of TUG change of 0.8
seconds (normal) is less than these noted changes, given the
health status of our enrolled participants and limited 12-week
intervention, the improvements are still notable. Furthermore,
our improvement of 3.5 stands in 30 seconds, especially from
a baseline of 14.5 stands—a notable good baseline—shows the
resilience and opportunity for improvement in lower extremity
strength regardless of starting health status.

However, this study is not without limitations. This project
recruited heavily from an environment with a relatively high
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socioeconomic status. As such, there may be a bias in enrolling
individuals who already have digital tools like smartphones,
tablets, and laptop computers and a high level of experience
with digital technology, and therefore, a better understanding
how to use these systems. As such, these participants may not
be representative of the larger older adult population who may
not have the same level of access to or understanding of such
digital systems. We also did not ask specifically about their
experience with previous technologies, though participants all
did have sufficient equipment for enrollment. We also primarily
enrolled women, which limits interpretability and
generalizability of findings, especially given recent data
suggesting higher fall-related impairment among older adult
men [2]. Despite this, the use of a validated scale focused on
usability commonly used across several domains related to
eHealth and technology deployments [48], findings related to
usability are supported; however SUS deployment in older
adults has been challenged in some situations, namely those
with cognitive impairment [49]. While we did not specifically
screen for this in our enrollment, it is possible findings may be
diluted. Furthermore, while the reasons remain unclear, the SUS
average may be different and higher in digital physical activity
interventions [48], making contextualizing results important;
although, such data in older adult subpopulations remain limited.
While we also did not only enroll participants who had
experience with Zoom, it is possible that interested individuals
may not have expressed willingness to enroll who were
otherwise intimidated by such platforms, although we did not
anecdotally experience this feedback. Subjective survey
experience reports should be interpreted with this consideration
[27]. Finally, it is not clear if digitally collected measures of
physical performance, specifically the TUG and 30 second chair

rise, are valid and reliable when compared with measures
gathered in the clinic or laboratory. As such, the changes in
physical performance demonstrated here, while promising,
should be viewed as preliminary and not necessarily indicative
of the same degree of change as would be expected were the
data gathered in a more traditional context. However, given the
rate of technology availability has continued to increase,
attention is warranted to understand how these interfaces may
be used for older adults [27].

In conclusion, this pilot showed that a digital interface is both
usable and feasible but also suggested promise at improving
functional measures associated with fall risk. Based on the
increasing yearly number of falls and the relatively small number
of participants who are engaging in fall-prevention programs,
it seems clear that existing in-person exercise delivery modalities
are insufficient. Strong Foundations offers a safe alternative to
provide a real-time fall prevention program. Furthermore, the
real-time feedback likely provides participants with added sense
of purpose and value in their investment in improving their
functional ability and therefore provide increased motivation
for sustained behavior. Given the growing population and
epidemiology of falls, having numerous options that enable
engagement of older adults into high quality exercise programs
designed to improve strength, postural alignment, and balance
is increasingly important. Strong Foundations has promise to
augment existing opportunities in this population and further
leverages digital tools to increase the breadth of delivery
potential. Ongoing attention and research is needed to both
understand the scalability and sustainability of this program and
to confirm that the observed changes in function and mobility
through validated laboratory-based methods are replicated.
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Abstract

Background: The use of mobile apps to promote knowledge level, practice, and behavioral change potential has become
increasingly common. However, studies on apps targeting social welfare employees working in the home-care setting to prevent
pressure injury (PI) are lacking. The care manager (CM) plays a key role in connecting the demand and supply of home-care
services. PI is more prevalent in the home-care setting, where resources are limited, than in acute settings.

Objective: The research hypothesis was that CMs who use a mobile app will have improved general knowledge and heightened
practice for PI prevention, compared to that before using the app. This study aimed to assess the effectiveness of a PI prevention
support mobile app prototyping model (Pips-Map) in improving the knowledge level, practice, and behavioral change potential
of CMs in PI prevention in the home-care setting.

Methods: This was conducted between December 2021 and December 2023 as a single-arm, pre-post pilot study including 27
CMs who worked in a Japanese city. Pips-Map was used for 6 months in daily practice, and a self-administered test questionnaire
was used to assess participants’knowledge and practice in PI prevention before or after using Pips-Map. At the end of the posttest,
a validated App Behavior Change Scale was used to analyze behavioral change potential. This study followed the Consolidated
Standards of Reporting Trials (CONSORT) extension to pilot and feasibility trials.

Results: In total, 19 participants were analyzed. Out of 55 points, the total mean knowledge score significantly increased from
30.9 (SD 5.9) in the pretest group to 36.1 (SD 5.9) in the posttest group (P=.0003). The number of participants with a total score
of >70% (adequate knowledge level) increased from 2 (11%) to 7 (36.8%), but the difference was not statistically significant
(P=.07). For the level of practice, out of 21 points, the total score increased from 15.2 (SD 3.1) in the pretest group to 16.2 (SD
3.0) in the posttest group, but no statistically significant differences were observed (P=.16). The behavior change scale revealed
that participants positively evaluated the Pips-Map to provide information on PI prevention guidelines but had concerns regarding
inadequate usability and financial incentives of Pips-Map.

Conclusions: The use of Pips-Map for 6 months in actual practice increased the knowledge level of Japanese CMs in PI
prevention, but it did not change the level of practice. Considering the need for updating apps that aim to promote behavioral
change, this study identified some limitations of Pips-Map. Thus, revisions must be made to adapt Pips-Map to home-based care
needs.

Trial Registration: UMIN Clinical Trial Registry UMIN000048904; https://tinyurl.com/5bt6zv7t

(JMIR Form Res 2025;9:e57768)   doi:10.2196/57768

KEYWORDS

behavioral change; home care; knowledge; mobile application; pressure injury; mHealth; mobile health; apps; practice; injury;
prevention; prototype; effectiveness; care manager; Japan; Pips-Map; questionnaire; wound care; pilot study; women
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Introduction

Backgrounds
Many developed countries are facing the challenge of a declining
birthrate and aging population. Considering that Japan has the
world’s most advanced aging population, the Japanese
government has shifted the focus of health care from hospital-
to home- or community-based care provided in the home-care
setting [1]. To provide comprehensive community-based care,
the Japan-specific geriatric care system (Community-based
Integrated Care System, a medical- and social-welfare
networking model) works with the Japan-specific long-term
care insurance system. The care manager (CM), who possesses
specialized knowledge necessary to help individuals in need of
assistance or care to achieve more independent lives, plays a
key role in connecting the demand and supply of long-term care
services [2]. A workflow of CMs in home-based care services
was summarized in a recent study [3]. The CM is responsible
for providing care management services, including checking
the physical condition and living circumstances of individuals,
establishing and adjusting care plans according to individual
needs, and monitoring individual care. To obtain a CM license,
an individual must have ≥5 years of geriatric care experience
as a medical professional (physician or nurse) and social welfare
professional (care worker or social worker) and should have
passed the examination. Compared to CMs with medical
backgrounds, the number of CMs with social welfare
backgrounds is higher, because obtaining a CM license is a
career advancement step. Compared with CMs who studied
medicine, those from the social welfare background may not
have sufficient knowledge or practice regarding the prevention
and treatment of chronic diseases, such as pressure injury (PI)
[2].

Although PIs are pervasive in all age groups, most of them occur
in older individuals with immobility and chronic diseases, such
as heart disease, respiratory illness, and dementia [4]. PI can
result in poor quality of life for patients and socioeconomic
burden [5,6]. PI is more prevalent in the home-care setting,
where resources are limited, than in acute settings, with
prevalence rates of 1.76%‐26% [7-9]. Although there is broad
consensus that some PIs are unavoidable, most are considered
preventable [10]. A paper-based risk assessment tool for
preventing PIs that can be used by Japanese CMs has recently
been developed and implemented [11-13]; however, its
application to digital technology is still under consideration.

Prior Work
Digital technologies have become an emerging branch of
medicine, with technology-based applications being used to
improve disease knowledge and user activations being modified
by relying on health-related information [14-16]. Mobile apps
for PIs can be grouped into apps for PI treatment and apps for
PI prevention. European wound management experts developed
a clinical support mobile app based on a global wound care
framework to implement care plans and promote wound healing
[17]. Do Khac et al [18] evaluated a free-access mobile health
app compared with standard technique to assess its reliability
and validity of measurement of surface area of PIs in patients

with spinal cord injury. In Japan, a PI treatment support mobile
app was developed for sharing PI information with a
multidisciplinary care team or for conducting remote
consultation with wound care specialists [19,20]. A smartphone
app focusing on PI prevention education was developed to
evaluate the PI knowledge of informal carers and app
acceptability and usability [21]. A guideline app was designed
to present evidence-based guideline recommendations with easy
access [22]. Amann et al [23] qualitatively investigated barriers
and facilitators to the adoption of a self-management app for
PI prevention in individuals with spinal cord injury. However,
studies assessing a mobile app in improving knowledge and
behavioral change within social welfare workers, such as CMs,
who work at home-based care facilities, are lacking.

Aim of This Study
The research hypothesis is that CMs who experience a mobile
app will improve general knowledge and heightened practice
about PI prevention compared to before the experience. The
primary objective was to investigate the effects of CMs on
improving knowledge level when using a PI prevention support
mobile app prototyping model (Pips-Map), which has been
developed by the industry. In addition to improving the
knowledge level, we surveyed whether the practice level of
CMs for PI prevention was heightened when using Pips-Map
as a secondary objective. We further investigated to determine
whether the use of the app promoted behavior change in PI
prevention among CMs and which specific features of the app
positively or negatively influenced the behavior change.

Methods

Prototyping Model
Pips-Map was designed and developed by ALCARE Co. Ltd.
(Tokyo, Japan) to support research and practice in wound care,
home-based care, etc. According to the developer, the key
desktop design concept of Pips-Map was to facilitate information
sharing among home health care providers with different
specialties and change their behavior for preventing PI
development in patients who received assistance or nursing care
at home. Pips-Map is unique because it facilitates information
sharing among home health care providers, including CMs,
home-care nurses, and primary physicians for each home-based
patient. Displaying products formulary for preventing PI in
Pips-Map helps in selecting products for each patient in a timely
manner. Pips-Map has 5 functions: (a) photographing skin using
a standard smartphone or tablet camera; (b) assessing PI risk
according to the Japanese Ohura-Hotta scale; (c) entering data
on prophylactic planning or comments based on PI risk
assessment; (d) displaying products (eg, pressure redistribution
mattress, skin care products, prophylactic dressings) formulary;
and (e) data sharing between medical and social welfare
professionals for each patient. Pips-Map includes a software
system named Medical Care Station, which was developed by
Embrace Co., Ltd. (Tokyo, Japan), to provide patient
information. The system is a security-conscious, completely
private social networking service that shares information in a
timeline format. Patient data are stored on the system but not
linked to the electronic medical records of each site. Selected
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screenshots from Pips-Map are presented in Multimedia
Appendix 1.

Study Design
This prospective, single-arm, interventional pilot study was
conducted at a university from December 2021 to December
2023. There were no major changes in study methods after the
trial commencement. This study followed the Consolidated
Standards of Reporting Trials (CONSORT) extension to pilot
and feasibility trials [24] from the Equator Network, which
assess the feasibility of conducting a future definitive
randomized controlled trial rather than the effectiveness or
efficacy of an intervention. As an editorial, Lancaster et al have
provided some general guidance on how to report
non-randomized pilot and feasibility studies, including a pre-post
test, using the CONSORT extension to pilot and feasibility trials
[25]. The checklists for the reporting guideline in this study
were provided in Multimedia Appendix 2.

Setting and Sample
The accessible population included individuals with a CM
license and those who participated in the “Kita-ku Care
Managers’ Association” in Kita-ku, Tokyo (n=185). According
to statistics from the Japanese Ministry of Health, Labor and
Welfare in the year 2022, the number of CMs working full-time
at home-care support facilities is 99,220. Of these, 8,943 live
in Tokyo [26]. Kita-ku lies in the northeastern region of Tokyo
and is one of the 23 districts. The Kita-ku Care Managers’
Association works in Kita-ku, and the number of CMs accounts
for approximately 2.1% (185/8943) of them in Tokyo. Japanese
CMs could use an Android- and iOS-based mobile application.
As power analysis could not be performed, this study was
considered a pilot study. Pilot studies are needed to obtain
preliminary data for calculating sample size for the primary
outcome [27].

Study Procedure
Kita-ku Care Managers’Association holds regular meetings for
information exchange and acquisition of knowledge about
home-care management. In this meeting, we orally explained
the details of this study after obtaining agreement for
cooperation with this study from the member of the executive
committee of the Kita-ku Care Managers’ Association. A total
of 27 individuals agreed to participate, and the pretest was
completed. Pips-Map was downloaded and operated for 6
months in daily practice. The participants were instructed on
how to use Pips-Map and record the details of PI prevention in
Pips-Map through web-based guidance. Technical support on
how to use Pips-Map was provided by the researcher through
telephone and e-mail.

A pretest or posttest was performed to measure participants’
knowledge level and practice level in PI prevention. The pretest
was conducted on the same day when informed consent was
obtained, and the posttest was conducted within a month after
using Pips-Map. At the end of the posttest, an additional
questionnaire survey was conducted to assess Pips-Map to
promote behavioral change potential. All tests and
questionnaires were made available via web-based Google
Forms. The completion of pretest and posttest and additional

questionnaire required approximately 20 and 10 minutes,
respectively.

Measurement

General Characteristics of Participants
The language used for the questionnaire was Japanese. The
questionnaire was divided into 4 parts. Part 1 contained general
characteristics of participants, including age range, sex, years
of experience as a CM, professional background, and education
level.

Primary Outcome
In part 2, participant knowledge on PI prevention was evaluated.
Although 2 validated knowledge tests for PI prevention have
been reported [28,29], most respondents in these studies were
medical professionals, such as nurses who worked at hospitals.
The test questions were difficult to answer for social welfare
professionals such as Japanese CMs. Therefore, the current
self-administered test questionnaire was developed via
collaboration between a nurse with certification in wound,
ostomy, and continence working at the home-care division of
a hospital and a senior assistant professor certified in wound,
ostomy, and continence nursing. For questionnaire development,
they referred to a previous report [30] and the Japanese PI
guideline created by the Japanese Society of Pressure Ulcers
[31]. This part consisted of 55 test questions reflecting 6 themes:
(1) anatomy, (2) risk assessment, (3) pressure, (4) friction and
shear, (5) moisture, and (6) nutritional support. Answering
options and scoring rules varied depending on items. For items
1‐4, 7, and 11‐13, the participants were instructed to select
“true,” “false,” or “I do not know.” Each correct answer was
assigned one point, and no points were assigned to wrong
answers and “I do not know” answers. For items 5, 9, and 14,
the participants selected “know” or “do not know.” A score of
1 was assigned for “know” and 0 for “do not know.” For items
6, 8, and 10, the multiple-choice questions had several options
along with the “I do not know” option. A correct answer was
assigned a score of 1, and an incorrect answer was assigned 0.
The maximum score was 55 (Multimedia Appendix 3).

Secondary Outcomes
In part 3, the participants were asked about the practice of
preventive strategies for PIs. This part consisted of 21 test
questions reflecting 6 sections: (1) risk assessment, (2) pressure,
(3) friction and shear, (4) moisture, (5) nutritional support, and
(6) communication with other professionals. The test
questionnaire in this section asked whether the participants
implemented those actions or not. The answer choice for each
question was “practice” or “do not practice.” One or zero point
was given when the participant answered “practice” or “do not
practice,” respectively. The maximum practice score was 21 in
this section (Multimedia Appendix 4).

In part 4, behavioral change potential was measured using a
validated App Behavior Change Scale (ABACUS) [32] with a
minor modification. For the modification, the item “does the
app provide a material or social reward or incentive?” in the
original paper was divided into the following 2 items: “does the
app provide a financial incentive?” and “does the app provide
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a material or social reward?” The scale comprised 22 questions
regarding a determinant of behavioral change potential of mobile
apps, each on a 5-point Likert scale (1=“strongly disagree” to
5=“strong agree”) with total score 22‐110. A higher score
indicated higher levels of promoting behavioral change by app
usage. Previous literature showed that potential behavioral
change of users of apps was evaluated by ABACUS in a wide
range of research fields, including depression, diabetes,
osteoarthritis, and physiotherapy care [33,34].

Data Analysis
For general characteristics, all data were categorical variables
and expressed as frequencies and percentages. For level of
knowledge, as a primary outcome, a dependent t-test (for
continuous variables), the Wilcoxon signed-rank test (for ordinal
variables), and McNemar’s test (for categorical variables) were
conducted to compare differences between each item and total
score between the pretest and posttest groups. Ordinal variables
with ≥5 categories were treated as continuous variables. A study
on the learning outcome criteria for PI prevention considered
an average total score of >70% satisfactory [35]. As a secondary
outcome, similar analysis was conducted for the level of
practice. For behavioral change potential, mean and SD were
reported in each item and total score of ABACUS. All statistical
analyses were conducted using the Statistical Package for the
Social Sciences version 28.0 (IBM Corporation, Armonk, NY,

USA). P values of <.05 were considered to indicate statistical
significance.

Ethical Considerations
This study was approved by the university’s ethics review board
(approval number HM21-335). Electronic informed consent
was obtained from all participants before participation. All
experiments in this research were performed according to the
principles of the Declaration of Helsinki. Participant data were
kept confidential. This study has been registered in the Clinical
Trials Registry (UMIN Clinical Trial Registry number:
UMIN000048904) and is accessible online. Each participant
who completed the questionnaire was given a gift certificate
(5000 JPN yen) as a financial reward.

Results

General Characteristics of Participants
In total, 19 participants were analyzed (Figure 1). The
recruitment of participants for this study trial started on
September 11, 2022, and the follow-up was completed on
August 31, 2023. Most participants were in their 40 and 50
seconds, and 12 out of 19 participants (63%) were female. All
of the participants had a background in social welfare; that is,
participants who studied medicine or nursing were not included
in this study (Table 1).
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Figure 1. Flowchart of participant progression in pretest and posttest study. A total of 27 care managers who participated in the “Kita-ku Care Managers’
Association” in a district in Tokyo agreed to participate. As an intervention, a pressure injury prevention support mobile app prototyping model was
operated for 6 months in daily practice. A pretest or posttest was performed to measure participants’ knowledge level and practice level in pressure
injury prevention. After the posttest was completed, an additional questionnaire survey was conducted to assess the mobile app to promote behavioral
change potential. In total, 19 participants were included in data analysis. This study was conducted from December 2021 to December 2023.
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Table . General characteristics of participants. Under the Japan-specific long-term care insurance system, to obtain a care manager license, an individual
must have ≥5 years of geriatric care experience as a medical professional (physician or nurse) and social welfare professional (care worker or social
worker). Compared with care managers who studied medicine, those from the social welfare background may not have sufficient knowledge or practice
regarding the prevention of pressure injury. All of the care managers who participated in this study had a professional background in social welfare,
not medicine. As the primary outcome included knowledge levels of pressure injury prevention, the educational level for the study participants was an
important characteristic to be confirmed.

Overall (N=19)Characteristics

Age, n (%)

3 (16)    30s

7 (37)    40s

6 (32)    50s

3 (16)    60s

Sex, n (%)

7 (37)    Male

12 (63)    Female

Years of experience as a care manager, n (%)

3 (16)    <5

4 (21)    ≥5 and <10

12 (63)    ≥10

Professional background, n (%)

19 (100)    Social welfare

0 (0)    Medical

Education level, n (%)

1 (6)    Junior high school

8 (44)    High school

5 (28)    Vocational school

1 (6)    Junior college

3 (17)    College

Primary Outcome Evaluation
As shown in Table 2, the total score of knowledge significantly
increased in the posttest group compared with that in the pretest
group (P=.0003). The number of participants with a total score

>70% increased from 2 (11%) in the pretest group to 7 (37%)
in the posttest group, but the differences were not statistically
significant (P=.07). In each test questionnaire, “anatomy,” “risk
assessment,” and “pressure” increased significantly, but the
remaining items were similar between the 2 groups.
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Table . Comparison of knowledge level between the pretest and posttest groups. for the questionnaire development to evaluate the participants’
knowledge level in pressure injury prevention, the authors referred to a previous report [28] and the Japanese pressure injury guideline [29]. It consisted
of 55 test questions reflecting 6 themes: (1) anatomy, (2) risk assessment, (3) pressure, (4) friction and shear, (5) moisture, and (6) nutritional support.
The maximum score was 55. A pretest or posttest was performed to measure participants’ knowledge level in pressure injury prevention. The pretest
was conducted on the same day when informed consent was obtained, and the posttest was conducted within a month after intervention. The total score
of knowledge significantly increased in the posttest group compared with that in the pretest group. Statistical analysis was conducted via those listed
in footnotes b, d, and e.

P-valuePosttestPretestQuestionnaire

.001b19.2 (3.6)16.2 (2.6)Anatomy, mean (SDa)

.009b1.2 (1.4)0.3 (0.5)Risk assessment, mean (SD)

.013b7.4 (1.5)6.3 (2.0)Pressure, mean (SD)

.76b4.8 (1.3)4.7 (1.6)Friction and shear, mean (SD)

.25d3 (2–3)2 (2–3)Moisture, median (IQRc)

.56b1.1 (1.3)1.2 (0.9)Nutritional support, mean (SD)

.0003b36.1 (5.9)30.9 (5.9)Total score, mean (SD)

.070e7 (37)2 (11)Total score>70%, n (%)

aSD, standard deviation.
bdependent t-tests for continuous variables.
cIQR, interquartile range.
dWilcoxon signed-rank test for ordinal variables, and.
eMcNemar’s test for categorical variables.

Secondary Outcome Evaluation
As shown in Table 3, the total score of practice increased from
15.2 (SD 3.1) in the pretest group to 16.2 (SD 3.0) in the posttest
group, but no statistically significant differences were observed
(P=.16). The score of “risk assessment” increased significantly
(P=.030). The average total score for behavioral change potential
using ABACUS was 71.04 (SD 11.55) (Multimedia Appendix

5). The highest score was achieved for the question “was the
app created with expertise and does the app provide information
consistent with national guidelines?” Lower scores (mean value
of <3.0) were obtained for the questions “does the app provide
financial incentives for the users and their organization?,” “does
the app have the ability to export data from app?,” and “does
the app allow or encourage practice or rehearsal, in addition to
daily activities?”
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Table . Comparison of level of practice between the pretest and posttest groups. The participants were asked about the practice of preventive strategies
for pressure injuries. It consisted of 21 test questions reflecting 6 sections: (1) risk assessment, (2) pressure, (3) friction and shear, (4) moisture, (5)
nutritional support, and (6) communication with other professionals. The maximum practice score was 21. The pretest was conducted on the same day
when informed consent was obtained, and the posttest was conducted within a month after the intervention. No statistically significant differences were
shown in the total score of practice between the posttest and posttest groups. Statistical analysis was conducted via a, c, and e.

P valuePosttestPretestQuestionnaire

.48a6 (32)4 (21)Risk assessment, n (%)

.030c7.9 (1.7)6.8 (2.0)Pressure, mean (SDb)

.74e2 (1–2)2 (1–2)Friction and shear, median (IQRd)

.60e2 (1–2)2 (2–2)Moisture, median (IQR)

.84c2.6 (1.0)2.7 (1.0)Nutritional support, mean (SD)

.60e2 (2–2)2 (2–3)Communication with other profes-
sionals, median (IQR)

.16c16.2 (3.0)15.2 (3.1)Total score, mean (SD)

.68a11 (58)10 (53)Total score>70%, n (%)

aMcNemar’s test for categorical variables.
bSD, standard deviation.
cdependent t-tests for continuous variables, and.
dIQR, interquartile range.
eWilcoxon signed-rank test for ordinal variables.

Discussion

Principal Findings
The use of a mobile app provides a more engaging and
accessible approach to clinical practice at home care, fitting
well with the evolving demands of the digital ages. The
development of a PI prevention support mobile app and its
evaluation as an educational tool has already been reported;
however, studies approaching a mobile app in improving
knowledge, practice, and behavioral change within social
welfare workers who work at home-care facilities are lacking.
In this study, we used Pips-Map in an actual clinical setting,
and the effect of improving general knowledge, heightened
practice, and positively changing behavior among CMs in the
prevention of PI development was investigated in a
pretest-posttest study design. As the incidence of PI in the
home-care setting impacts the quality of care provided, the
adoption of good practice with adequate knowledge through
improvement in PI prevention is necessary. Adequate knowledge
is essential for assessing behavioral change. The key finding of
this study is that the use of a mobile app in daily practice can
increase knowledge about PI prevention among Japanese CMs.
However, our results could not demonstrate that increased
knowledge indicated improved practice level.

The most significant finding of this study is that Pips-Map is
effective in improving the total score of knowledge level (Table
2). Consistently, a 6-week interventional study based on a
mobile app focused on PI prevention education for informal
carers of individuals at risk of PI [21]. Using a self-administered
PI knowledge assessment questionnaire consisting of 4
categories (support surfaces, nutrition and hydration, keep
moving, and skin care and inspection), they reported that the

use of the app effectively increased knowledge level regarding
PI prevention. CMs need to manage their care work with other
responsibilities, and their busy schedule makes learning about
PI prevention challenging. Active methodology with digital
technologies enables flexibility for conducting these activities
once the barrier of time and space has been overcome. Compared
with conventional on-site education, such as through lectures
or handouts, Pips-Map is more advantageous as a training tool
in terms of accessibility, leading to the prevention of common
PIs in the home-care setting.

However, changes in the participants’ PI prevention practices
were not observed (Table 3). This might be explained by our
results to understand the behavioral change potential using
ABACUS (Multimedia Appendix 5). A high score was obtained
for item 2, “providing information consistent with national
guidelines,” which directly affects the increase in the knowledge
of PI prevention. By contrast, lower scores were observed for
item 13, “ability to export data from app,” item 14, “providing
a financial incentive,” and item 19, “allowing for practice or
rehearsal,” which are significantly important items for CMs. In
this current form, we believe that Pips-Map is didactic and
inadequate in terms of customized content and usability.

As shown in the lowest mean score in ABACUS, the participants
did not perceive receiving social or financial incentive by using
the app. Although financial rewards are a powerful extrinsic
motivation for app use, studies suggest that the most powerful
plans for behavioral change include both extrinsic and intrinsic
factors. For example, rankings, social recognition, and gaming
are reported to be strong intrinsic factors relating to long-term
app use [36]. In addition, the opinions raised from the behavioral
change questionnaire regarding customized content and usability
could not allow for adaptation of the app in the real-world
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setting. Hence, we will provide feedback to the industry on the
need to create a modified version of the app to address these
issues for the development phase. In addition, we will investigate
the impact of the modified version on behavioral change of the
user and health care outcomes of individuals who need
assistance or nursing care at home. Evidence on knowledge and
practice of wound care is updated daily, and all the researchers
have to keep up with the fast-moving pace of app technology.

Limitations
Our study has several limitations. First, our tests for knowledge
and practice of PI prevention have not yet been validated. It
would be better to use validated tests simultaneously; however,
tests targeting Japanese CMs are lacking. The face validity,
construct validity, and reliability of the knowledge and practice
test questions used in this study were not considered, because
we prioritized evaluating the effect of a mobile app prototype
on knowledge, practice, and behavior change. As a future work,
determining the reliability and validity of the newly developed
test questions is a key imperative, which ultimately could benefit
individuals who receive preventive care as well as social welfare
professionals such as CMs who provide it.

Next, this single-arm, pre-post study aimed to preliminarily
assess the effectiveness and feasibility of Pips-Map. Determining
whether the value of the outcome observed upon intervention
is better than the value without intervention is challenging.
Finally, we did not perform power analysis to estimate the ideal
sample size because an accurately estimated population could
not be set before the start of this study. The sample size is
relatively small, but it should be acceptable considering the
design of a pilot study. The authors were unable to determine
the cause for the dropout of study participants because it was
difficult to chase them. For the effectiveness and usability of
modified Pips-Map, comparative studies between intervention
and nonintervention groups with appropriate sample sizes are
required in the future.

Conclusions
Our results revealed that the use of a mobile app prototyping
model for 6 months in actual practice increased the knowledge
level of Japanese CMs in preventing PI development, but it did
not affect the level of practice between the pretest and posttest
groups. Considering the need for updating apps that aim to
promote behavioral change, this study identified limitations
associated with the app. A higher quality app must be developed
that is suitable for the home-care setting.
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Abstract

Background: Studies have shown a relationship between worse glycemic control and lower cognitive scores in youths with
type 1 diabetes (T1D). However, most studies assess long-term glucose control (eg, years-decades) and cognition at a single time
point. Understanding this relationship at a higher temporal resolution (eg, minutes-hours) and in naturalistic settings has potential
clinical implications. Newer technology (eg, continuous glucose monitoring [CGM] and ecological momentary assessment)
provides a unique opportunity to explore the glucose dynamics that influence dynamic cognition; that is, cognitive functions that
fluctuate short-term and are influenced by environmental factors.

Objective: Before we can assess this relationship, we need to determine the feasibility of measuring cognition in youths in daily
life and determine the plausibility of obtaining glucose variation with CGM to be integrated with real-time cognition measures.
This study’s purpose was to assess the acceptability of measuring dynamic cognition using a smartphone app and adherence to
cognitive testing in daily life in youths with and without T1D. Further, we assessed CGM-derived glucose measures at temporally
related timeframes to cognitive testing in naturalistic settings.

Methods: Data were obtained from 3 studies including one in-laboratory study and 2 remote studies. For all studies, youths
were asked to complete cognitive tests on the Ambulatory Research in Cognition (ARC) smartphone app that measured processing
speed, associative memory, and working memory. For the in-laboratory study, youths completed testing 4 times during 1 session.
For the remote studies, youths were asked to complete cognitive tests 5 times per day for either 10 or 14 consecutive days in daily
life. Youths were asked to rate their impressions of the app. Youths with T1D wore a CGM.

Results: 74 youths (n=53 control; n=21 T1D) aged 4‐16 years participated. Youths generally reported liking or understanding
the ARC app tasks in a laboratory and remote setting. Youths had high testing adherence in daily life (2350/3080 to 721/900,
76.3%‐80.2%) and none dropped out. The percentage of measurements within each glycemic range taken immediately before
the app’s cognitive testing was 3% (28/942) low glucose, 51% (484/942) euglycemia, 23% (221/942) high glucose, and 22%
(210/942) very high glucose. In the 2-hour window before each cognitive task, mean glucose was 182.5 (SD 76.2) mg/dL, SD in
glucose was 27.1 mg/dL (SD 18.7), and the mean maximum difference between the highest and lowest glucose was 85.5 (SD
53.7) mg/dL.

Conclusions: The results suggest that using the ARC smartphone app to assess dynamic cognitive functions in youths with and
without T1D is feasible. Further, we showed CGM-derived glycemic variability at temporally associated timeframes of dynamic
cognitive assessments. The next steps include using ecological momentary assessment in a fully powered study to determine the
relationship between short-term glycemic control and cognition in youths with T1D.

(JMIR Form Res 2025;9:e60275)   doi:10.2196/60275

KEYWORDS

ecological momentary assessment; EMA; ambulatory; smartphone; continuous glucose monitoring; CGM; assessment; daily
lives; youth; type 1 diabetes; diabetes; feasibility study; pilot study; glycemic control; environmental factor; phone; acceptability;
young; cognitive test; app; application; mobile phone
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Introduction

Research has shown that youths with type 1 diabetes (T1D)
often have slightly lower cognitive scores compared to their
peers without T1D, and a relationship between worse glycemic
control and lower cognitive scores [1-11]. These results highlight
an important relationship between glucose and cognition in
T1D. However, they are based on measures of long-term glucose
control over long periods (eg, years-decades) and cognitive
function tested in a laboratory setting at a single time point.
Understanding this relationship at a higher temporal resolution
(eg, minutes-hours) and in naturalistic settings has potential
clinical implications.

Newer technology (eg, continuous glucose monitoring [CGM]
and ecological momentary assessment [EMA]) provides a unique
opportunity to explore the specific glucose patterns that
influence dynamic cognition; that is, cognitive functions that
fluctuate in the short-term and are easily influenced by
environmental factors [12,13]. Using these approaches in adults
with T1D, a few studies have shown an association between
short-term glycemic control and cognitive functioning. Namely,
studies have shown an association between significant glucose
fluctuations and slower objective measures of processing speed
at the moment [14], person-reported hypoglycemia and worse
subjective measures of cognitive functioning later in the day
[15], and increases in nocturnal hypoglycemia with slower
processing speed the following day [16].

Whether this relationship or others are seen in youths with T1D
is unknown. Understanding this relationship is significant given
the importance of optimal cognitive functioning in academic
settings in youths. However, before we can assess this
relationship, we need to determine the feasibility and practicality
of measuring dynamic cognition in youths in daily life. Although
EMA is a feasible methodology for better understanding daily
functioning in youths [17], including cognitive functioning [18],
to our knowledge, no published study has assessed the feasibility
of using a smartphone app to obtain EMAs of cognition in
youths in the context of T1D.

This study aimed to test the feasibility of using a smartphone
app called the Ambulatory Research in Cognition (ARC) app
in youths. The ARC app, developed at Washington University
in St. Louis, was originally designed to assess cognitive function
in everyday environments in adults at risk of developing
dementia [19]. Performance on ARC app cognitive tasks is
sensitive to clinical status and genetic risk for Alzheimer disease
[20,21] and can capture circadian fluctuations in cognition in

adults at risk of Alzheimer disease [22]. The ability to capture
variability in cognition in tandem with fluctuations in glucose
in youths with T1D will be essential for determining the effects
of glycemic variability on cognition in the daily lives of youths
with T1D in future studies. Thus, in addition to testing the
feasibility of the ARC app in youths, we also sought to
determine the plausibility of obtaining glucose variation with
CGM and integrating it with real-time measures of cognitive
function using our protocol. This is important because EMA
schedule selection has shown to be essential for capturing
enough glycemic events throughout the day to integrate with
cognitive data in adults with T1D [23].

Methods

Participants and Procedures

Recruitment
Study flyers were distributed throughout St. Louis Children’s
Hospital clinics, Midwest diabetes support groups, and the
Washington University Volunteers for Health Research Registry
program. The flyers included a short description of this study
and the research team’s contact information; interested parents
were asked to contact the research team. St. Louis Children’s
Hospital health care workers also provided names of clinic
patients who may be interested in this study to the research
team. Participants were also recruited from word of mouth
approaches with enrolled families telling friends about this
study. After making contact with the families, the research team
conducted a phone screen meeting to determine eligibility based
on the inclusion and exclusion criteria outlined in Table 1. Data
were obtained from 3 separate studies in youths with and without
T1D. Study 1 was conducted in the laboratory setting, and
studies 2 and 3 were conducted in remote settings. Of note, the
study 2 inclusion criteria included owning an iPhone (6s or
newer as this was the minimum required to support the ARC
app) and established use of a Dexcom G5 or G6 CGM. For
study 3, we obtained additional funding that allowed us to
provide iPhones to youths who did not have their own and
Dexcom G6 PRO CGMs to youths who did not already use a
CGM. Given that we could provide CGMs to youths with T1D,
we changed this study’s protocol for study 3 from 14 days to
10 days to align with the life of a provided CGM (described in
more detail below).

Figures and tables created with bioRender and REDCap
(Research Electronic Data Capture) was used to support data
collection [24-27].
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Table . Inclusion and exclusion criteria for the pilot and feasibility studies that aimed at assessing the feasibility of using the Ambulatory Research in
Cognition smartphone app to measure cognitive function in youths with and without type 1 diabetes in an in-laboratory setting (study 1), for 14 days
in naturalistic settings (study 2), and for 10 days in naturalistic settings (study 3).

Exclusion criteriaInclusion criteriaStudy

Study 1: in laboratory (1 session) •• No English fluencyAge 4‐16 years
• Unable to use a smartphone
• Severe mental, neurological, or medical

condition that would make them unable to
complete tasks

• Use of medications with known effects on

the central nervous system (except ADHDa

medicines)

Study 2: real world (14 days) •• No English fluencyAge 9‐16 years
• •Owning an iPhone (6s or newer) Unable to use a smartphone

•• Severe mental, neurological, or medical
condition that would make them unable to
complete tasks

Established use of Dexcom G5/G6 continu-
ous glucose monitoring

• Use of medications with known effects on
the central nervous system (except ADHD
medicines)

• No parent-approved screen time for partici-
pation

• No tablet or computer with reliable internet
connection

• Severe phone screen cracks that would af-
fect testing

Study 3: real world (10 days) •• No English fluencyAge 9‐16 years
• Unable to use a smartphone
• Severe mental, neurological, or medical

condition that would make them unable to
complete tasks

• Use of medications with known effects on
the central nervous system (except ADHD
medicines)

• No parent-approved screen time for partici-
pation

• No tablet or computer with reliable internet
connection

• Severe phone screen cracks that would af-
fect testing

aADHD: attention-deficit/hyperactivity disorder.

Study 1
Participants completed a tutorial of all the app tasks and were
able to ask the research team any clarifying questions. They
completed app testing 4 times with 5-minute breaks and then
completed an experiential interview to assess their impressions
of the app in the laboratory setting.

Study 2
Participants had a video call with researchers to practice with
the ARC app tasks and ask the research team any clarifying
questions. The research team established CGM data sharing
privileges through the Dexcom Clarity app in youths with T1D.
The following day, all youths were asked to complete cognitive
testing in daily life 5 times per day for 14 consecutive days.
They had a video call with the research team 1 and 2 weeks
later to complete an experiential interview.

Study 3
Participants had a video call or visited the laboratory to practice
the app tasks and establish CGM data sharing privileges (T1D
group). The following day, all youths were asked to cognitive
complete testing in daily life 5 times per day for 10 consecutive
days. For both remote studies, monetary incentives were
provided to encourage testing compliance as outlined in the
Ethical Considerations section below.

Ethical Considerations
The Washington University Human Research Protection Office
(IRB00009237) approved all study procedures. Parents provided
consent for them and their child to participate and youths
provided assent. For privacy and confidentiality protection, all
study data were deidentified. Compensation was provided to
participants. For study 1, youths were compensated US $15 per
hour (total of US $30), for their participation, paid via check.
For study 2, youths could earn up to US $125 in Amazon gift
cards for their participation (US $20 for participation in video
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calls; US $70 for being in this study for 2 weeks—US $5 per
day when they completed at least 2 of the 5 cognitive task
sessions; US $35 for completing tests—US $0.50 per test). For
study 3, youths could earn up to US $115 in Amazon gift cards
for their participation (US $25 for an introductory session via
Zoom [Zoom Communications, Qumu Corporation], US $40
for an introductory session at Washington University; US $50
for being in this study for 10 days—US $5 per day if they
completed at least 3 of the 5 cognitive tasks; US $25 for
completing tests—US $0.50 per test). For study 2 and 3, youths
who were aged ≥13 years were also given a Fitbit to track sleep
and activity (data not shown) and kept the tracker as
compensation.

Measures

ARC App
The ARC app is comprised of 3 tasks. The symbols task assesses
processing speed by asking participants to compare visual
stimuli. Participants are shown 3 cards with 2 images at the top
of a screen and 2 cards with 2 images at the bottom of a screen
and asked to determine which card on the bottom matches a

card on the top as quickly as possible (Figure 1A). There are
12 trials. The performance score is median reaction time,
calculated for trials with correct responses and reaction times
above 150 ms to avoid anticipatory responses. The prices task
assesses associative memory. Participants are given a household
item and an associated price. They are shown 10 pairs and asked
to recall the price (Figure 1B). The performance score is percent
error (0%=all correct, 100%=all incorrect, and 50%=chance
performance). The grids task assesses working memory.
Participants are shown a grid with 3 items and asked to
remember their location (Figure 1C). They are presented with
a distraction task where they are shown a screen of “E”s with
sporadic “F”s and asked to select the “F”s. Then they are
presented with a blank grid and asked to choose where the items
were located. Participants are presented with this task twice per
session. The performance score is the average Euclidean distance
from the selected response to the correct placement (score range:
0‐5.65; 0=perfect placement of all items and trials). There was
a “tutorial” button on each task interface throughout this study
so youths could reorient themselves to the tasks before
completing the actual tasks being recorded for this study if
needed.
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Figure 1. The Ambulatory Research in Cognition app being tested in this pilot and feasibility study. (A) The symbols task assesses processing speed.
(B) The prices task assesses associative memory. (C) The grids task assesses working memory.

Each session, including all 3 tasks, only takes about 3 minutes
to complete. For both remote studies, youths received
notifications from the app to take the tests randomly and had 2
hours to complete them. This sampling method was chosen to
capture variability in cognitive function and glycemic control
throughout the entire day when youths were in different contexts
in daily life. Youths and their parents were able to choose the
timeframes when they wanted to receive notifications and could
change these times through the app to reduce the burden and
reduce the likelihood of receiving a notification during times
that would affect daily functioning (eg, overnight while sleeping,
sleeping in on the weekend, or in class at school). Parents were
not explicitly told to encourage youths to complete the sessions
because the goal of using EMA methodology in this context is

for youths to be able to complete testing unsupervised.
Relatedly, youths were told to answer questions on the ARC
app tests without help from others. All participants completed
the tasks using an iPhone (6s or newer). Compliance to app
testing was automatically logged electronically through an ARC
app dashboard. Although the app was developed for an adult
population [19], the app was used as is in our study of youths;
if deemed acceptable for youths in its original state, it would
be a cost-effective method that could be easily implemented
into study protocols.

Experiential Interview
For each task in study 1 and study 2, youths were asked to rate
on a scale of 1‐5 how challenging or easy the task was, how
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confusing or clear the instructions were, how confusing or clear
the task was, and how boring or fun the task was. The Likert
scale had an anchor of 3 to designate a neutral appraisal for each
question. For example, “How confusing were the instructions
for the symbols game?” Option 3 was “not confusing or clear.”

About CGM
For studies 2 and 3, participants with T1D wore a Dexcom
G5/G6 CGM to measure glucose every 5 minutes. Youths who
already used a Dexcom CGM changed their devices as they
normally would. For study 3, if youths with T1D did not already
use a Dexcom CGM, they were provided with a Dexcom G6
PRO in blinded mode to wear for the duration of this study.

Statistical Analysis
Data were analyzed with R (R Foundation), Python (Python
Software Foundation), and SPSS (IBM Corp). ARC app
performance: Mean and SD were calculated for performance
on each ARC app task. For study 1, Pearson correlations also
assessed the relationship between age and ARC task
performance (Kendall τ was used for nonnormal data), and
scatterplots were created to visually appraise the age at which
youths started performing better on the ARC app tasks. Further,
2-tailed t tests determined differences in performance between
age groups. Experiential interview ratings: mean and SD were
calculated for each question assessing impressions of the app
tasks; a mean score greater than 3 was determined to be a
positive impression of the task. ARC app adherence: Adherence

was calculated as the number of tests completed divided by the
number of tests offered.

CGM: Glucose variable descriptives were calculated from the
raw Dexcom Clarity exports for all participants with T1D across
the duration of this study, including mean, SD, percent time in
range (TIR; 70‐180 mg/dL), percent time below range (<70
mg/dL), percent time high (≥180 mg/dL), and percent time very
high (≥250 mg/dL). The glucose measure taken immediately
before each cognitive task for each individual with T1D was
extracted. Glucose obtained from the CGM were matched to
the corresponding cognitive test by timestamps within each
system, both set to CST. Given that glucose was assessed every
5 minutes, the closest glucose measure from CGM was taken
within 5 minutes of each cognitive session. Lastly, the following
glycemic variables were extracted for the 2-hour window
immediately before each cognitive task for each individual with
T1D: mean glucose, SD of glucose, and maximum difference
in glucose (ie, highest glucose within a 2 h block minus lowest
glucose within the 2 h block). Mean sensor usage during
participation was calculated; Dexcom Clarity defines sensor
usage as the number of days during the reporting period with
at least 50% CGM readings [28]. Deletion by list was used for
missing CGM data.

Results

Participants
Details for eligibility and consent rate are outlined in Figure 2.
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Figure 2. Eligibility flowchart for the pilot and feasibility studies aimed at assessing the feasibility of using the Ambulatory Research in Cognition
smartphone app to assess cognitive function in the daily lives of youths with and without T1D. Study 1 was conducted in a single session in the laboratory
setting in youths without T1D. Studies 2 and 3 were conducted in naturalistic settings for 14 and 10 days, respectively, in youths with and without T1D.
T1D: type 1 diabetes.

Ultimately, a total of 74 participants aged 4‐16 years
completed study procedures (study 1: n=12 control; study 2:
n=44; n=30 control, n=14 T1D; study 3: n=18; n=11 control,
n=7 T1D). No participants were voluntarily or involuntarily
withdrawn from the studies. Demographic data are shown in
Table 2. This study’s samples were relatively homogenous, with
most participants being non-Hispanic White. For study 1, there
was a glitch with the ARC app for 1 participant; thus, this

participant did not have cognitive function data. For study 3, a
total of 8 participants were provided with an iPhone, and all
iPhones were returned to this study’s team after participation.
The total annual household income for participants enrolling in
this study with their own iPhone was US $131,111, and the
annual household income for participants who were provided
with an iPhone was US $68,750.
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Table . Demographic data for the pilot and feasibility studies that aimed to assess the feasibility of using the Ambulatory Research in Cognition
smartphone app to measure cognitive function in youths with and without type 1 diabetes in an in-laboratory setting (study 1), for 14 days in naturalistic
settings (study 2), and for 10 days in naturalistic settings (study 3).

Group 2Group 1

7b12aStudy 1, n

13.1 (2.3)10.6 (3.6)Age (years), mean (SD)

Sex, n

57Female

25Male

Race or ethnicity, n (%)

2 (29)3 (25)Black

1 (14)1 (8)Hispanic White

4 (57)8 (67)Non-Hispanic White

14d30cStudy 2, n

13.4 (2)13.0 (1.7)Age (years), mean (SD)

Sex, n

717Female

713Male

Race or ethnicity, n (%)

0 (0)2 (7)Black

0 (0)1 (3)Hispanic

14 (100)25 (83)Non-Hispanic White

0 (0)2 (7)Mixed race

125,231 (44,129)f138,907 (71,860)eAnnual household income (US $), mean (SD)

7d11cStudy 3, n

12.4 (2.2)13 (2.3)Age (years), mean (SD)

Sex, n

15Female

66Male

Race or ethnicity, n (%)

0 (0)0 (0)Black

0 (0)0 (0)Hispanic

7 (100)11 (100)White

0 (0)0 (0)Mixed race

120,000 (47,010)g91,818 (37,031)Annual household income (US $), mean (SD)

aOverall
b≥9 years old
cControl.
dType 1 diabetes.
en=27
fn=13
gn=6

Although the protocol for study 3 offered CGMs to use for the
duration of this study for youths who did not use them, all
participants enrolled already used a Dexcom CGM and used

their own for this study. For study 3, one participant with T1D
and his family could not sync their CGM data to Dexcom
Clarity. Mean sensor usage was 97%. Average glycemic
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measures for youths with T1D for the entire study duration are
shown in Table 3. On average, youths with T1D in our sample
did not meet the recommended guidelines for percent TIR or

percent time in hyperglycemia (59% vs recommended 70%
TIR; 39% vs recommended 25% time in hyperglycemia) [29].

Table . Glycemic measures for youths with type 1 diabetes as measured by continuous glucose monitoring across studies 2 and 3 when youths were
completing cognitive tasks on the Ambulatory Research in Cognition app in naturalistic settings for 14 and 10 days, respectively. Data are presented
as mean (SD) across all days of study participation (n=20). We were unable to collect continuous glucose monitoring data in 1 participant with T1D.

Values, mean (SD)

176 (46)Mean glucose (mg/dL)

63.9 (17.7)SD glucose (mg/dL)

58.7 (20.6)Time in range (%, 70‐180 mg/dL)

2.5 (3.3)Time below range (%, <70 mg/dL)

38.8 (22.3)Time high (%, ≥180 mg/dL)

17.2 (19.1)Time very high (%, ≥250 mg/dL)

Feasibility and Acceptability of Using a Smartphone
App to Assess Dynamic Cognitive Function in Youths
Study 1: Youths reported liking and understanding the grids
and symbols tasks but not the prices task (Table 4).
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Table . Youths’ impression of and performance on the Ambulatory Research in Cognition smartphone app cognitive tasks being tested in these pilot
and feasibility studies. Study 1 was conducted in the laboratory setting in youths without type 1 diabetes. Studies 2 and 3 were conducted in naturalistic
settings in youths with and without type 1 diabetes for 14 or 10 consecutive days, respectively. There was an app malfunction with 1 participant from
study 1, so there are only data for 11 participants.

Grids (working memory), Eu-
clidean distance

Prices (associative memory),
error score (%)

Symbols (processing speed),
median reaction time (seconds)

RangeMean (SD)RangeMean (SD)RangeMean (SD)

Performance (lower score=better)

0.1-1.70.7 (0.4)6-4628.6 (14.5)1.7-42.4 (0.6)Study 1 (n=11)

0.1-1.30.5 (0.2)10.3-50.840.6 (7.7)1-2.71.8 (0.3)Study 2 (n=44)

0.2-0.90.5 (0.2)27.1-50.840.1 (6.7)1.3-2.81.9 (0.5)Study 3 (n=18)

Impressions

How hard or easy was the task? (1=very hard and 5=very easy)

1‐53.3 (1.4)1‐42.3 (0.8)3‐54.2 (0.7)Study 1
(n=12)

2‐54 (1)1‐42.2 (1.1)2‐54.3 (0.8)Study 2 week
1 (n=42)

2‐54.1 (0.9)1‐52.6 (1.2)2‐54.5 (0.8)Study 2 week
2 (n=43)

How confusing or clear were the task instructions? (1=very confusing and 5=very clear)

3‐54.5 (0.9)2‐54.4 (1)2‐54.4 (1.1)Study 1
(n=12)

3‐54.9 (0.4)4‐54.8 (0.4)4‐54.9 (0.3)Study 2 week
1 (n=42)

3‐54.9 (0.4)3‐54.9 (0.4)3‐54.9 (0.4)Study 2 week
2 (n=43)

How confusing or clear was the task itself? (1=very confusing and 5=very clear)

1‐54.3 (1.4)2‐53.8 (1.4)3‐54.7 (0.7)Study 1
(n=12)

2‐54.7 (0.7)2‐54.3 (1.1)2‐54.7 (0.7)Study 2 week
1 (n=42)

2‐54.7 (0.6)2‐54.4 (0.9)4‐54.8 (0.4)Study 2 week
2 (n=43)

How boring or fun was the task? (1=very boring and 5=very fun)

3‐54.5 (0.7)3‐53.8 (0.8)2‐53.6 (1)Study 1
(n=12)

2‐54.1 (0.8)1‐52.8 (1.1)2‐53.8 (0.9)Study 2 week
1 (n=42)

3‐54 (0.6)1‐52.7 (1)1‐53.8 (1)Study 2 week
2 (n=43)

Performance on the tasks correlated with age (grids: R=−0.77,
P=.006, n=11; prices: R=−0.77, P=.005, n=11; symbols: τ
=−0.42, P=.07, n=11), such that younger youths performed

worse than older youths. Visually, scatterplots showed that
around the age of 9 years, youths started performing better
(Figure 3).
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Figure 3. Scatterplots representing performance on each of the Ambulatory Research in Cognition smartphone app tasks and age during study 1 that
aimed to test the Ambulatory Research in Cognition app in youths without type 1 diabetes at a single time point in the laboratory setting. Each dot
represents an individual participant. Lower scores on each task represent better cognitive performance. The (A) symbols task assesses processing speed,
(B) prices task assesses associative memory, and (C) grids task assesses working memory.

Based on these visual representations, we assessed performance
in youths aged between <9 years and ≥9 years. There were
statistically significant differences in performance such that
youths aged <9 years had worse performance than youths aged
≥9 years on the grids task (<9 years: mean 1.2, SE 0.19; ≥9
years: mean 0.41, SE 0.10; P=.001) and prices task (<9 years:
mean 39.8, SE 4.00; ≥9 years: mean 22.3, SE 5.19; P=.047).

These data guided our decision to include ages 9‐16 years in
study 2 and study 3. For study 2, youths completed 76.3% (SD
19) of offered tasks, and for study 3, youths completed 80.2%
(SD 13) of offered tasks. Across both studies, youths reported
liking and understanding the grids and symbols tasks but not
the prices task (Table 4). Figure 4 shows histograms for the
distribution of task rankings for the control and T1D groups.
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Figure 4. Histograms displaying ratings of the Ambulatory Research in Cognition app symbols, prices, and grids tasks from the experiential interview
in study 2 which was conducted in naturalistic settings for 14 consecutive days in youths with and without type 1 diabetes. Ratings for the symbols task,
which assesses processing speed, is shown in blue. Ratings for the prices task, which assesses associative memory is shown in green. Ratings for the
grids task, which assesses working memory, is shown in red.

Glycemic Variability and Cognitive Function Data
Integration
Across all participants with T1D from studies 2 and 3, the
percentage of measurements within each glycemic range for
the glucose measure taken immediately before cognitive testing
was as follows: 3% (28/942) low glucose, 51% (484/942)
euglycemia, 23% (221/942) high glucose, and 22% (210/942)
very high glucose. In the 2-hour window immediately before
each cognitive task, mean glucose was 182.5 (SD 76.2) mg/dL,
SD in glucose was 27.1 (SD 18.7) mg/dL, and the mean
maximum difference between the highest and lowest glucose
was 85.5 (SD 53.7) mg/dL.

Discussion

Principal Findings
This study aimed to assess the feasibility of using a smartphone
app to measure dynamic cognitive function in youths in daily
life and to integrate this information with data obtained from
CGM in youths with T1D. Our results suggest that using the
ARC smartphone app to assess dynamic cognitive functions in
youths with and without T1D is feasible. Further, we showed
glycemic variability from CGM measures at temporally
associated timeframes of dynamic cognitive function measures
using our EMA schedule.
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Feasibility and Acceptability of Using a Smartphone
App to Assess Dynamic Cognitive Function in Youths
Testing of the app in an in-laboratory setting revealed that
youths aged younger than 9 years performed worse than youths
aged ≥9 years. Differences in performance on the ARC app in
the laboratory setting guided our decision to include youths
aged ≥9 years in the remote testing phases of the research.
Although we expected older children to perform better than
younger youths simply because of normal cognitive development
progression, we wanted to be cautious of including youths in
remote settings who may not understand the tasks enough to be
able to complete them independently. Thus, for remote testing,
we chose to focus on older children whose performance was
uniformly better in our in-laboratory data. Future research is
needed to determine if the ARC app could be used in younger
youths in remote settings, and if not, what stimuli would better
engage and test cognition in younger children.

Testing the app in naturalistic settings in youths, we found that
youths had high testing adherence in daily life (76%‐80%).
Although we expected lower adherence in youths given the
amount of time spent at school and participating in
extracurricular activities, compliance in our study was similar
to that of adults from a previous study using the ARC app
(~80%) [19]. Further, none of all the 62 youths who started with
the remote study procedures dropped out. Furthermore, youths
had high appraisal for 2/3 cognitive tasks, including the grids
working memory task and the symbols processing speed task.
It is also important to note that providing iPhones to youths who
did not have their own for participation (study 3) helped expand
our reach to include youths from lower income communities
compared to this study’s protocol when youths were required
to have their own iPhones (study 2). Of note, all iPhones
provided to participants for this study were returned to the
research team which shows the logistical feasibility of this
provision. Given that worse T1D outcomes have been associated
with lower income [30-32], reaching youths from lower SES
communities in future studies will be crucial to understand the
relationship between short-term glycemic control and dynamic
cognitive function. Taken together, our data support the use of
the ARC smartphone app to measure dynamic cognition in
youths aged 9‐16 years, with and without T1D in daily life,
and highlight the logistical feasibility of providing devices to
youths who do not have their own.

When integrating glucose data and cognitive function data, we
found that there was variation in glucose at the time of cognitive
testing and during a short timeframe immediately before
cognitive testing (eg, 2 h before). Specifically, youths with T1D
had dysglycemia at the time of almost half of cognitive tests
(49%) and on average, experienced 86 mg/dL swings in glucose
in the 2 hours immediately before cognitive testing. The ability
to capture glucose at various ranges (eg, low glucose or very
high glucose) and variability in glucose (eg, amount of change
in glucose during short periods before cognitive testing) using

this methodology will be necessary for future studies aimed at
determining the relationship between short-term glycemic
control and dynamic cognitive function in youths with T1D.

Of note, only 3% of cognitive tasks were completed when
glucose was in the hypoglycemia range in youths with T1D.
Although this small percentage does not provide a significant
amount of data for assessing the effects of low glucose on
cognitive function, many other glycemic variables may be
important for cognitive functioning that were captured frequently
in our sample, including very high glucose at the time of testing
and amount of change in glucose before cognitive testing. For
example, using single measures of self-monitored blood glucose
in the home, Gonder-Frederick et al [33] found that severe
hyperglycemia (>400 mg/dl) was associated with equally
substantial deteriorations in cognition in youths with T1D than
severe hypoglycemia [33]. This study highlights the need to
collect measures of hyperglycemia in addition to hypoglycemia
in this population. Further, the use of CGM may allow future
studies to capture glycemic patterns that may predict cognitive
functioning outside of standard hypoglycemia and
hyperglycemia cutoffs (eg, swings in glucose).

There are study limitations to consider. First, our sample was
relatively homogenous. Although we were able to reach youths
from lower SES communities in study 3 when we provided
iPhones for this study, our sample with T1D lacked racial and
ethnic diversity. Practices are needed to better engage youths
from all communities in future work. Additionally, there is a
documented lag between interstitial glucose obtained from CGM
and blood glucose in past literature [34,35]. Given that lag time
is patient-specific [36], we chose to use the glucose
measurement obtained closest to each individual cognitive test
to illustrate the integration of glucose measured via CGM and
cognition measured via the smartphone app; future studies
assessing the relationship between short-term glucose control
and dynamic cognitive function need to consider multiple
glycemic features that account for lag. In the same vein, we did
not ask youths to report the cause for CGM sensor errors during
their participation. Thus, if youths had missing CGM data, it
was unclear why (eg, intrinsic sensor failure or intentional
removal of the sensor). Future EMA studies should ask
participants to report the cause of missing glucose data to help
account for missingness when assessing the relationship between
dynamic cognitive function and short-term glucose control.

In conclusion, we found that it is feasible to obtain measures
of dynamic cognitive function in youths in daily life using a
smartphone app and that we could capture glucose variability
for integration with measures of glucose in the daily lives of
youths with T1D. Using this methodology in fully powered
studies assessing the relationship between short-term glycemic
control in real-time cognition would move the field toward a
fuller understanding of the impacts of T1D on cognitive function
in youths.
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Abstract

Background: The Otago program (OP) is evidence-based and focuses on fall prevention in older people. The feasibility and
usability of a short-term digital program modeled after the principles of the OP in the setting of early geriatric rehabilitation
(EGR) are unclear.

Objective: This study investigated the feasibility and usability of an additional technology-based fall prevention program (FPP)
in the setting of EGR.

Methods: We performed a feasibility study in the setting of EGR. A sample of 30 patients (mobility at least by walker; mini-mental
status test score >17) was recruited between March and June 2024 and compared with a retrospective cohort (n=30, former EGR
patients). All patients in the intervention group (IG) received a supervised, OP-modified FPP thrice/week for 20 minutes using
a technology-based platform called “Pixformance.” The device is a digital trainer and enables real-time corrections. The primary
end point was the feasibility (given when 80% of the IG participated in 6 trainings within 2 weeks). Secondary outcomes were
usability (patients’ and facilitators’ perspective; ≥75%), risk of falls (Berg Balance Scale), mobility (Timed Up and Go Test),
functional independence (Functional Independence Measure), and activities of daily living (Barthel Index). Several further
exploratory end points were analyzed including anxiety and depression (Four-Item Patient Health Questionnaire; PH-Q4). Data
were accessed at entry to EGR and after 2 weeks prior to discharge. To analyze the pre-posttest results, the dependent Student t
test and the Wilcoxon test were applied. A mixed ANOVA with repeated measurements was used for statistical analyses of time-,
group-, and interaction-related changes.

Results: A cohort of 60 patients (mean 80.2, SD 6.1 y; 58% females, 35/60) was analyzed. The main indication for EGR was
stroke (9/60, 15%). Patients were recruited into a prospective IG (n=30) and a retrospective control group (n=30). Of the 30
patients in the prospective IG, 11 patients (37%) completed 6 training sessions within 2 weeks. Reasons why participants did not
complete 6 training sessions were diagnostic appointments (33%), pain/discomfort (33%), or fatigue (17%). EGR patients rated
FPP usability at 84% and facilitators at 65% out of 100%. Pre-posttest analysis of the standard assessments showed a significant
interaction in Berg Balance Scale (<.01). In both groups, a significant improvement over time was found in the Timed Up and
Go Test (<.01), Barthel Index (<.01), and Functional Independence Measure (<.01). Likewise, in the IG, the PH-Q4 score (.02)
improved.

Conclusions: While the technology-based FPP in the EGR setting was generally well-accepted by patients, with high usability
ratings, its feasibility was limited. Only 37% of participants completed the required additional training sessions. Further studies
should test the technology-based FPP as an integrated part of the EGR complex therapy concept. Our findings suggest potential
benefits of incorporating technology-based FPPs in EGR, but further refinement is needed to enhance participation and feasibility.

(JMIR Form Res 2025;9:e66692)   doi:10.2196/66692
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Introduction

Hospitalization in Old Age and Its Consequences
In 2050, around 22.4 million people in Germany will be ≥65
years old. It is predicted that the number of hospital stays in
this cohort will increase by around 30% over the next 6 years
[1].

In the case of acute medical illness with hospitalization, old and
multimorbid patients have a high prevalence of
hospital-associated disability [2] with impairment of activities
of daily living, cognition, malnutrition, and sensory deficits [3].
Functional impairments such as muscle atrophy of the lower
extremities and balance disorders following hospitalization are
very common (30%‐80%) [4,5]. The consequences of this
deterioration include rehospitalization, nursing home admissions
[6], an increased number of falls, a poorer quality of life (QoL),
increased consumption of health-related resources [7], and an
increase in mortality [8]. Preventing hospital-associated
disability therefore is crucial because it significantly impacts
patient outcomes and overall health care systems.

Early Geriatric Rehabilitation
Early geriatric rehabilitation (EGR) is a specialized
multidisciplinary and multiprofessional approach for older
patients in Germany who need rehabilitation treatment due to
acute health events such as injuries or surgeries that require
hospitalization [9]. In general, the duration of an EGR is 2 weeks
and comprises 20 training sessions in acute medical care. The
main aim of EGR is to improve functional independence as well
as QoL so that patients can be released to their homes, an
inpatient rehabilitation program, or lower-level care such as
long-term nursing care [10].

Fall Prevention Program
Fall prevention programs (FPPs) are often used to optimize
functional limitations in older people. The Otago program (OP)
is one of these programs; it is evidence-based and was explicitly
developed for older people. Long-term studies have shown
significant results with regard to the reduction of falls and
fall-related injuries [11,12], an increase in strength and balance
as well as an increase in confidence in being able to continue
with everyday activities [13]. The OP showed the greatest
effectiveness in the high-risk groups of over 80-year-olds and
people with a history of falls [13,14]. We hypothesized that
such prevention programs are not only effective as long-term
interventions but can also be effective when the duration of the
intervention is short. Previous studies in the area of
prehabilitation have shown that older, multimorbid patients
benefit from short-term interventions of 5‐14 days [15,16].

Likewise, Martínez-Velilla et al [17] conducted a randomized,
controlled intervention study in 370 older patients (age 87.3,
SD 4.9 y) who were hospitalized for acute treatment. The
intervention group (IG) included individualized moderate

strength training, balance exercises, and gait training. The
control group (CG) received standard treatment and
interventions when needed. The training was safe and 2 sessions
daily were sufficient to significantly improve mobility measured
by short physical performance battery (SPPB) and the Barthel
Index (BI) during an average hospital stay of 5 days, whereas
the CG showed a deterioration in mobility [17]. In particular,
assessments for measuring a patient’s mobility (eg, Timed Up
and Go Test [TUG] or SPPB) have the highest sensitivity in the
EGR setting compared with other methods and are suitable to
determine the effects of an FPP [17,18].

Digital Interventions
The number of digital interventions in geriatrics is increasing
and may help to improve outcomes such as physical activity or
balance. A systematic review of eHealth applications in geriatric
rehabilitation showed that digital interventions are promising
and have the potential to improve rehabilitation outcomes. In
16 out of 17 studies, eHealth applications were feasible in this
setting [19].

The technology-based device “Pixformance” is a digital trainer
that uses an integrated 2D full high-definition camera to scan
25 body points, enabling real-time corrections. The screen is
divided into 2 parts, one part acts like a mirror and the other
shows a person who is demonstrating the exercise. It has been
shown that videos that show real people in action are effective
in achieving long-term behavioral change [20].

However, acceptance of digital interventions in older persons
is often limited by factors such as unfamiliarity with technology,
cognitive decline, physical impairments, and concerns about
privacy or security. On the other hand, there might be several
challenges when it comes to implementing digital interventions
for older adults from a facilitators’ perspective. Facilitators are
individuals who assist patients in initiating the digital FPP and
remain present while the patient interacts with the device. This
study is the first to use “Pixformance” in the EGR setting as
part of an evidence-based FPP to investigate feasibility and
usability.

The purpose of this study is to evaluate the feasibility and
usability (patients’ and facilitators’perspectives) of a short-term
technology-based FPP in the setting of EGR, performed in
addition to the standard complex therapy concept. Furthermore,
the effect of the FPP on the risk of falls, functional
independence, activities of daily living, mobility, and cognitive
performance compared with a retrospective CG was analyzed
in order to determine which assessments can be used to
sensitively detect changes due to an additional FPP. This
analysis will be used to make informed decisions about the
study design and instruments used in a follow-up project. The
pre-posttest of muscle status, QoL, anxiety and depression as
well as frailty status, which are assessed only in the IG, will
also provide information about the sensitivity of these
instruments for detecting change in this older patient cohort.
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Methods

Patient Population
Patient recruitment was carried out in the Department of
Geriatrics at the University Medical Center Göttingen, Germany,
between March and June 2024.

All patients undergoing an EGR complex therapy, at least able
to walk with a walker, and cognitively fit to slightly cognitively
impaired (mini mental status test score >17) were eligible for
inclusion.

Patients were excluded if they were unable to understand the
study information and give written consent due to poor German
language skills, or had cognitive or visual impairments.

Study Setting
This is a prospective 2-arm feasibility study in the setting of
EGR. The IG was recruited prospectively and the CG
retrospectively. Eligible patients for the IG were asked to
participate in the feasibility study by physicians at the beginning
of EGR during regular clinical consultations. All patients were
provided study information and gave their written informed
consent. Subsequently, the baseline assessment and follow-up
assessment took place (Figure 1).

Figure 1. Research design and conducted assessments. CG: control group; EGR: early geriatric rehabilitation; IG: intervention group.

A retrospective CG consists of former patients who have
undergone EGR complex therapy at the same department in the
last 3 months prior to the recruitment of the prospective group
and fulfill the inclusion criteria specified in this feasibility study.
All included patients gave written consent for the use of their
pseudonymized data for scientific purposes upon admission to
the University Medical Center Göttingen. All CG patients were
screened and included in the CG according to their order of
admission.

Sample Size
A sample size of 60 patients (IG: n=30; CG: n=30) has 80%
power to detect a standardized difference in means of 0.74 with
80% power, using a 2-group t test with a 5% 2-sided significance
level. This corresponds to comparably large effects, which are
likely to be clinically relevant. The sample size was seen as

feasible, taking into account the number of potentially eligible
patients undergoing EGR within 3 months, as well as the
inclusion and exclusion criteria. The study design is comparable
to a recently conducted pilot study by Fränzel et al [21] which
includes a FPP with 58 participants (IG: n=29; CG: n=29) in
the same setting. This study found significant developments in
patient mobility measured by TUG, SPPB, and gait speed [21].

Procedure
All patients of the IG received the regular EGR complex therapy
concept, which consists of 20 sessions, including regular
physiotherapy, occupational and speech therapy as well as
psychological support. In addition, 6 sessions of a supervised
FPP modified according to the OP [22] using the
technology-based platform called “Pixformance” (Figure 2)
were offered to IG participants 3 times per week.
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Figure 2. The pixformance station (picture provided by pixformance sports GmbH).

The content of the 2-week training program is summarized in
Table 1.
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Table . Overview of the content of the fall prevention program.

DetailsCategory

Thrice/week; 10 repetitions, 1 setFrequency

Body weight, Rating of Perceived Exertion scale 13‐15 (medium)Intensity

20 minTime

mobilization, coordination, strengthening exercises focusing on the lower
extremities, relaxation/stretching

Type

Examples include shoulder and torso rotation, calf raises, lateral leg lift,
standing hamstring curl, foot lift and grinding heel in sitting position, and
standing up and sitting down from a chair

Exercises

Before being discharged from the EGR, all participants in the
IG received an Otago booklet to continue the exercises at home.

Outcomes
The primary end point was the feasibility of the
technology-based FPP in the setting of EGR. We defined
feasibility as at least 80% of the patients completing 6 training
sessions within 2 weeks in addition to the regular 20 therapeutic
sessions in the EGR. For the statistical analysis, we report how
many participants completed the training as well as the reasons
for not completing the training in absolute numbers and
percentages.

User Experience
Usability was assessed from the patients’ and facilitators’
perspectives. Facilitators did not provide therapy directly;
instead, they addressed technical issues, such as starting,
operating, or stopping the device. All training instructions and
feedback were delivered by the device itself, not by the
facilitators. In this study, facilitators included both geriatric
staff (2 physical therapists and 2 occupational therapists) and
study personnel (3 sport science students and 1 medical student),
all of whom received training in device operation. All facilitators
provided written informed consent.

At the end of the study, all patients and facilitators filled out a
usability questionnaire. The results of the structured
questionnaire were quantitatively analyzed. The device was
considered to be usable if the “Overall rating for the training
with the device” and “Overall rating for using the device” was
≥75%, modified according to Rabinovich et al [23]. For the
statistical analysis, we report the results of the usability
questionnaire as the percent of the 2 highest values on the
5-point Likert scale.

Secondary Outcomes
In addition to feasibility and user experience data, further end
points are detailed in Figure 1. Other secondary outcomes
included the risk of falls assessed by Berg Balance Scale [24],
mobility assessed with the TUG [25], functional independence
carried out with the help of the Functional Independence
Measure (FIM) [26], and activity of daily living collected by
BI [27,28].

Data were assessed at the start of the EGR and after 2 weeks.
How the additional technology-based FPP influences the effect
of EGR complex therapy was examined using standard
assessment data from the IG and a retrospective CG.

Statistical Analysis
We used the Kolmogorov–Smirnov test for the assessment of
normal distributions. Continuous and categorical variables are
presented by mean (SD) with absolute and relative frequencies,
respectively. Two-group comparisons of baseline variables were
performed using Student’s t test and chi-square test of
independence for continuous and categorical variables. To
analyze the results of the pre-posttest, dependent Student t test
and the Wilcoxon signed rank test were applied. A 2-way mixed
ANOVA with repeated measurements was used for statistical
analyses of time- (t0/t1), group- (IG or CG), and
interaction-related (between time and group) changes. In all
analyses, a P<.05 was considered statistically significant. The
results of the usability questionnaire include the percent of the
2 highest values on the 5-point Likert scale. Analyses were
performed using the IBM Statistical Package for the Social
Sciences (SPSS version 29.0; IBM Co).

Ethical Considerations
This feasibility study was approved by the local ethics
committee of the University Medical Center Göttingen
(application number: 22/1/24; January 23, 2024) and conforms
to the Declaration of Helsinki. All participants signed informed
consent forms.

Results

Study Population
A total of 70 patients were screened for eligibility for the
prospective IG. Of these, 40 were excluded because of “no
interest” (n=13), “poor mobility” (n=10), “hospital stay too
short” (n=5), “low cognition” (n=4), “low cognition and poor
mobility” (n=3), “visual impairment” (n=2), and “others” (n=3).
In the end, 30 patients from the IG participated in the FPP.

A sample of 60 patients (mean age 80.2 years, SD 6.1 years;
58% females, 35/60; IG: n=30; CG: n=30) were included in the
analysis. Patients of the prospective IG were consecutively
recruited (n=30; mean age 79.0 years, SD 6.0 years; 53% female,
16/30) at admission to EGR. The retrospective CG (mean age
85.0 years, SD 4.6 years; 63% female, 19/30) is made up of
former EGR patients who were treated in the 3 months prior to
the “Pixformance” intervention and fulfilled all inclusion and
exclusion criteria.

The baseline characteristics of the IG showed the cohort to be
significantly younger and taller than the CG. With regards to
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clinical and medical history characteristics, patients in the IG
were more likely to be taking a higher number of medications
and had a degree of disability, a post-Covid condition, and

depressive symptoms in comparison to the retrospective CG
(Table 2).

JMIR Form Res 2025 | vol. 9 | e66692 | p.3763https://formative.jmir.org/2025/1/e66692
(page number not for citation purposes)

Steinmetz et alJMIR FORMATIVE RESEARCH

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


Table . Baseline characteristics of the cohort.

P valueCGb (n=30)IGa (n=30)All (n=60)Characteristics

<.01c85.0 (4.6)79.0 (6.0)82.0 (6.1)Age (years), mean (SD)

Sex, n (%)

.34d10 (33)14 (47)24 (40)Male

.34d19 (63)16 (53)35 (58)Female

.31d1 (2)0 (0)1 (2)Unknown

.04c164.1 (8.4)168.6 (8.0)166.4 (8.4)Height (cm), mean (SD)

.26c68.9 (14.6)73.8 (18.3)71.4 (16.6)Weight (kg), mean (SD)

.67c25.5 (4.5)26.1 (5.9)25.8 (5.2)BMI (kg/m²), mean (SD)

Blood pressure (mmHge),
mean (SD)

N/AN/A131.7 (23.1)N/AfSystolic

N/AN/A73.1 (12.0)N/ADiastolic

N/AN/A71.4 (11.3)N/AHeart rate (beats/min), mean
(SD)

.01c6.1 (3.7)9.1 (3.9)7.6 (4.1)Number of medications
(regularly), mean (SD)

.87d14 (47)16 (53)30 (50)Need for nursing assistance,
n (%)

<.01d1 (3)8 (27)9 (15)Any degree of disability, n
(%)

Situation of living, n (%)

N/AN/A11 (18)N/ALiving alone

.07d17 (57)24 (80)41(68)Visual aid, n (%)

.08d9 (30)7 (23)16 (27)Hearing aid device, n (%)

.29d19 (63)15 (50)34 (57)Walking aid, n (%)

.60d14 (47)12 (40)26 (43)Walker

1.0d2 (7)2 (7)4 (7)Cane

.16d4 (13)1 (3)5 (8)Forearm crutch

Main diagnosis for EGRg

admission, n (%)

.72d4 (13)5 (17)9 (15)Poststroke or suspected
stroke

1.0d4 (13)4 (13)8 (13)Cardiac decompensation

>.99d2 (7)2 (7)4 (7)Acute kidney failure

.30d1 (3)3 (10)4 (7)Vertigo including syncope

Concomitant diseases, n (%)

.12d11 (37)12 (40)23 (38)Diabetes mellitus

.06d19 (63)16 (53)35 (58)Hypertension

.39d9 (30)6 (20)15 (25)Dyslipidemia

.37d6 (20)6 (20)12 (20)Stroke or TIAh
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P valueCGb (n=30)IGa (n=30)All (n=60)Characteristics

.41d4 (13)3 (10)7 (12)Dementia

.19d8 (27)5 (17)13 (42)Kidney failure

.54d2 (7)3 (10)5 (8)Cancer disease<5 years

.50d3 (10)2 (7)5 (8)Cancer disease ≥5 years

.21d2 (7)6 (20)8 (13)Thyroid disorder

.08d2 (7)8 (27)10 (17)Rheumatism

<.01d3 (10)17 (57)20 (33)Condition after COVID-19
infection

.04d4 (13)1 (3)5 (8)Depression

.19d2 (7)3 (10)5 (8)Anxiety

aIG: intervention group.
bCG: control group.
cIndependent t test.
dChi-square test.
emmHg: millimeters of mercury.
fN/A: not available.
gEGR: early geriatric rehabilitation.
hTIA: transient ischemic attack.

Feasibility of the FPP
Out of a total of 30 patients in the IG, 11 (37%) participated in
6 trainings within 2 weeks. Of these 11 patients, 7 (64%)
completed the FPP including all strengthening/balance exercises.
The remaining 4 patients ended their training session early or
skipped one or more important strengthening or balance
exercises.

The main reasons why participants did not complete the amount
of training were the inability to attend the FPP due to diagnostic
appointments (33%), pain/discomfort (33%), or fatigue (17%).

User Experience
The analysis of user experiences from the patients’ and
facilitators’ perspectives is summarized in Table 3. The 8
facilitators were on average 35.1 (SD 12.3) years old. A quarter
of the facilitators were male (2/8, 25%) and 3 quarters were
female (6/8, 75%). The group members had an average work
experience of 20.0 (SD 8.8) years.
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Table . Overview of the results of the user experience questionnaire from the perspective of patients and facilitators.

Facilitators’ perspective (n=8), (%)Patients’ perspective (n=26), (%)RatingUsability items

—a96AgreeingInstructions by facilitators for using
the device were clear

—85NeverThere were technical problems

—92OftenTraining with the device was com-
fortable

—100NeverTraining with the device was embar-
rassing

—89AgreeingCorrections during the training by
the device were clear

—54≥3 monthsWillingness to continue the learned
exercises at home

—84.0 (15.90)—Overall patient usability rating
(%)(100%=verygood experience),
mean (SD)

50—AgreeingInstructions by the manufacturer for
using the device were clear

63—No starting problemsDifficulties when commissioning
the device

50—AgreeingRegular use of the device was easy

63—AgreeingThe exercise selection of the device
was easy to handle

25—AgreeingSelected exercises could be easily
adapted during the training

75—That worked very wellThe device was easy to switch on
and off

50—Yes, veryI am in favor of the future use of the
device

65.4 (20.0)——Overall facilitator usability rating
(%) (100%=verygood experience),
mean (SD)

aNot applicable.

The overall usability rating for the device from the patients’
perspective was 84.0% (SD 15.9%), where 0% means a bad
experience and 100% a very good experience. The facilitators
rated the usability of the device at 65.4% (SD 20.0%).

Secondary Outcomes
The results of the EGR standard assessments are indicated in
Table 4. For 22 patients in the IG and 29 patients in the CG,

complete measurements at both time periods were recorded.
The 2-way mixed ANOVA showed a significant interaction
between groups over time in the Berg Balance Scale (<.01).
Likewise, a significant positive development over time was
seen in both groups in TUG time (<.01), FIM motor subscale
(<.01) score, and BI (<.01).
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Table . Descriptive and 2-way mixed ANOVA results for the early geriatric rehabilitation routine assessments at baseline (t0, admission) and after 2
weeks (t1, discharge) differentiated by group.

P valueIGb, mean (SD)CGa, mean (SD)Parameters

InteractionGroupTime

<.01.02.54Berg Balance Scale (score)

33.6 (10.0)31.3 (12.5)t0c

24.5 (7.5)38.4 (8.7)t1d

.82.40<.01Timed Up and Go Test (s)

20.2 (7.6)22.1 (9.0)t0

16.1 (6.7)17.5 (7.5)t1

.21.21.07Minimental status test (score)

24.6 (4.3)24.2 (3.3)t0

27.2 (3.9)24.7 (3.0)t1

.78.68<.01Barthel Index

63.7 (18.2)61.6 (17.5)t0

76.8 (15.9)76.2 (12.9)t1

.64.35<.01FIMe motor subscale (score)

51.0 (10.6)53.8 (12.2)t0

65.3 (6.6)67.0 (10.9)t1

aCG: control group.
bIG: intervention group.
ct0: baseline (early geriatric rehabilitation admission).
dt1: after 2 weeks (early geriatric rehabilitation discharge).
eFIM: Functional Independence Measure.

The Wilcoxon signed rank test confirmed the significant
development of the mixed ANOVA in Berg Balance Scale
(BBS) in IG (.01; npaired_results =22) and CG (<.01; npaired_results

=29). In the IG, 5 patients improved and 17 showed poorer
results in BBS between baseline and EGR discharge, whereas
in the CG, 17 participants improved, 2 showed poorer results
and 10 did not change in BBS.

Table 5 summarizes the results of muscle status, QoL, anxiety
and depression, and frailty status, which were additionally
assessed by study personnel in the IG. A significant
improvement in Four-Item Patient Health Questionnaire
(PH-Q4) score (.024) from baseline to EGR discharge was
observed. Furthermore, the frailty status and the positive screen
for sarcopenia each decreased by 27%.
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Table . Pre-posttest and descriptive results for the assessments at baseline (t0) and after 2 weeks of early geriatric rehabilitation (t1) of the intervention
group (IG).

P valueIGParameters

t1 (n=26)t0 (n=30)

.93a24.7 (7.3)24.9 (7.6)Handgrip strength (kg), mean (SD)

.40a20.0 (6.2)26.2 (6.4)    Female

.18a28.4 (6.1)23.9 (8.6)    Male

.27a3.8 (1.6)4.3 (1.5)CFSb (score), mean (SD)

>.99c13 (43)21 (70)Frailty (CFS ≥4), n (%)

.28a3.4 (1.9)4.0 (2.4)SARC-Fd score, mean (SD)

.13c10 (33)18 (60)Sarcopenia (positive screen SARC-
F ≥4), n (%)

.06a60.4 (13.0)52.1 (15.4)EQ VASe, mean (SD)

.02a1.6 (1.9)3.3 (2.4)PH-Q4f, mean (SD)

aDependent t test.
bCFS: Clinical Frailty Scale.
cChi-square test.
dSARC-F: Strength, Assistance with walking, Rise from a chair, Climb stairs and Falls questionnaire.
eEQ VAS: European Quality of Life Visual Analogue Scale.
fPH-Q4: Four-Item Patient Health Questionnaire.

Discussion

Summary of Target and Findings
In this study, we aimed to evaluate the feasibility and usability
of a short-term technology-based FPP in the EGR setting from
the patients’ and facilitators’ perspectives. The FPP was
conducted in addition to the conventional complex therapy
concept. Furthermore, the effect on the risk of falls, daily
function, mobility, and cognitive performance compared with
a retrospective CG was analyzed. In the IG, the pre-posttest of
muscle status, QoL, anxiety and depression as well as frailty
status were additionally examined. Regarding the primary end
point, we observed the limited feasibility of the FPP in the EGR
setting, while usability and acceptance from the patients’
perspective were proven. The results of the BBS showed a
significant decrease in the IG and a significant improvement in
the CG. Further significant improvements from EGR admission
to discharge were observed in TUG, FIM, BI, and PH-Q4.

This study is the first to use the “Pixformance” device in the
EGR setting as part of an evidence-based FPP.

Study Cohort
The number of older patients receiving complex therapy in EGR
in Germany (211,270 participants in 2007 to 274,926 in 2020)
is increasing steadily due to demographic change [29]. The
baseline characteristic of our cohort is similar to others who
performed studies in the EGR setting [21,30,31]. The other
studies reported an average age of 78 to 87 years, the admission
of more women than men, and strokes, cardiac decompensation,
and hip fractures as the most common admission diagnoses
[21,30,31]. In our cohort, significant differences between the

groups were observed in age, height, number of regularly taken
medications, degree of disability, condition after COVID-19
infection, and depression. Our CG is an unmatched-pairing
retrospective comparison cohort of former patients from the
time point directly before the intervention. The patients were
consecutively included in the CG, beginning at the start of the
intervention and going backward in time until 30 patients were
identified. In this feasibility study, a CG was included in order
to determine which assessments might be used to sensitively
detect changes due to an additional FPP in order to design a
follow-up project.

Participants of the IG were younger and had more often severe
concomitant diseases. The high number of patients after
COVID-19 infection in the IG may explain why only 11 out of
30 patients completed 6 training sessions within 2 weeks.
Fatigue is one of the most common reasons why the FPP was
not completed. Especially older adults aged 65 years or older
are at greater risk of persisting symptoms associated with
COVID-19; fatigue is 1 of the 5 common long-term symptoms
[32].

eHealth in Geriatrics
Kraaijkamp et al [19] published a systematic review of eHealth
in the setting of geriatric rehabilitation. eHealth is defined as
“the use of digital information and communication to support
and/or improve health and healthcare” [19,33]. The authors
summarized that eHealth is often feasible and can potentially
improve geriatric rehabilitation outcomes. Simple eHealth
interventions are more likely to be feasible for older patients
receiving geriatric rehabilitation [19]. “Pixformance” can be
seen as such a “simple” eHealth intervention. Likewise, the
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authors concluded that there is a lack of evidence on usability
which might hamper the implementation [19].

Feasibility of the FPP
In our study, feasibility was defined as participation in 6 FPP
training sessions throughout the EGR. The most common reason
for missing a training session was due to medical examinations
outside the ward. Sometimes, there were delays in the morning
so patients could not participate in the FPP. The clinical routine
always took priority. The low participation rate was therefore
due to logistical problems that the study team was unable to
solve. An additional training session in the EGR setting therefore
seems to be too much. Similarly, Fränzen et al [21] conducted
a pilot study including a FPP in the form of a square-stepping
exercise (SSE) in the EGR setting and investigated its feasibility.
The required minimum number of SSE units, each lasting 30
minutes, was 6 during the EGR stay. The amount of exercise
units is in line with our target and definition of feasibility. The
SSE program proved to be feasible. The main difference
between the 2 interventions was that the SSE was performed
as a part of conventional physiotherapy included in the complex
therapy concept [21]. In our feasibility study, the FPP took place
in the afternoons in addition to the complex therapy concept.
In a future study, we will include the study intervention as part
of conventional physiotherapy in the complex therapy concept
so that logistical problems do not affect the intervention.

User Experience
We have investigated the usability of the technology-based FPP
and followed the advice from Kraaijkamp et al [19] to pave the
way for a possible implementation [19]. User experience was
assessed independently from the facilitators’ and patients’
perspectives. Usability from the patients’ perspective was
achieved, while the facilitators’ did not reach the target of ≥75%.
The results are surprising in that eHealth is often not sufficiently
tailored to age-related barriers such as cognition, physical
ability, perception, and motivation [34,35]. “Pixformance” as
a “simple” eHealth intervention seems to be attractive to
patients. Similarly, a usability study of technology-based
exercise games in older patients following hip replacement
surgery confirmed that the cohort enjoyed performing exercises
under digital guidance [36]. In contrast to this, usability issues
were pointed out by facilitators.’ Only every second respondent
was in favor of using the device in the future in the EGR setting.
The item “selected exercises could be easily adapted during the
training” was only agreed on by 25% of the facilitators. The
low rating could be because the exercises had to be changed via
a separate computer platform. Facilitators’ explained that there
was not enough time to learn how to adapt the exercises and
navigate the training platform in detail. This may be due to the
nature of the study, which was conducted in addition to the
staff’s normal daily activities [37].

Secondary Outcomes
The BBS is widely used in clinical settings to assess the risk of
falls, particularly in older individuals with balance impairments
or in geriatric wards within general hospitals [38,39]. A score
of less than 45 on the BBS is considered the threshold for
increased fall risk. A change of 7 points is usually considered

clinically relevant. When the score lies between 35 and 44
points, an increased risk of falls is indicated [40]. At baseline,
the mean BBS scores of our cohort ranged from 31 to 34 points,
indicating an increased risk of falls. Interestingly, the results of
the BBS showed a significant decrease in the IG (−9.1 points)
while the CG showed a significant improvement (+7.1). Even
so, both groups remained in the range of increased fall risk. One
reason for this unexpected outcome could be that the BBS may
not be the most appropriate assessment tool to capture changes
resulting from a FPP. The BBS primarily includes tasks that
were not trained in the FPP, such as “Retrieving object from
floor” or “turning to look behind.” For a follow-up project, the
SPPB appears to be a more suitable assessment tool. As
mentioned in the introduction, measuring a patient’s mobility
using tools like the SPPB has shown the highest sensitivity in
EGR settings compared with other methods [17,18]. The SPPB
consists of 3 parts: “gait speed test,” “chair rising test,” and
“balance test.” These tests are well suited for measuring changes
resulting from the FPP [41]. Moreover, the SPPB is frequently
used in studies conducted in cohorts similar to ours [21,42]. It
should be noted, however, that there was some missing data in
the IG, resulting in only 22 paired results being included in the
analysis. Therefore, these findings should be interpreted with
caution.

Further significant positive developments (ie, the patients’
condition improved after 2 weeks) based on the multimodal and
interdisciplinary EGR complex therapy concept [9,10] were
found in functional independence (FIM), activity of daily living
(BI), mobility (TUG), and anxiety and depression (PH-Q4).
These instruments, therefore, seem appropriate for measuring
differences due to digital FPP in further studies.

Limitations
This feasibility study has a relatively small cohort and includes
an unmatched-pairing retrospective comparison cohort. Further
studies with larger cohorts and a randomized controlled design
with blinded assessors are needed to validate the results
presented. Key factors such as disability (yes or no), sex (male
or female), and age (younger than 81 years vs 81 years and
older) should be considered in the 1:1 block randomization
process with random block lengths to ensure a homogeneous
cohort at baseline. Additionally, the training intensity of the
FPP might be increased by incorporating a digital balance pad
or components of the SSE unit intervention [21] to improve
outcomes.

Conclusion
Due to the high percentages of frail and sarcopenic patients
admitted to EGR with an elevated fall risk, there is a significant
unmet need for a FPP. However, the feasibility of the
technology-based FPP was not achieved, as only 37% of
participants completed 6 additional FPP sessions within 2 weeks,
primarily due to diagnostic appointments, pain/discomfort, or
fatigue. Usability analysis indicates that EGR patients accept
the technology-based FPP, while staff members are less
convinced. Significant positive changes from EGR entry to
discharge were observed in TUG, FIM motor subscale, and BI,
independent of the FPP. A statistically significant, but not
clinically relevant improvement in the BBS was noted in the
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CG, while the IG showed a significant positive change in the
PHQ-4 score, indicating fewer symptoms of anxiety and
depression. Further studies should explore the technology-based
FPP as an integrated part of the EGR complex therapy concept,

increase the FPP intensity by incorporating a digital balance
pad or components of the SSE, and assess progress from
admission to discharge using the SPPB instead of the BBS.
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Abstract

Background: The use of unsupervised digital cognitive assessments provides considerable opportunities for early and
comprehensive testing for Alzheimer disease, minimizing the demand on time and personnel resources in medical practices.
However, the acceptance within health care has yet to be assessed.

Objective: In this implementation study, the acceptance of an app-based, repeated cognitive assessment for early symptoms of
Alzheimer disease in the outpatient care setting from both physicians’ and patients’ perspectives was examined.

Methods: In total, 15 primary care practices participated, where patients with self- or relative-reported memory problems could
be prescribed an app (neotivCare app [neotiv GmbH]) for comprehensive cognitive testing. Patients used the app to test their
episodic memory function weekly for 12 weeks at home. After the testing period and the final consultation, physicians and patients
received questionnaires to assess the app’s acceptance.

Results: We received completed questionnaires from physicians for 45 patients. In addition, we received 45 completed
questionnaires from the patients themselves. The physicians reported that, for most patients, the app supported their decision-making
in the diagnostic process (26/45, 58%). In addition, most physicians found the app’s information dependable (34/45, 76%) and
felt more certain in their decisions (38/45, 84%). From the patients’ perspective, a majority felt thoroughly tested (34/45, 76%),
and only a few considered the time commitment for the cognitive tests to be too burdensome (7/45, 16%). Furthermore, despite
the weekly cognitive testing and the lengthy 12-week testing period, a majority of patients participated in all tests (39/54, 72%).

Conclusions: Our results indicate a high level of acceptance by physicians and patients, suggesting significant potential for the
implementation of unsupervised digital cognitive assessments into routine health care. In the future, acceptance should be assessed
in large-scale studies, with a particular focus on the impact on health care delivery and patient outcomes.

(JMIR Form Res 2025;9:e62706)   doi:10.2196/62706

KEYWORDS

mild cognitive impairment; Alzheimer disease; dementia; cognition; computerized assessment; digital assessment; digital cognitive
biomarkers; home-based assessment; digital platform; mobile phone

Introduction

In many countries, the number of people with Alzheimer disease
and related dementias is rapidly increasing; today, more than
50 million people are living with dementia, and this number is
expected to triple by 2050 [1,2]. Timely diagnosis of Alzheimer
disease is a key objective, as interventions and novel
pharmacological treatment approaches shift to the disease’s
early stages [3,4]. It is the primary care physicians who often
have the closest contact with their patients and who serve as
the patient’s initial contact point when they seek clarification
for perceived changes in cognitive abilities. However,

conventional neuropsychological screening tests lack sensitivity
for early stages of Alzheimer disease [5]. The drawback of more
comprehensive cognitive test batteries is that these tests are
time-consuming and that they need to be administered by
specialized personnel, thus they are quite resource-intensive
[6]. This makes it challenging to integrate early diagnosis into
primary care and outpatient practices, impacting access,
especially in rural areas where the nearest memory clinic is
often more distant. Another disadvantage is the 1-time testing
in the setting of a medical practice, which has been shown to
be influenced by daily variations (eg, lack of sleep) [7] and even
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the stereotype threat effect [8], reducing reliability and validity
of the assessment.

A promising solution lies in digital cognitive assessments at
home, which can save time and resources. Furthermore, they
offer the possibility for repeated testing, reducing the impact
of daily variations and allowing for the assessment of symptom
progression over time. In recent years, several mobile apps for
cognitive testing for early Alzheimer symptoms have been
developed [9,10]. Among them is the neotivCare app (neotiv
GmbH), which has been developed based on current insights
into the functional anatomy of episodic memory [11-13]. The
cognitive tests have already been assessed for their psychometric
quality and feasibility in cognitively healthy older adults and
in a memory clinic sample [6,14,15]. For other unsupervised
mobile apps, feasibility and acceptance have been explored as
well [e.g. 16,17].

What is currently lacking and of particular importance is testing
the acceptance in the actual health care setting, for which this
and other apps have been developed. In this study, participating
physicians in outpatient care had the opportunity to prescribe
the neotivCare app to patients who consulted them for memory
problems. After the patients had used the app for a duration of
3 months, and once the physicians had received and analyzed
the test results, the physicians then evaluated the usefulness of
the app in the diagnostic process, and the patients provided their
feedback on their experience with the app-based testing.

The objective of this study was to evaluate the acceptance of
unsupervised app-based cognitive testing within the realm of
care from both the physicians’ and the patients’ perspective.
This study adheres to the Guidelines and Checklist for the
Reporting on Digital Health Implementations (iCHECK-DH)
[18].

Methods

Study Procedure and Questionnaires
The project took place in collaboration between the physicians’
network in a neighbourhood in the north-east of Germany
(Magdeburg-Schönebeck), a major statutory health insurance

in Germany (AOK Saxony-Anhalt), and neotiv GmbH. The
study was conducted to test improved diagnostic methods for
dementia care according to §140a “Special Care” of the German
Social Code Book V. The study was conducted between
September 2021 and December 2022 in Magdeburg-Schönebeck.
This period coincided with social distancing measures due to
the SARS-CoV-2 pandemic.

Participating practices were recruited from the members of the
physicians’ network Magdeburg-Schönebeck. Patients
consulting their physician for memory problems and who
fulfilled further inclusion criteria were informed about the
opportunity to test their cognition with the neotivCare app for
3 months. Inclusion criteria were self- or relative-reported
memory problems persisting for at least 6 months and perceived
as progressive, as well as owning a smartphone and being able
to use it. In addition, patients had to be insured with a specific
major statutory health insurance in Germany (AOK
Saxony-Anhalt). The exclusion criterion was a clear indication
of dementia, as it requires timely optimal care. After providing
informed consent, patients received an activation code to install
and use the app. The testing period spanned 12 weeks with
weekly assessments. An automated report was generated from
the test results and made available to the treating physician.

After the physician and patient had discussed the results, both
the physician and the patient received a short questionnaire, the
items are displayed in Table 1. The physician answered, for
each patient individually, (1) to what extent the test results from
the app had supported decision-making in the diagnostic process,
(2) how they assessed the dependability of the app information
for deciding on the further diagnostic process, and (3) how
certain they were, based on the app information, in having made
the correct decision about the subsequent process.

Patients completed a questionnaire providing sociodemographic
information (age, sex, and educational attainment). In addition,
they answered (1) to what extent they felt their cognitive abilities
were thoroughly assessed through the app-based assessment
and (2) to what extent they felt the assessments were too
time-consuming for them.
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Table . Description of the items answered by physicians and patients regarding app-based cognitive testing for early symptoms of Alzheimer disease
in this implementation study in outpatient care.

Response optionsItem

Physician questionnaire

How much did the app information provided
about the patient support your decision regarding
the further diagnostic process?

• Strongly
• Rather strongly
• Rather limited
• Not at all

How do you assess the dependability of the app
information provided for deciding on the further
diagnostic process?

• Dependable
• Rather dependable
• Rather undependable
• Undependable

How certain were you that, based on the app in-
formation provided about the patient, you made
the right decision for the further process?

• Certain
• Rather certain
• Rather uncertain
• Uncertain

Patient questionnaire

The regular memory assessments with the neotiv-
Care app were, in terms of timing, for me:

• Very burdensome
• Quite burdensome
• Minimally burdensome
• Not burdensome

Through the regular memory assessments with
the neotivCare app, I felt that I was thoroughly
examined.

• Fully applies
• Applies more
• Applies less
• Does not apply

Ethical Considerations
Before the commencement of the study, the study was first
ethically reviewed and approved by the ethical board of the
physicians’ network Netz Magdeburg Schönebeck (Network
Magdeburg Schönebeck), an association of resident physicians
that participated in this study. Ethics approval was granted (no
reference number) and a written statement confirming the
approval is available. However, this statement is dated after the
study's commencement, as the authors requested documentation
of the prior ethical review. The patients were thoroughly
informed about the study by their physician and through a
patient information sheet. They provided informed consent
through a participation declaration (Multimedia Appendix 1)
before receiving an activation code to install and access the
neotivCare app. The study reports results based on returned
questionnaires regarding app evaluation; all questionnaires were
anonymous. Linkage between the questionnaires, with medical
records or with the results from the neotivCare app, was not
possible. The participating physicians were compensated by the
collaborating health insurance for their additional efforts, such
as informing and enrolling patients in the study. The patients

did not receive any compensation for their participation in the
app-based cognitive testing. The results, figures, or supplements
reported in the manuscript do not allow any identification of
individual study participants.

Sample

Medical practices
A total of 19 physicians from 15 medical practices participated
in the study, including 2 (11%) specializing in internal medicine
and 2 (11%) in neurology, with the remaining participating
physicians being general practitioners (15/19, 79%). Physicians
provided anonymized questionnaire responses on their
acceptance of the app in the diagnostic process for 45 patients.

Patients
A total of 54 patients were included in the study. Of these, 45
individuals completed a questionnaire on sociodemographic
factors and app usage. Table 2 presents the descriptive statistics
for the study participants. The average age was 66 (SD 7.2, age
range 52-80) years, 56% (25/45) were female. The majority had
a moderate level of education (23/45, 51%).
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Table . Description of the sociodemographic characteristics of the patients who participated in app-based cognitive testing for early symptoms of
Alzheimer disease in this implementation study in outpatient care.

Value (N=45)Variable

66.4 (7.2)Age (years), mean (SD)

Sex, n (%)

25 (56)Female

Education, n (%)

11 (24)Low (<10 years of schooling)

23 (51)Medium (10‐11 years of schooling)

9 (20)High (≥12 years of schooling)

2 (4)Did not disclose

The neotivCare App
Cognitive testing using the neotivCare app was conducted
remotely, without supervision, and in a home setting. The
patients used their own mobile phone or tablet. The tests were
administered weekly over a period of 12 weeks. To remind
patients to participate in the weekly test, they received a push
notification when a test was available. If a patient did not start
the test, they were reminded up to 5 more times via push
notification (once a day for 5 days). To boost motivation for
regular participation, study teams were trained to inform patients
at enrollment that correct test execution and adherence to the
study schedule are essential for generating valid data about their
cognitive status.

A total of 3 different tasks were presented to assess episodic
memory function. Each task was presented 4 times, resulting

in the repetition of each specific task every 3 weeks. In the first
task, patients were asked to indicate whether an image was an
identical repetition or a modified version of a previous image
and tap on the location of change (Mnemonic discrimination
for objects and scenes, Figure 1A). In the second task,
participants had to memorize objects and their positions within
a room. Subsequently, they were shown an empty room with a
blue circle highlighting the previous position of one of the
objects and they had to select the correct object from a set of
options (Object-in-room recall, Figure 1B). In the third task,
patients were shown photographic images and asked to
determine whether they depicted indoor or outdoor scenes. After
60‐70 minutes, images were presented again, and patients had
to decide whether they were new or familiar (Complex scene
recognition, Figure 1C).
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Figure 1. Illustration of the tasks used in app-based cognitive testing for early symptoms of Alzheimer disease in this implementation study in outpatient
care (used with permission from neotiv GmbH).

Statistical Analysis
The processing and analysis of the data were outsourced as an
external contract and conducted by an independent research
group. The analysis of responses to the items was done
descriptively (relative frequencies).

Comparison With Previous Work
A literature search was conducted to identify studies on the
feasibility and acceptance of unsupervised digital cognitive
assessments in health care and to compare them with our
findings.

Results

Acceptance Among Outpatient Physicians
Figure 2 shows the distribution of responses from the
participating physicians. For the majority of patients, the

physicians indicated that the information from the app supported
their decision-making in the diagnostic process (strongly: 12/45,
27%; rather strongly: 14/45, 31%), with only a few cases where
the app was perceived by physicians as not supporting the
diagnostic process at all (4/45, 9%).

For a clear majority of patients, the physicians assessed the app
information as dependable for making decisions about the
further diagnostic process (dependable: 14/45, 31%; rather
dependable: 20/45, 44%), with only a few patients where the
app was considered somewhat (6/45, 13%) or not dependable
at all (2/45, 4%).

In the clear majority of cases, the treating physicians reported
feeling certain (23/45, 51%) or rather certain (15/45, 33%) in
having made the correct decision for the further diagnostic
process based on the app information. Only in a small number
of cases did the physicians indicate that they were somewhat
uncertain (4/45, 9%) or uncertain (1/45, 2%).
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Figure 2. Distribution of responses from the physicians concerning acceptance of app-based cognitive testing for early symptoms of Alzheimer disease
in this implementation study in outpatient care (data based on questionnaires from the 15 participating practices regarding 45 patients). N/A: not available.

Acceptance Among Patients
Figure 3 shows the distribution of responses from the
participating patients. Of the patients who had started
participating in the study, 72% (39/54) completed all weekly
tests over 12 weeks, indicating high adherence throughout the
study period.

When asked about the extent to which using the app was
time-consuming, a clear majority responded that they felt either

not at all (12/45, 27%) or only slightly (24/45, 53%)
time-burdened by using the app. Feeling quite or very burdened
was reported by 13% (6/45) and 2% (1/45) of the patients.

A large majority of patients stated that they felt thoroughly
examined through the app; 38% (17/45) agreed and another
38% (17/45) somewhat agreed. Slightly more than one-fifth
disagreed to some extent (8/45, 18%) or completely (1/45, 2%).

Figure 3. Distribution of responses from the patients concerning acceptance of app-based cognitive testing for early symptoms of Alzheimer disease
in this implementation study in outpatient care (data based on responses from 45 of the 54 included patients). N/A: not available.

Discussion

Principal Results
In this implementation study of unsupervised app-based
cognitive assessment in outpatient care, both physicians and
patients showed high levels of acceptance. The physicians
reported, for the majority of patients, that the app had supported
the diagnostic process. The majority of patients found the
repeated assessments to be only minimally burdensome and
reported feeling thoroughly assessed. Most patients participated
in all the weekly assessments over the 12-week testing period.

Comparison With Previous Work
Previous studies have reported high feasibility for unsupervised
digital cognitive assessments [9]. Several studies have
documented high consent rates during recruitment; however,
these were from ongoing studies, with the majority of
participants approached agreeing to additional digital cognitive
testing [19-21]. Adherence rates in previous studies were also
high, with most participants completing multiple assessments,
ranging from several days [22] to several months [23]).
Unsupervised digital cognitive assessments have been tested
both in the general population [14] and among older adults [6].
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What is currently lacking and urgently needed are studies that
test unsupervised digital cognitive assessments within the realm
of health care [24,25]. Particularly important in this context is
the question of acceptance by physicians and patients, as
physicians are responsible for prescribing, interpreting, and
acting on these assessments, while patients are required to
thoroughly complete the cognitive tests. To our knowledge,
there are no published results on this topic and this study is the
first to report on the acceptance of such assessments by
physicians and patients.

Physician and Patient Perspectives Regarding
App-Based Cognitive Assessment
Physicians in our study indicated that, for most patients, the app
supported them in making decisions about the diagnostic
process. Furthermore, they indicated that they perceived the
app information as dependable and that they felt more certain
in their decisions. These initial findings suggest that participating
physicians have shown acceptance toward the app for evaluating
cognitive performance and were using the results to inform their
next steps. This is promising, as acceptance from outpatient
care physicians is crucial for integrating such tools into routine
care and enhancing early testing for Alzheimer disease, as they
often serve as the first point of contact for individuals
experiencing memory problems.

The participating patients also gave largely positive feedback
on the app; a majority felt thoroughly tested, and only a few
considered the time commitment for the cognitive tests as too
burdensome. Furthermore, despite weekly cognitive testing and
the lengthy testing period of 12 weeks, a large majority of
patients participated in all tests, indicating high adherence.
Reasons for this likely included the generally high motivation
of patients in the context of assessing a potential Alzheimer
disease diagnosis. In addition, the study design and app
programming were aimed at enhancing adherence—study teams
were trained to inform patients at enrollment about the necessity
of correctly performing tests and adhering to the study plan to
generate valid data for the diagnostic report. Furthermore, the

app sent weekly push notifications (and reminders) when a new
test was available.

These initial results indicate a high level of acceptance and
adherence from the patients. This is an important finding for
the implementation of app-based cognitive assessment into
routine health care, given that it is ultimately the patients who
need to integrate the tests into their daily lives and perform them
without supervision over an extended time period.

Limitations
To ensure data protection, it was not possible to link the
physicians’ and patients’ questionnaires with each other, nor
was it possible to link them with results from the app or
additional patient data. The results presented here are solely
derived from the returned questionnaires, which were
anonymized and provided to participating physicians and
patients. The overall sample size was relatively small, and the
inclusion criteria of the study may have introduced a potential
selection bias in the recruitment process. For example, only
patients who owned and could use a smartphone or tablet were
included. However, currently, a majority of people aged 55-65
years already own a smartphone, and this number is expected
to rise in the future [26]. Furthermore, only patients insured
with a specific major public health insurance (AOK
Saxony-Anhalt) were eligible to participate. However, as the
largest statutory health insurance in Saxony-Anhalt, it covers
a cross-section of the population.

Conclusion
The high acceptance and adherence observed in our study is a
promising finding for the implementation of unsupervised digital
cognitive assessments within the realm of care. Integrating these
assessments into routine health care has the potential to enhance
early detection of Alzheimer disease, improve access to
diagnostics in rural areas, and reduce the burden on medical
practices. Future research should focus on larger-scale studies
to confirm the high acceptance rates and evaluate the benefits
of unsupervised digital cognitive assessments in health care
delivery and their impact on patient outcomes.
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Abstract

Background: Commercially run direct-to-consumer (DTC) telemedicine services are on the rise in countries such as Australia
and the United States. These include DTC services that are web-based, largely asynchronous, and offer targeted treatment pathways
for specific health issues (eg, weight loss or sexual function). It has been argued that DTC telemedicine improves access to health
care and promotes patient empowerment. Despite research examining quality and safety issues, little is known about users’ reasons
for accessing DTC telemedicine services or their perceptions of them.

Objective: In this study, we aimed to examine the perspectives of Australian users accessing DTC telemedicine services,
including the reasons for use, perceived benefits, and concerns, in addition to their usage and interaction with traditional general
practice services.

Methods: A web-based cross-sectional survey including questions on demographics, published and validated scales, and
author-developed closed- and open-response questions was administered via REDCap in 2023 to Australian adults accessing
DTC telemedicine services.

Results: Among the 151 respondents, most (136/151, 90.1%) had seen a general practitioner (GP) in the previous 12 months
and were somewhat or very satisfied (118/136, 86.8%) with the care, just over half found it easy to get an appointment with their
GP (76/151, 50.3%), and a quarter found it difficult (38/151, 25.2%). Among the 136 respondents who had seen a GP, more than
half either “never” (55/136, 40.4%) or “rarely” (23/136, 16.9%) discussed the information and treatment received from DTC
telemedicine service with their GP. The majority of respondents were using a DTC telemedicine service offering prescription
skin care (92/151, 60.9%), had received treatment in the previous 6 months (123/151, 81.5%), and had self-initiated care (128/151,
84.8%). The most frequently cited reasons for using DTC telemedicine were related to convenience (97/121, 80.2%) and flexibility
(71/121, 58.7%), while approximately a third of the sample selected that it was difficult to see traditional health care provider in
their preferred time frame (44/121, 36.4%) and that the use of DTC telemedicine allowed them to gain access to services otherwise
unavailable through traditional health care (39/121, 32.2%). Most participants felt “more in control” (106/128, 82.9%) and “in
charge” of their health concern (102/130, 78.5%) when using DTC telemedicine services, in addition to having “more correct
knowledge” (92/128, 71.9%) and “feeling better informed as a patient” (94/131, 71.8%). “Costs of services” (40/115, 34.8%)
and “privacy” (31/115, 27%) were the most frequently reported concerns with using digital health care technologies such as DTC
telemedicine.

Conclusions: We report that most users perceive DTC telemedicine services as offering ease of access and convenience, and
that their use contributes to a greater sense of empowerment over their health. Concerns were related to data privacy and the costs
of utilizing the services. Responses suggest that DTC telemedicine may be tapping into a previously unmet need, rather than
complementing traditional health care provided by a GP.

(JMIR Form Res 2025;9:e68619)   doi:10.2196/68619
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Introduction

Telemedicine services involve the provision of health care,
including the assessment of conditions and the delivery of
treatments, through telephone and other digital channels [1,2].
In the past decade, direct-to-consumer (DTC) telemedicine
services provided by private companies have become
increasingly commonplace; prominent early examples include
Teladoc, which had 6 million members in the United States by
2013 [3], and now operates in 16 countries including Australia
[4]. Consumers using DTC services are able to initiate access
to care through the internet, without referral, and often with no
prior relationship with the consulting clinician, an approach
also sometimes labeled as “commercial virtual visits” [5,6]. As
a business model, users are either charged directly, or visits are
paid for by contracts between the DTC telemedicine service
and health care insurers [7].

The benefits of DTC telemedicine services include convenience
and efficiency [8,9]. Patients have reported relatively high levels
of satisfaction in using these services [10] and, particularly in
the United States, these services have been suggested to increase
access to health care for those who do not have insurance
coverage [3,5]. By providing consumers with ready access to
information, advice, diagnoses, and treatments, DTC
telemedicine arguably contributes to patient empowerment
through greater knowledge or a sense of control over their health
[11,12]. However, issues have been raised about the lack of
integration with traditional health care services [3,8] and
concerns about the quality of care provided. For example,
Schoenfeld et al [5] conducted an audit of 8 of the most widely
used DTC companies in the United States, finding that complete
history-taking occurred only in about 70% of visits and that
wrong or no diagnosis was provided in almost a quarter, with
considerable variability identified between conditions (eg,
urinary tract infection or low back pain) and companies. The
appropriate use of antibiotics for pediatric patients was also
found to be lower in DTC telemedicine service, compared with
urgent care and primary care providers [13]. However, other
recent studies have suggested comparable quality and safety to
traditional services in the rate of side effects from medication
to treat erectile dysfunction [14] and in the management of
respiratory infections [15].

In Australia, the prevalence of DTC telemedicine services has
grown rapidly since the COVID-19 pandemic [16]. This includes
a new model of DTC telemedicine service, one that is largely
asynchronous, may be paid for by consumers on a subscription
basis, and is organized around providing medication or
treatments for a particular condition or type of issue (eg, men’s
health, sexual and reproductive health, skin conditions, and
weight loss) [8,9,16]. In 2023, Foo and colleagues [16] identified
more than 20 DTC telemedicine services in Australia that offer
these “targeted treatment pathways for a specific issue or
condition,” including Moshy [17], which markets skin care and
weight loss services to women, and Pilot [18], which provides
a range of men-focused treatments for conditions including
weight loss, hair and skin issues, and sexual health issues. As
the delivery of health care via DTC telemedicine platforms
frequently emphasizes discrete medical conditions, it precludes

the development of sustained therapeutic relationships between
clinicians and patients. This modality stands in marked contrast
to conventional primary care practice, wherein the longitudinal
physician-patient relationship and continuity of care constitute
fundamental pillars of clinical excellence. Traditional primary
care practitioners employ a holistic approach to patient
management, rather than compartmentalizing health concerns
into isolated conditions—a paradigm that enables comprehensive
health oversight and integrated care delivery.

Despite the rise of DTC telemedicine services in Australia, and
in countries such as the United States, the viewpoints of
consumers have been underexamined [16,19], and this is
particularly true for new models of DTC telemedicine that offer
targeted treatment pathways for specific health issues. A recently
published scoping review identified a clear gap in understanding
user perspectives, including the reasons patients may choose to
use these services [20]; little is known about the benefits they
perceive, and any reservations they have in accessing this type
of service [8]. This study aimed to examine the perspectives of
consumers accessing DTC telemedicine for specific issues,
including interactions with traditional health care services, the
types of DTC telemedicine services used and reasons for using,
and perceived benefits and concerns.

Methods

A web-based cross-sectional survey that included questions on
demographics, published and validated scales, and
author-developed closed- and open-response questions was
administered to Australian adults accessing DTC telemedicine
services.

Participants and Recruitment
Convenience sampling of users of DTC telemedicine services
was used. Participants were recruited through an Australian
digital health care company offering multiple DTC telemedicine
services organized around targeted treatment pathways for
specific conditions [16]. The company is a leading provider of
DTC telemedicine services in Australia, with recent expansion
internationally. At the time of data collection, the 5 different
services it ran broadly dealt with the following areas: (1)
Women’s health care focusing largely on weight management
and menopause, (2) Men’s health care, (3) Skin care, (4)
Women’s fertility, and (5) Sexual well-being. The company
moderates closed Facebook groups for users of these different
services to interact with one another, share their journeys, and
ask questions (medical advice is not permitted in the Facebook
groups). An advertisement to take part in the survey was posted
on the company’s closed Facebook communities in November
2023 seeking the perspectives of Australian adults on their use
of DTC services.

Materials
The web-based survey was conducted via REDCap hosted by
Macquarie University. The survey included questions on
traditional health care utilization, followed by a series of closed-
and open-response questions about their use of DTC services,
including reasons for using and their perceived benefits and
concerns (see Multimedia Appendix 1). Finally, the survey
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asked for demographic information. All questions were optional
to complete.

To assess reasons for using DTC telemedicine services,
respondents were asked a series of closed-response questions
about experiences with traditional health care services, including
whether they had seen a general practitioner (GP) over the
preceding 12 months, reasons for accessing traditional health
care, satisfaction with this care, and ease of getting an
appointment. They were also asked about how they had come
to initiate the use of the DTC telemedicine service (ie,
recommended by a health care provider, recommended by a
family member or friend, or self-initiated) and their main
reason(s) for using the service from a list of possible reasons
derived from a literature review [3,5-9,16], which included, for
example, challenges with accessing traditional health care and
convenience.

To assess the perceived benefits of DTC services, we adapted
the empowering outcomes scales from van Uden-Kraan et al
[12] All 4 items from “being better informed” were used (eg,
“I feel better informed as a patient”). From their “increased
optimism and control” subscale, 5 of the 8 original items were
used (eg, “I feel more in charge of the course of my health
concern/s”). Minor modifications were made to wording, such
as changing “illness” to “health concern/s.” Items for these
subscales are answered on a 5-point Likert (1=completely
disagree to 5=completely agree). To assess concerns about using
digital health care technologies, participants were asked to select
as many as apply from a range of options, derived from the
literature [3,5-9,16], including safety and quality and the lack
of regulation. Participants were also asked 2 open response
questions, one about what they liked about using the DTC
telemedicine service (ie, benefits), and one about their concerns
with using digital health care technologies.

Analysis
Closed-ended data were analyzed using descriptive statistics in
IBM SPSS Statistics (version 29; IBM Corp.) to summarize
patterns in experiences with traditional health care services,
DTC telemedicine services accessed, reasons for using,
perceived benefits, and concerns with using digital health care
technologies. For location, postcode data were mapped to the
Australian Statistical Geography Standard and classified as
major city, regional area, or remote area. For the 2 open response

questions, inductive content analysis [21] was conducted by
KC in Microsoft Excel. This involved initial open coding to
write short summaries (codes) of meaning units within each
response; this was followed by identifying recurrent meaning
units across responses to identify categories. Multiple categories
could be present in the response for a single participant and
were summarized by frequency and with example extracts.

Ethical Considerations
The study received ethics approval from the Macquarie
University Faculty of Medicine, Health and Human Sciences
Low-Risk Ethics Subcommittee (No. 520221256844148). All
participants opted in to participate and provided voluntary
informed consent prior to completing the survey. The survey
was designed to be anonymous, with no identifiable data
collected. Those who took part in the survey had the option of
going into the draw to win a $250 gift card.

Results

Responses were received from 204 people; Table 1 summarizes
the characteristics of the participants. A total of 151 (74.0%) of
these responses included sufficient information for inclusion in
the analysis; 113 respondents completed the demographic
information. Approximately two-thirds of those responding to
demographic questions (75/113, 66.4%) were female, most were
between the ages of 30‐39 years (30/113, 26.8%) or 40‐49
years (32/113, 28.6%) and most were employed in full-time
paid work (62/113, 55.4%).

Most participants rated their health as “good” (36/115, 31.3%)
or “very good” (38/115, 33.0%). Approximately half (58/115,
50.4%) reported having at least one chronic condition, such as
a mental or behavioral health condition, back problems, or
asthma.

The DTC telemedicine services most frequently used were those
for prescription skincare (92/151, 60.9%) and the men’s health
care service (50/151, 33.1%); the women’s health care (4/151,
2.6%), fertility (6/151, 4%), and sexual well-being services
(4/151, 2.6%) were each used by only a small number of
participants. Some participants (13/151, 8.6%) reported
accessing multiple services. Most respondents (123/151, 81.5%)
had been prescribed treatment within the previous 6 months.
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Table . Demographic characteristics of direct-to-consumer telemedicine users responding to the survey.

N (%)aCharacteristics

Sex

75 (66.4)    Female

38 (33.6)    Male

Age, years

22 (19.6)    18‐29

30 (26.8)    30‐39

32 (28.6)    40‐49

13 (11.6)    50‐59

15 (13.4)>60

Highest level of education

21 (18.3)    Postgraduate degree

18 (15.7)    Graduate diploma/certificate

26 (22.6)    Bachelor degree

27 (23.5)    Certificate level

21 (18.3)    Secondary School (year 12 or less)

2 (1.3)    Other

Employment status

62 (55.4)    Full-time paid work

34 (30.4)    Part-time paid work

6 (5.4)    Unemployed

4 (3.6)    Retired

6 (5.4)    Other

Location

71 (64.5)    Major city

35 (31.8)    Regional area

4 (3.6)    Remote area

aValid percentage used. Note. Responses may not equal 151 owing to missing data.

Experience With Traditional Health Care Services
Most participants (136/151, 90.1%) had seen a GP in the
previous 12 months. Of the 15 respondents who had not, most
(11/15, 73.3%) had not needed to; only 2 indicated it was too
difficult to get an appointment, and 1 suggested it was too
expensive. The most common reasons for seeing a GP were to
get a prescription (67/136, 49.3%), management of an ongoing
condition (64/136, 47.1%), a general or preventive health
check-up (49/136, 35.0%), and for information/treatment of a
new condition (46/136, 33.8%). A large majority of participants
(118/136, 86.8%) were somewhat or very satisfied with the
quality of care they received from their GP in the preceding 12
months. Approximately half found it easy or very easy to get
an appointment with their GP (76/151, 50.3%), while a quarter
found it difficult or very difficult (38/151, 25.2%), and the rest
were neutral in their response. A majority of respondents either
“never” (55/136, 40.4%) or “rarely” (23/136, 16.9%) discussed
the information, advice, support, or treatment they received

from the DTC telemedicine service with their GP; of the 136
respondents, 20 (14.7%) “sometimes” did and 22 (16.2%) either
“often” or “always” talked to their GP.

Reasons for Using DTC Telemedicine Services
Over four-fifths of respondents (128/151, 84.8%) indicated that
they had self-initiated use of the DTC telemedicine service,
while 16 of 151 (10.6%) reported that they had received a
recommendation from a friend or family member; only 2 of 151
(1.3%) responded that their health care provider had
recommended using the service. Reasons for accessing DTC
telemedicine services are displayed in Table 2. The most
frequently cited reasons were “convenience in accessing
information, support, and treatment at a time and place of my
choosing” (97/121, 80.2%), “the flexibility and choice available
online” (71/121, 58.7%), and “difficulty in seeing a traditional
health care provider in the timeframe I would like (eg,
appointments booked out weeks in advance or times not suitable
for me)” (44/121, 36.4%). Thirty-nine participants among 121
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(32.2%) selected one of their main reasons as “gaining access
to services or medications not available to me through traditional

healthcare services.”

Table . Frequency of reported reasons for accessing direct-to-consumer (DTC) telemedicine services among users responding to the survey.

Number of respondentsReasons for accessing DTC telemedicine services

97Convenience in access at a time and place of my choosing

71Flexibility and choice available online

44Difficulty accessing traditional health care provider in the timeframe I
would like

39Gaining access to services/medications not available to me through tradi-
tional health care services

39Costs associated with accessing traditional health care services (e.g., not
eligible for Medicare, out-of-pocket fees)

31Preference for accessing health care remotely at this time

16Check whether my symptoms require attention by a traditional health care
provider

10Better understand the advice or treatment recommended by my traditional
health care provider

10Seeking a second opinion/verifying my traditional health care provider's
advice

6Other

Perceived Benefits of Using DTC Telemedicine Services
Figure 1 displays the frequency of participants’ responses to
items on “being better informed” and having “increased
optimism and control” from using the DTC telemedicine service.
Most participants agreed that the information, advice, and
support they received from the service had made them feel more
in control over what was happening to them (106/128, 82.9%)
and feel more in charge of the course of their health concern/s
(102/130, 78.5%). Most disagreed that the use of the DTC

telemedicine service had led them to feel less in control over
what was happening to them (98/128, 76.6%). The majority of
respondents agreed that they had more correct knowledge at
their disposal to manage their health concern/s (92/128, 71.9%)
and felt better informed as a patient (94/131, 71.8%).

Seventy-four participants (74/151; 49%) provided an open
response for what they liked about using the DTC telemedicine
service(s). Eight categories of benefits were identified (Table
3), with “ease and convenience” (n=46) being the most
frequently cited.
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Figure 1. Perceptions of the impact of DTC telemedicine service use on feeling informed and having more control over health concern among users
responding to the survey. * Item is negatively worded.

Table . Categories of benefits of DTC telemedicine services identified from open response of users responding to the survey.

Exemplar quote(s)CountCategory

“Ease of use, convenience” (ID132) “Convenient
access at a time of my choosing” (ID188)

46Ease and convenience

“Quality professional advice” (ID86) “Great
communication from the staff (doctors)” (ID206)

12Quality of service

“it means I don’t need to wait for an appointment
to see my Dr” (ID119) “Ease of accessing treat-
ments and to have it delivered with minimal
downtime of face to face appointments” (ID81)

11Efficiency

“It can be done from home and I am able to type
messages in order to be better understood hope-
fully.” (ID145)

9Benefits of the interface/platform

“Some face-to-face appointments can be daunting
either because of the cost associated or the topic
of conversation itself. I like that it’s affordable,
easily accessible and discreet” (ID110)

8Privacy

“It’s expensive and time consuming seeing a
doctor face-to-face. (Service) works, and with
little effort” (ID146)

6Cost savings

“It is a reliable way to get custom skin care with
medical grade actives to help with acne control.”
(ID197)

4Enabling access to medication/treatment

“My ability to manage my needs myself to a de-
gree.” (ID148)

3Greater control over health

Concerns With Using Digital Health Care Technologies
Table 4 shows the frequency of participants’ concerns with
using digital health care technologies. The most frequently

selected concern was “the costs associated with some of these
services” (40/115, 34.8%), followed by “concerns over privacy
and what the information I provide will be used for” (31/115,
27%).
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Thirty-four respondents (34/151, 22.5%) provided open response
answers for their concerns about using digital health care
technologies, which were coded into 6 categories. The most

frequent category of concern was related to “privacy and data
security” (n=13). Table 5 summarizes the categories of concerns
with using digital health care technologies.

Table . Frequency of reported concerns with using digital health care technologies among direct-to-consumer telemedicine users responding to the
survey.

Number of respondentsConcerns with using digital health care technologies among DTC
telemedicine users

40Costs associated with services

31Concerns over privacy and what the information I provide will be used
for

27Lack of knowledge of services

26Lack of integration

25Concerns about safety, quality, or accuracy of the advice and services

17Lack of regulation

6Other

Table . Categories of concerns with using digital health care technologies identified from open response of direct-to-consumer telemedicine users
responding to the survey.

Exemplar quote(s)CountCategory

“Concerned about my data leaking (because I
am getting treatment for Erectile Dysfunction)”
(ID178) “Data being collected and sold” (ID38)

13Privacy and data security

“Them not being able to physically assess me”
(ID71)

6Lack of face-to-face interaction

“More so the costing as it can get expensive”
(ID46)

6Expensive

“If I had a problem with treatment I would be
best to see my GP about it” (ID36)

3Need to share with GP

“Might be a scam” (ID164)3Lack of regulation

“Authenticity of the providers and the informa-
tion given” (ID181)

2Quality issues

For example, difficulty accessing medication,
digital literacy.

5Other

Discussion

Principal Results
This study of Australian users of new DTC telemedicine
services, organized around specific health issues (eg, weight
loss and skin concerns), demonstrated that users largely seek
out these services of their own volition for reasons of
convenience and flexibility. As a result of using these services,
most users feel they are better informed and have greater control
over their health concerns; they perceive further benefits in the
ease of use and, to a lesser extent, the quality of the services.
Users were less likely to indicate concerns with using digital
health care technologies and, where they did, these mostly
related to personal factors such as the costs of services or
reservations about the privacy of personal health information.

Comparison With Prior Work
Commentaries and empirical research have previously indicated
that the use of DTC telemedicine services may support access

to health care [3,10]. However, results from the present study
do not indicate difficulty in accessing health care is a great
driver of use, with most of the sample participants having seen
a GP in the past year, reporting satisfaction with the service,
and the ability to get an appointment. Prior research largely
comes from the United States, which has a more pluralistic
health care system with greater inequity in access than Australia.
Moreover, these studies have predominately focused on DTC
services providing synchronous “virtual visits” for urgent, but
not life-threatening, conditions [3,5,10], rather than the new
forms of DTC that offer “lifestyle medications” for the
management of often ongoing health issues (eg, weight
management, acne, and erectile dysfunction) [8,16]. For the
latter service type, our results indicate that the benefit may be
less in accessing health care than in accessing specific treatments
that are otherwise inconvenient, difficult, or impossible to access
through one’s traditional health care provider, even despite the
increased adoption of telehealth in Australian general practice
since the COVID-19 pandemic [22].
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Very few respondents indicated that they used DTC telemedicine
to complement traditional health care (such as getting second
opinions or checking symptoms). This suggests DTC
telemedicine may be tapping into previously unmet health care
needs, rather than simply replacing conventional GP visits. Most
respondents also rarely if ever discussed using these services
with their GP, further implying the provision of care for their
specific health condition remained separate to their use of
traditional health care services. What is apparent, though, is
that use of these services contributed to a sense of empowerment
among participants, who indicated feeling better informed and
able to manage their health condition, a finding also identified
by Kyweluk [23] in a study of users of DTC ovarian reserve
testing services.

Compared with these benefits, participants in this sample far
less frequently highlighted concerns with using digital health
care technologies, such as DTC telemedicine services. The most
common apprehensions were related to personal issues of
privacy and cost; few respondents indicated feeling concerned
about more systemic factors such as lack of regulation,
integration, and quality and safety, despite these being frequently
raised in the literature [3,8,9]. The perception of these services
as costly may be more pertinent to Australian consumers, many
of whom have historically been able to visit a GP without
incurring out-of-pocket costs [24], and then access heavily

subsidized medicines through the Pharmaceutical Benefits
Scheme [25].

Strengths and Limitations
The use of existing subscales on patient empowerment [12],
and the triangulation of qualitative and quantitative data analysis,
are strengths of the study. Limitations include potential
self-selection bias in responses to the survey. Data were missing
for some demographic characteristics and other variables due
to attrition and the fact that all responses were optional; we lack
information as to the profile of users of these DTC telemedicine
services for specific health conditions to understand how
representative the sample may have been.

Conclusions
This study provides insights into perspectives of patients who
use DTC telemedicine services for specific health concerns,
which is an emergent area of the health care system and one
with limited research to date. Through a survey of users, benefits
of these services were identified, including ease of access,
convenience, and providing a sense of empowerment. Some
concerns were identified related to data privacy and the costs
of utilizing the services. Further research is needed to understand
how the use of DTC telemedicine fits into the existing landscape
of primary health care and the degree to which the use of these
services provides a complement, supplement, or alternative to
traditional general practice.
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Abstract

Background: The efficacy of cancer prehabilitation programs is supported by international reviews and meta-analyses. Technology
has been deployed in cancer prehabilitation to address challenges such as access or limited resources. This study evaluated the
feasibility, user acceptance, safety, and program outcomes of a newly developed mobile app for cancer prehabilitation. The app
integrates with Singapore’s existing health care mobile app, Health Buddy, and provides instructional videos for prescribed
exercises.

Objective: The objectives of this study were to investigate the feasibility, user experience, safety, and outcomes of a mobile
app for cancer prehabilitation within a hospital-associated, home-based, multimodal cancer prehabilitation program.

Methods: This retrospective study analyzed the records of patients enrolled in the cancer prehabilitation program from September
1, 2022, to March 30, 2023. Patients who participated in the prehabilitation program (n=63) were categorized into 2 groups: those
prescribed the app (n=41) and those who were not (n=22). There was further subgroup analysis of those who were prescribed:
app users (n=25) versus those who were non-app users (n=16). Demographics, Fried Frailty Phenotype, prehabilitation duration,
app use, and functional outcome measures (6-minute walk test [6MWT], 30-second sit-to-stand test [STS], timed up and go test
[TUG], and Hospital Anxiety and Depression Scale [HADS]) were collected. Compliance was determined by the completion of
prescribed exercises and the accuracy of executing these exercises, with a high compliance rate considered to be at 80% or more.
Baseline characteristics and preoperative outcomes were compared between the groups. User satisfaction was assessed through
surveys among app users (n=25).

Results: Among 63 patients, 41 (65.1%) patients were prescribed the app, of which 22 (34.9%) patients were users. No significant
differences in preoperative functional improvements were observed between app users and nonusers (6MWT: P=.60; STS: P=.81;
TUG: P=.53; HADS: P=.36), or between those prescribed and not prescribed the app (6MWT: P=.94; STS: P=.26; TUG: P=.39;
HADS: P=.62). However, high compliance rates (80%) were observed among app users. Patient satisfaction with the app was
high (>90%), with positive feedback on ease of use and technical reliability. Baseline measures revealed significantly lower
functional scores and higher mean frailty scores in the nonprescribed group.

Conclusions: This preliminary study demonstrates the acceptability, feasibility, and safety of Singapore’s first smartphone app
for exercise prescription in cancer prehabilitation. Lower baseline functional outcome measures and a higher mean frailty score
in the unprescribed group have implications for the selection process and patient participation. Further studies should include
strategies to enhance patients’ readiness for technology, sustainability, and effectiveness in older patients.

(JMIR Form Res 2025;9:e64427)   doi:10.2196/64427

KEYWORDS

cancer prehabilitation; mobile app; technology; feasibility; acceptance; cancer; prehabilitation; mHealth; exercise; application;
app; mobile application; reliability; smartphone app; sustainability; effectiveness; older patients; older adults; elderly

Introduction

Cancer prehabilitation is defined as a set of interventions
delivered within the cancer care continuum, occurring during
the period between diagnosis and the initiation of definitive
treatment [1]. It encompasses baseline assessments of physical

function, nutritional status, and psychological well-being.
Prehabilitation also involves the identification of potential
impairments and the implementation of targeted interventions
aimed at optimizing health, thereby reducing the risk and
severity of future treatment-related complications. The efficacy
of cancer prehabilitation programs is supported by findings
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from several international reviews and meta-analyses [2-4].
However, ensuring equitable access to prehabilitation services
remains a challenge, particularly in settings with limited health
care resources or geographical barriers to care [5]. In another
study, the preferred method for exercise program delivery was
home-based, with 1 supervised session per week [6].
Technology-enabled prehabilitation programs may be able to
support home-based programs, which is important to improve
adherence and maximize program effectiveness within a short
prehabilitation window [5].

A systematic review of cancer prehabilitation programs
delivered through technological enablers found the studies to
be feasible. While the effectiveness of these programs varied
based on the intervention design and the specific technologies
used, many studies reported improvements in physical function,
activity levels, and overall patient satisfaction. It was
recommended that future efforts focus on implementing
multimodal programs and using intervention-specific outcome
measures to enhance the overall effectiveness of cancer
prehabilitation [7].

Our institution has established a hospital-associated, home-based
prehabilitation program targeting patients with newly diagnosed
gastrointestinal and urological cancers awaiting surgery [8,9].
This multimodal program incorporates medical optimization
strategies, individualized exercise prescriptions, and nutritional
and mental health interventions. This program was facilitated
by a small core team consisting of a coordinator who collects
the outcome measures and a physiatrist who sees the patients
on the same day as the surgeon visits, providing a 1-stop service.
The compliance of the patients to the home exercise program
was tracked by phone calls made by the coordinator on a weekly
to fortnightly basis. The program has demonstrated significant
improvements in functional capacity, as evidenced by metrics
such as the 6-minute walk test (6MWT), 30-second sit-to-stand
test (STS), and timed up and go test (TUG). There were
significant improvements in the Hospital Anxiety and
Depression Scale (HADS) as well.

In November 2021, the program integrated a cancer
prehabilitation exercise diary into our existing network’s widely
used regional health care mobile app, Health Buddy (Singapore
Health Services [Singhealth]) [10]. The Health Buddy app
allows the user to manage appointments, make payments, and
have access to health tools and education.

Despite the wide range of digital health apps [11], no cancer
prehabilitation apps are currently available in Singapore. This
study aims to evaluate the feasibility, user acceptance, safety,
and program outcomes associated with using this mobile app
within our multimodal cancer prehabilitation program.

Methods

The Cancer Prehabilitation Exercise Diary
The cancer prehabilitation exercise diary incorporates a library
of instructional videos demonstrating commonly prescribed
exercises. These exercises are selected by a physiatrist and are
customized for individual patients to ensure patient safety and
efficacy. Patients can use the videos for guidance during their
daily exercise routines. Additionally, the diary features
functionalities such as customized exercise reminders, exercise
logs for tracking progress, and an achievement summary to
motivate program adherence (Figure 1). Some patients are
sedentary and older patients may not be exercising regularly or
making the right movements. The intention of having this
exercise diary was to facilitate patients in their exercises as they
would be able to view the exercises and follow along. The
intention was that it would be easier to follow than figures on
paper and it may encourage increased participation. Patients
who decline the app will be provided with paper exercise
prescriptions whereas those who accepted the exercise
prescription on the exercise diary will follow the videos for
strengthening exercises in addition to aerobic exercise
prescriptions. Both groups of patients were prescribed both
aerobic and strengthening exercises.

JMIR Form Res 2025 | vol. 9 | e64427 | p.3794https://formative.jmir.org/2025/1/e64427
(page number not for citation purposes)

Zhang et alJMIR FORMATIVE RESEARCH

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


Figure 1. Health Buddy app exercise diary.

Aims and Hypothesis
This study aimed to evaluate the feasibility, user acceptance,
safety, and program outcomes associated with using the cancer
prehabilitation exercise diary within our multimodal cancer
prehabilitation program. The hypothesis was that it is feasible
and safe, and having the app will facilitate greater compliance
and accuracy of the exercises. Patient satisfaction with the app
would be sought. The physical and mental health improvements
should be no worse off than the conventional group.

Study Design
We examined the records of patients who participated in the
cancer prehabilitation program from September 1, 2022, to
March 30, 2023. The cancer diagnostic groups included
colorectal, hepatobiliary, upper gastrointestinal, and urological
cancers planned for surgery at our hospital. They were referred
by the surgeons at the point of diagnosis to the prehabilitation
coordinator.

The inclusion criteria were cancer patients older than 18 years
who attended the surgical clinics and were listed for surgery
and who were enrolled in the cancer prehabilitation program.
Consecutive patients who were enrolled were studied. Patients
who declined surgical intervention were excluded from the
study. Outcome measures at baseline and the preoperative period
were routinely collected, as well as the patient satisfaction
surveys for audit purposes.

Participants who received exercise interventions through the
cancer prehabilitation exercise diary were categorized into 2
primary groups: those who were prescribed the app and those
who were not. Among those prescribed the app, a further
subdivision was made into app users and nonusers. The
categorization into app prescribed or not prescribed was not

decided a priori but based on the physician’s behavior. The
categorization of the app used or nonused was also a result of
the patient’s autonomous decision. As this is a retrospective
study, the participants were nonrandomized. Patients prescribed
exercises via the app were invited to complete a patient
satisfaction survey upon program completion.

Demographics
Demographic data, including age, gender, and disease diagnosis,
were obtained from patient medical records. Additionally,
medical charts were reviewed for data pertaining to the Fried
Frailty Phenotype [12] as well as the duration of the
prehabilitation program. Information regarding if the patients
were prescribed the app, and the reason if not, as well as the
actual use of the app were collected.

The Fried Frailty Phenotype [13] assesses physical frailty
through 5 criteria: unintentional weight loss; weakness or poor
handgrip strength; self-reported exhaustion; slow walking speed;
and low physical activity. Patients would be considered frail if
they met the score criteria of at least 2 items, prefrail if they
met 1 criteria, and nonfrail if they met none. The duration of
prehabilitation is the number of days from enrollment to the
preoperative visit (typically held on the day before the surgery).

Baseline and Preoperative Outcome Measures,
Compliance, and Adverse Events
Baseline and preoperative outcome measures were collected at
the program’s initiation and completion (preoperative visit),
respectively. Physical function was assessed using the 6MWT,
STS, and TUG. Mental health outcomes were evaluated using
the HADS.

Compliance data were also captured, with full compliance
defined as completing all prescribed exercises and demonstrating
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them correctly at the preoperative visit. Partial compliance was
defined as having some inaccuracy in exercise performance or
not completing the entire set. Although there is no universal
agreed-upon threshold, we considered a compliance rate of 80%
to be high. Reasons for not prescribing the app or for nonuse
of the app were extracted from electronic medical records.

For patients who used the app, a patient satisfaction survey was
administered upon program completion. Questions pertaining
to the awareness of the Health Buddy app and the use of the
smartphone for features within Health Buddy were asked.

Statistical Analysis
Categorical variables were presented as proportions or
percentages, while continuous variables were described using
means and SDs or medians and IQRs. A linear mixed-effects
model for repeated measures was used to assess differences in
outcome measures between groups (prescribed app vs
nonprescribed app and app users vs nonusers). Two-tailed
statistical tests with a significance level (α) of 0.05 were used.
All statistical analyses were performed using Stata 16 (StataCorp
LP) software.

Ethical Considerations
This study was reviewed and approved by our institutional
review board (2021/2751). As all patient information in the
dataset was obtained from retrospective records and deidentified,
informed consent was waived and allowed for secondary
analysis without additional consent. No financial compensation
was offered to participants of this study.

Results

Demographics and Baseline Outcome Measures
Between September 1, 2022, and March 30, 2023, a total of 66
patients were enrolled in the cancer prehabilitation program. A

total of 3 patients dropped out from surgery, leaving 63 patients
to be included in the study (Table 1). Of these, 41 (65.1%)
patients were prescribed exercise interventions through the
cancer prehabilitation app. The remaining 22 patients (34.9%)
were not prescribed the app for various reasons, including lack
of a smartphone or data plan (n=5), undocumented physician
rationale (n=9), patient refusal due to a preference for
established methods (n=6), short duration to the operation (n=1),
and hearing impairment (n=1). Details regarding the distribution
of these reasons are provided in Table S1 in Multimedia
Appendix 1.

The majority of participants were of Chinese ethnicity, reflecting
the demographics of Singapore. No statistically significant
differences were observed in age or gender distribution between
the 2 groups (app-prescribed vs nonprescribed). Baseline
physical function assessments revealed significantly lower
scores in the nonprescribed group on the 6MWT, STS, and TUG
(Table 1). The nonprescribed group also demonstrated a higher
baseline depression score on the HADS. Patients who were not
prescribed the app exhibited significantly weaker hand grip
strength, slower gait speed, and a higher mean frailty score.

Among the 41 patients prescribed exercises via the cancer
prehabilitation app, 25 (58.1%) were identified as users, while
16 (41.9%) were nonusers. Baseline outcome measures did not
reveal significant differences between these groups (Table 2).

Patients were categorized under “undefined” compliance, as
there were no data available for collection in view of patients
not being contactable/no-show for appointments. Patients who
had their operation canceled were not included in the analysis
(reasons for cancellation of operation: medically unfit due to
new medical condition [n=2], transferred to another hospital
for a second opinion [n=1]).
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Table . Baseline characteristics of app-prescribed patients versus nonprescribed patients in outpatient cohort.

P valueOutpatient (app prescribed)

Yes (n=41, 65.1%)No (n=22, 34.9%)

.27Sex, n (%)

12.0 (29.3)10.0 (45.5)Female

29.0 (70.7)12.0 (54.5)Male

.62Race, n (%)

35.0 (85.4)19.0 (86.4)Chinese

2.0 (4.9)2.0 (9.1)Malay

3.0 (7.3)0.0 (0.0)Indian

1.0 (2.4)1.0 (4.5)Others

Age (years)

.1168.2 (8.9)72.1 (8.8)Mean (SD)

.59Cancer diagnostic groups

13.0 (31.7)7.0 (31.8)Colorectal cancer

21.0 (51.2)9.0 (40.9)Hepatobiliary cancer

3.0 (7.3)4.0 (18.2)Upper gastrointestinal cancer

4.0 (9.8)2.0 (9.1)Urological cancer

Duration of prehabilitation

.8420.3 (9.3)20.8 (8.9)Mean (SD)

Baseline

    Frailty score

0.002a1.3 (1.2)2.3 (1.5)Mean (SD)

0.003a1.0 (0.0-2.0)2.0 (1.0-3.0)Median (IQR)

    6MWTb

0.002a348.0 (88.3)267.6 (89.7)Mean (SD)

    30-second sit-to-stand test

.0610.7 (3.9)8.5 (3.7)Mean (SD)

    Time up and go

0.003a10.5 (3.9)16.3 (10.5)Mean (SD)

    Anxiety

.712.3 (2.3)2.1 (2.0)Mean (SD)

    Depression

.081.2 (1.8)2.5 (4.2)Mean (SD)

    EQ-5Dc

.6670.2 (20.4)68.0 (14.9)Mean (SD)

    Anxiety and depression base

.313.5 (3.5)4.6 (4.9)Mean (SD)

    Maximal hand grip strength (kg)

0.001a27.1 (6.9)20.3 (11.8)Mean (SD)

0.002a    Gait speed less than 0.67 m/s, n (%)

38.0 (92.7)13.0 (59.1)No
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P valueOutpatient (app prescribed)

Yes (n=41, 65.1%)No (n=22, 34.9%)

3.0 (7.3)9.0 (40.9)Yes

>.99    Reduced physical activity, n (%)

27.0 (65.9)15.0 (68.2)No

14.0 (34.2)7.0 (31.8)Yes

.36    Exhaustion, n (%)

33.0 (80.5)15.0 (68.2)No

8.0 (19.5)7.0 (31.8)Yes

.05    Unintentional weight loss, n (%)

31.0 (75.6)11.0 (50.0)No

10.0 (24.4)11.0 (50.0)Yes

    Compliance, n (%)

—d8.0 (19.5)11.0 (50.0)Undefined

.04a24.0 (58.5)8.0 (36.4)Full

.149.0 (21.9)3.0 (13.6)Partial

aStatistically significant values.
b6MWT: 6-minute walk test.
cEQ-5D: EuroQol group 5-dimensions questionnaire.
dNot applicable.
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Table . Baseline characteristics of users and nonusers of the app in outpatient cohort.

P valueOutpatient (app used)

Yes (n=25, 58.1%)No (n=16, 41.9%)

.08Sex, n (%)

10.0 (40.0)2.0 (12.5)Female

15.0 (60.0)14.0 (87.5)Male

.59Race, n (%)

21.0 (84.0)14.0 (87.5)Chinese

2.0 (8.0)0.0 (0.0)Malay

2.0 (8.0)1.0 (6.3)Indian

0.0 (0.0)1.0 (6.3)Others

Age (years)

.4869.0 (7.9)67.0 (10.5)Mean (SD)

.28Cancer diagnostic groups

9.0 (36.0)4.0 (25.0)Colorectal cancer

10.0 (40.0)11.0 (68.8)Hepatobiliary cancer

3.0 (12.0)0.0 (0.0)Upper gastrointestinal cancer

3.0 (12.0)1.0 (6.2)Urological cancer

.77Duration of prehabilitation

20.7 (9.5)19.8 (9.2)Mean (SD)

Baseline

    Frailty score

.631.3 (1.3)1.1 (0.9)Mean (SD)

.811.0 (0.0-2.0)1.0 (0.0-2.0)Median (IQR)

    6MWTa

.40338.6 (81.9)362.7 (98.4)Mean (SD)

    30-second sit-to-stand test

.7310.5 (4.3)10.9 (3.3)Mean (SD)

    Time up and go

.9410.5 (3.1)10.6 (5.2)Mean (SD)

    Anxiety

.262.6 (2.4)1.8 (2.0)Mean (SD)

    Depression

.371.4 (2.0)0.8 (1.4)Mean (SD)

    EQ-5Db

.5368.6 (22.0)72.8 (18.1)Mean (SD)

    Anxiety and depression base

.234.0 (3.7)2.7 (2.9)Mean (SD)

    Maximal hand grip strength (kg)

.2626.08 (6.4)28.7 (7.8)Mean (SD)

.10    Gait speed less than 0.67 m/s, n (%)

23.0 (92.0)15.0 (93.4)No

2.0 (8.0)1.0 (6.3)Yes
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P valueOutpatient (app used)

Yes (n=25, 58.1%)No (n=16, 41.9%)

.50    Reduced physical activity, n (%)

15.0 (60.0)12.0 (75.0)No

10.0 (40.0)4.0 (25.0)Yes

>.99    Exhaustion, n (%)

20.0 (80.0)13.0 (81.3)No

5.0 (20.0)3.0 (18.8)Yes

.47    Unintentional weight loss, n (%)

20.0 (80.0)11.0 (68.8)No

5.0 (20.0)5.0 (31.3)Yes

    Compliance, n (%)

—c0.0 (0.0)8.0 (50.0)Undefined

.001d20.0 (80.0)4.0 (25.0)Full

.005d5.0 (20.0)4.0 (25.0)Partial

a6MWT: 6-minute walk test.
bEQ-5D: EuroQol group 5-dimensions questionnaire.
cNot applicable.
dStatistically significant values.

Duration of Prehabilitation
Prehabilitation duration was comparable between the 2 groups
(mean of 20.3 d for app-prescribed exercise, mean of 20.8 d for
nonprescribed exercise) (Table 1). Among patients prescribed
the app, the mean prehabilitation duration was slightly longer
for app users (20.7 d) compared with nonusers (19.8 d) (Table
2).

Preoperative Outcome Measures, Compliance, and
Adverse Events
Preoperative outcome measures were compared between patients
prescribed the app and those who were not prescribed the app.
No statistically significant differences in functional
improvements were observed between the groups (Table 3).
This finding is consistent with the observation that both groups
experienced improvements in functional outcomes and mental
health, with no documented adverse events.
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Table . Changes in outcome measures in outpatient cohort between app-prescribed and nonprescribed patients.

P valueOutpatient (app prescribed)Mean changes in outcome

Yes (n=41, 65.1%)No (n=22, 34.9%)

6MWTa

—b348.0267.6Baseline (mean)

.9423.3 (9.9 to 36.5)c24.2 (3.8 to 44.6)cPre-op (mean, 95% CI)

30-second sit-to-stand test

—10.78.5Baseline (mean)

.261.1 (0.1 to 2.2)c2.3 (0.6 to 3.9)cPre-op (mean, 95% CI)

Time up and go

—10.516.3Baseline (mean)

.39−0.8 (−1.4 to −0.1)c−1.3 (−2.3 to −0.3)cPre-op (mean, 95% CI)

Anxiety

—2.32.1Baseline (mean)

.68−0.3 (−1.0 to 0.5)−0.5 (−1.7 to 0.6)Pre-op (mean, 95% CI)

Depression

—1.22.5Baseline (mean)

.84−0.2 (−0.7 to 0.3)−0.3 (−1.1 to 0.5)Pre-op (mean, 95% CI)

Anxiety and depression base

—3.54.6Baseline (mean)

.62−0.5 (−1.6 to 0.5)−0.9 (−2.6 to 0.6)Pre-op (mean, 95% CI)

EQ-5Dd

—70.268.0Baseline (mean)

.11−1.6 (−7.9 to 4.7)8.8 (−2.3 to 19.8)Post-op 3 month (mean, 95% CI)

a6MWT: 6-minute walk test.
bNot applicable.
cStatistically significant drop or increase from the baseline.
dEQ-5D: EuroQol group 5-dimensions questionnaire.

Of all patients who were prescribed the app, 24 patients (58.5%)
exhibited full compliance, 9 (21.9%) patients exhibited partial
compliance, and 8 (19.5%) patients were lost to follow-up.
Among those who were not prescribed the app, 8 (36.4%)
patients were fully compliant, 3 (13.6%) patients were partially
compliant, and 11 patients were lost to follow up (Table 1). The
higher incidence of full compliance in the app-prescribed group

as compared with the nonprescribed group was statistically
significant (P=.04).

Among those who were prescribed the app, there was no
significant difference in the functional and mental health
outcome improvements during the preoperative period between
the app users and the nonusers (Table 4).
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Table . Changes in outcome measures between users and nonusers of the app.

P valueApp usedMean changes in outcome

Yes (n=25, 58.1%)No (n=16, 41.9%)

6MWTa

—b338.6362.7Baseline (mean)

.6021.0 (4.9 to 37.1)c28.8 (4.8 to 52.8)cPre-op (mean, 95% CI)

30-second sit-to-stand test

—10.510.9Baseline (mean)

.811.2 (0.01 to 2.4)0.9 (−0.9 to 2.9)cPre-op (mean, 95% CI)

Time up and go

—10.510.6Baseline (mean)

.53−0.9 (−1.6 to −0.2)c−0.5 (−1.6 to 0.6)cPre-op (mean, 95% CI)

Anxiety

—2.61.8Baseline (mean)

.27−0.6 (−1.6 to 0.4)0.4 (−1.0 to 1.8)Pre-op (mean, 95% CI)

Depression

—1.40.8Baseline (mean)

.74−0.3 (−0.9 to 0.3)−0.1 (−0.9 to 0.7)Pre-op (mean, 95% CI)

Anxiety and depression base

—4.02.7Baseline (mean)

.36−0.9 (−2.3 to 0.5)0.2 (−1.7 to 2.2)Pre-op (mean, 95% CI)

EQ-5Dd

—68.672.8Baseline (mean)

.410.3 (−7.6 to 8.2)−5.8 (−17.9 to 6.2)Post-op 3 month (mean, 95% CI)

a6MWT: 6-minute walk test.
bNot applicable.
cStatistically significant drop or increase from the baseline.
dEQ-5D: EuroQol group 5-dimensions questionnaire.

High compliance rates (80%) were observed among app users.
Conversely, a high proportion of nonusers (50%) did not return
for the preoperative visit or were not contactable. For the
remaining nonusers who returned for the pre-op visit and
underwent surgery, half (25%) demonstrated full compliance
with the exercise program, while the other half (25%) exhibited
partial compliance (Table 2). The higher full compliance rate
in the app users as compared with the nonusers was statistically
significant (P=.001).

User Satisfaction Survey
A 76% (19/25) response rate was observed for the patient
satisfaction survey among app users. The survey revealed high
overall satisfaction with the app, ease of use, and technical
reliability, with over 90% (23/25) of respondents reporting these
aspects favorably. Furthermore, a high proportion of users
indicated a likelihood to recommend the app to others. Patients
also reported generally positive experiences with the clarity of
exercise instructions and their ability to perform the exercises
as instructed (Figure 2).
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Figure 2. Impression of the prehabilitation smartphone app.

However, the survey identified the app’s motivational features,
particularly reminders and rewards, as an area for improvement.
Interestingly, a significant portion of app users reported prior
familiarity with the Health Buddy app and regular smartphone
use for various activities. A total of 100% (25/25) of responders
were aware of the Health Buddy app; 100% (25/25) of
responders were aware of the Health Buddy functions; and 80%
(20/25) , 64% (16/25), and 60% (15/25) of the responders had
used the app for checking or scheduling appointments, receiving
health education and making payments respectively. Features
such as ordering medication and tracking of clinic queues were
less used, at 44% (11/25) and 32% (8/25) respectively.

Discussion

Principal Findings
A recent systematic review [13] identified technical barriers,
lack of direct supervision, and noncompliance as key challenges
in implementing technology-supported cancer prehabilitation
programs. Our findings suggest these concerns may not be
universally applicable.

Patient satisfaction surveys revealed that app users in our study
reported high technical reliability, ease of use, and the ability
to follow exercise instructions (Figure 2). This suggests that
technical issues were not a significant barrier for our user
population. This could likely be attributed to the fact that the
exercise diary was incorporated into a well-established health
care app in Singapore’s largest health care system [10,11]. As
such, familiarity with an existing app might have an important
role in facilitating ease of use, making this a more user-friendly
experience. Additionally, a curated selection of suitable exercise
videos will be made available in a patient’s individualized cancer

prehabilitation exercise diary within the Health Buddy app. This
user-centric approach streamlines the process, enabling patients
to commence their program effortlessly by accessing the
designated videos.

Furthermore, a high compliance rate was observed among app
users, with 80% achieving full compliance and 20% achieving
partial compliance. These findings indicate that a lack of direct
supervision did not hinder functional improvement in our
program for the population that used the app. Conversely, those
who were not prescribed had a higher noncompliance rate and
loss of follow-up. That suggests compliance may be an issue
with home-based programs itself.

The development of cancer prehabilitation applications is a
growing field. For instance, a prototype app designed to support
blood flow restriction training and sports nutrition demonstrated
high user satisfaction regarding ease of use, utility, and overall
function [14]. Our study adds to this emerging body of evidence
by investigating the feasibility and user acceptance of a mobile
app for cancer prehabilitation program delivery.

Feasibility and Acceptance of App-Based
Prehabilitation
Among the 63 patients in the study, only 41 (65.1%) patients
were prescribed exercise interventions through the app. There
is borderline acceptance by physicians and patients. Given the
full compliance rate of 80% among app users, app-based
prehabilitation is feasible.

The main reasons for not prescribing the app included (1) patient
limitations: lack of technological knowledge, smartphone/data
plan limitations, hearing impairment, or short prehabilitation
windows; (2) patient preferences: unwillingness to participate;
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and (3) undocumented rationale: in 10 cases, the physician’s
rationale for not prescribing the app was not documented.

The study highlights the potential impact of socioeconomic
factors on technology readiness for cancer prehabilitation.
Unlike studies in Western countries with established social
acceptance of telehealth [15], a prior local study suggests lower
acceptance among diabetic patients [16]. This underscores the
need to address potential disparities in access and use. Similar
to interventions promoting telehealth for diabetic patients,
considerations for app-based prehabilitation might include (1)
tailoring support to specific socioeconomic groups less likely
to use technology, (2) providing trained staff to address patient
concerns and guide app engagement, and (3) exploring the
feasibility of loaner devices for the prehabilitation period.

A recent scoping review of reviews on digital health and
telehealth in cancer care identified gaps in the literature [12].
These gaps include (1) studies focusing on older adults or those
experiencing bereavement, (2) research on the long-term
sustainability of telehealth interventions, and (3) comparative
studies that directly evaluate telehealth versus in-person
interventions.

Similarly, in our patient population, addressing these knowledge
gaps is crucial for overcoming challenges associated with
nonreadiness and nonacceptance of technology-enabled
prehabilitation programs.

Baseline Differences and Preoperative Outcomes
Patients who were not prescribed the app exhibited significantly
lower baseline scores on functional performance measures, and
a higher baseline depression score on the HADS. Furthermore,
the Fried Frailty Phenotype assessment revealed significantly
weaker handgrip strength, slower gait speed, a higher incidence
of unintentional weight loss, and a higher mean frailty score in
the nonapp group [12].

The Fried Frailty Phenotype focuses on physical frailty [12].
Cognitive frailty, defined by the International Consensus Group
organized by the International Academy on Nutrition and Aging
and the International Association of Gerontology and Geriatrics,
refers to a syndrome in older adults characterized by both
physical frailty and cognitive impairment, excluding dementia
diagnoses [17]. Our study design did not assess cognitive
function, leaving it unclear whether cognitive frailty was present
in our cohort and potentially influenced physician or patient
selection regarding app prescription.

The significantly higher Fried frailty score in the nonprescribed
population suggested that being generally frailer and having
lower baseline outcome measures may impair program
participation. This is in concurrence with a study demonstrating
a negative moderate significant correlation found between frailty
and participation [18]. This may be even more so for
technology-based programs in the face of a challenging new
diagnosis. Participation in this study was a broad concept with
several aspects, such as preferences, enjoyment, and satisfaction
from activities [19].

Both app users and nonusers who were prescribed the app
demonstrated improvements in functional measures (6MWT,

STS, and TUG) at the preoperative assessment, with no
statistically significant differences observed between these
groups. Similarly, no significant differences in preoperative
outcomes were found when comparing patients prescribed the
app to those who were not. While high compliance was observed
among app users who were able to follow the exercise videos,
these findings suggest no preoperative outcome advantage
associated with app use in this preliminary study. Compliance
is defined by the completion of the prescribed set of exercises
and the accuracy of the exercises. Using the app may have
resulted in greater accuracy of the exercise performed, as was
intended.

Patient Satisfaction and Future Considerations
A high level of user satisfaction was observed, with 90% of
postintervention survey respondents reporting satisfaction with
the app and a willingness to recommend it to others. This finding
suggests promise for the app’s utility among patients receptive
to technology-enabled health care interventions.

In a mixed methods systematic review of access, acceptance,
and adherence to cancer prehabilitation, there was a perceived
value of home-based prehabilitation and the acceptability of
tele-prehabilitation [13]. The availability and extent of integrated
health care professional supervision and support were perceived
to enable intervention access and adherence, especially if this
was personalized. Other studies found prehabilitation enabled
through technology to be acceptable and perceived to be
accessible, especially during the pandemic [6,13,20,21]. Thus,
there is value in refining our app-enabled prehabilitation
program in the longer term.

Future research efforts should include potential pilot trials
among older adults as well as diverse socioeconomic groups,
with an aim to adopt strategies tailoring specific support for
them while overcoming nonadherence challenges. To promote
scalability and integration within our existing health care
systems, prioritizing strategies to enhance patient readiness and
adoption of technology-based prehabilitation programs should
also be considered. Additionally, investigating the long-term
sustainability of the intervention within the health care system
and staff fidelity to program implementation are crucial areas
for further exploration.

Limitations of Study
One limitation of the study is that we have a substantial number
of participants who were eventually uncontactable or lost to
follow-up, contributing to the missing data pool. We were unable
to determine the reason for this, whether this was due to
participant disengagement versus an inability to successfully
operate the app. Nonetheless, efforts should be made in future
research to implement strategies for real-time monitoring of a
patient’s progress and proactive intervention to address potential
issues promptly, such as troubleshooting technical problems
early or initiating motivational interviewing to address concerns
or disinterest early to help maximize retention.

The participating groups were nonrandomized and
heterogeneous. As such, selection bias can also be a potential
concern in our study.

JMIR Form Res 2025 | vol. 9 | e64427 | p.3804https://formative.jmir.org/2025/1/e64427
(page number not for citation purposes)

Zhang et alJMIR FORMATIVE RESEARCH

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


Finally, given the small sample size, our findings are preliminary
and might be limited to acceptability and usability. Further
research with a larger sample is needed to confirm and
generalize these results.

Conclusion
In conclusion, this preliminary study demonstrates the
acceptability, feasibility, and safety of Singapore’s first

smartphone app for exercise prescription in cancer
prehabilitation. Future research directions include investigating
the program’s effectiveness among older adults, exploring
strategies to enhance patient readiness for technology-based
interventions, evaluating the program’s long-term sustainability
within the health care system, and assessing staff fidelity to
program implementation.
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Abstract

Background: Identifying subtle changes in the menstrual cycle is crucial for effective fertility tracking and understanding
reproductive health.

Objective: The aim of the study is to explore how fundamental frequency features vary between menstrual phases using daily
voice recordings.

Methods: This study analyzed smartphone-collected voice recordings from 16 naturally cycling female participants, collected
every day for 1 full menstrual cycle. Fundamental frequency features (mean, SD, 5th percentile, and 95th percentile) were extracted
from each voice recording. Ovulation was estimated using luteinizing hormone urine tests taken every morning. The analysis
included comparisons of these features between the follicular and luteal phases and the application of changepoint detection
algorithms to assess changes and pinpoint the day in which the shifts in vocal pitch occur.

Results: The fundamental frequency SD was 9.0% (SD 2.9%) lower in the luteal phase compared to the follicular phase (95%
CI 3.4%‐14.7%; P=.002), and the 5th percentile of the fundamental frequency was 8.8% (SD 3.6%) higher (95% CI 1.7%‐16.0%;
P=.01). No significant differences were found between phases in mean fundamental frequency or the 95th percentile of the
fundamental frequency (P=.65 and P=.07). Changepoint detection, applied separately to each feature, identified the point in time
when vocal frequency behaviors shifted. For the fundamental frequency SD and 5th percentile, 81% (n=13) of participants
exhibited shifts within the fertile window (P=.03). In comparison, only 63% (n=10; P=.24) and 50% (n=8; P=.50) of participants
had shifts in the fertile window for the mean and 95th percentile of the fundamental frequency, respectively.

Conclusions: These findings indicate that subtle variations in vocal pitch may reflect changes associated with the menstrual
cycle, suggesting the potential for developing a noninvasive and convenient method for monitoring reproductive health. Changepoint
detection may provide a promising avenue for future work in longitudinal fertility analysis.

(JMIR Form Res 2025;9:e65448)   doi:10.2196/65448

KEYWORDS

menstrual cycle; women's health; voice; acoustic analysis; longitudinal observational study; fertility tracking; fertility; reproductive
health; feasibility; voice recording; vocal pitch; follicular; luteal phase; fertility status; mobile phone

Introduction

The menstrual cycle is a recurring sequence of physiological
changes regulated by hormonal fluctuations that prepare the
body for potential pregnancy. This cycle is crucial for women’s
health, as it influences reproductive function, affects various
aspects of physical and emotional well-being, and serves as an
indicator of overall health. Irregularities or disruptions in the
menstrual cycle can signal underlying health issues, making its
regular monitoring and understanding essential for women’s
health care. The female menstrual cycle is broken into 2 distinct
phases: the follicular phase, in which hormonal estrogen levels
rise, and the luteal phase, in which estrogen levels begin to

decrease, and progesterone is elevated. An important step in the
evaluation and management of female fertility and pregnancy
is awareness of the timing of ovulation, the release of an egg
from the ovary for conception. Ovulation occurs between the
follicular and luteal phases and is initiated by high estrogen and
luteinizing hormone (LH). The fertile window, or the time
during the menstrual cycle when conception is most likely,
encompasses the days just before and during ovulation. Follicle
tracking through ultrasound is a common fertility procedure in
a clinical setting and is considered an accurate method to
evaluate the true ovulation timing. However, it comes with
significant patient burden and cost. Currently, ovulation
detection can be estimated at home through tracking the length
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of time between periods (calendar method) and assessing the
day-to-day changes of cervical mucus, basal body temperature
(BBT), and estrogen, progesterone and LH measurements [1].

The current at-home ovulation detection methods come with
their own drawbacks. Hormone measurements and BBT
recordings require the purchase of additional devices and
materials. Cervical mucus monitoring requires proper education
on the different appearances and consistencies throughout the
menstrual cycle. Perhaps, the easiest and most accessible
method, the calendar method, is widely available through
various menstrual tracking apps [2]. Both the predicted day of
ovulation and the estimated fertile window can be provided;
however, the variation in ovulatory days is distinct. It was shown
that the most common predicted fertile window days only
included the day of ovulation itself for 65% of female
participants [2], yielding some uncertainty in the reliability of
this method.

An interesting supplement to the calendar method may be
achieved via the assessment of voice throughout the menstrual
cycle. Increased estrogen, such as what is seen immediately
preceding ovulation, leads to increased mucus secretion by the
granular glands in the respiratory tract and increased cell
permeability. Conversely, laryngeal tissues begin to absorb
water, as estrogen levels decrease in the luteal phase, ultimately
causing mucosal edema, vascular congestion, and increased
vocal fold mass [3,4]. These changes have been associated with
decreased vocal range, vocal and pitch instability, vocal fatigue,
and reduced power and efficiency in the voice [5,6]. As such,
voice-based fertility analysis may capture physiological changes
throughout the menstrual cycle, with the added benefit of
convenient smartphone-based data collection, similar to the
accessibility offered by the calendar method.

While assessing prior work, it is important to note the variation
in methodology and subsequent results. An early study evaluated
speech recordings of the vowel sounds /a/, /i/, and /u/ from 20
undergraduate female participants. Voice was recorded twice
throughout the menstrual—once at ovulation and once 2‐3
days prior to the onset of menses. There was no difference in
hoarseness or fundamental frequency (F0) between the 2
recordings, a result that was confirmed with a validation sample
of 27 additional undergraduate female participants [7]. Similar
methodology (recording once during menstruation, immediately
following menstruation, midcycle, and premenstruation) with
vowel sounds [8,9], counting from 1 to 10 [10], and free speech
[11] also yielded no significant changes in F0. Conversely, a
study conducted with 30 participants recording the vowel sound
/a/ once a week for 4 weeks reported a significant increase in
F0 in the ovulatory period and a decrease in F0 in the luteal
period compared to the other recording time points [12], and
high-fertility recordings of a spoken introductory sentence from
69 participants were significantly higher in F0 than in recordings
obtained in a low-fertility period [8]. Looking at other acoustic
parameters, counting from 1 to 10 yielded significant differences
in shimmer (sound wave amplitude variation) and frequency
variation between periods of high fertility and low fertility
[10,13], and the vowel sounds /a/, /e/, /i/, /o/, and /u/ collected
once each within the fertile window, luteal phase, and during
menstruation from 44 participants indicated an increased

minimum F0 in the fertile window [14]. In addition, a study
conducted on 23 female participants recording 1 minute of free
speech every day for 1 menstrual cycle showed marginally
significant F0 variation with an increase prior to and a distinct
drop during ovulation [15]. Furthermore, a study conducted on
17 naturally cycling female participants reported that female
voices were rated more attractive in periods of high fertility
when tasked with a counting task at 4 equally spaced time points
throughout their menstrual cycle [16].

One of the drawbacks of these studies is that, apart from a single
study [15], voice recordings were collected at a single time point
within a menstrual phase; thus, day-to-day changes within the
voice were notably not assessed. Ovulation itself is a result of
longitudinal changes in hormone values compared to the
previous days. Therefore, it is essential to trace day-to-day
changes of acoustic characteristics to understand the effect of
ovulation on voice signals.

In this study, we examined longitudinal changes in pitch-related
acoustic characteristics using daily smartphone recordings of
spoken sentences from 16 healthy female participants. Our
overall goal was to determine how these vocal features change
in relation to the LH surge and ovulation. We hypothesize that
there are temporal changes in the F0 features associated with
the menstrual cycle. The analysis is thus split into two sections:

1. Replication of the day-to-day voice change analysis
conducted by Fischer et al [15] using smartphone-recorded
(real-world) voice segments. The feature set will be
expanded from F0 and F0 variation to include metrics
denoting the minimum and maximum F0 values within a
recording.

2. Employment of changepoint detection, which will be used
to understand the statistical moment in which the participant
voices change from one behavior to another. We
hypothesize that for features significantly different between
the follicular and luteal phases, this day will align with the
switch between menstrual phases (ovulation). It may also
provide insight into how voice may be used as a fertility
indicator in future work.

Methods

Study Design and Participants
In total, 19 English-speaking, cis-gender female participants
were recruited from Klick Health, a technology, media, and
research company in the health care sector based in Toronto,
Canada. Recruitment information was posted on the company’s
internal communication platform, and interested parties
contacted our research team privately for more information and
to sign the informed consent. After the informed consent was
signed, participants were onboarded through either a video call
or in person. As part of the onboarding, participants were
provided instructions on how to conduct the urine tests, take
their BBT, and record their voice through the research app.

All participants reported a natural menstrual cycle without taking
hormonal birth control or medication that would affect the
menstrual cycle and reported their menstrual cycle as consistent
(1‐2 days variation per cycle) or somewhat consistent (3‐4
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days variation per cycle). Participants were instructed to take
their BBT, self-administer a consumer-grade LH urine test
(Easy@Home Ovulation Tests; Easy@Home Fertility), and
record themselves saying “Hello, how are you?” every morning
immediately upon waking for 1 full menstrual cycle. The
decision to use a fixed phrase was made based on the success
of previous studies in using fixed sentences and conversational
speech to identify significant features between menstrual phases
compared to vowel sounds [3,8,15]. Participants were instructed
to record their voices in a quiet environment with no other voices
present in the recording and took pictures of the LH test strips
each day to record hormone test results.

The data collection started the day after the end of menstruation,
and recordings were collected for 1 full menstrual cycle, ending
on the last day of menstruation. Participants did not perform
the hormone test on days they were menstruating but did record
their voice and BBT. Data (LH test results, BBT, and voice
recordings) were collected using a custom mobile app developed
by Klick Applied Science that participants installed on their
personal cellphones following the procedure below:

1. Participants entered their participant ID (a deidentified
alphanumeric code) upon their first login to the mobile app.

2. When the app was opened, the participant selected “Record
a New Entry” to input the study data for the day.

3. They then recorded the results of their BBT (to 2 decimal
places), their LH ovulation test results, and their voice while
holding their phone.

4. After all fields were completed, the participants could
submit the data recording. Submitted data were uploaded
to a secure Google Firestore database, where it could be
accessed by our researchers via a private application
programming interface key.

Participants were excluded if the LH peak could not be detected,
either through multiple consecutive missed data recordings
(n=2) or if no discernable LH rise was detected through hormone
tests (n=1). In total, 16 participants were included with a total
of 320 voice recordings.

Ethical Considerations
Ethics was obtained from the Canadian SHIELD Ethics Review
Board (REB tracking 2022-02-004). Informed consent was
collected for each participant, and all procedures corresponded
to local guidelines. Participant data were deidentified during
collection. Participants were compensated US $77 for
participating in the study and received an additional US $38.50
if they recorded all the voice recordings.

Longitudinal Landscape of Voice Signals
Individual participants recorded their voices once a day, every
day for 1 menstrual cycle. The average menstrual cycle length
was 28.81 (SD 2.90) days. The average length of the follicular
phase (including menstruation and the day of the LH surge and

the day after) was 15.92 (SD 3.30) days, and the average length
of the luteal phase was 12.75 (SD 1.44) days. On average,
menstruation was 5.54 (SD 1.66) days and ended 9.44 (SD 3.12)
days prior to the LH surge. In total, 320 voice recordings were
collected. Study participants had an average age of 30.6 (SD

4.5) years and an average BMI of 22.7 (SD 2.8) kg/m2 and
included various ethnic backgrounds (East or Southeast Asian:
n=4, 25%; Jewish: n=1, 6%; Middle Eastern: n=2, 13%; South
Asian: n=6, 37%; White: n=3, 19%; self-identification).

Voice Feature Extraction and Analysis
The LH surge was defined to be when the hormone strip test
line was at its maximum darkness out of all the days in the
menstrual cycle and approximately equal to or greater than the
darkness of the control line. The ovulation window was defined
as the day of the LH peak and the day after (to cover the 24‐36
hour likelihood for ovulation). Days prior to this were classified
as “follicular,” corresponding to the follicular phase in the
menstrual cycle, and days following ovulation classification
and occurring prior to menstruation were classified as “luteal.”
Recordings collected while participants were menstruating were
labeled “menstrual.” BBT was used to verify the likelihood that
ovulation occurred through a sustained 0.3 °C increase in the
days following the suspected ovulation day.

Each audio recording was assessed by researchers to ensure
adequate recording quality and the absence of background noise.
In total, 4 vocal features associated with the recording F0 were
extracted from each voice recording: the mean (F0AV), SD
(F0SD), 5th percentile (F0MIN), and 95th percentile (F0MAX).
The 5th and 95th percentiles were chosen as robust analogs to
the minimum and maximum F0 values. Voice features were
extracted using librosa [17], a Python library widely used for
music and audio analysis, providing tools for audio feature
extraction and processing tasks. F0 values for the recording
were extracted using the pyin function, with the specified
frequency minimum of C2 (~65 Hz) and maximum of C7 (~2093
Hz). These values were chosen to encompass a wide range of
vocal frequencies and are the recommended minimum and
maximum frequencies for analysis [17].

Each voice feature was scaled independently for each
participant. Each voice feature was minimum-maximum scaled
according to the following formula:

(1)Xsc=X-XminXmax-Xmin

Where Xsc is the scaled feature value, X is the original feature
value, Xmin is the minimum daily value of the feature throughout
the participant’s menstrual cycle, and Xmax is the maximum
daily value of the feature throughout the participant’s menstrual
cycle. This scaling was conducted such that the maximum scaled
feature value throughout the recording period was 1 and the
minimum value was 0 (Figure 1). This was repeated for each
feature, for each participant.
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Figure 1. Generated mean fundamental frequency (F0AV) data to demonstrate the feature scaling process. Data are scaled for each feature within each
participant, such that the daily values of a participant’s feature fall between 0 and 1.

Changepoint Detection
To assess the change in voice features throughout the menstrual
cycle, we used changepoint detection. Changepoint detection
algorithms are tools used to identify points in time where the
statistical properties of a data sequence change. These changes
can signify shifts in mean, variance, distribution, or other
characteristics of the data and can be used to detect shifts in
patient health status or the effectiveness of treatments over time
[18-23]. Changepoint detection algorithms are especially
valuable for identifying transitions between distinct stages [23],
making them a promising tool for research on physiological
changes throughout the menstrual cycle. In this study, we used
the Ruptures package, a Python library designed for offline
changepoint detection, which considers all data points within
a time series to identify underlying statistical changes in the
data [24]. This unsupervised algorithm does not use prior
knowledge of ovulation days and is not influenced by other
participants’ data, ensuring that the detection process only
identifies changes in the voice recording F0 data themselves.

We applied 3 changepoint detection algorithms: dynamic
programming, binary segmentation, and bottom-up
segmentation. Dynamic programming explores all possible
partitions of the time series to identify the optimal segmentation,
constrained to detect only a single changepoint. Binary
segmentation iteratively identifies the most significant

changepoint in each segment but, for this study, was configured
to stop after detecting the first changepoint. Bottom-up
segmentation begins with many small segments and merges the
segments that are most similar until only 1 changepoint remains,
meeting the defined stopping criterion.

To quantify changes, we used 3 cost functions: least absolute
deviation loss function (L1), least squared deviation loss
function (L2), and radial basis function. The least absolute
deviation cost function measures absolute differences, making
it robust to outliers. The least squared deviation cost function
emphasizes larger deviations by using squared differences. The
radial basis function cost function captures nonlinear changes
by comparing segments with a radial basis kernel. Detailed
descriptions of these algorithms and cost functions are available
in the Ruptures documentation [24].

We were not aiming to identify changes associated with
menstruation so we specified the detection of a single
changepoint within a window spanning from 9 days before to
9 days after the LH surge. These time points correspond to the
average number of days we observed occurring prior to the LH
surge following menstruation (9.4, SD 3.1 days) and the
postovulatory day that the corpus luteum begins to disintegrate
and hormone levels fall [25]. The algorithm was configured
with a minimum distance of 3 days between any 2 breakpoints
or from the start of the time series, with a jump parameter set
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to 1 to ensure that each day was evaluated for potential
changepoints of the vocal features between menstrual phases.

Statistical Analysis
To analyze differences between the follicular and luteal phases,
4 generalized linear mixed models were applied for the 4 F0
features. The voice feature was the dependent variable, the
menstrual phase (follicular vs luteal) was the independent
variable, and participant ID was a random effect to account for
intraindividual variability. To avoid data that may occur between
the follicular and luteal phases and ensure the clarity of
phase-specific effects, days identified as ovulatory (the day of
LH surge and the following day) and menstrual days were
excluded from the analysis. All other data points were used.
The models were estimated using restricted maximum
likelihood.

To assess the significance of our changepoint findings against
a null hypothesis of random results, we conducted 1-sided
2-proportion z tests. We compared the observed proportion of
participants with a changepoint occurring before ovulation in
the fertile window (days −5 to +1 relative to LH surge) to a
random expectation, corresponding to 50% (n=8) of participants
with a changepoint occurring in the fertile window. This
proportion is based on 7 days in the fertile window of an average

of 14 days in the possible prediction window (6 days prior to
the LH surge maximum, the LH surge maximum, and 7 days
following the LH surge maximum). The alternate hypothesis
posited that the observed proportion would be higher than the
random expectation due to the hormonal changes associated
with the fertile window. All statistical analysis was performed
in Python (version 3.12.2; Python Software Foundation) using
the statsmodels package (mixedlm and proportions_ztest
functions) [26].

Results

Results 1: F0 Behavior Surrounding LH Surge
To assess vocal dynamics consistent across participants,
generalized linear mixed models were fit for each of the F0
features (F0AV, F0SD, F0MIN, and F0MAX). Overall, there
was a significant difference in the F0SD and F0MIN between
the follicular and luteal recording days for each participant, such
that F0SD was, on average, 9.0% (SD 2.9%) lower in the luteal
phase compared to the follicular phase (95% CI 3.4%‐14.7%;
P=.002) and F0MIN was 8.8% (SD 3.6%) higher (95% CI
1.7%‐16.0%; P=.01). There were no significant differences
between phases in F0AV or F0MAX (P=.65 and P=.07).
Average daily trends of the participant-scaled F0 values are
displayed in Figure 2.
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Figure 2. Daily patterns of fundamental frequency (F0) voice features—F0 average (F0AV), F0 standard deviation (F0SD), F0 5th percentile (F0MIN),
and F0 95th percentile (F0MAX)—in the 9 days preceding and following the luteinizing hormone (LH) surge for all participants. Data points represent
the average values of these voice features across 16 healthy female participants with regular menstrual cycles. Error bars indicate the SE of the mean.

Results 2: F0 Changepoint Detection
F0 feature data for each participant was fed into the changepoint
detection algorithms, and the predicted changepoints are
displayed in Figure 3. Menstrual phases were not added as
information in the algorithms at any point, and any changepoints
detected solely reflect changes in the vocal features themselves.
Additionally, data from each participant were used
independently for changepoint identification, ensuring that data
were not shared or mixed between participants. Overall, the
average (SD) detected changepoints for all algorithms were
0.20 (4.13) days following ovulation in F0AV, 1.42 (3.52) days

prior to ovulation in F0SD, 0.88 (3.27) days prior to ovulation
in F0MIN, and 1.31 (4.05) days following ovulation in F0MAX.
As the variation in the predicted changepoints was large, we
also looked where the predicted changepoints occurred
specifically. We observed that up to 81% (n=13) of participants
had a predicted changepoint occurring within the fertile window,
or the 5 days preceding the LH surge to the 1 day following the
LH surge, for both F0SD and F0MIN (P=.03). Meanwhile, a
maximum of 63% (n=10; P=.24) and 50% (n=8; P=.50) of
participants had changepoints detected in the fertile window
for F0AV and F0MAX, respectively (Figure 3).
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Figure 3. The percentage of participants with detected changepoints in the fertile window is presented for the mean, SD, 5th percentile, and 95th
percentile of the fundamental frequency (F0AV, F0SD, F0MIN, and F0MAX, respectively). Changepoints were identified using 3 different detection
algorithms—binary segmentation (BS), bottom-up segmentation (BU), and dynamic programming (DP)—applied to fundamental frequency features
extracted from daily smartphone voice recordings of 16 naturally cycling female participants. The fertile window is defined as the 5 days leading up to
and including 1 day after the luteinizing hormone surge. L1: least absolute deviation loss function; L2: least squared deviation loss function; RBF: radial
basis function.

Discussion

Primary Findings
This study explored how vocal pitch features fluctuate across
the menstrual cycle, with a focus on vocal patterns surrounding
phase transitions and ovulation. Building on prior research [15],
we expanded the analysis by examining a broader set of
F0-related features, including minimum and maximum pitch
values, using real-world voice recordings collected daily via
smartphones. With more frequent recordings, we investigated
whether these vocal features varied between the follicular and
luteal phases, providing a more comprehensive perspective on
daily vocal behavior. We further hypothesized that changepoint
detection could pinpoint the transition between these phases,
offering insight into the potential for voice-based markers of
fertility in future applications.

Physiologically, the differences in voice features between
menstrual phases may be attributed to differences in hormone
concentrations. In the follicular phase, estrogen levels rise,

whereas the luteal phase is characterized by increased
progesterone levels. The larynx itself is a sexual organ and can
be influenced by reproductive hormones, as estrogen stimulates
the mucosal cells. Mucus on the vocal cords has been shown to
be similar in consistency and makeup as cervical mucus
throughout the menstrual cycle, displaying increased thin, wet
mucus in the follicular phase and thick, dry mucus in the luteal
phase [27]. A thin, wet mucus layer is necessary for proper
vocal cord vibration and range of pitch [28], and decreased
vocal range has been associated with thicker, dry laryngeal
mucus [27,29]. Our results align well with these depictions, as
we observed a decrease in the F0SD and range (observed
through an increase in the minimum F0) in the luteal phase. An
alternative explanation for vocal changes may reside in more
nuanced apps. Fatigue and stress may be exacerbated in the
luteal phase [30], and increased fatigue has been associated with
increased F0SD [31]. Regardless, changes in mental and
hormonal states associated with the changing menstrual phases
provide evidence for the observed vocal changes.
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We found that individually scaled F0 voice features had distinct
differences between the follicular and luteal phases. Similar to
what was observed in previous studies, F0SD decreased and
F0MIN increased in the luteal phase [14,15]. Meanwhile, the
association between the F0AV and the menstrual phase was
insignificant. F0AV throughout the menstrual cycle has
traditionally reported mixed results, in which some authors
found that F0 increased in periods of high fertility [8,32],
decreased in high fertility [15,33,34], or did not change
[6,9,14,35-39]. This difference may be attributed to different
study methodologies, such as recording a vowel instead of a
fixed phrase or only recording 1 voice sample per menstrual
phase.

Changes in the voice surrounding the fertile period have been
hypothesized to be the result of evolutionary processes. More
attractive female participants have an increased likelihood of
finding a suitable mate, and mating during the fertile window
has the highest likelihood of conception [1]. Research has shown
that variations in female voice characteristics throughout the
menstrual cycle can influence perceived attractiveness. In the
high fertility days prior to ovulation, female voices have
typically been rated “more attractive” by heterosexual male
participants [15,16]. It has been shown that 44%‐55% of the
variance in the desirability scores for female participants was
explained by their minimum F0 in speech. This may indicate
that female voices with lower pitch minima, opposed to a change
in the mean pitch, are more desirable [40]. Our findings align
nicely with this result, as the 5th percentile of the pitch was an
average of 8.8% lower in the follicular phase (a phase
corresponding to higher fertility) compared to the luteal phase
for all our participants. Furthermore, increased pitch variability,
similar to what was seen in the F0SD in the follicular phase,
has been associated with increased social attractiveness of the
speaker [41,42].

One of the primary distinctions of our work is the employment
of a changepoint detection algorithm to identify the day of the
switch in vocal features within the menstrual cycle. Although
the average predicted changepoints fell within 2 days of
ovulation in all participants, there was a large variation in the
values that would not permit accurate ovulation prediction.
However, when assessing the changepoints in the broader sense
of fertility identification, we note that changepoints are identified
within the fertile window in a high proportion of participants.
The fertile window is associated with an increased likelihood
of conception, making it a meaningful target for detection, even
if exact ovulation timing is not achieved [1]. In particular, we
observed that changepoints are detected within the fertile
window in up to 81% (n=13) of participants for F0SD and
F0MIN. However, this result was not observed for F0AV and
F0MAX.

Offline changepoint detection is a useful method for fertility
monitoring, even without the real-time benefits of online
detection (in which changepoints can be detected as the data
are collected). Current fertility monitoring methods can also
require daily use or cycle-long data collection to accurately
pinpoint the timing of ovulation. For example, BBT is used as
an ovulation confirmation, in which the BBT must be measured

every day for at least 1 full menstrual cycle to identify ovulation
[1]. After further refinement, offline detection used in a
consumer product would have similar confirmatory utility.

Unlike previous studies that had limited voice data collection
methodologies, our approach reflects real-world situations by
using at-home smartphone recordings, allowing for a more
comprehensive assessment of voice parameters throughout the
menstrual cycle. This opens up avenues for exploring the
feasibility of using voice parameters as indicators of high
fertility and ovulation. Moreover, the simplicity and
noninvasiveness of smartphone-based recording make it suitable
for widespread use in both clinical settings and personal health
monitoring. With just a voice and a smartphone app, users do
not require any additional devices, highlighting the convenience
and accessibility of this method.

Limitations
Our study’s insights into vocal pitch changes across the
menstrual cycle are limited by a small sample size (n=16
participants), which may not capture the full spectrum of
variability across a wider population. Additionally, analyzing
recordings from only 1 menstrual cycle per participant neglects
potential intraindividual variability across different cycles.
Finally, our examination of a limited set of pitch features
restricts our understanding of the nuanced relationship between
vocal characteristics and menstrual phases, and there may be
more information located in other pitch-related features. With
further refinement through larger sample sizes, multicycle
analyses, and a broader examination of vocal features, we could
gain better insights into how vocal pitch correlates with
menstrual cycle changes. Importantly, using larger, multicycle
datasets could enable the use of online changepoint detection
algorithms, which have the advantage of identifying phase
transitions in real-time without requiring access to the entire
dataset beforehand, or could be used to train a machine learning
model for enhanced performance. With these advancements,
this method could contribute to the early detection of fertility
issues, personalized fertility tracking, and natural family
planning.

Conclusions
Our study contributes to the evolving understanding of how
menstrual cycle phases impact vocal pitch, underscoring the
potential of voice as a noninvasive marker for fertility and
ovulation. Using methods that use real-world data captured
through smartphone recordings, our study analyzed these data
with changepoint detection algorithms to identify transitions
between menstrual phases. This approach not only confirms the
relationship between vocal pitch variations and the menstrual
cycle phase but also demonstrates the feasibility of applying
such findings in practical, real-world settings. Our work could
have implications for clinical and personal health monitoring,
offering potential improvements in fertility tracking and natural
family planning methods. Future efforts to integrate more
sophisticated machine learning techniques and real-time analysis
could further refine the accuracy and applicability of vocal pitch
as a tool for women’s health management.

JMIR Form Res 2025 | vol. 9 | e65448 | p.3814https://formative.jmir.org/2025/1/e65448
(page number not for citation purposes)

Kaufman et alJMIR FORMATIVE RESEARCH

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


 

Acknowledgments
The authors thank all participants, project members, and researchers at Klick Health for the successful development, implementation,
and evaluation of this research. This study was funded internally by Klick Health. The funder played no role in study design, data
collection, analysis and interpretation of data, or the writing of this manuscript.

Data Availability
The datasets generated and analyzed during this study are not publicly available to protect participant privacy. They may be
available from the corresponding author on reasonable request, subject to ethics approval and compliance with data protection
regulations.

Authors' Contributions
JK designed experiments and performed analyses. JK and JJ developed the method and prepared figures. JK, JJ, JO, and YF
wrote the initial draft and edited the manuscript. JK and AT developed a custom mobile app and collected data. JJ and YF
supervised the project. All authors reviewed the manuscript and approved it for submission.

Conflicts of Interest
All authors are employed by Klick Health, a technology, media, and research company in the health care sector based in Toronto,
Canada. Authors JK and YF currently hold a provisional patent on the use of voice-based technology in the prediction of ovulation
(Systems, Devices and Methods for Fertility Analysis Using Voice, United States Provisional Application 63/416,819, filed
October 17, 2022). All authors declare no nonfinancial conflicts of interest.

References
1. Su HW, Yi YC, Wei TY, Chang TC, Cheng CM. Detection of ovulation, a review of currently available methods. Bioeng

Transl Med 2017 Sep;2(3):238-246. [doi: 10.1002/btm2.10058] [Medline: 29313033]
2. Johnson S, Marriott L, Zinaman M. Can apps and calendar methods predict ovulation with accuracy? Curr Med Res Opin

2018 Sep;34(9):1587-1594. [doi: 10.1080/03007995.2018.1475348] [Medline: 29749274]
3. Haselton MG, Gildersleeve K. Human ovulation cues. Curr Opin Psychol 2016 Feb;7:120-125. [doi:

10.1016/j.copsyc.2015.08.020]
4. Haselton MG, Gildersleeve K. Can men detect ovulation? Curr Dir Psychol Sci 2011 Apr;20(2):87-92. [doi:

10.1177/0963721411402668]
5. Zamponi V, Mazzilli R, Mazzilli F, Fantini M. Effect of sex hormones on human voice physiology: from childhood to

senescence. Hormones (Athens) 2021 Dec;20(4):691-696. [doi: 10.1007/s42000-021-00298-y] [Medline: 34046877]
6. Amir O, Biron-Shental T. The impact of hormonal fluctuations on female vocal folds. Curr Opin Otolaryngol Head Neck

Surg 2004 Jun;12(3):180-184. [doi: 10.1097/01.moo.0000120304.58882.94] [Medline: 15167026]
7. Silverman EM, Zimmer CH. Effect of the menstrual cycle on voice quality. Arch Otolaryngol Head Neck Surg 1978 Jan

1;104(1):7-10. [doi: 10.1001/archotol.1978.00790010011003]
8. Bryant GA, Haselton MG. Vocal cues of ovulation in human females. Biol Lett 2009 Feb 23;5(1):12-15. [doi:

10.1098/rsbl.2008.0507]
9. Çelik Ö, Çelik A, Ateşpare A, et al. Voice and speech changes in various phases of menstrual cycle. J Voice 2013

Sep;27(5):622-626. [doi: 10.1016/j.jvoice.2013.02.006] [Medline: 23497797]
10. Shoup-Knox ML, Ostrander GM, Reimann GE, Pipitone RN. Fertility-dependent acoustic variation in women’s voices

previously shown to affect listener physiology and perception. Evol Psychol 2019;17(2):1474704919843103. [doi:
10.1177/1474704919843103] [Medline: 31023082]

11. Pavela Banai I, Burriss RP, Šimić N. Voice changes across the menstrual cycle in response to masculinized and feminized
man and woman. Adapt Human Behav Physiol 2022 Jun;8(2):238-262. [doi: 10.1007/s40750-022-00190-y]

12. Narasimhan SV, Pooja M. Vocal changes in different phases of menstrual cycle: an evidence from the acoustic, cepstral,
and spectral analysis. J Indian Speech Lang Hear Assoc 2022;36(1):1. [doi: 10.4103/jisha.jisha_5_22]

13. Santos SMS. Is there any correlation between voice and human ovulation? [Doctoral Dissertation]. : Universidade da Beira
Interior, ProQuest; 2018.

14. Pavela Banai I. Voice in different phases of menstrual cycle among naturally cycling women and users of hormonal
contraceptives. PLoS One 2017;12(8):e0183462. [doi: 10.1371/journal.pone.0183462] [Medline: 28829842]

15. Fischer J, Semple S, Fickenscher G, et al. Do women’s voices provide cues of the likelihood of ovulation? The importance
of sampling regime. PLoS One 2011;6(9):e24490. [doi: 10.1371/journal.pone.0024490] [Medline: 21957453]

16. Pipitone RN, Gallup GG Jr. Women’s voice attractiveness varies across the menstrual cycle. Evol Hum Behav 2008
Jul;29(4):268-274. [doi: 10.1016/j.evolhumbehav.2008.02.001]

JMIR Form Res 2025 | vol. 9 | e65448 | p.3815https://formative.jmir.org/2025/1/e65448
(page number not for citation purposes)

Kaufman et alJMIR FORMATIVE RESEARCH

XSL•FO
RenderX

http://dx.doi.org/10.1002/btm2.10058
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29313033&dopt=Abstract
http://dx.doi.org/10.1080/03007995.2018.1475348
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29749274&dopt=Abstract
http://dx.doi.org/10.1016/j.copsyc.2015.08.020
http://dx.doi.org/10.1177/0963721411402668
http://dx.doi.org/10.1007/s42000-021-00298-y
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34046877&dopt=Abstract
http://dx.doi.org/10.1097/01.moo.0000120304.58882.94
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15167026&dopt=Abstract
http://dx.doi.org/10.1001/archotol.1978.00790010011003
http://dx.doi.org/10.1098/rsbl.2008.0507
http://dx.doi.org/10.1016/j.jvoice.2013.02.006
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23497797&dopt=Abstract
http://dx.doi.org/10.1177/1474704919843103
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31023082&dopt=Abstract
http://dx.doi.org/10.1007/s40750-022-00190-y
http://dx.doi.org/10.4103/jisha.jisha_5_22
http://dx.doi.org/10.1371/journal.pone.0183462
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28829842&dopt=Abstract
http://dx.doi.org/10.1371/journal.pone.0024490
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21957453&dopt=Abstract
http://dx.doi.org/10.1016/j.evolhumbehav.2008.02.001
http://www.w3.org/Style/XSL
http://www.renderx.com/


17. McFee B, McVicar M, Faronbi D, et al. librosa. Zenodo. URL: https://zenodo.org/records/11192913 [accessed 2024-11-30]
18. Yang P, Dumont G, Ansermino JM. Adaptive change detection in heart rate trend monitoring in anesthetized children.

IEEE Trans Biomed Eng 2006 Nov;53(11):2211-2219. [doi: 10.1109/TBME.2006.877107] [Medline: 17073326]
19. Malladi R, Kalamangalam GP, Aazhang B. Online bayesian change point detection algorithms for segmentation of epileptic

activity. Presented at: Asilomar Conference on Signals, Systems and Computers; Nov 3-6, 2013; Pacific Grove, CA, United
States p. 1833-1837. [doi: 10.1109/ACSSC.2013.6810619]

20. Staudacher M, Telser S, Amann A, Hinterhuber H, Ritsch-Marte M. A new method for change-point detection developed
for on-line analysis of the heart beat variability during sleep. Physica A Stat Mech Appl 2005 Apr;349(3-4):582-596. [doi:
10.1016/j.physa.2004.10.026]

21. Bosc M, Heitz F, Armspach JP, Namer I, Gounot D, Rumbach L. Automatic change detection in multimodal serial MRI:
application to multiple sclerosis lesion evolution. Neuroimage 2003 Oct;20(2):643-656. [doi:
10.1016/S1053-8119(03)00406-3] [Medline: 14568441]

22. Kass-Hout TA, Xu Z, McMurray P, et al. Application of change point analysis to daily influenza-like illness emergency
department visits. J Am Med Inform Assoc 2012;19(6):1075-1081. [doi: 10.1136/amiajnl-2011-000793] [Medline: 22759619]

23. Aminikhanghahi S, Cook DJ. A survey of methods for time series change point detection. Knowl Inf Syst 2017
May;51(2):339-367. [doi: 10.1007/s10115-016-0987-z] [Medline: 28603327]

24. Truong C, Oudre L, Vayatis N. Selective review of offline change point detection methods. Signal Processing 2020
Feb;167:107299. [doi: 10.1016/j.sigpro.2019.107299]

25. McCracken JA, Custer EE, Lamsa JC. Luteolysis: a neuroendocrine-mediated event. Physiol Rev 1999 Apr;79(2):263-323.
[doi: 10.1152/physrev.1999.79.2.263] [Medline: 10221982]

26. Seabold S, Perktold J. Statsmodels: econometric and statistical modeling with python. Presented at: Proceedings of the 9th
Python in Science Conference; Jun 28 to Jul 3, 2010; Austin, TX, United States. [doi: 10.25080/Majora-92bf1922-011]

27. Abitbol J, Abitbol P, Abitbol B. Sex hormones and the female voice. J Voice 1999 Sep;13(3):424-446. [doi:
10.1016/s0892-1997(99)80048-4] [Medline: 10498059]

28. Levendoski EE, Leydon C, Thibeault SL. Vocal fold epithelial barrier in health and injury: a research review. J Speech
Lang Hear Res 2014 Oct;57(5):1679-1691. [doi: 10.1044/2014_JSLHR-S-13-0283] [Medline: 24686981]

29. Bonilha HS, White L, Kuckhahn K, Gerlach TT, Deliyski DD. Vocal fold mucus aggregation in persons with voice disorders.
J Commun Disord 2012;45(4):304-311. [doi: 10.1016/j.jcomdis.2012.03.001] [Medline: 22510352]

30. Li SH, Lloyd AR, Graham BM. Physical and mental fatigue across the menstrual cycle in women with and without generalised
anxiety disorder. Horm Behav 2020 Feb;118:104667. [doi: 10.1016/j.yhbeh.2019.104667] [Medline: 31899259]

31. Vogel AP, Fletcher J, Maruff P. Acoustic analysis of the effects of sustained wakefulness on speech. J Acoust Soc Am
2010 Dec;128(6):3747-3756. [doi: 10.1121/1.3506349] [Medline: 21218906]

32. Tatar EC, Sahin M, Demiral D, et al. Normative values of voice analysis parameters with respect to menstrual cycle in
healthy adult Turkish women. J Voice 2016 May;30(3):322-328. [doi: 10.1016/j.jvoice.2015.04.014] [Medline: 26003887]

33. Amir O, Kishon-Rabin L, Muchnik C. The effect of oral contraceptives on voice: preliminary observations. J Voice 2002
Jun;16(2):267-273. [doi: 10.1016/s0892-1997(02)00096-6] [Medline: 12150379]

34. Karthikeyan S, Locke JL. Men’s evaluation of women’s speech in a simulated dating context: effects of female fertility on
vocal pitch and attractiveness. Evol Behav Sci 2015;9(1):55-67. [doi: 10.1037/ebs0000014]

35. Barnes L, Latman N. Acoustic measure of hormone affect on female voice during menstruation. Int J Humanit Soc Sci
2011;1(3):5-10 [FREE Full text]

36. Chae SW, Choi G, Kang HJ, Choi JO, Jin SM. Clinical analysis of voice change as a parameter of premenstrual syndrome.
J Voice 2001 Jun;15(2):278-283. [doi: 10.1016/S0892-1997(01)00028-5] [Medline: 11411481]

37. Figueiredo LCD, Gonçalves MIR, Pontes A, Pontes P. Vocal behavior during menstrual cycle: perceptual-auditory, acoustic
and self-perception analysis. Rev Bras Otorrinolaringol 2004;70:331-339. [doi: 10.1590/S0034-72992004000300008]

38. Meurer EM, Garcez V, von Eye Corleta H, Capp E. Menstrual cycle influences on voice and speech in adolescent females.
J Voice 2009 Jan;23(1):109-113. [doi: 10.1016/j.jvoice.2007.03.001] [Medline: 17981011]

39. Raj A, Gupta B, Chowdhury A, Chadha S. A study of voice changes in various phases of menstrual cycle and in
postmenopausal women. J Voice 2010 May;24(3):363-368. [doi: 10.1016/j.jvoice.2008.10.005]

40. Pisanski K, Oleszkiewicz A, Plachetka J, Gmiterek M, Reby D. Voice pitch modulation in human mate choice. Proc Biol
Sci 2018 Dec 19;285(1893):20181634. [doi: 10.1098/rspb.2018.1634] [Medline: 30963886]

41. Ray GB, Ray EB, Zahn CJ. Speech behavior and social evaluation: an examination of medical messages. Commun Q 1991
Mar;39(2):119-129. [doi: 10.1080/01463379109369790]

42. Zuckerman M, Miyake K. The attractive voice: what makes it so? J Nonverbal Behav 1993;17(2):119-135. [doi:
10.1007/BF01001960]

Abbreviations
BBT: basal body temperature
F0: fundamental frequency

JMIR Form Res 2025 | vol. 9 | e65448 | p.3816https://formative.jmir.org/2025/1/e65448
(page number not for citation purposes)

Kaufman et alJMIR FORMATIVE RESEARCH

XSL•FO
RenderX

https://zenodo.org/records/11192913
http://dx.doi.org/10.1109/TBME.2006.877107
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17073326&dopt=Abstract
http://dx.doi.org/10.1109/ACSSC.2013.6810619
http://dx.doi.org/10.1016/j.physa.2004.10.026
http://dx.doi.org/10.1016/S1053-8119(03)00406-3
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=14568441&dopt=Abstract
http://dx.doi.org/10.1136/amiajnl-2011-000793
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22759619&dopt=Abstract
http://dx.doi.org/10.1007/s10115-016-0987-z
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28603327&dopt=Abstract
http://dx.doi.org/10.1016/j.sigpro.2019.107299
http://dx.doi.org/10.1152/physrev.1999.79.2.263
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=10221982&dopt=Abstract
http://dx.doi.org/10.25080/Majora-92bf1922-011
http://dx.doi.org/10.1016/s0892-1997(99)80048-4
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=10498059&dopt=Abstract
http://dx.doi.org/10.1044/2014_JSLHR-S-13-0283
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24686981&dopt=Abstract
http://dx.doi.org/10.1016/j.jcomdis.2012.03.001
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22510352&dopt=Abstract
http://dx.doi.org/10.1016/j.yhbeh.2019.104667
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31899259&dopt=Abstract
http://dx.doi.org/10.1121/1.3506349
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21218906&dopt=Abstract
http://dx.doi.org/10.1016/j.jvoice.2015.04.014
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26003887&dopt=Abstract
http://dx.doi.org/10.1016/s0892-1997(02)00096-6
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=12150379&dopt=Abstract
http://dx.doi.org/10.1037/ebs0000014
https://www.ijhssnet.com/journals/Vol._1_No._3;_March_2011/2.pdf
http://dx.doi.org/10.1016/S0892-1997(01)00028-5
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=11411481&dopt=Abstract
http://dx.doi.org/10.1590/S0034-72992004000300008
http://dx.doi.org/10.1016/j.jvoice.2007.03.001
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17981011&dopt=Abstract
http://dx.doi.org/10.1016/j.jvoice.2008.10.005
http://dx.doi.org/10.1098/rspb.2018.1634
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30963886&dopt=Abstract
http://dx.doi.org/10.1080/01463379109369790
http://dx.doi.org/10.1007/BF01001960
http://www.w3.org/Style/XSL
http://www.renderx.com/


F0AV: mean fundamental frequency
F0MAX: 95th percentile of the fundamental frequency
F0MIN: 5th percentile of the fundamental frequency
F0SD: fundamental frequency SD
LH: luteinizing hormone
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Abstract

Background: Cardiovascular disease (CVD) is the leading cause of death among women in America. Hypertensive disorders
of pregnancy (HDP) negatively impact acute and long-term cardiovascular health, with approximately 16% of all pregnancies
affected. With CVD 2‐4 times more likely after HDP compared to normotensive pregnancies, effective interventions to promote
cardiovascular health are imperative.

Objective: With postpartum physical activity (PA) interventions after HDP as an underexplored preventative strategy, we aimed
in this study to assess (1) the feasibility and acceptability of a remotely delivered PA intervention for individuals with HDP 3‐6
months postpartum and (2) changes in average steps per day, skills related to PA behavior, and postpartum blood pressure (BP).

Methods: A remotely delivered 14-week health coaching intervention was designed based on prior formative work. The health
coaching intervention called the Hypertensive Disorders of Pregnancy Postpartum Exercise (HyPE) intervention was tested for
feasibility and acceptability with a single-arm proof-of-concept study design. A total of 19 women who were 3‐6 months
postpartum HDP; currently inactive; 18 years of age or older; resided in Iowa; and without diabetes, kidney disease, and CVD
were enrolled. Feasibility was assessed by the number of sessions attended and acceptability by self-reported satisfaction with
the program. Changes in steps achieved per day were measured with an activPAL4 micro, PA behavior skills via validated surveys
online, and BP was assessed remotely with a research-grade Omron Series 5 (Omron Corporation) BP monitor.

Results: Participants at enrollment were on average 30.3 years of age, 4.1 months postpartum, self-identified as non-Hispanic
White (14/17, 82%), in a committed relationship (16/17, 94%), and had a bachelor’s degree (9/17, 53%). A total of 140 of 152
possible health coaching sessions were attended by those who started the intervention (n=19, 92%). Intervention completers
(n=17) indicated they were satisfied with the program (n=17, 100%) and would recommend it to others (n=17, 100%). No
significant changes in activPAL measured steps were observed from pre- to posttesting (mean 138.40, SD 129.40 steps/day;
P=.75). Significant improvements were observed in PA behavior skills including planning (mean 5.35, SD 4.97 vs mean 15.06,
SD 3.09; P<.001) and monitoring of PA levels (mean 7.29, SD 3.44 vs mean 13.00, SD 2.45; P<.001). No significant decreases
were observed for systolic (mean –1.28, SD 3.59 mm Hg; Hedges g=–0.26; P=.16) and diastolic BP (mean –1.80, SD 5.03 mm
Hg; Hedges g=–0.44; P=.12).

Conclusions: While PA behaviors did not change, the intervention was found to be feasible and acceptable among this sample
of at-risk women. After additional refinement, the intervention should be retested among a larger, more diverse, and less physically
active sample.

Trial Registration: ClinicalTrials.gov NCT06019715; https://clinicaltrials.gov/study/NCT06019715

(JMIR Form Res 2025;9:e65611)   doi:10.2196/65611

KEYWORDS

cardiovascular disease; postpartum; hypertensive disorders of pregnancy; intervention; physical activity intervention;
proof-of-concept; cardiovascular health; CVD risk; cardiovascular disease risk; feasibility; acceptability; health coaching; women's
health; postnatal
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Introduction

Cardiovascular disease (CVD) is the leading cause of death
among women in America; with 1 in 4 deaths being preventable
[1]. Hypertensive disorders of pregnancy (HDP) are associated
with a 2‐4 times greater risk of developing CVD later in life
[1,2]. Despite this increased risk for CVD and with 16% of all
pregnancies affected, few studies have explored potential
interventions for this population after delivery [3]. Consequently,
it is imperative that preventative strategies are developed and
started as early as possible after delivery to mitigate the risk of
future CVD and improve maternal morbidity and mortality.

Cardiovascular changes during pregnancy act as a natural stress
test and may uncover an individual’s potential risk of future
CVD [4]. Specifically, individuals with HDP are at an
immediately increased risk for hypertension (HTN) after
delivery [4]. Long-term cardiometabolic health is also impacted
by HDP, with an increased risk of future CVD, morbidity, and
mortality compared to normotensive pregnancies [5]. The odds
of developing HTN at 1 year postpartum are 5 to 7 times greater
in hypertensive pregnancies compared to normotensive
pregnancies [2,6]. The 5-year likelihood of developing HTN
for pregnancies complicated by HDP is 7.1 times greater than
for normotensive pregnancies [4]. Even in those not diagnosed
with HTN, average blood pressure (BP) is greater in HDP
women than in women with normotensive pregnancies.

Low physical activity (PA) is a known modifiable risk factor
for CVD, and increasing PA has the potential to improve BP
[7]. PA, specifically aerobic exercise, has beneficial effects on
mean, systolic BP (SBP), and diastolic BP (DBP) in adults [8,9].
This effect has been observed in pregnant populations as well,
with the greatest improvements seen among inactive individuals
[10,11]. Despite the known benefits of PA, recent studies
suggest moderate to vigorous PA decreases after pregnancy
compared to during pregnancy activity levels [12]. The perinatal
period, therefore, presents a critical opportunity for behavior
change [13-15]. Interventions promoting PA in the postpartum
period after HDP are an underexplored primary prevention
strategy warranting further investigation.

The main objective of our study was to assess the feasibility
and acceptability of a remotely delivered PA intervention for
individuals with HDP during the postpartum period. We
hypothesized the intervention would be highly feasible and
acceptable. Our secondary objectives included assessing changes
in average steps per day, skills related to PA behavior, and
postpartum BP. We hypothesized that we would observe
significant increases in steps, improvements in PA skills, and
decreases in postpartum SBP and DBP.

Methods

Study Design
A remotely delivered PA intervention for individuals with HDP
called the Hypertensive Disorders of Pregnancy Postpartum
Exercise (HyPE) intervention, was tested with a single-arm
quasi-experimental study design. The Obesity-Related
Behavioral Intervention Trials (ORBIT) model was the

conceptual framework that was leveraged in the development
and subsequent testing of the HyPE intervention [16]. The
ORBIT model guides the development of behavioral treatments
to prevent or manage chronic disease. This model describes a
flexible and iterative process that includes prespecified clinically
significant milestones necessary for forward movement through
the developmental pathway.

Phase I of the ORBIT model was previously completed by our
group, where the design of this intervention was informed by
an assessment of the PA determinants, needs, and desired
components of a PA intervention of postpartum individuals
after HDP [17]. Given phase I was completed successfully, our
group subsequently developed the HyPE intervention for
proof-of-concept testing (phase IIa of the ORBIT model). Study
methods appropriate at this stage include a quasi-experimental,
treatment-only design to determine whether the intervention is
feasible, acceptable, and can achieve a clinically significant
signal on the behavioral risk factor of interest (ie, PA).

Ethical Considerations
All methods and procedures were approved by an institutional
review board prior to the start of the study (IRB #202302470;
ClinicalTrials: NCT06019715). Potential participants had a call
with a research staff member to review study details, ask
questions, and provide informed consent if still interested in
enrolling. All data were deidentified and secured. For
compensation, participants were provided a Fitbit Inspire 2
(Google) and Omron Series 5 BP monitor. Participants received
a US $20 Amazon gift card after completion of half of the study
visits and a US $25 Amazon gift card after completion of the
entire study.

Recruitment
Recruitment of currently inactive individuals (defined in this
study as achieving <9000 steps on average per day) occurred
via mass emails to faculty and staff members of a large
midwestern university, targeted emails to participants in the
Pregnancy 24/7 Cohort Study, and postpartum medical record
searches of individuals who received care at local hospitals and
clinics. If participants were interested in the study, the target
email contained information, as well as a link to a REDcap
(Vanderbilt University) survey for initial screening. If eligible,
interested individuals were contacted via phone at their preferred
time by a research staff member to describe the study in further
detail and answer questions. Subsequently, potential participants
were provided the opportunity for participants to provide
informed consent if still interested in the study.

Following informed consent, participants started baseline screen
procedures involving the assessment of their current PA levels.
The threshold of inactivity was set at <9000 steps per day based
on a prior study conducted by our group and concerns regarding
recruitment within a restricted timeframe [18]. Screening of
baseline PA levels was conducted with an activPAL4 micro
prior to participation in the first study visit.

Eligibility
To be included, participants were 3‐6 months postpartum after
a pregnancy complicated by HDP; 18 years of age or older; able
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to speak, read, and write English; lived in Iowa; and owned a
smartphone. Exclusions included current enrollment in a PA
intervention; achieving >9000 steps at pretesting; inability to
walk half block or 2 flights of stairs; physician’s
recommendation to limit PA; and current diagnosis and
treatment of diabetes, kidney disease, and CVD. All self-report
diagnoses of HDP were verified by medical records.

Intervention
The overall goal of the intervention was to increase the average
number of steps participants achieved per day, with the specific
objective to increase steps by approximately 10% between each
session. The intervention consisted of a total of 8 online health
coaching sessions, with sessions 1‐5 occurring weekly (ie, the
intensive intervention) and subsequent visits 6‐8 occurring

with reduced frequency (Figure 1). Participants were provided
a Fitbit Inspire 2 to track their progress toward the step goals
set with their health coach. Formative work conducted by our
group informed the creation of tailored educational postpartum
PA intervention, including the use of a health coach, remote
delivery approach, selected frequency of study visits, and topics
offered to study participants (eg, breastfeeding and PA).

Health coaching was informed by motivational interviewing
techniques and conducted by a trained interventionist (principle
investigator: JDB). This approach was developed to promote
behavioral change and work through ambivalence by supporting
an individual’s commitment to change using “change talk” (ie,
eliciting the client to express desires, ability, reasons, and need
for a change of behavior) [19,20].

Figure 1. The Hypertensive Disorders of Pregnancy Postpartum Exercise (HyPE) intervention health coaching study timeline. The HyPE intervention
was a 14-week health coaching intervention for postpartum individuals after having a pregnancy complicated by a hypertensive disorder. This intervention
included 8 total health coaching session aiming to promote physical activity.

Measures
REDCap was used to build and manage survey assessments
[21]. At pre- and posttesting, the following information was
collected.

Demographics
Questions assessed the individual’s age, race, ethnicity, marital
status, education, annual household income, insurance coverage,
parity, and employment status. Those currently employed were
asked questions assessing job type, hours worked per week, if
parental leave was provided, and weeks of parental leave
provided.

PA Identity
PA identity was assessed with the validated exercise self-identity
scale [22]. The 9-item survey assessed various components for
how strongly individuals felt exercise was an important
component of self. Individuals rated each item on a 7-point
Likert scale from “strongly disagree” (0) to “strongly agree”
(6) which were summed for a total score (higher scores indicated
exercise was a greater component of self).

PA Planning and Monitoring
PA planning and self-monitoring behaviors were assessed with
the validated 8-item self-monitoring and 6-item action planning
questionnaires [23]. Questions were assessed on a 4-point Likert
scale from “completely disagree (0)” to “totally agree (3).”

Scores were calculated by summing responses; higher scores
indicated greater self-monitoring and planning of PA.

Program Evaluation
At the conclusion of the intervention, participants responded to
a series of closed-ended and open-ended questions assessing
their acceptance of the overall program and different
components of the intervention including health coaching
sessions, perception of PA changes, quality of life, usefulness
of tailored intervention materials, the Fitbit, activPAL4 micro
use, and home BP monitoring with a 5-point Likert scale from
“strongly disagree” (0) to “strongly agree” (4). These questions
were adapted from a previously tested intervention [18].

PA Behavior
Device-based measurement of PA was conducted with both the
activPAL4 micro and the Fitbit Inspire 2. ActivPAL
measurement gave research grade assessments of PA at pre-
and posttesting while the Fitbit allowed for steps measurement
to occur at the end of the intensive intervention (week 5). The
activPAL4 micro assessed changes in PA between pre- and
posttesting and data from the Fitbit Inspire 2 were used to assess
changes in steps during the intervention. The week prior to the
first and last health coaching sessions, participants were
instructed to wear an activPAL4 micro for 9 consecutive days
(2 partial days and 7 full days) that they received via mail along
with instructions for the device. They were also provided an
activity log to self-report sleep, naps, and nonwear times. The
activPAL4 micro was wrapped with retention tape and then
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adhered to the anterior thigh with transparent dressing (3M
Tegaderm Film) for 24 hours a day, to be removed only when
swimming to prevent monitor loss.

For assessment of the preliminary efficacy of the intervention,
our primary outcome was a change in steps per day measured
with the activPAL4 micro. Data collected from the activPAL4
micro were exported as events using PAL technologies software
using the VANE algorithm (PAL Technologies). Participants’
self-reported sleep and nonwear times in their activity logs were
removed using R (R Core Team) [24]. The processing
procedures for this approach are available via the pregnancy247
package located on GitHub [25]. This code generates a figure
depicting sitting, standing, or stepping activities, as well as sleep
or nonwear periods. Visual inspection of these graphs was
conducted to verify the accuracy of reported sleep onset, offset,
and naps. Movement behaviors during waking hours on valid
days were summarized using the activPAL processing package
created by Lynden et al [26]. Total wear time and valid days
were defined by at least 5 days of total wear with greater than
10 hours of wear time each day [27].

For the Fitbit Inspire 2, participants were instructed to wear the
device every day, only removing it at night to charge. At the
end of study participation, all step data collected from the Fitbit
were retrieved by the study staff for data analysis. A valid day
was defined as achieving >1000 steps [28].

Blood Pressure
The protocol for this study’s BP assessment followed the
American Heart Association’s monitoring home BP
recommendations [26,29]. Participants were provided the
validated Omron Series 5 BP monitor at the start of the study
[30,31], and received verbal and visual instructions on how to
take an accurate reading during visit 1, visit 4, and visit 7.
Participants were asked to measure their BP at pretesting, at the
end of the intensive intervention (between visits 4 and 5), and
a week prior to the final study visit which was at the same time
as PA assessments that occurred with both the activPAL4 micro
and Fitbit. During each of these assessments, participants were
asked to measure their BP twice in the morning and twice at
night for 7 consecutive days (ie, 28 total readings). These
readings were synced with the Omron Connect app on the
participant’s cellular device and shared with the research staff
via email. Assessment of appropriate BP technique occurred
remotely via Zoom (Zoom Communications) at each study visit
with corrections of technique provided when needed.

Statistical Analysis
All statistical analyses were determined a priori for main
objectives and SAS (version 9.4; SAS Institute) was used for
analysis. Demographic characteristics were assessed using
frequencies and averages. Feasibility was measured by the

number of completed sessions out of the total sessions possible.
Acceptability was assessed by participants’ self-reported
satisfaction and likelihood of recommending the program to
others. High feasibility was defined as 75% of all sessions
attended. High acceptability was defined by at least 75% of
participants responding that they were either satisfied or very
satisfied with the program.

To assess changes in PA and BP between timepoints, data from
the activPAL4 micro, Fitbit, and Omron series 5 were analyzed
using paired t tests, Wilcoxon signed-rank, and Fisher exact
tests. To estimate the effect size, Hedges g statistics were used.
Thresholds for small, medium, and large effect sizes were set
at 0.2, 0.5, and 0.8, respectively [32]. Linear regression models
were used to assess the association of change in PA (average
steps per day) and change in BP across the intervention [33].
SBP and DBP were treated as continuous variables and included
in separate models. Covariates included in the final model were
the participant’s age, annual household income, activPAL wear
time, and pretest steps.

Although a proof-of-concept study, a sample size calculation
was conducted with a 0.50 effect size, based on preliminary
evidence concerning peripartum PA interventions, using 80%
power and at an α level of .05. From this, it was estimated that
15 individuals would be needed to detect significant changes
in PA. Allowing for 25% drop out, the goal was to recruit 20
participants.

Results

Recruitment
Of the 94 individuals who completed the eligibility survey, 38
were found eligible to participate in the intervention. Those
who were ineligible were excluded most often due to lack of
HDP diagnosis (n=13), being greater than 6 months postpartum
(n=24), or self-reporting current CVD or taking antihypertensive
medications (n=17). Of the 38 eligible, 23 consented to the
intervention. Only 19 of the 23 consented to enroll in the study
with 3 individuals no longer interested and 1 excluded due to
activity (achieving >9000 steps/day). Two participants dropped
out (n=1 moved out of the area and n=1 lack of time;
attrition=11%) during the intervention, leaving 17 participants
who successfully completed the intervention.

Participants
Participants were on average 30.3 years of age (Table 1), and
more often self-identified as White (14/17, 82%), were in a
committed relationship (16/17, 94%), had earned at least a
bachelor’s degree (9/17, 54%), and had an annual household
income over US $100,000 (9/17, 54%). At the start of
participation in the study, no individuals were on parental leave
and were on an average of 4.1 (SD 0.81) months postpartum.
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Table . Demographic characteristics of Hypertensive Disorders of Pregnancy Postpartum Exercise intervention participantsa.

ValuesParticipant characteristics (N=17)

30.3 (3.6)Age (years), mean (SD)

Race, n (%)

14 (82)White

1 (6)Hispanic or Latina

2 (12)Black

Marital status, n (%)

16 (94)Married or in a committed relationship

1 (6)Single

Education, n (%)

4 (24)High school graduate or equivalent

3 (18)Associate’s degree

4 (24)Bachelor’s degree

5 (30)Master’s or doctoral degree

Annual household income (US $), n (%)

2 (12)<$25,000

6 (35)$25,000‐$99,999

6 (35)$100,000‐$149,999

3 (18)>$150,000

14 (82)Earned wages outside of home, n (%)

Parity, n (%)

6 (35)1 child

7 (41)2 children

4 (24)3 or more children

Hypertensive disorder of pregnancy, n (%)

11 (65)Gestational hypertension

6 (35)Preeclampsia

4.1 (0.81)Months postpartum at start of intervention, mean (SD)

aPrior to the start of the intervention, participants completed an online survey to self- report their demographic characteristics. Continuous metrics were
reported as mean (SD) and categorical variables as frequencies, n (%).

Feasibility
Of all the participants who completed pretesting (n=19), 140
of the 152 (92%) sessions were completed. Of participants who
completed the intervention (N=17), all 136 (100%) possible
health coaching sessions were completed. Completers wore the
Fitbit on 96% of all possible days. Almost all BP measures were
obtained from completers with 90% of the pretest, 85% of week
5, and 85% of the posttest measures taken.

Acceptability
Participants evaluated the intervention and components of the
program including health coaching sessions, observed changes
in their PA behaviors, changes in health and well-being, use of
information sheets, Fitbit, activPAL, and BP monitors (Table
2). All completers (N=17) indicated they were satisfied with
the program (100%) and would recommend this program to
others (100%).
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Table . Program evaluation of the Hypertensive Disorders of Pregnancy Postpartum Exercise intervention (N=17)a.

Disagree, n (%)Neutral, n (%)Agree, n (%)Item

Health coaching

0 (0)0 (0)17 (100)The health coaching sessions helped
me increase my physical

activity

0 (0)1 (6)16 (94)The health coaching sessions helped
me decrease the amount

of time I spend sitting

0 (0)0 (0)17 (100)I felt supported by my health coach

0 (0)0 (0)17 (100)My health coach was able to answer
my questions

0 (0)0 (0)17 (100)My health coach helped me under-
stand how to perform

physical activity safely

0 (0)1 (6)16 (94)My health coach helped me create
solutions to problems I

faced

0 (0)0 (0)17 (100)I felt like it was easy to talk to my
health coach

0 (0)1 (6)16 (94)I had enough time for my health
coaching sessions

1 (6)8 (47)8 (47)I wish I had more sessions with my
health coach

0 (0)6 (35)11 (65)I wish I had fewer sessions with my
health coach

0 (0)0 (0)17 (100)The length of time between sessions
(weekly, every other

week, and monthly) was appropriate

0 (0)0 (0)17 (100)I enjoyed the ability to have health
coaching sessions

virtually from the comfort of my
own home

Movement behaviors

0 (0)0 (0)17 (100)I feel like I have become more
physically active

0 (0)0 (0)17 (100)I know how to be physically active

0 (0)0 (0)17 (100)I sit less during the day

0 (0)0 (0)17 (100)I think that physical activity is an
important part of living a

healthy lifestyle

0 (0)0 (0)17 (100)I am confident in my ability to stay
physically active

Health and well-being

0 (0)2 (12)15 (88)I feel healthier

2 (12)2 (12)13 (77)I have more energy during the day

0(0)2 (12)15 (88)I feel supported to live an active
lifestyle

1 (6)7 (41)9 (53)I have noticed an improvement in
my sleep

0 (0)2 (12)15 (88)I have noticed an improvement in
my mood
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Disagree, n (%)Neutral, n (%)Agree, n (%)Item

Information sheets

2 (12)1 (6)14 (82)I referenced the information sheets
during the intervention

3 (18)4 (24)10 (59)The information sheets helped me
increase my physical

activity

7 (41)7 (41)3 (18)The information sheets were diffi-
cult to understand

Fitbit wear

0 (0)0 (0)17 (100)It was easy to set up my Fitbit
(downloading app and linking

device)

0 (0)1 (6)16 (94)My Fitbit was easy to use

1 (5.9)1 (6)15 (88)I checked the step count on my Fit-
bit daily

11 (65)2 (12)4 (24)My Fitbit was uncomfortable to
wear

0(0)0(0)17 (100)The Fitbit app was easy to use

3 (18)5 (29)9 (53)I checked my Fitbit app daily

0 (0)1 (6)15 (88)The instructions given to me on how
to use my Fitbit were

helpful

0 (0)9 (53)8 (47)It was difficult to remember to wear
my Fitbit daily

11 (65)4 (24)2 (12)It was difficult to remember to sync
my Fitbit daily

1 (6)3 (18)13 (77)I remembered to charge my Fitbit
regularly

0 (0)2 (12)15 (88)My Fitbit helped me achieve my
step goals

ActivPAL wear

9 (53)5 (29)3 (18)The thigh activity monitor was un-
comfortable to wear

4 (24)5 (29)8 (47)It was easy to remember to complete
my sleep log daily

7 (41)4 (24)6 (35)I always completed my sleep log at
the same time of day

Blood pressure measurements

5 (29)4 (24)8 (47)It was easy to remember to take my
blood pressure

1 (6)2 (13)14 (82)It was easy connecting my monitor
to my phone

0 (0)0 (0)17 (100)I know how to take a blood pressure
correctly

1 (6)0 (0)16 (94)It was useful knowing my blood
pressure

7 (44)7 (44)2 (13)It was hard to find time to take my
blood pressure

Overall program rating

0 (0)0 (0)17 (100)I was satisfied with the program
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Disagree, n (%)Neutral, n (%)Agree, n (%)Item

0 (0)0 (0)17 (100)I would recommend this program to
others

aParticipants ranked intervention features on a 5-point Likert scale from (1) “strongly agree” to (5) “strongly disagree.” Items were assessed at the end
of the health coaching intervention via an online survey. To improve readability, (1) “strongly agree” and (2) “agree” were combined, as well as (4)
“disagree” and (5) “strongly disagree”.

Concerning specific components of the intervention, all agreed
that health coaching sessions helped increase their PA (n=17,
100%) and most agreed these sessions helped decrease their
sitting time (n=16, 94%). Most participants said they referenced
the information sheets during the program (n=14, 82%) and that
this information helped them increase their PA (n=10, 59%).
The Fitbit overall was rated as easy to use (n=16, 94%) and set
up (n=17, 100%). Most said they checked their Fitbit step count
daily (n=15, 88%). Most said Fitbit instructions were easy to
understand (n=15, 88%), Fitbit was easy to remember to charge
(n=13, 77%), and it helped them achieve their step goals (n=15,
88%).

All participants indicated they knew how to take a BP correctly
after starting the program (n=17, 100%), with a majority

indicating it was useful knowing their BP (n=16, 94%) and that
it was easy to connect their monitor to their phone (n=14, 82%).
Less than half of the participants agreed it was easy to remember
to take their BP (n=8, 47%) and find time to do so (n=7, 44%).

Preliminary Efficacy
Participants on average wore the activPAL for 7.39 (SD 0.51)
days at pretesting and 6.55 (SD 1.46) days at posttesting. As
seen in Table 3, activPAL measures did not significantly change
from pre- to posttesting, including average steps achieved per
week (P=.75), standing time (P=.78), stepping time (P=.49),
and sitting time (P=.38). Fitbit data further contextualized the
changes observed in steps during the intervention period. A
statistically significant increase in Fitbit steps was only observed
from pretesting to the end of the intensive intervention (P=.01).

Table . Physical activity and blood pressure changes of Hypertensive Disorders of Pregnancy Postpartum Exercise intervention participants (N=17)a.

Hedges gPosttestWeek 5PretestVariable

ActivPAL measures

0.756643.60 (1997.68)—b6505.17 (2133.40)Steps, mean (SD)

0.78269.52 (113.51)—249.57 (65.40)Standing time, mean (SD)

0.4991.93 (21.53)—88.57 (27.07)Stepping time, mean (SD)

0.38899.85 (255.90)—868.14 (189.03)Sitting time, mean (SD)

Fitbit measures

0.487031.67 (2288.79)7898.27 (2359.32)c6584.47 (2705.65)Steps, mean (SD)

BPd measures

–0.26120.83 (8.10)120.67 (8.33)122.12 (8.04)Systolic BP, mean (SD)

–0.4481.15 (5.47)81.77 (6.31)82.95 (6.02)Diastolic BP, mean (SD)

–0.517 (41.2)c10 (58.8)11 (64.7)Hypertensive, n (%)

aAll steps reported in units of average steps per week, time variables in average minutes per day, and blood pressures in average mm Hg. The activPAL4
micro and Fitbit Inspire 2 assessed changes in participants’physical activity. The Omron Series 5 blood pressure monitor assessed changes in participants’
blood pressure. Reported Hedges g are effect size estimates between pretest and posttest. Given all variables were nonparametric in nature, Wilcoxon
signed-rank test was used to detect significant differences between 2 timepoints. Statistical significance defined as P<.05.
bNot applicable.
cSignificant difference from baseline.
dBP: blood pressure.

Changes in PA determinants, self-efficacy, planning, monitoring,
and identity from pre- to posttesting are shown in Table 4.
Overall, PA planning behaviors increased significantly (mean
5.35, SD 4.97 to mean 15.06, SD 3.09; P<.001), with increases
in participant’s ability to plan when to be active, where to be
active, who to be active with, how to overcome disruptions of
plans and plan around difficult situations. Behaviors associated
with monitoring of PA also significantly increased (mean 7.29,

SD 3.44 to mean 13.00, SD 2.45; P<.001), with participants
indicating increases in monitoring whether they are active
enough, that they walk enough steps per day, and the awareness
of PA goals. Components of PA identity significantly increased,
including being more likely to identify as an active person,
describing self to others as being active, needing PA to feel
good, and indicating that giving up exercise would cause a sense
of loss. No other statistically significant changes were observed.
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Table . Change in physical activity determinants, self-efficacy, planning, monitoring, and identity of participants in the Hypertensive Disorders of

Pregnancy Postpartum Exercise intervention (N=17)a.

P valuePosttestPretestItems

Planning physical activity, mean
(SD)

<.012.18 (0.39)0.77 (0.75)I can plan when to be active

.012.12 (0.49)0.82 (0.95)I can plan where to be active

.062.29 (0.47)0.65 (0.79)I can plan how to be active

.062.17 (0.64)0.65 (0.70)I can plan how often to be active

.011.65 (0.79)0.65 (0.86)I can plan who to be active with

.021.41 (0.80)0.65 (0.61)I know what to do if my plans are
disrupted

.101.59 (0.62)0.59 (0.51)I can cope with setbacks

.041.65 (0.79)0.59 (0.51)I can plan around difficult situations

<.00115.06 (3.09)5.35 (4.97)Total planning

Monitoring physical activity,
mean (SD)

.012.12 (0.60)1.00 (0.71)I monitor whether I am active
enough

.022.00 (0.87)0.76 (0.56)I monitor that I walk enough steps
per day

.092.41 (0.51)1.82 (0.64)I have physical activity intentions
on my mind

.022.12 (0.70)1.12 (0.86)I am aware of my physical activity
goals

.172.18 (0.39)1.35 (0.93)I try to be physically active regular-
ly

.212.18 (0.39)1.24 (0.90)I try to achieve my physical activity
goals

<.00113.00 (2.45)7.29 (3.44)Total score

Physical activity identity, mean
(SD)

.022.18 (0.95)1.88 (0.86)I am an active person

.041.53 (1.23)0.88 (0.70)I describe myself to others as active

.942.77 (0.66)2.00 (1.28)I have goals related to physical ac-
tivity

.191.82 (1.07)1.53 (1.07)Physical activity is central to my
self-concept

.042.35 (1.06)2.47 (1.01)I need physical activity to feel good
about myself

.471.76 (1.15)1.52 (1.01)Others see me as an active person

.322.71 (0.92)2.71 (1.21)Being active is more than just exer-
cise

.0012.29 (1.21)1.94 (0.97)I would feel loss if I had to give up
exercising

.132.29 (0.99)2.29 (1.10)I think about physical activity often

.0919.71 (6.55)17.24 (6.88)Total score

aParticipants completed online surveys prior to the start and at the conclusion of the intervention. Validated surveys assessed participants’ ability to
plan for physical activity, monitor physical activity levels, and physical activity related identities. Differences assess in continuous measures with paired
t tests and categorical with Fisher exact tests. All Likert scales ranged from “strongly disagree” (0) to “strongly agree” (5). Statistical significance
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defined as P<.05.

At pretesting, the average SBP was 122.12 (SD 8.04) mm Hg
and DBP was 82.95 (SD 6.02) mm Hg (Table 3). Of the pretest
readings, 11 (65%) participants had average readings that would
be classified as HTN based on American Heart Association
guidelines. Significant decreases in the number of participants
with hypertensive readings were observed between pre- and
posttesting (11 vs 7 participants; P=.01; Hedges g=–0.51). No
statistically significant changes in SBP (mean –1.44, SD 4.68
mm Hg; P=.22) and DBP (mean –1.19, SD 4.76 mm Hg; P=.32)
were observed from pretesting to the end of the intensive
intervention (week 5) or from pretesting to posttesting (SBP:
mean –1.28, SD 3.59; Hedges g=–0.26; P=.16 and DBP: mean
–1.80, SD 5.03; Hedges g=–0.44; P=.12). When assessing the
association between an increase in steps by 1000 and BP, no
findings were statistically significant (SBP: mean –0.30, SD
1.11 mm Hg; P=.79 and DBP: mean –1.52, SD 1.46 mm Hg;
P=.32).

Discussion

Principal Findings
The HyPE intervention included 17 participants whose prior
pregnancies were complicated by HDP. Overall, the intervention
was found to be feasible and acceptable as we hypothesized.
Preliminary efficacy assessments did not support our hypothesis
as participants did not significantly increase the number of
activPAL measured steps achieved from pre- to posttesting.
Indicating that we failed to achieve a clinically significant
impact on the behavioral target, a critical milestone in phase
IIa of the ORBIT model [16]. Factors promoting PA (eg, PA
monitoring, planning, and identity) were observed to
significantly improve. HTN prevalence was the only BP metric
observed to significantly decrease from pre- to posttesting.

Contextualizing Findings
CVD has previously been described as a “man’s disease,” but
the acknowledged importance of CVD in women is increasing.
Reviews of CVD-related clinical trials have highlighted an
underrepresentation of women in research [34], subsequently
attributing to sex-based disparities in the clinical guidelines,
recommendations, treatments, and health outcomes related to
CVD. Potential downstream effects of these disparities were
reflected in our findings, with 94% (n=16) of individuals
reporting at no time did a health care provider discuss the
increased risk of CVD associated with HDP diagnosis. With
HDP an important risk factor for CVD, it is critical as a field
to find effective strategies to promote cardiovascular health in
this high-risk population.

To the authors’ knowledge, only 1 randomized clinical trial has
assessed the efficacy of a PA intervention after HDP.
Participants of that study increased their steps more than the
control (mean difference: 647 steps per day, 95% CI 169‐1124;
P=.009) [35]. A total of 65% of participants completed the study
with 94% indicating that they would recommend the program
to others [35]. The HyPE intervention had similar adherence
and acceptability results, with 90% of participants completing
the intervention and 100% satisfied with the program.

Intervening on PA this early in postpartum (3‐6 months
postpartum) is novel and our results indicate that interventions
during this timeframe may be feasible and acceptable. Although
we did not observe significant increases in device-measured
PA, participants did significantly increase their self-reported
abilities to plan and monitor PA. This discrepancy may be a
result of seasonality, given that the winter season is associated
with a decrease of up to 2500 steps compared to summer months
[36]. Those completing their posttesting in the winter (ie,
December or January; n=9, 53%), consequently may have seen
a decrease in their steps due to the colder temperatures. While
participants in the HyPE intervention did not increase their
steps, the intervention may have prevented the typical decline
observed when transitioning from summer to winter months.
Future interventions should consider the impacts seasonality
may have on their population and develop strategies to combat
potential effects colder weather may bring. Finally, we included
the target population in the development of the intervention in
previous formative work assessing the unique behavioral
determinants, needs, and desires of postpartum individuals with
HDP [17]. Formative work has been called for in postpartum
PA intervention development with inclusion of the target
population in this process essential to creating equitable and
culturally appropriate solutions [37,38].

Limitations
There are several limitations of this study to consider when
interpreting results. There was no control group due to this being
a proof-of-concept study, limiting the ability to assess whether
the changes observed were a direct effect of the intervention
itself. This decision was intentional, however, as very few PA
interventions have targeted the early postpartum period, and
demonstrating feasibility and acceptability was our primary
objective. This also follows the ORBIT model, representing
phase IIa in the behavioral treatment developmental pathway
[16]. Given that the milestone for successful completion of
phase IIa was not reached with no clinically significant changes
in behavior detected, further refinement and optimization of the
intervention is warranted. These refinements should include
lowering the <9000 step inclusion criteria threshold, as well as
the duration or frequency of study visits. In addition, there was
no activPAL4 micro assessment of PA at the end of the intensive
intervention (week 5), which limited our ability to determine
the immediate effects of the intervention on PA behavior. It is
also possible that our PA eligibility criteria (must achieve <9000
steps/day) may have biased our results by not recruiting a truly
inactive population. It is estimated that achieving Americans
7000‐8000 steps is equivalent to meeting the PA guidelines
for Americans [39]. Further, the significant decrease in
hypertensive individuals should be interpreted with caution, as
this may reflect that most individuals who were classified as
hypertensive were only slightly above the American Heart
Association defined BP threshold for HTN. Finally, the
population recruited was not racially, ethnically, or
socioeconomically diverse, with a majority of individuals being
White and of high socioeconomic status. Future studies will
require a larger, more diverse sample and should consider
recruiting individuals achieving <7000 steps per day. Future
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studies are needed to contextualize the needs and desires of
diverse populations. Given the importance intersectional
identities may have in a birthing person’s health and experiences
with the medical system, the inclusion of diverse cohorts is
essential to the equitable promotion of female cardiovascular
health after HDP.

Conclusions
HDP incidence is increasing and is associated with an increased
risk of CVD later in life. Our study suggests that intervening in
PA behaviors early after HDP is feasible and acceptable. Future
studies should further refine intervention strategies for this
population and test its efficacy in a larger, more diverse, and
less active sample.
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Abstract

Background: Heart failure (HF) is a common and deadly disease, precipitated by physical inactivity and sedentary behavior.
Although the 1-year survival rate after the first diagnosis is high, physical inactivity and sedentary behavior are associated with
increased mortality and negatively impact the health-related quality of life (HR-QoL).

Objective: We tested the recruitment frequency, implementation fidelity, and feasibility of outcomes of the Activity Coach app
that was developed using an existing mobile health (mHealth) tool, Optilogg, to support older adults with HF to be more physically
active and less sedentary.

Methods: In this pilot clinical randomized controlled trial (RCT), patients with HF who were already using Optilogg to enhance
self-care behavior were recruited from 5 primary care health centers in Sweden. Participants were randomized to either have their
mHealth tool updated with the Activity Coach app (intervention group) or a sham version (control group). The intervention
duration was 12 weeks, and in weeks 1 and 12, the participants wore an accelerometer daily to objectively measure their physical
activity. The HR-QoL was measured with the Kansas City Cardiomyopathy Questionnaire (KCCQ), and subjective goal attainment
was assessed using goal attainment scaling. Baseline data were collected from the participants’ electronic health records (EHRs).

Results: We found 67 eligible people using the mHealth tool, of which 30 (45%) initially agreed to participate, with 20 (30%)
successfully enrolled and randomized to the control and intervention groups in a ratio of 1:1. The participants’ daily adherence
to registering physical activity in the Activity Coach app was 69% (range 24%-97%), and their weekly adherence was 88% (range
58%-100%). The mean goal attainment score was –1.0 (SD 1.1) for the control group versus 0.6 (SD 0.6) for the intervention
group (P=.001). The mean change in the overall HR-QoL summary score was –9 (SD 10) for the control group versus 3 (SD 13)
in the intervention group (P=.027). There was a significant difference in the physical limitation scores between the control (mean
45, SD 27) and intervention (mean 71, SD 20) groups (P=.04). The average length of sedentary bouts increased by 27 minutes
to 458 (SD 84) in the control group minutes and decreased by 0.70 minutes to 391 (SD 117) in the intervention group (P=.22).
There was a nonsignificant increase in the mean light physical activity (LPA): 146 (SD 46) versus 207 (SD 80) minutes in the
control and intervention groups, respectively (P=.07).

Conclusions: The recruitment rate was lower than anticipated. An active recruitment process is advised if a future efficacy
study is to be conducted. Adherence to the Activity Coach app was high, and it may be able to support older adults with HF in
being physically active.

Trial Registration: ClinicalTrials.gov NCT05235763; https://clinicaltrials.gov/study/NCT05235763

(JMIR Form Res 2025;9:e62910)   doi:10.2196/62910
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Introduction

Background
Heart failure (HF) is a clinical syndrome characterized by a
reduced cardiac output leading to a deficit in meeting the
metabolic needs of the cells [1]. It is a major cause of morbidity
and mortality worldwide [2]. Physical inactivity and sedentary
behavior adversely affect outcomes in patients with HF.
Sedentary behavior is a state where no activities performed
increase energy expenditure substantially above the resting
level, typically sitting or lying down [3]. Physical inactivity can
be defined as the nonachievement of targets according to the
physical activity guidelines that are recommended for an
individual [4]. Although the 1-year survival rate for patients
after the first diagnosis of HF is high [5], physical inactivity is
associated with additionally increased mortality them [6].
Similarly, sedentary behavior is also associated with increased
mortality [7] and negatively impacts the health-related quality
of life (HR-QoL) [8]. It is, therefore, desirable to support
patients with HF to be more physically active and break their
sedentary behavior. A tool aimed at doing this, called “Activity
Coach,” has been developed as a separate module on an existing
mobile health (mHealth) tool [9].

The Activity Coach app is aimed at supporting everyday
physical activity and reducing sedentary behavior and should
not be viewed as an exercise tool. Furthermore, it is primarily
intended for the physically inactive population with HF and is
planned to be tested for efficacy in that population [9].

The Medical Research Council (MRC) suggests that before
conducting an appropriately powered efficacy study, enough
piloting and feasibility work has to be performed to be confident
that the intervention can be delivered as intended (fidelity) and
that safe assumptions can be made about effect sizes and
variability and about rates of recruitment and retention [10]. A
pilot randomized controlled trial (RCT) is the best way to assess
the feasibility of a large, expensive full-scale study [11], and
hence, the objectives of a pilot RCT need to be different from
those of a future efficacy study, including comments on the
uncertainties to be investigated [12]. In accordance with the
MRC [10] and the CONSORT (Consolidated Standards of
Reporting Trials) guidelines for pilot RCTs [13] (Multimedia
Appendix 1), we conducted a pilot RCT to evaluate a study
design, with the main focus being the rate of recruitment. In
addition, we sought to assess the fidelity of the intervention, as
well as the plausibility of the proposed outcome measures, in
terms of data quality and effect sizes.

Objective
The objective of this pilot RCT was to test the study protocol
of an intervention in terms of patient recruitment, intervention
fidelity, and plausibility of outcomes. The research questions
were as follows:

• Recruitment: What was the recruitment frequency and
attrition rate in the target population?

• Implementation fidelity: To what extent was the intervention
delivered as intended?

• Outcomes: How was the plausibility of outcomes in terms
of data integrity and quality, and what limited efficacy was
seen regarding the included outcome measures?

Methods

Trial Design and Participants
The Heart Failure Activity Coach Study (HEALTHY) was a
single-blinded, parallel pilot clinical RCT. Since the Activity
Coach app was developed on the platform of an already existing
mHealth tool called Optilogg, only people equipped with a
home-based self-care support device called Optilogg were
eligible to participate. As all study participants regardless of
study arm allocation would have Optilogg since before, this
also eliminated the risk of the effects of Optilogg per se
confounding the results. Participants also needed to be listed at
a primary health care center.

The eligibility criteria for participation were age≥18 years, a
confirmed HF diagnosis, using Optilogg (obtained from a
participating HF clinic), being physically inactive based on a
screening question, and having the ability to consent to
participation. Eligible people were excluded if they did not
consent to a home visit or to using an accelerometer, if they had
a life expectancy shorter than 6 months, or if they were already
participating in another study on physical activity.

Change to Trial Design After Commencement
After the initial slow recruitment of just 2 randomized
participants after 3 months, an amendment was submitted to
the ethical review board, the inclusion criteria were modified,
and it was decided that all people willing to participate would
be included regardless of their answer to the screening question
on physical inactivity. This change was justified based on the
fact that the Activity Coach app might have benefits for a more
active population with HF, too. Furthermore, potential
participants were now contacted by telephone instead of regular
mail. In the Ancillary Analyses section, potential differences
between participants as stratified by the screening question are
reported.

Study Procedure
Eligible people were first contacted by regular mail, and those
willing to participate would be asked to answer a single-item
self-report question. This question has previously been evaluated
as a screening tool for classifying respondents as being
physically active or physically inactive, and the same
methodology was used in this study to identify physically
inactive people [14]. The question is item 9 in the validated the
European Heart Failure Self-care Behaviour Scale, and the
question is in the shape of a statement (“I exercise regularly”),
which the respondent answers using an ordinal scale from 1 to
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5, with 1 being “I completely agree” to 5 being “I don’t agree
at all” [15]. In this study, responses from 3 to 5 were coded as
physically inactive [14]. If a participant met the eligibility
criteria, a home visit was scheduled. During the home visit, the
participant signed an informed consent form, was randomized
to the intervention or the control group, filled out baseline
questionnaires, and received an accelerometer. Lastly, the
Activity Coach app or the sham version was installed on their
Optilogg mHealth tool.

The intervention period was 12 weeks, and during weeks 1 and
12 of the study, participants wore the accelerometer every day.
At the end of the study the same questionnaires that were
completed at the start of the study were filled out again. Clinical
data, such as demographics, etiology, comorbidities, and
pharmacological treatments, were collected from the
participants’ electronic health records (EHRs) by the HF nurse
at each respective primary health care center.

Intervention and Control

The mHealth Tool Optilogg
Optilogg consists of a tablet computer wirelessly connected to
a weight scale, and the user is encouraged to interact with it
daily. Without the addition of the Activity Coach app, Optilogg
has 3 main features: subjective and objective symptom tracking,
interactive education about living with HF, and an automated
flexible loop-diuretics regime. It has been shown to improve
self-care behavior in people with HF [16,17].

The Activity Coach App Intervention
The Activity Coach app was added as a novel feature to the
existing Optilogg, with the purpose of supporting people with
HF to be physically active, and was developed using principles
described by the MRC [9,10]. Therefore, in addition to existing
Optilogg features, the mHealth tool included Activity Coach
features as well. Every day, the user can, in an intuitive graphical
user interface (GUI), enter how much time they have been
physically active in increments of 10 minutes regardless of what
physical activity means for them. This allows for a
one-size-fits-all approach to accommodate heterogenous
populations. The accumulated physical activity is logged and
presented as trends in a separate tab. Each week, there is an
on-screen summary of the past week’s logged activity, and the
user can, if desired, set a goal for the upcoming week, although
they can at any time turn off the goal-setting feature. The
progress toward reaching the goal is illustrated in the trends tab.
The Activity Coach app was designed to first create motivation
to be physically active and then provide a means of tracking
physical activity. Motivation is achieved by providing an
educational tip a day for 1 week, aimed at establishing 3 beliefs:
physical activity leads to certain outcomes (positive outcome
expectancy), the person can perform physical activity
(self-efficacy), and the outcomes are desirable to the person
(goal congruence). More details on the underlying intervention
theory and theoretical model, as well as the development
process, have been published elsewhere [9]. The participants
in the intervention group were instructed to try to track their
physical activity in the Activity Coach app daily.

Control Version
As previously mentioned, the original Optilogg contains an
education module that, in part, deals with physical activity and
exercise, and this education module has been shown to increase
knowledge about HF [17]. This could have been a possible
confounder when trying to analyze the additional effects of the
Activity Coach app. To mitigate this, all participants were
recruited from existing Optilogg users. The intervention group
had the Activity Coach app installed on their existing Optilogg
system, and the control group had a sham version of the Activity
Coach app installed instead. This slightly changed the
appearance of the GUI compared to the original Optilogg prior
to the study, such that instead of starting each day on the regular
home-screen, the modified system started in the section of the
education module dealing with physical activity, but none of
the actual Activity Coach features were enabled. This led to an
apparent change, also relating to physical activity, which would
be immediately noted by the user.

Research Question 1: Recruitment
The recruitment procedure metric to be evaluated was defined
as the number of people who met the eligibility criteria who
needed to be contacted and screened to reach a certain number
of recruited and randomized participants. Monitoring attrition
rates was also part of evaluating the study design. As described
earlier, the study design was changed to also include participants
who originally were intended to not be included, since they
were defined as physically active. Hence, this outcome was
reported as 2 numbers: one where the original screening was
still used and the other where physically active people were also
included.

Research Question 2: Implementation Fidelity
Implementation fidelity was evaluated by analyzing how much
the participants randomized to the intervention group actually
used the Activity Coach app (eg, adherence, which is a common
means of assessing intervention fidelity in physical activity
interventions) [18]. Adherence was defined as the ratio of actual
use to intended use [19], and since, no clear recommendation
exists on how often the Activity Coach app or similar behavior
change interventions relating to physical activity should be used,
we reported daily and weekly adherence. Daily adherence was
calculated as the number of days that the participant performed
physical activity divided by the study duration in days (ie, 84).
Weekly adherence was calculated as the number of weeks that
the participant performed physical activity in 1 day or more
divided by the number of weeks in the study (ie, 12).
Furthermore, the Activity Coach app offers a goal-setting feature
on a weekly basis. The usage of this feature was also examined.

Research Question 3: Outcomes
The outcome measures studied were the subjective goal
attainment score; the HR-QoL, measured with the Kansas City
Cardiomyopathy Questionnaire (KCCQ); and objective physical
activity, measured with an accelerometer.

Subjective Goal Attainment
For goal attainment, we relied on the methods proposed by
Urach et al [20]. Upon enrollment, participants selected 2 goals
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from a list of 10 physical activity–related goals they wanted to
achieve during the 12-week study. The list was based on a
literature review of the effects of increased physical activity on
people with HF. The 10 goals are listed in Table 1. Upon
completing their participation in the study, each participant
rated the 2 selected goals during follow-up, comparing the

current status with the status when the study started. The rating
was on a scale from –2 to 2, where –2 indicated worsening and
2 indicated improvement. A mean value of the scores of the 2
goals was then calculated and constituted the reported value,
referred to as the goal attainment score.

Table 1. Prespecified goals for the subjective goal attainment outcome.

GoalGoal number

Better sleep1

Boosted daytime energy2

Able to walk with ease without frequent pauses3

Less physical pain4

Feel better5

Reduced shortness of breath6

Less daytime fatigue7

More energy to do things around the house8

Increased desire and energy for social activities9

Improved appetite10

Health-Related Quality of Life
The Kansas City Cardiomyopathy Questionnaire (KCCQ) short
version is a 12-item questionnaire used to assess the HR-QoL
in people with cardiomyopathies, which outputs 4 subscale
summary scores (physical limitation, symptom frequency,
quality of life [QoL], and social limitation), as well as a total
summary score [21]. The scores range from 0 to 100, where
100 represents the best-possible value for any given score. The
questionnaire has been validated in the current population [22].

Objective Physical Activity
Sedentary behavior and physical inactivity were assessed
objectively using an accelerometer [23]. The accelerometer used
was the validated ActiGraph GT9X [24], and participants were
instructed to wear it around the hip for 7 consecutive days. The
accelerometer data were reported as the percentage sedentary
time, the average length of sedentary bouts, and steps per day.
Data were sampled as raw data (30 Hz), converted to 60-second
time intervals (or epochs) in counts per minute for the vector
magnitude, and analyzed using ActiLife software (v.6.13.4).

Certain criteria were applied to the accelerometer data acquired
for it to be included in the analyses. The accelerometer had to
be used during at least 4 of the 7 days, with a minimum wear
time of 540 minutes/day. Periods with consecutive 0s for 60
minutes or more (with 2-minute tolerance) were interpreted as
time of nonuse and excluded from further analyses.

Sample Size
An appropriate sample size for a pilot should be based on the
estimated effect size, where a large effect size warrants 15-30
participants, an intermediate effect size requires 25-35
participants [25], and a more general recommendation is a
sample size of 12 per group [26]. In this study, the target sample
size was set to 40, and enrollment was to stop either when 40

study participants had been randomized or when all eligible
people had been contacted (whichever came first).

Randomization
Sheets of paper with an “I” for intervention or a “C” for control
were printed and put in sealed envelopes. After an eligible
participant had agreed to participate in the study, a home visit
was scheduled. The participant signed the informed consent
form and filled out the baseline questionnaire. The researcher
selected an envelope from the batch and opened it and
subsequently install the Activity Coach app or the sham version
onto the participant’s Optilogg without informing them about
the allocation.

Blinding
This was a single-blinded, parallel pilot RCT. Every participant
already had the Optilogg system at home and at the start of the
study and was randomized to either the control or the
intervention group at the beginning, at which point the sham
version or the actual Activity Coach app was installed on their
Optilogg without them knowing which version they received.
The participants were not informed of what arm they were
randomized to until the study was over and all data collected.
The person who entered and registered all the data was also
blinded to the allocation, but the investigators knew which group
each participant was allocated to.

Ethical Considerations
Ethics approval was obtained from Sweden’s Ethical Review
Board (Dnr 2021-05366-01; approval date: November 17, 2021),
with the amendment regarding the recruitment procedure also
being approved (Dnr 2023-00799-02; approval date: February
19, 2023). All recruited participants signed and submitted their
informed consent to participate in writing.
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Statistical Analysis
Continuous variables, such as age and steps, were analyzed
using the Student t test, and categorical variables were analyzed
using the chi-square test. For subjectively graded goals, a mean
value was computed from the 2 answers, and the Student t test
was performed to test the differences between groups.

To test the differences in ordinal variables, such as self-reported
physical activity and exercise, as well as nonnormally distributed
data, such as the scaled outputs of the KCCQ, the
Mann-Whitney U nonparametric test was performed. P<.05
was considered statistically significant.

All statistical calculations were computed in SPSS Statistics
v.29 (IBM Corporation). All statistical tests performed on
outcome data were performed without power calculations and
were interpreted accordingly.

Results

Population
The participant selection flowchart, along with the study design,
is illustrated in Figure 1.

Figure 1. Participant flow and study design of the pilot RCT. KCCQ - Kansas City Cardiomyopathy Questionnaire, EHR – electronic health records.

In total, 116 people were using the mHealth tool as part of their
regular self-care at the start of this study. These 116 potential
participants were listed at 11 different primary health care
centers, 5 (45%) of which agreed to participate in the study. At
these 5 health care centers, 67 (58%) of the 116 people were
listed and were contacted and asked to participate. Participants

were recruited between September 13, 2022, and March 25,
2023.

Baseline Data
The participants’ baseline demographical data are summarized
in Table 2. No significant differences between the 2 study arms
were detected.
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Table 2. Baseline data, including demographics, etiology, comorbidities, and pharmacological treatment, for study participants.

Total (N=20)Intervention group (n=10)Control group (n=10)Characteristics

78 (7)78 (9)77 (5)Age (years), mean (SD)

8 (40)4 (40)4 (40)Females, n (%)

HFa type, n (%)

7 (35)3 (30)4 (40)HFrEFb

5 (25)4 (40)1 (10)HFmrEFc

8 (40)3 (30)5 (50)HFpEFd

NYHAe class, n (%)

10 (50)6 (60)4 (40)NYHA II

10 (50)4 (40)6 (60)NYHA III

Comorbidities, n (%)

5 (25)2 (20)3 (30)Diabetes

5 (25)2 (20)3 (30)COPDf

10 (50)6 (60)4 (40)Hypertension

8 (40)5 (50)3 (30)Atrial fibrillation

5 (25)3 (30)2 (20)Kidney disease

18 (90)10 (100)8 (80)ACEig/ARBh/ARNIi

17 (85)10 (100)7 (70)Beta blocker

3 (15)2 (20)1 (10)MRAj

7 (35)5 (50)2 (20)SGLT2ik

15 (75)8 (80)7 (70)Physically inactive

aHF: heart failure.
bHFrEF: heart failure with reduced ejection fraction.
cHFmrEF: heart failure with mildly reduced ejection fraction.
dHFpEF: heart failure with preserved ejection fraction.
eNYHA: New York Heart Association.
fCOPD: chronic obstructive pulmonary disease.
gACEi: angiotensin-converting enzyme inhibitor.
hARB: angiotensin receptor blocker.
iARNI: angiotensin receptor blocker neprilysin inhibitor.
jMRA: mineralocorticoid receptor antagonist.
kSGLT2i: sodium glucose cotransporter 2 inhibitor.

Numbers Analyzed
Of the 20 participants recruited, 1 (5%) participant in the control
group died during the study. Another participant in the control
group and 1 (5%) in the intervention group did not meet the
requirements of wear time for their accelerometer data to be
included in the analyses. Hence, accelerometer-based outputs
were available for 8 (80%) participants in the control group and
9 (90%) participants in the intervention group. All
questionnaire-based data were available for 9 (90%) participants
in the control group and 10 (100%) participants in the
intervention group.

Research Question 1: Recruitment
Of the 67 participants with HF whom we could contact, 30
(45%) agreed to participate, but 10 (33%) withdrew their consent
before being formally recruited and signing the informed consent
form. Most did not provide a reason, but 1 (10%) reported a
spouse who had gotten sick, and another had hurt himself and
did not wish to participate any longer.

Finally, 20 (30%) of the 67 potential participants were recruited
and could be randomized to the control group or the intervention
group. However, had the amendment to also include people
who were assessed to be physically active not been made, only
15 (22%) people would have been recruited and randomized.
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Research Question 2: Implementation Fidelity
The daily adherence to registering physical activity in the
Activity Coach app was 69% (range 24%-97%), and weekly
adherence was 88% (range 58%-100%). On average, participants
in the intervention group registered 323 (range 66-422) minutes
per week. The lowest weekly adherence was 50%. In addition,
40% (n=8) of the participants had a daily adherence exceeding
90%, while 40% (n=8) had a weekly adherence of 100%.
Furthermore, 9 (90%) of the 10 participants equipped with the
Activity Coach app chose to enable the goal-setting
functionality. The median weekly goal achievement was 83%
(range 61%-96%).

Research Question 3: Outcomes

Subjective Goal Attainment
All 10 prespecified goals were selected by at least 1 (5%) study
participant. The first goal selected was distributed among the
first 5 goals (see Table 1), whereas the choices for the second
goal were distributed over 9 of the 10 options, with the most
frequently selected goa being reduced shortness of breath. In
the control group, 8 (80%) participants experienced overall
worsening and 1 (10%) reported improvement, whereas in the
intervention group, 7 (70%) participants reported improvement,
2 (20%) reported no difference, and 1 (10%) reported overall
worsening.

The mean goal attainment score for the 2 groups was –1.0 (SD
1.1) for the control group versus 0.6 (SD 0.6) for the intervention
group (P=.001). This is illustrated in Figure 2.

Figure 2. Goal attainment score by group, calculated as the mean (SD) value for the 2 selected goals.

Health-Related Quality of Life
In the control group the mean KCCQ summary score was 59
(SD 25) at baseline compared to 67 (SD 22) in the intervention
group (P=0.6). At follow-up, the scores were 54 (SD 25) and
70 (SD 21) for the control and the intervention group,

respectively (P=.18). ANCOVA to control for baseline
differences yielded P=.04. The mean change in the overall
summary score was –9 (SD 10) in the control group versus 3
(SD 13) in the intervention group (P=.03) and is illustrated in
Figure 3, while the other KCCQ subscales are presented in Table
3.
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Figure 3. Change in the KCCQ overall summary score by group at follow-up after 12 weeks. KCCQ: Kansas City Cardiomyopathy Questionnaire.

Table 3. KCCQa output (summary score and subdimensions) at baseline and follow-up.

P valueIntervention group score, mean (SD)Control group score, mean (SD)Subdimensions and time

Physical limitation

.4665 (28)57 (26)Baseline

.0471 (20)45 (27)Follow-up

Symptom frequency

.3867 (26)57 (33)Baseline

.2966 (30)56 (26)Follow-up

QoLb

.6267 (19)60 (19)Baseline

.7468 (21)63 (26)Follow-up

Social limitation

.6269 (31)61 (33)Baseline

.1574 (26)54 (30)Follow-up

Summary score

.5567 (22)59 (25)Baseline

.1870 (21)54 (25)Follow-up

aKCCQ: Kansas City Cardiomyopathy Questionnaire.
bQoL: quality of life.

Objective Physical Activity
The accelerometer-derived data are summarized in Table 4.
Participants spent, on average, 76% (SD 7%) of the time in a
sedentary state at baseline (control group: mean 79%, SD 6%;
intervention group: mean 74%, SD 8%; P=.20), which at
follow-up was 74% (SD 10%) of the time (control group: mean
78%, SD 8%; intervention group: mean 71%, SD 12%; P=.22).
The decrease was mean –2.6% (SD 7%) in the intervention
group versus –0.91% (SD 5%) in the control group (P=.59).

The average length of sedentary bouts at baseline was 408 (SD
87) minutes (control group: mean 431, SD 72 minutes;
intervention group: mean 392, SD 96 minutes; P=.38) based on
all the data recorded during the week of wearing the
accelerometer. Over the course of the study, the average length
of sedentary bouts increased by 27 minutes to 458 (SD 84)
minutes in the control group and decreased by 0.70 minutes to
391 (SD 117) minutes in the intervention group (P=.22).

On average, participants walked 2735 (SD 2481) steps per day
at baseline (control group: mean 2058, SD 1356 steps;
intervention group: mean 3210, SD 3019 steps; P=.36). The
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average number of steps per day increased by 861 to 2919 (SD
2303) steps in the control group and by 322 to 3532 (SD 3208)
steps in the intervention group (P=.67). The time spent in light
physical activity (LPA) increased by 8 minutes in the control

group and by 42 minutes in the intervention group (P=.07).
Moderate-to-vigorous physical activity (MVPA) and LPA data
are included in Table 4.

Table 4. Overview of objectively measured physical activity obtained from the accelerometer at baseline and 12-week follow-up.

P valueIntervention group, mean (SD)Control group, mean (SD)Data items and time

Sedentary behavior (%)

.3374 (8)79 (6)Baseline

.3371 (12)78 (8)Follow-up

Average length of sedentary bouts (minutes)

.56392 (96)431 (72)Baseline

.14391 (117)458 (84)Follow-up

Steps per day, n

.333210 (3019)2058 (1356)Baseline

.703532 (3208)2919 (2303)Follow-up

LPAa (minutes)

.27169 (52)138 (47)Baseline

.07207 (80)146 (46)Follow-up

MVPAb (minutes)

.5431 (35)15 (11)Baseline

.9633 (42)21 (24)Follow-up

aLPA: light physical activity.
bMVPA: moderate-to-vigorous physical activity.

Ancillary Analyses
Since the original trial design was modified to also include
people who were not physically inactive, ancillary analyses
were performed to study what impact, if any, that had on the

data. No significant differences appeared. The differences are
listed in Table 5.

A comparison of the steps per day for the physically active
versus physically inactive participants is shown in Figure 4.

Table 5. Comparison of objectively measured physical activity between groups with the original data set and the data set including only participants
classified as physically inactive (n=15, 75%).

Intervention group, mean (SD)Control group, mean (SD)Data items and time

Steps per day at baseline, n

3210 (3019)2058 (1356)Original data set

1952 (856)1459 (814)Physically inactive

Steps per day at follow-up, n

3532 (3208)2919 (2303)Original data set

2218 (1139)2194 (1943)Physically inactive

Average length of sedentary bouts at baseline (minutes)

392 (96)431 (72)Original data set

406 (99)455 (71)Physically inactive

Average length of sedentary bouts at follow-up (minutes)

391 (117)458 (84)Original data set

409 (119)495 (55)Physically inactive
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Figure 4. Accelerometer-measured steps per day for physically active versus physically inactive participants.

Discussion

Principal Findings
The results of this study show that it may be challenging to
recruit physically inactive older adults with HF to participate
in an mHealth study, but there might be benefits in using
mHealth to support this population in achieving goals relating
to physical activity and reduce sedentary behavior.

Recruitment
It is known to be challenging to recruit older people with severe
illness for studies evaluating digital health technologies [27].
It seems reasonable that seeking to recruit physically inactive
people makes it even more likely that they decline participation.
Only 22% of the people contacted for this study were
successfully recruited and randomized, although 45% initially
consented to participate, but every third person withdrew consent
prior to starting the trial. It might, therefore, be appropriate to
investigate whether something in the recruitment process could
be improved (eg, the information material or striving to initiate
the trial at the same time as collecting the consent). Reasons
given for withdrawal were typically negative life events (eg,
having been hospitalized, having received a new diagnosis, or
having a spouse whose health had deteriorated). The withdrawal
rate was lower in patients who were recruited via telephone
versus via mail.

The recruitment rate in this study of 22% was low compared to
other studies, where the corresponding rates ranged from 70%
to 90%, although these numbers come from studies in which
participants were recruited in the in-patient setting [28,29]. It
should also be noted that aside from the 1 participant who died,
there was no attrition during the study, and all participants who
started also finished the study.

Based on our experiences from this study, we conclude that
researchers must be active and may have to call up each possible
participant and that merely sending out letters via regular mail
is likely insufficient.

Implementation Fidelity
To be able to judge the quality of a study and to properly
replicate it, some reporting of intervention fidelity is required,
and examples of aspects of intervention fidelity to report are
intervention design and intervention delivery or receipt of the
intervention [30]. The intervention design has been published
elsewhere [9], and a qualitative study to investigate user
experiences was beyond the scope of this study. An acceptable
intervention delivery ensures that results from the intervention
are generalizable [31]. Delivery of the intervention can be
reported as intervention adherence [18], which is what we
reported in this manuscript. Other mHealth studies have used
60% adherence as a cutoff point for acceptable level of use
[17,32], and that level was also adopted in the development of
the Activity Coach app [9]. In this study, the median adherence
was 69%, which is higher than what is normally reported for
mHealth interventions [19] and also higher than that in the
Activity Coach feasibility study, suggesting an improvement
in usability following the final adjustments made to the Activity
Coach app after the feasibility study [9]. The 2022 systematic
review by Jakob et al [19] concluded that factors that drive
adherence are tailoring of content to the user and gamification,
both of which are present in the Activity Coach app and may
explain the better-than-average adherence. What level of
adherence to an intervention is acceptable should depend on
which intervention is being studied. The current guidelines on
physical activity from the World Health Organization (WHO)
for the general population [33], as well as guidelines for people
with HF [34], make recommendations on a weekly basis, so it
may be reasonable to also assess adherence to a tool supporting
physical activity on a weekly basis; in this study, weekly
adherence to the Activity Coach app was 88%, which is similar
to other rates in the published literature, which ranged from
55% to 80%, depending on the definition of adherence
[29,35-39].
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Outcomes

Plausibility of Outcomes

Questionnaires were completed by 19 of the 20 participants,
and system (Activity Coach) data from all 10 participants in the
intervention group and accelerometer data from 17 of the 20
participants passed wear time scrutiny. The use of a prespecified
list of personal goals to choose from, which was a learning from
a feasibility study [9], worked well, and each participant
successfully selected 2 goals and could grade them at follow-up.
All data were analyzable and of acceptable quality.

Limited Efficacy Testing

Goal attainment is an important part of person-centered care
[40,41] and is also more responsive to change than other
measures [42]. The 5-point scale we used is considered the norm
when using goal attainment as an outcome [43,44]. There was
a significant difference in goal attainment between the 2 groups,
and although there was a subtle improvement in the intervention
group, there was a more pronounced worsening in the control
group.

It is difficult to assess the clinical importance of a goal
attainment scaling outcome, but a 25% shift on an ordinal scale
has previously been used as a clinically meaningful change
[41,45]. The shift in this study was of a magnitude of 32% of
the used scale. In the light of improvements in the HR-QoL,
this might imply that there is a clinically meaningful effect.

The KCCQ results mirrored the subjective goal attainment
results, in that the KCCQ summary score showed a 12-point
difference between the 2 groups, expressed as a 5%
improvement in the intervention group and a 15% worsening
in the control group. This difference is of a similar size as effects
reported from another mHealth intervention aimed at increasing
physical activity, which reported a 6-point difference, also at
12-week follow-up [46]. Other telehealth interventions, albeit
not strict mHealth, have reported smaller or no improvements
in the KCCQ score [47-50]. The difference between the 2 groups
at baseline in the summary score was large, albeit nonsignificant,
and when that difference was corrected for, the difference
between the 2 groups at follow-up also became significant.

Looking at the subscales, the physical limitation dimension was
the subdomain with the largest effect, where the intervention
group at follow-up had a 37% higher score. A change in that
subscale exceeding 8.33 points has been identified as the
minimal clinically important difference for improvement and
a decrease of 4.17 or more indicates deterioration [51]. In this
study, the score of the intervention group increased by 6 points
and that of the control group decreased by 12 points, which
suggests a clinically meaningful deterioration in the control
group.

There was a significant difference of 4135 in the steps per day
between the physically inactive versus active participants, which
needs to be considered when interpreting the results from the
objective measurements of physical activity. The change in the
time spent in sedentary behavior was of a magnitude similar to
that in other reports on physical activity interventions [52]. The
differences between the 2 study arms were more pronounced

after removing the physically active participants, with an
increase of 40 minutes in the control group compared to an
increase of 3 minutes in the intervention group.

Longer sedentary bouts are associated with poor health outcomes
[53-55]. For these effects to manifest into outcomes, the
reduction in sedentary time needs to be shifted to MVPA
according to Rossen et al [56], which was, however, disputed
by Diaz et al [57]. There is still a knowledge gap regarding the
impact of the sedentary bout length and the effects of changing
it [58].

There was no significant difference in the steps per day between
the 2 groups, neither at baseline nor at follow-up, although the
number of steps per day increased more in the control group
(861 steps) compared to the intervention group (322 steps). The
increase in steps in the control group is large enough to
potentially be clinically meaningful [59], although successful
interventions aimed at increasing the step count in chronically
ill older adults usually report larger effects (eg, mean ~2000,
SD 500, more steps per day or above) [28,60,61]. It is not
possible to say whether this effect on the control group was a
consequence of the small sample size or external factors.
Perhaps there is a connection between more steps per day and
longer sedentary bouts. Other research has also proven the
positive effects of mHealth interventions on physical activity
outcomes [62].

Overall, it appears that the Activity Coach app does not improve
the outcomes studied, but it may offer protection against
deterioration, as the control group experienced worsened
situations relating to their individual goals, a significantly worse
HR-QoL, and a trend toward increased length of sedentary
bouts. The Activity Coach app does not necessary tell the user
to go out and walk, but it focuses more on subtle suggestions,
such as standing up a couple of times or doing leg kicks during
television commercials, shifting the balance between the feet,
doing calf raises while doing the dishes, or using an exercise
band. Assuming this is adhered to, it would explain a perceived
increase in exercise and improvements in the HR-QoL and goal
attainment, without necessarily showing up on the step counts.
Possibly, it is manifested in the shorter average lengths of
sedentary bouts.

Combining the recruitment rate with the effect sizes on the
outcomes measured showed that a future efficacy study designed
in the same way, with the primary endpoint being either the
KCCQ summary score or sedentary time, needs to contact
approximately 250-350 people to be sufficiently powerful.

Limitations
The original study design was modified, and as seen in the
ancillary analyses, there were significant differences in daily
physical activity between physically active and physically
inactive participants, which makes the results more difficult to
interpret.

Fewer participants than desired were included, and even though
the study was not designed based on specific power calculations,
a larger included population would have provided better grounds
for designing an efficacy trial, a more well-grounded sample
size estimation, and improved generalizability.

JMIR Form Res 2025 | vol. 9 | e62910 | p.3841https://formative.jmir.org/2025/1/e62910
(page number not for citation purposes)

Blomqvist et alJMIR FORMATIVE RESEARCH

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


Conclusion
The recruitment rate of this study, where older adults with HF
were to evaluate an mHealth tool, was 22%, which is a low rate.
An active recruitment process is advised if a future efficacy

study is to be performed. Adherence to the Activity Coach
intervention was better than average at 69%. Deterioration in
health and the QoL may be attenuated by the Activity Coach
app, possibly by increasing certain aspects of physical activity
and by reducing the length of sedentary bouts.
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Abstract

Background: Cognitive behavioral therapy for psychosis (CBTp) is not sufficiently widespread in clinical practice, although
evidence has been presented.

Objective: The purpose of this study was to explore whether one-on-one videoconference-based CBTp (vCBTp) is more effective
than usual care (UC) alone for improving psychiatric symptoms in patients with schizophrenia attending outpatient clinics.

Methods: In this exploratory randomized controlled trial, patients with schizophrenia and schizoaffective disorders who were
still taking medication in an outpatient clinic were randomly assigned to either the vCBTp plus UC group (n=12) or the UC group
(n=12). The vCBTp program was conducted once a week, with each session lasting for 50 minutes, for a total of 7 sessions
conducted in real-time and in a one-on-one format remotely using a loaned tablet computer (iPad). The primary outcome was the
Positive and Negative Syndrome Scale (PANSS) total score, which measures the difference in the mean change from baseline
(week 0) to posttest (week 8).

Results: The study included 24 participants. There were no significant differences between the 2 groups at baseline. With regard
to significant differences between the 2 groups in terms of the primary outcome, the mean change in the PANSS total score from
baseline to week 8 in the vCBTp plus UC group was –9.5 (95% CI –12.09 to –6.91) and the mean change in the UC alone group
was 6.9 (95% CI 1.54-12.30). The difference between the 2 groups was significant (P<.001). In addition, significant improvements
were observed in the subscales of positive (P<.001) and negative (P=.004) symptoms and general psychopathology (P<.001).
Significant differences were also observed in the secondary outcomes of the General Anxiety Disorder-7 (GAD-7; P=.04) and
EQ-5D-5L (P=.005). There were no dropouts and no serious adverse events in this study.

Conclusions: A total of 7 remote vCBTp sessions conducted in the vCBTp plus UC group could be safely administered to
patients with schizophrenia. They were also observed to be effective for psychiatric symptoms, general anxiety, and quality of
life. However, because of the observed worsening of scores in the UC group, caution is required in interpreting significant
differences between the 2 groups. This approach is expected to improve accessibility to CBTp for outpatients with schizophrenia
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and social anxiety regarding transportation use and financial and physical burdens related to transportation, and to contribute to
promoting CBTp acceptability by compensating for the shortage of implementers.

Trial Registration: University Hospital Medical Information Network Clinical Trials Registry UMIN000043396;
https://center6.umin.ac.jp/cgi-open-bin/ctr/ctr_view.cgi?recptno=R000049544

International Registered Report Identifier (IRRID): RR2-10.1136/bmjopen-2022-069734

(JMIR Form Res 2025;9:e59540)   doi:10.2196/59540
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Introduction

Background
Schizophrenia is a psychiatric disorder that affects
approximately 1% of the total population and is typically
prevalent between the ages of 16 and 30 years [1,2].
Pharmacotherapy with antipsychotic drugs is the standard
treatment for schizophrenia. Moreover, cognitive behavioral
therapy, a psychological intervention, is recommended by the
National Institute of Health and Clinical Excellence (NICE)
[3]. In the West, cognitive behavioral therapy for psychosis
(CBTp) has shown promise in improving positive symptoms
and acquiring coping skills [4]. A meta-analysis of CBTp
reported a moderate effect of 0.35-0.44 for positive and
generalized symptoms [5,6]. Despite the effectiveness of
traditional face-to-face CBTp in treating schizophrenia, progress
in training therapists to conduct CBTp has been slow [7,8]. The
Schizophrenia Commission in the United Kingdom reported
that only 10% of patients with schizophrenia receive CBTp due
to limited access [9]. Therefore, despite supporting evidence,
it is infrequently implemented in clinical practice owing to a
shortage of practitioners, making it difficult for patients to
receive CBTp [10]. It is thus desirable to create an environment
in which effective CBTp can be implemented in the future and
increase the number of clinicians who can practice. Evidence
of low-intensity CBTp has also been collected, suggesting its
efficacy [11,12].

Previous studies have found that community psychiatric nurses
effectively increased their awareness of illnesses by conducting
as few as 6 sessions of CBTp [13,14]. The 6 CBTp sessions
improved their understanding of illness, general health, and
depression. NICE recommends a minimum of 16 sessions of
CBTp [3]. However, a meta-analysis by Hazell et al [11]
reported an effect size of 0.46 for CBTp conducted in 6-15
sessions.

In addition, some studies have reported the incorporation of
new theories, such as mindfulness, acceptance and commitment
therapy, compassion mind training, and metacognitive therapy,
into CBTp [15]. Thus, in recent years, studies have been
conducted that have not limited themselves to formulated CBTp
but have adjusted the frequency and content of CBTp.

In this context, studies reported that patients with schizophrenia
have traumatic memories and may be treated with CBT [16].
However, CBTp does not focus directly on the sequelae of
trauma, and therapists are concerned that experiential
reprocessing of trauma may exacerbate psychotic symptoms;

therefore, the treatment of posttraumatic disorder (PTSD)
symptoms often involves reluctance [17]. Nevertheless, 3
reviews [18-20] suggested that trauma-focused psychotherapy
is safe and effective for psychotic patients.

In recent years, research on internet-based CBTp has increased
[21-25], and a growing interest exists for CBT delivered through
a videoconference system called vCBT [26,27]. This method
enhances access to CBT for patients in remote areas and enables
teletherapy through 2-way real-time communication between
the therapist and patient. Therapist-led internet-based CBT has
been demonstrated to be equally effective as face-to-face CBT
in treating anxiety, depression, insomnia, and physical disorders
[28].

There have also been several previous studies targeting
schizophrenia. A CBTp effort in a group therapy format using
a videoconference method for early psychosis reported positive
results regarding efficacy [29]. Moreover, a study of remote
sessions based on acceptance commitment therapy in a group
therapy format mentioned the potential for both accessibility
and recovery effects [30]. In addition, there have been reports
of neurocognitive and metacognitive training delivered remotely
as group therapy [31]. However, there is still little to no evidence
regarding randomized controlled trials (RCTs) of CBTp
interventions in a one-on-one videoconference format.

Therefore, we developed a real-time and one-on-one
videoconference-based CBTp (vCBTp) program for
schizophrenia through an RCT design [32]. The vCBTp program
included 2 sessions that addressed intrusive memories of
stressful events related to the onset of psychosis.

Objective
This study examined the results and efficacy of an exploratory
RCT designed to compare the clinical efficacy of 7 sessions of
vCBTp as an adjunct to usual care (UC) versus UC alone. The
study included patients with persistent positive symptoms of
schizophrenia despite pharmacotherapy.

Methods

Study Design and Participants
This study was designed as a single-center, 2-arm, parallel,
rater-blinded, prospective RCT with a 7-week treatment
regimen. Study participants were assigned to either the vCBTp
plus UC or UC alone groups. The recruitment of participants
was posted on the Chiba University Graduate School of
Medicine’s Cognitive Behavioral Physiology subject recruitment
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website. Recruitment posters were displayed in the outpatient
waiting room of Chiba University Hospital. Recruitment posters
and leaflets were also mailed to medical institutions and
employment support facilities in Chiba Prefecture.

Ethical Considerations
All procedures were approved by the Institutional Review Board
of Chiba University Hospital in January 2021 (reference number:
G2020031). All participants received a thorough verbal and
written explanation of the study, and verbal and written consent
was obtained from those who were confirmed to have the
capacity to consent to the study and who wished to participate.
Participation in the clinical trial was voluntary on the part of
the subjects and their surrogates, and they were fully informed
that they could refuse or withdraw from participation in the
clinical trial at any time. The consent obtained also covered that
no additional consent would be required for secondary analyses.

Data were anonymized so that they could be identified only by
a unique identification number and were maintained at the data
center. Consent documents and other materials related to the
study were strictly maintained in a locked archive.

Study participants were paid a burden-reduction fee (10,000
JPY [US $65] gift card at baseline and 10,000 JPY [US $65]
gift card at the endpoint for a total of 20,000 JPY [US $130])
for assessments at 0 and 8 weeks. This burden-reduction fee
was paid equitably to both the vCBTp plus UC group and the
UC group.

Inclusion Criteria
The criteria for those eligible to participate in the study were
as follows: age 16-65 years; primary diagnosis of schizophrenia,
schizoaffective disorder, or delusional disorder according to the
Diagnostic and Statistical Manual of Mental Disorders, 5th
edition; and satisfactory assessment of competence to provide
informed consent using the MacArthur Competence Assessment
Tool for Clinical Research (MacCAT-CR) [33,34]. The
MacCAT-CR assessed participants’ ability to “understand,”
“recognize,” “think validly,” and “express choice” about the
study. Participants who responded with a score of 0 on any of
the items were judged to have poor capacity to consent and were
eligible for exclusion. In addition, participants needed to have
at least 3 points on any one of the positive symptoms of the
Positive and Negative Syndrome Scale (PANSS) [35]. In
addition, participants had to be attending their primary
psychiatrist, be taking antipsychotic medication for at least 3
months continuously, and not intend to change their medication
within the next 3 months. Participants were also required to
obtain consent from their primary psychiatrist to participate in
the study. An internet environment with wireless fidelity (Wi-Fi)
was needed for videoconference using a tablet computer (iPad).

Exclusion Criteria
Those with a diagnosis of alcoholism, drug dependence,
intellectual disability, or dementia from their primary
psychiatrist were excluded from participation in the study. Those
who were predicted to be at risk of self-harm or harm as a result
of the clinical trial were also excluded. Risk of self-harm or
harm was assessed by responses to outcome items and

observation of adverse events at the time of consent and at 0-
and 8-week assessments. In addition, patients were screened
for suicidal ideation with item 9 of the Patient Health
Questionnaire-9 (PHQ-9) [36] at the 0- and 8-week assessments;
those scoring 1 or more points were considered positive for
suicidal ideation [37]. Patients were assessed by the investigator
and a psychiatrist, and those who were assessed as being at
imminent risk of suicide and thus unable to complete the study
were considered for exclusion. Patients who were hospitalized
were excluded from the study.

Sample Size
The main objective of this study was to assess the superiority
of vCBTp for symptom improvement in a group of patients with
schizophrenia compared with a UC group, referencing a previous
study by Morrison et al [38], which compared CBT and
antipsychotic groups, where the mean difference between the
vCBTp plus UC group and UC group after the intervention was
12 points, with the SD of the pooled UC group assumed to be
8 points. The significance level for both groups was set at 5%,
and the power was set at 90%. The number of patients in each
group was calculated to be 11. Assuming a participant dropout
rate of 10%, the target number of patients was set at 12 in each
group.

Eligibility Assessment
Two researchers (a psychiatrist [ES] and a researcher [MK])
conducted the initial consultation. It was conducted face-to-face
at Chiba University Hospital. At the hospital, ES, as a
psychiatrist, assessed and confirmed eligibility, including the
participant’s history of treatment by their family physician,
severity of symptoms, and ability to consent to participate in
the study. MK assessed the PANSS for allocation adjustment
factors and the MacCAT-CR for competency to consent to this
study. In addition, the researchers ascertained the participants’
clinical characteristics, including gender, age, marital status,
age at onset, duration of illness, employment status, and
treatment history (eg, names of antipsychotic medications, drug
titers at baseline, and changes in treatment during the study
period).

Randomization and Masking
After ES or MK examined applicants for suitability prior to
study enrollment, those who were identified as meeting the
criteria and whose consent was obtained were enrolled as cases
by the Chiba University Hospital Data Center. After registration,
all patient names were key-coded, anonymized, and kept
confidential. The Chiba University Hospital Data Center then
conducted dynamic allocation of participants using a computer
program. Because this was a pilot study and the number of
patients was small, 2 allocation adjustment factors were used.
Participants were randomized in a 1:1 ratio to the vCBTp plus
UC group or UC group using a minimization method with 2
factors as allocation adjustment factors: total baseline PANSS
score (PANSS ≥ 51) and gender. The PANSS values were
calculated based on the participants’ baseline values in the study
by Naeem et al [39]. Each participant was randomly assigned
to 1 of the 2 treatments. In addition, the data center was strictly
controlled to ensure that the allocation program was not divulged
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to outside parties. After study entry, the author HN, as an
evaluator, was blinded for the duration of the study, and only
HN who was an expert in assessing the PANSS at 0 and 8 weeks
assessed the PANSS in a semistructured interview format via
videoconference. HN was not informed which group participants
were assigned to until study completion to ensure fairness. All
secondary assessments other than the PANSS involved
self-administered questionnaires.

Procedures
Patients who wished to participate in the study had an initial
consultation with MK and ES at Chiba University Hospital,
where eligibility assessment and consent to participate in the
study were explained. At that time, they received an explanation
and lecture on the basic operation of the loaned iPad and
videoconference connection for vCBTp. With regard to vCBTp,
MK participated from Chiba University Hospital, and patients
attended sessions from home using the loaned iPad. Participants
reported their email address and cell phone number to the study
office for contact, but were also required to provide emergency
contact information for a family member or support person in
case of emergency. Videoconference was used for 0- and 8-week
assessments and all vCBTp sessions. The PANSS assessments
at weeks 0 and 8 were conducted via videoconference with only
HN and the participants. MK did not participate in the
videoconference.

All vCBTp sessions were conducted by MK. ES appropriately
supervised MK after each session. In addition to research
experience in CBT interventions for schizophrenia [40], MK
had conducted high-intensity CBT sessions for depression and
anxiety at the Cognitive Behavioral Therapy Center at Chiba
University Hospital, and had the qualities and fidelity of a
therapist.

ES had experience in creating remote CBT programs for patients
with panic disorder, obsessive-compulsive disorder, social
anxiety [26], eating disorders [41], chronic pain [42], and other
disorders. The vCBTp program for patients with schizophrenia
was created by 2 researchers (ES and MK). The number of
sessions in this study was set based on a meta-analysis of
low-intensity CBTp [11]. Since the median number of sessions
in the 10 previous studies in the meta-analysis was 7.5, the
program was created with a total of 7 sessions of vCBTp. The
duration of treatment was 7 weeks (50 minutes per session, once
a week). Seven sessions were printed as text in a paper booklet
and mailed to the vCBTp plus UC group participants after the
0-week assessment. vCBTp sessions were conducted in a
one-on-one format between the therapist and the participant.
The therapist wrote the session content on slides in real-time
while the camera was turned on and a PowerPoint file was
shared on the screen in the messaging application software
(Microsoft Teams) for videoconference. After each homework
session, participants wrote on the text file that had been sent to
them in advance and submitted the images to the therapist as
email attachments with photos.

In schizophrenia, depression and anxiety are significantly related
to positive symptoms [43]. We developed the vCBTp sessions
based on “cognitive restructuring,” a basic technique
incorporated into CBT for depression and anxiety. vCBTp
consists of the following 7 sessions: (1) assessment and goal
setting, (2) case formulation using cognitive-behavioral models,
(3) cognitive restructuring, (4) coping and relaxation, (5)
externalization of intrusive memories about stressful events
related to the onset of psychosis, (6) re-evaluation of intrusive
memories about stressful events related to the onset of psychosis,
and (7) relapse prevention (Table 1).

Table 1. Composition and contents of videoconference-based cognitive behavioral therapy for psychosis.

HomeworkContents and goalsSession

Record stressful situations felt during the weekAssessment and goal setting; identify symptoms of distress and set goalsSession 1

Cognitive-behavioral model to record stressful
situations felt during the week

Case formulation of current stress; use the cognitive-behavioral model to objec-
tively understand events and thoughts/anxiety

Session 2

Use the column method to derive and record
another way of thinking

Cognitive restructuring of current stress; psychological flexibility by mentioning
“other ideas;” improvement of confidence

Session 3

Record coping done in a weekCoping and relaxation; engage in fun and calming activities and activate behav-
iors

Session 4

Record words of self-compassion about your
symptoms and stress felt during the week

Externalize intrusive memories about stressful events related to the onset of
psychosis; use cognitive-behavioral models to capture past stressful experiences
and understand core beliefs that have persisted since that time; moreover, engage
in self-compassion at that time

Session 5

Record your coping behaviors about symptoms
and stress felt during the week

Reassess intrusive memories about stressful events related to the onset of psy-
chosis; reflect on how you have coped with past stressful experiences and recog-
nize that you have coping skills

Session 6

Fill in what you learned or felt during the

vCBTpa session

Prevention of recurrence, review of the past session theme, and setting of future
goals

Session 7

avCBTp: videoconference-based cognitive behavioral therapy for psychosis.

We also focused on intrusive thoughts and subjective distress
caused by broadly defined traumatic stress experiences in
patients with schizophrenia [44-46]. The Graduate School of

Medicine, Chiba University, to which the researcher belongs,
also has a track record of research on imagery rescripting of
traumatic memories [47]. However, in this study, instead of
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dealing with “traumatic memories” in consideration of the
burden on participants, the aim was to help participants become
aware of their core beliefs and work on themselves by reflecting
on stressful events related to their past onset of psychosis. The
fact that the research sessions would include an important
session in which participants would reflect on painful events in
their past was fully explained and agreed upon during the study
description. It was also decided that sessions would focus on
episodes that participants felt comfortable talking about. The
order of sessions was flexible, with sessions being changed or
repeated depending on the participants’ levels of understanding
and their reactions at the time.

There was no staff involvement in this study with regard to UC,
which was defined as participants’ own use of outpatient care
and rehabilitation that they were engaged in prior to participation
in the study and until its conclusion.

While use anxiety and connection problems are possible with
the use of digital devices, the study addressed these by providing
the following support: vCBTp patients practiced connecting to
MK for participation through videoconference from home prior
to the 0-week baseline assessment. vCBTp patients were also
provided with an iPad charger and a microphone with an
earpiece for consideration of their family living together.
Patients with no or unstable home Wi-Fi access were loaned
mobile Wi-Fi at no charge. While participating in the study,
they could be contacted at any time via email. Participants were
able to contact the researcher via email if they caught a cold or
had other urgent appointments. When connected, participants
were also called as needed to provide support for iPad use and
remote connection anxiety, as appropriate. In addition, after
each session was completed for the vCBTp plus UC group, the
materials from that session were sent in PDF format via email.
After the research trial was completed, the PowerPoint
presentation materials for the participants, which had been
included during 7 sessions, were printed as a paper-based
booklet for the participants’ own use and mailed to them by the
researcher.

Outcomes

Primary Outcome
The primary outcome was the PANSS total score. The change
from baseline to week 8 was compared. The PANSS is an
assessment consisting of 7 positive symptoms, 7 negative
symptoms, and 16 general psychopathology items. Each item
is scored on a scale of 1-7 points. The scores range from 30 (no
symptoms) to 210 (the most severe symptoms). The PANSS is
an objective instrument for assessing schizophrenia symptoms
in clinical and experimental studies and is the global standard
for reliability and validity. Assessors blinded to the treatment
assignment assessed the PANSS via a videoconference system
at baseline and 8 weeks after the test.

Secondary Outcomes
Subtotal scores were assessed for positive symptoms, negative
symptoms, and general psychopathology extracted from the
PANSS subscale scores. Total scores for the 7 positive symptom
subscales of the PANSS ranged from 7 (no symptoms) to 49
(severe positive symptoms). Total scores for the 7 negative

symptom subscales ranged from 7 (no symptoms) to 49 (severe
negative symptoms). Total scores for the 16 items in the general
psychopathology subscale ranged from 16 (no symptoms) to
112 (severe psychopathology).

The Japanese version of the Beck Cognitive Insight Scale
(BCIS-J) [48] was also used to assess cognitive insight. All 15
items of the BCIS-J were divided into 9 items of self-reflection
(0-36) and 6 items of confidence (0-24). A lower subtotal of
the 9 self-reflection items minus the 6 confidence items is
associated with a lower cognitive pathology score.

In addition, the Impact of Event Scale-Revised (IES-R) [49]
was used to assess subjective distress over specific stressful life
events. The IES-R consists of 22 items (0-88) that are divided
into 8 intrusive symptoms, 8 avoidance symptoms, and 6
hyperarousal symptoms, measuring the symptoms of persons
exposed to traumatic experiences.

The PHQ-9 was used to assess depressive symptoms. It consists
of 9 items ranging from 0 (no depressive symptoms) to 27
(severe depressive symptoms).

The Generalized Anxiety Disorder-7 (GAD-7) [50] was used
to assess anxiety. The GAD-7 consists of 7 items ranging from
0 (no anxiety symptoms) to 21 (severe anxiety symptoms).

The EQ-5D-5L [51] was used to assess quality of life (QoL). It
consists of 5 items and assesses QoL on a 5-point Likert scale
ranging from 1 (not severe) to 5 (severe). The EQ-5D-5L is the
most commonly used measure of QoL worldwide.

Other Outcomes
Other assessments included chlorpromazine (CPZ) [52], which
indicates (equivalent to) the daily prescribed dose of
antipsychotic medication. In addition, the therapists inquired
about participants’ experiences of adverse events during each
assessment. All measures were assessed at week 0 (baseline)
and week 8 (after treatment), and the results were analyzed
according to set principles.

Statistical Analyses
This study followed the Consolidated Standards of Reporting
Trials (CONSORT) guidelines for statistical analyses and
reporting. The primary analysis was based on the
intention-to-treat principle. We calculated the PANSS total
score change at week 8 for both the vCBTp and UC groups and
compared the mean differences between the groups to assess
the primary outcome. Comparisons between the 2 groups were
performed using an unpaired t test. Secondary endpoints were
analyzed using the same approach as the primary endpoint to
understand the primary endpoint further. In addition, we
considered participants in each group with a 20% improvement
in the total PANSS score as treatment responders. We compared
the proportion of participants in each group. The frequency of
adverse events was used as a safety endpoint. For percentage
estimates, the exact 2-sided 95% CIs of the binomial distribution
were calculated for each group. Statistical analyses were
performed using SAS version 9.4 (SAS Institute Inc). Statistical
significance was set at a P-value of <.05. The Cohen d (M
baseline–M posttest)/SD pooled formula was used to calculate
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the effect size (Cohen d) from the difference in the means of
each group.

Results

Recruitment
Figure 1 shows the flow diagram of patient recruitment based
on the CONSORT guidelines. A total of 33 patients applied to
participate. Applicants included those who applied through the
website (n=5), those who saw the poster in the hospital
outpatient waiting room and applied on their own (n=4), and
those who were referred by their doctor or daycare facility staff
(n=14). Three of these patients were excluded. Of the 3 excluded
patients, 1 was excluded because of hospitalization. The other
2 patients were excluded because they had multiple zeros on
the MacCAT-CR, did not meet the criteria for understanding

the trial, and were found not to have adequate capacity to
consent. These 2 individuals were referred by a daycare facility
staff member, who did not have a good understanding of the
clinical trial and was primarily interested in obtaining the
burden-reduction funding. In addition, 6 patients voluntarily
declined to participate in the study after being informed about
the study, citing concerns about the burden of the study and
fatigue. Ultimately, 24 patients underwent in-person eligibility
examinations at Chiba University Hospital, and all 24 were
enrolled in the study. Study participants had schizophrenia
(n=18) and schizoaffective disorder (n=4) and were assigned
in equal numbers to the 2 groups. All 24 participants in the
assigned vCBTp plus UC and UC groups completed the clinical
trial. They provided informal feedback on the vCBTp plus UC
intervention. Nearly all the study participants who completed
the study reported positive feedback, indicating that the
intervention was appropriate and easy to engage in (Figure 1).

Figure 1. Flow diagram of patient recruitment. DSM-5: Diagnostic and Statistical Manual of Mental Disorders, 5th edition; MacCAT-CR: MacArthur
Competence Assessment Tool for Clinical Research; UC: usual care; vCBTp: videoconference-based cognitive behavioral therapy for psychosis.

Participants’ Characteristics
Table 2 summarizes the clinical characteristics of the
participants at the time of assignment. There were no significant
differences between the 2 groups in terms of age, gender, marital

status, employment status, number of people living together,
number of psychiatric hospitalizations, age of onset, duration
of illness, total MacArthur comprehension score, and PANSS
participant proportion score below 50 (Table 2).
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Table 2. Baseline characteristics of the study participants (N=24).

UC group (n=12)vCBTpa + UCb group (n=12)Variable

7 (58)7 (58)Female, n (%)

9 (75)8 (89)Unmarried, n (%)

9 (75)10 (83)Unemployed, n (%)

32.3 (12.26)34.7 (8.98)Age (years), mean (SD)

1.3 (1.87)1.6 (1.44)Hospitalization (times), mean (SD)

24.4 (8.26)22.8 (6.70)Age of onset (years), mean (SD)

7.6 (5.74)11.6 (7.44)Duration of an illness (years), mean (SD)

40.3 (1.84)41.1 (1.11)MacCAT-CRc (total score), mean (SD)

2 (17)3 (25)Number of patients with a PANSSd score less than 51, n (%)

avCBTp: videoconference-based cognitive behavioral therapy for psychosis.
bUC: usual care.
cMacCAT-CR: MacArthur Competence Assessment Tool for Clinical Research.
dPANSS: Positive and Negative Syndrome Scale.

Participants were mostly single (n=17) and unemployed (n=19).
They were in their early 30s on average, and the average number
of hospitalizations was less than two, although some had never
been hospitalized (n=5). Some respondents were living alone
in apartments (n=1) or in assisted living (n=1), but the rest were
living with family members (n=22). An equal number of patients
with schizophrenia (n=10) and schizoaffective disorder (n=2)
participated in each group. These ambulatory variables were
not used as randomization factors.

In addition, all participants had a certain affinity for digital
devices, as they usually used smartphones and PCs to watch
videos. Both groups were able to maintain a remote connection

environment without major problems by exchanging emails and
receiving advice over the phone in case of connection problems.

Primary Outcome
Table 3 displays the means and SDs of the participants’ PANSS
total scores from baseline to posttest. The mean change in
PANSS total scores from baseline to posttest was –9.5 (95%
CI –12.09 to –6.91) for the vCBTp plus UC group and 6.9 (95%
CI 1.54-12.30) for the UC group (Table 4). The vCBTp plus
UC group demonstrated a significant improvement compared
to the UC group, with a between-group difference of 16.41 (95%
CI 10.79-22.04; P<.001).
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Table 3. Raw data of the primary and secondary outcomes (N=24).

UC group (n=12)vCBTpa + UCb group (n=12)Variable

Cohen dPost score,
mean (SD)

Pre score, mean
(SD)

Cohen dPost score,
mean (SD)

Pre score, mean
(SD)

Primary outcome

–0.6161.1 (10.72)54.2 (11.07)1.4542.8 (6.02)52.3 (7.02)PANSSc (total score)

Secondary outcomes

–0.2414.6 (3.50)13.7 (3.77)1.4311.4 (1.88)14.8 (2.77)PANSS (positive)

–0.073.6 (1.31)3.5 (1.45)0.652.7 (0.78)3.4 (1.31)Delusion

–0.231.8 (0.83)1.6 (0.90)0.621.4 (0.51)1.8 (0.75)Conceptual disorganization

–0.372.8 (1.42)2.3 (1.30)0.221.6 (0.67)1.8 (1.11)Hallucinatory behavior

0.001.2 (0.39)1.2 (0.39)0.521.3 (0.45)1.8 (1.29)Excitement

0.111.4 (0.79)1.5 (1.00)0.351.3 (0.45)1.8 (1.54)Grandiosity

–0.202.8 (0.87)2.6 (1.16)0.702.3 (0.97)3.2 (1.53)Suspiciousness

–0.131.1 (0.29)1.0 (0.00)0.141.0 (0.00)1.1 (0.29)Hostility

–0.4316.3 (5.03)13.7 (6.87)0.539.6 (1.78)10.8 (2.63)PANSS (negative)

–0.6630.2 (5.65)26.8 (4.57)1.3821.8 (2.96)26.8 (4.18)PANSS (general psychopathology)

0.002.8 (1.19)2.8 (1.19)0.902.0 (0.60)2.8 (1.11)Anxiety

–0.282.3 (0.75)2.1 (0.67)0.692.1 (0.90)2.9 (1.38)Guilt feeling

–0.422.8 (1.40)2.0 (1.04)0.591.6 (0.67)2.1 (1.00)Depression

–0.242.3 (0.87)2.1 (0.79)0.681.4 (0.51)1.9 (0.90)Lack of judgment and insight

–0.217.9 (5.05)7.0 (3.28)0.214.2 (2.41)4.7 (2.27)BCIS-Jd (self-certainty)

0.3512.8 (4.67)11.6 (1.19)0.6316.7 (3.85)14.5 (3.12)BCIS-J (self-reflectiveness)

–0.1132.1 (16.08)30.3 (16.55)0.3631.8 (14.68)37.1 (13.43)IES-Re (total score)

0.0611.3 (7.81)11.8 (9.36)0.6410.0 (4.88)13.3 (5.38)Intrusion

–0.0912.8 (5.72)12.2 (7.90)0.2014.2 (6.28)15.3 (4.59)Avoidance

–0.338.0 (5.29)6.3 (4.89)0.187.6 (5.30)8.6 (5.92)Hyperarousal

–0.179.4 (4.44)8.6 (4.72)0.478.0 (0.18)10.7 (6.05)PHQ-9f

–0.447.2 (4.45)5.5 (3.18)0.515.7 (4.21)7.7 (3.58)GAD-7g

–0.930.7 (0.08)0.8 (0.13)0.540.8 (0.18)0.7 (0.19)EQ-5D-5L (index value)

0.531.1 (0.29)1.3 (0.45)0.451.3 (0.63)1.7 (1.07)Mobility

–0.531.3 (0.45)1.1 (0.29)0.151.3 (0.65)1.4 (0.67)Self-care

–0.212.0 (1.04)1.8 (0.87)0.351.9 (1.08)2.3 (1.22)Usual activities

–0.732.3 (1.06)1.4 (0.67)0.361.8 (1.22)2.2 (0.94)Pain/discomfort

–0.732.3 (0.65)1.8 (0.72)0.342.3 (1.22)2.7 (1.15)Anxiety/depression

0.11386.8 (229.34)413.9 (252.29)0.08462.3 (336.90)488.5 (340.91)CPZh equivalent (mg/day)

avCBTp: videoconference-based cognitive behavioral therapy for psychosis.
bUC: usual care.
cPANSS: Positive and Negative Syndrome Scale.
dBCI-J: Japanese version of the Beck Cognitive Insight Scale
eIES-R: Impact of Event Scale-Revised.
fPHQ-9: Patient Health Questionnaire-9.
gGAD-7: Generalized Anxiety Disorder-7.
hCPZ: chlorpromazine.
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Table 4. Amount of change from baseline to posttest (N=24).

P valuet testUC group (n=12), mean
(SD)

vCBTpa + UCb group
(n=12), mean (SD)

Variable

Primary outcome

<.0016.056.9 (8.47)–9.5 (4.08)PANSSc (total score)

Secondary outcomes

<.0014.100.9 (1.98)–3.3 (2.99)PANSS (positive)

.032.310.1 (1.00)–0.8 (0.75)Delusion

.020.560.3 (0.62)–0.3 (0.49)Conceptual disorganization

.0462.110.4 (0.79)–0.3 (0.75)Hallucinatory behavior

.151.480.0 (0.00)–0.5 (1.17)Excitement

.271.13–0.1 (0.51)–0.5 (1.17)Grandiosity

.042.250.2 (1.11)–0.9 (1.24)Suspiciousness

.171.410.1 (0.29)–0.1 (0.29)Hostility

.0043.212.7 (3.89)–1.2 (1.40)PANSS (negative)

<.0015.203.3 (4.79)–5.0 (2.80)PANSS (general psychopathology)

.101.700.0 (1.41)–0.8 (0.94)Anxiety

.022.610.2 (0.83)–0.8 (1.03)Guilt feeling

.0092.860.8 (1.47)–0.5 (0.67)Depression

.0072.970.2 (0.58)–0.5 (0.52)Lack of judgment and insight

.211.280.9 (3.37)–0.5 (1.83)BCIS-Jd (self-certainty)

.58–0.561.3 (3.33)2.2 (4.63)BCIS-J (self-reflectiveness)

.281.101.8 (16.65)–5.3 (14.87)IES-Re (total score)

.261.15–0.5 (6.16)–3.3 (5.55)Intrusion

.620.510.6 (9.00)–1.1 (7.03)Avoidance

.191.361.7 (5.00)–1.0 (4.57)Hyperarousal

.091.780.8 (4.22)–2.7 (5.33)PHQ-9f

.042.161.7 (3.52)–2.0 (4.71)GAD-7g

.005–3.14–0.1 (0.13)0.1 (0.15)EQ-5D-5L (index value)

.560.60–0.2 (0.39)–0.3 (0.89)Mobility

.390.880.2 (0.58)–0.1 (0.79)Self-care

.121.630.3 (0.87)–0.3 (0.89)Usual activities

.012.690.8 (1.03)–0.4 (1.24)Pain/discomfort

.0063.050.5 (0.67)–0.4 (0.79)Anxiety/depression

.006–2.01–27.1 (51.63)6.8 (22.61)CPZh equivalent (mg/day)

avCBTp: videoconference-based cognitive behavioral therapy for psychosis.
bUC: usual care.
cPANSS: Positive and Negative Syndrome Scale.
dBCI-J: Japanese version of the Beck Cognitive Insight Scale.
eIES-R: Impact of Event Scale-Revised.
fPHQ-9: Patient Health Questionnaire-9.
gGAD-7: Generalized Anxiety Disorder-7.
hCPZ: chlorpromazine.
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Secondary Outcomes
The mean change at posttest for the 3 PANSS subscales was as
follows. The mean change in positive symptoms from baseline
was –3.33 (95% CI –5.24 to –1.43) in the vCBTp plus UC group
and 0.92 (95% CI –0.34 to 2.17) in the UC group. The difference
between groups was significant at 4.25 (95% CI 2.10-6.40;
P<.001). The mean change in negative symptoms was 2.67
(95% CI 0.19-5.14) in the UC group and –1.17 (95% CI –2.06
to –0.28) in the vCBTp plus UC group. The difference between
groups was 3.83 (95% CI 1.36-6.31; P=.004). The mean change
in overall psychopathology was 3.33 (95% CI 0.29-6.38) in the
UC group and –5.00 (95% CI –6.78 to –3.22) in the vCBTp
plus UC group. The difference between groups was 8.33 (95%
CI 5.01-11.66; P<.001), with all 3 subscales showing significant
differences.

The means and SDs of the secondary endpoints other than the
PANSS and the mean changes are presented in Tables 3 and 4,
respectively. There were no statistically significant differences
between the 2 groups, including the subitems for BCIS-J, IES-R,
PHQ-9, and CPZ. However, the vCBTp plus UC group had
improved mean values for all change measures.

Other Outcomes
When analyzing participants who showed a 20% or greater
improvement in the PANSS total score as treatment responders,
we observed that 4 participants (33%) in the vCBTp plus UC
group responded positively to the treatment. In comparison,
none (0%) in the UC group exhibited a 20% or greater
improvement. When comparing the effect size of the mean
change between the 2 groups in Table 3, the PANSS total score
for the vCBTp plus UC group had Cohen d=1.45 (95% CI
3.96-15.04). Furthermore, the subscale effect sizes for the
vCBTp plus UC group were as follows: PANSS positive
symptoms, Cohen d=1.44 (95% CI 1.38-5.42); PANSS negative
symptoms, Cohen d=0.53 (95% CI –0.72 to 3.12); and PANSS
overall psychopathology, Cohen d=1.38 (95% CI 1.91-8.09).
Notably, a significant effect was observed outside of negative
symptoms.

At 0 weeks, the scores on the PHQ-9 [36] screening for suicidal
ideation (item 9) were 3 points in 0 participants, 2 in 2
participants, 1 in 5 participants, and 0 in 17 participants. At 8
weeks, the scores were 3 points in 0 participants, 2 in 1
participant, 1 in 7 participants, and 0 in 16 participants. The
patients were not excluded from the study because they were
not at risk for imminent suicide as assessed by the researcher’s
interviews and psychiatrist’s ratings.

During the session on trauma in the broadest sense, several
participants began to cry as they recalled their painful past.
However, none declined to participate in the study because of
this.

As for safety evaluation, no serious adverse events occurred
among the participants, including hospitalization. There were
2 adverse events in the UC group and 4 in the vCBTp plus UC
group, none of which were attributable to vCBTp.

The total PANSS scores in the UC group worsened. The
self-administered questionnaire, a secondary assessment, also

showed worsening scores. The 8-week assessment of the UC
group revealed changes in the participants’ life circumstances,
including plans to retire due to poor physical and mental health,
impending separation from a partner, difficulties in making
friends at school, progressive illness in the family, and
impending return to school after a leave of absence. The
participants talked about the environmental changes in their
lives.

Discussion

Principal Findings
This is the first pilot RCT to examine the efficacy of providing
real-time and one-on-one vCBTp for patients with schizophrenia
over 7 sessions. The study revealed that vCBTp was effective
as an adjunct to UC with regard to the PANSS total score and
each subscale at 8 weeks after the intervention.

Comparison With Prior Work
In a study by Morrison et al [38], the PANSS total score
improved in the group provided with pharmacotherapy and
CBTp (compared with baseline) at 6 weeks, with an effect size
of 0.66 (mean change of 6.06 points), and at 12 weeks, with an
effect size of 1.04 (mean change of 12.36 points). In addition,
although treatment guidelines recommend 16 or more sessions,
a meta-analysis by Hazell et al [11] revealed that CBTp
performed with 6 to 15 sessions still yielded a notable effect
size of 0.46, indicating that a smaller number of sessions than
the recommended 16 can be effective. Furthermore, a previous
study of an intervention for self-esteem reported an effect size
as large as 1.2 (n=18) for 7 sessions in an unformulated
configuration [53]. This suggests that even fewer sessions may
produce effects by clarifying target symptoms.

However, our study requires careful discussion because the
significant difference in the PANSS score observed in our study
involved not only an improvement in the vCBTp plus UC group
but also a worsening in the UC group. Therefore, the effect size
was not a comparison of the change in the 2 groups, but rather
the change between week 0 and week 8 in the vCBTp plus UC
group. The vCBTp plus UC group showed a significant effect
size of 1.45 (mean change 9.5) in the total PANSS score at 8
weeks, exceeding that observed in previous studies. This
exceeded the results observed in a previous study.

However, the scores themselves are not remarkable
improvements, since the study by Morrison et al [38] showed
a 12.36-point improvement in the PANSS total score at 12
weeks, whereas this study showed a 9.5-point improvement.
The smaller SD of the vCBTp plus UC group in this study may
have been one of the reasons for the large effect size.

It has been reported that the addition of CBT to
pharmacotherapy resulted in an improvement of more than 20%
in overall symptoms in 44.5% of participants [54]. In this study,
33% of participants in the vCBTp plus UC group had an
improvement of 20% or more, resulting in a generally similar
rate of improvement, although not as high as in previous studies.

The reasons for the improvement are discussed below. In the
study by Naeem et al [39], which we referred to in setting our
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allocation adjustment factors, the PANSS score was 51.6 at
baseline in the control group and 49.05 in the intervention group,
which indicates mild symptoms. Again, the mean baseline scores
for the vCBTp plus UC and UC groups were 54.2 and 52.3,
respectively, indicating that participants had relatively mild to
moderate symptom severity. Patients suitable for CBTp had
mild to moderate psychiatric symptoms, and had a high level
of insight [55], motivation to participate, cognitive insight [55],
willingness to participate, and cognitive flexibility [56]. The
following factors may have contributed to the improvement in
the vCBTp plus UC group in this study. Participants with the
ability to consent appropriately were included through the
MacCAT-CR. This suggested that participants retained a certain
level of comprehension and cognitive ability. Cognitive
functioning is said to facilitate adaptation to CBTp [57]. It has
also been reported that insights into the disease and mild
symptoms predict good outcomes even after short-term CBTp
sessions [58]. The participants in this study had mild symptoms
and clear research consent, which may have contributed to the
success of vCBTp.

Some participants had self-odor delusions, some were restricted
from using transportation due to stress diarrhea symptoms, and
some were not able to go outside due to a sense of forethought
or paranoia. In addition, some patients struggled with the burden
of transportation costs for travel. The ability to receive vCBTp
at home seemed to reduce the labor burden associated with
transportation.

After each session, a PDF summary of the session was sent to
each participant, and the sessions were individualized to the
case. The subjective assistance needs of patients with
schizophrenia include the desire to be listened to by a
professional [59]. There was a lot of positive feedback about
the experience of being listened to in a one-on-one setting.
Sessions included positive rapport building through listening
and individual case formulation through collaborative
demonstration work to develop strategies for coping with stress.
The participants seemed to find it refreshing to discuss coping
strategies with a specialist. After forming rapport in the first
half of the session, the participants shared their painful
experiences with the therapist in the second half of the session.
These experiences included intrusive memories about stressful
events related to the onset of psychosis, while taking into
consideration their own distress. The participants then shared
their experiences of working on themselves, which they said
helped them to accept themselves as they are now. There were
also reports of the effects of working on oneself [60]. For most
of the participants, this was the first experience of talking to a
therapist about a painful event in their past.

Traumatic stress symptoms have been reported in approximately
12.4% of patients with schizophrenia [61], suggesting an
integrated model of trauma and schizophrenia [62]. Intervention
attempts have also been reported [63]. In this study, the 5th and
6th sessions dealt with intrusive memories of stressful events
related to the onset of psychosis, and were designed to help
participants understand core beliefs, work on themselves, and
reflect on coping strategies that have helped them overcome
their painful past. Although there were no significant differences
between groups on the IES-R, the mean change scores for the

vCBTp + UC group, including the subscales, showed a trend
toward improvement.

Significant improvements were observed in the PANSS subscale
scores for positive symptoms (P<.001), negative symptoms
(P=.009), and general psychopathology (P<.001). Improvements
were also observed in the self-administered GAD-7 and
EQ-5D-5L and the EQ-5D-5L subcomponents of
pain/discomfort and anxiety/depression. In recent years, nearly
half of patients with schizophrenia have comorbid anxiety
disorders [64]. In this study, it is possible that vCBTp was
effective for those with subjective anxiety and discomfort.

We next discuss exacerbations in the UC group. Schizophrenia
has been noted for its disease characteristics, including symptom
instability and agitation due to stress in daily life [65,66], and
several patients in the UC group reported anger, hopelessness,
depression, and anxiety at assessment due to daily work, friends
and family, and other life circumstances during the study period.
There have been reports of a lack of coping skills [67] and high
sensitivity to stress and symptoms [68] with regard to daily life
stress in schizophrenia. In the UC group, stress related to coping
with interpersonal relationships and worries in daily life may
have also affected symptoms and contributed to worsening
outcomes [69]. Schizophrenia carries a high risk of relapse, with
30% of patients being readmitted within 6 months to 1 year
[70]. This may indicate that patients with schizophrenia have
difficulty with coping skills and stress management [71]. In this
study, most of the secondary endpoints of self-administered
questionnaires also showed worsening values. The worsening
of anxiety/pain on the GAD-7 and EQ-5D-5L was particularly
noticeable, suggesting that there are anxiety-based effects in
daily life events.

We initially estimated a dropout rate of 10%. This was
considered an appropriate estimate considering that a previous
study reported an average dropout rate of 13% [72] and another
study reported a dropout rate of 11% [40]. However, there were
no dropouts in this study. There are several possible reasons for
this. First, this study consisted of fewer sessions than the
formulated number of CBTp sessions. Some meta-analyses have
shown that the dropout rate from research trials among patients
with schizophrenia increases as the number of intervention
sessions increases [73]. In addition, the implementation of
MacCAT-CR with the inclusion criteria and the inclusion of
participants who had firm research consent and understanding
may have been some of the reasons for the lack of dropouts.
Furthermore, many participants were motivated to participate
in the study because they commented that they wanted to see
more treatment options for schizophrenia and they wanted to
help others who were suffering like they were. It has been
reported that careful explanation of the methods and
transparency of the study can increase motivation to participate
and decrease the dropout rate [74]. As the participants had never
received CBT before, there may have been some novelty to the
study. In any case, it was inferred that they were highly
motivated to participate. These factors could be the reasons for
the absence of dropouts.

PHQ-9 item 9 was screened and used as a safety measure.
Attention to suicidal ideation is important when the subject has
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schizophrenia, as a study [75] validating the risk of suicidal
behavior in psychosis with responses to item 9 of the PHQ-9
stated that the risk is higher for psychosis than depression. In
this study, the number of participants who scored more than 1
point was also higher. Some participants in this study also scored
1 or more, but when interviewed afterward, they said that they
scored based on their mood of anxiety and discouragement,
saying that they feel sad or painful enough to want to die, and
no one showed real suicidal thoughts. None of the adverse events
were attributable to the vCBTp intervention (eg, cold and reflux
esophagitis), and there were no serious adverse events,
confirming a certain level of safety.

The use of videoconference systems can reduce the burden on
the patient’s hospital visit effort, that is, the financial burden of
transportation costs, weather effects, and social fears associated
with transportation use. It can also reduce the burden on CBTp
providers. As a result, accessibility to CBTp could be improved.

Regarding remote interventions, it has been reported that simply
providing devices is not sufficient to address digital exclusion,
and training in using the devices is likely to be required [76].
However, with a simple structure, pretraining, and a support
system, such as in this study, which can allow patients to open
an email and tap a URL to participate in a videoconference, it
may be possible to implement psychosocial interventions
remotely using digital technology for patients with
schizophrenia.

The major originality of this study is that participants could
receive CBTp in the comfort of their own homes. Currently,
self-help approaches using digital media, such as the internet
and cell phones, are being actively developed [77,78]. As a
result, many patients are interested in using digital technology
to improve their mental health [25]. Low-intensity interventions
may benefit many patients with schizophrenia without increasing
costs [79]. Furthermore, studies have demonstrated the
effectiveness of targeted CBTp with reduced session frequency
[11,12,14]. Furthermore, an online intervention via
videoconferencing has been reported to be feasible for patients
with schizophrenia [80]. These considerations suggest that the
provision of vCBTp using a remote format with reduced session
frequency may be feasible enough for implementation in
practice, especially in terms of a stepped care model to deliver
CBTp [8,81].

Limitations
This exploratory study had some limitations. First, the UC
settings varied, and these were not subject to comparison or
analysis between the 2 groups. The frequency of outpatient
visits varied from once a week to once every 2 months. The
frequency and duration of use of psychiatric rehabilitation
facilities also varied. These may have influenced outcomes as
confounding variables. Prescription medications and methods
of administration also varied. The study did not analyze the
influence of external variables such as the participants’ living
environments; thus, future research on correlations with external
variables would be desirable.

Second, it was not clear what targets the vCBTp program
influenced. Although various points were considered, the
primary mechanism of change was unclear because the study
incorporated a variety of techniques.

Third, due to the absence of a follow-up assessment, the
determination of efficacy remained unclear. Therefore, a 1-year
follow-up is being conducted for vCBTp participants as an
additional study.

Fourth, the EQ-5D-5L tool was used as a subjective measure
of quality of life but was not validated for quality-adjusted useful
life or cost-effectiveness. Future studies should examine the
contribution of the vCBTp program to health care costs.

Fifth, the sample size in our pilot study was relatively small.
Since improvements were observed in this study, a larger
multi-center study is desired.

Finally, since this trial was conducted with only 1 therapist and
1 assessor, we are yet to examine how to share the experience
of this vCBTp intervention with staff at other facilities. It is
important to consider the possibility of social implementation
in the future.

Conclusions
The findings of this RCT indicate that vCBTp is effective in
treating symptoms over 7 sessions. The findings show that
vCBTp can be effective at a distance and with a reduced number
of sessions, which can reduce the burden on the practitioner and
improve the accessibility of CBTp for patients. It may also
contribute to relapse prevention and psychosocial support during
stepped care. Further investigations are required to determine
the durability of this effect.
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Abstract

Background: Childhood obesity prevalence remains high, especially in racial and ethnic minority populations with low incomes.
This epidemic is attributed to various dietary behaviors, including increased consumption of energy-dense foods and sugary
beverages and decreased intake of fruits and vegetables. Interactive, technology-based approaches are emerging as promising
tools to support health behavior changes.

Objective: This study aimed to assess the feasibility and acceptability of Intervention INC (Interactive Nutrition Comics for
Urban, Minority Preadolescents), a 6-chapter web-based interactive nutrition comic tool. Its preliminary effectiveness on diet-related
psychosocial variables and behaviors was also explored.

Methods: A total of 89 Black or African American and Hispanic preadolescents with a mean age of 10.4 (SD 1.0) years from
New York City participated in a pilot 2-group randomized study, comprising a 6-week intervention and a 3-month follow-up
(T4) period. Of the 89 participants, 61% were female, 62% were Black, 42% were Hispanic, 53% were overweight or obese, and
34% had an annual household income of <US $20,000. Participants were randomly assigned to the experimental group (45/89,
50% received the web-based comic tool), or the comparison group (44/89, 50% received web-based nutrition newsletters). Primary
measures included feasibility and usability at intervention midpoint (T2) and intervention end (T3). Semistructured interviews
were conducted at the same time to assess acceptability and satisfaction. Secondary measures, collected at baseline (T1), T2, T3,
and at T4, included attitudes, beliefs, and behaviors related to fruit, vegetable, water, sugar, and junk food intake. Descriptive
analyses were conducted for use and usability data. Interviews were systematically analyzed to facilitate identification of patterns
and themes. Secondary data were analyzed using descriptive statistics. Within- and between-group effect sizes were reported.

Results: In total, 72% (33/45) and 60% (27/44) of the experimental and comparison groups, respectively, accessed their tool
weekly. The mean total usability score was high and moderately high for the experimental and comparison groups, respectively
(mean 4.01, SD 0.37 and mean 3.81, SD 0.51; P=.048), based on a 5-point Likert scale). Children in both groups found the tool
acceptable, and few reported difficulties logging in or accessing content. Between-group effect sizes for beliefs and attitudes
related to dietary intake, while favoring the experimental group at T3, were in the small range. These improvements in both
groups were largely diminished by T4. However, between-group effect sizes for behaviors related to fruit, vegetable, and water
intake, favoring the experimental group, were medium to large and were maintained at T4.

Conclusions: This pilot feasibility study suggests that an interactive comic tool may be an appealing and useful format to
promote positive dietary behaviors in racial and ethnic minority preadolescents. However, further research, including a full-scale
randomized controlled trial, is warranted to determine the effectiveness of Intervention INC.
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Introduction

Background
The prevalence of childhood obesity in the United States,
especially among racial and ethnic minority communities with
low incomes, remains consistently high and shows no signs of
stabilizing. Specifically, Hispanic and Black or African
American children have markedly higher rates of obesity (25.8%
and 22%, respectively) compared to the national prevalence of
18.5% [1], with rates rising as age progresses, especially in
African American and Hispanic children [2]. Compared to
school-age children (18.4%) and preschoolers (13.9%),
adolescents (20.6%) have a higher prevalence of obesity [3,4].
In the short term, obesity in youth may lead to issues such as
an increased risk of elevated blood pressure and lipid
concentrations, anxiety, and depression [5,6]. In the long term,
adverse health conditions, including cardiovascular disease,
diabetes, and disabilities, can manifest in youth who are obese
and be maintained into adulthood [7-10].

Childhood obesity has been linked to several behavioral
determinants, namely, increased consumption of highly
processed, energy-dense foods and sugary beverages and a
decreased intake of fruits and vegetables [11-13]. With the
pervasiveness of daily technology and new media use in youth,
particularly within the Hispanic and African American
population [14], digital platforms are increasingly being used
to deliver creative messaging around health and nutrition to
children and their caregivers [6]. These tools, which include
mobile apps and interactive websites, are emerging as promising
approaches to engage and deliver tailored interventions to
support health behavior change [15]. However, knowledge gaps
in the usability, engagement, and usefulness of such applications
still exist, limiting their potential effectiveness [16].
Furthermore, there is a shortage of effective health promotion
interventions that are culturally tailored to address the needs
and preferences of populations with disproportionately high
rates of chronic disease. Even fewer interventions have been
designed specifically for children, particularly those transitioning
from childhood to adolescence [17]. It is crucial to intervene
during this development stage as food preferences established
during this period often persist into adulthood [18-20]. In
addition, children at this age are gaining autonomy and
developing decision-making skills related to dietary behaviors
[21], which highlights the importance of intervening at this
critical period.

Study Purpose
The primary purpose of this pilot study was to assess the
feasibility and participant acceptability of Intervention INC
(Interactive Nutrition Comics for Urban, Minority

Preadolescents), an interactive, web-based health promotion
tool. In addition, this study aimed to explore tool effectiveness
by determining if it improved attitudes, beliefs, and behaviors
related to obesity. Taken together, these data will provide insight
for further improvements to the tool and reveal user preferences,
which is important feedback for developing culturally tailored,
effective, and engaging digital tools, particularly for populations
at risk for childhood obesity.

Methods

Study Design
The Intervention INC study was a pilot, 2-group randomized
controlled trial (RCT) that evaluated a 6-week intervention
promoting fruit, vegetable and water consumption, with a
3-month follow-up (T4) period. A protocol for this feasibility
trial was published and registered with the Clinical Trials
Registry (NCT03165474) [22]. Parent-child dyads were
randomized into either the experimental or comparison group,
with both child and parent participants blinded to their assigned
group. Details regarding the randomization process are provided
in the protocol paper [22].

Participants
Children residing in New York City (NYC) were recruited based
on the following inclusion and exclusion criteria: self-identified
as Black, African American, or Latino; aged between 9 and 12
years (preadolescents) at the time of scheduled baseline (T1)
visit; read and spoke in English; had a BMI percentile ≥5% at
T1 (categorized as healthy, overweight, or obese); had regular
internet access via a tablet device, mobile phone, or computer
or laptop; had regular access to a phone with texting capability;
was comfortable reading or viewing material on electronic
devices; was comfortable speaking with study staff about
thoughts or experiences while participating in the study; had
no allergies, food aversions, food disorders, or medications with
side effects that may impact participation in the study; did not
have a pacemaker or heart condition; and had a legal parent or
guardian willing to participate in the study. While parents or
guardians were a part of this study, the focus of this paper is to
present primary outcome data for the child participants.

Multiple recruitment approaches were implemented between
August and November 2017. Initially, mailings were sent to
parents or guardians of potentially eligible child patients of a
community-based clinic (partnering organization) in Harlem,
NYC. Recruitment efforts were expanded to include community
flyers in East Harlem and Upper Manhattan as well as posting
notices in and around local businesses, housing complexes,
community centers, schools, and churches. Through partnerships
with local schools and community initiatives, recruitment efforts
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also occurred via tabling at community and school events.
Further details regarding study recruitment and sample size
considerations are included in other publications [22,23].

Intervention
Content for the child participants, regardless of group
assignment, was tailored (to include more information related
to either fruit and vegetable or water) based on responses to
initial screening questions, at T1, related to child fruit, vegetable
and water intake, child self-efficacy to increase fruit, vegetable
and water intake, and parent self-efficacy to support the child
in increasing fruit, vegetable and water intake.

Experimental Group
Children in the experimental group received access to
Intervention INC, an interactive web-based comic tool informed
by the Health Belief Model [24], Social Cognitive Theory [25],
and the Narrative Transportation Theory [26], which contained
health messages focused on fruit, vegetable and water
consumption. It comprises a 6-chapter comic with pop-up
windows (highlighting health facts, food-related fun facts, or
character information) and prompted audio and visual effects

to enhance tool engagement. It also includes a weekly goal
setting and assessment feature and texting or email messages
reminding children to read the comic and work on their selected
health behavior goals. Most of the health messages are delivered
by the comic characters themselves in a narrative form, but
some messages were delivered didactically (such as in the
pop-up windows), as entertainment education research suggests
a combination of narrative and nonnarrative information may
be the most effective in improving health beliefs and behaviors
[27]. Multiple behavior change techniques (BCTs) were used
to promote healthy dietary behaviors. Table 1 lists all the BCTs
that were incorporated into the comic and examples of how each
of them were used. The comic tool was designed and developed
by a collaborative research team, consisting of scientists, digital
health experts, content and system developers, and intended
users (Black or African American and Hispanic preadolescents
and their parents). Extensive formative research, including
usability testing, was conducted during the development process
[28]. Additional details of the intervention, including its
development and specific components, have been described in
previous papers [22,28].
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Table 1. BCTsa incorporated into the web-based comic tool, Intervention INC (Interactive Nutrition Comics for Urban, Minority Preadolescents).

ExampleActionBCT

At the end of each comic chapter, a character prompts the child
to select a weekly goal to work on.

Goal setting
(behavior)

• End of chapter message includes a picture of a character
along with a prompt to set a goal: “Let’s pick a goal to work
on for the week!”

• Sample goal: “I will eat fruits I like (such as bananas or ap-
ples) at breakfast.”

The following week, the child is prompted to assess how they
did with the weekly goal they selected to work on.

Self-monitoring
of behavior

• End of chapter message: “Your goal for last week was (se-
lected goal).”

• “How often did you do this in the last week?”
• Response options: never, sometimes, most of the time, and

all of the time

On the basis of the child’s self-assessment of the weekly goal,
feedback is provided on the performance of the behavior.

Feedback on
behavior

• Sample message if a child achieves the goal: “Congrats!
Keep up the good work!”

• Sample message if a child does not achieve the goal: “That’s
ok! Michael Jordan was cut from his high school basketball
team, and he didn’t give up!”

Children can select weekly goals related to practical social support
from their parents.

Social support • Sample goal related to practical parental social support: “I
will ask my parent to pack a water bottle for me when I leave
the house this week.”

Information about the consequences of eating healthfully or un-
healthfully is provided in the comic in didactic and narrative
forms, such as pop-up messages, character dialogue, and end of
chapter messages from characters.

Information
about health
consequences

• Sample pop-up message (in a panel where one character
tells another to stay hydrated): “Did you know that not
having enough water can make you feel dehydrated? Grab
a water if you’re feeling tired or you're having a hard time
concentrating.”

Scenes are included in the comic to specifically emphasize the
consequences of performing both positive and negative dietary
behaviors, with the aim of making them more memorable.

Salience of

consequences

• A meter highlights the energy levels of the comic characters
based on the nutritional quality of the foods they consume.
For example, a character eats a banana, and his energy meter
rises. He also acknowledges how “great” he feels.

Comic characters model positive dietary behaviors.Demonstration
of behavior

• The father of the main character is seen drinking water and
eating fruits and vegetables in multiple scenes.

Messages from the comic characters are delivered weekly (via
texting, email, or both) to remind children to work on the goal
they selected that week.

Prompts or cues • Sample text or email message from a character: “Hey, [child
name]—We have a mission for you! Be sure to log in and
choose a goal if you haven't already. Then you’ll get tips to
train and get stronger! See you soon!”

Positive feedback is provided if the child achieves their weekly
goal.

Social reward • Bonus content related to the characters and comic story is
released if the child achieves their weekly goal.

aBCT: behavior changes technique.

Comparison Group
Children in the comparison group received access to 6
web-based newsletters. Health-related content for the
comparison group was similar to that for the experimental group
but presented in a newsletter (didactic) format, which includes
tips, recipes, diet-related knowledge and facts, and web-based
games. Similar to the experimental group, the comparison group
also had a weekly goal setting and assessment component and
received reminder messages via texting, email or both.

Data Collection and Measures

Overview
Data were collected at 4 different time points: T1, intervention
midpoint or 3 weeks after T1 (T2), intervention end or 6 weeks

after T1 (T3), and T4. Brief descriptions of our primary and
secondary outcome measures are provided in the following
sections, while details of all measures are described elsewhere
[22]. T1 and T4 data collection was conducted in person at the
study site, while T2 and T3 data collection was conducted via
phone. At T2 and T3, links to any questionnaires were sent to
the participants ahead of time to complete, and then, responses
were confirmed during the phone call. If the questionnaire was
not completed before the call, children completed it during the
call with a trained research assistant. Table 2 lists the measures
collected and the time points at which they were collected.
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Table 2. Key primary and secondary measures, data sources, and time points at which the measures were assessed.

Time pointsData sourceMeasures

OeT4dT3cT2bT1a

Feasibility and acceptability measures (primary measures)

✓Tracking system (internally created)Use of the web-based tool

✓✓✓Interview and questionnaire itemsfUsability of the web-based tool

✓InterviewAcceptance and satisfaction

Outcome measures (secondary measures)

✓✓✓✓Questionnaire itemsfDietary beliefs and attitudes

✓✓✓✓Questionnaire itemsfDietary intake

✓✓Digital stadiometerBMI-for-age percentile

aT1: baseline.
bT2: midpoint (3 weeks after baseline).
cT3: intervention end (6 weeks after baseline).
dT4: follow-up (3 months after intervention).
eO: ongoing throughout the intervention period.
fAll questionnaire items were either taken from or directly informed by validated questionnaires.

Feasibility and Acceptability Measures (Primary
Measures)

Use of the Web-Based Comic Tool

Use data, such as the number of weeks logged in, were captured
throughout the intervention on a custom-built platform.
Additional use data related to goal setting were collected,
including the percentage of participants who selected, assessed
(ie, “How often did you do this [behavior] in the last week?”),
and achieved (defined as responses of “Most of the Time” or
“All the time”) weekly dietary goals.

Usability of the Web-Based Comic Tool

Five domains of usability (usability, usefulness, ease of use,
ease of learning, and satisfaction) were assessed with a 30-item
questionnaire on a 5-point Likert scale (ranging from strongly
disagree to strongly agree). This questionnaire was adapted
from the System Usability Scale [29]; Usefulness, Satisfaction,
and Ease-of-use questionnaire [30]; and an acceptability or
usability measure by Ben-Zeev et al [31]. Minor modifications
were made to tailor the questionnaire to the literacy levels of
our intended population based on pilot testing with them.
Specific details related to the modification process are described
elsewhere [22]. The modified questionnaire was not validated
for web use. A total score of 4.0 out of 5.0 was considered high
usability.

Acceptance and Satisfaction

Semistructured interviews were conducted at T2 and T3 where
open-ended questions were asked to both experimental and
comparison group participants about the experience of engaging
with their web-based tool. Specifically, interview questions
aimed to assess participant acceptability and satisfaction with
the overall tool and its specific components.

Outcome Measures (Secondary Measures)

Dietary Beliefs and Attitudes

Outcome expectations (OEs), self-efficacy, behavioral intention
(BI), and attitudes related to fruit, vegetable, water, junk food,
and sugary drinks consumption were assessed at all 4 time points
with an 84-item questionnaire, which was informed by and
modified from the validated ProChildren Questionnaire and the
validated Reynolds Questionnaire [32,33]. The OE, self-efficacy,
BI, and attitudes questionnaires had a Cronbach α of 0.87, 0.74,
0.52, and 0.70, respectively.

Dietary Intake

Frequency of consumption of fruit, vegetable, water, junk food
and sugary drinks during the past 7 days were assessed at all 4
time points with a 17-item questionnaire comprising questions
from and informed by the validated 2017 Youth Risk Behavior
Surveillance System questionnaire and the validated Beverage
and Snack Questionnaire [34,35]. Three items assessing the
intake of different types of water were internally created. The
dietary intake questionnaire had a Cronbach α of 0.79.

BMI-for-Age Percentile

The height and weight of child participants were measured at
T1 and T4 using standardized methods [36]. A SECA 264 digital
stadiometer and Tanita MC-780U body composition monitor
were used to collect anthropometric measures. The Centers for
Disease Control and Prevention BMI percentile calculator was
used to determine BMI-for-age percentile [37].

Data Analysis

Feasibility and Acceptability Measures (Primary
Measures)

Use and Usability of the Web-Based Comic Tool

Use of the web-based tool for each group was assessed by first
aggregating the “click-tracking” data by participant, URL, study
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week, and across the intervention period. Descriptive analyses,
including means, SD, and ranges (minimum-maximum) were
performed. Similar descriptive analyses were also conducted
to measure the overall score for the usability data of the
web-based tools across both groups.

Acceptance and Satisfaction

Interviews from T2 and T3 were systematically analyzed by 3
trained coders through a streamlined process of directly listening
to individual audio files and then transferring relevant
information into a matrix sheet to produce a summary of overall
impressions of usability, acceptability, and feasibility of the
tool and its specific components (ie, reminders and goal setting).
A rapid memo technique, informed by the Rapid Evaluation
and Assessment Method [38] and the Rapid Identification of
Themes From Audio Recordings [38] analysis method, was
used to summarize interview responses as well as to note key
quotations. These techniques have been used as a way to
preclude the traditional steps of transcribing qualitative data
and coding transcripts when resources are limited and quick
reporting time is needed [38,39].

Audio files were randomly assigned to each coder. In addition
to the primary coder, a secondary coder reviewed the audio files
for accuracy, noting any additional information, until very few
additions were being made or discrepancies were noted. This
process was used for approximately the first 10 interviews.
However, when a coder had a subsequent audio file with
inaudible sections, another coder conducted a secondary review
and added any missing information to the matrix. Coders met
frequently throughout the analysis process to compare their
results; discuss overall matrix content and trends; identify,
clarify, and understand emergent findings; and highlight
representative quotations.

Outcome Measures (Secondary Measures)
Child and parent sociodemographic characteristics were
compared between conditions (experimental or comparison)
using 2-tailed independent samples t tests and chi-square tests.
To assess improvements in outcome measures (child dietary
beliefs and attitudes, dietary intake, and BMI-for-age percentile),
change scores (relative to T1) were computed and summarized

using descriptive statistics. To estimate the magnitude of the
effects at T3 and T4, both within- and between-group effect
sizes were computed on change scores. Analyses were
completed using SPSS statistical software (version 26; IBM
Corp) [40]. Of note, the data analyst was blinded to the
intervention assignment to minimize bias.

Ethical Considerations
All study activities were approved by the Institutional Review
Board at Hunter College in New York, New York (2015-0547).
Participation was entirely voluntary, and study participants
could choose to withdraw from the study, without any reason,
at any point in time during the study. Informed consent, child
assent and parental permission were obtained before study
participation. Both child and parent participants were
compensated. Children received up to US $70 and parents or
guardians received up to US $65 (in the form of gift cards) for
completing data collection. To maintain participant privacy and
confidentiality, all study data have been deidentified.

Results

Participants
A total of 89 child-parent dyads were recruited and completed
T1 measures. There were no differences in characteristics
between the 2 groups. The mean age of child participants was
10.38 (SD 1.03) years; the majority were female (54/89, 61%),
Black or African American (42/89, 47%) or Hispanic (29/89,
33%), and overweight or obese (47/89, 53%). The mean age of
parent participants was 40.83 (SD 8.87) years; nearly all were
female (84/89, 94%), born in the United States (63/89, 71%),
with some college education or more (61/89, 68%), and single
(40/89, 45%). One-third (30/89, 34%) of the dyads reported an
annual household income of <US $20,000, and nearly two-thirds
(54/89, 61%) reported receiving Supplemental Nutrition
Assistance Program benefits. Refer to Table 3 for additional
demographic details. The CONSORT (Consolidated Standards
of Reporting Trials) diagram (Figure 1) shows the randomization
and retention progress throughout the study. Retention rates
were high: T2, 87% (77/89); T3, 89% (79/89); and T4, 84%
(75/89) [23].
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Table 3. Baseline child and parent demographic characteristics (N=89).

P valuecCb (n=44)Ea (n=45)Overall (N=89)Characteristics

Child

.9710.39 (1.01)10.38 (1.06)10.38 (1.03)Age (y), mean (SD)

Sex n (%)

.7618 (41)17 (38)35 (39)Male

—d26 (59)28 (62)54 (61)Female

Race or ethnicity, n (%)

.5817 (49)20 (51)37 (42)Hispanic

.9327 (46)28 (54)55 (62)Black or AAe

.648 (44)10 (56)18 (20)Multiracial or multiethnic

.6673 (26.8)75 (26.4)74 (26.5)BMI-for-age percentile, mean (SD)

BMI category, n (%)

.9121 (48)21 (47)42 (47)Normal

—10 (23)9 (20)19 (21)Overweight

—13 (30)15 (33)28 (32)Obese

Parent

.4141.63 (10.01)40.07 (7.67)40.83 (8.87)Age (y), mean (SD)

Sex, n (%)

.633 (7)2 (4)5 (6)Male

—41 (93)43 (96)84 (94)Female

Race or ethnicity, n (%)

.9324 (55)25 (56)49 (55)Black or AA

.4518 (51)22 (49)40 (45)Hispanic

.313 (7)6 (13)9 (20)Multiracial or multiethnic

Country of birth, n (%)

.6932 (73)31 (69)63 (71)United States

—12 (27)14 (31)26 (29)Other

Bilingual, n (%)

.8731 (71)31 (69)62 (70)No

—13 (30)14 (31)27 (30)Yes

Education, n (%)

.457 (16)11 (25)18 (21)Less than high school

—4 (9)6 (14)10 (11)Finished high school or GEDf

—16 (36)10 (23)26 (230)Some college

—17 (39)17 (39)34 (39)Finished college

Marital status, n (%)

.7018 (41)22 (49)40 (45)Single

—18 (41)17 (38)35 (39)Married or in a marriage-like relationship

—8 (18)6 (13)14 (16)Separated, divorced, or widowed

Annual household income (US $), n (%)

.6615 (34)15 (33)30 (34)<20,000

—13 (30)17 (38)30 (34)20,000-39,999
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P valuecCb (n=44)Ea (n=45)Overall (N=89)Characteristics

—16 (36)13 (29)29 (33)>40,000

SNAPg benefits, n (%)

.9027 (61)27 (60)54 (61)Yes

—17 (39)18 (40)35 (39)No

aE: experimental group.
bC: comparison group.
cP values are based on independent sample t tests (continuous variables) or chi-square tests (categorical variables). Conclusions are based on one P
value, apart from race or ethnicity categories, which are not mutually exclusive.
dNot applicable.
eAA: African American.
fGED: General Educational Development.
gSNAP: Supplemental Nutrition Assistance Program.

Figure 1. CONSORT (Consolidated Standards of Reporting Trials) diagram of the randomization and retention progress throughout the study. T1:
baseline; T2: midpoint (3 weeks after baseline); T3: intervention end (6 weeks after baseline); T4: follow-up (3 months after intervention).

Feasibility and Acceptability Measures (Primary
Measures)

Use of the Web-Based Comic Tool

Overview

During the 6-week intervention, 73% (33/45) of children in the
experimental group accessed their tool weekly. Percentage of
those who accessed the tool each week were as follows: week

1, 100% (45/45); week 2, 76% (34/45); week 3, 71% (32/45);
week 4, 64% (29/45); week 5, 62% (28/45); and week 6, 56%
(25/45). The experimental group accessed the web tool an
average of 7.84 (SD 5.09) days, out of 42 possible days. Figure
2 highlights the percentage of children who accessed each of
the 6 comic chapters. Of those who accessed the comic chapters,
an average of 65% (SD 16.8) of each comic chapter was read,
while most of the children (24/44, 53%) read the chapters in
full.

JMIR Form Res 2025 | vol. 9 | e58460 | p.3871https://formative.jmir.org/2025/1/e58460
(page number not for citation purposes)

Leung et alJMIR FORMATIVE RESEARCH

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


Figure 2. Percentage of the 6 comic chapters that were read by children in the experimental group.

In the comparison group, 60% (27/44) accessed their newsletter
weekly. Percentage of those who accessed the tool each week
were as follows: week 1, 100% (44/44); week 2, 50% (22/44);
week 3, 52% (23/44); week 4, 59% (26/44); week 5, 59%
(26/44); and week 6, 41% (18/44). Furthermore, the comparison
group accessed the web tool an average of 5.82 (SD 4.20) days,
out of 42 possible days.

Goal Setting Feature

On average, 49% (22/45) of children in the experimental group
selected a goal each week. Of all the weekly goals that were
selected, 67.9% (74/109) were assessed, while 40% (30/74) of
those goals were reported to have been achieved. For the
comparison group, on average, 51% (23/44) of the children
selected a goal. Of all the weekly goals selected, 61.7% (71/115)
were assessed. Of the assessed goals, 37% (26/71) were reported
to have been achieved. Figure 3 presents the percentage of those
in the experimental and comparison groups who selected,

assessed, and achieved a goal during each week of the
intervention. There was a general decline in goal selection over
the weeks in both experimental and comparison groups—in
week 1, 69% (31/45) and 82% (36/44) selected goals; by week
5, 42% (19/45) and 36% (16/44) selected goals, respectively.
In terms of goal assessment, trends were observed between the
experimental and comparison groups in week 1 (P=.06) and
week 4 (P=.07), however, these results were not statistically
significant. In week 1, 74% (23/31) and 39% (14/36) assessed
goals they selected, while in week 4, 88% (14/16) and 57%
(12/21) assessed goals for experimental and comparison groups,
respectively (P=.07 and P=.10, respectively). No other
differences were observed across the other weeks. In terms of
achieving the weekly goals, the experimental group slightly
declined over the weeks (week 1; 11/23, 46% to week 5; 5/12,
42%), while there appeared to be an increase in the comparison
group (week 1; 5/14, 36% to week 5; 5/12, 42%).

Figure 3. Percentage of experimental and comparison groups who selected, assessed, and reported achieving weekly goals across the 6-week intervention.
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Usability of the Web-Based Comic Tool
Table 4 highlights the mean scores of the 5 usability domains
(usability, usefulness, ease of use, ease of learning, and
satisfaction) and total for both the experimental and comparison
groups. The experimental group reported moderate to high

scores in each of the domains. Specifically, ease of learning and
ease of use had the highest scores relative to their maximum
range (4.58, SD 0.72 and 4.47, SD 0.46, respectively). The mean
total score of perceived usability was high and moderately high
for the experimental and comparison groups, respectively (4.01,
SD 0.37 and 3.81, SD 0.51; P=.048).

Table 4. Perceived usability of the assigned tool at T3a, by groupb.

P valueCd (n=41), mean (SD)Ec (n=43), mean (SD)Domain

—e3.05 (0.40)3.14 (0.44)Usability (30 items)

—4.02 (1.11)4.35 (0.68)Usefulness (10 items)

—4.25 (0.66)4.47 (0.46)Ease of use (10 items)

—4.40 (0.82)4.58 (0.72)Ease of learning (2 items)

—4.07 (0.82)4.36 (0.62)Satisfaction (6 items)

.0483.81 (0.51)4.01 (0.37)Total

aT3: intervention end point or 6 weeks postbaseline.
bAssessment questionnaire was developed using a total of 30 items from the System Usability Scale [41]; Usefulness, Satisfaction, and Ease-of-use
[42] questionnaire; and acceptability or usability measure [43]. Response options ranged from 1 (strongly disagree) to 5 (strongly agree).
cE: experimental group.
dC: comparison group.
eP values for individual usability domains have been removed as they were determined to not be applicable.

Acceptance and Satisfaction
Overall, children in both arms found their tool to be acceptable,
and very few reported any difficulties logging in or accessing
content. Specific findings for different components of the comic
tool are noted in the following sections.

Comic

Most children shared that the comic is a “fun way to read” as
it’s exciting, adventurous, motivating, and “helpful like a video
game.” Some children explained that the storyline teaches new
things about fruits, vegetables, and water and how to stay
healthy and take care of oneself. One male child participant
described it as “a superhero story where being nutritious is the
only way to save the world and junk food slowly starts depleting
your energy and, in the end, makes you an awful person.” Most
children also reported engaging a parent or family member in
their experience of reading the comic.

The comic included a variety of elements aimed at engaging
children, including unique comic characters and audio-visual
effects. Most children liked the comic characters because of
their personalities, which were described as “cool,” “different,”
“mysterious,” “admirable” and “brave,” among other adjectives.
Some children reported that the characters gave them a good
feeling or that they felt a connection to them as they reminded
them of someone in their life or shared a favorite hobby.
Moreover, nearly all children reported liking the audio or visual
effects. Reasons included that the effects made the story more
imaginable, “fun to read” and it “gives you a feeling that you
are there...in the story.” In addition, some children noted that
the audio effects allowed the tool to read for them “if you don’t
want to (or can’t) read” and “it’s a pronunciation helper.”

Pop-ups were also used to present additional information related
to healthy foods and the characters. Nearly all children liked
the pop-ups, describing them as “interesting,” informative,”
“surprising,” “cool,” and “pretty funny.” Some children shared
that the information pop-ups taught them something they never
knew. A male child liked the information pop-ups “because
they’re telling stuff that I didn’t really know about; stuff I didn’t
know about carrots, I know now that’s why I like it.” Some of
the reasons shared for liking the character pop-ups included that
they helped with developing a deeper understanding of the
characters and their role in the story. As 1 male child shared,
he “liked [them] because they tell [me] where are they from,
what do they like...basically their ideals. It’s like their ID.”

Goal Setting

Most children in both groups reported selecting weekly goals
both at T2 and T3 time points and acknowledged the
“motivation” and “confidence” generated by the process. Some
children who did not set weekly goals cited time constraints
and involvement in after-school activities as their primary
reasons. Most children found the work around goal selection
and achievement to be manageable and also easier if the items
needed (such as fruit, vegetables, and water) were already
available at home and if parental help was accessible to obtain
them. Many children also acknowledged that the reminders to
work on goals were helpful.

Reminders

Most children in both arms preferred text message reminders
over email reminders, saying that they were enjoyable to receive,
helpful, easier to understand, more convenient, and could be
checked more often. In relation to dose and frequency of
messaging, across both arms, most children reported receiving
“enough messages,” with only a few concluding that they
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received too many, citing an annoyance at being interrupted or
inundated, and preferring a frequency of 2 messages per week.

Outcome Measures (Secondary Measures)

Dietary Beliefs and Attitudes
At T3, both experimental and comparison groups reported a
substantial and consistent increase in OE, self-efficacy, and BI
related to fruit and vegetable consumption. In terms of water
consumption, both groups reported a substantial increase in BI.
The experimental group also reported an increase in self-efficacy
for water intake, which was maintained at T4, and the
comparison group showed an increase in attitudes toward water

consumption. Changes related to OE, self-efficacy, BI, and
attitudes toward sugary drinks and junk food consumption were
generally small and mixed. In summary, the within-group effect
sizes for child dietary beliefs and attitudes were generally larger
in the experimental group at T3; however, the majority
diminished by T4. The between-group effect sizes, while
favoring the experimental group, were in the small range. Refer
to Table 5 for the change scores for all psychosocial variables
for the experimental and comparison groups and Figure 4 for
the effect sizes comparing the experimental and comparison
groups. Descriptive statistics by group and child gender are
presented in Multimedia Appendix 1.

Table 5. Change scores for psychosocial variables related to dietary behaviors from T1a to T3b and T1 to T4c, by group.

AttitudesBehavioral intentionSelf-efficacyOutcome expectations

ES
within
C

ES
with-
in E

C
(n=39),
mean
change
(SD)

E
(n=37),
mean
change
(SD)

ES
with-
in C

ES
with-
in E

C
(n=39),
mean
change
(SD)

E
(n=37),
mean
change
(SD)

ES
with-
in C

ES
with-
in E

C
(n=39),
mean
change
(SD)

E
(n=37),
mean
change
(SD)

ES
within
C

ESf,g

within
E

Ce

(n=39),
mean
change
(SD)

Ed

(n=37),
mean
change
(SD)

Fruit and 100% fruit juice

–0.050.18–0.13
(2.49)

0.45
(2.49)

0.380.250.61
(1.61)

0.45
(1.80)

0.310.270.59
(1.91)

0.64
(2.41)

0.550.632.05
(3.70)

2.17
(3.43)

T1 to
T3

–0.30–0.13–0.69
(2.27)

–0.36
(2.77)

–0.050.11–0.10
(2.19)

0.22
(2.00)

–0.30–0.08–0.74
(2.49)

–0.22
(2.78)

–0.020.30–0.08
(3.79)

1.00
(3.34)

T1 to
T4

Vegetable

0.150.300.54
(3.51)

0.98
(3.20)

0.410.250.80
(1.96)

0.60
(2.40)

0.380.481.02
(2.68)

1.50
(3.09)

0.340.531.29
(3.76)

1.69
(3.21)

T1 to
T3

0.110.170.38
(3.48)

0.50
(3.01)

–0.040–0.08
(2.16)

0
(1.90)

–0.120.19–0.41
(3.30)

0.65
(3.51)

0.010.040.03
(4.63)

0.16
(3.96)

T1 to
T4

Water

0.370.221.17
(3.19)

0.50
(2.24)

0.360.290.93
(2.54)

0.52
(1.80)

0.130.310.12
(0.95)

0.31
(1.00)

0.160.280.78
(5.00)

1.00
(3.56)

T1 to
T3

0.17–0.160.56
(3.26)

–0.33
(2.07)

0.23–0.130.62
(2.62)

–0.16
(1.28)

00.340
(0.83)

0.32
(0.94)

–0.170.18–0.67
(3.91)

0.57
(3.09)

T1 to
T4

Sugary drinks

–0.440.03–1.44
(3.24)

0.10
(3.14)

–0.120.22–0.37
(3.02)

0.55
(2.44)

–0.170.10–0.30
(1.73)

0.21
(2.09)

–0.02–0.02–0.07
(3.29)

–0.10
(4.01)

T1 to
T3

0.16–0.09–0.51
(3.11)

–0.27
(2.93)

0.170.050.49
(2.79)

0.11
(2.17)

0.04–0.100.08
(2.07)

–0.19
(2.01)

–0.13–0.07–0.38
(2.98)

–0.22
(3.31)

T1 to
T4

Junk food

–0.220.39–0.63
(2.84)

1.17
(3.01)

0.170.160.55
(3.31)

0.40
(2.58)

0.28–0.060.46
(1.64)

–0.14
(2.42)

0.100.100.32
(3.09)

0.26
(2.56)

T1 to
T3

0.360.130.77
(2.16)

0.41
(3.13)

0.470.021.21
(2.56)

0.06
(2.62)

0.13–0.120.18
(1.35)

–0.24
(2.02)

0.160.190.41
(2.60)

0.43
(2.24)

T1 to
T4

aT1: baseline.
bT3: intervention end or 6 weeks postbaseline.
cT4: 3-month follow-up postintervention.
dE: experimental group.
eC: comparison group.
fES: effect size.
g“ES within” represents changes in score divided by the SD of change within the condition (E and C, respectively); positive ES indicates improvement,
except for junk food and sugary drinks, where negative ES indicates improvement.
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Figure 4. Effect sizes at intervention end or 6 weeks after baseline (T3) and 3-month follow-up after the intervention (T4), comparing experimental
(E) and comparison (C) groups on psychosocial variables and self-reported diet-related behaviors. Positive effect size indicates a larger improvement
in the E compared to the C group.

Dietary Behaviors
The experimental group reported a substantial increase in fruit,
vegetable, and water intake, which were maintained at T4.
Changes in the comparison group were small. Both groups
reported a decrease in junk food intake at T3, and the
experimental group additionally reported a decrease in sugary
drinks intake from T1 to T3; however, these improvements were

diminished at T4. The between-group effect sizes for the child
dietary intake, favoring the experimental group, were medium
to large. Refer to Table 6 for the changes in self-reported
diet-related behaviors and Figure 4 for the related effect sizes
at T3 and T4 comparing the experimental and comparison
groups. Descriptive statistics by child gender are presented in
Multimedia Appendix 1.
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Table 6. Change in self-reported diet-related behaviors from T1a to T3b and T1 to T4c, by group.

ES within CESf,g within ECe (n=39), mean change (SD)Ed (n=37), mean change (SD)

Fruit and 100% fruit juice

–0.200.14–0.80 (4.04)0.71 (5.12)T1 to T3

–0.210.38–0.79 (3.71)1.30 (3.39)T1 to T4

Vegetable

0.040.430.22 (5.82)3.10 (7.27)T1 to T3

0.090.670.51 (5.99)3.08 (4.58)T1 to T4

Water

0.150.371.00 (6.76)2.52 (6.85)T1 to T3

0.260.461.64 (6.41)2.22 (4.84)T1 to T4

Sugary drinks

0–0.340 (5.34)–1.80 (5.31)T1 to T3

0.0100.05 (5.50)–0.03 (7.06)T1 to T4

Junk food

–0.35–0.32–1.95 (5.63)–1.55 (4.77)T1 to T3

–0.21–0.17–1.03 (4.91)–1.08 (6.40)T1 to T4

aT1: baseline.
bT3: intervention end or 6 weeks postbaseline.
cT4: 3-month follow-up postintervention.
dE: experimental group.
eC: comparison group.
fES: effect size.
g“ES within” represents changes in score divided by the SD of change within the condition (E and C); positive ES indicates improvement, except for
junk food and sugary drinks, where negative ES indicates improvement.

BMI-for-Age Percentile
The mean change between T1 and T4 in BMI-for-age percentile
was small and comparable in both experimental and comparison
groups (mean –0.58, SD 5.91 and mean –0.50, SD 11.49,
respectively). A post hoc exploration by child’s sex showed

that BMI-for-age percentile tended to decrease in the
experimental group for male participants (mean change –3.26,
SD 4.67) and the comparison group for female participants
(mean change –3.30, SD 9.77). Refer to Table 7 for BMI-for-age
percentile for the experimental and comparison groups, overall
and by sex, at T1 and T4.

Table 7. BMI-for-age percentile at T1a and T4b for Ec and Cd groups, overall and among male and female participants.

Female participantsMale participantsOverall

C (n=21)E (n=22)C (n=15)E (n=14)C (n=36)E (n=36)

70.40 (26.84)75.67 (24.29)70.13 (28.82)73.74 (29.53)70.29 (27.29)74.94 (26.01)T1, mean (SD)

66.44 (28.81)75.76 (23.34)73.55 (31.07)70.48 (32.12)70.57 (29.44)73.70 (26.77)T4, mean (SD)

–3.30 (9.77)–1.12 (6.09)3.42 (12.68)–3.26 (4.67)–0.50 (11.41)–0.58 (5.91)T1 to T4, mean change (SD)

aT1: baseline.
bT4: 3-month follow-up postintervention.
cE: experimental group.
dC: comparison group.

Discussion

Principal Findings
The primary purpose of this study was to assess the feasibility
and participant acceptability of an interactive, web-based comic
tool. In addition, this study explored the tool’s potential impact

on dietary behaviors, related psychosocial variables, and
BMI-for-age percentile.

There was a decline in use of the digital tool (in both groups)
over the 6-week intervention period. While direct comparisons
are difficult due to the lack of standardization in how
engagement has been defined and measured in previous research
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[44], low to moderate engagement and a decline in use as an
intervention progresses are commonly reported [45-47]. This
is concerning given that engagement is critical to the
effectiveness of digital health interventions [48]. This was a
key consideration during the design process for our tool as we
used user-centered design principles throughout the development
process [49], with the goal of ultimately developing a culturally
relevant and meaningful tool. To enhance potential engagement,
we incorporated interactive features into the tool, such as tap
or click icons that opened pop-up windows (highlighting health
facts, food-related fun facts, or character information, such as
a character’s favorite healthy food and beverage).

While engagement did decline in both groups, the use data
appear to support the feasibility and acceptability of the comic
tool as children in the experimental group were more engaged;
an average of 72% (33/45) of the experimental group accessed
their tool weekly compared to 60% (27/44) of the comparison
group. Furthermore, most of the children in the experimental
group, who accessed the comic, actually read the complete
chapter (which ranged from 18 to 34 pages) each week. In
addition to a higher level of engagement, the experimental group
also reported higher usability of their tool, which is an indicator
of tool acceptability and satisfaction [50,51].

Other interactive features included embedded audio recordings
for certain character dialogue, which also presented
opportunities to deliver health messages in another format. Such
a format can help with the understanding of the health messages
promoted within the comic [52], particularly as low literacy
levels continue to exist in our intended population [53-55].
Research has found that Black and Hispanic students begin high
school with literacy skills 3 years behind those of White and
Asian students [53]. In addition, students from families with
low incomes enter high school with literacy skills that are 5
years behind those of students from families with high incomes
[55]. Feedback from participants acknowledged the benefits of
the embedded interactive features as 1 child noted that the audio
effects allow the tool to read for the children, “if you don’t want
to or can’t read.” Such features can also add to the immersion
of the reader into the story, as studies have found that audio
features can improve the manga reading experience provided
it connects the reader with the objects represented in the scene
[56]. This could lead to enhanced persuasion of the story’s
health messages and, thus, motivate positive behavior change,
as suggested by the Narrative Transportation Theory [57,58].

While several BCTs were incorporated into the digital comic
tool, a key component of the tool was the goal selection and
assessment activity. Research has shown that the BCT of goal
setting is associated with positive health outcomes, although
primarily related to BMI measures in children above a healthy
weight [59]. Children in our study acknowledged that goal
achievement was easier if the appropriate support was in place,
which included fruit, vegetables, and water being available at
home and if parental help was accessible. This highlights the
importance of ensuring that healthy foods are accessible to allow
the children to be empowered to make positive choices. It also
reinforces the importance of engaging parents to not only be
positive role models but to also provide a supportive home
environment as parent-directed interventions can improve the

self-efficacy of their children [60]. Prompts and cues were also
included in the comic tool in the form of 4 reminder messages
each week from the characters themselves. The frequency of
the reminder messages was informed by formative research
with our intended population, as the literature is quite limited
in this area [61]. While a few children did note that they received
too many, overall, the children acknowledged that the reminder
function, comprising 4 texting or email messages each week
was “enough” and an important feature to promote sustained
engagement [61].

Secondary outcomes of this study included changes in
psychosocial variables related to specific diet-related behaviors,
dietary intake, and BMI-for-age percentile. Results showed that
while changes in psychosocial variables for certain diet-related
behaviors were observed in both the experimental and
comparison groups from T1 to T3, most improvements were
diminished by T4. However, improvements in intake related to
fruit, vegetable, and water behaviors observed in the
experimental group were maintained at T4. Furthermore, while
no differences were observed in BMI-for-age percentile change
between both groups from T1 to T4, a post hoc analysis found
that BMI percentile tended to decrease in the experimental group
for male participants and in the comparison group for female
participants. The improvement in fruit, vegetable, and water
intake that was maintained through the T4 period in the
experimental group may partially explain the anthropometric
findings observed in the male participants, as such behaviors
are recommended to reduce obesity risk [62,63]. Further
research is warranted to better understand the mechanisms that
may have resulted in the observed trend of the decreased BMI
percentile in both groups, particularly as no sustained changes
were found in related psychosocial variables and no significant
improvements in dietary behaviors were observed in the
comparison group.

Sex differences in the BMI percentile outcome are interesting
to note. Health-promoting comics have been used effectively
to reach children of both genders [41,64,65]; however, in our
study, it appears that male participants may have responded
more positively to the comic tool. While extensive formative
research was conducted with both genders from our intended
population, with the goal of developing a broad-reaching,
meaningful, and engaging narrative, the main character of the
story was male. This may have led to unintended differences
in how male and female participants responded to the health
messages. Interestingly, prior research by the team found that
both male and female children often selected a male character
when asked who their favorite comic character was [42];
however, other research has shown that gender does play a role
in how people relate and respond to media characters [43,66].
Furthermore, while we aimed to address a broad range of genres
in the comic to appeal to both genders, differences in genre
preferences do exist between the sexes as females tend to prefer
romance, fantasy, and action, while males tend to prefer humor
and action when reading comics [67].

Implications for Future Research
Further research is needed to not only understand the elements
that influence tool engagement but to also gain a better
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understanding of the comic tool’s key components that
influenced the observed health-related outcomes. This pilot and
feasibility study suggests that such a comic tool could be an
appealing format to promote positive beliefs and behaviors
related to a healthier diet in racial and ethnic minority
preadolescents (particularly in male children). In addition, our
study had successful recruitment and high retention with our
participants [23]. Furthermore, 81% (61/75) of the children
reported at T4 that they were very satisfied or extremely satisfied
with their interactions with the study staff [23]. Therefore, a
full-scale RCT with a longer follow-up period is warranted to
determine the effectiveness of Intervention INC. However, given
potential gender differences in character relatability and genre
preferences, the development of future health-promoting comic
tools should more carefully consider how to frame storylines
and messaging to effectively impact both genders. Moreover,
as newly adopted behaviors often diminish once an intervention
ends [68], a maintenance intervention should be considered
following the initial intervention period, as it could provide
critical continued support and reinforce newly adopted
behaviors. In addition, this tool’s messages mainly focused on
obesity-related dietary behaviors. As physical activity is a key
contributing factor to reducing obesity risk, the inclusion of a
physical activity component should be considered to produce
a more comprehensive tool focused on additional influences
related to childhood obesity.

Limitations
It is important to acknowledge that this study is not without its
limitations. We were unable to capture more granular use data,
such as the minutes participants used the tool itself. Self-report
data are always a challenge, in particular with dietary intake
data. This limitation is further exacerbated by the fact that our
questionnaires, while informed by validated questionnaires

commonly used in the literature [25-30], were not validated
tools and were completed by the children themselves. However,
it should be acknowledged that T1 and T4 data were collected
in person where a research team member was present and
available to answer any questions and assist the children in
completing the questionnaire. Seasonality issues may be a
concern with the outcome measures, as recruitment was
conducted on a rolling basis over a 3-month period. Thus, some
participants completed the study during the fall season, while
others completed it during the spring season. Another limitation
is the small sample size, thus limiting statistical power. The
generalizability of these findings is also limited as the data are
unique to racial and ethnic minority preadolescent children
residing in underserved NYC communities. In addition, all study
participants had to have ongoing access to the internet, further
limiting the study’s generalizability.

Conclusions
This pilot and feasibility study suggests that the multimedia
platform of comics could be an appealing and engaging format
to promote healthy diet-related beliefs and behaviors in racial
and ethnic minority, urban preadolescents at risk of childhood
obesity. Furthermore, as comics are popular among US youth
and can be easily disseminated, particularly in digital format,
the graphics and minimal text make it a promising format for
low-literacy populations. The sex differences observed in BMI
percentile suggest that boys may respond more positively to
health messages delivered in such a format; however, the
comic’s main character (who is male) may have been more
relatable to our male participants. Thus, future iterations of the
comic should carefully consider the main character to ensure
they are relatable to all genders. While the results are promising,
further research is needed, including a full-scale RCT, to
determine the effectiveness of Intervention INC.
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Abstract

Background: Suicide is a global health concern. In the United Kingdom, Scotland has the highest suicide rate. Lived experience
and suicide prevention stakeholders in Scotland have identified a key gap in suicide prevention activities: the lack of 24-hour
peer-driven web-based support for people who are suicidal.

Objective: This usability study aimed to evaluate the feasibility, acceptability, utility, and reach of a suicide prevention website
(Surviving Suicidal Thoughts) specifically designed to support residents in Scotland who are experiencing suicidal thoughts
themselves or suspect or know someone who is experiencing suicidal thoughts. Intended support was delivered through the
provision of personal testimony videos of individuals with lived experience.

Methods: A peer-driven website was developed specifically to support residents of Scotland experiencing suicidal thoughts.
The website included resources (eg, videos from lived experience and written guidance about how to respond to someone who
may be experiencing suicidal thoughts) to help reduce distress, normalize experiences, and challenge distressing thoughts. The
website was promoted via leading web-based social media channels and Google Ads. Evaluation of the website was based on
website engagement, marketing strategy, and direct web user feedback via a cross-sectional survey.

Results: Data were collected for 41 weeks (June 2022 to February 2023) spanning the launch of the website and the conclusion
of the second marketing campaign. On average, the website received 99.9 visitors per day. A total of 56% (n=14,439) of visitors
were female, ages ranged from younger than 18 years to older than 70 years (commonly between 25 and 34 years) and originated
from all regions of Scotland. According to Google Search terms of Scottish residents, of the individuals indicated to be experiencing
suicidal thoughts but not looking for help, 5.3% (n=920) engaged with the website compared to 10.5% (n=2898) who were
indicated to be looking for help for themselves. Based on participant responses to the evaluation survey (n=101), the website was
associated with a significant reduction in suicidal thoughts (P=.03). Reasons for visiting the website varied. Marketing data
implied that people were more likely to engage with advertisements, which they felt were more personal, and visitors to the
website were more likely to engage with videos, which corresponded to their age.

Conclusions: A peer-led website may help residents of Scotland who are experiencing suicidal thoughts. Web-based interventions
may have considerable reach in Scotland both in terms of age and geographic area. Engagement with the website was similar to
other self-help websites for suicidal ideation; however, more nuanced methods of analyzing website engagement for help-seeking
behavior are recommended. Future work would benefit from exploring the effectiveness of this website based on a larger participant
sample with website modifications guided by the principles of social learning theory.

(JMIR Form Res 2025;9:e55932)   doi:10.2196/55932
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Introduction

Background
Suicide is a leading global health concern. The World Health
Organization [1] estimates that 1 person dies by suicide every
40 seconds. In the United Kingdom, Scotland continues to have
the highest suicide rate across its 4 nations [2-4]. Most people
with thoughts of suicide do not seek professional help, and for
those who do, too often they struggle to access timely care [5].
Therefore, improving timely and easy-to-access care for those
experiencing suicidal ideation is a public health priority in
Scotland.

In 2022, the Scottish government published a 10-year, suicide
prevention strategy that aims to reduce suicide on a national
level [6]. The strategy drew on evidence from over 200 Scottish
suicide prevention stakeholders (eg, lived experience, mental
health professionals, and charity organization professionals)
[7], which indicated that digital peer support was among the
most sought-after resource needed. Subsequently, the current
strategy includes the following goal: “anyone in suicidal crisis
should be able to access support remotely by phone, text or
online” [6,7].

National strategies for suicide prevention are underpinned by
the drive to understand human behavior within a psychosocial
context [8]. The integrated motivational-volitional model of
suicidal behavior [9,10] is a leading theory that maps the
emergence of suicidal thoughts and behaviors. Specifically, it
posits that feelings of defeat (in response to stress) can develop
into entrapment, which, in the absence of factors such as social
support and belongingness, can give rise to suicidal ideation
and potentially suicidal behaviors.

However, other theories of human behavior can also be applied
to understand suicide risk. Social learning theory [11], for
example, posits that people are more likely to model their
behavior on those with whom they identify [12]. Indeed, videos
of individuals describing their own experience of, and surviving,
thoughts of suicide have been shown to be effective in
improving the life satisfaction of those who are experiencing
suicidal thoughts themselves [13]. What is more, according to
group identity theory [14], identifying with others with shared
thoughts or experiences can facilitate feelings of belongingness,
the absence of which is consistently associated with suicide risk
[13,14].

Systematic reviews by both Lai et al [15] and Robinson et al
[16] indicate that a range of web-based suicide prevention
strategies (including self-guided, digital cognitive behavioral
therapy, web chat, and signposting to resources) are effective
in reducing thoughts of suicide, including among those in a
suicidal crisis. Although the number of studies included in these
reviews is small, the evidence also points toward the potential
utility of testimonies from others with similar experiences as a
helpful suicide prevention strategy. In the United States,
NowMattersNow [17]—a website designed specifically for US
residents—provides evidence-based resources including videos,
blogs, and suicide prevention strategies (eg, emotion
self-regulation coping strategies) to promote the

self-management of suicidal thoughts. The website is available
24 hours per day and is freely accessible to the public. Visitors
to this website were found to stay on the website for an average
of 1 minute 31 seconds, with a bounce rate (percentage of
visitors who left after viewing 1 page) of 61% [18]. To put this
in context, a bounce rate of 60%-90% is average for landing
pages. Based on an embedded anonymous web user survey,
Whiteside et al [18] found that engagement with the
NowMattersNow website was associated with a self-reported
reduction in feelings of suicidal ideation and distress. Given the
cultural similarities between the United States and Scotland and
the perceived demand of lived experience support from people
who are suicidal [6,19], such a resource may be effective within
the Scottish context.

Aims
This pilot phase usability study is part of a wider, ongoing digital
project to reduce suicide across Scotland. The website was
co-designed and delivered by individuals with lived experiences
of suicidal thoughts and behaviors. The overall aims of the
project are listed in Multimedia Appendix 1. To help guide these
aims, theory-driven outcomes for this study were determined
in advance of website development using a logic model
(Multimedia Appendix 2). Given the early stage of the
development of this suicide prevention website, this study aimed
to address the following short-term intended outcomes of the
logic model. Specifically, the development of a suicide
prevention website aimed to (1) support the Scottish population
when experiencing a suicidal crisis that is codeveloped with the
target population, (2) investigate which users of the website
feel that they have received a compassionate response, (3)
investigate which users experience a reduction in feelings of
entrapment during engagement with the website, (4) investigate
which users experience a reduction in suicidal thoughts during
engagement with the website, and (5) investigate which users
of the website find it accessible and relatable.

Methods

Study Design
The website, Surviving Suicidal Thoughts (SST) [20], was
developed using an iterative approach involving a
multidisciplinary website development team (comprised of
digital experts, health professionals, and academic researchers)
and direct feedback from the Scottish government’s Living and
Lived Experience Panel (n=5; Scottish residents with lived
experience of suicidal thoughts and behaviors).

Ethical Considerations
Research permission was granted by the local National Health
Service (NHS) Research and Development Committee in 2022.
A Data Protection Impact Assessment was completed and
approved prior to the launch of the web user survey. However,
following NHS guidance, ethics approval is not required for
service development and evaluation studies such as this (section
3.1 of the UK Policy Framework for Health and Social Care
Research) [21]. Informed consent to participating in the
anonymized feedback survey was inferred through participants
opting in to the survey following the survey invitation appearing
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on the web page, and a privacy notice was available on the
invitation page of the survey. Anonymous web user metrics and
engagement with the website were collected only from users
who had consented to allow tracking cookies on their
internet-enabled device prior to “landing” on any NHS24 web
page. Due to the anonymity of participation, participants could
not be compensated.

Data Collection

Overview
Data collection for this pilot phase spanned 41 weeks (see
Multimedia Appendix 3 for the timeline). Originally, the
timeline was expected to span 6 months; however, due to low

participant engagement with the web user survey, data collection
was extended to include the second marketing campaign
spanning from October 2022 to February 2023. Visitors’
engagement with the website was monitored during development
with adjustments made based on user behavior (Multimedia
Appendix 3). Such behavior was monitored before and during
visiting the website, which allowed SST visitors to be
categorized into 1 of 5 user groups (defined in Table 1). The
way in which the 5 visitor groups were expected to navigate to,
and use, the SST website is depicted in Multimedia Appendix
4. Further details of the development and evaluation of the
website are summarized under the following subheadings:
“Website Content,” “Web User Evaluation Survey,” and
“Marketing.”

Table 1. Surviving Suicidal Thoughts website visitor groupsa.

Search term examplesBehaviorUser type

“Want to die” “End my life”Individuals not looking for support for their suicidal thoughts1. Web-based suicide methods seeking

“Suicide support”Individuals actively looking for support for their suicidal thoughts2. Web-based support seeker

“Suicidal relative,” “Suicidal
friend”

Individuals who are looking for support for a friend or relative who
they know is experiencing suicidal thoughts

3. Told friends or family

“Is my friend suicidal?”Individuals who are looking for support for a friend or relative who
they suspect may be experiencing suicidal thoughts; however, this
has not been confirmed

4. Suspecting friends or family

“Suicide prevention day”Individuals not help-seeking for themselves or others and not in sui-
cidal crisis

5. Generic curious or professional

aThe 5 user groups identified to visit the Surviving Suicidal Thoughts website between June 2022 and February 2023 based on search terms entered
into Google by Scottish residents.

Website Content
SST was hosted on the NHS Inform internet platform, Scotland’s
national health care website (Figure 1). The website included
personal testimony videos of 5 people (Neil, Steph, Denise,
Linda, and Kirsty) with lived experience of suicide and 1 person
bereaved by suicide (Jenn). These videos were developed
specifically for the website. In these videos, the speakers shared
their broad experiences of low mood and suicidal thoughts and
behaviors, rather than discussing specific details related to their
exact experiences of suicidal crisis. Each video was cut into
between 5 and 10 chapters, with each chapter being
approximately 90 seconds each. The chapters were titled, which

allowed visitors to jump between individual sections. Early in
the first marketing campaign, it was observed that visitors of
the website only explored the top 2 videos that appeared on
their computer or phone screen. In response, the videos were
rotated each month to minimize any order effects.

The website also featured emergency service contact
information, signposting to third-sector mental health
organizations, and how to respond to someone who discloses
or may be experiencing suicidal thoughts. To directly evaluate
the experiences of web users, the website included a pop-up
survey modeled on NowMattersNow [17]. Engagement with
the website was captured by the intervention delivery team at
NHS Inform using Google Analytics [22].
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Figure 1. Image of the Surviving Suicidal Thoughts landing page.

Web User Evaluation Survey
The SST survey was developed using the HotJar survey platform
[23]. Initial survey content and methodology were collated by
HM (study author) and presented to a focus group of individuals
with lived experience of suicidal thoughts and behaviors for
their feedback (see Multimedia Appendix 5 for focus group
feedback). To minimize overburdening SST website visitors,
the Lived Experience Panel recommended reducing the survey
items from 12 to 4 questions. As a result, it was intended that
a series of “blocks” of survey items would be displayed during
the pilot phase to capture information on a range of demographic
and psychological factors over time. However, due to the limited
engagement with the survey (see Overview in the Results
section), it was decided that only the first block of questions
would be used in the pilot phase to improve statistical power
for analysis. The final survey items and measurement scales
included in the pilot are presented in Multimedia Appendix 6;
however, in brief: 2 items assessed participants’ intensity of
suicidal ideation (taken from NowMattersNow [17]; range:
1=not at all and 5=completely overwhelming), 1 demographic
variable explored participants’ age group (10-year increments
from “younger than 18 years” to “70+ years”), and 1 item
captured geographic location (based on NHS health board). A
fifth item (reason for visiting the website) was added midway
through survey recruitment. All survey items were asked at a
single time point. The suicidal ideation items asked web users
to recall the level of intensity of their suicidal thoughts at the
time of first landing on the SST website as well as the current
intensity of their suicidal ideation at the time of participating
in the survey. These survey items were anonymous, and
participants could discontinue the survey and return to the SST
website at any time.

To be consistent with the format of NowMattersNow [17], the
SST survey invitation initially appeared 3 minutes after landing
on the SST website. However, after 2 days, it became evident
that the average web user duration was less than 3 minutes (with
only 4 visitors seeing the invitation); therefore, we adjusted the
survey invitation to appear after 90 seconds (Multimedia
Appendix 3) to match 50% of user traffic.

Marketing
Digital marketing was used to promote the website resources
on social media platforms (ie, Meta [Facebook and Instagram],
X [formerly known as Twitter], and Spotify). Live targeting
platforms (Nano and Google Ads) were used to advertise the
website to relevant web users. Marketing data were collected
from social media platforms, from Nano and Spotify by a third
party (Republic of Media) using a pay-per-click marketing
campaign. Advertisements promoting the website were designed
to convey empathy and hope. Following some prosuicide
comments from the public, advertisements for the SST website
on Meta platforms were discontinued 1 week after launch to
protect the public. This funding was reallocated to Google Ads.
Additionally, advertising on X was discontinued after 23 weeks
(November 27, 2022) of this 41-week pilot phase. This was due
to changes in X’s ownership and uncertainty around its operating
procedures. Thereafter, funding for the promotion of the SST
website on X was reallocated to Nano.

Data Analysis

Website Content Engagement
Analysis was modeled on those used by Whiteside et al [18].
Website engagement was inferred using bounce rates (the
percentage of web visitors who leave or “bounce” from a web
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page without taking follow-up action). Web users’ device used,
date, time, and journey to the website were also captured. Video
engagement (which videos and duration) was provided by Nano.

Web User Evaluation Survey
Data relating to the date, time, and type of internet-enabled
device (eg, laptop and mobile phone) were summarized using
frequencies and percentages collated by HotJar survey systems.
Using G*Power [24], a priori power analysis determined that
a minimum of 102 participants were needed for pairwise
comparisons between baseline and follow-up data (effect
size=0.03; α=.05; power=0.9). All statistical analyses were
conducted using SPSS (version 28; IBM Corp). The distribution
of the data was inspected visually and then tested using
Kolmogorov-Smirnov tests, which indicated that the data were
not normally distributed (P<0.001). Subsequently, a
nonparametric approach was deemed appropriate to analyze the
survey responses, thereby avoiding a type I error. Subsequently,
a Wilcoxon 1-sampled, 2-tailed t test was used to statistically
test the change in participants’ intensity of suicidal ideation. A
statistical subanalysis of other outcomes (eg, age and geographic
location) was not possible due to the small group sizes.
Participants who did not answer both suicidal ideation questions
were not included in the statistical analysis; all remaining
missing data were grouped with “prefer not to say.”

Marketing
Information captured included engagement with advertisements
(click-through rates [CTRs]) and videos (view-through rates)
as well as demographic information (sex: male, female, or
unknown and age group: 18-24, 25-34, 35-44, 45-54, 55-64,
65+ years, “unknown”). These data were reported in relation
to advertising trends commonly observed in similar advertising
strategies [25,26]. Additionally, Nano provided geographical
information regarding advertising exposure and engagement
based on the number of people who saw an advertisement
(impressions).

Results

Overview
SST [20] was developed using an iterative approach between
the web page development team and Scotland’s Living and
Lived Experience Panel and remained live throughout the
41-week pilot phase (from June 28, 2022, to February 20, 2023).
The SST website received 25,784 unique visitors equating to
an average of 99.9 page views per 24-hour day. Daily traffic to
the website peaked at 10 PM, with the greatest amount of traffic
on Sundays.

Most visitors accessed the website via mobile phone (n=21,402,
83%), followed by desktop computer (n=3068, 11.9%). When
compared to commercial metrics [22], social media marketing
CTRs for SST were considered “good” on all platforms. For
videos, the view-through rate was 80.2% (n=892,943), which
was considered “high.” Journeys of SST users were most
commonly via Google Search (n=6314, 24.3%), followed by
Meta (n=4705, 17.1%). For more details of marketing expenses,
marketing strategy, and user engagement per platform, please
see Multimedia Appendix 7.

More “web-based suicide methods seeking” than “web-based
support seeker” user journey members clicked on testimonial
advertisements (advertisements that included names) or engaged
with advertisements titled “hear from one whose been there.”
However, sample sizes were too small to explore this
statistically.

The bounce rate to the website was 76.9%, suggesting that
almost a quarter of website visitors clicked on a subpage of the
SST website (eg, a video link). Of the web users who were
invited to participate in the evaluation (n=282, 1.1%), 42.2%
(n=119) opened the survey link. In total, 84.9% of those who
opened the survey answered at least 1 question (Figure 2).
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Figure 2. Participant flowchart of participant engagement with the Surviving Suicidal Thoughts website and evaluation survey between July 2022 and
February 2023. *Answered at least 1 survey question.

Demographic Characteristics
Google Analytics indicated that 56% (n=14,439) of SST visitors
were female, and most “web-based nonsupport seeking” groups
were also indicated to be female. Web users who accessed the

website through Google Ads were most likely to be aged
between 25 and 34 years. In contrast, half (n=47, 49.6%) of the
respondents to the evaluation survey were between 40 and 59
years (Table 2). Most (n=69, 66.4%) survey participants chose
not to indicate which health board they lived in.
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Table 2. Demographic and geographic summary of participant characteristics of the survey evaluation.

Values, n (%)Variable

Age (years)

6 (5)<18

11 (9.2)19-29

11 (11.8)30-39

14 (27.7)40-49

33 (21.9)50-59

26 (6.7)60-69

8 (0.8)70+

7 (5.9)Prefer not to say or not applicable

13 (10.9)Unanswered

Health board

5 (4.2)Ayrshire and Arran

1 (0.8)Borders

2 (1.7)Fife

2 (1.7)Fourth Valley

3 (2.5)Grampian

7 (5.9)Greater Glasgow and Clyde

1 (0.8)Highland

5 (4.2)Lanarkshire

9 (7.6)Lothian

1 (0.8)Shetland

3 (2.5)Tayside

1 (0.8)Western Isles

10 (8.4)Prefer not to say or not applicable

69 (58)Unanswered

Reason for visita

9 (7.6)I am looking for resources to help me cope if I feel suicidal again

14 (11.8)I am thinking about suicide

4 (3.4)I do not think I can keep myself safe

6 (5)I have a plan for suicide

8 (6.7)I am looking for resources to support someone else

11 (9.2)Other or prefer not to say

67 (56.3)Unanswered

Suicide intensity

Intensity of suicidal thoughts upon first visiting the site (mean 3.06, SD 1.58)

30 (25.2)1=not at all

12 (10.1)2

19 (16)3

19 (16)4

30 (25.2)5=completely overwhelming

9 (7.6)Unanswered

Intensity of suicidal thoughts at time of survey (“now”; mean 2.87, SD 1.59)
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Values, n (%)Variable

33 (27.7)1=not at all

11 (9.2)2

17 (14.3)3

16 (13.5)4

24 (20.2)5=completely overwhelming

18 (15.1)Unanswered

aItem added 14 weeks into data collection phase.

Video Engagement
The first 2 videos that appear on a web visitor’s browser
commonly received the most visitor engagement. “Neil’s story:
Experiences with low mood and depression” and “Steph’s story:
Experiences with suicidal thoughts” were the most viewed
chapters. On average, web users watched 86.64% (SD 5.91%)
of the video chapters. Chapters most likely to be viewed in full
were titled “The anxiety underneath was so much to bear”
(Kirsty, chapter 3) and “There is light at the end of the tunnel”
(Neil, chapter 4).

Suicidal Thoughts
Most (n=5290, 83.8%) CTRs via Google Ads were attributed
to the “web-based support seeker group,” “told friends or
family,” or “suspecting friends or family” SST visitor journey
groups (Table 3). In contrast, 86.5% of CTRs from Google
Search terms related to concern for others experiencing suicidal
thoughts (50% CTR for “suicidal relative” and 36.5% CTR for
“suicidal friend”), which represent the “told friends or family”
and “suspecting friends or family” user journey groups (Table
1). However, 65.5% (n=67) of respondents to the evaluation
survey did not indicate their reason for visiting the website
(9.2% responded “other or prefer not to say” and 56.3% of
participants did not answer).

Table 3. Total number of impressions and clicks to the Surviving Suicidal Thoughts website via adverts on social media and Google.

CTRa (%)Clicks to website, nImpressions, n

SST user journey group

5.3292017,282Web-based suicide methods seekingb

10.49289827,638Web-based support seekerc

14.91217214,565Told friends or familyd

12.722201730Suspecting friends or familye

6.951041496Generic curious or professionalf

Media platform

1.0612,847g1,209,432X

0.3134711,124,972Nano

0.26—h326,359Spotify

2.334705202,326Facebook

N/Ai22,6372,925,800Total

aCTR: click-through rate.
bIndividuals not looking for support for their suicidal thoughts.
cIndividuals actively looking for support to relieve their suicidal thoughts.
dFriend or relative who they know to be experiencing suicidal thoughts.
eFriend or relative who they suspect may be experiencing suicidal thoughts.
fThose looking for general information on suicide prevention who does not otherwise fit in the other web user groups.
gBased on engagement with social media post, not clicks to website.
hData not available as these were audio advertisements; therefore, clicking to the website was not possible.
iN/A: not applicable.

Based on survey responses, 25.2% (n=30) of visitors
retrospectively described the intensity of their suicidal thoughts

when first visiting the website as “completely overwhelming”
compared to 20.1% (n=24) of participants at the time of survey
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engagement (Table 2). Overall, there was a significant reduction
in the intensity of suicidal thoughts from the recollection of
intensity when first landing on the web page to participating in
the survey (t100=–1.89; P=.03). No statistically significant
differences were observed between the intensity of suicidal
thoughts as a function of age (≤49 years vs ≥50 years).

Discussion

This study aimed to evaluate a pilot web-based self-help
resource to help support residents of Scotland who have suicidal
ideation. The findings of this study are discussed below in
relation to the 5 short-term intended outcomes of the logic model
(Multimedia Appendix 2).

Principal Findings
The design and content of SST [20] was developed through
consultation with the Living and Lived Experience Panel in
Scotland. This input included direct contributions to the website
videos—the defining feature of the SST website. Together with
other stakeholders (digital specialists and health professionals),
this led to a suicide prevention website launched in June 2022
specifically designed to support residents of Scotland. Therefore,
outcome 1 (support the Scottish population when experiencing
a suicidal crisis that is codeveloped with the target population)
was achieved.

Due to low survey engagement, the survey blocks were not
rotated as initially intended. Therefore, this pilot phase was
unable to obtain visitor views on receiving a compassionate
response from the SST website (eg, helpful videos and
guidance). Despite this, amendments to the website and survey
user evaluation (Multimedia Appendix 3) were conducted in
response to user engagement. Thus, a compassionate approach
was exhibited by the website developer team to meet the
changing needs of the website visitors. Additionally,
involvement from the Lived Experience Panel was intended to
best serve the needs of the Scottish population. Their input
included guidance on sensitive advertising of the website to
best avoid triggering people who were not in distress.
Additionally, on Meta, comments encouraging suicide prompted
the team to discontinue the marketing campaign on this platform
for the well-being of social media users. Subsequently, outcome
2 (users of the website feel that they have received a
compassionate response) was only partially addressed.

Due to low survey engagement, questions about entrapment
were excluded from the web user survey; therefore, outcome 3
(users experience a reduction in feelings of entrapment during
engagement with the website) was not addressed. Despite this,
the Lived Experience Panel expressed that both internal and
external entrapment survey questions were acceptable items to
be included within the SST website survey.

The survey data indicated that the intensity of suicidal thoughts
had significantly reduced between the time participants first
arrived on the SST website and the time they engaged with the
survey. However, as the P value just met the traditional level
of significance, this needs to be replicated in a large sample.
Nonetheless, outcome 4 (users experience a reduction in suicidal
thoughts during engagement with the website) was achieved.

Data from Google Analytics indicated that the website was
accessed by all geographic regions of Scotland and people up
to 70 years of age. This geographic spread of engagement was
further reflected by data collected by Nano. Additionally, the
website was used at all times of day and night and from a range
of devices (eg, computers, phones, and tablets). These findings
suggest that the website was both accessible and relatable to
residents of Scotland; therefore, outcome 5 (users of the website
find it accessible and relatable) was achieved.

Comparison With Prior Work
Consistent with Lai et al [15] and Robinson et al [16],
engagement with the SST [20] seemed to significantly reduce
the intensity of suicidal thoughts of visitors to the website. The
findings of this pilot study are similar to those of the
NowMattersNow evaluation [18]. Specifically, the prevalence
of web users who described the intensity of their suicidal
thoughts as “completely overwhelming” when first visiting the
site was similar across the 2 websites (25% of SST web users
compared to 28% of NowMattersNow) [18]. Equally, both
websites’ bounce rate was within the expected range according
to web-based marketing norms of 60%-90% [26]
(NowMattersNow [17]: 61% and SST [20]: 76.91%). Both
websites reported an absence of participants aged 70+ years.
Conversely, Scotland’s SST website was indicated to engage
younger people (<18 years: 10.15% of SST visitors), whereas
this age group was not captured by NowMattersNow [17].

The pattern of engagement with the SST websites is consistent
with leading theories of learned behavior such as social learning
theory [11]. Social learning theory posits that people are more
likely to model their own behavior on those with whom they
identify. Williams et al [19], based on a cross-sectional sample
of self-harm web-based communities, found that such groups
are more likely to seek informal help from perceived peers than
professional services, and advice on self-care was reportedly
more effective when provided by these peer supports. Social
identification was evident in this study, for example, where web
users were more likely to engage with advertisements or SST
videos, which corresponded with their own age or sex.

Most visitors were aged between 25 and 34 years, consistent
with “Steph,” whose video was viewed the most compared to
all other videos on the SST website. Additionally, most visitors
accessing the SST website via “X” (formerly known as Twitter)
were typically male participants and landed on the SST website
via advertisements about “Neil’s story.” Similarly, the marketing
company used in this study (Republic of Media) reported that,
in general, female participants were more likely than male
participants to engage with Google Ads. In this study,
advertisements relating to “Linda’s story” were most likely to
be engaged with on Google platforms. Although these findings
are preliminary, these trends would suggest that it may be
beneficial to consider principles of social learning theory [11]
when developing suicide prevention websites.

This pilot phase usability study was developed to inform a larger
study aimed to reduce suicide in Scotland via timely peer-led
support. Subsequently, recommendations based on the findings
here include (1) updating marketing strategies to meet the needs
of those seeking and not seeking help for their suicidal thoughts,
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(2) using pop-up invitations for the user evaluation to improve
survey engagement, and (3) increasing the demographic
diversity of populations represented in the survivor videos. As
illustrated by the logic model (Multimedia Appendix 2), the
long-term goals aim to integrate the website into the health care
landscape, which clinical and nonclinical populations can use
as an established resource to support well-being. The current
evaluation also indicates that future work should consider the
role of the learned behavior (eg, social learning theory) [11] in
relation to engagement with suicide prevention resources.
Additionally, to explore the extent to which web visitors felt
that they received compassionate support, qualitative interviews
with individuals who have used the website would be beneficial.

Limitations
The study findings need to be interpreted in the context of the
limitations related to the content of the website, the web user
survey, and how the website was marketed. First, most web
users usually only engaged with the first 2 videos that appeared
on their browser; however, this trend was only identified after
the website was live. Although Neil’s story and Steph’s story
were the most engaged with by web users, this may have
reflected their position on the website, as opposed to the web
users’ video preference overall. Additionally, it is unknown
whether engagement with the website provided a compassionate
response to its visitors.

Second, due to constraints of the survey platform used in this
intervention, not all preferred approaches could be implemented
into the survey methods. Namely, the survey could only appear
once to web users, thereby limiting the survey to a
cross-sectional design, where the intensity of suicidal ideation
was explored both retrospectively and currently. Additionally,
some of the recommendations made by the Lived Experience
Panel could not be incorporated into the survey (eg, having the
survey invitation being a permanent feature on the screen so
website visitors could participate in the survey whenever they
felt ready). This may account for the low engagement with the
SST survey. Additionally, although the study originally followed
the Lived Experience Panel’s recommendation of a 3-minute
delay before the survey invitation pop-up, due to the average
duration of visits to the SST website being shorter than
anticipated, the invitation was reduced to 90 seconds, consistent
with NowMattersNow [18]. Although survey participation rates
were good, the number of people who saw the invitation was
lower than expected, limited to those who stayed on the website
long enough to see the invitation, and engaged by those who
chose to participate in the survey. Subsequently, the findings
are unlikely to be generalizable to the wider population of
Scotland. The low number of survey invitations was likely due
to web users having disabled cookies across the NHS platform.
This lower recruitment subsequently led to the blocks of survey
items not being rotated; therefore, additional information (eg,
sex) not being captured in the data. The small participant sample
also limited subgroup analyses to age comparisons only as well
as preventing further survey items (eg, entrapment) from being
substituted into the survey over time. Given that most

participants did not answer the self-reported question relating
to the health board, it is unclear whether the participant sample
was reflective of the overall SST web user population.
Additionally, the final survey item included responses for
individuals who were help-seeking for themselves, while those
who were seeking help for others were grouped together with
those who responded with “prefer not to say.” Therefore, it was
not possible to make comparisons between reasons for visits in
relation to demographic characteristics or suicidal distress.
Finally, most respondents to the survey were aged between 40
and 59 years, whereas Google Analytics indicated that most
web users were aged between 25 and 34 years. This indicates
that pop-up surveys may not be the most effective way to capture
web user satisfaction on self-help platforms such as SST and
that the findings from the survey may not be generalizable to
all visitors to the website.

Third, the marketing approach of the website must be
considered. Word limits on Google Ads may have impacted on
the success of engaging certain demographics, namely male
participants. This is reflected in the alternative advertising
platforms, such as Spotify, where proportionately,
non–help-seeking male participants were more likely to engage
with SST advertisements than non–help-seeking female
participants. Challenges were encountered with advertising,
with advertising being discontinued on some platforms. This
highlights a challenge between balancing a soft-marketing
strategy against the need for ethical considerations such as
safeguarding to ensure public well-being. Solutions to achieving
this balance may include the use of trigger warnings and further
developments in social media algorithms.

Finally, the bounce rate may not have provided a true
representation of the SST websites’ utility by the user.
Specifically, the bounce rate of the SST was higher than
NowMattersNow [18], reflective of web users leaving the
website after arriving on the landing page. However, it is unclear
whether the bounce rate was due to visitors benefiting from the
website approach to making information salient (eg, crisis card
information on the landing page) or because the website did not
meet the individual’s expectations during their visit, thereby
prompting them to leave. Therefore, the bounce rate (ie,
engagement) may not necessarily be reflective of the website
failing to meet the need, but that the landing page provided
sufficient information for the web user.

Conclusions
A codeveloped website for suicide prevention, designed for the
Scottish population, may help to reduce the intensity of one’s
suicidal thoughts. Marketing of the website across various social
media, entertainment, and internet search platforms is feasible.
The website was particularly popular with those who were
looking for help for themselves, and principles of social learning
theory may play a role in optimizing the utility of such
resources. A larger study is required to explore the effectiveness
of such a website and determine whether it works for different
subgroups of the Scottish population.
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Abstract

Background: Parents of children treated for cancer may experience psychological difficulties including depression, anxiety,
and posttraumatic stress. Digital interventions, such as internet-administered cognitive behavioral therapy, offer an accessible
and flexible means to support parents. However, engagement with and adherence to digital interventions remain a significant
challenge, potentially limiting efficacy. Understanding factors influencing user engagement and adherence is crucial for enhancing
the acceptability, feasibility, and efficacy of these interventions. We developed an internet-administered, guided, low-intensity
cognitive behavioral therapy (LICBT)–based self-help intervention for parents of children treated for cancer, (EJDeR
[internetbaserad självhjälp för föräldrar till barn som avslutat en behandling mot cancer or internet-based self-help for parents of
children who have completed cancer treatment]). EJDeR included 2 LICBT techniques—behavioral activation and worry
management. Subsequently, we conducted the ENGAGE feasibility trial and EJDeR was found to be acceptable and feasible.
However, intervention adherence rates were marginally under progression criteria.

Objective: This study aimed to (1) describe user engagement with the EJDeR intervention and examine whether (2)
sociodemographic characteristics differed between adherers and nonadherers, (3) depression and anxiety scores differed between
adherers and nonadherers at baseline, (4) user engagement differed between adherers and nonadherers, and (5) user engagement
differed between fathers and mothers.

Methods: We performed a secondary analysis of ENGAGE data, including 71 participants. User engagement data were collected
through log-data tracking, for example, communication with e-therapists, homework submissions, log-ins, minutes working with
EJDeR, and modules completed. Chi-square tests examined differences between adherers and nonadherers and fathers and mothers
concerning categorical data. Independent-samples t tests examined differences regarding continuous variables.

Results: Module completion rates were higher among those who worked with behavioral activation as their first LICBT module
versus worry management. Of the 20 nonadherers who opened the first LICBT module allocated, 30% (n=6) opened behavioral
activation and 70% (n=14) opened worry management. No significant differences in sociodemographic characteristics were
found. Nonadherers who opened behavioral activation as the first LICBT module allocated had a significantly higher level of
depression symptoms at baseline than adherers. No other differences in depression and anxiety scores between adherers and
nonadherers were found. Minutes working with EJDeR, number of log-ins, days using EJDeR, number of written messages sent
to e-therapists, number of written messages sent to participants, and total number of homework exercises submitted were
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significantly higher among adherers than among nonadherers. There were no significant differences between fathers and mothers
regarding user engagement variables.

Conclusions: Straightforward techniques, such as behavioral activation, may be well-suited for digital delivery, and more
complex techniques, such as worry management, may require modifications to improve user engagement. User engagement was
measured behaviorally, for example, through log-data tracking, and future research should measure emotional and cognitive
components of engagement.

Trial Registration: ISRCTN Registry 57233429; https://doi.org/10.1186/ISRCTN57233429

(JMIR Form Res 2025;9:e67171)   doi:10.2196/67171

KEYWORDS

childhood cancer survivor; cognitive behavioral therapy; engagement; internet-administered intervention; log-data; parents

Introduction

Background
The digital delivery of psychological interventions, such as
cognitive behavioral therapy (CBT), particularly
internet-administered cognitive behavioral therapy (iCBT), has
rapidly grown over the past 2 decades [1]. iCBT interventions
have shown to be effective in reducing symptoms of depression
[2] and anxiety [3,4], with outcomes comparable with traditional
face-to-face CBT when professional guidance is included as a
component [5,6]. Flexibility, convenience [7], and the ability
to overcome logistical and financial barriers [8], alongside the
potential to reduce the stigma associated with seeking mental
health treatment [8,9], are significant advantages of iCBT. In
addition, given the lack of available therapists, iCBT
interventions represent a potentially low-cost alternative to
disseminating psychological interventions to a wider audience
[10].

Despite these advantages, how users engage with digital
interventions, including iCBT, is uncertain [11,12]. User
engagement, which can be defined as how and to what extent
users actively use digital interventions, is associated with the
efficacy of iCBT interventions [13,14]. Low or inconsistent
user engagement with digital interventions is closely associated
with common issues such as low uptake (ie, a
smaller-than-expected number of users participating in and
benefiting from the intervention), variable usage (ie, users
engaging with the intervention inconsistently or unevenly), and
high attrition rates (ie, users drop out of the intervention)
[15,16].

A related concept to user engagement is “adherence,” referring
to whether an intervention is used in the way it was designed
to maximize efficacy [17]. Adherence may be based on a
minimal level of user engagement considered necessary to result
in changes to intended outcomes, that is, a minimum treatment
dose [14]. Although adherence to digital interventions is an
evolving concept [18], the total number of completed sessions
has been found to predict treatment response in iCBT
interventions [19]. However, knowledge concerning the causal
pathways between user engagement, adherence, and efficacy
remains limited [20]. Furthermore, there is insufficient
understanding of the potential association between
sociodemographic factors, for example, age, gender, sex, and
clinical characteristics (ie, depression or anxiety symptoms),

and user engagement and adherence [19]. Adherence rates also
vary between studies, with a review of adherence to iCBT
interventions reporting adherence rates ranging from 6%
to 100% [16]. Furthermore, high attrition rates, particularly in
unguided iCBT interventions, present additional challenges
[21], potentially resulting in biased treatment effects [22] and
limiting generalizability [23].

Although user engagement is associated with treatment response
[18], there remains a lack of clarity on how to conceptualize,
define, and measure user engagement within the context of
digital interventions [11,12,20]. Engagement is considered
multidimensional [24,25] and can include to what extent an
intervention is used, for example, by log-data tracking to
quantitatively capture digital intervention usage [20], as well
as the user’s subjective experience, for example, affect,
attention, and interest [25]. Therefore, one way to explore user
engagement is by analyzing log-data (ie, automatically collected
digital records of a participant’s use of an intervention such as
session duration, completion rates, and interaction patterns)
[26,27] and examining potential relationships between user
engagement and participant’s sociodemographic and clinical
characteristics [28]. There is also a need to investigate the use
of digital interventions to explore how certain aspects of user
engagement may relate to adherence [20] and inform the
minimal usage required to establish adherence [29].

This Study
We conducted a single-arm feasibility trial (ENGAGE) [30-32]
to examine the acceptability and feasibility of an
internet-administered, guided, low-intensity cognitive behavioral
therapy (LICBT) intervention for parents of children treated for
cancer: EJDeR (Swedish acronym: intErnetbaserad sJälvhjälp
för förälDrar till barn som avslutat en behandling mot canceR
[Internet-based self-help for parents of children who have
completed cancer treatment]) [33-38]. EJDeR was developed
alongside parent research partners [38] and is designed for
parents of children treated for cancer experiencing symptoms
of depression and/or generalized anxiety disorder (GAD) related
to their child’s cancer treatment [33-38]. EJDeR is delivered
through the Uppsala University Psychosocial Care Programme
(U-CARE) portal (Portal), an in-house web-based platform,
designed to deliver digital interventions and support the
execution of study procedures (eg, online consent and data
collection) [38]. EJDeR includes four modules: (1) introduction
and psychoeducation (IPE), (2) behavioral activation (BA), (3)
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worry management (WM), and (4) relapse prevention (RP), and
is guided by an e-therapist. Findings from ENGAGE show
EJDeR is an acceptable and feasible intervention; therefore,
progression to an external pilot randomized controlled trial
(RCT) to prepare for the design and conduct of a future
superiority RCT is warranted. However, adherence to the
minimal treatment dose was 47.9%, marginally under the
progression criteria of 50% [31]. In addition, visual inspection
of adherence data indicated possible differences in adherence
rates by module worked with and between fathers and mothers
[31]. Previous research indicates fathers and mothers may
engage differently with psychological interventions [39],
emphasizing the need to consider gender-specific engagement
patterns in digital intervention design. For example, fathers have
been found to prefer solution-focused, practical, and
time-efficient formats that offer structured guidance and
actionable strategies [40]. In contrast, mothers have been found
to prefer more emotional and process-oriented intervention
content, valuing opportunities for self-reflection and emotional
processing [41].

Given these findings, there is a need to conduct a secondary
analysis of data from ENGAGE to better understand how
participants engaged with the intervention. Results may help
inform ways to adapt and modify the intervention to improve
adherence rates before proceeding to an external pilot RCT.
Further modification of the intervention to improve user
engagement and thus adherence may also improve treatment
outcomes in a future superiority RCT [31]. Findings may also
have wider applicability to other iCBT interventions.

Study Aims
This study aimed to (1) describe user engagement with the
EJDeR intervention, (2) examine whether sociodemographic
and baseline clinical characteristics differed between adherers
and nonadherers, (3) examine whether depression and anxiety
scores differed between adherers and nonadherers at baseline,
(4) examine whether user engagement differed between adherers
and nonadherers, and (5) examine whether user engagement
differed between fathers and mothers.

Methods

Study Design
This study is a secondary analysis of data from ENGAGE. The
trial protocol [32] and main findings from ENGAGE are
reported elsewhere [31].

Participant Inclusion Criteria
Eligibility criteria included being (1) a parent of a child
diagnosed with cancer during childhood (0-18 years) who
completed cancer treatment 3 months to 5 years previously
(timespan informed by our previous longitudinal research that
has identified this as a period of vulnerability for parents [42,43],
(2) resident in Sweden, (3) able to read and understand Swedish,
(4) able to access email, internet, and BankID (a citizen
authentication system used in Sweden), and (5) seeking
psychological support related to the child’s cancer. Exclusion
criteria included (1) severe and enduring mental health problems,
for example, bipolar disorder and psychosis; (2) acute

suicidality; (3) misuse of alcohol; street drugs or prescription
medication; and (4) currently attending psychological treatment.
Participants excluded due to criteria 1-3 were directed to
appropriate health care services.

Participant Recruitment
Parents were recruited into ENGAGE using 2 main approaches.
First, personal identification numbers of children were obtained
from the Swedish Childhood Cancer Registry (National Quality
Registry) and linked to parents’ names and addresses through
NAVET, a registry held by the Swedish Tax Agency. Parents
were invited to participate by postal invitations using random
blocks of 100 until the target number of 50 was reached. Second,
advertisements were placed on relevant social media sites and
websites of patient organizations and interest groups [31].

An adapted CONSORT (Consolidated Standards of Reporting
Trials) diagram for ENGAGE has been published [31].
Recruitment took place over 5 months (July 3, 2020, to
November 30, 2020). A total of 72 participants gained access
to EJDeR, with 1 excluded shortly after access (severe and
enduring mental health difficulty), resulting in a sample of 71.

Intervention
EJDeR was delivered via the Portal, incorporating text,
homework exercises, films, illustrations, and audio content. A
detailed description of EJDeR has been published [38], and an
overview of the intervention is presented in Figure 1. EJDeR
was delivered over 12 weeks and consisted of 4 modules: (1)
IPE, (2) BA, (3) WM, and (4) RP. It includes 2 LICBT
techniques—BA for depression [44] and WM for GAD [45].
The LICBT clinical protocol for BA has been published
elsewhere [44]. Participants are supported to re-engage with
pleasurable, necessary, and routine activities they have stopped
doing in a gradual and structured way. The full LICBT clinical
protocol for WM has also been published elsewhere [45,46].
Participants record worries and categorize worries into 2
types—practical (eg, important and can be solved) and
hypothetical (eg, important but have no way of being solved).
Participants work with problem-solving for practical worries
and worry time for hypothetical worries.

Guidance was provided by e-therapists, who were trained in the
competencies required to support LICBT. After being provided
with access to EJDeR, participants were invited to attend an
initial assessment session (telephone or videoconferencing) with
their e-therapist. During the initial assessment, e-therapists used
patient-centered interviewing techniques to understand the
participant’s main presenting difficulties, provide
psychoeducation, introduce the LICBT techniques used in
EJDeR, and come to a collaborative decision to allocate 1 of
the 2 LICBT modules to first work with, based on the
participant’s main difficulty, for example, BA for depression
or WM for GAD. E-therapists did not have access to
participants’ baseline assessment scores (ie, depression and
anxiety symptoms) and therefore allocation to the first LICBT
module to work with was not informed by symptom severity at
baseline. Subsequently, the e-therapist provided participants
with access to the LICBT module. E-therapists provided weekly
written messages via the Portal to guide participants in using
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the intervention [47]. To facilitate engagement with the LICBT
modules, weekly homework exercises were either completed
on the Portal or printed as a PDF and completed offline.
E-therapists also invited participants to attend a midintervention
booster session (telephone or videoconferencing). After
completing the first LICBT module allocated (BA or WM),
participants could choose to work with the remaining LICBT
module. After completing either BA or WM, participants were
provided with access to RP by their e-therapist.

Persuasive system design elements [48,49] are built into EJDeR
to improve user engagement, including tunneling, for example,
content is delivered in a predefined step-wise order to guide
participants through using EJDeR, tailoring (eg, EJDeR content
is personalized to user needs [ie, depression or GAD]), rehearsal
(eg, homework exercises are repeated), and liking (eg, use of
professional illustrations).

Figure 1. An overview of the structure of EJDeR. Figure from Woodford et al [38] which is published under Creative Commons Attribution 4.0
International License [50].

Intervention Adherence
Adherence to EJDeR was conceptualized as participants
engaging with the intervention following a priori–defined
minimum treatment dose. Intervention adherers were defined
as those (1) attending the initial assessment session with an
e-therapist (telephone or videoconferencing), (2) completing
the IPE module (2 chapters) and 1 LICBT treatment module
(ie, BA [3 chapters] or WM defined as completing an
introduction [2 chapters] and completing either problem solving
[2 chapters] or worry time [2 chapters]), and (3) attending the

midintervention booster session with an e-therapist (telephone
or videoconferencing). For a module to be defined as being
completed, participants were required to submit all chapters
included within each module to their e-therapist on the Portal.
Our minimum treatment dose was informed by research
suggesting that guidance from a trained professional is
associated with larger treatment effects than self-administered
LICBT [51,52]. In addition, we considered it important for
participants to complete the IPE module to gain an
understanding of the CBT rationale and complete all chapters
for 1 LICBT technique to enable them to understand and apply
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the technique to manage their symptoms of depression and/or
anxiety. We did not include the submission of weekly homework
exercises in our definition of adherence given participants were
able to complete on the Portal or print as a PDF and complete
offline.

Measures

Sociodemographic Characteristics
Sociodemographic characteristics were collected during a
telephone eligibility interview with a licensed psychologist and
included age, sex (male or female), relationship status (partner
or single), highest level of education (lower secondary, upper
secondary, postsecondary nontertiary, tertiary, or PhD),
employment status (employed or unemployed), number of
children, housing situation (rental, apartment ownership, house
ownership, or other), region of birth (Nordic countries, Asia,
Europe [excluding Nordic countries], or Africa), previous
psychological treatment (yes or no), physical health problem
(yes or no), and previous traumatic or difficult life events (yes
or no).

Baseline Clinical Characteristics
Clinical characteristics were collected via a Portal assessment
at baseline. Symptoms of depression were assessed using the
9-item Patient Health Questionnaire (PHQ-9) [53]. Symptoms
of anxiety were assessed using the 7-item Generalized Anxiety
Disorder scale (GAD-7) [54].

User Engagement

Log-Data Tracking on the Portal

User action logging was enabled through action metadata
management to allow user behavior analysis, including (1)
minutes working with EJDeR, (2) number of log-ins, (3) number
of days using EJDeR, (4) number of written messages sent to
e-therapists, (5) number of written messages sent to participants,
(6) total number of modules opened, (7) total number of modules
completed, (8) opened modules (IPE and RP), (9) completed
modules (IPE and RP), (10) opened first LICBT module
allocated (BA and WM), (11) completed first LICBT module
allocated (BA and WM), and (12) submitted homework
exercises.

Data Collected Outside the Portal

Intervention activities outside of the Portal were collected by
research team members and entered into a Microsoft Excel

spreadsheet, including (1) attending the initial assessment
session (yes or no), and (2) attending the midintervention booster
session (yes or no).

Statistical Analysis
All statistical analyses were performed in the SPSS (version
28.0.1; IBM Corp). Given multiple statistical comparisons were
conducted, a Bonferroni correction was applied to adjust for
type I error inflation [55]. Missing data (% of missing items
<0.001) were handled using single-value imputation.
Sociodemographic and baseline clinical characteristics and user
engagement data for all participants are reported using
descriptive statistics. Absolute proportions are reported for
categorical variables and means and SDs are reported for
continuous variables. Chi-square tests were used to examine
differences between adherers and nonadherers and fathers and
mothers concerning categorical data. Effect sizes (Cohen w)
were calculated to determine the magnitude of difference
between the groups for categorical variables. Cohen w rule of
thumb cutoffs was adopted: 0.1-0.3, indicating a small
difference; 0.3-0.5, a moderate difference; and >0.5, a large
difference [56]. Independent-sample t tests were used to examine
differences regarding continuous variables.

Ethical Considerations
This study was approved by the Regional Ethical Review Board
in Uppsala, Sweden (Dnr: 2017/527), with an amendment
obtained from the Swedish Ethical Review Authority
(2019-03083). The research was conducted following the
Helsinki Declaration and relevant Swedish regulations for
human subject research. Parents interested in participating
provided informed consent via the Portal. Data collected for the
study were pseudonymized to ensure participant confidentiality.
Participants were not compensated for their participation in the
study. Participation was voluntary, and participants could
withdraw at any time.

Results

Intervention Flow
The flow of participants through the intervention is illustrated
in Figure 2. In total, 77% (20/26) of participants starting with
BA as the first LICBT module allocated completed the module
versus 50% (14/28) starting with WM.
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Figure 2. Flow of participants through the EJDeR intervention. BA: behavioral activation; EJDeR: intErnetbaserad sJälvhjälp för förälDrar till barn
som avslutat en behandling mot canceR; IPE: introduction and psychoeducation; LICBT: low-intensity cognitive behavioral therapy; PE: psychoeducation;
RP: relapse prevention; WM: worry management. Two participants were provided access to the RP module without completing a LICBT module, due
to e-therapist error.

User Engagement With the EJDeR Intervention
Participants spent an average of 205.36 (SD 154.64) minutes
working with EJDeR, logging in an average of 19.99 (SD 14.95)

times over 76.31 (SD 31.49) days. Participants opened a mean
number of 2.3 (SD 0.92) modules and completed an average of
1.65 (SD 1.31) modules (Table 1).

Table 1. User engagement with the EJDeR intervention (N=71).

RangeMean (SD)User engagement (log-data on the Portal)

8.59-611.74205.36 (154.64)Minutes working with EJDeRa

1-7219.99 (14.95)Number of log-ins

0-12676.31 (31.49)Number of days using EJDeR

0-338.52 (7.56)Number of written messages sent to e-therapists

0-7428.79 (16.26)Number of written messages sent to participants

1-42.30 (0.92)Total number of modules opened

0-41.65 (1.31)Total number of modules completed

0-112.70 (2.78)Total homework exercises submitted

aEJDeR: intErnetbaserad sJälvhjälp för förälDrar till barn som avslutat en behandling mot cancer.
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Sociodemographic Between Intervention Adherers and
Nonadherers

There were no significant differences between intervention
adherers and nonadherers by sociodemographic characteristics
(Table 2).
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Table 2. Sociodemographic characteristics for total sample (N=71) and by adherers (n=34) and nonadherers (n=37) to the minimum treatment dose

for the EJDeR interventiona.

P value (effect

size)b
Nonadherers (n=37)Adherers (n=34)Total study sample (N=71)Sociodemographic characteristics

Rangen (%)Rangen (%)Rangen (%)c

.24 (d=0.28)26-6243.68 (8.25)33-5941.71 (5.30)26-6242.73 (7.02)Age (years), mean (SD)

.99 (w=0.12)Sex

—24 (65)—22 (65)—d46 (65)Female

—13 (35)—12 (35)—25 (35)Male

.41 (w=0.05)Relationship status

—30 (81)—30 (88)—60 (85)Partner

—7 (19)—4 (12)—11 (15)Single

.74 (w=0.09)Highest level of education

—1 (3)—0 (0)—1 (1)Lower secondary

—8 (22)—5 (15)—13 (18)Upper secondary

—2 (5)—1 (3)—3 (4)Postsecondary nontertiary

—25 (68)—27 (79)—52 (73)Tertiary

—1 (3)—1 (3)—2 (3)PhD

.90 (w=0.11)Employment status

—33 (89)—30 (88)—63 (89)Employed

—4 (11)—4 (12)—8 (11)Unemployed

.09 (d=0.40)1-42.43 (0.84)1-52.12 (0.69)1-52.28 (0.78)Number of children, mean (SD)

.07 (w=0.01)Housing situation

—5 (14)—2 (6)—7 (10)Rental

—11 (30)—6 (18)—17 (24)Apartment ownership

—18 (49)—26 (76)—44 (62)House ownership

—3 (8)—0 (0)—3 (4)Other

.18 (w=0.02)Region of birth

—28 (76)—31 (91)—59 (83)Nordic countriese

—3 (8)—3 (9)—6 (9)Asia

—5 (14)—0 (0)—5 (7)Europe (excluding Nordic
countries)

—1 (3)—0 (0)—1 (1)Africa

.57 (w=0.07)Previous psychological treat-
ment

—21 (57)—17 (50)—38 (54)Yes

—16 (43)—17 (50)—33 (46)No

.61(w=0.07)Physical health problems

—13 (35)—10 (29)—23 (32)Yes

—24 (65)—24 (71)—48 (68)No

.67 (w=0.08)Previous traumatic or difficult
life event

—29 (78)—28 (82)—57 (80)Yes

—8 (22)—6 (18)—14 (20)No

aAdherence to EJDeR was conceptualized as users engaging with the intervention in accordance with a priori–defined minimum treatment dose.
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Intervention adherers are therefore defined as those (1) attending the initial assessment session with an e-therapist, (2) completing the psychoeducation
module and one low-intensity treatment module (ie, behavioral activation or worry management), and (3) attending the midintervention booster session
with an e-therapist.
bA Bonferroni correction was applied based on 11 tests resulting in an α of .005.
cPercentages may not add to 100 due to rounding.
dNot applicable.
eNordic countries represented in the study sample include Denmark, Finland, Norway, and Sweden.

Depression and Anxiety Scores Between Intervention
Adherers and Nonadherers at Baseline
Nonadherers who opened BA as the first LICBT module
allocated had a significantly higher level of depression

symptoms at baseline than adherers (P=.04); however, this
finding was no longer significant after applying a Bonferroni
correction (α=.008). There were no other significant differences
between intervention adherers and nonadherers by depression
and anxiety score at baseline (Table 3).

Table 3. Depression and anxiety scores at baseline for total sample (N=71) and by adherers (n=34) and nonadherers (n=37) to the minimum treatment

dose for the EJDeR interventiona.

P value (effect

size)b
Nonadherers (n=37)Adherers (n=34)Total study sample (N=71)Depression and anxiety scores at

baseline

Mean (SD)nMean (SD)nMean (SD)n

.62 (d=0.12)6.84 (5.43)376.24 (4.65)346.55 (5.05)71PHQ-9c for all participants

.04 (d=0.97)12.67 (6.15)67.00 (5.49)208.31 (6.03)26PHQ-9 for participants who opened

BAd as first LICBTe modulef

.24 (d=–0.45)3.79 (3.02)145.14 (2.96)144.46 (3.01)28PHQ-9 for participants who opened

WMg as first LICBT modulef

.80 (d=–0.06)5.78 (4.83)376.06 (4.25)345.92 (4.53)71GAD-7h for all participants

.08 (d=0.79)10.0 (5.73)65.90 (4.62)206.85 (5.09)26GAD-7 for participants who opened

BA as first LICBT modulef

.10 (d=–0.65)3.93 (3.41)146.29 (3.81)145.11 (3.75)28GAD-7 for participants who opened

WM as first LICBT modulef

aAdherence to EJDeR was conceptualized as users engaging with the intervention in accordance with a priori–defined minimum treatment dose.
Intervention adherers are therefore defined as those (1) attending the initial assessment session with an e-therapist, (2) completing the psychoeducation
module and 1 low-intensity treatment module (ie, behavioral activation or worry management), and (3) attending the midintervention booster session
with an e-therapist.
bA Bonferroni correction was applied based on 6 tests resulting in an α of .008.
cPHQ-9: 9-item Patient Health Questionnaire.
dBA: behavioral activation.
eLICBT: low-intensity cognitive behavioral therapy.
fTotal study sample based on those gaining access to a low-intensity cognitive behavioral therapy module.
gWM: worry management.
hGAD-7: 7-item Generalized Anxiety Disorder scale.

User Engagement Between Intervention Adherers and
Nonadherers
There was a significant difference between adherers and
nonadherers by first LICBT module allocated (P=.04); however,
this finding was no longer significant after applying a Bonferroni
correction (α=.007). Of the 34 adherers who opened the first
LICBT module allocated, 59% (n=20) opened BA as the first
LICBT module allocated and 41% (n=14) opened WM. Of the
20 nonadherers who opened the first LICBT module allocated,

30% (6) opened BA as their first LICBT module allocated and
70% (14) opened WM.

The number of minutes working with EJDeR (P≤.001), number
of log-ins (P≤.001), number of days using EJDeR (P≤.001),
number of written messages sent to e-therapists (P≤.001),
number of written messages sent to participants (P≤.001), and
total number of homework exercises submitted (P≤.001) were
significantly higher among intervention adherers compared with
nonadherers. There were no significant differences between
adherers and nonadherers related to the other user engagement
variables (Table 4).
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Table 4. User engagement with the EJDeR intervention by adherers (n=34) and non-adherers (n=37) to the minimum treatment dose for the EJDeR

interventiona.

P value (effect size)bNonadherers (n=37)Adherers (n=34)Measure of user engagement (log-data on the
Portal)

RangeMean (SD)RangeMean (SD)

<.001 (d=2.23)8.59-282.9594.67 (74.21)142.41-611.74325.82 (126.61)Minutes working with EJDeRc

<.001 (d=2.10)1-299.57 (7.42)5-7231.32 (12.64)Number of log-ins

<.001 (d=1.05)0-12662.38 (36.58)57-12691.47 (13.76)Number of days using EJDeR

<.001 (d=1.31)0-174.51 (4.79)2-3312.88 (7.64)Number of written messages sent to e-thera-
pists

<.001 (d=1.82)0-4718.30 (11.98)24-7440.21 (12.09)Number of written messages sent to partici-
pants

.04 (w=0.01)First LICBTd module allocated opened

—6h (30)—g20f (59)Opened BAe, n (%)

—14h (70)—14f (41)Opened WMi, n (%)

<.001 (d=2.05)0-40.78 (1.13)0-114.79 (2.53)Total homework exercises submitted

aAdherence to EJDeR was conceptualized as users engaging with the intervention in accordance with a priori defined minimum treatment dose. Not all
user engagement variables listed in Table 1 are included in this analysis as some measures of user engagement, that is, number of modules opened,
attended initial assessment session, attended mid-intervention booster session, inform the minimum treatment dose.
bA Bonferroni correction was applied based on 7 tests resulting in an α of .007.
cEJDeR: intErnetbaserad sJälvhjälp för förälDrar till barn som avslutat en behandling mot canceR.
dLICBT: low-intensity cognitive behavioral therapy.
eBA: behavioral activation.
fnumber of adherers who opened the first low-intensity cognitive behavioral therapy module allocated (n=34).
gNot applicable.
hnumber of nonadherers who opened the first low-intensity cognitive behavioral therapy module allocated (n=20).
iWM: worry management.

User Engagement Between Fathers and Mothers
There were no significant differences between fathers and
mothers related to user engagement variables (Table 5).
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Table 5. User engagement with the EJDeR interventiona by fathers (n=25) and mothers (n=46).

P value (effect

size)b
MothersFathersMeasure of user engagement

RangeStatistical valueRangeStatistical value

Log-data on the Portal

.43 (d=–0.20)8.59-611.74216.14 (164.44)18.67-546.51185.53 (135.71)Minutes working with EJDeRc, mean (SD)

.43 (d=–0.20)1-7221.02 (15.46)1-5618.08 (14.05)Number of log-ins, mean (SD)

.52 (d=–0.16)12-12678.09 (30.41)0-12673.04 (33.79)Number of days using EJDeR, mean (SD)

.14 (d=–0.39)0-339.50 (8.20)0-226.72 (5.93)Number of written messages sent to e-ther-
apists, mean (SD)

.39 (d=–0.22)7-7430.02 (16.53)0-6626.52 (15.82)Number of written messages sent to partici-
pants, mean (SD)

.92 (d=–0.02)1-42.30 (0.92)1-42.28 (0.94)Total number of modules opened, mean
(SD)

——46/46 (100)—e25/25 (100)Opened IPEd module, n/N (%)

.57 (w=0.07)Completed IPE module, n/N (%)

—32/46 (70)—19/25 (76)Yes

—14/46 (30)—6/25 (24)No

.36 (w=0.04)First LICBTf module allocated opened,
n/N (%)

—18/34i (53)—8/20h (40)Opened BAg

—16/34i (47)—12/20h (60)Opened WMj

Completed first LICBT module allocated

.39 (w=0.08)Completed BA, n/N (%)

—13/18 (72)—7/8 (88)Yes

—5/18 (28)—1/8 (13)No

.45 (w=0.08)Completed WM, n/N (%)

—9/16 (56)—5/12 (42)Yes

—7/16 (44)—7/12 (58)No

.03 (w=0.00)Opened RPk modulel , n/N (%)

—24/34 (71)—8/20 (40)Yes

—10/34 (29)—12/20 (60)No

.40 (w=0.07)Completed RP module, n/N (%)

—22/24 (92)—8/8 (100)Yes

—2/24 (8)—0/8 (0)No

.68 (d=–0.10)0-112.80 (2.94)0-92.52 (2.52)Total homework exercises submitted,
mean (SD)

Data collected outside the Portal

.73 (w=0.09)Attended initial assessment session, n/N
(%)

—40/46 (87)—21/25 (84)Yes

—6/46 (13)—4/25 (16)No

.80 (w=0.09)Attended midintervention booster ses-
sion, n/N (%)

—28/46 (61)—16/25 (64)Yes
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P value (effect

size)b
MothersFathersMeasure of user engagement

RangeStatistical valueRangeStatistical value

—18/46 (39)—9/25 (36)No

aAdherence to EJDeR was conceptualized as users engaging with the intervention in accordance with a priori–defined minimum treatment dose. Not
all user engagement variables listed in Table 1 are included in this analysis as some measures of user engagement, that is, number of modules opened,
attended initial assessment session, attended midintervention booster session, and inform the minimum treatment dose.
bA Bonferroni correction was applied based on 15 tests resulting in an α of .003.
cEJDeR: intErnetbaserad sJälvhjälp för förälDrar till barn som avslutat en behandling mot canceR.
dIPE: introduction and psychoeducation.
eNot applicable.
fLICBT: low-intensity cognitive behavioral therapy.
gBA: behavioral activation.
hNumber fathers who opened the first low-intensity cognitive behavioral therapy module allocated (n=20).
iNumber mothers who opened the first low-intensity cognitive behavioral therapy module allocated (n=34).
jWM: worry management.
kRP: relapse prevention.
lTwo participants were provided access to the RP module without completing a low-intensity cognitive behavioral therapy module due to e-therapist
error.

Discussion

Principal Findings
This study aimed to (1) describe user engagement with the
EJDeR intervention, (2) examine whether sociodemographic
and baseline clinical characteristics differed between adherers
and nonadherers, (3) examine whether depression and anxiety
scores differed between adherers and nonadherers at baseline,
(4) examine whether user engagement differed between adherers
and nonadherers, and (5) examine whether user engagement
differed between fathers and mothers. Overall, 48% (34/71) of
participants adhered to the minimum treatment dose. In total,
77% (20/26) of participants starting with BA as the first LICBT
module allocated completed the module versus 50% (14/28)
starting with WM. There were no significant differences between
intervention adherers and nonadherers related to
sociodemographic characteristics. Nonadherers who opened
BA as the first LICBT module allocated had a significantly
higher level of depression symptoms at baseline than adherers
(P=.04); however, after applying a Bonferroni correction
(α=.008), this finding was no longer significant. There were no
other significant differences between intervention adherers and
nonadherers by depression and anxiety score at baseline (Table
3). There was a significant difference between adherers and
nonadherers by first LICBT module allocated (P=.04) however
this finding was no longer significant after applying a Bonferroni
correction (α=.007). Of the 20 nonadherers who opened the
first LICBT module allocated, 30% (n=6) opened BA, and 70%
(n=14) opened WM as their first LICBT module allocated. The
number of log-ins, written messages sent to e-therapists, written
messages sent to participants, and homework exercises
submitted were significantly higher among intervention adherers
than nonadherers. There were no significant differences between
fathers and mothers related to user engagement variables.

User Engagement and Adherence
Importantly, adherence differed by the first LICBT module
allocated, with 30% (6/20) of nonadherers opening BA versus
70% (14/20) opening WM. One potential explanation for this
finding is that BA interventions are simple, straightforward,
and easy to comprehend [57,58] and, therefore, may be
particularly well-suited to digital delivery. Conversely, the WM
module included 2 treatment components [45,46]
(problem-solving and worry time), which may have been
perceived as more complex and challenging for participants. A
recent study examining engagement with a mobile phone app
to deliver WM found that 84% (803/956) of users did not
achieve the minimum treatment dose [59]. In addition, the
LICBT module BA is designed to overcome sources of negative
reinforcement and increase engagement with pleasurable,
routine, and necessary activities in a structured and graded way.
BA may therefore result in more immediate and tangible rewards
(eg, improved mood and increased engagement in valued
activities) than WM. Indeed, BA is associated with sudden
therapeutic gains [60], and a recent component network
meta-analysis on iCBT for depression found stronger evidence
for BA as an effective intervention component compared with
other techniques, for example, cognitive restructuring and
problem-solving [61].

However, differences in adherence by the first LICBT module
allocated may also reflect the nonrandomized nature of module
allocation. Module allocation was informed by the participant’s
main presenting difficulties as assessed by the e-therapist, with
a collaborative decision made with the participant to first start
with BA for depression or WM for GAD. As such, the
participant’s presenting difficulties, rather than module content
alone, may have contributed to differences in adherence [62,63].
Overall, baseline clinical characteristics (depression and anxiety
scores) did not differ between intervention adherers and
nonadherers, similar to recent studies in other populations
[64,65]. However, nonadherers who opened BA as the first

JMIR Form Res 2025 | vol. 9 | e67171 | p.3907https://formative.jmir.org/2025/1/e67171
(page number not for citation purposes)

Reuther et alJMIR FORMATIVE RESEARCH

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


LICBT module had a higher level of depression symptoms at
baseline compared with adherers, although this finding was no
longer significant after applying a Bonferroni correction. There
were no other significant differences between intervention
adherers and nonadherers by baseline clinical characteristics.
The finding that nonadherers who opened BA as the first LICBT
module had a higher level of depression symptoms at baseline
is somewhat counterintuitive, given the effects of iCBT
interventions are larger in those with moderate to severe
depression [5]. However, other research has found higher levels
of depressive symptoms at baseline to be associated with lower
iCBT adherence [66,67] and higher rates of dropout from
blended iCBT interventions [68]. Other studies have also found
baseline anxiety symptoms to be an important predictor of
adherence [69]. While this finding should be treated with
caution, given small sample sizes and lack of power, symptoms
at baseline may have influenced participants’ engagement with
and adherence to specific modules, highlighting a potential need
to consider baseline characteristics when allocating digital
intervention components, for example, specific therapeutic
techniques [63,70]. Future research with large sample sizes is
warranted to explore the association between baseline clinical
characteristics and intervention engagement and adherence.

Importantly, adherers had good levels of engagement with
intervention components that were not related to the minimum
treatment dose, for example, minutes working with the
intervention, number of log-ins, number of written messages
sent to e-therapists, number of written messages sent to
participants, and the total number of homework exercises
submitted. Examining user engagement variables not included
in the minimum treatment dose by adherers and nonadherers
helped provide a more nuanced understanding of how
participants engaged (or not) with the intervention. Defining
and measuring adherence to digital interventions in a way that
accurately reflects user engagement is challenging, and there is
a lack of universally accepted definitions of adherence [23].
Definitions typically vary depending on the intervention’s
structure, ranging from module completion to log-in frequency
to provide evidence of meaningful engagement with therapeutic
components [71].

Indeed, defining user engagement and adherence in digital
interventions is complex [72] and log-data tracking alone may
not indicate a lack of intervention engagement, as participants
may engage in intervention techniques offline, leading to higher
levels of engagement than recorded by user action logging [64].
Furthermore, participants may have received an active treatment
dose before reaching the a priori–determined minimum treatment
dose, underscoring the complexities of conceptualizing
adherence to digital interventions [18]. There have been calls
to move beyond measuring user engagement using only
behavioral tools (ie, system usage) and to measure emotional
and cognitive engagement components of engagement [26]. For
example, user engagement may include the extent of usage (eg,
measured by user action logging) and subjective experience
(eg, affect, attention, and interest) [20, 25]. In this study, we
focused on measures of behavior within the Portal and did not
measure subjective experience. Consequently, our findings may
not fully capture the multifaceted nature of how participants

may have engaged in the intervention and its associated factors.
In our planned external pilot RCT, we will include additional
measurements of user engagement beyond system usage data,
such as validated self-report questionnaires [73,74] that measure
affect, behavior, and cognition. However, there remains a need
to develop ways of better defining, measuring, and
differentiating between the different components of engagement
in digital interventions [75].

The provision of support and guidance is another important
factor potentially related to intervention adherence [28]. In this
study, e-therapists sent an average of 40.21 (SD 12.09) written
messages to adheres versus 18.30 (SD 11.98) to nonadherers.
Personalized support and guidance are associated with improved
retention [61] and effectiveness [5,6] in iCBT interventions.
Our findings suggest additional consideration may be needed
to train e-therapists to provide personalized support and motivate
and encourage nonadherers to improve future intervention
adherence. Future research could also look at providing
an automated guidance function, for example, through a chatbot,
to enhance adherence further [76].

No sociodemographic characteristics differed between
intervention adherers and nonadherers. Furthermore, there were
no significant differences between fathers and mothers regarding
user engagement variables. The wider iCBT literature suggests
mixed findings regarding the association between
sociodemographic characteristics and adherence [77,78]. Some
studies suggest that women and individuals with higher
education levels are more likely to adhere to iCBT interventions
compared with men and those with lower education levels [21].
However, conflicting results and lack of consistent associations
limit the ability to conclude sociodemographic predictors of
adherence [77].

Implications
Findings build upon our previously published results from
ENGAGE [31]. Analysis of usage data provides a more detailed
and nuanced picture of how participants interacted with the
intervention. This analysis also identifies key factors associated
with engagement and adherence. One important finding is the
difference in adherence based on the first LICBT module
allocated, with 70% (14/20) of nonadherers who opened their
first LICBT module opening WM versus 30% (6/20) of
nonadherers opening BA. This suggests early exposure to
potentially challenging and complex content may cause users
to disengage. While developed using persuasive systems design
elements [48,49], for example, tunneling, tailoring, rehearsal,
and liking, future adaptations to the EJDeR intervention will
need to focus on improving navigation and usability, especially
for WM. Flexibility and ease of use of digital interventions for
mental health have been identified as effective engagement
strategies [75]. Engaging in user-centered design processes, that
is, involving users in future system development, may represent
a way to improve intervention engagement and adherence [59].

In addition, the WM module’s dual-component structure (ie,
including 2 LICBT techniques—problem solving for practical
worries and worry time for hypothetical worries) may have
resulted in higher cognitive load, which could be a barrier to
engagement and adherence. Participants first allocated to the
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WM module may benefit from additional support and guidance
from an e-therapist. For example, e-therapists could be trained
to provide more personalized support and feedback [59], which
may help minimize challenges and help users understand how
to engage with each module effectively [68]. Using visual aids,
videos, and immediate feedback can also make content more
accessible and motivating, improving adherence and overall
user experience [75,76]. Furthermore, acknowledging that
module length and complexity can impact adherence, and
intervention modifications could also include efforts to
streamline module design to reduce cognitive load without
compromising therapeutic content. Although parents and
e-therapists came to a collaborative decision to allocate the
LICBT module to first work with, further intervention
modifications could include providing more module-specific
information, for example, a module preview, which may also
facilitate starting with a module that meets their needs and
preferences [79].

Finally, issues with engagement and adherence can arise due
to digital interventions adopting a “one-size-fits-all” approach.
Instead, interventions require careful tailoring to meet
participants’ specific needs and context [80]. This is especially
important when considering users of digital health interventions
engage with these interventions in their own environment,
whereby they may be experiencing multiple other demands [81].
iCBT interventions include user demands, such as time to
engage in intervention (eg, reading the content, completing
homework exercises, and attending support sessions). Lack of
time is a common barrier to accessing psychological support
reported by parents [82] and for parents of children treated for
cancer, particularly [83]. Time was also the most frequently
reported burden limiting participation in a group-based CBT
videoconferencing program to support parents of children treated
for cancer [84]. Parents may also experience reduced
opportunities for privacy, further interfering with their ability
to engage with the intervention. Other research exploring
engagement with digital interventions found users with no
children report higher intervention usage [85]. Other factors,
including socioeconomic status, may influence how participants
engage with interventions [14]. Furthermore, individual
contextual factors such as digital literacy and access to
technology can influence user engagement [86-88]. Despite the
EJDeR intervention being developed alongside parent research
partners [38], additional intervention tailoring may be required
to further adapt the intervention to the specific needs and context
of the population.

Strengths and Limitations
Given that this study is a secondary analysis of data from a
single-arm feasibility trial, the sample size is small, and analyses
may be underpowered to detect statistically significant
differences. Due to the small sample size, we could not conduct
a regression or correlation analysis. Multiple statistical
comparisons were conducted, increasing the risk of Type I error.
However, this risk was minimized by applying a Bonferroni
correction to reduce the likelihood of spurious results [55]. Most
participants were female, had an education level higher than
upper secondary school, and were born in a Nordic country.
This may limit the generalizability of findings, especially

considering Sweden is a diverse and multicultural society, with
21% (2,170,627/10,551,700) of the population being
foreign-born [89], and there is a need to develop culturally
responsive digital interventions to enhance acceptability and
engagement in ethnic minority populations [90]. The research
team defined intervention adherence a priori following a
minimum treatment dose. This definition fails to consider that
participants may have conducted intervention activities outside
the Portal, that is, offline [59]. Some participants may have
achieved their personal intervention goals early and stopped
engaging with the intervention, and yet were classified as
intervention nonadherers [12].

We also adopted an exploratory approach that aimed to examine
a broad range of variables potentially associated with user
engagement and adherence. We recognize that the exploratory
analysis of log-data has significant limitations, for example,
lack of transparency, difficulties with replication, and the risk
of “data dredging” [29]. While we set specific research aims to
inform our approach, we did not use a framework to underpin
our analysis. Adopting the framework for Analyzing and
Measuring Usage and Engagement Data (AMUsED) [29] to
define meaningful usage variables and generate research
questions related to factors such as the interventions’ design
and theoretical underpinning would have strengthened our
approach. Recognizing this limitation, we aim to adopt the
AMUsED framework to inform usage analysis in our external
pilot RCT to prepare for the design and conduct of a future
superior RCT. Our exploratory approach also risked circular
analysis, for example, examining user engagement variables
associated with adherence may be considered circular given our
definition of adherence is partially defined by intervention usage.
However, as adherence (ie, the minimum treatment dose) was
defined as attending sessions with the e-therapist and module
completion, this does tell us much about how adherers versus
nonadherers engaged with the Platform beyond these 2 metrics.
For example, user engagement variables associated with
frequency of use (eg, length of time working with EJDeR and
number of log-ins) or engagement in intervention content such
as homework exercises (eg, number of written homework
exercises submitted) provided more nuanced information
concerning how adherers versus nonadherers interacted with
the intervention beyond the minimum treatment dose.

As a feasibility study, ENGAGE was not designed to examine
the effectiveness of the EJDeR intervention, and we did not
examine the association between intervention usage and clinical
outcomes. This association will be examined in the planned
future superiority RCT, should progression to a superiority RCT
be warranted after conducting the external pilot RCT. The
association between intervention usage and clinical outcomes
will be used to further inform our definition of the minimum
treatment dose by helping us to understand what optimal level
of intervention usage can affect clinical outcomes [28].

Despite these limitations, our study has some important
strengths. We examined the relationship between engagement
and adherence, considering the therapeutic content of modules
(eg, BA or WM) [59]. In addition, we used objective data (eg,
log-data tracking on the Portal and data collected outside the
Portal by members of the research team) to examine
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engagement, overcoming biases associated with self-reported
usage data [91].

Conclusions
Our findings provide important information concerning
modifications to the EJDeR intervention to enhance user
engagement and adherence, which may be related to intervention
efficacy. Findings may also have broader applicability to
improving user engagement in other iCBT interventions. Our
findings suggest simple and straightforward LICBT techniques,
such as BA, are well-suited to digital delivery. However, more

complex LICBT techniques, such as WM, may need
modification to improve ease of use and thus increase user
engagement and adherence. Participants using WM or other
more complex therapeutic techniques and those with a higher
level of depression symptoms at baseline may need additional
support from an e-therapist. Finally, engaging in user-centered
design processes (ie, involving users in future system
development [92]) may represent a way to improve intervention
engagement and adherence [59] by improving navigation as
well as further tailoring the intervention to the needs and context
of parents of children treated for cancer.
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EJDeR: internetbaserad självhjälp för föräldrar till barn som avslutat en behandling mot cancer or internet-based
self-help for parents of children who have completed cancer treatment
GAD: generalized anxiety disorder
GAD-7: 7-item Generalized Anxiety Disorder scale
iCBT: internet-administered cognitive behavioral therapy
IPE: introduction and psychoeducation
LICBT: low-intensity cognitive behavioral therapy
PHQ-9: 9-item Patient Health Questionnaire
RCT: randomized controlled trial
RP: relapse prevention
U-CARE: Uppsala University Psychosocial Care Programme
WM: worry management
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Abstract

Background: Women of childbearing age (aged 18-44 years) face multiple barriers to receiving screening and treatment for
unhealthy alcohol and substance use, depression, and anxiety, including lack of screening in the primary care setting and lack of
support in accessing care. The Women Empowered to Connect with Addiction Resources and Engage in Evidence-based Treatment
(WE-CARE) mobile app was developed to test universal screening with women of childbearing age and linkage to care after an
anonymous assessment.

Objective: In this study, we aimed to investigate the feasibility and acceptability of providing anonymous screening instruments
through mobile phones for alcohol and substance use, as well as depression and anxiety, for women of childbearing age.

Methods: We used agile development principles based on previous formative research to test WE-CARE mobile health app
with women of childbearing age (N=30) who resided in 1 of 6 counties in central Florida. WE-CARE included screening instruments
(for alcohol, substance use, depression, and anxiety), a moderated discussion forum, educational microlearning videos, a frequently
asked questions section, and resources for linkage to treatment. Individuals were recruited using flyers, academic listserves, and
a commercial human subject recruiting company (Prolific). Upon completion of the screening instruments, women explored the
educational and linkage to care features of the app and filled out a System Usability Scale to evaluate the mobile health app’s
usability and acceptability. Postpilot semistructured interviews (n=4) were conducted to further explore the women’s reactions
to the app.

Results: A total of 77 women downloaded the application and 30 completed testing. Women of childbearing age gave the
WE-CARE app an excellent System Usability Scale score of 86.7 (SD 12.43). Our results indicate elevated risk for substance
use in 18 of the 30 (60%) participants, 9/18 (50%) also had an elevated risk for anxiety or depression, and 11/18 (61%) had an
elevated risk for substance use, anxiety, or depression. Participants reported that WE-CARE was easy to navigate and use but
they would have liked to see more screening questions and more educational content. Linkage to care was an issue; however, as
none of the women identified as “at-risk” for substance use disorders contacted the free treatment clinic for further evaluation.

JMIR Form Res 2025 | vol. 9 | e62915 | p.3916https://formative.jmir.org/2025/1/e62915
(page number not for citation purposes)

Isaacs et alJMIR FORMATIVE RESEARCH

XSL•FO
RenderX

mailto:krysisaacs@gmail.com
http://www.w3.org/Style/XSL
http://www.renderx.com/


Conclusions: The mobile health app was highly rated for acceptability and usability, but participants were not receptive to
seeking help at a treatment center after only a few brief encounters with the app. The linkage to care design features was likely
insufficient to encourage them to seek treatment. The next version of WE-CARE will include normative scores for participants
to self-evaluate their screening status compared with their age- and gender-matched peers and enhanced linkages to care features.
Future development will focus on enhancing engagement to improve change behaviors and assess readiness for change.

(JMIR Form Res 2025;9:e62915)   doi:10.2196/62915

KEYWORDS

service linkage; digital health; education; mental health; substance use disorder; SUD; alcohol use disorder; chatbot; childbearing
women; women; alcohol; substance use; empowerment; evidence-based treatment; usability; feasibility; mobile health; mhealth;
app; depression; anxiety; screening; e-screening

Introduction

Alcohol and substance use can have devastating health
consequences for women. The physical health risks to women
who engage in heavy alcohol and substance use include
increased likelihood of injury, overdose, organ damage, and
STDs due to unsafe sex practices [1]. In addition, binge drinking
(defined as 4 or more drinks on one occasion in women) has
reached epic proportions (44%) in young women in the United
States [2,3], and the rate is increasing rapidly in women over
the age of 35 [2,3]. The number of women dying of opioid
overdoses has also increased by 260% between 1999 and 2017
[4]. Substance use during pregnancy can also elevate the risk
of miscarriage, fetal alcohol syndrome, and birth defects [5].
The US Preventative Task Force (USPTF) reported that about
50% of US pregnancies are unplanned or unintended, with
women between the ages of 18-24 facing a higher risk of
unplanned pregnancies [6]. As such, alcohol and substance use
during pregnancy can pose a combination of risks and potential
consequences for both the mother and baby, including fetal
alcohol spectrum disorders [7,8].

While the physical health risks of alcohol and substance use are
well-documented, it is equally important to recognize the
associated risks of mental health illness. A systematic review
revealed that 20%-40% of women with an alcohol use disorder
also had an anxiety disorder and showed a strong association
with major depressive disorder [9,10]. In addition, women who
enter treatment for substance use disorder (SUD) frequently
have a personal history of domestic violence, trauma, or sexual
assault [11-13]. Domestic violence, trauma, or sexual assault
can all have physical consequences, on an individual’s physical
health which can further impact mental health.

Universal screening for alcohol and substance use in health care
settings is an effective way to identify individuals in need of
help and support but is not widely implemented. Universal
screening is defined as providing the same set of questions
regarding alcohol and substance use to all individuals, regardless
of past medical history or how the patient presents in a health
care setting [14]. By implementing universal screening for all
of their patients, including women of childbearing age, health
care providers (HCPs) minimize the stigma associated with the
inquiries. In 2016, the implementation of universal screening
in primary care practices was less than 3% and less than 1% of
the HCP subsequently engaged the patient in counseling [15].
Since then, USPTF has recommended universal screening for

unhealthy alcohol use for all adults aged 18 years or older within
primary care settings, followed by a brief conversation
discussing the results [5]. This has resulted in more awareness
and use of alcohol and drug screens in private practice settings,
but as of 2020, private practice settings have still not met the
goals set by the USPTF in 2018 [5,16]. USPTF specified the
goals of their recommendation were to reduce overall rates of
unhealthy alcohol use and improve individual health and social
outcomes resulting from risky use through early intervention
[17].

Challenges exist for implementing universal screening and
supporting women of childbearing age who are at risk or with
alcohol or SUD. For women of childbearing age, one such
challenge included a lack of awareness of their risk of misuse
as noted in the 2017 Surgeon General’s Facing Addiction Report
[18]. Women aware of personal risk may be reluctant to speak
with their HCPs out of fear induced by stigma [19,20]. In some
states, women are imprisoned for substance use during
pregnancy or their children can be taken away [21]. Even if the
women had concerns about personal risk and were looking to
make an appointment, many were faced with long wait times
to receive care [22]. The National Council for Mental Health
Wellbeing revealed that 43% of adults were not able to engage
in substance use treatment with 28% of those individuals not
being able to get an appointment shortly after requesting care
[23]. Rural patients may perceive additional barriers related to
living in small, close-knit communities where the confidentiality
of screener results is perceived as not being as secure as in an
urban setting [24-27]. Anonymous self-screening solutions can
overcome many of these barriers.

Challenges also exist for HCPs to implement universal screening
and support those at the various stages of risk for alcohol or
SUD. One common obstacle is a lack of awareness of
recommended screening tools and training on tools and
substance use. While 84% of HCPs reported asking young adults
about their alcohol use, and 80% of obstetrician-gynecologists
asked about alcohol or substance use as part of a visit for women
of childbearing age, the majority of HCPs did not use a validated
screening instrument [28] such as the Tobacco, Alcohol,
Prescription medication, and Other Substance Use Tool (TAPS-1
[29] and the Substance Use Risk Profile–Pregnancy (SURP-P
[30]), which are valid and effective in accurately identifying
those at risk for substance use [31]. As a result, it is unclear if
the risk for alcohol or substance use is being identified in these
encounters. In addition, the majority of HCPs are not adequately
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trained to administer, interpret results, and take appropriate
action based on the results of the screeners [25,32]. In addition,
providers in rural communities with these skills often have a
heavier patient load than urban doctors and have less time for
discussing the screener results, risks, and appropriate next steps
[25].

Screening, Brief Intervention, and Referral to Treatment
(SBIRT) can be an effective approach in the screening process
and referral to treatment for individuals with alcohol or SUD
[33]. SBIRT involves screening for alcohol and substance use
for severity, followed by a brief intervention (eg, 10-15 minutes)
and, if indicated, referral to treatment [33]. SBIRT’s
effectiveness in reducing alcohol use is well supported across
a variety of settings [34]. For example, when SBIRT was
implemented in a trauma outpatient clinic, 59% of the patients
were identified as being at risk for substance use [33]. SBIRT
promotes shared decision-making [35], hinging on clinicians
building trust [36], using patient-centered language to reduce
stigma [37], and exploring treatment options together. Within
primary care settings, SBIRT can help providers identify those
suffering from substance use or mental health challenges [38],
despite the benefits challenges still exist in implementing SBIRT
or other screenings, referrals, and linkage to care in all care
settings [39] (eg, gynecologist offices) for women of
childbearing age. However, the efficacy of SBIRT’s “brief
intervention” portion for drug use in primary care and
emergency departments is still under consideration [40] with 1
systematic review revealing only moderate supporting evidence
that interventions in the emergency department reduced
alcohol-related injuries [41], another showing a reduction in
visits to emergency departments following the SBIRT
intervention [42], and another study showed mixed evidence
surrounding the effectiveness of non–face-to-face computerized
screening in the emergency department [43].

The brief intervention offered in SBIRT often incorporates
motivational interviewing (MI) [44]. MI is a collaborative
communication style that evokes and seeks to resolve personal
ambivalence and strengthen personal commitment and
motivation to change the behavior of interest [45]. The 2021
SAMHSA (Substance Abuse and Mental Health Services
Administration) Advisory, Using Motivational Interviewing in
Substance Use Disorder Treatment, emphasizes the need to
discuss each individual’s readiness to change and personal
history [45]. Engaging clients through the use of MI-consistent
skills (eg, reflections and affirmations) is a way to evoke
personal goals and values consistent with behavior change, thus
increasing intrinsic motivation to achieve a healthier lifestyle.
However, learning high-quality MI skills can be labor-intensive
[46,47], and as such MI is difficult to provide at scale in primary
care settings.

Recently, MI has been used in multiple settings and with
multiple populations, including inpatient, emergency rooms,
rural settings [48], and other ethnicities to reduce alcohol or
substance use [49-51] and MI through text messages has been
well received by adults [52,53]. MI has also been applied
through digital format using text messaging to address a variety
of health behaviors including tuberculosis [54], smoking [55],
and alcohol use [56]. Most recently, chatbots, which are

conversational tools that frequently use artificial intelligence
to provide a more engaging approach, have been used in apps
(SoberGrid and CHESS) to support motivational interviewing
to encourage action toward recovering from substance use
[57-59], but as yet no apps exist that provide screening for SUD
and alcohol and related risk factors to encourage change in risky
behaviors. The use of electronic screeners (eg, assessments
completed on a tablet) combined with motivational interviewing,
can yield more accurate self-reports [60-63].

Digital health technology may be able to address many of these
challenges. Smartphone ownership rates are high among women
and individuals from diverse backgrounds, with 90% of women
and 91%-97% of individuals who identify as White, Black,
Asian or Hispanic backgrounds having access to a smartphone
[64]. Mobile apps are therefore well suited to be used to screen
for risk factors in pregnancy [65] and substance use [66] and
they can play a crucial role in addressing stigma for those afraid
of in-person treatment [67]. With issues related to stigma and
fear addressed by the anonymous status, mobile apps can
encourage more women to undergo screenings, leading to early
identification of at-risk individuals, improved education, and
increased treatment options for HCPs [68]. Novel digital
strategies to improve mental health screenings, patient
engagement, and referral to treatment show preliminary
effectiveness [69]. A recent report found that using tablets in
the waiting room resulted in nearly twice as many individuals
screening for depression than when interviewed by nursing staff
[70]. Treloar and colleagues highlight that universal screenings
can help reduce stigma by reducing discrimination against
certain people and groups [71]. As such, mobile health apps
have the potential to support universal screening by alleviating
stigma, increasing awareness for change through on-demand
education, and reducing fear of seeking support and care.

This study was designed to determine whether women of
childbearing age will complete anonymous screenings for
substance use, alcohol, depression, and anxiety from their mobile
phones. We built on previous formative research and online
recruitment approaches, explored the benefits of educational
and evidence-based materials and the use of linkage to care
options, requested feedback on the usability and acceptability
of the app, and used qualitative interviews to determine what
future modifications need to be implemented before commercial
release.

Methods

Digital Health Tool Design
The Women Empowered to Connect with Addiction Resources
and Engage in Evidence-based Treatment (WE-CARE) app was
designed to comprise a cross-platform (iOS or Android) mobile
app where the participants were asked to complete multiple
mental health screeners and then invited to explore each of the
accompanying app features. All participants who were assessed
as being “at-risk” for either alcohol use disorder or SUD were
advised they could contact a treatment center anonymously or
to call the center directly. An initial prototype was tested with
30 participants drawn from the central Florida region, recruited
through listserves, a company that provides research participants
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for a small fee, flyers, and community outreach events. Details
of the final design of each of the features to be tested in the pilot
are described below.

After extensive formative research [72], the following features
were included for pilot testing in the mobile app: e-screenings
for substance use, depression, and anxiety; anonymous
self-referral to a local treatment center for further evaluation; a
moderated forum for women to ask questions; a list of frequently

asked questions (FAQs) to get evidence-based answers;
educational videos on substance use and treatment-related
information; national and local hotlines for those suffering from
anxiety, depression, or a combination of the two; a chatbot to
determine whether the women at risk had made an appointment
with the partnered treatment center to receive a substance use
evaluation; and follow up to the chatbot responses with
motivational interviewing through a licensed social worker
(Figure 1).

Figure 1. Screenshots of WE-CARE features tested in the pilot study. WE-CARE: Women Empowered to Connect with Addiction Resources and
Engage in Evidence-based Treatment.

Features Developed

Screening Instruments
Multiple screening instruments to be incorporated in WE-CARE
were reviewed, and subject matter experts were consulted to
determine the most appropriate ones for testing. In total, 4
screeners were selected to be used within the app. Immediately
after downloading the app, all participants had to take all the

screeners: (1) SURP-P (if the woman self-identified as
pregnant); (2) TAPS-1; (3) Generalized Anxiety Disorder-2
Scale (GAD-2) for anxiety; and (4) Patient Health
Questionnaire-2 (PHQ-2) for depression (Textbox 1). A binary
risk assessment (elevated risk or low risk) was immediately
provided to the participants who could then store the results
within the app or in the phone memory (refer to Multimedia
Appendix 1). The women were reminded that all their responses
would be kept anonymous.

Textbox 1. Tools used to screen for alcohol and substance use risk, as well as anxiety and depression.

Substance Use Risk Profile-Pregnancy [73]

• A 3-question tool designed for use in prenatal clinics with pregnant women to screen for alcohol, marijuana, illegal substances, and nonprescribed
use of prescription medications.

Tobacco, Alcohol, Prescription Medication, and Other Substance Use Tool [74]

• Consists of a combined screening tool that assesses users for commonly used substances, eliminating the need for multiple screening and lengthy
assessment tools.

Generalized Anxiety Disorder-2 Scale [75]

• A brief questionnaire to determine if someone needs additional screening for generalized anxiety.

Patient Health Questionnaire-2 [76]

• A simple 2-question screen to determine if someone should be considered for additional screening for depression.

If a participant was assessed as having elevated risk for alcohol
or substance use, she was offered 4 choices: she could leave
their phone number, but no personal information, so the
treatment center could call back within 24-48 hours to provide
a standardized intake, she could call a dedicated phone line and
reach someone at the treatment center directly, she could call a
national or local crisis hotline, or she could do nothing. If the
woman was not at an elevated risk for substance or alcohol
misuse but scored high for risk for depression or anxiety, she
was presented with a series of crisis hotline numbers to call, as

well as contact information for mental health treatment centers
in one of the 6 counties of her choice.

Educational Microlearning Video Production
Short (1-5 min) animated cartoon videos were produced in
Vyond [77] to provide information identified in the focus groups
as pertinent to the women (Textbox 2). Each video topic was
researched using websites at National Institute on Alcohol Abuse
and Alcoholism (NIAAA), National Institute on Drug Abuse
(NIDA), Substance Abuse and Mental Health Services
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Administration (SAMHSA), and Centers for Disease Control
and Prevention (CDC). A script involving 2 or more characters
was then written to provide a more naturalistic setting and
conversational tone and reviewed by subject matter experts for
accuracy. A Vyond editor then worked with the producer to
provide costumes and a setting tailored to Florida state
demographics. To add the personalization desired by the women,
the videos were presented in the mobile app based on how an

individual answered the screeners, (eg, if women indicated they
were at elevated risk for substance use, videos about the
treatment process and general information on substance use
were pushed to the top of the playlist). Several new videos were
created for this specific project and additional videos were
repurposed from other projects related to breastfeeding for
women with SUD (Textbox 2).

Textbox 2. Eleven short, animated videos created for educational purposes.

Video topics

• What is universal screening for alcohol and drug use?

• Drug treatment center referral process.

• Information for women about marijuana use.

• Self-advocacy in a health care setting.

• Family planning.

• Breastfeeding-how to pump.

• Breastfeeding-opioid use disorder.

• Breastfeeding-marijuana use.

• Breastfeeding-tobacco cigarettes.

• Breastfeeding-prescription medications.

• Breastfeeding-alcohol use.

Moderated Forum
To ensure the app was providing evidence-based answers, a
licensed social worker (LSW) was assigned to the moderated
forum. Any participant with access to the app could make a post
anonymously, but the forum was “moderated” in the sense that
the LSW was scheduled to review posts each morning and would
only publish ones that were relevant to the group. The LSW
also could post responses to questions in the forum.

Frequently Asked Questions
The most popular FAQ topics and subtopics for women wanting
information on substance and alcohol use were identified by
querying ChatGPT 3 [78]. In the formative research stage [72],
the women and HCPs expressed concern over the credibility of
the information in both the moderated forum and the FAQs. As
such, answers to the questions were manually compiled using
source materials published at NIH, CDC, and SAMHSA, which
were then reviewed by subject matter experts before being
published in the FAQ section.

Follow-up by a Chatbot and Licensed Social Worker
A chatbot was built to engage with any individual evaluated as
at-risk within 3-4 days of completing the screeners. The chatbot
would ask if the person had made an appointment yet and if so,
when? After discussion with the chatbot, if an appointment had
not been made, the chatbot would encourage the participant to
reach out to the treatment center and then a licensed social
worker would follow up with the participant. The social worker
would engage the participant in a manner consistent with
motivational interviewing, to encourage her to make an
appointment with the treatment center for further evaluation.

Additional Resources: National and Local Hotlines and
Mental Health Facilities
Links to several national crisis lines were provided in the app
such that the participant could click on the button and be
immediately connected to the crisis line through her mobile
phone. In addition, for those who self-identified as having either
high anxiety or high levels of depression, a list of mental health
centers, sorted by county, was provided within the app. All of
the mental health centers were confirmed to be taking new
patients before including them in the list.

Recruitment
Upon thorough in-house testing of all of these app features,
participants were recruited to test the application over a 3-month
period. Participants for the pilot study were eligible to participate
in the study if they were women aged 18-44 years old, able to
read English at the 8th-grade level, located within central Florida
(1 of 6 counties served by the treatment center), and owned a
smartphone device. In addition to recruitment through listserves
and contacts in central Florida, a research assistant posted flyers
within the community at health care agencies, barber shops,
public libraries, and recreation centers. The third approach to
recruitment included inviting individuals through Prolific [79],
a commercial company that recruits individuals for research
projects and surveys.

Demographic information was collected through an online
survey instrument embedded in the app and all participants were
asked to complete a checklist of the features to test within the
app before receiving compensation for participation in the
research study. At the end of the app testing, all participants
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completed an online version of the System Usability Scale (SUS)
and several open-ended questions.

Qualitative Feedback
Upon completion of the pilot study, participants were recruited
by email or through direct messaging using their Prolific IDs
to participate in a virtual 1:1 semistructured interview to gather
more feedback on their experience with the mobile app.
Interviewers were aware of whether the woman had given the
app a low or high SUS score.

Ethical Considerations
The study was approved by the ADVARRA institutional review
board (approval 00054640). All participants signed electronic
informed consent documents before enrollment in the study.
Participants were compensated for their time.

Results

Demographics
A total of 77 women downloaded the app and a total of 30
women aged 18-44 years old tested the WE-CARE mobile app.
The majority of the participants were white (47%) and not of
Hispanic or Latino descent (56.7%). The participant racial
composition was as follows: 46.7% White, 33.3% unknown,
16.7% mixed race, and 3.3% African American. In total, 20%
were of Hispanic ethnicity., 56.7% were not Hispanic or Latino,
and the remaining 23% were of unknown ethnicity.

Usability and Acceptability Score for Features
Developed
WE-CARE was well received by participants who scored it as
EXCELLENT (an average SUS score of 86.7, SD 12.43). Of
the individuals who scored “at-risk” for substance use, the
average SUS score was slightly lower, at 84.69 (SD 12.3) while
the individuals who scored “not at risk” for substance use gave
the app an average SUS score of 92.73 (SD 9.14), which would
have been considered “BEST IMAGINABLE” (Figure 2).

Figure 2. System Usability Score results for WE-CARE pilot. WE-CARE: Women Empowered to Connect with Addiction Resources and Engage in
Evidence-based Treatment.

Screening Results
While this was a usability and feasibility study, not a study
designed or powered to identify risk for SUDs or mental health
illness, we did examine the screening results collected in the
pilot study. Out of the 30 individuals who completed the
screeners, (18/30, 60%) scored at elevated risk for substance
use or alcohol use behaviors, (9/18, 50%) scored at elevated
risk for substance use as well as generalized anxiety, (9/18,
50%) scored elevated risk for substance use and depression,
and (11/18, 61%) scored at elevated risk for substance use and
either high risk for generalized anxiety or depression.

Digital Health Tool Usage Data

Microlearning Video Usage
All of the women had to watch the first video (Universal
Screening for Alcohol and Drug Use) but reviewing the
remaining videos was optional. Using the frequency of views,
it is possible to rank the videos in terms of interest, with
Self-Advocacy in the Healthcare Setting being the second most
popular video with 6 views. As far as the videos were concerned,
participants wanted the videos to be less robotic, shorter in
length, and to have more videos relating to coping with stress.
Participants were asked what additional information they would
like to see included in the app, and 1 participant reported they
wanted to learn: “Strategies and interventions that can be used

at home …. (Breathing, mindfulness exercises)”. Additional
suggestions included more information on mental health issues,
including “What can I do for fun or to relax instead of drinking
or doing drugs? How do I tell if I have an anxiety disorder?
What are some ways to reduce anxiety? How do I tell if I have
a depressive disorder? What are some ways to alleviate
depression?” as well as more information on self-advocacy in
the doctor’s office.

Moderated Forum Usage
All participants were required to engage with the forum (eg,
write a post or give a reaction). The forum was preseeded with
some sample questions and answers, and LIKES were scattered
over a variety of posts, indicating the women were reviewing
the other posts. One person made an anonymous post to which
the licensed social worker then responded.

Frequently Asked Questions Usage
The women made extensive use of the FAQs, with the majority
of the main topics being explored relating to depression, anxiety,
or alcohol use in both the main topics. The most popular
subtopics were “How do you define a standard drink” and “How
to tell if I might have an anxiety disorder? (Refer to Multimedia
Appendix 2: “Number of viewings for FAQ main topics” and
Multimedia Appendix 3: “Number of viewings for FAQ
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Subtopics” for a complete list of main topics and subtopics and
their viewing frequencies).

Chatbot and LSW Follow-Up
Although half the individuals scored elevated risk for substance
use, none of the women called or left their number with the
treatment center or responded to the chatbot when it reached
out to inquire whether they had made an appointment with
someone at the treatment center. As such, the licensed social
worker at the substance use treatment center was not able to
follow up with any of the participants. During the postpilot
focus group discussions, we learned one of the 4 individuals
interviewed had reached out to a mental health treatment center
within their area. As we were not able to track participant
interactions with the mental health centers, we were not able to
gauge how many of the women with at-risk scores for anxiety
or depression sought additional help.

Qualitative Feedback
A total of 4 women completed the postpilot interviews. In total,
50% of the participants were White and 50% were of more than
one race. 25% of the participants were Hispanic.

In addition to providing an objective rating of the app’s usability
and acceptability using the SUS scoring instrument, we asked
several open-ended questions to get qualitative feedback on
specific features of the application and conducted postpilot
interviews. In general, the participants were complimentary
about the app. One noted, “I think it's a very simplified app
which I actually enjoy. It was a little nostalgic and brought me
back to the earlier days of the Internet, especially with the forum
included. I did think the screening tests were a little alarming
because I wasn't aware I was so depressed. Overall, I enjoyed
the app.”

Several participants questioned whether asking just 2 questions
on either anxiety or depression was sufficient. One participant
commented, “I think there needs to be additional screening
questions. The issues the app wants to tackle require more than
the handful of questions asked.” New features suggested by the
participants included the ability to add individuals as friends
through the app, making the FAQ interactive instead of a list
of questions to pick from, and a person-to-person chat option.

When asked whether they had answered honestly when
completing the screeners or had been “playing,” all 4
participants in the postpilot focus group said they had answered
based on their own behaviors. A majority of the participants
were not surprised by their scores or alarmed and felt the
questions were able to accurately assess their risk for substance
or alcohol use, with 1 participant reporting, “would have
preferred 4-5 questions and would have been good to ask follow
up – for instance, in what circumstances are you using (socially,
mental coping skills)…” Another suggestion made by one of
the participants involved switching the order of the questions
to start with screening for depression and anxiety.

The microlearning videos received more criticism with all
participants noting a mix of live-action and cartoon videos would
benefit more individuals. The topics of the videos were well
received with none of the individuals noting a missed topic.

One participant reported, “topics were really important (esp.
drinking a glass of wine”). A couple of participants felt the
length of the videos was sufficient but could be shortened further
to 2-3 minutes.

The FAQs did not receive much interaction from the
participants, although the participants did feel having the option
to look through the FAQ was beneficial to help sort through a
lot of information. On the other hand, participants who reported
interacting with the moderated forum felt the feature would be
helpful with some additional changes such as having a live
professional to contact and adding visuals to the page to make
the page more “homey.”

To wrap up the discussion, questions were asked of the
participants on how they viewed the motivational interviewing
chatbot feature and their overall experience. The participants
reported they didn’t mind the feature being a chatbot, but if a
phone call needed to be made or a person was experiencing an
emergency, they believed a human should step in at that point.
They also desired the chatbot to provide free follow-up services
and to reiterate the individual’s information will be kept
confidential. Overall, participants felt they would recommend
this app to another individual, one person reported, “Yes … It
was marketed to the right population of people; low stakes in
terms of divulging deepest darkest truths-allows a space for
help that you might need.”

Discussion

Principal Findings
The participants scored the app very highly in terms of usability
and acceptability, and enthusiasm was high for the anonymous
e-screenings to be offered through a mobile phone app.
SAMHSA recommends the use of the SBIRT method to combat
the problem of lack of universal screening [80] and this mobile
health application successfully provided the screening
component of SBIRT. The data collected during the formative
research period indicates that WE-CARE can support the SBIRT
method by providing universal screening to women aged 18-44
years old and educational materials and referrals to partnering
treatment centers, but the prototype is not yet capable of
replacing the “brief intervention” component. For example,
despite providing access to a free licensed counselor at the
treatment center, none of the women who participated in this
study were ready to seek changes in their behavior as measured
by calling the treatment center for further evaluation. One
participant did mention in the postpilot focus group that they
did reach out to a mental health facility to address their stress
or anxiety, which shows the potential of the app to help women
act. The digital handshake, or linkage to care, component of the
app, therefore, was not used by the participants in the pilot study.
After consultation with subject matter experts, it would appear
that expecting the women to seek help after completing 5
minutes’ worth of screeners on their phone was likely too high
a “bar.” Instead, these results suggest that additional engagement
and support would be needed to encourage the women to seek
more information or treatment. Plans are underway to redesign
the prototype to offer more interactions with both a chatbot and
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a human counselor to encourage women at risk to engage in the
next steps of care.

The educational components of the app (videos, FAQs, and
moderated forum) were well received. In the SUS open-ended
questions and the postpilot group interviews, there was
significant interest in expanding the educational materials to
include additional information on coping skills and mental health
(with videos, FAQs, PDFS, etc.). Other recommended additional
features included creating a function to invite friends to
download the app, adding a person-to-person chat option in the
moderated forum, and making it possible to write in their
questions for a chatbot to respond.

Given the women’s willingness to complete the screeners on
their mobile phones with guaranteed anonymity, it is possible
that the women would be willing to complete the screeners in
a physician’s waiting room, if they could be assured of
confidentiality [28,81-83]. Once a screener indicates a woman
is at risk for an alcohol or SUD, the next hurdle is for the HCP
to offer resources, make proper referrals, or provide suitable
treatment options [84]. HCPs require training on how to
effectively care for patients with alcohol or SUDs and need to
understand the underlying reasons why women may engage in
such behavior, such as past trauma [85]. Upon review of the
screening results, the HCPs could create care plans and provide
accessible mental health resources to patients based on their
specific needs or refer their patients to a current list of clinics
accepting new patients. If the latter option, HCPs then need to
share with the patient what her journey with a care plan will
look like. However, medical school training delivers minimal
education in the area of substance use diagnosis and treatment
[32] and HCPs have repeatedly noted they feel unprepared to
offer SUD treatment or counseling [25,32]. Nonphysician or
alternate health care models may be viable approaches to
screening [86] and treatment and digital health technologies
such as WE-CARE can help to fill in the time and knowledge
gaps in the health care workforce.

In this study, over half of the women who completed the
screeners in the WE-CARE app scored “at-risk” for SUD or
alcohol use disorder and rates for risk for depression and anxiety
in the respondents were 50% for each. The average rate for
women of childbearing age meeting the DSM-IV (Diagnostic
and Statistical Manual of Mental Disorders [Fourth Edition])
criteria of SUD or being in treatment in the past year for a SUD
in the US is 3% for illicit drug use, 1.1% for opioid use, and
7.4% for alcohol use [87]. Similarly, in a study using the same
screeners used in WE-CARE (namely the PHQ-2 for depression
and the GAD-2 for anxiety), rates of depression in women of
childbearing age have been reported to vary from 10% to 27%
in the United States (depending on geographical location, race,
and ethnicity [88,89]) and to fluctuate based on COVID
prevalence [90]. The rates for anxiety in adults over 18 years
of age are equally variable, peaking in 2021 at the height of the
COVID-19 pandemic, at 35% [91] but before the pandemic,
typically averaging around 19% [92]. Rates for anxiety and
depression would be expected to be significantly higher in
women of childbearing age than in the general population but
gender was not reported in this study [92].

The screeners in WE-CARE were selected to identify women
who are at risk for risky substance use or mental illness, not to
identify substance use or mental health disorders using the
criteria of a DSM-IV diagnosis per se. But there is a chance
these rates may not be inflated. This pilot study was completed
in a community that had recently experienced a major hurricane
that severely impacted the citizens in 6 counties just 9 months
before the study. Increased rates of alcohol and drug use [93]
as well as mental illness are not uncommon after natural
disasters [94]. Finally, individuals completing the WE-CARE
screeners were assured of complete anonymity and therefore
the screener results were not verified by individual in-person
assessments. When an individual completes an assessment to
report risky behavior, it has been demonstrated that the use of
assessments completed on a tablet can yield more accurate
self-reports [60-63]. However, self-reporting of alcohol or drug
use, or concerns with mental illness, may differ in accuracy
compared with when a screener is completed in front of a
medical professional. The respondent may be confused about
the question wording or definitions of terms, or because it was
a research study, they may not have given accurate responses.
Given the excellent score for usability and acceptability of the
app, plans are ongoing to conduct clinical trials where the
anonymous screener results will be compared with results from
screeners administered by medical professionals to confirm the
validity of this approach.

Mobile health apps can facilitate referrals, deliver educational
materials to patients and providers, and enhance communication
between patients and providers. Universal e-screenings are
suitable for delivery before, during, and after an appointment
and could remove the barriers associated with HCP time, stigma,
willingness, or ability [95] and therefore are well-suited to the
mobile health application environment. Other tailored apps exist
to assist HCPs in delivering health interventions [96-103] related
to substance use [96,104-106] and mental health [97,99,102]
that are feasible and acceptable, but more research must be
conducted to determine if the screeners are valid when delivered
by a mobile health app, and also to ensure that after screening,
the woman receives sufficient guidance and support to seek
treatment if needed [107,108].

Limitations
A key limitation of this study was the self-selection recruitment
method used, which may have impacted the generalizability of
the findings. Future studies will include samples from a larger,
more diverse population. Furthermore, it is possible that only
women who had concerns about their mental health opted to
participate in the research study. Also, as discussed above,
responses generated through self-report may be flawed if the
respondent misunderstands the questions or doesn’t answer
truthfully. Future versions of this tool will be tested in general
clinics, where all patients will be asked to download the app as
part of their annual physical and to talk with their health care
provider after completing the screeners.

Conclusions
Preliminary results on the usability and feasibility of the
WE-CARE mobile health app in providing anonymous
screenings for drug and alcohol use, as well as anxiety and
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depression, are excellent. Participants readily completed the
screeners and were enthused about the opportunity to learn more
about a variety of topics tailored for women in their childbearing

years. Further research is necessary to validate this approach
and to determine how to encourage women who score at risk
for significant substance use or mental illness to seek treatment.

 

Acknowledgments
This research was funded by the National Institute on Alcohol Abuse and Alcoholism (NIAAA; 1R43AA029646-01).

Conflicts of Interest
TM and KC are co-owners of Benten Technologies, the company designing this platform, and will eventually market the Women
Empowered to Connect with Addiction Resources and Engage in Evidence-based Treatment (WE-CARE) mobile app. The
remaining authors declare that the research was conducted without any commercial or financial relationships that could be
construed as a potential conflict of interest. The content is solely the responsibility of the authors and does not necessarily represent
the official views of the National Institutes of Health, the Department of Veterans Affairs, or the United States Government.

Multimedia Appendix 1
Detailed review of screeners and how they were scored in the WE-CARE app. WE-CARE: Women Empowered to Connect with
Addiction Resources and Engage in Evidence-based Treatment.
[DOCX File , 20 KB - formative_v9i1e62915_app1.docx ]

Multimedia Appendix 2
Number of viewings for FAQ (frequently asked question) main topics.
[DOCX File , 16 KB - formative_v9i1e62915_app2.docx ]

Multimedia Appendix 3
Number of viewings of FAQ (frequently asked question) subtopics.
[DOCX File , 15 KB - formative_v9i1e62915_app3.docx ]

References
1. Schulte MT, Hser YI. Substance use and associated health conditions throughout the lifespan. Public Health Rev 2014;35(2).

[doi: 10.1007/BF03391702] [Medline: 28366975]
2. McCaul ME, Roach D, Hasin DS, Weisner C, Chang G, Sinha R. Alcohol and women: a brief overview. Alcohol Clin Exp

Res 2019;43(5):774-779 [FREE Full text] [doi: 10.1111/acer.13985] [Medline: 30779446]
3. Adams RS, McKetta SC, Jager J, Stewart MT, Keyes KM. Cohort effects of women's mid-life binge drinking and alcohol

use disorder symptoms in the United States: impacts of changes in timing of parenthood. Addiction 2023;118(10):1932-1941.
[doi: 10.1111/add.16262] [Medline: 37338343]

4. VanHouten JP, Rudd RA, Ballesteros MF, Mack KA. Drug overdose deaths among women aged 30-64 years - United
States, 1999-2017. MMWR Morb Mortal Wkly Rep 2019;68(1):1-5 [FREE Full text] [doi: 10.15585/mmwr.mm6801a1]
[Medline: 30629574]

5. Curry SJ, Krist AH, Owens DK, Barry MJ, Caughey AB, Davidson KW, et al. Screening and behavioral counseling
interventions to reduce unhealthy alcohol use in adolescents and adults: US preventive services task force recommendation
statement. JAMA 2018;320(18):1899-1909. [doi: 10.1001/jama.2018.16789] [Medline: 30422199]

6. Unintended pregnancy.: Centers for Disease Control and Prevention Reproductive Health; 2019. URL: https://www.cdc.gov/
reproductivehealth/contraception/unintendedpregnancy/index.htm [accessed 2019-12-10]

7. Jacobson JL, Jacobson SW, Sokol RJ. Effects of prenatal exposure to alcohol, smoking, and illicit drugs on postpartum
somatic growth. Alcohol Clin Exp Res 1994;18(2):317-323. [doi: 10.1111/j.1530-0277.1994.tb00020.x] [Medline: 8048733]

8. Sokol RJ, Delaney-Black V, Nordstrom B. Fetal alcohol spectrum disorder. JAMA 2003;290(22):2996-2999. [doi:
10.1001/jama.290.22.2996] [Medline: 14665662]

9. Smith JP, Randall CL. Anxiety and alcohol use disorders: comorbidity and treatment considerations. Alcohol Res
2012;34(4):414-431 [FREE Full text] [Medline: 23584108]

10. Kathryn Mchugh R, Weiss RD. Alcohol use disorder and depressive disorders. Alcohol Res 2019;40(1):arcr.v40.1.01
[FREE Full text] [doi: 10.35946/arcr.v40.1.01] [Medline: 31649834]

11. Covington SS. Women and addiction: a trauma-informed approach. J Psychoactive Drugs 2008;Suppl 5:377-385. [doi:
10.1080/02791072.2008.10400665] [Medline: 19248395]

12. ACOG Committee on Health Care for Underserved Women, American Society of Addiction Medicine. ACOG committee
opinion No. 524: opioid abuse, dependence, and addiction in pregnancy. Obstet Gynecol 2012;119(5):1070-1076. [doi:
10.1097/AOG.0b013e318256496e] [Medline: 22525931]

JMIR Form Res 2025 | vol. 9 | e62915 | p.3924https://formative.jmir.org/2025/1/e62915
(page number not for citation purposes)

Isaacs et alJMIR FORMATIVE RESEARCH

XSL•FO
RenderX

https://jmir.org/api/download?alt_name=formative_v9i1e62915_app1.docx&filename=246b0a7aafbc7b26b25cf6afe3b89416.docx
https://jmir.org/api/download?alt_name=formative_v9i1e62915_app1.docx&filename=246b0a7aafbc7b26b25cf6afe3b89416.docx
https://jmir.org/api/download?alt_name=formative_v9i1e62915_app2.docx&filename=50c4285b38345136741f3bf35cd8668b.docx
https://jmir.org/api/download?alt_name=formative_v9i1e62915_app2.docx&filename=50c4285b38345136741f3bf35cd8668b.docx
https://jmir.org/api/download?alt_name=formative_v9i1e62915_app3.docx&filename=d6247aa674a8055890c083c4389a8563.docx
https://jmir.org/api/download?alt_name=formative_v9i1e62915_app3.docx&filename=d6247aa674a8055890c083c4389a8563.docx
http://dx.doi.org/10.1007/BF03391702
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28366975&dopt=Abstract
https://europepmc.org/abstract/MED/30779446
http://dx.doi.org/10.1111/acer.13985
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30779446&dopt=Abstract
http://dx.doi.org/10.1111/add.16262
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=37338343&dopt=Abstract
https://doi.org/10.15585/mmwr.mm6801a1
http://dx.doi.org/10.15585/mmwr.mm6801a1
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30629574&dopt=Abstract
http://dx.doi.org/10.1001/jama.2018.16789
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30422199&dopt=Abstract
https://www.cdc.gov/reproductivehealth/contraception/unintendedpregnancy/index.htm
https://www.cdc.gov/reproductivehealth/contraception/unintendedpregnancy/index.htm
http://dx.doi.org/10.1111/j.1530-0277.1994.tb00020.x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=8048733&dopt=Abstract
http://dx.doi.org/10.1001/jama.290.22.2996
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=14665662&dopt=Abstract
https://europepmc.org/abstract/MED/23584108
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23584108&dopt=Abstract
https://europepmc.org/abstract/MED/31649834
http://dx.doi.org/10.35946/arcr.v40.1.01
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31649834&dopt=Abstract
http://dx.doi.org/10.1080/02791072.2008.10400665
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19248395&dopt=Abstract
http://dx.doi.org/10.1097/AOG.0b013e318256496e
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22525931&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


13. Alcohol abuse and other sbustance use disorders: ethical issues in obstetric and gynecologic practice.: American College
of Obstetricians and Gynecologists; 2015. URL: https://www.acog.org/Clinical-Guidance-and-Publications/
Committee-Opinions/Committee-on-Ethics/
Alcohol-Abuse-and-Other-Substance-Use-Disorders-Ethical-Issues-in-Obstetric-and-Gynecologic-Practice [accessed
2024-12-30]

14. Screening.: Columbia University Department of Psychiatry URL: https://www.columbiapsychiatry.org/research/research-areas/
substance-use-disorders/education/sbirt/about/screening [accessed 2024-12-30]

15. Physical health and mental health.: Mental Health Foundation URL: https://www.mentalhealth.org.uk/explore-mental-health/
a-z-topics/physical-health-and-mental-health [accessed 2024-05-23]

16. Woodward D, Wilens TE, Glantz M, Rao V, Burke C, Yule AM. A systematic review of substance use screening in outpatient
behavioral health settings. Addict Sci Clin Pract 2023;18(1):18 [FREE Full text] [doi: 10.1186/s13722-023-00376-z]
[Medline: 36967381]

17. Curry SJ, Krist AH, Owens DK, Barry MJ, Caughey AB, Davidson KW, et al. Screening and behavioral counseling
interventions to reduce unhealthy alcohol use in adolescents and adults: US preventive services task force recommendation
statement. JAMA 2018;320(18):1899-1909. [doi: 10.1001/jama.2018.16789] [Medline: 30422199]

18. Department of Health and Human Services Office of the Surgeon General.. Facing addiction in America. The Surgeon
General?s Report on Alcohol, Drugs, and Health 2016. [Medline: 28252892]

19. Stone R. Pregnant women and substance use: fear, stigma, and barriers to care. Health Justice 2015;3(1). [doi:
10.1186/s40352-015-0015-5]

20. Muncan B, Walters SM, Ezell J, Ompad DC. "They look at us like junkies": influences of drug use stigma on the healthcare
engagement of people who inject drugs in New York City. Harm Reduct J 2020;17(1):53 [FREE Full text] [doi:
10.1186/s12954-020-00399-8] [Medline: 32736624]

21. Substance abuse reporting and pregnancy: the role of the obstetrician-gynecologist.: American College of Obstetricians
and Gynecologists; 2011. URL: https://www.acog.org/clinical/clinical-guidance/committee-opinion/articles/2011/01/
substance-abuse-reporting-and-pregnancy-the-role-of-the-obstetrician-gynecologist [accessed 2024-12-30]

22. Redko C, Rapp RC, Carlson RG. Waiting time as a barrier to treatment entry: perceptions of substance users. J Drug Issues
2006;36(4):831-852 [FREE Full text] [doi: 10.1177/002204260603600404] [Medline: 18509514]

23. More than 4 in 10 U.S. adults who needed substance use and mental health care did not get treatment.: National Council
for Mental Wellbeing; 2022. URL: https://www.thenationalcouncil.org/news/
more-than-4-in-10-us-adults-who-needed-substance-use-and-mental-health-care-did-not-get-treatment/ [accessed 2024-12-30]

24. Saunders EC, Moore SK, Gardner T, Farkas S, Marsch LA, McLeman B, et al. Screening for substance use in rural primary
care: a qualitative study of providers and patients. J Gen Intern Med 2019;34(12):2824-2832 [FREE Full text] [doi:
10.1007/s11606-019-05232-y] [Medline: 31414355]

25. Brems C, Johnson ME, Warner TD, Roberts LW. Barriers to healthcare as reported by rural and urban interprofessional
providers. J Interprof Care 2006;20(2):105-118. [doi: 10.1080/13561820600622208] [Medline: 16608714]

26. Fortney J, Booth BM. Access to substance abuse services in rural areas. Recent Dev Alcohol 2001;15:177-197. [doi:
10.1007/978-0-306-47193-3_10] [Medline: 11449741]

27. Desjarlais-deKlerk K, Wallace JE. Instrumental and socioemotional communications in doctor-patient interactions in urban
and rural clinics. BMC Health Serv Res 2013;13:261 [FREE Full text] [doi: 10.1186/1472-6963-13-261] [Medline: 23835062]

28. Anderson BL, Dang EP, Floyd RL, Sokol R, Mahoney J, Schulkin J. Knowledge, opinions, and practice patterns of
obstetrician-gynecologists regarding their patients' use of alcohol. J Addict Med 2010;4(2):114-121. [doi:
10.1097/ADM.0b013e3181b95015] [Medline: 21769028]

29. TAPS: tobacco, alcohol, prescription medication, and other substance use tool.: National Institutes of Health URL: https:/
/www.drugabuse.gov/taps/#/ [accessed 2024-12-30]

30. Coleman-Cowger VH, Oga EA, Peters EN, Trocin KE, Koszowski B, Mark K. Accuracy of three screening tools for prenatal
substance use. Obstet Gynecol 2019;133(5):952-961 [FREE Full text] [doi: 10.1097/AOG.0000000000003230] [Medline:
30969217]

31. Using standardized tools.: IntellectAbility URL: https://replacingrisk.com/using-standardized-tools/ [accessed 2024-12-30]
32. Recommendations for curricular elements in substance use disorders training.: Substance Abuse and Mental Health Services

Administration URL: https://www.samhsa.gov/medications-substance-use-disorders/provider-support-services/
recommendations-curricular-elements-substance-use-disorders-training [accessed 2024-12-30]

33. TAP 33: systems-level implementation of screening, brief intervention, and referral to treatment (SBIRT).: Substance Abuse
and Mental Health Services Administration; 2013. URL: https://library.samhsa.gov/product/
tap-33-systems-level-implementation-screening-brief-intervention-and-referral-treatment [accessed 2024-12-30]

34. Solberg LI, Maciosek MV, Edwards NM. Primary care intervention to reduce alcohol misuse ranking its health impact and
cost effectiveness. Am J Prev Med 2008;34(2):143-152. [doi: 10.1016/j.amepre.2007.09.035] [Medline: 18201645]

35. Implementing care for alcohol & other drug use in medical settings: an extension of SBIRT.: National Council for Behavioral
Health; 2018. URL: https://www.thenationalcouncil.org/wp-content/uploads/2021/04/

JMIR Form Res 2025 | vol. 9 | e62915 | p.3925https://formative.jmir.org/2025/1/e62915
(page number not for citation purposes)

Isaacs et alJMIR FORMATIVE RESEARCH

XSL•FO
RenderX

https://www.acog.org/Clinical-Guidance-and-Publications/Committee-Opinions/Committee-on-Ethics/Alcohol-Abuse-and-Other-Substance-Use-Disorders-Ethical-Issues-in-Obstetric-and-Gynecologic-Practice
https://www.acog.org/Clinical-Guidance-and-Publications/Committee-Opinions/Committee-on-Ethics/Alcohol-Abuse-and-Other-Substance-Use-Disorders-Ethical-Issues-in-Obstetric-and-Gynecologic-Practice
https://www.acog.org/Clinical-Guidance-and-Publications/Committee-Opinions/Committee-on-Ethics/Alcohol-Abuse-and-Other-Substance-Use-Disorders-Ethical-Issues-in-Obstetric-and-Gynecologic-Practice
https://www.columbiapsychiatry.org/research/research-areas/substance-use-disorders/education/sbirt/about/screening
https://www.columbiapsychiatry.org/research/research-areas/substance-use-disorders/education/sbirt/about/screening
https://www.mentalhealth.org.uk/explore-mental-health/a-z-topics/physical-health-and-mental-health
https://www.mentalhealth.org.uk/explore-mental-health/a-z-topics/physical-health-and-mental-health
https://ascpjournal.biomedcentral.com/articles/10.1186/s13722-023-00376-z
http://dx.doi.org/10.1186/s13722-023-00376-z
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=36967381&dopt=Abstract
http://dx.doi.org/10.1001/jama.2018.16789
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30422199&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28252892&dopt=Abstract
http://dx.doi.org/10.1186/s40352-015-0015-5
https://harmreductionjournal.biomedcentral.com/articles/10.1186/s12954-020-00399-8
http://dx.doi.org/10.1186/s12954-020-00399-8
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32736624&dopt=Abstract
https://www.acog.org/clinical/clinical-guidance/committee-opinion/articles/2011/01/substance-abuse-reporting-and-pregnancy-the-role-of-the-obstetrician-gynecologist
https://www.acog.org/clinical/clinical-guidance/committee-opinion/articles/2011/01/substance-abuse-reporting-and-pregnancy-the-role-of-the-obstetrician-gynecologist
https://europepmc.org/abstract/MED/18509514
http://dx.doi.org/10.1177/002204260603600404
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18509514&dopt=Abstract
https://www.thenationalcouncil.org/news/more-than-4-in-10-us-adults-who-needed-substance-use-and-mental-health-care-did-not-get-treatment/
https://www.thenationalcouncil.org/news/more-than-4-in-10-us-adults-who-needed-substance-use-and-mental-health-care-did-not-get-treatment/
https://europepmc.org/abstract/MED/31414355
http://dx.doi.org/10.1007/s11606-019-05232-y
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31414355&dopt=Abstract
http://dx.doi.org/10.1080/13561820600622208
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16608714&dopt=Abstract
http://dx.doi.org/10.1007/978-0-306-47193-3_10
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=11449741&dopt=Abstract
https://bmchealthservres.biomedcentral.com/articles/10.1186/1472-6963-13-261
http://dx.doi.org/10.1186/1472-6963-13-261
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23835062&dopt=Abstract
http://dx.doi.org/10.1097/ADM.0b013e3181b95015
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21769028&dopt=Abstract
https://www.drugabuse.gov/taps/#/
https://www.drugabuse.gov/taps/#/
https://europepmc.org/abstract/MED/30969217
http://dx.doi.org/10.1097/AOG.0000000000003230
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30969217&dopt=Abstract
https://replacingrisk.com/using-standardized-tools/
https://www.samhsa.gov/medications-substance-use-disorders/provider-support-services/recommendations-curricular-elements-substance-use-disorders-training
https://www.samhsa.gov/medications-substance-use-disorders/provider-support-services/recommendations-curricular-elements-substance-use-disorders-training
https://library.samhsa.gov/product/tap-33-systems-level-implementation-screening-brief-intervention-and-referral-treatment
https://library.samhsa.gov/product/tap-33-systems-level-implementation-screening-brief-intervention-and-referral-treatment
http://dx.doi.org/10.1016/j.amepre.2007.09.035
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18201645&dopt=Abstract
https://www.thenationalcouncil.org/wp-content/uploads/2021/04/Implementing_Care_for_Alcohol_and_Other_Drug_Use_In_Medical_Settings_-_An_Extension_of_SBIRT.pdf
http://www.w3.org/Style/XSL
http://www.renderx.com/


Implementing_Care_for_Alcohol_and_Other_Drug_Use_In_Medical_Settings_-_An_Extension_of_SBIRT.pdf [accessed
2024-12-30]

36. Matthews EB, Savoy M, Paranjape A, Washington D, Hackney T, Galis D, et al. Shared decision making in primary care
based depression treatment: communication and decision-making preferences among an underserved patient population.
Front Psychiatry 2021;12:681165 [FREE Full text] [doi: 10.3389/fpsyt.2021.681165] [Medline: 34322040]

37. Phelan SM, Salinas M, Pankey T, Cummings G, Allen JP, Waniger A, et al. Patient and health care professional perspectives
on stigma in integrated behavioral health: barriers and recommendations. Ann Fam Med 2023;21(Suppl 2):S56-S60 [FREE
Full text] [doi: 10.1370/afm.2924] [Medline: 36849477]

38. Hargraves D, White C, Frederick R, Cinibulk M, Peters M, Young A, et al. Implementing SBIRT (Screening, brief
intervention and referral to treatment) in primary care: lessons learned from a multi-practice evaluation portfolio. Public
Health Rev 2017;38:31 [FREE Full text] [doi: 10.1186/s40985-017-0077-0] [Medline: 29450101]

39. Gomez E, Gyger M, Borene S, Klein-Cox A, Denby R, Hunt S, et al. Using SBIRT (Screen, Brief Intervention, and Referral
Treatment) training to reduce the stigmatization of substance use disorders among students and practitioners. Subst Abuse
2023;17:11782218221146391 [FREE Full text] [doi: 10.1177/11782218221146391] [Medline: 36685721]

40. Simioni N, Rolland B, Cottencin O. Interventions for increasing alcohol treatment utilization among patients with alcohol
use disorders from emergency departments: a systematic review. J Subst Abuse Treat 2015;58:6-15. [doi:
10.1016/j.jsat.2015.06.003] [Medline: 26206477]

41. Havard A, Shakeshaft A, Sanson-Fisher R. Systematic review and meta-analyses of strategies targeting alcohol problems
in emergency departments: interventions reduce alcohol-related injuries. Addiction 2008;103(3):368-377. [doi:
10.1111/j.1360-0443.2007.02072.x] [Medline: 18190671]

42. Pringle JL, Kelley DK, Kearney SM, Aldridge A, Dowd W, Johnjulio W, et al. Screening, brief intervention, and referral
to treatment in the emergency department: an examination of health care utilization and costs. Med Care 2018;56(2):146-152.
[doi: 10.1097/MLR.0000000000000859] [Medline: 29256973]

43. Biroscak BJ, Pantalon MV, Dziura JD, Hersey DP, Vaca FE. Use of non-face-to-face modalities for emergency department
screening, brief intervention, and referral to treatment (ED-SBIRT) for high-risk alcohol use: a scoping review. Subst Abus
2019;40(1):20-32 [FREE Full text] [doi: 10.1080/08897077.2018.1550465] [Medline: 30829126]

44. Miller W, Rollnick S. Motivational Interviewing: Helping People Change and Grow. Fourth. New York: The Guilford
Press; 2024.

45. Advisory: using motivational interviewing in substance use disorder treatment (based on TIP 35).: Substance Abuse and
Mental Health Services Administration; 2021. URL: https://store.samhsa.gov/product/
advisory-using-motivational-interviewing-substance-use-disorder-treatment-based-tip-35 [accessed 2024-12-30]

46. Madson MB, Loignon AC, Lane C. Training in motivational interviewing: a systematic review. J Subst Abuse Treat
2009;36(1):101-109. [doi: 10.1016/j.jsat.2008.05.005] [Medline: 18657936]

47. Kaltman S, Tankersley A. Teaching motivational interviewing to medical students: a systematic review. Acad Med
2020;95(3):458-469. [doi: 10.1097/ACM.0000000000003011] [Medline: 31577585]

48. Dickerson D, Moore LA, Rieckmann T, Croy CD, Venner K, Moghaddam J, et al. Correlates of motivational interviewing
use among substance use treatment programs serving American indians/Alaska Natives. J Behav Health Serv Res
2018;45(1):31-45 [FREE Full text] [doi: 10.1007/s11414-016-9549-0] [Medline: 28236017]

49. Martino S, Zimbrean P, Forray A, Kaufman JS, Desan PH, Olmstead TA, et al. Implementing motivational interviewing
for substance misuse on medical inpatient units: a randomized controlled trial. J Gen Intern Med 2019;34(11):2520-2529
[FREE Full text] [doi: 10.1007/s11606-019-05257-3] [Medline: 31468342]

50. Ewing SF, Bryan AD, Dash GF, Lovejoy TI, Borsari B, Schmiege SJ. Randomized controlled trial of motivational
interviewing for alcohol and cannabis use within a predominantly Hispanic adolescent sample. Exp Clin Psychopharmacol
2022;30(3):287-299 [FREE Full text] [doi: 10.1037/pha0000445] [Medline: 33749294]

51. Balbi AM, Gak AE, Kim ES, Park TD, Quinn JF, Colon MF, et al. Brief motivational interviewing for substance use by
medical students is effective in the emergency department. J Emerg Med 2019;57(1):114-117. [doi:
10.1016/j.jemermed.2019.03.032] [Medline: 31027991]

52. Louwagie G, Kanaan M, Morojele NK, Van Zyl A, Moriarty AS, Li J, et al. Effect of a brief motivational interview and
text message intervention targeting tobacco smoking, alcohol use and medication adherence to improve tuberculosis
treatment outcomes in adult patients with tuberculosis: a multicentre, randomised controlled trial of the ProLife programme
in South Africa. BMJ Open 2022;12(2):e056496 [FREE Full text] [doi: 10.1136/bmjopen-2021-056496] [Medline: 35165113]

53. Gex KS, Mun EY, Barnett NP, McDevitt-Murphy ME, Ruggiero KJ, Thurston IB, et al. A randomized pilot trial of a mobile
delivered brief motivational interviewing and behavioral economic alcohol intervention for emerging adults. Psychol Addict
Behav 2023;37(3):462-474 [FREE Full text] [doi: 10.1037/adb0000838] [Medline: 35482647]

54. Moriarty AS, Louwagie GM, Mdege ND, Morojele N, Tumbo J, Omole OB, et al. ImPROving TB outcomes by modifying
LIFE-style behaviours through a brief motivational intervention followed by short text messages (ProLife): study protocol
for a randomised controlled trial. Trials 2019;20(1):457 [FREE Full text] [doi: 10.1186/s13063-019-3551-9] [Medline:
31349850]

JMIR Form Res 2025 | vol. 9 | e62915 | p.3926https://formative.jmir.org/2025/1/e62915
(page number not for citation purposes)

Isaacs et alJMIR FORMATIVE RESEARCH

XSL•FO
RenderX

https://www.thenationalcouncil.org/wp-content/uploads/2021/04/Implementing_Care_for_Alcohol_and_Other_Drug_Use_In_Medical_Settings_-_An_Extension_of_SBIRT.pdf
https://europepmc.org/abstract/MED/34322040
http://dx.doi.org/10.3389/fpsyt.2021.681165
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34322040&dopt=Abstract
http://www.annfammed.org/cgi/pmidlookup?view=long&pmid=36849477
http://www.annfammed.org/cgi/pmidlookup?view=long&pmid=36849477
http://dx.doi.org/10.1370/afm.2924
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=36849477&dopt=Abstract
https://publichealthreviews.biomedcentral.com/articles/10.1186/s40985-017-0077-0
http://dx.doi.org/10.1186/s40985-017-0077-0
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29450101&dopt=Abstract
https://journals.sagepub.com/doi/10.1177/11782218221146391?url_ver=Z39.88-2003&rfr_id=ori:rid:crossref.org&rfr_dat=cr_pub  0pubmed
http://dx.doi.org/10.1177/11782218221146391
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=36685721&dopt=Abstract
http://dx.doi.org/10.1016/j.jsat.2015.06.003
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26206477&dopt=Abstract
http://dx.doi.org/10.1111/j.1360-0443.2007.02072.x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18190671&dopt=Abstract
http://dx.doi.org/10.1097/MLR.0000000000000859
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29256973&dopt=Abstract
https://europepmc.org/abstract/MED/30829126
http://dx.doi.org/10.1080/08897077.2018.1550465
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30829126&dopt=Abstract
https://store.samhsa.gov/product/advisory-using-motivational-interviewing-substance-use-disorder-treatment-based-tip-35
https://store.samhsa.gov/product/advisory-using-motivational-interviewing-substance-use-disorder-treatment-based-tip-35
http://dx.doi.org/10.1016/j.jsat.2008.05.005
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18657936&dopt=Abstract
http://dx.doi.org/10.1097/ACM.0000000000003011
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31577585&dopt=Abstract
https://europepmc.org/abstract/MED/28236017
http://dx.doi.org/10.1007/s11414-016-9549-0
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28236017&dopt=Abstract
https://europepmc.org/abstract/MED/31468342
http://dx.doi.org/10.1007/s11606-019-05257-3
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31468342&dopt=Abstract
https://europepmc.org/abstract/MED/33749294
http://dx.doi.org/10.1037/pha0000445
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33749294&dopt=Abstract
http://dx.doi.org/10.1016/j.jemermed.2019.03.032
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31027991&dopt=Abstract
https://bmjopen.bmj.com/lookup/pmidlookup?view=long&pmid=35165113
http://dx.doi.org/10.1136/bmjopen-2021-056496
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35165113&dopt=Abstract
https://europepmc.org/abstract/MED/35482647
http://dx.doi.org/10.1037/adb0000838
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35482647&dopt=Abstract
https://trialsjournal.biomedcentral.com/articles/10.1186/s13063-019-3551-9
http://dx.doi.org/10.1186/s13063-019-3551-9
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31349850&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


55. Saiyed A, Layton J, Borsari B, Cheng J, Kanzaveli T, Tsvetovat M, et al. Technology-assisted motivational interviewing:
developing a scalable framework for promoting engagement with tobacco cessation using NLP and machine learning.
Procedia Computer Science 2022;206:121-131. [doi: 10.1016/j.procs.2022.09.091]

56. Kazemi DM, Borsari B, Levine MJ, Li S, Lamberson KA, Matta LA. A Systematic review of the mHealth interventions
to prevent alcohol and substance abuse. J Health Commun 2017;22(5):413-432 [FREE Full text] [doi:
10.1080/10810730.2017.1303556] [Medline: 28394729]

57. Aggarwal A, Tam CC, Wu D, Li X, Qiao S. Artificial intelligence-based chatbots for promoting health behavioral changes:
systematic review. J Med Internet Res 2023;25:e40789 [FREE Full text] [doi: 10.2196/40789] [Medline: 36826990]

58. Dulin P, Mertz R, Edwards A, King D. Contrasting a mobile app with a conversational chatbot for reducing alcohol
consumption: randomized controlled pilot trial. JMIR Form Res 2022;6(5):e33037 [FREE Full text] [doi: 10.2196/33037]
[Medline: 35576569]

59. Almusharraf F, Rose J, Selby P. Engaging unmotivated smokers to move toward quitting: design of motivational
interviewing-based chatbot through iterative interactions. J Med Internet Res 2020;22(11):e20251 [FREE Full text] [doi:
10.2196/20251] [Medline: 33141095]

60. Marsch LA, Campbell A, Campbell C, Chen CH, Ertin E, Ghitza U, et al. The application of digital health to the assessment
and treatment of substance use disorders: the past, current, and future role of the National drug abuse treatment clinical
trials network. J Subst Abuse Treat 2020;112S:4-11 [FREE Full text] [doi: 10.1016/j.jsat.2020.02.005] [Medline: 32220409]

61. Frost H, Campbell P, Maxwell M, O'Carroll RE, Dombrowski SU, Williams B, et al. Effectiveness of motivational
interviewing on adult behaviour change in health and social care settings: a systematic review of reviews. PLoS One
2018;13(10):e0204890 [FREE Full text] [doi: 10.1371/journal.pone.0204890] [Medline: 30335780]

62. DiClemente CC, Corno CM, Graydon MM, Wiprovnick AE, Knoblach DJ. Motivational interviewing, enhancement, and
brief interventions over the last decade: a review of reviews of efficacy and effectiveness. Psychol Addict Behav
2017;31(8):862-887. [doi: 10.1037/adb0000318] [Medline: 29199843]

63. Lundahl BW, Burke BL. The effectiveness and applicability of motivational interviewing: a practice-friendly review of
four meta-analyses. J Clin Psychol 2009;65(11):1232-1245. [doi: 10.1002/jclp.20638] [Medline: 19739205]

64. Mobile fact sheet.: Pew Research Center; 2024. URL: https://www.pewresearch.org/internet/fact-sheet/mobile/ [accessed
2024-12-30]

65. Gance-Cleveland B, Leiferman J, Aldrich H, Nodine P, Anderson J, Nacht A, et al. Using the technology acceptance model
to develop StartSmart: mHealth for screening, brief intervention, and referral for risk and protective factors in pregnancy.
J Midwifery Womens Health 2019;64(5):630-640. [doi: 10.1111/jmwh.13009] [Medline: 31347784]

66. Glass JE, McKay JR, Gustafson DH, Kornfield R, Rathouz PJ, McTavish FM, et al. Treatment seeking as a mechanism of
change in a randomized controlled trial of a mobile health intervention to support recovery from alcohol use disorders. J
Subst Abuse Treat 2017;77:57-66 [FREE Full text] [doi: 10.1016/j.jsat.2017.03.011] [Medline: 28476273]

67. Kim HM, Xu Y, Wang Y. Overcoming the mental health stigma through m-Health apps: results from the healthy minds
study. Telemed J E Health 2022;28(10):1534-1540. [doi: 10.1089/tmj.2021.0418] [Medline: 35254886]

68. Renker PR. Breaking the barriers: the promise of computer-assisted screening for intimate partner violence. J Midwifery
Womens Health 2008;53(6):496-503. [doi: 10.1016/j.jmwh.2008.07.017] [Medline: 18984505]

69. Jardine J, Bowman R, Doherty G. Digital interventions to enhance readiness for psychological therapy: scoping review. J
Med Internet Res 2022;24(8):e37851 [FREE Full text] [doi: 10.2196/37851] [Medline: 36040782]

70. Miller DP, Foley KL, Bundy R, Dharod A, Wright E, Dignan M, et al. Universal screening in primary care practices by
self-administered tablet vs nursing staff. JAMA Netw Open 2022;5(3):e221480 [FREE Full text] [doi:
10.1001/jamanetworkopen.2022.1480] [Medline: 35258581]

71. Treloar C, Cama E, Lancaster K, Brener L, Broady TR, Cogle A, et al. A universal precautions approach to reducing stigma
in health care: getting beyond HIV-specific stigma. Harm Reduct J 2022;19(1):74 [FREE Full text] [doi:
10.1186/s12954-022-00658-w] [Medline: 35799296]

72. Shifflett A, Karpisek L, Patel K, Cui Y, Lawental M, Tzilos Wernette G, et al. Women Empowered to Connect with
Addiction Resources and Engage in Evidence-based Treatment (WE-CARE): A Usability and Feasibility Study of a Mobile
Health Application for the Universal Screening of Alcohol, Substance Use, Depression and Anxiety. JMIR Formative
Research. Preprint posted online on December 09, 2024 2024 [FREE Full text] [doi: 10.2196/62915]

73. Yonkers KA, Gotman N, Kershaw T, Forray A, Howell HB, Rounsaville BJ. Screening for prenatal substance use:
development of the substance use risk profile-pregnancy scale. Obstet Gynecol 2010;116(4):827-833 [FREE Full text] [doi:
10.1097/AOG.0b013e3181ed8290] [Medline: 20859145]

74. McNeely J, Wu LT, Subramaniam G, Sharma G, Cathers LA, Svikis D, et al. Performance of the tobacco, alcohol, prescription
medication, and other substance use (TAPS) tool for substance use screening in primary care patients. Ann Intern Med
2016;165(10):690-699 [FREE Full text] [doi: 10.7326/M16-0317] [Medline: 27595276]

75. Hughes AJ, Dunn KM, Chaffee T, Bhattarai JJ, Beier M. Diagnostic and clinical utility of the GAD-2 for screening anxiety
symptoms in individuals with multiple sclerosis. Arch Phys Med Rehabil 2018;99(10):2045-2049 [FREE Full text] [doi:
10.1016/j.apmr.2018.05.029] [Medline: 29964000]

JMIR Form Res 2025 | vol. 9 | e62915 | p.3927https://formative.jmir.org/2025/1/e62915
(page number not for citation purposes)

Isaacs et alJMIR FORMATIVE RESEARCH

XSL•FO
RenderX

http://dx.doi.org/10.1016/j.procs.2022.09.091
https://europepmc.org/abstract/MED/28394729
http://dx.doi.org/10.1080/10810730.2017.1303556
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28394729&dopt=Abstract
https://www.jmir.org/2023//e40789/
http://dx.doi.org/10.2196/40789
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=36826990&dopt=Abstract
https://formative.jmir.org/2022/5/e33037/
http://dx.doi.org/10.2196/33037
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35576569&dopt=Abstract
https://www.jmir.org/2020/11/e20251/
http://dx.doi.org/10.2196/20251
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33141095&dopt=Abstract
https://linkinghub.elsevier.com/retrieve/pii/S0740-5472(19)30582-3
http://dx.doi.org/10.1016/j.jsat.2020.02.005
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32220409&dopt=Abstract
https://dx.plos.org/10.1371/journal.pone.0204890
http://dx.doi.org/10.1371/journal.pone.0204890
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30335780&dopt=Abstract
http://dx.doi.org/10.1037/adb0000318
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29199843&dopt=Abstract
http://dx.doi.org/10.1002/jclp.20638
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19739205&dopt=Abstract
https://www.pewresearch.org/internet/fact-sheet/mobile/
http://dx.doi.org/10.1111/jmwh.13009
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31347784&dopt=Abstract
https://europepmc.org/abstract/MED/28476273
http://dx.doi.org/10.1016/j.jsat.2017.03.011
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28476273&dopt=Abstract
http://dx.doi.org/10.1089/tmj.2021.0418
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35254886&dopt=Abstract
http://dx.doi.org/10.1016/j.jmwh.2008.07.017
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18984505&dopt=Abstract
https://www.jmir.org/2022/8/e37851/
http://dx.doi.org/10.2196/37851
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=36040782&dopt=Abstract
https://europepmc.org/abstract/MED/35258581
http://dx.doi.org/10.1001/jamanetworkopen.2022.1480
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35258581&dopt=Abstract
https://harmreductionjournal.biomedcentral.com/articles/10.1186/s12954-022-00658-w
http://dx.doi.org/10.1186/s12954-022-00658-w
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35799296&dopt=Abstract
https://preprints.jmir.org/preprint/62915
http://dx.doi.org/10.2196/62915
https://europepmc.org/abstract/MED/20859145
http://dx.doi.org/10.1097/AOG.0b013e3181ed8290
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20859145&dopt=Abstract
https://europepmc.org/abstract/MED/27595276
http://dx.doi.org/10.7326/M16-0317
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27595276&dopt=Abstract
https://europepmc.org/abstract/MED/29964000
http://dx.doi.org/10.1016/j.apmr.2018.05.029
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29964000&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


76. Instrument: Patient Health Questionnaire-2 (PHQ-2).: NIDA CTN Common Data Elements URL: https://cde.nida.nih.gov/
instrument/fc216f70-be8e-ac44-e040-bb89ad433387 [accessed 2024-12-30]

77. Vyond products: the effortless, all-in-one AI video creation platform.: Vyond URL: https://www.vyond.com/product/
[accessed 2024-12-30]

78. ChatGPT 4o mini.: ChatGPT URL: https://chat.openai.com [accessed 2024-12-30]
79. Quality data. From real people. For faster breakthroughs.: Prolific URL: https://www.prolific.com/ [accessed 2024-12-30]
80. Screening, Brief Intervention, and Referral to Treatment (SBIRT).: Substance Abuse and Mental Health Services

Administration URL: https://www.samhsa.gov/sbirt [accessed 2024-12-30]
81. Barry KL, Blow FC, Willenbring ML, McCormick R, Brockmann LM, Visnic S. Use of alcohol screening and brief

interventions<br/>in primary care settings: implementation and barriers. Subst Abus 2004;25(1):27-36. [doi:
10.1300/J465v25n01_05] [Medline: 15201109]

82. Kokole D, Mercken L, Jané-Llopis E, Natera Rey G, Arroyo M, Medina P, et al. Perceived appropriateness of alcohol
screening and brief advice programmes in colombia, mexico and peru and barriers to their implementation in primary health
care - a cross-sectional survey. Prim Health Care Res Dev 2021;22:e4 [FREE Full text] [doi: 10.1017/S1463423620000675]
[Medline: 33504413]

83. Im GY, Mellinger JL, Winters A, Aby ES, Lominadze Z, Rice J, et al. Provider attitudes and practices for alcohol screening,
treatment, and education in patients with liver disease: A Survey From the American association for the study of liver
diseases alcohol-associated liver disease special interest group. Clin Gastroenterol Hepatol 2021;19(11):2407-2416.e8
[FREE Full text] [doi: 10.1016/j.cgh.2020.10.026] [Medline: 33069880]

84. What is SBIRT?.: SBIRT URL: https://sites.education.miami.edu/sbirt/what-is-sbirt/ [accessed 2024-12-30]
85. Tsogia D, Copello A, Orford J. Entering treatment for substance misuse: a review of the literature. J. Mental Health

2001;10(5):481-499. [doi: 10.1080/09638230120041254]
86. Mertens JR, Chi FW, Weisner CM, Satre DD, Ross TB, Allen S, et al. Physician versus non-physician delivery of alcohol

screening, brief intervention and referral to treatment in adult primary care: the ADVISe cluster randomized controlled
implementation trial. Addict Sci Clin Pract 2015;10:26 [FREE Full text] [doi: 10.1186/s13722-015-0047-0] [Medline:
26585638]

87. Martin CE, Scialli A, Terplan M. Unmet substance use disorder treatment need among reproductive age women. Drug
Alcohol Depend 2020;206:107679. [doi: 10.1016/j.drugalcdep.2019.107679] [Medline: 31740208]

88. Mental Health Disorder Statistics.: Johns Hopkins Medicine URL: https://www.hopkinsmedicine.org/health/
wellness-and-prevention/mental-health-disorder-statistics [accessed 2024-12-30]

89. Lee B, Wang Y, Carlson SA, Greenlund KJ, Lu H, Liu Y, et al. National, state-level, and county-level prevalence estimates
of adults aged ≥18 Years self-reporting a lifetime diagnosis of depression - United States, 2020. MMWR Morb Mortal
Wkly Rep 2023;72(24):644-650 [FREE Full text] [doi: 10.15585/mmwr.mm7224a1] [Medline: 37318995]

90. Jia H, Guerin RJ, Barile JP, Okun AH, McKnight-Eily L, Blumberg SJ, et al. National and state trends in anxiety and
depression severity scores among adults during the COVID-19 pandemic - United States, 2020-2021. MMWR Morb Mortal
Wkly Rep 2021;70(40):1427-1432 [FREE Full text] [doi: 10.15585/mmwr.mm7040e3] [Medline: 34618798]

91. Vahratian A, Blumberg SJ, Terlizzi EP, Schiller JS. Symptoms of anxiety or depressive disorder and use of mental health
care among adults during the COVID-19 pandemic - United States, August 2020-February 2021. MMWR Morb Mortal
Wkly Rep 2021;70(13):490-494 [FREE Full text] [doi: 10.15585/mmwr.mm7013e2] [Medline: 33793459]

92. Any Anxiety Disorder.: National Institute of Mental Health URL: https://www.nimh.nih.gov/health/statistics/
any-anxiety-disorder [accessed 2024-12-30]

93. Alexander AC, Ward KD. Understanding postdisaster substance use and psychological distress using concepts from the
self-medication hypothesis and social cognitive theory. J Psychoactive Drugs 2018;50(2):177-186 [FREE Full text] [doi:
10.1080/02791072.2017.1397304] [Medline: 29125424]

94. Newnham EA, Mergelsberg ELP, Chen Y, Kim Y, Gibbs L, Dzidic PL, et al. Long term mental health trajectories after
disasters and pandemics: a multilingual systematic review of prevalence, risk and protective factors. Clin Psychol Rev
2022;97:102203. [doi: 10.1016/j.cpr.2022.102203] [Medline: 36162175]

95. Morse BA, Hutchins E. Reducing complications from alcohol use during pregnancy through screening. J Am Med Womens
Assoc (1972) 2000;55(4):225-240. [Medline: 10935357]

96. Gordon MS, Carswell SB, Schadegg M, Mangen K, Merkel K, Tangires S, et al. Avatar-assisted therapy: a proof-of-concept
pilot study of a novel technology-based intervention to treat substance use disorders. Am J Drug Alcohol Abuse
2017;43(5):518-524. [doi: 10.1080/00952990.2017.1280816] [Medline: 28635345]

97. Gaggioli A, Mantovani F, Castelnuovo G, Wiederhold B, Riva G. Avatars in clinical psychology: a framework for the
clinical use of virtual humans. Cyberpsychol Behav 2003;6(2):117-125. [doi: 10.1089/109493103321640301] [Medline:
12804023]

98. Galvão Gomes da Silva J, Kavanagh DJ, Belpaeme T, Taylor L, Beeson K, Andrade J. Experiences of a motivational
interview delivered by a robot: qualitative study. J Med Internet Res 2018;20(5):e116 [FREE Full text] [doi:
10.2196/jmir.7737] [Medline: 29724701]

JMIR Form Res 2025 | vol. 9 | e62915 | p.3928https://formative.jmir.org/2025/1/e62915
(page number not for citation purposes)

Isaacs et alJMIR FORMATIVE RESEARCH

XSL•FO
RenderX

https://cde.nida.nih.gov/instrument/fc216f70-be8e-ac44-e040-bb89ad433387
https://cde.nida.nih.gov/instrument/fc216f70-be8e-ac44-e040-bb89ad433387
https://www.vyond.com/product/
https://chat.openai.com
https://www.prolific.com/
https://www.samhsa.gov/sbirt
http://dx.doi.org/10.1300/J465v25n01_05
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15201109&dopt=Abstract
https://europepmc.org/abstract/MED/33504413
http://dx.doi.org/10.1017/S1463423620000675
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33504413&dopt=Abstract
https://europepmc.org/abstract/MED/33069880
http://dx.doi.org/10.1016/j.cgh.2020.10.026
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33069880&dopt=Abstract
https://sites.education.miami.edu/sbirt/what-is-sbirt/
http://dx.doi.org/10.1080/09638230120041254
https://ascpjournal.biomedcentral.com/articles/10.1186/s13722-015-0047-0
http://dx.doi.org/10.1186/s13722-015-0047-0
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26585638&dopt=Abstract
http://dx.doi.org/10.1016/j.drugalcdep.2019.107679
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31740208&dopt=Abstract
https://www.hopkinsmedicine.org/health/wellness-and-prevention/mental-health-disorder-statistics
https://www.hopkinsmedicine.org/health/wellness-and-prevention/mental-health-disorder-statistics
https://doi.org/10.15585/mmwr.mm7224a1
http://dx.doi.org/10.15585/mmwr.mm7224a1
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=37318995&dopt=Abstract
https://doi.org/10.15585/mmwr.mm7040e3
http://dx.doi.org/10.15585/mmwr.mm7040e3
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34618798&dopt=Abstract
https://doi.org/10.15585/mmwr.mm7013e2
http://dx.doi.org/10.15585/mmwr.mm7013e2
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33793459&dopt=Abstract
https://www.nimh.nih.gov/health/statistics/any-anxiety-disorder
https://www.nimh.nih.gov/health/statistics/any-anxiety-disorder
https://europepmc.org/abstract/MED/29125424
http://dx.doi.org/10.1080/02791072.2017.1397304
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29125424&dopt=Abstract
http://dx.doi.org/10.1016/j.cpr.2022.102203
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=36162175&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=10935357&dopt=Abstract
http://dx.doi.org/10.1080/00952990.2017.1280816
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28635345&dopt=Abstract
http://dx.doi.org/10.1089/109493103321640301
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=12804023&dopt=Abstract
https://www.jmir.org/2018/5/e116/
http://dx.doi.org/10.2196/jmir.7737
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29724701&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


99. Baylor AL. Promoting motivation with virtual agents and avatars: role of visual presence and appearance. Philos Trans R
Soc Lond B Biol Sci 2009;364(1535):3559-3565 [FREE Full text] [doi: 10.1098/rstb.2009.0148] [Medline: 19884150]

100. Baccon LA, Chiarovano E, MacDougall HG. Virtual reality for teletherapy: avatars may combine the benefits of face-to-face
communication with the anonymity of online text-based communication. Cyberpsychol Behav Soc Netw 2019;22(2):158-165.
[doi: 10.1089/cyber.2018.0247] [Medline: 30540490]

101. Dworkin MS, Lee S, Chakraborty A, Monahan C, Hightow-Weidman L, Garofalo R, et al. Acceptability, feasibility, and
preliminary efficacy of a theory-based relational embodied conversational agent mobile phone intervention to promote HIV
medication adherence in young HIV-positive African American MSM. AIDS Educ Prev 2019;31(1):17-37. [doi:
10.1521/aeap.2019.31.1.17] [Medline: 30742481]

102. Rehm IC, Foenander E, Wallace K, Abbott JM, Kyrios M, Thomas N. What role can avatars play in e-mental health
interventions? Exploring new models of client-therapist interaction. Front Psychiatry 2016;7:186 [FREE Full text] [doi:
10.3389/fpsyt.2016.00186] [Medline: 27917128]

103. Canidate S, Hart M. The use of avatar counseling for HIV/AIDS health education: the examination of self-identity in avatar
preferences. J Med Internet Res 2017;19(12):e365 [FREE Full text] [doi: 10.2196/jmir.6740] [Medline: 29196281]

104. Tzilos GK, Sokol RJ, Ondersma SJ. A randomized phase I trial of a brief computer-delivered intervention for alcohol use
during pregnancy. J Womens Health (Larchmt) 2011;20(10):1517-1524 [FREE Full text] [doi: 10.1089/jwh.2011.2732]
[Medline: 21823917]

105. Martino S, Ondersma SJ, Forray A, Olmstead TA, Gilstad-Hayden K, Howell HB, et al. A randomized controlled trial of
screening and brief interventions for substance misuse in reproductive health. Am J Obstet Gynecol 2018;218(3):322.e1
[FREE Full text] [doi: 10.1016/j.ajog.2017.12.005] [Medline: 29247636]

106. Ondersma SJ, Beatty JR, Svikis DS, Strickler RC, Tzilos GK, Chang G, et al. Computer-delivered screening and brief
intervention for alcohol use in pregnancy: a pilot randomized trial. Alcohol Clin Exp Res 2015;39(7):1219-1226 [FREE
Full text] [doi: 10.1111/acer.12747] [Medline: 26010235]

107. Terplan M. Commentary on ondersma et al. (2012): beyond the quest for the perfect test-drug use screening in pregnancy.
Addiction 2012;107(12):2107-2108. [doi: 10.1111/j.1360-0443.2012.04094.x] [Medline: 23167646]

108. Pace CA, Gergen-Barnett K, Veidis A, D'Afflitti J, Worcester J, Fernandez P, et al. Warm handoffs and attendance at initial
integrated behavioral health appointments. Ann Fam Med 2018;16(4):346-348 [FREE Full text] [doi: 10.1370/afm.2263]
[Medline: 29987084]

Abbreviations
AUD: alcohol use disorder
CDC: Centers for Disease Control and Prevention
DSM-IV: Diagnostic and Statistical Manual of Mental Disorders (Fourth Edition)
FAQ: frequently asked question
GAD-2: Generalized Anxiety Disorder-2 Scale
HCP: health care provider
LSW: licensed social worker
MI: motivational interviewing
NIAAA: National Institute on Alcohol Abuse and Alcoholism
NIDA: National Institute on Drug Abuse
PHQ-2: Patient Health Questionnaire-2
SAMHSA: Substance Abuse and Mental Health Services Administration
SBIRT: Screening, Brief Intervention, and Referral to Treatment
SUD: substance use disorder
SURP-P: Substance Use Risk Profile–Pregnancy
SUS: System Usability Scale
TAPS-1: Tobacco, Alcohol, Prescription medication, and Other Substance Use Tool
USPTF: United States Preventative Task Force
WE-CARE: Women Empowered to Connect with Addiction Resources and Engage in Evidence-based Treatment

JMIR Form Res 2025 | vol. 9 | e62915 | p.3929https://formative.jmir.org/2025/1/e62915
(page number not for citation purposes)

Isaacs et alJMIR FORMATIVE RESEARCH

XSL•FO
RenderX

https://europepmc.org/abstract/MED/19884150
http://dx.doi.org/10.1098/rstb.2009.0148
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19884150&dopt=Abstract
http://dx.doi.org/10.1089/cyber.2018.0247
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30540490&dopt=Abstract
http://dx.doi.org/10.1521/aeap.2019.31.1.17
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30742481&dopt=Abstract
https://europepmc.org/abstract/MED/27917128
http://dx.doi.org/10.3389/fpsyt.2016.00186
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27917128&dopt=Abstract
https://www.jmir.org/2017/12/e365/
http://dx.doi.org/10.2196/jmir.6740
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29196281&dopt=Abstract
https://europepmc.org/abstract/MED/21823917
http://dx.doi.org/10.1089/jwh.2011.2732
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21823917&dopt=Abstract
https://europepmc.org/abstract/MED/29247636
http://dx.doi.org/10.1016/j.ajog.2017.12.005
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29247636&dopt=Abstract
https://europepmc.org/abstract/MED/26010235
https://europepmc.org/abstract/MED/26010235
http://dx.doi.org/10.1111/acer.12747
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26010235&dopt=Abstract
http://dx.doi.org/10.1111/j.1360-0443.2012.04094.x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23167646&dopt=Abstract
http://www.annfammed.org/cgi/pmidlookup?view=long&pmid=29987084
http://dx.doi.org/10.1370/afm.2263
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29987084&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


Edited by A Mavragani; submitted 11.06.24; peer-reviewed by R Yin; comments to author 18.11.24; revised version received 07.12.24;
accepted 09.12.24; published 07.02.25.

Please cite as:
Isaacs K, Shifflett A, Patel K, Karpisek L, Cui Y, Lawental M, Tzilos Wernette G, Borsari B, Chang K, Ma T
Women Empowered to Connect With Addiction Resources and Engage in Evidence-Based Treatment (WE-CARE)—an mHealth
Application for the Universal Screening of Alcohol, Substance Use, Depression, and Anxiety: Usability and Feasibility Study
JMIR Form Res 2025;9:e62915
URL: https://formative.jmir.org/2025/1/e62915 
doi:10.2196/62915
PMID:39918861

©Krystyna Isaacs, Autumn Shifflett, Kajal Patel, Lacey Karpisek, Yi Cui, Maayan Lawental, Golfo Tzilos Wernette, Brian
Borsari, Katie Chang, Tony Ma. Originally published in JMIR Formative Research (https://formative.jmir.org), 07.02.2025. This
is an open-access article distributed under the terms of the Creative Commons Attribution License
(https://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution, and reproduction in any medium,
provided the original work, first published in JMIR Formative Research, is properly cited. The complete bibliographic information,
a link to the original publication on https://formative.jmir.org, as well as this copyright and license information must be included.

JMIR Form Res 2025 | vol. 9 | e62915 | p.3930https://formative.jmir.org/2025/1/e62915
(page number not for citation purposes)

Isaacs et alJMIR FORMATIVE RESEARCH

XSL•FO
RenderX

https://formative.jmir.org/2025/1/e62915
http://dx.doi.org/10.2196/62915
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=39918861&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


Original Paper

Digital Solution to Support Medication Adherence and
Self-Management in Patients with Cancer (SAMSON): Pilot
Randomized Controlled Trial

Thu Ha Dang1,2,3, MIPH, MD; Nilmini Wickramasinghe4,5,6, MBA, PhD; Prem Prakash Jayaraman7, PhD; Kate

Burbury8,9,10, PhD; Marliese Alexander10,11, PhD; Ashley Whitechurch10,12, MNS; Mitchell Dyer11, MClinPharm;

Stephen Quinn13, PhD; Abdur Rahim Mohammad Forkan14, PhD; Penelope Schofield10,15,16, BSc(Hons), PhD
1Department of Psychological Sciences, School of Health Sciences, Swinburne University of Technology, Melbourne, Australia
2Health Services Research and Implementation Sciences, Peter MacCallum Cancer Centre, Melbourne, Australia
3Digital Health Cooperative Research Centre, Sydney, Australia
4Optus Chair Digital Health, La Trobe University, Melbourne, Australia
5Department Health and Bio Statistics, School of Health Sciences and Iverson Health Innovation Research Institute, Swinburne University of Technology,
Melbourne, Australia
6Epworth Healthcare, Melbourne, Australia
7Factory of the Future and Digital Innovation Lab, Department of Computer Science and Software Engineering, School Software and Electrical
Engineering, Swinburne University of Technology, Melbourne, Australia
8Tasmanian Health Services, Department of Health, Hobart, Australia
9Digital and Healthcare Innovation, Peter McCallum Cancer Centre, Melbourne, Australia
10Sir Peter MacCallum Department of Oncology, The University of Melbourne, Melbourne, Australia
11Pharmacy Department, Peter MacCallum Cancer Centre, Melbourne, Australia
12Department of Clinical Haematology, Peter MacCallum Cancer Centre, Melbourne, Australia
13Department of Health Science and Biostatistics, Swinburne University of Technology, Melbourne, Australia
14Digital Innovation Lab, Department of Computer Science and Software Engineering, School Software and Electrical Engineering, Swinburne University
of Technology, Melbourne, Australia
15School of Computing, Engineering and Mathematical Sciences, La Trobe University, Melbourne, Australia
16Department of Psychological Sciences and Iverson Health Innovation Research Institute, Swinburne University of Technology, Melbourne, Australia

Corresponding Author:
Thu Ha Dang, MIPH, MD
Department of Psychological Sciences
School of Health Sciences
Swinburne University of Technology
John Street
Hawthorn
Melbourne, 3122
Australia
Phone: 61 422703347
Email: thuhadang@swin.edu.au

Abstract

Background: Medication nonadherence is a serious problem in cancer, potentially impacts patients’ health outcomes and health
care costs. Although technology-based medication adherence (MA) interventions have emerged, evidence supporting their quality
and effectiveness remains limited.

Objective: This study tested the acceptability, feasibility, and potential effects of Safety and Adherence to Medications and
Self-care Advice in Oncology (SAMSON), a digital solution designed to support MA and self-management in cancer.

Methods: A 12-week, 2-arm, unblinded, pragmatic pilot randomized controlled trial was conducted. Adults with hematological
malignancies who started oral cancer medicines within the last 12 months were recruited from a metropolitan specialized hospital
and randomized 1:1 to SAMSON or control (usual care). The SAMSON solution included a smartphone app with tailored alerts
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and real-time self-care advice, a web-based dashboard for health care professionals (HCPs) to monitor patients’ adherence and
symptoms, and motivational interviewing (MI) teleconsultations delivered by oncology nurses and pharmacists at baseline and
weeks 1, 4, 8, and 12. Primary outcomes were the patients’acceptance of SAMSON, measured by the Unified Theory of Acceptance
and Use of Technology at 12 weeks, and study feasibility, measured by predefined rates of recruitment, randomization, retention,
intervention adherence, and outcome assessment completion. Secondary outcomes were comparison of MA and clinical
self-assessments through online questionnaires, including adherence, toxicity self-management, anxiety and depression symptoms,
and quality of life, measured at baseline and 12 weeks between the 2 arms. Data retrieved from the SAMSON app (Swinburne
University of Technology) was analysed for task completion.

Results: A total of 33 patients (79% of those who were approached) consented to participate in the trial. Of those, 31/33 (94%)
completed baseline surveys and were randomized to SAMSON (15/31) and control arms (16/31). Of 31 patients, 28 (90%)
completed the 12-week surveys (12 SAMSON and 16 control). Overall, patients rated the SAMSON solution as highly acceptable
(13/15, 87% app usage; 14/15, 93% MI teleconsultation delivery). They reported that SAMSON was easy to use (10/12, 83%)
and helpful in improving their MA (6/12, 50%). All study HCPs reported the SAMSON solution was helpful in supporting
patients’ MA. Patients completed an average of 99 tasks over the 12-week study period (71% of scheduled tasks). Most patients
(10/12, 83%) completed all 5 scheduled consultations. All study feasibility measures were higher than the predefined upper
thresholds, except the rate of patients’ responses to medication reminders.

Conclusions: The results demonstrated that the SAMSON solution is acceptable, usable, and useful for oncology HCPs and
patients with cancer. The SAMSON solution is feasible in real-life oncology settings. Our next steps involve refining the SAMSON
solution based on participants’ feedback, conducting a large-scale randomized controlled trial to evaluate its clinical and economic
effectiveness, and exploring potential commercialization.

Trial Registration: Australian New Zealand Clinical Trials Registry ACTRN12623000472673;
https://www.anzctr.org.au/Trial/Registration/TrialReview.aspx?id=385728

International Registered Report Identifier (IRRID): RR2-10.1136/bmjopen-2023-079122

(JMIR Form Res 2025;9:e65302)   doi:10.2196/65302

KEYWORDS

home-based cancer treatment; smartphone app; oral chemotherapy; patient safety; SAMSON; mobile phone; digital solution;
medication adherence; self-management; cancer; randomized controlled trial; RCT; pilot study; oncology; mobile health; mHealth;
quality of life; eHealth

Introduction

Increasingly, cancer is being treated with self-administered
medications [1,2], often involving long and complex treatment
regimens [2-4]. A patient’s ability to adhere to medications
throughout the treatment period is central to the successful
delivery of self-administered anticancer regimens [5,6].
However, medication adherence (MA) in cancer is low [7] and
often decreases over time [8]. The MA rate is particularly low
in hematological cancers, with a variation between 6% [9] and
53% [10]. Improving MA in patients with cancer is crucial, as
evidence shows that nonadherence is associated with low
survival rates, disease progression, as well as increased health
care use and costs [6,11,12].

Given the importance of MA in cancer, there has been an
increase in the number of MA interventions in recent times,
especially digital interventions [13,14]. With the boom of
technology, for instance, smartphones [15], digital health
solutions promise more advantages in terms of improved clinical
outcomes, and cost efficiency, and they are increasingly
accepted by patients [16]. However, evidence on the quality
and effectiveness of available MA interventions in cancer
remains sparse [17,18]. Our most recent systematic review
showed that MA interventions that have multicomponents that
are theory- and evidence-based and rigorously designed and
evaluated are more likely to be effective [18].

Based on findings from the literature review and the need to
address the medication nonadherence problem in cancer, we
developed Safety and Adherence to Medications and Self-care
Advice in Oncology (SAMSON), a multicomponent digital
solution to improve MA. Individual components of the
SAMSON solution were co-designed and rigorously developed
based on evidence and largely informed by behavioral science
research and design science research methodology. The solution
comprises 2 components. The first is a smartphone app
(SAMSON app) involving individually tailored phone alerts
and real-time advice for side effect self-management [19] and
a web-based dashboard where patients can track their adherence
performance and health care professionals (HCPs) can manage
patients’ profile, view their adherence performance and survey
responses, and manage their medication schedules and related
side effects. The second is a motivational interviewing training
platform (MITP) to train HCPs in motivational interviewing
(MI) techniques to support patient adherence and side effect
self-management [20]. After being co-designed and developed,
the SAMSON app was tested on end users, specifically patients
with hematological cancer [19], and the MITP was tested on
HCPs [20]. We hypothesized that the combination of these 2
components (the SAMSON solution) would be broadly
acceptable to patients, practically feasible in a busy clinical
practice, and potentially effective in improving MA for patients
with cancer.
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Methods

The CONSORT (Consolidated Standards of Reporting Trials)
EHEALTH checklist V 1.6.1 [21] was used to report the present
study (Multimedia Appendix 1).

Study Design
We aimed to test the acceptability, feasibility, and potential
effects of the SAMSON solution on 30-50 patients with
hematological cancer through a 2-armed, unblinded, 12-week,
pragmatic pilot randomized controlled trial (RCT) [22]. After
providing written consent (Multimedia Appendix 2) and
completing baseline questionnaires (Multimedia Appendix 3),
participants were randomized to either the intervention group
(SAMSON solution) or the control group (usual care) at a 1:1
ratio. After 12 weeks, they completed end-of-study surveys
(Multimedia Appendix 3).

Randomization
Using a computer-generated randomization chart, a permuted
block randomization of size 4 was used to ensure an even
balance of patients in each group throughout the study period.
The allocation schedule was generated by a statistician who was
blinded to the participants to prevent any predictability when
randomizing participants to intervention or control [23].

Patients and Eligibility
Patients were recruited from a metropolitan specialized cancer
hospital in Melbourne, Australia, between August 2023 and
February 2024. Eligible patients were adults (more than 18 years
old), diagnosed with hematological cancer, scheduled to
commence oral anticancer medicines (OAMs) or commenced
the medication for less than 12 months, willing to have OAMs
dispensed at the hospital for the duration of the trial, able to
communicate in English, and had access to the internet, a
smartphone or computer, and telehealth.

Recruitment
Patients were identified by study site nurses, pharmacists, or
treating consultants, who were informed about the study and
eligible criteria. At their scheduled consultation, they were asked
if they would like their details passed on for contact by the
research team. If the patient agreed, they were referred to the
study RC. Then, the RC contacts the patient for screening and
a comprehensive informed consent process, either in person or
online.

Intervention

SAMSON Solution
Patients allocated to the intervention group received the
SAMSON solution in addition to their usual care at Peter
MacCallum Cancer Centre (PMCC). They were instructed by
the RC on how to install the SAMSON app on their smartphone
and received login details with a protected password as well as
the SAMSON app user manual. Patients’ personal and clinical
information, such as diagnosis and treatment, extracted from
the hospital’s electronic medical record system (EMR), was
entered in the SAMSON web-based dashboard by the RC and
made available in the smartphone app.

Patients were informed that they would receive a
teleconsultation (either via phone or telehealth) from a hospital
clinical pharmacist in the first 3 days after enrolling in the study,
and a maximum of 4 follow-up teleconsultations from a hospital
clinical nurse on weeks 1, 4, 8, and 12 of the study. These
teleconsultations were on top of the usual care at the hospital.
All teleconsultations followed predefined structures and were
delivered by hospital clinical nurses and pharmacists who were
previously trained in MI using the developed MITP. The initial
consultation took 30-60 minutes, aiming to provide education
on the OAM(s) that the patient received and the importance of
adherence, support the patient in making decisions regarding
their medication-taking schedule, and identify and document
possible risks and barriers to MA.

Based on the agreed medication-taking schedule, individualized
daily medication reminders and weekly side effect surveys were
set up in the SAMSON backend platform using the web-based
dashboard user interface, so patients can receive them in the
installed smartphone app. Medicine information and side effect
self-care advice, developed by experienced oncology
pharmacists based on available reliable resources and clinician
review, and approved by PMCC’s Human Research Ethics
Committees (HREC), were populated in the SAMSON backend
platform using the web-based dashboard. Patients were asked
to respond to daily medication reminders and weekly side effect
surveys, as well as review self-care advice in the smartphone
app. Data on patients’ adherence and drug toxicity collected
through the SAMSON solution were stored centrally on a
secured server, then aggregated, analyzed, and uploaded onto
the web-based dashboard so that study nurses and pharmacists
could monitor patients’ adherence and symptoms. These data
were also used by HCPs to tailor their teleconsultations with
patients. Patients used the SAMSON app throughout the
12-week period of the study.

The follow-up structured teleconsultations (15-30 minutes in
length) aimed to check the patient’s understanding of diagnosis,
symptoms, self-care strategy, and medications; further explore
the patient’s facilitators and barriers to MA; motivate the
patient’s adherence, strengthen their medication
self-management skills, and change patient’s nonadherence
behavior by using MI skills. The quantity and length of these
consultations were tailored to the individual patient’s need and
adherence status.

Intervention nurses and pharmacists had more than 5 years of
clinical experience in providing oncology care and successfully
completed MI training via the MITP. They were also equipped
with instruction manuals on how to conduct teleconsultation
and use the SAMSON web-based dashboard. Brief notes were
produced and recorded in hospital electronic medical records,
as well as sent to the patient at the end of the consultation
session.

Usual Care
Patients who were allocated to the control group received usual
care. The usual care at the hospital consisted of a clinician
consultation, an initial in-person pharmacist consultation (often
5-10 minutes in length), and a phone call follow-up from a
clinical nurse within 1-2 weeks after commencing medication.
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Measures
Demographic was completed at baseline (t0). Patients’ personal
and clinical information was collected from the hospital’s
electronic medical record system. The study’s primary outcomes
included the patients’ acceptance of SAMSON, measured by
the Unified Theory of Acceptance and Use of Technology
(UTAUT) [24,25] at 12 weeks (t1), and study feasibility,
measured by predefined rates of recruitment, randomization,
retention, intervention adherence, and outcome assessment
completion [26,27]. Secondary outcomes included MA,
self-reported adherence, toxicity self-management, anxiety,
depression and symptoms, and quality of life. Outcomes were
assessed at baseline (t0) and at the end of week 12 (t1), except
MA measured in week 16. All survey data collection
(Multimedia Appendix 3) was done through (Research
Electronic Data Capture) REDCap (Vanderbilt University) [28].

Primary Outcome Measures

Acceptability
The UTAUT questionnaire was adapted to assess determinants
of HCPs’ and patients’ acceptance and use of the SAMSON
solution, including 5 dimensions: performance expectancy,
effort expectancy, social influence, facilitating conditions, and
behavioral intention [25]. Patients were asked to rate their
satisfaction with the SAMSON solution on a 5-point Likert
scale. Participants were also invited to provide free-text feedback
and suggestions on the solution.

Feasibility
A traffic light approach [29] (Table S1 in Multimedia Appendix
4) was used to determine the feasibility success at 3 levels: (1)
feasible (above the upper threshold), (2) infeasible (below the
lower threshold), and (3) protocol revision (between the 2
thresholds). The thresholds were defined in consultation with
the Steering Committee and based on the literature of similar
studies. Informal discussions with study personnel were
attempted to obtain feedback on the feasibility.

Secondary Outcome Measures
MA was measured by medication refill adherence (MRA) [30]
collected from pharmacy dispensing data. MRA was defined
as a percentage calculated from the total days’ supply divided
by the number of days of study participation and multiplied by
100. In this study, the patient was considered as optimal
adherence if their MRA was≥90%.

Self-reported adherence (Adherence Starts with Knowledge 12
[ASK-12]) was measured [31]; this measure included 12 items
in 3 subscales: adherence behavior, health beliefs, and
inconvenience or forgetfulness.

Toxicity self-management was measured with the Patient
Activation Measure-Short Form [32,33], a 13-item self-report
measure assessing the patient’s knowledge, skills, and
confidence in the self-management of their disease and related
symptoms.

Anxiety, depression, and symptoms were measured by the
Patient-Reported Outcomes Measurement Information System

(PROMIS) [34] to assess depression, anxiety, pain interference,
fatigue, sleep disturbance, and physical function.

Quality of Life was measured by Functional Assessment of
Cancer Therapy-General (FACT-G) [35], which is a 27-item
self-report scale measuring the quality of life of patients
currently undergoing cancer treatment.

Analysis
Descriptive statistics were used to summarize participant
characteristics across study arms, and differences in baseline
attributes were assessed using t tests or chi-square tests as
appropriate.

SAMSON acceptability was analyzed thematically. The UTAUT
aims to examine individual quality dimensions, which means
it is a suite of scales rather than one quality measure; therefore,
adding up the overall scale of the questionnaire is not suitable.
Results of UTAUT surveys were summarized for each of the 5
dimensions with the percentage of patients endorsing Likert
scale ratings of 3 (disagree, neither agree nor disagree, and
agree). Free text answers to UTAUT questionnaires were
narratively summarized to gain further insight into acceptability.

Feasibility was determined based on the traffic light approach.
Recruitment feasibility was assessed by the number of patients
recruited (consented) divided by the number of patients who
were approached to join the study. Randomization feasibility
was assessed by the number of patients who were randomized
divided by the number of patients who consented. Retention in
both arms of the study was assessed by the number of patients
who remained at the end of the study divided by the total number
of patients who consented to join the study. We also tracked
intervention adherence, for example, the percentage of patients
who completed tasks on the SAMSON smartphone app and
received MI teleconsultations. Compliance data for survey
completion was calculated as the percentage of patients who
completed surveys at t0 and t1t1 out of the total patients in the
study at these time points.

Secondary outcomes were analyzed using linear regression. The
dependent variable was the outcome at follow-up and the
independent variables were arm assignment and the outcome
at baseline. Standard checks for normality and homoscedasticity
of residuals were conducted for each outcome. All analyses
were conducted using StataNow 18 (StataCorp) [36].

Ethical Considerations
A steering committee—which included chief investigators;
experts in the fields of digital health, information technology,
nursing, pharmacy, psychology, and oncology; and a patients’
representative—was formed to provide support for the study.
This study was approved by the HRECs of PMCC (number
HREC/95332/PMCC) and Swinburne University of Technology
(number 20237273-15836) (Multimedia Appendices 5 and 6).
Patients reviewed study details and indicated their consent using
e-consent forms. Patients were encouraged to contact the study
team if they had any questions or concerns. Patients’ personal
and health information in the SAMSON app was encrypted in
transit and stored in a secure server at Swinburne. Study team
access to patient’s data on the SAMSON web-based dashboard
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was password protected and limited to the research coordinator
(RC) and 4 study nurses and pharmacists. All data analyses
were conducted on deidentified data. Patients received a US
$31 gift voucher if they completed all surveys in the study.

Results

Patient Characteristics
Among 42 patients who were approached, 33/42 (79%)
consented to participate, and 31/33 (94%) completed baseline

(t0) surveys. Of those who completed baseline surveys, 3/31
patients (all from the intervention arm) withdrew from the study
(10 %) due to the burden of the disease. All the remaining 28
patients (100%) completed week-12 surveys (12 intervention
and 16 control) (Figure 1).

Demographics of randomized patients are provided in Table S2
in Multimedia Appendix 7. There were no significant differences
in participants’ demographics between the 2 arms.

Figure 1. CONSORT (Consolidated Standards of Reporting Trials) diagram of Safety and Adherence to Medications and Self-care Advice in Oncology
(SAMSON) pilot randomized controlled trial.

Acceptability Results (Primary Outcome 1)

Overview
Out of 15 intervention arm patients, 13/15 (87%) installed the
SAMSON app on their phone for use (2 patients withdrew). All
15 patients in the intervention arm received the initial pharmacy
teleconsultation. Most patients (14/15, 93%) received at least
1 nurse teleconsultation, and 10 of them (10/15, 67%) completed
all 4 scheduled nurse teleconsultations.

Data retrieved from the SAMSON app showed moderate
engagement among participants. Patients completed an average

of 99 app tasks (including responses to daily medication
reminders and weekly side effect surveys) over the 12-week
study period, which accounted for 99/140, 71% of scheduled
tasks. A total of 36 severe episodes of symptoms were reported.

Out of 15 patients, 12/15 (80%) and 3 study HCPs (100%)
completed the UTAUT surveys. A summary of patients’ and
HCPs’ responses to the UTAUT questionnaire is presented
below, with full details in Multimedia Appendices 8 and 9.
Figure 2 presents patients’ and HCPs’ key opinions about the
SAMSON solution.
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Figure 2. Patients’ and health care professionals’ opinions about Safety and Adherence to Medications and Self-care Advice in Oncology (SAMSON)
solution (n=12 and n=3, respectively).

Performance Expectancy
Half of the patients (6/12) in the intervention arm reported that
their MA could improve with the help of the SAMSON solution.
Patients used different MA-supporting mechanisms provided
by SAMSON solution, including prompting reminders (7/12,
58%), disease and treatment education (10/12, 83%), improving
confidence in treatment (6/12, 50%), and improving side effect
self-management skills (9/12, 75%). Despite this, 3/12 patients
(25%) found the SAMSON app component was not that helpful.
Of those, 2 were using another commercial MA app with greater
functionality. Some patients (4/12, 33%) reported functional
issues of the app occurring in a short period of time (1-3 days),
for example, medication reminders were not delivered or
responses to reminders were not saved properly.

Of the 3 HCPs participating in the trial, 2 found the SAMSON
solution useful in their job. All HCPs agreed that SAMSON
could enable their 2-way communication with patients which
would increase their ability in supporting patient treatment
adherence. However, 1 HCP suggested that the SAMSON
dashboard’s visual design could be improved to be more
appealing. HCPs’ comments on the time required for MI
teleconsultations were controversial: some suggested that the
scheduled time was good, while it was reported as quite long
for another, which might be a constraint in clinical practice.

Effort Expectancy
The SAMSON app was found to be easy to use by most patients
(10/12, 83%). Its presentation was clear, and the content was
easy to understand (11/12, 92%). Most participants could easily
navigate the app (10/12, 83%), yet 1 (1/12, 8%) struggled in
responding to surveys in the app. Some issues with the app’s

functionality were reported, for example, the medication
reminders’ time was not automatically updated after the daylight
saving time changed, and the app was frozen sometimes, which
affected patients’ responses to reminders.

All HCPs reported that SAMSON was quite easy to use.
However, some issues with the SAMSON web-based dashboard
were reported, for example, it did not allow more than 1 HCP
to monitor the patient, so all study HCPs had to share 1 account.
Two (2/3, 67%), HCPs found implementing MI consultations
quite challenging in practice due to time constraints.

Social Influence
Out of 12 patients, 5 (41.6%) thought that their family and
friends would support their use of SAMSON, while most of
them (10/12, 83%) thought that other patients with cancer would
find SAMSON valuable. Almost all patients (11/12, 92%)
desired SAMSON to be available for use in cancer hospitals.

All HCPs commented that their colleagues would find the
SAMSON valuable and desire to receive the hospital’s support
in implementing SAMSON in daily practice.

Facilitating Conditions
Most participants were confident that they had adequate
knowledge and resources (10/12, 83%) to use SAMSON and
could access support when needed (9/12, 75%). Nevertheless,
2/12 patients (17%) reported their difficulties when dealing with
some technical issues when using the app.

Despite all HCPs reporting that they had adequate knowledge
to apply MI techniques in teleconsultations, 1/3 (33%) wished
to have more training resources on the SAMSON app.
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Behavioral Intention
Most patients (9/12, 75%) felt confident using the SAMSON
app. They would want to continue using SAMSON after the
study finishes (8/12, 67%) or recommend it to their peers (7/12,
58%). The 3 patients (25%) who were using another commercial
MA app with more functionalities would prefer to receive MI
teleconsultations alone. Cost was reported as an important factor
influencing the intention to use SAMSON by the majority of
patients (8/12, 67%).

Regarding the open-ended questions in the UTAUT survey on
experience and perception of the SAMSON solution, patients
valued the SAMSON smartphone app, because it was “easy to
use and prompted reminders” (P31), “placed all medication
resources in one place” (P16), “informative and helpful” (P25),
and provided “help quickly if [the patient has] any queries”
(P30). The “side-effects” tab within the app, providing self-care
advice, was reported to make the patient “feel more secure in
managing medication regimens” (P2), which could result in
high adherence—as one patient commented, “I didn’t miss a
dose” (P7). The number of teleconsultations, duration, and
quality were reported by most patients as good or “perfect” (P3)
and “at the right length of time and allowed me [the patient] to
ask all questions I need while allowing the nurse to gather all
information” (P2); however, 1 mentioned it was “too long”
(P31). Patients provided some helpful suggestions to improve
the convenience of using the SAMSON smartphone app,
including fixing glitches, combining all medications scheduled
at the same time in 1 reminder (rather than separate reminders),
having more options for responding to reminders, and more
attractive presentation.

Over 60% of study HCPs felt confident in delivering SAMSON
to patients in the trial and would like to continue using it in the
future. All of them would introduce the solution to their peers
to use.

Feasibility Results (Primary Outcome 2)
The study recruitment rate was 33/42 (79%). Most participants
went through the information and consent process via phone,
except 4 were recruited on-site. The randomization rate was 31
of 33 (94%). The retention rate was 28 of 33 (85%). The RC
conducted phone calls or in-person check-ups at least 2 times
during the 12-week study. All recruitment, randomization, and
retention rates were higher than the upper threshold.

A total of 13 intervention arm patients (13/15, 87%) used the
SAMSON app. The proportions of responses to medication
reminders and side effect surveys compared to the scheduled
tasks during the 12-week study period were 1061 of 1541
(68.9%) and 128 of 141 (90.8%), respectively. The unmet
threshold of responses to medication reminders could be due
to the app’s functional issues as reported earlier. In total, 65 MI
teleconsultations were delivered from August 2023 to June
2024, of which 35 of 65 (54%) were conducted on time as
scheduled, 26 (40%) were later than scheduled, and 4 (6%) were
missed. The average length of initial pharmacy consultations
was 40 minutes, while nurse follow-up consultations were 40
minutes on average. Reasons for delayed and missed
consultation sessions were mostly on the patient side, including

not showing up at the appointment (25/30, 83%), not responding
to HCP phone calls (4/30, 13%), or international travel (1/30,
3%). Only 2 sessions (7%) were delayed, because the HCP
could not match their work schedule. Of the 12 intervention
arm patients who were retained until the end of the study, 10
of 12 (83%) received all 5 scheduled teleconsultations, 1 (8%)
received 4 teleconsultations and 1 (8%) received 2
teleconsultations.

Baseline surveys were completed by 31/33 (94%) patients. All
who stayed until the end of the study (28/28, 100%) completed
week-12 surveys. Participants completed all surveys online
without any need for support. An alert email was sent by RC
to all participants a few days before the survey due date.
However, over one-third of participants (10/28, 36%) only
completed surveys after being reminded. Details of feasibility
results are presented in Table S3 in Multimedia Appendix 10.

Preliminary Efficacy Results (Secondary Outcomes)

Medication Refill Adherence
Of 28 patients who completed the study, 25/28 (89%) had a
100% adherence rate and 3/28 (11%) had over 95% adherence
rate. There is no difference in the proportion of patients who
had optimal adherence (MRA ≥90%) between the intervention
and control groups (100% for both groups).

The mean and 95% CI of ASK-12, Patient Activation
Measure-Short Form, PROMIS, and Functional Assessment of
Cancer Therapy-General at baseline and week 12 are shown in
Table S4 in Multimedia Appendix 11.

Discussion

Principal Findings
In this study, we aimed to test the acceptability, feasibility, and
preliminary efficacy of a multicomponent MA solution,
SAMSON, to help patients with cancer improve their adherence
to OAMs and self-manage their physical and emotional
symptoms. Overall, patients and oncology HCPs rated SAMSON
as highly acceptable, usable, and useful. These high levels of
user satisfaction evidence that the solution meets the various
needs of support among patients with cancer to medically adhere
to and manage side effects at home [37], as well as the needs
of oncology HCPs for a practical and tailored MI training, and
a means to regularly monitor and provide ongoing support to
patients’ MA [20]. Moreover, qualitative findings suggest that
SAMSON has the potential to help patients in MA and symptom
self-management, as well as to assist HCPs in monitoring and
supporting patients’ adherence. The results of the study help to
address the gap of knowledge and the need in oncology practice
[17,18] by providing evidence of the high quality and potential
effect of a digital multicomponent MA solution.

Regarding SAMSON’s feasibility, we noted a high level of
engagement with the SAMSON solution in terms of the overall
tasks completed by patients on the SAMSON smartphone app
and the MI teleconsultations completed by both HCPs and
patients. The high acceptability and feasibility of SAMSON is
a result of several factors. First, co-design and rigorous design
framework were applied to develop SAMSON [22]. By
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involving end users and stakeholders throughout all design
stages of the intervention, co-designing helped to improve the
solution’s acceptability, desirability, and usability [38,39]. The
use of design frameworks, for example, design science research
methodology in this study, could enhance the artifact’s design,
which is crucial in digital intervention development, and
improve its acceptance, usage, and efficacy [40]. Furthermore,
the design framework usage can improve the rigor and
translatability of research, which is currently limited or poorly
reported in the development of available MA interventions in
cancer [18]. Second, after development, individual components
of SAMSON were successfully tested by end users on their
acceptability, usability, and usefulness [19,20]. To the best of
our knowledge, SAMSON is the first comprehensive digital
MA solution in cancer that is co-designed, theory-based,
evidence-based, and rigorously developed and tested.

Although overall acceptance and feasibility were relatively high,
some HCPs and patients in the trial reported several technical
issues with the SAMSON app and desired better visualization,
more functionality, and further instructions and training. This
feedback will be used to further improve the solution in the
future. A couple of study HCPs were concerned about the time
required for MI consultations. Time constraints have been
reported as one of the barriers to MI implementation in clinical
practice [41]. It is noted that in this study, SAMSON was
delivered as an add-on service on top of the hospital’s usual
care, which required extra time and effort from busy HCPs. In
addition, delivering MI consultations to promote adherence was
a newly acquired skill by the study HCPs, thus, they required
more time to master this approach. A holistic approach,
including the hospital’s mechanisms to provide continuous MI
monitoring and training, as well as support (both in terms of
skills and resources) to facilitate and maintain HCPs’confidence
and motivation in using this skill set can be a solution to tackle
MI implementation barriers [41,42].

The overall recruitment, randomization, retention, and data
collection compliance rates were higher than the preset upper
thresholds. A high attrition rate is generally one of the major
concerns in digital health RCTs compared to RCTs testing more
“traditional” interventions [43]. However, the high recruitment
rate and the low rate of loss to follow-up in this trial indicate
that the SAMSON solution and online pragmatic RCT design
are feasible in busy oncology clinical settings, as long as
appropriate methodological strategies are applied. Specifically,
in this study, clinical nurses and pharmacists from the
Hematology Department were recruited and funded to support
study recruitment and deliver teleconsultations. The RC
dedicated additional time to building rapport with participants
and consistently assisted them through all processes of the trial
(consenting, baseline assessment, randomization, app
installation, technical training and support, and outcome

assessments). In addition, different channels of communication,
for example, emails, phone calls, and SMSs were used to
follow-up and motivate participants throughout the study. The
importance of check-ups and follow-ups postrandomization in
trials of digital interventions, where participants are required
to have certain levels of digital literacy to perform tasks of the
intervention [44], has been emphasized in several studies [45].
Future digital trials may benefit from these recruitment and
retention strategies.

In this trial, a combination of techniques was used to measure
MA, including self-report measures and prescription refill
reports. Although triangulation of measurements could improve
the accuracy of adherence [46], its interpretation needs to be
cautious. The MRA using pharmacy computer records, which
is objective [47], does not guarantee that all dispensed
medications were consumed by patients. The self-reported
adherence survey (ASK-12) is simple, but often subjective and
more about barriers to adherence than actual adherence status
[31]. Future studies should consider using high-accuracy
methods, such as the Medication Event Monitoring System [5],
to measure MA.

This study has some limitations. Like many digital health
studies, our sample was predominantly Caucasian and highly
educated [48,49]. Consequently, the findings may not be
representative of patients who are non-Caucasian or have lower
socioeconomic status, who might face higher barriers to
adherence and could potentially benefit more from the
SAMSON solution than their Caucasian or higher
socioeconomic status peers [50,51]. Participants were recruited
from the Hematology department at PMCC, one of Australia’s
leading oncology hospitals, and were prescribed only 1 oral
anticancer regimen. Therefore, the results may not be
generalizable to those who use multiple anticancer medications
or receive care in low-resource oncology settings. A more
targeted recruitment strategy focusing on underserved cancer
patient populations with other types of cancer in various levels
of oncology care institutions is warranted.

Conclusion
Before undertaking this pilot trial, both components of the
SAMSON solution were co-designed and developed based on
evidence and theory, and then individually tested on target users.
The results of this study confirmed that SAMSON is acceptable,
usable, and useful for both HCPs and patients with cancer. Both
the SAMSON solution and the pragmatic RCT design are
feasible in real-life oncology settings. These findings are very
encouraging, given the numerous challenges in applying RCT
as an evaluation design for digital health interventions [52]. Our
next steps will involve refining the SAMSON solution based
on participants’ feedback from this study and conducting a full
RCT to evaluate its clinical and economic effectiveness.
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Abstract

Background: The prevalence, clinical burden, and health care costs (>US $100 billion) associated with cerebrovascular disease
(CVD) will increase significantly as the US population grows and ages over the next 25 years. Existing 2D imaging modalities
have inherent limitations in visualizing complex CVD, which may be mitigated with the use of patient-specific 3D advanced
visualization (AV) technologies. There remain gaps in knowledge, however, regarding how and with what impact these technologies
are being used in CVD.

Objective: The aim of this study was to characterize the clinical attributes and reported utility associated with the use of 3D
AV modeling in CVDs, specifically intracerebral arteriovenous malformations.

Methods: This pilot study employs a combination of retrospective analysis and prospective surveys to describe the utilization
and utility of patient-specific AV models at a single high-volume certified comprehensive stroke center.

Results: From July 2017 to February 2023, 25 AV models were created for 4 different clinicians. The average patient age was
37.4 years; 44% (11/25) of the patients were African Americans, 52% (13/25) were on public insurance, and 56% (14/25) were
associated with a neurovascular procedure. In this study, 18 clinicians with diverse experience responded to AV model surveys,
with a 92.2% (166/180) completion rate. There was an average reported utility of 8.0 on a 0-10 scale, with higher scores reflecting
increased utility. Compared to 2D viewing, AV models allowed staff to appreciate novel abnormal anatomy, and therefore, they
would have changed their therapeutic approach in 45% (23/51) of the cases.

Conclusions: AV models were used in complex CVDs associated with young, publicly insured individuals requiring
resource-intensive interventions. There was strong and diverse clinician engagement with overall report of substantial utility of
AV models. Staff clinicians frequently reported novel anatomical and therapeutic insights based on AV models compared to
traditional 2D viewing. This study establishes the infrastructure for future larger randomized studies that can be repeated for
CVDs or other disease states and incorporate assessments of other AV modalities such as 3D printing and medical extended
reality.

(JMIR Form Res 2025;9:e51939)   doi:10.2196/51939
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Introduction

Background
Cerebrovascular disease (CVD) is a common cause of stroke,
aneurysms, and thromboembolic disease, resulting in significant
neurologically based disability and death [1,2]. Although CVD
can be treated with medications, many disease presentations
require procedural interventions. It is estimated that by 2030,
the annual costs for cerebrovascular accidents alone will exceed
US $140 billion [3]. Improved visualization, greater repetition,
and more frequent training experiences are factors known to
improve outcomes in CVD treatments requiring complex
procedures [4]. Treatment of patients with difficult or otherwise
hostile anatomies carries more risk when operators have less
general experience navigating unusual or atypical structures
[5]. The lack of anatomical and procedural familiarity can lead
to lengthier procedures, longer anesthetic duration, increased
radiation exposure, and poorer outcomes [5,6]. Access to
personalized 3D models designed for patient-specific planning
can provide higher fidelity visualization and simulation than
traditional 2D viewing, thereby reducing the prevalence,
associated costs, and morbidity from complex CVD procedures
[7].

The rapid adoption of advanced visualization (AV) tools such
as 3D rendering, 3D printing, and medical extended reality has
created novel opportunities for medical visualization and
simulation. Patient-specific 3D digital and physical anatomical
models based on clinical radiographic data can now be rendered
and fabricated for patient education, clinical training, and
procedural planning [8]. This approach holds great promise as
a tool in visualizing complex neurovascular anatomy and
simulating complex surgical and endovascular procedures [9].
The increasing adoption of advanced modeling has prompted
organizations such as the Radiological Society of North America
to issue guidelines for implementing medical 3D printing as
training models for highly complex clinical scenarios [10]. The
Radiological Society of North America guidelines discuss the
use of patient-specific 3D models for a variety of specialties,
including congenital heart disease, craniomaxillofacial, breast,
and musculoskeletal pathologies. There, however, remains
limited guidance on the optimal use of 3D modeling in CVD.

CVD interventions are an ideal application of AV modalities
due to the idiosyncratic and patient-specific 3D nature of
intracerebral vascular pathology. Current evidence suggests that
AV technologies such as 3D rendering, medical extended reality,
and 3D printing are an appropriate platform for studying and
rehearsing plans for treating complex CVD [11]. Several studies
have reported the growing utilization of AV modeling,
visualization, and procedural training in CVD [12]. The current
state of research, however, remains limited and warrants more
thorough investigation [12,13]. To address this gap, the field

would benefit from the development of a scalable modeling and
assessment platform, which could describe and evaluate the use
of patient-specific AV anatomical modeling. Such an
infrastructure could address the clear, critical, and well-identified
need to characterize the use and utility of AV models in CVD.

Objectives
This pilot study was designed and executed to describe the
utilization and utility associated with the use of patient-specific
anatomical models in the management of intracerebral
arteriovenous malformations (iAVMs). This exploratory
investigation involves the implementation of a scalable digital
fabrication infrastructure to produce patient-specific anatomical
AV models, characterize their use, and quantify their potential
impact in the management of iAVMs. The aims of this study
include describing the clinical, anatomical, and demographic
features associated with the use of patient-specific AV models
in the management of iAVMs. Additionally, this study aims to
quantify the utility of patient-specific AV anatomical models
when compared to traditional 2D viewing across different
clinical experience levels. We hypothesize there is a negative
correlation between experience and reported utility of AV
patient-specific anatomical models in CVD. We specifically
predict that when compared to standard 2D viewing, clinicians
with less experience will report higher utility of AV
patient-specific anatomical models than more experienced staff
clinicians.

Methods

Digital Fabrication Process
Clinicians request AV modeling based on routine clinical
neuroimaging imaging, for example, computed tomography,
magnetic resonance, or rotational angiography via an electronic
medical record order set created to request patient-specific 3D
AV models. Anatomical models are based on the digital imaging
and communications in medicine (DICOM) datasets used in
clinical imaging. DICOM data are accessed by a staff biomedical
engineer via a compliant and secure enterprise picture archiving
and communications system. The biomedical engineer segments
these DICOM datasets by using computer-aided design software
to produce 3D mesh files, specifically standard tessellated
language files. Segmentation is the process by which regions
of interest are identified through automatic methods (eg,
thresholding, edge detection, region growing) and are then
refined by manual selection and separation of anatomical
structures. This step is completed by the biomedical engineer
in conjunction with a radiologist, neurologist, or neurosurgeon
to ensure an accurate representation of the region of interest.
Once created, these 3D models are rendered and manipulated
digitally via an internally developed web-based viewer. These
digital models can be further postprocessed for 3D printing to
create physical models (Figure 1).
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Figure 1. Ochsner BioDesign Digital Request and Fabrication Process. An electronic medical record–based order request is placed by a clinician.
Source imaging DICOM (Digital Imaging and Communications in Medicine) datasets are accessed via a secure enterprise PACS (Picture Archiving
and Communications System). Biomedical engineers utilize computer-aided design applications to transform DICOM datasets into 3D file types. These
3D files are then either visualized using a web-based browser or extended reality modalities such as virtual or augmented reality. These 3D files can be
further processed to produce physical models using 3D printing. DICOM: Digital Imaging and Communications in Medicine; EMR: electronic medical
record.

Epidemiological Data Collection
A CVD AV registry is used to collect data on clinical and
utilization metrics associated with AV model use via a compliant
research data capture application. Data are collected from the
electronic medical record and include patient age at the time of
modeling, sex, race, insurance status, imaging modality,
comorbidities (hypertension, diabetes, epilepsy, tobacco use),
size/scale/location of iAVM, associated current procedural
terminology (CPT) codes, presence and type of any associated
and relevant procedure within 9 months of model request, the
presence and duration of any associated intensive care unit stay,
as well as a Spetzler-Martin Grade (SMG). SMG is a clinical
tool to assess the procedural risk of iAVMs that incorporates
the size, location, and type of venous drainage.

Clinician and Model Survey Data Collection
Twenty-four clinicians were invited to participate in this study
from the organization’s neuroscience institute via clinical and
educational conferences, 18 of whom responded. Each clinician
assessed a set of 10 sequential iAVM cases, which had
previously been requested for modeling. Each participant
received a secure email, which included a link to the model
utility survey as well as the following information to review:
(1) a traditional 2D viewer with the axial, sagittal, and coronal
source images available in serial via an embedded digital
multimedia container format file, specifically an mp4; (2)
information to access and view the source imaging via the
standard picture archiving and communications system viewing
approach; (3) the associated anatomical 3D AV model accessible
via an internally developed web-based viewer; and (4) the

radiographic report of the imaging from which the model was
created.

Drawing from similar instruments used in the literature, a survey
is used to assess (1) demographics and level of experience, (2)
clinician-reported complexity of each case on 1-10 Likert Scale,
and (3) utility of the patient-specific AV models using a 1-10
Likert scale, with higher scores representing increased
complexity and utility (Multimedia Appendices 1-3) [10,12-16].
The survey includes questions regarding the potential diagnostic
and therapeutic impact of 3D AV models compared to standard
2D representations. The research data capture application was
used to digitally distribute and collect survey data in an
automated and compliant way.

Analysis Plan
Descriptive statistics (averages, range, frequency) were reported
for the epidemiological and utilization data for the AV models
as well as the demographic and experience data of the survey
respondents. Model survey responses were treated as ordinal.
Each respondent’s complexity and utility response was averaged
to mitigate the limitations associated with the statistical analysis
of the dependent and repeated measurements. The independent
variable is experience level, and 2 approaches were used to
classify experience groups. One approach categorizes experience
by training level: (1) trainee defined as medical student, resident,
or fellow; (2) staff as defined by those who have completed
their terminal clinical training; and (3) advanced practice
provider (APP). An alternative approach categorizes experience
based on the reported number of iAVM evaluations: low (0-10),
medium (11-100), and high (>101). The dependent variables
are reported complexity and utility of the AV model compared
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to traditional 2D viewing. The nonparametric Kruskal-Wallis
H test was used to assess the null hypothesis that there is no
difference in reported complexity or utility of an AV model
among clinicians in these 3 groups. A significance level or α
of .05 was used for statistical testing. A Dunn multiple
comparison test was used for post hoc analysis to compare
specific experience category combinations. A significance level
or α of .05 was used for statistical testing.

Ethics Approval
This study was reviewed and approved by the Ochsner
institutional review board (approval 2019.089) and was
determined to be exempt and granted a waiver of informed
consent, as it posed minimal risk to participants. All data
collected for this study were fully deidentified prior to analysis
to ensure participant privacy and confidentiality. Study models
and data were deidentified and anonymized. Secure storage
protocols were implemented in compliance with institutional
and federal data protection standards. Access to the data was
restricted to authorized study personnel directly involved in
data collection and analysis. No compensation was provided to
study participants. All procedures were conducted in accordance
with appropriate ethical guidelines and applicable regulations.

Results

The aim of this study was to deploy a digital fabrication process
that can (1) describe the clinical attributes associated with the
use of AV models and (2) assess the utility of AV models across
clinical experience levels when compared to standard 2D
viewing.

Epidemiology and Utilization
AV models for 26 patients with iAVMs were requested from
July 2017 to February 2023. Of the 26 models requested, 25
AV models were created. One request was not modeled because
the primary source image was ordered by the clinician but never
completed by the patient. Of note, 6 out of the 25 cases were
also 3D printed to create physical patient-specific models
(Multimedia Appendix 4). Of the AV models, 60% (15/25) were
based on rotational angiography, 32% (8/25) on computed
tomography angiography, and 8% (2/25) on magnetic resonance
angiography. Patient age ranged from 13 to 71 years (mean age
37.4 years, SD 16.4 years) with various comorbidities and
diverse demographics (Table 1).

Table 1. Demographics and comorbidities of the participants for whom 3D models were created.

Values, n (%)

Smoking (n=25)

4 (16)Nonsmoker

21 (84)Smoker

Comorbidities (n=10)

8 (80)Hypertension

2 (20)Diabetes mellitus

0 (0)Hyperlipidemia

0 (0)Seizure/epilepsy

0 (0)Other

Total comorbidities (n=21)

8 (38)1

4 (19)2

6 (29)3

1 (5)4

2 (10)5

Other epidemiology metrics (n=25)

Gender

8 (32)Female

17 (68)Male

Race

14 (56)Caucasian

11 (44)African American

With regards to pathophysiology, iAVM diameter ranged from
4.5 mm to 62 mm, with an average diameter of 29.2 mm.
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Intracerebral hemorrhage was associated with 28% (7/25) of
the cases. SMG scores were obtained and ranged from 1 to 5
with a median score of 2 (Figure 2).

The most frequent iAVM location was the frontal lobe (9/25,
36%), and the most frequent venous draining was the superior
sagittal sinus (9/25, 36%) (Table 2). Clinically, 56% (14/25) of
the models were associated with some form of open or
endovascular intervention within 9 months of the AV model
request.

With regard to utilization, 9 unique CPT codes were found to
be associated with these models. The most frequent CPT code

associated with AV models was for selective unilateral catheter
access of the common carotid artery (36223) and was billed in
84% (21/25) of the cases. Of the patients who had models
created, 64% (16/25) had public insurance, with most patients
utilizing Medicaid (14/25, 56%). Intensive care unit stays were
associated with 56% (14/25) of the cases with a mean length of
6.9 days and a maximum length of 34 days. The 25 AV models
were created for 4 unique clinicians at the following frequencies:
interventional neuroradiologist (1/25, 4%), pediatric
neurosurgeon (2/25, 8%), interventional neurologist (5/25, 20%),
and a vascular neurosurgeon (17/25, 68%).

Figure 2. (A) Spetzler-Martin Grading scoring approach and (B) dot plot of Spetzler-Martin Grading scores, showing the distributions for values 1
(6/25, 24%), 2 (8/25, 32%), 3 (5/25, 20%), 4 (5/25, 20%), and 5 (1/25, 4%). SMG: Spetzler-Martin Grading.

JMIR Form Res 2025 | vol. 9 | e51939 | p.3948https://formative.jmir.org/2025/1/e51939
(page number not for citation purposes)

Sarkar et alJMIR FORMATIVE RESEARCH

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


Table 2. Frequency distribution of intracerebral arteriovenous malformation locations and venous drainage categories (n=25).

Values, n (%)Location/category

Intracerebral arteriovenous malformation locations

9 (36)Frontal lobe

5 (20)Frontoparietal lobe

3 (12)Occipital lobe

8 (32)Other

Venous drainage category

9 (36)Superior sagittal sinus

5 (20)Cortical vein

3 (12)Transverse sinus

2 (8)Sigmoid sinus

6 (24)Other

Descriptive Statistics for Clinicians
Of the 24 clinicians who completed the initial recruitment survey
between November 2022 to January 2023, 18 completed at least
one model assessment survey. Six clinicians were lost to
follow-up, that is, 1 medical student and 5 APPs. The descriptive
statistics of the demographics and experience were calculated
for the 18 clinicians who responded (Table 3). Clinicians (mean
age 36.5 years; median age 34.5 years, range 26-56 years)
identified their specialties as neurosurgery (1/18, 6%),

neurointerventional radiology (3/18, 17%), and neurology
(12/18, 67%). Two respondents (11%) were medical students
and did not identify with a specialty. The other respondents
identified as residents (4/18, 22%), APPs (5/18, 28%), fellow
(1/18, 6%), junior attendings with <5 years of experience from
terminal training (3/18, 17%), and senior attendings with >5
years of experience after terminal training (3/18, 17%).
Self-reported iAVM evaluations was reported as 0 (2/18, 11%),
1-10 (4/18, 22%), 11-50 (6/18, 33%), 51-100 (3/18, 17%),
101-200 (2/18, 11%), and >201 (1/18, 6%).

Table 3. Summary statistics of the specialties and level of training for clinician survey respondents (n=18).

Values, n (%)

Specialties/level of training

1 (6)Neurosurgery

3 (17)Neurointerventional radiology

12 (67)Neurology

2 (11)Medical student

Level of training

5 (28)Trainees

6 (34)Staff

5 (28)Advanced practice provider

Number of arteriovenous malformation evaluations

6 (34)Low (<10)

9 (50)Medium (51-100)

3 (17)High (>101)

Clinician gender distribution

10 (56)Male

8 (44)Female

Descriptive Statistics of Model Surveys
Each of the 18 clinicians were provided 10 model surveys for
a total of 180 possible responses. Approximately 95.6%
(172/180) of the surveys were initiated, and 92.2% (166/180)

were completed. The possible complexity scores ranged from
1 to 10, with 10 being the most complex. The median of the
average complexity reported was 6.95 with a minimum average
score of 3.5 and a maximum average score of 8.1 across all
respondents. Descriptive statistics, including median and IQR,
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were calculated for utility, complexity, and improvement
attributed to access to AV models for each expertise level
(Figure 3) based on training level and the number of iAVMs

evaluated (Figure 4). Clinicians responded affirmatively in
99.4% (171/172) of the cases that they would like to share AV
models with their patients.

Figure 3. Boxplots for complexity, utility, and improvement derived from 3D model based on expertise: advanced practice provider (n=5), staff (n=6),
and trainee (n=7). APP: advanced practice provider.

Figure 4. Boxplots for complexity, utility, and improvement derived from 3D model based on the number of arteriovenous malformations evaluated:
low (0-10, n=6), intermediate (11-100, n=9), and high (>101, n=3). AVM: arteriovenous malformation.

There was a total of 6 physicians who had completed their
terminal training with a cumulative survey response rate of 85%
(51/60). When compared to standard 2D models, these 6 staff
clinicians reported that AV models provided some improvement

in visualization in 49% (25/51) of the cases and substantial
improvement in 41% (21/51) of the cases. Staff level physicians
reported that in 49% (25/51) of the cases, they were able to
appreciate normal anatomy in the AV model that they could
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not in standard 2D imaging. Similarly, staff reported that in
45% (23/51) of the cases, they were able to appreciate abnormal
anatomy in the AV model that they could not in standard 2D
imaging. Staff answered affirmatively in 14% (7/51) of the cases

that the AV model would change their diagnosis while reporting
affirmatively in 45% (23/51) of the cases that the AV model
would change their therapeutic approach (Table 4).

Table 4. Diagnostic and management impact of advanced visualization compared to traditional 2D viewing on staff level clinicians (n=51).

Values, n (%)

Change in diagnosis

39 (76)No

7 (14)Yes

5 (10)No response

Change in therapeutic procedures

23 (45)Yes

21 (41)No

7 (14)No response

Change in appreciation of normal anatomy in 3D

25 (49)Yes

20 (39)No

6 (12)No response

Change in appreciation of pathologic defects in 3D

23 (45)Yes

22 (43)No

6 (12)No response

Inferential Analytics of Model Surveys
When categorized by training level, the 3 groups were
distributed between APPs (5/18, 28%), trainees (7/18, 39%),
and staff (6/18, 33%). The Kruskal-Wallis H nonparametric test
was deployed with nonsignificant P values >.05 for the survey
questions relevant to model complexity (P=.72) and utility
(P=.48). Thus, we fail to reject the null hypothesis. Rather, we
conclude that there is no statistically significant difference in
reported complexity nor utility between clinician types. When
categorized by self-reported experience, the 3 groups were
distributed between low (6/18, 33%), intermediate (9/18, 50%),
and high (3/18, 17%). The Kruskal-Wallis H nonparametric test
was deployed with P=.12 for the survey questions relevant to

model complexity. Thus, we fail to reject the null hypothesis
for complexity and conclude that there is no statistically
significant difference in reported complexity between experience
levels. The P value for utility, however, did achieve significance
with P=.03. Thus, for utility, we can reject the null hypothesis
and conclude that there is a statistically significant difference
in the reported utility metric between self-reported experience
groups. Post hoc analysis with Dunn multiple comparison test
demonstrated that the comparison between the low and high
group showed a significant difference in the utility metric. There
was not a significant difference in the utility metric between
the comparisons of the other groupings: high-intermediate or
intermediate-low (Figure 5).
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Figure 5. Boxplot of utility across self-reported experience. The Kruskal Wallis H test demonstrated a statistical difference between the low and high
experience groups (P=.03). The analysis reveals that the median utility scores for low (n=6), intermediate (n=9), and high (n=3) categories of self-reported
experience are 7.45, 8.00, and 9.00, respectively.

Discussion

Principal Findings
This study demonstrates the feasibility of creating and deploying
a digital fabrication and assessment infrastructure for AV models
in complex presentations of CVDs, such as iAVMs. The scalable
and secure request, creation, distribution, and evaluation of AV
models was confirmed by the implementation of 25 AV models
for iAVMs from July 2017 to February 2023 at a single
high-volume certified stroke center. This retrospective analysis
confirmed the utilization of AV models in CVDs, specifically
iAVMs. Multiple clinicians requested AV models that were
created from a variety of imaging modalities, most commonly
from rotational angiography. Of note, requests for AV models
persisted despite the decrease in elective procedures during the

COVID-19 pandemic and a nationwide iodinated contrast
shortage in 2022, which severely impacted imaging and
procedure volumes and is indicative of the utility clinicians
derive from AV models.

This analysis demonstrates associations between AV model use
in CVD and a diverse set of clinical attributes and utilization
metrics. Consistent with the complex and diverse population in
Louisiana and the surrounding Gulf Coast region, a substantial
number of models were created for individuals younger than
40 years, African Americans, and patients on Medicaid. Many
of these patients were not only young but otherwise healthy
with few if any other comorbidities, besides tobacco use. The
feasibility to collect health care finance and utilization metrics
such as CPT codes and intensive care unit lengths of stay
associated with the request for AV models in complex CVD
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presentations was confirmed. The analysis revealed the
association of AV models with resource-intensive health
resources such as intensive care unit stays, rotational
angiography, and neurovascular procedures.

A survey instrument grounded in the literature was successfully
created and implemented to assess the impact of AV models in
complex CVD at scale. There was strong engagement across a
variety of clinical experience levels, particularly APPs,
neurological residents, and neurovascular staff, with an overall
92.2% (166/180) survey completion rate. On a set of iAVMs
of varying complexity, a diverse array of clinicians reported
substantial utility of AV. Staff-level clinicians reported that AV
models would have rarely changed their diagnosis compared to
traditional 2D viewing. Staff, however, reported that in nearly
half of cases, the patient-specific AV models allowed them to
appreciate normal and abnormal anatomy that they could not
with traditional 2D imaging. Moreover, in 45% (23/51) of the
cases, access to the AV model would have changed their
therapeutic approach compared to their assessment based on
traditional 2D viewing. Staff physicians reported that AV models
were much more likely to change their therapeutic approach
than their diagnosis. There was no significant difference in
reported complexity or utility when clinicians were categorized
by training: APP, trainee, staff. There was, however, a
statistically significant difference (P=.03) in reported utility
when clinicians were categorized by self-reported experience.
Interestingly, the difference in reported utility was most
pronounced between the high and low experience group, with
the most experienced group reporting more utility than those
with less experience. This was contrary to our hypothesis and
suggests that the ability to understand the idiosyncratic and
complex pathologies and extract relevant information from AV
models may require a certain level of pre-existing knowledge
and clinical expertise. Such a prerequisite appreciation of clinical
anatomy may help clinicians derive diagnostic and therapeutic
insights from AV models. Alternatively, this observation may
be attributable to the psychological phenomena known as the
Dunning-Kruger effect in which people with low ability,
expertise, or experience regarding a certain type of task or area
of knowledge tend to overestimate their ability or knowledge
[17].

Strengths and Limitations
This study has multiple strengths attributable to a
multidisciplinary approach that focused on clinical operational
integration as a foundation for clinical research. Evaluation of
an AV intervention required coordinating a cross-functional
team consisting of biomedical engineers, research staff, clinical
administrators, and clinicians. This study was the impetus to
expand and ruggedize a scalable digital fabrication and
assessment process for AV models. The survey response rates
indicate not only enthusiasm for the field of inquiry but the
willingness of these busy and increasingly overextended
clinicians to engage in clinical research on 3D AV [18,19]. This
points to the importance of continuing to develop and validate
AV technologies not just for CVDs but for other complex
disease states, including but not limited to spine deformity,
genitourinary pathologies, orthopedic trauma,
craniomaxillofacial abnormalities, and congenital heart disease.

This study has several limitations. This was a nonrandomized
study, which could only establish associations and not causative
impacts of AV modeling. The ability to extrapolate these
findings is also limited by its small sample size and focus on a
single center. Clinician respondents were basing feedback on
hypothetical use cases and not the actual implementation of the
10 models in diagnosis or treatment planning. Moreover, the
clinicians were all colleagues who may have influenced each
other’s responses, which may have introduced a diffusion of
treatment effect as described by Urban and van
Eeden-Moorefield [20]. Finally, the results of the statistical
testing may be due to the small sample size rather than the
absence or presence of differential utility among varying
experience levels.

Challenges and Future Directions
The creation of AV models remains resource-intensive in terms
of expertise, time, and infrastructure. Complex disease states
where AV models are likely to be the most impactful are often
low in prevalence requiring longer periods of study and
collaboration between multiple sites, engendering a gap in the
literature. These barriers have limited the number of conclusive
studies validating the clinical and utilization impact of 3D AV
models. Approaches to increase the efficiency of AV model
creation, for example, machine-learning enhanced segmentation,
may mitigate these obstacles to validation and warrant further
research and development.

This study expands and utilizes a scalable digital fabrication
infrastructure for future larger multisite randomized studies to
assess the efficacy of AV modeling. Such future trials could
examine the utility of AV models in clinical care delivery by
incorporating technical resource requirements such as
segmentation time, utilization measures such as operative time
and radiation exposure, as well as clinical outcome metrics such
as functional status and hospital stay. This study establishes the
feasibility of collecting medical billing and utilization metrics
associated with 3D AV models that can be used in future
cost-effective analyses. This infrastructure could also be applied
to understand the use and impact of AV models in other disease
states that would benefit from AV techniques. Future studies
could incorporate quantitative and qualitative assessments of
other AV modalities such as 3D printing or extended reality to
investigate the different applications and utility of digital versus
physical models in visualization and simulation. Finally, this
infrastructure could be utilized to study the impact AV models
have on health literacy and patient experience. The use of AV
is quickly being adopted in clinical training and care delivery
but requires further investigation and validation.

Conclusion
This pilot feasibility study establishes the infrastructure to create
and assess patient-specific AV models in a digital and scalable
way. This study confirms the use of AV models in complex,
resource-intensive disease states such as iAVMs. This study
demonstrates enthusiasm for the use of AV across different
specialties and experience levels involved in the management
of CVD. A heterogenous cohort of clinicians reported substantial
utility of AV modeling when compared to standard 2D imaging.
Counter to our hypothesis, those clinicians with the most
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experience found AV models the most useful. Finally, staff
level physicians reported at high rates that AV models modified
therapeutic approaches and provided anatomical insights not
appreciated in standard 2D imaging. Almost universally,
clinicians across different specialties and experience levels
affirmed that that their patients would benefit from the ability

to view their pathology-specific 3D AV models. Collectively,
these findings support the idea that compared to traditional 2D
viewing, patient-specific AV models are useful to a diverse
array of clinicians involved in the treatment of complex disease
states, such as iAVMs.
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Abstract

Background: The successful conduct of health and medical research is largely dependent on participant recruitment. Effective,
yet inexpensive methods of increasing response rates for all types of research are required. QR codes are now commonplace, and
despite having been extensively used to recruit study participants, a search of the literature failed to reveal any randomized trial
investigating the effect of adding a QR code on qualitative research response rates.

Objective: This study aimed to collect data on rates of response, consent, and decline among patients with cancer, and the
average time taken to respond following randomization to receive either a QR code or no QR code on the patient consent form
for a qualitative research study.

Methods: This was a pilot randomized controlled trial (RCT) embedded within a qualitative research study. In total, 40 eligible
patients received a recruitment pack for the qualitative study, which included an information statement, a consent form, and an
addressed, stamped envelope to return their consent form. Patients were randomized 1:1 to the control (standard recruitment pack
only) or intervention group (standard recruitment pack including modified consent form with a QR code).

Results: In total, 27 out of 40 patients (age: mean 63.0, SD 14.8 years; 45% female) responded to the consent form. A lower
proportion of the QR code group (60%) responded (odd ratio [OR] 0.57, 95% CI 0.14-2.37; P=.44), compared to 75% of the
standard recruitment group. However, a higher proportion of the QR group (35%) consented (OR 1.84, 95% CI 0.41-8.29; P=.43),
compared to the standard recruitment group (20%). A lower proportion of the QR group (25%) declined (OR 0.34, 95% CI
0.09-1.38; P=.13) relative to the standard recruitment group (55%). The mean response time of the QR code group was 16 days
(rate ratio [RR] 0.79, 95% CI 0.47-1.35; P=.39) compared to 19 days for the standard recruitment group. None of the age-adjusted
analyses were statistically significant.

Conclusions: This underpowered pilot study did not find any evidence that offering an option to respond through a QR code
on a patient consent form for a qualitative study increased the overall patient response rate (combined rate of consent and decline).
However, there was a nonsignificant trend, indicating that more patients who received the QR code consented compared to those
who did not receive the QR code. This study provides useful preliminary data on the potential impact of QR codes on patient
response rates to invitations to participate in qualitative research and can be used to inform fully powered RCTs.

Trial Registration: OSF Registries 10.17605/OSF.IO/PJ25X; https://doi.org/10.17605/OSF.IO/PJ25X

(JMIR Form Res 2025;9:e66681)   doi:10.2196/66681
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Introduction

The successful conduct of health and medical research depends
on effective recruitment strategies. Low recruitment rates affect
both quantitative and qualitative research designs [1-3], and
there is a need to identify effective and affordable methods that
are minimally burdensome. For example, a 2019 study reported
the costs of 14 recruitment strategies among patients with
chronic diseases and reported that 20% of the study budget was
spent on recruitment [4]. Given the recent widespread adoption
of QR codes [5-8], they offer potential as a valuable and
cost-effective recruitment tool. A number of randomized
controlled trials (RCTs) have investigated the use of QR codes
to recruit participants for quantitative surveys [9]. However,
the evidence of the effectiveness of QR codes in increasing
survey recruitment is equivocal, with earlier studies [10,11],
tending to find no impact of QR codes on response rates, and
later studies tending to find a small but significant increases
[9,12]. Authors of these studies note that earlier research should
be interpreted with caution, given the widespread use and
familiarity with QR codes, which is relatively recent [9], and
has increased rapidly following the COVID-19 epidemic [13].
A 2024 large RCT (N=5550) that evaluated the effect of
including a QR code in a printed and mailed recruitment to a
web-based survey found a small but significant increase in
survey participation (+1.31%) [12]. It also found that including
QR codes resulted in higher participation rates from some
harder-to-reach groups, including younger people and single
people [12].

However, there is little research about the effect of QR codes
on consent rates to other research forms, such as recruitment to
research trials or qualitative research, which often require
ongoing or more maintained or intense commitment than a
one-off survey. A 2024 study randomized recruitment methods
([Twitter rebrand as] X, Facebook [Meta] or QR code displayed
on a poster) to a clinical trial and found little to no engagement
with the QR code relative to the other recruitment strategies;
however, this may have been due to the format (ie, poster) rather
than the technology [8].

A literature search failed to identify any study that empirically
tests the use of QR codes among people invited to participate
in qualitative health research. Given the dearth of studies of this
nature, the primary objective of this pilot RCT was to determine
whether adding a QR code to a participant consent form for a
qualitative research study increased the participant consent rate
(ie, the proportion of patients who responded and consented to
participate). Secondary objectives were to collect data regarding

differences in (1) the proportion of patients who responded
(either to consent or decline; this outcome was registered in the
Open Science Framework as the proportion of patients who did
not respond, but for ease of reporting and understanding, the
inverse is reported instead [ie, the proportion who did respond])),
(2) the proportion of patients who responded and declined to
participate, and (3) the average time (in days) taken to respond
measured from the date the recruitment packs were sent.

Methods

Study Design
This was a pilot RCT embedded within a qualitative study with
patients with colorectal cancer [14]. The purpose of the
qualitative study was to determine the views of patients with
colorectal cancer about a Digital Health Intervention
(“RecoverEsupport”) [15] to enhance their recovery from
surgery. The qualitative study required participants to review
a newly developed web-based support program and to provide
feedback in a recorded telephone-based interview
(approximately 20 minutes) that would be scheduled at a time
convenient to them. The interview asked them to provide
feedback about the relevance and ease of understanding of the
program, as well as the information they could recall and the
likely impact of the program.

Participants
Participants were recruited from a Surgical Department at a
public hospital in a noncapital metropolitan region of Australia.
The Colorectal Cancer Liaison Nurse identified eligible patients
from medical records. The eligibility criteria for this pilot RCT
were consistent with the eligibility criteria for the qualitative
study. Patients were invited to participate in the qualitative study
through a recruitment pack containing a printed consent form
and a prepaid return envelope (mailed on 1 November 2021).
Reminder packs were sent to all nonresponders 3 weeks later
(22 November 2021).

For the qualitative study in which the QR code study was
embedded, the patient eligibility criteria were as follows: (1) a
diagnosis of colorectal cancer, (2) being 18-90 years old, and
(3) having undergone a bowel resection for colorectal cancer
within the last 6 months (excluding stoma reversals and
secondary bowel surgeries).

Allocation
An independent statistician randomly allocated the patients in
a 1:1 ratio using a random number function in Microsoft Excel
to the intervention or control group (Figure 1).
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Figure 1. CONSORT Flowchart.

Standard Recruitment (Control)
These patients received the standard consent form (without the
QR code). The form included 2 tick boxes for patients to indicate
their decision to either consent or decline to participate in the
qualitative study.

QR Code Group (Intervention)
These patients received an identical consent form to the control
group, except this version included a QR code and instructions
for accessing the web-based consent form to provide their
consent. Scanning the QR code directed the participant to a
web-consent-form, identical to the standard consent form, hosted
within a REDCap (Research Electronic Data Capture; Vanderbilt
University) database. REDCap automatically recorded the date
of completion once the patient responded the web-based consent
form.

Outcomes
The primary outcome was the proportion of patients who
consented to participate in the qualitative study (through any
channel, QR code, or mail). Secondary outcomes included (1)
the proportion of patients who responded (either to consent or
decline), (2) the proportion of patients who responded and
declined to participate in the qualitative study, and (3) the
average time in days taken to respond (measured from 1
November 2021 until either the postmark date on the return
envelope or the date the web-based consent form was
completed).

Statistical Analysis
Descriptive statistics are presented as counts (%) for categorical
variables or mean (SD) for continuous variables. An
intention-to-treat approach was used. Unadjusted and
age-adjusted logistic regression models were fitted to estimate

the odds ratio (OR) and 95% CIs. The between-group difference
for the time taken to respond was analyzed using negative
binomial instead of Poisson regression modeling (due to
overdispersion) and unadjusted and age-adjusted rate ratios
(RRs) are presented. Assumptions for the logistic regression
model and negative binomial regression model were checked
and found to be reasonable.

Ethical Considerations
The pilot was approved by the Ethics Committees of the Hunter
New England Local Health District (2019/ETH00869) and the
University of Newcastle (H-2015-0364) and was prospectively
registered [16] and is reported in accordance with CONSORT
(Consolidated Standards of Reporting Trials) guidelines [17].
Each invited patient received a patient information sheet inviting
them to participate in the qualitative research, assuring them
that their participation was entirely voluntary and that any
information they provided would remain confidential. No
incentive was offered for patients to participate. All project staff
members were bound by confidentiality agreements. Collected
data are stored in a deidentified format.

Results

Overview
Of the 63 patients assessed for eligibility, 23 were ineligible,
most commonly because they did not have internet access (7/23
patients). The mean age was 58.60 (SD 17.38) years for the QR
code, 67.40 (SD 10.35) years for the standard recruitment,
totaling 63 (SD 14.8) years for both groups. In total, 45% (n=18)
of the sample was female; 40% (n=8) for the QR code and 50%
(n=10) for the standard recruitment groups were female. The
outcomes are presented below and in Table 1 in sequential order
(ie, overall response rate, consent rate, and decline rate).

JMIR Form Res 2025 | vol. 9 | e66681 | p.3959https://formative.jmir.org/2025/1/e66681
(page number not for citation purposes)

Wyse et alJMIR FORMATIVE RESEARCH

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


Table 1. Pilot outcomes response rates and time to respond to the invitation to participate in a qualitative research study for participants randomized
to receive a quick response code (intervention) or no quick response code (standard recruitment control).

P valueAdjusted for age
effect estimate
(95% CI)

P valueUnadjusted effect
estimate (95% CI)

Standard recruitment
(Control) (n=20) (%)

QRa code (Intervention)
(n=20), (%)

.440.57 (0.14-2.37)0.31450.50 (0.13-1.93)15 (75)12 (60)Responded (overall response

rate)a

.431.84 (0.41-8.29)0.29302.15 (0.52-9.00)4 (20)7 (35)Responded and consented

(primary outcome)a

.130.34 (0.09-1.38)0.05770.27 (0.07-1.04)11 (55)5 (25)Responded and declined

(secondary outcome)a

.390.79 (0.47-1.35)0.53610.85 (0.50-1.43)19.27 (12.40)16.33 (11.12)Response time in days (Sec-

ondary outcome)b

bOdds ratio.
cRate ratio.

Overall Response Rate
A total of 27 patients responded to the consent form, either to
consent or decline; 12/20 (60%) from the QR code group and
15/20 (75%) from the standard recruitment group. The
unadjusted effect estimate was 0.50 (95% CI 0.13 to 1.93,
P=.31), indicating that the odds of the intervention group
responding were 50% lower compared to the control group.
After adjusting for age, the OR was 0.57 (95% CI 0.14 to 2.37,
P=.44). Although the results suggest a lower overall response
rate in the QR code group relative to the standard recruitment
group, neither analysis was significant.

Proportion of Patients Who Responded and Consented
(Primary Outcome)
Overall, 11/40 (27.5%) patients consented to participate in the
qualitative study. Seven out of 40 consenting patients were from
the QR code group (representing 35% of this group), and 4 were
from the standard recruitment group (representing 20% of this
group). The unadjusted OR was 2.15 (95% CI 0.52-9.00, P=.29),
indicating that the odds of patients in the intervention group
consenting was 2.15 times the odds among control patients,
although this was not statistically significant. After adjusting
for age, the OR was 1.84 (95% CI 0.41-8.29). However, neither
was significant.

Proportion of Patients Who Responded and Declined
to Participate
A total of 16 out of the 40 patients declined to participate in the
qualitative study; 5 declining patients were in the QR code group
(representing 25% of this group), and 11 were in the standard
recruitment group (representing 55% of this group). The
unadjusted OR of the QR code group declining to participate
was 0.27 (95% CI 0.07-1.04), which was borderline significant
(P=.06). The age-adjusted OR was 0.34 (95% CI 0.06-1.87,
P=.21) and was not statistically significant.

Average Time (in Days) Taken to Respond
The average response time was 16 days (SD 11) days for the
QR code group and 19 (SD 12) days for the standard recruitment
group. The unadjusted incident RR for the QR code group
compared to the standard recruitment group was 0.85 (95% CI

0.5-1.43, P=.54), indicating that the response time of the QR
code group was 15% lower than the response time for the
standard recruitment group. After adjusting for age, the RR was
0.79 (95% CI 0.47-1.35), indicating the QR code group response
time was 21% lower than the control group. However, neither
was statistically significant.

Discussion

Principal Findings
Given the dearth of studies of this nature, the aim of this pilot
RCT was to determine the effect on response rates when a QR
code was added to a participant consent form for a qualitative
research study. Specifically, this pilot investigated the participant
response rate, consent rate (primary outcome), rate of decline,
as well as the average time taken to respond. Out of 40 patients
invited to participate in a qualitative research study were
randomized to receive either a standard consent form (control)
or a consent form that included a QR code (intervention). The
overall response rate (ie, either to consent or decline) was lower
in the intervention group relative to the control group, however,
the intervention consent rate was higher, the decline rate was
lower, and the average time to respond to the invitation to
participate was shorter in the intervention group (16 vs 19 days).
None of the adjusted estimates of between-group differences
were statistically significant. However, our results suggest a
trend of patients in the QR code group having higher odds of
consenting and lower odds of declining (relative to the control
group), but lower odds of responding at all (ie, either to consent
or decline). These results should be investigated further in a
fully powered RCT.

The overall pattern of results is interesting, despite being
nonsignificant. It suggests that the addition of a QR code to a
consent form for qualitative research resulted in higher consent
rates and lower rates of decline. Both outcomes are desirable
for researchers who often spend a large portion of their research
budget on recruitment. The shorter response time in the
intervention group also suggests that the use of a QR code in
recruitment materials could confer benefits to researchers in
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terms of more timely information about likely recruitment
outcomes.

This is the first pilot RCT to investigate the effect of adding a
QR code to a consent form within the context of recruitment of
patients with cancer to a qualitative study. It is important to
consider the rapidly changing context in which QR code research
has taken place when comparing these results to the existing
literature. Over the past 5 years, responses to the COVID-19
pandemic have made QR code levels of awareness, familiarity,
and skill in the community is now much higher. The more recent
RCTs testing the addition of QR codes to surveys, showed small
but significant increases, of approximately 1-2% in consent
rates [9,12]. The magnitude of the changes observed in the
current pilot are much greater (15% increase in consent rates),
despite being nonsignificant due to under-powering. This may
be due to the targeted nature of the study (ie, people who had
previously had colorectal cancer surgery, compared with a
general population statewide public health survey) [12] and due
to differences in the specific nature of what they were being
asked to do (ie, review an intervention designed to support
patients with colorectal cancer going through surgery and
provide feedback in a 1:1 interview, vs complete a web-based
public health survey).

The randomized design is a strength; however, a few limitations
should be considered when interpreting the findings of this term.
Despite the randomization, due to the small sample size, the
groups were not evenly distributed in age, which was
subsequently adjusted for. The low sample size is another

limitation, although it is still within the recommended range for
pilot studies [18]. Therefore, as a next step, a fully powered
RCT is recommended. Furthermore, the study did not collect
data about whether the participants actually used the QR to
respond (only overall response rates) or the characteristics of
those users who responded using this channel. This would be
valuable information to collect and analyze in future studies to
better understand the impact of QR codes on the diversity of
recruited participants. Given the context in which this research
occurred, it is unclear the extent to which these findings would
generalize to the general population, younger people or both
groups. Future RCTs should also allow for subgroup analysis
to determine the specific effects of QR codes on recruiting
different age groups.

Conclusion
Despite the nonsignificance of the findings in this underpowered
pilot trial, this research question warrants further investigation.
Given their ease of use and inexpensive application, using QR
codes on consent forms may hold promise for improving
recruitment to qualitative research studies. As recruitment often
consumes a large proportion of research budgets, even a small
percentage of change could have important benefits for
researchers and research programs. QR codes may be a low-risk
strategy to complement other attempts to maximize research
response rates, although a fully powered RCT is required to
confirm this. Further research using larger and more diverse
samples is warranted. This pilot study provides important
preliminary data on which such studies could be based.
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Abstract

Background: With the increasing use of health apps and ongoing concerns regarding their safety, effectiveness, and data privacy,
numerous health app quality assessment frameworks have emerged. However, assessment initiatives experience difficulties
scaling, and there is currently no comprehensive, consistent, internationally recognized assessment framework. Therefore, health
apps often need to undergo several quality evaluations to enter different markets, leading to duplication of work. The CEN ISO/TS
82304-2 health app assessment seeks to address this issue, aiming to provide an internationally accepted quality evaluation through
a network of assessment organizations located in different countries.

Objective: This study aimed to develop and evolve the draft CEN ISO/TS 82304-2 assessment handbook and developer guidance
by testing them across organizations in several countries.

Methods: Assessment organizations from 5 countries were engaged to evaluate 24 health apps using the evolving CEN ISO/TS
82304-2 assessment across 3 evaluation rounds. The information submitted by a given health app developer was evaluated by 2
assessment organizations, and interrater reliability was examined. In addition, app developers and assessors were asked to report
how much time they spent on information collation or evaluation and to rate the clarity of the developer guidance or assessor
handbook, respectively. The collected data were used to iteratively improve the handbook and guidance between rounds.

Results: The interrater reliability between assessment organizations improved from round 1 to round 2 and stayed relatively
stable between rounds 2 and 3, with 80% (55/69) of assessment questions demonstrating moderate or better (Gwet AC1>0.41)
agreement in round 3. The median time required by developers to prepare the assessment information was 8 hours and 59 minutes
(IQR 5.7-27.1 hours) in round 3, whereas assessors reported a median evaluation time of 8 hours and 46 minutes (IQR 7.1-11.0
hours). The draft guidance and handbook were generally perceived as clear, with a median round-3 clarity rating of 1.73 (IQR
1.64-1.90) for developers and 1.78 (IQR 1.71-1.89) for assessors (0=“very unclear”, 1=“somewhat unclear”, and 2=“completely
clear”).
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Conclusions: To our knowledge, this is the first study to examine the consistency of health app evaluations across organizations
located in different countries. Given that the CEN ISO/TS 82304-2 guidance and handbook are still under development, the
interrater reliability findings observed at this early stage are promising, and this study provided valuable information for further
refinement of the assessment. This study marks an important first step toward establishing the CEN ISO/TS 82304-2 assessment
as a consistent, cross-national health app evaluation. It is envisioned that the assessment will ultimately help avoid duplication
of work, prevent inequities by facilitating access to smaller markets for developers, and build trust among users, thereby increasing
the adoption of high-quality health apps.

(JMIR Form Res 2025;9:e64565)   doi:10.2196/64565
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health apps; mobile health; digital health; quality evaluation; assessment framework; interrater reliability

Introduction

Background
Health apps, which include both medical and wellness apps,
have the potential to greatly benefit patients, the public, health
care professionals, and the broader health care system [1,2].
They can increase the effectiveness of health care services by
supporting behavior change and improving clinical outcomes,
enhance efficiency by preventing hospitalization and freeing
up resources, and allow for remote monitoring and treatment
and, as a result, can have a large positive socioeconomic impact
[1,2].

However, alongside these potential benefits, there are several
risks associated with the use of low-quality health apps. Previous
research has found that many health apps demonstrate data
privacy or security risks [3-6], raise clinical safety concerns [7],
provide incorrect medical information [8,9], or are not supported
by efficacy or effectiveness evidence [4,5,10].

With >350,000 health apps on the market [11], it is difficult for
health care professionals and the public to distinguish between
beneficial and potentially harmful or ineffective apps. This issue
is exacerbated by the fact that readily available metrics such as
user ratings and download numbers are not correlated with
health app quality [12]. Moreover, concerns regarding
effectiveness, safety, usability, and data privacy can be a barrier
to the widespread adoption of health apps [13-15], thereby
preventing the realization of their potential benefits.

Health app assessments can help address this issue by providing
transparent quality information to the public, health care
professionals, payers, medical societies, and health care
organizations. However, there is currently no comprehensive
and consistent assessment that is internationally recognized.
While the certification provided under the European Union (EU)
Medical Device Regulation (MDR) is valid across EU member
states, a large proportion of health apps are not independently
evaluated by notified bodies under the MDR. This is because
many apps are not classified as medical devices or fall into risk
class I, for which app developers only need to declare
conformity based on a self-assessment that is not externally
validated [16,17]. Furthermore, there are important aspects,
such as data privacy, that are not usually independently
examined as part of the MDR certification, and research shows
that many health apps on the European market do not meet
relevant data protection requirements [18]. Finally, the only

output provided by the MDR assessment is a CE (European
conformity) mark. Consequently, even for health apps that have
been examined under the MDR, stakeholders need to carry out
additional evaluations to gather more detailed quality
information that is required to inform decision-making.

Partly as a result of these limitations of the MDR and similar
regulations in other regions, a range of organizations have
developed their own assessment frameworks to guide health
app–related decision-making. This includes health authorities,
charitable and academic institutions, patient and medical
professional associations, and commercial companies [19,20].
The resulting fragmented assessment landscape leads to
duplicated work for both health systems and app developers if
a given app needs to undergo several assessments to evidence
its quality for different markets and varying types of
organizations.

The CEN ISO/TS 82304-2 health app assessment, which was
developed with funding from the European Commission, seeks
to address this issue. It aims to provide a comprehensive and
consistent quality evaluation that is recognized across Europe
and beyond without duplicating the legal tasks of notified bodies
under the MDR [21,22].

In this context, a notable challenge is scaling the assessment to
potentially cover a substantial proportion of the >350,000 health
apps on the market [11]. Notably, a recent review reported that
only a median of 45 evaluated digital health technologies,
comprising mostly health apps, were available in the assessment
libraries of 24 digital health assessment organizations [20]. This
limited availability of evaluated apps is likely due to several
factors. First, some assessments that require developers to
actively submit their apps for evaluation may not offer sufficient
incentives to lead to a substantial number of app submissions.For
example, incentives may be insufficient if the assessments are
not associated with a large enough increase in app users, are
not integrated into health care system decision-making (eg, for
procurement or reimbursement), or provide reimbursement
payment conditions or postprescription procedures that are
unappealing (eg, causing delays in patient access to the app)
[23-27]. Second, app developers may not be able (due to limited
funds and staff in start-ups and small companies) or willing (in
light of lacking incentives) to invest the time and money
required to meet the quality requirements of individual schemes,
such as those requiring new clinical studies, which may affect
the number of apps submitted to and passing particular
assessments [26,28]. Third, difficulties in scaling the assessment
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process may play a role. A review focusing specifically on
national health app evaluation initiatives found that even the
front-runners in this area, such as Germany, Belgium, and the
United Kingdom, are struggling with efficient assessment
implementation. This may partly be due to the use of centralized
approaches to app evaluation, which can create bottlenecks [29].
It has been proposed that international collaboration and the
use of distributed evaluation bodies is needed to address this
issue [29]. Following this approach, the CEN ISO/TS 82304-2
assessment is planned to be implemented across a network of
assessment organizations in Europe and beyond to achieve
efficient scaling while ensuring consistent assessment results
across countries (and providing sufficient incentives, as explored
in our recent discrete choice experiment [25]).

Objectives
This study aimed to develop and evolve the CEN ISO/TS
82304-2 assessment handbook and developer guidance by testing
the assessment across organizations located in different
countries. For this purpose, assessment organizations from 5
countries were engaged to evaluate 24 diverse health apps using
information submitted by the app developers. In total, 2
organizations assessed each app, and their interrater reliability
was examined. In addition, app developers and assessors were
asked to report how much time they spent collating or evaluating
the assessment information, respectively, and to rate the clarity
of the assessment instructions. The collected interrater reliability,
time, and clarity rating data were used to iteratively improve
the CEN ISO/TS 82304-2 assessment handbook and guidance
across 3 evaluation rounds.

Methods

CEN ISO/TS 82304-2 Assessment Framework
The CEN ISO/TS 82304-2 assessment framework is intended
to provide an independent, evidence-based, international
evaluation of health app quality for a range of health care
stakeholders. The framework was created using a Delphi
methodology with input from 83 experts from 8 stakeholder
groups, including medical organizations, health care authorities,
and health app developers across 6 continents [21].

It should be noted that, while the CEN ISO/TS 82304-2 quality
requirements are applicable worldwide, some requirements are
influenced by local regulations (which is the case for other
digital health assessment frameworks as well [29]). This
necessitates minor amendments to the assessment across
jurisdictions. Given that the project as part of which this study
was conducted was funded by the European Commission, the
initial CEN ISO/TS 82304-2 testing and implementation efforts
were focused on Europe. Therefore, steps were taken to ensure
that the CEN ISO/TS 82304-2 criteria are in line with European
regulations and standards (as described further in the Discussion
section). Future work will aim to support the alignment of the
assessment with regulations in other regions.

The CEN ISO/TS 82304-2 framework consists of 5 subsections
containing between 7 and 28 questions each: “Product
information,” “Healthy and safe,” “Easy to use,” “Secure data,”
and “Robust build.” In total, the assessment comprises 81

questions, 12 of which serve to collect background data about
the app, mostly to enable the display of this information in a
related health app quality label. As the latter questions are
answered in free-text or multiple-selection format and do not
affect the quality rating of the app, they were not considered in
the interrater reliability analysis reported in this paper. The
remaining 69 questions (quality requirements) have either 2
(“yes” or “no”) or 3 (“yes,” “no,” or “not applicable”) response
options. A list of all assessment questions can be found in the
supplement of the CEN ISO/TS 82304-2 framework
development paper [21].

Final responses to the assessment questions are determined by
an assessment organization based on documentation and other
information that is provided by health app developers as part
of the assessment process. Examples of the documentation that
developers are asked to submit alongside providing access to
their apps include evidence of the societal and health benefits
of the app, an analysis of health risks, standard operating
procedures (or relevant excerpts thereof), and privacy policies.

To facilitate the assessment process, detailed instructions were
developed during this study to indicate what documentation is
acceptable and what subrequirements need to be met for a given
assessment question to be answered with “yes.” These
instructions were outlined in a draft developer guidance
document and a draft app assessor handbook and were tested
and evolved across evaluation rounds (see the App Assessment
Procedure section for details). As the handbook is still under
development, it is not presented in this paper; however, it will
likely be published once the first operational version is finalized.

The final output of the CEN ISO/TS 82304-2 assessment is a
quality label [30] that summarizes the assessment results for
each quality domain and for the app overall using letter grading
(E to A) and color coding (red, orange, yellow, light green, and
dark green), similar to the EU energy label. This allows health
care professionals and the public to quickly determine whether
a given app meets their needs and preferences. For more detailed
information, a full assessment report is also available [22].

It should be noted that, as part of this study, no quality labels
were issued given that the CEN ISO/TS 82304-2 assessment
guidance and handbook were under development.

App Selection
As mentioned previously, conducting the CEN ISO/TS 82304-2
assessment requires health app developers to submit
documentation that is not publicly available. Therefore,
developers were actively involved in this study, as is described
further in the App Assessment Procedure section. This also
allowed for the collection of feedback on the assessment process
from the app developer perspective.

To thoroughly test the evolving assessor handbook, developer
guidance, and assessment process, a variety of health apps were
sought to be included in this study, mimicking real-life app
diversity. For this purpose, the assessors involved in this study
compiled a list of health app development companies to contact,
aiming to cover a wide range of company sizes, countries of
origin, condition areas, and app functionalities. In addition, this
study was advertised on a dedicated project website where
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developers had the opportunity to get in touch to express their
interest in participating.

To ensure that a given app could be evaluated by any assessor
(see the App Assessment Procedure section for details), only
apps available in English were eligible for inclusion in the study.
However, in 2 cases, it was discovered, after the developers had
collated all the assessment information, that their apps did not
meet this criterion. Given that considerable effort had already
been exerted at this stage, these apps were included, allocating
them to assessors with relevant language knowledge or using
automated translation tools where needed. No other eligibility
criteria were applied apart from a willingness of the app
developers to provide the necessary assessment information as
well as access to their apps (or, as an exception, relevant
screenshots or video demonstrations if access could not be
granted, eg, due to geographical restrictions).

The assessment took place across 3 rounds, and the initial aim
was to evaluate 8 health apps per round, with funding being
available for the evaluation of 24 apps in total. However, due
to developers’ competing commitments, the amount of effort
involved, and the relatively short project timelines, a number
of app development companies dropped out of the study after
initially agreeing to take part. In round 1, timelines did not
permit the recruitment of replacements. In subsequent rounds,
more companies than needed were initially recruited to account
for potential dropouts. The final sample consisted of the intended
total of 24 health apps, which were distributed across the
assessment rounds as follows: 3 (12%) apps in round 1 (3
dropouts), 7 (29%) apps in round 2 (7 dropouts and 1 moved
to round 3), and 14 (58%) apps in round 3 (10 dropouts).

As mentioned previously, no quality labels were provided for
the evaluated apps as part of this study given that the aim was
to develop, test, and evolve the CEN ISO/TS 82304-2
assessment guidance and handbook to arrive at an operational
version that is suitable for use in quality certification, with
sufficiently consistent assessment results. Therefore, no letter
grades were calculated or shared. The main benefits offered to
participating health app development companies were the receipt
of feedback for the individual assessment questions (based on
the respective draft versions of the handbook), which could be
used internally for product improvements; a chance to
familiarize themselves with the CEN ISO/TS 82304-2
assessment; and the offer of a reduced fee if they decided to
submit their apps to the operational version of the
CEN ISO/TS 82304-2 certification once the latter is rolled out.

App Assessment Procedure
The app evaluations were conducted between November 2022
and April 2024 by assessment organizations with diverse
backgrounds from different countries to approximate the full
scope of real-life assessment conditions. Specifically,
participating organizations were located in the United Kingdom,
Italy, Spain, Canada, and France and consisted of 3 private
assessment organizations and 2 health authorities, the latter of
which each used a subcontractor. In the final round, 1
assessment organization had to drop out as the assessors
involved in the study had left the company. Other than that, the
same organizations were involved in all 3 evaluation rounds.

Across all organizations, a total of 12 individual assessors were
involved in the study, for 10 (83%) of whom background
information was available (the remaining n=2, 17%, were based
at the organization that had to drop out in the last round). The
median previous experience that assessors had with evaluating
the quality of health apps using any assessment framework was
19.5 (IQR 0.0-48.0) months. With regard to previous exposure
to the CEN ISO/TS 82304-2 assessment in particular, 40%
(4/10) of the assessors reported having previously used the CEN
ISO/TS 82304-2 assessment to evaluate health apps, and 20%
(2/10) of the assessors had been involved in the development
of the framework. The remaining 40% (4/10) of the assessors
had no previous familiarity with the CEN ISO/TS 82304-2
assessment.

The app assessment procedure across all 3 evaluation rounds
was as follows. At the start of each round, the app developers
who had agreed to participate in the study were supplied with
the draft CEN ISO/TS 82304-2 assessment guidance for round
1, 2, or 3, as applicable. They were asked to collate and submit
the required information, including relevant documentation,
and grant the assessors access to their health app. In addition,
developers were asked to report, for each question, how long it
took them to gather the relevant information and how clear they
found the associated assessment guidance (red=“very unclear,”
yellow=“somewhat unclear,” and green=“completely clear,”
coded as 0, 1, and 2, respectively, for the data analysis).
Moreover, additional feedback was collected from app
developers via individual interviews that were conducted via
video calls after the submission of the assessment information
but before the receipt of the evaluation results (see the Feedback
From Developers section for details).

The assessment information submitted by a given app developer
was passed on to 2 of the 5 assessment organizations, which
were pseudorandomly allocated in such a way as to achieve
diverse organization pairings across apps. A range of expertise
was needed to complete the evaluations as the CEN ISO/TS
82304-2 assessment covers clinical, usability, privacy, and
technical domains in depth. Therefore, some assessment
organizations engaged different assessors to evaluate each of
the assessment subsections, whereas others appointed a lead
assessor who consulted subject matter experts when needed.
The median number of apps evaluated by individual assessors
across all 3 rounds with an evolving handbook was 9.5 (IQR
7.0-11.0).

As part of the app evaluation, assessors examined the submitted
evidence, which included documentation and screenshots as
well as relevant screens within the app itself based on the
CEN ISO/TS 82304-2 draft handbook for round 1, 2, or 3 and
recorded their responses (“yes,” “no,” or “not applicable”) for
each question. Evaluations were conducted independently (ie,
different assessment organizations did not have access to each
other’s responses). Assessors also provided evaluation times
and handbook clarity ratings for each of the 81 assessment
questions.

After the app evaluations within a given round, meetings were
held among the assessors to discuss any disagreements. For
each app, a consensus decision on a final response for each
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assessment question was reached, which was passed on to the
respective app developers. The information gathered during
these discussions, together with the interrater reliability results,
time and clarity ratings, and the feedback collected from
developers, was used to amend and evolve the assessor
handbook and developer guidance between rounds (and after
the final round). Due to these iterative changes, the results are
reported separately for each round.

Data Analysis
Interrater reliability was determined for the agreement between
the 2 assessment organizations based on their independent
responses recorded before any discussion. For this purpose,
Gwet AC1 values [31,32] were calculated for each assessment
question in MATLAB (version 9.10.0.1710957 [R2021a]; The
MathWorks, Inc). The Gwet AC1 was used as it has been shown
to provide stable interrater reliability coefficients without being
substantially affected by response prevalence or marginal
probability (as is, eg, the case for the Cohen κ). In addition, it
is suitable for designs that are not fully crossed over, such as
the one used in this study, in which different pairs of raters
evaluated the varying apps [33].

Gwet AC1 values can be interpreted as follows using Altman
benchmark ranges [33]: <0.20="poor agreement," 0.21-0.40=
"fair agreement," 0.41-0.60="moderate agreement," and
>0.60="good agreement." The percentage of questions falling
into each of these categories within each subsection of the
CEN ISO/TS 82304-2, as well as across the entire assessment,
was reported.

There were some instances in which assessors did not provide
evaluation responses for individual questions, possibly because
they were uncertain about which option to select (where
coinciding clarity ratings were low). These instances were
omitted from the analysis, as were a small number of cases in
which an assessor responded with “not applicable” to a particular
question even though this was not a valid response option. In
addition, for 1 app in round 3, the evaluation responses from 1
assessment organization were not available due to technical
issues. Therefore, this app was excluded from the interrater
reliability analysis. Moreover, due to a miscommunication, 1
app in round 1 was evaluated by 3 assessment organizations
instead of 2. As the assessors of one of these organizations were
able to see the evaluation answers of another organization, the
former’s responses were excluded from the interrater reliability
(but not the time or clarity rating) analysis as a precaution to
maintain full independence of responses. In subsequent rounds,
additional measures were taken to ensure that access to other
assessors’ responses was not possible.

For the time and clarity ratings collected from app developers
and assessors, summary values were computed in MATLAB.
Specifically, for each rating set (from a given rater for a
particular app), the sum of the time ratings was calculated across
all questions within a given section and across the entire
assessment. The medians and IQRs of these values were reported
as an indication of the central tendency and dispersion of the
data across rating sets. A similar calculation was applied to the
clarity ratings except that, for the latter, the average rather than

the sum was computed across the questions within a given
section before examining medians and IQRs across rating sets.

It should be noted that some assessors and developers provided
time or clarity ratings for <75% of the questions within a
particular section or across the entire assessment. These cases
were excluded from the relevant section summary or the total
assessment summary, respectively, as not enough data were
available to arrive at a summary value that was likely to
represent the rater’s time investment or perceived clarity (sample
sizes are reported in the Results section). Where ratings were
missing for <75% of questions, median imputation was applied
using the available ratings for a given question before calculating
the sum or average across all questions for a particular rating
set. When calculating the summary values across the entire
assessment (for cases in which <75% of all ratings were
missing), median imputation was applied to all missing values,
including to those within the sections that were excluded from
the section summary (based on the aforementioned criterion).
This was necessary for the calculation of the total amount of
time spent on the assessment, for which time ratings were
summed across all questions. The same methodology was
applied to the clarity ratings for consistency.

Ethical Considerations
Approval by an ethics or scientific research committee was
deemed unnecessary according to Dutch national regulations,
since the study was not subject to the Medical Research
Involving Human Subjects Act, and according to the guidelines
of the Central Committee on Research Involving Human
Subjects. The study did not require ethics approval as no
personal or sensitive data were collected and all activities
performed by assessors and developers lay strictly within their
professional competence and job responsibilities. Moreover, no
identifiable information is disclosed about individual health
apps in this paper.

Results

App Characteristics
Of the 24 apps included across the 3 assessment rounds, 8 (33%)
were developed by micro-sized start-ups with <10 employees,
12 (50%) were developed by small businesses with 10 to 49
employees, 2 (8%) were developed by medium-sized companies
with 50 to 249 employees, and 2 (8%) were developed by large
organizations with ≥250 employees. Most companies (22/24,
92%) were based in Europe, that is, in the Netherlands (6/22,
27%), Belgium (4/22, 18%), and France (3/22, 14%), as well
as in Bulgaria, Denmark, Finland, Greece, Italy, Portugal, Spain,
Switzerland, and the United Kingdom (1/22, 5% each). The
remaining companies (2/24, 8%) had headquarters in the United
States.

The sample included both disease-specific and more general
health or health system service support apps, with the former
targeting a wide range of condition areas such as diabetes,
asthma, cardiovascular disease, mental health, chronic pain,
nicotine dependence, cognitive impairment, hepatitis C, and
colorectal conditions. Most apps had more than one intended
use, including health system service support (3/24, 12%),
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information provision (12/24, 50%), disease prevention (eg,
through behavior change; 7/24, 29%), self-management (16/24,
67%), monitoring (15/24, 62%), treatment (4/24, 17%),
communication with health care professionals (14/24, 58%),
calculation of values that are likely to affect health care
decisions (6/24, 25%), and research support (3/24, 12%).
Overall, 46% (11/24) of the apps were classified as medical
devices under the MDR.

Interrater Reliability Between Assessment
Organizations
For round 1, a median Gwet AC1 value of 0.54 (IQR 0.14-1)
was observed across all 69 CEN ISO/TS 82304-2 assessment
questions included in the analysis, indicating moderate overall
agreement between assessment organizations. Breaking this
finding down further revealed that the interrater reliability was
poor (<0.20) for 32% (22/69) of the questions, fair (0.21-0.40)
for 4% (3/69) of the questions, moderate (0.41-0.60) for 29%

(20/69) of the questions, and good (>0.60) for 35% (24/69) of
the questions.

In round 2, the overall interrater reliability between assessment
organizations was good, with a median Gwet AC1 value of 0.63
(IQR 0.48-0.84). Agreement was poor (<0.20) for 7% (5/69) of
the questions, fair (0.21-0.40) for 4% (3/69) of the questions,
moderate (0.41-0.60) for 26% (18/69) of the questions, and
good (>0.60) for 62% (43/69) of the questions.

In round 3, a median Gwet AC1 value of 0.67 (IQR 0.42-0.85)
indicated good overall agreement between organizations.
Interrater reliability was poor (<0.20) for 6% (4/69) of the
questions, fair (0.21-0.40) for 14% (10/69) of the questions,
moderate (0.41-0.60) for 20% (14/69) of the questions, and
good (>0.60) for 59% (41/69) of the questions.

A visual representation of the interrater reliability findings by
CEN ISO/TS 82304-2 subsection can be found in Figure 1.

Figure 1. Percentage of questions falling into each interrater reliability category for the agreement between assessment organizations (Gwet
AC1≤0.20="poor agreement," 0.21-0.40="fair agreement," 0.41-0.60="moderate agreement," and >0.6="good agreement"). Results are shown for the
following assessment sections (A) "Healthy and safe" (23 questions), (B) "Easy to use" (13 questions), (C) "Secure data" (21 questions), and (D) "Robust
build" (12 questions), as well as for (E) the Entire assessment (69 questions). Note that the "Product information" section only contained free-text and
multiple-response options and, therefore, was not included in the interrater reliability analysis.
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Time and Clarity Ratings

Assessor Ratings
The median evaluation time across all CEN ISO/TS 82304-2
questions reported by the assessors was 10 hours and 34 minutes
(IQR 9.5-13.1 hours) in round 1 (n=5 rating sets), 8 hours and
33 minutes (IQR 4.9-9.0 hours) in round 2 (n=11 rating sets),
and 8 hours and 46 minutes (IQR 7.1-11.0 hours) in round 3
(n=19 rating sets). The amount of time spent on each CEN
ISO/TS 82304-2 subsection is presented in Table 1. It should
be noted that these ratings include only the time it took to arrive

at a response to the assessment questions based on the submitted
evidence but not the time dedicated to other activities, such as
meetings.

The median assessor handbook clarity rating across all questions
was 1.46 (IQR 1.44-1.65) in round 1 (n=6 rating sets), 1.72
(IQR 1.53-1.88) in round 2 (n=10 rating sets), and 1.78 (IQR
1.71-1.89) in round 3 (n=12 rating sets), where 0=“very
unclear”, 1=“somewhat unclear”, and 2=“completely clear”.
Clarity ratings broken down by subsection can be found in Table
2.

Table 1. Evaluation time reported by the assessors across rounds for each subsection of the CEN ISO/TS 82304-2 assessment.

Evaluation time (hours), median (IQR)Number of rating setsSection and round

Product information

0.6 (0.5-0.7)51

0.5 (0.2-0.5)112

0.4 (0.3-0.7)193

Healthy and safe

3.6 (3.2-4.3)51

3.2 (1.7-3.4)112

3.1 (2.1-3.7)193

Easy to use

1.9 (1.7-3.1)51

1.5 (0.8-1.8)112

1.8 (1.3-2.3)193

Secure data

2.9 (2.6-3.4)51

2.0 (1.2-2.3)112

2.6 (1.0-3.3)193

Robust build

1.5 (1.2-1.9)41

1.1 (0.7-1.4)102

1.1 (0.1-1.7)183
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Table 2. Handbook clarity ratings reported by the assessors across evaluation rounds for each subsection of the CEN ISO/TS 82304-2 assessment.

Assessor clarity rating (0=very unclear, 1=somewhat unclear, and
2=completely clear), median (IQR)

Number of rating setsSection and round

Product information

2 (2-2)61

2 (2-2)92

2 (2-2)143

Healthy and safe

1.54 (1.5-1.57)61

1.84 (1.29-1.96)102

1.88 (1.7-1.97)123

Easy to use

1.54 (1.31-1.54)61

1.62 (0.62-1.77)102

1.54 (1.17-1.94)93

Secure data

1.5 (1.24-1.67)61

1.9 (1.62-2)102

1.74 (1.52-2)83

Robust build

1.21 (1.08-1.83)61

2 (1.67-2)102

1.92 (1.67-2)133

App Developer Ratings
The median time spent by app developers on preparing the
assessment information using the evolving guidance was 2 hours
in round 1 (n=1 rating set), 7 hours and 3 minutes (IQR 3.8-8.8
hours) in round 2 (n=5 rating sets), and 8 hours and 59 minutes
(IQR 5.7-27.1 hours) in round 3 (n=10 rating sets). The

information collation time for each CEN ISO/TS 82304-2
subsection can be found in Table 3.

The median guidance clarity rating indicated by app developers
across all questions was 1.84 (IQR 1.69-1.99) in round 1 (n=2
rating sets), 1.80 (IQR 1.74-1.87) in round 2 (n=5 rating sets),
and 1.73 (IQR 1.64-1.90) in round 3 (n=12 rating sets). Clarity
ratings broken down by subsection are presented in Table 4.
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Table 3. Information collation time reported by app developers across rounds for each subsection of the CEN ISO/TS 82304-2 assessment.

Information collation time (hours), median (IQR)Number of rating setsSection and round

Product information

0.06 (—a)11

0.22 (0.16-0.31)52

0.48 (0.27-0.82)103

Healthy and safe

0.5 (—)11

2.14 (1.32-3.4)52

4.11 (2.63-7.65)103

Easy to use

0.26 (—)11

1.53 (0.8-2.22)52

1.8 (0.96-3.75)83

Secure data

0.92 (—)11

1.32 (1.1-2.13)52

1.56 (0.99-8.5)103

Robust build

0.28 (—)11

0.77 (0.38-1.46)52

0.9 (0.63-3.45)93

aNot applicable.
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Table 4. Guidance clarity ratings reported by app developers across evaluation rounds for each subsection of the CEN ISO/TS 82304-2 assessment.

Developer clarity ratings (0=very unclear, 1=somewhat unclear, and
2=completely clear), median (IQR)

Number of rating setsSection and round

Product information

2 (1.36-2)31

2 (1.93-2)52

2 (1.96-2)133

Healthy and safe

1.82 (1.64-2)21

1.93 (1.56-1.97)52

1.87 (1.65-1.92)123

Easy to use

1.81 (1.62-2)21

1.92 (1.65-2)52

1.71 (1.65-1.88)123

Secure data

1.98 (1.95-2)21

1.95 (1.6-1.96)52

1.81 (1.67-1.95)123

Robust build

1.58 (1.25-1.92)21

1.83 (1.71-1.94)52

1.67 (1.33-1.88)123

Feedback From App Developers
All 24 app developers took part in individual follow-up
interviews, which were conducted vial video calls after the
developers had submitted their assessment information but
before they received the evaluation responses from the assessors.
The interviews were led by MK and took between 25 and 75
minutes. On the developer side, between 1 and 5 team members
attended the interviews, which in all cases included individuals
who had been involved in collating the assessment information
and in 92% (22/24) of the cases included the person leading
this process.

When asked what improvements they would recommend for
the draft version of the assessment guidance and the evolving
evaluation process, developers provided several suggestions.
First, in rounds 1 and 2, it was noted that some questions were
mainly applicable to medical apps, causing uncertainties about
whether and, if so, how they could be answered for wellness
apps. It was suggested to include stratification points in the
assessment to determine which questions need to be answered
for which type of app (which is part of the CEN ISO/TS 82304-2
framework but had not yet been applied in the draft guidance).
Second, uncertainties were reported regarding what evidence
was required for some of the questions. It was indicated that
the provision of example answers and document templates, as
well as the opportunity to interact with assessors as needed
(which was always intended for the real-world assessment

implementation), would be helpful to clarify requirements.
Third, it was noted, especially by companies that outsourced
their software development, that it would be useful to receive
more explicit information on which expertise (eg, clinical, data
privacy, cybersecurity, and software development) was needed
to answer each individual question to allow for a more efficient
distribution of the questions across the team and subcontractors.
Fourth, developers asked for guidance on how to efficiently
integrate CEN ISO/TS 82304-2 into their internal processes and
strategy alongside other required assessments. In this context,
it was noted that there is overlap between MDR and CEN
ISO/TS 82304-2 requirements (which was deliberate and
necessary to cover relevant quality criteria for apps that are not
classified as medical devices or, given their class-I classification,
not assessed by notified bodies). It was suggested to allow for
the reuse of documentation or the automatic passing of certain
CEN ISO/TS 82304-2 questions if an app had already been
assessed by a notified body (which was indeed always intended
but requires further consideration for effective implementation).

Developers were further asked which, if any, benefits they
thought the CEN ISO/TS 82304-2 assessment and the associated
quality label could provide for their company. In response to
this question, 67% (16/24) of the developers indicated that they
expected the quality label to be an asset for marketing purposes,
in addition to creating confidence and trust among users, payers,
and health care providers. A further 25% (6/24) of the
developers primarily mentioned receiving an independent quality
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certification as a benefit in and of itself. Moreover, 21% (5/24)
of the developers saw the assessment process as a valuable
learning experience for the company, offering guidance on how
to measure and improve the quality of their app, with 1 company
reporting that they created an internal quality management
system as a result of going through the assessment process.

Finally, when asked whether, knowing what they did now about
the time and effort that was required, they would still have
chosen to submit their app for CEN ISO/TS 82304-2 assessment,
88% (21/24) of the developers replied in the affirmative, with
8% (2/24) being unsure and 4% (1/24) indicating that they would
not have submitted their app.

Discussion

Principal Findings
This study aimed to develop and evolve the CEN ISO/TS
82304-2 assessment handbook and developer guidance by testing
them across a diverse range of apps and assessment
organizations from different countries. Time spent on
information collation or evaluation, instruction clarity, and
assessment consistency were examined to inform the next steps
toward establishing a robust certification process. To our
knowledge, this is the first cross-national, cross-stakeholder
collaboration in the field of health app assessment of this extent,
diversity, and rigor.

This study revealed that the interrater reliability between
assessment organizations improved from round 1 to round 2 for
all assessment sections, likely reflecting both an initial practice
effect and clarifications made to the assessor handbook. Between
rounds 2 and 3, interrater agreement improved or stayed
relatively stable for the “Robust build” and “Secure data”
sections, respectively. However, unexpectedly, the “Healthy
and safe” and “Easy to use” sections demonstrated somewhat
lower interrater reliability in round 3 than in round 2 (which
likely also drove the very slight decrease in interrater reliability
observed across the entire assessment between these rounds).
The evolving rigor of the handbook between rounds likely
contributed to this finding, which may have affected some
sections more than others depending on the changes that were
made. Moreover, differences in app characteristics may have
also played a role. For instance, in round 2, only 29% (2/7) of
the evaluated apps were classified as medical devices, whereas
in round 3, this classification applied to 43% (6/14) of the apps.
The greater complexity of medical device app functionalities
may have made the latter more difficult to evaluate in some (but
not all) domains compared to apps that are not medical devices.
In the future, to the extent possible, the assessment outcomes
of notified bodies will be used to inform those CEN ISO/TS
82304-2 quality requirements that overlap with the MDR for
medical device apps, which will increase the consistency of the
latter’s assessment. In addition, the improvements discussed in
the Learnings and Planned Improvements to the Assessment
section aim to ensure consistent evaluation across all assessment
sections and app types. Still, even with the round-3 draft version
of the assessment handbook, 59% (41/69) of the questions across
the entire assessment demonstrated good interrater reliability,
with another 20% (14/69) of the questions showing moderate

agreement. These results are promising, indicating that, even
at this early stage, the CEN ISO/TS 82304-2 assessment already
results in largely consistent outcomes across organizations
located in different countries. The implications of this finding
are discussed further in the Envisioned Impact of the CEN
ISO/TS 82304-2 Assessment section.

The median handbook clarity ratings reported by assessors
increased steadily across rounds, as was expected due to
increasing familiarity with the handbook and the improvements
made to the latter between rounds based on the collected data.
Somewhat surprisingly, the median guidance clarity ratings
collected from app developers decreased across rounds. This
may have been an unintended consequence of the iterative
changes (increasing rigor) that were made to the guidance. For
instance, in round 3, the subrequirements that were used in the
assessor handbook were added to the developer guidance with
the aim of clarifying evidence needs and assessor expectations.
However, this may inadvertently have caused uncertainty among
developers about how to answer the associated assessment
questions, with seemingly only a minority of developers having
taken the individual subrequirements into account. Alternatively,
especially given the small sample size, the observed differences
across rounds may have been a result of variations in the
included apps and development companies, which were likely
to affect how easily certain assessment questions could be
answered. In either case, clarification of the written guidance,
giving developers the opportunity to contact the assessment
organizations with clarification questions, and other
improvements discussed in the Learnings and Planned
Improvements to the Assessment section will likely help
enhance developers’understanding of the guidance in the future.

With regard to the time spent on the assessment process, in
round 3, developers reported taking a median of 8 hours and 59
minutes (IQR 5.7-27.1 hours) to gather the assessment
information, and assessors indicated spending a median of 8
hours and 46 minutes (IQR 7.1-1.0 hours) evaluating the apps.
While this is a substantial time investment, it reflects the rigor
of the CEN ISO/TS 82304-2 assessment, which is intended to
ensure that different stakeholder groups internationally are
provided with sufficient information to support their health
app–related decision-making, significantly reducing the need
for further evidence gathering and avoiding similar evaluations.
Importantly, it should be noted that, despite the effort involved,
88% (21/24) of the app developers reported that they would
submit their app for CEN ISO/TS 82304-2 assessment again,
indicating that the perceived benefits of the assessment outweigh
the time cost. In addition, several steps are being considered to
reduce the required time for both developers and assessors in
the future implementation of the assessment, as discussed in
the Learnings and Planned Improvements to the Assessment
section.

All in all, this study provided promising results regarding the
interrater reliability between assessors at this early stage of
development and testing, as well as valuable insights to support
the future implementation of the CEN ISO/TS 82304-2
assessment. In the following sections, it is discussed how these
results compare to previous findings; which improvements were
made based on this study; what next steps are planned for the
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refinement of the CEN ISO/TS 82304-2 assessment handbook,
developer guidance, and process; and what benefits the
widespread use of the assessment is expected to provide.
Strengths and limitations of the study are also considered.

Comparison to Previous Health App Assessment
Interrater Reliability Studies
Previous studies that have examined the interrater reliability of
health app assessments have yielded mixed results. For several
assessments, <15% of the questions demonstrated good
agreement between assessors (eg, Fleiss κ>0.60 or Krippendorff
α>0.667) [34-36]. Our results compare favorably to these
findings, with approximately 60% of CEN ISO/TS 82304-2
questions in rounds 2 and 3 (43/69, 62%, and 41/69, 59%,
respectively) showing good assessor agreement (Gwet
AC1>0.60), already at this early stage of development. However,
it should be noted that higher interrater reliability has been
reported for several health app assessments, such as outstanding
agreement (κ>0.80) for 86% of the Enlight questions [37],
substantial or good agreement (κ>0.60) for 79% of the questions
within the American Psychiatric Association’s app evaluation
framework [38], and satisfactory intraclass correlations (>0.75)
for all sections of the Mobile App Rating Scale [39].

In this context, the complexity of the assessments should be
considered. The aforementioned frameworks are less
comprehensive in scope, rely only on publicly available
information (mostly the app itself), and include less complex
and often more descriptive questions than those in the
CEN ISO/TS 82304-2 assessment. Therefore, it is unsurprising
that good interrater reliability could be achieved relatively easily
for these frameworks. In contrast, the in-depth evaluation of
clinical and technical aspects provided as part of the CEN
ISO/TS 82304-2 assessment requires expert assessment
knowledge and careful examination of elaborate documentation
submitted by developers. Consequently, it is to be expected that
repeated testing and iterative improvement are required to
achieve a clear handbook and good assessor agreement for all
CEN ISO/TS 82304-2 questions. In line with this, a recent
qualitative study found that, even for the MDR, there are
significant variations in the interpretation of the included quality
requirements both within and between notified bodies, which
can result in inconsistent assessment outcomes [40]. This
highlights the difficulty of achieving consistency for more
complex digital health technology quality assessments. In this
context, it is worth noting that, unlike some other quality or
efficiency assessments (eg, those carried out for the EU energy
label), digital health technology assessments involve evaluations
carried out by assessors rather than relying only on automated
measurements (eg, of energy consumption). This introduces
variability, which needs to be minimized to ensure that national
authorities, citizens, and health care professionals can trust that
health apps are evaluated consistently. The refinements
discussed in the Learnings and Planned Improvements to the
Assessment section aim to further improve the CEN ISO/TS
82304-2 assessment consistency. This includes amendment of
the handbook and guidance as well as considerations related to
the expertise, training, and support from subject matter experts
and automated tooling that can assist assessors in achieving
consistent ratings.

With regard to the time required for app evaluation, the few
previous interrater reliability studies that have examined this
measure have reported assessment times ranging from 15
minutes to 1 hour [34,41]. These values are considerably lower
than those observed in this study, with a median evaluation time
of 8 hours and 46 minutes (IQR 7.1-11.0 hours) reported in
round 3. Again, this difference is likely due to the reliance only
on publicly available information and the lower complexity of
the former assessments compared to that of the CEN ISO/TS
82304-2. Pilot studies more similar to this one, as part of which
information was requested from health app developers, have
reported app evaluation times more comparable to those in our
study. Specifically, one study observed assessment times of 10
to 30 work hours per app (including writing the
recommendation, meetings, and other communications [42]),
and another study (including 2 apps) reported indicative app
evaluation times of up to 6 hours (if uncertainties were
encountered [43]). The time information gathered during this
study will be used to inform developers of how long it is
expected to take to collate the assessment information (developer
workload), determine assessment pricing, and guide scalability
efforts (assessor workload).

Learnings and Planned Improvements to the
Assessment
On the basis of the information collected during this study and
complementary studies conducted as part of the initiative that
this study is a part of, improvements were made to further
increase the consistency, clarity, efficiency, and value of the
assessment. Several of these learnings may also be applicable
to other health app evaluation initiatives.

First, to increase consistency, the handbook was further evolved
to include separate sections with standardized, simplified
wording. These sections provide additional guidance as to (1)
the documentation needed from app developers; (2) which
subrequirements the assessors need to evaluate with the provided
documentation and, if applicable, with information from the
app itself; and (3) which subrequirements need to be met for
the assessment question to be answered with a “yes.” In addition,
it is being explored whether automation can be introduced to
evaluate or support the evaluation of some requirements, such
as testing accessibility features, examining data flow, and
scanning privacy policies for relevant content. In addition to
improving consistency, automation can help reduce the required
assessment time and may enable the evaluation of additional
quality aspects that cannot be examined manually. Moreover,
in the future, the outcomes of trusted existing assessments, in
particular those provided by notified bodies as part of their legal
task, will, to the extent possible, be used to address the related
CEN ISO/TS 82304-2 requirements, which is expected to
improve consistency as well as avoid duplication of effort.
Finally, consideration is being given to how best to train new
assessors (eg, using practice evaluations on already assessed
apps) to ensure that they demonstrate a high level of consistency
before starting to conduct “real” app assessments.

Second, to increase clarity and efficiency, a fit-for-purpose
platform, including subsection headings, stratification, and
documentation templates, is intended to be developed to collect
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assessment information from developers. Subsection headings
will make the expertise needed to answer different questions
(eg, medical, data privacy, or cybersecurity knowledge) more
apparent. This can help developers distribute the assessment
questions more effectively across the company and potential
suppliers, asking relevant experts to answer the questions most
suited to their expertise, thereby saving time in collating the
assessment information. Stratification, carried out automatically
via the platform, will more efficiently determine which
assessment questions need to be answered based on the intended
use and characteristics of the app, such as whether it provides
health information, has already been assessed by a notified body,
processes personal data, or incorporates application
programming interfaces. Document templates, which
interviewed developers suggested would be helpful, will further
clarify the evidence requirements and allow developers to
identify more quickly and effectively which information they
need to provide. This, in turn, will ensure that assessors receive
all and only the information needed for the evaluation in a
standard format, speeding up the evaluation process and making
it more robust.

Efficiency is also expected to be increased by giving developers
and assessors the opportunity to interact as part of the
assessment process (as was always intended). This was not the
case during the study to enable the examination of developers’
understanding of the guidance in the absence of outside advice
and to ensure that assessors’ evaluation responses were
independent and based on the same information. Due to the lack
of interaction during this study, developers were occasionally
uncertain about how to respond to particular questions or what
documentation to provide, and in some instances, assessors
spent considerable amounts of time searching for relevant
information, including within the apps. In the real-world
implementation of the assessment, developers will have the
chance to ask clarification questions, and assessors will be able
to contact developers to request additional information if needed.
It is expected that such interactions will reduce uncertainty and
expedite the evaluation process. Future consideration will
additionally be given to how to efficiently handle reassessments
where changes to an app have been made that affect the
responses to individual quality requirement questions and how
to guide developers in efficiently integrating CEN ISO/TS
82304-2 into their internal processes and strategy.

Third, to increase the value and uptake potential of the CEN
ISO/TS 82304-2 assessment, steps were taken to evolve and
align it more specifically with the European context, where the
initial implementation efforts are intended to take place. This
included incorporation of findings of a comparative analysis
with (mostly) European health technology assessment
frameworks, EU-level legislation and values, international and
European standards, advice from subject matter experts,
literature on health app quality, and information needs reported
by (mostly) European stakeholders for health app–related
decision-making. Consultation of related European authorities
such as the Medical Device Coordination Group, the European
Data Protection Supervisor, and the EU Agency for
Cybersecurity is proposed for the future to obtain feedback and
ensure sustained alignment. In addition, future work will aim

to align the assessment with regulations and standards in other
regions as well. Notably, it has been observed that many
regulations are promulgated from the EU to other regions, where
they become entrenched in relevant legal frameworks (which
has been termed the “Brussels effect” [44]). Therefore, by
aligning the handbook with EU regulations such as the MDR
and General Data Protection Regulation, many (often less
rigorous) legal requirements in other regions are likely already
covered, and future efforts will likely only require relatively
small additions (or removal) of requirements to align with local
legislation. Once the assessment is taken up in different regions,
a flag displayed at the top of the CEN ISO/TS 82304-2 quality
label can indicate in which region the assessment was conducted
(or recognized). This is similar to the EU energy label, which
is used by many countries outside the EU with some, strong, or
full alignment and displays the region or country flag at the top
of the label [45].

Finally, it should be noted that the initial focus of the
development and testing effort was on smaller organizations
and start-ups, assuming that, if the assessment process was
optimized for the latter, it would also be suitable for larger
companies that tend to employ more subject matter experts.
However, this study revealed that larger organizations may
require somewhat different guidance from that required by small
or medium-sized businesses due to differing organizational
structures and interrelations between products and associated
documentation. For instance, in large companies, a given health
app may be a supportive tool for a medical intervention that is
not delivered through the app itself, and documentation for these
connected products may not be easily separable. Relatedly,
certain policies in place at large companies, such as data privacy
provisions, may be applicable to many offered products rather
than being health app specific. In addition, in some cases, larger
companies may have (recently) acquired smaller app
development organizations, with only some but not all
documentation already having been updated to align with the
larger company’s standard procedures. Such scenarios may
cause uncertainties within large companies regarding what
documentation is suitable and relevant for the app-specific CEN
ISO/TS 82304-2 assessment if the evaluation guidance is mainly
aligned with the needs of smaller organizations. As only 2 large
companies were involved in this pilot study, additional testing
is needed and planned to calibrate the assessment guidance for
use in large organizations.

Envisioned Impact of the CEN ISO/TS 82304-2
Assessment
As mentioned in the Introduction section, the need for a health
app quality certification beyond that provided under the MDR
seems to be widely recognized [15,19,20], but current health
app assessment initiatives, including national programs, are
struggling to achieve efficient, appealing, and scalable
assessment implementation. This may partly be due to the use
of centralized national approaches to app evaluation, which can
create bottlenecks [29], as well as due to insufficient incentives
for developers. It has been proposed that international
collaboration and the use of distributed evaluation bodies is
needed to address these issues [29]. As such, the envisioned
establishment of the CEN ISO/TS 82304-2 assessment as an
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efficient, effective, consistent, and scalable health app quality
certification scheme that is delivered through a network of
assessment organizations and is recognized across Europe and
beyond, requiring only limited context-specific requirements
to be added, would be a major step forward.

It is expected that the widespread availability of the CEN
ISO/TS 82304-2 quality label will minimize risk and build trust
among health care professionals and the public, thereby
increasing the adoption of high-quality health apps. In line with
this expectation, our recent research has shown that health care
professionals’willingness to recommend health apps and users’
intention to download them is positively influenced by the CEN
ISO/TS 82304-2 quality label ([46]; Adriaanse, unpublished
data).

In addition, the cross-national recognition of the CEN ISO/TS
82304-2 assessment would help address several issues associated
with the current fragmented assessment landscape in which
numerous organizations apply differing assessment frameworks
for overlapping quality aspects [19,20]. This fragmentation
leads to duplicated work both for health systems and app
developers if a given app needs to be submitted to several full
assessments to evidence its quality to different markets and
varying types of organizations. In this regard, it is specifically
problematic that the quality criteria used can differ widely across
frameworks, with a recent review finding that, among 12 health
system- and government-led digital health quality assessments,
the criteria overlap in some domains was <50% [20]. Such
inconsistencies in quality standards can cause additional work
(if varying evidence needs to be prepared and submitted) and
confusion among both developers and users, potentially
jeopardizing trust in quality evaluations if the same health app
may fail one assessment but pass another. In addition, the need
for an app to undergo several assessments to enter various
markets may lead to inequities. While developers may regard
it as worthwhile to invest time and money to receive quality
certifications in countries with large populations, this is less
likely to be the case for smaller markets, for which the
cost-benefit ratio of undergoing an additional assessment and
addressing local evidence needs, such as a study conducted
within the related country, may not be appealing. This may lead
to a situation in which some high-quality apps are not available
in certain regions or languages.

The CEN ISO/TS 82304-2 assessment is intended to address
these issues, avoiding duplication of work, preventing inequities
from arising, and building trust by serving as a “gold standard”
assessment that is recognized across a wide range of countries
and types of organizations. A recent paper with the European
Society of Cardiology [47] and preliminary results from a
comparative analysis with European health technology
assessment frameworks (Hoogendoorn, unpublished data)
indicate that the CEN ISO/TS 82304-2 assessment covers the
vast majority of criteria that are regarded as important to
evidence health app quality. By primarily relying on the CEN
ISO/TS 82304-2 quality label and only carrying out additional,
context-specific evaluations if the label indicates that a given
app is of acceptable quality, health systems and other
stakeholders can obtain substantial time and resource savings

during health app–related decision-making and create
streamlined processes for developers.

Strengths and Limitations
This study took an innovative and ambitious approach to health
app quality assessment by engaging organizations from 5
countries in the evaluation process and examining their interrater
reliability. In addition, 24 health app development companies
were involved in this study, and their feedback was sought. To
our knowledge, this is the first such collaboration, which lays
the foundation for the consistency and scaling of the CEN
ISO/TS 82304-2 assessment across Europe and beyond.

However, some limitations should be noted. First, the sample
size of included apps was small (given that each app was rated
by only 2 assessment organizations), limiting the generalizability
of the findings. This was partly due to the funding and time
constraints of the project, as well as due to developer dropouts,
especially in the first assessment round. Given the small sample
involved in this pilot study and the evolving nature of the
guidance and handbook throughout the study and beyond, future
studies with a larger sample and using the operational version
of the guidance and handbook are required to provide conclusive
evidence for the interrater reliability of the CEN ISO/TS
82304-2 assessment.

Second, as mentioned previously, relatively high developer
dropout rates were observed, which may have distorted the
findings if developers who found the guidance more difficult
to understand were more likely to drop out. However, this is
unlikely to have been the case as many of the dropouts occurred
before developers had even received the guidance, and across
all rounds, only 3 developers dropped out after they had started
to collate the assessment information. In this regard, it should
also be emphasized that developers were not provided with a
quality label as part of this study given that the aim was to
develop and refine the CEN ISO/TS 82304-2 assessment
handbook and guidance before arriving at an operational version
that is suitable for use in quality certification. This likely
contributed to the dropouts given that, as indicated during the
developer interviews, receiving a quality label to build trust and
support marketing efforts is the main benefit of the assessment
for developers. It is expected that dropouts will be less common
in the future implementation of the assessment once a quality
label is issued and developers actively seek out the assessment
of their apps to gain the benefits of the label.

Third, given that this study aimed to approximate real-world
conditions with a focus on app, developer, and assessor
diversity, some aspects were not as tightly controlled as they
could have been, such as the application of eligibility criteria
or the number of individual assessors involved in the evaluation
of a given app across organizations. This was deemed necessary
to allow for the detection and solution of potential issues that
may arise during the real-life assessment process. Moreover,
this approach ensured that the gathered consistency, time, and
clarity data were representative of what would be expected in
the real world (with the draft handbook and guidance) without
being (potentially positively) distorted by artificially imposed
conditions that will not be present once the assessment is rolled
out.
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Conclusions
This study involved an unprecedented collaboration across
organizations in 5 countries to develop, test, and evolve the
CEN ISO/TS 82304-2 health app quality assessment handbook
and guidance. Promising findings were obtained, especially
given the early stage of development, with regard to the
interrater reliability between assessors, and valuable information
was gathered to support the future evolution and implementation
of the assessment. These are important steps toward establishing
the CEN ISO/TS 82304-2 assessment as a commonly recognized

health app quality evaluation across Europe and beyond. The
widespread use of the CEN ISO/TS 82304-2 assessment across
countries is expected to have a substantial positive impact,
avoiding duplication of work, preventing inequities by
facilitating access to smaller markets for developers, enhancing
the quality of apps, and building trust in health apps among
health care professionals and the public. This can ultimately
help increase the adoption of high-quality health apps that have
the potential to improve health outcomes and health care system
efficiency.
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Abstract

Background: Language barriers in health care can lead to misdiagnosis, inappropriate treatment, and increased medical errors.
Efforts to mitigate these include using interpreters and translation tools, but these measures often fall short, particularly when
cultural nuances are overlooked. Consequently, medical professionals may have to rely on their staff or patients’ relatives for
interpretation, compromising the quality of care.

Objective: This formative pilot study aims to assess the feasibility of Translatly, a digital translation platform, in clinical practice.
Specifically, the study focuses on evaluating (1) how health care professionals overcome language barriers and their acceptance
of an on-demand video telephony platform, (2) the feasibility of the platform during medical consultations, and (3) identifying
potential challenges for future development.

Methods: The study included ethnographic interviews with health care professionals and an observational pilot to assess the
use of the Translatly platform in clinical practice. Translatly was developed to make real-time translation easy and accessible on
both Android and iOS devices. The system’s backend architecture uses Java-based services hosted on DigitalOcean. The app
securely exchanges data between mobile devices and servers, with user information and call records stored in a MySQL database.
An admin panel helps manage the system, and Firebase integration enables fast push notifications to ensure that health care
professionals can connect with translators whenever they need to. The platform was piloted in a German university hospital with
170 volunteer nonprofessional translators, mainly medical students, supporting translation in over 20 languages, including Farsi,
Dari, and Arabic.

Results: Ethnographic research conducted by interviewing health care professionals in Frankfurt am Main and other German
cities revealed that current practices for overcoming language barriers often rely on family members or digital tools such as
Google Translate, raising concerns about accuracy and emotional distress. Respondents preferred an on-demand translation service
staffed by medically experienced translators, such as medical students, who understand medical terminology and can empathize
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with patients. The observational pilot study recorded 39 requests for translation services, 16 (41%) of which were successfully
completed. The translations covered 6 different languages and were carried out by a team of 10 translators. Most requests came
from departments such as infectious diseases (5/16, 31%) and emergency (4/16, 25%). Challenges were identified around translator
availability, with 23 (59%) total requests (N=39) going unanswered, which was further evidenced by user feedback.

Conclusions: This pilot study demonstrates the feasibility of the Translatly platform in real-world health care settings. It shows
the potential to improve communication and patient outcomes by addressing language barriers. Despite its potential, challenges
such as translator availability highlight the need for further development.

(JMIR Form Res 2025;9:e63095)   doi:10.2196/63095

KEYWORDS

language barriers; health care communication; medical app; real-time translation; medical translation

Introduction

Language barriers in health care can have a profound impact
on patient management. Patients who are not fluent in the
primary language of the health care facility are at higher risk
of misdiagnosis due to miscommunication during history taking
or description of symptoms [1]. This can lead to inappropriate
treatments and interventions, worsening the patient’s condition
[2]. In addition, there may be an increased risk of medical errors
or even an increased risk of a serious medical event [3]. Patients
may feel ignored, excluded, or misunderstood, leading to
reduced satisfaction with care. Language barriers can also hinder
the development of trust between the patient and the health care
provider [4]. Clinic staff, by contrast, complain of frustration
due to suboptimal treatment and the additional time spent with
patients as a result of miscommunication [5]. To address these
challenges, many health care facilities employ interpreters or
multilingual staff and use written materials, simplified language,
or even online translation tools [6-8]. Difficulties in
communication and misunderstandings can result in additional
costs [9], ultimately borne by hospitals, statutory health
insurance funds, and the health care system as a whole.

In Germany, there are more than 6 million people with limited
knowledge of German. More importantly, there are no or only
inadequate translation services available in medical facilities.
A study commissioned by the Federal Anti-Discrimination
Agency summarizes the role of communication barriers as a
risk of discrimination in health care, based on data from 2010
to 2020 in Germany [10]. One of the main issues raised is the
lack of efficient access to professional translators for German
health services. However, given that Germany is currently home
to nearly 22 million people with a migrant background, and that
an estimated 25% of German citizens speak 2 foreign languages
in addition to German [11], this hidden potential of language
skills can be reflected in health care professionals such as
doctors, medical students, nurses, and medical technicians. At
present, this diversity of foreign language skills is either not
used at all or only used in exceptional situations that occur by
chance to overcome communication obstacles in the medical
sector. In addition, the shortage of health care professionals [12]
will lead to a further increase in the number of people with
foreign language skills in German society due to immigration
in the coming years [13].

The problem of language barriers in health care is not only
confined to Germany. As the world’s population becomes

increasingly diverse and migratory, the need to ensure effective
patient-provider communication in a multilingual context is
growing. Other countries with a long history of immigration
have faced similar challenges in their health care systems. In
Canada, for instance, the Winnipeg Regional Health Authority,
a local health care organization, employs trained health
interpreting staff for in-person and telephone interpreting [14].
While such language services are useful proactive policies, they
are not available in all Canadian communities [15] and cannot
meet the most common ad hoc interpreting needs [16]. In the
United States, state laws require health care facilities to provide
interpretation services for patients with limited English
proficiency, but these requirements cannot be adequately met
[17]. Finally, in Australia, almost half of all clinical practices
make use of the translation and interpreting service, which is
specifically funded by the government to address language
barriers in health care [18]. While these examples provide
valuable insights and potential solutions that Germany could
consider in its efforts to address its own unique challenges
related to language barriers, none of these possible approaches
take into account the nuances of dialect or the importance of
cultural context in communication. This is where
technology-enabled solutions, such as Translatly (Translatly
UG), play a critical role in addressing these barriers more
effectively. Translatly harnesses the existing, underutilized
linguistic potential within the health care workforce, offering
an innovative and scalable solution to overcome communication
obstacles. With more than €400 (US $436) billion spent on
health care in Germany each year [19], digitally targeting these
resources to overcome translation barriers could have a positive
impact not only on health care delivery, but also on health care
expenditure.

With this formative pilot study, we aim to assess the feasibility
of Translatly, a digital eHealth platform designed to address
language barriers in everyday clinical practice in Germany. Our
approach focuses on implementing this digital on-demand
translation platform for clinics. The main research questions of
the study are as follows: (1) What are the current practices of
health care professionals in overcoming language barriers and
do they accept an on-demand medical translation platform? (2)
Is the Translatly platform feasible for use in clinical settings to
overcome language barriers? (3) What other challenges may
arise in the use of Translatly that can be addressed in future
studies? Translatly is a mobile and tablet app developed in
Germany by a founding team of doctors, technicians, and
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entrepreneurs to facilitate live translation in everyday medical
practice by virtually connecting qualified language mediators
with doctors and their patients. This platform allows in-house
health care professionals with foreign language skills to register
as translators who can be requested and engaged via video
telephony when communication barriers arise during
doctor-patient interactions. By providing an accessible, scalable,
and efficient solution for translation, Translatly has the potential
to not only improve the care and management of nonnative
patients but also reduce health care costs, making it a sustainable
solution for the future.

Methods

Study Design
This formative pilot study used a mixed methods approach
combining qualitative ethnographic interviews and observational
data collection methods to assess the feasibility of the digital
translation platform Translatly in a clinical setting. To explore
the extent of language barriers in health care and how they are
managed in daily practice, an extensive opinion survey was
conducted using an ethnographic questionnaire at the University
Hospital of the Goethe University in Frankfurt am Main, as well
as in private practices in the Frankfurt area and other selected
cities.

The findings from these interviews were used in the design and
development of the platform. An observational pilot study was
then conducted to test the feasibility of the platform in real
medical settings. The use of the Translatly platform was
monitored and recorded without manipulating any variables,
focusing on how it was integrated into the routine clinical
management of patients by health care providers. The pilot
study took place over 2 months, from December 1, 2022, to
January 31, 2023, at the University Hospital of the Goethe
University in Frankfurt am Main.

Study Participants
Participants were recruited using convenience sampling. Health
care professionals, including doctors, physiotherapists, and
psychotherapists, participated in interviews using an
ethnographic research questionnaire. They were identified and
contacted through 2 primary methods: first, practitioners at the
University Hospital of the Goethe University in Frankfurt am
Main were approached directly; second, health care
professionals from private practices in the Frankfurt and
Offenbach areas were contacted by email, followed by telephone
calls to those who expressed interest. Contact details for these
private practices were obtained from public directories
maintained by the University Hospital of Goethe University.
Additionally, practitioners in Düsseldorf and the United States
were contacted through recommendations from respondents.

Locating volunteer translators within the health care workforce
and matching them with medical staff presented a technical
challenge. To ensure the platform’s optimal function, a
substantial pool of volunteer translators was needed.
Recruitment focused on medical students, as they possess the
medical knowledge to handle complex translations [20]. They
were enrolled through a clinical elective course titled “Translatly

and Digitalization in Healthcare,” which also provided them
with community service certification. Volunteer translators were
briefed on data protection regulations, including General Data
Protection Regulation (GDPR) compliance.

By the last quarter of 2022, a total of 170 volunteer translators
had been registered, 90% (n=153) of whom were medical
students from the University Hospital. The remaining 10%
(n=17) comprised medical staff. For the pilot study, translators
were recruited for the following languages: Farsi, Dari, Arabic,
Italian, Urdu, Portuguese, Spanish, Turkish, Russian, Albanian,
Vietnamese, Romanian, Slovenian, Pashto, Macedonian, French,
Croatian, Hindi, Bosnian, Azerbaijani, Korean, and Berber.

Patients were recruited through direct contact with doctors at
the University Hospital, who identified cases needing translation
services. Doctors interested in participating were provided
instructions on how to use the Translatly app, and patients were
also supported in using the app if needed.

Data Collection

Overview
Data were collected through ethnographic interviews with health
care professionals using a questionnaire, as well as observational
monitoring of the Translatly platform in clinical practice during
the pilot study. The interviews focused on current practices for
overcoming language barriers, while the observational data
recorded translation requests, languages, and involved medical
departments.

The ethnographic questions were designed specifically for this
study and followed the format of semistructured interviews
(Multimedia Appendix 1). This approach provided a mix of
open-ended questions and specific information requests,
allowing for both structured inquiry and the flexibility for
interviewees to express their own experiences and opinions
freely. Specifically, practitioners were asked about their personal
experiences, their challenges in dealing with
non–German-speaking patients, and their thoughts on how to
improve communication. Questions about the use of software
and technology, and specific instances where translation services
have been required, provide deeper insights into everyday
practice and the issues involved. Typical of ethnographic
interviews, the questionnaire can be used in a context where
interviews are more informal and conversational. The interviews
were designed to last approximately 50 minutes, with time
allocated for each section of the interview guide.

The pilot study collected data on the frequency of requests for
translation services, the response rate to these requests, the
duration and languages of completed translations, and the
hospital departments making these requests. User feedback was
also collected to assess problems and challenges during the pilot
phase. This information allows for a comprehensive assessment
of the use of the Translatly platform in clinical practice by
providing data on the demand for translation services, the
availability of the translator network, and the different medical
specialties requiring translations. As this feasibility study only
aims to measure and observe whether Translatly can be used as
a translation platform in everyday clinical practice, a comparison
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group (eg, patients without a translation platform) was not
required.

Instruments
Data from ethnographic interviews were collected through
written notes and supplemented by audio recordings to ensure
accuracy and completeness. The interviews were then
transcribed into words for analysis.

The tools required for the observational pilot study were the
Translatly app and a mobile device or tablet. While some
medical departments at the University Hospital of the Goethe
University in Frankfurt am Main provided their own tablets,
this was not a requirement as the app could be used by doctors,
patients, and translators on their own smartphones. Translatly
was preinstalled on all devices used in the pilot study with the
help of the study team. Network connectivity was provided by
the university hospital’s wireless network or by the mobile
phone’s network provider.

Analytical Techniques and Software

Qualitative Content Analysis
A qualitative content analysis was conducted to systematically
evaluate the data from the ethnographic interviews. This analysis

provided insights into clinical standards, patient documentation,
and the use of translation services.

The analysis of the pilot study data was performed using Excel
(version 2408 build 16.0.17928.20114, 64-bit; Microsoft Corp.),
with raw data provided by the Translatly digital platform, which
is methodologically described in detail below.

Operating Mode of the Translatly Digital Translation
Platform
Translatly’s digital translation platform is designed to provide
medical facilities, such as hospitals or private practices, with
an app that can be used on smartphones or tablets within the
facility. With the app, doctors or other medical staff treating
patients can access a pool of translators who can provide
language assistance during patient consultations. The medical
practitioner chooses the language to be translated and the
Translatly algorithm selects and contacts the appropriate
translators from the Translatly pool (Figure 1). The first
translator to accept the contact request is connected directly to
the treating team. The medical staff, patient, and translator
communicate via Translatly’s internal audio or video interface.

Figure 1. Flowchart describing the operational process of the Translatly digital translation platform. It starts with a medical practitioner (doctor)
identifying the need for a translator during a patient consultation and selecting the desired language for translation using the Translatly app on a
smartphone or tablet. Once the patient selects their preferred mode of communication, either audio or video, the Translatly algorithm is activated and
searches its database for available translators who have registered as proficient in the required language. The algorithm sends a contact request to these
translators. The translators receive the request on their devices and the first one to accept the request is connected to the doctor and the patient. If the
translator is accepted, an audio or video call is initiated. If all the translators reject the request or do not respond within a certain time frame, the algorithm
notifies the doctor and the patient that the search was unsuccessful. At the end of the call, the translator's screen returns to the list of recent calls and
the doctor's and patient's screen returns to language selection. Doctor and patient process operations are shown in purple, while translator operations
are shown in green.

Translatly’s Digital Platform Development Framework
The initial steps to ensure the successful implementation of the
digital platform before the full implementation of the pilot phase
consisted of 3 main pillars: (1) evaluation of the feasibility of
a digital interaction-translation platform in a German university
hospital setting; (2) regulatory compliance research; and (3)
app design and development.

Following an extensive review of the existing medical literature,
the feasibility assessment (pillar 1) consisted of developing the
ethnographic research questionnaire (Multimedia Appendix 1)
to determine the impact of language barriers in health care and
how they are managed in daily practice.

Regulatory compliance research (pillar 2) involved an in-depth
assessment of relevant medical regulations and standards in
Germany. In brief, our team ensured that the app complies with
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regulatory requirements for data security and privacy. In
addition, we ensured that our research project was in line with
the purpose of the Innovation Fund, which was established
within the German Federal Joint Committee to promote new
forms of health care that go beyond the existing standard of care
covered by statutory health insurance in Germany [21].

Design thinking workshops, cofacilitated by members of the
clinical research team and software engineering specialists,
marked the start of the design and development phase (pillar
3). These sessions set the stage for a subsequent design sprint
phase. During this phase, the software development team built
and evaluated prototypes and integrated and validated the
selected ideas for the app. The research team consisted of a
multidisciplinary collective, including 2 software developers
with computer science expertise, 2 clinical oncologists to

provide medical insight, a clinical trial investigator to oversee
research integrity, and a business engineer to manage regulatory
issues.

Translatly Service System Architecture
To ensure the desired functionality of the Translatly digital
interaction platform, a high-level software, database, and server
architecture have been defined and implemented by our software
development team (Figure 2). To achieve cross-platform
compatibility on both Android (Google LLC/Alphabet Inc.) and
iOS (Apple Inc.) devices, the architecture consists of 2 main
mobile apps developed using the Flutter framework [22]. One
app is designed specifically for medical staff, acting as a
practitioner interface, while the other acts as a translator
interface, supporting real-time communication via audio or
video telephony.

Figure 2. Architecture and data flow of the Translatly Digital Interaction Platform. This diagram illustrates the systematic process from the initiation
of a translation request to the establishment of a video telephony session between medical staff and translators. Each step (0-12) marks a critical interaction
between components of the Translatly platform, ensuring an efficient and fast response to overcome language barriers in real-time health care scenarios.
“0. Administration panel”: Initially developed with AngularJS for the front end, Java Spring for the backend, and integrated with a MySQL database,
the administration panel is used by administrators to create, edit, and delete accounts for medical staff and translators. “1. Language request”: The
operator uses the mobile app to send a Representational State Transfer (REST) request for translation services to the backend hosted on DigitalOcean.
”2. Translator list retrieval”: Upon receiving the request, the backend accesses the MySQL database to retrieve a list of available translators who speak
the required language. “3. Translator notification request”: The backend sends a request to Firebase, the cloud service, to initiate a push notification to
the appropriate translators. “4. Push notification to translators”: Firebase processes the request and sends a push notification to the translators' mobile
devices. “5. Translator availability confirmation”: The first translator to respond sends an availability confirmation back to the backend via the REST
application programming interface (API). “6. Notification of translator confirmation”: Upon confirmation, the backend updates the Firebase cloud
service with the translator's availability. “7. Cancellation notification to translators”: Firebase will then send a push notification to the remaining
translators to cancel the call as a translator has been found. “8. Notification of attending staff”: Firebase also notifies the medical staff that a translator
has been secured for the session. “9. Meeting link to medical staff”: The medical staff member receives the meeting link from the backend after joining
the call. “10. Meeting link to the translator”: Similarly, the translator receives the meeting link via a push notification from Firebase. “11. Medical staff
meeting join”: The medical staff member joins the video chat meeting using the link provided. “12. Translator meeting join”: The translator also joins
the video chat meeting so that the translation session can begin.

The platform’s backend is built on Java-based services, hosted
on DigitalOcean (DigitalOcean Holdings, Inc.) for a stable and
scalable cloud infrastructure [23]. The services can be accessed

through a REST API (Representational State Transfer
Application Programming Interface) [24] protected by an OAuth
(Open Authorization) algorithm [25] that secures the connection
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between the mobile apps and the server, ensuring efficient data
transfer and real-time interactions. Moreover, a comprehensive
administrative panel, originally developed with AngularJS
(Angular Java Script) [26] and later migrated to ReactJS (React
Java Script) [27], provides full system management and is
responsible for maintaining user profiles, language preferences,
and service availability of registered translators.

For data persistence, a MySQL (Oracle Corporation) database
is used to store structured data, handling user information,
interaction records, and call history [28]. To facilitate push
notifications, we have integrated Firebase (Google
LLC/Alphabet Inc.) into our system architecture [29]. This
integration enables in-house health care professionals to be
promptly notified and instantly connected to ongoing
consultations. Real-time database and user authentication are
implemented internally. Finally, Twilio (Twilio Inc.) is used as
the video communication tool, known for enabling developers
to build custom communication solutions [30].

Translatly User Experience Design and Interface
Functionality
To ensure the intended mode of operation, we have opted for
an intuitive user interface, specifically designed to guarantee

and immediately establish an optimal interaction between
medical professionals and translators. Upon opening the app,
medical professionals must enter their credentials provided by
our team to securely access Translatly’s services (Multimedia
Appendix 2). After logging in, they are presented with the main
app screen, which prominently features an on-demand
translation tab with an extensive language selection menu. Next,
the medical staff user can choose between audio and video call
modes, conceivably in the presence of and in agreement with
the patient. The interface then displays the status of the translator
call process and notifies the medical staff when a translator has
accepted the call, providing an easy transition into the call.

On the other side, translators access their dedicated portal
through a similar secure log-in interface (Figure 3A). Their
main screen displays recent and missed calls, with relevant
details such as the caller’s name and the languages translated
during the respective calls (Figure 3B). An incoming call is
displayed as a slide-up in-app notification with relevant
information (Figure 3C). Upon acceptance, the translator is
temporarily held in a virtual waiting room until the calling user
agrees to start the call (Figure 3D). After the call (Figure 3E),
a postcall notification provides a summary of the call (Figure
3F).
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Figure 3. Selection of Translatly mobile frontend screenshots showing different stages of the user experience for translators. (A) Log-in screen with
header and logo, where translators enter their credentials to access the platform. (B) The main screen displays the last calls and missed calls of the
translator, including the language that was interpreted during the call and the name of the doctor. (C) Notification when a translator receives a video
call request from a health care professional, indicating the languages to be translated. (D) Upon acceptance of the call, the translator is directed to a
waiting room and is awaiting entry into the consultation. (E) Active video call interface used by the translator to communicate with medical staff and
patient. (F) The postcall screen provides a summary of the call duration and a thank you message with an option to end the session.

Ethical Considerations
This study involving human participants has been reviewed and
approved by the Medical Ethics Committee of the Goethe
University, Frankfurt am Main, Germany (ethics approval
2024-1776). The study was conducted in accordance with the
principles of the Declaration of Helsinki. All participants
provided informed consent for their involvement in the study.
Additionally, the Medical Ethics Committee has approved the

secondary analysis of the pilot phase data without the need for
further consent. We confirm that the Translatly team adheres
to regulations, including compliance with the GDPR, the Federal
Data Protection Act, the Hessian Data Protection Act, and
confidentiality in accordance with § 203 of the German Criminal
Code. In addition, all data collected are anonymized. No
compensation was provided to participants in this study. All
images used in this study are open source and publicly available
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on the official Translatly website [31], with no identifiable
individual participants or users depicted.

Results

Summary of Responses to Ethnographic Research
Questionnaires
The ethnographic research was conducted to assess the impact
of language barriers in health care, and to gain a holistic view
of the challenges health care professionals face in their clinical
routine when dealing with nonnative speaking patients.
Respondents included specialists and therapists from maximum
care hospitals or university hospitals (6/10, 60%), from private
practice (3/10, 30%), or from both the private and public sectors
(1/10, 10%; Multimedia Appendix 3). The majority of
respondents were oncologists (4/10, 40%) from major German
cities such as Offenbach am Main (2/10, 20%), Frankfurt am
Main (1/10, 10%), Düsseldorf (1/10, 10%), and even from the
United States (1/10, 10%). We were able to identify a number
of key findings from the health care professionals we
interviewed, which were later of great importance for the design
and development of the app. Most respondents used both
medical staff and family members (5/10, 50%), but no other
formal medical translation services such as third parties or
software (9/10, 90%), when facing language barriers in their
workplace (Multimedia Appendix 3). Common foreign
languages encountered in medical settings in Frankfurt am Main
and other selected German cities were Russian, Kurdish, Arabic,
French, Turkish, Afghan, Italian, Portuguese, Eritrean, Serbian,
Croatian, Bulgarian, Spanish, Greek, and Chinese.

Most respondents raised concerns about accuracy and the
emotional burden on relatives, with some giving specific
examples of relatives hiding the truth from patients to appease
them. Some professionals used digital tools such as Google
Translate (Google LLC/Alphabet Inc.), but with dissatisfaction
due to the lack of confidence in the accuracy of the translation
and the lack of empathy associated with using a device,
particularly when making difficult diagnoses. The availability
of hospital interpreter pools in larger hospitals was noted but

underutilized, mostly due to complex technicalities. Notably,
some doctors working in private practice stated that, in the case
of non–German-speaking patients, they would offer the patient
a new appointment and ask them to bring an interpreter with
them.

When considering either a scheduled appointment or an
on-demand call, health care professionals expressed a preference
for an on-demand translation service such as Translatly (8/10,
80%; Multimedia Appendix 3). The ideal translation solution
was identified as a pool of medically experienced translators,
suggesting that medical staff, including medical students, would
be most effective due to their knowledge of medical terminology
and empathy. Estimated usage of a translation app varied, with
most professionals predicting usage of at least once a week.
Finally, concerns about bureaucratic and logistical hurdles, the
efficiency of nonmedical translators, and the overall feasibility
of integrating such a system into daily medical practice were
raised, despite the enthusiasm for a digital translation platform.

Evaluation of Pilot Study
The pilot study recorded 39 translation requests over a 2-month
period, of which 16 (41%) were successfully completed (Table
1).

The successfully completed translations accounted for a
cumulative duration of 209 minutes across 16 distinct
conversations. These translation sessions were carried out by a
team of 10 translators, who contributed to facilitating
communication across language barriers within the hospital
setting. The breakdown of languages translated through the
platform included Russian, Ukrainian, Serbian/Croatian/Bosnian,
Arabic, Greek, and Urdu, reflecting a wide range of linguistic
needs among the patient population.

The origin of translation requests spanned several medical
departments, with the Department of Infectious Diseases
submitting the highest number of requests (n=5), followed by
the Emergency Department with 4 requests. Internal medicine
departments submitted 3 requests, while pediatrics and
psychiatry departments each submitted 2 requests for translation
services.
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Table 1. Overview of translation requests during the pilot phase of the implementation of the digital translation platform Translatly at the Goethe
University Hospital in Frankfurt am Main (December 2022-January 2023). The table summarizes the total number of on-demand translation requests,
the outcome of these requests (whether completed or unanswered), the languages translated, and the medical departments from which the requests
originated. The study involved health care professionals from different departments and focused on the feasibility of the Translatly platform in a clinical
setting.

Values (n=39), n (%)Description

Translation requests

23 (59)Remained unanswered

16 (41)Successfully completed

0 (0)Started, but not completed

Translated languages (n=16)

6 (38)Russian

3 (19)Ukrainian

2 (13)Serbian/Croatian/Bosnian

2 (13)Arabic

2 (13)Greek

1 (6)Urdu

Medical departments of translation requests (n=16)

5 (31)Infectious diseases

4 (25)Emergency department

3 (19)Internal medicine departments

2 (13)Pediatrics

2 (13)Psychiatry

Challenges of Using the Translatly Platform
Several challenges were identified during the pilot study. A key
issue was translator availability, with 23 out of 39 (59%)
translation requests going unanswered, mainly due to translators
being unavailable at the time of the request. In addition, while
feedback from both medical staff and translators was generally
positive—particularly regarding the simple and intuitive design
of the platform—some users expressed concern about the
delayed responses. Notably, some translators indicated that they
had been contacted via instant messaging beforehand, to ensure
availability when a translation request was made.

Taken together, the results of this study addressed the 3 primary
research questions: (1) how health care professionals overcome
language barriers and their acceptance of Translatly’s
on-demand medical translation platform, (2) the feasibility of
implementing Translatly in clinical settings to overcome
language barriers, and (3) the identification of potential
challenges that could inform future studies.

Discussion

Principal Findings
With this formative research study, we present the first
successful implementation of the digital translation platform
“Translatly” in a medical setting to tackle language barriers.
Ethnographic research revealed that health care professionals
currently rely on family members or online tools to overcome
language barriers. There was a strong preference among health

care professionals for an on-demand translation service staffed
by medically experienced professionals with foreign language
skills. The pilot study, conducted at the Goethe University
Hospital in Frankfurt am Main, Germany, demonstrated the
feasibility of using Translatly in a real-world clinical setting.
Translatly’s solution is to virtually enable patient-doctor
communication by leveraging the language skills of health care
professionals. Facilitating real-time translation services during
patient consultations directly addresses the problems of
miscommunication in health care by providing immediate access
to translators, who in this study are either medical students or
trained medical professionals. Our translator pool, which is
predominantly made up of migrant health professionals, not
only ensures that complex medical terminology is translated
properly, but can also address cultural language differences
[32], thereby reducing the likelihood of misunderstandings and
subsequent medical errors.

To the best of our knowledge, our digital approach to addressing
the problems of miscommunication due to language barriers in
health care is unique in that it seeks to combine human language
skills with the capabilities of modern eHealth technology.
Currently, approaches to the problem of language barriers focus
heavily on so-called machine translation (MT) software, which
is specifically designed to translate text or speech from one
language to another without human intervention [33,34]. In fact,
medical translation apps have been published or are already
available in app stores. However, they either rely on MT or
contain predefined health phrases [35]. The modern focus on
automated translation alternatives is mainly motivated by the
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fact that human translators can be costly and time-consuming
[36]. This is evidenced by studies that have shown, for example,
that the use of human interpreters has decreased in several health
centers in the United States from 2009 to 2019 [37]. Therefore,
the Translatly platform represents a novel solution that does not
require translators to be tied to a specific hospital, and moreover,
the intensive search for a specific translator can be quickly
overcome by accessing the translator pool, which can be done
by medical staff directly from the patient’s side of the bed.

One of the key findings from the responses of the medical staff
interviewed using our ethnographic research questionnaires was
that the ideal solution proposed by the majority of interviewees
would be to actually use medical staff or medical students with
foreign language skills, and this was a key influence in
prompting our team to look for volunteer translators to join our
translator pool. However, we acknowledge that this could be a
major limitation of our pilot study as the volunteer translators
we recruited are not specialist interpreters but rather medical
practitioners or students. Therefore, the issue of variability in
the medical knowledge and language skills of the translators
recruited for this study is a critical concern that could affect the
quality and accuracy of translations in clinical settings.
Regarding the foreign language skills of volunteer translators
with a migrant background, it has been estimated that in 2023
in Germany, approximately 64.5% of people with a migrant
background were first-generation migrants, and therefore native
speakers of their own language [38]. Native speakers do not
normally need language certificates, as they are assumed to
have an innate and comprehensive understanding. A native
speaker is defined as an individual who typically acquires the
language as a young child and maintains it into adulthood [39].
Notably, there are linguists who distinguish between the basic
and extended proficiency of native speakers [40]. With regard
to the German language skills of translators from migrant
backgrounds, there are data showing that in Germany 66% of
migrants consider themselves to have a good or professional
level of German [41] and strong language skills are required
for enrollment in medical faculties. Although these statistics do
not resolve the issue of variability in the medical translation
skills of the recruited translators, they do support the fact that
translation errors via the Translatly platform may indeed be
minimal. Contrary to our findings from the ethnographic
research questionnaires, other similar interviews showed that
hospital staff were strongly opposed to the use of bilingual
medical staff services [42]. It should be noted, however, that
these interviews were conducted to assess language services for
written materials and not for direct dialogue translation. By
contrast, we strongly believe that while the Translatly concept
does not provide an overarching solution, the use of bilingual
medical staff for the Translatly platform represents a significant
improvement over the already precarious situation in daily
clinical routine, as evidenced by our questionnaire results and
others [43], of relying on family members or untrained
interpreters. Furthermore, even when official translators are
present, there is still potential for mistranslation [44], making
other translation alternatives necessary in some cases to improve
communication with patients.

To ensure that the Translatly digital platform is user-centric,
the needs of the medical staff that emerged from the
questionnaires were carefully considered during the design of
the operating mode and later during the development of the app.
However, as the call is always initiated by the doctor in the
presence of the patient, it may be unannounced and unexpected
for the translator. We have therefore taken into account the
possibility of some translators being unavailable during ad hoc
calls and have specifically designed the operating mode and
system architecture so that all translators in the pool will receive
the calls if they are listed for the selected language to be
interpreted. The integration of the Translatly app with Firebase
[45], a widely used service for sending push notifications to a
large number of users quickly and reliably, helps to facilitate
the calling of all required translators from the pool. Moreover,
real-time video telephony in clinical settings can be disrupted
by connectivity problems due to network instability. Solutions
to this issue could include switching to an audio call, which
requires less data and can tolerate latency, or reconnecting with
another translator via push notifications provided by the robust
backend architecture with Firebase. However, these measures
may not fully prevent disruptions, so offline text-based
translation or rescheduling during outages would be helpful.
Further time-saving is achieved through Translatly’s simple,
user-friendly app design. Knowing that effective and prompt
communication is paramount in the medical setting, we focused
on designing our app for the pilot study with simple
accessibility, such as few visual elements and features, intuitive
navigation, legible fonts, and a few color palettes. As our pilot
study aimed to test Translatly’s usability in a real-world medical
setting, we had not yet included other app features such as
scheduling, an integrated calendar, or chat services.

The results of the pilot study demonstrated a significant need
for effective translation services in the medical setting, as
evidenced by the Translatly app being used for a total of almost
3.5 hours. The data showed that over 40% (16/39) of translation
requests were successfully fulfilled, highlighting the potential
of the app to improve communication between health care
providers and non–German-speaking patients. Another notable
limitation observed during the pilot study was that 23 out of 39
(59%) translation requests went unanswered. This highlights
the challenges associated with translator availability and
responsiveness, particularly at peak times, which could affect
the scalability of such a digital solution across larger or more
diverse linguistic landscapes. As a consequence, our pilot study
led us to add an optional scheduling feature and calendar to the
app. To further mitigate availability issues, we are exploring
the possibility of allowing translators to indicate their
availability in advance. This system would prioritize periods of
high demand and ensure that enough translators are on call when
they are most needed. Another option would be a real-time
monitoring system that tracks translator availability and
dynamically adjusts call routing to match supply with demand.
This would help to minimize delays and ensure that translation
services are readily available when they are needed. Finally,
expanding the pool of translators to include the official
translators employed by hospitals and incorporating a translator
selection algorithm to improve response rates or using MT-based
translation options would ensure broader and more professional
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coverage. Nonetheless, the diversity of languages requested,
from Russian to Urdu, across a range of departments from
infectious diseases to psychiatry, underlines the widespread
need for effective translation services in medical settings and
the successful initial broad implementation of Translatly in a
variety of medical departments for patients from diverse
linguistic backgrounds.

While Translatly offers many benefits, there are further inherent
challenges and limitations that need to be considered. First, to
address the issue of variability in the professional translation
of medical conversations, more rigorous selection criteria and
training protocols for translators are needed. These protocols
should include targeted medical terminology training focusing
on the most common conditions and procedures in the hospital
departments where translation services are critical. In addition,
the inclusion of role-playing scenarios with simulated
doctor-patient interactions could be implemented to allow
students to practice translation in a controlled environment and
receive feedback on real-life challenges. Further cultural
competency training would also be beneficial, with modules
designed to deepen understanding of cultural nuances that may
impact on communication, ensuring that translations are both
linguistically accurate and culturally sensitive. Next, relying on
health care professionals to perform dual roles as medical
providers and translators could potentially lead to work overload
and burnout. Effective workload management is essential to
prevent fatigue and ensure the sustainability of translation
services [46]. Therefore, we will consider assessing workload
reduction in future studies on the implementation of Translatly.

Collecting robust data on user usage and satisfaction, as well
as the impact on treatment outcomes will provide insights that
could guide future improvements and adaptations to the
platform. In addition, expanding the range of languages offered
and scaling the solution to other regions and health care settings
could increase its impact, making inclusive health care more
accessible nationally and potentially globally. Next, Translatly’s
mode of operation does not address the issue of face-to-face
interpreting by existing hospital interpreters. While official
hospital interpreters can easily be added to Translatly’s pool of
translators, we continue to advocate for video interpreting, as
recently a systemic review has shown that patient satisfaction
with video interpreting is the same as with in-person
communication [47].

Conclusions
This formative pilot study assessed the feasibility of overcoming
language barriers in clinical settings through the use of the

Translatly digital translation platform. The study aimed to
determine how health care professionals overcome language
barriers, whether they prefer and accept this on-demand
translation solution, and whether it can be effectively integrated
into routine clinical workflows. The platform leverages the
language skills of medical students and health care professionals,
enabling them to serve as on-demand volunteer translators
during medical consultations via video telephony. The results
showed that Translatly has significant potential to improve
communication between health care providers and nonnative
speaking patients, thereby improving patient outcomes and
optimizing health care resources. Although this early-stage
study focused primarily on feasibility, it also identified key
challenges, such as translator availability, that can inform future
refinements to the platform. The study did not evaluate the
quality of translations, nor did it focus on the platform’s
architecture or mechanisms for attracting users. Rather, it laid
the groundwork for future work by exploring the operational
feasibility of Translatly in a real-world health care setting.

Translatly’s alignment with statutory health insurance mandates
in Germany positions it as a potential eHealth solution for
widespread adoption [48]. By reducing language barriers, it can
support better health outcomes and promote health education,
particularly in diverse patient populations. A subscription-based
model could address the platform’s cost implications, allowing
health care facilities to scale the service according to their needs.
Initial costs related to technology infrastructure, training, and
ongoing maintenance would be manageable, particularly in
larger hospitals with robust IT systems, and would be justified
by the long-term benefits of the platform, including improved
workflow, improved patient outcomes, and reduced overall
health care costs. Projected revenue growth of €16,852 (US
$18,334) in the first year of implementation, rising to €5,933,455
(US $6,455,302) in the fourth year, supported by strategic
expansion and scaling efforts, further underscores the platform’s
potential for sustainable financial viability within the health
care sector. With further development and strategic
implementation, platforms such as Translatly could become an
integral part of health care systems, improving communication,
patient satisfaction, and reducing health care costs.

Ultimately, Translatly has the potential to set a new standard
for overcoming language barriers in health care. By enabling
health care professionals to communicate effectively with
nonnative speakers, the platform strengthens trust between
patients and providers, reduces the emotional burden on families,
and supports the delivery of high-quality, culturally competent
care.

 

Acknowledgments
JL and VO received a grant from the Ministry for Sciences, Research and Arts, Baden-Wuerttemberg, supporting the Clinical
Cooperation Unit Digital Spaces in Inflammatory Diseases at the Centre for Preventive Medicine and Digital Health, Medical
Faculty of Mannheim, Heidelberg University. We thank all the registered interpreters for their valuable assistance.

Data Availability
The anonymized data supporting the findings of this study are included as Multimedia Appendix 4.

JMIR Form Res 2025 | vol. 9 | e63095 | p.3992https://formative.jmir.org/2025/1/e63095
(page number not for citation purposes)

Olsavszky et alJMIR FORMATIVE RESEARCH

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


Conflicts of Interest
MB was the project manager for app design and development and TBD was responsible for software architecture and development.
Both MB and TBD are working for CodeCooperation GmbH and were financially enlisted by Translatly UG. HvW and OB are
owners of Translatly UG, registered at the address Frankfurter Strasse 134, 63067 Offenbach, Germany. SZ has provided
consultancy and participated in speakers’ bureaus for Abbvie. All other authors have no conflicts of interest.

Multimedia Appendix 1
Ethnographic research questionnaire used for the feasibility study, translated into English.
[PDF File (Adobe PDF File), 131 KB - formative_v9i1e63095_app1.pdf ]

Multimedia Appendix 2
Examples of screenshots of the Translatly app user interface for medical professionals on a tablet device. (A) The log-in screen
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Abstract

Background: Diabetes self-management education and support (DSMS) delivered via patient portals significantly improves
glycemic control. Yet, disparities in patient portal use persist. Community health centers (CHCs) deliver care to anyone who
needs it, regardless of income or insurance status.

Objective: This study aimed to evaluate the feasibility, acceptability, and preliminary efficacy of a multilevel intervention to
increase access and use of portals (MAP) among people with type 2 diabetes (T2D) receiving health care at CHCs.

Methods: A within-subjects, pre-post design was used. Adults with T2D who were portal naive were recruited from 2 CHCs.
After informed consent, participants met with a community health worker for referrals for social determinants of health, provision
of a tablet with cell service, and individualized training on use of the tablet and portal. Next, a nurse met individually with
participants to develop a DSMS plan and then communicated with patients via the portal at least twice weekly during the first 3
months and weekly for the latter 3 months. Data were collected at baseline, 3 months and 6 months. The primary outcome was
patient activation and engagement with the portal. Secondary outcomes included technology attitudes, digital health literacy,
health-related outcomes and psychosocial function.

Results: In total, 26 patients were eligible, 23 received the intervention, and one was lost to follow up. The sample was
predominately Latino or Hispanic (17/22, 77%) and reported low income (19/22, 86%< US $40,000/year), low education (13/22,
59% <high school), and no health insurance (12/22, 55%). All participants had access to a Smartphone, but 91% (20/22) had
never accessed a health app. The baseline hemoglobin A1c level was 8.31%. Portal activation was high; 100% (22/22) of participants
created a portal account and logged in within the first month. Mean participant logins per week over the first 3 months was 3.16
(SD 1.55) and 1.45 (SD 0.93) over the final 3 months; mean logins per month over the first 3 months was 12.65 (SD 6.21) and
5.79 (SD 3.74) over last 3 months. Engagement was high; 96% (20/21) logged in at least twice per month in the first 3 months
and 76% (16/21) between 3 and 6 months. At 6 months, improvements were seen in technology confidence, digital health literacy,
diabetes self-efficacy, and diabetes distress. Participant satisfaction with MAP was high as was intention to continue portal use.
Barriers to clinical integration and recommendations for portal development were identified.

Conclusions: MAP shows promise for improving health equity in portal use for T2D. Larger, controlled studies are needed to
determine how best to implement MAP in complex clinical settings and to evaluate efficacy over time.

Trial Registration: ClinicalTrials.gov NCT05180721; https://clinicaltrials.gov/study/NCT05180721
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Introduction

There are significant racial and ethnic disparities in the
prevalence, morbidity, and mortality of type 2 diabetes (T2D).
Despite medical advances and increased access to medical care,
these disparities persist. Racial or ethnic minorities are more
likely to have poor glycemic control [1], develop
diabetes-related complications [2], and are 1.5-2.3 times more
likely to die from diabetes than White individuals [3]. Further,
racial and ethnic minorities were particularly affected by
COVID-19, with increased risk for infection, morbidity,
hospitalization, and mortality [4]. Preexisting conditions,
including and especially diabetes, increase the risk for poor
COVID-19 outcomes [5,6]. Thus, innovative approaches are
urgently needed to address health inequities in T2D.

Patient portals provide secure web-based access to medical
records with the capability of messaging providers, filling
prescriptions, viewing educational materials, and accessing
clinic services. Increased patient portal use has the potential to
increase engagement with care and improve diabetes health
outcomes. In the general population, patient portal use has been
shown to increase office visits while decreasing emergency
room visits and hospitalizations [7]. Patient portal use also
increases patient knowledge, self-efficacy, decision-making,
medication use, and preventive screening [8]. In adults with
diabetes, greater portal use of secure messaging with providers
led to improved glycemic control (measured based on
hemoglobin A1c [HbA1c] levels) compared to nonusers [9-12].
Other trials have demonstrated significant reductions in HbA1c

through diabetes self-management education or support (DSMS)
via the portal [13-15]. Thus, fostering communication with
providers and diabetes self-management support are promising
features of portals for adults with diabetes.

There is considerable evidence documenting disparities in
patient portal use. Adults who are older, Black, Latinx, and
those with low socioeconomic status and low health literacy
are less likely to use patient portals as an adjunct to clinical care
[16,17]. Despite increased access and popularity of patient portal
use in the United States with over 92% of health care
organizations offering portals in 2015 [18,19], disparities in
portal use continue. More than 100 studies have demonstrated
substantial disparities in portal use [17]. Concern has been raised
that this well-intentioned solution for patient-centered care may
actually worsen health inequities unless portal use among the
underserved is increased [17,20,21]. Portal adoption
interventions can successfully increase portal use. In a
systematic review of interventions to increase portal use in
vulnerable populations, 67% (12/18) of studies showed a
significant increase in portal use, predictors of use, or reduced
disparities. Free or low-cost internet access, technical training
and assistance, and proactive outreach from the health care team

through the portal were reported to have the strongest evidence
for improving health equities in portal use and outcomes [21].
Technical training was the most effective strategy in improving
patient portal logins, use of features, and secure messaging [17].
To date, no interventions on portal adoption have targeted adults
with T2D of diverse races or ethnicities with limited resources,
who have unique structural and social barriers to portal access,
use, and diabetes self-management.

Community health centers (CHCs) play a critical role in
addressing health inequities in T2D, providing care to over 27
million people in the United States [22]. The aim of CHCs is
to provide affordable, high-quality, comprehensive primary care
to medically underserved populations, regardless of insurance
status or ability to pay for care. Most CHC patients (92%) who
live in poverty or near poverty, as defined by the Federal Poverty
Level, are disproportionately from racial or ethnic minority
groups (total 63%: 32% Hispanic, 22% Black, 9% other
minorities), and have high rates of chronic conditions compared
to the general population. In 2018, 21% of adults seen at CHCs
had T2D compared to 11% in the general population [23].

Social determinants of health (SDoH) are important
considerations in developing interventions for adults with T2D
who access care at CHCs. The SDoH Equity framework [24],
developed by the World Health Organization (WHO), posits
that structural determinants of health operate through
intermediary and SDoH to shape health outcomes. Intermediary
and social determinants include material circumstances (eg,
access to tablets or the internet and food security), behavioral,
and biological factors (eg, taking medications), psychosocial
factors (eg, technology literacy), and the health care system
(access to care). To increase patient portal use in adults with
T2D accessing care at CHCs, our intervention goals were (1)
to address the intermediary and SDoH by providing tablets,
home internet, and technology support and (2) to improve
engagement with health care by personalizing care and DSMS
through known community health workers and nurses employed
at the CHC.

The purpose of this study was to pilot-test a multilevel
intervention to increase access and use of portals (MAP). We
sought to determine MAP’s feasibility, acceptability, and
potential to improve outcomes over 6 months among adults
with T2D who access health care at 2 CHCs. Outcomes included
portal-related outcomes (portal activation [logins during the
first month], portal engagement [logins over 6 months], digital
health literacy, technology acceptability), health-related
outcomes (HbA1c, T2D self-management [medication, blood
glucose monitoring, healthy eating, and physical activity], and
psychosocial function [diabetes self-efficacy, autonomy support,
and diabetes distress]).
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Methods

Overview
A within-subjects, pre-post design was used to pilot MAP in
22 adults with T2D who were portal naïve. We developed the
intervention protocol after seeking feedback from stakeholders
on barriers and facilitators to patient portal use and logistics to
consider optimizing the implementation of MAP in CHCs [25].

Recruitment
Participants were recruited from 2 CHCs which have been
previously described [25]. The clinics are located in Connecticut
which is a small and densely populated state with prominent
health disparities. In Connecticut, Black residents are nearly 4
times more likely than white residents to have a diabetes-related
lower extremity amputation, and among Latino individuals, the
rate is nearly 3 times higher than for non-Latino White
individuals [26]. Inclusion criteria for this study were as follows:
(1) established patient at 1 of the 2 CHCs, (2) age 21-65 years,
(3) diagnosed with T2D >6 months, (4) most recent HbA1c

measure >7.5%, (5) no use of the patient portal in the past year,
(6) no intention of moving or changing clinic within 6 months,
and (7) self-reported ability to read in English or Spanish.
Exclusion criteria included cognitive impairment (≥3 incorrect
answers on the Six Item Screener) [27] or current gestational
diabetes.

Participants were recruited from select primary care provider
panels at each clinic. A designated clinic staff member reviewed
the weekly schedule for potentially eligible recruits and
introduced the study to recruits in order to determine preliminary
interest. If interested, a trained research assistant explained the
study and determined eligibility with a screening questionnaire.
If eligible, an appointment was scheduled in person or via Zoom
(Zoom Video Communications) for informed consent, baseline
data collection, and study enrollment. Written informed consent
and data collection were completed in the language preference
of the participant (English or Spanish).

Upon completion of baseline data collection, participants were
scheduled for the first intervention session. All participants
received standard T2D care at the CHC, which followed the
guidelines for T2D management as recommended by the
American Diabetes Association [28] (eg, quarterly appointments
with primary care providers, medical management, and referrals
to specialists as indicated). At the study clinics, trained nurses
provided diabetes education individually during clinic
appointments, as needed. All participants received the MAP
intervention from community health workers (CHWs) and nurses
employed at the clinics. Clinics were compensated for the salary
of the nurses and CHWs for training, delivering the intervention,
and completing study tasks.

Training and Supervising Interventionists
Before delivering MAP to study participants, CHWs and nurses
were provided a 1-day, in-person, interactive training on the
study protocol. They were also provided supportive supervision
throughout the study (weekly to biweekly). Training covered
orientation to research and goals of the study; human subjects
protection; protocol and documentation; and team roles,

responsibilities, and supervision. Training also covered details
of the intervention content through a study manual and specific
strategies for working with low-literacy or low-numeracy
individuals with diabetes [29]. Such strategies include using
the teach-back method; asking open-ended questions; avoiding
unclear statements (“your test was positive”); keeping sessions
brief; presenting small chunks of information; encouraging
practice between sessions; using nonnumerical measures (eg,
1 serving butter=size of the tip of the thumb); using pictures
when possible; using plain language (no jargon or acronyms);
reducing the reading level of written materials; and, using a
friendly tone. In addition, they were trained in principles of
autonomy support. Autonomy support refers to a patient’s
perception that their health care provider recognizes the person’s
personal agency, encourages self-efficacy, and supports their
self-care choices [30].

Intervention
The MAP intervention intentionally and directly intervened on
the 4 intermediary determinants of disparities as outlined by
the WHO Health Equity framework (material circumstances,
psychosocial factors, behavioral and biological factors, and the
health care system (Multimedia Appendix 1). All study
participants received a tablet (which they were allowed to keep
at the end of the study) along with internet access for the 6
months of the study.

The intervention was sequenced to first have CHWs assess
SDoH needs using a questionnaire specific to each clinic (each
clinic had a slightly different form already in use) and connect
the participant to relevant community resources (eg, SNAP
benefits). CHWs then provided training on how to gain access
to the patient portal and on to mastery of the tablet and portal
functionality. In addition to lack of training and lack of
encouragement to use the portal, other barriers to patient use of
portals addressed by CHWs included doubt about portal
usefulness, lost passwords, anxiety about viewing medical
information, and privacy concerns [31]. Once the technology
training and social determinant referrals were completed,
participants were referred to the clinic nurse (Multimedia
Appendix 2).

Next, the clinic nurse contacted the participant via the portal to
provide DSMS. According to the American Diabetes
Association, DSMS is “the support that is required for
implementing and sustaining coping skills and behaviors needed
to self-manage on an ongoing basis” [32,33]. The nurse initially
met individually with study participants to establish rapport,
assess diabetes self-management (DSM) behaviors, and develop
a DSMS plan collaboratively with the participant. Nurses were
asked to communicate with patients via the portal at least twice
weekly during the first 3 months and weekly for the latter 3
months, individualizing interactions based on participant needs.
In these interactions, nurses assessed challenges and successes
with the DSM plan of care and provided education, support,
and encouragement. Nurses were also provided with a variety
of electronic health education resources that could be sent to
participants via the portal. Resources were assembled by the
researchers from a thorough review of written and video
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materials available in English and Spanish for adults with low
health literacy.

Characteristics of each CHC required that MAP be integrated
into clinic operations in a tailored fashion. First, one CHC did
not employ CHWs and their care coordinators (who usually
addressed patient social needs) were not available to deliver the
MAP intervention. Therefore, at that clinic, the study nurse was
trained to complete both CHW and nursing components of MAP.
Second, the 2 clinics used different portal platforms. Therefore,
training procedures and written materials were designed to be
equivalent between, but tailored to, each clinic and its platform.

Data Collection
Data were collected and managed using REDCap (Research
Electronic Data Capture; Vanderbilt University) an National
Institutes of Health supported, Food and Drug Administration
compliant electronic data capture application for data collection
and storage. Data were collected from participants at baseline,
3 months, and 6 months including point-of-care HbA1c values.
Research assistants entered data at the time of data collection
into the database via tablets or a computer. All participants
received a gift card after each wave of data collection—US $40
at baseline, US $40 at 3 months, and US $60 at 6 months. Nurses
at the clinics extracted clinical data and information technology
specialists at the clinics extracted patient portal data from the
electronic health record.

Measures

Overview
Demographics were collected at baseline with questions on age,
sex, race or ethnicity, marital status, insurance status, and
preferred language (English or Spanish). Participants reported
educational attainment and indicated whether they require
assistance with reading written health information (never or
rarely sometimes or often or always). Participants reported
annual household income and also rated their financial strain
on a 4-point scale from “We have enough and can save” to “We
don’t have enough and we have great difficulties” [34].

Clinical Characteristics
BMI data were extracted from the electronic health record with
the value most proximal to the date of the baseline assessment.
Participants self-reported smoking status, and duration of T2D
and completed the Charlson comorbidity index [35] which
assesses the presence or absence of 20 common comorbidities.

Portal-Related Outcomes
Portal activation and engagement were recorded as the number
of portal logins per participant per month. Portal activation was
defined as the creation of a patient portal account and the use
of the portal in the first month. The portal engagement was
defined as ongoing use of the portal over the 6-month study
duration. We calculated logins per week and per month. Based
on previous studies, we defined portal engagement (consistent
portal use) as two or more patient logins per month [36] and
calculated the percentage of participants meeting this
benchmark. Digital health literacy was measured with 4 items
(eg, “I can use apps [like Zoom] on my cell phone, tablet or

computer on my own without asking for help from someone
else”) on a scale from 1=strongly disagree to 5=strongly agree.
Technology acceptability was measured via self-report at
baseline, 3 months and 6 months with subscales including ease
of use (eg, “I think it will be easy [is easy] to send a message
to my provider in the patient portal,” perceived usefulness (“I
think that using the patient portal will help me [helps me]
understand my diabetes care”) and confidence (eg, “I am
confident in my ability to review my health records on the
patient portal”) on a scale from 1=strongly disagree to
5=strongly agree [37]. Items were tailored to reference each
participant’s respective patient portal (MyChart or Healow)
[38,39].

Health-Related Outcomes
HbA1c was measured using a fingerstick point of care A1CNow+
(PTS Diagnostics). The validity of this point-of-care assessment
of HbA1c has been confirmed through comparisons with clinical
laboratory measurements of HbA1c [40,41]. Self-report data
included self-management, self-efficacy, perceived autonomy
support, and diabetes distress. To assess the reliability of
self-report scales, α coefficients were calculated.
Self-management was measured by the summary of diabetes
self-care activities (eg, diet, medication adherence, blood
glucose monitoring, and physical activity). Participants are
asked in the last 7 days, how many days did you follow your
T2D recommendations for each health behavior (from 0 to 7).
Reliability and validity of English and Spanish versions have
been established [42,43]. Self-efficacy was measured by the
Stanford Diabetes Self-Efficacy Scale, an 8-item scale specific
to T2D self-management self-efficacy. Items include confidence
in exercise, interpreting blood glucose levels, and following
dietary recommendations, with response options from 1=not at
all confident to 5=totally confident. Reliability and validity have
been established in Spanish-speaking adults [44,45], with an α
coefficient of 0.92 in our sample. Perceived autonomy support
was measured with the 15-item Health-Care Climate
Questionnaire [46], which assesses patients’ perceptions of the
degree to which they experience the nurse from the CHC to be
autonomy supportive versus controlling (eg, “my diabetes
provider encourages me to ask questions”). Response options
were on a 5-point Likert scale from 1=strongly disagree to
5=strongly agree and the α coefficient was 0.91 in our sample.
Diabetes distress was assessed with the 20-item Problem Areas
in Diabetes scale (PAID) [47,48] (eg, “feeling overwhelmed by
your diabetes”) with response options on a 5-point Likert scale
from 0=not a problem to 4=serious problem. This widely used
scale has evidence of strong reliability and validity; the α
coefficient was 0.96 in our sample.

Feasibility and acceptability of data collection were determined
as a priori based on an established framework [49]. Feasibility
data included recruitment (recruits invited vs consented),
attrition (number of participants who withdrew from the study
or were lost to follow-up), and participant technology access
and use (smartphone, computer, or tablet). Treatment fidelity
was assessed by calculating percent adherence to session
checklists created for the CHWs and nurses respectively.
Barriers to clinical integration were documented by the
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researchers during regular supervision with study nurses and
research assistants.

Acceptability data included participant surveys at 3 months on
satisfaction with the intervention [50] (eg, “Were the topics in
the program important to you?”) and participant-reported
therapeutic alliance with the nurse (“How much do you like or
trust or have confidence in your nurse?”) [51,52] both rated
from 1=not at all to 5=extremely. These questionnaires were
modified from published versions to be specific to the MAP
intervention protocol. At 6 months, we also asked participants
about their intention to continue portal use after study
completion (yes or no) and whether they would recommend
MAP to a friend (yes or no).

Ethical Considerations
This study (NCT05180721) was approved by the institutional
review board at Yale University (IRB# 2000031753; approved
on December 21, 2022). All patients provided informed consent
before participating in this study.

Data Analysis
All data were downloaded from REDCap onto a secure server.
Descriptive analyses were performed to assess demographic
and clinical characteristics of the sample. Distributions of
outcome variables were examined for central tendency and
dispersion. We estimated the Cohen d effect size of MAP on
A1C and tested the statistical significance of the change from
baseline using longitudinal models, including generalized linear
mixed model (GLMM), a logistic model with random intercept
(which incorporates the correlation within repeated measures),
and a negative binomial model with random intercept. The
coefficients of the categorial time variable (ie, baseline, 3
months, and 6 months) represent the average change of HbA1c

at 3 and 6 months from baseline. The GLMM included all
participants with data at baseline and at least one
postintervention value and missing data was handled using the
maximum likelihood approach. The repeatedly measured
secondary outcomes were analyzed with the same approach
using GLMM, with each outcome analyzed individually. We
used the GLMM identify link function for continuous variables,
the logit link function for binary variables, and the log link
function for count variables. Residuals were assessed for
normality assumption and variables were transformed with an

appropriate form when the normality assumption did not hold.
Log-in data from one participant was excluded due to errors
encountered in downloading it from the portal that our IT expert
could not resolve.

Results

Sample
Recruitment and data collection took place from May 2023 to
July 2024. A total of 47 participants were approached about the
study, 26 were eligible and provided informed consent, 23
received the intervention and one was lost to follow up (refer
to Figure 1 for CONSORT [Consolidated Standards of Reporting
Trials] diagram). The sample of completers (n=22) was recruited
from 2 clinics, 68% (n=15) from 1 clinic, 32% (n=7) from the
other clinic. Refer to Table 1 for demographic characteristics.
The sample was predominately Latino or Hispanic (7/22, 77%)
had a mean age of 56.32 (SD 10.93) years, 73% (16/22) were
female, and 55% (12/22) were married or partnered. The
majority reported low-income (86% <US $40,000/year, 19/22),
low educational attainment (59%, 13/22 less than high school
graduates), and no health insurance (55%, 12/22). All
participants had access to a smartphone, but 91% (20/22) had
never accessed a health app. Yet, they reported some confidence
in using apps, setting up video chats, solving basic technical
issues, and using a tablet (mean score 3.1, SD 1.0 with a scale
ranging from 1 to 5). They also reported positive perceptions
of portal ease of use, usefulness, and confidence in using the
portal. The mean duration of diabetes was 11.75 (SD 9.09)
years, 36% (8/22) were on insulin at baseline, 14% (3/22) were
current smokers, 32% (7/22) reported a history of depression,
59% (13/22) reported severe diabetes distress, 68% (15/22)
reported a history of hypertension, and baseline HbA1c was
8.31% (1.05%; measured using the A1CNow system). In total,
73% (16/22) of participants had a baseline HbA1c level greater
than the recommended 7.0% for adults with T2D and 73%
(16/22) rated their health as fair or poor while 27% (6/22) rated
it as good or very good. Mean BMI was 32.21 (SD 5.98), with
23% (5/22) of the sample overweight and 68% (15/22) were
categorized as obese. Other baseline clinical data are reported
in Table 2 (Data extracted from medical records except for
HbA1c, which was collected by researchers for study
assessment).
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Figure 1. Consolidated Standards of Reporting Trials (CONSORT) diagram.
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Table 1. Participant demographics (n=22).

ValuesVariables

Site

15 (68)Percentage of site 1, n (%)

56.32 (10.93)Age in years, mean (SD)

Sex

16 (73)Percentage of females, n (%)

11.75 (9.09)Duration diabetes in years, mean (SD)

3.41 (2.32)Charleston comorbidity index, mean (SD)

12 (55)Married or partnered (vs not), n (%)

Ethnicity

17 (77)Percentage of Hispanic, n (%)

Race, n (%)

10 (45)Percentage of White

4 (18)Percentage of Black

8; of them, 6 reported Latino/Hispanic (36)Percentage of other

Employment, n (%)

8 (36)Percentage of working part/full time (vs others)

Education, n (%)

9 (39)Percentage of high school graduates or more

Annual income, n (%)

19 (86)Less than US $40,000

Financial difficulties, n (%)

15 (68)Percentage of difficulties or great difficulties

Preferred language, n (%)

14 (64)Spanish

12 (55)Spanish–not able to converse in English

Assistance with reading health information

10 (46)Sometimes or often or always

Health insurance, n (%)

12 (55)No insurance

Self-reported use of community resources, n (%)

7 (32)Food assistance

6 (27)Medication access

4 (18)Housing

4 (18)Health insurance

2 (9)Transportation

2 (9)Utilities

0 (0)Childcare or employment

Home internet stability, n (%)

3 (15)No home internet or unsure

6 (27)Fair

7 (32)Good

6 (27)Very good
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ValuesVariables

Home cell phone data stability, n (%)

3 (15)Unsure

6 (27)Fair

7 (32)Good

6 (27)Very good

Table 2. Participant clinical characteristics at baseline (n=22).

Meeting recommendations, n (%)Recommended valuesMean (SD)Variables

6 (28)<78.31 (1.50)Hemoglobin A1c, %

2 (9)18.5-24.932.31 (5.98)BMI

13 (62)<130124.57 (14.53)Systolic BPa, mm Hg

16 (76)<8074.48 (7.90)Diastolic BP, mm Hg

17 (81)<200161.33 (44.59)Cholesterol, mg/dL

16 (78)<10076.57 (35.73)LDLb, mg/dL

10 (63)>4053.00 (26.73)HDLc, md/dL

15 (71)<150164.48 (119.24)Triglycerides, mg/dL

aBP: blood pressure.
bLDL: low-density lipoprotein.
cHDL: high-density lipoprotein.

Protocol Implementation
SDOH needs were assessed before beginning the technology
training with 36% (8/22) of participants requiring a referral.
Referrals needed were for assistance with utilities (n=4),
transportation (n=3), food (n=3), and insurance (n=2). Training
on the use of the portal averaged 84.55 (SD 49.32) minutes,
with a range between 30-180 minutes. The portal training
protocol implementation was high at 85% (524/616 tasks)
fidelity across all protocol items and participants. Participants
reported moderate confidence in using the portal after the
training session with a mean confidence of 2.3 (SD 0.93) on a
3 point-scale (low, moderate, and high confidence). The majority
of participants completed the portal training in one session;
however, 4 participants (4/22, 18%) required technology support
or additional training due to technical challenges using the
portal. Nurse protocol implementation was high at 84%
(222/264; 12 weeks × 22 participants) at 3 months; but decreased
to 52% (137/264) at 6 months with fewer messages sent by
nurses over time.

Barriers to integrating MAP into routine clinical care that was
noted during regular supervision were varied and included the
following: (1) turnover of CHWs, (2) MAP nurses not embedded
in the participant’s clinical team, (3) portal or clinic constraints
on messaging from patient to PCP, (4) difficulty tracking those
portal messages from nurses to patients that were not opened
and acknowledged, (5) cumbersome and error-prone portal
features for transmitting glucose data from patient to clinician,
and (6) few high-quality diabetes education videos suitable for
low-literacy, low-numeracy, and Spanish-speaking individuals
that could be delivered via the portal.

Acceptability
Program satisfaction was high at 3 and 6 months (mean 4.03,
SD 0.81 and mean 4.14, SD 0.49 on a 5-point scale
respectively). All participants indicated that they would
recommend the MAP intervention to a friend. Participants also
reported high autonomy support from nurses at 3 months which
increased at 6 months. At 6 months, 100% (22/22) of
participants reported that they would continue to use the portal
for diabetes care and 100% (22/22) felt like the portal was
helpful for their diabetes care.

Portal Outcomes
Refer to Table 3 for outcomes over time. Portal activation was
high with 100% (22/22) of participants creating a portal account
and logging into the portal in the first month (n=21). Mean
logins per week was 3.16 (SD 1.55) over the first 3 months and
1.45 (SD 0.93) between 3 and 6 months (Figure 2). Mean portal
logins per month were 12.65 (SD 6.21) for the first 3 months
and 5.79 (SD 3.74) for the last 3 months. Participant engagement
(as defined by the literature) was high, with 96% (20/21) of
participants logging into the portal at least twice per month in
the first 3 months and 76% (16/21) of participants meeting this
benchmark between 3 and 6 months. At baseline, participants
perceived that the portal would be easy to use (mean score 4.0,
SD 0.55 on a 5-point scale) and useful (mean score 4.25, SD
0.44) with no significant change over time. There was a
significant increase in technology confidence over 6 months
(P<.05), with a trend for increased digital health literacy at 6
months (P=.08).
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Table 3. Change over time for portal and health outcomes (n=22).

6 months3 monthsBaselinePossible Range

Portal-related outcomes

1.45 (1.91)3.16 (3.18)——bPortal logins/weeka

5.79 (3.74)12.65 (6.21)——Portal logins/montha

76% met benchmark96% met benchmark——Portal engagementa

4.38 (0.56)c4.00 (0.73)3.81 (0.86)1-5Technology confidence

3.59 (0.87)c3.23 (0.93)3.15 (1.03)1-5Digital health literacy

4.08 (0.67)3.89 (0.78)4.00 (0.55)1-5Portal perceived ease of use

4.31 (0.51)4.15 (0.6604.25 (0.44)1-5Portal perceived usefulness

Health-related outcomes

8.23 (1.35)8.09 (1.64)8.31 (1.65)—Hemoglobin A1c, %

25.45 (24.88)c29.09 (23.03)c43.58 (30.51)0-100PAIDd

3.68 (1.03)c3.44 (1.17)3.14 (1.01)1-5DSMe Self-Efficacy

3.95 (1.07)4.14 (0.83)4.15 (0.78)1-5Healthcare Climate Questionnaire

———0-7SDSCAf

3.68 (2.80)4.00 (2.54)2.82 (2.91)—Diet

3.41 (2.29)3.23 (2.11)2.61 (2.23)—Exercise

5.41 (2.21)4.95 (2.44)4.66 (2.49)—Glucose checking

1.79 (.94)5.30 (1.01)—Footcare 1. 1.06)

6.71 (0.73)6.90 (0.31)6.65 (1.00)—Medication

1.36 (1.65)1.32 (1.55)1.32 (1.52)0-9Use of community resources

an=21.
bNot applicable.
csignificant change from baseline at a 5% significance level.
dPAID: Problem Areas in Diabetes (diabetes distress).
eDSM: diabetes self-management.
fSDSCA: Summary of Diabetes Self-Care Behaviors; the Healthcare Climate questionnaire measures autonomy support.
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Figure 2. Portal logins over time.

Health Outcomes
In the mixed effect model, diabetes distress (PAID) significantly
decreased from baseline to 3 months; it continued to decrease
significantly from 3 months to 6 months (P<.01; Table 3). The
proportion of clinically elevated diabetes distress (ie, PAID>40)
was 50% (11/22) at baseline, and it decreased to 36.4% (8/22)
at 3 months (P=.20) and 22.7% (5/22) at 6 months (P=.03).
Diabetes self-efficacy increased from baseline to 3 months and
continued to increase until 6 months when it became statistically
significant. A similar pattern of significant change from baseline
to 6 months was found for confidence in using technology and
digital health literacy. HbA1c was slightly decreased at 3 months
with a small effect size (Cohen d=–0.17) but returned to baseline
level at 6 months (Cohen d=–0.07). There was no significant
change in perceived autonomy support or diabetes self-care
behaviors.

Discussion

Principal Findings
This pilot study evaluated an intervention to increase patient
portal use in adults with T2D who access health care at CHCs.
We reached a sample of adults of diverse races or ethnicities,
low income, and low educational attainment with low use of
the patient portal. The MAP intervention was specifically
designed to address multiple levels of challenges identified by
CHC patients and providers to patient portal usage. Thus, to

enhance successful implementation, participants received a
tablet and data plan, SDOH screening, training in patient portal
navigation with ongoing support, and diabetes education and
support by nurses. Overall, feasibility, acceptability, and
improvement in portal and health outcomes of clinical
significance were demonstrated yet integration into clinical care
was challenging.

First, we demonstrated high feasibility by tailoring
implementation strategies to meet the unique needs of each
clinic. We also demonstrated low attrition, high patient portal
activation (22/22, 100%), and high patient portal engagement
over 6 months. High participant activation is not surprising as
we had dedicated staff available to train participants in portal
use and assist with any challenges. Although the measurement
of patient portal engagement is not standardized in the literature,
a common metric is the frequency of logins per month.
Consistent portal use has been defined as two or more patient
logins per month according to a recent systematic review of the
measurement of patient portal use [36]. In another study,
super-users were defined as those logging in twice or more per
month [53]. In our study, consistent portal use was demonstrated
in 96% of participants over 3 months, 76% of participants
between 3 and 6 months, and 87% over a 6-month period among
21 patients. Thus, the results of our portal activation and
engagement are encouraging. Factors that likely contributed to
these positive outcomes were technology training or support
for the duration of the study, participants’ development of a
relationship with a clinic nurse, and consistent outreach by the
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nurse over 6 months via the portal to provide DSMS. While the
provision of a tablet and a data plan may have also contributed
to portal engagement over time in this study, we judge that
increasing access to smartphones combined with free internet
sites in community settings (eg, libraries and coffee shops) may
be sufficient for future implementation efforts. Decline over
time in consistent use may be partially explained by less
consistent protocol implementation by nurses from 3 to 6 months
and lack of full integration of MAP into clinic workflow.

Engagement over time was supported by improvements in other
portal-related outcomes. Whereas there was no change in how
participants viewed the portal per se (perceived usefulness and
perceived ease of use), participant perceptions of their own
interactions with the technology did improve. Increases were
observed in both technology confidence (“I am confident in my
ability to use MyChart”) and digital health literacy (“I can solve,
or figure out how to solve, basic technical issues on my cell
phone, computer, or other device”). Those improvements
reached statistical significance at 6 months suggesting that
individuals may need more than 3 months of supported use of
the tablet and the portal to create change in confidence and
digital health literacy. Also encouraging was the high level of
acceptability including participant satisfaction with the MAP
intervention and high intention to continue use of the portal
after the MAP study ended.

Second, some clinically important health-related outcomes
significantly improved in our small sample. The decrease in
diabetes distress at 3 months, with a further decrease at 6
months, is important, given the body of research showing that
diabetes distress is robustly associated with lower
self-management and may be associated with higher HbA1c

[54,55]. The MAP intervention’s reduction in diabetes distress
is consistent with findings from other interventions. A
meta-analysis of 41 studies testing eHealth interventions for
diabetes self-management found that such interventions are
effective in reducing diabetes distress [56]. Our rate of elevated
diabetes distress (59%) is higher than a meta-analysis of 55
studies, which showed an overall prevalence of 36% of diabetes
distress in people with type 2 diabetes, with higher rates in
predominantly female samples and those with more
comorbidities [57]. Our small sample size, comprised of
participants with elevated HbA1c and who enrolled in a treatment
study may account for this high rate of distress. Alternatively,
diabetes self-management may be exceptionally distressing in
the context of high SDoH needs, as is common among patients
at CHCs. In this way, MAP may be particularly beneficial for
adults with T2D who access health care at CHCs. One study in
T2D found that patients who had high diabetes distress at
baseline had a greater increase in self-management and a
decrease in HbA1c from mHealth DSMS compared to their
low-distress counterparts [58].

Diabetes self-efficacy increased at 3 months but only became
statistically significant at 6 months, which may reflect our small
sample size since larger studies have shown increases by 3
months [59]. Alternatively, this sample with elevated HbA1c,
high diabetes distress, and high social needs may require 6
months of intervention to increase self-efficacy. Diabetes

self-efficacy has been shown in a systematic review to be an
important predictor of self-care behaviors [60] including for
example medication adherence [61]. The improvement in
diabetes self-efficacy observed in our study may prove important
for downstream clinical outcomes since interventions that
improve self-efficacy have been shown to directly and indirectly
improve glycemic control [62].

We observed that HbA1c and DSM improved at 3 and 6 months
relative to baseline values but these improvements were not
statistically significant in our small sample. Research on the
effectiveness of patient portals on glycemic outcomes has
produced inconsistent results [13,14,63-65]; yet, observational
studies with adequate sample sizes do in fact provide consistent
evidence that patient portal use has a beneficial impact on HbA1c

[66-68]. The consistency of portal use is also associated with
benefits for HbA1c. In a study that examined the consistency of
patient portal use among adults with T2D (N=95,043), an
increasing number of calendar months of patient portal use was
associated with a significant decrease in HbA1c levels [69]. In
addition, several studies have highlighted the role of patient
portals in improving diabetes self-management behaviors. A
retrospective cohort study involving over 100,000 adults with
diabetes found that when patients are given access to the patient
portal via a mobile device, their adherence to oral
antihyperglycemic medications improves significantly [66].

In addition to the small sample size, our study may not have
produced significant improvements in HbA1c and DSM because
of the low degree of integration of MAP into clinical care. We
ensured that MAP was delivered in a clinical setting by
embedded clinicians, yet we encountered a number of barriers
to a deeper level of clinical integration. For example, in one
clinic, participants were not able to send portal messages directly
to their PCPs because that portal functionality had not yet been
activated clinic-wide. As another example, at the other clinic,
the MAP nurse was not part of the patient’s own clinical team.
Whereas MAP nurses did send monthly progress notes to the
patients’ respective PCPs, it is unknown how the PCPs made
use of the reports. In our study, one nurse was bilingual in
English or Spanish; however, not all were and one participant
had Polish as a first language. In these situations, translation of
messages was required. Thus, MAP’s good metrics of
implementation were only made possible with creative
approaches and “work arounds” to clinic and portal
idiosyncrasies. It remains untested how effectively MAP could
improve glycemic control and DSM when fully integrated into
clinical care.

Health care providers and adults with diabetes in CHCs continue
to face barriers that limit their use of portals. Well-documented
challenges include low health- and technical literacy, lack of
regular access to internet-connected mobile phones, limited
language concordance between providers and patients, and other
SDoH-related issues [25,70]. CHCs also face the challenge of
lacking standardized implementation strategies for rolling out
portals and supporting patients to use portals. The findings from
the current pilot study provide preliminary evidence of what
may work in CHC settings to mitigate these barriers and improve
portal use among adults with T2D.
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Clinical Implications
Our findings have several clinical implications. First, having
clinicians recommend the use of the patient portal and having
dedicated staff to provide training and technical support to
patients in CHCs can be useful in improving portal use. Racial
and ethnic differences in portal use attenuate when clinicians
offer portals to all patients irrespective of their racial and ethnic
background [71]. In addition, a recent systematic review to
summarize research priorities and best practices in patient
portals found that studies that report high rates of portal use
often have dedicated staff to enroll and assist patients [72].
Evidence-based techniques to educate socially vulnerable
patients, such as screening for health literacy, using the
teach-back method, and using bilingual messaging, were used
in our intervention and can also be adopted by clinicians in
CHCs. Many CHCs incorporate nursing case management for
patients with chronic conditions. Nurse case management
communication could also be expanded to use the patient portal
for ongoing check-ins, support, and patient education, which
may enhance portal engagement and health outcomes. In a
systematic review of the effectiveness of patient education
through patient portals, significant improvements in knowledge,
self-management, health behaviors, mental health, and select
health outcomes were demonstrated [73].

Lastly, clinic administrators at CHCs could work with their
electronic health record support team to eliminate the need for
email accounts to activate the patient portal. Patients who access
care at CHCs may not have email accounts, which creates an
additional barrier to portal use among CHC patients [74].
Alternative approaches such as the use of phone numbers to
authenticate users should be encouraged, as the majority of
patients in CHCs have access to mobile phones.

Limitations and Future Research
Findings should be interpreted with caution given study
limitations, the primary of which is a design without a
comparison group or randomization to treatment. Future research

should test MAP using a more rigorous study design.
Implementation research should identify strategies to more fully
integrate interventions like MAP into complex clinical settings.
Common metrics of portal use should be used as outcomes, in
addition to study-specific indicators, in order to facilitate
comparison across studies. Our sample size at each clinic was
insufficient to test for differences between clinics in sample
characteristics or differences in outcomes. Study samples should
also be large enough to be powered to test for clinically
meaningful improvements in HbA1c and to include adequate
representation of medically underserved individuals so that
intervention effects on disparities in portal use—both
ameliorating and exacerbating—can be examined. A longer
duration of follow-up would allow for investigation of the
durability of any treatment effect.

There is also a need for research to develop portal platforms
and functionality that better meet the needs of patients and
clinicians. This could include, for example, graphical and
pictorial data displays, audiovisual capabilities, and libraries of
patient education materials. Beyond the patient portal, our
preparation for the intervention implementation revealed a
paucity of high-quality, patient-friendly diabetes educational
materials (pictorial, video, interactive, and gaming) that are
designed for low-literacy, low-numeracy, and Spanish-speaking
individuals. Whereas a wide variety of materials exist, few if
any meet all the above criteria, and those that try tend to be
extremely cursory.

Conclusions
In this pilot study among people with diabetes receiving care
at CHCs, the MAP intervention produced high activation and
engagement in portal use as well as meaningful improvement
in psychosocial outcomes and promising changes in clinical
outcomes. Numerous challenges were also identified that can
be addressed in future research. Increasing portal use specifically
in health disparities populations may be one key to ameliorating
disparities in diabetes outcomes.
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Abstract

Background: Depression is a serious mental health condition that can have a profound impact on the individual experiencing
the disorder and those providing care. While psychotherapy and medication can be effective, there are gaps in current approaches,
particularly in outpatient care. This phase is often associated with a high risk of relapse and readmission, and patients often report
a lack of support. Socially interactive agents represent an innovative approach to the provision of assistance. Often powered by
artificial intelligence, these virtual agents can interact socially and elicit humanlike emotions. In health care, they are used as
virtual therapeutic assistants to fill gaps in outpatient aftercare.

Objective: We aimed to explore the expectations of patients with depression and health care professionals by conducting a
qualitative survey. Our analysis focused on research questions related to the appearance and role of the assistant, the assistant-patient
interaction (time of interaction, skills and abilities of the assistant, and modes of interaction) and the therapist-assistant interaction.

Methods: A 2-part qualitative study was conducted to explore the perspectives of the 2 groups (patients and care providers).
In the first step, care providers (n=30) were recruited during a regional offline meeting. After a short presentation, they were
given a link and were asked to complete a semistructured web-based questionnaire. Next, patients (n=20) were recruited from a
clinic and were interviewed in a semistructured face-to-face interview.

Results: The survey findings suggested that the assistant should be a multimodal communicator (voice, facial expressions, and
gestures) and counteract negative self-evaluation. Most participants preferred a female assistant or wanted the option to choose
the gender. In total, 24 (80%) health care professionals wanted a selectable option, while patients exhibited a marked preference
for a female or diverse assistant. Regrading patient-assistant interaction, the assistant was seen as a proactive recipient of
information, and the patient as a passive one. Gaps in aftercare could be filled by the unlimited availability of the assistant.
However, patients should retain their autonomy to avoid dependency. The monitoring of health status was viewed positively by
both groups. A biofeedback function was desired to detect early warning signs of disease. When appropriate to the situation, a
sense of humor in the assistant was desirable. The desired skills of the assistant can be summarized as providing structure and
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emotional support, especially warmth and competence to build trust. Consistency was important for the caregiver to appear
authentic. Regarding the assistant–care provider interaction, 3 key areas were identified: objective patient status measurement,
emergency suicide prevention, and an information tool and decision support system for health care professionals.

Conclusions: Overall, the survey conducted provides innovative guidelines for the development of virtual therapeutic assistants
to fill the gaps in patient aftercare.

(JMIR Form Res 2025;9:e59527)   doi:10.2196/59527

KEYWORDS

socially interactive agent; e-mental health; mental illness; mental disorder; depression; major depressive disorder; suicide
prevention; suicidal ideation; outpatient aftercare; artificial intelligence; virtual therapeutic assistant; public health; digital
technology; digital intervention; digital health care

Introduction

Background
As stated by the World Health Organization, depressive
disorders are among the most serious mental illnesses. They
represent a serious loss of societal potential through premature
mortality. It is estimated that 4.4% of the global population
experiences depressive disorders. This is an increase of 18%
compared to more than a decade ago [1]. The lifetime prevalence
of depressive disorders is estimated to be between 16% and
20% [2]. Depressive disorders represent the most common
mental health condition associated with suicide. It is estimated
that 60% to 70% of individuals experience suicidal ideation
during depressive episodes. The risk of suicide is 30 times higher
than that observed in the general population. The mortality rate
within the first year is approximately 3.4 times that of the
general population. Furthermore, the probability of a depressive
episode recurring within the first year is approximately 70%.
In addition, approximately 21% of patients are readmitted to
the hospital within 1 year of discharge [3]. The initial 6-month
period following discharge is of particular significance with
regards to the potential for relapse and suicide [4,5]. In contrast
with the recommendations set forth in the German S3 guideline
for unipolar depression, it is observed that 90% of patients
diagnosed with major depression do not receive sufficient
outpatient aftercare following psychiatric hospitalization [2].
This elucidates the elevated risk of relapse and suicide during
the initial year [3]. Patients with restricted access to social,
economic, or structural resources are particularly susceptible
to these risks [2]. This conspicuous deficiency in outpatient care
results in the forfeiture of potential therapeutic benefits that
could otherwise be achieved through inpatient care. Conversely,
enhancing outpatient care for patients with depression has been
demonstrated to result in improved survival rates. In the context
of this study, the term health care professionals refers to
psychiatrists, psychotherapists, nurses and social workers who
treat patients after they have been discharged from the hospital.
The responsibility for patients with suicidal tendencies
represents the aspect of working with depressed individuals that
evokes the strongest emotional responses from this group of
health care professionals and those who have previously cared
for such patients. The experience of losing of a patient to suicide
can have a substantial and lasting negative emotional impact.
The risk of suicide among practitioners increases substantially
following the suicide of a patient. In one study, 10% of

participants, who were health care professionals, reported having
suicidal thoughts themselves [6,7]. Thus, solutions that enhance
the security of particularly susceptible patients, such as effective
posthospital psychiatric follow-up, can consequently enhance
the lives of patients and their families, as well as health care
professionals, by minimizing occupational stress.

Before discharge, health care professionals need to assess the
patients’ resilience in this regard and share responsibility. The
decision-making process is often influenced by other factors,
such as insurance coverage. Similarly, the factors that may lead
to individual crisis situations are difficult to predict; therefore,
postdischarge risk is also a professional burden for caregivers
[8,9]. Although some patients continue to receive outpatient
care after discharge, the sudden change in their situation poses
several problems. One of the most prevalent problems seems
to be the lack of a daily structure in time and tasks throughout
the day, as provided by the hospital during inpatient care.
Instead, patients are mostly responsible for their own daily
structure, a task that many struggle with as their goal setting
and persistence are not necessarily stable enough to overcome
these hurdles. Conversely, in moments of self-doubt and
struggle, they now have limited access to timely support. In the
hospital, a safe environment with a wide range of support is
available, especially in critical situations. However, this changes
after discharge [10]. Outpatient psychiatric aftercare, when
available, is limited and does not cover all critical situations
that prevail in suicidal moments [11]. The limited number of
health care professionals, together with time and emotional
resource constraints and unclear responsibilities, pose a serious
problem for patients. In addition, another source of support
regarding social companionship, such as friends or family [12],
may not always be available. More importantly, relatives are
not professionally trained to deal with critical and potentially
suicidal behavior. Some patients may even feel ashamed. In
general, patients are left alone after discharge.

It appears that a gap exists in the system for outpatient care in
critical situations, particularly with regards to the availability
of health care professionals, the definition of responsibilities,
and the lack of qualifications in many cases [2]. In the absence
of in-person assistance, face-to-face support has declined and
an increased demand for online support has been observed. This
indicates a necessity for the development of secure, safe, and
effective digital tools. Nevertheless, research indicates that
internet-based cognitive behavioral therapies have a relatively
modest impact on patients with suicidal tendencies [13]. Patients
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who continue to experience suicidal thoughts and behaviors
also present a unique challenge for electronic mental health
(e-mental health) services. Therefore, this group is explicitly
excluded from e-mental health services [14]. A variety of
interventions are available, including web-based
psychoeducation, online counseling, SMS text messaging
aftercare, email therapy, and computer-assisted cognitive
behavioral therapy [15,16]. However, these interventions fail
to address patients’ need for attachment, or for the formation
of a social, empathic relationship. This has been described as
the most important variable in determining the effectiveness of
psychotherapy [17,18]. Consequently, the lack of a therapeutic
relationship is a substantial criticism expressed by patients when
evaluating internet-based cognitive behavioral therapy self-help
methods [19].

It is thus evident that an intermediate professional solution is
required to address the gap in care for patients with depression
and suicidality, with the objective of providing support to both
this susceptible patient population and their health care
professionals. The solution should be readily accessible without
overwhelming amounts of information, focus on
depression-related cognitive and emotional impairments, and
include suicide prevention. It should also be noted that using
such solution, people in underserved rural or economically less
developed regions could be better reached, overcoming
socio-spatial barriers. Furthermore, the stress on the therapists
in charge could be greatly reduced, thus contributing to staff
stability in psychiatric institutions.

Using Socially Interactive Agents for Outpatient
Aftercare
Socially interactive agents (SIAs) can engage in verbal and
nonverbal interactions as dialogue partners, exhibiting emotional
and social capabilities and performing a diverse social support
and monitoring functions [20-23], including provision of
emotional support to users [24], monitoring of patient safety
[25] and simulation of social skills to emulate social
relationships, such as active listening, mimicry, gestures and
emotion models [26-29]. Given the crucial role of social
relationships in coping with psychological distress [30], there
is the potential for SIAs to enhance technology-assisted
outpatient care by emulating human interactions and tasks [31].

To date, SIAs have been used in a variety of settings as virtual
coaches and assistants. Unified platforms for SIAs as coaches
have been developed [32-34] and used for stress management
purposes [35]. However, they have also been used in applied
contexts as training partners for social skills [36] and empathy
training [37]. In clinical research, initial approaches to the use
of empathic conversational agents in the context of mental health
have been proposed [38]. Furthermore, the use of relational
agents has been demonstrated to have a positive impact on
hospitalized patients with depressive disorders [39]. These
findings suggest that these approaches may offer promising
possibilities for the use of a virtual therapeutic assistant (VTA)
as an assistant in a supportive, gap filling role in outpatient
aftercare. It is unclear which settings a VTA could be used in
and what role it should play. There is also a lack of clarity

regarding the design of the interface for interaction with patients
or health care professionals.

In SIAs, embodiment is of substantial consequence with regard
to the manner in which they are perceived. While
technology-mediated solutions can have a supportive effect, as
previously outlined, communicating with a disembodied,
faceless machine can impede positive outcomes, even when a
human is on the other end. Conversely, embodiment in SIAs
has been demonstrated to influence perceptions [40-42], increase
trust [43,44], facilitate the formation of an emotional connection,
and enhance overall relationship quality [45].

With regards to interpersonal interaction, a substantial body of
research has examined timing, skills, and behavior of SIAs. It
has been demonstrated that SIAs can evoke emotional responses
that are pertinent to interpersonal interaction and attachment.
The timing of SIAs behavior has been shown to be of critical
importance in the formation of human-agent relationships
[46,47]. In a job interview setting, SIAs were found to elicit
feelings of shame to the same extent as human interviewers
[48]. Moreover, analogous effects have been demonstrated with
respect to trust [49] and rapport through backchanneling
behavior [22,23,50], the elicitation of empathetic behavior in
human physicians when dealing with virtual patients [51], and
the elicitation of prosocial behavior in interpersonal interaction
settings [52-54].

An embodied, affective SIA has the potential to facilitate novel
avenues for relationship-based, technology-mediated outpatient
aftercare. Nevertheless, its application to date has been confined
to the context of scientific studies or hospitalization. The context
of outpatient aftercare, which is particularly sensitive due to its
applied nature, requires a meticulous and precise implementation
of the VTA for it to have the intended supportive effect.

Research Questions

Overview
This study presents a comprehensive analysis of the expectations
held by both patients and health care professionals regarding
the design of a proposed tool. The objective of the survey was
to ascertain both expectations regarding the structural framework
of how a VTA might interact with patients and regarding the
interaction itself.

Role
The initial stage of the process entailed an evaluation of the
potential integration of a VTA within the existing framework
of outpatient care. It is necessary to establish the role that both
groups anticipate a VTA will play in the context of outpatient
care.

• Research question (RQ) 1: What is the role of a VTA in
the context of outpatient care?

Embodiment
A substantial body of research and practical applications
outlined previously indicates that the favorable outcomes of
SIA interaction are contingent upon the manner of embodiment
within the interaction interface.
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• RQ 2: What are the embodiment preferences for a VTA?

Interaction Timing
The objective of this study was to address the expectations of
patients and health care professionals regarding the interaction
between a VTA and a patient. As no previous testing of this
framework has been conducted, it is unclear what frequency
and timing of interaction might prove beneficial for the patient.

• RQ 3: When should the VTA interact with the patient?

Interaction Abilities
Although a VTA offers numerous advantages to the patient, the
specific interaction capabilities that the VTA should possess to
be beneficial for treatment remain uncertain.

• RQ 4: What interaction capabilities should the VTA have
to assist patients in their treatment?

Interaction Behavior
The following section will present the observed interaction
behaviors and behaviors associated with the use of the
aforementioned skills during the interaction.

• RQ 5: What interaction behaviors should the VTA use to
facilitate patient treatment?

Interaction Between VTAs and Health Care
Professionals
For the VTA to be considered an integral part of the treatment
framework, it would be beneficial for it to provide useful
information to the health care professionals themselves.

• RQ 6: How might the framework be designed in a way that
would allow health care professionals at all levels (ie,
psychiatrists, psychotherapists, nurses, and social workers)
to benefit from the implementation of a VTA?

Methods

Overview
To investigate these questions, a 2-part qualitative study was
conducted. The objective was to explore the perspectives of the
2 groups that were most directly involved (health care
professionals and patients) and to assess their expectations of
a VTA in the context of treatment. Initially, a group of health
care professionals were queried about their expectations
regarding the potential role of the assistant (RQ 1),
assistant-patient interface (RQ 2), timing of the interaction (RQ
3), interaction skills (RQ 4), interaction behavior (RQ 5), and
assistant–health care interaction (RQ 6). Following a
comprehensive analysis of the responses, a qualitative interview
was conducted with a group of patients undergoing treatment.
This will provide a 360-degree perspective of the requirements
that a socially interactive VTA should fulfill in a specific clinical
setting to address the identified gap in outpatient aftercare. The
methods and results are presented in parallel for the sake of
comparability.

Participants
In the initial phase of the study, data were gathered from a
sample of health care professionals (n=30; 6 male and 24 female

participants) employed in various outpatient settings within the
field of outpatient care in social psychiatry in Oldenburg
(Germany). All health care professionals participated
voluntarily, which was ensured by providing them detailed
information about the objectives and implementation of the
study. No data were excluded. The age of the therapists ranged
from 18 to 24 years (n=1), 25 to 34 years (n=13), 35 to 44 years
(n=6), 45 to 54 years (n=4), 55 to 64 years (n=5), and ≥65 years
(n=1), and their professions included psychiatrist (n=3),
psychotherapist (n=10), social worker (n=15), psychiatric nurse
(n=1), and physician (n=1).

The patient sample consisted of individuals (n=20; 11 male and
9 female participants) who were inpatients at the Karl-Jaspers
Hospital in Oldenburg and were diagnosed with depression. All
patients participated on a voluntary basis, which was ensured
by providing detailed information about the objectives and
implementation of the study. No data were excluded from the
analysis. The age of the participants ranged from 19 to 56 years
(mean 40.85, SD 12.46 years). Patients were administered the
Beck Depression Inventory II (mean 24.3, SD 13.45; Beck et
al [55]) to obtain an overview of their current depression status.
To assess trust, the Yamagishi and Yamagishi General Trust
Scale (mean 3.19, SD 0.72; [56]) was used, which comprises 7
statements, including “Most people are basically honest” with
a rating scale from 1 (low) to 5 (high agreement), Cronbach
α=0.83.

Ethics Approval
Before data collection, approval was obtained from the Medical
Ethics Committee of the University of Oldenburg (2022-005).
Participants provided written informed consent to participate
in this study. Data were anonymized. The participants received
no compensation for this study.

Procedure
At an informative meeting of health care professionals in our
clinic, general information about the purpose of the study and
details of the survey were delivered. Following the provision
of a link via email, they were invited to complete a qualitative
web-based questionnaire (implemented in Qualtrics) comprising
a combination of multiple-choice and open questions (described
in detail in subsequent sections).

The patient cohort was recruited through the clinical routine of
their daily inpatient therapeutic examinations at the same
psychiatric hospital. A semistructured qualitative interview was
conducted in a confidential session. Following the introduction,
a trained interviewer proceeded to elucidate the objective and
structure of the forthcoming interview. It was emphasized that
the responses provided by the participants would not be shared
with any of the other patients and therapeutic staff.

Materials
To ensure that all participants had the same level of knowledge
about VTAs, a standardized description was first provided,
which was adapted from the description set out by Hilpert et al
[42,44]. The questionnaire was constructed in accordance with
the 6 distinct expectations (corresponding to the 6 RQs)
pertaining to a VTA in outpatient aftercare. The questions
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themselves were divided into 5 blocks, each addressing a
specific area of inquiry: general expectations, specific situations,
usefulness, communication and data handling, and
demographics. The web-based questionnaire and the interview
were comparably structured and comprised the same set of
questions. However, the terminology and specific questions
were tailored to align with the perspective of each respective
group.

Health Care Questionnaire
The questionnaire for health care professionals consisted of
several sections. The initial section of the questionnaire
addressed general inquiries pertaining to the health care
professionals’ anticipated interface, capabilities, interaction
behavior, and timing (eg, how and when to contact and how
and when to support) of the VTA. In addition, it encompassed
broader expectations related to the role of the VTA in the
therapeutic process. Second, 2 particular scenarios in which
patients may find themselves were delineated, accompanied by
corresponding inquiries. In the initial scenario, health care
professionals were instructed to envision a typical day in the
life of an outpatient, beginning to end. Regarding competencies,
the inquiries centered on the diagnostic abilities and subject
matter that the VTA should possess to obtain a comprehensive
understanding of the patient’s condition. The question pertaining
to interaction timing addressed the optimal timing for the VTA
to interact with the patient, while the questions concerning
interaction behavior sought to ascertain the types of behaviors
that health care professionals deemed beneficial. The second
scenario pertains to an emergency situation that may arise during
a day after discharge. The inquiry commenced with queries
pertaining to the VTA’s capacity to procure external assistance
for the patient and how the VTA could facilitate this.
Subsequently, the participants were asked to indicate the
circumstances under which they would interact with the VTA
and to describe the helpful types of behavior. Third, the
participants were requested to evaluate the utility of a VTA in
relation to a series of therapeutic functions, including medication
planning and crisis intervention. Fourth, we investigated their
perceptions of their own interaction with the VTA, specifically
regarding the type of information they would find beneficial if
the VTA were to provide it to health care professionals involved
in outpatient care. Finally, the participants were asked to provide
demographic information.

Patient Interview
The introductory information and briefing remained consistent
throughout the process. As the interview with the patient sample
was conducted after the analysis of the health care professionals
responses, some of the questions were adapted based on the
findings from this initial sample. This was done to elicit more
detailed and nuanced responses and to avoid potentially vague
responses. The overall structure of the questionnaire remained
consistent. The questionnaire used in the interview encompassed
the elements of RQ 1 to 5, excluding the interaction between
the assistant and the therapist (as this did not impact the
patients). The questionnaire was divided into 6 blocks: general
expectations, assistant-patient-interaction, assistant-health care

professional-interaction, feelings of the patient and
demographics.

The interview commenced with a series of general inquiries
pertaining to patients’ expectations of a VTA’s competencies,
interaction style (including the modalities of contact, forms of
support, and the VTA’s presence in the patient’s daily life), and
a few more detailed questions concerning appearance.
Subsequently, a description of 2 particular scenarios in which
patients might find themselves was provided, accompanied by
corresponding questions. Each specific situation was introduced
with a subjective assessment of how the patients would feel in
that particular situation. The questions were largely similar to
those posed to the health care professionals, but the patients
were also asked to provide an explanation for their responses.
The section on usefulness was identical to that used with the
health care professional sample.

In accordance with the recommendations for open research
practices [57], all materials can be found on the OSF website
[58].

Data Analysis
To extract meaningful insights for each of the RQs in this
qualitative dataset, a 4-step process based on grounded theory
was used to analyze the responses given by both groups of
interest [59]. This was executed following the guidelines
described by Hansen and Grimshaw-Aagaard [60]. In the initial
phase, the responses from each group of interest were
transcribed (for the patient interview data) and organized by
question in 2 distinct datasets, one for each group. Second, 3
independent raters classified the responses according to content
and relevance to the RQs. Third, the raw data and extracted
categories were compared for each group of interest (health care
professionals and patients), identifying both similarities and
differences between the 2 groups. Finally, this comparative
dataset was classified to extract clusters and subclusters of
explanatory value for each RQ.

Results

This section presents the findings of the analysis of the health
care professional and patient surveys. A joint analysis of both
health care professional and patient responses is presented for
each RQ.

RQ 1: Role of the VTA
When queried about the role of the VTA, health care
professionals primarily referenced the role of a “good friend.”
It was emphasized that the VTA should be “designed in such a
way that you enjoy the interaction, otherwise it’s probably not
going to be used.” A similar argument was put forth with regard
to the role of a social worker, which was described as
“something between a good friend (feeling of closeness) and a
social worker (knowledge about the disease and how to help).”
Conversely, the explicit role of a VTA as a “therapist” was
reported, with the addition that the VTA should be a figure with
“distance to the family” or “not a substitute for family or
friends,” stating that “these should be present in real life or
newly built.” The VTA was recommended as an adjunct to
existing therapy, with “more of an additional supportive role,”
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with an emphasis on supporting the patient “in phasing out
therapy.” In a less role-specific description, the VTA was
referred to as a “companion” or “extended inner support, more
like a part of oneself that is currently too weak to provide
self-support.” Health care professionals also described the VTA
as a “coach” or “someone the patient can confide in, but who
remains independent.” A more abstract idea was a “good spirit
that no one else sees, who sees the positive and can sometimes
be very direct but warm.”

Patients referenced the role of a therapist, “a known person,”
as well as frequent references to a “good friend,” “being there
for me like a best friend,” “asking questions about everyday life
(instead of ‘psychological’ questions).” The wish for additional
support in outpatient care is clear: “to work out goals and
important topics with therapists, which the assistant knows
about.”

In general, both groups anticipated a system that integrates
expertise and represents a figure with whom they can establish
a relationship. In conjunction with the primary recommendation
of the therapist’s good friend, the role of a peer counselor would
also be conceivable.

RQ 2: Embodiment of the Assistant-Patient Contact
Regarding the topic of embodiment, we inquired about the
participants’ expectations regarding general appearance
characteristics of VTA. As previous research [40] has shown a
clear pattern of human embodiment, we also asked about
preferences for the assistant’s age and gender. The question
regarding general appearance was posed in an open-ended
format, with the objective of obtaining an unbiased report from
the participants. Most of the patients (14/20, 70%) related their
responses to the human appearance of the assistant. Some
described nonhuman appearance and characteristics, to which
age and gender do not apply. Regarding general appearance,
the responses of both health care professionals and patients who
endorsed a humanlike appearance were classified and
summarized into 2 relevant clusters that play a role in the
perception of the assistant: physical appearance and
expressiveness.

In physical appearance, the health care professionals’ interview
focused on 3 features: personal characteristics, clothing, and
animation style. For physical characteristics, they tended to be
the least risky, such as “medium height,” “normal weight,”
“friendly face,” and “calm speech.” The same pattern was
observed for clothing, as shown by responses such as “[the
assistant] wears clothes in pleasant pastel shades, nothing too
dark or too colorful.” The third feature could be defined as
animation style, with health care professionals agreeing that the
assistant should appear “as realistic as possible” with “no
cartoonish features.” Regarding gender, 80% (24/30) of the
health care professionals wanted a selectable option. The
remaining participants recommended either a female assistant
(3/30, 10%) or a diverse (3/30, 10%) assistant, while male
gender was not explicitly recommended. Regarding age, a
“middle-aged” assistant was recommended, as it should “exude
life experience,” “not too young for older people.” Other
recommendations were “age depending on the patient, maybe
a bit older” or that the age should be “chosen by the patient.”

For the expressiveness cluster, they focused on facial expressions
and gestures that should be convincing enough for the assistant
to be able to “respond to feelings and show empathy” as well
as “natural movements.”

A different set of priorities for the physical appearance of a
VTA was observed by the patients. While they wanted the
assistant to have “an upper body and hands, but no legs,” it
should “not have a perfect figure,” with the same mentioned
for the face. Clothing was not mentioned. For animation style,
they reported a tendency toward a more animated style “like in
a computer game” or “like in science fiction movies.” However,
in contrast to health care professionals, patients expressed a
desire for familiarity, as the assistant should look like a known
person, for example, the caregiver. Regarding gender, there was
a clear and predominant preference of all participants for a
female or diverse character. The reasons provided for this
preference were “I am a woman myself,” “I can talk better to
women,” “Navi, Siri are also women” and “it is easier to build
trust.” In cases where patients did not explicitly prefer a female
character, responses such as “voice is more important (soft,
calm voice)” were given. It should be emphasized that none of
the patients explicitly asked for a male embodiment for their
VTA. Regarding the age of the VTA, “middle-aged,” “older,”
but also contradictory answers, such as “between teenager and
young adult” were provided. However, there was a tendency to
favor a middle-aged figure to older figure. For expressiveness,
it was desired that the assistant should be able to use facial
expressions and gestures “so that emotions can also be clearly
expressed” (clear facial expressions). Overall, they wanted
“friendly” and “laughing” expressions.

Finally, there were some health care professionals who preferred
a nonhuman appearance, citing concerns about “negative
transference” or being “triggered” by a human figure. One
participant illustrated:

I would like it if the character didn’t necessarily try
to look like a human or even a therapist. I would be
afraid that the difference would be too great and the
character would look unbelievable or even ridiculous.
I would therefore suggest that anthropomorphized,
sympathetic avatars be created that patients could
easily cast in a positive light. [Psychotherapist #35-44,
male]

Suggestions for this alternative, nonhuman appearance included
a talking smiley instead of a real human face, or a “wise but
humorous owl.” A few patients had different nonhuman
suggestions, such as “blue water on the beach,” “self-selectable
(robot, human, animal...),” “between emoji and human” and
“can give itself a shape.”

These findings indicate that both groups anticipated an imperfect
or neutral-looking but emotionally expressive human
embodiment for their VTA, with a tendency to avoid male
characters.

RQ 3: Interaction Timing
The third RQ pertained to the timing of the interaction: when
should the assistant interact with the patient? The joint analysis
of the responses from both groups revealed 2 main clusters of

JMIR Form Res 2025 | vol. 9 | e59527 | p.4017https://formative.jmir.org/2025/1/e59527
(page number not for citation purposes)

Immel et alJMIR FORMATIVE RESEARCH

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


situations in which the VTA could potentially interact with
patients.

The first cluster was designated situation-independent or
proactive and refers to behavior that does not depend on the
socioemotional context of the patient at the time of interaction.
Situation-independent or proactive interaction timing does not
necessitate a request for assistance from the patient or the
automatic recognition of an ongoing crisis situation by the
assistant. This encompasses any form of interaction that could
be proactively initiated by the assistant, including both scheduled
contact and unscheduled check-in messages. For example, health
care professionals proposed that the assistant could contact
patients in the morning to “help start the day” and in the evening
to “reflect on the day.” In between, at “agreed times” and “at
random times.” Patients corroborated this assertion by requesting
regular contact “maybe 1-2 times a day,” “daily contact,”
“regularly in the morning,” “check in 3-4 times a day.”

The second cluster was designated situation-dependent and
represents a complementary counterpart to the first. It includes
all instances wherein the interaction is triggered by a response
to the patient’s current therapeutic or socioemotional
circumstances. This could manifest as the patient requesting
contact, for example, to talk about a feeling at any time of the
day, or even in crisis situations, such as a panic attack. It could
also be triggered by monitoring the patient’s current stress
indicators (eg, heart rate and lack of interaction) to detect an
emergency situation and trigger a situation-dependent interaction
in the assistant. Responses that were clustered as
situation-dependent differed between health care professionals
in the frequency with which this should occur. For example,
patients mentioned “more often immediately after
hospitalization” and that the assistant should contact them “on
holidays/at weekends.” At this point, patients would like to be
able to personalize the assistant’s presence according to their
own needs. Patients would also like to be notified “as soon as
he notices that I am not feeling well” or “if I have been inactive
for a long time.”

Overall, health care professionals’ responses to the “when”
question exhibited considerable variability. Regular or daily
contact, fixed times, and contact when the patient is inactive
were all represented to a similar extent. Although patients
emphasized “unstructured” times when they expected to feel
alone, there were no substantial differences between the
responses of patients and health care professionals. These
numerous variabilities may indicate the importance of an
individual rhythm of contact.

RQ 4: Interaction Abilities
This RQ was concerned with interaction skills: what
competencies should the VTA possess to support patients in
their treatment? The analysis revealed 2 main clusters of

interaction skills that a VTA should possess in general: the
capacity to furnish structural support and the capacity to furnish
emotional support. Given the considerable overlap between the
clusters extracted from the joint analysis of the responses of
both groups of interest, it was determined that there was no
additional benefit in reporting the responses of health care
professionals and patients separately in this subsection.

The first cluster was defined as structure-providing capabilities,
encompassing all the interaction capabilities of the VTA that
facilitate structure for the patient regarding behavior (proposing
action strategies or step-by-step plans for upcoming situations,
monitoring the patient’s emotional state, and providing
feedback) and time management (eg, structuring the day and
reminder functions) to enable coping with daily challenges or
tasks.

The second cluster was described as emotional-supportive,
comprising skills that assist patients in managing their emotions
in a relational context. This cluster comprised 3 subclusters:
supportive-trusting,supportive-motivational, and
supportive-resource-promoting. The capacity to be
supportive-trusting enables the assistant to facilitate trusting
conversations by being honest, authentic, interested, sensitive,
nonintrusive, and reassuring. The capacity to be
supportive-motivational enables the assistant to promote a
positive attitude and increase self-esteem by acknowledging
courage, praising achievements, and generally providing positive
messages. The capacity to be supportive-resource-promoting
enables the VTA to expand knowledge, increase self-efficacy
and self-reflection, and develop and apply skills. Rather than
giving instructions, this cluster emphasizes the promotion of
patient autonomy through the development of self-management
skills.

The results of RQs 3 and 4 provide a 2-dimensional conceptual
space for interpreting participants’ responses. The first
dimension characterizes the situational aspect of interaction
timing and encompasses the clusters of situation-independent
or proactive and situation-dependent expectations regarding
the VTA. The second dimension pertains to the function of the
interaction and encompasses the 2 clusters of expectations: one
pertaining to structure-providing skills and the other to
emotional-supportive skills. The emotional-supportive cluster
may be further subdivided into 3 facets: supportive-trusting,
supportive-motivational, and supportive-resource-promoting.
This resulted in a total of 8 response subclusters, which can be
used to categorize the interaction and the interactional behavior
displayed. In addition, a further category of responses was
identified as taboo topics representing a set of issues that should
not be discussed. Figure 1 provides an overview of the
dimensions and clusters with their subclusters, including
individual definitions.
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Figure 1. An overview of a 2D concept with clusters and subclusters in the interaction abilities of a virtual therapeutic assistant (VTA) in outpatient
care. The definitions used to interpret the responses of participants (N=50, including health care professionals and patients with depression) in a
semistructured qualitative study.

RQ 5: Interaction Behavior

Overview
This RQ was concerned with interaction behaviors that the VTA
should display to provide effective support to patients
undergoing treatment. The responses are presented separately
for each of the 8 subclusters of the conceptual space as described
in the RQ 4: Interaction Abilities section. However, the
questionnaire included a specific section of questions pertaining
to an emergency situation or breakdown, the responses to which
differed considerably from those provided in the general
sections. Therefore, crisis behavior is reported in a separate
section below.

Regarding situation-independent or proactive
structure-providing behavior, health care professionals
responded that the assistant could collaborate with the patient
to develop a plan for the structure of the day, that is,
“suggestions for organizing the day,” “checking off to-do lists”
as well as “validating mood, suggesting daily activities.” Patients
indicated a preference for regular contact, including “daily
contact” and “welcoming words.” In addition, patients expressed
a desire for a mood or habit tracker as well as daily advice.

For situation-dependent structure-providing behavior (ie, in
situations of distress or instability), health care professionals
recommended reminders, concrete instructions, or suggestions
for action. These included “behavioral training,” “reminder of
positive activities,” and “taking medication.” In addition,
patients requested task reminders, eg, “appointments,”
instructions on specific markers (eg, “sleep quality”) and
“psychoeducation.”

Overall, health care professionals overwhelmingly stated that
the assistant should remind patients of the strategies they have
learned and provide them with positive support. Patients
indicated a preference for the assistant to provide guidance and
support through the provision of helpful suggestions and
emotional support. There were no major differences between
the responses of the 2 groups. However, health care
professionals repeatedly emphasized the importance of providing
positive patient-emancipating support, whereas patients
increasingly indicated that they would prefer the assistant to
inquire about their condition.

Regarding situation-independent or proactive
supportive-trusting behavior, the health care professionals
indicated that authenticity was a crucial element: “no good
coaxing,” “moderate criticism,” and “avoid empty phrases.”
Moreover, the VTA should monitor the patient’s emotional state
and inquire about their well-being, while avoiding excessive
intrusion (“don’t ask the same probing questions every day”
and “don’t lecture, don’t put pressure”). The patients requested
a personal connection and a relational memory to “refer to past
episodes.” In addition, patients requested displays of empathy
and humor, as well as affirmations of positivity and emotional
support “as empathetic as possible” or “help to keep my head
above water.”

In regard to situation-dependentsupportive-trusting behavior,
health care professionals emphasized the importance of honesty.
A “perceived deterioration” in mood, “early warning signs” or
“exceeding critical levels” should be communicated to the
patient first. Moreover, the VTA should demonstrate interest
by “listening when the patient tells you something on his/her
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own” and “keep the conversation going.” In addition, the
assistant may proactively “engage the patient in conversation.”
After specific incidents, the VTA may inquire about the patient’s
experience by asking, “How did it go?” The assistant should
demonstrate empathy and understanding, taking “negative or
sad feelings seriously” and refraining from trivializing them.
Unsolicited “funny” advice should be avoided. The patient
should be queried as to whether they would prefer to discuss a
“particular topic” in more detail or “at another time.” The patient
should be “relieved” and “reassured” as much as possible.
Patients in this cluster expressed a desire for honesty, interest,
“being there for me like a best friend,” “empathy/understanding”
and a sense of security “trusting that he will respond when I
contact him.”

Overall, the responses were not markedly divergent, with both
groups viewing the support worker as a primary source of
assistance. Health care professionals had a strong focus on
“avoiding harm” in anything the assistant would do, while
patients’ responses reflected a fear of being left alone.

For the subsequent cluster, “situation-independent or proactive
supportive-motivational behavior, health care professionals
advised the presentation of positive or “thought-provoking”
messages, “positive images,” and “music.” In addition, it was
recommended that the daily routine be reflected upon by asking
positive questions, such as “What are five things that have been
good in the last week?” after which the VTA could summarize
the successes to the patient. On the patient side, this cluster
included promoting a positive attitude, “being supportive and
encouraging,” self-esteem-boosting content, such as “responding
to the patient’s stress and needs,” “not being annoying or
condescending,” and general positive messages.

In the situation-dependent part of the supportive-motivational
cluster, health care professionals mentioned “encouraging,”
“promoting positive thoughts” and “praising” in relation to
upcoming activities or occasions. In addition, patients mentioned
“encouraging, praising” and “reminding of learned structures”
to reflect positively on their performance.

Overall, the responses converged on the request for positive
supportive behaviors, with the difference that health care
professionals asked for proactive and patients for reactive
behaviors.

In the supportive-resource-promoting cluster, health care
professionals most frequently mentioned “psychoeducation” as
a situation-independent behavior, with the addition that
“reference to online forums should be avoided.” In addition,
they suggested that calming techniques, such as “breathing
exercises, mindfulness exercises” could be included. At this
juncture, the transition to situation-dependent recommendations
is fluid, as supportive-resource-promoting behaviors frequently
prove effective for both types of timing. The health care
professionals suggested that the assistant should help to “focus
on the positive,” “address brooding thoughts,” and “motivate,
show understanding.” As an example, for panic attacks,
breathing exercises could be used to help. For behaviors that
are exclusively mentioned as situation-dependent, health care
professionals mentioned providing explanations, for example,
“in bad phases, the changeability of feelings and mood phases”
could be explained with reference to individual examples from
the patient’s past. As this type of self-help promotion was
considered particularly important by the health care
professionals, an exemplary list is provided in Textbox 1.

Textbox 1. Examples of how a virtual therapeutic assistants can be used to promote self-help for patients with depression in the outpatient setting, which
is considered particularly important by health care professionals (n=30) in a semistructured qualitative study.

Examples for self-help promotion:

• “Where could your bad mood come from?”

• “What has helped with low mood so far?”

• “What self-stabilization options do you have?”

• “Who could you call?”

Situation-independent reminders should also include the following:

• Knowing about or instructing, if not already available, the patient’s skills, strategies, and stability factors

• Methods for dealing with circles of thought and rumination

• Defining emergency contacts together (making them quickly accessible)

• Informing about outpatient help offers (self-help groups, outpatient treatment, telephone counseling, specialists, and social psychiatric service)

• Building up activities (eg, maintaining social contacts) and providing inspiration for activities

• Supporting eating behavior (only if desired) and sleep hygiene

• Homework support

Patients in the supportive-resource-promoting cluster requested
specific forms of assistance and guidance, including “offering
autogenic training,” psychoeducation, and dialogues—enabling
conversations between the assistant and the patient as a
situation-independent behavior. However, monologues and

input from the assistant, such as “nice topics” and “providing
facts and clear lines” were also requested. In the situational
dimension, patients expressed a desire for biofeedback, skills
and competencies—showing ways to solve problems,” relational
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memory—“referring to past episodes,” and active
dialogue—“talking to me about what is bothering me.”

Overall, regarding emotional-supportive dimension and its 3
subclusters, practitioners indicated that they would use specific
strategies and interactional behaviors to facilitate conversations
through honesty, authenticity, interest, empathy, and
unobtrusiveness to build trust and convey safety. To motivate,
positive self-esteem and minimum standards should be achieved
through encouragement, praise, positive reflection on
achievements, and general positive messages. The objective is
to provide knowledge, enhance self-efficacy and self-reflection,
and cultivate skills. Patients tended to mention more functional
characteristics at this point, whereas practitioners were more
likely to cite the assistant’s capacity for empathic understanding.

A further category of responses was identified, namely a cluster
of tabootopics that should not be discussed “because the
questions might trigger and the patient would be left alone with
negative feelings.” These included suicidal thoughts, weight
gain, and possible crises that could not be detected, “risk of not
being able to detect this in an individual way, or inadequate
response to suicidality.” Nevertheless, some health care
professionals advocated for the inclusion of all topics and the
elimination of taboos, stating “I think there should be no taboos.
Social interaction should play a big role, sexuality can also be
mentioned.” Additional responses on this page indicated that:
“In general, the character should address many topics so that
the patient thinks about his condition” and has to “show his
colors.”

A similar list of topics was identified in the patient responses.
Topics that are deemed irrelevant or potentially “thought
triggering” should be excluded from discussion. Furthermore,
certain intimate topics should be avoided, as respondents
indicated: “For many topics I would need a person.”

In general, when queried about the appropriate conduct of the
assistant, both respondents concurred that the assistant should
refrain from exerting undue pressure or authority and should
avoid engaging in repetitive or critical interactions. There is a
distinction in the manner of presentation, with patients
describing their preference for an assistant who is not
“annoying,” “pointing out mistakes,” “using empty phrases,”
and “scolding.” Health care professionals have indicated that
the assistant should not be “pushy,” “lecturing,” “trivializing,”
and “admonishing.”

Crisis Behavior
When queried as to how the assistant could facilitate a secure
treatment environment during a crisis, health care professionals
posited that the assistant could facilitate the establishment of
contacts (personal and professional), “motivate [the] patient to
turn to friends/family/therapists,” continue communication by
“maintaining dialogue with the person.” Additional strategies
included providing reassurance to the patient “Keep calm!
Remind them of what has been agreed in advance,” assuring
them of support, “reassuring them” by “announcing supportive
next steps and being as transparent as possible” and providing
positive support: “Be transparent, do not deny that it is only

digital support, only do what has been discussed with the patient
beforehand and what they have agreed to.”

A noteworthy response tendency emerged from the analysis of
the practitioner questionnaire: “motivate the patient to seek
help.” In response to this, we explicitly asked the patients how
the assistant could most likely motivate them to seek help. The
respondents indicated that the assistant should refrain from
calling for help prematurely and should instead afford the
opportunity to ask for help first. However, half of the
respondents indicated that the assistant should directly request
assistance, indicating a preference for contacting the therapists
rather than friends or family members. In the context of a crisis
situation, patients also expressed a desire for the assistant to
maintain objectivity, to be “factual/informative about the
situation (what benefit of seeking help)” and to “communicate
mood clearly (visually).” Patients also wanted the assistant to
be authoritative: “Just say: It’s time to get help” or “I’m
convinced that help is appropriate now (as an announcement).”
However, they also wanted to be motivated by the assistant’s
reassuring behavior “by using a reassuring explanatory address
(not ‘You have to do it now,’ but ‘Maybe you should...’).” In
addition, the concept of a “panic button” was proposed, along
with the display of assistance contacts, the presentation of
support alternatives, and the provision of psychoeducation.

Overall, a wide range of behavioral options for the crisis
situation was desired, especially by patients. In contrast to the
patients, authoritarian behavior was not desired by the health
care professionals. However, there was a tendency toward a
preference for the system to be able to call for help without the
patient having to give consent in a crisis, showing affinity
toward decision-making authority. This may reflect the need
for patients in crisis to be able to relinquish responsibility or to
find guidance in the often-difficult decision-making process
about whether and when a call for help is appropriate and
necessary.

RQ 6: Interaction Between VTA and Health Care
Professionals
This RQ aimed to investigate the relationship between the VTA
and the health care professionals themselves. What
modifications could be made to the framework to ensure that
health care professionals at all levels could benefit from the
implementation of a VTA? When queried on this matter, the
health care professionals indicated that this should be done at
the patient’s request, if the patient is able to provide consent. It
is recommended that a preestablished “limit” be set regarding
when the practitioner should be contacted. Moreover, the
assistant should “obtain the patient’s permission beforehand.”
In such instances, the assistant is permitted to “report suicidal
thoughts, progressive deterioration of mood, or documented
deterioration of mood over a period of 1-2 weeks,” “if a
constructive discussion is not possible.” A further cluster of
considerations pertains to instances of potential danger to self
and others, “if the virtual character cannot assess the further
danger with certainty,” “with threat or lack of dissociation of
self—or harm to others,” or with “report of suicidal thoughts
(even once).” In particular, in the absence of clear dissociation
of suicidal thoughts, it was proposed that the assistant could
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potentially dial the emergency number in the event of inactivity
and a lack of response from the patient for a predefined period,
in the case of an unannounced exit from the program, or in the
event of inactivity for a period exceeding 48 hours. The final 2
clusters were identified as imminent when the “SOS button”
was pressed or in the case of “external stressful events and crisis
situations.” At this juncture, the patients casted their votes on
the question of whether the therapist should be informed without
the patient’s consent. The votes were one in favor and one
against. A single individual posited that the assistant should be
permitted to establish contact without delay, if the patient has
consented. In total, 3 patients indicated a preference for multiple
inquiries before action. This reinforces the necessity for
individualized approaches and step-by-step plans that can be
triggered according to the circumstances.

Discussion

Principal Findings
In the first part of the research findings, we examined how a
VTA could be used as part of ongoing outpatient care. This
includes the role (RQ1) of a VTA, particularly in the potential
of filling the treatment gap, after discharge from the hospital.
The respondents anticipated a system that would integrate
expertise and facilitate the establishment of relationships
between individuals. In conjunction with a primary
recommendation from a trusted confidant of the therapist, the
role of a peer counselor was also considered. Results on VTA
embodiment (RQ2) indicated the need for such a counselor and
provided practical implications, such as an imperfect or
neutral-looking but emotionally expressive human embodiment,
with a tendency to avoid male characters. In the second part of
the findings, we evaluated patient and health care professionals’
expectations regarding the interaction between a VTA and a
patient. The results on interaction timing (RQ3) were
considerable variables, reflecting the importance of an individual
rhythm. The results obtained were delineated into 2 main
clusters: situation-independent and situation-dependent.
Regarding interaction abilities (RQ4) that the VTA should offer
to support patients during treatment, 2 main clusters were also
identified. Structure-providing included behavior for structuring
and time management. Emotional-supportive included 3
subclusters supportive-trusting,supportive-motivational, and
supportive-resource-promoting. The results regarding interactive
behavior (RQ5) are presented separately for each of the
subclusters identified in RQ3 and RQ4 and include explicit,
competence-related, or emotion-stabilizing behavioral
instructions. In addition, another cluster was identified as taboo
topics, which includes content that should not be discussed.

The results pertaining to the interface between the assistant and
the treating professionals (RQ6) are particularly relevant in
determining the content that should be shared, the frequency,
the timing, and patients consent.

Role
Expectations of the role of the assistant strongly reflect the
treatment gap—both groups recognized the potential of a VTA
as a supportive anchor following hospital discharge, not
constrained by availability of health care professionals, but still

equipped with professional techniques to navigate challenging
circumstances (that relatives may not possess), while
simultaneously serving as a projection screen for personal
attachment. This leads us to conclude that a VTA has the
potential to address the treatment gap, at least in part, and thus
enhance outpatient aftercare.

Embodiment
This survey replicates previous findings [40] showing the need
for an embodiment of the VTA and provides further insight into
the practical implementation of this perspective. At first glance,
the patients’ expressed desire for an imperfect figure that could
be interpreted as an indication of the “uncanny Valley effect”
[61]. This phenomenon describes the abrupt decline in the
acceptance of robots when they become too similar to humans.
Nevertheless, the statements explicitly refer to aesthetic features,
such as the (imperfect) figure and suggest that the assistant
should not evoke negative social comparisons or negative
self-evaluations, which can be a symptom in patients with
depression. In this context, patients express fears of doubting
their own self-esteem [62]. A common clinical presentation
among individuals with depressive disorders is a perceived lack
of self-esteem [63]. It would be beneficial to consider whether
the VTA could be helpful in demonstrating how to make
self-evaluation more positive, to show solution strategies.
Notable examples include the chat robot Webot, which uses
self-learning mechanisms through the presentation of short
narratives about itself [64], or the home robot Jibo, which uses
positive psychology techniques to assist individuals through
the day [65].

A striking tendency in our data was the recommendation
regarding the gender of the virtual assistant. Here, neither health
care professionals nor patients explicitly recommended a male
character; rather, a female character or a character with
selectable gender was the preferred option. In other words, when
explicitly asked to select a gender for a VTA, both health care
professionals and patients avoided choosing a male character.
Considering the highly sensitive target group of inpatient
depressive patients on which our data were based, this
recommendation suggests that the figure of the assistant should
not convey any sense of threat. Other indications from the results
regarding appearance included a “soft, calm voice” and “pleasant
pastel shades, nothing too dark...” It can be concluded that men
are perceived as more threatening according to the specific
needs of the target group with depression. Statistical evidence
indicates that instances of domestic violence against males and
same-sex domestic violence are perceived as less threatening
to society than instances of domestic male-on-female violence
[66]. Research indicates that domestic violence has a profound
impact on individuals and families and it is a substantial risk
factor for mental illness [67]. In light of the observed tendency
to perceive women as more empathetic, a phenomenon that has
been documented in previous research on VTAs [68], it is
plausible that the gender recommendation may have a dual
impact here. It can be posited that both patients and health care
professionals subconsciously had a preference for a female
figure due to the aforementioned associations and the underlying
motive to establish trust and security. Conversely, research on
stereotypes in the form of dominance and gender in the VTA
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indicates that male-associated behavior in female VTAs that
does not align with the stereotype is met with rejection [41].
This indicates that it is crucial for gender-related conduct to
align with the character’s physical appearance. With respect to
the specific target groups under consideration in this study, the
impact of human-agent interaction in this regard should be
examined, particularly in light of the notable gender-related
outcomes observed here. Furthermore, these findings could be
extended to other applications of SIAs where gender is a pivotal
factor.

Some patients expressed a desire for the VTA to be modeled
on their personal therapist. In light of the potential for technical
advancement to enable the realistic modeling of avatars based
on specific individuals [69], this option may be regarded as a
realistic prospect. The therapeutic advantages (eg, availability
of assistance) or disadvantages (eg, increased dependence on
the therapist) would be highly specific to the particular
therapeutic function or therapeutic relationship in question. As
robots and intelligent systems begin to blur the boundaries
between physical and virtual reality, there is an increased risk
of negative emotions and thoughts being transferred to an
assistant that has been modeled on someone from the patient’s
life. It remains to be seen whether intelligent systems will
develop the capacity to counteract such effects in the future.
This would require careful research [70]. However, the desire
to recreate a known person as their VTA reflects patients’ fear
of being left alone and without trusted support after leaving the
hospital. This was a common theme throughout this survey.

Regarding external expressiveness, patients and health care
professionals indicated that the assistant should be capable of
communicating through facial expressions and gestures. It is
recommended that the face, upper body, arms, and hands should
be visible. In addition to voice and content, body language is
also of importance. This indicates that the affective functions
of the assistant should be multimodal to be able to act
emphatically. In crisis situations, patients may engage with such
a system with their undivided attention. In contrast to other
contextual studies, such as those examining a driving assistant
where users have only a divided attention available for
interaction with the assistant, it is desired for VTAs to be less
distracting (only one visible head; [41). In addition, it is
demonstrated that participants want to allocate more attention
to the assistant and want it to be expressive and empathetic. The
research on nonverbal synchrony in therapeutic sessions
indicates that high levels of nonverbal synchrony are associated
with a higher quality of the therapeutic relationship and greater
symptom reduction. Consequently, the design of an assistant
capable of nonverbal synchrony with the patient serves as an
additional indicator of therapeutic efficacy [71]. Inferentially,
through an assumption of an outward appearance with
corresponding expressiveness, participants in both survey groups
expressed a desire for this function. However, it is of particular
importance, particularly in the context of mental health, to
design expressive VTA behavior in accordance with the specific
requirements of the health care target group [72].

In conclusion, the findings indicate that embodiment is a
substantial factor, but its implementation must be approached
with caution to ensure a beneficial impact.

Timing
In response to the question of timing, the 2 main clusters were
identified as situation-independent and situation-dependent.
The results of the situation-independent cluster may also be
summarized as proactive behavior on the part of the assistant.
Proactive behavior on the part of the patient was not mentioned
by any of the respondents. In general, this demonstrates that the
assistant is regarded as an activating medium and the patients
are perceived as passive recipients of data by the therapists and
by themselves, except in situations where requests are situation
related. Here, the particular requirements of the specific
depressive group are evident. This indicates that the initial
6-month period following discharge is a critical period for the
risk of relapse and suicide [4]. The reintegration into to the
home environment frequently results in incomplete remission,
and the persistence of symptoms further complicates the ability
to independently coordinate the various stakeholders in
sociopsychiatric aftercare. The accompanying psychosocial
restrictions, such as a lack of daily structure or cognitive
limitations, make the necessity for a situation-independent,
activating figure apparent. The almost unlimited availability of
activating resources of such a system appears to be of great
functional advantage at this point. Therefore, the unconstrained
accessibility of activating resources within an
attachment-oriented system gives rise to concerns that are not
seen in the natural boundaries of human-human interactions. In
light of the aforementioned limitations, a situation-independent
activating assistant appears to be a logical solution for patients
with depression during aftercare. However, there is a risk that
unrestricted availability of the attachment-oriented assistant
may result in dependency among patients. For example, a
previous study [73] on attachment-oriented robots demonstrated
that a system that provides emotional attachment in addition to
factual competencies and addresses loneliness may potentially
foster dependency in patients. It is yet to be determined whether
a system designed to counteract this can be developed in a way
that incorporates factual competencies at all levels into a training
mode that is inherently geared toward resource building, thereby
creating space for development and independence.

The frequency-related results, that is, the question of when the
assistant and patient should interact, demonstrate the necessity
for a more individualized system. The need for individualization
can be regulated in 5 different ways: at the request of the patient,
according to content, according to time, when the patient’s
condition changes and before outpatient therapy or
appointments.

Regarding frequency of interactions, these may occur daily at
designated times, on a weekly or monthly basis, or at other
intervals. Interactions surrounding particular events may also
be structured temporally in accordance with scheduled
appointments. Human-interaction therapy sessions in a social
psychiatric context are typically conducted at varying
frequencies. At the outset of a treatment agreement, a potential
frequency is typically established, contingent on the patient’s
needs and the therapist’s availability. Research has shown that
participants, especially those with lower levels of education,
preferred a VTA to a human after discharge from hospital
because they could control the pace of information [74].
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Furthermore, the frequency of therapy appointments tends to
increase gradually, contingent upon the efficacy of the therapy
and the availability of approved cost coverage. In this context,
the frequency of therapy has an impact on the success of therapy.
Consequently, researchers advise therapists to treat patients as
often as possible, particularly during the initial phase of therapy
[75]. At this juncture, a virtual system can bridge gaps in care
due to its unlimited availability and supplementary therapies
that are more limited in scope. Conversely, it is of the utmost
importance to prevent the patient from becoming dependent on
the therapist or on a digital system. It is therefore imperative
that a digital system, which is capable of maintaining unlimited
availability, simultaneously instills a sense of autonomy and
independence to prevent dependency. Should the patient wish
to interact, this would necessitate the individual activation of
the system by the patient. Content-dependent interactions refer
to the dialogue or content that the patient shares with the system,
either verbally or by answering questions. The individualization
of the content of the dialogue represents a key aspect of this
process. Interactions that occur when the patient’s emotional
state changes can be proactively initiated by the patient. It is
similarly conceivable that this could form the basis of a digital
phenotyping monitoring system. The concept of being “seen”
by a system that responds to crises, provides assistance, or alerts
to early warning symptoms was generally viewed positively.
New interventions that take advantage of the quantification of
clinical markers through condition monitoring can contribute
to clinical improvement [76,77]. Our results indicate user
acceptance of such monitoring at this point, as well as needs
and preferences.

Interaction Abilities
Regarding the interaction skills that the assistant should be able
to offer to provide support to patients undergoing treatment, 2
broad clusters were identified. On the one hand, the skills that
could be classified as structured assistance were designated as
the structure-providing cluster. In contrast, the skills that could
be assigned to emotional support were classified as the
emotional-supportive cluster. Both of these main clusters could
be defined in a cross-dimensional manner, thereby allowing for
the identification of a higher-order meaning. In this context, we
focused on 2 sociocognitive dimensions that are particularly
relevant for the description of individuals: warmth and
competence [78,79]. These 2 variables have been identified by
Fiske et al [78] as the 2 most important factors by which people
evaluate encounters. The character traits that individuals form
about others when they spontaneously gather impressions can
be summarized in these 2 basic dimensions [80]. The dimension
of warmth is defined as a set of traits that are perceived to
indicate intentions of friendliness, helpfulness, sincerity,
trustworthiness, and morality. In contrast, the competence
dimension traits are associated with perceptions of abilities,
including intelligence, skill, creativity, and efficacy [78]. Our
data point to these sociocognitive dimensions within the 2 main
clusters.

In addition, the data delineates the interaction skills, which
include the virtual assistant’s emotions, personality, and social
skills. In conjunction with the character’s appearance, these
skills influence the user’s assessment of the character’s

believability. The term “believability” in the context of VTAs
is defined as the capacity to be perceived as a genuine entity
[81]. For this to occur, the character must act in a manner that
is consistent with its stated goals, personality, and state of mind
[82]. In this context, consistency is defined as the coherence
between the characters’ verbal and nonverbal behaviors as well
as its physical appearance. In particular, our data substantiate
the hypothesis that users of virtual assistants within the
subcluster supportive-trusting desire consistency in the
assistant’s behavior. This desire was described as “authentic”
as well as socially interactive and competent in the sense that
the assistant’s emotional expressions and statements should be
appropriate to the situation. It is therefore evident that the VTA
must be capable of modifying its social conduct in accordance
with the circumstances to appear credible and pertinent. Our
findings corroborate those of previous research, which have
highlighted the significance of believability in virtual assistants
[81]. In addition, our data indicate that believability can be
classified as a subcluster of the warmth dimension, and can be
seen as a subconstruct of the 2 sociocognitive dimensions of
warmth and competence.

Interaction Behavior
In contrast to human therapeutic interactions, which always
entail an exchange about a momentary, subjective state and
require the patient to disclose personal content, a digital
monitoring system maintains a pervasive and comprehensive
impression that may not necessitate an active decision by the
patient to communicate. At this juncture, users of a digital
monitoring system are disclosing a considerable amount of
personal information by sharing data that is not actively shared,
thereby relinquishing both responsibility and control over the
sharing process. The data indicates that, regarding the variety
of tools and forms of intervention, there is no substantial bias
toward data sharing among the 2 groups of respondents. The
primary objective is to identify a figure who can effectively
combine competence with warmth, thereby fostering the most
robust possible trust between the patient and the figure. As
evidenced by psychotherapy research, trust and shame play a
major impact in the efficacy of therapeutic interventions [83,84].
Assisting patients in modifying their behaviors also necessitates
transparency regarding their shortcomings. Concurrently,
individuals divulge a considerably more intimate array of
information to computers than to humans [85,86]. Despite the
well-established fact that data is identifiable, indelible, and, in
certain circumstances, obtainable [87], computers do not elicit
the same social inhibitions as humans. In the context of
human–computer interaction, particularly in the context of
digital assistants, it is pertinent to inquire into the underlying
mechanisms that facilitate this phenomenon. Against this
background, it seems plausible that crucial psychometric
inquiries in psychiatric diagnostics may be more effectively
elucidated through human-machine interaction. It is beyond
dispute that the protection of patient data must be accorded with
the highest priority. In its social function, shame serves as a
reflection of the affected person’s behavior and has
developmental potential. Conversely, shame entails the
participation of at least 2 individuals, thereby indicating that
the observed transgression was inadvertent. In this way, shame
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functions as a feedback mechanism, protecting against extremes
or loss of control and leading to inclusive behavior in interaction
partners. In social interactions, the successful overcoming of
shame can facilitate the formation of attachment on both sides.
However, existential shame, which is defined as the perception
of oneself as generally flawed, can result in social withdrawal
and, ultimately, the onset of depressive symptomatology [88,89].
It is, therefore, possible to hope that deficiencies in care in
human-machine interaction can also be addressed at the level
of communication. A solution to social psychiatric diagnostics
that is free from shame can help to prevent crises, particularly
in situations of critical transition, such as after hospitalization.
At the same time, it should be noted that a shame-free interaction
with a computer will not replace the challenges that people
experience in social encounters.

Assistant-Health Care Professional Interaction
This final inquiry relates to the interface between the assistant
and the health care professionals, that is, modifications to the
framework to ensure that health care professionals benefit from
the implementation of a VTA. Moreover, this could be regarded
as a control function to guarantee that the assistant does not
unintentionally impede the ongoing treatment.

The results from all cluster dimensions demonstrate substantial
overlap across the full spectrum of social psychiatric care, which
raises the question of how such a support system could
potentially transform the landscape of social psychiatric care.
For example, it could result in a shift in social values within the
domain of social psychiatry or contribute to an increased reliance
on digital technologies for the provision of care. Accordingly,
the societal impact of an intelligent, attachment-oriented
assistance system on both human-human and human-robot
relationships must be explored and designed to be participatory
at all levels of use [90]. Evaluations need to take place at all
levels of development in this process, so that all targeted
professional groups, as well as patient advocacy organizations,
can provide input [76]. In particular, possible short- and
long-term effects on the individual patient’s identity, freedom
of choice, and self-perception need to be explored.

Two potential outcomes emerge at the interaction interface
between therapist and assistant, as evidenced by the overall
results. On the one hand, there is the possibility of receiving
information about the patient’s health status via a ubiquitous
computer, which the patient would be disinclined to share with
the perhaps new, still unknown therapist for reasons already
discussed. The primary reasons for this were insufficient time
or a lack of confidence on the part of the patient. Conversely,
the alarm system serves to alert the therapist or the rescue system
in the event of indications of suicidal ideation. These 2 points
present the potential for addressing existing care and enhancing
the safety of patient follow-up for those with depression [91].
Concurrently, the frequently arduous period of follow-up care
will be less onerous for treatment providers. The enhanced
objectivity of the assessment of patients with depression who
are to be monitored provides a basis for decision-making in the
context of treatment.

It would be beneficial to ascertain which groups of patients are
particularly at risk of relapse following hospitalization. Those

from socioeconomically disadvantaged backgrounds are
frequently inadequately served. Psychiatric care is
underrepresented in rural, economically underdeveloped regions
[1]. Furthermore, the risk of relapse is elevated in individuals
who are young at the onset of illness, female, older, have
somatic comorbidity, are single, and have a general lack of
psychosocial support determine a high susceptibility to relapse
[2]. During the course of the pandemic, the rise in the incidence
of mental health disorders occurred concurrently with substantial
disruptions to the provision of mental health services [92]. A
deficiency in the provision of essential health services was
observed, including those pertaining to mental health and suicide
prevention, as reported by the World Health Organization. While
the situation showed some improvement by the end of the
pandemic, it still demonstrates the vulnerability of a health care
system to unforeseen crises. Health care professionals caring
for these susceptible people could benefit professionally from
a VTA system that helps to make outpatient care safer. The
effect sizes, considering the different groups of people affected,
remain an open RQ.

Limitations and Directions for Future Research
This study has several limitations. First, the recruitment and
questioning of the 2 groups of participants was carried out in
different ways, with the questioning being adapted both to the
specific groups and to the specific situations. This could have
led to distortion. Second, the results showed that the answer
option “diverse” to the gender question was misunderstood.
Future studies should pay attention to clearer formulation. In
addition, psychometric data were used solely for descriptive
purposes, despite the potential for exploring the impact of
individual factors on outcomes, a direction that merits attention
in future research. The study’s scope is further limited by its
inclusion of health care professionals and patients from
Oldenburg, Germany, precluding the generalizability of its
results. To enhance the relevance and external validity of the
findings, subsequent studies should aim to encompass more
representative samples of the general population. Furthermore,
this study exclusively examined participants’ attitudes toward
an SIA, neglecting to investigate its potential effects on patients.
Consequently, further research is necessary to investigate the
impact of such a system and to ensure the benefits for those
affected at all levels of the system.

Conclusions
Main conclusions can be derived from the study related to the
role of VTAs, their embodiment, the timing of interaction,
interaction skills and behavior, and interaction between the
assistant and health professionals.

Role
The VTA was identified as a valuable supplementary component
within the outpatient aftercare system. The VTA is able to
address deficiencies in care due to its extensive repertoire of
therapeutic skills and its capacity to establish a rapport with
patients where social workers, therapists, and family members
are unable to do so.
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Embodiment
A multimodal function for empathic communication (ie, voice,
facial expressions, and gestures) is expected. Patients may be
more likely to engage with an assistant who appears imperfect,
as this may help to prevent negative self-evaluation, particularly
in patients with depression who lack self-esteem. The assistant
may be able to assist in the development of solution strategies
to enhance a more positive self-image. The gender of the
assistant should be either female or selectable, but not male.
This preference is thought to be based on negative associations
with the male gender, such as domestic violence, and the
perception of the female gender as more empathetic.

Timing of Interaction
The findings indicated that both patients and health care
professionals anticipate the assistant to engage in proactive
behavior. Therefore, the assistant is regarded as an activator of
information, whereas patients are viewed as passive recipients.
The expectations regarding the timing of specific behaviors can
be differentiated into 2 categories: situation-independent and
situation-dependent behaviors.

Interaction Skills and Behavior
Two core skills were identified as being essential for both health
care professionals and patients: the capacity to provide structural

support and the capacity to provide emotional support. These
abilities correspond to the dimensions of interpersonal social
perception, namely competence and warmth. An agent who
exhibits these 2 abilities through appropriate behavior at the
appropriate time could serve as a valuable addition to outpatient
aftercare. For each subcluster and appropriate timing, the results
provide an extensive list of suggestions for appropriate behavior.

Interaction Between Assistant and Health Professional
The results demonstrate the potential for therapists to obtain
otherwise unavailable information regarding patients’ health
status, as well as the feasibility of an emergency system in the
event of suicidal risk. These innovations have the potential to
address existing gaps in aftercare, enhance safety during this
critical period, reduce the burden on health care professionals,
and, by providing an objective measure of the patient’s health
status, facilitate health care professional’s decision-making.

Summary of Conclusions
In summary, our findings offer a promising framework for the
development of a VTA to support patients with depression
during aftercare and support the work of health care
professionals.
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Abstract

Background: Access to mental health services continues to pose a global challenge, with current services often unable to meet
the growing demand. This has sparked interest in conversational artificial intelligence (AI) agents as potential solutions. Despite
this, the development of a reliable virtual therapist remains challenging, and the feasibility of AI fulfilling this sensitive role is
still uncertain. One promising approach involves using AI agents for psychological self-talk, particularly within virtual reality
(VR) environments. Self-talk in VR allows externalizing self-conversation by enabling individuals to embody avatars representing
themselves as both patient and counselor, thus enhancing cognitive flexibility and problem-solving abilities. However, participants
sometimes experience difficulties progressing in sessions, which is where AI could offer guidance and support.

Objective: This formative study aims to assess the challenges and advantages of integrating an AI agent into self-talk in VR
for psychological counseling, focusing on user experience and the potential role of AI in supporting self-reflection, problem-solving,
and positive behavioral change.

Methods: We carried out an iterative design and development of a system and protocol integrating large language models
(LLMs) within VR self-talk during the first two and a half years. The design process addressed user interface, speech-to-text
functionalities, fine-tuning the LLMs, and prompt engineering. Upon completion of the design process, we conducted a 3-month
long exploratory qualitative study in which 11 healthy participants completed a session that included identifying a problem they
wanted to address, attempting to address this problem using self-talk in VR, and then continuing self-talk in VR but this time
with the assistance of an LLM-based virtual human. The sessions were carried out with a trained clinical psychologist and followed
by semistructured interviews. We used applied thematic analysis after the interviews to code and develop key themes for the
participants that addressed our research objective.

Results: In total, 4 themes were identified regarding the quality of advice, the potential advantages of human-AI collaboration
in self-help, the believability of the virtual human, and user preferences for avatars in the scenario. The participants rated their
desire to engage in additional such sessions at 8.3 out of 10, and more than half of the respondents indicated that they preferred
using VR self-talk with AI rather than without it. On average, the usefulness of the session was rated 6.9 (SD 0.54), and the degree
to which it helped solve their problem was rated 6.1 (SD 1.58). Participants specifically noted that human-AI collaboration led
to improved outcomes and facilitated more positive thought processes, thereby enhancing self-reflection and problem-solving
abilities.

Conclusions: This exploratory study suggests that the VR self-talk paradigm can be enhanced by LLM-based agents and presents
the ways to achieve this, potential pitfalls, and additional insights.
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Introduction

Background

Overview
Access to mental health services is a critical issue on a global
scale. Major depression is the leading cause of living with
disability for many years and the fourth leading cause of
disability-adjusted life years worldwide [1]. Furthermore,
research indicates that >20% of people will experience mental
illness in their lifetime [2]. Unfortunately, the current clinical
workforce is insufficient, with approximately 9 psychiatrists
per 100,000 people in high-income countries [3]. This shortfall
in care has prompted interest in technology as a potential
solution to bridge the gap between the need for treatment and
the capacity to deliver it, particularly through the development
of conversational agents or multipurpose virtual assistants [4].
These artificial intelligence (AI) agents can be integrated into
virtual reality (VR) to simulate a personal, realistic therapeutic
environment to reduce feelings of unnaturalness for the patient.

However, creating a virtual therapist presents significant
challenges. Despite advancements in generative AI, the
reliability of AI in sensitive therapeutic roles remains uncertain
[4]. Some researchers argue that AI-based therapists should be
used as tools to support both patients and therapists rather than
serving as direct replacements for human therapists [5]. Building
on this perspective, we propose the integration of an AI agent
into the VR counseling experience as explored by Osimo et al
[6] and Slater et al [7]. In this framework, participants embody
2 avatars: one representing themselves as a patient and the other
as a counselor, allowing an “outside-looking-in” perspective
that facilitates self-directed advice and reflection. However,
sometimes self-conversation can become stuck, and the patient
needs outside help. We contend that large language models
(LLMs), while not yet fully capable of replacing human
therapists, can function in this more limited role as an effective
aid to help the conversation along, thereby enriching the self-talk
process. This paper details the integration of an LLM-based

agent into the VR self-talk paradigm. We outline the iterative
design and development process, share the lessons learned, and
present the first successful version, culminating in a small
qualitative study in the context of motivational interviewing
[8].

Self-Talk in VR
In times of crisis, individuals may find that their capacity to
analyze issues and help themselves is limited. Their ability to
gain insight is constrained, and it often feels like there is only
one solution or, in more dire circumstances, “no way out.”
Interestingly, contemplating the problem as an onlooker or from
a friend’s perspective can improve problem-solving capabilities,
a phenomenon known as Solomon’s paradox [9]. The paradox
states that people reason more wisely regarding other people’s
problems than they do about their own. Furthermore, a
straightforward linguistic change from using “me or I” to “you”
has also been shown to increase the psychological distance from
personal problems, consequently alleviating the distress they
cause and fostering cognitive flexibility [10]. Hence, a relatively
straightforward shift in language and perception can enhance
problem-solving capabilities.

Both findings are at the base of the VR self-conversation
paradigm, first introduced by Osimo et al [6] (Figure 1). The
virtual environment comprises a consultation room and 2
avatars. One avatar represents the participants as themselves,
and the other represents the participants as the counselor. The
participant is able to swap between the 2 avatars, thus enabling
a unique experience of talking to a representation of oneself.
The VR self-talk experience is based on the ability of
participants to switch in and out of virtual bodies in VR.
Multisensory integration between the virtual body and real body
yields a strong illusion of ownership of the virtual body [7].
The virtual body moves with the participant’s movements, and
the participants can see their virtual body from the first-person
perspective, and in a virtual mirror. The participants (as well as
their avatars) are seated, and the illusion is based on the upper
body—hand and head tracking (head is visible only in the
mirror; Figure 2, top).
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Figure 1. Screenshot of the counseling scenario interface. Top right inset shows a woman wearing a virtual reality headset (not a study participant).
She is embodied as a female avatar reflected in a virtual mirror, with a same-sex counselor avatar seated across from her. A virtual control panel in front
of her gives her instructions regarding how to proceed with the self-counseling experience and features an artificial intelligence help button.

The initial study compared 2 counselor avatars; 1 group
interacted with an avatar resembling Sigmund Freud, while the
other engaged with an additional avatar resembling themselves.
The results indicated that using the self-talk paradigm proved
beneficial in finding more satisfying solutions and improved
mood, with the Freud group exhibiting better outcomes. Slater
et al [7] showed that body swapping led to superior results
compared to a prescripted and animated Freud virtual body and
that body ownership of the Freud body was an important
contributor.

Since then, these results have been replicated in multiple
domains. VR self-talk has been shown to improve motivation
for weight loss in individuals with obesity when they conversed
with a future self who had lost and maintained weight over a
hypothetical 5 years [11]. Convicted offenders spoke to their

future selves, reducing self-defeating behaviors, such as alcohol
consumption and violent behavior toward others [12]. An
additional study showed that using VR self-talk when the
“counselor” is an avatar of a leading athlete, such as Serena
Williams or LeBron James, could improve adherence to an
exercise regime (D Levy, unpublished data, June 2021). All
these examples imply that using VR self-talk enhances cognitive
flexibility, subsequently facilitating behavioral changes that
previously appeared unattainable. Importantly, the design of
such paradigms requires care and attention; a study using
stereoscopic video revealed that besides the potential benefits
of self-talk in VR, under some circumstances, the experience
can also “backfire” for some specific populations [13].

Despite the success of VR self-talk, Doron Friedman, Prof Dr,
and Mel Slater, Prof Dr, report (email, March 20, 2019) that
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people occasionally tend “to get stuck” in the conversation and
cannot provide a suitable solution or advice. Sometimes,
participants want to end the session or do not know how to
continue after a certain point. Often, people run out of advice
from the counselor’s point of view. This is where AI can play
an important role. Using LLMs, we can provide individuals
with the external help and ideas they need to continue making
progress in their self-talk sessions. This use of AI can also be
considered an intermediate step toward automated therapists.

Automated Dialogue
With advancements in machine learning, natural language
processing, and deep neural networks, AI has become more
capable of performing complex tasks and understanding human
language [14]. One of the most notable developments is the
emergence of conversational agents, such as ChatGPT, based
on LLMs [15]. LLMs have seen tremendous advances in recent
years, thanks to increased computational power and the
availability of vast datasets for training. Models today, with
many billions of parameters, can generate remarkably humanlike
text and engage in dialogue while demonstrating some reasoning
capabilities [16]. However, significant challenges remain in
making these models more aligned with human values,
interpreting instructions correctly, and generating factually
accurate statements [17]. Current models may generate plausible
but incorrect or nonsensical text. Thus, while LLMs today are
impressive and valid for specific applications, they require close
monitoring and oversight before being deployed into sensitive
real-world settings, such as the clinical psychology domain [18].

Embodied AI applications have increasing relevance in mental
health applications ranging from social robots to artificially
intelligent virtual agents [19]. These applications aim to improve
the quality of care and control expenditures [20]. In addition,
they are also an important pathway through which the
availability of therapeutic treatments may expand [21]. While
AI mental health technologies continue to advance rapidly, a
significant challenge remains in their successful implementation
within clinical settings, where both practitioners and patients
face barriers to adoption [22].

The psychological implications of the representation of the
virtual therapist have been studied for decades [23], showing
mixed results; sometimes, a human appearance enhanced the
effectiveness of an application, while at other times, it did not.
A meta-analysis by Weber et al [24] demonstrated that adding
a face (as opposed to just voice or text) was more significant
than the effect of realism; that is, there was greater gain in
impact from having a face than from making that face more
photographically or behaviorally realistic. Demeure et al [25]
evaluated the impact of an agent’s representation (in a
nonimmersive environment) and perceived emotion over the
perceived social believability in the agent. They found that
appropriate emotions conveyed through the agent’s body, mainly

related to the sense of competence and warmth, could lead to
higher believability.

LLMs can be the missing piece to the puzzle of VR in
therapeutic mental health treatment. In this study, we examined
whether LLMs can support participants in their self-talk when
they run out of advice and understand how we can use an AI
character to help people feel safe and not judged. We describe
lessons learned during the development of this unique protocol,
which involves a range of advanced techniques such as body
ownership illusions [6], self-talk in VR, and LLM-based virtual
humans [26]. Finally, we evaluate the final version of the system
with a qualitative study.

Iterative Design and Pilot Studies: Lessons Learned
Integrating LLM into VR self-talk requires text-to-speech and
speech-to-text functionalities. To address this, we used MILO
[27]. The system transcribes participant voice responses from
within the VR session to text, which then serves as input for
the LLM. Once the LLM generates a response, the text is
converted to speech and played through the Unity application.

Initially, the AI was represented as a “help” button with voice
functionality (Figure 1). Participants were instructed that a
virtual counselor was listening to their conversation, and they
could receive its input if they felt stuck and did not know how
to continue the self-conversation. We have evaluated this as
part of a study comparing VR self-talk with a physical-world
equivalent setup, the empty chair technique from Gestalt therapy
[28]. However, of the 11 participants in this pilot study, only 1
(9%) engaged with AI. It turned out that a short
psycho-education tutorial regarding basic emotion regulation
skills followed by VR self-talk resulted in an overwhelming
experience; all participants were highly engaged in the session
and did not remember they could ask AI for “help.” The minimal
AI representation within the virtual environment, as only a
button, can explain why it was ignored. In additional pilot
evaluations, the combination of less-than-perfect speech
recognition with less-than-perfect dialogue capabilities (refer
to the information presented subsequently) often resulted in
low-quality generated responses from the agent.

To make the AI agent more salient in the experience, we
replaced the clickable button with a virtual human (Figure 2,
bottom). This required addressing the repetition of texts; a
by-product of the VR self-talk paradigm is that each text is
repeated twice. First, it is spoken by the participant live and
recorded, and next, it is played back by the corresponding avatar
to be experienced by the participant after the body switch. When
there was a third character in the scene, these repetitions became
confusing. Consequently, we restricted access to the AI only
from the “counselor” avatar and instructed participants that
interaction with the AI avatar was recommended only between
speech turns.
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Figure 2. Screenshots from the counseling scenario. (A and B) Self-talk virtual reality (VR) as seen through the virtual mirror, featuring male and
female avatars seated across from Barack Obama and Michelle Obama avatars, accordingly (both depicting the first VR experience without artificial
intelligence). (C) Male participant’s view, seated across from Barack Obama, with Einstein avatar representing artificial intelligence present, second
VR experience. (D) Virtual mirror view showing male avatar, Barack Obama avatar, and Einstein avatar.

Furthermore, significant progress was made in LLMs over the
2 years of development. Initially, we used a specific model
developed in the laboratory. This was based on the 7B
parameters version of the GPT-J model [29], fine-tuned on the
2 volumes of published counseling and psychotherapy data from
Alexander Street Press. The volumes are searchable collections
of transcripts containing real counseling and therapy sessions
and first-person narratives illuminating the experience of mental
illness and treatment. The 2 volumes contain 3500 session
transcripts and >700,000 utterances between a counselor and a
patient. We fine-tuned the model with an 80% to 20% train-test
split. While this model was state of the art at the time of the
early sessions, rapid developments in LLMs rendered it obsolete;
therefore, we replaced it with a pretrained model by OpenAI
(described in Materials and Equipment in Methods section).

Our LLM interface provides an interface for a human operator,
which can be used by the experimenters (refer to the study by
Shoa et al [27] for full details). The ongoing automatically
transcribed conversation appears in a text window. The operator
can select parts of the text or even modify the text and send
specific parts to the voice playback in the application. We have
also explored the possibility of allowing the experimenter to
decide when to intervene in the conversation.

To allow for a realistic experience, we designed and
implemented the AI avatar to be gaze activated; that is, the
virtual human representing the AI played an idle and silent
animation loop and only spoke after the participant, while in
the body of the counselor, stared at it for a duration of 1 second.
Such gaze activation requires careful tuning—if the gaze
duration is too short or the gaze area too broad, false positives
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might occur, whereas otherwise, the activation becomes
unnatural. In our postexperimental interviews, none of the
participants complained about this type of activation.

Another challenge was response latency. The delay includes
the following: (1) waiting for the participant to finish talking
(indicated by clicking a controller button), (2) gaze activation
of the AI avatar, (3) speech recognition in the cloud, (4) latency
of one LLM predication, mostly depending on server
configuration and context length, and (5) cloud-based
text-to-speech conversion. To mitigate latency, the system can
be used in a continuous mode; that is, the system is prompted
to keep generating responses after each counselor utterance
based on the ongoing conversation, regardless of whether the
AI agent was activated or not.

Therefore, the consequence is that latency mostly depends on
LLM prediction call latency. When using laboratory-based
LLMs running from our own server, we could control the
latency. The overall round trip would take several seconds, and
this was acceptable in the context of a counseling experience.
Using OpenAI resulted in depending on OpenAIs’ response
time. In our study, there were no major delays, and none of the
participants in the postexperiment interview (as described
subsequently) complained about latency.

Finally, we note that due to limitations in AI tools in many
languages, we had to carry out the sessions in English rather
than the local native language. Hence, the participants were
selected to participate in the study based on their level of English
speaking, ranging between conversational level English and
native. Language support limitations include all parts of the
pipeline: recognition, dialogue, and generation quality.

Methods

Overview
The system was iteratively refined and tested as described before
until pilot studies indicated that it operated smoothly.
Consequently, we carried out a qualitative explorative study.

Because the overall experience was very rich and overwhelming
(as described subsequently), we opted for an exploratory study,
carrying out careful sessions, including the presence of a trained
clinical psychologist. Although it was made clear to the
participants that the system was experimental and this was not
a real counseling session, it was clear from the responses that
participants behaved almost like in a “real” counseling session,
and most participants went through a psychologically
meaningful session, as evident from in-depth postexperiment
interviews (refer to the Results section).

Participants
The study population comprised 14 anonymous university
students (female participants: n=5, 36%) aged 19 to 26 years
(mean 23.43, SD 2.21 years). Participants who self-declared as
English speakers, had no history of epilepsy, and were not
pregnant at the time of the study were invited to participate in
the study as part of their credit requirements for their BA
psychology degree. In total, 3 (21%) of the participants were
not included in the final sample due to miscellaneous technical

problems that came up during their session. Given the limited
sample size, data saturation was not reached.

Materials and Equipment

Overview
The VR environment featured a consultation room. The VR
simulation was developed with the Unity game engine (version
2020.3.20f; Unity Technologies). The VR headset Quest 2 (Meta
Platforms, Inc), including its handheld controllers for
embodiment (upper body tracking), was used. Quest 2 has a
single liquid crystal display panel for each eye, with a display
resolution of 1832×1920 pixels. The refresh rate of the panel
is 120 Hz. Its weight is approximately 500 g, and it has a head
strap that ensures comfort during prolonged use. In addition,
Quest 2 delivers a comprehensive 6 dfs, providing participants
with both rotational and positional tracking capabilities.

The software includes a VR self-talk experience and integration
of an LLM-based agent based on MILO. In the exploratory
study, we used Barack Obama and Michelle Obama, sex
matched, as the counselor avatars. The AI avatar was Albert
Einstein. The participants were initially embodied in a generic
sex-matched avatar (Figure 2). The first part of the VR
experience was intended to strengthen the virtual body
ownership illusion. The participants engaged in a short
“embodiment” exercise, alternately moving both hands, looking
around, and seeing themselves in the mirror. Following the
embodiment exercise, the participants were asked to describe
a current life issue. When they finished, the participants pressed
a button, transitioning them to the counselor avatar. Previous
studies found that it is best to model the counselor avatar based
on famous inspiring persons; we selected Barack Obama in our
studies. Next, the participants pressed a button and listened to
a replay of what they just said, spoken by the avatar representing
themselves as patients. A prompt instructed them to respond
“like a counselor,” and their responses were recorded. The
participants’ voice pitches were changed in the recording to
avoid having it sound exactly like the participant, as described
in the study by Osimo et al [6]. Once completed, participants
returned to their look-alike avatar to continue the conversation
in this iterative manner.

We used 2 VR self-talk implementations; one was a commercial
product called ConVRself (Kiin Tech) used during the iterative
design, and the other was a research version with very similar
design and functionality used during the study.

For LLM, we used GPT-3.5 using the following prompt: “You
will now act as a motivational interviewer with a lot of
experience in interpersonal psychotherapy. I am a counselor
and will turn to you for advice while speaking to my patient.
Sometimes, I will get stuck and address you, and in this case,
you should try to act as an expert counselor and say something
that would help me progress the session as best as possible.
Please do not mention that you are an artificial intelligence in
your replies. Act as a real person.”

Semistructured Interviews
Participants’ experiences and thoughts regarding the AI were
assessed using semistructured interviews that lasted
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approximately 15 minutes, and the audio of the interview was
recorded. Due to the exploratory nature of this complex
experience, we opted for the flexibility offered by semistructured
interviews. We constructed 14 questions in advance, such as,
“Please describe this experience as if you were describing it to
a friend who was not here,” (Multimedia Appendix 1). The
questions were presented individually to the participants, and
additional questions were added based on the participants’
responses. The interviews were conducted by one of the main
authors (MZ), a female clinical psychologist and PhD candidate,
with appropriate training. There was no relationship between
the interviewer and the participants before the study
commencement, and the participants were informed of her
professional expertise.

The actual conversation of the participants was logged by default
as part of the system, including the AI comments. However, we
opted not to analyze the conversations due to the privacy of the
participants, and the content was removed.

Applied thematic analysis identifies and describes implicit and
explicit ideas within the data, consequently linking them into
the theoretical framework of the study [30]. The analysis was
thus conducted using a bottom-up approach in which the answers
provided by the participants determined the main themes rather
than the questions asked. In addition, at the start of the interview,
participants were asked to provide a description of the
experience, to elicit unconstrained participant impressions.

Ethical Considerations
The ethical considerations regarding implementing AI in
psychological settings are paramount [31]. The development
process and exploratory study outlined in this paper aimed to
address preliminary questions concerning effectiveness and
validation. In addition, in our study, a clinical psychologist
provided professional oversight, which is typically
recommended for AI implementation. The study received ethics
approval from the institutional review board of Reichman
university (P_2022145). Participants received course credit for
their participation in the study and gave written informed
consent. All data protection procedures were adhered to. All
participants provided informed consent, which explicitly
outlined that their responses would be recorded and kept as part
of the study data but would be saved anonymously and that they
would interact with AI during the study, receiving advice from
it regarding a personal problem.

Procedure
Upon arrival at the laboratory, the participants were given
instructions about the experiment and completed a consent form.
They were told that they would have the opportunity to talk
about a personal problem that caused them an average level of
distress (on a scale of 1-10, a problem rated between 4 and 7).
Then, they wrote a short sentence describing the problem in
their words. Importantly, although it was made clear to the
participants that the session was experimental and should not
be considered psychological counseling, our sessions were
carried out in the presence of a trained clinical psychologist in
a private laboratory setting in which only the participant and
the psychologist were present. Next, the participants donned

the VR headset and performed the VR experience in which they
conversed freely between their sex-matched avatars and
matching Obama characters (Michelle for female participants
and Barack for male participants). After a back-and-forth
conversation between the participant and Obama avatar, the
participants chose when to end the session.

After the first session, the participants answered two questions
regarding their experience as follows: (1) Please rate this
experience on a scale of 1 to 10 (1=not useful at all and 10=very
useful) and (2) On a scale of 1 to 10, how helpful was this
self-conversation for solving your problem?

Next, it was explained to them that they would perform a similar
session, only this time, another third avatar, depicted as Albert
Einstein, would be seated in the virtual consultation room. They
were told that it would be listening to their conversation and
that they should turn to him during the conversation to receive
his input but only from the embodied counselor’s perspective.
The gaze activation was explained, and they were instructed to
turn to Einstein only from the Obama avatar. The participants
proceeded to conduct the AI-enhanced iterative VR
self-conversation, and when they were done, the semistructured
interview was conducted.

Results

Overview
A total of 5 (45%) of the 11 participants chose to speak about
a problem related to work or school. Another 5 (45%)
participants chose to speak about relationship problems, and 1
(9%) participant chose to speak about difficulty managing stress.

The semistructured interviews were transcribed and analyzed
using the thematic coding method by 2 of the coauthors. The
transcripts were not reviewed by the participants. A total of 5
(45%) participants preferred the session with the AI, 4 (36%)
preferred the session without it, and the remaining 2 (18%) did
not address this. In total, 7 (64%) participants said that the AI’s
attitude toward them was positive, 1 (9%) said it was neutral,
and the remaining 3 (27%) did not address this.

The participants were asked 2 questions in the break between
the first session (without AI) and the second (with AI). On
average, the usefulness of the session was rated 6.9 (SD 0.54);
the median value was 7 (IQR 7-7). On average, the degree to
which it helped solve their problem was rated 6.1 (SD 1.58),
with a median value of 6 (IQR 6-7). At the end of the interview,
the participants were asked to rate the extent to which they
would like to come back for another session on a scale of 1 to
10; the mean response was 8.3 (SD 1.55), and the median was
8.5 (IQR 7-9), indicating a very high level of satisfaction from
the experience.

The applied thematic analysis qualitative analysis revealed 4
high-level themes, which were derived from the data. These 4
themes are outlined subsequently. The participants did not give
feedback on the findings outlined below.

Quality of Advice
From the thematic analysis of the participants’ responses, a
layered or complex pattern emerged regarding the perceived

JMIR Form Res 2025 | vol. 9 | e67782 | p.4038https://formative.jmir.org/2025/1/e67782
(page number not for citation purposes)

Zisquit et alJMIR FORMATIVE RESEARCH

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


quality of AI-generated advice. On the one hand, participants
acknowledged the AI’s ability to provide insightful,
well-structured guidance:

...Einstein brought a lot of emotional considerations
to the two-way problem I didn’t think about. It was
interesting...It sounds like if I would listen to him like
everything would work out. [S6]

For my questions it was very, very beneficial. It was.
It was able to provide very thorough and clear and
insightful points and information regarding
specifically related to my problem related to the
career path and choosing a career path. And it was
really cool to see how the interaction with the
computer algorithm was able to really contribute to
my own self-reflection. [S8]

They viewed the advice as emotional while sustaining a
thorough analysis of the situation. However, sometimes this
very sophistication created a feeling of uncanniness, with
participants noting that it was “inhumanly smart.” Some
participants pointed toward the notable tension between the
logical precision of AI and the inherently “messy” nature of
emotional problems, suggesting that the AI’s responses tended
to be overly orderly or systematic:

I think that on the one hand it was good, and he was
saying smart things, but on the other hand it was a
little bit too logical and technical, and sometimes
emotional problems are a little more complex. [S4]

...Good as I said, but it was a little bit surface level.
[S7]

Like robotic smart. Like human, but inhuman smart.
You know what I’m saying? Like he was too good of
a psychologist. I don’t know how to say it. It felt like
a nice thing to say, but feels like I don’t know how to
describe it too, like, kitsch...The AI surprised
me...Yeah, the AI was kind of freaking yeah. Like it
felt. It felt like too good. I don’t know how even to
describe it...Yeah, but also, I mean it was like in
between. It was like really compassionate and
understanding and like what the perfect answer from
a psychologist should be. But the perfect answer is
like not, not human to some degree. It also felt like
he just blabbered a bunch of information, like
instantly to me, like, Oh yeah, it’s OK to be
compassionate and it’s OK to be. You shouldn’t be
perfect all the time, like, in one sentence. [S13]

There was also evidence pointing to potential overtrust in AI
responses, which has been mentioned before [32]. This might
suggest that careful consideration of AI authority is necessary
in therapeutic settings due to increased credibility attributed to
AI-reorganized versions of the participants’ own thoughts:

I think he just had a way of wording the same ideas
that I had in my head, but sort of organizing them to
a more sophisticated or organized manner which
made them more believable or reliable, seem more
reliable. [S11]

In addition, some of the “complaints” could also be a reasonable
approach to a human counselor:

S6: ...that it was not really practical, but it was like
another part that you need to think about.

Question: What wasn’t practical about it?

S6: Like for my problem. I need an answer, it’s like
a yes or no question and he really talked about like
what it made you feel and maybe rephrase the
problem, and there’s no way to really rephrase it.

Self-AI Collaboration
In some cases, participants highlighted the complementary
nature of the combination between the AI advice and their own
input, suggesting a unique form of alliance where AI and human
intelligence united and enhanced each other’s strengths. The
AI’s tendency to a more structured approach was balanced
effectively with the more emotionally attuned self-counsel,
creating what one participant even termed as a “perfect” mixture.
This combination led to a more comprehensive experience. As
mentioned, rather than viewing AI as a replacement for
traditional therapy, its optimal role, as the participants
experienced, was as a tool that enhanced their self-reflection
and personal insight:

...I liked the mix of the AI and myself as the
counselor...I think the advice I gave myself was taking
into account more like an emotional feeling and
maybe even a little bit too much. And he was a little
too technical. So maybe a mixture of them? Yeah, a
mixture of them would be perfect. [S4]

I think in terms of advice, it was similar to what I
said, although the AI was able to provide a more
detailed and well-structured answer. The AI’s
examples and ideas were a bit more beneficial. [S8]

And I liked the mix of him and Michelle together, that
I, as Michelle gave a bit of a softer input and he was
like, do this and this and this and this and that
together was like, they filled each other...No, I think
they were really complementary to each other. I
benefited very much from both of them. I’m really
grateful. I got to talk to myself...OK, more minds
better. [S9]

Believability and Attitude Toward AI
The analysis suggested a notable dichotomy between the
cognitive aspect and the perceptual issues of the experience.
While the content and reasoning capabilities of the AI were
valuable and convincingly humanlike, the nonverbal and visual
elements created “breaks in presence” [33]. These elements
were mainly manifested in voice quality, robotic movements,
and lack of natural pauses in speech turns:

...yeah, the sound and obviously the, the graphics
obviously. But in terms of the syntax and the structure
of how the answers were provided and delivered then
it was fairly good. Fairly satisfying. [S8]

I feel like a mixture, like the words that he was saying
felt like they made sense, they were human-like, but
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the way that he was telling them and like it was very
technical... [S4]

The conversation felt like very human and Einstein
Avatar was a little bit robotic and felt like scripted
and just a little bit like not related...No, the look was
OK. [S5]

I’m asking a question and then we’ll just speak like
we talk and talk and talk and talk...Humans usually
wait a little bit. [S7]

Technical stuff, which is like the character will move
a little bit differently than human, and that’s pretty
much. [S7]

However, a phenomenon of gradual acceptance regarding the
participants’ ability to adapt to the limitations of technology
aligned with established research on place illusion in immersive
VR environments [34]. In other words, the participants wanted
to believe what they were experiencing in such a way that they
were willing to ignore the technical imperfections that created
disbelief. This process of adaptation was evident in the
participants’ ability to shift their focus from the robotic
characteristics to the contextual value of the dialogue. In this
way, the content served as a compensatory factor, allowing
participants to overcome initial reservations regarding the
artificial nature of the interaction. While technical refinements
and improvements in nonverbal behavior are called for, the
therapeutic value of the AI-advice might be more dependent on
the quality of the dialogue rather than the behavioral human
mimicry:

I think it’s still not 100% human like but it did feel
like I was talking to a very insightful person because
at the end of the day I was I was focusing more on
the information that was given to me by the algorithm
rather than the actual feeling and and the the sound
of the the interaction itself. [S8]

...at once I got over the metallic voice, yeah, it felt a
bit more natural...It’s like a fake character. It’s an
avatar, but I think when you get in, in into it, it’s
become less and less weird. Less and less, Yeah. [S9]

The Use of Celebrity Avatars
The data suggest that the selection of well-known figures as
therapeutic avatars creates complex psychological dynamics
that can either enhance or impede the experience. Participants’
reactions demonstrated that the personal associations with these
celebrity avatars substantially influenced their engagement with
the AI and with their own counselor persona. For instance,
responses to the Obama avatar highlighted the importance of
perceived authority and strength, while reactions to Einstein
often centered on his scientific reputation and intellectual
credibility. However, these preexisting associations could also
act as barriers, with some participants expressing a preference
for avatars they could “relate to and love more.” This finding
suggests that the effectiveness of celebrity avatars in therapeutic
settings may be highly individualized, with the same figure
potentially eliciting different responses based on personal
preconceptions. The data particularly emphasized how the
avatar’s identity can affect the reception of therapeutic advice,

with some participants explicitly attributing the perceived value
of the guidance to the celebrity’s reputation rather than the
content itself:

And I think Obama is quite a good character to use,
actually. I feel that she’s confident. She’s a woman,
I guess like a strong woman. She’s very powerful. It
seems like it’s very fun to sit around her and like look
at her and talk to her. [S5]

That’s the point, Talking to Obama, even if, like, I
don’t agree with him that much. But like, yeah, it’s a
cool person to talk to. [S7]

I think I would change Barack Obama’s character to
someone that I love. As I said, one of the reasons I
felt more comfortable with Einstein is because that’s
a character I can relate to and love more. [S10]

Again, maybe it’s just because it’s Einstein. I mean
if like a human being would say something like that
to me but would phrase it differently and, you know,
have different facial expressions like not like the
computer Einstein, then I would feel differently about
the answer. [S13]

...Maybe because it was Einstein. Like maybe if it was
someone else maybe I wouldn’t think about like it was
but just because it was him and I know that he was
like really big scientist so he might have like great
things to say. [S14]

Discussion

Principal Findings
Mental health and well-being are major challenges worldwide,
and the demand for counseling is much greater than the supply.
Mental health systems worldwide are under immense strain,
and in the face of growing need, many underqualified or
pseudoprofessional services have appeared. As a result, an
increasing number of stakeholders are turning to AI-based
solutions, including LLM-driven tools, as a potential quick fix
(this includes Israel’s minister of science [January 3, 2025,
personal communication]). However, we advocate a more
measured approach, emphasizing rigorous evaluation and clear
delineation of clinical versus nonclinical use. Our intervention
explicitly targets nonclinical populations (ie, focusing on mental
health improvement rather than formal therapy) and relies on
AI only as an adjunct to self-talk rather than a stand-alone
therapeutic agent. Such caution is vital given the nascent state
of these technologies and the ethical implications tied to safety,
efficacy, and user well-being. Accordingly, we strongly support
further research and stepwise validation, coupled with the
ongoing involvement of trained professionals before any
large-scale implementation.

Technologies, such as VR and AI, may be a part of the solution.
VR self-talk is unique in suggesting counseling without the
need of either a human in the loop or AI and has been shown
in the past to be beneficial and effective. Adding an LLM
assistant is a natural next step; nevertheless, introducing an
LLM-based AI counselor assistant into VR is not trivial, and
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our iterative design process has revealed several important
lessons.

Integrating multiple challenging technologies, such as VR, body
tracking, dialogue, voice recognition, and speech generation
into a meaningful psychological experience proved arduous.
While each of these technologies separately has made impressive
progress recently, accumulated problems or errors easily resulted
in an unusable experience. In the case described here, it seems
that during 2023, the underlying AI technologies, specifically
speech recognition and LLM-based dialogue, passed an essential
threshold, increasing the probability of a successful and
meaningful experience regardless of the complex nature of the
technological design.

While both VR and AI, individually and in combination, present
significant opportunities for counseling, their widespread
deployment in real-world settings remains challenging [35].
The contribution of each of these components as well as their
combined contribution needs to be carefully evaluated [36].
Industry trends indicate that integrating AI models into a wide
range of applications is becoming viable, for example,
applications such as Tess and Woebot [37]. VR is gradually
becoming more accessible, though its availability remains
somewhat limited. We propose that the experience of
“interacting with yourself in the third person,” facilitated by
VR and virtual body–ownership illusions, offers unique benefits
that are unlikely to be replicated on 2D screens. In addition, the
integration of LLMs into text and voice-based interactions is
expected to become more widely accessible. Therefore, we hope
that this study, despite its challenges and complexities, can serve
as a foundation for further advancements in this field.

On the basis of the themes that emerged from the semistructured
interviews, we can conclude that participants generally
responded positively to the AI advice, with reactions ranging
from mixed to favorable. None of the participants evaluated it
as poor or as obstructive to the self-talk process. Considering
the complexity of the experience, this result is very encouraging.
VR self-talk, when performed correctly, is a very powerful
experience, though it can be confusing even without the addition
of AI. To address this, we implemented a gradual protocol,
allowing the participants to accustom themselves to the VR
self-talk before introducing the AI agent in a subsequent session.
This protocol was necessary for our preliminary research.
However, future studies could benefit from a research design
such as randomized controlled trials that could compare self-talk
with and without AI, providing a deeper understanding of the
intricate nature of this experience and the added value of AI to
it.

The overarching goal of this endeavor was to design and
implement an AI agent within a self-talk experience. We
envisioned the AI advice as complementing the participants’
own self-guidance rather than replacing their need to think,
reflect, and reason with themselves regarding the issue at hand.
This vision was in alignment with the participants’ responses.
They found it straightforward to implement the AI advice into
their self-dialogue and quickly adapted to the flow of the
conversation. Our results further support the perspective that

the integration of technology into counseling has the potential
to enhance skills and abilities that humans already possess [16].

In our case, an “AI” button was not enough, and we opted to
integrate a gaze-activated avatar to embody the AI. While
participants commented that the voice and animation of the
avatar were not completely realistic, several of the participants
indicated that they were able to overcome such limitations and
focus on the social interaction as well as the content of the
conversation.

Finally, most of the participants pointed to the need to improve
design elements, such as voice, body language, avatar
appearance, and character selection. There was a relative
consensus among participants regarding the need for
improvements in this area to enhance the overall experience.
This is not surprising as the level of realism has been shown to
have a strong impact on affective responses of participants
[26,27]. Now that we have successfully integrated multiple
technologies and created a seamless psychological experience,
future development and testing should focus on refining and
improving these design aspects.

Limitations
This study has several limitations that should be addressed.
Although multiple pilot studies were conducted throughout the
iterative design process, including approximately 30 additional
participants, the final sample consisted of only 11 participants.
The relatively small sample size underscores the necessity for
further research with larger and more diverse populations that
could confirm these initial results. However, as emphasized
throughout this paper, this is a novel and promising application
of technology, and every exploration must begin somewhere.
Due to the psychological focus of this study, further research
should explore specific participant characteristics that could
influence the effectiveness of self-talk in VR. Furthermore,
research could target particular symptoms of psychopathology
or specific diagnoses to improve the understanding of potential
clinical applications.

Another limitation is the bias of novelty. The use of VR and AI
in a psychological setting could have potentially fascinated the
participants, leading to an inflated sense of efficacy and
distorting the true impact of the experience. In addition,
semistructured interviews could have contributed to social
desirability and acquiescence bias, as participants might have
felt inclined to provide responses they expected would be
favorable to the researcher. Further research could explore ways
to mitigate these identified biases.

Technological limitations are the lack of systematic analysis of
the model’s responses and their adherence to the therapeutic
principles outlined in the prompt. The quality of the model’s
response is influenced by both the prompt and the internal
architectures of the LLM itself, in our case GPT-3.5, which has
proven highly capable but is proprietary and continuously
evolving. The initial study used a relatively simple prompt,
instructing the AI to adopt the role of an experienced
motivational or interpersonal psychotherapist. While this
approach was based on established research [38], it did not
undergo formal pilot testing specifically targeting the fidelity
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of the model’s alignment with the therapeutic technique. This
decision was made, in part, due to the exploratory nature of this
study, which aimed to assess the potential use of LLMs in
VR-based self-counseling rather than conduct an in-depth
evaluation of their adherence to specific therapeutic techniques.
Nonetheless, we acknowledge that future work would benefit
from piloting more refined prompts, including detailed
instructions for eliciting key therapeutic elements.

The field faces significant challenges in ensuring replicability
and consistency, particularly when relying on such models. As
a result, the research community must consider how to establish
more robust methods for quality control and model evaluation
to ensure the ongoing utility and ethical deployment of LLMs
in therapeutic settings. Recommendations include clinical
evaluation of the LLMs developed and their output;
interdisciplinary collaboration; and attending to risk assessment,
transparency, and bias [36]. We were able to implement some

of the recommendations in our initial study, such as clinical
evaluation of output and interdisciplinary collaboration, and
further studies could improve on others.

Conclusions
The introduction of new technologies could potentially transform
psychotherapy, giving rise to numerous potential challenges,
limitations, and ethical considerations that should be addressed.
Currently, clinical expertise is necessary for best practice;
however, that may evolve in the future, and even now,
monitoring and validating can be more cost-effective for certain
patients compared to traditional psychotherapy. Given our
encouraging results, we suggest that the paradigm of
AI-enhanced VR self-talk may be ready for further research on
a larger sample from the general population and studies with
clinical populations. In addition, our work suggests there are
numerous potential opportunities for integrating AI into VR
wellness, extending beyond just “automated therapist agents.”
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Abstract

Background: Mobile health (mHealth), the use of mobile technology in health care, is increasingly being used for mental health
service delivery even in low- and middle-income countries to scale up treatment, and a variety of evidence supports their potential
in different populations.

Objective: This study aims to use the Social Cognitive Theory (SCT) as a lens to explain knowledge of mHealth use for mental
health care, personal behavioral capabilities, and the external social contexts that can impact the adoption of an mHealth app for
depression care among perinatal adolescents in Nigeria.

Methods: At the preliminary stage of a user-centered design (UCD), 4 focus group discussions were conducted among 39
participants: 19 perinatal adolescents with a history of depression and 20 primary care providers. Guided by the SCT, a popular
model used for predicting and explaining health behaviors, we documented participants’ knowledge of mHealth use for health
purposes, advantages, and challenges to the adoption of an mHealth app by young mothers, and approaches to mitigate challenges.
Data collection and analysis was an iterative process until saturation of all topic areas was reached.

Results: The mean age for young mothers was 17.3 (SD 0.9) years and 48 (SD 5.8) years for care providers. Mistrust from
relatives on mobile phone use for therapeutic purposes, avoidance of clinic appointments, and sharing of application contents
with friends were some challenges to adoption identified in the study population. Supportive personal factors and expressions of
self-efficacy on mobile app use were found to be insufficient for adoption. This is because there are social complications and
disapprovals that come along with getting pregnant at a young age. Adequate engagement of parents, guardians, and partners on
mHealth solutions by care providers was identified as necessary to the uptake of digital tools for mental health care in this
population.

Conclusions: The SCT guided the interpretations of the study findings. Young mothers expressed excitement at the use of
mHealth technology to manage perinatal depression. Real-life challenges, however, need to be attended to for successful
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implementation of such interventions. Communications between care providers and patients’ relatives on the therapeutic use of
mHealth are vital to the success of a mHealth mental health management plan for depression in young mothers in Nigeria.

(JMIR Form Res 2025;9:e42406)   doi:10.2196/42406

KEYWORDS

adolescent perinatal depression; primary care; mHealth app; user centered design; smartphone; human-centered design; HCD;
depression; postpartum; perinatal; postnatal; teenage; adolescent; youth; low-middle-income countries; LMIC; middle income;
adoption; acceptability; mobile health; mHealth; mobile app; women’s health; mental health; depressive

Introduction

The World Health Organization (WHO) strongly recommends
the rapid widespread use of technology as a possible solution
for transforming pressing public health services [1]. Mobile
Health (mHealth), the use of mobile technology in health care,
is increasingly being used for mental health service delivery
even in low- and middle-income countries to scale up treatment,
and a variety of evidence supports their potential in different
populations [2]. Mobile phones are ubiquitous globally and in
low-income countries with evidence of use in different
population groups [3]. Recent reports indicate their high use
among the youth perinatal population in Nigeria [4]. In Nigeria,
digital research has been successfully conducted for perinatal
mental care within the WHO Mental Health Global Action
Programme (mhGAP) task-shifting initiative in primary care
[4-6] to address barriers to care in patients. Task shifting, which
is a process of delegating tasks to less specialized health care
workers where appropriate, is recommended by the WHO to
bridge the treatment gap in global mental health [7]. Digital
health care presents avenues to further scale-up care in the
process of task shifting [1]. Technology-based studies for
perinatal care in Nigeria have been implemented to increase
pregnant women’s access to care, but several knowledge gaps
exist on factors that influence the use and adoption of mHealth
in adolescent mothers [8,9]. Addressing these gaps is crucial
for increasing access in a vulnerable population. Perinatal
adolescents, often unmarried, might have their pregnancies
disputed by the father of their child and could also have little
or no social support from family members [8,9] necessitating
the need for age and context-specific health care for this
vulnerable population.

Perinatal depression, a condition common in pregnant women,
is higher among adolescent mothers than older mothers [10,11]
occurring during pregnancy and up to one year after childbirth.
Untreated perinatal depression is a risk for negative health
outcomes for mothers and their infants [12]. There are limited
resources for managing mental disorders in primary care in
low-income countries [13] and access for young mothers is even
more limited by multiple age-related access barriers, which
often translate to self and social stigma [8]. The complexities
of hindrances to care experienced by this population indicate
the need for practical and flexible interventions tailored to meet
their unique needs [14].

Mobile phone apps, which are software programs designed to
work on mobile devices, can serve as mHealth tools used in
real-time for mental health care [15,16]. Mobile phone apps
offer easy and affordable digital access to mental health

information and solutions and can be used to increase
internet-based access to mental health services. Evidence
supports the involvement of users in the designing and
developing of technology-based interventions to increase their
potential for success and uptake [17]. User-centered designs
[18] allow users to participate in iterative developments and
design processes of mHealth tools, for reflection of users’needs
in treatment designs. The use of mHealth even in low-resource
settings [2] and the willingness of young mothers to engage in
mobile phone use for health care services [4] present several
opportunities for the design of technology-based interventions
that attend to their unique needs [19].

In this study, we explored the benefits, barriers, and mitigating
factors to mHealth adoption for depression by adolescent
mothers in Nigeria through a theoretical lens. Theories play a
crucial role in explaining health behaviors, and in digital health
care they have provided frameworks for predicting and
influencing human behaviors in the context of health and
well-being. [20,21]. In this study, however, we used the Social
Cognitive Theory (SCT), a widely recognized theory of behavior
change [22] in explaining and understanding participants’
knowledge of mHealth use for mental health care (personal
experiences), personal behavioral capabilities of adolescent
mothers to engage with a mobile phone app for depression care
(behavioral factors), and external social context (environmental
factors) that may impact their expected health outcomes [23].

Focus group discussions (FGDs) were carried out with
adolescent mothers as part of the second stage of a user-centered
design (UCD) of a mHealth app that was designed to
complement face-to-face care for perinatal depression within
routine primary care. The question guide explored participants’
knowledge of mHealth use, the perceived advantages and
challenges of application use, and approaches to mitigate
identified challenges. The research questions were as follows:

1. What is the knowledge of mHealth use for mental health
care among young mothers and care providers in primary
care?

2. What are the potential barriers and facilitators of mobile
app adoption in this population? What challenges could
limit its use?

3. What are the possible strategies to mitigate the challenges
to mHealth apps adoption by young mothers?

Methods

Participants and Study Setting
The study was conducted in Ibadan, southwest Nigeria using
FGDs: 2 FGDs of young mothers (n=19), and 2 separate ones
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among care providers (n=20). The venue was a seminar room
at the Department of Psychiatry, University of Ibadan that was
chosen because it was private and easily accessible using public
transportation. All 4 FGDs took place in a 2-week period in
February 2020. Participants were recruited from the database
of an ongoing trial on perinatal depression in primary care [24].
A total of 30 participants aged between 16 and 19 years had
completed treatment in an ongoing trial (Responding to the
challenge of Adolescent Perinatal Depression [RAPiD]) [24],
and those in remission from clinical depression as indicated by
their hospital records were selected. Only 22 of them had phone
numbers that rang through on the mobile network. The phone
numbers of the remaining 8 were no longer available on the
mobile networks. Even though all 22 young mothers who were
contacted by phone indicated their availability for the FGDs, 3
participants later called to indicate their unavailability on the
days chosen for the discussions, leaving 19 participants who
attended the FGDs. On the part of the care providers, 20 primary
care providers from the same trial’s intervention arm were
invited, and all accepted and participated in the FGDs. All
participants were briefed on the purpose of the FGDs when they
were contacted on the phone. The young mothers and the
clinicians were selected from clinics in the 11 local government
areas in Ibadan. On the days of the FGDs, the facilitator gave
additional detailed information on the purpose of the FGDs. All
participants signed an informed consent form after giving verbal
consent to participate in the study. In total, 3 groups had 10
participants each, while the fourth (a young mother’s group)
had 9 participants.

FGD Procedure
The average duration for the FGDs was 90 minutes. Author LK,
a medical sociologist, moderated all 4 groups using
predetermined open-ended questions. Author TF was the
timekeeper and note-taker in all the discussions. Both LK and
DA had no previous contact or interactions with study
participants. Following the introductions, the facilitator asked
the initial question on knowledge of mobile phone use for health
purposes. Participants who indicated such knowledge were
asked to describe the interventions they were aware of. The
facilitator probed on the mode of delivery of such interventions
identified, the information content, and the disease conditions
they were used for. Participants were then asked about their
familiarity with mobile phone apps, and irrespective of the
answer given, the facilitator showed all participants a
video-based mobile phone app on an Infinix Hot 7 Pro Android
phone. This demonstration ensured that participants understood
what an mHealth app was before asking them related questions.
All FGDs were audiotaped (for research purposes only),
transcribed verbatim, and analyzed shortly after they were
completed. Therefore, data collection and analysis became an
iterative process until saturation of all topic areas was reached.
Responses of participants were deidentified, and the transcribed
data was not shared with anyone outside the investigating team.

Data Analysis
The data were transcribed by 2 experienced transcriptionists
TA (a research assistant) and DA (co-author). Authors LK and
DA conducted thematic coding of the transcripts manually along

with the areas of interest. Specifically, LK created the initial
code, which the authors reviewed. Identical subcodes were
merged while redundant ones were removed. The interview
transcripts were then read to understand and familiarize by LK
and DA and independently coded to highlight texts relevant to
the derived themes. The process led to a descriptive account
focused on identifying critical variables for each heading [25].

SCT was used to explain the interpretations of positive supports
for behavior changes in areas of personal, behavioral, and
environmental factors [26]. In this investigation, personal factors
(eg, previous knowledge of mHealth risks and benefits) were
identified as prerequisites for behavior change but not the sole
factor for the needed changes. Also, given the current dearth of
mHealth use in mental health care in Nigeria and in the study
population of young mothers, the point of inquiry on previous
knowledge of use focused on all known areas of use within
general health care. Second, the behavioral capability of
adolescent mothers, their beliefs in their ability (self-efficacy)
to engage in mobile phone app use for health purposes to carry
out desired actions and produce desired effects, was assessed
within the present social context on the roles and autonomy of
adolescent girls as foundational to their likelihood of adopting
and maintaining mHealth use [27,28]. Third, we documented
outcome expectancies of engaging in mobile app use through
participants’ perceptions of the advantages and disadvantages
of such action with the aim of identifying motivating and
mitigating factors to assist in achieving desired results [29].

Ethical Considerations
The University College Hospital, University of Ibadan, ethical
review board approved the study in accordance with the 1964
Declaration of Helsinki and its later amendments
(UI/EC/19/0165). In this study, only perinatal adolescents aged
16-19 years who could give consent to participate, and primary
health care providers over the age of 18 years were recruited.
Study data from observations and audio recordings during the
FGDs were stored as an mp4 file on a password-protected
encrypted computer at the Department of Psychiatry, University
of Ibadan. Group facilitators took notes that strictly contained
only deidentified information. All the participants approached
were given full information on study purposes and procedures
and told that their participation was voluntary, before they were
invited to participate. The informed consent form had two
original copies for those who agreed to participate: one of these
was stored securely in the research file and a copy was given
to the participant. All participants gave voluntary responses to
interview questions and were told they could decline to answer
any questions that they chose. The adolescent girls received a
total sitting and transport allowance of the equivalent of US
$10, while the primary care providers received US $15.

Results

The mean age for young mothers was 17.3 (SD 0.9) years; they
were predominantly single (14/19, 73.7%) with a few full
cohabiting (4/19, 21.1%). The age of mothers who had some
high school education was 10.6 (SD 1.9) years: 8 out of 19
(42.1%) of them were still students, 2 out of 19 (10.5%) of these
were first-year university undergraduates); and 11 out of 19
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(57.8%) others had dropped out of school and engaged in petty
trading. The care providers were middle-aged (mean 48, SD
5.8 years) majorly female (18/19, 95%), and with significant
(mean 22.2, SD 4.7 years) work experience. A summary of the

demographic information of participants is presented in Tables
1 and 2. Our open-ended question guide unveiled several
responses according to the themes presented in Tables 1 and 2
below.

Table 1. Demographic information of women participants.

ValuesVariables

Marital status, n (%)

14 (74)Single

1 (5)Married

44 (21)Cohabiting

Occupation, n (%)

8 (42)Students

11 (58)Petty trading

17.3 (0.9)Age of perinatal adolescent participants (year), mean (SD)

10.6 (1.9)Years of education of adolescent participants, mean (SD)

Table 2. Demographic information of care provider participants.

ValuesVariable

Sex of care providers, n (%)

1 (5)Male

19 (95)Female

20 (100)Total

Marital status, n (%)

20 (100)Married

48 (5.8)Age of care provider participants (year), mean (SD)

22.2 (4.7)Years of work experience, mean (SD)

Factors Related to mHealth Use
The perinatal adolescent groups had knowledge of mHealth use
for health interventions in reproductive health care and mental
health care. The latter knowledge was related to their
participation in the ongoing RAPID study [24] and its mHealth
component. Group members commonly reported receiving SMS
on reproductive health promotion and prevention programs:

I receive regular text messages telling me about
contraceptive use and different types

I know about text messages advising people to space
their children

I don’t know who sends it but I get regular messages
in Yoruba (a language in Nigeria) telling me to visit
my nearest clinic to ask about family planning
methods.

However, the adolescent mothers were of two minds about the
usefulness of health information (SMS) in reproductive care.
On the one hand, they saw it as not useful since stigma would
prevent them from taking advantage of such a program because
of their age:

I would be too self-conscious to go and ask for such
services, also I don’t think health care providers will
attend to people unmarried especially young girls
who want contraceptives.

On the other hand, some agreed that the SMS provided useful
information that was relevant for the future.

The majority in the perinatal adolescent groups identified their
sources of knowledge of mHealth use for mental health care as
through mobile phone calls or SMS for follow-up from care
providers during their participation in the ongoing RAPID
project [24]:

Matron would call me to remind me about clinic
appointments for depression care on the day before
the appointment dates.

The nurse sent me a message to remind me to take
my baby for immunisation because when she called
the day before then I had complained of not having
much energy.

I got a call from the nurse…she asked how I was
doing, the calls from her always lifts my mood.

Matron called me the first evening I visited the
clinic..she said she wanted to be sure I was okay…she
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also told me not to forget the homework she gave me
as part of the treatment for my depression.

All the care providers reported their use of mobile phone apps
and SMS in various ways in their practice in maternal and child
health care:

…we use a mobile app given to use by the WHO for
child immunisation data cordination and we also have
other one from a project on family planning which
helps us in self learning.

All of the care providers had wide experiences in using
phone-to-phone calls for service provision and the WhatsApp
(Meta) platform for supervision and support of health
interventions.

We call doctors and matrons who are our clinical
supervisors on the mobile phone when needed and
staff members also chat on group Whatsapp platforms
for work purposes.

Perinatal Adolescents and Mobile App Use
Both groups of participants (perinatal adolescents and primary
health care providers) had positive comments on the
appropriateness of mobile app use in the perinatal adolescent
population for depression care, and the abilities of this
population to engage its use for depression care. One care
provider commented:

…you know that young people like to explore phones
so delivering health services to them through this
avenue increases their likelihood of engaging in such
care. More than nine out of ten of these girls can read
and write so accessing health care on the mobile
phone is what they will be able to do.

Many of the young mothers noted it could help them to reduce
the times they might have to go to the clinics because of the
long waiting times they often experience:

Many times at the clinic, I get tired and just want to
go home because the crowd can be many…so this
kind of app, will help someone like me since it could
reduce clinic visits.

A few saw it as a way to overcome access stigma related to
being pregnant at a young age and cost-related barriers to health
care.

Going to the clinic when I was pregnant was always
troubling for me because I felt so self-conscious of
my being young compared to adult mothers… so I
skipped many clinic days.

Majority of the young mothers were excited about the thoughts
of a mobile phone app with short videos for depression self-care,
and a few also believed that it could be used by young mothers
to improve users’ moods and to prevent boredom. They
generally found the use of video for treatment on the application
very appealing, noting that it will help them recollect their
discussions with the nurses at the clinic, which would help
consolidate the actions they need to improve mental health:

It will keep me from being bored (shows
excitement)…I like the idea because videos will be

remembered easily…and If I have such app, I can
also use it to remember anything I forget that the
nurse said

I watch short videos on face book, so such an app like
this will be easy for me.

Many young mothers reported watching short video clips on
Facebook (Meta) for leisure. Care providers also agreed that

…a health app would help reinforce treatment from
the clinics and help young mothers with self-care.

Reports of both groups on mobile app use within the social
context of perinatal adolescents gave very strong indications of
the need to get parents, guardians, and partners to be on board
and be supportive of its use. The care providers said:

Some parents might think the young mothers are using
their phone as an excuse not to help with housework
rather than for accessing their depression treatment.

In the same vein, young mothers’ perceptions were similar:

If my mother thinks I am staying on the phone too
much and texting my boyfriend, she controls the use
of my phone

…if I have an app for treatment, my mother would
need to be told from the clinic for her because if she
sees me staying long on the phone, she could think
that I am just playing games and she can seize the
phone for that reason.

One care provider had concerns about cases of severe depression
that could result in functional limitations, thereby impacting
the ability to use the application:

…a few might be too depressed to even use the app
or even spend time looking at the treatment on it.

Outcome Expectations of Application Adoption Among
Young Mothers
In general, the two participant groups made constant reference
to the positive outcome expectancies associated with engaging
in mobile app use for the management of depression in this
population. Some members in the perinatal adolescent groups
showed visible excitement at the possibility of accessing health
care through audiovisual materials on a mobile phone app by
talking in high-pitched voices:

if I has an app like that when I was sick, I would have
gotten better quicker because this would have
increase the treatment I received.

An app with videos as treatment will be good… it
could help with feelings of sadness and how to take
any needed action.

I like watching videos on Facebook…they helped me
when I felt down, so this is good because it will help
to prevent boredom and sadness.

Although the care providers were generally positive on the
outcome expectation of application use on the mental health of
perinatal adolescents, 2 of the older nurses were skeptical, given
the possibility of increased treatment default rates [11] among
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young mothers who replace clinic appointments with application
use:

…if the app treatment is not properly presented to
patients as what they should use along with the
face-to-face clinic visits, some might not come as they
should.

This will be more so if a treatment plan for depression modify
clinic visits inconsideration for frequency of application use.

You know adolescents don’t like going to the clinic
for appointments, my fear is that they will now not
come at all if they have an app for self care.

Also, another care provider pointed out the possibility of
worsening symptoms if patients are unable to use the
application, for example, as a result of severe depression. Some
care providers have negative consequences of application misuse
if patients share treatment contents with people with similar
symptoms:

The patients would need to be warned against sharing
the app with friends or relatives with similar
symptoms to avoid severe consequences.

Mitigating Challenges to mHealth Adoption in Young
Mothers
Participants identified 5 action plans to mitigate challenges to
young mothers’mHealth use. Both groups of participants agreed
on the need for care providers to educate patient’s relatives on
its usefulness in young mothers’ depression care:

If the nurse tells my mother that a mobile phone app
is for treatment purposes, she will even be the one to
encourage me to use it more so I can get well quickly.

My grandmother that I live with will cooperate with
whatever they say from the clinic regarding my health.

The care providers generally agreed that mHealth use should
be included as part of the total management plan for perinatal
depression to remove possible misconceptions from patients
who many see as an alternative to face-to-face care. Care
providers and young mothers also suggested the use of phone
calls from care providers to encourage and remind young
mothers of application use. The majority of the care providers
identified the need to warn adolescent mothers on a regular
basis about the harms that could result from sharing the mHealth
app with relatives and friends with similar symptoms of
depression. A few of the care providers pointed out it would be
necessary to block young mothers’access to mHealth apps after
treatment to guide against misuse. Both caregiver and young
mother FGD groups wanted the application attractive and
interactive in order to engage young mothers and encourage
usage.

Discussion

Principal Findings
Interventions based on behavioral theory use have proven to be
more effective than theoretical approaches [30,31] allowing for
a deeper understanding of the subjective dimension of the
process [32].

To our knowledge, this is the first UCD approach assessing the
feasibility of mobile app-based depression intervention for
adolescent mothers, while also identifying factors to mitigate
possible challenges to use by young mothers in Africa. Our
study population (mean 17.3, SD 0.9 years) was adequately
educated (mean 10.6, SD 1.9) contrary to findings in previous
studies where perinatal adolescents were mostly uneducated
[33,34].

On the whole, young mothers’ and health workers responded
positively to a video-based mHealth app used to manage
adolescent perinatal depression [35]. This response could be an
inference that there may be a high rate of adoption of such
interventions in the future. A significant strength of the study
is the participation of key stakeholders who were part of a recent
trial. Contrary to a previous report on insufficient knowledge
of mHealth use among clinicians in Nigeria [36], this study’s
primary health care providers were knowledgeable and currently
engaged in mHealth use for different health purposes.

Perinatal adolescents had a sense of personal agency
(self-efficacy) with respect to using the mHealth app, which
was indicative of them having the skills and abilities necessary
for performing the behavior under a variety of circumstances.
This self-efficacy in young mothers is ultimately linked to their
general level of education in young people in Nigeria, which is
a result of basic universal education in the country [37].

Young mothers and care providers noted several positive
outcome expectations as advantages of application use. Both
groups agreed that this mode of digital health service provision
could keep young mothers in contact with care as they navigate
personal- and clinical-level barriers to care [38]. The general
response supported the enthusiasm of young people for
technology, which increases the likelihood of their engagement
with it and its usefulness for depression care in the group. This
finding is supported by a recent survey of the current use of
mobile phones among young people in Nigeria, which reported
the broad willingness of young mothers to engage in technology
use for mental health care [4]. Based on the values and
expectations of the young mothers’ who reported watching
videos on Facebook to entertain themselves, the idea of a
video-based application therefore presented something familiar
with their current pattern of entertainment, thereby increasing
the likelihood of future use.

The young mothers identified the influence of social support in
mediating behavior change [39,40] identifying both parents,
partners, and health care providers as key stakeholders [24] in
a mHealth intervention design for this population with
depression. The importance of warning young mothers of the
dangers of application sharing and uninstalling the mobile app
after completion of treatment were potential ways to prevent
misuse of mobile apps by patients. As in previous findings, the
risks associated with patients sharing electronic health
information with other users were an identified challenge [41].

Study Finding Through an SCT Lens
Unlike other cognitive development theories, SCT incorporates
a 3-way relationship between individuals, their self-regulating
process of efficacy, and their social circumstances. In this study,
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we understand that supportive personal factors and the ability
to engage in application use for depression care are insufficient
for adoption given the limitations that can occur on the social
level. Misunderstanding from parents and partners of its
purposes for entertainment rather than for therapy is a main
hindrance. This might be more so the case if adolescent mothers
spend time away from participating in household activities due
to mHealth use, or if parents suspect it is being used for other
reasons such as “texting of boyfriend” or “playing games.” This
necessitated the need for care providers to adequately engage
parents, guardians, and partners on the health benefits of
mHealth solutions for mental health care and to prepare them
for assisting young mothers with future challenges that they
might encounter in its use. Such applications in the future also
can entail tools for health care providers, parents, and partners,
which can help mitigate clinical- and family-level stresses. A
combined intervention strategy of mHealth and face-to-face
care is a model that provides an opportunity to reduce parents’
misconceptions about application use through interactions
between care providers and patients’ relatives.

Limitations
Data were collected from participants who were part of an
ongoing clinical trial on perinatal depression that used mHealth

and their current knowledge might have influenced their
responses. For this reason, this study result might not be
generalizable to views of all care providers or perinatal
adolescents. Also, the transferability of the study finding is
limited by the fact that young mothers in low-resource settings
are majorly students or low-income earners and therefore might
not all be able to afford smartphones if after a trial stage the
intervention is found to be successful. Despite these limitations,
this study provides useful information on how to mitigate
identified barriers to adopting an mHealth app for adolescent
perinatal depression in primary care.

Conclusions
Young mothers expressed excitement at the use of mHealth
technology to manage perinatal depression. Real-life challenges,
however, need to be attended to for successful implementation
of such interventions. We found that care providers and relatives
of young mothers are vital stakeholders in the success of a
mHealth mental health management plan to manage depression
in young mothers. Our results reinforce the need for
management plans that combine face-to-face care in adopting
mHealth in young mothers’ mental health interventions.
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Abstract

Background: Food insecurity (FI) is a risk factor for type 2 diabetes (T2D) that disproportionately affects Latinas. We conducted
a microlongitudinal study to examine the relationship of monthly cycling of FI and diabetes risk factors.

Objective: This study aimed to determine the quantitative methodology, recruitment and retention strategies, predictors of
retention across time, and baseline sample demographics.

Methods: Participants were adult Latinas living in Hartford, Connecticut who were recruited through a community agency,
invited to participate if they were receiving Supplementary Nutrition Assistance Program (SNAP) benefits, screened positive for
FI using the 2-item Hunger Vital Sign Screener, and had elevated risk factors for T2D using the American Diabetes Association
risk factor test. Using a microlongitudinal design, we collected data twice per month for 3 months (week 2, which is a period of
food budget adequacy; and week 4, which is a period of food budget inadequacy) to determine if the monthly cycling of FI was
associated with near-term diabetes risk (fasting glucose, fructosamine, and glycosylated albumin) and long-term risk (BMI, waist
circumference, and glycated hemoglobin) markers. We determined whether household food inventory, psychological distress,
and binge eating mediated associations. We examined Health Action Process Approach model constructs. To assess the relationship
between monthly cycling of FI with diabetes risk markers, we used repeated measures general linear mixed models. To assess
the role of mediators, we performed a causal pathway analysis.

Results: Participant enrollment was from April 1, 2021 to February 21, 2023. A total of 87 participants completed 420 assessments
or a mean of 4.83 (SD 2.02) assessments. About half (47/87, 54%) of the sample self-identified as Puerto Rican, mean age was
35.1 (SD 5.8) years, with 17.1 (SD 11.6) years in the mainland United States. Just under half (41/87, 47.1%) spoke Spanish only,
69% (60/87) had no formal schooling, and 31% (27/87) had less than eighth grade education. Modal household size was 4 including
2 children; 44.8% (39/87) were not living with a partner. About half (47/87, 54%) were unemployed, 63.2% (55/87) reported a
monthly income <US $1000, and 63.2% (55/87) used food pantries. In total, 61 participants (70.1%) completed all 6 assessments.
On Pearson correlation analysis, having internet at home and having a tablet at home were associated with a higher number of
completed assessments.

Conclusions: This study demonstrated how FI cycles over the month and whether and to what degree the cycling itself is related
to the risk for T2D development, as well as the evidence for some putative mechanisms of this association that can serve as future
intervention targets including SNAP disbursement schedules.

(JMIR Form Res 2025;9:e66970)   doi:10.2196/66970
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Introduction

Latinas have nearly double the rates of type 2 diabetes (T2D;
11.3%) compared with non-Hispanic white women (6.1%) [1].
This health inequity is not fully understood. Prediabetes, a
condition in which a person’s blood glucose levels are higher
than normal but do not reach the cutoff for diabetes, is a
significant risk factor for developing T2D. In the United States,
more than one-third of Latinas meet at least 1 American
Diabetes Association criterion of prediabetes, and those younger
than 45 years merit immediate attention for the prevention of
advancing to full diabetes [2].

A risk factor for T2D that disproportionately affects Latinas is
food insecurity (FI). A novel risk factor is the monthly cycling
of food insecurity, an issue that has been notably understudied.
FI is the limited or uncertain availability of nutritionally
adequate and safe foods or the ability to acquire acceptable
foods in socially acceptable ways [3,4]. In 2023, 13.5% (18.0
million) of US households were food insecure at least some
time during the year [5]. Rates of FI were higher than the
national average for households with children and particularly
households with children headed by single adults,
Hispanic-headed households, and households in principal cities.

FI has been associated with overweight or obesity,
cardiometabolic disease, and T2D [6-8]. FI may influence
diabetes risk in several ways. First, it may affect diet by
promoting dependence on inexpensive, highly palatable foods
that are energy dense, which are associated with weight gain
and promote the development of chronic conditions [9]. Second,
women in food insecure households may have elevated mental
distress as a result of their central role in food acquisition and
preparation for their families. The rates of depression and
anxiety are higher among food insecure mothers, and among
Latinos living in poverty [10]. Third, FI may affect emotional
eating [11,12], the tendency to eat or overeat in response to
negative emotions. Emotional eating has repeatedly been linked
to overweight and obesity due to cycles of restriction and binge
eating [12], resulting in fluctuations of meal size and frequency
that contribute to weight gain.

A useful theoretical framework for describing the sociocognitive
processes involved in health behaviors, such as fruit and
vegetable intake, is the Health Action Process Approach
(HAPA) model [13]. HAPA constructs include risk awareness,
outcome expectancy, self-efficacy, intention, action planning,
and coping planning. Understanding these constructs among
Latinas in relation to FI may inform behavioral approaches for
this population.

Most studies of FI have used cross-sectional or multiwave
longitudinal designs, referencing the past 30 days, 3, 6, or 12
months, and have not captured the weekly ebb and flow of
access to food, which may be crucial for understanding the role

of FI as a diabetes risk factor, and for designing interventions.
Yet, it has been hypothesized that among households that receive
Supplemental Nutrition Assistance Program (SNAP) benefits,
FI is not stable but cycles over the course of the month [14].
SNAP benefits are distributed in the beginning of the month
and may not be sufficient to attenuate or prevent FI by the end
of the month [15]. A small number of studies have shown that
SNAP benefits lasting less than a month is a predictor of poor
dietary quality and health outcomes [16] but this has not been
studied in our population of interest. Our hypothesis is that FI
cycling over the course of a month is detrimental to women’s
health and is a risk factor for T2D.

Descriptive and formative research is crucial to address this
potentially serious public health problem. Therefore, this
innovative study aims to document FI occurrence over the month
and test whether FI is associated with increases in diabetes risk
markers in Latinas. Using a microlongitudinal design to capture
the disbursement cycle of SNAP benefits, we collected data
twice per month, the second week of the month which we
expected to be a period of food budget adequacy and the fourth
week of the month, which we expected to be a period of food
budget inadequacy. We repeated this schedule for 3 months.

The first aim of the study was to determine if the monthly
cycling of FI is associated with diabetes risk biomarkers. We
hypothesized that compared with week 2 (food secure: period
of food budget adequacy), week 4 (food insecure: period of
food budget inadequacy) will be characterized by higher
near-term diabetes risk biomarkers, that is, fasting glucose,
fructosamine, and glycosylated albumin. We also hypothesized
that compared with participants with little change in FI,
participants with greater weekly changes in FI will have higher
long-term metabolic risk markers for T2D (BMI, waist
circumference, and glycated hemoglobin, HbA1c).

The second aim of the study was to describe the monthly cycling
of household food inventory, eating behaviors, HAPA
constructs, and distress. We hypothesized that compared with
week 2 (food secure: period of food budget adequacy), week 4
(food insecure: period of food budget inadequacy) will be
characterized by more eating disturbance (emotional eating and
binge-eating), poorer diet quality (fat, sugar, fruit, and
vegetables), and increased psychological distress (depression
and anxiety symptoms; Figure 1). Changes in HAPA constructs
over time are described. To our knowledge, this is the first
microlongitudinal study to investigate FI cycling over time.

Longitudinal designs with multiple assessments can pose
research burden on participants and are difficult to conduct in
low-resourced populations. The aims of this paper are to report
our quantitative methodology, to describe our recruitment and
retention strategies, to examine predictors of retention across
the 6 timepoints, and to report baseline demogrraphics for the
sample.
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Figure 1. Conceptual framework for the Food Insecurity Cycling study (Hartford, Connecticut, enrollment 2021‐2023).

Methods

Design
This study used a microlongitudinal design with 6 observations
across 3 months.

Participants
Eligibility criteria are shown in Textbox 1.

Textbox 1.

Inclusion criteria

• Age 18‐44 years.

• Self-identify as Latina.

• Self-identify as a woman.

• Hartford area resident.

• Currently receiving Supplementary Nutrition Assistance Program (SNAP) benefits.

• Read and write in Spanish or English.

• Access to a smart phone to complete assessments.

• Screen positive for food insecurity per validated 2-item food insecurity screen [17,18] and at high risk for diabetes per standard criteria [19,20]
(a score ≥4 indicates elevated risk for Hispanics). We studied adult Latinas of childbearing years because data suggest that they may prioritize
nutrition for their children over their own nutrition [21].

Exclusion criteria

• Currently or recently pregnant or planning to become pregnant in the next 3 months (because of potential changes to nutrition benefits with
pregnancy).

• Self-reported diabetes, kidney, or liver disease (because of nutritional requirements for management of those conditions).

• Positive screen for current substance abuse or dependence (to decrease attrition).

• Self-reported vasovagal syncope while undergoing phlebotomy (ie, history of feeling light-headed, dizziness, hot, sweaty, or fainting, to reduce
medical urgencies associated with home phlebotomy).

• Living at a shelter (because women in a shelter do not have their own reliable food storage space).

• Those with previously undiagnosed diabetes who were identified at baseline as having unequivocal extant diabetes were excluded due to differences
in cardiometabolic function and referred for treatment.

Setting
As a US state, Connecticut is predominantly white, but its capital
city of Hartford is largely Latino. Consistent with national data,
Latinos in Connecticut have a significantly higher rate of
diabetes than their white counterparts [22]. The study was led
and coordinated by UConn Health and implemented in close
partnership with the Hispanic Health Council (HHC) that used
the study’s 2 bilingual and bicultural community health workers
(CHWs). HHC is a community-based research, service, training,

and advocacy organization headquartered in Hartford. This
institutional partnership was built from a trusting relationship
built over years of successful collaboration between UConn
Health, Yale School of Public Health and HHC co-designing
and implementing research studies using CHWs [23].

Recruitment
A comprehensive staff training program was developed and
delivered for HHC recruiters and data collectors, including a
core manual to support fidelity to the assessment procedures
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and study protocol. CITI-trained, bilingual and bicultural
recruiters distributed a recruitment flyer across HHC programs
serving the study’s target population. The recruitment flyer
briefly described the study and informed intersted individuals
to call the recruiters. Programs included the Santa Marquez
Special Supplemental Nutrition Program for Women, Infant,
and Children Program (WIC) Center, which serves to safeguard
the health of low-income women, infants, and children up to
age 5 who are at nutritional risk. The recruitment flyer was also
posted in the HHC social media platforms (ie, Hispanic Health
Council Facebook, Instagram, and Twitter pages). HHC staff
also distributed flyers at health fairs, Hartford mobile markets,
community health agencies, local convenience stores, and local
daycare centers and it was mentioned on Spanish-language
radio. Recruitment also took place at local food pantries that
serve the target community. Foodshare is the largest antihunger
organization in the Greater Hartford area, with a network of
food pantries, meal programs, and mobile foodshare sites.

Screening and Enrollment
Eligibility screening was conducted by the CHW recruiters.
Due to local rates of COVID-19 infection during the recruitment,
most screening took place by phone, and some in a private room
at the HHC. These sessions were scheduled through a virtual
scheduling calendar accessible only to team personnel. The
recruiters asked questions ascertaining the inclusion and
exclusion criteria.

Screening Measures
Demographic and clinical inclusion and exclusion criteria were
self-reported. The 2-item Hunger Vital Sign FI screener was
used to detect likely FI [17]. The 2 questions were “In the past
3 months, have you or other adults in your household worried
whether your food would run out before you got money to buy
more?” and “In the past 3 months, has the food you or other
adults in your household bought just didn’t last and you didn’t
have money to get more?” Response options were “yes,” or
“no.” A response of “yes” to either question met study inclusion
criteria for food insecurity [17].

The American Diabetes Association risk test was used to
determine elevated risk for developing T2D. It includes seven
self-report questions (total score of 0‐11) on age, gender,
gestational diabetes mellitus, family history of diabetes, high
blood pressure, physical activity, and obesity (based on BMI
through a weight-height chart). The American Diabetes
Association uses a cutoff of 5 or higher to indicate increased
for diabetes. In this study, since all participants endorsed FI,
which is itself a novel risk factor for diabetes, a score of ≥4 was
required for inclusion [19,20].

The 4-item CAGE-AID (CAGE Adapted to Include Drugs)
screener [24] was used to detect likely alcohol and substance
abuse. A score of 2 is recommended as a positive screen for
alcohol or substance abuse and indicates a potential problem

that warrants further assessment by a health care professional;
a score of 2 or higher excluded a recruit from participation.

Assessment Procedures and Incentives
After obtaining consent to participate and HIPAA (Health
Insurance Portability and Accountability Act) authorization,
physical assessments were conducted in the participant’s
preferred language (English or Spanish), at the HHC.
Participants had their weight, height, waist, and hip
circumferences measured and were asked to provide fasting
blood samples. Assessments were performed early morning (ie,
before 9 am) to obtain fasting blood samples (30 ml). Study
phlebotomist from HHC took blood samples from an antecubital
vein, using sterile technique. Samples were then promptly
transported by trained personnel, compliant with HIPAA and
biohazard regulations, in an ice chest to UConn Health Clinical
Research Center for processing and analysis. There, blood
samples were aliquoted. One aliquot went to UConn Health
Hospital Clinical Laboratory for immediate assessment of
glucose. The remaining aliquots went to the UConn Health
Clinical Research Center where they were centrifuged and stored
at −80°C until analyzed for all other assays described below.

Following the baseline assessment, participants provided data
at 2 time points per month for 3 months, in order to capture the
disbursement cycle of SNAP benefits. Participants received
cash compensation for participation, US $15 at each timepoint
for each blood draw and US $10 for surveys, totaling US $150.

Retention Efforts
Because the temporal cycling of food insecurity over time is
central to our research question, retention of this
difficult-to-reach population was of utmost importance. Several
community-engaged efforts were made to retain participants
including the following: (1) Socializing the participant to the
research endeavor for the community and describing the
importance of each data collection timepoint; (2) Maintaining
updated contact information for participants and a designated
secondary contact person; (3) Speaking in the participant’s
preferred language and fostering good rapport between CHWs
and participants; (4) responding fully, genuinely, and in a timely
manner to any participant concerns; (5) phone and text reminders
for study appointments; and, (6) offering financial compensation
for time spent on study activities.

Measures
Next, participants were scheduled for a baseline assessment.
Due to COVID-19 social distancing mandates, the majority of
the survey instruments were collected over the phone by trained
bilingual interviewers who entered participant verbal responses
into REDCap (Research Electronic Data Capture) [25] on
large-screen electronic tablets. For all self-report surveys,
response options referenced the preceding 7-days. Refer to Table
1 for data collection timeline.
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Table . Measures and assessment schedule.

Month 3aMonth 2aMonth 1aPredictor

Week 4Week 1Week 4Week 1Week 4Week 1

✓✓✓✓✓✓Food securityb

(past 7 days time-
frame)

Covariates

N/AN/AN/AN/AN/Ac✓Demographics

✓✓✓✓✓✓SNAPd benefits

Mediators (past 7
days timeframe)

✓✓✓✓✓✓Nutritione

✓✓✓✓✓✓Distress (symptoms
of anxiety and de-
pression)

✓✓✓✓✓✓Sleep quality

Outcomes (short-
term)

✓✓✓✓✓✓Fasting blood glu-
cose and insulin

✓✓✓✓✓✓Fructosamine

✓✓✓✓✓✓Glycosylated albu-
min

Outcomes (long-
term)

✓N/AN/AN/AN/A✓BMI

✓N/AN/AN/AN/A✓Waist and hip cir-
cumference

✓N/AN/AN/AN/A✓HbA1c

aSNAP benefits are made available on the electronic benefits transfer card from the 1st to the 3rd of every month, based on the first letter of the client’s
last name. Data for week 1 were collected the week after food purchasing, during food abundancy; Week 4 data were collected before the next scheduled
SNAP benefit disbursement, during food scarcity.
b15-item US Household Food Security Survey Module.
cN/A: not applicable.
dSNAP: Supplementary Nutrition Assistance Program.
eNutrition measures included food frequency questionnaire, household food inventory, HAPA model constructs, emotional eating, and binge eating.

Participant Characteristics at Baseline
Demographics included age (18‐24 years), language (English
only, English and Spanish, or Spanish only), education (no
formal schooling, eighth grade or less, some high school, high
school graduate or GED [General Educational Development
high school equivalency examination], some college, associates
degree, or finished 4 years of college), employment (working
full time or part time, unemployed, student, or homemaker),
relationship status (living with a spouse or partner or not living
with a spouse or partner), household composition (mother,
father, mother-in-law, father-in-law, boyfriend/ or spouse, own
children, sisters/, brothers, or others), and years living in the
United States (free response). Financial strain was measured on
a 5-point Likert scale [23] from 1= “We have enough and we
can save” to 5 = “We don’t have enough and we have great

difficulties.” Digital connectivity was measured with questions
regarding whether the participant had internet and access to a
computer and a tablet in the home, with response options yes
or no.

Food Insecurity
Household food insecurity was assessed using a 15-item adapted
and validated version of the original 18-item US Household
Food Security Survey Module for pregnant Latinas [26,27]. The
module captures the experience of anxiety regarding household
food supplies, inadequate food quality and reduced food intake.
This measure is validated in English and Spanish.

Nutrition Assistance
Participants reported how much in food stamps (SNAP) benefits
they received per month, whether benefits were received once
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or twice per month, how many weeks the benefits last, whether
and how much others in the household receive SNAP, and
whether and how much the participant received from WIC.

Food Frequency Questionnaire
Diet quality was measured with the Spanish and English versions
of the Block Fat, Sugar, Fruitt, Vegetable Screener, a 55-item
food frequency questionnaire shown to have good reliability
and validity [28,29]. Participants were instructed how to access
and enter data through a link sent to them through email. Visual
aids were uploaded in REDCap as images to help participants
with portion size estimations [30].

Emotional Eating
The Emotional Eating subscale of the Three Factor Eating
Questionnaire R18-V2 [31,32] assesses emotional eating. This
subscale was validated in English and Spanish among Latinos
of various Latino heritages [33]. The Spanish-language version
[34] of the Questionnaire on Eating and Weight Patterns‐5 is
a screening instrument for binge eating. It assesses
eating‐disorder–behaviors and attitudes that align with
DSM‐5 diagnostic criteria [35].

Psychological Distress
The validated Spanish version 8-item scale of the
Patient-Reported Outcomes Measurement Information System
emotional anxiety scale (Short Form 8a) assesses anxiety
symptoms [36,37]. The validated Spanish version of the Personal
Health Questionnaire Depression Scale (PHQ-8, ie, the PHQ-9
without the suicidality item) [38,39] assesses depressive
symptoms. The suicidality item was omitted to avoid CHWs
being required to respond to mental health urgencies in the field.

Sleep Quality
Sleep quality was measured with the Pittsburgh Sleep Quality
Index (PSQI) [40]. The PSQI consists of 19 items that produce
a global sleep quality score as well as individual items such as
usual bedtime, wake-up time, actual hours slept, number of
minutes to fall asleep, and nighttime awakenings. Global PSQI
score was estimated for each participant as described previously,
and as analyzed by our [41] team.

Health Action Process Approach Constructs
Questions were structured to assess motivational and volitional
phases of the HAPA model as they pertain to eating behaviors.
Specific items were adapted from previous studies of Latinas
of childbearing age [42,43]. Four items tapped into risk
awareness, for example, “If you continue with your current
eating pattern, how likely is it that you will develop diabetes?”
Response options were very unlikely, unlikely, likely, and very
likely. Five items tapped into outcome expectancy, for example,
“How true is it if you are able to improve and maintain healthier
eating patterns, you will prevent diabetes?” Response options
were not at all true, somewhat true, mostly true, and very true.
Four items tapped into self-efficacy, for example, “I am certain
or confident that I am able to improve my eating patterns, even
if I have to make a detailed plan to have appropriate food
available (on a food budget).” Response options were not at all
true, somewhat true, mostly true, and very true. Three items
tapped into intentions, for example, “During the next month,

do you intend to increase the amount of vegetables you eat?”
Response options were very unlikely, unlikely, likely, and very
likely. Four items tapped into action planning, for example, “Do
you have a plan of when you will go about eating more fruits
and vegetables?” Response options were yes or no. Three items
tapped into coping planning, for example, “Do you have a plan
of how to incorporate more fruits and vegetables into your daily
routine?” Response options were not at all, somewhat, or
definitely.

Household Food Inventory
Participants completed a revised version of a home food
inventory that has been validated in low-income Hispanic or
Latinx households [44-46]. Participants completed the inventory
themselves through REDCap [25]. Response options for each
food were yes or no. Participants were instructed how to access
and enter data through a link sent to them through email.

Anthropometrics
Weight was measured using a Seca Digital Scale and height
was measured through a Seca Portable Stadiometer. Height was
measured to the nearest 1 cm with the participant’s head
positioned in the Frankfurt horizontal plane. Weight was
measured to the nearest 0.1 kg. The average of 2 trials was used
for both height and weight, unless measures were separated by
a minimum of 1 cm or 0.5 kg, in which case, 2 more measures

are taken. BMI (kg/m2) was calculated from height and weight.
Waist circumference was measured twice at the umbilicus and
hip circumference at the buttocks (nearest 0.5 cm).

Glucometrics
Fasting glucose reflects the body’s ability to regulate glucose
in the absence of any glycemic challenge (ie, food). It is a strong
predictor of incident T2D. Fasting glucose was analyzed at the
UConn Health clinical laboratory. Fasting insulin was analyzed
at the UConn Health Clinical Research Center with a kit from
Siemens Healthcare Diagnostics (Los Angeles, California). It
has a reference range median of 8.9 uIU/mL, sensitivity of 2
uIU/mL, and inter- and intrarun coefficients of variation (CVs)
of 2.5 and 3.6, respectively. Fructosamine reflects the
physiology of glucose in the extracellular space and has a short
half-life, reflecting glycemia over 2‐4 weeks, ideal to address
glycemia over intervals of several weeks. Fructosamine
measures the fraction of total serum proteins that have
undergone glycation. Assays were run at the UConn Health
Clinical Research Center using a kit from ARUP laboratories
(Salt Lake City, Utah) with an assay range 170‐285 μmol/L.
Glycosylated albumin is formed by glycation of serum albumin.
Several large, prospective studies have found that fructosamine
and glycated albumin, a protein formed when glucose (sugar)
binds to albumin, is a test that reflects short-term glycemia,
predict conversion to T2D [47] with some studies demonstrating
this effect even after controlling for baseline fasting glucose
and HbA1c [48]. Glycated albumin was analyzed in serum at
the UConn Health Clinical Research Center using a kit from
MyBioSource Inc, San Diego, California. The assay has a range
of 0.626‐20 mg/mL, with a sensitivity of 0.1 mg/mL. Intra-
and interassay CVs are less than 15%.
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Glycemia
HbA1c was measured in the UConn clinical laboratory using
high pressure liquid chromatography. In this laboratory, HbA1c

shows the following coefficients of variation for normal and
high values: level 1 mean=5.51%, CV=3.3 based on n=320, and
level 2 mean=9.01%, CV=3.2 based on n=304.

Insulin Resistance
Glucose was reported in mg/dL and insulin was reported in
uiU/mL. Log transformed homeostatic model assessment of
insulin resistance (logHOMA-IR, Homeostatic Model
Assessment of Insulin Resistance) was calculated from fasting
glucose and insulin values according to the standard formula:
log(fasting glucose × fasting insulin)/405 [49].

Sample Size and Power Analysis
Considering insulin resistance as our primary outcome, a
previous study by our team provided data for a power analysis
based on insulin resistance among persons at risk for T2D [50].
In that study, the SD for logHOMA-IR was approximately 0.3
and we expected to see a difference in logHOMA-IR of 0.4
between FI and food security, and a difference of 0.5. Our
targeted sample size of n=100 would have 99% power to detect
a main effect of FI, 96% power for mental distress and 87%
power for the (FI × distress) interaction in a regression model
using a 2-sided α of 0.05.

Planned Data Analysis
Summary statistics will be used initially to present the results
from the categorical and continuous variables. Skewness,
kurtosis, and potential outliers will be examined and if needed
transformations or categorical variables will be created. The
internal consistency of self-report measures will be assessed by
Cronbach α.

To assess the relationship between monthly cycling of FI with
diabetes risk markers, we will use repeated measures general
linear mixed models. With 3 months of data, collected at weeks
2 and 4, depending on the distribution of for each outcome
variable, the most appropriate distribution and link function
will be chosen. In separate analyses it will be possible to divide
the sample by frequency of benefits (ie, once vs twice monthly
benefits) and include a dummy variable to evaluate the effects
of frequency of benefits in the statistical models. It will also be
possible to divide the sample into food secure, intermittent and
persistent FI based on longitudinal studies using this approach
[51].

To assess the hypothesis that psychological distress, diet, and
eating disturbance mediate the relationship between FI and
diabetes risk, we will perform a causal pathway analysis. We
are interested in examining whether there is a change in our
mediators over time, and if so, whether this change significantly
leads to a change in diabetes risk markers. For this we will
conduct dynamic mediation using latent change (difference)
score mediation analysis [52,53].

For food frequency measures, linear regression models will
compare food security status on household food availability.
Spearman rank-order correlations of total inventoried availability

of fruit and vegetable servings with the food frequency
questionnaire will be conducted. We plan to use “GENMOD”
or “MIXED” procedures in SAS (SAS Institute), or similar, for
regression models and MPLUS software (Muthén & Muthén),
or similar, for the mediation causal pathway analysis.

Ethical Considerations
If a recruit was not excluded, then recruiters obtained verbal
consent, collected contact information, and scheduled the first
visit at HHC. During this first visit, the recruiters obtained
written informed consent. Participants were given a signed,
dated copy of the informed consent form for their records and
the recruiter kept the original, signed, dated copy. All verbal
and written study materials, including recruitment materials and
informed consent forms, were provided to the participants in
their preferred language (English or Spanish). Self-report
measures and their response options were pilot tested for
readability, understanding, logic, flow, cultural relevance, and
face validity by 5 Spanish speakers and 5 English speakers at
the Hispanic Health Council. The final assessment battery was
deemed appropriate by the research team. This protocol was
approved by the UConn Health Institutional Review Board
Study 21-045OS-1 and HHC agreed for UConn’s Health
Institutional Review Board to be the institutional review board
of record. All procedures were conducted according to the
Declaration of Helsinki. Incentives were calculated to
compensate participants for the time spent in study-related
activities but were not coercive in a sample that screens positive
for food insecurity (refer to Assessment Procedures and
Incentives).

Results

As can be seen in the diagram in Figure 2, 845 potential
participants were screened. The majority (n=685) were not
eligible, the most common exclusions being because they did
not receive SNAP benefits (n=229), were outside of the age
range (n=155), had extant diabetes (n=90), or did not have
elevated risk for type 2 diabetes (n=83). Of the 160 participants
who were eligible, 73 declined with the most common reasons
for declining being lack of time, lack of transportation, and
concerns about COVID-19 pandemic. A total of 89 participants
were consented and completed baseline blood assays but 2
withdrew immediately afterwards; 87 of them went on to be
enrolled.

As can be seen in Table 2, just over half (54%) of the sampled
self-identified as Puerto Rican, mean age was 35.1 (5.8) years,
with 17.1 (11.6) years in the mainland United States. Just under
half (47.1%) spoke Spanish only, 69% had no formal schooling
and 31% had less than eighth grade education. Modal household
size was 4 including 2 children, and 44.8% were not living with
a partner. About half (54%) were unemployed, 63.2% reported
a monthly income <US $1000 and 63.2% used food pantries.

Overall, participants completed 420 assessments or mean=4.83
(SD=2.02) assessments. Of the 87, 70.1% (n=61) completed all
6 assessments. Results of Spearman’s correlations show that
higher number of assessments completed was associated with
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having internet in the home (r=0.27, p=.01) and there was a statistical trend for having a tablet in the home (r=-0.20, p=.07).
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Figure 2. CONSORT diagram for the food insecurity cycling microlongitudinal study Hartford, Connecticut, enrollment 2021‐2023.
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Table . Demographic characteristics (n=87).

ValuesCharacteristics

Ethnicity n (%)

47 (54)    Puerto Rican

40 (46)    Non-Puerto Rican

35.1 (5.8) (18-44)    Age, mean (SD), range (min-max)

People Living in Home, n (%)

1 (1.1)    1

7 (8)    2

21 (24.1)    3

24 (27.6)    4

23 (26.4)    5

11 (12.6)    6+

Children in home, n (%)

5 (5.7)    0

16 (18.4)    1

30 (34.5)    2

24 (27.6)    3

12 (13.7)    4+

17.1 (11.6) (0.3-43.3)Years in United States, mean (SD), range
(min-max)

Language spoken, n (%)

46 (52.9)    English and Spanish

41 (47.1)    Spanish only

Education, n (%)

60 (69)    No formal schooling

27 (31)    Eighth grade or less

Relationship status, n (%)

48 (55.2)    Living with spouse or partner

39 (44.8)    Not living with partner

Employment status, n (%)

39 (44.8)    Employed

47 (54)    Unemployed

1 (1.1)    No answer

Household income ($), n (%)

55 (63.2)    0-1000

32 (36.8)    1000 or more

Financial strain, n (%)

13 (14.9)    Have enough and save

48 (55.2)    Have just enough

25 (28.7)    Not enough, with difficulties

1 (1.1)    No answer

Financial assistance, n (%)

3 (3.4)    Cash
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ValuesCharacteristics

55 (63.2)    Food Pantries

5 (5.7)    Soup Kitchen

15 (17.2)    Supplemental security income

54 (62.1)    Title 19/Medicaid

16 (18.4)    Section 8 housing

35 (40.2)    Nutrition for women, infants, children and
children (WIC)

4 (4.6)    Other (housing and diapers)

Digital connectivity, n (%)

82 (94.3)    Internet in the home

39 (44.8)    Tablet in the home

37 (42)    Computer in the home

Discussion

Principal Findings
The main findings reported here are that the study successfully
recruited and retained a sample of the target population. There
was excellent participation over time with 71% of the sample
completing all 6 assessment timepoints. Participants were able
to complete assessments using only their smart phones by cell
phone service. Nonetheless, higher completion of assessments
was associated with having internet and a tablet at home. This
may reflect ease of connectivity (rather than access to
connectivity) or a familiarity with technology that was
advantageous. Other indicators of socioeconomic status (income
and educational attainment) were not associated with number
of assessments completed. As in other parts of the United States,
digital inequity in Connecticut persists across race and ethnicity,
income and education [54]. The surprisingly high rate of internet
observed in this sample of Latinas who screened positive for
food insecurity was likely due to assistance during COVID-19
pandemic for internet connection in the home. Future studies
may achieve even higher rates of participation by providing
tablets or internet service to participants, but the expense and
ethical dilemmas of terminating internet service at the end of
the study makes this approach potentially problematic.

This study was conducted during the COVID-19 pandemic.
Social distancing requirements presented numerous challenges
especially for recruitment, retention, and data collection. The
study team remained flexible regarding format for assessments
(telephone, Cisco WebEx, or in person when it was safe to do
so) and strived to balance standardization with participant
preference and evolving public health guidelines.

The innovative study protocol presented here will provide a
comprehensive description of how FI is related to SNAP
distribution, as well as, importantly, whether and to what degree
FI cycling itself is related to risk for T2D. Furthermore, the
study will provide early evidence for some putative mechanisms
of this association, including contextual mechanisms such as
household food availability, psychosocial mechanisms such as
symptoms of depression and anxiety, and behavioral

mechanisms such as distress-related binge eating. Each of these
findings may suggest potential intervention targets.

Novelty
Food insecurity is a known risk factor for onset of new T2D
[55]. However, we postulate that food insecurity is not static;
rather, it varies according to access to food which is largely
driven by the reductions in the amount of money available from
social assistance programs (including SNAP) over the course
of the month in some instances with families finding themselves
with hardly any economic resources left for food or other basic
needs by the last week of the benefits monthly cycle. This
cycling has been hypothesized in the literature [56] yet
microlongitudinal data regarding FI cycling is not available, as
far as we know (eg, [57]). Furthermore, we propose that this
cycling is related not only to household food inventory, but also
to distress and distress-related eating behaviors. Our group has
documented that FI is associated cross-sectionally with higher
symptoms of depression, anxiety, and stress hormones as well
as lower sleep quality [41]. Yet it remains unknown whether
FI and emotional distress covary over time.

Another novel contribution of this study is the procedure for
the household food inventory. We taught participants to
complete the inventory checklist themselves using REDCap
[25]. Participants were instructed how to access and enter data
through a link sent to them through email. Lessons learned
regarding the feasibility of the method, and its fidelity, will be
important to inform future studies using household food
inventories with hard-to-reach populations, or studies when
home visits by researchers are not possible due to pandemic,
natural disaster, or other situation that disrupts home visits. We
pilot tested items and omitted the items in the checklist that
were not understood. However, were unable to conduct true
fidelity checks to compare the participant responses with CHW
responses, because the university protocols were not allowing
home visits for research purposes. If found to be feasible and
reliable, this method may also be more efficient for research
teams and perhaps preferable for participants.
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Limitations
There are several limitations to this study. There is no
experimental manipulation, so, whereas the longitudinal design
can establish temporal precedence, no conclusions about
causation can be drawn. This study was conducted during the
COVID-19 pandemic. SNAP benefits since early 2020 have
been affected by temporary pandemic-related benefit increases;
an adjustment to the Thrifty Food Plan, upon which SNAP
benefits are based, and higher-than-normal cost-of-living
adjustments to reflect high food price inflation. Thus, findings
may be influenced by changes to SNAP benefits during
COVID-19 pandemic. COVID-19 pandemic also delayed and
then paused the study, thus hindering recruitment. Data
collection therefore took longer than anticipated and we fell
short of our enrollment target by 13 participants. Future research
with larger sample sizes should explore interactions between
the exposure (FI) and mediators (psychological distress, diet,
and eating disturbance) on outcomes (biomarkers of diabetes
risk). Finally, the generalizability of our findings will need to
be tested in other populations (eg, men, non-Latinos, or other
parts of the country).

Limitations are balanced by the strengths of this study. The
microlongitudinal design allows investigation of the temporal
unfolding of covariance between FI and outcomes of interest
over time. Home-based methods, particularly household food
inventories, greatly improve contextual validity of assessments.
The study affords the opportunity to confirm or assess the
validity of certain measures in a Latina population, such as the
Block Fat, Sugar, Fruit, and Vegetable Screener food frequency
questionnaire. The population is high-risk and difficult-to-reach.
Our procedures leverage the rigor and resources of a university
medical center with the experience, knowledge, and reach of a
community-based organization. Use of CHWs for recruitment,
retention, and data collection improves trust and legitimacy in
t h e  t a r g e t  p o p u l a t i o n .  M u l t i l e v e l
bio-behavioral-psychosocial-contextual assessments are a
particular strength. If our hypotheses are not refuted and this

line of research goes on to establish causal pathways,
interventions to disrupt the cycling of FI may prove beneficial
for Latina health.

Conclusions
Results of this study may have potential policy implications. In
2022, 375,400 Connecticut residents, or 10% of the state
population, received SNAP benefits [58]. More than 50% of
recipients were in households with children and more than 37%
were working families. Findings of this study may have
implications for SNAP policy, particularly amount and timing
of SNAP benefit distribution. Qualitative findings show that
SNAP benefits are often inadequate for participants to purchase
nutrient-rich foods that are sufficient for 1 month of household
intake, particularly for participants at the higher end of the
SNAP income distribution. Two studies have found that
participant responses to food security surveys depend upon
when in the SNAP cycle they are queried, with higher reports
of FI when SNAP benefits are most salient [56,59,60]. This
suggests considerable variability in food security within the
month.

Inadequate benefit levels may contribute to cyclical eating
patterns, where participants increase food consumption when
benefits are received and reduce food consumption when
benefits are depleted [14]. It may also lead to the purchase of
quite unhealthy ultraprocessed foods and sugar sweetened
beverages that have a long shelf-life, rather than fresh fruits and
vegetables that are more likely to spoil over the month. In
another study, individuals were not receiving benefits at baseline
and then received 3 months of benefits. At baseline, food
expenditures were not cyclical and were not related to
impulsivity. However, total food expenditures became cyclical
after households started receiving benefits, with more impulsive
shoppers demonstrating a more accentuated benefit cycle [15].
The current monthly distribution of benefits could be replaced
with a biweekly distribution to address cyclical food security,
food expenditures, and eating patterns. Such a disbursement
would provide SNAP recipients with greater flexibility.
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Abstract

Background: Multisystemic complications post–COVID-19 infection are increasingly described in the literature, yet guidance
on the management remains limited.

Objectives: This study aimed to assess the needs, preferences, challenges, and existing interventions for individuals with
post–COVID-19 symptoms. Based on this, we aimed to develop a context-adapted intervention to improve the overall health and
well-being of individuals with post–COVID-19 complications.

Methods: We conducted a cross-sectional mixed-methods situation analysis assessing the needs, preferences, challenges, and
existing interventions for patients with post–COVID-19 symptoms. We collected data through questionnaires, semistructured
in-depth interviews, and focus group discussions (FGDs) from individuals diagnosed with COVID-19 within the previous 18-month
period and health care providers who managed patients with COVID-19 in both inpatient and outpatient settings. Quantitative
data were summarized using descriptive statistics, qualitative data were transcribed, and deductive analysis focused on suggestions
for future interventions. Findings guided the development of a group intervention.

Results: We conducted 60 questionnaires, 13 interviews, and 3 FGDs. Questionnaires showed limited knowledge of
post–COVID-19 complications at 26.7% (16/60). Of those who received any rehabilitation for COVID-19 (19/60, 31.7%), 94.7%
(18/19) found it helpful for their recovery. Just over half (23/41, 56%) of those who did not receive rehabilitation reported that
they would have liked to. The majority viewed rehabilitation as an important adjunct to post–COVID-19 care (56/60, 93.3%) and
that support groups would be helpful (53/60, 88.3%). Qualitative results highlighted the need for mental health support, structured
post–COVID-19 follow-up, and financial aid in post–COVID-19 care. Based on the insights from the situation analysis, the theory
of change framework, and existing post–COVID-19 evidence, we designed and conducted a pilot support group and rehabilitation
intervention for individuals with post–COVID-19 complications. Our main objective was to assess the change in physical and
psychological well-being pre- and postintervention. The intervention included 8 weekly themed group sessions supplemented by
home tasks. Effectiveness of the intervention was evaluated by questionnaires pre- and postintervention on post–COVID-19
symptoms, quality of life with the EuroQoL 5-Dimension 5-Level, short Warwick-Edinburgh Mental Wellbeing Scale, and
physical function by spirometry and 1-minute sit-to-stand test. We also assessed the feasibility and acceptability of the intervention
by questionnaires and semistructured in-depth interviews. The intervention outcome analysis is yet to be conducted.

Conclusions: Insights from patients and health care providers on the characteristics of post–COVID-19 complications helped
guide the development of a context-adapted intervention program with potential to improve health and well-being post–COVID-19.

(JMIR Form Res 2025;9:e58436)   doi:10.2196/58436
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Introduction

Most people who have had SARS-CoV-2 infection, causing
COVID-19 disease, recover fully; however, a proportion
experience longer-term complications resulting in persistent
symptoms and functional impairment [1,2]. Terms used to
describe this syndrome include long COVID-19, post-acute
COVID-19 syndrome, or post–COVID-19 condition; however,
the definitions remain heterogeneous [1-3]. Post–COVID-19
complications can affect multiple body systems including
pulmonary, cardiovascular, neurological, and musculoskeletal
systems, where over 50 long-term symptoms have been
identified [1,4]. The prevalence of post–COVID-19
complications varies substantially, from 6% up to 80%,
depending on definitions used, hospitalization status, and
duration of follow-up [2,4,5]. Common symptoms include
fatigue, headache, arthralgia and myalgia, dyspnea and notably
neurocognitive, mental health, and sleep disorders [2,6,7]. In
addition to the symptoms, objective assessments of lung, cardiac,
and neurological function demonstrate long-term pathology
[1,2,8]. These complications are reported to impact activities
of daily living (ADL), quality of life, and ability to work [9,10].

Limited data exists in African countries on post-COVID-19
morbidity and its characterization [2,4,6]. A study conducted
in South Africa demonstrated COVID-19-related symptoms in
66.7% of people 3 months posthospital discharge [11], which
was supported in another study by Jassat et al [12]. Further
descriptions of post–COVID-19 complications in the South
African context have come from our previous study,
demonstrating pathology in hospitalized post–COVID-19
individuals, where up to 1-month posthospital discharge 85.2%
had abnormal chest–computed tomography, 49.5% had abnormal
spirometry, 79% had abnormal diffusing capacity of the lung,
and functional limitation was evidenced by reduced median
6-minute walking test (300, IQR 210-400 m) and elevated St
George’s Respiratory Questionnaire scores (median 21.6, IQR
9.2-48.3) [13]. Despite these findings, sample sizes are small
and the breadth of data and characterization of post–COVID
sequelae in these cohorts is limited.

In addition to the multisystem sequelae recognized
post–COVID-19, recovery can be complicated by preexisting
or newly developed chronic diseases such as cardiovascular
disease, diabetes, HIV, and tuberculosis (TB) [14].
Understanding these multisystem complications is integral to
directing health services effectively [9]. Due to the complexity
of recovery post–COVID-19, a holistic approach should be
taken for management. Furthermore, the burden of disease and
local health resources differ across regions [2,6], demanding
the evaluation of context-specific assessment tools and
interventions, to improve long-term recovery post–COVID-19
[15-17].

The World Health Organization (WHO) and National Institute
for Health and Care Excellence (NICE) guidelines recommend
multidisciplinary and patient-centered care for post–COVID-19
complications [3,18]. In a randomized control trial conducted
by Liu et al [19], a respiratory rehabilitation program was shown
to improve respiratory function, quality of life, and anxiety.
These findings are reflected in another study where
post–COVID-19 rehabilitation showed improvement in lung
function and a reduction in anxiety levels [20].

Considering this multidisciplinary approach in
resource-constrained settings, such as low- and middle-income
countries (LMICs), assisted self-management programs and
peer support groups become pertinent. This was evidenced by
Wright et al [21], where a self-management program guided by
weekly educational support sessions demonstrated improvement
in patient self-efficacy and mental well-being post–COVID-19
[21,22]. Self-management techniques and patient education
with other chronic lung diseases, including post-TB lung disease
and bronchiectasis, have been noted to empower patients,
improve patient confidence, competence, and overall quality of
life [23,24]. However, few studies are available on
context-adapted and culturally appropriate tools and
interventions for the management of post–COVID-19 in LMICs,
the importance of which was highlighted by Jassat et al [25].

This paper aims to describe the findings from a situation analysis
on post–COVID-19 rehabilitation services and the development
of a context-adapted pilot intervention aimed to improve overall
physical and mental health post–COVID-19 conducted in
Johannesburg, South Africa.

Methods

Both the situation analysis and intervention have been
conducted. Below we outline the methods used for the situation
analysis and framework for intervention development.

Situation Analysis
We conducted a mixed-method situation analysis study with
our main aim to explore the post–COVID-19 management
landscape by assessing the needs, preferences, challenges, and
existing interventions and strategies for patients with
post–COVID-19 complications in Johannesburg, South Africa.

We conducted this study at the Chris Hani Baragwanath
Academic Hospital (CHBAH) and Tembisa Provincial Tertiary
Hospital (Tembisa), Johannesburg, South Africa. These health
care facilities are located in townships in the City of
Johannesburg and Ekurhuleni districts and cater to the general
population. They are public health care facilities funded by the
Gauteng Department of Health. Participants were recruited from
outpatient medical and rehabilitation departments at the
respective facilities, where patients who had COVID-19 disease
were invited to participate, and health care workers who had
managed patients with COVID-19 were invited to participate.

JMIR Form Res 2025 | vol. 9 | e58436 | p.4071https://formative.jmir.org/2025/1/e58436
(page number not for citation purposes)

Glover et alJMIR FORMATIVE RESEARCH

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


Potential participants were approached in the waiting areas of
clinics, where prescreening procedures assessing COVID-19
history were done followed by full informed consent if potential
participants were willing. The study was conducted between
December 2022 and February 2023, which was 11-months after
the last clear reported COVID-19 wave in South Africa [26].

We collected quantitative data through a cross-sectional
standardized questionnaire-based interview (see Multimedia
Appendix 1) administered by the research staff with individuals
who were previously diagnosed with COVID-19. The
questionnaire covered topics on post–COVID-19 symptoms,
experience with rehabilitation programs, challenges, preferences,
and suggestions for potential interventions. A total of 2 research
assistants (male and female) and a research nurse (female) were
trained and collected the survey data. We used descriptive
statistics to summarize the data in frequencies, mean and
median, using Microsoft Excel.

The qualitative study included semistructured in-depth
interviews with health care workers who manage COVID-19
patients and focus group discussions (FGDs) with individuals
who had post–COVID-19 symptoms. Separate interviews were
used with health care workers to allow in-depth conversation
on each discipline, and FGDs were used with patients to allow
a broad conversation flow of COVID-19 reflection and to
encourage group sharing (see Multimedia Appendices 2 and 3).
Interviews and FGDs were facilitated by the research team (3
females and 1 male), in English, except 2 FGD’s conducted in
a combination of English, isiZulu, and Sepedi. The duration of
the interviews and FGDs ranged from 10-minutes to 90-minutes
depending on participant availability and willingness to engage
in the content of the questions. A guide was used for the
interviews focusing on health care worker reflection on
managing COVID-19 patients, challenges and perceived need
for rehabilitation; and a guide was used in the FGDs to discuss
patient post–COVID-19 experiences and rehabilitation needs
and challenges. Both guides allowed for flexibility of the
discussion. Interviews and FGDs were recorded, transcribed,
coded, and deductive thematic analysis was carried out focusing
on main concepts for the intervention development.

Quantitative and qualitative data were triangulated through an
iterative process to ensure the coherence of findings and obtain
more insights on the desirable content and format of the
intervention.

Intervention Development
The creation of the intervention followed the steps described
in the Group Intervention framework [27]. We ensured a suitable
context and setting for the intervention. Following this, we
designed the group intervention addressing outcomes and

measurements, sampling into groups, quantity of groups, and
structure of the intervention. Finally, during the delivery of the
intervention, we introduced team briefings and group notes to
describe and reflect on the dynamics within each group and
session, position of group participants and leaders, and
communication.

The data collected in the situation analysis and available
evidence in post–COVID-19 rehabilitation fed into the content
and delivery format of the intervention. The design process,
implementation, and evaluation plan for the intervention are
described in more detail in the Results section. The outcomes
of the intervention are being analyzed and will be presented in
a separate paper.

Ethical Considerations
We obtained ethical approval for the situation analysis from
Wits Human Research Ethics Committee (230405), and the 2
facilities, CHBAH and Tembisa Hospital. All participants gave
written informed consent before participation. The study data
are deidentified to protect participant confidentiality. Participants
received R 300 (US $16.85) cash reimbursement for each study
visit covering costs for travel and time.

Results

Situation Analysis and Needs Assessment

Quantitative Results
We conducted 60 questionnaires with individuals who had
COVID-19; Table 1 shows the findings. We had 21.7% (13/60)
male participants, with a median age of 49.5 (IQR 39.5-60)
years. Knowledge of post–COVID-19 sequelae was limited,
with only 26.7% (16/60) having heard of these complications.
From the 60 participants, 31.7% (19/60) received any
rehabilitation for COVID-19 in either inpatient or outpatient
setting, where physiotherapy was the most common (17/19,
89.5%), followed by dietician (4/19, 21.1%), speech therapy
and audiology (3/19, 15.8%), psychology (2/19, 10.5%), and
occupational therapy (1/19, 5.3%). Of those who received
rehabilitation, all received rehabilitation within 6 weeks of
COVID-19 infection and 94.7% (18/19) found it helpful for
recovery. Of those who did not receive any rehabilitation, 56.1%
(23/41) reported that they would have liked to receive
rehabilitation, notably psychological support and counseling
(14/23, 60.9%) and physiotherapy (8/23, 34.8%). Majority of
the participants felt that rehabilitation was an important adjunct
to COVID-19 recovery (56/60, 93.3%) and said that they would
find a support group helpful for their recovery post–COVID-19
(53/60, 88.3%).
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Table . Characteristics and questionnaire responses from participants (N=60). Quantitative data collected in situation analysis at Chris Hani Baragwanath
Academic Hospital and Tembisa Provincial Tertiary Hospital from December 2022 to February 2023.

Participants (N=60)Characteristic

13 (21.7)Sex (male), n (%)

49.5 (39.5-60)Age (years), median (IQR)

16 (26.7)Knowledge of post–COVID-19 complicationsa, n (%)

19 (31.7)Received rehabilitation for acute COVID-19 or post–COVID-19 compli-
cations, n (%)

14 (73.7)    Inpatient rehabilitation

5 (26.3)    Outpatient rehabilitation

17 (89.5)    Physiotherapy

4 (21.1)    Dietician

3 (15.8)    Speech therapy and audiology

2 (10.5)    Psychology

1 (5.3)    Occupational therapy

18 (30)Received rehabilitation for acute COVID-19 or post–COVID-19 compli-
cations and found it helpful for recovery, n (%)

23 (38.3)Did not receive rehabilitation and would have liked to, n (%)

14 (23.3)    Psychology or counseling requested

8 (13.3)    Physiotherapy requested

Main goals for recovery post–COVID-19, n (%)

34 (56.7)    To carry out activities of daily living better

32 (53.3)    To be able to exercise or have better physical capacity

25 (41.7)    Improved mental health or coping strategies

21 (35)    Return to work

20 (33.3)    Connection with people and to be able to care for family

56 (93.3)Feel rehabilitation is an important adjunct to care post–COVID-19, n (%)

53 (88.3)Would find a support group helpful for recovery post–COVID-19, n (%)

aKnowledge of post–COVID-19 complications was assessed by asking “Do you know what long-COVID or post-COVID-19 condition is?” and allowing
participants to answer yes or no and elaborate on their answer.

Qualitative Results
We conducted 13 interviews with health care providers and 3
FGDs with a total of 20 post–COVID-19 patients. The 3 main
themes that emerged from the thematic analysis for potential
interventions post–COVID-19 included the need for mental
health support, structured post–COVID-19 follow-up, and the
need for financial aid.

Need for mental health support was further explained by the
request to focus on psychological well-being and support groups.
Both health care providers and patients reported that
psychological well-being was neglected during the pandemic
and should be a focus in post–COVID-19 care. One participant
reported:

I think we focus more on the physical healing than
the psychological healing. So, most people who had
Covid, they are not okay. They had post-Covid
depression or post-Covid anxiety. So, I think that

there is a lot of mental health [care] that needs to be
done post-Covid. [Female, health care provider]

Health care providers and patients who had opportunities to
have debriefing sessions and support groups, further expanded
on the importance of incorporating support groups into the
mental health support post–COVID-19:

They really must get help. From our side… sitting
together talking, [about our experience], it’s a good
thing. It’s a helping thing, it’s a very, very good thing.
Thank you. [Male, patient in FGD]

This importance of sharing experiences and leaning on
additional support from others in the group context during
post–COVID-19 care was further supported by a health care
provider, saying:

… looking at a rehab unit where… people feel
comfortable with coming in… sharing their stories
to each other, and their success stories, because that’s
how you then motivate each other. It’s not coming
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from someone that may not understand it, you’re
hearing it from patient to patient. And that might be
nice. [Female, health care provider]

In addition to the mental health support, structured medical
post–COVID-19 follow-up care was also reported as an
important part of post–COVID-19 care, where both patients
and health care providers should have a structured follow-up
program, rehabilitation, and referral to specialists depending
on their complications. The importance of recognizing each
individual and the treatment that they require was emphasized:

We are not statistics, we are human beings, we are
sick, and we are affected by COVID, and I think there
must be a way to create a rehab for us [to have]
proper check-up for us, because she is telling [us]
about her lungs and I am telling you about my eyes
and what are they doing? So, in six months or one
year you must take this person to a specialist for
check-ups. [Female, health care provider]

Finally, financial aid was recognized as an important area for
support post–COVID-19, largely expressed by patients and
recognized by health care workers. Patients reported that their
daily functioning is worse compared with their functioning
before COVID-19. Financial assistance was requested for those
who can no longer work due to their complications
post–COVID-19:

… he said he is no longer going to work. His salary
is no longer the same and also our sister here, she
her health is no longer the same. I think they are
supposed to approve her for grant. [Female, patient
in FGD]

Taking into account our findings from both the quantitative and
qualitative data, there was a strong emphasis on mental health
support, support groups, and structured medical and
rehabilitation follow-up post–COVID-19.

Design and Implementation of the Intervention
Using the information obtained from the situation analysis and
existing evidence on post–COVID-19 rehabilitation, we
developed an in-person support group program for people with
post–COVID-19 complications titled CoPilot. The main study
objective was to assess the change in physical and psychological
well-being in patients with post–COVID-19 sequelae before
and after the pilot intervention. To guide the program and
evaluation we present a theory of change (Figure 1). The main
intended impact of the intervention is to improve the overall
health and well-being of COVID-19 survivors.

The target population for the intervention was individuals who
had been diagnosed with COVID-19 and were experiencing
ongoing post–COVID-19 complications according to the WHO

post–COVID-19 condition definition [3]. The participants were
recruited from out-patient medical and rehabilitation
departments at the health care facility, including both patients
and health care providers, and further participants were recruited
by snowball sampling. Eligibility criteria included: self-reported
or diagnosed previous COVID-19; adults aged 18-years and
older; reporting at least one symptom lasting for more than 2
months, at least 3 months since COVID-19, which could not
otherwise be explained by another condition; and willingness
to provide written informed consent and to follow study
procedures. Reported symptoms could include, but were not
limited to, fatigue, breathlessness, pain or discomfort, impaired
sleep, or impaired usual activity [2]. Participants with known
severe medical or psychiatric conditions which affected ability
to consent or participate, or required a higher level of care were
excluded.

Group formats in rehabilitation have been shown to strengthen
curative factors like universality and altruism, to provide peer
and social support, to share coping strategies, and to practice
gratitude [28,29]. Taking this into account, with the strong
findings for group support in post–COVID-19 rehabilitation
from our situation analysis, we designed and conducted a
group-based intervention. The program consisted of weekly
in-person group sessions over eight-weeks complimented by
home-tasks and self-management exercises, with the option to
adapt tasks to each person’s abilities. We had 7 groups where
each group consisted of 8 to 10 participants. Our target sample
size was 60, which was informed by evidence that sample sizes
of 24‐50 are sufficient to estimate the key parameters of an
efficacy and feasibility trial [30]. Sessions were guided by the
predesigned schedule and a duration of one-hour, but with
flexibility for participant experiences and needs. The core of
the sessions involved research staff facilitating discussion around
participants’ post–COVID-19 experiences, challenges and
self-management strategies whilst encouraging group support
and education on post–COVID-19 complications. Select sessions
included invited rehabilitation specialists (eg, psychologist,
physiotherapist, and dietician) for additional expertise. If any
participant missed a session, they were contacted telephonically
to explain the weekly tasks. If participants missed a session and
were not contactable, they were regarded as lost-to-follow-up.

The content of the intervention was guided by the findings from
our situation analysis, the WHO Brochure “Support for
rehabilitation: self-management after COVID-19-related illness
[31] and from the HOPE intervention for people with
post–Covid-19 conducted by Wright et al [21]. The detailed
description of the session’s content, weekly themes, evidence
that informed the themes are shown in Table 2 along with the
planned duration of the session and home-tasks.
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Figure 1. Theory of change for CoPilot, demonstrating the post–COVID-19 intervention development plan adapted to the theory of change framework
for individuals with post–COVID-19 complications.
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Table . Intervention modules and content.

Home-taskFormat: 1 hourEvidence-informing themeContentModule

Week 1: post–COVID-19
complications introduction

• Self-test: how are you
feeling?

• Group session facilitat-
ed by research staff –
discussions, home

• Quantitative findings
on lack of
post–COVID-19

• Welcome and introduc-
tions.

• Overview of the pro-
gram.

• Goal setting:
SMARTER tool (gener-tasks.knowledge. HOPE in-

terventiona. Supported al)c.• Pacing and goal set-
ting.

by WHOb brochure. • Long–COVID-19 edu-
cation.• Breathing exercise in-

troduction. • Breathing exercise.

Week 2: symptoms and
physical activity

• Exercises self-moderat-
ed.

• Group session with
physiotherapist – dis-
cussion, exercise

• Quantitative findings
on lack of post-
COVID-19 knowledge,

• Main symptom com-
plaints.

• Exercise routine and
demonstration.

• SMARTER goal set-
ting (physical abilitydemonstration, homeand goals for post-

tasks.COVID-19 recovery to focus).• Setting physical goals.
be able to carry out ac-• Share experience and

symptom management. tivities of daily living
better and have better• Fatigue management.
physical capacity.
Qualitative finding on
providing post-
COVID-19 symptom
follow-up. Supported
by HOPE intervention
and WHO brochure.

Week 3: coping strategies • SMARTER goal set-
ting (relaxation focus).

• Group session facilitat-
ed by research staff –

• Quantitative findings
on request for psycho-

• Prioritizing and taking
breaks.

discussions, guidedlogical support, goal • Relaxation and mindful-
ness tasks.

• Relaxation.
meditation.for post–COVID-19• Mindfulness practices

to manage stress. recovery of better cop-
ing strategies. Qualita-

• Gratitude diary.

tive findings on need
for mental health sup-
port.

Week 4: support and grief • Grief tracker.• Group session with
psychologist – discus-

• Quantitative findings
on request for psycho-

• Debriefing.
• Grief process and

tracker.
• Speaking to family or

a friend.sion and home tasks.logical support, goal
for post–COVID-19• Finding support. • Self-compassion task.
recovery of better cop-• Self-compassion and

prioritization.
• Self-test: how are you

feeling?ing strategies, and bet-
ter connection with• Asking for and accept-

ing help. people and family.
Qualitative findings on
need for mental health
support.

Week 5: sleep and mindful-
ness

• Sleep diary.• Group session facilitat-
ed by research staff –
discussions, home

• Quantitative finding of
goal for post–COVID-
19 recovery for better

• Sleep disorder informa-
tion. • SMARTER goal set-

ting (sleep).• Tips for better sleep.
tasks.coping strategies. Sup-• Mundane task focus-

ing.
• Mundane task focus-

ing.ported by HOPE inter-
vention.

Week 6: move and eat better • SMARTER goal set-
ting (nutrition).

• Group session with di-
etician – discussion

• Quantitative findings
on goals for

• Importance of keeping
active.

and home tasks.post–COVID-19 recov- • Home exercises and
stretching.

• Eating well for physi-
cal and mental health. ery to be able to carry

out activities of daily• Continuing exercises. • What makes you hap-
py?living better and have

better physical capaci-
ty. Supported by HOPE
intervention and WHO
brochure.
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Home-taskFormat: 1 hourEvidence-informing themeContentModule

• Gratitude diary.
• SMARTER goal set-

ting (strengths and
happiness).

• Long–COVID-19 and
mental health educa-
tion.

• Group session facilitat-
ed by research staff –
discussions and home
tasks.

• Quantitative findings
on request for psycho-
logical support, goal
for post–COVID-19
recovery of better cop-
ing strategies. Qualita-
tive findings on need
for mental health sup-
port.

• Long COVID-19 and
mental health educa-
tion.

• Identifying strengths
and how to use them.

• Managing setbacks.
• Reviewing, what

makes you happy?

Week 7: happiness and
strengths

• Self-test: how are you
feeling?

• SMARTER goal set-
ting (hopes for the fu-
ture).

• Moving forward with
hope.

• Group session facilitat-
ed by research staff –
discussions and home
tasks.

• Quantitative findings
on request for psycho-
logical support, goal
for post–COVID-19
recovery of better cop-
ing strategies, and bet-
ter connection with
family. Qualitative
findings on need for
mental health support.
Supported by HOPE
intervention.

• Hopes and aspirations.
• Keeping in touch with

support.
• Review of the program.
• Planning pleasant activ-

ities.

Week 8: looking forward

aHOPE intervention refers to Hope Programme for Long COVID-19 [21].
bWHO: World Health Organization.
cThe SMARTER goal-setting tool is used to define goals following the criteria: specific, measurable, achievable, relevant, time-bound, exciting, and
reviewable.

Monitoring and Evaluation Plan
Monitoring of the intervention was done using a participant
registry, discussions at each session to review understanding of
the content and tasks, and completion of a questionnaire to
assess adherence to tasks and subjective progress.

The evaluation of the intervention was performed by measuring
effectiveness (pre-and postintervention assessment) and a
process evaluation (including feasibility and acceptability) of
the group intervention. The main effectiveness outcomes
included: (1) lung function, (2) mental well-being, and (3)
quality of life. Data collection included baseline information
on demographics and knowledge of COVID-19 and sequelae.
The pre-post-intervention assessments included questionnaires
on COVID-19 symptoms, fatigue and sleepiness scales
[21,32,33], quality of life using the EuroQoL 5-Dimension
5-Level (EQ-5D-5L) [34], short Warwick-Edinburgh Mental
Wellbeing Scale to describe mental well-being [35], lung
function testing by means of spirometry, and functional capacity
by 1-minute sit-to-stand test [36]. The process evaluation was
guided by the Medical Research Council framework to assess
both the implementation process (how the project is delivered),
what is delivered (fidelity, dose, adaptations, or reach) and
contextual factors influencing the implementation and
acceptability of the intervention [37]. We used mixed methods
to assess feasibility and acceptability of the intervention through
a questionnaire and semistructured interviews with participants
to elaborate on the design of the intervention, the potential
barriers, and facilitators. Data from the intervention will be
analyzed using descriptive statistics producing frequencies,
means, and proportions of the different variables of interest.
Outcomes will be analyzed using paired sample t tests.

Qualitative process evaluation data will be transcribed and
analyzed by thematic analysis.

Discussion

Principal Findings
To the best of our knowledge, this is the first study to develop
and implement a context-adapted group intervention for
post–COVID-19 survivors in South Africa. It was aimed to
address debilitating consequences of COVID-19 and provide
people with the tools to manage their symptoms to improve
every-day quality of life and potentially health outcomes
including mental and lung health. This situation analysis and
intervention development highlighted 2 main points: first,
engaging with patients and health care workers on their
perspectives on post–COVID-19 care is an integral component
in developing management strategies for post–COVID-19
complications, and second, that mental health support should
strongly be considered in rehabilitation guidelines
post–COVID-19 while considering support groups as a
component.

Engaging with health care providers and patients’ perspectives
on post–COVID-19 complications and the management thereof
is a crucial step in guideline development. The cornerstone to
this is understanding the patient experience of post–COVID-19
complications and leveraging on existing and innovative
strategies for care [21,25]. Fatigue is a common symptom
reported post–COVID-19; however, it has been described by
patients to have physical, mental, and emotional components
[6,21], thereby illustrating that understanding the problem on
a deeper level can help direct health services toward patient
needs, as well as develop suitable assessment measures for
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patient-reported outcomes [9]. Understanding patient and health
care provider perspectives and communication between them
has been shown to be important in HIV care, specifically relating
to social, mental health, and health care system challenges [38].
In addition, coworking and partnership with shared
responsibility in care between health care provider and patient
with a focus on self-management principles were recognized
as key features in the management process of other chronic lung
diseases [24]. Taking into account the health resource limitations
in LMICs and the strain on insufficient rehabilitation services
poses another challenge to the management of post–COVID-19
complications, emphasizing the need for context-adapted
guidelines [39].

The importance of the need for mental health support was a
major theme that came through during our situation analysis.
Mental health symptoms have been reported in up to 21% of
people post–COVID-19 and can include anxiety, depression,
sleep disorders, and neurocognitive disorders [4,6]. In a study
by Rofail et al [9], it was reported that despite no clear
psychological diagnosis, most impacts on daily life were not
attributed to any singular symptom, but rather to the holistic
experience of COVID-19 infection, further supporting the need
to support psychological processing in recovery. Findings from
our situation analysis clearly showed the gaps in psychological
support for patients and health care providers post–COVID-19
and that these services are sought after as an adjunct to
post–COVID-19 care. More specifically, support groups were
suggested as helpful platforms to engage in psychological
support, facilitating connection and shared experiences. This
focus in care has been shown to be valued and helpful in support
of patients with other chronic lung conditions [24].

One limitation is that this was a narrow population, where
participants were only recruited from 2 facilities; however, to
overcome this we recruited from multiple departments and
recruited both health care providers and patients in order to
increase variation. Another limitation was the heterogeneity of
the post–COVID-19 sequelae definition, where interpretation
conducted by the study team was to meet the WHO
post–COVID-19 condition definition. This could result in bias
of either overestimating or underestimating post–COVID-19
consequences, depending on alternate definitions used in other
contexts. Despite this, consistency was maintained throughout
recruitment for the situation analysis and planned intervention,
and symptoms were clearly documented.

The strengths of the study include the context and population
of the study where post–COVID-19 rehabilitation has not been
studied previously. Another strength includes the mixed-methods
approach for both the situation analysis and intervention in order
to obtain deeper insight into the rehabilitation post–COVID-19.

Conclusion
Understanding the characteristics and burden of post–COVID-19
complications, particularly from the patient and health care
provider perspectives, helps to direct post–COVID-19
management principles to ensure a more holistic recovery. As
more people recover from COVID-19, it becomes crucial to
maximize on the opportunity to better understand postviral
complications and adapted health service allocation, particularly
in LMICs. We believe that our group intervention holds a
potential to improve health and well-being of people living with
post–COVID-19 complications in Johannesburg, and its
effectiveness and feasibility will be analyzed in the next steps.
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Abstract

Background: Acute respiratory infections (ARI) are a significant challenge in military settings due to close communal living,
which facilitates the rapid transmission of pathogens. A variety of respiratory pathogens contribute to ARI, each varying in
prevalence, severity, and impact on organizational productivity. Understanding and mitigating the impact of ARI is critical for
optimizing the health of military personnel and maintaining organizational productivity.

Objective: This retrospective study of surveillance data aims to identify pathogens causing ARI among servicemen and determine
which pathogens contribute most to medical absenteeism, defined as the combined duration of the issued medical certificate and
light duty.

Methods: From September 2023 to August 2024, anonymous nasopharyngeal swabs (BioFire FilmArray Respiratory Panel)
were collected from Singapore Armed Forces servicemen presenting with ARI symptoms after a doctor’s consultation at a local
military camp’s medical centre. The presence of fever and duration of medical certificate and light duty were self-reported by
Singapore Armed Forces servicemen.

Results: A total of 1095 nasopharyngeal swabs were collected, of which 608 (55.5%) tested positive. The most common
respiratory pathogen was human rhinovirus/enterovirus (HRV/HEV) in 303 (27.7%) individuals. The highest proportions of fever
were observed in servicemen with influenza (62.8%, 27/43), SARS-CoV-2 (34.3%, 12/35), and parainfluenza (31.6%, 12/38).
The odds of patients with influenza that have fever was 5.8 times higher than those of patients infected with HRV/HEV (95% CI
2.95‐11.40, P<.001). The median duration of medical certificate, light duty, and medical absenteeism were 0 (IQR 0), 2 (IQR
2) and 2 (IQR 0) days, respectively. The odds of patients with influenza having a medical certificate with duration ≥1 day was
5.34 times higher than those in patients with HRV/HEV (95% CI 2.63‐10.88, P<.001). No significant differences in the duration
of medical absenteeism were found between HRV/HEV and other pathogens.

Conclusions: Compared to HRV/HEV, influenza infections were significantly associated with longer medical certificate duration.
Nonetheless, there were no significant differences in the overall duration of medical absenteeism across pathogens, as servicemen
infected with other pathogens were given light duty instead. These findings emphasize the need for pathogen-agnostic ARI
measures. While influenza vaccinations are already mandatory for servicemen in local military camps, encouraging additional
public health measures (eg, mask-wearing among symptomatic servicemen, COVID-19 vaccinations, therapeutics) can further
reduce ARI incidence, minimize the duration of medical absenteeism, and mitigate the impact on organizational productivity.

(JMIR Form Res 2025;9:e69113)   doi:10.2196/69113

KEYWORDS

respiratory infections; military; epidemiology; public health; surveillance

Introduction

Background
Acute respiratory infections (ARI) pose a significant challenge
in military settings like the Singapore Armed Forces (SAF),
where close quarters living and shared communal spaces,
equipment, and furniture could facilitate the rapid transmission
of respiratory pathogens [1,2]. Singapore’s high humidity and

tropical climate further exacerbate these risks, promoting the
survival and spread of respiratory viruses [3]. These conditions
not only increase ARI risk and impact the health of military
personnel but also reduce organizational productivity due to
medical absenteeism [1]. Despite ongoing surveillance, gaps
remain in understanding how specific ARI pathogens impact
medical absenteeism and readiness in high-density military
environments.
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A comprehensive understanding of the full spectrum of ARI
pathogens is critical. While influenza is known for causing
significant morbidity and mortality, HRV is typically the most
prevalent pathogen and can lead to chronic infections and
secondary bacterial infections, particularly in
immunocompromised individuals [4]. A population-wide study
in the United States found that the hospitalization burden was
higher for HRV/HEV compared to influenza among adults aged
<65 years [5,6]. Additionally, bacterial pathogens such as
Streptococcus pneumoniae and Mycoplasma pneumoniae can
act as primary agents or secondary infections [7,8]. A 2016
study in Singapore military recruits further emphasized the
diversity of ARI pathogens, with 41% of 2647 recruits
presenting with febrile respiratory illness (FRI) were
predominantly caused by adenovirus and influenza viruses [9].
Among the remaining nonfebrile ARI individuals, rhinovirus
accounted for 47% [9]. These findings highlight the need for
expanded surveillance to capture the full spectrum of pathogens,
beyond influenza to assess their contribution to the ARI burden
in military settings.

Furthermore, it is unclear whether current influenza vaccination
efforts sufficiently address the impact of influenza in military
settings. Historical and contemporary data underscore the
disproportionate impact of influenza on military populations,
with attack rates reaching as high as 37‐45% during outbreaks
[10]. During the 1918 influenza pandemic, military personnel
living in confined spaces faced significantly higher morbidity
and mortality rates compared to civilian populations [10]. Recent
outbreaks further highlight the heightened vulnerability of
military personnel; a 2013 influenza A (H1N1) outbreak in a
Swiss military camp infected 31% of soldiers, while a 2009
influenza A outbreak in a Peruvian Navy ship affected 22% of
crew members [11,12]. Recognizing influenza as a significant
cause of ARI with substantial morbidity, the SAF has conducted
annual Northern Hemisphere influenza vaccination drives since
2015, achieving over 97% coverage in 2023 [2]. Additionally,
the SAF conducts Southern Hemisphere influenza vaccinations
for high-risk servicemen (eg, health care workers, medically
vulnerable individuals), and strongly encourages them to receive
additional doses of the COVID-19 vaccines, aligning with
national guidelines [13]. Despite these measures, there is limited
understanding of whether SAF’s influenza vaccination
programme sufficiently mitigate influenza’s prevalence and
severity in the SAF. These efforts are also insufficient to address
the broader ARI burden, as evidenced by the prevalence of other
ARI pathogens, highlighting the need for pathogen-specific data
to understand the impact of various ARI pathogens on medical
absenteeism.

Another critical gap is the limited understanding of the
differential impact of febrile and nonfebrile ARI on medical
absenteeism in military settings. The FRI, characterized by the
presence of fever (≥38°C), serves as a marker of severity and
reflects a robust immune response to more virulent pathogens
[14]. Influenza and SARS-CoV-2 often cause FRI, whereas
HRVs typically cause nonfebrile illnesses [3,15,16]. This
distinction is crucial not only for clinical management but also
for informing public health strategies aimed at controlling the
spread of more severe FRI. However, findings from the

Singapore military recruit study in 2016 showed that ARI cases
without fever constituted the majority (59%) of respiratory
illnesses and contributed significantly to the overall burden,
emphasizing the need to account for both FRI and nonfebrile
ARI in public health strategies [9]. Clinical management for
ARI is mostly supportive, making vaccines critical for certain
pathogens such as influenza and SARS-CoV-2. Recent events
such as the 2023 ARI outbreak in the Philippines military that
affected 20% of military students due to low influenza vaccine
coverage [17], highlight the importance of maintaining high
vaccine uptake. However, they also underscore the need to
explore additional public health measures to reduce the broader
ARI burden in military settings.

Study Objectives
Therefore, this study aimed to address these gaps by reviewing
the results of the respiratory pathogen surveillance study from
a local military camp to answer the following questions:

1. What is the distribution of pathogens responsible for ARI
among SAF servicemen?

2. Which pathogens had the greatest impact on duration of
medical absenteeism and how can this inform public health
interventions to mitigate the impact?

By addressing these questions, this study seeks to determine if
additional public health measures need to be instituted at local
camps, beyond the existing influenza vaccinations.
Understanding and mitigating the impact of ARI is critical for
reducing medical absenteeism and optimizing organizational
productivity.

Methods

Study Design and Recruitment
This retrospective study of surveillance data analyzed ARI cases
from September 2023 to August 2024 at the medical centre of
a local military camp in Singapore, the primary health care
facility for servicemen. The camp’s population primarily
consists of young adult males, both conscripted and regular
military personnel, who live in high-density accommodations
conducive to ARI transmission. The medical centre typically
manages 100-150 servicemen per day with acute conditions.
The study used a convenience sampling approach, with
recruitment conducted solely at the medical centre. Doctors
screened servicemen presenting with ARI symptoms (eg, cough,
sore throat, rhinorrhea) during routine consultations. Eligible
servicemen were provided a standardized explanation of the
study and invited to participate voluntarily. Those who agreed
to participate were directed to the study team for data collection.
Inclusion criteria included servicemen who (1) presented with
at least one ARI symptom and (2) be willing to provide
nasopharyngeal swabs for diagnostic testing. Exclusion criteria
included servicemen diagnosed with other acute concurrent
illnesses or those unwilling to provide swabs.

Anonymized nasopharyngeal swabs were collected from all
eligible participants by the study team and tested using the
BioFire FilmArray Respiratory Panel (BioFire Diagnostics), a
multiplex polymerase chain reaction assay capable of detecting
22 respiratory pathogens. These pathogens were grouped into:
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(1) coronaviruses (coronavirus 229E, HKU1, NL63, OC43),
(2) SARS-CoV-2, (3) human metapneumovirus, (4) HRV/HEV,
(5) influenza (influenza A, A/H1, A/H3, A/H1-2009, B), (6)
parainfluenza (parainfluenza 1, 2, 3, 4), (7) respiratory syncytial
virus, (8) adenovirus, and (9) bacteria (ie, Bordetella
parapetussis, Bordetella pertussis, Chlamydia pneumoniae,
Mycoplasma pneumoniae) for analysis. Pathogen testing was
conducted immediately after swab collection using our mobile
BioFire systems, which were serviced annually to minimize
testing errors. The presence of fever (≥38°C) and duration of
medical certificate and light duty were recorded through
self-reported surveys administered directly by the surveillance
team to ensure consistency in data collection. Our outcome of
interest was duration of medical absenteeism, defined as the
combined duration of medical certificate and light duty,
representing the total period during which servicemen were
unable to perform their primary jobs at full capacity. Servicemen
with medical certificates were fully exempted from their duties,
while those on light duty were partially exempted.

Statistical Analysis
Descriptive statistics were presented as mean (SD) for
continuous variables and distribution (n, %) for categorical
variables. Invalid swabs, coinfections, and bacterial cases were
excluded from the analysis. Coinfections were defined as the
presence of more than one pathogen detected in a single swab.
Excluding coinfections aimed to minimize potential bias and
ensured clearer attribution of outcomes (eg, fever, duration of
medical absenteeism) to individual pathogens. Bacterial cases,
which included those positive for bacterial pathogens such as
Mycoplasma pneumoniae, were excluded due to the small
number of cases detected during the study period.

Comparative analyses were performed to examine the
differences in the prevalence of fever, duration of medical
certificate, light duty, and duration of medical absenteeism

among different pathogens using Pearson’s χ2 test of
independence. Logistic regression was then performed for the
outcomes of interest: (1) medical certificate (medical certificate
≥1 day), (2) light duty (>1 day), and (3) medical absenteeism
(>1 day) to quantify outcome differences across pathogens.
Human rhinovirus/human enterovirus was selected as the
reference group due to its high prevalence in the study

population, contributing to the stability of regression estimates.
While “negative” cases could serve as an alternative reference
group, they introduce heterogeneity, as “negative” indicates the
absence of detectable pathogens by the BioFire Respiratory
Panel, rather than the absence of infection. The
Hosmer-Lemeshow goodness-of-fit test was used to ensure that
all models characterized the data distribution accurately. Data
were analyzed using Stata (version 17.0, StatCorp LLC) at a
5% significance level.

Ethical Considerations
This study was granted exemption from ethical review by the
institutional review board (IRB) of the Defence Science
Organisation–SAF (DSO-SAF IRB; reference no.: 0006/2024),
as it was retrospective in nature, with only nonidentifiable
parameters extracted and all data anonymized prior to recording
and analysis. The IRB exemption allowed for secondary analysis
without additional consent. All data were deidentified to ensure
privacy and confidentiality, and no personally identifiable
information or images of participants were included in this
manuscript. No compensation was provided to the study
participants.

Results

ARI Pathogen Distribution
From September 2023 to August 2024, a total of 1095
servicemen with ARI symptoms were included in the study.
The median age of participants was 20 (IQR 2.0, range 17-31)
years, with 89.9% of participants aged 18‐21 years, reflecting
a relatively homogenous age distribution. Additionally, 99.8%
of participants were male. Of the 1095 nasopharyngeal swabs
collected, 608 (55.5%) tested positive for at least one respiratory
pathogen. The distribution of pathogens is shown in (Table 1).
The most common pathogen was HRV/HEV (n=303, 27.7%).
There were 69 (6.3%) coinfections; specifically, HRV/HEV
co-occurred with other pathogens in 50 cases (72.4%), influenza
co-occurred in 6 cases (8.7%), and both HRV/HEV and
influenza co-occurred in 7 cases (10.1%). Coinfections were
excluded from further analysis to minimize bias and ensure a
clearer attribution of the study outcomes to specific pathogens.
Additionally, Mycoplasma pneumoniae (n=3) and adenovirus
(n=1) were excluded, along with 31 (2.83%) invalid swabs.
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Table . Nasopharyngeal swab test results among servicemen with acute respiratory infections in the Singapore Armed Forces from September 2023
to August 2024.

Number of swabs (N=1095), n (%)aNasopharyngeal swab test results

608 (55.5)bPositive

68 (3.2)Coronavirusc

35 (5.8)SARS-CoV-2

37 (3.4)Human metapneumovirus

303 (27.7)Human rhinovirus/enterovirus

43 (3.9)Influenza

38 (3.5)Parainfluenza

11 (1.0)Respiratory synctial virus

1 (0.1)Adenovirus

3 (0.3)Bacteriad

69 (6.3)Coinfections

456 (41.6)Negative

31 (2.8)Invalid

aThe percentages do not add up to 100% due to rounding.
bThe percentages of all pathogens in the Positive test results category add up to 55.5%.
cCoronavirus includes seasonal coronaviruses (229E, HKU1, NL63, OC43) but does not include SARS-CoV-2, which is analyzed and reported as a
separate pathogen group.
dBordetella parapetussis, Bordetella pertussis, Chlamydia pneumoniae, Mycoplasma pneumoniae.

Comparing the Prevalence of Fever (Severity) Across
Respiratory Pathogen Groups
Among the 991 servicemen included for further analysis, fever
was observed among 212 (21.4%). The highest proportions of
fever were observed in servicemen with influenza (27/43,
62.8%), SARS-CoV-2 (12/35, 34.3%) and parainfluenza (12/38,

31.6%) (Table 2). There were significant differences in the
proportions of servicemen with fever across the various
pathogens (χ²7=65.9, P<.001). The odds of patients with
influenza having fever were 5.8 times higher than those in
patients infected with HRV/HEV (95% CI 2.95‐11.40;
P<.001). There were no statistically significant associations
between the other pathogen types and fever.

Table . Prevalence of fever among servicemen with specific respiratory pathogen groups from a retrospective study on acute respiratory infections
among servicemen from the Singapore Armed Forces from September 2023 to August 2024.

Febrile cases/total infected (N=991), n (%)Respiratory pathogen groups

27/43 (62.8)Influenza

12/35 (34.3)SARS-CoV-2

12/38 (31.6)Parainfluenza

11/37 (29.7)Human metapneumovirus

70/303 (23.1)Human rhinovirus/enterovirus

13/68 (19.1)Coronavirusa

66/456 (14.5)Negative

1/11 (9.1)Respiratory synctial virus

aCoronavirus includes seasonal coronaviruses (229E, HKU1, NL63, OC43) but does not include SARS-CoV-2, which is analyzed and reported as a
separate pathogen group.

Impact of ARI on Organizational Productivity
The median durations of medical certificates, light duty and
medical absenteeism were 0 (IQR 0), 2 (IQR 2) and 2 (IQR 0)
days, respectively.

• Medical certificate: There were significant differences in
the proportions of servicemen with medical certificates ≥1
day across the various pathogens (χ²7=29, P<.001). The
odds of patients with influenza having medical certificates
≥1 day was 5.34 times that of HRV/HEV patients (95% CI
2.63‐10.88; P<.001).

JMIR Form Res 2025 | vol. 9 | e69113 | p.4085https://formative.jmir.org/2025/1/e69113
(page number not for citation purposes)

M et alJMIR FORMATIVE RESEARCH

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


• Light duty: There were no significant differences in the
proportion of servicemen with light duty >1 day across the
various pathogens (χ²7=13.3, P=.07). However, patients
with influenza had significantly lower odds of having light

duty >1 day compared to that of HRV/HEV patients (odds
ratio [OR] 0.33, 95% CI 0.17‐0.64); P=.001).

• Medical absenteeism: No significant differences in medical
absenteeism were found between HRV/HEV and other
pathogens (Table 3).

Table . Results of logistic regression of medical certificate ≥1 day, light duty >1 day and medical absenteeism >1 day on pathogens (n=991).

P valueOdds ratio (95% CI)Outcomes and pathogens

Medical certificate ≥1 day

–aReferenceHuman rhinovirus/enterovirus

.231.57 (0.75‐3.31)Coronavirus

.281.69 (0.65‐4.38)SARS-CoV-2

.631.28 (0.47‐3.51)Human metapneumovirus

<.0015.34 (2.63‐10.88)Influenza

.681.24 (0.45‐3.40)Parainfluenza

.461.82 (0.38‐8.78)Respiratory syncytial virus

.691.10 (0.69‐1.74)Negative

Light duty >1 day

–aReferenceHuman rhinovirus/enterovirus

.800.93 (0.54‐1.61)Coronavirus

.160.60 (0.30‐1.22)SARS-CoV-2

.610.83 (0.41‐1.69)Human metapneumovirus

.0010.33 (0.17‐0.64)Influenza

.480.78 (0.39‐1.56)Parainfluenza

.850.89 (0.25‐3.10)Respiratory syncytial virus

.560.91 (0.67‐1.24)Negative

Medical absenteeism >1 day

–aReferenceHuman rhinovirus/human enterovirus

.411.31 (0.68‐2.56)Coronavirus

.320.68 (0.32‐1.46)SARS-CoV-2

.940.97 (0.44‐2.15)Human metapneumovirus

.941.03 (0.48‐2.19)Influenza

.730.87 (0.40‐1.88)Parainfluenza

.671.30 (0.30‐6.64)Respiratory syncytial virus

.910.98 (0.70‐1.38)Negative

aNot applicable.

Discussion

Principal Findings
This study provides critical insights into the epidemiology of
ARI in a military setting, specifically among SAF servicemen
in Singapore. It addresses a key gap in understanding the
contribution of different ARI pathogens to medical absenteeism
and highlights actionable strategies to mitigate ARI-related
disruptions in military contexts. Over the study period,
HRV/HEV was the most frequently detected pathogen (27.7%),
aligning with previous research findings. Influenza was

significantly associated with higher odds of fever, longer
medical certificate duration, but the overall duration of medical
absenteeism was similar to that of HRV/HEV. Even after
adjusting for fever, influenza remained significantly associated
with longer medical certificate duration (OR 2.81, 95% CI
1.28‐6.13, P=.01) compared to HRV/HEV, suggesting that
other ARI symptoms (eg, sore throat, rhinorrhea), contribute to
its more severe clinical presentation. This distinction is
important as it provides evidence that influenza leads to more
severe illness overall, beyond fever, compared to other ARI
pathogens and makes servicemen more likely to receive medical
certificates than light duties. Conversely, servicemen infected
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with other ARI pathogens—perceived as less severe and not
significantly associated with fever—are more likely assigned
to light duties instead. This reflects clinical practice, where
servicemen with more severe ARI are allowed to recuperate at
home for a longer duration, while those with milder ARI are
required to return to work earlier but allowed to perform only
light duties. These findings reinforce the importance of
continuing robust influenza vaccination programmes in the SAF.

Despite these findings, our study demonstrated no significant
differences in duration of medical absenteeism across pathogens,
reflecting that ARIs, regardless of pathogen type, contribute
substantially to absenteeism and operational disruptions. This
highlights the need for pathogen-agnostic strategies targeting
ARI prevention and management, rather than focusing solely
on influenza in the SAF. The importance of nonpharmaceutical
intervention (NPI) is further underscored by historical examples,
such as the 1996 influenza A (H3N2) outbreak aboard a US
Navy ship [18]. Despite 95% of the crew being vaccinated
against influenza, the antigenic distinctness of the circulating
strain led to an infection rate of 42%, demonstrating the
limitations of vaccination alone and the critical need for
complementary measures such as isolation protocols, improved
ventilation, and rapid response strategies to mitigate influenza
outbreaks in confined military settings [18].

Globally, ARIs beyond influenza have consistently disrupted
organizational productivity in military settings, emphasising
the universal challenges posed by communal living and intense
operational demands. Among troops of the Polish Military
Contingent deployed overseas from 2003 to 2005, ARIs were
the leading cause of outpatient morbidity, with incidence rates
ranging from 45.6-54.8 cases per 100 soldiers, significantly
disrupting training schedules and productivity [19]. Similarly,
respiratory illnesses affected 69.1% of US military personnel
deployed to Iraq and Afghanistan from 2003 to 2004, which
often resulted in missed patrols and transient decreases in
operational efficiency [20]. Notably, the incidence of ARI
doubled during the combat phase, reflecting the heightened
susceptibility of military personnel under physically and
mentally demanding conditions [20]. Additionally, a systematic
review of 46 military studies in 17 countries observed a higher
incidence of COVID-19 in military personnel on deployment
and those who had overseas exposure, amplifying the risks faced
by military personnel where operational stressors and novel
environmental exposures exacerbate the burden of ARIs,
including COVID-19 [21]. These findings align with our study
results, which showed no significant differences in medical
absenteeism across pathogens, underscoring the need to adopt
prevention strategies targeting the broader spectrum of ARIs
rather than focusing primarily on influenza.

A multipronged approach to ARI prevention, integrating
vaccination programmes, targeted NPIs and the strategic use of
therapeutics, is essential for military personnel. Vaccination
has proven highly effective; for instance, the H1N1-2009
influenza vaccination programme in Singapore reduced the
weekly cases by 54% among military personnel post vaccination
[22]. However, vaccines alone are insufficient, as demonstrated
by our study findings. The US military has successfully
implemented cohorting strategies in basic training facilities,

dividing personnel into smaller, stable groups to limit the
exposure and spread of ARI [1]. Complementing these NPIs,
personal protective measures such as mandatory mask-wearing
during outbreaks or in enclosed, high-density environments,
coupled with educational campaigns on respiratory hygiene,
could further reduce the ARI transmission [1]. Similarly,
Poland’s military experienced peaks in ARI during troop
rotations, highlighting the need for stricter isolation protocols
and improved acclimatization strategies for personnel entering
new environments [19]. Insights from the systematic review on
COVID-19 in military settings also emphasised the utility of
digital tools, such as contact tracing applications, in effectively
managing outbreaks [21]. Therapeutics are another critical
component of ARI management. A study in Singapore during
the H1N1 influenza outbreak in 2009 demonstrated that early
use of oseltamivir significantly reduced the risk of
hospitalization and severe outcomes, even in young and healthy
military populations [23]. Enhanced vaccination coverage for
pathogens with available vaccines (ie, influenza, SARS-CoV-2),
rapid isolation of infected personnel, and timely therapeutic
interventions collectively contribute to reducing the overall ARI
burden. By focusing on overall respiratory health rather than
targeting specific pathogens, these strategies will help create a
more resilient military workforce.

The findings of our study, while focused on a single SAF
military camp, have broader implications for the military and
other high-density living settings globally. The consistent
alignment of our findings with other military studies, such as
those conducted in US, Polish, and Singaporean military
contexts, highlights the relevance of our findings across varied
geographic and operational contexts. Our study findings are
generalizable to other SAF camps or military units with similar
profiles, where young men live and work together in close
quarters, as these shared conditions contribute significantly to
ARI transmission. Additionally, these findings may offer
insights for surveillance and ARI prevention measures in other
high-density living environments, such as dormitories, where
communal living and close interactions similarly increase the
risk of ARI outbreaks. Expanding surveillance efforts to multiple
camps with different demographics and training intensities, as
well as integrating findings with civilian studies, could further
enhance the applicability of these findings to both military and
nonmilitary populations.

Strengths
The study used data from comprehensive surveillance with the
BioFire FilmArray Respiratory Panel, which enabled the
detection of a wide range of respiratory pathogens. The large
sample size allowed for accurate determination of pathogen
prevalence in the military context. Additionally, the study’s
focus on medical absenteeism bridges the gap between clinical
outcomes and organizational impact, making the results
actionable for health policy and military planning.

Limitations
First, excluding coinfections from the analysis may have
overlooked the complexity of pathogen interactions.
Coinfections often exacerbate illness severity or prolong
recovery time, and their exclusion may have led to an
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underestimation of the duration of MA. However, the number
of coinfections in our study was relatively small, and their
exclusion is unlikely to have significantly impacted the overall
results or conclusions. Second, the small number of bacterial
ARI cases limited our understanding of their impact on
organizational productivity. Bacterial pathogens, such as
Mycoplasma pneumoniae, are known to cause severe symptoms
and potentially longer MA. Without sufficient data, their role
in contributing to productivity losses remains unclear. Third,
the reliance on self-reported data for fever and medical
certificates or light duty duration introduces the potential for
recall bias. Lastly, while our study is generalizable to SAF units
or camps with similar profiles (ie, young men in close quarters),
its findings may not apply to camps with different demographics
or training intensities.

Future studies should address these limitations by including
coinfection cases to better understand the interplay between
different pathogens and their combined impact on ARI severity
and duration of medical absenteeism. Expanding surveillance
to multiple military camps and similar high-density living
settings would enhance generalizability of findings and account
for variations in living conditions, vocations, and operational
structures. This broader approach could help identify high-risk
groups or settings and guide the implementation of targeted
interventions. Additionally, longitudinal studies tracking the
same cohort over multiple ARI seasons could provide insights
into the effectiveness of preventive measures, such as influenza
vaccinations, NPIs, and the impact of digital health tools such

as the upcoming Data Analytics for Soldier Health (DASH 2.0)
system in the SAF. The integration of iDASH2.0 into future
electronic medical records could enable real-time monitoring
of ARI trends, identification of seasonal trends in pathogen
prevalence, and assessing waning immunity post vaccination.
Finally, studies focusing on bacterial ARI cases should explore
their clinical and operational impact using advanced diagnostic
tools and longitudinal study designs, paving the way for
antibiotic stewardship programmes.

Conclusion
This study highlights the significant burden of ARIs in military
settings, with influenza contributing to longer medical leave
compared to noninfluenza pathogens, yet no differences in the
overall duration of medical absenteeism across pathogens. These
findings underscore the need for a multipronged approach to
ARI prevention that goes beyond vaccination programmes to
include targeted nonpharmaceutical interventions and
therapeutics. By addressing the identified gaps and building on
the strengths of this study, future research should explore the
impact of coinfections and bacterial ARIs, seasonal trends, and
the long-term effectiveness of preventive measures across
multiple military camps in Singapore. This will enhance
generalizability and inform robust, evidence-based policies to
optimize the health and productivity of servicemen. Ultimately,
integrating vaccination programmes, NPIs, and therapeutics
into a cohesive ARI management framework will strengthen
the SAF’s resilience against respiratory threats and ensure
sustained organizational productivity.
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Abstract

Background: Prediabetes conveys an increased risk for subsequently developing type 2 diabetes (T2D). The National Diabetes
Prevention Program (DPP) is a widely available intensive behavioral intervention that decreases the risk of developing T2D in
adults with prediabetes. Data are needed to inform approaches to increase prediabetes awareness and National DPP participation.
Few studies have explored perceptions and experiences of prediabetes diagnosis and National DPP participation, and none have
focused on Hispanic adults and participation in the National DPP as implemented by a community-based organization.

Objective: This study aims to explore perceptions and experiences of developing prediabetes awareness and participating in
the National DPP among Hispanic US adults.

Methods: The sample was recruited from participants in the National DPP as implemented in Spanish by a community-based
organization in the upper Midwest. Semistructured interviews were conducted by telephone in April and May 2021. A qualitative
descriptive approach was used. Data from the interviews were reviewed, coded, and integrated into themes to reflect the narratives
elicited in the interviews.

Results: A total of 16 interviews were conducted. The mean age of the participants was 46 (SD 6, range 34‐55) years. Most
(n=15) identified as female. The majority (n=15) reported having been born in Mexico. More than two-thirds (n=11) had a level
of educational attainment of high school completion or less. Nearly half (n=7) reported not having health insurance. Qualitative
description resulted in the emergence of four main themes: (1) processing the news of having prediabetes, (2) deciding on treatment
for T2D primary prevention, (3) valuing language and cultural congruence in the National DPP, and (4) appreciating action-oriented
knowledge gained during National DPP participation. Participants described the emotional impact of becoming aware of having
prediabetes. National DPP lifestyle coaches’ outreach and recruitment efforts on a local radio program and a Facebook Live
(Meta Platforms) broadcast helped raise awareness of prediabetes and influence attitudes toward participation in the National
DPP. Values and cultural beliefs appeared to contribute to perceptions and experiences of participating in the National DPP.
Participants were inclined to share information about the National DPP with others in their community.

Conclusions: This study presents some of the first evidence exploring perceptions and experiences of developing prediabetes
awareness and participating in the National DPP among Hispanic US adults. The findings can inform approaches to increase
prediabetes awareness and National DPP participation among Hispanic US adults.

(JMIR Form Res 2025;9:e66964)   doi:10.2196/66964

KEYWORDS

prediabetes; Hispanic; prevention; diabetes; diabetes prevention; awareness; older adult; elder; aging; diabetes prevention program;
diabetic; type 2 diabetes; type 1 diabetes; endocrinology; diabetes mellitus; community-based; qualitative study; interview; United
States

Introduction

Prediabetes is a state of elevated blood glucose that conveys an
increased risk for subsequently developing type 2 diabetes (T2D)

[1]. In the United States, approximately 97.6 million adults have
prediabetes (38% of the entire population) [2]. Among adults
with prediabetes, an estimated 29% will develop T2D within 3
years, and 70% will develop T2D within their lifetime without
an effective strategy for primary prevention [3,4]. Lifestyle
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modification is an effective primary prevention strategy, as
demonstrated in a landmark clinical trial of adults with
prediabetes and overweight or obesity. Participants randomized
to receive the Diabetes Prevention Program (DPP) intensive
lifestyle intervention experienced a 58% lower risk of
developing T2D over 3 years than the placebo group [5].

Based on this promising evidence, the Centers for Disease
Control and Prevention is leading an effort to offer the National
DPP, which is derived from the evidence-based intensive
lifestyle intervention [6]. The National DPP is implemented
in-person and online across the country by community-based
organizations, for-profit businesses, health care systems, and
insurers [6,7]. The out-of-pocket cost of participating in the
National DPP is covered through Medicare, commercial
insurance, or employer wellness programs [6]. There are also
organizations that enable participation without any out-of-pocket
cost through support from philanthropic funds and grants [8].

Despite the high risk that prediabetes portends for subsequent
development of T2D and the large-scale effort to provide access
to an effective T2D primary prevention strategy, less than 1%
of adults with prediabetes have participated in the National DPP
[8]. Compared with White non-Hispanic adults with prediabetes,
adults with prediabetes of underrepresented racial and ethnic
groups are less likely to participate in the National DPP [7,8].
Hispanic adults have the lowest uptake rate into the National
DPP among major racial and ethnic groups. Despite making up
15.4% of the US adult population with prediabetes, Hispanic
adults only constitute 9% of individuals who have participated
in the National DPP [2,8].

Racial and ethnic disparities in National DPP participation are
likely multifactorial, stemming from patient-, provider-, and
system-level factors. National survey data suggest that only
about 20% of adults who meet the glycemic criteria for
prediabetes are aware that they have the condition [2]. Even
when adults are aware of having prediabetes, evidence suggests
that many may not receive counseling from a health care
provider about their subsequent risk for developing T2D and
the preventive benefits participation in an intensive lifestyle
intervention might offer [9]. Factors hindering effective
provider-patient discussions about prediabetes and the National
DPP include limited educational materials, time constraints
during clinic visits, provider perceptions of potential financial
constraints to participation, and provider perceptions of patient
low self-efficacy for lifestyle change [10-14]. An analysis of
2016 and 2017 National Health Interview Survey data found
that less than 5% of adults with diagnosed prediabetes received
a referral to the National DPP [15].

Qualitative data from Hispanic adults with prediabetes who
have participated in the National DPP are needed to understand
their perceptions and experiences about becoming aware of
having prediabetes, as well as making an informed choice about
initiating and continuing participation in the National DPP.
Previous research in the context of T2D prevention in Hispanic
adults has explored perceptions regarding the risk of developing
diabetes and preferences for prediabetes treatment options
[16,17]. In addition, qualitative studies have provided insight
into perceptions and experiences of participation in the National

DPP as implemented by an integrated health care system among
adults with diverse ethnic backgrounds [18,19]. Research in the
setting of the National DPP implemented by a community-based
organization can augment these earlier qualitative findings.

The objective of this study was to explore perceptions and
experiences of prediabetes awareness and National DPP
participation among Hispanic adults. The findings from this
study will inform future interventions to increase prediabetes
awareness and National DPP participation in a high-risk
population while helping promote racial and ethnic equity in
the prevention of T2D.

Methods

Overview
A qualitative descriptive approach was used [20]. This approach
is intended to systematically summarize individual participants’
specific and unique perspectives and experiences and report
them in detailed descriptions that are closely linked to the words
of the participants. Semistructured interviews were used to
collect in-depth perspectives and experiences from the
participants, allowing their responses to be considered within
context [21]. Specifically, follow-up questions were included
to elicit more detail about how perspectives and experiences
might be influenced by language and cultural factors [22]. The
research team was led by the first author, who is a nurse
practitioner with a PhD in nursing and formal training and
experience in qualitative methods. Additional team members
included a research assistant with a PhD in Spanish and a
research assistant with a master’s degree in public health, both
of whom had experience but no formal training in qualitative
methods.

The sample was recruited from among current and completed
participants of the National DPP, which was implemented in
Spanish by a community-based organization, the National
Kidney Foundation of Michigan, in Kent County, an urban
county in West Michigan (April and May 2021). According to
the US 2020 Census, the population of Kent County, Michigan,
was approximately 650,000, with 11.7% of residents identifying
as having Hispanic or Latino ethnicity [23].

The eligibility criteria were being 18 years or older, identifying
as having Hispanic or Latino ethnicity, having a history of
prediabetes, and participating in the National DPP. Participating
in the National DPP was defined as attending at least one
session. There were no exclusion criteria. One of the lifestyle
coaches who facilitated the National DPP in Spanish, distributed
study flyers in English and Spanish through email to National
DPP participants. Those interested in learning more about the
study completed an online screener in which they provided their
contact information. Individuals who supplied their contact
information in the screener were reached by telephone by the
first author, who speaks fluent Spanish and identifies as being
non-Hispanic White. The first author was unknown to the
participants. Those who agreed to participate were subsequently
enrolled in the study.

After obtaining verbal informed consent, the first author offered
to conduct the semistructured interview in English or Spanish,
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depending on the participant’s preference. All of the participants
chose to complete their interview in Spanish. Textbox 1 presents
the semistructured interview guide in English.
Sociodemographic and clinical data collected included age,

gender identity, country of birth, English language proficiency,
language spoken at home, educational attainment, insurance
status, and annual household income.

Textbox 1. Interview guide.

Interview questions:

• When did you first learn you had prediabetes?

• Before your diagnosis, what did you know about prediabetes?

• What do you know about the consequences of prediabetes?

• What was your reaction when you were diagnosed?

• Tell me about what it was like when you were diagnosed. How did it make you feel?

• How did you learn about the National Diabetes Prevention Program (DPP)? Did you know someone who had joined?

• Which organization presented the National DPP that you participated in?

• How did your diagnosis influence your decision to participate in the National DPP?

• What made you want to join the National DPP? What gave you motivation?

• If you were to try to convince someone to join the program, what would you tell them?

• Did you encounter obstacles or barriers to participating? Did you have to make any sacrifices to be able to attend? Did you need to find childcare,
miss work, or find transportation? How did you overcome these barriers?

• Was there any aspect of the program that made it easier for you to join?

• Which aspects of the National DPP did you like the most or find the most helpful?

• Which aspects of the National DPP did you not like or not find helpful?

• What do you think you learned or gained from the program?

A research assistant, a native Spanish speaker of Mexican
heritage who identifies as having Hispanic ethnicity, transcribed
the audio recordings of the interviews and translated them from
Spanish into English. The research assistant, well-acquainted
with the Spanish-language dialects used by the participants,
took special care in the translation. The translated transcripts
were reviewed by the first author and updated for accuracy when
needed. Independently, the research assistant and the other
research assistant, who identifies as having non-Hispanic White
ethnicity and race, read all of the transcripts and created a list
of possible codes with a description for each code. Based on
the list of the codes and their descriptions, a codebook was
developed by the 2 research assistants and the first author
through consensus. The research assistants then independently
applied the codes to text segments using ATLAS.ti (Scientific
Software Development) computer-aided qualitative data analysis
software [24]. The rationale for using computer-aided qualitative
data analysis software was to assist in applying the codes and
organizing and managing the textual data. As new concepts
were identified inductively, additional codes were added to the
codebook. After all the transcripts were coded, discrepancies
in coding were identified and discussed by the research assistants
and the first author. Any differences in coding were adjudicated
by the first author and resolved through consensus. Using coding
reports, patterns were identified, and a consensus was reached
on the themes to be reported. During the analysis, data reduction
tables were used to facilitate the iteration of concepts and the
development of themes. In addition, audit trails were used to
document analytical processes. Thematic saturation was

achieved when additional evidence no longer changed the
overall description of the themes. Standards for Reporting
Qualitative Research endorsed by the EQUATOR (Enhancing
the Quality and Transparency of Health Research) Network
were followed [25].

Ethical Considerations
The study was approved by the institutional review Board of
the University of Michigan (HUM00192113). Informed verbal
consent was obtained from all participants before the interviews
were conducted. All transcripts were deidentified during
transcription, before analysis. Unique identifiers were used to
anonymize quotes from individual participants. Each study
participant received a US $20 Amazon gift card as compensation
for their time spent participating.

Results

Overview
A total of 16 participant interviews were conducted. Table 1
presents the characteristics of the participants. The mean age
was 46 (SD 6, range 34‐55). Most (n=15) identified as female.
The majority (n=15) reported being born in Mexico. More than
two-thirds (n=11) had a level of educational attainment of high
school completion or less. Nearly half (n=7) reported not having
health insurance.

Qualitative description resulted in the emergence of four main
themes: (1) processing the news of having prediabetes, (2)
deciding on treatment for T2D primary prevention, (3) valuing
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language and cultural congruence in the National DPP, and (4)
appreciating action-oriented knowledge gained during National

DPP participation.

Table . Participant demographics (N=16).

ValuesCharacteristic

46 (6; 34-55)Age (years), mean (SD; range)

Gender, n

1Male

15Female

Country of birth, n

15Mexico

1Puerto Rico

English proficiency, n

3I don’t speak English

11Not well

1Well

1Very well

Language spoken at home, n

13Spanish

3Spanish and English

Educational attainment, n

2Elementary school (grades 1‐8)

9High school (grades 9‐12)

5College or graduate school

Insurance status, n

3Private insurance

4Public insurance

7No insurance

35,500 (17,000-96,000)Annual household income (US $), mean (range)

aNot applicable.

Theme 1: Processing the News of Having Prediabetes
Participants shared a range of unique perceptions and
experiences upon becoming aware that they had prediabetes,
often through specific events. Commonly, individuals were
informed by their health care provider based on the results of a
glycated hemoglobin (HbA1c) screening test performed during
a routine physical exam. Other participants reported developing
awareness of having prediabetes based on a point-of-care HbA1c

test performed at a health fair. In one instance, a participant
discovered her prediabetes following a pregnancy complicated
by gestational diabetes:

My prediabetes started… well, 9 years ago. I was
pregnant. My son is now 9 years old. Back then, they
told me I had gestational diabetes. And after that, I
went back to the doctor after giving birth and all of
that. Then they told me that I was in the prediabetes
[range]. And, I still have prediabetes now. [Participant
16]

Participants who learned about their prediabetes during a routine
physical exam or a visit to a health fair described the emotions
they experienced while processing the news of having
prediabetes. One woman described how she was caught off
guard by the diagnosis of prediabetes during a routine physical
examination:

I reacted with, well, surprise and also, a little bit of
sadness and anger. Because one thinks they’re okay
until they get checked. All the time, every year, I get
my physical, and before, it never turned out that
way… that I had prediabetes. [Participant 11]

For some participants, their diagnosis was a chance to begin
understanding prediabetes and making lifestyle changes,
including attempting to “eat healthier” and “exercise more.”
The words of one woman conveyed the sentiment of the
participants:
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I felt distressed. Sad. But this distress and this
sadness, I focused it in a positive direction.
[Participant 6]

Several participants explained that the news of having
prediabetes was followed by concern about their future quality
of life if they were to develop T2D. Nearly all the participants
had at least one close family member with T2D, which informed
their views of what it would be like to live with diabetes. For
example, one woman explained:

Yes, I knew [about T2D] because my mother-in-law
died from it. And a lot of family on my husband’s side
[have T2D]. And I knew that they had to inject insulin
and check their blood and things like that. I knew a
little. [Participant 6]

In one case, a participant reported that her health care provider
outlined a potential future medication scenario for her if she
went on to develop T2D:

He told me that I was prediabetic and that if I kept
going, the next step would be diabetes, and that I
would have to take the medicines that are necessary,
and possibly, after that, I would have to take insulin.
And that is when I said “No… I don’t want that.” I
had to do something with myself so I would not get
to the point of having diabetes. [Participant 2]

Theme 2: Deciding on Treatment for T2D Primary
Prevention
Many participants reported being concerned about the risk of
subsequently developing T2D and considering possible paths
to T2D primary prevention. The only options presented by the
health care provider were typically losing weight through eating
healthier meals and being more physically active or taking
medication. When asked if the individual who had delivered
their prediabetes diagnosis had offered the National DPP or any
other support for achieving modest weight loss, a few
participants reported that they were referred to a nutritionist.
However, most participants reported not being offered any
support for healthy lifestyle changes and weight loss. To many,
at the time of their prediabetes diagnosis, it seemed that the only
option was to try lifestyle changes on their own. One woman
described her experience choosing between making lifestyle
changes and taking medication:

I first went to my appointment, and they drew blood.
Then, later, I came back for the results. It was then
that the doctor told me what was going on and that I
should try to get better, lose weight, and eat healthier.
Because the doctor knows I am very reluctant to take
medicines. I said: “No, I will do it on my own, lose
weight, and do it. [Participant 2]

One woman explained:

It was not my doctor [from who I heard about the
National DPP]. My doctor would only say: “You need
this [to eat healthier and lose weight]. You need that
[to take a medication].” She never told me that there
is a diabetes prevention program. [Participant 1]

Participants expressed that the prospect of having to eat healthier
and lose weight on their own, without support, seemed
overwhelming. One woman shared her frustration:

I want to lose weight, but I cannot. Meanwhile, for
example, during Holy Week, my clothes did not fit
me, and I thought: What can I do? Sometimes, I do
not have money to buy new clothes, and it’s very
unflattering. [Participant 7]

Another woman stated:

You see that we want to lose weight, and we try to
diet. But that only lasts, what, 15 days to a month.
[Participant 8]

The majority of participants learned about the National DPP
through public health campaigns after being diagnosed with
prediabetes. For example, most participants reported finding
out about the National DPP through a local Spanish-language
program on the radio or a local broadcast on Facebook Live in
which a media personality spoke with a local lifestyle coach.
What was immediately appealing to many study participants
was how the lifestyle coach prepared them for initiating and
participating in the National DPP. The lifestyle coach discussed
information about the National DPP that was essential so that
they could make an informed choice about participation,
including that it would teach them about topics such as “how
to eat healthy food” and “how to count calories.” The lifestyle
coach also discussed how the National DPP was a free,
group-based program. One woman recalled her experience
finding out about the National DPP:

I heard about it [the National DPP] on the radio. It
was on the program La Poderosa. She [the local
lifestyle coach] was saying that peoples’ bodies are
becoming larger because we have bad habits. And …
what caught my attention was that it [T2D] is caused
by the decisions that people make … and that people
need counseling, some motivation. And I said: “Oh,
that sounds interesting!” … I wrote down the number,
called, and registered myself. [Participant 6]

Another woman described her experience finding out about the
program:

I responded to the video that she [the lifestyle coach]
made on El Informador [Facebook Live program].
She said that she was going to teach us how to take
care of ourselves better so that we wouldn’t develop
it [T2D]. And we would be changing our lifestyle and
eating healthier. And that she would support us.
[Participant 8]

In addition, a couple of participants who became aware that
they had prediabetes at a health fair reported that the National
DPP had been offered to them as an opportunity for T2D
primary prevention.

Theme 3: Valuing Language and Cultural Congruence
in the National DPP
Participants reported that an important factor in their
engagement with the National DPP was the linguistic and
cultural tailoring for Hispanic adults. The fact that the program
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was in Spanish was described as essential. In addition to the
language, participants expressed their appreciation that the
program was culturally salient in other ways. One participant
shared that the National DPP offered her access to information
that she felt that she was missing from visits with her health
care provider. She expressed that this was especially important
since many Hispanic women like herself may not visit a health
care provider to manage their health. She explained:

To tell you the truth, as a Hispanic, you take things
differently. One does not go to the doctor just because.
You go to the doctor when you are sick and when you
feel bad. You do not go to get a physical or anything.
So, I learned a lot in it [the National DPP] about
what you should look for in the labels. What you must
do and all that, I learned it there. [Participant 11]

When considering how being Hispanic might present unique
challenges or opportunities to engage with the National DPP,
one woman identified her country of origin as impacting her
relationship with food choices. She explained:

I’m Mexican, and we are used to eating… no not
eating, ingesting, too much. We’re accustomed to
beans, rice, meat… steak, chicken, hamburgers, or
whatever it may be, …. and always tortillas. We ingest
a lot of carbohydrates. … And one eats and eats, and
one doesn’t pay attention to how much one eats. What
I learned from the women [the lifestyle coaches] has
been of great importance. I’ve learned a lot. Thank
God. [Participant 12]

Some participants perceived that being an immigrant created
challenges related to gaining weight and eating behaviors. One
woman explained:

I should not gain any more weight because it is very
easy here [in the US] to gain weight. That was the
only thing I thought. That I won’t gain weight.
[Participant 14]

Another woman explained:

Because the problems of Hispanic people are different
from the problems of people who were born here.
Having left your country, the pain of leaving your
parents, your culture, all of that, is painful, and that
also causes depression and not eating appropriately.
[Participant 6]

Theme 4: Appreciating Action-Oriented Knowledge
Gained During National DPP Participation
Many participants appreciated the action-oriented knowledge
they gained during National DPP participation, which promoted
their attempts at healthy lifestyle change. One woman explained:

From the beginning, when we started with the teacher,
she taught us that we need to be detectives of nutrients
and food labels. I had never paid attention to that
before. I had tried to look for things with less sugar
and stuff, but never stopped to look at ingredient by
ingredient and the amount of fat. This is what we also
studied in class. I tell you, for me, that was something

new… She also taught us about exercise, and she
showed us what we could do at home. [Participant 7]

Another woman stated:

I’ve seen nutritionists before, and I was the type of
person who wanted to be told, ‘Ok, in the morning,
you will eat this; at noon, you will eat that; and at
night, you will eat this.’ But no one tells you that …
She [the lifestyle coach] is teaching us how to read
food labels to find out about calories, sugars, and
fats. [Participant 8]

A participant recalled the early challenges of learning about
prediabetes and reported that understanding biological
mechanisms offered in the National DPP enhanced his
motivation to make healthy lifestyle changes. He noted:

For me, at first, it was very complicated. But then
after that, when relating how one eats to how sugars
rise, and knowing that the pancreas regulates sugars,
it’s then when one starts to understand why, before
eating and after eating, one’s sugar levels are
different. [Participant 11]

Participants discussed how they perceived that they were able
to carry over the focus on the empowerment of the National
DPP to other family members.

To tell you the truth, it [the National DPP] did help
me because I have … small children. … I do not want
what happened to me to happen to them. I mean, it
[the National DPP] helps you. It helps you. It helps
make your family better. They [the lifestyle coaches]
help you to take care of your family. [Participant 3]

Some of the participants seemed to feel confident sharing the
knowledge that they gained from the National DPP with others
in the community. One woman recounted:

In my experience, I have gotten to know more people
and told them, when they say “prediabetes,” you have
to take it seriously…and try to change your way of
living and lifestyle. [Participant 3]

Another woman explained:

There should be more, like, more programs. Like more
publicity. Give us more information.… They should
give programs like this [the National DPP] more
promotion. Also, tell people more so they know about
it. Because the truth is, one doesn’t know about them.
Look after this, the truth is that I sent a lot of people
there. I told them: “Go. Go. It’s very important.”
[Participant 1]

Discussion

Principal Findings
This qualitative study presents some of the first evidence
exploring perceptions and experiences of developing prediabetes
awareness and participating in the National DPP among
Hispanic US adults. The findings emphasize the emotional
impact of becoming aware of having prediabetes and highlight
the significance of dynamic outreach and recruitment by
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National DPP lifestyle coaches. Outreach by National DPP
lifestyle coaches, who leveraged local community forums,
including a local radio program and a Facebook Live broadcast,
was pivotal in raising awareness of prediabetes and influencing
attitudes toward participation in the National DPP. Values and
cultural beliefs among US Hispanic communities appeared to
contribute to perceptions and experiences of participating in the
National DPP. Some participants expressed a strong inclination
to share information about the National DPP with others in their
community.

Participants vividly remembered the moment they found out
that they had prediabetes and the emotions evoked by the
diagnosis. Emotions such as surprise, distress, and concern
about their future quality of life were commonly reported. This
resonates with findings in other communities where similar
emotional reactions to developing prediabetes awareness have
been documented [26]. The familiarity with T2D and the way
T2D had disrupted the lives of close family members and friends
was also consistently and clearly communicated, which
complements previous research on culturally relevant issues
among Hispanic adults in the United States [27]. When
reflecting on their views before joining the National DPP and
how participating had affected them, the participants highlighted
a previous lack of knowledge regarding prediabetes and a
previous feeling of lack of control over their trajectory toward
developing T2D. For many, the diagnosis of prediabetes served
as a catalyst for participating in the National DPP and taking
proactive measures such as healthier eating and increased
physical activity. These findings highlight the importance of
providing clear, easily understood, complete information to
enhance individuals’ optimism regarding the risk that
prediabetes portends for developing T2D and the effectiveness
of the National DPP in mitigating this risk.

Guidelines recommend primary care providers play an essential
role in T2D primary prevention through prediabetes screening,
counseling, and support for initiating National DPP participation
[28,29]. However, the findings suggest that primary care
providers often fail to effectively counsel Hispanic adults with
prediabetes about their risk for developing T2D and the benefits
of the National DPP [9,15]. This gap could be attributed to
limited awareness among primary care providers about the
National DPP and the community-based organizations
implementing it [13,14]. Participants echoed this concern,
indicating that many did not learn about the National DPP from
their health care providers but through other channels.

The role of trusted community figures and effective
communication through local media emerged as a key factor in
participants’ decisions to join the National DPP. Information
disseminated through appearances by lifestyle coaches on a
local Spanish-language radio program, and a Facebook Live
broadcast provided essential insights into the National DPP,
making it accessible and appealing. This aligns with previous
research that highlights the positive impact of social media on
health promotion and National DPP recruitment, particularly
within Hispanic communities where the use of social media is
prevalent [30,31].

Participants valued the National DPP implemented by the
community-based organization for its linguistic and cultural
congruence, noting that it resonated with their Hispanic heritage.
Cultural factors like traditional diets and the challenges faced
by immigrants in adopting healthier lifestyles were common
themes. The National DPP’s emphasis on action-oriented
knowledge, teaching participants about reading food labels, and
understanding the biological mechanisms of prediabetes,
empowered them to make informed health choices. This sense
of control that they gained extended beyond their own personal
health, influencing family members and potentially enhancing
health consciousness in the community.

Participants’ appreciation of the National DPP extended to its
broader impacts on family and community. Promotion through
family and friends was also highlighted as a valuable channel
for reaching more people, including men who might be hesitant
about participating or facilitating their spouse’s participation.
Participants suggested that more supportive efforts and more
comprehensive promotion could help inform others in their
community about prediabetes and combat fatalism, which was
viewed as a cultural belief that might have an impact on how
treatments such as the National DPP for primary prevention of
T2D are viewed [32].

Offering the National DPP at no out-of-pocket cost helped to
alleviate socioeconomic barriers, making the program accessible
to those with fewer resources [33]. Lifestyle coaches marketing
directly to adults with prediabetes could help overcome potential
financial concerns that health care providers may have regarding
patient National DPP participation [34]. This approach holds
promise for reaching underserved communities and warrants
further exploration of coordinated interventions between health
care systems and community outreach.

Limitations
This study has several limitations. The Hispanic adults with
prediabetes who took part in the study had participated in the
National DPP as implemented by a community-based
organization, which was in Spanish and culturally tailored for
the Hispanic community. Therefore, this study does not explore
perceptions and experiences of Hispanic adults with prediabetes
when the National DPP is not accessible in the community in
a linguistically and culturally tailored manner. The
community-based organization was supported by philanthropic
and grant funding, which allowed Hispanic adults with
prediabetes to participate in the National DPP without any
out-of-pocket cost. This study included an overrepresentation
of women and individuals who identify as Mexican American
compared with the overall Hispanic adult population in the
United States [35]. The overwhelming majority of all National
DPP participants (75%) nationwide are women [8].
Notwithstanding these limitations, the qualitative description
offers clinicians, researchers, and policymakers, insight into the
perceptions and experiences of an at-risk population currently
underserved by the National DPP, upon which future studies
may expand. Further research in this area should consider
sampling from a larger number of National DPP sites in
geographically dispersed areas. Expanded representation of
adults of diverse racial, ethnic, and cultural backgrounds, as

JMIR Form Res 2025 | vol. 9 | e66964 | p.4097https://formative.jmir.org/2025/1/e66964
(page number not for citation purposes)

Joiner et alJMIR FORMATIVE RESEARCH

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


well as male adults, who likely have unique needs and
challenges related to being reached and enrolled in the National
DPP, are also opportunities for future research.

Future Directions
A community-based intervention for Hispanic adults that
strengthens prediabetes awareness and provides counseling
about participating in the National DPP may increase uptake
into the National DPP. The American Diabetes Association and
the Centers for Disease Control and Prevention advocate for
patient-centered approaches in primary care to strengthen
awareness of prediabetes and support decisions about National
DPP participation [6,29]. The potential for local communication
channels, including radio programs and social media broadcasts,
to amplify health care services’ National DPP recruitment and
enrollment efforts at scale is also important [36]. In total, 66%
of Hispanic adults use Facebook [31,37]. Having an interview
with a National DPP lifestyle coach on a radio program or a
broadcast on Facebook Live leverages community forums and
requires much less investment of resources than health care
services calling many people to ask them to join the National
DPP [38]. Interventions that foster joint efforts through multiple
communication channels have the potential to make the path
from prediabetes diagnosis to National DPP participation
smoother and more effortless and reach underrepresented racial
and ethnic groups [30].

Conclusions
Efforts to increase National DPP participation among Hispanic
adults with prediabetes should be tailored to these populations’
unique social, cultural, and linguistic needs. This study is helpful
for primary care providers, community organizations, and
researchers aiming to boost prediabetes awareness and National
DPP participation. Participants in this study described their
perceptions and experiences of being diagnosed with prediabetes
and what they gained from participating in the National DPP,
which provides insights for future efforts to advance T2D
primary prevention. Overall, participants reported finding the
National DPP valuable and well-suited to their needs. First, the
enrollment information should be a multipronged effort,
including coming through respected, vibrant communication
forums that serve the needs of the community. Second, a
National DPP lifestyle coach who is a community member
would be trusted easily; however, if a lifestyle coach would like
to be helpful to a Hispanic community, there must be an
awareness of the cultural, social, and linguistic issues pertaining
to this community. Finally, it is important to note that the
empowerment that the National DPP brings to individuals and
families has its core in the community. Empowerment comes
from managing the diagnosis of prediabetes with lifestyle
changes that affect and impact family and loved ones. Hispanic
adults with prediabetes who participate in the National DPP
don’t just decrease their own risk for developing T2D; they also
become passionate and engaged leaders who have the potential
to improve others’ lives in the community.
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Abstract

Background: Chronic kidney disease (CKD) is a common comorbidity of type 2 diabetes mellitus (T2DM). Data on the
determination of CKD-related biomarkers among patients with T2DM in a real-life setting within Germany are limited.

Objective: We aimed to determine the prevalence of CKD and risk factors, availability of urine albumin-to-creatinine ratio
(UACR) and estimated glomerular filtration rate (eGFR) values, treatment satisfaction, and quality of life among patients with
T2DM in Germany.

Methods: SMART-Finder is a retrospective and prospective, observational, digital, patient-centered cohort study being performed
as part of the routine use of an adherence-supporting app. This baseline analysis’observation period was from August to November
2023. Patients with T2DM in Germany who actively used the MyTherapy app; allowed push notifications; and documented use
of diabetes medications, renin-angiotensin system inhibitors, finerenone, and/or blood glucose test strips were eligible for inclusion.
Study materials (background information, electronic consent form, and laboratory and electronic questionnaires) were provided
to eligible patients via app push notifications. Participants completed an electronic case report form that included questions on
their blood pressure; their most recent UACR, eGFR, and glycated hemoglobin (HbA1c) values in the past 12 months; the
EQ-5D-5L; and the Diabetes Treatment Satisfaction Questionnaire. The primary outcome was the proportion of patients with a
UACR of ≥30 mg/g.

Results: Of 9527 invited eligible patients, 101 completed the electronic case report form (male: n=61; female: n=40; age: mean
54.2, SD 11.4 y). Of these, 1 female patient and 5 male patients reported their UACR values; 3 (all male) had a UACR of ≥30
mg/g. The remaining 95 patients reported that their health care professionals had not provided UACR measurements. Only 9

(8.9%) patients were aware of their latest eGFR values (3 patients: 15‐44 mL/min/1.73 m2; 6 patients: 45‐89 mL/min/1.73

m2), 90 provided HbA1c values (80 patients: ≥6.0%), 46 had a systolic blood pressure of ≥130 mm Hg, and 83 reported former
or current nephrotoxic medication intake. The mean EQ-5D-5L index score was 0.7 (SD 0.3; range –0.1 to 1.0; 50 patients). The
mean Diabetes Treatment Satisfaction Questionnaire score was 28.8 (SD 6.8; range 9.0-36.0; 49 patients).

Conclusions: Patients with T2DM who were using an adherence-supporting app in Germany lacked awareness of CKD-related
biomarkers but had high knowledge of self-manageable biomarkers (eg, blood pressure, serum fasting glucose, and HbA1c values).
Our results suggest that treating physicians either do not test for UACRs and eGFRs or do not inform patients about the results.
Nonadherence to diagnostic testing guidelines and a lack of physician-patient communication put patients at risk. Another reason
for this health literacy imbalance may be the focus on HbA1c instead of kidney comorbidity in patient education material. Future
goals for diabetes management must include guideline-compliant testing of CKD-related biomarkers and open physician-patient
communication.

International Registered Report Identifier (IRRID): RR2-10.2196/44996

(JMIR Form Res 2025;9:e60246)   doi:10.2196/60246
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physician-patient communication
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Introduction

Chronic kidney disease (CKD) is a common comorbidity of
type 2 diabetes mellitus (T2DM), which is a leading cause of
death and disability worldwide [1-8]. Patients with CKD show
persistently decreased estimated glomerular filtration rates
(eGFRs) or persistently elevated urine albumin excretion [9-11],
which may progress to end-stage renal disease [12]. A
high-normal urine albumin-to-creatinine ratio (UACR) is
associated with a significantly increased risk of all-cause
mortality [13].

Effective therapeutic approaches that can influence the
development of CKD in patients with T2DM are available
[14-16]. The current consensus guideline of the American
Diabetes Association (ADA) and the Kidney Disease: Improving
Global Outcomes (KDIGO) Work Group recommends
renin-angiotensin system inhibitors, sodium-glucose
cotransporter 2 inhibitors (SGLT2is), statins, and metformin as
first-line drug therapies for patients with T2DM and CKD [17].
Glucagon-like peptide-1 receptor agonists are recommended if
SGLT2is and metformin do not achieve sufficient glycemic
control. For patients with persistent albuminuria despite standard
treatment with glucose-lowering and antihypertensive
medications, a nonsteroidal mineralocorticoid receptor
antagonist is recommended in addition to baseline therapy [17].

The early identification of patients with diabetes who are at
increased risk for renal disease is highly recommended [18,19].
Therefore, the eGFR (based on serum creatinine) and
albuminuria (based on the UACR) should be assessed once per
year in patients with T2DM [20,21]. As the UACR demonstrates
a high degree of within-individual variability among individuals,
regularly collecting samples for UACR testing may improve
capacity for monitoring changes over time in clinical and
research settings [22]. However, data on the determination of
UACRs in a real-life setting and the prevalence of CKD among
patients with T2DM in Germany are limited [23-26].

The SMART-Finder study was designed to determine the
prevalence of CKD and risk factors, availability of UACR and
eGFR values, satisfaction with treatment, and quality of life
among patients with T2DM using an adherence-supporting app
in Germany [27]. In this analysis of baseline data from the
SMART-Finder study, the primary objective was to assess the
proportion of patients with T2DM who had an elevated UACR
(≥30 mg/g; albumin-to-creatinine ratio [ACR] stages A2 and
A3). As secondary objectives, the proportion of patients without
UACR test data was determined, blood pressure and nephrotoxic
comedication status were assessed, and quality of life was
analyzed. Disease awareness and treatment satisfaction were
assessed as further secondary objectives.

Methods

Study Design
As previously described [27], the recruitment of patients and
documentation of data for this retrospective and prospective,
observational, digital, patient-centered cohort study were carried
out without the assistance of a health care professional (HCP),

as part of the routine use of the MyTherapy app (smartpatient
GmbH) by patients with T2DM in Germany. The app helps
patients manage their treatment-related tasks and access
information on other health topics, including comorbidities, by
using their mobile device. The app provides the user with a
daily “To do” list of tasks, including those regarding medication
intake, and asks the user to confirm whether each task has been
completed [27]. Patients who documented the following
medications or medical devices within the app were considered
eligible for participation during initial selection: metformin,
acarbose, dipeptidyl-peptidase-4 inhibitor, glucagon-like
peptide-1 receptor agonist, renin-angiotensin system inhibitor,
SGLT2i, basal insulin, nonsteroidal mineralocorticoid receptor
antagonist, sulfonylurea, and blood glucose test strips.

To ensure that patients were properly informed, all eligible
patients who actively used the app and allowed push
notifications during the app’s regular operation received content
via push notifications during an awareness phase, which lasted
from August 2 to 15, 2023. This content comprised 3 videos
about the scope and goals of the SMART-Finder study, the risk
of CKD in patients with T2DM, and the impairment of kidney
function in patients with CKD; a study description page; a
document for collecting laboratory values; and an electronic
consent form for explaining, in detail, which data were used for
this study and obtaining consent for the use of pseudonymized
data. After completion of the consent form, an electronic case
report form (eCRF), the EQ-5D-5L, and the Diabetes Treatment
Satisfaction Questionnaire (DTSQ) were provided in the
“Discover” section of the app (patients were notified about this
via push notifications as well) on August 18, 21, and 24, 2023,
respectively. The eCRF included questions on patients’
residential region, age, gender (self-reported as 1 of 3 options:
male, female, or diverse), weight, height, smoking status, last
systolic and diastolic blood pressures, serum fasting glucose
level, and most recent available laboratory values within the
last 12 months (UACR, eGFR, and glycated hemoglobin
[HbA1c]). If patients did not know these laboratory values, they
were encouraged to request them from their treating physician.

The observation period for the baseline analysis was from
August 18, 2023, until the cutoff date (November 20, 2023).
Patients who signed the informed consent form and completed
at least the eCRF were eligible for baseline analysis.

Ethical Considerations
Ethics approval for this study was granted by the Ethics
Committee of the North Rhine Medical Association
(Ärztekammer Nordrhein) on October 13, 2022 (approval
number: 2022263). All patients were offered the informed
consent form; of the 103 who signed the form, 2 withdrew
consent. All patient data were handled in a pseudonymized
manner, and the privacy of patients was ensured. Upon
completion of the baseline eCRF (regardless of EQ-5D-5L or
DTSQ completion), patients received a €10 (US $10.80) voucher
for Shop Apotheke as compensation for their time spent on data
documentation.
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Statistical Analysis
Data were analyzed descriptively with SAS (release 9.4 or
higher; SAS Institute Inc). UACRs were categorized based on
KDIGO ACR stages [6], with the addition of a fourth level
indicating nephrotic-range albuminuria [28,29] (stage A1:
UACR of <30 mg/g; stage A2: UACR of 30‐300 mg/g; stage
A3: UACR of 301‐3000 mg/g; stage A4: UACR of >3000
mg/g). Serum fasting glucose levels were categorized based on
the ADA diagnostic criteria for diabetes and prediabetes [30],
and eGFRs were reported by KDIGO category [6]. The
EQ-5D-5L index score was calculated by using a value set for
the German general population [31].

Results

Study Population
During the awareness campaign, push notifications for study-
and indication-related content were sent out to a cohort of
patients with T2DM (Figure 1), whereof 8799 to 9527 patients
received these push notifications. Of these 8799 to 9527 patients,
103 provided consent, and 2 withdrew consent. A total of 101
patients completed the eCRF and were therefore included in
the baseline analysis.

Figure 1. Patient recruitment and eligibility in the SMART-Finder observational study. Push notifications were sent out to all eligible patients with
T2DM (N=9527). The number of patients receiving each push notification could be influenced by factors such as internet connectivity or patients having
their devices switched off at the time of the notification. Therefore, 8921 (93.6%), 8799 (92.4%), 8999 (94.5%), 8716 (91.5%), and 9034 (94.8%) of
the 9527 eligible patients received push notifications for the article on the SMART-Finder study, the laboratory values handout, the video on kidney
function in CKD, the video on the SMART-Finder study, and the video on risk of CKD, respectively. CKD: chronic kidney disease; DTSQ: Diabetes
Treatment Satisfaction Questionnaire; eCRF: electronic case report form; T2DM: type 2 diabetes mellitus.

Of the 101 participating patients with T2DM, 61 were male,
and 40 were female. The study population had a mean age of
54.2 (SD 11.4; range 22‐76) years, a mean weight of 103.9
(SD 21.7; range 45‐149) kg, and a mean BMI of 34 (SD 7.0;

range 16.9‐54.7) kg/m2. Further, 26 patients were smokers,
43 were former smokers, and 32 had never smoked.

Laboratory Values and Blood Pressure
Of the 101 patients in the analyzed cohort, only 1 female patient
and 5 male patients reported their UACR values (Table 1); 3 of
the patients (all male) had a UACR of ≥30 mg/g. The remaining
95 (94.1%) patients reported that their HCPs had not provided
UACR measurements. For eGFR values, a similar finding was
observed—only 9 (8.9%) of the 101 patients were aware of their
latest values.
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Table . Classification of UACRsa in female and male patients.

Patients stratified by UACR, n (%b)Total patients

(N=101), n (%b)

>3000 mg/g (n=0)301‐3000 mg/g
(n=1)

30‐300 mg/g
(n=2)

<30 mg/g (n=3)Missing data
(n=95)

0 (0)0 (0)0 (0)1 (33)39 (41)40 (39.6)Female

0 (0)1 (100)2 (100)2 (67)56 (59)61 (60.4)Male

aUACR: urinary albumin-to-creatinine ratio.
bPercentages were calculated by using the n values in the column headings as the denominator.

In contrast to laboratory values provided by HCPs,
self-determined test results were more commonly reported. In
total, 65 (64.4%) patients provided their serum fasting glucose

levels, and 90 (89.1%) patients provided their latest HbA1c

values (Table 2).

Table . eGFRa, HbA1c
b,c, and serum fasting glucosed at baseline.

Patients (N=101), n (%)

eGFR at baseline, mL/min/1.73m2

92 (91.1)    Missing

1 (1)    15‐29

2 (2)    30‐44

2 (2)    45‐59

4 (4)    60‐89

HbA1c at baseline, %

11 (10.9)    Missing

9 (8.9)    <6.0

29 (28.7)    6.0‐6.5

16 (15.8)    6.6‐7.0

16 (15.8)    7.1‐7.5

6 (5.9)    7.6‐8.0

3 (3)    8.1‐8.5

8 (7.9)    8.6‐9.0

3 (3)    >9.0

Serum fasting glucose summary at baseline, mg/dL

36 (35.6)    Missing

7 (6.9)    <100

38 (37.6)    100‐126

20 (19.8)    >126

aeGFR: estimated glomerular filtration rate.
bHbA1c: glycated hemoglobin.
cTo convert HbA1c to mmol/mol, multiply by 10.93 and subtract 23.5 mmol/mol.
dTo convert serum fasting glucose to mmol/L, divide by 18.018.

Systolic and diastolic blood pressures are presented in Table 3.
In total, 31 (30.7%) patients had a high-normal systolic blood
pressure, 15 (14.9%) patients showed systolic hypertension,
and 13 (12.9%) patients showed diastolic hypertension according

to the 2023 European Society of Hypertension guidelines for
the management of arterial hypertension (assuming office-based
blood pressure measurements) [32].
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Table . Systolic and diastolic blood pressures at baseline.

Patients (N=101), n (%)

Systolic blood pressure at baseline, mm Hg

18 (17.8)    ≤119

37 (36.6)    120‐129

31 (30.7)    130‐139

13 (12.9)    140‐159

2 (2)    160‐179

Diastolic blood pressure at baseline, mm Hg

4 (4)    55‐59

4 (4)    60‐64

7 (6.9)    65‐69

14 (13.9)    70‐74

11 (10.9)    75‐79

36 (35.6)    80‐84

12 (11.9)    85‐89

9 (8.9)    90‐99

4 (4)    100‐109

Medication Usage
Use of SGLT2is, the nonsteroidal mineralocorticoid receptor
antagonist finerenone, hypertension medication (defined by
anatomic therapeutic chemical codes), and nephrotoxic
medication (as listed by Patel and Sapra [33]) was reported by
44, 0, 80, and 83 patients, respectively. All patients confirmed
their T2DM diagnosis at baseline. Further, 81 reported
hypertension (77 with treated hypertension and 4 with untreated
hypertension) and 12 reported CKD as comorbidities. Reported
comedication data for all patients are presented in Multimedia
Appendix 1.

Quality of Life and Treatment Satisfaction
A total of 50 patients completed the EQ-5D-5L. The mean
EQ-visual analog scale score was 64.4 (SD 24.4; range
3.0‐99.0; on a scale of 0‐100, where 0 is the worst and 100
is the best health state possible), and the mean EQ-5D-5L index
score was 0.7 (SD 0.3; range –0.1 to 1.0). The DTSQ was
completed by 49 patients, with a mean DTSQ score of 28.8 (SD
6.8; range 9.0‐36.0) at baseline.

Discussion

Principal Results and Comparison With Prior Work
With the SMART-Finder study, we are investigating the
self-reporting of UACR, eGFR, and HbA1c values in a cohort
of patients with T2DM using an adherence-supporting app in
Germany. This baseline analysis provides insights into the
implementation of treatment guidelines and HCP-patient
interactions.

We observed a low participation rate in our cohort of patients,
who were taking responsibility for their health status by

regularly tracking adherence. Of the 9527 patients who were
contacted, only 712 (7.5%) to 1659 (17.4%) patients engaged
with at least one aspect of the awareness campaign by clicking
on a video or the written information content in the app. The
final participation rate—8.4% (101 of 1209 patients who saw
the SMART-Finder study video)—is comparable to those
observed in other awareness campaigns; for example, 10.2%
(804/7865) and 10.1% (802/7920) of invited participants
completed a survey on a public health campaign for increasing
kidney health awareness in a Canadian province [34].

In contrast to activities that can be self-managed by patients
(blood pressure measurement and testing of HbA1c and serum
fasting glucose levels), about which our cohort appears to be
well informed, our results suggest a dramatic lack of awareness
of renal function status in this population at risk of CKD. This
is of particular concern, since almost half of the cohort (46/101,
45.5%) had a systolic blood pressure of ≥130 mm Hg, and 82.2%
(83/101) reported former or current intake of nephrotoxic
medication. Further, more than 90% of the patients were
unaware of their eGFR (92/101, 91.1%) and UACR (95/101,
94.1%), but 89.1% (90/101) of the patients knew their HbA1c

level, suggesting that treating physicians either do not test for
UACRs and eGFRs or do not inform patients about the results.
Both a lack of adherence to guidelines for diagnostic testing
and a lack of HCP-patient communication put patients at risk.
Another reason for this imbalance in health literacy may be the
focus on HbA1c, rather than on kidney comorbidity, in patient
education material.

Limitations
The presented baseline analysis has some limitations. There is
a selection bias, as only users of the adherence-supporting app,
that is, those who seemed to have experience with using
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technology, were able to participate. Additionally, the
unconventional method of data collection, with patients
requesting data from HCPs, may have introduced reporting bias
from the HCPs. Further, due to the low participation rate and
the lack of UACR and eGFR values, our findings on CKD risk
in the observed cohort of patients may not be generalizable to
all patients with T2DM. However, the missing data show a lack
of awareness in a high-risk population. Even though the annual
eGFR and albuminuria testing rates in Germany are 96.5% and
77.2%, respectively, our results suggest that among German
patients with diabetes, knowledge regarding their kidney
function and disease is still insufficient [35].

Conclusions
Baseline data from the SMART-Finder study, which were
derived from patients with T2DM who were using an
adherence-supporting app in Germany, showed a dramatic lack
of awareness of kidney-related biomarkers (UACR and eGFR)
but revealed high knowledge of HbA1c values. As only informed
patients are empowered patients, future goals for diabetes
management must include guideline-compliant testing of
CKD-related biomarkers and open communication between
HCPs and patients.
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Abstract

Background: Insulin resistance and the G allele of rs738409 interact to create a greater risk of metabolic dysfunction–associated
steatotic liver disease.

Objective: This study aims to confirm that one promising way to reduce insulin resistance is by following a very low–carbohydrate
(VLC) dietary pattern.

Methods: Adults with rs738409-GG or -CG with liver steatosis and elevated liver function tests, were taught an ad libitum
VLC diet, positive affect and mindful eating skills, goal setting, and self-monitoring and given feedback and coaching for 4
months. We measured liver steatosis, anthropometric, serum metabolic diet adherence, and quality of life measures.

Results: In this small pilot trial, of the 11 participants enrolled, 9 (82%) participants completed outcomes. All 11 participants
viewed at least 1 session of the intervention, and 8 (73%) participants viewed at least half of the sessions. Among the 9 participants
who provided 4-month self-report information, intervention satisfaction was high (mean 6.22, 95% CI 5.58-6.85), with 5 (56%)
participants rating the intervention the top score, and 4 (44%) participants reporting they did not plan to stop following the VLC
diet. Across participants with a 4-month hepatic liver fat percent measurement, the percent change in liver fat was −33.17% (95%
CI −86.48 to 20.14), and in only the participants who were adherent to the eating pattern, the percent change in liver fat was
−53.12% (95% CI −71.25 to −34.99). Amongst participants with a 4-month hepatic liver fat percent measurement, 6 out of 8
(75%) participants were considered responders, with a relative decline in liver fat ≥30%, and of the 9 participants with a 4-month
body weight, 9 (100%) participants lost ≥5% of their body weight. There were no serious adverse events.

Conclusions: Results suggest the feasibility, acceptability, and preliminary efficacy of the VLC intervention in adults with
higher genetic risk for metabolic dysfunction–associated steatotic liver disease, although there is a need for further studies given
the small sample size and the high risk of substantial biases in this small pilot study.

(JMIR Form Res 2025;9:e60051)   doi:10.2196/60051

KEYWORDS

metabolic dysfunction–associated steatotic liver disease; ketogenic diet; low carbohydrate; adult; genotype; insulin; insulin
resistance; metabolic dysfunction; dietary pattern; type 2 diabetes; T2DM; single-arm pilot trial; liver function test; genome;
non-alcoholic fatty liver disease
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Introduction

Metabolic dysfunction–associated steatotic liver disease
(MASLD) is an increasingly prevalent disease afflicting about
25% of US adults and more than 50% of people with type 2
diabetes [1]. MASLD is caused by the deposition of excess fat
in the liver, not due to alcohol, and can lead to advanced liver
disease in the form of inflammation (metabolic
dysfunction–associated steatohepatitis), fibrosis/cirrhosis
(scarring), and hepatocellular carcinoma (liver cancer) [2].
Advanced MASLD is present in more than 90% of severely
obese individuals [3]. It is associated with a shorter lifespan [4]
and is expected to become the leading indication for liver
transplantation in the United States [5].

Several dietary approaches have been suggested to treat
MASLD, but no single approach has been found to be superior.
For example, time-restricted eating and low-calorie,
low-fructose, low-carbohydrate, very low–carbohydrate (VLC),
and Mediterranean diets have all been studied in the context of
MASLD [6-8].

We and others have shown that MASLD is heritable and the
strongest common risk factor is having the I148M variant for
the patatin-like phospholipase domain–containing protein 3
(PNPLA3) gene [9]. We have previously shown that individuals
who carry this allele have a multiplicative risk of developing
MASLD if they also have insulin resistance. The largest
gene-environment meta-analysis study to date included
approximately 15,000 individuals of diverse ancestry and
demonstrated that rs738409-GG individuals had a 57% increased
risk of MASLD if their insulin levels were in the highest versus
lowest quartile of insulin, whereas rs738409-CC individuals
had only a 32% increased risk, suggesting the presence of
gene-environment interaction. Despite being at high risk of liver
disease, individuals with rs738409-GG or -CG and insulin
resistance are not being specifically targeted by programs aiming
to reduce insulin resistance.

One promising way to reduce insulin resistance is through the
use of a VLC eating pattern, also known as a ketogenic or “keto”
eating pattern, which is a very reduced carbohydrate, moderate
protein, and higher fat eating pattern. A VLC eating pattern has
been found to be effective for reducing insulin resistance, body
weight, inflammation, intrahepatic lipid content, and de novo
fatty acid synthesis and fatty liver deposits, with some
preliminary research showing the benefit of a VLC for MASLD
[10-14]. On the other hand, high-carbohydrate, low-fat diets are
related to greater liver inflammation or damage [15,16].

The National Institutes of Health’s obesity-related behavioral
intervention trials model for behavioral intervention
development [17] encourages preliminary testing of an
intervention in a subpopulation before conducting a full-scale
clinical trial. In this research, we built on previous research
findings demonstrating that a VLC eating pattern can be taught
using a web-based program that includes positive affect skills,
which aim to increase the frequency with participants experience
positive emotions, to improve intervention adherence and
satisfaction [18,19]; mindful eating, to help participants cope
with emotional and hedonic-driven eating, drivers of weight

gain [20-22]; and other strategies including goal setting and
self-monitoring; personalized feedback and support from a
coach; social support; reminders; and booster messages [23].

We hypothesized that a VLC eating pattern might be able to
achieve MASLD improvement or even reversal in adults with
steatosis or mild fibrosis, especially in the higher-risk
subpopulations of rs738409-GG or -CG individuals. As a first
step, in this small pilot trial of adults with MASLD, we
examined intervention feasibility, intervention acceptability,
and physical and patient-reported outcomes of rs738409-GG
or -CG individuals.

Methods

Study Design
This was a single-arm pilot trial of an online, VLC dietary
intervention.

Ethical Considerations
The research was approved by the University of Michigan
Institutional Review Board (HUM00154361) and registered at
ClinicalTrials.gov (NCT05010070). The study followed the
ethical standards of the responsible committee on human
experimentation (institutional and national) and abided by the
Helsinki Declaration of 1975, as revised in 2000. All participants
provided informed consent and could withdraw from the study
at any point. No writing assistance was used for this manuscript.
Recruitment began on August 31, 2021, and the outcomes of
the trial were finalized by October 3, 2022.

Participant Recruitment and Screening
Potential participants were contacted based on their rs738409
genotype in the Michigan Genomics Initiative (MGI), a research
initiative that collects and genotypes blood samples and allows
researchers to link this genetic information to patients. As part
of the initiative, participants had already provided informed
consent for broad research purposes [24]. Participants interested
in our pilot study were referred to a webpage that described the
trial and linked to an online screening survey (Qualtrics). The
screening survey included questions used to assess eligibility.
If individuals passed this, they were sent a video describing the
goals, procedure, and pros and cons of participating in the trial.
If they continued to express interest in the trial, they consented,
baseline measures were collected, and then they were enrolled
in the trial. Inclusion criteria included a baseline magnetic
resonance imaging with liver steatosis but not cirrhosis, having
been identified based on information from the MGI database,
and having elevated liver function tests. Exclusion criteria
included non-MASLD causes of elevated liver function tests;
use of exogenous insulin; planned or history of weight loss
surgery; active substance use or untreated mental health
condition that could pose a safety risk; advanced medical
conditions including as current chemotherapy, heart failure, or
kidney failure; type 1 diabetes; Cushing syndrome; adherence
to a vegan or dietary vegetarian; pregnant or planning to get
pregnant in the next 6 months; currently enrolled in a weight
loss program or other investigative study that might conflict
with this research; taking medications known to cause weight
gain or loss; or recent decompensation/hospitalization.
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Intervention
The online intervention included 16 weekly emails with a video
and handouts, as well as text messages and email-based
coaching. At baseline, participants received a body weight scale
(Bodytrace) and urine ketone strips. Participants were also sent
VLC cookbooks by mail 3 times throughout the intervention
[25-27]. We taught participants to follow a VLC eating pattern,
consisting of 20‐35 net (nonfiber) grams of carbohydrates per
day. At week 6, we encouraged participants to become
physically active for at least 150 minutes of moderate-intensity
physical activity per week as well as to sleep enough to feel
well rested. The intervention also taught skills related to feeling
more positive affect and eating mindfully [28]. Throughout, we
asked participants to track their dietary intake and to step on
the body weight scale at least once a week. The program’s
email-based coach provided feedback and support and we sent
near daily, unique text messages that provided reminders of the
intervention content.

Data Collection
At baseline, participants were asked to self-weigh using the
scale, complete a fasting blood draw and magnetic resonance
imaging at Michigan Medicine, complete an online survey
(Qualtrics); and complete a 2-day dietary recall with a trained
dietitian by phone. At 4 months, at the end of the intervention,
these were repeated. Prior to each week’s didactic session, we
asked participants questions about their dietary adherence and
experiences. Procedures associated with the research were either
covered by the study or the participants’ insurance.

Outcome Measures

Intervention Feasibility

Trial and Intervention Retention

We defined trial retention as the percentage of participants who
completed the postintervention outcomes divided by the total
number of trial participants enrolled. We assessed intervention
retention based on intervention participation: (1) viewing at
least 1 session, and (2) being active in the program, defined as
viewing at least 8 out of 16 (50%) of the sessions.

Dietary Adherence

At baseline and 4 months, participants took part in two 24-hour
dietary recalls. We considered participants adherent to the eating
pattern if their net carbohydrates at 4 months were below 60
grams of carbohydrates per day and their overall calories did
not increase by more than 400 kcal per day (as this was ad
libitum, in which participants are asked to eat when hungry and
stop when full, which typically leads to lower hunger).

Intervention Acceptability

General Intervention Satisfaction
We asked participants, “How would you rate your overall
satisfaction with the program?” Response options ranged from
1=“not at all satisfied” to 7=“very satisfied.” To assess potential
acceptability, we also asked participants to answer, “How long
can you see yourself following your assigned diet?”

Intervention Skills Satisfaction
Participants rated their satisfaction with the positive affect skills
and, separately, the mindfulness skills. Response options ranged
from 1=“don’t include them, they were not helpful” to 7=“you
must include them, they were very helpful.”

Qualitative Feedback
At 4 months, using open-ended questions, we asked participants
about their experiences with the intervention and
recommendations for improvement.

Patient-Centered Outcomes

Change in Liver Percent Fat and Fibrosis
We used magnetic resonance imaging to assess the percent fat
of the left and right liver lobes, which we then combined. We
also used magnetic resonance imaging to quantify the fibrosis
in the liver. We examined what percent of participants lost at
least 30% of their liver fat, a clinically significant threshold
[29]. We a priori registered a reduction in liver fat as our primary
outcome of the trial. We therefore examined this outcome for
all participants and for adherent participants.

Body Weight Changes
Participants self-weighed throughout the trial and this weight
was sent automatically to the trial’s staff through the scale’s
connection to a cellular network. Mean change in weight and
BMI (using baseline self-reported height) was calculated at 4
months compared with baseline. Mean percent weight loss was
defined as (weight at 4 months – baseline weight) / (baseline
weight) *100. We examined what percent of participants lost
at least 5% of their body weight, a clinically significant threshold
[30].

Blood Test Changes
We assessed liver function with aspartate aminotransferase and
alanine aminotransferase, glucose control with glycated
hemoglobin (HbA1c) and fasting glucose, fasting insulin,
Homeostatic Model Assessment for Insulin Resistance
(HOMA-IR), and lipids (triglycerides, high-density lipoprotein
or HDL, and low-density lipoprotein or LDL), and inflammation
(with C-reactive protein). We calculated the mean change at 4
months compared with baseline.

Self-Rated Change in Health
We asked participants to rate how their health changed over the
intervention by answering the questions, “How much do you
think your health has changed as a result of participating in this
program?” (Response options ranged from 1=“very much worse”
to 7=“very much better”).

Changes in Chronic Liver Disease Questionnaire
(CLDQ)
We measured change in MASLD-related quality of life with
the chronic liver disease questionnaire (CLDQ), which assesses
6 dimensions, rated from 1 to 7, with a higher number reflecting
worse symptoms: abdominal symptoms (bloating, discomfort,
and pain), activity (trouble with eating, physical ability),
emotional (poor mood, sleep, and ability to concentrate), fatigue,
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systemic symptoms (body pain, dry mouth, itching, and muscle
cramps), and worry about MASLD [31].

Changes in Psychological Factors
We assessed psychological changes from baseline to 4 months
for positive affect with the Scale of Positive and Negative
Experience [32], mindful eating with the reliance on hunger
and satiety cues subscale of the Intuitive Eating Scale-2 [33],
and stress-based eating with the Palatable Eating Motives Scale
coping subscale [34].

Statistical Analysis
For statistical significance, we followed the guidance for the
use of frequentist inferential statistics in public health [35]. We
completed an intention-to-treat analysis with all available data
and analyses that were limited to only adherent individuals,
with no imputation for missing data. Means and 95% CIs were
calculated for continuous variables.

Results

Sample Characteristics
Of the 97 individuals who expressed interest in study
participation and were screened for study eligibility, 55 did not
meet inclusion criteria (including, as the top reasons for
ineligibility: 13 were taking insulin, 11 had prior weight loss
surgery or were taking weight loss medications, 8 had normal
liver function tests, 6 had cirrhosis of the liver, 3 had heart
failure or another related heart condition), 12 were eligible based
on the prescreening survey but did not reply to follow-up
requests, and 5 were eligible but declined to participate. Eleven
participants enrolled in the trial.

At baseline, participants were 38‐77 years old (mean 55.54
years, SD 11.85 years), 8 out of 11 (72.7%) participants were
male, most were White and not Hispanic (10/11, 90.9%), with
1 being White and Hispanic. Of the 11 participants, 7 (63.6%)
participants were rs738409-GG and 4 (36.4%) participants were
rs738409-CG. Other baseline values are in Table 1.
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Table . Baseline for all participants (n=11).

ValuesOutcomes

55.54 (11.85)Age (years), mean (SD)

8 (73)Sex (male), n (%)

10 (91)Race (White and not Hispanic), n (%)

7 (63.6)rs738409-GG (vs rs738409-CG), n (%)

96.19 (83.24-109.14)Weight (kg), mean (95% CI)

33.79 (29.60-37.98)BMI (kg/m2), mean (95% CI)

23.10 (14.25-37.98)Liver lobe fat (%), mean (95% CI)

2.46 (2.03-2.89)Liver lobe fibrosis, mean (95% CI)

49.91 (24.85-74.97)ASTa (U/L), mean (95% CI)

78.36 (36.90-119.83)ALTb (U/L), mean (95% CI)

40.22 (35.86-44.58)HbA1c
c (mmol/mol), mean (95% CI)

101.55 (91.44-111.65)Glucose (mg/dL), mean (95% CI)

21.15 (14.01-28.28)Insulin (mIU/mL), mean (95% CI)

5.44 (3.51-7.37)HOMA-IRd, mean (95% CI)

127.82 (87.70-167.94)Triglycerides (mg/dL) mean (95% CI)

48.00 (35.56-60.44)HDLe (mg/dL), mean (95% CI)

84.82 (63.13-106.51)LDLf (mg/dL), mean (95% CI)

0.79 (0.24-1.34)C-reactive protein (mg/dL), mean (95% CI)

CLDQg, mean (95% CI)

2.62 (1.93-3.31)    Overall

2.49 (1.65-3.32)    Abdominal symptoms

2.33 (1.55-3.12)    Activity

2.60 (1.80-3.39)    Emotional function

2.98 (2.12-3.84)    Fatigue

2.43 (1.67-3.19)    Systemic symptoms

2.75 (1.78-3.73)    Worry about MASLDh

24.18 (20.99-27.37)Positive affect, mean (95% CI)

2.88 (2.48-3.28)Mindful eating, mean (95% CI)

1.70 (1.24-2.17)Stress-based eating, mean (95% CI)

1901.92 (1547.20-2256.64)Energy, kilocalories, mean (95% CI)

192.40 (139.66-245.15)Carbohydrates (g), mean (95% CI)

17.23 (12.18-22.28)Fiber (g), mean (95% CI)

175.17 (123.97-226.37)Net (Non-fiber) Carbohydrates (g), mean (95% CI)

85.99 (67.55-104.43)Total fat (g), mean (95% CI)

30.38 (23.13-37.63)Monounsaturated fat (g), mean (95% CI)

17.26 (11.37-23.15)Polyunsaturated fat (g), mean (95% CI)

30.88 (23.74-38.02)Saturated Fat (g), mean (95% CI)

80.31 (67.57-94.06)Protein (g), mean (95% CI)

aAST: aspartate aminotransferase.
bALT: alanine aminotransferase.
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cHbA1c: glycated hemoglobin.
dHOMA-IR: Homeostatic Model Assessment for Insulin Resistance.
eHDL: high-density lipoprotein.
fLDL: low-density lipoprotein.
gCLDQ: chronic liver disease questionnaire.
hMASLD: metabolic dysfunction–associated steatotic liver disease.

Intervention Feasibility

Trial and Intervention Retention
Of the 11 participants who were enrolled, 9 (82%) participants
completed study outcomes. All 11 participants viewed at least
1 session of the intervention, and 8 (73%) participants viewed
at least half of the sessions.

Dietary Adherence
Nine participants completed the pre- and post-intervention
dietary recalls. Changes in nutrient intake are shown in Table
2. In Table 3, we show results for just the 6 participants who
were adherent to the eating pattern.
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Table . Change in outcomes from baseline to post for all participants with outcome data. For all outcomes n=9, except for liver lobe fat % (n=8), liver
lobe fibrosis (n=6), and C-reactive protein (n=4).

Change (mean, 95% CI)Percent change (mean, 95%
CI)

Post (mean, 95% CI)Baseline (mean, 95% CI)Outcomes

−10.69 (−13.37 to −8.00)−10.88 (−13.06 to −8.69)85.50 (74.63 to 96.37)96.19 (83.24 to 109.14)Weight (kg)

−3.68 (−4.74 to −2.62)−10.85 (−13.01 to −8.69)29.26 (25.29 to 33.22)32.93 (28.03 to 37.83)BMI (kg/m2)

−7.06 (−15.50 to 1.37)−33.17 (−86.48 to 20.14)12.06 (5.64 to 18.48)19.13 (12.22 to 26.04)Liver lobe fat (%)

−0.33 (−0.82 to 0.17)−13.22 (−31.39 to 4.95)2.09 (1.59 to 2.59)2.41 (2.04 to 2.78)Liver lobe fibrosis

−8.89 (−19.52 to 1.74)−24.30 (−40.89 to −7.70)41.33 (2.88 to 79.78)50.22 (18.48 to 81.97)ASTa (U/L)

−24.56 (−49.79 to 0.68)−35.16 (−56.14 to −14.17)54.44 (−4.97 to 113.86)79 (26.35 to 131.65)ALTb (U/L)

−3.89 (−5.75 to -2.03)−9.40 (−13.50 to −5.30)36.33 (32.83 to 39.83)40.22 (35.86 to 44.58)HbA1c
c (mmol/mol)

−10.00 (−16.33 to -3.67)−9.55 (−15.79 to −3.30)95.56 (84.86 to 106.25)105.56 (96.32 to 114.79)Glucose (mg/dL)

−7.87 (−15.44 to −0.29)−30.71 (−55.17 to −6.25)14.49 (9.04 to 19.94)22.36 (14.01 to 30.7)Insulin (mIU/mL)

−2.34 (−4.30 to −0.38)−36.75 (−60.54 to −12.96)3.54 (2.11 to 4.97)5.88 (3.69 to 8.07)HOMA-IRd

−16.00 (−28.74 to −3.26)−14.32 (−25.91 to −2.74)107.89 (64.33 to 151.45)123.89 (86.9 to 160.87)Triglycerides (mg/dL)

−2.89 (−9.62 to 3.84)−2.50 (−14.87 to 9.88)47.78 (37.57 to 57.99)50.67 (35.63 to 65.7)HDLe (mg/dL)

3.33 (−9.75 to 16.42)9.33 (−9.12 to 27.78)83.44 (65.01 to 101.88)80.11 (55.84 to 104.38)LDLf (mg/dL)

−0.38 (−1.07 to 0.32)−23.58 (−59.94 to 12.77)1.18 (0.36 to 2.00)1.55 (0.59 to 2.52)C-reactive protein (mg/dL)

CLDQg

−0.65 (−1.40 to 0.09)−20.47 (−41.16 to 0.22)1.68 (1.47 to 1.89)2.33 (1.66 to 3.01)    Overall

−1.30 (−2.48 to −0.11)−33.15 (65.25 to −1.05)1.37 (1.07 to 1.67)2.67 (1.55 to 3.78)    Abdominal symptoms

−0.52 (−1.58 to 0.55)−9.88 (−45.53 to 25.77)1.81 (1.16 to 2.47)2.33 (1.49 to 3.17)    Activity

−0.54 (−1.11 to 0.03)−22.55 (−39.55 to −5.55)1.54 (1.21 to 1.87)2.08 (1.58 to 2.58)    Emotional function

−1.01 (−2.02 to −0.01)−27.05 (−49.50 to −4.59)1.71 (1.13 to 2.29)2.72 (1.62 to 3.83)    Fatigue

−0.49 (−1.17 to 0.19)−11.94 (−36.28 to 12.40)1.82 (1.37 to 2.27)2.31 (1.39 to 3.24)    Systemic symptoms

−0.36 (−1.11 to 0.40)−8.20 (−32.58 to 16.18)1.82 (1.17 to 2.47)2.18 (1.43 to 2.92)    Worry about MASLDh

1.22 (−0.26 to 2.70)5.01 (−1.11 to 11.13)26.78 (24.58 to 28.98)25.56 (23.45 to 27.66)Positive affect

0.59 (0.16 to 1.03)26.77 (−2.03 to 55.57)3.52 (3.24 to 3.79)2.93 (2.44 to 3.41)Mindful eating

−0.39 (−0.81 to 0.03)−18.55 (−39.01 to 1.90)1.31 (0.88 to 1.73)1.69 (1.1 to 2.29)Stress-based eating

−166.77 (−551.21 to 217.67)−6.97 (−29.49 to 15.55)1585.48 (1231.09 to
1939.88)

1752.25 (1401 to 2103.51)Energy (kilocalories)

−82.84 (−122.62 to −43.05)−51.07 (−68.51 to −33.63)88.53 (29.72 to 147.35)171.37 (117.21 to 225.53)Carbohydrates (g)

1.53 (−6.41 to 9.46)22.28 (−28.19 to 72.76)18.88 (12.64 to 25.12)17.35 (10.91 to 23.8)Fiber (g)

−84.36 (−123.63 to −45.09)−58.62 (−76.36 to −40.89)69.65 (13.66 to 125.65)154.02 (102.54 to 205.5)Net (Non-fiber) Carbohy-
drates (g)

22.24 (−4.99 to 49.47)31.45 (−7.46 to 70.37)100.01 (71.62 to 128.4)77.77 (60.71 to 94.83)Total fat (g)

6.23 (−2.36 to 14.82)25.24 (−4.70 to 55.18)34.43 (25.12 to 43.73)28.2 (20.46 to 35.93)Monounsaturated fat (g)

4.51 (−1.94 to 10.96)41.43 (−22.53 to 105.39)18.47 (12.15 to 24.78)13.95 (10.19 to 17.72)Polyunsaturated fat (g)

9.95 (−2.82 to 22.72)38.58 (−5.55 to 82.71)38.48 (25.74 to 51.22)28.53 (20.59 to 36.48)Saturated fat (g)

7.22 (−13.07 to 27.51)13.98 (−13.11 to 41.07)87.04 (72.31 to 101.76)79.81 (63.11 to 96.51)Protein (g)

aAST: aspartate aminotransferase.
bALT: alanine aminotransferase.
c HbA1c: glycated hemoglobin.
dHOMA-IR: Homeostatic Model Assessment for Insulin Resistance.
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eHDL: high-density lipoprotein.
fLDL: low-density lipoprotein.
gCLDQ: chronic liver disease questionnaire.
hMASLD: metabolic dysfunction–associated steatotic liver disease.
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Table . Change in outcomes from baseline to post for participants who were adherent to the eating pattern. For all outcomes n=6, except for C-reactive
protein (n=3).

Change, mean (95% CI)Percent change, mean (95%
CI)

Post, mean (95% CI)Baseline, mean (95% CI)Outcomes

−11.69 (−14.59 to −8.78)−11.99 (−14.33 to −9.65)85.15 (74.36 to 95.94)96.83 (83.93 to 109.74)Weight (kg)

−4.13 (−5.47 to −2.8)−11.94 (−14.21 to −9.66)29.92 (23.83 to 36.01)34.05 (26.76 to 41.34)BMI (kg/m2)

−10.75 (−16.38 to −5.12)−53.12 (−71.25 to −34.99)10.92 (3.05 to 18.79)21.67 (10.77 to 32.57)Liver lobe fat (%)

−0.47 (−0.98 to 0.05)−17.73 (−37.41 to 1.94)1.88 (1.49 to 2.28)2.35 (1.76 to 2.94)Liver lobe fibrosis

−15.33 (−25.72 to −4.95)−33.94 (−52.93 to −14.95)26.33 (20.79 to 31.87)41.67 (31.01 to 52.32)ASTa (U/L)

−38.67 (−70.38 to −6.95)−47.49 (−70.67 to -24.31)32.33 (22.52 to 42.15)71 (35.6 to 106.4)ALTb (U/L)

−3.00 (−5.10 to −0.90)−7.73 (−13.15 to −2.32)35.33 (31.6 to 39.07)38.33 (34.48 to 42.18)HbA1c
c (mmol/mol)

−7.50 (−15.65 to 0.65)−7.36 (−15.76 to 1.05)96.83 (80.54 to 113.12)104.33 (90.18 to 118.49)Glucose (mg/dL)

−10.22 (−21.53 to 1.10)−40.52 (−72.62 to −8.42)15.08 (6.04 to 24.12)25.3 (13.27 to 37.33)Insulin (mIU/mL)

−2.86 (−5.79 to 0.08)−44.02 (−77.02 to −11.03)3.77 (1.45 to 6.09)6.63 (3.43 to 9.82)HOMA-IRd

−15.17 (−36.73 to 6.40)−13.59 (−32.80 to 5.61)111.5 (38.45 to 184.55)126.67 (64.35 to 188.98)Triglycerides (mg/dL)

−3.50 (−14.46 to 7.46)−2.60 (−23.00 to 17.80)47.33 (30.03 to 64.64)50.83 (25.58 to 76.08)HDLe (mg/dL)

9.50 (−5.70 to 24.70)16.92 (−8.88 to 42.72)86.5 (63.52 to 109.48)77 (50.1 to 103.9)LDLf (mg/dL)

−0.40 (−1.71 to 0.91)−17.16 (−74.65 to 40.33)1.43 (-0.57 to 3.44)1.83 (0.71 to 2.95)C-reactive protein (mg/dL)

CLDQg

−0.30 (−0.85 to 0.24)−12.21 (−38.44 to 14.02)1.7 (1.38 to 2.02)2 (1.62 to 2.38)    Overall

−1.17 (−2.61 to 0.28)−31.67 (−81.09 to 17.76)1.28 (0.87 to 1.69)2.44 (1.07 to 3.82)    Abdominal symptoms

−0.22 (−1.41 to 0.96)−2.92 (−56.30 to 50.46)1.67 (0.73 to 2.61)1.89 (1.17 to 2.61)    Activity

−0.23 (−0.54 to 0.09)−12.96 (−30.42 to 4.50)1.65 (1.17 to 2.12)1.88 (1.6 to 2.15)    Emotional function

−0.55 (−1.41 to 0.31)−18.50 (−48.68 to 11.67)1.57 (0.8 to 2.33)2.12 (1.02 to 3.21)    Fatigue

−0.17 (−0.75 to 0.42)−3.96 (−39.18 to 31.27)1.83 (1.26 to 2.4)2 (1.36 to 2.64)    Systemic symptoms

0.10 (−0.22 to 0.42)5.42 (−7.76 to 18.59)2.03 (1.02 to 3.05)1.93 (0.99 to 2.88)    Worry about liver disease

1.50 (−0.87 to 3.87)6.28 (−3.59 to 16.15)27.33 (24.24 to 30.42)25.83 (22.42 to 29.24)Positive affect

0.53 (0.15 to 0.90)18.12 (5.48 to 30.75)3.56 (3.1 to 4.01)3.03 (2.62 to 3.43)Mindful eating

−0.42 (−0.85 to 0.01)−20.79 (−39.39 to −2.20)1.29 (0.66 to 1.92)1.71 (0.75 to 2.67)Stress-based eating

−450.69 (−777.83 to
−123.54)

−24.28 (−38.40 to −10.16)1385.79 (933.4 to 1838.17)1836.48 (1298.33 to
2374.62)

Energy (kilocalories)

−109.00 (−150.88 to -67.13)−64.14 (−72.48 to −55.79)60.25 (39.73 to 80.76)169.25 (111.67 to 226.82)Carbohydrates (g)

−2.25 (−13.11 to 8.61)−5.84 (−61.83 to 50.15)16.86 (7.49 to 26.22)19.11 (9.35 to 28.86)Fiber (g)

−106.75 (−153.97 to
−59.54)

−70.04 (−79.77 to −60.31)43.39 (28.69 to 58.08)150.14 (95.45 to 204.83)Net (Non-fiber) Carbohy-
drates (g)

5.97 (−23.95 to 35.90)5.53 (−30.18 to 41.24)90.09 (49.99 to 130.19)84.12 (58.22 to 110.01)Total fat (g)

1.94 (−9.69 to 13.57)7.89 (−29.08 to 44.86)32.04 (17.99 to 46.1)30.1 (17.68 to 42.52)Monounsaturated fat (g)

−0.69 (−3.89 to 2.52)−9.79 (−35.91 to 16.34)14.96 (6.91 to 23)15.64 (10.15 to 21.14)Polyunsaturated fat (g)

4.58 (−12.01 to 21.18)17.23 (−32.59 to 67,06)35.17 (18 to 52.34)30.58 (17.87 to 43.3)Saturated fat (g)

−5.60 (−25.7 to 14.51)−4.24 (−23.72 to 15.24)80.55 (61.78 to 99.33)86.15 (60.68 to 111.63)Protein (g)

aAST: aspartate aminotransferase.
bALT: alanine aminotransferase.
cHbA1c: glycated hemoglobin.
dHOMA-IR: Homeostatic Model Assessment for Insulin Resistance.
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eHDL: high-density lipoprotein.
fLDL: low-density lipoprotein.
gCLDQ: chronic liver disease questionnaire.

Intervention Acceptability

General Intervention Satisfaction
Of the 9 participants who provided 4-month self-report
information, intervention satisfaction was high (mean 6.22, 95%
CI 5.58-6.85), with 5 (56%) participants rating the intervention
the top score. Only 1 (11%) participant reported that they would
stop the assigned eating pattern as soon as the study was over,
with 4 (44%) participants reporting that they intended to
continue it for at least another few months, and 4 (44%)
participants stating that they did not plan to ever stop following
it.

Intervention’s Skills Satisfaction
The 9 participants who provided 4-month self-report information
rated their satisfaction with the positive affect skills (mean 4.78,
95% CI 03.53-6.03), with 1 (11%) participant rating them the
top score. Participants rated their satisfaction with the
mindfulness skills (mean 4.44, 95% CI 3.09-5.79), with 1 (11%)
participant rating them the top score.

Qualitative Feedback
Participants noted barriers that reduced their adherence to and
motivation for the intervention, including lack of time,
carbohydrate cravings, fatigue, vacations, and social situations.
They mentioned factors that supported their adherence to and
motivation for the intervention, including accountability by
being in the intervention, the program’s supportive coach,
feeling that the “diet was manageable,” weight loss success,
and an overall desire to improve their own health. Opinions
were mixed about the positive affect and mindful eating skills:

one person said that they did not need them and another thought
that the “skill building around mindfulness is essential.”

Participants noted positive health changes such as weight loss,
increased energy, and a changed attitude about food and the
“need/desire to eat food that is not good for me.” They noted
that their family, friends, and physicians were impressed with
their weight loss, health changes, and ability to stick with the
program. Some comments included, “My physician noticed I
lost weight and said I looked much better. She also encouraged
me to continue this after the program is over.” “My primary
care provider reported he was happy for the change and that my
blood tests show I am now healthier than ever.”

Secondary Patient-Centered Outcomes

Adverse Events
No serious adverse events were reported, but adverse events,
possibly unrelated, included diarrhea (later discovered to be a
Clostridioides difficile infection), a flare-up of dermatitis, and
a broken foot.

Change in Liver Percent Fat, Body Weight, and Blood
Tests
In Figure 1 we show the changes in liver lobe fat percent across
participants. In Table 2 we show the changes with values for
all available participants. For the participants with this outcome,
the percent change in liver fat was −33.17% (95% CI −86.48
to 20.14). In Table 3 we show these changes for only the
participants who were adherent to the eating pattern. For the
adherent participants, the percent change in liver fat was
−53.12% (95% CI −71.25 to −34.99).
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Figure 1. Change in liver lobe fat percent from baseline to post across participants.

Achievement of ≥30% Liver Fat Loss
Amongst participants with a 4-month hepatic liver fat percent
measurement, 6 out of 8 (75%) participants were considered
responders, with a relative decline in liver fat ≥30%, with one
person not counted losing 28%.

Achievement of ≥5% Body Weight Loss
Amongst participants with a 4-month body weight, 9 out of 9
(100%) of participants lost at least 5% of their body weight.

Self-Rated Change in Health
Two participants reported their health as having gotten a little
better, 6 reported that their health was much better, and 1
reported that their health was very much better.

Changes in Chronic Liver Disease Questionnaire and
Psychological Factors
Across all participants (Table 2) and for participants who were
adherent (Table 3), changes were in the expected, salutary
direction.

A summary of the study design and results is shown in Figure
2.
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Figure 2. Graphical table of contents. PNPLA3: phospholipase domain–containing protein 3; VLC: very low–carbohydrate.

Discussion

Principal Findings
Results suggest the feasibility, acceptability, and preliminary
efficacy of the VLC intervention in adults with higher genetic
risk for MASLD, although there is a need for further studies
given the small sample size and the high risk of substantial
biases in this small pilot study. One concern of the VLC diet is
its tolerability. Here we show that the diet was well tolerated
with 5 out of 9 participants rating it at the highest satisfaction
score. Only 1 out of 9 said they would stop the assigned dietary
pattern as soon as the study was over. In contrast, 4 out of 9
said they would continue to follow the diet indefinitely. This is
consistent with data where close to 60% of individuals with
relapsing multiple sclerosis continued on a VLC or low-carb
diet following a trial of the diet, particularly if they had lost a
lot of weight and had decreased fatigue [36]. The mindfulness
training was less helpful to participants with only 1 out of 9
rating it with the top score. They noted challenges with adhering
to the diet as time, carbohydrate cravings, fatigue, vacations,
and social situations which need to be addressed as part of a
larger program to change eating patterns.

Several previous trials have examined the impact of a VLC
eating pattern for adults with MASLD or metabolic
dysfunction–associated steatohepatitis, and they found similar

results. For example, in a 1-month trial of a VLC diet with 27
participants with MASLD, left hepatic lobe volume decreased
by 20% [37]. In a 3-month trial of a Spanish and
Mediterranean–adapted VLC diet in 12 men, liver steatosis
improved in 93% of participants, and complete fatty liver
regression was observed in 21% of participants [12]. In a
6-month trial of a VLC diet with 5 participants, 4 (80%) showed
improvements in liver histology, steatosis, inflammatory grade,
and fibrosis [10]. In a 2-month trial of a very low-calorie, VLC
diet with 20 participants with obesity, the prevalence of liver
steatosis (proton density fat fraction>5.4%) decreased from
70% to 30%. Likewise, 2 other nonrandomized, pre-post trials
of hypocaloric VLC diets, a 6.5-month [38] and an 8-week trial,
both showed improvements in liver steatosis [39].

Five previous trials, with a total of 179 people, have randomized
with MASLD to a Mediterranean diet and measured liver-based
fat with magnetic resonance imaging. These varied in length of
time, with 1 being 1.5 months long, 2 being 3 months long, and
3 being 6 months long. Overall, they have found an average of
12%‐60% relative reduction in hepatic fat percentage [40-44].
Our results and the results of previous VLC trials suggest that
a VLC, ketogenic diet may be at least as effective as a
Mediterranean diet, although future randomized trials are needed
to assess this. Our study is also in line with a previous study
where carriers of PNPLA3 G risk allele were able to lose
substantial liver fat on a low carbohydrate diet [45].
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Limitations
One of our major limitations is the fact that our sample size was
small. Our recruitment was limited by the fact that we reached
out to adults who had already been genotyped by the MGI.
Instead, if we had genotyped interested participants, it may have
been easier to recruit more participants. We also required that
some of the study-related tests, which could be justified as
medical expenses as part of regular health care, including the
baseline magnetic resonance imaging and most of the blood
tests, be covered by the participants’health insurance. However,
not all potential participants were willing to add these charges
to their insurance, because it would still incur costs to the
participants. In addition, the trial was conducted during the
COVID-19 pandemic, which may have influenced who was
willing or able to participate or their ability to adhere to dietary
instructions.

Moreover, this trial’s generalizability is limited, as most
participants were White, non-Hispanic men. Future recruitment
efforts should focus on recruiting a more diverse population.
This trial lacked a control group to which participants could
have been randomized to, and thus statements cannot be made
about causality.

Another important limitation is duration. As with other trials in
this area, participants were tracked for less than a year, which

does not allow for the understanding of the longer-term impacts
of this nutritional approach nor whether participants may
maintain dietary adherence longer term [10,12,37-44]. A
growing body of literature including our paper showed that both
insulin resistance and the PNPLA3 risk allele can drive the
progression of liver disease [46,47]. A limitation of our study
is that whether PNPLA3-driven liver fat accumulation causes
liver insulin resistance cannot be determined here. Finally, the
lack of a PNPLA3 CC control group limits our ability to
determine whether the outcomes would be even more improved
in the G versus C carriers.

Conclusions and Future Directions
Thus, results supported the feasibility, acceptability, and
preliminary efficacy of the VLC intervention in adults thought
to have a higher genetic risk for MASLD. Overall, there is a
need for longer-term studies to assess the sustainability of
benefits and potential long-term risks associated with this way
of eating. Moreover, future studies should aim to include a more
diverse population, explore the biological mechanisms by which
the VLC diet affects MASLD, consider the role of the PNPLA3
genotype, and integrate omics technologies to identify
modulated biomarkers and pathways, thereby enhancing the
generalizability and depth of the findings.
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Abstract

Background: The development of minimally invasive continuous glucose monitoring systems (CGMs) has transformed diabetes
management. CGMs have shown clinical significance by improving time in the euglycemic range, decreasing rates of hypoglycemia,
and improving hemoglobin A1c (HbA1c). In Rwanda, CGMs are currently not routinely used, and no clinical studies of CGM use
were identified in the literature.

Objective: This study aims to determine the impact and feasibility of real-time CGM use among people living with type 1
diabetes (T1D) in Rwanda through assessment of sensor use, time in range, rates of hypoglycemia and hyperglycemia, HbA1c,
and rates of diabetes-related hospitalizations over time.

Methods: The Continuous Glucose Monitoring Among Patients with Type 1 Diabetes in Rwanda (CAPT1D) study is a single-arm,
prospective observational study conducted at the Rwandan Diabetes Association clinic in Kigali, Rwanda, aiming to assess the
impact and feasibility of CGM use in Rwanda. A cohort of 50 participants diagnosed with T1D were enrolled. Participants were
at least 21 years old, undergoing multiple daily insulin therapy, and not currently pregnant. Phase I of the study was conducted
over 12 months, using the Dexcom G6 CGM. Phase II and Phase III extended CGM use for an additional 6 months respectively,
using the next-generation Dexcom G7 CGM. Here, we report the quantitative results of the Phase I study.

Results: Participants used the sensor for >80% of the time throughout the study period. A significant increase in time in range
was observed within 3 months and sustained over 12 months. HbA1c decreased significantly in 3 months and stayed lower
throughout the 12-month period. Mean HbA1c levels decreased by 2.8% at 6 months (P<.001) and 3.2% at 12 months (P<.001).
A total of 12 diabetes-related hospitalizations were reported during the study period. No cases of diabetic ketoacidosis or episodes
of severe hypoglycemia occurred.

Conclusions: Significant and meaningful improvements in key glycemic indices indicate the potential feasibility and impact
of a CGM among people living with T1D in Rwanda. Future studies could be designed to include pre- and postintervention
analysis to determine the effectiveness in terms of complications and costs.

(JMIR Form Res 2025;9:e64585)   doi:10.2196/64585

KEYWORDS

CGM; feasibility; type 1 diabetes; self-management; complications; Rwanda; time in range; hypoglycemia; continuous glucose
monitoring; single-arm; feasibility study; diabetes; diabetes mellitus; euglycemic; HbA1c; observational study; quantitative;
adult; health; public health; health informatics
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Introduction

The International Diabetes Federation reports that there are 537
million adults aged 20‐79 years living with diabetes
worldwide, with estimates that this number will increase to 700
million by 2045 [1]. There are more than 19 million adults with
diabetes living in the African region [1], and in the International
Diabetes Federation’s latest report, Rwanda had a prevalence
of diabetes registered at 2.7% (168,900/6,358,500) [2]. For
those people with diabetes classified as having type 1 diabetes
(T1D), the only treatment is through the administration of insulin
exogenously. In addition, people with type 2 diabetes may need
intensive insulin therapy with disease progression or poor
management with noninsulin therapies. In both cases, glucose
monitoring is necessary [3] to prevent or treat acute
(hypoglycemia, hyperglycemia, and diabetic ketoacidosis
[DKA]) or chronic (microvacular and macrovascular)
complications, and more frequent monitoring has been shown
to have better diabetes outcomes [4].

Traditional methods of glucose monitoring among people with
diabetes have been through finger-stick blood sugar checks,
referred to as self-monitoring blood glucose (SMBG), involving
pricking one’s finger with a small needle at different times
during the day. The blood drawn is then transferred to a test
strip which is read by a blood glucose monitor to display the
glucose value at that point in time. There may be several
obstacles related to SMBG—an invasive method that can be
accompanied by discomfort and inconvenience [5,6] and relies
on glucose meters that vary in accuracy [3]. Furthermore, SMBG
provides very limited insight into glycemic trends, as only a
few data points per day are available for decision-making [6].

In the absence of regular information regarding glucose levels,
the primary way to understand how well diabetes is managed
is through a blood test known as the hemoglobin A1c (HbA1c)
test, which measures the percentage of glycated hemoglobin in
red blood cells. This is an average over a 3‐ to 4-month period
and provides a retrospective evaluation of therapeutic and
self-management efficacy [7]. As such, it does not provide
meaningful information regarding frequent or sustained high
or low blood glucose values. Therefore, it is not the best tool
to assist people with diabetes with treatment interventions for
daily fluctuations in blood glucose [8].

The development of minimally invasive continuous glucose
monitoring systems (CGMs) has transformed diabetes
management [9]. CGMs provide continuous readings throughout
the day and provide meaningful insight to people with diabetes
regarding the time in range (TIR), as well as alerts when the
glucose values veer from the range into higher (time above
range [TAR]) or lower (time below range [TBR]) levels. These
alerts then allow for immediate treatment action, thereby
reducing the time spent in the times outside of the euglycemic
range [8].

CGMs have shown clinical significance by improving time in
the euglycemic range, decreasing rates of hypoglycemia and
HbA1c levels [10], and lowering rates of emergency department
visits and hospitalizations for hypoglycemia [11]. Improved

outcomes have also been shown when a CGM is introduced in
the first year after diagnosis with the improvements sustained
over time, for as long as 7 years [12].

In Rwanda, CGMs are currently not routinely used, and no
clinical studies of CGM use were identified in the literature.
The study objectives were to determine the impact and feasibility
of real-time CGM use among people living with T1D in Rwanda
through assessment of sensor use; TIR; HbA1c; and rates of
hypoglycemia, diabetes-related hospitalizations (DRHs), and
DKA.

Methods

Study Design
The Continuous Glucose Monitoring Among Patients with Type
1 Diabetes in Rwanda (CAPT1D) study is a single-arm,
prospective observational study conducted at the Rwandan
Diabetes Association (RDA) clinic in Kigali, Rwanda, aiming
to assess the impact and feasibility of CGM use in Rwanda.

The study protocol involved a run-in phase with blinded CGM
(Dexcom G6, Dexcom Inc), during which participants received
instructions in August 2022. Subsequently, continuous glucose
monitoring was unblinded, and participants underwent a
12-month period during which they visited the RDA clinic every
20 days to upload CGM data onto the Dexcom Clarity (Dexcom
Inc) platform. Participants were queried for and self-reported
episodes of DKA (date, symptoms, treatment), instances of
hypoglycemia, and DRHs at each study visit.

Study Sample and Recruitment
A convenience sample of established patients of the RDA was
selected using a 2-stage process. First, the RDA study staff
created a list of patients who met the inclusion criteria, as
follows: older than 21 years, not pregnant, and treated with
multiple daily doses of insulin. Second, this list was polled to
identify those participants who were willing and able to
commute to the RDA clinic as frequently as needed for
orientation, to change sensors, and to upload data. Individuals
were informed prior to enrollment that they would not be paid
to participate in the study, but that transportation costs to and
from the clinic will be reimbursed. The first 50 participants who
agreed to participate were then enrolled in the study. The sample
size was determined by the capacity of the staff and the
availability of equipment. Phase I of the study was conducted
over 12 months, using the Dexcom G6 CGM. Phase II and Phase
III extended CGM use for an additional 6 months respectively,
using the next-generation Dexcom G7 CGM. The number of
participants was reduced to 47 when 3 participants withdrew
from the study at month 6. Thereafter, the study sample was
further reduced to 42 as a result of 5 participants joining another
study where they received additional education possibly biasing
the results of CAPT1D. To handle the fact that several patients
were removed from month 6 on, statistical analysis was adjusted
with the last observation carried forward method, that is, the
last available measurement for a patient is carried forward to
later time points. Here we report the quantitative results of the
Phase I study.
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Ethical Considerations
Ethical approval was obtained from the University of Rwanda
School of Medicine Ethical Committee, and the study was
registered with the institutional review board under number
#271/CMHSIRB/2022. Participants were provided with all
details regarding the study’s objectives, procedures, potential
risks, and benefits before requesting consent. At this time, any
questions were addressed, and privacy and confidentiality
policies were explained. A consent form outlining the study’s
scope, potential risks, the voluntary nature of participation, and
the right to withdraw at any time was provided and signed by
each participant. Additionally, consent to use photographs and
other recorded material in published material was obtained. To
this end, all data collected for this study have been fully
anonymized and deidentified to ensure the privacy and
confidentiality of all participants, and to prevent linkage of the
data to individual participants. Participants were compensated
varied amounts for their transportation to and from the clinic,
provided light snacks and beverages during clinic visits, and
received the CGMs for no cost. There is no identification of
individual participants/users in any aspect of this manuscript.

Statistical Methods
CGM data were preprocessed and analyzed using AGATA [13],
an open-source software tool that computes glucose control
metrics in accordance with the definitions of the International
Consensus on CGM-derived metrics for clinical trials [14].
Initially, CGM data were preprocessed by aligning each data
point on a uniform 5-minute time grid and linearly interpolating
data gaps up to 30 minutes.

Subsequently, AGATA was used to extract a set of
well-established metrics [14] quantifying glucose control,
including 5 metrics for glucose variability (mean, SD, coefficient
of variation, glucose management indicator, and glucose risk
index); 6 metrics describing the percentage of time spent in
specific glucose ranges (level 1 and level 2 TBR [TBRL1 and
TBRL2], defined as <70 mg/dL and <55 mg/dL respectively;
level 1 and level 2 TAR [TARL1 and TARL2], defined as >180
mg/dL and >250 mg/dL, respectively; TIR, defined as 70-180
mg/dL; and time in tight range [TITR], defined as 70-140
mg/dL); and a metric quantifying CGM use, namely the
percentage of time the CGM was active in the considered period
(%CGMUSE).

To align CGM data to HbA1c samples collected every 3 months,
each metric has been calculated by aggregating CGM data over
3-month periods and compared with the baseline computed
during the initial run-in session at month 0.

Hereafter, for the sake of brevity, we will label M0 the baseline
run-in session, while we will use M3, M6, M9, and M12 to
represent the metric values computed using data from M0 to
month 3, month 3 to month 6, and so forth.

Results were presented as the mean (SD) if the metric
distribution followed a Gaussian distribution (determined by
the Lillefors test at a significance level of 5%), or as the median
(IQR) if not. Changes were evaluated by comparing M0 versus
M6, M6 versus M12, and M0 versus M12 using a 2-tailed t test
with a significance level of 5% for Gaussian-distributed metrics.
Alternatively, the Wilcoxon rank sum test with a significance
level of 5% was used.

Results

The results are illustrated in Table 1. Participants used the sensor
for >80% of the time throughout the study period. TIR was
defined as 70‐180 mg/dL. The absolute change from baseline
to 6 months for TIR was an increase of 9.9% (P<.001), and
from baseline to 12 months, the absolute change was an increase
of 14.7% (P<.001). Thus, the significant improvement in TIR
at month 6 was maintained (indeed increased) at 12 months.
TITR was defined as 70‐140 mg/dL. The absolute change
from baseline to 6 months for TITR was an increase of 7.1%,
and that from baseline to 12 months was an increase of 10.4%
(P<.001) (Figure 1). Time in hypoglycemia or TBR was defined
as <70 mg/dL. From baseline to 6 months, this increased by
0.7%, which was not statistically significant (P=.31), and from
baseline to 12 months, there was an increase of 2.5% (P<.001).
The TAR is defined as >180 mg/dL. The absolute change from
baseline to 6 months for TAR was a decrease of 9.7% (P<.01),
and that from baseline to 12 months was a decrease of 15.3%
(P<.001). Mean HbA1c levels decreased by 2.8% at 6 months
(P<.001) and 3.2% at 12 months (P<.001) (Figure 2). A total
of 12 DRHs were reported during the study period. More
detailed analysis of these hospitalizations is underway. No cases
of DKA or episodes of severe hypoglycemia occurred.
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Table . Glycemic indicators at baseline and at 3, 6, 9, and 12 months from the Continuous Glucose Monitoring Among Patients with Type 1 Diabetes
in Rwanda study, a single-arm, prospective observational study conducted at the Rwandan Diabetes Association clinic in Kigali, Rwanda (2022‐2023).

P value
(M6 vs
M12)

P value
(base-
line vs
M6)

P value
(base-
line vs
M12)

M12 (N=42)M9 (N=42)M6 (N=47)M3 (N=47)Baseline (N=46)Metrics

Median
(IQR)

Mean
(SD)

Median
(IQR)

Mean
(SD)

Median
(IQR)

Mean
(SD)

Median
(IQR)

Mean
(SD)

Median
(IQR)

Mean
(SD)

.49<.001<.00188.0305
(73.5031‐
95.7562)

—86.5239
(81.3619‐
95.2238)

—83.8927
(73.1684‐
93.2301)

—84.4136
(77.8819‐
91.8981)

—99.8941
(98.7353‐
100)

—aPercent-
age of
sensor
data

.08<.001<.001—45.6591
(12.0551)

—44.0248
(12.4312)

—40.8986
(12.8338)

—42.4303
(14.683)

—30.9998
(15.0695)

Time in
range
(%)

.08<.001<.001—28.4829
(8.6731)

—27.1875
(8.7808)

—25.2415
(8.7807)

—25.8216
(10.056)

—18.098
(9.5095)

Time in
tight
range
(%)

.17.31<.0014.8789
(1.602‐
8.9319)

—2.9182
(1.2722‐
7.7068)

—3.0203
(1.054‐
6.4066)

—2.146
(1.2232‐
6.1304)

—2.369
(0.1768‐
6.4643)

—Time be-
low
range
(%)

.06<.001<.001—48.8406
(13.6259)

—50.9759
(13.8959)

—54.5215
(14.4949)

—53.5695
(16.3889)

—64.1901
(17.409)

Time
above
range
(%)

.05<.001<.001—194.077
(32.4736)

—200.1775
(34.7531)

—209.5659
(40.2107)

193.5024
(181.2758‐
232.7176)

——238.9856
(53.6842)

Mean
glucose
(mg/dL)

.05<.001<.001—7.9523
(0.77677)

—8.0982
(0.83129)

8.3228
(0.96184)

7.9386
(7.6461‐
8.8766)

——9.0265
(1.2841)

Glucose
manage-
ment in-
dicator

.21<.001<.001—73.6757
(19.2475)

81.6141
(57.678‐
90.9717)

——78.7051
(17.9064)

—75.5983
(19.3713)

99.5992
(76.2825‐
100)

—Glucose
risk in-
dex

.58.15.07—44.6247
(6.6217)

—44.2991
(6.5068)

—43.8174
(7.1405)

—42.7715
(7.7309)

—41.107
(10.4761)

Coeffi-
cient of
varia-
tion

.23.29<.001—86.2282
(17.1804)

—88.2446
(17.5455)

—90.4366
(15.6548)

—87.6943
(17.0699)

—94.2823
(19.0105)

SD
(mg/dL)

.38.50.14—6.4021
(4.3053)

4.9002
(2.6445‐
9.1781)

—4.978
(2.3529‐
7.7781)

—4.6668
(1.9445‐
7.2531)

—4.4336
(0.70961‐
9.1829)

—Hypo-
glycemic
events
per
week
(n)

.87.80.70—16.7118
(5.7817)

—17.6488
(4.882)

—16.5226
(4.8881)

—16.5623
(4.4013)

—16.2707
(4.8316)

Hyper-
glycemic
events
per
week
(n)

aNot applicable.
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Figure 1. Box plot distributions of time in tight range were obtained at M0 (gray), M3 (red), M6 (light blue), M9 (green), and M12 (violet) from the
Continuous Glucose Monitoring Among Patients with Type 1 Diabetes in Rwanda study, a single-arm, prospective observational study conducted at
the Rwandan Diabetes Association clinic in Kigali, Rwanda (2022‐2023). Median values are highlighted and connected by a black solid line.
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Figure 2. Box plot distributions of HbA1c were obtained at M0 (gray), M3 (red), M6 (light blue), M9 (green), and M12 (violet) from the Continuous
Glucose Monitoring Among Patients with Type 1 Diabetes in Rwanda study, a single-arm, prospective observational study conducted at the Rwandan
Diabetes Association clinic in Kigali, Rwanda (2022‐2023). Median values are highlighted and connected by a black solid line. HbA1c: hemoglobin
A1c.

Discussion

The findings from Phase I of the CGM use among individuals
with T1D in Rwanda provide insight into the impact and
feasibility of real-time CGM use. As noted previously, the key
objectives of this study included evaluating sensor use; TIR;
HbA1c levels; and rates of hypoglycemia, DRH, and DKA.
Study participants demonstrated high levels of sensor use (80%
of the study period). As noted in the results, TIR improved with
increased levels at 6 and 12 months. HbA1c levels also improved
with marked decreases at 6 and 12 months. Of note, there was
a mild, nonstatistically significant increase in TBR, which is
indicative of hypoglycemia, but there was also a statistically
significant reduction in TAR at 6 and 12 months. There was no
report of severe hypoglycemia or DKA events, and only 12
DRHs were reported during the study. In sum, these data
indicate a low level of adverse effects.

The low attrition rate, the high percentage of sensor use, and
the willingness of participants to return to the clinic every 20
days for data uploads indicated the feasibility of continuous
glucose monitoring in Rwanda among patients with T1D. The
findings from this study augment those from other studies

conducted in African countries showing that continuous glucose
monitoring is a feasible alternative to SMBG [15,16].

In a study aiming to assess the feasibility of CGM use in
Malawi, one of the challenges identified was the inability of
participants to change their own sensors [16]. However, in this
study, participants were given sufficient training so that they
could change their sensors on their own. Additionally,
participants visited the clinic frequently per study protocol,
providing ample opportunity for study staff to help provide
guidance on sensor removal and insertion.

A systematic review of 22 randomized controlled trials
comparing continuous glucose monitoring and SMBG found a
significant reduction in HbA1c with the CGM group [17].
Although this study was not interventional, the observed results
showed a similar significant reduction in HbA1c with the use of
a CGM.

Further, the findings from this study are aligned with other
studies showing a reduction in HbA1c with the use of a CGM
[10,18] and consistent with prior studies showing that the use
of a CGM increased TIR, a desirable outcome for people with
diabetes[18].
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There were several limitations of this study that limited validity
and generalizability. The single-arm observational design lacks
a control group, which is consistent with a feasibility study but
nonetheless limits between-group comparisons, the ability to
isolate the effect of CGM use, the ability to conduct complete
comparison analyses, and the ability to generalize findings.

While we were able to glean insight from this convenience
sample, the sample was small at the outset, and the further
reduction due to attrition impacts statistical power and effect
size. Our use of the last observation carried forward method for
missing data could potentially lead to bias.

As with any study that uses self-reported information, bias can
be introduced and accuracy can be compromised.
Notwithstanding these limitations, the length of this study,
conducted over a 1-year period, provided a meaningful amount
of data points for analysis. These preliminary results can serve

as a foundation for future studies that can include control groups
and interventions. This work is particularly relevant given the
dearth of studies to date related to CGM use in people with T1D
in Rwanda.

The results suggest that implementing CGM technology in T1D
patients in Rwanda is a feasible and promising method for
improving glycemic outcomes among people with T1D. Within
3 months, results indicate improvements in glycemic
management, with the improvements sustained over the 1-year
study period, as evidenced by better TIR, TITR, and TAR and
lower HbA1c levels. These outcomes indicate potential for better
diabetes self-management, thereby impacting rates of
diabetes-related complications and their associated personal
and social costs. Results from this study can be used to conduct
more rigorous interventional studies to confirm the beneficial
impact of a CGM on health outcomes for people with diabetes.
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Abstract

Background: Congenital heart disease (CHD) is a birth defect of the heart that requires long-term care and often leads to
additional health complications. Effective educational strategies are essential for improving health literacy and care outcomes.
Despite affecting around 40,000 children annually in the United States, there is a gap in understanding children’s health literacy,
parental educational burdens, and the efficiency of health care providers in delivering education.

Objective: This qualitative pilot study aims to develop tailored assessment tools to evaluate educational needs and burdens
among children with CHD, their parents, and health care providers. These assessments will inform the design of medical education
toys to enhance health management and outcomes for pediatric patients with CHD and key stakeholders.

Methods: Through stakeholder feedback from pediatric patients with CHD, parents, and health care providers, we developed
three tailored assessments in two phases: (1) iterative development of the assessment tools and (2) pilot testing. In the first phase,
we defined key concepts, conducted a literature review, and created initial drafts of the assessments. During the pilot-testing
phase, 12 participants were recruited at the M Health Fairview Pediatric Specialty Clinic for Cardiology—Explorer in Minneapolis,
Minnesota, United States. We gathered feedback using qualitative methods, including cognitive interviews such as think-aloud
techniques, verbal probing, and observations of nonverbal cues. The data were analyzed to identify the strengths and weaknesses
of each assessment item and areas for improvement.

Results: The 12 participants included children with CHD (n=5), parents (n=4), and health care providers (n=3). The results
showed the feasibility and effectiveness of the tailored assessments. Participants showed high levels of engagement and found
the assessment items relevant to their education needs. Iterative revisions based on participant feedback improved the assessments’
clarity, relevance, and engagement for all stakeholders, including children with CHD.

Conclusions: This pilot study emphasizes the importance of iterative assessment development, focusing on multistakeholder
engagement. The insights gained from the development process will guide the creation of tailored assessments and inform the
development of child-led educational interventions for pediatric populations with CHD.

(JMIR Form Res 2025;9:e63818)   doi:10.2196/63818
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assessment; congenital heart disease; children health literacy; health education; caregiving; patient-centered care; design; qualitative
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Introduction

Background
Congenital heart disease (CHD) is a heart abnormality present
at birth, requiring intensive medical care and often leading to
life-threatening complications [1]. It affects around 40,000
newborns annually in the United States and 1% globally, posing
lifelong challenges for children, families, and health care
systems [1-4]. Despite significant advancements in diagnosis
and treatment, CHD remains a chronic condition that demands
ongoing care and specialized educational resources [5,6].
Tailored education is critical for addressing the needs of children
with CHD, providing accessible educational support for parents,
and equipping health care providers with efficient educational
strategies. However, no tools currently exist to understand
children’s health literacy, assess parental educational burdens,
or measure health care providers’ efficiency in delivering
education [7,8].

Children with CHD face unique barriers in understanding their
condition due to developmental challenges, such as difficulty
grasping abstract medical concepts or relating them to their
lived experiences. These limitations can hinder their ability to
adhere to treatment plans, actively participate in care, or respond
effectively during emergencies and transitions to adult care
[4,6,9-11]. Despite these challenges, pediatric patients are often
excluded from health literacy efforts, as most resources are
designed for parents or caregivers. This exclusion highlights
the critical need for age-appropriate tools that empower children
to engage with their care actively, ultimately improving
adherence and long-term health outcomes [7,12-16].

Parents, meanwhile, bear a significant educational burden. They
must interpret medical jargon, simplify it for their child, and
act as intermediaries with health care providers, all while
managing the emotional strain of caregiving and the cognitive
load of understanding complex medical information. This burden
can increase stress, reduce caregiving effectiveness, and impact
family well-being. Low parental health literacy further
compounds these challenges, as it is linked to medical errors
and poorer health outcomes for children [17-24]. Furthermore,
health care providers face the challenge of balancing clear
communication with time and resource constraints, often
struggling to deliver education tailored to the needs of both
children and parents [11,25-27]. Addressing these gaps is
essential for improving communication, care coordination, and
health outcomes for children with CHD and their families [7,28].

Study Objectives
As part of a multiphase research project, this pilot study aims
to close these gaps by developing tailored assessment tools for
key stakeholders in pediatric CHD education. This research
comprises two phases: (1) iterative development of the
assessment tools and (2) pilot testing to create, refine, and
validate 3 CHD-specific assessments based on stakeholder
feedback in a real-world setting. We gathered feedback using
cognitive interviews and observations to assess each assessment
item [29-34]. We iteratively developed face-to-face and
computer-based assessments based on this feedback from all
stakeholders, including children. The assessments measure

changes in children’s knowledge, parental educational burdens,
and health care provider efficiency before and post interventions.
The results show that developing and refining these assessments
are essential before introducing our medical education toy. The
objectives of this study are 3-fold:

1. To assess changes in knowledge of children with CHD
before and after educational interventions to empower
pediatric engagement in health care innovation.

2. To measure the educational burden experienced by parents
before and after interventions, focusing on their needs and
challenges in navigating CHD-related educational
responsibilities.

3. To assess the efficiency and effectiveness of health care
providers in communicating essential information to
children with CHD and their families to improve care
coordination and patient outcomes.

Prior Work

Assessments Developed for Pediatric Patients With CHD,
Parents, and Health Care Providers
Assessments are essential for evaluating the health status and
practices of pediatric patients, their parents, and health care
providers across various domains [35-37]. These domains
include health-related quality of life, emotional well-being,
physical or psychological health, social support, and behavioral
problems. For pediatric patients aged 8-18 years, assessments
often involve parent proxies completing tools for younger
children [38-43]. Commonly used tools in this context include
the Pediatric Quality of Life Inventory (PedsQL), Pediatric
Cardiac Quality of Life Inventory (PCQLI) [44-47], Child
Health Questionnaire (CHQ), and Child Behavior Checklist
(CBCL). However, there is a notable gap in health literacy
measures for children younger than 9 years [48]. While some
tools, such as Food Label Literacy for Applied Nutrition
Knowledge (FLLANK) questionnaire [49], exist, none are
specifically tailored to disease populations such as those with
CHD.

Parental well-being and caregiving burden assessments are also
critical for understanding and supporting effective caregiving.
However, the specific burden related to education remains
underexplored. Existing tools, such as the Parenting Stress
Index/Parental Stress Scale (PSI/PSS) and the Family Impact
Module (FIM) of the PedsQL, focus on parental stress,
caregiving difficulty, and family functioning [50-53]. Similarly,
tools such as the Caregiver Health Self-Assessment, which aims
to improve the caregiver-provider dyadic relationship
(commonly for older adult patients), do not address the
educational needs of caregivers of patients with CHD [54-56].

For health care providers, efficiency assessments—measuring
the ability to minimize wasted time and maximize
outcomes—remain an ongoing challenge despite progress in
evaluating physician and hospital care effectiveness [57,58].
While tools such as Key Performance Indicators (KPIs), Lean
Six Sigma (LSS), and Performance Metrics are widely used to
evaluate provider and hospital performance, their primary focus
is on patient care outcomes (eg, patient satisfaction). These
methods often overlook the educational challenges faced by
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health care providers themselves [59-63]. Addressing these gaps
can enhance our understanding of the needs and well-being of
CHD stakeholders, including children, enabling the development
of more targeted and effective educational interventions. More
details about these assessments are available in Multimedia
Appendix 1.

Empowering Pediatric Engagement in Health Care
Interventions
Engaging children effectively in health care interventions and
assessments is challenging due to their unique developmental
hurdles [64-67]. Younger children face difficulties participating
because of limited attention spans and cognitive abilities,
requiring reliance on parental feedback as a proxy for designing
and testing interventions [68,69]. To address these challenges,
studies suggest using interviews, focus groups, and
activity-based methods [70-74].

Prior studies in design, human-computer interaction, and health
care domains indicate that adolescents aged 13-17 years engage
well in interviews and focus groups. In contrast, younger
children, particularly those aged 4-12 years, benefit more from
creative techniques such as activity-based methods [72-78].
Furthermore, studies highlight the importance of social factors,
such as ongoing support, in alleviating children’s potential stress
during research activities [79]. Empowering children through
age-appropriate strategies, coupled with family facilitation,
enhances their sense of ownership in health care
decision-making. These approaches not only improve
engagement but also strengthen the research process by
addressing children’s developmental needs and promoting their
active participation [79-83].

Methods

We developed and refined 3 CHD-specific assessments to
evaluate children’s knowledge, parental educational burdens,
and health care provider efficiency in delivering education. This
process included defining key concepts, conducting a literature

review, and designing initial assessment tools. These
assessments were subsequently pilot-tested with stakeholders
at the M Health Fairview Pediatric Specialty Clinic for
Cardiology—Explorer in Minneapolis, Minnesota, United States,
to ensure validity and relevance.

Assessment Development

CHD Health Literacy Children Assessment
We developed the CHD Health Literacy Children Assessment
(CHD-HLCA) to evaluate CHD health literacy in children aged
4-10 years through pre- and posteducational intervention. This
tool draws inspiration from the FLLANK questionnaire [84]
and incorporates storytelling techniques to enhance engagement
[85]. The assessment consists of 10 questions featuring simple
black and white icons without color or intricate details to reduce
visual distractions and avoid potential psychological and
physiological influences of color. Instead, children use colored
markers to answer, fostering their engagement and enthusiasm
during the assessment process [86,87].

This self-report assessment is administered with the assistance
of the research team or parents, particularly for younger children.
The assessment covers various knowledge dimensions, including
understanding CHD, preparing for doctor visits, and practicing
self-care [49]. Questions offer 2 comparison options to minimize
complexity, using simple icons and illustrations to reduce
distractions and prevent cognitive overload. A “can’t tell” option
is also included to ensure that children feel comfortable
expressing uncertainty. Furthermore, a Likert scale question
with Smiley Face Likerts assesses their general knowledge about
their heart [88], a common method for children’s surveys. The
assessment is conducted face-to-face with parental involvement,
fostering a supportive environment where children can freely
express themselves through drawing, crafting, or pointing to
icons. It takes approximately 5-10 minutes per child and
evaluates 4 key domains: Conceptual Knowledge,
Comprehension, Appraisal, and Application/function specific
to CHD (Figure 1 [84]).
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Figure 1. Final children’s assessment, inspired by the Food Label Literacy for Applied Nutrition Knowledge (FLLANK) questionnaire [84].

CHD Parental Educational Burden Assessment
The CHD Parental Educational Burden Assessment
(CHD-PEBA) is a 30-question assessment designed to evaluate
parental educational responsibilities. It uses Likert scales,
multiple-choice questions, matrix format, and open-ended
responses to gather both quantitative and qualitative data on
parental challenges. Inspired by Neuro-QoL and the Caregiver
Health Self-Assessment Questionnaire [54,89,90], this
self-report assessment examines parental understanding, coping
mechanisms, and support needs in educating children about
CHD. The assessment evaluates parents’ knowledge of CHD,
their perception of their children’s understanding of the
condition, and their confidence and stress levels in providing
educational support. It also explores preferred information
sources, information-seeking behaviors, and the time and effort
parents dedicate to educating their children. Demographic data
are collected to contextualize responses. Administered on the
web, the survey takes approximately 5-10 minutes to complete.
It serves as both a pre-and postintervention tool, measuring
changes in parental educational burden over time.

CHD Healthcare Provider Educational Efficiency
Assessment
The self-reported CHD Healthcare Provider Educational
Efficiency Assessment (CHD-HEEA) health care providers’
assessment is a 20-question self-report assessment to evaluate
health care providers’ educational efficiency in educating

children with CHD and their families. It assesses the practices
of pediatric cardiologists, fellows, nurses, and child life
specialists through various question formats, including Likert
scales, matrix questions, and multiple-choice and open-ended
responses. Inspired by tools such as the Physician Task Checklist
and Lean Six Sigma [60,63,91], the assessment examines
educational practices, challenges, and strategies. Key areas of
evaluation include the time and effort spent on educating
children with CHD and families, perceptions of current
educational methods, use of preappointment materials and
self-education resources, encouragement of questions from
caregivers and children, and strategies to streamline education
while maintaining information accessibility. It also collects
some demographic data to provide context for the responses.
Administered on the web, the survey takes approximately 5-10
minutes to complete. It serves as a pre- and postassessment tool
to evaluate changes in health care provider practices after
educational interventions to optimize care coordination and
patient education. Additional details about the 3 assessments
are provided in Multimedia Appendix 2.

Pilot Testing of Assessment Tools
During the pilot phase, we tested 3 different assessments with
CHD stakeholders at the M Health Fairview Pediatric Specialty
Clinic for Cardiology—Explorer.

Study Population
The study defined specific criteria for each stakeholder group.
Children with CHD were required to be between 4 and 10 years
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of age, diagnosed by a health care provider, and fluent in
English. Parents or guardians had to speak English and be
confirmed as caregivers by a health care provider. Health care
providers must be actively involved in CHD care and fluent in
English.

Participants in this pilot study included children with CHD
(n=5), their parents (n=4), and health care providers (n=3).
Among the children were four 7-year-olds (3 males and 1
female) and one 5-year-old female (n=5). The parental and
caregiver group comprised 5 mothers aged 25-44 years,
including 2 White/Caucasian and 3 African American/Black
participants, all with bachelor’s degrees and reporting middle
to high-level incomes (n=5). However, one of the parents did
not complete the assessment, resulting in a final parental group
size (n=4). The health care provider group included 2 pediatric
cardiology fellows and 1 physician assistant student, aged 25-44
years, with 1-5 years of experience in pediatric cardiology (n=3).

Study Recruitment and Informed Consent
The medical team facilitated communication with potential
children with CHD and their families through purposive
sampling. Parents signed parental permission forms for their
children and children provided assent. We administered the
children’s assessment while their parents were present but
ensured that the parents did not guide their answers. After
providing their own informed consent, parents received a link
to complete the computer-based parental assessment. They could
complete it at the clinic using the researcher’s laptop or later at
home. Parents shared their experiences and provided feedback
on the assessment, including its clarity and length, either during
or after completion. Health care providers also participated by
completing their assessments and providing feedback on their
experiences. All participants received a gift card for their time.
We transcribed participants’ input or feedback and anonymized
results and transcripts to protect privacy.

Data Collection
We used qualitative methods, including cognitive interviews,
observational notes, and interactive techniques, to gather
feedback from children, parents, and health care providers
[29,30,32,34]. These methods captured participants’
impressions, behaviors, and engagement, providing rich data
for iterative refinements of the assessments.

Logistics and Setup
To accommodate the clinic setting and time constraints, we
conducted parent and child assessments simultaneously. Parents
began slightly later than their children to ensure that the children
were comfortable and understood the process before starting.
This approach minimized parental influence on children’s
responses while saving time. After completing their assessments,
children engaged in painting activities, allowing parents to
complete their assessments without distractions. For health care
providers, assessments were scheduled flexibly, either on the
web or in person, to accommodate their busy schedules.

Cognitive and Observational Methods
Cognitive interviews and verbal probing revealed how
participants interpreted and responded to survey questions. As

a qualitative method widely used in survey design, cognitive
interviews helped identify ambiguities, cognitive challenges,
and difficulties in understanding. Participants verbalized their
thoughts concurrently (using the think-aloud technique) or
retrospectively (recalling and explaining their thought processes
after completing the assessment) [29-34]. Observational
techniques captured nonverbal cues, such as hesitation,
frustration, or excitement, along with body language and
engagement levels. These observations were particularly
valuable for younger children, who often struggled with abstract
concepts or articulating their thoughts [76]. Combining these
methods provided detailed feedback that informed refinements
to our assessments.

Engaging Children
We used developmentally appropriate and interactive methods
to engage children effectively. A researcher read questions aloud
to younger children, with parents assisting if the child felt
uncomfortable interacting with the research team. To make the
activity engaging, we incorporated storytelling and asked
children to role-play as detectives solving questions. Prompts
such as “Hey, detective! Let’s figure out which, what, or where!”
encouraged participation. Children used markers and craft
materials, such as multicolor pom-poms, to point to their
answers, making the process interactive and enjoyable. For older
children who could read independently, we encouraged
self-guided responses and asked clarifying questions to explore
their thought processes. The think-aloud technique and verbal
probing provided deeper insights into their reasoning [70-74].
To ensure that children understood the questions rather than
guessing, we rephrased questions after they provided answers.
For example, if a child pointed to an icon for chest pain, we
asked, “Do you know where your chest is?” and used physical
prompts to confirm their understanding. This approach validated
their answers and often prompted children to share personal
experiences, enriching the feedback [66,67,76,83].

Refining the Assessments
We iteratively refined the assessments, tailoring questions to
each stakeholder group by focusing on their thoughts,
understanding, relevance, completeness, survey length, and
overall experience.

For the children’s assessment, we prioritized meeting the
developmental needs of children aged 4-10 years based on
criteria provided by health care providers. These criteria outlined
essential knowledge for this age group while addressing the
additional challenges faced by younger or newly diagnosed
children. Testing revealed that younger children often struggled
with multistep questions, so we simplified these into single,
clear actions. Language and visuals were adjusted for clarity
while retaining enough detail to engage older children. Older
children provided feedback on question relevance and reflected
on how they might have responded when younger, offering
insights that shaped refinements.

Each testing round informed adjustments to ensure that the
questions were clear, precise, and engaging for all stakeholders
in CHD pediatric care. These assessments now support pre- and
postassessment stages to validate interventions, including our
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ongoing study of medical educational toys for CHD pediatric
populations. Table 1 outlines the development and testing

process, with sample prompts provided in Multimedia Appendix
3.

Table 1. Iterative development and pilot testing of congenital heart disease (CHD) assessments.

OutcomesStakeholders involvedDescriptionStep

Established key concepts for
the assessment framework

Research team, pediatric
cardiologist

Define health literacy, parental educational burden,
and health care provider efficiency

1. Define key concepts

Insights for developing new
assessments

Research teamReview existing best practices and assessments2. Conduct literature review

Initial assessments ready for
review

Research team, pediatric
cardiologist

Draft assessments for children, parents, and health
care providers

3. Develop initial assessments

Feedback on relevance, clarity,
and appropriateness

Children with CHD, parents,
and health care providers

Test initial assessments with children with CHD,
parents, and health care providers

4. Pilot testing—first iteration

Identify strengths, weaknesses,
and improvements

Research team, pediatric
cardiologist

Analyze feedback from pilot testing5. Analyze feedback

Improved assessmentsResearch teamModify assessments based on feedback6. Refine assessments

Continuous improvement and
validation

Children with CHD, parents,
and health care providers

Conduct additional testing and refinement7. Pilot testing—further iterations

Validated assessments for

implementation

Research team, pediatric
cardiologist

Analyze all data and feedback to finalize

assessments

8. Final analysis

Data Analysis
Our research team held weekly meetings to analyze assessment
data and stakeholder feedback. Using qualitative methods,
including thematic analysis, we identified common themes from
feedback and observational data [92,93]. The first author coded
the data to highlight relevant themes, focusing on the
assessment’s reliability, engagement, and responsiveness to
meet all stakeholders’needs. During each round of pilot testing,
we prioritized feedback using four criteria: (1) its potential
impact on the assessment’s effectiveness, (2) alignment with
intended outcomes, (3) feasibility of incorporating changes, and
(4) stakeholder preferences. Feedback was categorized by
feasibility, clarity, relevance to educational needs, and
participant engagement, then ranked by the frequency and
significance of reported issues. We implemented revisions
iteratively, prioritizing aspects that most improved
comprehension and ease of response. This systematic process
enhanced the assessments’ accuracy and relevance across
stakeholder groups. During weekly meetings, the team reviewed
how each piece of feedback aligned with the established criteria
and worked collaboratively to resolve discrepancies. This
iterative process led to the development of a set of codes such
as “strengths,” “weaknesses,” and “areas of improvement.”
These ongoing discussions and thematic analyses refined the
assessments and informed adjustments for subsequent pilot tests
[94].

Ethical Considerations
The study received ethical approval from the University of
Minnesota institutional review board (STUDY00020670). The
medical team facilitated communication with potential
participants—children with CHD and their families—through
purposive sampling. Informed consent was obtained from all
participants: parents also signed parental permission forms for
their children, and children provided assent. Participants were

informed about the study’s purpose, procedures, and their right
to withdraw at any time. Data were anonymized and deidentified
during transcription and analysis, with all personal information
securely stored in adherence to institutional guidelines.
Participants received a gift card as compensation for their time,
ensuring fairness and transparency.

Results

We identified consistent themes across three assessments: (1)
assessment engagement, (2) relevance and structure of
assessment, and (3) opportunities of assessments. These themes
guided iterative revisions before each new pilot test. In this
section, we summarize the findings from (1) children’s
assessments, (2) parents’ assessments, and (3) health care
providers’ assessments. Some feedback from key stakeholders
on 3 survey experiences can be found in Multimedia Appendix
2.

Assessments Engagement
Both children (C) and parents (P) actively engaged in the
children’s assessment process. Parents were surprised by their
children’s interest and enjoyment, with one parent expressing,
“I wasn’t sure she’d even talk. Wow!” It appeared that the
interactive elements, such as choosing pens or markers and
storytelling, not only boosted curiosity and made them
concentrate on doing the assessment but also eased the anxiety
and fear of children. For instance, C3 quickly transitioned from
nervousness about another medical procedure to excitement
upon seeing colorful markers, exclaiming, “Yay, I can paint
here in the doctor’s office!” Initially, she hid under the bed due
to fear when we entered the examination room. However, she
relaxed and became comfortable after seeing the markers and
being invited to answer the questions using different colors.
Even children like C2, initially focused on their iPad, became

JMIR Form Res 2025 | vol. 9 | e63818 | p.4138https://formative.jmir.org/2025/1/e63818
(page number not for citation purposes)

Barbazi et alJMIR FORMATIVE RESEARCH

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


engaged, asking, “Can I use all colors? I can answer anything
like this!”

Parents appreciated the playful and instructive design of the
assessments, with one commenting, “It’s like teaching by itself
through playtime. She’s telling me all you've asked her.” After
finishing their assessments, we provided paper to children like
C4, whose mother was also being assessed. This engagement
prompted them to draw, becoming so engrossed to continue

that they requested us to stay there even after the doctor’s arrival
(Figure 2). Initially, parental influence impacted C1’s responses,
but gentle interventions and prioritizing children’s uninfluenced
responses over accuracy fostered independent responses in other
pilot tests. Through face-to-face interaction using cognitive
interviews akin to semistructured interviews [95,96], we
collected less biased data from children rather than their parents,
maintained attention, and reduced parental influence.

Figure 2. Children’s interactions with children’s assessments and parental responses to their assessments at the Explorer clinic.

Similarly, in the clinic, parents provided feedback after their
children’s assessments through a think-aloud and verbal probing
method [29,32] while answering the computer-based parents’
assessment using Typeform (Typeform SL). During the
assessment, P4 noted, “You know what to ask.” P3 mentioned
that they would change only some of the wording. However,
despite this feedback, P3 described the survey as “clear, easy,
feeling good; finally, somebody asks!” This feedback
highlighted the ease of use, clear directions, and meeting the
participants’ needs, facilitating effective data collection. The
health care providers’ assessment also received positive
feedback for its engaging interface, with H1 noting, “Much
better than usual surveys,” and H3 stating, “...really interactive
with photos and video, and buttons. It’s easy....” Such feedback
underscores the effectiveness of engaging participants and
facilitating data collection.

Relevance and Structure of Assessment
The effectiveness of engaging all stakeholders through
assessments depends on their relevance and well-structured
design. Maintaining high relevance across all assessments, we
noticed an interesting trend involving the Smiley Face Likert
question during the children’s assessment. Despite our efforts
to adjust the question wording, children consistently chose the
happiest face in the initial version of the assessment. They
emphasized their positive feelings associated with smiley faces
by saying, “I chose it because I like it!” We expected this issue
but still tested the smiley face Likert question due to its common
use in children’s surveys. To improve engagement and

reliability, we found that comparison questions, structured like
a right or wrong game format, were more effective. Children
showed high concentration levels and often asked, “Is this
right?” They felt like participating in a game, increasing their
involvement in the assessment process. Incorporating feedback
from our medical team and parents highlighting the assessment’s
educational value, we replaced the Likert question with a prompt
offering a choice between physical activity and screen time
(Figure 1 [84]), addressing another relevant habit for children
with CHD. We also adjusted the question order to observe
response variations, albeit with limited reliability due to its
implementation with only participants C2 and C3 immediately
after the initial version.

P2, P3, P4, and P5 actively engaged with the questions in the
parents’ assessment, finding them clear, easy, and relevant.
However, P2 noted assumptions in specific questions regarding
the prior receipt of educational material during doctor visits.
They proposed a preliminary question to confirm whether
educational material was used before assessing its
appropriateness (Figure 3). They asked, “How do you know if
we got any educational material before asking how good it was?
It’d make more sense to check if we received any and then ask
about it.” Interestingly, when explicitly asked about this
question, P3, a follow-up patient, did not express the same
concern. Another participant suggested improving the context
of the question about comfort levels during clinic visits
(follow-ups or surgeries), which we addressed in the later
version. We condensed the questionnaire to 25 items in the
latest parent assessments by adding a matrix question.

Figure 3. Congenital Heart Disease Parental Educational Burden Assessment (CHD-PEBA) logic model question.
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In response to initial feedback on the health care providers’
assessment, H1 proposed categorizing questions differently for
new and follow-up patients. All participants provided positive
feedback regarding the matrix questions (Figure 4). H2 preferred
to keep the existing matrix questions but suggested reordering
them for better clarity and efficiency. They emphasized that
combining related aspects into single questions helps
respondents compare options and find the correct answer more

easily: “Having one question for each of these aspects would
make the questionnaire longer and harder to compare when
answering; it just seems more practical this way.” Furthermore,
H2 recommended adding a specific demographic—vulnerable
parents—to measure parental CHD information instead of using
a general category. These suggestions were integrated into
version 03, reducing the length to 15 items.

Figure 4. Congenital Heart Disease Healthcare Provider Educational Efficiency Assessment (CHD-HEEA) matrix questions.

Opportunities of Assessments
We used patients’wait time between their initial screenings and
the meeting with their physician to complete the assessments.
This integration not only streamlined care coordination and
reduced wait times but also engaged families and alleviated
worries, as noted by P4, “It keeps us good busy!” This suggests
that our design intervention (an educational toy) can be
implemented during patients’wait time as well. The assessments
also doubled as educational tools for children, engaging them
in learning about their condition and easing anxiety. Parents
found solace in sharing burdens, while health care providers
gained insights into their practices and sought potential
solutions. These assessments exceeded their initial purposes,
offering education, support, and reflection opportunities for
child-led approaches in pediatric care.

Discussion

Principal Results
During face-to-face interviews, we identified areas for
refinement in assessment items, such as clarifying the context
of health care experiences for children’s comfort-level rating
or specifying the type of visit for health care providers.
Observational notes highlighted instances where assumptions
in specific questions, such as the prior receipt of educational
material during doctor visits, caused confusion among
interviewers. To alleviate this issue, we proposed preliminary
questions. Despite these challenges, participants generally
interpreted the majority of survey items as intended, with
occasional adjustments to wording choices for better
comprehension. Furthermore, we changed the order of questions
based on feedback and observations to improve the structure of
the assessment.

The pilot testing evaluated the feasibility and effectiveness of
the tailored assessments. Iterative revisions further improved
their clarity and appropriateness. We ensured the validity of the
assessments through a collaborative and iterative approach,
incorporating perspectives from all stakeholders. As a result,
the assessments offer a comprehensive understanding of

educational needs and burdens, providing valuable insights to
guide the development of targeted educational interventions.

Comparison With Prior Work
The tailored assessments developed in this pilot study address
a gap in the existing literature by focusing on the educational
needs of pediatric patients with CHD, their parents, and health
care providers [7,8,27]. While existing assessment tools mainly
measure health-related quality of life and emotional well-being,
they offer limited insight into health literacy and the unique
educational challenges associated with CHD [38-56]. Moreover,
these assessments are primarily developed quantitatively and
lack qualitative insights into educational needs and burdens.
We used qualitative methods to explore how respondents
interpret, understand, and respond to specific survey items. This
approach offered a more comprehensive understanding of the
questions that assessments should address [29-32,93-97].

Through collaboration with stakeholders, including children,
we developed and refined assessments to evaluate children’s
knowledge, parental educational burdens, and health care
provider efficiency in pediatric CHD care. Including children
in the development process was crucial due to the lack of
tailored educational materials for children with CHD and the
complexities involved in assessing this population [64-67,98].
While parents were present during the children’s assessments
to provide comfort, their involvement was carefully managed
to ensure that it did not interfere with the children’s meaningful
participation. This approach contrasts with prior methods, where
parents often act as proxies, potentially biasing the results
[68,69]. Feedback from all stakeholders was collected post
assessment to gain insights into their experiences and further
improve the assessments.

We conducted pilot tests for two reasons: (1) to refine the
assessments before involving more stakeholders, specifically
children, and (2) to ensure the assessments were well adapted
to meet all stakeholders’needs before the actual study [99,100].
This pilot study revealed critical gaps in existing tools and
advanced the methodology for developing educational
assessments. Emphasizing collaborative, iterative, and direct
engagement with children, parents, and health care providers

JMIR Form Res 2025 | vol. 9 | e63818 | p.4140https://formative.jmir.org/2025/1/e63818
(page number not for citation purposes)

Barbazi et alJMIR FORMATIVE RESEARCH

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


ultimately leads to the design of tailored assessments. These
assessments are crucial for informing the development of
effective, child-led educational interventions for pediatric
populations with CHD, demonstrating feasibility before broader
implementation.

The assessments developed in this study have potential
applications in routine clinical practice, offering health care
providers a structured tool to assess and enhance CHD-related
health literacy among pediatric patients and their families. By
integrating these assessments into preappointment resources or
waiting room activities, health care providers can identify
educational gaps early and address them proactively.
Furthermore, the assessments could complement existing
educational interventions, providing feedback on the
effectiveness of child- and family-centered resources to improve
health literacy. This integration would not only inform the
design of more effective child- and family-centered resources
but also support continuous improvement of educational
interventions. This approach aligns with broader goals in
pediatric health care to support lifelong health management
through early literacy interventions.

Limitations
Although the pilot testing provided valuable insights, several
limitations are acknowledged. First, despite efforts to minimize
parental influence, their presence may have still impacted some
children’s responses. Future research should explore strategies
to reduce this influence further and ensure more independent
responses from children. Second, the sample distribution was
not spread evenly across age groups, with only 1 child aged 5

years and 4 children aged 7 years. This uneven distribution may
affect the representativeness of the findings. Future studies
should aim for a more balanced age distribution. Third,
conducting assessments for both children and parents at the
clinic during their visit might have influenced their responses,
as they were exposed to medical procedures. Furthermore, the
researcher’s presence during the assessment of parents and
children could have influenced their feedback. Finally, while
general accessibility was considered, specific adaptations for
educational disabilities were not within the scope of this pilot
study.

Conclusions
This pilot study aims to improve educational interventions and
care coordination through tailored assessments designed by
stakeholder feedback, including affected children. The findings
emphasize the importance of interactive and qualitative methods
that foster multistakeholder engagement and ensure question
relevance. These assessments can potentially enhance child-led
interventions and improve outcomes for patients with CHD
from childhood through to adult care. However, the iterative
development process highlighted several challenges, such as
managing parental presence to encourage independent responses
from children and the logistical complexities of recruiting
diverse participants within clinical settings. It is also important
to ensure that assessments for younger children are read aloud
without influencing their responses. Integrating these
assessments into real-world clinical workflows requires
adaptability to avoid disrupting patient care. Addressing these
practical challenges will be essential to scaling and sustaining
the use of these assessments in diverse health care contexts.
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Abstract

Background: The COVID-19 pandemic has amplified mental health challenges among adolescents, particularly in rural areas
with limited access to services. In response, the Saudi government launched mental health campaigns and mandated schools to
implement mental health programs. However, the effectiveness of these programs remains largely unreported.

Objective: This study aims to determine the prevalence of anxiety disorder symptoms, video game addiction, and body image
dissatisfaction, as well as to examine the effect of a school-based program, The Reassured Self, grounded in compassion-focused
therapy, on anxiety symptoms, video game addiction, and body image dissatisfaction among rural adolescent females in Saudi
Arabia.

Methods: A retrospective secondary analysis of pre-post intervention data was used. All female middle school students (N=133;
age: mean 13.7, SD 1.01 years) in grades 1-3 from a rural setting were included, with no exclusion criteria. Participants were
recruited as part of a school-mandated mental health program. Data were collected at baseline (2 weeks before the intervention)
and 2-3 weeks post intervention during school hours in a quiet classroom setting using teacher-supervised, printed surveys. Survey
completion was voluntary, and students exhibiting high distress based on post data analysis were referred to the school health
counselor for support. The intervention consisted of 3 sessions (30-35 minutes each) delivered over 2 weeks. Validated Arabic
versions of the Spence Children's Anxiety Scale, Game Addiction Scale, and Body Image Discrepancy Assessment were used
to measure outcomes 2 weeks post intervention (April to June 2024). Data were analyzed using linear mixed-effects regression
models. Data were analyzed using linear mixed effects regression models.

Results: Among the students, 25.8% (32/124) were identified as having high anxiety levels, with 19.3% (24/124) falling into
the clinical concern or very high clinical concern categories. Additionally, 26% (32/123) were classified as problem gamers,
while 14% (18/123) were categorized as addicted gamers. A smaller proportion, 5.1% (6/117), expressed a strong desire for
thinness. Compared to pre-intervention levels, students exhibited significant reductions in anxiety symptoms (mean difference
–4.11, 95% CI –6.98 to –1.24; P=.005) and video game addiction (mean difference –1.62, 95% CI –2.83 to –0.42; P=.009)
following the program. However, changes in body image dissatisfaction were minimal and not statistically significant (mean
difference 0.067, 95% CI –0.046 to 0.18; P=.057). High satisfaction scores, with a mean of 28.49 out of 35 (SD 6.31), indicated
strong acceptability and cultural alignment of the intervention. High satisfaction scores indicated strong acceptability and cultural
alignment with the intervention.

Conclusions: The results highlight the potential for compassion-focused school programs to address mental health disparities
in underserved adolescent populations. Future research should explore the long-term effects and scalability of such culturally
adapted interventions.

(JMIR Form Res 2025;9:e68840)   doi:10.2196/68840
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Introduction

The COVID-19 pandemic has profoundly impacted adolescent
mental health worldwide, notably increasing anxiety disorder
symptoms in this population [1-3]. With societies implementing
lockdowns, enforcing social distancing, and facing
unprecedented uncertainties, adolescents were exposed to
substantial stressors that affected their psychological well-being
[1-3]. A meta-analysis across 29 samples and 80,879 youth,
conducted post the pandemic, highlighted a global increase in
anxiety, with clinically significant symptoms nearly doubling,
from 11.6% prepandemic to 20.5% post the pandemic [1]. This
surge underscores the pandemic's enduring psychological effects
on adolescents' mental health. Adolescence, a crucial
developmental phase, often marks the onset of mental health
disorders, with 50% emerging by age 14 and 75% by the age
of 24 years [4]. Without timely intervention, these conditions
can have long-lasting impacts on well-being and life trajectories.

Female adolescents have been disproportionately affected in
the post–COVID-19 era, facing higher anxiety prevalence and
greater symptom severity, necessitating targeted interventions
that address their unique mental health needs [1,5]. Modifiable
risk factors for anxiety disorders include game addiction and
body image dissatisfaction, both of which significantly affect
female adolescents [3,6]. Studies report an increase in gaming
addiction during and after the pandemic, with prevalence
estimates ranging between 2.3% and 29.4% [6]. Research shows
a bidirectional relationship where excessive gaming escalates
anxiety, and anxious adolescents use gaming as a coping
mechanism [7]. Although many studies focus on male
adolescents, emerging evidence indicates that female adolescents
are similarly at risk for gaming addiction and associated mental
health concerns [8,9]. This highlights the need for
gender-specific research and interventions. Reports also indicate
an increase in disordered eating and body image issues since
the COVID-19 outbreak, partly due to increased exposure to
appearance-focused social media and heightened internalization
of social pressures [3,5].

In Saudi Arabia, the mental health landscape among adolescents
is concerning, with 40.1% experiencing at least one lifetime
disorder, 26.84% affected by anxiety, and 7.06% affected by
eating disorders [10]. Female adolescents, particularly those in
rural areas, are at higher risk for anxiety and body
dissatisfaction, with a significantly higher anxiety prevalence
than males [11]. For instance, 14.1% (424/3008) of Saudi
females are at risk for generalized anxiety disorder, compared
to 11.4% (342/3007) of males [11].

Rural female adolescents face additional barriers. Limited access
to mental health services and cultural stigma exacerbate
untreated mental health disorders, with only 0.5% of at-risk
individuals in Saudi receiving treatment [11]. This calls for
culturally appropriate, accessible interventions tailored to the
specific needs of rural female adolescents in Saudi Arabia.
Low-intensity mental health interventions that target anxiety,

game addiction, and body image issues are critical to address
these unmet needs.

Currently, a gap exists in the Saudi literature regarding
school-based mental health and game addiction interventions
for adolescents. Despite research on gaming addiction
prevalence and related mental health issues, there is limited
research on intervention programs, particularly those tailored
to Saudi adolescents and female-specific needs [12].
Additionally, comprehensive programs that address both gaming
addiction and associated mental health issues like anxiety are
scarce, with most research focusing on treatment rather than
prevention [8,12]. Also, our search failed to identify any mental
health school program among Saudi adolescents. Additionally,
there is a notable gap in research on the use of self-compassion
interventions in populations outside of Western, educated,
industrialized, rich, and democratic countries [13]. In Saudi
Arabia, specifically, no reports were found on community- or
school-based programs for female adolescents using any mental
health intervention methods [10,12-16]. This study aims to fill
this gap by providing valuable data on an underserved
population: rural female adolescents, who often lack access to
mental health services. Designed within the Saudi cultural
context, this school-based intervention addresses interconnected
issues of anxiety, game addiction, and body image
dissatisfaction. The program emphasizes self-reassurance skills,
empowering adolescents to manage their mental health
independently—an approach particularly relevant in a cultural
setting where mental health stigma may discourage individuals
from seeking external help [15,17]. By fostering resilience, this
intervention addresses critical mental health needs within this
underserved population, contributing to the limited research in
the area and offering insights that could inform future health
policies and practices in Saudi Arabia.

To address these gaps, this study aimed to identify the
prevalence of anxiety disorder symptoms, game addiction, and
body image dissatisfaction among rural female adolescents;
evaluate the efficacy of a compassion-focused therapy (CFT)
school-based mental health intervention, The Reassured Self,
in reducing anxiety disorder symptoms, game addiction, and
body image dissatisfaction among rural female adolescents; and
measure the acceptability of The Reassured Self intervention
among rural female adolescents.

Methods

Design and Participants
This study used a retrospective design using existing data
collected through a predesigned program implemented in a
public school setting for quality improvement purposes (see
Multimedia Appendix 1 for the checklist used to report the
results of this retrospective database study, as recommended
by the International Society for Pharmacoeconomics and
Outcomes Research Task Force [18]). A pre-post design with
no control group was used to evaluate the efficacy of a
school-based mental health program, The Reassured Self. The
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intervention was conducted with middle school female students
in an underserved rural area in the Medina region, Saudi Arabia.
Saudi Arabian schools are required to offer health programs to
students; however, reports on the efficacy and acceptability of
these programs are limited. This study documents a partnership
between a non-profit organization and a school to develop a
mental health program and evaluates its efficacy and
acceptability for future development.

Most rural areas in Saudi Arabia have a single girls' school.
This project was implemented for all female middle school
students (N=133) in grades 1-3, with no exclusion criteria, as
the program was mandatory for all students (see Multimedia
Appendix 2 for details on data completeness for intervention
participants).

Intervention Program: The Reassured Self
The Reassured Self is a culturally adapted, low-intensity
intervention program designed for Saudi Arabian students.
Based on the principles of self-compassion, the program
integrates cultural and religious values with evidence-based
practices to promote mental and emotional resilience. It
addresses anxiety, game addiction, and body image
dissatisfaction through tailored strategies. The program was
delivered to middle school female students in a classroom
environment, fostering peer support and shared learning
experiences. Each class received three 30- to 35-minute sessions
within 2 weeks. To ensure consistency, a trained nurse with
experience on delivering the program to other schools delivered
the same program to all classes. The intervention content
focused on 5 core components, as outlined in Table 1.

Table 1. Detailed overview of the topics and descriptions covered in The Reassured Self intervention programa.

DescriptionTopic

Foundational concepts of
self-compassion

1 • Self-blaming vs Self-reassurance: Introduces the difference between self-blame and self-compassion, guiding
students to develop a supportive inner dialogue.

• Religious integration: Emphasizes Islamic principles written in the Quran and Hadith about compassion, as-
surance, self-blaming, and gratitude. Morning and evening supplications (Athkar) were incorporated for self-
affirmation.

• Examples: “O reassured soul, return to your Lord well-pleased and pleasing to Him” (Surah Al-Fajr, 89:27-
28) to emphasize fostering inner peace and self-assurance.

• “And I swear by the self-blaming soul” (Surah Al-Qiyamah, 75:2) to highlight self-reflection without destructive
self-blame. Gratitude practices (Shukr): Students participated in gratitude journaling exercises, drawing on
the verse: “If you are grateful, I will certainly give you more” (Surah Ibrahim, 14:7).

Building resilience2 • Challenge as growth: Teaches students to view challenges as opportunities for growth and resilience by using
Quranic verses about patience, effort, and striving (Sabr and Sa’y). For example: “And that there is not for
man except that [good] for which he strives” (Surah An-Najm, 53:39).

Addressing game addiction3 • Understanding dopamine and addiction: Explains how game addiction provides a temporary dopamine boost,
leading to a false sense of achievement.

• Healthier coping strategies: Encourages real-life connections, exercises, and activities as healthier sources of
satisfaction.

Reframing bullying4 • Understanding bullying behavior: Frames bullying as often stemming from the bully’s own self-blame, helping
students empathize and avoid internalizing harmful behaviors.

• Responding with resilience: Guides students to respond to negativity with self-respect and compassion, fos-
tering an empathetic school environment.

Practical applications and
exercises

5 • Self-compassion exercises: Includes activities like gratitude practices, physical self-care routines, and stress-
management tools such as using stress-relief items.

• Exercise as self-care: Promotes physical exercise as a form of self-respect and care, enhancing both mental
and physical well-being.

• Social skills for conflict resolution: Involves role-playing scenarios to provide practical guidance on maintaining
self-respect in interactions with others, including handling criticism or bullying.

aThe program integrates principles of self-compassion and Islamic values to foster emotional resilience, reduce anxiety, address game addiction, and
promote healthy coping strategies. Each topic focuses on specific aspects of self-reassurance, resilience building, and practical exercises to enhance
mental well-being in a culturally sensitive manner.

Measurements and Data Collection
Data were collected at 2 time points: baseline (2 weeks before
the intervention) and postintervention (2-3 weeks after the
intervention). Assessments were conducted during school hours
in a quiet classroom setting. The teacher distributed the printed
surveys (paper-and-pencil format) to students, who were given
45 minutes to complete the questionnaires. The teacher remained
available in the classroom to answer any questions. After the

follow-up data collection, students exhibiting high levels of
psychological distress, identified through their questionnaire
responses, were referred to the school health counselor at that
time for additional support.

Anxiety Symptoms
To assess clinically significant levels of anxiety symptoms, the
Spence Children's Anxiety Scale (SCAS)–Arabic version was
administered [19]. The SCAS is a 38-item questionnaire rated
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on a 4-point scale (0-3; never-always), with total scores
reflecting the sum of responses [20]. This scale encompasses
symptoms of the most prevalent DSM-5 (Diagnostic and
Statistical Manual of Mental Disorders [Fifth Edition]) anxiety
disorders and is widely used in both clinical practice and
research [21]. The SCAS includes 6 subscales that measure
different dimensions of anxiety: separation anxiety, social
phobia, obsessive-compulsive symptoms, panic or agoraphobia,
physical injury fears, and generalized anxiety. Total anxiety
was calculated by summing the scores from the individual
subscales. In this study, the SCAS demonstrated excellent
internal consistency (α=0.94). t-Scores and cutoffs for the SCAS
are available on the SCAS website and are categorized by age
and gender [22]. For girls aged 12-15 years, a total score cutoff
of ≥60 (84th percentile) suggests clinically significant anxiety
symptoms.

Video Game Addiction
A newly modified Arabic translation of the 7-item version of
the Game Addiction Scale (GAS) was used to measure video
game addiction [23]. Responses were given on a 5-point scale
(1=“never” to 5=“very often”), with a total score range of 7-35.
The original Arabic version of the GAS served as the basis for
this translation [24]. In this study, the GAS-Arabic demonstrated
good internal consistency (α=0.81).

Video Game Addiction Status
To classify participants based on their level of video game
engagement, responses to the core 4-item criteria for addiction
(withdrawal, relapse, conflict, and problems) were evaluated
according to methods recommended in recent literature [25].
Participants were divided into 3 groups: addicted gamers,
problem gamers, and engaged gamers. Respondents who scored
3 or higher on all 4 items were classified as Addicted Gamers.
Those who scored 3 or higher on 2 or 3 of the 4 items were
categorized as problem gamers, indicating some signs of
problematic gaming behavior. Respondents who did not meet
the criteria for either addicted or problem gamers were classified
as engaged gamers, reflecting low engagement without signs
of problematic behavior.

Body Image Dissatisfaction
Body image dissatisfaction was assessed using a series of
silhouettes representing 4 different body sizes [26]. Students
selected the silhouette that best represented their ideal body size
and the one that most resembled their current body size. The
difference between these selections (ideal vs current) indicated
the level of body image discrepancy, with scores ranging from
–3 to +3. A negative score suggested a desire for thinness
(preference for a smaller body size), while a positive score
indicated a desire for fullness (preference for a larger body size)
[27]. Participants were categorized as follows: high drive for
thinness (scores less than –1.5), low drive for thinness (scores
between –1.5 and 0), and no drive for thinness (scores of 0 or
higher).

Program Reaction
Participant feedback was collected using the Kirkpatrick model's
level 1 evaluation 2-3 weeks post the program. The level 1
evaluation, also known as Reaction, assesses participants'

immediate responses to a training or intervention [28]. It
captures how participants felt about the experience, evaluating
satisfaction, perceived ease and clarity, engagement (perceived
effectiveness), and perceived relevance of the content [28]. A
7-item Likert scale was used, with responses ranging from 1
(totally disagree) to 5 (totally agree), resulting in a total score
range of 7-35.

Statistical Analysis

Overview
Descriptive statistics (means, SDs, and frequencies) were
calculated for all variables. A series of linear mixed models
were used to examine the effects of the intervention on 3
dependent variables—anxiety symptoms, video game addiction,
and body image discrepancy—measured at 2 time points (before
and post the intervention). The models included time as a fixed
effect and student ID as a random effect to account for
within-subject variability across repeated measures. Restricted
maximum likelihood estimation was used to fit the models.
Grade levels were tested as fixed effects, but neither
demonstrated significant associations with the outcomes or
interactions with time. Consequently, these variables were
excluded from the model. Pairwise comparisons of the estimated
marginal means were conducted using least significant
difference adjustment. The assumption of homoscedasticity
(constant variance) appeared mostly satisfied, and the residuals
were approximately normally distributed. Linearity between
time and each dependent variable was reasonable, as no strong
nonlinear patterns were observed. Also, correlation analyses
were conducted to identify potential confounding variables,
including age, baseline anxiety, body image discrepancy, and
gaming addiction.

Participants with valid data on anxiety symptoms, video game
addiction, or body image discrepancy at either baseline or
follow-up were included in the analysis. Linear mixed models
use all available data, regardless of missing outcome data, under
the assumption that data are missing at random. Data were found
to be missing completely at random, as indicated by Little's
MCAR test (χ²135=110.5, P=.94). No cases were missing more
than 75% of data, which is the recommended threshold for
analyzing the SCAS.

Power Analysis
A post hoc power analysis was conducted using G*Power
(version 3.1.9.7) to evaluate the achieved power for detecting
changes in anxiety levels, game addiction, and body image
discrepancy across pre- and postintervention time points. The
paired samples t test was selected as the appropriate statistical
test for the pre-post design, focusing on differences between
dependent means. Effect sizes (dz) were calculated as 0.25,
0.24, and 0.076 based on the observed mean differences and
SDs of the difference scores for anxiety, game addiction, and
body image discrepancy, respectively.

The analysis was performed with an alpha level of 0.05 and
total sample sizes of 133, 132, and 130 participants for anxiety,
game addiction, and body image discrepancy, respectively. The
results indicated that the study had an 89% and 86% probability
of detecting a true effect for anxiety and game addiction,
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respectively. However, the post hoc power for body image
discrepancy was approximately 13.8%, indicating that the study
had very low power to detect such a small effect. This suggests
that the study may not have been adequately powered to identify
significant changes in body image discrepancy.

Ethical Considerations
Given the retrospective nature of the study, all students
participated in the program as it was mandated by the school
health unit as part of the standard curriculum. Written consent
was obtained from students specifically for their participation
in completing the surveys associated with the program.
Information about the surveys, including their purpose and
voluntary nature, was communicated to the students in an
age-appropriate manner. This included verbal explanations by
teachers and written summaries that were easy to understand.
Students were assured that completing the surveys was voluntary
and would not affect their grades or school standing. To
encourage participation, all students received a small gift (a
relaxation squeeze toy) after completing the program satisfaction
survey. Parental consent was not required, as the program itself
was a required school activity, and the decision to waive parental
consent for the surveys followed ethical guidelines for
school-based health programs. This approach was approved by
the University of Taibah Nursing College Ethical Review
Committee (IRB No. TUCN-REC 11 2024). To ensure the

privacy and confidentiality of participants, all data from school
project records were securely stored and deidentified prior to
analysis.

Results

Students’ Characteristics
Table 2 presents the descriptive statistics for the study variables,
including age, anxiety symptoms, video game addiction, and
body image discrepancy. A total of 133 students participated
in the program. However, only 93% (124/133) completed the
preanxiety symptoms survey, 92% (123/133) completed the
video game addiction, and 88% (117/133) completed the body
image discrepancy assessment (see Multimedia Appendix 2 for
details on data completeness for intervention participants). The
mean age of participants was 13.72 (SD 1.01) years. Total
anxiety symptoms had a mean score of 47.60 (SD 22.02),
indicating a moderate level of anxiety across the sample. Among
the anxiety subscales, panic or agoraphobia symptoms were the
highest, with a mean of 9.38 (SD 6.76), followed by
obsessive-compulsive symptoms (mean 8.79, SD 4.54) and
generalized anxiety symptoms (mean 8.66, SD 4.55). Physical
injury fears (mean 7.64, SD 3.75) and separation anxiety (mean
6.31, SD 3.88) were also prominent. Social phobia symptoms
had a mean of 6.82 (SD 4.12), indicating a relatively lower
prevalence compared to other anxiety types.

Table 2. Descriptive statistics for age, anxiety symptoms, video game addiction, and body image discrepancy among rural adolescent female studentsa.

Mean (SD) valuesDescriptive statistics

13.72 (1.01)Age (years; n=133)

47.60 (22.02)Total anxiety symptoms (n=124)

8.66 (4.56)Generalized anxiety symptoms

7.64 (3.75)Physical injury fears symptoms

6.31 (3.88)Separation anxiety symptoms

9.38 (6.76)Panic agoraphobia symptoms

6.82 (4.12)Social phobia symptoms

8.79 (4.54)Obsessive-compulsive symptoms

15.57 (6.67)Video game addiction (n=123)

–0.197 (0.87)Body image discrepancy (n=117)

aDescriptive statistics summarizing the mean and SD for age, anxiety symptoms, video game addiction, and body image discrepancy among rural
adolescent female students who participated in The Reassured Self intervention program.

The mean score for video game addiction was 15.57 (SD 6.67),
indicating a moderate level of engagement or potential addiction
to gaming. The body image discrepancy score had a mean of
–0.20 (SD 0.87), suggesting a slight drive for thinness among
the sample, with negative values indicating a preference for a
thinner body size compared to current perception. Correlations
between baseline variables showed a significant, moderate
positive relationship between anxiety and gaming addiction
(r=0.457, P<.001). Age and body image discrepancy
demonstrated weak, nonsignificant correlations with other
variables.

Characterizing Mental Health Status
The distribution of anxiety symptoms among students reveals
that a substantial portion experience elevated or clinically
concerning levels across various anxiety types (Table 3).
Specifically, 25.8% (32/124) of students had a high anxiety
level, and 19.3% (24/124) fall within the clinical concern or
very high clinical concern category, indicating that a significant
subset may require attention. Generalized anxiety is particularly
prevalent, with 33.1% (41/124) of students classified in the
clinical concern or very high clinical concern categories. In
addition, fears related to physical injury show one of the most
severe patterns, with 33.9% (42/124) of students in the very
high clinical concern category, highlighting this as a critical
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area for mental health support. Separation anxiety also shows
a high prevalence, with 33.9% (42/124) of students in the
clinical or very high clinical concern categories. Symptoms of
panic and agoraphobia are notable as well, with 28.2% (35/124)
of students in the very high clinical concern category, indicating

a significant impact. Obsessive-compulsive symptoms present
another area of concern, with 21% (26/124) of students in the
very high clinical concern category. In contrast, social phobia
has a lower prevalence of severe concern, with only 2.4%
(3/124) of students in the very high clinical concern category.

Table 3. Frequency and percentage distribution of anxiety levels, video game status, and body image dissatisfaction among rural adolescent female
students.

Very high clinical concernClinical concernElevated anxietyNormal rangeAnxiety levels (N=124)a

19 (15.3)5 (4)8 (6.5)92 (74.2)Anxiety symptoms, n (%)

16 (12.9)25 (20.2)22 (17.7)61 (49.2)Generalized anxiety, n (%)

42 (33.9)24 (19.4)20 (16.1)38 (30.6)Physical injury fears, n (%)

26 (21)16 (12.9)27 (21.8)55 (44.4)Separation anxiety, n (%)

35 (28.2)17 (13.7)18 (14.5)54 (43.5)Panic and agoraphobia, n (%)

3 (2.4)16 (12.9)12 (9.7)93 (75)Social phobia, n (%)

26 (21)30 (24.2)30 (24.2)38 (30.6)Obsessive-compulsive, n (%)

Addicted gamers: 18 (14)Addicted gamers:
18 (14)

Problem gamers: 32 (26)Engaged gamers: 73
(59)

Video game status (N=123)a, n (%)

High drive for thinness: 6 (5.1)High drive for
thinness: 6 (5.1)

Low drive for thinness: 34
(29.1)

No drive for thinness:
77 (65.8)

Body image dissatisfaction (N=117)a, n
(%)

aTotal number of completed surveys.

Overall, the findings suggest that while some anxiety symptoms
present moderate concern, specific areas—particularly physical
injury fears, separation anxiety, and obsessive-compulsive
symptoms—are more prevalent at clinically concerning levels,
underscoring the need for focused mental health support in these
domains.

Regarding body image dissatisfaction, the results indicate a
slight drive for thinness among most of the students.
Approximately 29.1% (34/117) of students exhibit a moderate
inclination toward weight reduction, while a smaller proportion,
5.1% (6/117), express a strong desire for thinness.

Characterizing Video Game Status
The data on video game status among students reveals varying
levels of gaming involvement, with a significant portion showing
signs of problematic or addictive behavior (Table 3). Overall,
59% (73/123) of the students are categorized as engaged gamers,
indicating regular gaming without notable adverse effects.
However, 26% (32/123) are identified as problem gamers,
suggesting a level of gaming that may interfere with daily

responsibilities or personal well-being. Additionally, 14%
(18/123) of students fall into the addicted gamers category,
indicating a more severe level of dependency that likely impacts
various aspects of their lives.

Effectiveness of The Reassured Self Program
The Reassured Self intervention demonstrated a positive effect
in reducing anxiety levels among students, as shown by a
significant decrease in anxiety scores from preintervention to
follow-up (see Table 4). The effect size, with a mean difference
of –4.11, was small but statistically significant (P=.005).
Additionally, the intervention had a beneficial impact on
reducing video game addiction, with an estimated mean
reduction of –1.62 in game addiction scores, which was also
statistically significant (P=.009). In contrast, although the
intervention led to a slight decrease in the drive for thinness,
this change was not statistically significant (P=.057), suggesting
a minimal effect on body image dissatisfaction. Overall, these
findings indicate that the intervention was effective in reducing
both anxiety and game addiction among students, while its
impact on body image discrepancy remains inconclusive.

Table 4. Changes in anxiety symptoms, video game addiction, and body image dissatisfaction from baseline to follow-upa.

Within group differences change from
follow-up–baseline

Follow-up, mean (SE) [95%
CI]

Baseline, mean (SE) [95% CI]Outcome

P valueMean difference [95% CI]

.005–4.11 [–6.98 to –1.24]43.32 (2.13) [38.81 to 47.25]47.137 (1.93) [43.03 to 50.95]Anxiety symptoms (n=133)

.009–1.62 [–2.83 to –0.42]13.83 (0.61) [12.63 to 15.03]15.45 (0.59) [14.28 to 16.63]Video game addiction (n=132)

.0570.067 [–0.046 to 0.18]–0.125 (0.07) [–0.27 to 0.02]–0.19 (0.08) [–0.35 to 0.038]Body image dissatisfaction (n=130)

aThis table presents the results of linear mixed-effects models, which accounted for repeated measures within individuals, to evaluate changes in anxiety
symptoms, video game addiction, and body image dissatisfaction from baseline to follow-up among participants of The Reassured Self intervention
program. Adjustments for multiple comparisons were made using the least significant difference method.
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Program Reaction
The program received positive feedback across multiple
dimensions, as reflected in the high mean scores for various
aspects of participant satisfaction (Table 5). The overall

satisfaction sum score ranged from 7 to 35, with a mean of 28.49
(SD 6.31), indicating a generally favorable response. The overall
results suggest that participants responded positively to the
program, finding it engaging, clear, and psychologically
beneficial, with a strong likelihood to recommend it to others.

Table 5. Descriptive statistics for reaction measures of The Reassured Self program (N=123)a.

Mean (SD) valuesMeasure

28.49 (6.31)Overall satisfaction score

4.41 (0.88)Perceived ease and clarity

4.16 (1.14)Enjoyment and satisfaction

4.14 (1.11)Psychological benefits gained

3.9 (1.29)Program relevance and value

3.97 (1.13)Teaching effectiveness

4.15 (1.09)Engagement and attention retention

4.2 (1.20)Likelihood of recommending the program

aThis table presents the mean scores and SDs for various aspects of participant satisfaction with The Reassured Self program. The consistently high
scores across all measures reflect positive feedback and strong acceptability of the intervention.

Discussion

Principal Findings
This study conducted a retrospective analysis of data collected
from female adolescents who participated in a CFT-based school
program, The Reassured Self, in a rural setting. The program,
collaboratively implemented by a nonprofit organization and
an academic institution, aimed to reduce anxiety, video game
addiction, and body image dissatisfaction among rural Saudi
female adolescents, addressing critical mental health challenges
within this population. The findings revealed a high prevalence
of anxiety and video game addiction, consistent with national
averages. The intervention effectively reduced anxiety and video
game addiction symptoms but showed no improvement in body
image dissatisfaction, highlighting its potential as a health
education tool.

Anxiety Reduction
The overall high anxiety symptom prevalence of 25.8% (32/124)
and the high severe anxiety symptoms of 19.3% (24/124) in our
sample are comparable to global postpandemic figures (20.5%)
[1] and align closely with the recent national prevalence of
lifetime anxiety disorders among adolescents (26.84%) [10].
Our results underscore the urgent need for interventions
targeting adolescent anxiety in underserved areas. Recent
literature argues that school well-being programs should
consider children’s and adolescents’ anxiety levels as a key
metric for measuring program impact [29]. The Reassured Self
program demonstrated a significant reduction in anxiety
symptoms, suggesting that a culturally adapted CFT approach
can effectively address anxiety. This aligns with recent
meta-analyses and systematic reviews, which consistently show
that compassion-based interventions reduce anxiety and
psychological distress among adolescents [30-32].

This study’s findings also align with recent evidence on
compassion-based school interventions. For instance, Maratos

et al [29] evaluated a Compassionate Mind Training
(CMT-Pupils) intervention among Year 7 students aged 11-12
and found significant improvements in anxiety levels compared
to the control group. Similar to our intervention, CMT-Pupils
emphasized emotional regulation and prosocial behaviors
through compassion-based practices, including mindfulness and
self-compassion. Their study highlighted the importance of
promoting kindness, emotional awareness, and classroom
inclusivity, which aligns with the core mechanisms of The
Reassured Self program.

Further supporting the importance of self-compassion in
adolescent mental health, Hammad et al [16] conducted a
cross-sectional study in Saudi Arabia that explored the
relationship between perceived stress and self-compassion
among adolescents during the COVID-19 pandemic. Their
findings revealed a significant negative correlation (r=–0.460,
P<.001) between perceived stress and self-compassion levels,
suggesting that higher self-compassion is associated with lower
levels of stress. These results underscore the role of
self-compassion as a protective factor for adolescent mental
health, reinforcing the theoretical foundation of The Reassured
Self program, which aims to reduce anxiety by fostering
self-compassion and emotional regulation. CFT is rooted in
evolutionary psychology and attachment theory, incorporating
mindfulness through activities designed to foster
self-compassion toward oneself and others, particularly in
relation to self-criticism, self-blame, and shame [17,31,33].
Recommended techniques and exercises to develop
self-compassion include self-talk and understanding the evolved
nature of the human mind, along with the origins of
self-criticism and self-blame [17]. Therefore, the core focus of
The Reassured Self program is to introduce students to the
concepts of self-blaming and self-reassurance, fostering a
supportive inner dialogue and emotional regulation.

However, while The Reassured Self program demonstrated
reductions in anxiety, our study did not directly measure

JMIR Form Res 2025 | vol. 9 | e68840 | p.4153https://formative.jmir.org/2025/1/e68840
(page number not for citation purposes)

ZuairJMIR FORMATIVE RESEARCH

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


emotional regulation or self-compassion processes—key
mechanisms observed in Petrocchi et al [33] and other
self-compassion studies. Tools such as the Forms of
Self-Criticizing/Attacking and Self-Reassuring Scale, developed
by Gilbert et al [34] (the founder of CFT), provide validated
measures for assessing self-criticism and self-reassurance.
Incorporating these tools in future studies would enable a more
comprehensive evaluation of how The Reassured Self program
works. Specifically, measuring changes in emotional regulation,
self-reassurance, and self-criticism could elucidate the
mechanisms driving the reduction in anxiety and gaming
addiction. As literature suggests, a decrease in self-criticism
and self-blame is strongly associated with a reduction in anxiety
[17,31,33]. Including these intermediate outcomes will help
validate the program's effectiveness and provide deeper insights
into its psychological processes. Overall, our findings suggest
that culturally relevant, compassion-based programs can provide
a viable solution for reducing anxiety in rural, underserved
contexts. By addressing both the reduction of anxiety symptoms
and fostering emotional regulation, such interventions hold
promise as scalable and effective mental health solutions for
adolescents. Also, our approach is supported by recent findings
that advocate for brief, targeted interventions to effectively
engage adolescents, particularly in an era where social media
usage has impacted attention spans [35]. A recent meta-analysis
of brief school mental health interventions found that programs
lasting fewer than 4 sessions or 250 minutes resulted in
significant, albeit small, improvements in students' mental health
when assessed 1 month, 6 months, and 1 year post intervention
[35].

Reduction in Video Game Addiction
The high baseline prevalence of video game addiction (14.6%,
18/123) among rural female adolescents in our study underscores
the need for targeted mental health interventions in this area.
This prevalence is close to global averages, which show
approximately 12% of adolescents are at risk for problematic
gaming, highlighting the specific challenges faced by this
population [36]. However, the prevalence in our study is lower
than that in the recent national report for the Madinah region
(28%), and the overall national prevalence of 20.45% (897/4431)
[37].

The program’s focus on self-compassion and emotional
resilience appears to have positively impacted gaming behaviors,
as evidenced by a significant decrease in video game addiction
scores. Furthermore, the significant correlation between anxiety
and gaming addiction underscores their interconnectedness,
aligning with existing research that highlights gaming as a
coping mechanism for anxiety [7].

This finding supports research suggesting that interventions
emphasizing emotional regulation and coping skills such as
exercise can reduce problematic gaming behaviors [38]. For
example, a recent study investigating the relationship between
internet gaming disorder, sleep quality, self-compassion,
physical activity, and psychological distress among young adults
aged 18-24 years found that internet gaming disorder was
positively associated with interpersonal stress and depressive
symptoms. Additionally, self-compassion and exercise behavior

were found to mediate the relationship between depressive
symptoms and sleep quality [39].

By providing alternative coping mechanisms, The Reassured
Self may help reduce adolescents' reliance on gaming to manage
emotional distress, addressing a critical mental health concern
in this demographic. However, as discussed earlier, the lack of
measurement of changes in emotional regulation, or adapting
exercise behaviors, which could be assessed using validated
tools, limits the conclusions that can be drawn about the
program's overall efficacy.

Body Image Dissatisfaction
The notable prevalence of body image dissatisfaction, with 5.1%
(6/117) of students showing a strong drive for thinness, reveals
another area for potential intervention. Although the program’s
impact on body image dissatisfaction was minimal and
nonsignificant, the slight reduction in drive for thinness suggests
that longer or more targeted interventions may more effectively
address body image issues. Body image is deeply influenced
by social and cultural factors, and this program provides a
foundation for future interventions to build upon by
incorporating more specific strategies to address body image
concerns in rural contexts. While CFT has shown success in
improving body image in other studies [30], the short duration
of our program may have limited its impact on this complex
issue. Additionally, this study found an average of 1 size
discrepancy among the students, aligning with other research
indicating that rural students may have low body image
discrepancy [40,41]. Future iterations of the program may need
to incorporate more targeted components to address body image
issues specific to the cultural context.

Program Reaction
The integration of Islamic values and culturally sensitive
practices, such as gratitude and self-compassion, likely enhanced
the intervention's acceptability and effectiveness. Student
feedback indicated high levels of satisfaction regarding the
program's ease and clarity, perceived effectiveness, and content
relevance. The concept of self-compassion, rooted in Islamic
culture and religious practice, fosters self-reassurance and
reduces self-blame [16]. Cultural and contextual considerations
played a crucial role in the program’s design and
implementation, which aligned with current recommendations
for culturally adapting mental health interventions through
self-compassion [17]. In addition, the program's success in a
rural setting addresses a critical gap in mental health services
for underserved populations and supports the need for global
mental health interventions [42,43].

Limitations and Recommendations
This study’s findings have important implications for designing
school-based mental health programs in rural or underserved
areas. To ensure the effective delivery and sustainability of such
interventions, several strategies should be prioritized: (1)
training mental health professionals, educators, and community
facilitators is critical for delivering the intervention effectively.
(2) Partnerships with local organizations and schools can
enhance resource availability and facilitate recruitment in
resource-limited settings. (3) Leveraging community
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partnerships: the collaboration demonstrated in this
study—between a nonprofit organization, an academic
institution, and a local school—provides a viable model for
delivering mental health interventions in underserved areas.
This approach aligns with broader recommendations to leverage
community partnerships to enhance mental health support in
schools [43,44]. (4) Advocacy efforts should focus on
investments in culturally adapted, school-based mental health
interventions to ensure they can reach underserved populations
and address mental health disparities in context-specific and
meaningful ways. (5) Future interventions should explore digital
education methods, such as webinars, web-based workshops,
and gaming-based mental health curricula, to enhance
accessibility and engagement, particularly among rural students
[45,46]. (6) Future research should investigate the intervention's
long-term effects, including its impact on academic performance
(eg, grades, school engagement) and social functioning (eg,
relationships with peers, family members, and teachers).
Understanding whether mental health improvements translate
into better academic and social outcomes would provide a more
holistic evaluation of the program’s effectiveness. (7) Further
exploration of specific cultural factors, such as family dynamics,
social stigma, and rural-urban differences, is necessary to
understand their contributions to the program's effectiveness.
Adapting the intervention for broader cultural and
socioeconomic contexts is critical for expanding its applicability.

However, several limitations should be considered when
interpreting these results. The retrospective design and lack of
a control group limit causal inferences. Additionally, the short
follow-up period (2-3 weeks) may not capture long-term effects
or potential relapses [17]. The specific demographic focus on
rural Saudi female adolescents may also limit generalizability
to other populations. To address these limitations and build on
this study, future research should (1) incorporate randomized
controlled trial designs with active control groups to establish
causality; (2) extend follow-up periods to evaluate the
sustainability of intervention benefits over time; (3) compare

The Reassured Self program with other evidence-based
approaches, such as cognitive-behavioral therapy and
mindfulness-based stress reduction, to assess relative
effectiveness and adaptability; (4) examine the specific
components of the program and their relative contributions to
outcomes to refine and optimize the intervention; and (5)
investigate the interplay between cultural factors and program
outcomes to ensure effective adaptations for different cultural
and socioeconomic contexts.

Conclusions
Adolescents in rural Saudi Arabia face significant mental health
challenges, with high rates of anxiety, video game addiction,
and, to a lesser extent, body image dissatisfaction. This study's
findings underscore the potential of a culturally adapted CFT
program, The Reassured Self, to address these issues.
Collaboratively implemented by a non-profit organization and
an academic institution, the program successfully reduced
anxiety symptoms and problematic gaming behaviors among
rural female adolescents, providing a promising model for
school-based mental health interventions in underserved areas.

The integration of Islamic values and culturally sensitive
practices, such as gratitude and self-compassion, likely enhanced
the program’s acceptability and relevance, as reflected in the
high levels of student satisfaction with the intervention's content
and delivery. The Reassured Self demonstrates the feasibility
and effectiveness of a culturally sensitive, compassion-focused
intervention for adolescent mental health in rural Saudi Arabia.
The promising findings of The Reassured Self program highlight
its potential for widespread implementation in schools and
communities, particularly in underserved areas. By addressing
the unique challenges faced by this underserved population, the
program contributes valuable insights for global mental health
initiatives aimed at reducing disparities in mental health access
and support. Future efforts to refine and scale the intervention
can inform broader applications in diverse cultural and
socioeconomic contexts.
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Abstract

Background: The incidence of delirium in patients with burns receiving treatment in the intensive care unit (ICU) is high,
reaching up to 77%, and has been associated with increased mortality rates. Therefore, early identification of patients at high risk
of delirium onset is essential for improving treatment strategies.

Objective: This study aimed to create a machine learning model for predicting delirium in patients with burns during their ICU
stay using patient data from the first day of ICU admission and identify predictive factors for ICU delirium in patients with burns.

Methods: This study focused on 82 patients with burns aged ≥18 years who were admitted to the ICU at Mie University Hospital
for ≥24 hours between January 2015 and June 2023. In total, 70 variables were measured in patients upon ICU admission and
used as explanatory variables in the ICU delirium prediction model. Delirium was assessed using the Intensive Care Delirium
Screening Checklist every 8 hours after ICU admission. A total of 10 different machine learning methods were used to predict
ICU delirium. Multiple receiver operating characteristic curves were plotted for various machine learning models, and the area
under the curve (AUC) for each was compared. In addition, the top 15 risk factors contributing to delirium onset were identified
using Shapley additive explanations analysis.

Results: Among the 10 machine learning models tested, logistic regression (mean AUC 0.906, SD 0.073), support vector
machine (mean AUC 0.897, SD 0.056), k-nearest neighbor (mean AUC 0.894, SD 0.060), neural network (mean AUC 0.857,
SD 0.058), random forest (mean AUC 0.850, SD 0.074), adaptive boosting (mean AUC 0.832, SD 0.094), gradient boosting
machine (mean AUC 0.821, SD 0.074), and naïve Bayes (mean AUC 0.827, SD 0.095) demonstrated the highest accuracy in
predicting ICU delirium. Specifically, 24-hour urine output (from ICU admission to 24 hours), oxygen saturation, burn area, total
bilirubin level, and intubation upon ICU admission were identified as the major risk factors for delirium onset. In addition,
variables, such as the proportion of white blood cell fractions, including monocytes; methemoglobin concentration; and respiratory
rate, were identified as important risk factors for ICU delirium.
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Conclusions: This study demonstrated the ability of machine learning models trained using vital signs and blood data upon
ICU admission to predict delirium in patients with burns during their ICU stay.

(JMIR Form Res 2025;9:e65190)   doi:10.2196/65190

KEYWORDS

burns; delirium; intensive care unit; machine learning; prediction model; artificial intelligence; AI

Introduction

Background
Delirium is a significant complication in patients in the intensive
care unit (ICU) and is recognized as an urgent medical need
requiring treatment and prevention. Delirium is defined as acute
brain dysfunction associated with underlying conditions
characterized by fluctuating bouts of impaired consciousness,
attention, and cognition. This condition is frequently observed
in patients admitted to the ICU, with delirium occurring in 10%
to 50% of patients [1]. Delirium is an independent predictor of
poor outcomes, and there is currently no established specific
treatment, making early diagnosis and prevention critically
important [2]. In particular, the incidence of delirium in patients
with burns can reach 77% [3], with reports indicating that 30%
of patients who develop delirium respond effectively to
prevention and treatment [4]. These facts underscore the
importance of identifying patients at high risk of delirium and
implementing preventive measures.

In recent years, research on ICU delirium prediction using
artificial intelligence technology has advanced, with a particular
focus on the application of various machine learning algorithms.
These algorithms, such as random forest (RF), support vector
machine (SVM), and gradient boosting, can be used to develop
predictive models for ICU delirium [5]. While these algorithms
themselves do not identify relevant features, they can be
combined with feature importance analysis techniques such as
Shapley additive explanations (SHAP) to determine which
variables contribute most significantly to the predictions. This
approach allows for the analysis of large volumes of patient
data with speed and accuracy beyond human capacity. However,
research on the prediction of ICU delirium in patients with burns
remains underdeveloped, and very few studies have been
conducted in this field.

Objectives
This study aimed to demonstrate whether it is possible to predict
ICU delirium in patients with burns using machine learning.
Specifically, we hypothesized that a machine learning model
using clinical data such as vital signs and blood test results could
predict delirium in ICU patients. The null hypothesis was that
these models would not be superior to random chance in
predicting ICU delirium.

While ICU delirium prediction potential for multiple machine
learning models, as well as the model with the highest accuracy,
was assessed, the second objective of this study was to identify
risk factors for ICU delirium in patients with burns and
contribute to the development of more effective prevention and
treatment strategies.

This ICU delirium prediction approach using machine learning
has the potential to support the early detection of ICU delirium
in patients with burns and, ultimately, improve patient outcomes.

Methods

Patient Demographics and Data Collection
This was a retrospective observational study focused on
predicting delirium in patients with burns admitted to the ICU.
This study included 82 patients with burns aged ≥18 years who
were admitted to the Mie University Hospital ICU for ≥24 hours
between January 2015 and June 2023. The sample size of 82
patients was determined by including all patients with burns
who were admitted to the ICU within the study period.

Patients were retrospectively included based on the inclusion
criteria, which ensured the comprehensive capture of all eligible
cases during the study period. This approach minimized
selection bias and allowed for a representative sample of the
population of patients with burns in our ICU.

Physiological, biochemical, and clinical data collected from
these patients upon ICU admission were used to extract 70
explanatory variables. This study aimed to develop a model
using these 70 variables to predict delirium onset during ICU
admission, assess its accuracy, and identify the risk factors
contributing to each model.

The Definition, Diagnostic Criteria, and Standard
Assessment of ICU Delirium
ICU delirium, also known as ICU psychosis, is an acute,
fluctuating change in consciousness and cognition that occurs
frequently in patients who are critically ill. ICU delirium is
characterized by disturbances in attention, awareness, and
cognitive function. These disturbances are often temporary and
reversible but can lead to prolonged ICU stays, increased
morbidity and mortality, and long-term cognitive impairments
if not properly managed.

The standard assessment of ICU delirium involves the use of
validated diagnostic tools to ensure accurate detection and timely
intervention. In total, 2 widely recognized tools are the
Confusion Assessment Method for the Intensive Care Unit
(CAM-ICU) and the Intensive Care Delirium Screening
Checklist (ICDSC).

The CAM-ICU is a structured diagnostic tool specifically
designed for use in the ICU setting. It is based on the Confusion
Assessment Method and has been modified for the critical care
environment. The CAM-ICU assesses four key features: (1)
acute onset of mental status changes or a fluctuating course, (2)
inattention, (3) disorganized thinking, and (4) altered level of
consciousness. A positive CAM-ICU diagnosis requires the
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presence of both features 1 and 2 and either feature 3 or 4. This
tool is favored for its ease of use and quick administration,
making it suitable for frequent assessments.

The ICDSC is another tool used to screen for delirium in ICU
patients, consisting of an 8-item checklist that assesses various
cognitive and behavioral symptoms associated with delirium.
The items are (1) altered level of consciousness, (2) inattention,
(3) disorientation, (4) hallucinations or delusions, (5)
psychomotor agitation or retardation, (6) inappropriate speech
or mood, (7) sleep and wake cycle disturbances, and (8)
symptom fluctuation. Each item is scored based on its presence
within the previous 24 hours, and a total score of ≥4 indicates
the presence of delirium. The ICDSC provides a comprehensive
overview of the patient’s condition over a longer period than
the CAM-ICU.

In this study, delirium was assessed using the internationally
recognized ICDSC every 8 hours after ICU admission. Delirium
was diagnosed when the ICDSC score was ≥4 points. We opted
for a binary classification approach because this method
simplifies the model’s output to either delirium present or
delirium absent, facilitating smoother decision-making in
clinical settings. Another reason for this choice was the diversity
in patient conditions in real-world clinical environments, where
a few specific atypical cases can skew the predictions of
regression models. Binary classification is less susceptible to
the influence of such outliers, enabling the development of a
more robust model. This method allowed for accurate
determination of the presence and severity of delirium.

Development of Machine Learning Models
In total, 10 different algorithms were used to develop the
machine learning models: logistic regression (LR), RF, SVM,
neural network, k-nearest neighbor (KNN), decision tree, naïve
Bayes, adaptive boosting (AdaBoost), gradient-boosting machine
(GBM), and linear discriminant analysis (LDA). These models
were selected based on the area under the receiver operating
characteristic curve (AUC) to compare the accuracy of delirium
prediction.

Ethical Considerations
This study was approved by the ethics committee of Mie
University (H2020-164), ensuring compliance with ethical
guidelines for clinical research. This study underwent ethical
review and was approved as a clinical research study. For
informed consent, we applied the opt-out method, allowing
participants to refuse the inclusion of their data in this study. If
participants chose to opt out, their data were excluded from the
analysis. To protect privacy and confidentiality, all study data
were fully anonymized. Data extracted from electronic medical
records were deidentified, ensuring that individual patients could
not be identified. No compensation was provided to participants.
As the study used an opt-out approach, participants had the right
to refuse the inclusion of their data without any consequences.

Feature Importance Analysis Using SHAP
In this study, we used SHAP to interpret the feature importance
of our machine learning models. SHAP provides a unified
measure of each variable’s contribution to the prediction

outcome. By applying SHAP, we identified the top 15 predictors
of ICU delirium across all models, which allowed for a detailed
understanding of the factors most associated with delirium onset.
The SHAP values helped clarify the influence of variables such
as 24-hour urine output, total bilirubin (T-bil) levels, and
respiratory rate on the predictive performance of the models.
SHAP analysis also enabled clinicians to visualize and interpret
the risk factors, enhancing the practical applicability of the
model’s predictions.

Data Preprocessing for Machine Learning

Handling Missing Values
In this study, missing values were not handled. This approach
ensured that all features had complete data, thus preserving the
dataset’s integrity without excluding any records.

Data Splitting
The dataset was loaded from a CSV file using the Pandas
library. It was then split into explanatory variables and the target
variable, where the target variable was delirium. The data were
divided into 2 subsets: 80% was allocated for training the model,
and 20% was reserved for internal validation. To evaluate the
model’s performance, the dataset was further split into folds
using stratified k-fold cross-validation, which ensures that the
proportion of classes remains consistent across folds.

Data Standardization
The explanatory variables in both the training and test sets were
standardized using StandardScaler from the sklearn library to
ensure that each feature had a mean of 0 and an SD of 1. This
preprocessing step is crucial for models sensitive to feature
scaling.

Model Selection and Initialization
Several machine learning models were initialized for this study,
including SVM, neural network, KNN, decision tree, naïve
Bayes, AdaBoost, GBM, LDA, LR, and RF. Each model was
imported from the sklearn or SciPy library and initialized with
appropriate default parameters.

Hyperparameter Tuning
For specific models, such as SVM, neural network, KNN,
decision tree, and RF, hyperparameter tuning was performed
using grid search with cross-validation. The GridSearchCV
class from the sklearn library was used to search for the best
combination of hyperparameters, optimizing the model’s
performance based on the AUC metric.

Model Training and Evaluation
Each model was trained using stratified k-fold cross-validation
to ensure robust performance evaluation. For models with
hyperparameter grids defined, grid search was applied to find
the best hyperparameter set. The best-performing model from
the grid search was then used to fit the data in each fold. The
model’s performance was evaluated using the AUC score on
the test subset within each fold.
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Statistical Analysis
Continuous variables are reported as medians with IQRs and
were compared using the Mann-Whitney U test or the
Kruskal-Wallis test, depending on the number of groups.
Categorical variables are expressed as counts and percentages,
with comparisons made using the Fisher exact test or the
chi-square test, as appropriate. All statistical analyses were
conducted using the SPSS software (version 21; IBM Corp),
and statistical significance was defined as P<.05.

To evaluate differences in model performance, pairwise 2-tailed
t tests were applied to the AUC scores using the ttest_ind
function from the scipy.stats module. In addition, a 1-way
ANOVA was conducted using the f_oneway function to identify
statistically significant differences across models.

Model performance results were visualized through bar charts
displaying the mean AUC scores along with their SDs for each
model. These visualizations were created using the Matplotlib
library. A heat map was also generated to illustrate pairwise P
values from the t tests, offering a clear representation of the

statistical significance of the differences between models. The
ANOVA P value was similarly calculated and displayed.

Results

Comparative Analysis of ICU Delirium in Patients
With Burns
Compared to patients without delirium (Table 1), patients with
burns with ICU delirium were older (age: median 77.0, IQR
69.5-84.5 years vs median 60.5, IQR 37.5-73.0 years; P<.001),
were more likely to have airway burns (12/32, 38% vs 8/50,
16%; P=.03), and experienced longer ICU stays (median 2.5,
IQR 1.8-11.2 days vs 2.0, IQR 1.0-3.0 days; P=.009). The
mortality rate was significantly higher in the delirium group
(7/32, 22% vs 0%; P=.001), and these patients more frequently
required intubation (20/32, 62% vs 4/50, 8%; P<.001). The
delirium group also had greater burn areas (median 16%, IQR
9.75%-34% vs 8%, IQR 4.6%-17%; P=.007) and burn indexes
(median 9.5, IQR 4.7-25.1 vs median 4.0, IQR 1.0-10.0;
P=.002).
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Table 1. Characteristics of patients with burns with intensive care unit (ICU) delirium—comparison of explanatory factors between patients with and
without deliriuma.

P valueBurns without delirium (n=50)Burns with delirium (n=32)

<.001 b60.5 (37.5-73.0)77.0 (69.5-84.5)Age (y), median (IQR)

.9032 (64)20 (63)Sex (male), n (%)

.42162.2 (158.0-168.0)160.5 (150.0-170.0)Height (cm), median (IQR)

.0760.2 (50.5-67.1)54.4 (44.4-63.3)Weight (kg), median (IQR)

.0623.1 (19.7-24.9)21.2 (19.0-23.4)BMI (kg/m2), median (IQR)

.03 b8 (16)12 (38)Airway burns, n (%)

.009 b2.0 (1.0-3.0)2.5 (1.8-11.2)Length of ICU stay (days), median (IQR)

.001 b0 (0)7 (22)Mortality rate, n (%)

<.001 b4 (8)20 (62)Intubation, n (%)

.007 b8 (4.6-17)16 (9.75-34)Burn area (%), median (IQR)

.002 b4.0 (1.0-10.0)9.5 (4.7-25.1)Burn index, median (IQR)

.006 b8.8 (6.5-11.3)11.9 (9.0-18.5)WBCc (103 per μL), median (IQR)

.514.4 (4.0-4.9)4.3 (3.7-5.3)RBCd (106 per μL), median (IQR)

.04 b14.6 (14.0-15.9)13.5 (11.9-15.9)Hemoglobin (g/dL), median (IQR)

.009 b43 (41-46.7)40 (35-44)Hematocrits (%), median (IQR)

.9592.3 (87.7-95.6)92.0 (89.9-93.8)MCVe (fL), median (IQR)

.7131.4 (29.7-32.9)30.8 (30.0-32.4)MCHf (pg), median (IQR)

.7733.9 (33-34.6)33.8 (33.2-34.6)MCHCg (%), median (IQR)

.50249.5 (202.2-302.0)205.5 (165.0-314.8)Platelet count (103 per μL), median (IQR)

.04 b74.4 (64.6-80.9)77 (73.9-83.7)Neutrophils (%), median (IQR)

.02 b16.8 (12.6-23.6)15.8 (8.4-17.9)Lymphocytes (%), median (IQR)

.736.6 (5.7-7.2)6.6 (5.2-7.7)Monocytes (%), median (IQR)

.04 b1.2 (0.6-1.9)0.6 (0.4-1.4)Eosinophils (%), median (IQR)

.840.4 (0.2-0.5)0.4 (0.2-0.5)Basophils (%), median (IQR)

.03 b6840.0 (4449.2-9029.0)8985 (6265-10,830)Neutrophil count (103 per μL), median (IQR)

.551550.0 (1178.2-2145.0)1550 (1130-1943)Lymphocyte count (103 per μL), median (IQR)

.04 b575.0 (447.5-767.0)767 (478-993)Monocyte count (103 per μL), median (IQR)

.2290.0 (40.0-167.7)70.0 (37.5-111.0)Eosinophil count (103 per μL), median (IQR)

.1337.0 (20.0-50.0)38.5 (30.0-62.5)Basophil count (103 per μL), median (IQR)

.02 b27.4 (24.9-29.9)30.8 (25.9-36.8)APTTh (seconds), median (IQR)

.001 b11.3 (10.8-12.1)12.2 (11.5-13.6)PTi (seconds), median (IQR)

.001 b105.4 (97-116.9)94.8 (77-104.1)PT (%)j, median (IQR)

.002 b0.9 (0.9-1.0)1.0 (0.9-1.1)PT-INRk, median (IQR)

.20272.5 (225.2-327.7)299.0 (251.2-374.2)Fibrinogen (mg/dL), median (IQR)

.02 b1.0 (0.2-8.2)4.0 (1.5-8.5)D-dimer (μg/mL), median (IQR)

.04 b7.4 (7.3-7.4)7.3 (7.3-7.4)pH, median (IQR)
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P valueBurns without delirium (n=50)Burns with delirium (n=32)

.2836.5 (33.2-39.7)40.0 (31.7-45.0)PCO2
l (mm Hg), median (IQR)

.03 b123.0 (83.2-166.0)152.5 (93.5-322.7)PO2 (mm Hg), median (IQR)

.01 b97.6 (94.9-99)99.1 (98.3-99.6)SO2
m (%), median (IQR)

.7623.1 (20.5-24.4)23.1 (18.9-25.6)HCO3−n (mmol/L), median (IQR)

.2413.1 (10.4-17.2)10.4 (4.4-17.9)Anion gap (mmol/L), median (IQR)

.5995.9 (90.8-97.1)96.0 (92.5-97.3)O2-Hbo (%), median (IQR)

.751.7 (0.7-3.4)1.6 (1.1-3.4)CO-Hbp (%), median (IQR)

.004 b0.4 (0.3-0.9)0.9 (0.5-1.1)MetHbq (%), median (IQR)

.601.1 (1.0-1.1)1.1 (1.0-1.1)Ionized calcium (mmol/L), median (IQR)

.452.3 (1.8-3.3)3.0 (1.5-4.9)Lactate (mmol/L), median (IQR)

.006 b7.0 (6.2-7.5)6.4 (5.9-6.7)TPr (g/dL), median (IQR)

.004 b4.1 (3.2-4.4)3.6 (3.1-3.9)Albumin (g/dL), median (IQR)

.0113.4 (11.0-19.0)16.9 (12.8-22.7)BUNs (mg/dL), median (IQR)

.03 b0.7 (0.5-0.8)0.8 (0.6-1.0)Creatinine (mg/dL), median (IQR)

.02 b83.7 (59.9-101.0)67.2 (47.8-87.2)eGFRt (mL per minute per 1.73 m2), median
(IQR)

>.99140.0 (138.0-141.0)139.0 (138.0-141.0)Sodium (mmol/L), median (IQR)

.583.9 (3.7-4.4)4.0 (3.7-4.5)Potassium (mmol/L), median (IQR)

.57104.0 (103.0-106.7)105.0 (102.0-107.0)CLu (mmol/L), median (IQR)

.009 b8.9 (8.4-9.2)8.5 (8.2-8.9)Calcium (mg/dL), median (IQR)

.3030.5 (24.2-38.0)39.5 (22.7-60.5)ASTv (U/L), median (IQR)

.4620.5 (14.5-29.0)23.0 (14.0-43.5)ALTw (U/L), median (IQR)

.05255.5 (197.7-303.0)294.5 (216.7-630.7)LDHx (U/L), median (IQR)

.05177.0 (91.5-221.7)215.5 (154.2-263.5)ALPy (U/L), median (IQR)

<.001 b0.6 (0.4-0.8)0.9 (0.7-1.3)T-bilz (mg/dL), median (IQR)

.64136.0 (113.2-180.5)147.0 (120.5-179.2)Glucose (mg/dL), median (IQR)

.06129.0 (80.0-243.0)249.5 (96.5-645.7)CPKaa (U/L), median (IQR)

.4680.5 (61.0-103.5)85.5 (57.7-134.0)AMYab (U/L), median (IQR)

.03 b0.1 (0.0-1.85)0.4 (0.0-5.5)CRPac (mg/dL), median (IQR)

<.001 b1493.0 (985.0-1977.0)412.5 (215.0-908.2)Daily urinary output (mL), median (IQR)

.01 b16.0 (14.0-20.0)19.5 (17.7-21.0)Respiratory rate (breaths per minute), median
(IQR)

.84141.0 (124.2-157.0)146.5 (115.5-160.2)sBPad (mmHg), median (IQR)

.9974.0 (65.5-86.5)81.0 (64.7-88.5)dBPae (mmHg), median (IQR)

.1288.5 (81.2-99.0)97.0 (81.0-113.5)HRaf (beats per minute), median (IQR)
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P valueBurns without delirium (n=50)Burns with delirium (n=32)

.2337.0 (36.8-37.4)37.0 (36.3-37.5)BTag (°C), median (IQR)

aThis table presents the demographic, clinical, and laboratory characteristics of adult patients with burns who were admitted to the ICU at Mie University
Hospital between January 2015 and June 2023. This study compared patients who developed ICU delirium with those who did not, highlighting
differences in vital signs, burn severity, inflammatory markers, coagulation parameters, organ function indicators, and other physiological variables.
The findings aimed to identify key risk factors for ICU delirium and provide insights into the pathophysiology and early prediction of delirium in patients
with burns who are critically ill. Statistical comparisons were conducted using median and IQR values, with a P value of <.05 considered statistically
significant.
bStatistically significant at P<.05.
cWBC: white blood cell count.
dRBC: red blood cell count.
eMCV: mean corpuscular volume.
fMCH: mean corpuscular hemoglobin.
gMCHC: mean corpuscular hemoglobin concentration.
hAPTT: activated partial thromboplastin time.
iPT: prothrombin time.
jPT percentage.
kPT-INR: prothrombin time international normalized ratio.
lPCO2: partial pressure of carbon dioxide.
mSO2: saturation of oxygen.
nHCO3–: bicarbonate.
oO2-Hb: oxygenated hemoglobin.
pCO-Hb: carboxyhemoglobin.
qMetHb: methemoglobin.
rTP: total protein.
sBUN: blood urea nitrogen.
teGFR: estimated glomerular filtration rate.
uCL: chloride.
vAST: aspartate aminotransferase.
wALT: alanine aminotransferase.
xLDH: lactate dehydrogenase.
yALP: alkaline phosphatase.
zT-bil: total bilirubin.
aaCPK: creatine phosphokinase.
abAMY: amylase.
acCRP: C-reactive protein.
adsBP: systolic blood pressure.
aedBP: diastolic blood pressure.
afHR: heart rate.
agBT: body temperature.

Laboratory parameters further demonstrated significant
differences. The delirium group showed higher white blood cell
counts (median 11.9, IQR 9.0-18.5 per μL vs median 8.8, IQR
6.5-11.3 per μL; P=.006), lower hemoglobin (median 13.5, IQR
11.9-15.9 g/dL vs median 14.6, IQR 14.0-15.9 g/dL; P=.04),
and lower hematocrit levels (median 40%, IQR 35%-44% vs
median 43%, IQR 41%-46.7%; P=.009). Neutrophil percentages
were elevated (median 77%, IQR 73.9%-83.7% vs median
74.4%, IQR 64.6%-80.9%; P=.04), whereas lymphocyte (median
15.8%, IQR 8.4%-17.9% vs median 16.8%, IQR 12.6%-23.6%;
P=.02) and eosinophil (median 0.6%, IQR 0.4%-1.4% vs median
1.2%, IQR 0.6%-1.9%; P=.04) percentages were lower in the
delirium group. Absolute neutrophil counts were higher (median
8985, IQR 6265-10,830 cells per µL vs median 6840, IQR

4449.2-9029.0 cells per µL; P=.03), as were monocyte counts
(median 767, IQR 478-993 cells per µL vs median 575.0, IQR
447.5-767.0 cells per µL; P=.04).

Coagulation parameters revealed that activated partial
thromboplastin time was prolonged in the delirium group
(median 30.8, IQR 25.9-36.8 seconds vs median 27.4, IQR
24.9-29.9 seconds; P=.02). Prothrombin time (PT) and PT
percentage also differed significantly (median 12.2, IQR
11.5-13.6 seconds vs median 11.3, IQR 10.8-12.1 seconds with
P=.001 and median 94.8%, IQR 77%-104.1% vs median
105.4%, IQR 97%-116.9% with P=.001, respectively), as did
the PT international normalized ratio (median 1.0, IQR 0.9-1.1
vs median 0.9, IQR 0.9-1.0; P=.002). D-dimer levels were
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elevated (median 4.0, IQR 1.5-8.5 mg/L vs median 1.0, IQR
0.2-8.2 mg/L; P=.02).

Acid-base and oxygenation parameters showed a lower pH
(median 7.3, IQR 7.3-7.4 vs median 7.4, IQR 7.3-7.4; P=.04)
and higher PO2 (median 152.5, IQR 93.5-322.7 mmHg vs
median 123.0, IQR 83.2-166.0 mmHg; P=.03) in the delirium
group. Oxygen saturation was also significantly higher (median
99.1%, IQR 98.3%-99.6% vs median 97.6%, IQR 94.9%-99%;
P=.01), as was methemoglobin (MetHb; median 0.9%, IQR
0.5%-1.1% vs median 0.4%, IQR 0.3%-0.9%; P=.004).

Biochemical markers indicated lower total protein (median 6.4,
IQR 5.9-6.7 g/dL vs median 7.0, IQR 6.2-7.5 g/dL; P=.006)
and albumin (median 3.6, IQR 3.1-3.9 g/dL vs median 4.1, IQR
3.2-4.4 g/dL; P=.004) levels in the delirium group. Creatinine
levels were higher (median 0.8, IQR 0.6-1.0 mg/dL vs median
0.7, IQR 0.5-0.8 mg/dL; P=.03), and estimated glomerular
filtration rate was lower (median 67.2, IQR 47.8-87.2 mL per

minute per 1.73 m2 vs median 83.7, IQR 59.9-101.0 mL per

minute per 1.73 m2; P=.02). Serum calcium was lower (median

8.5, IQR 8.2-8.9 mg/dL vs median 8.9, IQR 8.4-9.2 mg/dL;
P=.009), and T-bil levels were elevated (median 0.9, IQR 0.7-1.3
mg/dL vs median 0.6, IQR 0.4-0.8 mg/dL; P<.001). C-reactive
protein levels were significantly higher in the delirium group
(median 0.4, IQR 0.0-5.5 mg/dL vs median 0.1, IQR 0.0-1.85
mg/dL; P=.03).

Finally, daily urinary output was markedly reduced in the
delirium group (median 412.5, IQR 215.0-908.2 mL vs median
1493.0, IQR 985.0-1977.0 mL; P<.001), and respiratory rates
were higher (median 19.5, IQR 17.7-21.0 breaths per minute
vs median 16.0, IQR 14.0-20.0 breaths per minute; P=.01).

Visual Examination of the Data Using Violin Plots
Next, the distribution of the data between the 2 groups (those
with and without ICU delirium) was visually examined using
violin plots. As shown in Figure 1, violin plots visually represent
the density and range of the data, allowing for the identification
of data dispersion and bimodality, that is, the shape of the
distribution. Specifically, it became evident that urine output
decreased proportionally, serving as a risk factor for ICU
delirium.
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Figure 1. Comparative analysis of explanatory factors for intensive care unit (ICU) delirium in patients with burns using violin plots. This figure
illustrates the distribution of key clinical and laboratory variables among 2 groups of ICU patients with burns: those who developed delirium (with
delirium) and those who did not (without delirium). Violin plots visualize the distribution and density of each variable, highlighting differences in factors
such as age, burn area, total bilirubin (T-bil), methemoglobin (MetHb) levels, daily urinary output, and respiratory rate. These comparisons emphasize
the significance of various explanatory factors in predicting ICU delirium, aiding in the identification of potential risk indicators for clinical
decision-making. Alb: albumin; APTT: activated partial thromboplastin time; BUN: blood urea nitrogen; Ca: calcium; CPK: creatine phosphokinase;
CRP: C-reactive protein; eGFR: estimated glomerular filtration rate; Hb: hemoglobin; Hct: hematocrit level; PT-%: prothrombin time percentage; PT:
prothrombin time; PT-INR: PT international normalized ratio; sO2: oxygen saturation; TP: total protein; WBC: white blood cell count.

Machine Learning Model Evaluation for Delirium
Prediction
In this study, we evaluated 10 different machine learning models
for delirium prediction using 2 performance metrics: the AUC

and Matthews correlation coefficient (MCC). The results are
summarized in Table 2 and Figure 2.
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Table 2. Performance comparison of machine learning models across various metricsa.

F1-scoreRecallPrecisionAccuracy
False nega-
tives

False posi-
tives

True nega-
tives

True posi-
tives

MCCc,
mean
(SD)

AUCb,
mean
(SD)Model

0.1500.0950.4000.6475.80.010.00.60.157
(0.202)

0.897
(0.056)

Support vector
machine

0.6640.6520.7500.7572.21.68.44.20.522
(0.238)

0.857
(0.058)

Neural network

0.6050.5240.7330.7933.00.49.63.40.529
(0.311)

0.894
(0.060)

K-nearest neigh-
bor

0.6340.6240.6550.7202.22.47.64.20.417
(0.059)

0.729
(0.033)

Decision tree

0.5330.4620.6830.7443.40.89.23.00.411
(0.351)

0.827
(0.095)

Naïve Bayes

0.6510.6140.7530.7562.41.68.44.00.493
(0.126)

0.832
(0.094)

AdaBoostd

0.6510.5860.7960.7682.61.48.63.80.486
(0.026)

0.821
(0.074)

Gradient boosting
machine

0.5830.5900.6010.6842.62.67.43.80.337
(0.163)

0.660
(0.114)

Linear discrimi-
nant analysis

0.7550.7430.7970.8181.61.48.64.80.625
(0.162)

0.906 e

(0.073)

Logistic regres-
sion

0.6170.5290.8110.7573.00.89.23.40.505
(0.217)

0.850
(0.074)

Random forest

aThis table presents the predictive performance of 10 machine learning models trained on clinical and laboratory data from patients with burns admitted
to the intensive care unit (ICU) at Mie University Hospital. Model performance was evaluated using the mean area under the curve, the mean Matthews
correlation coefficient, accuracy, precision, recall, and F1-score, providing a comprehensive assessment of each model’s ability to predict ICU delirium
onset. The table also reports the true positive, true negative, false positive, and false negative counts, offering insights into each model’s sensitivity and
specificity. Logistic regression demonstrated the highest predictive performance (area under the curve=0.906), whereas decision tree and linear
discriminant analysis showed relatively lower predictive power. These findings highlight the potential of machine learning in early risk stratification
for ICU delirium, emphasizing the importance of selecting an optimal predictive model for clinical application.
bAUC: area under the curve.
cMCC: Matthews correlation coefficient.
dAdaBoost: adaptive boosting.
eValues in italics indicate the best performance for each metric. Logistic regression exhibited the highest AUC, MCC, accuracy, recall, and F₁-score,
demonstrating superior overall performance.
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Figure 2. Receiver operating characteristic (ROC) curves for machine learning models predicting intensive care unit (ICU) delirium. This figure shows
ROC curves for 10 machine learning models, illustrating sensitivity and 1-specificity from 5-fold stratified cross-validation. The legend presents mean
area under the curve (AUC) values with SDs, indicating predictive accuracy. Logistic regression (LR; mean AUC 0.906, SD 0.073) achieved the highest
performance, whereas decision tree and linear discriminant analysis (LDA) performed poorly. The diagonal line (AUC 0.5) represents random guessing.
Models with curves near the top left corner demonstrate superior predictive ability for ICU delirium in patients with burns. AdaBoost: adaptive boosting;
GBM: gradient-boosting machine; KNN: k-nearest neighbor; SVM: support vector machine.

The LR model showed the best overall performance, achieving
the highest mean AUC of 0.906 (SD 0.073) and the highest
mean MCC of 0.625 (SD 0.162). This suggests that LR provides
a good balance between discriminative power and classification
accuracy for delirium prediction. The SVM and KNN models
also showed strong discriminative ability, with mean AUC
values of 0.897 (SD 0.056) and 0.894 (SD 0.060), respectively.
However, the SVM model’s relatively low MCC score of 0.157
(SD 0.202) indicates that it may struggle with precise
classification, possibly due to class imbalance or suboptimal
threshold selection. Neural network and RF demonstrated
comparable performance, with mean AUC values of 0.857 (SD
0.058) and 0.850 (SD 0.074), respectively. Their MCC scores
were also similar, suggesting consistent performance across
both metrics. The decision tree model and LDA showed the
lowest performance among the evaluated models, with mean
AUC values of 0.729 (SD 0.033) and 0.660 (SD 0.114),
respectively. This suggests that these models may not capture
the complexity of the delirium prediction task as effectively as
the other algorithms. It is noteworthy that, while some models
(eg, SVM) achieved high AUC scores, their corresponding MCC
scores were relatively low. This discrepancy highlights the
importance of using multiple evaluation metrics to gain a
comprehensive understanding of model performance, especially

in potentially imbalanced classification tasks such as delirium
prediction. In summary, LR emerged as the most promising
model for delirium prediction in this comparative analysis.
However, the strong performance of several other models, such
as KNN and neural network, suggests that ensemble methods
or model stacking could potentially yield further improvements
in predictive accuracy (Table 2).

Performance Metrics of Machine Learning Models in
ICU Delirium Prediction
On the basis of the provided classification performance metrics,
LR showed the highest overall performance in terms of accuracy
(0.818), precision (0.797), recall (0.743), and F1-score (0.755),
indicating a robust balance between sensitivity and specificity.
Although KNN showed slightly higher accuracy (0.793) than
most models, its recall was lower (0.524), which may limit its
utility in detecting positive cases.

Among ensemble methods, GBM and AdaBoost performed
well, with GBM achieving a relatively high precision (0.796),
reflecting its ability to minimize false positives. RF also yielded
strong precision (0.811) but showed lower recall (0.529),
suggesting a higher risk of missing positive cases.
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Neural network models achieved a competitive balance across
all metrics, notably F1-score (0.664), which highlights their
consistency in handling both sensitivity and specificity.
However, SVM and LDA demonstrated weaker recall,
suggesting that these models are less suited for tasks requiring
high sensitivity.

We then compared the mean AUCs across the models to
evaluate their overall discriminative ability. When compared

with decision tree, SVM (P=.002), neural network (P=.005),
KNN (P=.003), LR (P=.003), and RF (P=.005) showed a
significantly better performance. Naïve Bayes (P=.04),
AdaBoost (P=.03), and GBM (P=.03) also demonstrated a
significantly better performance than that of decision tree. LDA
showed a comparable performance to that of decision tree
(P=.99; Figure 3).
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Figure 3. (A) Mean area under the curve (AUC) scores and (B) statistical significance across machine learning models. This figure compares the
predictive performance of 10 machine learning models for intensive care unit (ICU) delirium in patients with burns. The bar graph shows mean AUC
scores with SDs from 5-fold stratified cross-validation. Among the models, logistic regression (LR; AUC=0.906) performed best, whereas decision tree
and linear discriminant analysis (LDA) had lower AUCs. The heat map displays pairwise P values from 2-sample 2-tailed t tests, with darker cells
indicating significant differences (P<.05). This figure highlights model performance and statistical differences, aiding in selecting effective classifiers
for ICU delirium prediction. AdaBoost: adaptive boosting; GBM: gradient-boosting machine; KNN: k-nearest neighbor; SVM: support vector machine.

Similarly, when compared with LDA, SVM (P=.006), neural
network (P=.01), KNN (P=.007), LR (P=.007), and RF (P=.009)
exhibited a significantly better performance. GBM (P=.04) and
AdaBoost (P=.047) also showed a significantly better
performance than that of LDA, whereas naïve Bayes showed a

marginally better performance (P=.05). Decision tree
demonstrated a comparable performance to that of LDA (P=.99).

In summary, LR was the most balanced model across all metrics,
making it a preferred choice for clinical applications where both
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precision and recall are critical. Ensemble methods such as
GBM and AdaBoost offer strong alternatives, particularly for
optimizing precision (Table 2).

Identification of High-Risk Factors for ICU Delirium
Using SHAP Analysis
We used SHAP analysis to identify the top 15 high-risk factors
for ICU delirium in each validated machine learning model
(Multimedia Appendix 1). This comprehensive analysis revealed
distinct sets of risk factors across different models, providing
valuable insights into the complex nature of ICU delirium. Key
findings included the following:

• LR (best overall performance; AUC=0.906; MCC=0.625):
identified daily urine output, eosinophil count, age, and
fibrinogen levels as key risk factors.

• Neural network (AUC=0.857; MCC=0.522): highlighted
lactate dehydrogenase levels, daily urine output, inhalation
injury, neutrophil count, and platelet count as key risk
factors.

• SVM (AUC=0.897; MCC=0.157): uniquely identified burn
area and length of ICU stay as significant factors.

• KNN (AUC=0.894): emphasized neutrophil and monocyte
percentages as key risk factors.

• Decision tree: despite its lower performance, it identified
endotracheal intubation and D-dimer levels as risk factors.

• Other models: consistently highlighted hematological
parameters, daily urine output, and age across multiple
models. Novel factors such as MetHb levels (LDA) and
anion gap (RF) were also identified.

Discussion

Machine Learning–Based Prediction of ICU Delirium
in Patients With Burns: LR Performance and SHAP
Analysis for Risk Factor Identification
Our study demonstrated that LR effectively predicted ICU
delirium in patients with burns using clinical data, including
vital signs and blood biomarkers. Among the machine learning
models, LR achieved the highest predictive accuracy, confirming
that ICU delirium risk can be assessed through computational
modeling (Figures 2 and 3).

Furthermore, SHAP analysis identified key risk factors
associated with ICU delirium, highlighting T-bil, MetHb, daily
urine output, and leucocyte fractions as novel predictors
alongside established factors such as burn area and tracheal
intubation (Multimedia Appendix 1). These findings provide
crucial insights for developing targeted prevention and treatment
strategies, emphasizing the importance of respiratory, renal,
hepatic, and inflammatory function management in patients
with burns who are critically ill.

The Role of T-Bil Levels in Predicting Delirium in ICU
Patients With Burns: Connections With Cholestasis
and Inflammation
T-bil levels were identified as a risk factor for the development
of delirium in ICU patients with burns. However, the direct
relationship between burns and cholestasis remains unclear.
Cholestasis often occurs after burns, and patients with burns

who have increased bilirubin levels without a corresponding
increase in alkaline phosphatase and gamma-glutamyl
transferase levels face a higher risk of mortality. Furthermore,
intrahepatic cholestasis is observed in half of patients with
severe burns [6]. Cholestasis is also associated with hypoxic
hepatitis [7]. In addition, hypovolemic shock observed in severe
burns may be involved in the elevation of T-bil levels [8].
Increases in interleukin (IL)-6 and tumor necrosis factor-α,
which are observed in the early stages of severe burns [9], have
been reportedly associated with hyperbilirubinemia [10] and
organ dysfunction [11]. Inflammatory cytokines such as IL-6
and tumor necrosis factor-α may reduce the expression of bile
transporters on the canalicular membrane of hepatocytes, leading
to an increase in T-bil levels [12,13]. These research findings
support the validity of our study, which identified an increase
in T-bil levels as an important risk factor for predicting ICU
delirium in patients with burns.

MetHb Level as a Novel Indicator of ICU Delirium in
Patients With Burns: Insights From Sepsis and
Hemolysis Research
MetHb level was identified as an explanatory factor. No
previous studies have clearly demonstrated the involvement of
MetHb level as a risk factor for ICU delirium in patients with
burns. However, several studies have shown the involvement
of MetHb in delirium in patients with sepsis, which, similarly
to burns, can cause a cytokine storm. As is well known, patients
with sepsis have a high incidence of delirium, and in these
patients, nitric oxide is released into the bloodstream due to
ischemia-reperfusion stimulation. Nitric oxide is converted into
MetHb and nitrates; as a result, the concentration of MetHb in
the blood is a useful marker for the onset of sepsis or septic
shock [14]. However, the molecular mechanisms through which
MetHb causes delirium in patients with sepsis remain largely
unknown [15]. In patients with severe conditions, such as trauma
or infection, intracellular hemolysis may occur, leading to
anemia. Anemia, which develops relatively early in severe
conditions, is thought to result from damaged red blood cells
processed by the reticuloendothelial system. Acute hemolysis
leads to an increase in free hemoglobin in the blood.
Subsequently, free hemoglobin and heme are released into the
circulatory system, and the wound interstitium is rapidly
converted into MetHb by oxidants. The increase in MetHb levels
is more pronounced in the ischemia-reperfusion areas, where
activated macrophages and neutrophils accumulate [16].
Therefore, MetHb produced by ischemia-reperfusion injury and
hemolysis, as observed in severe conditions such as sepsis, may
affect leucocyte cell adhesion, phagocytic ability, and metabolic
activation and may be involved in ICU delirium. Previous
research has shown a stronger correlation among the total
amount of hemoglobin [17,18], red blood cell count [19], and
delirium. Thus, hemoglobin and MetHb levels in the blood are
important factors influencing delirium.

The Impact of Decreased Urine Output on Delirium
Risk in ICU Patients With Burns: Insights From SHAP
Analysis
Using SHAP analysis, we identified that a decreased daily urine
output within 24 hours of ICU admission is a risk factor for
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ICU delirium in patients with burns. Interestingly, daily urine
output was identified as an important risk factor in 50% (5/10)
of the machine learning models evaluated (Multimedia Appendix
1). The finding that a decrease in 24-hour urine volume is a risk
factor for delirium in patients with burns seems reasonable
considering that acute kidney injury can potentially increase
the risk of delirium 10-fold in patients who are critically ill [20].
For example, urine output is an important indicator of renal
function and hydration status. In patients with burns, a decrease
in urine output may indicate insufficient renal perfusion or
dehydration. Both factors contribute to the development of
delirium [21]. Furthermore, patients with burns often require
multiple medications, such as sedatives and analgesics.
Decreased urine output can affect the metabolism and excretion
of these drugs, potentially leading to the accumulation of
psychoactive substances that can induce or exacerbate delirium
[22]. In addition, a decrease in urine output can lead to
electrolyte imbalance, which is known to cause neurological
dysfunction and delirium. Electrolyte abnormalities such as
hyponatremia or hypernatremia can occur in patients with burns
because of fluid shifts and inadequate fluid replacement [23].

Leukocyte Biomarkers as Indicators of Delirium in
ICU Patients With Burns: The Role of Inflammatory
Response
Our study identified the number or proportion of neutrophils
and monocytes in the leucocyte fraction as risk factors for
delirium development (Multimedia Appendix 1). This suggests
that exposure of leucocytes to a cytokine storm due to excessive
stress from burns contributes to delirium in patients with burns.
Numerous studies have used leucocyte biomarkers to diagnose
delirium in the past [24]. Inflammatory biomarkers and
brain-specific metabolic biomarkers have been extensively
studied in delirium, and inflammatory cytokines and activation
markers of astrocytes and glial cells (IL-6, IL-8, IL-10, tumor
necrosis factor-α, C-reactive protein, and S100β protein levels)
positively correlate with longer duration of delirium, severity
of delirium, and higher in-hospital mortality [25]. In addition,
elevated levels of IL-8 and S100β protein have been associated
with increased mortality in patients with delirium [26]. In a
mouse model with delirium, the infiltration of bone
marrow–derived monocytes into the blood-brain barrier [27]
and activation of microglia were observed [28]. Although the
number and proportion of neutrophils and monocytes were
identified as risk factors for ICU delirium, these leucocytes may
be involved in the production of inflammatory cytokines and
contribute to the onset of ICU delirium.

Respiratory Rate as a Predictor of ICU Delirium in
Patients With Burns: New Insights and Implications
In our study, an increase in the respiratory rate was a risk factor
for ICU delirium. Patients with ICU delirium had a higher
median respiratory rate of 19.5 (IQR 17.7-21.0) breaths per
minute compared to 16.0 (IQR 14.0-20.0) breaths per minute
in patients without delirium (P=.01; Table 1). To our knowledge,
no studies have clearly established a link between delirium and
respiratory rate. Delirium is generally recognized as a common
complication in patients with respiratory failure in the ICU. The
incidence of delirium in the ICU ranges from 10% to 78%, with

most cases occurring in patients receiving mechanical
ventilation. This suggests a significant overlap between
respiratory complications and the occurrence of delirium;
however, a direct correlation between an increase in respiratory
rate and delirium has not been explicitly stated [29]. Inhalation
injuries occur in approximately one-third of burn hospital
admissions and contribute to a high mortality rate (50%) in
patients with burns. Therefore, an increase in the respiratory
rate may be associated with carbon monoxide poisoning and
chemical tracheobronchitis due to the inhalation of toxic
combustion products and generally correlates with a higher
mortality rate. Unfortunately, many patients with burns receive
high-concentration oxygen therapy from emergency teams
before being transported to the ICU or emergency room.
Therefore, carboxyhemoglobin levels are often adjusted to lower
levels, and PO2 is frequently high during treatment, which is
why carboxyhemoglobin and PO2 were not identified as risk
factors in our model. Therefore, it might be appropriate to
consider respiratory rate as a potential risk factor for ICU
delirium in future studies [30,31].

Advancing ICU Delirium Research: The Prediction of
Delirium in ICU Patients Model and the Need for
Machine Learning Approaches in Patients With Burns
In the field of delirium research, the Prediction of Delirium in
ICU Patients (PRE-DELIRIC) model is considered a seminal
study [32]. In the ICU, the PRE-DELIRIC model uses 10
identified risk factors (age, Acute Physiology and Chronic
Health Evaluation II score, admission group, coma, infection,
metabolic acidosis, use of sedatives and morphine, blood urea
nitrogen, and emergency admission) and predicts delirium with
an AUC of 0.87 (95% CI 0.85-0.89) within 24 hours of ICU
admission [32]. Furthermore, the model by Lanzhou University
[33] heavily relies on patients’ detailed past medical histories,
making data collection challenging in busy clinical settings such
as emergency rooms and ICUs, where obtaining comprehensive
patient histories, diagnoses, and treatments can be difficult [34].
Therefore, it is crucial to establish machine learning models
that can accurately predict conditions with multifactorial risk
factors, such as ICU delirium, using data that are easily
obtainable during emergency department visits, such as vital
signs and blood data. Despite this need, a delirium prediction
model for ICU patients with burns using machine learning has
not yet been developed. Predictive models for diseases such as
ICU delirium, which involve numerous risk factors, stand to
benefit significantly from machine learning’s capability to
perform multifactorial analyses, surpassing traditional
biostatistical methods. Our proposed machine learning model
can more effectively evaluate complex interactions among
multivariate data, which is essential for accurately predicting
conditions with multifactorial risk factors such as ICU delirium.
Therefore, although our study had a small number of cases, it
is considered valuable for the development of a machine
learning–based ICU delirium prediction model and the
identification of risk factors.

Comprehensive Model Evaluation for ICU Delirium
When evaluating the performance of different models, it is
important to consider not only the AUC but also other metrics,
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such as accuracy, precision, recall, and F1-score. In a specialized
medical environment such as the ICU, some metrics may
become more important than others when dealing with specific
diseases. For example, precision is important if avoiding false
detections of delirium is crucial. Conversely, if it is vital to
avoid missing cases of delirium, recall should be emphasized.
In our study, we considered all these metrics comprehensively
and selected the model that best suited the objectives of the
research and clinical demands.

Among the 10 models we adjusted, the LR model was found to
be the most balanced and high performing. Notably, it
demonstrated the highest values across key metrics, including
AUC, MCC, accuracy, and F1-score, suggesting that it provides
the most reliable predictions from various perspectives.

Strengths
The explanatory variables in our study were based on blood
data collected immediately upon the arrival of patients with
burns at the emergency outpatient clinic. Therefore, there was
a time lag between the collection of these data and the collection
of data at the time of delirium diagnosis using the ICDSC.
However, we believe that our model, which accurately predicts
the development of delirium during an ICU stay based on blood
data and vital signs at the time of patient arrival, can be easily
interpreted by clinicians and has high general applicability. This
allows clinicians to predict the incidence of ICU delirium, which
significantly affects the prognosis of severe burns from early
in the patient’s hospitalization, enabling the initiation of early
interventions for patients at high risk of ICU delirium.

Limitations

Demerit of Binary Classification for Delirium
A binary classification model was used for predicting delirium,
which simplified the model’s output to either delirium present
or delirium absent. This approach facilitated decision-making
in clinical settings by providing clear, binary outcomes.
Conversely, using a regression model would require predicting
specific ICDSC scores and interpreting these scores to assess
patient status. Thus, binary classification often offers greater
practicality in busy clinical environments due to its
straightforward interpretation. However, regression analysis
may be more appropriate for predicting continuous outcomes,
such as the ICDSC score. This method offers detailed
information by producing continuous values, allowing for a
nuanced understanding of the severity of ICU delirium, ranging
from mild to severe. For instance, the difference in delirium
between an ICDSC score of 3 and 4 might be minimal, whereas
the difference between scores of 1 and 7 indicates substantially
different symptoms. Therefore, future research should
investigate the benefits of developing regression models that
predict ICDSC scores.

Model Selection Criteria for Small Datasets
This study examined delirium in patients with burns who were
critically ill admitted to the ICU and did not include patients
with missing data, resulting in a small number of cases. In
analyses with small datasets, such as in our 82 cases, it is
generally recommended to avoid overfitting and choose a

simpler model. In this study, we were cautious about using
complex models (such as deep neural networks or RF with many
trees) that are prone to overfitting with limited data. Therefore,
simple models are generally recommended for studies with few
cases. Typically, models with regularization effects (such as
LR) are effective in preventing overfitting. In our study, LR
demonstrated a high accuracy (0.818), indicating that overfitting
was well controlled during model creation. Linear SVMs have
also been proposed to prevent overfitting. In addition, LDA has
linear boundaries, is computationally fast, and can sometimes
provide relatively stable results even with a small amount of
data.

Limitations and Future Directions for External
Validation
The performance of our model was discussed using data from
patients in the ICU in a single hospital; however, an external
validation was not conducted. Therefore, our study is limited
by its single-institution setting. Future research could strengthen
the reliability of our delirium prediction model for patients with
burns in the ICU by conducting external validation using
datasets from other hospitals.

Enhancing Predictive Power: Inclusion of Diverse
Variables
Our machine learning model incorporated 70 explanatory
variables, including patients’ vital signs and blood biomarkers.
However, unlike the PRE-DELIRIC model, which includes
medication history and environmental factors, our study did not
consider these variables. Expanding the range of input variables
in future research may further enhance the predictive accuracy
of delirium risk assessment.

Conclusions
Our study underscores the clinical utility of machine learning
in predicting ICU delirium in patients with burns, demonstrating
that LR provided the highest predictive accuracy among the
tested models. Using SHAP analysis, we identified both
well-established and novel risk factors, such as T-bil, MetHb,
urine output, and leucocyte fractions, offering new insights into
the complex pathophysiology of delirium. These findings
suggest that early identification of patients at high risk using
readily available clinical data upon ICU admission could
facilitate proactive intervention strategies, potentially reducing
morbidity and improving patient outcomes.

Beyond its immediate clinical applications, this study highlights
the need for integrating machine learning into real-world ICU
decision-making systems. Traditional delirium prediction models
such as PRE-DELIRIC rely on a limited set of predefined
variables, whereas machine learning models can dynamically
incorporate diverse clinical parameters, enabling real-time risk
stratification. This adaptability is particularly relevant in burn
care, where patients exhibit highly variable and rapidly evolving
physiological changes.

Moving forward, the integration of multi-institutional external
validation is crucial to ensure the generalizability and robustness
of our predictive model across diverse ICU settings. In addition,
further research should explore the mechanistic pathways linking
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identified risk factors with delirium onset, which could pave
the way for personalized prevention and treatment strategies.
Ultimately, this study provides a foundation for the next

generation of delirium risk prediction models, emphasizing the
potential of artificial intelligence–driven clinical decision
support to enhance patient care in critical care medicine.
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Abstract

Background: The August 2023 wildfire in the town of Lāhainā on the island of Maui in Hawai i caused catastrophic damage,
affecting thousands of residents, and killing 102 people. Social media platforms, particularly TikTok, have become essential tools
for crisis communication during disasters, providing real-time crisis updates, mobilizing relief efforts, and addressing
misinformation. Understanding how disaster-related content is disseminated and engaged with on these platforms can inform
strategies for improving emergency communication and community resilience.

Objective: Guided by Social-Mediated Crisis Communication theory, this study examined TikTok posts related to the Maui
wildfires to assess content themes, public engagement, and the effectiveness of social media in disseminating disaster-related
information.

Methods: TikTok posts related to the Maui wildfires were collected from August 8, 2023, to August 9, 2024. Using TikTok’s
search functionality, we identified and reviewed public posts that contained relevant hashtags. Posts were categorized into 3
periods: during the disaster (August 8 to August 31, 2023), the immediate aftermath (September 1 to December 31, 2023), and
the long-term recovery (January 1 to August 9, 2024). Two researchers independently coded the posts into thematic categories,
achieving an interrater reliability of 87%. Engagement metrics (likes and shares) were analyzed to assess public interaction with
different themes. Multivariable linear regression models were used to examine the associations between log-transformed likes
and shares and independent variables, including time intervals, video length, the inclusion of music or effects, content themes,
and hashtags.

Results: A total of 275 TikTok posts were included in the analysis. Most posts (132/275, 48%) occurred in the immediate
aftermath, while 76 (27.6%) were posted during the long-term recovery phase, and 24.4% (n=67) were posted during the event.
Posts during the event garnered the highest average number of likes (mean 75,092, SD 252,759) and shares (mean 10,928, SD
55,308). Posts focused on “Impact & Damage” accounted for the highest engagement, representing 36.8% (4,090,574/11,104,031)
of total likes and 61.2% (724,848/1,184,049) of total shares. “Tourism Impact” (2,172,991/11,104,031, 19.6% of likes;
81,372/1,184,049, 6.9% of shares) and “Relief Efforts” (509,855/11,104,031, 4.6% of likes; 52,587/1,184,049, 4.4% of shares)
were also prominent themes. Regression analyses revealed that videos with “Misinformation & Fake News” themes had the
highest engagement per post, with a 4.55 coefficient for log-shares (95% CI 2.44-6.65), while videos about “Tourism Impact”
and “Relief Efforts” also showed strong engagement (coefficients for log-likes: 2.55 and 1.76, respectively).

Conclusions: TikTok is an influential tool for disaster communication, amplifying both critical disaster updates and
misinformation, highlighting the need for strategic content moderation and evidence-based messaging to enhance the platform’s
role in crisis response. Public health officials, emergency responders, and policy makers can leverage TikTok’s engagement
patterns to optimize communication strategies, improve real-time risk messaging, and support long-term community resilience.

(JMIR Form Res 2025;9:e67515)   doi:10.2196/67515
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Introduction

Background
The wildfire that began on August 8, 2023, in the town of
Lāhainā on Maui island in Hawai i brought widespread
destruction, disrupted the lives of residents, destroyed homes,
killed 102 people, and altered the environment [1-4]. Wildfires
are increasingly becoming a serious public health concern due
to their devastating impacts on the environment, communities,
and health infrastructure [5-7]. The growing frequency and
intensity of wildfires have been, in part, attributed to climate
change, which creates hotter and drier conditions conducive to
fire outbreaks [8-10]. Understanding public perceptions and
engagement with these disasters is crucial for enhancing
response, recovery, and resiliency [11].

In the digital age, social media platforms have emerged as
critical tools for crisis communication, particularly during
natural disasters and public health emergencies, providing
situational updates, relief information, emotional support, and
avenues for public mobilization [12-19]. TikTok has emerged
as a key platform for public engagement during crises, offering
a unique short-form video format that encourages personal
storytelling and emotional connection [20-26]. TikTok’s
algorithm promotes high-engagement posts, which amplifies
diverse perspectives. Previous studies, such as Sharma and De
Choudhury’s [20] exploration of TikTok in public health,
underscore its value in disseminating information and fostering
community resilience. However, limited research has focused
on its role during natural disasters, especially compared with
platforms like Facebook or Instagram [13,14]. The rise of mis
and disinformation on social media also poses challenges, which
potentially complicates disaster response and relief efforts
[27-31].

Despite TikTok’s increasing influence, few studies have focused
on its role in communicating and shaping public discourse
during natural disasters. One study analyzed TikTok videos
from official accounts featured in the COVID-19 information
hub, focusing on how credible information was disseminated
to combat misinformation during the pandemic, highlighting
the platform’s role in delivering accessible, authoritative public
health messaging [32]. Another examined trending TikTok
content during the early days of the US COVID-19 pandemic,
emphasizing how the platform facilitated social connection and
coping through creative and relatable content during the “shelter
in place” period [33]. A third study evaluated TikTok videos
tagged with #ClimateChange to assess the platform’s use in
raising awareness and driving discussions on environmental
issues [34]. Collectively, these studies underscore TikTok’s
growing importance as a tool for disseminating information,
fostering public engagement, and influencing perceptions on
global challenges but more information is needed about its use
during natural disasters.

This study applies Social-Mediated Crisis Communication
(SMCC) theory to understand how TikTok was used to
disseminate and engage with information about the August 2023
Maui wildfires. SMCC theory explains how people seek, share,
and respond to crisis information in digital environments [35].
SMCC theory posits that during a crisis, individuals rely on
traditional media, social media influencers, and peer networks
to make sense of unfolding events. The theory also emphasizes
the role of organizational crisis communicators, but in the case
of decentralized platforms like TikTok, crisis-related information
is largely driven by user-generated content rather than official
sources. This shift highlights the need to analyze which themes
and message characteristics drive engagement on social media
during disasters [35,36].

Applying SMCC theory, this study examined how content
themes, video features (eg, video length, music, and effects),
and hashtags influence engagement metrics, including likes and
shares. Specifically, we assessed whether certain types of crisis
messages align with SMCC theory’s key information-sharing
mechanisms. Instructing information refers to messages that
provide practical guidance or factual updates, such as evacuation
notices and safety alerts. Adjusting information includes
messages that help users emotionally process the crisis,
including personal narratives and community responses.
Bolstering information consists of messages that reinforce
community solidarity, fundraising efforts, and expressions of
resilience. Prior research indicates that adjusting and bolstering
messages often garner higher engagement on social media
platforms, as users seek emotional support and opportunities to
contribute to recovery efforts [36-38]. For instance, a study
analyzing social media interactions during crises found that
content providing emotional support and community solidarity
received substantial user engagement [37]. Conversely, while
instructing information—such as safety alerts and factual
updates—is crucial for public safety, it tends to receive
comparatively lower engagement, especially on
entertainment-focused platforms like TikTok [23-26]. Research
on TikTok’s user engagement patterns suggests that content
aligning with entertainment and emotional resonance is more
likely to engage users than purely informational posts [38].

By applying SMCC theory, this study seeks to identify which
crisis communication strategies gain traction on TikTok, offering
insights into how social media platforms shape public
understanding and response during natural disasters. The
findings have implications for emergency responders, public
health officials, and community organizations aiming to
optimize social media engagement in future crises. Natural
disasters, like the Maui wildfire, are typically seen as external
and uncontrollable, which places greater emphasis on the need
for empathetic and supportive communication rather than blame
attribution [35-38]. Understanding how social media users adapt
these strategies in real time contributes to advancing best
practices for disaster communication [12-15].
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Research Questions
Guided by SMCC theory, this study examined public
engagement with TikTok content related to the Maui wildfire
to understand its role in digital health communication during
disasters. Specifically, we address three key questions: (1) how
do TikTok posts related to the Maui wildfire align with SMCC’s
instructing, adjusting, and bolstering information-sharing
mechanisms and what are the implications for public health
messaging during crises; (2) which content themes generate the
highest engagement among TikTok users throughout different
phases of the disaster and how do these themes contribute to
public health awareness, misinformation spread, and community
resilience; and (3) how does engagement evolve over time from
the immediate disaster response to the long-term recovery period
and what does this reveal about the role of social media for
public health communication after the immediate danger of
crisis is past? By examining these research questions, this study
contributes to the growing body of literature on digital health
communication in disaster contexts, focusing on TikTok as an
influential platform shaping disaster-related communication
strategies. Understanding public engagement patterns across
distinct temporal phases provides actionable insights for public
health agencies, emergency responders, and policy makers to
strengthen community resilience, improve evidence-based health
messaging, and optimize the use of social media platforms for
disaster response and recovery.

Methods

Data Collection
We collected TikTok posts about the Maui wildfire from August
8, 2023, to August 9, 2024, covering both the immediate
aftermath of the wildfire and the 1-year anniversary. This
timeframe was chosen to align with the phases emphasized in
SMCC theory, which highlights the evolving nature of crisis
communication on social media, emphasizing both the acute
crisis period and the extended postcrisis discourse that shapes
public understanding of response and recovery [35]. Posts were
identified using a combination of disaster-related hashtags,
including #MauiStrong and #MauiWildfires, and were sampled
until thematic saturation was achieved [39].

To ensure diverse and representative content, posts were selected
at random from the top search results for each hashtag or hashtag
combination, prioritizing those with high visibility. For each
hashtag, all available posts were thoroughly reviewed and
included if they were relevant to the wildfire. Duplicate posts
were removed to prevent redundancy and posts unrelated to the
wildfire were excluded. After reaching thematic saturation, the
final data set consisted of 275 unique posts, which was sufficient
to capture the breadth of content shared about the wildfire [39].

Measures
The outcome variables for this study were likes and shares,
which represent the primary engagement metrics for TikTok
posts. Likes captured the number of times users expressed
approval of a post, and shares indicated how often a post was
redistributed by users to others on the platform. To address
outliers in these engagement metrics, we applied a log

transformation to both likes and shares. This transformation
helped normalize the distribution of the variables and reduced
the influence of extreme values, ensuring a more robust analysis.
The log-transformed values were used as dependent variables
in the regression models to evaluate factors influencing
engagement.

Posts were coded with a variety of themes, and each post could
be coded with multiple themes. Two researchers independently
coded the posts to ensure reliability and minimize bias.
Discrepancies in coding were resolved through discussion and
consensus. The level of agreement between the 2 researchers
was measured using the κ reliability statistic, which resulted in
a high agreement rate of 87%. This high level of interrater
reliability confirms the consistency and accuracy of the thematic
classification [40].

We identified several major themes in the TikTok posts related
to the Maui wildfire, each reflecting different aspects of the
event and its aftermath. One prominent theme was “Impact &
Damage”, with posts documenting the destruction caused by
the wildfires. These posts often included powerful visuals, such
as videos and images of affected areas, illustrating the extent
of the devastation. The “Personal Narratives & Interviews”
theme featured individuals sharing their experiences of living
through the wildfire. These posts were often deeply emotional,
with appeals for continued attention to the needs of those
affected. Personal stories ranged from immediate reactions
during the wildfire to reflections on the ongoing recovery
process, amplifying the voices of those directly impacted by
the disaster. The theme of “Community, Solidarity, & Tribute”
was also widely represented. These posts conveyed messages
of support and solidarity from people around the world. Many
stories highlighted local heroes, community efforts, and the
resilience of those affected by the wildfire. A common subtheme
within these posts was the presentation of “before the fire”
scenes, which offered a sentimental and solemn perspective on
what was lost and underscored the emotional impact of the
disaster.

Another key theme was “Relief Efforts”, which encompassed
content aimed at promoting fundraisers, donations, and other
forms of assistance. Posts in this category highlighted the work
of both local and national organizations providing aid to affected
communities. They also documented the progress (or lack
thereof) in recovery efforts, which served as calls to action for
further support from the public. These posts were integral in
mobilizing resources and raising awareness about ongoing needs
in the aftermath of the wildfire. Posts related to “Government
& Policy Responses” critiqued or praised the governmental
handling of the wildfire. Discussions centered on the
effectiveness of emergency preparedness and response efforts,
with users offering their perspectives on the adequacy of relief
efforts, resource allocation, and communication from officials
during and after the crisis. “Tourism Impact” was another
important theme.

As Maui is a major tourist destination and most tourists to the
island visit Lāhainā, many posts discussed how the wildfires
affected the tourism industry. Both travelers and locals shared
their thoughts on the changing landscape and economy,
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reflecting on how the wildfires disrupted the flow of visitors
and altered the island’s economic prospects. Posts categorized
under “Environmental & Climate Commentary” explored the
role of climate change in exacerbating wildfires. Users discussed
how changing weather patterns and prolonged droughts have
contributed to the frequency and intensity of such natural
disasters. Many of these posts also advocated for policy changes
aimed at mitigating future risks, calling for stronger
environmental protections and climate action to prevent similar
events from occurring.

Finally, posts under the “Informational” theme provided detailed
overviews of the wildfire. These posts explained the causes,
effects, and other key details of the disaster, often serving as
educational content for users looking to understand the broader
context and implications of the wildfire. These posts helped
disseminate factual and descriptive information about the event.
In contrast, the theme of “Misinformation & Fake News” was
also present. Posts categorized as “Misinformation” were
identified based on 2 criteria: posts that discussed and attempted
to debunk misinformation about the fires by explaining why
the claims were inaccurate and posts that directly promoted
misinformation, with the accuracy of their claims verified
through fact-checking conducted by our research team. Any
post meeting either of these criteria was classified as
“Misinformation.”

We included several other measures to assess how structural
and temporal characteristics of posts influenced engagement
levels (Likes and Shares). Video length, representing the
duration of each TikTok post, was measured in seconds and
included in the analyses as a continuous variable. A squared
term for video length was also included to account for potential
nonlinearity in its relationship with engagement metrics.
Additionally, the presence of music or effects was included as
a binary variable, capturing whether a post used TikTok’s music
or special effects features. Event timing was categorized into 3
periods: during the disaster (August 8 to August 31, 2023), the
immediate aftermath (September 1 to December 31, 2023), and
the long-term recovery (January 1 to August 9, 2024). Posts
were coded based on their publication date relative to these time
frames. This segmentation aligns with SMCC’s theoretical
framework, enabling insights into how content types and
engagement patterns shift over time [35].

We categorized individual hashtags into thematic groups to
analyze engagement patterns related to the Maui wildfire. Each
hashtag group was designed to capture distinct aspects of public
discourse and response. Posts were assigned to groups based
on predefined hashtags, with a binary variable indicating
whether a post contained at least 1 relevant hashtag. The
“Support” group included hashtags such as #MauiStrong,
#PrayForMaui, and #MauiSupport, capturing expressions of
solidarity and general support for those affected. The “Relief”
group encompassed hashtags like #DonateForMaui, #Fundraiser,
#MauiRelief, #DisasterRelief, and #RedCross, reflecting calls
for donations, fundraising efforts, and relief activities. The
“WildfireContent” group included hashtags such as
#MauiWildfires, #Wildfire, #WildfireAwareness, and
#FirePrevention, focusing on wildfire-specific content, including
awareness and prevention efforts. The “SafetyAlerts” group

comprised hashtags like #StaySafe and #EmergencyAlert,
emphasizing safety information and emergency updates. The
“MauiLocations” group included hashtags referencing specific
locations such as #Lahaina, #Kaanapali, #WestMaui, and
#Hawaii, highlighting geographically specific content. The
“AdvocacyAndUpdates” group encompassed hashtags such as
#EnvironmentalJustice, #NewsUpdate, and #BreakingNews,
reflecting advocacy-related posts and updates on unfolding
events. Each group was assigned a binary variable, where a post
was flagged as belonging to a group if it contained at least one
of the associated hashtags. Logical functions in spreadsheet
software were used to implement this classification efficiently,
which ensured consistent assignment of posts to their respective
groups.

Data Analysis
Engagement metrics were analyzed to assess immediate
reactions and the reach of content to viewers [41,42]. The
analysis strategy began with descriptive statistics to provide an
overview of the distribution of engagement metrics (likes and
shares) across key categories, such as time intervals and hashtag
groups. We summarized engagement metrics by time interval,
showing the number of posts, average likes and shares, and their
distribution across the event duration, immediate aftermath, and
long-term recovery phases. Crosstabulations of hashtags and
content themes were conducted to examine how engagement
metrics varied across different combinations of hashtag groups
and content themes. These tables found in Multimedia Appendix
1 highlighted the total and relative contributions of each category
to overall engagement.

The multivariable analyses included linear regression models
predicting the log-transformed likes and shares. Independent
variables included time intervals, video length (and its squared
term), the presence of music or effects, content themes, and
hashtag groups. This approach assessed the relative contribution
of these variables to engagement metrics while adjusting for
potential confounding factors. To test the robustness of the
results, we replicated the linear regression models using robust
regression, which is less sensitive to outliers and provides an
alternative estimation strategy. The results of the robustness
check in Multimedia Appendix 2 were largely consistent with
the primary analyses, confirming the stability of key findings.
This study adheres to the STROBE (Strengthening the Reporting
of Observational studies in Epidemiology) guidelines for
reporting observational studies.

Ethical Considerations
The University of Hawai i’s Office of Research Compliance
determined that the study does not meet the definition of human
participants research and therefore does not require institutional
review board approval or oversight.

Results

The analysis shown in Table 1 examined social media
engagement metrics across the event time intervals. A total of
275 observations were included in the analysis. Most posts
(132/275, 48%) occurred in the immediate aftermath, while 76
(27.6%) were posted during the long-term recovery phase, and
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24.4% (n=67) were posted during the event. Posts during the
event garnered the highest average number of likes, with a mean
of 75,092 (SD 252,759). Engagement declined in subsequent
periods, with posts in the “Immediate Aftermath” receiving an
average of 40,641 likes, and posts in the “Long-Term Recovery”
averaging 8685 likes. Across all intervals, the average number

of likes was 40,203. Similarly, posts during the event achieved
the highest average number of shares, with a mean of 10,928
(SD 55,308). This figure dropped to 3111 in the “Immediate
Aftermath” and further declined to 493 in the “Long-Term
Recovery” period. The overall average number of shares across
all intervals was 4292.

Table . Engagement metrics (likes and shares) by time interval. Content analysis of 275 TikTok posts from August 8, 2023, to August 9, 2024.

Shares, mean (SD)Likes, mean (SD)Value, n (%)

10,928 (55,308)75,092 (252,759)67 (24.4)During event (August 8 to August
31, 2023)

3111 (10,365)40,641 (184,994)132 (48.0)Immediate aftermath (September 1
to December 31, 2023)

493 (1,207)8685 (27,244)76 (27.6)Long-term recovery (January 1 to
August 9, 2024)

14,532124,418275 (100.0)Total

Table 2 presents the results from the linear regression analysis
of log-transformed likes. Video length was positively associated
with likes, with the linear term (coefficient=0.01, P=.05)
indicating a slight increase in engagement for longer videos.
However, the quadratic term (coefficient=0.00, P=.03) suggests
diminishing returns for extremely long videos. Event timing
showed that engagement was significantly lower during the
immediate aftermath of the disaster (coefficient=−0.96, P=.01)
and during the long-term recovery phase (coefficient=−1.47,
P<.001) compared with the disaster period. Videos featuring
music or effects had a marginally lower engagement, though
this relationship was not statistically significant
(coefficient=−0.56, P=.09). Regarding content themes, several
categories significantly increased engagement. Videos focused
on “Impact & Damage” (coefficient=1.55, P=.01),

“Informational” content (coefficient=1.32, P=.04),
“Misinformation & Fake News” (coefficient=3.24, P<.001),
“Personal Narratives & Interviews” (coefficient=1.66, P=.02),
“Relief Efforts” (coefficient=1.62, P=.02), and “Tourism
Impact” (coefficient=2.53, P<.001) all received higher levels
of likes compared with the reference group. In contrast, themes
such as “Environmental & Climate Commentary” and
“Government & Policy Response” did not significantly impact
engagement. For hashtags, the “Support” and “WildfireContent”
groups were associated with significantly higher engagement,
with coefficients of 1.90 (P<.001) and 1.87 (P<.001),
respectively, compared with the reference group. However, the
“MauiLocations” and “Relief” hashtags did not exhibit
significant effects.
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Table . Multivariable linear regression of log-transformed likes. Content analysis of 275 TikTok posts from August 8, 2023, to August 9, 2024.

95% CIP valueCoefficient

0.00 to 0.02.050.01Video length

0.00 to 0.00.030.00Video length square

Event timing

———aDuring disaster

−1.71 to −0.21.01−0.96Immediate aftermath

−2.31 to −0.63<.001−1.47Long-term recovery

−1.21 to 0.09.09−0.56Music and effects

Content theme

———Community, Solidarity, &
Tribute

−2.19 to 2.27.970.04Environmental & Climate
Commentary

−0.61 to 2.51.230.95Government & Policy Re-
sponse

0.33 to 2.77.011.55Impact & Damage

0.05 to 2.58.041.32Informational

1.22 to 5.26<.0013.24Misinformation & Fake
News

0.32 to 3.00.021.66Personal Narratives & Inter-
views

0.23 to 3.00.021.62Relief Efforts

1.02 to 4.05<.0012.53Tourism Impact

Hashtag group

———AdvocacyAndUpdates

−0.89 to 0.90>0.990.00MauiLocations

−2.09 0.24.12−0.93Relief

0.97 to 2.84<.0011.90Support

0.95 to 2.78<.0011.87WildfireContent

4.55 to 7.49<.0016.02Constant

aNot applicable (reference category).

Table 3 presents the linear regression analysis for
log-transformed shares. Video length was not significantly
associated with shares. The Immediate Aftermath period was
negatively associated with shares (coefficient=−0.82, P=.04),
and long-term recovery showed an even stronger negative effect
(coefficient=−1.51, P<.001), both indicating fewer shares during
these periods compared with the baseline (during event). Content
themes also had significant effects on shares. Specifically,
“Impact & Damage,” “Informational,” and “Misinformation &
Fake News” content themes had large positive associations with
shares (coefficients of 2.46, 1.86, and 4.55, respectively, all

with P values <.01), suggesting that content related to these
themes is shared more frequently. “Personal Narratives &
Interviews,” “Relief Efforts,” and “Tourism Impact” also
showed significant positive associations with shares, further
emphasizing the popularity of content related to these themes.
Finally, certain hashtag groups influenced shares. “Relief” had
a negative impact on shares (coefficient=−1.68, P=.01), while
“Support” and “WildfireContent” both had positive effects
(coefficients of 2.28 and 1.64, respectively, both with P values
<.01), indicating that these types of hashtags contribute to higher
share rates relative to the reference group.
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Table . Multivariable linear regression of log-transformed shares. Content analysis of 275 TikTok posts from August 8, 2023, to August 9, 2024.

95% CIP valueCoefficient

0.00 to 0.02.080.01Video length

0.00 to 0.00.080.00Video length square

Event timing

———aDuring disaster

−1.60 to −0.04.04−0.82Immediate aftermath

−2.39 to −0.64<.001−1.51Long-term recovery

−1.11 to 0.25.21−0.43Music and effects

Content theme

———Community, Solidarity, &
Tribute

−1.89 to 2.77.710.44Environmental & Climate
Commentary

0.00 to 3.25.051.62Government & Policy Re-
sponse

1.19 to 3.73<.0012.46Impact & Damage

0.54 to 3.18.011.86Informational

2.44 to 6.65<.0014.55Misinformation & Fake
News

0.72 to 3.51<.0012.11Personal Narratives & Inter-
views

0.94 to 3.82<.0012.38Relief Efforts

1.37 to 4.54<.0012.96Tourism Impact

Hashtag group

———AdvocacyAndUpdates

−0.75 to 1.12.700.19MauiLocations

−2.89 to −0.46.01−1.68Relief

1.30 to 3.25<.0012.28Support

0.68 to 2.60<.0011.64WildfireContent

1.17 to 4.23<.0012.70Constant

aNot applicable (reference category).

Discussion

Principal Findings
This study provides novel insights into how TikTok serves as
a platform for public engagement during and after a natural
disaster, using the 2023 Maui wildfire as a case study. Guided
by SMCC theory, we examined how content themes, hashtags,
and video features influence user engagement metrics, such as
likes and shares. Our findings contribute to the growing body
of literature on social media’s role in crisis communication
while offering unique contributions that expand upon prior
studies [43-49].

This study reveals that TikTok serves as a dynamic platform
for real-time information dissemination and public engagement
during and after natural disasters. Posts emphasizing themes
such as “Impact & Damage” and “Personal Narratives &

Interviews” garnered the highest engagement metrics, illustrating
the platform’s capacity to emotionally and visually document
the crisis. Content highlighting tourism and economic impacts
also performed strongly, reflecting the broader public’s interest
in understanding the disaster’s ripple effects. However, posts
addressing critical but less emotional themes, such as
“Government & Policy Response” and “Relief Efforts,” attracted
relatively lower engagement, highlighting a potential gap in
how these topics resonate with TikTok audiences.

Engagement trends varied across the disaster timeline. While
a prior study on the Maui wildfire focused on the immediate
aftermath of the disaster, we analyzed engagement over a 1-year
period, encompassing both crisis and postcrisis phases [38].
This extended time frame enabled us to explore the evolution
of public engagement and highlighted key shifts in user priorities
over time. Posts shared during the crisis phase generated the
highest engagement, underscoring the public’s urgent demand
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for real-time updates. Engagement declined in the immediate
aftermath and long-term recovery periods, reflecting waning
public attention. These patterns emphasize the importance of
strategically timing communication to sustain public interest
and engagement throughout the recovery phase. The observed
temporal trends also underscore the need for innovative
strategies to re-engage audiences as the crisis progresses into
recovery [35].

Engagement was predominantly driven by themes that conveyed
the emotional impact and visual magnitude of the disaster,
reinforcing the role of emotionally resonant content in shaping
public discourse [37,38]. This pattern aligns with SMCC theory,
which emphasizes the importance of adjusting information in
crisis communication—content that helps audiences process
the event and fosters emotional connection [35]. Moreover,
informational posts about safety alerts and evacuation notices
garnered relatively low engagement despite their critical
importance for public safety. In contrast, adjusting and
bolstering information, such as personal narratives and
fundraising efforts, received significantly higher engagement,
reflecting the public’s preference for emotionally resonant and
actionable content. These findings suggest that while instructing
information is vital during the early crisis phase, sustained
engagement may rely on content that fosters emotional
connection and community solidarity [35,36].

Our results underscore the importance of visually compelling
and emotionally resonant content in driving engagement during
disasters [50-52]. This aligns with a recent study that found
audiovisual vividness was a key predictor of engagement on
TikTok during the same wildfire [38]. Both studies highlight
the role of survivor-led narratives in capturing public attention,
suggesting that user-generated content may resonate more
strongly than traditional news media posts. However, while
prior work used a digital storytelling framework to analyze the
role of narrative persuasion and visual storytelling, our study
extends the literature by applying SMCC theory to examine
how instructing, adjusting, and bolstering messages align with
engagement patterns [35-38]. This distinction situates our
findings within the broader literature on crisis communication
strategies.

Furthermore, our study highlights the persistent challenge of
misinformation during disasters [21,27-29,53]. Posts categorized
under misinformation themes, while limited in number, garnered
substantial engagement, a finding that aligns with a recent study
that found that posts leveraging emotional storytelling and high
audiovisual vividness were particularly effective at drawing
audience engagement [38]. This finding underscores the broader
concern in public health regarding the virality of misinformation
on social media, where false claims about disaster response,
relief efforts, or health risks can undermine public trust in
official sources [27-31]. Proactive strategies are needed to
combat misinformation and amplify credible sources during
crisis events. Integrating insights from both SMCC theory and
the digital storytelling literature, our findings suggest that pairing
information with compelling visual narratives may enhance its
reach and impact, particularly on entertainment-driven platforms
like TikTok.

Finally, our study contributes to the ongoing discourse on the
role of video features in driving engagement [25,26,50,51]. The
platform’s algorithm-driven reach and short-form video format
provide unique opportunities to disseminate impactful messages
that resonate with diverse audiences [34,38,54]. Consistent with
prior research, we find that shorter videos with clear and
emotionally engaging messages are more likely to capture public
attention [55]. These findings align with broader trends in
TikTok engagement metrics and highlight the need for tailored
communication strategies that align with platform-specific user
behaviors. Tailored strategies to amplify these themes could
enhance the platform’s utility in disaster response [20].

Limitations
While 2 researchers independently coded the posts to ensure
reliability and minimize bias, the interpretation of themes still
involves subjective judgment. Even with our high interrater
reliability, some residual bias may persist. The 1-year timeframe
of the study provides a snapshot but might miss evolving trends
over a longer duration. Additionally, the focus on TikTok, with
its distinct user demographics and content styles, limits the
generalizability of the findings to other social media platforms
such as X (formerly Twitter), Facebook, or Instagram. The
unique characteristics of TikTok’s user base might not reflect
broader social media trends. Furthermore, language and cultural
barriers could have resulted in the underrepresentation of posts
in languages other than English or those deeply rooted in
specific cultural contexts, limiting the diversity of perspectives
analyzed.

We acknowledge that TikTok’s algorithmic influence on post
visibility is a significant factor, as the platform curates content
based on user behavior, preferences, and engagement, potentially
creating biases in the posts available for analysis. As a result,
our data set may disproportionately reflect content with high
algorithmic visibility rather than a fully representative sample
of all relevant posts. Additionally, regional and language biases
in content discovery may affect the results, as TikTok’s
algorithms and search functionalities prioritize content tailored
to specific geographic regions and linguistic preferences. This
could result in the underrepresentation of videos from certain
regions or in languages less prominent on the platform. The
impact of paid promotion or boosted content is another
limitation. Videos that received paid promotions may have
artificially higher visibility and engagement, skewing the data
toward commercially sponsored content. Our study did not
distinguish between organically popular posts and those boosted
through paid promotion, which could influence the analysis of
engagement trends.

Implications for Future Research and Practice
The findings have important implications for disaster
communication and public health response strategies.
Understanding how engagement evolves over time and informs
messaging that sustains public interest beyond the acute crisis
phase. Disaster communicators can leverage TikTok’s ability
to amplify emotionally resonant content while addressing
misinformation through targeted campaigns. Future research
should explore cross-platform comparisons to identify
complementary roles of different social media platforms.
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Additionally, research on the effectiveness of public health
interventions in countering misinformation and improving digital
health literacy is needed to develop best practices for social
media–based disaster communication.

Conclusion
In conclusion, this study builds upon prior work by integrating
theoretical insights from SMCC theory with empirical analyses
of TikTok engagement during a major natural disaster. TikTok
is an influential tool for real-time communication, emotional
support, and advocacy during natural disasters. By examining
themes related to the Maui wildfire, this study demonstrated

how users respond to and interact with crisis-related content in
real time. While TikTok’s strengths lie in its ability to visually
and emotionally connect with audiences, addressing challenges
such as misinformation and sustaining engagement throughout
the recovery phase is essential. Strengthening digital crisis
communication strategies, particularly in sustaining engagement
beyond the immediate response phase, is critical for improving
disaster preparedness and recovery efforts. Future research
should further investigate best practices for leveraging social
media in disaster preparedness, response, and community
resilience.
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Abstract

Background: Interoperability in health care is a critical aspect for the exchange of health information. The Fast Healthcare
Interoperability Resources (FHIR) framework has become widely adopted to provide interoperable data exchange in the health
care industry. The COVID-19 pandemic has demonstrated the significance of interoperable data in tracking patients who have
contracted the virus and keeping track of the vaccinated population. Indonesia is one of the many countries that have implemented
interoperable data systems to track patients with COVID-19, and it has aspirations to expand the system to other use cases,
particularly in the primary health care setting. The primary health care providers in Indonesia include Puskesmas (community
health centers) and private clinics.

Objective: To promote interoperable health data exchange in the primary health care sector, the Indonesian government has
launched the Satusehat project. The goal of the Satusehat platform is to make health data in Indonesia interoperable and
exchangeable between health care organizations, particularly Puskesmas and private clinics.

Methods: For a successful implementation of the Satusehat platform in Puskesmas and private clinics, it is crucial to understand
the challenges that may arise. This study analyzed the pain points of the Satusehat platform based on a content analysis of the
Satusehat Social Networking Service Telegram group messages. The study revealed the pain points and suggested existing
approaches to address them, which can be used as a proposed design of interoperability for Puskesmas and private clinics, making
it easier for these organizations to adopt the Satusehat platform.

Results: The pain points identified in this study include issues with the FHIR server, problems with FHIR profile selection, and
the mapping of electronic medical record data into standardized data, such as mapping into the Systematized Nomenclature of
Medicine Clinical Terminology. The results show that the value of the mapping issue is 37, profile issue 9, and server issue 61.
Among the 3 categories, server issues had the highest population, followed by mapping issues and then profile issues. To address
these issues, the study proposed practical approaches, including a federated architecture for the FHIR server instead of a centralized
architecture, an FHIR writer and FHIR viewer system inspired by the Standardized Structured Medical Record Information
eXchange system in Japan, and an FHIR conversion framework that integrates with our FHIR writer and FHIR viewer system.

Conclusions: These proposed solutions can help resolve the pain points identified in the study and help the advancement of the
Satusehat platform implementation in Puskesmas and private clinics in Indonesia. We believed that the proposed solutions have
potential to be adopted to other countries with similar issues when conducting nationwide project in health care interoperability
design.

(JMIR Form Res 2025;9:e51270)   doi:10.2196/51270
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Introduction

Background
Health information exchange (HIE) involves the transfer of
electronic health data between different health information
systems, including the electronic medical record (EMR) system,
the electronic health record (EHR) system, and the personal
health record (PHR) system. Notably, when the data are
controlled by a health facility, an EMR system transitions into
an EHR system. Conversely, if the data are managed by the
patient or consumer themselves, it transforms into a PHR system
[1]. To facilitate this exchange, HIE requires a data exchange
or data interoperability framework that provides a standardized
format for transferring health data [2]. One of the organizations
that provides such interoperability frameworks is Health Level
Seven (HL7) [3]. HL7 is a nonprofit organization that develops
interoperability frameworks, such as HL7 FHIR (Fast Healthcare
Interoperability Resources). It is a newer standard that provides
a modern and flexible approach to exchanging health
information. It uses a Representational State Transfer web
services approach and supports both structured and unstructured
data [4]. There have been several studies and reports on the
implementation of EHR systems using the FHIR standard in
different countries. One study, focused on the implementation
of an FHIR-based EHR in Japan, highlighted some of the
challenges faced during the implementation process, including
lack of standardization and compatibility between different
systems, difficulty of data migration, and the need for improved
communication and cooperation between health care providers
[5]. Another study provided the significance of standardization,
data quality, and the need for technical support. The study also
offered recommendations for improving the implementation
and adoption of FHIR-based EHR systems [6,7].

The Ministry of Health (MoH) manages the EHR system in
Indonesia, while the EMR system is independently managed
by medical providers, such as hospitals, Puskesmas (community
health centers), and private clinics. The PHR system, on the
other hand, is provided by the MoH to the citizens of Indonesia
[8]. In 2022, the expansion of EMR implementation to
encompass all types of health care facilities was enacted through
MoH decree number 24/2022. This regulation is a part of the
digital health transformation blueprint released by the MoH [9].

A significant driver in the adoption of EMR, EHR, and PHR in
Indonesia has been the COVID-19 pandemic. The
PeduliLindungi app, developed as a tool for tracking, tracing,
and monitoring during the pandemic, has become a crucial part
of this initiative. This app has been used by more than 100
million users, making it interoperable with hundreds of
laboratories and 17 telemedicine service providers. Most
recently, through the MoH of the Republic of Indonesia decree
number HK.01.07/MENKES/1559/2022, health data
management is now under the MoH. Data from the
PeduliLindungi app have been migrated to the Satusehat
platform, as shown in Figure 1, which will integrate the PHR
system and EMR system into a single nationwide EHR system
[10]. The Satusehat Mobile platform enables the public to track
COVID-19 vaccinations, immunization records, and medication
information from EMRs of various health care facilities
connected to this platform, using the FHIR HL7 standard.
Furthermore, the EMR systems will be able to exchange and
share data with ease through the Satusehat platform.

Legal basis for the implementation of the Satusehat system in
Indonesia has been further strengthened with the enactment of
the Health Law number 17/2023. This legislation specifically
references the National Health Information System, which is
interpreted as a system based on the Satusehat platform. The
forthcoming derivative laws are expected to lay out the structural
and operational details, ensuring a coherent and efficient
implementation of these systems across the country.

The Satusehat platform represents the cornerstone of Indonesia’s
nationwide EHR system [11]. This platform aims to facilitate
the exchange and sharing of health data, ultimately leading to
better patient care and outcomes. In Indonesia, the Satusehat
platform places a strong emphasis on primary health care. This
is caused by the referral health care system in place, where most
patients’ health data begin with their first visit to a primary
health care facility such as a Puskesmas or private clinic. These
facilities are typically the first point of contact for patients
seeking medical attention. If the primary health care facilities
are unable to provide the necessary treatment or care, the patient
will be referred to a higher level of care, such as a hospital. This
referral system is depicted in Figure 2, which shows the
progression of patients through different levels of care within
the Indonesian health care system [12].
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Figure 1. Satusehat platform’s architecture. PeduliLindungi app as a PHR is integrated to FHIR server with view only. On the other hand, hospital
information system with data from EMR could view or write with other health care applications. The FHIR server which is handled by the Ministry of
Health acts as a bridge between health care digital instances. EMR: electronic health record; FHIR: Fast Healthcare Interoperability Resources; MoH:
Ministry of Health; PHR: personal health record.

Figure 2. Indonesia’s health care tiered referral system. Primary care facilities such as Puskesmas or private clinics as the base and entry point of health
care service. Patient progress or referred to higher level, including secondary of tertiary facilities, if needed. This system is implemented with HL7
FHIR between tiers, thorough IT system, and regulation. HL7 FHIR: Health Level Seven Fast Healthcare Interoperability Resources.

The Satusehat platform consists of 4 primary components: the
FHIR server, the terminology server, the master data server,
and the developer hub as shown in Figure 3. The FHIR server
is responsible for providing an HL7 FHIR application
programming interface (API) for health data exchange. The
terminology server serves as a database, providing standardized
data references for diagnoses using ICD-10 (International
Statistical Classification of Diseases, Tenth Revision),

observations using Logical Observation Identifiers Names and
Codes (LOINC), and other clinical terms using Systematized
Nomenclature of Medicine Clinical Terminology
(SNOMED-CT). The master data server is a database that
contains the nationwide identification numbers of patients or
citizen ID, practitioner data, health facilities data, pharmacies
data, financing data, and health service data. The developer hub
provides a sandbox environment for developers to test the FHIR
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API offered by the MoH. Developers can experiment and test
data exchange scenarios, such as immunization, using the
provided FHIR API. The developer hub also includes

community tools, such as a video-sharing platform, a website,
and a Telegram group, to provide support and assistance to
developers while they test the Satusehat FHIR API [13].

Figure 3. Satusehat platform components that consist of FHIR server, terminology server, master data server, and developer hub. FHIR is responsible
for health data exchange, terminology server provides diagnoses terminology standardization, master data stores patient and health care instances data
(practitioners and infrastructures), and developer hub is for support center for developers when using FHIR application programming interface. HL7
FHIR: Health Level Seven Fast Healthcare Interoperability Resources.

To ensure a successful implementation of the Satusehat platform
in Puskesmas and private clinics, it is crucial to identify potential
pain points in integrating EMR into the platform from a
developer’s perspective. Understanding the underlying
architecture and structure of the FHIR standard is necessary for
effective integration with EHR systems [14]. Another reason
for pain points is the lack of resources, as implementing FHIR
standards can be resource-intensive, requiring time and
expertise. Developers may face constraints in terms of budget
and man power, which can make it difficult to effectively
implement the standard [15]. In addition, the lack of support
from other stakeholders, including health care providers and
technical experts, can also pose challenges for developers in
implementing FHIR standards [16]. The Indonesian MoH is
currently in the trial phase of the Satusehat platform. The Digital
Transformation Office (DTO) of the MoH conducts workshops
and training sessions for EMR system developers and vendors
[17]. DTO also provides a website that provides step-by-step

tutorials on how to connect and exchange data from EMR
systems to the Satusehat platform using the FHIR framework,
including the standardized terminologies used for mapping
health data to standardized terminologies, such as LOINC for
observations, ICD-10 for diagnoses, and SNOMED-CT for
other health terminologies. To provide interactive support, DTO
also provides a Telegram group that developers can join to ask
for support when integrating their EMR systems into the
Satusehat platform. Based on the activities in the Telegram
group, which mostly involve questions about how to integrate
EMR systems into the Satusehat platform, we conclude that
there are some pain points when integrating EMR systems into
the Satusehat platform. This conclusion came from analysis
through the Telegram group including a question and answer
session with the DTO representative.
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Objectives
The purpose of this study is to identify the challenges and
difficulties encountered by developers that are present in situ
during the integration process of EMR systems into the
Satusehat platform. To accomplish this, we will analyze the
communication content in the Telegram group of the Satusehat
developer hub, which serves as an interactive community
platform for developers. By exploring the pain points
communicated by the developers in this forum, we aim to gain
a deeper understanding of the barriers and obstacles encountered
during the integration process. Once the pain points have been
revealed, the study proposes practical approaches that can be
used to ensure a successful integration into the Satusehat
platform. These approaches are then combined to form an
interoperability design of an FHIR-based system for EMR in
Puskesmas and private clinics. The study is organized into 4
sections. The first section introduces the Satusehat platform,
related work, and how pain points will be revealed. The second
section describes the content analysis methods used in the study.
The third section presents the results, and the fourth section
discusses the practical approaches that will be proposed as an
interoperability design to ensure a smoother integration into the
Satusehat platform.

Methods

Study Design
To uncover the pain points that are addressed in the developer
hub, we conducted a content analysis of the Telegram group’s
contents. We decided to conduct the analysis to the specific
telegram group because the group is officially managed by the
DTO. It is the most active group that contains developer
discussions about EMR integration to the Satusehat platform.
Content analysis is a research method used to make inferences
by interpreting and coding written, spoken, or visual material
[18]. The analysis was conducted at a Telegram group that
consists of 1067 active members to this day. This study focused
on analyzing conversations from December 20, 2022, the date
the group was created, until January 29, 2023. The end date was
chosen because the amount of extracted data is sufficient to
support the experiment, which is content analysis. Extending
the time span of chat extraction could potentially enhance the
volume of data collected and strengthen the robustness of our

conclusions, as the amount of data sampled in an experiment
highly depends on the subject of the study [19]. In this instance,
our focus was on Telegram as a social network service. A total
of 219 chats were chosen during this period. However, we
selected only 107 chats related to our research purpose. These
chats primarily involved developers discussing issues
encountered while integrating their EMR systems with the
Satusehat platform using FHIR standards. In our research, we
focused on issue-related chats, such as “http server error 500,”
“what FHIR profile should be used for chief complaints,” and
“SNOMED-CT or LOINC for mapping blood glucose.” We
excluded nonissue chats that contained simple responses such
as “Ok” or “thank you.” To collect the chats, we used the
Telegram menu to export them into HTML files, which we later
transferred to an Excel file. The collected chats were later
manually labeled by 2 of the researchers (LH and ADW), who
are trained to categorize the data according to agreed and
specific rules for these issue-related chats. The labeler was
chosen with taking the research design, the amount of data being
analyzed, and the complexity of the coded classification process
of the study into account. In addition, the coding process is
ensured to be consistent and reliable with involving 2 researchers
including the author and his colleagues (LH and ADW) with a
background in information technology and understanding of
the Satusehat platform. This established intercoder reliability
in order to achieve valid interpretation of the data [20]. After
conducting our content analysis and categorizing the issues, we
developed a proposed approach for each issue category as shown
in Figure 4. These proposed approaches are feasible incorporated
into the existing Satusehat platform architecture, potentially
resulting in an interoperability design that is less burdensome
for developers. By less burdensome, we mean that the design
can be easily implemented by novice developers, which are
commonly found in private clinics and Puskesmas (community
health centers). This design can be referred to as the FHIR-based
Satusehat platform interoperability design for private clinics
and Puskesmas. By reducing the burden of the interoperability
design, the integration of EMR systems into the Satusehat
platform in Indonesia will be smoother. It is important to note
that there are other factors that can influence the smooth
implementation beyond the technical scope this study. For the
sake of the study’s conciseness, we will focus only on the
technical issues from a developer’s perspective.
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Figure 4. The approach method of the study. Given the developer hub, as the support and assistance forum for developers to test FHIR, the Telegram
group chat content is extracted. Then, content analysis is conducted that resulted in categorization of issues and proposed solutions for each issues. API:
application programming interface; HL7 FHIR: Health Level Seven Fast Healthcare Interoperability Resources.

Ethical Considerations
Public Telegram group of the Satusehat developer hub contents
was used for content analysis in this research. There were no
any extra compensation given to conduct the analysis since the
content itself is public. We acknowledge the ethical concerns
that follows while analyzing data that may raise privacy issues.
An original study relating to framework that can be used by
researchers to consider ethical issues in web-based research also
included how privacy policy and content that were analyzed on
specific web-based platform should be reviewed. The collected
data have to be accessible to public, focused to the content, and
not the individual who posted the content [21]. In addition,
taking into account the public nature of the group and also
Telegram’s privacy policy relating to public chats, we believe
that group members implicitly consented to having their data
accessible publicly [22]. Following the logics provided in the
framework and Telegram’s privacy policy, the exemption of
additional ethics review is feasible for this study. This study
was reviewed by the Medical and Health Research Ethics
Committee Faculty of Medicine, Public Health and Nursing,
Universitas Gadjah Mada-Dr. Sardjito General Hospital,
Indonesia (KE/FK/0204/EC/2023).

The focus of this study is to analyze the content of the public
developer hub and not on the individual who posted in the
developer hub. Therefore, anonymization is applied to the data
that are collected and presented in this study to ensure group
participant’s data privacy and confidentiality. According to
other literatures, it is stated that waiver of consent could be
requested when no identifying information is presented. Also,
permission of further use of the data is permitted if the data are
freely available on public forum [23]. Considering
aforementioned points, acquiring consent was not necessary for
this research. However, it is important to get consent in general
for research using data from people. In our case, it was not

possible to get informed consent due to the scope of our
research.

Results

Overview
The results of our study are divided into 2 sections for clarity
and organization. The first section outlines the pain points and
issues with the Satusehat platform, which were identified
through content analysis of the Satusehat Social Networking
Service Telegram group messages. These pain points include
issues with the FHIR server, difficulties in selecting the
appropriate FHIR profile, and challenges in mapping EMR data
into standardized data formats such as SNOMED-CT
terminology [24]. Implementing and maintaining an FHIR server
may be challenging due to the interoperability, security
concerns, and scalability. Selecting the appropriate FHIR profile
gives difficulties in aligning with specific use cases, balancing
flexibility, and considering long-term maintenance. Mapping
EMR data into standardized data formats such as SNOMED-CT
could be challenging due to data complexity, granularity,
updates, and achieving semantic interoperability. The second
section of our study presents proposed designs that aim to
address the pain points identified in the first section. We believe
that the proposed designs will help overcome the challenges
that may arise during the implementation of the Satusehat
platform in primary health care settings, such as Puskesmas and
private clinics. These proposed designs include a federated
architecture for the FHIR server to ensure reliable and
distributed server load management, an FHIR writer and viewer
system inspired by the successful Standardized Structured
Medical Record Information eXchange (SS-MIX) system in
Japan [25], and an FHIR conversion framework that integrates
with our FHIR writer and FHIR viewer system.
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Pain Points
Based on content analysis of the Satusehat Social Networking
Service Telegram group messages, we identified 3 main types
of issues faced by developers: server issues, profile issues, and
mapping issues as illustrated in Multimedia Appendix 1. Among
the 3 categories, server issues had the highest population with
61 chats, followed by mapping issues with 37 identified chats
and then profile issues with 9 chats. Our data collection method
allowed us to focus on the issues and concerns that developers
faced when integrating their EMR systems with Satusehat
platform using FHIR standards.

Proposed Design
The Satusehat platform is built on a centralized architecture,
which is illustrated in Figure 5. To ensure authentication, the
platform uses an OAuth server [14]. Once a user is
authenticated, they can access the FHIR resources available on
the platform through the FHIR API. However, based on the
developers’ perspective, connecting to the Satusehat platform
can be challenging. We have identified this issue as a server
issue. Sometimes, the Satusehat platform server fails to respond
to the user’s request, resulting in errors such as HTTP Error
401—Unauthorized, HTTP status 403—Forbidden, HTTP status
404—Not Found, and HTTP status 500—Internal Server Error
[26].

To overcome this issue, we propose a federated server
architecture instead of a centralized server architecture [27], as
shown in Figure 6. In this approach, the FHIR resources are
stored in local or regional servers that are subordinate to the
central server. Periodically, the central server inquiries about
the FHIR resources and copies them to the central server. This
approach ensures high reliability for both the central and local
or regional servers, resulting in a more robust exchange of FHIR
resources. By implementing the federated server architecture,
the exchange of FHIR resources will be more reliable, making
it easier for authenticated users to post, get, put, and patch the
FHIR resources from the Satusehat platform.

The issue of mapping is a significant challenge faced by
developers working on the Satusehat platform. Health care
facilities in Indonesia use various local terminologies, which
are often in Indonesian or local tribal languages, such as
Javanese. In contrast, standardized terminologies such as ICD-10
for diagnosis and ICD-9-CM (International Classification of
Diseases, Ninth Revision, Clinical Modification) for medical

procedures are in non-Indonesian languages, such as English
[28]. This presents a significant challenge in mapping the
various local terminologies with their many variations into a
single standardized terminology in English. We believe that
this issue is not only unique to Indonesia but also affects other
countries whose national language is not English, such as Japan,
Taiwan, and Thailand [29]. To overcome this challenge, we
propose an approach that is similar to the one used in Japan.
The Japanese approach uses the FHIR conversion framework
[30]. In this approach, the conversion is done only on the
terminology code and not on the terminology text. The written
terminology still uses the local language, such as Japanese, but
the code follows the standardized code. This approach reduces
the complexity of the mapping task significantly. The FHIR
conversion framework is illustrated in Figure 7. By
implementing this approach, we can ensure that the Satusehat
platform can handle the mapping of various local terminologies
into standardized terminologies in a more efficient and effective
way.

In addition, automating the code conversion process is much
simpler than the text conversion process because the variations
in code are relatively small. This approach not only reduces the
workload for developers but also ensures the accuracy and
consistency of the mapping process. The last issue concerns the
challenge of selecting and applying the correct FHIR profiles
to EMR data. While there is an implementation guide available
to guide users in selecting the appropriate profiles for specific
use cases, such as outpatient medical resumes and immunization
records, manually selecting and applying the profiles can still
be difficult. To address this issue, we propose a solution that
involves feeding EMR data into a system that automatically
selects the correct FHIR profile and builds the content of that
profile based on the input data. Similar approaches have been
implemented in countries that have standardized their health
data using HL7 standards, such as Japan’s use of HL7 V 2.5 to
standardize various health data into a storage system called the
SS-MIX [28]. The SS-MIX system has been successful in
facilitating HIE in Japan. Since both SS-MIX and FHIR are
from HL7, we believe that it would be feasible to adopt the
SS-MIX system and modify it to use HL7 FHIR structures
instead of HL7 V 2.5 structures. This is a practical solution as
there are already open structures and guidelines available to
implement SS-MIX. We simply need to modify the structure
to use HL7 FHIR data.
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Figure 5. Satusehat current architecture. The platform was built on centralized architecture and database [27]. Authenticated institutions or individuals
are able to access the Fast Healthcare Interoperability Resources in the central database. Writer identifies this as the root of server issue stated in developer
hub.

Figure 6. Our proposed solution: Satusehat with federated architecture [27]. The central server periodically fetch and add Fast Healthcare Interoperability
Resources that are stored in local servers with the aim to enhance reliability and robustness of the platform.
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Figure 7. FHIR conversion framework to address mapping issues [14]. Japanese terminology for medication data, in the name attribute (2mg.CERCINE
TABLETS) is preserved in hospital EMR to ensure readability. The corresponding standardized code (such as ICD-10 [International Statistical
Classification of Diseases, Tenth Revision]) is mapped into the FHIR server with terminology mapping. EMR: electronic medical record; FHIR: FHIR:
Fast Healthcare Interoperability Resources

Discussion

Principal Findings
Server issue, mapping issue, and profile issue are identified as
the most frequent problems that developers faced when
integrating EMR and Satusehat with FHIR protocol. The
proposed design for an interoperable FHIR-based Satusehat

platform tailored to the needs of Puskesmas (community health
centers) and private clinics is depicted in Figure 8, which
illustrates the combined approaches that have led to a more
reliable and user-friendly platform. The design integrates several
key features, including a federated architecture that distributes
the data, a data mapping system that ensures consistency across
diverse health care terminologies, and an automated selection
and implementation of appropriate FHIR profiles for EMR data.

Figure 8. Our proposed design for FHIR-based Satusehat platform. It consists of federated architecture between central server and hospital information
system in local or regional server as FHIR client, local terminology system mapping, and automated FHIR profile selection. Fast Healthcare Interoperability
Resources; IHS: Indonesia Health Services; PHR: personal health record.

To address the mapping and profile issues related to data, we
propose an FHIR writer and viewer system that combines the
FHIR conversion framework and the SS-MIX system. This

system can be deployed on both local and regional servers to
ensure accessibility for health care facilities such as Puskesmas,
hospitals, and private clinics. To use this system, hospital
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information systems or EMR systems feed data into the FHIR
writer subsystem. The FHIR writer then converts the local code
into standardized code and selects the appropriate profile to be
inserted with the standardized data. The FHIR profile, filled
with standardized data, is then stored or prepared in the local
or regional server and is ready to be queried by a central server.
If health care facilities want to view patient data from their own
facilities, their EMR system can make a request to the local or
regional server to view the patient data. If the data are not
available in the local or regional server, the server continues
the request to the central server to retrieve the data using FHIR
API. In this way, the local or regional server acts as an FHIR
client, and the central server acts as an FHIR server in terms of
the client-server connection [29]. Our proposed FHIR writer
and viewer system provides a standardized approach to data
mapping and FHIR profile selection, ensuring consistency and
ease of use for health care facilities. It also allows for efficient
querying of patient data across multiple facilities, increasing
the interoperability and accessibility of health data. The issue
of server architecture is a critical consideration in developing
an efficient and reliable health information system. In particular,
the ability to handle large volumes of data and ensure seamless
data exchange across different health care providers is crucial.
The approach to addressing this challenge lies in the use of
federated architecture. Federated architecture offers a scalable
and flexible solution to server issues by distributing the load
across multiple servers [30]. This ensures that the server load
is manageable even during peak periods, such as when there is
an automatic processing of EMR data. By spreading the load,
federated architecture also enhances the reliability of the system,
making it more robust and resilient. Moreover, federated
architecture is an ideal solution for countries such as Indonesia,
which has a vast archipelago with numerous islands separated
by sea. With federated architecture, health facilities in remote
areas can be connected to a centralized health information
system, enabling the efficient exchange of health data and
improving patient care. To fully leverage the benefits of
federated architecture, an automated FHIR writer or viewer
system can be implemented. This system enables the automatic
conversion of local codes to standardized codes, the selection
of appropriate FHIR profiles, and the storage and retrieval of
patient data from local and regional servers. The system can be
easily deployed and customized to suit the specific needs of
Puskesmas, private clinics, and hospitals. By using this
approach, health care providers can efficiently access patient
data, resulting in improved health care outcomes for patients.
Although our proposed design is based on a small amount of
chats in the Satusehat Telegram group, we recognize that this
group is the most interactive channel for developers seeking
support in integrating their EMR systems into the Satusehat
platform. Therefore, despite the limited data, we believe that
most of the issues related to integrating EMR systems into
Satusehat using the FHIR framework have been recorded in the
Satusehat Telegram group. By analyzing and addressing these
issues, we were able to develop a design that effectively
addresses the common challenges faced by developers. We also
recognize that ongoing monitoring and analysis of the Satusehat
Telegram group will be critical for identifying and addressing
new issues that arise as the platform continues to evolve. Our

proposed design for the FHIR-based Satusehat platform can be
a valuable solution for other countries facing similar challenges
in implementing HIE systems. While we drew inspiration from
the design of Japan’s HIE system, which shares similar
characteristics with Indonesia, such as a non-English language
and multiple islands, our approach is adaptable and scalable to
meet the needs of other countries. By collaborating and sharing
knowledge, countries facing similar issues can learn from each
other to enhance the implementation of FHIR-based platforms
such as Satusehat. This approach could foster the development
of a regional-level HIE system in ASEAN countries or even
beyond, incorporating other Asian countries such as Japan,
Taiwan, and India, which have already implemented HIE
systems [31]. By working together, we are able to create a more
efficient and effective HIE system that benefits all participating
countries.

Limitations
The content analysis in the study was limited into specific time
frame (December 20, 2022, to January 29, 2023) and a small
size sample of 107 chats. It was originated from the developer
hub’s Telegram group that was managed by the DTO of
Indonesia MoH. The telegram also addresses only the technical
pain points from developers’perspective to integrate their EMR
to Satusehat platform. Also, the proposed approaches based on
the identified pain points have not been implemented to the
existing Satusehat platform.

Future Works
After gaining an understanding of the challenges faced by the
Satusehat platform and proposing an interoperability design for
the platform, our next step is to develop an FHIR writer or
viewer system that is tailored to the Satusehat platform. To
accomplish this, we plan to collaborate with an EMR system
developer for the purpose of collecting EMR data. These data
will be used to train and test the FHIR writer or viewer system,
to determine whether the EMR data can be standardized based
on the FHIR-based Satusehat platform, and to determine whether
it can be viewed back by the same EMR system. We are also
interested in collaborating with researchers from Japan, whose
approach to building the SS-MIX system has inspired our
proposed design. By working together, we aim to create an
FHIR-compliant version of SS-MIX that can not only be used
in the Satusehat platform in Indonesia but also has the potential
to be implemented in Japan. With this joint collaboration, the
FHIR-based SS-MIX can facilitate cross-country border HIE
by ensuring interoperability and seamless exchange of health
data between the 2 countries.

Conclusions
For ensuring successful implementation of the Satusehat
platform, this paper proposes content analysis as a way to
identify pain points that are faced by developers during
development. Analyzing Satu Sehat developers’ discussions on
social networking system, we have identified 3 top pain points
about Satusehat platform: server issues, data mapping, and
difficulties managing user profiles. We have showed how using
federated server architecture, an FHIR writer and an FHIR
viewer, and an FHIR conversion framework could address the
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mentioned issues. The proposed architecture for solving pain
points gives several suggestions as a blueprint on how to reduce
developer workload when committing integration, increasing
the robustness of the resources exchange, and ensure accuracy

and consistency on mapping and also profiling process. All of
this will further help the advancement of Satusehat platform
implementation in Puskesmas (community health centers) and
private clinics in Indonesia.
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Abstract

Background: About 53 million adults in the United States offer informal care to family and friends with disease or disability.
Such care has an estimated economic value of US $600 million. Most informal caregivers are not paid nor trained in caregiving,
with many experiencing higher-than-average levels of stress and depression and lower levels of physical health. Some informal
caregivers participate in web-based forums related to their caregiving role.

Objective: This study aimed to explore how informal caregivers use easy-to-access caregiving web-based forums, including
the types of information they share and seek from others. It also aimed to gain insights into the informal caregiver experience
from the content these informal caregivers posted.

Methods: The study population consisted of participants who posted on 5 web-based forums for informal caregivers between
February and April 2024. Researchers extracted the first 6 responses to the first 20 questions and comments to appear posted by
the informal caregivers in each of the 5 forums, removing any individually identifying information. We used a codebook thematic
analysis approach to examine the data with Dedoose (SocioCultural Research Consultants). Researchers independently read all
posts and coded the data. The author group discussed the codes, reiteratively refined them, and identified themes within the data.

Results: The data consisted of 100 initial posts and 600 responses. Over half of the initial posts included specific questions,
with the remaining initial posts sharing experiences or reflections. Posts ranged in length from a sentence to more than 500 words.
Domains identified included handling interpersonal challenges, navigating complicated systems, gathering tactical coping strategies,
managing emotions, and connecting with others in similar situations. Negative interpersonal interactions were mentioned 123
times, with 77 posts describing challenging situations with extended family. Posters inquired about accessing resources, with
health care and health insurance included 51 times, while legal and financial concerns were addressed 124 times. Caregiving
challenges were mentioned hundreds of times, including discussion of hygiene (n=18), nutrition (n=21), and desire for a caregiving
break (n=47). Posters expressed emotion in their comments 180 times, which included 32 mentions of guilt and 26 mentions of
positive emotion. The importance of web-based group support was mentioned 301 times.

Conclusions: Informal caregivers play an essential role in society. Many experience multifaceted challenges related to their
caregiving role, and some turn to the internet for community. Accessing web-based discussion forums is a low-barrier method
for informal caregivers to connect with others who may be experiencing similar emotions and challenges. Gaining a greater
understanding of the ways informal caregivers seek advice and offer support to one another provides insight into the challenges
they face. The domains identified on these forums may be helpful, as clinicians provide information to care recipients and their
informal caregivers along their health journeys.

(JMIR Form Res 2025;9:e64757)   doi:10.2196/64757

KEYWORDS

informal caregivers; family caregivers; discussion forum; caregiver support; support group; social support; caregiver navigation;
content analysis; adults; United States; informal care; codebook; thematic analysis; web-based discussion; web-based forums;
clinicians; medical care; peer-to-peer support; web-based communities; caregivers
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Introduction

About 53 million informal caregivers assist individuals in need
of medical care and activities of daily living in the United States
[1]. The unpaid value of this care was about US $600 billion,
up from a 2017 estimate of about US $470 billion value of
unpaid informal care. Informal caregivers are generally unpaid
and untrained, and historically, these caregivers performed
household tasks and personal care activities in contrast to formal
caregivers who were part of the health system [2]. Research
shows that more than 58% of informal caregivers are responsible
for medical or nursing tasks for their care recipients [3].

Informal caregiving is associated with both benefits and burdens
for caregivers. Many informal caregivers experience higher
levels of stress and depression and have lower levels of physical
health than their counterparts [4-6]. Care recipients with poor
levels of physical and mental health were associated with worse
caregiving experiences [5,6]. Furthermore, informal caregivers
with older age or mental health issues have been shown to have
worse caregiving experiences [5,7].

Most informal caregivers have internet access and use it to
obtain health information [8]. There is significant research
regarding the use of web-based tools among informal caregivers
[9-18]. Some research used web-based surveys to ask about
informal caregiver needs [10,11,17], while others evaluated the
use or content of various purpose-built social support service
interventions [13-15,18]. The qualitative research in this space
has focused on specific topics related to caregiving, such as
well-being during COVID-19 [19], advance care planning [20],
and developing the identity of an informal caregiver [21]. Many
other qualitative analyses have focused on particular diagnoses,
such as care recipients with Alzheimer disease or dementia
[22-25], posttraumatic stress disorder [26], stroke [27,28], and
cancer [29-31]. Qualitative research about general topics
addressed in informal caregiver forums focused only on 1
discussion platform (Reddit) and was evaluated with the use of
artificial intelligence [32].

The previous studies investigating informal caregivers’ use of
web-based forums have found that informal caregivers use
web-based support groups and forums to find emotional support
[13-15,19,20,22-28,30], request information
[14,20,23,26-28,30], discuss symptoms and conditions
[23,24,27,28], interact with other caregivers
[13,15,19-21,23,26,30], and talk about the challenges of
caregiving [15,19,20,22,23,25,26] ]. Additionally, all existing
studies but one [27] evaluated data from 1 specific web-based
forum rather than more than 1 forum. The study herein aims to
help fill the gap in research that examines how informal
caregivers use caregiving web-based forums that are not
restricted to just 1 forum. This is also the first study to examine
the forums that appear first when a caregiver searches for
chronic illness caregiver support forums on Google. This
approach can shed light on how caregivers interact with one
another across multiple caregiving web-based forums.

This study explores how informal caregivers used a variety of
popular, easy-to-access web-based forums. Specifically, we
sought to discover the types of information individuals posting
to web-based informal caregiver forums shared and sought from
others. Insights into the informal caregiver experience from
exploring multiple discussion forums can inform health care
providers and other community groups so they may better design
interventions and policies responsive to caregiver needs.

Methods

Study Population
The study population consists of participants who posted on
publicly accessible web-based forums for informal caregivers
between February and April 2024. Descriptions of the forums
(AgingCare [33], Caregiver Action Network [34], Facebook
Dementia Caregivers Support Group [35], Facebook
Empowering Caregivers Support Group [36], and Mayo Clinic
Caregivers Forum [37]) are presented in Table 1. We selected
these forums because they appeared as the top 5 forums in a
web-based Google search using the phrase “caregiver support
forum and chronic illness.”
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Table . Description of web-based caregiver forums from each forum’s website.

DetailsDescriptionForum name

“Connects families who are caring for aging
parents, spouses, or other elderly loved ones with
the information and support they need to make
informed caregiving decisions.”

AgingCare [33] • Caregivers seek mutual support for medical
challenges that occur with aging such as
dementia

• Caregivers offer valuable suggestions based
on firsthand experience managing these
conditions

“The nation’s leading family caregiver organiza-
tion working to improve the quality of life for
the more than 90 million Americans who care
for loved ones with chronic conditions, disabili-
ties, or disease, as well as those supporting the
living needs of older adults.”

Caregiver Action Networka [34] • Caregivers seek support for general, day-to-
day issues in caregiving

• Caregivers share personal experiences while
caring for their loved ones with disabilities
or disease

“A group for caregivers taking care of Dementia
and Alzheimer’s afflicted loved ones. Designed
to stimulate conversation and ensure all members
a safe haven in posting personal feelings.”

Facebook Dementia Caregivers Support Group
[35]

• Caregivers seek support for general chal-
lenges with caregiving

• Caregivers seek support for caring for loved
ones with neurocognitive behavioral
changes and degenerative diseases such as
delirium and dementia

“A public group created so that there is a place
for family members to turn to when in need of
mental, emotional, and informational support
when it comes to taking care of aging family
members.”

Facebook Empowering Caregivers Support
Group [36]

• Caregivers seek support for the day-to-day
challenges of aging family members

• Caregivers seek support on specific informa-
tion such as health system challenges and
legal issues

“An online community, connecting patients and
family caregivers with each other. You do not
have to be a Mayo Clinic patient or caregiver to
join the conversations.”

Mayo Clinic Connect [37] • Many forum members are caregivers of pa-
tients with chronic medical conditions, such
as cancer, who receive treatment at the
Mayo Clinic, though this is not required

• Caregivers typically seek support for medi-
cal challenges, such as medication side ef-
fects

aCaregiver Action Network’s caregiver forum was on its website at the time of the research. It has since moved to Facebook.

Data Analysis
Two researchers (MA and CE) extracted the first 6 responses
from the first 20 questions and comments to appear posted by
the caregivers in each of the 5 forums. We chose this method
based on the passive or unobtrusive method, which involves
techniques that allow researchers to collect data without actively
engaging with participants or influencing the conversation [38].
We did not extract questions and responses that did not contain
comments relating to caregiver support (spam posts) because
they were irrelevant to the research topic. To protect the identity
of all posters on the web-based forum, we removed any names
that appeared in the comments.

We used a subjective approach to gain insights into the caregiver
forum participants’ perceptions of their experiences.
Specifically, we adopted an approach based on grounded theory
using an iterative inductive process for our qualitative thematic
analysis. As such, the number of comments and posts collected
were adjusted iteratively until 2 authors (MLF and CE)
separately believed that thematic saturation within forums’
comments and posts was reached [39]. Similarly, the authors
began with 2 forums and then added the next highest publicly
accessible forum listed on Google until they achieved thematic
saturation across forums. Using a codebook thematic analysis

approach to examine the data [40] with Dedoose (SocioCultural
Research Consultants), 2 researchers (MLF and CE) read
through all the posts and coded the data. The entire author group
discussed the codes, refined them reiteratively, and identified
themes within the data. The author group also resolved any
coding disagreements and resulting frequencies of each theme
through discussions and collective agreements. They also
examined the data to ensure that the chosen themes accurately
reflected the data. Additionally, our author group comprised
researchers with varying caregiving experiences. However, none
of the researchers have intense caregiving experience that would
deeply influence the research.

Ethical Considerations
The institutional review boards at Northern Illinois University
and Seattle University determined the study to be exempt from
institutional review board review in accordance with federal
regulation criteria. The data used in this study were collected
from forums that are easy to access and generally open to the
public. All data were deidentified before analysis, including
removing usernames and other naming data to maintain
anonymity and confidentiality. There was no contact between
the researchers and the posters.
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Results

Overview
The data consisted of 100 initial posts and 600 responses to the
initial posts or conversations stemming from the initial posts.
Over half of the initial posts included specific questions, while
the others shared reflections or experiences. The length of the
initial posts and responses varied from a few with just a short
sentence to others that were a couple of paragraphs. A few
stretched beyond 500 words—a full page of single-spaced text.
Response lengths were similar, with ranges from a few words
to more than 500.

Posters (our term for individuals posting anything, including
initial posts and responses) to the forums discussed care
recipients with various diseases and cited dementia and cancer
the most. We found some variation in the care recipient’s disease
based on the forum used. The Mayo Clinic Caregivers Forum
included more clinical posts, with posters sharing specific
disease states. In the Facebook Dementia Caregivers Support
Group, some posters asked about what medications had worked
for other care recipients and for strategies to obtain particular
treatments, with almost all having to do with dementia. In the
other forums, the care recipient’s diseases often were not
apparent, with many posters omitting such details.

Initial posts often included significant details describing the
poster’s life with their care recipient. Some posters responded
with advice or feedback on the situation, while others shared
their own experiences with their care recipients. Below, we
present 5 key domains that resulted from the themes.

Domains

Handling Interpersonal Challenges
In these forums, posters shared their varying daily interactions,
ranging from toileting and feeding to medication management
and household chores. These interactions sometimes led to
interpersonal challenges with the person receiving care or others
involved in the household, with such negative interactions
recorded 123 times in these posts. One poster noted his care
recipient wife was upset with how he did things around the
house.

She is very exacting on how she wants things done. I
am hard of hearing and she gets upset when she has
to repeat herself. If I guess at what she wants and get
it wrong, oh well, you get the picture. I have to control
myself better and be there for her. I have to swallow
my pride and do what is right for her. It is not easy.
[Mayo Clinic Connect]

In total, 10 posts described challenges related to changing
relationship roles. Husbands and wives recounted working to
feed their spouses and care for them throughout the day. The
posters shared their feelings, which often included frustration
and sadness about these changes.

I lost an equal parent, as well as my romantic and
“relational” partner, partly. It’s a loss that is fully
understood only by other spousal caregivers. It hasn’t

gotten any easier after 6 years. [Caregiver Action
Network]

Some posters also described negative situations with extended
family members, with such interactions reported 77 times.
Posters shared that some siblings were only concerned about
financial arrangements after death, while other siblings were
described as expressing negative attitudes and overall
dissatisfaction with care.

She is very difficult to deal with. She questions
everything and does not trust me to care for our
parents in a manner that is in THEIR best interest.
Without details suffice to say my husband and I gave
up our dreams to take care of my parents but she
berates me, tries to put my other siblings against me,
says I lie, and accuses me of taking things. [Facebook
Empowering Caregivers Support Group]

Other posters described a lack of family support for the care
recipient and feeling isolated as the main caregiver. This was
highlighted 33 times in these posts, with some posters, noting
that they did not get breaks or have family visitors who could
relieve the ever-present demands of caregiving. Other posters
wrote that this constant responsibility negatively impacted their
relationships with their own spouses and children.

My husband and kids are not getting the best version
of me. I can’t stand having sex now because I spend
so long caring for my parents the idea of sharing
intimacy with my husband is actually repulsive to me.
I don’t enjoy anything that I’m doing. [AgingCare]

Navigating Complicated Systems
Posters asked and responded to questions about accessing
resources related to health care, living arrangements, and
financial and legal systems. They mentioned health care and
health insurance systems in 51 posts. Other posters responded
by sharing their experiences with the health care system as a
guide for others and sometimes suggesting various social
services. Information on accessing home health aides, hospice
care, and various medicines was requested 47 times in posts.
Ten discussed necessary steps for care recipients to qualify for
nursing home access through Medicaid, such as spending down
funds or putting assets into a trust.

I can’t wait until my mom is approved for Medicaid.
She’s in the nursing home. We [are] just waiting on
that. I spent all her money. Most of it went to the
nursing home. Also when I sent information to
Medicaid I sent copies of all checks to show where
her money went. [Facebook Dementia Caregivers
Support Group]

I have been her sole caregiver for about 5 years and
I know caring for her now is beyond my capabilities.
What do people do when they can no longer keep their
parent in the home? Money is a huge issue, her
insurance doesn’t want to cover anything. I don’t
know what to do at this point. She needs more than I
can give her. [Facebook Empowering Caregivers
Support Group]
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Posters expressed concern about the quality of care hospice or
nursing home workers provided to their care recipients 23 times
and asked for feedback on how to advocate. They described
their situation and asked for advice on what to do when the
nursing care was not working out as expected.

The nurses have asked that when I come to visit I help
them get her to the shower ... I can’t be there all the
time to make sure she gets up, takes a shower, just
participates with life? The CNAs try to help, the
nurses have told me that they can’t force her because
they could get into trouble. [AgingCare]

Posters responded with messages stating how they understand
these caregivers’ concerns. They offered ideas on how they had
dealt with similar situations and shared details about similar
struggles they faced in working with care homes or hospice
providers.

Posters described legal and financial concerns related to
caregiving 124 times and asked others to weigh in on their
options. Posters sometimes asked how to work within the legal
system to help their loved ones. Some individuals receiving
care wanted the informal caregiver to inherit a greater portion
of assets upon their death, and posters asked about how to make
the care recipient’s wishes clear. Respondents offered
suggestions to these legal and financial concerns, often urging
posters to consult with professionals.

If your mom is of sound mind and wants to make this
change, that’s her decision. With the no-contest order
and the doctor’s assessment, legal challenges from
your siblings might not hold up. Considering your
exhaustion, it might be worth seeking legal advice to
prepare, but ultimately, your well-being is the priority.
[Facebook Empowering Caregivers Support Group]

Gathering Tactical Coping Strategies
Posters described hundreds of challenges related to their
caregiving roles. They asked questions about how to address
these concerns, and respondents offered ideas or shared how
they had responded in similar circumstances.

One common theme was difficulties related to hygiene among
those receiving care, highlighted in 18 posts. Posters described
challenges related to body odors and getting care recipients to
shower or bathe. One poster asked for help with their care
recipient who was touching foods in their kitchen pantry, which
caused the poster concern about contamination of foods due to
dirty hands. Fellow posters pitched in with various ideas.

Find a lock for the pantry but leave snacks out for
him on the counter that are just for him. My Mom
goes prowling for snacks at night so we leave some
out for her. [Facebook Dementia Caregivers Support
Group]

I keep extra bags of chips because I can’t eat out of
the ones already opened. I have to constantly remind
my [loved one] to wash her hands so I know if I’m
not here they are probably not getting washed and
she takes her dentures in and out of her mouth which

totally grosses me out. [Facebook Dementia
Caregivers Support Group]

Concern about a loved one eating too much sugar or other
nutrition concerns were mentioned in 21 posts. Respondents
said that they experienced the same problems and highlighted
that desire for sweets is common among people with dementia.
Other posters responded with a variety of recipes and food ideas.

Posters expressed a desire for a break from caregiving duties
47 times. Respondents offered helpful tips, such as enlisting
community or church volunteers. Enrollment in palliative or
hospice care was mentioned in 55 posts, and posters shared their
experiences engaging in those services.

It wasn’t until she was in home hospice that they were
ever able conquer her incredibly high anxiety. We
certainly realized no course of care is ever perfect
and always knew palliative care was her only choice
given her situation. We never regretted the care she
received. [Mayo Clinic Connect]

Managing Emotions
Posters expressed emotions in their comments 180 times. Some
described themselves as being “stressed,” “overwhelmed,”
“weary,” or “experiencing burnout.” They talked about their
emotions, which often included anger, depression, sadness, and
resentfulness. Posters mentioned feelings of guilt 32 times, and
some described guilt for having negative feelings about
caregiving and their loved ones.

I feel so guilty for the anger and resentment I feel. I
always thought in our 50’s we would be traveling and
enjoying ourselves and there is none of that.
Whenever I think he is finally improving enough that
we can do something enjoyable, he comes up with a
new problem or complaint, which leads to more Dr.
appointments, tests and procedures ... I feel sorry for
myself and wonder what horrible things I did to
deserve the life I have now. [Caregiver Action
Network]

Posters said they cried frequently 7 times. They described facing
challenging decisions about their loved one’s care and the
emotional toll of such choices.

My heart is breaking because I’m not sure if I’m ready
to let him go but at the same time I know I can’t keep
living like this, I’m feeling guilty cuz it feels like I’m
giving up on him ... This is the hardest decision I’ve
ever had to deal with but I know it’s the best decision,
but then why do I feel so guilty? [Mayo Clinic
Connect]

Isolation was another common feeling described in 33 posts.
Some lived in rural areas where there were few community
groups or other social outlets. Others described a lack of
connection to friends and other family members and difficulty
engaging in employment.

My friendships are starting to be strained, because
they don’t understand why “I’m hardly ever
available” and quite frankly I’m starting to get bitter
how they can just stay out as long as they want
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without worry. Romantic relationships are
nonexistent, as most girls immediately become
disinterested when they find out about my home
situation. And in general I’ve found it harder to relate
with other people, as my only social contact is in class
or work. [Caregiver Action Network]

Posters shared negative emotions 123 times and reported anger
about the way their care recipient’s medical condition had
impacted their lives, calling the situation unfair. Posters also
described helping their care recipient deal with negative
emotions 40 times, including anger about their diagnosis. Some
posters detailed navigating emotional outbursts from the care
recipient that were emotionally hurtful to the poster.

The last day that my Dad was home before going to
a hospice facility, he kicked me when I was trying to
clean him after a BM. He also punched at me and
said “I’m going to beat you up!” Which wasn’t his
normal personality- he was the sweetest, gentlest Dad
usually. I know he didn’t feel good and he was
embarrassed to need that much help, but I’m human
and it still hurt my feelings. [Facebook Empowering
Caregivers Support Group]

A few posters expressed negative emotions toward
themselves—saying they were “horrible” or a “monster” when
describing difficult decisions involved in caregiving. This was
often expressed along with frustration. One poster detailed how
her husband had been put on hospice, then taken off, and lived
more than 4 more years facing many health challenges. “WHY
IS HE YET ALIVE[?]” she asked. Another described her
internal wishes.

I pray every day my mother has a heart attack or a
massive stroke. [AgingCare]

While the majority of posts with emotion had a negative tone,
26 were positive. For example, some posters expressed
fulfillment in their caregiving duties. Others said they were
proud of the care they had been able to offer their loved ones,
and some noted personal growth during the caregiving
experience.

Over the years, I can see a huge change in myself.
For one, I am more patient now. However, the goal
line of ENOUGH patience keeps moving further
away! I believe that my husband is providing me an
opportunity to become a better person. [Mayo Clinic
Connect]

Connecting With Others in Similar Situations
Many posters expressed a desire to connect with others in similar
situations, with web-based group support mentioned 301 times.
As specific posters communicated more with one another, their
comments took on a more familiar tone. A few even offered
each other direct assistance.

If you are a man of faith, use it. If not, you may want
to consider it and there are those who can help you
with that. I’ll help you with that if I can. There is
LOTS of help out there and there are LOTS of people

that understand and are ready to be your friend and
your lifeline. [Caregiver Action Network]

Know that there are people that care. Like [name
redacted] said, he will help, I will too, we are both
reaching out to you, you are not alone. [Caregiver
Action Network]

Spiritual conversations appeared in posts 36 times. In some
instances, the posters shared a positive spiritual statement as an
initial post. In other instances, respondents promised to pray
for the initial poster regarding the challenging situation or their
care recipient’s medical condition.

As a caregiver myself to my husband, I’ve never felt
more useless in my life. Feels like all you can do is
watch and wait. There are days I’m afraid to go to
sleep. I do pray for healing over your husband, and
peace that surpasses all understanding for you. Bless
you both. [Mayo Clinic Connect]

Posters mentioned feeling lonely and shared their challenges
with that across 20 posts. They brought up hobbies they no
longer engaged in and not having time for friends or
socialization. While respondents said that they had similar
difficulty making time for themselves, they often prescribed
self-care to one another.

Coping with the isolation of being a 24/7 caregiver
is very challenging. It’s crucial to seek support from
friends, family, or here with caregiving friends who
understand your journey. Schedule regular breaks,
explore local resources, delegate tasks, and set
boundaries, which are essential for your well-being.
[Facebook Empowering Caregivers Support Group]

Posters also commiserated about the many tasks involved in
caregiving. They described their day-to-day activities and the
challenges associated with them. Respondents said they do the
same things and appreciated knowing others were facing similar
circumstances.

I feel like I am forever walking uphill. Frankly, one
of the most helpful things I’m finding on here is that
I am not alone. I don’t really need anyone to tell me
what to do or fix this ... just to validate my feelings.
[Caregiver Action Network]

Discussion

Principal Findings
Our qualitative analysis of posts across 5 web-based caregiver
forums showed that informal caregivers participate in these
communities to share and receive moral and practical support.
These forums functioned as a space for caregivers to disclose
their daily struggles with those in similar circumstances. This
was true across forums that offered more anonymity (AgingCare,
Caregiver Action Network, and Mayo Clinic Caregivers Forum)
but was also seen in the 2 Facebook groups that had the potential
to be tied to caregivers’ personal lives.

Our research identified 5 key domains explaining why people
posted on these caregiver forums. Within these themes were
consistent comments about being heard and supported,
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highlighting the positive benefits that popular publicly accessible
web-based caregiver forums can provide. Caregivers described
putting significant time and effort into their caregiving, and
their posts and stories showed how the role was a critical part
of their lives. While the 5 domains we identified were similar
to those found in prior research on web-based caregiver support
that focused on particular topics related to caregiving, one
website, or on caregivers of people with a specific diagnosis
[17-30], this analysis demonstrated the consistency of these
themes across several caregiver forums.

Many caregivers in this analysis experienced significant
interpersonal tensions, including resentment and guilt when
relating to the care recipient or other family members.
Caregiving is often characterized by intense, intimate
relationships with unexpected role changes and needs [41].
Research shows that spousal caregiving, in particular, can be
more intense, with the informal caregiver experiencing feelings
of depression and guilt [42,43]. Research also shows that
caregivers caring for individuals younger than them may find
more emotional, physical, and financial difficulties than their
counterparts [44]. It is possible that caregivers anticipate caring
for someone younger than them for a longer time, making it
more difficult than caring for someone older. Similarly, our
research indicates many caregivers are experiencing challenges
with their relationships. These caregivers are reaching out on
the web to vent and share their experiences with others, and this
research shows that there are many places on the web where
caregivers may find community among fellow caregivers likely
to understand the relational intricacies and difficult situations
they experience.

Informal caregivers used web-based forums to aid in navigating
the maze of legal, financial, and health care systems. Previous
research shows that informal caregivers experience significant
difficulty identifying resources in the fragmented and complex
health system and find a lack of consistency in access to
community and home care [45]. In addition, there is insufficient
community and health infrastructure for sharing resources with
the caregiver community [45]. Caregivers use forums for aid
related to logistical issues of caregiving in areas including legal,
financial, and health care topics [23,32]. In our research, the
problem-solving required to navigate these systems often
stumped many caregivers and left them feeling frustrated and
isolated. While respondents were frequently able to provide
helpful steps to guide the original poster toward the desired
outcome, our findings support the need for additional informal
caregiver support toward navigating the necessary solutions
within health and community systems.

In our study, informal caregivers expressed persistent concerns
about managing practical daily matters. The range of such daily
demands on caregivers is vast, with tasks such as feeding and
bathing, paying bills and shopping, caring for property and
financial matters, and offering encouragement and
companionship. Informal caregivers who help with a greater
number of activities of daily living or independent activities of
daily living experience more caregiver burden [46].
Additionally, caregiving often includes more medical-focused
tasks; yet, practical daily tasks were the dominant type
mentioned by posters in our study. Research indicates that

support with medical-focused tasks from effective interventions
and health care providers can help informal caregivers improve
their caregiving experience [47,48]. Web-based caregiver forums
are likely a better source for advice for practical daily tasks than
medical-focused tasks, given that providing advice on the latter
involves having medical expertise.

Every web-based forum we reviewed included numerous
caregivers who expressed gratitude and encouragement related
to connecting with others walking a similar path in life. Whether
it was offering a step-by-step suggestion on how to address a
problem, thanking each other for sharing, or simply saying,
“Hang in there,” it was clear that the posters in our study
appreciated the connection the forum provided. Similarly, a
previous study analyzing web-based caregiver forums during
COVID-19 identified a common theme of “celebrating” the
virtual way of life [19]. In that study, posters highlighted the
sense of community in the forum and how engaging with the
site had helped them with caregiving during the pandemic.

Our analysis highlighted web-based forums as places where
caregivers shared thoughts and sensitive caregiving details that
could be considered socially inappropriate—things they might
not say in an interview or to someone they know—such as
comments on family disagreements, personal hygiene, and the
caregiver asking “Why is he yet alive” about her spouse. This
finding is consistent with another study that found participants
in web-based caregiver groups felt safe sharing thoughts that
were not socially acceptable [49]. Additionally, research shows
that reciprocity, altruism, and empathy have a greater influence
on knowledge sharing on web-based forums for nonhealth
professionals than health professionals [50]. These motivations
help explain the candid statements made by posters in our study
and suggest that the informal caregivers want to help one
another.

Many of the posts on the caregiver web-based forums in our
analysis were emotionally charged, and posters seemed to use
these communities as a way to vent negative emotions. Spousal
caregivers, in particular, have been found to share more negative
emotion and anxiety than other informal caregivers [22].
Furthermore, previous research found that informal caregivers
who share negative aspects of caregiving on the web may ask
others to confirm that their feelings are shared [32]. One reason
that sharing frustrations on the web may help informal caregivers
is that the negative emotions can be posted as soon as they
experience the frustration [51].

Our study comes after the COVID-19 pandemic, a challenging
time for informal caregivers, who often experienced increased
burden from illness for themselves and their care recipient, had
to navigate pandemic-related policies like medical office
closings, and experienced social isolation [52,53]. Web-based
discussion forums provided a medium for connecting with others
and gaining information during the pandemic. Older adults, in
particular, became more comfortable with using the internet
and other technologies during the pandemic, with digital
connectivity playing an increased role in their lives even after
the pandemic [54]. With many older adults caring for spouses,
siblings, and friends, access to web-based caregiver forums is
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a tool that aging adults, for one, can continue to give and receive
support.

Limitations
Our study had some limitations. Due to the anonymity of the
web-based forum posters, information on their descriptive
characteristics could not be obtained. Additionally, the
web-based caregiver forums we examined were based in the
United States. While the internet is available globally, it is likely
that the posters were primarily based in the United States and
experiencing caregiving in that country. This may limit the
generalizability of the study findings on a global scale. For
example, many health system challenges highlighted in the
study are specific to those in the United States. In addition, this
research captures caregivers’posts at one point in time and may
not be generalizable in the future, as the caregiver landscape
changes over time. Finally, it is possible that some posters were
not informal caregivers, even though the content seemed to be
posted by informal caregivers.

Conclusions
This paper contributes meaningfully to the current state of the
art by providing a rich understanding of informal caregiving
through an innovative lens, that of web-based forums. From
this work, researchers and practitioners can be better informed

about the needs of informal caregivers beyond what such
caregivers may mention in interviews or medical appointments.
By illuminating the lived experiences shared in web-based
forums, the study advances knowledge about caregiving.

Informal caregivers play an essential role in society. Each year,
informal caregivers in the United States provide as much as 36
billion hours of care to adults with limitations in daily activities,
and such caregiving is linked to significant emotional, physical,
and financial burdens to informal caregivers [55]. Since most
informal caregivers have internet access [8], accessing
web-based discussion forums is a low-barrier method for them
to reach a community of people who may be experiencing
similar emotions and challenges. With the number of American
people aged 65 years and older projected to jump from 53
million [1] to nearly 95 million by 2060, the need for informal
caregiving is projected to grow substantially [56]. Our study
provides insights into how informal caregivers use web-based
caregiver forums and can inform health care providers and
community groups who provide information, education, and
support to patients and their informal caregivers. In summary,
web-based caregiver forums enable informal caregivers to use
modern technology to help meet their support needs and, in the
process, help to show them that they are not alone in facing
caregiving challenges.
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Abstract

Background: Online medicine purchasing is a growing health care opportunity. However, there is a scarcity of available evidence
through a behavioral lens, which addresses why consumers buy medicines online. Governments try to influence online medicine
purchasing behavior using health campaigns. However, there are little data regarding specific online medicine purchasing behaviors
to support these campaigns.

Objective: The theory of planned behavior explains that perceived behavioral control (PBC), attitudes, and norms contribute
to intentions, leading to behaviors. This study challenges these assumptions, by testing them in an online medicine purchasing
context. We asked: What is the role of attitudes, norms, and PBC in an online medicine purchasing context.

Methods: An anonymous online snowball convenience sample survey, including open and closed questions concerning online
medicine purchasing, was implemented. The data were thematically analyzed until data saturation. The emerging themes were
applied to each individual response, as part of a case-by-case narrative analysis.

Results: Of the 190 consumers from the United Kingdom and Ireland who consented to participate in the study, 46 participants
had purchased medicines online, 9 of which were illegal sales. Of the 113 participants who demonstrated an intention to purchase,
42 (37.2%) completed a purchase. There were many cases in which participants demonstrated an intention to buy medicines
online, but this intention did not translate to a purchasing behavior (71/190, 37.4%). Reasons for consumers progressing from
intention to behavior are suggested to be impacted by PBC and attitudes. Qualitative data identified access to medicine as a factor
encouraging online medicine purchasing behaviors and a facilitator of behavior transition. Despite understanding the importance
of why some medicines required a prescription, which is described as an example of legal and health norms, and despite suspicion
and concern categorized as negative attitudes in this paper, some participants were still buying products illegally online. Risk
reduction strategies were performed by 17 participants (17/190, 9%). These strategies facilitated a transition from intention to
behavior.

Conclusions: The study results indicate that a consumer’s intention to buy does not automatically translate to a purchasing
behavior online; instead, a transition phase exists. Second, consumers followed different pathways to purchase and used risk
reduction practices while transitioning from an intention to a behavior. Finally, owing to the covert nature of online medicine
purchasing, norms do not appear to be as influential as PBC and attitudes in an online medicine purchasing setting. Understanding
how a consumer transitions from an intention to a behavior could be useful for researchers, health care professionals, and
policymakers involved in public health campaigns. We encourage future research to focus on different consumer behavior pathways
or ideal types, rather than taking a blanket approach to public health campaigns.

(JMIR Form Res 2025;9:e55391)   doi:10.2196/55391
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Introduction

Background
Authenticity is an important consideration when buying any
product online, especially medicines, as inappropriate access
and poor-quality medicines can have catastrophic implications
for human health [1], with some sales causing death [2,3]
including several coroner report cases [4]. Furthermore, online
medicine purchasing has increased in recent times due to
increased convenience, access, and an improved consumer
experience [5,6]. From 1999 to 2003 in the United States, there
was an increase in online sales of prescription drugs from $160
million to $3.2 billion [7], and the act of purchasing medicine
online is likely to increase in line with internet access. In the
United Kingdom in 2020, 96% of households had internet
access, up from 2017, when 90% of UK households had internet
access, and 2006, when only 57% of households had internet
access [8]. These increases in internet access have also
influenced the rate at which goods and services are bought
online, with 87% of adults having bought goods or services
online in 2020, up from 53% in 2008 [8].

Despite the dangers and increasing rates of online medicine
purchases, there has been a scarcity of research to examine
online medicine purchasing behavior. This paper examined
online medicine purchasing through a behavioral model. The
theory of planned behavior literature describes that past
behavior, attitudes, perceived behavioral control (PBC), and
norms affect a consumer’s intention and that this intention leads
to a behavior. We challenge this assumption in the online
medicine purchasing context and propose that there are
unexplored contributing factors that affect a consumer’s
likelihood of moving from an intention to a behavior. We did
not aim to consider specific process variables such as the role
of internal and external drivers on the translation from intention
to behavior. Instead, we argued the presence of a transition
phase that exists between an intention and a behavior and the
core factors that specifically influence this transition. Although
we see the merit in more granular research, it was not within
the scope of this paper to pursue this.

Theory of Planned Behavior

Overview

This article examined human behavior in an online medicine
purchasing context. Through a theory of planned behavior lens,
we asked: What does the relationship between intentions and
behaviors look like when buying medicine online? The theory
of planned behavior is a social cognitive model in psychology
that concerns intentional behavior; it was constructed by Ajzen
in 1985 [9] and 1991 [10] and was originally known as the
theory of reasoned action [11-15]. The theory identifies 3
determinants of intentions: (1) the attitude toward the behavior,
which can be either positive or negative; (2) subjective norms,
which are a person’s perceptions of the social expectations to
adopt a behavior; and (3) PBC, which is a person’s perception
of how easy or hard it might be to perform a behavior [16].
Since the book published by Fishbein and Ajzen in 2010 [13],
this theory has also been known as the reasoned action approach.
Although this theory was constructed over 50 years ago, it is

still used in contemporary times, with Hagger et al [17] applying
the reasoned action approach to health behavior in 2018 and
contributing “past behavior” to the framework [18].

Theory of Planned Behavior: Strengths and Limitations

The theory of planned behavior is the most influential and highly
cited model for the research and prediction of human behavior
and is therefore a suitable theory to apply in this study [19].
However, like most behavioral theories, it has its limitations
and criticisms in the literature when used in qualitative research
[19]. One of the main limitations, which we addressed in this
study, is the intention-behavior gap, as several studies consider
intentions to be a poor indicator of behaviors [18,20] even over
short time frames. The theory also does not take into
consideration emotions or irrationality. The absence of emotion
is important, especially when dealing with the purchase of health
products as one’s health or the health of a loved one can have
significant emotional impacts [21]. The lack of a focus on
irrational behavior is an area of the model on which this study
touched [19].

Online Medicine Purchasing Context
The at-distance medicine sales context is different to in-person
sales for a variety of reasons. In an at-distance sales
environment, attitudes, which are affected by suspicion or
distrust, are augmented due to diminished seller-consumer
accountability and a lack of physical interaction between a
consumer and a health care professional, a lack of trust between
the consumer and seller, and a fear of online fraud, often due
to reports of rogue online traders [22-25]. Furthermore, norms
are silenced at the point of sale, as the purchase usually occurs
in isolation and is removed from direct and indirect social
influence due to consumers commonly purchasing and
administering the medicine covertly. Finally, PBC is augmented
in an online context, due to the ability to buy products that may
be prohibited or restricted, resulting in some patients buying
illegal medicines online that they would not otherwise have
access to. This context causes an augmentation of PCB when
compared to in-person purchasing. We wished to understand if
the transition from intention to behavior is as straightforward
as explained in the literature or if there is a further unexplored
nuance when applied to the online medicine purchasing context
[26].

The constructs of planned behavior are relevant to the purchase
of counterfeit luxury goods [27-29]. There are also many studies
in the medical sciences literature that investigate issues
concerning online pharmacies [5,22,30-38]. Based upon our
literature review, there is a scarcity of published research
concerning online medicine purchasing behavior research
examined through a theoretical lens. This lack of research may
be due to difficulties accessing patients who are willing to admit
to buying medicines online for fear their activity may be illegal.

As part of a preprint report of a qualitative study conducted in
the United Kingdom in 2023, Almomani and colleagues [39]
interviewed 20 participants who had bought prescription-only
medicines (POM) from the internet after 2019. They indeed
acknowledged the reluctancy of consumers to disclose such
activity because of its illegal connotations. The same research
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group also explored consumers’ beliefs by reviewing news
media articles [40]. During analysis, they applied the theory of
planned behavior model and observed behavioral beliefs (risks
and benefits of purchasing), social beliefs (social influencing
factors [eg, health care professionals and influencers]), and
control beliefs (facilitators of purchasing [eg, accessibility,
medicine shortages]) as influencing the likelihood of people
buying POMs online. Hall and Antonopoulos [41] also
conducted some behavioral research in this context. They used
a virtual ethnography approach that provided qualitative
evidence of the link between falsified medicine and online sales
through the advancement of the field of demand dynamics and
provided qualitative data that support their propositions and the
findings of this paper.

This work is insightful but could be built upon through a more
in-depth use of theoretical lenses. The rise of internet
purchasing, the effect of poor-quality medicines on health [2],
and the risks associated with buying potent medicines on the
web [34,37] make this research and context a challenging area
of unique and increasing importance in online consumer
behavior research, where qualitative data are difficult to attain.
The aim of this study was to gain a broad understanding of
online medicine purchasing behaviors through the lens of
planned behavior. In doing so, we questioned the role of
attitudes, norms, and PBC in an online medicine purchasing
context and how they affect the intention-behavior gap.

Methods

Study Design
This study used a mixed methods survey study design that posed
open and closed questions to 190 members of the public. Due
to the illegal nature of some online medicine purchases and the
challenges of obtaining data from this population, an online
convenience snowball sample survey was implemented. This
approach was chosen to encourage anonymous participation.
This included broad open-ended and closed-ended questions
regarding the purchase of medicines online using Google Forms
(Multimedia Appendix 1). The theory was developed subsequent
to data collection [42]. This mixed methods survey was designed
according to the CHERRIES (Checklist for Reporting Results
of Internet E-Surveys) checklist [43].

Data Analysis
The study involved a qualitative relational analysis that used
thematic evaluation and inductive reasoning to identify themes
to help better understand the relationship between intentions
and behaviors in the online medicine purchasing context.
Quantitative analysis used percentages to depict descriptive
quantitative data and was generated from closed answer
questions. This quantitative data supported the qualitative
inductive reasoning, which proposed a novel transition phase
between intentions and behaviors and the factors affecting this
transition. Based on the emerging themes, a case-by-case
narrative analysis was performed to further understand how
these themes affected individual consumer purchasing journeys.
This involved analyzing each case to understand the role that
each theme played in their transition from intention to behavior.
Percentages were rounded to 1 decimal place.

Sampling Methodology
The recruitment approach was intended for scale and breadth
using an established methodology [44,45] involving a
convenience snowballing sampling method. Convenience
sampling has its advantages: It is a useful tool for exploratory
research in areas where there is little or no existing literature or
where resources are limited. Convenience sampling can also
generate large amounts of data in a short space of time and can
identify hard-to-reach populations, such as willing participants
who have purchased medicines online [46]. The survey
contained closed questions to record the cohort demographics
and open questions concerning the purchase of online medicines
to facilitate qualitative data analysis. The data were collected
in spring 2018 prior to the COVID-19 pandemic, which is a
study limitation and should be considered within the context of
that era. The inclusion criteria in this study were
English-speaking internet users as per the methodology in [45].

Study Recruitment
This was an open survey disseminated via social media.
Therefore, this study was specifically representative of social
media users and may not be representative of the wider public.
The survey took approximately 10 minutes to complete, and
the data were stored in an online database. No personally
identifiable information was gathered. An invite to this survey
was posted internally by researchers’ academic affiliations and
the lead researcher’s professional LinkedIn and X (previously
known as Twitter) and personal Facebook accounts. Reposting
was encouraged to promote a snowballing effect. The survey
contained a review step that allowed participants to go back to
amend their responses. Cookies and IP checks were not used
in this study. Only completed surveys were analyzed. The survey
was posted and reposted through social media outlets for 4
weeks by the lead researcher, his contacts, and their connections.
Payments or incentives were not provided to participants.

Study Pilot and Consent
An anonymous, online, mixed methods survey, with a
randomized response recording, was developed by the lead
researcher and piloted with members of the research team and
professional colleagues of the lead researcher to improve the
survey questions. This included a review to ensure the online
survey operated as intended, the questions were clear, and the
survey was free of typos or grammatical errors (Multimedia
Appendix 1). As part of the consenting process, the participants
read study information and ticked a box consenting to being
involved in the research. (Multimedia Appendix 1).

Product and Sale Type
A free-text option in the survey allowed participants to identify
the medicine or medicine type that they purchased online. These
medicines were separated into the 3 most common UK legal
classes: POM, pharmacy-only (P) medicines, and general sales
list medicines. Some medicine classes differ based on the
strength, quantity, formulation, and country in which they are
purchased. Therefore, the medicines mentioned in this study
were listed according to the most frequent class for each product
in the United Kingdom. The medicines type, whether clinical
questions were asked at the time of purchase, and whether a
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prescription was required were recorded to understand if the
medicine was purchased legally or illegally. For the purposes
of this study, an illegal sale was classified as one in which
consumers were not asked for a prescription or asked medical
questions when buying products that were considered as POM
within the purchasing country.

A P medicine is one that does not require a prescription but can
only be sold in a pharmacy. A POM medicine is one that
requires a prescription and can only be supplied in a pharmacy.
In cases where medicine class was uncertain (such as when the
drug was listed as “Hair loss,” which could be a P medicine
(minoxidil) or POM medicine (finasteride), the drug was
classified as P.

Ethical Considerations and Approval
This research was classified according to the National Institute
for Health and Care Research guidelines. It was reviewed and
received ethical approval from Keele University (reference
number ERP2369). Participants provided informed consent to
participate. Study data were anonymous. Participants did not
receive compensation for participation.

Results

This study involved a survey that generated qualitative and
quantitative results that informed the contributions of this paper.
The key themes were subjective norms, attitudes, and PBC.

Demographics
This study attracted 227 respondents, of which 190 were living
in the United Kingdom or Ireland and consented to the study
(Table 1). The largest group (78/190, 41.1%) of participants
was aged between 30 years and 39 years. There were more
female respondents than male respondents (Table 1). The
majority (135/190, 71.1%) of respondents lived in the United
Kingdom, and 28.9% (55/190) lived in Ireland (Table 1). The
study also included respondents with a variety of employment
statuses and education levels. The majority (170/190, 89.5%)
of respondents were employed full time or part time. Full-time
students (13/190, 6.8%) and the unemployed (7/190, 3.7%)
were also represented (Table 1). About one-third of participants
(55/190, 28.9%) had health insurance, 64.7% (123/190) of
participants lived in a country that provided free health care,
and 6.3% (12/190) of participants did not have health insurance
and did not live in a country that provided free health care.
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Table 1. Demographic characteristics of the study participants (N=190).

Results, n (%)Characteristics

Gender

67 (35.3)Male

123 (64.7)Female

Age (years)

64 (33.7)19-29

78 (41.1)30-39

29 (15.3)40-49

14 (7.4)50-59

4 (2.1)60-69

1 (0.5)70-79

Country

135 (71.1)United Kingdom

55 (28.9)Ireland

Employment status

144 (75.8)Full time

26 (13.7)Part time

13 (6.8)Full-time student

7 (3.7)Unemployed

Education level

1 (0.5)Primary school

24 (12.6)Secondary school

85 (44.7)Undergraduate

66 (34.7)Postgraduate

14 (7.4)PhD

Health insurance status

123 (64.7)Free national health care

55 (28.9)Health insurance

12 (6.3)Pay for health care when required

Medicines Purchased
Of the 190 study participants, 46 had purchased medicines
online. These medicines included a wide variety such as
antibiotics, antimalarials, controlled drugs such as diazepam,
and cosmetic medicines such as minoxidil for hair loss and
Orlistat for weight loss (Multimedia Appendix 2). As all study
participants were from the United Kingdom and Ireland, these
medicines were categorized according to UK medicine
classifications.

Health and Legal Norms
The participants in this study were a largely well-educated
population from the United Kingdom and Ireland (Table 1) who
understood why prescriptions were needed. They could identify
doctors, pharmacists, dentists, opticians, and nurses or a mixture
of all 5 as the main professionals legally permitted to supply a
prescription or drugs. The majority (189/190, 99.5%) of

respondents knew that all medicines did not require a
prescription and were aware of reasons why some medicines
required a prescription and others did not. Respondents, which
are numbered (#), gave many legitimate reasons why
prescriptions were needed, for example:

Monitor drug usage,...ensure correct medications are
given. [#159]

To legally obtain drugs. [#152]

To prevent risk to patients. [#141]

To allow you to legally obtain medicines. [#79]

Although the norm within the cohort was an understanding that
prescriptions were required for the safe supply of medicine, of
the 46 respondents who bought medicines online, 18 of those
respondents (39%) purchased POMs (according to the UK
classification). Of those 18 participants, 17 either had health
insurance or free health care provided by the state. Of the 18
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participants who bought POM online, 78% (17/18) were not
asked for a prescription when purchasing these POM online,
and 50% (9/18) were not asked for a prescription or asked
medical questions when buying POM, making these 9 sales
likely to be illegal. In summary, an interesting contradiction
existed. Despite an understanding of the safety reasons for why
prescriptions were needed, some participants still completed an
illegal purchase of a medicine online without a prescription.

Attitudes: Cost, Convenience, and Access
Participants were asked whether they would consider buying
medicines online, and 59% (112/190) said that they would. In
another question, participants were asked “On a scale of 1 to
10 (with 1 being unlikely and 10 being highly likely), how likely
are you to buy a medicine online?” The total cohort gave an
average mean response of 4.2, and those who had previously
bought medicines online described a high likelihood, a mean
average of 7.6, of buying medicines in the future.

There were several reasons in this study why consumers
purchased their medicines online. Participants selected from a
predetermined list of reasons for positive or negative attitudes
that motivated consumers to buy medicine online, or they could
free-type their response. The 2 reasons that contributed to
positive attitudes toward online medicine purchasing behavior
were convenience (18/46, 39%) and cost (22/46, 48%). A

free-text space in this question resulted in 17 other responses.
These responses largely focused on medicine access issues or
due to their general practitioner (GP) not being willing to supply
the medicine:

The specific medication that is most useful for my
condition is not available in my country. [#162]

Dr will only prescribe two weeks of treatment, despite
chronic condition. [#66]

The point relating to a GP’s unwillingness to supply (diazepam)
was mentioned in this study a second time, when the same
participant stated:

I was desperate as local GP will only prescribe very
short-term treatment in low doses. [#66]

Furthermore, despite buying and taking medicines bought online,
26% (12/46) of participants had negative attitudes toward online
medicine purchasing. They explained that they were concerned
that the medicine they purchased could be fake, yet these
participants progressed to purchase.

PBC: Risk Reduction Measures
The participants demonstrated that they had the autonomy and
capacity to mitigate the risks associated with online medicine
purchasing. In Table 2, we see a variety of practices used by
our study participants to do so.

Table 2. Risk reduction practices used by this study population to support the online purchase of medicines.

Example quotes (participant number)Risk reduction practice

No checks • “None, just had bought from it (online site) many times before but not medicines” (#34)
• “The product is manufactured from the same supplier that a prescription could have given me. They are

cheaper, and a prescription is not required in this case. So, the safety of the website is not a factor to me.”
(#137)

• “I assumed it was safe.” (#59)
• “None, because the product works (this is bad I know)” (#24)
• “Word of mouth reviews” (#4)

Recommendations and reviews • “By looking for recommendations on online forums” (#74)
• “Asked friends where they purchased from” (#3)

Using a well-known or reputable
website or company

• “It was the website of a pharmacy I used to shop when I lived there.” (#140)
• “Bought through an online pharmacy that is linked to a high street pharmacy. They asked a variety of

health-related questions.” (#94)
• “Bought from Amazon, reliable source” (#183)

Other risk-mitigating methods • “Google search or company registration number check” (#158)
• “I conducted extensive research to ensure that the website was genuine, authentic, regulated and safe.”

(#162)
• “Research the company I was buying from. Check their address on Google earth, recognise the name of

the company, ensure site was safe (Https) and not a redirect” (#144)
• “Checked their registration from link to gov (government) website” (#37)
• “Register with regulator GMP (Good Manufacturing Practice) approved” (#175)

Practices to support a move from an intention to a purchasing
behavior are categorized in this study as a form of PBC. From
the cohort of 46 participants who purchased medicines online,
there were a variety of methods used by respondents to support
the purchasing behavior. These risk reduction practices are
categorized as themes, represented as quotes, and summarized
in Table 2. These practices include reading reviews and using
a well-known or trusted website among other methods.

Case-by-Case Narrative Analysis
As part of our case-by-case narrative analysis, which focused
on the transition between intentions and behavior, we identified
behavioral pathways or, as we call them, behavioral ideal types.
In Table 3, we see that all participants in our study could be
categorized into 6 patterns of behaviors or ideal types, which
all involved an intention, an attitude (positive or negative), the
presence or absence of risk reduction practices, and the presence
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or absence of the completed behavior. Although norms play an
important role in a consumer’s intention to buy medicine online,
they do not appear, in our data, to influence the transition from
an intention to a purchasing behavior. This is possibly due to a

lack of social influence at the point of purchase, as online
medicine purchasing does not require social interaction with a
pharmacist or other customers.

Table 3. The 6 ideal types identified in this study that describe the transition between intentions and behavior, mediated by attitudes and perceived
behavioral control based on behavioral pathways revealed as part of the case-by-case narrative analysis (N=190).

Participants, n (%)BehaviorPerceived behavioral controlAttitudeIntentionConsumer ideal type

71 (37.4)AbsentUnassessedUnassessedPresent1

20 (10.5)PresentNo risk reduction practicesAbsence of a negative attitudePresent2

5 (2.6)PresentNo risk reduction practicesNegative attitudePresent3

4 (2.1)PresentRisk reduction practicesNegative attitudePresent4

13 (6.8)PresentRisk reduction practicesAbsence of a negative attitudePresent5

77 (40.5)AbsentUnassessedUnassessedAbsent6

The case-by-case narrative analysis involved a review of each
complete individual survey response to identify purchasing
pathways from intentions to a purchasing behavior. On some
consumers’ pathways from intention to behavior, they
encountered a negative attitude postintention, and in some ideal
types, they used practices to reduce risk. Consumers commonly
had either no intention to purchase and did not (77/190, 40.5%;
ideal type 6) or had intentions to purchase and did not (71/190,
37.4%; ideal type 1). These individuals were not asked questions
regarding attitudes or PBC as they had no experience with online
medicine purchasing. There was also evidence that participants
with intentions to purchase had no negative attitudes toward
the purchasing behavior; therefore, they did not need to
implement a risk reduction practice and completed the purchase
(20/190, 10.5%; ideal type 2). There were also participants (ideal
type 3), who had an intention to purchase had a negative attitude
toward the behavior, and, without reducing the risk, completed
the purchase (5/190, 2.6%). There were also 4 participants
(4/190, 2.1%) who had an intention to purchase, experienced a
negative attitude, and used a risk reduction practice before
completing the purchasing behavior (ideal type 4). Ideal type
5 (13/190, 6.8%) included individuals who had an intention to
purchase, appeared to demonstrate no negative attitudes,
implemented a risk reduction practice in any case, and

completed the purchase. Ideal type 3 is an example of irrational
behavior, as these study participants had an intention to
purchase, then had negative attitudes toward the behavior, and,
without taking any steps to manage that attitude, they still
purchased. When asked “What measures, if any, did or do you
take, to make sure the website that you are buying from is or
was safe?”, one participant replied “None because the product
works (this is bad I know)’ which typifies irrational behavior”
(participant #24).

Discussion

Themes
This study aimed to gain a broad understanding of online
medicine purchasing behaviors through the theory of planned
behavior lens with a focus on how intentions lead to behaviors
and the intention-behavior gap. The dominant themes running
through this paper concerned (1) health and legal norms; (2)
attitudes toward online purchasing (positive: convenience and
cost; negative: concern or suspicion); and (3) PBC, which
presented as practices to minimize risk. The study also proposes
that a transition stage (Figure 1) exists between intentions and
behavior, which appears, in our data, to be influenced by
attitudes and risk reduction practices but less so by norms.

Figure 1. An adapted theory of planned behavior model with red lines representing this study’s proposed contributions, showing attitudes and perceived
behavioral control as mediators of the transition from intention to behavior.
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Theoretical Contribution
This paper identified qualitative and quantitative patterns within
our data that support the use of the theory of planned behavior
in this context [9,10] and described the influence of attitude,
PBC, and norms on intentions and behavior. However, within
this context, we suggest that the relationship between intention
and behavior contains more nuance than is covered by Ajzen
[9,10] and others [13,17]. We therefore adapted the model by
Hagger et al [17] (Figure 1) to include our propositions, which
are highlighted in red. Other studies support our proposal that
intentions do not automatically translate to behaviors [26].
However, this paper reasons that a transition stage exists, where
positive attitudes toward purchasing, such as convenience and
cost, promote a transition from intention to behavior. Negative
attitudes, which can emerge after the initial intention due to
concern or suspicion, can inhibit a transition from intention to
behavior [47], whereas PBC in the form of using risk reduction
practices, such as reading reviews to mitigate negative attitudes,
plays an important role in an actor’s successful psychological
transition from an intention to a purchasing behavior. These
propositions are supported in part by the work of Sniehotta [26]
and aim to help address the intention to behavior gap in the
literature (Figure 1).

This proposed transition phase is interesting and suggests that
intentions can change before completing a purchase. If this
transition stage exists, then there is an opportunity to influence
consumers between the intention and behavior stages, which is
an opportunity for public health campaigners or health care
professionals to encourage or discourage practices that influence
the transition phase.

Norms: Health and Legal
There are several subjective norms that may affect online
medicine purchasing behaviors. Norms differ in an online
context because consumers have access to products that they
would not normally have access to, due to availability issues or
laws that prevent their purchase without a legal and valid
prescription. In our study, the 2 most prominent norms that
emerged included legal and health norms. There was no
evidence from this study context that social norms negatively
affected a participant’s transition from intention to behavior.
This may be due to the standard medical treatment setting, where
consumers are influenced by health care professionals to
conform to norms during diagnosis and medicine supply, or by
fellow consumers within stores. However, this is not the case
online. Remote purchasing of medicine online is a step removed
from the influences in a traditional purchasing environment,
whereby the patient is without pressure to conform to social
norms as they do not see the clinician or pharmacist face to face
and are free to request whatever medicine they wish, in whatever
quantity they desire. The effects of being refused a request
online are unlikely to be as impactful as being refused in person
by a health care professional who may know you and your
family or have full access to your personal details and records.
Therefore, it is understandable that the consumers in this study
that transitioned from an intention to a behavior did not raise
any negative normative influences throughout the transition.

If the medicine received from an online pharmacy is legitimate,
the risks relate to addiction, inadequate medical supervision,
and poor condition management. If the medicine is poor quality
or falsified, there are additional risks such as side effects,
overdose, and death. Buying medicine online is not a problem
if the website is legitimate. Although several consumers
answered yes to “At any stage were you ever concerned that
the product(s) you were buying may have been fake, falsified,
substandard or of poor quality?”, 7 of these (#3, #4, #24, #66,
#74, #168, #182) still progressed to purchasing a product. From
this evidence, we propose that the usual societal norms and legal
medicine access norms in the online context do not appear to
inhibit the transition from intention to behavior.

Attitudes: Cost, Convenience, and Access
We present, in this paper, that attitudes toward purchasing
behavior were influenced by cost, convenience, and access,
which is also described in other studies [22].

Hall and Antonopoulos [41] described cases of patients
purchasing medicines online due to inconvenience or because
they were struggling to see a GP, when it was possible to see
the GP:

After trying to get a doctor’s appointment for several
weeks with no luck, I gave up and decided to go online
to buy the drug I wanted.

The idea that consumers were taking control of the situation
themselves due to cost and convenience was also covered in
another study by Almomani et al [22]:

There is no need to make an appointment with your
GP. Well, it takes a couple of weeks to get an
appointment in our surgery. [2QL]

Medicine access was a qualitative theme that commonly
emerged from the survey data, which also correlates with a
study by Cicero and Ellis [32] and is argued to impact attitudes.
The 2 reasons for buying tramadol online in the empirical study
by Cicero and Ellis were (1) difficulty finding a doctor to
prescribe the opioid medicine and (2) doctors who would not
prescribe enough. Both points are access-related issues that
affect PBC, appear to be augmented in the context of online
addictive drug purchasing, and increase intentions to purchase.
In the case of addictive medicines, access appears to be a key
driver of intentions. Another example from this study was
related to diazepam, and in that case, the participant who bought
the diazepam online also explained that they were motivated to
do so because their doctor refused to supply enough of the
medicine.

In this case, the participant went on to buy this medicine online
from a website that did not require an online consultation or a
prescription. This is a case of a patient bypassing the GP to
obtain medicines, which demonstrates autonomy. This is a
common case that is also reflected in quotes gathered by Hall
and Antonopoulos in their 2016 study [41].

The issue of limited access affects the participant’s attitude
toward the behavior and may be a driver to regain PBC that
encourages online purchasing behavior which appears to be
common in this study and the wider literature.
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PBC and Risk Reduction Practices
We propose that PBC affects the psychological transition from
intention to behavior. Consumers can assert their own control
in a purchasing context to mitigate against risks that develop
postintention and prebehavior, such as a consumer noticing
something suspicious about an online pharmacy. Their PBC
allows them to check the website URL against a list of approved
websites or check other customer reviews to mitigate their
negative attitudes toward that purchase [48-51].

Hall and Antonopoulos [41] identified the importance of finding
a trusted illegal source.

In order to find a “Reputable” supplier, a consumer commonly
relied on the use of risk reduction practices before purchase,
which is a form of PBC. These practices included their own
research, the company’s reputation, and online reviews (Table
2). We reason that postintention risk reduction practices
influence consumer transitions from intention to behavior. This
is supported by evidence from Filieri et al [48] and Jin et al
[49], who discussed the role of product reviews in online
decision-making. When consumers encounter convincing
information to mitigate identified risks, such as online reviews,
they tend to complete the transition from initial intention to
behavior [48]. Of course, there will be exceptions to this
transition scenario, whereby consumers’ intentional and logical
behaviors are overtaken by impulsiveness behaviors [52], which
is covered by consumer ideal type 3 in Table 3.

Behavioral Pathways: Public Health Policy
Implications
A consumer’s transition from intention to behavior, depicted
as consumer ideal types in Table 3, acts as a lens through which
to see consumer purchasing behavior patterns. This study has
its limitations; however, these ideal types could be useful tools
to help understand how different consumer groups transition
from an intention to a behavior. This may assist with targeting
individual psychological processes associated with norms,
negative attitudes, PBC, and the facilitation of behavioral change
through targeted public health campaigns. The current public
health campaign policies concerning the purchase of falsified
medicine online but do not appear to consider the different
attitudes and PBC practices that affect individuals. Instead,
public health campaigns either send an educational message
about the risks of buying medicines online or try to incite fear
into customers to deter them from the online purchase of
medicine. Viewing consumers through different ideal types will
provide public health campaign marketers with a new structured
strategy to help them target specific behavior types. For
example, consumers who demonstrate a negative attitude toward
the online purchasing behavior but tend to continue from
intention to behavior when adopting a risk reduction practice
are unlikely to find a public health campaign that incites fear
or suspicion as an effective deterrent. In those cases, these

individuals would be best served by public health campaigns
that describe safe and effective risk reduction practices such as
explaining ways to verify the legitimacy of the website or the
medicine they are purchasing.

Retail Pharmacy Marketing Implications
For legitimate online pharmacies, it may be useful to create
marketing approaches that develop upon the principles described
in this paper. These approaches may include the reassurance of
consumers with negative attitudes and sign-posting reliable risk
reduction practices to help reassure their customers. Reassurance
may include regular blogs or posts concerning the risks of
buying from illegal pharmacies; risk reduction practices to
support patients, which may include searching for privacy or
security statements [25]; or methods to verify online pharmacies
or medicines they receive from pharmacies. These practices
could be monitored using consumer metrics to understand which
strategies were most effective at converting intentions to
behaviors [53]. This argument may also hold true for marketers
in other industries, as they too could run campaigns to raise
awareness of illegal websites and ways to verify the legitimacy
of an online retailer or the products they sell.

Limitations
This study is based on a relatively small sample of participants
from the United Kingdom and Ireland and could benefit from
being repeated as part of a large, multicenter, triangulated, mixed
methods study that includes interviews, focus groups, and
observations across different regions. In addition, the data were
collected in 2018; therefore, the findings should be considered
in light of that era. This study was also based on social media
users, who may not represent a suitable cross-section of society.
However, considering the sensitive nature of the subject, it can
be difficult to recruit participants to such a study. This study is
a first step to identifying the presence of certain factors
facilitating or inhibiting a consumer’s transition from an
intention to a behavior in an online medicine purchasing context.

In conclusion, intentions do not always directly translate to a
behavior in an online medicine purchasing context, which is an
important consideration for researchers in this area. Instead, we
suggest that the transition is mediated by PBC and attitudes. In
many cases, those buying medicines online were concerned that
their medicine may be a fake but still proceeded to purchase,
which is concerning from a public health perspective. In cases
where a complete transition from intention to behavior did occur,
it was often in the absence of a negative attitude or the presence
of a negative attitude coupled with a practice to reduce risk.
The arguments in this article support the presence of a transition
phase when buying medicine online. It is hoped that this paper’s
contribution will help public health campaigners and online
pharmacy marketers to successfully target specific behavior
types and support the use of consumer risk mitigation tools.
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Abstract

The proportion of older adult drivers is increasing and represents a growing population that must contemplate reducing driving
and eventually stopping driving. The advent of self-driving vehicles opens vast possibilities with practical and far-reaching
applications for our aging population. Advancing technologies in transportation may help to overcome transportation barriers for
less mobile individuals, transcend social and geographical isolation, and improve resource and medical access. Herein, we propose
various applications and benefits that self-driving vehicles have in maintaining independence and autonomy specifically for our
aging population to preserve aging.

(JMIR Form Res 2025;9:e66180)   doi:10.2196/66180
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Introduction

In the United States, driving remains a symbol of independence
and is an important means to maintain a connection to and
identity within the community. For many community-dwelling
older adults, private vehicles remain the primary mode of
transportation. In the United States, there are over 55 million
licensed automobile drivers over 65 years of age, comprising
over 25% of the total driving population [1]. Motor vehicle
collisions are among the most common causes of nonfatal and
fatal injuries in the United States in older adults [2,3]. Older
adults have higher mortality compared to a younger population
with similar motor vehicle collision-related injuries [4]. The
association between increased dangers of driving and collisions
in the older adult population is well-known. With increasing
age comes impairments in vision and visuospatial and reaction
times, all of which make it more dangerous and difficult to
navigate safely [5]. Primary care providers and associated
interdisciplinary teams are in a unique position to assess the
fitness of older adults to drive safely and provide alternative
transportation recommendations [6,7]. Developments in
technology may also provide tools to assist with the assessment
of driving safety. For example, speech data analysis during
interactions with voice assistants has been suggested to
accurately predict future accident experiences in older drivers
[8].

Environmental factors such as congestion of roads and the
distance to the locations of goods and services can influence
driving reduction and cessation in older adults [9]. Even medical
events requiring hospitalization have been shown to correlate
with immediate or eventual driving reduction or cessation, which
ultimately compromises the autonomy of individuals [10].
Moreover, driving cessation has been associated with declines
in general health and mental, physical, social, and cognitive
function, and has even been associated with increased risk of
admission to long-term care facilities and mortality [11,12]. In
this paper, we aim to provide an updated review of current and
proposed applications of self-driving vehicles, particularly
through the integration and application of mobility as a service
to assist with prolonging the autonomy of aging persons, as well
as review the limitations and future directions that have yet to
be explored.

Towards Age-Friendly Communities

Over the past several decades, there has been a push to develop
communities and city infrastructure to be more supportive of
an aging population in areas such as housing, transportation,
and access to health care and social services. There is great
heterogeneity in the driving challenges and concerns of older
adult drivers in different geographical settings: urban, suburban,
and rural [13]. Differences in community infrastructure have
shown varying densities in the incidence of fatal crashes for
older drivers. For example, the majority of fatal crashes occurred
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on rural roads, while suburban and urban roads conferred a
different likelihood of crash location and mechanisms, such as
multivehicle crashes, as well as those within intersections versus
multilane roads [14]. The movement towards age-friendly
communities has driven the development of the World Health
Organization Global Network for Age-Friendly Cities and
Communities to provide a framework of considerations when
developing age-friendly environments [15]. These include the
development of technologies, services, and systems to transcend
physical and social barriers that can promote the inclusion and
continued integration and engagement of older adults in the
community. As there are increasing needs in the rapidly growing
older adult population, there will be an increased need to develop
innovative strategies to meet them.

Self-driving vehicles hold promise in maintaining autonomy
and maintaining independence to allow living in and remaining
at home for as long as possible. When the option of driving
autonomy is exhausted, one begins to recruit assistance from
social networks comprising relatives, neighbors, and friends.
However, as social networks organically decrease among an
aging population, socially isolated individuals may not have
the luxury to call on such assistance. The reliance on public
transportation as a primary mode of transportation is not always
feasible nor uniformly available across the United States.
Extreme temperatures and climates during the winter and
summer months may furthermore be a barrier for older adults
to use public transportation. Volunteer transportation programs,
senior services, or service operations that charge a small fee are
available but are met with similar limitations in access
depending on the local infrastructure and individual
socioeconomic status. Therefore, finding a reliable and
affordable means of transportation remains a great challenge in
our aging society.

Applications of Self-Driving Vehicles

Self-driving (also known as autonomous) vehicles present a
promising alternative and emerging transportation option for
our older adult population [16,17]. Semiautonomous vehicles
already have applications for use as cognitive-assistive devices
for community-dwelling older adults owing to features such as
onboard navigation, parking assistance, lane departure, and
collision avoidance technologies [18]. As fully autonomous
vehicle technology continues to develop, the applications are
far reaching. By freeing the need to engage another
community-dwelling adult or one in the social network, the
availability of transportation options will inadvertently increase.
In metropolitan areas where self-driving vehicles have been
launched as mobility services, many individuals are already
using these mobility services for commuting to and from work.
The use of this technology in the older population can help to
close the divide in populations otherwise socially isolated and
enable them to once again be independent through their
community and be able to engage in the community-based or
group activities they once enjoyed. It would significantly relieve
the caregiver’s burden of having to provide transportation to
and from medical appointments, the grocery store, barber shop,
or other social functions and leisure activities. Similar mobility
service efforts are seen in the European Union and Asia, where

working towards cooperative, connected, and automated
mobility is being optimized to embolden digital connectivity
between vehicles, the transportation infrastructure, and other
road users. These so-called cooperative intelligent transport
systems are the foundation for the widespread use and
applications of these technologies to provide services for
otherwise homebound community-dwelling older adults with
limitations that would preclude them from independent and safe
utilization of their own motor vehicles.

As the market is already saturated with home food and medical
supply delivery services, self-driving vehicles can eventually
be equipped to undertake these tasks, thereby relieving the
current workforce to engage in other areas of need. As much of
the home delivery services rely on assistance from
community-dwelling adults, these individuals would now have
increased caregiving capacities for their aging community and
loved ones, to serve in capacities where technology is unable
to provide assistance. Some of the country’s largest ride-share
companies are already pioneering the driverless vehicle space
by partnering with home-based care agencies [19]. By increasing
the capacity and affordability of these services, the use of these
technologies can help to provide solutions to building more
equitable age-friendly, disability-friendly communities.

Similar advantages of self-driving vehicles can be extended to
mobility-isolated persons or those with disabilities. In order to
optimize accessibility to these populations, car designs should
be optimized to be age-friendly and wheelchair accessible, such
as being equipped with a ramp or capacity for the vehicle to
lower itself to the curbside. Vehicles such as Toyota Sienna’s
“Autono-MaaS” (Autonomous-Mobility as a Service) vehicles
are already incorporating these features in partnership with
transportation companies to provide increased transportation
options for those with disabilities. Companies such as May
Mobility and Via have launched new and free self-driving shuttle
services called “Accessibili-D” for the local inhabitants of
Detroit, Michigan aged 65 years and older or those with
disabilities [20]. These on-demand shuttle services have
deployed similar services in Texas, Arizona, and throughout
Michigan and have expanded into retirement communities. The
“goMARTI” (Minnesota’s Autonomous Rural Transit Initiative)
in Grand Rapids, Minnesota, was the first pilot to provide free,
on-demand rides with the American Disabilities Act
(ADA)-compliant vehicles to improve mobility to those
otherwise mobility-isolated in rural areas and during inclement
weather [21].

With the continued development of artificial intelligence (AI)
technology, medical capabilities could eventually be installed
in autonomous vehicles to be able to detect and respond to
medical emergencies. They could be equipped with emergency
medical supplies in addition to sensors and technology that
could detect the need to redirect to the nearest medical center,
connect with a remote telemedicine provider, or provide basic
equipment such as oxygen or epinephrine pens when indicated.
Vehicles could even be engineered to detect mood fluctuations
including depressed, anxious, or agitated states, and be equipped
with robotic animal interventions for temporal therapy or
connect individuals to telemedicine assistance or crisis response
teams. These so-called autonomous mobile clinics equipped
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with AI software, medical diagnostic detection, equipment, and
telemedicine capabilities could reshape and facilitate prompt
medical care and can even help to bring medical care to
once-difficult-to-reach, more rural populations [22,23].
Epidemiologically conscious uses of self-driving vehicles have
already been piloted in the days of the COVID-19 pandemic,
such as contactless goods transportation and transporting patients
in isolation to prevent exposure to other high-infection risks.
Nevertheless, such widespread integration and the adoption of
clinical applications of AI have yet to be subject to thorough
clinical validation and approval by the appropriate regulatory
authorities [24].

Challenges and Limitations

The limitations of self-driving vehicles are many, and as far as
our imaginations can carry us considering the tremendous
potential these technologies have to offer, so too do foreseen
issues and concerns arise. Hypothetical issues of the unknown
have guided various expert opinions. Driving principles in regard
to road user safety are expected to be upheld; however, there
are countless scenarios by which these self-driving vehicles
must navigate tensions between obeying the traffic code and
avoiding human harm. This highlights the importance of the
translation of these frameworks into the engineering of such
self-driving vehicles to guarantee consistency and safety in
behavior that is driven by automated technology [25]. Moreover,
in addition to predicting the unpredictability of road interactions,
passenger safety is needed as well. For example, in caring for
an older adult with dementia, one with limited mobility, or one
with mental health concerns, it is important to have the assurance
of safety for the otherwise vulnerable adult, such as precluding
drop-off into an unfavorable environment. For example, a person
with compromised cognitive abilities may not recognize that it
may be unsafe to be outside for extended periods of time in a
heatwave, or a person with impulsivity may not comprehend
the dangers of going to a casino. Such ethical dilemmas tread
the fine line between autonomy and paternalism, especially
when such technology works to expand the independence and

autonomy of an increasingly diverse, vulnerable population.
Whether autonomous vehicles should have the ability to override
the decisions of their passengers under the pretense of
responsibility for safety over vulnerable populations or risk the
repercussions for invading the right to autonomy has yet to be
explored.

The implications of AI software on passenger privacy in
autonomous vehicles will always be a concern. As the software
of these autonomous vehicles could potentially be targets of
cyberattacks, the kind of protections that would be placed on
ensuring the safety of its passengers is important. Moreover,
the use of these technologies would result in varying perceptions
and attitudes from different potential users, all of which are also
important. Various small-scale studies have captured such
perceptions in the older adult population, including in persons
with dementia [26-31]. It is important, therefore, to address
targeted user populations’concerns about the cost, functionality,
performance, and trustworthiness of the automated vehicles to
suit their needs. Social determinants of health can also affect
the accessibility of these technologies and have the potential to
further marginalize underserved communities and populations;
therefore, affordability needs to be considered. By partnering
with local, state, and national departments of transportation and
agencies on aging, solutions are needed for the promotion of
equity, accessibility, and inclusion of all the mobility needs of
older adults as well as individuals with disabilities and
caregivers, regardless of the socioeconomic status.

Conclusion

In summary, the advent of self-driving, or autonomous, vehicles
can have beneficial effects on how individuals are able to age
while ensuring autonomy. We are presently at a unique
crossroads of personalizing this developing technology to
facilitate and optimize independence for the older adult
population and maintain autonomy for as long as possible.
Engaging the proper stakeholders may enable the rapid
development of these technologies to promote a more
age-friendly society.
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Abstract

The integration of large language models (LLMs), as seen with the generative pretrained transformers series, into health care
education and clinical management represents a transformative potential. The practical use of current LLMs in health care sparks
great anticipation for new avenues, yet its embracement also elicits considerable concerns that necessitate careful deliberation.
This study aims to evaluate the application of state-of-the-art LLMs in health care education, highlighting the following shortcomings
as areas requiring significant and urgent improvements: (1) threats to academic integrity, (2) dissemination of misinformation
and risks of automation bias, (3) challenges with information completeness and consistency, (4) inequity of access, (5) risks of
algorithmic bias, (6) exhibition of moral instability, (7) technological limitations in plugin tools, and (8) lack of regulatory
oversight in addressing legal and ethical challenges. Future research should focus on strategically addressing the persistent
challenges of LLMs highlighted in this paper, opening the door for effective measures that can improve their application in health
care education.

(JMIR Form Res 2025;9:e51319)   doi:10.2196/51319
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Introduction

Artificial intelligence (AI) as a field of computer science
research aims to maximize the development of software tools
that capacitate machine-based simulation of human intelligence
within defined parameters [1]. Often described as the pinnacle
of information technology of this century, its integration into
the greater boundaries of human infrastructure is expected to
both fundamentally and permanently revolutionize the ongoing
information age.

Large language models (LLMs) represent deep learning
architectures called transformer networks [2]. It relies on neural
networks that discerns the relationships within and between
sequential data. Generative AI models, such as the generative
pretrained transformers (GPT), collectively operate under such
deep learning neural networks, thereby allowing for the training,
processing, and analysis of large quantity of complex data to
be possible at an exceptional rate and accuracy [3].

With the power of NVIDIA’s graphics processing units, OpenAI
announced a 175 billion parameter language model (GPT-3.0)
to the public in June of 2020 [4]. GPT-3.0 has quickly garnered

international attention for its ability to summarize, translate,
classify, and engage in real time, generating detailed and
human-like response to user queries. Since its release, a plethora
of domain specific LLMs (such as Med-PaLM) and alternative
models (such as Gemini and Claude) with advancements in
multimodal capabilities have emerged [5], significantly
enhancing the breadth of publicly accessible LLMs.

In May 2024, OpenAI introduced ChatGPT 4o (omni), an
advanced iteration built on the GPT 4 model, which continues
to establish new standards for LLMs. It incorporated various
advancements over its predecessors and contemporary models,
including improved performance in complexity, specialization,
multilingual capabilities, and resource optimization [6].
Furthermore, OpenAI’s integration of multimodal tools within
the GPT interface has enabled the model to comprehend and
generate responses based on both visual and verbal inputs.
Specifically, the integration of DALL-E, a text-to-image model
[7], along with the advanced data analysis feature [8], has
expanded the traditionally text-based nature of LLMs into a
more versatile, information integrating modality.
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Despite the ongoing “AI race” that continues to raise the bar
for generative AI technology, its integration into health care
education poses significant and multifaceted challenges. In
recent years, the shift toward embracing AI in education has
gained more momentum, as highlighted by New York City’s
decision to rescind its previous ban on ChatGPT [9]. To this
end, the primary objective of this review is to identify potential
risks and propose effective mitigation strategies that developers
of LLMs should adopt to facilitate their successful integration
into health care education.

Risks of Large Language Models in
Health Care Education

Overview
This section evaluates the current risks and limitations associated
with the use of LLMs in health care education. It aims to
highlight specific areas of concern that must be addressed at
both individual and systemic levels. Figure 1 provides a
summary of these issues through a flowchart.

Figure 1. Assessing risks and limitations of large language models in health care education. AI: artificial intelligence.

Threats to Academic Integrity
LLMs, like GPT-4o, provide individualized learning assistance
tailored to the specific user demands. The increasing power of
LLM’s ability to process nuanced language understanding, along
with enhanced problem thinking skills make it incredibly
enticing for students to exploit its use under academic settings,
both knowingly and unknowingly [10]. With increasing reliance
on virtual learning platforms and learning management systems
in health care education [11], AI-generated texts in particular
compromise academic integrity by blurring the distinction
between human and machine ingenuity.

Despite the actuation of detection software tools designed to
combat AI-generated plagiarism (such as GPTZero),
technological limitations and high error rates of these AI content
detectors have been well-demonstrated [12-15]. In July 2023,
OpenAI officially terminated its own AI detection software, AI
Classifier, citing high false positives and inconsistent
performance [16]. Comparative studies further affirm that
neither human evaluators nor AI detectors are effective in
identifying AI-generated medical literature [13]. Furthermore,
generative texts can be easily modified to evade AI detection
through simple grammatical adjustments, such as with the

addition of adverbs or the use of synonyms [17,18].
Unsurprisingly, the widespread availability of AI-based
plagiarism removal tools, such as Writehuman, leverages these
strategies to convert AI-generated texts to appear more
human-like, which may inadvertently discourage personal
authenticity. Therefore, LLM’s flexibility and immediacy in
generating original, user-specific contents render the detection
of AI-based plagiarism increasingly impractical [17].

The growing inability to differentiate between human and
machine-generated writing poses significant threats to the
principles of academic integrity, namely “honesty, trust, fairness,
respect, and responsibility” [19]. For instance, the ethical
controversy surrounding Elsevier’s AI author policy, which led
to a publication featuring an AI-generated introductory sentence,
underscores the already pervasive exploitation of LLMs in
academic writing and research [20]. The long-term repercussions
of incorporating LLMs in education, such as the risk of
over-reliance, erosion of critical thinking and problem-solving
abilities, the deterioration of writing and summarization abilities,
challenges associated with verifying information, and many
more, have been well discussed [21,22]. In an era of infobesity,
health care educators and LLM developers must establish clear
policies and expectations that promote transparency and foster
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dialogue about the use of AI-integrated technology, while
actively working to minimize the associated risks.

Dissemination of Misinformation and Risks for
Automation Bias
LLMs are engineered to generate a response by predicting the
most probable response from input strings of its users. However,
the details of both the data sources and the quality of data, along
with specific parameters that are used to train LLMs, continue
to remain undisclosed [23-25]. Such “black box” nature of
LLMs pose challenges in assessing their reliability and
robustness in health care applications [26-28], where information
accuracy in health care knowledge is directly associated with
the effectiveness of patient outcomes [29]. Any inaccuracies or
misinformation generated by these models can manifest into
inappropriate treatment strategies, misdiagnoses and professional
incompetence that collectively lower the quality of health care
delivery [30].

Despite receiving reinforcement learning from repetitive user
feedback [31] and significant algorithmic improvements made
to address AI hallucinations [32], both ChatGPT-Free and
ChatGPT-Plus continue to remain susceptible to disseminating
misinformation [24,33-35] and knowledge fabrication [36]. In
a comprehensive meta-analysis assessing the performance of
ChatGPT-3.5 in medical inquiries, the overall accuracy was
found to be 56% [37]. Similarly, in a cross-sectional study
comparing ChatGPT-3.5 and ChatGPT-4o with 284
physician-developed medical queries, only 50% of the responses
were accurate [28]. Mounting evidence from domain-specific
research [25,28,38-42] increasingly highlight significant
concerns surrounding the accuracy and reliability of model data,
pointing to their consistently poor performance in the context
of health care education and clinical decision making.

Furthermore, LLM generated contents are highly vulnerable to
committing source-based plagiarism, as it readily produces
fabricated or inaccurate reference when asked to provide one
[23,32,43]. This makes it impossible for users to reliably track
and retrieve source information for verification [44] . Another
persistent issue in the programmed nature of ChatGPT is its
tendency to present information using bullet points. Although
this format appears effective, it can inadvertently spread logical
fallacies and misinformation. The hierarchical structure can
misrepresent the significance of information, leading to
inconsistencies that could unintentionally violate clinical
practice guidelines [39].

To mitigate such concerns, OpenAI integrated third-party web
plugins for GPT-4o, enabling the model to access the internet
in real-time [45]. However, such strategy aggravates automation
bias [27], where overreliance on AI capabilities increase the
risks for AI solutionism. The dangers of AI solutionism have
been highlighted by instances where AI-generated medical
literature has successfully deceived human experts in broader,
nonspecialized subject fields [14]. As a result, both health care
students and clinicians may struggle to fulfill their responsibility
to critically evaluate authentic knowledge from unverified
information, impeding information seeking and processing
abilities [10].

Without stringent regulatory frameworks and transparent
disclosure of its training datasets, LLMs will struggle to gain
the credibility necessary for integration into health care
education and clinical practice. For this purpose, the
development of a specialized, scaled-down and health care
optimized LLMs, such as Google’s Med-PaLM 2, will be
essential. Mitigation steps toward enhancing the reliability
LLMs in health care education include prioritizing transparency
in training datasets, improving information accuracy within
smaller datasets, ensuring the deidentification of medical data,
and making algorithmic advancements to minimize AI
hallucinations.

Challenges With Information Completeness and
Consistency
Information completeness measures the extent to which a dataset
is comprehensive. Data are considered complete when they
encompass all required and relevant data fields, without any
omissions [46]. LLMs, despite being built on vast body of
knowledge, are susceptible to generating incomplete or partial
representations of their knowledge dataset. Consequently, this
leads to inconsistencies in the quality and comprehensiveness
of their outputs [42].

In a study using a 3-point Likert-scale to measure completeness
of ChatGPT’s response to 180 medical queries, GPT-3.5 only
scored 53.3% in terms of answer comprehensiveness [28].
Similarly, when GPT-4o’s responses to clinical case questions
were evaluated using the same scale, the model scored 53.3%
in answer completeness [47]. In a different study, majority of
the correct medical responses generated by GPT-3.5 were
labeled as incomplete, where the omission of decision-making
cut-offs, treatment strategies, and durations [38] greatly
undermined information completeness. These findings were
corroborated in another study, exhibited by GPT-3.5’s lack of
insights into treatment efficacy and age-or patient-specific
recommendations, resulting in a 45% score in comprehensive
output [48]. It is important to note that, when queried
individually about such specific components, ChatGPT
demonstrates understanding of relevant body of knowledge but
fails to perform systemic and comprehensive integration of them
under complex user requests.

As a natural extension of these observations, LLMs, such as the
ChatGPT series, exhibit limited proficiency in generating
outputs based on complex and information-rich inputs. This
inverse relationship between input quantity and output quality
has been well demonstrated by ChatGPT’s tendency to produce
ambiguous response when addressing lengthy medical queries
that involve complex clinical context and nuance [49,50].
Furthermore, the GPT series were found to lack human-like
understanding required for medical training, often leading to
absurd responses [34]. The model’s inability to fully grasp and
accurately synthesize complex medical information undermines
their reliability, leading to a phenomenon called “model
overconfidence” [44] that generate imprecise and erroneous
outputs. This supports the narrative that LLMs require robust
oversight to fine-tune data consistency for the model to perform
reliably [19].

JMIR Form Res 2025 | vol. 9 | e51319 | p.4234https://formative.jmir.org/2025/1/e51319
(page number not for citation purposes)

Kim & VajraveluJMIR FORMATIVE RESEARCH

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


Along with information accuracy, information completeness is
a critical component of the overall quality of information
generated by LLMs. Developers of LLMs must refine the
model’s ability to consistently produce comprehensive and
contextually accurate outputs based on improving both the
quality and quantity of data parameters. Addressing these
deficiencies is imperative in augmenting the applicability of
LLMs in health care education.

Inequity of Access
Monetization of certain LLMs, such as seen by Open AI’s
distribution of ChatGPT-Plus by a monthly subscription service

[51], raise ethical concerns with regards to fair and equal
accessibility to information. The vast majority of LLMs, with
the exceptions of Gemini [52] and ChatGPT-Plus (Figure 2),
lack real-time web access and, therefore, are incapable of
retrieving information beyond their trained datasets. This
undermines both the quality and consistency of the information
that LLMs present, which renders the knowledge databases of
most accessible LLMs presently outdated [9]. Figure 3
demonstrates how misinformation proliferates from outdated
databases.

Figure 2. ChatGPT model differences in internet access capabilities.
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Figure 3. Understanding misinformation risks in ChatGPT-Free.

Generative AI tools, like most other automated technological
infrastructures, have inherent disparate impacts and thereby are
less accessible to those whose training data are unavailable or
inadequate for a specific language other than English (disparities
in both language [53] and cultural proficiency [54]), those
without necessary technology for access and limited digital
literacy [55] those with physical disability and or impairment
[56], and those with intellectual disability and or psychiatric
impairments [57]. The monetary approach to the production of
a premium service of GPT introduces economic disparity to the
above list, where those that cannot afford subscription fees (US
$20/month for ChatGPT-Plus [51]) are at a risk of aggravating
digital divide disparity [58].

By this notion, standard search engines greatly outcompete
LLM’s use when it comes to both data reliability, uniformity,

and completeness [26]. In other words, LLMs that provide
incomplete or superficial information, often with significant
delays in information currency [27], offer limited value in the
fast-paced realms of health care education, research, and clinical
practice.

A review (n=21) was conducted to compare information
accuracy between the premium and free versions of ChatGPT
using studies from PubMed and Google Scholar (Tables 1and
2). Inclusion criteria were based on analysis focused on health
care education and clinical management, categorizing literature
by subject matter to calculate mean accuracy differences.
Categories were carefully defined to minimize selection bias,
distinguishing between subjects such as “question banks” and
“board exams,” acknowledging GPT-Plus’s expansive data
access compared with that of GPT-Free.
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Table . Comparative analysis of accuracy discrepancies: GPT-3.5 versus GPT-4.0.

Accuracy levels (%) by category
(n=7), mean (SD)

Reported percentage difference in
accuracy levels between GPT-4.0
versus GPT-3.5 in corresponding
literature, %

StudySubject and category of comparison

25.46 (4.14)29.1, 27, 20, 22.2, 29.6, 29, 21.3[59-65]Board, entrance, and licensing ex-
ams

18.41 (4.47)17.7, 10, 22, 23.8, 20.2, 16.5, 18.7[66-72]Question banks, mock exams, self-
assessments

15.67 (8.17)12.3, 27.8, 27, 10, 10.42, 13.6, 8.6[73-79]Clinical case, clinical questions,
referencing

Table . Cross-tabulation of performance accuracy of GPT versions.a

Total, nStudies reporting an accuracy of
<70% (–), n

Studies reporting an accuracy of
≥70% (+), n

21318ChatGPT-4.0 (PLUS)

21192ChatGPT-3.5 (FREE)

422220Total

aP<0.001. P was calculated as follows: P = ([a+b]![c+d]![a+c]![b+d]!)/a!b!c!d!n!

This review demonstrates that ChatGPT-Plus significantly
outperforms the free version in information accuracy, with
statistical significance confirmed by Fischer exact test (P<0.001)
at a 95% CI. The study sets a 70% accuracy threshold for binary
classification, highlighting a profound performance capability
between the 2 versions. These findings raise significant concern
about the potential for a digital divide, driven by the differential
AI capabilities between the paid and free versions of LLMs.

Without a large-scale regulatory measure that dictate the
quantifiable discrepancies in model capabilities between its free
and premium editions, the ongoing rapid evolvement of AI
technology will continue to create a stark polarity in equitable
resource distribution [80]. In other words, development may
further aggravate discrepancies in knowledge access and
information availability in resource-constrained environments,
particularly jeopardizing information accessibility in low-income
demographics or users of 3rd world countries [55].

Risks of Algorithmic Bias
LLMs propagate algorithmic biases rooted in their training data,
often leading to medically inaccurate and discriminatory
responses. While no algorithm is designed to be innately and
or deliberately discriminatory [81], they inevitably inherit and
amplify existing sociocultural and historical biases embedded
in their training [82,83]. In health care education and clinical
practice, where racial misinformation persists [84], the
integration of LLMs risks perpetuating biases, potentially
leading to clinical errors and malpractice with significant
repercussions.

LLMs, such as the ChatGPT series, Gemini, and Claude, have
been demonstrated to perpetuate race-based biases in medicine,
which unfortunately reflect and exacerbate existing health care
disparities [85]. These models often recommend inconsistent
treatment strategies for patients of different racial backgrounds,
rooted in flawed assumptions about biological variations, such

as differences in pain tolerance [86] and kidney function [87].
Furthermore, the GPT series has been criticized for promoting
demographic stereotypes, which disproportionately associate
certain diseases with specific races, ethnicities, and genders
[88].

Furthermore, research has highlighted the influence of racial
classification on the outputs generated by ChatGPT models.
For instance, when users identified their race in questioning
about HIV, ChatGPT-4o provides more detailed and supportive
responses for White and Asian groups, while generating often
overlooked or generalized responses by American Indians,
Alaska Natives, and Pacific Islanders, reflecting bias in its
training data [89]. These findings underscore the alarming need
for developers of LLMs to re-establish bias-free training
database to prevent reinforcement of discrimination.

Integration of LLMs to current practices and delivery of health
care cannot proceed without significant algorithmic refinements
and regulatory oversights that filter out both historical and
existing biases. Having a high potential to act as a supplementary
diagnostic tools and decision aids [50], the use of LLMs will
impact health care education and, consequently, clinical
outcomes. Furthermore, in an increasingly digitalized world,
LLM’s direct access or possible integration to electronic health
record software can exacerbate existing discrimination. This
can contribute to the polarization within social infrastructure
on multiple levels.

Exhibition of Moral Instability
Moral competence in professionalism is grounded in the
“knowledge, skills, and attitudes” required to address ethical
issues [90]. Health care professionals regularly confront such
challenges due to threats that substantiate ethical values and
integrity [91]. Hence, ethics education in health care is crucial
in preparing students to navigate ethically challenging workplace
scenarios [92]. Therefore, it is vital to assess how comparable

JMIR Form Res 2025 | vol. 9 | e51319 | p.4237https://formative.jmir.org/2025/1/e51319
(page number not for citation purposes)

Kim & VajraveluJMIR FORMATIVE RESEARCH

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


LLMs are to humans in exerting stability and moral soundness
when confronted with ethically challenging scenarios.

The lack of a firm moral stance in LLMs like the GPT series,
coupled with their tendency to dispense moral advice, has been
critically evaluated [93]. Research reveals that GPT-3.5 often
generates contradictory responses to identical ethical dilemmas,
offering recommendations that are shallow. It was also found
that GPT corrupts user’s moral competence by influencing user
judgement, thereby undermining human autonomy. Similarly,
while GPT-4o has shown success in identifying complex ethical
dilemmas in medicine, it exhibits limited proficiency to fully
encode the depth of real-world ethical challenges, particularly
lacking understanding of “relational complexities and
context-specific values” [94].

On a more positive note, ChatGPT-3.5’s high accuracy in
correctly answering bioethics questions [95,96] supports its
possible use as an assistance or a reference tool in clinical
decision-making. It accentuates a potential for GPT’s ability to
accurately address challenging contextual scenarios requiring
high social intelligence and a firm grasp of ethical theories.

Technological Limitations in Plugin Tools

Overview
The rapid advancement of LLMs has driven the assimilation of
multimodal technologies, such as text-to-image models and data
analytics tools. However, their direct application in health care
education presents numerous challenges, which are summarized
in the flowchart shown in Figure 4.

Figure 4. Exploring technological limitations in multimodal plugin tools for LLMs. LLM: large language model.

Inadequate Image-Generating Capacity
The integration of the text-to-image generation model such as
DALL-E and Stable Diffusion 3 into LLMs has enabled the
generation of original and photorealistic images based on user
descriptions [7]. This capability allows for multimodal input
from a single user interface representing a significant
advancement in AI technology. While the potential for such
tools to advance health care education is recognized, practical
applications seem distant, which require advancements to meet
the rigorous standards required to train health professionals.

The most prominent technological deficiency of DALL-E and
other built-in text-to-image AI models is its struggle with
accurate text generation within images [97], which leads to
production of inaccurate or nonsensical content. The illiteracy
of these models diminishes its utility in health care education,
particularly in subjects such as physiology and pharmacology,
where accurate labeling and annotation in visual learning
materials are critical.

Furthermore, the evaluation of DALL-E’s limited capabilities
in generating accurate medical imagery across various specialties
has been highlighted. While DALL-E 2 can produce realistic
radiographs, it poorly depicts pathological abnormalities such
as tumors or fractures [98]. Furthermore, its generative
capabilities for more complex imaging modalities, such as CT,
MRI, and ultrasound, were found to be erroneous. In a similar
study, DALL-E 3’s ability to generate ECG tracings was
assessed, revealing that the depicted waveforms were neither
physiologically accurate nor interpretable [99]. In dermatology

research, DALL-E 2 successfully and correctly illustrated only
20% of prevalent inflammatory skin conditions [100]. Such
findings underscore the current limitations of text-to-image
models, which lack both the understanding and capability to
generate complex and pathologically accurate diagrams required
for health care applications.

These evaluations collectively suggest that text-to-image models
such as DALL-E, by design, is optimized for visual creativity
and authenticity, but fall short of achieving clinical precision.
Even if future iterations of DALL-E manage to address both
textual and contextual complexities more effectively, concerns
remain regarding about its performance in both consistency
accuracy. The extent to which DALL-E can effectively combine
“concepts, attributes, and styles” [101] for reliable
representations for health care education remains a complex
area for algorithmic development.

Poor Data Analysis Skills and Statistis Powerhouse
An emerging feature of LLMs is the integration of external
plugins that enable advanced statistical functions and data
analytics. Initially, LLMs, such as the early iterations of the
GPT series, were criticized for their poor arithmetic capabilities
[102]. ChatGPT’s advanced data analysis feature (formerly
known as code interpreter or python sandbox) can now perform
a wide range of tasks that involve data analysis, statistical
analysis, mathematical calculations, programming, file
manipulation, text processing, to name a few [8]. The
assimilation of such robust data-analytic tools to natural
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language processing is expected to broaden LLM’s applicability
in health care education, research, and clinical practice.

However, when evaluated against biostatistics questions derived
from the Oxford Handbook of Medical Statistics, the GPT series,
encompassing both premium and free iterations, demonstrated
a mean accuracy rate of 55% [103]. In this study, GPT-3.5

consistently failed in analysis of variance, χ2 test, and sample
size calculations. In a similar study, GPT-3.5’s accuracy in
general statistical analysis was found to be only 50% [104]
indicating a significant technological gap. This limitation is
primarily driven by the model’s tendency to employ
inappropriate statistical tests that engender data
misinterpretation. Furthermore, GPT-4o’s poor performance in
advanced statistical methods for epidemiological studies has
been highlighted, with authors cautioning against its use beyond
intermediate levels in data analysis [105].

To transform LLMs into a more powerful tool for information
integration in health care education, their development must
advance alongside improvements in data analytics and
presentation capabilities. Incorporating more specialized analytic
tools with enhanced model accuracy will significantly ease the
performance and interpretation of analytical results, thereby
supporting diverse research efforts in the health care field.

Legal and Ethical Challenges of
Integrating Large Language Models in
Health Care Education

Overview
The rapid advancement of LLMs in the lack of strict regulatory
or legal frameworks, has led to unforeseen bioethical challenges
in both health care education and clinical management. These
emerging issues are summarized in Figure 5, which provides a
visual overview of the complexities that need to be addressed.

Figure 5. Navigating legal and ethical challenges in integrating large language models into health care education. EHR: electronic health record; EMR:
electronic medical record; HIPAA: Health Insurance Portability and Accountability Act.

Privacy and Health Insurance Portability and
Accountability Act
Biomedical libraries or medical research databases, which
collects and stores valuable and comprehensive health
information, is a highly useful data for training LLMs [106].
Although patient data is stringently protected through
deidentification, reidentification of personal information has
been made possible through cross-referencing with other
databases [107].

Furthermore, LLM’s interaction with patient or health care
professionals could, in principle, collect and analyze personal
health records, such as but not limited to medical histories and
sensitive lab values into its own database [44]. The foreseeable

integration of LLMs to both electronic health records and
electronic medical records greatly heightens privacy concerns
[108], as it involves exchange of information between 2
databases. This can drastically reduce the efforts made to
anonymize confidential medical records. This has a potential
to violate health insurance portability and accountability act
and pose legal challenges as to how best to ensure the privacy
regulations and protection of private data without compromising
technological integrity and use of LLMs.

Ambiguity in Determining Legal Liability
Since its release, LLMs raised controversies over legal
accountability for the absence of regulatory measures in
protecting patients against clinical malpractice [44]. The
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question fundamentally lies in who should be held liable for the
potential harm that LLMs pose through its inaccurate clinical
decisions or propagation of medical misinformation.

Noting the fact that OpenAI currently disclaims all legal
responsibilities over the potential harm its generated contents
may circulate [109], it is therefore inherently ambiguous and
challenging to determine how legal liabilities and frameworks
should be established in events of medical malpractice or errors
that involve GPT usage. Such ambiguity highlights the urgency
for legal guidelines to protect both patients and clinicians, while
underscoring the need for AI licensing or development of
domain specialized LLMs with added regulatory measures.

Medical Disinformation
LLMs can be intricately manipulated by malicious users to
produce and disseminate medical disinformation: a phenomenon
better known as “medical deepfakes” [110]. With LLM’s
increasing advancements in both written and visual realism,
unethical exploitation is possible on both individual and
collective levels, for example, falsifying personal medical
records or creating fraudulent high-impact medical journals
[111]. Therefore, the integration of LLMs into health care
education and practice presents unprecedented regulatory and
legal challenges, particularly in determining liability for medical
forgery and falsification. Much like how other forms of AI
deepfakes are criminalized [112], there needs an urgent
legislative oversight to prevent the emergence of health care
fraud.

Discussion

LLMs have great potential to augment and elevate health care
education. To do so, developers must demonstrate heightened
standards in ensuring security, accuracy, transparency, equity
and sustainability of AI models to establish long-lasting
reliability with human users. Furthermore, different stakeholders,
especially those in bioethics, legislative, and regulatory bodies
must also contribute relentlessly to systemically minimize both
foreseeable and long-term repercussions of incorporating AI
into the deeper boundaries of everyday human lives.

Therefore, future research endeavors must be oriented toward
strategic mitigation of persistent flaws and limitations that this
paper has attempted to address as few. With robust and
constructive understanding of its current flaws, it opens many
new avenues for research that can collectively remediate current
shortcomings for its application in health care education. Such
efforts will also allow for a greater control over this technology,
thus allowing a more symbiotic relationship with generative AI
technology.

Much like how the internet and computers have permanently
altered human life [113], it is conceivable that future iterations
of LLMs could become indispensable tools tailored for
intellectual and professional productivity, akin to a Swiss army
knife, in the expanding information age.
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AI: artificial intelligence
GPT: generative pretrained transformer
LLM: large language model
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Abstract

With the increased use of digital health innovations in Canadian health care, educating health care users, professionals, and
researchers on the ethical challenges and privacy implications of these tools is essential. The Datum project, funded by the
Fondation Barreau du Quebec, was created to help these actors better understand legal and ethical issues regarding the collection,
use, and disclosure of digital health data for the purposes of scientific research, thereby enhancing literacy around data privacy.
The project consists of a multimedia website divided into legislation and policy documents and narrative-based video content.
Users can access the core legislation and policies governing the collection and use of health care data geared toward researchers
and health practitioners. Users can also view the narrative-based video content explaining key concepts related to digital health
data. The Datum project makes an original contribution to the field of law and ethics in health science research by using novel
approaches, such as learning health systems and data banks, to improve equity in health care delivery and by generating multimedia
content aimed at encouraging health care users to become better consumers and supporting the collective use of their data. The
Datum project also promotes digital literacy as a digital communication tool, which has the significant potential to improve health
outcomes, bridge the digital divide, and reduce health inequities.

(JMIR Form Res 2025;9:e60832)   doi:10.2196/60832
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The Digital Health Landscape in Canada

The landscape of digital health data in Canada is multifaceted,
encompassing issues of access, cultural relevance, policy
implementation, and ethical considerations in using digital health
tools in medicine [1]. There is a growing recognition of the
potential for digital health innovations to meet the health care
needs of Canadians, notwithstanding the challenges and
complexities of integrating digital health data in health systems
[2]. Public health research highlights the ethical challenges and
privacy implications of using digital public health tools,
emphasizing the need to find solutions while harnessing their
potential [3]. Gasser et al [3] investigated the impact of using
big data for health research and surveillance on the public
demand for transparency, trust, and fairness. Such ethical
challenges may be overcome by balancing risks and benefits to
individuals and populations while educating consumers on this
topic.

The Datum project aimed to support health care users,
professionals, and researchers to better understand the legal and
ethical implications of digital health data. There was a need for
accessible ways of understanding the collection, storage, and
uses of data and how data can be leveraged to meet the

objectives of scientific research. Multimedia content and a
library of resources were developed to achieve this end.

Background: Genesis of the Datum
Project

The word “datum,” the singular of data, originates from the
Latin verb dare, meaning “to give.” As an act of giving, data
may be viewed as not only the result or object of research but
also an object arising from a relational context. When patients
consent to participate in a research study, they agree to “give”
researchers information about their health and health outcomes.
The process of collecting, using, and aggregating this
information turns it into data that involves the interests of those
who originally shared it.

Digital health data are revolutionizing medicine, driving
personalized and measurement-based care approaches, informing
evidence-based practices, enabling population health
management, facilitating early intervention services, supporting
research and innovation, and transforming ways of delivering
and monitoring health care [4,5]. Analyses of health data reveal
the patient’s unique characteristics, risk and protective factors,
and treatment responses while providing information on service
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outcomes [6]. This allows providers to develop more tailored
and precise medical interventions, including targeted therapies
and personalized treatment plans while improving the quality
of services [7,8].

Influenced by the growing importance of digitalized data, recent
legislative and regulatory changes require researchers to
carefully consider the relational aspects of data and how data
about people is collected, processed, and used. The European
Union, through the General Data Protection Regulation,
spearheaded early efforts to address these issues, establishing
a global standard regarding the responsibilities of those who
act as the custodians of data [9]. Recent legislation in the
Canadian province of Quebec (eg, Law 25) recognizes the need
for enhanced privacy and confidentiality policies, a clearly
informed consent process for research participants, and
governance frameworks outlining these policies [10].

This rapidly evolving issue calls for enhanced literacy around
digital health data, empowering patients, caregivers, and
providers to engage with data policies, ask questions, and
increase their understanding of their privacy rights. Literacy
about data privacy enables individuals to make informed
decisions about the extent to which they share their personal
information and to advocate for their privacy rights within the
broader data governance framework [11].

It is important to empower health care users to support the
collective use of data, which extends beyond individual interests,
the economic value of data, and commercial use. The current
shift toward broader considerations of social and collective
value includes introducing democratic forms of governing data
production [12]. Moreover, the digital economy should be
relational such that individuals are interconnected within
population-based data relations [12]. For example, learning
health systems align data, technology, and care by continuously
aggregating and analyzing ongoing health care data to improve
future services, thereby creating a continuous feedback cycle
for learning and quality improvement [13,14].

Content of the Datum Website

The Datum project, a multimedia website hosted at McGill
University, offers users easy access to core legislation and policy
documents that offer an overview of the legislative and policy
frameworks governing the collection and use of health care data
in Canada and a multimedia section with narrative-based video
content capturing realistic exchanges between patients and
providers on the collection, use, and sharing of digital health
data [15].

Narrative-Based Video Content
Each video animation is set in a real-world context where health
care users may be asked to share their digital health data (Figure
1). For example, doctors generally gather intake information
from patients seen at medical appointments, including their
medical history and symptoms, then upload these data into the
patients’ electronic health records. Patients who agree to
participate in research studies also sign consent forms. Health
care users may also identify and share concerns about sharing
their personal data through dialogue with an authority figure
within the health care system. Their interactions and the
responses they receive demonstrate that health care providers
appreciate their concerns.

By focusing on the questions of health care users regarding the
collection, use, retention, and disclosure of their data in such
instances, each video highlights the importance of empowering
users to control their data, notably through consent and
authorization, data access and transparency, revocation of
consent, and data security and privacy. Through these videos,
the Datum project hopes to empower health care users to make
informed decisions by developing literacy in data privacy and
understanding the implications of sharing digital health data in
health care and research contexts. The scenarios presented also
emphasize the need for collaboration and dialogue between
different actors, as well as the advantages of sharing digital
health data, such as informing research, empowering future
research, and improving health outcomes and the delivery of
health care services.

The videos build on each other to provide a comprehensive
overview of the legal and ethical implications of using digital
health data. The first video, “Introduction to Digital Health
Data,” focuses on foundational concepts and addresses the
difference between data and information. The first and second
videos, which situate the characters in both clinical and research
contexts, explain some foundational concepts with which health
care users may be unfamiliar, such as digital health data and
the difference between information and data, as well as primary
and secondary uses of digital health data. The third and fourth
videos present more complex systems, specifically learning
health systems and data banks, where actors in the research and
clinical contexts interact with each other and work together to
improve health care systems and generate new knowledge.
These later videos illustrate the relational aspects of data,
specifically how a health care user’s data can be used for broader
societal purposes. In order to develop learning health systems
and data banks which rely on relational databases, health care
users have a crucial need to understand the scope and potential
of their consent to improve health care.
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Figure 1. Image of 4 videos from the Datum multimedia library.

Content Library
As a complement to accessible multimedia content for health
care users, the Datum website also features a content library,

organized according to legislation and policy documents (Figure
2). This section of the website targets researchers and health
care practitioners.

Figure 2. From image of how to select the legislation and policy documents Datum libraries.
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Legislation
The regulation of personal information in federalist states like
Canada is governed by a complex of provincial and federal
rules. The legislation page describes the division of these rules
between provincial and federal authorities. At the federal level,
the use, collection, and processing of personal information for
commercial purposes is subject to the federal Personal
Information Protection and Electronic Documents Act. In
general, privacy regulation is separated according to rules for
private and for public data. Health care data, which may be
subject to these privacy regulations, is typically subject to
additional rules. The applicable legislation for each province
and territory distinguishes three categories of personal
information: (1) health information (personal health care
information), (2) personal information held by public bodies,
and (3) personal information held by private entities.

Policy Documents
The policy documents page provides additional resources for
user consultation regarding the collection, use, and disclosure
of personal information in the health care context. These
materials were selected from the publications of reputable
government sources and serve as a starting point for future
research.

Feedback and Future Directions
When the Datum website was launched in September 2023, we
circulated a survey to gather feedback regarding the content and
accessibility of the website. User feedback suggested the utility
of incorporating interactive elements into the website to increase
user engagement, to allow professionals to contribute to the
content library, and as ways of sharing the website with a
broader audience.

Ethical Considerations
The Datum project involves the use of fictional characters in
the scenarios described in the narrative-based video content.
The video content is designed to highlight foundational concepts
in the literature and is based on research experience. It does not
recommend specific medical procedures or decisions but rather
presents interactions between these fictional characters. In
addition, usability testing was used to gather feedback to
improve the content of the Datum website. Survey responses
were not identifiable. No personal information was collected
from participants to ensure privacy and confidentiality.

Discussion

Contribution
The Datum project makes an original contribution to the field
of law and ethics in health science research. The primary
contribution of the project involved the development of literacy
related to digital health data through accessible multimedia
content and a focused information repository. The presentation
of multimedia content transforms traditional privacy practices
in the medical sphere into learning opportunities for multiple
stakeholders. Digital communication tools, such as mobile health
apps, telemedicine, and web-based health information resources
have demonstrated a significant potential to improve health and

digital literacy, ultimately leading to better health outcomes
[16].

Building on the idea that digital communication tools can
effectively educate and empower health care users [16], the
Datum project particularly seeks to address the data-related
concerns of health care users engaged in decision-making
processes within the health care context. Users may be unaware
of the legislative and institutional measures that protect their
digital health data or the various potential uses of their data,
whether at the individual or collective levels. Indeed, findings
from a survey conducted by Canada Health Infoway, entitled
“What Canadians Think: Exploring Public Trust in a Digital
Data Ecosystem,” revealed that only 3 in 10 respondents had
an awareness of Canadian privacy laws protecting their personal
health information. Moreover, nearly all participants indicated
that, before consenting to the use of their personal health
information, they wanted to be informed of how their personal
health information would be used and who would have access
to it. Surprisingly, a majority of participants expressed readiness
to share their personal health information for secondary purposes
[17].

Further evidence supporting the promotion of digital literacy
in health data, for patients to become better consumers of health
care, is rapidly emerging. Informed and activated patients may
effectively facilitate positive health outcomes at a lower cost
[18], while digital health literacy has also been found to have
a significant potential to improve health outcomes, bridge the
digital divide, and reduce health inequities [19]. Studies have
shown that increasing the numbers of individuals who use
professional health websites is an effective measure for
improving digital health literacy [20]. Additionally, research
has indicated that the better their digital health literacy skills,
the more individuals are able to function in the digital
environment, exchange data with care providers, and actively
participate in the co-design and co-delivery of health services
[21]. Our rapidly evolving digital environment underlines the
importance of early education in supporting the promotion of
digital health literacy as an integral part of school curricula [22].
Finally, research shows that the engagement of health care
service users as partners in identifying health research and
service improvement priorities has led to the optimization of
patient-centered health services [23].

Limitations
Certain limitations in the Datum project should be
acknowledged, especially considering the rapid rate of digital
transformation. For example, the project content has yet to touch
on the impact of using artificial intelligence for digital health
data and challenges that the use of artificial intelligence in data
modeling may create. As well, the content of the Datum project
does not address the concept of data ownership, suggesting
future directions for the project.

Conclusions
The evidence from various studies supports the importance of
promoting digital literacy concerning health data. The
empowerment of health data users is achieved through improved
health outcomes, knowledge on how to bridge the digital divide,
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active participation in health services, and the optimization of
patient-centered care. We hope that the Datum project will

empower patients to become better consumers of health care
services and research.
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Abstract

Women-identifying and women+ gender faculty (hereto described as women+ faculty) face numerous barriers to career advancement
in medicine and biomedical sciences. Despite accumulating evidence that career development programming for women+ is critical
for professional advancement and well-being, accessibility of these programs is generally limited to small cohorts, only offered
to specific disciplines, or otherwise entirely unavailable. Opportunities for additional, targeted career development activities are
imperative in developing and retaining women+ faculty. Our goal was the development of a new collaborative of Big Ten
Academic Alliance (BTAA) institutions to support gender equity for women+ faculty in medicine and biomedical sciences, with
two initial aims: (1) hosting an inaugural conference and establishing a foundation for rotation of conference hosts across BTAA
schools, and (2) creating an infrastructure to develop programming, share resources, conduct environmental scans, and promote
networking. In 2022, leaders from The Ohio State University College of Medicine Women in Medicine and Science envisioned,
developed, and implemented a collaborative named CommUNITYten: The Big Ten Academic Alliance for Women in Medicine
and Biomedical Science. Conference program development occurred through an iterative and collaborative process across external
and internal task forces alongside industry partners. We developed a fiscal model to guide registration fees, budget tracking, and
solicitation of conference funding from academic and industry sponsors. Attendees completed postconference surveys assessing
speaker or workshop effectiveness and suggestions for future events. Finally, we developed an environmental scan survey to
assess gender equity needs and existing programming across BTAA institutions. In June 2024, The Ohio State University hosted
the inaugural CommUNITYten conference in Columbus, Ohio, featuring 5 keynote presentations, 9 breakout sessions, and
networking opportunities across one and a half days of curated programming. Nearly 180 people attended, with representation
from 9 BTAA institutions, 6 industry companies, staff, and trainees. Postconference surveys showed 50% (n=27) of respondents
were likely to attend another in-person conference and suggested future conference topics. The environmental scan survey launched
in October 2024. We successfully established the CommUNITYten collaborative and hosted the inaugural conference. Establishing
key stakeholders from each BTAA institution, obtaining sponsorship, and detailed conference planning and partnerships were
critical in ensuring realization of this collaborative. The conference brought together leaders, faculty, staff, trainees, and industry
partners from across the country and met the initial goal of networking, sharing resources, and building community for women+
faculty. These efforts lay a robust foundation for the BTAA CommUNITYten collaborative to foster ongoing collaboration,
innovation, and progress in the years to come. Given the importance of steady improvements, this viewpoint may further guide
the efforts of other individuals, groups, and leadership supporting women+ as they consider approaches and strategies advocating
for gender equity at the national level.

(JMIR Form Res 2025;9:e65561)   doi:10.2196/65561
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Introduction

Women-identifying and women+ gender faculty (women+ is
inclusive of different identities pertaining to gender, hereto
described as women+ faculty) in medicine and biomedical
sciences face numerous barriers to career advancement. These
barriers include fewer invitations to keynote speaking
engagements, reduced academic promotion rates, decreased
leadership opportunities, and disparities in research funding and
other research metrics [1-4]. For women with intersectional
identities, these barriers multiply [5]. There are few prominent
medicine-based national career development programs in the
United States targeted to women, such as the Association of
American Medical Colleges (AAMC) Early-Career and
Mid-Career programs, the Hedwig van Ameringen Executive
Leadership in Academic Medicine (ELAM) program, the
University of Michigan’s Rudi Ansbacher Advancing Women
in Academic Medicine Leadership Scholars Program, and
Harvard’s Career Advancement and Leadership Skills for
Women, with metrics demonstrating postparticipation career
success and advancement [6-8]. Women who participate in these
career development programs are more likely than men and
nonparticipant women to be promoted to associate professor,
and as likely as men and more likely than nonparticipant women
to be promoted to full professor within 10 years [9]. Career
development program participation also improves retention of
women in the academic workforce and leadership opportunities,
while expanding participants’networks and increasing visibility,
both internally and externally at their institutions [10].

However, career development programs such as those from the
AAMC and ELAM can be cost prohibitive and are often limited
to one to two participants per institution [10]. Additionally,
these programs do not accommodate faculty in
medicine-adjacent fields such as biomedical engineering,
veterinary medicine, and nursing. Attendance at shorter duration
gender-specific conferences for women broadly in the medical
and biomedical fields may provide similar benefits through
delivery of content, networking, and professional support that
are needed for career advancement [11]. Moreover, bridging
the divide among health-related professions and bringing

together women+ faculty across these fields may create a more
effective cohort of professionals who can work synergistically
to advance gender equity across academic institutions.

In 2022, leaders (all authors) from The Ohio State University
College of Medicine’s (OSUCOM’s) Women in Medicine and
Science (WIMS) created the Big Ten Academic Alliance
(BTAA) collaborative for women in medicine and biomedical
sciences with the goal of developing a network of women+
faculty in the BTAA to collaborate, share resources, provide
support, and connect in a community that could be stronger
together in combating gender barriers in these disciplines.
Herein, we detail how we, as the leaders of this collaborative,
developed a group of women+ individuals and respective
institutions across the BTAA; how we crafted the inaugural
conference; and how we are actively conducting an
environmental scan survey and planning continuity of
programming through conference host handoff, sharing of
materials, and webinars.

Collaborative Development

Background and Overview
As a member of the Big Ten Conference, The Ohio State
University (OSU) felt as if it was the natural place to start
planning a collaborative to bring together peer institutions across
the BTAA, an academic outcropping of this sports network.
The BTAA was founded in 1958 [12]. Other BTAA conferences
already exist in disciplines such as neuroscience; lipids; music
education; women+ in technology; and Women in Science,
Technology, Engineering, and Mathematics. The BTAA
integrates across an existing network of deans, with central
coordination and support in Rosemont, Illinois. The BTAA
currently includes 14 universities. We chose to cast a broad net
for the collaborative development and included institutions from
all 19 prior, current, and future universities in the BTAA (Table
1). This BTAA collaborative of women in medicine and
biomedical sciences would enable similar-sized universities to
share effective programming and resources and work together
to address academic gender inequity.
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Table . The BTAAa institutions.

Representatives on ETF (n)b,cMember of BTAA

4✓Indiana University

3✓Michigan State University

3✓Northwestern University

3✓Pennsylvania State University

2✓Purdue University

1✓Rutgers University

4✓The Ohio State University

1✓dUniversity of California, Los Angeles

2✓University of Maryland

3✓University of Nebraska-Lincoln

1✓cUniversity of Chicago

2✓University of Illinois

1✓University of Iowa

2✓University of Michigan

2✓University of Minnesota

0✓dUniversity of Oregon

1✓dUniversity of Southern California

1✓dUniversity of Washington

1✓University of Wisconsin-Madison

aBTAA: Big Ten Academic Alliance.
bETF: external task force.
cHistorical member.
dNew BTAA member.

As we generated the vision and mission for this initiative, we
benefited by learning from prior speakers hosted by OSUCOM
WIMS, as well as from internal advisors. Key suggestions from
our advisors were to ensure early discussions with planning
partners, include broad representation of organizing bodies,
gather data that could be published as part of the initiative, and
listen to key stakeholders. We differentiated ourselves from
existing groups, such as the BTAA Women in Science,
Technology, Engineering, and Mathematics and the AAMC
Group on Women in Medicine and Science (GWIMS) by
focusing on support of gender equity for faculty across medicine
and biomedical sciences, with additional shared resources and
interactions among trainees, staff, and relevant industry
members.

We also envisioned that once the CommUNITYten collaborative
was formed, this group could work together on initiatives that
would benefit the BTAA’s future growth toward gender equity.
Given the persistent national trend of women being promoted
to full professor less frequently than men [1,13], we hope that
this collaborative will provide future opportunities for
networking, obtaining external talk and letters of evaluation for
promotion, while also cultivating opportunities for networking,
mentorship, collaboration, and sponsorship. Finally, we

prioritized inclusivity and cultivating a partnership of interested
industry companies, allies, staff, and leaders. Women faculty
cannot solve the problems of gender inequity alone; we need
the involvement and support of the entire community.

To solicit membership to this collaborative’s leadership group,
OSUCOM WIMS reached out to faculty representatives of the
AAMC GWIMS to obtain contacts at the 19 BTAA institutions.
Not all BTAA schools are part of GWIMS, so we also searched
publicly available web pages dedicated to supporting women
faculty at these institutions to find individuals who may be
interested in planning the inaugural conference. OSUCOM
WIMS also hosted a lunch roundtable at the 2022 AAMC Lead,
Serve, Inspire annual meeting to gather additional participants
[14]. In addition, we also relied on personal networks and
connections to identify faculty members involved in initiatives
that would align with the conference objectives. We were
ultimately able to obtain at least one name and current contact
information from 18 of the 19 BTAA institutions (Table 1). We
included these individuals in all future email correspondence
and meeting invitations. We also engaged with four industry
representatives to bolster the networking component of this
collaborative. These individuals together formed our external
task force (ETF). We also created an internal task force (ITF)
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of faculty from OSU for development and planning for the
inaugural conference. Figure 1 displays the CommUNITYten

organizational chart.

Figure 1. Reporting structure of BTAA CommUNITYten collaborative. BTAA: Big Ten Academic Alliance; ETF: external task force; ITF: internal
task force.

About ETF
The ETF began meeting by Zoom (Zoom Communications,
Qumu Corporation) in June 2023. The ETF was led by two
coauthors (MB and KT). During these calls, we refined the
collaborative’s mission, solicited speaker votes for the initial
conference, and discussed and voted on logistics such as
registration fees, the cadence of ETF meetings, solicitation of
sponsorships, and communication tactics.

Industry Partners
In many cases, industry companies in pharma, biotech, or
medicine are ahead of academics in their diversity, inclusion,
and equity efforts. As we spoke with our four initial industry
planning partners (Abbott, Bayer, Entrada, and Novartis), we
learned that their efforts to educate on neurodiversity and to
support women employee groups represented opportunities for
academia to learn from industry. Furthermore, since
academic-industry partnerships are key to successful academic
medicine and biomedical research, and since these relationships
can often be informal and dominated by men, we wanted to
include industry attendees to bolster the networking goals of
the conference. Industry could also benefit from learning about
resources and best practices for gender equity in academic
settings, and also benefit from networking opportunities for
recruitment of potential employees. As part of our partnership
with industry, we planned to have one panel discussion at the
inaugural conference to learn more about industry equity
initiatives, career opportunities, and translational research across
academic-industry partnerships.

About ITF
An ITF was specifically established to plan for the inaugural
CommUNITYten conference and to execute key deliverables
and tasks related to event logistics. This task force was led by
two coauthors (MSI and AM). Given that OSUCOM WIMS
led the establishment of the CommUNITYten collaborative, the
ITF members were solicited from existing WIMS members, but
invites were also extended to working groups from our academic
sponsors and ETF members. The ITF met monthly and was
further divided into working groups. This approach permitted
work delegation to specific individuals and allowed for
identification of specific leaders for each working group,
providing leadership opportunities. A description of the five
working groups is below. The ITF also worked closely with the
WIMS’ program coordinator (coauthor JD), OSUCOM staff,
and marketing teams.

ITF Working Groups

Agenda and Logistics
This working group focused on aspects of agenda planning,
speaker communications, and coordination of timing for multiple
tracks of speakers, seminars, and events during the
day-and-a-half conference. Engagement and ongoing
coordination with other working groups (fiscal and event day
preparation) were critical to maintaining alignment of the agenda
with CommUNITYten’s goals and budgetary resources.

JMIR Form Res 2025 | vol. 9 | e65561 | p.4255https://formative.jmir.org/2025/1/e65561
(page number not for citation purposes)

Iyer et alJMIR FORMATIVE RESEARCH

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


Event Day Preparation
This working group oversaw event logistics and worked directly
under the WIMS program coordinator (coauthor JD). Specific
items managed by this group included coordination of speaker
transportation, audio or visual access and support, creation of
program materials (including printed products and conference
swag) and providing conference day assistance to attendees.

ITF and ETF Joint Working Groups

Awards
This group was led by two OSUCOM WIMS faculty members
and had two additional BTAA members. Given the
underrecognition of women recipients among societal and
specialty-based awards [15-17], this working group intentionally
developed three awards for the inaugural conference to recognize
trainees and faculty at all academic ranks: (1) catalyst award,
(2) rising star, and (3) luminary. The catalyst award is granted
to a trainee (postdoctoral fellow, clinical fellow, or resident)
who has demonstrated excellence, drive, and dedication in
promoting women+ individuals in medicine and biomedical
science or research. The rising star award recognizes early- or
midcareer faculty (within 10 y of a full-time faculty position or
rank of assistant professor) who have similar advanced women
in their fields. The luminary award recognizes senior faculty
members who have substantially contributed to the promotion
and advancement of women+ individuals within or external to
the nominee’s institution. Through an iterative process, this
group developed these award descriptions, announcements, and
scoring rubrics. These awards were presented at the inaugural
conference.

Fiscal
This working group developed the fiscal model to support the
CommUNITYten conference and was coled by OSUCOM’s
senior director of faculty affairs and coauthor KT in conjunction
with the entire ETF. Starting with an initial US $20,000
investment from OSUCOM WIMS, the fiscal working group
developed a registration model to generate needed revenue (with
a fee schedule based on input and votes from the ETF), and
solicited academic and industry sponsorships. Fundraising for
the inaugural CommUNITYten conference involved a 3-pronged
approach: (1) internal solicitation of host institution’s colleges
and centers or institutes; (2) external solicitation of industry,
nonprofit, or community organizations; and (3) academic
sponsorship from other BTAA schools. Together, the fundraising
from registrations and sponsorships would form the available
budget for conference. Since we were fundraising as we were
building the conference program, there was an iterative process
whereby later fiduciary decisions (catering choices, for example)
were dictated closer to the conference date and based on
projections of confirmed incoming funds. By June 2024, we
had raised approximately US $130,000 for the CommUNITYten
collaborative.

To solicit sponsors, we generated a sponsor package that
included an overview of the intent of the meeting and what
would be gained by sponsoring across several options of
sponsorship tiers (Multimedia Appendix 1). An Excel (Microsoft

Corp) file was maintained to track sponsor calls, verbal
commitments, and follow-up correspondence, or the “income”
for the meeting. This file was compared to an Excel outline of
expected expenditures (which would become a “budget,” once
figures were finalized). The goal was to increase income above
the numbers in the projected budget, in time for the deadline to
finalize space and catering contracts. The last component of
this effort was generating a dedicated account at OSU to hold
funds separate from the college operating budget. This would
allow for easy transfer of funds to the next host institution. We
prioritized transparency in our efforts, with detailed
recordkeeping and fiscal responsibility that was shared with the
ETF. As an example of fiscal responsibility, our initial keynote
choice had a prohibitively high speaker fee, and we now hope
to have this speaker for a webinar in the future using remaining
carryover funds now that the inaugural conference is over.

Environmental Scan Surveys
This working group was led by two coauthors (MB and SM) in
conjunction with the entire ETF. The group met monthly for 6
months to develop an institutional review board–approved
research study protocol to ascertain current trends and faculty
experiences across the BTAA institutions related to gender
equity in medicine and biomedical science. The purpose for
conducting a multi-institutional survey was to ask questions
specifically on workplace climate, career promotion, leadership
development, discrimination or bias, retention, mentorship,
sponsorship, scholarship, pay equity, care responsibilities, and
lactation or reproductive care services. This survey was piloted
among non-BTAA faculty members to ensure understanding.
The survey was launched in October 2024 and sent to conference
participants or registrants, members of the ETF and other BTAA
faculty contacts. Responses will be analyzed, and aggregated
data will be shared among the participating BTAA institutions.
Survey findings may identify opportunities for improvement,
strategic interventions, and targeted programming that can
benefit faculty across disciplines and shape programming
initiatives for upcoming BTAA CommUNITYten conferences,
future CommUNITYten collaborative work, and potentially a
partnership with the BTAA and AAMC GWIMS going forward.

CommUNITYten 2024 Inaugural
Conference

The inaugural “CommUNITYten: Big Ten Academic Alliance
Conference for Women in Medicine and Biomedical Science”
was held on Friday June 7 and Saturday June 8 at the Ohio
Union in Columbus, Ohio. Day 1 had 171 attendees and day 2
had 78 attendees, out of 220 total registrants. The final agenda
for the conference is listed in Multimedia Appendix 2. The
conference included 5 keynote presentations, 9 breakout
sessions, coffee breaks with interactive activities (mindfulness,
conversations surrounding people of difference, and a session
with our Buckeye Paws service dogs), and a networking event
on the first evening of the conference. Breakout sessions
included presentations on topics relevant to the collaborative
mission (eg, gender equity, developing a professional narrative,
and effective science communication) as well as panel events
on publishing, allyship from men, and using social media as a
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tool to establish professional presence. Finally, we awarded 1
catalyst, 1 luminary, and 2 rising star awards.

We conducted postconference evaluations (N=54 respondents).
Among the respondents, on a 5-point Likert scale, 50% (n=27)
reported that they would be likely to attend a future in-person
BTAA CommUNITYten conference. In addition, 50% (n=27)
stated that they would be likely to attend a webinar series offered
by BTAA CommUNITYten. Nearly 60% (n=31) of respondents
heard about the conference from a direct invitation. Open-ended
comments showed that future topics should include negotiation;
setting boundaries; navigating career changes; lesbian, gay,
bisexual, transgender, or queer issues; creating networks; and
clinical and translational research. Areas for improvement
included shortening the conference to a one-day event, going
beyond cis-normative topics, and including more time for
networking.

Challenges and Lessons Learned

The initial challenge in creating the CommUNITYten
collaborative was “building the plane while flying it.” Our fiscal

model was dependent on funds generated from registration costs,
sponsorships, and the seed money from OSUCOM WIMS—all
of which were unknowns when we initially embarked on this
process. As a result, we had to establish our incoming funds
flow simultaneously as we solicited speakers and panelists. We
could not build a website until we had a set agenda. In addition,
communicating with our ETF was challenging at the tail end
of the academic year due to conflicts with scheduled meetings;
loss of contacts (ie, individuals leaving their institutions due to
retirement and promotions); and other academic obligations
such as commencements, other conferences, and personal
vacations.

We were fortunate to have the OSUCOM WIMS program
coordinator (coauthor JD) serve as a project manager across all
task forces and working groups. However, we recommend hosts
of similar events bring on a full-time equivalent to support a
host institution in planning a conference of this scale. Textbox
1 provides information on all the aspects of the conference that
our program coordinator oversaw, including tasks carried out
with our coleads, working group members, and support staff.
Table 2 presents conference attendees’ institutional affiliations.
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Textbox 1. Conference planning and execution logistics. Logistical items listed were largely carried out by The Ohio State University College of
Medicine (OSUCOM) Women in Medicine and Science’s program coordinator for the inaugural CommUNITYten conference, with some items carried
out by coleads, OSUCOM support staff, or working group members.

Conference planning

• Create an online file system (Microsoft Teams) to share information across internal and external partners.

• Schedule internal task force (ITF), external task force (ETF), marketing, and coleads meetings; send out reminder emails, meeting agendas,
meeting notes, and postmeeting tasks.

• Research and secure space and catering orders.

• Preview facility or venue and work with venue event planner to confirm number of rooms, room layouts, technology needs, day of logistics, and
build a timeline to meet venue deadlines.

• Collaborate with coleads and ETF and ITF on go/no go decisions such as event date or times, registration platform and wording, continuing
medical education, fiscal model, Big Ten Academic Alliance (BTAA) logo usage, etc.

• Advertise through numerous channels, such as emails, campus-wide university newsletter, OSUCOM newsletters, and Twitter. Externally, the
coleads advertised the conference through the Executive Leadership in Academic Medicine EDGE newsletter.

• Work with venue IT team for audio or video needs.

• Decide on and secure decorations (photo backdrop, centerpieces, or stage décor).

• Secure photographer.

Fiscal

• Schedule meetings for Women in Medicine and Science director and associate director to meet with The Ohio State University deans, center
directors, and other leaders to request sponsorship.

• Meet with coleads and fiscal working group leads to review finances.

• Secure sponsor information: logo, marketing contact, fiscal contact, and contact for dissemination of information post conference.

Speakers or agenda

• Collate and track list of potential speakers, as determined by ETF, across price ranges and topics.

• Follow up on emails from coleads to potential speakers asking and securing availability, interest, and fees.

• Develop speaker intake forms (name, credentials, talk title and objectives, contact info, IT needs, travel needs, and payment forms).

• Track speaker information from intake through postevent payment process.

• Work with speakers on contracts and send to legal for approval.

• Set up logistics meetings with panelist groups and their moderators to understand their needs and desired speaker introductions.

• Set up logistics meetings with speakers and session presenters on talk time, topic, format, and logistics.

• Book speaker travel (lodging, flights, and transportation to the venue) and create individual speaker itineraries.

• Finalize agenda.

• Create day of speaker itineraries including travel, meetings, green room locations, and arrange shuttles or transport to and from the hotel to venue.

• Collect items for speaker gift bags to bring to the conference.

• Process speaker payments and honorariums, including receipts from speakers and create expense reports for travel reimbursement.

Marketing

• Create a comprehensive communication plan: Work with host institution marketing teams to create marketing language, create save the date
PowerPoint (Microsoft Corp) slides, flyers, and email templates.

• Once approval is received from BTAA to use logo; work with BTAA representative to secure swag delivery before conference.

• Create registration site (Cvent) that includes deadlines, refund policy, option for single day registration versus full conference only, what
information you want to gather from participants, what registration confirmation emails should look like, ability for registered participants to use
an app or have a separate postregistration website, what sponsor logos will look like, what reports you will to need to monitor registration.

• Get input from coleads and event day logistics working group on aesthetic of Cvent site.

• Work with marketing team regularly to create and update QR codes, URL short links, content for social media posts, websites, and develop and
pull daily reports from Cvent or conference registration website.

• Collaborate with marketing and event day preparation working group to install communications on electronic boards across institution.

• Add communications to electronic boards across institution.
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Create name tags.•

Working groups (awards, environmental scan, event day preparation, fiscal, and speaker or agenda and logistics)

• Set up monthly group meetings, create or gather agendas, send reminder emails, and meeting notes and tasks.

• Develop a survey tool to capture award nominations and deadlines.

• Design and order plaques for the award recipients.

• Determine when and how to recognize awardees in event schedule with speaker or agenda working group.

• Market call for nomination emails to registered attendees and internally to participating colleagues.

Day-of-conference logistics

• Create run of show with day of assignments (décor, registration desk, speaker movement, monitor catering, audio-visual, space issues, and
postevent clean-up).

• Inventory and gather supplies to take to venue (banners, signage, BTAA swag, speaker bags, BTAA notebooks, and pens).

• Create postevent surveys for feedback with coleads.

• Create rolling slide decks and master slide decks for each day, collaborate with audio-visual team at venue to ensure slide decks run smoothly.

Postconference

• Create and send thank you emails to speakers with coleads.

• Distribute postevent surveys for feedback for those that may have left early.

• Process venue or service-provider payments.

• Set up debrief meetings for ITF and ETF.

• Collate event survey data to send to coleads for analysis.

Table . Conference attendees’ institutional affiliations.

Saturday June 8, 2024 (n)Friday June 7, 2024 (n)Group or institution

06Industry

43Indiana University

26Northwestern University

11Pennsylvania State University

22Rutgers University

56134The Ohio State University

02University of Illinois

33University of Maryland

46University of Michigan

33Univeristy of Nebraska

35Non–Big Ten Academic Alliance institution

78171Total

After hosting the conference, we learned several lessons to
improve future conference gatherings. First, future conferences
in this series could benefit from selecting annual conference
titles and themes to align content around specific goals. Many
speakers expressed a desire for this information to tailor their
talks to align with the conference’s intentions and goals beyond
the broad gender equity focus. In addition, we learned the
importance of engaging the institutional marketing team from
the outset. Their support is crucial for successful outreach,
within the institution and to external networks via LinkedIn.
Before launching the registration platform, having a complete

program agenda and speaker bios helps convert website visitors
to registrants when they can see the full conference content. We
also learned that shortening the conference to 1 day and avoiding
programming on a weekend could boost attendance. Finally, if
possible, we found that a 2-year timeline is needed to secure
sponsorships and plan logistics associated with the in-person
meeting.
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Future Directions

One of the pillars in the development of this conference was to
establish a network of like-minded women+ interested in
bolstering gender equity in medicine and biomedical science.
In order to provide equitable leadership opportunities and
accessibility of the in-person conference geographically, the
ETF decided that the host institution would rotate every other
year for in-person conferences. In the interim nonconference
years, a virtual webinar series will continue the momentum and
the networks established by this collaborative, with allocated
budget voted on by the ETF and ITF from our rollover funds.
We anticipate that each BTAA institution will be responsible
for sponsoring a speaker for the interim year webinars.
Additionally, we hope that results from the environmental scan,
once completed, will be presented in upcoming meetings or

publications and used as a needs assessment for future
CommUNITYten conferences in determining conference
themes, workshops, sessions, and speakers.

In summary, the BTAA CommUNITYten collaborative
successfully launched in 2024. Establishing key stakeholders
from each BTAA institution, obtaining sponsorship, and detailed
conference planning and partnerships were critical in ensuring
realization of this group. The inaugural conference brought
together leaders, faculty, staff, trainees, and industry partners
from across the country and met the initial goal of networking
and developing interinstitutional community. Our future
initiatives of conducting environmental scans and sharing
resources are in progress, as well as development of a national
webinar series. These efforts lay a robust foundation for the
BTAA CommUNITYten collaborative to foster ongoing
collaboration, innovation, and progress in the years to come.
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Abstract

The purpose of this paper is to demonstrate how critical discourse analysis (CDA) frameworks can be used in cross-cultural
mental health recovery research. CDA is a qualitative approach that critically appraises how language contributes to producing
and reinforcing social inequalities. CDA regards linguistic productions as reflecting, consciously or unconsciously, the narrators’
understandings of, or attitudes about, phenomena. Mental health recovery research aims to identify and address power differentials,
making CDA a potentially relevant approach. However, CDA frameworks have not been widely applied to mental health recovery
research. We adapted established CDA frameworks to our cross-cultural mental health recovery study. The adapted methodology
comprises (1) selecting discourses that indicate positive changes and (2) considering sociocultural practices informed by relevant
cultural characteristics identified in our previous research, without placing value judgments. Our adapted framework can support
cross-cultural mental health recovery research that uses CDA.

(JMIR Form Res 2025;9:e64087)   doi:10.2196/64087
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critical discourse analysis; cross-cultural mental health recovery research; linguistic analysis; social inequality; mental health;
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Critical Discourse Analysis and Mental
Health

Critical discourse analysis (CDA) is a qualitative analytical
approach that critically appraises how language contributes to

the production and reproduction of social inequalities through
the examination of authentic uses of language [1,2]. CDA
considers that linguistic expressions reflect the speakers’ and
writers’ conscious or unconscious perceptions or opinions
towards phenomena [1,2]. CDA used in mental health research
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is grounded in the belief that people’s mental illness experiences
are represented in the language they use [3]. This belief
underscores the value of analyzing various forms of textual
expression, such as first-person narratives and other linguistic
representations. CDA can offer profound insights into the
personal accounts of mental illness experiences and the societal
perceptions surrounding specific mental illnesses.

The application of CDA to mental health has become an
important area of research. Informed by corpus linguistics
approaches (software-assisted examination of large collections
of digitized texts), scholars have delved into media depictions
of mental health conditions, as evidenced by Karaminis et al’s
[4] examination of autism portrayal in the British press.
Likewise, Balfour [5] explored schizophrenia representations
in the British press, while Price [6] scrutinized the perpetuation
of mental health stereotypes resulting from media portrayals.
The critical approach of CDA turns linguistic analysis into an
engaged social enterprise; in these studies, it reveals engrained
prejudices towards mental health conditions reproduced in
mainstream media and how stereotypical representations have
evolved over the years.

Moreover, researchers have turned their attention to the rich
landscape of digital informal interactions among service users
and nonprofessional caregivers. Digital forums and support
groups have become significant spaces where individuals share
their experiences, exchange information, and provide emotional
support related to illnesses. For instance, based on corpus
methods, Hunt and Brookes [7] shed light on discussions
surrounding anorexia, depression, and diabulimia, while Jones
et al [8] appraise the experiences of individuals with psychosis
and bipolar disorder. Corpus-informed CDA is actively used to
identify patterns of language use in large text-data collections,
which deepens understanding of how language shapes our
perceptions of mental health and illness.

First-person narratives of mental health experiences are another
emerging field. This includes investigations into
autobiographical accounts, such as stylistic studies on the
experiences of voice hearing narrated by individuals with
schizophrenia [9,10]. These stylistic studies have provided
refined typologies of voices in auditory hallucinations in
schizophrenia, bringing new insights into the phenomenology
of the condition. Additionally, CDA studies have evaluated
naturally occurring narratives, such as the examination of men’s
accounts of depression [11]. CDA research on naturally
occurring narratives highlights the importance of
lived-experience insights in gaining a more nuanced
understanding of living with a mental health condition, both
from individual and social perspectives. CDA studies, and
discourse studies more generally, have also examined the
construction of the self in interaction—eg, Meehan and
MacLachlan [12] on schizophrenia, and Kłosińska and
Ziółkowska [13] on dementia. Studies on self-identity
construction among individuals with dementia, for example,
have provided evidence that a sense of self is maintained in the
later stages of dementia. This is achieved through the reliance
on previous social identities and lexical repertoires to give
meaning to the present [13]. A tenet of CDA is that discourse
is ideological. In studying narratives of illness and recovery,

this may involve examining how dominant discourses around
identity (eg, gender, ethnicity) can influence the experience of
illness, potentially affecting treatment and recovery (eg,
normative ideologies of masculinity may underpin men’s
experience of depression [11]).

CDA has been employed extensively within mental health
research. Nevertheless, the specific application of CDA within
one area of mental health research, namely “mental health
recovery research,” remains largely unexplored to date [14]. In
this paper, we will present one example of using established
CDA frameworks in our cross-cultural mental health recovery
study [15].

Mental Health Recovery

In mental health research, mental health recovery has been
receiving attention [16]. Mental health recovery is “a deeply
personal, unique process of changing one’s attitudes, values,
feelings, goals, skills, and/or roles” and “a way of living a
satisfying, hopeful, and contributing life even within the
limitations caused by illness” [17]. Approaches oriented towards
mental health recovery, known as “recovery-oriented
approaches,” have been implemented in mental health services
globally, and their positive impacts have been reported, such
as empowerment, hope, autonomy, and reduced stigma in service
users [18,19], as well as positive attitudes and understanding
towards service users in mental health staff [20].
Recovery-oriented approaches are also helpful in understanding
the mental health experiences of people with mental disorders
such as bipolar disorders [21,22]. Owing to these benefits,
mental health recovery has been embedded in many national
policies [23-29].

Both CDA and mental health recovery value highlighting and
addressing inequalities. CDA’s fundamental principle is to
identify inequalities in linguistic and social practices [30].
Similarly, mental health recovery aims to address power
differentials in mental health practice and places the person
living with a mental health experience at the center [31]. Mental
health recovery is deeply rooted in social justice principles,
empowering marginalized voices, reducing stigma and
discrimination, and promoting equality [32]. This overlap
between CDA and mental health recovery research suggests
their compatibility, and yet the application of CDA to this field
remains relatively unexplored. The current status of psychiatric
discourse is diagnostic-driven rather than person-centered,
marginalizing service users’ lived experience rather than
empowering them, biologically deficit-focused rather than
strength-based, and regarding service users as passive patients
rather than as individuals with unique needs, goals, and human
rights [33]. Research on mental health recovery, empowered
by CDA, has the potential to drive cultural changes in the current
psychiatric discourse.

Our Study

Recovery colleges (RCs) are one of the recovery-oriented
approaches that are actively used globally [34] and are regarded
as a mental health innovation [35]. RCs are learning-based
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support systems offering information, social support, and skill
development for people with mental health symptoms, carers,
and staff [36]. RCs are open to anyone interested in mental
health and recovery, such as service users, carers, and
professionals. People can directly self-enroll in courses offered
at an RC. RCs are often free to use (eg, those offered by NHS)
or may charge a modest fee (eg, £3 [equivalent to US$ 3.73 as
of January 28, 2025] in some RCs in Japan). The duration and
length of RC courses vary (eg, a one-off 2-hour session or 5
weekly 3-hour mindfulness sessions). RCs are advertised
through various channels such as mental health services, digital
platforms (eg, social media), community outreach (eg, flyers),
and word of mouth [15,34]. Since the first RC was developed
in England in 2009, there have been 221 RCs established in 28
countries within 15 years [34].

Our recent RC study was informed by CDA frameworks to be
able to highlight textual emphases in the RC promotional texts
in Japan and England and compared them [15]. We explored
how RCs are promoted to the public in Japan and England and
compared textual and thematic differences from cross-cultural
perspectives. The textual emphases found in each country were
in line with the cultural characteristics associated with the RC
operational model [37], namely collectivism versus
individualism and long-term orientation versus short-term
orientation [38]. The texts in RCs in Japan emphasized
collectivism (eg, “learn together”) and long-term orientation
(eg, highlighting the presence of difficulties now), whereas
those in RCs in England emphasized Individualism (eg,
“self-management”) and short-term orientation (eg, focusing
on skill acquisition) [15].

Specific recommendations were made for the RC operational
model, which comprises 12 components [37]. The RC
operational model was aligned with individualism and short-term
orientation [38]. Our findings indicate some of the components
may need to change in order to include under-recognized cultural
characteristics such as collectivism and long-term orientation.
People in Japan see the RC promotional texts that emphasize
collectivism and long-term orientation and attend an RC
expecting to engage with activities associated with collectivism
and long-term orientation. RCs in Japan need to adapt their
operations to meet those expectations, which work
disadvantageously to achieve some of the components. For
example, one of the components—component 3—evaluates
whether an RC actively enquires about the student’s individual
needs. This activity is more accepted in individualism than in
collectivism. In collectivism, actively enquiring about individual
needs can be regarded as rude because expressing individual
needs may violate group harmony [39]. Therefore, we proposed
that component 3 should include collectivism to ensure RCs
oriented to this cultural characteristic are included.

Critical Discourse Analysis in Recovery
Research

Our cross-cultural recovery research was informed by
established CDA frameworks [1,2,40]. CDA involves textual
analysis [1]. In our study, we examined whether the promotional
texts of 61 RCs in England and those of all the 13 RCs in Japan

reflected any cultural characteristics in their descriptions of
recovery and support provided. The analysis was supported by
corpus linguistics tools, which involve a computer-assisted
examination of digitized texts (eg, [41,42]). In the analysis, we
(1) considered the contexts of production and reception [38]
and (2) interpreted the results in relation to sociocultural
practices (Table 1). We adapted 2 stages of traditional CDA to
better fit cross-cultural mental health recovery research:
“selection of the discourse” and “consideration of the
sociocultural practice” (see Table 1 for the original versions
and adaptations).

Since our study considered RCs, our “selection of the discourse”
focused on texts highlighting positive changes rather than
inequalities (ie, RCs promotional material), as informed by
Bartlett’s and Martin’s positive approach [43,44]. Traditionally,
CDA studies predominantly focus on highlighting inequalities
and discriminatory practices [46]. This approach is not fully
applicable to recovery research that aims not only to highlight
individuals experiencing difficulty and societal injustice
encompassing social, political, and rights aspects around mental
health and recovery [47] but also to underscore the positive
impacts on people living with mental health symptoms [19].
Many people living with mental health symptoms, and those
who work with them, are well aware of inequalities [48]. In
addition to recognizing inequalities, they need changes that
address inequalities [35]. Therefore, we have employed a
positive approach and considered textual productions aimed at
promoting inclusive mental health recovery practices (ie, RCs).

The second adaptation was made when considering the relevance
of textual findings for sociocultural practice. The “consideration
of sociocultural practice” was informed by cross-cultural
findings. In our previous study [38], we used Hofstede’s
cross-cultural indexes [45] to identify cultural characteristics
that were associated with the RC operational model. These
cultural characteristics informed how we interpreted the results
of the textual analysis, which revealed that different themes
were emphasized in RCs in Japan and England. Drawing our
interpretation on empirical cross-cultural research also allowed
us to reduce potential value judgments. Cross-cultural theories
aim to understand different cultures, thus seeking to explain
cultural differences without placing value judgments on them
[49]. In highlighting inequalities reproduced in texts, many
CDA studies have critically evaluated those aspects of
advantaged groups that perpetuate discrimination. This explicit
critical stance has led to criticisms of being biased for
formulating value judgments according to a predefined agenda
[50,51]. These evaluative assessments, however, can conflict
with the aim of cross-cultural theories to understand different
cultures. Therefore, our interpretation of textual differences was
informed by empirical cross-cultural research [38] and a
cross-cultural theory [45] to move away from value judgments.

The implications of adopting these 2 adaptations—“selection
of the discourse” and “consideration of the sociocultural
practice”—resulted in tangible recommendations for positive
changes. Specific changes were proposed in the discussion
section of our study paper, such as the suggestion for component
3 to include collectivism as noted above [15].
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Table 1. Adapted version of the analytical framework for critical discourse analysis [1,2,40].

How it is addressed in our workDescriptionStage of analysis

Selection of recovery colleges (RCs) promotional texts, a rel-
atively new mental health support system that promotes indi-
vidual empowerment and recovery through learning in com-
munity.

Select a discourse according to your research interests.

Originally focused on addressing social injustices and
inequalities, (critical) discourse analysis is also applied
to discourses that promote positive social change [43,44]

Original version

Select a discourse related to injustice or inequality in so-
ciety.

Preparation (1): select the
discourse

Identification of RCs in England and Japan, and retrieval of
relevant descriptions from their information websites, notably
focusing on those presenting RCs and recovery to the public.

Translation of Japan RCs descriptions into English.

Preparation of 2 .TXT filesa (Japan RCs and England RCs
datasets) to be used with the software Sketch Engine.

Select data sources, consider any ethical implications in-
volved in data gathering, and prepare the data for analysis.

Preparation (2): data gath-
ering

Corpus linguistics-based analysis supported with the software
Sketch Engine to retrieve keywords (single and multi-words)
and identification of key themes for each dataset.

Examination of concordances (keywords in context) guided
by the RQs (ie, construal of RCs and recovery in England and
Japan RCs promotional texts). Focus on both the portrayal of
the RCs and the role attribution to service users.

According to research interests: Identify the major under-
lying themes and subthemes.

Examine linguistic choices used to represent social actors
or events.

Examine the stance taken by the author or speaker.

Examine whether the text includes references to other
texts (intertextuality).

Text analysis (micro-level)

The context of production (RCs as mental health intervention)
and the values of producers (RC managerial staff) and putative
audience (RC students) have been studied [38]. For the purpose
of this study (ie, construal of RC and recovery), the linguistic
analysis has not considered characteristics of the textual reg-
ister (promotional texts of medical services).

Examine the contexts of production and reception of the
text. Consider the goal of the text, who has produced it,
and the putative audience.

Discourse practice (meso-
level)

Examination of RCs as a new mental health support system
and its main underpinning philosophies.

Interpretation of the main themes emerging from the linguistic
analysis based on Hofstede's cultural dimensions theory [45]
and Kotera et al’s [38] study on the impact of culture on the
RC operational model.

Consider relevant sociocultural or historical factors (ie,
context of production) that have conditioned the text.
Consider whether the text reflects any sociocultural val-
ues.

Original version

Examine social relations that control the production of
the text; in addition, examine the reciprocal relations (how
the texts affect social practices and structures). How do
social practices inform the arguments in the text? How
does the text in turn influence social practices?

Sociocultural practice
(macro-level)

aTXT files: text files.

Conclusions

As both CDA and mental health recovery research share the
common goal of identifying and addressing inequalities, our
adaptation of established CDA frameworks to cross-cultural

mental health recovery research represents a crucial step
forward. This paper offered valuable insights to researchers
seeking to explore recovery in cross-cultural contexts using
CDA. We hope our approach will foster a more evidence-based
understanding of recovery and reduce inequalities.
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Abstract

During the pandemic, dating apps emerged as essential platforms connecting users amid social isolation, experiencing rapid
growth in engagement and profile creation. This paper examines the evolution of these apps, highlighting their shift from facilitating
offline encounters to promoting match accumulation for revenue. In particular, the study investigates gender disparities, addictive
behaviors, and algorithmic match throttling that disproportionately impact men’s psychological well-being. Drawing on evidence
linking dating app use to increased depression and anxiety, the analysis calls for regulatory intervention to eliminate
pay-for-advantage models and ensure fair, healthy user experiences, thereby mitigating adverse public health outcomes.

(JMIR Form Res 2025;9:e70594)   doi:10.2196/70594
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This paper deals with issues revolving around heterosexual
dating, which currently forms the largest marketplace in dating
apps [1]. During the pandemic with frequent lockdowns, dating
apps provided an opportunity for people to connect [2]. In a
short span of time, there was a surge in dating profiles on these
apps. Just like Peloton, the home exercise machine company
that found a way of appealing to users to use stationary bikes
and treadmills, dating apps attracted a vast range of young adults
looking for a connection or relationship, at a time when isolation
and loneliness was high [3].

At the start of the pandemic, the way the apps were working
was quite simple. When two users accepted each other’s profile,
they had a match. Browsing through and evaluating other user’s
profiles was the central activity, eventually leading to an offline
encounter where possible [4]. Dating apps, however, slowly
started to not facilitate offline encounters but rather feed into
the user’s desire of accumulating matches [5].

Even before the pandemic, more than half of the users on dating
apps reported not going on in-person dates, and this percentage
was especially higher for women [6], with them looking for
validation, gratification, and a boost in self-worth instead [7].

It is very likely this has worsened even further, with a large
majority of users not going on in-person, offline dates [8].

Even those who are now in relationships find it hard to quit
these apps—keeping them for gratification purposes [9],
especially in women who accumulate matches to satisfy the
need for belongingness or as a replacement for relational or
sexual intimacy, getting value from social acceptance and
approval [10].

In the last two years, the problem has exacerbated significantly.
Women report being inundated with so many matches that it is
hard from them to make a decision on choosing someone to
engage with properly [11]. At the same time, men are on the
opposite end of the spectrum, where they get very few responses
and must purchase expensive, paid features and subscriptions,
which allow them to get a limited amount of priority over
nonpaying members [12].

Men continue to form the largest group of paid subscribers to
dating apps [12]. Dating apps are focused on maximizing profit
activities, especially as many of them are now owned by publicly
listed companies [13]. Losing a subscriber means losing revenue,
so it is conjectured that dating apps are motivated to keep their
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paying customers as long as they possibly can, as a successful
offline encounter mediated by the dating app would lead to the
loss of that subscriber [12]. Unlike other social media platforms,
there is no upside in successful encounters from a
revenue-generating perspective. Men are also more likely to
quit a dating app if they have found someone in person [12].

Dating apps are like casinos in a way, in that they have to
strategize where the reward needs to be—just enough to keep
users coming back for more, but the reward cannot be so high
that users walk away and not return, which can increase
addictive behavior [14]. They have gamified the process of
meeting a partner, invoking “gambler” tendencies, thus leading
to behaviors that are addictive or even compulsive [15]. Now,
sophisticated artificial intelligence (AI) tools are being deployed
by dating apps to maximize subscriber revenue, which is
potentially causing excessive harm to the psychological profiles
of a large number of men and hindering the development of
healthy relationships, which could become a large public health
concern [16]. Thus, there is both algorithmic and natural
throttling of the mutual acceptance matching process on these
apps, which is driving an increasing frustration in men as well
as impacting their female users [16].

This is the fallacy in the approach by dating app companies, as
the pool of paid subscribers will eventually, and inevitably, fall
as the frustration leads users to find alternative ways of finding
dates.

It has become extremely important for researchers to study the
psychological traits and well-being of users of dating apps [17],
especially with the changes and advances in algorithms and use
of AI. As things stand, there are very few studies that have
looked at dating app use; the algorithms being deployed by such
companies; match throttling; and the associated psychological
outcomes, especially in men.

There is a need for studies that move away from simply
associating correlations between dating app use and
psychological outcomes, including mere use associated with
decreased well-being. Authors need to distinguish which specific

activities, features, or experiences may be leading to undesired
effects. While it may not always be possible to understand how
the backend of the apps works or what algorithms may be at
play, real-time testing with users could reveal basic issues
revolving around authentic matching [18]. The design of such
studies will have to be carefully considered to ensure the
cross-sectional design does not end up ruling out self-selection,
that is, attracting lonely individuals and those in fear of being
single [19].

The majority of the population are reliant on dating apps to meet
prospective partner, and such apps are having an impact on their
mental health; these factors may very well make this into a
public health concern. The Centers for Disease Control and
Prevention’s [20] Household Pulse Survey estimates that
depression and anxiety are now affecting 34.2% of the
population, making them the two most common mental health
disorders in the United States, and to some extent, the increased
numbers have been associated with dating app use [21].

Some studies have linked dating apps directly with higher
depression and anxiety, especially the frequency and length of
use [17]. Symptoms from these disorders can further impact
social skills, making the formation of healthy relationships even
more difficult, thus leading to a downward spiral in the populace
[18].

This is an urgent problem that needs regulatory action from the
Western governments, where dating app algorithms should
provide fair conditions to all users. Match throttling and
pay-for-advantage models should be disallowed as they have a
disproportionately negative impact on the health of young men.

If such action is not taken, then over time we will have a
population of young, productive men who grow tired of using
dating apps to find a partner and come out feeling lonely,
depressed, and anxious, thus impacting in other areas of their
life and their ability to be productive. Therefore, rather than
helping people find partners, dating apps may be failing the
very users they rely upon for their income.
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Abstract

Background: The COVID-19 pandemic has caused serious health, economic, and social consequences worldwide. Understanding
how infectious diseases spread can help mitigate these impacts. The Theil index, a measure of inequality rooted in information
theory, is useful for identifying geographic disproportionality in COVID-19 incidence across regions.

Objective: This study focused on capturing the degrees of regional disproportionality in incidence rates of infectious diseases
over time. Using the Theil index, we aim to assess regional disproportionality in the spread of COVID-19 and detect epicenters
where the number of infected individuals was disproportionately concentrated.

Methods: To quantify the degree of disproportionality in the incidence rates, we applied the Theil index to the publicly available
data of daily confirmed COVID-19 cases in the United States over a 1100-day period. This index measures relative disproportionality
by comparing daily regional case distributions with population proportions, thereby identifying regions where infections are
disproportionately concentrated.

Results: Our analysis revealed a dynamic pattern of regional disproportionality in the confirmed cases by monitoring variations
in regional contributions to the Theil index as the pandemic progressed. Over time, the index reflected a transition from localized
outbreaks to widespread transmission, with high values corresponding to concentrated cases in some regions. We also found that
the peaks in the Theil index often preceded surges in confirmed cases, suggesting its potential utility as an early warning signal.

Conclusions: This study demonstrated that the Theil index is one of the effective indices for quantifying regional disproportionality
in COVID-19 incidence rates. Although the Theil index alone cannot fully capture all aspects of pandemic dynamics, it serves
as a valuable tool when used alongside other indicators such as infection and hospitalization rates. This approach allows policy
makers to monitor regional disproportionality efficiently, offering insights for early intervention and targeted resource allocation.

(JMIR Form Res 2025;9:e59230)   doi:10.2196/59230

KEYWORDS

infectious disease; COVID-19; epidemiology; public health; SARS-CoV-2; pandemic; inequality measure; information theory;
Kullback-Leibler divergence

Introduction

The COVID-19 pandemic has caused serious health problems
and has had major economic and social consequences
worldwide. It has highlighted the need to understand regional
disparities in infection rates to strengthen public health responses
since infection dynamics are influenced by factors such as
population density, socioeconomic conditions, and health care
infrastructure [1,2]. Numerous indicators and models have been
proposed to address the problem, and mechanisms for the spread
of the infection and intervention measures to control the
pandemic have been studied [3-9].

Several recent studies have investigated regional differences in
COVID-19 prevalence [10-13]. Differences in the prevalence

rates between regions highlight the need to understand regional
inequalities in pandemic response strategies. Effectively
addressing these disparities requires accurate quantification and
understanding of regional disproportionalities in daily confirmed
COVID-19 cases.

In the field of economics, various indicators have been
developed to measure resource and income inequality, including
an index proposed by Theil, which incorporated information
theory [14]. Manz and Mansmann [15] have demonstrated the
importance of using inequality indices for monitoring changes
in geographic inequality; for instance, the Theil index was used
to track geographic disproportionality over time during the
COVID-19 pandemic, providing important insights for public
health policy.
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The aim of this paper is to quantify the interregional
disproportionality in the number of confirmed cases using the
Theil index, which mathematically corresponds to the
Kullback-Leibler (KL) divergence in information theory [16].
The Theil index is an effective method of measuring the degree
of disproportionality and objectively assessing biases in the
interregional distribution of infected individuals.

Methods

Overview
We analyzed the time trends of daily COVID-19–confirmed
cases in the United States over 1100 days since the first reported
case on January 21, 2020 [17]. Data are taken from the
COVID-19 data repository at the Center for Systems Science
and Engineering (CSSE) at Johns Hopkins University [18]. US
state population data were obtained from the US Census Bureau
website [19]. Population changes due to migration, births, and
deaths were not considered in the analysis.

The Disproportionality Measure: Theil Index
The Theil index is commonly applied in various fields including
economics, sociology, and information theory. It quantifies the
relative differences between various components of a dataset.
In the context of regional analysis of the confirmed cases, the
Theil index can be employed to evaluate the distribution of
infected individuals across different regions. In this study, we
use the Theil index to identify regions with disproportionate
numbers of confirmed cases relative to their population size.

The discrete form of the Theil index is expressed as:

T=∑i=1Nti=∑i=1Npilnpiqi

where N is the total number of regions being considered and ln
is the natural logarithm. The Theil index T is composed of a
sum of ti which is a partial contribution from region i. The
discrete probability distribution, pi, in region i is defined as the
ratio of daily confirmed cases region i to the total confirmed
cases across all regions for that day. Similarly, the population
ratio, qi, in region i is the ratio of the population in region i to
the total population across all regions.

The Theil index, which is mathematically related to the KL
divergence, is a nonsymmetric metric that measures the relative
entropy or informational difference between two distributions.
It is sensitive to the interregional variations in the distribution
of the confirmed cases, with its maximum value attained when
the confirmed cases are concentrated in areas with the smallest
population proportion. Consequently, the index tends to exhibit
higher values when a small number of regions account for a
large share of the confirmed cases, and conversely, lower values
when the confirmed cases are more evenly distributed across
regions. Notably, it remains nonnegative and reaches a minimum
value of 0 only when the two distributions are identical.
Therefore, applying the Theil index to the time-series data of
the confirmed cases, and monitoring changes in the index over
time, we quantified the degree of spread of COVID-19 cases
and assessed whether the confirmed cases were
disproportionately concentrated relative to the regional
population sizes over time.

Ethical Considerations
This study used publicly available, deidentified COVID-19 data
from CSSE at Johns Hopkins University [18], and therefore,
additional ethics approval and informed consent were not
required. The aggregated data ensured privacy and
confidentiality, and no direct human participants were involved;
thus, no compensation was provided. No identifiable information
appears in any images or materials.

Results

To address fluctuations in the Theil index caused by data
aggregation inconsistencies during holidays across different
regions, the 7-day average of confirmed COVID-19 cases was
used instead of raw data.

Figure 1 illustrates a 2-axis graph showing the time trends of
the Theil index (left axis) and the number of confirmed cases
in a logarithmic scale (right axis, logarithmic scale). The
horizontal axis represents the number of days elapsed (denoted
by d in the text) since the date of the first reported case in the
United States.

In Figure 1, there are eight notable surges of the confirmed
cases, occurring at approximately d=80 (first), 180 (second),
350 (third), 450 (fourth), 580 (fifth), 720 (sixth), 900 (seventh),
and 1080 (eighth), respectively. The presence of multiple peaks
in the Theil index indicates that infected individuals were
concentrated in specific regions during the period, and the
degree of this concentration can be assessed by examining the
numerical values. However, it is important to note that changes
in the Theil index simply indicate the degree of regional
disproportionality in the confirmed cases rather than absolute
increases or decreases in the number of infected individuals.
Therefore, this indicator is most effective when interpreted in
conjunction with actual trends in the number of confirmed cases.

Before the first peak, the number of confirmed cases was quite
low, and the Theil index fluctuated erratically. As d increased
near the first peak, the Theil index gradually decreased, reaching
a local minimum around d=120. This suggested that the initially
localized epidemic began to spread throughout the US during
the early stages of the global pandemic. Similar trends were
observed during subsequent surges, such as slight a increase in
the Theil index before the peak, followed by a decrease. This
could be seen as a precursor to a surge in the number of infected
individuals. This finding aligns with previous research by Ikeda,
Sasaki, and Nakano [7].

The following examples provide interesting insights; when the
Theil index value was high and the number of confirmed cases
was low (d=60, 550, etc), it indicated that the infectious disease
was localized and beginning to spread to various regions.
Conversely, when the index was low and the number of
confirmed cases was high (d=750, etc), it indicated that there
was no obvious epicenter of the infectious disease, with the
number of confirmed cases increasing relatively and evenly
across different regions.

The contributions to the Theil index from each region (ti),
calculated from the number of cases on each date, were arranged

JMIR Form Res 2025 | vol. 9 | e59230 | p.4275https://formative.jmir.org/2025/1/e59230
(page number not for citation purposes)

Sasaki et alJMIR FORMATIVE RESEARCH

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


in chronological order and visualized using a heatmap, as shown
in Figure 2. Regions with a high proportion of confirmed cases
are represented in red, while regions with a low proportion are
colored blue. Notably, there are long intervals between the deep
red patches in some regions such as California, Florida, and
New York. Particularly, the periods of intense infection
represented by these deep red patches were not repeated at short
intervals. This phenomenon is of great importance in infectious
disease management. Once a major epidemic in an area has
subsided, the interval between subsequent outbreaks provides
an opportunity to rebuild the health care infrastructure and
implement preventive measures before the occurrence of the
next epidemic.

Based on the observations from Figure 2, the epicenter of
infectious diseases as indicated by the red patches alternates
between New York, California, and Florida. This insight is
crucial for understanding the underlying mechanisms of the
spread of infectious diseases in the future. Furthermore, after
d=750, both the red and blue colors fade over time, indicating
the absence of a single epicenter, and a widespread outbreak of
COVID-19. This pattern suggests the ineffectiveness of
countermeasures against the spread of infectious diseases under
these circumstances.

Figure 3A shows the contributions to the Theil index by region
at d=60. The horizontal axis in the figure shows the state code

(as listed in Multimedia Appendix 1). There is a significant
contribution to the Theil index from New York State compared
to the other regions. Figure 3B shows that at this point confirmed
cases were highly localized in these regions.

There were relatively large negative contributions to the Theil
index from California, Florida, and Texas, which were regions
with high population ratios. It is interesting to note that there
was little risk of infection in these regions at that point; however,
the number of infected individuals rapidly increased following
the concentration of confirmed cases in New York.

Figure 4 shows the contributions to the Theil index from each
region at d=550 and 750. At d=550 shown in Figure 4A, the
Theil index reaches a peak, and the trend of confirmed cases is
increasing. This suggests that a new epidemic is emerging,
mainly in Florida and Louisiana. However, their contributions
are significantly smaller compared to New York at d=60, as
seen in Figure 3. This indicates that regional disproportionality
is much less pronounced than in the early stage of the
COVID-19 pandemic. It is also interesting to look at data on
d=750 as shown in Figure 4B, when confirmed cases in the
United States are at their maximum. Although several regions
show large contributions to the Theil index, the epicenter of
COVID-19 is no longer obvious, suggesting that COVID-19
cases are uniformly distributed across the country.

Figure 1. Time trends of the Theil index on the left axis and the 7-day average number of the confirmed cases on the right axis on a logarithmic scale
are shown in the red and blue curves, respectively. The horizontal axis is the number of days elapsed since January 21, 2020.

JMIR Form Res 2025 | vol. 9 | e59230 | p.4276https://formative.jmir.org/2025/1/e59230
(page number not for citation purposes)

Sasaki et alJMIR FORMATIVE RESEARCH

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


Figure 2. Partial contributions to the Theil index from each region, ti, are displayed in a heatmap over time. The horizontal axis represents the number

of days elapsed since January 21, 2020. The vertical axis shows the names of states in the United States. The positive (high concentration of incidences)
and negative (low concentration) contributions to the Theil index correspond to deep red and blue colors, respectively.

Figure 3. Partial contributions to the Theil index from each region, ti, at d=60. The horizontal axis shows the state code given in Multimedia Appendix

1. (A) Comparison of the distribution of the confirmed cases and population. The vertical axis shows the ratio of a part to the whole region for populations
and for the confirmed cases. (B) Contributions to the Theil index from each region. The vertical axis shows the strength of the contribution to the Theil
index. The significantly high value of partial contribution to the Theil index is highlighted in orange.
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Figure 4. Partial contributions of the Theil index from each region, ti at a specific date. The vertical axis shows the strength of contribution to the Theil
index. The horizontal axis shows the state code given in Multimedia Appendix 1. (A) Contributions of the Theil index at d=550. (B) Contributions of
the Theil index at d=750. The significantly high values of partial contribution to the Theil index are highlighted in orange.

Discussion

This study demonstrates the utility of the Theil index for
quantifying regional disproportionalities in the distribution of
COVID-19 cases. It offers an intuitive and efficient approach
to identifying hotspots and monitoring the spread of infection.
However, certain limitations may affect result interpretation.

The accuracy of the analysis depends on data quality; factors
such as underreporting, delays in case confirmation, and regional
differences in testing capacity may introduce biases into case
counts. These issues could potentially impact the calculated
Theil index and the assessment of regional disproportionalities.

Additionally, this study focuses primarily on confirmed cases
rather than new infections, limiting its capacity to predict future
spread. Therefore, the Theil index alone may not be sufficient
for determining the timing and location of public health
interventions, such as isolation measures. To support
comprehensive policy-making, it should be used alongside other
indicators, such as infection rates, hospitalization rates, and
health care capacity.

Conventional spatiotemporal analysis methods [20,21] are
widely used in epidemiology and public health to track
infectious disease spread and visualize infection clusters over
time in specific regions. These established tools effectively
detect geographical clusters, identify areas with unusually high
incidence, and reveal disease hotspots within defined spatial
ranges.

In contrast, our method offers two distinct advantages. First, an
increase in the Theil index acts as a precursor to a surge in the
number of infected individuals. Second, it quantifies regional
disproportionalities in incidence rates at any given time. Unlike
conventional methods that emphasize physical distance and
spatial proximity, our approach treats regions as discrete
categories to calculate incidence rate disproportionalities.
Although simple, this approach provides an intuitive way to
identify epicenters at a lower computational cost compared to
spatiotemporal scanning, enabling us to detect early surges in

confirmed cases and pinpoint regions with concentrated
infections.

For instance, the concentration of COVID-19 cases in New
York at d=60 as shown in Figure 3A and B, cannot be
overlooked when considering infection control. The lockdown
was implemented in New York City [22] and coincided with a
period when the contribution to the Theil index was concentrated
in New York State. Although it is challenging to assess the
direct impact of lockdown using the Theil index alone, the
timing appears appropriate based on the pattern of concentration
of confirmed cases.

Integrating our method with additional data sources, such as
mobility patterns and health care capacity, will enhance
pandemic response strategies, particularly for early intervention
and efficient resource allocation.

In conclusion, this study demonstrates the application of the
Theil index in quantifying regional disproportionalities in
confirmed cases and monitoring their evolution over time. By
analyzing confirmed case data in the United States, we have
identified patterns of disproportionalities, specified epicenters,
and characterized localized outbreaks.

Continued monitoring and analysis of regional differences in
COVID-19 transmission remain essential, especially considering
emerging variants and evolving public health responses. Our
findings highlight the importance of understanding the regional
dynamics of infected individuals for effective pandemic response
interventions.

Incorporating the findings of this study will help policy makers
refine strategies and address the diverse needs of different
regions, ultimately increasing the effectiveness of pandemic
response efforts and mitigating the impact of future health crises.

Lastly, the decomposability of the Theil index makes it possible
to quantify and compare disproportionality in groups with
specific characteristics, such as age, vaccination coverage, and
health care accessibility. Identifying these disproportionalities
will provide important insights for future pandemic responses.
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Abstract

Background: Geospatial data science can be a powerful tool to aid the design, reach, efficiency, and impact of community-based
intervention trials. The project titled Take Care Texas aims to develop and test an adaptive, multilevel, community-based
intervention to increase COVID-19 testing and vaccination uptake among vulnerable populations in 3 Texas regions: Harris
County, Cameron County, and Northeast Texas.

Objective: We aimed to develop a novel procedure for adaptive selections of census block groups (CBGs) to include in the
community-based randomized trial for the Take Care Texas project.

Methods: CBG selection was conducted across 3 Texas regions over a 17-month period (May 2021 to October 2022). We
developed persistent and recent COVID-19 burden metrics, using real-time SARS-CoV-2 monitoring data to capture dynamic
infection patterns. To identify vulnerable populations, we also developed a CBG-level community disparity index, using 12
contextual social determinants of health (SDOH) measures from US census data. In each adaptive round, we determined the
priority CBGs based on their COVID-19 burden and disparity index, ensuring geographic separation to minimize intervention
“spillover.” Community input and feedback from local partners and health workers further refined the selection. The selected
CBGs were then randomized into 2 intervention arms—multilevel intervention and just-in-time adaptive intervention—and 1
control arm, using covariate adaptive randomization, at a 1:1:1 ratio. We developed interactive data dashboards, which included
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maps displaying the locations of selected CBGs and community-level information, to inform the selection process and guide
intervention delivery. Selection and randomization occurred across 10 adaptive rounds.

Results: A total of 120 CBGs were selected and followed the stepped planning and interventions, with 60 in Harris County, 30
in Cameron County, and 30 in Northeast Texas counties. COVID-19 burden presented substantial temporal changes and local
variations across CBGs. COVID-19 burden and community disparity exhibited some common geographical patterns but also
displayed distinct variations, particularly at different time points throughout this study. This underscores the importance of
incorporating both real-time monitoring data and contextual SDOH in the selection process.

Conclusions: The novel procedure integrated real-time monitoring data and geospatial data science to enhance the design and
adaptive delivery of a community-based randomized trial. Adaptive selection effectively prioritized the most in-need communities
and allowed for a rigorous evaluation of community-based interventions in a multilevel trial. This methodology has broad
applicability and can be adapted to other public health intervention and prevention programs, providing a powerful tool for
improving population health and addressing health disparities.

(JMIR Form Res 2025;9:e62802)   doi:10.2196/62802

KEYWORDS

COVID-19 testing; COVID-19 vaccination; study design; community-based interventions; geospatial analysis; public health;
social determinants of health; data dashboard

Introduction

The COVID-19 pandemic created a public health crisis,
prompting discussions on how to best mitigate its far-reaching
effects in a timely and efficient manner. From the start of the
pandemic (March 2020) to May 2021 (the beginning of this
study), there were over 30 million cumulative COVID-19 cases
[1], over 2 million hospitalizations, and over half a million
deaths in the United States alone [2]. During natural and
health-related disasters (eg, pandemics and epidemics),
vulnerable populations have historically endured a
disproportionate level of negative health outcomes [3-7].
Extensive research has revealed similar impacts of the
COVID-19 pandemic on vulnerable populations, particularly
older adults, racial and ethnic minority groups, individuals who
are immunocompromised, those with chronic conditions, and
individuals with lower socioeconomic status and education
attainment [8-17]. For example, a higher risk of severe
COVID-19 symptoms, hospitalization, and mortality is
associated with the presence of underlying medical conditions
and older age [8,9]. Further, multiple studies have assessed
population vulnerability through the Centers for Disease Control
and Prevention (CDC) Social Vulnerability Index (SVI). For
example, COVID-19 risk increases with the overall SVI score
and the scores for specific SVI domains, notably those for the
minority status and language domains [10,11,16]. Specifically,
Hispanic and Black individuals have experienced higher rates
of infection, hospitalization, and mortality when compared to
non-Hispanic White individuals [12-14,18]. Racial and ethnic
minority groups tend to be more susceptible to COVID-19,
partially due to economic and social factors such as limited
financial resources; insecure housing; higher housing density;
reliance on public transportation; and additional inequities in
nutrition, jobs, environments, and access to health care and
health-related resources [13,14,19,20]. These findings
underscore the importance and complex interplay of social
determinants of health (SDOH) with respect to COVID-19
outcomes.

Health disparities research has consistently shown that
geography—where individuals live, work, and play—matters,
and it can greatly influence mortality, morbidity, life expectancy,
and various aspects of health [21]. Geographic disparities in
COVID-19 health outcomes have also been well documented.
Previous studies have demonstrated county-level disparities in
SARS-CoV-2 testing, infection, and fatality rates [22-24].
Research conducted by Das et al [25] reported geographic
disparities in COVID-19 incidence across various zip code
tabulation areas (ZCTAs) in the greater St. Louis area, Missouri.
Das et al [25] also reported that the strength of the associations
between the area proportion of the population working in
agriculture and COVID-19 incidence varied by different ZCTAs.
In a separate study, Bauer et al [26] developed a novel approach
to identifying testing disparities by census block groups (CBGs),
revealing significant geographical disparities in the context of
smaller areas. Further, geographical disparities may not be
constant and instead shift over time. For example, from 2019
to 2020, temporal trends in confirmed COVID-19 incidence
and mortality differed between the most and least vulnerable
counties in the United States [27]. Another study reported
significant changes in the spatial-temporal patterns of the health
care accessibility, test positivity rate of confirmed COVID-19
cases, and case fatality ratio in Texas [28].

Effective and real-time identification of vulnerable, at-risk
populations that are characterized by diverse characteristics or
reside within specific geographical regions is essential to address
and eliminate disparities in COVID-19 health outcomes. In the
context of health care, where resources are often limited and
must be efficiently and equitably allocated, questions regarding
site or population selection become paramount. Achieving this
goal requires (1) the identification of metrics to accurately
measure the multifaceted nature of disparities with available
datasets and (2) a robust method to summarize all metrics and
provide a meaningful output with practical use. The latter has
been achieved through various approaches, such as assigning
weights to each metric, which are often provided by domain
experts, and constructing an index from the weighted sum of
all metrics.
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This paper presents an innovative protocol for adaptive
geospatial selections in a community-based intervention
program—the Take Care Texas project—funded by the National
Institutes of Health (NIH) Rapid Access to Diagnostics for
Underserved Populations (RADx-UP) program. Our protocol
leveraged a data-driven approach for the rapid adaptation and
deployment of multilevel, just-in-time adaptive interventions
to improve COVID-19 testing and vaccination uptake in Texas.
In the Methods section, we focus on 2 key areas. First, we
outline the criteria and metrics for identifying the vulnerable
populations via SDOH and geographical measures. Second, we
detail the methodology for selecting the local communities
based on CBGs, which involved using a phased, multistage
approach. Designed for real-time prioritization, our protocol
addresses the immediate needs of communities most affected
by the changing landscape of the COVID-19 crisis.

Methods

Study Region and Populations
Our Take Care Texas project includes 3 geographically distinct
sites within Texas, each with unique demographic characteristics
(Multimedia Appendix 1). Southeast Texas, represented by the
Houston area within Harris County, has an ethnically diverse
population (N=4.73 million), covering both urban and suburban
communities. This region serves as a significant residence for
various racial and ethnic minority groups and is recognized for
having one of the largest metropolitan economies in the United
States. The South Texas site, represented by Cameron County
(population: N=423,029) in the Rio Grande Valley, is primarily
Hispanic, with a considerable proportion of the population
(22.6%) living below the federal poverty line, exceeding the
national average (11.5%) [29]. The Northeast Texas (NETX)
region covers an extensive area, including the Smith, Gregg,
Henderson, Van Zandt, Anderson, Wood, and Rains counties.
NETX is characterized by a mix of small cities and rural
communities, with a lower population density when compared
to other sites. Anderson County was excluded from this study
due to insufficient SARS-CoV-2 infection data coverage at the
time of analysis. The demographic distribution across these
regions reflects a wide socioeconomic and cultural spectrum,
offering a comprehensive understanding of the diverse
population within Texas. There are 2144 CBGs in Harris
County, 222 CBGs in Cameron County, and 349 CBGs from
the NETX region, according to the 2010 census data.

Overview of Priority CBG Selection Process
The process for identifying priority CBGs (PBGs) in this study
is presented in Figure 1. The process began with the
identification of geographic areas experiencing significant
COVID-19 burden, using SARS-CoV-2 surveillance data and
population estimates at the ZCTA level. We then identified

CBGs within these areas that exhibited high socioeconomic
disparities, using the community disparity index we constructed
to achieve the desired spatial granularity. Detailed descriptions
for determining disease burden and community disparities are
provided in the Persistent and Recent COVID-19 Burdens and
CBG-Level Community Disparity Index sections.

In response to the dynamic nature of the COVID-19 pandemic,
our identification and selection process was conducted monthly
with a near–real-time data feed from the local public health
department for timely and effective intervention planning. Table
1 illustrates the stepped planning and intervention calendar.
Between May 2021 and October 2022, a total of 10 rounds of
CBG selection were conducted for each of the three study sites.
In each round, among the CBGs within the identified
high–disease burden ZCTAs, we selected the most vulnerable
CBGs based on the community disparity index (ie, CBGs in the
top 25% for this metric). We then excluded previously
randomized CBGs, their neighbors (ie, CBGs that share a
common geographic boundary), and any CBGs with small
populations (total population<500) to form the PBG list, which
served as the sampling universe. From the PBGs, we sampled
geographically nonadjacent sets of CBGs (3 CBGs as a set),
ensuring suitable geographic separation to mitigate potential
intervention “spillover,” since the study goal was to compare
2 distinct intervention strategies to a control arm. We sought
feedback from the community health workers and staff in the
three regions, to determine if the potential CBGs presented
safety, geography, and access concerns, by showing maps of
the areas and then discussing the areas and documenting
concerns. When there was lack of clarity about an area, we
reached out via phone calls and emails to community experts
in our advisory groups (health department leaders, city leaders,
and local nonprofits serving the areas) to obtain their feedback
as well. CBGs that posed challenges in reaching community
members (such as CBGs with primarily gated communities or
business districts), which would prevent implementing the
intervention protocol (eg, door-to-door visits), were excluded
from the sampling frame. This collaborative approach ensured
that our selection process was informed by both data-driven
analysis and community and implementer insights. The final
selected CBGs within each set were then assigned to 1 of 2
intervention groups (multilevel intervention and just-in-time
adaptive intervention) or a control group through baseline
covariate adaptive randomization, balancing disparity index
and population size, as well as vaccination coverage when such
data were available. These CBGs then underwent a 1-month
planning phase, followed by a 2-month intervention period. In
each round, this study selected and randomized 6 CBGs (2 sets)
for Harris County due to its larger geographic area and
population, 3 CBGs for Cameron County, and 3 CBGs for
NETX counties.

JMIR Form Res 2025 | vol. 9 | e62802 | p.4283https://formative.jmir.org/2025/1/e62802
(page number not for citation purposes)

Zhang et alJMIR FORMATIVE RESEARCH

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


Figure 1. Workflow of the adaptive geospatial selection of CBGs for intervention in the Take Care Texas study. The selection of CBGs for intervention
was conducted each round. CBG: census block group; NETX: Northeast Texas; PBG: priority census block group; ZCTA: zip code tabulation area.
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Table . The stepped planning and intervention calendar by month. Each round, selected census block groups were randomized into 1 control arm and
2 intervention arms—multilevel intervention (MILI) and just-in-time adaptive intervention (JITAI).

20222021

JuneMayAprilMarchFebru-
ary

Jan-
uary

Decem-
ber

Novem-
ber

Octo-
ber

Septem-
ber

AugustJulyJuneMay

Round 1

✓b✓b✓aCon-
trol

✓b✓b✓aMILI

✓b✓b✓aJITAI

Round 2

✓b✓b✓aCon-
trol

✓b✓b✓aMILI

✓b✓b✓aJITAI

Round 3

✓b✓b✓aCon-
trol

✓b✓b✓aMILI

✓b✓b✓aJITAI

Round 4

✓b✓b✓aCon-
trol

✓b✓b✓aMILI

✓b✓b✓aJITAI

Round 5

✓b✓b✓aCon-
trol

✓b✓b✓aMILI

✓b✓b✓aJITAI

Round 6

✓b✓b✓aCon-
trol

✓b✓b✓aMILI

✓b✓b✓aJITAI

Round 7

✓b✓b✓aCon-
trol

✓b✓b✓aMILI

✓b✓b✓aJITAI

Round 8

✓b✓b✓aCon-
trol

✓b✓b✓aMILI

✓b✓b✓aJITAI
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20222021

JuneMayAprilMarchFebru-
ary

Jan-
uary

Decem-
ber

Novem-
ber

Octo-
ber

Septem-
ber

AugustJulyJuneMay

Round 9

✓b✓b✓aCon-
trol

✓b✓b✓aMILI

✓b✓b✓aJITAI

Round 10

✓b✓b✓aCon-
trol

✓b✓b✓aMILI

✓b✓b✓aJITAI

aPlanning months.
bIntervention months.

Persistent and Recent COVID-19 Burdens
The persistent and recent high COVID-19 burdens were
quantified by using SARS-CoV-2 surveillance data obtained
from local public health departments. We computed a 7-day
moving average for infection rate, which was defined as the
daily new cases per 100,000 population. For each ZCTA, the
persistent disease burden was evaluated based on the number
of days on which ≥10 new cases per 100,000 population were
reported, as per the common COVID-19 risk level threshold
[30], starting from March 1, 2020, up to the respective analysis
date for each selection round. To evaluate the recent disease
burden, we first calculated the 80th percentile of daily new cases
per 100,000 population across all ZCTAs within each study
site, using data from the 30 days preceding each analysis date.
We then counted the number of days on which the infection
rate for each ZCTA exceeded this 80th percentile threshold. In
each selection round and for each site, we ranked the ZCTAs,
in descending order, based on their number of days with (1) a
persistent high burden and (2) a recent high burden. The ranking
was performed for each metric separately, and the ZCTAs in
the top 50% for either metric were identified as high–disease
burden ZCTAs.

CBG-Level Community Disparity Index
We developed the CBG-level community disparity index due
to the lack of spatial granularity in existing indices, such as the
SVI, which did not meet our study’s needs. Using 12 SDOH
measures from the 2014‐2018 American Community Survey
5-year estimates [31], our community disparity index covered
the socioeconomic, demographic, and housing dimensions of
SDOH (Multimedia Appendix 2). It integrated economic
stability factors (employment and poverty rates, per capita
income, education level, and health insurance coverage),
demographic characteristics (percentages of individuals younger
than 18 years, individuals older than 65 years, individuals in
single-parent households, and racial minority individuals), and
housing factors (percentage of renter-occupied units, rent
burden, and crowded housing).

We used principal component analysis (PCA) to construct the
community disparity index, similar to the approach used by
Kolak et al [32]. PCA is a data-driven approach that synthesizes
multiple pieces of information into one combined measure,
while simultaneously handling high correlation and minimizing
information loss [32-35]. We kept the principal components
with eigenvalues exceeding 1, following the Kaiser criteria. The
scores of these selected principal components were weighted
according to the variance they accounted for and then summed,
with higher scores representing a greater community disparity.
The resulting indices were then ranked and scaled from 0 to 1
within each study region, providing a relative ranking of CBGs.
All data were processed and analyzed with R statistical software
(v4.1.2; R Foundation for Statistical Computing) [36].

Interactive Data Dashboards
We developed ArcGIS (Environmental Systems Research
Institute Inc) and R Shiny (Posit PBC) data dashboards that
provided key geospatial information and relevant COVID-19
data for this study. Feedback was received from the dashboard’s
end users, including community health workers. The dashboards
included maps that showed community disparity indices, PBGs,
intervention-prioritized CBGs, COVID-19 testing sites, road
maps, and SARS-CoV-2 infection and testing rates at the CBG
and ZCTA levels. These tools enabled community health
workers to identify the boundaries of the priority areas and
access the relevant COVID-19 data for effective on-ground
intervention messaging and referral to needed services. Both
dashboards were designed to be interactive to facilitate strategic
planning efforts and were password protected for internal team
use only. The dashboard was especially useful during the
planning phase and facilitated the creation of a community
profile document, which community health workers used to
share real-time data and deliver messaging tailored to the
communities.

Ethical Considerations
The research protocol was approved by the UTHealth
Committee for the Protection of Human Subjects
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(HSC-SPH-20‐1372). Data user agreements were established
between UTHealth and the public health departments of Harris
County, Cameron County, and NETX counties. This study did
not involve direct contact with participants, as data were
aggregated at the CBG level, so no individual-level informed
consent was required. Data were deidentified, and all analyses
followed data privacy guidelines.

Results

Table 2 presents summary statistics of the population density
and 12 SDOH variables used to construct the community
disparity index for CBGs in Harris County, Cameron County,
and NETX counties, in comparison to the whole state of Texas.
Harris County, with the highest population density (2600 per

km2) and per capita income (US $33,500), also has the highest
percentage of renters (44.9%). Cameron County, on the other
hand, has a higher percentage of crowded housing (11.2%),
individuals without high school diplomas (35.1%), uninsured
individuals (28.0%), people living in poverty (30.9%), and racial
minority individuals (90.0%). NETX has a higher percentage
of people aged 65 years and older (18.2%) but a much lower
proportion of racial minority individuals compared to Texas
overall (35% vs 57.7%).

Between March 2021 and March 2023, we identified 5 distinct
COVID-19 waves, with 3 occurring within the intervention
period of our study, specifically around August 2021, December
2021, and July 2022 (Multimedia Appendix 3). The overall
infection rates varied across the three study regions, highlighting
the importance of site-specific burden assessment. The temporal
trends of SARS-CoV-2 infection rates differed among the sites
when the pandemic started but became more similar during the
intervention period, that is, from May 2021 to October 2022.
Harris County consistently reported higher infection rates than
those reported by the other two regions throughout this study.

Figure 2 displays maps of the CBG-level community disparity
index, highlighting substantial variations across and within the
study regions. The leading four PCA components captured a
significant portion of the variance in the 12 SDOH measures.
For instance, in Harris County, these components explained
70.96% of the variance, with the first principal component alone
accounting for 43.45%, and were primarily influenced by
socioeconomic factors (percentage of individuals with no high

school diploma, percentage of individuals living under poverty,
per capita income, percentage of uninsured individuals, and
percentage of racial minority individuals). Consequently, we
derived the standardized index scores by using the first four
PCA components.

The maps of the COVID-19 burden and community disparity
index shared similar geographic patterns, with high COVID-19
burdens often found in ZCTAs with elevated community
disparity (Multimedia Appendix 4). However, distinctive
patterns also existed. For instance, during the first selection
round for Harris County in May 2021, several ZCTAs located
in the western and eastern parts of the county experienced high
COVID-19 burden, despite their low community disparity
scores. This highlights the complex interplay between the
pandemic impact and SDOH, as COVID-19 can affect diverse
communities, including those traditionally considered less
socially vulnerable. Therefore, it is crucial to leverage both
SDOH data and COVID-19 surveillance data to dynamically
identify and prioritize areas for interventions.

Over the 17-month period from May 2021 to October 2022, we
selected and randomized 120 CBGs for intervention across 10
rounds, with 60 CBGs in Harris County, 30 in Cameron County,
and 30 in NETX counties (Table 1). The population size of the
randomized CBGs ranged from 615 to 11,321. The combination
of the community disparity index and real-time COVID-19
surveillance data allowed for the identification and selection of
areas—those with the highest disease burden among the most
vulnerable populations—for the adaptive, multilevel, just-in-time
intervention. This study also observed substantial changes in
the PBG list across different rounds, with more CBGs identified
in the later rounds of selection, corresponding to increased
infection rates during the pandemic, as shown in Figure 3.

Multimedia Appendix 5 illustrates the R Shiny and ArcGIS
dashboards that we developed to provide a dynamic visualization
of the data from this study. These interactive dashboards, along
with the community profiles we developed, were used by the
intervention team to tailor their strategies. By leveraging these
tools, the team was able to adapt culturally relevant messages
and materials, enhance door-to-door education by community
health workers in selected CBGs, and better inform social
marketing campaigns to promote COVID-19 testing and
vaccination efforts.
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Table . Summary statistics of the American Community Survey variables (2014-2018 5-year estimates) [31] used in community disparity index creation
at the census block group (CBG) level for 3 regions in Texas and Texas overall.

Texas overallTexas regions

NETXa counties (CBGs:
n=349)

Harris County (CBGs:
n=2144)

Cameron County (CBGs:
n=222)

27,900,000Population (n)

—c1540 (48.6)2150 (83.5)1900 (83.7)    Mean (CVb [%])

—1370 (1060-1890)1770 (1210-2470)1550 (967-2350)    Median (IQR)

43.1Population density (per km2)

—546 (136.5)2600 (97.5)1420 (86.5)    Mean (SD [%])

—209 (41.4, 870)2020 (1180, 3090)1180 (345, 2130)    Median (minimum, maxi-
mum)

4.79Crowded housing (%)

—3.45 (141.4)6.28 (123.8)11.2 (74.0)    Mean (CV [%])

—1.82 (0-5.24)3.68 (0-9.46)9.84 (4.82-16.3)    Median (IQR)

16.8Individuals without a high school diploma (%)

—16.7 (74.3)21.5 (84.1)35.1 (45.1)    Mean (CV [%])

—14.1 (7.93-21.5)17.0 (5.65-34.5)36.0 (23.2-47.8)    Median (IQR)

38.1Renters (%)

—32.2 (64.9)44.9 (65.1)36.0 (56.4)    Mean (CV [%])

—27.4 (17.2-43.7)40.2 (20.5-66.5)34.0 (20.9-46.1)    Median (IQR)

44.4Rent burden (%)

—39.7 (61.6)43.7 (52.2)46.8 (45.9)    Mean (CV [%])

—39.1 (22.2-56.3)45.5 (29.0-58.2)46.4 (33.3-60.9)    Median (IQR)

26.2Individuals younger than 18 years (%)

—23.7 (36.4)25.3 (36.2)29.1 (29.6)    Mean (CV [%])

—23.0 (18.2-29.0)25.8 (19.5-31.5)30.1 (23.6-35.4)    Median (IQR)

12.0Individuals older than 65 years (%)

—18.2 (53.7)11.3 (66.7)15.5 (69.0)    Mean (CV [%])

—17.2 (11.0-23.5)9.99 (6.28-14.5)13.2 (9.67-18.4)    Median (IQR)

14.7Individuals in single-parent households (%)

—14.0 (92.8)17.2 (83.3)18.3 (62.5)    Mean (CV [%])

—10.8 (4.72-20.9)14.4 (6.23-25.3)17.1 (9.94-25.8)    Median (IQR)

5.41Unemployed individuals (%)

—5.65 (103.5)6.45 (91.4)7.05 (91.1)    Mean (CV [%])

—4.39 (1.47-7.87)5.16 (2.54-8.89)5.85 (2.60-9.76)    Median (IQR)

30,100Per capita income (US $)

—25,800 (41.8)33,500 (78.2)16,400 (45.3)    Mean (CV [%])

—25,400 (17,600-30,700)24,200 (16,700-40,700)14,500 (10,700-20,200)    Median (IQR)

17.1Uninsured individuals (%)

—17.6 (54.8)20.9 (67.3)28.0 (38.4)    Mean (CV [%])

—16.0 (10.6-23.4)19.5 (9.25-30.9)28.4 (20.2-35.3)    Median (IQR)

14.3Individuals living in poverty (%)

—16.6 (71.9)16.2 (81.2)30.9 (46.9)    Mean (CV [%])
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Texas overallTexas regions

NETXa counties (CBGs:
n=349)

Harris County (CBGs:
n=2144)

Cameron County (CBGs:
n=222)

—14.5 (7.93-22.4)13.2 (5.63-23.9)31.1 (19.1-42.1)    Median (IQR)

57.7Racial minority individuals (%)

—35.0 (77.2)69.3 (40.0)90.0 (15.6)    Mean (CV [%])

—26.1 (14.4-50.9)79.7 (46.5-94.0)94.2 (87.3-98.4)    Median (IQR)

aNETX: Northeast Texas.
bCV: coefficient of variation.
cNot applicable.

Figure 2. Census block group–level community disparity index developed for the community-based intervention by study region. The community
disparity index was constructed by using principal component analysis to combine 12 social determinants of health measures from the American
Community Survey 2014-2018 5-year estimates [31]. The index was scaled to range from 0 to 1 within each study area, with higher index values
indicating greater community disparity.
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Figure 3. Priority CBGs for the community-based intervention by study region and selection rounds: highlighted CBGs were identified as candidates
for inclusion in R1, R2, R4, and R7. CBG: census block group; NETX: Northeast Texas; R: round.

Discussion

Principal Findings
In this study, we used geospatial data science methods to
develop a protocol for the adaptive selection of 120 CBGs in 3
regions of Texas, which occurred across 10 rounds over a
17-month period (May 2021 to October 2022). This protocol,
which was developed for the Take Care Texas project, integrated
real-time dynamic data on SARS-CoV-2 infection rates and
contextual SDOH to identify and prioritize the CBGs most in
need of tailored activities and resources to improve COVID-19
testing and vaccination. The adaptive selection of CBGs
prioritized the most vulnerable communities and allowed for
the rigorous evaluation of community-based interventions in a
multilevel trial.

Strengths and Limitations
Our protocol demonstrated several unique strengths in
integrating public health surveillance data and geospatial data
science. First, our study offered spatial granularity at the level
of CBGs, which has rarely been seen in other studies [11,16,37].
Such granularity could potentially result in more tailored
interventions that are best suited to the local communities for
which they were developed. Second, we incorporated both the
reported SARS-CoV-2 infection rates and the community

SDOH, reflecting the socioeconomic and housing conditions
that contributed to health disparities. This allowed us to
prioritize communities experiencing not only high disease
burden but also high social vulnerability that could potentially
impact community resilience and the ability to adapt to
challenges presented by the pandemic. Third, the dynamic nature
of our protocol, particularly the initial selection of high–disease
burden ZCTAs, allowed for real-time adaptation of the selection
strategies in response to the changing pandemic, thereby
enabling us to prioritize the most in-need and most vulnerable
communities effectively. Finally, the protocol was strengthened
by the input from and collaboration among community members
and frontline community health workers, which were critical
in designing and implementing interventions. The final CBG
selection was made by community partners considering
on-the-ground intervention feasibility. In the context of this
study and site selection, the input from our community partners
and community health workers supplemented the data-driven
approaches [38]. Although multicriteria decision-making
methods have been previously used for site selection problems
[39-42], including the integration of objective criteria with
experts’ qualitative input to determine site suitability, some
multicriteria decision-making techniques have been critiqued
for arbitrary and irrational rankings of alternatives [43] and
questionable mathematical validity [44]. By contrast, previous
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work has shown that PCA is a robust approach for integrating
various vulnerability and health indicators and providing reliable
unequal weighting [33,34] to help guide the selection of local
communities for health care interventions. Future studies should
continue to investigate best practices for engaging communities
in trial design and implementation.

Our protocol also presented several limitations. First, the
COVID-19 pandemic highlighted significant challenges in data
reporting due to the absence of established surveillance data
infrastructures for COVID-19 and other rapidly spreading
communicable diseases. The state reporting requirements for
data elements and definitions changed over time, complicating
the consistent use of data across study regions. In our study, we
directly collaborated with individual county public health
departments and processed and harmonized data across different
study regions, which were time-consuming processes. Second,
the time lag commonly seen in surveillance databases posed
challenges in accurately identifying current hot spots, and
incomplete demographic data hindered the assessment of health
equity throughout the COVID-19 pandemic by delaying the
analysis of COVID-19 health outcomes by subgroups and across
more granular geographic scales [45,46]. The Congressional
Research Service’s 2020 report highlighted the need to
modernize public health reporting systems to improve the
timeliness and accuracy of public health data reporting [45].
However, differences in data standards, technical capacity, and
regional policy priorities, particularly in the early stages of the
COVID-19 pandemic, limited effective data sharing across study
regions. Third, our protocol required accurate and complete
address information for geographical granularity in identifying
the high–disease burden priority areas, and when address
information was missing, we may not have been able to include
the SARS-CoV-2 case records in determining the PBGs. Finally,
finding geographically separated CBGs in later rounds of
selection could be difficult in small counties with fewer CBGs,
such as Cameron County. Traditionally, administrative
boundaries are used to define spatial units, yet alternative
approaches may better capture actual community layouts. For
example, Tuson et al [47] developed the Spatial Targeting
Algorithm to generate flexible priority regions not restricted by
administrative boundaries. However, while flexible boundaries

may better capture neighborhoods, they may not provide SDOH
information, which is typically accessible only at the
administrative level. Additional work is needed to develop more
flexible spatial units, with or without administrative boundaries
as a constraint, for population-based research.

Study Implications
Despite these challenges, our study provided valuable protocols
for data processing and analytical support to an intervention
team working with local public health departments and
organizations. It demonstrated a useful approach to ensuring
that the most vulnerable communities participated in a multilevel
intervention trial for increasing COVID-19 testing and
vaccination uptake. Our proposed protocol could be adapted to
other population-based randomized trials for which rapid
assessment and allocation of finite resources are imperative.
For example, geospatial approaches have been used to assess
cancer screening rates among a vulnerable population in Ontario,
Canada [48] and determine priority clinics to allocate funding
for improving up-to-date colorectal cancer screening rates [49].
The integration of PCA and the real-time nature of our protocol
can also be adapted to other population-based trials. When
tackling multifaceted and complex problems, our protocol
demonstrates that PCA is effective at robustly incorporating a
wide range of health indicators. Further, the real-time nature of
our protocol allows for ongoing, continuous assessment and
adjustment in allocation of resources, provided that accurate
and timely data are available. This could be applied to study
recruitment protocols or other intervention-based trials.

Conclusion
The selection of optimal sites for health care and public health
interventions, especially under limited resources, is a crucial
challenge. Our protocol contributes to existing research by
integrating disease surveillance and SDOH data, the robust PCA
method, and community engagement to identify locations where
COVID-19 testing interventions for vulnerable populations are
most needed. The proposed data-driven approach could be
adapted to other disease control and prevention programs to
improve population health and reduce disease burden in areas
with disparities.
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Multimedia Appendix 1
Map of Texas counties with 3 study regions highlighted. Harris County (yellow) has the most ethnically diverse population in
Texas. Cameron County (blue), located on the southern border of Texas, is primarily Hispanic. A large proportion of the population
in Northeast Texas (NETX; orange) is White.
[PNG File, 494 KB - formative_v9i1e62802_app1.png ]

Multimedia Appendix 2
Metrics for identifying vulnerable populations, definitions, data sources, and available spatial scale.
[DOCX File, 24 KB - formative_v9i1e62802_app2.docx ]

Multimedia Appendix 3
Temporal trends of weekly COVID-19 cases per 100,000 population in Harris County, Cameron County, and Northeast Texas
(NETX) counties, with vertical lines indicating the start and end of the planning and intervention periods for the Take Care Texas
project. Historical Texas COVID-19 data were obtained from the Texas Department of State Health Services.
[PNG File, 350 KB - formative_v9i1e62802_app3.png ]

Multimedia Appendix 4
Maps of the census block group–level community disparity index developed in this protocol, overlaid with high–disease burden
zip code tabulation areas (shown in red geographical boundaries) in the first round of selection (May 2021) for the three study
regions.
[PNG File, 1603 KB - formative_v9i1e62802_app4.png ]

Multimedia Appendix 5
Screenshots of the (A) R shiny dashboard and (B) ArcGIS dashboard developed for the Take Care Texas study. These data
dashboards were designed to be interactive to best facilitate strategic planning efforts and were password protected for internal
team use only.
[PDF File, 233 KB - formative_v9i1e62802_app5.pdf ]
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Abstract

Background: Type 2 diabetes (T2D) is a chronic disease that can be partially managed through healthy behaviors. However,
the COVID-19 pandemic impacted how people managed T2D due to work and school closures and social isolation. Moreover,
individuals with T2D were at increased risk of complications from COVID-19 and experienced worsened mental health due to
stress and anxiety.

Objective: This study aims to synthesize emerging themes related to the health behaviors of people living with T2D, and how
they were affected during the early stages of the COVID-19 pandemic by examining Reddit forums dedicated to people living
with T2D.

Methods: Data from Reddit forums related to T2D, from January 2018 to early March 2021, were downloaded using the
Pushshift API; support vector machines were used to classify whether a post was made in the context of the pandemic. Latent
Dirichlet allocation topic modelling was performed to identify topics of discussion across the entire dataset and a subsequent
iteration was performed to identify topics specific to the COVID-19 pandemic. Sentiment analysis using the VADER (Valence
Aware Dictionary for Sentiment Reasoning) algorithm was performed to assess attitudes towards the pandemic.

Results: From all posts, the identified topics of discussion were classified into the following themes: managing lifestyle (sentiment
score 0.25, 95% CI 0.25-0.26), managing blood glucose (sentiment score 0.19, 95% CI 0.18-0.19), obtaining diabetes care
(sentiment score 0.19, 95% CI 0.18-0.20), and coping and receiving support (sentiment score 0.34, 95% CI 0.33-0.35). Among
the COVID-19–specific posts, the topics of discussion were coping with poor mental health (sentiment score 0.04, 95% CI −0.01
to0.11), accessing doctor and medications and controlling blood glucose (sentiment score 0.14, 95% CI 0.09-0.20), changing
food habits during the pandemic (sentiment score 0.25, 95% CI 0.20-0.31), impact of stress on blood glucose levels (sentiment
score 0.03, 95% CI −0.03 to 0.08), changing status of employment and insurance (sentiment score 0.17, 95% CI 0.13-0.22), and
risk of COVID-19 complications (sentiment score 0.09, 95% CI 0.03-0.14). Overall, posts classified as COVID-19–related (0.12,
95% CI 0.01-0.15) were associated with a lower sentiment score than those classified as nonCOVID (0.25, 95% CI 0.24-0.25).
This study was limited due to the lack of a method for assessing the demographics of users and verifying whether users had T2D.

Conclusions: Themes identified from Reddit data suggested that the COVID-19 pandemic significantly influenced how people
with T2D managed their disease, particularly in terms of accessing care and dealing with the complications of the virus. Overall,
the early stages of the pandemic negatively impacted the attitudes of people living with T2D. This study demonstrates that social
media data can be a qualitative data source for understanding patient perspectives.

(JMIR Form Res 2025;9:e51154)   doi:10.2196/51154
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Introduction

Background
Diabetes is a serious metabolic condition in which the body
experiences elevated blood glucose levels, which can result in
serious complications such as cardiovascular disease, kidney
disease, stroke, eye disease, foot ulcers, nerve damage, and
amputation. The World Health Organization [1] states that high
blood glucose levels are the third leading cause of premature
mortality. Type 2 diabetes (T2D) is characterized by insulin
resistance or insufficient production of insulin. Research
suggests that the risks of complications in people living with
T2D can be mitigated through self-management, including
glucose levels monitoring, optimized nutrition, regular physical
activity, and taking prescribed medications [2,3].

Managing T2D During the COVID-19 Pandemic
With the emergence of the COVID-19 pandemic in March 2020,
nearly the entire global population was affected by social
distancing measures that included business closures, remote
schooling and work, prohibition of large crowds, limited
socialization, and virtual outpatient diabetes care delivery.
Beyond the fear and anxiety that manifested [4], individuals
with T2D were at an increased risk of complications from
COVID-19, as the virus thrives in an environment of high blood
glucose [5]. T2D was considered among the most prevalent
chronic conditions where patients were at serious risk of
hospitalization or death if they contracted the virus [6]. This
was primarily due to increased inflammation from obesity and
insulin resistance, and prevalence of other comorbidities such
as hypertension, cardiovascular disease, dyslipidemia, and older
age [7]. Because T2D is mostly managed by lifestyle behaviors,
COVID-19 restriction measures reduced physical activity and
increased other unhealthy behaviors among those living with
T2D and other chronic conditions [4,8]. Moreover, there was a
concern about limited access to health care for people with T2D,
as telemedicine replaced many in-person visits [9]. Overall,
people with T2D exhibited worsening glucose levels during
lockdown periods [10].

Rationale and Study Objectives
Given that the pandemic impacted the lifestyle behaviors of
individuals with T2D, it is reasonable to assume that there were
changes in how they managed their condition, which contributed
to added stress and anxiety. Many people with T2D use social
medial forums to discuss how they manage their condition
through sharing information on diet, symptoms, research
findings, and recipes, while seeking peer support [11]. Social
media also serves as a public data source to gauge sentiment
and topics of discussion during the initial lockdown period. The
objectives of this study were to synthesize emerging themes
from peer discussion on Reddit, a social media forum with
dedicated communities for individuals coping with T2D. Using
data harnessed through the Pushshift application programming
interface (API), this study aimed to understand how their

attitudes and diabetes management evolved during the early
stages of the pandemic. Reddit was chosen over other social
networking platforms due to the segregation of special interest
communities, such as those focused on diabetes, and the
availability of the Pushshift API as an open-source tool for data
scraping.

Methods

Overview
Support vector machines were used to classify Reddit posts
related to the COVID-19 pandemic. Latent Dirichlet allocation
(LDA) topic modeling [12] and sentiment analysis using the
VADER (Valence Aware Dictionary for Sentiment Reasoning)
algorithm [13] were performed to achieve the study objectives.
Algorithms were executed through Python scripts in the Jupyter
Notebook platform version 6 (Linux Foundation), with final
extractions outputted as CSV files and further analyzed through
Microsoft Excel. No predefined protocol was used for this
experiment, given the novelty of social media analysis at the
time of the study.

Data Source and Collection
For this study, 3 communities on Reddit were examined:
r/type2diabetes, r/diabetes_t2, and r/diabetes [14-16]. From the
r/diabetes community, only posts tagged with the “flair” and
“type 2 diabetes” were included. Raw data of 100,887 posts
between January 1, 2018, to March 5, 2021, from these 3
communities were collected from Reddit in March 2021 via the
Pushshift application programming interface (API) using Python
scripts in Jupyter Notebook [17]. Data was exported as CSV
files and examined in Microsoft Excel. Posts with less than 5
words, posts with the label “removed” and those containing
special characters were removed from the dataset using
Microsoft Excel filtering tools to avoid bias in the algorithm.

Classification of Posts
Manual examination of the dataset found that the first post about
the COVID-19 pandemic was written on February 28, 2020,
and coincidentally, the last post about the pandemic in the
dataset was made on February 28, 2021. In total, 48,988 posts
were published during this period. Within the dataset, posts
were manually searched for terms related to the COVID-19
pandemic . These terms included “COVID”, “coronavirus”,
“pandemic”, “social distancing”, “lockdown”, “quarantine”,
“toilet paper”, “unemploy” and “unemployed”, “work and
working from home”, “telehealth”, “vaccine”, “sanitizer”, and
“mask.”

Posts that contained these terms in the text body were manually
evaluated for context and labeled as COVID or nonCOVID. In
total, 9803 posts were manually classified, of which 2065 were
labeled as COVID and 7738 as nonCOVID; these posts were
subsequently classified using support vector machines. An
additional 818 posts made in the context of the COVID-19
pandemic were identified, bringing the total number of
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pandemic-specific posts to 2883. The remaining unclassified
posts from the identified pandemic period were labeled as
nonCOVID.

Data Analysis
The LDA topic modeling algorithm [18] was applied in two
iterations to identify topics of discussion by obtaining clustering
words belonging to a single topic. A total of 85,266 posts
analyzed, with 2682 being specific to the COVID-19 pandemic.
The first iteration of topic modeling was performed on the entire
processed dataset of 85,266 posts made between January 1,
2018, and March 5, 2021. The second iteration was performed
on a subset of this dataset comprising the 2682 posts specifically
related to the COVID-19 pandemic.

Sentiment analysis was performed to understand the subjective
emotions or sentiment associated with each post, using a
normalized compound score between −1 and 1. The compound
score thresholds for classifying text into 3 sentiment categories
were as per the VADER algorithm [19]: positive (≥0.05), neutral
(between −0.05 and 0.05), and negative (≤−0.05). Further
statistical analysis was performed with R software version 4 (R
Foundation for Statistical Computing), to calculate mean
sentiment scores and 95% CI.

Ethical Considerations
According to the University of Toronto’s research ethics
guidelines, ethical approval was not sought for this study as per
exemptions in Section 1, as Reddit was assumed to be a public
data source with no reasonable expectation of privacy [20].
Moreover, there was no direct interaction between the
researchers and participants; therefore, ethical approval was not
necessary, as per Section 2 of the guidelines [20]. The data used
for qualitative analysis were scraped directly from Reddit. As
users do not need authentication to view Reddit forums, it was

assumed that the users who made these posts were aware that
they would be displayed publicly. As this is a publicly available
dataset, participants were not compensated.

Data for this study was collected through the Pushshift API.
Over 100 published research studies have already used Reddit
data extracted through this API [21]. Proferes et al [22]
conducted a systematic analysis of 727 manuscripts that used
Reddit as a data source and found that fewer than 15%
mentioned undergoing any form of ethical review.

While the usernames of the post authors’ were obtained, they
were assumed to be pseudonyms and not their actual names.
However, we acknowledge that some users may have integrated
their real names into their usernames; in this study, the
usernames were removed to deidentify the data. Reddit does
not provide identifiable characteristics of individual users, such
as their names, genders, or geographical locations. However, it
is possible that some users may include identifiable information
within their posts. In this study, such identifiable information
was not extracted or analyzed. Since the posts could not be
traced to any individual, no compensation was provided.

Results

Topics of Discussion
The final processed dataset consisted of 85,266 posts made
between January 1, 2018, and March 3, 2021. The study
methodology is shown in Figure 1. Data were collected from
Reddit diabetes communities through the Pushshift API and
classified as COVID or nonCOVID. LDA topic modelling and
sentiment analysis was conducted on processed text. The topics
were manually labeled and categorized into broader themes as
shown in Table 1.

Figure 1. Study methodology conducted in early 2021. LDA: latent Dirichlet allocation; SVM: support vector machine.
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Table . Words extracted from topic modeling of processed data of all Reddit posts in diabetes communities between January 2018–March 2021.

WordsThemes and topic names

Theme 1: Managing blood glucose

meter, insurance, reading, check, strip, libre, sensor, finger, cover, cgm,
free, pay, app, stick, test, track, buy, freestyle, monitor, difference

Using blood glucose meters

glucose, blood, high, glucose, level, normal, low, range, control, number,
spike, check, average, mgdl, raise, point, fast, affect, measure, test

Controlling blood glucose

ac, month, weight, year, lose, start, med, diagnose, metformin, week, diet,
stop, lb, change, medication, drop, loss, exercise, pound, control

Controlling HbA1C levels

insulin, type, body, resistance, gt, disease, people, medication, risk, cure,
increase, reverse, cell, case, pancreas, term, treatment, long, produce, dia-
betic

Rationale for glucose variability

Theme 2: Managing lifestyle

work, time, exercise, walk, bit, long, pretty, day, start, minute, run, ill,
thing, week, stress, home, stay, big, lot, hit

Exercising for diabetes care

fast, hour, meal, bg, metformin, morning, time, number, week, mg, night,
eat, effect, day, start, low, dinner, breakfast, sleep, reading

Timing meals and snacks

diet, low, keto, carb, fat, body, protein, calorie, lot, liver, carbs, healthy,
process, cholesterol, reduce, energy, high, carbohydrate, intake, muscle

Eating low carbohydrate or ketogenic diet

eat, carbs, food, drink, water, cut, meal, carb, avoid, lot, spike, soda, fiber,
drinking, limit, small, alcohol, gram, sweet, ate

Controlling carbohydrates and alcohol

bread, rice, add, cheese, egg, potato, meat, cream, fruit, veggie, chicken,
taste, pasta, recipe, snack, butter, nut, coffee, salad, milk

Options for food

Theme 3: Coping and receiving support

change, life, great, lot, thing, work, dr, make, learn, hope, luck, live, easy,
control, love, healthy, manage, hard, lifestyle, sound

Attitudes towards disease

feel, time, family, year, felt, thought, happen, care, make, deal, mom,
friend, turn, kind, super, shit, die, guess, hard, suck

Caregiving for family and history

Theme 4: Obtaining diabetes care

doctor, test, result, advice, talk, doc, give, diagnose, endo, read, appoint-
ment, wait, endocrinologist, follow, diagnosis, time, thought, adjust,
mention, idea

Interacting with care team

people, post, health, question, medical, understand, research, information,
study, read, answer, agree, link, support, comment, patient, diabetic, base,
opinion, group

Educating for self-management

issue, problem, symptom, pain, foot, effect, bad, eye, year, damage, heart,
experience, kidney, stomach, hand, stop, happen, shot, neuropathy, vision

Managing complications/comorbidities

A subset of 2682 posts written between February 28, 2020, and
February 28, 2021, was classified as COVID-specific. The topics
were manually labeled as shown in Table 2.
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Table . Words extracted from topic modeling of processed data from all COVID–related Reddit posts in diabetes communities from 28 February 2020
to 28 February 2021.

WordsTopic Name

feel, day, week, work, weight, lose, walk, bit, symptom, bad, lot, gym,
night, happen, end, great, covid, felt, ill, diagnosis

Coping with poor mental health

doctor, test, ac, year, insulin, month, metformin, diagnose, low, glucose,
diet, week, med, exercise, change, level, stop, reading, check, medication

Accessing doctor and medications and controlling blood glucose

eat, food, carbs, lot, meal, low, carb, diet, hard, hour, thing, water, keto,
fast, cut, easy, glucose, add, stuff, rice

Changing food habits during the pandemic

blood, glucose, high, time, stress, number, long, exercise, bg, body, prob-
lem, morning, normal, control, sleep, make, level, effect, change, kind

Impact of stress on blood glucose levels

work, home, hospital, today, time, year, talk, give, advice, wait, insurance,
visit, guess, state, order, meter, live, strip, situation, friend

Changing status of employment and insurance

covid, type, health, care, risk, sick, control, issue, virus, disease, diabetic,
question, pandemic, mask, hand, case, infection, wear, patient, home

Risk of COVID complications

Sentiment Analysis
Using the VADER algorithm, the compound sentiment score
of each post was determined. The sentiment across all posts in
the dataset was positive with a mean compound sentiment score
of 0.23 (95% CI 0.23-0.24).

Comparison of Sentiment of COVID Versus
NonCOVID Posts
The sentiment was compared between posts that were classified
as COVID and nonCOVID. The mean compound scores of
COVID-related posts remained within the positive threshold
(sentiment score 0.12, 95% CI 0.01-0.15) but was lower than

that of nonCOVID-related posts (sentiment score 0.25, 95% CI
0.24-0.25).

Sentiment by Theme
Coping and receiving support had the highest mean compound
score (sentiment score 0.34, 95% CI 0.33-0.35), followed by
managing lifestyle (sentiment score 0.25, 95% CI 0.25-0.26),
obtaining diabetes care (sentiment score 0.19, 95% CI
0.18‐0.20), and managing blood glucose (0.19, 95% CI
0.18‐0.19) (Figure 2). All mean compound scores fall in the
threshold to be classified as positive, with coping and receiving
support demonstrating the strongest positive intensity score.

Figure 2. Mean compound sentiment score of all posts, sorted by theme and classified as covid-related, noncovid-related, or combined.
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Sentiment by Theme Amongst COVID-Classified and
NonCOVID Posts
Mean compound scores were further analyzed among posts
classified as COVID-related or as nonCOVID-related. Coping
and receiving support had the highest mean compound score
(sentiment score 0.35, 95% CI 0.33‐0.36), followed by
managing lifestyle (sentiment score 0.27, 95% CI 0.26‐0.28),
obtaining diabetes care (sentiment score 0.21, 95% CI
0.20‐0.22), and managing blood glucose (0.19, 95% CI
0.18‐0.20). However, for COVID-related posts, coping and
receiving support had the lowest mean compound score

(sentiment score 0.06, 95% CI −0.02 to 0.13), which was slightly
above the threshold for positive classification. Ranked from
lowest to highest, obtaining diabetes care had the second-lowest
mean compound score (sentiment score 0.09, 95% CI
0.05‐0.13), followed by managing blood glucose (sentiment
score 0.12, 95% CI 0.08‐0.16), and managing lifestyle
(sentiment score 0.20, 95% CI 0.15‐0.24).

Sentiment by COVID-Specific Topics
Sentiment was further analyzed across the topics generated for
the COVID-related posts (Table 3).

Table . Mean compound sentiment score of COVID-related posts sorted by topic.

Compound sentiment score, mean (95% CI)Topic

0.14 (0.09‐0.20)Accessing doctor and medications and controlling blood sugar

0.17 (0.13‐0.22)Changing status of employment and insurance

0.25 (0.20‐0.31)Changing food habits during the pandemic

0.04 (−0.01 to 0.11)Coping with poor mental health

0.09 (0.03‐0.14)Risk of COVID-19 complications

0.03 (–0.03 to 0.08)Impact of stress on blood glucose levels

Impact of stress on blood glucose levels and coping with poor
mental health had mean compound scores that were within the
threshold of being classified as neutral (sentiment score 0.03,
95% CI −0.03 to 0.08 and 0.04, 95% CI −0.01 to 0.11,
respectively). These were followed by risk 0f COVID
complications (sentiment score 0.09, 95% CI 0.03‐0.14),
accessing doctor and medications and controlling blood glucose
(sentiment score 0.14, 95% CI 0.09‐0.20), and changing status
of employment and insurance (sentiment score 0.17, 95% CI
0.13‐0.22), ranked from lowest to highest. Finally, changing
food habits had the highest mean compound score (sentiment
score 0.25, 95% CI 0.20‐0.31).

Discussion

Our study confirmed that T2D subreddits were used for peer
support to discuss themes related to diabetes management in
depth. Oyebode and Orji [23] and Griffis et al [24] found that
the themes for discussion of diabetes management on online
platforms focused on nutrition, lifestyle, symptoms, treatments,
research, risk factors, and supplements or remedies.
Additionally, we found that topics of discussion also included
glycemic control and support-seeking behaviors. The overall
emerging themes identified in this study include health behaviors
such as glycemic control, exercise, and nutrition, along with
attitudes towards diabetes, interactions with family and
caregivers, management of comorbidities, and educational
resources. Topics of discussion were specific to the COVID-19
pandemic and were generally associated with lower sentiment,
with specific discussions focusing on glycemic and lifestyle
management under unique circumstances, including changing
food habits, increased stress, deteriorated mental health,
difficulties in accessing health care, and fear of complications
due to COVID-19. Additional themes of discussion included
access to diabetes care during the pandemic and the impact on
employment and insurance during this period.

Topics Discussed on Reddit Communities
Topics discussed on Reddit communities for people managing
T2D included glycemic control, exercise, and nutrition,
indicating that users were discussing health behaviors.
Additionally, users discussed their attitudes toward their disease,
interactions with their families and caregivers, management of
comorbidities, and shared educational resources. This indicated
that online forums provide opportunities for holistic discussions
that consider the person as a whole, including the social and
psychological factors impacting the management of diabetes.
The possibilities for such discussions are endless, which may
not be captured in structured clinical settings.

COVID-Specific Discussions on Reddit Forums
Topics extracted from COVID-specific posts were about
accessing medical care, the impact of stress on glycemic control,
changing food habits, poor mental health, and fear of
complications due to COVID. This was in line with a literature
review of conventional qualitative studies that assessed the
impact of the pandemic on people with T2D [8]. Additionally,
we found that the changing status of employment and insurance
status was also a topic of discussion among the COVID-specific
posts. These data supports our finding that discussions among
people with T2D on Reddit offer insights from a holistic
perspective, considering various aspects of a person’s life related
to their disease.

Sentiment Analysis
For all posts in the dataset, the mean compound sentiment score
as per the VADER algorithm was 0.23 (95% CI, 0.23‐0.24).
As this score is above the threshold of 0.05, we conclude that,
on an average, posts in the Reddit communities for people with
diabetes were positive.

A significant difference in sentiment was observed between the
COVID-related and nonCOVID posts. Overall, the mean

JMIR Form Res 2025 | vol. 9 | e51154 | p.4301https://formative.jmir.org/2025/1/e51154
(page number not for citation purposes)

Nagpal et alJMIR FORMATIVE RESEARCH

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


compound score of posts labeled as “nonCOVID” was 0.24
(95% CI 0.24‐0.25), while posts labeled as COVID had a mean
compound score of 0.12 (95% CI 0.01‐0.15), which was
significantly lower. While we cannot conclude that the
COVID-labeled posts were overall negative in tone, their
sentiment intensity was lower.

Among the nonCOVID posts, coping and receiving support was
associated with the highest mean compound score (sentiment
score 0.35, 95% CI 0.33‐0.36). However, for COVID-related
posts, coping and receiving support had the lowest mean
compound score (sentiment score 0.06, 95% CI −0.01 to 0.13),
slightly above the threshold to be classified as positive. This
indicated that the pandemic negatively impacted people with
T2D.

While specifically analyzing the topics generated only among
the COVID-related posts, changing food habits (sentiment score
0.25, 95% CI 0.20‐0.31) had the highest mean compound
score, indicating that even though eating patterns were impacted
during the pandemic, there was peer support and camaraderie
in discussions about food choices. Conversely, the impact of
stress on blood glucose levels and coping with poor mental
health had the lowest mean compound scores (sentiment score
0.03, 95% CI −0.03 to 0.08 and 0.05, 95% CI −0.01 to 0.11,
respectively). These low sentiment scores suggest that the
pandemic resulted in anxiety that affected glycemic control and
resulted in poorer mental health outcomes.

Impact of the Pandemic on Managing T2D
Our study identified key themes for managing T2D during the
pandemic from Reddit communities and the associated sentiment
toward these themes.

Access to Diabetes Care During the Pandemic
During the COVID-19 pandemic, accessing care was perceived
as a significant barrier to managing T2D, as more clinical visits
were through web-based platforms. Khader, Jabeen, and Namoju
[25] found that in a study of 1582 participants in India, the
frequency of clinical visits was reduced in 87.28% of
participants, and 87.81% of participants did not have access to
health services. Al-Sofiani et al [26] found that among 568
participants in the Arab Gulf region, a lack of communication
with the health care providers was associated with higher odds
of depression and anxiety among people with diabetes. These
findings were further confirmed through our sentiment analysis.
Among all posts, the mean compound sentiment score for posts
related to the theme of obtaining diabetes care was 0.19 (95%
CI 0.18‐0.20); however, among the COVID-specific posts,
this score significantly dropped to 0.09 (95% CI 0.05‐0.13).

Further, topic modeling among COVID-specific posts also
identified access to doctor and controlling blood glucose as a
topic for discussion. While barriers to accessing health care
providers existed, another barrier including the fear of acquiring
a COVID-19 infection and avoiding hospitalization in potentially
dangerous situations was identified. Further research should
examine the impact of reduced in-person health care visits
among people with T2D.

Impact on Employment During the Pandemic
Efforts to curb the spread of the virus resulted in employers
requiring employees to work from home [27]. As this was a
disruption to daily life, Reddit discussions suggested that this
disruption impacted the health behaviors of individuals
managing T2D.

In addition to work-from-home measures, the pandemic also
resulted in the loss of employment due to the shutting down of
businesses to curb the spread of the virus. Unemployment not
only affected income and standard of living but also decreased
their sense of purpose [28], potentially impacting health
behaviors due to increased stress. Furthermore, many
unemployed people were also impacted by changes to their
health insurance caused by job loss [29,30]. From Reddit
discussions, it could be inferred that loss of insurance created
barriers to obtaining medications, blood glucose meters, and
test strips, ultimately affecting glycemic control for people with
T2D.

Glycemic Control During the Pandemic
Managing blood glucose was a major theme for discussion
across our dataset. Glycemic control is a major component of
self-management of T2D and was expected to be a major theme
of discussion among peers. Our analysis found that specifically
during the pandemic, users of the Reddit communities for
managing T2D reported that the pandemic-related stress affected
their blood glucose levels. Laboratory studies have demonstrated
that psychological stressors are linked to hyperglycemia [31-33].

Overall, managing blood glucose was the theme with the lowest
mean sentiment score (0.19, 95% CI 0.18‐0.19), which was
further reduced among the COVID-related posts (0.12, 95% CI
0.08‐0.16). This correlation suggested that attitudes toward
managing blood glucose are associated with lower sentiment
compared to other themes and that the pandemic further
increased concerns about glycemic management. Specifically,
the impact of stress on blood glucose levels had the lowest
sentiment score (0.03, 95% CI −0.03 to 0.08), suggesting that
users had increased anxiety about glycemic control.

Additionally, the topic associated with accessing a doctor also
included terms related to controlling blood glucose. This
suggested that reduced access to a health care provider may
have affected glycemic control in people with T2D through
limited A1c monitoring or medication access during the
pandemic. Changes to employment were associated with reduced
access to health insurance, which further resulted in reduced
access to medications, blood glucose meters, and test strips,
affecting glycemic control.

Lifestyle Management During the Pandemic
In our dataset, lifestyle management was the most frequent
theme of discussion, with a positive mean sentiment score of
0.25 (95% CI 0.25‐0.26). Among the COVID-specific posts,
this sentiment score dropped to 0.20 (95% CI 0.15‐0.24) but
was overall positive. Changing food habits during the pandemic
was associated with the highest mean sentiment score (0.25,
95% CI 0.20‐0.31), indicating that increased unhealthy food
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consumption may have been a coping mechanism associated
with positive emotions through the stressful time.

Interestingly, the terms “gym” and “walk” were included among
the COVID-specific posts under the topic coping with poor
mental health. This suggests that reduced physical activity was
attributed to gym closures in the initial months of the pandemic
and people relied on walking as a means of physical activity.
Furthermore, physical activity is also another means of coping
with stressors and many people were unable to be physically
active while staying at home. Further investigation by clinicians
is needed to help people with T2D cope during changes such
as pandemic-related lockdowns, so that they could continue to
maintain a healthy lifestyle during stressful times.

Mental Health During the Pandemic
The mental health impact of this pandemic were expected to be
long-term due to the extreme measures necessary to prevent the
spread of the virus and the resulting economic implications [34];
people with T2D were no exceptions to this. In our study, we
found that while coping and receiving support was associated
with the highest mean sentiment overall in our dataset (sentiment
score 0.33, 95% CI 0.33‐0.35), among the COVID-19–related
posts, it was associated with the lowest mean sentiment
(sentiment score 0.06, 95% CI −0.01 to 0.13). This finding
suggests that while Reddit forums for managing T2D have been
helpful overall for people with the disease, the pandemic
negatively impacted how people coped and their attitudes toward
their disease. Specifically, among the COVID-19–related posts,
discussions about coping with poor mental health and risk of
COVID complications were associated with lower mean
sentiment scores (0.05, 95% CI −0.01 to 0.11 and 0.09, 95%
CI 0.03-0.14, respectively). Although our study demonstrated
that people with T2D used peer support to cope with the
stressors of the pandemic, it also highlights the negative impact
caused by these psychological stressors. Moreover, the
implications of potentially being exposed to the virus posed an
additional source of anxiety, given the risk of serious COVID-19
complications among people with T2D. As discussed in this
paper, the implications of poor mental health and anxiety
regarding COVID-19 exposure affected glycemic control and
lifestyle management, both of which are necessary to prevent
complications from diabetes. Furthermore, the anxiety related
to COVID-19 exposure served as a barrier to seeking care at
urgent care centres and hospitals when necessary.

Summary of Findings
This study builds upon the work of Nagpal et al [11], which
suggests that public social media forums can serve as a form of
patient-generated health data for individuals with chronic
conditions such as T2D. Social media forums such as Reddit
provide a platform for individuals with chronic diseases to
discuss their condition, particularly during times of collective
chaos, such as the global COVID-19 pandemic; the insights
generated from these discussions provide a valuable source of
qualitative knowledge. Consistent with the findings from
conventional qualitative studies, this study found that health
behaviors of people with T2D were impacted during the
pandemic, along with declines in mental health [8], as reflected
in the sentiment scores. In particular, the pandemic raised

concerns about COVID-19 exposure and access to health care.
However, our analysis also indicated that employment and
insurance were impacted during the pandemic, affecting how
people managed their diabetes care. This finding suggests that
social media data can be a valuable source of qualitative data
to capture health behaviors during particular periods, such as
the global COVID-19 pandemic. As the world continues to
evolve due to geopolitics, wars, diseases, and climate change,
social media can be a source of qualitative data to gauge
attitudes toward chronic disease management.

Limitations of the Study
While topic modeling and sentiment analysis were performed
on the dataset, researchers did not manually examine each post
for context and cannot comment on the quality of discussions
within the forum. Additionally, we cannot confirm that all users
who contributed posts were people living with T2D. This study
only examined 3 Reddit communities mentioned earlier, and
did not include other subreddits related to COVID-19 or mental
health.

Furthermore, there is no information about the demographics
of users specific to the diabetes forums of Reddit, and we
assumed that their demographics were similar to those of general
Reddit users. Under this assumption, there may be a sampling
bias in our findings, as Reddit users are predominantly male
and within the 18‐49 age demographic [35,36]. By country,
the United States has the largest number of Reddit users, with
other users mostly residing in high-income, English-speaking
countries [37]. However, we cannot determine the specific
demographics of the users in the Reddit diabetes communities
and have assumed that the stated demographics represent the
entire Reddit platform.

Given that COVID-19 implications such as number of cases,
lockdown policies, and public attitudes toward the pandemic
varied by geographical areas, even within the same country, it
was beyond the scope of this study to correlate our findings
with these factors, as we did not have geographical information
of the users.

Conclusion

Themes of Discussion
Using LDA topic modeling from 85,266 posts made between
January 2020 and early March 2021 on Reddit forums for people
managing T2D, we found 14 topics of discussion that could be
assigned into four themes: managing blood glucose, managing
lifestyle, coping and receiving support, and obtaining diabetes
care. These findings are in line with recommended health
behaviors for T2D management that include glycemic control,
healthy nutrition, increasing physical activity, reducing
sedentary time, and taking prescribed medications. Additionally,
discussions encompassed attitudes toward the disease,
interactions with family members and caregivers, managing
comorbidities, and the sharing of educational resources. These
findings validate that Reddit forums for diabetes management
not only serve as a support network for people with T2D, but
also facilitate discussions that are holistic in nature and extend
beyond treating the symptoms of the disease. Among
COVID-19–specific posts, topics of discussion included coping
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with poor mental health, accessing doctor and medications and
controlling blood glucose, changing food habits during the
pandemic, impact of stress on blood glucose levels, changing
status of employment and insurance, and risk of COVID-19
complications

Impact on Attitudes Toward T2D Management
The posts classified as COVID-19–related had significantly
lower mean sentiment scores than those classified as
nonCOVID-19–related, suggesting that the pandemic negatively
affected attitudes toward T2D management. Among posts
classified as COVID-19–related, topics related to mental health
and the impact of stress on glycemic control were associated
with lower sentiment scores, whereas posts relating to changing
food habits were associated with higher sentiment scores.

Significance of Findings
Our study demonstrates that social media analysis is a simpler
and effective method for understanding the behaviors and

attitudes of people managing chronic diseases such as diabetes,
compared to other qualitative inquiry methods. Topics of
discussion and sentiment can potentially be generated in real
time and over a long period, directly capturing the perspectives
of the patient; this is unlike clinical visits, where data is
generated from the perspective of the clinician and only presents
a snapshot of the patient’s condition. The benefit of social media
posts is that they offer infinite possibilities for discussion and
provide a more holistic perspective, potentially capturing
insights that would have otherwise been overlooked in structured
surveys or interviews.

This study has implications on both macro- and microlevels.
On a macro scale, extracting data from social media forums can
provide an epidemiological overview of behavioral trends of
people with T2D, potentially guiding public health policy and
formulating treatment guidelines, particularly during public
health emergencies such as the COVID-19 pandemic.
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Abstract

Background: Social media can be used to quickly disseminate focused public health messages, increasing message reach and
interaction with the public. Social media can also be an indicator of people’s emotions and concerns. Social media data text
mining can be used for disease forecasting and understanding public awareness of health-related concerns. Limited studies explore
the impact of type, sentiment and source of tweets on engagement. Thus, it is crucial to research how the general public reacts
to various kinds of messages from different sources.

Objective: The objective of this paper was to determine the association between message type, user (source) and sentiment of
tweets and public engagement during the COVID-19 pandemic.

Methods: For this study, 867,485 tweets were extracted from January 1, 2020 to March 31, 2022 from Ireland and the United
Kingdom. A 4-step analytical process was undertaken, encompassing sentiment analysis, bio-classification (user), message
classification and statistical analysis. A combination of manual content analysis with abductive coding and machine learning
models were used to categorize sentiment, user category and message type for every tweet. A zero-inflated negative binomial
model was applied to explore the most engaging content mix.

Results: Our analysis resulted in 12 user categories, 6 message categories, and 3 sentiment classes. Personal stories and positive
messages have the most engagement, even though not for every user group; known persons and influencers have the most
engagement with humorous tweets. Health professionals receive more engagement with advocacy, personal stories/statements
and humor-based tweets. Health institutes observe higher engagement with advocacy, personal stories/statements, and tweets
with a positive sentiment. Personal stories/statements are not the most often tweeted category (22%) but have the highest
engagement (27%). Messages centered on shock/disgust/fear-based (32%) have a 21% engagement. The frequency of
informative/educational communications is high (33%) and their engagement is 16%. Advocacy message (8%) receive 9%
engagement. Humor and opportunistic messages have engagements of 4% and 0.5% and low frequenciesof 5% and 1%, respectively.
This study suggests the optimum mix of message type and sentiment that each user category should use to get more engagement.

Conclusions: This study provides comprehensive insight into Twitter (rebranded as X in 2023) users’ responses toward various
message type and sources. Our study shows that audience engages with personal stories and positive messages the most. Our
findings provide valuable guidance for social media-based public health campaigns in developing messages for maximum
engagement.

(JMIR Form Res 2025;9:e59687)   doi:10.2196/59687
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public health communication; surveillance; COVID-19; SARS-CoV-2; coronavirus; respiratory; infectious; pulmonary; pandemic;
public health messaging; healthcare information; social media; tweets; text mining; data mining; social marketing; infoveillance;
intervention planning

JMIR Form Res 2025 | vol. 9 | e59687 | p.4307https://formative.jmir.org/2025/1/e59687
(page number not for citation purposes)

Parveen et alJMIR FORMATIVE RESEARCH

XSL•FO
RenderX

http://dx.doi.org/10.2196/59687
http://www.w3.org/Style/XSL
http://www.renderx.com/


Introduction

Public health communication is the scientific research, strategic
transmission, and critical evaluation of health information to
promote public health [1]. Public health communication
initiatives can result in change by increasing awareness, boosting
knowledge and forming attitudes when initiatives are
well-planned, meticulously carried out, and sustained over time
[2].

Social media can be used to quickly disseminate focused public
health messages, increasing message reach and interaction with
the general public [3,4]. Identifying and understanding
information needs, false information, hate speech and
discrimination, adherence to precautions, and where concerns
lay, aids in the customization of public health strategy and
eventually, the development of more informed interventions
[5].

Social media can be a valuable resource for learning about
people’s emotions, concerns and exchanging information. This
was shown for instance, when Ebola broke out in Nigeria and
public health institutions assisted in containing the Ebola
outbreak by tracking social media interactions and disseminating
accurate information about the illness [6]. Social media allows
public health institutions to track outbreaks in real time and
Twitter (rebranded as X in 2023) has been frequently used as a
communication tool [7]. The features and status of disease
outbreaks can be predicted and explained using information
from social media sites and user-generated information has
supported the development of early response methods [8].

Social media data text mining can be used for disease forecasting
and understanding public awareness of health-related concerns
[8]. However, it is still unclear how different social media
messages are shared and interpreted or whether different sources
(individuals or institutions) communicate efficiently.

During the COVID-19 pandemic [9], social media successfully
informed and increased public awareness about this new
phenomenon [10]. However, there were considerable differences
in the preferred social media platforms, message formats and
source sender types [11].

An important concern during the COVID-19 pandemic was the
spread of misinformation on social media [12]. Research shows
that promoting more messages from reputable, authoritative
sources on social media is one of the best ways to prevent
misinformation [13].

Examining the content of social media messages provides
valuable and timely insights regarding public awareness levels
and their needs [14]. While there have been many studies

analyzing the tweets on various health issues, there has been
limited studies to explore the impact of type, sentiment and
source of posts on engagement in public health communication.
This study used tweets sent during the pandemic to explore 3
research questions:

• Which sources of information are effective in public health
communication?

• What are the most effective types of messages in public
health communication?

• Which message type should different sources use to improve
engagement?

Methods

Data Collection
Data were extracted from Twitter using a Python script to
communicate with Twitter Rest API (application programming
interface) using the “Search” endpoint. The “query” parameter
was used to filter the results based on the “has:geo” tag, the
“place_country:UK”/ “place_country:IE” tag (for Ireland and
the United Kingdom), and “lang:en” tag (for English). The
”start_time” and “end_time” parameters were used to filter the
posts from January 1, 2020 to March 31, 2022.

A basic search was conducted with phrases such as
“coronavirus,” “SARS-CoV-2,” and “COVID-19” on Twitter.
Using an iterative method, keywords were added and removed
in order to find the most suitable for the data search. The final
list of 10 keywords for data extraction included “COVID-19,”
“pandemic,” “SARS-CoV-2,” “coronavirus,” “SARS-CoV-2
virus,” “social distancing,” “self-isolation,” “self-quarantine,”
“quarantine,” and “new variant.” The total number of tweets
extracted totaled 867,485.

Data Analysis
Due to the extensive volume of data, a systematic approach was
adopted using a 4-step analytical process including sentiment
analysis, user-classification, message classification and statistical
analysis (Table 1). A combination of manual coding and
machine learning (ML) models were used for sentiment, user
and message classification. This allowed for multiple rounds
of coding to increase the robustness of our results. This
methodology is also used by Kummervold et al in their study
which shows that by utilizing machine learning models, they
could almost exactly match the accuracy of a single human
coder when it came to tweet classification. Their research
indicates that this automated method, which is dependable and
accurate, may be able to guide potentially useful and essential
interventions while also freeing up important time and resources
for carrying out similar analyses [15].
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Table . Phase wise description of the data analysis process.

OutcomeMethodsTasksPhase

Data collection • Final keywords• Identification of 15 keywords.• Identification of keywords re-
lated to COVID-19 • After discussion among re-

search team, reduced to 10
keywords for data extraction.

• An academic researcher access
was applied for with Twitter.

• Data extraction

• 867,485 tweets extracted.

Sentiment analysis • Manual coded tweets• Random selection of 260
tweets for sentiment allocation

• Allocate sentiment to each
tweet • Kappa statistic results

(positive, negative, and neu- • Tweets sentiment as-
signed—full datasettral).

• A total of 3 coders manually
assigned sentiments to 1 set of
260 random tweets.

• Using majority voting, out of
260 tweets, coders agreed on
247 tweets (2 or 3 coders voted
the same).

• Kappa statistic calculated be-
tween all coders and the mod-
els.

• RoBERTa-base model (highest
agreement) applied to the
whole dataset.

User classification • User categories• User categories identified
based on literature on social

• Identify user categories

media supported public health
interventions.

• Definition of 5 user categories:
health institute, health profes-
sional, influencer, researcher,
and public.

• User classification cod-
ing—Round 1, 2, and 3

• Abductive coding by 4 Manual
coders on 1000 randomly se-

• Coding user profiles

lected tweets to identify new • Bag of words
user categories. • Accuracy and F1-score

• After 3 rounds of manual cod-
ing, most discrepancies or dis-

• Tweets users assigned—full
dataset

agreements resolved through
discussion.

• Using majority voting, out of
250 tweets, coders agreed on
165 tweets (at least 3 coders
voted the same).

• A total of 3 ML models select-
ed to assign user categories to
same set of 250 tweets used in
Round 3 of manual coding.

• Bag of words were defined for
each user category for user
categorization by the ML
models.

• Accuracy score and F1-score
calculated between ML models
and manual coders.

• SetFit model (highest agree-
ment) applied to the whole
dataset.
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OutcomeMethodsTasksPhase

• Message categories• Message categories defined
based on review of public
health communication litera-
ture.

• Definition of 5 message cate-
gories: humor, shock/disgust,
informative/educational, oppor-
tunistic, and personal stories.

• Identify message categoriesMessage classification

• Manual coding—Round 1, 2,
and 3

• Tweets message as-
signed—Tweet users assigned

• Abductive coding by 5 manual
coders on randomly selected
tweets in 3 rounds: 100 tweets
in round 1, 100 tweets in round
2, and 250 tweets in round 3.

• After 2 rounds of manual cod-
ing, discrepancies or disagree-
ments resolved through discus-
sion.

• A total of 6 final message cate-
gories after addition and reduc-
tion of categories over 3
rounds.

• Using majority voting, out of
250 tweets, coders agreed on
203 tweets (3 or more coders
voted the same).

• GPT-3 and Setfit model to as-
sign message categories to set
of 250 tweets from the final
round using 6 message cate-
gories.

• Accuracy score and F1-score
calculated between models and
manual coder.

• SetFit model (highest agree-
ment) applied to the whole
dataset.

• Coding tweets

• Exclusion of zero-follower
users (n=537).

• Calculation of engagement
(sum of likes, replies, retweets
and quoted tweet count divided
by the respective user’s follow-
ers)

• Engagement calculationStatistical analysis

• Final model results• Exclusion of public user group
(outside of objective of re-
search) due to 87% zero-en-
gagement.

• Application of zero-inflated
Poisson and zero-inflated neg-
ative binomial model due to
remainder of 26% zero-engage-
ment.

• Selection of zero-inflated neg-
ative binomial model (best fit)
with informative/educational
message type and neutral senti-
ment as comparator.

• Zero-inflation model

Our cross-sectional observational study aims to provide guidance
for social media-based public health campaigns in developing
messages for maximum engagement. The study adhered to the
Strengthening the Reporting of Observational Studies in

Epidemiology (STROBE) checklist for cross-sectional studies
(Checklist 1). Public health interventions are mostly run by
governmental agencies or health institutes but can also involve
collaborations with researchers, influencers, artists, etc.
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Therefore, it is important to study how the public engages with
different types of messages from various sources. To ensure a
clear distinction and understanding of public engagement, tweets
by the general public were removed from our final analysis to
focus on engagement received by tweets from all other sources.

Sentiment Analysis
A subset of 260 tweets was randomly extracted for manual
annotation by three coders with sentiment labels - positive,
negative or neutral (Multimedia Appendix 1). Subsequently,
we used 3 ML sentiment analysis models to detect the sentiment
for the same tweet subset,  which were:
distilbert-base-uncased-finetuned-sst-2-english [16], finite
automata/bertweet-base-sentiment-analysis [17], and
RoBERTa-base for Sentiment Analysis [18].

The kappa statistic was calculated between the 3 coders and
between each coder and model. The model with the highest
agreement with manual coders based on accuracy score [19]
and F1-score [20] was applied to the full dataset.

User Classification
A directed content analysis with abductive coding was used to
explore which sources of information are effective in public

health communication. User categorization was based on the
profile description and categorized according to an adaptation
of the user categories from Cole-Lewis [21]: health institute,
health professional, influencer, researcher and public.

User coding was performed in 3 cycles. The profile description
of 1000 randomly selected tweets were classified by 4 coders
with an overlap of 10% for double coding, that is, coders
independently assigned codes to the same set of tweets. The
1000 profile descriptions were categorized into 6 distinct
categories with a directed content analysis approach [22] with
an additional category “others.” This “others” category was
further defined through exploring the profile descriptions,
resulting in a total of 12 categories.

The second round aimed to ensure consistency and accuracy
between the coders. In total, 100 randomly selected profile
descriptions of tweets were allocated to 12 user categories by
each coder (Table 2) and agreements, disagreements and
potential additions to the categories were discussed. A “bag of
words” was compiled for each user category, providing
descriptive insights into the characteristics of the users (Table
2 and Multimedia Appendix 2).
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Table . User category and bag of words used for classification.

Profile keywords–“bag of words” (Version 6)User categoryIndex

ICGPa; WHOb; NHSc; public health; ECDCd;

HSEe; HPSCf; clinic; hospital

Health institute1

health worker; GPg; consultant; nurse; MDh;
specialist; physician; clinician; surgeon

Health professional2

university; researcher; PhD; student; scientist;
academic professor; academia; principal lecturer

University/Researcher3

influencer; blogger; vlogger; coach; YouTubeInfluencer4

teacher; teach; school; education; childrenTeacher5

politics; government; governor; cabinet; council;

minister; councilor; ambassador; MP;i Secretary

of state; Fine Gael; TDj; Mayor

Politician6

football; rugby; run; swim; tennis; exercise;
sports club; pickleball

Sports7

journalist; report; news; reporter; columnist; re-
viewer; media; correspondent; editor

Journalist8

charity; church; ngo; foundation; donationsCharity9

community; union; group; nature; lover; adven-
ture; travel; live; life; world; freedom; farm; pet;
cat; dog; walks

Public10

views my own, “True” in verified statusKnown personality11

artist; actor; actress; music; writer; singer; pho-
tography; movie; sing; play; cinema, orchestra

Artist12

aICGP: Irish College of General Practitioners.
bWHO: World Health Organization.
cNHS: National Health Service.
dECDC: European Centre for Disease Prevention and Control.
eHSE: Health Service Executive
fHPSC: Health Protection Surveillance Centre.
gGP: General Practitioner.
hMD: Doctor of Medicine.
iMP: Member of Parliament.
jTD: Teachta Dála.

In the third round, 250 randomly selected profile descriptions
were coded by 4 coders and compared with 3 different ML
models using the same bag of words: Lbl2TransformerVec
model (unsupervised) [23], SGRank model [24], and SetFit
model [23].

The ML models classified many influencers as “Public,” which
was rectified by allocating influencer to any user with more
than 3000 followers. The 3 models’ performance was evaluated
using the profile descriptions of 250 tweets (third round of
coding) from 4 coders. Majority voting was used to generate a
final coding for the 250 profile descriptions and filtering out
profiles that had less than 3 coders agreement. A final dataset
of 165 profile descriptions was left after this filtering. The 3
models performance was compared with the manual allocation
and the final classification was based on the majority allocation.

Message Classification
Similar to the user classification, a directed content analysis
with abductive coding was applied. A review of literature

resulted in the identification of 5 message categories from a
study by Gough et al [25], which are humor, shock/disgust,
educational/informative, personal stories, and opportunistic.
The dataset was divided into 2 subsets—public tweets and
nonpublic tweets—to determine which type of messages the
public engages with most.

A total of 3 manual coding cycles were applied, starting the
allocation of 100 random nonpublic tweets to the five message
categories and an “other” category. In addition, 2 additional
categories emerged, namely, fear and advocacy.

In Round 2, a total of 5 coders allocated 100 tweets to 7 message
categories and discussed agreements and disagreements leading
to a refinement of the message categories. Fear-based messaging
was combined with shock/disgust, personal stories were
combined with personal statements and a “not enough
information” category was added. In the final round, 250 tweets
were categorised into 7 message categories, which are humor,
shock/disgust/fear-based, educational/informative, personal
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stories/statements, opportunistic, advocacy, and not enough
info, and compared to 2 ML models (GPT-3 [OpenAI] and
SetFit; Multimedia Appendix 3).

Statistical Analysis
For each tweet, engagement was calculated as the sum of likes,
replies, retweets, and quoted tweet count divided by the
respective user’s follower count [26,27].

For 87% of the tweets, the engagement was zero due to the lack
of followers or likes, replies, or quotes (mainly public users).
The final dataset excluded this user category resulting in the
reduction to 26% zeros. Zero-inflated Poisson and zero-inflated
negative binomial models were applied.

Ethical Considerations
Only publicly available data were extracted for this study. All
personal identifiable information was deidentified during the
data cleaning process.

Results

The total number of tweets extracted was 867,485, which
reduced to 802,042 after deleting duplicates. Majority of the

tweets (729,619) came from the United Kingdom, 72,350 from
Ireland, and 73 were without a location.

The follower count for the dataset showed a wide range, from
a maximum of 14,065,098 followers to 0 followers, with an
average of 4296 followers. Accounts (users) without followers
were investigated to identify inactive accounts or bots and 537
users were removed from the dataset.

Public user category tweets (430,760) were removed from the
final dataset as they were not a user category of interest. The
final dataset included 370,745 tweets.

Sentiment Analysis
Out of 260 tweets, coders agreed on 247 tweets (this is when
2-3 coders voted the same), which were compared with the
accuracy score and F1-score (weighted) of the 3 ML models.
The RoBERTa-base (Model 3) performed the best and was used
to assign sentiment to all tweets (Table 3).

Sentiment was negative for 138,379 tweets (37.3%), positive
for 84,939 (22.9%), and neutral for 147,427 tweets (39.8%).
Positive sentiment tweets had the highest engagement (29.3%),
followed by negative (26.7%) and neutral (20.4%; Table 4).

Table . Accuracy and F1-score for sentiment models with machine learning models.

F1-score (weighted)AccuracyModel

0.610.681–Distilbert-base-uncased-finetuned-sst-2-english

0.610.582–Finite automata/bertweet-base-sentiment-
analysis

0.760.743–RoBERTa-base

Table . Frequency and engagement for each sentiment category.

Frequency, %Engagement, %Sentiment

22.929.3Positive

37.326.7Negative

39.820.4Neutral

User Classification
Model 3 (assisted) achieved an accuracy score of 0.73 when 4
to 5 coders were in agreement, and achieved an accuracy score
of 0.77 when there was at least one match with one
coder—192/250 tweets (Table 5).

Health professionals (8%) significantly outnumbered health
institutes (1%), while the number of influencers (32%) was
more than twice that of journalists (15%) and politicians (13%).
Artists (6%) outnumbered individuals associated with sports
(2%), and teachers (3%) were one-third in comparison to
university/researchers (14%), see Table 6.

Table 7 shows the frequency and percentage of engagement for
each user category and provides valuable insights into their
impact and effectiveness in engaging audiences. Health
professionals have the highest level of engagement (15%),
followed by university/researchers (13%) despite a lower
frequency (8%). Even though influencers have high frequency
(32%) it does not translate into high engagement with
influencers having a lower percentage of engagement at 12%.

Journalists and politicians account for 15% and 13%,
respectively, with 8% engagement each. Teachers, known
personalities. and charities received engagement of 6%, 4%,
and 3%, respectively, at lower frequencies. Sports and health
Institutes have the lowest engagement each at 1%.
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Table . Accuracy and F1-score for user classification with machine learning models.

F1-score (weighted)AccuracyModel

0.210.261-Lbl2TransformerVec

0.430.432-SGRank

0.670.693-SetFit

0.730.733-SetFit (assisted)

Table . User categories and their frequency.

Frequency, %Frequency, nUser categories

32.3119,711Influencer

14.754,384Journalist

13.650,275University/Researcher

12.947,694Politician

7.828,963Health professional

5.921,730Artist

4.115,095Known personality

3.212,019Teacher

3.211,788Charity

1.55659Sports

0.93427Health institute

Table . Frequency and engagement for each user category excluding public.

Frequency, %Engagement, %User category

0.90.7Health institute

1.51.4Sports

3.23.2Charity

3.25.5Teacher

4.14.1Known personality

5.96.1Artist

7.815.2Health professional

12.97.8Politician

13.612.7University/Researcher

14.78.2Journalist

32.311.5Influencer

Message Classification
The 2 models’ performance was evaluated using 250 tweets
from 5 coders. Majority voting was used to generate a final
coding for the 250 tweets, and filtering out tweets that had less
than 3 coders agreement. In addition, 11 tweets were removed
because they were identified by the coders as “Not enough
information” to code. A final dataset of 203 tweets was left after
this filtering. SetFit outperformed GPT-3 and this model

achieved 80% accuracy when considering a match with at least
1 coder (192/239 tweets; Table 8).

Personal stories/statements have the highest engagement at 27%,
but are not the most frequent tweeted category (22%; Table 9).
Shock/disgust/fear-based messages (32%) have 21%
engagement. Informative/educational messages have high
frequencies (33%) and have 16% engagement. Advocacy
messages (8%) have 9% engagement and humor and
opportunistic messages have engagements of 4% and 0.5%, and
low frequencies 5% and 1%, respectively (Table 10).
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Table . Accuracy and F1-score for user classification with machine learning (ML) models.

3, 4, or 5 coders agreement4 and 5 coders agreement

F1-score (weighted)AccuracyF1-score (weighted)Accuracy

0.490.510.600.60GPT-3

0.620.640.740.74SetFit

Table . Frequency and engagement for each message type.

Frequency, %Engagement, %Message type

0.70.5Opportunistic

4.73.7Humor

8.59.1Advocacy

21.826.7Personal stories/statements

31.921Shock/disgust/fear-based

32.515.5Informative/educational

Table . Message types frequency and engagement percentage.

Engagement, %Frequency, nExample tweetMessage category

15.5120,317Coronavirus Daily Update: As at 06
Mar 2022, in the Isle of Man there
have been 23328 confirmed cases.
#coronavirus #iom #coronaupdate

Informative/ educational

21118,238@Mysturji @AntacsB
@Keir_Starmer General strike?
We’re already basically on one.

Take to the streets? And die of a
pandemic?

Shock/disgust/ fear-based

26.780,881Celebrating my end of Self-isolation
period with some improvised gluten
free macaroni and, er, fussili and
cheese. #norecipe #foodie #satisfied
@ Dublin, Ireland

Personal stories/ statements

9.131,340‚ÄòEach person who has died in this
pandemic is a loved person, a life
gone too soon and a family torn
apart.'

Hold a public inquiry into the Gov-
ernment’s handling of the Covid-19
pandemic

#Covid19 - Sign the Petition!

Advocacy

3.717,302The government says we need to
exercise social distancing, stay in-
doors as much as possible and be-
have like other people might be
carrying a disease like this is all
new, but I‚Äôve been doing it since
about 2002 #introvert #hermit

Humor

0.52667In light of #pandemic financial
challenges for families, I considered
the 10% property tax base increase
on Waterford #households trying to
recover from the pandemic morally
wrong in 2020.

Yesterday I voted against #LPT
10% increase &amp; my party
again!

Opportunistic
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Statistical Analysis
A zero-inflated negative binomial model was applied with
informative/educational tweets and neutral sentiment as
reference categories. Health professionals received more
engagement with advocacy, personal stories/statements and
humor. Health Institutes observe higher engagement with
advocacy, personal stories/statements and tweets with a positive
sentiment (Multimedia Appendix 4).

Journalists and teachers observe higher engagement with
advocacy, personal stories/statements and humor while artists
have more engagement with shock/disgust/fear-based messages

and positive sentiment. Charity organizations, universities, and
researchers have more engagement with advocacy and personal
stories/statements but not with shock/disgust/fear tweets.

Known personalities have most engagement with advocacy and
humor-based, which is opposite for sports entities. Sports entities
have more engagement with personal stories/statements and
positive sentiment. Politicians and influencers have more
engagement with advocacy, personal stories/statements and
humor, while they should avoid opportunistic tweets. Table 11
shows the message type and sentiment each user category should
tweet and avoid to get maximum engagement.

Table . Findings of zero-inflated model.

Message type to avoidMessage type to postUser category

Opportunistic, shock/disgust/fear-based, and
negative sentiment

Advocacy, personal stories/statements, and posi-
tive sentiment

Health Institute

Humor and opportunisticShock/disgust/fear-based and positive sentimentArtist

Humor and negative sentimentAdvocacy and personal stories/statementsCharity

Shock/disgust/fear-based and negative sentimentAdvocacy, personal stories/statements and humorJournalist

Shock/ disgust/fear-basedAdvocacy and humorKnown personality

Shock/disgust/fear-based and negative sentimentAdvocacy, personal stories/statements and humorTeacher

Opportunistic and shock/disgust/fear-basedAdvocacy and personal stories/statementsHealth professional

Opportunistic and negative sentimentAdvocacy, personal stories/statements and Hu-
mor

Influencer

Shock/disgust/fear-basedPersonal stories/statements and positive senti-
ment

Sports

Opportunistic and negative sentimentAdvocacy, personal stories/statements, and hu-
mor

Politician

Shock/disgust/fear-based and negative sentimentAdvocacy and personal stories/statementsUniversity/Researcher

Discussion

Principal Findings
This analysis of type, sentiment, and source of
COVID-19–related tweets showed what type of tweets have the
most engagement for each user group. Overall, personal stories
and positive messages have most engagement, even though not
for every user group; known persons and influencers have most
engagement with humorous tweets. Journalists and teachers
were found to have flexibility in their posting strategies, with
advocacy, personal stories/statements, and humor being effective
for them as well. Artists garnered the most engagement with
shock/disgust/fear-based and positive sentiment posts, while
charity organizations and universities/researchers had advocacy
and personal stories/statements as more engaging message types.
Known personalities and sports entities also displayed varying
engagement for message types and sentiments, with the former
having advocacy and humor-based posts more engaging, while
the latter should focus on personal stories/statements and
positive sentiment. Politicians and influencers, on the other
hand, exhibited higher engagement with advocacy, personal
stories/statements, and shock/disgust/fear-based messages, while
avoiding opportunistic content.

Positive sentiments in public health messages typically evoke
feelings of hope, encouragement, and trust among users, leading
to increased sharing behavior [28]. Users are more inclined to
engage with and share positive messages that resonate with
them emotionally, as they perceive such content as uplifting
and supportive [28]. This explains the high engagement received
by positive sentiment tweets despite having lower frequency,
as shown in Table 4 in this study. Our initial manual
categorization ensured a reliable baseline for sentiment analysis
in this study. The frequency of negative sentiment tweets and
their engagement reflects the widespread anxiety, fear, and
uncertainty during the pandemic [29]. The high engagement of
tweets with negative sentiments further emphasizes the need to
consider emotional content in information dissemination on
social media platforms such as Twitter. In this context, future
studies should explore the specific impact of tweets by analyzing
the responses they generate, including retweets with quotes and
replies. This approach would provide additional insights and
allow us to evaluate whether tweets achieve their intended
impact.

The findings of this study revealed distinct patterns of public
engagement across different user categories and message types.
Trusted sources are important in shaping public behavior and
engagement with health information during crises [30]. Overall,
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in the case of users, health professionals received high
engagement during the pandemic whereas health institutes
received the lowest engagement, maybe reflecting their different
use of messages. This highlights the importance of using specific
message types for each user category to achieve engagement,
as recommended by our study. In addition, health experts, such
as general practitioners, communicate health information with
greater credibility and persuasiveness than nonexperts or
institutes [31].

Internet-based health communities and social media platforms
influence public health behaviors and engagement levels [32].
The definition and expansion of sources (user categories) in this
study provides a framework to develop specific messaging by
user group. Our findings reiterate the importance of
understanding audience and tailoring engagement strategies
based on category-specific behaviors for optimal engagement
[33-35].

Comparison With Previous Work
Most studies have focused on the content of the tweets to
understand public reactions or sentiment [36,37], trends during
the COVID-19 pandemic [38,39], or vaccinations [40-42].

In one study, Twitter data were explored using machine learning
to examine how public opinions and discussions changed
throughout the COVID-19 epidemic [36]. Trends in social media
discussions during the pandemic were explored using sentiment
analysis and topic modeling, which produced useful information
about the public discussion around the pandemic [38]. These
studies focused mainly on the content of tweets and their
engagement but did not explore their association with sources,
message type, or sentiments.

The classification of tweets based on types enriched the analysis
by capturing the multifaceted nature of communication during
the pandemic and provided an understanding of how different
message categories influence public engagement and sharing
behavior. This study also added to the existing literature by
introducing 2 new message categories—advocacy and personal
statements—while modifying the existing categories to enable
application and provide guidance in framing future public health
communications.

Public health literature on message types is very limited. A
scoping review on the health risk communication with the public
during a pandemic found a lack of studies on the modes of
communication [43]. One study discussed the framing of
effective COVID-19 messages to connect individuals to
authoritative content, emphasising the importance of positive
and gain-framed messages [44]. Similarly, personal experiences
increased the salience of public health messaging, particularly
in promoting sanitation and hygiene practices [45]. Public health
messaging during the lockdown in New Zealand showed the
importance of consistent messaging principles such as
transparency, timeliness, empathy, and clarity [46]. None of
these studies used defined message categories and the definition
and recommendation of message types for different user
categories is a major contribution of our study. This will help
content creators, particularly health intervention planners, in

choosing the right mix of message and sentiment type to increase
their engagement.

A similar study of social media messages explored account type
and message structure, taking elements such as hashtags,
hyperlinks, mentions, and any images or videos into account
but only counting retweets as engagement [8]. They found that
tweets with hashtags, videos, and pictures were retweeted more
often, while tweets with links had fewer retweets. Furthermore,
tweets with sentiment were more frequently retweeted than
tweets with neutral sentiments. In our study, the user profile
and engagement were explored through engagement metrics
such as likes, retweets, reply count, and quote count. We found
health institutes to be the least engaged user category, while
Xie et al [8] found national health authorities received more
engagement when compared with provincial accounts. However,
their analysis was limited to the study of the official (national
and provincial) public health agencies’ Sina Weibo posts only
(a China-only microblogging platform).

This study’s novel approach lies in the examination of
engagement for a 2-year period across different user categories
for different message types and sentiment, providing insights
into public’s response toward different messages and sources.
The volume of data and methodology used allows us to provide
insights that were not addressed in the existing body of work.
This differs from the current studies with similar research
objectives, such as a comparative study between Poland and
Jordan [47] on social media’s role focused on the disparities in
platform choices and message efficacy. Another study
categorized COVID-19-related tweets into themes to understand
public sentiment. The study identified 5 themes for message
categories, which were general information, health information,
expressions, humor and others, but used a small dataset [48].
Furthermore, a study examined Canadian public health tweets,
revealing that tweets promoting action garnered more
engagement than purely informational ones. However, retweets
were used as the measure for engagement, unlike our study,
where we took into consideration a more comprehensive method
for calculating engagement [49]. This is another strength of our
study, where we compared engagement across message types
and user categories instead of solely depending on likes for
comparison.

Our findings suggest a correlation between message type,
sentiment, source credibility, and engagement. Our study shows
that audience engages with personal stories and positive
messages the most. Also, with varied users, different types of
messages yield engagement. Our study provides guidance for
social media–based public health campaigns for developing
messages for maximum engagement.

Limitations
We included just 3 factors (sentiment, user type, and message
type) for the analysis, which was leading to variance in our
analysis. Other factors not recorded or captured may also
influence engagement, for instance, time or day of posts,
hashtags, images, etc. For our study, we also excluded tweets
from the public user category, which was almost 50% of the
dataset as it was not required to address this study’s research
questions.
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Conclusion
Our study provides a framework to develop social media
messages according to sentiment and message type for different

users. Health professionals and institutes and other users can
build on the results to improve effective communication through
social media channels.
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In “Latino Parents’ Reactions to and Engagement With a
Facebook Group–Based COVID-19 Vaccine Promotion
Intervention: Mixed Methods Pilot Study” (JMIR Form Res
2024;8:e51331) the authors made one update.

The Acknowledgements section has been changed from:

This research was funded by the National Institutes
of Health Community Engagement Alliance Against
COVID-19 Disparities (NIH CEAL; grant
1OT2HL156812-01; multiple Principal Investigators:
Mark Edberg and ELA), and the George Washington
University Institute for Data, Democracy, and Politics
(internal grant; multiple Principal Investigators: LCA
and ELA).

To:

This research was, in part, funded by the National
Institutes of Health (NIH) Agreement OT2HL158287.
The views and conclusions contained in this document
are those of the authors and should not be interpreted
as representing the official policies, either expressed
or implied, of the NIH. This research was also funded,
in part, by The George Washington University
Institute for Data, Democracy, and Politics (multiple
Principal Investigators LCA and ELA).

The correction will appear in the online version of the paper on
the JMIR Publications website, together with the publication
of this correction notice. Because this was made after submission
to PubMed, PubMed Central, and other full-text repositories,
the corrected article has also been resubmitted to those
repositories.
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In “Evaluating Bard Gemini Pro and GPT-4 Vision Against
Student Performance in Medical Visual Question Answering:
Comparative Case Study” (JMIR Form Res 2024;8:e57592) the
authors noted two errors.

Multimedia Appendices 1 and 2 contained identical files.
Therefore, the Multimedia Appendix 1 file has been changed
to the correct supplementary inference code.

Additionally, the “query” column of Multimedia Appendix 2
has been removed.

The corrections will appear in the online version of the paper
on the JMIR Publications website on February 11, 2025, together
with the publication of this correction notice. Because this was
made after submission to PubMed, PubMed Central, and other
full-text repositories, the corrected article has also been
resubmitted to those repositories.

 

Multimedia Appendix 1
Inference code.
[ZIP File, 2 KB - formative_v9i1e71664_app1.zip ]

Multimedia Appendix 2
Responses from the models.
[ZIP File, 492 KB - formative_v9i1e71664_app2.zip ]
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In “Acceptability and Initial Adoption of the Heart Observation
App for Infants with Congenital Heart Disease: Qualitative
Study” (JMIR Form Res 2023; 7:e45920) the authors noted that
author Elin Hjorth Johansen's affiliations need to be adjusted.

The following affiliation was added for author Elin Hjorth
Johansen:

2Institute of Clinical Medicine, Faculty of Medicine,
University of Oslo, Oslo, Norway

The correction will appear in the online version of the paper on
the JMIR Publications website on January 10, 2025, together
with the publication of this correction notice. Because this was
made after submission to PubMed, PubMed Central, and other
full-text repositories, the corrected article has also been
resubmitted to those repositories.
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In “Assessing and improving data integrity in web-based
surveys: Comparison of fraud detection systems in a COVID-19
study” (JMIR Form Res 2024;8:e47091) the authors made one
change.

The Acknowledgments section has been updated from:

This work was supported by funding from the National
Institutes of Health Agreement OT2HL16156 as part
of the Community Engagement Alliance Against
COVID-19 Disparities, PhillyCEAL.

to:

This research was, in part, funded by the National
Institutes of Health (NIH) Agreement OT2HL158287.
The views and conclusions contained in this document
are those of the authors and should not be interpreted
as representing the official policies, either expressed
or implied, of the NIH.

The correction will appear in the online version of the paper on
the JMIR Publications website, together with the publication
of this correction notice. Because this was made after submission
to PubMed, PubMed Central, and other full-text repositories,
the corrected article has also been resubmitted to those
repositories.
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Abstract

Background: Rapid integration of large language models (LLMs) in health care is sparking global discussion about their
potential to revolutionize health care quality and accessibility. At a time when improving health care quality and access remains
a critical concern for countries worldwide, the ability of these models to pass medical examinations is often cited as a reason to
use them for medical training and diagnosis. However, the impact of their inevitable use as a self-diagnostic tool and their role
in spreading health care misinformation has not been evaluated.

Objective: This study aims to assess the effectiveness of LLMs, particularly ChatGPT, from the perspective of an individual
self-diagnosing to better understand the clarity, correctness, and robustness of the models.

Methods: We propose the comprehensive testing methodology evaluation of LLM prompts (EvalPrompt). This evaluation
methodology uses multiple-choice medical licensing examination questions to evaluate LLM responses. Experiment 1 prompts
ChatGPT with open-ended questions to mimic real-world self-diagnosis use cases, and experiment 2 performs sentence dropout
on the correct responses from experiment 1 to mimic self-diagnosis with missing information. Humans then assess the responses
returned by ChatGPT for both experiments to evaluate the clarity, correctness, and robustness of ChatGPT.

Results: In experiment 1, we found that ChatGPT-4.0 was deemed correct for 31% (29/94) of the questions by both nonexperts
and experts, with only 34% (32/94) agreement between the 2 groups. Similarly, in experiment 2, which assessed robustness, 61%
(92/152) of the responses continued to be categorized as correct by all assessors. As a result, in comparison to a passing threshold
of 60%, ChatGPT-4.0 is considered incorrect and unclear, though robust. This indicates that sole reliance on ChatGPT-4.0 for
self-diagnosis could increase the risk of individuals being misinformed.

Conclusions: The results highlight the modest capabilities of LLMs, as their responses are often unclear and inaccurate. Any
medical advice provided by LLMs should be cautiously approached due to the significant risk of misinformation. However,
evidence suggests that LLMs are steadily improving and could potentially play a role in health care systems in the future. To
address the issue of medical misinformation, there is a pressing need for the development of a comprehensive self-diagnosis
dataset. This dataset could enhance the reliability of LLMs in medical applications by featuring more realistic prompt styles with
minimal information across a broader range of medical fields.

(JMIR Form Res 2025;9:e66207)   doi:10.2196/66207
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Introduction

Background
Large language models (LLMs) have grown in popularity with
an ever-expanding list of applications due to their efficiency
and accessibility [1,2]. With their increased usage, LLMs are
gaining user trust [3], partly due to the anthropomorphic
responses produced by models such as GPT-4o, even though
they can generate misinformation at scale [4,5]. Recent reports
highlight the inability of differentiating truth from
misinformation, and the potential collapse of health care
systems, as major disruptors on the horizon [6]. This emphasizes
the urgent need to develop solutions to ensure the delivery of
factual information.

In health care, self-diagnosis through web searches has become
a widespread practice and is especially important for
underserved communities [7-10], which means that the
prospective usage of LLMs in this domain is inevitable.
However, relying solely on online searches for health
information can result in severe misinformation as content on
social media often spreads more rapidly than scientific
knowledge [11]. Inaccurate content, conspiracy theories, and
false claims are all forms of misinformation which can impact
public perceptions, alter behaviors, and reduce trust in health
care systems [12]. Moreover, the ongoing global shortage of
health care workers [13-16] has driven government entities and
health care organizations to explore the use of LLMs as health
care assistants and expertise replacements for diagnosis and
education [17-23]. Thus, there is a need to study the quality and
reliability of LLM-generated responses to health care–related
questions.

Prior Work
Recent work has focused on analyzing ChatGPT across various
industries, including its application within health care. ChatGPT
is a natural language processing model distinctive for its
narrative response style to user input [24,25]. Studies have
assessed its performance on examinations [20,24,26] and its
utility as a self-studying tool [24,27,28], leveraging its ability
to provide tailored responses and immediate feedback.
Furthermore, ChatGPT has demonstrated potential in assisting
research and academic writing by enhancing efficiency and
mitigating gaps in researcher knowledge [29]. However, the
increased usage of ChatGPT raises significant ethical concerns
regarding plagiarism, bias, transparency, inaccuracy, and health
equity [30-34].

ChatGPT has also demonstrated superior performance in
answering medical questions compared to other LLMs [35].
Research has explored its applications in medical education,
including its effectiveness on licensing examinations, tailored
learning experiences, and comprehension of complex medical
concepts and clinical reasoning [20,24,27,33,36]. Other areas
of study have focused on identifying inefficiencies and
inaccuracies within clinical workflows, medical research, and
diagnoses, with the objective of integrating LLMs to optimize
documentation, triage, and clinical data management procedures
[33,37-44]. Additionally, investigations into diagnostic
assistance have integrated patient questionnaires and medical

imaging with LLMs [43,45-48]. Despite the apparent high
performance of LLMs in health care, they remain inferior
compared to the judgment of human clinicians [49].

In summary, prior work has generally evaluated the
trustworthiness of LLMs [50], along with specifically examining
their performance in medical situations. These methods have
used the multiple-choice questions from the United States
Medical Licensing Exam (USMLE) [51] to evaluate the
capability of LLMs in attaining scores near the passing threshold
of 60% [20,52]. However, these evaluations inaccurately depict
the capability of LLMs for self-diagnosis. In practical situations
where individuals use technology to self-diagnose, they would
not include answers when posing questions and would not
provide the same level of information as the examination
questions.

Goal of This Study
This study critically examines the performance of LLMs in
responding to health care–related questions. To achieve this,
we propose evaluation of LLM prompts. This evaluation
procedure contains detailed guidelines to assess ChatGPT’s
response to open-ended questions and validate the robustness
of these responses using a sentence dropout method. This
2-staged approach, to our knowledge, is the first comprehensive
strategy aimed at better understanding LLM responses and their
implications for medical misinformation. We hypothesize that
LLMs, particularly ChatGPT-4.0 (referred to as GPT-4.0), are
currently unsuitable for self-diagnosis purposes since a
significant portion of responses will be ambiguous or incorrect.
In particular, this hypothesis is validated if GPT-4.0 surpasses
a minimum threshold of 60% [20] for each of the following
three questions:

1. Are the responses clear? This question can be answered by
analyzing the response consistency.

2. Are the responses genuinely correct? This question can be
answered by identifying the responses classified as correct
by all assessors.

3. Are the responses robust? This question can be answered
by conducting an ablation study on the correct responses.

Methods

Study Design
In this section, the considerations and preparations for the
decided dataset are first specified. Then, the assessor procedures
and guidelines are discussed along with the process used to
analyze the output answers from ChatGPT. Finally, the complete
testing methodology is introduced. The overall process uses
both nonmedical and medical experts for assessment and is
segmented into two experiments: (1) ChatGPT responses on
USMLE step 1 open-ended prompts and (2) ChatGPT robustness
and ablation study analysis. The GPT-4.0 responses were
generated for each of the USMLE questions using Python, with
the code and datasets available in the EvalPrompt (evaluation
of large language model prompts) repository [53].
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Dataset Considerations and Preparations

Overview
The USMLE [51] dataset consists of 3 steps undertaken by
medical students throughout their program. Each step is a test
consisting of multiple-choice, single-answer, and no-justification
questions. Particularly, in this work, the questions are extracted

from step 1 since the step 2 and step 3 questions are medically
complex for the general population. Furthermore, only textual
questions were kept, resulting in a dataset containing 94
single-answer questions that would be used for prompting
ChatGPT. Textbox 1 [51] displays a sample of an extracted step
1 question.

Textbox 1. Sample question 3.1 is directly extracted from the United States Medical Licensing Exam step 1 test. This question is a multiple-choice
question with a correct answer of (D).

Question: In a sample of 100 individuals, the mean leukocyte count is 7500/mm³, with a standard deviation of 1000/mm³. If the leukocyte counts in
this population follow a normal (gaussian) distribution, approximately 50% of individuals will have which of the following total leukocyte counts?

(A) 5500–9500/mm³

(B) <6500/mm³ or >8500/mm³

(C) 6500–8500/mm³

(D) <7500/mm³

(E) >9500/mm³

Answer: (D) <7500/mm³

Baseline ChatGPT Answer Analysis
The first experiment established the foundation for all testing.
From the initial multiple-choice questions, each question was
transformed into an open-ended question to accurately simulate
the circumstances of an individual interacting with ChatGPT.

This process was accomplished by removing the multiple-choice
options and replacing any instance of “which of the following”
with “what.” An example transformation is provided in Textbox
2 [51], where the original question from Textbox 1 was
transformed into an open-ended question.

Textbox 2. Transformed United States Medical Licensing Exam step 1 test question based on the original Textbox 1 question. The transformation
involves removing the (A)-(E) options and replacing the text “which of the following” with “what.”

Question: In a sample of 100 individuals, the mean leukocyte count is 7500/mm³, with a standard deviation of 1000/mm³. If the leukocyte counts in
this population follow a normal (gaussian) distribution, approximately 50% of individuals will have what total leukocyte counts?

ChatGPT Robustness and Ablation Study Analysis
The second experiment was built upon the foundation
established in the first experiment by using only the questions
that were categorized as correct (C) by all assessors. Using this
subset of data, new questions were iteratively generated by
removing a sentence from the question and prompting ChatGPT
with the modified question. This process is repeated across all
the sentences of a question, excluding the final question sentence
indicated by the “what...?” structure. For instance, if a question
has 3 sentences, then 3 versions of the same question would be
generated, where each question variation has 2 sentences. The
first version would remove the first sentence, the second version
would remove the second sentence, and the third version would
remove the third sentence. The ablation study aimed to simulate

how a self-diagnosing individual may overlook information
within their health-related searches.

Each of the open-ended modified questions was then provided
to ChatGPT using the OpenAI application programming
interface to aggregate the LLM responses for the questions.
Specifically, the gpt-4 model was used for GPT-4.0, along with
specific parameters to ensure consistency among the responses
and that each question would be answered independently. For
instance, the model’s temperature was set to zero to ensure the
responses were focused and deterministic. Details of the
complete GPT-4.0 model and corresponding parameters are
provided in Multimedia Appendix 1, along with Textbox 3 [51]
displaying the GPT-4.0 response to the open-ended Textbox 2
question.

Textbox 3. GPT-4.0 response to United States Medical Licensing Exam step 1 test question based on the transformed Textbox 2 question. The assessor
can then compare the GPT-4.0 answer with the original multiple-choice options to evaluate the correctness of the response.

Answer: Approximately 50% of individuals will have total leukocyte counts of 7500/mm³ or less. Explanation: In a normal distribution, the mean
value is the point at which approximately 50% of the data falls below and 50% falls above. Therefore, in this case, where the mean leukocyte count
is 7500/mm³, approximately 50% of individuals will have leukocyte counts of 7500/mm³ or less.

Assessor Procedures and Guidelines
The 94 open-ended questions served as prompts for ChatGPT,
where 3 nonexperts and 3 experts evaluated the generated

responses. Nonexperts were used to simulate the self-diagnosis
process, while experts were used to assess the response quality.

Each assessor was provided with detailed procedures and
guidelines as outlined in Multimedia Appendix 2 to ensure the
response categorization process was standardized among the

JMIR Form Res 2025 | vol. 9 | e66207 | p.4330https://formative.jmir.org/2025/1/e66207
(page number not for citation purposes)

Zada et alJMIR FORMATIVE RESEARCH

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


assessors. Assessors were instructed to categorize the responses
as either C, partially correct (PC), incorrect (I), or ambiguous
(A), and were provided with detailed examples to distinguish
between the categories. Moreover, assessors were directed to
evaluate the responses independently to ensure no bias.

Testing Methodology
We develop the testing methodology EvalPrompt, as
summarized in Figure 1. In total, Nq=94 questions were selected

from the USMLE step 1 test. Each question contained a question
portion xj, answer options oj, and a correct answer yj, altogether
forming the dataset of multiple-choice questions
D=xj,oj,yjj=1Nq. Subsequently, each question, xj, was extracted
and transformed into an open-ended variation which was then
presented to ChatGPT.

Figure 1. EvalPrompt summary. (1) A subset of 94 USMLE step 1 [51] questions consisting of multiple-choice, single-answer questions are selected.
(2) These 94 questions are modified to produce open-ended prompts. (3) The open-ended prompts are processed through the ChatGPT API (4) ChatGPT’s
answers are recorded and presented to k independent assessors to categorize as either correct, partially correct, incorrect, or ambiguous. (5) The
categorizations classified as correct by all assessors are aggregated to formulate a new dataset for sensitivity analysis. (6) The prompts produced from
the iterative sentence dropout are processed through ChatGPT. (7) The independent assessors categorize ChatGPT’s answers. These categorizations are
then aggregated based on the agreement where all assessors categorized the answer as correct. The resulting dataset, W, is the subset of USMLE question
variations that ChatGPT answered correctly. USMLE: United States Medical Licensing Exam.

After collecting and processing the answers from ChatGPT, 3
nonexpert and 3 expert assessors independently evaluated each
ChatGPT answer, y^j. In total, K=6 assessors were used. The
assessors were instructed to provide a label z∈Z;Z=C,PC,I,A
denoting whether the answer, in comparison to the ground truth,
yj, was C, PC, I, or A, respectively. The assessment process can
be expressed as a function fky^j,yj=zjk for the kth assessor,
where the assessor would use the correct answer to the question
along with ChatGPT’s answer to categorize the response.

After the k assessors finished the categorization process, the
questions categorized as C by all k assessors were aggregated
to define a subset dataset, β. Once the resulting dataset,
β=xj|zjk=C∀k∈K was generated, the first experiment was
concluded.

The second experiment was built upon the dataset and
assessments completed during the first experiment. An ablation
study was conducted over the questions within dataset β via an
iterative sentence dropout by performing i-1 iterations over an
open-ended prompt xj, where i is the number of sentences in
the prompt. For the ith iteration, the ith sentence was removed
from the prompt before running the prompt through ChatGPT,
as expressed by xji, where xj∈β. Each ith sentence was
iteratively removed and processed except for the final sentence
which contained the question sentence. The final sentence of
the question was mandatory to include to ensure ChatGPT
provided an appropriate response.

After processing the sentence dropout questions through
ChatGPT, the same 6 assessors evaluated the responses, y^j`.
The assessment process can again be expressed as a function

fky^j`,yj=zj`k for the kth assessor, where the assessor would
use the correct answer to the question along with ChatGPT’s
answer to categorize the response. This generated the resulting
dataset, W, defined as W=xji|zj`k=C∀k∈K, being the subset of
USMLE question variations for the certainly correctly prompts.

Ethical Considerations
Since the aim of this study is to analyze ChatGPT and not human
subjects, a research ethics board review was not required. The
evaluation of ChatGPT’s responses was carried out on a
volunteer basis, and all assessors were informed that contributing
to the experiments would not result in any safety or privacy
risks.

Results

Are the Responses Clear?
To determine if the GPT-4.0 responses are clear, response
categorizations across assessors were compared. As displayed
in Figure 2, categorization disparities exist across the nonexpert
and expert assessors with few alignments across assessors as
depicted in Table 1. Namely, the number of C categorizations
ranges from 39 to 51, while the number of I categorizations
ranges from 12 to 39. This wide range of values for the
categories immediately depicts the uncertainty across assessors
due to each assessor having varying backgrounds and levels of
medical expertise.

Analyzing the categorization for each question independently,
many discrepancies exist among the assessors. As detailed in
Table 2, on average 52% ([(52+46)/2]/94, SD of 3) of the
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responses in experiment 1 and 73% ([(119+104)/2]/152, SD of
7.5) of the responses in experiment 2 were categorized
identically by the assessors. For example, USMLE question
54.1 was categorized by the nonexperts as PC, A, and C, and

by the experts as I, PC, and PC, respectively. The inconsistency
in categorizations depicts that LLM responses do not yet have
a single apparent answer, but rather are still subject to
interpretation depending on the individual.

Figure 2. Experiment 1: ChatGPT responses on USMLE step 1 open-ended prompts. Individual categorizations for the nonexpert and expert assessors,
where each bar represents an individual’s categorizations. The categorizations drastically vary across assessors, where some assessors categorized more
responses as correct while other assessors categorized more responses as incorrect on the same dataset. USMLE: United States Medical Licensing Exam.

Table . Experiment 1: ChatGPT responses on USMLEa step 1 open-ended prompts. Overall response categorization between nonexpert and expert
assessors. The top left section indicates the number of instances, regardless of correctness, where all nonexpert and expert assessors categorized a
question identically. The bottom right section indicates the total number of questions categorized as correct by all nonexpert and expert assessors.

Expert

OtherCorrectMismatchIdentical

Nonexpert

——b2032    Identical

——2814    Mismatch

429——    Correct

556——    Other

aUSMLE: United States Medical Licensing Exam.
bNot applicable.

Table . Number of identical categorizations among all individuals within the 2 groups for the 2 experiments. Experiment 1 had 94 questions in total,
with 52 and 46 of the questions being categorized the same among the nonexpert and expert assessors, respectively. Similarly, experiment 2 had 152
responses in total spanning 29 unique questions, with 119 and 104 of the questions being categorized the same among the nonexpert and expert assessors,
respectively.

Experiment 2Experiment 1

ExpertNonexpertExpertNonexpert

961113533Correct

1041Partially correct

78718Incorrect

0000Ambiguous

1041194652Overall agreement

The nonexpert and expert assessors reached an identical
conclusion for 52 and 46 of the questions for experiment 1,
respectively, as detailed in Table 2. However, the groups
collectively could only reach an identical conclusion for 32 of

the questions as listed in Table 1. Since only 34% (32/94) of
the responses were consistent across all assessors, the 60%
threshold could not be met indicating that the responses are
unclear. The decrease in the collective number of identically
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classified responses suggests that the GPT-4.0 responses are
still too ambiguous for assessors to reach appropriate
conclusions. The responses are not obvious enough such that
anyone, regardless of their background and expertise, can reach
the same conclusion.

Are the Responses Genuinely Correct?
To determine the number of GPT-4.0 responses that are
genuinely correct, the responses categorized as C by all
nonexpert and expert assessors were analyzed and compared.
As provided in Table 1, the experiment 1 categorizations where
all assessors agreed are listed. In particular, 29 of the 94
responses were categorized as C, meaning that GPT-4.0 is
certainly correct 31% (29/94) of the time.

The limited number of C responses indicates that GPT-4.0 is
not often factual. As portrayed in Table 2, nonexpert and expert
assessors classified 33 and 35 of the responses as C,
respectively, even though collectively 29 responses were
considered C. Since only 31% (29/94) of the responses were
considered C across all assessors, the 60% threshold could not
be met indicating that the responses are mostly incorrect. Hence,
even though both groups approximately categorized the same
number of responses as C, there are still many responses that
are either A or I.

Are the Responses Robust?
To determine if the GPT-4.0 responses are robust, an ablation
study was conducted on the 29 correct responses. Reprompting
GPT-4.0 with similar variations of the correct questions tested
its ability to attain the correct answer even with information

missing. This process aimed to simulate the self-diagnosis
process since each individual would prompt LLMs with varying
levels of information; some individuals would provide extensive
details, while others may provide limited information. Thus,
assessing GPT-4.0’s robustness.

Table 2 provided the categorization details of the ablation study,
consisting of 29 unique questions with 152 question variations.
On average 68% ([(111+96)/2]/152, SD of 7.5) of the responses
continue to be categorized as C even after removing information
for each group. These results are far greater than GPT-4.0’s
accuracy on the initial 94 questions, which was correct only
31% (29/94) of the time. Moreover, Figure 3 depicts the
categorizations for each of the 6 assessors. Assessors categorized
the experiment 2 dataset C much more frequently than the
experiment 1 dataset.  On average, 80%
([(127+120+105+116+133+129)/6]/152, SD of 9.34) of the
assessors categorized the questions as C, depicting GPT-4.0’s
robustness on answers that are certainly correct.

Table 3 also displays the assessment similarities between the
nonexpert and expert assessors for experiment 2. A total of 92
of the 152 questions were categorized C by all nonexpert and
expert assessors, meaning that 61% (92/152) of the responses
are certainly correct. Since 61% (92/152) of the responses for
the sentence dropout experiment were categorized as C across
all assessors, the 60% threshold is met indicating that the
responses are robust. In other words, if GPT-4.0 correctly
answers a question, it is likely to correctly answer a similar
variation of the question again, even if some information is
missing.

Figure 3. Experiment 2: ChatGPT robustness and ablation study analysis. Individual categorization for the nonexpert and expert assessors, where each
bar represents an individual’s categorizations. Out of the 152 questions, the assessors on average categorized 122 of the questions as correct, depicting
its robustness.
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Table . Experiment 2: ChatGPT robustness and ablation study analysis. Overall response categorization between nonexpert and expert assessors. The
top left section indicates the number of instances, regardless of correctness, where all nonexpert and expert assessors categorized a question identically.
The bottom right section indicates the total number of questions categorized as correct by all nonexpert and expert assessors.

Expert

OtherCorrectMismatchIdentical

Nonexpert

——a2795    Identical

——219    Mismatch

2292——    Correct

344——    Other

aNot applicable.

Discussion

Principal Results
The hypothesis that ChatGPT is currently unsuitable for
self-diagnosis is proved. From each of the 3 addressed
assessments with a passing threshold of 60%, GPT-4.0

marginally only passed one. The analysis indicates that GPT-4.0
is generally unclear and incorrect when providing medical
information. However, when GPT-4.0 provides correct
responses, it remains robust enough to continue answering these
questions accurately even when some information is missing.
Table 4 summarizes the results of the evaluation procedure for
GPT-4.0.

Table . Results summarization of the evaluation procedure for GPT-4.0. With a minimum threshold of 60%, the GPT-4.0 responses are deemed generally
unclear and incorrect, while exhibiting robustness when providing correct answers.

Pass or failSuccess rate (%)Definition

Fail34Agreement reached between all as-
sessors

Are the responses clear?

Fail31Responses categorized as correct by
all assessors

Are the responses genuinely cor-
rect?

Pass61Responses continue to be catego-
rized as correct by all assessors

Are the responses robust?

Implications
Recognizing that the GPT-4.0 responses are often ambiguous,
its medical advice should be accepted with caution since these
responses can vary widely in interpretation depending on the
individual. Additionally, since only a small number of responses
were found to be genuinely correct, LLMs still require
improvement before they can reliably be used in a medical
setting. Without these improvements, LLMs risk misinforming
individuals.

Even though ChatGPT cannot currently be used for
self-diagnosis, substantial evidence indicates that LLMs are
continuously improving, suggesting their potential future use
in health care systems. As EvalPrompt was also conducted on
an earlier GPT-3.5 version, as detailed in Multimedia Appendix
3, the significant difference between the model performances
proves that LLMs continue to improve as time progresses.

With ChatGPT being highly acclaimed for its success in passing
medical examinations, researchers have proposed using
ChatGPT in areas such as medical education and medical report
creation [17,20]. However, ChatGPT’s ability to answer
examination questions does not inherently equate to genuine
medical comprehension and proficiency. Instead, using ChatGPT
in these medical settings can undermine health care systems

since ChatGPT’s overconfidence can result in misinforming
individuals.

Unlike practicing clinicians, ChatGPT lacks formal testing and
accreditation for its abilities. It has not undergone accredited
medical education or licensing, lacks approval for clinical
practice, and has not demonstrated the necessary understanding
or skill set to support its claims. While clinicians face severe
consequences for errors, such as medical malpractice charges
or license revocation, ChatGPT lacks such liability. Thus,
relying on ChatGPT before it becomes accurate, consistent, and
robust poses a significant risk of misleading health care
practitioners and the general public.

Limitations
This study has signified a substantial advancement in the quality
of medical advice that LLMs can provide and their potential
utility in the health care industry. Although the USMLE
questions provide a solid foundation for simulating the
self-diagnosis process via LLMs, the prompts contain extensive
detail. In other words, an ordinary individual typically would
not input paragraphs of information when self-diagnosing and
may lack explicit technical health care knowledge. Therefore,
future research can explore using a dataset of self-diagnosis
questions that contains less detailed information to accurately
assess the capability of LLMs. As a result, developing larger
and more realistic self-diagnosing datasets can enhance the
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training of LLMs, in turn improving its performance.
Additionally, LLMs are inclined to excel in tasks
well-represented in the training data, potentially leading to lower
performance in niche problems [17]. This raises equity concerns,
as questions concerning underrepresented groups may endure
poor performance. Although not explicitly examined in this
study, future research could generate datasets with diverse
question designs across medical specializations to ensure all
fields are represented in training.

Conclusions
While LLMs make headlines for passing medical licensing
examinations and are consequently being considered as
candidates to train the next generation of health care

professionals, it is evident that LLMs’ capabilities are
(understandably) modest at this time. More importantly, this
misplaced trust in these systems can lead to reliance on their
use for self-diagnosis by the public. In constructing EvalPrompt
for assessing the capabilities of LLMs in medical contexts, the
extent of misinformation inversely correlates to the LLMs’
performance. LLMs that offer unclear and inaccurate responses
are more likely to misinform individuals. Ultimately, this
investigation presents challenges for machine learning
researchers to build more transparent artificial
intelligence–powered models capable of reasoning and
responding responsibly, while also highlighting the need for a
dataset that incorporates more realistic prompt styles.
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Abstract

Background: Effectively managing epilepsy in children necessitates the active engagement of parents, a factor that is reliant
on their understanding of this neurological disorder. Widely available, high-quality, patient-focused, bilingual videos describing
topics important for managing epilepsy are limited. YouTube Analytics is a helpful resource for gaining insights into how users
of differing backgrounds consume video content.

Objective: This study analyzes traffic to paired educational videos of English and Spanish versions of the same content. By
examining the use patterns and preferences of individuals seeking information in different languages, we gained valuable insights
into how language influences the use of clinical content.

Methods: Physician experts created epilepsy management videos for the REACT (Reaching Out for Epilepsy in Adolescents
and Children Through Telemedicine) YouTube channel about 17 subjects, with an English and Spanish version of each. The
Children’s Mercy Kansas City neurology clinic incorporated these into the department’s educational process. YouTube Analytics
enabled analysis of traffic patterns and video characteristics between September 2, 2021, and August 31, 2023.

Results: The Spanish group had higher engagement and click-through rates. The English versions of all videos had 141,605
total impressions, while impressions for the Spanish versions totaled 156,027. The Spanish videos had 11,339 total views, while
the English videos had 3366. The views per month were higher for the Spanish videos (mean 472, SD 292) compared to the
English set (mean 140, SD 91; P<.001). The two groups also differed in search behavior and external traffic sources, with
WhatsApp driving more traffic to the Spanish videos than the English versions (94 views compared to 1). The frequency of search
terms used varied by language. For example, “tonic clonic” was the most frequent term (n=372) resulting in views for English
videos, while “tipos de convulsiones” (types of convulsions) was the most common expression (n=798) resulting in views for
Spanish videos. We noted increased monthly views for all videos after adding tags on YouTube. Before tagging, the mean number
of views per month for the English-language group was 61 (SD 28), which increased to 220 (SD 53) post tagging. A similar trend
can be observed in the Spanish-language group as well. Before tagging, the mean number of monthly views was 201 (SD 71),
which increased to 743 (SD 144) after tagging.

Conclusions: This study showed high traffic for Spanish video content related to epilepsy in a set of paired English/Spanish
videos. This highlights the importance of bilingual health content and optimizing video content based on viewer preferences and
search behavior. Understanding audience engagement patterns through YouTube Analytics can further enhance the dissemination
of clinical video content to users seeking content in their primary language, and tagging videos can have a substantial impact on
views.

(JMIR Form Res 2025;9:e56720)   doi:10.2196/56720

KEYWORDS

epilepsy; patient education; informatics; social media; biomedical research; social determinants of health; accessibility; engagement;
comparative analysis; clinical videos; English; Spanish; neurological disorder; YouTube; bilingual; audience engagement; clinical
knowledge
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Introduction

Video Health Content
Access to informative and reliable clinical content is crucial for
managing complex clinical conditions, especially for individuals
in rural areas or with limited access to specialist care [1].
Epilepsy, a common chronic condition, highlights the challenges
faced by patients needing access to clinical specialists. Children
and youth with epilepsy and their families need accurate and
trustworthy information to manage their condition effectively
[2].

Social media platforms, particularly YouTube, have become
significant sources of information for many people. With billions
of users monthly, YouTube has established its presence in over
100 countries worldwide and offers localized versions in 80
languages to serve a diverse global population [3]. However,
poor-quality health videos on YouTube can be misleading, but
they are still promoted via YouTube’s search algorithm that
prioritizes popularity, relevance, and view history over content
quality and accuracy [4]. This presents a significant challenge
for individuals who seek health information without proper
guidance or supervision, as they are increasingly exposed to
unverified and partially misleading content. The consequences
of such exposure can include the promotion of unhealthy habits
and activities [5]. A 2023 study about video-sharing platforms
revealed a strong negative correlation between high-quality
content and popularity regarding videos providing accurate
information on cancer and nutrition [6]. Out of 1200 videos,
the most reliable videos on YouTube were from universities,
professional organizations, and nonprofit physician groups,
while unreliable videos included content related to treatments
that scored low on the Journal of American Medical Association
scale for quality medical content [7]. Analysis of video content
using the DISCERN instrument yielded similar results for
diabetes content [8]. High-quality health care educational
resources developed by experts on widely accessible platforms
such as YouTube offer an approach to mitigating these concerns.
Through analytics available through YouTube, we can
understand the factors influencing viewership and engagement
with clinical videos.

REACT
Through the REACT (Reaching Out for Epilepsy in Adolescents
and Children Through Telemedicine) project, Children’s Mercy
Kansas City has developed online educational resources for
families and children and youth with epilepsy [9]. One of these
resources includes online videos covering different aspects of
managing epilepsy and seizures, such as general content about
seizures, types of seizures, seizure precautions, alternative
treatments, and frequently asked questions. The goal was to
provide access to patients and their families, primarily those
who spoke English or Spanish. This design provided an
opportunity to compare the use of videos with the same clinical
content. A preliminary analysis of YouTube Analytics traffic
patterns for one of these videos (“What is an absence seizure?”)
showed high use for the Spanish version [7]. This paper presents
a comprehensive traffic analysis of the REACT YouTube

channel, comparing the paired English and Spanish versions of
otherwise identical content.

Methods

Epilepsy Video Development and Deployment
Videos for epilepsy-related topics prioritized by the clinical
team were developed in English and Spanish. A multistep
approach was taken when translating the videos from English
to Spanish. First, the bilingual research team translated the
scripts into Spanish. The scripts were reviewed by bilingual and
culturally competent staff before recording the videos. The
resulting videos were uploaded to the REACT YouTube channel.
The videos for each topic are considered as episodes with two
versions.

YouTube Analytics
YouTube Analytics for the REACT channel were accessed to
evaluate online traffic patterns to the video content [10]. No
personal identifiers were available or sought from YouTube.
We did not attempt to correlate patient-prescribed views with
the traffic patterns evaluated in this work. GraphPad Prism 9.5.1
(GraphPad Software, Inc) was used to quantify video
characteristics, with continuous variables presented as means
with SDs and ranges.

Tags are descriptive keywords used on YouTube to improve
the discoverability of a video. In August 2022, the study team
added tags to each of the videos. To analyze the impact of these
tags, total monthly views were separated into a pretagging period
(September 2021 to August 2022) and a posttagging period
(September 2022 to August 2023).

Impressions are the number of times a video’s thumbnail is
presented to a user on YouTube. The click-through rate was
provided by YouTube Advanced Analytics and represents the
percentage of REACT channel thumbnails that were clicked by
viewers.

Ethical Considerations
All study data used were anonymous.

Results

Epilepsy Video Development and Deployment
Clinical experts developed video content for 17 topics related
to treating epilepsy and seizures. The Children’s Mercy Kansas
City neurology clinic adopted these videos as part of the patient
departure educational process. Children and youth with epilepsy
and their families were “prescribed” to view at least one video
after each visit. The information and prescribed video were
printed in the educational department and given to patients so
they could scan a QR code that led them to a REDCapÒ survey.
This survey included demographic information, a link to the
prescribed YouTube video, and a pre- and postsurvey. Children
and youth with epilepsy and families also had the option to view
more than one video if desired. The first videos were uploaded
to the REACT YouTube channel on August 7, 2020, and all
videos were made publicly available by September 2, 2021 [11].
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YouTube Analytics
We evaluated traffic patterns between September 2, 2021, when
all videos were available, and August 31, 2023. In the aggregate,
views per day for the Spanish videos surpassed the English

versions (Figure 1A). Compared to the English videos, traffic
to the Spanish-language videos was significantly higher
(P<.001) based on click-through rate (Figure 1B). Some
episodes, such as 4 and 14, exhibited different click-through
rates between the two languages.
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Figure 1. Daily views, by language, of epilepsy YouTube channel. (1A) The total daily views of the REACT (Reaching Out for Epilepsy in Adolescents
and Children Through Telemedicine) YouTube channel from September 2, 2021, to August 31, 2023. The x-axis represents the total daily views, and
a smoothing spline curve is included. (1B) Average daily click-through rate per video grouped by language. ROSA: robotic stereotactic assistance.

The addition of tags correlates with higher traffic (Figure 2A).
The highest total monthly views for the English-language group
of videos was 320 in January 2023, while the Spanish-language
group of videos’ highest monthly views were 939 in March

2023. To further assess the impact of the tags, the total monthly
views were divided into two periods: pretagging period
(September 2021 to August 2022) and posttagging period
(September 2022 to August 2023). In the pretagging period, the
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views per month for the English-language group increased after
tagging (pretagging mean 61, SD 28; posttagging mean 220,
SD 53). A similar trend was observed in the Spanish-language
group as well (pretagging mean 201, SD 71; posttagging mean

743, SD 114). Both the English- and Spanish-language videos
showed significant increases in traffic after the addition of tags
(P<.001; Figure 2B).

Figure 2. Impact of tagging: Total views per month grouped by language. (2A) Total views per month. Monthly views for all videos on the REACT
(Reaching Out for Epilepsy in Adolescents and Children Through Telemedicine) YouTube channel were collected from September 2, 2021, to August
31, 2023, and grouped by language. The dotted line represents the addition of tags. Each data point indicates the total views per language group for that
month. (2B) Mean monthly views pre- versus posttagging periods. Comparison of mean total monthly views before and after adding tags in August
2022 for English- and Spanish-language group videos. Paired t tests showed a significant difference in views. ****P<.001.

Traffic to individual episodes demonstrated differing patterns.
The Spanish versions of videos 3 and 4 showed a strong
association between impressions and views (Figure 3A-D). For
video 14, impressions and views were similar for the Spanish
version, but for the English version, impressions increased

earlier (Figure 3E-F). In the English category, video 14 had the
highest impressions (n=106,936) and views (n=1087; Table 1).
In the Spanish category, video 15 had the highest impressions
(n=49,039), followed closely by video 3 (n=41,892). However,
video 3 had more views (n=3839) than video 14.
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Figure 3. Monthly impressions and views for videos 3, 4, and 14. (3A, C, and E) Monthly views per month across time for videos 3, 4, and 14 from
September 2021 to August 2023. (3B, D, and F) Monthly impressions across time for videos 3, 4, and 14.
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Table . Impressions, click-through rate, and views for each epilepsy video.

Total views, nClick-through rateTotal impressions, nVideo title

SpanishEnglishSpanishEnglishSpanishEnglishSpanish titleEnglish title

10635234806454¿Que es la
epilepsia?

What is
epilepsy?

1

255144543523718¿Qué es una
convulsión?

What is a
seizure?

2

38397067741,8927727¿Cuál es la
diferencia en-

What’s the dif-
ference be-

3

tre la epilepsiatween a
y una convul-
sión?

seizure and
epilepsy?

25571928225,0844327¿Hay difer-
entes tipos de
convulsiones?

Are there dif-
ferent kinds of
seizures?

4

665145902341¿Hay cosas
que pueden

Are there
things that can

5

aumentar lasincrease the
posibilidadeschances that
de que tengamy child will
una convul-
sión?

have a
seizure?

7573517811434¿Qué debo
hacer si mi hi-

What should I
do if my child
has a seizure?

6

jo tiene una
convulsión?

803563945276¿Se deben
tomar precau-

Are there spe-
cial precau-

7

ciones si mitions I need to
hijo adoles-take for my

teen? cente tiene
epilepsia?

11133531519318¿Cómo se diag-
nostica la
epilepsia?

How do you
diagnose
epilepsy?

8

2562225431894¿Cómo tratan
los medica-

How do medi-
cations treat
epilepsy?

9

mentos la
epilepsia?

13147572241355¿Qué es la
neuroestimu-

What is neu-
rostimulation

10

lación y cómoand how does
trata la epilep-
sia?

it treat epilep-
sy?

352544606326¿Qué es
ROSA y como

What is

ROSAa and

11

trata la epilep-
sia?

how does it
treat epilepsy?

7422441481214¿Se puede
tratar la

Can you treat
epilepsy with
surgery?

12

epilepsia con
cirugía?

2679444391106¿Qué es la di-
eta Ketogéni-
ca?

What is the
ketogenic diet
and does it
treat epilepsy?

13
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Total views, nClick-through rateTotal impressions, nVideo title

SpanishEnglishSpanishEnglishSpanishEnglishSpanish titleEnglish title

124910874123,727106,936¿Cómo cuido
a mi hijo con
convulsiones
tónico´-clóni-
cas?

What is a ton-
ic-clonic
seizure?

14

25623044249,03913,319¿Qué es una
crisis de
ausencia?

What is an ab-
sence seizure?

15

11565421968950Otros sin-
tomas de
epilepsia

Do kids with
epilepsy have
other symp-
toms?

16

338946531910Nuestra exper-
ta responde a
sus preguntas
frecuentes

Frequently
Asked Ques-
tions about
Epilepsy

17

11,339336661156,027141,605——bTotals

aROSA: robotic stereotactic assistance.
bNot applicable.

While the location of the viewer was only available for 2096
(14.3%) of the 14,705 views, we observed that countries with
predominantly non–English-speaking populations tended to
have higher view counts reported by YouTube than primarily
English-speaking countries. Users in the United States generated
the most views (n=884) for the Spanish language, followed by
Mexico (n=859) and Argentina (n=110; Multimedia Appendix
1).

The results from the analysis of YouTube search terms used to
find English and Spanish videos are presented in Table 2. The

top searches that resulted in views for English videos were
“tonic,” “clonic,” or “tonic-clonic.” The term “absence seizure”
also generated strong interest, resulting in 118 views. Spanish
videos had more views for the comparable search term “crisis
de ausencia” or “absence seizure,” with 527 views. In
comparison, the terms “convulsiones tonico clonico” or “tonic
clonic seizures” only garnered 118 views. The search term “tipos
de convulsiones” or “types of seizures” resulted in the most
views for the Spanish-language group, with 798 views. These
findings suggest differences in viewers’ search behavior when
seeking content in different languages on YouTube.
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Table . Most frequent YouTube search terms leading users to REACT (Reaching Out for Epilepsy in Adolescents and Children Through Telemedicine)
content.

Views, nSearch terms

English language

372    “tonic clonic” or “clonic” or tonic”

64    “Absence Seizure”

17    “what is a seizure”

16    “difference between seizure and epilepsy”

15    “seizure”

10    “types of seizures”

8    “epilepsy seizure”

7    “different types of seizures”

5    “difference between epilepsy and seizure”

5    “what is epilepsy”

Spanish language

798    “tipos de convulsiones” (types of seizures)

527    “crisis de ausencia” (absence seizures)

118    “convulsiones tonico clonicas” (tonic-clonic seizures)

43    “que es una convulsión” (what is a seizure)

40    “convulsiones” (seizures)

31    “epilepsia” (epilepsy)

25    “que es la epilepsia” (what is epilepsy)

13    “como es una convulsión” (how is a seizure)

13    “convulsiones en adultos” (seizure’s in adults)

13    “convulsiones y epilepsia” (seizures and epilepsy)

Table 3 presents a comprehensive list of external traffic sources
used to find video content on the REACT YouTube channel.
English viewers predominantly accessed the content through
the Children’s Mercy website, with 443 views, compared to the
Spanish count of 151. Spanish-language content was embedded
on an epilepsy education website maintained by the government

of Chile and generated 121 views. Some of the Spanish-language
video views originated from a Spanish-language occupational
health education consultancy group’s website. Spanish-language
viewers relied more heavily on WhatsApp as their preferred
means of finding content, with 94 views compared to only 1
among English-language viewers.

JMIR Form Res 2025 | vol. 9 | e56720 | p.4347https://formative.jmir.org/2025/1/e56720
(page number not for citation purposes)

Varela et alJMIR FORMATIVE RESEARCH

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


Table . Traffic sources used by viewers to find REACT (Reaching Out for Epilepsy in Adolescents and Children Through Telemedicine) content.

Views, nTraffic source

Spanish languageEnglish language

161443Children’s Mercy website

73201Google

3542YouTube

32Yahoo

01Instagram

941WhatsApp

01bing.com

51live.com

01telegram.org

1210revistachilenadeepilepsia.cl

20WhatsApp Business

100precoinprevencion.com

120Facebook

Much of the traffic to the REACT channel originated from
sources outside the YouTube platform. These include internet
searches, direct URL entries, bookmarks, or embedded links.
External traffic sources accounted for 38,172 (12.8%) of the
297,632 impressions. However, despite the relatively lower
number of impressions, these external sources, especially
WhatsApp, contributed significantly to the overall viewership.
In contrast, videos directly delivered by YouTube accounted
for 259,460 (87.2%) impressions. Further analysis examined
views by internal versus external sources, grouped by language.
The Spanish-language groups contributed 8697 views internally
and 2642 views externally to the YouTube platform, while the
English videos generated 2508 views from within YouTube and
858 from external sources.

We investigated the impact of YouTube algorithmic suggestions
on driving views to REACT content. These suggestions were
presented as pop-ups after a video was completed or while users
were browsing the website. Within the English group, we
observed that videos discussing atonic seizures, tonic-clonic
seizures, and the differences between seizures and epilepsy
received the highest number of views, with 61, 31, and 14 views,
respectively (Multimedia Appendix 2). The Spanish videos
addressing convulsions and absence seizures garnered the most
attention from these algorithmic recommendations, with 146
and 96 views, respectively.

Discussion

YouTube reaches a larger audience than videos delivered
through self-publication to isolated websites, for example, a
university website [12]. This study evaluated the viewership of
paired Spanish and English educational videos on the YouTube
platform and noted substantial traffic to the Spanish-language
versions relative to most of the English versions. One notable
aspect of our work is the access to detailed analytics for videos
with identical clinical content in English and Spanish, a

distinguishing feature from other studies evaluating YouTube
content for chronic disease [13]. The availability of such
analytics provides valuable insights into the use patterns for
clinical video content, allowing for informed content design
and development strategies. YouTube analytics has substantial,
yet underused, value to the developers of clinical content. While
the primary intended use of YouTube metrics is to monitor and
optimize ad views, we demonstrate that there is utility to these
metrics for health education. By leveraging data-driven
approaches, the quality and relevance of clinical content can be
improved. This analysis enables the promotion of health equity
by tailoring content and using search engine optimization
features such as tagging to increase visibility.

Our analysis demonstrates a distinct difference in audience
engagement between English- and Spanish-language videos
providing the same content. Engagement is quantified by the
number of views a video generates as well as other metrics,
including view time, which we did not evaluate in this study.
Overall, the Spanish-language group consistently exhibited
higher levels of engagement, as evidenced by increased views
and impressions. The modes of interaction differed; for example,
Spanish speakers were more likely to use WhatsApp to access
the content, consistent with the popularity of this messaging
app among Spanish-speaking groups [14,15]. This finding
highlights the importance of developing bilingual clinical
content to meet the needs of diverse populations.

Furthermore, our study explored the correlation between
impressions and views per month, providing insights into
variations in monthly engagement across different videos.

The videos with the highest viewing rates were related to the
clinical appearance of a seizure (“What’s the difference between
a seizure and epilepsy?” “Are there different kinds of seizures?”
“What is a tonic-clonic seizure?” “What is an absence seizure?”).
This is in line with the public misconceptions of what a seizure
looks like [16] and further emphasizes the importance of
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education regarding the many possible phenomenology of
epileptic seizures [17].

While data about audience demographics was limited, our
analysis showed that users in countries with predominantly
non–English-speaking populations tended to have higher
reported view counts of the Spanish versions of a video than
users in primarily English-speaking countries. This suggests a
global demand for clinical content in languages other than
English, highlighting the need for bilingual or multilingual
approaches to reach diverse audiences. The search behavior of
viewers also differed between languages, as reflected in the top
search terms leading to views for English and Spanish videos.
Understanding these differences can inform content creators
about the keywords and topics that resonate with their audiences,
enabling them to optimize their content accordingly. For
example, search terms most often leading users to a video can
be added as tags.

External traffic sources (non-YouTube) significantly drove
viewership. This highlights the importance of leveraging
external platforms, such as websites and social media, to
promote and distribute clinical video content posted on
YouTube. WhatsApp was a frequent source of traffic to the
Spanish videos, consistent with common use of this app in
non–English-speaking countries [18]. Tailoring strategies to
effectively reach and engage different target audiences based
on language preferences and behaviors is crucial for maximizing
the impact of clinical content dissemination. Our findings also
demonstrate that the implementation of tags significantly
improved the visibility and accessibility of the videos, leading
to a substantial increase in total monthly views. This is
consistent with previous research that has shown the
effectiveness of tags in enhancing the discoverability of content
on YouTube [19].

Finally, our analysis of suggestions generated by the YouTube
platform showed variations in viewer preferences between the
English and Spanish groups. This underscores the influence of

recommendations in directing viewers toward specific content
related to seizures and epilepsy. Content creators should consider
these recommendations to increase viewership and engagement
when developing and promoting their videos.

This study has known limitations. We focused solely on
YouTube to evaluate clinical video viewership, and we
acknowledge that other platforms may exhibit different use
patterns and levels of audience engagement. The analysis was
limited to English and Spanish videos, excluding other languages
that may generate significant viewership. User privacy settings
influence whether their location is visible in analytics, limiting
access to granular geographic data and other demographic data
(race, gender, age). Furthermore, the study did not explore the
long-term effects of video viewership on health outcomes or
behavior change. Lastly, we did not consider the influence of
external factors, such as marketing or promotion efforts, on
video viewership.

We demonstrated the effectiveness of paired educational videos
in reaching a global audience well beyond the intended focus
of the in-clinic recommendations. Techniques such as tags
improve the discoverability and viewership of clinical videos
on YouTube. The availability of detailed analytics provides
valuable insights into audience engagement and use patterns,
enabling informed content design and development strategies.
Bilingual or multilingual approaches are essential for reaching
diverse populations and promoting health equity. Leveraging
external (outside of the YouTube platform) traffic sources and
optimizing video content based on search behavior and viewer
preferences can further enhance the impact of clinical video
dissemination, for example, top YouTube searches that resulted
in views related to the differences between types of seizures.
The development of paired videos enabled us to perform
side-by-side comparisons of traffic patterns and video
characteristics on a specific health topic. Through this work,
we elucidated practices to improve clinical content available
on the YouTube platform for future health content creators
seeking to support non–English-speaking users.
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Abstract

Background: Often lacking immediate access to care providers, pregnant individuals frequently turn to web-based sources for
information to address their evolving physical and mental health needs. Social media has gained increasing prominence as a
source of news and information despite privacy concerns and unique risks posed to the pregnant population.

Objectives: This study investigated the extent to which patients may be willing to disclose personal health information to social
media companies in exchange for more personalized health content.

Methods: We designed and deployed an electronic survey to pregnant individuals worldwide electronically in 2023. We used
the classical Internet Users’ Information Privacy Concerns (IUIPC) model to examine how privacy concerns modulate pregnant
individuals’ behaviors and beliefs regarding risk and trust when using social media for health purposes. Results were analyzed
using partial least squares structural equation modeling.

Results: Among 317 respondents who initiated the survey, 84% (265/317) of the respondents remained in the study, providing
complete responses. Among them, 54.7% (145/265) indicated willingness to provide their personalized health information for
receiving personalized health content via social media, while 26% (69/265) were uncertain and 19.3% (51/265) were opposed.
Our estimated IUIPC model results are statistically significant and qualitatively align with the classic IUIPC model for the general
population, which was previously found in an e-commerce context. The structural model revealed that privacy concerns (IUIPC)
negatively affected trusting beliefs (β=−0.408; P<.001) and positively influenced risk beliefs (β=0.442; P<.001). Trusting beliefs
negatively impacted risk beliefs (β=−o.362; P<.001) and positively affected the intention to disclose personal health information
(β=o.266; P<.001). Risk beliefs negatively influenced the intention to disclose (β=−0.281; P<.001). The model explained 41.5%
of the variance in the intention to disclose personal health information (R²=0.415). In parallel with pregnant individuals’willingness
to share, we find that they have heightened privacy concerns and their use of social media for information seeking is largely
impacted by their trust in the platforms. This heightened concern significantly affects both their trusting beliefs, making them
less inclined to trust social media companies, and their risk beliefs, leading them to perceive greater risks in sharing personal
health information. However, within this population, an increase in trust toward social media companies leads to a more substantial
decrease in perceived risks than what has been previously observed in the general population.

Conclusions: We find that more than half of the pregnant individuals are open to sharing their personal health information to
receive personalized content about health via social media, although they have more privacy concerns than the general population.
This study emphasizes the need for policy regarding the protection of health data on social media for the pregnant population
and beyond.

(JMIR Form Res 2025;9:e60862)   doi:10.2196/60862

KEYWORDS
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Introduction

Background
Advancements in web-based technology have significantly
enhanced opportunities for digital social support and web-based
health information seeking [1,2]. The trend of searching for
health information on the web has gained momentum [3-5],
particularly since the COVID-19 pandemic where health care
services were overburdened to address individual questions
[6,7]. Instead, patients gathered on the web, using social media
in particular, for guidance and resources to empower themselves,
cope with stress, and strengthen positive social support. This
health information seeking behavior is particularly prevalent
among pregnant patients [8]. Pregnancy is a vulnerable period
that exposes patients to heightened anxiety, depression, and
stress, leading to adverse maternal, infant, and family outcomes,
disproportionately affecting disadvantaged families [9,10]. The
negative impact can be mitigated by interventions from health
care providers [11,12]. However, disparities in access to health
care, health literacy, socioeconomic status, and neighborhood
characteristics strangle equitable access to clinical interventions
[12-14]. As a result, many patients resort to web-based
information seeking and social support to relieve stressors and
resolve individual needs during pregnancy [15]. In fact, people
of childbearing age are one of the most active users in the digital
space in the United States [16,17]. An estimated three-quarters
of the US pregnant population seek pregnancy and birth
information on the web, and there is increasing IT acceptance
for data sharing [18,19]. Social media is an overwhelmingly
popular source for pregnancy information, with myriad of social
media accounts and influencers distributing a wide range of
information and offering venues for discussion [8,20]. For
example, research showed that web-based support and
interventions improved health outcomes among pregnant
patients with gestational diabetes mellitus, and individualized
health interventions resulted in lower odds of developing
gestational diabetes mellitus [21].

Yet, privacy and risk concerns are important to consider when
using digital health technologies for pregnancy [22,23]. Research
has shown that individuals often possess both risk and privacy
concerns when turning to social media for health information
[24-28]. For example, pregnancy privacy concerns have
heightened since the overturn of Dobbs v Jackson by the
Supreme Court in the United States, which had protected an
individual’s right to abortion. This has resulted in variable US
state laws criminalizing certain reproductive health care,
amplifying privacy concerns for pregnant individuals seeking
web-based information about abortions and storing reproductive
health information on personal applications [29]. However,
despite significant privacy concerns, given patients’
overwhelming health needs and the lack of clinical resources
to address them, social media remains as a popular source for
seeking health information and digital social support.

Objectives
Given the increasing need for information and limited access
to prompt responses from health care providers regarding
pregnancy-related inquiries, there is a notable tension between

privacy concerns and the demand for personalized health
communication. Our study aims to fill a significant research
gap by applying the Internet Users’ Information Privacy
Concerns (IUIPC) model to understand pregnant individuals’
privacy concerns when seeking health information and social
support on social media. While prior studies have used the
IUIPC model to examine privacy issues across various digital
technologies and populations, none have specifically focused
on pregnant individuals—a group that is particularly active on
the web and yet vulnerable due to heightened health needs and
privacy risks. By investigating how privacy concerns, trusting
beliefs, and risk perceptions influence pregnant individuals’
willingness to disclose personal health information for
personalized content, our research contributes to the literature
by providing new insights into the information disclosure
behaviors of this unique population on social media. This
enhances the understanding of privacy dynamics in digital health
contexts and informs strategies for health care providers, policy
makers, and social media companies to better support pregnant
individuals’ needs.

Methods

Study Design
This is a survey study. We developed and deployed a survey
on Prolific in March 2023. Prolific is a web-based platform that
connects researchers with a pool of prescreened study
participants globally. Earlier studies have shown that participants
recruited from Prolific provide high-quality data regarding users’
perceptions of software and digital platforms [30,31]. The survey
questions were hosted on Qualtrics (Qualtrics), a survey
software. The survey comprises 41 questions: 22 questions focus
on the conceptual model, with 7-point Likert scales, and the
remaining questions focus on demographic information, social
media questions related to health, and 3 quality-check questions.
The survey questions are listed in Table S1 in Multimedia
Appendix 1.

Settings
Participants were recruited using Prolific’s recruitment method
based on inclusion criteria: (1) aged at least 18 years or older,
and (2) currently or recently pregnant within 2 years prior to
the time of the survey. We used Prolific’s prescreening filters
to identify eligible participants, including age, gender, and
pregnancy status to align with our inclusion criteria. Eligible
participants identified through the prescreening process received
an invitation to participate in our study via Prolific’s messaging
system.

The invitation included a brief overview of the study’s purpose,
estimated time commitment, and the compensation offered.
Participants were excluded if their responses in the survey were
incomplete or of poor quality, as determined by the
quality-check questions. The first quality check is based on age,
using the following questions: Q29_1 “What is your age?—Age”
and Q14_1 “What is your birth year?—Year,” which were
placed in 2 different sections of the survey. If the difference
between the answers to these 2 questions is more than 2 years,
we excluded that participant. The second quality check is based
on the Collection construct from the IUIPC model, using the
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following questions: Q18_1 “It usually bothers me when
health-conscious social media companies ask me for personal
health information.” and Q18_5 “It usually doesn’t bother me
when health-conscious social media companies ask me for
personal health information.” These 2 opposite questions were
placed in the survey, and if participants provide similar
responses to both (eg, strongly disagree or strongly agree for
both), they were excluded. However, if both answers are neutral
(neither agree nor disagree), the participants were retained. The
third quality check is based on the Risk-Belief construct from
the IUIPC model, using the following questions: Q20_1 “In
general, it would be risky to give my health information to
health-conscious social media companies.” and Q20_5 “I would
feel safe giving my health information to health-conscious social
media companies.” The same strategy as the second quality
check applies to this pair of questions.

Ethical Considerations
Our study was approved as exempt under institutional review
board category II by Bentley University (no. 2023011). Upon
accessing the survey link, participants were presented with an
informed consent form detailing the study’s objectives,
procedures, potential risks, benefits, and the voluntary nature
of participation. Participants had to electronically agree to the
consent form before proceeding to the survey questions. The
study data are fully anonymous. Each participant received a US
$1 reward for answering the questions per the site’s rules.
Compensation was managed through Prolific’s system to ensure
timely and secure payment.

Variables and Data Sources
The survey draws on a conceptual model, the IUIPC model by
Malhotra et al [32]. IUIPC model was designed to evaluate
whether concerns about information privacy sway an
individual’s intent to adopt digital technology in the e-commerce
context [32]. Since then, numerous studies have delved into
various populations’ privacy concerns across various digital
technologies based on the IUIPC model [26,33-38]. However,

limited knowledge exists on the perspective of pregnant
individuals’ privacy concerns when seeking health information
on social media. Thus, we aim to uncover how information
privacy concerns may influence pregnant individuals’ intentions
to reveal personal health data to receive personalized
pregnant-related health content through social media using
IUIPC.

Figure 1 depicts the structure of the basic theoretical IUIPC
model, consisting of 5 major constructs: collection, control,
awareness, trusting beliefs, and risk beliefs [32]. Collection,
control, and awareness are 3 first-order constructs, which are
directly measured through survey items. IUIPC is a second-order
construct, or a latent construct, which is estimated by the 3
first-order constructs. In this study, the collection construct
refers to the extent of an individual’s privacy concerns about
whether it is worth revealing their personal information to social
media companies. The control construct measures the degree
to which individuals feel they have control over their personal
data and know how the data will be collected, used, and shared.
The awareness construct gauges the level of a user’s privacy
concern regarding their awareness of social media companies’
transparency and the proper handling of their information.
Trusting beliefs refer to the degree to which people believe an
entity is trustworthy in protecting their personal information,
whereas risk beliefs refer to the expectation of a potential loss
when sharing personal information with the entity. In this study,
the personal information is personal health information and the
entity is social media companies. IUIPC integrates trusting
beliefs and risk beliefs to elucidate why a user may have an
intention to adopt a new technology for certain benefits. In the
context of this study, IUIPC reflects social media users’
concerns about social media companies’ collection of personal
information, the users’ control over the collected information,
and the users’ awareness of how the collected information is
used, which in turn affects users’ intentions to reveal personal
health information to receive customized health information
through social media.

Figure 1. Internet Users’ Information Privacy Concerns (IUIPC) with 5 major constructs: collection, control, awareness, trusting beliefs, and risk
beliefs.
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Research Hypotheses
Previous research has demonstrated that users with greater
privacy concerns regarding social media tend to have lower
trust toward these platforms [36,38]. Therefore, we hypothesize
the following:

• Hypothesis 1: For pregnant individuals, IUIPC will have a
negative effect on their trusting beliefs.

There is often an inverse relationship between trusting beliefs
and risk beliefs because trust implies a firm belief in the
reliability of something, while risk indicates the possibility of
negative outcomes. When users exhibit higher privacy concerns
toward social media, it implies that they perceive a greater risk
associated with its use [36,38]. Thus, we propose the following
2 hypotheses:

• Hypothesis 2: For pregnant individuals, IUIPC will have a
positive effect on their risk beliefs.

• Hypothesis 3: For pregnant individuals, their trusting beliefs
will have a negative effect on their risk beliefs.

Research has shown that trust in a specific technology positively
influences individuals’ intention to explore that technology [39].
Pregnant individuals will share their personal information in
exchange for health information through social media if they
trust the companies and find the specific health content valuable
enough to justify the privacy trade-off. Previous studies have
also shown that trust plays a crucial role in adopting social
media [33,34,40]. Therefore, we further hypothesize the
following:

• Hypothesis 4: For pregnant individuals, trusting beliefs
have a positive effect on their intention to reveal personal
health information to social media companies to receive
personalized health content through social media.

A previous study on risk beliefs concerning social media
suggested that a perception of risk by users made them less
likely to adopt social media [38]. If pregnant individuals
perceive that sharing personal health information with social
media companies for health purposes is risky, then this
perception will result in a lower intention to use. Thus, we
hypothesize the following:

• Hypothesis 5: For pregnant individuals, risk beliefs have a
negative effect on their intention to reveal personal health
information to social media companies in exchange for
personalized health content through social media.

Measurement Model and Structural Equation Model
Evaluation
We used partial least squares structural equation modeling to
estimate the IUIPC model and test our hypotheses. Partial least
squares structural equation modeling is a variance-based
structural equation modeling (SEM) technique suitable for
exploratory research and complex models with latent constructs,
particularly when the sample size is small and data that may
not meet the strict assumptions of covariance-based SEM [41].
We estimated the IUIPC model and assessed the measurement
model results according to the following 4 criteria:
unidimensionality, item reliability, construct reliability, and

convergent validity [39,40]. We used Stata SE 17, and the Stata
add-on package, plssem (StataCorp) [42] for the analysis. We
reported the P values associated with each path coefficient in
the structural model to indicate the statistical significance of
the hypothesized relationships with significance at the .05 level
(P<.05). CIs were determined using bootstrapping with 5000
resamples. Dimensionality is the number of constructs that a
group of items or a group of survey questions reflects in a
formative measurement model. We conducted principal
component factor analysis to examine eigenvalues and kept
only the constructs whose eigenvalues are >1. Item reliability
refers to the extent to which an observed item can reliably
measure its corresponding construct. We assume reliability
when the standardized loading of an item on their constructs is
>0.7. Construct reliability refers to the degree to which the items
of a construct consistently and accurately measure that construct.
Two commonly used metrics to evaluate construct reliability
are Cronbach α and Dillon-Goldstein ρ, and their generally
acceptable values are >0.7. Convergent validity evaluates the
extent to which a set of items designed to measure the same
construct are strongly related to one another. Average variance
extracted (AVE) measures the average amount of variance in
the items explained by the construct. AVE values should be
>0.5, meaning that the construct explains 50% or more of the

variance in its indicators. We used the R2 value and the goodness
of fit to evaluate the predictive power of IUIPC, which is a
structural model. The acceptable threshold for goodness of fit
is 0.36 [43]. Finally, variance inflation factor values are used
to check for multicollinearity, with a common threshold of 2.5.

Results

Descriptive Statistics
The data collection lasted for 2 days until we reached the goal
of 300 responses. A total of 317 respondents answered the
survey. After removing incomplete surveys and responses that
did not meet our quality criteria based on the 3 quality check
questions, 83.6% (265/317) of the respondents remained in the
study. Table 1 shows the sociodemographic information of the
respondents. The largest racial group is White (164/265, 61.9%),
and the second largest racial group is African American (82/265,
30.9%). Nearly 75% (198/265) of the respondents have a
bachelor’s degree or above, which matches our expectations
and is consistent with previous studies showing that participants
on Prolific tend to have higher levels of education than the
general population [44].

Most participants (256/265, 96.7%) responded that they receive
their pregnancy health information from their doctors, and
69.4% (184/265) of the participants mentioned the web or social
media as pregnancy health information sources. Regarding
specific social media platforms, 74.7% (198/265) used
Instagram, 69.4% (184/265) used Facebook, 55.5% (147/265)
used TikTok, and 30.1%(81/265) used Twitter (Now X). A
small percentage (9/265, 3.4%) responded that they used
PatientsLikeMe, a health-focused social media platform. An
additional 4.2% (11/265) named other social media platforms
including Reddit, LinkedIn, YouTube, Pinterest, and WhatsApp.
Finally, 0.74% (2/265) of participants did not use social media.

JMIR Form Res 2025 | vol. 9 | e60862 | p.4355https://formative.jmir.org/2025/1/e60862
(page number not for citation purposes)

Hao et alJMIR FORMATIVE RESEARCH

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


Overall, 99.2% (263/265) of respondents used 1 or more social
media platforms. Among all 265 participants, 54.7% (145/265)
answered that they were comfortable sharing their personal
health information in order to receive customized health content

on social media, whereas 26% (69/265) were uncertain and
19.3% (51/265) responded that they were not comfortable
sharing.

Table . Descriptive statistics of the 265 participants who were enrolled in the survey study.

Values, n (%)Participant characteristics

Race

8 (3)Asian

82 (30.9)African American

5 (1.9)Multirace

164 (61.9)White

6 (2.3)Other

Ethnicity

14 (5.3)Hispanic

228 (86)Non-Hispanic

23 (8.7)Prefer not to say

Marital status

126 (47.6)Married

111 (41.9)In a relationship

28 (10.6)Singlea

Education

23 (8.7)High school

44 (16.6)Some college

141 (53.2)Bachelor’s degree

47 (17.7)Master’s degree

2 (0.8)Doctoral degree

8 (3)Professional degree

aSingle includes separated, divorced, widowed, and single.

Outcome Data
Of those who were willing to share their personal health
information to receive personalized health content, all of them
used 1 or more popular social media platforms such as
Facebook, Instagram, TikTok, or Twitter. Of those who
responded that they were not comfortable sharing, 47% (24/51)
cited privacy concerns, and equally, 47% (24/51) cited a lack
of trust in social media companies and influencers. One
respondent commented on the political environment as a concern
for sharing. There were no significant differences in ethnicity,
race, or education level (bachelor’s degree or more vs up to
high school) in the responses. Among users of the top four social
media platforms, 56.1% (111/198) of Instagram users, 56.5%
(104/184) of Facebook users, 64% (94/147) of TikTok users,
and 65.4% (53/81) of Twitter (now X) users were comfortable
sharing personal health information in exchange for more
customized social media content. There was a significant
difference in willingness between people who use and do not
use TikTok, and between those who do and do not use Twitter
(now X).

Measurement Model Result
Overall, the measurement model results demonstrate that our
constructs exhibit strong reliability and validity, confirming
their appropriateness for use in the structural analysis. The
collection, control, and awareness constructs all had eigenvalues
>1. Thus, they were kept in the model as unidimensional
constructs. The loadings and constructs’ AVE values are shown
in Tables S2 and S3 in Multimedia Appendix 1. As Table S2
in Multimedia Appendix 1 shows, most of the bolded diagonal
block loadings are >0.7 for the corresponding constructs, which
demonstrate the items’ strong reliability. Although a few items
on the second-order construct, IUIPC, are slightly <0.7, we still
accept this model result because these loadings are not trivial,
ranging from 0.44 to 0.58. In addition, they are still statistically
significant. Furthermore, as Figure 2 shows, among the
estimated coefficients for the structural model, all the path
coefficients are statistically significant and are in the directions
we expected, which confirms that those items are meaningful
for our model. In Table S2 in Multimedia Appendix 1, we can
see that the 2 commonly used metrics for evaluating construct
reliability, Cronbach α and Dillon-Goldstein ρ, are >0.7, above

JMIR Form Res 2025 | vol. 9 | e60862 | p.4356https://formative.jmir.org/2025/1/e60862
(page number not for citation purposes)

Hao et alJMIR FORMATIVE RESEARCH

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


the acceptable threshold value, indicating good construct
reliability of our model. As Table S3 in Multimedia Appendix
1 shows, all constructs’ AVE values are >0.5 except for the
IUIPC, the second order construct. This AVE value is <0.5
because of the lower loadings of the control and awareness items

on IUIPC, as shown in Table S2 in Multimedia Appendix 1.
Finally, the model’s composite reliability scores, as measured
by Dillon-Goldstein ρ of all constructs (Table S2 in Multimedia
Appendix 1), are >0.7, indicating good internal consistency of
the IUIPC model.

Figure 2. Internet Users’ Information Privacy Concerns (IUIPC) model with estimated path coefficients all statistically significant and are in the
directions we expected, confirming that those items are meaningful for our model. The asterisks denote statistical significance based on P values. *P<.05,
**P<.01. ***P<.001

Structural Model Result
Our estimated IUIPC model results and the 5 path coefficients
of the structural model support all 5 hypotheses that we

constructed. The IUIPC model’s average R2 value is 0.4146,
indicating a moderate effect. The absolute goodness of fit is
0.4923, which is >0.36, the acceptable threshold [43]. All
variance inflation factor values were <2.5, the commonly
suggested threshold value (Table S4 in Multimedia Appendix
1), indicating little concern for multicollinearity in our structural
model. As Figure 2 shows, all path coefficients are statistically
significant and in the directions as we expected, and most of
them are qualitatively consistent with the original IUIPC model
estimates from the study by Malhotra et al [32].

Discussion

Interpretation
Our survey of 265 pregnant individuals globally finds that more
than half of pregnant individuals are open to sharing their
personal health information to receive personalized content
about health via social media, although they have more privacy
concerns than the general population. In the original study by
Malhotra et al [32], the coefficient between the collection
construct and the IUIPC was not statistically significant
(β=0.75). However, we observed significance in this coefficient
in our model (β=0.849; P<.001). This finding was supported
by another study by Zeng et al [38], which examined the privacy
concerns on social media platforms among the general
population and found this coefficient to be at a similar
significant level to ours (β=0.36; P<.001), albeit smaller. This
may indicate that pregnant individuals are more careful about

sharing their health-related information with social media
companies, reflecting their privacy concerns. In this study, the
loadings for both the control and awareness constructs are
slightly lower than those in the original study by Malhotra et al
[32]. Both our study and the study by Zeng et al [38] have
loadings of control and awareness that are lower than results
from the classic model by Maholtra et al [32]. This potentially
indicates that today, social media users’ information control
and social media users’ awareness of the social media
company’s practices have a strong impact on their IUIPC
concerns, although their quantitative effects are lower than those
previously found in the e-commerce setting.

Our model results suggest that the impact of trusting beliefs on
pregnant individuals’ intention to adopt social media for health
purposes is greater than that found in the study by Malhotra et
al [32]. The IUIPC in our model negatively affects trusting
beliefs, evidenced by a path coefficient of β=−0.408 (P<.001),
which is consistent with but stronger than the original model’s
path coefficient of β=−0.34 (P<.001). This difference may
suggest that pregnant individuals’ privacy concerns regarding
trust are more pronounced than those found in the classical
model [32]. The IUIPC construct in our model positively
influences risk beliefs, with a coefficient of β=0.442 (P<.001),
which is larger than the coefficient in the original model
(β=0.26; P<.001). This suggests that, in addition to trust,
pregnant individuals’ privacy concerns also have a stronger
influence on their risk beliefs than those of the general
population in the e-commerce context. In our model, trusting
beliefs negatively impact risk beliefs, with a coefficient of
β=−0.362 (P<.001), which is stronger than the original model’s
coefficient of β=−0.15 (P<.001). This suggests that if a pregnant
individual’s trust in a social media company increases, their
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perceived risks will decrease more than in the general population
in the e-commerce context as previously found [32]. Trusting
beliefs positively influence pregnant individuals’ intention to
reveal health information to receive customized health content
through social media with a coefficient of β=0.266 (P<.001),
which is larger than the original model (β=0.23; P<.001).
Conversely, risk beliefs have a negative effect on this intention
with a coefficient of β=−0.281 (P<.001), which is smaller in
magnitude than the original model (β=−0.63; P<.001). This is
consistent with a previous study, which showed that trust is
positively associated with adoption intention while privacy
concerns are negatively associated with the adoption intention
of technology in health care [45].

Our study adds to our current understanding that pregnant
individuals are increasingly turning to social media for health
information and support, despite significant privacy and risk
concerns. For health care providers, this underscores the
importance of integrating digital tools into their practice to meet
patients where they are seeking information. By establishing a
trustworthy web-based presence and providing accurate,
evidence-based health information through social media,
providers can better address the informational needs of pregnant
patients. Educating patients about the potential risks associated
with sharing personal health information on the web is also
crucial. This includes guidance on maintaining privacy,
recognizing credible sources, and understanding how personal
data might be used by third parties. Enhancing the
patient-provider relationship through open communication about
privacy concerns can reduce the likelihood of patients seeking
information from less reliable sources. For policy makers, our
findings confirm a pressing need to safeguard personal health
information on the web and in social media. Developing robust
regulatory frameworks that govern how social media companies
collect, use, and share personal health data is essential. Updating
and enforcing privacy laws to encompass social media platforms
can provide additional protections for sensitive health
information. Policy makers can also educate individuals about
digital privacy, helping pregnant individuals make informed
decisions about sharing personal health information on the web.

Our results suggest that pregnant individuals are concerned
about their personal health data being collected by social media
companies, about losing control of their health information
collected by social media companies, and about how their health
information will be used. Privacy and confidentiality are
paramount, as pregnant individuals may inadvertently disclose
sensitive information that could be misused and harm them.
Therefore, prior to collecting personal health information, social
media companies with health-related content should explain
clearly that the purpose of data collection is to create
personalized health content for each user’s benefit. Furthermore,
social media companies should guarantee that patients can easily
access any information they have provided to ensure users’
rights to control their data. Users should also be informed, in
clear language, of the companies’ privacy policies, including if
and how their health data will be used. This transparency and
control over their data may help build trust between pregnant
individuals and the social media companies.

Limitations
This study has limitations. First, since we distributed the survey
to participants globally, various cultural differences, religions,
and government policies may influence the perceptions of the
participants. Second, our sample size was small and limited to
web-based survey participants, which may have introduced a
built-in bias toward the digital space. Our sample, recruited
from Prolific, likely comprises individuals who are more
digitally savvy compared with the general population, as
reflected in their higher education levels and potentially greater
web-based literacy, which may introduce selection bias and
affect the generalizability of our findings. Future studies will
recruit larger samples while specifically target participants with
low web-based health literacy to ensure adequate representation
of their perspectives and investigate whether there is any
difference in the types of personal health data that participants
are willing to share. Relatedly, while we did ask each participant
which social media platforms they use, our small sample size
did not allow for extensive platform-specific comparisons. In
addition, our survey did not specify any social media or
web-based health forum specifically but referred to general
social media for health. Considering that privacy policies of
various health-related social media platforms differ, users’
trusting beliefs and risk beliefs may differ across social media
platforms. Furthermore, we acknowledge while our SEM allows
for the testing of directional hypotheses, causality cannot be
definitively established due to the cross-sectional nature of the
data. Future studies should investigate additional factors such
as sociodemographic moderating effects that may influence
pregnant individuals’ intentions to use social media or
web-based health platforms for health information seeking and
communication. Moreover, future studies may investigate the
benefit or cost of health information social media despite privacy
concerns and consider extending our study by exploring how
other vulnerable populations such as patients with chronic
illnesses or mental health conditions navigate privacy and trust
issues in the digital space. Finally, future research can consider
designing and developing customized constructs to add to the
classical IUIPC model. This would allow for examining how
these tailored constructs impact pregnant patients’ privacy
concerns on social media.

Conclusions
In this study, we examined pregnant individuals’ willingness
to disclose personal health information in exchange for more
personalized health content on social media. Based on a classical
model of IUIPC, we designed and deployed a survey for
pregnant patients on the web. As found in previous studies such
as those by Malhotra et al [32] and Zeng et al [38], our findings
align with this consensus that higher privacy concerns negatively
impact trust and positively influence risk perceptions in digital
contexts. We found that pregnant individuals exhibit more
pronounced social privacy concerns than those identified in the
classic IUIPC model. This heightened concern significantly
affects both their trusting beliefs, making them less inclined to
trust social media companies, and their risk beliefs, leading
them to perceive greater risks in sharing personal health
information. However, within this population, an increase in
trust toward social media companies leads to a more substantial
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decrease in perceived risks than what has been previously
observed in the general population. Thus, social media
companies delivering personalized-related health content should
prioritize building trust with their users. This involves clearly
informing patients about what health data are collected,
providing them with easy access to their own health data,
keeping them informed about how their health data are used,

and including information about privacy protection policies.
Given pregnant individuals’ needs for web-based health
information seeking and the level of openness toward
information sharing found from this study, we argue that more
regulations are needed to mitigate users’ privacy and risk
concerns and protect their data against exploitation on social
media.
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Abstract

Background: Colorectal cancer (CRC) is a leading cause of cancer-related deaths worldwide, with early detection and screening
being critical for reducing mortality. Social media platforms like Instagram offer a unique opportunity to raise awareness about
CRC, particularly during designated awareness months. However, there is limited research on the effectiveness of CRC-related
content on Instagram.

Objective: This study aims to examine how Instagram is used to raise awareness about CRC during Colorectal Cancer Awareness
Month by analyzing the thematic content and engagement metrics of related posts. The research seeks to identify the prevalent
themes, assess audience interaction with these messages, and highlight areas for improvement in leveraging Instagram as a tool
for cancer awareness campaigns.

Methods: A total of 150 Instagram posts were collected based on their use of specific hashtags related to CRC awareness
(#colorectalcancer, #colorectalcancerawareness, #colorectalcancerawarenessmonth) during March 2024. The text and images in
the posts were categorized into themes such as screening and early detection, symptoms, general awareness, risk factors, individual’s
experiences, representation of racial and ethnic minoritized communities, and representation of women. Engagement metrics,
including the number of likes and comments, were also analyzed. Two researchers independently coded the posts, achieving high
interrater reliability (Cohen κ=0.93).

Results: Organizational accounts were more active, contributing 82% (n=123) of the 150 posts, compared to 18% (n=27) from
individual users. The most frequently mentioned theme was screening and early detection, which made up 37.3% (n=56) of all
posts. General awareness came in second at 19.3% (n=29), and risk factors came in third at 12% (n=18). Posts about individual
experiences and general awareness received the highest engagement, indicating the effectiveness of personal narratives and broad
informational content. Themes related to symptoms and representation of racial and ethnic minoritized communities and women
were underrepresented.

Conclusions: This study highlights the potential of Instagram as a platform for promoting CRC awareness, particularly through
posts about screening and early detection and personal experiences. However, there is a need for more inclusive and diverse
content to ensure a broader reach and impact.

(JMIR Form Res 2025;9:e63344)   doi:10.2196/63344
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social media; colorectal neoplasms; early detection of cancer; public health; health inequities; harnessing; Instagram; colorectal
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Introduction

Colorectal cancer (CRC) remains one of the most prevalent and
deadly forms of cancer worldwide [1,2]. Despite the clear
benefits of early detection and screening for reducing mortality
rates, many individuals remain unaware of the importance of
regular screenings and the risk factors associated with CRC

[3-5]. March is designated as Colorectal Cancer Awareness
Month, a period dedicated to increasing public knowledge about
CRC, promoting early detection and screening, and ultimately
reducing the incidence and mortality of this disease [6]. During
this month, various health organizations, advocacy groups, and
individuals spread awareness through different communication
channels, including social media.
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Instagram, a visual-centric platform with over a billion users,
offers a unique opportunity to disseminate health information
widely and engage with a diverse audience [7-9]. The platform’s
use of hashtags allows for the categorization and amplification
of posts, making it easier for users to find and share relevant
content. In the context of health awareness campaigns, hashtags
such as #colorectalcancer, #colorectalcancerawareness, and
#colorectalcancerawarenessmonth can help consolidate posts
under a common theme, enhancing the visibility of key messages
[10].

Instagram has been shown to be instrumental in disseminating
cancer prevention material. A study of Brazilian Instagram
accounts during a nationwide cervical cancer campaign revealed
an emphasis on secondary prevention measures, such as Pap
screenings, and primary prevention strategies, like the human
papillomavirus (HPV) vaccine, received less attention [11]. A
descriptive study of Instagram posts related to breast cancer
found that the most common posts were individual stories or
posts discussing treatment [12]. A separate investigation
examined the portrayal of skin cancer narratives on Instagram
and underscored the platform’s potential for sharing personal
experiences and fostering prevention efforts and awareness [13].
A study that searched specific hashtags on Instagram for posts
about acute myeloid leukemia found that the most frequently
posted type of content by patients were health updates, and a
quarter of these posts described symptom experiences [14].
Finally, a content analysis was conducted on information related
to CRC on Instagram using the hashtag #colorectalcancer and
found the most common posts supported someone with CRC,
provided an individual story, or discussed treatment [15].
Collectively, these studies highlight Instagram’s potential as a
tool for raising cancer awareness and promoting preventive
behaviors, while emphasizing the need for further research to
identify the most impactful types of cancer prevention
messaging and to optimize social media platforms for effective
dissemination of cancer prevention information [16-20].

Despite the potential of Instagram to raise awareness about
CRC, there is limited research on how effectively the platform
is used for this purpose, particularly during dedicated cancer
awareness months. This study aims to fill this gap by examining
the engagement of Instagram posts related to CRC during
Colorectal Cancer Awareness Month. By analyzing the
engagement metrics of these posts, this research seeks to
understand the current state of CRC awareness on Instagram
and identify areas to improve cancer communication strategies.
By analyzing Instagram posts based on specific hashtags and
thematic content, the findings offer insights into the types of
messages that resonate most with the audience and highlight
the strengths and weaknesses of current CRC awareness efforts
on social media. Ultimately, this research contributes to the
broader goal of enhancing public health campaigns and
increasing the effectiveness of social media as a tool for health
promotion.

Methods

Data Collection
The data for this study were collected from Instagram, focusing
specifically on public posts related to CRC published from
March 1 to 31, 2024, which is Colorectal Cancer Awareness
Month. These dates were chosen to capture the peak of
awareness activities and messages. Using Instagram’s search
functionality, the top 150 posts containing hashtags related to
CRC were identified and collected. The hashtags used for this
search included #colorectalcancer, #colorectalcancerawareness,
#colorectalcancerawarenessmonth, and combinations of these
hashtags. To ensure comprehensive coverage, a supplementary
search was conducted using additional terms such as “CRC,”
“Colon cancer,” and “Colorectal Cancer.” This supplementary
search confirmed that the top posts identified through these
terms consistently included 1 or more of the primary hashtags,
indicating that the initial hashtag-based approach effectively
captured relevant posts. This process minimized the risk of
excluding significant content while aligning with the study’s
focus on thematic content and engagement during Colorectal
Cancer Awareness Month. The number of likes and comments
on the posts served as a gauge of their popularity, ensuring a
representative sample of both highly engaged content and
content with little engagement.

Given that institutional accounts often repost the same content
multiple times during awareness campaigns, we implemented
a systematic approach to handle duplicate posts. If a post was
identical in both text and hashtags and originated from the same
account, only the first instance was included in the dataset to
prevent overrepresentation. However, if a repost contained
minor variations in wording or hashtag use, it was retained to
capture potential differences in engagement strategies.
Engagement metrics (likes and comments) were analyzed
separately for each retained post, rather than aggregating them
across duplicates, as each post had the potential to generate
unique interactions. This approach ensured that our dataset
reflected a diverse range of content while minimizing
redundancy and maintaining the integrity of engagement
analysis.

Coding Process
This study employed a deductive content analysis approach to
analyze both the text and images of Instagram posts related to
CRC awareness. The thematic categories used for coding were
predefined based on existing literature and theoretical
frameworks in health communication [21-23]. The deductive
approach was intentionally chosen to assess the prevalence and
resonance of these theoretically supported themes, as reflected
by engagement metrics (eg, likes, comments). This structured
framework allowed for a systematic evaluation of whether
established health communication messages were effectively
disseminated through Instagram posts during Colorectal Cancer
Awareness Month.

The coding framework was developed based on a review of
existing literature on health communication and social media
and common themes in CRC awareness [11-15]. Screening and
early detection posts emphasized the importance of regular
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screenings and early detection methods. Symptom posts
provided information on the symptoms of CRC.

General awareness posts were aimed at raising general
awareness about CRC through encouraging others to post about
it or stating general statistics. Risk factor posts discussed factors
that increase the risk of developing CRC and, conversely,
preventative lifestyle measures one can take to reduce their risk.
Individuals’ experience posts shared personal stories and
experiences of individuals affected by CRC. Because racial and
ethnic minoritized groups and women face significant barriers
to screening and care due to socioeconomic issues, limited health
care access, and cultural or systemic biases, we examined posts
on racial and ethnic minoritized communities and women to
uncover messaging gaps and improve future awareness efforts’
reach and impact [1,3]. Therefore, the representation of racial
and ethnic minoritized community posts highlighted the
vulnerability of racial and ethnic minoritized communities to
CRC, and the representation of women posts focused on how
CRC affects women and the risks it poses. Irrelevant posts were
not related to CRC or awareness activities. Finally, other posts
contained relevant information about CRC but did not fit into
the predefined categories.

Captions and images contained in the Instagram posts were
coded to align with the predefined thematic categories. Each
post was examined holistically, with its image and caption
assessed collectively to determine the dominant theme. Images
were categorized based on their primary visual content and
captions were analyzed alongside images to provide context
and ensure consistency in thematic classification. If the image
and caption conveyed different themes, coders determined which
element carried the primary message, prioritizing captions for
text-heavy posts and images for visually dominant content. In
cases where thematic classification was unclear, discrepancies
were resolved through discussion between researchers to ensure
consistency and accuracy in coding.

To ensure reliability and minimize bias, a systematic coding
process was implemented. One researcher (AS) initially coded
all posts in the dataset, applying the predefined thematic
categories based on existing literature and the objectives of the
study. To validate the coding and minimize potential bias, a
second researcher (JPS) independently coded a random sample
of 10% of the posts. Discrepancies in coding between the 2
researchers were resolved through discussion and consensus,
refining the thematic framework as needed. The level of
agreement between the 2 researchers for the text and image
content of the posts was measured using the κ reliability statistic,
which resulted in a high agreement rate of 93%. This high level
of interrater reliability confirms the consistency and accuracy
of the thematic classification.

Analysis of Content and Engagement
Hashtags and post content were analyzed separately as they
serve distinct functions in social media communication. Hashtag

analysis was conducted to understand how users label and
promote their posts within the broader discourse of CRC
awareness, which helped identify trending topics, user
engagement strategies, and the reach of campaign-related
messaging. In contrast, analyzing the textual content (captions)
and images within posts to determine the thematic focus of the
message itself allowed us to assess whether the themes promoted
through hashtags aligned with the actual messages in the post
captions and images.

Our analysis began by describing the distribution of hashtags
used for our search during Colorectal Cancer Awareness Month
and the engagement of Instagram posts in terms of posts, likes,
comments, and hashtag counts. Then, we described the content
of the Instagram posts by hashtag, thematic category, and user
profile (individual versus organizational account). This study
adheres to the STROBE (Strengthening the Reporting of
Observational Studies in Epidemiology) guidelines for reporting
observational studies.

Ethical Considerations
The University of Texas Southwestern Medical Center
Institutional Review Board determined that the study does not
meet the definition of human subjects research and therefore
does not require institutional review board approval or oversight
(Y1-23-0390). As the data used are publicly available on
Instagram, no anonymization or deidentification was required.

Results

This study analyzed a total of 150 Instagram posts related to
CRC during Colorectal Cancer Awareness Month. These posts
were categorized based on specific hashtags and the captions
and image content of each post were classified into various
thematic categories to understand the messaging and engagement
trends.

Table 1 presents the distribution and engagement metrics of the
posts across different hashtags. Posts tagged with
#colorectalcancer received the highest engagement among the
posts that were singularly tagged, amassing 9751 likes and 560
comments from 16 posts. This indicates a substantial interaction
level, suggesting that this hashtag effectively attracts attention
and engagement from users. The hashtag
#colorectalcancerawarenessmonth was the most frequently used,
appearing in 45 posts. These posts collectively garnered 6065
likes and 188 comments, reflecting their widespread use and
moderate engagement. #colorectalcancerawareness was utilized
in 31 posts, which received 3712 likes and 66 comments. This
shows a lower engagement compared to the other hashtags,
despite its considerable use. Posts with multiple tags were the
most common, with 58 instances. These posts achieved the
highest overall engagement, accumulating 17,729 likes and 120
comments. The use of multiple hashtags likely expanded the
reach and visibility of the posts.
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Table . Hashtag distribution and engagement of 150 Instagram posts during Colorectal Cancer Awareness Month, March 1-31, 2024.

Hashtag count, nComments, nLikes, nPosts, nHashtag

107560975116#colorectalcancer

132188606545#colorectalcancerawareness-
month

10066371231#colorectalcancerawareness

41412017,72958Multiple tags

Table 2 classifies the content of the Instagram posts by hashtag
and thematic category. Screening and early detection was the
most prevalent theme, featuring in 56 posts. This underscores
a strong focus on promoting regular screenings and the
importance of early detection in preventing the severity and
mortality associated with CRC. General awareness was the
theme in 29 posts, which highlighted efforts to spread general
knowledge about CRC, including statistics and awareness
activities. Risk factors were discussed in 18 posts, educating
users about the various factors that increase the risk of
developing CRC. Posts about the symptoms of CRC appeared
in 12 instances, providing crucial information on recognizing
the signs of the disease. Individual’s experiences were shared

in 16 posts, offering personal narratives and testimonies from
individuals affected by CRC, which can be powerful in
humanizing the disease and encouraging others to take
preventive actions. The representation of racial and ethnic
minoritized communities and women was notably limited, with
only 3 and 2 posts, respectively. This indicates a gap in
addressing the specific risks and experiences of these groups,
suggesting a need for more inclusive messaging. The other
category included 14 posts that were relevant but did not fit into
the predefined categories, reflecting a diversity of information
and perspectives related to CRC. Only 1 post was classified as
irrelevant, demonstrating that most posts were pertinent to the
topic.

Table . Content classification of 150 Instagram posts by hashtag during Colorectal Cancer Awareness Month, March 1-31, 2024.

Irrelevant
(n=1), n

Other
(n=14), n

Representa-
tion of wom-
en (n=2), n

Representa-
tion of racial
and ethnic
minority
communities
(n=3), n

Individual’s
experience
(n=16), n

Risk factors
(n=18), n

General
awareness
(n=29), n

Symptoms
(n=12), n

Screening or
early detec-
tion (n=56),
n

Hashtag

121041115#colorectal-
cancer
(n=16)

0511554321#colorectal-
canceraware-
nessmonth
(n=45)

0101256313#colorectal-
canceraware-
ness (n=31)

06015718517Multiple tags
(n=59)

Table 3 categorizes the 150 Instagram posts by user profile
type—individual users (denoted as “Person”) and organizational
accounts (denoted as “Organization”). The distribution of these
categories was analyzed across the 2 user profile types.
Organizational accounts were more active overall, contributing
82% (n=123) of the total posts, compared to 18% (n=27) from
individual users. Screening and early detection emerged as the
predominant category overall, with 37.3% (56/150) of all posts
falling into this category. This category was significantly more
common among organizational accounts, constituting 41.4%
(51/123) of their posts, compared to 19% (5/27) of posts from
individual users. Posts related to symptoms accounted for 8%
(12/150), with a nearly equal distribution between individual
and organizational accounts. The general awareness category
comprised 19% (n=29) of the total posts, with individual users
and organizational accounts contributing 19% (5/27) and 19.5%

(24/123) of their posts, respectively. Risk factors were addressed
in 12% (18/150) of the posts. Both individual users and
organizational accounts showed interest in this category, with
19% (5/27) of individual users’ posts and 10.5% (13/123) of
organizational accounts’posts mentioning risks. Posts discussing
individuals’ experiences accounted for 10.6% (16/150) of the
total, with greater representation from individual users at 19%
(5/27) compared to organizational accounts. Posts representing
racial and ethnic minority communities were notably sparse,
comprising only 2% (3/150) of the total posts. Individual users
contributed 7% (2/27) and organizational accounts just 0.8%
(1/123). Similarly, posts focusing on the representation of
women were minimal, representing 1.3% (2/150) of the total
posts, with no contributions from individual users and 1.6%
(2/123) from organizational accounts. The other category
included 9.3% (14/150) of the total posts, with individual users
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contributing 7% (2/27) and organizational accounts contributing
9.7% (12/123). Lastly, irrelevant posts constituted 0.6% (1/150)

of the total, all from individual users at 4% (1/27), with no
contributions from organizational accounts.

Table . Content classification of 150 Instagram posts by user profile during Colorectal Cancer Awareness Month, March 1-31, 2024.

Total (N=150), n (%)Organization (n=123), n (%)Person (n=27), n (%)

56 (37.3)51 (41.4)5 (19)Screening and early detection

12 (8)10 (8.1)2 (7)Symptoms

29 (19.3)24 (19.5)5 (19)General awareness

18 (12)13 (10.5)5 (19)Risk factors

15 (10)10 (8.1)5 (19)Individual’s experience

3 (2)1 (0.8)2 (7)Representation of racial and ethnic
minoritized communities

2 (1.3)2 (1.6)0 (0)Representation of women

14 (9.3)12 (9.7)2 (7)Other

1 (0.6)0 (0)1 (4)Irrelevant

Discussion

Principal Findings
The goal of our research study was to explore the thematic
content and engagement patterns of Instagram posts shared
during Colorectal Cancer Awareness Month, with a focus on
understanding how key messages about CRC prevention and
awareness are conveyed and received. We analyzed the top 150
Instagram posts, and this methodological approach ensured a
robust analysis of the content and engagement of CRC-related
posts on Instagram, providing insights into the effectiveness of
social media as a tool for health awareness campaigns. Our
findings highlighted the diverse approaches used to raise
awareness about CRC on Instagram.

A key finding was the dominance of themes related to screening
and early detection, which reflects the goal of Colorectal Cancer
Awareness Month to raise awareness about CRC and motivate
individuals to participate in screening, and also suggests that
public health campaigns are effectively leveraging Instagram
to promote these critical aspects of CRC prevention [2,3,15].
The significant engagement metrics, particularly the high
number of likes and comments associated with the hashtag
#colorectalcancer, suggest that this specific tag resonates well
with the Instagram audience. Additionally, the use of multiple
hashtags in posts appeared to enhance engagement, suggesting
that combining hashtags may increase the visibility and
interaction of the posts.

While the themes of general awareness and risk factors were
well represented, the relatively limited number of posts
addressing symptoms and individual experiences points to
potential gaps in the current messaging strategy. Personal stories
can be particularly powerful in motivating behavior change and
should be utilized more extensively [22-24]. Furthermore, the
underrepresentation of posts targeting racial and ethnic
minoritized communities and women highlights a critical gap
in the current approach. Given the disparities in CRC incidence
and outcomes among different demographic groups, it is

essential to tailor messages to address these disparities and
ensure more inclusive outreach [1,3].

This study supports the existing literature on the effectiveness
of visual content in attracting user interaction [10-15]. However,
discrepancies may exist regarding the types of messages that
are most effective. For instance, while some studies suggest
that statistical information is persuasive, the current findings
highlight the potential impact of personal narratives, which may
be underutilized in existing campaigns [24].

Implications for Public Health Practice
The results of this study have several implications for public
health practice. First, there is a need for more tailored campaigns
that specifically address the risks and experiences of
marginalized groups and women [25]. Developing culturally
sensitive and inclusive content can help bridge the current gaps
in outreach [26]. Second, incorporating more individual
experiences and testimonies in posts can create more relatable
and impactful messages, potentially increasing awareness and
encouraging preventive behaviors [27]. Lastly, public health
campaigns should consider using multiple and specific hashtags
to maximize reach and engagement [28].

Limitations and Future Research
This study has several strengths, including a comprehensive
analysis of the top posts on a significant awareness month and
high interrater reliability in content classification, which ensures
consistency in the findings. However, there are also limitations.
The study is limited to 1 social media platform (Instagram) and
1 specific month, which may not capture the full spectrum of
awareness activities and engagement throughout the year on
other social media platforms. Instagram was chosen due to its
visual-centric nature, which is particularly well suited for health
awareness campaigns, and its algorithmic features that facilitate
content discovery and engagement through hashtags.
Additionally, the overlap between Instagram and Facebook,
both owned by Meta, often results in similar campaign content
across the 2 platforms, providing a representative snapshot of
Meta’s ecosystem. Moreover, the cross-sectional nature of the
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study limits the ability to assess changes over time or the
long-term impact of these posts.

We did not assess the credibility and quality of the Instagram
posts, which was a deliberate decision, as the study aimed to
explore thematic content and user engagement rather than verify
the accuracy or reliability of the posts. The credibility of posts
is important for assessing the public health value of messages
[29]. Future research should consider assessing the quality and
credibility of health-related social media content to better
understand its reliability and influence on public health
outcomes.

Future research should consider longitudinal studies to evaluate
the impact of social media campaigns over time. Comparative
studies across different social media platforms would also be
beneficial to identify the most effective channels for health
promotion. Furthermore, research focusing on the development
and testing of tailored messages for underrepresented groups is
necessary to enhance the inclusivity and effectiveness of these

campaigns. Finally, while this study focused on predefined
themes, we recognize the value of inductive approaches, such
as topic modeling, for identifying emergent themes or
uncovering patterns directly from the data. Future research could
complement our findings by employing such methods to explore
new dimensions of social media health communication.

Conclusion
In conclusion, this study highlights the potential of Instagram
as a platform for promoting CRC awareness, particularly for
screening and early detection. While certain themes effectively
engage users and align with the goals of awareness campaigns,
critical gaps remain in inclusivity and representation, particularly
for marginalized communities. To maximize the impact of future
campaigns, messaging strategies should be refined and
incorporate a broader range of themes, ensuring that social
media platforms like Instagram are leveraged more effectively
to raise awareness, reduce disparities, and promote preventive
health behaviors.
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Abstract

Background: Misuse of glucagon-like peptide-1 receptor agonists (GLP-1RAs) has emerged globally as individuals increasingly
use these drugs for weight loss because of unrealistic and attractive body images advertised and shared on the internet.

Objective: This study assesses the quality of information and compliance with Japan’s medical advertising guidelines on the
websites of medical institutions that prescribe GLP-1RAs off-label for weight loss.

Methods: Websites were identified by searching Google and Yahoo! by using keywords related to GLP-1RAs and weight loss
in August 2024. The quality of information on these websites was assessed using the DISCERN instrument. To comply with
Japan’s medical advertising guidelines, we evaluated whether the 5 mandatory items for advertisements of self-paid medical
treatments involving the off-label use of drugs were stated and whether there were any exaggerated claims. The content of the
exaggerated advertisements was categorized into themes.

Results: Of the 87 websites included, only 1 website stated all 5 mandatory items. Websites listing “ineligible for the relief
system for sufferers from adverse drug reactions” had the lowest percentage at 9% (8/87), while 83% (72/87) of the websites
listed exaggerated advertisements. Approximately 69% (60/87) of the websites suggested that no exercise or dietary therapy was
required, 24% (21/87) suggested that using GLP-1RAs is a natural and healthy method, and 31% (27/87) of the websites provided
the author’s personal opinions on the risks of using GLP-1RAs. The mean total DISCERN score for all 87 websites was 32.6
(SD 5.5), indicating low quality. Only 1 website achieved a good rating, and 9 websites were rated as fair. The majority of the
websites were rated as poor (72 websites) or very poor (5 websites).

Conclusions: We found that the quality of information provided by the websites of medical institutions prescribing GLP-1RAs
off-label for weight loss was very low and that many websites violated Japan’s medical advertising guidelines. The prevalence
of exaggerated advertisements, which may lead consumers to believe that they can lose weight without dietary or exercise therapy,
suggests the risk of GLP-1RA misuse among consumers. Public institutions and health care providers should monitor and regulate
advertisements that violate guidelines and provide accurate information regarding GLP-1RAs, obesity, and weight loss.

(JMIR Form Res 2025;9:e68792)   doi:10.2196/68792
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Introduction

Prescription drug misuse is an emerging global public health
issue [1-3]. According to a previous study [4], misuse is defined
as the therapeutic use of legal drugs in a manner other than as
prescribed, and abuse is defined as the use of illegal drugs for
nontherapeutic purposes such as psychological pleasure and
weight loss. The misuse and abuse of drugs can lead to health
problems. In the United States and European countries, misuse
of opioid analgesics, benzodiazepines, over-the-counter cough
suppressants containing dextromethorphan and codeine, and
psychostimulants have been observed [1-3,5]. Further, in Japan,
misuse of over-the-counter cough suppressants, pain relievers,
antianxiety medications, and sedative drugs has been observed
[6,7]. However, misuse of glucagon-like peptide-1 receptor
agonists (GLP-1RAs) has become a problem in recent years
[8-10].

GLP-1RAs are the most effective drugs for obesity treatment
[11]. Semaglutide (Wegovy), a type of GLP-1RA, was approved
by the US Food and Drug Administration (FDA) as an obesity
treatment drug in 2021 [12]. Since then, its market share has
rapidly expanded [13]. Conversely, multiple news media outlets
have reported concerns about the misuse of GLP-1RAs [14,15].
Due to unrealistic and attractive body images that are advertised
by celebrities on social media, people without obesity allegedly
obtain and use GLP-1RAs illicitly for weight loss purposes [16].
Adverse events of GLP-1RA misuse have also been reported
[8,9]. A previous study showed that the use of semaglutide in
patients with overweight/obesity may be associated with the
incidence of nonarteritic anterior ischemic optic neuropathy, a
severe ophthalmologic condition that can lead to blindness [17].
Another previous study showed that GLP-1RA users for weight
management had an increased risk of serious gastrointestinal
disorders compared to bupropion-naltrexone users, with adjusted
hazard ratios for pancreatitis, bowel obstruction, and
gastroparesis reported as 9.09, 4.22, and 3.67, respectively [18].
However, the use of GLP-1RAs for weight management is a
relatively new therapeutic approach, and the long-term side
effects associated with their use remain unknown. Additionally,
the effectiveness and potential adverse effects of using
GLP-1RAs for further weight loss in individuals without obesity
also remain unknown. This increased demand has caused a
global shortage of GLP-1RAs [16]. The European Medicines
Agency has announced recommendations by manufacturers,
health care professionals, and citizens for the proper use of
GLP-1RAs [19].

In Japan, Wegovy was approved for the treatment of obesity on
March 27, 2023. According to the Optimal Use Promotion
Guideline by the Japan’s Ministry of Health, Labor, and
Welfare, patients eligible for obesity treatment are “those with
BMI ≥35 kg/m² or those with BMI ≥27 kg/m² who also have 2
or more health conditions related to obesity and who do not
achieve sufficient results from diet and exercise therapy” [20].
The guidelines also strictly prohibit the use of GLP-1RAs for

weight loss purposes without obesity as well as institutional
criteria for prescribing GLP-1RAs under insurance-covered
medical care [20,21]. Japan’s Ministry of Health, Labor, and
Welfare released a “Request for cooperation due to tight
inventory of GLP-1 receptor agonist” [22], and the Japan
Diabetes Society [23] and Japan Society for the Study of Obesity
[24] have made recommendations regarding the off-label use
of GLP-1RAs.

However, several private clinics in Japan prescribe GLP-1RAs
for off-label weight loss. Japan’s National Consumer Affairs
Center and Consumer Affairs Agency warns citizens against
the use of GLP-1RAs for weight loss purposes because of the
possibility of medical institutions prescribing GLP-1RAs
through advertisements that are prohibited by guidelines,
inadequate physician consultations and explanations, and
inadequate systems to manage adverse events [25,26]. Websites
of medical institutions in Japan are regulated by the Medical
Care Act [27] and the Ministry of Health, Labor and Welfare’s
“Regulations on Advertisements of Hospitals, etc under the
Medical Care Act” (Japan’s medical advertising guidelines)
[28], which prohibit false or exaggerated advertisements. The
reason for this is “because false advertisements may cause
patients to lose the opportunity to receive appropriate medical
consultation or receive inappropriate medical treatments by
giving them information that is significantly different from the
facts, etc”[28].

In previous studies on health information quality, these issues
were assessed as part of the reliability of health information.
The DISCERN instrument developed by Charnock et al [29]
has been used in many studies to assess the publication
reliability and the quality of the written health information
(Multimedia Appendix 1). The validity and reliability of the
DISCERN instrument were ensured, and in addition to the
original English language version, Chinese [30], Spanish [31],
Brazilian Portuguese [32], and Japanese [33] versions have been
developed [29]. Previous studies using the DISCERN instrument
have examined the quality of information on websites regarding
posttraumatic stress disorder [34], breast cancer [35],
nasopharyngeal carcinoma [36], and cosmetic injectability [37].
These studies showed that the quality of individual websites
varied considerably: the quality of information was higher for
academic and government institutions that operate websites and
lower for commercial institutions [34-37]. A systematic review
showed that in research using the DISCERN instrument, none
found the mean DISCERN score of all websites to be excellent,
and the information quality of the majority of websites ranged
from fair to very good [38].

In recent years, most people have searched the internet for health
information [39]. The internet usage rate for individuals in Japan
in 2022 was 84.9% and exceeded 90% when limited to the 10-50
years age range [40]. For cosmetic treatments, 95% of the
patients search for information on the internet before entering
a doctor’s office [41]. Hence, if medical institutions’ websites
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on GLP-1RAs contain misleading, exaggerated, or unreliable
information, these websites should be immediately assessed
and improved. However, to our knowledge, no study has
investigated the quality of information that people without
obesity obtain from websites when they consider obtaining
GLP-1RAs for weight loss. This study aims to assess compliance
with medical advertising guidelines and the quality of
information on the websites of medical institutions that prescribe
GLP-1RAs off-label for weight loss in Japan.

Methods

Data Collection

Search Terms
We used a Japanese-language search string input into Google
Japan [42] and Yahoo Japan [43], which has the largest search
engine market shares in Japan, in August 2024 [44]. The
GLP-1RAs approved by the FDA for obesity treatment are
liraglutide, semaglutide, and tirzepatide that are sold in Japan
under the product names Rybelsus, Ozempic, Victoza, Saxenda,
and Mounjaro. The search keywords comprised 6 in total
(Rybelsus diet, Ozempic diet, Victoza diet, Saxenda diet,
Mounjaro diet, and GLP-1 diet), which included each product
name combined with diet (used specifically to mean weight loss
in Japan), as well as the comprehensive term GLP-1 diet.
Wegovy was excluded from the search terms because it was the
newest drug and was not available in the general market in
Japan. Saxenda is approved in Japan for the treatment of diabetes
under the name Victoza, but private clinics that use the drug
off-label advertise it under the name Saxenda; so, it was included
in the search terms.

All words were entered in the search window, one keyword at
a time, and 20 websites were reviewed per search engine for
each term. This is because a previous study showed that 97.2%
of the users only view the first 1-10 websites of search results,
and  2% click on links on the second page of the search results
and beyond [45]. Google Chrome’s incognito browser that
would have all history deleted was used, and personal accounts
were not used.

Inclusion and Exclusion Criteria
The inclusion criteria were as follows: websites written in
Japanese; websites created by medical institutions (with medical
department labels); websites clearly stating that GLP-1RAs
were being sold; and the medical institutions operating the
websites were not accredited as facilities capable of treating
obesity using GLP-1RAs by the Japanese Circulation Society,
Japan Diabetes Society, or Japan Endocrine Society. The
exclusion criteria were as follows: duplicate websites,
government or academic statements, PDF documents, news
reports, affiliate advertisements, and websites that were unclear
whether they prescribe GLP-1RAs. The first author (RO)
reviewed all the websites in the search results and extracted
eligible websites.

Data Extraction
RO recorded the names and URLs of all the websites, names
of the medical institutions operating the websites, the medical

departments they represented, and the types of GLP-1RAs they
sold. If not listed, it was recorded as unknown. Medical
institutions can represent multiple medical departments in Japan.
Therefore, if several departments were listed, all were recorded.
All data were recorded in a Microsoft Excel 2021 spreadsheet
by RO.

Data Assessment
First, all identified websites were assessed by an internal
medicine physician (RO) for compliance with the medical
advertising guidelines in Japan and quality by using the
DISCERN instrument. Second, the third author (EF, an internal
physician) was trained through a 1-hour meeting and a 1-hour
pilot assessment, and then EF independently assessed
approximately 20% (20/87) of the total websites. These 20
websites were randomly selected using Microsoft Excel to
generate random numbers. Finally, they assessed the agreement
between the coders of the 20 websites. The results were recorded
using a Microsoft Excel 2021 spreadsheet. More precise
information is provided below.

Assessment of Compliance With Medical Advertising
Guidelines
In the case of noninsured medical treatments involving off-label
use of drugs, it is prohibited to advertise on websites without
explicitly stating that “the drugs are not approved, the
acquisition route, information on whether there are other
domestically approved drugs with the same ingredients and
performance, information on the safety of the products in other
countries, and they are ineligible for the relief system for
sufferers from adverse drug reactions,” in Japan’s medical
advertising guidelines [28]. All the websites were assessed based
on whether these 5 items were stated.

Japan’s medical advertising guidelines also prohibit exaggerated
advertisements [28]. The guidelines [28] define exaggerated
advertisements as advertisements that are not necessarily false
but that misleads citizens by misrepresenting facts such as about
the size of the facility, staffing, or the contents of the medical
care provided. Moreover, “misleading citizens” is defined as
“it is sufficient to say, as a matter of common sense, that there
is a difference between the ‘impression’ or ‘expectation’ that
citizens perceive from the advertisements and the actual
contents, and it is not necessary to prove that the advertisements
mislead or to show that the advertisements have actually misled
citizens” [27]. Therefore, since taking GLP-1RAs is considered
an auxiliary therapy for exercise and dietary therapy in the
treatment of obesity, statements such as “you can lose weight
with GLP-1RAs alone,” “you can lose weight even if you cannot
exercise,” or “you do not need dietary therapy” are considered
exaggerated advertisements. The coders carefully read the
guidelines and assessed each statement by using a binary (0/1)
scale to indicate the presence or absence of exaggerated
advertisements. RO then analyzed the contents of the
exaggerated advertisements and categorized them into themes
according to the specific examples in the guidelines [28].

Quality Assessment Using the DISCERN Instrument
The DISCERN instrument in the Japanese version [33] was
used for the quality assessment of information. The DISCERN
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instrument consists of 16 items, each of which is assessed on a
5-point Likert scale (1=not at all, 5=completely). Section 1
(questions 1-8) addresses website reliability, section 2 (questions
9-15) addresses the quality of information about treatment
options, and section 3 (question 16) presents the overall
assessment. The total score ranged from 16 to 80, with higher
scores indicating higher quality information. Several previous
studies ranked the quality of websites based on their total score
as follows: excellent=80-63, good=62-51, fair=50-39,
poor=38-27, very poor=26-16 [35,46].

Statistical Analysis
Data are presented as means for continuous variables and counts
with frequency percentages for categorical variables. Cohen κ
statistic was used to measure the intercoder reliability for
compliance with medical advertising guidelines and DISCERN
scores between the first and second coders. Linear regression
models were used to investigate the association between the
specialties of the clinic operating the website and the total
DISCERN score. P values were 2-sided, and P<.05 was
considered statistically significant. All analyses were conducted
using the R version 4.3.1 (June 16, 2023; R Foundation for
Statistical Computing).

Ethical Considerations
This study did not involve human or animal participants, and
all data were collected from publicly available web-based

sources. This study was granted an exemption from ethics
approval by the ethics review committee of the Graduate School
of Medicine, University of Tokyo.

Results

Characteristics of the Included Websites
In total, 240 websites were identified. After the removal of
intrasearch term duplicates and those that met the exclusion
criteria, 87 websites were used for the analysis (Figure 1). A
total of 67 clinics operated the 87 websites. This was because
8 clinics had multiple different GLP-1RA diet-related articles.
Table 1 shows that the most common departments, as far as
could be determined from the websites, were dermatology
(22/120, 18.3%), cosmetic dermatology (21/120, 17.5%), and
internal medicine (19/120, 15.8%); 17 clinics were unaware of
their departments. The percentages of advertisements with
Ozempic, Rybelsus, Mounjaro, Victoza, and Saxenda were
18.5% (30/162), 29.1% (47/162), 12.3% (20/162),14.2%
(23/162), and 25.9% (42/162), respectively. Approximately
18% (16/87) of the websites mentioned selling sodium-glucose
cotransporter 2 inhibitor along with GLP-1RAs, and 12%
(10/87) mentioned selling metformin.

Figure 1. Search process flowchart. GLP-1: glucagon-like peptide-1; GLP-1RA: glucagon-like peptide-1 receptor agonist.
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Table 1. Characteristics of the websites regarding prescription drug misuse of glucagon-like peptide-1 receptor agonists by off-label use for weight
loss.

Values, n (%)

Specialtya (n=120b)

22 (18.3)Dermatology

21 (17.5)Cosmetic dermatology

19 (15.8)Internal medicine

6 (5)Cosmetic surgery

6 (5)Urology

5 (4.2)Allergology

24 (20)Other

17 (14.2)Unknown

Types of advertised drugsc (n=162d)

30 (18.5)Ozempic

47 (29)Rybelsus

20 (12.3)Mounjaro

23 (14.2)Victoza

42 (25.9)Saxenda

aMedical departments represented by medical institutions.
bTotal number of mentions of specialty.
cTypes of glucagon-like peptide-1 receptor agonists that medical institutions advertised for sale.
dTotal number of mentions of drugs.

Compliance With Medical Advertising Guidelines
The intercoder reliability was acceptable (average Cohen
κ=0.667). Table 2 shows the compliance with medical
advertising guidelines. Only one of the 87 websites stated the

5 required items. The items with the highest percentage of listing
were “acquisition route” and “information on the safety of the
drugs in other countries,” both at 79% (69/87). The item with
the lowest percentage of listing was “ineligible for the relief
system for sufferers from adverse drug reactions” at 9% (8/87).

Table 2. Compliance with advertising guidelines of the websites regarding prescription drug misuse of glucagon-like peptide-1 receptor agonists by
off-label use for weight loss (N=87).

Values, n (%)

Content that should be includeda

43 (49)The drug is unapproved

69 (79)Acquisition route

24 (28)Information on whether there are other domestically approved drugs with
the same ingredients and performance

69 (79)Information on the safety of the drug in other countries

8 (9)Ineligible for relief system for sufferers from adverse drug reactions

72 (83)Exaggerated advertisementsb

aExplicit statements required under Japan’s medical advertising guidelines for noninsured medical treatments involving off-label drug use.
bAdvertisements containing expressions that could mislead citizens, as determined by coders under Japan’s medical advertising guidelines.

Table 2 shows that 83% (72/87) of the websites listed
exaggerated advertisements. Table 3 shows the content of the
exaggerated advertisements: of the 87 websites, 69% (60/87)
conveyed messages indicating no exercise and dietary therapy

were required, 24% (21/87) conveyed messages indicating that
using GLP-1RAs is a natural and healthy method, and 31%
(27/87) provided the website author’s subjective expression of
the risks of using GLP-1RAs.
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Table 3. Content of exaggerated advertising regarding prescription drug misuse of glucagon-like peptide-1 receptor agonists by off-label use for weight

loss (N=87)a.

Values, n (%)Illustrative quotesThemes

60 (69)…Exercise is also unnecessary. Exercise is less effective in losing weight.

…Medical dieting is a treatment that suppresses appetite and promotes
weight loss by taking a medicine called GLP-1 receptor agonist, which is
used in the treatment of diabetes, without diet restrictions or hard exercise
regimen.

Induction by nonscientific information (no diet or
exercise therapy required)

21 (24)…By managing portion sizes, you can reduce calorie intake and engage
in a natural and controlled dietary regimen.

…To achieve weight loss in a healthy manner.

…It also has fat-burning and pancreas-protecting effects, making it a
healthy way to lose weight.

Induction by nonscientific information (natural and
healthy methods)

27 (31)…Since the delayed gastric emptying effect is not long-lasting, there is
little need to consider it dangerous.

…I, as the director, have also used it and had no side effects other than
slight heartburn, which may have caused mild anorexia and slight weight
loss.

Subjective expressions of risks

20 (23)…Everything from making an appointment and consultation to prescribing
a drug is done online, so there is no need to go out.

…You can see us from anywhere in the country via our web-based clinic.
[...] There is no consultation fee; GLP-1 injections will be mailed to you.

Statements that you can always get the drug only
through web-based medical consultation

aAdvertisements containing expressions that could mislead citizens, as determined by coders under Japan’s medical advertising guidelines.

Quality Assessment Using DISCERN Instrument
Intercoder reliability was acceptable (average Cohen κ=0.663).
Figure 2 shows the DISCERN scores for all 87 websites across
each item. Table 4 presents the mean score for each of the 16
DISCERN instrument criteria and the total DISCERN score.
The mean total DISCERN score for all 87 websites was 32.6
(SD 5.5). Only 1 website scored more than 51 points, which is
good; 9 websites scored between 39 and 50 points, which is
fair; 72 websites were poor; and 5 websites were very poor. The
items that scored a mean of at least 3 points were criterion 9
(does it describe how each treatment works?) with a mean score
of 3.96 (SD 1.10), criterion 2 (does it achieve its aims?) with a
mean score of 3.18 (SD 0.70), criterion 1 (are the aims clear?)
with a mean score of 3.10 (SD 0.57), and criterion 10 (does it
describe the benefits of each treatment?) with a mean score of

3.01 (SD 0.42). The items that scored a mean of less than 2
points were criterion 15 (does it provide support for shared
decision-making?), criterion 12 (does it describe what would
happen if no treatment was used?), criterion 7 (does it provide
details of additional sources of support and information?),
criterion 8 (does it refer to the areas of uncertainty?), criterion
14 (is it clear that there may be more than one possible treatment
choice?), criterion 6 (is this balanced or unbiased?), criterion 4
(is it clear what sources of information were used to compile
the publication?), and criterion 5 (is it clear when the
information used or reported in the publication was produced?).
The mean score for criteria 16, which assessed the overall
quality, was 1.49 (SD 0.73). No statistically significant
association was found between the specialties and the total
DISCERN score (all P>.05).
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Figure 2. DISCERN scores for each item: #1 to #16 represent the criteria numbers of the DISCERN instrument. No: identification numbers for individual
websites for analysis.
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Table 4. Mean score for each of the 16 DISCERN instrument criteriaa.

Mean score (SD)CriteriaCriterion number

3.10 (0.57)Provides clear aims1

3.18 (0.71)Achieves its aims2

2.21 (1.15)Provides relevant information3

1.70 (1.07)Provides sources of information4

1.73 (1.16)Provides information production date5

1.28 (0.58)Balanced and unbiased6

1.18 (0.52)Provides additional sources of information7

1.24 (0.48)Refers to areas of uncertainty8

3.97 (1.10)Describes how each treatment works9

3.01 (0.42)Describes benefits of each treatment10

2.36 (0.79)Describes risks of each treatment11

1.10 (0.46)Describes what would happen if no treatment is used12

2.70 (0.67)Describes how treatment affects quality of life13

1.24 (0.76)Makes clear that there may be more than one possible treatment choice14

1.05 (0.30)Supports shared decision-making15

1.49 (0.73)Overall quality16

aEach DISCERN item is assessed on a 5-point Likert scale (1=not at all, 5=completely). Total score = 32.55 (SD 5.53).

Discussion

Principal Findings
This study assesses compliance with Japanese medical
advertising guidelines, exaggerated advertisement classification,
and DISCERN scores of Japanese websites of medical
institutions that prescribe GLP-1RAs off-label for weight loss,
which Japanese consumers may refer to when considering
weight loss with GLP-1RAs.

Many websites potentially violated Japan’s medical advertising
guidelines, and very few websites listed all the items required
for advertising GLP-1RAs off-label use. In particular, only 9%
(8/87) of the websites stated that using GLP-1RAs off-label
was not covered by the Adverse Reactions Relief System for
Drugs. In recent years, problems related to cosmetic therapy
for weight loss have increased in Japan [47], so it is problematic
that consumers have limited exposure to information indicating
that the off-label use of GLP-1RAs is not covered by the
Adverse Reactions Relief System for Drugs. Furthermore,
concerns have been raised that GLP-1RAs may be obtained
without a prescription and are at risk of misuse and abuse in
inappropriate quantities [8]. However, research on who is
actually misusing and what kinds of adverse effects occur
because of misuse remains scarce. Generally, it has been
reported that distinguishing between therapeutic errors,
unintentional misuse, and intentional abuse of drugs is
challenging, and the content of the reports tends to vary [5]. As
mentioned above, in Japan, because it is not covered by the
Adverse Reactions Relief System for Drugs, it may be difficult
for consumers who have experienced adverse events due to the
misuse of GLP-1RAs to claim compensation.

Approximately 83% (72/87) of the websites included
exaggerated advertisements, and much of their content may
mislead consumers into assuming that one can lose weight by
using GLP-1RAs without exercise or dietary therapy. However,
since participants in clinical trials evaluating the efficacy of
obesity treatment drugs received medication therapy as an
auxiliary to lifestyle interventions, the message that the use of
GLP-1RAs for weight loss does not require exercise or dietary
therapy is unscientific [48]. Additionally, according to another
previous study, such messages may evoke a “compensatory
health belief” in consumers that “if an alternative behavior is
adopted, it is not necessary to engage in healthy behaviors or
refrain from unhealthy ones.” [49,50]

In this study, the mean of the total DISCERN scores of the
analyzed websites was 32.56, which qualified as poor.
Individually, most of the websites qualified as poor, only 1
website qualified as good, 9 websites qualified as fair, 72
websites qualified as poor, and 5 websites qualified as very
poor. The mean score of criterion 16, the overall quality rating,
was also low (score=1.49). These results were extremely low
compared to those of previous studies that used the DISCERN
instrument to assess the quality of health information [34-36,38].
For each question, criterion 15 (shared decision-making),
criterion 12 (if no treatment is used), criterion 7 (additional
information sources), criterion 8 (uncertainty), criterion 14
(possible treatment choice), and criterion 6 (balanced and
unbiased) scored low, and criterion 9 (how each treatment
works), criterion 2 (achieves its aims), and criterion 1 (provides
clear aim) scored high. This trend was consistent with that of
previous studies [34-36]. Unlike previous studies that compared
DISCERN scores by the type of website operator (academic,
government, or commercial agencies), only private clinic
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websites that prescribe GLP-1RAs for off-label use were
assessed in this study. Therefore, the DISCERN score was
significantly lower in this study, possibly because the purpose
of the websites was to sell GLP-1RAs and not to provide
accurate information about obesity or obesity treatment to the
public. In other words, these websites were advertisements
designed to appeal to consumers about the effectiveness of
GLP-1RAs for weight loss and not to draw their attention to
other treatment options or shared decision-making with other
health care providers or family members. Nevertheless, a
previous study on consumer judgments of the reliability of
web-based health information showed that website owners’
authority had a positive impact on reliability and credibility
[51]. Accordingly, if medical institutions representing specialties
such as internal medicine were the owners of these websites,
many consumers might trust the content of the websites. In
summary, the problems with the information on medical
institution websites identified by this study are not only
unscientific and in violation of medical advertising guidelines
but are also problematic from the perspective of public health
and health promotion.

In this study, we observed that there were few public institution
websites providing information on obesity treatment for
consumers. To the best of our knowledge, no study has
comprehensively compared the overall quality of web-based
medical information between Japan and other countries.
However, a previous study comparing palliative care websites
in the United States and Japan reported that Japanese websites
were of lower quality than the American ones [52]. A study
focusing on the quality of web-based medical information within
Japan has generally reported low quality [53]. This issue may
be influenced by differences in the medical advertising
regulations between Japan and other countries. Future studies
should aim to provide a more comprehensive and international
assessment of the quality of medical information.

Practical Implications
The results of this study have several implications. Regarding
future studies, researchers should assess the reliability of media
content, including medical institutions’ websites that prescribe
drugs for off-label use to contribute to better control of
prescription drug misuse in the future. Many studies have
investigated the consumer risk factors and preventive
interventions for drug misuse. For example, a study investigating
the misuse of over-the-counter drugs showed that health literacy,
low education level, and misunderstanding of over-the-counter
medicine instructions were correlated with the incidence of
misuse [5]. Another study showed that the misuse of prescription
stimulants for weight loss was positively associated with being
female, lacking insurance, and having a history of lifetime
misuse but not past-year misuse of prescription sedatives or
tranquilizers [54]. Limited health literacy has been reported to
be correlated with overweight/obesity in the first place [55],
greater difficulty in the medication compliance, and higher
mortality [56]. Thus, efforts to enhance consumer health literacy
may be equally important as well as the content reliability of
medical institutions’ websites. In particular, studies on the risk
of GLP-1RA misuse or off-label use are scarce and should be
investigated.

Regarding future practices, this study suggests that governments
should continuously monitor and provide corrective actions on
websites, including unscientific content, to promote drug sales.
A previous study in Japan showed that the number and volume
of newspaper advertisements for dietary supplements that might
mislead consumers decreased following the collective action
of Japan’s Consumer Affairs Agency [57]. Therefore,
government monitoring and regulations are also important to
address misleading information provided by medical institutions
concerning prescription drug misuse. Furthermore, there are no
uniform international guidelines for medical advertising. The
permissibility of over-the-counter drug advertisements and
advertisements for medical services differs from country to
country. However, with the recent proliferation of social
networking service platforms, misinformation or information
with commercial intent about medicine can spread around the
world in a short period of time. Therefore, it is also important
to establish international medical advertising guidelines. Second,
medical institutions and health care providers should recognize
the current problem of GLP-1RA misuse and provide accurate
information on the internet and through in-person explanations
to individuals who are interested in weight loss. Additionally,
medical institutions, academic organizations, and ministries
should improve their websites with a focus on search engine
optimization to ensure that high-quality medical information
appears at the top of search engine results [58]. Internet-based
companies, including Google, should be encouraged to prioritize
the display of high-quality medical information. Third, medical
institutions, health care providers, academic institutions, and
ministries should inform citizens that current information on
GLP-1RAs on websites is unreliable and that there is no miracle
drug that is risk-free and absolutely effective. If individuals
without obesity wish to lose weight, they should consult a trusted
specialist such as a primary care physician to understand the
risks and proceed with the therapy best suited for them.

Limitations and Strengths
This study has several limitations. First, this study only analyzed
Japanese-language websites. The approval status of GLP-1RAs
and medical advertising regulations differ from country to
country. Thus, the generalizability of the results of this study
to other countries is limited. Second, this study assesses the
search results for web browsers and websites when viewed with
web browsers. The results and website display contents may
differ when using a smartphone. The results may have been
affected by websites and search algorithms that were optimized
for smartphones. Third, this study only used the DISCERN
instrument for quality assessment. Therefore, this study was
unable to discuss the reliability items other than those evaluated
by DISCERN. There are multiple other quality assessment
indicators such as the Health on the Net Foundation Code of
Conduct certification and the Journal of the American Medical
Association (JAMA) benchmark criteria. However, the Health
on the Net Foundation Code of Conduct is not well known in
Japan, and few websites have obtained it; therefore, it was not
used in this study. The JAMA benchmark has only 4 criteria.
Since most of the medical institutions of this study were private
clinics, it was assumed that the 2 criteria of JAMA benchmark,
authorship and attribution, would not differ. Additionally,
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previous studies that evaluated web-based health information
reported a positive correlation between JAMA benchmark scores
and DISCERN scores [59,60]. Therefore, only DISCERN was
used in this study. Additionally, the DISCERN instrument was
developed to enable patients to assess the quality of written
information related to treatment choices and to promote the
creation of high-quality health information for documents
intended for patients. Thus, assessing quality in terms of medical
accuracy is not the primary focus of the DISCERN instrument.
However, in this study, 2 internal medicine physician coders
assessed the medical accuracy when evaluating questions 6, 9,
and 12 of the DISCERN instrument, thereby reflecting medical
accuracy in the DISCERN score. Fourth, this study relies on a
single reviewer to screen eligible websites, which raises the
possibility that some potentially eligible websites may have
been excluded from the analyzed dataset. Fifth, the intercoder
reliability between the 2 coders was ensured to be acceptable;
however, coder bias may not have been completely eliminated.
Finally, the impact of the websites analyzed in this study on
viewers’ cognition and behavior was outside the scope of this
study; future studies should examine this aspect.

Despite these limitations, to the best of our knowledge, this is
the first study on the quality of information on the websites of

medical institutions that prescribe GLP-1RAs for weight loss
in Japan. This study provides important implications for future
studies and practice on better communication to decrease
prescription drug misuse of GLP-1RAs, as discussed above.
The quality of the websites of medical institutions that prescribe
GLP-1RAs for weight loss was very low, and many of them
did not comply with the medical advertising guidelines in Japan.
This study shows that many websites, including exaggerated
advertisements, may promote the misconception that exercise
and dietary therapy are unnecessary. This study also shows that
many websites provide biased information that may lead
consumers to use GLP-1RAs without presenting alternative
weight loss methods other than GLP-1RAs or the option of
shared decision-making with health care providers or family
members. Consumers and citizens who read such information
may misuse GLP-1RAs because of insufficient understanding
of their side effect risks and proper usage. Public institutions
must monitor and regulate advertising content that violates
guidelines and misleads individuals. Health care providers need
to inform consumers about the risks and proper usage of
GLP-1RAs and provide accurate information related to weight
loss. Beneficial medications developed for people’s health
should not pose health risks because of the inappropriate
information provided by health care providers.
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Abstract

Background: Sentiment analysis is one of the most widely used methods for mining and examining text. Social media researchers
need guidance on choosing between manual and automated sentiment analysis methods.

Objective: Popular sentiment analysis tools based on natural language processing (NLP; VADER [Valence Aware Dictionary
for Sentiment Reasoning], TEXT2DATA [T2D], and Linguistic Inquiry and Word Count [LIWC-22]), and a large language
model (ChatGPT 4.0) were compared with manually coded sentiment scores, as applied to the analysis of YouTube comments
on videos discussing the opioid epidemic. Sentiment analysis methods were also examined regarding ease of programming,
monetary cost, and other practical considerations.

Methods: Evaluation methods included descriptive statistics, receiver operating characteristic (ROC) curve analysis, confusion
matrices, Cohen κ, accuracy, specificity, precision, sensitivity (recall), F1-score harmonic mean, and the Matthews correlation
coefficient. An inductive, iterative approach to content analysis of the data was used to obtain manual sentiment codes.

Results: A subset of comments were analyzed by a second coder, producing good agreement between the 2 coders’ judgments
(κ=0.734). YouTube social media about the opioid crisis had many more negative comments (4286/4871, 88%) than positive
comments (79/662, 12%), making it possible to evaluate the performance of sentiment analysis models in an unbalanced dataset.
The tone summary measure from LIWC-22 performed better than other tools for estimating the prevalence of negative versus
positive sentiment. According to the ROC curve analysis, VADER was best at classifying manually coded negative comments.
A comparison of Cohen κ values indicated that NLP tools (VADER, followed by LIWC’s tone and T2D) showed only fair
agreement with manual coding. In contrast, ChatGPT 4.0 had poor agreement and failed to generate binary sentiment scores in
2 out of 3 attempts. Variations in accuracy, specificity, precision, sensitivity, F1-score, and MCC did not reveal a single superior
model. F1-score harmonic means were 0.34-0.38 (SD 0.02) for NLP tools and very low (0.13) for ChatGPT 4.0. None of the
MCCs reached a strong correlation level.

Conclusions: Researchers studying negative emotions, public worries, or dissatisfaction with social media face unique challenges
in selecting models suitable for unbalanced datasets. We recommend VADER, the only cost-free tool we evaluated, due to its
excellent discrimination, which can be further improved when the comments are at least 100 characters long. If estimating the
prevalence of negative comments in an unbalanced dataset is important, we recommend the tone summary measure from LIWC-22.
Researchers using T2D must know that it may only score some data and, compared with other methods, be more time-consuming
and cost-prohibitive. A general-purpose large language model, ChatGPT 4.0, has yet to surpass the performance of NLP models,
at least for unbalanced datasets with highly prevalent (7:1) negative comments.
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Introduction

The Pew Research Center [1] reports that as of 2021, 72% of
Americans used social media. On a global scale, as of 2019,
social media platforms were used by 1 in 3 people worldwide
and by more than two-thirds of all internet users [2]. With social
media users rapidly increasing, user-generated content has
grown exponentially. Generated by a broad swath of global
citizens, the data provides insights into a wide array of human
experiences, for example, the effects of the opioid crisis on
physical, mental, and social well-being.

Analysis of the opioid epidemic revealed the struggles of opioid
victims, their families, and communities. This information adds
value to health policy analysis.

This study examines the use of YouTube, a unique social media
platform. It is a diverse medium because its primary purpose is
content sharing and educating its users about relevant topics
[3]. Users seek out content of interest and, comment and react.
When examining health care crises and the relay of medical
information, sentiment analysis may be used to gauge the
response to the stimulus. By analyzing the sentiments expressed
in comments, researchers can perform qualitative content
analyses to explore how these reactions influence reputation,
potentially affect individuals, and impact the communities
involved. Furthermore, understanding the sentiment toward
health-related content or issues like human suffering and societal
concerns can aid policy makers in developing strategies to
enhance public health.

Sentiment analysis is the most popular artificial intelligence
used to mine and examine all text types in various fields of
study. Sentiment analysis is a computational method that extracts
sentiment from a text. Some sentiment analysis methods use
rule-based lexicons such as Linguistic Inquiry and Word Count
(LIWC)-22 [4]. Other sentiment analysis methods use traditional
machine learning approaches such as Support Vector Machines
[5] and Naive Bayes classification [6], while others use deep
learning [7]. Sometimes, a hybrid approach is used between 2
or more sentiment analysis methods [8].

This study compares 3 popular sentiment analysis methods on
social media data: Valence Aware Dictionary for Sentiment
Reasoning (VADER), TEXT2DATA (T2D), and LIWC, and
also uses the ChatGPT large language model (LLM) for
sentiment analysis. A total of 2 methods (VADER and LIWC)
were picked due to their previous validation and use in many
published studies by scholars from different disciplines; other
methods were chosen because of their user-friendly interface
and no requirement of prerequisite programming skills
(LIWC-22 and T2D). ChatGPT was chosen as LLM represent
a game-changing technological leap in natural language
processing (NLP), including sentiment analysis.

VADER [9] is a rule and lexicon-based sentiment analysis tool
that, when analyzing text, returns a numeric valence (polarity)
score between –1 (extremely negative) and +1 (extremely
positive). The VADER lexicon is primarily built using
pre-existing lexicons, but these lexicons were extended to
include emoticons, acronyms, and slang commonly used in
social media. Each lexical feature is assigned a score; then, the
score is shifted based on the presence of punctuation marks,
capital letters, and negations. The lexical scores are then
averaged. VADER has been validated on multiple data types,
including product and movie reviews, and has been used as a
quality benchmark in numerous studies [9-11]. It has been used
for sentiment analysis in a wide variety of areas, such as
customer reviews and opinion mining [12,13], political discourse
analysis [14,15], and mental health studies [16,17]. Although
VADER has been used extensively, concerns about VADER’s
sensitivity to text length have been expressed [18,19]. For
example, as each word in a text is assigned a polarity score,
words with strong sentiment can unduly influence the overall
sentiment of a short text. There are proposed methods to mitigate
this phenomenon [9], such as considering the text of an entire
document about a sentence. Another possible issue is that
VADER is primarily used as a Python-based program, and users
must be moderately proficient in Python programming to use
its full capabilities.

T2D [20] is a Microsoft Excel or Google Sheets add-in with a
sentiment analysis application programming interface (API). It
classifies text into 5 categories: very negative, negative, neutral,
positive, and very positive. The T2D website contains scant
information about the corpus or the methodology used for
sentiment classification. The website states that the API is
“based on an NLP engine” and that the “system also contains
specially prepared classification models for Twitter (rebranded
as X) and other social media content, trained on billions of
manually verified entries” [20]. It is a paid subscription model,
but users can make 1000 API calls a month for free. The next
tier is 10,000 API calls for US $27 a month, then a variety of
tiers exist, with the highest tier being Enterprise at US $351 a
month and Unlimited API calls. As a Microsoft Excel add-in
and a user-friendly tool for those familiar with Microsoft Excel,
T2D has been applied to studies that examined tourist
experiences [21], compared Twitter comments with polling
results [22], and analyzed digital mental health interventions
[23].

LIWC-22 is a dictionary-based sentiment analysis tool with a
representative score in over 100 categories. The score in each
category indicates the percentage of words in the text
corresponding to the particular category and, therefore, can
range from 0% to 100%. Many LIWC-22 categories are
organized in a hierarchical structure. The same word may be
categorized into multiple categories. For instance, “celebrate”
is in both the positive emotion and achievement categories.
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Each category is represented internally in LIWC-22 by a
dictionary with words and emoticons related to that category.
A complete list of LIWC-22 categories can be found in [24].
The creators of LIWC-22 selected a vast pool of words that
represented a wide range of linguistic categories and
psychological dimensions, such as emotions, cognitive
processes, social terms, pronouns, prepositions, and other
linguistic constructs. LIWC-22 is the fifth iteration of LIWC-22
(LIWC 2001, 2007, 2015, and 2019). To create LIWC, experts
in linguistics and psychology first gathered a large corpus of
texts and tagged each word into a linguistic category. The
resulting dictionaries underwent validation studies and then
passed through a refinement phase when researchers added new
vocabulary and, as meanings shifted, modified existing
word-category pairings. LIWC-22 is a subscription model.
Currently, users pay US $129.95 for a 3-year subscription, and
shorter-term subscriptions are offered at lower prices. LIWC-22
has both a web-based app and an app for download. The users
upload their file (JSON, CSV, and EXCEL), choose the
LIWC-22 dictionary they would like to use, and then select the
label in their data that denotes the text to be classified. Users
also have the option to choose all or specific LIWC-22
categories to be evaluated.

Similar to VADER and T2D, LIWC-22 has been used as a
sentiment analysis tool in many studies, such as education [25],
public discourse analysis [26], and brand perception [27] among
others. Many categories in LIWC-22 could represent sentiment,
including positive emotion, negative emotion, anger, sadness,
and anxiety. LIWC-22 includes positive tone and negative tone
dimensions but also includes another Tone variable that merges
the 2 dimensions into a single summary variable. The higher
the number, the more positive the tone; numbers below 50 are
counted as negative tone. This paper uses the LIWC-22 tone
composite (summary) measure as its dictionary was more
extensive than other sentiment-based LIWC-22 categories. We
will refer to it as LIWC tone.

Previous efforts to evaluate sentiment analysis tools did not
compare LIWC tone, VADER, and T2D. For example, Boukes
et al [28] compared LIWC, SentiStrength, Pattern, Polyglot,
and DANEW on economic news in Danish. These sentiment
analysis tools were chosen as they were off the shelf and
supported the Danish language. Hartmann et al [29] compared
LIWC-22 with a host of machine learning-based sentiment
analysis methods (Support Vector Machines, Neural Networks,
K Nearest Neighbors, and Random Forests) but did not include
VADER or T2D and focus on the marking aspect of social
media data.

Recent advances in NLP have led to the development of
powerful language models, such as the GPT series, including
ChatGPT (GPT–3.5 and GPT–4) [30]. These models, pretrained
on vast amounts of text data, have demonstrated strong

performance across tasks like language translation, text
summarization, and question-answering [31]. A LLM ChatGPT,
in particular, has shown promise in education, health care,
reasoning, text generation, human-machine interaction, and
scientific research [30,32]. Despite these opportunities,
challenges and ethical concerns remain, particularly regarding
accuracy. The accuracy of these models depends heavily on the
quality, diversity, and complexity of the training data, as well
as the quality of user input [30,31]. Previous research has
highlighted the importance of developing higher-order thinking
skills in education, but NLP systems may struggle with the
nuances of human language, leading to potential errors [30-32].

We compare the sentiment scores produced by VADER, T2D,
LIWC_tone, and ChatGPT 4.0 to manually created codes. The
data source is YouTube comments on videos that discussed the
opioid epidemic. This data source was chosen as it was easily
accessible to the authors, but also because each of the sentiment
analysis classifiers mentioned has been heavily used to classify
social media data in the past. As social media (and the data it
creates) grows, researchers will likely analyze it using the
sentiment tools discussed in this paper.

In the remainder of the paper, we discuss the methods by which
data was collected and coded and will then compare the results
given by VADER, T2D, LIWC_tone, and ChatGPT 4.0 to
human coding. This paper reports which methods give accurate
sentiment scores and discusses other practical considerations
when using these tools. We will end with a discussion of the
results and considerations for future research.

Methods

Data Sources
To evaluate sentiment analysis methods, we used secondary
data from a qualitative study about the opioid crisis in the United
States [33], which included manually coded sentiment from
YouTube comments. To collect YouTube comments (N=8761),
the term “opioid” epidemic was searched on YouTube with a
date range between January 1, 2017, and December 31, 2018.
The majority of the videos collected were located on CNN’s
(Cable News Network) YouTube channel and the Fox News
YouTube Channel. Subsequently, videos were ranked by the
number of views, and the 20 most watched videos by CNN (10
newscasts) and Fox News (10 newscasts) were kept for further
analysis. As Google Trends indicates (Figure 1), the chosen
dates coincide with a particularly high interest in the opioid
epidemic. The comments for each video were downloaded using
the Netlytic website. Comments were deidentified by deleting
email addresses and assigning codes such as a1, a2, and so on,
to track comments on comments. All other comment information
was left unaltered.
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Figure 1. Google Trends results for the search term “opioid epidemic.” The search was constrained to dates between February 2015 and December
2019. The y-axis indicates percent popularity.

Sentiment Measures
An inductive, iterative approach to content analysis of the data
was used to obtain manual sentiment codes. Bacon [33] created
a codebook to determine the sentiment of comments as positive,
neutral, or negative based on the commenter’s attitude toward
the video or another comment. The comments were sorted by
time of post and video, then coded in the context of the broader
discussion. Video transcripts also informed the coding. A subset
of comments was analyzed by a second coder, producing good
agreement between the 2 coders’ judgments (κ=0.734; 95% CI
0.57-0.89; P<.001).

To begin testing automated sentiment tools, comments with
manual codes indicating neutral or unclear sentiment were
excluded from the data. The remaining comments were scored
using VADER, T2D’s Google Sheets add-in, LIWC, and
ChatGPT 4.0. Specifically, the VADER compound score, T2D
sentiment score, and LIWC-22 tone score (LIWC tone), a
composite measure for positive and negative tone dimensions,
were used. ChatGPT 4.0, VADER, and T2D were centered
around 0 and ranged from –1 to 1. Negative values indicated a
negative sentiment and positive values showed a positive
sentiment. LIWC tone scores ranged from 1 to 100, representing
percentiles based on standardized scores from large comparison
corpora [34]. They are calculated using a dictionary with words,
word stems, phrases, and select emoticons built for text analysis.
LIWC tone overall mean for 15 diverse corpora was 47.81 (SD
26.39). Bacon’s codebook was adapted to prompt the
general-purpose LLM to generate positive and negative
sentiment classification (Multimedia Appendix 1 for the
ChatGPT 4.0 prompt). The classification was generated on the
third try after two failed attempts.

Analyses
We performed the receiver operating characteristic (ROC) curve
analysis and computed descriptive statistics, confusion matrices,
Cohen , accuracy, specificity, precision, sensitivity (recall),
F1-score harmonic mean, and the Matthews correlation
coefficient (MCC). Relying solely on the ROC curve without
considering precision and negative predictive value can lead to
a misleading assessment of a model’s success [35]. Although
widely used in machine learning, the F1-score also has
limitations; it can vary when positive and negative classes are
exchanged, potentially distorting its interpretation [36]. In
addition, the F1-score does not account for correctly classified
negative and positive samples, drawing criticism for diverging

from more intuitive metrics like accuracy and losing significance
when class labels are reversed [36]. In contrast, MCC provides
a more balanced evaluation, achieving its highest values of –1
or +1 only when the classifier performs well across all 4 key
rates of the confusion matrix: sensitivity, specificity, precision,
and negative predictive value [35,36].

Finally, to reveal misclassification patterns by model, we
analyzed the content of the comments marked as false positives
and false negatives from both NLP and LLM models and
compared them with true positives and true negatives identified
through manual coding. We summarized possible reasons behind
misclassifications and provided representative comments as
illustrations.

Ethical Considerations
Data were collected from a social media platform (YouTube)
where data are publicly available. However, all sentiment
evaluation methods were performed at a macro scale and not at
the user level. In addition, social media profile information is
not shared in the data provided in this article.

Results

Manual coding placed 63.2% of comments into either positive
or negative categories; the remainder were neutral, or their
sentiment could not be ascertained. Only positively or negatively
classified comments were used for further analyses (N=5533).
Positive comments were much less common (79/662, 12%) than
negative (4286/4,871, 88%) comments.

VADER, LIWC tone, and ChatGPT 4.0 were able to classify
all comments. However, for unknown reasons, T2D sentiment
scores could not be calculated for 514 comments, resulting in
9% of missing values. T2D is a “black box” system, and
documentation has not been released. As shown in Figure 2,
LIWC tone analysis most closely matched the high prevalence
of negative comments (88%) in manually coded data: 82% of
LIWC tone scores fell below the mean of 47.81. ChatGPT 4.0
overestimated negative sentiment, classifying 98% of the
comments as negative. In comparison, only 56% of VADER
and 66% of T2D scores were negatively scored. VADER score
distribution had a mode around 2 and was the most continuous
compared with T2D and LIWC. VADER assigned near-0 scores
to 15% of comments, T2D had 1% of near-zero data but did not
score 9% of comments, and LIWC tone scores were very
unevenly distributed with 3 modes (at scale’s endpoints and
23.23).
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Figure 2. A comparison of Valence Aware Dictionary for Sentiment Reasoning, TEXT2DATA, and Linguistic Inquiry and Word Count tone score
distributions for 5533 comments classified as either negative or positive using manual coding. *LIWC tone scores below 47.81 are considered negative.
T2D: TEXT2DATA.

As an overall measure of discrimination, we used the ROC
curve [37]. Discrimination is the ability of a measure to discern
between social media comments that are manually coded as
negative or positive. We were interested in evaluating
continuously measured VADER, T2D, and LIWC tone scores
as predictors of positive and negative sentiment in YouTube
comments; manual coding is an outcome against which the 3
models were assessed. ROC curve analysis was not performed
for ChatGPT 4.0 because it was only generated as a binary
measure. The area under the ROC curve is a measure of the
overall discriminatory ability of the binomial logistic regression
model, that is, the ability of a chosen sentiment scoring method
to classify comments into the 2 groups of our dichotomous
dependent variable, a manually coded sentiment where negative
is assigned a value –1 and positive is given a value of 1. ROC
curve analysis is most suitable for balanced analyses. While we
are interested in correctly classifying positives and negatives,

our dataset is unbalanced due to the high prevalence of negative
comments.

As shown in Figure 3, ROC curves with red lines above the
blue straight reference line indicate discrimination; the further
above the reference line, the better. The area under the ROC
curve is equivalent to the concordance probability [38]. Figure
2 shows an excellent level of discrimination, according to
Hosmer et al [39], for VADER’s ability to classify manually
coded negative comments (the area under the ROC curve was
0.800, 95% CI 0.78-0.82), followed by T2D and LIWC tone.
T2D and LIWC tone demonstrated acceptable discrimination,
with the areas under the curve of 0.770 and 0.747, respectively.

LIWC tone, according to Figure 4, performs the same or worse
across the entire range of true positive rates (sensitivity), except
at the short stretch of higher sensitivity rates where it is superior
to T2D. Overall, VADER performs better than the 2 other
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sentiment analysis systems. Next, we tested if VADER
performed better for longer strings of text. Figure 4 compares
VADER results or all comments, regardless of length, and for
longer comments (>100 characters and >200 characters long).

VADER indeed performed better when short comments were
excluded. Confusion matrices are given in Tables 1-4.

Table 5 shows 7 measures of model performance compared
with manual coding that are Cohen , accuracy, specificity,
precision, sensitivity (recall), F1-score, and MCC.

Figure 3. Receiver operating characteristic analyses: a comparison of Valence Aware Dictionary for Sentiment Reasoning, TEXT2DATA, and Linguistic
Inquiry and Word Count tone scores’ ability to classify comments that were manually coded as either negative (–1) or positive (1).
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Figure 4. Receiver operating characteristic curve comparisons for Valence Aware Dictionary for Sentiment Reasoning, TEXT2DATA, and Linguistic
Inquiry and Word Count Tone.

Table 1. A confusion matrix for binary coded Valence Aware Dictionary for Sentiment Reasoning, which are negative (–1) and positive (1) sentiments.

Total, NManual coding, nVADERa

1–1

39232303693–1

161043211781

55336623923Total

aVADER: Valence Aware Dictionary for Sentiment Reasoning.

Table 2. A confusion matrix for binary coded t2d: negative (–1) and positive (1) sentiment.

Total, nManual coding, nT2Da

1–1

33631453218–1.00

165637912771.00

50195244495Total

aT2D: TEXT2DATA.

Table 3. A confusion matrix for binary coded LIWC_tone: negative (–1) and positive (1) sentiment.

Total, nManual coding, nLIWC_tonea

1–1 

45153734214–1

10182897291

55336624871Total

aLIWC: Linguistic Inquiry and Word Count.
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Table 4. A confusion matrix for binary coded ChatGPT 4.0: negative (–1) and positive (1) sentiments.

Total, nManual coding, n, negative (–1); positive (1)ChatGPT 4.0

1–1

54246104814–1

10952571

55336624871Total

Table 5. A comparison of Valence Aware Dictionary for Sentiment Reasoning, TEXT2DATA, Linguistic Inquiry and Word Count tone, and ChatGPT
4.0 against manual coding.

MCCaF1-scoreSensitivity
(recall)

PrecisionSpecificityAccuracyCohen κ (95% CI; P value)Model

0.290.380.650.260.940.740.254 (95% CI 0.23- 0.28;

<.001)
VADERb

0.30.350.720.230.960.720.225 (95% CI (0.2-.25; <.001)T2Dc

0.240.340.470.280.920.800.233 (95% CI 0.20-0.26; <.001)LIWCd_tone

0.160.130.080.500.880.880.105 (95% CI 0.1-0.31; <.001)ChatGPT 4.0

aMCC: Matthews correlation coefficient.
bVADER: Valence Aware Dictionary for Sentiment Reasoning.
cT2D: TEXT2DATA.
dLIWC: Linguistic Inquiry and Word Count.

First, Cohen is used to examine the classification of YouTube
comments into positive and negative sentiments. κ Values show
fair agreement of manual coding with VADER (κ=0.254, 95%
CI 0.23-0.28; P<.001), LIWC tone (κ=0.233, 95% CI 0.20-0.26;
P<.001), and T2D (κ=0.26, 95% CI 0.20-0.25; P<.001). Overall,
NLP demonstrated better agreement than LLM (κ=0.105, 95%
CI 0.1-0.31; P<.001) for ChatGPT 4.0 indicating especially
poor agreement of manual coding [40].

Second, ChatGPT 4.0 achieved the highest accuracy score of
88%, followed by LIWC tone (80%), VADER (74%), and T2D
(72%). Third, the proportion of accurately detected negatives
or specificity varied from 96% for T2D to 94% for VADER,
92% for LIWC tone, and 88% for ChatGPT 4.0. Fourth,
precision reveals how well a model accurately makes positive
predictions [41]. Precision values indicate that positive
predictions were unlikely to be very accurate: ChatGPT 4.0 was
at 50%, as compared with even lower values for LIWC tone
(28%), VADER (26%), and T2D (23%).

Fifth, sensitivity, recognized as recall, detects true positives
within a confusion matrix, with T2D achieving 72%, VADER
achieving 65%, LIWC tone reaching 47%, and ChatGPT 4.0
achieving only 8% [41]. Sixth, the F1-score is the harmonic
mean of precision and sensitivity (recall), offering an evaluation
of true positives and positive predictive values was below 50%
for all models: VADER (at 0.38) was closely followed byT2D
(0.35), LIWC tone (0.34), whereas ChatGPT’s F1-score stood
out as the lowest (0.13). Finally, MCC was calculated by
measuring the sensitivity, specificity, precision, and negative
predictive value to evaluate the model performance [36]. None
of the MCCs reported in Table 5 reached a strong correlation
level; they varied from 0.30 (T2D) to 0.29 (VADER), 0.24
(LIWC tone), and the lowest value of 0.16 for ChatGPT 4.0.

Large discrepancies observed between the automated
classifications and human coding may be explained by specific
linguistic features, contextual nuances, model limitations, and
other factors. To uncover any underlying patterns contributing
to misclassifications and determine whether specific errors are
more prevalent in 1 model over another, we analyzed comments
classified as false positives and false negatives by LLM and
NLP models.

Table 6 shows how sentiment misclassification varied by model.
None of the models stood out as being excellent at avoiding
both false positives and false negatives; however, ChatGPT 4.0
performed especially poorly. It classified even the most
obviously positive comments as negative sentiment, leading to
a very high rate (92%) of false negatives.

An analysis of false positives did not produce model-specific
patterns. Sarcastic comments expressing feigned empathy for
drug users were frequently misidentified by all models as false
positives, for example, when the commenters talked about
people dying but also added phrases such as “White addiction,
i truly love it. Now lets see what happens. Lmbao!” [comment
ID: 756]. Other common false positives involved discussions
about marijuana as a gateway drug, criticisms of both Democrats
and Republicans, racist remarks, and the attribution of blame
to drug users.

Across all 4 models, discussions about the legalization of
marijuana were misclassified as false negatives, as illustrated
by this comment,

The opioid crisis was huge here in Florida. Look at
what happened to it when they legalized marijuana
for medical purposes, opioid deaths dropped! Look
at the states that have it as recreational, opioid use
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and crime drop 20% in just the first year! [comment
ID: 3795]

Our examination of false negatives also revealed model-specific,
thematic patterns. VADER tended to misclassify political posts
and comments on drug legalization as false negatives. T2D had
difficulties with mentions of safe injection sites and support for
Donald Trump. LIWC tone was prone to misclassifying short
comments, those with emojis, as well as references to kratom,
CBD (Cannabidiol) oil, and marijuana.

Finally, Table 7 summarizes the observed differences between
sentiment analysis methods applied to our unbalanced social
media dataset.

As shown in Table 7, T2D operates as a black box with minimal
technical documentation, posing challenges for academic
analysis. Unlike the other methods, VADER requires a moderate
level of programming skill. All methods have low or no
monetary cost (VADER is free) except for T2D, which charges
per transaction, potentially making it cost-prohibitive for large
datasets. Based on our findings, Table 7 provides other important
considerations when selecting a model.

Table 6. Misclassified comments by model: false positives, false negatives, and representative comments.

Representative commentsFalse negatives, %False positives, %Method, compared with
manual coding

FPb: Doctor’s have become legalized dope dealers, they tried to get my 17
nephew to take opioids. They gave him a 2 month supply. Luckily he didn’t take
it because he’d seen what it can do. He’s still playing football no thanks to the

doc and big pharma [comment ID: 70]; FNc: Yes! It [kratom] got me off pain
meds... pain medication [comment ID: 2470]

34.7430.02VADERa

FP: Big Phama! Big Insurance! Doctors get a cut for each pill script filled!
We’re worth more dead, than alive! [comment ID 71]; FN: Wish this war on
opioids started earlier so many people gone. Very grateful for President Trump
[comment ID: 1483]

27.6728.40T2Dd

FP: Sue the opioid companies? What like the CIAf? LMFAO #CNNISFAKENEWS
[comment ID: 5872]; FN: Kratom is the best maintenance program you could
ever discover. Was on oxy for years, then methadone for years, then I found
Kratom. It helps with pain, cravings, and has a bonus effect of reducing the
craving for alcohol... [comment ID: 2478]

56.3414.97LIWCe_tone

FP: This isn’t helping anyone. The medical industry is already terrified to pre-
scribe these drugs, you people who don’t take opioids have no idea of what
damage you are doing to your medical system until you need to use it… [comment
ID: 909]; FN: I have used MJ In the past to get off of Opioids and Xanax and
Vicodin.. Yes, it does work and it also helps with Pain very well. It should be
LEGAL even for NonMedical Use! It helps MANY problems and Various Ail-
ments! [comment ID: 3071]

92.141.17ChatGPT 4.0

aVADER: Valence Aware Dictionary for Sentiment Reasoning.
bFP: false positive.
cFN: false negative.
dT2D: TEXT2DATA.
eLIWC: Linguistic Inquiry and Word Count.
fCIA: Central Intelligence Agency.
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Table 7. Considerations for selecting sentiment analysis methods when using social media datasets that are unbalanced toward negatives.

Additional prosAdditional consCostProgramming
skill

Implementation typeMethod

Reaches good agreement when
2 humans code comments, accu-
rate coding of ambiguous com-
ments (sarcasm, etc)

Retraining for intercoder reliabil-
ity

Time for creating
codebook, manual
coding

NoneCoding by a trained
researcher

Manual coding

Low runtime, fair agreement
with manual codes, excellent
discrimination, and performance
can be improved by excluding
short comments (<100 charac-
ters)

Not user-friendly for beginners,
may code sarcastic comments as
false positives.

FreeModerateRule-based dictio-
nary

VADERa

Low learning curve, self-con-
tained within the same spread-
sheet, high runtime, fair agree-
ment with manual codes, accept-
able discrimination

Might not code all data, imple-
mentation is not defined (black
box), may code sarcastic com-
ments as false positives.

Paid APIc: Free up
to 1000 transac-
tions, US $27/
month for 10,000
transactions.

NoneBlack boxT2Db

Includes a contextualizer that
highlights words in reported di-
mensions, low learning curve,
low runtime, accurate estimation
of prevalence of negative versus
positive sentiment, fair agree-
ment with manual codes, accept-
able discrimination

May misclassify sarcastic com-
ments as false positives and short
comments as false negatives.

Academic license:
US $55 (1-year li-
cense) US $129 (3-
year license)

NoneRule-based dictio-
nary across multiple
LIWC dimensions

LIWCd_tone

Low runtime through the OpenAI
API can provide reasoning for
classification

Requires prompt design, might
not be consistent between itera-
tions, may not be responsive due
to high API usage, poor agree-
ment with manual codes, inaccu-
rate estimation of prevalence of
negative vs positive sentiment,

low MCCe may code sarcastic
comments as false positives, hal-
lucination possible.

US $20/monthNoneLarge language
model

ChatGPT 4.0

aVADER: Valence Aware Dictionary for Sentiment Reasoning.
bT2D: TEXT2DATA.
cAPI: application programming interface.
dLIWC: Linguistic Inquiry and Word Count.
eMCC: Matthews correlation coefficient.

Discussion

Principal Findings
This study involved a comparison of manual sentiment coding
to 4 automated sentiment analysis methods, namely VADER,
T2D, LIWC_tone, and ChatGPT 4.0. We aimed to assess the
efficacy of these sentiment analysis techniques in categorizing
comments as either positive or negative sentiment in YouTube
comments.

YouTube and other social media platforms are valuable
repositories of comments and reviews on topics relevant to
various organizations and stakeholders, such as businesses,
public policy analysis, and politicians. Our corpus, comments
on the US opioid crisis, was manually analyzed to reveal the
struggles of opioid epidemic victims, their families, and
communities, the issues of value to health policy analysis [33].
Like many other datasets of interest to social media researchers,

it was skewed toward negative sentiment (7:1) and contained
relatively few positive comments. Social media discussions
often lean in the negative direction, such as Facebook posts on
vaccine hesitancy [42] or long Covid discussions on Twitter
(rebranded as X) [43]. Moreover, identifying social media
content with negative effects is particularly valuable because it
is more likely to be shared than positive content [44,45].

Our analysis showed that accurate positive sentiment
classification can be important and policy-relevant when applied
to negatively skewed data. The discussion of the opioid epidemic
was primarily about human suffering but it was not all negative.
Some YouTube users, for example, praised kratom as a means
of overcoming opioid addiction. A subset of comments
highlighted positive experiences of overcoming addiction and
mixed reactions to health policies, such as safe injection sites
and marijuana legalization. Marijuana, for example, can be
discussed as a gateway drug (negative sentiment) and also from
a harm reduction perspective as a substitute for opioids and
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other harmful street drugs (positive sentiment). Classifying the
data by sentiment enables researchers to explore diverse
perspectives of the digital public, potentially leading to health
policy insights. Given the importance of sentiment analysis in
unbalanced datasets, this study offers valuable guidance for
social media researchers on the pros and cons of several
available methods.

Overall, VADER performed best on the ROC curve analysis,
demonstrating excellent discriminatory capabilities compared
with LIWC tone (acceptable) and T2D (acceptable). VADER’s
performance improved when short comments were excluded,
a finding that verified VADER’s sensitivity to text length
suggested by Nair et al [18] and Tymann et al [19]. However,
the ROC analysis has limitations when applied to data with an
unbalanced count of negative and positive comments. Also, it
could not be computed for binary ChatGPT 4.0 data. LIWC
tone performed better than other automated models when
estimating the prevalence of negative and positive sentiment in
our data.

A comparison of Cohen κ values indicated that the NLP models
(VADER, followed by LIWC and T2D) showed only fair
agreement of manual coding, whereas ChatGPT 4.0 had poor
agreement. While all models performed better than chance when
predicting the dominant class, leading to higher precision, their
level of agreement with manual coding is not exceptionally
high. Moreover, variations in accuracy, specificity, precision,
and sensitivity (recall), F1-score, and MCC did not suggest a
single superior model. All models evaluated had relatively low
F1–scores, which serve as overall prediction performance
measures that combine precision and recall. F1-score was below
50% for all automated models and especially low for ChatGPT
4.0. The same pattern was observed for MCC: none of the
models resulted in a significant correlation (T2D’s value was
the highest at 0.30), but ChatGPT 4.0 performed the worst.
While we cannot endorse a particular best model, our analysis
suggests caution when using ChatGPT 4.0 to classify sentiment
in an unbalanced dataset.

A total of 5 sets of instructions were uploaded to train ChatGPT
4.0 to conduct sentiment analysis, incorporating the codebook
used by manual coders. The file upload process could have been
more convenient, and 2 out of 3 attempts resulted in errors
during file reading. LLM sentiment analysis was only accessible
through a paid subscription, as the free version could not handle
uploading and coding thousands of comments or formatting the
results for further statistical analysis and comparison. Despite
this, ChatGPT 4.0, like NLP models, seemed to rely on
identifying words labeled as positive or negative in the codebook
to classify comments, which might have led to misclassifications
of sarcastic comments.

ChatGPT 4.0 outperformed the NLP models as an LLM in only
2 measures: accuracy and precision. It required specific coding
instructions expressed as prompts, which we derived from the
manually created codebook. Even though the same codebook
was used for manual coding and designing ChatGPT 4.0
prompts, their level of agreement could have been better.
Considering generation failures, poor agreement with manual
coding, and the need for a paid subscription, ChatGPT 4.0 may

be different from the model of choice for social media
researchers looking to perform sentiment analysis on unbalanced
datasets. Our comparison of ChatGPT 4.0 to 3 NLP models
indicated that the general-purpose LLM has yet to surpass the
performance of traditional NLP models, at least for unbalanced
datasets with highly prevalent (7:1) negative comments.

Across all models, false negatives were associated with
discussions on the legalization of marijuana and the observed
reduction in mortality in states with more permissive drug
policies. The primary issue with NLP models may stem from
their reliance on pre-existing dictionaries to classify sentiment
in a way that is not target specific. They cannot interpret the
nuances of certain words within specific contexts the way a
human can. To mitigate this, LIWC-22 and similar NLP models
may require the creation of tailored dictionaries to better grasp
the particular meanings of words in relevant contexts. Even
then, NLP models may never be able to differentiate between
negative statements of fact and negative sentiment with a
specific target.

Not only NLP models but perhaps also LLM, tended to link any
drug-related vocabulary with negative sentiment, failing to
consider the context or nuance, particularly in discussions about
overcoming the opioid crisis. This highlights a significant
limitation of dictionary-based NLP models: their inability to
accurately classify positive comments or recognize positive
aspects of complex, contentious discussions compared with the
accuracy of manual coding. Misclassification was observed for
comments with sarcasm, leading models to mistake feigned
empathy for genuine concern. Sentiment classification is
complex and requires a deep understanding of the issues to
interpret social media discourse accurately.

Manual coding remains the most reliable method for detecting
sentiments when analyzing complex topics on social media,
especially for unbalanced datasets. In addition to being
time-intensive, it has other limitations. According to
Krippendorff [46], texts often have multiple meanings. Manual
coding is an interpretive process that may only sometimes match
the commenter’s intent, even when there is a good interrater
agreement. On the other hand, automated sentiment
classification may not consistently align with human judgments
due to sentiment’s inherently subjective and context-dependent
nature, lowering reliability [47]. Fair reliability can be
considered appropriate in cases involving complex or subjective
tasks, exploratory research, resource constraints, qualitative
analysis, or research contexts where a high level of agreement
is not a primary objective [47]. Researchers must carefully
weigh the trade-offs between achieving higher reliability and
the practical constraints specific to their research.

Future research should explore whether general-purpose and
fine-tuned LLMs and NLP models demonstrate comparable
discriminatory performance in social media samples where
positive comments are more prevalent than negative ones.
Researchers should also test different methods for prompting
general-purpose LLMs to follow complex manual codebook
instructions.
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Conclusions and Recommendations
We offer suggestions for VADER, T2D, LIWC tone, and
ChatGPT 4.0 applications in the semantic classification of social
media, specific to an unbalanced dataset with a high prevalence
of negative comments. None of the automated models emerged
as a clear leader. With caution, we recommend a no-cost tool,
VADER, due to its excellent discrimination, according to our
ROC curve analysis, which improves when the comments are
at least 100 characters long. VADER requires some
programming skills and may underestimate the prevalence of

negative comments in unbalanced datasets. LIWC tone may be
useful for social media researchers studying negative emotions,
public worries, or dissatisfaction when they need to accurately
estimate the prevalence of positive versus negative comments
in their datasets. Researchers using T2D must know that it may
only score some data and, compared with other NLP methods,
can be time-consuming and cost prohibitive. ChatGPT 4.0 did
not demonstrate superior performance. While the use of
general-purpose LLMs is promising, it remains to be determined
how to translate manual codebook instructions into prompts
best to achieve superior classification results.
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Abstract

Background: Social media has become a widely used way for people to share opinions about health care and medical topics.
Social media data can be leveraged to understand patient concerns and provide insight into why patients may turn to the internet
instead of the health care system for health advice.

Objective: This study aimed to develop a method to investigate Reddit posts discussing health-related conditions. Our goal was
to characterize these topics and identify trends in these social media–based medical discussions.

Methods: Using an initial query, we collected 1 year of Reddit posts containing the phrases “get tested” and “get checked.”
These posts were manually reviewed, and subreddits containing irrelevant posts were excluded from analysis. This selection of
posts was manually read by the investigators to categorize posts into topics. A script was developed to automatically assign topics
to additional posts based on keywords. Topic and keyword selections were refined based on manual review for more accurate
topic assignment. Topic assignment was then performed on the entire 1-year Reddit dataset containing 347,130 posts. Related
topics were grouped into broader medical disciplines. Analysis of the topic assignments was then conducted to assess condition
and medical topic frequencies in medical condition–focused subreddits and general subreddits.

Results: We created an automated algorithm to assign medical topics to Reddit posts. By iterating through multiple rounds of
topic assignment, we improved the accuracy of the algorithm. Ultimately, this algorithm created 82 topics sorted into 17 broader
medical disciplines. Of all topics, sexually transmitted infections (STIs), eye disorders, anxiety, and pregnancy had the highest
post frequency overall. STIs comprised 7.44% (5876/78,980) of posts, and anxiety comprised 5.43% (4289/78,980) of posts. A
total of 34% (28/82) of the topics comprised 80% (63,184/78,980) of all posts. Of the medical disciplines, those with the most
posts were psychiatry and mental health; genitourinary and reproductive health; infectious diseases; and endocrinology, nutrition,
and metabolism. Psychiatry and mental health comprised 26.6% (21,009/78,980) of posts, and genitourinary and reproductive
health comprised 13.6% (10,741/78,980) of posts. Overall, most posts were also classified under these 4 medical disciplines.
During analysis, subreddits were also classified as general if they did not focus on a specific health issue and topic-specific if
they discussed a specific medical issue. Topics that appeared most frequently in the top 5 in general subreddits included addiction
and drug anxiety, attention-deficit/hyperactivity disorder, abuse, and STIs. In topic-specific subreddits, most posts were found
to discuss the topic of that subreddit.

Conclusions: Certain health topics and medical disciplines are predominant on Reddit. These include topics such as STIs, eye
disorders, anxiety, and pregnancy. Most posts were classified under the medical disciplines of psychiatry and mental health, as
well as genitourinary and reproductive health.

(JMIR Form Res 2025;9:e55309)   doi:10.2196/55309
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Introduction

Background
With over 3.8 billion people regularly sharing information about
their lives on social media platforms [1], social media has
become a ubiquitous part of daily life. In addition to building
relationships with other people, social media helps users find
information on disciplines that they are concerned about or
interested in. Social media platforms have become a commonly
used way to discuss problems and seek advice [2-4].

Given its prevalent use, social media content may provide
insight into individual attitudes and opinions about health. The
anonymous nature of certain social media platforms allows
users to choose to discuss potentially embarrassing subjects
without an expectation of privacy. Deidentified information can
be used for research purposes to understand social behavior as
it is impossible to associate a specific comment with a single
person.

Analysis of social media content has other strengths compared
to more traditional methods such as surveys. For example,
surveys may be influenced by social desirability bias, and
respondents may not be as open when discussing sensitive or
potentially embarrassing conditions [5] such as drug use or
sexually transmitted infections (STIs). Several studies have
demonstrated that internet-based platforms can circumvent or
mitigate this limitation. For example, as Google search history
reflects an active process (seeking information) rather than
stated beliefs, it may be more accurate than surveys for some
stigmatized beliefs in particular [6]. People have a variety of
motivations for using social media, including information
seeking, information sharing, and expression of opinion [2].
While previous work has also shown that online content
becomes more shared, or viral, when it invokes strong, activating
emotions, either positive or negative [7], some studies have
suggested that individuals may be more honest with sharing
their thoughts online.

An advantage of the use of social media to learn about people’s
behaviors and sentiments is that we can obtain large volumes
of data in a short period and user-generated content can be
processed quickly [8,9]. Social media websites count among
the most trafficked ones in the United States. Facebook is the
6th most popular website in the United States at the time of
writing, Reddit is the 7th, Instagram is the 18th, and Twitter
(subsequently rebranded X) is the 33rd. The variety of topics
discussed on social media is wide-ranging, and these topics
include information about people’s health concerns as users can
pose and answer questions about health-related conditions on
internet forums.

Reddit has over 270 million monthly users [10,11] who can
post first-person accounts of illness and interactions with the
health care system and leave comments on other users’ posts
about their experiences with similar illnesses. At the time of

writing, Reddit ranks 17th in global engagement [12]. In
addition, 42.8% of Reddit site traffic comes from search engines
rather than direct visits to the site. For comparison, only 12.4%
of Twitter traffic comes from searches, which may mean that a
greater proportion of visits to Reddit comes from internet users
doing a general search for information rather than choosing to
go to a specific website. Therefore, many internet users reach
Reddit from search engines, making the site an important source
of information to both Reddit users and nonusers.

While the spectrum of discussion about health on social media
is broad, studies of sites such as Reddit, Twitter, and Facebook
have been able to examine disease- and health concern–specific
discussions. This includes detection of opioid addiction based
on Twitter posts [13] and discussion of colorectal cancer, breast
cancer, and diabetes through analysis of Twitter posts and
Facebook groups [14]. One study also categorized user data
from Twitter posts into 4 specific disease-related topics: flu,
depression, pregnancy, and eating disorders [15]. Other studies
on Reddit have sought to detect depression [16], detect
suicidality among opioid users [17], and characterize weight
loss discussions [18]. These works have demonstrated the ability
to select specific topics from social media data and draw
conclusions about how these topics are encountered in the social
media sphere. Multiple studies have characterized language
markers to evaluate discussions on medical topics, giving each
medical topic a unique pattern of markers [19]. In all, each
medical topic can be thought of as having a social media “gene”
that conceptualizes it as having a recognizable identity on social
media that can be tracked and analyzed [20].

The specific system architecture and features of different social
media platforms make each more optimally suited for different
types of studies (Table 1). For example, differences in
information organization, post length, and rules for content
creation can influence the analysis. The use of Reddit, for
example, is well suited for evaluation of stigmatized topics and
topic-based conversations. On Reddit, posts are organized into
groups by topic, and users can interact through specific forums,
called subreddits, to find discussions related to the subject they
are interested in. A post’s visibility in a subreddit is determined
by user upvotes and downvotes. In addition, posts may be
removed by moderators if they violate subreddit-specific
community rules [21]. Therefore, subreddits are a dedicated
space for people to address a topic with the expectation of
pertinent discussion. Previous work has noted that the
topic-based organization of Reddit content is appropriate for
studying specific health topics in greater detail [22].
Furthermore, some subreddits are question and answer–based.
On the subreddit r/askdocs, users can seek answers about
medical topics from health professionals who have been verified
by subreddit moderators. While these subreddits do not coalesce
around a certain topic, they allow users to ask questions to
content experts anonymously, a function difficult to find on
other social media platforms.
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Table 1. Comparison of select social media platforms by content, organization, level of anonymity, moderation, and number of articles on PubMed.

FacebookTwitterReddit

No limit280-character limit40,000-character limitContent length

Often based on real-life connec-
tions

On the basis of accounts that a user follows;
users can search for common themes using
hashtags

Users search for posts of interest; posts
organized in topic-based subreddits

Content organization and
sharing

Real-name culture encouragedMay or may not be anonymousMay be completely anonymousAnonymity

Platform moderatedPlatform moderatedUser moderated; subreddits have content
guidelines

Moderation

50305769277PubMed articles, N

Despite discussion forums such as Reddit having features that
distinguish them from platforms such as Twitter and Facebook
in important ways, comparatively little research has been
conducted investigating health beliefs and discussions on Reddit.
A number of text analysis studies on social media platforms
have been conducted—at the time of writing, there are 5769
articles on PubMed discussing Twitter and 5030 about
Facebook. However, only 277 articles have been published
discussing Reddit [23]. For an internet user searching for
information on a specific subject, Reddit represents a useful
starting point because of its topic-focused organization.

Objectives
We report a text analysis of health concerns and topics reflected
in users’ Reddit posts during 2019. Given the previous studies
on using social media to study health and medicine, we wanted
to continue this work while looking at medical topics on another
platform. In addition to the relative lack of study compared to
other social media platforms, we chose to investigate Reddit
because it has features that differentiate it from heretofore more
frequently studied social media platforms: specific, topic-based
discussions; greater anonymity; and user moderators. We wanted
to capture posts from a variety of health-relevant subreddits
discussing seeking or receiving testing and diagnostic advice.

Methods

Ethical Considerations
The RAND Corporation was consulted regarding institutional
review board approval. The RAND Human Subject Protection

Committee (the RAND Institutional Review Board) determined
that the project did not involve human participants as defined
by the regulations of Title 45 of the Code of Federal Regulations
Part 46.102(f) and, therefore, was not subject to further review.
We did not explicitly obtain a waiver of informed consent;
however, the determination of the absence of human participants
implies a waiver of the need for documented informed consent.
In addition, all data were anonymous, and obtaining informed
consent would require identifying individuals, which would
also be a violation of the Reddit terms of service.

Overview
We conducted our analysis in 4 steps (Figure 1) designed to
balance false positives and false negatives. In step 1, we
developed and refined a query to obtain posts about medical
testing and advice about seeking diagnoses. In step 2, topics
were created to classify the posts. Subreddits that clearly
contained irrelevant posts were identified and excluded to
improve the efficiency of the topic creation process. In step 3,
posts assigned to the developed topics were reviewed, and the
keywords used for topic assignment were refined. The process
for identifying subreddits with relevant posts to be included in
the analysis was refined as well. In step 4, keywords were used
to do a final automatic assignment to a set of posts from a
12-month period. The 4 steps are shown in more detail in Figure
2 and are described in the following sections.

Figure 1. Overview of analysis steps—the overall methodology for gathering posts, creating topics, and automatically assigning posts to topics.
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Step 1: Query Creation and Refinement
First, we captured posts from Reddit that were relevant to testing
and diagnosis. We developed a query in Crimson Hexagon’s
Monitor application programming interface to obtain posts that
contained variations of the phrases “getting tested” or “getting
checked out” and excluded posts from subreddits that would be
unlikely to be relevant to medicine or health care (Figure 2A
and Table S1 in Multimedia Appendix 1). The query run was
as follows: “((get OR got) AND ((test AND tested)OR(check

OR checked)) AND for)~4” (Figure 2A). Posts gathered using
this query included either the words “get” or “got” in
conjunction with “test,” “tested,” “check,” or “checked”
appearing within 4 words of each other. The posts collected
were created between January 1, 2019, and December 31, 2019,
and included the text content of the post, its title, and its date.
A post could be the body of text created by the original poster
or a comment from a user on an original post. In both cases, the
content of a post during our analysis included the title of the
original post to provide additional context.

Figure 2. Detailed flow diagrams of analysis steps 1 to 4. (A) Step 1: selection of Reddit posts. Posts from January 1, 2019, to December 31, 2019,
were considered in this study. (B) Step 2: identification of topic keywords. Topics were manually created from three 100-post samples, and keywords
were assigned to each topic. (C) Step 3: topic assignment. Topics were manually assigned to additional 100-post samples based on the topic keyword
file. (D) Step 4: automatic assignment of posts for analysis. The algorithm using the final topic keyword file was run on 78,980 posts chosen from the
overall corpus of 347,130 posts.

To limit our false-positive rate, we first excluded subreddits
tabulated on r/listofsubreddits (accessed November 18, 2019)
that would be most irrelevant to health-related discussions
(Table S1 in Multimedia Appendix 1). Posts not from these
subreddits were included in the topic creation step.

Step 2: Topic Creation
In this step, we manually read through 100 posts and labeled
each with a de novo topic (Figure 2B). Topic creation was
guided by the existing taxonomy in the International
Classification of Diseases, 10th Revision (ICD-10) [24]. Topics
were sorted into medical disciplines to optimize the analysis by
clustering topics into larger groups.
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These disciplines corresponded to chapter titles in the ICD-10.
We then designated keywords that corresponded to each of these
topics. For example, for the topic of STIs, keywords included
“antibiotics,” “gonorrhea,” “chlamydia,” and “bacterial
vaginosis.” Additional keywords were chosen from the
corresponding article topic on UpToDate (Wolters Kluwer N.V.)
[25], a reference for health care providers covering the diagnosis,
pathophysiology, and treatment of a broad spectrum of medical
conditions. In addition, several topics related to the health care
system but not to a disease or topic were created, such as
medical billing. Finally, for posts that did not fit with any of
the aforementioned topics, a nonmedical topic was devised.
Posts that corresponded to an existing topic were assigned to
that topic.

The topics and disciplines that we formulated corresponded to
the diagnoses and chapters in the ICD-10. A list of topics with
their corresponding category is available in Table S2 in
Multimedia Appendix 1. This categorization system is similar
to the categorization of diseases and topics that health care
providers follow. Therefore, our topics and medical disciplines
were validated by an existing and accepted hierarchy of disease
classification. We chose to use the ICD-10 over other controlled
vocabulary systems such as the Medical Subject Headings
thesaurus of the National Library of Medicine and the Logical
Observation Identifiers Names and Codes database because the
ICD-10 is the system that most physicians are in contact with
and is the most targeted at covering the diagnosis of diseases.
In contrast, the Medical Subject Headings thesaurus is a broader
system for indexing publications that encompasses anatomy,
organisms, and drugs, among many other topics.

During this process, additional irrelevant subreddits and terms
were excluded from the query. In total, 3 iterations of keyword
selection, each performed on a 100-post set, were completed.
This generated our initial topic keyword file.

Step 3: Topic Refinement and Determination of
False-Positive Rate as Means of Validating Topic
Assignment
To begin automatically assigning topics to posts (Figure 2C),
we created a script in R (R Foundation for Statistical
Computing) that first put each post into tidy format using the
tidyverse package [26]. The script then assigned a single topic
to each post based on words found in the post and on the
keyword file. With further manual analyses of more posts, we
added more keywords to each topic with the goal of improving
future topic assignment in later iterations.

We read through 100-post samples to add additional keywords
to topics. After each run, we manually validated the accuracy
of the topic assignments and iterated through this review process
for 15 runs. Our topic assignments were reviewed by SAN and
GC. Keyword classifications were reviewed by SAN and GC,
as well as by MF and JW, 2 clinical pathologists. Accuracy was
determined by reading the title and content of the posts and
determining whether the topic captured the essence of the post.
Topic assignment was designated as either correct or incorrect.
We maintained objectivity by blinding the topic reviewer to
each post’s topic as assigned by the script before manually

assigning a topic to that post. An example of a post and its
assigned topic is as follows:

POST: I find that when I go through bouts of anxiety
the mornings are usually the hardest, no appetite,
tired etc, but as the day goes on I find I feel better,
even to the extent by evening time I feel “normal.”

ASSIGNED TOPIC: Anxiety

We then determined how many posts’ topics had been correctly
assigned per run and calculated an accuracy rate. During this
process, we improved our script by allowing multi-word
keywords and lemmatizing keywords. In addition, more
subreddits were excluded to improve accuracy (Table S3 in
Multimedia Appendix 1).

In addition, our algorithm excluded irrelevant posts based on
irrelevant terms and subreddits determined in step 2. During
the manual review process, we reviewed which posts were
determined to be irrelevant by the algorithm to determine the
accuracy and efficacy of using those exclusion methods [27-29].
Then, in each iteration, we calculated the false-positive rate,
defined as the number of relevant posts divided by the total
number of posts subtracted from 1 [30].

Posts were defined as relevant to health care if the main subject
of the post related to seeking a diagnosis for a medical condition,
discussion of treatment and management of a medical condition,
or medical billing. An example of such a post is as follows:

Licensed skincare practitioner here. Get it checked.
SKs [seborrheic keratoses] can itch and flake. Also
may be BCC.

An example of an irrelevant post is as follows:

Him going around checking if his wife cleaned
properly is not something that should be
rationalised....

Step 4: Analysis of Reddit Data From January 1, 2019,
to December 31, 2019, and Subreddit Analysis
To restrict our final analysis to posts mostly likely to be relevant
to health-related discussion, we further limited the posts in the
final analysis to those from certain subreddits. We specifically
selected the 77 health-related subreddits posted on
r/listofsubreddits and manually read through these subreddits
to check for relevance to health discussions. In addition, we
chose 10 subreddits with the most posts from our data sample
to gather a broad range of Reddit discussion and another 8
health-related subreddits not posted on r/listofsubreddits that
we determined contained relevant posts. In total, we obtained
95 subreddits.

We used the topic keyword file to automatically assign topics
and medical disciplines to the set of Reddit posts that matched
the query described previously (Figure 2D). Of note, we found
that only posts from 89% (85/95) of the subreddits were assigned
to a topic, indicating that the other 10 subreddits did not contain
any health-related discussion as determined by the algorithm.
We manually read through 300 posts to determine the accuracy
rate. The topic assignments then underwent further analysis to
determine the distribution of topics and medical disciplines,
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distribution of posts in subreddits, and distribution of topics in
each subreddit. Finally, we selected quotes from our quantitative
results to provide human-relatable insights that illustrated what
was discussed in each discipline, as previously done in other
social media–mining research [27,31,32].

Results

Step 1: Determination of Relevant Posts, Subreddit
Limitation, and Query Refinement
In total, 347,130 posts from January 1, 2019, to December 31,
2019, were downloaded from Reddit. Of those 347,130 posts,
109,653 (31.59%) belonged to subreddits that were determined
to be irrelevant, and 237,477 (68.41%) came from relevant
subreddits. Irrelevant subreddits were found to be those
pertaining to games, popular media, and technology (Table S1
in Multimedia Appendix 1).

In step 1 (Figure 2A), the exclusion of irrelevant subreddits
from our query decreased the false-positive rate of irrelevant
posts from 59% to 29% (calculated from a random sample of
100 posts). We did not attempt to further decrease the
false-positive rate in this step to avoid overexcluding subreddits
and posts in the manual review step.

Steps 2 and 3: Topic Creation and Validation
A total of 82 topics were created through the inductive workflow
outlined previously and sorted into 17 medical disciplines. Each
topic was assigned to only 1 medical discipline. We validated
our choices of topics and medical disciplines by comparing
these categorizations to the diseases and medical topics
delineated in the ICD-10. Of the 82 topics we created, 80 (98%)

had a corresponding topic in the ICD-10; the exceptions were
the medical billing and nonmedical topics. The accuracy of the
topic assignments in this step was 56.3% (SD 4.92%; SEM
4.62%).

Step 4: Topics and Medical Disciplines
In step 4, subreddits to include in the final analysis were
identified. While our objective in step 1 was to reduce the
false-positive rate without being too restrictive (eliminating
only subreddits least likely to contain medical discussion), our
objective in this step was to keep only subreddits most likely
to contain medical discussions. In total, 95 subreddits were
chosen. These subreddits contained 78,980 posts.

Limiting posts to only relevant subreddits further decreased the
false-positive rate from 29% to 15.5%. The accuracy rate in this
step was 62.5% (SD 1.59%; SEM 0.793%), which was higher
than in steps 1 and 3. Therefore, limiting posts to mainly
medically relevant subreddits improved the relevance and
accuracy compared to only excluding irrelevant subreddits.

The relative frequency of each topic was calculated (Figure 3).
STIs, eye disorders, anxiety, and pregnancy had the highest
frequency at 7.44% (5876/78,980), 5.6% (4423/78,980), 5.43%
(4289/78,980), and 5.09% (4020/78,890) of all posts,
respectively. Interestingly, 10 topics had a 0% relative
frequency: asthma, body dysmorphic disorder, cystic fibrosis,
dementia, gestational diabetes, infectious mononucleosis, Lyme
disease, testicular cancer, thyroid (unspecified), and vaccination.
Nonmedical posts made up 3.87% (3057/78,890) of all posts.
If including the nonmedical topic, 80% (63,184/78,890) of posts
were categorized within the first 34% (28/82) of topics. The
mean relative frequency of all topics was 1.22% (SD 0.15%).

Figure 3. Relative frequency of all topics in descending order as determined by the topic assignment algorithm. The cumulative frequency of all topics
is also shown. ADHD: attention-deficit/hyperactivity disorder; HPV: human papillomavirus; LGBTQ: lesbian, gay, bisexual, transgender, and queer;
PCOS: polycystic ovary syndrome; PTSD: posttraumatic stress disorder; STI: sexually transmitted infection.

As 34% (28/82) of the topics comprised 80% (63,184/78,890)
of posts, this points to a skewed distribution of topics. In total,
61% (17/28) of those topics belonged to the top 4 medical
disciplines (psychiatry and mental health; genitourinary and

reproductive health; infectious diseases; and endocrinology,
nutrition, and metabolism).

Topics were grouped into 17 broader medical disciplines (Table
2) based on the categorization scheme of the chapter codes in
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the ICD-10, as described previously. The most discussed
disciplines were psychiatry and mental health; genitourinary
(related to the urinary and reproductive systems) and
reproductive health; infectious diseases; and endocrinology,
nutrition, and metabolism, whose posts, respectively, constituted
26.6% (21,009/78,980), 13.6% (10,741/78,980), 8.95%
(7069/78,980), and 8.91% (7037/78,980) of all analyzed posts.
Psychiatry and mental health comprised most posts.

Interestingly, most of the other medical disciplines were
discussed with similar relative frequencies. The next most
common medical discipline was hematology and immunology
with a 5.88% (4644/78,890) relative frequency. The medical
discipline with the lowest relative frequency was otolaryngology
(related to medicine dealing with the ear, nose, and throat) at
0.57% (450/78,890).

Table 2. The relative frequency of the broader medical disciplines, into which the medical topics were sorted, shown in descending order.

Relative frequencyMedical discipline

0.266Psychiatry and mental health

0.136Genitourinary and reproductive health

0.0895Infectious diseases

0.0891Endocrinology, nutrition, and metabolism

0.0588Hematology and immunology

0.0572Ophthalmology

0.0476Musculoskeletal and connective tissue conditions

0.0426Gastroenterology

0.0410Dermatology

0.0387Nonmedical

0.0373Neurology

0.0353Cardiovascular

0.0183Pulmonology

0.0160Medical; other

0.0157Neoplasms

0.0095Dentistry

0.0022Otolaryngology

The most common topics in the 4 most discussed medical
disciplines are shown in Table 3. Within the medical discipline
of psychiatry and mental health, the 3 most common topics were
anx ie ty,  add ic t i on  and  d rug  use ,  and
attention-deficit/hyperactivity disorder (ADHD) with relative
frequencies of 20.42% (4289/21,009), 17.3% (3635/21,009),
and 15.1% (3172/21,009), respectively. In the medical discipline
of infectious diseases, the most common topic by a significant
margin was STIs, making up 83.12% (5876/7069) of infectious
disease posts. HIV and influenza made up 11.01% (778/7069)

and 3.3% (233/7069) of posts, respectively. In genitourinary
and reproductive health, pregnancy was the most common topic,
comprising 37.43% (4020/10,741) of genitourinary and
reproductive health posts, followed by menstrual cycle
(1665/10,741, 15.5%) and male reproductive health (591/10,741,
5.5%). Finally, posts within the medical discipline of
endocrinology, nutrition, and metabolism were more evenly
distributed across topics. Hypothyroidism had the greatest
number of posts (2013/7037, 28.61%), followed by vitamins
(1534/7037, 21.8%) and diabetes (1316/7037, 18.7%).
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Table 3. Relative frequency of topics on Reddit, as determined by our algorithm, within medical disciplines. The breakdown of the relative frequency
of topics in the 4 most prevalent medical disciplines is as follows: psychiatry and mental health; genitourinary and reproductive health; infectious
diseases; and endocrinology, nutrition, and metabolism. The medical disciplines are also shown in descending order by prevalence.

Relative frequencyMedical discipline and topic

Psychiatry and mental health

0.203Anxiety

0.169Addiction and drug use

0.151ADHDa

0.139Obsessive-compulsive disorder

0.094Abuse

0.087PTSDb

0.079Depression

0.031Alcoholism

0.010Autism

0.0090Psychiatry

0.0085Tobacco use

0.0051LGBTQc health

0.0015Body dysmorphic disorder

0.0013Dementia

Genitourinary and reproductive health

0.376Pregnancy

0.160Menstrual cycle

0.088Male reproductive health

0.081Testosterone use

0.068Urinary tract infection

0.053HPVd

0.044Miscarriage

0.042Female reproductive health

0.035Endometriosis

0.028Benign prostatic hypertrophy

0.024Nephrology; unspecified

0Gestational diabetes

0Testicular torsion

Infectious diseases

0.831STIse

0.118HIV

0.039Influenza

0.013Measles

0Infectious mononucleosis

0Lyme disease

0Vaccination

Endocrinology, nutrition, and metabolism

0.286Hypothyroidism

0.216Vitamins
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Relative frequencyMedical discipline and topic

0.188Diabetes

0.178Dieting

0.078PCOSf

0.029Bodybuilding

0.022Obesity

0.002Hyperthyroidism

0.001Endocrinology

0Thyroid; unspecified

aADHD: attention-deficit/hyperactivity disorder.
bPTSD: posttraumatic stress disorder.
cLGBTQ: lesbian, gay, bisexual, transgender, and queer.
dHPV: human papillomavirus.
eSTI: sexually transmitted infection.
fPCOS: polycystic ovary syndrome.

Posts per Subreddit
Of the 95 subreddits identified in step 4, a total of 10 (11%) did
not contain any posts that were assigned to our topics and were
excluded, leaving 85 final subreddits. These 85 subreddits
contained 78,980 posts (Table 4). The subreddits with the most
posts were those that we describe as general, or
non–topic-specific, subreddits. The top 10 subreddits with the

most posts included 6 general subreddits: r/askreddit, r/askdocs,
r/amitheasshole, r/medical, r/legaladvice, and r/advice. The
most popular subreddit was r/askreddit with 26.7%
(21,086/78,980) of posts, followed by r/askdocs with 12.02%
(9496/78,980) of posts. A total of 61.93% (48,912/78,890) of
the posts analyzed were found in the top 5 subreddits by number
of posts, and 79.91% (63,112/78,890) were found in the top 15
subreddits.
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Table 4. Subreddits by number of posts analyzed showing the relative differences in the number of posts in each subreddit (N=78,980).

Posts analyzed, n (%)Subreddit

21,086 (26.7)r/askreddit

9496 (12.02)r/askdocs

5473 (6.93)r/amitheasshole

5322 (6.74)r/relationship_advice

2775 (3.51)r/relationships

2495 (3.16)r/medical

2268 (2.87)r/skincareaddiction

2227 (2.82)r/legaladvice

2150 (2.72)r/advice

1974 (2.5)r/teenagers

1876 (2.38)r/ADHD

1775 (2.25)r/babybumps

1746 (2.21)r/Testosterone

1345 (1.7)r/STD

1215 (1.54)r/Anxiety

1193 (1.51)r/Depression

1166 (1.48)r/pregnant

1102 (1.4)r/birthcontrol

966 (1.22)r/childfree

880 (1.11)r/Hypothyroidism

778 (0.99)r/fitness

741 (0.94)r/MentalHealth

699 (0.89)r/Diabetes

602 (0.76)r/Dentistry

489 (0.62)r/science

467 (0.59)r/diagnoseme

446 (0.56)r/Infertility

429 (0.54)r/SuicideWatch

410 (0.52)r/Optometry

391 (0.5)r/Ibs

376 (0.48)r/CrohnsDisease

349 (0.44)r/Cancer

318 (0.4)r/Fibromyalgia

300 (0.38)r/ChronicPain

279 (0.35)r/MultipleSclerosis

272 (0.34)r/Aspergers

235 (0.3)r/bpd

230 (0.29)r/SleepApnea

201 (0.25)r/BipolarReddit

188 (0.24)r/cfs

175 (0.22)r/askdoctorsmeeee

150 (0.19)r/askdoctors
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Posts analyzed, n (%)Subreddit

127 (0.16)r/Rheumatoid

125 (0.16)r/medicine

120 (0.15)r/Eczema

118 (0.15)r/Asthma

117 (0.15)r/InterstitialCystitis

115 (0.15)r/Nutrition

86 (0.11)r/Dementia

84 (0.11)r/askscience

80 (0.1)r/Healthcare

79 (0.1)r/StopSmoking

77 (0.1)r/Dysautonomia

75 (0.09)r/Psoriasis

72 (0.09)r/Keratoconus

59 (0.07)r/Pharmacy

52 (0.07)r/Vegetarian

48 (0.06)r/Massage

47 (0.06)r/KidneyStones

40 (0.05)r/GravesDisease

32 (0.04)r/Menieres

31 (0.04)r/Pilonidalcyst

30 (0.04)r/Posture

27 (0.03)r/Paleo

24 (0.03)r/Gastroparesis

22 (0.03)r/Hemophilia

17 (0.02)r/Psychology

16 (0.02)r/TroubledTeens

13 (0.02)r/PancreaticCancer

11 (0.01)r/Amblyopia

9 (0.01)r/LactoseIntolerant

8 (0.01)r/AlternativeHealth

7 (0.01)r/NaturalBeauty

6 (0.01)r/PublicHealth

5 (0.01)r/Transplant

3 (<0.01)r/CareGiverSupport

3 (<0.01)r/hepc

2 (<0.01)r/chd

2 (<0.01)r/Flu

1 (<0.01)r/Juicing

1 (<0.01)r/Pescetarian

1 (<0.01)r/UKHealthcare

1 (<0.01)r/Dystonia

1 (<0.01)r/ItsNeverLupus

1 (<0.01)r/MacularDegeneration
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General Subreddits Versus Topic-Specific Subreddits
Subreddits that we defined as general were those that did not
focus on a specific health topic. These 15 subreddits were
r/askreddit, r/askdocs, r/amitheasshole, r/relationship_advice,
r_relationships, r/medical, r/legaladvice, r/advice, r/teenagers,
r/fitness, r/science, r/diagnoseme, r/askdoctorsmeeee,
r/askdoctors, and r/medicine. Compared to topic-specific
subreddits, a wider variety of topics was represented in these
subreddits, and no one topic dominated over other topics in each
subreddit. We identified the top 5 topics by number of posts in
each subreddit. Among the general subreddits, these topics
comprised, on average, 41.1% of posts (SD 12.9%; 95% CI
28.2%-54%). For comparison, among topic-specific subreddits,
the top 5 topics on average comprised 70.3% of posts (SD
38.3%; 95% CI 32%-100%).

In 67% (10/15) of the general subreddits, STIs was one of the
top 5 topics (Table 5). Notably, the second most prevalent topic
in r/science was human papillomavirus, whereas the most

prevalent topic in r/healthcare (not one of the top 15 general
subreddits) was medical billing. Interestingly, we also noted
that the top 5 topics in r/askreddit, which is not specifically
targeted toward health issues, were musculoskeletal conditions,
eye disorders, ADHD, addiction and drug use, and allergies.
For comparison, in r/askdocs, the most prevalent topics were
STIs, dermatology, musculoskeletal conditions, allergies, and
anxiety. Mental health topics were common in the general
subreddits. Anxiety appeared as a top-5 topic in 53% (8/15) of
the general subreddits. In those 8 subreddits, an average of
6.27% (SD 0.017%) of all posts were assigned to the topic of
anxiety. Addiction and drug use appeared as a top-5 topic in
33% (5/15) of the general subreddits, and an average of 10.9%
(SD 5.30%) of all posts in those 5 subreddits were assigned to
that topic. On the other hand, we found that topic-specific
subreddits often had the topic of the same name as the most
assigned topic (eg, the topic of ADHD would be the most
assigned topic in the subreddit r/ADHD; Table 6).
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Table 5. The top 5 topics by number of posts in the top 15 general subreddits (subreddits without a specific health-related topic). A description of the
subreddit and the total number of posts in the subreddit are provided (N=78,980).

Top 5 topics in subredditPosts, n (%)DescriptionSubreddit

21,086 (26.7)Open question-and-answer forumr/askreddit • Musculoskeletal conditions (n=1673 posts)
• Eye disorder (n=1556 posts)
• ADHDa (n=1043 posts)
• Addiction and drug use (n=1001 posts)
• Allergies (937 n=posts)

9496 (12.02)Questions and answers with verified medical
professionals

r/askdocs • STIsb (n=748 posts)
• Dermatology; unspecified (n=646 posts)
• Musculoskeletal conditions (n=598 posts)
• Allergies (n=465 posts)
• Anxiety (n=435 posts)

5473 (6.93)Users post stories to “find out if [they] were
wrong”

r/amItheasshole • STIs (n=637 posts)
• Anxiety (n=461 posts)
• Abuse (n=400 posts)
• Nonmedical (n=353 posts)
• Pregnancy (n=334 posts)

5322 (6.74)Relationship-based discussionsr/relationship_advice • STIs (n=1190 posts)
• Abuse (n=530 posts)
• Dating (n=497 posts)
• Obsessive-compulsive disorder (n=374 posts)
• Anxiety (n=358)

2775 (3.51)Interpersonal relationship–based discussionr/relationships • STIs (n=420 posts)
• Abuse (n=390 posts)
• Obsessive-compulsive disorder (n=281 posts)
• Dating (n=248 posts)
• Anxiety (n=222 posts)

2495 (3.16)Medical question–based discussionr/medical • Dermatology; unspecified (n=235 posts)
• STIs (n=175 posts)
• Musculoskeletal conditions (n=173 posts)
• Allergies (n=151 posts)
• Eye disorder (n=114 posts)

2227 (2.82)Forum to ask “simple legal questions”r/legaladvice • Addiction and drug use (n=401 posts)
• Medical billing (n=373 posts)
• Musculoskeletal conditions (n=110 posts)
• PTSDc (n=109 posts)
• STIs (n=102 posts)

2134 (2.7)Advice forumr/advice • Obsessive-compulsive disorder (n=186 posts)
• STIs (n=184 posts)
• Anxiety (n=168 posts)
• Addiction and drug use (n=163 posts)
• ADHD (n=144 posts)

1974 (2.5)Intended for users aged 13-19 years to discuss
age-appropriate subjects

r/teenagers • Dermatology; unspecified (n=591 posts)
• ADHD (n=154 posts)
• Eye disorder (n=101 posts)
• Depression (n=91 posts)
• Anxiety (n=73 posts)

778 (0.99)Physical fitness–based discussionr/fitness • Musculoskeletal conditions (n=152 posts)
• Dieting (n=77 posts)
• Bodybuilding (n=69 posts)
• Gallbladder disorder (n=46 posts)
• Testosterone use (n=37 posts)
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Top 5 topics in subredditPosts, n (%)DescriptionSubreddit

• Addiction and drug use (n=48 posts)
• HPVd (n=29 posts)
• Anxiety (n=27 posts)
• STIs (n=23 posts)
• Obsessive-compulsive disorder (n=19 posts)

489 (0.62)Forum for new scientific researchr/science

• Dermatology; unspecified (n=52 posts)
• STIs (n=42 posts)
• Allergies (n=38 posts)
• Musculoskeletal conditions (n=28 posts)
• Hypothyroidism (n=25 posts)

479 (0.61)Medical question–based discussionr/diagnoseme

• Dermatology; unspecified (n=14 posts)
• Musculoskeletal conditions (n=14 posts)
• Allergies (n=12 posts)
• Arrhythmia (n=9 posts)
• Hypothyroidism (n=9 posts)

175 (0.22)Forum for medical questionsr/askdoctorsmeeee

• STIs (n=13 posts)
• Dermatology; unspecified (n=11 posts)
• Allergies (n=8 posts)
• Anxiety (n=8 posts)
• Gallbladder disorder (n=8 posts)

150 (0.19)Forum for medical advicer/askdoctors

• Addiction and drug use (n=18 posts)
• Pregnancy (n=8 posts)
• Anemia (n=6 posts)
• Gallbladder disorder (n=5 posts)
• HIV (n=5 posts)

125 (0.16)Forum for physicians to discuss mediciner/medicine

aADHD: attention-deficit/hyperactivity disorder.
bSTI: sexually transmitted infection.
cPTSD: posttraumatic stress disorder.
dHPV: human papillomavirus.
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Table 6. The top 5 topics by number of posts in the top 15 topic-specific subreddits (describing a certain health-related topic). A description of the
subreddit and the total number of posts in the subreddit are provided (N=78,980).

Top 5 topics in each subredditPosts, n (%)DescriptionSubreddit

2268 (2.87)Broad forum to discuss skinr/skincareaddiction • Eye disorder (n=1226 posts)
• Dermatology; unspecified (n=273 posts)
• PCOSa (n=225 posts)
• Allergies (n=87 posts)
• Eczema (n=73 posts)

1746 (2.21)Testosterone replacement therapy and
testosterone levels

r/testosterone • Vitamins (n=370 posts)
• Testosterone use (n=264 posts)
• Hypothyroidism (n=171 posts)
• Pregnancy (n=105 posts)
• Anemia (n=103 posts)

1775 (2.25)Pregnancy-related discussionr/babybumps • Pregnancy (n=819 posts)
• Musculoskeletal conditions (n=69 posts)
• Anxiety (n=58 posts)
• Menstrual cycle (n=58 posts)
• STIsb (n=49 posts)

1807 (2.29)Forum for people with ADHDc to exchange
stories and strategies

r/ADHD • ADHD (n=944 posts)
• Addiction and drug use (n=199 posts)
• Obsessive-compulsive disorder (n=112 posts)
• Depression (n=91 posts)
• Anxiety (n=87 posts)

1611 (2.04)Forum to discuss STDsdr/STD • STIs (n=1158 posts)
• HIV (n=75 posts)
• Anxiety (n=54 posts)
• HPVe (n=48 posts)
• Respiratory infection (n=32 posts)

1166 (1.48)Forum to discuss pregnancyr/Pregnant • Pregnancy (n=494 posts)
• Menstrual cycle (n=92 posts)
• Hematology (n=50 posts)
• STIs (n=47 posts)
• Anxiety (n=40 posts)

1193 (1.51)Support for those struggling with a depressive
disorder

r/Depression • Depression (n=255 posts)
• Obsessive-compulsive disorder (n=236 posts)
• Anxiety (n=129 posts)
• Addiction and drug use (n=940 posts)
• ADHD (n=63 posts)

1215 (1.54)Support for those struggling with anxietyr/Anxiety • Anxiety (n=628 posts)
• Obsessive-compulsive disorder (n=165 posts)
• Arrhythmia (n=55 posts)
• PTSDf (n=53 posts)
• Eye disorder (n=31 posts)

1102 (1.4)Forum to discuss birth controlr/birthcontrol • Menstrual cycle (n=521 posts)
• Pregnancy (n=180 posts)
• STIs (n=70 posts)
• Anxiety (n=26 posts)
• Musculoskeletal conditions (n=24 posts)

966 (1.22)Forum for those who choose to not have
children

r/Childfree • Pregnancy (n=580 posts)
• Menstrual cycle (n=58 posts)
• Male reproductive health (n=32 posts)
• Abuse (n=22 posts)
• Anxiety (n=18 posts)
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Top 5 topics in each subredditPosts, n (%)DescriptionSubreddit

• Hypothyroidism (n=519 posts)
• Anemia (n=69 posts)
• Dieting (n=29 posts)
• Vitamins (n=23 posts)
• Anxiety (n=19 posts)

779 (0.99)Forum for those with hypothyroidismr/Hypothyroidism

• Obsessive-compulsive disorder (n=208 posts)
• Anxiety (n=126 posts)
• Depression (n=73 posts)
• ADHD (n=57 posts)
• Addiction and drug use (n=43 posts)

741 (0.94)Moderated forum to discuss mental health
issues

r/MentalHealth

• Dentistry (n=418 posts)
• Dermatology; unspecified (n=28 posts)
• Allergies (n=24 posts)
• STIs (n=23 posts)
• Musculoskeletal conditions (n=19 posts)

683 (0.86)Forum for dental professionalsr/Dentistry

• Diabetes (n=491 posts)
• Eye disorder (n=35 posts)
• Anemia (n=23 posts)
• Dieting (n=19 posts)
• Vitamins (n=15 posts)

702 (0.89)Forum for those living with diabetesr/Diabetes

• Pregnancy (n=110 posts)
• Menstrual cycle (n=34 posts)
• Vitamins (n=33 posts)
• Hypothyroidism (n=29 posts)
• Endometriosis (n=22 posts)

446 (0.56)Forum for those dealing with infertility for
all reasons

r/Infertility

aPCOS: polycystic ovary syndrome.
bSTI: sexually transmitted infection.
cADHD: attention-deficit/hyperactivity disorder.
dSTD: sexually transmitted disease.
eHPV: human papillomavirus.
fPTSD: posttraumatic stress disorder.

Medical Disciplines Divided by Subreddit
We also analyzed the breakdown of posts in each subreddit
differentiated by medical discipline (Figure S1 in Multimedia
Appendix 1). The relative frequency of medical disciplines in
each subreddit was calculated by dividing the number of posts
in a medical discipline by the total number of analyzed posts
in that subreddit. Our analysis showed that many subreddits
included posts about psychiatry and mental health. This mirrors
the breakdown of medical disciplines overall as most posts
belonged to that discipline. Some subreddits predominantly
contained posts belonging to other medical disciplines. In those
cases, the medical discipline often correlated with the subreddit
(eg, in r/hypothyroidism, most posts belonged to the
endocrinology, nutrition, and metabolism medical discipline).
However, most subreddits comprised posts from multiple
medical disciplines.

Discussion

Most Prevalent Medical Topics and Disciplines
By using markers of medical topics identified from broader
samples of user data to categorize social media posts into
specific diseases, previous studies have been able to predict

diagnoses using social media information [13,14,20]. We
accomplished a similar goal in our study by identifying topic
keywords and using those to assign topics to posts. From there,
our analysis revealed which disciplines were most prevalent
across Reddit. Similarly to previous studies, we also used
keywords to categorize this form of data into medical topics,
but in this case, we did this on a broader scale, sorting data into
all possible medical disciplines and generally not excluding
posts that did not meet predetermined categories.

The 4 medical disciplines with the greatest proportion of posts
were psychiatry and mental health; genitourinary and
reproductive health; infectious diseases; and endocrinology,
nutrition, and metabolism. We note the fact that psychiatry and
mental health had approximately twice as many posts as the
next highest medical discipline, genitourinary and reproductive
health (21,009/79,980, 26.6% vs 10,741/78,980, 13.6% of posts)
as another sign that discussion of mental health is common on
Reddit.

Psychiatry and mental health, as a discipline, was the most
prevalent. In addition to posts about anxiety, this medical
discipline comprised posts about depression, addiction,
alcoholism, and tobacco use. There were many posts about drug
use, drug testing at work, and how drugs would affect other
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health conditions. Overall, the medical discipline of psychiatry
and mental health emphasized the amount of concern that people
have about mental health topics and that they were willing to
discuss their issues online. The large proportion of posts being
about mental health raises the question of whether there is
insufficient access to mental health services, whether online
discussion of mental health is predominant over other health
topics because of anonymity, or both.

Within this discipline, anxiety was another medical topic that
frequently appeared, making up 5.43% (4289/78,980) of all
posts and being in the top 5 topics in both general and
topic-specific subreddits. Interestingly, anxiety was one of the
most frequent topics not only in subreddits related to mental
health but also in r/PancreaticCancer, r/STD, and r/juicing.
Anxiety is a broad topic. Posts in this topic ranged from those
about sharing experiences fighting melanoma to anxiety due to
marijuana-triggered hallucinations to broad descriptions of
“head pressure, headache, jaw pain, throat tension.” Because
the description of anxiety is open to interpretation, capturing
which posts discuss anxiety is difficult and will result in a
variety of posts that mention anxious feelings and worry, but
the main subject of the post may not necessarily be anxiety.

We note that the most prevalent medical disciplines and topics
can entail feelings of shame and embarrassment, be highly
sensitive, or evoke a need for secrecy [33-35]. STIs was the
most common topic, making up 7.44% (5876/78,980) of all
posts. STIs had a significantly higher relative frequency than
the next most common topic, eye disorders. Posts on this topic
included many situational descriptions of suspected STIs. An
example of an STI post is as follows:

[These] past couple of weeks, my girlfriend (we are
in a monogamous relationship) found out that she
was having light stringy brown discharge midway
through her period cycles...So she went to the doctor
and the doctor has prescribed her 1g Azithromycin
(one time) and a 1 week course of Metrogyl 400
gms...The doctor also adviced [sic] her that I should
take only the Azithromycin as I could have the
infection as well (no blood tests or similar were done,
the doctor did a physical examination)...

The medical discipline of endocrinology, nutrition, and
metabolism, which included posts about hypothyroidism,
vitamins, and diabetes, among others, presented an interesting
category. Posts discussed checking vitamin D levels and
supplements. However, many posts also overlapped with the
topic of pregnancy, such as checking vitamin levels during
pregnancy and hormone levels. Therefore, it was difficult to
parse whether all these posts were truly about endocrinology,
nutrition, and metabolism. We also noticed that there were posts
mentioning thyroid problems or diseases that were not specific
to hypo- or hyperthyroidism. While these posts were more often
categorized under hypothyroidism, the endocrine, nutrition, and
metabolism medical discipline more accurately captured them
under a broader category.

Overall, Reddit holds advantages over other social media
platforms because its culture trends toward anonymity. Authors
have discussed how the anonymity of communication over the

internet reduces social desirability bias and social anxiety. Users
are more disinhibited to discuss things openly [5]. Other studies
have suggested that the internet is useful for collecting
self-reports on risky health behaviors such as alcohol use, drug
use, and smoking. Respondents accurately self-reported
behaviors online, even ones that were undesirable, because of
the perception of privacy [36]. It is established that social media
sites with a culture of anonymity allow people to talk about
sensitive issues online without fear of social desirability bias.
Our study leverages that culture to gather a broader look at all
medical disciplines rather than a predetermined set of medical
topics. Our methods classified user data into those topics
iteratively and broadly into all possible medical disciplines.
Therefore, our findings expand on the literature by highlighting
the most prevalent disciplines of conversation in a platform-wide
study.

Interestingly, the top 5 topics may not be considered top health
topics by health care providers. In a recent metric published by
Blue Cross Blue Shield (Blue Cross Blue Shield Health Index),
the top 10 health topics that had the greatest impact on quality
of life in the United States did not include any of the topics that
we mentioned previously. Therefore, our study may show that
there is a different set of online topics, or it may reinforce that
mining internet data reveals a different set of health concerns
from those traditionally discussed or considered to be major
health issues.

The Distribution of Topics
The aforementioned skewed distribution of topics suggests to
us that conversation on Reddit is concentrated in a minority of
discussion topics. This correlates with our supposition that users,
when discussing health topics, overwhelmingly post about issues
related to mental health, reproductive health, and infectious
diseases, as well as endocrine, metabolic, and nutritional issues.
The relative paucity of other topics may suggest that these are
not discussed either in the general subreddits we focused on or
in the topic-specific subreddits in the selection of health-related
subreddits provided by Reddit but may be discussed in other
subreddits.

As previously noted, 10 topics had no posts assigned to them.
This meant that some topics that were created inductively during
manual post review did not have any posts assigned to them
during automatic topic assignment in the 1-year dataset. This
invites us to investigate why certain topics would not have posts
assigned to them. One reason is that posts in the subreddits
included in the final analysis may not have been assigned to
those topics. Another reason is that posts about a certain topic,
for example, vaccination, may have also discussed measles,
influenza, or human papillomavirus and, subsequently, were
assigned to other topics, such as upper respiratory infection and
STIs.

In general, users appeared more willing to talk about subjects
that would otherwise be uncomfortable to discuss in person.
This is in line with other studies that have examined how people
are more willing to talk about chronic diseases on social media.
They are also willing to share their disease experience in detail.
Previous work has found that, on certain disease-oriented
subreddits, users freely discuss disease-anatomy relationships,
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such as cancer-lymph and asthma-lung relationships. The
authors write that this openness on subreddits may stem from
a desire to find others who share their experience of the disease
[24] and users feel reassured by the subreddits’ shared
experiences.

Giving Advice
A subset of subreddits include those where users can post a
question with the expectation that a subject matter expert will
provide an answer while also being open to public input. On
subreddits such as r/askdocs and r/askdoctorsmeeee, the experts
are stated to be health professionals verified by the subreddit
moderators. In a way, these accounts are analogous to the
quantified influence described in the study by Koo et al [37]
and the power accounts in the study by Sugawara et al [38],
showing that, similarly to Twitter, medical advice about testing
and diagnosis may be heavily influenced by several accounts
on Reddit.

r/askdocs has approximately 270,000 members, whereas
r/askdoctorsmeeee currently has approximately 14,400 members.
In these subreddits, the most prevalent topics were similar to
those found in other subreddits. We believe that many people
turn to these forums for advice and that these subreddits are
representative of the kinds of conversations that users have
elsewhere on the site. However, because of the availability of
experts on certain subreddits, Reddit users may be more
discerning about the type of advice they expect to receive.

Limitations
We initially wanted to determine whether there was any
correlation between medical topics that were mentioned on
Reddit and medical tests that were mentioned on Reddit.
However, our review of the Reddit posts demonstrated that
users, in general, did not always mention specific medical tests,
instead referring or alluding to a medical condition or a broad
class of diseases, such as autoimmune diseases or STIs. At
times, the content of a post would simply talk about “something
being wrong,” making it difficult to classify into a topic.

We noted other limitations, some of which we were able to
address. Some posts were included that only had phrases such
as “you should get that checked out,” which were too vague to
categorize under any topic. However, this problem was mitigated
by using posts only from the 95 subreddits, where the frequency
of such comments was lower. This was because those select
subreddits, being more focused on their specific diseases or
topics, had fewer vague comments and tended to have more
thoughtful, directed discussion.

It is possible that keyword selection introduced bias into our
topic assignments. For example, for the topic of benign prostatic
hypertrophy, keywords included “difficulty urinating” and
“difficulty peeing,” but these keywords could have also been
applicable to a topic such as nephrology (unspecified). However,
we mitigated these biases by having multiple reviewers with
backgrounds in clinical medicine and correlating our topic
assignments with words in UpToDate. This ensured that the
keywords we chose would lead to the least overlap between
topics.

We also noted that some posts had too much jargon to be easily
classifiable into any one topic. In future studies, they should be
categorized in the nonmedical topic. Some posts, upon manual
review, covered multiple health topics. These were the most
difficult posts of all. As our algorithm did not have a way of
tagging posts with multiple topics, these posts were assigned
to only 1 topic. Future refinement of our algorithm could create
a tagging system to identify all the major topics in a post,
thereby circumventing this issue.

Future Applications
Our study provides insights into health discussions on Reddit.
Our results are generalizable to other social media platforms.
Facebook groups and Twitter hashtags allow for topic-based
forums where people can find community discussion on health
issues similarly to subreddits. Previous studies on Facebook
and Twitter topic analyses have shown that social media data
can be collected to better understand public sentiment on specific
health topics [13-15,19,39,40]. The topic analysis methods we
outlined could be applied to other social media platforms, which
may show differences in what topics are discussed. Therefore,
future platform-wide studies are needed.

We found that topics such as STIs and mental health issues are
especially prevalent. These are potentially subjects that patients
are not often discussing with their health care providers. As
previously discussed, people tend to avoid potentially
stigmatizing, embarrassing, and uncomfortable conversation
topics, and STIs and mental health often entail such feelings.
Therefore, our findings reinforce the need for health care
systems to have open discussions about these issues. Health
care providers establish a framework for these conversations
through currently available questionnaires. The Patient Health
Questionnaire–9 is a tool that providers can use to assess for
depressive symptoms and mood. Asking for a sexual history
during patient visits using the 5 P approach (partners, practices,
protection from STIs, past history of STIs, and pregnancy) is a
systematic way of starting a conversation about a patient’s
sexual history and concerns about STIs and pregnancy, topics
that were found to be prevalent in our study. In addition, prior
work has shown that, when patients seek health information
online, the patient-physician relationship can be improved if
the physician asks about this information and discusses it with
the patient [41]. Our study supports that physicians and patients
should discuss health information that the patient finds online.

Health-related discussions on social media and their effects on
health policy remain an active area of research. Broadly,
health-related discussions on social media have been cited as a
potential impactor on disease surveillance and health care policy,
practices, and delivery [42,43]. More recently, the relationship
between social media and health policies has been extensively
discussed in contexts such as COVID-19 [39,40,44] and mental
health [45-49]. Further studies on the impact of social media
on health interventions and health outcomes are needed [40]. It
has been suggested that social media can play a role in health
policy beyond increasing awareness of health issues [50]. Given
the volume and wide variety of health topics discussed on
Reddit, future health policies may need to address prevalent
beliefs promulgated by health-related discussions on social
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media sites. Guarding against health misinformation remains
an important issue on social media and an active area of study
[51-53]. Therefore, we support policies that encourage informed
use of social media and discourage the spread of misinformation.
Governance and education about obtaining health information
online is crucial.

Conclusions
To investigate how people use Reddit to talk about seeking
medical advice, we conducted a targeted review of posts that
talked about “getting tested” and “checked out.” Using an
inductive approach to sort these posts into different medical
topics, we found that discussion centered on several medical
topics. They were further grouped into medical disciplines, and
the infectious disease, reproductive, mental health, and
endocrine categories had the greatest prevalence.

Reddit proved to be conducive to gathering information on what
people discuss when talking about getting checked or tested.
We took a platform-wide approach to this study, aiming to
examine posts from a spectrum of subreddits related to health
care and medicine. We believe that this approach is unique as
it aimed to classify posts into all possible medical disciplines.
In addition, based on our review of the literature, this is also

one of the few studies conducted on Reddit to understand health
discussions. Reddit provides similar advantages to those of other
social media platforms in its large user base, wealth of
information, and exchange of ideas. However, Reddit is
additionally useful for studying communication about health
concerns because of several of its features. Subreddits provide
structured forums to further sort where discussions are
happening on the platform. Several subreddits feature “expert”
users, fostering a question-and-answer culture. Most importantly,
users may favor Reddit because of its anonymity, which allows
them to ask about and discuss potentially embarrassing topics
in detail. In this way, Reddit’s unique features prove it to be a
viable source of research information that is worth exploring.

This study was a preliminary examination of the discussions
occurring on Reddit. Future work on Reddit would likely take
a more focused approach. Further exploration would include
answering specific questions about certain topics encountered
on Reddit and their prevalence in certain subreddits. Ultimately,
these findings could be translated into actionable items, such
as improving physician-patient interactions and laboratory
management practices. Overall, the culture, structure, and wealth
of information on Reddit make it a valuable source for continued
investigation of health-related discussions.
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Abstract

Background: Contrary to popular concerns about the harmful effects of media use on mental health, research on this relationship
is ambiguous, stalling advances in theory, interventions, and policy. Scientific explorations of the relationship between media
and mental health have mostly been found null or have small associations, with the results often blamed on the use of cross-sectional
study designs or imprecise measures of media use and mental health.

Objective: This exploratory empirical demonstration aims to answer whether mental health effects are associated with media
use experiences by (1) redirecting research investments to granular and intensive longitudinal recordings of digital experiences
to build models of media use and mental health for single individuals over the course of 1 year, (2) using new metrics of fragmented
media use to propose explanations of mental health effects that will advance person-specific theorizing in media psychology, and
(3) identifying combinations of media behaviors and mental health symptoms that may be more useful for studying media effects
than single measures of dosage and affect or assessments of clinical symptoms related to specific disorders.

Methods: The activity on individuals’ smartphone screens was recorded every 5 seconds when devices were in use over 1 year,
resulting in a dataset of 6,744,013 screenshots and 123 fortnightly surveys from 5 adult participants. Each participant contributed
between 0.8 and 2.7 million screens. Six media use metrics were derived from smartphone metadata. Fortnightly surveys captured
symptoms of depression, attention-deficit/hyperactivity disorder, state anxiety, and positive affect. Idiographic filter models
(p-technique canonical correlation analyses) were applied to explore person-specific associations.

Results: Canonical correlations revealed substantial person-specific associations between media use and mental health, ranging
from r=0.82 (P=.008) to r=0.92 (P=.03). The specific combinations of media use metrics and mental health dimensions were
different for each person, reflecting significant individual variability. For instance, the media use canonical variate for 1 participant
was characterized by higher loadings for app-switching, which, in combination with other behaviors, correlated strongly with a
mental health variate emphasizing anxiety symptoms. For another, prolonged screen time, alongside other media use behaviors,
contributed to a mental health variate weighted more heavily toward depression symptoms. These within-person correlations are
among the strongest reported in this literature.
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Conclusions: Results suggest that the relationships between media use and mental health are highly individualized, with
implications for the development of personalized models and precision smartphone-informed interventions in mental health. We
discuss how our approach can be extended generally, while still emphasizing the importance of idiographic approaches. This
study highlights the potential for granular, longitudinal data to reveal person-specific patterns that can inform theory development,
personalized screening, diagnosis, and interventions in mental health.

(JMIR Form Res 2025;9:e59875)   doi:10.2196/59875

KEYWORDS

media use; mental health; mHealth; uHealth; digital health; precision mental health; idiographic analysis; person-specific modeling;
p-technique; longitudinal study; precision interventions; smartphones; idiosyncrasy; psychological well-being; canonical correlation
analysis; United States

Introduction

Over the last decade, researchers have conducted extensive
studies involving hundreds of thousands of participants to
understand the relationship between media use and mental
health. Despite significant investments, findings remain
ambiguous, often reporting null or small associations [1-5]. This
lack of clarity undermines progress in theory development,
public policy, and clinical interventions. Researchers have
proposed solutions, including granular tracking of media use
[6-8], longitudinal study designs [9,10], the inclusion of at-risk
populations [11-13], and person-specific analytics to account
for individual differences [14,15].

A central challenge in this research is the problem of
idiosyncrasy—the substantial variability in how individuals use
media and how it affects their mental health [16,17]. In
psychology, the opportunity to reclaim idiosyncratic variance
has been defined as one of identifying idiographic filters for
nomothetic interests [18]. The core argument is that the
conventional practice of averaging out idiosyncrasy is neither
theoretically satisfactory nor practically useful. We explore if
and how an idiographic filter approach might enhance this
research about media use and mental health. While researchers
often seek universal rules to inform public policies or clinical
interventions, such generalizations obscure the reality that
individuals’ media experiences are inherently personal and
shaped by unique combinations of content and context.
Aggregate analyses, which average out these differences, are
insufficient and often misleading. Similarly, mental health
symptom clusters frequently cut across traditional diagnostic
boundaries, further emphasizing the need for individualized
approaches. Addressing this challenge requires an idiographic
perspective, which preserves individual variability and analyzes
person-specific patterns rather than treating them as noise. By
adopting an idiographic approach, research can uncover
meaningful insights into the unique configurations of media use
and mental health for each person.

To address this challenge, we used p-technique canonical
correlation analysis (pCCA) [19], a method designed to analyze
within-person relationships over time. This approach creates
idiographic filters [20] that highlight how core constructs, such
as media use and mental health metrics, manifest differently
for each participant. Unlike traditional methods that assume
consistency across individuals, pCCA uncovers the specific
patterns and dynamics unique to each person based on the

common set of variables. For example, media use heavily
characterized by frequent app-switching may correlate with
symptoms of hyperactivity for 1 individual, while prolonged
social screen time may have significant weight in describing
the changes in symptoms of depression for another. By
prioritizing individual-level insights, this method provides a
pathway to more personalized interventions (Multimedia
Appendix 1 [2-4,7,15-19,21-50]).

This study uses granular longitudinal data collected through the
Human Screenome Project [21,51], which recorded smartphone
activity every 5 seconds for 1 year, resulting in over 6.7 million
screenshots and 123 surveys across 5 participants. Mental health
metrics, including symptoms of depression [52],
attention-deficit/hyperactivity disorder (ADHD) [22], state
anxiety [53], and positive affect were assessed fortnightly. Using
pCCA, we explored person-specific associations between media
use and mental health to address the following questions.

• Can granular longitudinal recordings reveal associations
between media use and mental health that differ from the
null or small effects reported in aggregated studies?

• Can new metrics, such as fragmentation of media use,
explain person-specific mental health effects and advance
media psychology theory?

• Can combinations of mental health symptoms provide better
insights into media effects than single measures of dosage
or individual clinical symptoms?

By focusing on individual experiences and variability over time,
this study offers a novel approach to understanding the
relationship between media use and mental health, emphasizing
the potential of person-specific data to inform theory
development and precision interventions.

Methods

Procedure and Participants
This study was conducted in the United States, leveraging a
longitudinal design to assess smartphone use and its
relationships with mental health. Data were collected via a
custom smartphone app and biweekly participant surveys,
enabling the integration of behavioral data with mental health
measures. Participants were recruited via the Qualtrics research
panel as part of a larger research project on assessing digital
experiences with smartphone data [51]. Eligibility criteria
included residing in the United States, being the sole user of an
Android phone, and providing informed consent and Health

JMIR Form Res 2025 | vol. 9 | e59875 | p.4421https://formative.jmir.org/2025/1/e59875
(page number not for citation purposes)

Cerit et alJMIR FORMATIVE RESEARCH

XSL•FO
RenderX

http://dx.doi.org/10.2196/59875
http://www.w3.org/Style/XSL
http://www.renderx.com/


Insurance Portability and Accountability Act (HIPAA)
authorization.

Participants installed a custom study app on their smartphones,
enabling an unobtrusive collection of smartphone screens. The
app required no active user management and operated
transparently, with a status bar icon indicating its activity.
Screenshots, along with operating system metadata like phone
battery state and foreground app were captured and recorded
automatically every 5 seconds when the screen was active.

Our study selected a focused sample that satisfied the minimum
requirements for robust within-person analysis and allowed for
a demonstration of our methodology, prioritizing long time
series from a small number of participants over larger aggregate
datasets so that we might uncover detailed person-specific
insights and enable future scalability through computational
methods [7,21,23]. We conducted a detailed analysis of 5
participants, randomly chosen from a group of 36 individuals
that met several eligibility requirements. First, they had
contributed at least 800,000 screenshots, reflecting an average
of at least 3 hours of daily smartphone use over the year. This
measure was chosen to capture use data that is close to the
national average [54-56]. The goal was to ensure that
participants had sufficient smartphone use to demonstrate
relationships with mental health. Second, the selected
participants had completed at least 20 biweekly surveys, creating
a sufficient longitudinal record for each participant that exceeded
the number of variables in the pCCA [57]. Finally, the selected
participants had reported at least 1 biweekly period where their
mental health symptoms reached clinically significant thresholds
[22,52,58,59].

Ethical Considerations
This study adhered to national regulations and institutional
policies, including the Declaration of Helsinki (2013), and was
approved by Stanford University’s institutional review board
under protocol (#56430). All procedures were reviewed and
classified as minimal risk.

Participants provided electronic informed consent and HIPAA
authorization before enrollment. The consent process included
detailed information about the study’s goals, procedures, and
privacy protections, and participants confirmed their consent
using an e-signature interface. To ensure privacy and
confidentiality, all data were encrypted during transfer and
securely stored on Stanford’s high-risk personal identifiable
information and protected health information–compliant servers.
Screenshots and metadata were deidentified prior to analysis,
with access to raw screenshots restricted to a small subset of
researchers under strict institutional protocols. Only aggregated,
deidentified data were analyzed and reported to prevent the
identification of individual participants. Participants were
compensated US $15 for each fortnightly survey and data
submission, with potential earnings of up to US $390 for
completing the 1-year study.

Data were collected unobtrusively using a custom Screenomics
app that captured screenshots every 5 seconds when the device
was active. The app included an icon on the status bar to ensure

transparency. Although nearly all screenshots were processed
through automated methods, a small subset could be viewed by
researchers in specific analyses. To mitigate risks, research staff
were trained as mandated reporters under Stanford University
and California guidelines. Any concerning content signaling
potential legal, medical, or social risks was escalated to the
Principal Investigators for appropriate action. Protocols were
in place to refer participants to professionals or services as
needed, ensuring their privacy while addressing potential risks
to their well-being.

No images or supplementary materials in this manuscript include
identifiable participant information. All visual data were
anonymized to ensure privacy, and no consent was required for
image inclusion as all images were deidentified.

All research staff completed mandatory HIPAA and human
subjects training. Data security measures included strong
passwords, restricted database access, and frequent reminders
of privacy policies. These procedures ensured the highest level
of data integrity and participant confidentiality.

Measures

Mental Health Measures
Participants completed fortnightly surveys over a year to assess
symptoms of depression, and ADHD, in addition to state anxiety
and positive affect. This extended time frame allowed the study
of fluctuations across weeks or months [24-29].

Depression symptoms were measured using the 10-item Center
for Epidemiologic Studies Depression scale [52]. Participants
rated the frequency of symptoms (eg, “I felt I could not shake
off the blues”) on a 4-point Likert scale. Scores range from 0
to 60, with scores above 16 indicating clinical risk [59]. These
scores were used to calculate the number of fortnight participants
who were at clinical risk for depression (Table 1). The CES-D
scale is in the public domain.

State anxiety was assessed with the 20-item State Anxiety
subscale of the State-Trait Anxiety Inventory [60]. Items (eg,
“I am tense; I am worried”) were rated on a 4-point Likert scale.
Scores range from 20 to 80, with scores over 40 indicating
moderate to high anxiety [58]. This threshold was used to
calculate fortnights at clinical risk (Table 1). A license was
obtained from Mind Garden, Inc.

Positive affect was measured using a single item: “Looking
back over the last two weeks, I felt happy,” rated on a 100-point
slider scale from “strongly disagree” to “strongly agree.”

Hyperactivity and inattention symptoms were measured
fortnightly using the 18-item Adult ADHD Self-Report Scale
[22,61]. Participants rated hyperactivity and inattention on a
5-point Likert scale. Subscale scores range from 0 to 36. A score
of 9 or more on the first 6 items (4 inattention and 2
hyperactivity) indicates clinical risk for adult ADHD [62]. These
thresholds were used to calculate risk fortnights (Table 1). A
license was obtained from NYU TOV Licensing, New York
University.
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Table 1. Participant data and demographicsa.

Participant E (n=27)Participant D (n=25)Participant C (n=20)Participant B (n=25)Participant A (n=26)

2,724,2661,106,164897,5141,191,958824,111Total screens

2420372262Age (year)

FemaleFemaleFemaleFemaleFemaleSex

BlackWhiteMultiracial HispanicWhiteWhiteRace

NortheastPacificNortheastMidwestMidwestRegion

UrbanSuburbanSuburbanSuburbanRuralResidence type

Some CollegeSome collegeSome collegeHigh school or GEDb2-year collegeHighest educational
level

MarriedSingle or never marriedMarriedSingle or never marriedDivorced or separatedMarital status

14,999 or less75,000-99,99925,000-29,99914,999 or less15,000-24,999Income level (US $)

aThe table presents the demographic characteristics of participants in the study, as collected through an initial onboarding survey. The survey was
administered before the commencement of the study to gather pertinent information regarding participant backgrounds. “n” is the count of fortnightly
surveys completed by each participant throughout the study year, while “Total screens” is the cumulative number of screenshots recorded from each
participant’s smartphone during the study year.
bGED: General Educational Development.

Media Use Metrics
Six metrics for smartphone media use were derived from the
screenshots and operating system metadata recorded
continuously at 5-second intervals over the study year. Metadata
enabled us to map app names and categories using Google Play
Market classifications [63,64]. All metrics were averaged daily
within biweekly periods, defined as the 14 days preceding each
survey, except session duration calculated as the average
screen-on interval. Missing data were addressed under the
“missing at random” assumption.

Screen time was measured as the daily average number of
screenshots captured during screen-on periods. The data
collection app captured screenshots every 5 seconds when the
screen was on. For each fortnight, the total screenshots were
divided by the number of active data collection days.

Social screen time was measured as the daily average of
screenshots recorded while using social apps. Social apps were
those classified as “social” by Google Play Market
categorization [63,64]. Social apps included common social
media apps (eg, TikTok and Instagram), certain messaging apps
(eg, Telegram and Text Free), and social network or dating apps
(eg, Tagged and Grindr). Similar to the screen time measure,
we calculated this metric by dividing the total number of social
app screenshots by the number of active data collection days.

The number of sessions of smartphone use indicated average
daily sessions, defined as intervals between screen on or off
events. For each fortnight, we calculated the daily average
number of sessions by dividing the total number of sessions by
the number of days the participant actively used their phone. A
higher number of sessions (eg, ten 30-second sessions) relative
to the duration of each session (eg, one 5-minute session)
indicates a more fragmented digital experience.

Session duration was calculated as the time interval between
the initiation of a session and its termination. For each fortnight,
we summed the duration of all sessions that occurred within

that period and then computed the mean. This provided an
average session duration metric for the specified time frame.

The number of unique apps was calculated as the daily average
of distinct apps used, calculated by dividing the count of unique
apps within a period by the number of active days.

The number of app switches indicated the daily average number
of times individuals switched between apps and was calculated
as a measure of fragmentation. For each biweekly period, we
counted how many times individuals moved from app to app
(ie, from Facebook to Zoom=1 switch) and divided that number
by the number of active smartphone data collection days. Please
see Multimedia Appendix 1 [2-4,7,15-19,21-50] for more
discussion on theories and measures examining media use and
mental health over time and the origins of our measures.

Data Analysis
Canonical correlation analysis (CCA) is a classical technique
used to obtain the maximal correlation between objects that are
represented by 2 sets of variables [65]. Adopting the Nesselroade
et al idiographic filter approach [18], we use pCCA to model
each individual’s multivariate repeated measures data. The
observed correlation between an individual’s media use and
mental health is not static; rather, it depends on the chosen
coordinate system, that is, how observed variables are projected
onto latent constructs of media use and mental health. Unlike
traditional factorial analyses that assume a uniform variable
projection across individuals, the idiographic filter approach
allows person-specific rotations of the coordinate system.

pCCA does this by locating the specific rotation where the linear
correlation between the latent media use and mental health
canonical variates is mutually maximized. The size and
significance of the maximum correlation (ρ) are used to answer
our first research question: Does the analysis of single
individuals offer different conclusions than the small or null
effects reported in the across-individual analyses dominating
the literature? The configurations of the basis vectors x and y
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are interpreted to address our second and third questions: Can
we identify combinations of media use metrics and mental health
metrics that might advance theories about media effects?

Given Ax (27 occasions × 6 media use variables) and Ay (27
occasions × 5 mental health variables) for an individual, the
data are projected onto canonical variates, zx = Axx and zy =
Ayy, the correlation of which is given by the following equation.

where x and y are chosen to maximize ρ, achieved via singular
value decomposition [19,66]. We use permutation tests to ensure
observed correlations are not simply artifacts of random chance.
Specifically, for each participant, we perform 1000 permutations
by randomly shuffling the values within the columns of Ax or
Ay, disrupting any temporal ordering between media use and

mental health. This process generates a null distribution for ρ,
representing the range of chance correlations expected in the
absence of a systematic relationship. Comparing the observed
ρ to this null distribution provides an exact P value based on
the empirical data, thereby avoiding reliance on theoretical
distributions that could inflate P values. Histograms of these
permutations are presented in Multimedia Appendix 2. All
pCCA and permutation test analyses were done using the cca
package [67] in R (R Foundation for Statistical Computing).

Results

The following results include an analysis of a full year of media
use and mental health data (6,744,013 screenshots and 123
fortnightly surveys) provided by 5 individuals. The background
of each participant and descriptive statistics about media use
and mental health are in Tables 1-3.

Table 2. Descriptive statistics for participants' mental health measures throughout 1 yeara.

Positive affect (0-
100), mean (SD)

ADHDb symptoms (0-72)State anxiety (20-80)Depression symptoms (0-60)Partici-
pants

Clinical
risk peri-
ods, n

Hyperactivity (0-
36), mean (SD)

Inattention (0-
36), mean (SD)

Clinical
risk peri-
ods, n

Mean (SD)Clinical
risk peri-
ods, n

Mean (SD)

53.85 (17.54)02.04 (3.32)1.88 (3.24)2244.23 (4.43)19.23 (5.31)A

62.12 (19.81)138.72 (1.79)12.72 (1.99)2151.84
(10.15)

2424.80 (5.07)B

65.35 (5.43)35.70 (0.80)10.10 (2.25)1345.05
(14.25)

412.40 (4.77)C

57.00 (15.21)02.76 (1.39)5.36 (2.27)1745.84 (8.76)712.80 (6.10)D

16.85 (27.98)04.34 (4.36)4.52 (4.37)2755.00 (8.98)414.78 (7.06)E

aThe table shows the means and SD for each mental health measure, as well as the clinical risk associated with symptomatology exceeding certain
thresholds. Clinical risk periods are calculated as the number of fortnightly surveys in which participants’ responses exceeded the clinical threshold for
each measure.
bADHD: attention-deficit/hyperactivity disorder.

Table 3. Descriptive statistics for participants' media use measures throughout 1 year.

Number of app switch-
es (per day), mean (SD)

Number of unique
apps (per day), mean
(SD)

Session duration
(minutes per day),
mean (SD)

Number of sessions
(per fortnight), mean
(SD)

Social screen time
(hours per day),
mean (SD)

Screen time

(hours per day),
mean (SD)

Participant

210.27 (32.79)4.08 (0.39)3.10 (0.49)57.84 (8.12)0.41 (0.17)2.99 (0.51)A

206.87 (18.96)3.64 (0.377.59 (1.86)32.76 (3.18)0.37 (0.12)4.15 (1.10)B

324.88 (52.73)7.29 (2.50)4.33 (0.85)57.81 (8.89)0.15 (0.23)4.18 (0.95)C

273.22 (54.38)4.54 (0.61)2.87 (0.89)90.90 (25.28)0 (0)4.18 (1.05)D

39.51 (14.48)1.50 (0.59)62.62 (14.75)9.45 (2.10)0 (0)9.55 (2.03)E

The main objective of this study was to assess whether analysis
of media use metrics derived from super-intensive observational
data passively collected from the smartphones individuals use
in their daily lives could unearth relationships between media
use and mental health within individuals that have previously
been difficult to observe using analyses aggregated across
individuals. Related to that objective, we first report the
within-person associations between the media use and mental

health latent variables that were obtained separately for each
participant using pCCA.

The main results of this study are reported in Figure 1, which
shows correlations and plots of the fortnightly media use and
mental health variables across 1 year for each participant. The
observed p-technique canonical correlations are large, ranging
from 0.78 to 0.92. These values provide a compelling answer
to our primary research question: for 4 of the 5 participants in
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this study, fluctuations in canonical media use variate were
significantly and tightly coupled with fluctuations in a canonical

mental health variate, more so than for any previous associations
observed in this literature [3,5].

Figure 1. Canonical variate plot for each participant (A-E). This figure presents the results of pCCA, highlighting within-person associations between
media use and mental health metrics for five female Android phone users in the United States. The data were collected longitudinally as part of the
Human Screenome Project, spanning 1 year (from July 2020 to October 2021). For each participant, the figure shows the temporal alignment of canonical
media use variate (red solid line) and mental health variate (blue solid line), derived from granular measures recorded fortnightly. Individual metrics
of media use (dotted red lines, eg, app-switching frequency, social screen time) and mental health (dotted blue lines, eg, depression, state anxiety) are
also plotted in the background for comparison. Canonical correlations (r) for each participant range from 0.78 to 0.92, indicating strong covariation.
Wilks statistic (Λ), P values, and sample size (n) are displayed for statistical significance. Permutation tests were conducted to validate correlations by
generating null distributions based on shuffled data. Participant A shows a strong positive association between mental health and media use, with both
variates generally moving together over time. Participant B exhibits a similar pattern, though with more pronounced fluctuations. Participant C has the
highest correlation, indicating tightly coupled trends in media use and mental health across the year. Participant D also shows a strong association,
though with some deviations at certain time points. In contrast, Participant E presents a weaker and statistically non-significant correlation, suggesting
that media use and mental health follow more independent patterns in this case. These findings illustrate the unique within-person dynamics of media
use and mental health over time, emphasizing the importance of person-specific models in understanding this relationship.

The composition of media use and mental health variates was
unique for each participant, reflecting person-specific

relationships and highlighting the heterogeneity in how media
use impacts mental health. While individual metrics (eg,

JMIR Form Res 2025 | vol. 9 | e59875 | p.4425https://formative.jmir.org/2025/1/e59875
(page number not for citation purposes)

Cerit et alJMIR FORMATIVE RESEARCH

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


app-switching, screen time) varied considerably over time, the
canonical variates showed consistent and strong covariation for
four of the 5 participants. These findings underscore the use of
pCCA in identifying tightly coupled, within-person associations
that are otherwise obscured in aggregated analyses, paving the
way for more individualized theoretical insights and
interventions.

The figures below highlight the unique person-specific
relationships between media use metrics and mental health
measures. These findings demonstrate the variability in how
media use correlates with mental health for each participant,
emphasizing the value of individualized approaches.

For participant A (Figure 2), the media use behavior most related
to greater mental health symptoms over time was primarily
shorter sessions (–0.93), and secondarily a higher number of
sessions (0.51) and shorter screen time (–0.48). This suggests
that the fluctuations in media use most related to mental health
for this person are quick-checking behaviors on the smartphone.
In complement, the configuration of mental health symptoms
and positive affect that was most related to fluctuations in media
use was characterized by lower state anxiety (–0.85) and lower
levels of ADHD symptoms for both inattention (–0.59) and
hyperactivity (–0.52), and lower positive affect (–0.71).
Generally, for participant A, quick checking on the smartphone
was associated with lower positive affect, and lower state
anxiety and ADHD symptoms.

Figure 2. Canonical correlation analysis of participant A’s media use and mental health. This figure illustrates the results of pCCA for participant A,
based on 1 year of longitudinal data. Media use (left column) includes 6 variables (eg, session duration, number of sessions, and screen time), while
mental health (right column) includes 5 variables (eg, state anxiety, depression symptoms, and positive affect). Arrows from the canonical variates
(center) to observed variables indicate the direction (positive or negative) and strength of associations, with values closer to ±1.0 indicating stronger
relationships. The canonical correlation (r=0.82; P=.01) highlights a significant within-person relationship, showing that quick-checking behaviors (eg,
shorter session duration and more frequent sessions) were associated with reduced anxiety and ADHD symptoms but also diminished positive affect.

Figure 3 shows that for participant B, the media use behaviors
most related to greater mental health symptoms over time were
characterized by longer sessions (0.66) and secondarily by more
screen time (0.53) and little app switching (–0.55). We
characterize this combination as focused smartphone use. The
mental health symptoms most related to media use were
characterized by depression symptoms (0.61) and lower positive

affect (–0.53). It is also notable that this participant’s mental
health changes, especially true for depression symptoms, had
a stronger association with media use changes than for state
anxiety. The media use canonical variate for participant B was
driven by fluctuations in total screen time rather than social app
use, specifically.
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Figure 3. Canonical correlation analysis of participant B’s media use and mental health. This figure illustrates the results of pCCA for participant B,
based on 1 year of longitudinal data. Media use (left column) includes 6 variables (eg, session duration, screen time, and app-switching intensity), while
mental health (right column) includes 5 variables (eg, depression symptoms, state anxiety, and positive affect). Arrows from the canonical variates
(center) to observed variables indicate the direction (positive or negative) and strength of associations, with values closer to ±1.0 indicating stronger
relationships. The canonical correlation (r=0.82; P=.02) highlights a significant within-person relationship, showing that focused smartphone
use—characterized by longer session duration, higher screen time, and minimal app-switching—was associated with increased depression symptoms
and reduced positive affect.

For participant C (Figure 4), the media use canonical variate
shows the strongest loadings for the number of social screen
time (distinct from total screen time) at 0.79. Secondarily, there
is a high loading for the use of unique apps (0.53). The mental
health canonical variate shows a strong loading associated with
depression symptoms (0.75). Additionally, there is a noteworthy
negative loading in relation to hyperactivity symptoms (–0.60).

The much larger loading for social screen time in comparison
to total screen time shows the value of separating these uses
when examining relationships with mental health. This
distinction is often part of discussions about media effects (ie,
more worry about intensive social app use and depression than
about the effects of all media use). As for many media effects,
however, the value of the distinction is person-specific.

Figure 4. Canonical correlation analysis of participant C’s media use and mental health. This figure illustrates the results of pCCA for participant C,
based on 1 year of longitudinal data. Media use (left column) includes 6 variables (eg, social screen time, number of unique apps, session duration),
while mental health (right column) includes 5 variables (eg, depression symptoms, hyperactivity symptoms, and positive affect). Arrows from the
canonical variates (center) to the observed variables indicate the direction (positive or negative) and strength of associations, with values closer to ±1.0
reflecting stronger relationships. The canonical correlation (r=0.92; P=.03) underscores a significant within-person relationship, with social screen time
(0.79) emerging as the strongest media use factor, closely tied to increased depressive symptoms (0.75) and reduced hyperactivity symptoms (–0.60).
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Participant D (Figure 5) did not use any social apps during the
entire year (ie, there are no screens from any of the hundreds
of social apps in the Google Play store). Their media use
canonical variate is characterized by fewer app switches (–0.77),
extended session durations (0.71), and a reduced number of
sessions overall (–0.57). This pattern indicates longer, focused
interactions. The mental health canonical variate was
characterized primarily by reduced positive affect (–0.58), with
no large loadings associated with any of the mental health

symptoms. For participant D, longer and more focused
smartphone sessions had a more singular definition (diminished
positive affect). However, the number and duration of the
sessions were still highly correlated with smartphone use
features (r=0.82; P=.008).

There was no statistically significant association between the
media and mental health canonical variates for Participant E
(Figure 6).

Figure 5. Canonical correlation analysis of participant D’s media use and mental health. This figure presents the results of pCCA for participant D,
based on longitudinal data collected over 1 year. Media use (left column) includes 6 variables (eg, session duration, number of sessions, and app
switching), while mental health (right column) includes 5 variables (eg, positive affect, state anxiety, and ADHD symptoms). The arrows between latent
canonical variates (center) and observed variables represent the direction (positive or negative) and strength of associations, with values closer to ±1.0
indicating stronger relationships. The canonical correlation (r=0.82; P=.008) underscores a significant within-person association, highlighting that
longer session durations and reduced app-switching behaviors were most associated with lower positive affect for participant D.

Figure 6. Canonical correlation analysis of participant E’s media use and mental health. This figure illustrates the results of pCCA for participant E,
based on 1 year of longitudinal data. Media use (left column) is represented by 6 variables, such as screen time, session duration, and number of app
switches, while mental health (right column) is represented by 5 variables, including depression symptoms, state anxiety, and positive affect. Arrows
connecting latent canonical variates (center) to observed variables indicate the direction (positive or negative) and strength of associations, with values
closer to ±1.0 reflecting stronger associations. The canonical correlation (r=0.78; P=.35) indicates a nonsignificant association.
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Discussion

Principal Findings
The results highlight the person-specific associations between
media use and mental health. Canonical correlations revealed
substantial covariation (0.82 to 0.92) over time for 4 out of 5
individuals. Simultaneously, as hypothesized, the specific
combinations of media dosage metrics and dimensions of mental
health that defined this covariation were different for each
person (Multimedia Appendix 1 [2-4,7,15-19,21-50]. The
approach supports the idea of a common association between
media use and mental health while accommodating idiosyncrasy
in how that association manifests for individuals. The couplings
between media use and mental health for each person offer
insights into the complexity of this relationship, directly
addressing the research questions posed in the introduction.

In summary, our conclusions are the following.

• As research investments shift toward intensive, granular
longitudinal data about individuals’ digital experiences,
this study demonstrates the potential to construct distinct,
person-specific models of media use and mental health,
revealing insights that transcend traditional aggregated
analyses.

• The study’s innovative approach, combining various dosage
metrics of fragmented media use, advances person-specific
theorizing in media psychology, offering potential
explanations for the impact on mental health and
emphasizing the significance of tailored approaches.

• By identifying individualized combinations of mental health
symptoms, the study underscores the necessity of
considering nuanced factors beyond single measures of
dosage and affect or clinical symptoms associated with
specific disorders.

Causality and Theory
The substantial p-technique canonical correlations observed in
this study reflect within-person associations between media use
and mental health but do not establish causality. Media use
metrics may act as markers responding to mental health changes,
antecedents influencing mental health, or reflections of
confounding variables. A causal explanation likely involves
complex mechanisms interacting over different time domains
and individual histories, which this analysis does not aim to
disentangle.

Past research has explored single mechanisms over varying time
frames, such as the introduction of Facebook on campuses
(months/years) [68], ecological momentary assessment studies
linking self-reported media use with mental health (days/weeks)
[69], and cohort analyses over decades [70]. Additionally,
momentary exposures, like a single unflattering social media
post, might amplify depression symptoms, particularly during
periods of heightened vulnerability. Interactions between short-
and long-term domains—for example, a negative social media
post during an extended depressive episode—could further
complicate causal pathways.

Combining mechanisms into a single causal conclusion for
media use and mental health is beyond the scope of this project

and likely any single study, given the heterogeneity observed
across individuals. The participants in this study suggest that
no universal explanation applies across diverse media behaviors,
content, and time domains. Instead, multiple mechanisms, each
tailored to specific contexts, are likely needed. Controlled
experiments targeting distinct media experiences [71,72] and
idiographic approaches like ours can help identify mechanisms
for further exploration.

The within-person associations in this project emphasize the
need for new theories addressing the accumulation of similar
media experiences over time, regardless of specific content.
Such mechanisms echo the concept of resonance in social reality
theory [73,74], where outcomes arise from the alignment of
digital and real-life environments. For instance, increased screen
use during a depressive episode may reinforce social isolation,
creating a feedback loop that intensifies mental health symptoms
[75]. These findings highlight the importance of reexamining
how repetitive media experiences influence mental health over
extended periods.

Interventions
The p-technique canonical correlations observed in this project
(Figure 1) suggest that results obtained for a participant over 1
year may generalize to future months. Acute changes in media
use could serve as markers for triggering mental health
interventions without requiring frequent or intrusive direct
assessments. Interventions could integrate patient and clinician
access to data through dashboards alerting users to mental health
risks and offering tailored recommendations. For instance,
systems might limit social app usage for some individuals or
promote it for others based on identified risks. Person-specific
thresholds for intervention provide a more accurate approach
than generalized thresholds derived from population averages
[76].

The key to these interventions is precision timing and targeted
actions that connect continuous monitoring of screen activity
with information designed to improve mental health.
Screen-based systems might rival the diagnostic accuracy of
traditional methods for some disorders. Studies estimate, for
example, that up to 60% of people with depression are never
diagnosed [77,78], and even those connected to care often face
delays in appointments, diagnosis, and treatment initiation [79].
Screen summaries might accelerate care by offering behavioral
insights prior to intake or as indicators of treatment
effectiveness.

Determining the clinical use of idiographic tracking will require
research to establish optimal baseline collection periods, which
may vary by individual. While longer data collection can
enhance accuracy, even shorter periods could yield valuable
insights. For example, smartphone monitoring during the weeks
between initial clinician contact and the first appointment, or
in critical postdischarge periods, could inform preliminary
evaluations and adaptive interventions. These monitoring
systems could feed data into clinician dashboards and support
the implementation of just-in-time adaptive interventions [80].
Importantly, such tools are intended to augment rather than
replace direct patient-clinician interactions, which require robust
support resources.
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Limitations of the Study
This longitudinal study, conducted with a small, nonclinical
sample of female Android phone users, was not intended to
provide population-level conclusions about the prevalence of
media and mental health relationships nationally or within
subgroups. Avoiding generalization at this stage helps
circumvent the small sample fallacy [81]. Our intent was to first
understand the unique media dosage and mental health indicators
important for individuals without prematurely investing in a
research strategy aimed at extensive between-subject variability
that we believe has resulted in considerable ambiguity in this
literature. This bottom-up inductive approach celebrates
idiosyncrasy and prioritizes individual models as a first step
toward building models that might apply to larger groups of
people. We have successfully demonstrated that it is possible
to find strong, individualized relationships with granular
measures and longitudinal data.

Our analysis focused on a limited set of variables: 6 media use
metrics and 5 mental health measures. Many additional factors
could influence within-person associations between media use
and mental health. Notably, data collection coincided with the
height of the COVID-19 pandemic. Although none of the
participants contracted the virus, the pandemic’s broader effects
may have shaped their mental health and media use behaviors.
Future analyses could examine how contextual factors, such as
global or personal life events, moderate these relationships. For
example, exploring interactions between media use, sleep
patterns, and mental health outcomes [82,83], or identifying
whether media use acts as a supportive resource [84,85] or an
additional stressor [86,87] could inform context-aware models
that better capture individual contingencies.

Future Work and Conclusions
While new computational methods enable the collection and
analysis of large datasets, they often focus on aggregated
measures, obscuring person-specific longitudinal insights and
yielding ambiguous population-level conclusions. Our method
emphasizes the importance of a person-specific approach
applicable to new datasets. A key recommendation for extending
this investigation is to maintain this individual focus and
compare people based on similarities between models derived
for single individuals, rather than relying solely on priori

groupings based on demographics or other psychosocial
characteristics. When idiographic models are available for many
individuals, researchers can use clustering, latent class, and
mixture models to quantify and examine between-person
similarities and differences [88-90]. One such method suggested
by Ram et al [88] involves calculating Tucker congruence
coefficients [91] that compare parameter estimates (eg, the
canonical variates) for each pair of individuals in a larger
sample. Importantly, this approach entails specifying and
modeling each person’s data separately, as done in this study,
before identifying shared patterns. Rather than assuming a priori
commonalities (eg, based on sex or personality), this bottom-up
paradigm uncovers the full range of person-specific solutions,
which can then inform theory, policy, and interventions
[18,88,92,93].

Future work will expand on the metrics presented here,
integrating richer variables through our computational assay
[20] and identifying screen content characteristics—such as
words, objects, emotional arousal, and environmental
features—using advanced artificial intelligence models. These
granular data can help refine our understanding of how different
media use patterns related to mental health. While traditional
screen time measures, often derived from self-reports, have
been criticized for their imprecision [94], this study suggests
that accurate, granular recordings of screen behavior can reveal
strong associations for some individuals. Similar increments in
the precision of assessing media use have paid off in the study
of other media effects; for example, exposure to political
information [95], advertising [94], and food content in digital
media [30]. Our ongoing work also includes open-sourcing the
most up-to-date Screenomics app and toolset [96].

The idiographic filter approach, producing individual models
1 person at a time, may initially seem to risk overfocusing on
small samples. However, there may not be a shorter route to
useful answers about media use and mental health. This is
especially true if we want to retain media use and mental health
as important and psychologically complex categories of digital
and non-digital life. The present results suggest that to advance
research addressing media use and mental health problems
generally, we may need to seek answers applicable to one person
at a time; that is, we must embrace idiosyncrasy, not ignore it.
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Multimedia Appendix 1
Supplementary Information.
[DOCX File , 31 KB - formative_v9i1e59875_app1.docx ]

Multimedia Appendix 2
Permutation distribution histograms. This figure displays histograms of the permutation distributions of 1,000 permuted canonical
correlations for each participant (A to E). To assess the statistical significance of the observed canonical correlations, we conducted
permutation tests using Wilks' lambda by randomly permuting each individual’s data, creating a null distribution. This null
distribution represents correlations expected by chance—meaning the values that would arise if there were no systematic relationship
between media use and mental health variables and any observed associations were purely random. The histograms display these
chance-based distributions under the null hypothesis, with observed canonical correlations indicated by red dashed lines to evaluate
their statistical significance. The test statistic shown in each histogram is Wilks' lambda. For Participant E, the result is nonsignificant
(P> 0.05), suggesting that the observed correlation cannot be confirmed as statistically significant. For the other participants, the
observed correlations are confirmed by the permutation test.
[PNG File , 5001 KB - formative_v9i1e59875_app2.png ]
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Introduction

Systematic reviews are regarded as one of the highest form of
evidence in medical research and are vital for answering clinical
questions [1]. However, the conventional systematic review
methodology is time-consuming, particularly the manual
screening of articles for pertinence [2]. The exponential increase
in biomedical literature presents a challenge for researchers to
remain updated. Artificial intelligence (AI) has shown promise
in various fields [3], with large language models (LLMs)
specifically offering capabilities to interpret complex text, which
can be leveraged in the systematic review process [4]. We
conducted a pilot feasibility study evaluating 5 distinct LLMs
in an existing systematic review dataset.

Methods

Overview
We compared 5 commonly used LLMs to screen citations from
a previously published systematic review on trauma hemorrhage,
originally screened by two human reviewers [5]. Of the 1186
total citations, 21 (1.8%) were included for full-text review and
1165 (98.2%) were excluded. We randomly selected 100

excluded citations using Microsoft Excel. Hence, 121 citations
(n=21, 17.4% included and n=100, 82.6% excluded) were tested
against predefined eligibility criteria using ChatGPT 3.5 (version
September 25, 2023), ChatGPT 4 (version September 25, 2023),
Google Bard (version 1.15; released on September 2, 2023),
Meta Llama 2 (70b parameters, version 2.1.1; released on
October 10, 2023), and Claude AI 2 (version 1.3; released on
July 11, 2023). We used descriptive statistics to evaluate
sensitivity, specificity, and overall accuracy.

Ethical Considerations
All citations were taken from publicly available, previously
published literature. No personal or patient-level data were used,
and no identifiers were included. Formal research ethics board
approval was therefore not required.

Results

Among the 121 total citations, the LLMs’ sensitivity (correctly
identifying included citations) ranged from 57% to 100%, and
specificity (correctly excluding noneligible citations) ranged
from 18% to 79%. ChatGPT 3.5 achieved the highest sensitivity
(100%) and the highest specificity (79%). Full results are shown
in Table 1.

Table . Performance metrics of large language models in citation screening for systematic reviews, including sensitivity, specificity, and accuracy.

Accuracy, %Specificity, %Sensitivity, %Large language model

8379100ChatGPT 3.5

726695ChatGPT 4

7771100Google Bard

341895Meta Llama 2 (70b parameters)

737757Claude AI 2
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Discussion

In this pilot assessment, selected LLMs demonstrated high
sensitivity for identifying relevant studies, with ChatGPT 3.5
and Google Bard reaching 100%. Notably, the specificity varied
widely, ranging from as low as 18% for Meta Llama 2 to 79%
for ChatGPT 3.5. While some LLMs can be remarkably sensitive
for screening articles within our sample, excluding irrelevant
citations remains a challenge for certain LLMs. These findings
suggest that AI-driven LLMs could be poised to support the
screening phase, potentially replacing the second human
reviewer and streamlining the often labor-intensive study
screening process.

The sample size of 121 citations is a limitation, and findings
may not be generalizable to other systematic reviews or
inclusion and exclusion criteria. Larger studies, ideally with
multiple runs of the same citations, are necessary to capture the
probabilistic variability inherent to LLMs. As we only ran each
citation through a given LLM once, multiple runs or “prompt
engineering” strategies could yield more consistent or refined

outcomes when evaluating LLMs. Nonetheless, our study offers
a novel approach by directly comparing the performance of
multiple LLMs, thus providing insight into how different
architectures perform on the same dataset. Future research
should explore repeated runs to assess LLM consistency,
implement advanced prompt engineering, and investigate the
explainability of LLM results.

LLMs have previously been demonstrated to effectively generate
Boolean queries for a systematic review literature search [1].
As LLMs evolve further, it is conceivable that they could
entirely manage the title and abstract screening. This progress
can eventually lead to a fully automated review process, where
AI might oversee the search strategy, title and abstract screening,
full-text review, data analysis and synthesis, and even drafting
and publication. Such automation would epitomize a living
systematic review, ensuring evidence is continuously updated
as soon as new research is published. As transparency and
accountability concerns may arise, a robust ethical framework
will be paramount as we navigate the advancements of this
technology [6].
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Abstract

Framing the public health burden of firearm violence should include people with secondary exposure to firearm violence beyond
acute bodily injury, yet such data are limited. Electronic health record clinical notes, when leveraged through natural language
processing (NLP), are a potential source of data on firearm exposure. As part of NLP lexicon development, diverse stakeholders
were engaged to identify keywords, and our findings demonstrated that engaging diverse stakeholders adds valuable input to
NLP development.

(JMIR Form Res 2025;9:e68105)   doi:10.2196/68105
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Introduction

Exposure to firearm violence includes witnessing a shooting,
being threatened by a firearm, losing a loved one to gun
violence, and sustaining injuries from firearms [1]. Such
exposure is associated with adverse physical and behavioral
impacts. To better understand health sequelae following firearm
violence exposure, some researchers recommend including these
exposures in ongoing surveillance and research [2,3]. Although
structured data (eg, diagnostic codes) for exposure to firearm
violence are largely unavailable, unstructured electronic health
record (EHR) data represent a potential source of information
collected in the clinical care process [4]. To explore the
applicability of such data in surveillance and research, we
developed a natural language processing (NLP) pipeline for
using unstructured EHR fields, including clinical notes, to
identify those with exposure to firearm violence and
subsequently understand more about the health impacts of such
exposure. A crucial part of formative work on NLP lexicon
development is effectively engaging a broad representation of
stakeholders to contribute lexicon terms that might not otherwise
be known to study teams [5]. In this research letter, we describe
the process and outcomes of engaging stakeholders in NLP
lexicon development.

Methods

Study Design
We assembled a stakeholder advisory committee (SAC)
comprised of patients, advocates, clinicians, researchers, and
others with lived and/or professional experience that includes
exposure to firearm violence. The SAC structure was designed
to include community advocates, patients with lived experience,
practicing clinicians, clinical researchers, data scientists, and
clinical informaticists. SAC members were recruited via prior
collaboration with a study team member, word of mouth, and
presentations to patients and clinicians at web-based workgroup
meetings. The final SAC composition included 12 members—5
community advocates and/or patients with lived experience, 1
physician, 2 clinician researchers, 2 clinical informaticists, and
2 data scientists.

In April 2024, SAC members reviewed the lexicon of identified
keywords that was developed by the study team [4] and
informed by MacPhaul et al’s [6] NLP study, which investigated
firearm injury intent. Afterward, SAC members suggested
additional terms from their lived or professional experience that
may indicate exposure to firearm violence. The review of terms
and suggestion of new terms were done via an asynchronous,
interactive SAC meeting.

New terms identified by the SAC were searched across EHR
clinical notes from 7,103,301 patients who were receiving
primary or behavioral health care at community-based health
centers in the OCHIN multistate network [7]. A maximum of

JMIR Form Res 2025 | vol. 9 | e68105 | p.4439https://formative.jmir.org/2025/1/e68105
(page number not for citation purposes)

Cook et alJMIR FORMATIVE RESEARCH

XSL•FO
RenderX

http://dx.doi.org/10.2196/68105
http://www.w3.org/Style/XSL
http://www.renderx.com/


30 random notes per keyword were reviewed by a study team
member to determine whether a note indicated exposure to
firearm violence from a powder mechanism [8]. Descriptive
statistics were used to summarize results in a table for review,
discussion, and adjudication by the study team and SAC.

Ethical Considerations
The Norwich University institutional review board deemed this
study exempt. Stakeholders agreed to guide this study and
received compensation for participating in monthly meetings;
they were not research participants. Stakeholders completed a
professional services agreement, which outlined roles and
responsibilities, and a nondisclosure agreement prior to joining
the SAC. The EHR study data used by the study team for NLP
development were a limited dataset. SAC members were not
provided access to the limited dataset.

Results

The initial lexicon of identified keywords provided by the study
team to the SAC included 19 terms, of which 13 were used in
pilot work and 6 were additionally identified by the study team
[4]. SAC members identified 35 additional keywords that were
not included in the first iteration of the lexicon. Of the 35 terms,
27 had at least one mention in at least one clinical note. Of the
585 clinical notes reviewed, 5 contained 4 SAC-identified
terms—bbs, buckshot, firing, and metal pole—and possibly
indicated exposure to firearm violence. The study team met to
perform the final adjudication for including or excluding each
term. Two terms (buckshot and firing) were determined to have
sufficient contextual information to indicate true exposure (Table
1). Notes that included these terms were added to the NLP
testing and training dataset (Figure 1).
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Table . Manual review of electronic health record (EHR) clinical notes (N=585) containing stakeholder advisory committee (SAC)–identified firearm
lexicon terms from 300 ambulatory health care clinics.

Final determination
that reviewed clinical
notes indicated firearm
violence exposure

Text portion reviewed
by study team to deter-
mine exposure

Notes with possible in-
dication of exposure to
firearm violence, n

Clinical notes re-

vieweda,b, n

Notes in EHR with
keyword, n

SAC-identified term

Yes111buckshot • “My dad had just
been shot in the
back, he had
buckshot in him.”

Yes21313firing • “He reports there
was a firing of
fire arms at his
apartment com-
plex this last
weekend.”

• “A few days later,
the same brother
was apparently re-
sponsible for fir-
ing a gun into the
house; the bullet
traversed two
rooms and came
to rest very close
to the patient’s
son.”

No122metal pole • “Pt believes she is
being tracked to
be murdered, pt
sees others are
potential threats,
as people who are
trying to kill her-
…reports pt
threatening anoth-
er wielding a met-
al pole”

No13030bbs • “Cl said he had a
gun and he was
not going to jail.
(He had a BB
gun, broken,
threw it in the
woods)”

aAll notes for terms that had less than 30 notes were reviewed. For terms with >30 notes, a random sample of notes was reviewed.
bAdditional stakeholder advisory committee–identified terms with clinical notes that did not indicate firearm violence exposure include Banger, draco,
semiautomatic, gat, toaster, drill, stick, strap, trigger, heat, heater, iron, metal, nina, nine, piece, pole, rod, burner, cap, carrying, 69, and ammunition.
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Figure 1. Diagram of SAC keyword term review for firearm violence exposure. NLP: natural language processing; SAC: stakeholder advisory committee.

Discussion

Effectively engaging varied stakeholders in NLP lexicon
development led to the identification of 2 additional terms
(buckshot and firing) that were previously not considered by
the study team. Novel clinical notes with these keywords were

input into the training and testing dataset to enhance NLP model
performance. Although most words suggested by the SAC did
not indicate true exposure, the exercise demonstrated that
periodic engagement of different stakeholder advisors in
artificial intelligence and machine learning research is an
important strategy to reduce data bias [9,10].
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Abstract

Abstract: The study introduces MedCheckLLM, a large language model–driven framework that enhances medical record
evaluation through a guideline-in-the-loop approach by integrating evidence-based guidelines.

(JMIR Form Res 2025;9:e53335)   doi:10.2196/53335
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Introduction

Large language models (LLMs) have demonstrated enormous
potential in assessing complex datasets in health care across
many applications [1,2]. One underexplored area is their
application for the reliable evaluation of medical documents.
The automated evaluation of these documents has the potential
to enhance patient safety. The system’s reasoning process must
be (1) transparent and comprehensible to human evaluators and
(2) guided by established medical guidelines proven to increase
patient safety [3].

In this study, we introduce a framework that consists of a
multistep approach for medical record evaluation that
incorporates guidelines into the evaluation process (ie,
guideline-in-the-loop). Our proposed algorithm,
MedCheckLLM, is an LLM-driven, structured reasoning
mechanism designed to automate the evaluation of medical
records against evidence-based guidelines. The guidelines are
deterministically accessed and returned to the LLM as input
without further model fine-tuning. This strict separation of LLM
and guidelines is expected to increase the validity and
interpretability of the evaluations. The approach's step-by-step
structure could improve transparency in clinical applications.
The primary objective of this research is to introduce the
conceptual framework and assess its feasibility.

Methods

The MedCheckLLM algorithm begins by extracting a patient’s
diagnosis from the medical report (Figure 1). Based on the
diagnosis, it suggests an appropriate guideline. A human medical
expert makes the final guideline selection. Guidelines are then
accessed independently of the LLM’s mechanisms using
programmatically built interfaces for guideline retrieval.
Subsequently, guidelines are provided as input to the LLM and
are either identified as already formatted in a usable checklist
or converted into a checklist. This diagnosis-specific checklist
is used to assess the medical report by the LLM, with a final
verification by a human medical expert. To test this approach,
we used expert-validated simulated medical reports (simulated
dataset) and physician-generated medical reports (physician
dataset). Performance was analyzed for patient histories with
headaches using guidelines from the International Headache
Society and the physician dataset for four further neurological
diagnoses (ie, border zone infarction, meningitis, neuromyelitis
optica, and subarachnoid haemorrhage). The validity of this
method was further analyzed by evaluating generated doctor’s
notes with a correct diagnosis compared to doctor’s notes with
a false diagnosis. The LLMs, GPT-4 and Claude-3 were used
for testing (see Multimedia Appendix 1).
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Figure 1. Workflow of MedCheckLLM. A medical report including medical history, diagnosis and treatment is provided as input. First, the LLM
identifies the given diagnosis. Second, it suggests a medical guideline for evaluation of the medical report, with a human medical expert making the
final selection. Then, independently of the LLM, the selected guideline is accessed, and diagnosis-specific text is extracted and inputted into the LLM.
Subsequently, the LLM determines whether the input guideline text is in checklist format; if not, it extracts a checklist. Using this diagnosis-specific
checklist, the LLM evaluates the medical report based on the diagnosis-specific checklist. Finally, a human expert assesses the LLM evaluation. Dashed
arrow: Checklist extraction instead of detection of checklist format. Blue box: Component uses an LLM. Green Box: Components do not use an LLM.

Results

We evaluated the medical report analysis conducted by
MedCheckLLM for various headache diagnoses. In the
simulated dataset, MedCheckLLM (based on GPT-4 and
Claude-3, Table 1) extracted the specified diagnosis correctly
in 100% of cases from a list of 61 possible diagnoses from The
International Classification of Headache Disorders-3 [4]. The
model suggested existing evidence-based guidelines in 70.59%

(12/17) of medical reports and detected the format of the
guidelines as checklists in 100% of the cases (N=17).
MedCheckLLM accurately evaluated 87% (67/ 77) of checklist
items. Performance on the physician dataset showed an accurate
evaluation in 77.4% (24/ 31) of checklist items (Table 2). It
identified incorrect diagnoses where the stated diagnosis did
not align with the content of the doctor’s letters in 94.1% (16/17)
of cases, while it correctly recognized 100% (N=17) of letters
with matching diagnoses.

Table . Performance of MedCheckLLM on the simulated dataset.

Explanation of specific task of each
element

Claude-3 performance, % (n/N)GPT-4 performance, % (n/N)Elements of algorithmic structure

Extract the diagnosis that is stated
in the medical report

100 (17/17)100 (17/17)Extracting stated diagnosis

Suggest a guideline that should be
used to evaluate the medical report

58.8 (10/17)70.6 (12/17)Suggestion of existing guidelines

Detect whether the accessed guide-
lines are in a structured checklist-
criteria format

100 (17/17)100 (17/17)Detection of checklist

Assess whether the criteria listed in
the checklist are met in the medical
report

83.8 (62/74)87 (67/77)Evaluation of diagnostic criteria
(checklist items)

Assess whether the diagnosis stated
in the medical report aligns with the
clinical descriptions

94.1 (16/17)100 (17/17)Evaluation of letters with correct
diagnosis (clinical descriptions and
diagnosis match)

Evaluate whether the diagnosis that
is stated in the medical report fits
the clinical descriptions

91.4 (16/17)91.4 (16/17)Evaluation of letters with false diag-
nosis (clinical descriptions and diag-
nosis do not match)
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Table . Performance of MedCheckLLM on the physician dataset.

Subarachnoid hemorrhageNeuromyelitis opticaMeningitisStrokeElement of algorithmic
structure

YesYesYesYesExtracting stated diagnosis

Yes, partially applicableYes, applicableYes, partially applicableYes, applicableSuggestion of existing

guidelinesa

Yes, minimal detailYes, thorough detailYes, moderate detailYes, moderate detailCreation of checklist, level

of detaila

60 (6/10)87.5 (7/8)66.7 (4/6)100 (7/7)Evaluation of diagnostic
criteria, % (n/N)

aThe responses were classified as yes, and partially applicable,applicable, or minimal, moderate, or thorough detail.

Discussion

The framework of MedCheckLLM represents a promising
approach for a comprehensive, guideline-anchored review of
electronic health records. It holds the potential to function as a
quality assurance framework throughout patient care due to its
advantages of separate partitioning of the LLM and the
guidelines, rather than training guidelines into an LLM. The
flexibility of this approach allows for immediate implementation
of guideline updates or the option to implement customized
protocols for subgroups of patients. Due to the checklist-based
approach, each item can be verified individually, thus increasing

the algorithm’s interpretability, which is crucial in health care
settings [5]. Due to the LLM’s subpar guideline suggestion
capability, medical experts are integrated at this step to ensure
that established guidelines are used. Further research is essential
to advance the development of LLM-driven methods for
extracting checklists from unstructured guidelines, as
well-structured guidelines are crucial for detailed, high-quality
checklists. Further, this framework facilitates improved data
mining practices in electronic health records [6]. In the future,
it is crucial to address privacy concerns to ensure the ethical
application of these powerful tools in real-world clinical settings
[7-9].
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Abstract

A sentiment analysis of 5051 Twitter posts from January 2022 found that 53.4% of them expressed positive views on ivermectin
as a COVID-19 treatment, 35.6% of them were neutral, and 11% of them were negative, highlighting the polarized public
perception and the need for careful interpretation of social media data in health communication.

(JMIR Form Res 2025;9:e50536)   doi:10.2196/50536
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Introduction

As the COVID-19 pandemic evolves, the scientific community
confronts the limitations of vaccines due to emerging viral
mutations that potentially decrease vaccine efficacy [1], thus
necessitating a parallel investigation into additional therapeutic
agents. Ivermectin, a well-established, safe drug, has emerged
as a repurposed drug candidate due to preliminary studies
suggesting its antiviral properties against SARS-CoV-2 in vitro
[1,2]. Nonetheless, the scientific debate remains vigorous, with
discussions on the drug’s appropriate formulation and dosing
for potential COVID-19 prophylaxis and treatment [3].

Simultaneously, ivermectin’s role has garnered widespread
attention on social media, reflecting the public's quest for
alternative treatments. Twitter (now X), a hub for real-time
public discourse, has become a fertile ground for divergent

views on COVID-19 treatment [4,5]. This sentiment analysis
focuses on Twitter discussions about ivermectin, showing public
opinion that, while not devoid of misinformation risks, these
discussions offer an alternative lens to understand the societal
pulse on this contentious topic [6]. By examining the sentiments
expressed on Twitter, we aim to add nuance to the ongoing
discourse, acknowledging the platform's influence on public
perception and its implications for health communication
strategies.

Methods

Overview
This cross-sectional examined the COVID-19–related sentiments
on ivermectin using Twitter data. Primary data were collected
from Twitter posts about ivermectin worldwide from January
15 to 22, 2022. We searched posts with the keyword
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“ivermectin” and retrieved raw data with various variables. Data
cleaning involved lowercasing capital letters, eliminating retweet
symbols, removing punctuation marks, and other preprocessing
steps to ensure data accuracy [6]. People’s sentiments were
determined by creating a corpus (body of text) and loading a
lexicon dictionary based on the positive and negative words.
The sentiment score was calculated with the Bing method using
a range of –6 to +6 and considered 3 sentiment types: positive,
neutral, and negative [7,8]. The Bing lexicon was chosen for
its proven effectiveness and simplicity in extensive dataset
analysis. Frequency analysis of single terms (unigrams), word
pairs (bigrams), and bigram networks helped identify frequently
mentioned terms and explore relationships between words [7,8].
Despite its simplicity, this approach is as robust as more
complex methods, as it accurately categorizes sentiments and
identifies patterns through unigram and bigram frequency
analysis [6]. This computational analysis–focused methodology
offers valuable insights into public sentiment, complementing
traditional clinical evaluation without extensive statistical
validation. Data were mined using Twitter’s limited application
programming interface (version 2) and analyzed using RStudio
(R Foundation) and relevant packages for visualization.

Ethical Considerations
There was no direct connection with Twitter users. We removed
all individual data, usernames, IDs, and tweets in the manuscript
and supporting material. Therefore, ethical approval was not
required.

Results

In total, 5051 ivermectin-related tweets underwent sentiment
analysis, revealing a prevailing positive sentiment (53.4%),
followed by neutral (35.6%) and negative (11%) sentiments
among the analyzed tweets (Figure 1). The analysis identified
frequently mentioned positive terms such as “medication,”
“potentially,” and “treatment,” while negative terms like
“poised,” “smuggling,” and “toxic” were less common. Notably,
analysis of word pairings unveiled strong associations with
positive sentiments, further supporting the notion of ivermectin’s
potential efficacy in COVID-19 treatment. Examining these
word pairings facilitated in-depth exploration of sentiment
patterns within the bigram network, revealing significant
connections and relationships in the analyzed tweets (Figure
2).

Figure 1. Distribution of sentiment score.
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Figure 2. Bigram count network related to tweets ivermectin.

Discussion

Principal Findings
Our analysis shows that tweets about repurposing ivermectin
for COVID-19 treatment are predominantly positive. Terms
like “medication,” “potentially,” and “treatment” frequently
appeared in positive contexts, reinforcing this finding. Phrases
such as “ivermectin works,” “available ivermectin,” and
“ivermectin medication” were strongly associated with positive
sentiment. These results align with previous findings showing
ivermectin’s popularity on Twitter for COVID-19 treatment
[4,5]. However, some negative sentiment was observed,
particularly concerning warnings from the Food and Drug
Administration and the limited clinical evidence supporting
ivermectin’s efficacy in COVID-19 prevention and treatment
[9].

Twitter data have proven valuable in monitoring public
responses to the COVID-19 pandemic, as evidenced by a study
of millions of SARS-CoV-2–related tweets [10]. This study not
only identified dominant topics like new cases, death rates, and
preventive measures, but also explored the geographic
distribution of sentiments through tweet-embedded geolocation
data (code available in Multimedia Appendix 1).

Limitations
Of note, the findings are based on Twitter data, which may not
represent the entire population’s sentiments. Therefore,
researchers conducted cross-validation of the sources.

Conclusions
This sentiment analysis highlights the polarized perception of
ivermectin in COVID-19–related discourse and reflects broader
public health debates. Given the regulatory advisories and the
limited clinical evidence, these public sentiments must be
interpreted cautiously.

 

JMIR Form Res 2025 | vol. 9 | e50536 | p.4451https://formative.jmir.org/2025/1/e50536
(page number not for citation purposes)

Kautsar et alJMIR FORMATIVE RESEARCH

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


Acknowledgments
We acknowledge receiving the Ministry of Higher Education, Science, and Technology Overseas Postgraduate Education
scholarship (DIKTI BPP-LN grant T/915/D3.2/KD.02.01/2019) awarded to AK. Despite this financial support, we have diligently
maintained transparency and objectivity in our work.

Conflicts of Interest
None declared.

Multimedia Appendix 1
Code in R.
[ZIP File (Zip Archive), 5 KB - formative_v9i1e50536_app1.zip ]

References
1. Jiang S. Don't rush to deploy COVID-19 vaccines and drugs without sufficient safety guarantees. Nature 2020 Mar

16;579(7799):321-321. [doi: 10.1038/d41586-020-00751-9] [Medline: 32179860]
2. Caly L, Druce JD, Catton MG, Jans DA, Wagstaff KM. The FDA-approved drug ivermectin inhibits the replication of

SARS-CoV-2 in vitro. Antiviral Res 2020 Jun;178:104787 [FREE Full text] [doi: 10.1016/j.antiviral.2020.104787] [Medline:
32251768]

3. The WP. NIH trial may settle debate over ivermectin as a covid-19 treatment. The Washington Post. URL: https://www.
washingtonpost.com/health/2021/04/08/ivermectin-covid-drug/ [accessed 2023-03-06]

4. de Melo T, Figueiredo CMS. Comparing news articles and tweets about COVID-19 in Brazil: sentiment analysis and topic
modeling approach. JMIR Public Health Surveill 2021 Feb 10;7(2):e24585 [FREE Full text] [doi: 10.2196/24585] [Medline:
33480853]

5. Garcia K, Berton L. Topic detection and sentiment analysis in Twitter content related to COVID-19 from Brazil and the
USA. Appl Soft Comput 2021 Mar;101:107057 [FREE Full text] [doi: 10.1016/j.asoc.2020.107057] [Medline: 33519326]

6. Hill S, Scott R. Developing an Approach to Harvesting, Cleaning, and Analyzing Data from Twitter Using R. Inf Sys Educ
J 2017;15(3):15.

7. Liu B, Hu M, Cheng J. Opinion observer: analyzing and comparing opinions on the Web. 2005 Presented at: WWW '05:
Proceedings of the 14th international conference on World Wide Web; May 10-14, 2005; Chiba, Japan p. 342-351. [doi:
10.1145/1060745.1060797]

8. Liu B. Sentiment Analysis: Mining Opinions, Sentiments, and Emotions. Cambridge, United Kingdom: Cambridge University
Press; 2020.

9. Why You Should Not Use Ivermectin to Treat or Prevent COVID-19. Food and Drug Administration. URL: https://nycourts.
gov/reporter/webdocs/Why-You-Should-Not-Use-Ivermectin-to-Treat-or-Prevent-COVID-19.pdf [accessed 2022-03-01]

10. Xue J, Chen J, Hu R, Chen C, Zheng C, Su Y, et al. Twitter discussions and emotions about the COVID-19 pandemic:
machine learning approach. J Med Internet Res 2020 Nov 25;22(11):e20550 [FREE Full text] [doi: 10.2196/20550] [Medline:
33119535]

Edited by A Mavragani; submitted 05.07.23; peer-reviewed by R Gore, J Plasek, A Naser, B Cao; comments to author 16.11.23;
revised version received 12.02.24; accepted 09.09.24; published 27.03.25.

Please cite as:
Kautsar AP, Sinuraya RK, van der Schans J, Postma MJ, Suwantika AA
Exploring Public Sentiment on the Repurposing of Ivermectin for COVID-19 Treatment: Cross-Sectional Study Using Twitter Data
JMIR Form Res 2025;9:e50536
URL: https://formative.jmir.org/2025/1/e50536 
doi:10.2196/50536
PMID:

©Angga Prawira Kautsar, Rano Kurnia Sinuraya, Jurjen van der Schans, Maarten Jacobus Postma, Auliya A Suwantika. Originally
published in JMIR Formative Research (https://formative.jmir.org), 27.03.2025. This is an open-access article distributed under
the terms of the Creative Commons Attribution License (https://creativecommons.org/licenses/by/4.0/), which permits unrestricted
use, distribution, and reproduction in any medium, provided the original work, first published in JMIR Formative Research, is
properly cited. The complete bibliographic information, a link to the original publication on https://formative.jmir.org, as well
as this copyright and license information must be included.

JMIR Form Res 2025 | vol. 9 | e50536 | p.4452https://formative.jmir.org/2025/1/e50536
(page number not for citation purposes)

Kautsar et alJMIR FORMATIVE RESEARCH

XSL•FO
RenderX

https://jmir.org/api/download?alt_name=formative_v9i1e50536_app1.zip&filename=20db8e90c00e5d051dbfe7d282832b4d.zip
https://jmir.org/api/download?alt_name=formative_v9i1e50536_app1.zip&filename=20db8e90c00e5d051dbfe7d282832b4d.zip
http://dx.doi.org/10.1038/d41586-020-00751-9
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32179860&dopt=Abstract
https://linkinghub.elsevier.com/retrieve/pii/S0166-3542(20)30201-1
http://dx.doi.org/10.1016/j.antiviral.2020.104787
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32251768&dopt=Abstract
https://www.washingtonpost.com/health/2021/04/08/ivermectin-covid-drug/
https://www.washingtonpost.com/health/2021/04/08/ivermectin-covid-drug/
https://publichealth.jmir.org/2021/2/e24585/
http://dx.doi.org/10.2196/24585
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33480853&dopt=Abstract
https://europepmc.org/abstract/MED/33519326
http://dx.doi.org/10.1016/j.asoc.2020.107057
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33519326&dopt=Abstract
http://dx.doi.org/10.1145/1060745.1060797
https://nycourts.gov/reporter/webdocs/Why-You-Should-Not-Use-Ivermectin-to-Treat-or-Prevent-COVID-19.pdf
https://nycourts.gov/reporter/webdocs/Why-You-Should-Not-Use-Ivermectin-to-Treat-or-Prevent-COVID-19.pdf
https://www.jmir.org/2020/11/e20550/
http://dx.doi.org/10.2196/20550
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33119535&dopt=Abstract
https://formative.jmir.org/2025/1/e50536
http://dx.doi.org/10.2196/50536
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


Monitoring Nystagmus in a Patient With Vertigo Using a
Commercial Mini-Infrared Camera and 3D Printer:
Cost-Effectiveness Evaluation and Case Report

Hiroyuki Sakazaki1, SLP, MPAS; Masao Noda1,2*, MD, MBA, PhD; Yumi Dobashi1, MT; Tatsuaki Kuroda1,3, MD;

Reiko Tsunoda1, MD, PhD; Hiroaki Fushiki1*, MD, PhD
1Department of Otolaryngology, Mejiro University Ear Institute Clinic, 320 Ukiya, Iwatsuki-ku, Saitama-shi, Saitama, Japan
2Department of Otolaryngology and Head and Neck Surgery, Jichi Medical University, Tochigi, Japan
3Kuroda ENT Clinic, Yatsushiro-shi, Kumamoto, Japan
*these authors contributed equally

Corresponding Author:
Masao Noda, MD, MBA, PhD
Department of Otolaryngology, Mejiro University Ear Institute Clinic, 320 Ukiya, Iwatsuki-ku, Saitama-shi, Saitama, Japan

Abstract

Background: Observing eye movements during episodic vertigo attacks is crucial for accurately diagnosing vestibular disorders.
In clinical practice, many cases lack observable symptoms or clear findings during outpatient examinations, leading to diagnostic
challenges. An accurate diagnosis is essential for timely treatment, as conditions such as benign paroxysmal positional vertigo
(BPPV), Ménière’s disease, and vestibular migraine require different therapeutic approaches.

Objective: This study aimed to develop and evaluate a cost-effective diagnostic tool that integrates a mini-infrared camera with
3D-printed goggles, enabling at-home recording of nystagmus during vertigo attacks.

Methods: A commercially available mini-infrared camera (US $25) was combined with 3D-printed goggles (US $13) to create
a system for recording eye movements in dark conditions. A case study was conducted on a male patient in his 40s who experienced
recurrent episodic vertigo.

Results: Initial outpatient evaluations, including oculomotor and vestibular tests using infrared Frenzel glasses, revealed no
spontaneous or positional nystagmus. However, with the proposed system, the patient successfully recorded geotropic
direction-changing positional nystagmus during a vertigo attack at home. The nystagmus was beating distinctly stronger on the
left side down with 2.0 beats/second than the right side down with 1.2 beats/second. Based on the recorded videos, a diagnosis
of lateral semicircular canal-type BPPV was made. Treatment with the Gufoni maneuver effectively alleviated the patient’s
symptoms, confirming the diagnosis. The affordability and practicality of the device make it particularly suitable for telemedicine
and emergency care applications, enabling patients in remote or underserved areas to receive accurate diagnoses.

Conclusions: The proposed system demonstrates the feasibility and utility of using affordable, accessible technology for
diagnosing vestibular disorders outside of clinical settings. By addressing key challenges, such as the absence of symptoms during
clinical visits and the high costs associated with traditional diagnostic tools, this device offers a practical solution for real-time
monitoring and accurate diagnosis. Its potential applications extend to telemedicine, emergency settings, and resource-limited
environments. Future iterations that incorporate higher-resolution imaging and automated analysis could further enhance its
diagnostic capabilities and usability across diverse patient populations.

(JMIR Form Res 2025;9:e70015)   doi:10.2196/70015

KEYWORDS

dizziness; vertigo; smartphone; BPPV; telemedicine; 3D-printer

Introduction

Vertigo is a common ailment experienced at all ages, with an
estimated lifetime prevalence of 3%‐10% [1]. It is symptomatic
of peripheral vestibular, central, and psychogenic disorders and
circulatory dysfunction, as well as life-threatening conditions,
such as cerebrovascular disease, making accurate diagnosis

clinically significant [2,3]. Even when not life-threatening,
episodic vertigo attacks accompanied by nausea and vomiting
can substantially impair an individual’s quality of life [4].

Recently, the use of telemedicine has expanded across various
fields owing to the rapid spread of information and
communication technology, the widespread use of smartphones
and tablets, and advancements in data communication
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technology [5]. The COVID-19 epidemic further accelerated
the adoption of telemedicine in clinical care [6]. Consequently,
the use of smartphones for telemedicine in vertigo treatment
has increased [7-10]. For example, Shah et al [11] used
smartphone-recorded eye movement videos to diagnose benign
paroxysmal positional vertigo (BPPV). Additionally, we
developed a recording and analysis system for video head
impulse testing using smartphones [12]; this system was found
to be effective when field physicians collaborated with remote
specialists, especially in emergencies.

Observing eye movements during vertigo attacks is critical for
accurately diagnosing recurrent vestibular disorders [13-15].
Young et al [15] demonstrated that patient-initiated monitoring
of vestibular events is feasible and can lead to rapid and accurate
diagnoses of episodic vestibular disorders. The characteristics
of nystagmus observed in conditions such as Ménière’s disease,
vestibular migraine, and BPPV can aid in diagnosis, even in
remote settings. This approach is also valuable in emergency
departments, bridging the gap between frontline physicians and
specialists [12]. Continuous monitoring of nystagmus may help
differentiate between Ménière’s disease and vestibular migraine
based on variations in nystagmus duration [14]. However, in
clinical practice, symptoms often resolve before examination,
making diagnosis challenging. Independent at-home recording
of eye movements during vertigo attacks provides critical
diagnostic information, benefiting both patients and physicians.
Although smartphone recordings have been used to diagnose
conditions such as Ménière’s disease [16], they may not always
adequately capture nystagmus due to suppression by the
patient’s gaze. Phillips et al [17] demonstrated a case in which
the continuous ambulatory vestibular assessment (CAVA)
device, which does not require a smartphone, successfully
recorded nystagmus throughout an entire Ménière’s attack. Their
study highlighted the device’s utility in predicting vertigo attack
onset and diagnosing Ménière’s disease [17].

By integrating a commercially available mini-infrared camera
with 3D-printed goggles, we devised a method that allows
patients to record eye movements during vertigo attacks in
darkness at home and share the recordings with their physicians.
Herein, we report a case demonstrating the diagnostic utility of
this method.

Methods

Ethical Considerations
This study was approved by the Medical Research Ethics
Committee of Mejiro University (approval number Medical
21‐005). Written informed consent was obtained from the
patient after providing a sufficient explanation regarding the
protection of personal information. All data collected in this
study were anonymized, ensuring that no personally identifiable
information was included in the analysis or publication. CARE
(Case Report) EQUATOR (Enhancing the Quality and
Transparency of Health Research) guidelines were followed.
No financial or material compensation was provided to the
participant.

Recruitment Procedures
Participants for this study were recruited from the
otolaryngology outpatient clinic at Mejiro University, a tertiary
center specializing in the diagnosis and treatment of vestibular
disorders. The patient included in this case report was referred
to the clinic after experiencing recurrent episodes of vertigo
that had gone undiagnosed in a primary care setting. During the
recruitment process, patients presenting with vertigo as their
primary symptom were screened based on their medical history,
physical examination, and routine vestibular tests. Those who
were unable to obtain a definitive diagnosis through standard
diagnostic procedures, such as infrared video Frenzel glasses
or vestibular function tests, were considered eligible for
inclusion. The patient selected for this study provided written
informed consent after receiving a detailed explanation of the
study’s objectives, the operation of the device, and measures
to protect personal information.

Development of the Device
A mini-infrared camera equipped with an infrared imaging mode
was selected to capture spontaneous nystagmus under low-light
conditions (Wireless Mini Camera Model: Q15; Shenzhen Aobo
Technology Co, Ltd; Figure 1A). The mini-infrared camera,
costing approximately US $25, boasts a resolution of 1920×1080
pixels, a shooting angle of 150°, video encoding of H.264, and
dimensions of 32.5 mm in width, 33.0 mm in height, and 34.2
mm in depth. Using Wi-Fi to start and stop recordings, patients
can simultaneously and conveniently produce video and audio
recordings using their smartphones.
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Figure 1. The mini-infrared camera and handmade goggles designed for recording eye movements during vertigo attacks. This system was developed
as part of a study to enhance diagnostic support for patients with episodic vertigo at Mejiro University Ear Institute Clinic. (A) A mini-infrared camera
designed for portability and affordability. (B) Goggles featuring slots to securely attach the wireless mini-infrared camera on each side, ensuring stable
recording during vertigo episodes. (C) A computer-aided design (CAD) diagram of the goggles, optimized for 3D printing compatibility. (D) The final
output of the goggles produced using a 3D printer with a filament.

Slots were placed inside the goggles on the left and right sides,
and the center of the mini-infrared camera was inserted in the
slot aligned with the line of sight (Figure 1B). Both eyes were
simultaneously photographed using 2 mini-infrared cameras.
We designed the goggles using Tinkercad, a web-based 3D
modeling tool, and an AFINIA H+1 3D printer (Microboards
Technology Inc; Figure 1C). Black filament AFINIA ABS
Premium Plus (Microboards Technology Inc) was used for
printer output to preserve the darkness (Figure 1D). Eighteen
pairs of goggles were produced, with filament costs of
approximately US $13 per pair. The construction data for the
3D printer are available for download [18]. These data can be
used to create goggles compatible with other mini-infrared
cameras.

Operation of the Device
To operate the mini-infrared camera, the patient installed an
application (HDSPCAM APP) on his smartphone or tablet. He
paired the smartphone/tablet with the mini-infrared camera and
selected the infrared imaging mode. During vertigo attacks, he
placed the mini-infrared camera in the goggles, pressed the start
button on the paired smartphone or tablet, and placed the goggles
on his face. The captured images were automatically stored via
Wi-Fi on the patient’s smartphone or tablet (Figure 2).

The handmade goggles were used by the patient to record eye
movements during vertigo episodes at home under dark
conditions. The videos were wirelessly transferred to and stored
on a smartphone for later analysis by physicians. This system
was used in a case study of a male patient in his 40s with
recurrent episodic vertigo.
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Figure 2. Use of the handmade goggles.

Results

Case Presentation
A man in his 40s with episodic vertigo visited our clinic. Initial
assessments using infrared video Frenzel glasses showed no
spontaneous or positional nystagmus, and oculomotor-vestibular
function tests revealed no abnormalities; therefore, a definitive
diagnosis was not reached. We rented him our self-made
3D-printed goggles and a mini-infrared camera to record the
patient’s eye movements during vertigo. We also asked him to
verbally record his posture when he changed positions (eg,
supine, lower left, supine, and lower right).

Assessment Results
On reviewing the videos, geotropic direction-changing positional
nystagmus was observed, and lateral semicircular canal-type
BPPV was diagnosed (Figure 3). The nystagmus in the first 5
seconds after the change in head position was beating distinctly
stronger on the left side down with 2.0 beats/second than on the
right side down with 1.2 beats/second. The affected ear was
identified from the nystagmus’s appearance, direction, and
intensity in different positions using the audio recordings.
Treatment with the Gufoni maneuver alleviated the vertigo and
nystagmus.
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Figure 3. Eye movements recorded by the patient during a vertigo attack. Geotropic direction-changing positional nystagmus was observed. (A) A still
image extracted from the video recording, captured in a dark environment to avoid nystagmus suppression. (B) Because video clips cannot be shown
in this paper, we instead present the waveforms of the eye movements. The ocular position was measured using the corneal reflex method to illustrate
the recorded nystagmus. OpenCV (Intel Corp) was used for image processing. H: horizontal component. V: vertical component.

Discussion

Principal Findings
Episodic vertigo attacks often pose diagnostic challenges due
to their transient nature and the absence of symptoms during
clinical examinations. In this study, we developed a
cost-effective diagnostic tool that combines a mini-infrared
camera with 3D-printed goggles, enabling patients to record
eye movements during vertigo attacks in dark conditions at
home. Using this system, we successfully diagnosed lateral
semicircular canal-type BPPV in a patient with recurrent vertigo,
which had previously gone undiagnosed in standard outpatient
evaluations. This approach demonstrates the feasibility and
utility of our device in providing accurate diagnostic support
for patients experiencing episodic vertigo. The system is also
effective for patients whose vertigo symptoms resolve before
clinical visits, allowing for the capture of critical diagnostic
information at home during active episodes.

The goggles were printed with an adhesive filament to secure
the mini-infrared camera and maintain their shape despite their
complex structure. However, each printing required
approximately 10 hours. Optimizing the design of the goggles’

interior and improving printer performance might shorten
production time. Alternatively, eye movements during vertigo
attacks can be captured via video recording using a smartphone.
Using this method, Kıroğlu and Dağkıran [16] diagnosed
Ménière’s disease in patients with vertigo attacks. For vertigo
diagnosis, confirming spontaneous nystagmus under nongazing
conditions is crucial [19]. However, when recording with a
smartphone, nystagmus may be suppressed in bright conditions,
as people tend to gaze at ambient light or the lens of the
mini-infrared camera, making it difficult to capture eye
movements in the dark. Melliti et al [20] attempted to record
nystagmus using a smartphone lens adapter but reported that
only approximately half (49%) of the patients successfully
recorded nystagmus during the study period. Additionally, the
study highlighted that significant time and effort were required
to adequately explain the device’s usage to patients. In contrast,
the device used in this study allows for recording in dark
conditions, overcoming the limitations of ambient light and
enabling more reliable recordings for a wider range of patients.
This feature holds promise for improving diagnostic outcomes
by providing clear recordings of nystagmus during vertigo
attacks. While Phillips et al [14] introduced an excellent system
for continuous monitoring to investigate the pathophysiology
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of Ménière’s disease and vestibular migraine, practical clinical
settings often require affordable and accessible tools, such as
our system, to differentiate between BPPV and spontaneous
vertigo.

In addition to its affordability compared to conventional
diagnostic tools, the system demonstrated in this study offers
significant benefits in terms of accessibility and usability. The
mini-infrared camera used in this device costs approximately
US $25, while the 3D-printed goggles can be produced for US
$13 per unit. These low costs make the device not only
economical for health care systems but also user-friendly for
patients, allowing them to independently record diagnostic
findings during vertigo attacks. This accessibility enables the
capture of observations that might not have been possible with
traditional equipment, particularly for patients who face
challenges in attending repeated clinical visits. Such findings
are crucial for early diagnosis and timely treatment, improving
patient outcomes and reducing the burden on health care
systems. Similarly, studies on comparable systems, such as the
CAVA system, have reported cost savings of between £631
(US $791) and £1305 (US $1635.90) per patient by eliminating
unnecessary tests and streamlining the diagnostic process [21].
This highlights the potential of community-based,
patient-centered diagnostic tools to transform vertigo care,
making it more efficient and accessible for all.

Previous studies used a deep learning system [22] and a
smartphone application [23] to detect nystagmus. Several
innovative applications for the diagnosis and management of
vertigo have been developed [23], and combining these
applications with other devices has the potential to enhance
diagnostic accuracy and usability. Advances in these
technologies and their integration with other devices will
facilitate the assessment of smartphone-captured eye movements
at home and improve the detection of nystagmus.

Future developments could further optimize the system for
broader patient populations, such as older individuals or those
with manual dexterity challenges, by integrating automated
features and caregiver support options. These enhancements
would not only expand the usability of the device but also
strengthen its role in community-based and remote medical

care, making it a versatile tool for vertigo diagnostics. As a
potential adaptation to telemedicine, remote specialists have
used eye movements captured on a smartphone to evaluate
BPPV. Compared to infrared cameras, smartphones are more
portable and less expensive. Commercially available infrared
cameras with Wi-Fi and 3D-printed goggles can be used for
web-based medical care by dizziness specialists and physicians
in emergency medicine.

Limitations
Despite its promising utility, this study has several limitations.
First, the findings are based on a single case, which limits the
generalizability of the results. Second, the low resolution of the
mini-infrared camera made it difficult to analyze the torsional
components of nystagmus due to unclear iris patterns. However,
the direction and intensity of nystagmus were easily determined,
making the device a practical diagnostic tool.

Third, the system requires patients to operate the device during
vertigo attacks, which may pose challenges for older individuals
or those with impaired dexterity. Additionally, it relies on the
user’s ability to keep their eyes open and to ensure that the
device is adequately charged and ready for use during an episode
of vertigo. These operational requirements may limit its
applicability for certain patient populations, particularly those
who experience severe vertigo or lack manual dexterity.

Conclusion
In this study, we demonstrate the feasibility of using a low-cost,
commercially available mini-infrared camera combined with
3D-printed goggles to accurately diagnose vestibular disorders
such as BPPV during vertigo attacks. This approach highlights
the potential for integrating affordable and accessible
technologies into telemedicine, providing a valuable tool for
remote, real-time diagnostic support. By enabling patients to
record eye movements at home, this system bridges gaps in
traditional outpatient care and empowers both patients and
physicians to achieve timely and precise diagnoses. Future
advancements in device performance and usability could further
expand its applications in diverse health care settings,
particularly for older populations or those in resource-limited
regions.
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Abstract

Background: The minimal clinically important difference (MCID) is an important threshold to consider when evaluating the
meaningfulness of improvement following an intervention. The JoyPop app is an evidence-based smartphone app designed to
improve resilience and emotion regulation. Information is needed regarding the JoyPop app’s MCID among culturally diverse
youth.

Objective: This study aims to calculate the MCID for youth using the JoyPop app and to explore how the MCID may differ for
a subset of Indigenous youth.

Methods: Youth (N=36; aged 12-18 years) were recruited to use the JoyPop app for up to 4 weeks as part of a larger pilot
evaluation. Results were based on measures completed after 2 weeks of app use. The MCID was calculated using emotion
regulation change scores (Difficulties in Emotion Regulation–Short Form [DERS-SF]) and subjective ratings on the Global Rating
of Change Scale (GRCS). This MCID calculation was completed for youth overall and separately for Indigenous youth only.

Results: A significant correlation between GRCS scores and change scores on the DERS-SF supported face validity (r=–0.37;
P=.04). The MCID in emotion regulation following the use of the JoyPop app for youth overall was 2.80 on the DERS-SF. The
MCID for Indigenous youth was 4.29 on the DERS-SF. In addition, most youth reported improved emotion regulation after using
the JoyPop app.

Conclusions: These MCID findings provide a meaningful threshold for improvement in emotion regulation for the JoyPop app.
They provide potential effect sizes and can aid in sample size estimations for future research with the JoyPop app or e-mental
health technologies in general. The difference between overall youth and Indigenous youth MCID values also highlights the
importance of patient-oriented ratings of symptom improvement as well as cultural considerations when conducting intervention
research and monitoring new interventions in clinical practice.

(JMIR Form Res 2025;9:e64483)   doi:10.2196/64483
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Introduction

The minimal clinically important difference (MCID) is the
smallest change in an outcome (eg, symptom or ability) that
patients consider meaningful to continue using an intervention
[1]. These patient-derived scores serve as thresholds for outcome
improvement when evaluating new interventions [1] and inform
researchers on potential effect sizes in clinical trials.

The JoyPop app is a mobile health (mHealth) tool with a
growing evidence base supporting its use among youth (Figure
1) [2]. JoyPop app use is associated with improved emotion
regulation [2], and service providers, adolescents, and young
adults view it as an acceptable, useful, and feasible tool to
support existing mental health services [3,4]. Research to
determine how much change in emotion regulation is clinically
meaningful to app users is needed. Additionally, identifying the
MCID among Indigenous youth, who experience greater mental
health difficulties [5], is required.

Figure 1. JoyPop app features.

We asked youth about the emotion regulation change that was
important to them before and after using the JoyPop app. We
calculated the MCID for all youth and Indigenous youth. We

also explored the importance of patient perspectives and how
MCIDs may differ between populations to provide
patient-oriented recommendations for future research. Given
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this study’s exploratory nature, we did not have a priori
hypotheses.

Methods

Participants and Procedure
All youth (aged 12-18 years) who used the JoyPop app while
receiving mental health services from the 2 largest mental health
organizations in Northwestern Ontario were eligible to
participate; 36 participated. Staff (ie, the youth’s clinician) from
the organizations informed them about the study. Staff sent the
research team contact information for youth who were interested.
Youth were contacted to receive further information. Interested
youth attended an orientation session and downloaded the app
onto their own device or were provided with a refurbished phone
(containing just the JoyPop app) to use during the study.
Participants were encouraged to use the app at least twice daily
for 4 weeks and were sent 2 daily reminders to use the app
through email and text. Participants completed measures for a
larger pilot study at baseline (time 1; N=36), after 2 weeks (time
2; n=31), and after 4 weeks (time 3; n=25). Compensation was
provided for each time point completed (up to CAD $80 [US
$54]). If the JoyPop app was downloaded to participants’
devices, they could continue using it after study completion.
Given the pilot study’s small sample size and attrition by time
3, we used time-1 and time-2 data for calculating the MCID.

Measures

GRCS
The Global Rating of Change Scale (GRCS) is a single-item
measure assessing the degree of change individuals felt occurred
during or after an intervention [6]. The GRCS asked participants

“As a result of using the JoyPop app, has your ability to
understand and manage your emotions been...” Participants
responded using an 11-point Likert scale (–5=“a very great deal
worse” to 0=“no change” to +5=“a very great deal better”) at
time 2. At time 1, we asked participants how much change in
their ability to regulate their emotions they “would like to see”
to deem using the app worthwhile.

DERS-SF
The Difficulties in Emotion Regulation Scale–Short Form
(DERS-SF) [7,8] is an 18-item questionnaire assessing emotion
regulation abilities (eg, “When I was upset, I became out of
control”) rated on a 5-point Likert scale (1=“almost never” to
5=“almost always”). Total scores range from 18 to 80, with
higher scores indicating greater difficulties. The DERS-SF has
satisfactory reliability and validity [7,8]. The reliability among
participants in this study was excellent (time-1 α=.90; time-2
α=.94).

Statistical Analysis
We used the anchor-based method: patient-reported scores on
outcome measures were compared with a more subjective
measure of change (“anchor” or cutoff) [1]. Time-1 GRCS
scores showed that most participants reported wanting to feel
+2 “somewhat better” emotion regulation from using the app
(Table 1). Therefore, +2 was used as the “anchor” at time 2
when determining the MCID. We calculated the mean change
score on the DERS-SF (outcome measure) for participants who
rated +2 on the GRCS (“anchor”)—this became the MCID. We
ran descriptive statistics to calculate the proportion of
participants who scored at or above the MCID. We completed
these analyses for the total sample and separately for Indigenous
participants. Correlation tested face validity.

Table 1. Frequencies of Global Rating of Change Scale (GRCS) ratings.

Time 2 (n=31), n (%)Time 1b (N=36), n (%)GRCS ratinga

2 (6)4 (11)Emotion regulation worsened (rated from –1 to –5)

5 (16)4 (11)No change in emotion regulation (rated 0)

8 (26)3 (8)Emotion regulation was almost the same, hardly better at all (rated +1)

10 (32)13 (36)Emotion regulation was somewhat better (rated +2)

6 (19)12 (33)Emotion regulation was much better (rated from +3 to +5)

aThe percentage of youth that rated each item on the GRCS (N=36). Participants (aged 12-18 years) were recruited for the pilot study from 2 mental
health organizations in Northwestern Ontario.
bGRCS ratings at time 1 (N=36) reflect how much change youth prospectively wanted to see from using the JoyPop app. GRCS ratings at time 2 (n=31)
reflect how much change youth actually experienced after 2 weeks of using the JoyPop app.

Ethical Considerations
The study was reviewed and approved by research ethics boards
at Lakehead University (ROMEO #1468701) and the
collaborating mental health organizations. Study information
was reviewed with all youth. All participants provided informed
consent. Data only contained the ID number provided at study
onset. The list linking participant ID numbers to participant
names was kept separately from the study dataset and was
destroyed after data collection. Youth could withdraw at any
time without penalty.

Results

Descriptive Statistics
Participant demographics (Table 2) and descriptive statistics
for emotion regulation and global ratings of change (Table 3)
are shown. Time-2 GRCS scores showed that many participants
reported improved emotion regulation after using the app for 2
weeks (Table 1). A significant negative correlation between
time-2 GRCS ratings and DERS-SF change scores provided
face validity that the GRCS can indicate a meaningful
patient-rated change in emotion regulation (r=–0.37; P=.04).
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Table 2. Youtha participant demographics.

Value (N=36)Variables

Ethnicity, n (%)

9 (25)White

25 (69)Indigenous

1 (3)Mixed

1 (3)South Asian

14.47 (1.75)Age (years), mean (SD)

Gender identity, n (%)

22 (61)Girl

5 (14)Boy

7 (19)Agender or nonbinary

2 (6)Transgender

aParticipants (N=36; aged 12-18 years) were recruited for the pilot study from 2 mental health organizations in Northwestern Ontario.

Table 3. Mean and SD values of the Difficulties in Emotion Regulation Scale–Short Form (DERS-SF) and Global Rating of Change Scale (GRCS)
overall and for Indigenous youth.

GRCSc, mean (SD)DERS-SFb, mean (SD)Participants, nParticipantsa and time point

All youth

1.75 (1.54)59.64 (14.03)36Time 1

1.48 (1.44)55.84 (16.11)31Time 2

Indigenous youth

1.64 (1.29)58.44 (15.92)25Time 1

1.43 (1.36)53.19 (17.49)21Time 2

aParticipants (aged 12-18 years) were recruited for the pilot study from 2 mental health organizations in Northwestern Ontario.
bHigher scores indicate greater emotional dysregulation and lower scores indicate improvement.
cHigher scores indicate higher subjective improvement. GRCS ratings at time 1 reflect how much change youth prospectively wanted to see from using
the JoyPop app. GRCS ratings at time 2 reflect how much change youth actually experienced after 2 weeks of using the JoyPop app.

MCID
The mean change score on the DERS-SF for participants who
rated +2 “somewhat better” on the GRCS at time 2 was –2.80
(SD 9.22), translating to an MCID of 2.80. Using this threshold,
45% (14/31) of participants met or exceeded this change after
2 weeks, regardless of their time-2 GRCS rating (Table 4). For

Indigenous youth who rated +2 “somewhat better” on the GRCS,
the mean change score on the DERS-SF was –4.29 (SD 8.96),
indicating that they experienced a 4.29-point improvement in
emotion regulation after using the app for 2 weeks and had an
MCID of 4.29. Using this threshold, 43% (9/21) of Indigenous
youth met or exceeded this change after 2 weeks.

Table 4. Frequencies of Global Rating of Change Scale (GRCS) ratings of those who met or exceeded the minimal clinically important difference on
the Difficulties in Emotion Regulation Scale–Short Form.

Youth (n=14), n (%)GRCS ratinga

0Emotion regulation worsened (rated from –1 to –5)

1 (7)No change in emotion regulation (rated 0)

5 (36)Emotion regulation was almost the same, hardly better at all (rated +1)

5 (36)Emotion regulation was somewhat better (rated +2)

3 (21)Emotion regulation was much better (rated from +3 to +5)

aParticipants (aged 12-18 years) were recruited for the pilot study from 2 mental health organizations in Northwestern Ontario. This table represents
only the youth who reached the minimal clinically important difference of 2.80 or exceeded it (14/31, 45%) and what they rated on the GCRS at time
2.
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Discussion

The MCID in emotion regulation was 2.80 for all youth and
4.29 for Indigenous youth. These provide preliminary effect
sizes for future research as benchmarks for meaningful
patient-oriented change, rather than solely basing findings on
statistical significance, which lacks practicality or
patient-oriented relevance [9]. Future study designs could
recognize that youth generally need at least a 2.80-point
improvement in their emotion regulation on the DERS-SF to
consider the JoyPop app worthwhile. These findings can also
inform future sample size calculations for JoyPop research
[10,11].

Evaluating the MCID among Indigenous youth allowed us to
consider their unique cultural experiences and provided insight
into the effectiveness and appropriateness of the app for this
subgroup. Our results suggest that Indigenous youth need to
see a greater improvement in emotion regulation to deem the
JoyPop app worthwhile and to start feeling “somewhat better.”
Conducting MCID research with different groups, beyond
ethnicity, can provide information on distinct change thresholds
that interventions should aim for as opposed to
“one-size-fits-all” approaches.

The findings also highlight the value of pairing outcome
measures with patient-rated measures of change [12]. Not all
participants who met or exceeded the MCID threshold
subjectively rated an improvement in their emotion regulation
(Table 4). This suggests that many, but not all, youth notice
improvements in their emotion regulation, and that some youth
require a higher threshold of change (>2.80) to notice
improvement. This underscores the importance of measuring
how individuals perceive their symptoms and abilities in relation
to an intervention. If a young person does not perceive
improvement from using an intervention, they are unlikely to

continue, even if outcome data show improvement. We
recommend subjective experience ratings (eg, GRCS) alongside
outcome measures (eg, DERS-SF) when evaluating mHealth
interventions.

MCID research typically involves participants reporting on what
happened following an intervention. Previous research has relied
on clinician judgment and clinical theory to determine their
“anchor” on which to base the MCID [13]. We included a novel
prospective question at time 1 to explore what youth would
want to experience to inform the choice of anchor for our
sample. Most youth wanted to see a minimum “somewhat
better” improvement in their emotion regulation, aligning with
previous research using +2 as an anchor [13]. This is useful in
promoting the JoyPop app to youth and service providers as it
highlights continuity between clinician and client judgment.

Despite encouraging preliminary findings, this study has
limitations. The GRCS has received criticism as a single-item
measure, which lacks robust psychometric properties [14].
Single-item measures do not capture the complexity of
experience and can introduce differences in interpretation
between participants [15]. However, single-item measures are
informative and valid when used appropriately, such as
concurrently with multi-item measures (eg, alongside the
DERS-SF) or when they ask straightforward questions that do
not require multiple items (eg, how much change in emotion
regulation youth experienced) [14]. Another limitation is that
the MCIDs were calculated based on a small sample, which
limits generalizability. Nevertheless, these findings provide
valuable contributions to the JoyPop app’s evidence base.
Through cumulative longitudinal evidence, the MCIDs can be
improved and expanded on for different populations (eg,
adolescent vs young adult; differing ethnicities), thus
demonstrating a client-centered approach to research and
mHealth app implementation [16].
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Abstract

Background: There is evidence that cognitive training interventions can positively impact executive functions, and that some
studies have demonstrated that athletes typically exhibit greater accuracy and faster response times on select cognitive tasks.
While the engagement of executive functions is suggested to be part of high-level sporting activities, it is unclear whether such
training approaches could directly benefit athletic performance.

Objective: The objective of this study was to evaluate the impact of a combined virtual reality (VR)– and tablet-based cognitive
training intervention on adolescent tennis players’performance. Here, we examined differences in Universal Tennis Rating (UTR)
between players who supplemented their regular tennis training with a cognitive training intervention and a group that continued
regular tennis training alone. This custom cognitive training program targeted specific cognitive control abilities including
attention, working memory, and goal management.

Methods: Data were collected from a cohort of tennis players in a randomized controlled trial design led by the dedicated
research team. Participants (N=23, age: mean 14.8, SD 2.4 years) from the Czech Lawn Tenis Klub (Prague, Czech Republic)
were invited to participate in this study. These individuals were randomized into an intervention + training-as-usual group (n=13)
or training-as-usual group (control group; n=10), with the change in UTR score being the primary metric of interest.

Results: There was no difference in UTR between the 2 groups at baseline (intervention: mean 8.32, SD 2.7; control: mean
7.60, SD 2.3). Following the treatment period, individuals in the intervention group showed a significant improvement in their
UTR (an increase of 0.5; t12=4.88, P<.001) unlike the control group (an increase of 0.02; t9=1.77, P=.12). On comparing the
change in UTR (posttraining UTR minus pretraining UTR) attained by each group, we found that the intervention group had a
38% greater improvement in UTR than the control group. An analysis of covariance revealed a significantly greater improvement
in UTR for the intervention group than for the control group (F1,20=8.82, P=.008).

Conclusions: The present findings suggest that training cognitive abilities through an immersive visual platform may benefit
athletic performance, including tennis. Such a result warrants careful consideration, given the known difficulties in evidencing
far transfer not only in cognitive studies but also in athletic activities. These preliminary pilot findings suggest that the Mastermind
Cognitive Training program may be a viable tool for supplementing athletic training practices, although this result warrants further
investigation and replication. However, many questions remain unanswered, and further work is needed to better understand the
potential utility and mechanisms underlying potential effects of such a platform.

(JMIR Form Res 2025;9:e66979)   doi:10.2196/66979
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Introduction

The engagement of cognitive control abilities, defined here as
attention, working memory, and multitasking [1], is thought to
be a critical part of high-level athletic performance. This idea
stems from research showing that both amateur and elite athletes
typically exhibit greater accuracy and faster response times on
select cognitive tasks [2,3], and that one’s underlying cognitive
abilities can predict future athletic achievement [4-6]. However,
the existing literature on whether enhancing these abilities
through cognitive training can improve athletic performance is
limited [7-9]. Numerous examples in the cognitive training
literature provide reasons why so-called “far transfer” (eg, the
ability to apply learning from one context to a different,
dissimilar context [10]) is rarely observed [11,12]. However,
those positive findings following the use of specific cognitive
training platforms suggest that such an approach could possibly
be beneficial [13-16]. Such positive effects have been observed
in those platforms using closed-loop algorithms, an approach
that changes the level of difficulty on a trial-by-trial basis to
challenge a given individual appropriately for a given training
experience [1,17-19]. This approach has shown generalizable
benefits to not only untrained tasks assessing cognitive abilities
(including attention, working memory, and multitasking)
[16,20-24] but also so-called “real-world” constructs including
mood [14,15,25-27] and even academic abilities [28]. Here, we
describe the preliminary findings of a proof-of-concept
randomized controlled study involving advanced adolescent
tennis players who supplemented their regular tennis training
with a cognitive training intervention in comparison to a group
that continued regular tennis training alone.

Methods

Ethical Considerations
For this project, all study procedures were conducted in
accordance with protocols approved by the Fakultní Nemocnice
Brno (Brno, Czech Republic; 14-110123/EK). Participant assent

and parental consent were obtained prior to study participation
in person by the study team. All study data were deidentified
to ensure privacy and confidentiality protections were in place.
No compensation was given for participating in this study.

Participants
A total of 59 tennis players (age: mean 16.7, SD 3.6 years; 34
male) from the Czech Lawn Tenis Klub (Prague, Czech
Republic) were invited to participate in this study (and provided
a full overview of the study procedures and time requirements).
See Multimedia Appendix 1 for more details.

Intervention
The Mastermind Cognitive Training program used a virtual
reality (VR) headset (Oculus Quest 2 by Meta) to deliver a
custom cognitive training program targeting specific cognitive
control abilities including attention, working memory, and goal
management. The VR component comprised 3 modules, each
focusing on a different aspect of cognitive control: a multiple
object–tracking module aimed at engaging attention (with
increasing distraction), a spatial span module to engage working
memory, and a visual search module with task switching
requirements to engage multitasking abilities. In each case,
participants used VR hand-held controllers (Figure 1A) to
respond to stimuli presented in a video game–like environment,
in some cases “shooting” specific target stimuli while avoiding
others (Figure 1B), or trying to catch certain colored targets in
a given order stimuli while avoiding nontargets (Figure 1C).
Each module was adaptive, adjusting task difficulty based on
performance. In addition, participants completed 20 minutes of
tablet-based training (iPad) on tasks related to rhythmic timing
(where participants were asked to tap on the screen to the beat
of music being played [28-31]; Figure 1D). The intervention
group was asked to complete 24 program sessions over the
course of 10 weeks, with each session consisting of 15 minutes
of VR exercises and 20 minutes of tablet-based exercises,
totaling approximately 14 hours of training. See Multimedia
Appendix 1 for more details.

JMIR Form Res 2025 | vol. 9 | e66979 | p.4469https://formative.jmir.org/2025/1/e66979
(page number not for citation purposes)

Anguera et alJMIR FORMATIVE RESEARCH

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


Figure 1. The Mastermind Cognitive Training program. (A) Participant training during the Mastermind Cognitive Training program using virtual
reality. Participants were tennis players from the Czech Lawn Tenis Klub (Prague, Czech Republic) who trained between January and November 2023.
Participants used VR hand-held controllers to respond to stimuli presented in a video game–like environment, in some cases “shooting” specific target
stimuli while avoiding others or trying to catch certain colored targets in a given order stimuli while avoiding nontargets. (B) the virtual reality attention
module. (C) The virtual reality multitasking module. (D) The tablet rhythm training module where participants tapped in a rhythmic fashion to stimuli
presented on the screen.

Measure
The primary outcome measure was the change in Universal
Tennis Rating (UTR), a scale from 1.00 (eg, a beginner player)
to 16.50 (eg, a professional player; for context, the current #1
player in the world is rated 16.05), which promotes fair and
competitive play [32]. Each player’s UTR was collected before
training and after the completion of the 24-session training
period, which an interassessment interval of approximately 4
months. See Multimedia Appendix 1 for more details about this
measure.

Results

Of the 59 consenting individuals, 9 withdrew upon learning of
the study requirements, 15 failed to complete the stipulated
training schedule and posttraining assessments due to scheduling
conflicts with travel and academic commitments, 8 opted out
due to moving out of the area or changing tennis clubs, and 4
discontinued participation due to unrelated injuries requiring
physical rehabilitation. Thus, the final sample that completed
the stipulated training and outcome assessments consisted of
23 participants: 13 in the intervention group (3 female, aged

mean 15.0, SD 2.4) and 10 (7 female, aged mean 14.6, SD 2.5)
in the training-as-usual group (see Figure 2 for the CONSORT
[Consolidated Standards of Reporting Trials] diagram and
Multimedia Appendix 2 for CONSORT checklist). To test for
training effects on UTR (Table 1), we conducted an analysis of
covariance (ANCOVA) with posttraining UTR as the dependent
variable, pretraining UTR as the covariate, and the group as the
fixed factor as in our previous work [14,20,33,34]. The analysis
revealed a significant group difference in UTR improvement
over time (F1,20=8.82, P=.008; Figure 3), indicating that the
UTR of the intervention group improved significantly more
than that of the control group. On comparing the change in UTR
(posttraining UTR minus pretraining UTR) attained by each
group, the intervention group had a 38% greater improvement
in UTR than the control group. Post hoc analysis of the
within-group changes in UTR using 2-tailed, paired-samples t
tests for each group separately to test for significant differences
between each testing session revealed a significant improvement
by the intervention group (increase of 0.50; t12=4.88, P<.001)
unlike the control group (increase of 0.20; t9=1.77, P=.12).
Critically, there was no difference in UTR at baseline between
the 2 groups (independent-samples t test: t21=.68, P=.50).
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Figure 2. CONSORT (Consolidated Standards of Reporting Trials) flow diagram.

Table 1. Universal Tennis Rating (UTR) by group and timepoint.

Change (posttraining UTR–pretraining
UTR)

Posttraining UTR, mean (SD)Pretraining UTR, mean (SD)

0.50 (0.37)8.83 (2.4)8.32 (2.7)Intervention

0.20 (0.37)7.79 (2.2)7.60 (2.3)Treatment-as-usual

Figure 3. Universal Tennis Rating (UTR) by group. The UTR is a scale from 1.00 (eg, a beginning player) to 16.50 (eg, a professional player), which
promotes fair and competitive play. Each player’s UTR was recorded before training and after the completion of the 24-session training period
(approximately 4 months). Posttraining UTR scores for the intervention and training-as-usual groups visualized via a raincloud plot with difference-adjusted
95% CIs of the mean. An analysis of covariance (controlling for pretraining performance) revealed that the improvement observed by the intervention
group was significantly greater than that of the training-as-usual group (F1,20=8.82, P=.008).
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Discussion

Principal Findings
The primary goal of this proof-of-concept pilot study was to
investigate the effects of the Mastermind Cognitive Training
program in adolescent tennis players. These findings suggest
that supplementing regular training with cognitive training can
lead to meaningful improvements in real-world athletic
performance. It has been suggested that visual-based training
(including the use of VR and/or tablet platforms) is more likely
to benefit trained athletes than novices [35]. Indeed, this theory
has empirical support: “real-world” improvements have been
observed, including performance in college-level baseball
players [36,37] as well as table tennis performance [38] when
coupling such training with their regular sports training [38].
In conjunction with those studies, the present findings suggest
that training cognitive abilities through an immersive visual
platform may benefit performance on athletic endeavors,
including tennis. Such a result warrants careful consideration,
given the known difficulties in evidencing far transfer not just
in cognitive studies, but especially in athletic activities [7]. That
said, our findings do align with those of the few positive studies
demonstrating that cognitive training can result in some form
of on-field improvements [8,9]. See Multimedia Appendix 1
for a further discussion of practical considerations.

Limitations
Several limitations should be considered with the present
findings. First, the most important factor to consider with this
study is the small sample size, especially considering the large
number of individuals who did not complete the study. It should
be noted that this study was not designed to be anything more

than a pilot study intended to gauge the feasibility of
implementing the Mastermind Cognitive Training program
following the unexpected opportunity to work with adolescent
tennis players. Future work must involve a larger trial of
participants to replicate these findings to provide supporting
evidence for the present interpretations. Second, the very real
possibility exists that participation in the intervention generated
a placebo effect through the novel use of a VR platform. Given
the pervasive problem of placebo effects in such work [39], it
is critical that future endeavors account for these effects in a
carefully designed manner. Finally, it is unknown what aspect
of the training program led to the improvement in UTR. The
absence of cognitive control outcome measures to assess
whether, and to what extent, this training program led to
cognitive changes hinders a deeper understanding of what
possibly drove the differential improvement in UTR. Future
work is warranted to better understand the potential underlying
mechanisms driving such change.

Conclusions
This exploratory proof-of-concept study investigated the
potential benefits of a novel cognitive intervention platform in
a sample of healthy adolescent tennis athletes. It represents the
first step toward a number of data-driven studies demonstrating
the utility and benefits of the use of this platform. These pilot
findings suggest that this platform may be beneficial for
adolescent tennis athletes looking to improve their sporting
performance by supplementing their existing training protocols
with a targeted cognitive training experience. However, many
questions remain unanswered, and further work is needed to
better understand the potential utility and mechanisms
underlying potential effects of such a platform.
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